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OKOHOMHKO-TIPABOBbBIE ACIIEKTDI
BOAJOIO/b30OBAHHA

ECONOMIC AND LEGAL ASPECTS
OF WATER USE



YYET PHCKA B BOAHOM XO3RHNCTBE

KaHa. rexH, Hayx,

npogpeccop K.I1.ApeHt

MocKoBCKHA [ocyqapcTBeHHbIH
YrHBepcHTeT ITpHPOaooByCTPOHCTBa

CneunanucTbl BOZHONO  Xo3ffcTBa  00-
CYyAKAaloT BOMPOC HCNOAb30OBaHHA BEPOATHO-
CTHBIX MPOrHO3OB BMECTO AbTePHATHBHLIX.
HHBecTOp AOnKeH 3HATb HACKObKO BEPOAT-
Hbl T¢ HAH HHble YCAOBHA (MPHPOAHBLIE, TeX-
HHYeCKHe, DKOHOMHYEeCKHe....),4ToObl MPHHATH
pelleHHe B TOOy4eHHH  MaKCHMalabHOH
SKOHOMHYECKON BbINOABI HINM MUHAMANLHOW
BeIMYHHbI Yyiuepba M moTepb. AGCOMOTHO
AOCTOBepHbIe MPOrHo3bl B HaCToOAlIge BpeMsA
OCYLIECTBHTL HE IpeJoOCTaBiIAeTCA BO3MOK-
HbIM, MO3TOMy OCHOBHaA 3ada4Ya COCTOHT B
OThicKaHnn Hanbonee >¢PdexTuBHOR CTpa-
Termy notpebHTens, B COCTaBIeHHH TaKoro
nporHosa, u4roObl norepH ero OblaH Ha-
HMMeHbIIMMH MPH YCIOBHH, YTO OH AeHCTBYyeT
B COOTBETCTBHH C MOy4e€HHBIM TMPOTHO30M.

Yacrora BbIXOAA H3 CTPOA  pa3anyHbIX
3(1eMeHTOB T'HADPOMNHOPATHBHbIX CHCTEM H
BOMOXO3AACTBEHHbIX OOBEKTOB OCTAeTCHA Bbl-
COKOM, 4TO CyIleCTBeHHO CHHKaeT s¢dek-
THBHOCTb MX paboThl.

CratnicThyeckne AadHbie foKasbiBaloT /1/
YTO M3 KaXKJOH ThICAMH TIOTHH Das’pylianoch

AECATD.
lMoaToMy BaHOH 3aga4yel HaykH H
MpakTHKH  ABOAETCH  COBepLUEHCTBOBaHHE
MEeTOAOB pacyeTra, NPoeKTHPOBaHHA, CTpoM-

TeNbCTBA H 3KCI/IyaTALMH BOAOXO3AHCTBEH-
HbIX OOBEKTOB.

MoHATHE HAJEXKHOCTM H3BECTHO HYeaoBe-
4eCcTBy C AaBHHX BpeMeH, OAHAKO, CTPOHB-
[IMecA paHee COOpyMeHns, Obiiy NPOCTbIMH,
a HX YCOOXKHeHHe B nocleqHee CTOleTHe
notpeboBaio CoO3gaHNe HOBOWM OTPAC/H Ha-
ykH. [TIpH OLEHKe pHCKa CTPOHTedbCTBa
ofbexToB B pafioHaX CO CIOKHBIMH NPHPO-
HO -KAMMATHYECKHMM YCIOBHAMH, MOFYT ObITb
MCIIOMb30BAHDI MPHEMbI TEOPHH HaAeAKHOCTH,

Meroanka oOLEHKH HadeXHOCTH H A0aro-
BEYHOCTH paboTbl IMADOTEXHM4ECKHX CO-
OpyXeHHn#i M BOAOXO3AWCTBEHHBIX CHCTEM, M
PHCK-aHaH3 BCe Yalle ynotpebasAloTca gaA

OLleHKH HEraTHBHbIX CHTYAUHH, CBA3aHHBIX
C YXyalUeHHEM COCTOAHHA OKpyXKawuieH cpe-
Abl H 310pOBbA HacCe/leHHA.

CONSIDERATION OF RISK IN
WATERWORKS

C.P.Arent

Ph.D., Professor

Moscow State University of En-
vironment and Soifl Frotection

Specialists of waterworks systems are
discussing the. problem of use of probability
prediction rather than altemative one . The
investor must know to what extent is
probable one or another condition ( nature,

technical, economic...) in order to take a

decision aimed at receiving maximum
economic profit or minimum damage or loss.
At present it is not possible to make the
absolutely probable prediction, so the main
task is to find the most efficient strategy for
the user in making such a prediction that
provides minimum losses in case he is acting
according to prediction.

Frequency of failure of  various
components of the hydro- land reclaiming
systems and waterworks continues to be high
and this significantly decreases the efficiency
of their operation.

Statistical data (1) show that breaking
occurs in ten machines of each thousand.

Therefore the important task of science
and practice is to improve the method of
calculations,  design, construction and
exploitation of waterwoks. '

The concept of the reliability is known to
the mankind since long ago, however,earlier
constructions were more simple, more
sophisticated constructions of the last century
demanded the development of a new branch
of the science. Estimation of the risk in
construction projects in the regions with
complex nature and the climatic conditions
may be done on the basis of the methods of
the theory of reliability .

The methods of the estimation of the
reliability and the durabllity of the operation
of the hydrotechnical constructions and
waterworks , the analyses of the risk are

used more and more often for the
estimation of the negative situations resulting
from worsening of the state of the
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HyXKeH y4er, OlleHKa H NpPOrHo3HpoBaHHe
ONaCHOCTH M XO3ANCTBEHHONO pHCKa OT pe-
anM3allMy TpHHATHIX pellleHHA HAH TPHPOA:
HbIX TPOLIECCOB A1A CBOEBPEMeHHOMNo TNpUHA-
THA Mep MO HX MpeAoTBpalleHHIo.

[loHATHe pHCKa CBA3AHO € HeyBepeHHO-

CTHIO B HCXOAE TOMO WM HHOINO pellieHHA HaH
AeACTBNA H MOHUMAETCA KaKk BepOATHOCTHad
Mepa, KOTMYeCTBEHHO BbipazKaroilan
NOMOMUTENbHBIM, NOY  OTPULATEIbHbIA 3¢~
¢eKT 4YeaoBeYeCKOH AeATeqbHOCTH, WaAH MpH-
poadoro ApneHns /Epemenxo B.A., 1993/.

Pazauyalor BHAbI pHCKA, CBA3aHHble C
NpHYHHAMH HX BO3HHKHOBEHHA, [0 Macura-
6am u ¢opMe MPOABAEHHA HX OCAEACTBHMA, MO
BpeMeHH MX npoabBaenuns (rabn. 1).

TAB/TNLA ! Pa3HOBHAHOCTH pHCKa

environment and the health of the
population.
The consideration, estimation and

prediction of the danger and the system risk
as a result of implementing the decision
taken or the effect of nature processes are
required in order to be able to take
measures to prevent them.

The concept of the risk is related to the
uncertainty of outcome of one or another
decision or action and is understood as the
probability measure of expression
quantitatively the positive or the negative
effect of man's activity or the phenomenon of
nature (Eremenco V.A., 1993).

The risks are distinguished by their cause,
the scale and types of consequences and the
duration ( table 1 ).

ITo npuyuHe | [To Macuuraby Ilo d¢opme mnoc- | Ilo BpeMeHH NpOSB-
BO3HHUKHOBCHMS MOCHACACTBUMN JNeAcTBUU JICHUS
Xo3siicTBeHHEIE I'nmo6anbHbie 3KOHOMMYECKHE JlonrocpoYHbIe
TexHu4eckue PervoHanbHbIe HesxoHoMuueckue | KpatkocpodHsie
ITpuponHbIe MecTHbBIE CMelaHHRIe
TABLE 1 Types of risks
Type of Scaie of Cause Duration
consequences consequences consequences )
Economy Global Economic Long term
Technical Regional Not economic Short term
Nature Local Combined

Tak, HanpHMep, ecad XO3ANCTBEHHBI PHCK
ofycnoBed  TPHHATHEM  yNpaBleH4YeCKHUX
pelleHni, W3MeHeHWeM pbIHOYHOH CHTyaluH,
TO TEXHHYECKHH PHCK -~  pe3yabTar
dYHKUMOHMPOBAHNA 3(IEMEHTOB TeXHU4ECKHX
CHCTeM, a TPHPOAHbH - 3TO CAeCTBHE AEHCT-
BHA INpHpPOAHBIX (daKkTOPOB,

AHanorM4yHbiM 00pa3’oM raoGalbHbLIA PUCK
OoXBarbiBaeT  TEPPHUTODHI0  OAHONO MM
HECKOIbKHX rocyaapcrs, HaH
KOHTHHEHTa, perHoHadbHbIH PHCK CBA3aH C
TEPPHTOPHEN peqHoro baccefiHa, a MeCTHbIA -
C TeppHTOpHen oOXBarblBaeMOH OTAEIBHOH
BOAOX3AACTBEHHOH CHCTEMOH,

DKOHOMMYECKHE 10CaeACTBUA PHCKa MOTYT
ObITb OUeHeHhl B JeHeXHOH ¢Qopme, a
HE3KOHOMHYECKHE - COLHanbHble H SKOMOry-
YeCKHe TOCAeACTBHA, B  KOTOPbIX PHCK
NPOABAETCA KOCBEHHO W CBA3AH C Yrpo3on

Aame -

For example,while the economy risk is
specified by the decision taken by the
management , the change of the market
situation, and the engineering risk are the
result of operation of the components of the
engineering systems, and the nature risk is
the resuit of the effect of nature factors.

Similar to this, the global risk covers the
temritory of one or several countries or even
the continent , the regional one is related to
the territory of the river basin , and the local
one - to the temitory of the individual
waterworks,

The economic consequences of the risk
may be estimated in money , but non-
economic social and ecological consequences
in which the risk is manifested indirectly and
is related to danger of well-being and the life
of the people is not possible to estimate.
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6naronoay4Ma M KH3HM oAded, OLEeHHTb
Heabada. Yalue BCero NoOCAeACTBHA pHCKa HMe-
IOT CMeluaHHbIA XapaKkTep H AlA ero OUEeHKH
HeoOX0AHMO HCNOAB3OBaTh Kak Te, TaK M
ApyrHe TNoKa3areqH.

[oarocpovHbIA DHCK CBA33H C [POLIECCOM
PasBUTHA, T.€. TPOAOMKHMTENABHOCTBIO KH3-
HEHHOI0 LMKAa, HanpHMep, BOAOXO3ANCT-
BEHHOH CHCTeMbl, a KDaTKOCPO4HbIA - 23TO
pe3yabTar KOHBIOHKTYPHOMO HAH Ce30HHOIO
H3MeHeHnA (PakTOpPOB PHCKa.

Heob6x0aMMO YYHTBIBATH TaKae ¢aKTopbl H
noKasareqld  SKOIOTHYECKOH  HadeHOCTH
BOAOXO3AACTBEHHBIX CHCTEM, COBMECTHMOCTH
TeXHHYECKHX, 3KOHOMH4ECKHX, arpo-
TEXHHYECKHX M IKO(IOTHYECKHX TpeGoBaHM.

Heobxoanmo KOMIIIEKCHOE HayueHHe
NpoOLeCCOB TEXHHYECKHX M TeXHOMOMH4YeCKHX
OTKa30B, POPMHPOBAHHA CTOKa peK H crpoca
Ha mogayy BOAbl, H3MEHeHHe Ka4yecTBa BOAbl
H MOYB BO BpEeMeHH.

TakuM 006pa3oM, MOMKHO 3aKAIOYHTh, HTO
PHMCK BO3HMKaeT KaK pe3ynbral AeHCTBHA
pAga ¢aKTOpOB HeonpeaeneHHOCTH, KOTopble
3apaHee MpeAyCMOTPETb HEBO3MOMKHO.

KoMnaeKkcHbIi  XapakTep npobaembl
BbIlUEHHA HAJeKHOCTH H  AO(NOBEYHOCTH
Tpefyer LWHPOKONO HCMONb3OBAHHA NOCASIHHX
AOCTHKEHNH B pa3iHuHbiX 00nacTAX HayKm:
MareMaTHKH, YKOHOMHKH M TpaBa.

PHCK KaK 2JKOHOMHYeCKOe TNOHATHE oOle
HHBAIOT C MOMOLUBIO MOKA3aTedsd BEPOATHOCTH
6naronpHATHONO  HAHM  HebGNarONpHATHOIO
Hcxoga Kakoro aub6o cobbitha.  Pellienne
AOMKHO TNPHHHMaTbCA C y4eTOM ITOH Bepo-
ATHOCTH HAH PHCKa.

MeToa0/10rMYEeCKOR OCHOBOH TaKHX pacye-
TOB ABAAIOTCA BEPOATHOCTHbIE pacuerbl, Mo-
CKOObKY TNpH pacuyeTe pHcka HeoOxoauMo
YYHTBIBATh BEPOATHOCTb COBMNAJEHHA DPa3aHy-
HpIX 06CTORTENLCTB (6NArONpPHATHLIX H Hebna-
FONpHATHBIX), pa3MepoB 0XO40B, H MOTepb.

Hanbonee noaHor H OOWENpPHHATOA Xa-
DAKTePHCTHKOH DHCKa, pacCMaTpHBaeMoro
Kak Cay4arHylo BeaHunHy, HBAETCA ero
¢GYyHKUHA pachpeaenelns, 3HaA  KOTOPYIo,
MOXKHO MNOAYYHTb CpeAHee 3HaveHne Xapak-
TEPHCTHKH pasbpoca, JoBepHTenbHble Mpe-
aeasl yiepba n apyrHe Heo6XxoanMble MOKa-
3are(iH.

MpH TNPHHATHH XO3AWNCTBEHHBIX WAH TeX-
HHYECKHX pellienn TPHXOANTCA JenaTsh Bbl-
6op 3 60aBIIONO YHC/IA BO3MOXHBIX Ba-
PHaHTOB, HeoOXxoauMo caenarh BhIfOp on-
THMabHOrO pelleHHsA, KOTOPbIA Onpeaens-

-are of combined nature and for

no-

Most often the consequences of the risk
their
estimation it is necessary to consider both
indices.

The longterm risk is related to the
process of the development,i.e. the cycle of
life , for example of waterworks ; the short
term risk is the result of the situation or the
season change of the risk factors.

It is necessary to take into account also
the factors and indices of the ecological
reliability in waterworks, the compatibility of
the engineering, economic, agrotechnical and
ecological requirements.

It is necessary the complex study of the
processes of engineering and technological
failures , formation of the river flows and the
supply of water, change of the quality of
water and soil with time.

Thus, it may be concluded that the risk
occurs as a result of a number of factors of
uncertainty which may not be foreseen in
advance. :

The compiex nature of the problem of
increasing the reliability and the durability
requires the wide use of advanced
developments in various branches of the
science, mathematics, economy and law.

The risk as the economic concept is
estimated using the probability of favourable
and non-favourable outcome of an event. The

decision must be taken with the
consideration of this probability or risk.
The methodology bases of such

calculations are the probability ones because
in calculating the risk it is necessary to take
into account the probability of coinciding
various circumstances (favourable and not
favourable) and the amount of profits and
losses,

The most complete and common feature
of the risk that is accidental is its function of
distribution knowing this it is possible to
obtain the average value of the scattering
characteristics of confidence limits of damage
and other necessary parameters.

In taking economy or engineering
decisions it is required to make a selection
from the big number of the alternatives and
take the optimum decision defined by goal
and the criteria of choice.
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€TCA Leablo M KpnTepreM sbibopa.
KoMnaeKkcHbIA Moaxod K oleHKe Hagex-
HOCTH # AOArOBE4HOCTH Tpebyer pa3paboTku
CBOZHOIO NOKasaTens, 3THX XapaKTepPHCTHK. B
Ka4decTBe TaKoro ' roKasareds, Y4HTbIBadA
TpeGOBaHNA NpPaKTHKH, OObIYHO MPHHHMAETCA
PKOHOMHYECKHHA KPHUTEPHH, Tak, Ko-
a¢pduUneHT pHCKa, OnpedenAeMbil  Kak
COOTHOLUEHHE OMHAAEMbIX TOTEpb H 4O0XO/0B,

CHHMAeTCH MPpH CHHAMeHHH BeIHYHHDbI NOoTepb -

(npt HX  OTCYTCTBHH pHCKA Her) H
yBeqNYHBAeTCA TNPH HNX pOCTe H CHHKEHHH
Be/IMMHHbI OXHAaeMbIX /10XOA0B (MIpH O™
CYTCTBHMH JOXOA0B BelH4YHHa PpHCKa CTpe-
MHTCA K OGeCKOHe4YHOCTH) M poCTa BepOAT-
HOCTH HACTYIIeHHA OTPHLATeNbHBIX Mocaes-
CTBHH.

MepoH 3aBHCHMOCTH Pe3ynbTaTOB pacyeroB
oT H3MeHeHHnA 3HAYeHHA pa3Inu4HbIX
¢daKkTopoB AB(AETCA YYBCTBHUTEIBHOCTH pe-
3yabTata K 3THM H3MeHennaM. TaK, nokasa-
TeneM 30aCTHYHOCTH AB(AETCA H3MeHeHHe
Koa>¢pdHlHeHTa PHCKa, e€ecIn pacCcMarpHuBa-
eMas BeqHyrHa (MOTEpH, A0XOAbl) H3MEHATCH
Ha OAWH ITPOUEHT.

B Hacrofiulee BpeMA BOMPOCHl OLEHKH
YPOBHA HageKHOCTH B OCHOBHOM paspaba-
THIBAIOTCA 110 ABYM HarnpaBieHWAM BO-TIEPBbIX,
10 paspaboTKka TeopHH Bompoca, cbop
HCXOAHBIX  CTATHCTHYECKMX  AAHHbIX, H
BbINOIHEHHE pacyeToB I[10 BbIABIEGHHIO TeEX
3(1eMeHTOB, B pe3yabTare aBapHh KOTOPbIX
MOZKeT IIPON30HTH OTKa3 CHCTeMbl; BO-BTO-
pbIX, 31O paspaboTkar METOAHKH pacueToB H
nocrpoeHne HeoOXOAMMbIX TEXHHKO-OKOHOMM-
YeCKHMX 3aBMCHMOCTEN AA ONpedeneHus on-
THMaNbHOrOo YPOBHA HaAeKHOCTH.

B nocaedHee BpeMA Havaauch paboTbl no
COBMECTHOMY aHann3y BeDOATHOCTH OTKa30B
BOJOXO3ANCTBEHHBIX CHCTEM H TEXHHKO-DKOHO-
MH4YeCKOro o6ocHOBaHH#A ONTHMAIBLHOTO
YPOBHA HX HaAeKHOCTH.

C XO3AACTBEHHOM TOYKHM 3peHHA, Uebio
CO3aHNA H SKCIayaTaldn TeXHHM4YeCKHX CH-
CTeM HABIAETCA AOCTHAKEHHe TeX HaH HHbIX
IKOHOMHYECKHX pe3yabTaToB. Tak, HalpHMep,
o¢peKT OT MOBbILEHHA HAJeAKHOCTH HPPH-
ragHOHHbIX CHCTEM 3aKMovaeTcd B BO3MOX-
HOCTH COXpaHWTh NpPOAYKUHMIO, KOTOpad Mo-
xer ObiThb MoTepAHa BCIEACTBHE HapylUeHHHA

peknMa pafoTbl HMAM  OTKA3a  CHCTEM.
MoaroMy, Mepolt HageKHOCTH paboTbl Cu-
'CTeMbl  COyXKHT YpoBeHb  3(¢EKTHBHOCTH

(YHKLUHMOHHpOBaHHA CHCTEMbl H ero HsMe-
HeHHe, KOTopoe MomeT ObiTb H3MepeHO Ko-

The complex approach to the estimation

of the reliability and the durability demands

developing of the summary index of these
features.

Taking into account the  practice
requirements the economic criteriumis taken
for such indice. Thus, the risk factor defined
as the ratio of expected losses and profits
decreases at decreasing the value of the
losses ( if there is no losses there is no risk
) and increases at their growing and
decreasing of the value of . the expected
profits ( if there is no profit the value of the
risk is finite ) and growth of the probability
of occurence of the negative consequences.

The measure of dependence of the results
of calculation on changing various factors is
the sensivity of the results to these changes.
Thus,the index of the elasticity will be the
change of the risk factor if the value
considered ( losses,profits ) changes by 1%.

At present the problems of estimating the
level of the probability are developed mainly
in two directions : first, developing the theory
.collection of initial data and making
calculations and determining components that
may fail and as a result of this the system
fails ; second, developing the methods of
calculation and engineering-economic
relations for the determination of the
optimum level of the probability,

Recently the work has been started of
combined analysis of the probability of failure
of the waterworks and engineering and
economic basing of the optimal level of their
reliability.

From the economy point of view the aim
of creation and the exploitation of the
engineering system is achieving one or
another economic result. Thus, for example,
the effect of increasing the reliability of the
irrigation system is the probability of saving
the production that might be lost as a result
of failure to keep conditions of operation or
failure of the system.Thus, the measure of
the operation of the system will be the level
of the efficiency of functioning of the system
and its change that may be defined by
quantity of water not supplied to the user
because of its not-reliability.

As the basis of the optimization of the
reliability index it is taken the minimum of

946



TMYeCTBOM BOAbl HEAOJAHHOH NOTpebHTenAM
H3-3a ee HeHadeAKHOCTH,

B OCHOBY ONTHMM3aLMM nNoOKa3aredd Ha-
[ACKHOCTH MOMOKeH MHHMMYM (DHHAHCOBBIX
(Ha ypoBHe NpeaAnpHATHH) B IKOHOMHHYECKHX
(Ha ypoBHe pernoHa HaH CTpatbi) TNOTepPb,
CBAI3AHHBIX C YluepbOM OT HapylleHMA HOp-

ManbHOro (PYHKUHOHHPOBAHHA oObekTa H 3a-

TparaMH Ha MNOBbIlU€EHHe HageXHOCTH BO-
pocHabxeHns. B COOTBETCTBHM C 3THM Lede-
coobpa3HO B BOAHOM XO3AACTBE, NOAOOHO
JHepreTHKe, HCNoAb30oBaTh ABYXYPOBHEBbIH
noaxod: Ha nepBoM ypoBHe HOPMHpYeTCA HaH
ONTHMH3NPYETCA HafeAKHOCTh BOAOCHAGKeHHA
OTaenbHbIX MoTpebHTenedl BOAbl, a Ha BTOPOM
- TpeGOBaHHA K  HAOeXHOCTH  BCeH
BOAOXO3AACTBEHHOH CHCTEMbl.

Kak ymxe oTMedanoch, NOCIeACTBHA DHCKa
MOryT HMeTb 3KOHOMHMYeCKHe,  He3KOHO-
MHdeCKhe H cMellladHbie nocaeactena. B
NepBOM caydae TpyAHO cofparh AOCTATOMHO
NnoaHble H AOCTOBEPHBbIE HCXOAHbIE AaHHble, a
BO-BTOPOM, Ylep6 OLeHHTb NPAaKTHYeCKH He-
BO3MOMHO. Eciii  OTBeTCTBEHHOCTh  CO-
OpyX&eHHA CMeuwaHHad, TO IPOeKTHpoBaHHe
Heo6XO4MMO MNpPOBOAUTH TaK, YTOObI BEDOAT
HOCTb BO3HHKHOBEHHA OTKa30B C HE3KOHOMH-
YeCKMMH 10CAeAcTBHAMH 6blaa Obl  3HA4H-
TebHO HHKe BEepPOATHOCTH [IOAB(IEHHA OTKa-
308 (aBapuft) € OKOHOMHMECKHMH rMocaea-
CTBUAMH [/ 2 /.

IMIMpHYECKan WKada pHCKa W BO3MOXK-

HOTO noBedeHWsi TNPH Y4yeTe pHCKa HMeer
H¥KeCaeaylowun sug / 3 /.

TABMIMUA 2 Illkana prcka

finance ( at the level of an enterprise ) and
economic ( at the level of a region or a
country ) losses caused by the damage as a
result of failure of normal operation of a
project and expenses for increasing the
reliability of water supply.

In waterworks like energetics it is
reasonable to use two -level approach : at
the first level it is rated or is made optimum
the reliability of the supply to individual
water users, at the second-the requirements
for reliability of the whole waterworks .

As it was stated above, the consequences
of the risk may ‘be economic, non-economic
and mixed. In the first case it is difficult to
collect quite complete and true initial data, in
the second it is practically not possible to
estimate the damage.In case the case is
mixed it is necessary to design the
construction in such a way that the
probability of occurring failure with non-
economic consequences would be
significantly less compared to failure (
accidents) with economic consequences (2).

The empiric scale of the risk and of
possible behaviour for consideration of the
risk is as follows (3).

04

Koagppuupenr 0,0 0,2 0.6 0.8 1.0 1,2
pHCKa
Crparerus NMeCcCHMHUC | OCTOPOXK | cpedHee PHCKO- C asapr
noBeaeHHs THYECKOe Hoe BaHHOe BbICOKOH Hoe
- CTerneHbIo
PHCKA
TABLE 2 Scale of the risk
Risk factor 0.0 0.2 0.4 0.6 0,8 1,0 1,2
Strategy of be Pessimis- | Careful | Medium Risky High risk | Reckless
haviour tic -
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TABHUA 3 BHabl dKOHOMHYECKHMX 3agad

Ben4uHnHa I TIpOEKTHLIA YPOBEHb HadeKHOCTH
pacxoaos
HopMaTHBHbIA HeHOpMHPOBAH
[lonck  BapuaHTa, obeeneyn- | IoNCK BapHaHTa, obecneyn-
OrpaH#veHa BAIOWIEr0 MHHHMaIbHYIO CYMMYy | BalOLIer0 MHHHUMAIBHYIO CYM-
sarpat H NnoTeph, ANA | My 3atpar H TNoTepb KpHTH-
AOCTHXKeHNA HOPMaTHBHOIO | 4eCKOro 3/MeMeHTAa CHCTeMbl,
YPOBHA KpPHTHYECKOro 2ieMeHTa | fanee aaA caedyomiero Mo
CHCTEMBI, Aanee A0A Caeqyio- | paHry HagemHOCTH 3ieMeHTa
wero, noka He Oygyr HcyepnaHbl | chcTeMbl B npeenax Bblae-
CpeacTBa Ha 3TH LedH (€HHbBIX CpeACTB
Mouck  Bapuanra, ofecneyn- | [lonck Bapnanrta, obecneun-
HeorpaHnueHna alouero  MHHAManbHyl0  CyMMy | Balolero MHHHUMAabHYIO
3arpar M noTepb 414 HOPMa- | CyMMy 3arpar M NoTepb AAA
THBHOI'O  YPOBHR  HEIEXHOCTH | BCeR CHCTEMbl
BCEH CHCTEMBI

TABLE 3 Types of the economic tasks

Amount of losses

Designed level of the reliability

Rated

Not rated

Finding an altemative providing
the minimum  amount of
losses  for

all the

Finding an altemnative providing
the minimum amount of
expenses and losses for the
critical component of the sys-
tem ,then for the component
of the next rank of the
reliability of the system within
the specified amount

amount of

Limited expenses  and
achieving the rated level of the
critical component of the system,
then for the next till
resources for this aim are
exhausted
Finding an alternative providing
the = minimum

Not limited expenses and losses for achie

ving the rated level of the
reliability of the whole system

Finding an altermnative providing
the minimum amount of
expenses and losses for the
whole system

HopmupoBanne noKasareied TeXHHYeCKOH
HadeXHOCTH W JoaroBeyHoctn pabortbl Bo-
AOXO3AHCTBEHHbIK CHCTEM [IDHMEHSAIOTCA IIPH
OTCYTCTBHH HeoGXOAMMbIX HCXOAHBIX AAHHBIX
M MeToAHKH OOOCHOBaHHA, a TaKkMe AdR CO-
OpYE€HHH, aBapHH KOTOpbIX HMeOT HeaKo-
HOMHYeCKHe  MOCAeACTBHA, CBH3aHble C
OMaCHOCTBIO A JKH3HH (0Aefd, HAH IKOI0-
rmyeckofi  o6CTaHOBKM B pernone.TakuMm
HOpPMaTHBHbIM TMOKa3aTe/ileM ABSAETCA A0MNy-
CTHMOE YHCa0 nepeGOHHBIX MO BoOAe (eT, B
pacyeTHOM MHOIOETHH.

[leficTBylolie HOPMaTHBBI NPOEKTHPOBa-
HHA, CTPOMTENbCTBA H AKCIAyaTauMH co-
OpyXeHHff He TNpeAYCMaTpHBAIOT pacyera
HadeXHOCTH H MpeadaraioT OLEHHTb Kaacc
I'HAPOTEXHHYECKOrO COOPYXKEHHA, u4TO O3~
BO/AET y4eCTb NPOYHOCTHbIE XAPAKTEPHCTHKH,
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Rating of the indices of the engineering
reliability and the durability of operation of
the waterworks is used in case of lack of
necessary initial data and methods of basing
and also for the constructions with the non-
economic consequences of the accidents
dangerous for the life of the people and for
the ecology in the region. As such rated
index may be taken the allowable number of
water failure years in designed period of
many years.

The actual rates of designing, construction
and exploitation of projects do not specify
calculations of the reliability and suggest to
estimate the class of the hydrotechnical
construction that allows to consider the
strength parameters and not the indices of



a He NnokasaTequ HaaeXXHOCTH H pPHCKa B HX
pabore. Tak, Hanpumep, B pacyerax TIHA-
POT€XHHYECKHX CoopyXeHHH | Kaacca pe-
'KOMeHAyeTCcA  MCNonb3oBaTh  KO3(QHUAEHT
aanaca - 1,25, a gaa coopyxeHui IV Kiacca -
1,1, uyro He Bcerga COOTBETCTBYeT Tex-
HAYECKOMY YPOBHIO CHCTEMBI.

HopMHpoBaHne NPOBOAHTCA MO HaHMeHb-
weMy 3HayeHHI0 [apaMmerpa, OTBevaloleMy
3adaHHOMY YPOBHIO HAOdeKHOCTH - HecylleH
CNOCOOHOCTH KOHCTPYKUMHK, pacyerHon obe-
CIIeYeHHOCTH OpOlleHHA, Mo HanbonblieMy
AOMYCTMMOMY 3Ha4eHHio napamerpa - CKOpO-
CTH TedeHua, obbeMy sabopa BOAbl, HOpMe
OCyWIeHHA HAW TNO HHTepBay O0OOMX YKa-
3aHHbIX 3HaYeHHH - MNoKa3arealo pexHuMa
paboTbl CHCTeMbl. OgHAKO YKasaHHble HOpD-
MaTHBbl OTHOCATCA K HayalbHOMY MOMEHTY
aKcnayarauud, 6e3 yvera HM3MeHeHHA Ha-
AEXKHOCTH BO BpeMeHH H OLEHKe 3KChyara-
IIMOHHOA  HaaeXHOCTH  CHCTEM,  XapaKre-
pH3yeMor 6e30TKA3HOCTbIO, PEeMOHTONPHIO/-
HOCTBIO H A0(IMOBEYHOCTBIO,

B Hacrosiiee BpeMdA MoOKazaTead Hagem-
HOCTH paboTbl M TnNapaMeTpbl KOHCTPYKLHH
COOpYyAEeHHH per1aMeHTHpYIOTCA B TeXHH-
YeCKMX YC/IOBHAX, CTPOHMTENbHbIX HOpPMax H
crasgaprax. B COOTBeTCTBHH C 3THMH Tpe-
60BaHNAMH BbIOHPAIOTCA KOHCTPYKTHBHBIE H
TeXHOAOrHYeckne pelennd. Peako (nocae
3TOro) ONTHMHM3HPYETCA pacyeTHbifi YPOBEHb

HageXKHOCTH PpaboThl TEXHNYECKOH CHCTEMBI .

myreM pa3pabOTKH BapHaHTOB TeXHHYeCKHX
pelileHHA NoBbIleHHA HaAeKHOCTH
(ynpolleHHA KOHCTPYKLIMH CHCTEMbI, YME€Hb-
IIeHAA YHCAa ee 3(1eMeHTOB, obnerdeHua pe-
KHMOB paboThl 30eMEHTOB CHCTeMbl MO
CpaBHEHHIO C HOMHHAIbHBIMH, pe3epBHPO-
BaHMA H AD. ) 1 OUEHKH BenHYuHb! pacxofos
Ha mfoBbllleHHe YPOBHA HadeAKHOCTH, H
yiiepOoB Npn €ro CHHKEHHH.

Toabko B nNocaedHee BpeMA TMpH NpPoek-
THPOBAHHH HAYHHAIOT YYHTbIBATb, 4TO MOKa-
3areqb HavyanbHOW HadeXKHOCTH, T.e. Bepo-
ATHOCTH b6e3orKasHoW paboTbl COOPYAKEeHHA B
HaYyanbHbIA NepHO/ 3KCIIyaTalHH MNoaydaeTcs
3aBbllIEHHbIM, TNOCKOALKY BeAHYHHA Harpy3ok
H  Hecylad  CMOCOGHOCTb  COOpYMKeHHH
MeHsllorcA CcO  BpeMeHeM., Boasllioe pa-
COpOCTpaHEHHE  [OAYYal0T  BepPOATHOCTHbIE
MeToabl, MO3BOMAILNEe YHHTbIBATL Heonpe-
AeqeHHOCTb ncxogHon wuHdopMauyn M dak-
TOpa pHUCKa / 4 /.

Co3fanne BbICOKOHAAEKHBIX COOPYMKEeHH#H
H BOJOXO3AHCTBEHHbIX CHCTEM CONPAMEHO C
TPYAHOCTAMH KaK TeXHHYeCKOro, Tak H 3Ko-

the reliability and the risk of the operation.
Thus, for example, in designing the hydro-
technical constructions of class 1 it is
recommended to use the safety factor 1.25,
for class IV - the factor of 1.1 that not
always corresponds to the technical level of
the system, S

Rating is done by the least value of the
parameter corresponding to the specified
level of the reliability - the bearing capacity
of the constructionthe designed irrigation ;
by the maximum allowable value of the
parameter -+the flow velocity,the volume of
uptaken water, the rate of drainage and the
interval of both values indicated - the index
of the system operation duty.However, the
said rates are applied to the initial period of
the exploitation and they do not take into
account the change of the reliability with
time and the estimation of the performance
reliability of the system defined by failureless
work , the capacity to be repaired and the
durability.

At present the indices of the reliability of
operation and the parameters of construction
design are set out in the specifications,
construction nomms and standards. Design
and technological solutions are selected
according to these requirements., Seldom (
after this ) the design level of the reliability
of the operation of the engineering system is

made optimum by means of analysing
alteratives of technical solutions of
increasing the reliability ( simplifying the

design of the system, decreasing the number
of its elements, making less severe the work
duty of the system components compared to
rated ones, the reservation etc.) and the
estimation of the amount of the expenses for
increasing the level of the reliability and
damages in increasing it.

Only recently they have started to consider
in designing that the index of the initial
reliability , i.e. the probability of failureless
operation of constructions in the initial period
of exploitation is too high because the value
of loading and the bearing capacity of the
construction are changing with time.The
probabilistic methods are now used widely
allowing to consider the uncertainty of the
initial information and the risk factor ( 4).

The  creation of  highly reliable
constructions and waterworks is difficult both
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HOMHYECKOI0. XapaKkTepa, [o3TOMy caedyer
CTPEMHTHCA HE K MaKCHMaIbHOM, a K OITH-
MaNbHOM  HageMHOCTH, obecneyHBalolen
HaHay4lee HCNOAb3OBaHHe NPHPOAHBIX,
(PHHAHCOBBLIX H APYTHX PECYpCOB.

OntHManbHOE  NPOEKTHpOBaHHWE  CTPOH-
TeabHbIX KOHCTPYKUMH - 3TO ofnpeaeldeHne
PacveTHbIX pasMepoB COOPYZKEHHH, KOTOpble
NpH 3KOHOMHYeCKn OOOCHOBAHHOM YPOBHE WX
HaaeMHOCTH CMOTYT ofecnevHTb HOPMalbHYIO
SKCIVIYaTalmi0 KOHCTDYKLMH B TeveHHe BCero
cpoKa cayxbbi.

PasMep 3TOH CYMMbl 3aBHCHT OT BepPOAT-
HoctH 6e3oTkasHoH paboThl, NpHYeM eaH-
HOBpeMeHHble, KanuTalbHble 3aTparbl Ha
NepBoHa4YalbHOE CTPOMTENbCTBO BO3pacTaloT
C yBelH4eHHeM B3TOH BePOATHOCTH, a MOTepH
K pacxoapl Ha PeMOHTbl M BOCCTAHOB(IEHHE -
CHHKAIOTCH, T.€. BO3HHKaeT 3aJa4a OITHMH-
3al¥ YPOBHA HAAeKHOCTH.

Hapagy ¢ ofocHOBaHHEM YPOBHA Hadem-
HocTH paboTbl chcreMbl HeoGXOAMMO pauu-
OHaMbHO pacnpefennTb HAIeKHOCTb Meay
BCEMH 3(1eMeHTaMH CHCTeMbl.

Tpe6GoBaHne 0GeCNevHTb paBHYI0 Hadex-
HOCTb M [IONOBEYHOCTb 3(IEMEHTOB TEeXHH-
YeCKOHW CHCTeMbl He Bcerga Moxer ObiTh
peanH3oBaHO MOCKONbKY MeHee [0rOBevYHas,
Ho Oonee Oe3oTKasHad (erko 3aMeHAeMan
KOHCTPYKUMA MM [eTalb CHCTEMbl MOXeT
6bITb 3¢deKTHBHEE, YeM Goaee AoNTrOBevHaA
KOHCTpYKLUHS, KOTOpad AOCTHTaeTCA
Mnomxpg%ﬂo NOBTOPAIOLIUMHCH PeMOHTaMH,

Mpuembl  obGecneyeHns TeXHHYECKOH
HAAEeKHOCTH MOXKHO YC/IOBHO pasdedqutb Ha
MeToANKy ofecnevyeHHA HageKHOCTH CHCTeM
6e3 M3OBITOYHOCTM H TO Ke C  H30bI-
TOYHOCTBIO, BKIIOYad CHCTeMbl C BOCCTa-
HOBEHHEM,

Mleppaf OCHOBaHa HA MOCAEAOBATENIbHOM
COEAHHEHHH ee 31eMeHTOB, IO3TOMYy uYeM
Bbilie TpebyeMbli  YypOBeHb = HAaAeAHOCTH
CHCTeMbl, TeM Bbille W TpeboBaHHA K
HaAeKHOCTH OTAeNbHOro 3(eMeHTa, ocoHeHHO
npn GoablioM yncae 3neMeHToB. HegocraTtkom
3TOro npHema ABIAETCH Hey4deT pasHbIX (yH-
KUMA M 3Ha4YeHHA 31eMeHTOB /1A KOHe4HOro
a¢Ppexra. MoaTomy, Faleb:| MOBBLILLIEHNA
HAAEeKHOCTH .  OCHOBHOH yTh - aTo
HCNONb30BaHNe MeTOAOB  HM3OBITOMHOCTH
(pe3epBHpOBaHNA) M BOCCTaHoBAeHHA. HX
HeAOCTaTKH -yCIOMHEHHE CTPYKTYPbl CHCTEMbI
H ee 3KCIayaralua NpH NpoBepKe COCTOAHHA

from the engineering and economic point of
view, so it is necessary to strive not to the
maximum but to the optimum reliability
providing the best use of nature, finance and
other resources.

The optimum design of constructions is
the determination of the designed dimensions
that at the economically grounded level of
their reliability may provide the normal
exploitation of the construction during its life,

The size of this amount depends on the
probability of the filureless operation,in which
one time capital investments for the initial
construction increase with increasing this
probability and the losses and expenses for
repair and the restoring decrease , i.e. the
task of optimization of the reliability level is
raised.

Along with basing the reliability level of
the system it is necessary to distribute
reasonably the reliability among all
components of the system.

It is not always possible to meet the
requirement of providing the equal reliability
and the durability of the elements of the
engineering system because less durable but
failureless and easy replaced construction or
a part of the system may be more effective
than more durable construction that is
achieved by means of repeated repairs.

Approaches of providing the engineering
reliability may be conditionally divided into
the methods of providing the system
reliability without excessibility and the same
with excessibility including the repaired
systems.

The first one is based on the consecutive
connection of its elements, therefore the
higher is the required level of the reliability

of the system the higher will be the
requirements for the reliability of the
individual component, particularly if the

number of the elements is big. The drawback
of this approach is the lack of consideration
of various functions and the importance of
the components for determining the final
effect.

So, the main way of increasing the
reliability is. the use of the methods of
excessibility ( the reservation ) and the
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aneMentoB. [oaToMy, MeToabl H3OBLITOYHOCTH
B pAge Cay4aeB OKa3alHCh HeNnpHroAHbIMH
aAna  obecnevyeHHAa  HaneKHOCTH  (3KOMO-
rivyeckod GesormacHOoCTH AJC, Bbinycka Opa-
KOBaHHOH TNpPOAYKUMH - HeKa4eCTBeHHOH
BOABI),

* Heobxoaum KOMIIIEKCHBIA npouecc
[IOCTHKEHHA M fofJep»KannA TpebyeMoro
YPOBHA HaJeXHOCTH, BK(IOYAIOWMA TMpaBHIa
ynpasaeHHA MpOeKTHpOBaHHWeM, MNPON3BOACT-
BOM H DJKClayaraluHen BOJOX03ANCTBEHHbIX
CHCTEM, KOTOpbIA DpellldeT OTdednbHble 3gdayvM
B COUYETAHHH ¢ OaHOM oflied 3afgaver -
AOCTHIKEHHE KOHEYHOH LeH.

FnaBHOEe YCIOBHE pelleHnA 3TOH 3aJayH -
Ha/M4yHe HCXOAHbIX AaHHbIX MO0 HaaeKHOCTH,

KoTOpble caeayer MOTY4HTD MnpH
NPOEKTHPOBAHHM H  CTPOMTEAbCTBE,  HO
raaBHbiM 00pa3oM - TIpH  3KCHayaTauuH

3(1eMEHTOB BOAOXO3ANCTBEHHbIX CHCTEM.

YayvuieHne mnokaszareqen kadecTsa paborbi
3a c4eT H36BITOYHOCTH MM pe3epBHPOBAHHA
3(1IeMeHTOB (M000H TeXHU4eCKOH CHCTEeMbl, B
OTAYHE oT HX COBepLIEeHCTBOBAHHA,
NpHBOAHT K  H3MeHeHHI0 COocTaBa 3TOA
CHCTEMBl, a HaJeKHOCTb OTAebHEIX ee Y3(I0B,
ocTaerci Hen3MeHHOH.

Pacxoapi Ha pesepBHpOBaHHe BKMOYalOT
pacXodp! Ha M3rOTOBIeHHe MAH  CTpOH-
TeqbCTBO, YCTAHOBKY H JKCNAYaTalHlo HOBbBIX
Ay6aHDPYIOIUNX Y3(10B CHCTEMbL.

O6bIMHO pe3epBHYI0 MOLIHOCTb NPHHHMAIOT
Tem OGoabiie, 4YeM OGonbllie BepPOATHOCTD
BbIXOJa M3 CTPOA paccMarprupaeMoro oberra
H d4eM Ooaplle BpeMeHH HeO6XOAUMO A
BOCCTAHOB/ICHHA HEHCIPABHOIO 3eMeHTa, T.e.
yeM Gonblie OxuaaeMbiit ywepb M 4yeM MeHee
TOYHbI  HCXOAHBle  fdaHHble,  MeTOAHKa
pacyeroB H Ap. TOMy 4acTo HanbGonee
3¢ PeKTHBHbIM CNOCO60M NOBbILLIEHHA YPOBH#
HageKHOCTH TeXHHYeCKOH CHCTEMbl ABAAETCA
noBbIlLIeHHe HaAeKHOCTH OTAe/bHbIX,
KPHTHYECKHX €€ 2(eMeHTOB H  Y3(0B.
H3BecTHO TaKxe, 4YTO pe3epBHPOBaHHE Ha
6onee HH3KHX YPOBHAX (311eMeHT, y3en) obbiy-
HO felleBne, YeM Ha Gornee BbICOKMX YPOBHAX
(coopyXeHHe).

Pasmep peanbHOH CTOMMOCTH, mnOoABep-
raiolleACA pPHCKY H3BeCTeH Ha MOMEHT
NPHHATHA DelleHHA, a pasMep OXKHAAeMOH
npubbIAM WK NoTepb MOKeT ObITb Onpeaenex
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repair.Their drawbacks are the more complex
structure of the system and its operation at
checking the condition of the
components.Therefore in a number of cases
the methods based on excessibility are not
proper for providing the reliability (the
ecological safety of the atomic power
stations, making products with defects, not
quality water). ,

The complex process of achieving and
maintaining the required reliability level is
required including the regulations of
managing the design, production and
operation of the waterworks , this can solve
the individual tasks and at the same time
along with one common task of achieving the
final goal.

The main condition of solving this
problem is the availability of initial data of
the reliability necessary for designing and
construction , but mainly for the operation of
waterworks components.

Improving the indices of the quality of the
operation on account of excessibility or the
reservation of the components of any
engineering system in contrast to their
improving will result in changing the
composition of this system .but the reliability
of its units remains the same. Expenses for
the reservation include the manufacture or
the construction, the installation and the
operation of new double units of the system,

Usually the higher the probability of failure
of the project the more reserved capacity is
taken and much more time is required for
repairing of failed component, i.e. the more
the expected losses the less accurate are the
initial data, the method of calculation etc.

Thus, often the most efficient method of
increasing the reliability level of the
engineering system is to increase the

reliability of its individual critical components
and units. It is known also that the
reservation at lower levels ( a component, a
unit) is usually cheaper compared to higher
levels of a system ( a construction ),

The amount of the actual cost liable to
risk is known at the moment of taking a
decision and the amount of the expected
profit or losses may be determined only at
known extent of uncertainty.The more
advanced methods of the analyses of the
situation and the risk are. used the less may
be the value ( the effect ) of the uncertainty
factor.



TO(IbKO v H3BECTHOH CTeneHbIo
HeonpeaeneHHoCTH. YeM Gonee coBepilieHHbI
MeToabl  HCCAedOBAHHA  KOHBIOHKTYPBI  H
pucka, TeM OGonblue MomeT ObITb CHHKEHO
3HaveHHe (BanAHHe) ¢aKropa Heonpeae-
(1eHHOCTH.
B meHbllled  CcTeneHH  YYBCTBHTEBHO
npeanpuATHe, HMMelolllee GOMBUIOA KannTan H
BbIllycKaloLlee H3AEqHA, YCIyrH MO UIHPOKOH
HOMeHKnarype,

TpeanpuATHA 4aille BbIGHPAIOT BapHaHTbI
pellleHHAl, A48 KOTOpbIX paBHbIi 06beM

A0XO40B, MOMHO MNOAyYHTh C  MeHbUIHM
PHCKOM. TOABKO 3HaYMTEIbHLIA POCT AOXOAOB
MoXeT  oOlpaBAath [pPHHATHE  pelleHHH,

CBA3AHHBIX C PHCKOM H BO3MOXHbIMH MpH
3TOM NOTEpPAMH.

[OTyCKaeTCH NpHHATHE  XO3AHCTBEHHOIO
pMCKa, CBA3AHHONO C CyMMoH Ywepba, He
NpeBbIIAIEA CyMMapHyl0 CTOHMMOCTb 00b-
eMOB pe3epBHbIX (OHAOB, KOTOpble co3aa-
I0TCA KaK Ha roCydapcTBEHHOM, TaK H Ha
pernoHanbHOM YPOBHeE.

Mpobnema oOpazoBaHMA W HCMOAB3OBAHHA
NPOM3BOACTBEHHBIX, (HHAHCOBBIX H HHBIX
pe3epBOB CpaBHMTeNbHO Mano pa3paboraHa B
TEOPHH H B NpakTHKE XO3ANCTBEHHOro
ynpabaenns. OAHAKO 3Ha4eHWe pe3epBOB
.TIOCTOAIHHO TNOBBILMIAETCA KaK  BCE/CTBHE
HCNOAb30BAHHA HOBBIX Hay4HbIX H
TeXHHYEeCKHX HOet Tak W B pe3yabrare
pPasBHTHA MeXaHHU3Ma YNpaBieHHA PbIHOYHON
3KOHOMHKOH,

. Hamiuue rocyAapcTBeHHBIX Pe3epBOB H
3anacoB Ha ypoOBHe NPEANPHATHA [TOMOraioT
obecneynuts  CTAOHABHOCTL  (PYHKLIMOHHUPO-
BaHWA nNpH moObIX Cay4adHbIX, BepoAT-
HOCTHBIX M3MeHEHHAX BHEIIHUX YCAOBHH.

YrnpasaeHte HaAeKHOCTBIO BO-
JAOXO3AACTBEHHON CHCTEMbI OCIOKHAETCA TEM,
4T0 caedyer  aHaM3MpoBatb He  TO(ObKO
XapaKTepHCTHKH AEATENBHOCTH camon
CHCTeMBi, HO H QaKTopbl NPHPOAHOR CpEAbl,
M XapaKTepHCTHKH norpeluTrened BOAbl, T.e.
HaAO0 OUEHHTb KaK OTPa3sATCAd NpPHHATbIE
pellléHHA Ha CMeXHble ¢ CHCTEMOH 3BeHbsl.

HepocraroyHa TakKe poab 3KOHOMHYECKHX
pbriarop  Gopbbbl C HHM3KMM  KayecTBOM
BOAOXO3AACTBEHHbIX CHCTEM Ha Bcex aTarnax
XH3HeHHOrO 1WKaa. BogonorpebuTenaMH He
BO3MEINAIOTCA pacxosbl HAa nogady BOAbl, a C
ADPYrOH CTOPOHBI, AAMHHNCTpAUMA CHCTEM He
KomneHcnpyer yulepd mnortpebuream ot
HeaoCTayu BOABI Hax OT  noaavm
HeKavecTBeHHOA BOABI.

The enterprise having large capital and
making products or services of wide
nomenclature is less sensitive. The
enterprises often choose the alternatives of
solutions making it possible to obtain the
same profit at less risk. Only those decisions
related to risk of losses may be justified that
give the significant growth of profits.

The economy risk in connection with the
amount of the damage is allowed if it does
not exceed the summed value of the volume
of the reserved funds which are set up both
at the state and the regional levels.

The problem of making up and using
production, finance and other reserves is not
developed enough in the theory and in the
practice of the economy management.
However, the importance of the reserves is
constantly increasing both because of
applying new scientific and engineering ideas
and the development of the mechanisms of
management of the market economy.

Availability of the reserves and stocks at
the level of the enterprise helps to provide
the stability of functioning at any accidental,
probable change of the external conditions.

Management of the waterwoks reliability
becomes more complex because it is
necessary (o0 analyze not only the
performance of the system itself but also the
factors of the environment and the
characteristics of users of water ,.e, it is
necessary to estimate the effect of the
decision on the related links of the system.

The role of the economic key factors in
the struggle against the low quality of the
waterworks is not sufficient at all phases of
the life cycle. Users of water do not get the
compensation for feeding water, on the other
hand, the system administration is not
compensating to users losses from the
deficiency of water or for water of poor.
quality

In the draft laws of Russia it is suggested
the market rate providing rights that justify
risk. It is stated that there is no crime in
making harm to interests protected by laws
provided the risk is grounded for achieving
useful social goals.
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B npoekTax IpaBOBbIX AOKYMeHTOB Poccun
npegqaraerca  pblHOMHaa HopMa, Koropas
Jaer npaBo Ha OOOCHOBaHHBINH PHCK. B HeM
OTMEYaeTCH, YTO He ABAACTCR MpecTyrieHHeM
npuyHHeHHe Bpena NpaBOOXpaHAEMbIM
nHTepecaM mnpH ofObeKTHBHO OGOCHOBAHHOM
pHCKe A1A AOCTHXKEHHA COUHanbHO MNOae3HOd
uean.

PUCK npH3HaercA OOOCHOBaHHbIM, €CIH
nocraedeHHas Uedb He Moraa  Gbitb
[AOCTHTHyTa He CBA3aHHBIMH C  PHCKOM

AEACTBHAMH H (HUO, [JONYCTHBILee PHCK,
npeanpHHAne  HeoOXoauMble  Mepbl  AfA

npeqoTBpalleHHA Bpeda NpaBOOXpaHAeMbIM

HHTepecaM.
PUCK He mpH3HaeTcA OOOCHOBaHHBIM, eciH

Obla  CONpsKeH C Yrpo3oH SKOIOTrH4eCKOH

Karactpodbl K oblecTBeHHoro GeacTens,

YripaBeHne PHCKOM - 310 Meroq OopbObi
C NOABEPKEHHOCTbIO PHCKaM, a codepkaHHe
nepedyHa  anbTepHaTHBHbIX  MepONPHATHA
33aBHCHT Kak oOT ¢opMbl H CleuHPHKH
PHCKOB, TaK M OT HMeIUUXCA B pac-
NOpAXEeHHH PYKOBOAHTENIA pecypcoB / 5 /. B
Pocchn  HeoOXOAMMO  CO34aTb  HHCTHTYT
CTPaxoBOH 3KCNEpPTH3bl, MOCKOAbKY Ha pbIHKe
yae [AeAcTByeT Goaee Tpex THICAY CTPaxOBbIX
KOMIaHHA, HEKOTOpble H3 HHX 3aHHMAIOTCH
CTpaxoBaHHEM OT HaBOAHEHHA M /DYrHX pHC-
KOB B BOAHOM XO3AHCTBE.

MNogpoas HTOrH H3I0KEHHOrO MOMKHO 3a-
KMOYHTb, YTO CO3/iaHHe M ofecrnedyeHHe Ha-
gexHoro  ¢GYHKUHOHMPOBAHWA  BOAOXO3AH-
CTBEHHbIX CHCTEM CTallo BaxHOM mnpobaemon,
codyeTalolel KaK TeXHHYECKHEe, TaKk H Co-
LManbHble H SKOHOMHYeCKHe aclleKThl. .

KayeCTBO TMPHHATBIX pelleHHA onpeadens-
" IOTCA He TOALKO BBICOKHMH MNepBOHa4a(bHbI-
MH 3Ha4YeHHAMH COOTBETCTBYIOLIMX MOKasa-
TeaeN, HO H CnocoGHOCTbIO COXPAHHTh 3TH
noKasareqH B Te4YeHHH CpoKa CayxObl CH-
crempl., IloatroMy, HeoOXo4MM nepexod Ha
HCNOIb3OBAHNE  BEPOATHOCTHRIX  METOAOB
pacyera M 060CHOBaHHA MApaMeTPOB CHCTEM,
YYHTBHIBRIOIMX  M3MeHeHne uXx  paboto-
Crocob6HOCTH BO BPEMeHH.

OrpannveHra Mo JKOHOMHYECKMM # TNpH-
POdHBIM pecypcaM NPHBOAAT K HeoOXoanMo-
CTH OMNTHMH3ALHH NapaMeTpoB H NoKasareaen
Ha/Ie’KHOCTH BOAOXO3AACTBEHHBIX CHCTEM C
y4eTOM  COUManbHbIX H  3KOIOTMHYeCKHX
nocaeACTBHA NPHHHMAEMbBIX pellleHHH.

Heobxoanmo paspalarbiBaTh MeTOApbl 3KO-
HOMHYECKOM0 CTHMYHPOBAHMA MNOBBILIEHHA
HAdEeKHOCTH H J0(rOBe4YHOCTH BOJOXO3AH-
CTBEHHBIX CHCTEM.

Risk is considered as grounded if the goal
could not be achieved without the risk and
the person had taken the necessary measures
to avoid the hamm to the interests protected
by laws,

Risk is not considered as grounded
provided it was connected with the threat of
the ecological catastrophe or public disaster.

Risk management is the method of
struggle against the risk liability and the list
of the altemative methods depends both on
the type and the particular features and
available resources (5). In Russia there must
be created an institute of insurance expertise
because on the market already exist more
than three hundred of insurance companies ,
some of them are dealing with insurance
against floods and other risks in the
waterworks.

Summarizing the above stated it may be
concluded that providing the reliable
operation of the waterworks has become the
important task including the engineering,
social and economic aspects.

The quality of decisions is determined not
only by high initial indices but also by the
capacity of maintaining them during the life
of the system. Thus, it is necessary to use
the probabilistic methods of calculation and
on the base of the parameters of the system
to consider the changes with time,

Limitations of the economic and nature

' resources demand the necessity of optimizing

the parameters and indices of the reliability
of waterworks taking into account the social
and ecological consequences of the taken
decisions,

It is necessary to develop the methods of
economic promotion of increasing the
reliability and the durability of waterwoks .

The factors of uncertainty are acting in
combination and not independently .
therefore their consideration also should be’
complex but the risk must be estimated for
the particular system,
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TAB(IHLIA 4 Meroapb! ynpaBieHHA PHCKOM

1

BeanunHa BepoaTHOCTS MOABEPAKENHOCTH PHCKY
ToTepb OMEHD HaKanA HeGOIL- epery- N SHET ] HeCOMHEH-
HHaxan 1 pas an (1 ApHaA 1 pas - [Has (exe~
(MeHee 25 .., pas B 1 pas 1... roAHO )
1 pasza 100 a.) 10... 2... 2 roaa)
100 a.) 5 a.) 10 a.)
HesnaunreasHan- COXPaHHTb /ICATEbHOCTD ICOXPaHHTE AEATENLHOCTD M
(menee 500 en.) CO3aTh pe3eps -
ManenbKas CO3AaTH peseps
{500...1000 ea,)
YmepeHHan C€O34aTh pe3epn 3acTpaxopaTh NpeKpaTHTh
- (1000... HaH 3aCTpaxoBaTh ﬁemnbﬂocrb
1000000 ea.)
~ Cpeanan NpeKpaTHTh
(1000000... 3aCTpaxoBaTh ACATENBHOCTD
250000 ea.)
Bonbiuas
(250000... 3aCTpaxoBaTh NPeKpaTHTL
1000000 en.) ACATENBHOCTD
. Karacrpodmyec- )
Kaa (Gonee 3aCTpaxoBarh . MPEKPATHTh AEATENRHOCTD
1000000 ea.)

TABLE 4 Methods of management of risks

Amouﬁt“ of
losses

The probability of liabllity to risk

- Very Low
low )
(less (1725
than 100
1/100 years)
years )

Small Not re-
{1/10- gular
25
years) (1/2-
10
years )

Large Certain
(1/1- 2 (annually)
years)

‘Insignificant (less

Maintain activities

Maintain activities

than 500 units) or credte a reserve
Small(500- Create a reserve
1000 units)

Moderate (1000- Create a reserve Insure Suspend the
100000units) z:sure actlvities
Medium (100000- Insure Suspend the
250000 units) activities

Large
(250000- Insure Suspend the activities
1000000 - units)
Catastrophic
above 1000000 Insure Suspend the activities
units)
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dakropbl HeonpeaeneHHOCTH AeHCTBYIOT
COBMECTHO, & He H3OMDOBAHHO, IMOATOMY HX
yyer Tome [foameH ObiTh KOMINEKCHbIM, HO
PHCK AonxeH OUEeHHBaTbCA M0 OTHOWEHHIO K
KOHKpeTHbIM CHCTEMaM.

KavecTBo OLEHKH [OKasareqen HadexHo-

CTH BOAOXO3ANCTBEHHOM CHCTEMbl 3aBMCHT OT -

MOMHOTHI - H AOCTOBEPHOCTH HH(popMalun o6
OTKa3aX, HeHCNPABHOCTAX M TNOCASICTBUAX,
NosaToMy /A TOBbIlIeHHA HAJeKHOCTH M
adpeKTHBHOCTH - paloTbl TaKHX CAOKHBIX
TeXHHYECKHX CHCTeM Kak BOOXO-
3AACTBeHHble, BAXHOe 3HaueHHe HMeer c6op,
obpaboTka H  CTaTHCTHMECKHH  aHalH3
nHdopmalpn 00 HX HEHCNPaBHOCTAX. ITO
ocobeHHO BaXHO AaA OObEeKTOB, HadgedHas
pabora KOTOpbIX ABAAETCA OAHMM H3 d¢ak-
TOPOB, KOTOpble obecneqHBaloT 6e30MacHOCTb
moAen (nmoTHHbI, AaMObl),
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The quality of the estimation of waterwork-
reliability indices depends on completeness
and truthfulness of the information of failures
and their consequences, therefore for
increasing the reliability and the efficiency of
the operation of the comprehensive
engineering systems like waterworks it is very
important the collection, processing and the
statistical analysis of the information of
failures, This is particularly important for
projects operations of which is one of the
factors providing the safety of the people
(weirs, dams).
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3KO(OTHA, SKOHOMHKA, PHIHOK

Beaoycos Ardexceri AfeKceeBHY
TreH. AHpeRTOp, HpMa ‘BoHcaH’
MockBa

Heo6XoaMMOCTh CO3/4aHHA PblHKa KonoruHyec-
KHX yoayr AMKTyerca oCoBeHHOCTAMH HacTos-
LLIero MOMeHTa, KOTopble Ha Hall B3IMAd COC-
TOAT B CeAyIOILEM:

1.PbiHKa, B OOWIENPHHATOM 3KOHOMHYECKOM
CMbICe B POCCHH MOKa HeT.

" 2.lpoaonxaer ¢QYHKLHOHHPOBaThL pecypco-
- 3aTpartHoe, 9KOIOMHYEeCKH rpAsHoe MpOoMbI-
eHHOoe, MPOH3BOACTBO H XO3AACTBeHHan Aed-
TeabHOCTS.

3.CocyllecTsyioT pasiauuHble POpMbl CcobBCT-
BEHHOCTH Ha cpeJcTBa NPOH3BOACTBA /TOCy-
JAapcTeeHHas, 4yacTHad, KoornepaTHpHad/.

4 Hopaa cHcTeMa ynpaBaeHHs HapoaHbIM
XO3ANCTBOM ellle He oOTnaXeHa, a cTapas
NMpaTH4yecKH paspyuieHa.

5.CrpeMHTeNbHLIMH * TEMMNaMH  MPOHCXOAUT
ofocTpeHHe KONOTHYeCKOH OO6CTaHOBKH B
PoccHH, 0cofeHHO B KPYNHbIX MpOMbllLAeH-
HbIX LIEHTpax.
6.Tlpn sHauHTeabHOM MadeHHH NMPOH3BOACTBA
KOMYeCTBO BbIGPOCOB BpedHbIX BelLECTB B
OKDYKAIOLLYIOI0  Cpedy TMNpaKTHYeCKH He
CHHXKaeTCd, a B pAde perioHOB BO3pacraer..

7. 3arylueH MexaHH3M KOHBEPCHH BOEHHO
MpOMbIIINEHHOrO KoMmmaekca, 6e3 ydera 2Ko-
(IOTHYECKOHA CHTYaLIHH.
8.3HaunTenbHad 4acTb NpeAnpHATHH pabora-
er [0 yCTapeBIIHM TEeXHOAOTHAM M Ha YycTa-
pesiliem 060OpyAOBaHHH.

9.B c1paHe coxpaHaeTca HecrabHabHas rmo-
AATHYeCKaA H 3KOHOMHYecKada ofcTaHOBKa.
10.CyiiecTBYIOILIHE  TIPHHLMINbBI  YNpaBaeHHA
OXpaHO¥l OKpyXKamllleH cpeabl KOMaHAoBaTh
M KOHTPOAMPOBaTh He COOTBETCTBYIOT MpPHH-
LIMrMaM pbIHOMHOH 3KOHOMHKH.

OfHaKO, HWMEHHO 3TOT HecTabHAbHbIA Te-
pHOA Ha Hall B3raAd, #ABaAeTcd Hanboaee
onTUMaabHbIM A1A GOPMHPOBAHHA CHCTEMBI
Mep H YCHIHA, HanpaBieHHbIX Ha BbiNoaHe-
HHe OCHOBHOH 3aga¥yH B  MepeXodHbId
MepHOA; OCTAHOBHTL Npouecc gerpadailHd
HalMH KaK (H3HYECKOH /pe3koe CHHKeHHe
KOHYeCTBa pOAMBLIMXCH 340POBbIX AeTeH 3a
nocaeaHHe roapl H yBedaWveHHe CMepTHOCTH
HacedeHHdA/, TaK H AyXOBHORM  /Haeono-
M'MYECKHA M KyabTyPHbIA LIOK, MOBCEMECTHOH
rpaXgaHCKOH BOHHbl HEeNMpHATHA H  He-
MOHUMaHHA, MNOTEPA 3APaBOMBICAWA, Ha4HHAA

AETCKOH  CMepTHOCTH; H3MeHHTb CHCTeMy
ynpasieHHA HCIOAbL3yA NMPHHUHI "KOHKpeTHad
npobaeMa-KOHKpeTHOe pelleHHe', JaTh BO3-
MOXKHOCTb MaHeBpa AeHeXHbIMH H MarepH-
anbHbIMH pecypcaMH aJMHHHCTPaLMH H mped:
npuATHAM Bcex ¢GOpM COOCTBEHHOCTH Ha Mec-
Tax, MpHUBAEYb K PelleHHio 3TOA NpoGaeMpbl

HaceneHHe, o00eCyMB €ro  JOCTOBEPHOM
AKOAOMMYECKOH  HHpopMalHeA, KakK 370
AomKHO ObiTb MO AEHCTBYIOMY 3aKOHO-

AaTenhcTBy, H MpeaaoXKHB eMy Iyt H ¢GopMy
ydacTHa B pellleHHH [pobaeMbl /MaTepH-
anbHaa, <pHHAHCOBadA, coumpalbHaa M AD./.
[lpakTHKa ' nokKasafna, 4YTO CHCYeMa Yrpag-
A€HHA  NPHPOACOXPAHHOH  AEATe/lIbHOCTDLIO,
Co3JaHHaA B MepHvos NepCTporKH, oKasanach
Mano3ppeKTHBHOH, T.K. OHa HOCHT IO
CyIeCTBY 3arpeTUTeqbHbIH XapakTep W He
CTHMYQHpyeT TMNpedlpHATHA COBEPLIIEHCTBOATD
TexHoaorHio. MupoBaA npakTHKa ModTBep-
AANa  HH3KYI0  3¢)(eKTHBHOCTL  CHCTEMbl
wrpachoB, a B YCAOBHAX POCCHH, HcronL-
3yIOLLeH pecypcornoiol@aionpe NponssoacTsa
M TeXHOMIOHH, 3Ta MpakTHka NpHBOAHIA K
napaayHyy TNMpoH3BogcTea. Orcioga cTpeMaeHHe
XO3ANCTBEHHHKOB HAH  MOObIMH  MyTAMH
CKpPbITb (pakTH4eCKoe COCTOAHHEe Jdeda OT
KOHTPOAHPYIOIWMX OpraHoB, HAH AOroBO-
PHTBCA C KOHKpPeTHbIM YHHOBHHKOM. O6a
3TMX MoAXoda B PasaH4HbIX KOMOHHaLMAX C
ycrexoMm MpaKTHKYIOTCA Ha BCed TeppHTOPHH
Poccuy. HyeH TakoM MexaHH3M YnpapBneHus
MPHPOACOXPAHHOH AeATeNbHOCTHIO, KOTOPbIA
3aHHTepecoBbiBa1 Obl TpoOH3BOAWTENA CTpe-
MHTbCA He 3arpAsHATL OKPYIKaloLylo Cpedy, a
MoTeHUHANbHOMO  HHBECTOpAa  BKaagblBaTb
KalMTan B NPHPOAOOXpaHHyIoln AeATeAbHOCTD
JaHHoro perHoHa. OAHHAM K3 BO3MOXKHbBIX
NMoAXoAOB  KOHLEHTpaUHH  CpeacTs  aAad
pelieHHA KOIorMvecKHX npobaem morao 6bl
CcTaTh BBeeHHe cneuuanbHoro, Harippmep 5%
Hadora, B paMKax CyWecCTBylOlIero Haaora Ha
AobarneHHYI0I0 CTOMMOCTL. CpeacTsa Hamora
MOAHOCTHIO OCTAIOTCA B PacnopAXKeHHH MecT
HOH HMHBECTHLIHOHHOW 3KOIOMMYEeCKOH KaMra-
HHH, KOTOpad pelleHHeM aAMHHHCTPallMH Bbl-
NnoaHgeT poab rapaHTa AdA OTevecTBeHHHbIX
H 3apybexHbIX HHBeCTOPOB. [pyrviM IyTeM
obecrieyeHns MaHeBpa NpeANPHATHAM, Moria
6bl cTaTh CcHCTeMa KyNan-NpodaXkH npae Ha
3arpasHeHHe, Kortopasg Hayana INPUMEHATHCA B
ClIA B 80x rogax B pafoHax c Hauboqee
COOXKHOH 9Konornyeckon obcraHoBkoH. Ilo
3TOH CHCTEMe MecTHble opraHbl BaacTH B
paMkax of0llero IMMHTA Ha 3arpAsHeHHe
pacnpeAeqdioT Mexay NMpeanpHATHAMH CBOEro
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OoT rocygapctsa H  KoH4Yad  ceMbed,
oKaMeHeIoCTh AyWIH HBOro NoKodeHws/. drta
3aMada Mo cBoed UeaH, B3Ha4YHMOCTH H
YPOBHIO 3aTpaT COlocTaBiMa C 3ajadved Cra-
6HaH3AaUHHH 3KOHOMHKH B LedoM. Paccyertsl,
c/enqaHHHble CrielHaaucTaMH I'epmaHHH, MOKa-
3aqM, 4TO Aaa TnogaepXaHHA HOpMaibHOH
3KOIOMMYEeCKOR CHTyallHH B cCTpaHe Heobxo-
AAMO BblaeadT™ He MeHee 10% BaaoBoro
HallHOHAAbHONO NpOAyKTa, a peanbHO OTBO-
AATCA 3HA4YMTeqbHO MeHblie. Mbl  AOMXKHbI
ACHO TMOHHMaTh, 4YTO 3a OWHOKM B mpH-
poAOcOXpaHHOA TMOMMTHKE, AOMNylleHHble rocy-
AapCTBOM H MNPOAOMKAIOLIEHCA ACATeAbHOCTH
3KOMOrH4ecKH TIpA3SHbIX [IPOH3BOJACTB, [IpH-
XOAMTCA TMAATHTL HALMH CBOHM 3/0POBbeM H
fAeHbraMH, onaa4dHBas 3aTpaTbl Ha MNpPHPOAO-
OXpaHHbie ¥ -BOCCTAHOBHTeabHble paborbi.
TakuM 0OpasoM  OOLIECTBY  IPHXOAWTCA
ABaKAbI MAATHTP 34  Hay4yHO-TeXHHYEeCKHH
nporpecc, BKaadbiBad pecypcbl B pasBHTHE
maaoadppeKTHBHbIX TEeXHONOrHHM, a 3aTeM Ha
NpHpoAoOXpaHHble MEepONpPHATHA 110 AHKBH-
AalMH HaHeceHHoro yuwepba. K coaaeHHio,
0coBeHHOCTy NPHPOAOCOXpPAHHHOA — AeATent-
HOCTM TaKoBa, 4YT0 oOHa Tpebyer 3HauH-
TebHbIX KanuTaabHbiXx 3arpaT nNpH  AdW-
TeNbHOM BpeMeHHH OKyrnaeMoctH. OTcioga
He3aHHTePeCOBAHHOCTb HHBECTOPOB /H rocy-
JapcTsa B TOM 4YHCie/ BKIaAbipaTh KanHTa/l B
aty chepy.

dupma ‘BoHcaH', okasbiBad HHGpOpPMaLHOH-
HO-KOHCANTHHIOBble, [MpoeTHble H BHeAPeH-
YecKHe YCIYrH, Mo OCBOEHHIO HOBBIX TpPHPO-
AOOXPaHHHbIX  TEXHONOTHH, TPH  B3aHMoO-
AeACTBHH ¢ 0OpeANpPHATHAMM BOEHHO npo-
MBILIEHHONO KOMIIeKCa, rocyJapCcTBeHHbIMH,
a TaKXKe 4YacCTHbIMH JaBHO CTOAKHydacb C
TaKOoH CcHTyauueH. Tak NOpakTHYecKH MNpHOC-
TaHOB(IEHO TMPOeKTHpoBaHHEe OPHMMHAABLHOIMNO
LexXa OMMCTKH BeHTBbIPOCOB W CTOYHbIX BOf
oT ¢eHona, dopMaabaervga H ApPYrHX Bped-
HbIX BeLECTB Ha Ha 3aBode Mo MPOH3BOACTBY
¢doabripoBaHHoro reTMHakca B T.AHrapcke,
OCYLLECTBAAEMOE B paMKax KOHBEpCHH H3-3a
OTCYTCTBHA (HHAHCHPOBaHWA, XoTA Olomke-
TOM HeoOXoaHMble CpeACTBa BbldedeHbl. Tlo
TOH 1K€ TpHYHHE DPe3Ko  3aMeaanaoch
BHeApeHHE H MOHTaXK MOAYAbHbIX YCTaHOBOK
npopoauMoe copmectTHo ¢ TOO'DKMoH', no
OYHCTKE CTOYHbIX H MPOMbILIEHHHBIX BOA OT
HedTenpoayKkToB, KHpoB, Maced, ITAB, Boaok-
HHUCTBIX MaTepHanop, YMArYeHH BOJbl A0H
KotaoB TOL, XOTA 5TH YCTAHOBKH YXe pa-
6oraloTr Ha rMpeanpHATHAX POCCHH H JOKa-
3aMH cBolo paborocniocobHocts U a¢ddek-

parioHa clMelHanbHble cepTHHKaTHI
/KpeanTbl Ha BO3MOXKHble 3arpA3HeHHA/, B
KOTOpbIX yCTaHaBAHBAIOTCA NpeJeabHO AOIMyC-
THMble YPOBHH 3alpAsHAIOIUMX BbIGPOCOB.
IlpeanipHaTHe, HMelOLee CyMMapHbIA BbIOPOC
Mo KOHKPETHOMY BellleCTBY HHXKe YyCTa-
HOBIEHHOIO YPOBHA, HMeeT TpaBo NpoJaTb
3TOT H3fHllieK moBoMy ApPYroMy npearpHATHIO
3TOr0 pafoHa, MOAOXHTL B O6GaHK 3arpas-
HeHHA HaH HCroab3oBaTb Ha cobBCcTBeHHHbIE
HyXKabl /HafipHMep Ha paclifpeHHe rpoHn3-
BogcTBa 6e3 ocgopMaeHHA AOMOMHHTEAbHOIO
paspelieHna Ha Bbibpoc/. Taknm obGpaszoM
NnpeAnpHATHE OCYLIECTBAAET TOProBaw IMpa-
BaMH Ha BbiGpoc, ¢ o6fA3areqbHOA perHcTr
palMeren caeqkH B - “GaHKe 3arpA3HeHHH'.
2T0 MNO3BOAAET CHH3TH 3aTparbl Ha NpHpoAo-
oxpanHbie MepONpPHATHA KaK Ha OTAedbHOM
NpeAripHATHH, TaKk H B [Mpedenax perHoHa.
TipeanpHATHA, KOTOPbIM HeoOXOAHMO YBeaH-
YHT> BbIOGPOCHI  3arpAsHAOWMX  BelecTs
/PEKOHCTPYKUHA, BBOA HOBbIX MOILHOCTEH,
HexxedaHHe CTPOHTENbCBAa OYHCTHBIX COOpY-
XKeHHA/ H HMelollMM BbIOPOCHI Bblille YCTa-
HOBICHHONO YPOBHA B JaHHOM pafoHe,
MOKynalT cepTMdHKathl Yy MNpeqnpHATHA C
HH3KHMM ypoBHeM BbiOpocoB. B  yCnoBHAX
pbiHKa 5TOT MexaHH3M [O3BOAAET AOOHTHCA
CHHXXKeHHA  peaabHbIX 3aTpaT H 3HaYHTEdb
Hyl0 [IpHObIAL 3a CYeT CpeACTB, 3aTpavHBa-
eMbiX Ha pelleHHe peanbHbIX KOMOTHYECKHX
npobaem. B CIIA 3a 1989r.6bi10 ocy-
WECTBAEHO OKOMO 12 ThicAY CAGMOK KYMNaH-
NMpoja’kH IpaB Ha 3arpasHeHHe, 4YTo MNo3-
BOMIHAO, IO OLEHKaM aMepHKaHCKHX CrelH-
afNCTOB, CIKOHOMHTL HECKOAbKO MHaapAoB
dgoaqapoB. Y 3TOro MexaHH3Ma ecTb ABa
AOCTOHHCTBA: OH He TpebyeT OloMKeTHbIX
acCCHMHOBaHHA H MOXeT NPHHECTH MPHObLIAD.
OdHoBpeMeHHO C lpedaaraeMofi CHCTeMOn
npogonXKaer [JeACTBOBaTh  CyllecTBywollas
cHcTeMa WITpagoB, MpHYeM BEPXHAA NaaHKa
paspewleHHbIX BbIOPOCOB AOMMHa MOCTOAHHO
CHHXKATbCA CO CKOPOCTHIO, 3aBHCAUIER OT
oBcraHOBKH, HanpuMep 20% B rog. B Poccnn
npegagaraeMad CHCTeMa JOMXKHA, BepPOHATHO,
NPOHTH CoOTBETCTBYIOULYI0 anpobauuio. Aaa
3Toro HeoBXOANM 3KCMePHMeHT no BHed:
PeHHIO TaKOH CHCTeMbI H  OTPabOTKH
MexaHH3Ma CHHXKeHHA YPOBHA 3arpasHeHHH
Kak B o06llleM HKoaH4vecTBe, TaKk H IO
KOHKpPETHbIM BHAAM 3arpAsHAIOLMX BelecTs.
EanHcTBeHHBIM  (paKTopoM, ONpeaedsioliMm
NPaBHABHOCTL BbIGPAHHOrO Kypca, ABAdeTCA
pellleHHe MocrabaeHHONW 3agavdd H peaabHoe
yaydlileHHe 3KolorMyeckod oBcTaHOBKH, B
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TMBHOCTL. JIo 3TOR 2Ke IMpPHYHHE TpaK4yeckH
3aMOPOXeHO BHeApeHHe YHHKaabHOH HHdOp-
MaLMOHHO-2KCIIEPTHOH CHCTeMbl, paspabarvl-
BaeMO¥i HaMH coBMecTHO € AQ ‘Pamic’, B
KOTOpOH HCIoab3oBaHa B KaecTse
OCHOBHOIO  HHCTpyMeHTa  (DOpPMHDOBAaHHA
apxHTekTypbl 0a3 aaHHbIX - ‘cAaHC TexHO-
dorva. dTa CHCTeMa MNO3BOOAET KOMITAKTHO
NpeJcTaBUTh KOMIaekc npobaem ¢ TNO3HUHMH

KOHKPeTHOrO MOabp3oBaTedd O CYLIECTBYIOLUEM -

H MepCrneKTHBHOM COCTOSAHHH OKpYXKalolen
cpedbl, ee B3aHMOJCHCTBMH C HCTOYHHKaMH
9KOMOTHYECKOA HarpyskH, o6 H3MeHeHHH
CHUTyallMH B pertioHe, panioHe, Topoae,
NpeAnNpUATIH, a TakXke BbiGpats HaHboree
s¢pdekTvBHbIE U SKOHOMH4YHbIE  TyTH
CHHIKEHMA  AHTPOTIOreHHOTO ~ BO3AEHCTBHA.
CHcreMa paccyHTaHa Ha pDYKOBOAHTedeHd Bcex
PaHroB, 3KCMEPTOB, 2KOOMOB, TEXHONOIOB,
Bpa4efl, COLMOMOIOB H pJaxe NpeanpH-
HMMateneHd. HaM npedcTaBaseTcsA, YTO B Hbl
HelllHHX JKOHOMHYECKHX YCIOBHAX, PeLnTbL
npobaeMy B paMkax PoccHH, HCnoab3ys
crapbie Merodbl yrnpapaeHusd, Hedp3a. [lo
HauleMy MHEHHIO (ad  pellleHHd  3ToH
npobaeMbl HeobxoaUMO: OOBEAMHHTL HALMIO
HAeeH, HanpHMep, B OMIKAIIMA roaapa
OCTaHOBHTb POCT

CBA3H C BbIUIEH3IOXKEHHbIM, Mbl Tpeanaraem
3anHcars B pellleHHe KoHrpecca cieayuiee.
KoHrpecc cumtaer, 4To:

-Heo6XOAHMO TNPHUHAT> HEOTIOXKHble Mepbl
no ¢pH3HYECKOMYy H HPABCTBEHHOMY O340POB-
IeHHIO HaLIHH;

-pH (POPMHPOBAHHH DKOHOMHYECKOH H H-
HaHCOBOH MOAMTHKH PoccHHcKor dedepaiipn
chegyer MPpH3HaATh TNPHODHTET SKOdOrHyec-
KOoro nmnoaxoAa, B MPOTUBHOM Ccayvae 3710
MOKeT OOGepHYTLCA CePhe3HbIMH COLMAIbHO-
3KOHOMHMYECKHMH MNMOTEPAMH;

~OCHOBHOH 3aga4ed MPHPOAOXPAHHOA MOW-
THKH PoccHACKOH dedepauH Ha cerod:
HAWHHA f[eHb ABAAETCA OCYLUeCTBAeHHe Mep,
NPeJOTBPAIAIOIKX  yXyALIeHHe 3KOaorHvec
KOH cHryallMM B CTpaHe;

-KOHrpecc MnpocHT IlpaBureabctBo Poc-
CHACKOH ®deaepallHt B UeadX TNoAdepKKH
Maqoro OH3Heca M crabHaH3aLUMHM  3KOAO-
MMYeCKOH CTHyalMH oOKasaTh COAeACTBHE B
OpraHMsalMH 2KcCrepHMeHTa Mo oTpaboTke
3KOHOMHYECKOTO MexaHH3Ma CHCTeMbl yrpap-
IeHHA 3a HHTEepecoBaHHbIM NpeANpHATHAM, B
TOM 4yHcae H ¢HpMe ‘BoHcaH', Bblaeaus a4ad

NpopegeHHA  dKCNepHMeHTa: padoOHbl C
PasAHHHOMA cTeneHbio 3KOIOrMYeCKon
Hanps&KeHHOCTH.
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METOAO/OTHYECKHE ITPOB(IEMbI
[AATHQCTH BOAONOMB30BAHHA.

B.TH. Ipnmpbes EBrerind IPHmpbeBH'l,
CorncuaC.

Mpouecebl KOHOMMYECKOH pedopMbl B
PoccHH ABAAIOTCH OOBEKTHBHOH MPeAnochid-
KOH A1a paaWKanbHbIX H3MEeHEHHH B TeMnax
H NPHHLHMNHAIBHLIX HallpaBaeHHAX (OpPMHPO-
BaHHA CHCTEMBbI SKOHOMHYECKMX OTHOLIEHHH
B Ccdepe BOAONOAL30BaHHA HA OCHOBE €ro
nifatHoc™. PasBuTHe 3TOM CHCTEMbl paccMar
pHBaeTCi KaK BaHeHllee CpPeaCTBO [MOBbI-
teHrna 3¢ ¢ eKBHOCTH HCNOAb3OBAHHA BOA-
HbiX pecypcoB, BOCCTAHOBACHHA H COXpa-
HeHHA KavecTsa BOAHOH cpedbl.

dopMHpoBaHHe yKazaHHOH CHCTEMbl DKOHO-
MHYECKHX OTHOUIEHHH B Npo6neMHOM OTHO-
LIEHHH BO3MOXHO C TIO3HLMH ABYX MPHHLH-
MHANbHO OTIHYHLIX MOAXOAOB:

NMepBbiA - NaaTeXxH 3a BOAONONb3OBaHHe
HMMeloT HanoroBblH XapaKTep, HX CYLECTBO
ornpedenseTCR 3aTpaTaMd Ha BOCCTaHOBJeHHe
H coxpaHeHHe BOAHOHM cpeabl 6e3 KaKoH-
anbo  CTPYKTypHM3aliM¥M  MociedHux, 410
npegriofaraeT HMCNOab30BaHHE  OUEHOUHDIX,
npuﬁanxseﬂnblx ¢opMyd H 3IKOHOMHHECKHX
OUEHOK;

BTOPOH - NAaTeXH 3a BOJOIoab3iopaHHe
HMeloT LIEHOBOHW XapakTep H ornpeaeqfiorca
CTOMMOCTDIO NMPOH3BOAWUMOH MNPOAYKUHH B
NPOH3BOACTBEHHOM CEKTOpe BOAONONb30Ba-
HHA - BOAbl M BOAOXO3AMCTBEHHBIX YCYT,
HCKAIOHMan MNaaTeXH 3a 3arpA3HeHHe BOAHOH
cpedpl, YTO flaeT OCHOBaHHWe 41A NMPHMeHeHUA
TOUYHBIX MOAened ueHbl, HanpHMep

U = C + IT (PH.Pa,Pa),
rge C - cebecrommocts, IT - npubbinb, PH -
HopMatviBHaa npHubbinb, Pa - anddeperuy-
anbHas peHra, Pa - abconoTHaa peHTa.

ITocnenHHMA MOAXOA COOTBETCTBYET OOLLMM
nofloXkeHHaM UeHoobpasoBaHHA Ha TPOAYK-
LHIO pecypco-aoObIBaAOWMX TPOH3BOACTE H
No3BOARET HaXOAHTL OObeKTHBHbIE COOTHO-
WeHHA MexXay OCHOBHBIMH COCTABASIOLUHMH
UeHbl B YCOOBHAX pbiHKa - LEHOH MpoH3-
poAcTBa npogykupu - C + PH, pgonoann-
TENbHbIM 3KOHOMHYecKHM 3¢ddextom - Fg,
TIPHHOCHMbIM HCNIOAb3OBaHHEM faHyoro

NpUpOAHOIO pecypca, M CBOEro poga Ha-
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METHODOLOGICAL PROBLEMS OF WATER
USE CHARGING

drigoriyev Eughenly Qrigoriyevich,

Cand. Techn.Scs.

SOP.SIES Council for Allocation of Productive
Forces and

Economic Cooperation, Ministry of Economy
of Russia

The processes of the economic reform in
Russla serve as objective prerequisites for
redical changes in rates and principal targets
for formation of the system of economic
relations in the fleld of water use on the
basis of its charging. The development of
this system is considered to be the most
important means of increasing the efficiency
of water resources use, restoration and
maintenance of water environment quality.

From the problematical point of view, the
formation of the above mentioned system of
economic relations is possible from the
standpoint of two quite different approaches:

- the first approach: payments for water
use are of tax character, their nature is
defined by the costs of restoraion and
maintenance of the water environment
without any structurization of the costs which
envisages the use of estimated approximate
formulae and economic appraisals;

- the second approach: paymens for
water use of price character and are difined
by the value of output in the production
sector using water and water and water

- managment services, excluding charges for

water pollution, thus giving grounds to use
accurate models of price such as

U = C + I (P4, Pg, Pa),
where C - cost value, TT - profit, PH -
standard profit, Fg - differential rent, Pa -
absolute rent.

The latter approach corresponds to the
deneral principles of price formation for the
product of the resource extrective production
and makes it possible to find objective
relationships among main components of the
price under market conditions: cost of
production - C + Px, additional economic
effect - Pa, due to the use of the given
natural resource and a sort of tax on a
water user - Pa, collected by an owner of



goroM Ha Bogoronksosatens - Pa, Baumaer
MbiM COOCTBEHHHMKOM BOAHBIX PeCypCoB.

C Hcnoab3oBaHHeM YKasaHHOW ULEeHOBOH
Modean OpMHpyeTca cHcTeMa. HOPMaTHBOB
naaTsbl 3a BCe BHAbI BOAOMONb3OBaHHA:

eHbl 3a BOAY MOBEPXHOCTHLIX H NOA
3eMHbIX HCTOYHHKOB (npH Bogosabope Ana
HyK4 BoAOCHabXKeHHA);

Tapudbl Ha BOAOXO3ANCTBEHHbIE YCAYTH
(BogononbioBaHHe 6e3 H3IbATMA BOAbl H3. ee
HCTOYHHKOB);

Taphbl Ha MpHEM CTOYHbIX BOA (Mo obb-
eMy) B BoaHbie OObBKTHI M HOPMATHBbLI NAATHI
3a cOpoC 3arpA3HAIONIMX BellecTs H Apyrve
BHABI OTPHUATENbHOrO BO3JEHCTBHA Ha BOf
Hyl0 cpedy (ACNoab3OBaHHe BOAHbIX 0Obek-
T0B B Ka4yecTBe NPHEeMHHKA CTOMHBIX BOA).

Peannsallia 2KOHOMHYECKHX OTHOLIEHHHA B
chepe BOAONO/B3OBAHHA C HCNOAL3OBaHHEM
H3AOXKEeHHOA CHCTEMbl HODMATHBOB MAaThbi
CBA3aHa ¢ pelieHHeM CaeaylolHX MeToaoao-
r'M4ecKHX npobaem:

yCTaHOBAeHHe peanbHbiXx LieH Ha Boay M
BOAOXO3ANCTBEHHbIC YCAYTH B COOTBETCTBHH C
NPUHLIKIIOM ‘MOATHT TOT, KTO HCHOAb3YeT H
3arpasHaeT’;

obecriedeHHe  adeKBATHOCTH CHCTEMbI
NAaTHOrO BOAONOAL3OBaHHA AYHAMHKE KOHO-
MHYeCKHX pedOopM B CTpaHe, YTO BO MHOIOM
onpegeaseTca pelledHeM npodaembr cobor
BEHHOCTH Ha BOAHble pecypcbl H nepcrex-
THBaMH BbIXOda M3 DKOHOMHYECKONO KpH3HCA;

rpeofoaeHHe BCe elle CYLIeCTBYIOLUHX
npeAcTaBaeHHA 0 HecnnaTHocTH BOAHBIX pe-
CYpCOB; _

onpegeneHre JHCaeHHbIX 3HaYeHuA cra-
BoK audrpepeHUHaNbHOR PeHTbl Ha HCNOAb3y-
eMble BOJHble pecypcbli Ha OCHOBe pac4yera
6acceAHOBbIX Be(HYHH 3aMblKalOWMX 3arTpar
Ha BOAY: ’

o60CHOBaHHE CTAaBOK abCOMOTHOH peH-
Thl KaK Naartbl 3a NpaBo BOAONOAB3OBAHHA C
y4eTOM 3KOHOMHYECKHX HHTepecoB COOCTReH-
HHMKOB BOAHBIX pPecypcoB H  COLHalbHO-
3KOHOMHYECKON 3HAa4YHMOCTH TMoCAeJHHX A
ofliecTsa B 11e10M;

HOpMaTviBHO-TIpaBOBOe obeclieyeHHe CHC-
TeMbl  MAATHONO  BOAOMOAL30BAHHA  Ha
tdegepanbHOM H perMoHalbHOM YPOBHAX;

topmHpoBatiHe Oasbl HCXOAHbIX AAHHBIX
Ang pacuera LeH H TapHdoB Ha BOogy H
BOAOXO3ANCTBEHHbIE YCayrH. TpyaHocTH obyc
AOBAeHb! OTCYTCTBHEM TOCYAapCTBeHHOH CTa-
THCTHKH Y HavaNbHbIM TEPHOAOM BblAedeHHs
BOAHOINO XO3AACTBA Kak CrietHaan3npoBaHHON
OTPaciaH TPOH3BOACTRA.
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water resources.

The system of charge rates for all kinds
of water uses is being formed wich the
application of the above model of prices:

- price of water from surface and
subsurface sources (Withdrawal for water
supply needs);

- tarlffs of water management services
(in-stream water use);

- - tariffs for wastewater (by volume)
receipt into water bodies and charging rates
for disposal of poliutants and other kinds of
adverse effect on water environment (use of
water sources as wastewater recelvers).

The implementation of economic relations
in the fleld of water use with the help of the
above system of charging rates is assoclated
with the solution of the following
methodological problems:

- establishment of real prices of water
and management services In accordance with
the principle ‘user and polluter pay';

- provision of adequacy of the system
of charged water use to the dynamics of the
economic reforms in the country which to a
greater extent depends on the solution of
the problem of water resources ownership
and on the prospects of resolving the
economic crisis;

- overcoming still existing conception
of water resources use free of charge;

- determination of numerical values of
rates of differential rents on used water
resources on the basls calculation of basin-
wide values of final costs of water;

- substantiation of absolute rent rates
as a payment for the right to use water with
regard for the economic iInterests of water
resources owners and socio-economic value
of the latter in the society as a whole;

- provision of the standard and legal ba-
sis for the system of charged water use at
the federal and reglonal levels;

- formation of the initial date base for
calculating prices and tariffs of water and
water management services. The difficulties
are caused by the lack of the state statistics
and by the initial stage of the existence of
water management as a speclalized branch
of production.
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IKOHOMHYECKHE [MTPOBEMBI
(IMIEH3HPOBAHHNA BOAOITO/Nb30BAHHA
S

Maproawr A.M.,
AOKTOp SKOHOMHYECKHX HAYK, npogheccop,
PoccHAcKaA akaqeMHA yrpaBieHHA.

{IMueH3HpoBaHHe pa3(H4YHbIX BHIOB X03AH-
CTBEHHOH AEATeNbHOCTH NpeAcTaBaAer cobon
O4HY H3 AEHCTBEHHBIX (OpPM rocyaapCTBeH-
HOrO pPerynHpoBaHHA PbIHOMHOA KOHOMHKH,
Hcnonb3opaHHe AaHHONO MHCTPYMEHTA B TNpH-
POAO-2KCIIYARTHPYIOLHX OTPacIAX HapogHOro
XO3AHCTBA HMeeT CBOeH Ueablo obecrieueHHe
Hepa3pbIBHOMO €AHHCTBA SKOHOMHYECKON 3¢

(PEKTHBHOCTH H 3KOMOrHYeCKon 6e30MacHOCTH -

(bYHKLIHOHHPOBAHHA XO3AACTBEHHBIX CHCTEM.
lienecoobpa3HoCTb IIMPOKOIO NPakTHYECKOro
NpHMEHEeHHs (HLEH3HPOBAHHA B BOAHOM
XO3AHCTBE HA CErOAHALIHHA AeHb yXKe He
BbI3bIBa€T NPHHUHNHAALHBIX BO3PAKEHHH, HO
GAEPKHBAETCA OTCYTCTBHEM Heobxogumoro
npaBoBoro obecneveHns, BaKHOH COCTABHOM
4acTbio KOTOPOIO A0NKHO CTaTh YTBEPKACHHE
nonoxeHHa o6 omnpegeneHHH pasMepoB H
YCAOBHHA NaaTeXeH 3a NoNb30BaHHE BOAHBIMH
o0beKTaMH,

Kak napectHo, B 3akoHe PoccHickon deae-
paupn «O6 oxpaHe OKpYMaloLleH NPHPOAHOM
cpeabl» IpeAyCMaTPHBAIOTCA Ccaeayiolle BHABI
nnarexxen 3a NMPHPOAHBIE PECYPChI:

- 3a NpaBo MNONb30BAHHA MPHPOAHBIMH
pecypcaMH B npeaenax yCTaHOBIEHHBIX
' IHMHTOB;

~ 34 CBEpPXAHMHTHOE H HepallHOHANbHOE
HCMOMb30BaHHE NMPHPOAHBIX PECYPCOB;

— Ha BOCMPOH3BOACTBO H OXpPaHy MpH-
POAHBIX PecypCoB.

AaHHbIA NOAX0/ pealH30BaH KaK B NpoeKTe
OCHOB BOJHOIO 3aKOHOAATEenhCTBA, TAK H B
cOOpHHKe HOPMaTHBHO-METOAHYECKHX AOKYMeH-
TOB (a8 BBeAEHWA NNaThl 3a Nob30oBAHHE
BOAHBIMH OOBEKTAMH, NOArOTOBAEHHOM elle B
1992 roay KomnreroM no BOgHBIM pecypcaM
MHHHCTepCTBA KONOIMHMH H NPHPOAHBIX pecyp-
coB (B Hacrodluee BpeMa ~ PockoMBoa Pd).
EAHHCTBEHHOE OTOHYHE COCTOHT B TOM, YTO
Tara 3a BOCNPOH3BOACTBO H OXpaHy NMPHPOAHO-
o pecypca noiy4ydaa HasBaHHe IWIATHI 324
HCTIOb30BaHHE BOAHBIX OOBEKTOB,

ECONOMIC PROBLEMS OF WATER USE
LICENSING
L]

Mangolin A.,
doctor of economic sclences, professor,
Russlan academy of administration

Licensing is the effective form of state
regulation economical activities. Application of
this instrument in branches of industry and
agriculture deals with nature use, helps to
achieve the indissoluble unity of economic
feasibility and ecolodgical security. Now there
aren’t any principled objections aganist using

it in water culture, but it is necessary to work

out juridical standarts corresponding to the
transmission period to market relations.

Water use licensing includes such important
problem as the determination of water-rate.
According to nature conservation law currently
in force, we can discern three types of nature
resources use tariff:

~ nature resources using right tariff;

~ tariff for reproduction and conservation
nature resources;

~ penalty tariff for unrational nature resour-
ces using.

In fact, nature resources using right tariff
is identical to licensing charge. To divide these
types of tariff means to increase licensee’s
total cost and, naturally, to intensify cost-push
inflation. Paid licensing for water user allows
state to realize the proprietorship on water
resources.

The sige of licensing charge (LC) may be
determined in a following way:

~ firstly,we have to calculate minimal size
of LC with taking into consideration total
cost of licensing process;

~ secondly, we have to declare the compe
tition among potencial water users,
who can provide ecolodgical security
(opportunities of every claimants must
be sent for analisis) and pay minimal
size of LC;

~ thirdly, winner of competition gets licen
see’s rights and duties.
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- Hanpumep, B cOOpPHHKE HOPMATHBHO-
MeTOAHYECKHX [OKYMEHTOB (B - AanbHeHIleM
H310KeHHH ~ «COOPHHK...»), TIPAMO yKa3biBa-
eTcd, YTO «HOPMAaTHB NAaThl 3a Moib3oBaHHe
BOAHBLIMH O6bEKTAMH N0 CBOEMY COAEPKaHHIO
npeaAcTaBAeT pealn3alHid 3KOHOMHYECKHX
npae coOCTBEHHHKa MPHPOAHBIX PeCypCoOB»,
T.€. HMEET BbIPA}KEHHYI0 PEHTHYIO NpHpoAy.

HeobXxoanMOCTb yyera BOAHOH PEHTbI TMpH
ofnpedeneHHH TarexeHd 3a MONb3OBAHHE
BOAHBIMH pecypcaMH aprymeHTHpoBanach
akageMukom T.C.XayaTypoBbIM CaeaAyIOIHM
obpasoM: JlogobHo ToMy, Kak anddepeHLH-
anbHaA 3eMeflbHAA peHTa 3aBHCHT OT AOMOIHH-
TENbHOMO A0X0Aa, Noay4aeMoro NpH HeogHHa-
KOBOM HCIMOOb30BAHHH 3€MAH (NaluHA, ayr,
3acTpoiika, Aopora W T.4.), YTO MOXET oTpa-
XarbCAd Ha LEeHe AAHHONO Yy4yacTka, Tak H
AnddepeHuranbHad peHTa Ha BoAy M3 OAHOro
H TOI'O #e HCTOMHHKA (DEeKH, 03epa) 3aBHCHT OT
HanpaBeHHA ee HCMOab30BaHHA, a 3THM orpe-
AenAeTcA oueHKa Boably (CM. «DKOHOMHKA
npHpogonoas3opaHna», MockBa, «Hayka», 1987).
Kak H3BeCTHO, NpHpOAa NPOHCXOMAeHHA AHG-
depeHUHanbHOH 3€MenbHOH pPeHTbI CBA3aHa
C OrpaHMyeHHOCTbIO 3€MaH, MPHrOAHOH AnA
CebCKOXO3ANCTBEHHOH 00paboTKH H Heobxo-
AHMOCTbIO BOBAEYEHHA B 0BOPOT MeHee MNoao-
POAHbIX 3eMenb A1H yAOBIETBOPEHHA NoTpe-
HOCTEH HaceneHHA B MPOAYKTAX HHTAHHA.
BocnoabazyemcA NpHBEACHHON Bbillle aHAOTHER
T.C.Xa4yaTypoBa (/1A BbIACHEHHA POH PEHTHBIX
OTHOIICHHH NpH OnNpeaeaeHHH CTOHMOCTHON
OLIEHKH BOAHBIX PeCypCcoB.

O6paryM BHHMaHHe, YTO MNoay4YeHHe PeHThbI
He CBA3AHO C NpeANpPHHUMATENbCKOH AeATeNb-
HOCTbIO COBCTBeHHHKA, HMeHHO TakHM ofpa-
30M W QOPMHpPYETCA A0XO0A OT NpeA0CTaBAeHNA
BO BPeMeHHOe IOb30BAHHE 3EMaH H KHIbA,
a TaKkKe OGaHKOBCKOro Kpeauta. B ycnoBHax
rocyapCcTBeHHOH COOCTBEHHOCTH HA BOJHbIE
pecypchl, Mo CYyTH Aeda, eAHHCTBEHHOH ¢op-
Mol y4eTa BOAHOM peHTbl MOXKeT BbITh Npoaa-
Ka IpHaHYeckHM (HAH (DH3HYECKHM) (HLAaM
npaBa BOAOMNONL3OBAHHA C Y4YeToM AedHLHT-
HOCTH H Ka4yecTBa BO/IHbIX PecypcoB B KOH-
KpeTHOM pevHoM GacceriHe. [lonbiTKa peannaa-

Discribed method reflects the market model
of formation water rent with calculation
of effective demand (by analogy with dwelling
or land lease rent). The simplified procedure
of determination tariff for reproduction and
conservation of water resources may be
suggested for the discussion. The basis of it
is the distribution of total cost, providing normal
water object’s work, among all water users in
salary propottion.

The problem of determination size of water
pollution payment has independent signifi-
cance. We can't agree with current practice
of including it into basic cost if concentration
of any ingredients exceeds critical level
It is impossible to create technologies without
any waste, application of whichis stimulated
by type of payment under consideration.
Therefore this payment is the shortest way to
intensify cost-push inflation too. In Russian
economy this circumstance is very actual,
because the level of monopolization is higher
than in many other countries. We’ll lower try
to formulate following principles of water
pollution payment’s determination:

~ refusal of including it into basic cost

if critical concentration of any pollution
ingredients is not exceeded;

~ ensuring effective inspection of pollution

escapage;

~ working out mechanism of paid nature

using ensuring preference to prevention
of nature pollution from control of it
negative consequences.

It is evident that introduction of market
mechanism of paid nature using to stimulate
application of resources saving,will inevitably
increase total cost and price of goods and
services. But this argument is not sufficient for
refusal from integration requirements of ecolodg-
ical security into market economy because
there is a real danger of deepening ecological
crisis, Nature use licensing (and water use
licensing, in particular) seems to be such an
instrument which can insure final consumer’s
interest aganist the uncontrolled grouwth of
price.
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uMH noaoBHOro mnoaxoda NpeanpHHATA B
«CBOpHHKE...» B COOTBETCTBHH C KOTOPBIM
nnaTa 3a MPaBO MONb3OBaHNA BOAOH, 3abupa-
€MOH1, HanpHMep, n3 6accerina BoarH B Moo
JKCKOM 3KOHOMHYECKOM paHoHe B ABa pada
npeBblllaeT NAATy 3a MNpaBo NONb3OBaHHA
Boslon H3 Hacceriia O6H B YpanbCKOM 3KOHO-
MHYeCcKOM paHoHe. Ha nepBbIH B3raAg Bce
BBITAANT (JOMTMHHO, TaK Kak cTefieHb aedHuuT-
HOCTH BOAHBIX pecypcoB B OacceriHe Boaru
HeH3MEpPHMO Bbilie, 4Yem B OacceriHe OOH.
Ho, no HamieMy MHeHHIO, npeaaaraeMaa And-
¢deperupalHa TapHdOB 3a NpaBo Moab3oBaHHA
BOAHBIMH pPeCypcaMH HarnpaBleHa He Ha
H3BATHE PeHTbl, @ HA CTHMYNHpOBaHHE pa3Me-
IeHHA BOAOEMKHX IIPOH3BOACTB B peYHbIX
faccefHax C HaHMelee HanpAKeHHLIMH BOAO-
X03AMCTBEHHBIMH OanaHcaMH. fleno B ToM,
YTO MpH MPaKTHYECKOM HCIIONb3OBAHHH pac-
CMOTpeHHOH Bbille AHddepeHUHaudH naare-
KeH 3a MpaBo BOAONONb3OBAHHA, PEHTY
noay4yuT norpeburenn, 3abHpalouiui BOAY H3
Gaccefita pekH OOH, Tak KaK eMy YAAacTcA
NOAYYKHTh pecype Ayywero Kayecrsa no bonee
HH3KOH LeHe. OTMeuyeHnble CoobparkeHns
CBHAETEABCTBYIOT O TOM, YTO MOMbITKA MpH-
MeHHTb arpobHPOBaHHYI0 KOHUENUHI AHG-
deperuManbHOM 3eMenbHOM peHThl B Kade-
CTBe aHanora /AaA LeHTpalH3auHH BOAHOM
PEHTbI B Pa3AHHbIX pedHbIX OaccedHax He
pHBEAET K MOIOKHTENbHbIM MPaKTHYECKHM
pe3yabTaraM.

[IpeacraBnseTcs, YTO NO CBOEMy 3KOHOMH-
YeCKOMY COAEepMaHHI0 B3HMaHHe C CyObeKToB
XO3AHCTBEHHOH AE€ATENbHOCTH MAAThl 3a BblAa-
4y NHLEH3HA H ABnAeTcA (OPMOHA peallH3aLHH
npaBa rocyAapCTBEHHOH COOCTBEHHOCTH Ha
BOAHble pecypchbl. [IpHveM MpH onpeaeneHHH
pa3Mepa NHLEH3NOHHOTO c¢hopa BHOAHE BO3MO-
eH yyer 3aKoHa COOTBETCTBHA PbIHOYHOIO
cnpoca H mnpedaoxeHHda. MexaHH3M TaKoro
y4yeTa MOXKeT COCTOATH B caeayiollieM:

- Ha MepBOM 3Tane pacCYHTbIBAETCA MHHH-
ManbHBIH pa3Mep AHLUEH3HOHHOro cbopa
HCXOAA W3 3aTpaT Ha H3IOTOB/EHHE, y4eT
H XpaHeHHe 61aHKOB AHLEeH3HH, HHPOpMa
LHOHHO-CMIPABOYHOE H KOHCYNbTaLHOH
HOE COTMPOBOMACHHE MpPOLECCa AHLEH3H
poBaHHA; 3arpar Ha NpOBedeHHE Mepo-
NPHATHH, CBA3AHHBIX C COBEPLLIEHCTBOBA
HHEM (AHLUEH3HOHHLIX YCOBHH;

- omnfaTa BEqH4YHHbI (HUEH3HOHHOTO cHopa
B MHHHMarIbHOM pa3Mepe CYKHT OCHOBa
HHeM (Hapaay ¢ obecneyeHHe SKonormie-
CKHX TpeboBaHHH) J0ITyCKa MoTeHuHanb-
HOTO MpeTeHaeHTa Ha Mony4eHHe (IHLEeH
3MH [0 YYacCTHA B KOHKypCe;

~ Ha BTOPOM 3Tarne KOHKYpPC NPOBOANTCA Ha
YCOBHSAX 3aKPbITOrO TeH/epa, B KOTOPOM
KOHKYpCHasA KOMHCCHA TNPH ONpeAeneHnH
nobeauTensn yYHTHIBACT NpeanoiKeHHA npe
TEHAEHTOB [0 yBelHYeHHIO pasMepa fH
lieH3HOHHOro copa MO CpaBHEHMIO C
MHHHMaNbHBIM YPOBHEM;

~ {HIEH3HA Bblaaerca nobeanTenio KoH-
Kypca B TOM cay4ae, eclH OH B Te4eHHe
AECATH AHeH ¢ MOMeHTa NoABEAeHHA
'NTOTOB ONAATH( Pa3HHLY MeXKay CyMMOH,
yKasaHHoOH B €ro 3aABKe 1 MHHHMAdbHbIM
pasMepoM axueH3HoHHoro cbopa, ynna-
YeHHbIM paHee.

B aanHoM ciayyae OyaeT peannsoBaH pbiHOY-
HbiH MeXaHn3M OpPMHpPOBaHHA BOAHOH PEHTHI,
BEIMYHHA KOTOPOH ONpeAENHTCA Maarexecno-
COOHBbIM CNPOCOM HA pecypc CoBCTBeHHHKA
(no aHanorvH C apeHaoH MHabfA, abCOMOTHON
PeHTOH Ha 3eMaio, MofydeHHeM GaHKOBCKOro
Kpeauta). [IpeanprHATag B «COOpHHKE...»
MonbiTKa [MOCTABHTh  BENWYHHy M1aThl 3a
Nnoas3oBaHHe BOAHBIM OOBEKTOM B 3aBHCH-
MOCTb OT 2(PdEeKTHBHOCTH HCNOAb30OBaHHA
OCHOBHBIX (POHAOB BOAOXO3AHCTBEHHOTO
HasHaueHNA MOXKeT NpHBECTH NHilib K Gecnnoa:
HbIM AHCKYCCHAM O pa3Mepe HOPMbI 3 PeKTHB-
HOCTH TaKoro HCNonb3OBaHHA H BbIGOpe npo-
Lleaypbl onpedeneHta HX CTOHMOCTHOH OLIEHKH
(B ycnoBHAX HHPAALMH ~ B 0COBEHHOCTH),

CnedyeT OTMETHTD, YTO HalUA NPHHLIMNHAND~
Had TMO3HUMA 3aKmo4Yaercd B 6e3yc1oBHOM
NPHOPHTETE KOHKYPCHOH CHCTEMbI NpeAoCTaB-
(€HHA MHUEH3HH Ha NPAaBOo MNoNb3OBaHnA BOAHbI-
MH OfbeKTaMH Mepes ayKUHOHHOH. [1pH ayKuH-
OHHOH cHCTeMe nobeanTeneM aoNxKeH Obia
ObITb €ro YMaCTHHK, NpeanoXHBLIHA Han60b-
LyI0 Naary 3a Nonb3oBaHHe BOAHBIM 0OBEKTOM.
Ho ye nanv4He 2KONOTrHYECKHX OrpaHHYeHHH
npH or6ope MNOTEHUHANBHBIX MpPETeHAEHTOB
Aefaer MposedeHrne AayKurnoHa Mo CyWecTBy
HEBO3MOXKHBIM H rpegnoaaraer gaibHeRLUYIO
peanysalyio MeXaHH3Ma KOMMep4YeCKOr'o KOH-
Kypca. Kak ormeyanoch Bbiilie, MOMHMO NaThbi
3a NpaBo BOAONONb30BAHHA, HEOOXOAHMO TaK-
e MpegycMoTpeTh H IaaTty 3a HCIollib3oBaHHne
BOAHBIX OOBEKTOB,BeHYHHA KOTOPOH paccHH-
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THIBAETCA, MCXOAA M3 HeoOXOAHMOCTH BO3Me-
LLiEHNA 3aTpaT Ha coAepiKaHHe BOAHbIX 0bbeK-
TOB H OKCNIyaTalHi0 BOAOXO3AHCTBEHHBIX
COOpyXKeHHH; BOCCTaHOBIEHHE BOAHBIX Ofbek-
TOB, OXpaHy BO4 H 3alUTy OT BPEAHOIO
BO3AEHCTBHA BO/l OKPYMKAIOILEH Cpepbl.

B obmem BHae pacuernada dopmyaa aAaA
onpeaeneHHa Naarhl 3a HCNOAb30BAHHE BOAHBIX
obhbeKToB, 0H03HauaeMOH HuzxKe — LI, npHBegeH-
Haa B «COOPHHKE...», BHIMAANT CAEAYIOLIUM
obpaszom:

U= CI + C2 + Exd
0

rae;

1 - 3KCIAyaTaLHOHHbIE H3AEPXKKH Ha
coep/KaHHe H PeEMOHT BOAOXO3AHCTBEH-
HbIX H APYTHX (POHAOB, TEKYIHE 3aTPATbI
Ha npeAoTBpalleHHe BPpeaHOro Bo34eHCT-
BHA BOA H OXpaHy MaabiX peKk B Tpe-
fAenax rpaHHL BOAHOIO OObeKTa;

c - 3arpaThl Ha H3y4eHHe, OUEHKY H
OXpaHy BOAHBIX PeCypCoB;

E -~  HopMa peHTabenbHOCTH (HOHAOB,
obecneynBaiolas pacllHpeHHOe BOCIPO-
H3BOACTBO;

® - CTOMMOCTb OCHOBHBIX (pOHAOB BOA-
HOT'O XO3ANCTBA;

O -~ obbem 3abopa BoAbl B Npeaedax

YCTaHOBEHHOT'O NUMHTA (A7A BHAOB MOb-
30BaHHA BOAHBIMH 0ObeKTamn 6e3 HAbH-
THA  BOAHBIX PECypCcOB BelH4HHa «O»
XapaKTepH3yeT COOTBETCTBEHHO NOAOBYIO
BbIpabOTKY 3(1C€KTPO3HEPrHH; TIOAOBOH
ofbeM rpy3ooHopoTa TPaHCMOPTA; o0
BO€ KOIMYECTBO M/H.4Yel. AH. OpraHH3o-
BAHHOTO OTAbIXA IMPH  PeKpeaLHOHHOM
HCIONB30BAHHN O6beKTa H T.A.).

Hcnoabaopanne npHBeaeHHoH ¢OpMybI
HenabeKHo cronkHerca C npobneMol pachpe-
AieNeHHA CTOHMOCTH IPOH3BOACTBEHHbIX (OH-
[I0B KOMIIEKCHOTO HAa3HA4YeHHA H 3aTparT Ha
H3y4yeHne, OLEeHKY H oXpaHy BOAHBIX pecypcoB
MeXy oTaenbHbIMH Bogororpebureaamu. [pea-
AaraeMblf pAAOM HccneqoBaTened aaropHTM
TAKOro pacnpeaeneHHA MponopuHOHAIbHO
Noy4aeMoMy BOAONOTPeOHTENAMH BOAOXO3AH-
CTBEHHOMY 3(b(EKTy peanH3oBaTh B YCNOBHAX
PBIHOYHOH 3KOHOMHKH 3aTpy/AHHTENbHO, HANPH-
MEp, H3-38 HECOOTBETCBHA Mexay GanaHCOBOM
M PBIHOYHOH CTOHMOCTBIO OCHOBHbIX (hOHAOB
BOAOXO3AHCTBEHHOI'O Ha3HAYeHHH.

[TpeacraBasaercs, 4To npouleaypy onpeaeae-
HHA Naarbl 3a HMCHOAb30BAHHE BOAHBIX OOBEK-
TOB -MOHO MNpeaenbHO YIPOCTHTD, pacrpeae-
IMB CyMMapHbieé H3epXKKH No obecnevyeHHIo
HOpManbHOro (QPYHKUHOHHPOBAHHA BOAHOIO
ofbeKTa, pacCYHTaHHble C YYeTOM HOPMATHB-
HOH MPHObIH, MeXK/Ay BCEMH BOAONOAb3OBATE-
AAMH TPOMOPLUHOHANBHO (POHAAM OMNIATbI
TPyAQa, Ha4HCAEHHBIM B OPraHH3aLHAX-BOAOMNOT-
pebureasx.

AHalOrHYHO CTpyKType ai0BOH UeHsl, B
pasMepe MNNarbl 3a HCNOAb30BAHHE BOAHOIO
ofbeKkTa 3anoxeHa H NpHObAb, KOTOpas B
paccMaTpHBaeMOM Cay4ae [MOHAET B A0XOA

| rocyaapcTBa. Ecnn ciegoBaTh TEOPHH DeHTHI,

TO peYb B JaHHOM clyYae MOXKeT, BUAHMO, HATH
00 H3BATHH MOHOMOABHOM PEeHTbI, KoTopas
B AafnbHeHAlleM HanpaBaAeTcA IOCyJapCTBOM,
B NEpBYIO O4epe/lb, HA paclUHPEHHOE BOCMpPO-
H3BOACTBO, yaydlleHHe KayecTBa H OXpaHy
BOAHBIX pecypcoB. H3MeHAA pasMep MOHONOb-
HOH peHTbl (TO ecTb BapbHPYA Aoner NpHObIaH

' B LieHe BoAbl B HCTOYHHKeE), FOCYIapCTBO MOXKeT

An¢pdepetHpoBars LeHy Ha Boay A0A pasand-
HBIX OTpacien HapoAHOro Xxo3AnHcTBa. HerpyaHo
NpeaABHAETD, YTO TE& OTPACAH, KOTOPbIE MOay4ar
HanbonbluHe aLroThl, 6yAyT MeHee BCEero aanH-
TepecoBaHbl BO BHeAPEHHH BoaoCheperamoimx
TEeXHOOI'MHA (KaK, HarNpHMep, B CEbCKOM XO3AH-
cree). Tlo ceoeMy 3KOHOMH4YeCKOMy cogepxa-
HHIO yBefIMYeHHe pasMepa MOHOTIONBHOH PEHTBI
CBA3AHO He CTOMbKO C MAAaTOH 3a HCNOAL30Ba-
HHe BOAHOTO 00beKTa, CKOAbKO TNpeACTaBiAerT
coBOH PpasHOBHAHOCTL peanH3alHH MpaB
co6CTBeHHHKa Ha pecypc. TaknM obGpasom,
opraHbl 'OCyAapCTBEHHOTNO YIPAaBeHHA MOIYT
MCIOab30BaTh KOMOGHHHPOBaHHYIO (opMy B3H-
MaHHA NAaThl 32 NpaBo MOAL30BAHHA BOAHBIM
ofbeKkToM:

a) B BHAE €AHHOBPEMEHHOIO BO3Harpamae-
HHA NpH noapeAeHHH HTOrOB KOMMepYeCcKoro
KOHKypCa H olpeaenedna BelHYHHbl (THLEeH3H-
OHHOro cbopa MeTOAOM 3aKpbITOrO TeHaepa:

0) B BHae emero/HOro H3BLATHA MOHOMNOMb-
HOH PEHTI, '

[aA NOaHOTHI H3A0KEHHA PACCMOTPHM TaK-
Ke BO3MOMHYIO pofib aBCOaIOTHOM PeHTHI MPH
onpeaeneHHH NaaTsl 3a HCMONb30BaHHE BOAHO-
ro o6bexTa. Kak H3BECTHO NPHYHHBI 104 BIEHHA
abCOMIOTHOH PeHTbl — MOHOMNONMA YACTHOH
coBCTBEHHOCTH Ha 3emalo N Gonee HH3KOe
OpraHH4€CKOe CTpPOeHHEM KaMHTana B CeNbCKOM
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XO3AHCTBE N0 CPaBHEHHIO C MPOMbILLIIEHHOCTHIO.
Ho B COOTBETCTBHH C MPOEKTOM OCHOB BOAHOIO
3aKOHO/ATENHCTBA BOAHBIE OOBEKTHI rocysap-
CTBEHHOTO BOgHOro (oHAA NpHBaTH3ALHH He
noanexar. Yo e KacaeTca BOAHONO X03AHCTBa,
TO OHO OTHOCHTCA K (POHAOEMKHM OTpaciAM C
AOCTAaTOMHO BBICOKHM OPraHHYeCKHM CTpOeHHe
KanHTaia, c1eqoBarenbHo, yCoBHA BOSHHKHOBE-
HuA abCoNIOTHOH PeHTbl B HEM OTCYTCTBYIOT.

' [IOMHMO PacCMOTPEHHBIX BHILE TNATEHEH.

3a MpaBo MOb30BAHHA H HCIONB30OBAHHE BO-
AHbIX 06beKkTOB B AOroBope 00 YCIOBHAX
Bbiia4 (IHLEH3HH JOMKeH YKa3blBaThbCA M pas-
Mep naaThl 3a CBEPXMHMHTHBIA 3a60p BOAbI.
BeanynHa aTOH naatbl MoXer ObiTh NpHHATA
PaBHOF 3aMbIKAIOLUM OLIEHKAM BOAHBIX pecyp-
COB B pevHoM bacceiHe.

CaMOCTOATEIbHBIH acneKT npobnembl noat-
HOro NPHPOAOTIONB3OBAHHA NMPEACTABAAET OTpa-
AeHHe B [IoN0BOpe pa3MepoB MNarhbl 3a 3arpAa-
HeHHE OKpyKalowern cpeapbl, KOTOpaa B COOT-
BETCTBHH G EHCTBYIOIIHM 3aKOHOAATENbCTBOM
B3MMACTCH:

~ 3a BbIOpOCHI, COPOCHI 3ArpA3HAIOUIHX

BeLLEeCTB, pa3MelleHHe OTXOA0B H ApyrHe
BHABI 3arpA3HEHHA B Npedenax yCTaHoB
1IeHHbIX OHMHTOB;

- 3a BHIOPOCHI, COPOCHI 3aArpASHAIOLINX

BeLLECTB, pasMelleHHe OTX0A0B H ApyrHe
BH/bI 3arpA3HEHHA CBEPX YCTAHOBIEHHbIX
THMHTOB.

OTMETHM, 4YTO Mbl He MOMXKEM pasienHTb
CAOXHBHIEHCA TNPAKTHKH OTHECeHHA Ha cebe-
CTOHMOCTS NMPOH3BOAHMOH NPO/YKLHH M1aTeKen
3a cbpoc B BoAtble OOBEKTHI 3arpA3HAIOILKX
BEILECTB, KOHLEHTPaAlHA KOTOpbIX He MpeBbl-
LI&ET lpeAenbHO-I0NyCTHMbIE. Be3oTX0aHbIE TeX-
HOMOTHH, TIPHMEHeHHe KOTOPbIX CTUMYIHpYeTCH
A@HHBIMH TNNAaTeXKaMH, TeXHHYeCKH Heocyllec-
TBHMbl H TIPEACTABAAIOT COOOH TaKoe Ke
abCTpaKTHOE [IOHATHE, KaK «H/AeanbHbIA ras»,
“PbIHOK COBEpUWIEHHOH KOHKYpeHUHH» H T.A,
Takye nnarTex NpUBOAAT (HILb K HeoGOCHOBaK-
HOMY YBEHMEHHIO LieH Ha roToByl0 NPOAYKLHIO.
Ecan B npakTHKe NpeAOCTaBieHHA (THLEH3HH He
AornycKars nHbepanHaaliiH pa3MepoB YCTaHABIH-
BaeMbIX (HMHTOB COPOCOB 3arpA3HAIOLIMX Be-
LLeCTB B BOAHBIE 0OBEKTbI, TC B HAYYHOM NnaHe
npobneMa cBeaerca K 0OOCHOBAHHIO pa3MepoB
naatbl 3a COPOChI B BOAHBIE O6BEKTHI 3arpA3Hs-
IOUHX BEWECTB, KOHIEHTPAUHA KOTOPLIX BbilLE
[I/IK. Ee pelleHHe AOMXKHO OCHOBbIBATHCA HA
TNpHHLNNE NPHOPHTETA NPOMHIAKTHRH 3arpAzHe-
HHA TPHPOAHOH Cpeabl MNeped Gopbbor ¢
HeraTHBHBIMH TI0CAEACTBHAMH NPH TOMOILH

wrpadpHbIX CAHKLHA.

Caeayer OTMETHTD, YTO BBeA€HHE PbIHOYHO-
ro MexaHH3Ma MIaTHOIO MPHPOAOTIONb30BAHHA
B MofiHoM ofbeMe, CTHMYIHPYIOIIETO IpaKTH-
Yyeckoe MpHMeHeHHe pecypcocbeperalolHx,
MPHPOAOOXPAHHBIX H MaNOOTXOAHBIX TEXHONO-
THA, HeH30eXKHO NpHBedeT K OlpeAeqeHHOMY
POCTY H3AiEPIKEeK NPOHIBOACTRA, a CieioBaTelb-
HO H K TNMOBbILIEHHIO LieH HA roTOBYIO NpoAyK-
uuio. [pHMeHHTEnbHO K 3KOHOMHKe PoccHH
AatHoe obcToATenbCTBO NpHobperaeT ocobylo
AKTyanbHOCTb H3-3a BHICOKOI'O YPOBHA €€ MOHO-
noauzaumuy. fdeduuur, a caegoBaTebHO H -
He3NAaCTHYHBIA CMpOC, Ha MOHOTONbHO BbIYC-
KaeMylo TNpOAYKLHIO CO3JaeT NpeAlpHATHAM-
MOHOTO{THCTAM AOCTATO4YHbIE NMPEANOChINKH AA
nepenomelna GpeMeHH peanHsalHH NpHPOAC-
OXpaHHbIX MporpaMM Ha norpebnreas.

3T0 He AOMAKHO pacCMATPHBaThCA OAHAKO B
KavecTbe AOCTATOYHOIO apryMeHTa A(fA oTKas3a
OT HHTErpauHH TpeGoBaHHA obecneveHHs 3Ko-
norH4eckoH 6e30MacHOCTH (pyHKLIHOHHPOBAHHA
XO3AHCTBEHHBIX CHCTEM B PHIHOUHYIO SKOHOMH-
Ky. Bo-tepsbix, B iepexoaHbii nepHog rocyaap-
crBO Morno 6Bl YACTHYHO CAMOPTH3HPOBATH
POCT 1ieH, Bbi3BaHHbIA YBeH4YeHHEM Cpeao3a-
LMTHBIX 3aTpaT NPEANPHATHH, MyTeM 3KOmorH-
YecKHX cyOGcnanm. NX BO3MOKHbBIF HCTOYHHK —
3KOHOMHA O6IOAXKETHBIX pa3Xx0doB 3a CYeT
nepepacrnpegeneHHd KOMIETeHUHH H OTBec-
TBEHHOCTH [0 peanHsalHH 3KOIOTHYeCKHX
nporpaMM Ha YpoOBeHb TIpedNpPHATHA.
Bo-Bropelx, OTKas MK CHMBONHYECKOe BBeje-
HHe MeXaHH3Ma IIATHONO NpHPOAOTIONL3OBA-
HHA, He co3jalollee AeHCTBEHHBIX CTHMYIOB K
BHe/1peHHI0 NPHPOACOXPAaHHBIX TEXHOIOI'HHA, He-
H3bexHO NpHBeAeT K aAanbHerileMy oGocTpe-
HHIO SKOIOTH4ECKOIO KpH3nca. B-TpeTsHX, pac-
CMaTpHBaeMbll POCT LIEH ABAAETCA Henabem-
HOH NNaToH 3a AonroneTHee npeHebpexKeHHe K
npobnemMe yXyalleHHA KadecTBa NPHPOAHOH
cpeapl. B-7eTBEpPTHIX, C TOUKH 3PEHHA TAKTHKH
nNpoBeAeHHA pbIHOYHBLIX pedOpM, YMIyCTHTb
1IaHC BBeAeHHA MexaHH3Ma NIaTHOro NpHpoao-
nonb30BaHHA B yCNOBHAX HEKOTOPOH aganra-
LiHH NoTpebHTeNs K HHAAUHOHHOMY POCTY LieH,
66110 6b1 AErKOMBICIEHHO,

B 3aknioueHne OoTMETHM, YTO OOBLEKTHBHOE
onpe/ieneHne pa3mMepoB I1aTexKeH 3a HCoab30-
BaHHe MPHPOAHbIX PeCypcoB B NPOLECCe (THLEeH-
3HPOBAHHA TNPHPOAONONb3IOBAHUA (H, B 4ac-
THOCTH, BOAOTIONb30BaHHA) ABAAETCA ACHCTBEH-
HbIM HHCTPYMEHTOM CTPaxOBaHHA HHTEPeCOB
KOHEYHOro NOTpeOHTENA OT HEKOHTPONHpyeMO-
ro pocra LeH.
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OMNbIT ONPEAENEHHA MATHI 3A
MONb30OBAHHE MOA3EMHBIMH BOJAMH B

NMPMMOPCKOM KPAE
[ e e e

Toriomapes Baaaqumup IlerposHY
Ranauaar reorpagpHyecKHX Hayx , JOLEHT
AamMHHACTpallHA [TpHMopCcKoro Kpas

[lnata 3a noab3oBaHHE NPECHbIMH M MH-
HepalbHbIMKH MOA3eMHbIMH BoAaMH B [IpHm-
OPCKOM Kpae BBedeHa B 1993-94 rogax Ha
OCHOBaHMH <eaepanbHbIX H KpaeBblXx 3a-
KOHodarenpHbIX 1 HOPMATHBHbIX aKkToB /1-6/
C Ueabio:

perynnpoBaHHA  BOAOMNONb3OBAHHA, CTHMY-
(INPOBaHHA paUHOHAABHOIO. HCIONb30BAHHA
H OXpaHbl MOA3eMHBbIX BOA OT 3arpA3HeHHA
H HCTOLLEHHH;

¢opMrpoBaHHA ((bVMHAHCOBLIX CpPeacTs Me-
CTHBIX, KpaeBoro H  PpecrnybnHKaHCKOro
6l0/2KeTOB M KpaeBoro LuerneBoro BHe6loa-
MeTHoro  ¢oOHAa  BOCNPOU3BOACTBA H
OXpaHbl NMPHPOAHBIX PECYpCOB.

Moarexn 3a NONb3OBaHME TMO/3eMHBIMH
BOJAaMH B3HMalOTCA CO BCeX [PeANpHATHA,
yYpeXaeHui, OpraHH3allMi He3aBHCHMO OT
¢dopM CcoOCTBEHHOCTH, TIpamaaH, HHOCTpaH-
HBbIX TpaskaH M IOPHAHYECKHX (ML, HCIOb-
3yIOILIMX MoA3eMHble BOAbl, a TaKKe 3aHMMa-
IOLLMXCA HX NMOUCKaMH H pa3BedKow,

YcraHoBaeHbl caeQylole BHAbI NaTexKen
3a INoab3oBaHHe NOA3eMHbIMH BOJaMH:

3a NpaBO Ha MOHCKH W PasBeAKy MOA3EMHbIX
BOA;
3a npaBo Ha A06bIdy MOA3EMHBIX BOA B
npeaenax IuMHTa;
3a MpaBO NOb30BAHHA [OA3EMHBIMH BOAa-
MH, He CBA3aHHOIO C NMOWCKaMH, pa3BeaKOH
1 aobblver TOA3EMHBIX BOJA (M3BAEYEHHE
BObI IIpH. pa3paboTke MeCTOPONKAeHHH
TBEPAbIX MOE3HBIX MCKOMAEMbIX, NPH CTpO-
HTEIBHOM M 3KCIyaTalHOHHOM BOAOIOHH-
JKEeHHH, 3alliiTe TEPPHUTOPHH OT TroATONIe-
HHA, BepTHKAIbHOM /[peHaxe MeqHOpHpYye-
MbIX TeppPHTOPHHA, HarHeTaHHH BOABI MPH CO-
3/laHMH THAPaBIHYEeCKHX 3aBec H T.4.);
3a CBepX(IHMHTHOE HM3bATHE W HepalroHalb-
HOE HCIOob3OBaHNe NOA3EMHbIX BOI;
naarexyn BO3MEIEHHA 3aTpar Ha BOCHoaHe-
HHE (BOCIPOH3BOACTBO) MHHEpPa(bHO-ChIpbe-
Bor Gasbl.

flnata 3a nNpaBoO Ha MOHCKH H pa3Beaky
NMoA3eMHbLIX BOA B3nMaerca B dopMe pery-
AAPHBIX MNaareXed B TeHYeHHe BCEro MepHoaa

THE EXPERIENCE OF DETERMINATION OF
THE CHARGE FOR UNDERGROUND WATER

USE ON THE SEASIDE TERRITORY,
[ = e e e e

V.F. Ponomaryov, D.Geogr.,
the Seaslde Temrtorys Administration.

On the Seaside Termitory the charge for
fresh and mineral underground water use has
been introduced in 1993 - 1994 on the base
of the federal and territorial legislative and
nommative acts /1-6/ for the purpose of:

regulation of water use, stimulation of un-
derground water high productive use and its
protection against pollution and impover-
ishment;

generation of funds for local, territorial and
federal budjets and for target-oriental fund
of natural resources restoration and protec-
tion.

The charges for underground water are
collected from all enterprises, firms, organiza-
tions independent of property's forms as well
as from citizens, foreiners and juridical per-
sons using this water and engaging its pros-
pecting and exploration.

The following forms of the charge for un-
derground water use have been fixed for:

being eligible for engaging its prospecting
and exploration;

being eligible for its extraction within a
limit;

being eligible for its use not connected with
prospecting, exploration and extraction of
ground water (water extraction in mining,
water drowdown under construction and op-
eration, territory protection against submer-
gence, vertical drainage of reclaimed lands,
water pump-feed in hydraulic curtains and
others);

overlimited extraction and non-productive
use of ground water;

charges for reimbursing costs on reproduc-
tion of minerais and raw materials.

The charge for ground water prospecting
and exploration is taken in the regular pay-
ments during all the period of these works as
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MpoBEAEHNA TIONCKOB B pasmepe 1-2 mpoleH-
TOB, 3a MpaBo Ha pa3Bedky - 3-5 MPOLEHTOB
rogoBofi CMeTHOH (JOMOBOPHOH) CTOHMOCTH
pabor.

Mpu NpoAfieHnH CpoKa NONb3OBaHHA Hea-
paMn aas 3aBepllieHHA [MOHCKOBbIX H pa3-
BeAo4YHbIX pabor pa3Mep paHee YCTaHOB(eH-
HoOM naaThl yBeanunsBaerca B 1,5 pasa.

Mnata 3a npaBo Ha JOObIMY NOJ3EMHBIX
BO4 B Npedeqax BbleneHHbIX (MMHTOB B3H-
MaeTcA B BHAE Pa3oBOro H peryaapHbIX Maa-
Texen. Pa3oBble naaTexd - ONpeaeqaioTcH
TepPHTOPHABHBIMA  NoApa3feneHnaMn  Komu-
Tera PoccuAckon deaepalyd MO MeonorHd H
HCMOAb30BaHUID Heap W He Moryr ObITh
MeHbllle 10 npOUEHTOB BeNHYMHbI PerynapHoO-
ro raaTea B packyere Ha CpeAHeroAoBYIO
NPOEeKTHYI0 MOUIHOCTb A0ObIBAIOLIErO Mpe-
ANDHATHA.

PerynspHble Naatey 3a npaBo Ha A06bIHy
NpecHbIX MOA3EMHBbIX BOA B Npedenax NHMUTa
COoCTaBAAOT 2-8 TMpPOUEHTOB OT CTOHMOCTH
NpecHbIX MOA3eMHbIX Bog 6e3 Haaora Ha A0~
6aBneHHyl0 CTOMMOCTb. Cronmocts 1  Ky6.
Merpa NpecHOH NoA3eMHOH BOAbl yCTaHOB(e-
Ha Ha TeppuTOpHH [IpHMODCKOro Kpada Kak
e/IMHHafA Mo Kpal, UCXoaa H3 cpeaHed cebe-
CTOHMOCTH (A00bIYH TOA3€eMHbIX BoA, B pas-
Mepe 221 pybab B LieHax 4eTBepTOro KesapTa-
aa 1993 roga. [aA onpedeaeHus CTOUMOCTH
NpecHOHn BOAbl B KOHKPETHBIA TMepHod MNph-
MEHAIOTCA HHAEKCbI, YUHTbIBAIOLHE BeaHYHHY
uHpaAupyn, omybaMkoBaHHbie B CTarHCTHYEC-
kux OGloaneredHax [IPHMOPCKOTO  KpaeBoro
YIpaBeHHa CTaTHCTHKH.

[Ipn pacyere KOHKpPETHOH TMPOUEHTHOA
CTaBKH OTMHCIEHHA OT CTOMMOCTH BOAbl B
ynaary 3a Moab30BaHHE [PecHbIMH MoA3eM-
HbIMH BOAaMH 3a OCHOBY TPHHMMaeTCA Mak-
cHManbHOe 3Ha4veHHe (8 rnpoleHTos). B 3aBH-
CHMOCTH OT Ka4deCTBa NOA3EMHbIX Bod, obe-
CMeYeHHOCTH 3arnacaMHd, reorpado-3KOHOMH-
YeCKHX YCIOBHMH, TMAPOreolorHyeckux ycao-
BHH BBOOATCA CeAylllHe TNOHHKaoLHe KO-
3¢ PHLIHEHTDI:

1) B 3aBHCMMOCTH OT Ka4vecTBa IOA3eMHbIX

BO/A: DKOOOMMYecKH yncrasa Boga - K -1,0;
KavecTso BoAbl coraacHo MOCTy 2874-82
‘Boaga nurbeBana” - K -0,9;

MpPH HCIOAb30BAHHMN B XO3AHCTBEHHO-HThe-
BbIX Leanax Tpebyerca CrelpanbHas BOAO-
nogaroroeka - K -0,7;

HCIMOb30BaHHe BO3MOXKHO TOAbKO (1A TeX-
HHUYeCKHX uedaed - K-0,5.

2) B 3aBHCHMOCTH OT reorpadgo-5KoHOMH-
YeCKHX YCIOBHH;

1 to 2 per cent, for being eligible for explo-
ration - cost of works production.

Extending the term of the contract for
completing of prospecting and exploration
works the amount of before-fixed payment is
increasing 1.5 times.

The charge for being eligible for ground
water extraction within fixed limits is taken
as one-time and regular payments. The one-
time ones are set up by the Territorial

-Branches of the Federal Committee of Russia

on Geology and Bowels Use and cannot be
less than 10 per cent from regular payment's
amount on an annual average full commercial
capacity - basis of this enterprise.

The regular payments for fresh ground wa-
ter extraction within a limit amounts to 2 to
8 per cent from the fresh ground water's cost
without taking account the value-added tax.
The cost of one m3 of this water was fixed
as common over all the Seaside Territory on
the base of mean manufactoring cost of
fresh ground water andamounted to 221 rou-
bles in the prices of the last quarter of
1993. For estimating fresh water's cost over
a particular period there are coefficients tak-
ing into account inflation and publishing in
the statistic Bulletins over the Seaside Terri-
tory.

Calculating the particular rate (in per cent)
of assignations for fresh ground water use its
maximum (8 per cent) was taken as basic.
Depending on ground water's quality, water
supply capacity, hydrographic, geographic and
economical conditions the following reducing
coefficients are involved:

1) Ground waters quality:

K=1.0 - the ecologically pure water, K=0.9 -
the ‘drinking watetr” according to GOST
2874-82, K=0.7 - the water requires special
water treatment for tap use, K=0.5 - the wa-
ter can be used only for industrial pur-
poses;

2) Geographical and economical conditions:
K=1.0 - the regions with high infrastructure,
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pafioHbl C pa3BUTOR HWHPaCTPYKTYPOH, He-
Aanexko or norpeburenen K -1,0;

pafioHbl C pa3BUTOH HHGPACTPYKTYpo# - K -
0,9; pa#onbl co cnabopa3BuUTON
HHGPpaCTPYKTYpOH - K -0,8;pafioHbl C Hepas-
BHTOM MHGpaCTpyKkTypo# - K -0,7.

3) B 3aBHCHMOCTH OT YCAOBHH 3aleraHus:
Harnoptble BOAOHOCHblIE NOPH3OHTHI
(KOMIeKCbl) NpH MOLWHOCTH BOAOYTOpa
‘6onee 10 M - K -1,0;

KOMIUIEKC Hepa3delleHHbIX BOJAOYNOpOM an-
(MOBHABHLIX YeTBePTHYHBIX BOA M TAaCTO-
BbIX H TPeLMHHBIX BoA Gonee ApeBHHX OT-
aoxenun - K-0,9;

MepBbIA OT NOBEPXHOCTH BOJOHOCHBIA ropwu-
30HT (Komnaekc)- K-0,8.

4) B 3aBNCHMOCTH OT obGeCne4eHHOCTH 3aria-
caMH:

apresnaickne bHaccernbi -K -1,0;

rRAporeoJorHyeckne  MacCHBbL:  JOHHbI
pex -K -0,8;Boaopazaensi -K -0,6.
OKoH4YaTeabHanA [poueHTHa#A CTaBKa

onpefieNAeTca YMHOXKeHWeM MaKCHMalbHOIo
3Ha4yeHHA NPOLEHTHON cTaBKH (8 NpOLEHTOB)
Ha BCe KoagdnuneHTol. EcaH nodayueHHasa B
pe3ynbTare pacuyeToB BeqH4YMHA IareXa
MeHbille  ycTaHOBAeHHOro [IpaBHTEIbLCTBOM
MHHHMaNbHOIO YPOBHHA, [IPUHHMAETCA MHHH-
Ma/IbHbIH YpPOBEeHb, paBHbIF 2 MPOLIEHTaM.

[lnara 3a npaBo MONL3CBAHHA NPECHBIMH
Nnoj3eMHbIMA BOAAMHN A LeleH, He CBA3aH-
HbIX C MOHCKaMH, pa3Begkof H goObl4ed noga-
3eMHBIX BOJ, YCTaHaB(MBAaeTCA HWCXO4A H3
 BO3MOXHOCTH HX NPHUMeHeHHWA A BOAOCHab-
MeHHA B KaKIOM KOHKPETHOM cay4ae MpH
HLIEH3UPOBaHHUH.

MnarexsH 3a npaBo Ha AOOLIMY MHHepanb-
HbIX TMOA3eMHbIX BOA B Tipededax (HMHTa
OCYLLECTBAHIOTCA B BHAE pPeryaspHbIX raare-
MeH C Hayana AOObIMM B TEYEHHH BCEro Cpo-
Ka [eACTBUA (IMUEeH3HH. PasMepbl naarthl 3a-
BHCAT OT BHAA HCNOAb30BaHHUA H THOA MH-
HepaabHbIX BO,

[py Ucnons3oBaHNH MHHEPAIbHBIX - BOA 1A
NMPpoAaKH I1aTekH cocrapafior or 5 ao 10
MpOLIEHTOB CTOMMOCTH BOZbl, HCHHCAAEMOH
o leHaM ee peanusalun Oe3 ydera Hanora
Ha A00aBeHHyI0 CTOMMOCTb. TPH HCMONb30Ba-
HMM  MHMHepaqbHbIX BOA B  CaHaTOpHO-
KYPOPTHOM devyeHnn Oe3 mnpogaxu pasMep
naarexer 3a npaBo Ha A00bIMYy ONpeensercs
B 3aBHCMMOCTH OT THNA BOARI, €€ 3arnacos,
ceBecToMMocTH A06biMKM, GanbHEONOTHYECKOH
UEeHHOCTH,  PaclpoCTpaHeHHOCTH,  HAaaH4HAH
HHOPACTPYKTYPbl W TMPO4YHX BHEIUHHX YyCAO-
BUi. CymMMa 3TOro fnaarexka B LeHe IyTeBKH

close to users, K=0.9 - the regions with
high infrastructure, K=0.8 - the regions with
weak infrastructure, K=0.7 - the regions with
undeveloped infrastructure;

3) Water-bearing deposit conditions:

K=1.0 - the pressure water-bearing horizons
with power water-proof layer more than 10
m., K=0.9 - water-bearing horizons of allu-
vial deposits without impermeable layers
and waters of more anciant deposits, K=0.8
-~ the first water-bearing horizon from sur-
face.

4) Water supply capacity:

K=1.0 - artesian basins, K=0.8 - hydro-
geological massives: river valleys, K=0.6 -
divide lines.

The final rate (in per cent) can be deter-
mined by muitiplication of its maximum (8
per cent) on the all coefficients. If the calcu-
lated payment value is less than the fixed
minimum one the minimum value equal to 2
per cent is assumed.

The charge for fresh ground water use not
connected with its prospecting, exploration
and extraction is set on the base of its using
for water supply purposes in each particular
case under licence.

The charges for being eligible for extrac-
tion of mineral ground water within a limit
take place in the from of regular payments
during all the period of licence acting from
the beginning of its extraction. This payment
depends on using from and mineral water
type.

If mineral water is using for sale the
charge amounts to 5 to 10 per cent from
mineral water cost in the prices of its realiza-
tion without the value-added tax. When min-
eral water is used for medical purposes but
without sale the charge amount is combined
depending on water type, its reserves, manu-
factoring cost of its extraction, medical use-
fulness, its abundance, infrastructure of the
region etc.

This charge sum inserted into the price of
pass to a sanatorium mustn't be more than
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Ha CAHaTOPHO-KYPOPTHOe (e4YeHHe He JO0(KHa
nMpepbillaTe S MNPOLEHTOB €e CTOMMOCTH C
nepecveroM Ha CTOHMOCTb OOHOrO KybHuec-
KOro MeTpa MHHepanbHOA BO/bL

lpH peaqn3ally¥ 4yacTH MHHepadbHOM BOAbI
Ha 3KCnopT nan no Gaprepy B 0blylo Crou-
MOCTb BOABbl BKAIOYaeTCA ee 3KCNopTHas
YyacTh B HHOCTPaHHOH BallOTe H CTOHMOCTb
6GapTepHOR 4YacTH, OlEHHBaeMad 10 pbIHOY-
HOMY KypCy Ha aHalOrH4YHbIH NMPOAYKT Ha MoO-
MeHT ero peanu3alHH.

3a CBepXaHMHTHYIO - A00biMy MOA3EMHBIX
BoAg M (MaH) HepauMoHa/lbHOe WX HCNOab3o-
BaHHe (HCHoOab3OBaHHe BOAbI MHTbEBOTO Ka-
yecrBa A0A TeXHHYeCKHX Leaed HaH AdA
opollleHHA, HeoOOCHOBaHHbI COpPOC ApeHaX-
HbIX BOA B NOBEPXHOCTHbIE BOAOTOKH H BO-
A0eMBbl H T.4.) Taara B3HMaeTcA B MATHKpar-
HOM pasMepe OT YCTAHOBAEHHOMO HOpMarnsa
naatbl 3a NpaBo Ha A0ObLIYY.
lNnareKH BO3MellleHHA 3arpar Ha BOCHodq-
HeHne MHHepanbHO-ChbipbeBOH 6asbl MPOH3BO-
AATCA TOMbKO MPH HCNOAb30BAaHHH MHHEpalb-
HbIX BOA B pasMepe 5 NMPOLEHTOB OT CTOMMO-
CTH peanv3auyd A0DbITHIX AA NMPOAAXKH MH-
HepanbHbiX Bog . (lAd YCIOBMA CaHaTOPHO-
KypOPTHOINO (le4yeHHA TMaaTeXH Ha BOCIO(He-
HHe COCTaBAlT 3,5 mpolieHTa OT CTOHMOCTH
MyTeBKH C MepecyeToM Ha CTOHMMOCTb OAHOIO
KyOH4YeCKOro MeTpa MHHePabHOH BOADI.

OxKoHYare/bHbl¢ pasMepbl NaaTbl 3a TOb-
30BaHHEe IMIOA3eMHbIMH BOJAaMH MO KamaoMy
obbeKkTty, (opMa, YCIOBHA H CPOKH HX BHe-
CeHHA YCTAHABIWBAIOTCA B [pOLECCe (IHLEH-
3MpOBaHHA H (PHKCHPYIOTCA B (HLEH3HH.

3arpatbl loab3oBarenel Ha nNAaTexkH 3a
NpaBo Ha MOHCKH, pasBedKy, AobblMy H BO-
CrofHeHHe MHHepanbHO-CbIpheBoit 6asbl oT-
HOCATCA Ha Ce0ecTOMMOCTb MPOH3BOACTBA pa-
Gor. Maare’n 3a CBEpXIHUMHTHOE H3bATHE H
HepalMOoHaAbHOEe  NOIb30BaHHe  MPeCHbIMH
NOA3EMHbIMA BOAAMH TMPON3BOAATCA N3 MpH-
ObliM, OCTAIOIEACA B pacnOpAMEHHH MOab30-
BaTes.

OT naarsl 0cBOGOKAAIOTCA:
BOAONOAb3OBaTeny, Ao6bIBAIOIME TPH MO-
MOLUM KOAOAUEeB W CKBa)HH IIyGHHOH [0
20 M npecHble No/3eMHble BOAbl NEPBOTro
OT TMOBEPXHOCTH BOAOHOCHOIO TI'OPH30HTA,
He HCNoab3yeMoro AdA LIeHTpaTH30BaHHOIO
BOAOCHabKeHHda, H ynoTpebasiolmiHe HX
TOABKO AAA (IMYHBIX HYAKA, ecan oTbop He
npesbilliaer 5 Ky6.M B CYTKH;
noab3oBarend Hedp, BedylHe THAPOreono-
FHYeCKyl0 CbeMKY, KOHTPOab 3a pexmHMOM
MOM3eMHbIX BOJA, @ TaKXe HHbie DPaboTh,

5% from its cost in terms of the cost of one
m3 of this water.

Realizing a part of mineral water as export
or barter goods it's necessary to add its ex-

‘port price in hard currency and its barter part

to the total cost of mineral water.

For the over - limit extraction and (or) un-
productive use of ground water (using the
pure water for technical purposes or irmriga-
tion, intentional discharge of drainage water
into surface flows and reservoirs etc.) the
charge is taken five-fold from fixed standard
one.

The charges for reimbursing costs on re-
production of mineral and raw materials take
place only under condition of mineral water
use amounting to 5 per cent from the reali- ’
zation cost of mineral water for sale. If min-
eral water is using for medical treatment pur-
poses the charges for the reproduction will
amount to 3.5 per cent from the price of
pass to a sanatorium in terms of the cost of
one m3 of this water.

The final amounts of the charges are es-
tablished by licence and fixed in it qualified
the from, the conditions and the data of
payment on each object.

Water users’ consumptions on the pay-
ments for being eligible for prospecting, ex-
ploration, extraction of the ground water and
its reproduction are charged off the mean
manufactoring cost of these works produc-
tion. The payments for overlimited extraction
and unproductive use of the fresh ground
water are taken from users profit.

Some water uses can be exempted from
the charge: '

if they extract the fresh underground water
through wells and artisian holes upto 20 m
depth from the first water-bear horizon
which isn't using for centralizatio water sup-
ply, and this water is used only for domes-
tic purposes and its discharge isnt more 5
m3 per day;
if they carry out hydrological survey, unde- -
ground water regime control and other
works not disturbing a bowels wholeness.
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MpOBOANMBble 0e3 HapylleHHA LeNOCTHOCTH
Heap. ‘ '

[nara 3a noabsOBaHHE MMOA3EMHLIMH BOJAMH
pacnpegenserca caeaylolmnM obpasom:

nanara 3a NpaBO Ha IOHWCKH M pa3sBeaKy, 3a
Noab3oBaHHe MOA3eMHBIMH BOAAMH B LEMNAX,
He CBA3aHHBIX C [MOHCKaMH, pasBedKo# H
Aobbryed, mocrynaer B 6i04XKeTbl pafiOHOB H
FrOpOAOB, Ha TEPPHTOPHH KOTOPBIX OCylle-
'CTBAAETCA AaHHOe BOAOTIONb3OBAHNE; _
nnara 3a rpaBo Ha A00bIMY MOA3EMHBIX BOM
B npedenax (MMHTa NOCTynaer B GiOMKeTbI
pafioHOB H TropoaoB, Ha TEPPHTOPHH KO-
TOPBIX ocyliecTeaserca aoberMa (50 npo-
LUeHTOB), B KpaeBod Olomxer (25 mpoueH-
TOB) M B pecrnybnuKaHckni Glogker Pocchit-
CKOH Pegepallii (25 MpOLEHTOB);

MaateXkH 3a CBEPXIHMHTHOE  H3DBATHE,
HepalHOHATbHOE TOb30BaHHe MNOA3eMHBIMH
BOAMH H Ha BOCMOAHEHHE MHMHeDAlbHO-
ChIpbeBOH Oa3bl NOCTYNAeT Ha CYeT LeneBoro
¢oHAa BOCTIPOM3BOACTBA M OXpaHbl MPHpPOA-
HBIX PecypcoB.

HCTO4YHHKH

1.3akoH Poccuiickon <Pegepaupu 'O Hea-
pax’ (Mockea, 1992).

2.3aKkoH Pocchiickol degepauun "O6 oxpa-
He OKpyXaiollie npHpoaHoN cpeapl” (Mocksa,
1991). '

3.[lonoxkeHne 0 Mopagke (MIEH3MPOBaHHA
noab3oBaHnA HeapamH (IocraHoBaetine Bep-
xoBHoro Cosera Poccuiickor  deaepaliii oT
15.07.92 N2 3314-1, MockBa, 1992).

4 TlonoxeHHe O MoOpAAKE H YCAOBHAX B3H-
MaHuA [1arexedl 3a Npapo HA MONb30BaHye
He/lpaMH, aKBaTOpHeA W y4YyaCTKaMH MOPCKOro
Ada (MocraHopaenne [IpaBuTeabcTBa PoccHA-
ckon deaepaud or  28.10.92 N 828,
Mockea, 1992).

5.[ocraHoBneHHe adMHHHCTpauuu TIpUMo-
pckoro Kpad or 19.04.94 N¢ 177 06 yr
BEPaKACHHUN TNOPAAKa NaaTbl 3a NOOb30BAHHE
MpecHbIMH [10A3€MHbIMH BogaMH B [IpuMo-
PCKOM Kpae®, (BaagyBoctok, 1994).

6.Pewenne Manoro Cosera JIpHMOPCKOro
Kpaeporo CoBeTa HapoAHbIX JEIyTaros oOT
17.02.93 N° 192 'O BBedeHHH IMIAThl 3a
HCHonb30BaHHe MHHepanbHbIX BOA H eved-
HbIX rpaAzed B [IpuMOpCKOM Kpae', (Baa-
ANBOCTOK, 1993).

The payment for underground water use is
distributed in following way:

the payment for prospecting and exploration
works as well as for ground water use not
connected with the above-mentioned works
comes into the budjets of regions and
towns on territory of which takes place the
given water use; '

the payment for undeground water extrac-
tion within a limit comes into the budjets
of regions and towns on territory of which
occures the water extraction (50%), into the
territorial budjet (25%) and into the federal
one (25%);

the payments for overlimited extraction,

" unproductive use of its water and its repro-
duction come on the target-oriented fund of
restiration and natural resources control.
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HYHNCAEHHAA HMHTAUHA NPOUECCA
TOPTOB(IH PA3PEHIEHNAMH HA CBPOC
CTOYHBIX BOA

Promrra Eaera BrhATOpOBHa AOKTOD
SKOHOMHYECKHX Hayk HHCTHTYT npobuem
Dbinka FAH

Mph ToproBae pa3pelieHHAMH  KaKAabIH
y4yacTHHK pellaer 3aaady MHHHMHM3alUHH Liede-
Bon (PYHKLHH:

S &4i O(c 41 0)+ 75 4j O f(p 41 5J 0, a 4i 5J O)min (1),

rne S 4 0 - 3arparbi i-TO yyacTHHKa Ha

OYHCTKY CTOKOB (0 KOHLEHTpalMK 3arpsas-
HHTedeH C 4i 0; p 4i 5J O - LeHa npogaxH
paspellleHnA Ha ¢BpoC CTOYHBbIX BOd; a 4i 5J
0 - oObeM TOpProBaH paspellleHMAMH MeEXy
YYacTHHKaMH i H j.

B ONTHMH3ALMOHHLIX MOAENAX BOAOOXpPaH-
HON [eATenNbHOCTH A8 agMHHMCTDATMBHO-
KOMaHAHOH CHCTeMbl YNpaBIeHHA KPHUTEPHH
Obi:

75 405 4 O(c 4 0) min (2).

Mozer ObITb NOKa3aHO, YTO €C/IH TOpPro-
BIA pa3pelleHHAMH HCoab3yeT BCE BO3MOXK-
HOCTH A(A KaXKaAOM0 YYACTHHKA CHH3HTh CBOH
3aTparbl Ha coOmogeHre HOpPM, TO B pe3yab-
TaTe OYNCTKAa CTOYHbIX Bog Oydger ocymect-
BATHCA B COOTBETCTBHM C KpDHTEPHEM MHHH-
MH3alMM CyMMapHbIX 3arpart Ha OuHCTKy. T.e.
pelieHHA 3aaad (1) H (2) TOMKIECTBEHHBI,

3TOT BbIBO4 AdeT BO3MOKHOCTh  HCHO/Ib-
30BaTh I HMHATAUMH TOProOBIH paspeuie-
HMAMH Ha c6pochbl pesyabrarbl MOAEIHPO-
BaHHA BOAOXO3AHCTBEHHBIX CHCTEM, BbIOM0-
HeHHOro AaA  aaMHHHCTPaTHBHO-KOMaHAHOH
cHcreMbl. KpoMe TOro, pelleHne BOAOXO3AH-
CTBeHHbIX 3aJa4 (2) ABaserca HeoOXoAUMBbIM
3TAalloM KOHTPOAA 3a TOPropied paspelie-
HHAMK Ha COPOCHI CTOYHBIX BO/,

JaA HMHTaUMH 1pouecca TOProeaX pas-
pelleHHNAMH BaKHbIM BOIMPOCOM  ABAACTCA
MPHHUMIT OMpedeneHna 3THX  pa3pellueHHH.
Bbid B3AT MPHHUMN aBeHcTBa KOHUEHTpauuu
BpeAHbIX BelllecTB B cOpacbiBaeMbiX CTOKax
pPasHbIMH BoAOBLINyCKaMn. T.e. pellanach 3a-
Aavya TMNOWCKa MaKCHMaldbHOH KOHLUEHTpaLHH
3aarpsasHHTEqdA, e€AHHOA aA BCeX BOJOBLI-
IyCKOB, KoTopas obecrneynBaeT BbINOAHEHHE
orpaHn4eHun Ha IAK.

[onyyeHHad MaKCMMaibHad KOHLEHTpauHs

IMITATION OF TRADE BY LIMITS ON SEWAGE
DISCHARGE

Elena V.Ryumina Doctor of science Market
FProblem Institute

Each participant of trade by limits decides
a minimization task with criterion:;

S A4 O(c 4 0)+ 754 0 f(p 4i 5J 0, a 4 5J O)min(1),

where S 4i 0 - is cost of sewage purification
for participant i; ¢ 4i 0 - is concentration of
pollutant purification for participant i; p 4i 5J
0 - is a price of limit on discharge of sewage
in trade between participants i and j; a 4i 5J
0 - is volume of trade between participants i
and j.

In the past we decided a task of sum cost
minimization:

75 410 S 41 O(c 4 O) min  (2).

May be shown that if trade by limits uses
all possibilities for each participant to reduce
costs for sewage purification then purification
will be produced in accordance with criterion
of sum cost minimization; i.e. the results of
tasks (1) and (2) are the same.

This conclusion permits to use command-
control models of water optimization (2) for
imitation of trade by limits on sewage
discharge. And what is more, construction of
model (2) is necessary stage of control
system of trade by limits on sewage dis-

charge,

The main question in imitation of trade by
limits is method of seeting these limits. Equa-
lity of pollutant concentration in discharged
sewage for all participants was used for
setting limits in our experiment. Then the
task of calculation of highest possible con-
centration (which ensures the permissible
pollutant concentration in river) was decided.

This highest possible concentration is an
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'ABAAETCH HavYadbHOA TOYKOH AaA mnpolecca
TOProBAH, a ONTHMaNbHAA KOHUEHTpaUHa B 2
-3aflaye ONTHMH3AUMHM  BOJOXO3AWCTBEHHOMNO
KOMNAeKkca KOHe4YHOM TOYKOoH, 3aga4a coc-
TOUT B OIMHCAHWHN NpOLECCA Iepexola OT Ha-
YyanbHOH K KOHEYHOW TOYKE TyTeM TOProBiiH
- paspeLleHHAMH.

Hmyraupnsa npouecca TOProBaH BKaO4Yaer B
ceba crnedylolne JTanbl: '

1.ITonCK ONTHMMANBHOINO peleHuA 3adayy

MHHMMH3aUMY CyMMbI 3arpar Ha OYHCTKY
CTOYHBIX BOA (2)

2.Ha3HayeHne paspellieHndt Ha c6poC cTo4-
HbIX BOA A1A KamI0oro BOAOBLIMYCKA.

ITY agpa sTana rMo3BOAAIOT pPa3deuTh yyacr-
HHKOB Ha [IPOAABLOB H TOKyNareaen pas-
pelieHni,

3.Bbi6op UeHbl paspelleHHA AIA KamaoH
TOPrOBOA CEKH.

4 PacyeT BbIMIpblilla OT NpodaxKu (MOKYINKH)
paspelleHH Aa8 KaxKioro yYyacTHHKa.

B KayecTBe OCHOBBI AOA HMHTAUMM TIpoO-
liecca TOproBiaH Gblia B3ATa paHee pelleHHasn
3a7a4a ONTHMH3ALMH CHCTEMbl BOJOOXPaHHbBIX
MepOlNpHATHH. JTa CHCTeMa BKAlovana 5 KoH-
TPOAbHBIX CTBOPOB H 5 MOLIHBIX BBITYCKOB
CTOMHBIX BOA. B Kamaom BbIycke MOIyT
ObiTb MpoBeAeHbl pa3iHuHble MePONPHATHA
MO OYHCTKE CTO4YHbIX BOA. YHCAO BapHaHTOB
OYHCTKH B KasKIOM BbIlycke - oT 4 a0 6.
DKOHOMHYECKHM TnOKasaTeneM BapHaHTa #AB-
(AI0TCA {IpHBEAEeHHble 3arparbl Ha. €ro pe-
AMU3alHIo.

PaHee Oblia pelleHa 3aJa4a ONTHMH3ALHMH
H nody4deHbl pellleHHA Mo Kpurepuio (2). Pac-
cmarpusanvch nokasaread BIIK. B peayanrare
pacyeToB [MOAy4yeHo, 4TO MaKcHMadabHad KOH-
UeHTpauua papHa 5,137 Mr/a 1 oHa Yy¢
TaHaBAMBAaETCA /A BCEX BOAOBLINYCKOB B
KayecTBe paspellleHHA Ha cHpoc.

CpeaH 5-TH BOAOBBIITYCKOB 2 BO/OBBINYCKa
OKasannch MOKYyNaTedAMH paspelleHHda U 3
npoaasliamu. LleHb! paspewleHHH AOA HMHTa-
LMK OlNpeaedaAnnch € Y4YeTOM COOTHOLIEHHA

npejenbHbIX 3aTpal Ha OYHCTKY, a TakkKe ¢

YYETOM COOTHOWIEHHA CIpoca H Mpeddo-
IKeHu,
MoKazaHO, 4TO TOProOBIA pa3pelleHHAMH

Ha cOpoc, ygosaerBopaa TpeGOBaHHMAM K Ka-
YecTBy BOAbI B HCTOYHHKE, [@eT BbIMFPBILU
abCoMOTHO BCeM ee YYaCTHHKaM. 3arparbl
KaXX/A0ro CHHXalOTCA, U B OTAEIbHbIX Cay-
YaAX 3Ha4YMTeNbHO, CPaBHEHMH C BapHaHTOM
AOCTHXKEHHA TOINO e Ka4decTBa BOaAbl IIPH
OTCYTCTBHH TOProB(IH, T1.6. CTPOro B Co-
OTBETCTBHH C pa3pelieHHAMH,

initial point and optimal concentration in task
(2) is a final point for trade by limits. Our
task is transition from initial to final point by
imitation of trade.

The imitation of trade process includes the
following stages: '

1.Search of the optimal decision of the task
for minimization of sum purification cost
(2).
2.5etting the limit on sewage discharge for
each participant.
As a result of these two stages all parti-
cipants are divided into sellers and buyers
in trade by limits.
3.The prices of limits are imitated for trade.
4 The gains from trade are calculated for
each participant.

A command-control model for water re-
source was used as a numeral base for
imitation of trade. This model includes five
control points and five points of powerful
sewage discharges. There are different me-
thods of sewage purification for each par-
ticipant. Variants of purification methods are
from four to six in each point. Economic
characteristic of each method is cost for pu-
rification.

Formerly optimization model (2) for this
concrete river was constructed and optimal
concentrations for each participant were
received. Then the highest possible concen-
tration was calculated. It is 5.137 mg/ for
biological need in oxygen for each participant
as a limit.

There are two participants as the buyers
and three participants as the sellers among
five points of sewage discharge. The prices in
this trade process are calculated in accor-
dance with purification costs and relation
between supply and demand of rights on
pollution.

It was shown that trade by limits on
sewage discharge ensuring the permissible
pollutant concentration in river gives a gain
for all participants. Costs of each participant
are reduced in comparison with variant of
reaching the permissible concentration in
control points only with purification in
accordance with limits without trade by these
limits.



YTO TAKOE TACHC
e

LAuno CHHHIAIHA,

PYKOBOJHTEND QTAEIa TEX. COAEHCTBHA,
Esponerickun Coios,

qeaeraliua EBponeHCKoH KOMHCCHH

B Mockge

Mporpamma TACHC ([lporpamMa TexHHYe-
CKOro cogencTsnA EpponeHckoro cowsa aas
crpad CHT, —~ npHM. nepes.) npeacrasiseTr co-
6o# HHHUHaTHBY EBponefickoro coiosa 4aa Ho-
BbIX HE3aBHCHMBIX rocyaapcrs H MoHroam,
KOTOpad CMNoCOGCTBYeT Pa3BHTHIO TFAPMOHHY-
HbIX H NEepCNeKTHBHBIX dKOHOMHYECKHX H NOaH-
THYECKHX CBA3eH Mexkay EBponerHcKkHM coio3oM
H 3THMH rocyaapcrsaMH-apTHepaMH. Lleasio
3TON NporpaMMbl ABAAETCA MoaaepXKKa HHH-
UHaTHB rocyAapCTB-lapTHEPOB, HanpabBIeHHbIX
Ha pasBHTHe OOILECTB Ha OCHOBE IOHTHYe-
CKOH cBOGOAbI H SKOHOMHHECKOIO NPOLBETAHHS,

TACHC ocylecrsaser 31o 3a cyer npego-
CTaBleHHA rapaHTHpoBaHHON (PHHAHCOBOH 10A-
AEPHKH NPOLECCOB Npeodpa3oBaHHA K pbIHOY-
HOH 5KOHOMHKE H IeMOKDATHYEKOMY OOLIECTBY
B 3THX rocyaapcTBax.

3a nepsbie YeThipe roda peanusalru ¢ 1991
no 1994 rr. 8 pamkax TACHC npegocraBneHo
6oaee 1870 MaH, JKIO ana Havana Bonee Yem
2000 NpoeKTOB.

TACHC TeCHO coTpyaHHYaeT C rocygapcrsa-
MH-IapTHEpaMH C LIeblo ONpeAeneHHA pasMe-
pa GOHAOB, KOTOpble HEOOXOAHMO HCTPATHTD,
2TO rapaHTHpYET, YTO (PHHAHCHPOBAHHE CO CTO-
poibl TACHC cooTBeTCTBYeT MNOMHTHKH Kax-
AI0T0 rocyAapcTBa ‘B 000acTH OCyILeCTBIeHHA
pedOpMHPOBAHHA H BbIOPaHHBIM IPHOPHTETAM,
Kak 4acrb Gonee OGIIHPHBIX MeMAyHAPOAHBIX
ycnan# TACHC TecHo cotpyaHH4YaeT ¢ ApyrHMH
AOHApAMH H MeKAYHAPOAHBIMH OPraHH3aLHAMH,

TACHC npegocrabngeT «Hoy-Xay» LIHPOKOro
Kpyra rocyqapCTBeHHbIX M YacTHbIX OpraHH3a-
LHHA, KOTOpbI€ MO3BOIAIOT COEAHHHTH OMNbIT
3anaqHblx rocy4apcrs C OINBITOM H 3HAHHAMH
MeCTHOTO HaceneHHA. TakHe «Hoy-Xay» Nepeaa-
IOTCA 33 CHET OKasaHHA MOIHTHYECKHX KOHCYNb-
TALMH, HANpaBNeHHA KOHCY(bTALHOHHBIX MHC-
CHH, 06y4yeHHA H NOBblIIEHHA KBalHIMKaUHH,
3a CYeT PasBHTHNA M pedOPMHPOBaHHA 3aKOHO-
ARTENbHDbIX H NPABOBbIX YYpeKAEHHH H OpraHH-
3allMH, a TaKKe 3a C4YeT yCTaHOBEeHNA NapTHe-
PCKHX OTHOLWEHHH, CBA3€H, aHaOrHYHbIX H

WHAT IS TACIS
s

Dino Sinigallia,

Head of tecnical assistance section,
EUROFEAN UNION

Delegation of the European Commission
‘ in Moscow

The Tacis Programme is a European Union
initiative for the New Independent States and
Mongolia which fosters the development of
harmonious and prosperous economic and
political links between the European Union
and these partner countries. Its aim is to sup-
port the partner countries’ initiatives to deve-
lop societies based on political freedoms and
economic prosperity.

Tacis does this by providing grant finance
to support the process of transformation to
market economies and democratic societies.

In its first four years of operation, 1991-94,
Tacis has made available ECU 1870 million
to launch more than 2,000 projects.

Tacis works closely with the partner coun-
tries to determine how funds should be spent.
This ensures that Tacis funding is relevant
to each country’ own reform policies and
priorities. As part of a broader intemational
effort, Tacis also works closely with other
donors and international organisations.

Tacis provides know-how from a wide range
of public and private organisations which al-
low western experience to be combined with
local knowledge and skills. This know-how is
delivered by providing policy advice, consul-
tancy teams, studies and training, by develo-
ping and reforming legal and regulatory frame-
works institutions and organisations, and by
setting up partnerships, networks, twinnings
and pilot projects. Tacis is also a catalyst,
unlocking funds from other tenders by pro-
viding pre-investment and feasibility studies.

Tacis promotes understanding and appre-
ciation of democracy and a market-oriented so-
cial and economic system by cultivating links
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NU-10THLIX NpoekToB. TACHC TaKKe AsnAeTcs
Ka-TaH3aToOpOM, KOTOphbiH packpbiBaeT GHOH/bI
APYTHX 3aHHTEPeCOBAHHbIX CTOPOH MNPH NOMoO-
WY NpOBeAEHHA MNpeABapPHTENbHbIX TEXHHKO-
9KOHOMHYECKHX HCC1eA0BaHHH,

TACHC crnocobCTByeT NOHHMAHHIO H A0CTOH-
HOH OlleHKe [A€MOKpaTHH H OpHEeHTHPOBAHHOW
Ha PbIHOYHbIE OTHOLLEHHA COLHaNbHO-3KOHOMH-
Y4yeCKOH CHCTeMBbI [MyTEM KynbTHBHDOBAHHA CBA-
3efl U AIHTENbHBIX B3AHMOOTHOWIEHHH MeXK/y
OpraHH3aUWAMH B roCy4apcraax-napTHepax H B
rocyaapcraax-dneHax EBponeAcKoro colosa.

Bo Bcex rocygapcrasax-napTHepax raaBHble
ob/bekTb! PHMHAHCHPOBaHHA co cropobl TACHC
OAHH H Te e, XOTA B KaKaOM rocy/1apCTse OHH
HAaXOAATCA HAa PasnMyHbIX CTadHAX npeobpaso-

and lasting relationships between organisa-
tions in the partner countries and their
counterparts in the European Union.

The main priorities for Tacis funding are
common to all partner countries, although each
is at different stages of transformation, Curren-
tly, the key areas-include: restructuring of state
enterprises and private sector development,

‘building an effective food production, proces-

sing and distribution system, developing ener-
gy; transport, and telecommunication infra-
structures, nuclear safety, environment, public
administration reform, social services and
education.

Funding from 1991 - 1994

(ECU Million)

BaHHA, B HacTroAILEee BpeMA 0CHOBHbIE 061aCTH 1991 - 400; 1992 - 450; 1994 ~ 510
¢rHaHCHpOBaHHA BKAIOYAIOT: PeCTPYKTYPHpPO-
BaHHe rocy/1apCTBeHHbIX NPeANpPHATHH H pa3BH- Funding 1991 — 1993 (ECU Million)
THEe 4aCTHONO CeKTopa JKOHOMHKH, Co3gaHHe By country
3¢ PeKkTHBHOH CHCTEMb! TPOH3OBACTBaA, MNepe- Russia 496
paboTKH H pacnpocrpaHeHHa NPoAyKTOB MHTa- Ukraine 119
HHA; pa3BHTHE 3HepreTHKH; TPaHCMODPTHAA H Kazakhstan 40
TeleKOMMYHHKAL[HOHHAA HH¢ppacTpyKTypa, Aaep- Belarus 52
HadA 6e30nacHOCTb, 3alliHTa OKDYXKalolWeH cpe- Armenia - 21
Abl, pedopMa rocyaapcrTBeHHOIO YNpasaeHna, Ryrgyzstan 20
colHanbHoe 00CIyKHBaHHE 1 0Opa3oBaHHe. Uzbekistan 20
Baltic States (91 only) 15
dHHAHCHpOBaHHe B 1991-94 1. Georgia 15
(MaH.IKIO) Azerbaijan 12
Moldova 10
1991r. — 400; 1992r. — 450; 1994r. - 510 Turkmenistan 10
Tajikistan 1
drHaHcHpoBatHe B 1991-93 . (MaH.OKIO) Multi-country " 395
Other 156
TNo rocyaapcrBam: Total 1,360
Poccua 496
Tpy3na 13 By sector
YKkpaHHa 119 Nuclear safety and
Kazaxcran 40 environment 256
Benapychb 32 Restructuring state
ApMeHna 21 and private sector
Kupruana 20 development 212
YabekHcraH 20 Public administration
MpubanTricKHe rocyaapcrpa reform, social services
(ronbko 91r.) 15 and education 194
AsepbanqzKaH 12 Agriculture 172
Moaaasna 10 Energy 134
TypKkMeHHCTaH 10 Transport,
TaaKHKHCTaH 1 telecommunications 129
MerocyaapcTBeHHbIE Policy advice 76
NPOEKThI 395 Other sectors 31
Apyrue 156 Other 156 .
Hroro 1,360 Total 1,560
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[lo ceKTopaM 5KOHOMHKH

flnepuaa Ge3onacHOCTb _
H 3alliHTa OKpyHKalolueH cpeabi 256
PecrpykTypHpoBaHHe rocyaapCTBEHHOTO
H pa3BHTHE 4aCTHOro

CEeKTOpPOB 3KOHOMHKH 212
Pedopma rocyaapcTBeHHOIo

ynpabieHHs, COUHaNbHOA Cepbl

1 obpazoBaHns 194
CenbcKoe XO3AHCTBO 172
dHepreTHka 134
TpaHcnopr,

TEeNeKOMMYHHKaLHH 129
[TonuTryecKkHe KOHCYAbTALHH 76
[lpyrre cekropa 31
HHbIe 3aTpaThl 156 .
Hroro 1,360

[OMOILp TACHC B OXPAHE
MPHPOAHON CPEbl B BACCEAHE
YEPHOI'O MOPA

PernoHanbHaa nporpamma TACHC B 1992 1.
npegocrabyaa 1 mMaH.OKIO aaa [porpaMmbi
TACHC 1o oxpaHe NpHpoaHon cpeasi YepHoro
MopA, KoTopaa HaugfneHa Ha NpeaocTaBleHHe
npubpexHbIM rocyaapcream (Ipy3us, YKpau-
Ha W POCCHA) NOAHTHYECKOH, MpaBOBOH, Opra-
HH3ALUMOHHOM, TEeXHHYEeCKOH H ¢HHAHCOBOH
noaaepXRKky AnA cosgaina a¢pdeKTHBHOH CHC-
Tembl o6pallieHHA npouecca AerpajalyH NpH-
poAHOH cpeabl, 3allHThl NPHPOAHOH Cpedbl H
ofecneyeHna YCTOAYHBOrO HCMOAb3OBAHMA
NPHPOAHbIX PecypcoB. ITO, B KOHLE KOHLIOB,
AOMIXKHO CTHMYNHPOBATH PA3BUTHE H BAOMKEHHA
KanuTarnos 3a CYeT 0KHBAeHHA TypHama H pblb-
HOTo xoaaucTea. Kpome toro, 500 thic, DKIO
u3 ¢oHaos 1993 r, Gyayr HCOMB3OBAHbI A0A
HHHUHATHBbI MO YCH/IEHHIO OCO3HaHHA 0bue-

TACIS SUPPORT FOR THE BLACK SFA
ENVIRONMENT

The Tacis 1992 Regional Programme made
available 1 Million ECU for a TACIS Black Sea
Environmental Management Programme aimed

at providing the riparian states (Georgia,

Ukraine, Russia) with policy, legal, institutio-
nal, technical and financial support for the
establishment of an operational framework
to reverse the process of environmental
degradation, to protect the environment and
to contribute to sustainable use of natural
resources. This, in the long run, should
stimulate growth and investment by reviving
tourism and the fishing industry. The 1992
Programme encompasses the three as lis-
ted below. Furthermore, 500.000 ECU from
the 1993 funds will be used for a major pub-
lic. awareness initiative and wetlands pro-
tection. Tacis is also organising a major
environmental conference on the Black Sea
with the Georgian government.

a. Environmental Training, Coastal
Zone Management and Public Awareness

The objectives of this project are threefold:
to create a local environmental auditing
capacity, to provide advice to the relevant
authorities on the basic principles of Coastal
Zone Management and to promote public awa-
reness about the environmental problems
and their solutions, The final objective is to
create an institutional framework in the
recipient companies, with the capacities and
the self-assurance to actively and effectively
implement the necessary principles of coas-
tal zone management and thus to permit for
a sustainable development of the Black Sea
coastline in years to come. The Phare Pro-
gramme (European Initiative for Central and
Eastern European countries) is financing the
participation of Bulgaria and Rumania.
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CTBEHHOCTBIO 3KONOrHYECKHX Npobnem u auH-
bl 6onor, TACHC TaKkike COBMECTHO C npasH-
TenLCTBOM [py3HH OpraHH3yeT KpynHbie KoHpe-
peHUHH no npobnemMaM OKpyKalolleH cpeabl
YepHoro Mopa. :

a. lIpupoacoxpaHHoe obpasoBaHHe,
OpraHH3aLHA MPHOPEKHBIX 30H H YCHAEHHE
OCOGHAHNA OOINECTBEHHOCTHIO
SKOMOI4ecKHX mpobaem

OToT NpoeKkT nMMeeT TPH LeH: co3daHHe
MECTHBIX YCNOBHHA AnA HabnloaeHHA 3a cocTo-
AHHEM OKpYKalOLLIEeH cpeabl; OKasaHHe cooTBeT-
CTBYIOILHM B{IACTHbIM CTPYKTYpaM KOHCY(1bTa-
LMOHHBIX YCOyr MO OCHOBHBIM TPHHIHMIAM
opraHH3alli¥ npHOpeKHbIX 30H M YCHAeHHe
OCO3HAHHA O6UIECTBEHHOCTBIO YKOMNOTHYECKHX
npobaeM H crniocobax HX peleHna. OKoH4aTeb-
HOH Lefblo ABAAETCH CO3AaHHe OpraHH3aLHOH-
HbIX CTPYKTYpP B KOMMAHHAX-NOAYYaTenax no-
MOILIH, KOTOpble HMeaH 6bl BO3MOXHOCTH H
CaMOCO3HaHHE ANA TOro, 4TOObl AKTHBHO M
a¢PeKTHBHO peann3oBbiBaTh Ha NPaKTHKE OC-
HOBHbI€ NPHHLIHNbI OpraHx3aLiH NPHOpeRHbIX
30H H, TaknM 06pa3oM, CrnocobCTBOBaTH ANH-
TenbHOMY H YCTOHYMBOMY Pa3BHTHIO NpHOpex-
HOH 30Hb YepHoro Mops. [lporpamma dPape
(EBponefAickad HHHLIHATHBA ANA TIOCYAapCTB
llentpanbHon n BoctouHoH Espornbl) ¢HHaH-
cvpyer y4yactne BorrapuH ¥ PyMbIHHH.

6. 3aKOHOAATENLCTBO O BOMPOCAM 3aLLHTHI
H HCNOb30BaHMA OKPYZKAIOLIEH CPe/Ibl

3TOT NpoeKT geqaeT AOCTYNHbIM B MOAHOM
obbeMe 3aKOHOAATenbCcTBO EBpONeHcKoro co-
103a MO BOMpPOCAM 3aUIHTBl M HCNOAb30BAHHA
OKpyKalollleH Cpe/ibl, BKAOHAA BCE Moaroro-
BHTe/bHbIE AOKYMEHTbI, ANA TOCyAapCTB-y4a-
CTHHU. B aanbHerwem 3TH AOKYMeHTbl MOTYT
cbirpars poab Mojened AnA BbIpaGOTKH MecCT-
HOTO 3aKOHOAATENbCTBa MO BOMPOCAM 3aLIHTbI
H HCMOAb30BAHHA OKpyXalolleH cpeabl, KOTO-
poe HallefleHO Ha YCTOHYHBOE pasBHTHe oblile-
crea. B anpene 1994 r. B Kuese Obina npo-
BefleHa IIKona AnA oOyvyeHHA HaBblKaM pabo-
Tbl C 3aKOHOAATENbHBIMH aKTaMH H Ana 06cyxK-
AEHHA HX NPHMEHHMOCTH K YCNOBHAM pa3nH4-
HbIX MOCYAApCTB. JTOT MPOEKT BKIOYaeT KOH-

b. Environmental legislation

This project makes available complete
sets of EU environmental legislation and their
background documents to the participating
countries. These can then function as mo-
dels for the development of local environmen-
tal legislation aimed at sustainable develop-
ment. A training workshop was held in Kiev
in April of 1994 in order to learn to work with
the legislation and to discuss its relevance
for the various countries. The project includes
an advisory service, which allows the parti-
cipants to call upon the experts if further
or more detailed advice is needed.

c. Monitoring, laboratory analysis and
information management

A vital prerequisite for developing sustain-
able environmental policies for the region
is to strengthen the monitoring, laboratory
analysis and Information management capa-
bilities in the region, this includes organisa-
tional, technical and training aspects of  the
Black Sea laboratories. This project will give
an inventory of the existing labs and iden-
tify the most urgent equipment and training
needs in close cooperation with the part-
ners, which can then be met by the interna-
tional donor community. The project inclu-
des all six Black Sea countries (UNDP is
financing Turkey).

d. Black Sea Coast Public Awareness
Campaign («Info Ship»)

The project will aim to raise public
awareness about the decline of the Black
Sea environment and the activities, both
present and future, needed to reverse this
process. The link between a clean environ-
ment and a successful economic development
of the region will be stressed, as well as the
role that individuals can play in restoring the
Black Sea. A regionally based public aware-
ness strategy should be developed, involving
all coastline communities and relying predo-
minantly on local expertise. It would involve
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CyAbTALHOHHBIE YCOYIH, KOTOpble MO3BOAT
y4yaCTHHKAM OOpAaTHTBCA K 3KCMepTaM, ecaH
B fanbHeflieM norpebyiorca 6onee noapobHbie
KOHCynbTaLHH.

B. MOHHTOPHHT, 1a60paTopHbie
HCCeAO0BAHNA H DACTPOCTPaHeHHe,
HHPOPMATHH

KuzHeHHO HeoOXOAHMbIM NpeABapHTENb-
HbiM YCAOBHEM YCTOMYHBOH 3IKOMOrHYECKOH
NOAHTHKH B AAHHOM perHoHe ABIAETCA ycHae-
HHe MOHHTOpHHra, n1abopaTopHbIX HCCAeaoBa-
HHH H BO3MOMKHOCTEH AaA pacnpoCTpaHeHHA
HHGOPMALHH B AAHHOM perHoHe, 4YTO BKAlO4a-
€T OpPraHM3alHOHHbLIF, TEXHHYECKHH H obpa-
30BaTenbHbIA ACMEKTb! AAA YEPHOMOPCKHX na-
6oparopHi. JTOT MNpoeKT AonKeH aarb
THGOPMALHIO O CyILeCTBYIOLIEH 1abopaTopHOH
Gaze B ITOM perHoHe, a TaKXKe YKazaTb
notpebHocTs B Havbonee HeobxoanMom obo-
PyaoBaHHH H NOAMOTOBKH KaApoB. ITO A00AKHO
6bITh NpoOAenaHO B TECHOM COTPYAHHYECTBE
C rocyaapcrsamH-napTHepaMH, rnocae 4ero st
noTpeGHOCTH MOryT 6bITh YAOBAETBOPEHBI 3a
CUYeT MeM/ayHapogHoro coodbiecTsa AOHOPOB.
JTOT NPOEKT OXBATbiBaeT BCe lUIeCTb MpHYep-
HOMOPCKHX rocysapcrs (Typuus d¢HHaHCHpY-
erca 3a cyer [Iporpammb! passurHa OOH).

r. KaMnaHMA 1o yCHaOEHHIO OCO3HAHHA
OBIIECTBEHHOCTBIO SKOMOTHYECKHX MpobvieM
(«\Nupo-iinmy)

3TOT NpOEeKT HaueneH Ha YCHAEHHE OcCo-
3HaHHA OOLIECTBEHHOCTBIO /erpaaauHH ‘ npy-
pOAHOH cpeabl HepHoro MopA H AeATEAbHOCTH,
B HacToallem H OyayweMm, HeobxogHMoH AasA
obpailleHnA HanpaBneHHOCTH 3TOND MpOLEecca,
Byaer noavepkHyTa CBA3b MEXKAY YHCTOH OKpY-
XKaloLeH cpeaoH H yCrelHbIM 3KOHOMHYECKHM
pasBHTHEM BCENo perHoHa, a TaKXe poab,
KOTOpYI0 OTdeqbHble (1104¥ CMOTYT Chirparh B
BOCCTaHOBAEeHHH YepHoro Mopa. [lonxHa ObITh
paspaforaHa perHoHanbHas CTpaTerHa yCHae-
HHUA OCO3HAHWA OOIIECTBEHHOCTbIO 3KOIOIH-
YeckHX npobneM, oxpaThiBalllan Bce MpH-
6pexHble COO6IECTBA H ONUPAIOLIAACA Mpe-
HMYWECTBEHHO Ha MeCTHbIH onbIT. [IpH arom
AomKHa 6bITh CO3AaHa MepeaBHKHAA BbICTAB-
Ka, KOTOpyio caeayeT NepeMelliaTb H3 OAHOro

a mobile exhibition transported between
coastal towns on a local research vessel. The
exhibition would be the centrepiece of a se-
ries of events organised by authorities, NGO’s
and business and would include informatio-
nal video’s and packages. A primary focus
would be schoolchildren and youth groups,
who represent the future generation which
will benefit from a clean Black Sea. All
activities and materials will be in local
languages. It is hoped that after 6 months of
Tacis support the project can become self-
sufficient, through local and international
sponsorship.

CENTRAL ASIAN WATER RESOURCES
MANAGEMENT PROGRAMME

The agricultural transformation in the Cen-
tral Asian Republics depends largely on the
successful restructuring and/ or diversifica-
tion of the cotton industry, which in turn
requires the sustainable use of water resour-
ces, which has an important impact on wa-
ter levels of the Aral Sea. At the same time,
food production must be diversified and
increased in order to feed a rapidly growing
population, while maintaining cotton produc-
tion as a basic currency earner for at least
three of the countries involved (Uzbeki-
stan, Tajikistan and Turkmenistan). This 3 Mil-
lion ECU programme will provide assistance
at institutional level to provide a framework
for effective water management and use and
the definition of agricultural and industrial
strategies that would ensure the sustainable
availability of water resources.

The project is regional in scope with the
following objectives:

- To provide the administrative and tech
nical framework within which the five
republics of the Aral Sea Basin (Member
States) can develop policies, strategies
and development programmes for utili-
sation, allocation and management of the
water resources of the Basin.
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npHOpeKHOTHO ropoaa B APYroM Ha MeCTHbIX
HCCIeAoBaTenbCKHX Cydax. JTa BbiCTaBKa
AONMHA CTaTh LUEHTPa/ibHbIM COObITHEM CEPHH
MEpPONPHATHH, OPraHN30BaHHBIX BACTAMH,
HenpaBHTENbCTBEHHBIMH OPraHH3aUHAMH H
npeAnpHHHUMaTenamH. Ha 3TOH BbiCTaBKe A0MXK-
Hbl ObITh npeacTaBneHbl BHAEOMATepHanbl
H NeYaTHad npoaykuus. B ¢okyce aTHX mepo-
MPHATHA 0NKHbl HAXOAHTCA UWIKONbHHKH H
MOMoaeKHbIe PYRMNbI, NpeacTaBadowme Gyay-
' 1ee MOKONeHHE, KOTOpoe AOMMHO MOay4HTb
Bbiroapl oOT - YHCroro YepHoro mopa. Bce
MEPONpPHATHA H MaTepHanbl A0NMKHbI ObITh
NoAroToBAeHbl HAa MeCTHbIX sA3bikax. EcTb
Haaexaa, To CMycTdA 6 MecALeB ocae Havana
NOAACPIKH 3THX MEPONPHATHH CO CTOPOHbI
TACHC npoeKT npHobOpeTeT CBOWCTBa CaMoAo-
CTATOYHOCTH 3@ CHET MECTHBIX H 3apyberKHbIX
CMOHCOPOB.

MMPOT'PAMMA YTIPABIEHNA
BOAHbIMH PECYPCAMH
UEHTPANBHOH A3HH

lpeobpazoBaHiaA CeNbCKOro XO3ANCTBA B
CpeaHeit A3HH B 3HAYHTENbHON MEpE 3ABHCAT
OT YCNEWHOCTH peCTPYKTyPHanH3alHH H/HaH
ANBepCHHKaUHH XONKOBOH OTPAaciH, KOTO-
pbie TPeOyIOT HCMOMb3OBAHHA HAaAEMKHOro HC-
TOYHHKA BOAOCHAOXKeHHA, 4TO, B CBOI0 OuYe-
peab, OKa3blBAET Cepbe3HOE BIHAHWE Ha ypo-
BEHb BO/Abl B ApanbCcKoM Mope. B To e camoe
BpeMA, HeobBXOAHMO AHBEPCHHLHPOBATL H
YBEIH4YMBATb TMPOM3BOACTBO NpPOAOBONbCTBHA
A0A TOro, 4roObl NPOKOPMHTL GLICTPO pacTy-
liee HaceneHHe, H OAHOBPEMEHHO NoAAEPKH-
Barb NpPoN3BOACTBO XOMKA, ABAAIOWIErO eqnH-
CTBBE€HHbIM HCTOYHHKOM, HHOCTPaHHOH BaliOThI
Nno KpadHeH Mepe B TpeX H3 3THX CTpaH
(YabekncraH, TaKHKHCTAH H TyPKMEHHCTaH).
JTa nporpaMMa CTOHMOCTbI0O 3 MAH. IKIO
npeAycMarpHBaeT oKka3aHve MoMoluH Ha rocy-
AAPCTBEHHOM YPOBHE C LIe1bl0 CO3/JaHHA CTPYK-
TYpbl A0A 3¢pPeKTHBHOrO ynpasneHnsa BOAHbI-
MH pecypcaMH H HX HCMOAb30BAHHA, A TaKXKe
BbIPaOOTKY CTpareriyd pasBHTHA MPOMbIILINEH-
HOCTH H CenbCKOro XO3AHCTBAa, KoTopasa Obl
rapaHTHpoBana yCToM4HBoe obecreveHHe BoO-
AHBIMH pecypcaMH,

~ To assist at the regional level with the

establishment of the institutional struc-

ture required to prepare and execute the

policies and strategies to give effect to

the agreed framework on water alloca-
_tion and management.

The project will address issues conceming:

- The legal basis for intemational and
national water resource apportionment
and utilisation, giving due recognition to
the environmental needs of the Aral Sea
Basin:

- The allocation between economic sec-
tors and users bared on criteria which
are economically equitably and ecolo-
gically sound;

- The productive use of water based on
principles which, while being economi-
cally and equitably sound, give proper
regard to preservation of quality and
down stream weages;

- To assist the Member States of the Aral
Sea Basin to obtain more effective
utilisation of existing operating system
and institutional infrastructure while
introducing economic concepts which
include placing a value on water together
with environmental accounting to create
awareness of the real benefits and
dangers of pursuing existing policies and
practises and adopting new ones.

- To assist the Member States of the Aral
Sea Basin to develop new technologies
and practises in the allocation and
management of water resources for the
primary users in agriculture and those
other sectors whose demands for water
are large or environmentally hazardous.

Another task implicit in the project will
be the installation of a suite of data-bases
and information, management systems which
can be integrated to provide an increasing
capacity to develop and manage the water and
land resources of the Basin and its Member
States.
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3T0 NpoeKT perHoHanbHoro Macwiraba v oH
HMeeT caedyloluHe LeaH:

- Co3gaHHe aAMHHHCTPATHBHbLIX H TEXHHYe-
CKHX CTPYKTYP B paMKax KOTOpPbIX MNATb
rocyaapCcTB, pacnonoXeHHbix B 6accefihe
ApanbCKOro Mop4 (rocyaapcrsa-aeHbl) MOryT
pazpabarblBaTh MONNTHKY, CTapTerHio W npo-
rpamMMbl Pa3BHTHA B 061aCTH YTHAH3AUHH,
pacnpegeneHHA W ynpabBneHHA BOAHbIMH pe-
cypcamn OGacceriHa ApanbCKOro MOpA.

— OKazaHHe NOMOILH Ha PerHOHANbHOM YpOB-
He B fiene CO3AaHNA OPraHN3aLrOHHON CTPYK-
TYpbl, Heob6XoaAHMOM AMA MOArOTOBKM H
OCYILECTBIEHHA TMOAUTHKH H CTpaTerHH,
obecrnevHBaloWHX PeanH3alHi0 PaMOYHbIX
cornalleHHi Mo pacripejeneHuio H ynpasne-
HHI0O BOAHBIMH pecypcaMH.

10T MMPOEKT KacaeTCA BOINpOCOB, OTHOCH-

IHXCHA K:

- NpaBOBbIM OCHOBaM pacnpeaeneHna H Hc-
MONb3OBAHHA BOAHBIX PECYpCOB Ha HalHO-
HalbHOM H MeXHaLUHOHANbHOM YPOBHAX,
KOTOpble AONXKHbIM 06pPa3OM  YUHTHIBAIOT
aKonornyeckne Hyxapl 6accedHa ApanbCKoro
MOPpA;

- pacnpegeneHrio BOAbI MeX4y BOAONONb-
30BaTeAMH H CEKTOPaMH IKOHOMHKH, OCHO-
BaHHOE Ha KPHTEPHAX SKOHOMH4YECKOro paB-
HOIpaBHAH YKOOrHHeCKOH 060CHOBAHHOCTH;

- MpPOAYKTHBHOMY HCIONb3OBAHHIO BOAbI HA
OCHOBE TMPHHLMIOB J3KOHOMHYECKOTO paB-
HOMpPAaBHA H SKOIOTHYECKOH 0DOCHOBAHHO-

CTH, AAIOLHX npaBHﬂbelﬂ B3raaa Ha coxpa-
HeHHe KavyecTBa H Ha 30HbI, pacnonoXXeHHble
HHAKE NOo TEYEHHIO;

— OKa3aHHIO MOMOLUM rocydapcrsaM-dyneHaM,
pacrnonoxeHHbiM B OacceriHe ApanbCKoro
MOpA, B gerie AocTHHKeHHA bBoaee a¢pderrns-
HOIO HCMONb30BaHHA CyLIECTBYIOUIHX CHCTEM
ynpaBneHHA # OpraHu3auHOHHOM HHGppa-
CTPYKTYpPLlI NPH BBEAEHHH 3KOHOMHYECKHX
KOHUENUHH, KOTOpble BKAKYAIOT MpHAAHHE
BOAE CTOMMOCTH C YY€TOM 3KOOTHYECKHX
acneKkToB A1A TOro, 4robb! CnocobGCTBOBATH
OCO3HAHHIO peanbHbIX BbIroA H OMacHOCTEH,
BbiTeKalOlNX H3 COBPEeMeHHON TONWTHKH H
NPaKTHKHH, & TaKXKe MOTYIUHMX BO3HHKHYTH B
cfiyqyae nepeopHedTalHH Ha HOBbIE;

~ OKa3aHHK NMOMOIHH rocydapcrBamM-vaeHam,
pacnonoxeHHbIM B 6accedHe ApanbCKoro Mo-
PA, B neqne pa3pabOTKH HOBBIX TEXHOMNOTHA H
cnocoGoB pacrnpedeneHna H ynpapaeHus Bo-
AHbIMH pecypcaMu AnA NepBHYHBIX BOAOMONb-
3oparefied B CelbCKOM XO3AHCTBE H B TeX
CEKTOpax 3KOHOMHKH, KOTOpble noTpebanior
O4e€Hb MHOTO BO/Ibl HH ABAAIOTCA ONACHBIMH
ANA OKpyzKaioulen cpeabl.

[pyroH HeABHOW 3ada4ed MpoeKTa ABAAET-
cA BHeApeHHe KoMnnexTa 6a3 AaHHbIX, a TAKKe
HH¢OPMALHOHHBIX CHCTEM H CHCTEM YIpaBae-
HHA, KOTOpble MOraH Gbl 6bITh HHTEIPHPOBAHDI
C Lenblo yBennieHHa BO3MOKHOCTEH pa3BHTHA
M ynpabieHHA BOAHBLIMH H 3€MenbHbIMH pe-
cypcaMmn baccedHa ApaabCKOro MopsA H B
rocyaapCrbax-4eHax, Ppacrno/iloxeHHbiX Ha
€ro TEPpPHTOPHH.
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PA3BHTHE MPOEKTHPOBAHHA B BOAHOM
XO3AACTBE, NPEACTAB/IEHHOE MOAENBIO
KOONEPALIMH BROCHIER - NAPTHEP

b. Xarne, AHniioMHpPOBaHHBIH HHXEHED

ObbearHeHHe OOPa3YIOLIMXCA CTOMHBIX BOA
C lenbi0 YCTPaHeHHA OTX040B ABNACTCA

aKkTyanpbHoW 3agader. [Ipy 3TOM [(IPHXOAHTCH

CTAMMKUBATHCA CO CAeQYIOLIHMH BOIPOCaMH H

npobaemamu:
MHHHMH3ALHA  CTOHMOCTH: KaK  MOMXHO
obecrieynTb  AONMOBpEMEHHOE  COY€TaHHe
HH3KOH n coLpanbHo npHeMaeMon
CTOHMOCTH OYHCTKH CTOYHBIX BOA?
obeciiedeHe  KadecTsa: Kak  MOMHO
obecrieduTs MakcHManbHO  3¢ddeKTHBHOE

coueraHue cOOpa CTOYHBbIX BOJ, KayecTBO
OYMCTKH BOAbl C 3KCIayaralnen OYMCTHbIX
COOpPYXKEeHHH H CeTH?
pasrpyaka obuectserHoro 6Gilomkera: Kak
MOMHO  CoveTarb [MpH  HanpAXeHHOM
6lonKeTe HMHBeCTHLHM B Cchepy OYHCTKH
CTOYHBIX BO/, He Harpyxasa 3TiM GloaXxer H
He TepAfd CBOEro BAHAHHA Ha mpouecc?
Tyt pelueHus,
OrBeTbl Ha 3TH aKTyarnbHble BOIPOChI AAIOT
npHuMepbl pellleHns 3tMX npobrnem B Cakco-
HHH.

[ipeacraBneHHan Moageb Koomnepauun
Brochier - napTHep no3soaseT:
pa3rpy3HTb KOMMYHaNbHbIA Goaer

ryTeMHe3aBUCHMOro  (OPMHAHCHPOBaHHA TMpH
OTKa3e OT pPEKOMEHAAUNA KOMMYHATbHBIX

cayx6;
NOAYYNTH HATOTOBbIE (IbINOTDHI;

aobnrbea  MowHoro addexra, Onaroaaps
CKOOPAWHHPOBAHHOMY, 5KOHOMHYHOMY
(pHHAH-CHPOBaHHIO, CTPOHTENbCTBY H

AKCHAYATALUA COOPYKEHMH A O4YHCTKH
CTOYHBIX BOA,

PROJECT DEVELOPMENT IN THE EAST PART
OF GERMANY THE BROCHIER PARTNER
MODEL

B, Heine

Present situation:

A newly formed wastewater treatment or-
ganization is in the need for solutions for
their actual duties in the wastewater treat-
ment field. Their questions / problems are:

to minimaze costs _
how may the organization instal and secure
low and social - accepted wastewater rates

to ensure quality
how may the organization with minimal
wastewater rates maximize and secure the
quality of the water, the wastewater treat-
ment plant, the sewer system and the op-
eration of the sistem- not to increase the
budget of the community how may the or-
ganization invest into the wastewater field
without a negative influence to the budget
and without losing the management of the
operation to a private investor.

The Brochier Partner Model gives answers
to these questions:

the budget of the community is not used
for the financing-

a guarantee given by the community is not
obligatory

tax reductions are possible

synergy effects are given because of the
combined, coordinated and inexpensive of-
fer: financing, construction and operation of
wastewater treatment plants
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BOAOXO3ANCTBEHHAA CTPAXOBAA
NOMHUTHKA H EE ¢QOPMHPOBAHHE HA
, COBPEMEHHOM 3TANE
]
IHleBuernxo KorcranTHH HBaHOBHY K.T.H.,
LTy Imma MHXAA/TOBHAa HH.
AO ‘BoafiHHHugo mll oexr’

TE3HCbI

Cpean dJpe3BblMalHbIX CHTYallMA NOpPHPO/-
HOIMO H TeXHOreHHoro Xxapakrtepa (HC) Ha
nboabiurie yuiepObl Ha TeppHTOpHH Pocchu
NpeACTaBAAIoT NMPOLECChl, CBA3aHHbIE C Bpea-
HbIM BO3AeHCTBHeM BOA: HABOAHeHHHA, 3acyxa,
cefH, pa3pyllleHHA THAPOTEXHHYECKHX COOpY-
XKeHni, aBapnH Ha BOAO3alOpax W Ha KaHa-
(IN3aLHOHHBIX CHCTeMaxX, mnepepaborka Oepe-
rop BOAOXDAHHU(IHLI H MOpeH H TIp.

Crnxuitble 6eACTBHA, CBfA3aHHble C BOA-
HbIM (AKTODOM TNPHBOAAT K 3HAYMTENbHBIM
NOoTEPAM 3KOHOMHYECKOro, COLMaIbHOIO H
3KOMOTHYECKOro  Xapakrepa;  NPHBOAATCA
ywepObl, CBA3aHHble C BPeAHbIM BO3/EH-
CTBHEM BOJ, B T.Y. ylliep6 OT HaBOAHeHHH B
1994 rogy.

Yiepbbl OT NPHPOAHBIX CTHXHAHBIX Oea-
CTBHA He yMeHbUIAlOTCA BO BpPeMeHH, a HMe-
IOT YCTOMYHBYIO TEHACHUHMIO K POCTy, HECMOT-
pA Ha TMOCTOAHHO OCYLUECTBAAEMble BO BCe
6onbinx ofbeMax MpeBeHTHBHbIE MepONpHA-
THA; H3araloTc OCHOBHbIE MPHYMHDBI.

OTCYTCTBHE earHOW TOCyJapCTBeHHOH TMOo-
IMTHKM N0 MpeaoTBpallleH o ymepba =~ or
. CTHXHHHBIX TMpPHPOAHBIX W TEXHONPHPOAHDLIX
6eJCTBHA NPHBOANT K HEMOTOBHOCTH K 3¢-
(beKTHBHBbIM AeACTBHAM MO IpedoTBpalleHHIo
H (HKBHAALMH TMOCIACTBHA 4pe3BblYanHbIX
CHIyaLHH, ocobeHHo MpH KpymHoMacliTaOHbIX
Karacrpodax.

B MHpOBOH NpAKTMKE B YCIOBHAX PbIHKA
¢dpuHaHCHpoBaHHe MepONpHATHA NO (WKBHAA-
unn YC oCyluiecTBAAeTCA rocyaapcTBoM C Mo-
MOIlbIO MeXaHH3Ma CTpaxOBaHMA; MPHUBOAHTCA
npuMep CUIA o MarepraaaM MyOanKauyn.

HMaMeHeHne XO3AHCTBEHHOW KOHBIOHKTYPbI
B PoccHn HemnmoCpedCTBEHHO CKasbIBAaeTCH Ha
Focblogkere W Ha pa3BHTHM CHCTEMbl CTpa-
XoBaHHA, 4TO TpeOyeT HOBbIX pelleHHA 1o
B3aMMOAEACTBHIO TroOCYJapcTBa M CTpaxoBbiX
cayx6 B BOMpocax CTpaxOBaHHA KPyNnHoMacll-
TaOHbIX PHCKOB, TAKHX, KaK HaBOAHEHHA.

INSURANCE POLICY IN WATER ECONOMY AND
ITS FORMATION AT MODERN STAGE

Shevchenko Konstantin Ivanovich, Candi-
date of technical science

Shpitz Emma Michilovna, eng.

Joint stock venture 'VodNIlinformFProject’

THESES

In Russia floods, droughts, mud-torrents,
hydrotechnical structure failures, headworks
and sewer-pipes breakdown, marginal degra-
dation and other processes related to haz-
ardous influence of water cause the greatest
damages among the extraordinary situations
(ES) having natural or technogeneous charac-
ter . :

Natural calamities related to hazardous in-
fluence of water cause the considerable eco-
nomic, social and environmental losses;
damages due to the hazardous water influ-
ence are presented including flood damages
in 1994, :

Losses due to natural calamities are not
decreasing in time, but steadily are increasing

~in spite of growing preventive measures; the

main reasons for this are also presented.

The absence of the unified state policy for
natural and technogeneous damage preven-
tion results in the unreadiness to counteract
the ES and to eliminate their consequences
especially in the case of the large disasters.

In the international practice under market
conditions measures for elimination of the ES
consequences are financed by the state
through insurance., A case from the USA .
practice according to the literature cited is
also included in the report.

The market statc in Russia influences the
state budget and the insurance practice di-
rectly. This situation requires new decisions
in order to organize co-operation of the state
and of the insurance agencies in the field of
the insurance against large risks such as
floods.
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POCKOMBOAOM pa3paboTaHbl OOOCHOBhLIBA-
IOlHe MarepHanbl, TMOCTaBleH BOMpoC B
MpaBnurensctee PP o paspaborke Kommnaek-
CHOM TroCydapCTBeHHOH rporpamMbl M0 Mnpo-
THBOTIABOAKOBOA 3alllMTe TeppHTOPHH PoccHH
OT HaBoAHeHWH, pa3paboTaHa KOHLENUWA
CTPaxoBaHHA OT HaBOAHEHHA, CTpaxoBaHHe
Boaonortpebaenns (Bogosabopa) H BOAONONb-
30BaHHA. :

~ OTanyHe  BOAOXO3ANCTBEHHOrO - CTpaxoBa-

HHA OT CTPaxXOBaHHsA APY'HX DHCKOB COCTOMT
B BO3MOKHOCTH oOnpededqeHHa  BepOATHOCTH
nporHo3za coObITHH; NPH CTPaxOBaHHH OT Ha-
BOAHEHNA MOryr ObITh HayyHO OOOCHOBaHbI
CTpaxoBble HOPMaTHBbI, 3aBHCALUHE OT MAPO-
AOTHYECKHX YCAOBHA H  MeCTONOI0KeHHUsA
0ObeKTOB CTpaxoBaHMA Ha NOAMax pekK.
BodoXxo3AACTBEHHOe CTpaXxOBaHHe KaK KoOM-
NIeKcHasa 3adada [O0XKHO MPOBOAHTLCA B CO-
OTBETCTBHH C HaydHO OGOCHOBAHHOW Npor-
paMMo¥i YyrnpasieHusa NPUPOAHLIMH pecypcamn
pex.

lpeaaaraerca co3gaHue eaMHON rocyjap-
CTBEHHOM CHCTEMBI BOAOXO3ANCTBEHHOrO
CTPaxXoBaHHA, CNocoOCTBYIOWEH COLYAIbHON
3aiimre obulecTBa M PaLMOHABHOMY HCNO(b-
30BAHHIO 3eMellb B MOTeHUMaAIbHO OfacHbIX
30Hax.

Bogoxo3ancTBeHHOe CTpaxoBaHHe ABIAETCH
yacTeio obuied BOAOXO3ANCTBEHHOW MOHTHKH
HAa TEePPHUTOPHAX, MNoABEPKEHHbIX BpPeAHOMY
BO3/IEVICTBMIO BO{, HOCHT XapaKTep OTpac-
(1eBOM 3ada4H, ABAACH B TO JKe BpeMA (yH-
KLHen crneuann3npoBaHHbIX CTpaxoBhbiX
cayxd 1o OCYLIeCTBAeHHIO CTPaxoBOH [es-
Te(IbHOCTH,

OCHOBOW BOAOXO3HHCTBEHHOH CTPaxoBOH
MOUTHKH IOAAKHBI CTarh MPaBOBble M 3KOHO-
MHYeCKHE pbIYarn peryaqupoBaHHA 3eMaenolib-
30BaHMA H XO3AHCTBOBaHHA Ha 3eMdfX B Mo-
TEHIMANbHO- ONAacHbIX 30HaX; MNPHBOAATCA
OCHOBHBIE MNOMIOKEHHA [0  YCTaHOB(AEHHIO
ocoforo pexvMa XO3ANCTBEHHOH [EATeNbHO-
CTH Ha MaBOJAKOOIACHbLIX TEPPHTOPHAX,

Bogoxo3faHCTBeHHOE CTpaxoBaHHe AOMKHO
BBIMOHATHLCA KaK B3aHMOBBINOAHOE coraalie-
HHEe Mexay y4aCTHHKaMH BOQOXO3AHCTBEHHOIO
KOMIINeKca, CTPaxoBbIMKH OpraHu3auvaMH, H-
3HYeCKMMH H IOpHANYEeCKHMH AYMLaMH H rocy-
AApCTBeHHbIMH OpraHaMH, Npeglaraercd cxe-
Ma opraHu3alMH CTpaxoBblX (oHA0B Ha ce-
AepaNbHOM, PerMOHaNbLHOM (MeXpertoHalbHOM
- GacceMHOBBIM) YPOBHSX. '

TIPMBOONTCA KOHLEINLMA CHCTEMb! rocygap-
CTBEHHOINO peryaupoBaHHA CTPaxoBOH Jded-
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ROSKOMVOD has developed the substanti-
ating documents and has made an inquires
to the Russian Federation (RF) Government in
order to develop the comprehensive state
program for flood protection of the Russian
territories. It also has developed the concept
of the flood insurance, water consumption
(water inta-ke) and water use insurance.

The difference between water economy in-
surance and insurance against other risks
consists of the possibility to calculate prob-
ability of the insured event in the former
case. For the flood insurance the standards
may be substantiated in the scientific way
considering the hydro-logical conditions and
the location of the floodplain objects to be
insured. Water economy insurance as com-
prehensive task may be implemented in ac-
cordance with a well grounded scientific pro-
gram for a river resources management.

It is assumed the unified state insurance
system to be developed for water economy
which would promote social protection of the
society and rational land usage in hazardous
areas,

Insurance is the part of the common wa-
ter economy policy at the regions subjected
to hazardous water influence and is the
branch task being at the same time the func-
tion of the special insurance agencies.

Legal and economic means for land usage
and management regulation would become
the base of the policy for water economy in-
surance for potentially hazardous zones; the
basic propositions are presented for setting
up special regime for economic activity on
the flood-hazardous regions.

Water economy insurance must be imple-
mented as mutually beneficial agreement be-
tween members of the water economy com-
plex, insurance agencies, individuals, juridical
persons and the state authorities; scheme is
proposed to arrange insurance funds at the
federal and regional (multireagional and mul-
tibasin) levels.

The concept of the state system for the
flood insurance activity control is presented.
It includes :



TEAbHOCTBIO TNPH CTpaxoBaHHH OT HaBO/He-
HHH, BKAKOYAIOLLAN:

- nprHUMnbl obA3arenbHoro H aAo6poBoOab-
HOrO CTPaxoBaHHA;

- co3gaHne degepanbHoro ¢oHaa rapaHTHH
" nepecTpaxoBaHHA OT HaBOAHEHWH;

- 3KOHOMHYECKOoE€ CTHMyIHpoBaHHe H (IHLEH-

3HOHHYIO AEATENbHOCTb IPH CTPaxoBaHHH;
- OpraHu3alMIo CHCTeMbl HaydHoro obeche-
YeHHA CTPaxoBOH AeATEebHOCTH;

- nHdopMalHio HaceqeHWA H BaacTed o
¢axTopax pHCKa.

H3naraloTrcAd  BONPOChl  CO3aHHA  @OHHOM
HOPMAaTMBHOA M MpaBoBOM 6a3bl MO CTpaxo-
BaHHIO OT HaBOAHEHHH Ha YpoBHe [IpoeKkTta
3axkoHa Pd 'O CTpaxoBOH 3aUIMTe OT HaBO-
HeHHH'.

- principles for obligatory and voluntary in-
surance; N 3
- establishment of the state fund to quaran-
tee the reinsu-rance against flood;

- economical stimulation and licensing for
insurance;

- organization of the scientific substantiation
for the insurance activity;

- information of the authorities and the pub-
lic about possible risks.

Questions are stated about formulation of the
unified legal and standard foundation for the
flood insurance at the level of the RF Law
‘About insurance protection against floods'.
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CHCTEMbB! BOAHbIX TAPHDOB
H DKOHOMHYECKHE YC/OBHA
BOAOOBECINEYEHHA

llesinnn Teorna BOPHCOBHY, KaHA.
IopHaAnYECK. HayK. FAH

[nA BOAOXO3AACTBEHHbLIX opraHusauun (BXO)
Hanbonee MpOCTbIM B YrOTpebneHnn ABIAETCA
OMHAKOBBIA 18  BCeX OHEHTOB
ManbHbiA TapH¢ (taba 1),funa: '5 pybaen za
Kamablii KyGOMeTp BOAbi, NpeaoCcTaBAeHHbIA
aboHenTy'. Ho Taprd Takoro THMma He Bcerga
6bIBaeT ONTHMANBHBIM,

HOp- .

THE WATER TARIFF SYSTEM AND ITS
DEPENDENCYON THE ECONOMIC CONDITIONS
OF WATER SUPPLY

Sheynin Leonid Borisovich, Cand. of
Jurisprudence, RAN

Water supply organizations (WSO) offen
prefer the simpliest tariff pattem of the
following style: '5 roubles per 1 cubic meter
of water’, this pattem may be called * the
normal tariff .(Table 1).

Tabauua 1. OpraHH30BaHHbBIN BOAHBIA PbIHOK:

3aBMCHMOCTb Tapi¢OB Ha BOAY -OT 3KOHOMHYECKHX YCOBHHA BogoobecneyeHus

JKOHOMHYECKHE YCIOBHA Tuns! TapnugoB [lpuMeuatre .
1)PaBHOMEpHBIN CNPOC Ha HopManbHbIA
BOAy BCeX abGOHeHTOB;
OHHAKOBOE HX reorpadpu-
YecKoe MonoxKeHHe
OTHOCHTE(IbHO COOpYAKeHHH
BXQ; OAHH BOAOHCTO4YHHK.
2)HeoanHakoBoe yganeHne 3oHabHbif
abOHEHTOB OT COOpYXeHHH
BXO.
3)HepaBHOMepHbIA CrIpOC Ha AByXCTaBOYHbBIA
BOAY B Te€YeHHE CYTOK.
4)HepaBHOMepHbIA CTpoC Ha [ByXCTaBOYHBIA
BOAY, KaK pe3yabTar HaaH4HA
y aboHeHTOBCOOCTBEHHBIX
HCTOYHHKOB BOAOCHAOKEHHA. .
5)BXO obnagaer H3ObITKaMH (TbrOTHBIA
BOAbI; HaNUYHe Marolarex-
HbIX aOOHEHTOB M/HaH
aboHeHTOB, HMEIOLLHX
anbTepHaTHBHbIE HCTOYHKH
BOAOCHabXKeHus.
6)Hannyne HeCKObKHX pa3HoO- HapaupeaeMbin OnpegenAeTcA pacyeTHas
yAaneHHbIX BOAOHCTOYHHKOB. goan Kamaoro aboneHTa B
norpe-GneHny feieBon M
AOPOrort BoAbl
7)AeprUHTHOCTL BOADI, MoBbimeHHbIA INoBblIeHHBbIA TapHd aed-
CTBYeT B OTHOLUEHHH TeX
€ANHHL BO/bl, CNPOC Ha KO-
TOpbie NpeabABaseTr 6odee
YeM O4WH [IpeTeHAeHT CyMMa
npeBblWIeHUA TapHda Haf
HOPMabHbIM NepejaeTca ro-
CyAapCTBYy.
8)BX0O Hecer NOBLILLIEHHbIA [UCKPUMHHALIMOHHBIA [JeACTBYIOT B Te4eHHe onpe-
PNCK, Co3/laBafd MOLIHOCTH, HE AeflHHoro yHcaa aer BXO
obecneventbie B Y4acTBYIOT B MPHOLINAX CBOHX
3aKoHe.3aABKaMH Ha BOAYy. aboHeHTOB
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TABLE 1. The organized water market:
the tariffs Jependency on the economic conditions of water supply

Economic patterns The type of tariffs Notes
1.The stable and uniform ‘Normal"
. demand.
2.The various dispositions of Zonal
the customers relative to the
WSO'water works
3.Uneven demand during day Two-tiered
and night, _
4.0Occasional demand of Two-tiered
some customersbecause they
have access to the alter-native
sources of water.
5.W80 possesses the Variable
surpluses of water -because:
a)some customers could not
paythe normal tariff, b)some
customershave access to the
alternative, morecheaper,
sources. _
6.WSO possesses more than Incremental The water of the cheapest
one sources of water the unit source is rationed, so each
costs of water of:each of the of the customers pays the
sources are different. lowest tariff,while using the
firstportion of water, then-
higher tariff, while using
the second portion, etc.
7.Deficiency of the available Raised The raised tariff is applied
water. only to that part of
available water which
isdemanded by more than
one customer. .
8.WSO bears the abnormal Discriminative - The duration of such tariffs
risk due to - the unassured must have ting time limits.
demand of water. :

Ha HrHe-KaMCKHX  BOAONpOBOJax B
TarapcraHe MPHMEHAIOTCA 30HalbHbIE TapH-
bl gaA onTOBLIX TOKynarened soanl. Ipn
aToM Hambornee yaaneHHbie OT p.Kambl
aboHeHTbl, Hanpumep BogokaHan r. Byrynb-
Mbl, NOATHT 3a Body CyllecTBeHo Oodablie,
yem Oanxuvie, wanpumep Bogokanan r.Hwu-
JKHeKaMcKa. :

Ecan BXO obaagaer MOWHOCTAMH  Aas
YAOBAETBOPEHHA TMHKOBbIX NOTPebHOCTEH B
Bode, TO onpasdaHa anddepenuyaums
TapuOB B pa3sHOe BpeMA CyTOK HaN Ke
yCTaHOB(leHHe TaK Ha3biBaeMbiX ABYXCTa-
BOYHbIX TapHdop [locaeaHHe eaarenbHb
TaKXKe B TeX CcayvasdX, Korga HeKoTopbie
aboHeHTb!l HMeloT COOCTBEeHHblE HCTOMHHUKH
BOAOCHabMeHnA W oOpaulaloTcs K ycayraM
BXO avub BpeMa oOT BpeMmenn, B oTeve-
CTBEHHOA MNpaKTHKe ABYXCTaBo4Hbie TapH(pbl

Some WSO of the Lower Cama basin, in

Tatarstan, use the zonal wholesale tariffs
which depend on the distance of
transportation of water. For instance, the

Water Works Department of remote Buhulma
town pays dearer for each water unit
received, than its counterpart of Nizhnecamsk
town cituated near the common water
source, Cama river,

If part of WSO' capacity is intended to
supply water only during the certain hours of
the day it is justified to discriminate the
users and to fix the increased tariffs during
those hours, or time 2oning tariffs
Alternatively, one can establish the system of
two-part tariffs This last system is fit, as
well, in the cases when some water users
demand water only occasionaly because they
have access to some other water sources. In
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NPHMEHAIOTCA TIPH TPOJAXKe 31EKTPO3HEPrHH
KPYNHBIM NOTpeOUTENAM; B BOAHOM XO3ANCTBE
OHH HE H3BECTHBI.

{IsrotHble Tapudbl B OTHOWEHHWH omnpeae-
NeHHbIX abOHEHTOB YMeCTHBl NpPH HaNH4Hy y
BXO H3bBITKOB BOabl, KOTOpble OHa He MO-
KeT peand3oBaThb MO HOpMabHOMY TapHdY.
(IbrOTHBIA Tapu¢ NpH BCEX YCIOBHAX OMKeH
ObiTh Bblllle, 4YeM ydenbHble ONepalHOHHble
3arparbl BXO. /lbrotHble Taphgpnsl onpabaaHbl:
a)IA ManomnaateHbiXx aboHeHTOB, O)aaA
aOOHEHTOB, HMMEIOWHX OTHOCHTENBHO Aellle-
Bbie BApHaHTbl aNbTepHATHMBHOIO MOAY4YeHHA
Bodpl. [IpHMeHeHHA Takux Tapudgos B Pocchu
He Hn3BectHo. Ecan BXO 6asupyetca Ha
HECKObKO BOAOHCTOYHHKOB C HEOANHAKOBOMN
yAeabHOR CTOMMOCTBIO BOAbI B KaKaoM H3
HHX, TO KOHOMHYECKH KeaareabHbl Hapally-
BaeMmble Tapr@bl

Jra tapndHad crcTeMa rnpegnonaraer oTrkas
OT YycpeaHenHua 3arpar BXQ Ha Boay H3
pa3HbIX HCTOMHMKOB. Boga H3 Kamdoro
MCTOYHHKA TapH(HULMPYETCA NO OTARILHOCTH.
Mpy 3TOM Kaxabii aboHeHT, npemae YeM
HayvHaTh ONAauMBaTh noTpebaAeMylo MM BOAY
Nno HaupbicileMy TapHdy, HMeer npaBo Ha
HCNONb30BaHHe HeKoToporo obbheMa BO/Abl 110
6onee HM3KOMy Tapudy. JreMeHTbI CHCTeMbl
HapallupaeMbIX TapudoB INpPHMEHAIOTCH B
[léHBepe H HEeKOTOPLIX APYrHX aMepHKaHCKHX
ropogax (Momris, 1991). B cay4ae HeXBaTKH
BOABI A0MKeH AeACTBOBarh MNOBbILUEHHbIA
rapnd, Ho cdepa ero AEHCTBNA AONKHA
3aBHCeTb OT oObeMa MOBbILIEHHOro Crpoca.

Ecan aTor cripoc pacrnpoCTpaHAETCH Ha BCIO
HagHMHYI0 BOJY, TO KaKdad edeHHua BO/bl
AOMXKHA  OTIYCKabCA MO  MOBbILIEHHOMY
tapndy. Ho ecan orcekaeMaa rpynna
npeTeHaeHTOB Npeqb-ABAeT CMPOC TOMbKO Ha
yacTb HaIM4HOM BOAbl, TO TNOBBILIEHHbIA
Tapud AoameH AeACTBOBaTb TOAbKO B OTHO-
INeHHH oToH 4acTtd. [loBbllleHHaA = CoCTa-
BAmOWaA Tapuda AO0MKHA, B KOHEHHOM'
urore, nepegabarbca B OlofkeT TOA TeppH-
TOPHANBHON eJeHnUbl, KOTOpaA MO 3aKOHY
O6yser npu3HaHa COO-CTBEHHUKOM BOAHbIX
pecypcos (IllednnH, 1988). Ecan BXO
CO30AI0T PHCKOBaHHbIE MOIUHOCTH, He obe-
cneédyeHHble 3asBKaMM abOHEeHTOB, TO 3KO-
HOMHYeCKH Le1ecooOpa3Ho MpeaoCTaBUTbHM
NpaBO B Te4YeHHe ONpeae]eHHOro 4Mcaa aer
NPHMEHATb [MCKPUMHHALMOHHBIE Taphdbl |,
Kotopple  nosBoasior  BXO  ydacTBOBaTb
BAONOAHMTENBHBIX NpnbBIIAX HMX  aboHen-
TOoB, ODYCOOBAEHHBIX pAeATenbHoCcTblo BXO.
TakHe TapHdbl MPHMEHAIOTCH Ha  HeKoTo-
PbIX HPPHraUMOHHBIX CHCTeMax Ha 3anage

Russia such tariff system is uSed in the field
of electricity supply; in water supply branch it
is unknown.

Variable tariffs are fit when the WSO
posseses somesurpluses of water which it can
not sell by the nommal tariff. The variable
tariffs are fit for such users, who: a)either
can not pay the normal tariff, b)or possess

_the altemmative sources, water from which is

cheaper than water of WSO. In Russia thereis
no such tariff system in the ‘“explicit® form.
Many WSO abstract water from more than
one sources, the unit cost of water to be
different according to the source. SuchWSO
usually ‘'even' these costs to develop the
single tariff. But this practice is not optimal.
It is more rational to set the system of
incremental tariffs The customers would pay
the lower ariff for the first (cheapiest) portion
of water, the incremental tariff would be paid
for the second portion, etc. .

This system secures that the customers
would economize the cheap (first) portions of
water as if they were the most expensive,
because the customers know that after using
their first portions of cheap water they would
pay the higher and higher tariffs for the next
portions. Some elements of this tariff system
were developed in Denver (Morris, 1991) and
some other American cities.

a4

The raised tariffs . are fit for the critical
part of the disposable water, ‘critical’ to be
such part which is demanded by more than
one user, If the critical part of water covers
the whole available water, each unit of water
would be sold by the raised tariff. The
difference between the raised and normal
tariffs is the Govemment share, because it is
the owner of water resources. As to the
raised tariff it would be equall to the auction
price of the each unit of the critical part of
available water. There is no information on
the using of the described system of the
raised tariffs in.Russia (UleyitnH, 1988).

Some WSO develop the excessive capacities
destined for some uture unknown customers,
so they bear the excessive risk. Such WSO
would have a right to set, for a certain
period of time, the discriminating tariffs
allowing them to share the value in use of
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CIIA. KX HeaoCTaToK 3akao4yaercad B TOM,
YTO OTCYTCTBYET aerafbHbli CPOK, B TedeHHe
KOTOpPOro OHH MoryT dencTBoBath (Hutchins
et al., 1953).

B HeKOTOpbIX cay4adx MolnHocTH BXO npo-
€KTHDYIOTCH HCXOAf H3  ONTHMHUCTHYEKOro
npeacrasieHHa © AOCTYNHBIX pecypcax Bo-
Abl.  TIOCKOABKY TaKOA TNpPOeKT HBAAETCA
pHCKOBaHHbiM, Obino 6bl oBocHoBaHO mnepe-
KnaabiBarb 3TOT pPHCK Ha Oyaylunx mnodab-
3opareqed. ITOrO0 MOXKHO [AOCTH4Yb, €CaH
ronb3oBarean
caMH HayHyTr (HHAHCHPOBATh  CO3daHHe
BOAOXO3ANCTBEHHON CHCTeMb!, B KOTOPOH OHH
.Ecan BXO HMeeT Tak HasblBaeMble — 3anac-
Hble MOLHOCTH, nNpeaHasHayeHHble A0A
6yayminx aGoOHeHTOB, TO B MOMEHT MOf-
BaeHHA 3THX abOHEeHTOB onpaBAaHO B3HMarhb
¢ HuUX ocobbli cbop naary 3a MpHCO-
efleHeHHe, DTa r1aata JOMKHA  KOMIeH-
cHpoBatb 3arparbl BXO Ha cogepKaHne Bpe-
MEHHO MPOCTAHBAIOLHX MOLUHOCTEH.

OpraHusyloT KOOMepaTiB H -

their water with their customers. Such tariff
system was (is?) applicated by some private
irrigation systems in the U.S.West (Hutchins et
al., 1953).

Some WSO bear the risk of
overcapitalization due to the uncertain data
conceming the water resources. It is
Jjustifiable if this risk would bear the
customers of WSO. Bearing the risk the
customers must have a right to decide: when,
how and whether to develop the capacities of
WSO, so they ought to be the owners of
WSO, forming a cooperative society ..There is
no information about such societies in the
modemn Russia (lleAnnH, 1985). When home
owners in pre-Revolutionary Russia become
the customers of their cities' water works,
they paid to local is economically justifiable.
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AHA(IMTHYECKHUE MPUBOPHI ®HPMbI
«VARIAN» A{IH OLIEHKH KAYECTBA BO/bl
e ——

A.B. BermoB, KOMMeEpPYECKHH [DEACTABHTEND,
Varian Analytical Instruments, Mocksa.

Cpean ¢$HPM, nNpoOH3BOAAIIMX aHaHTHYe-
cKoe o6opydoBaHHe, O4HO H3 BeayllHX MecT
3aHHMaeT Kopnopauua Varian Associates, Inc.
Ora ¢upMa BXoAuT B YHCAO 300 KpPYMHEHLHX
‘kopnopaunit  CIIA. Ee o6opor cocrasaser
Honee 1 Mapa,. A0NAAPOB, a WITaT ~ 0koao 10000
COTPYAHHKOB, paboTalolHX Ha MPOH3BOACTBEH-
HBIX MOILHOCTAX H B Ooaee uem 100 npeacra-
BHTENbCTBaX (HPMBI, PaCNONOKEHHbIX BO
BCEM MHpe.

AHanntHyeckoe obGopyaoBaHHe (GHPMBbI C
yCIi€XOM HCIONb3YeTCA KaK NpH MPOMbBILIIEH-
HOM aHafHn3e, TaKk W MPH MOHHTOPHHIE OKpYy-
Kawlluerd cpeabl.

dnpMa paboTaer Ha pbiHke POCCHH H cTpaH
6aumuero 3apybexba (TeppuTopHA GbIBILETO
CCCP) ¢ 1967 roga. Varian umeet IpeacraBu-
TENbCTBO B MOCKBE H aKKpedHTOB&AH [IpH
MHHHCTEPCTBE HAYKH H Te€XHHYECKOH IOAHTH-
kn P& ¢ 1990 roga. drupmMa nmeeT CBOIO CHCTEMY
nocaenpoAaXHOA TMoAaepKKH, BKAIOYAIOLIYIO
CEpBHC, cHCTeMy oOy4yeHHA W MeToA0norHve-
CKoro obecrne4veHns noab3oBaTeneH.

YHHKaIbHOA 0COGEHHOCTbIO (PHPMBI HBIA-
€TCA NOMHBIA CMNEKTP BBHITYCKAEMONO aHAMHTH-
yeckoro o60OpyAoBaHHA, MO3BOAAIOUWIMA T1O1b-
30BaTel0 He TONbKO 3aKynaTb OTAenbHble
npHOOpbI, HO H KOMIIEKTOBATh ONTHMabHbBIE
aaGoparopHH ANA PelleHHA TeX HAH HHbIX

3ajgad.

B obnacTH oueHKH KavyecTBa BoApl (pHpMa
Varian npeanaraer npHOOpbl KaKk AdA onpeae-
fleHHA TAXKebIX MEeTannoB H TOKCH4YHBIX 3Me-
MEHTOB, TaK H AaA aHalH3a OpraHH4eCcKHX
TOAIOTAHTOB.

[pHbopbl A1A 21eMEHTHOrO aHaIM3a npe/l:-
CTaBOeHbl CMEKTPOMETPAMH HH/AYKTHBHO CBA-
3aHHON naasMbl Liberty 110/220 n aroMHo-
abCcopOUHOHHBIMH  CIIEKTPOGOTOMETPAMH  Ce-
pun SpectrAA. Otn npHOOPbI MO3BOAAIOT NPO-
BOAHTb aHalH3 Boabl 6e3 npegBapHTENIbHOM

VARIAN EQUIPMENT FOR WATER
QUALITY MONITORING

A.B. Belov, Varian Analytical Instruments
Moscow, sales engineer,

Varian Associates Inc. is one of the leading
international high technology companies pro-
ducing analytical equipment with sales in ex-
cess of $1 billion annually and stuff of about
10000 employees. Its facilities and support
offices are located across the United States and
throughout the world.

Analytical instruments are successfully
used for both industrial analysis and environ-
mental monitoring.

The company is active on the former USSR
market since 1967. It has a representative office
in Moscow and is accredited by Ministry of
Science and Technical Policy since 1990. The
post-sale support system can offer you service,
training and methodological assistance.

The whole spectrum of analytical equipment,
permitting a customer not only to purchase
single instruments but also to complete
optimum laboratories for solving different
problems, is the unique distinguishing feature
of Varian.

In the field of water quality monitoring the
company offers instruments for heavy metals,
toxicology elements and organic pollutants.

Instruments for element analysis are repre-
sented by Inductive Coupled Plasma Spectro-
meters (Liberty 110/220) and Atomic-Absorp-
tion Spectrometers (SpectrAA series). This
equipment allows to analyze water without
sample preparation with high sensitivity and
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npobONOAroTOBKH C BBICOKOH YYBCTBHTEb-
HOCThIO H BOCHpOHM3BOAHMOCTBIO. (aA yabTpa
Ceg0BOro 31€MEHTHOro aHanHsa Varian nipea-
naraeT HOMHOCTBIO aBTOMAaTH3IHPOBAHHYIO CHC-
temy HCII/MC UltraMass.

l'a3o-KHAKOCTHbIe XpoMaTorpadbl B pasaHy-
HOH KOHGHrypalUHH, XHAKOCTHbIE XpoMaro-
rpadbl BbiCOKOro aaBneHna ¢Hpmbl Varian c
ycnexoM TMpHMEHAIOTCA ANA MOHHTOPHHra
OpraHHYeCKHX MOAMIOTAaHTOB B Boge. Ocoboro
BHHMAHHA 3aCNyKHBAET XPOMAaTO-MACC-CIIEKT-
pomerp Saturn 3, 061a4a0WHHA yHHKAILHOH
YyBCTBHTEIbHOCTBIO H MO3BOAIOLHA [IPOBO-
AXTb AHAIH3 "IOIHXIOPHPOBAHHBIX /HOKCHHOB
B NIHTbEBOH BOAE C NOYy4eHHEM MacC-CIeKTpa,
rogHoro Aaa 6n6aHOTEYHOro NMOHCKA.

BoablloH HHTEpec BbI3bIBAIOT HOBBIE CHCTE-
Mbl Varian gaa npoBonoaroToBKH MeToaaMu
TBepAOpasHON H CBEpX-KPHTHYECKOH 2KCTpakK-
LUHH. K HHM OTHOCATCA SKCTpaKLUHOHHbIE Nar-
poHbl BondElut H aKCTpakuHOHHbIE AMCKH
Empore™, TeepaogasHad 3KCTPaKLHA MOMXeT
6biTh AaBTOMATH3MpOBAHa NpHMEHeHHEM ABTO-
MarH4ecKTH crctembl PROSPEKT, kotopaa moxer
paGorars B pemnMe on-line C MHAKOCTHMM

Xxpomarorpacgom.

re-productivity. For ultra-trace analysis Varian
proposes completely automatic system ICP/MS
UltraMass.

GC-systems in different. configurations,
HPLC instruments provide opportunity to deter-
mine organic pollutants. GC/MS-system Saturn
3 possessing unique sensitivity analyses poly-
chlorinated dioxins in drinking water by getting
mass-spectrum fit for library identification.

New systems developed by Varian for solid
phase and supercritical fluid extraction are of
great interest. Among them are extraction car-
tridges BondElut and extraction disks Empo-
re™, The solid phase extraction may be ato-
mized by using new PROSPEKT system, which
can work in on-ine mode with HPLC-system.
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D(IEKTPOXMMHYECKNE METO/bI N

NMPUBOPbI KOHTPO/1A YHCTOTHI BOABI
D ]

Bacrases [0.5. a4.X.H.,

- Xasopa O.A. K.X.H.,

MariopoBa H.A. K.X.H.,

MuxaraoBa A.A.K.X.H.

HHCTHTYT STeKTpOXHMHH HM. A.f1. PpYMKHHA
FoccHHACKOH AKaqeMHH HayK

Pazpa6oTaHbl 21eKTPOXHMHYECKHE MeTO/bl
onpeaeneHHA NpHMeCceH OpraHHYeCKHX BellecTs
H TAMKenblX MeTannoB B Bode, obnajawoliye
BbICOKOH 3KCMPECCHOCTBIO H YYBCTBHTEb-
HOCTblo. PaccMoTpeHbl ABa MeTtoda: AAA aHa-
N34 [peABapHTeNbHO OTOGPaHHbIX Npob H AanA
noroka Boabl. Ha ocHoBe arHX MeToaOB
CO3AaHbl NOPTATHBHbIE 3EKTPOHHBIC AHANH3A-
TOpPbI, KOTOpPble MOTYT paboTaTh Kak B MONEBbIX
YCOOBHAX, Tak H B anaboparopum.

BBE/IEHHE

Onpeaenelne opraHHYECKHX COeNHHEHHH B
NPHPOAHBIX BOAAX ABAAETCA Yepe3BbiYaHHO
TPYAHOH 3ada4er BBHAy 60ablOro Komnyecraa
OpraHH4eCKHX KOMIIOHEHTOB, NPHCYTCTBYIOLMX
B BOAE, KOTOpbIE HCUHCAAIOTCA AECATKAMH, a
HMHOTAA W COTHAMH Ppa30H4YHbIX COEAHHEHHH.
Hcnonb3oBahne MeToaoB HHAMBHAyalbHOrO
onpefeneHna OTACNbHBIX COEAHHEHHH, TAKHX,
Kak XxpoMarorpadus, pasaniHble pa3HOBHAHOC-
TH CNeKTpanbHbIX MeToA0B, NongporpadHa H
Apyrvie Gonee coBpeMeHHble MeTOAb! A1EKTPO-
aHannsa, TPeOylOT AAMTENBHOrO BpPEMEHH,
MCMONb30BaHHA CAOKHOTO oGopyaoBaHMA H
CBA3AHHOIO C 3THM Hann4HA KBanH(HUHPoBaH-
HOIo nepcoHana. HHANBHAYabHBIA aHAIN3 OC-
(AOXHAETCA TaKkKe HeoNnpeAeneHHOCThio Cco-
CraBa NpHPOAHBLIX BOA, NPHCYTCTBHEM B HHX
HETOKCHYHBIX MPHPOAHBIX COeAHHEHHH, TOK-
CHYHBIX TeXHOTEHHbIX IpPHMEeceH H TAMKenbIX
MeTanaoB, KOTOpPbie MOTYT B3aHMOAEHCT-
BOBaTh Apyr C /pyroM, Aapad HOBble CoerHe-
HHA HEH3BECTHOIO Xxapakrepa. Kpome Toro,
BbIBOAbI O KayecCTBe BOAbl, OCHOBAHHbIE Ha
onpeaeneHHH OTAeabHbIX KOMIOHEHTOB, He
YYHTBIBAIOT KyMyIATHBHOIO 3(¢eKTa, a HMeH-
HO — MPHCYTCTBHE B fpobe Boapl onpeaeneH-
HbIX KOMIOHEHTOB B AOMYCTHMBIX KOHLIEHTpa-
LHMAX He rapaHTHpyeT He30NaCHOCTH ATOH Boapl,
eCIH YHCIO ITHX KOMIMOHEHTOB BellHKO.

ELECTROCHEMICAL METHODS AND DEVICES

FOR WATER PURITY CONTROL
L R e

Vassiliev Yu.B., D.Sc.,

Rhazova O.A., Fh.D.

Mayorova N.A, Fh.D.,

Mikhailova A.A., Fh.D.

AN, Frumkin Institute of Electrochemistry,
Russian Academy of Sciences

The paper presents electrochemical met-
hods of organic impurities determination and
heavy metals determination in water. These
methods is very rapid and sepsitive. One of
them provides the analysis of previously
collected samples, another gives the possibi-
lity of determining impurities in the water flow.
The portable electronic analyzers are const-
ructed on the basis of these methods, which
can be used both in field work and in Ia-
boratory.

INTRODUCTION

The determination of organic compounds in
natural water is an extremely difficult task due
to the great number of organic components.
There can be tens or even hundreds of different
compounds in water, The individual determina-
tion of a compound (chromatography, polarog-
raphy and other spectral methods of electroa-
nalysis) requires a long analysis time, complex
equipment, and qualified personnel. The indi-
vidual analysis is complicated since the
composition of natural water is uncertain, there
are non-toxic natural compounds, toxic ad-
mixtures, and heavy metals there. All of them
can interact with each other yielding new
compounds with unknown properties. Besides,
water quality data based on individual com-
ponents determination does not take into
account a cumulative effect, namely, the
presence in a water sample the components of
permissible concentrations does not guarantee
safety of this water if the number of the
components is great.

Therefore, we should turm to methods of the
water total contamination determining.

One of the water contamination criteria is the
content of total organic carbon (TOC) deter-
mined by a Beckman-type analyzer. By this
method a water sample is bumed on a platinum
catalyzer and then the content of evolving co,
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B cBA3K C 3THM Ha NepBbIH NAaH BLICTYNAIOT
MeToabl OfpedeneHHA CyMMAapHOro 3arpAsHe-
HHA BOoAbl H €e TOKCHYHOCTH. OAHHM H3
KPHTE€pHEB 3arpAsHeHHOCTH BOAbl HABNAETCA
coaepXKaHHe obuero opraHH4ecKoro yraeposa
(Total Organic Carbon - TOC), Kotopoe onpe-
Aenfercs € MOMOLIbI0 AaHAMH3aTOPOB THNA
Beckman. Merog cocrouWT B CXKHMaHHH Ha
[1aTHHOBOM KaTaaH3aTope NpoObl Boabl C
nocneayioLMM onpeaeneHieM BblAENAIOLLErOCH
CO, HK-cnekrpockonHeH HIH XpoMmarorpa-
¢pnyeckH (10). B coBpementbix TOC — aHanH3a-
Topax npoba BOAbl OKHCAAETCA B YabTpa-
¢dHoneroboMm cBete, a Bblgeasownica CO,
BoccraHaBanBaerca Ao CH, n onpeaeaserca
CNeKTPOCKONMHYeCKH. TOC — aHanH3aTopbl OTAH-
4aloTCA BbICOKOH 4yBCTBHTenbHocTblo (1-10
PPD), KOPOTKHM BpeMeHeM aHanu3a (2—-5 MHH),
OIHAKO MOTIYT HCMONb30BATHCA TONBKO B XOPO-
wo o6opyAOBaHHBIX CTALHOHAPHBIX naboparo-
pHAX H3-3a CAOMHOCTH M I'POMO3KOCTH 0GOpy-
AOBaHua, Tpebyouero KeanndHuHpoBaHHONO
o0CayKMBaHHA.

Yacro AnA XapaKTepHCTHKH cCofepzKaHHA
OpraHnyeCcKHX NpHMeced HCNoNb3YIoT OKHCAAe-
MOCTb Npo6bl BOAbl C NOMOLIBI0 XHMHYECKHX
areHToB. KoTOpasA BblpaméeTCH B Mr O,/a,
3aTpa4eHHOr0 Ha OKHCaeHHe npobbi (9,16)
(Chemical Oxygen Demand - COD nan Total
Oxygen Demand - TOD). TOD - aHanH3aTopbl
06BbIYHO KOMMOHYIoTCA BMecTe ¢ TOC — aHanu-
3aTOpaMH W HMEIOT TakHe 2Ke OTAHYHTEnbHble
0COOGEHHOCTH.

[IpH OTCYTCTBHH aBTOMATHYECKHX aHanH3a-
TOPOB [PHMEHAIOT «MOKpPBIE» METOABI Orpese-
IEHHA XMMHYECKOTo noTpebneHHs KHCaoposa
(XIIK), no pesyasTaraM aHaaorh4yHble COD,
OCHOBAHHble HA KHIMA4YEHHH MNpobbl BoAbl C
OHXpOMATOM KanHA B CHABHO KHCIOH cpede B
TeYeHHe 2 4acoB C NOCaeaylowWHM olpeaede-
HHeM pacXxofla OKHCAHTE(A THTPOBAHHEM HH
onpegeneHrHeM Bblaendouleroca CO, KynoHo-
metpHieckn (11). Oror meroq He Tpebyer
Aoporocroallero o6opyaoBaHHA, OAHAKO He
obnaaaer BBICOKOH YyBCTBHTeNLHOCTBIO (1-2
en.XIK), Tpebyer 6onblloro BpeMeHn AaA
aHanv3a H NPHMEHEHHA PY4HOro Tpyaa.

AnA onpeaeneHna npHMeced HedTH B MOp-
CKOH Boge HaHOOnee pacnpoOCTpaHeHHbIM
apOHTpakKHBIM METOAOM ABNAETCA Meroa oK-
CTPaKUHH HedTenpoAyKToB OpraHH4eCKHMH
pacTBOpHTENAMH C nocaedyiomen HRK-cnek-
TpockonHeH (13). ITOT MeTo4 4yBCTBHTENEH

is determined (by means of IR-spectroscopy
or chromatography) (10). In modern TOC-
analyzers a water sample oxidizes in ultravio-
let light; the yielding CO, is reduced to CH,
and spectroscopically determined. The more
important characteristics of TOC-analyzers are
high sensibility (1-10 ppb), short analysis time
(2-5 min), however, they can be used only
in well-arranged stationary laboratories because
of a complex and cumbersome equipment
requiring the qualified personnel,

In many cases in order to determine the
organic impurities content one can evaluate the
water sample oxidizability by means of chem-
ical agents. The oxidizability is the amount of
oxygen in mg/l demanded for the sample
oxidation (Chemical Oxygen demand - COD
or Total Oxygen Demand - TOD) (9,16). The
TOD-analyzers are usually combined with
TOC-analyzers and they have the same cha-
racteristics.

If automatic analyzers are not available,
one can use the socalled «wet» methods of the
TOD determination. These TOD methods con-
sist in boiling of a water sample with potassium
bichromate in a strong acid medium for two
hours; then, the oxidizer consumption is
determined by titration or by coulometric
determination of CO, evolved (11). This me-
thod does not require expensive equipment,
but, on the other hand, its sensibility is not
high (1-2 TOD units), it requires a long analysis
time and manual operations.

For determining oil impurities in sea water,
the oil products extraction method is wide-
spread more than others. This method implies
the extraction by organic solvents and the
following determination of oil products by
IR-spectroscopy (13). It has a sensitivity to
aliphatic, aromatic, and cycloparaffinic hydro-
carbons, which are parts of oil. According to this
method, it is necessary to carry out the
extraction from a great sample volume (20 1)
in order to provide the sufficiently high
sensitivity (0,1 ppm). All that requires a long
analysis time (up to 2 hours) and a great amount
of toxic solvent.

There are also other methods (14): fluores-
cence in UV-light, UV-adsorption, direct IR-spec-
troscopic methods sensitive to the aromatic
component of oil, chromatography. All these
methods require an expensive equipment and
can be used only .in a laboratory.
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K anndaTHYeCKHM, apaMaTHYeCKHM H LHKaona-
padHHOBLIM YraeBoAopodaM, BXOAAWHM B
cocraB HedTH. [lnA obecneyeHHA AOCTATOYHO
BbICOKOH 4yBCTBHTENnbHOCTH (0,1 ppm) B 9TOM
MeToe HeOOXOAHMO NPOBOAHTb KCTPAKLHIO
13 6Goabworo obbeMa npobbl (20 a), 4TO
yBeIHYHBaeT BpeMA aHaansa /0 HeCKOab-
KMX 4acoB Hn TpeOyeT 6Gonbluoro pacxosa
TOKCHYHOI0 pacTBOPHTENA.

HcnonbayroTea Takxke apyrne Metoapl (14):
dayopecueHUHA B yabTpagHOIETOBOM CBeTe,
aacopbuua ynbTpadHonera, YyBCTBUTENbHbIE K
apoMaTHYECKOH COCTaBaAAUIER HedTH, npdA-
mble HKC onpegeneHdsa B BoAe, XpoMatorpa-
¢pHa. Bce 3TH MeTOoAbl TAKMKE CONPAXKEHBI C
MCMONb30BAHHEM A0POroCTOALIEro 06opyaoBa-
HHA H MOTYT NPHMEHATHCA TONbKO B nabopaTtop-
HBIX YCIOBHAX.

B nocneaHee BpeMA HHTEHCHBHO paspaba-
TBIBAIOTCA GHONOMHYECKHE TECT-METOABI OMpe-
AefleHnA KadvecrBa MpHpoAHbiX Bog (12).
TecT-00BEKTOM B 3THX MeTofax ABAAIOTCA
BOAOPOCIH, MHKPOOPIaHH3Mbl, MONMIOCKH, PbiObl,
a TakxKe (epMeHTbl H KAETOYHbIE CTPYKTYPbI.
B KauecTBe TeCT-peakuMA perucTpHpoBanH y
pasHbIX OpraHM3MOB: POCT, Pa3BHTHE, Pa3MHO-
J)KeHHne, aKTHBHOCTb OKHCAHTENbHbIX (epMeH-
TOB, GHOMIOMHHECLEHLHIO, (AYOpPeClEHLINIO
BOAOPOCAeH, OHOZACKTPHUECKYIO peaKUHio,
doTocHHTE3, AbIXAHHE H NMOBEAEHYECKHE peakK-
UHd. 2TH MeTodbl B pAAe Cay4aes OTIHYAIOTCA
BBICOKOH 4yBCTBHTEAbHOCTBIO (0,001-1 ppb
TOKCHYHOI'O BEILECTBA), HO, KaK NpaBHo,
He/OCTaTOMHO ObICTpble (BpeMA OTKAHKA
COCTaBAAET OT 13 MHH, A0 NECATKQB 4AacoB).
[IpH HCNONb30BAHNH 3THX METOAOB, HECOMHEH-
HO HMelomMx OGoabuioe 6Gyayllee, OCHOBHbIE
npobaeMbl CBA3aHbI C TPYAHOCTAMH HX yHH-
¢dHRaupn H nepeBoga Ha HHCTpPyMeHTalb-
HYIO OCHOBY.

Kpatknn 0630p MeToAOB onpeaeneHna cyM-
MapHoro 3arpA3HeHHA NPHPOAHBIX BOA MO3BO-
IRET cAenaTh BbIBOA, YTO CYWIECTBYKT 6omb-
IHe TPYAHOCTH B HCNOb30BAHHH H3BECTHBIX
METOAOB B MOEBbIX YCAOBHAX, CBA3AHHBIE C
IPOMO3AKHM H AOPOrOCTOAUIHM 060pyAOBaHH-
eMm nny 6onblIMM BpeMeHeM aHanH3a M HeBo3-
MOXKHOCTbIO ABTOMATH3HPOBATbh METOAHKY.

HoBble - BO3MOKHOCTH NMPEACTABAIOT 21eK-
TPOXHMHYECKHE OJKCNpecc-MeToapl, OCHOBaH-
Hble HAa aACOPOLMOHHBIX H KaTAnHTHYECKHX
CBOWCTBAX 30€KTPOAOB H3 METaN10B M1aTHHO-

Recently, the biological test-methods for
natural water quality determinations become
the subject of intensive studies {12). The test-
objects of these methods are seaweeds,
microorganisms, molluses, as well as enzimes
and cell structures. The test-reactions include
the growth of different organisms, their evolu-

- tion, " reproduction, the oxidizing enzymes

activity, the seaweeds bioluminiscence and
fluorescence, bioelectric reaction, photosynte-
sis, respiration, and behavioral reactions. In
some cases these methods show a high
sensitivity (0,001-1 pbb of a toxic substance)
though, as a rule, they are not sufficiently ra-
pid (the responses vary from 15 min to tens
hours). Without any doubt, these methods are
very perspective; the main difficulties of their
wide use consist in the unification and
automation problems.

The short survey of the water impurity
determination methods leads us to conclude
that there are great difficulties of using the
present methods in a field-work; these obsta-
cles are determined by cumbersome and
expensive equipment, great analysis time,
and by the impossibility to make the procedure
automatic.

A new possibility presents the electrochem-
ical express-methods that use the adsorption
and catalytic characteristics of the platinum
group metals. It paves the way for working out
a simple and cheap equipment, by means of
which it is possible to carry out the qualitative
and quantitative analysis of natural water
polluting agents including organic compounds
and heavy metals.

ELECTROCHEMICAL METHOD
FOR THE DETERMINATION
OF ORGANIC AND HEAVY METAL IMPURITIES
BY SAMPLING

In the past, the AN. Frumkin Institute
of Electrochemistry has worked out a method
for the determination of total organic and heavy
metals impurities (6) based on the platinum
electrode poisoning. The analytical method
employs the adsorption substitution principle
that has been widely used by electroche-
mists for studying the adsorption of different
organic compounds and metal cations, on
platinum metals {1).
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BOH Ipynmbl, NMO3BOAAOILHE CO34aThb MPOCTbiE
M geleBble YCTPOHCTBA A1A Ka4eCTBEeHHONO H
KONH4YEeCTBEHHOro onpejaeneHna 60ablLHHCTBA
3arpA3HABLINX areHTOB NMPHPOAHbIX BOA, BKAIO-
yad opraHH4YeCcKHe COeAHHEHHA H TAMenble
MeTanabl.

SAEKTPOXHMHYECKHHA METOA,
ONPEAENEHHA MPUMECEH OPTAHHYECKHX
BEILECTB W TAME(bBIX META(1OB C
OTBOPOM I1POB

B npeaulecrsyolliie rodbl B HHCTHTYTE
21eKTPOXHMHH HM.A.H.PpyMKHHA POCCHACKOH
AKafemrr Hayk paspaboraH mertoq (6) onpe-
[eneHHA CyMMbl OpraHH4YeCKnx NpHMeceH H
TAXKEeNbIX MeTannoB, OCHOBaHHbIA Ha oTpabe-
HHH NNATHHOBOTO 3eKTpoaa. AHATHTHYECKHH
MeToq HCMOoab3yeT MPHHLUHI aaCcopOLHOHHOINO
3aMelueHnsa, WHPOKO HCNoab30BaBIIHACA
patee NeKTPOXHMHKaMH /(1A H3y4eHHA aqcopb-
UMH OTAEObHbIX OPraHMYeCKHX BeleCTB H
KaTHOHOB TAMKEeNbIX METaA10B Ha INarHHOBbIX
aaexkTpoaax (1).

Cyw{HOCTb Me€To/la COCTOHT B TOM, 4TO
agcopbupyloliHeca OpraHH4eCKHe MpPHMECH,
TaKXKe KaK H TAzenble MEeTannbl, OTpabBaAloT
MIaTHHOBbIA 3(1E€KTPOA H yMeHbILUAIOT aacopb-
LHIO Ha HeM Boaopoda. Aacopbuna Bogopoaa
onpegenfercad ¢ T[OMOLUBbI0 NOTEHUHOAHHA-
MH4YECKHX HWMIyNbCOB, HHTerprpoBaHnemM
nnowaay nog KpHBOH TOK-NoTeHLHan B onpe-
AefneHHon o6aacTH ToTeHUHanoB. Aacopbupa
BOAOpO/A BHayane olpeaenAercd Ha 4HCTOH
MOBEPXHOCTH 3M€KTPoda, Ha KOTOPOH oHa
COOTBETCTBYeT MOHOCIOHHOMY 3amnoflHeHHIO
aroMamH Bosiopoga (Q,,°), a 3aTeM Ha YaCTH4HO
3aronHeHHoH NpHMeCcAMH fnosepxHocTh (Q,F™M).
YMeHblueHHe aacopblUHH BOAOpOAA, OTHECEH-
HOE K BeauyHHe MOHO-CAOHHOH aacopluuu
BOAOPOAOM, Ha3bIBae€TCA 3aMonHEeHHEM NMOBEpX-
HOCTH 371eKTpoJa MpHMecAMH (O) H HaXOAHTCA
H3 COOTHOUIEHHA:

0 = (QHO - Q"&M)/QHO

Benn4HHa 3anonHeHHA ABaaerTcA ¢GyHKLHeH
CyMMapHOH 06heMHOk KOHUEHTPALMH NpHMeceH
OpraHH4eCKHX BELIEeCTB HAN TAXKeNbIX Meral-
0B, NPHCYTCTBYIOLMX B npobe. Takum obpa-
30M, onpedensAa 3anofiHeHne 1eKTpoaa eK-
TPOXHMHYECKHM MeTO/OM, MOXHO CyAHTb O

The heart of matter is the fact that adsor-
bing organic impurities as well as heavy metals
are poisoning the platinum electrode and
reducing the hydrogen adsorption on it. The
hydrogen adsorption is determined by poten-
tiodynamic pulses following the integration
of the area under the curve «current-potential»
in a definite potential region. At first, the
hydrogen adsorption is determined on a clean
electrode surface (where it corresponds to a
monolayer of hydrogen atoms, Q_°) and then
- on the surface partly contaminated by
impurities, Q,° The reducing of hydrogen
adsorption with respect to the monolayer
adsorption is called the coverage of an
electrode surface, 0 and determined from the
relation:

0 = (Qno — Q”WM)/Q"()

The value of the coverage is a function
of the total volume concentration of organic
(or heavy metal) impurities in the solution.
Therefore, determining the electrode coverage
by the electrochemical method, one can
evaluate the contamination of a water sample.
The separate determination of organic impu-
rities and heavy metals is stipulated by the fact
that these substances are adsorbed in different
potential regions.

On the basis of this method, the automatic
analyzer, AQWEL has been constructed, con-
sisting of the electrochemical cell and the
electronic device. The electrochemical three-
electrode cell consists of the working electrode
{platinum wire 0,5 mm in diameter and 2-3 mm
long), the auxiliary electrode (platinum net 0,25
cm? in area), the Ag/AgCl reference electrode,
and the glass container for samples 20 ml
in volume. The cell is filled with a fresh wa-
ter sample acidified by sulfuric acid up to the
0.5 M concentration (pH = 0,3), or with a sea
water sample (pH = 8).

The electronic device provides the automat-
ic fulfillment of the electrochemical measure-
ment programme, the calculation of the ob-
tained results, and the indication of the
measured parameter in digits. The programme
consists of the following operations:
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3arpsA3HeHHH npobbl BOABI MpHMeCAMH. Pas-
AeflbHOe onpe/eneHHe opraHH4eCKHX NpHMecer
H TAXKebIX METAN10B OCHOBAHO Ha TOM, YTO 3TH
BelllecTha aacopBHpyloTCa B pasHbiX 0bnacrax
noTeHUHnanoB,

Ha ocHoBe pazpaboTaHHONO MeToda cosaal
aBTOMaTH4YeCKHH aHaansatop AKBI(1 (AQWEL),
COCTOALUMA H3 3(1EKTPOXHMH4YECKON AYEHKH H
aneKTpoHHOro 6ao0ka. DaAeKTPOXHMHUYecKas
TpexaneKkTpoaHan A4eiKa COCTOHT H3 pabouero
areKTpoaAa (naaTHHoBas NPOBOOKAa AHAMET-
pom 0,5 MM H AaHHOH 2-3 MM), BCoMorarenb-
HOTO 3neKTposaa (fnarnHoBas cetka 0,253 cm?),
XAopcepeOPAHOTIO NeKTPo/a CPaBHEHHA H CTeK-
aAHHoro Glokca Ana npob emMKocTbio 20 M.
B AdedKy 3anHBaior nNpoObl MpecHOR BOADI,
NoAKHCAEHHON CePHOM KHCnoTor (MapkH OCH)
A0 0,5 M koHueHTpauuH (pH=0,3) Han mopckon
Boab! (pH=8).

reKTPOHHBIH OM0K NO3BONAET ABTOMATH-
YeCKH OCYLIECTBAATD NPOrpamMMy 31e€KTPOXHMH-
4YeCKHX H3MepeHHH, 06CHET MOMy4eHHbIX Peaynb-
TATOB H HHAHKALMIO H3MepAeMOoro fapaMerpa B

uMppoBOM BHae. [IporpaMma COCTOHMT H3 cae-

AYIOWHX onepauyn:

lpeapapHTenbHana ob6paboTka s0eKTpoja €

MOMOILBI0 KATOAHO~AHOAHOA AKTHBALMH, O4H-
waiolas MoBepXHOCTb OT paHee aacopbHpo-
BAHHBIX MpPHMECeH H MO3BOMAIOIIAA NOay4aTh
BOCIIPOM3BOAHMBIE Pe3ynbTarbl.

OnpegeneHne ancopbLUnK BOAOPOLA-HA YHC-
TOH NMOBEPXHOCTH (Q,,°) MPH HAMOXKEHHH (IHHeH-
HOH pa3BepTKH noredHunana ot 0,4 B 4o 0,0 B
(BCe MOTeHLUWanbl NpUBEAEeHbl OTHOCHTENBbHO
0bpaTHMoro BOAOPOAHOIO 31eKTpoaa) Co CKo-
pocteio 10 B/C (onopHbIA HMIIYNbC).

Hakornnehne NnpHUMeced MpH noreHUHanax HX
MaKCHManbHO¥ aacopbunH B Tedenre 100-700 c.

OnpegeneHne aacopbuun BoAOpOAa Ha Io-
BEPXHOCTH YaCTHYHO 3aHATOH TNPHMECAMH
(Q,*™) nyTem HanoKeHHA H3IMEePHTENbHOTO HM-
nyasca, aHANOTHYHOrO OTMOPHOMY.

Pasgenenne aacopbara Ha TpPH TpymMbi:
(1eTKO, Cpe/lHe W TPYAHO OKHCIAEMblIE KOMIMO-
HeHTbl nyrem AxbdepeHIIHPOBAHHOIO OKHCAE-
HHA TIPH pa3HbIX MNOTeHUHAIAX.

Pacuer obuiero aanonneHus (O) opraHuyec-
KHMH [IPHMECAMH (1K TAKEbIMH METaIaMH 110
npHBeAeHHOH Bbille ¢OpMyne H HHAHKALHA
3TOH BeNHHHHbI Ha Tabno aHanH3aropa. OTaenb-
HO H3BMEKAIOTCA H3 NaMATH BeaW4HHbl 3arnon-
HeHHH f1erKo, CpeAHe H TPyAHO OKHCIAeMbIMH
NpHMECAMH.

The preliminary electrode treatment by
means of the catodic-anodic activation that
cleans the working electrode surface from early
adsorbed impurities. This treatment guaran-
tees reproducible results.

The hydrogen adsorption determination on
the clean surface (Q,°) under the linear
potential sweep (10 V/s) from 0,4 V to 0,0 V
(reference pulse).

The accumulation of impurities at potentials
of its maximal adsorption during 100-700 s.

The application of a measuring pulse
analogous to the reference pulse, for the
duration of which the reduced value of
hydrogen adsorption is determined (Q ™)
since impurities occupy a part of adsorbed
sites.

The calculation of the total coverage (0) with
organic impurities and heavy metals according
to the above mentioned formula and the
indication of this value on the analyzer screen.
Besides, different coverage values (for the easy,
medium, and hardly oxidized impurities) are
extracted from the device memory.

The analyzer represents a portable device
(28 x 18 x 15 cm, weight 1,5 Kkg); an autonomous
power supply is admissible; the analysis time
is 3-15 min; the sensitivity is 0,01-1,0 ppm (for
total organic carbon) and 0,001-0,01 (for heavy
metals).

Table 1. represents the sensitivity of the
method, - for different organic substances. It
shows the minimum concentrations determina-
ble, in comparison with the data obtained by
other methods as well as with the allowable
levels of these concentration in water. As it
follows from the table, the electrochemical
method is comparable (with respect to sensi-
tivity) to unified methods and it provides
determination of several toxic substances
(benzene, oil, surfactants) in quantities cor-
responding to its allowable levels.

We have tested the present method for the
determination of the river water total contam-
ination, oil impurities in sea water, the pu-
rification quality of different wastes. By this
method we have also analyzed the purity of
deionized water using in the electronic indus-
try. All these tests were successful.

The method requires a calibration by means
of standard solutions. or another analytical
method since the measuring parameter, 0
depends on qualitative content of water, i.e.
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TAB(JHUA 1. CpaBHeHHE YYBCTBHTEAbHOCTH 3IEKTPOXHMHYECKOro MeToaa
C APYTHMH METOAAMH ONpeae/leHHA OPraHHYeCKHX BELIeCTB.

OpraHHyecKHe MaK MHH. onpegenseMas KOHLUEHTpaLuA
BelllecTRa mr/a mr/a
.M. Yundrunposattbie MeToas! (9,10,16)
Kucnorhbl
MypaBbHHAA 5,0
MafieHHOBasA 1,0
FYMHHOBbBIE 1,0 0.5 CMNEeKTPOCKOINHA
10-20 BblaeeHHEe
XHMH4ECKHMH MeTOdaMH H
dyasBOKHCAOTDI 0,05 20 onpeaenexre XIK
CaHprbt
MeTaHon 3,0 3,0
araHon 1,0
nponaHon 0,25 0,5
6yraHon 1,0 0,2
dopmanbaerig 0,05 0,3 0,05 KONOPHMETHA
Apomarnyeckue
BelleCTRa
6enzon 0.5 0,01 0,5 3KCTPaKLUHA H TOHKO-
cnorHan xpomarorpadpua
0,25 KOOpHMETPHA
0,05 HHTPOBAHHE H
nonaporpagua
HuTpoGeHaon 0.2 0,01
deHon 0,01 0,01 0,003 KOIOpHMeTpHA
0,005 ¢oromeTpHa
1.0 Xpomarorpadhs
HedpTH 0.5 0,3-0,5 0.1 aKcTpakuua H HKC
CIIAB
Aogeuracyasgar 0.3 0,3 0,01 KOIOpHMETPHA
oKkcHgoc 0.5 0,003 0,01 CNeKTPOPOTOMETPHA
CHHTaHO( 0,5 0,01 1,0 KOIOpHMeTpHA
PKB 0,5 0,01 1,0 aKkcrpakupa H HKC
rmoKo3a 1,0 10 XHM. MeToabl
IMIHUHH 0,1
anpByMHH 0,01
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TABLE 1. Comparison of the sensitivity of the electrochemical method
with other methods of determination of organic substances.

Organic Allowable Detectable limit (mg/l)
substance limit
(mg/l) EM. Unified methods (9,10,186)
Acids
formic 5,0
maleic 0,1
humic 0,1 0,5 spectrophotometry
10-20 separation by
fulvic 0,05 20 chemical methods and
COD determination
Alcohols
methanol 3,0 3,0
ethanol 1,0
propanol 0,25 0,5
butanol 1,0 0.2
fomaldehyde 0,05 0.3 0,05 colorimetry
Aromatic
substances
benzene 0.5 0,01 0.5 extraction and thin-
layer chromatography
0,25 colorimetry
0,05 nitration and
polarography
nitrobenzene 0,2 0,01
phenol 0,001 0,01 0,005 colorimetry
0,005 photometry
1,0 chromatography
oil 0.5 0,5-0,5 0,1 extraction and IRS
Surfactants
dodecil sulphate 0,5 0.5 0,01 colorimetry
oxyphos 0,5 0,005 0,01 spectrophotometry
sinthanol 0.5 0,01 1,0 colorimetry
PKB 0,5 0,01 1,0 extraction and IRS
glucose 1,0 10 chemical methods
glycine 0.1
albumin 0,01
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AHanusarop npeacTasafer cobo nopraTHe-
Hblt pubop (28x18x15 cm, macca 1,5 Kr),
KOTOpbIH MoieT paborarh OT ABTOHOMHOIO
MCTOYHHKA NMTAHNA, BpeMA NPoBeAeHHA aHaaH-
3a 3-15 MHH, YyBCTBHTEbHOCTb MO 0OIEMY
opraHnueckoMy yrnepoay 0,01-1 mr/a (ppm), no
TAMenbIM MeTannam 0,001-0,1 ppm.

[lnA XapaKTEPHCTHKH “YBCTBHTEIbHOCTH
MeToda No oTAenbHbIM OpraHHYecKHM Bellect-
BaMm B Tabnuue 1 npHBeAEHbl BeAH4HHbI
MHHHMaNbHO oOlpedenaeMblX KOHUEHTpaLH,
KOTOpble CONOCTaBeHbl ¢ AAHHBIMH, Noay4YeH-
HbIMH /IPyTHMH MeTO/aMH aHann3a H C BeaH4H-
HaMH npeaenbHO AOMYCTHMbIX KOHLEHTpALHH
(MAK) 21X peujecTd B Bode. Kak caeayer w3
TabAHLbBI, 21EKTPOXHMHYECKHH MeTO/ N0 YYBCT-
BHTe1bHOCTH COMNOCTABHM C YHH(HLIHPOBAHHbI-
MH METOAaMH aHalM3a v NO3BONART ONpeaenaTh
HeKOoTopble TOKCHYHble Belectsa (6eHzon,
He(TH, CHHTETHYECKHEe NOBEPXHOCTHO-AKTHB-
Hble pellecTBa — CIIAB) Ha yposHe [JK.

IpeanoxeHHbIN MeToa Obla onpobosan AnA
onpefeneHHA CyMMApHOTo 3arpA3HeHHA pey-
HbIX BOA, NMpHMeceH HedTH B MOPCKOH Bo/e,
A/A orpeaedeHHA KavecTBa OYMCTKH pasiHy-
HbIX NPOMbIUIIEHHbIX CTOKOB H YHCTOTHbI Ae-
HOHH3HPOBAHHOA BOAbI, HCHOAB3YIOWIENCA B
3EKTPOHHOH TPOMbILIIEHHOCTH, H MOKasar
XOpOLIHE Pe3yabTaTbl.

0cobeHHOCTBIO MeToda ABNAETCA HEOOX0AH-
MOCTb KanHOpOBKHM ¢ TOMOILbIO 3TANOHHDBIX
pacTBOPOB HAH APYroro aHalHTHHECKOro Me-
TOAa, TaK Kak BeNHYHHa H3MepAeMoro napa-
meTpa (O) 3aBHCHT OT KaudeCTBEHHONo CocTana
BO/bl, APYrHMH CNOBAaMH, AIA KaKAOro THMa
BOAbl HeoBXoaHMa CBOA Kannbpopo4Had Kpw-
Bas (A Nepesoa M3MepeHHbIX 3Havernn O B
€AHHHLIbl KOHLIEHTPaLHH.

Hcxoaa n3 HeoOXOAMMOCTH MpeABApPHTENb-
HOH KanuOpoBKH npuHbopa ANA noay4eHHA
KOHYECTBEHHbIX pe3y(bTaToB, BblpaKeHHbIX
B €AHHHUAX KOHLEHTpAllHH, MOXHO MNpeano-
AKHTb ABA BapHaHTa MCNONb30OBaHHA Tpubopa:

l. B moaesbIX yCAOBHAX

B arom cayyae NpOM3BOANTCH 3KCNpecc-
aHann3 601bLIONo KonHYecTBa 00pa3LOB BOABI
A0A OTCOPTHPOBKH MNpo6, He coaepxKalinx
CYHIECTBEHHOIO KOo/IH4ecTsa NnpHMeced (B Ko-
TOpbIX BeAHYHHA H3MEPAEMOro NapaMerpa Ha-
XoaHTCA Ha (POHOBOM YpOBHE) H Mpob 3arpsAa-
HEHHOH Boabl, Tpebylownx Oonee AeranbHOrO

each type of water requires its own calibration
curve for conversion of measured values, 0 into
concentration units. '

Since a preliminary calibration of the device
is necessary for getting quantitative results
expressed in concentration units, we can
suggest two variants of its use:

1. In field work

In this case, one should carry out the
express-analysis of many water samples in
order to eliminate the samples, in which
the impurity value is not sufficiently high

(i.e. the measured parameter is on the
standard level), as well as the samples of
highly contamina-
ted water that require the more detailed
analysis. In field work, one can also com-
pare the contamination of different part of
the place. For example, one can compare
the indications for the places, which are
distant from contamination sources with that,
which are close to high ways and to indus-
trial regions. One can compare the water
quality at different parts of a river: up and
down the river, close to villages and agricul-
tural units. Our experience proves that such
a mapping turns to be useful for ecological

inspection of a region.

2. In laboratory

One carries out a quantitative analysis of
contaminated water samples after creating
corresponding calibration curves or by me-
ans of standards or the calibration acquired
by other methods of analysis. The quantita-
tive measurements is possible even in field-
work provided that calibration curves should
have already created in accordance with the
particular composition of water samples.

A computerized version of the device has
been created for use in a laboratory. It can
accumulate a bank of calibration curves in the
computer memory and carry out the processing
of measurement data automatically.

The method of water impurities determina-
tion is protected by the USSR Certificates of
Authorship {3,4,7); it is awarded by the Swiss
Patent (8}, The «Pares» company (Tallinn) had
been manufacturing the automatic analyzer
AQWEL till 1991.

997



aHaqH3a. B roaeBbiX YCAIOBHAX BO3MOMKHO
TakKe MPOBOAWTb CPaBHHTENBHYI0 OLEHKY
3arpA3HEHHOCTH PA3NHYHBIX YYACTKOB MecT-
HoCTH. Hanpumep, cpaBHUBATb NOKa3aHHA NpH-
6opa B MeCTrax, yAaleHHBbIX OT HCTOYHHKOB
3arpA3HeHHH, H GAH3KHX K HUM (BAOAb LIOC-
CeHHBIX A0POr Ma¥ OKOMO TNPOMBILINEHHBIX
30H), MPOBOAHTb CpABHEHHE Ka4yecTBa BOAbI
Ha pasHBIX yYaCTKaXx peKH: B BEPXHEM H HHXK-
HEM TeYeHHH, B MeCTax PACTONOXKeHHA Hace-
(IEHHBIX MYHKTOB H(IH CebCKOXO3HHCTBEHHBIX
KOMIIEKCoB, Hall OnbIT MOKa3blBaeT, YTo Ta-
KOe KapTHPOBAHHE MECTHOCTH OKa3bIBAaeTCA
NoNe2HbIM /1A OUEHKH 3KONOrH4YE€CKOro CocTo-
AHNA PervoHa.

II. B craiHoHapHbIX 1abopaTopHax

3arpasHeHHble Tpobbl BOAbl AHANH3HPYIOT
KO(IHYECTBEHHO [I0C1€e MOCTPOEHHA COOTBET-
CTBYIOUIMX KartHOPOBOYHBIX KPHBbIX C HCIOMNb-
30BaHHEM OTAOHOB HAH KannOpoBKH C ToO-
MOILBIO APYIHX METOAOB aHaaH3a. [IposeaeHHe
KO/TOYECTBEHHBIX H3MEPEeHHH, B NPHHLMHIE BO3-
MOXHO H B MOEBBIX YCIOBHAX, B 2TOM Cly4ae
KanH6pOBOYHbIE KpHBbIE AONXKHBI ObITb NOC-
TPOEHbl 3apaHee C Y4eTOM XapaKTepHCTHYeC-
KOTO COCTaBa HCCieqyeMbiX Mpod BOABI

Ana nabopaToOpHOro HCNOAb3OBAHHMA CO3-
AaHa KOMMNbIOTEPH3NpOBAHHAA BepPCHA TNpH-
6opa, nossonANIaa HaKkaninBarh 6aHK Kanu-
6GPOBOMHBIX KPHBBIX B NMAMATH KOMNbIOTEPA H
OCYILECTBAATL ABTOMATHYECKYI0 00paboTKy
pe3yabTaTOB H3MEPEHH, ' co

Metoa onpegeneHHA IpHMeced B Bofe
3auyileH ABTOpCKHMA CBHaeTenscTBaMH CCCF
(3.4,7) n noayynn nareHT IlsedAuapun (8).
ABroMaTH4ecKHH aHanuzatrop AKB3(l Bbinyc-
Kaaca ManbIMH MapTHAMH ¢HpMoH «Jlapecs
(TananuH) o 1991r.

SAEKTPOXUMHYECKHH METO/,
ONPEAEMEHNA OKHUCAAIOIMHNXCA NMPUMECEH
B MOTOKE BO{bl

[lpH HMCNONB30OBAHHH OIMHCAHHOIO BbIIIE
Meroqa Mpobbl HCCaeayeMOH Boabl 3anupa-
I0TCH B 3IEKTPOXHMHYECKYI0 AYEHKY H K HHM
A06aBAAIOTCA XHMHYECKHE PeaKTHBbI A1 0bec-
neyveHHA onpeaeneHHoN BeHYnHbl pH 1 anek-
TPONPOBOAHOCTH pacTBopa, 4YTO CO3jaer
3aTPy/HEeHHA TIPDH aHalv3e H He MO3BOAET

THE ELECTROCHEMICAL METHOD
OF THE OXIDIZING IMPURITIES
DETERMINATION IN WATER FLOW

By the method described above a water
sample fills the electrochemical cell where
chemical reagents are added what provides
a given pH value and electrocoductivity value
for the solution. This makes the analysis
difficult and prevents to use the analyzer in
automatic water monitoring systems. The fur-
ther development of this work implies the
transition to electrochemical cells of matrix type
where IE~-membranes serve as an electrolyte.
This variant removes the necessity in the
sampling, additions of chemical reagents,
moreover, the sensor can be placed in the water
flow and all measurements can be fully
automatized.

On the basis of electrochemical sensor with
solid electrolyte we have worked out the
method of the organic impurities determination.
It uses the oxidation of impurities at voltame-
try conditions, when the potential sweep is not
rapid. In this connection, one should measure
the additional charge demanded for the oxida- .
tion of impurities, which is the analytical basis
of the method (6). '

The sensor represents the electrochemical
group consisted of a platinum net (working
electrode, 0,5 cm?), palladized platinum net
(auxiliary electrode and the reference: elec-
trode at the same time, 0,5 cm?); between
them there is a cation exchange membrane
MF-4SK (Naphion type) of 1 ¢cm? in area. All
three elements of the sensor are tightly
pressed to each other by means of the hot
molding (15) what provides the low ohmic
resistance of the electrochemical group (1-2
Ohm.cm?),

The measuring equipment represents
a portable electronic device (22x13x5 cm,
weight 0,8 kg) automatically executing electro-
chemical measurements, the calculation of the
data, and the indication of the measured
parameter in digits. The programme consists
of the following operations:

The reference electrode charging by catodic
current at the potential 0,0 V in order to make
its potential constant during the operation
(for 15 min before the work and for 1 min be-
fore each measurement).
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HCIOab30BaTh aHAH3ATOP B NOMHOCTHIO ABTO-
MaTH3HPOBAHHBIX CHCTeMax. [lanbHenllee pa3-
BMTHe 3THX paboT cocTonT B TNepexoge K
3MeKTPOXHMHYECKHM A4erHKaM MarpH4YHOro THna
C HCNONb3OBAHHEM B KayecTBe 31eKTPOHTA
HOHOOOGMEHHBIX MeMOpaH. B TaKOM BapHaHTe
ornagaer HeobxoanmocTh orbopa mnpob, ao-
6aBneHHA K HHM XHMH4YeCKHX peaKTHBOB,
YYBCTBHTENbHBIF 3(EMEHT MOMKeT ObITh MoMe-
LLieH B NOTOK BOAbl, H H3MEPeHHA MOryT GbITb
MOMHOCTbIO aBTOMaTH3HPOBaHbI.

Ha ocHOBe 31eKTpPOXHMHYECKHX AaTYHKOB
C TBepAbIM 3neKTpoaxToM Obln paspaboran
MeTo[, onpeaeneHHA opraHHYecKHX NpHMeCeH,
OCHOBAHHbIH Ha HX OKHC/IEHHH B BOabTaMnep-
HOM peXXHMe NPH HEBbICOKHX CKOPOCTAX pas-
BepTKkH noreHuuada. [[pH aToM onpeaedsioT
AOTIONHHTENbHOE KOIHYECTBO 3(IEKTPHYECTBa,
pacxogyeMoe Ha OKHCN€HHEe MPHMECEH, KoTo-
pOe 3aBHCHT OT HMX KOHUEHTpaLHH B BoAe, YTO
H CIyKHT aHaIHTHYECKOH OCHOBOH MeToqa (6).

YyBCTBHTEIbHBIM 3(1€MEHTOM ABIAETCH J1€EK-
TPOXHMHY€ECKad T'Pymnna, COCTOALLIAA H3 [aTH-
HOBO# CeTKH (0,5 cM2) — pabo4HH 20eKTpo4,
nannagMpoBaHHOH NAATHHOBOH CceTKH (0,5 cM?)
~ BCMOMOraTenbHbIH 31eKTPOA H 31eKTPoa,
CpaBHEHHA,- Me&KAy KOTOPbIMH pacronoXxeHa
KaTHoHooOMeHHaa MemOpana Md-4CK (THna
Hadron) naowaapio 1cm2. Bce TpH aneMeHTa
AatyvKka MAOTHO MNpHAKaTbl APYr K Apyry C
MCNOAB30BAHHEM TEXHONOMHH ropsA4Yero npec-
cosatns (15), obecneunBaolien HH3KOE OMH-
4ecKoe CONpPOTHBIEHHE 3EKTPO-XHMHYECKOH
rpynnbl (1-2 om.cm?),

HaMepHTeNbHOE YCTPOHCTBO MNpeACTABAAET
cob0fi MOPTATHBHBLIH 31EKTPOHHbIA NpHOGOP
(22 x 13 x 5 cM, macca 0,8 Kr), aBTOMaTHY€CKH
BBITIONHAIOIHA 30EKTPOXHMHYECKHE H3Mepe-
HHA, 0BCUeT pesynbTaToB H HHAHKALHMIO H3Me-
pAeMoro napamerpa B UH¢$poBoM BHae. I1po-
rpamma COCTOHT H3 CaeQylOWKX OnepauHi:

3apsAieHHe 3(1eKTpoAa CpaBHEeHHA Karog-
HbIM TOKOM nNpH noreHunane 0.0 B aaa
ROAAEPXKAHHA €ro IMOTEHUHAana MOCTOAHHBIM
Bo Bpems paboTbl (15 MMH nepes HayanoM
paboTbl H 1 MHH nepea HAYanoM Kamgoro
onpejaeneHus.

AHOAHO-KATOAHAA aKTHBALKA paboyero anek-
TpoAa, obecnevrBaOmlas OYHCTKY TNOBEPX-
HOCTH OT @aACOPOGHPOBAHHBIX TpPHMECeH H
nony4yeHHe BOCTPOH3BOAHMBIX Pe3ynbTaToB
(100 ¢).

The anodic-catodic activation of the working
electrode providing the cleaning of the surface
from adsorbed impurities (for 100 s.; this
procedure also provides the reproducible
results).

The linear potential sweep from 0,4 to 1,0
V and back to 0,4 V as well as the integration
of currents at catodic (Qa) and anodic (Qc)
potential sweeps. .

The processing of results consisting of
the determination of the ratio Qa/Qc; it is
the measured parameter, n. The value of n is
clgse to unit in clean water and increases
linearly with the increase of oxidizing impuri-
ties in water,

A linear dependence of the parameter n
from the volume concentration has a different
slope for water with different qualitative
composition of impurities. Thus, we should
create its own calibration curve for each type
of analyzed water. The calibration is carried
out by means of standard solutions of an
independent method of analysis (for example,
by the COD determination).

We have tested this method for alcoholic
impurities (methanol, ethanol, butanol, ethyl-
englycol) and their mixtures, as well as for
several types of sewages. The minimum
concentration determined is 5-10 ppm TOC.

Thus, the sensitivity of this method is.
inferior to the method, on which the AQWEL
analyzer is based. However, the possibility of
the measurement in flow paves the way for it
use in automatic systems of water monitoring.

The electronic analyzer can operate as a
signal device that produces an alarm signal at
breaking the permissible level of impurities in
sewages, or as an indication device that
provides the determination of the total concen-
tration of impurities, after the corresponding
calibration.

The method of oxidizing impurities determi-
nation in water flow has received the USSR
Certificate of Authorship (2, 5).
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AfcopbupA opraHH4YeCKHX TpHMeceH MpH
noretunane 0,4 B (500 c).

(InHeHHaA pa3BepTKa noTeHuyana or 0,4 oo
1,0 B 1 obpatHO A0 0,4 B C HHTerpHpoBaHHEM
TOKOB, MPOTEKAIOLWHX BO BpeMA aHOAHOH (Qa)
H KaTogHOH (QK) pa3BepToK MOTeHLHana,

06paboTKa pe3ynbTaToB; COCTOALaA B Onpe-
[JeeHrH oTHOWEHHA Qa/Qk, KOoTopoe ABaAET-
CA H3MepAeMbIM napameTpoMm (n). BeaHvyHHa
n OnHM3ka K edHHHLE B 4YHCTOH BOAe H
BO3pacTaerT NHHEHHO C yBeaH4YeHHEeM KOHLEHT-
pallr OKHCIAIOUIMXCA NpHMEceH B BoAe.

(InHeAHbIe 3aBHCHMOCTH MapaMerpa n or
00beMHOH KOHLEHTPALHH 1A BOAbI C PA3IHY-
HbIM Ka4eCTBEHHbIM COCTaBOM IpHMeCeH
MMEIOT pasHbI HakoH. TakvM obpa3oM, aas
Kazka0ro THIIA HCCeayeMOH Boabl HEO6X0AHMO
MOCTpOeHHe CBOed KanHGPOBOYMHOH KpPHBOH.
Kann6poBKa NMPOH3BOAHTCA C MOMOLUIBIO 3Ta-
(IOHHBIX PAacTBOPOB HAH HE3aBHCHMOIO MeToda
aHanu3a, HanpHMep, onpegeneHna XI1K).

Meros onpoboBaH Ha NPHMECAX CIHPTOB
(MeTHNOBOrO, 3THNOBOTO, GYTHAOBONO, 3THACH-
rIHKoMA) H HX CMecCeH, a TakKe HA HEKOTOPbIX
THMNAX CTOYHBbIX BOA, MHHHManbHaA orpeAaens-
eMaa KOHUeHTpauuna cocrabafer 3-10 mr/n
00l1Iero OpraHHYecKkoro yrieposa.

TakHM 06pa3oM, Mo YyBCTBHTENBHOCTH 3TOT
MeTo/ YCTyTaeT MeToay, NoAoAKeHHOMY B OCHOBY
a”Haan3aropa AKB3({l, oaHako BO3MOKHOCTb
H3MepeHHH B MOTOKe H NOIHOCTBIO aBTOMaTH-
3MPOBAHHOM peZKHMe CO3/IdeT NepCleKTHBY ero
HCMONb3OBAHHA B aBTOMATHYECKHX CHCTEMaXx
MOHHTOPHHIa BOABI.

DOeKTPOHHbIH aHaaaH3aTop MokeT pabo-
TaTh KaK CHIHANM3HpYIIHA npHbop, noaaio-
IIHA ABAPHAHBIH CHUIrHan 0pH TpeBblLEeHHH
AOMYCTHMOIO CoAEepKaHNA OKHCAAIIIHXCA
NMpHMecer B CTOKaX HAM Kak MoKasblBaioulee
YCTPOHCTBO, MNO3BOAIOIIEE ONpeaeneaTh CyM-
MapHYI0 KOHLUEHTPALIHIO [IPHMECEeH ToCae COOT-
BETCTBYIOLEH KanHOPOBKH.

Meron onpeaeneHna OKHCAAIOIIHXCA NpHMe-
cel B TMOTOKE BOABblI MNOAY4H1 ABTOPCKHE
ceHgereabcTtea CCCP (2,5).
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MHKPOIPOLIECCOPHLIA
BO/IbTAMIIEPOMETPHYECKHH AHA/IN3ATOP
C Y&-OBAYYEHHEM OBPA3LIOB (MBA)
L]

Heaxos I0.A., K.1.H.
TOMCKHE OHTEXHHYECKHH YHHBEDCHTET
Pupma «TEXHOAHAAHT T4

~ KoanektHBoM aBTOpoB TOMCKOIO MOIHTEX-
HH4Yeckoro yHusepcunreta H ¢Hpmbl «TEXHOA-
HAUT (T{l» paspaboraH aHannsarop MBA
(nonsporpad) H METOAHKH aHaah3a npegHa-
3HaYeHHble A0A NPOBeAeHHA MAaCCOBBIX BbICO-
KONPOH3BOAHTENBHBIX CEPHAHBIX aHAH30B
npo6 0coBOUNCTBIX, NHTHEBbIX, MPUPOAHBIX,
MHHepanbHbIX U CTOYHBIX BOA HA coAepKaHHE
Zn, Cd, Pb, Cu, Sb, Sn, TI, Bi, Mn, Hg, As, Co,
Ni, Fe, In, ¢eHon0B, cepocogepKallvX, CyMMbl
NOBEPXHOCTHO-AKTHBHBIX BEUIECTB H T.4. AHA-
AH3aTOp MOXeT HCNOAb30BaTbCA TakKe aAdA
BbICOKOYYBCTBHTEIbHOTO 3KCIPECCHOTO aHa-
an3a Bo3Ayxa, NoYB, NHIIEBbIX MPOAYKTOB H
ApYrHx 00beKTOB. B Ka4yecTBe HHAHNKATOPHDIX,
NPHMEHAIOTCA CTAUHOHAPHbIE 1CKTPOADI: PTYT-
HO-NEHOMHDBIN, rpadHTOBbIH, CTeKa0-yraepoa-
HbIH, 3000TOH H ApyrHe,

OTIHYHTENbHBbIMH [TPEHMYILECTBAMH aHaH-
3aTopa ABIAIOTCH: YCTpaHeHHe MeLualolHX
PACTBOPEHHBIX OPraHHYECKHX BelLEeCTB H KHC-
aopoaa B rpobe ¢ NoMOLIBIO CrelHanbHoOro Yd-
HCTOYHHKA Oe3 HCMOAB30BAHHA TPYAOEMKOIO
MOKPOIO 030{1€HHA H AOPOroro HHEPTHOTI'O raaa,
OAHOBpEMEHHDbIN aHanu3 3-X npob, oaHoBpe-
MeHHoe onpegeaenve Zn, Cd, Pb, Cu, nonnas
aBTOMaTH3ALMA aHATH3OB, [MPOCTOTA B AKCIIY-
aTalHH W HH3KadA CTOHMMOCTb AaHaMH30B. [Ipe-
AyCMOTpeHa BO3MOZKHOCTb NoaxmoueHHd [BM-
COBMECTHMOI0 KOMIblOTEepa pPacCILHpPAIOLIETO
aHAHTHYECKME BO3MOKHOCTH H CepBHCHbIE
dyHRUMH npubopa. [lMana3oH H3MepHAeMbIX
KOHUeHTpalHi cocraBaaer 0,0001-6 mr/a. Hnc-
10 He3aBHCHMBIX ePeCTPaHBaeMbIX MpPOrpamm
aHanMza B NaMAThH npoueccopa — 10. Bec
paznu4yHbIX MoAHpHKAaUHH — 6-10 Kr.

AHaIH3aTOp H HCNOAb3yeMble METOAHKH
aHann3a METPOIOrHYeCKH arTeCToBaHbl, anmnpo-
6HpoBaHBI H YCHEWHO HCNOAb3YIOTCH [PH
KOHTpPOe KavecTBa OOBEKTOB OKpYKalolen
cpeapl, THILEBBIX W CENbXO3MPOAYKTOB. B
1993-1994 rr. BHeapeHo 84 npunbopa

[IpoH3BOACTBO aHANH3ATOPOB, HX BHeape-
HHe, obcayxnpaHHe, OCYIIECTBaAeT (HpMa
«TEXHOAHA(IHT T» (POCCHUA, 634004, r.TomcCk,
a/a 352, Ten./dakc (382-2) 49-25-25.

MICROPROCESSOR VOLTAMMETRIC
ANALYZER WITH UV-IRRADIATION
OF SAMFLES (MVA)
L]
Y.A. Ivanov, D.Fh
Polytechnical University,
«Technoanalyt Ltd» Firm, Tomsk

Analyzer (polarograph) MVA and analytical
procedures for highly efficient large-scale
determinations of Zn, Cd, Pb, Cu, Sb, Sn, Tl,
Bi, Mn, Hg, As, Co, Ni, Fe, In, phenols, sulfur-
containing substances, surfactants (total con-
tent) et.al. in samples of high pure, drinking,
natural, mineral and waste waters have been
developed by the collective of authors of
Tomsk Polytechnical University and «Techno-
analyt [td» Firm. Analyzer also may be used
for high sensitive express analyses of air,
soils, food stuffs and other objects. As indica-
tor are used stationary electrodes: mercury
film, carbon, glassy carbon, gold and others.

The distinctive addvantages of analyzer
are: removal of dissolved organic substances
and oxygen in samples by means of the special
UV-source, without using of labourous wet
digestion and expensive inert gas, analysis
of three samples in time, simultaneous deter-
mination of Zn, Cd, Pb, Cu, complete automa-
tion of analyses, the ease in use and low
analyses cost. Analyzer”s service functions
and analytical abilities can be extended by
linking up to IBM compatible computer. Deter-
mined concentration range: 0,1 - 6000 ppb.
Number of independent rea-rranged programs
of analyses in processor’s memory ~ 10.
Weight of different modifications - 6-10 kg.

Analyzer and analytical procedures em-
ployed are sertfied, approbated and successfuly
used in environmental and food stuffs control,
84 devices have been supplied to practic
using during 1993-1994 years.

Production, introduction and service of
analyzers are being carried out by the «Tech-
noanalyt Ltd» Firm. (Russia, 634004, Tomsk,
mail box 352, phone/fax: (382~2) 49-25-25)
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IKONOTO-THAPOIEOXHMMHUYECKAA KAPTA
POCCHH MACILTABA 1:5 000 000,
KAK OCHOBA PEIHOHAIbHOHN OLIEHKH
KAYECTBA IHWTbHEBLIX MOA3EMHBIX BOA
]

E.A. Backos, qoKTOp reod.-MHHED.

HayK, npogeccop

C.fl. CypHKOB, KaHAHAAT reol.-MHHEpP. HAYK
BcepoccHHCKHH HAYYHO-HCCIEAOBATE1bCKHH
NeoIOrHYe CKHH HHCTHTYT

um. A.I1. Rapnuucsxoro (BCEIEH)

CocTapneHa aKonoro-ruiporeoxnMuyecKkan
Kapra Pocchu B maciutabe 1: 5 000 000 c pas-
AENBHOH XapPaKTEPHCTHKOH TMAPOXHMHYECKOH
30HANbHOCTH AdA BepXHero (B OCHOBHOM /0
YPOBHA perHOHANbHONO 6a3nca 5pPO3HH) H HHUHK-
Hero (B ocagoyHbIX 6accefiHax - A0 5-7 KM,
B CKnag4aTbIX obaacrax ~ o rayond 0,.5-1 KM
or 6asvca 3po3HH) THAPOreOXHMHYECKHX 3Ta-
weH. [HAPOreoxHMHYeCKHe 30Hbl MPH 3TOM
BbIAENAIOTCA MO NpH3HAaKaM npeobaagaiowero
XHMHYECKOIo cocTapa MNoA3eMHbIX BOA C y4e-
TOM 2KOI0PHYeCKH HeGAaronpHATHLIX NoKasa-
TeneH MX CoCraBa, CBA3aHHBIX KaK C eCTeCTBeH-
HBIMH, TaK H TEXHOAOTHYECKHMH MPOLEeCCaMH.

[nA BepXHEro H HHXKHEro ruaporeoxnmHye-
CKHX 3TaXeH BblaeneHbl panoHbl C OTCYTCTBH-
€M H HanH4yHeM AHTPOINOINeHHOro 3arpA3HeHHA
noAseMHbiXx Boa, [IpH BblAeneHHH THAporeo-
XHUMHYECKHX 30H B paHOHaX C HalH4YHeM aHTpo-
MONeHHOIO 3arpA3HeHHA Y4YHTLIBAETCA KOM-
TVIeKC pasM4YHbIX BeAyLIHX I'MaPOXHMH4Y€CKHX
noKazarTeneHn 3arpA3HeHHdA, OMNpeaenfieMblt B
OCHOBHOM HalpaBléHHOCTbIO TeXHOreHHbIX
npoueccos. [lposegeHa THNH3aUHA pPanOHOB
C HANHYHEM AHTPOIMOIeHHOrO 3arpA3HeHHA
Mo TrHAPOreOXHMH4YECKHM MoKasaTeaaMm. Pac-
CMOTpeHb! perroHaqnbHble aHTONO0rOGOpMALH-
OHHbl€ H Mep3a0THble (PAKTOPhb! 3AWHIIEHHO-
CTH NOA3EMHBIX BOA OT.3arpA3HeHHd.

Kapra nosponser oueHHTb MacluTabbl 3a-
IpA3HEHHA MHTheBbIX BOA MMpH CyLUIECTBYIOLIEH
TE€XHOMe¢HHON Harpy3ke H MpOTrHO3HPOBAThH BO3-
MOXKHbl€ H3MEHEeHHA Ka4ecTBEeHHBIX [oKasa-
TeneH NMoA3eMHbIX BOA B perHoHalbHOM MnaHe
NPH H3MEHEHHH TE€XHOeHHOINo BO3/AENCTBHA.

«ECOLOGICAL-HYDROGEOCHEMICAL MAP
OF RUSSIA ON 1:500 000 SCALE»
AS THE BASIS FOR REGIONAL ASSESSMENT
OF POTABLE GROUNDWATER QUALITY

E.A. Baskov, Doctor of Geological

and Mineralogical Sciences, Frofessor.

S.N. Surikov, Candidate of Geological

and Mineralogical Sciences.

A.F. Rarpinsky Russian Geological Research
Institute (VSEGED)

The Ecological-Hydrogeochemical Map of
Russia has been compiled on 1:5 000 000 scale
with a separate characteristic of hydrogeo-
chemical zonation for the upper mainly to the
level of the regional base level of erosion
and lower (in sedimentary basins to 5-7 km;
in folded areas to the depth of 0,5-1 km from
the base level of erosion) hydrogeochemical
stages. Hydrogeochemical zones are distin-
guished on the basis of the prevailing chemi-
cal composition of groundwater taking into
account the environmentally unfavourable fea-
tures of its composition associated with both
natural and technogenic processes.

For the upper and lower hydrogeochemical
stages areas with anthropogenic pollution of
groundwater and without it are distinguished.
When hydrogeochemical zones are distin-
guished in areas with anthropogenic pollution,
account is taken of different leading hydro-
chemical features of pollution, which are
mainly determined by the direction of techno-
genic processes. Typification of areas with
anthropogenic pollution on the basis of hyd-
rogeochemical features is accomplished. Re-
gional lithological-formational and permafrost
factors of groundwater protection from pollution
are considered.

The map enables to assess the extent of
potable water pollution under the existing
technogenic load and to predict possible
changes in groundwater quality in regional
plan with a changing technogenic impact.

BbiABIEeHHE pPErHOHAbHLIX TI'HAPOre€OXHMH-
YeCKHX 3aKOHOMEPHOCTEH H, Mpemae BCero,
3aKOHOMEPHOCTEH paclpOCTPaHeHHA Moa3eM-
HbIX BOA pa3HbIX 110 MHHEpANH3aLHH H XHMHYE-
CKOMy COCTaBy B BePXHHX YaCTAX paspesa
3¢MHOH KOPbI (10 ray6HH 5-7 KM) Heo6XoauMo

Revealing of the regional hydrogeochemical
pattern and primarily distribution pattern of
groundwater of different salinity and chemical
composition in the upper parts of the Earth’s
crust sections (to the depth of 5-7 km) is
necessary for solution of a number of theore-
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A0A pelleHHA pAaa TeOPeTHYECKHX H NpaKkTH-
YeCKHX BOIMPOCOB, CBA3@aHHbIX C OLEHKOH
HCHONb30BAHHA NOA3EMHbIX BOA B PasiHYHbIX
HapOAHO-XO3ANCTBEHHBbIX LenfAX (BogocHabxe-
HHe, opollienre, banbHeonorna, TennoduKauna
H Ap.), @ TaKZ&Ke B CBA3H C pelleHHeM BONpoCcoB
JKOIOTHH H OXPaHbl OKpyKalollled cpeabl.

PernoHanbHble rHApOreoXHMHYeCKHe 3aKo-
HOMepHOCTH HanBonee 4eTKO MOryT ObiTh
BCKDbITbI H OTpameHbl Ha 0630pHbIX rHaporeo-
XHMHYECKHX KapraxX ¢ NpHMeHeHHeM MeTOAHKH
of/beMHOro THAPOreOXHMHYECKOro KapTorpa-
¢pHpoBaHHA, Mpe/gyCMaTpHBAIOLIETO pacuae-
HeHHe pa3pesa reonoru4ecKHX CTPYKTYp Ha
MHAPOreOXHMHYECKHE JTaMKH, MPOBHHLUHH, 06-
1aCTH, pafoOHbl H 30HbI (3afLeB H TONCTHXHH,
1964; BackoB n gap., 1979). IIpx 310M Bblaene-
HHe Hanbonee KpYMHbIX MMAPOTEOXHMH4ECKHX
noapasaeneHdyl (3Taxed, NpOBHHLKH) OCylUe-
CTBAAETCA B OCHOBHOM IO NNPH3HAKAM ra3oBoro
COCTAaBa MoA3eMHbIX Bogd, [locaeayoipe raapo-
reoXMMHYECKHe NospasaeneHna (paioHbl, 30HbI)
NPOBOAATCA C Y4YeTOM H3MeHeHHA MHHepaiu-
3aLHH H CcoAepKaHHA pa3IHYHbIX KOMIIOHEHTOB
HOHHO-COIEBOr0 CoCTaBa MOA3EMHBbIX BOA MO
NNolaaH H B paspese reofnorn4eckiX CTpyKTyp-

K aTOMy THIY KapT OTHOCATCA H cocTaBleH-
Hasa Bo BCEI'EH c yyacTnem ApyrHx opraHH3alyh
(CankrTleTepOyprcKHi NOPHBIA HHCTHTYT, akK-
unoHeproe obiecrso «OHOHA-TEO», HpKyT-
CKHH NOHTEXHH4ECKHA YHHBEPCHTET, TIOMEHb-
CKHH HHAYCTPHANbHBLIH HHCTHTYT) «JKOIOro-
rHAporeoXuMryeckan kapra Poccin macmraba
1:5 000 000», Ha KOTOpPOH OCHOBHOE BHHMaHHe
yAeneHo perdoHanbHOH OLEHKe KayecTsa H
OXpaHbl NOA3EMHBIX BOA, HCNOAL3YeMbIX AA
BOAOCHAOKEeHHA,

Ha sToRt Kapre B BepTHKANbHOM paspele
reofnorHveckHX CTPyKTyp B obnacTax cywm Ao
H3y4eHHbIX TaybuH (B CKaaa4aTbix obaacrax
06b14HO A0 0.5-1 KM; B 0Caao4HbIX HaccerHax
[10 5-7 KM) BblA€aeHO ABa '’MAPOreOXHMHYECKHX
raxa (BepXHHH H HHXKHHH), CYyIECTBEHHO
pasAHYaloOLUXCA HANpaBAeHHOCTBIO HAPO-
NeOXHMHYECKHX TPOLIECCOB H CTeleHblo 3alliH-
I{€eHHOCTH TNOA3EMHbIX BOL OT 3arpAsHeHHA.
BepxHuil atax, HanOonee NOABEPKEHHbIA 3a-
rPA3HEHHIO, OXBaTbiBaeT MNOA3EMHbIE BO/bI
30Hbl COBpPEMEHHOr'o [IHMepreHe3a, noay4aio-
IiHe MNMTAHHE B eCTECTBEHHBIX YCIOBHAX
C [AHEBHOH TMOBEPXHOCTH; . HWAKHHH JTaX -
6onee raybokHe 4YaCTH H3YYeHHOro paspesa
PeOfIOrHYeCKNX CTPYKTYP.

tical and practical problems connected with
the assessment of the use of groundwater
for different purposes in national economy
(water supply, irrigation, balneology, heating
systems etc.), as well as in connection with
the solution of ecological and environmental
protection problems.

Regional hydrogeochemical pattern can be
presented and reflected most distinctly in
sketch hydrogeochemical maps using the
procedure of three-dimensional hydrogeo-
chemical mapping, which envisages the subdi-
vision of the section of geological structures
into hydrogeochemical stages, provinces, re-
gions, areas and zones (Zaitsev and Tolstikhin,
1964; Baskov et al., 1979). The largest
hydrogeochemical units (stages, provinces)
are mainly distinguished on the basis of gas
composition of groundwater. Subsequent hydr-
ogeodynamical subdivisions (regions, zones)
are based on changes in mineralization and
contents of different components of ionic-salt
composition of groundwater on area and in
the section of geological structures.

The type of maps comprises the «Ecologi-
cal-Hydrogeochemical Map of Russia» on
1:5 000 000 scale compiled at VSEGEI with
participation of other organizations (St.Peters- -
burg Institute of Mines, Stock Company «Yuno-

"na-QEO», Irkutsk Polytechnical Institute, Tyu-

men Industrial Institute); major emphasis
in this map is placed on a regional assessment
of quality and protection of groundwater used
for water supply.

Two hydrogeochemical stages (the upper
and lower one) with essentially different
direction of hydrogeochemical processes and
degree of groundwater protection from pollu-
tion are distinguished in this map in the verti-
cal section of geological structures in land
areas to the investigated depth (in folded areas
commonly to 0,5-1 km; in sedimentary basins
to 5-7 km). The upper stage, which is most
subject to pollution, comprises groundwater
in modem hypergenetic zones, which are
recharged from the day surface under natural
conditions; the lower stage comprises deeper
parts of the investigated section of geological
structures.
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THAPOr€OXHMHYECKHE IJTaKH - (BEDXHHH H
HHKHHH) NO NpH3HAKaM CTPOeHHA T'Haporeo-
XMMH4eCKOH 30HANBHOCTH (C y4eToM Maciura-
60B TEXHONMEHHONO BO3AEHCTBHA) Moapa3sje-
(AAIOTCH Ha 2KOAOI'O-THAPOreOXHMHYECKHE
paioHbl, NpeacTapafiolre coBoN OCHOBHOW
301€MeHT NereHabl KapThbl, ['HAporeoXMMHecKkan
30HANbHOCTb OTAENbHBIX PAHOHOB OTPaXKaercA
B HAIHYHH B HX BEPTHKANBHOM paspe3e H 1o
naolaaH onpeaeneHtblx rHAPOreox HMHYECKHX
30H, 3ANEraifX B lpejenax 3THX paHOHOB
B OAHHAKOBOH NnocaeaopareabHocTy. 'Haporeo-
XHMHYECKHE 30HbI [IPeACTABAAIOT COOOH HacTH
paspe3a reonorH4ecKHX CTPYKTYp, XapakrepH-
3YIOWHECA MOCNOACTBYIOWHM PaclpOCTPpaHeHH-
€M [0A3eMHbIX BOJ oMpeaeneHHON MHHepanH-
3alHH H XHMHYeCKoro cocrasa. [Ipn paspaboTke
aereHabl «JKO10ro-rHAporeoXHMHYECKOH Kap-
Tbi Pocchu MacwTaba 1:5 000 000» rHaporeoxH-
MH4Y€CKHe 30Hbl BblAENAAHCb KaK C Y4eToM
5KOIOrHYECKH HeOAAaronpuATHBIX eCcTeCTBeH-
HbIX TOKasaTeneH Ka4vecTBa [HThEBbIX BOA
(noBbIlIEHHblE KOHLETPaUHH HEKOTOPbIX afe-
MEHTOB W coeanHennn: ¢Topa, cepoBoaopoaa,
MbllIbAKA, XKede3a H Ap.), Tak H C y4eroM
3arpa3HeHus BoA 1104 BAHAHHEM aHTpOMoreH-
HOMO BO3AGHCTBHA.

BepXHHHA THAPOT€OXHMHYECKHH 3TaXK BKIIO-

YaeT BEPXHIOIO 4acCTb pa3pe3a reonorHiyeckux -

CTPYKTYP B OCHOBHOM [0 PerHoHa/bHbIX 6a-
3HCOB 3PO3HH H COAEPAKHMT B 00n1acTAX CyIUH
npeHMyLUeCTBEHHO Moa3emMHble BOAbl € pac-
TBOPEHHbIMH ra3aMH KHCAOPOAHO-a30THOrO
(1 a30THOrO) cocTaBa arMoChEepHOro MHTAHHA,
YYACTBYIOILlHE B COBpeMeHHOM Kpyroobopore
NpUpoAHbIX Bod. TO ecTh, 3T0 — NOoA3EMHbIE
BOAbl CBOBOAHOTO (AKTHBHOIO, HHTEHCHBHOIO)
BOA0OGMEHa (HAH 30HbI COBPEMEHHOIO THIep-
redesa). [laa BepxHero araxa XxapaKTepHO
WHPOKOE Pa3sBHTHE OKHCAHTENbHO-BOCCTAHO-
BHTeALHbIX TPOLIECCOB Mo, BO3AeHCTBHEM KHC-
AOPOACOAEPXKAILMX BOA aTMOCGhEpHOro mNHTa-
HHA. MOWHOCTL BepXHero araxka Konebaercs
OOBIYHO OT MEepBBIX ASCATKOB A0 HECKObKHX
COTeH METPOB H 3aBHCHT B €CTeCTBeHHbIX
YC/IOBHAX I'iaBHbIM 00pa3oM OT ray6HHbI Bpeaa
ruaporpadpHyeckon cern. B obnacrax rymug-
HOTO KNMMara B TePPHreHHbIX H KapOOHATHbBIX
(opmallax B BepXHEM 3TaXe pacnpocrpaHeHbl
B OCHOBHOM rnpecHble (ao 0,3-0,5 r/Kr) Boapl
rHAPOKapOOHATHOrO MarHHeBO-KabLHEBOro
cocrasa. [Ipn Hann4nu cyabdarcogepKalmx
nopos GOPMHPYIOTCA TaKkKe COOHOBAThIE
(@ao 1-3 r/Kr) cyabdartble KanbLUHEBbIE BO/bI,
a CpeaH TaldHTHTOBLIX COIEHOCHBIX TOAL -~

Hydrogeochemical stages (the upper and
the lower one) are subdivided into ecologi-
calhydrogeochemical regions, which are the
basic element of the map legend, procee-
ding from the structural features of hydrogeo-
chemical zonation (taking into account the
extent of technogenic impact). Hydrogeochem-
ical zonation of isolated regions shows up in
the presence of certain hydrogeochemical
zones in their vertical section and on area;
the said zones occur in the same succession
within there regions. Hydrogeochemical zones
are parts of the section of geological structures,
characterized by the predominant occurrence
of groundwater with a definite salinity and
chemical composition. When the legend of the
«Ecological-Hydrogeochemical Map..» was devel-
oped, this zones were distinguished both with
regard for environmentally unfavourable natural
characteristics of the quality of potable water
{(elevated concentrations of certain elements
and compounds, i.e. fluoride, hydrogen sulfide,
arsenic, iron etc.), and taking into account water
pollution due to anthropogenic impact.

The upper hydrogeochemical stage compri-
ses the upper part of the section of geologi-
cal structures (mainly to the regional base
levels of erosion) and contains in land areas
predominantly groundwater with dissolved
gases of oxygen-nitrogen and nitrogen compo-
sition with an atmospheric recharge participa-
ting in moderm natural hydrological cycle.
Therefore, this is groundwater of the free
(active, intense) water exchange zone or
modern hypergenetic zone. The upper stage
is characterized by extensive development
of processes under the action of oxygen-bearing
water of atmospheric recharge. The thickness
of the upper stage commonly varies from
several dozens of meters to several hundred
meters and, under natural conditions, is main-
ly dependent on the incision depth of the
drainage system. In areas with humid climate
the upper stage of the terrigenous and
carbonate formations mainly contains fresh
(to 0,3-0.5 g/kg) water of a hydrocarbonate
magnesium-calcium composition. If there are
sulfate-bearing rocks, brackish (to 1-3 g/kg)
sulfate-calcium water also forms; and among
halitite salt-bearing sequence, sodium chlori-
de water also appears as well as brines
with the salinity commonly from 5-10 to 50-
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TaKXKe XAOpH/HbIE HAaTpHEBble cofeHble BO/AbI
M pacconbl ¢ MHHepannsauHeH or 5-10 ao
50-100, peke ao 200-250 r/kr. B obnacrax
ApHAHOINO KNMMaTa B BepPXHeM araMe IHPOKO
panpocrpaHeHsl codeHble BOAbl X pexke pacco-
abl (a0 50-100 u 6onee r/kr), GpopMupyoLHe-
CA B pesynbTaTe NpoLeccoB KOHTHHEHTANbHOro
3aCOMOHEHHA. _

F'naporeoxHMu4yeckne paroHbl, Bblaease-
Mble B fpedenax BepXHero araxa, nogpasjene-
Hbl Ha Kapre Ha. ape rpymnbl. K nepBon
OTHeceHbl padoHbl C OTCYTCTBHEM AHTPOTOreH-
HOTO 3arpAsHeHHA NnoA3eMHbIX BOA, KO BTOPOH
- € ero HalH4YHeEM.

Pa¥oHbl nepBOH rpynibl NoKasaHbl Ha Kapre
CNAOLUHON LIBETHOH 3aKkpacKkon. Bcero Bbigens-
ercA 24 KareropHH pavoHOB NMEpBOH Ipymniibl
C pa3HbIM XapaKTepoM [I'HApOreoXHMH4YECKOH
30HANbHOCTH. B HHX mnpeobaagaloT npecHbie
1 cnaboconenble Boabl, NPHNOAHbIE A1A BOAO-
cHabeHHA. PaFioHbl NMepBOH IPyNnbl C ecTec-
TBEHHOH T'HAPOTEOXHMHYECKOH 30HAIbHOCTbIO
H OTCYTCTBHEM CYILECTBEHHOTO TE€XHOT'€HHOIO
3arpAsHeHHA pacrpocTpaHeHbl Ha Oonbluedr
YaCTH TepPPHTOPHH POCCHM H OCODEHHO B ee
A3HATCKOH YacTH. BMecTe C TeM Ha OTAeNnbHbIX
y4acTKax panOHOB B €CTECTBEHHBIX YCNOBHAX
dopMupyloTCA  roA3eMHble Boabl, Hebnaro-
NPHATHBIE B 3KONOrHYE€CKOM OTHOUIEGHHH AnA
MHTBEBOIO BOAOCHabGkeHHA. K HHM oTHOCAT-
cA Boabl, oboralleHHble KenesoMm (Bonee
0,3 wMr/kr), mapraHiuem (6oaee 0,1 .mr/xr),
crpoHuneM (Gonee 7 Mr/kr), ¢ropom (6onee
1,5 mr/kr), mbnubakom (Gonee 0,05 Mr/kr),
GepnanreM (bonee 0,0002 Mr/kr), cyabdar-
HoHaMH (60nee 500 Mr/Kr), xnop-HoHaMu (Boriee
600 Mr/kr), a Takxe cepoBoaopo/Hble H pa-
fiIoHOBble. Ha KapTe cneLHanbHBIMH 3HAKAMH
' BblEIeHbl TEPPHTOPHH, HAa OTAENbHbIX Y4acT-
Kax KOTOpPbIX B MEpPBOM OT MNOBEPXHOCTH
BO/IOHOCHOM TOPH3OHTE (HAH 30HE TPELIHHO-
BaTOCTH) BCTPEYaloTCA (HOH MOTYT 6bITh BCTpe-
4eHbl) MoA3eMHble BoAbl NMOAOOHONO cocraBa.

PafloHbl BTOpOH rpynnbl BepXHENo aTaa
¢ HaM4HeM Ha OTAeNbHbIX YYACTKAaX aHTPONO-
reHHOro 3arpAsHeHHA MMOA3eMHbIX BOA TIpHY-
pouetbl K TeppPHTOPHH HHTEHCHBHOIO XO3AH-
CTBEHHOT® 0CcBOeHHA. C HCTonb3oBaHHeM pabor
lonbabepra u ap. (1990), T'posgoson (1987,
1990), Epwiosa 1 ap. (1993), KparHoBba H llseua
(1992), KpainHoBa 1 3aKyrHHa (1993), MapHHoBa
H [TnHHeKepa (1983), MupoHeHko H ap. (1980),
IntoeBon (1984), TiotioHoBo# (1987) n Apyrux
HCCeqoBaTeneH NpoH3BeAeHA THNH3ALMA aH-

100 g/kg (less frequently to 200-250 g/kg).
In areas with aride climate saline water (less
frequently brines to 50-100 g/kg or more)
is widespread in the upper stage: it forms
as a result of continental salinization processes.

Hydrogeochemical regions distinguished
within the upper stage, are subdivided into
two groups in the map., The first group
comprises regions in which there is no
anthropogenic pollution of groundwater; the

second group regions with anthropogenic

pollution.

Regions of the first group are shown by
dense colowring in the map. Overall, 24
categories of regions of the first group are
distinguished in the map with different cha-
racter of hydrogeochemical zonation. They
are dominated by fresh and slightly saline
water, suitable for water supply. Areas of the
first group with a natural hydrogeochemical
zonation and absence of significant technoge-
nic pollution of groundwater occur over most
of the territory of Russia, particularly in its
Asian part. At the same time, in some regions
of this group, on certain areas groundwater
forms under natural conditions, which is
environmentally unfavourable for drinking wa-
ter supply. This is, particularly, groundwater
enriched in iron (over 0,3 mg/kq), manganese
(over 0,1 mg/kg), strontium (over 7 mg/kq),
fluorine (over 1,5 mg/kg), arsenic (over
0,05 mg/kg), beryllium (over 0,0002 mg/kg),
sulfate-ion (over 500 mg/kg), chlorine-ion (over
600 mg/kg). as well as hydrogen sulfide water
and radon water. Special symbols in the map
show territories, on certain areas of which
groundwater of such a composition occurs
or might be recorded in the first acquifer from
the surface (or fracturing zone).

Regions of the second group of the upper
stage, with the presence of anthropogenic
groundwater pollution in certain areas, are
confined to the territories subject to intense
economic development. Typification of anth-
ropogenic pollution of natural water was
conducted on the basis of a combination of
the leading hydrogeochemical features with
the use of the works by Goldberg et al. (1990),
Grozdova (1987, 1990), Ershova et al. (1993),
Krainov and Shvets (1992), Krainov and Zakutin
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TPONOreHHOro 3arpA3HeHHA MPHPOAHBIX BOA
Mo KOMIMNAEeKCy BeAyWHX THAPOreoXHMHYeCKHX
noKasarenen. Bcero pasniaercs ecTb OCHOB-
HbIX THMOB 3arpA3HEHHA, B3AHMOYBA3AHHBIX
¢ XapakrepoM npeobaajaiomiell XO3AHCTBEH-
HOH [1€ATENbHOCTH.

TepBblit THN 3arpA3HEHHA — MHHEPabHbIHA —
C TOBbBIIIEHHBIMH COAEPKAHHAMH, XIOPHAOB,
cyapgaroB, C yBeaH4eHHeM obllier MHHepaiH-
3allHH H XKeCTKocTH. OH CBA3AH C NOATOKOM
CO(IeHBIX BOJ, H3 HHXKeaeXallHX IOPH3OHTOB
B npoLecce HHTEHCHBHOH JKcrayaTalyH Mpe-
CHbIX BOA, Bropo# THN 3arpasHeHna — opraso-
MHHepanbHblA H OaKTepHanbHbiA. OCHOBHbIE
* 3arpAsHAIOLIHE BelleCTBa: HHTpaThl, @aMMOHHH,
necrnunabl, docdarsl, Kaaui, Gop, Mecramh
TAMENbIC Merannbi, GonesHersopHbie Oakre-
pHH. [1nA 3TOrO THIA 3arpA3HeHHA, CBA3AHHOTO
B OCHOBHOM C Ce/lbCKHMM XO3AHCTBOM (Heopra-
HHYECKHEe H OpraHMYecKHe yaoOpeHHs, Ago-
XHMHMKATBl, CTOKH C mrHuedabpuk u np.)
Hanbonee xapaKkTepHbl OKONOHEHTpanbHble
KHC10poAHble BoAbl C BbICOKHMH Eh, a Takse
OKOroHeHTpanbHble 6ecKHuIopoaHo-6eccyabgpHa:
Hble C HU3KHMH Eh (KpaHHOB 1 3aKyTHH, 1993).
TperbeMy THINY 3arpAIHEHUA NPUCYUL WHPOKKA
KOMI1eKC B OCHOBHOM MHHepallbHbIX, H peXe
GaKkTepHaNbHBIX BELIECTB: TAMXKENblE MeTalbl,
XA0opHAabl, cyabgatbl, GTOpP, KHCAOTbI, LHAHH-
Abl, MecTamMH O6onesHeTBOpPHble GaKkTepHH.
Noasemusle BoAbl 37eCh YACTO KHCAblE C
BbICOKHM 3Ha4eHHAMH Eh, a TakkKe oKofioHe#H-
TpanbHble C BbICOKMMH Eh. Dr1oT THN 3arpas-
HeHHA oOycnoBaeH BO3AEHCTBHEM CTOYHBIX
BOJ B paHOHaX ropHoaoObiBaiolleH, pyaoobo-
raTuTenbHOH, MeTanlyprriecKkor MpOMbILIIeH-
HOCTH H KpYNHBIX rOPOACKHX-&rrnomepaLum,
YeTBepTbIA THN 3arpA3HeHHA C npeobnagaHHeM
OpraHH4YeCKHX H opraHo-MHHeparbHbIX 3arpas-
HeHHA: HEHONOB, AaMMHOB, AHHIHHOB, CITHPTOB,
CMOA, CepPo- H XAOPCOoAepXKaulix opraHH4ye-
CKHX COe[HHEHH — CBA3aH C MNOCTYI(IEHHEM
CTOYHBIX BO/ C O6BEKTOR LeNiono3Ho-ByMa-
HOH, NeCOXHMHYECKOH H (1IETKOH TMpOMbILINeH-
HOCTH. B NATOM THIE OCHOBHBIE 3arpia3HAN-
He Belecrsa: HedTs H HedTENpPOAYKTH B
parfioHax HedregobbiBaiolled H Hedrenepepa-
6aTbiBalollier NpoMbiwaeHHocTH. llecToit THn
3arpAsHeHHA ~ paAHOaKTHBHble BelliecTBa B
paHoHax BbillaaeHHA paAHOAKTHBHbIX 0CaAKOB.

B pesynbrare aHann3a MaTepHanos Mo 'HAPoO-
I€OXHMHH TeXHOMeHHbIX MPOLECCoB, MacIuTaby
H HalpableHHOCTH XO3AHCTBEHHOH AeATelb
HOCTH Ha TeppHTOpPHH PoCcCHH [popeaeHa

. phates,

(1993), Marinov and Pinneker (1983), Mironenko
et al. (1980), Pitieva (1984), Tyutyunova (1987)
etc, Overall, there are 6 mayor types of pol-
lution, mutually correlated with the character
of predominant economic activity, determing
a certain type of pollution.

The first type is mineral pollution, with
elevated contents of chlorides, sulfates, with
increasing general mineralization and hard-
ness. It is connected with seepage of salt
water from the underlying acquifers in the
process of intense exploitation of freshwater.
The second type of pollution is organo-mineral
and bacterial pollution; the main pollutants
are: nitrates, ammonium, pesticides, phos-
potassium, boron, locally heavy
metals, pathogenic bacteria. This type mainly
associated with agricultural production (inor-
ganic and +organic fertilizers, chemical weed-
killers, discharge from cattlebreeding comp-
lexes, poultry farms etc.) is mostly characterized
by perineutral oxygen water with high Eh
values, as well as — perineutral oxygen-free-
sulfidefree water with low Eh values (Krainov
and Zakutin, 1993). The third type of pollution
is characterized by an extensive complex of
mainly mineral and less frequently bacterial
pollutants i.e. heavy metals, chlorides, suifates,
fluorine, acids, cyanides, locally pathogenic
bacteria. Here, groundwater is often acidic
with high Eh values, as well as ~ perineutral
with high Eh. This type is due to the action
of discharge water, mainly in areas with mining
activity, ore dressing plants, metallurgical
industry, as well as large urban agglomera-
tions. The fourth type of pollution is dominated
by organic and organo-mineral pollutants, i.e.
phenols, amines, anilines, alcohols, resins,
sulfur- and chlorine-bearing organic compounds;
it is connected with supply of discharge water
mainly from enterprises of pulp-and-paper
industry, forest chemical industry and light
industry, Among the main substances in the
fifth type of pollutants are oil and petroleum
products. This type is particularly widespread
in regions with oil production and in regions,
where oilprocessing enterprises are located.
The sixth type of pollution is represented
by radioactive substances. It has a regional
extent and is mainly recorded in areas subject
to radioactive fallout.

As a result of analysis of the materials on
hydrochemistry of technogenic processes, as
well as the extent and direction of economic
activity in the territory of Russia, the system-
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CHCTeMaTH3allHA MAPOr€OXHMHYECKHX pato-
HOB BTOPOH IPYMNNbl BepXHero araka. Bcero
cpeaH HHX BbiaeneHo 11 KareropHH, paznH4a-
IOIIIMXCA MO THITY aHTpOIOreHHOro 3arpA3HeHHA
NpHPOAHbIX BoA, 'PaHHLbI paHOHOB NMPOBOAH-
ANCh C Y4eTOM Halpab(ieHHA PperHoHaabHoOro
NMoaA3eMHOro CTOKa H roCno/ACTBYIONUIHX BETPOB.
PadoHbl BTOPOW TpyNnbl TOKA3LIBAIOTCA
HAa KapTe WTPHXOBKOH pa3sHOro upera, Hamo-
KEHHOH Ha CIIOWHYI0 3aKpacKy paHoOHOB
NepBOH I'pyMrbl.

PernoHanbHbIA XapaKTep pacrnpocTpaHeHHA
HMeeT KaTelopyud PaHOHOB, CBA3AHHBIX C HHTEH-
CHBHbIM CebCKOXO3ANCTBEHHBIM OCBOEHHEM
(BTOPOH THM 3arpA3HeHHA). OHH OXBaTbiBAIOT
6onbIIyio 4acTh LEeHTPanbHOM K I02KHOH YacTeH
EBponencKori POCCHH H 102kHOH YacTH CHOHDH.
PerroHanbHoe pacnpocTpaHeHne npHoGpera-
er KaTeropHa paHoHoB C HaHbGoabLieH aHTpo-
MOreHHOW 3arpy3koH, B KOTOpPbIX COCTaB NOM-
3@MHbIX BO/ H3MEHAETCA MoM BOHAHHEM
HEeCKONbKHX (haKTOpPOB (THMOB 3arpA3HeHHH).
JTa KaTeropHd pavioHOB IWIHPOKO TpeACTABR-
aeHa Ha LleHTpaabHom H I0xKHOM Ypadae, B Boa-
ro-ypanbcko#t 06nactH, logMoCKoBbe H APYTHX
pervoHax.

HHAKHHA THAPOTE€OXHMMHYECKHA 3Ta pac-
nonaraeTca B reoNorHyecknx CTpyKrypax ray6-
Ke BepxHero araxa. Ha cywe oH 3aneraer Hu-
7Ke 30Hbl pacrpoCcTpaHeHHsa KHCNIOPOAHO-a30THBIX
M a30THBLIX BOJ COBPEMEHHOro rHrepreHesa.
B obaacrax pa3BHTHA HeMeTaMOpP(H30BAHHBIX
1 cnaboMeTaMOpH30BAHHBIX OCAAOYHBIX H
BY(IKaHOMeHHO-0CA/104HbIX NOpOA AlA HEro xa-
paKTepHbl MoA3eMHbie BOAbI B OCHOBHOM C Me-
TAHOBBIMH, METAHOBO-a30THBIMH, CEpPOBOAOPOA-
HO-MeTaHOBbIMH, peKe A3O0THbIMH rasaMu; B
KPHCTANHMECKHX NTOPOJax — BO/AbI € a30THbIMH
razaMi, B 00NaCTAX C TPOABNEHHAMH COBpe-
MEHHOI'0 H MO1040r0 ByKaHH3Ma TakxKe BoApl
C YIMIEKHCIbIMH N CepPOBOAOPOAHO-YIEKHCAbI-
MH rasamH. TlogzemMHble BOAbl B HIAKHEM aTaxke
[0 H3y4YeHHbIX ray6uH (5~7 KM) MpenMylLecT-
BEHHO CeAHMeHTOreHHble H ApeBHEHHOHNL-
TpalHOHHblE, B OCHOBHOM corneHblie (1-35 r/Kr)
H paccoabl (10 250~330 I'/Kr) BO B3aMOCBA3H
C rafloreHHbIMH (popMaLMAMH, He nonayvaolye
B COBPEMEHHbIX YCAOBHAX MHTAHHA C AHEBHOH
NOBEPXHOCTH. BMecTe ¢ TeM B HHXHEM aTaxe
MeCTaMH AOBONBHO IHPOKO pacnpoCTpaHEeHb!
npecHble H COMOHOBATble BOABI rHAPOKapbo-
HaTHOI'O coCTaBa, NpUrodHble AlA UeneHn BOAo-
cHabxennA. OHH TNpeACTaBeHbl /APEeBHHMH

atization of hydrochemical regions of the
second group of the upper stage was accom-
plished. Overall, 11 categories were outlined
among them differing in the types {or combi-
nation of the types) of anthropogenic pollution
of natural water. The boundaries of these
regions were drawn, taking into account the
direction of the regional subsurface drainage,
as well as the prevailing wind direction. The
regions of the second group are shown by
hatching of different colour in the map,
superimposed on dence colouring of regions
of the first group.

A regional character of occurrence is typical
of the category of regions, associated with
intense agriculture development (the second
type of pollution). They cover most of the
central and southern parts of European Kussia
and the southem part of Siberia. Regional
occurrence is typical of the category of regions
with the greatest anthropogenic load, in which
the composition of groundwater as regards
the combination of the basic features changes
under the influence of a simultaneous action
of several types of pollution. This category of
regions is extensively represented in the
Central and Southern Urals, Volga-Urals District,
Moscow area etc.

The lower hydrogeochemical stage occurs
in geological structures below the upper stage.
On land, it rests below the occurence zone
of oxygen-nitrogen (and nitrogen) water of
modern hypergenesis. In areas, where non-
metamorphic and slightly metamorphic sedi-
mentary and volcanogenic sedimentary rocks
occur, groundwater mainly contains methane,
methane-nitrogen, hydrogen sulfide-methane,
less frequently nitrogen gases; Ccrystalline
rocks enclose water with nitrogen gases; in area
with shows of recent and young volcanism,
there is also water with carbon dioxide,
hydrogen-sulfide-carbon dioxide gases. Groutd-
water in the lower stage (to the studied depth
5-7 km) is mainly sedimentogenic and ancient
infiltrational, basically saline water (1-35 g/kg)
and brines (to 250-350 g/kg) in interconnection
with halogenic formations, which are not
recharged from the day surface under modem
hydrogeological conditions. At the same time,
the lower stage locally contains rather wide-
spread fresh and brackish water of a hydrocar-
bonate composition suitable for the purposes
of water supply. It is represented by infiltro-
denic water of atmospheric recharge, confined
to the upper acquifers (and fracturing zones)
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HHPHABTPONeHHbIMK  BOAAMH  aTMoCchepHoro
NHTAHHA, NPHYPOYEHHBIMH K BEpPXHHM BOAO-
HOCHBIM T'OPH3OHTAM H 30HAM TPEIHHOBATO-
CTH HHXHEIND JTaxka B CTPYKTYpax pa3HOro
THA, & TaKkKe 4YacTo CeAHMMEHTONeHHbIMH
BOAAMH B KOHTHHEHTa(bHbIX I'yMHAHBIX ¢op-
.MaUMAX OCAA04HbIX HaccefHOoB.

F'naporeoxHmMHyeckas 30HaNbHOCTb B [Ipe-
_fiefiax HWKHETO JTaXa XapaKTepHayerca 6odb-
LION CIOKHOCTHIO H ONpejendaeTcd B OCHOBHOM
reoflori4eCKHMH (akTopaMH (CTPOeHHEeM ps-
A0B (¢opmallHA, CTeneHblo H XapakTepoM AHC-
AOLIHPOBAHHOCTH H MeTaMopdHima Mopoa H
1.1.). [lo3TOMYy rHApPOreOXHMHYECKHe DanoHbi
HHKHEro sTaka NnoApasaenAloTCA Ha pafoHbl:
1) € sakoHOMepHbIM H3MEHeHHeM MHHEpaH-
3allMH NMOA3EeMHbIX BO4 C IMyOHHOH, HanpHMep,
B 0CadO4HbIX 6acceHHax H 2) B OCHOBHOM C
He3aKOHOMEpPHbIM H3MeHeHHeM MHHepanHia-
1IHH TIOA3eMHbIX BOA ¢ rayGHHOH, HaNpHMep,
B CKAaA4aThlX CTPYKTypax pasHOro tuna.

YyHThIBAA SKONOrHYECKYyI0 HANpabi1eHHOCTD
KapTbl, paHOHbI HHMKHEro aTaxa noapasaeasn-
IoTCA, TaKXKe KaK H paHee paHOHbl BepXHEero
aTama, Ha: 1) paHOHbI C OTCYTCTBHEM @aHTpoOmno-
reHHOro 3arpA3HeHHA NMo/A3EMHbIX Bog; 2) paH-
OHbI C HalH4YHEM AHTPOINOreHHOro 3arpasHe-
HHA MOA3eMHbIX BOA,

AHTponoreHHoe BO3AEHCTBHE Ha XHMHYe-
CKHF COCTaB MOA3EMHbIX BOJ HHXKHEro aTaxa
nposABaeHO 3HAYHTeNbHO clabee No CPABHEHHIO
C BEPXHHM. H3MeHeHHA XHMH4YeCKOro CocraBa
afech HOCAT AoKaabHbIA Xapakrep., Hokalouye-
HHE COCTaBIAIOT paHOHbl HHTEHCHBHOH AOOBI-
YH HedTH M raza, a TakkKe C HHTEHCHBHOM
SKcIvyaTtaLHeH NoA3eMHbIX BO/, Bblae/neHHbie
Ha Kapre ocoObiMH 3HakaMH. Kpome TOro
NOKA3aHo pacnpoCcTpaHeHHe B HHAKHeM arame
CoaeHbIX BOA H pacconos, 06oralleHHbIX Cepo-
BogopodoM (go 100-1000 mr/a n 6oaee),
MPeCHBIX H COIOHOBATBIX MOA3EMHBIX BOA C MO-
BbIIIEHHBIMH KOHLEHTpauHAMH ¢TOpa, CTpOH-
MR M Keaesa.

CneynanbHBIMH 3HAKaMH MoKkasaHbl Ha Kap-
T€ perHoHadbHble MEp3(I0THbIE H AHTONOO-
¢dopmaiiHoHHble PAKTOPbI 3aALHLIEHHOCTH NO/-
3eMHBIX BOA OT 3arpastHennsa. Bbiaenerb
TePPHTOPHH C pasBHUTHeM 1) ClIioILHOM 1 c1abo-
NpepbIBHCTOH MHOrONeTHEH Mep3noThl (75—
95% nnoluaaH), 2) NpepbIBHCTOR H MACCHBHO-
OCTPOBHOH Mepanorsl (25-753% naolaan),
3). BbiAEPKAHHBIX TIMHHCTBIX BOAOYNOPOB B
BEDXHHX 4YacTAX pa3pe3a A04YeTBEepTHYHbIX OT-
102KeHHH, 4) MPepbIBUCTBIX (HEBbIAEPAKAHHbIX)

of the lower stage in structures of different
types, and quite often by sedimentogenic
water in humid continental formations of
sedimentary basins.

Hydrogeochemical zonation within the lower
stage is very complex and is mainly determi-
ned by geological factors (structure of the seri-
es of formations, degree and character of rock
dislocation and metamorphism etc.). In connec-
tion with this hydrogeochemical regions of the
lower stage are subdivided into the following
groups: 1) regions with a regular change in
groundwater salinity with depth (in sedimen-
tary basins etc.); 2) regions with predominant-
ly irregular change in groundwater salinity with
depth (in folded structures of different type).

Taking into account the ecological trend
of the map, regions of the lower stage, similarly
to those of the upper one, are subdivided into:
1) hydrogeochemical regions without anthropo-
genic pollution of groundwater; 2) hydrogeo-
chemical regions with anthropogenic pollution
of groundwater.

Anthropogenic impact on the chemical
composition of groundwater of the lower stage
up much weaker as compared to the upper
stage. Commonly, the change in the chemical
composition of groundwater in the lower stage
also has a local character. An exception are
regions with intense oil and gas production,
as well as regions with intense exploitation
of groundwater. These regions are shown by
special symbols in the map. Besides, the map
shows distribution of saline groundwater and
brines enriched in hydrogen sulfide (to 100~
1000 mg/l or more) in the lower stage, as well
as fresh and brackish groundwater with ele-
vated concentrations of fiuorine, stronfium
and iron. _

Special symbols in the map show regional
permafrost and lithological-formational factors
of groundwater protection from pollution
{mainly, in the upper stage). Particularly, the
following territories are distinguished: 1) with
development of continuous and slightly frag-
mentary permafrost zone (75-95% of the area);
2) with development of a discontinuous and
massive insular frozen ground (25-75%);
3) with development of consistent clayey
impermeable beds in the upper parts of the
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MHHUCTHIX BOAOYTNOPOB B YeTBEPTHYHbIX flef:
HHKOBBIX OT(0KEHHAX, 5) raforeHHbIX ¢opma-
UMA B BEPXHHX YacTaAX paspesa, 6) Kapbonar-
HbIX GopMaUHit B BEPXHHX YacTAX paspesa.
Ha kapre nokazaHbl TaKxe HEKOTOPbIe NMpPOTA-
XeHHble NoApycnoBble CKBO3HblE TalHKH B
obnacTH CNnoIHOA H CNaboNpepbIBHCTOH MHO-

roneTHen MepanoThi, a TaKXKe BbiASIeHbI TeppH-’

TOPHH C HHTEHCHBHOM pa3rpy3koH Nnog3eMHbIX
BROA HHXKHEro 3taxka. Bce atH noKasaredH HMe-
10T BaXKHOE 3HaYeHHe NMPH perHOHAbHOH OleH-
Ke CTeNneHH 3alllHILIEHHOCTH MNOA3EMHBbIX BoA,
NPHIroaHbIX ANA BOAOCHAOKEHHA, OT TEXHOreH-
HOT'O BO3ACHCTBHA pa3sHOro THNa.

[lpuHATaA MeTOAHKa MMAPOreoXHMM4ecKoro
KaprorpadHpoBaHHA MO3BOAAET OTPa3HTb Ha
«KOA0ro-rHApPoreoXHMHYecKkor Kapre PoccHH
maciwraba 1:5 000 000» He TONBKO CYWECTBY-
OILYI0 THAPONeOXHMHYECKYl0 OBCTAHOBKY MO
NAOILAAH H B pa3pese reolorH4eCcKHX CTPYKTYP
pazHOro THMa H OLEHHTh MacluTabbl 3arpas-
HEHHA MHTHEBBIX BOA NPH CyHIECTBYOLIEH
TE€XHOI'eHHOH Harpyske, HO H IPOrHO3HPOBaTb
BO3MOKHbIC H3MEHEHNA KaueCTBEHHbIX MOKa-
sarened MNOA3EMHbIX BO4 B PErMoHanbHOM
nnaHe NpH H3MeHEHHH TeXHONeHHOTO BO3ACHCT-
BHA B pa3nvyHbIX pernoHax. Jra MeToaAHKa
MOXKeT ObITh peKOMeHA0BaHa K HCMONb30BAHHIO
NpH NpoBEAEHHH 3KONOTO-TeOXHMHYECKHX pa-
60T cpeAHHX H KpYMHbIX MacluTabos (1:200 000
~ 1:50 000),
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pre-Quaternary section; 4) with development
of discontinuous (inconsistent) clayey imper-
meable beds in the Quatemary glacial deposits;
5) with development of galogene formations in
the upper parts of the section; 6) with
development of carbonate formations in the
upp r parts of the section. The map also shows
some extensive subchannel through-going ta-
liks in the area of continuous and slightly
discontinuous perennially frozen ground; terri-
tories with intense groundwater olischarge at
the lower stage are distinguished. All these
characteristics are of great significance during
the regional assessment of protection degree
of groundwater, suitable for water supply,
from different types of technogenic impact.

The accepted procedure of hydrogeoche-
mical mapping makes it possible to reflect in
the «Ecological-Hydrogeochemical Map of Rus-
sia on 1:5 000 000 scale» not only the existing
hydrogeochemical setting on area and in the
section of geological structures of different
type, assess the extent of potable water
pollution under the existing technogenic load,
but also to predict possible changes in
qualitative characteristics of groundwater in
regional plan during changes in technogenic
impact in different regions. It should be noted,
that this procedure can be recommended
for use during ecological-hydrogeochemical
works on the medium and large scale (1:
200 000 - 1:50 000).
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MOHITORING OF THE WATER RESOURCE OF
TURKMENISTAN

Iskanderov T.A., Talaev E.I., Chemova N.B.
Institute of Chemistry of the Academy of
Sciences of Turkmenistan,

Ecology of Central Asia is nonsuccessful.
Both the deficiency of water and exhaustion
of quality of water take place with degra-
dation of water sources. Complex structural
coupling of agricultural,mineral and refining
industry demand the improvement and ratio-
nal make use of water resources. All these
- aspects imply the necessity of .intensive mo-
nitoring of water resources of Turkmenistan.

In this report fresh and salt underground
water sources of Turkmenistan were studied.
Complex evaluation of the curent quality
were done with 75 valuable parameters. Sci-

entific basic of our study were instrumental

methods of chemical analysis (IR-spectro-
scopy, GL-chromatography and other).

In probe doing the selective sorbents and ex-
traction were applied. _

Main diagnosis was done in region of
Dashkhowus velajat of Turkmenistan that is a
ecological disaster region. It was found that
content variation of Pb, Mn, Fe was within
interval of 1 to 34 upper admit concen-
tration (UAC), content of Cd within 0.3 - 7
UAC in all region of velajat. Presence of the
chlorine organic pesticides in some water
sources were found. Priority series of organic
pollutants were established too. Analogous
tendency was found for sources in another
regions.

Computer data bases are applied for sys-
tematic, storage, analysis and reports. Data
base of chemical components of surfer and
underground waters of Turkmenistan may be
use for mathematical simulation for forecast

of quality of control water sources. These.

data bases will use as foundation for new
National Standard of Water Quality of
Turkmenistan.
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Both the deficiency of water and exhaustion
of quality of water take place with degra-
dation of water sources. Complex structural
coupling of agricultural,mineral and refining
industry demand the improvement and ratio-
nal make use of water resources. All these
aspects imply the necessity of intensive mo-
nitoring of water resources of Turkmenistan.

In this report fresh and salt underground
water sources of Turkmenistan were studied.
Complex evaluation of the curent quality were
done with 75 valuable parameters. Scientific

basic of our study were instrumental
methods of chemical analysis (IR-spectro-
scopy, GL-chromatography and other).

In probe doing the selective sorbents and ex-
traction were applied.

Main diagnosis was done in region of
Dashkhowus velajat of Turkmenistan that is a
ecological disaster region. It was found that
content variation of Pb, Mn, Fe was within
interval of 1 to 3-4 upper admit concentration
(UAC), content of Cd within 0.3 - 7 UAC in all
region of velajat. Presence of the chlorine
organic pesticides in some water sources
were found. Priority series of organic
pollutants were established too. Analogous
tendency was found for sources in another
regions, :

Computer data bases are applied for sys-
tematic, storage, analysis and reports. Data
base of chemical components of surfer and
underground waters of Turkmenistan may be
use for mathematical simulation for forecast
of quality of control water sources. These
data bases will use as foundation for new
National Standard of Water Quality of
Turkmenistan.
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MOHHTOPUHT
IKONOTHYECKOIO COCTOHHHNA
MPHBPEAKHBIX MOPCKHX PETMOHOB ~ OIIbIT

MPAKTHYECKOHN PABOTDI '
P A —
Reongman B.11., npogeccop,
AOKTOp pH3.-MAaT. HaYK;,
Kyaur A.M., qOKTOD pH3.~MAT. HAYK;
bopucoB A.C., KaHaHaaT pH3.—MaT. HAyK.
HHCTHTYT r€oXHMHH H AHATHTHYECKOH XHMHH
HM. B.H.Bepraagckoro Poccurickor All

NoKka3aHb! BO3MOXKHOCTH HCHONb30OBAHH 0
CTHIKEHHH COBpPeMeHHbIX (PyHAAMEHTaIbHbIX
MODCKHX HayKk B MpPHPOAOOXPaHHOH AeATe(lb-
HOCTH YerioBeKa, M3a10xeHbl KOHUENTyanbHble
OCHOBbI MpoOneMbl H PacCMOTPEHBbI [PAKTH-
YeCKHe pe3ynbTaThl 3KCNpeCcC-AHarHOCTHKH H
KPaTKoCpPO4YHOr0 MpPOrHO3HPOBAHHA 3KONOrH-
4eCKOH CHTYaL[HH Ha NpHMepax pAaa NpHOpex-
HbIX paHOHOB YepHOro M A30BCKOro MOpA.

PaccMorpena crneuudrika npopedeHrnA KOM- -

NNEKCHOrO  MOHHMTOPHHIrAa 2KONOTHYeCKOro
COCTOAHHA TNPHMEHHTENbHO AAA MPHOPeKHbIX
MOPCKHX PerHoHoB. OO6CyMAAlTCA AOCTOHH-
crBa pa3paboTaHHOH ABTOMATH3HPOBAHHOH
CHCTEMbI, BKalHawiled ob6paboTky aKcrepH-
MEHTANbHbIX AAHHBIX H MaKeT MOAENHDYIO-
IMX MporpamM.

'BBE/IEHHNE

JKoaorna MHpPOBOro oKeaHa BK(alO4aer
B cebA KOMNMIeKC (pyHAAMEHTAnbHBIX AHCLHI-
OHH: rHAPOBHONOrNH, GHOXHMHH, PHAPOXHMHH,
FHAPOAHHAMHKH, NeOH3HKH, TMAPOMETEopo-
IOPHH, TOKCHKOMOIHH, F€HETHKH M MHOMHX
Apyrux. HecMoTpA Ha TO, YTO BO MHOIHX H3
ITHX HaNpaBaeHHH AOCTHIHYTbI BlieYaTsIoWHe
yCrnexH, cosflaHHe aAeKBAaTHOH MoAeNH 3KOCHC-
TeMbl OTAENbHO B3ATOI'O PerHoHa — BCe elile
Bonpoc Gyaywero. B To xke BpeMA yrHereHHoe
COCTOAHME MOPCKOM Cpeabl, H B NEPBYI0 ove-
peap NpHODeKHbIX 30H MOpeH, Bbi3blBaeT
HeobxoauMocTh GesornarareasHol paspabort-
KH Hay4HO OBOCHOBaHHbIX PeKOMEHAALHH H
NPHHATHA TMPAaKTHYECKHX Mep A1 O0340pOB-
leHHA SKOMNOrHvecKoH 0HCTAHOBKH.
CanoxHBlieecH nonoxeHue tpebyer, He A0-
KHAAACh paspal0OTKH OCHOB yHAaMeHTalb-
HOH MOPCKOH 3KOI0I'MH, CO3/AaHHA HOBO¥ Hayy-
HOH AHCLIMNAHMHBI — MPAKTHYECKOH 3KOMOrHH
MOPCKHX PerHoHOB, HCIOb3YIOLEH, C OAHOA
CTOPOHBI, AOCTHXEHHA B (yHAAMEHTANbHbIX

MONITORING
OF ECOLOGICAL STATE
OF COASTAL SEA REGIONS - EXPERIENCE
OF PRACTICAL ELABORATION
‘o
Keondjian V.F., Frof.,
Dr. Kudin AM.,
Dr. Borisov A.S., Dr,
Vernadshy Institute,
Academy of Science,
Moscow, Russia

Possibilities of using achievements scored
by modern fundamental marine sciences in
man'’s activities aimed at environment control
are shown. Conceptual foundations of the
problem have been described and practical
results of express-diagnosing and shortterm
prognostication have been analyzed on the
example of some coastal regions of the Black
and Azov Seas.

INTRODUCTION

Marine ecology today includes a set of
fundamental disciplines: hydro-biology, bio-
chemistry, hydrochemistry, hydrodynamics,
geophysics, hydrometeorology, toxicology, ge-
netics and many others. Despite the fact that
in many of these fields impressive successes
have been achieved creation of an adequate
model of ecological system of an individual
region is still a matter of the future. At the
same time the degradation of the marine
environment especially in the coastal regions
of seas causes the necessity of urgent working
out scientifically substantiated recommenda-
tions and taking practical measures to improve
ecological situation.

The present situation requires that without
waiting for elaboration of fundamentals of
the marine ecology, a new scientific discipli-
ne be set up - practical ecology of sea regions,
which would, on the one hand, make use of
achlevements in fundamental spheres of ocea-
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pasaenax OKeaHOMOIHH, & C APYroH,~ MeToabl
H TeXHONOTHH, TMNO3BONAMHE XOTA Obl B
nepBoM MpHOHAKEHHH OUEHMBaTb 3KOOTHYe-
CKHe CHTYyauHH H [PHHHMaThb ONTHMaNbHble
NpHpPOAOOXpaHHble pelleHHA. HeobxoaHMbIMH
KOMMOHEHTaMH 3TOro HOBOrQe HalpaBaeHHA
AOMXHbI CTaTh METOAbl KOHTAKTHONO H AHCTAH-
UHOHHOIMO MOHHTOPHHTA perHoHa, Cpeacrsa
COBpeMeHHON HHpOpPMaTHKH (6aHKH HCTOpH-
YeCKHX W ONEepaTHBHLIX AaHHbIX O MOPCKOH
cpeae, HMHTaUHOHHbIE MoOAenH ANA OUEHKH
NocaeACcTBHH, BbI3BAHHBIX Pa3NH4HbLIMH YPOB-
HAMH AHTPOTNOreHHbIX Harpy3oK), rnepeqosble
AOCTHMEHNA Oe30TX0AHBIX M MaNOOTXOAHbIX
TeXHONOTHH H MEeTOAOB OYHCTKH CTOMHbIX
BOA, & TaKXKe KOMNAEKC NMpaBOBbIX, JKOHOMH-
YECKHX, COUHa/bHbIX H T[OAHTHYECKHX 3Ha-
HHA TMPHMEHHUTENbHO K MOPCKOH TPHPOAOOX-
pPaHHON AEATENbHOCTH,

Boabluo# onbiT paboTsl B 06nacTH NpaKTH-
4Y€CKOH 3KONOTHH MOPCKHX PErHOHOB HaKolieH
B ¢dupme «IKOCH», ocHoBaHHOH B 1989 T,
A66peBHnarypa HasBaHHA (HPMblI NOMHMO Ove-
BHAHOTO «MOPCKOIO» MIPOYTEHHA, HMEET PACLLH-
peHHOe TONKOBaHHE — IKONOIMHYECKHE CHCTEM-
Hble HccaeaoBaHHA. OCHOBHbiE pe3ynbTaThbl
NpoBEAEHHbIX HCCAeAOBaHHH ONyOnHKOBaHbI
B (1,2), rae nokazaHbl BO3MOXHOCTH HMCIONb-
30BAHNA AOCTHXEHHH COBPEMEHHOH 3KOAOTrHH
H dyHaameHTanbHbIX MOPCKHX HayK B NpHPO-
A00XpaHHON AeATeNbHOCTH YenoBeka. OcoGoe
BHHMaHHe ydeqeHO KOHLeNTyaabHbiM OCHOBaM
npobneM M myTed NPaKTHYECKON peanu3aunm
nporpaMmb! 3KCNpecc-AHarHOCTHKH H Kparko-
CPOYHONO MNPOTHO3NPOBAHHA 3KONOTHYECKOH
CHTYauHH MOPCKHX pErHoHOB.

OCHOBHbBIE HAY4YHbIE KOHLEILHH
MPAKTHYECKON JKO10IMH

fina BbLIABNEHHA AHTPONOrEeHHbIX H3MeHe-
HHA B CTPYKTYpe H (DyHKLIHOHHPOBAHHH MOPCKHX
9KOCHCTEM, NPHHATHA Mep MO HOPMHPOBAHHIO
AHTPONOTEeHHOr0 BO3AEHCTBHA HeoGxoauMo
OPraHH3OBaTh H OCYWECTBHTH KOMIVIEKCHbIA
MOHHTOPHHI MOpA. B o6lieM cayvae MOHATHE
MOHHTOPHHIa Kakoro-1H6o NpHpoAHOro obm-
eKTa BKMO4aeT B ce6GA TpPr OCHOBHbIX KOMMO-
HeHTa. [lepBblfi ~ pazeuras HabmoaarenbHas
CeTh, MO3BONAIOIAA (PHKCHPOBATb COCTOAHHE
oObekTa no HeobxoanmoMmy Habopy napamer-
pOB C AOCTATOMHbIM BPEMEHHBIM H MPOCTPaH-
CTBEHHbIM paspeileHneM; 3neMeHTaMH 3ToH

nology and, on the other, of methods and
technologies making it possible, at least
roughly, to assess ecological situations and
take optimal environment control decisions.
Necessary components of this new direction
must include methods of contact or remote
monitoring of the region, means of modern
informatics (banks of historical and current
data bases on marine environment, imitation

‘models to evaluate consequences caused

by various levels of anthropogenic loads), the
last achievements of wasteless and small-waste
technologies and methods of purifying waste
waters as well as a set of legal, economic, so-
cial and political knowledge applicable to
marine environment control activities.

The firm ECOSEA, founded in 1989, has
significant experience of elaborations in the
field of practical ecology of sea regions.
Abbreviation ECOSEA, aside from its explicity
«marine» meaning, has a deeper connotation -
ecological system environment analysis.

The basic results of the investigations were
published in (1,2), where possibilities are
shown of using achievements of modern
ecology and fundamental marine science in
man’s environment control activities. Special
attention was paid to conceptual foundations
of the problems and ways of practical imple-
mentation of express-diagnosing and short-
term prognostication of ecological situation of
a sea region on the example of Burgas Bay.

THE MAIN SCIENTIFIC CONCEPTIONS OF
PRACTICAL ECOLOGY

In order to reveal anthropogenic changes
in the structure and functioning of marine
ecological systems and taking measures for
normalizing anthropogenic impact it is ne-
cessary that a comprehensive monitoring of
the sea should be organized and carried out.
In this case the notion of monitoring of any
natural object includes three basic compo-
nents. The first. is a developed observation
network which makes it possible to register
the state of the object according to the ne-
cessary set of parameters with sufficient
temporal and spatial resolution. Elements of
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ceTn MoryT 6bITh KOHTAKTHbIe H AHCTAHUMOH-
Hbie H3MepHTEebHbIE CPeACTBA BOAHOIO, Ha3eM-
HOro, Cy:10BOr0, BO3AYIUHONO H KOCMHYECKOIo
6a3znpopaHna. BTOpoH - cHCreMa KOMMYHHKa-
uMR, ocywecrasowan cbop M nepeagayy pe-
FMCTPHPYEMbIX MNapaMeTpoB H BKIOYAIOWAR
B ceBA pasnHyHble KaHarnbl CBA3H H CpeacTBa
ynpasneHna nocneqHumMd, H, HaKoHel, TPeTHH
~ LienTp c6opa, 06paboTKH H aHanH3a AaHHBIX,
OCHALIEHHbIH MOLHBIMH  BbIYHCANTENbHBIMH
cpeacrBamt. OcHoBHaA 3aga4a lleHtpa — Bbl-
paboTKa peKOMeHAALHH A MPHHATHA ynpas-
A€HYECKHX PelUeHHA HAa OCHOBE pe3yNbTaToB
06paboTKH H aHanH3a Noay4eHHbIX AAHHBIX.

MOHHTOpPHHI OTKPbITHIX 4Yacred MoOpen H
OKeaHOB MpeacTaBafer coboH CIoKHYyo 3aja-
vy, Tpebyiollyio NpHBAeHeHHA OrPOMHBIX Ma-
TepHaNbHbIX H HenoBeveckHX pecypcos. OaHa-
KO, KaKk npasHno, HaHGOAbIWINA NpaKTHYeCKHH
MHTEpeC NpeqAcTaBaAeT 3KOMOMHYECKoe COCTOo-
AHHE MNPHOPEKHbLIX PErHoHOB, B YACTHOCTH,
MeNKOBOAHBIX 3anHBOB. JTa npobneMa npusne-
Kaer MpHCTanbHOE BHUMaHHE KaK BaacTeH
NPHMOPCKHX rOpodoB, TaKk H BCEro HaceneHH.

{IHArHOCTHKA ¥ MPOrdO3HPOBAHHE 3KOIOTH-
YeCKOro COCTOAHMA MeNKOBOAHbLIX 3aHBOB
ABAAIOTCA BaKHOW CAMOCTOATENBHOH BETBLIO
3KONOrHH MOPA. BbiCTpasd cMeHa Xxapakrepa
UMPKYNALUHOHHBIX TeYeHWH, CBA3aHHAA C M3-
MeHeHHEM HalpaBNeHHA W CKOPOCTH BeTpa,
Manoe BPEMA YCTAHOBAEHHA KBa3HCTALHO
HapHbIX TeueHHi, BAHAHWE penbeda Oepera
Ha /IHHAMHYeCKHe MPOLeCcChl (HaNpHMep, nepe-
MellHBaHHe) B 3annBe, KOHKPETHOe pacrono-
KeHHe MecT cbpoca CTouwHbIX Bog, 06beM cHpo-
COB H HX COCTaB — Aa1€KO He MOAHBIH repeyeHb
(aKTOPOB, TPEOYIOIIMX KOHKPETH3ALHH OBILKX
¥ BbIpabOTKH HOBBIX KOHLENTYAIbHBIX OCHOB
3KOfIOrMYeCKOH AHArHOCTHKH TaKHX aKBa-
TOpHH. OCTAHOBHMCA HA OCHOBHBIX [00XKe-
HHAX 3ToH NpobneMmbl.

[lepBoe M3 HHX 3aKMOMAETCA B yCTAHOB(E-
HHH CTEneHH 6AH30CTH HbIHEUIHErO COCTOAHHA
3arpA3HeHHA 3aNHBa K COCTOAHHIO, XapakTe-
pH3ylolleMycs NOPOroBbiMH 3HAYEHHAMH KOH-
UeHTPaUHH OCHOBHBIX 3arpA3HHTENeH, NpeBbl-
IIEHHE KOTOPbIX MPHBOAHT K Heo6parHMbiM
5KOMOrnyeCcKHM HiMeHeHHAM. HHbIMH Ca0BaMH,
TpebGyeTca onpeaenuTb, AOCTHMHYT HAH HeET
fIOPOroBBIH MOTEHUHAN CaMOOYHIIEHHA 3aiH-
Ba, ofnpegenAeMbli COBOKYMHOCTBIO rHapodH-
3H4YECKHX, MHAPOXHMHYECKHX H IHApPo6HOIO-
I'HMECKHX YCOOBHH.

this network can be contact and remote
measuring instruments which can be water, dry
land, ship, air and space based. The second
- a system of communications implementing
collection and transmitting registered parame-
ters and including various communication cha-
nnels means of control of the latter. And, lastly,
the third - the Centre of collecting, processing
and analyzing the data, equipped with power-
ful computers. The main task of the Centre is
to work out recommendations for taking
managerial decisions on the basis of processing
and analyzing the data obtained.

Monitoring open parts of seas and oceans
is a complex task which involves immense
material and human resources. However, of the
greatest practical interest is, as a rule, eco-
logical state of coastal regions, in particular,
shallow bays. This problem draws Cclose
attention of both authorities of maritime
cities and of the whole population.

Diagnosing and prognostication of ecolo-
gical state of shallow bays are an important
independent branch of sea ecology. Fast change
of circular currents connected with the change
in direction and velocity of wind, short period
of quasistationary currents establishment, im-
pact of coast’s relief upon the dynamic pro-
cesses (for instance mixing) in the bay, conc-
rete position of waste waters outlets, volume
and composition of wastes - this is a not
complete list of factors requiring concretiza-
tion of old and elaboration of new conceptual
foundations of ecological diagnostics of such
aquatoria. Let us dwell on the main provi-
sions of this problem.

The first provision consists of establishing
the degree of closeness of present state of
bay’s pollution to the state characterized by
critical concentration of main pollutants exce-
eding which leads to irreversible ecological
transformations. In other words it is necessary
to define whether the critical potential has
been reached of the bay’s self-purification
which is determined by the aggregation of
hydrophysical, hydrochemmmical and hyd-
robiological conditions.
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Bropoe nonomenHe TpebyeT onpeaenenna
OCHOBHbIX HCTOYHHKOB MOCTYNAeHHA 3arpas-
HHTENeHn H HX OTHOCHTeNbHbIH BKNag B MNO-
TOK 3arpA3HEeHHH, TOCTYNAIUHX B H3y4ae-
MbIH paHOH H3 APYrHX 4YacTer MOpA.

TpeTbe nonozeHHe CBOAMTCA K HeobGxoan-
MOCTH pa3paboTKH H peanH3alHH peryiapHOro
KOMIIEKCHONO HAPOAONo-rHApPOXHMHYECKOro
H OHONOrHYECKONO0 MOHHMTOPHHIA COCTOAHHA
aKBaTOpHH H OeperoBo 30HbI, BKAIOYAOLLEro
B cefA AHCTAHIHOHHbIE H KOHTaKTHbIE CPeaACT-
Ba, Pa3BHTYI0 AHANOroByld (denosek — IBM)
H(H 3KCMEPTHYI0 CHCTEeMY aHann3a 0BCTaHOBKH
¥ MPHHATHA ANbTEPHATHBHbIX ONTHMANbLHBIX
pelleHHA Mo yrnpaBaeHHw cOpocaMH 3arpas-
HAIOWHMX BeLLECTB B MOPCKYIO cpeay.

YeTBeproe NonoxeHHe, HMeioliiee 40aroppe-
MEeHHbIA CTpaTerHvecKHH Xapakrep — 3To pas-
paboTKa Ha OCHOBE BCeX CpeaACTB aHanH3a
pa3(HYHbIX BapHAHTOB pPa3BHTHA TMPOH3BOAH-
TenbHbIX CH PerHoHa, peKOMeHRAALHH M0 OINTH-

. MaabHOMY npHpoaocHeperaloleMy MMaHHpoBa-
HHIO HX AMHAMHKH Ha AanbHIOK NepcnexkTyvBy.

dupMa «JKOCH», onnpaAch Ha COOCTBEHHBIA
ONBIT H CyMMy 3HaHHH, HAKONAeHHbIX B 06nacTH
NpHKAAAHbIX 3KOMOTHYECKHX HCCAeAOBaHHH,
paspabotana H npeanaraetT K HCNOAb3OBaHHIO
NporpamMMy peanHsalUHH AHATHOCTHKH 3KO0-
MHHYECKOTO COCTOAHHA MeKOBOAHBbIX Oaccef-
HOB. [IporpamMma BKnl04aeT B cebA caeayioulHe
OCHOBHbBI€ KOMIOHEHTbI:
~ [AHArHOCTHYeCKHe H MPOrHOCTHYECKHEe Ma-
TeMaTH4eCKHe MOelH, 03BOAAIOIHE ONTH-
MH3HPOBaTh OObBEM HHCTPYMEHTA(IbHBIX H3-
MepeHHH;
~ COBpE€MeHHoe CleLHaIH3HpoBaHHOe CyqHO
C MNPELH3HOHHBIMH H3MepPHTENbHbLIMH CHCTE-
mamu, oGecreyrHBaoUIMMH BO3MOKHOCTD Npo-
BeACHHA KOMIIEKCHbIX 3KOOrH4eCKHX HC-
C1eA0BaHNH;
- NporpaMMHO-aIrOpHTMHYECKoe obecneye-
HHe, no3BoamAollee obpabaTbiBaTh MOCTY-
naiouyio HHdopMaLHio B pearnbHOM BPEMEHH;
~ Ye{lOBEKO-MALIHHHYI0 CHCTeMYy ynpaBaeHHA
HaKorfeHHOH uHdpopMaLlHen.

[IpoayKTOM OCHOBHOHM Hay4YHOH AEATENbHO-
CTH (DHPMBI HBIAETCA AHArHO3-POTHO3 COCTO-
AHHA MOPCKOIrO perHoHa ¢ peKoMeHaaLHAMH Mo
ynpaBaeHHIO 2KOMOTHYECKOA cHTyalHen. Hrxke
noapo6HO PacCMOTPEHbI HeKOTOpble paboThl,
BbITNIOIHEHHblE (PHPMOH.

The second provision requires definition of
the main sources of pollution and their rela-
tive contribution to the flow of pollutants coming
to this region from other parts of the sea.

The third provision is reduced to the
necessity of working out and implementing a
regular comprehensive hydrological, hydro-
chemical and biological monitoring of the sta-
te of the aquatorium and coastal zone, which
includes remote and contact means, a well
developed dialogue (man - computer) or expert
system of analysis of the situation and taking
optimal decisions on controlling poliutant
discharges to marine environment. '

The fourth provision, which is of a longterm
strategic nature, is elaboration on the basis of
all analytical means, of various versions of de-
velopment of the region’s productive forces
and recommendations on optimal planning of
their dynamics for the future with a view of
maximal environment control.

Considering the tense ecological situation in
the Burgas Bay an additional provision was
advanced on the necessity of working out
recommendations on priority measures of
environment control.

The firm «ECOSEA» basing on its own expe-
rience and the sum of knowledge accumula-
ted in the field of applied ecological research,
has worked out and offers for application a
program of diagnosing ecological state of
shallow basins. The program includes the
following basic components:

~ diagnostic and prognostic mathematical
models which make it possible to optimize
the instrumental measurements;

~ a modern specialized ship equipped with
precision measuring systems to provide com-
plex ecological research;

- programs-algorithm supply which makes it
possible to process incoming informa-
tion in real time and a man-machine system
of control of accumulated information.

The produce of the main scientific activities

-of the firm is a diagnosis-prognosis of the state

of sea region with recommendations on cont-
rolling ecological situation. Below some re-
search performed by the firm are analyzed.
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MATEMATHYECKOFE MOAFRMHPOBAHNE
3KOIOTHYECKOI0 COCTOAHHA MOPCKOH
CPEABl 1 HH®OPMAIIHOHHOE
OBECIMEYEHHE NCCAEAOBAHNHA

MaTeMaTH4YeCKoe MOAenHpoBaHHe 3KOOorH-
YeCKHX NpOLECCOB 3aHHMaeT ocoboe MecTo B
nporpaMMe KOMI1eKCHONO MOHHTOPHHIA OKpY-
xKaoled cpeabl. MOXKHO YHCIEHHO peanH3o-
BaTh TONBKO OTAenbHble BapHAHTbI aHTPONo-
reHHON Harpy3KH Ha NpHUPoAHbIE KOMNNEKChI,

MaTeMaTHYe€CKHe MoO/leflH, OIHChIBAIOLIHE
3BOMIOLHIO 3KONOrH4EeCKOro COCTOAHHA B Te-
YeHHe AMTENbHOrO BPEMeHH, /I0MKHbI YYHTbI-
BaTh ocCo00e 3HayeHHe MHpPOBOrO OKeaHa.
Bo-nepBbix, AnA HEKOTOpBbIX 3arpA3HHUTENEH
OH ABNAETCA MOCAeAHEeH cTagHeH pa3iaH4HbIX
npespalleHHi. Bo-BTOpbIX, H3-3a cBoeH 6onb-
1LIoH eMKOCTH OH obGnanaer 6onblIOH HHepuH-
OHHOCTBI0. HaKoHel, B-TpeTbHX, OKeaH ABNA-
eTCcA CAMOOYHLIAOIEACA CHCTeMOH. OJOTH
0CODEHHOCTH AT BO3MOMKHOCTb BBe€/eHHA
HHTETPaNbHbIX XapaKTEPHCTHK COCTOAHHA MOpP-
CKOH Cpeapl, YTO CYLECTBEHHO YMpolwaer
MeTOAHKY MaTeMaTH4eCKOro Mo/elHpOBAHHA.
CHCTeMa ypaBHEHHH, AeXKallad B OCHOBE HC-
noab3yeMoH MoaeaH, H BKIIOYALIAA pacyer
TAKOH HHTErpanbHOH XapaKTepPCTHKH, KaK ac-
CHMHMNALMOHHAA eMKOCTh, nogpobHo 0bCyk-
naerca B (2).

OTaenbHbIA H BeCbMa CrieHHISCKHH Knacc
B CHCTE€MaX HeNnpepbIBHOIO 3KONOTHYECKONo Mo-
HHTOPHHra o6pasyioT MOfenH, OpHeHTHPOBaH-
Hble Ha HCNOMb30BAHHE B aBapHHHBIX CHTyallH-
AX, COMPOBOMKAAUHXCA COPOCOM 3arpAsHH-
Tened B mope. OCHOBHaa Uedb MNOAOOHbIX
Moaenen - AaTh NPOrHO3 NOBeAEHHA 3arpasHe-
HHA, KaK NpaBHNO, Ha CPOK A0 HECKONbKHX
CyToK. [IpH 3TOM THI, MECTO H «CUEHApHH»
BO3MOXKHOH aBapHH 3apaHee Hen3BeCTHb!. Pac-
YeTbl BAPHAHTOB pPa3BHTHA COOBITHA AOMMKHbI
6bITh BBLIMOAHEHBI B TedYeHHE HECKONbKHX
(0BBIMHO OAHOTO-ABYX ) YACOB H MpeACTaBIEHbI
B ¢dopMe, AOMYCKAOWEH HX HCNOAb30OBAHHE
NpH NPHHATHH pelleHHN. B nogobHbIX ycno-
BHAX paBHO CYIIECTBEHHLIMH CTAHOBATCA Ka-
YeCcTBa HCNob3yeMOH A0A pacyeroB MO/enH,
ee nHpopMalHoHoe obecrnedeHne H CTpaTerusa
NpHMEHEeHHA B YCIOBHAX HeHaBGeKHONM B apa-
PHHHOR CHTyallHH HHPOpPMALMOHHOK Heornpe-
AefleHHOCTH. B cuiy 3Toro npakTHYeCKH Bce
CoBpeMeHHble MOJeNH AaHHOTO Kaacca peany-
3yl0TCH B BHAE KOMIMBIOTEPHBIX CHCTEM Npor-
HO3MpOBaHHA B aBapHHHbIX CHTyalMAx, cosaa-
HHE KOTOPBIX MMpeACTaBAAeT COGOH CIOKHYIO

MATHEMATICAL MODELLING
OF ECOLOGICAL STATE OF MARINE
ENVIRONMENT AND INFORMATION
SUPPLY OF RESEARCH

Mathematical modelling of ecological proces-
ses occupies a special place in the program of
complex monitoring of environment. It is pos-
sible to calculate numerically only individual
versions of anthropogenic influence upon en-
vironment,

Mathematical models describing the ecologi-
cal state through a prolonged period have to
take account the following features of the
World Ocean. First, for some pollutants it is
the last stage of various transformations. Se-
cond, due to its great capacity it has big power
of inertia. And, lastly, third, Ocean is a self-
purification system. These features make it
possible to introduce integral characteristics
of the state of sea water, which considerably
simplifies methods of mathematical modelling.
The equation system on which used model
based, including the accimilation capacity as an
integral characteristic, is observed in (2).

A separate and very specific class in the
systems of continuous ecological monitoring
is formed by models oriented towards use in
extreme situations accompanied by discharge
of pollutants into the sea. The main purpose
of such models is to prognosticate behavior
of pollutions as a rule, for a period of up to
several days. And the type, place and «scenario»
of a possible accident are not known before-
hand. Calculations of the event variants have
to be done within several (usually one or two)
hours and presented in a form permitting
their use in taking decisions. In such conditions
of equal importance become qualities of the
model used forcalculations, its information
support and strategy of application in the
conditions of informational uncertainty which
is inevitable in emergency situations. Because
of that practically all current models of this class
are implemented in the form of computer sy- .
stems of prognostication in emergency situa-
tions, creation of which represents a compli-
cated and labour-intensive task. World practi-
ce shows, however, their expediency and
sufficiently high efficiency.

Complex monitoring must include, beside
the system of mathematical models, system
of observations of ecological parameters, their
archivization, banking and issue to clients in.
a required form. Specifics of ecological re-
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v TpyaoeMKylo 3adavy. MupoBaa MNpaKTHKa
nokasbiBaeT, 0AHAKO, MX LenecooobpasHOCTb
H AOCTATOYHO BbICOKYIO 3heKTHBHOCTD.
KoMMNAeKcHbIH MOHHTOPHHT AONMXKEH BKAIO-
4ath B ce6A, KpoMe CHCTEMbI MATEMATHUECKHX
Mozenei, H CHCTeMbl HabMoAeHHH dKoaornye-
CKMX NapaMeTpoB, X apxvBatino, Gankrposa-
HHE W Bbigady noTpeduTensmM B TpebyemoH
¢dopme. CrieundpHKa 3KONOrHYECKNX HCCaeno-
BaHHFA MOPCKOW Cpeabl NpH 3TOM NPeAbABIALT
ocobble TpebGOBaHNA K CHCTEMaM aBToMarH3a-
uMH ¥ HHpOpMaLHOHHOTO oDecneYyeHHA Haydy-
HBIX JKCMEANUMOHHBIX PAaboT IKONOrHYecKown
HanpasneHHOCTH, B HHCTHTYTE neoXHMHH H aHa-
AnTHYeCKon XHMHHU M. B.N. Beprnaackoro PAH
coBMecTHO ¢ pHpMoH «IKOCH» 6bina pazpabo-
TaHa ChneuHanH3HpoBaHHaA cHcrema cbopa,
06paboTKH M aHaNH3a IKCNEPHMEHTANbHBIX daH-

HbIX, OpHEHTHPpOBAHHAA Ha 3KO(0OrHYeCKHEe HC-

CneqoBaHHA, B ee OCHOBY NoaoXeHa pakee
pazpaboraHHas OpHrHHANbHAA aBTOMAaTH3HPO-
BaHHaA penALHOHHAA MMAPOdH3NYECKan onepa-
THBHaA cHcrema (AFI'OC).

[NaBHBIMH AOCTOHHCTBAMHM CHCTEMbl SBA-
I0TCA:
~ HeorpaHHueHHoe u4HCao obpabarbiBae-
MbIX MapaMeTpoB (KonHuyecTso cy66a3 aan-
HbIX OrpaHHYHBAETCA (HIUb 0ObLEMOM BHeLl-
HeH MaMATH);
~ HCMOAb30BaHHE MHHHMABHO BO3MOMHBIX
06'beMOB BHeluHeH NaMATH (MHdopMauHa yna-
KOoBaHa B ABOHYHOM Koge);
~ chcreMa (GOpPMHPOBAHHA (IOMHUYECKHX Kph-
TepPHEB NOHCKA AdHHLIX (40 CcTa OAHOBpe-
MeHHO AEHCTBYIOWHX KPHTEpHER);
~ OMepaTHBHBLIA AOCTYM K AAHHBIM (MTOHNCK MO
MmobOMy CKO(Ib yroAHoO CAOKHOMY KPHTEPHIO
He MpeBbliliaeT HECKONbKHX MHHYT Ha [TOBM
IBM PC/AT ana 0a3 ganHbiX, coaepKallHxX
nopagKa CoOTeH ThICAY CTaHAAPTHBIX THAPO-
NOTHYECKHX CTAHLUHHA);
~ HHTEpPaKTHBHLIA peRHM paboTpl CHCTEMBI,
oblieHne Nonb3oBaTea C CHCTEMOH MPOHC-
XOAHT B (POpPME AHAOra Ha ecTeCTBEHHOM
A3bIKE;
- LWIHPOKHE BO3MOMXHOCTH BH3yanH3alHH
AAHHBIX;
~ MoAyNbHaA CTPYKTypa ModenHpylollen ceTH
(MoaKkM4YeHne HOBOH MogenH He Tpebyer
NepecTPOHKH OOLIEH CTPYKTYPbl CHCTEMBI),

OCHOBHbIE KOMIIOHEHTbI CHCTEMb:

— Habop npobaeMHo-, AHCUHIAHHAPHO-, Perk-
OHAbHO- HAH elle KaKHM-1H60 obpazoM
OpPHEHTHPOBAHHbIX Cy06a3 AAHHbIX;
- CHCTeMa yrnpabieHHA CyG6azaMu AaHHbIX;

search of marine environment preésents spe-
cial requirements to automation systems and
information support of scientific expedition
works of ecological orientation. In the Vernad-
sky Institute of geochemistry and analytical
chemistry, Academy of Science, Moscow, toge-
ther with ECOSEA firm a specialized system
was worked out of collection, procession and
analysis of experimental data oriented towards
ecological research. It is based on the pre-
viously elaborated original automated relay
hydrophysical operative system (ARHOS).

The main advantages of this system are as
follows:

- unlimited number of processed parameters
(the number of data subbases is limited only
by the capacity of external memory);

- use of minimal possible volumes of exter-
nal memory (information is packed in the
binary code);

- the system of logical criteria formation
of the search of data (up to one hundred
of simultaneously functioning criteria);

- easy access to the data (search according
to any criterion, no matter how complex, does
not exceed several minutes on PC 1BM PC/
AT for data bases containing hundreds
thousands standard hydrological stations);

~ interactive regime of system’s work, inter-
course of the user with the system takes place
in a form of a dialogue in natural language:

— wide opportunities of the data visualization;
- modular structure of modelling network
(hooking up a new model does not require
readjustment of the whole structure of the
system).

The main components of the system:

- a set of problem, disciplinary, regionally
some other way oriented data sub-bases;

~ control system of data sub-bases:
~ a packet of applied programs (modelling

network) implementing visualization of initial
data, solution of various tasks including
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—~ MNakeT MPHKAAAHBIX NporpaMM (Mo/enH-
pyiolian CeTb), OCYIUECTBAAIOILHX BH3yanH3a-
LIHIO HCXOAHBIX AAHHBIX, PELUEeHHE PA3NHYHBIX
coAepikate/lbHbIX 3a7a4, B TOM YHCIe H
MOAEMHpOBaHHe AHHAMHKH PacpoCTpaHeHHA
Pa3IMYHbIX MPHMECEH,

Bonee coaepxaredbHble 6A0KH MOAEAHPY--

jolled ceTH — 3To Habop pasaH4HbIX nporpam-
MHO-PeaN30BaHHbIX MareMaTHIYECKHX MO/ENeH.

Co3gaHHad cHcreMa Oblna BBegeHa B 3KC-
nnyaraunio Ha HUC «Akagemuk BopHc [lerposs
H NMoKaszana BbICOKYI0 3(pdeKTHBHOCTH, CHCTe-
ma obecneurBaer paboTy C 2KCNEPHMEHTA(b-
HBIMH AaHHbBIMH B AHANOrOBOM PeXHMe H, NpH
HanH4MH npAaMoro BBoaa B JBM, B 6nn3KOM
K peanbHoMy MacuiTabe pBpeMmeHH. LUIMpOKHH
Habop (yHKUHOHANbHBIX MEHIO NO3BOMAET Bbl-
AaBaTh HAa 2KpaH B pa3fn4HbIX POpMaXx Kak
CMpaBoO4HYI0O H BCMOMOraTenbHylo HHbOpMa-
LI, TaK H pe3yabTaTbi 06paboTKH H aHanH3a
/IAHHBIX, B TOM 4HCne: HHPOPMauHOHHbIA (hoHA
CHCTEMbI; TIACNOPT OKeaHONOrH4YeCKOH CTAH-
UHH; PAA 3HAYEHHH M3MepeHHOro rlapaMerpa;
pacronoxeHHe CTaHllMH B KOOpPAHHATHOH
cetke; BepTHKaibHi Npodnab OTARAbHON
CTAHUMH; BEPTHKANBHbIE H T'OPH3OHTANbHbIE
pacripeneneHna B HIONHHHAX.

3KCNEPYMEHTA/IbHBIE HCCNFEAOBAHHA
PA3/IMYHbIX MOPCKHMX PETHOHOB

K Hacrosinemy BpemenH ¢dupma «OKOCH»
BbINONHHAA PpaboTbl MO AHArHO3Y-NPOTHO3Y

JKOMOTHYECKOT0 COCTOAHHA Lenoro paga peruH-

OHOB YepHoro M A30BCKOro MOpeH,

1. Bypracckui 3aams

[Ipouecch! pacnpoCTpaHEHHA 3arpA3HHTEneH
TE€CHO CBA3aHbl C THAPOMETEOPOIOrHYECKHMH
YCAOBHAMH H3y4aeMOHN akBaTOpHH, OCHOBHBIMH
¢dakropaMH, oONpeaAeqAOIMMH  rHapoaoriye-
CKHA pexuM Bypracckoro sannsa, ABAAIOTCA
KoHpHrypauua Heperos u peabed AHa, perHo-
Ha/nbHble MeTeoycnoBuA, BOAOOOMEH ¢ 3anaj-
HOH 4acCTblo YepHOrO MOPA H CTOK pek.

Mone TeyeHW? B 3anvBe Obl10 MOAPOOHO
M3Y4€HO pa3Nv4HbIMH HHCTPYMEHTALHBIMH H
BBIMHCANTENBHBIMH METOAAMH,

modelling of dynamics of various pollutant
propagation. Other blocks of the modelling
network are a set of various programs-
realized mathematical models. '

The created system was introduced on the
scientific-research ship «Academician Boris
Petrov» and showed good performance. The
system ensures work with experimental data
in dialogue regime and, in case of direct data
input, in a period close to real time. A wide
set of functional menus makes it possible to
show on the monitor in various forms of
reference and auxiliary information as well as
the results of processing and analyzing the
data including: information fund of the system;
passport of the oceanology station; a number
of meanings of a measured parameter; sta-
tions disposition in the coordinate net; verti-
cal profile of an individual station and vertical
and horizontal distributions in isolines.

EXPERIMENTAL RESEARCH OF VARIOUS SEA
REGIONS

By this time firm «ECOSEA» has completed
work on diagnosis-prog-nosis of ecological state
of the Black and Azgv Seas. Special attention
was paid to the Burgas Bay in the Black Sea
and Taganrog Bay in the Azov Sea. We shall
dwell only on the main resuits of these works
and practical recommendations stemming
from them for the Black Sea, are described
in detail in a monograph (1).

1. Burgas Bay

Processes of the spread of pollutants are
closely connected with hydro-meteorological
conditions of the aquatorium under study. The
main factors determining hydrological regime
of Burgas Bay are configuration of the coasts
and relief of the bottom, regional meteorolog-
ical conditions, water exchange with western
part of the Black Sea and outlet of rivers.
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JKClepHMeHTanbHble HccneqoBaHHA B Byp-
raccKkoM 3annpe 00bearHANH B OAHH KOMNEKC
H3MepeHHA THAPO(HIHYECKHX, THAPOXHMH4e-
CKHX H rHApoGHOAOIH4ECKHX XapaKTepHCTHK
MOPCKOH BOAbl, BCero okono 100 pasanynbix
nokasarened Ha pasnH4yHbIX TOPH3OHTAaX H B
[IOHHBIX ocajKax. B aHann3 rHapOXHMHYECKOro
peHMa akpaTopny ObINH BKNIOYEHbI, HAPALY
CO CTAaHAAPTHBIMH MNOKa3aTeAMH, H3MepPeHHA
cogepxaHHA ¢eHoaa H ero MpoH3BOAHLIX, a
TAKKE HCCAeJ0BaHHA KayecTBa BO/bl M0 TOK-
CHKO(IOTHYECKHM Tl0Ka3aTeqndM H YPOBHAM pa-
AHOAKTHBHOCTH.

PeayabTaTbl MPOBEAEHHbIX HCCNEAOBAHHHA
nogpobHo obeyxaaiorea B (]). [lo Bornpocy, Ha-
nbonee HHTEpECOBABIIEMY MeCTHblE BACTH,
Mo BCEMY KOMIAEKCYy HecaeaoBaHHH Obln cae-
AaH BbIBOA, YTO CAOKHBIIAACA HebGaaronoay4-
Haa 3KornorHueckas obcraHoeka B Bypracckom
3afHBe HABAETCA pPe3ybTaTOM CHCTEMaTH4e-
CKOro 3arpa3HeHra MeCTHbIMH HCTOYHMKAMH.
BaHAHHe OTKPBITON YacTH YepHoro Mopsa Ha
COCTOAHHE 3alHBa NpeACTaBlIAeTCA He3Ha4H-
TeNbHBIM,

B 4ncno mepsBoo4epeaHblx Hay4HbIX 3agad
ANA TPeAOTBpaWEHHA 3KONOrH4eCKOro CpbiBa
B 3arinBe BXOAAT: cocTaB/leHHe BOAHONO H CoO-
nesoro GanaHcos Bypracckoro sanuea; onpese-
leHHe CKOPOCTH BEHTHAAUWH BOA B COOTBET-
CTBHH C BOAHBIM HanaHCOM; COCTaBEHHE
Macc-6anaHCcoB 3arpA3HAIOILHX BeLLeCTB H yToY-
HeHHe NOTEHLHA(IOB CAMOO4HILIEHHHA; H3yYeHHe
aKKymyaupyioweH PpoaH -AHa B OTHOLUEHHH
3arpAsHAIWHX BEWECTB U POAH AOHHBIX OTI0-
JXeHHH B MOBTOPHOM 3arpA3HEHHH BO/ 3alHBa.
Ocobylo BaKHOCTb NMPHOOPETAIOT 3TH HCChe-
OBaHMA B 3KCTPeMalbHBLIX rHApoMeTeopono-
I'MYeCKHX YCIOBHAX.

Ha ocHoBaHHMH cdeaaHHbIX Hay4HbIX BbIBO-
0B Obinn chopMynHpoBarbl CieayioiiHe npak-
THYECKHE peKOMeHAALUHH MOPenoib3oBaTedaM
Bypracckoro 3anvpa:

—B Bbii€eHHbIX KOHKPETHBIX MyHKTax HeoO-

XOHMO CPOYHO YMEHbIUHTb COPOCHI (COPOCHI
C KHBOTHOBOAYECKOro Kommnnekca Bypraca
H ap.);

-HeoBXO0AHMO BbIABHTb BO3MOKHOCTH Peryu-
pOBaHHs H MPHOCTAHOBKH COPOCOB H3 03ep,
PeK H OYHCTHBIX COOpYXKEeHHH BO H3bexaHHe
«LIBETEHHA» W 3AMOPHLIX ABIEHHH Ha BeChb
(€THHH NepHoa;

~HeoOXOHMO OPraHH30BaTh ONEPATHBHBIH
MOHHTOPHHI 110 pAAY MapaMerpoB (peaoKc-
COCTORHHE BOAbI, HedTeNpoAyKThbI, OMHAPO-
MaTHYeCKHe Yraesopodbl H T.4.).

The field of cwrents was studied in detail
using various measuring and computing methods.

Experimental research in Burgas Bay united
into a single complex measurements of hyd-
rographic, hydrochemical and hydrobiological
characteristics of sea water, in all about one
hundred various indices at various horizons
and in bottom sediments. Analysis of hydro-
chemical regime included, along with standard
characteristics, measurements of the phenol
content and its derivatives as well as research
into quality of water according to toxicologic
characteristics and radioactivity levels.

The results of the investigations are dis-
cussed in detail in (1). On the problem of the
greatest interest for the local authorities it
was established that bad ecological situation
that formed in Burgas Bay is a result of
systematic pollution by local sources. Impact
rendered by the open part of the Black Sea
on the state of the bay seems ingnificant.

Priority scientific tasks aimed at preven-
ting ecological dister in the bay include:
compiling water and salt balance of Burgas
Bay; defining water ventilation velocity in
accordance with water balance; compiling mass-
balances and exact defining potentials
of self-purification; study of accumulating role
of the bottom with respect of pollutants and
the role of bottom sediments in repeated
pollution of bay’s waters. These research in
extreme hydrometeorological conditions ac-
quire special importance.

On the basis of scientific conclusions drawn
the following practical recommendations were
formulated for the users of Burgas Ba:

- in concrete singled out localities discharges
(from Burgas animal husbandry centre, etc.)
must be urgently reduced;

- it is necessary to reveal possibilities of
regulating and stopping discharges from
lakes, rivers and purifying installations to
avoid «blossoming» and asphyxation pheno-
mena for the whole summer period;

- it is necessary that operational monito-
ring should be organized of a number of
parameters (redox-state of water, petroleum
products, polyaromatic hydrocarbons, etc.).
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PeannsalHa npeaaoKeHHbIX peKoMeHaallHH
MOXeT fIHUb YaCTHYHO H HAa KOPOTKHH CPOK
crabHan3MpoBaTh 06CTaHOBKY B Bypracckom
3anuee. B 3TOH CBA3H MpeACTABIACTCA Leneco-
ofbpa3HbIM, Hapagy C YTOYHEHHEM apartHosa
COCTOAHHA 3a1HBa, pa3paboTaThb AOINOCPOHHYIO

nporpamMMy Npe/OTBpalleHHA YXYAIIeHHA 3KOo--

NOTHYeCKHX YCIOBHH, TNpEeAyCMOTPeB B HeH
pellleHHe KOMIVIEKCa Hay4yHblX, TeXHOMoru4e-
CKHX, COLHaNbHO-KOHOMHYECKHX H yrpaBaeH-
4YeCcKHX 3agady.

2. [ipyrvie pasoHbl YepHOTro Mopa

KpoMe Bypracckoro aaansa, 6bI10 Heeneao- |

BaHO 3KOIOTHY€CKOe COCTOAHHE pAda APYrHxX
npHOpekHbIX paioHOB YepHoro mMopa. B uac
THOCTH, OBIIH TNpOAHANH3HPOBAHbI AAHHbIE
Mo 3KONOrHYECKOMY COCTOAHHIO MPHOPEXHOH
30Hbl y Boarapckoro noGepebA Ha yyacTke
ot M.EMHHe a0 M.Kannakpa. Ocofoe BHHMaHHe
6bINoO yAeNeHo COCTOAHHIO PbIGHBIX pecypcoB
B pernoHe. Bein caenan BeiBOA, 4To Goarap-
CKHI YEPHOMOPCKHH NPOMBICEN AOMKEH ObITh
SKOoOrHieckn oHboCHOBAHHBIM, [0s »TOro He-
00X0aHMMO TpeANpHHATHL Caeaylolive MpaKTH-
YeCKHe Laru:

~ 3aAMpeTHTDb 0B AOHHLIMH TpanaMH AA npe-

[AOXpaHeHHA [IOHHBIX CyOCTpPaTOB OT MeXaHH-

YeCKOro BO3AERCTBHA;

- OpraHH3oBaTb TpPoOMbICeN, COOTBETCTBY-

0WKA nepepabarbiBaeMbiM MOILHOCTAM,

[pyrnM o6beKTOM Aad BHHMATENbHOrO H3y-
YeHHA NOCAyKHnaa ceBepo-3anagHas yacts Hep-
Horo MopA (padoH I.Ogecchl). Belado oTMeteHo,
4YTO XPOHHYECKOe 3arpA3HeHHe IwenbdoBOH
30Hbl NPOMbBILLIIEHHBIMH H OLITOBBIMH BOJAMH,
AJOXHMHKaTaMH, HedTbIo H HedTenpoayKkTaMH,
a TaKkXe NoBbIlIeHHOEe CoAepXKaHHe aerkopac-
TBOPHMOH OpraHHKH KW OGHOMEHHBbIX BELIECTB,
NOCTYMAIOWHX CO CTOKOM peK, BbI3BAlIH 3HAYH-
TebHble H3MEeHeHHA B OHOMNOTHYECKHX H 3KO-
(IOPTHYECKHX npoueccax., IJTO MPOABHIOCH, B
4aCTHOCTH, B OG0NbLIOM COKpallieHHH 4YHCaa
OHONOTHYECKNX BHAOB, ODHUTAOMMX B BOAAX
3aanBa. OTAeNbHO ObII0 PaCCMOTPEHO BAHAHHE
CBANOK IPYHTA HAa COCTOAHHE 3KOCHCTEMb! H
0OHAPYEHO, YTO OHO BeChbMa 3HAYHMTENbHO,
TakK KakK BbI3biBaeT COOH B NOCNEAOBATEIbHOCTH
Pa3BHTHA Ka4yeCTBEHHOIo cocTaBa (PHTOMNIAH-
KTOHa, 4YTO Baever 3a cobor HeCTaOHIBHOCTD
BCEH CHCTEMbI,

Hccaeaosanne BocTodHoro fiobepeba Yep-
HOro Mop# (paHoH r.I'eneHaKHKa) B OCHOBHOM
6b110 noceslleHo MpobaemaM pasMbiBa Hepe-

Implementation of above mentioned mea-
sures can stabilize situation in Burgas Bay only
partially and for a short time. In this connec-
tion it seems expedient, that along with
detalization of bay state diagnosis a longterm
program be worked out of preventing deterio-
ration of ecological conditions foreseeing there
solution of a set of scientific, technological,
socio-economic and management problems.

2. Other regions of the Black Sea

Besides Burgas Bay ecological state of
a number of other coastal regions of the Black
Sea were studied. In particular data were
analyzed on ecological state of the coastal
zone from cape Emine to cape Kaliakra (1)
Special attention was paid to the state of fish
resources in that region. A conclusion was
drawn that Bulgarian fishing industry must
be ecologically substantiated. For this purpose
the following practical steps must be taken:

- to prohibit fishing with bottom trawl nets
to protect bottom substratum against mecha-
nical impact;

~ to organize fishing corresponding to fish
processing capacities.

Another object of close study was north-
western part of the Black Sea (region of
Odessa). It was noted that chronic poliution
of the shelf zone by industrial and domestic
wastes, toxic chemicals, oil and petroleum
products as well as increased content of easily
soluble organic and biogenic substances co-
ming with the rivers inflow have caused
considerable changes in biological and ecolo-
gical processes. This is expressed, in parti-
cular, in great reduction of the number of
biological species in the bay waters. The impact
of dumping of earth was analyzed separately
and it was discovered that the impact was
rather significant since it causes changes in the
sequence of development of qualitative content
of phitoplancton which in turn causes instability
of the whole system.

Study of eastern part of the Black Sea (region
of Qelendjik) was mainly due to the problems
of washout of coasts and designing outlet of
waste waters with consideration taken of lo-
cal hydrological conditions. A conclusion was
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roB ¥ MNPOEKTHPOBAHHA MONOKEHHA BbITyCKa
CTOYHBIX BO4 C Y4€TOM MECTHbIX MHAPONOrHYe-
CKHX YCNoBHH. Bbin caenaH BbIBOA, 4YTO OITH-
ManbHBIM ANA panoHa leneHAKHKa ABNAETCA
3araybneHne Bbinycka Ha 90-100 M, a yaaneHHe
ero or Gepera - Ha 7-7.5 kM. MHHHMaNbHO
AONYCTHMBIM 3araybneHHeM cnedyeT CYHHTaTb
75-80 M. TaxHe rny6nﬂbl B AaHHOM paioHe
HaxogAaTcA B 5.5-7.5 KM or Gepera. [1pH 3TOM
BbIMYCK CTOYHbIX BO/ NOCAE HX NpeaBapHTENb-
HOH OYHCTKH rapaHTHpYeT NpHOpeXHYyl0 30HY
KypopTa OT 3arpasHeHHA CTO4YHbIMH BOAaMH H
o0ecneynT Ka4yecTBo BOAbl B 30HE BOAONONb3O-
BaHHA Ha YpPOBHE CYLIECTBYIOIHX TpeGoBaHHH,

3. Aa30BCKOE MOpe

PaboTbl B A30BCKOM MOpe NpOBOAHIHCH
neToM u oceHplo 1991 r. Kak H B Bypracckom
3aAHBe, BaXHbIM BOIMPOCOM ABAAGach OUEHKA
COOTHOlLIeHHA BKNada COBCTBEHHbIX 3arpA3HA-
IOIHX HMCTOYHHKOB B TaraHporckoM 3arnHbe
H TOTOKOB 3arpA3HeHHA, TMOCTyNallyX H3
APYrHX aKBaTOpHH H H3 CTOKOB pek (JoH,
MHycc), a TakXKe yCTaHOBeHHe CTerneHH Onh-
30CTH YPOBHA 3arpA3HEHHA 3anHBa K [OPOro-
BbiM 3Ha4Y€HHAM KOHUEHTpPALHH OCHOBHbIX
3arpasHUTene.

fnA aHannsa ycAOBHH paclpoCTpaHeHHA
3arpAsHHTener Obln0 BHHMATENbHO pPACCMO-
TPEHO Noge Te4eHHH B TaraHporckom 3anHse.
LUnpkynauuna Boa 6Gbina paccyHTaHa C OMOLLIO
6apoTpPONHOH THAPOAHHAMHYECKOH MOoJeH
NpH 3adaHHH OAHOPOAHOMO BOCTOYHOIO BeTpa
€O cKopocTtbio 10 M/c, 4TO CoOTBETCTBYET Ipe-
obnajaiouiiM OCeHHHM BeTpam. Hcnoab3oba-
(IMCb peanbHble penbed AHA H O4YepTAHHA
6eperoB. Ha puc.1 mnpuBeaeHa noayyeHHasn
KaApTHHA Te4YeHHH B TaraHporckoMm a3aiHBbe.
BnaHo, “To, HECMOTPA HA BOCTO4YHBLIH BETep,
BAONL CeBepHOro Oepera 3anuBa HMeeTCA
BOCTOYHOE BAONbOEperoBoe Te4YeHHe, KOTo-
poe MoXer oKa3aTbCA MEePEeHOCYHKOM 3arpas-
HHTeneH K TaraHpory OT Apyroro HCTOYHHKA
nprmMece, r.MapHynoas. B To xe Bpema B6AH-
3 TaraHpora BO3MOMHO oOpasoBaHHe Manbx
LIMPKYOAUMH, COXPaHAIOWHKX BHYTPH ceba 3a-
rpA3HHTENH H3 TOpPOACKHX cOpocop. [laHHas
KapTuHa TeyeHH# Oblda MoATBepAaeHa HaTyp-
HbIMH HAbBMIOAEHHAMH C NMOMOILBIO MNOMNIABKOB
HEHTPa(IbHOH MNaBy4eCTH.

HamMepenHbie T'HAPOXHMHHMECKHE W THAPO-
6Honorvyeckre nokasaTenHn COCTOAHHA MOp-
CKOH BO/bl HACYHTbIBANH Hornee 60 HanMeHOBa-
HHM#A H BKAIOYANHY KaK CTaHAAPTHbIE NapaMeTpbl

drawn that for Gelendjik locality optimal ver-
sion would be deepening the outlet by
90-100 m and its distance from the coast -
7 -7.5 km. A minimal deepening must be
75-80 m. In this locality such depths are found
at the 5.5 - 7.5 km distance from the coast.
In this case discharge of waste waters after their
purification guarantees the coastal zone of the
spa against pollution with waste waters and
ensures quality of water in the water-use zone
at the level of existing requirements.

3. The Azov Sea

Work in the Azov Sea was carried out in
summer and autumn 1991, Like in Burgas Bay,
the important problem was to consider the
correlation of pollution sources contribution
in Taganrog Bay and poliution flows coming
from other aquatoria and from discharges of
rivers (the Don and Miuss) and finding out
closeness of the pollution level of the bay
to threshold values of concentration of basic
pollutants. '

In order to analyze conditions of the of
pollutants spread the field of currents in
Taganrog Bay was closely studied. Circulation
of waters was calculated with the help of
barotropic hydrodynamic model with the gi-
ven uniform eastern wind with velocity of
10 meters per second, which corresponds to
dominating autumn winds. The real relief of the
bottom and outlines of the coasts were used.
On fig.1 the picture of currents in Taganrog bay
is shown. It can be seen that despite eastern
wind, there is eastern current along the coast
along northern coast, which can be a vehicle
of pollutants from another source of additions
to Taganrog - the city of Mariupol. At the same
time formation of small circulations is possible
near Taganrog which contain pollutants from
city discharges. This picture was confirmed by
field observations with the help of buoys of
neutral floatability.

The measured hydrochemical and hydro-
biological characteristics of the sea water
state registered more than 60 names and
included both standard parameters (pH of the
medium, oxygen content, etc.) as ‘well as
expanded list (content of phenols, pesticides,
toxicological tests, etc.).
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HODEL OF SHALLON WATER

380

EAST WIND
Horizont : a.A M
8.8 E-81 ¢ - < 11.39 <

Step Longitude : A°91°26.8"
Step Latitude : 8%1'008.8"
— ¢22.78 < mp < 34.10

PHC.1. Cxema UMpRynaAUHH BoA TaraHporckoro
3anuBa pH BOCTOYHOM BeTpe (cHCrema «APTOC),

FIG.1. Diagram of circulation of Taganrog Bay
in case of eastern wind (system «ARHOS»),
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PUC.2. Pacnpeageanenne mean B TaraHpOrcKoM
saauBe (cucrema «APTOC»).

(pH cpenpbl, coaepaHHe KHCAOpoga H T.A.),
TaK H pACIUHPEeHHbIH NepeveHb (cogepKaHue
¢eHONOB, MNeCTHUHAOB, TOKCHKONOTHYECKHE
TECTbI H T.4,). Ocoboe BHHMaHHe 6bINo yaeneHo
XHMHYECKOMY COCTaBy CTOKOB NPOMBbILIIEH-
HbIX NpeAnpHATHHA r.TaraHpora H ropoAcKHX
OYHCTHBIX COOpyXeHHH. [lo pesyabraTam npo-
BeAEHHBIX HCCIeAOBaHHA OblIM caenaHbl Clie-
AylolliHe BBIBOABI.

FIG.2. Distribution of copper in Taganrog Bay
(system «ARHOS»).

The measured hydrochemical and hydrobio-
logical characteristics of the sea water state
registered more than 60 names and included
both standard parameters (pfi of the medium,
oxygen content, etc.) as well as expanded list
(content of phenols, pesticides, toxicological
tests, etc.). Special attention was paid to che-
mical composition of wastes coming from
Taganrog’s industrial enterprises and city
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1. CoaepxaHHe TAKeNbIX MeTannos, B YacT | purifying installations. On the basis of the
HOCTH, MeAH, B AOHHBIX ocadxkax sanusa Ha | results of the studies the following conclusions
3 nopAaka Bblllle, YeM B BOAHOH Toqile. 1o, | were drawn:

no-sHauMomy, oO6ycaoBneHo oOpazoBaHHEM
NOBEPXHOCTHO-CBA3AHHBIX KOMIIeKcoB. [OH-
Hbleé OTAOXKEHHH NPH 3TOM MOryT CAYXKHTb
HCTOYHHKAMH BTOPHYHOTIO 3arpA3HeHHA BO-
HOH cpeabl NMpH B3MY4YHBaHHH MeNKOBOAHbIX
Y4acTKOB 3a/lHBa.

2. B 30He cbpoca CTOMHBIX BOA NPOMBILL-
(IEHHBbIX NPeANPHATHH coaepXKaHHe TAXKeablX
MeTa11oB B AECATKH pa3s npesbiwaior [AK.
Ha pnc. 2 npHBeAeHO IopH3oHTanbHoe pac-
npegeneHHe KOHLUEHTpaLHH MeaH , H3 KOTo-
-poro BHAHO, YTO 3arpA3HEeHHEe aKBaTOPHH
sannBa BOan3u r.TaraHpora o0ycn0BaeHO He
BHELUHHMH HCTOYHHKaMH, a cbpocamH mnpo-
MBILLIIEHHOCTH CaMOro roposa. AHanoru4yHble
KapThl Nnoay4eHb! A0A PTYTH, CBHHUA, LUHHKa,
XpoMa H HHKeas,

3. PesynpraThl H3MepeHHH ¢eHona H €ro
NPOH3BOAHBIX MOKA3a/H, YTO MO HHM HMEeTCA
3Ha4YHTenbHOe rnpesbilleHne Hag [IAK, gocth-
raioiee 1000-KpaTHoro B 30He cGpoca CTou-
HbiX Bog r.TaraHpora. Bbicoko cogepxkaHHe
B BOAE MOIHAPOMATHYECKHX YIIeBOJOPOAOB,
B TOM 4Hncre — Hanbonee onacHoro GeHs(a)-
nHpeHa.

4. PeaynbrarTbl HCCAEAOBaHHA COAEPIKAHHA
HedTenpodyKTOB BO BCeX BOAax 3anHvBa
rasoxpomartorpaH4ecKMM MeToA0M [loKa-
3aflH, YTO 3arpA3HeHHA CBA3AHbI C pa3HBaMH
HedTAHBIX TOMAHB H Macea. BbiABAeHHOe
cogepaHHe HedTenpoAyKkTop COCTABIANO
He MeHee 2 Mr/a, 4YTo NPHMEepHO Ha NMOopAAOK
npesblaer [/K.

5. faHHble 1o GHOTECTHPOBAHHIO MPO6 BOABI
OOHapyKHAH OCTPYI0 TOKCHYHOCTb KaK B
30HaX BbIOpOCa CTO4YHBIX BOA, TaKk H B
OTKPBITHIX y4acTKax sannea. CaoHaA Kap-
THHA [MPOCTPAHCTBEHHOINO pacrpeAeneHHA
CBHAETENbCTBYET O HAMHYHH TATEH TOKCHY-
HOCTH B aKBAaTOpPHH 3anHBa. BbICOKHA ypo-
BEHb TOKCHYHOCTH Obll OOHapyMeH TaKxe
B ycThe peKH [OH.

CaMoo4HaWeHn crnocobHOCTH NPHPOAHOM
BOAHOH Cpe/pl He XBaTaeT, YT00bl CpaBHTHCA
C MOTOKOM a3arpA3HHTened. B 21on CBA3H
HeoOXOAHMBIMH MpeACTABAAIOTCA Mepbl Mo
YKECTOYEHHIO TPeBOBaHHA K OYHCTHBIM CO-

1. Content of heavy metals, in particular,
copper in the bottom sediments is three or-
ders higher than in water. This is evidently
determined by formation of surface-bound
complexes. In this situation bottom sedi-
ments can serve as a source of secondary
pollution of aquatic medium in roiling shal-
low parts of the bay.

2. In the zone of discharge of waste waters
by industrial enterprises content of heavy
metals exceeds maximal permissible concen-
tration tens times. On fig. 2 horizontal dis-
tribution of copper concentration is shown,
from which it can be seen that pollution of
aquatorium near the city of Taganrog is
determined not by outside sources but by
discharges of industry of the city itself. Simi-
lar maps have been drawn for mercury, lead,
zinc, chromium and nickel.

3. The results of measuring phenol and its
derivatives have shown that their concentra-
tion considerably exceed maximal permissi-
ble concentration reaching 1000 times in
the zone of discharge of waste waters of
Taganrog. Content of polyaromatic hydrocar-
bons in water including the most dangerous
- benz(a)pyren - is high.

4. The results of the petroleum products
content study in all bay waters by gaschro-
matographic method have shown that pollu-
tion is connected with spillage of petroleum
fuels and lubricants. Revealed content of
petroleum products was not less than 2
milligrams per one liter, which is approxi-
mately one order higher than maximal
permissible concentration. The map of hori-
zontal distribution of petroleum products
content is shown on fig.

5. Data on bio tests of water have revealed
acute toxicity both in the zones of waste
waters discharge and in the open parts of
the bay. The complicated picture of spatial
distribution shows presence of toxicity spots
in the aquatorium of the bay. High level of
toxicity was also discovered ‘in the mouth of
the Don river.

Self-purification capacity of natural aquatic:

- OpyAKeHHAM, KoHTpomio 3a cOpocoM Hedrenpo- | medium is not sufficient to withstand the flow
AYKTOB, a TaKXe Mo opraHHzaunH oneparne- | of pollutants. In this connection it seems that
HOI'O MOHHTOpPHHIA M0 PAAY MMAPOXMMHYECKHX | measures must be taken to enhance demands
napaMeTpoB. to purifying installations and control should
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4. Kep4yeHCKHH NPOIHB

PaboThbl MO HCCAEAOBAHHIO 3KONOFHYECKOTO
cocroAHHA KepyeHCKOro nporuBa MpPoOBOAH-
aMch B oKTAOpe 1992 r. M npeaycMaTpUBaiH:

~ TIPOBEACHHE MOJeNbHBIX HCCNeA0BAHHH
UMPKYNAUMH TeYeHHH aKBaTopHH I.Kep4n
B pasfIMYHbIX T'HAPOMETEOPONOrHYeCKHX CH-
TyalUHAX, XapaKTepHbIX A7 aKBATOPHH;

- NoCTpoeHHe GAHKOB A@HHBIX C HCIOb30-
BaHHEM COBpEMEHHbIX METOAHK KOMIbIOTEpP-
HOIO MOAENHPOBAHHUA;

— MOAenbHOE TNPOrHO3HpOBaHHE AaBAPHHHBIX
CHTyallili B aKBaTOpHH I.KepuH.

Kpome Toro, ¢pupma «dKOCH» B HHHLIHATHB-
HOM [IOpHAKE B paMKax JaHHOrO AOroBOpa
NpoBerna PeKOrHOCUHMPOBOYHbIE 3KCNEePHMEH-
TalbHble HCC1€A0BAaHHA B KepYeHCKOM nponuBe
C Ueblo NpeABapHTENbHOH OLEHKH 3KOOOrd-
YyeCKOH CHTYauHH Mo paay THAPOXHMHYECKHX
H rHAPOGHONOrHYECKHX nokasarened. Kauect-
BO BO/b! B 11e1OM ObII0 XOPOWIHM, OAHAKO CO-
AlepKaHHe HedTenpo/yKToB Mpesbliiano ypo-
BeHb TIAK,

Bbifla cosfiata cHcTeMa ynpabneHHa 6azamMu
AAHHBIX H KOMIIEKC. IPOrpaMM Co CpeacTBaMH
rpadHYeCcKoro oTobpaeHHA HHPOPMALHH
ANA Pa3sAH4HBIX 3arpA3HHTENEH H IHAPOXHMH-
YeCKHX MNapaMeTpoB B aKBaTOpHH TI.KepuH.
[IpoBeaeHo MogenbHOE MPOrHO3HPOBAHHE ABA-
PHHHBIX CHTYyauUHH B pesyabrare cbpoca aHTpo-
NOreHHbIX 3arpA3HUTENEH B OYHCTHBIX COOpY-
deHHAX B aKBaTOpHH I.KepuH, aaa 4yero
paspaboraH crieyHabHbIH KOMIAEKC POrpaMm
C rpagHyeckHM oToOpasKeHHeM Ppe3yabTaToB
Ha aucriiee DBM tvna IBM PC H BO3MOKHOCTBIO
noay4yeHna TBEpAOH KOMHH. PaccMoTpeHbl pas-
(IHYHBIE THAPOMETEOPONOrHYEeCKHe CHTYALHH.
[loKasato, B 4aCTHOCTH, YTO MPH CeBEPO-BOC-
TOYHOM BeTpe NATHO, 0Opa3oBaBlLLeecsH B Peaylb-
Tare cOpoca H3 OUHCTHBIX COOpYKEHHHA CHIArH-
Ho, Byaer cmewarbca B KepyeHckyio 6yxry.

3AKMOYEHNE

[lpobnema 3auiHThl BOAHOM cpeapl MeNKo-
BO/HBIX PErHOHOB OT He6NAaroNpHATHBIX AHTPO-
NOreHHbIX BO3AEHCTBHH HOCHT KOMIMIEKCHBIA
XapaKTep. 37eCb TeCHO NepenaeTalTcs BOIl-
poCbl OTKAHKA SKOCHCTEMBbI HA pa3NHyHble
BHAbI AHTPOINOIeHHbIX BO3AEHCTBHI, BbiGopa
napaMerpoB, ageKBaTHO OTPAMAWILHX COCTO-
AHHA BOAHOH Cpedbl, HOPMHPOBAHHA HanbGo-

be tightened over petroleum products dis-
charge and operative monitoring must be
organized of a number of hydrochemical
parameters.

4. Kerch strait

Work on the investigation of the ecolo-
gical state of the Kerch strait was carried
out in October 1992 and included:

~ the model investigations of the currents
in the Kerch aquatorium under different
hydrometeorogical conditions, which are typ-
ical for the aquatorium;

~ the creation of data banks using the modem
methods of computer modelling;

- the modelling prognostication of extreme
situation in the aquatorium.

Besides that, the ECOSEA firm carried out
experimental investigations in the Kerch strait
for preliminary estimating the ecological situ-
ation in the set of hydrochemical and hydro-
biological parameters. The quality was seemed
to be quite well, but the oil pollutants were
above the maximum permissible concentration.

The govern system for data bases and
program complex with graphic software for
different pollutants and hydrochemical param-
eters in the Kerch strait was designed. The
model prognosis of extreme situations as a
result of anthropogenic pollutants output
from the Kerch purify constructions was made.
For this purpose the special program packet
with the graphic software for IBM PC and a.
possibility to get a hard copy was designed.
The different hydrometeorogical situations
were examined. It was founded, for instance,
that the patch created by the output from
Sipyagino purify construction could move to
the Kerch bay under the north-east wind.

CONCLUSION

The problem of protecting aquatic medium
of shallow regions against averse anthropoge-
nic impacts is of comprehensive nature.
Problems of ecological system’s response to
various types of anthropogenic impacts, selec-
tion of parameters reflecting adequately the
state of aquatic medium, rating of the most
dangerous for ecological system impacts and
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fee onacHbIX A1A 3KOCHCTeMbl BO3/IEHCTBHH,
HHKEHEePHbIX METOAOB PerynHpoBaHHA aHTPo-
NOreHHOR Harpy3kH Ha MOPCKHE 3KOCHCTEMb.
Y310BbLIMH MOMEHTaMH KOMIAEKCHOTO MOHH-
TOpPMHIA, Kak MOKasaHo Bbillle, ABAAIOTCH
caeayolme.

1. Onpeaenetine obbeMOB H XHMHYECKOro

COCTaBa CTaUHOHAPHBIX CTOKOB C nobepeaba.
2. AHanH3 HHdopMaUuHH O cofaepKaHHH pas-
AHYHBIX BELUECTB B HCCaeAyeMOHN akBaTOPHH.
Boigenenne 3arpAsHnTeneH, NPHOPHTETHDIX
AAA AAHHOHM aKBAaTOPHH. AHaNH3 rHapobHo-
fIOTHYECKOH CHTYaLHH.

3, Paspaborka MaTeMaTH4YeCKHX Mogdenen
NpoLECCOB MACCONEPEeHOca C y4eTOM KOHKpeT-
Hon Geperosoi 4epTbl H MOP(ONOTHH AHa.
4. AHann3 HCTOPHYECKHX AaHHBIX O HaKoI-
(€HHH 3arpA3HAIOUIMX BewecTB B Toalle
BOAblI H B OHHbIX OcCaaKax.

Ha ocHOBaHHH NpogenaHHOH TakKHM 06pa3oM
paboTbl BO3MOMHO CO3AaHHe AHarHosa H npo-
rHO3a 3KOMOFHYECKOINo COCTOSAHHA PernoHa,
a TaKkKe Bblda4a NPaKTHYECKHX peKoMeHaaLnH.
Ocofbie cayyan MNpeacTaBNAIOT KPaTKOCPO“-
HbIH MPOrHO3 COCTOAHHA 3aNWBa Ha KypopT-
HbIH CE30H, a TaKXe TMPOrHo3 BO3MOMKHbIX
aBapHHHbIX cocTroAHWH. Hapagy C paccMor-
PeHHbIMH TMONOXEHHAMH MPHCTANbHOIO BHH-
MaHHA 3acayKHBAaeT MpoBeAeHHe HCTOPHYe-
CKOTo aHann3a COCTOAHHA 310pOBbA Hacenenns,
NpoXHBaioliero Ha nobepexbax, no Hanbonee
4acTo BCTPEYalIWHMCA B JAHHOM paHoHe
3aboneBaHnaM. OgHAKO H3y"eHHe 3TOro BONpo-
Ca Ha MeCTax BCTpedaeT elle onpeaeneHHble
CNOXHOCTH, [loaToMy AnA pellieHHA nogobHoro
poaa npobnem, HMEIOWHNX MOMNHTHYECKYIO OK-
packy, Heo6Xx0AHMO HMETb ONpeAeneHHyIo 3a-
KOHOAATEALHYI0O OCHOBY. JTO TMO3BOHT 3auH-
TepecoBatbh B TNpPOBEAEHHH 3KONOTHYECKHX
paboT, B 4aCTHOCTH, 3KOIOIHYECKOrO MOHH-
TOPHHIa, MeCTHble BAACTH H TNPOMbILIIEHHO-
¢pnHaHCOBbIE KpPYrH.
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engineering methods of regulating anthropogen-
ic load upon marine ecological systems. The
key moments of complex monitoring, as it was
shown above, are as follows:

1. Defining volumes and chemical composi-
tion of permanent discharges from the coast.
2. Analysis of information on the content
of various substances in the aquatorium
under study. Revelation of pollutants most
widely spread in this aquatorium. Analysis
of hydrobiological situation.

3. Elaboration of mathematical models of
processes of transfer of masses taking into
consideration concrete coastal line and
morphology of the bottom.

4, Analysis of historical data on accumulation
of polluting substances in the thickness of
water and bottom sediments.

On the basis of this work it is possible to
create a diagnosis and prognosis of ecological
state of the region and issue practical recom-
mendations. Special cases are short-time prog-
nostications of the bay state for a spa season
and prognostication of possible emergency
situations. Along with the provisions discussed,
close attention is to be paid to carrying out
historical analysis of health of the population
living on the coasts with respect of the most

frequent diseases in this region. However,

study of this problem on the spot is still
rather difficult. Therefore for the purpose of
solving such problems with political tint, two
associations of cities sea-users have been set
up at present - association of the Black Sea
cities and association of cities of the region
near the Azov Sea. The associations have set
themselves the aim of carrying out joint eco-
logical studies of coastal aquatoria. Since
financing of studies is done directly by city
authorities and the same authorities imple-
ment proposed recommendations, ecology of
marine regions has become here a real prac-
tical science.
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ABTOMATHYECKHHA KOHTPO/b HOHHOTO
COCTABA [IPHPOAHBIX BOLL
[TIPH ®GHUABTPALIMU YEPE3 LIEOHUTDI
CHBHPCKHX MECTOPOKAEHNH
- |
KorkoBrnrn B.B.,
KaHqQHAAT XHMHYECKHX HAYK,
CMmongkoB b.C,,
KaHAHAAT XHMHYECKHX HAYK,
Ipa AA.
HHCTHTYT HEODraHHYECKOH
XHMHH CO FAH

llpupoaHblE LEONHTH! HMEIOT IIHPOKYIO
NepcneKTHBY B NMaaHe NMpHMeHeHHA HX B Kave-
CTBe (PUILTPYIOUWIErO MaTepHana Aa3 BOAO-
OYHMCTKH H BOAONOATOTOBKH. HX AOCTOHHCTBO
B CNOCOOHOCTH yAanATh H3 BOAbI KATHOHHbIE
TOKCHKAHTbl, TakHe KaK aMMOHHH, TAXKedble
MeTanabl H T.A. OAHAKO mnpH pHAbTpaLHH
MPOHCXOAMT H3MEHEeHHe COCTaBa BOA H [0
OCHOBHBIM MHHEPAbHBIM KOMIIOHEHTAM, KPOME
TOTO MPH AMHTENbHOH KCNAyaTAUMH LEOnuT-
coaepaulvx pHILTPOB MPOHCXOAHT HCHEPaHHe
EMKOCTH, KOTOPOE HEOBXOAMMO KOHTPOHPOBATD.

Lleab panHon pabotbl ~ paspaboTka MeToaa
HenpepbiBHOIO MHOTOKOMMOHEHTHOTO KOHTPONA
cocrasa QHABTPYEMOH BOAbI C HCMOAb30BAHHEM
aBTOMATHYECKOH NOTEHLHOMETPHYECKOH CTAHLIMH

AC «Boga-10M» paszpaborkn HHX CO PAH
' ¥ MOHOCENEKTHBHBIX (1EKTPOAOB, OBPATHMbIX
K OCHOBHbIM KOMMOHEHTaM NPHPOAHBIX BOA
(H, Na, K, Ca) n npumecam (NH4), a takike
nonyveHwe AAHHbIX MO XapaKTepPHCTHKaM
LueoanrcogepAKaiyyx nopog (LUCIT), B 4acTHO-
CTH, COPGIIHOHHBIM,

B pabore ncnoabsosanrcs LICIT CHBupckrx
MecTopoxaeHHi: [leracckoro (Kemeposckas
obnacts), Xoantckoro (Byparus), lHBbIpTY#-
cKoro (YurrHcKas obnacrts). ,

YcraHoBKa A1A PerMcTpaupH napamerpob
BOAbl BKIIOYAlAa €MKOCTH C HWCXOAHBIMH H
KanH6 poBO4HBIMH PaCTBOPAMH, HOHOOOMeHHbIe
KO(IOHKH C (DHABTPYIOWHMH 3arpy3kaMH, Tpo-
TOYHbIE AYEHKH C HMOHOMETPHYECKHMH aaTdyH-
KaMH, MHOI'OKaHa/IbHyI0 aBTOMATHYECKYIO CTaH-
uxio AC «Boga-10M». [nA NpoBepKH KaTHBPOBKH
AATYHKOB B AOWTENBHBIX JKCMEPHMEHTAX B
AYEHKH Yepe3 CoeAHHNTENbHbIE INAHTH NEePHOAN-
YECKH MOAAaBanH KanHOpPOBOYHBIE PACTBOPBI.
[1paBHABHOCTH pe3ynbTaToB KOHTPOAHpPOBAaNH
MeToaaMu HOHOMETDHH, B TOM YHC/IE B BapHAHTE
MeToda [106aBOK, XHMHYECKOIO aHanH3a.

AUTOMATIC CONTROL OF JONIC
COMPOSITION OF NATURAL WATER
IN PROCESSES OF FILTRATION THROUGH
NATURAL ZEOLITES
e e
Kokovkin V.V.,
kandidat of chemical sciences,
Smolyakoy B.S.,
kandidat of chemical sciences,
Lva AYa
Institute of Inorganic Chemistry
of Siberian Branch
of the Academy
of Sciences of Russia

A problem of obtaining of water which
is suitable for drinking and different industrial
purposes became very essential at the last
years. There are at least two reasons for the
essentiality. The first. Natural surface and
underground water is becoming of a bad
quality because of such parameter as common
mineralization increases, concentrations of
human making toxic impurities (ammonium,
pheriol, etc.) become higher than UCP for them.
The second. Usual methods of treatig of water
do not exactly able to remove many toxic
components, e.g, cationic components. So it
is necessary o use other methods or materials
for filtration which possess to remove impuri-
ties. One way of solving the problem is in
an application of natural zeolites.

Natural zeolites are cationic exchangers.
Their main advantage is in sorbtion of toxic
cationic components as ammonium, radio-
active ions (Cs, Sr, etc.). But concentrations of
basic mineral components of water during
filtration are changed too. Also it is took place
an exhaustion of capacity of zeolite contai-
ning filters. This process should be put under
the control.

The aim of this work is to work out a method
of continuous multicomponent control of water
treated by zeolites using automatic potentiomet-
ric station «Woda—~10M» wchich was worked out
by the Institute of Inorganic Chemistry of
Siberian Branch of the Russian Academy of
Scieces and ion-selective electrodes (ISF)
reversible to the ionic componentes of water
(H, Na, K, Ca) and impurities (NH4).

An experimental set-up for monitoring of
water parameters included the vessel with an
initial solution and the other one with a solution
to calibrate ISE, ion-exchange columns with
different charges, cells with ISE for flowing
of solutions and the multichannel recording
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HcxoaHble MogenbHble pacTsopbl Npeacras-
aAann coBoH OCHOBHbIE THIbI NMPHPOAHbLIX BOA:
rHapokapboHaTHble M X1OpHAHbIE, — B TOM
yucne BKAlOHalwollHe OCHOBHbIE AHTPONOreH-
Hbi€ 3arpA3HeHHA (aMMOHHH, ¢eHon, B3BelleH-
Hble BellecTBa MPHPOAHOro CyraHHKa).

HcxoaHble MpHPOAHbIE BOAbI TIPEACTABARNH
coboi HarypHble 06pasub! Boa 3anaano-CHoHp-
CKOTO perroHa.

MoayueHHble AaHHbIE MOKA3LIBAIOT, YTO HC-
Moab3yeMblH MeTOA KOHTPONA MNPHroaeH AnsA
perucTaunt CocTaBa BOA. BbIXOAAUHX Mocae
¢GHALTPAUMH Yepes LeonHTcogepxallre ¢hab-
Tpbi, NO HCCAEAYEMbIM KOMMOHEHTaM.

B nocneanve roabi npobnema noayueHHs
BO/, TNPHIOAHBIX ANA MHTLEBOTO H XO3#H-
CTBEHHOrO Ha3HaueHn#, obocTphaack 1A
MHOIMX pernoHos Pocchib, B TOM “RCAE H /0A
3anaaHon CHOHpH HecMOTPH Ha . Boratcrso
ee BOAHbIX peCypcoB. ATO CBA3AHO, NO KpariHen
Mepe, C ABYMA NMPHYHHAMH. BO-NIEPBbIX, HCIOAb

3yeMble ANA AaHHbIX LUeAeH KAk NOBEPXHOCT- .

Hbie, TaKk H [oa3eMible BOAbI CTAHOBATCA
BCE XyXKe MO KAYeCTBY: BLIABNACTCH TEHACHLNA
K pocty obuien muuepaausawt (Hukaxnopos,
1989), yBeanuHBaeTcA COACPKRAHHE aHTPOINOIeH-
HbIX 3arpA3HEHHH (TAXKenble METAN(b], paaHOHY-
KARABLL, GHOMeHHble 3eMeHTb! 1 T.4.), BbiCOKa
MYTHOCTb BOA, 0COGeHHO B NaBOAKOBbIH AR
pek neptoa. Bo-BTOpPLIX, TPaaHLHOHHBIH CIocob
OYNMCTKH BOAB! C HCNONb3IOBAHHEM KBApUEBOro
necka B Kavectse prabTpylouiHero MarepHana
ne obecneunbaer copbuHio, B HaCTHOCTH, HOH-
HbiIX TOKCHKAHTOB, Aa M 3anachl NeCKa NpakTH-
4YeCKH HCHepraHbl BO MHOTHX perHoHax Pocchw,
B 3710/ CBA3H AR OMMCTKH BOA HCNOMAb3YIOTCA
NPHPOAHBIE UEONHTbl TaKne Kak KAHHONTH-
(O(HT H MEeHNaHANT, BCTpeYaloUiHECA B MECTO-
POMACHHAX BMECTE C CONYTCTBYIOWHMH [TOPO/JAaMH
[Bennuxun, 1990; YeaHwes, 1987). Taxk, UueoHTCo-
aepxawne nopoabl (LCI) mecTopoxaeHHH
I'py3nn 3ersH 1 Tea3aMH HCNOb3YIOTCA Ha Py6-
OEBCKON BOAONPOBOAHONH CTAaHUMH I'. MOCKBbI
(CennaBny, 1986), Mmeerca onbiT NpHMEHEHHA
LICI Ha YkpanHe (Pyaeuko, Tapacesn4, 1983).

B Pocchn, B T.4. B CHOHMpDH, HMeercAa pAa
mecTopoxaenrnn LCI npombilineHHoOro 3Ha-
4YeHHA Hanpumep: XonnHckoe B BypaTHH, [Terac-
ckoe B Kemeposcko#n obnacth, UIMBbIpTYHCKOE
B YuTHHCKOM obnacTH. OAHAKO OHH €llle He Bo-
Ble4eHbl B KPYNHOMaciiTabHOe HCNoNb30BaHHE,
YUHTbIBAaR 3KOHOMHYECKYl0 Heienecoobpas-

potentiometer «Woda-10M». The solutions to
calibrate ISE in continuous experiments pe-
riodically feeded on the cells through junc-
tion tubes. _

Model solutions are presented basic tipes
of natural water: hydrocarbonite and chloride,
- and include main human making toxic
impurities (ammonium, phenol, suspended
substanses of natural loam).

The natural water is an example of water
of West Siberia region.

Obtained results show that used method of
control of ionic parameters ol water may be
applicd to technologics of waters treating by
7eolites,

HOCTb AanbHHX nepepo3ork  UCT, a Takake
OrpaHHUEHHYK) JOCTYITHOCTE HX 33 npeaenamn
Poccun, akTyanblion 3ajatten ABaaeTca ocsoe-
HHE POCCHHCKHX HCOTHTOR,

Kak v3ecTHo (Henmues, 1983), tipupoatibie
UEOHTBI — 3TO KATHOHOOBMEHHHKH. HX ochios-
HOe AOCTOHHCTBO B HOHOOOMeHHOH copbiiiin
KaTHOHHbLIX TOKCHKAHTOB, TAKHX KAk aMMOLIHH,
paaroryKnunabl (Cs—-137, S1—-90) n ap. Nmeiorea
AaHHble O COPOUHH OPraHH4€CKHX CoeaHHeHNH
(Pabo, 1980; Benruknn, 1990), o pnnbTpyloien
cnocobHocTH  ueoanToB (Beanuxun, 1990).
MMockonbry LICIT pa3sHbiXx MECTOPOXKAEHHA MOTYT
coaepxarb LeONNTbl pa3HblX (POPM H HAXOAHTD-
CA B Pa3HOM COOTHOIUEHHH C COMYTCTBYIOWHMH
MHHepanaMH, ¢HALTPYIOWHE H COpBLHOHHDbIEC
csoricrea LICIT MoryT BapbHpoBaTh, Y4TO MOXKeT
OTpaxaTbCA Ha cocraBe GHALTPYEMOH BO/bI,
XapaKTepH3YIOLWEeRCH onpeaeneHHbiM MHHepanb-
HbIM cocraBoM. B npouecce npumeHeHHa LCH
MOIYT TaKKe BO3ZHHKATbL CHUTYaLHH, CBA3AaHHbIE
C HCYeprnaHneM OOMEHHOH €MKOCTH. TaKHM
obpa3som, npH ncnonb3oBatnH LICIT B TexHono-
THAX BOAONOATOTOBKKH HeoBXoAHMMO npHMetie-
HHe TaKnx cnocoboB KOHTPONA HABTPYeMbIX
BOA, KOoTOpbie Bbl M0O3BONANH aBTOMATHYHCKH
pPerncTpnpoBaTh HX COCTaB, TEM CaMbiM faBaf
HHQPOPMALIHIO O Ka4yeCcTBe BOAbl H HCUEpraHHH
€MKOCTH Leo/HTa.
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‘Uenbio AaHHOH paboThl ObIIO H3Y4YeHHe
BO3MOXKHOCTH TNPHMeHEHHA MHOIOKOMITOHEHT-
HOIO ABTOMATHYECKOro MOTEeHHOMETPHYECKO-
ro KOHTPOA KAaTHOHHOTO CocTaBa BO/ C HC-
nonb3oBaHHeM aBToMarH4yecKon cTaHunH (AC)
«Boaa~10 M» paspaborkn UHX CO PAH ¢ Komr-
1IEKTOM HOHOCENEKTHBHBIX 3NeKTpoaoB (MCD)
npy ¢uasTpauut Boa vepes LICIT cHOHpcKrx
MeCTOPOX/eHHH, a TaKXe Ha ero OCHOBe
noay4exnxe AaHHbIX Mo xapakrepHcrHkam LICIT,
B YACTHOCTH, BelIHYHHAM HOHOOGMEHHOH eMKOo-
crv. [laA conocTaBaeHnA Pe3YnbTaToB HCMOb-
30Balln KBapLUEBBIA TECOK.

Caiegyer OTMETHTb, YTO B NPHPO/AHBIX NPECHBIX
BOJaX CHOHPCKOIO perHoHa ¢ MHHepanusa-
UHeH MeHee 1 r/n roapHblE KaTHOHBI ~ 3TO Ca,
Mg 1 Na . [IOMHHHDPYIOILIUM THIIOM NOBEPXHOCT-
HbIX MPHPOAHBIX BOA ABAAETCA rHAPOKapbo-
HaTHO-KanbLHEeBbIA, CoaepaHue ApyrHX HOHOB
B NPHPOAHLIX BOAAX 3HAYMTENBHO HHXe. [IpH
MCMOb30OBAaHHH BO/ 1A HTHEBOIO BOAOCHA6-
XKeHHA C CAHWTAPHO-TMrHeHHYeCKHX MO3HUHH
HOpMHpyeTca [pedenbHO-10NycTHMaA KOHUEH-
Tpauua ([IAK) pAga npHMeCHbIX HOHOB, CpeaH
KOTOPbIX cChaedyeT OTMETHTh aMMoHHH. Ero
eCTeCTBeHHOe COlepKaH e BapbHpyeT B LUINPOKHX
npegenax B CBA3H ¢ OHOXHMHYECKHMH MpeBpa-
weHnamMH ¢opM azora. [loBbllleHHad KOHLEH-
Tpallid aMMOHHA MOMET ABHTbCA CAeACTBHEM
KaK ecTecTBeHHOH eBTpO(HKaLHH BOAOEMOB,
TAK H aHTPOMNONeHHOro TMNOCTynneHna. TakHM
06pa3oM OCHOBHBIMH KOHTPOIHPYEMbIMH Napa-
MeTpaMH B HaweH pabore Oblan: coaepmaHye
Na, Ca, NH4 n pH. MocKkoabKy HOHOOOMeHHadA
cnocobHocTh npupoaHbix LICI obycaosneHa
KatHoHaMH K, Na, Ca n M@, gonoaHHTeAbHO K
nepeyYrcIeHHbIM KoHTponHposanH K.

HcenegoBaHHe MpoBOANIOCH HA MOAETbHBIX
pacTBOpax OCHOBHBIX THMOB MPHPOAHBIX BOA
H HaTypHbIX oOpasu@ax NpHUPOAHBIX BOA 00CKO-
ro HaccenHa.

Panee noaoOHbIX HCCAeAOBAHMH, CyaA. MO
M3BECTHOM HaM NHTeparype, He MPOBO/AHIOCH.

OKCIEPUMEHTA/IBHAA YACTD

B pabore ucnons3oBanbl obpasupl LICIT
Meracckoro, XonHHCKoro H LIMBbIPTYHCKOro
MeCTOpPOXKAEHHH, NpeaoCTaBaeHHbIX HHCTHTY-
TOM MHHepaaorii n nerporpagpun CO PAH.
HcnonbsoBand HaMenbdeHHnbie LICIT dpakunr
0,25-1,0, a Takke 0,5-2,0 MM gaa XOOHHCKOIO
MecTopoXxdeHuAa. [lepea npHMeHeHHEM BCe
obpazupi 1ICI1 OTMBITBI ANCTHAIHPOBaHHON
BOAOH [0 BH3yalbHONO OTCYTCTBHA MYTH.
MNoaroroBka KBapLieBOro NeCKa (HCNonb3opaach
¢pakuna 0,5-2,0 MM) oraH4Yaaach AONONHH-
TenbHOR O0OpabOTKOH KOHLEHTPHPOBaHHOH
CONAHOH KHCIOTOH, [locne gaHHOH npoleaypbl
MecoK OTMBbIBaIH [ANCTHHPOBAHHOH BOAOH
C KOHTPO(1IEM Ha X(OP-HOHbI.

Hapeckn LCIl 1 necka sarpyxanH B HOHO-
0OMeHHBbIE KOMOHKH. [IHAMETP KOIOHOK — 16 MM,
BbICOTA 3arpy3kH cocrasasdia 80 — 260 B 3aBu-
CHMOCTH OT Lgfnen 2KCNepHMeHTA.

[nA NpHroTOBIEHNA MOACNBHBIX PAacTBOPOB
HCINONb30BAH AUCTHAAHPOBAHHYIO BOAY M COOT-
BETCTBYIOLHE COMH (BCE KBaTH(pHKALMH X, 4.).
Kpome MoaenbHBIX pacTBOpPOB HCHOMNB3OBadH
obpaslibl MPHPOAHOH BOABI. KOHUEHTpaLHIO
KaTHOHOB B 0BpasliaXx onpeaeadany MeTOJaMH
HoHomeTpHH (KammaH, 1980) H XHMHHecKOro
aHanH3za (HoBHkoB, 19890). OTH XKe Meroqbi
HCIIONb30BAIH ANA TPOBEPKH MNPaBHAILHOCTH
pe3yapTaroB aBTOMaTH4Y€CKOH perHcTpaluy.

Huxe B Tabanue NpHBeAEH KaTHOHHBIH
COCTaB HeKOTOPbIX PaCTBOPOB H3 HCC/I€AOBAHHbIX.

TAB/IMLIA 1. KaTHOHHbIH COCTaB HCCAEAOBAHHMIX PACTBOPOB, MMO(Ib/1.

[lapamerp MoaeabHbIA MonenbHBIA Mogenbhbiit | O6cKas
pacrsop 1 pacrBop 2 pacrsop 3 BOJA

Kanbiui 5.0 05 1,0 0,69
Marau# - ~ 1,0 0,60
Harpni 0,2 0,45 5,6 0,20
AMMOHHH 5,0 0,10 05 0,002
Kanni - - 0,5 0,02
AMOMHHHA - - 0,093 -

pH 7.9 - 8,1 72 -74 8,0 74 - 17,7
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OnpeaeneHne CTarHyeCcKoH 06MeHHOH eMKo-
CTH IPOBOAHAH Caeaylouum obpazoM. HaBecky
LICIT okono 1,5 r BMecTe ¢ anMkBoToH 100 ma
0.1 M pacrsopa aMMOHHA X(1IOPHCTONO BBOAHAH
B KOHHYECKyl0 Koaby H BblgepKHBanH MpH
NepHoAHYECKOM NiepeMeILINBaHny ot 3 A0 7 Cy-
TOK [PH KOMHATHOH TeMnepartype. [Janee TBepayio

¢asy orduasTpoBbIBAIH. B DHALTPATE ONpeae-

AANA HOHbI AMMOHHA, KanblHA, MarHHA, Kanua
H HartpHA. KoaH4yecTBo COpOHPOBaHHBIX HOHOB
COMOCTAaBNANH C KOMHYECTBOM AeCOp6Hpo-
BAHHBIX.

[HrHamMH4ecKylo 0OMeHHyI0 eMKOCTb onpeae-
AANH MeTOAOM rpadHYECKOro HHTerPHPCBaHHA.

YeraHOBKAa AnA H3YyuyeHHA CBOWCTB
$pHabTPYIOLMX 3arpy3oK BKalOYana eMKOCTH
C HCXOAHBIMH H KaaHGpPOBOYHBIMH PacTBoO-
paMH, HOHOOOMEHHBIE KOMOHKH C 3arpy3kamu,
NpoTo4Hble HAYEHKH C HOHOMETPHYECKHMH
AaTyMKaMH, MHoOrokKaHanbHylo craHuuio AC
«Boga—-10M». CoeiMHHTENbHbBIE. LIIAHTH C KpaHa-
MH MO3BONA(H 0JABaTh B AYEHKH C AATYHKA-
MH HCXOAHBIH H OT¢HIBTPOBAHHDIA PacTBOPbI.
[laT4HKH B AYEHKax KanHOpoBany B IPOTOYHOM
peXHMe 40 H noce NpoBeaeHHA 3KCnepHMEHTOB.
B anuTenbHbIX 2KCNEpHMeHTAax MpOBEPKY Ka-
AHOPOBKH OCYLLECTBAANH AOMOMNHHTENbHO B
xoae paboTbl.

«MepTBbliy 06beM pacTsopa (20 cM3). OO6LIHF
obbeM pacTBopa B lUIaHre M A4erke 40 cm3;
MpH pacxo/e Boabl 2-8 CM®/MHH CMeHa pacTsopa
B A4eHKe nporcxoanna 3a 5-20 MHH. JaTYHKH
MOHTHPOBANHCD B MNTACTHHE H3 BAKYYMHOH pesy-
Hbl, KOTOpaA 3aKpblBana A4eHKY CBEpXy.

AC «Boaa-10M» umeet 10 HOHOMETpPHYECKHX
KaHaoB, YTO MNO3BOAAET OAHOBPEMEHHO peru-
CTPHpOBAaTh /aHHble 110 ABYM rpynnam Ha 5 aar
YHKOB B pasHbIX NMPOTOYHbIX A4YeHKkax. Peru-
CTpalna KaAoro KaHana NpOM3BOAHTCA Ha
AnarpaMmMHOH OGymare pasaenbHo. [lepeMellueHHe
AnarpaMMHo# GyMard ¢ MOCTOAHHOH CKOPOCTbIO
AaerT BO3MOMXHOCTh HE€ TONbKO (PHKCHPOBATH
BpEMA MPOTOKA, HO H 06beM OT(HABTPOBAHHOH
BOAbl MpH TNOCTOAHHOM ee pacxode. Kpome
HOHOMETPHYECKHX KaHaloB PperHcrpHpyerc#
TeMneparypa BoAbl B A4erKe 1 Hynepas oTMeTKa
npubopa. HaaH4yHe BCTPOEHHOH CHCTEMbI
TeMIEePaTypPHOH KOPPEeKLIHH NOKa3aHHH JaT4YHKOB
ynpoiuaeT o6paboTKy 3alHCH HX MNOTEHUNAN0B
(E). laa pacyera KoHUEeHTpaLUHH M3 3anHcH E
HCONBb30BANH KaTHOPOBOYHbIe rpadHKH E-Ig .

TAB(IHLA 2. Hcnoabsyemple HCO H HX HEKOTOpbl€ XapaKTEepHCTHKH.

Mapka Onpeaensiembiit| [JHana3oH anHerHo#| MellalolMe HOHbI
anexkTpoga nokasarenb | (YHKUHH, MOab/i
AC1-43-07 pH 1 - 12 (pH) -
3C(1-51-07 Na 3 - 107" H (10-3)
M0 K 0,1 - 10* Na(200), NH,(20)
OMNHA-01 NH, 0,1 -10"* Na(200), K(1)
IM-Ca-01 Ca 0,5 - 107 Mg(3), Ba(50), Na,

K(500), NH,(300)

[IpumeyaHHne. B CKOOKax yKasaHo NPEJENbHOE OTHOLIEHHE KOHLEHTPALHH
Melalulero H onpeqeqieMoro HoHOB, IIpH KoropoM HC3 coxparser
CeIeKTHBHOCTh H He TpebyeTcA y4eTa KOS(PHLHEHTA CEeEKTHBHOCTH,

lpoToyHas A4Yerka MNpeacTaBaAna CcobOH
UMAHHAP W3 BHWHHMaacra. BeBoa pacrsopa H3
KONOHKH OCYILeCTBAAACA deped narpybox,
pacnoaoxeHHblH B HHKHeH 4YacTH Kophyca
TaHreHUHAbHO OTHOCHTENbHO GOKOBOH Io-
BepXHOCTH UHAHHApa. Cans pacTtBopa MpOHC-
XOAHa Hyepe3 TPyOKy, CMOHTHPOBAHHYIO B LIEHTpe
/IHA TaK, 4TO BEPXHHH TOpel, HaxoAHICA Ha
1,5 cm Bhllle AHA. TaKad KOHCTPYKUHA AYEHKH
obecrieynBana OTCYTCTBHE 3aCTOHHBIX 30H,
NOCTOAHHBIH YPOBEHb PACTBOPA N MHHHMAILHBIA

[TOAYYEHHBIE PE3YbLTATHI
N X OBCYKAEHHE

Kak oTMe4anoch, NepeUHHbie AAHHBIE O
napaMeTpaM BO/Abl, NMpolleAllell Yepes LeonH-
TOBble (bHABTPDI, NpPEACTABAANH COGOM 3aBH-
cuMoctn E or Bpemenn. Hx rpaHcopmaLmio
B TPaAHLHMOHHbIE BbIXOAHBIE KpHBbIE, T.€.
3ABHCHMOCTH KOHLEHTPALMH BbIXOAAIIKX HOHOB
OT BpeMeHH MpPOBOAMIH C HCMONb3OBAHHEM
rpagyHposo4nbiX rpaduros. f{aa Bcex HCO,
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KpoMe OM-NH4-01, xapaKTepHCTHKH Cefek-
THBHOCTH TIO3BO/ANH MAPAHTHPOBATb OTCYTCTBHE
BKNada Melwaounx HoHoB. [ns IOM-NHA-01
OCHOBHbIM MEILAIOUIHM HOHOM ABMAETCH KalHH,
npeaebHOE OTHOlIEHHE KoHueHrpauyi NH4:K,
NPH KOTOPOM He Hado y4HTbIBaTh Mellalollero
apderra cocraBaaer 1:1. llockonbKy KoHUEH:
TpalKA Kanna B pnasTpare o6b14HO NpeBbliana
KOHUEHTpaLHIo aumonna (aas LICIT XonnHcKoro
1 LIMBBIPTYACKOrO MEeCTOPOKAEHHH), BENHYHHY
KOHUEHTpaLHH AMMOHHMA PACcCHHTbIBANH IO
ypaBHeHHI0 HHKOALCKOro ¢ y4eTOM BeaHYHHbI
KOHLEHTPALMH HOHOB KalHA, OrnpeaeneHHOH
no AaHHbIM 30eKTpoga IM-K-01, U BeAn4HHbI
K03 dHLHEHTa CeneKTHBHOCTH.

B uenom, B AONNOBPEMEHHBIX 2KCIepPHMEHTax
HCD nokasann Henaoxoe rnobegenve. Tak,
rpagyHpoBoYHbie XapaKTePHCTHRH JMeKTpoaa
AC1~43-07 NpakTHYECKH He N3MEHAIHCH., [nA
naeHovHbix UCD y4yeT H3MEHEHWH rpasgyHpo-
BOYHbIX XAPAaKTEPHUCTHK TMPOBOAWAH 3a CYer
MOBTOPHBIX KannOpoBOK, AHGO 3@ CYET CMEHbI
pacTsopa BHYTPEHHEro 3arofHeHHA, Koraa
Ha3BaHHble XapaKTepPHCTHKH BOCCTAHABIHBAIHC.
Cpeanuit cpok paborocnocofrocty HCD co-
craBaAaa 3-6 MecAueB. TonbKo 31€KTPOABI
OMCa-01 6blav HenpHrodHbl yxke 4epes 1-2
MecAlua paboTbl

[lpoBepKka nNpaBHABHOCTH TPOBOAHNACH
C HCOOb30BaHHEM MeToda noTeHUHOMeTpHH
¢ HC3 B papunanTax NpAMoOro onpedeneHnd
H Meroga aobasok Ha Mpobax, OTOOpaHHBIX
nocne uabTpalud. Kpome Toro Meroaom
TPHAOHOMETPHYECKOINO THTPOBAHHA onpeaens-
nH 0BLLYI0 2KECTKOCTb H KOHUEHTPALIHIO KarbLHA,
[0 Pa3HOCTH HAXOAHAH KOHUEHTPALMIO MarHua,
B uenom, caedayeT oTMETHTDH, H4TO MONY4YeHHbIE
pe3yabTaTbl AEMOHCTPHPYIOT HEIIOX0e cora-

CHe C /IAHHBIMH, MNOMyYeHHbIMH A1A NPOTOYHbIX
ycrioBu# B npeaenax 10 — 20% (OTHOCHTebHbIX),

B kadecTBe nprMepa Ha PHCYHKe NpHBene-
Hbl BbIXOAHbIE KpHBbIE, NOay4eHHbIe NpH Mpo-
nyc-KaHHH MogenbHoro pactsopa 2 yepes HCII
XONHHCKOINO MecTopoaeHHa dpakuun 0,5~
2,0 MM. H3 pHCyHKa BHAHO, YTO KalbLUHH H
aMMOHHH COPOHpYIOTCA LIEOIHTOM, NpUHeM HX
KOHUEHTpaLUHA He AOCTHraeT MCXOAHBIX 3Ha4e-
HMA B MOAENBHOM pacTBOpe Aame 4epe3d 30
cyrok. Kanuii W Harpuii aecopbupyioTca
LIeO(INTOM, OlHAKO B pa3HOH crerneHH. [1pouecc
AecopbliMK HaTpHA 3aKaHYHBAeTCA NMPHMEPHO
Yyepe3 3 cyTok. Y10 KacaeTca KalHd, To npotecc
ero AecopbLmH He 3aKaH4YHBaeTcA H 4yepe3 30
CYTOK, KaK H OTMeYeHHbIH Bbllie OOpaTHbIA
npouece afAcopbLuy Kanbuys.

HMmewompeca paaHHble AEMOHCTPHPYIOT
CyILIECTBEHHYI0 3aBHCHMOCTh COCTaBa BbIXO-
AAWHX nocne ¢$HUAbTPalMH pacTBOpOB Kak OT
cocraa LICIlT, Tak ¥ HCXogHOro pacTBopa, B
oTnvYHe OT TPaAHUHOHHOTO (HABTPYIOLLENO
MaTepHana ~ KBapLUeBOro necka. JTo npeg-
cTaBiAeT oOnpejeneHHble CAO0KHOCTH AA
npeacKasaHHa eMKOCTH LieonnTa NpH HaIHYHH
B BOAE KaK MMOCTOAHHBLIX, Tak H 3MH30AHYE-
CKHX 3arpaanennn. OQHnM v3 peanbHax peieHnn
npobnemMb! ABNAETCA HeNpepbIBHbIF KOHTPONb
3arpA3HeHHH, B TOM YHCAE aBTOMaTHYECKHH
€ Hcnonbn3oBaHHeM HCD. ' :

[laHHbI€ T0 BbIXOAHBIM KpHBbIM OblaH
HCMonb3oBaHbl A0 OLEHKH AHHAMHYeCKOH
obmenHon emkoctH LCI W conocrasieHHa ¢
noaHoM obMeHHOW eMKocThio. B Tabauue 3
npeacTaBieHbl pe3ynbTaTbl 10 COOTBETCTBYIOLNM
penrHinHamM emrocten 1ICIT.

TAB(IMLIA 3. Bean1HHbI 0OMEHHDBIX €MKOCTEH LEONNTCoAepAAINX TOPOA.

HavMeHopanHe | CrarH4ecKasn [ANHaMH4YecKas
nopo/bl
MopeabHbli | MogenbsHbi# | MogenbHbii| O6ckan
pacrsop 1 | pacrsop 2 | pactBop 3| BoOaa
[Teracckasa 1,30 0,05 - ~ -
XonHHCKasn 1,37 0,57 0,48 0,5C 0,41
IInBbLIPTYHCKAA 1,30 0,66 - ~ o=

H3 Tabarupl BHAHO, YTO BENHYHHDbI AHHAMHYECKOH 06MEeHHOH eMKOCTH B HECKOBKO pa3 HHKe
nofHbIX. B nepBylo ouepeab 210 ONpeAenaeTCi paBHOBECHBIM (GaKTOPOM, B TOM YHCIE pasiHYHeM
B COCTaBax KoHTakrHpyomux ¢ LICII pacrsopos npH onpegenetny Bennynt eMKocTH. Bo-BTOpbIX,
310 OnNpe/ienAeTca KHHETHKOH OOMeHa HOHOB. (IHHAMHKA BBLIXOAHBIX KPHBBIX XapaKTepH3yerca
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Ha/lMMHEM, NO KpanHeH Mepe, AByX NMpOLeccos,
OTHYAIOLNXCA CKOPOCTHIO, [lepsbiit MpoTeKkaeT
B Mpedenax Or HECKONbKHX 4acos AR bonee
KOHUEHTPHPOBAHHbIX pacTBopos 1 n 3 o cy-
TOK AAA pacTteopa 2 v obckon Boabl. Bropas
- 3aMeAqeHHaA CTaadA, B HacTHOCTH, AnA
pacTBopa 2 H OOCKOR BOAbl He 3aBepllaeTca
H vepe3 30 CyTOK 3KcnepHmerTa. [lo-BHanmomy,
nepsaf CTagHA onpeaenAeTca 06MeHOM HOHOB,
HaxOAAIMXCA Ha nosepxHoctH 3epen LCI,
BTOpas onpegenserca aAnddysned HoHOB B
rnybute 3epra (Hukawnta, 1990).

B uenoM, no COBOKYNHOCTH HCCNEAOBAHHbIX
CBOHCTB H MOMy4YeHHbIX AaHHbIX aBTOPbI MOTyT
Aarb peKoMeHaauHH no npumeHennio LICTT aan
BOAONOATOTOBKH, B TOM YHCAE MO YMAMEHHIO
BOAblL, MO YAaneHHI0 HOHOB aMMOHHA H T.A.
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THE CHEMICAL ECOLOGICAL MONITORING OF

THE STATE OF FRESH WATER ECOSYSTEMS
L L e

Smolyakov B.S.,

Nemirovskiy AM.,

Flehanov D.F.

Institute of Inorganic Chemistry
of Russian Academy of Sciences,
Novosibirsk, Russia

The problem of standartization and monitor-
ing of fresh-water quality and fresh-water
ecosystems state are discussed. We propose
to integrate the special division - the chemical
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rHYECKOro MOHMTOPHHIa CrelHanbHbifi pazaen
~ XHMHKO-3KONOMMYECKHH MOHHTOPHHI COCTOA-
HHA BOAHBIX 3KOCHCTEM. 3a4ayH 3TOro pazaena
BKAIO4YaloT HabaiogeHne, OLeHKY H MPOrHos
BHEWHHX H BHYTPHBOAOEMHBIX [PO-LECCoB
(OpMHpOBaHHA COCTABa BOAbl MO TOKa3are-

1AM, HMelolInM onpejendlollee 3Have-HHe ana

YCTONYHBOCTH BOAHOH 3KOCHCTeMbl. [n#A Bbl-
NOHEHHA 3THX 3aAa4 HeoOXOAHUMO paclliHpeHHe
6a3bl aHANHTHYECKOro oBecnedyeHts C HCMNonb-
30BaHHEM MeTO/0B H CPeACTB MHOIOKOMIOHeH-
THOI'O aHanH3a BO/ B YyCAO-BHAX UX HAXOXKAEHHA,
B T.4. Ha YPOBHE OTAENbHbIX XHMHYECKHX OpM.
MpPHBOAATCA pe3ynbTaThl «MAacCHBHbIX» Habio-
AEHHHA H «aKTHBHbIX» 3KCNEPHMeHTOB Ha HoBo-
cHOBUpCcKOM BogoXpaHHaHile, [loka3aHo, 4TO
AaHHble AOM-TOCPOYHBIX HabaoaeHHH MHHepa-
AH3AUHH H COAEepKaHHtA raBHbIX HOHOB OTpa-
AMAIOT AeHCTBHE BHelHHX (DAaKTOPOB, & perdc-
TPauHA CyTOYHOH AHHAMHKH pH H coaepanHA
KHCAOpOAA — BHYTPHBOAOEMHbBIX GHOTHYECKHX
thaxTopoB (popMHpoOBaHHA cocTaBa BoAbl. MH-
TerpanbHbid rHAPOOHONOrHYECKHH NoKasaTenb
- BEHYHHA NEePBHYHOH MPOAYKLUHH — MOMeET
ObITL OUeHeH G  CYyTOYHOW aHHamuke pH
B ToUke HabawacHn, NMPHBOAATCA H 00CyRaa-

I0TCA Pe3yN1bTaTbl DKCNEPHMEHTOB MO H3YHEHHID

BAHMAHHUA THMHYHBIX 3arpA3HHTENEH /AMMO-HHA,
HuTpara v Mean(ll}/ Ha npoayKuHOHHYIO CIOCOO-
HOCTb rHapobHoueHo3a HOBOCHONPCKOIo BOAO-
XpaHHaAHLLa,

B coBpeMeHHbIX YCAOBHAX KpynHoMaciuTab-
HOTO W PA3HOCTOPOHHEr0 AHTPOMOreHHOro
BO3/IEACTBHA Ha Grocdepy NOBCEMECTHO OTMe-
yaerca yxydlleHHe KauecTBa [OBEPXHOCTHBIX
MpecHbiX BOA. ATOT (paKkT ABAAETCA pe3yabTa-
TOM He TO1bKO POCTa KOHUEHTPALIMH HOPMHpY-
eMblX 3arpAsHHTEien, HO H HapyllieHHA ecre-
CTBEHHOIr0 (PyHKUHOHHPOBAHHA BOAHBIX 3KO-
CHCTEM, H3MeHeHHA abHnoTHYeCKHX -H BHOTHMe-
CKHX NMpoLEeCCOB (POPMHPOBAHMA COCTABA BOAbL

O4eBHAHO, CreayeT pa3nHYaTbh NpPobIeMbl
HOPMHPOBAHHA H KOHTPOAA KauecTBa BOAbI H
COCTOAHHA BOAHBIX 3KOCHCTeM. B mnepeoM
cayvae pe4b HAET O perrcTpaudH HTOToBOIO
pesyabrara, @ BO BTOPOM - O dakropax H
npoueccax, MPHBOAALUIMX K TE€M HiH HHBbIM
NoKazaTenaM cocTapa Bodbl. COOTBETCTBEHHO,
caeayeT pas(H4aTh MOHHTOPHHT Ka4eCcTBa BO/bI
M MOHHTOPHHI COCTORHHA BOAHOH 3KOCHCTEMBI,

ecological monitoring of water ecosystems
state ~ into system of complex ecological
monitoring. The challenges of this division
are to carry out the observations, evaluation
and prediction of outer and inner water body
processes of a forming of water composition
on the indeces which have a governing
importance for stability of water ecosystem.
Its fulfiiment would require an extended
analytical background with using methods and
equipment for multicomponent analysis of
natural waters at the observation site, inclu-
ding the determination of discrete chemical
forms. The results of «passive» observations
and «active» experiments on Novosibirsk reser-
voir follow. It has been demonstrated, . that
data of longterm observations of the total
mineralization and main ion concentration
are representative for action of outer factors,
and a registration of daily dynamics of pH
and oxygen concentration - the action of inner,
biotic factors of the forming of water composi-
tion. One of the main hydrobiological indeces
- the primary production - is derivable from
daily pH dynamics on-the-site, The results of
our «active» experiments on investigation of
action of pollutants /such as ammonium. nit-
rate, cupric(ll)/ on productivuty ability of
hydrobiocoenosis of Novosibirsk reservoir
are given and discussed.

MOHHTOPHHI' Ka4eCTBa BOAbl Kak CHCTEMa
HaOMI0AEHHH, OLEHKH H NMPOrHo3a BbIGpaHHbIX
nokasatener, GasupyeTcA Ha olpeaeneHHbIX
KpHTEPHAX «HOPMbl. CaHHTApHO-THIHeHHYe-
CKHe HOpMaTHBbl, OPHEHTHPOBAHHbIE HA OXpaHy
310pOBbA YeNOBEeKa, YCTaHABIMBAIOT eAH-Hbie
HOPMaTHBbl MpeAenbHO-A0MYCTHMbIX KOHUEH-
Tpaunn ([1/1K) Bellecrs B BOAE BHE CBA3H C
3KOOIHYECKHNM CTaTyCcoM Bogoema. HHaa ocHo-
Ba 3anokeHa B HOpPMaTHBbI KadecTBa BOABI C
3KOMOrHYeCKHX MO3HUHH, Tak, oaHa H3 Hanbo-
lee pacnpoCcTpaHeHHbIX CHCTEM TAKHX HOpMaTH- |
BoB (2) paHXKHpyeT KaveCcTBO BOAbl MO
6 KaaccaM COOTBETCTBEHHO TPO(MHYECKHM TH-
naM BOAOEMOB; NMC XAXA0My H3 NMpHMepHO 50
nokasarened «HopMa» 3aBHCHT OT THNA BOAO-
ema. C/lel0BaTe(IbHO, B 3aBHCHMOCTH OT M0OCTaB-
IGHHOH L1 CHCTEMbI MOHHTOPHHIa KavecTBa
BOABI OYAYT OTAMYATBCA NepevHeM HoKasare-
iedt, (pHKCHpOBAHHEM 3HAYEHHA «HOPMbl», yye-
TOM HHAMBHAYAObHbIX OCOGEHHOCTEN KOHKpET-
HbIX BOAOEMOB.
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MOHHTOPHHI COCTOAHHA BOAHBIX 3KOCHCTEM
NpH3BaH pewarth HHble 3anatvy H AO(KeH
6a3npoBaTbCA HA HHbIX npuHuknax. B (3)
CllpaBeiiHBO OTMEUAeTCH, MITO [PH OlEeHKe
AOMYCTHMBIX BO3AEHCTBHH HAa MNPHPOAHYIO
cpeay HeoOXOAHMO BbIABHTL AONYCTHMYIO
OTBeTHYIO PEAKLMIO JKOCHCTeMbl, HTO Tpebyer
pa3paboTKH 3KONOTHUECKHX HOPM AOMyCTHMbIX
OTKIOHEHHH CTPYKTYPHbIX H (hyHKUHOHANLHBIX
noxasareqer COCTOAHMA IKOCHCTEMbI OT POHO-
BblX. BaxHO mnoaA“YepKHYTb, 4TO (POHOBbLIE
nokasarean peanbHblX BOAHBIX JROCHCTEM
He TONbKO HHAHBHAYadbHbI ANA KOHKPETHLIX
BO/1I0€MOB, HO H HENOCTOAHHbLI BO BpPEMEHH.
[lo3TOMY @aBTOPbDI (4] CUHTAIOT NEPBOOUECPEAHOH
3anaven GpoOpCHPOBAHHYIO SKCIIEPHMEHTANBHY O
paspabotky 3konornyeckhx IR - npeacabHo-
AONYCTHMBIX KonebaH i abHOTHHECKHX (PAKTO-
POB BOAHOM Cpedbl, B MEPBYIO  OUEpelb,
TEMNEPATYPbl, COAEPHKAHNA KHCAOPOAA, Beak-
YuHbl pH, obweRn MHHepanHsaliil, HOHHOr
cocrasa,

Takum ob6pa3oM, «HOPMOH» COCTOAHHA Npe-
CHOBOAHOM 3KOCHCTeMb! OyaeT coxpateHne ee
CTPYKTYPHOH # DYHKUHOHANBHOH LEAOCTHOCTH
NpH MEePEMEHHOM peMHnMe PH3IHUYCCKHX, XHMH-
YeCcKHX H GHonoruyecknx napamerpos. Caeaqo-
BaTeNbHO, IKOAOIrHYECKHH MOHHTOPHHE COCTO-
AHHA BOAOEMOB A01XeH OCHOBLIBATHCA HA Bbl-
ABMeHHH gHana3oHa H AHHAMHKH 3THX napameT-
pOB AAA XapakTeph3auuH ¢GHOHOBbIX NoOKa3are-
aer. HX H3yvyeHHe BO3MOXHO MNPH OpraHH-
3alHi KOMMNEeKCHbIX L\OﬂFOBpeMeHHle Haﬁ(\t()"
AeHHH OCHOBHbIX MapaMeTpoB .18 KOHKper-
HOro BogoeMa.

BMecTe ¢ TeM, AAA BLIABAEHHA AONYCTHMOH
OTBETHOH peaKLHH 3KOCHCTEMbl Ha aHTporore-
HHble BO3/EHCTBHA «MacCHBHbIX» HabAIOAEHHH
HeaocTaTo4Ho. B (5) obocHoBaHa MeTOA0NOMMA
HaTypHOro MoAeAHpOBaHHA /114 H3YHYeHHA TpaH-
chOpMaLMK 3arpa3HHTeNned W HX BO3AEH-CTBHA
Ha COCTOAHHE TPECHOBOAHbIX JKOCH-CTEM.
CneyrarnbHo CrilaHHpoBaHHbIe «aKTHBHbIE» XH-
MHKO-OHONOrHUECKHE 3KCHNEPHMEHTbI TPOBOAAT
HerocpeACTBeHHO Ha BOAOeMe, B MHKPOKOC-
Max, NpPOCTPAaHCTBEHHO-H3OAHPOBaHHbLIX OT
«MaTEPHHCKOH» JKOCHCTEMbI, HO COXPAaHAIOLWNUX
TOT € BHAOBOH COCTaB, F'MAPOXHMHYECKHE H
rugpodH3neckHe ycnoBHa. B cepHio MHKpO-
KOCMOB BBOAAT pPa3Hble KOHUEHTpPALMH H3y4a-
€MOTro 3arpA3HHTeNA H Ha NpPOTAKEHHH 3aaad-
HOro BpeMeHH CNeAAT 3a ero TpaHchopMaumen
B BOJOeMe H OTKNMKOM 6noueHosa. HHgopMa-
uuA, noayvaemad B «aKTHBHbIX» HaTYPHbIX

JKCMepHMeHTax, OHeBHAHO, HMMeeT HCKAuH-
TeabHO BadHOE 3HaUYeHHe A1A MOHHTOPHHra
COCTOAHHA BOAHBIX 3KOCHCTEM B 4acTn
o6ocHOBaHMA AOMYCTHMbIX HArpy3ok W Mpo-
FHO3HPOBAHHA BO3MOXKHbIX MOCAEACTBHH TPH
MX TMPEBbILIEHHH.

3aMeTHM, MTO B CHCTEME KOMIIIEKCHOrO
MOHHTOPHHIA COCTOAHNA BOAHBLIX 3KOCHCTEM
BOMPOCH! XAPAKTEPHIALHH BELLECTBEHHOTO CO-
cTaBa, ero nnnaminn B eCTeCTBEHHbIX YCNOBH-
AX, TpanchopmaluHn XHMHMECCKHX 3arpazivre-
AeH HAXOAHMTCH Ha NEpBoM nnaHe. O4eBHaHo,
UTO 3AKOHOMEPHOCTH XHMHMCCKHX TTPEBPailie-
HHH BelUCCTE B YCTOHYMBOM K HApyuIeHHOM
COCTOSIHHH 3KOCHCTEMbl AOMMKHbE ObIrb npes-
MCTOM CNCHHANLHOTO PACCMOTPEHHA. JDTO HPH-
BOAHT K HCOOXOAHMOCTH BblAE€AEHHA CAMO-
CTOATCALIOND BHNOKA XHMHRKO-3KONOTHUECKOID
MOHHTOPHHIA ~ CHCTEMbI HabawaeHni, oUeHKH

1 H TPOTHO3G OCHOBHbBIX NnoKasaTener XHmu'e-

CROIo cocraba podbt W HX AHHAMHKH B COBO-
KYNHOCTH ABHOTHYECCKNX H HHOTHUCCKHX po-
Heccos, onpedenaiolnx  (GyHKUHOHHpOBAHME
BO/IHOH 2KOCHCTEMbI. KOHuel‘lllHH XHMH-
KO—2KOMOIMUECCKOTO MOHHTOPHHIA COCTOAHHA
NpeCcHOBOAHBLIX  JKOCHCTEM ()bl(la NnpeaAnoKe-
Ha HaMH B (9); ec paspuTie B JactH obecncye-
HHA MeTOAOB H CpeacTB HabMwAEHHA COCTOA-
HHA peanbHOro BogoeMa (HoBocHOHPCKOTO
BOAOXPAHHAHNILA) NpHBeaeHo B (6,10).

B cBA3H C HEODXOAHMOCTBIO XapaKTepH-
3auMH NpoLeccoB MNpeBpallieHns Beulecrs B
«JKHBOH» BOAHOM 3KOCHCTEMe 0COBOro BHHMa-
HHA TpeOyeT aHanHTHYEeCKoe obecneyeHHe Ha-
6nmoaernn. Bonblloe 3HaveHHe NpHOOpeTaloT
HHCTPYMEHTaNbHblE METO/Abl aHanH3a BOAHbIX
pacTBopoB, NpPHrofHbvie ANA MHOrOKOMIIOHEH-
THOrO, onepaTHBHOrO (B T.4. Ha MecTe Habaio-
[i€HHA), ABTOMaTH3HPOBaHHONO aHaauza. Yuu-
ThiBad pa3sHoobpaszne xumnuecknx Gopm paasa
301€MEHTOB B NPHPOAHbIX BOAAX H Pa31H4HYIO
HX CMOCODHOCTL K NepeHocy H TpaHChopMaLH-
AM B aBMOTHUECKHX 1 OHOTHYECKHX npoueccax,
METOAbl A1EMEHTHOMO aHaH3a AOMKHbLI 4ONon-
HATLCA METOAaMH aHanu3a HHANBHAYalbHbIX
XHMHUYeCKHX dopm. [oaToMy B Hawmnx pabo-
Tax(6, 10) ncnoab3oBaH KOMNAEKC TAKHX METO-
OB, KaK KOHAYKTOMETPHA, HOHOMETPHA, HOH-
HaA xpoMmarorpadHia, POTOMETPHA, HHBEPCHOH-
HadA BoabTaMMepOMETPHA, NPHYEM fepeHoCHaA
annapartypa (nosomep-conemep «AHNOH-210»,
xpomarorpa¢g XIH-1, MHKpOKONopHMeTp-MHK-
pogotromerp MKM®-2, 31€KTPOXHMHYECKHH
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Moayns EM-03) no3poaAna BbIMOAHATL onpe/ae-
neHnA Ha 6OpTy Mnapyyer 1abopaTopuH, Hernoc-
peACTBeHHO Ha MecTe HabnioaeHHH.
AHanHTH4YeCKoe obecneveHHe XMMHKO-3KO0M0-
rHYeCKOro MOHHTOpHHra COCTOAHHA "BOAHOH
3KOCHCTEMbI B NEPBYI0 oYepeab A0MKHO BbITb
NnoAYHHEHO 3ada4ye ToayvYeHHA HHQopMalHH
O HHTerpa’abHbIX MNoOKasaTendx, XapaKTepH3y-
I0ILIHX AEHCTBHE BHEIIHHX H BHYTPHBOAOEMHBIX
¢pakTOpoB (POPMHPOBAHHA COCTaBa BOABI,

[IHHAMHKA OCHOBHBIX BHEWHHX (aKTOpPOoB
¢opMHpPOBAHHA XHMHYECKONO COCTaBa BOAbI
B TpecHbIX BodoeMax B MepBylo ouepe/b
CBA3aHa C Ce30HHBIM XApaKTepOM MX IMHTaHHA.
[lpn 3amMep3aHHH BOAOeMAa B 3HMHee BpeMsA
npeKkpalaeTca MOCTYIIeHHE MOBEPXHOCTHOIO
CTOKA, TOBbIMIAETCA A00A NOoA3eMHOrNo IHTa-
HHA, YTO NPHBOANT K POCTY obuied MHHepanH-
3alMM Su H KOHLEHTPALMH IMaBHbIX HOHOB,
BeceHHHA NABOAOK, B 3aBHCHMOCTH OT e€ro
HHTEHCHBHOCTH, OlNpeAenfeT MNOCTYIIeHHe
MeHee MHHepanH3oBaHHbIX Bogd. flna Hosock-
6HPCKOro BOAOXPAHHIHLIA, KaK MOKHO BHAETH
M3 AaHHbIX Ha pHC.l, aMIIMTyaa 3THX MOKa3a-
TeqeH AOCTAaTO4YHO 3Ha4HTEnbHadA: B HIOHe-
vione KapOoHarHaA LIeMO4YHOCTb, CyMMa Kaib-
LA H MarH{a, obuias MHHepanHaalmna GaH3KH
K MoKasarenaM aAnA OadKanbCKOM BOABI, a
3HMOH OHH nNpHONHAKAIOTCA K Be(HMHHAM,
XapaKTepHbIM Af COOHOBaTBIX 0O3ep.

O4ennaHo, perynsapHo nNoBTOPHIOWAACH CMe-
‘Ha OCHOBHBIX [MOKa3aTeleH MHHEepalbHOro
cocraBa cpe/bl 0BHTaHKA ONpeaeaneT MpHCIo-
coBAeHHOCTb BHAOBOI'O COCTABA 'MAPOOHOHTOB
H - B COYETAHHH C TeMINepaTypHbIM pEKHMOM
—~ CEe30HHBIH PHTM HX (PYHKUHOHHPOBAHHA,
[MlockoabKy Takada HHpOpMALHA HMEET BaxkHOe
3Ha4YeHHe A XHMHKO-3KOIOMH4YeCKOro MOHH-
TOPHHIA COCTOAHHA KOHKPETHOH BOAHOH
3KOCHCTEMbI, 2KenaTenbHO YIPOCTHTb H ABTOMa-
TH3HPOBATh €€ INOoy4yeHHe. AHaIH3 AAaHHBIX
MHOTONEeTHHX HabmloaeHHH ANA «TPAH3HTHOM»
0oOCKOH BOAbl, NHTAOWEH BOAOXPaHHAHILIE,
H BO/l MaablX MECTHBIX TPHTOKOB, & TaKXe
NoA3eMHbIX BOJ, HerayDOKOro 3aneraHHs B
paHoHe BOJOXPaHH(HILQA, NOKasaa, YTO OHH
NpHHAANEKAT K OAHOMY THIly — ruapoKapbo-
HaTHO-Ka/blINeBOMY (Hanboree pacipocTpaHeH-
HOMY A1 NOBEPXHOCTHBIX BOAOeMOB). H3 aroro
cieayerT, YTo AO(IA raBHBIX HOHOB (MHApOKap-
GoHara M CyMMbl KaabliHA H MarHus) B CyMmap-
HOH YyAenbHOH 31eKTPONPOBOAHOCTH BOApI
YOH ~ onpegensiowas, 4To No3poaseT OLeHH-

BaTh 3TH MoKasarean W3 AaHHbIX 1o YOIl Ges
NpoBedeHNA XHMHYecKoro adanvsa. B (6)
npeanoxeHbl ypaBHeHHA

Su = 1080 Y3II;
(HCO, ) = 741 Y3II; (1)
(Ca?* + Mg?*} = 220 Y3II,

NMO3BONAKILHE OLEHHTh OCHOBHbIE NMOKa3are1H
MHHepanbHOINO cocTaBa BO/ AAHHOM 3KOCHCTE:
Mbl C MOrPEWHOCTBIO (CpeaHeKBajApaTHIHOE
OTKIOHeHHe) 9, 7 H 5 Mr/a, COOTBETCTBEHHO
{nna YDII npH 15°C).

das BHYTPHBOAOEMHBIX MPOLECCOB (hOpMH-
pPOBaHHA COCTABa BO/bl BAXKHYIO pPOb HIpaloT
¢doTocHHTe3, ABIXaHHEe H AECTPYKLHA rHapobH-
OHTOB. [IposABNeHHeM CYyTOMHOINO PUTMA KH3He-
AEATeNbHOCTH H ero pasauydni No roybHHe
BoAOeMa ABAETCA MPOCTpaHCTBeHHasa H Bpe-
MeHHaA /HHAMHKa TaKHX TnoKasareneH, Kak
pH H KoHUeHTpalMs pacTBOPeHHOI® KHCI0PO-
Aa. CaeayeT NoAYEPKHYTDb, YTO 3TH [TOKa3aTenH
onpe/AenAloT HanpasNeHHOCTb H HHTEHCHBHOCTD
pa3HoOo6pa3HbIX XHMHYECKHX MpeBpalleHHH
B BOAOEMaX H MOATOMY NPEACTABAAIOT OOUWHA
HHTEpecC AA XHMHKO-OKOMOIHYE€CKON0 MOHHTO-
PHHIa COCTOAHHA BOAHBIX 9KOCHCTEM, O CyTOY-
HoH amnauTyge pH H KOHLEHTpalUHH KHCaopoaa
B pealbHbIX YCIOBHAX MOXKHO CyAHTH [0
AAHHBIM, MpeACTaBAeHHbIM Ha pHC.2. OveBHO-
HO, KofH4YeCTBeHHad OlEHKa HHTerpaabHOH
XapaKTEepHCTHKH OHOTHYECKOH AEATeIbHOCTH
MOmeT ObITb YyCTAHOBAEHa H3 HabaioaeHHA
CYTO4HOH AHHaMukH pH W KHcaopogaa.

OagHon H3 BaXHEHIHX XapaKTepHCTHK
(PYHKIMOHHPOBAaHHA GHOMHAPOLIEHO3a ABAAETCA
BeH4HHa MepBHYHOH NMpoayKkuuH P. K coxane-
HHIO, KOACCHYECKHH «CKIAHOYHBIH» MeToA
onpesenedns P, npegnoxeHHsidt A. IMioTrepom
(8). TpyaoeMoK Kak mno npolledype H30aHpoBa-
HHA Npo® BOABI C pa3HbiX raybHH B TeMHOM
H CBeTVIoH CKAAHKaX, TaK H MO Mpoleaype
XHMHYECKOro aHanHu3a KHciopoga nocae HX
BbIAEPXKKH B TeYeHHe CYTOK. DTOT HeJ0oCTaToOK
NPHCYW, H Pa3aH4YHbIM MOoaH(HKALHMAM «CKNA-
HOYHOro» MeToda (B T.4. HCHOB3YIOLIEMY
perncrpauHio NMoromeHHa npH ¢OTOCHHTE3E
MeyeHoro yraepoda, BBOAHMOIO B MpoObI
BoAbl B opme kKapOoHaToB). TPYyAOEMKOCTb
3KCnepHMeHTanbHOro onpeaenenna P, orpaHH-
yHpalow@ads oObeM BaxKHOH HHOpPMalHH,
olpegenHaa NOUCKH HHBIX MeToaoB. Tak, nony-
YHfna IIHPOKOe PpaclpoCTpaHeHHe oLeHKa
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npoaykuHx OTOCHHTE3a N0 H3MepeHHIO X1o-
podHnaa B Boje, YTO MOXKHO peannsoBaThb 6e3
orbopa npob; oAHako Takad oOLEHKa HMeer
awtb NpHOAHKeHHbIA XapaKkTep. [103TOMy ocra-
eTCA aKTyanbHOH 3agava COBepLUeHCTBOBAHHA
onpedeneHHA NEpPBHYHON NpoAyKUHH P Hemo-
CpeacTBEHHO B BoAOeMe. :

B npuHuMrne, 3Ty 3agady pellaeT Meroq,
npeanoxeHHbIH eule B 1936 r. C.B. bpyesHiem
(1), ocHOBaHHbIH Ha HCIOMb30BAHHH AaHHbIX
Mo CYTOYHOH AHHAMHKE PacTBOPEHHOIO KHC10-
poAa HenocpeacTBeHHO B Boaoeme, B HoMHOe
BpeMA B OTCYTCTBHe (POTOCHHTE3a KOHUEHTpa-
UHA . KMcaopoda Naaaer Ha BeanynHy D(O,),
YTO JaeT BO3MOXKHOCTb OLIEHHTb cpeaHeqaco-
BOE ero notpebaeHHe Ha bixaHHe W OKHCAEHHe.
B aHepHOe BpEMA TNPOAYKUHA KHCaopoga
npesbillaeT norpebaeHHe, W KOHLEHTpalLMA
KHCAOpOga pacTer. HabaogaeMbifi  AHEBHOH
npupoct Kncaopogaa D(O,) caeayer gonoa-
HATb Ha BernH4HHY MoTpebneHHA 3a TOT Ke
NpOMeXYTOK BpeMeHH. [IpHHHMa#n, 4TO Cpea-
He4yacoBoe oTpebneHHe KHCIopoaa AHEM
TaKOe e, KaK H B HO4YHble Yacki, H BBOAA
CPEAHIOI0 BeNHYHHY OTHOLIEHHA NPOJONHAH-
TeNLHOCTH MepHoAa TMpeBbIlIeHHA CHHTe3a
Hag noTpebaeHHEM KHCAOpPOda K TMOMHOH
NpOAONKHTEbHOCTH AHA, BpyeBHY MPHXOAHT
K BbIpazKeHHIO

P(O,) = DIO,), .+ DIO,), n/(24 - n) (2)
rae P(Ozl - nonHaA AHeBHaA MpodyKuHA
KHCopoga,

n - A0HTENbHOCTb /IHA, Yac.

dakrnieckH meroq C.B. BpyeBnda Hcnodab-
3yeT Te JKe HAEH, Ha KOTOpPbIX OCHOBaH
«CKIAHOYHbIA» MeTOoA, [loNonHHTENLHOE Aorly-
LeHHe CBOAHTCA K 3aTOPMOMEHHOCTH 0OMeHa
KHCnopoga Memay BoaoH H armocdepon
OTHOCHTeNbHO BHOTHYECKHX NpoleccosB ¢$oTo-
CHHTE3a H AblXaHHA B 0ObeMe BOADBI. JTO AOMY-
LLleHHe, KOTOPOE MOXKeT MPHBECTH K HEKOTOPO-
My 3aHHXEHHIO HCTHHHOTO 3Ha4yeHHa P(O,), He
ABAAETCA TMPHHUMMHANBLHBIM, MOCKObKY MEX-
¢dastbli 0OMeH KHCcaopoga MOMHO Yy4ecTb
AONOMHHTENbHO. [aBHBIM AOCTOMHCTBOM Me-
'Toga BpyeBrda ABAETCA TO, YTO HabMIOAEHHA
NPOBOAATCA B “MATEPHHCKOH» 3KocHcTeMe, e
H30HpOBaHHsA NMPob, ¢ COXpaHEHHEM BCEX KOM-
NOHEHT H ()aKTOpPOB.

Kak 1 B «CKAAHOYHOM» MeToae, MPOAYKLHIO
Krcaopoga P(O,) nNepecyHTHIBAIOT B NPOAYKLHIO
6HOMaCChl MO YPaBHEHHIO (DOTOCHHTE3a:

6CO, + 6H,0 = CH,,0, + 60,  (3)

3aMeTHM, 4TO pagHoyraepodHaa Moah-
¢dpHvKauHa «CKAAHOYHOrO» Meroaa OLEHKH
NEPBHYHOH TMNPOAYKUHH TaKXKe OCHOBaHa Ha
yp.(3), HO pervcrpHpyeTca He NpOH3BOACTBO
KHCaopoda NpH CHHTe3e Gnomacchl (B ¢opme
rI0Ko3bl), a noTpebneHHe pacTBOPEHHOIO B
BOAE HeOpraHu4eckoro yraepoaa.

[TocKkonbKy B (2) BXOAAT pa3HOCTHble BelH-
4nHel D(O,), TpebyeTcA BBICOKAA TOYHOCTD
onpeaeneHNA KOHLEHTpALHH KHcnopoaa. JTO
OrpaHH4HBaeT BO3MOKHOCTb [MPHMEHeHHA
HMHCTPYMEHTa1bHbBIX METOAOB, TOYHOCTb KOTO-
pbIX 06bI4HO cocraBaseT 5-10% (BpyeBn4 Hc-
Moab3oBan NpoueAypy THTPOBaHHA 1pob Boabl
no Bhuknepy).

3710 orpaHHYyeHHe MOMKHO YCTpPaHHTb, ecau
OUeHHBaTb NpOAyKUHI0 GHoMacchl Mo norped-
aeHHwo pacrBopeHHoro CO,, 4TO HenocpeA-
CTBeHHO BauAeT Ha pH Boabl. [€HCTBHTENLHO,
CyTouHasa aAvHaMHKa pH coraacyercd C AvHa-
MHKOH pacTBOpeHHOro Kucaopoga. Ha pwuc.2
B KayecTBe NpHMepa npueedeH ¢parMeHr He-
npepbiBHOH perxcrpauuy pH, (O,) v ocBelleH-
HOCTH L M3 nawnx Habnogenni na Manonpo-
TOYHOM y4acTke HoBOCHOHPCKOrO BOAOXpaHH-
avi@ B Hioae 1993 r. BoiaenuM XapakTepHbie
TOYKH CHMOATHBIX H3meHeHHH pH w [02):

1 - npeapacCBeTHbIA MHHHMYM,

2 ~ nocnenonyaeHHbI MAKCHMYM,

3 - Ha 3aKaTe AHA,

4 ~ caegylolnA npeapaccBeTHbIH MHHHMYM.

B pamKax Tex Ke AOMyLIEHHH, KOTOpble
ncroassosan C.B. BpyeBnu, Moxem 3anHcarb:

P(CO,)=DICO,)]
x (CO,)

max™ D[COZ]H(n1+n2)/n3 + 0.5D x

maxnz/ nl (4)
rae (COZ) —~ MONHOE AHEBHOE nm‘peﬁnenne

CO, B dorocunrese,

D(CO,),,, 1 DICO,), ~ coBoKynHoe H3MeHeHHe

¢$OpM KapOOHATHOH CHCTEMBbI MpH cABure pH

Mexay To4KaMH 1 v 2, 3 H 4, COOTBETCTBEHHO.,

[locneaHee caaraemoe B (4) orpaxaer npo-
AYKUHIO ¢(pOTOCHHTE3A Ha yJacTKe MeMay Tou-
KaMH 2 ¢ 3; no npeanonoKeHHio Bpyesr4a, oHa
BABOE HH&Ke, YeM Ha yyacTke 1-2. BpiMHCneHHe
DICO,), ax N DICO,), MOXKHO BBINOAHHTL H3
SKCNepHMEHTAIbHBIX AaHHbIX MO OMNpeAeneHHIO
KapOOHATHON LENOYHOCTH BOABI H KOHCTAHT
AHCCOLHALUHH YrObHOM KHCAOTHI. Bonee tou-
HbIH y4eT 3¢p(peKTOB BO3MOKHOTO 06pasoBaHHa
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KoMnaeKkcHbIX ¢opm (no aaHHeiM (7) AaA
NOBEPXHOCTHBIX TMPECHbIX BOA MOKHO OrpaHH-
unrtbca CaHCO,* n CaCO,°) MoxHO ocyule-
CTBHTb, HCNOb3yA AAHHbIE N0 KOHCTAHTAM HX
HECTOMKOCTH H MO COAEpAKaHHIO KanbLUMA B
Boae. Ecan B Boge NpHCYTCTBYIOT KOMIOHEHThI,
fAalolie 3aMeTHbil BKNal B O6LIyIO 1Henoy-
HOCTb AOMONHHTENBHO K KapboHaTHOH Iienoy-
HOCTH, YTO yCTaHaBAHBAETCA TPajHUHOHHbIMH
ANA THAPOXHMHH onpeaeneHHAMH, casur pH B
CYTOYHON gHHAMH{KE OTpaXaeT H NpouUecchl HX
NPOTOHH3ALHH-AENPOTOHH3aLMH, B 3TOM cayvae
D(CO,} ... 1 DICO,), HyKHO AONOMNHHTD HA BKNaQ
HeKapOOHATHBIX KOMMOHEHTOB O0llel Weno-
HoctH. Pacuer P(CO,) C y4eTOM yKasaHHBIX
(daKTopoB Mbi BbinonHanyu Ha [19BM ¢ ncnonp-
30BaHHeM CNelHanbHOW Nporpammbl. Aaa aah-
HbIX, MpeACTaB/eHHbIX Ha PpHC.2, BeNH4YHHA
P(CO,) HariaeHa paBHon 3.9 10~* moab Co,/n;
OHa yAOBEeTBOPHTENbHO COMMACYETCA C onpeae-
nexnem P(O,) no meroay Bpyepnua - 3.5 107
moas O,/ a, 410 NoATBepKAAET NPHMEHHMOCTD
npeanaraeMoro cnocoba OUEHKH NepBHYHOM
NpoAyKUHH MO CyTO4HOH AHHaMHKe pH He-
nocpeACTBEHHO B BOAOEME.

MpenMyliecTBO OLUEHKHM P M3 HabGnioaeHHH
pH, Ha Haw B3raaa, ’aknw4yaercd B TOM, 4YTO
HaMepeHua pHi, B T.4. B peKHME ABTOMATH3H-
pOBaHHOIO ANWTEABHOrO KOHTPOAA, He BbI3bl-
BaloT 3aTpyaeHdd. [IpH 3TOM noay4vaeMman
HHpopMaLnA oOTpalKaeT BCI0 COBOKYNHOCTb
NpoAYKUHOHHOAECTPYKUHOHHBIX TMpOLEcCoB B
peanbHOM BOAOEMe MPH BO3AEHCTBHH peanbHO
AEHCTBYIOIINX (DaKTOPOB pa3H4YHOH NPHPOADI.
O4eBnaHO, H3MepeHHA ptl MOXHO BbINOAHATH
AAA TOAIH BOAb! (OT NMOBEPXHOCTH A0 AHA) H
Ha pa3sHblX yvacTKax BOAOEMa, YTO MO3BOAAET
CylLieCTBeHHO paCiIMpHTh BO3MOHOCTH OLEH-
KH CYTOMHOH NpOAYKUHH KaK ANA «MaCCHBHbIX»
HabnioaeHn COCTOAHHA BOAHOH KOCHCTEMDI,
TaK H MPH MPOBEAEHHH «aKTHBHBLIX» 3KCNepH-
MEHTOB.

Haalocrpaupelt ckasaHHOMY MOXKET ClIy2KHTb
pHC.3, rae NoKazaHa CyTOYHAA AWHAMHKa pH
H aMMOHHA Ha raybuHe 1.5 M B Me30KOCMe nocae
BBeACHUA «3arpA3HHTENs» — XNOPHAA aMMOHHA
( obbeM Me3okocMa 2 Kyb.M, BbicOTa ~ 3 M ).
Bosgencrere sarpasHuTens Cpasy nocae ero
BBeAeHHA npueeno K cHrxenuo pH n (0,)
OTHOCHTENbHO (POHOBBLIX YCAOBHH. K Hcxoay
3 cyrok HauarnbHam KOHLEHMTPaLHA aMMOHHA
(10. Mr/n) cHusHnace noutH A0 ¢oHOBOH
(0.07 mr/n), KaK u ssavenma pH 1 (O,).

PacueT npoaykUWH P AaR 3TOro aKcrnepH-
MeHTa H ADYroro, C BBE€/eHHEM B KavecTBe,
3arpAsHUTens HHTpara, npeacrasneH B Tab-
(AHUE A0A TpeX TOpPH3OHTOB: MOBEPXHOCTH,
1.5 m My AHa H ABYX HaYalbHbIX KOHLIEHTpa-
uui sarpasHurenen (1 v 5 Mr/a ana aMMOHHA,
2 n 20 mr/a ana HUTpara). CpaBHeHHe MpoaykK-
UMH B Me30KOCMax C (pOHOBBIMH 3Ha“e€HHAMH
MOKAa3bIBAET, YTO BBeAeHHE aMMOHHA NNPHBOAHT
K cHHMKeHHio P B 1.5-4 pasa B 3aBHCHMOCTH OT
raybHHbI H Ha4anbHOH KOHLEHTPALHH, Toraa
KaK BO3JEHCTBHE HHTpaTa Ha NPOAYKLHOHHYIO
CnocobGHOCTD NpOABNAETCA HE3HAYHTenbHO. 1o
CKONbKY HHTpAT OTHOCHTCA K OHOreHaM, CTHMy-
AVPYIOWHM MPOAYKLHOHHYIO CNIOCOOHOCTH rHA-
pobHolieHo3a, MOMKHO ObIIO OKHAATh pocTa
npoayKUnH P H 6bICTpOro CHHMKEHHA KOHLEH-
TpauuH AobaBkH HHTpata., OAHAKO acCHMHAA-
LHA HHTpaTa B YCIOBHAX NpOBeAcHHA JKCIe-

‘pHMeHTa npoTteKkadia Med/eHHee, YeM aMMOHHA,

H Aaxe K Hcxody 8-X CyTOK ero KoHUEeHTpauua
3aMeTHO MNpepbiliazia ¢oHoBYI0, OTHOCHTENBHO
Manoe BAHAHHE HHUTPATOB Ha TNPO/YKLHOHHYIO
CNOCOBHOCT MOMKHO CBA3ATH C TEM, YTO B
HoBOCHOHPCKOM BOAOXPaHHNMLLE AHMHTHPY-
ouHM pakTopom Aaa OGHOTHI ABAAETCA HH3KOE
cogepiaHie ¢ocgopa, NMpH KOTOPOM COOTHO-
weHHe N:P, Kak mpaBHaO, CYIECTBEHHO npe-
BbILIAET ONTHMaNbHOE (B NEPHOA HAlLMX Habalo-
fAeHHA oHo cocTtaBaAne 20:1 OTHOCHTEbHO
onrrumManbHoro 7:1).

B «aKTHBHBIX» 3KCNIepHMEHTaX C ME30KOCMa-
MH Mbl H3yyYald BO34eACTBHE ele OAHOro
THMHYHOIO 3arpAsHHuTeas — meau(ll). HasecrHo,
4yto Mean(ll) nonapnser pasBurre PHTONIAHK-
TOHa, H MOXKHO OblNno OXHAATH CHHKEHHHA
CyTOYHOR NPOAYKUHH, KaK 3TO NPOABHIOCH NPH
fA06aBKe aMMOHHMA. BbiNO YCTAHOBOEHO, YTO
BBe/leHHEe MeAH NMPpH Ha4yanbHOH KOHUEHTpaLUHH
0.2 n 1 mr/n okazano HezHa4YHTENbHOE BAHAHHE
Ha BenHYHHY CyTOYHof Npoaykuxd P B nepBbie
3 CyTOK, nocne 4ero B ME30KOCMaX C 3arpA3HH-
TeNeM BO3HHKAAHM OTAHYHMA MO BeaH4YHMHam pH
B cpaBHennH ¢ GoHOBON BOAOH. [IOCKONbKY a1
KCINEepHMEeHTDI BLINOAHANHCh 3 KOHUE Berera-
THBHOI'O MepHoAa (B CeHTAOpe), Mbl CYHTAEM
€ro pesyabrarbl NMpeaBapHTENbHBIMH. OAHAKO
OHH TMoOKa3aTeabHbl A1A JaHHOrO MepHoAA
H CBHAECTENbCTBYIOT O TOM, YTO HeoGXoAHMO
BbIABAATb OTKAHK KOHKPETHBIX BOAHBIX 06beK-
TOB K OOQHMM H TeM XKe 3arpasHHUTE/lAM.
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TAB(HUA. lepBruHan npoaykuxa P(CO2), 104 moab CO2/a B GOHOBOH BOAE

H MpH A06aBKe 3arpA3HHTEACH
H ™ 0 1.5 K]
3aIPA3HHTENb ~ AMMOHHH
fara {dou | 2Mr/a | 20mMr/a | don | 2Mr/a | 20mr/a | ¢on | 2mMr/a | 20Ma/n
11.08 | 5.0 2.0 1.0 2.5 1.1 0.8 2.1 0.5 0.5
12.08 | 2.2 1.4 1.1 1.9 1.7 1.1 1.9 1.2 0.7
13.08 | 1.4 1.3 1.6 1.7 1.8 1.5 1.5 3.2 1.0
3arpA3HHTENb ~ HUTpAT
flata {¢on | 2mMr/a | 20mMr/n | o | 2mr/a | 20mr/a | ¢oH | 2mr/a | 20Mp/a
25.08 (2.2 1.2 1.9 1.7 1.2 1.2 1.6 0.6 1.4
26.08 | 1.9 1.3 1.4 1.6 1.1 0.7 0.6 0.8 0.3
27.08 | 2.0 1.6 1.4 1.8 - 1.3 1.1 1.2 -
28.08 | 1.5 1.6 ° 21 1.2 0.7 1.8 0.9 0.7 1.2
29.08 [ 0.9 1.5 1.6 0.9 1.0 0.3 0.5 0.8 0.2
30.08 | 1.5 1.2 1.6 1.3 1.0 1.5 0.5 0.3 0.2
31.08 [1.2 1.7 1.7 1.2 0.8 1.1 1.1 0.3 0.3

lpnBeaeHHble 3AeCh HanpaBieHHAa pabor
H HeKOTOpbie pe3yabTaThl HE HCYepNbIBalOT
330a4i XHMHKO-3KOOI'H4YECKOrQ MOHHTOPHHIa
COCTOAHHA NMPECHOBOAHbIX 3KOCHCTeM. Hatued
ueablo 6b110 NpHBIeyb BHHMaHHE K BOMpOCaM
HX YHKLHOHHPOBAHHA KaK LENOCTHBIX, CAOMK-
HOOPraHH30BaHHbIX NPHPOAHBIX OGBLEKTOB,
B KOTOPbIX PeanH3yloTCA 3aKOHOMepHbIE LHKAH-
YeCKHe XHMHYeCKHe npeBpalleHHA. HapylileHna
B PYHKUHOHHPOBAHWH TAaKHX IKOCHCTEM, KOTO-
pbl€ MOTYT BO3HHKHYTb 104 AEHCTBHEM Pa3HbIX
¢daKTopoB, HeoOGXOAHMO KOHTPOMHpPOBaTb H
npeapraeTb. C 3TOH Lenbio B CHCTEME KOMI-
1EKCHOIO 3KOIOPHYECKOM0 MOHHTOPHHIra, Ha
Hall B3raAd, HEOOXOAHMO Pa3BHTHE CreuHanb-
HOTO pasgena, NOCBALEHHOTO H3Y4EHNIO XapaK-
TEPHCTHK BeLIEeCTBEHHOI0 CcocTaBa BOAHOM
cpeapl B «HOpManbHOM» H HapyWeHHOM COCTO-
AHHH BOAHOH 3KOCHCTEM.
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KOHLIENUNA BbIBOPA NMPUOPUTETHDBIX
AKONOTO-TMMTMEHUYECKUX TTOKA3ATE(EH
ANA PETHOHA/ILHOI'O MOHHTOPHHTA
KAYECTBA BO/bl.

yaeH-Kopp.FAMH, npog. Kpacosckudi I'H.,
K.M.H., Eroposa H.A (HHH 3KOM0OrHH YenoBeKa
H THIHEHbI OKDYyMaroled cpedbl
HM.A.HCpicHra FAMH)

KOHUErNuUMA KOHTpOAA 3arpa3HeHHd BoAbl
Ha OCHOBe CTaHAapTHbIX MnepevyHed OoueHoY-
HbIX noKa3areaed (gqo- 60-80) oKasadach
HegocTaroy-HO 3QheKTHBHOHA, MOCKOIbLKY B
BOAHBIX OOBEKTAX MOMKET OJHOBpPEMEeHHO Co-
Aepxarbca o 200-300 BellecTB, CHeKTp Ko-
TOPbIX 3aBHCHT OT COCTaBa PpPErHOHAbHbIX
CTOYHBIX Bog. Obflee KOIHYECTBO 3arpAs-
HAIOUIMX BO4Y BelilleCTB B POCCHH cocTasafer
bonee 1500, B CIIA - 2100, B NHTbeBOH
BOAe TropoACKHX  BOAONpoBoAOB  EBporbl
HaeHtHgnunpobado 2000 Bewecrs. Pe3ko
yAyulINTL aHanuTHYeckylo 6azy nabopaTophH
KOHTPONHMPYIOWHMX cayXb moKa CA0KHO no
3KOHOMHYECKHM npHyHHaM. EAHHCTBeHHbIM
peanbHbIM  BbIXOAOM HBAAETCA [€pexoq Ha
HOBYI0 KOHUENUMIo BblOOpa NPHOPHTETHBIX
‘MoKasarerer, OTpakallWinx PpervoHanbHble
0cOBEeHHOCTH T1POMBILIAEeHHbIX BbiOpocos. C
STOH lenblo paspaboTaHa MeTO/AOAOTHA Bbl-
6opa 5KOOOTO-THIMEHHYECKH 3HAa4YHMbIX NOKa-
3are/led CTOYHBIX BOA Ha oOcHoBe 15-17
KpHTepHeB: NpeBbiiieHne MK, TOKCHYHOCTH,:
OMacHOCTb BeluecTB, HX NepCHCTeHTHOCTh M
cnocobHOCTbL K TpaHcgopMmalliy, OHOaKkKyMy-
asAuuaA, 6HopasnaraeMocTb H T.A4,

[lpegaoxeHHbII  aarOPUTM H  KaaccHoH-
KaluyMAa noKazaTteded TMO3BOMIH  BbIAEINTD:
A 11enmono3Ho-6yMaKHOM  [TPOMBILIIEHHOC-
™ K3 250 BelwecTs 18 npropHTeTHbIX, AIA
NpeArnpyUATHH UBETHON MeTadaypruu - 15 w3
70, KoxKeBeHHbIX npou3Bodcte - 11 una 90,
NpOH3BOACTBA Kpacurtenew - 5 w3 52, IIpH
3TOM Yydanoch obocHoBath Hanboaee WHGOpP-
MaTHBHbIE A4A OLUEHKH Ka4vecTBa Boabl H
3HAYHMble AIA 3A0OPOBbHA IOKa3areaH, COKpa-
T™B B 5-10 pa3 4Hc10 He3HAYHMbIX.

Mpn HeAOCTaTOYHOW pacluHppoOBKe COC-
TaBa CTOKOB MpPeIOMeHO HCIONb30BaTh MEo-
[IMKY 3KClepHUMeHTanbHOro oBOCHOBaHHMA olle-
HOYHBIX MOKasaTeneH, MeToanka OCHOBaHa Ha
CONOCTABIeHHH 2KCTMepHMeHTaNbHO YCTaHaB-
(INBaeMbIX H pacyeTHbix BeanunH OesonacH-

CONCEFTION OF CHOICE OF THE PRIORITY
ECOLOGO-HYGIENICAL INDEXES FOR
REGIONAL WATER QUALITY MONITORING

Krasovsky G.N., Associate Member of RAMS,
prof.,
Egorova N.A., c.m.s. (Sysin Research Institute
of Human Fcoloqy and Environmerntal
Hygiene RAMS)
The conception of water pollution control
based on the standard lists of estimation in-
dexes proved to show a rather low level of
efficiency for there could simultaneously be
up to 200-300 substances in water bodies,
the formers spectrum being dependant on
the content of ocal sewage, The total number
of water-contaminating matters is over 1500
in Russia, 2100 in the U.8., 2000 as
identified in drinking water of various Euro-
pean urban water supplies. At the same time
it is very hard, on account of economical
situation, to radically improve the analytical
base of existing water pollution laboratories.
The only realistic solution seems to be
introduction of the new conception of
choosing the ecologico-hygienic indexes ref- -
lacting local peculiarities of industrial sewage.
With this purpose there's been a methology
worked out on the base of 15 to 17
criteriaz MAC exceeding, toxicity and hazard
of substances, their persistency and ability to
transform, bioaccumulation, biodegradability,
etc.

The suggested algorithm and classification
of indexes allowed to point out 18 priority
substances out of 250 for cellulose industry,
15 out of 70 for non-ferrous metallurgy, 11
out of 90 for tanning industry, 5 out of 52
for dyestuffs industry. At that, there's been a
success in grounding the indexes most
informative for estimation of water quality
and most important for health, simutaneously
reducing the number of less important ones
by 5-10.

If the sewage content is not sufficiently
deciphered, it's been suggested that one use
the methods of experimental grounding esti-
mation indexes. These methods are Dbiult
upon comparison of experimentally found
and calculated values of safe sewage dilution.
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oro pas6aBneHuf CTOKOB. TakoM mMpueM no3
BO(IAET TahMe peLlarh:

l)onpaBaaHo W B KOHKPETHBIX CaAy4yasX
obwee TtpeboBaHHe YydyeTa NpHHLMNA CyM-
maupe BeanuynH C/NMIAK 417 OUEHKH Kom-
fiNekca TOKCHYHBIX BellecTB B CTOKax;

2)COAEepPKHTCA (IM B CTOYHBIX BOAAX HeHeH-
THOHUHMPOBaHHbIE BbICOKOONACHbIE BellecT-
Ba.

TaknmM o6pasoM, Ha MeCTHOM YPOBHe cae-
AyeT aKTHBHee NepeopHeHTHPOBaTh MOHHTO-
PHHT BOAHbIX OObBEKTOB M HOpMaTHBHblE AO-
KymeHTbl (BKaloyaa [OCT ‘Boga nHTbeBadA”
T.K. K paspaborahnt gasa  6onee 1800
BelleCcTB) Ha [NpPHOPHTeTHble [OKasaTedH,
YYHTbIBAOWUME  crietdHUKY  MTPOMbILIAEHHbBIX
3arpA3HeHHA Bodbl Kaxaoro pernoHa.

Such an approach also allows to decide:

Dif the general requirement of regard for
the principle of C/MAC values summation
for estimation of the toxic matters complex
in sewage is valid in particular cases;

2)if there re any unidentified highly ha-
zardous substances in the sewage analyted.

Thus, it is necessary to more actively re-
dirrect monitoring water bodies on the local
level as well as normative acts (including
GOST ‘'Drinking Water, because MACs are
established for over 1800 substances)
towards the priority indexes which would take
into account the specifity of industrial water
contamination in every given region.
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BHOXHMHYECKHA METO/
ONPEAENEHHA CYMMAPHOIO KO/MMHYECTBA
$OCPOPOPIAHHYECKHX NECTHLIHAOB
L}
Kyssmura H.11., K.x.H.,

Mocksa

 OAHMM M3 NCTOYHHKOB 3arpA3HeHHA Nosep-
XHOCTHbIX H TPYHTOBbIX BOf ABAAIOTCA oc-
dopoprainuyeckHe necTvUMAbL. [1nA onpeaene-
HHA dochopopraHiyecknx necrnunaos (POIT)
B NMPHPOAHOH H MHTLEBOH BOAE HaMH Npeano-
mena OGHOXHMMHMYECKAA METOAHKa, NO3BOARIO-
was 6sicTpo onpeaenaTb cymmy OOI, MprHumn
AAHHOTO MeToAa CBOANTCA K OOHapyMKeHHIO
$OM no nx cnocoGHOCTH yrHerarb (epMeHT
XONHHACTEpasy. KonndecTBeHHoe onpeaeneHne
$OIll B BOoge CBOAHTCA K yCTAaHOBAEHHIO
nepsoHaYyanbHoH H OCTAaTOMHOW AKTHBHOCTH
XOAHH3CTepa3bl, PeakUHA TNPOBOAHTCA B KO-
(IOPHMETPHUYECKHX NpoBHpKaxX, KOTOpble Mome-
WAIOT B TepMOKaMepy BHOXHMHYECKOTO aHanH-
3aropa. TepMokamepa TK-01 ¢ aBromMarTHuyecKo#n
CUCTEMOH YMpaBA€HHA TMO3BONAET JepKaTb
NocToAHHYI0 TeMnepatypy 38°C+0,]1 B TeyeHHe
12 vacoB,
 [lpeaen O6HAPYXKEeHHA CYMMApPHOTO KOH-
yecTBa ocdopopraHH4ecKHX NecTHUHAOB CO-
crasaAeT 0,01 mKr/am’, Ha onpeaenenne POl
He OKa3blBaeT BWAHMA TMPHUCYTCTBHE XOP-
OpraHHYeCcKHX MEeCTHUHAOB, MHHEPAbHbIX CO-
e 0 APYTHX OPraHn4eCKHX H HeopraHH4YeCcKHX
BellleCTB.,
Ans cpaBHeHHA, KOHUEHTPaLUHH KapbodHaa
H XnopodHaa B CTaHAApPTHLIX npobax Gblaw
onpeaenensl XpoMmarorpaHyeckHM MeToaoM.
AnA MaccoBbIX aHaaH3oB B naboparophu
6bin onpegened KoaddHuHeHT pasbaBneHHs
NpoAazKHOH XONHH3CTEepa3bl, NO3BOANBIUKK NO-
ay4HTb | eanHHML AKTHBHOCTH, HeOBXOoAHMYIO
A0S NPOBeAeHHA OHOXHMHMECKOH peaKlHH.
MoayyeHnpitt pactBop Obln NpoBepeH Ha Le-
10¥ CepHH oOpasuos.

KoHuentpauHio ®OI1 B aHanH3npyeMoHh npo-
Oe BbIYHCAAIOT N0 ¢hopMyne:

T 100

KOHTP

T

on

X (%yrHereHna)=

rae
X - MPUEHT yrHeTeHHA XONHHICTepasbl;
T - Bpema ruapoanaa.

flo rpa¢guKky HaxogaTr KoHueHrpalHio O]
B 3aBHCHMOCTH OT CTENEHH YrHEeTEeHHA XO(HH-
3cTepasbl.

OaHOM M3 Hanbonee BaKHBIX HApOAHO XO-
3ANCTBEHHBIX 3a0a4 ABNAETCA 3a1a4a CHabxe-
HHMA HaceneHWA r.MocCKBbl Ka4eCTBEHHOH BO-
aon. DddeKTHBHOE pellleHHe BOA0OXPaHbIX
3agady OCOOEHHO BaKHO H aKTyaabHo aANA
NpOMblILIEeHHO-arpapHbIX KOMI1EKCOB M perHo-
HOB C HMHTE€HCHBHbIM pa3BHTHEM NPOH3BOAH-
TeAbHbIX CHA H AEDHLUHMTOM BOAHLIX peCypCcoB.

K TaknM perHoHam HECOMHEHHO OTHOCHTCH
MockoBcKad 00nacTb B npeaenax BepXHEro
GaccefiHa pekn MOCKBbI, MCNONb3yeMOro AnA
BOAOCHaOKeHHA ropoaa.

[TpaKkTHYeCKN €QUHCTBEHHBIM HCTOYHHKOM
npegHaMepeHHOro aHTPOINOIeHHOro 3arpasHe-
HHA OKpYXKaloLleH cpeapl BellleCTBaMH C APKO-
BblpaXXeHHbIMH TOKCHYHbIMH CBOHCTBAMH AB(A-
eTCA NMpHMeHeHHe NeCcTHUHAOB Aas obpaboTKH
MoaeH, Cagos, (1€COB W NACTOMLL.

B HacToAwlee BpeMA B X03AACTBAX MOCKOB-
CKOH 006NacTH B CBA3H C BBLICOKOM TOKCHY-
HOCTbIO M YCTOMHYHBOCTbIO XNOpPOpraHHYeCKHX
NeCTHUHAOB OHH 3aMellalioTca Ha doccopop-
raHn4ecKkHe MecTHLHAbI,

- docopoprainveckre npenaparst fnpeacra-
BAAIOT COOON CA0XHble 2(DHPbI PAAA KHCAOT:
Harnpumep ¢ocdopron ~ AABD, THodochop-
HOM — THodoc, MeTadoc.

Bce oHn oTAM4alOTCA OTHOCHTEILHOH CTOW-
KOCTbIO B OKpyX&aioulern cpeae. bonbwas yactb
¢ocdopopraHHvecknx Mnpenaparos pasnara-
I0TCA B NOYBE, PACTEHHAX H BOAE B TeyeHHne
1 -~ 3 Mecaues. OraeabHble npenaparbl (AH-
THO) MOI'YT COXpaHaTbCcA B TevyeHHe | roaa.

Mepeyens docdopopraHHyecKnX MeCTHUH-
A0B, NMPHMeHAEeMbIX B GaH3eXKALHX paHoHax
MocCKOBCKO# 06nacTH, NOKa3biBaer, YTo, B OC-
HOBHOM, B OOABIIHX KOHYeCTBAaX HCIIONb3Y-
erca xnopodoc, Kapbodoc, perop.

Onpeaenenre GochopopraHHIeCKNX NecTH-
UMAOB B MPHPOAHOH H MHTbeaoH BOAE Mpef:
craBaAeT HGoabIINE TPYAHOCTH, B NpaKTHKe aHa-
an3a MeCTHUMAOB Habalo4aeTca TeHAeHUHA
pasBHTHA KaK MPEeUe3HOHHBIX, TaK H 3KCIpec-
CHbIX METOAOB.

YyBCTBHTEILHOCTh XHMMHYECKHX METOA0B
HeAOCTaTOMHA AR OrpeeneHHa MHKpOrpam-
MOBbIX KOAHYeCTB (hochopcoaepKallux nec-
THLH/AOB.

1042



flnA onpeaeneHnA MHKpoKoaH4ecTB ¢oc-
¢opopraHH4eCKHX NeCTHUHAOB, HX CyMMap-
HOMO COAEPMAaHHA B NPHPOAHbIX BOAAX HaMH
3a OCHOBY B3AT Obin OHOXHMHYECKHH MeToq
onpeaeneHna A00B, paspaboraHHbIA B AKaje-
MHH XHMHYECKOH 3alnTbl, BHOXHMHYECKHH
MeTO/ MO3BONAET ONpeAenATb CyMMapHOE KONH-
4yecTBO docdopopraHriecknx NecTHUMAOB Ha
yposte 0,01 — 0,001 mMKr/am>. [IpHHLHN AAHHOMO
MeTo/a CBOAHTCA K obHapyxenHio POIl no nx
CNocoOHOCTH yrHETaTh aKTHBHOCTb ¢epMeHTa
XONHHACTEPaA3bl.

[lna onpeAeneHHA NOCTyNneHnA ¢ocgop-
OpraHHYeCKHX MeCTHUHAOB B peKy MOCKBY H
ee NPUTOKH HamH Oblna Wcnonb3opada OGHOXH-
MHYeCKas MeToArKa, no3Bonflouias onpeje-
(INTb CyMMapHoOe KoaH4yecTBo ¢ocopopraHh-
YeCKHX necTHUHAoB Ha yposHe 0,01 — 0,001
MKr/aM3. Kak ye yxkasbiBanoch Bbillle, MpH-
HUHI AAHHOIO MeToga CBOAHMTCA K oOHapy-
Kenvio GOI no HX CNoCOOHOCTH YyrHerarb
AKTHBHOCTb pepMeEHTA XOoaHHacTepasbl. [1pena-
parT XOHHACTEPa3bl KOHTAKTHpYyeT C HCCaeady-
€MOH BOAOH H 3aTeM NPOH3IBOANTCA CpaBHeHHe
aKTHBHOCTH ¢epMeHTa A0 KOHTaKTa H Tocne
KOHTaKTa.

CyuiHoCTh MeTofa onpeaeneHta XoanHacre-
pa3sHOH aKTHBHOCTH COCTOHT B YCTAHOBEHHH
BPEMEHH THAPONH3a aueTHAXOMHWHXAopHAA C
npenaparoM XoaHHacrepadbl. OO0 HHTEHCHB-
HOCTH THAPOMH3a aLUETHNXONHHXAOPHAA CyAAT
10 CKOPOCTH M3MEHEHHA LiBeTa HHAMKaTopa —
OT CHHero K Kearo-3eneHomy. B Kadecrse
craHgapra HCNoab3yloTCA Npenaparbl Xaopo-
¢doca, Kapbodoca. Peakuna npoBoaHTca B
KOTIOPHMETPHYECKHX NPOOHPKAX, B KOTOpbIE
BHOCAT onpegeneHHbid (0,5 - 1,0 ma) obbem
npoGbl, hepMEHT XONHHACTEPasy, aLEeTHIXOIHH-
X(10pHA H HHAHKaTop. BoAy MOKHO CYHTATh
YHCTOH, He cogexaluen ¢ocgopopraHHyec-
KHX MECTHLHAOB, €CIH BpeMA YCTaHOB(EeHHA
uBeTa CMeCH B HCCledyeMON H KOHTPO(bHbIX
npodax CoBNaAalOT WAH Pa3sHOCTb MeXKAY HHMH
He npesbilaer 30 ceKyHa. Ecan BpeMA Bbl-
‘paBHHBAHHA OKpaCKH HCCNeAYeMOH H KOHT-
ponbHo# NoObl NpesbiilaeT 30 CeKyHa, nccae-
AyeMmas Boga coaepHT ¢ochopopraHHyecKHe
NeCTHUHABIL.

dopmyna pacyera:

100

KOHTP

X(%yruereHus)=

on

rae

X — MPOUEHT YrHeTeHHA XONHHACTEpPasbl;

T - BpeMA rnaponusa. o

Mo ¢opmyne pacCHHTbIBAETCH NPOLEHT yr-
HETeHHA XONHHACTEepa3bl M 3areM No Tabnmue
onpegenseTcd KoanyecrBo ¢ocdopopraHn-
4YeCKHX NECTHLHAOB.

Hamn ana aHannsa Gbin npuoGpeteH B HH-
CTHTYTE MHKPOGHONOrHH HM.MedHHKOBa ¢ep-
MEHT XOaAHH3CTepasblk: Knacc VI, cepua 111,
21 eguHHMUA aKTHBHOCTH Ha 1 Mr depmMetra.

B aaboparopHpix ycnopuax Obi1 noaob-
paH COOTBeTCTBYIOLUMA KoaddpHLHEeHT pai3be-
A€eHHA, NO3BOMAIOWHA NOAY4YHTb 1 eauHuLy
AKTHBHOCTH, HeOOXOAHMYI0 ANA TNpOBeAEHHA
peaKiHH,

[lpenMyLlecTBO METO4a COCTOHT B TOM, YTO
OH H3bHpareneH H NO3BOAAET ONpeAenHTh
ToabKO GocdopopraHHiecKkHe necTHUMAbl, HX
CyMMapHoe KOH4YeCTBO B NMPHPOAHOH H MNHTb-
eBON BOAE.

AnA nopeaerns OHMOXMMHYECKOH peaKkLiHH,
a HMEeHHO AJA OonpeadeneHHs MNeCTHUHAOB B
obbeKkTax okpyxawllen cpeabl, 6bl1 paspa-
GoraH H H3rOTOBAEeH OGHOXHMHYECKHH aHAlH-
3aTop NECTHUHAOB, MNpeACTAaBAAIOWHA COOOH
TepMoKaMepy, obecneyuHBaloLyio H3MEPHHE TeM-
neparypbi 1poObl 4o 0,1°C H aBroMaTH4ec-
Ky0 KOMNEeHCaLHIO TeMINepaTypHOH 3aBHCHMOC-
TH 1pob Boapl. Pabora aHanH3aTopa OCHOBaHa
Ha NMPHHUMINE KOMOPHMETPHH C MOMOILBIO d1eK-
TPH4€CKON CHCTembl. TIpH6op paboraer B aB-
TOMATH4YECKOM TMINEPaTypPHOM peXXuMe.

YyBcTBHTENBHOCTD MNpHOOpa omnpeaeneHa
YYBCTBHTEbHOCTBIO OHOXHMHYECKOH peaKLHH
H corapiaaer 0,001 /am3, :

[1pn Hanv4nH B Boae ¢docchopopraHniyecknx
NeCTHUHAOB, C LUENbl0 HASHTH(PHKALHH OTaenb-
HbIX MpenapaToB B 1aBOPaTOPHH HCMONb3O-
BanNH MeTO/] TOHKOCIOHHOH XpoMmaTtorpagHH.

Habaloaenna 3a coaepxanneM ¢ocdopop-
raHM4ecKHx NnecTHUNAOB B BoAe p. MOCKBBI y
noc. Pybnepo, nokaspiBaer, 4TO B (IE€THHH
nepHod, Korga noaa o6paGaTbiBalOTCA AA0-
XHMHKaTaMH, Mocne A0XAeH B peyHOH Boae
6b11M obHapyeHbl pocdopopraHHUYecKHe nec-
THLHABI.
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[atiHbie npeacraBaeHs! B Tabanue 1.

HabnioacHva 3a cogepakanneM ¢ochopopra-
HHYECKHX NeCTLUHAOB B BoAe pP. MOCKBBI Yy
noc.Py6nepo B Mae n ceHtsbpe 1990 r. co-
CTaBHAH cooTBeTCTBeHHO 1,9 H 3,0 MKr/am>,
4YTO COOTBETCTBeHHO B 10 — 20 pa3 Hnxe [4K.
flerom 1989 n 1990 r.r. nposogHnocs obcae-
aosahue BepxHero GaccedHa p. Mocksbl, Kak
npaBnno B BoAe NPHTOKOB p. MOCKBBI coaep-
XKanne ¢ocdopopraHHyeckKHX MecTHUHAOB
6bi10 3HaYHTEenbHo HuKe MAK W cocraBaano
or 0,5 po 4.0 mKr/aM>. (lnp B oTAenbHbIX
MpHTOKAaX cogepxaHHe ochopopraHMHecKux
necTiHungoB npesbiiiano I/K.

BHOXHMHYECKHA MeToa Obln HCMoAb3OBaH
HaMH NpH OLeHKe GAPbEPHOM POMH OYHCTHbIX
COOpYXKeHHH. YcraHoBaeHo, 4to obpaborka
BOABbl peareHTaMH Ha BOAONPOBOAHbLIX CTaH-
UHAX He MellaeT OMpeAeqeHHio B BOAe Mec
THUHAOB.

TpaanLHOHHBIE MeTOabl 0OpaboTKH BoAbI,
TaKHe KaK X10pHpOBaHHe, 030HMpOBaHHE, KO-
arynipoBaHHe He CHHKAIOT coaepXKaHHA ¢oc-

¢opopraHHyecKHX COeAHHEHHA B MHTHEBOH
Bofle. docdopopraHHveckne necTHunabl ad-
eKTHBHO YAanRI0TCA aKTHBHPOBAHHLIM yIieM,

TakuM 06pa3oM, GHOXHMHYECKHH MeToa
onpeaeneHna gocdopopraHHYeCcKnx MecTuuy-

' 0B, ‘HcRoab3yeMblt B naboparopHH AaA KOH-

TPOfid MPHPOAHOH M NHTbeBOH BOAbI HMeeT
pAa npenMywlecTs nepen APYrMMH MeToaaMH,
a MMeHHO:

— ABNAETCA 3KCNPecCHbIM, BpeMA onpejene-
HHMA cocraBaser 30 MHHYT;

~ ABNAETCH H3bHpaTenbHbIM A1A dochopop-
raHHY€CKHX MEeCTHLHAOB;

— ABAETCA BBICOKOYYBCTBHTENbHbLIM METO-
AOM, YTO [JenaeT €ro HesaMeHHMbIM A(A onepa-
THBHOI'O KOHTPO(IA KadeCTBa BOAbl Ha BOAOINDO-
BOAHBIX CTAHLHAX.

B nocneayiouieM, oCHOBBIBAAChH Ha AAHHBIX
aKcnpecc-MeToAa, MoATBEPKAAIOTCA XpoMaTo-
rapHYeCKHM METOAOM.

1044



SOl

TAB{IMIIA 1. Coaepaanne ¢pochopopraHHyeCKHX NeCTHLUHAOB B .Bo,qe p. MockBbl noc. Pybreso, mionb 1994 roja.

Ne Ne | [ara MerteoycnoBHa Conepxanne PHIHKO-XHMHYECKHE TOKA3aTeH
n/m | orbopa
npob
% KOHUeH- | MYTHOCTH pH t°C OKHCAA- | LBETHOCTH 3anax CI
yTHe- TpaLHA Mr/am> €MOCTb rpagayc bana Mr/a
TeHHA MKr/aM> Mr O,am>
1. 05.09.94 | aoxap 45.0 1.25 7.5 8.70 19.0 7.2 20 1-2 TpTHH 18.0
2. 06.06.94 | ocagkos 5.0 0.01 7.2 8.80 19.0 6.9 19 1-2 TpTHH 17.5
HeT
3. 07.06.94 | ocagKos 5.0 0.01 7.0 8.80 19.5 7.0 19 1-2 vpotvH | 17.8
Her
4. 08.06.94 | ocaaxos 3.0 0.01 7.0 8.78 20.5 7.0 20 1-2 TpTHH 17.0
HeT
5. 09.06.94 | ocaakos 5.0 0.01 7.0 8.80 20.0 6.9 20 1-2 TpTvH 17.0
HeT :
6. 12.06.94 | goxap 28.0 0.40 7.3 8.78 20.0 7.1 20 1-2 Tpron | 17.5




BIOCHEMICAL METHOD TO DETERMINE THE TOTAL ORGANIC
PHOSPHOROUS PESTICIDES CONTENT

N.P.Kuzmina, Cand.Sci.(Engineering), MOSVODOKANALNIIPROJECT

Organic phosphorous pesticides are considered to be among other pollutants
present in both surface and underground water. New rapid method is suggested to
biochemically determine the total content of pesticides of the kind in raw and
potable water. The judgement in phosphorous pesticides is based on their ability to
inhibit cholynesteraze enzyme.

The quantitative analysis reduces to determining of initial and residual
activity of cholynesteraze enzyme. The reaction is carried out in calorimetric utensil
that is put into biochemical analyzer's thermochamber. The TK-01 automatic
controlled thermochamber enables the user to keep the temperature at level of 38@C
1 for 12 hours. The minimum pesticides content to be determined is 0.01 mkg/dm3. It
also should be mentioned the presence of chlorous organic pesticides, mineral salts
and other organic and non-organic substances does not interfere with the analysis.

In addition, carbophyl and chlorophyl content in standard samples were
determined for comparison by chromatography. For mass analysis under laboratory
conditions a solution factor for commercial cholynesteraze enzyme was found which
resulted in finding 1 (one) unit of activity necessary for biochemical reaction. The
solution obtained was tested on the whole batch of samples.

The phosphorous organic pesticides content is determined in samples under
analysis by means of the following formula:
X. ﬁ: 7-(0f77!/“ s 700
n To 0
X - percentage of cholynesteraze inhibition;

, Wheze

T - hydrolysis time

The resulting content of phosphorous organic pesticides can be fround by
means of diagram depending on cholynesteraze inhibition extent.
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CHCTEMA OIIEPATHBHOI'O
ABTOMATH3HPOBAHHOI'O
MOHHTOPHHIA KAYECTBA BOA M IIYTH

EE PEAN3ALUNH
e

Maxuna Anaroaun Ierposuy, K.M.H., ITHH
‘CamaparniponpoeKT”,

Kynnep Bwutanui Axkosaesn4, K.T.H., HITL
‘TEXHO/TOFHA',

Pv6uoB Mnxana leHnagreswd, K.T.H., HITL
TIAIC

B coBpeMeHHOH CTPYKType BOAOINONB30Ba-
HHA, XapaKTepH3YIOUIEeHCA B3aHMOHAIOKeHHeM
pa3sHbIX 30H BOJOMONb3OBAHHA, B TOM YHCE

TaKkMX, Kak BOJOOTBeAEHNEe H TNHTbeBOe
BogOCHabMen e, 4aCTbIMH ABPHUAHBIMH
c6pocaMH  CTOYHBIX  BOf,  creuHdHUKon
rMAPOOTHYECKOrO peXkHMa, 3aperyInpoBaH-

HOro THAPOY31aMH CTOKa peK H Ap., KpaHHe
Heobxoanma OIEPATMBHAA (AHATHOCTHKA
KayecTBa BoAbl B KOMINIEKCE C IIPOTHO-
3HpOBaHHEM nocCAeACTBHH 3arpasHeHns,
¢opmypylottm  H6asy AAA TNPUHATHA yNpas-
NeHYeCKNX pelleHHH.

CylmiectByioliaa CHCTEMA KOHTPOaA Kade-
CTB2 MOBEPXHOCTHbIX BOA CYWIH 1O CYTH
paforaer B pPerrMcTpaLMOHHOM PeXHME 1o
npuHunny ‘[AHACHO3 [MOCT®PAKTYM', u4ro
NCKAIOHYaeT BO3MOKHOCTb IPHHATHA ONepartns-
HbIX YNpaBieHYEeCKHX peLleHHH, CHHKAIONX
HeraTvBHbI#  3ddeKT, Tem Oonee 1mpn
ABAPDHAHBIX CHTYalMAX, He ropopa yme ob
yNpaBaAeHHH KayecTBOM BOMbl.

PeanbHbIM BBIXOIOM H3 TAKOH CHTYaLUMH
MOKeT ObiTb TOABKO KOHTPOab KavyecTBa
BOAbI, BbINOOHAEMBIA MO npuHunny (QHACHO3
TOTHAC'. OnbiT HawKkX paboT No3BOAAET
NpeaqoXNTb /1A peanH3aurHH METO4O0OrH-
yeckylo  Ga3y  opranmsaupn  CHUCTEMbBI
ABTOMATH3HPOBAHHOIO MOHHTOPHHTA
KayecTBa BOAbI, OMNepaTHBHOro obHapyXKeHHA
aBapHAHBIX CHTyalMH, aHadu3a H TMpOrHosa
nocnedCTBHH 3arpAsterHna (ganee “CHcrema’),
BKalO4Yad  aBapHAHbIA  orm6op mnpob6 H
HCcaeNOBaHHA Aaf TmepCcoHM@HKauHH BHHOB-
HHKA aBapHHHOH CHTYaLHH,

Peannaaupa "CHCTeMbl' npeadnoaaraeT npega-
BapUTeNbHyI0 PerMoHanbHylo TMpPHUBA3KY MpH-
HUMIMHABHOH TIPOCTPAHCTBEHHON CTPYKTYPbI,
COCTOfAIlleH M3 CTaUHOHApPHOIO aBTOMaTH3HPO-
BaHHOro HaMepHreabHoro Kommnaekca (CAHK),

MONITORING COMPUTER-AIDED
OPERATIONAL SYSTEM OF WATER
QUALITY AND WAYS OF ITS

IMPLEMENTATION
S

Makhinia, D.M., DEI
Samarahydroproekt,

Micheal G. Rubtsov D.Sc., SF ‘Fals’,
Vitalei A. Kuper, D.Sc., SDC ‘Technologia’,

Anatolei F.

The modern water management structure
is characterized by the interaction of different
water management zones such as water re-
moval and drinking water supply, frequent ac-
cidental run-off water discharge and others
type of pollution, specific features of regu-
lated by hydroschemes hydrological regime
rivers discharge and others. It's necessary
very much the operational diagnostics of
water quality in complex with prediction of
pollution consequences which forms the base
for control dectsions making,

The existing surface water quality checking
system works in fact in the detection regime
and uses the principle 'Postfact diagnosis’. It
excludes possibility of the water quality con-
trol and the operational decision making
which lowers the negative effect especially
during accidents.

The real way out of such situation may be
only the water quality checking which uses
the principle "Just in time'. Using our experi-
ence we suggest for implementation the
methodological base of spatial structure and
organization of the water quality computer-
aided monitoring and operational detection of
accidents, analysis and prediction of pollution
consequences system /'System'/. It includes
accidental sampling and investigation- who is
the culprit of the accident.

The implementation of the ‘System" sup-
poses beforehand the regional fixation of the
principle spatial structure which consists of
the stationary automatic measuring complex
/SAMC/ (it's the processing date and diagnos-
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BKIOYAIOIEr0 KOMMbIOTEPHbIA LeHTp obpa-
OOTKH, HArHOCTHKM U YNpABOEHHA H repHpe-
puHHble n3MepHTenbHble Modyan ([THM) Ha
OCHOBe y»e Da3pabOTaHHbIX MeTO4O010THYeC-
KHX W TeXHOOrH4yeCKHX MPHUHUMNOB, OpraHH-
3aLlHOHHO-ONepallHOHHOE pelleHHe COCTOHT B
ocHawennn CAHK  nMHdOpMaLMOHHO-TIPOTHO3-
HbIMM TMpOrpaMMaMH C IUHPOKHM CIEKTpPOM
BapHAaHTHDLIX peleHUA, HanpHMep, MNaKeToMm
nporpamMm MNpOrHo3a, OrepaTHBHOro ynpasae-
HHA, BbI30Ba MOOHABHOM T'PYMMbl CreLIMarHo-
CTHKH H T.ML.

Mporotunamn 6aokoB CAUK u TIUM sBas-
IOTCA HCTIONb3yeMble MHOTMMH  Hay4yHbIMH H
MPOM3BOACTBEHHBIMH OpraHH3aLUpMM W TOMy-
YyMBLUKE [IpH3HAHHe Ha MeXAyHapOAHbIX 3K-
cno3nuuax (B Jdean Bt BeHe) H3mMepHUTeIbHble
cucteMpl T™Na "POTAH' n "XHMTOH', koropble
He yCTynawT, a 1o paay rokasarened [IpeBoc-
' xoAAT 3apybekHble aHanory.

fdencTByoliad  MHOrooGpa3Hasd  CHCTeMa
HOPMaTHBHON AOKYMEHTaUUH peraaMeHTHpyeT
KOHTpPO/Ib KayecTBa BOA (MOBEPXHOCTHbIX,
NoA3eMHbIX, CTOUHBIX) Ha pasHbIX KIACCHUpH-
KaUHOHHBIX YPOBHAX. ' :

OaHako HeBO3MOMHO M HeuenecoobpasHo
OCYWECTBAATL  aBTOMATH3HPOBAHHBIA  KOHT-

pPoOlb MO MAaKCHMadbHOMY nNepe4yHio noKasa-

Tenen, PaunoHaneH NPHHUMN Da3yMHOW MHHH-
ManbHOW /OCTaTOMHOCTH, TeM O6oaee, YTO
He3aBHCUMO OT KJaCH(HKaLHOHHOIO YPOBHA
1pH pelUeHHH BOMpOCa  NOAHOTHI H
AOCTaTOYHOCTH MCCAeA0BaHHA MCXO4AT B pady
ApYyrux MOCTY/1aTOB H3 YeTbIpex
NPHOPHTETHLIX, TO3BOAAIOUINX  OOPEUASaHTD
CNIeKTP TMoOKa3areaed KOHTPOoas, KOTOPbIH
BKAOYAET MOKa3arenn, XapaKkTepH3ylollHe:

BbICOKYK0 TOKCHYHOCTb HIH YPOBEHb Harpys-

KH Ha BOAHBIA OOBEKT,

MacCoBbI MM T[OBCEMeCTHbIH BbIOPOC B

BOAHBLIA OOBEKT,

YPOBeHb MPHPOAHON MHHepaau3aunH BOAbI,

CnocoBHOCTh BOAOEMAa K CAMOOUHILIEHHIO,

ITH rpynnol nokKasartedaer MO3BOIAIOT MOay-

YHUTb HEeKY0 HHTErpadbHYI0 XapaKTePHCTHKY
KavyecTsa BOAbl, YTO [JOCTHraeTca oOnpeaene-
HMEM TaKkHx loKazareded, KakK a3oT aMMOHHH-
HbII M HHTPATHBIN, X(OpHAbI, d0eKTPONPOBOI-
HoCTb, MyTHOCTb, PH, Eh, pacTBOpeHHbIH KHC-
aopoga, xaopoduaa-a,

CylueCTBYOUIHME TIPOTOTHILI "CHCTEMBI' NMO3-
BOAAIOT [10Y4YaTh OIEPaTHBHYID HHGpOPMalHIO
HMEHHOQ 110 3THM TNoKasareadaM, NpH4YeM HaiH-

tice computer module) and peripheral
measuring modules /PMM/ basing on already
developed methodological and technological
principles. The organizing-operating decision
consists of equipping SAMC - module by the
information prediction program with wide
spectrum of decisions variant. For example:
the operational control program, the
prediction program, the checking program,
the call of special mobile predicting group
program and others program of packet,

The prototypes of blocks of SAMC and
PMM are the probes such as 'Rotan” and
"Hiton" types. They are as good as the foreign
samples and some its parameters excels the
foreign samples parameters. ‘Rotan" and
‘Hiton" are wused by many scientific
organizations. They got recognition’s at the
international displays.

The active diverse system of normative
documentation regulates the water quality
checking realization /surface, underground,
run-off water/ on the different classificational
levels.

But it's impossible and not usefully to
check maximum parameters. It's sensible the
principle minimum sufficiency. Solving the
problem of the fullness and sufficiency they
bases on four prior principle which lets
define the spectrum of parameters of
checking for all classificational levels.

The parameters:

which is characteristic of high toxicity or de-
fine load level of water subject;

having mass or in all area ejection to the
water subject;

which is characteristic of the natural water
mineralization;

ability of water subject for self-cleaning;

They let get some integral character of wa-
ter quality by definition of parameters such
as ammonium nitrogen and nitrate nitrogen,
chlorides, conduciivity, turbidity, pH, eH,
dissolutional oxygen, chlorophyil.

The existing prototypes of 'System" let get
operational information of these parameters.
The "System" has automatic sampling appara-
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YHe aBTOMATH3HPOBAHHONO Npo6oOTGOPHHKA
JaeT BO3MOHOCTb TPOBECTH CeleKTHBHYIO
ANardocTnky mno Oodee IWHMPOKOMY CHEKTPY
noxasareaed B MOOH(IbHOH 1a00OpaTOpHH.

Co3ganHne "CHCTeMbl' BO3MOKHO B Te4dyeHHe
1,5-2 ner, BKAOYMaA PervioHanbHyio TMPHBA3KY,
H3rOTOBEeHNE Modyned, MyCKo-HaaaakKy B pe-
JKHME aHaoro-CoMOCTaBHTeMbHbIX HCCael0Ba-
HHH M cgadvy B 3KCNayarauuio MHHHUMaIbHOro
H6asoBoro Bapranta CAHK n KM,

AanbHeRwiee pasBHTHe "CHCTEMbl' C H3ro-
TOBIEHHEM H MOAKMIO4YeHHeM HeobOXoaHMoro
Koanvectsa [MTMM Mozxer ObiTh OCylIeCTBACHO
B Te4deHHe elle ogHOro roga.

PyKOBOACTBYACh [PHHUHMIIOM pa3yMHOH A0-
CTaTOYHOCTH, HamnpuMep, Mo [POTAKEHHOCTH
Boaro-KamcKoro KacKkaga HeoOXoauMo
opradHsoBatk 11 nogobheix "CucreM', OgHon
M3 HHX sB(IReTCA 'CHcTeMa' A1A Merarnoanca
CamMapckont (lykh B cocrase I.r. Camapa,
Toabart, MuryaeBCK W ap., KOTOopaf Yyxe
pa3paboraHa Ha YPOBHe
30HA/IbHOWA CHCTEMbI MOHHTOpHHra" H
noay4uaa ¢uHaHCMpoBaHve aaA pa3paboTku
Ha ypoBHe LEeAeBOH KOMMIEKCHOH MporpaMMbl
Nno MOACHCTEMaM IOBEPXHOCTHBIX, MO43eMHbIX
H CTOYHBIX BOL,.
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tus so it's possible to get selective special
diagnostics of more wide spectrum of
parameters in the laboratory.

Creating of "System" is possible during 1.5-
2 years including regional fixation, making all
modules, its trial start in analogue-compari-
sonal research regime and putting in
operation of minimum base variant of SMAC
and PMM.

The development of "System' and making
and connection of necessary number of PMM
may be done during one more year.

Using the principle of sensible sufficiency
for example on the Volga-Kama cascade
length it's necessary 11 'Systems’. One of

them is the ‘'System’ for megapolice of
Samarakia Luka consisting. of Samara,
Toliajtti, Giguljvsk and others. It has

2000000 water consumers. This "System' is
already created on the level of "Conception
of zonal monitoring system" and it got
financing for creating on level of the aim
complex  program  consisting of the
subsystems: surface water, underground water
and run-off water.



KAYECTBO ITOBEPXHOCTHBIX BOJ1 CYIIIU POCCHUHU U
COBEPIIEHCTBOBAHUE I'OCYIJAPCTBEHHON CUCTEMbI MOHUTOPHUHT A
Hukanopos AHaTonwui MakcuMoBHY
JLOKTOp reosoro-MHHEpPaJIOTHYCCKUX HAYK, ITpodeccop, akazemMuk PAH
ugpoxuMUYeCKUi HHCTUTYT
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YxynumieHHe 3KOIOrHYecKOd OO6CTAHOBKH B PoccHHM CBSI3aHO €O cTparermei
HHTEHCHBHOTO DA3BUTUA HAPOOHOTO XO3SHCTBA, MOHOMOJLHBIM IOJOXEHUEM
PECYPCOBKCIINYATUPYIOIMUX BEIOMCTB, IIPUOPUTETOM TEMHOB POCTA MPOM3BOICTBA M
HEeameKBAaTHOCTBIO IIPHUHUMACMBIX IO OXpPaHe NpUpOIsl Mep. PacOanaHcHpOBAHHOCTH
SKOHOMHKH B TIOCNEIHHE TOAbl, HAPYIIEHHE IMTENIbHBIX XO3MMCTBEHHBIX CBA3EH,
YTIpa3OHEHUE TOCYBAPCTBEHHOIO ILIAHMPOBAHUS, COXPAHSIONIMIACA OCTATOMHBIN MTPUHLIATT
(bHUHAHCUPOBAHUSA DKOJONMYECKMX IPOrpaMM  CHOCOOCTBOBANIH  YIIyOGJIEHHIO
AKOJIOTMYECKOTO0 KPU3HCa B CTpaHe.

Oco6eHHO OCTPO DTH MPOGIIEMBI CTOAT B OTHOMICHUH [MOBEPXHOCTHBIX BOJ CYILIM
(TIpECHBIX BOK): COCTOSTHUAE KPYITHBIX BOOHBIX 06BEKTOB H 0COOSHHO MAJIBIX PEK OCTAETCS
KpaWHe HeOGIAarOnpHSTHBIM, B pSe ®KOHOMHYECKHM DA3BUTHIX DPAMOHOB OIIYIIAECTCS
HaIps3XKeHHOCTh BOQHOTO §allaHCa HE TOJIBKO M0 KOJIMYECTBEHHBIM, HO ¥ KA4&CTBEHHBIM
TIOKA34aTENIM.

OpmHMM W3 YCIOBHW pEIIEHWS BCEH COBOKYIHOCTH 3aJad MO0 palMoOHAILHOMY
HUCIIOJIB30BAHMIO, OXpaHE WM YIPAaBIEHWIO BOJHBIMHM PECYPCaMHM SBISETCS TOJy4YeHHE
OOCTOBEpPHON HH(POpPMALMH O COCTOSHHM BOOHBIX OOBEKTOB, HX aJalTHBHBIX
BO3MOXHOCTSAX, 4 TAKXKE CBEIEHHH 00 UCTOYHUKAX 3arpA3HeHUS. [ monyyeHUus TaKHX
JaHHBIX BO MHOTHX CTpaHax CO30aHbl HAITMOHAJIBHBIC CHCTEMBI MOHHTOPHHTIA.

B Poccum ¢GhyHKLUMH TAKOM CHCTEMBbI BBIIONMHAET I'OcymapcTBeHHas chyxk6a
Ha6IIONeHuA 33 COCTOSHHEM O00%eKTOB mpupogHod cpensl ('CH), B TOM w4mcie
MOBEPXHOCTHBIX BON Cyld. ['TIaBHBIMU LEISMH YKA3aHHOM CHCTEMBblI MOHMTOPHHTA
ONpeIeneHb] MOYICHHE Ha e JUHON METOAHUKO-METONOIOTHIECKOM OCHOBE 0 O'bEKTHBHBIX
JaHHBIX IJISI OLEHKHA KadyecTBAa BOO BOJOCMOB M BOJNOTOKOB, TEHOEHIIMHA H IPOrHo3a
BO3MOJKHBIX €r0 HM3MEHEHHH II0H BIHSHUEM XO3SHMCTBEHHOH IOEeATEIbHOCTH,
TAIPOMETEOPOJIOTHYECKUX (HAKTOPOB, IIPH PA3BUTHH YpE3BbIYAMHEIX CUTYALIAH, 4 TAKXKE
obecrieueHNe EHTPANBHLIX (DEeACPATLHBIX, AMMUHUCTPATHBHO-XO3SICTBEHHBIX OPTaHOB
# 3aMHTEpPEeCOBAHHBIX OPraHM3ALIMA PEXXUMHOR MU OIIEpaTUBHON HHMOpPMAIIHEH.

OcHOBHBIMH TNpPHMHIMIIAMH OpPTraHU3aIMU M TPOBEIEHUS HaOMOIeHud 3a
KA4Y€CTBOM ITOBEPXHOCTHBIX BOJ SBISETCH MX KOMIUIEKCHOCTh U CHCTEMAaTUYHOCTD,
COTJIACOBAHHOCTL CPOKOB IIPOBENCHHMS ¢ XapakTepHbBIMH TMIPOJIOTHYECKHMH
CHTYyallMIMH, OIpelescHUe MOKA3aTeNIe KauecTBa BOObl (DU3MYECKHUX, XHMHYECKUX,
OHMOJIOTHYECKUX) U THAPOJOTUICCKUX ITAPAMETPOB EOMHBIMM MU 06eCeYHBAIOLIUMU
TpebyeMyI0 TOYHOCTh METOJMKAMU B COOTBETCTBHH C 3amavaMud I'CH.

CeTp peXwMHbIX HAaOMIOAEHWN 34 KayecTBOM IOBEPXHOCTHBIX BOJI IO
FHOIPOXHMHYECKHM IOKAa3aTenaM BKIoYaeT (1o cocrosHuio Ha 01.01.94) 1892 nyHkTa
(2604 ctBOpOB, 2907 BepTHKaNER), pACIONOXEHHBIX Ha 1326 BOOHBIX OOBEKTAX.
TIporpaMMBI BBITIOTHSIEMBIX pa00T Ha IyHKTaX pa3IuIHOM KATETOPHHA IIPEIyCMATPUBAIOT
oIpenicieHre B Ipo6ax BOIEI MepeYHd NMPUOPHUTETHBIX II0Ka3aTesied U BerlecTs (> 100)
YCTAHOBIIEHHOI'O € YYETOM HX PAaCIpPOCTPAHEHHOCTH M TOKCHYHOCTH, a TaKXe
COOTBETCTBHS TpeOOBAHHUSAM pellaeMBIX MOHHTOPHHIOM 3aJay ¥ HHTepecaMm
BOJONIOJIb30BAHUA.

[TporpaMMa HaOMIOOCHAW THOPOJOrHYECKOM CETH IMO03BOJIAET MOJIy4YaTh
HHOPMAITAIO, IPEHNOCTABISIONIYI0 pPE3YILTAThI HMCCIEOOBAHUS BHIOBOTO COCTaBa,
YHUCIEHHOCTH THAPOGHOHTOB U MOP(MOIOTrHYECKOrO UX OMUCAHUS,

O6o0611ieHHe TI0Jy4YaeMOH CEThI0 MOHHUTOPHHIa WHMOPMAIMH O KavyecTBe
MOBEPXHOCTHBIX BOJ MNpoBOAUTCH [UOPOXMMHYECKHM HHCTHUTYTOM Pocrunpomera.
AHATH3 COCTOSHUA U IMHAMHKWM KavyecTBa ITOBEPXHOCTHBIX BOJ, (Ha OCHOBE €3KerOIHBIX
M MHOTOJISTHUX QJAHHBIX) IIPOBOAUTCA II0 Haubolee pacnpoCTpaHEHHBIM H
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CneUNPHUYECKHM XapaKTEpHBIM [JIA OTACJIbHBIX BOIOHBIX OOBEKTOB 3arpS3HAIOILIHM
BEIECTBAM, C UCITOIL30BAHMEM AIIIIAPATA MATEMATHIECKON CTATUCTUKH M KOMITIEKCHBIX
oueHok. IIpH 3ToM npuUMeHAETCS KNAaCCH(HKALIMSA CTElNEHH 3arpsI3sHeHHOCTH BOIBI IO
BeJIMYMHAM KOMOHHATOPHOI'O HMHIEKCA € YYETOM DPAAAa OOMNONHUTEIBbHBIX (PaKTOPOB,
COTJIACHO KOTOPOM BeCh AMANa30H COCTAaBA M CBOMCTB BOABI NEITUTCS HA 5 KIACCOB OT
"YCIOBHO-YHCTBIX" M0 "4upe3BbIMAHHO-TPA3HBIX".

Pe3ynbTaThl MHOTOJIETHHUX HAOMIOZEHUHM CETH MOHHMTOPHMHTA CBHOESTEILCTBYIOT,
YTO BCE MOBEPXHOCTHBIE BOABLI POCCHMH 3arpsi3HeHbl MPAKTHYECKM ITOBCEMECTHO, YTO
Haubonee pacupOCTPAHEHHBIMHA 3arPA3HAIONIMMHA BEIECTBAMH, OOHAPYXHUBAEMBIMU B
BOOHBIX OOBEKTaX, SABISIOTCA HehTEenponykThl, (eHOIbl, JErKOOKHUCIAEMbIC
OpraHuveckKde BeIlecTBa, COESTHHEHHS MeEIOH, LMHKA, B OTHEJbHBIX pPEer{HoHax -
COeMHEeHWUS HUKEIT, AMMOHHWHBIN K HUTPUTHBIN 430T, cieMdrIecKUe 3arpa3Hsoiue
BEIHECTBA - JMIHHH, JIMTHOCYJIb(GhOHATHI, KCAHTOTEHATHI, METHIIMEPKAIITAH, AHMIIMH,
XIOPOPraHUYECKHE MECTHIMARI, CYIb(pAaTHI H Ip. YPOBEHE H XapaKTep 3arpa3HEHHOCTH
BOJHBIX 00'EKTOB BADBHPYET B HIMPOKHUX IIpeaenax, npesoimieHre IJIK 3arpsa3Hsommux
BEILIECTB B LIEJIOM TIO CTpaHe COCTABIAET No HedTempouykraM 47-63%, ¢eHonam 45-
68 %, TErKOOKHCIAEMBIM OpranudeckuM peuectBaM«1o bIIK,) 26-27 %, aMMOHHIHOMY
a30Ty 23-34 %, HUTPUTHOMY a30Ty 18-27%, coequHeHUSIM Meau 74-81'% , nuHKa 36-63%.
E>xerogHo HaOMIOJAeTCs TEHOEHIIHSA YBEJMUEHHS YHCJIA CTBOPOB, YpOBEHb
3arps3HEeHHOCTH BOABI KOTOPBIX cOCTaBaseT, Wian npepbimaer 10 ITJIK.

MHOrHe BOIHBIC DKOCHCTEMBI OKA3aJHCh B HACTOSILECE BPEMS B COCTOSHUH
SKOJIOTMYECKOTO perpecca Kak 3a CYET YCWICHHA IIpoIecca aHTPONOTeHHOTO
eBTpOGHUPOBAHMSA, TAK U 3a CYET TOKCHYECKOrO BO3OEHMCTBHUSA IMOCTYHAIOIIHX B HHX
3arpsA3HAIONIMX BeniecTB. IIpAKTHYECKH OJIS BCEX BOOHBIX OOBEKTOB XapaKTEpPHBI
CTPYKTYpPHBIE NTpe0o6pa3oBaHus GUTONIAHKTOHHBIX COOBIIECTB, HA 3HAYUTEIbHOA YACTH
BOOHBIX OOBEKTOB HAMETHIIACH TEHIACHIUS YXYIOIUIEHHS COCTOSHHS NepHMGHTOHHOTO
coobuiecTsa, a B OTHENbHBIX M3 HHUX HaOmogaeTcs MOMUGHMKAUUS CTPYKTYPHOHR
TEePECTPORKH 300ILIAHKTOHHOTO COOOILECTBA.

BospacTaHue aHTPOITOreHHOIO BIHMAHHSA HA IIPHPOITHYIO CPERY COIPOBOXIAETCS
TaK>XKe TpaHCHOPMUPOBAHHMEM MATEPHUKOBOIO CTOKA XHMHYECKMX BEIleCTB B MOpPS U
OKeaHbl, paclpOCTPAHECHHEM IIPOLECCOB 3aKUCIICHUS [TOBEPXHOCTHBIX BOA Ha OOIIIHMPHEIX
TEPPUTOPUAX CTPAHBI M3-34 TPAHCIPAHHYHOTO IEPEHOCA CEPBl M a30Ta H BO3DACTAHHA
MX KOHLEHTpAUHHA B aTMOCheEpE.

Huxe UpPHMBOOUTCS KpaTKas X4apaKTEpPHCTHKA COCTONHHA KadecTsa
IIOBEPXHOCTHBIX BOJ Ha OCHOBE OOOGHICHMS MHOTOJIETHEM THAPOXHUMHYECKOH M
rugpobuonorudeckol HMHGOPMAOHMH IO HEKOTOPHIM BOJHBIM O0GBEKTaM
raaporpadrvIeckKuX paiOHOB Ha TeppHTOpUHA PoccHH.

baccerH BaaTHicKOTO MODS

p.Hesa Iloctynaromas B Hesy u3 JlamoXckoro o3epa BOJa 3arpsa3HeHa
OPraHHYECKHMH BEINECTBAMHM, 3HAYMTEJIBHOE KOJHMYECTBO 3arpS3HIIOLIMX BEIIECTB
BHOCUTCH €€ NMPpUTOKaMu - pp.Mra, TocHa, Uxopa, Oxra, Cnassnka ¥ gp. 1o Bcemy
TeyeHui0 B HeBe oOHapyXuBaroTcsd GeHONb! U cOeOUHEHUsT Meou, 6omnee 4eM B 50%
oToOpaHHbLIX mpo6 copepkanue ux B Boae mpesblaeT ITIK. OcobeHHO 3arpssHEHa
BOOA DPEKU (eHONAaMHM B YCThE, I'Tl€ HEONHOKPATHO HAOIONAINCH CIyYad BBICOKOIO
sarps3HeHus (mo 70 IIOK y r.Cankr-Iletep6ypra). Kpaiiie HeymOBIETBOPHTEILHO
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KauecTBOo BOmbl p.OXTa, HapylleHHe peXMMa pPAaCTBOPEHHOIO B BONE KHCIOPOZa -
00BIYHOE SIBIIEHHE.

Baccenn YepHoro Mops

CyliecTBEHHOE BIIHAHUE HA KAYECTBO BOABI PeK YepHOMOPCKOT0o NOGEpeKbi OKa3hbIBAIOT
HEOPraHU30BAHHbBIC CTOKM HACENICHHBIX MYHKTOB W CMBIB 3arpA3HSIONIMX BEMIECTB C
BOZOCOOPHBIX IIIOWIANEHA, B WYACTHOCTH, C CENBLXO3YIrOMUA M C TEPPHTODHMH,
WCTOJIB3YEMBIX U1 pEeKpealdil. BnumsHUI0 opraHuvecKHX cOpOCOB CTOYHBIX BOJ
noasepxeHsl p.Couu (r.Coum), p.Tyance (r.Tyamnce), p.MasiMTa (T. Amiep).

BaccerHn A30BCKOTO MODpS

BacceitH IoHa OCHOBHBIMM MCTOMHHKAMH 3arpsA3HEHHS ITOBEPXHOCTHBIX BOX
OaccerHa p.JI0oH BIAIOTCS CTOYHLIE BOABI OKONO 100 MPOMBINIIEHHBIX HPENPHATHA,
IECSITKOB ILIAXT, ArPOTIPOMBINIJIEHHBIX H XHBOTHOBOOYECKHMX KOMIDIEKCOB, 4 TAKXE
OPOCHTENbHBIE CHUCTEMBbl M TOJNEBble XO03ficTBa (OOIIME 0GBEM TIPOMBILLIEHHBIX
CTOYHBIX BOJ - OKOJO 2 MIH.M®, GBITOBBIX CTOKOB - 1 MiH. 400 Thic.M® B CyTKH).

XapakTepHbIMH 3arpA3HSIOLIMMH BENIECTBAMM BOJBI BEpXOBbs D.JIOH ABIIAIOTCS
HUTPHUTHLIH, aMMOHHMHHBIA a30T U cynbdaThl (Haubonee 3arps3HeH YyJaCTOK PEKH Y
r.JIOHCKOW). : '

Ha yvactke p.JIor ct.KaszaHckad - r.Kanavy-Ha-JloHy ypOBeHs 3arpsi3HEHHOCTH
BOJIBI ITO OCHOBHBIM 3arpA3HsollMM seriecTBam 1-2 111K, 3a MCKITIOYeHHEM COeTUHEHUA
Meq, CpeHeroaoBasi KOHUEHTPAUusa KOTOPBIX B OTHENIbHBIC roabl qocTrrana 6-9 ITIK.
s HuokHero JloHa xapakTepHO NOBBIICHHOE COJEPXKAaHNE COCTUHEHHH MENH O0 4-6
K. ExerogHo OTMEJYaeTcs 3arpsa3HeHHe BOAbI IIMMISHCKOIO BOMOXPAHMIHINA B
OTAENBHEIX CTBOpAX XJIOpPOPraHMYECKMMH nectuiuaamu. Dxocuctema Huxnero Jlona
¥ [IUMIAHCKOro BOSOXPAHUIIHUILA HAXOTHUTCS B OCHOBHOM B COCTOSIHUM AHTPOIIOTEHHOTO
HAIPSKCHUS, HA OTHENBHBIX YJYACTKAX HaOmomaeTcs "LBeTeHHWe" CHHe-3eJIeHBIX
Bomopocnei. HaubGonee HeONMAroNMpMATHOE COCTOSHME OTMEYAETCA B padioHE
r.BoarogoHcka, rae pe3kO MOBBIIAETCA B (UTOIUIAHKTOHE JOJNA OpPraHH3MOB-
HHIHKATOPOB BRICOKOTO 3arpssHeRuA (o 50%). OTaesbHBIE DIIEMEHTBI 3KONOTAYECKOTO
perpecca HaGMONAIOTCA U HA YYacTKe HUXKHero JloHa y r.PocroBa.

DKONOrNIecKoe COCTOSHHE GONBIIMHCTBA PEK YXYMILIAETCH, MMPMYEM Hambosee
ONACHBIC CHTYyaUMM CKNAfbIBAIOTCY HAa MaNbIX peKaxX M3-3a pACIHaiikK¥ 3eMellb,
MHOTOYHCIICHHBIX XUBOTHOBOOYECKUX M NTUIEBOIYECKMX KOMILICKCOB, PACTIONOKEHHBIX
Ha uX Oeperax.

Baccein Kyfany XuMHYecKui coctas BOAbl p.Ky6aHb B BEpXHEM TeYEeHUH B
3HAYMTEJIBHON CTENEHM OOYCIOBIEH BIMAHMEM MAJIOMHUHEDPANN3OBAHHBIX IIPHTOKOB,
HHXKE II0 TeUYeHHIO HeraTMBHOE BO3NEHMCTBHE Ha KadecTBO BOOBI OKAa3bIBAXOT CTOYHBIC
BOJIBI MPENIPHUATHA XKUIHIIHO-KOMMYHABHOTO XO3SHCTB&, MPOM3BOACTB YAOOpEHUIA,
a TaKXe IOCTYIUICHHE 3arps3HMIONMX BEIIECTB ¢ HEOPraHW30BAHHBIMH CTOKAMMU
HACCJICHHBIX TNYHKTOB, COPOCBI OPOCHTENIBHBIX CHCTEM, CMEBIB YOOOpEeHUM C
CeIbX03yTOaui.

XapakTepHbIMH  34rpASHSAIONIMMH  BOOLI DPEKH  BEHIECTBAMH  SIBIIIIOTCH
HedTerponykTel 10 8-9 IIIK, coemmuenus Memu a0 6-13 TIJIK, HUTpHTHBINA a30T B
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npepenax 1-6 TIIK, orpakaeTcs HEGIAaronpHsATHO Ha COCTOSHHM TI'MAPOOGHOIIEHO30B
OTHENBHBIX yuacTKOB p.Ky6anu (rr. HessiHoMBICK, CHaBsSHCK, TeMpIOK).

Bacceiiy BapenueBa o

Br:COKMI YpOBEHb 3arpsA3HEHHOCTH BOIbI XapaKTepeH I MalbIX pek Koabckoro
MIONYOCTPOBA, HAXOAAIIMXCSA B 30HE AesTenbHocTH ['ockoHuEepHa "Hopuibckuit HUKENS",
I'MK "IledeHranukemns". YpoBeHb 3arpA3HEHHOCTH BOObI HEKOTOPBIX PEK COENUHEHUSIMU
Meod ¥ HUKens mpeBhlmaer mecATkM M coTHH IIJIK. Taxoit xapakTep U ypOBEHB
3arpA3HEHUS SBASIOTCS HNPHYMHOM 3aMETHOrO H3MEHEHHMS COCTOSIHHS BKOCHCTEMBI
MHOI'MX PEK B CTOPOHY DKOJOTHYECKOrO perpecca, B IEPBYI0 OvYeépedb IJOHHBIX
6HOLIEHO30B.

BacceiitH CeBepHOW JIBHHBI B 3UMHHMIA M JIeTHE-OCEHHHHM IepHOIbI IIpHU
HArOHHBIX ABIIEHUIX CO B3MOPhS HAOMIONAETCS YBEJIMYECHHE COOEPXKAHUA XITOPHUIOB IO
6-7 r/n ¥ MuUHepasm3aurH 0o 10-13 r/n B 3aMBIKAIOMIMX CTBOpaxX NMpOTOKOB MaiiMakca
u KysHeunxa. B nocienuue rogpl NpOM3OLUIM KOJMYECTBEHHBIE H3MEHEHHS COCTaBa
MIAHKTOHHBIX cOOOIIECTB BOJHBIX OPraHU3MOB B CTOPOHY 9KOJOTHYECKOT'O perpecca,
0CcOO6EHHO HA YYAaCTKe PEKH y I'. ApXaHreabCKa. '

Haub6onee 3arpsg3HeHHpIMHA IpUTOKaMu CeBepHON [IBUHEI ABistoTes p.Ilykca, B
BOZIIE KOTOpPOW CPEOHErONOBBLIC XOHUEHTPAMM AMMOHMMHOIO a3oTa ¥ (HeHoJioB
xapakTepu3ylorca BemumumHaMu Bbimie 50 IIIK, JErKOOKHCIAEMBIX OPraHHYCCKUX
BELICCTB M JUIHOCYALGPATOB cBhIIe coTeH Mr/a, p.Cyxona u p.[lensmima. Bonbmioe
COOEpXaHHe OPraHMYECKUX BEIIECTB B peKaxX NMPHBOJUT K CHUXXEHMIO PACTBOPEHHOIO
B BOJE KHCIIOPOJA H ITOSBICHHIO cepoBoopoaa. [INaHKTOHHbIE COO01IIECTBA DKOCHCTEMBI
p.CyxoHa Ha yvyacTkKax y r.r.Cokon ¥ Benukuit YcTIOT HAxXOOSATCS B COCTOMHUU
BKONOTHYECKOTO perpecca.

Bacceiin Kapckoro Mmops

Bacceiin O6u  ag p.O6b OT HCTOKA [0 YCThS XapakKTepHO 3arps3HEHHE
deHoNaMH M HedTENpOOYKTAMH, OCOOEHHO B palOHE KPYMHBIX MPOMBIUIIEHHbBIX
LEHTPOB, II0 BCEMY TEUYEHHIO BOJA PEKM XapaKTepM3yeTcs K4k 3arps3HeHHasd, Ha
OTIEeNbHBIX yJacTKax Kak rpsasHas (oT r.Cypryt 0o c.ITIoaHOBAT) M KaK OYeHb Ipsi3HAA
(r.Konnamieso, ¢.ANEKCAHAPOBCKOE).

B pafioHe KpYHOHBIX TOpOINOB BOJa pek ©Oacceitna OOuM 3arpg3HeHa
HedTenponykTaMu, eHoNaMu, COCOUHEHUAMUA MeOH, Kenesa, MecTHIMIaMU U
OTHOCHTCS K KjlaccaM odeHm rpssHas - p.Mprtenu, r.To6omsck; p.Typa, r.TioMeHs;
p.Mucca, r.Yens6MHCK; Ipe3BbIYafHO IrpAsHad - p.Tob6on, r.To60JBCK U €10 IPHUTOKH;
p.Typa, r.BepxHerypne, r. Typunck; p.Canga. Han6onee BbICOKHM YPOBEHB 3arpsisHEHUA
Boasl p.Hceth B panioHe r.ExkaTepuHOYpr U r.ApaMHllb, IJI€ OTMEYAIOCh IPHCYTCTBHE
CepOBOJIOpOAA, MbIIIBIKA, B TeYeHHe TroAa HaOMOmamuch ciaydad medHIuTa
paCTBOpPEHHOTO B BOje Kucaopopa. Kak rps3sHele, MO0 4Ype3BLIYAHHO TpA3HBIC
XdpakTepHu3yrotcs Bonbi pp.Huua, HemnBa, IlbnmmMa, Kynapa, JIang, a Takxke p.Tarun s
padoHe r.B.Tarun u H.Tarun.

bacceriH Enuces  XapakTepHBIMH 3arpA3HAIOIIMMH BellleCTBAMH BOIBI peK
OacceiiHa 9BNAIOTCH HehTENpPOAYKTHI, (PEeHObI, COeQUHAHHS MEOH, LIMHKA U np. B
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BEPXHEM M cpeqHeM TedeHuu EHMces cpelHerogoBeIe KOHLIEHTPAUH HEDTENPOAYKTOB
coctasisaoT 13-15 ITIIK.

Ha yvacTtke Huxe I KpacCHOSIPCK peKa UCITBIThIBAET HAUGOJIBIIYIO AHTPOIIOMEHHYI)
Harpysky CTOYHbIMHM BOJAMHM MHOTOYMCICHHBIX NMPERNpPHSTHH, B BOLE MEPHOIUYECKH
TNPUCYTCTBYIOT JIMTHOCYJILGOHATHI, MOYEBHUHA, KCAHTOTEHAThI, IIHAHUIBI, POTAHHIBI.
TCuapo6HOUEHO3bI HA DTOM YYACTKE pEKHM HaXOOATCH B COCTOSHMM 3KOJOrHYECKOro
perpecca, HAOMIOOAETCS UCYE3HOBEHUE YUCTOMOOMBBIX HOPM OPraHHU3MOB, OCOGEHHO
U3 coollecTs nepuduToHa M 30006€HTOCA. BHH3 IO TEYEHUIO PEKM 3ArPSI3HEHHOCTH
BOObl ERHUCEs YBENMYMBAETCS M XAPAKTCPU3YETCH KaK OYEHb IPA3HAY HA OTIEJIBHBIX
yJacTKax.

JLis mpuTokoB BepxHero EHuces Ha TeppuTopun pecnybnuku TyBa XapakTepHO
SHAYUTENIbHOE ConepxaHue B Bode ¢deHomoB po 21-28 ITIK. BbICOK ypOBEHD
3arpA3HEHHOCTH €ro IPUTOKOB M HA TeppHTOpMM XaKacCHH, BOJAa KOTOPBIX
XapakTepH3yeTcsl Kak rpsA3Has, U060 oueHb Ips3Has.

YpoBeHb 3darpsS3HEHHOCTH P.AHrapa M e¢ IPHTOKOB KOJEOJNETCH B INUPOKHX
npengenax, nHaubonee 3arpssHeHbl pp.Kamenka u Yapobeu. Ilo »ToR rnpuYHHE
9KOCHCTEME D.AHTapsl H €€ IIPUTOKOB B OCHOBHOM, TIPHUCYIIIH 3JIEMEHTHI
DKOJIOTHYECKOTO perpecca.

3HauYATEeTbHO 3arpA3HEeHbl BOIHbIE 00BeKkThI Haccerna p.[I9cHHa coeUHEHHAMU
HUKEIsl, MEOW, LIMHKA, a30Ta, HedTenpoaykraMu - 1o 9-30 IIIK (BnusHHE KOHIEpPHA
"HopulrbCKHHKEID") .

BacceliH BocTouHO-CHOMPCKOrO MODS

Baccevnty _JIeHbl Boga p.Jlera u ¢e NOPHTOKOB OTHOCHTCH K YMEPEHHO
3arpA3HEHHOM (TIOBBINICHHOE COAEPIKAHUE B BoOe (eHONOB B HEDTENPOIYKTOB).

Haubonsiniee comepxkanue dernonos no 17 IIJK B Bome p.JleHa, Kax mpaBHIIO,
HaGII0aeTCs B NMEPHOJ, MTOJNIOBOALS; COMUHEHMN Menu M LMHKA no 12-16 TIIK, wro
CBA3aHO C PACTBOPHMOCTBIO MHHEPANIOB, BBICTHIIAIOIIAX PYCHIO PEK, OTTAMBAHUEM CJIOS
MEP3JI0ThI, 0OOTAIEHHOIO MUKPOSJIEMEHTAMH.

BonpiiMHCTBO pek OacceitHa JIeHBI OTHOCHTCH K YMEPEHHO 3arps3HEHHBIM,
CpPeAHEronoBOe COINEp>KaHHE 3arpA3HAIOIINX BemecTB (HeTepOAYKTOB, COCTUHEHHN
METANNO0B | Jp.) He npesbiaeT 5-7 TTK.

BacceitH KOJIBIMBI p.KonbsiMa ¥ ee I1PUTOKM 3arpA3HEHEl B3BEIIEHHLIMH
BELIECTBAMM, HEDTEIIPOAYKTAMHM, PEHONAMH, AMMOHUMHBIM a30TOM OCOOCHHO B IEPHON
MOTIOBOMNbSA, KOTNAa MAKCHMAINbHbLIE KOHIICHTPALMH NOCTUralOT: B3BEIIIEHHBIX BEIECTB
123-414 mr/m; coegunenunt Megu 70 ITIIK; ammoHuitHOrO asora 9 INIK.

bacceitH Kacnuicgoro Mops

Bacceitn Boarn  Kackag BOMXCKHX BOXOXPAHMIIKLL OTMEYEH IIOBBIIIEHHBIM
COJIEPXKAHUEM B BOJie HE(TCIPOAYKTOB, COeOMHEHWIT Mean, deHonos a0 1-4 TIIIK. B
OTHENBHBIE TOOBI  XapakTepeH 607e€  BBICOKMIA  YpOBEHb  3ATPS3HEHHOCTHU
HedpTenpoaykTaMid mo 4-10 TTIK pns HMBaHeKOBCKOTO, YTIHYCKOr'0, PRIGMHCKOTrO,
I'opskoBckoro; denonamMu pno 5-8 IIIK nna Ky#beinuebckoro, CapaToBCKOTrO;
coeqmHeHusiMa Memgu a0 S5-11 IIIIK pna Ky#ibenueBckoro, CapaTOBCKOro M
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Bonrorpaackoro BOOOXPaHHIULLL.

Yceunesye 1NpoLEccOB . aHTPOIOTNEHHOIO eBTpOdMpoBanus HabMogaeTcs
[IPaKTHYECKH Ha BceX BomoxpaHunuiax Bonru. JJaxxe B IBAHBKOBCKOM BOIOXPAHUITHLIES
OTMEYEHbl TAaKHE XapakTepHbI¢ OJI1 eBTPOMhHPOBAHUA H3IMEHEHHMI B CTPYKTYPHOH
oprasd3anuy GUTOMIAHKTOHHOTO M 300TIIAHKTOHHOTO COOOLIECTB KAK YMEHBIICHUE
BHJOBOI'0 pasHOO6pa3us, YTHETEHHE PAIBUTHSA TPYMIILI 3€JICHBIX BOOOPOCIEN U BBIXOJ,
Ha TOCNOACTBYIOIIEE MOJOXKEHHE CHHE-3€JICHBIX Bogopocner. HameTunace TeHmeHUmus
YXYIOUIEHUsS COCTOSHHSA O6GeHTOoayHhl C 3BJIEMEHTAMH 3KOJOTHYECKOr0 perpecca
NOC/IeIHEH.

p.Oka y r.KacumoBa oTMedaercs 3HAYMTENbHBIM COICP>KAHMEM B BOJE
aMMOHHMIHOTO U HHTPHTHOro asora na 2-9 INJIK; y r.Beikca, r.Mypowm, r.JJ3epKHHCK
HedTenponykToB Ao 4-14 IIIK. Ha yposre 6-12 TIIIK kome6nerca 3arpa3HEHHOCTb
aMMOHHMITHBIM a30TOM BOHBI p. MockBa, . MockBa, r.BockpeceHck, r. Konomsa; p.ITaxpa,
r.ITononbck. B TeyeHHe psaja JeT CpeaHEr00B0OE CONEePaKAHUE OCHOBHBIX 3aIrpA3SHAIOLINX
BelllecTs BapsypoBano B rpepenax 3-15 IIIOK B soge p.Knsganma u y r.llenkoso,
r.Nasmosckum I[Tocay, r.Opexopo-3yeBo, r.BrapumMup, a Takxe B BOAe psga pek
HUBanoBckoil, PsasaHckoi, Opnosckor, Huxxeropoackoit, Tynsckoi obnacremn, cpenu
KOTOPBIX HaHbOJIee 3arpsI3HEHHON fABNseTcs p.Yna, r.Tyna.

[To BceMy TeueHuo p.KaMa romoBoe coOepsKaHHE B BOJNE COSOWHEHUH
OBYXBAJIEHTHOIO MapraHia IpUPOTHOro XapakTepa cTabUNM3HPOBANIOCH HA YPOBHE 8-15
TTIK; coequHeHUI Mead U (GHEeHOJIOB aHTPOIIOTEHHOTO MPOMUCXOKICHUS Ha ypoBHE 5-8
[TIK. B riepnoj HU3KOTO BOZHOTO ¢ToKa Iist KamMckoro 1 BOTKMHCKOTO BOJOXPpaAHMIHIL
XapakTepeH JedHUUT pacTBOPEHHOro B Boge kucnopoaa. M3 KamMckux BomoXpaHMIHIL
HauboJee 3arpa3HeHo HukHeKaMCcKOe, B BOJIE KOTOPOI0 CPEAHEr0A0BbIE KOHUEHTPAIAH
HedTENpoaAyKTOB, COSIHHEHHA MeaH, aMMOHHAHOro asora mnpessimarT 10 ITIK, a
MAaKCHMaJIbHas COOTBETCTBYET HECKONBKHM JecstkaM ITJIK.

B Teyenue psifa JIET OCTAETCA YPE3BbIYaiHO BRICOKMM YPOBEHD 3arpA3HEHHOCTH
BoAnl p.Yamaeska, r.Yamaesck XmopopraHuueckumu mectuummamu (CXIIT oo 0.984
Mkr/a, IIOT mo 0.200 MKr/n).

B 6accefiHe KaMbl ¢cTaGHIBHO BBICOK YPOBEHD 3arpA3HEHHOCTH BOIBI p.YycoBax,
r.ITepBoypanbck coeguHeHUAMH Meau go 57-101 ITIK.

YKasaHHOE BBIIE YPE3BHIYAHHO BBICOKOE AHTPOMOTEHHOE HANPSKEHHUE BOMHOH
TOMIIM BOAOTOKOB OacceiiHa NpHBENIO K 3aMETHOMY Pa3BUTHIO MAKPODHUTHOrO IMOACA.

BaccellH THUXQOro oxeaHa

bacceiin Amvypa Boma p.AMyp no QOnIMHe H3MEHIETCHA OT YMEpPeHHO-
3arpsI3HEHHOH N0 OYeHb rpA3HOoN. Hanmbonee BHICOKHI YPOBEHb 3arpA3HEHHOCTH BOIbI
peku B payioHe c.boroponckoe u r.HHUKOnaeBck, rae MAKCHMAaNbHbIE KOHLEHTpAIMH
DOCTHraoT coeguuenui Meam - 80, nunka - 56 [TIK (c.boropopackoe); denonor - 90
INIOK (r.HukonaeBck).

ITo xa4ecTBy BOOBI p.YCCypH, MMEIOIAS BaXKHOE PHIOOX03IINCTBEHHOE 3HAYCHHE
OTHOCHUTCS K YMEPEHHO 3arpA3HEHHOH, COMCPIKAHME B BOOE PEKH 3arpA3HAIONIUX
BeniecTB coctaBigeT 2-5 TIIK, kpome Toro (B OTHENbHBIE roOAbl) OOHApYXHBAJIK
XJIOpOpraHHYeckHue MeCTUIIAIbl. Boga YacTH NMPUTOKOB YCCYPH OTHOCHTCH K IPA3HOM,
00 OYeHb IPAZHON. AHTPONIOTeHHOE HAMPAXEHHE,, HCITBIThIBAEMOE peKamMu [IpUMOpBbs,
MPUBENI0 K BKOJOTHYECKOMY pErpeccy BOAHBIX DKOCHCTEM, PE3KOMY COKpALICHUIO
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BUIOBOIO pasHoo6pasyus coobuiecTs nmepudHTOHA 1 HEHTOCA.

Pexn CaxanwHa Bopa OosbinMHCTBA pek CaxajnMHa OTHOCUTCSH K ¢jabo
3arpsA3HeHHBIM. 316Ch, KK MPABUII0 CPEIHETOJOBOE CONEPKAHHE 3arpA3HAIOIIUX
BeuiecTs B Bojie HE mpesbitnaer 4-5 [I[K; K OyeHb TIPA3HBIM - OTHOCUTCS BOJA
p.OxuHkKa, r.Oxra. :

Pekyn Kamuatky Haubonee pacnpocTpaHEHHBIM 3arpsS3HSIONMM BEWECTBOM
Boab! pex Kamuatku aensiiorces penons! (3-7 ITIK 1Mo cpegHeroxoBbIM KOHIEHTPALUSIM,
B0 BpeMs nojioponbsa go 20-30 [T K). ConepkaHHe OcTaNbHbIX 3arPA3HSIOLIUX BELLICCTB
HE3HAYNTEJBHO, B OCHOBHOM B Ilpeaenax I[IJIK. BoapmIMHCTBO BOOHBIX OOBEKTOB
OTHOCHUTCH K KATErOPHH YHCThIX U IMIIL HEKOTOPBIE H3 HUX K YMEPECHHO-3aTrPSI3HEHHBIM.

JlaHHble CHUCTEMATHYECKHUX KOMIUIEKCHBIX HAOGMIONEHHH HA NPOTIXKEHUH
nocaenHux 20-30 et CBUOETENLCTBYIOT 00 YXYALIEHHH DKOJOTMYECKOTO COCTOSHMSA
03ep, 0co00 omacHble TPU3HAKH KOTOPOro MpoABAAoTCA Ha JIamoxckoM, OHEKCKOM
o3epax 1 bankane.

OcHoBHBIE 1IpO6GIEMbI JIAOOKCKOrO 03€pa CBS3aHLI C BO3POCIIEH HAIPY3KOH
BoJgoeMa OMOreHHbIMHU 3NeMeHTaMi (hochopoM, a30TOM, OpPraHMYEcKUM BEIECTBOM),
4TO TIpUBENO K €BTPOGHPOBAHMIO BOAOEMA: W3 OJUIrOTPOMHOTO 03ep0 CTaIO
Me30TpodHbIM. 3a nocaenuue 30 neT B QTACIbHBIX pafiOHaX 03epd B BOlEe M JOHHBIX
OTNOXEHUAX YCTOMYUBO OOHApYKMBAIOTCA MOBBIUIEHHbIE KOHLEHTPALUH
NUTHOCYIbMOHATOB, HeTENpoAyKTOB, O€H3(a)NIMpPEeHa, 60Jiee YEM B 5 pa3 YBEJIAYUIACH
00111as1 YUCIEHROCTh HAKTEPHUOILIIAHKTOHA M B 3 pa3d 300MJIaHKTOHA.

B OBEXCKOM Q3epe, COCTOSHME KOTOPOrO B LIENIOM jy4ymie, yeM JIamoxkKCKoro,
OTMEYeHBI NOBBIILIEHHBIC KOHLCHTPALIUH PACTBOPEHHBIX HedTenpoaykTos. OcoGeHHO
CHITbHOE 3arpg3HeHHe BOJbI M JOHHBIX 0CAOKOB HabmiogaeTcd B ryfax (3ajvpax) ozepa:
Kanponoxckou, Ilerpo3asoackoi 1 CBUPCKOH.

CocTosiHMe baMkaja Ha HIPOTAXEHHH TMOCHEAHUX 35 5eT onpemengercs
TICTYNJIEHUEM XMMUYECKHX BEIECTB ¢ BOOHBIM CTOKOM IMPHUTOKOB 03€pd, B MEPBYIO
ouepenb CeneHrw, BIMAHHEM CTOYHBIX BOJ M BBIOpOCOB B arMocdepy BUBK.
CyliecTBeHHOE BO3JeHCTBUE Ha HKOcCHcTeMy barkasa rmo psaaoy nokasaTenen 0Ka3hiBaeT
3arpsA3HeHNE 03epa B CEBEPHOM €r0 YaCTH - pafiOHE BBIXOJA K 03epy Tpaccel BAM,
3arps3HeHHE MOPTOB. |

30Ha 3arpsA3HEHHS B paviOHe BhInmyckKa cTOYHbBIX BOX BIIBK ycToiyuBo
coxpanserca B npegenax 30 KM?, OIHAKO BIMSHWE CTOYHBIX BOJN M a®pOBLIOPOCOB
KOMOHHATA IPAKTUYECKH pACTIpOCTpaHseTcs Ha Bech FOXupM baiikan. B Bome osepa
HabMomaeTcs IJIOCTENICHHOE YBEeNMUYEHHE KOHUEHTpALMH CyindaToB, XIOPHIOB,
CHMXXCHUE B DSIIe CIy4YaeB CpeJHUX KOHICHTpALMI pacTBOPEHHOTO Kuciaopoaa ¢ 10-11
mr/a go 8-9 Mr/n. B oTAeIBHBIX paMiOHAX 03epa YCTOMYMUBO (PUKCHpPYETCH Ha YpOBHE
IMJIK u soeiiue TTJIK KOHLUEHTpAUHH HeGTEOPpORYKTOB, peHonmoB. OrpoMHas IpHpOSHas
€MKOCTb 03€pa I0Ka emie CAep>XXUBAST HAKATITMBAEMbIC USMEHEHUS B TUIPOOHOUECHO3E.
3aMeTHee BCEro 9TH M3MEHEHUS npossiasoTes B paroHe BIIBK, Ha cesepe 03epa u
CeJICHTHHCKOM MEJIKOBOObBE. .

TakuM o006pazoM, Ha OOJBIIEH YacTH TeppHTOpUH PoccuM 3arpsssHenue
MMOBEPXHOCTHBIX BOXM JOCTUILIIO 3HAYHTENLHOTO pasMepa M IPOAOIIKAET YCHIIHBATBHCS.
Huskad 2¢pGEeKTUBHOCTS TOCYIAPCTBEHHONM TMNPHPONOOXPAHHON CHCTEMBI,
npoHeOpeXEeHNE DKOIOrMIECKHMHU NPO6IEMaMu, OTCYTCTBYUE CPEICTE AA 00eCIIeYeHUS
HOPMANIBHOTO GYHKUMOHHPOBAHMA HALITMOHAIBHON CHCTEMbI MOHUTOPHHI'A H PA3BHTUA
HUCCIIEN0OBAHMI B 9TOM 0O61ACTU MOTYT IIPUBECTH K JAIBHEHIIIEMY YXYIILIEHUIO COCTOSIHHSA
BOTHBIX DKOCHCTEM, KaK clencrTsde, nedULUTy "YUCTOR" BOIBI.




8

[ToBbIlIeHUE TPEeGOBAHMIA BCEX OTpACTeidl HAPOMHOTO XO3SHCTBA K YPOBHIO
HAOEe>XHOCTH, TOYHOCTH M OIICPaTHUBHOCTH noJjiyyaemon B pamkax I'CH ungopmauum o
Ka4ecTBe BOJ OWKTYET HEOOXOMUMOCTh HANbHEWIUEro COBEPIIEHCTBOBAHMY CHCTEMbI
MOHUTOPHUHIA KAYECTBA IIOBEPXHOCTHBIX BOJ CYLLIH U BCEX €€ 3BEHBEB (B IEPBYIO OYepenb
ONEpaTHBHOIO) C BBICOKOW CTEINEHBbIO ABTOMATH3ALMH HAOMIONCHWH, ONTHMAJIbHOH
peanu3anyerl BO3MOXHOCTEH Ha3¢MHBIX M KOCMHYECKHX CPEACTB HabMoaeHUm ¢
COOTBETCTBYIOLIMM YPOBHEM HWHTErpaliy OAaHKOB JAHHBIX IO DKOJOTHH MPUPOTHBIX
cpel, N0 IIaBUPOBAHHMIO M HCIIONb30BAHUIO BOGHBIX PECYPCOB M fp. IIpH 3TOM BaxXHO
UCIOJNIb30BATh BCE BO3MOXHOCTH, TMO3BOIAIOILIME YCOBEPUICHCTBOBATL CHUCTEMY
MOHMTOPHHT 4 - HAKOIIJIEHHbIA OTBIT () YHKIMOHMPOBAHKA OTEYECTBEHHBIX U 3apy6e3KHBIX
CACTEM MOHHUTOPMHIA, pPE3YyIbTATHl TEOPETUYECKUX HCCICAOBAHMH U IPHKJIATHBIX
pa3paboTOK.

CIOXHOCTh  COBEpIIEHCTBOBAHMSA  CHCTEMBbl MOHMUTOPDHHIra  KavecTBa
[IOBEPXHOCTHBIX BOJ CYLIH OOYCIOBJIEHA MPEXNE BCEro CIOXHOCTBIO CAMOI0 OOBEKTA
MOHUTODHMHIa, MHOroo0pasyeM IPOTEKAIOMMX B BOOHLIX 3KOCHCTEMAaX PU3UKO
XAMHYECKUX ¥ 6HOJIOTHYECKHMX TTPOLIECCOB, U3MEHYHUBOCTHIO COCTaBa IPHPOAHBIX BOI B
eCTECTBEHHBIX VCJIOBHAX H TON BJIMAHHEM A4HTPOIIOTeHHOM HAarpyskd, a TakKxe
HEOOXOMMMOCTBIO YYeTa MHOXeCTBA PaKTOpOB.

OTBeTcTBEHHAS pOJb BO3JjlaraeTcs Ha THIAPOXMMHYECKYK) HAYKYy,
(byHOAMEHTAIpHOM 3aJauyeil KOTOPOW SBIAFETCA II03HAHHME 3aKOHOMEPHOCTEH
(GOpMUPOBAHNS XUMHYECKOTO COCTaBa NPUPOAHBIX BOJ ¥ UX U3MEHEHUH BO BpEMEHU U
‘IPOCTPAHCTBE,

YkaszanHasgs npo6iaemMa, BKIIOYAKWILAS pPAO TEOPETUYECKHMX M IIPHUKIIATHBIX
HanpableHuH, SBIAETCH 0a30BOM I pELIEHMS BOIPOCOB MO COBEPILIEHCTBOBAHHIO
CYLLECTBYIOLICH CHCTEMBI MOHMTOPHHIA KavyecTBa IMOBEPXHOCTHBIX BOX B paMkax I'CH
H pa3paborKe CHCTEMbl DKOJOTHYECKOI0 MOHMTOPHMHIA, IIpeJHA3HA4YaeMOH IJjid
WHOOPMALMOHHOTO 0O0OeCTieYeHMs YNPABIECHUS TNPUPOAOOXPAHHON ACATENBHOCTHIO M
BKOJIOTHYECKOH 0€30I1aCHOCTBIO HAa TeppHUTOpHH Poccun. PaccMOTpuM Hanboiee BayXKHbIE
HarpasieHust ucciaegosanui ['XU. '

OnHoM M3 axTyalbHbIX 3ajady [MAPOXHMMH  SABISETCS  HUCCIENOBAHUE
BHYTPHMBOJOEMHBIX IIPOLECCOB, OKA3BIBAIOIINX CYLIECTBEHHOE BIASHUEC HA I0Ka3aTe/ln
XHMHKO-OHOJIOTHYECKOI'0 COCTOSHUSA BOOHBIX OO'hCKTOB.

DddpeKTUBHLIM NIYTEM H3YyYeHHUS BHYTPUBOJOEMHBIX MPOIECCOB, MPOTEKAIOILINX
B TIPECHOBOOHAIX PKOCHUCTEMAX, MPH3HAHHBIM B HAIIIEH CTpAHE U 3a py6eXKoM, ABISACTCH
METOI HATYPHOI'O HKOJIOTHYECKOro MOOenHpoBaHus. 'MIPOXHMHUYECKMM HHCTHUTYTOM
pa3pabOTaHbl KOHLENUMS IIMPOKOTO MCIOJIb30BAHMA DTOI0 METONA, & TaKXe
COOTBETCTBYIOIIHE METOIOJIOTHUS MPOBEICHUS UCCIENOBAHNA M TEXHUYECKUE CPEOCTBA.
TTpH TOM YIIOMSHYTas KOHLEMIMS IpeAIonaraeT Bce MHOIro00pa3ne BHYTPHBOIOSMHBIX
MPOLIECCOB PACCMATPHBATL Yepe3 IIPU3MY JIBYX OCHOBHBIX: XHMMKO-OMOJIOTMYECKMX,
MOJAETUPYEMBIX ¢ IIOMOIIbI0 HM3OJHPOBAHHBIX MHKPODKOCHCTEM (ME30KOCMOB), H
CHOIPOOHHAMHYECKHX - ¢ UCIIONIb30BAHNEM MCKYCCTBEHHBIX TPACCEPOB.

MHoroneTssae SKCIEPUMEHTaNbHbIE pabOThl Ha Pa3IMYHBIX BOUHBIX O0BEKTaX
MO3BOMHIIMA ITOJYYHTh OOIIMPHBIA pENpE3eHTATUBHBIA MATEpHAl O NpoLeccax
TpaHCGOpMAUHHK M (MIH) ACTOKCHMKALIMMA TIPMOPUTETHBIX 3arpssHAONIUX BELIECTB U
MPOLECCOB €BTPOGHUPOBAHNA, 4 TAKKE COOPMYITHUPOBATE KOHLIETILIMIO 6y epHOR EMKOCTH
A YCTOMYHUBOCTH [IPECHOBOLHBIX DKOCHCTEM K PAa3JIMYHBIM 3arpA3HAIOLIMM BEIIECTBAM.
CyuiecTBeHHbIE IIEPCIEKTHBBI  OTKPHIBAET HCIONB30OBAHWE ME30KOCMOB  IIDH
UCCIIeJOBAHUSX MPOLECCOB CAMOOYHMIEHUSA U TOKCUYECKOTO OEHCTBHSA 3arps3HSIOIIMX
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BELLIECTB HA BOXHBIE DKOCHCTEMBI, M3YYEHHE IUCIIEPCUR 3HAYCHHH DErviCTPHPYEMBIX
rmoKasarejyiell M BKJIafa BCeX €e COCTABISIOUIAA KOMIIOHEHT.

C uens0 MCCNEOOBAHUS T'HOPOJAMHAMMYECKMX TMPOLECCOB B HWHCTHUTYTE
paspabaThIBAIOTCA METOAbI M TEXHUYMECKHE CPEACTBA HATYPHOrO (HU3MYECKOro
MOJETHMPOBAHMS C IPUMEHEHHEM HOBOIO TUIIA HEJOPOTHUX BKOJIOTUYECKHA U CAHUTAPHO-
TATMEHUYECKN 0e30TIaCHBIX TPACCEPOB, MO3BOJISIOIUIMX pabOTATh B YCIOBUAX BOJBILIMX
pas6asnenui (1o 10° pas u Beiuie). MeTononorndeckas IpoCTOTa H pe3yNbTATUBHOCTD
dusnyeckoro MOOENMPOBAHHUA, BO3MOXHOCTb HCIMOJB30BAHMS  OOHOBPEMEHHO
HECKOJIBKMX Pa3IHYaloIuXcs 110 UBETY GIyopecueHIIMH HHIUKATOPOB 00YCIIaABIMBAIOT
IIMPOKHE BO3MOXKHOCTH 3TOr0 METOOA KaK MPU M3YYCHUH JHHAMHYECKUX MPOLIECCOB,
TaK 4 B ONEPaTUBHOM MOHHTOPHHIE SKCTPEMAJILHOTO 3arpf3HEHHS BOJHBIX 0O'BEKTOB
H HICHTH(GHUKALHMH HCTOYHUKOB (BUHOBHHUKOB) 3arpsI3HEHUA.

BechMa BaXHyw pONb B OUEHKE KAa4yecTBa IIOBEPXHOCTHBIX BOM, MO
THAPOXUMHYECKHM IMOKA34TEIAM [MPUHALJIEKHT aHAJIH3y XHMHYECKOTO COCTaBa KAk
CAMUX BOJ TaK M [OHHBIX OTJIOXEHMH. [INg STHUX UeNed K HACTOLILEMY BpEMEHH
pa3paboTaH JOCTATOYHO OOJIBbILION HAGOP METOOMK aHAlM3a, IO3BOJISIOUIMM pEIATh
caMmblé DPa3zHOOOpA3HbIC 3aJaYd IPUMEHHMTENIBHO K KOHTPOIO 3arps3HEHHS BOJHBIX
00bEKTOB M UCCIEAOBAHUIO BHYTPHBOJIOEMHBIX MPOIIECCOB.

B ycnoBHsX aHTPOIMIOF€HHOIO BO3AENCTBUS B BOOHbIE 0OBEKTHI B IPHHIIMIIE MOTYT
MOMNAafaTh THICAYM UHIMBUAYATBHBIX 3arpA3HAOIIUX BEIIECTB pA3IMYHON TOKCHYHOCTH
A YCTOMYHBOCTH, MHOIHME M3 KOTOPBIX DKCIEpHUMEHTAIBHO OOHApPY>XHUBAIACh B BOIAX.
YuyuTeiBasg BTO, IMOJHBIA aHAIH3 COCTABA BOI 110 MHIHMBHIYAJIbHBIM COEIMHEHHSIM, a4 TEM
fonee 110 GOpMaM MX CYLIECTROBAHUA W MUTDALIMH, ABJISETCS IIPAKTHYECKHY HEPEAIbHOMN
3ajgayer. Perenye 1npo6aemsl ObUIO HAWOEHO B YCTAHOBJIEHWH NPHOPHTETHOI'O A
KOHTPOJIN TIepeYyHS BElIeCTB, HCXOAX M3 HX PpAacHpOCTPaHEHHOCTH, TOKCHUYHOCTH,
IHara3oHa BCTpevarouXcsd KOHIECHTPALHM. DTOT nepeverb GUINIYECKHX U XUMHYECKUX
roKa3aTenel MCMojb3yeMbIi NpH  paspaboTKE IIporpaMM CeTeBhIX HAOTIOOEHMHI
BKJIIOYACT CIEIOYyIOLIUe TIpynmbl: - OOILIME II0Ka3aTeNH; - IJaBHblE MHHEpPAJIbHbIE
KOMIIOHEHTBI; - TOKCHYHBIE METANJIbI, - COEOUHEHUS OHOTEHHLIX 9NEMEHTOB, -
MOKA3aTeIH, XapaKTepu3yiollue CYMMAapHOE COOEep’KaHHe B BOIE OpPraHHYECKOro
BellecTBa: crerudUIeckue OpraHnueckue 3arpa3Hsiouide BeiiecTa (HedTenponyKThl,
nectuuugsl, denoysl, CITAB, monuxnopbrudeHnIsl, TOMUXIOPIHOSHIOOAHbB! H T.11.).

Pa3BuTHe HHCTPYMEHTANBHBIX (HIUKO-XUMHYECKHX METONOB IO3BOJIHIO |
3HAYUTEJBHO PACIIMPHTE BO3MOXKHOCTH aHalM3a BOA. B HacTosiee BpeMs MeTOObl M
TEXHHUYECKHE CPEICTBA M3MEPEHHA, TPEelNcTaBIAd0IINe eJUHOe 1IeN0e, B OCHOBHOM
ofecnevuBalOT KOHTPOJIb MPHOPHUTETHOIO IEPEYHS ITOKa3aTeNneln KayecTna Bog. BMecre
C TeM uayuiee ObICTPBIMH TEMITIAMM PA3BHTHE HHCTPYMEHTA/ILHBIX METOLOB IOCTOSHHO
CTABHT HOBbIE 33JaYMl B 00JIACTH AHANUTHUKH BOI U OTKPBLIBAET B BTOM 4CIIEKTE HOBLIE
BO3MOXKHOCTH.

PocT BO3HMKHOBEHHMS OIACHBIX BSKOJIOTO-TOKCHKOJIOTHYECKHMX CHTYalUd Ha
BOXHBIX OOBEKTAX, BbI3bIBAEMBIX A4BADMHHBIM 3arpA3HEHUEM B pesylbTare
HENpeaBHACHHOro c6poca CTOYHBIX BON, OFPOMHOE pasHOOOpasHe ITOTEHIMAITBHBIX
UCTOYHHKOB 3arpA3HEHUS U HEIPEICKa3yeMOCTh MECTa U CPOKa aBapHHM BLIJBHTAOT
npobieMy co3gaHHA ClyK0a ONEpaTHBHOIO MOHHUTOPHMHIA B YMCJIO HAWMBAXKHEHIIIMX,
KOTOpas INpenycMaTPUBAET pa3paboTKy IIHPOKOIO KOMILIEKCA pEealH3yIOUIHX ce
METOIOB, TEXHUYECKUX CPEOCTB M TEXHOJIOTHH.

B cucTeMe OnepaTUBHOO MOHHTOPHHTA 0coGas poNb  TIPUHALIEKUAT
OUCTAHLIMOHHBIM METOIAM HaOJIOJEHHUS, TO3BONSIONIAM YCTAHOBHTE HE TOJBKO (hbakT
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pE3KOro M3MEHEHHS DKOJOTMYECKOI0 COCTOSHMA, HO M OLIEHMBATH IIPOCTPAHCTBEHHO-
BpEMEHHbLIE NApaMeTphl 3TOre MU3MeHeHUs. Hcrnonb3oBaHHe B I'MAPOXHUMHYECKOH
MPAKTHKE JHCTAHLMOHHBIX METOIOB M CPENCTB OCYLIECTBIAETCS II0 HECKOJIBKUM
HanpaBJieHHAM: pa3paboTKH METOAOB IPOBEOEHUA THIPOXUMHYECKHX ChEMOK ¢ HopTa
JIeTATENILHBIX aIapaTroB; pa3paboTKH METOHOB AeIMGIPUPOBAHHS KOCMHYECKOHR
nHbOPMALIMH, TTOJYYaeMOH ¢ MPHPOAOPECYPCHBIX CIIYTHMKOBBIX CHCTEM; pa3paboTKu
METOOMKHM  HMCHONb30BAHHSA THCTAHIMOHHOR HHPOPMALMH a8 ONpeleneHHs
KOHLIEHTpALIMA OIITHYECKH AaKTHBHBIX KOMIIOHEHTOB BOXHOM cpemnl (OmnpeneleHus
TEMIIEPATYPbI, MHHEPANN3AUUM, BIBCIUEHHRIX MHMHEPANbHBIX U DPAaCTBOPEHHBIX
OpraHuYeCKMX BEILECTB, Xmopodwmina "a" duronnaukToHa). He siBasisich anbTe pHATHBOM
[IpUMEHSEMbIM B MOHHMTOPHHIe¢ TpagMLIMOHHBIM METOJAM aHAaIM3a, MUCTAHIIMOHHBIE
METObI JAI0T BO3MOXHOCTS CIIEXXeHHS 38 H3MEeHEeHHeM ObICTPO IPOTEKAIOLINX B BOTHBIX
AKOCHUCTEMAX TIPOLIECCOB B MPOCTPAHCTBE OOOOIIEHHBIX ONTHYECKHX ITAPAMETpOB,
3aBUCHILIAX OT CHOXUBIIUXCH PUIUYECKHUX B XHMHUKO-OMOIOTMYECKUX YCIIOBHH.

[pyroe mepcrnexTUBHOE HANpPAaBICHUE MCCISHOBAHME CBA3aHO C pPa3pabOTKOWR U
COBEPILUEHCTBOBAHMEM ABTOMATHYECKHMX MHOI'ONMApPAMETPOBBIX AHAIKW3ATOPOB (THUIIA
AMA-201), npegHa3zHaYe HHbIX 1)1 )YHKUMOHUPOBAHMSA B COCTABE ABTOMATU3IUPOBAHHBIX
cuctem AHKOC-BI'. B Hacrosmiee BpeMs MpOBOOATCS paboOThl IO CO3TAHHIO
4BTOMATHYECKOH CTAHLMM HOBOT'O IOKOJEHHS sl KOHTPOJISA 3arpA3HEHHS U CTOYHBIX
BOJ ¢ OJIOKOM perucTpaliy OCTPON TOKCHYHOCTH.

KpaiiHe HeoOxoguMbl Iig LENCH ONCPATUBHOTO MOHHTOPHMHIA CO3JaHMEe U
BHEOPEHHUE DKCIIPECC-METOIOB M TECT-METONOB ONpPEAEeNeHUs. TPHUOPHUTETHBIX
3aTPH3HAIOIWAX BEHIECTB, MO3BOMAIOUIMX B TIOJNEBLIX YCJAOBHUSX OBICTPO ITPOBOOMTH
MTONVKOJIMYECTBEHHOE OTIpeicJIeHHE HAa YPOBHE BBICOKHX KOHLEHTpauui. Takue MeTOILI
BMECTE CO CleLHAJILHBIMH TEXHHYECKMMH CPEACTBAMH-TIOPTATHBHBIMHK AHAITA3ATOPaAMH
H4 OCHOBE (OTOMETPHH B HOHOMETDPHH ((HOTOKATIOPUMETP-AEHCHTOMETD B KOMILIEKTE
¢ HabopoM peakTuBHbIX Oymar, HUK-boromerp, MOHOMEp ¥ [p.) UATEHCHMBHO
pa3pabaThIBAIOTCS TIOH PYKOBOACTBOM WMHCTUTYTA IS WIMPOKOr0 IPAKTHYECKOTO
BHEIPCHUA.

INpu omepaTHBHON OILICHKE HHTEHCHBHOCTH aHTPOIMOTEHHOrO BO3XEHCTBUS Ha
DKOCHCTEMY BaXKHAsA pPOJIb NPHHALIECIKUT F’HIpOOHOTOTHYECKUM MeToJaM. B HacTosmIee
BpeMs BeNyTcs paboThI 110 pa3paboOTKE U COBEPLICHCTBOBAHUIO METOAOB, OCHOBAHHBIX
Ha MCCICHOBAHMH pA3JIMYHBIX (PU3UKO-OHOXUMHYECKHUX IoKazartener OuoTel. B
YaCTHOCTH, CTOHMT 3aja4da pa3paboTky HabGOpOB MeTOOMK OHOTECTUPOBAHHMSA, KOTOPBIE
B KOMIUIEKTE ¢ METOOUKAMK OHMOMHIHWKAUMM OymyT Haufonee MHPOPMATUBHBIMU NpH
3arpsSI3HEHUH BOJHLIX OOBEKTOB TSKEIbIMH METANIAMH H  XJIOpPOPraHHMYECKHUMH
MecCTHLMIAMH.

ITpoBeneHHBIE DKCIEPUMEHTBI IOKA3aJH, YTO DTHM TPeOOBAHMUAM YIOBIETBOPAIOT
METOABl OHOTECTHPOBAHMUSA OCTPOM TOKCHMYHOCTH Ha JadHMAX, pbl6aX B METOIBI
WHIMKAUWYA 110 PepMEHTAM CECTOHA. '

Pemienye cTOSIIMX Tieped THIPOXMMHMENR 3a0a¥Y MO3BOJHT  TIOBBICHTL
3P PEeKTUBHOCTS QYHKIIMOHUPOBAHMS CUCTEMBI MOHMTOPHHI'A [TIOBEPXHOCTHBIX BOI CYILIH
Poccun ¥ co3maTteh HAyYHO-OO0OCHOBaHHYI0O 0a3y XKak [UIS ee HalbHEeHUIero
COBEPLUCHCTBOBAHUSA, TAK H DKOJIOTMYECKOr0 MOHUTOPHHTA, YTO, MPH YCIOBHH TECHOI'O
B3aUMOIEHCTBUS C CHCTEMAMHM OXPAHBI M YIIPABACHU A BOIHBIMHU PECYPCAMH H BbIICTIEHHS
aIeKBATHLIX (DUHAHCOBBIX CPEACTB, 6E€3YCIOBHO OyIeT CrOCOOCTBOBATh CTAOHMNIM3ALIN
W CHHXXEHHIO YPOBHS 3arpsI3HEHHS BOOHBIX OOBEKTOB.
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Worsening of ecological situation in Rus-
sian is related to the strategy of intensive
development of economy, monopoly of indus-
try exploiting natural resources, priority of ex-
tensive growth of industry, and inadequate
measures taken to protect environment. Dis-
balance of economy in the recent years, loss
of longterm economic relations, elimination
of federal planning and insufficient funding of
ecological programs stimulated serious eco-
logical crisis in the country.

These problems are particularly urgent in
relation to inland surface waters (freshwater):
condition of large water bodies and small
rivers is still quite unfavorable and in a
number of economically developed regions
water balance is critical. That concems both
quality and quantity. To solve the whole set
of problems of rational use, protection, and
management of water resources we need re-
liable information on water quality condition,
their adaptive capabilities as well as the in-
formation on pollution sources. National
monitoring systems were developed in many
countries to obtain such data.

In Russia the function of such system is
performed by Federal Service of Observations
of Natural Environment (FSO) and inland sur-
face water, in particular. The main purpose
of the above monitoring system is to obtain
reliable information on the quality of water
bodies and streams using unified procedure,
trends and prediction of its possible varia-
tions under the influence of economic activ-
ity, hydrometeorological factors and in case
of emergency as well as to provide central
federal, administrative and economic and all
interested authorities with regime and short-
term information. '

The main principles of planning and con-
ductance of surface water quality observa-
tions are their comprehensiveness and rou-
tine character, correlation, of the time of the
conductance with typical hydrological situa-
tions, estimation of water quality parameters
(physical, chemical, and biological) and hy-

Gorkovskoye reservoirs; 5-8 MAC of phenols
for Kuybyshevskoe and Saratovskoe reser-
voirs; 5-11 MAC of copper compounds for

Ruybyshevskoye, Saratovskoye, and Vol
gogradskoye reservoirs.

Intensification of processes of anthropo-
genic eutrophication is observed actually at
all the Volga reservoirs. Even at the lva-
novskoye Reservoir there were registered
variations in structural organization of phyto-
plankton and zooplankton communities typi-
cal for eutrophication. These variations in-
cluded decrease in species diversity, supres-
sion of the green algae group developmert
and predominance of the blue-greens. There
appeared a tendency to worsening of the
condition of benthic fauna with signs of its
ecological degradation.

From 2 to 9 MAC of ammonium and ni-
trite were registered in the Oka River water
near the city of Kasymov; from 4 to 14 MAC
of oil products were registered near the cities
of Vyksa, Murom, and Dzerzhynsk. Concentra-
tion of ammonium nitrogen in the Moskva
River near the cities of Moscow, Voskresensk,
and Kolomna, and in the Pakhra River near

"Podolsk is from 6 to 12 MAC.During a num-

ber of years mean annual concentrations of
major pollutants varied within the limits of 3
to 15 MAC in water of the Klazma near the
cities of Zchelkova, Pavlovsky Pasad, Orek-
hovo-Zuevo, and Vladimir as well as in water
of a number of rivers located in lvanov,
Ryazan, Orel, Nizhniy Novgorod and Tula
oblasts, the most heavily polluted of which is
the River Upa, c.Tula. Along the whole length
of the Kama River annual concentration of
natural bivalent manganese in water got sta-
bilized at the level 8-15 MAC; copper com-
pounds and phenols of anthropogenic origin
got stabilized at the level 5-6 MAC. Dissolved
oxygen deficit in water is typical for the
Kamskoye and Votkinskoye reservoirs in the
period of low water. Nizhnikamskoye Reser-
voirs is the most heavily polluted one of the
Kama reservoirs where mean annual concen-
trations of oil products, copper compounds,
and ammonium nitrogen exceed 10 MAC and
maximum annual concentration is several
dozens MAC.

The level of pollution with chlororganic
pesticides in the Chapaevka  River,
c.Chapaevsk, has been extremely high for a
number of years (0.984 ppb for HCCH and
0.200 ppb for DDT).
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drological parameters using  unified proce-
dures or those providing appropriate accuracy
in accordance with FSO objectives.

The network of regime surface water qual-
ity observations and water chemistry parame-
ters in particular, includes (for 01.01.94)
1892 sites (2604 cross-section, 2907 verti-
cals) located at 1326 water bodies. The pro-
grams of the work conducted at the sites of
different categories envisage estimation in
water samples of the list of priority parame-
ters and substances (> 100) compiled with
account of their distribution and toxicity as
well as conformity with the demands of the
monitoring problems solved and interests of
water users.

The program of observations of hydrologi-
cal network allows to obtain information pro-
viding the results of investigation of species
composition, abundance of hydrobiota and
their morphological description.

Generalization of surface water quality in-
formation obtained by the monitoring network
is carried out by Hydrochemical Institute,
Roshydromet. Analysis of condition and dy-
namics of surface water quality (based on
annual and longterm data) is based on the
most common and specific pollutants typical
for some water bodies using mathematical
statistics and integrated evaluations. In this
case we use classification of water pollution
rate based on the magnitudes of a combina-
torial index with account a number of addi-
tional factors. According to this classification
the whole range of composition and proper-
ties of water is divided into 5 classes: from
‘conventionally clean' to “extremely dirty".

The results of longterm observations of
the monitoring network show that the surface
waters of the Russia are actually polluted
everywhere and that the most common pol-
lutants detected in water bodies and streams
are oil products, phenols, readily oxidizable
organic, copper and zinc compounds, in
some areas - nickel compounds, ammonium
and nitrite nitrogen, specific pollutants: lignin,
lignosulphonates, xatogenates, methylmercap-
tane aniline, chlororganic pesticides, sulfates,
etc. Rate and character of pollution of water
bodies varies within the wide limits; exceed-
ance of MAC of pollutants in the country is
the following: 47-63% for oil products, 45-
685 for phenols, 26-275 for readily oxidi-
zable organic (BODs), 23-345 for ammonium
nitrogen, 18-275 for nitrite nitrogen, 74-
81%for copper compounds, and 36-63% for

The level of the Chusovaya River (the
Kama Basin) water pollution with copper
compounds is constantly high (57-101 MAQ)
(c.Pervouralsk).

The above extremely high anthropogenic
stress of water column of the streams in the
basin stimulated marked development of
macrophytic belt.

The Pacific Qcean Basin

The Amur River Basin The Amur water of
along the whole length of the river from
moderately polluted to heavily polluted. The
highest level of water pollution in the river is
registered near v.Bogorodskoye and
c.Nikolayevsk, where maximum concentra-
tions of copper are 80 MAC; zinc - 56 MAC
(v.Bogorodskoye); and phenols - 90 MAC
(c.Nikolayevsk). Based on water quality in the
Ussuri River which has fishery importance,
this river may be considered as moderately
polluted content of pollutants in the river is
2-5 MAC; however, chlororganic pesticides
were detected in some years. Water in some
tributaries of the Ussuri is considered as pol-
luted or heavily polluted. Anthropogenic
stress on the rives in Primorski Territory
stimulated ecological degradation of aquatic
ecosystems and sharp decrease in species
diversity of perephytic and benthic communi-
ties.

Rivers of Sakhalin Water in most of Sakha-
lin rivers is considered as slightly polluted.
Mean annual concentration of pollutants in
water usually does not exceed 4-5 MAC; wa-
ter in the Okhinka River, c.Okhta is  consid-
ered as heavily polluted.

Rivers of Kamchatka Most common pollut-
ants in water of Kamchatka rivers are phe-
nols (3-7 MAC, based on mean annual con-
centrations; 20-30 MAC in the flood period).
Concentration of other pollutants is insignifi-
cant and primarily lies within MAC limits.
Most of water bodies are considered as clean
and only some of them - moderately pol-
luted. The data of routine integrated observa-
tions during the last 20-30 years indicates
worsening of ecological condition of the lakes
which is particularly serious at Lake Ladoga,
Lake Onega, and Lake Baikal. Major problems
of Lake Ladoga are related to growing impact
of nutrients (phosphorus and organic nitro-
gen) upon the water body, that stimula-
ted eutrophication: the lake became me-
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zinc compounds. There is an annual ten-
dency to increase the number of cross-
sections where the level of water pollution is
10 MAC or higher.

Today many aquatic ecosystems are in the
condition of ecological degradation both due
to intensive anthropogenic eutrophication and
toxic effect of the pollutants entering them.
Structural transformations of phytoplankton
communities occur at well water bodies and
there is a tendency of periphytic community
degradation, Modification of structural recon-
struction of zooplankton community is
marked at some water bodies.

Growth of anthropogenic impact upon en-
vironment is followed by transformation of
surface runoff of chemical substances to seas
and oceans, spreading of the processes of
surface water acidification at vast of the
country owing to non-point sources of sul-
phur and nitrogen and growth of their con-
centration in the atmosphere.

Below is the brief description of surface
water quality status based on generalization
of long-term water chemistry and aquatic bi-
ology information for some water bodies and
streams in hydrographic areas of Russia.

The_Baltic Sea Basin

The Neva River Water coming to the Neva
from Lake Ladoga is polluted with organic
and considerable quantity of pollutants is in-
troduced to the River with its tributaries- the
rivers Mga, Tosna, Izhora, Ochta, Slavyanka,
etc. Phenols and copper compounds are de-
tected along the whole length of the Neva
and their MAC is exceeded in more than
50% of the samples taken. The highest levels
of phenols in river water were highest levels
of phenols in river water were measured in
estuary where there were cases of extreme
pollution (to 70 MAC near St.Petersburg) Ex-
tremely poor quality of the Ochta river water
and low concentration of dissolved in water
are quite common.

The Black Sea Basin

Non organized wastes of settlements and
poliutants runoff from watershed areas and
agricultural lands and areas used for recrea-
tions in particular, have serious effect on the
river water quality at the Black Sea coast.

sotrophic out of aligotrophic. High concentra-
tions of lignosulphonates, oil products, ben-
zopyrene, 5 fold increase in the volume of
bacterioplankton volume and 3 fold increase
in zooplankton volume were registered during
the last 30 years in some areas at the lake
in water and bottom sediments.

High concentrations of dissolved oil prod-
ucts were registered in Lake _Onega, which
condition is better than that of Lake Ladoga.
Particularly serious pollution of water and
bottom sediments is registered in the Lake
bays: Kandopozhskaya, Petrozavodskaya, and
Svirskaya.

During the last 35 years Lake Baikal con-
dition has been determined by the income of
chemical substances with water flow of the
Lake tributaries and< first of all, the Selenga
and by the influence of waste waters and
atmospheric emission of Baikal Pulp Mill.
Lake Baikal is exposed to considerable im-
pact of pollution (that concems some pa-
rameters in its northem part where Baikal-
Amur rail-road goes to the Lake ports.

The area of pollution in the point of BPM
effluents discharge is 30 km?* however, the
whole are of Southemn Baikal is exposed to
the influence of effluents and emissions of
the mill, Gradual growth of the sulfate and
chloride concentrations and sometimes, de-
crease in dissolved oxygen concentrations
from 10-12 mg/l to 8-9 mg/l are marked in
the Lake. In some areas of the Lake concen-
trations of oil products and phenols remain
stable at the level of MAC and higher. Huge
natural capacity of the Lake can survive ac-
cumulated changes in aquatic biocenosis so
far. These changes are more clearly seen in
the vicinity of BPM, in the northem part of
the Lake, and at the Selenga River shallows.

Thus, at greater part of the territory of
Russia Surface water pollution is quite serious
and the situation is getting worse. Inefficiency
of National Nature conservation System ne-
glect of ecological problems, lack of means
to provide normal functioning of National
Monitoring System and development of inves-
tigation in this field may stimulate further
degradation of aquatic ecosystem and, hence,
‘clean’ water deficit.

More rigid demands of all branches of
economy to the level of reliability, accuracy
and expeditious .of water quality information
obtained in the frameworks of FSO dictate
the necessity of further improvement of in-
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The rivers Sotchi, Tuapse (c.Tuapse), and
Mzymta (c.Adler) are exposed to the impact
of organic waste.

The Azov _Sea Basin

The_Don River Basin Major sources of sur-
face water pollution in the Don River Basin
are the effluents of about 100 industrial en-
terprises, dozens of mines, agroindustrial
complexes and feedlots as well as the irmiga-
tion systems and farms (total volume of in-
dustrial effluents is about 2000000 m®/day
and municipal wastes - 1400000 m®/day).
Common pollutants in the Don headwater are
nitrite and ammonium nitrogen and sulfates
(the most heavy pollution is registered at the
portion of the river adjacent to the city of
Donskoy).

At the portion of the Don River from the
village of Kazanskaya to the city of Kalach-on-
Don water pollution level for major pollutants
is 1-2 MAC except for copper compounds
which annual concentration reached 4-6 MAC
in some years. The level from 4 to MAC of
copper compounds is common for the Low
Don. Every' year the Tsymlyanskoe Reservoir
water pollution with chlororganic pesticides at
some cross-sections is registered. The Low
Don and Tsymlyanskoe Reservoir ecosystem
is primarily in the condition of anthropogenic
stress. Some areas are characterized by the
blue-greens ‘bloom’. The most unfavorable
condition is marked in the vicinity of the city
of Volgodonsk where the proportion of organ-
isms indicating high pollution level (to 50%)
grows sharply in phytoplankton. Some sings
of ecological degradation are observed at the
portion of the Low Don adjacent to Rostov-
on-Don.

Ecological condition of most of the rivers
is worsening the most critical situation being
observed at small rivers due to land plowing
and great number of feedlots located at their
banks,

The Kuban River Basin The Kuban River
chemical composition in the upstream portion
is primarily determined by the influence of
tributaries with low mineral content; munici-
pal wastes and wastes of enterprises produc-
ing fertilizer as well as the pollutants intro-
duced with non-organized wastes of settle-
ments, irrigation system discharges and fertil-
izers runoff from agricultural lands impact
water quality downstream the river.

land surface water quality monitoring system
and all links of this system (short-term moni-
toring, first of all) with high level of automa-
tion of investigations, optimal realization of
the capabilities of surface and space devices
for observations with appropriate level of in-
tegration of data banks for ecology of natural
environments, planning and use water re-
sources, etc. In this case, it is important to
use all capabilities allowing to improve the
monitoring system, experience of application
home made and foreign monitoring system,
results of theoretical investigations and ap-
plied developments.

The problem of improvement of inland
surface water quality monitoring system is
first of all related to the complexity of the
object of monitoring, diversity of physico-
chemical and biological processes occurring
within aquatic ecosystems, variability of natu-
ral waters composition in natural conditions
and when they are exposed to anthropogenic
impact as well as necessity to take into ac-
count a great number of factors.

Water chemistry is bound to play very im-
portant role here. The fundamental objective
of this field of knowledge is estimation of
regularities of natural water chemical compo-
sition formation and its variations in time and
space,

The above problem included a number of
theoretical and applied directions, is a basis
for solution of the problems of improvement
of the present surface water quality monitor-
ing system in the frameworks of FSO and
development of the system of ecological
monitoring intended to provide information
for the management of nature conservation
activity and ecological health the territory of
Russia. Let us consider the most important
directions of investigations carried out by Hy-
drochemical Institute.

One of the urgent problems of water
chemistry is investigation of the processes
occurring within the water bodies and having
serious effect on the indices of chemico-
biological condition of water bodies. Field
ecological modelling is method to study the
processes occurring within the freshwater
bodies , recognized in our country and
abroad. Hydrochemical Institute developed
the concept of extensive application of this
method as well as the corresponding meth-
odology to carry out investigations and tech-
nical devices. The above concept assumes
that diversity of the processes occurring
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Typical substances polluting river water are
oil products (8-9 MAC), copper compounds
(6-13 MAC), nitrite nitrogen (within the limits
1-6 MAC). These high concentrations have
adverse effect on aquatic biocenosis at some
portions of the Kuban (the cities of Nevyno-
mysk, Slavyansk, and Temruk).

The Barentz Sea Basin

High level of water pollution is typical for
small rivers of Kola Peninsula located in the
zone of activity of two companies 'Norilsky
Nickel' and 'Pechenga Nickel' The level of
water pollution with copper and nickel com-
pounds in some rivers is dozens and hun-
dreds times as high as MAC. Such character
and level of pollution is the reason of serious
variation in the condition of ecosystem of
many small rivers, i.e. ecological degradation
and, first of all, bottom biocenoses.

The Severnaya Dvina Basin In winter and
summer-fall periods when water level is high
due to wind -induced flow from the sea the
content of chlorides may increase to 6-7 g/l
and salinity to 10-13 g/l in the outlets of the
Maymax and Kuznechikha tributaries. In the
recent years qualitative variations in the
composition of plankton communities of
aquatic organisms occurred. This stimulated
ecological degradation, which was especially
serious at the portion of the river near
Archangelsk.

The most heavily polluted tributaries of
the severnaya Dvina are the Puks with mean
annual concentration of ammonium nitrogen
and phenols higher than 50 MAC readily oxi-
dizable organics and lignosulphanates - higher
than 100 mg/l, the Sukhona, and Pelshma.
High concentration of organics in the rivers
causes decrease in dissolve oxygen concen-
tration in water and formation of hydrogen
sulphide. Plankton communities of the Suk-
hona River ecosystem at the reaches near
the cities of Sokol and Veliky Ustug are in
the condition of ecological degradation.

The_Kara Sea_Basin

The_Ob River Basin The Ob River from
mouth to estuary is polluted by phenols and
oil products, especially in the area of large
industrial centers, Along the Whole length of
the river its water may be considered slightly

within the water-bodies are to be considered
in the light of two major process: chemico-
biological processes simulated with a help of
mesocosm and hydrodynamic processes simu-
lated with a help of artificial markers.
Longterm experimental works at different
water bodies allowed to get bulky representa-
tive material on the processes of transforma-
tion and/or detoxication of priority pollutants
and eutrophication processes and to formu-
late the concept of buffer capacity and resis-
tance of freshwater ecosystems to various
pollutants. Application of mesocosms to study
the processes of self-purification and toxic
effect of pollutants on aquatic ecosystems,
study of dispersion of the values of the pa-

rameters registered and contribution of its

component have good prospects.

To study hydrodynamic processes the Insti-
tute develops the methods and technical de-
vices for field physical modelling using a new
type of inexpensive ecological and sanitary
safe markers allowing to work with consider-
able dilutions (up to 10" time and more).
Simplicity of methodology and good results
provided by physical modelling, possibility of
simultaneous use of. several fluorescent indi-
cators of different color stipulate wide possi-
bilities application of this method both for
the study of dynamic process and short-term
monitoring of extreme poilution of water bod-
ies and identification of pollution sources.

‘Analysis of chemical composition of waters
and bottom sediments is very important for
evaluation of surface water quality deter-
mined by water chemistry parameters. A wide
range of analytical procedures allowing to
solve various problems of control of water
body pollution and investigation of the proc-
esses occurring within the water bodies was
development for this purpose.

In the conditions of anthropogenic impact
upon water bodies thousands of individual
pollutants of different toxicity and persistency
may be introduced to water bodies. Many of
these pollutants were detected in water ex-
perimentally. Thus, it actually impossible to
carry out a complete analysis of water com-
position for individual compounds and,
moreover, for the forms of their existence
and movement. The problem was solved with
estimation of priority to control the list of
substances based. on their distribution, and
range of concentrations. This list of physical
and chemical parameters used for develop-
ment of the programs of network observa-
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polluted, at some portions - polluted (from
the city of Surgut to the city of Polnovat) and
heavily poliuted (c.Kolpashevo,
v.Alexandrovskoye).

In the area adjacent to big cities the Ob
River waters is polluted with oil products,
phenols, copper and iron compounds, pesti-
cides and may be considered as heavily pol-
luted - the Irtysh River, c.Tobolsk; the Tura,
c¢.Tumen; the Missa, c.Chelyabinsk; extremely
polluted - the Tobol, ¢.Tobolsk and its tribu-
taries; the Tura, c¢.Verkhneturie, c.Turinsk; the
Salda. The highest level of the Iset River wa-
ter pollution near the cities of Ekaterinburg
and Aramil where the presence of hydrogen
sulphide and arsenic was registered. There
were also the cases of dissolve oxygen deficit
in water. Water in the rivers Nitza, Neiva, Py-
shma, Kunara, Lala as well as the Tagil River
near the cities of V.Tagil and N.Tagil may be
considered as extremely poliuted.

The Yenisey River Basin Common pollut-
ants in the river basin water are oil products,
phenols, compounds o copper, zinc, etc. In
upper and mid portion of the Yenisey mean
annual concentrations of oil products are 13-
15 MAC.

At the portion downstream the city of
Krasnoyarsk the river is exposed to most
considerable anthropogenic impact related to
the effluents of a great number of industrial
enterprises; lignosulphonates, urea, xantgen-
ates, cyanides, and rodanides can occasion-
ally be found in water. Aquatic biocenoses at
this portion of the river are in the condition
of ecological degradation; the organisms
which prefer clean water and periphytic and
zoobenthic communities may disappear.

Downstream the river the pollution level of
the Yenisey River water grows and it is con-
sidered as heavily polluted at some portions.

High concentration of phenols (21-28 MAC)
are common for the tributaries of the upper
Yenisey at the territory of Tuva Republic. The
level of pollution of its tributaries at the terri-
tory of Hakassy is high as well. Water in
these tributaries is considered either as pol-
‘luted or heavily polluted.

Pgliution level in the Angara River and its
tributaries within the wide limits, the rivers
Kamenka and Chadobetz being most heavily
polluted. This is the reason why the ecosys-
tem of the Angara River and its tributaries is
in the condition of ecological degradation.

Water bodies and streams in the basin of
the Pyasina River are heavily polluted with

tions includes the following groups: - general
parameters; -major mineral components; -
toxic metals; - compounds of nutrients; - pa-
rameters describing total content of inorganic
matter in water: specific organic pollutants
(oil products, pesticides, phenols, surfactants,
PCB, polychlorinated bibenzodenes, etc.).

Development of instrumental physico-
chemical methods allowed to widen the pos-
sibilities of water analysis. Today, combina-
tion of the methods and technical devices
primarily provides control of priority list of
water quality indices. However, intensive de-
velopment of instrumental methods is always
related to new problems in the field of water
analysis, though the prospects are good
enough.

The growing number of critical ecotoxi-
cological situations at water bodies related to
accidental pollution due to unprojected waste
water discharge, great diversity of potential
sources of pollution and impossibility to pre-
dict the place and date of accidents demand
development of short-term monitoring. To re-
alize this, we should have a whole set of
methods, technical devices, and knowhow.

Special role in the system of shortterm
monitoring belongs to remote sensing that
allows to register sudden variation in ecologi-
cal condition and to evaluate spacial and
temporal parameters of this variation as well.
Remote sensing in water chemistry is carried
out is several directions: development of :the
methods of water chemistry surveys aboard
the aircrafts; development of the methods for
decoding of space information obtained from
satellite systems prospecting natural re-
sources; development of the procedure for
using remote sensing information for estima-
tion of concentrations of optically active
components of aquatic medium (estimation
of temperature, salinity, dissolved solids, and
chlorophyll ‘a" in phytoplankton). Remote
sensing which is not alternative to traditional
analytical procedure used in monitoring, al-
lows to track the variation in the processes
quickly occurring within the ecosystems in
the space of generalized optical parameters
to existing physical and chemico-biological
conditions.

Another promising direction in investiga-
tions is related to the development and im-
provement of automatic multiparameter ana-
lyzers (such as AMA-201) intended for func-
tioning within automated systems ANCOS-VQ.
Now, automatic station of new generation to
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compounds of nickel, copper, zinc, nitrogen,
and oil products (9-30 Mac) (the influence of
the "Norilsk Nickel” Company).

The East Siberian Sea Basin

The Lena River Basin Water in the Lena
River and its tributaries may be considered
ad moderately polluted (high concentration of
phenols and oil products in water). The high-
est concentration of phenols (up to 17 MACQ)
in the Lena water is usually observed in the
period of flood; concentrations of copper and
zinc compounds may be 12-16 MAC which is
related to solubility of minerals paving the
river bed and thawing of permafrost layer en-
riched with microelements.

Most of the rivers in the Lena basin may
be attributed to moderately polluted - mean

annual concentration of pollutants (oil prod-'

ucts, compounds of metals, etc) does not
exceed 5-7 MAC. :

The Kolyma. River Basin The Kolyma and
its tributaries are polluted with suspended
solid soil products, phenols and ammonium
nitrogen especially in the period of flood
when maximum concentrations reach 123-
414 mg/l for suspended solids; 70 MAC for
copper compounds; and 9 MAC for ammo-
nium nitrogen.

The Caspian Sea Basin

The Volga River Basin Cascade of the
Volga reservoirs is characterized by high con-
centrations of oil products, copper com-
pounds and phenols (1-4 MAC) in water. In
some years there was registered higher level
of pollution with oil products (4-10 MAC) for
Ivanovskoye, Uglichskoye, Rybinskoye, and

control pollution and waste waters with a unit
for registering acute foxicity is being devel-
oped.

Development and implemention of quick
screening methods and tests for estimation of
priority pollutants which allow fast semi-
quantitative measurement of high concentra-
tions in the field, are critically important for
short-term monitoring. Such methods along-
side special technical devices: portable ana-
lyzers based photometry and ionometry
(photocolorimeter-densitometer with a set re-
active paper, IR-photometer, ionometer, etc.)
are being intensively developed under the
leadership of the Institute for wide practical
implementation.

Aquatic biology methods are very impor-
tant for short-term evaluation of the intensity
of anthropogenic impact upon the ecosystem,
Today, the methods for investigation of vari-
ous physico-biochemical parameters of biota
are being developed and improved. In par-
ticular, there is a problem of development of
a set of procedures for biotesting which
when combined with bioindication proce-
dures, will be 'most informative in case of
water body pollution with heavy metals and
chlororganic pesticides.

The experiments carried out, indicated that
the methods of biotesting of acute toxicity in
Protozoa and fish and the method of indica-
tion based on sestone enzymes, satisfy these
demands.

Solution of water chemistry problems will
allow to improve inland surface water moni-
toring system of Russia and develop scientifi-
cally valid basis both for its further improve-
ment and ecological monitoring that, in case
of close cooperation with the system of pro-
tection and management of water resources
and adequate financial support , will certainly
provide stability and decrease of the level of
pollution of water bodies and streams.
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FASOXPOMATOI'PA®HHECKOE ONPEAE/EHHE
16 A30T- H dOCHOPCOAEPHALINX
NECTNUNAOB B BOAE MNPHPOAHbLIX

BOAOEMOB
L ]
-HoBHroBa K. ®,, K.X.H.,
Measliep @.F., Angqowrna T.B.
Hayuro-uccaeqoBarens CKHH HHCTHTYT
XHMHYECKHX CDEACTB 3all{HThl DACTCHHH

Paspaboran merog onpeaenedua 16 ¢ocdo-
poopratryecknx (POI) H asorcoaepKaiiHx
(ACIl) necTHunaoB B BoAe TPHPOAHBIX BOAO-
émMoB. B uncno HccneayempiX NeCTHUHAOB BXO-
AAT Kapbodoc (ManarHoH), MeradoC (MeTH-
napaTHOH), AHA3HHOH, ANMeToaT, KHTauuH-I1,
¢ranodoc (hocmer), Tpuxnopmetadoc-3, aTpa-
3MH, CHMa3HH, TNpONasHH, NPOMETPHH, MeTa-
AAKCHA, TPHAAHMEHO, TpHaaHMe(OH, a3OBHT,
nponnKoHason. Bo3aMOXKHOCTL NONaaaHHA ITHX
COeAMHeHHH B Boay OOycnoBlieHa KaK Hannin-
€M MpoH3BoACTBAa HMX B PoccHHn, Tak H HX
I'PHMEHEHHEM B CebCKOM XO3AHCTBe. B CBA3H
(. HH3KHMH TpeAe(bHO AONYCTHMbIMH KOHLEH-
Tpaunamn (IIAK) $POMN n paaga ACIl B Boge
NMPHPOAHDBIX BOAOEMOB HEOOXOAHMBI BbICOKO-
YYBCTBHTEbHbIE M CEleKTHBHbIE MeToabl HX
onpeaeneHHA. '

PaccMarpuBaeMblH  MeTOl BKAOYAET 3KC-
TPaLHIO NeCTHUHAOB H3 0Gpa3LOB BOADBI X(10PO-
thopmoM, PpakLKOHHOE KHAKOCTHOE pas/edne-
HHE MOMADPHbIX H HENONAPHBIX MeCTHUHAOB H
onpegeaeHHe nociegHHxX ra3oKHIKOCTHOR Xpo-
MatorpadHen C HCMob30BaHHEM TPEX HaGHB-
HbIX KOOOHOK pa3nH4YHOH NOAAPHOCTH, TEPMO-
HoHHoro aetrexropa (THA) w aerekropa no
3axBary anekrpoHoB ([133). CreneHb onpese-
aenda POIl 1 ACIl BapbHpyerca B fNpegenax
75,2-93,4% c HHXKHHM Mpegenom onpeaeneHHs
0,02-0.5 mkr/a.

®pakUHOHHOE pa3aeneHne NnoaApHbIX H He-
NnoaApHbIX necTHumaos, I'’KX ¢ wncnonb3opa-
HHeM TPéX KonoHok, THA H 133 cylecTBeHHo
CHHKAIOT PHCK HeNpaBHAbHON HAEHTH(HKALHH
NeCTHUHAOB, :

GAS HROMATOGRAFHIC DETERMINATION
OF 16-NITROGEN AND PHOSPHORUS-
CONTAINING PESTICIDE
IN SURFACE WATER
. |

Novikova K.F., Ph.D.,
Melitser F.R.,

Aldashina T.V.

Research Institute for Flant
Frotection Chemicals.

A method for the determination of 16
organophosphorouse (OPP) and nitrogen (ONP)
pesticides in surface water is reports. The
pesticides discussed in this paper include
carbofos (malathion), metaphos (paration-me-
thyl), diazinon, dimethoate, kitazin-P, phtalofos
(phosmet), trichlormetaphos-3, atrazine, sima-
zin, propazine, prometryn, metalaxyl, triadime-
nol, triadimefone, azovit, propiconazole. The
occurance of these compounds in water se-
ems to be related to their production in Russia
as well as to their uses. Due to the low
limit admissible concentration (LAC) OPPs
and some ONPs in surface water, selective
and sensitive analytical methods are required,

The procedure involves the extraction of
the samples of water with chloroform, liquid-
liquid fraction separation the polar and. non-
polar pesticides. Each fraction is analysed by
gas chromatography (GC) on three packed
columns of different polarity using a nitro-
gen-phosphprus detector (NPD) or electron-
capture detector (ECD). Recoveres of QFPs
and ONPs at fortification levels ranges from
75.2 to 95.4% with detection limits from
00.2 to 0.5 pg/l.

The fraction separation of the polar and non-
polar pesticides, GC with three columns, NPD
and ECD detectors, substantially decreases
the risk of fais-positive identifications of
pesticides.
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XHMHKO-2KOMOMMYECKHA MOHHTOPHUHT
KAYECTBA I'PYHTOBbIX H
NOBEPXHOCTHbLIX BOA r.BAAAMMHPA

OnbuieBcKHA M. B..[Togroprosa

A . Muwenko H.B. Foanornos A.A. Braaumup-
cKHA [ocyaapcTBeHNbIA TeXHHYECKHA
Yunsepcurer ropoq Braanmup

B ' HacToAllee BpemMA HauMHaeT 3aMeTHO
npoABAATECA IPDERT SKOMIOrH4ecKoro Oyme-
paHra creqcTsue AerpagalroHHbIX NMPoUeccoB
B TNipHpode, MNPOHCXOAAIIMX B nNpouecce
HEKOHTPOAHPYEMON TeXHOreHHOR AEATeNbHO-
CTH.

C uUenblo oxpaHbl MPYHTOBbIX BOA ropogda H
NpeaoTBpalledna HX JanbHenwero 3arpsasHe-
HHA TpoBeaeHO KOMIMeKCHOe HccaeaqosaHHe
KauecTsa BOAbl POJAHHKOB H KOAOAUEB, Py4b-
eB H ManbiX pek TBanaagnmnpa W ero npuro-
podoB. JKOMOro-couuonornyeckoe obcaegona-
HHe NnoKasano, 4To 4YeTBepTad dvacTb Hacerne-
HHA TOPOAA H €ro MNpuUropoop npeanoyuTaeT
B KadecTBe NHUTLEBON BOAY eCTeCTBEHHbIX
POAHHKOB H KOMOALEB.

B Teuenne 1991-1993 rogoB c¢ucTeMarH-
YeCKH 00c1eaoBaHo csbile 70 HCTOYHHKOB.
PaBora BbiMoaHeHa Ha Oa3e nepeaBHAKHON
nabopaTopHH KOHTpPOAA KayeCcTBa BOAbl H
CTAUMOHapHbIX aHamMTHYeCKHx aaboparopni
yHHBepcHTeTa H 00aacTHOrO lieHTpa caHH-
TApHO-3MHAEMHONOTMYeCKOTO  Hagszopa. Yac-
TOTa B3ATHA Npo0 AUMHUTHPOBanach OOLEMOM
aHaan30B M HeoOXOAHMOCTbIO. Ce30HHOIMO Ha-
6aiogeHnA 3a H3MeHeHHeM CoAepKaHNH HWH-
rpeaneHToB. HndopmauuoHtaa 6aza MoHm-
TOPHHIA KayecTBa TIpPYHTOBbIX BO4 - TNped-
cTaBneHa pesynbTaraMH aHann3oB Oonee yeM
270 npob Ha coaep»aHne |7 HHTpeaneHTOB
H DHU3HKO-XHMHUUYECKHX NoKa3arelen:

TeMneparypa,BOIopodHbIA Nnokasateab (pH),
CBETOIpoMnycKkaHue,
A1EKTPONPOBOAHMOCTD,

mecrtkocTb, BIIK, XIIK,

cogepaaHre a3oTa HHTPATOB,

HUTPHUTOB H AMMOHHMA, a TaKXKe Kenesa,
LMHKA, MapraHua, ™Mead, XpoMa, KaaMmHs,
CBHHUA, PTYTH,XAOPHAOB, CYnhdaTtoB H Ap.

Ot6op npob H onpeaeneHHe XHMHYECKOro
COCTaBa MNPOBOAHAH COrdacHoO TpeboBaHWAM
'OCT 2974-82, 'OCT 24481-80, rOCT 2874-
82.

OOLly10 OUEHKY Ka4decTBa BOAbl MPOBOAHAN
Nno AVMHUTHPYIOLUMM [lOKa3aTeasaM: OpraHo-
nenTHYeckoMmy, oblLecaHnTapHOMY M TOKCHKO-
{IOTHYECKOMY.

CHEMICO-ECOLOGICAL MONITORING OF
GROUND AND SURFACE WATER QUALITY OF

VLADIMIR
S

Olshevsky M.V..Fodgornova
G.A.,Mishchenko N.V.,Rodionov A.A Viadimir
State Technical University town of Viadimir

At present an effect of ecological boo-
merang is observed as a result of degrada-
tion processes occuring in nature due to
uncontrolled technogenic activity of man.

Complex investigation of water quality
from springs, wells, streams and small riv-
ersof the town of Vladimir and itssuburbs has
been carried out. It has been aimed at
ground water protection and preventionits
further contamination. This investigation
shows that one fourth of population of the
town prefers to use portable water [rom
springs and wells.

More than 70 water sources have been
investigatedfrom 1991 to 1993. This inves-
tigation has been carried out using themov-
able laboratory of water qualitycontrol and
stationary laboratories of the University Re-
gional . Sanitary Agency. The sampling fre-
quency has been limitedby sites analised and
necessity of season observations due to
changes of ingredients content. Information
data of monitoring ground water quality in-
corporate the results of analyses of more
then 270 water samples. This analyses have
been carried out to define 17 ingredients and
such indices as:

temperature, pH, trancparency, electrocon-
ductivity,
hardness, biochemical oxygen demand,
chemical oxygen demand, as well as nitrate,
nitrite, ammonium,iron, zinc,
manganese,copper, chromium,
lead, mercury,
chloride and sulfate content in water.
Water sampling and determinationofits
chemical composition have been imple-
mented in accordance with such State Stan-
dart as: 2974-82, 2481-80, 2874-82.

cadmium,

Organogenic, sanitary and toxicological
indices have been taken into account while
giving general estimate of water quality.
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AHaqu3 moayveHHoR uHGOpPMauHOHHOH Oa-
3bl MO3BOAHA OMNpedennTb aHoMadHH 3arpAs-
HeHHH H HX HCTOYHHKH. C neablo Hay4HOH
npopabotky npobneMb! B3aMMOAEACTBHA MO-
BEPXHOCTHbIX, T'PYHTOBBIX H TNOA3EMHbIX BOA,
a4 TakMe YCIOBHA MHUrpaudd 3arpA3HAIOWMX
BelllecTB MpoBedeHa OUeHKa THAPOXHMMHYec-
KOro COCTOAHHMA BOAOHOCHBLIX TOPH3OHTOB,
M3y4eHO CaHHMTapHOe COCTOAHHE BOAOOXpaH-
HbIX 30H, YCTAHOBAEHbl 30HblI TEXHHYECKOro
BO3AEHCTBNAN, COCTaBleHa KapraCxema pa-
CMoNoMKeHHA BOAOHCTOYHHKOB M KavecTBa BO-
Abl.

M3yyeHHe AWHAMMKH 3arpA3HEHHA TpyHTO-
BbIX M MOBEPXHOCTHbIX BOA H NPOrHO3HpOBa-
HUA N3MeHeHHA NX KayeCTBa CBA3LIBAETCA C C
cocToAHneM arMocdepbl 1 NOYBEHHOTO [MOK-
pPOBa ropodckor TEPPHTOPHH. *

HHTEHCHBHOE TeXHMYeCKOe BO3AEHCTBHE Ha
OKpyXKaloLLyl0 NPHPOAHYID Cpeay TpHBETO B
OT/lenbHbIX CAy4anaX K HeoOpaTHMOMY yxyadtle-
HHIO Ka4ecTBa FPYHTOBbLIX BOA, HanpuMep Mo
(oAepKaHuio MapraHua, BHCMYTa, XKeneda H
HKOTOPBIX APYrux HHIPeAHeHTOB.

B TO XKe BpeMA, aUMHHUCTPAaTHBHO- npaBo-
BaA 3alliNTa FOPOACKUX TepPPHTOPHHA, onpeae-
AeHHe H oxpaHa BOAOCOOPHLIX 30H, Nposeae-
HHe THIHeHHYeCKHX
ro3BonAeT [pedoTBpaTHTL AdanbHenllee 3a-
rpasdedHe BOAOEMOB, /A 3TOro agMHHH-
CTpalMH ropoaa NPeAnOXReH paAd MeponpHa-
THH:  MHBEHTApM3aUMA  BCEX  MCTOYHHMKOB
rPYHTOBBIX BOJ, HX NAacCNOpTH3aUMA M 3akper-
(leHNe 338  COOTBeTCTBYIOWHMH  cayxbamn
KOMMYHabHOrO XO3fHCTB, NpHHATHE DellleHHA
O BBeAeHHH W oOXpaHe BOAOCOOPHBIX Tep-
PUTOPHH K NPOBEAEHNA CaHUTapHO-dNMHAEMHO-
AOrMYeCKOro KOHTpPOAA 3@ HX COCTOAHHEM,
JOBedeHHA AKOIOrNYeCKoH nH¢popMauHH
Yyepes MeCTHYIO Medyath, TeneBHaeHHe, PpaaHo
A0  HacedeHWA  ropoda, OpraHu3auus H
npoBeAeHHe  CaHWTAPHOM  OYHCTKH  BOAJO-
XpaHHbIX TEPPHTOPHA H CHCTEMATHYECKOro
KOHTPOMA 3a Ka4yeCcTBOM BOA, NpHBaeJYeHHe
OpraHoOB  3KOIOTMYECKON  MpoKypaTtypbl H
NpHpPOAOOXpaHHbIX Cayk6 ropoga K npe-
AOTBpPallleHNIo CAyYyaes JadbHeniiero 3arpas-
HEeHNA TeppHUTOPHH, NPONCXOAsIMX BCAeaAC-
TBUH 6eCcxO3ANCTBEHHON JEeATeqbHOCTH YacT-
HbIX M IOCyAapCTBEHHbIX OpraHusalmuh.

M APYrMX MepONnpHATHA.

Analysis of obtained information data
enables to determine anomalies of con-
tamination and their sources. In oder to
study the problem of interaction of surface
and ground waters and transfer of contami-
nations the estimate of hydrochemical com-
position of acquifers, sanitary condition of
water protection areas have been made. The
scheme of water source location has been
made up and zones of technical impact have
been established well,

Investigation of dynamics of surface and
ground water contamination and forecasting
of its change is closely linked with the state
of the atmosphere and soil corver og the
town territory .

Intensive technical impact on the envi-
ronment has resulted in irreversible deterio-
ration of ground water quality as far as
manganese, bismuth, iron ingredients are
concemned.

Therefore such measures as law protection
of town areas, determination and protection
of catchment zones will enable to prevent
further contamination of water bodies.

For this purpose the following measures
would be taken: taking stockof all ground
water sources, their certification and making
them a part of municipal service, taking
decisions regarding introduction and protec-
tion of cathment areas, carrying out public
about ecological situation through newspaper,
television and radio, carrying out sanitary
treatment of waterprotection zones, getting
involved our prosecutor department and
nature protection agencies to prevent cases
of further contamination as a result of care-
less activity of man and other utilities,
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MOHHTOPHHI' BOAHBIX OBBEKTOB
POCCHHCKOH ®EAEPALHH
HHOOPMAUHOHHAA OCHOBA
$bYHKUHOHHPOBAHHA OTPAC(IH
BOAHOE XO3AWCTBO

Ocrposckada M.,

KaHaHAar reorpagnieckHX HayK

' Kyxowr B.C.,

HHKEHED

(Komurer POCCHACKOH deaepaum 10 BOJHO-
MYy XO3AHCTBY)

B Poccuickon deaepauun cosgaetcs Eaw-
HafAd TOCYJAPCTBEHHAA CHCTEMA 3KONOTHYeCcKOo-
ro moHuropuHra (EFCOM). 3rta cucrema CTpo-
HTCA Ha NPHPOAHO-PECYPCHOM  [pHHLHME
(atmocdepa, 3eMan, BoAHble OObeKTbI, Heapa,
pacTHTEAbHbIH H KHMBOTHLIH MHD).

Haeoaoria H MeTOAOMOrHA OpraHH3auHn v
¢dyHKUHMOHHMpoBatnAa EMCOM M Bcex ee 6azo-
BbIX [PHPOAHO-PECYPCHbIX MOACHCTEM OCHO-
BbIBaeTCA Ha KOHEYHOH lenH, KOTOpOH ABA-
eTcsl cosgaHHe HeoOXO4UMOH H A0CTaTOYHOHM
HMH(pOpMaLHOHHOH Ha3bl aaa obecnedenns yc-
TOHMYHMBOrO PpasBHTHA, OAaronpHATHLIX YC10-
BHH KH3HH M AeATenbHOCTH HaceaeHna Poc-
CHACKOHN deagepallHH.

Hcxoasa H3  eCTeCTBEHHOH  B3aHMOCDH3H
BCeX TMPHPOAHBIX BOA H [MIABHOM 3ajayu -
yayuilleHHA HMX COCTOAHHA, obecriedeHHs Oe3o-
nacHbIX YCAOBHH BogocHabKeHHda, Boaoole-
criedeHHs M BOAONOMAb3OBAHHA, a TaKXe 3a-
LWHUTHl HaceqeHHsa H  HapoAOXO3SACTBEHHLIX
06BEeKTOR OT BpeaHONe BO3AEHCTBHA BOA, CO-
cTaBHOR YacTtbio EICOM, ee 6a3soBOH MO/CH-
CTEMOV ABAAETCA MOHHTOPHHI BOAHBbIX OObeK-
TOB.

1. CTpyKTypa MOHHTOpDHHI'A BOAHBIX OObeK-
TOB.

MOHHTOPHHI BO/HbIX OOBEKTOB BKAOYAET

B ceba caemylollMe rocyaapcTbeHHble MOACH-
CTeMbl:

MOBEPXHOCTHDIX BOA (PocrvapoMer);

MOpCKOH cpeabl (Pocrnapomer):

noazeMHbiX Bog (PocKkoMHesapa):

BOAOXO3AWUCTBEHHDbIX CHCTeM (POCKOMBOA);

HCTOMHHKOB  aHTPOINOreHHbIX BO3AeHCTBHH

Ha BodHble 06beKTbl (MHHOPHpOABL!I POCCHH,

PockoMBoa).

1.1. MOHHTOPHHI' NMOBEPXHOCTHLIX BOA H
MOPCKOH cpeabl Pocrugpomera.

MOHHTOPHHT MOBEepPXHOCTHLIX BOA Pocruapo-
MeTa BKIOYaeT:

MyHKTbI HabAlOAeHHH 3a THAPOIOrHYEeCKHM H
THAPOXHMHYECKHM DeXHMaMH BOAHbIX oObe-
KTOB B TepPHTOPHAIbHBIX YMNpapaeHHsAX Mo
'MAPOMETEOPOMOrHH H MOHHTOPHHIY OKpyXa-
ollleR cpeapl;
TMAPOXHMHYECKHE H
nabGopaTopHH;
LUeHTPbl MO MOHHWTODHHIY 3arpfA3HeHHA TMpH-
poaHoH cpesibl B TEPPUTOPHANLHLIX yripaBlie-
HHAX;

Hay4HO-HCCIeA0BaTEMbCKHE - yupexXaeHHua
PocrnapomMera, oOCyllecTBasioUlHe  Hay4dHO-
‘MeToAHYeCKHMH KOHTPoab HabaiogareqbHOH
CeTH, aHanU3UpYlolUHe AaHHble DEeXMHMHbIX H
onepaTtvBHbIX  HabAAEHHH,  OCyLIeCTBAA-
olliMe HCCAeAOBaHWA Mo npobaemam 3arps-
3HeHHA NPHPOAHOH cpeabl,

CeTb NYHKTOB THpoaorHyeckux Habaioage-
HHA MpegHasHadeHa A MoayYeHHa JaHHbIX O
COCTOfIHHHA BOAHbIX OOBEKTOB CyWUH H O BOA-
HbIX pecypcax, HeoOXOAHMMbIX A1 H3y4eHHHA
MPOCTPaHCTBEHHO-BPEMEHHbIX
3aKOHOMEPHOCTEA THAPOAOTHYECKOro peXuMa
H obecnevyeHHsa TMPOTHO3UPOBAHHA oOMNacHbIX
rHaponorHyeckHx rpoueccoB. B HacroAluee
BPeMsA TMAPONOrHYeCKHA MOHHTOPHHr PoCrua-
poMeTa oCyWIECTBAAETCA Ha 3668 mNyHKTax,
pacnoaoXeHHbIX Ha pekax, o3epax, Bogoxpa-
HUAMILAX, KPYMNHbIX KaHaaax, GodaoTax.

[lo UeaeBoMy Ha3Ha4YeHHIO THAPOAOrHYeC
Kaa ceTb AENHUTCA Ha PEXHMHYIO M HHGOpMa-
LHOHHYIO. '

CeTb MYHKTOB MOPCKHX THAPOMETEeopOao-
rMYMeckHMx HabaiogeHHMH npedHasHadyeHa AaA
HUCCIegOBaHHMA ABAeHHM H TPOLIeCCoB, TpoTe-
KaloLMX Ha MOBEPXHOCTH H rayOHHaxX MOpeH
M OKeaHOB, B3anMOAEHCTBHA HX ¢ atMocdep-
HbIMH TpOLIECCAMH, A TaKme XHMHYeCKOro co-
cTaBa BOA MOpeH M oOKeaHoB. B coctaB Mop-
CKOM CeTH BXOAAT Oeperosble MyHKTbI Habao-
AeHWH, OCTPOBHbIE CTaHLIMH, CTaHLUHH (MOCTbI)
Ha HMCKYCCTBEHHBIX MOPCKHX COOpYyHKeHHAX, a
TaKxKe Ha cygax Pocrugpomerta.

Habalogenna 3a 3arpasHeHHeM MoBepxHo-
CTHBIX BO/ CYUIM O THAPOXHUMHYECKHM [OKa-
3arenaM BedyrcA Ha 1175 Bogotokax W 151
Bogoemax. OtO6op npod BoAbli BedeTcd B
1892 nynxtax (2604 cTBOpax) no ¢usHyec-
KHM H XHMHYeCKHMM TMoKazaTelAM ¢ OJHOBpe-
MeHHbIM orpeJeneHneM THAPONOorHyeckKHx xa-

mapo()nonomqecme
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pakTeprcTvK. 3a 1993 roa orobpaHo M mnpoa-
Hanu3HpoBaHO OKoao 30000 npob Bodbl, Bbl-
nonHeHo Gonee 780000 onpegenennd no 113
rnokasareaaMm.

HabalogeHWAMH 3a 3arpa3HeHHeM [oBep-
XHOCTHBIX BO/ CYylWIH MO HAPOOHOMNOIrHYeCKHM
nokaszaTtenaM oxBaveHO 190 BoAHbIX OObeK-
TOB, Ha KOTOPbIX pacnodoxerHo 438 cTBOpoOB
KOHTPONA H3 YHCAAa THAPOXHMMHYECKHX CTBO-
poB.JlporpaMMa HabalOAEHHA BKAKOYaeT OT 2
ao 6 nokasarened. B 1993 1. 6blio
oTo6paHo H obpaboraHo 6oaee 7100 npob.

HabaoaeHnsa 3a 2arpA3HeHHeM MOpeH Mo

MMAPOXHMHUYECKHM MOKa3aTeqsM [IPOH3BOANTCA
Ha 11 Mopsax, OMbIBAIOIIHX TEPPHTOPHIO
Poccnn. Ot6op npob® Bedercd Ha 621 mMop-
CKOM nyHKTe HabmogeHnA. B 1993 r. 6buio
BbINOAHEHO cKoro 100 ThbiC. W3aMepeHHA 1o
24 HHrpegHeHTaM.
HabaogeHHsa 3a sarpasHeHHeM  MOpeH Mo THa:
POGHOMNOIHYECKHM MOKa3aTelAaM [pOoBOAATCA
Ha |1 Mopax. Mpn aToM B 1993 r. orofpaHo
n obpabotano 6Goaee 3000 npob rno 12
nokasaTtenaM Ha 327 MOPCKHX CTaHLMAX.

1.2. MOHHTOPHHI NMO/A3€MHbIX BO4 POCKOM-
Heapa.

MOHHTOPHHI MOA3eMHbIX BOA Mpe/AcTaBaAer
cobor cHcTeMmy peryaspHbix  HabaoAeHHH,
OLEHKH H NPOrHO3WPOBAHHA COCTOAHHA NOA-
3eMHbIX BOA NOA BO3AEACTBHEM TPHPOAHBIX H
aHTPONoOreHHb!Xx akTopoB.

K H3ydaemblM o0ObeKTaM OTHOCHTCH INpH-
poaHble NoAzeMHble BoAHble OOGheKTbl H [PH-
PO/IHO-TEXHHYECKHE CHCTeMbl: THAPOren1ory-
YecKkHe CTPYKTypbl: Bogocbophbie HaccerHbl H
HX 4YaCTH: 3KCIyaTTpyeMmble H He3KCayarH-
pyeMble MecTOpokKdeHUA MOoA3eMHbIX BOA; BO-
A03abopbi  Mog3eMHblx BoA; ypHaHH3HpoBaH-
Hble TEPPHTOPHH; y4aCTKH TeXHOFeHHOro 3a-
rpAsHEHHsA, OKasblBaloliHe BAWAHHWE Ha COCTO-
AHHE NOA3eMHbIX BOA.

K obbexram 060061eHHs OTHOCATCA TeppH-
TOPHH, MO KOTOPbIM TNPOBOAHUTCA CHCTEMaTH-
3aunA WHdopMalvK, BKaAOYad OLeHKY CocTo-
AHHA TMOA3eMHbIX BOA H TMPOrHO3HpoBaHHe
ero H3MeHeHHA. KpoMe oOTdeabHbiX TNpHpO-
AHbIX OObeKTOB M MPHPOAHO-TEXHHUYECKHX
CHCTEM M HX 4acred, K oObeKkTam 06006LeHHA
OTHOCATCA 1TeppHTOpHA Poccun B LieaoM,
TePPHUTOPHH  OTAedbHbIX CyObekTOB dege-
paUMH, 30H 3KOMAOTHYECKHX KatacTpod, 3Ko-
HOMHYECKHX PpaHOHOB, a TakXe /ApyrHe Tep-

PHTOpPHH C 3apaHee HeperaMeHTHPOBaHHbIMH
rpaHHLaMH.
MOHHTOPHHI' NOA3EMHBIX BOA OCYLLECTBIs-
ercd MyTeM:
opraHH3alUr{ M TMpoBedeHHA HabawogeHu# C
Leablo MoaydeHnsa HHBOpMaUHH O MoKazaTe-
(AX, XapaKTepH3YyIOIIMX COCTOAHHE [0A3eM-
HbIX BO/ H MPOTEKAIOWHX B MOA3EMHON THA
pocdepe TeXHOreHHbIX MPOLECCOB, BKaOYadA
HHpopMaurio 00 HCTOYHHKaxX  aHTporo-
reHHOro BO3AEACTBHA Ha MoA3eMHble BObl,
onpedeqfAioliHe MOCTYNIeHHe HIH H3IbATHE
BOABI H3 MOA3EMHLIX BOAHbIX OODBEKTOB H
H3MeHeHHe YCAOBHHA HX (HOPMHPOBaHHA;
ydeTa HCoab30BaHHA MNMOA3EMHBIX BOA;
yyeTa OSKCIdyaTaUHOHHBIX 3arnacoB MoaA3eM-
HbIX BOA;
cbopa n 06paboTKH AaHHbIX HabaraeHHH H
y4eTa TI043eMHBIX Bod. B pesyabTrarte
aHannza U o6paboTKH AaHHbIX MOHMTOPHHIA
noazeMHbIX BO4 OCYWEeCTBAAETCH:
OLeHKa COCTOAHHMA MOA3eMHbIX BO/A MO KO-
ANYeCTBeHHbIM H Ka4yecTBeHHbIM TIoKasare-
AAM H KOHTPO!Ib 3@ COOTBETCTBHEM 3THX MO-

KasaTenied TpeOGOBAHMAM HOPMATHBOB 1
CTaHAapTOB;
NPOrHO3HPOBAHHE ~ HM3MEHEHHA  COCTOAHHMA

no/3eMHbIX BoA;

HHpopMallHoHHoe obecleyeHne 3arnpocoB O

COCTOAHHH TIOA3EMHBIX BOA;

paspaboTKa peKoMeHAalUMH 10 palHoHalb-

HOMY HCIIONb30BaHHIO M oXpaHe [oJ3eMHbIX

BOA H oUeHKa 3(p¢deKTHBHOCTH NPOBOAHMbIX

MepOnpHATHH.

Cerb NYHKTOB HabMoOJeHHA Ha DeXHMOM

noAseMHbix BoA B 1993 . HacHHTbIBala QKO-
no 18000 nocToB.

1.3. MOHATOPHHI BOAOXO3AHCTBEHHBIX
cHcTeM PockomBoga.

BoaoxossficTBeHHbIH MOHHTOPHHI PoCKoM-
Boda XapaKTepH3yeT HCTOYHHKH aHTpornore-
HOrc BO3ACHCTBHMA Ha TIpHpoAHbIE BOAHbIE
obObeKTbl, CBA3aHHble € BOAOXO3ANCTBEHHOH
AeATeqIbHOCTbIO. K. TakMM HCTOYHHKaM OTHO-
caTea:

HCTOUHHKH, CBA3aHHble C MNOCTYNAeHHEM B
BOAHble OOBEKTbl TOKCHYHBIX H BpedHbIX Ber
1IeCTB (COOpYyAKeHHA 10 COoCpeJoTOYeHHOMY
cOpocy HCIoab3yeMblX BOJ, a TaKde paccpe-
AOTOYeHHbIie HCTOYHHKH 3arpasHeHns
MPHPOAHBIX BOA);

HCTOYHHKH, NPHBOAALLHE K KOAHYeCTBEeHHbIM
H3MeHeHHAM TpPHPOAHbLIX BOAHBIX PpecypcoB
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(coopyXeHna no Bogo3abopy H3 [oBep-
XHOCTHBIX H MOA3EMHBIX BOAHBIX OObLEKTOB);
HCTOYHHKH, CBH3aHHble C H3MEeHEeHHeM ecTe-
CTBEHHOr0 COCTOAHHMA H pexuMa (POpPMH-
poOBaHHA BOAHBIX PecypcoB (rHApoTeXHHYec
KHE CHCTEMbl H COOPYIKEHHH).

'Ha BceX yKasaHHbIX HCTOYHHKaX aHTpOro-
NeHHOH eATe/lbHOCTH OpraHHsyloTcsas Habmo-
AeHUA Mo KOAH4YeCcTBeHHEIM H KayeCTBeHHbIM
nMapaMeTpaM, BKaloyad THAPOXHMHYeCKHe H
rHApOBHOAOINYECKHE XapPaKTEPHCTHKH.

Habmogennsa 3a paccpedoTo4eHHbIMH HC-
TOYHHKaAMH 3arpf3HeHHH BKAIOYAIOT OLEHKY
BbIHOCA 3arpA3HAIOIINX BELECTB OT:

MHOMOIETHHX CelbCKOXO3AHCTBEHHbIX Haca-

JeHHHA;

MaLHH;

06beKTOB KHBOTHOBO/ACTBA;

XpaHHAHLL CenbCKOXO3ANCTBEHHbIX  yaobpe-

HHA H AJ0XHMHKaTOB;

TePPHTOPHHA HAceleHHbIX TyHKTOR;

TEPPHUTOPHA NPOMbBILIAEHHBIX NPeArpPHATHA:

CBaoK;

HaKonurenerd AKHAKHX OTXOJO0B;

OTBaIOB MOPHbIX MOPOA;

fipeHazKHbIX CHCTEM;:

TPaHCNOPTHbIX OOBEKTOB (XKeMe3Hble H aBTo-

[IOPOTH, adpoApOMbl, Tpybonpopoabl H KOfl-

(1€KTOPbI, aKBaTOPHH MOPTOB);

pbl6oBoAHbIE TIPYADL.

HHdopMalma © [apaMeTpax pacCpeaoTo-
YeHHbIX HCTOYHHKOB 3arpA3HeHHA BOAHLIX
006beKTOB OopMHpYeTCH B ABYX BHAAX: _

faHHble O (aKTH4YeCKOM BbIHOCE 3arpasHa-
IOLNX BellecTs; -

/flaHHble © BO3MOMKHOCTH aBapHHHBIX CHTYya-
LIHA ¥ HX BEpPOATHbLIX TNapamMeTpax.

CHCTeMa CTaLHOHAPHbBIX HCTOMHHKOB BOAO-
sabopa H c6poca CTOYHbIX BOA KOHTPOAHPY-
eTcd AaHHbIMH roCyAapCTBEHHOHM CTaTHCTH-
YeCKOM OTYETHOCTH H OXBaThIBaeT M0 COCTO-
AHMIO Ha 1993 rog 6oaee 52 TbicadY BOJO-
norpedburenet U okoao 1600 BoAOXPaHHIIHIL
o6beMom Goqee 10 MaH.Kyb.M.

Mo gaHHBIM BOAOXO3AHCTBEHHONO MOHHTO-
pHHra ¢ y4€TOM MaTepHaloB CHCTeM Habaio-
AeHHH 3a TOBepPXHOCTHbIMH BOJAMH H MOPAMH
(Pocrngpomer) H nogseMHbIMH BOAMH
(PocKOMHedpa) ocyllecTBAdeTcA HHGpOPMaLH-
OHHOe obecreveHHe AnA MNPHHATHA ynpaBaeH-
YeCKHX pellieHHH Mo CaeAylolIHM OCHOBHBIM
HarpasaeHHAM:

MpOMyCK MOOBOAHH H MaBOAKOB 4epes CH-
CTeMbl BOAOXPAHHIINLLY;
npedynpexadeHne 3aTolfeHHHA HaceaeHHbIX
MYHKTOB H CeAbCKOXO3AHCTBEHHDIX YIOAHH;
pazpaboTka rocyfapCTBeHHbIX UEaeBblX Mpo-
" rpaMm BogoofecrieyeHHs HaceNeHHA H Ha-
pPOAHOrO XO3AHCTBA;
yCTaHOBAeHHe (MMHTOB BoAONOTpebaeHHA H
BOAOOTBEeHHA H Bbigada - (HUeH3HH Ha
noab3oBaHHe BOAHBIMH OObeKTaMH;
rpope/ieHHe rocyJapCTBEHHOIO KOHTpoas 3a
HCrNOab30BaHHEM H OXpaHOW BOAHBIX OODbeEK-
TOB, TEXHHYEeCKHM COCTOAHHEM H 2KCIiIyaTa-
Urerd Oo6beKTOB BOAHOIO XO3AHCTBA;
ocyuiecTBeHHe BOCCTaHOBHTEAbHbIX padoT
fpPH HaCTyraeHHH aBapHH Ha BOAHLIX obbek-
Tax (NpopblBbl WVIOTHH, apapHHAHOe 3arps3He-
HHe BOAa).

2. YPOBHH MOHHTOPHHra BOAHBLIX O06BHEKTOB
N peuiaeMbie HMH 3aja4u

IpH BegeHHH MOHHTOPHHra BO/IHbIX OObeK-
TOB OCYWECTBAASTCH B3aHMOAEHACTBHE C 1od-
CHCTEMaMH:

KaprorpadH4ecKkoro M reogesHyeckoro obe-

crneyeHHsa (PocKaprorpadHs);

MeTponorudeckoro ofecriedeHnsa H3MepeHHA

(ToccrangapT FOCcHH);

2a3POKOCMHUYECKHX CPeacTB H CHCTeM Habaio-
~ fedni (MrHoOopoHbl Poccnn, Pocruapomer);

CBA3H H KOMMYHHUKaLMH (POCKOMHHGpOPM).

KoopfHHaLMIO  AeAaTenbHOCTH — 6asHCHBIX
NMO/ICHCTEM MOHHUTOPHHra BOAHBIX 0OLEKTOB
ocyliecTsageT POoCKOMBOA - BEAOMCTBO, OTBET
CTBeHHOE 3a HCINOab3oBaHHe, OXpaHy, BocCTa-
HOBAEHHe BOAHbIX PECYPCOB H BOAHbIX OObEK-
ToB, Ob6ecrneyeHHe Ha ITOH OCHOBE HaCelqeHHus
M HapogHOrNo XO3AHCTBAa Ka4deCTBEHHOH BOAOH.

KaxabiM H3 MMepeyrcaeHHblX Bbille deae-
panbHbIX OpraHoB YNpaBaeHHa H ero Hacced-
HOBbIX (PerHoHanbHbIX) OpraHax ocylecTBiIs-
eTcd HHGOpPMALUHOHHOE B3AHMOAECHCTBHE B
paMKax eQuHOM paccpedoToveHHOH 6asbl AaH-
HbIX MOHHWTOPHHra BOAHbIX OObeKTOB. CoCTaB
H CPOKHM B3aHMHO TNpeAocTaBnseMon HHpop-
MalMH ornpeaenaoTcd AByX H - (HAH) MHOro-
CTODOHHHMH coraalieHHamMH. Jlepegada HH-
copMaliH ocyllecTBagerca 6e3Bo3Me3qHo.

MOHMTOpPHHI BOAHBIX OOBEKTOB B3aHMO-
AeHCTByeT ¢ CHCTEeMOH MO 4pe3BblyanHbIM CH-
TyauuaMm POCCHH. TIpH BO3HHMKHOBEHHH Ype3-
BbIYAMHBIX CHTyaUHH, CBA3aHHbIX C BOAHBLIMH
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oObeKTaMH, MOHHTOPHHI BOAHBIX OObLEKTOB
¢YHKLHOHHMpPYET Kak HH(pOpMalUHOHHad nog-
cHcreMa MHHHCTepCcTBa MO Ype3BblYanHbBIM
CHTyaLHAM POCCHH.

2.1. TeppHTopHaﬂbelﬂ YPOBEHbD.

TeppHTOpHaNbHbLIA YPOBEHb MOHHTOPHHIa
obpasyerca Ha 6ase CHCTeM MOHHTOPHHra
TeppHTOPHaNbHbIX OpraHoB ¢deaepanbHOH HC-
NMOAHHTEAbHOA BAACTH, CHCTEM MOHHTOPHHra
OpraHoB BaacTH cyObeKTOR (pedepalyH, Nped-
NPHUATHH, opraHu3alMA H HX oObedaHHEHHH.
I'maBHOH Uenblo opraHH3alHH H (YHKUHOHH-
POBaHHA TEePPHTOPHANBHOIO YPOBHA MOHHTO-
PHHra BOAHBIX OObBEKTOB ABAAETCH CO3AaHHe
N YHKLUHOHHpOBaHHE CHCTEMbl peryaapHbIX
HabalogeHHA 3a COCTOAHHEM BOAHbLIX Oo6bek-
TOB, OMNepaTHBHOH 00paboTsH roay4aeMblx
AaHHbIX H AoBefeHHA HHQOPMaUHH 40 rocy-
[apCTBEHHbIX OpPraHoB H MeCTHOWM HCIOMHH-
TeNbHOH BacTH, MPHHUMAIOLLMX pelleHHA no
YIpaBAeHHIO BOAOXO3AHCTBEHHbIM KOMITIEKCOM
TEPPHTOPHA H peyHblXx OaccerHOB.

TeppHTOpHanbHbIF OpraH MOHHTOpPHHra BO-
AHbIX 06beKTOB 06ecrnevHBaeT:

orpegeaneHHe cocTaBa H CPOKOB HHGOpMa-
LIHH, HCXOAA H3 NMPHHHMaEeMbIX pelLIeHHH;
opraHHsalio cayxk6bl HabMOAeHHH H KOH-
TpoaA COBCTBEHHBIX CHCTEM;
OpraHH3almilo  HMH(OPMALHMOHHOTO  B3aHMO-
JeACTBHA C CHCTeMaMH HabaiAeHHH W KOH-
TpOAA 3a BOAHOH CpeaoH B Mpegeaax obcay-
MUBAaEMOA TEePPHTOPHH HE3aBHCHMO OT Be-
AOMCTBEHHOH MNPHHAAEKHOCTH Npearpus-
THHA;
cbop, o6paboTKy, HHTErpalHilO H aHaau3
JAaHHBIX O COCTOAHHH BOAHbLIX OOBEKTOB H
HCTOYHHKOB aHTPOINONeHHONO BO3eHCTBHA
Ha HHX B rpegeaax TEPPHTOPHH;
KOHTPOIb BbINONHEHHA PerHoHanbHOH TMpor-
paMMbl MOHHTOPHHra BOAHBIX OOGBLEKTOB,
paspaboTKy npeanoKeHHH Mo ee KOppeKTH-
POBKe H Pa3BHTHIO;
NMPOrHO3HpPOBaHHe H3MEHeHHHA  BOJ0XO3AM-
CTBEHHOH H 5KOOTH4eCKOA OOCTAaHOBKH B
npeaenax TEpPpHTOPHH, OLeHKY yulepba,
HaHOCHMOro BOAHOH cpeae aHTPOIOreHHoH
ACATEOBHOCTHIO;
HH(pOpPMaLMoHHOe, ofecledeHHe O BO3HHK-
HOBEHHH Ype3BblMaMHbIX 3KOOOrHYeCcKHX CH-
TyalHH Ha BOAHOH cpefle, a TaKXKe Hera-
THBHbIX M3MeHeHHH BOAHOM cpeabl B pesyntb-
Tare, XO3AACTBEHHOH AeATeqbHOCTH;

HH(pOPMALIHOHHOE CONpAMEHHE Ha . TEPPHTO-
pHanbHOM ypoBHe ¢ EI'COM H ¢ PocCHHCKOH
CHCTEMOH MO MNpeaynpexsaeHHIo M JeACTBHAX
B 4pe3BbMaHHbiX chTyauusax (PCYUP);
MOArOTOBKY aHadHTHYeCKHX 0630poB O BO-
AOXO3AHCTBEHHOH H 3KOIOTHYeCcKon obcTa-
HOBKe Ha TEPPHTOPHH AH OpPraHoB BAACTH
H ToCyJapCTBeHHOro YIpaBAeHHdA, a TaKike
HaceaeHHs H oOWEeCTBeHHOCTH;
HHpOpMaLHOHHOe B3aHMOOCHCTBHE co
CTPYKTypaMH MOHHTOpHHra 6acceHHOBOIo
(pernoHaabHOroO) H deaepanbHONO YpoBHA;
KOHTpOb MOHHTOPHHIa BO3JEACTBHA BOIO-
noav3oBaTener, KOTOpbIH BedeTca 3a cueT
Cp&acTB BOAOMNONb3OBaTeNed H opraHusauHa
HHQOPMaALMOHHONO B3anMOAEHCTBHA C BOJO-
NoaL3OBATENAMH.

2.2.BacceAHOBBIA (perHoHadabHbIF) YPOBEHD.

Heavlo ¢GYHKUHOHHpoBaHHA 6accerdHOBOro
(perHoHanbHOTIO) YpOBHA MOHHTOPHHra
BOAHbIX 0ObeKTOB ABasAeTcA cOOp M 060bille-
HHe HHPOPMaUMH O COCTOAHHH BOAHbIX
obbekToB OaccedHa pekH AadA pellieHHdA 3a4a-
YH YrpaBdeHHa BOAOXO3ANCTREHHBIM KOMIIeK-
coM pevHoro OaccedHa (pervioHa). obecneue-
HHA HaAeXHONO BOAOCHaOkeHHA HaceneHHs H
OoTpacaer HapogHOIO XO3HFCTBA, BOCCTAHOBE-
HHA HOPMaTHBHOINO KauyecTBa BOAHBIX OOGbeK-
TOB, NpegoTBpallleHna BpegHoro BO3/AeHCTBHA
BOA.

Ha 6acceHHOBOM (perroHanbHOM) YpOBHE
obecneyrnpaeTca:

onpegeqeHHe cocraBa H CPOKOB HH(pOpMa-
LMH O BOAHbIX OOBLEKTaX;

paspaboTKa, pacCMOTpeHHe H MNOAroTOBKA
yTBepKaAEHHA O6acCeHHOBbIX (perHoHaabHbIX)
NMporpaMM MOHHTOPHHIa BOAHBIX OOBLEKTOB H
peanu3alHa MPHHATLIX NporpamMM;
HH(popMalOHHOe  obecriedeHHe  egepanb-
HbIX H 6acceHHOBbIX MporpaMM Bogoobecrie-
4YeHHA H BOCCTAHOBAEHHA KadecTsa BOAHDIX
06beKOB;

HHpOpMaLHOHHOe ofecrnedeHHe peryaHpo-
BaHHA TMOAOBOAHA H MaBOAKOB, OacceH-
HOBbIX NporpamMM 3allHTbl OT BPeJHOIo BO3-
AeACTBHA BOA;

nepega4a  HHGpOPMaHH O  COCTOSHHH
BOAHbIX OOBLEKTOB Ha hedepanbHbiFi YPOBEHD
MOHHUTOPHHra. :
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2.3. deaepanbHbIA YPOBEHD.

degepanbHbiil ypoBeHs obpasyeTcs LieHTpa-
(AbHBIMH oOpraHamMH ¢eaepaqbHOA  HCMOMHH-
TenbHoA BaacTH. Ha 9TOM ypoBHE peulaloTca
caeaylolHe OCHOBHBIE 3agayH:

onpeaeneHHe CocTaBa H CPOKOB Habmoae-
HHA 3a BOAHBIMH OObLeKTaMH;

WHTerpupyerca HHdopMalua, noaydyaeMad Ha
ypPOBHE :

TepPHTOPHaNbHLIX H 6accefHOBBIX (pertHo-
HafbHbIX) NOACHCTEM;

obecrieyHBaloTcd HHpopMaLHer deaepanb-
Hble oOpraHbl HCNOIHHTEAbHOH BaAacTH a44A
MOArOTOBKH H  MPHHATHA  pelleHHdA B
obnactH pogoobecneyeHHsi HaceaeHHAa H
HaApOAHOrO XO3fACTBa, OXpaHbl BOAHBIX pe-
CYPCOB, BOCCTAHOBMEeHHA BOAHbIX OObeKTOB,
npeAOTBpalleHHa  BpeaHOro  BO3AEHCTBHA
Bod, obecnevyeHHs 3KONOrHYeCKOH
6e30MacHOCTH,
opraHHsyercA  paspaboTKa
[porpaMM MOHHTOpPHHra, obecrne4yHBaeTca
NOAroTOBKa HX paccMoTpeHHs H
YTBEPMK/AEHHA, a TaKkXe OpraHHayeTca KoH-
TpOdb 3a X pealH3aluHeH;

depepanibHbIX

3. DKoHoMH4ecKad 3¢PPEeKTHBHOCTb OT
HCNOAb30OBaHHA AaHHbIX
MOHHTOPHHIa BOAHBIX OOBLEKTOB.

DKOHOMHYeCKHH 3¢ @PeKT oT (YHKLIHOHH-
pOBaHHA CHCTEMbI MOHHTOPHHIA BOAHDIX

0o0beKTOB oOnpegenfeTca 3a CYET 4acTH [pe-
foTspalliaeMbiX ylepbop oT:

aHTpOMNoreHHoro BO34eACTBHA Ha BOAHbIE
00beKTbl; ‘
BO3HHMKHOBEHHA 4pe3BbiMafHbIX 3KonorHyec-
KHX CHTyaLHH;

MNaBOAKOB H MOATONIEHHH.

B obuweM BHAe aqropMTM pcyeTa 3KOHOMH-
yeckoro agpeKTa OT HCMONb30BaHHA daHHbIX
MOHHUTOPHHIA BOAHBLIX OODLEKTOB BblparKaeTca
dopmyaont:

3=¥Y-3 ()

rae O - 3KOHOMHYeCKHA 3P ¢eKT; ¥Y - CToH-
MOCTb MpeAoTBpallleHHoro yuepba oT Hcnodab-
30BaHHUA AaHHbIX MOHHTOPHHIA;

3 - NpHBegeHHble 3aTpaTbl Ha CO3/@HHe H
(OYHKUHOHHPOBaHHE  MOHMTOPHHIA  BOAHBIX
o6beKTOB, pacCyHTbiBaeMbie Mo gopmyne:

3= (U + EHK) (2):

rae U - asKcnayaTaUMOHHbIE H3AepXKKH; EH -
HOPMaTHBHBIF KO3 (HLHEHT 3KOHOMHYECKOH
3¢ peKTHBHOCTH pabHbia 0,12;

K - KanuradbHble BAOXKEeHHA B co3JaHHe
MOHHTOPHHIa BOAHbIX OOBEKTOB.

[To pacderaMm, NMpopegeHHbIM 3a 1991-1993
rogel, 3atparbl Ha co3gaHHe H HYHKIHOHHpPO-
BaHHe MOHHTODHHra BOAHBLIX OOBEKTOB OKy-
naioTca B TedeHHe 3-X fer.

1072



MOHHTOPHHI' MOA3EMHbLIX BOA HA

CPEAHEM YPA(IE
[ R e ]

lanknr Cepreri BaaaHMHDOBHY, I1aBHbIH
THAPOreonaor, YpaabCKHA I€OnOrH4eCKnA
KomHuTeT, . ExarepuHbypr;

- PoibrinkoBa (Moamnna CepreesHa, KaHAHAar
reonoro-MHHEPAaNOrHYeCKHX HAYK, Ha4Ya(dbHHK
LEHTP YDPadruqpoOMOHHTODHHTI, YpalbCKHH
reoorH4eCKHi KOMHTET, . EKarepHHOypr.

3HaueHne MO/A3eMHbIX BOA Kak Hanboree
3alMieHHOr0 HCTOYHHMKA [MTbEeBOro BOAO-
cHabKeHHA, BO MHOTHX Cy4asAX dKOMIOTHYecKH
_ YHCTOrO, BO3pacTaer B MocaeAHee BpeMA, KOr-
Aa aHTpoNoreHHoe BO3AeHCTBHE Ha OKpyXKa-
IOIYI0 Cpeay AOCTHIVIO YrpOMKalolHX pa3 Me-
poB. KpoMme TOro, oTkauka Moga3eMHbIX BoA, B
psile paiOHOB BecbMa MHTEHCHBHaA, ocobe-
HO CBA3aHHAd C T[OPHbIMH paboTaMH, MNpH-
BOAMT K H3MeHeHHlo aaHawadTa, TpaHchop-

MalHH TMOBEPXHOCTHOrO CTOKa, (OPMHpPOBa-
HHI0 BOJ  a30HadbHOINO  THAPOXHMHMECKOTO
obrKa.

B CBA3H C 3THM aKTyanbHOW ABAETCA Opra-
HH3alHA paUHMOHA(IbHOrO HCNOb30BaHUA H OX-
paHbl BOAHBIX 00BeKTOB, 4TO MoXeT GbITh pe-
anH3oBaHO TOMBKO HA OCHOBE CHCTEMbl Y-
paBneHHA pecypCcaMH H 3anacaMi Moga3eMHbIX
BOA, HX pexHMa H KayecTBa. MOHHTOPHHI
NoA3eMHbIX BO4 [40MKeH 00ecrnevnTb CHCTeMa-
THYeckHre HabMogeHHA M KOHTPOMb 3a COCTOS-
HHeM Moa3eMHbIX BOA4, U B KOHEYHOM HTOre
OObeKTHBHBIA NPOHO3 BO3MOKHOIO pPa3BHTHA
HeraTMBHbIX MPOLECCOB A1A CBOEBpPEeMeHHOro
NPHHATHA Mep 0 HX NMpedoTBpalleHHI0 H CHH-
KEHHIO YPOBHA 3KOMIOTHYECKHX MNMOCAeACTBHH,

Co3gaHHe CHCTEMbl MOHHTOPHHra reoaoru-
YeCKOH cpeabl OasnpyercA Ha pe3ynbTarax
NpoBedeHHA TI'eO3KOIOrMYEeCKHX ChEeMOK Hau-
Gonee HebGaaronoayuHbiXx naoumiaden: CBepa-
noBCKoH, TaruabcKkoH, CepOoBCKO-KapMHHCKOH.
Ilo uMx pesyavraraMm MokeT ObiTb 0HOCHOBaHO
NpoBedeHHe MOHHTOPHHra B Mpedenax Kaiwo-
4yeBbIX OfbEKTOB B pafioHaXx C MaKCHMaabHOF
AHTPOINMOreHHOH Harpy3KoH.

B npeaenax CeBepadoBCKOA M KypraHckor
obaacTelt B CUCTeMy NOCYAapCTBEHHOTO MOHM-
TOPHHra MOA3EMHBIX BO/ BK/AKYEHbI ABa THIA
oObekToB. IlepBbI OXBaTblBAeT NPHPOAHBIE
BOAHble OODBEKTbI, XapaKTEpPH3YIOLHe COCTO-
fiHHe 1oA3eMHbIX BOJ B €CTeCTBEHHBIX YCIo-
BHAX M OTpadalolne ycaoBHA GOpPMHpOBaHHA
NoA3eMHbIX BO4 B Ppa3dH4YHbIX IHAPOreono-

GROUND WATER MONITORING IN THE MIDDLE
URALS

Palkin Sergey Viadimirovich, chief
hydrogeologist, Urals geological comittee,
Ehaterinburg;

Ribnikova Ludmila Sergeevna, doctor of
geoloqy. chief of Urals center of ground water
monitiring, Urals geological comittee,
Ekaterinburg.

The meaning of ground water as the most
defended source of drinking and service water
supply has been increasing resently, when the
influence on the environment has reached the
threatening size. Besides, ground water
extraction, in some regions rather intensive,
leads to changes of landscape, transformation
of surface flow, forming of water of azone
hydrochemical composition.

In connection with this situation it is an
urgent issue to organize the rational use and
protection of the water objects that may be
realized only through a control system for
grond water resources and storage, their re-
gime and quality. The ground water mo-
nitoring should provide a systematical obser-
ation and control of ground water conditions
and as a result the objective prediction of
possible progress of negative processes for

taking timely measures for their prevention
and reducing possible ecological conse-
quences.

The creation of the geological environment
monitoring system is based on the results of
geoecological mapping of the worst areas
such as Sverdlovsk, Tagil, Serov-Karpinsk.
Based on their results it is sensible to
conduct monitoring within the key objects in
the region with severe technical load.

Within Sverdlovsk and Kurgan regions two
types of the objects are included in the state
monitiring system. The first type covers the
natural water objects characterizing the na-
tural ground water condition and reflecting
the ground water forming under different
hydrogeological conditions. Nine posts are
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FHYECKHX YCAOBMAX. YXKe (YHKUHOHMpYeT 9
NOCTOB, NAaHUpyeTcA co3gaHue ewe 6. Ho-
dopmalna,  noyvyeHHaa Ha TNPHPOAHBLIX BOA-
HbIX OObEKTax, MO3BOMWT BLIABHTb HarlpasaeH
HOCTb NpPOTEKaILINX B NOA3eMHOR ruapocde-
pe nNpoueccoB MNoa BAHMAHHEM T106anbHOro
aHTpororexHesa,

Bropor THn npuypo4ver K MNpHPOAHO-TEXHO-
NeHHbIM BOAHBbIM OOBEKTAM, HCIbITLIBAIOLHM
3HauHMTenbHOE AHTPONOreHHoe BauAHHe. B co-
CTaBe [PHUPOAHO-TEXHOreHHbIX BOAHBIX OObek-
TOB Hanbodee NpHCTanbHbIM BHUMAHHEM MOb-
3ylOTCA TaKHe, KOTOpble XapaKTepH3YloTCA
BeCbMa CAOKHLIMHY YCAOBNAMH opMUpOBAHNA
M MOBbILIEHHBIM 3KONOTHYECKHUM PHCKOM, a
TaKkAe HMeoT BaXHOe 3HaveHHe aaA Hace-
AeHnA. B HX 4Mcio BXOAAT:

-B0a03abopbl 1043eMHbIX BOg, obecnevnpaio-
He LEeHTPpau30BAaHHOE XO3ANCTBEHHO-TIHTh-
€Boe BOAOCHabKeHHe TFOPO4oB C HaceneHH-
eM Oonee 100 TbicAY 4enosek (CepoBCKHA,
‘KaMeHCK-YpanbCKHA [OAHUTOHbI);
-B0103ab0pbl  LEHTPANIM30BAHHOTO  XO3ANCT-
BEHHO-MTLEBOrO BOAOCHaOKeHna B 30-KHao-
MeTPOBON 30He BenoApcKon aTroMHOM ane-
KTPOCTAHUHH (BenoApCKHH TOMUIOH);
-YHHKaabHble  MECTOPOMIACHHA  MOA3EMHbIX
BO4 - no MacuwitabaM, UeHHOCTH Wan CaoX-
HOCTH ruaporeoaorHyeckux ycaosun  (llaa-
pHHCKHH, HHXKHe-CeprHHCKHA NOMHTOHbI);
-3KOIOTMYECKH  YHCTbie  BOg03ab0pbl
3eMHbIX BOA, '

Cocras HabawogeHHH, MXx obbeM M nepHo-
AMYHOCTb ANA Kamaoro M3 o6beKToB orpe-
AedATCA caMocToaTedbHo. [JaA TMPHPO4HBIX
BOAHbIX OOBLEKTOB MNEPHOAHYHOCTb KOHTPOAA
3aBHCHT OT 3aKOHOMEPHOCTEH eCTeCTBEHHOTO
pexrMa M B oOUIeM Caydae MOXKET ObITb
NMoCce3oHHOH. [lononHuTelbHble  KOMIIOHEHTRI,
nogaeMalliie  KOHTPOIO, ONpeJensiorTca B
3aBUCHMOCTH OT CTEeNeHH CchneuHdHYeCKoro
TeXHOTeHHOro BWAHMA Ha TeppHTOopHi. Coc-
Tap HaOMOgeHH? Ha [MPHPOAHO-TEXHOMeHHbIX
oObeKTax 3aBHCUT OT CTeleHH M BHAa aH-
TPOMOreHHOro BO3AeHCTBHA H A0MKeH ornpe-
OEMATLCA B  COOTBETCTBHH €  [POrHO3HBIMH
oueHKaMH, BBIMOAHEeHHBIMM Ha CTaguu pas-
BedKH M 3KcnayaraunH obbekra. HanGonee
060CHOBAHHOTaKHe OlLEHKH MOryT ObiThb Bbl-
NoMHeHsl B caydae, ecad Aaa obbeKkTa cos-
daHa [oCTOAHHO [IeACTBYIOUIAA MaTeMaTHdyec-
Kaa Mogenb, [nA IlaApHHCKOrQ MOAMIOHa pas-
paboraHa H IKCIIyaTHPYeTCA MOCTOAHHO AeHC-
TBYIOUlaA MOAedb MeCTOPOMAEHHA MPECHBIX U

noa-

working already and six more are planned.
The data recieved from the natural water
objects will allow to bring to light the trend
of the processes occuring in the underground
hydrosphere caused by the global conta-
nination.

The second type includes natural-tech-
nological water objects under high tech-
nological influence. In the list of natural-

technological water objects the most dis-
cussed are those that are characterized by
rather difficult forming conditions and in-
creased ecological risk and simultaneously
have the greatest meaning for population.
They consist of:

-ground water intakes providing service and
drinking water supply to towns with popu-
lation more than 100 thousand (Serovsky,
Kamensk-Uralsky polygons);

-water intakes for drinking and service water
supply within 30-kilometer zone of Belo-
jarskaja atomic power station (Belojarsky
polygon);

-unique water fields - for their size, quality
or complication of hydrogeological con-
ditions (Shadrinsky and Nizhne-Serginsky po-
lygons):

-ecologically clear ground water intakes.

The list of observation, their volume and
frequency for every object is defined sepa-
rately. For natural water objects frequency of

-observation depends upon the reqularity of

natural regime and as a rule may be
seasonal. Additional components being a
subject of control are determined according
to a degree of a specific technological impact
on the region. The list of obseyvations for
natural-technological objects depends upon a
degree and kind of the impact and should be
defined on the basis of the prediction done
during the prospecting and exploitation of a
water object. The most proved estimates
could be done in case when a constantly
acting model is built for the object. For the
Shadrinsky polygon the constantly acting
model is worked out and used for two
aquifers: upper one witn fresh water and
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CO/IOHOBATbIX BOA B HHMKHESOLEHOBOM IOpH-
30HTE M MHHepanbHbIX BOA THNAa ECCeHTYKH-4
B BepPXHEMenoBOM FMOPH3OHTE.

AnAa ydera, XpaHeHHA H CHCTeMarn3aumy
AaHHbIX MOHHTODHHra HCIMOb3YIOTCA Mpor-
paMMHble CpeacTBa, paspaboTaHHble Ypanb-
CKHM. LEHTPOM MOHHTOPHHra nof3eMHbIX BOA.
Obfecneyeda BO3MOMKHOCTb  HMCMONb3OBAHNA
reonHpOpMalMOHHON  CHCTeMbl,  MpeaHasHa-
yeHHoW aas paboTbl ¢ KOMNbIOTEPHbIMH Kap-
TAMH paznruHoro macwtaba ¢  BblHeceHHeM
HeoBX0AHMOro Konn4yecTsa HHQPOPMALMOHHBIX
C10€B.

lower n one - with mineral - water (fype
Essentuki-4). '
For assessment, Kkeeping and syste-

matization of ground water monitiring data
software has been worked out by the Urals
ground water monitoring center. Provisions
are made for the use of geoinformation sys-
tem intended for work with computer maps
of different scales with reflection of nesse-
sary amount of information layers.
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ABTOMATHYECKHH KOHTPO(Ib
KAYECTBA BOAbl NMPMBOPAMH $HFPMbI
«TEKATOP»
L]

llerposa T.A., AOKTOD DH3HKO-
mMaTeMaTHYEeCKHX HAayK, rpogeccop,
MOCKOBCKHH rocyaapCcTBeHHbIH
arpoTEXHHYECKHH YHHBEPCHTET.

MpobnemMa KOHTPOAA KavecTBa BOABI He
HOBA, OfIHAKO, HHKOIAAa ellle OHAa He CTosAna
TAK OCTPO, Kak cefidac, TpeOoBaHHA K aHAH3Y
NOBBILAITCA KaK NPH HCCNeAOBaHHUAX MHTb-
* €BbIX, MHHepanbHbIX 1 MOPCKHX BOA, Tak M NpH
HCCNeAO0BAHHAX IKCTPAKTOB MOYBbBlI H PACTEHHH.
Ana notyvyenns ObICTPbIX H TOUHBIX Pe3yNbTAToB
Ha ¢rpMe «Tekatop» (Sweden, Tecator AB, Box
70 8-26321 Huganas) paspaboTaHo HECKOMLKO
MpHOOpPOB, YAOBAETBOPAIOIUUX MOYTH 106yI0
notTpeOHOCTb NPH aHanHe BOAbI.

CHCTEMA AKBATEK

CHcTeMa AKBaTeK pa3paboTaHa CreLHaTbHO
ANA aBTOMaTH4eCKOro aHanusa HoHos NH,°,
NO,, NO,, PO,*> n CI c nprMeHeHneM CTaHaap-
THBIX METOAOB aHAMH3a. AKBATe€K MOMKET ObiThb
TaKXe HCMAONb30BAaH Kak OObIKHOBEHHBIA
MHKPO CIEKTPodOTOMETP ANA aHANH3a APYrHX
HOHOB. AKBATEK MOMKET paboTaTh Kak ¢ camriae-
POM (MOMHOCTbIO ABTOMATH3NPOBAH) TaK H Ge3
{(aHanH3 oTAENbHBIX NTPo6). [1pH HCNONb30BAHHH
CHCTeMbl AKBaTeK pe3ynasTaTbli OTAENbHBIX
npob noay4aloTcA B TeveHHe 40-70 cekyHa,
a anannz 50 mpob 3aHMMaeT NPHMEPHO 4ac.
AxkBaTeK He TpeOyeT HHKAKOIO NpeABApHTENb-
HOTO omnbiTa paboThl ¢ ABTOMATHMYECKHMH aHa-
(IM3aTOpPaMH,

CHNCTEMA ®HACTAP

TeXHONOrnA, OCHOBAHHAA Ha KOHLEMNLUHH
MPOTOYHO-MHMAEKTOPHBIX aHanH30B, Gblna pas-
paboraHa pHpPMOH «TeKaTop» H YCMEIIHO HC-
TNob3yeTCA y2Ke B TeHeHHe AecATH aer. dHacrap
TAKKe TMNOMHOCTbIO ABTOMATH3HpOBAHHAA CH-
CreMa, No3BOAAIOAA PAaCLIMPHTL BO3MOKHO-
CTH TNPOTOYHO-HHKEKTOPHONO aHaau3a AaA
onpeaeneHHa GOMbLIHHCTBA HOHOB, & TaKXKe
¢deHona, MOBEPXHOCTHO-AKTHBHBIX BELIECTB
n ¢akropa Kecrkoctn. [pHbop Kommaekry-
erca Ana pabotel B peume «on-line», npamo
B LeNH TeXHOOTM4ecKoro npouecca. Obnhem
0o6pa3lioB MoMeT MeHATbCA OT 40 Ao 200 MKa.
K crcreme npeaaaraloTcsa cneuyanbHble MOAYIH
ANA AHAMM3a KW 3KCTparHpoBaHHA, HCNoab3ye-

THE AUTOMATED CONTROL OF WATER
QUALITY ON THE EQUIPMENT
OF THE TECATOR» COMPANY
L]
Petrova T.A., Doctor of physical
and mathematical sciences, professor,
Moscow State
Agrotechnical University.

The problem of water quality control is
not new, however it was never so burnin as

‘today. The requirements for analysis enhance

in processing of drinking water, sea-water,
mineral water, sewage and also soil and flower
extracts. In order to get quick and reliable
results the «TECATOR» company (Sweden,
Tecator AB, Box 70 $-26321 Huganas) pro-
duces several tools, which suit almost every
necessity in water analysis.

THE AQUATEC SYSTEM

The Aquatec is fully automated system for
NH,*, NO,", NO,, PO,*> and Cl analyses of
waters, The Aquatec can be used as ordinary
flow microspectrometr for the analysis of other
ions too. The Aquatec can be operated with
(fully automatic operations) or without (to
analyze individual samples) sampler., The
Aquatec displays the result of 50 samples
in less than an hour or individual results
within 40-70 seconds. The Aquatec is easy
to operate — no previous experience with
automated analyzers required.

THE FIASTAR SYSTEM

The technique based on the concept
of Flow Injection Analysis (FIA) developed by
«Tecator» and now since more than ten
years firmly established and proven. The
FlAstar is fully automated tool too, it serves
to enhance the opportunities of FIA in deter-
mination of major ions and also phenol,
detergents and water hardness. The system
is made to work in «on-line» mode, directly
in the chain of technological process. Sample
size may vary from 40 to 200 SYMBOL 109\f
«Symbobl. There are special modules offered
for dialyze and extraction directly in the
analyzing process. To enhance resolution and
stability FlAstar includes special thermostat,
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Mble C Ueibio NpenapHpoBaHHA o00pa3LoB
HENoCpeACTBEHHO B MNpouecce aHannza. flasa
MOBbILIEHNA YYBCTBHTEIBHOCTH H CTAbHIbHO-
CTH HMeeTCA chneudanbHbld TepmocTar. [Ipo-
rpamMmHoe obecniedenne Cynepdnoy obecneynr
MonHbi KOHTPOb M YNpaBieHHe paboToH
cncreMbl driacTap, a TakxKe 06paboTKy AaHHbIX
H noAroToBKy or4yetos. [Iporpamma Cynepdaoy
paccyHTaHa Ha pabory ¢ nepCcoHaIbHbIM KOM-
neiorepoM IBM PC/XT nnH ¢ ApPyrHM COBMECTH-
MbIM KOMNbIOTEPOM.

CHCTEMA HHBAHPO®I0Y

[anbHerlee pa3BHTHE MeToda [MPOTOYHO-
MHKeKTOPHOIO aHallH3a NOy4Hno OTpaeHne
B cHcreMe HHpanpodgaoy, Koropas OTaHYaeTcA
oT dracrap BOIMOKHOCTBIO ABYXKaHanbHOIO
KOOpHMETPHYECKOTo aHann3a, GpeHonoB H 1.4,
Husanpogaoy npekpacHo paboraer ¢ BoAoH,
C/X H 2KoaormyeckKMMH mnpobamu. CHcTeMa
HuBanpodgaoy HaeanbHO COyKHT NMPH MACCOBbIX
aHanH3ax: Kaabli KaHal B COCTOAHHH 0Opa-
6arbiBath 40 180 06pa3loB B 4Yac C BhICOKOH
TOYHOCTBIO, @ NapaMeTpbl HUTPATOB, HHTPHTOB
H aMMOHHA MOTYT ObITh NOay4YeHbi ewe Obic-
Tpee. [[pn6op MoxeT paborars H B OAHOKaHab-
HOM peXHMe, 4YTO KOHTPOAHPYeTCA INporpam-
MHbIM obecneuenneM. HHBadpodaoy Moxer
YAOBETBOPHTb 11060e aHANHTH4YECKOe Tpebo-
BaHHe: OT TOayaBTOMAaTH4YeCKOro peKHMa C
py4yHoH 3arpy3koi npob Ao aBTOMaTHYeCKOro
penMa C caydanHon BbidopKo# npod. O6bIYHO
CHCTEMa yKOMI/1eKTOBbIBAETCA aHAH3ATOPOM,
AETEKTOPOM H MNpOorpamMMHbIM obecreyeHHeM.
Ho ecan npnobpectH elle camnaep, To npnéop
6yaeT NoTHOCTBIO AaBTOMATH3HPOBAH H He byaer
TpeboBaTh Ballero npHCYTCTBHA.

CHCTEMA KBEBTEK

Kbenbrek — HazpaHHE XOPOWO H3BECTHOrO
ceMericTBa NprbopoB A/iA onpeaenerns obiie-
ro asora no mMerogy Keenbaana. dupma «Teka-
TOp» MpeaqaraeT Kak aBToMarH4yeckde, Tak
H TONyaBTOMATHYECKHE CHCTEMbI, KOTOpble
MOryr ObITb YKOMMAEKTOBaHbI pPa3IHYHbIMH
YCTPOHCTBaMH AaA CKHranua npo6. [pH onpe-
AENeHHN CTeNeHH KOHTaMHHaLHK MpeaJjara-
€TCA HCNOMb30BaTh ErKoynpabiseMblA NpH-
Gop aAnA onpegeneHHs (paKkTopa XHMHYECKOM
NOTPebBHOCTH KHCAopoda.

The Super Flow Il (software for FlAstar) turns
the system into a really high performer. This
is true automation. Super Flow cuts paper to
work, no need for tedious and time-consu-
ming work with calculation and writing
reports. Super Flow software as well as other
«Tecator» softwares requires IBM PC XT/AT
or any other IBM compatible computer.

THE ENVIROFLOW SYSTEM

The further development of Flow Injection
Analysis is captured in Enviroflow system.
The Enviroflow is a two channel Flow Injection
system for calorimetric analysis of ions,
detergents, phenols, etc. It is ideally suited
for water, environmental and agricultural
samples. The high working capacity of this
system makes it perfect for routine analysis
work. The Enviroflow runs up to 180 samples
per hour in each channel with excellent
accuracy and resolution. Common parameters
like Nitrite, Nitrate, Ammonium and Phosphate
are quickly and easily analyzed, down into
the low ppb range. The system is designed
as a dual channe! model but can just as easily
be operated as single channel system; this
is easily controlled from the software. The
Enviroflow can meet any analytical demand
from semiautomation with manual sampling
to fully automated operation with true random
access sampling. In its basic configuration, the
system comprises the analyzer, detector and
software package. Add the sampler and a fully
automatic system with unattended operation
is provided.

THE KJELTEC SYSTEM

Kjeltec — is the name of the well-known
group of tools, which serves to determine
the total Nitrogen by Kjeldal's method. The
«Tecator» company offers fully automatic and
semiautomatic systems, which can be supp-
lied with sample bumers. While determination
the level of contamination it js advised to use
easy-to-operate device for measuring of COD.
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BHOTECTHPOBAHHE - MHTETPA/IbHbBIM
METOA OLEHKH KAYECTBA BO/Ibl

Casenves E.I1., HcramoB X.H.
HHIIL 3Komur’, 107564 Mocksa, ya.
Kpacroborarsipckas 42, FoccH

[locKofibKY B 3KOCHCTEMax, B TOM 4Hcae H
B BOAHbIX, OKA3bIBAEMOE Ha HHX BO3JENCTBHE
MHTerpupyeTcda, AA CO3aHMA  BOAOXO3AH-
CTBEHHON [eATeNbHOCTH, OCHOBAHHOM Ha 3KO-
CHCTEMHOM MOAX0AE, HeOOXOAUMO TNPHMeHATH
LeneBble T10KaszaTend Kadecrsa Bobl, Lede-
Bble NOKa3zareqy KavecTBa BOAbl 3arpariBaioT
Takve acrneKkTbl, Kak HakoldeHHe OKCHHOB,
ocTpad M XpoHHYecKas TOKCHYHOCTb, MyTa-
reHHOCTb M KaHLEepOoreHHoCTh. HopMbl Kadec-
TBA BOABbl AOMMHbI YYHUTBIBATb, CPedH MpO-
Jero, cybaeradbHble MOCIEACTBHA TOKCHY-
HOCTH, MepeHOC M HaKoleHWe 3arpfA3HyTenev
H BO3JeHCTBHE TOKCHYHbIX XHMHYECKHX Be-
IWEeCTB B CMecAX B Tpedenax 3>KOCHCTEMbI
(cHepruam), TloBbllleHHoe BHHMaHHE YyaAedA-
eTcA B Hacrosllee BpeMa BblpaboTKe KpHTe-
pveB KadecTBa BOAbl [0 OMACHbIM BeWIECT-
BaM, KOTopble. B CHIYy CBOeH TOKCHYHOCTH,
CTOMKOCTH, OHOaKKyMyaHpyiollen crnocobHoc-
TH H/MAM HX KaHUePOTeHHbIX, TepparoreHHbIX
WX MyTareHHbIX MOCASACTBUA CO3JaloT Yyrpo3y
BOAONOAB30BaHNID H  YHKLUHOHHPOBAHHIO
BOAHBIX.- CHCTEM.

HHdopmauma 4as CO34aHHA 3KOCHCTEMHOrO
noAxoaa BOAOXO3ANCTBEHHOA JeATENbHOCTH
AOMKHA ToayvarhcA Ha 0a3e KOMIIEKCHbIX
MporpaMM MOHHMTOPHHra, o6A3aTeqbHON COC-
TABHOM 4acTbl0 KOTOPbIX ABAAeTcA OHOMO-
HUTOPHHT, OCHOBaHHbIN Ha TpPHUMeHeHNH Me-
TOAOB 6HOTECTHPOBAHWA, B TOM 4YHCIEe C HC-
NMob3oBaHneM SKCNpecc-MeToa0B,

PazpaboranHaa B HHIIL "DKoMmHr" nporpam-
Ma OMOMOHHTOPHHIa CTOYHbBIX BOA NpeaArpH-
ATHA BKAIOYAET DEryqApHbIl KOHTPOIb TOK-
CHYHOCTH CTOYHBIX BOJ, oOpasyeMbiX Ha pas-
(IM4YHbIX TEXHOAOMHYeCKHX CTaduAX MpOH3-
BOACTBA, C MOMOLIBIO 3KCIIPecc-METOA0B C
NCNob3oBaHHeM B KavecTse OHOTECTOB na-
pamMelMA W pa4vkoB aAadHHA, ITH OPraHH3Mbl
MOryT npeTeHAoBaTb Ha DOk  HHIMKATOPOB
Ka4dyectsa BOAHbIX OSKOCHCTEM B CHOY HX
WHPOKOro panpocTpaHeHus, HENoCcpeacTBeH-
HOro B3aHMOAEHNCTBHMA C MHOTMMMH KOMIOHEH-
TaMH CBOEHM 3KOCHCTEMbI, 1erko OOHapy»KH-
BAeMOro H KOIHYECTBEHHO OMNpeAensaemoro
pearMpopaHHA Ha TOKCHYHOCTb H3ayyaeMoH

BIOTESTING - INTEGRAL METHOD OF THE
WATER QUALITY ESTIMATION

Savelev E.F., Istamov Kh.l
SRPC ‘Ecomig’, 107564, Moscow,
Crasnobogatyrskaya 42, Russia

Since in ecosystems, including water
systems, the exerting over them an influence
is integrated, it is necessary to apply the
purpose indices of water . quality for the
creation of water-economical activity, based
on the ecosystem approch. The purpose
indices of water quality touch upon such
aspects as the toxin accumulation, acute and
chronic toxicity, —mutagenicity and can-
cerogenicity. The standards of water quality
must take into account, among the rest, the
sublethal consequences of toxicity, the tran-
sfer and accumulation of pollutions and the
influence of toxic chemical substances in
mixtures within the limits of the ecosystem
(sinergism). At present a hightened attention
is given to the criterions evaluation of water
quality on dangerous substances, which by
force of their toxicity, stability and accu-
mulative ability and/or their cancerogenic,
terratogenic and mutagenic consequences
create the threat to water-using and the
function of water systems,

Information for ecosystemic approach of
water-economic  activity creation ‘must be
obtained on the basis of complex programs
of the monitoring, the obligatory part of
which is the biomonitoring based on the
using of biotest methods including express-
methods.

In SRPC "Ecomig" the biomonitoring pro-
gram of the enterprises sewage was elabo-
rated. This program includes a reqular control
of the sewage toxicity formed on different
technological stages of a production, using
Paramecium and Daphnia as the Dbiotests.
These organisms can pretend to a role of
indicators of a water ecosystem quality by
force of their wide spread, direct interaction
with many components - of their own
ecosystem, easily displayed and quantitatively
determined reaction to the environment
toxicity and the possibility of laboratory
infestigation. Moreover, elaborated biomoni-
toring program includes the control of sewage
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cpeabl H  BO3MOXHOCTH aaboparopHbiX HC-
cieqosanHni.  Kpome Toro, paspaboraHHas
nporpaMma OGHOMOHHMTOpPHHIa BKOIOYAET KOH-
TPOAb MYTareHHOCTH CTO4YHBIX BOA TaKHMH
KpParkoCpo4HbIMM MeTodaMH, KaK TecT JAMca,
-HK-noppexaalolMA TeCT W TecTbl, OC-
HOBaHHble Ha H3YYE€HHH MYyTalreHHOro [ed-

CTBHA Ha KyIbTHBHpYEMbl€ KAE€TKH MEKOIMNH-

TAIOWINX, DKOCHCTEMHBbIA TOAXO4 BKaOYaeT
TaKXKe 4enoBeKka Kak O4HWH H3 LEeHTPanbHbIX
31eMeHTOB 6aaronony4Ha CHUCTeMbl, DTO MNod-
pasyMeBaeT, C OAHOM CTOPOHbI, MpH3HaHHe
COUMAbHBIX, 3KOHOMHYECKHX, TeXHH4YEeCKHX H
NOAHTHYECKHX (aKTOpOB, KOTOpbie BO3deH-
CTBYIOT Ha TO, KakHM 00pa3oM YenoBeK HC-
nonb3yeT MpHpPOAy, B TOM YHCAe H BOAHbIE
pecypchbl. 311 (akTopbl TpebylOoT ydeTa B CH-
1y WX KOHEYHOro BO3/IeHCTBHA Ha LeNoCT-
HOCTb 3KocHcreMbl, M, C Apyro#t CTOpOHBI,
6naronoaydne CaMoro veloBeKa KaK 3(1eMeH-
Ta JKOCHCTEMbl 3AaBHCHT OT COCTOAHHA 3TOH
cucTeMbl, CredoBarenbHO, [0 peaklUHH ero
OpraHH3Ma MOMKHO CYAHTb O COCTOAIHHH 3KO-
CcHCTEMbl B UeaoM., B cBA3M ¢ 3thM, B pas-
paboTaHHylo  nporpaMMy  GHOMOHHMTOPHHIra
KAIOUEHO peryaapHoe caexeHWe 3a COCTOR-
HHEM 310pPOBbA 4YeNoBeKa, B YACTHOCTH, MO
oleHKe ero HMMyHHoro craryca. Paspa6o-
TaHHaa nporpaMMa OHoOMOHHTOpHHra Obina
anpobHpoBaHa Ha pAde NpeanpHATHA PoccuH.

mutagenicity, Eims's test, DNA-damage test
and tests based on the study of mutagenic
action to cultivating mammalia cells.

Ecosystem approach also includes human
as one of the central element of the system
prosperity. It is implied, on the one hand,
the acknowledgement of social, economic
and political factors, which affect how human
uses nature including water-resources. These
factors require a calculation by force of their
final influence on the ecosystem integrity.
And, on the other hand, the prosperity of
human himself as an element of the
ecosystem depends on the state of this
system.

Consequently, it is possible to judge about
the ecosystem condition on the whole by the
reaction of human organism. In this con-
nection, elaborated biomonitoring program
includes the regular observation on human
state of health, in particular, according to the
estimation of his immune status. Elaborated
biomonitoring program was approbated in a
number of enterprises of Russia.
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MEMBPAHHAA ®HILTPALUA:
BO3MOMHOCTH K NEPCIEKTHBDI
B OKOIOI'MYECKOM MOHHTOPHHIE
MPHPOAHDLIX BOA

|
CasBun C.b., A X.H., Ipo., aKaqeMHK,
FPoesa HH., K.Xx.H.,
Kayaros A.C., K.X.H., 1Ipog.
Rysrneyos Ba.B., 4.x.H.,
A.B.Muxarmosa
HHCTHTYT N€OXHMHH H AHATHTHYECKOH XHMHH
HM. B.H.Bepraqckoro,
HHCTHTYT 1106aIsHOIO KAHMAaTa H 3KOAOrHH,
FPOCCHHCKHHA XHMHKO-TEXHOOIHYECKHH
HHCTHTYT HM, /] H. MeHgeadeeBa,
MockBa

Ka4ecTBO Hallen XKH3HH ONpeaenaeTca Ync-
TOTOH MOTPHONAAEMON BOABI, MPOAYKTOB IMHTa-
HHA, OKpy2KaloLLIEH HAC BO3AYILHOH Cpeabl K Ap.

CBOeBpEMeHHBIH KOHTPOab, obecnevynHBalo-
IWHHA YYBCTBHTENbHBIA H HaAeXHbIH MOHHTO-
PHHI' 0OBEKTOB 3a COAepKaHHeM 3arpA3HAIo-
WHX BellecTs 06ecnevyHBaloT MHOTHE CayK6bl,
B OCHOBHOM, NpPH YYaCTHH aHANHTHYECKHX na-
6oparopHH.

HcnonbaoBaHHe MeToA0B MeMOpaHHOH (HIb-
TpauuH B NaboparopHOM H B NPOMBbIILIAEHHOM
MaciuTabax XOpoILUO H3BECTHO B HacToAllee
BpeMA, MembpaHHaA HABTDALHA — IKONOMH-
4YeCKH YHCTBIF; TeXHOAOrM4YeckH 6GezonacHbli
H SKOHOMHYHbIH MeTOA.

Meroapbl MeMOpaHHOTO pasaeneHns Nepenek-
THBHbI AAA NOMY4eHHA BOABI BbICOKOH YUHCTOTBI
C oTAeneHHeM pacTBOPHMbIX B HeH HeopraHu-
YeCKHX COMeH; NMpH ONpedeneHHH NpHOPHTET-
HbIX TOKCHKAHTOB: TAME[bIX MeTandoB, AHHO-
HOB, OPraHN4eCKHX COeAHHEHHH Ha YPOBHE Mpe-
AEbHO-AOMYCTHMBIX KOHUEHTpaLHH.

MembpaHbl NpeaCTaBAAIOT COBOH HETOKCHY-
Hbl€ MOMHMepHbIE NIEHKH, B3PbIBO— H [0XKapo-
GesomnacHble,

Hamn BnepBble NpeanoxeHsl MeMOpaHbl B
Ka4yecTBe TBEPAOH MaTpHUbl ANA KOHUEHTpPH-
poBaHHA H MPAMOro ofpeaeneHHA HOHOB THA-
KeablX MeTanloB H aHHOHOB C “YBCTBHTEIb-
HbIMH OPraHHYECKHMH peareHTaMH,

THE MEMBRANE FILTRATION:
ITS PERSPECTIVES AND ITS POSSIBILITIES
IN ENVIRONMENTAL MONITORING
OF NATURAL WATERS

. ]
8.B.8avvin Dr., prof, academician,
N.N.Roeva Cand. Sc.,
A.S. Katchanov Cand, Sc.,
V.V.Kuznetsov dr., prof,
A V. Mikhailova
V.1 Vernadsky Institute of Geochemistry
and Analytical Chemistry,
Russian Academy of Sciences,
Institut of Global Climate and Ecology,
D.I Mendeleev Russian Chemico-
Techological University, Moscow

The quality of our live is determined by the
purity of consumed water, food-stuffs, the air
which surrounds us, e.g.

The timely control provides sensible and
reliable monitoring of environment objects
on the maintenance of disturbing substances
have ensured many firms in the main with
participation of analytical laboratories.

The use of methods of membrane separation
in laboratory and industrial scale is well known
at present. '

The membrane filtration - is useful method,
safe from technological point of view, ecolog-
ically pure.

Membrane methods of filtration are perspec-
tive for the receiving of quite pure water with
the separation of non-organic salts solved in it;
for the determination of the toxic elements such
as Hg, Pb, Cd, 50,%>, F, PO,> and organic
compounds in the rage of maximum assumed
concentrations (MAC).

Membrane is non-toxic polymer films - safe,
fire and explosion safe. Membrane is useful for
selective concentration by filtration (the concen-
tration coefficient - 10%)! and determination
(without desorption) of heavy metal ions with
organic reagents (ours patent).

In this case, the complex of metal ions with
selective organic reagents in water samples
were filtered through a membrane and can be
determined by using both diffusion reflectance
spectroscopy and test-methods directly on this
membrane filter. '

We have offered the following systems
(Table 2).
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O6pasyIOILHACA KOMIVIEKC HOHa Meranna C
OpraHHYeCKHM peareHTOM MpH (HIbTPOBAHHH
yepes memOpaHHbIH ¢HabTp (KoaddHUHEHT
KOHLeHTpHpoBaHHA 10°)! paBHOMeDPHO pacrpe-
penferca B aze MembpaHbl, 06pasys OKpalleH-
HbIA CIOH, H3MeHEeHHEe OKpaCKH KOoToporo
MOXHO H3MepHTb mMeroAoM AH¢¢Yy3HOA OTpa-
KaTeNbHON CMNEKTPOCKOMHH HAH BH3yalbHO
(TecT-MeToaAOoM).

PaspaboraHbl 2KCNpeccHble MeToAbl onpe-
aenewna Hg(ll), Pb(Il), Cd, F, S0,*>-, Al B
MPHPOAHBIX BOAAX, COYETAIOIHE HCMONb30-
BaHHe BLICOKOM3OHpaTENbHbIX W YYBCTBHTENDb
HbIX PeareHTOB C NONHMEpHbIMH MeMOpaHaMH
(Tabanua 1),

TAB(IMLA 1.
OnpegensaemMbld HOH opraHH4YeCKHH pH . H3meHeHHe
peareHT OKpackH
Hg(ll), Pb(1n, Cd Tupoanu? 4,0-4,5 KpacHbift —
¢$HOIETOBBIA
F- Apcenasolll-Zr 1 3eneHpin —
¢HONeTOBbIH
80,*> Bepunnonll-Ba(ll) 2 BecupeTHbif ~
¢HoneToBLIA
Al DpHXpOMLHaHHH, 1 KpacHbIf ~
Zn coab XKeatblr
TABLE 1.
Determination of Organic reagents pH Color
' change
Hg(ll), Pb(Il), Cd Thyrodin? 4,0-4,5 Red -
Violet
F Arsenazolll-Zr 1 Green -
Violet
80, Beryllonll-Ba(ll) 2 Colorless -
Violet
Al Eriochrome cyanine, 1 Red ~
Zn-salt yellow

1 §,B.Savvin, A.L.Katchanov, V.V.Kuznetsov
and A.V.Mikhailova. A highly effective dynamic
method of membrane concentration. Men-
deleev commun., 1994, 3, p. 103-104

2 H.H.Poesa, C.b.CaBpnn. OpranHiecKkne
peareHTbl 418 CHNEKTPOYOTOMETPHYECKOIO Or-
peaenenna prytn. 1992, v. 47, N10-11,
p.1750-1764

1 §,B.Savvin, A.L.Katchanov, V.V.Kuznetsov
and A.V.Mikhailova. A highly effective dynamic
method of membrane concentration. Men-
deleev commun,, 1994, 3, p. 103-104

2 N.N.Roeva, 8.B.Savvin. Organic reagents
for spectrophotometric determination of mer-
cury. Jh., anal. chem., 1992, v. 47, N10-11,
p.1750~1764
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“HOBbIA DKCITPECCHBIA METOA
H AHATH3ATOP A1A ONPEAEMNEHNUA
OBHIETO COAEPAMAHHA OPTAHHYECKHX
_ BEIIECTB B BOAE

|
O.K. THMOHHHA, K.T.H.,
b.K. 3yeB, K.1.H.,
HHCTHTYT reOXHMHH
H aHanHTHYeCKOH XHMHH FAH HM.
B.H.Bepragckoro

PaspaboraH HOBBIH 3KCNpPECCHbIH MeTos
onpeaeneHHA KHCNOPOAHOH OKHCAAEMOCTH
NpHPOAHLIX U CTOYHBLIX BO4, MeToa nossoager
3aMeHHTb CTaHAAPTHOE onpeaenetne KHCIopoa:
HOH OKHCIAEMOCTH MO XHMH4eCKOMY notpebne-

* HHI0 KHcaopoaa (XITK), ocHoBaHHOMY Ha H3me-
PEHHH KOMHYECTBa KHCAOpoaa, HeobXoanmoro
ANA OKHCIEHHA OpraHH4YecKHX TNpHMECeH B
BOAIE C [MOMOLUBK CHABHBIX OKHCAHTENECH.

[lpeanaraeMplii MeTOA, 3KCMNPECCHOI'O KOH-
TpOaA Ka4ecTBa BOAbl OCHOBAH Ha INpAMOM
H3MEPEeHHH B TIOTOKE HHEPTHOIO rasa Koapie-
CTBa KHCNOpPOAa, HeOOXOAHMOr'o AAA BBICOKO-
TEMNepaTypHOr0 OKHCAEHHA OpPraHH4YecKHX Be-
wecTs, cogepxaluxca B npobe Boapl (TIK).

Meroa peannaoBaH B NEpPeHOCHOM TBEpAO-
30€KTPONHTHOM AaHAH3aTOpe CAeAYIOUHM
obpazom.

HNHeprhbli ras W3 6annona nocrynaer B
AO3HMPYIOLIYI0 TBEpAOIEKTPOIHTHYIO AYEHKY,
' KOTOpas CAYKHT KHCIOPOAHBIM HAcOCOM, obec-
neyHBaR HeoOXOAHMYI0 KOHLEHTPaLHIO KHCIO0-
poda B rasoBoM noroke. [1oTok raza ¢ A03Hpo-
BAHHbIM KOIMYECTBOM KHCIOpPOAA TPOXOAHT
Yyepes peaKTop, rae TPOHCXOAHT HCIAPeHHE
M cKvraHue npobObl BOAbl MPH TeMIeparype
800-900° C. BmeaeHHe KioBeTbl C NpoBok
obbeMoM n.10° a (5<n<10) B peakTOp aBTOMa-
TH3HPOBaHO. BblXoasAllaa u3 peakropa rasopas
CMECh MOCTYNAaeT B H3MEPHTENbHYI0 TBepao-
3(1EKTPOIHTHYIO MeHKY, KOHTPOIHPYIOLLYIO KOH-
HEHTPaLHI0 KHCI0poda B NMOTOKE HA BbIXOAE
H3 peakTopa H CayXaulyio 08 H3MEpeHHA
KOMIH4YeCTBa KHCIOPOAA, 3aTpa4eHHOrO Ha CKH-
raHHe npobbl. O6e AMelKH H3TOTOBAEHbI Ha
ocHose ZrO,, o0baagalT KHCAOPOAHOHHOH
NPOBOJHMOCTBIO H paboTAIOT B KynOHOMETpH-
4eCKOM pexuMme.

AHa/IHTHYECKHA CHrHan, INpeAcTaBAAIOILMH
cobOM M3MEHAIOUIMACA BO BPEMEHH HOHHbIM
TOK KHCI0poda, (PHKCHpyeTcH (C TMOMOILBIO
610Ka CONpAKEeHHA) KOMIBIOTEPOM, KOTOPBIH
OCyLECTBAAET MareMaTHuYecKylo 06paboTKy

NEW EXFRESS METHOD
AND ANALYZER FOR TOTAL CONTENT
DETERMINATION OF ORGANIC
SUBSTANCES IN WATER

O.K. Timonina, Fh.D.,
B.K. Zuev, Fh.D.

V.l VernadsKky Institute
of Geochemistry &
Analytical Chemistry

We suggest a new express analytical method
for total content determination of organic sub-
stances in waste and natural waters. This
method allows to replace standard determina-
tion of water oxidation (the determination of
Chemical Oxygen Demand — COD) based on
measuring of oxygen amount necessary to
oxidize the organics dissolved in water using
strong oxidizers.

The suggested method is based on direct
determination of oxygen amount necessary to
bum dissolved organic substances at high
temperature (800-900° C) in the inert gas flow
(Thermal Oxygen Demand ~ TOD).

The method is realized in the developed so-
lid electrolyte analyzer by the following way.

The inert gas moves from gas-bag to the
dosage solid electrolyte cell (SEC) witch serves
as an electrochemical pump for stabilization
of the determined oxygen content in the flow.
The gas flow with dosage amount of oxygen
passes throw the reactor. Special automatic
system transports the cuvette with water probe
(n.10L, where 5<n<10) to the high temperature
reactor. Concentration of oxygen in the flow
after the reactor is controlled by the measu-
ring SEC. Both cells based on ZrQ, possess
unipolar oxygen ion conductivity working in
coulonometric mode.

The analytical signal is oxygen ion current
changing with time and the square under the
oxygen ion current curve is proportional to the
amount of oxygen spent on the organics
oxidation (owing to Faraday’s low). The kinetic
of the oxidation process is recorded. Computer
produce mathematical proceedings of the recei-
ved data. The final results are represented on
computer display as the quantity of oxygen (mg)
necessary to oxidize the organics dissolved
in the unit volume of analyzed water,
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chryana. [loowaak nod KpHBOH H3MeHeHHA
HOHHOTO TOKa KHC10poJa CO BpeMeHeM (cornac-
Ho 3aKoHy dapaaed) NponopLHOHaNbHA KOH-
YeCTBY KHCAOpOJA, 3arpavyeHHOMY HA OKHCae-
HHe. KHHETHKY Mpolecca OKHCIEHHA MOXKHO
Habnloaarh Ha 3KpaHe AHChaes.

KoHeYHbIH pe3ynbTaT aHanH3a BbiCBeYHBaeT-
CAl. Ha 9KpaHe AWCNaes H NpeacTaBaseT cobok
KOMM4eCTBO KHCI0poaa (Mr), HeobxoanMoe s
OKHCIE€HHA OpraHHYeCKHX NpUMeceH, Haxoas-
WpXcA B eguHnle obseMa npodbr (n).

MpnGop nosBoafer aHaNH3HpPOBaTH MpobbI
BObl, OKHCIAEMOCTb KOTOPbIX HaxoaHTCA B
AuanaszoHe or 10 ao 1000 mr O,/a ¢ oTHOCH-
TeNbHbIM CTAHAAPTHRIM OTKNOHEeHHneM - 0,1,

Meroa aHanMsa 4OCTaToO4HO NpocT, abcodmio-
TeH, oKcnpecceH (He Gonee 10 MHHYT) H He
Tpebyer crneHanbHOH NMPOBONOANOTOBKH, AHa-
IH3aTOp ABTOMATH3HPOBAH W MOXeT ObiTh
MCMONb30BaH [i0A NpoBEAEeHHA CTaHAapTHOMO
KOHTPOA BOA HA OYHCTHBIX COODYKEHHAX,
CAHAMHAEMCTAHUMAX H B nabopaTopHAX, OCy-
IeCTBAAIOILHX AKONOrH4eCKHHA KOHTPO(b.

pn6Op erko TpaHCNOPTHPOBATH, YTO MO3-
BONAET C €ro MOMOMIBIO OCYLIECTBAATD MO-
HHTOPHHT peK, MOpeH H T.A4., BbIABIATh HCTOY-
HHKH 3arpA3HeHHi OpraHH4eCKHMH [PHMECAMH.

The apparatus allows to analyze different
kinds of water with the range of oxidation
10 ~ 1000 mg O,/1 and relative standard devia-
tion ~ 10%. The method of analysis is absolute,
simple, very expressive (not more than 10 min.)
and needs no special probe preparation. The
analyzer is automatic and simple for use.

Apparatus based on the suggested method
of analysis can be used for necessary standard
test of natural and waste waters at any clearing
or sanitary stations and by the laboratories
proceeding ecological control. Analyzer allows
to provide monitoring of rivers, seas, etc.
It appears the possibility to detect the source
of organic substances pollution because the
apparatus can be easily replaced.

1083



HOHOCEEKTHBIHDBIE S(IEKTPOABI THITA
MOKPBLITOH ITPOBOIOKHN
408 ONPEAE/NEHNNA HEKOTOPBIX
(EKAPCTBEHHbBIX NMPEIAPATOB

B CTOYHbIX BOAAX
e

TomoxroBa T.B.,

lopeaos H.1T. |

TBepckor locyaapcrBertblH YHHBEDCHTET

DNeKTPOXHMHYECKHE MeTOoAbl aHaan3a
NMOCTOAHHO TIPHBAEKAIOT BHHMAHHE XHMHKOB-
AHANHTHKOB B CBA3H C BO3PaCTAIOUIHM CIIPOCOM
CO CTOPOHbI MPOMbIIIEHHOCTH Ha ObiCTpble,
TO4HbI€ H HeAOPOrHe aHaHTHYECKHE MeTo/lbl,
KOTOPbIE K TOMY #5€ MOI1H Obl ObITH MOMHOCTBIO
ABTOMATH3HPOBaHHBL. JTO rnocrneaHee o6CTOA-
TebCTBO OCOOEHHO BaXKHO B CBA3H C HeoOXo-
AHNMOCTBI0O OCYLIECTBASHHA HENpepbIBHOIO
aHanH3a CTOYHbIX BOA H APYrHX OOBEKTOB
OKpyKalolleH cpeabl. TaKHe BO3MOKHOCTH AaloT
HMHTEHCHBHO pa3pabaTbiBaeMble B TNOCaeAHEE
BpeMA HOHOCEEeKTHBHHe 3neKkTopodbl (HCD)
pa3NH4YHbIX THIMOB, OGHOCEHCOPbI H ra3ouys-
CTBHTENbHBIE 31€KTPOAbl, NO3BOAIOUIME MPO-
BOAHTb AHAMH3 CIOXHBIX [0 XHMHYECKOMY
cocTaBy OOBEKTOB, HANMPHMEP, CTOYHBIX BOA
XHMHKO-(pbapMaLleBTHYECKHX NNPOH3BOACTB.

[lna omnpeaeneHna auMeapoda, AHNpas3HHa,
a TakXKe TeTpaUMKIHHA H HEKOTOPBIX POH3-
BOAHBIX, HaMH OblaH pa3padoTaHbl H HCCEI0BHbBI
NCD ThHna nokpbITOH NMPOBOOKH., DeKTPOAbI
NOKa3bIBalOT (HHEHHBIA XapaKTep OTKAHKA
C HEPHCTOBCKHM YYI1IOM HaK{IOHa 3(1€KTPOHbIX
HAPaKTePHCTHK NpubananTensHo 10 — 102 M,
H3y4yeHno eananue pt HccneayeMbIX pacTBopoBs
Y BpeMeHH BbIMa4HBaHHA Ha HX XapaKkTepHCTHKH,
Nayuyernnie NCO HMelOT XOpollylo CeneKTHB-
HOCTb B OTHOIIEHHH MHOTHMX HEOPraHH4eCKHX
KaTHOHOB 1 OpraHH4eCcKHX BewwecTs. C roMoLLbio
MeTOAA CTaHAAPTHBIX A06aBOK HCCIeA0BaHHbIE
BellecTBa Oblnn onpegeneHbl B YHCTHIX
pacTBopax, roTOBbIX (IeKapCTBeHHbIX ¢opMax
H CMOAENHPOBaHHbIX obpasliaXx CTOYHBIX BOA,

COATED-WIRE
ION-SELECTIVE
ELECTRODES FOR DETERMINATION
OF SOME DRUGS

IN SEWAGE
e

Toloknova T.V.,
Gorelov [F,
Tver State Universily, Tver, Russia

Electrochemical methods have attracted
the interest of workers in analytical labara-
tories together with the growing demand
from industry for fast, reliable, inexpensive
and fully automatical analyses. New genera-
tions of ion-selective (ISE) and gas-sensitive
electrodes supplemented recently with a rapid-
ly growing family of electrochemical biosen-
sors provided analytical tools that permit the
specific and precise determination of a number
of species of medical importance in various
complex systems, e.g. in sewage of pharmaceu-
tical plants.

Coated-wire ISE selective for hydroch
orides of dimedrole, diprasine, tetracycline
and some its derivatives are prepared and
investigated. The electrodes show a linear
response with a nernstian slope over the ran-
ge of approximately 10° -~ 102 m. The effect
of pH of the test solutions and time of soaking
on the electrodes’ performance are studied.
The electrodes exhibit good selectivity for
the investigated preperations with the respect
to a large number of inorganic cations and
organic substances. All drugs are determined
successfully in pure solutions, in some phar-
maceutical preperations and in sewage using
the standard additions method.
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METOAHKA OBOCHOBAHHA MOHHTOPHHIA
NOA3EMHBIX BO4 HA MECTOPOAKAEHHAX
TOBONBCKOIO APTE3HAHCKOIO BACCEHHA
C HCNOMb30OBAHHEM METEAOB
MATAMATHYECKOIO MOAEMHPOBAHHA

Dennqman Angped (IbBOBHY, KaHaHAAT
reonoro-MHHEPATOrHYEeCKHX HAYK, JOLEHT.
YparlbcKaA ropHO-reoqOrHYecKan aKaqeMHA, I.
ExarepnH6ypr,

PoibunkoBa (Tiogmuaa CepreeBra, KaHAHAaT
reonoro- MHHEPATOrHYECKHX HayK, HAYaIbHHK
UeHTpa YpariruqpOMOHHTOPDHHAL, YDarbCKHA
reoqornYeckHi KOMHTeT, . ExarepuHOypr,
KonbiioB AMHT HH BagumoBHY, rHAPOre€onor
uenr a Y airiqpoMOHHTODHHT, YparibCKHH
F€OOrH4YeCKHH KOMHTET, TI.EXarepHHOypr

3ayparbe HCNbITbIBaeT XPOHHYECKHHA
AedHLNT KOHAWIHMOHHBLIX BOA AJA  XO3AH-
CTBEHHO-TINTbeBbLIX LUenerd. B CBA3H C 2THM
aKTyalbHbIMH CTAHOBATCA BOINPOCbI Kak pe-
KOHCTPYKIUIMH CyLIeCTBYIOUIHX OObeKTOB BOJO-
cHabXKeHHA, TaK U OCBOEHHA HOBBIX,

MecTopoXxaeHHA noa3eMHbIX BOA pernoHa
NpHypoYeHbl K MHOIOC/IOMHbIM  THApOreo-
(IOrM4eCKHM CHCTEMaM CI0MKHOIMO CTPOeHHA
(cywectBeHHas MAaHOBO-BepTHKaNbHaa Heoa-
HOPOAHOCTb (DHABTPALMOHHBIX H €eMKOCTHbIX
CBOHCTB) H XapaKTepH3yloTCA HenpoCTOH THA-
POXHMHYECKOH OOGCTAaHOBKOW. 3HauHTeqbHaA
4YacTb MeCTOPOXKAEHHA TMpHypoYeHa K COBpe-
MeHHbIM HAN APEBHHM PeyHBbIM A0(HHaM, Tae
CyulecTByloT OaaronpHATHbIE YCAOBHA (POPMH-
poBaHHA HHQPHALBTPAUHMOHHBIX (IMH3 TMPECHbIX
noA3eMHbIX Bod. XapaKTepHOH 0COGEHHOCTBIO
MecToposaeHnn ToBObCKOro apre3sHaHCKOro
baccefiHa HBAAETCA BO3MOXHOCTb HX €CTeCcT-
BeHHOro 3arpfAsHeHHA B pesyabTare Mnoa.
TATHBAHHA B TNPpOLECCe 3KCIIyaTalHH HeKOH-
AHLUHOHHBIX BOA H3 CMEXKHbiX MOPH30HTOB H C
¢naHroB MecCTOpOKAeHNA. Kpome TOrO, DA
MeCTOpPOMKAEHHH (Hpburckoe, KpacHo-
rBapAercKoe) pacnonoxKeHbl B HENOCpeAcT-
BeHHOW O(M30CTH OT 4eprbl TOPOACKOH H
NpOMbILL(IEeHHOH 3acTporkH. B  nogob6HbIx
YCIOBHAX 0COGEHHO aKTyadbHbIM CTAaHOBHTCA
He0oOXOAMMOCTE OOOCHOBaHHA H OpraHHM3alHH
MOHHTOpPHHIa MNOA3EMHbIX BOA, KaK CHCTeMbl
HabMloQeHNA,  HanpaBOeHHLIX Ha  THAPO-
reo/lorH4ecKkoe MPOrHo3NpoBaHHe B CBA3H C
peuleHHeM 3ada4y ynpas(eHHs.

Hanbonee HaaeKHbIM HHCTPYMEHTOM pelleHHsA
3THX  3ada4  ABAAETCA  MareMaTHYyecKoe
MofeanpoBaHne (MHOroBapHaHTHOe pelleHHe
CONpAZKEeHHbIX 3aga4 (pHabTPaAUHH H
MaccofepeHoca) H Co3fiaHne, B KOHeYHOM

METHOD OF GROUND WATER MONUTORING
FOUNDATION
IN THE TOBOL ARTESIAN BASIN WITH USE
OF SIMULATION

Feldman Andrey Lvovich, doctor of geology,
assistant professor, Urals mining-geological
acadamy. Ekaterinburg;

Ribnikova Ludmila Sergeevna, doctor of
geoloqy, chief of Urals ground water
monitiring center, Urals geological committee,
Ekaterinburg;

Kopilov Dmitry Vadimovich, hydrogeologist,
Urals ground water monitoring center, Urals
geological committee, Ekaterinburg

Transural region suffers from severe lack
of fresh waters for drinking and service
purposes. In connection with this situation it
is an urgent issue to reconstruct exploiting
water objects and organize new objects.

Ground water fields within the region are
represented by multi-layered hydrogeological
systems of complicated structure (horizontal
and vertical inhomogenity of permeability and
capacity) and characterized by complex
hydrochemical conditions. Considerable part
of water fields is connected with modem or
ancient river valleys where favourable
conditions exist for forming of infiltration
frech water lenses.

Characteristic feature of the Tobol artesian
basin feilds is a possibility of natural
contamination due to pulling during
exploitation waters of bad composition from
adjacent aquifers or from field's wings.
Besides, some fields {Irbitskoe,
Krasnogvardeyskoe) are placed near of urban
and industrial building. In this situation
necessity of ground water monitiring
foundation and organization is particulaly
urgent problem as a system of observation,

directed at hydrogeological prediction in
connection with solution of managing
problems.

The most reliable tool for solution of tasks of
such type is simulation (multi-varying
modelling of filtration and masstransport
tasks) and building as a result constantly
acting geofiltration model of an object, and
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HTOre, [IOCTOAHHO [AeHCTBYIOHIEH ruapo-
reoMurpaloHHon mogenn ([AM) obbekra, B
CBA3N ¢ 4eM 0CoOeHHO 3HAYHMOH CTaHOBHTCA
MogdeqbHaA OPHEHTHPOBAHHOCTH MOHHTODMHIA.
C ApyroH CTOpPOHBI, CaMO OGOCHOBaHHE MO-
HATOpHHra (BOMPOC O TOM YTO, KakK, TI/eH
Kora Ha0aodarh) J00KHO OCHOBbIBAThCA Ha
pe3yabrarax pasBegovyHOro MOAEMMPOBaHHA,

KOTOpOMY, B CBOIO o4Yepeab,  AO(XKHbI
npeAliecTBOBaTh BCE  ATanbl  [OCTPOEHHA
mMogenn (0T reodHIbTPALHOHHOA  CXeMaTH-

3alMH NpHPOAHOrO oObObekTa ¢ Y4eToM Ueau
pewlaeMort 3ada4yH a0 OLUEHKH ee agek-
BaTHOCTH HaTYPHbIM YCAOBHAM),

[IpH Co3aHNH Tr'eOMHIPaUnOHHBIX Mogeren
BCTAET BONPOC C HeolpeaeneHHOCTbIO MHIpa-
LUHOHHBIX TNapameTpoB, KOTOpble C /0CTa-
TOYHOA TO4YHOCTBLIO HEBO3MOKHO OIpedenHTh
nyreM aabopaToOpHbIX HCCAeqOBaHHA MW
OnbITHbIX pabor. B CBA3M C 2THM BaKHLIM
ABAAETCA BOMNPOC TNPOBEAeHHA MOHHTOPHUHra
Ha [eHCTBYIOIUHX MPOAOIMAHTENbHOE BpeMd
Bogosabopax M nocaeaylowero  pelieHuA
ANUTHO3HBIX 33da4 (MogenbHoe BOCCO3/JaHne
npolecca 3KCayarallMd MecTOpPOMAeHus) C
Heablo MOAYyYeHHA JOCTOBEPHbIX (HALTPa-
UHMOHHBIX H MUrPAUHOHHLIX NapaMerpoB H
HH(pOpMalMY © 3aKOHOMEPHOCTAX HX Tpo-
CTPAHCTBEHHOrO pacnpeie1eHmna.

HMeHHo Takne nogxoabl OblaM  HCNOObL-
30BaHbl MpH OBOCHOBAHWH MOHHWTODHHIA MO/l
3eMHbIX B0 Ha KyprambiickoM, CyepcKoM,
IaapuHckom (KypraHckas obnacTb), HpOHT-

ckoM, KpacHorsapaenckoM, l0xHO-CocbBHH-
cKoM  (CBepaaoBcKas  obadacTb)  MecCToO:
POKAEHHAX.

BoccosgaHHe Ha Mogeau onbita 35 aeTHed
3KCITyaraluny  aapHHCKOrO MecTopoXaeHnA
MoKasao, YTo NMpH pellleHdH 3agady IporHosa
H3MeHeHHA KadecTBa TO43eMHBIX Bod B
XapakTepHbIx AaA perdoHa CAOHCTBIX CHC-
TeMax HeoOXOAHMMO Y4YHUTbIBATh MEPETOK MHHe-
panu30oBaHHLIX BOA Yepe3 HH2KHIOK pa3ge-
AAIOUIYI0 TOAWy, [PHYEM MapaMerpb! 3TOro
neperoka 3aKOHOMepPHO (Ha MOPAJOK) HaMe-
HAIOTCA OT PYCAOBOA 4YaCTH peyHbIX AOAHH K
BoAOpa3fedy, a 30Ha(dbHOCTb PpaclpeaeneHns
3TOMO MapaMeTpa CoBNadaer C TrpaHHLAMH
reoMopdOIOrHYeCKNX  31eMeHTOB  ([oHMa,
Tepacca, BoAopasaen). [le MeHee BameH yuyer
BepTHKaaLHOHA PHALTPaLlMOHHOA HEeOAHOPO/L
HOCTH H H3MeHeHHA MHHepaau3alHy He
TObKO B MdaHe, HO H B pa3pe3e TI'OpH3OHTA.
C 3ToA Leablo eAHHbIA BOAOHOCHBIA MOPHU3OHT
NpH  MOAEMNPOBAHHUH  3AaMEHA(CH  KBa3M-
MHOIOM(1acTOBOA CHCTEMOH, Ha OCHOBaHHH
yero Obiila  0DOCHOBaHa  BO3MOKHOCTb
OpraHM3alyy MOHHTEPBaabHONO BOAooTOOpa
6e3 onpecHehua. Ilpn pellleHHn  3agady
NMporHo3a M3MeHeHHA KayecTBa MOA3eMHbIX
BO4 B TMpOLECCEe 3KCIIyaTalHH XapaKTepHbIX

so, modellling trend of monitiring system
is especially significant. Besides, the
foundation of monitoring system (what, how
and when one must observe) should be
based on the results of prospecting
simulation, which must be preceded by all
steps of model building (from geofiltration
scheme of the object in connection with task
purpose to estimation of model accordance
to natural conditions).

During the construction of ground water
models the problem of uncertainty of
masstransport parameters arises. They could
not be determined with sufficient accuracy by
means of labaratory method or experimental
work. Therefore ground water monitoring is
especially urgent for the water intakes being
exploited for a long time that provides a
possibility of estimation of filtration and
masstransport parameters and their spatial
regularity:

Such method of approch used for the
foundation of ground water monitoring in
Kurtamish, Suyer, Shadrinsk fields (Kurgan
region), Irbit, Krasnogvardeysk, Uzhno-Sosva
fields (Sverdlovsk region).

The model reproduction of 35-year
exploitation of Shadrinsk field shows that the
solution of tasks of ground water quality
prediction in multy-layered system should
take into account leakage through the lower
divided layer. '

The parameters of this layer changes
regularly in connection with the boundaries of
geomorphological elements. The changes of
permeability and chemical composition in
horizontal and vertical section must be taken
into consideration.

The aquifer during the simulatuon was
replaced. by quasi-multilayered system, that
led to foundation of possibility of water
extraction from the upper interval without
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and  ToboabCKoro apresHaHcKoro OacceriHa
reTeporeHHo-6M0KOBLIX  KOIEKTOPOB  HpH
MOJAeNHPOBAHHH MacconepeHoca B MHOro-
1eTHeM paspe3e CaedyeT HCNoAb30BaTh CXeMy
MakpoaucnepcH. TlapamMeTp akTHBHOH To-
PHCTOCTH TaKHX KO(I1EKTOPOB H3MeHAeTCA BO
BpeMenHn ot 0.01 oo 0.1-0.2, yro onpeaensner
HeoOXOANMOCTD NOBbILLIEHHON YacTOThI
HabaioneHnit 3a XHMHYECKHM COCTaBOM B
NnepBble rodbl NOCe Hadana 3KCIUTyaTalHH.

desalination.
The ground water quality prediction of several
years' standing for heterogeneous rocks

should be done with use of macrodispersion
scheme. Apparent porosity changes from
0.01 to 0.1 - 0.2 in time, that determines
the necessity of more frequent water quality
observation during the Dbeginning of
exploitation.
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ABTOMATH3NPOBAHHbIA
BOMbTAMITEPOMETPHYECKHH AHAN3 BO/,
HA COAEPAKAHHUE THE/BIX METANOB,
$EHOMA H CYMMbI [TAOB
]

Aycrenko (1A., K.X.H.
TOMCKHH [TOTHTEXHHYECKHH YHHBEPCHTET
¢upma «TEXHOAHAIHT: arq

['pynno# aBTOpOB paspaboTaHbl W HaWH
ILHPOKOE MPpaKTHYeCKOe [pHMeHeHHe MeTo-
AHKH onpeaeneHnsa Ha yposHe I1 [ K npumecen
tAXKenblXx Merannos TM, ¢deHona H CyMMbI
[NTAOB ¢ wcnonb3opaHHeM AaBTOMATH3HPOBaH-
Horo asanuzaTopa AMB-3Y® («TexHoaHanHT aTay).

B TabnHile NpHBeAEHbI yCNOBHA ONpeaeneHHA
yKazaHHbIX BpeAHbIX TIPHMeCeH H CcrnocoboB
npobonoaroToBKH BOABI.

AUTOMATIC VOLTTAMETRIC ANALYSES
OF WATER FOR HEAVY METALS, PHENOL
AND TOTAL SURFACTANTS
DETERMINATION
L
Khustenko L.A., D. Fh.
Polytehnical University,
«Technoanalyt Ltd», Tomsk

Methods of determination of heavy metal
traces, phenol and total organic surfactants
at the limit permissible concentration are
developed by the group of authors with using
of automatic analyzer AMV-3UV («Technoanalyt
Ltd»). In the table the condition of mentioned
toxic trace substances determination and
methods of water samples preparation are
given,

N |Onpeaeasemble |[Ipobonoaro-| dnek- $doH [iManazoH onpepens-
n/n BelleCcTBa TOBKa Tpoa® €MbIX CoAepXKaHHH,
mr/am>

1 Zn, Cd, Pb n Cu YoO P12 0.1M HCOOH 0.0005-1.0

2 Mn H,80,*" PI1D 0.1M KCI 0.0030-6.0

3 Bi n Sb H,80,** | PN3 0.25M HCl 0.0001-0.1

4 Ni OKcrpakysa | D 0.1M NH,+ 0.001-0.1
OpraHH4ecKHx 0.1M NH,CI

Co KoMmnnekcos | CYD 0.001-0.1

MeTannon

5 As HCl+ruapaznn 32 3M HCl+ 0.0050-0.1

6 Hg Y®O 3ra 0.1M HCIO, 0.0001-0.1

7 deHon - Cy3 Na,HPO,, 0.0010-0.4

*) PII3 - pryTHBiA nneHodHbid, [D-rpacguroBbid, CYD - Crekao-yraepodnbift, 3I'3-30010T0-

rpadHTOBbIH 31€KTPOABD.
**) MoKpoe o300eHHe.

Bpema aHann3a oagHOBpeMEHHO TpexX napar-
aenbHpix npobd Boabl cocTaBager 5-
30 MHH.

PaspaboraH cnoco6 HHAHKaLHH [1AOB
(0.005-0.1 ™r/n) B BOAAX, OCHOBAHHBIA Ha
CHHAKeHMH KaTOAHOrC MHKa LHHKA, CHATOro
B pexnme ApobHor anddepeHUHpoOBaHHA.

The duration of three simultaneous sample
analysis is 5-30 minutes. The technique of
surface active organic substan-ces (SAQS)
indication (5-102 ppb) in waters based on
degra-dation of cathodic peak of zink ( in
differential form ) are suggested. The effective
desactivation of the investigated tipes of SAQS
under UV-irradiation in solution with adding
HCOOH and H202 are shown.
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N Substances Sample . Elec- Supporting Concentration

n/n detemined preparation | trodes” electrolyte range, ppb

1 |Zn, Cd, PbandCu| UV+HCOOH | MFE 0.1M HCOOH 0.0005-1.0

2 Mn H,50,"* MFE 0.1M KCl 0.0030-6.0

3 Bi and Sb H,80,** MFE 0.25M HCI 0.0001-0.1

4 Ni Extraction CE 0.1M NH,+ 0.001-0.1
of organic 0.1M NH,CI

Co metal GCE 0.001-0.1

complexes

5 As HCl+Na,H, | AuFE 3M HCl+ 0.0050-0.1

6 Hg uv+i,0, AufE 0.1M HCIO, 0.0001-0.1

7 Phenol - QCE Na,HPO, 0.0010-0.4

*) MFE - mercury film electrode, CE ~ carbon electrode, QCE -~ glassy-carbon electrode, AuFE-

AU-film electrode.

llokasaHa 3¢¢EeKTHBHOCTb Y®-ae3aKTHBaLHH
Bcex THNOB mn3yveHHbIX [MAOB ¢ aobGasne-
nnem H,0, n HCOOH. PazpaboraH onbiTHbIA
obpasen Yd-0obayyarens A1 JOOHHCTKH BOAbI
(TE€XHONMOTMYECKOH, CTOYHOH, TNHTbEBOH) OT
OpraHH4Y€CKHX MpHMeceH.

MeToaMKH aHanM3a TMPOLIAH 3KCMEpTH3Y H
cornacopaHne B locrcraHgapre PP H peko-
MeHAOBAaHbl K HCMNONb3OBAHHIO NPH NpoBeae-
HHH aHAMHTHYECKOro KOHTPONA Ka4vecTsBa
BOA B CHCTeMe MHHHCTEpPCTBAa 3KONOTHH Pd.
AHanHU3aTop YCMEWHO HCNOab3yeTcd BO MHO-
rMX CAaH3NMAEMCTAHLUMAX W TNHUlesbix nabo-
patopHax Poccud v KasaxcraHa.

The experimental sample of UV-irradiator
for final purification of technological, drinking
and waste waters from traces of organic
substances are designed.

The analytical procedure and the: analy-
zer are sertified and qualified as state standart
of Russia. They are used successfully in many
certification laboratories and environ-mental
monitoring station in Russia and Kazakhstan.
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MOAEAH A1A UEEH BOAHOTO
MOHHUTOPHHTA H ONTHUMHU3ALIMH
BOAOOXPAHHON AEATE(IBHOCTH

MPEAMPUATHA B COBPEMEHHBIX YCAOBHAX

Uxan AA.", K.¢h.-m.H. ; Arerikos B.IO." ;
Koweaes K.B."", K.¢p.-m.H.; (ledrec MA,"",
KTH ; Lxan T.B."" (* HHCTHTYT BogHbIX M

.. SKOQOrHYecKHX npobaem CO PAH;
AaradckHA @uinan PocHHHH wagopMallHoH-
HbIX TeXHOAOI'HH H CHCTEM aBTOMATH3HPOBaH-
HOIO MpOEKTHPOBAaHHA MHHHAYKH H TEXHH-
YEeCKOH ITOAHTHKH FPd).

TE3HCbI

CoopmyanposaHa Mogenb KadecTBa BOAbl
B peKe, NpeaaaraeMas /af HCIoAb30BaHHA B
COCTaBe HHCTPYMEHTAIbHBIX CPeACTB BOAHOIO
MOHHTOpHHra, Mogeab nNapaMeTpu3oBaHa IO
AaHHBIM HabmogjeHHA pAga (eT 3a THAPOXH-
MHYeCKHM peXuMmoMm peku OOb y ropoja
BapHayna, OAHOrO M3 HHAYCTPHAMBHLIX UeH-
TpOB CHOHpH.

Ha ocHoBe HbiHe [eHCTByOUiEH HOpMa-
TUBHOM Oa3bl CcGOpMyITHpoBaHa MoAedb rose-
[AeHUA NpeafipHATHA B YCIOBHAX MaaThl 3a 3a-
rpA3HeHne BOAHOHM cpeabl H YacTHYHOA KOM-
MeHcalMy ero 3arpar Ha MpoBeAeHHe BoAo-
OXpaHHBbIX MepOIpHATHHA. KpurepneMm onrtu-
MAIbHOCTH CyXHT MakCHMYM YHCTOM TpHObI-
N TMpeanpHATHA B 3aBHCHMOCTH OT (HHaH-
CHpPOBAHHA €ro BOJOOXPaHHON AeATe/l1bHOCTH
M3 BCeX BO3MOXHBIX HblHE HCTOYHHKOB.
MpyBeaeHbl pe3yabTaTbhl pacyeroB AR OAHOrO
M3 npednpuATHA r.BaphHayna.

BBEAEHWE

PaboThl 110 CO3JAHMIO MOoAenupylolen cu-
CTeMbl YNpaBaeHHA Ka4yeCcTBOM BoAbl B
Bepxuern OOu, Ha TePpHTOPHH AATalNCKOrO
Kpad BeayTCH HamH B [BYX HallpaB(IeHHAX.

B MoaeabHbIX pacuyeTax Heo6X0oaHMo yun-
TbIBAThb MPHPOAHBIA  Pecypc CaMOOYHMUIEHHA
pekn. [loaTroMy OAHHMM H3 2(1eMeHTOB pa3pa-
6arbiBa€MON CHCTeMBbl CTana Mo/elb MOHHTO-
pHHra KayecTBa BOAbl B peKe,

B Hacrosllee BpeMd HakomaeH onpeae-
(IHHbI OMNbIT MOAENHPOBAHMA T'MAPDOXHMH-
YecKoro peskuma pek (CM., HampuMep, Shnoor
et al., 1987; HukaHopoB H HukyabueHKO
1990). B Hawel paboTe HCNOAL3OBaACA NPO-
CTefllINA BapHaHT AAHHOrO NOAXOAa, pPaccyH-

MODELS FOR WATER MONITORING AND
OPTIMIZATION OF ENTERPRISE
WATER PROTECTIVE ACTIVITY IN

PRESENT-DAY CONDITIONS

Dr Tskhai A.A."; Ageikov V.Yu."; Dr
Koshelev K.B.""; Dr Leites MA.""; Tskhai

7: V. * #

(" Institute for Water and Environmental
Froblems, Siberian Division of the Russian
Academy of Sciences; "* Altal Branch of Na-
tional Research Institute for Informatic Tech-
nologies);

ABSTRACT

The river water quality model was for-
mulated. This model is proposed to be used
as an instrumental aid for water monitoring.
The model was calibrated by means of the
long-standing observations of the Ob-river
hydrochemical regime near Barnaul (an in-
dustrial city in Siberia).

The model of enterprise (water user)
behavior was constructed in accordance with
present-day Russian normative basis. Accord-
ing to this model an enterprise pays for its
water pollution and receives partial financial
support for its water protective activity. The
optimality criterion is maximum enterprise net
profit depending on variants of subsidization
of its water protective activity from all
possible sources. The results of ecologico-
economic modelling for one of the Barnaul
enterprises are presented in the report.

INTRODUCTION

Our water quality management model
system for Upper Ob-river in boundaries of
Altai region is developed in two directions.

In such research it is necessary to take
into account the factor of river self-purifica-
tion. Therefore water quality monitoring
model has become one of our being devel-
oped elements.

Now the certain experience of river hy-
drochemical regime modelling is accumulated
(see, for example, Shnoor et al., 1987; Ni-
kanorov & Nikul'chenko, 1990). The simpliest
variant of this approach is used in our
research. Our model uses the standard data -
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TaHHbIA HA HCNOAb30BaHHE  CTaHAAPTHBIX
faHHbiX cayx6 PockomrngpoMera, ocCylle-
CTBAIOWMX CeH4yaC BOAHLIA MOHHTOPHHI B
Poccun,

OcobeHHOCTbIO - Halledl paboTbl ABAAETCA
npoBedenre KanMOpOBKH MogedH KadecTsa
BOAbl TO AaHHbIM HabmogeHWH HMeHHO Ha
MOAeAHPYEMOM YYacTKe pPeKH.

PexXMM nAaTHOCTH NPHPOAONOAL3OBAHHA C
MOCaeAyIOLUM HHBECTHPOBAHHEM IMOMyYAeMbIX
CPeACTS B pa3sBHUTHE OTHOCHTENBHO “4HCTBIX"
TEeXHOOrHA ABaAAeTcA Hauboaee 3¢peKTHB-
HbIM CPeACTBOM CHHXKE€HHA YPOBHA aHTpOMNo-
reHHod Harpy3kn (FogpmMaH, 1991; DabnHHep
u ap., 1992; Foayd n Crpykosa, 1993).

3aKkoH ‘O6 oOxpaHe OKpyMalolled MNpHpoa-
HOM cpeapl' (3akoH .., 1992) onpeageaser
CYLECTBYIOILIM Ha cerodHsa B PoCCHH 3KOHO-
MHYECKHA MeXaHH3M YnpasieHHA NpHpoAo-
Noab30BaHHeM.

JT0 MO3BOAAET YTOYHHTb H KOHKDETH3H-
pOBaTh HCNOAb30BaHHbIE B (HTeparype (CM.,
HarpHMep, [IpAKHHCKaA, ped., 1992) Modeau
noBeAeHHA MpeANPHATHA B YCIOBHAX [aaThbl
3a 3arpasHeHHe BOAHOM Cpedbl H YaCTHYHOH
KOMIEHCALMH ero 3atpar Ha NpOB€JeHHe BOo-
A00XpaHHbIX MepONpHATHA, PaHee B KavecTbe
KpHTEPHA  ONTHMH3alUMH, KakK  MpPaBHIO,
BbIOMpAICA MHHHUMYM CPEAHETOA0BbIX 3aTpar
nNpeAnpHATHA Ha BOAOOXPaHYy B  YCIOBHIAX,
Korda dakthieckne cOpPOCHbl NMPeANpHATHA He
npeBbILAOT BpeMeHHO CoraacoBaHHbIX
Be/MYNH A0H BCEX HHIPeAHEeHTOB.

CoraacHo  (3aKoHy..., 1992) naarexH
NpeAfprATHA 3a 3arpAsHerre OCyNiecTBaAIT-
CA 3a CYeT ABYX HCTOYHHKOB - CeBeCTOMMOCTH
NpON3BeAeHHON MpoayKunn © npuObian. B
pellaeMOA HaMH 3aga4ve ONTHMH3allMH MakK-
CHMMH3MpyeTCA BeauuuHa YHUCTOH TNpPHOBIH
NPEANpPHATHA,

Ha npuMepe oOAHOTO N3 [PEANPHATHA
r.bapHayna npoBedeHbl MogedbHble pacyerbl
A Pa3NH4HbIX BapHAHTOB 3KOHOMHYECKHX
MEXaHH3MOB, COIMACYIOLUHXCA C AeHCTBYIOLLEH
HopMatHBHOH -6a3ofi,

MOAE/Ib MOHHTOPHHIA KAYECTBA BObI
B PEKE

I'HapaBanyeckui 6aok.

TmapabBanyecknii 60K npeacraBafer co-
6oA BapHaHT OJHOMEPHOH CHCTEeMbl ypaBHe-
HHA OaA YCTAHOBHBLUErOCA HepaBHOMEpPHOro
ABHKEHHA BOAbl C Y4eTOM OOKOBOM MPHTOY-
HOCTH B HenpHaMarH4€CKoM pycne PEKH

1091

set of Roscomgidromet (Russian National
Committee of Environmental Monitoring).

Our model peculiarity is a calibration of
water quality model by means of observed
data on the simulated river part.

The most effective method of anthropo-
genic load decrease is the regime of deter-
rent tax, under which these funds are used
for development of environmental safety
technologies (Gofrnan, 1991; El'piner et al.,
1992; Golub & Strukova, 1993).

The new State Law “About environmental
protection” (Law, 1992) defines the present-
day economic mechanism for environmental
management in Russia.

Now previous ecologico-economic models
of enterprise behavior (see, for example,
Prjazhinskaja, ed., 1992) can be revised and
defined in details. Formerly the optimality
criterion for enterprise was defined as mini-
mum of its annual expenses for environ-
mental protection. In these models factual
enterprise  pollution should be less than
‘temporary upon consultation” amount for
every pollutant.

Now in accordance with the State Law the
enterprise pays for its pollution at the ex-
pense of product cost and profit. Therefore
in our research the optimality criterion is
maximum enterprise net profit.

The simulation of different economic
mechanisms used in the model are presented
for the chemical enterprise in Bamaul. All
these variants are in agreement with present-
day Russian normative basis.

RIVER WATER QUALITY MONITORING
MODEL

Hydraulic Block.

Hydraulic model block is based on one-
dimensional equations for quasi-steady with
time and longitudinal nonuniform flow with
due regard for the lateral inflow in nonpris-
matic channel (Spitsin & Sokolova, 1990).



(ConupiH 1 Cokonosa, 1990). 3agaua npor-
Ho3a pelaercs AaA 18 nepHodoB B Te4deHHe
pac4eTHOro rogda: AR nabodka (anpeb-HIOHb)

exeaekadqHo, . A8 OCTAbHOrO BPEMeHH - -
exeMecayHo. Cxemarusaunsa pycna BblbOpaHa
caeayowan. Pycno pekn pasaeneHo Ha y4dact-
KH, orpaHuyveHHble crBopami. lHpHHa cTBOpa
Haxo/AHTCH (IMHEHHOW HHTEPNOAAUHEH B 3aBH-
CHMOCTH OT TeKylleH OTMeTKH YpPOBHA B Oar-
THHCKOHW CHCTeMe BbicoT. 1A 3TOro Hcnodb-

3yloTCa daHHble HaTypHbIX M3MEpEeHNH COoBpe-’

MeHHbIX XapaKTepPHCTHK PeKH. 3TO MO3BOAAET
CUYUTATL TpeHebOpeKHMO MaroW eCcTeCTBeHHYIO
AedopMauHio pycria. YKAOH gHAa BHYTPH Kam-
AOro ydacTka CYHTaercs MOCTOAHHbIM.

CHavana no 3agaHHbIM pacxodJaMm B CTBO-
pax PpeKH H COCpeaOoTOYeHHbBIX MPHUTOKax
(cbpocax) onpeaeasercAa OOKOBas MpPHTOY-
HOCTBb Ha KamK/AOM yyacTKe.

3ateM N0 YPOBHEHHIO Hepa3pbIBHOCTH
pacCYUTBIBAETCH 3HAa4YeHHe pacxoda Bodbl B
y3nax pac4HeTHoR ceTKH. [locae atoro B 3a-
MbIKaLEeM CTBOpe MO 3IMIHPHYECKOH KPHBOH
CBA3H pacxoJoB H YPOBHeW onpeaenfAloTCA
raybrHa NoToKka M OTMeTKa YPoBHA. dddekT
NMaBOAOYHOH MeTnH y4uTeH. B pacderax aan
MepBOH  MOMOBHHbBI MaBOAKa  HMCTOOb3YETCA
BeTBb MOAbEMA NeTnHu, a Aaa BTOPOW T1010-
BHHbI - BeTBb Craja.

Pelmasg ¢ noMmouwboo Meroda JWaepa ypap-
HeHHe ABWXKeHHA BO/Abl NMPOTHB HarnpaBieHHA
BOAOTOKa, oOlpedenaem
pacnpedenetdde rayGuHbl h, raowmaan BOAHOTO

CevMeHHA W W CpedHer 110 CeYeHHI0 CKOpPOCTH

TeYeHHUA u.
Bnok nporHoza KadecTBa BOfbl,

Mogenb KauecTBa BO/AbI  BOCIPON3BOANT
MpOCTPAHCTBEHHOE pacrpedeneHne B peKe
cofepXKaHua ABaaUaTH BHAOB XHMHYECKHX
nokasarenen: (1) BIKS, (2) aeduunra wucao-
poda, (3) maBecH, (4) XIIK, (5) ammoHHA, (6)
HHTpHTOB, (7) HuTpatos, (8) CIIAB, (9) Hed-
Tenpodykros, (10) d¢enonos, (11) rekcaxao-
paHa, (12) xaopa, (13) cyabdaros, (14) mar-
HuA, (15) Kaabuus, (16) auHaaHa, (17) xene-
3a, (18) mean, (19) cBhiua n (20) docdaros
AnA 18 xapakTepHbIX MepHOAOB rogda.

YpaBHeHHA Moadenn B KBa3HCTALMOHAPHOM
O/IHOMEPHOM IOPM30OHTANBLHOM TNPUOIHIKEHNH
BbINMAAAT CAeAYIOLHM obpasoM

dQC)_d . dC,

i o (Ew o y+w -H, +G, (1)

34ecs x - NpoaodbHaA KoopaHHata BAO(Ib

NpoOCTpaHCTBEHHOE -

The forecast is performed for 18 periods
during the year: for every ten-day interval in
flood (April-dJune) and for every month in
another hydrological periods.

In the model the channel form is de-
scribed as a sequence of the parts separated
by the cross-sections, The width of the cross-
sections is calculated by means of a linear
interpolation depending on the true level. For
this purpose data of regime measurements of
present-day river characteristics are used.
Therefore it is supposed: that natural
deformation of channel is negligible. The
grade of bottom within every part is assumed
as a corresponding constant.

First, the lateral inflow per unit length of
channel is calculated by means of specified
discharges in the cross-sections and the point
tributaries (or agri-industrial waste).

After that in accordance with an equation
of continuity the discharge distribution in
nodal points of the :calculated network is
found. Further the depth and true level in
final cross-section is determined by means of
the empirical curve of the connection be-
tween discharges and levels.

The effect of a flood loop is taken into
account. The rise branch of the loop is used
at the beginning of the flood. The fall branch
of the loop is used at the end of the flood.

The spatial distribution of the depth h, the
area of the flow cross-section w and the
mean discharge velocity of flow u are deter-
mined using the Eilers method for finding
the dynamic equation solution.

Water Qulity Forecasting Block.

Water quality model simulates the river
spatial distribution for the values of twenty
contaminants: (1) BOD, (2) oxygen deficit, (3)
suspended matter, (4) COD, (5) ammonia, (6)
nitrite, (7) nitrate, (8) synthetical surface-ac-
tive matter, (9) oil-pollution, (10) phenol, (11)
hexachloran, (12) chlorine, (13) sulfate, (14)
magnesium, (15) calcium, (16) lindane, (17)
iron, (18) copper, (19) lead, (20) phosphate
for 18 periods of the year.

The model equations in quasi-steady one-
dimensional horizontal approach are defined
as
(1) aQ C)_d

dx dx
Where x is the longitudinal coordinate of

(Ew ig-"—)+w ‘H, +G,
dx .
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pycna; @ - pacxod Bodbl; C; - cogepxaHue F
r0 XHMMH4YE€CKOro CcoednHeHHa (MHOAeKC / H3Me-
Haerca ot | go 20); £ - roacd@PHUHEHT Npo-
AOAbHOM [MCMepCHN; H; - YaeH, XapaKTepH-
3YIOLUMA HEKOHCePBaTHBHOCTL pacCMaTpHBae-
MOro /ro coedauHenns; d; - nyresBaf Harpyska
HA eauHHUY JIMHBI  BOAOTOKA  (Xapakre-
DHCTHKAa  HeTo4YeYHblX  HCTOYHHKOB  3ar-
PA3HEHWH).

BennynHa H; onpegenena no THIY peakuun
nepBoro  nopsagka ¢ KoadpdHUUUEHTaMH
HeKOHCepBaTHBHOCTH KA

H,=—K, -.C, ana =3,4,8€19 . (2)

CynTaercda, 4To ANHaMHKa H3MeHeHHA CO-
aepxanua BIIKS (/=1) 1 gednunta KHciopoda
(/=2) onuceiBaeTca Mogenbwy THna PK-BIK
(cM., Hanpnmep, Dobbis, 1964)

H =K +K)C;

H,=—K,C,+K-C+P-K,-C+P,-K,-C,;+J [h

(3)

3pechb A3 - KoadduumeHT ceanMerTaumn, J

MOTOK KHCAopoda, oOYCaoBAEHHBIA  MOr-
(fOlUeHHeM JOHHbIMH OTIOMeHHAMH H  DOTO-
_MHTE30M, Py n Fp - KoadpnueHTbl nepe-
cYeTa NMoTepb KHC/I0POAa NPH HHTPH(MHKaLUHH,

Mpn pacyere TpaHChOpPMALKMK  A30THBIX
coeduHeHnn (/=5€7) ucnonabayetca caeayoulan
cxeMa HHUTpH@PHKALUHH (Bacnnben H

EpeMerko, 1980)

H,=-K C+P-K,C,;

H =-K C +K.C;

(4)

3aeck F3 - KO3 duuUMeHT nepecyera aas
npouecca aMMOHHpHKaLNK,

[Npouecc muHepanu3zaunn ¢ochopa onu-
CbIBaeTCA Kak

Hyy ==Ky Cyp+Ply-K,Cys (5)

rae FPy - koapduunedT nepecyera B goc-
¢opHble eAHHHUbI.

TeMneparypHas
€HTOB 3a4aHa Kak

K,T)=K, -A"7" pgna i=1;2;4¢20. (6)

3aeck T - Temnepatypa. KoHctaHTa A ripu-
HHUMaeTca paBHon 1.05, a 3aBHCHMOCTbL BeH-
YMH Hgy; OT TMAPOMOTHYECKHX XapaKTepHCTHK
QrpeaAenAeTcA NpH NapaMeTpH3auHH MO/enH.
BeaH4uHbl F; OLEHMBAIOTCA B COOTBETCTBHH C
peanbHbIMH CTeXHOMETPHYECKHUMH COOTHOLLe-
HUAMH.

Beanunna G; MoxeT ObITh orpeaeneHa Kak

 =Cowg (7)

3aech Cjp - coAepXaHHe ro COoedHHeHHd
B BOJax, NoOCTyrnalowux ¢ OOKOBOH MpPHTOY-
HOCTBIO 4.

H,=-K,C,+K,C,

3aBHCHMOCTb  KO3$(HLH-

the cross-section;Q is the rate of water dis-
charge; Ci is the concentration of the i-th
chemical compound (index i varies from 1 to
20); E is the coefficient of longitudinal
dispersion; Hi characterizes the rate of kinetic

transformation for ith chemical compound;
Gi is the lateral load per unit length of
channel (the characteristic of non-point

sources ofpollution).

An assumption of Kinetics of the first
order is used in the model.

Thus

(2) H,=-K,-C, for i=3,4,8¢19

The equations similar to well-known DO-
BOD model (see, or example, Dobbins, 1964)
described the dynamics of the oxygen and
biochemical oxygen demand contents.

(3)

H =K, +K,)C,;

H,=-K,C,+K, -C+P-K,.C+P-K,C.+J/h

Here K3 is the coefficient of sedimenta-
tion, J is the flux of oxygen into bottom per

unit area, P1 and P2 are the coefficients of
conversion.

The following scheme of nitrification
(Vasiliev & Eremenko, 1980) is used

4)

H=-K C +P K, C,;

H,=-K,C +K.,-C; H,=-K,-C, +K, C,
Here P3 is the coefficient of conversion.

The process of phosphorus mineralization
is described as

(5) Hyy=—K,Cp+P, K, C,;

where P4 is the coefficient of conversion.

The temperature dependence of coeffi-
cients Ki is defined as

(6) K. (T ):Km' AT

Here T is the temperature. The constant A
is equal to 1.05. The dependences of the

coefficients Koi from hydrological
characteristics are determined  during the
parametrization. The values of Pi are
estimated by  foiiowing  stoichiometric
relations,

The value (i may be defined as

(7) i =Clb q

where Cib is the content of i-th compound
in lateral inflow q.
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MpH HalH4HH NpHTOKA (ToyeyHoro
HCTOYHHKA 3arpa3HeHui) C NOCTOAHHOW HH-
TEHCHBHOCTBIO B TeYeHHe pacqeTHOrQ nepHo-
fa BennvMHa C; B y3ie BNaaeHHA TNPHTOKa
onpeaenAeTc Kak

C Q +C -
I/ — 15 Q.\ T Qll (8)
' O, +0,

3aecb Ciz 1 Qy - cofepXKaHve fro coeau-
'HEHHA M pacxoq BoAbl B NpHToKe. NHaekc "f
OTINYaeT BeMHYWHY TMapaMerpa HHKe Yyana
BIAAeHHUA NPHTOKA, 'S’ - 3Ha4YeHHe napamerpa
Bblllle Y3da BrajgeHHUA NPpHTOKa.

I'paHHYHbIe YCIOBHA HMEIOT BHA

dC.
(x,)=w,, Ci(xo)ZCr)i’ “?d—x*(x,)=0

(9)

30ech Xy H X7 - COOTBETCTBEHHO, Havab-
HbIfl M 3aMbIKAOLMA CTBOPbl MOENHPyeMoro
ydacTka pekH.

Kannbpopka Modeden caMOOYHLIEHNA.

[nAa KaanOpoOBKH Modened CaMOOYHILEeHNA
HCoAb3yeTcsl aHanMTHYeckoe pelleHne audg-
depeHUnaabiod 3agavn (1-9). [IpH naeHTH-
¢dyKalnMn UCIoab3oBaHbl AaHHbIE HabMOAEHHA
3a THAPOXHUMHYECKHM pPEXKHMOM Ha ydacTke
pekn OOW, oOrpaHv4eHHOM CTBOpaMH: 7 KM
Bbitie U 13,7 KM HHXKe r.BapHayna B 1984-88
IT.

llpn KaanbGpoBKke OblIO MPUHATO YNpo- |

liallee Mpeanodaoxerdne o OAHOPOAHOCTH
pacnpeaeneHUs HWCTOYHHKOB 3arpfizHeHHsd 1o
AdHHe pAacCMarpUBaeMoro y4actka H 06 HX
NOCTOAHHOM HWHTEHCHUBHOCTH B Te4deHHe pac-
YeTHOro TnepHoda. ITo A0CTaTouyHo rpyboe
YAPOLIEHHe, OAHAKO, He ABIACTCA CIMUIKOM
AadekKnM OT peanbHOCTH. (OCHOBHbLIE HCTOY-
HHKH 3arpA3HeHWr Ha 3ToM ypOGaHH3HpOBaH-
HOM y4acTKe - [IpOMbIl/ieHHble H KOMMYyHa(lb-
Hble CTOKH - B U€10M, OTHOCHTEIbHO [OCTO-
AHHBI B Te4yeHHe pacyHerHoro nepuoga H pac-
COCpeaoToveHbl No Hepery pekm.

3HaveHuA napaMmeTpoB Ky, K3 ., G; n J
BXOAALIMX B ypaBHeHHA (1-9), OblaM OLieHeHbI
C TIOMOUIBLK adropuTMa Makeapara - Heau-
HeHHOro Meroja HauMeHbLIMX KBadparoB.

Aaa  oueHKHM afgeKBaTHOCTH MO4ebHOro
ONMCAHNA AaHHBIM HabMOAEHHM HCNOAb30-
BancA CTaTMCTHYeCKNH Kpurepun Tenna Cr
(Thed, 1971)

r:\@(g,_ ~F ) I(|EE, +\/ZF)

rae n - 4yncao Habmopaewnd, E; v Fp - co-

The value Ci in the point, where the
tributary (or the point source of pollution)
flows into the river, is determined as

Cl.\' .Q.\' +Cm .Qﬂ
? T 0

Here Cia and Qa are the content of i-th
compound and the rate of discharge in the
tributary, The index 'f' marks the value of
parameter below the point, where the tribu-
tary flows into the river. Index 's' marks its
previous value.

Boundary conditions are defined as
9)

(xl):wl’ Ci (xO):Cm b

dac.
?(x I ) =0

Here xo and xl are the upstream and
downstream sectons of the channel,
respectively.

Calibration. of Self-Purification _Models.

The analytical solution of the differential
problem(1-9) is used for the calibration of
the self-purification models. The hydrochemi-
cal regime observed data of 1984-88 are
used for the calibration. These data corre-
spond to the Ob-river part limited by two

cross-sections; 7 km above and 13.7 km
below Barmaul,
For simplicity we considered two as-

sumptions for simulated period. First, the
pollution sources distribution along this river
part is uniform. Second, these intensities are
the constants. This hypothesis is only a crude
approximation. But it is not too far from
reality, The main pollution sources in this
urban region are domestic and industrial
waste which are diffused along the river.
These intensities change sufficiently slightly
during the year.

The Koi, K3, Gi, J, Pi parameters values
from equations (1-9) were estimated by
means of the special procedure (nonlinear
method of the smallest squares).

The Theil statistical criterion (Theil, 1971)
was used for estimation of the adequacy of
observed and simulated data. This criterion
Cr characterizes the deviation degree of the
full-scale data of Ei from the calculated Fi

r=\/§(E, ~F,y /(\/ZE +\/ZF)

where n is the number of observations.
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OTBETCTBEHHO, pacyeTHble H HBMepef‘lele Be-
(IMYMNHbl CONepARaHnA BellleCTs.

[Moay4yeHbl caeayowe MpeABapHTenbHbIC
Pe3y/ibTaTbl:

(ana i=2) Ko=1.3 cyrl ; £3.0 r/m2.cyr;

P1=3.0; P2=1.0; Crz=0.04.

(ana ~3) K3=0.1 cyr! ; G510.0 r/m-cyr;
Cr3=0.28.

(ann /=8) Kyg=0.1.u0- 110 ; Gg1.0
r/m.cyt; Crg=0.54.

(@aA =9) Koyg=0.001.u0-001.p-4.1 ;

Gg=1.0 r/m-cyt; Crg=0.36.

AaA ocranbHbIX / 3HA4Ye€HHA MapaMeTpoB
cBegenbl B Tabn.l, Ha puc.l npuBegeHo
CpaBHeHHe aaHHBIX pacyeTa H HabmogeHHA
Mo pAgy XUMHYECKHX NnoKasaTeneH,

OINTHUMHU3ALUHOHHAA MO/E(b
BOAOOXPAHHOH AEATE/IBHOCTH
[TPEANPHATHA

$OopPMyIHROBKA MOAE(H,

B KayecTBe KpHTepHA ONTHMH3aUMH Bblb-
paH MakcHMyM & - BeaIHM4YHHb! YHCTOA NpHObLI-
(11, OCTAIOLLEHCA B pacrnopAXeHHH MpeanpHs-
THA TOCAe OCYLeCTBNeHHs TaTexen 3a 3a-
rpA3HeHHe BOAHOH Cpedbl H PHHAHCHPOBAHHA
CBOEH BOAOOXpaHHON AeATeNbHOCTH

bd=B-N-F-G+1L (10

3aech B -HanaHcoBas MNpHOLIAL npeanpH-
ATHA, NCYHCAAEMAs KaK

B=D-S(11)

rae D - Bbipyuka; S - cebecToMMOCTb mpo-
aykuuk; N - BeaHuMHa Haaora Ha npHObIb,
paccyHThIBaeMasa Kak

N =dB (12)

npH d - craBke Hanora Ha NpHOBIab.

BeanynHa naarexen 3a 3arpAsHeHHe BOA-
HOH cpeabl R ecTtb

R=P+ F (13

rme P n F - COOTBETCTBEHHO, IlIaTeH
NpednpHATHA 3a HOpMaTHBHOE M CBepXHOpMa-
~ THBHOe 3arpasHeHHe. [IpH 3ToM P - OTHOCHTCA

Ha ce6eCTOMMOCTb  MPOHU3BEAEHHOH  Mpo-
AYKLHH.

BenrvynHa G B (10)  Xapakrepnayer
‘n06poBOMbHbIE"  3aTpaThl NPENPHATHA U3

yncTof Npubbla Ha (HHAHCHPOBAHHE BOAO-
OXPaHHbIX MEPOIMPHATHH,

The preliminary results are in the Tabl.1

Besides that the following values are
calculated: .

(for i=2) Ko2=1.3 day’! ; J=3.0 g/m2day;

P1=3.0; 'P2=1.0; Cr(2)=0.04.

(for i=3) K3=0.1 day’! ; G3=10.0 g/m day;
Cr(3)=0.28.

(for i=8) K08=0.1u0-1n"10; G8=1.0 g/m
day; Cr(8)=0.54.

(for i=9) K09=0.001u0-001p-4.1 ; Gg=1.0

g/m day; Cr(9)=0.36.

The comparison of simulated and ob-
served data for ‘'some chemical compounds is
shown in Fig.1.

OPTIMIZATION MODEL OF ENTERPRISE WA-
TER PROTECTIVE ACTIVITY

Formulation of the Model.

Maximum of the net profit ® is chosen as
a criterion of optimization. It remains at the
enterprise disposal after paying for water
pollution and financing its water protective
activity

(1) ®=B-N-F-G+1L

Here B is the balance profit of the en-
terprise, which is calculated as

(1) B=D-8S,

where D is the gain, $ is the product cost,
N is the profit tax value, which is estimated
as

(12) N =d B,

where d is the profit tax rate.

The value of the payment for water pol-
lution R is

(13 R=P +F,

where P and F are the enterprise
payments for permissible and beyond-
permissible pollutions, respectively. In this

case P refers to the manufactured product
cost.

The term G in (10) characterizes the
voluntary expenses of the enterprise from its
profit for financing water protective actions.
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TABHUA 1. 3Ha4eHHA NMapaMeTpoB Modeaer CaMoouHiLEeHHA

J Kai G; Cry

C)’T'] I'/M-CyT
1 0.15 1.0 0.31
4 0.18 0.0 0.33
5 0.1 0.4 0.26
6 0.7 0.0 0.29
.7 0.01 0.4 0.13
10 0.01 0.0035 0.32
11 0.02 0.0000 0.37
12 0 035 0.19
13 0 20.0 | 0.15
14 0 10.0 0.14
15 0 7.5 0.07
16 0.02 10.0 0.27
17 0 0.0000 0.27
18 0 5 0.41
19 0 0.5 0.20
20 0.01 0.001 0.32

0.0028

0.8
TABLE 1 Parameters values for self-purification models

/ LY aG; Crii)

day| a/m-day
1 0.15 1.0 0.31
4 0.18 0.0 0.33
5 0.1 0.4 0.26
6 0.7 0.0 0.29
7 0.01 0.4 0.13
10 0.01 0.0035 0.32
11 0.02 0.0000 0.37
12 0 035 0.19
13 0 20.0 - 0.15
14 0 10.0 0.14
15 0 7.5 0.07
16 0.02 10.0 0.27
17 0 0.0000 0.27
18 0 5 0.41
19 0 0.5 0.20
20 0.01 0.001 0.52

0.0028

0.8

BeanyrnHa L B (10) noxasbiBaeT 4YHCTHIA
A0Xo4 TpeaAlpHuATHA OT NpodaXH HUEH3HH
Ha 3arpsAsHeHHe, IJTOT MeXaHW3M NpeayCMOT-
peH (3aKOHOM.,.,1992), HO NoKa He 3anylueH
B (eACTBNE Ha MpaKTHKe.

The term L in (10) shows the net profit of
the enterprise from selling its licenses for
pollution. This mechanism is stipulated by
the (Law ..., 1992), but it hasn't been used
in practice yet.
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ponpuathi: { AK |}, rae k=1ém, Kotopble
morin ObITb BKAIOYMeHbl B I1aH NPEANpPHATHA,
ecan  Obian  6b1  obecnedenbl  pecypcami.
Kaxaomy j-roMy HabGopy MEepONPHATHH MOMKHO
NOCTaBHTbL B COOTBETCTBHE BeNMuMHy Xj - 3a-
Tparbl Ha ero ocCyllecTB/IeHHE.

fanee anA YNPOLWIEHHA HCIMOMb3YIOTCA Cle-
Aylolure npeanonoXKeHns: (a)
OCYyLLECTBNeHHe BOAOOXPaHHbIX MEPONPHATHA
He BAUAET HA BbIPYUKY npeanpusatns; (6) Bce
paccMaTpHBaeMble MepOnpHATHA  cybcHanpy-
I0TCA KaK KanuTa/ibHble BAOXEHWA, YTO YNpo-
laeT BHA BblpaseHHUs A HalorosbliX AbroT.
YdeT mnpouuMx BHAOB BOAOOXPaHHBLIX 3arpar
Npy pacyeTe pasMepa Haaora Moxer ObITb
BbINOAHEH MPH He3HauHTe(IbHOH KOPPEeKTH-
pOBKe.

B TakoM cayyae, NpH OCYUIECTBAEHHH j-
Toro Hafopa MepONpHATHHA CeGecTOMMOCTb
npodykunH Sj, 6anaHcosaa npHObIL Bj H
npo4ne rokasarean MpeanpHATHA B <¢GopMy-
nax (10-13) moryr ObITb 3anHcaHbl Kak

Sj=S8(0)-P0O) +Pj+nXj Bj=D-§j

(14)

rae S(0) v P(0) - cooTBercTBeHHO, cebe-
CTOMMOCTH MPOAYKUHH H TIaTexn npeanpus-
TMA 332 HOPMATHBNNE 3arpA3HeHHe B OTCYT-
crene MeponpHaTHi; n - KodhEOHLHMEHT aMop-
TH3aLMOHHBIX OTYHCAEHHA Ha BOCCTaHOBEHHE
BOAOOXPAHHBIX COOpYyMeHHH 1 0ObeKToB; Pj -
noateKH 3a HOpMaTMBHOE 3arpAsHeHne rocae
OCylUleCTBAeHnA j-Toro Habopa MeponpHUATHi

m

Pj =2V (15)

{ 0, ecnn (MAO) - Mjj) J O ;
rae Vj = { Q7 (MA0) - Mj)), ecin 0 < (MAO)
-Mj) Jd Mn/;
{ Q/Mn{ ecan (MAO) - Mj) > Mn/

3gech MAO) 1 Mn/ - BeHUHHbI peadbHOro
B OTCYTCTBHE MEpONpPUATHH H [MpeaeabHo A0~
NyCTHMOrO COpPOCOB TpeanpHATHEM ETOro BH-
Aa 3arpasHenn®t, Q/ - COOTBETCTBYIONlaA
anddepeHUHpoBaHHaa CTaBKa Noarexer 3a
3arpAasHeHHe ATbIM CoedHHeHHeM B Mpeaenax
yCTaHOBI€HHBIX npegeasHo AOTMYCTHMbIX
HopMaTnBoB COPOCOB. (3aKOHOM MpeaycMoT-

peHo ellle ABa YPOBHA naareed, kpome Qi .

[IpeBbltiaoWwaf npegenbHo  JONYCTHMYIO Be-
nMYMHy Mn/ 4yacTh BanoBoro cOpoca onfauu-
BaeTCA cO ctaBkon K/, a K ero 4actu, mnpe-
BbllUAIOWIEA ¥ BPEMEHHO COraacoBaHHyl0 Be-
aM4MHYy. Ms/  npuMeHserca  crasBka - 5-Ki).
BennynHa MJj XapakTepHsyeT YMeHbllieHHe
cbpoca 3arpA3HeHHA £TOro BHAA B pelyabTare

D=const, T.e.

Ak }, where k=1ém. If they were provided
with resources, they would be.included into
the enterprise plan. The value Xj is the ex-
penditure for realization of actions which are
included in jth actions set.

Then for simplicity, the following assu-
mptions were used: (a) D=const. It means
that the realization of enterprise water
protective actions doesn't influence the en-
terprise gain; (b) All the considering actions
are subsidized as investments. This assump-
tion allows to use simpler expression. The
account of expenses on another water pro-
tective actions can be executed with small
correction.

In this case, for the realization of the j-th
actions set, the cost price 8j, the balance
profit Bj and other indexes of enterprise ac-
tivity in the formulas (10-13) may be written
as

(14)

S5j =50)-P0O) +Pf+nXj,Bj=D-8j,

where S(0) and P(O) are the product cost
and enterprise payment for permissible pol-
jution in the absense of water protective
actions respectively; n is the coefficient of
the depreciation charges; Pj is the payment
for the permissible pollution after the realiza-
tion of j-th actions set.

"

(15) Pj = ZVij .

{ 0, if (Mi(0) - Mij) J O ;
where Vij= { Qi (Mi(0) - Mij), if 0 < (Mi(0) -
- Mij) J Mni ;
{ Qi Mni, if (Mi(0) - Mij) > Mni

Here Mi(0) is the real pollution mass of
the ith compound in the actions absence;
Mni is the maximum permissible norm of
enterprise pollution mass of the ith com-
pound; Qi - corresponding differential pay-
ment rate for pollution by the ith compound
within maximum permissible norm. (The Law
stipulates two payment rate levels except Qi.
The part of the totai poliition mass, exceed-
ing the norm Mni, is paid with the Ki rate.
The 5Ki rate is applied to its part, exceeding,
temporary conformed Msi norm). The value
Mij characterizes the decrease of ith
compound of pollution mass as a result of
the jth actions set realization.
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OCYLIeCTBNeHHA j-Toro Habopa MepONpHATHA,
BbipakeHHe AaA Hanora Ha mnpuOblab MpH
MCIOMb30BaHHbIX NPearooKeHHAX C Y4eToM
HAAOrOBbIX (ILFOT MOXKeT ObIThb 3aMMCcaHo Kak
Nj = d:(Bj - mi (0.3-Xj ; 0.5-Bj)} (16)
Beanurda Fj - noarexen 3a cBepxHOpMa-
THBHOE 3arpA3HeHHe eCTb

m

Fj = mh [ X Wi, o] - Nj) (17)

{ 0, ecan (MAO) - Mj) J Mns
rae Wj ={ KAMAO) - Mj - MnJ), ecan Mni<
< (MAO) - Mf) J Ms#
{ KiMs/ - Mnj) + 5Ki(MAO) - Mj-
- Msh, ecan Msi < (MAO) - Mj).

3gechb € - NpejeqbHbIA pa3Mep nnarexa 3a
CBepXHOpMarHsHoe 3arpaA3HeHHe B % oT
YHCTOW MpHObLIIH.

Mpn artoM, yYrobbl [AeATeNbHOCTb Mped-
NpHATHA He TNodaexana no 3aKkoHy Mpekpa-
WEHHIO, AOAXKHO BbITIOMHATLCA YCIOBHE

Fj < Bj - Nj (18)

EcrecTBeHHBIM orpaHHyeHHeM ocyuie-
CTBIEHUA BO3MOXKHbIX MepONpHATHA npea-
NPHATHA ABIAETCA YPOBeHb (pMHAHCHPOBaHHA
ero BO/IOOXPAHHOH AeATenbHOCTH. B ¢opma-
AM30BaHHOM BH/JE DOTO YCAOBMWE BbIMAAANT
caeaylownM oOpasoM

XjJ 7+ T+ nXj+ G (19)

rae /- cybcnanm ms rociopkera;

T - MoCTyniieHHnA H3 TepPpPHTOPHAbHBIX
3KOMOrMYEeCKNX (POHAOB.

TpeTH#! wieH B NPaBON YacTH HepaBeHCTBa
(19) XapaKTepH3yer aMopTH3alNOHHbIE
OTYHCAEHHA, BXodAlwMe B CcebecToMMOCTb
NpoAyKUHH, Ha BBeAeHHble B 3KCIIyaTauHio
BOOOXPaHHbi€ COOPYXEHHH.

Pe3yabrathl MOAENHPOBaHNA . 1 _1X_00CyHK-
AeHHe.

Ha ocHoBe gaHHbIX OAHOrO M3 XHMHYECKHX
npeAnpHATHA r.BapHayaa paccMoTpeHo
M3MeHeHre OnTHManbHOro Habopa MepornpHH-
THH Aad pa3inyHblX BAPHaHTOB NOPAJKa B3a-
HMOpacyeToB ¢ [MpearpHATHEM TMPH  OCylle-
CTBIEHHH MM BOAOOXPAHHOM AEATENBHOCTH.

B pacyerax HCNOMb30BAHbI  BEWYHHDI
CTAaBOK [aaTexeH 3a 3arpA3HeHHe, YCTaHOB-
AeHHbIX MeCTHbIMH OpraHamH Baactd B 1991

I, U AaHHble [0 peanbHbIM MepOIPHATHAM,

HX 3(@eKTHBHOCTH B BHAE YMeHblUeHHA
06beMoB COPOCOB MO KOHKpPeTHbIM BHOaM 3a-
rpA3HeHHA H 3aTpaTaM Ha OCylleCTBleHHe B
6a30BbIX LieHax 1989 r.

The expression for the profit tax under
permissible the Law privilage can be written
as

(16) Nj = d(Bj - min (0.3Xj ; 0.5Bj))

The term Fj is the payment for bejond-
permissible pollution. It is calculated as

m

(17) Fj = min { _‘;Wij , <Bj - Nj)} ,

{ 0, if (Mi(0) - Mij) J Mni;
where Wij = [ Ki(Mi(0) - Mij - Mni), if Mni <
(Mi(0) - Mij) J Msi;
{ Ki(Msi - Mni) + 5Ki (Mi(0) -
Mij - Msi), if Msi < (Mi(0) - Mij).

Here c is the maximum level of payment
for bejond-permissible pollution in percent of
net profit. In this case it is essential that the
enterprise activites not be terminated, lest
the following condition should be satisfied:

(18) Fj < Bj - Nj .

The level of financing of water protective
activity of the enterprise limits its possible
actions realization. This condition is looking
as

(19) XjJI+T+nXj+ G,

where | is the budgetary subsidies; T is
the receipts from territorial ecological founda-
tions.

The third term in the right part of the
inequality (19) characterizes the depreciation
charges included in product cost on water-
protective constructions put into operation.

Results and Discussion.

The change of the optimum actions set for
different variants of subsidy order with the
enterprise under its water protective activity
is considered. This question is studied on
one of Barnmaul chemical enterprises data
basis. :

The real values of payment rates for
pollution are used in calculation. These val-
ues are prescribed by Altai local authorities
in 1991. The information on real actions:
their efficiency as decrease of waste and ex-
penses for their realization at the price of
1989 is used.
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[o cHMX nop HOpMaTHBHO He oOmnpedeneH
MeXaHn3M pacnpedeneHHsa CpeacTB TeppHTO-
pHaNbHBIX 3KOIOTHYECKHX (HOHAOB, OCHOBHBIM
MCTOYHHKOM (HOPMHPOBAHNA KOTOPbIX HAB(A-
I0TCA MNaareRn NpeanpHATHH 3a 3arpAsHeHHe
OKpyXKawoler cpeabl. B pacuerax, peaaHso-
BaHbl TPH BapvaHTa MPHHLMIOB CYOCHANPO-
BaHHA U3 TEPPHTOPHAbHBIX (POHAOB.

[lepBbli BapnaHT: BbIAEPKHBAOTCA C10-
KyBUinecsa NoO CrpaHe nporopuvn. (as onpe-
geqeHna Beanunbl T B (19) 6bMIO NPHHATO,
4YTO TeppUTOpHalbHbIA  (OHA BO3Bpalllaer
NPpeANpHATHIO A0A OCYUIECTBOEHNA TNpnpoao-
OXpaHHbIX  MepOMNpHATHA  (UKCHPOBAHHBIA
npoleHt ot R.

Bropoi BapHaHT: TeppHTOPHAObLHbIA (POHA
OCYWIECTBAAET TNOAAEPKKY TOMbKO Tex Me-
POINPHATHH, PEe3yabTaroM BHEAPEHHA KOTOPbIX
6yaer yMeHbuieHHe cOpocOB MO ‘aBapHAHBIM’
MHrpeauventaM. B HeoOxoauMbIX cay4dasx cyOb-
cnann Moryr ObiTb aaxke Bbie R 3a cyer
naTexen [Apyrux MpeanpHUAaTHA,

B pabore pacCMOTpeH cayvad, Korga Ta-
KHM ‘aBapHHHbIM' NOKazareaeM AB(AeTCH Co-
AepxaHve LIMHKa B BOAHOH cpeae.
PaccmatpuBaaca CAyvan, Korfa TeppHUTOpH-
anbHbIM  ¢GOHAOM BblleneHbl cpeacTsa lieae-
BbiM 0Dpa3oM Ha OCyLIeCTBIeHHE [BYyX Me-
pONPHATHA, YMeHbLLIAIOWHMX BanoBblH cOpoc
UUHKA B CTOYHDbIX BOAAX MPeANpHATHA.

B gaHHOM cayyae NpPeANnpHATHIO OKa3alocb
BbIFOAHBIM  "A06pOBONBHO"  (PHHAHCHPOBATh
OCylIeCTBNeHNe BCeX  OCTalbHbiX  Meporl-
DHATHA H3 COOCTBEHHOH NpHObINH, YTOObI He
naatMth eule 6oabule 3a CBepXHOPMATHBHOE
3arpasHeHHe BOAHOH cpe/bl.

Tperni BapHaHT: TeppHTOpHAIbHbIH (POH/
BooOlle He MNepedaeT CpeACTBA pacCcMarpH-

BaeMOMy MNpeanpuaTHiO. B 3ToM  cay4ae
oKasaaoch, 4Yro Habop 3HauyeHn# 'peryas-
TOpPOB' MNOBeAeHHA TNpeanpHATHA  (CTaBOK

naarese, HOPMArHBOB COpPOCOB W T.4.) Ta-
KOB, YT0 A1d AOCTHKEHHS MaKCHMyMa 4YHCTOH
npubblnn eMy BCe Ke MNPHAETCA OCYLIecT-
BAATh BOAOOXPaHHYIO AEATeNbHOCTb, XOTA H
He B NoaHoM ofbeMe.

PacyeTbl roKa3anH, 4ro HaunbGoaee 3d-
(eKTHBHOM M A1A yMeHblleHHA COpPOCOB 3ar-
pA3HeHHHA, H ¢ MO3HWLUHA 3KOHOMHH CpeacTs
TepPPUTOPHAIBHBIX OpPraHoB, HABAACTCA NOAH-
THKA CeeKTHBHON TOAAepPXKKH KOHKpPeTHbIX
MEpOIPHATHA B COYeTaHHH C BbIBOPOM COOT-
BETCTBYIOIUMX 3HAMEHHWA HOPMarnBoB COpPOCOB
H CTABOK MNaatemer, B neaoM, 3aTo BbIrogHeR
6esaapecHoro BblgeneHns cybcHauHA Ha BOAO-
OXpaHHyl0 AeATeqbHOCTh MNpPEeANpHATHIO, pea-

The mechanism of distribution of the
territorial ecological foundations resources
hasn't been defined on the normative basis
yet. These foundations resources are formed,
mainly, at the expense of enterprise pay-
ments for environmental pollution,

In calculations three variants of the
principles of subsidizing from territorial
foundations where realized, The first variant:
the proportions, established around the
country, are being controlled. For definition
the value T in (19) it was assumed, that
territorial foundation returns a fixed percent
of R to the enterprise for actions realization.

The second variant: territorial foundation
supports only the actions decreasing
"ubnormal' compounds of pollution. In spe-
cific cases the subsidies may even exceed R
at the expense of other enterprises payments.

In this study the case when the zinc
content is such an ‘ubnormal’ index is pre-
sented. It was supposed that territorial foun-
dation subsidized only two actions decreasing
zinc gross pollution mass in waste water.

In this case the enterprise turned out
profitable to finance the realization of all
other actions from its own profit.

In opposite case the enterprise had.to pay
more for beyond-permissible water pollution.

The third variant: territorial foundation
doesn't subsidize the enterprise under
consideration at all. In this case the set of
the enterprise behavior 'regulators’ values is
such that the enterprise should realize its
water protective activity (if not in full body)
in order to reach maximum of its net profit.
Here payment rates and pollution norm are
considered as 'regulators’.

The calculations showed, that the most
effective politics both for decrease pollution
masses and economy of territorial foundation
resources is the selective support of specific
actions in combination with corresponding
‘regulators values. In general it's more
profitable than non-address subsidizes to
enterprise for its water protective activity
realized in the first case or the politics of
‘whip* - in the third case.
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IM30BAaHHOE B NEpBOM CAy4ae, MW NOMHTHKH
TOBKO "KHYTA' - B TPeTbeM cayuae,

B paborte paccMoTpeH MOPAAOK (HUEH-
3MPOBAHHA KAK MEXaHM3M Mpodaxd [peanpu-
ATHEM APYrMM OpraHH3allMaM CBOero npapa
Ha 3arpasHetie.

[1A  NOBbIIEHNA  3AaHHTEPECOBAHHOCTH
npogaBLa Moraa Obl YBeMYMBATLCA_Er0 “HC-
Tana npubbIIb, T.€. B (10)

Lji =1 }:' Z4 (20)
1= .
rae 1 - KoapdHUHMEHT, NOKa3bIBAIOUIHH,
Kakas 4acTb BbIPYYKH OT NpOdaky (THUEH3IHNA
HOPMHpYET YHCTbIF JO0XOA NMPeANpHATHA;

Zj=max {0, Q/Mn/- Mj }.

B Hawen paborte paccMOTpeHa CHTYaluA,
Koraa TeppHropHanbhbll  dona,  obnanan
Tekywen nHdopmauren, 3a onpedeneHtble 0T
yncnenna Oeper Ha cebAa ponb MocpeaHrKa
MeMay ydHaCTHHKaMn ModoOHbIX K caenok. Tem
CaMbIM TIpeArnpPHATHIO-NPOAaBLy rapaHTHpyeTca
CObLIT NUUEH3HMH, a B (20) | - MOXHO CuMTaTh
33aHHOA KOHCTAHTOH. )

TakuM o0Opa3oM, B MOgedbHbIX pacuerax
6bI1 HMCMOMb3OBAH MeXaHM3M ¢ 31eMEHTOM
aaMUHHCTPaTHBHOrO y4acTHa B nepepacnpege-
(IleHHY MpaB Ha oCTaTo4HOe 3arpasHeHHe,

Pacyernl no Mogenn (10-20) HaradadHo fo-
KasanH, YTO HCNonb3oBaHve MeXaHuaMa (u-
UeH3HPOBaHUA MOXeT MO3BOIHTL Npeanpus-
THIO HaWlTH CpeacTBa A0A OCYLUECTBNEeHHA WM
AOTIOMHUTENBHBIX  BOAOOXPAHHBIX MeponpHa-
THA.

BAATQAAPHOQCTH

ABTOpbI  BblpaaloT rayboKylo npH3Ha-
TeAbHOCTh akagemuKy PAH O.d.BacnabeBy wn
uneHy-koppecnongedty PAEH [1.I'.KoHemy - 3a
none3Hbie 00CyKaeHHA W MOCTOAHHOE BHHUMa-
Hve K pabGote; A.M. BonkoBy - 3a NpeaocTas-
feHHble MaTepHanbl HabniogeHHH, ABTOPbI
CYHTAIOT MPHATHLIM [J0AroM OTMETHTbL (rHan-
COBYIO MNOAAEPAKKKY BbINOMHeHHA paboTbl Mo
(IMHHH PecrybanKaHCKON Hay4HO-TeXHHYeCKOH
nporpamMmbl ‘Undopmarnzauns Poccuy',

CITHCOK HCTOYHHKOB

BacnabeB O.d., Epemenko E.B. 1980.
Mogennposalve TpaHCHOPMALUHH COeAUHEHHH
asoTa AA YnpasdeHHWA KaveCTBOM BOAbl B
BOAOTOKax // BoadHsle pecypcsl. N5, C.110-
117,

lrony6 A.A., - Ctpykosa E.B. 1993,
JKOHOMHYECKHEe MeTobl YNpaBleHHeM TMpH-
poadonoab3obanneM. // Hayka. Mockea.

Our research considers the order of
licensing as a mechanism of enterprise
selling its right for pollution to other
ordanizations.

To increase the seller's interest the
expression for net profit (10) should be given
with following definition for Lj

"

20)Lj =1 27,

where | is the coefficient showing which
part of proceeds oflicense sales forms net
income of an enterprise;

Zij = max { 0, Qi (Mni - Mij) } .

In our research the situation when the
territorial foundation with current information
becomes a mediator between the participants
of the bargain was considered. In this case
foundation have the certain income for its
mediator role.

This procedure guarantees enterprise-seller
the sale of licence, Thus 1 is the given
constant in (20). ‘

Thus the mechanism with an element of
administrative participation in the
redistribution of the pollution rights is used
in our simulation,

Our consideration clearly shows that use
of licensing mechanism gives the enterprise
the opportunity to find the resources for the
additional water protective actions realization.
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MOAENH A1A LEAEA
BOAHOIO MOHHTOPHHI'A H OITTHMH3ALIHN
BOAOOXPAHHON AEATEMBHOCTH

MPEAMPHATHA B COBPEMEHHBIX YC/IOBHAX
L]
Lxad A.A., K.¢p.-M.H.;

AredxoB B.IO.; K.¢.-M.H.;
HHCTHTYT BO4HBIX H IKOIOrHYECKHX
nmpobaem CO FAH;
HKowenes K.b., K.¢p.-M.H.;

lexnrec MA., k.T.H,; [[xan T.B.,
Aaradckud ¢Hanaa FoclTHH
HH@OPMAIJHOHHBIX TEXHONOMHH H CHCTEM
aBTOMATH3HDOBAHHOIO [IPOEKTHPOBaHHA
MHHHaYKH H TEXHHYECKOH IOHTHKH P,

TE3HNCbI

CcopmynrHpoBaHa Mofenb Ka4vecTha BOAbl
B peKe, npejnaraeMas A HCNONb3OBAHHA
B COCT@aBe HHCTpPyMeHTarbHbIX CpedCTB BOg-
HOro MOHHTOpHHra. Mogeab napaMeTpHaoBaHa
Mo AAHHBLIM HabNiOAeHHA pAga ner 3a ruapo-
XHMMHYECKHM peXHMOM pekH O6b Yy ropoaa
BapHayna, oAHOro ¥3 HHAYCTPHANbHBLIX LEHT-
pos CHOHpH,

Ha ocHoBe HblHE AEHCTBYIOLEeHt HOPMATHB-
HOH 6a3bl CHOpMyIHpOBaHa MOAeNDb NOBEAEHHHA
NpeanpHATHA B YCIOBHAX MaAaThl 3a 3arpAa3He-
HHe BOAHOH cpedbl H YACTHYHOH KOMMEHCaLHH
€ro 3aTpar Ha npoBedeHHe BOAOOXPaHHbIX
MepONpPHATHH. KpHTEpHEM ONTHMANBHOCTH Cay-
KHT MAaKCHMYM YHCTOH MPHObLIH NpeaNpPHATHA
B 3aBHCHMOCTH OT (pHHAHCHPOBAHHA €ro BOAO~
OXpaHHOH AeATeNbHOCTH H3 BCeX BO3MOMKHBIX
HblHe HCTOYHHKOB. [IpnBeaeHbl pe3yabTaTbl
pac4yeToB a1A OAHOrO H3 NpeAlpHATHH
r.BapHayna.

BBEAEHHE

Paborbl no co3gaHHio MOAEAHPYIOLIEH CHC-
TeMbl YIIpaBAeHHA KayecTBoM Boabl B BepxHen
O6n, Ha TeppHTOPHH ANTANCKOrO Kpas Beayrca
HaMH B ABYX HanpaBieHHAX. ‘

B MoaebHBIX pacueTax HeobGXOAHUMO YHThI-
BaTb NPHPOAHBLIH PECYPC CAMOOMHILEHHA PeKH.
loaToMy O/IHMM H3 B0eMeHTOB paspabarhiBae-
MOH CHCTeMbl Ctana Mogedb MOHHTODHHIA
KayecTsa BOAbl B pekKe.

B Hacrosllee BpeMA HaKoOINeH onpeaeneH-
HbIH OMBIT MOAEAHPOBAHHA I'HAPOXHMHYECKOTO
pexnMa pek (cMm., Hanpumep, Shnoor et al.,

MODELS FOR WATER MONITORING
AND OPTIMIZATION OF ENTERPRISE WATER
PROTECTIVE ACTIVITY

IN PRESENT-DAY CONDITIONS
|
Dr Tskhai AA.;
Dr Ageikov V.Yu.,;
Institute for Water and
Environmental Froblems,
Siberian Division of the Russian
Academy of Sciences;
Dr Koshelev A.B.;
Dr Leites M.A.; Tskhai T.V.,
Altai Branch of National Research
Institute for Informatic Technologies.

ABSTRACT

The river water quality model was formu-
lated. This mode! is proposed to be used as
an instrumental aid for water monitoring. The
model was calibrated by means of the long-
standing observations of the Ob-river hydro-
chemical regime near Barnaul (an industrial
city in Siberia).

The model of enterprise (water user)
behavior was constructed in accordance with
present-day Russian normative basis. Accor-
ding to this model an enterprise pays for its
water pollution and receives partial financial
support for its water protective activity. The opti-
mality criterion is maximum enterprise net
profit depending on variants of subsidization
of its water protective activity from all possible
sources. The results of ecologico-economic
modelling for one of the Barnaul enterprises are
presented in the report,

INTRODUCTION

Our water quality management model sys-
tem for Upper Ob-river in boundaries of Altai
region is developed in two directions.

In such research it is necessary to take into
account the factor of river self-purification.
Therefore water quality monitoring model has
become one of our being developed elements,

Now the certain experience of river hydro-
chemical regime modelling is accumulated
(see, for example, Shnoor et al., 1987; Nika-
norov & Nikul'chenko, 1990). The simpliest
variant of this approach is used in our research.
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1987; Hukanopos n Hukynb4eHko 1990). B Ha-
wen pabore HCNONbL3OBANCA NPOCTEHIINA Ba-
PHAHT AAHHOrO MNoAxoaa, PacCYMTAHHBLIA Ha
MCNOAb30BAaHHE CTAHAAPTHBIX AaHHBIX Cayx6
PockoMrrapoMeTa, OCyUeCTBAAIOWHX Ccenyac
BOAHbIH MOHHTOPHHr B POCCHH,

OcobeHHOCTbIO Hawel paboTbl ABaAeTcA
npoBeaeHHe KanHOPOBKH Moaenn Ka4yecTBa
BOAbl MO AAHHBIM HaOMIOAEHHA HMMEHHO Ha
MOAENHPYEMOM YUYacTKe PEeKH.

PeXHM NOATHOCTH NPHPOAONONb3OBAHHA C
nocneayuHM HHBECTHPOBAHHEM TOay4aeMbIX
CpeACTB B pa3BHTHE OTHOCHTEABHO «4HCTbIX»
TeXHOOTHA ABAAETCA HaHbonee apPeKTHBHDBIM
Cpe/CTBOM CHHXeHHA YPOBHA aHTPONOreHHoM
Harpy3skn (Fopman, 1991; SasnuHep H Ap.,
1992; l'onyd n Crpykosa, 1993).

3akoH «O6 oxpane OKpyKaiolWEH TNpH-
poaHo#n cpeapl» (3aKoH..., 1992) onpeagenaer
CYLIECTBYIOILHMA Ha CEroAHA B POCCHH JKOHOMH-
YeCKHH MeXaHH3M ynpasieHHA NpHPOAONOab-
30BaHHEeM.

3TO NO3BONAET YTOYHHTH H KOHKpe-
TH3NPOBATb HCTIONb30BaHHbiE B (HTEpArype
(cM., Hanpumep, [lpaKHHCKad, pea., 1992)
MOAEeNH MOBEASHHA MNpeANPHATHA B YCNOBHAX
naartei 3a 3arpA3HeHHe BOAHOH cpefbl H Yac-
THYHOH KOMIMEHCALHH ero 3arpaT Ha nposeje-
- HH€ BOAOOXPAHHLIX MEPOTPHATHH.

Panee B KauecTBe KpHTEPHA ONTHMH3ALIHH,
Kak MpaBHNO, BhiGHpancA MHHUMYM CpeaHero-
AOBbIX 3arpar MpeANpHATHA Ha BOAOOXpaHy
B YCNOBHAX, Korda dpaKkTHYeCKHe cBpoch! npea-
MPHATHA He MPEBbILAIOT BPEMEHHO COrMaco-
BAHHBbIX BeMHYHMH AA BCEX HWHMPeANeHTOB.

CornacHo (3akoHy..., 1992) nnarexu npea-
NPHATHA 3a 3arpa3HeHHe OCyLLECTBIAIOTCA
3a CYeT ABYX HCTOYHHKOB - ceBecronmocTH
MPOH3BeAEHHOA NpoAYKUHH H TnpHOblaH. B
pellaeMoH HaMH 3ajaye ONTHMH3ALHH MaKCH-
MH3HpyeTCA BeAHYHMHA YHCTOH NPHOBbIAH
npeanpHATHA.

Ha mnprMepe oAHOro H3 MNpeATNPHATHH
r.bapHayna rpoBegeHbl MOge(bHBIE PaCyeTbl
A0A Pa3IHYHbIX BAPHAHTOB SKOHOMHYECKHX
MeXaHH3MOB, COMacylolHXCA C ACHCTBYIOLIEH
HopMarHBHoH 6a3oH.

Our model uses the standard data set of
Roscomgidromet (Russian National Committee
of Environmental Monitoring).

Our model peculiarity is a calibration of
water quality model by means of observed
data on the simulated river part.

The most effective method of anthropo-genic
load decrease is the regime of deterrent tax,
under which these funds are used for deve-
lopment of environmental safety technoiogies
(Gofman, 1991; El'piner et al., 1992; Golub &
Strukova, 1993).

The new State Law «About environmental
protection» (Law, 1992) defines the present-day
economic mechanism for environmental man-
agement in Russia.

Now previous ecologico-economic models
of enterprise behavior (see, for example,
Prjazhinskaja, ed., 1992) can be revised and
defined in details. Formerly the optimality
criterion for enterprise was defined. as mini-
mum of its annual expenses for environmental
protection. In these models factual enterprise
pollution should be less than «temporary upon
consultation» amount for every pollutant.

Now in accordance with the State Law the
enterprise pays for its pollution at the expense
of product cost and profit.

Therefore in our research the optimality
criterion is maximum enterprise net profit.

The simulation of different economic me-
chanisms used in the model are presented for
the chemical enterprise in Barnaul. All these
variants are in agreement with present-day
Russian normative basis.
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MOAEb MOHHUTOPHHTA
KAYECTBA BOAbl B PEKE

Mapasanvecksi 600K

I'mapaBanvecknn 610K TNpeacTaBaAeT Co-
60K BapHaHT OHOMEPHOH CHCTEMbI ypaBHEHHH
AnA yCTAHOBHBILUEroCA HepaBHOMEPHOro ABH-
XKeHHA Boabl C y4eToM GOKOBOH MPHTOYHOCTH
B HenpHaMaTH4ecKkoMm pycne pekH (CnHUbIH M
CokonoBa, 1990). 3agaya nporyo3a peluaeTca
ana 18 neprHoaoB B TEYEHHE pacHeTHOro roaa:
ANA NaBOKA (anpenb-HIOHb) — eXeAeKaqHo, AdA
OCTanbHOrO BpPeMeHH -~ exeMeCAYHO,

CxeMaTH3auma pycaa BobibpaHa caeaylowas.
Pycno pekH pasgeneHo Ha y4acCTKH, orpaHH4eH-
Hble cTeBopaMH. llnpHHa cTBOpa HaxoauTcA
(IHHEHHOH HHTepMondAlHeR B 3aBHCHMOCTH OT
TeKylllef OTMeTKH ypOBHA B BGanTHHCKON CHC-
Te€Me BbICOT. [11A 3TOr0 HCMNONb3YKTCA AAHHbIE
HaTypHbIX H3MepeHHH COBpeMeHHBIX Xapakrte-
PHCTHK pekH. JTO M03BONAET CYHTATh MpeHe-
6pexHMO ManoH ecTecTBeHHylo AedOopMalHIo
pycaa. YKNOH fiHa BHYTPH KaxaAOro y4vacTka
CYNTAETCA MOCTOAHHBbIM.

CHavana o 3adaHHbIM pacXxo/4aM B CTBOpax
PeKH H COCPe0TOYEHHbIX NPHTOKAX (COpocax)
onpeaensercA OOKOBaA NPHTOUHOCTb Ha Ka-
AOM y4acTKe.

3areM Mo ypoBHEHHIO Hepa3pbIBHOCTH pac-
CHHTBIBAETCA 3HAYEHHE pacxoAa Boabl B y3nax
pacieTHOH ceTkH. Tlocne 3Toro B 3aMbiKalolleM
CTBOpE MO 3MIHPHYECKOH KPHBOH CBA3H pac-
X00B H ypOBHeH onpeaensorca raybHHa noro-
Ka H oTMeTKa YpoeHH. D¢d¢eKkT NaBogOYHOH
netam yureH. B pacyetax ana neppon NMONOBHHBI
naBoAKa HCNONb3yeTCA BETBL NOAbEMa NETnH,
a AaA BTOPOH MOOBHHBI — BETBb Crnaaa.

Pewiaa ¢ nomouipio MeToga dHnepa ypabBHe-
HHE ABHXE€HHA BOAbl [POTHB HarpaBieHHA
BO/IOTOKA, onpeaenseM NpoCcTpaHCTBeHHoe
pacnpeaenexye taybuHbl h, naowaan BoAHOro
CEYEeHHA W M cpeaHer Mo Ce4eHHI0 CKOPOCTH
TE€4YEeHHA U,

Baok nporiosa KayecTsa Bo/pl

Moaeab Ka4ecrBa BOAbl BOCIMPOH3BOAHT
NPOCTPAHCTBEHHOE pacrpeaeneHHe B peke
CoflepXKaHHA ABaALATH BHAOB XHMHYeCKHX
noxasarenen: (1) BITKS, (2) gednunta Kucao-
poda, (3 )sapecH, (4) XIIK, (5) aMMoHHA, (6)
HUTpHTOB, (7) HuTpartos, (8) CIAB, (9) Hedre-

RIVER WATER QUALITY
MONITORING MODEL

Hydraulic Block

Hydraulic model block is based on one-
dimensional equations for quasi-steady with
time and longitudinal nonuniform flow with

-due regard for the lateral inflow in nonpris-

matic channel (Spitsin & Sokolova, 1990), The
forecast is performed for 18 periods during the
year: for every ten-day interval in flood (April-
June) and for every month in another hydrolo-
gical periods.

In the model the channel form is described
as a sequence of the parts separated by the
cross-sections. The width of the cross-sections
is calculated by means of a linear interpolation
depending on the true level. For this purpose
data of regime measurements of present-
day river characteristics are used. Therefore
it is supposed that natural deformation of
channel is negligible. The grade of bottom
within every part is assumed as a corresponding
constant.

First, the lateral inflow per unit length of
channel is calculated by means of specified
discharges in the cross-sections and the point
tributaries (or agri-industrial waste).

After that in accordance with an equation
of continuity the discharge distribution in nodal
points of the calculated network is found.
Further the depth and true level in final cross-
section is determined by means of the
empirical curve of the connection between
discharges and levels. '

The effect of a flood loop is taken into
account. The rise branch of the loop is used
at the beginning of the flood. The fall branch
of the loop is used at the end of the flood.

The spatial distribution of the depth h, the
area of the flow cross-section w and the mean
discharge velocity of flow u are determined
using the Eiler's method for finding the dynamic
equation solution,

Water Qulity Forecasting Block.

Water quality model simulates the river
spatial distribution for the values of twenty
contaminants: (1) BOD, (2) oxygen deficit, (3)
suspended matter, (4) COD, (5) ammonia, (6)
nitrite, (7) nitrate, (8) synthetical surface-active
matter, (9) oilpollution, (10} phenol, (11)
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npoaykTos, {10) deHonos, (11) rekcaxnopana,
(12) xnopa, (13) cynbdaros, (14) mardna, (15)
KanbLuA, (16) nnHaaxa, (17) xkenesa, (18) mean,
(19) cerHua u (20) ¢ocdaros ana 18 xapak-
TepHbIX NEPHOAOB roaa.

YpaBHeHHA MoAenn B KBa3HCTALHOHAPHOM
O/IHOMEPHOM T'OPH3OHTAbHOM MPHOAHMKEHNH
BbINIAAAT CAeAylolnM 0Opa3oM:

d (QC)
dx

dC
W Tj.;‘._) +w H+ G, {0

L

dx

3gech x — MpodofbHaA KoopaAHHATa BAOb
pycna; Q -~ pacxod Bodbl; C, - coaepxaHHe
i-To  XHMHYeCKOTro coedHHeHHA (HHAeKC i
HaMeHAercA oT 1 ao 20); E - Koaddu-
LUHEHT TNpoaAonbLHOH aAxcnepcHH; I, ~ uneH,
XapaKTepH3yIolllHH HeKOHCEPBATHBHOCTb pac-
cMaTpHBaeMoro i-ro coeauHeHua; G, - myre-
Bad Harpyska Ha eAHHHLY AaHnHbl BOAOTOKA
(XapaKkTepHCTHKA HETO4Ye4YHbIX HCTOYHHKOB
3arpasHeHun),

" BeanvnHa H, onpeaenexa no THMy peakuxH
nepBoro rnopagka ¢ Koag¢HUHEHTaMH HEKOH-
CepBaTHBHOCTH K

anai=3,4,8-19 (2)

CuHTaeTcd, YT0 AHHAMHKAa H3MeHeHHA co-
Aepxanua BIIKS (i=1) 0 gepHUHTa KHCaopoaa
(i=2) omucbiBaerca mogenbio THna FK - BIIK
(cm., Hanpumep, Dobbins, 1964)

H = - (K +K) C;; (3)

1
H, = -K,C, + KC, + PKC, + P,K.C, + J/h

3nech K, ~ KO3 PHUHEHT CeAHMEHTAaLHH,
J - noTok KHcaopoaa, oOycnoBneHHbIA Norao-
ILeHHEM AOHHBIMH OTAOXKEHHAMH H POTOCHHTE-
30M, P, n P, - KOaQPHUHEHTBI Mepectera
noTepb KHCIopoaa NMpH HHUTPHOMHKALHH,

[lpn pacyere TpaHchoOpMaUrH a30THbLIX
coefarHenu# (i = 5 - 7) Hcnoab3yeTca cneayio-
w@aa cxema Hurpudgukauud (Bacunbes H Epe-
MeHKo, 1980)

H, = -K,C, + P,K,C,; (4)
Hy = K,Cq + K,C,, H, = ~K,C, + K.Cy

3pech P, - Koa¢pduuneHT nepecyera ans
npouecca aMMOHHGHKALHH,

hexachloran, (12) chlorine, (13) sulfate, (14)
magnesium, (153) calcium, (16) lindane, (17)
iron, (18) copper, (19) lead, (20) phosphate for
18 periods of the year.

The model equations in quasi-steady
one-dimensional horizontal approach are de-
fined as:

4QC) 4 kw9 wHea,
dx dx dx

Where x is the longitudinal coordinate of the
cross-section; Q is the rate of water discharge;
C, is the concentration of the i-th chemical
compound (index i varies from 1 to 20); E is
the coefficient of longitudinal dispersion; H,
characterizes the rate of kinetic transformation
for ith chemical compound: G, is the lateral
load per unit length of channel (the character-
istic of non-point sources ofpollution).

An assumption of kinetics of the first order
is used in the model. Thus
anAai=3,4,8-19 (2)

The equations similar to well-known DO-
BOD model (see, or example, Dobbins, 1964)
described the dynamics of the oxygen and
biochemical oxygen demand contents.

H, = - (K, +K) C (3)
H, = -K,C, + KC, + P,K,C, + PK,C, + J/h
Here K, is the coefficient of sedimentation,

J is the flux of oxygen into bottom per unit area,
P, and P, are the coefficients of conversion.

The following scheme of nitrification (Vasil-
iev & Eremenko, 1980) is used

H, = -K,C, + P,K,C,; (4)
Hy = -K,Cg + K,C,  Hy=-K.C, + KCg:

Here P, is the coefficient of conversion.
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[pouecc MHHepann3aUHH ¢ocgopa ONHCbI-
BaeTcA Kak

Hyo = ~Kp0Cp0 + PAB, Gy ®)

I'ne P, - KoopdpHuneHt nepecyera B doc-
¢dopHble eAHHHUBL.

TeMneparypHaa 3aBHCHMOCTb KoaddhHlHeH-
TOB 334aHa Kak

K,(T) = K A™20 aagi=1;2; 4-20 (6)

3aecb T - TteMnepaTtypa. HKoHcraHTa A
npHHHMaeTcA paBHOR 1.05, a 3aBMCHMMOCTD
BeaM4nH K, oT ruapoaornieckHx xapaxre-
DHCTHK onpegedderca MpPH NapaMeTpHiauvH
MoaenH. BeandynHbl P, oueHnBaioTCA B COOT-
BETCTBHH C PeanbHbIMH CTEXHOMETPHYECKHMH
COOTHOLIIEHHAMH.

BeanunHa Gi MoxeTt ObiTh onpeaeneHa Kak

G, =C,q (7)

1

3pech C ~ coaepaHHe i-ro coeanHeHna B

BOJAX, MOCTYNaloUMX ¢ OOKOBOH MpHTOY-
HOCTHIO q.

[TpH HanH4HH MpPHTOKA (TOYEYHOro HCTOY-
HHKa 3arpA3HeHHH) € MOCTOAHHOH HHTEHCHB-
HOCTDIO B TeYeHHE pPACYEeTHOMo MepHoaa BeflH-
4HHa C, B y3ne BNageHHA MPHTOKA olpeJenner-
cA Kak

CLS Q’q * Cia Q’d .
C - .
! Q + Q, 8)

3aech G, H Q, — cogepxanHe i-ro coeaHHe-
HHA W pacxog Bodbl B NpHTOKe., HHAeKc «f»
OT(IHYaeT BeAHYHHY flapameTpa HHKe Yy3na
BriageHHA NPHTOKA, «S» — 3HAa4YeHHe napameTpa
Bbllle y3aa BlladeHHA MPHTOKa.

[paHu4HbIE YCAOBHAR HMEKOT BHA

dC,
3pech X, H X~ COOTBETCTBEHHO, Ha4arlbHbIf

H 3aMbIKaIOUIHA CTBOPbI MOAEIHPYEMOro y4ac-
TKa pPeKH.

w(x)=w, Ci(x)=C =0; 9

The process of phosphorus mineralization
is described as

nzo = "'Kzoc’zo + P4K4C4; 5)

Where P, is the coefficient of conversion.
~ The temperature dependence of coeffi-
cients K, is defined as

K(T) = K, A™29 aaai=1;2; 420 (6)

Here T is the temperature. The constant A
is equal to 1.05. The dependences of the
coefficients K, from hydrological characteris-
tics are determined during the parametrization.
The values of P, are estimated by following
stoichiometric relations.

The value Gi may be defined as
4, =C,q @)

Where C is the content of ith compound
in lateral inflow q.

. The value C, in the point, where the tributary
(or the point source of pollution) flows into the
river, is determined as

Cis Qs + Cia Qa
Cit = Qs + Qa

(8)
Here C, and Q, are the content of ith
compound and the rate of discharge in the
tributary. The index «» marks the value of
parameter below the point, where the tributary
flows into the river. Index «s» marks its previous
value.
Boundary conditions are defined as

d
¢, ix)=c, 3
dx
Here x, and x are the upstream and
downstream sectons of the channel, respec-
tively,

(x) =0;  (9)
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KA(IHBPOBKA
MOAENEH CAMOOYHIIEHHA

AnA KanHOpOBKH Mogener caMoOYHILEeHHA
HCIMOAb3yeTcA aHaNHTHYeCKoe pelileHHe aAndg-
¢peperlinaabHon 3ada4u (1-9). [1pn naeurngu-
KallHH HCNOMNb30BaHbl AaHHble HaONoAeHNH 3a
'MAPOXHMHYECKHM peXXHMOM Ha y4acTKe pekH
O6H, OorpaHHYEHHOM CTBOpPaMH: 7 KM Bbillle H
13.7 kM Hre r.bapHayna B 1984-88 rr,

Mpn kannGpoBKe ObINO NPHHATO ynpoilaw-
liee npeanonoxeHyHe od OAHOPOAHOCTH pac-
npeaereHns HMCTOYHHKOB 3arpA3HeHHA 1Mo
AHHE pacCMaTPHBAEMOro y4acTka M 00 HX
NMOCTOAHHOH HHTEHCHBHOCTH B TeYeHHe pac-
4eTHOro nepHoda. JTo gocraTodHo rpyboe
ynpollieHHe, OAHAKO, He ABAAETCA CHIIKOM
panekHM or peanbHOCTH. OCHOBHLIE HCTOY
HHKH 3arpA3HEHHH Ha 5TOM YPOaHH3HPOBAHHOM
y4acTke - TpOMbILUAEHHbIE H KOMMYHalbHbIE
CTOKH — B UEIOM, OTHOCHTENLHO MOCTOAHHDbI
B T€4YeHHe pacyeTHOro nepHoaa H paccocpeno-
To4YeHbl no Gepery peku.

3vayenna napametrpoB K . K,, G, n J,
BXOAAILHX B ypaBHeHus (1 — 9), OblIH OLieHeHbI
C NOMOLLBIO AMOPHTMa MakBapaTa — HelHHeH-
HOT'O MeToAa HaHMMeHbUIHX KBaApaToB.

AaA oueHKH aaeKkBATHOCTH MOJellb-
HOINO OMNHCAHHA AaHHBIM HabMIOAEHHH HCNONb-
30BafCA CTATUCTHYECKHH prrepnn Tehna Cr

(Thell 1971)
Cr = 3(E - F)? E2 + Z_ﬁz
bal LY.

lae n ~ uncao uHabniogennnt, E. n F, -
COOTBETCTBEHHO, pacyeTHble H H3MepeHHble
Be(IMYHHBI COAepKaHHA BeLIECTB.

[lonyyenb! caeaylomne npeaBapyTenbHble
pesynbTarbl: .

(aaa i=2) K _,=1.3 cyr! ;
P,=3.0; P,=1.0; Cr,=0. 04
(ana i=3) K,=%! cyr‘ ; Q=100 r/m-cyt;

J=3.0 r/m2. CyT;

Cr,=0.28.

(nad i=8) K ;=0.1.u0.1h'%; G_,=1.0 r/m-cyT;
Cr8=0.54.

(aaa i=9) K 4=0.001.u%°° .h*! ; G =1.0 r/
M-cyT; Cry =0.36.

Aaa ocranbHbIX | 3Ha“eHHA NapaMeTpoOB
ceegeHbl B Tabn.l. Ha pHc.l npuseaeno
CpaBHeHHe AaHHBIX pacyeTa H HabalwaeHHH Nno
pAAY XHMHYECKHX MOKasaTene.

CALIBRATION
OF SELF~PURIFICATION MODELS.

The analytical solution of the differential
problem(1-9) is used for the calibration of the
self-purification models. The hydrochemi-
cal regime observed data of 1984-88 are used
for the calibration. These data correspond to
the Ob-river part limited by two cross-sections:
7 km above and 13.7 km below Barnaul.

For simplicity we considered two assump-
tions for simulated period. First, the pollution
sources distribution along this river part is
uniform. Second, these intensities are the
constants. This hypothesis is only a crude ap-
proximation. But it is not too far from reality.
The main pollution sources in this urban region
are domestic and industrial waste which are
diffused along the river. These intensities
change sufficiently slightly during the year.

The K, K,, G, J, P, parameters values from
equations (1- 9) were estimated by means
of the special procedure (nonlinear method of
the smallest squares). '

The Theil statistical criterion (Theil, 1971)
was used for estimation of the adequacy of
observed and simulated data. This criterion Cr
characterizes the deviation degree of the full-
scale data of Ei from the calculated F,

Cr- 37 - F i‘mz 2_“_
i= l
Where n is the number of observations.
The preliminary results are in the Tabl.1

Besides that the following values are
calculated:

(for i=2) K,,=1.3 day-1 ; J=3.0 g/m?day;
P,=3.0; P,=1.0; Cr(2)=0.04.

(for i=3) K, 0 1 day” ; G,=10.0 g/m day;
Cr(5)=0.28.

(for i=8) K 4=0.1u%'h'%; G_=1.0 g/m day;
Cr(8)=0.54.

(for i=9) K, =0.001u%001p*?
day; Cr(9)=0.36.

; G,=1.0 g¢/m

The comparison of simulated and observed
data for some chemical compounds is shown
in Fig.1.
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TAB(MHLA 1. 3na4yeHns napamMerpoB Moaenel CaMOOUYHINEHHA

i K., G, Cr,
cyr! r/m.cyt
1 0.15 1.0 0.31
4 0.18 0.0 0.33
5 0.1 0.4 0.26
6 0.7 0.0 0.29
7 0.01 0.4 0.13
10 0.01 0.0035 0.32
11 0.02 0.0000035 0.37
12 0 20.0 0.19
15 0 10.0 0.15
14 0 7.5 0.14
15 0 10.0 -0.07
16 0.02 0.00005 0.27
17 0 0.5 0.27
18 0 0.001 0.41
19 0 0.0028 0.20
20 0.01 0.8 0.32
TABLE 1. Parameters values for self-purification models
i K, q, Cr(i)
day™! g/m day

1 0.15 1.0 0.31
4 0.18 0.0 0.33
5 0.1 0.4 0.26
6 0.7 0.0 0.29
7 0.01 0.4 0.13
10 0.01 0.0035 0.32
11 0.02 0.0000035 0.37
12 0 20.0 0.19
13 0 10.0 0.15
14 0 7.5 0.14
15 0 10.0 0.07
16 0.02 0.00005 0.27
17 0 0.5 0.27
18 0 0.001 0.41
19 0 0.0028 0.20
20 0.01 0.8

0.32




ONTHMH3AUHOHHAA MOAE(Db
BOAOOXPAHHOH AFATE/IBHOCTH
NPEANPHATHA

DOpMYNHPOBKA MOAENH

B KavecTBe KpHTEpHA ONTHMH3ALUHH Bbl-
6pan MakcHMyM & - BenHYHHbI YHCTOW MpH-
6biaH, OCTAlOUIEHCA B pacHOPAMEHHH npea-
MPHATHA MNOCNE OCYLLUECTBAEHHA NaaTeXxen 3a
3arpA3HeHHe BOAHOM cpeadbl H (PHHAHCHPOBA-
HHA CBOER BOAOOXPaHHOH ACATENbHOCTH
d=B-N-F-G+1L (10)

3nech B - 6anaHcoBaa NpHObIIb NpeanpH-
ATHA, HCYHCAAeMana Kak ‘ '
B=D-395 (11

Fae D ~ Bbipyuka; S — cebecToMMoCTs Npo-
AyKuuH; N - Bead4rMHa Haaora Ha npHObIAL,
paccyHTbiBaeMana Kak
N=4dB (12)

Mpu d ~ craBke Haqora Ha MpHObIAL.

BennunHa nnaTexkeH 3a 3arpasHeHHe BOAHON
cpeabl R ecthb
R=P+F (13)

FTne P u F -~ cooTrBercTBeHHO, IVIATEXH
NpeaAnpHATHA 3a HOpMaTHBHOE H CBEpPXHOpMa-
THBHOE 3arpasHenne. [Ipn aroM P ~ orHocHTCA
Ha Cce6eCTONMOCTb NPOH3BEAEHHOH NPOAYKLUHH,

Beanunna G 8 (10) xapakrepusyer «106po-
BOAbHblE» 3aTpaTbl TPEANPHATHA H3 YHCTOH
npubbinH Ha PpHHAHCHPOBaHHE BOAOOXPAHHBIX
MEePOMPHATHH,

BeavynHa L B (10) roxaszbiBaeT 4HCTbIA
Aoxoq MpeanpHATHA OT NPOAANKH (AHLIEH3HH Ha
3arpasHeHue. ITOT MeXaHH3M [peaycMoTpeH
(3akoHOM...,1992), HO noKa He 3anyweH B
fIeHCTBHE Ha MpaKTHKE.

TlycTb CylWecTBYeT m BOAOOXPAHHBIX MEPO-
npuatnit: { Ak |, rae k=1-m, Koropbie Moran
ObITb BKAlOYEHbl B MNaH NPeAlpHATHA, €COH
Obin 6b1 obecneveHbl pecypcamn. Kaxkaomy
j“romy Habopy MeponpHATHH MOKHO NOCTaBUTb
B COOTBETCTBHE BENH4HHY X ~ 3aTpaThl Ha ero
OCyLLIeCTBEHHE.

flanee AnA YyNpolWeHnA HCNoAb3yIOTCH Cie-
gywouwme npeanoaoxenuna: (a) D=const, T.e.
OCYIECTBIEHHE BOAOOXPAHHBIX MEPONPHATHHA

‘B =D~ 385,

OPTIMIZATION MODEL
OF ENTERPRISE WATER
PROTECTIVE ACTIVITY

Formulation of the Model

Maximum of the net profit ® is chosen as
a criterion of optimization. It remains at the
enterprise disposal after paying for water
pollution and financing its water protective
activity

b=B-N-F-G+L (10)
Here B is the balance profit of the enterprise,
which is calculated as

(a1

where D is the gain, S is the product
cost, N is the profit tax value, which is estima-
ted as
N=4dBs, (12)

where d is the profit tax rate.

The value of the payment for water pollu-
tion R is
R=P+F, (13)

where P and F are the enterprise payments
for permissible and beyond-permissible pollu-

tions, respectively. In this case P refers to the
manufactured product cost.

The term G in (10) characterizes the
voluntary expenses of the enterprise from its
profit for financing water protective actions.

The term L in (10) shows the net profit of
the enterprise from selling its licenses for
pollution. This mechanism is stipulated by the
(Law ..., 1992), but it hasn’t been used in
practice yet,

Let there be m water protective actions: {Ak]},
where k=1-m, If they were provided with
resources, they would be.included into the
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He BAHMAET Ha BbIPY4Ky npeanpuarua; (6) Bce
paccMarpuBaeMble MeponpHATHA cybcuau-
Py-lOTCA KaK KamnuranbHble BIOKEHHA, YTO
yrpollaer BHJ BbIpaKeHHA A0A HaNoroBbixX
ABrOT. Y4YerT MNpO4HX BHAOB BOAOOXPAHHBIX
3aTpar nNpu pacyere pasMepa Hanora MoMer
6bITh BbINOAHEH MPH He3HAYHTENbHOW KOPpeK-
THPOBKE.

B TakoM Cay4ae, NpH OCYLIECTBCHHH j-TOrO
Habopa MeponpHATHH Ce6ECTOMMOCTD MPOAYK-
UMM S, 6anaHcoBaa npHOblab B, H mMpoyHe
nor(asa'renn npeanpuATna B ¢popmynax (10-13)
MOTYT ObiTb 3amHCaHbI Kak

5, = 3(0) - P(O) + P, + n-X, B (14)
" rae S(0) u P(O) - cooTBeTCTBeHHO ceéecTO-
HMOCTb NPOAYKIIMH H NAaTexXH NpeAnpHATHA 3a
HOPMATHBHOE 3arpA3HeHHe B OTCYTCTBHE Me-
POMNPHATHH; N — KO3(P(PHUHEHT aMOPTH3AUHOH-
HbIX OTYHCEeHHH Ha BOCCTAHOB(EHHE BOAOOX-
paHHbIX COOPY’KEHHH H OOBbEKTOB; F‘J - MAATeKH
3a HOpMaTHBHOE 3arpA3HeHHe [ocae ocylec-
TBIEHHA j-TOoro Habopa MeponpHATHH
91

P=2V,

-2, (15)

{ 0, ecnn (M;(0) ~ Mu) J O ;
rae Vu= Q (Mi(O)—M.\i), ecan 0<(M(0)-M, )<Mn,;
{ Q:Mn, ecan (M(0) - MU) >

3aech M,(O) H Mn, - Bean4HHbl peanbHOro
B OTCYTCTBHE MEPOMNPHATHH M NnpeaenbHo A0
nycriMoro cOGpocoB MNpeanpHATHEM i~TOro
BHAQ 3arpA3HeHHH, Q, - COOTBETCTBYlOLIAA
AncepeHUHpoBaHHad CTaBKa MNaarekeH 3a
3arpa3HeHHe [-TbIM COe€AHHEHHEM B MNpeaenax
YCTAHOBNEHHbIX MpeaenbHO AOMyCTHMbIX HOp-
MaTHBOB COpOCOB. (3aKOHOM IpeayCMOTpeHO
ellle ABa YPOBHA naarexeH, Kpome Q,. lpeBbl-
laolas npegenbHo  ACMYCTHMYIO BelH4YHHY
Mni YacTb Banosoro cOpoca ONMnaYyHBaeTCA Co
CTaBKOH K, a K ero 4acrtH, npesblllaloWen H
BPEMEHHO COrnacoBaHHyl0 Bean4yuHy Msi npu-
MeHdercd craBka 5-K). BenndnHa M Xapakre-
pH3yeT yMeHblleHHe c6poca Bal‘pﬂSHeHHﬂ iroro
BHAA B pe3ynbTaTe OCYLWIECTBAEHHA j-TOro
Habopa MeponpHATHH.

enterprise plan. The value Xj is the expenditure
for realization of actions which are included
in jth actions set. Then for simplicity, the
following assumptions were used: (a) D=const.
it means that the realization of enterprise wa-
ter protective actions doesn’t influence the
enterprise gain; (b) All the considering actions
are subsidized as investments. This assump-
tion allows to use simpler expression. The
account of expenses on another water protec-
tive actions can be executed with small
correction.

In this case, for the realization of the j-th
actions set, the cost price Sj, the balance profit
Bj and other indexes of enterprise activity in
the formulas (10~13) may be written as

S, = 8(0) - P(0)+F+nX B, =D -8 (14)

where 5(0) and P(0) are tIJle product cost and
enterprise payment for permissible poliution in
the absense of water protective actions respec-
tively; n is the coefficient of the depreciation
charges; Pj is the payment for the permissible
pollution after the realization of j-th actions set.

) = é;_vu (15)
{0, if M,0) - M“) J O
where V - {Q,(M,(0) ~ l“l“), if 0<(M(0) - M;)<Mn;;
{ QMn, if (M0) - MU) > Mn, .

Here Mi(0) is the real pollution mass of the
ith compound in the actions absence; Mn, is
the maximum permissible norm of enterprise
poliution mass of the ith compound: Q, -
corresponding differential payment rate for
pollution by the i-th compound within maximum
permissible norm. (The Law stipulates two
payment rate levels except Q. The part of
the total pollution mass, exceeding the norm
Mn, is paid with the K rate. The 5K rate is
applied to its part, exceeding, temporary
conformed Msi norm). The value M, charac-
terizes the decrease of ith compound of
pollution mass as a result of the j-th actions set
realization,
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BbipaeHHe AaA Hanora Ha NpHObLINb NMpH
MCHONb30BAHHBIX TIPEATNONOMEHHAX C YYETOM
HATONOBLIX NbIOT MOXKeT ObITb 3aMHCAHO Kak
Hi = d-(Bj - min (0.3-)(j H O.S-BJ)] (16)

BennunHa | — nnarexen 3a CBepXHOPMATHB-
HOe 3arpAsHeHHe €CTb

FJ = min { EMBED Equation WU . C(BJ - NJ)} (17)
{ 0, ecan (MJ(O) - Mu) < Mn;

rae Wu. ={K, (M, (0) - I"lU - Mni),
ecad Mn, < (M, (0) - Mu) < Ms;
{ K(Ms, - Mn,) + 3K-(M,(0) - Mu ~ Ms),
ecan Ms, < (M,(0) - Mu)’

3aech C - NpeaebHbIA pa3Mep naaTexa 3a
CBePXHOPMaTHBHOE 3arpasHeHHe B % OT YHCTOH
npubbIan.

[pK 3TOM, 4TOObI AEATENbHOCTb MpeaAnpH-
ATHA HE NoaneMana no 3akKoHy npeKpallgHHIo,
AOMKHO BBIMOAHATLCA YC/IOBHE
Fy < B - T, (18)

EcrecTBeHHbIM OrpaHHYEHHEM OCYLIECTBe-
HHA BO3MOXKHbBIX MEPOMNPHATHA NpeanpHATHA
ABnAercA ypopeHb pHHAHCHPOBAHHA €ro BOAO-
OXpaHHOH AeATebHOCTH. B dopmanHioBaHHOM
BH/E 9TO YCIOBHE BBIMIAANT CaeylownM obpa-
30M ' '

X <I+T+nX +G (19)

Tae 1 - cybcuaun u3 rocOloaxera;

T -~ MNOCTYNIeHHA H3 TepPpHTOPHAIbHbIX
3KOMIOTHYECKHX (POHAOB.

Tperni 4aeH B NpapoH YacTH HepaBeHCTBa
(19) xapaKTepH3yeT aMOpPTH3ALOHHBIE OTYHC-
1IeHHA, BXOAsllHE B CeGEeCTOMMOCTb NPOAyK-
LUMH, Ha BBedeHHbI€ B 3KCIAyaTalHio BOAOOX-
pPaHHbIE COOpYKEHHA.,

PE3Y({IbTATbl MOAEANPOBAHHUA H HX
OBCYARAEHHE

Ha ocHoBe AaHHbIX OHOIO M3 XHMMHYeCKHX
NpeAnpHATHHA r.bapHayna pacCMOTpeHO H3MeHe-
HHe ONTHManbHOro HaGopa MepOonpHATHH AaA
pa3nMMHbIX BAPHAHTOB NOpA/AKa B3aHMopacye-
TOB C MpeaArpHATHEM TPH OCYIECTBIE€HHH MM
BOAOOXPaHHOH AEeATeNbHOCTH.

B pacyerax- HCMOnb3oBaHbl BeH4YHHbI CTa-
BOK TI1aTe2keH 3a 3arpA3sHeHHe, yCTaHOBNeHHBIX
MeCTHbIMM opraHamH Baactd B 1991 r., H

The expression for the profit tax under
permissible the Law privilage can be written as

(16) N, = dB, - min (0.3X, ; 0.5B))

The term F, is the payment for bejond-
permissible poilution. It is calculated as

F, = min { EMBED Equation W, , c(B, - N)} (17)

{0, if (M,(0) -~ M) < Mny
where Wu = {K (M, (0) ~ IVIu ~ Mni),

if Mn, < (M, (0) ~ M“) < Ms;

{K(Ms-Mn,) + 5Klv(Ml(O)—Mu—Msi),

if Ms, < (M(0)- M“).

Here ¢ is the maximum level of payment
for bejond-permissible pollution in percent
of net profit. In this case it is essential that
the enterprise activites not be terminated, lest
the following condition should be satisfied:

F, < B - N (18)

The level of financing of water protective
activity of the enterprise limits its possible
actions realization. This condition is looking as

XJ<I+T+H-XJ+0 (19)
where | is the budgetary subsidies; T is the
receipts from territorial ecological foundations.

The third term in the right part of the
inequality (19) characterizes the depreciation
charges included in product cost on water-
protective constructions put into operation.

RESULTS AND DISCUSSION

The change of the optimum actions set for
different variants of subsidy order with the
enterprise under its water protective activity is
considered. This question is studied on one of
Barnaul chemical enterprises data basis.

The real values of payment rates for
pollution are used in calculation. These values
are prescribed by Altai local authorities in 1991.
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AaHHble MO peanbHbIM MEpONPHATHAM, HX
5(¢peKTHBHOCTH B BHAE YyMeHbllleHHA obbe-
MOB cOpOCOB MO KOHKpPETHbIM BHOAAM 3arpfs-
HEHHH H 3ATpaTaM Ha ocyuiecTBaeHHe B 6aso-
BbIX LeHax 1989 r.

[0 CHX NOp HOPMAaTHMBHO He OIlpedeneH
MeXxaHH3M pacrnpedeneHnsa cpedCcTs TePPHTODH-
anbHbIX 2KOMNOMHYeCKHX (OHAOB, OCHOBHBLIM
HCTOYHHKOM (OPMHpPOBAHNA KOTOPBIX ABNA-
I0TCA NAaTeXH NpeanpHATHH 3a 3arpA3HeHHe
OKpyXawlled cpeabl. B pacyerax, peanHso-
BaHbl TPH BapHaHTa MPHHUHNOB CyGCHAHPOBA-
HHA M3 TEPPHTOPHANBHBIX (HOHAOB.

MepBblff BapHaHT: BbIAEPKHBAIOTCA C/10-
KHBILHECA M0 CTpaHe nponopuxH. [Aaa onpeae-
AeHna BeanuHHbl T B (19) GBINO NPHHATO, YTO
TeppHTOPHaNbHbIA poHA BO3BpAllaeT npearipy-
ATHIO ANA OCYIUECTBAEHHA MPHPOAOOXPaHHBIX
MepONpHATHH (PHKCHPOBaHHbIA MpOLEHT oT R.

Bropon BapHaHT: TeppHTOpHanbHbIA POHA
OCYLLECTBAAET MOAAEPKKY TONbKO TeX Mepo-
NPHATHH, PeE3ynbTaToM BHeAPEHHA KOTOPbIX
6yaer ymeHblleHHe COpPOCOB MO «aBApHHHDIM»
HHrpeAHeHTaM. B Heo6xoauMbIX cayvaax cy6-
cuann Moryt ObITb aaxe Bbllle R 3a cyer
naarexen ApyrHx npeanpHaTHH.

B pabore paccMoTpen cay4aH, Korga TakHM
«aBapHHHbIM» NIOKa3aTre(leM ABIAETCA coaepxa-
HHe lIHHKa B BogHOH cpege. Paccmarphneanca
ciy4aH, Korga TeppHTOpPHANbHBIM (OHAOM
BbidefleHbl CpeaACTBa LeaeBbIM o0OpasoM Ha
OCylleCTBeHHE ABYX MEPONpPHATHH, yMeHbllia-
IOILHX BanoBblil cOpOC LIHHKA B CTOMHBIX Bogax

MpeAPHATHA.
B aaHHOM cayuyae NpeANpHATHIO OKA3AM0CH
BBITOAHLIM  «406pPOBONbHO» (HPHHAHCHPOBATHL

OCYII[ECTBAEHHE BCEX OCTalbHBIX MEPONPHATHH
H3 COOCTBEHHOH NpHOBIAH, YT0OblI HE MaTHTh
elle Goablle 3a CBepXHOPMATHBHOE 3arpAsHe-
HHe BO/IHOHM CpeAbl.

TpeTnin BapHaHT: TEpPHTOpHANBHBIA (GOHA
BoOOILEe He MepegaeT CpPeacTBa pacCMaTpHBa-
eMOMy NpeAnpHATHIO. B 3TOM cryyae oKa3anoch,
410 HabGOp 3HAYEHHH «PeryIATOPOB» MOBEAEHHA
NpeANpHATHA (CTABOK fnaTexed, HOPMATHBOB
c6poCOB H T.[.) TAKOB, YTO AAA AOCTHMEHHA
MakCHMyMa 4YHCTOH npHObIIH €My BCe 2Ke
NpHAETCA OCYWIECTBIATh BOJOOXPaHHYI0 Aed-
TebHOCTb, XOTA H He B MONHOM obbeMe,

PacyeTsl nokazanu, 4to Hanbonee s¢dek-
THBHOH H A0A yMeHblUeHHA cOpOCOB 3arpasHe-
HHH, H C NO3HLHH 3KOHOMHH CPeACTB TE€pPpPHTO-
pHalbHBIX OPraHOB, ABIACTCA NOMNHTHKA CefleK-
THBHOW TMOAACPKKNM KOHKPETHBIX Meponpua-
THH B COYeTaHHH C BbIGOPOM COOTBETCTBYIO-

The information on real actions: their efficiency
as decrease of waste and expenses for their
realization at the price of 1989 is used.

The mechanism of distribution of the
territorial ecological foundations resources

hasn’t been defined on the normative basis

yet. These foundations resources are formed,
mainly, at the expense of enterprise payments
for environmental pollution.

In calculations three variants of the prin-
ciples of subsidizing from territorial founda-
tions where realized.

The first variant: the proportions, established
around the country, are being controlled.

For definition the value T in (19) it was
assumed, that territorial foundation retums a
fixed percent of R to the enterprise for actions
realization.

The second variant: territorial foundation
supports only the actions decreasing «ubnor-
mal» compounds of pollution. In specific cases
the subsidies may even exceed R at the
expense of other enterprises payments,

In this study the case when the zinc content
is such an «wbnormal» index is presented. It
was supposed that territorial foundation subsi-
dized only two actions decreasing zinc gross
pollution mass in waste water.

In this case the enterprise tumed out
profitable to finance the realization of all other
actions from its own profit.

In opposite case the enterprise had to pay
more for beyond-permissible water pollution.

The third variant: territorial foundation
doesn’t subsidize the enterprise under consi-
deration at all. In this case the set of the
enterprise behavior «regulators» values is such
that the enterprise should realize its water
protective activity (if not in full body) in order
to reach maximum of its net profit. Here
payment rates and pollution norm are consi-
dered as «regulators»,

The calculations showed, that the most
effective politics ‘both for decrease pollu-
tion masses and economy of territorial founda-
tion resources is the selective support of
specific actions in combination with corre-
sponding «regulators» values. In general it's
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KX 3HaYeHHH HOpMATHBOB COPOCOB H CTABOK
naaremen, B UeaomM, 310 BbINOAHEH 6e3a/1pec—
HOTO BblAeneHHA CyO6CHAHH HA BOAOOXPAHHYIO
AEATENBHOCTD NPEANPHATHIO, PeanH3oBaHHoOE B
NepBOM CAy4Yae, HOH TIOMHUTHKH TONBKO «KHyTa»
- B TpeTbeM cayHae.

B pabore paccMOTpeH MOpAAOK NHLUEH3H-
pOBaHHA KaK MeXaHH3M NpoaamH npeanpHA-
THEM [PyrHM OpraHH3alHAM CBOEro rnpaba Ha
3arpA3HeHHe.

[1nsA noBbillleHHA 3aHHTEPECOBAHHOCTH MpO-
aasua Moraa Obl yBe(IHYHBAaThCA €ro 4HCTadA
npubbinb, T.€. B (10)

sz'izu

rae | - KoadpHUHEHT, NOoKasbIBAIOUIMH,
Kakafd 4acTh BbIPYYKH OT IPOJaXH (IHUEH3HUH
(opMHpyeT YHCTbIA A0XOA NpeANpHATHA;

(20)

Zu = max {0, Q (Mn, - Mu)}'

B nallefi pabore paccMOTpeHa CHTYalHA,
Korga TeppHTOpHanbHbiA (GoHa, 0bnadan Teky-
iern nidopMalren, 3a ofipeaeneHHble OTYHCne-
Hua Geper Ha ceba poab NOCpeaHHKa Mexay
Y4ACTHHKAMH MOAOGHBIX cAenoK. TeM cambiM
NpeAnpHATHIO-NIPOAABLY TapaHTHPYeTCA CObLIT
fnLeH3HnH, a B (20) | - MOXKHO cYHTaTh 3agaH-
HOH KOHCTAHTOH.

TaknM oOpa3oM, B MOAenbHbIX pacyerax
ObI- HCNONB30BAH MEXAHH3M C  3(1€MEHTOM
aAMHHHCTPATHBHOTO YYacTHA B Nepepacnpe-
AeneHHH NMpaB Ha OCTATO4HOEe 3arpasHeHHe.

Pacyernl no mogean (10-20) nHaraanHo
nokKasanH, YTO HCNOAb3OBAHHE MeXaHH3Ma
(INLEH3HPOBAHNA MOXKET MNO3BOAHTb [peArpH-
ATHIO HaHTH CpeACTBa A4A OCYLEeCTBNEHHA
MM JONOMHHUTEbHLIX BOAOOXPAHHBIX Mepo-
NPHUATHH,

BAATOAAPHOCTH

ABTOPbI BbIpaXKaIOT N1y6OKyl0 npu3HaTenb-
Hocrs akaneMnky PAH O.®.BacuabeBy H YaeHy-
KoppecnoHaeHTy PAEH [I.T.KoHeBy - 3a rnornes-
Hble 0OCYXKAeHHA H TIOCTOAHHOE BHHMaHHe K
pabore; A.M. BonkoBy — 3a NpeaoCTaBieHHbIE
MaTepHanbl HabnlogeHHA.

ABTOpBI CHHTAIOT MPHATHBLIM 0IMOM OTMeE-
THTb (PHHAHCOBYIO MOAAEPAKKY BbINONHEHHA
paboTbl No aAuHHM PecnybGNHKAHCKOH HayyHO-
TeXHH4eCKOoH mnporpammbl «HHdopmarHialma
PoccHn»,

more profitable than non-address subsidizes to
enterprise for its water protective activity
realized in the first case or the politics of «whip»
~ in the third case.

Our research considers the order of licens-
ing as a mechanism of enterprise selling its
right for pollution to other organizations.

To increase the seller's interest the expres-
sion for net profit (10) should be given with
following definition for L,

L’“ilz“

where 1 is the coefficient showing which part
of proceeds oflicense sales forms net income
of an enterprise;

(20)

ZU = max {0, Q, (Mn, ~ Mu”‘

In our research the situation when the
territorial foundation with current information
becomes a mediator between the participants
of the bargain was considered. In this case
foundation have the certain income for its
mediator role. '

This procedure guarantees enterprise-
seller the sale of licence. Thus | is the given
constant in (20).

Thus the mechanism with an element of
administrative participation in the redistribution
of the pollution rights is used in our simulation.

Our consideration clearly shows that use of
licensing mechanism gives the enterprise the
opportunity to find the resources for the
additional water protective actions realization.
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Mpobaema HOPMHPOBAHHA AHTPOMNOTEHHbIX
Harpy3oKk ¢ ueablo obecrneyeHHa 3KOIOTH-
yeckoH 6e3onacHoCTH TNPHPOAHBIX 3KOCHC
TeM Hadopra HH3MeHHOro YypoBHA CcTana
IIMPOKO OBCYyXAaThCA AHUIb C Havada CeMH-
JecATbIX rodoB, XOTA OrpaHH4YHTenbHblE HOP-
MaTHBbI BO3HHMKAH 3HAYHTenbHO  paHbile.
CTpeMneHHe 3aperiaMeHTHpoBaTb BCe BO3-
pacTalollHA MOTOK 3a IPA3HEHHH NPHBENO K
TOMYy, YTO K Hadaay 60X rogoB B PoccHH
6b1MH  BbipaboTaHbl CTaHAAPTLI Ha KauyecTBo
OKpyXalolleH cpeabl K BeJOMCTBeHHble, To-
pecypcHble H TeppHTOpHaIbHbie HOPMbI MpPH-
pogononb3oBaHHA. - CosfaBagach  HAMO3MA

HOpMaTHBHOro obecnedeHHA 3KOOOMHYecKoH |

6e30MacHOCTY NPHPOAHBIX CHCTEM BCEX YPOB-
Hef. He ocTaHaBAHBaACb Ha BCeM MHOXKECTBE
HeJOCTATKOB  AeHCTBYIOLMX cHereM  TIAK,
caeMyeT OTMETHTb TaaBHO€: KaKk THrHeHH-
YeckHe, TaK H pblOOXO3AACTBeHHblE HOpMa-
THBbl MO H3HA4YanbHOH CBOEH CYyTH HE MOryT
0becledHTh 3KONOTHYecKylo He30MmacHOCTh HH
OTAeNbHBIX 3KOocHCTeM, HH OHocdepbl B
LEeaoM, YTO B KOHEYHOM HTOre U NMPHBOAMUT K
HX pecypcHoH gerpagaulpH. daKTHHeCKoe OT-
CyTCTBHEe COOCTBEHHO 3KOIOTHYECKHX HOp-
MaTHBOB H peraamMeHToB, CMyTHOe MpeacTaB-
IeHhe O JONYCTHMOM YPOBHE aHTpONoreHHbIX
HarpysoK Ha MpHpoatblie 3KOCHCTEMbl H TpH-
BOAHT K peaH3alny 3KOJOIHYeCKH ONacHbIX
H PKOHOMHYECKH Pa3OpHTENbHbIX MPOEKTOB.
loaToMy,  HOpMatHBHOe  obecreueHne
3KOMOrHYecKkon 6e30nacHOCTH BOAOEMOB, Kak
pecypca XH3HeoOecrneyeHHa HacedeHHA oAHa
H3 Kaio4deBbiXx MnpobaeM oOXpaHbl TPHPO/IDLL.
SKoaorHiecKoe HOPMHpPOBaHHE 3TO CO3/aHHe
CHCTEMbI 9KOAOTHYeCKH AOMYCTHMbIX KOH-
LeHTpalHA  BelecTds HIH  3KOAOrH4ecKH
AOIMYCTHMbIX YPOBHeH APYrHX BO3/IEHCTBHH,

ECOLOGICAL RATING OF ANTROPOGENIC

LOAD
S

Alekseev M.l.-Doctor of technical sciences,
professor of St-Fetersburg State University of
Architectureand Civil Engineering

Tsvetkova L.1.-Doctor of biology, professor of
St-Petersburg State University of Architecture
and Civil Engineering

Neverova E.V.-Master of technical
sclences,professor assistant of St-Petersburg
State University of Architecture and Civil
Engineering

The problem of anthropogenic load rating
in order to provide ecological ‘security of
natural ecosystems on the aboveorganism
level became under wide discussion only
from the beggining of 70-th though limiting
standarts appeared more earlier.

The striving for regulation the Increasing
flow of contamina tions brought to elabo
ration of environment quality standarts and.
departmental and territorial standarts of
nature usage in Russia in 60-th.The illusion
of normative providing of natural system
ecologlical security was created. But hygienic
standarts as well as other toxicological
standarts can not provide ecological security
of separate ecosystem and biosphere as a
whole.

Finaly it brings to their resource
degradation.So, the absence of ecological
standarts and regulations, dim ideas about
permissible level of anthropogenic loads on
natural ecosystem lead to realization of
ecologicaly dangerous and economicaly waste
ful projects. And nature defending measures
become not effective and not useful.
Therefore, normative providing of ecological
securlty of natural objects one of the Kkey
problem of environment protection.

Under the term ecological rating we
understand the creation of system of
ecologicaly permissible levels of other in
fluerices on the environment from different
anthropogenic resources, on the base of
which we can calculate ecologicaly permis

1117



NOCTYNAIOWMX B OKPYXKalolylo cpedy OT pas-
AHYHBIX HCTOYHHKOB, Ha OCHOBE KOTOPbIX
PacCHHUTBLIBAIOTCA SKOAOMMYECKH J0NYyCTHMbIe
Harpy3kv, He TpeBbilialolre 3KOMOTHYECKOTO
pe3epBa KOHKpeTHbIX 3KOCHCTEM, PerHoHOB H
6Hochepst B LEIOM. DKOOMHHMECKH Aofyc-
THMble YPOBHH AHTPOTOTeHHbIX Harpy3oK 3To
Mepa, NosBoadlad HaydyHo obocHoBaTh pa-
3YMHO€ co4YeTaHHe IKOMNOTHHeCKHX H colHadb-
HO 3KOHOMHYeCKHX HHTepecop [IpHpoabl H
ObuecTsa.

JKoMorHvyeckHe HOPMaTHBbL! TPHHIHITHAID-
HO OTIH4YHbI OT CAHHTAPHO THrHEHH4YeCKHX H
APYrHX TOKCHYeCKHX T14K:

l1.lleab 3KoaorMyeckoro HOpPMHPOBaHHA

3alHTa DJKOCHCTeM H OHOAOTHYECKHX CO-
ofluecTd B LIENOM, a He TONbKo 4YeloBeKa
WK OTAedbHbIX MONYaALKHA.

2.Metogonorua pa3paboTKH THIMEHHYeC-
kux [JK, ocHoBaHHasA Ha 3KCTpanoasuHH
3KCMepHUMeHTanbHbIX AAHHbIX Ha MPHPOAHbIE
0ObeKTbl, HenpHrogHa a4as BblpabBOTKH 2KO-
aorHyeckHx TpeboBaHHA, T.K. coxpaHeHHe
3KOIOMMYeCKOro paBHOBECH:A ONpeaeqaeTcs
He HHAHBHAyanbHOH peakUuHeH OTAEbHbIX
ocoleft, a peakuHeH Bcero coobuiecTsa.
3.Ecaon TpebGoBaHHA 4eqnoBeka K KavecTBy
NPHPOAHBIX PeCypCcOB He 3aBHCAT OT KiM-
MaTa, adaHgwadpTa H APYTHX PerdHoHadbHbIX
ocobeHHOCTEH, TO (YHKLHOHHPOBAHHE KO-
CHCTEM, MpH OAHHX M TeX MKe Harpyskax
CHILHO 3@BHCHT OT COBOKYMHOCTH 3KO(IOTH-
YeCKHX (rakTopoB 0KaabHOro H pervHo-
HaabHOro Macutaba.

[Toaromy, 3KOA0THYecKHe HOpPMaTHBb!
AOMMHBI  paspabaThbiBaTbCA Ha (OKaIbHOM H
perHoHanbHOM YpOBHAX,. obecrneynBan TeM Ca-
MbIM 2KOOOrH4yecKkoe paBHOBecHe B raobaab-
HOM MaculuTabe.

llpHBegeHHe  Bo/lonoab3oBaHHAe B CO-
OTBETCTBHE ¢ TpeboBaHHAMH 3KOAOTHYECKOH
6e30MacHOCTH CcTparerM4eckas 3agava, Tpe-
Oylollad Kak KOHLeN-TyaabHblX MpopaboToK,
TaK H dyHAaMeHTalbHbIX H TMpHKaAag HbIX
mccaeqosaHui. Hanpumep, paspaboTka Koo-
UENHH  "3KOMOTHYeCKOH HODMbI', pelueHHe
npobaeMbl  3KOAHArHOCTHKH Ha  OCHoBe
HHTerpafabHbIX KPHTEPHEB, OLEeHKa 3KOOrH-
YyeCKH AOMYCTHMbIX Harpy3sok H Ap.

YBfiska 3KOOMMYEeCKHX HOPMATHBOB C pe-
afbHbIMH YCAOBHAMH (pyHKLMOHHPOBaHHA BO-
Aononb3oparened JOMKHa obecriedHTd ra-
PaHTHH HEYKAOHHOINo CHHXKeHHWA YyaenbHbIX
nokasatener aHTPONOreHHbIX BO3AEHCTBHA Ha
ayuly- HaceaeHHA HMad eJrHHLY TPOAYKIHH H
T,

sible loads, not exceeding the ecological
reserve of concrete systems, regions and
biosphere as a whole. Ecologicaly permissi
ble levels of anthropogenic loads is a
measure, allowing to give a scientific sub-
stantiation of reasonable combination of
ecological and socialeconomical interestes.

Ecological  standarts have  principle
distinctions from sanitary-hygienic and other
toxicological permissible concentrations.

1.The aim of ecological rating is the
defending of ecosystems and biological
associations as a whole and not only
preserving of the human health and
separate populations of living organisms

2.ther methodology of elaboration of
hygienic  permissible concentrations is
based on extrapolation of experimental
data to the natural objects. This
methodology is not suitable for elaboration
of ecological demands, because the
preserving of ecological equilibrium is
determined not by reaction of separatr
individuals but by reaction of biological
association as a whole. '

3.8anitary-hygienic demands for the
natural resources not much depend. or
independ at all on climate, landscape and
other regional particularities. But ecosystem
functioning under the same loads much
depends on the complex of ecological
factors of local and regional scale.
Therefore ecological standarts must be
elaborated first of all on local and regional
levels, providing in such way the ecological
equilibrium in global scale.

Bringing the water usage in
correspondence with the ecological security
demands is the strategic task requiring
conceptional studies and fundumental and
applied researches, such as elaboration of
the notion ofecological norm'; solving the
problem of ecodiagnostics on the base of
integral parameters; estimation of ecologicaly
permissible loads and so on.

Coordination of ecological standarts and
real conditions of water usage must ensure
the constant reducing of specific parameters
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[pUpoacOXpaHHbIM  Pe3ynbTaToM  A0MKHO
crTath He cO3/laHHe CPeacTs MNPHPOJoOXpaH-
HOMO Ha3HaueHHA, a peanbHoe CHHXKeHHe Ha-
rpy3kH Ha BoaHbie oObeKTbl, KoTopoe obec-
nevnBaeT coOaIOAeHHe >3KOOTHYeCKMX Hop-
MaTHBOB COOTBETCTBYIOLIEro YPOBHA.

Be3 co3gaHHA rocyJapCTBEHHOR CHCTeMbl
crneuHanbHO  OpPraHW30BaHHOM  Hay4dHOHCCaer
JoBaTebLCKOH H HOPMaTHBHONpapobon Aed-
Te/bHOCTH MO paspaloTke H  yTBePAKAEHHIO
3KO(IOTHYeCKHX HOpPM, NpaBHa H peraaMeH-
TOB, (OPMHpPOBaHHE TapMOHHYHLIX 3KOI0Oro-
COLUHanbHOIKOHOMHUYECKHX CHCTEM OCTaHeTcA
TONMbKO Ha GyMare.

of anthropogenic influences ( per one
person, squar or volume unit etc.).

The result must be the following: real
reduce of the load on water basins which
provide the Kkeeping of corresponding eco-
logical standarts. '

Without the creatuin of state system of

speclally organized scientific researching and

normative-legislative activity in order to
elaborate the ecological standarts and
regulations the forming of harmonic

ecological-social-economical systems will stay
only in words.
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POb BOAHOIO $AKTOPA
B PACITPOCTPAHEHHH TMAPA3HTHbBIX

BO/IE3HEH YE/IOBEKA B POCCHH
.. ]
besp C.A., npogheccop,
Ceprues B.11., npogeccop,
FPomarerro H.A., npogeccop,
[lawwesa 0., Kang Meq Hayk.
HHCTHTYT MEAHLHHCKOH MTapa3HTOMTOTHH
H TPOITHYECKOH MEAHLHHb!
HM. E.H. Mapuyrrosckoro, Mocksa.

MapasnTo3bl - wiMpoKas rpynna Goneaxed,
B 3HAYHTENbHOM CTENeHH onpeaendloiand Co-
CTOAHHE 3A0poBbA HaceneHHA PoccHH. OgHHM
H3 (aKTOpOB AHTPONOINeHHONo BO3AEHCTBHA
HAa OKpyxaowWyio cpeay, HaHbonee MOILHO
BHAIIHM Ha H3MeHeHHe CHTyauuH Mo napa-
3HTO3aM, ABNAETCA THAPOCTPOHTENbLCTBO H
CBA3aHHbIE C HHM NpOLECCHl: BO3pacraHne
MHrpalUHOHHbIX MOTOKOB HaceqeHHA, nepe-
opHeHTaUHA POPM XO3AHCTBOBAHHA, H3Me-
HeHHa OanaHca NPOMbILEHHBIX H OBITOBLIX
CTOKOB H Ap. OTH (aKTopbl OKa3blBaIOT
KonoccanbHoe aecrabvausHpyiolllee BAHAHHE
Ha 2KOCHCTEMBI H COlHanbHble YCIOBHA KH3HH
HaceneHnA, M3MeHAR (4acTO MPUHLMNHANbLHO)
napasHTapHbli NPOgHIb PerHoHOB.

Otaeabhble HO30¢OpMbI CyWIECTBEHHO pas-
AHYAIOTCA MO UIMPOKOH ramMMe 6HoaorxHye-
CKHX, SKONOMYECKHX H COUHaIbHbIX PAKTOPOB,
onpeaeqAIHX HX pacnpocrpaHeHHe. Poab
BOAHOro (hakTopa B HaHGONbLIEH CTerNeHH Npo-
ABAAETCA B PacrpoCTpaHeHHH TaKHX napasu-
TO30B KakK: OIHCTOPX03, AHGHNI0B0TPHO3BI —
ILMPOKO PacrpoCTpaHeHHbIX Ha TEePPHTOPHH
POCCHH; HMaH HMeIUHX 0KanbHOE pacnpo-
CTpaHeHHe: TpeMaroao3bl —~ dHAeMHYHble AA
perHoHoB [anbhero Bocroka, ncesgamdpHc-
TOMO3, LUEPKAPHO3bI H ap. 1A BceX yKa3aHHbIX
NnapasHTO30B BOAHBIA (PAKTOP HMeeT Onpeae-
afAlollee 3HaYeHHe BO BCEX 3BEHbAX OMHACMH-
4eCKOH Uend. B mMeHbllleR cTeneHH (HO TaKKke
AOCTATOYHO OLIYTHMO) ero BIMAHHE MPOABA-
eTCA B H3MEHEHHH CHTyalHH MO aCKapHAo3y
H /IDYTHM reqbMHHTO3aM, A TakxkKe B OTHOLIEHHH
ManApHH (CHTyauHH no nepeHocyrkaM). Baua-
HHe BoAgHOro ¢akropa B NOIHOH Mepe CKasbl-
BaeTcA B pacnpocTpaHeHHH KHLIEYHbIX NpoTo-
30030B (1AMGAHO3a, KPHITOCNIOPHAHO3A H Ap. ).

[llnpokomacuirabHoe  I'MAPOCTPOHTENbCTBO,
ocyllecTBiAeMoe B PoccHH 3a rnocaegHye
50 fieT, AEMOHCTPHpYeT MpHMepbl pasHOOOpas-
HbiX BapHAHTOB COOBITHH, OIPEAENAIOLINX COBpe-
MEHHYI0 CHTYALHIO H MPOTHO3 110 MapasHTo3aM.

WATER-BASED AND WATER-RELATED
PARASITIC INFECTIONS
IN RUSSIA

]
BEER S.A., Frof,
SERGIEV V.F., Frof.,
ROMANENKO N.A., Frof.,
FLUSCHEVA G.L.,FhD.
MartsinovsKy Institute of Medical
Farasitology and Tropical Medicine,
Moscow, Russia

Parasitic infections are continue to be a
threat to health in many areas of Russian
Federation. In the past decade there is an
increase danger in the situation, because
of the effect to exploit country”s natural
resources. Hydroelectric power prodrammes
implementation and irrigation systemes
development perhaps the two most important
factors contributing to the spread of water-
based parasitic infections as a result of
immigration of people, transition of economy
and occupation, increase of wastewater
pollution with excreted pathogens.

Dramatic increases in diphyllobotriasis, a
fish tapeworm that produces severe anemia,
have been associated with large reservoirs
in the Volga-Kama Basin, the Yenisei Basin
and the Bratsk and Krasnoyarsk Reservoirs
in Siberia. The health problems of large
surface catchments are similar, regardless
of whether primary water use for hydroelectric
power, irrigation or flood control. Dam construc-
tion can associated with a creation of new foci
of disease, caused by Diphyllobothrium latum
and expantion of endemic area (artificial lakes
on the Yenisei river).

Public attention is focused on the large
water development projects because of their
symbolic value for human achievement.

However it is likely that small impound-
ment or canals in their totality have an equglly
great or even greater singnificance for human
health. Small impoundments usually modify
the risk of acquiring of opisthorchiasis, a liver
flucke that produces severe liver and bile
duck damage, but unable to create a new focus
of the disease. :
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[lokasaHo, Hanprmep (Beap 1 coasT., 1990),
YTO IHAPOCTPOHTENLCTBO (CO3AaHHE ManbIX BO-
AOXPaHHIHIL) MOXeT MPHBOAHTL K CHTyaLHH
(Ha nepBbIH B3rMsAa NapagoKcathHOH, HO 3aKO-
HOMEPHOH ¢ 06LIESKONOrHYeCKHX TMO3HLHH),
IIpH KOTOPOH yXyalLIeHHE 9KON0THYeCKo#H obcra-
HOBKH BeAeT K Yay4llIeHHIO CHTYaUuHuH No paay
NapasHTO30B, HaIlpHMEp, [0 OMHCTOPXO03Y.
3aech B LEIOM HEraTHBHBIE CABHIH 3KOAOTH-
YeCKOro paBHOBeCHsA, CIOCOOCTBYIOT BbIKIH-
HHBAHHIO M3 OHOLIEHO30B OpPraHH3MOB, Bhbi-
NONHAIOIHX PpOab IPOMEKYTOYHBIX XO3HEB,
Hapyluad MeXaHH3Mbl CaMoperynauMH MapasH-
TApHbIX CHCTEM, 4YTO BeeT K YMeHbllleHHI0
pHCKa 3apazeHHA OKOHYaTeabHbIX XO3HEB, B
TOM YHCe, YenopeKa.

[IpH PpeKOHCTPYKUHH BOAHOMO XO3AHCTBa
NPOHCXOAAT KOMHYeCTBEHHbIE H KAaYeCTBeHHble
H3MeHeHHA NoKkazarened MHOMHX T'HAPONOTH-
YeCKHX H OHOTHYECKHX (haKTOpOB. H3MeHeHHs
YCOOBHHA UHDKYIALHH BO3byaHTEneH TpeMaro-
A030B B 30HAX BAMAHHA THAPOCOODPYKEHHH,
KaK MpaBHOO, He CMOCOGCTBYIOT BO3HHKHOBE-
HHMI0O HOBBIX OYArOB HHBA3HMH, OAHAKO HacTo
H3MEHAIOT HAMpAXKeHHOCTb JMHAeMHUYeCKoro
npouecca.

lpn andpnanoboTpHose, B Caydyae H3MeHe-
HNA THApOpeXHMa peK (NpH CTPOHNTeNbCTBE
KpPYMHbIX BOAOXPAHHMIL) BO3MOKHO pacLup-
PeHHe rpaHvl, apeana BosOyaureas (Tlnowesa
H coaBT., 1990, 1991).

CheacTBHEM YXyAIUEHHA CAHHMTAPHOIO CO-
CTOAHHA BHYTHEHHHX BOAOEMOB TIOpPOAOB
(B TOM 4HCe TAKHX MEranonncoB, Kak MocKkBa)
H pocra YHCI€HHOCTH YTHHBIX MTHL (H3-3a
NpoCYeETOB B MporpaMMmax Mo HX pasbBegeHHIo)
ABMAETCA BO3pacTaHHe PHCKa 3apaxeHH# 10~
AeH LepKapHo3aMH, Bbi3bIBAEMbIMH TpPeMaro-
Aamu ceM, Schistosomatidae, B ropogax Poccuu
(Beap, l'epman, 1993, 1994).

B UMITHTM um.E.H. MapuuHoBcKoro paspaba-
ThIBAIOTCA OCHOBbI MEHKO-3K0I0rHYECKOro
MOHHTODHHIA 3a Napa3HTAPHON OBCTAHOBKOMH
B POCCHH, r/ie OCHOBHOE BHHMaHHe yAeaAeTcs
ponHx BogHOro ¢akropa B H3MEHEHHH CHTyaLHH
110 NMapasHTo3aM.

During the first years of formation and
use of a small reservoir or canals the sitution
with opisthorchiasis due to Opisthorchis fe-
lineus becomes worse. Increases in opisthor-
chiasis have been associated with the series
of small reservoirs in the Ob Basin. Later on
after. 30 or 40 years of use the ecological
deterioration caused such profound changes
in the quality of the water that it becomes
unsuitable for human purposes. But as a side
effect of these undesirable changes the local
population of intermediate host organisms for
the parasite (freshwater snails) can be depres-
sed and risk of acquaring liver flukes decreased

_ (the Gaivoronsk reservoir on the Vorksla river

in Belgorod oblast of Russia and Sumi oblast
of Ukraine).

Water may also affect communicable
diseases by providing a habitat for water-
related insect vectors of diseases. Malaria
heads the list. Vast reservoirs in Central
and Southern Europien Russia can produce
a large number of mosquitoes ~ malaria vectors.

The construction of dams create changes
in both upstream and downstream areas.
The soil humidity and contamination of excre-
ted pathogens increase in the downstream
irrigated area.

These events produse adverse health
effects due to increase prevalence of intes-
tinal parasitic diseases.

Increases in ducks and multiplication of
vector snails in artificial lakes and impound-
ments create a high risk of intacutaneous
invasion by cercariae (larvae) of certain schis-
tosomes (worm) of birds and cause dermatitis.
Such infections, sometimes known as «swimmer's
itch», may be prevalent among bathers in lakes
and ponds even in towns and cities, including
Moscow.

The E.I. Martsinovsky Institute, Moscow
maintains ecological and health surveilance of
many reservoirs and irtigation systems all over
Russia. Among people residing ion these areas
water-based and water-related parasitic infec-
tions are important health problems.
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rHAPOCHEPA H BHOCSHEPA. OBPATHBIE
CBA3H.
HCTOPHYECKHE TPEH/bI.

37TOBHH BHKTOF CEFIEEBHY,

LAOKTOD GHOMOTHYECKHX HAYK,mpogeccop,
aKaaemux MAH

Canxr-lTerepGyprcKHy BeTEpHHAPHbIF
HHCTHTYT

TE3HCbI

Cpean pernpe3eHTaTMBHBIX TECTOB, XapaKre-
PH3YIOUWIMX B3aMMOCBA3b rHapocdepsl U 6HOC-
¢depbl, Hanbonee 3Ha4YHMBIMK ABAAIOTCA TOKa-
3ared KpyroBopora YIVIEKHCIOro rasa M KHC-
nopoga. IocTyliieHne Yraekucaoro rasa B at-
Mocdepy XapakTepHusyeT NpPOH3BOACTBEHHYIO
AEATEeNbHOCTb YeqaoBeka, QyHKUMOHHpOBaHHE
6HoMacchl H AKTHBHOCTb NMPHPOAHBIX HCTOYHH-
KOB,

B 1993 r. 3a cyer CXHraHHA TOI/IMBA B
armoccepy nocrynnano 6,2 r (TmratoHH) yrae-
Kucaoro rasa. [lo nporHosy B 1996 r. 310 no-
crynaeHne BoapacreT go 8,2 I'T. BuocdepHbin
yreKHCabIA ra3 B 1993 r. obpasoBaacA B Ko-
anvectBe 2,5 I't, B 1996 r. ero Koan4yecrso
yMeHbLlInTea go 2,2 I'r, )

3a cuver NPHPOAHBIX HCTOYHHKOB B 1993 T.
armocdepa nonoannaack 222,9 I'r yraekHcao-
ro raza, B 1996 r. 3to Koan4yecTBO BO3pacTer
3a, CYeT TMOBbIllIeHHA AaKTHBHOCTH eCTeCTBeH-
HbIX MCTOMHHKOB Ao 231,9 I't.

CKOPOCTb MOCTYNAeHUs YraeKncaoro rasa B
okeaH B 1993 r. cocraBrnaa 45,6 I'r. B 1996
I, OHa YBenHyurca o0 48,2 I'r. CkopocTb
ocaaeHnA KapboHaroB B OKeaHe B 1993 r.
cootBercTBoBaaa (0,722 I'r, B 1996 r. oOHa
cocraput 1,019 I'T.

H3 conocraBaeHHAa UH@p BHAHO, Kak ¢yH-
KLIMOHHpYeT KapOoHarHasa cHcTeMa rugpocde-
ppl U Onocdepbl B  ABTOPEryIATOPHOM
pexHume.

Mpoaykuua Kucaopoda aasa Onocdepnl #AB-
(IAeTCA He MeHee BaKHbIM MOKazareaeMm. B
1993 r. Bcero ObiT0 npoayuupoBaHo 495,5
Pr, B TOM 4Hcae: B OKeaHe - 3603 I'T, B
aecax,

NnoAsX M APYruX y4acTKax CylllH C pacTHTe(lb-
Hoctblo ~ 135,2. B 1996 r. aHanorMyHbie Mo-
Ka3zaredH COCTaBAT B CyMMe 493,3 I't, oKeaH -
- 361,53, cywa -~ 132,0. M3 npupogHbix HCTOY-
HHKOB TMOCTyI(eHHe kucaopoga B 1993 r, Obi-
ao B Koanvecrse 151,3 I'r, B 1996 r. mo-
cTynaeHne cocrasut 156,1 I'r. CHoBa 3aMeTHO
BMAHHE ABTOPEryNATOPHOA CHCTEMBI.

[lpedacraBaenHble UuGpPbI MO3BOMHAH  pac-
CYMTaTh, UTO INoOaHaA 3aMeHa KHCAoposa B ar-
mochepe nponcxoaut vepes 2409 aer.,

Ocobylo onacHocTh Aaa ruapocdepnl H, CO-
OTBEeTCTBEHHO, AaA 6Hocdepbl NpeacraBaser
HedTb, pagHOaKTHBHblE OTXOAbl M OTpaBIAI-
WHe Belnecrsa; B 1993 r. B BoAbl OKeaHa
nocrynuao 23,1 MaH TOHH HedTH U Hedrell-
POOyKTOB, B TOM Yxcie H3-3a aBapHA CydoB
6,1 MaH 1T, U3 6ypoBbIX CKBaMHH 13,9 MaH T,
€CTeCTBeHHBbIA BbIX07 cocraBHa 0,91 MaH T.

B 1996 r. adHanorHyHble nokazareaqd CooT-
BeTCTBEHHO cocrasaAT: 27.2; 9,2; 18,0; 0,95
MAH T. '

B 1991 r. B Bogp! [lepcHackoro zaansa no-
crynvao 28,1 MaH T, cropeao 0,76 MaH T, 1No-
CTyI(1IeHHe yraekucaoro rasa B armocoepy co-
cTaBuao 4,12 MaH T.

B oxreane na 1.01.1994 r. 3axoponeHo
275,1 mapa Kn a0aroKHMBYWHX paarnoaKTHB-
HbIX BellecTB, B TOM YHCae BKaang CHIA co-
crasua 127,1, Poccun - 112,5, AHrauM -
31,1 mapa Ku. B 1996 r. 370 KOAH4YeCTBO
BO3pacTeT COOTBETCTBEHHO A0 290,1 mapAa
Ku. Bcero B oKkeaHe M Ha Cylle 3aXOpPOHEHO K
1.01.94 r. 562,1 mapa Ku, B 1996 r. 310 KO-
(IN4YeCTBO yBenHunTca go 670,3 mapa Ku.

3axopoHeHHe OTpaBaAUIMX Belecrs (OB)

B OKeaH M NpuOpexHbie BOAbl NPeACTaBIAIOT
npaMyio yrposy Ouocdepe. Ha 1.01.1994 r.
obilee KoanyectBo OB B OKeaHe COCT@BH(IO
216,1 Toic. T. B 1996 r. 3T0O KOAH4YeCTBO BO3-
pactrer A0 227,8 ThIC. T.

3arpa3siedne okeana OB n PB, yuuTbiBan
aBTOPEryaATOPHBbIA XapakTep CBA3H rHapocde-
pbl C¢ 6Hocdepor HenabeXKHO NpHBeAeT CH-
CTeMy B paBHOBECHOe COCTOAHHE CO BCEMH
BbITEKAIOLHMH BpeAHbIMH MOCASACTBUAMH (1A
AKHW3HU MO4eH M XKHBOTHBIX.
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OLIEHKA YPOBHEH 3ArPA3HEHHA
ATMOC®EPHOI'O BO3AYXA N NX
BO3MOXKHOI'O BO3AEHCTBHA HA /IECHLIE
SKOCHCTEMbl B BACCEAHE P.IIPOHA
-}
P.T. Kapabatip CT.H.C., K.C.-X.H.,

M.71. THTADCKHHA MI.H.C.,
B.I0. KyspmH4eBa HrKeHED

Lleab Hay4HO-TeXHHN4YECKOH paboThl —~ BbINO-
HHTb 3KCNEPTHYI0 OUEHKY YPOBHEH 3arpasHe-
HHA atMocdepHOro BO3/AyXa H HX BO3MOKHOIO
BO3/EHCTBHA Ha necCHble 3KOCHCTeMbl B Hac-
cerHe p. [lpoHA, a TaKKe NPOH3BECTH pacyeTr
BbINAAEHHH TMPHOPHTETHBIX 3arpA3HAIOLINX
BeIlleCTB Ha MNOACTHAAILYIO TOBEPXHOCTb B
npegenax paccMarpHBaeMoro paHoHa.

CocrofiHne arMocdepHoro Bosayxa Oac-
CeHHa OLEeHHBanOCh NMPH NMOMOILH MeToda MaTe-
MaTH4eCKOro MoAeIHPOBaHHA IMpoLeccoB pac-
NPOCTPaHeHHA 3arpA3HAKILIMX BeWecTB. AHa-
N3 IAHHBIX O BBIOpPOCAX MO3BOMHA BbIAENHTD
T€ NPEeANpHATHA, 3MHCCHH KOTOPBIX BHOCHAT
HanbonbIUIMA BKNaa B 3arpasHeHue armocdep-
HOTO BO34yXa PerrHoHa, a TakKe OMNpeAenHTb,
4yro HaHOoaee onacHbIM 3arpA3HHTENEM aTMO-
cdepbl ABIAETCA AHOKCHA, cepbl, 06analouya,
KpOMe TOro, CHAbHbIM (PHTOTOKCHUYECKHM AgH-
creHeM. [IpoH3BegeHbl pacyeTbl NoNeH KoHleH-
TPaliH AHOKCHAA cepbl AaA BereTallHOHHOrO
neproga H B CpeaHeM 3a rod, ¥ olpe/eneHsl
3HA4YeHHA rofOBbIX BbIMAAEeHNH Cepbl HA noa:
CTHOAPLIYIO NOBepXHOCTb. MX pesyabrarh! npea-
CTaBneHbl B BHAE KapT-CXeM. AHA(IH3 Noay4eH-
HbIX KapT-CXeM rnoKasal, 4ro B HacTosallee
BpeMA hHa TeppHTOpHH OaccerHa p. [poHa He
HabaogaeTcA NpeBbILIEHHH KPHTHYECKHX (15
pacTeHHi yPOBHeH AHOKCHAA Cepbl B aTMO-
cepHoM Bozayxe. CaegosaTenbHO, CyLIECTBYIO-
liHe ypOBHH 3arpA3HeHnA aTMOC(epHOro BoO3-
AlyXa He OKa3blBAIOT HEraTHBHOI'O BO3/ACHCTBHA
Ha pacTHTeabHble KOCHCTEeMBbI pacCMaTpHBae-
MOI'0 pervoHa.

BBEAEHHE

3arpasHeHHe aTMOC]EpHOro Bo3ayXa H ero
BIHAHHE Ha OKPYXKalolLyio cpe/y NnpeacraBaser
cepbe3Hylo Npobnemy ans 6oMbIIHHCTBA CTPaH,
Coplepxailyeca B aTMOCHEpHOM BO3AyXe Npo-
AYKTbl BBIOPOCOB MPOMBILIIEHHBLIX NpeanpH-
ATHA B NEpBYI0 oYepeab OKAa3bIBAIOT, HEI'aTHB-
HO€ BO3/IEHCTBHE HA HanOOee YyBCTBHTEIbHbIE
Ha3eMHbie SKOCHCTeMbl, K KOTOPbIM ¢ MOMHBIM
OCHOBaHHEM MOMHO OTHEeCTH fecHble 6Horeo-
LIeHO3bl.

B HacToAlleM oTYeTe NpeAcTaB/ieHbl Pesyib-
TATbl HAYYHO-TEXHH4YECKOH paboThI 110 SKCNepT-
HbIM OL€HKaM ypOBHeH 3arpa3HeHns atmocoep-
HOro BO37yXa H HX BO3MOMKHOI'O BO3AEHCTBHA
Ha necHbie 3KOCHCTeMbl B HaccefiHe p. [1poHs.

B roaBe 1 NMpoH3BOAHTCA aHAH3 COCTOAHHWA
aTMoc(epHOro Bo3/AyXa pacCMaTpHBaeMoOro
pervoHa, onpeaenaAloTCA Haubonee MOUIHbIE
HCTOYHHKH SMHCCHH TNOIIIOTAHTOB, A TAKMKe
NpHOPHTETHbIE 3arpA3HAKOIINE BelecTBa H3
KOMINOHEHTHOIo COCTaBa BblIGPOCOB NpearnpH-
AtvA. [IpoM3BOAMTCA pacyeT Noaed KOHLUEHT-
pauUH# TPHOPHTETHBIX 3arpA3HAIOLINX BEILECTB,
a TaKXKe HX BbIMAAEHHA Ha MOACTHAAOWYIO
MOBEPXHOCTD,

B rnase 2 NMpoH3BOANTCA OUEHKa BO3MONK-
HOINo BO31eHCTBHA 3arpAsHHTEnel atMmocgep-
HOT'O BO3AyXa Ha 1eCHble 3KOCHCTeMbI HacceriHa
p. [TpoHs. BbINOAHAETCA CpaBHEHHE PaCHeTHbIX
3Ha4eHHN KOHUEHTpaUHH NONI0TAHTOB B NpH-
3€MHOM C10€ BO34yXa C MPHHATBIMH B HAlLeH
CTpaHe W 3a pybemoM HX KPHTHYECKHMH
ypOBHAMH. OCHOBHblI€ BBIBOAbI 110 TMNOY4eH-
HbIM pe3ynbTaraM MPHBOAATCA B 3aKMIOYEHHH.

1. OLUEHKA YPOBHEH 3ATPA3HEHNA
ATMOC®DEPHOI'O BO3AYXA BbIBPOCAMH
MMPOMBIWAEHHBIX NMTPEANPHATHA B
BACCEHHE P. TTIPOHA

1.1. XapaKkTepHCTHKA HCTOYHHKOB
BBIOPOCOB 3arpA3HAIOUIHX BEIIECTB.
BoaocGopHblft 6acceiin pekH TIpoHs, ABas-
OIIMACA OOBEKTOM HCCAeAOBaHHH, 3aHHMaeT
I0KHYI0 4YacThb PA3AHCKOH 06nacTH, a TakKe
He3Ha4HTenbHblE TeppHTOPHH MOCKOBCKOH,
TynbckoH, (InelkoH n TaMOOBCKOH obnacTed.
[MpeanpuaTua PA3aHCKo# obnacTH, pacnona-
rajolliHeCA Ha TEPPHTOPHH H3y4aeMoro PanoHa,
HECOMHEHHO OlpeAenaloT MpoCcTPaHCTBEHHO-
BpEMEHHYI0 ANHAMHKY 3arpA3HeHHA atMocdep-
Horo poaayxa. O[HaKo He caeayet HeJoOLeHH-
BaTb BKAaabl B aTrMochepHoe 3arpasHeHHe
OaccefiHa ban3aexaliix obaacTeit H paHOHOB
3a cYeT AanbHero nepeHoca ra3zoobpasHbIX H
ad’pO300bHbIX NpHMecer. Hanbonee KpynHble He-
TOYHHKH BbIOPOCOB, CrocobHbIE OKazaTh 3Ha-
4YHMO€ BAMAHHE HA COCTOAHHE arMoCGepHOro
Bo3/AyXxa GaccefiHa p. TIpoHA, COCPeAOTOMEHbI
B MpOM3oHax r. PAsaHn H r. HoBoMOCKOBCKa
Tyasckoi 06nacTH. 3TH NPOMBIIINEHHbIE Y30bl
pacroaaraioTci B HenoCpeacTBeHHon 6aHzo-
CTH OT I'PaHHl] H3y4yaeMoro pavoHa. Poab xe
APYrHX obaacTeH Mo-BHAMMOMY OYeHb He3Ha4H-
TenbHadA, TaK Kak Ha HX TePPHTOPHAX, MPHUMbI-
KaloWHX K HaccedHy pekd [IpoHs, HeT Aocra-
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TOMHO Pa3BHTOH MpPOMbILLNEHHOCTH. Taknm 06-
pasoM, Y4YHTbIBaTb BKAaabl APYrHX obnacren
B 3arpAsHeHHe armocdepHoro sossdyxa Oac-
cefHa [MpeACTaBAAETCA HeLenecoodpasHbiM.
Paccroanne or I. PazaHH o Hanboaee 6nH3-
KHX CeBePHbIX I'PaHHLl paHoHa HcCneaoBaHHH
cocrapader 30 — 40 KM, Torda Kak NMpoM3OHa
r. HoBomMockoBCKa yaadeHa OT 3anaaHblx rpa-
HHL| paioHa Hccaedobatni Ha 10 kM. Caeaoba-
TefbHO, MOTeHLHanbHAaA ONACHOCTb 3arpAsHe-
HHA armoc(epHOro Bo3AyXa Nblie-Ta30BbIMH
BbIOpOCAMH MPOMbIILAEHHBIX NPEANPHATHH
r. HoBoMOCKOBCKa npeacrasnaerca bonee cepb-
€3HOH, B TO BpeMA KaK BOINpPOC BAHAHHA
npeanpnATHH, pacnonoXentbix B T. Pazann
HaM KaKeTCs CNOPHBIM,

Hamu 6bina MccaegoBaHa MHOMONETHAA AM-
HaMHKa H3MeHEeHHH HanpaBlleHHH BEeTPOBOIo
nepeHoca, HabnloaawlUHXca B panone r. Pa-
3aHH, n B npeaenax 6acceitHa p. powHa. Ha
puc. 1 MpHBOAATCA PO3bl BETPOB, NOCTPOEH-
Hble AnA BereTaLUHOHHOrNo nepHoda H B cpea-
HeM 3a rog Mo AaHHbIM MeTeOCTAHUHH, pac-
noaaraolluxca B I. PAzanb (1 MereocTaHUMA)
M Ha TeppuTOPHH o00ObeKTa HCCaeaoBaHHN
(3 mMereocraHunH B IT. CrapoHioso, Mnxan-
noB, [asenew).

Kak BHano M3 purc. 1, andA r, PAsany W ee
OKPecTHOCTern npeobnanaloT BeTpa 3anaaHblx
pymboB. Te Ke HanpaBleHHA ABAAIOTCA Mpe-
obnagaiollMMH H Ha TeppHTOpHH Gacceita
p. IlpoHa. CneaoBarenbHO, NEPEHOC BO3AYyLU-
HBIX MacC OCYILIECTBIAETCA, IPEHMYILECTBEHHO,
C TeppHTOpHH HacceriHa B HanpaBaeHHH . Pa-
3aHb. TakHM 00pa3oM BO3MOMCHOCTb BKaaaa,
BbIOpocOoB B aTrMocdepy npeanpHATHA I. Pa-
3aHH B 3arpA3HeHNe BO3/yLIHOIO MPOCTpaHCTBa
Oaccerina p. [IpoHA MOXKHO CYHTaTbh ManoBepo-
ATHOH, B TO BpeMA Kak BbIGOpOCHI NPOH3BO/ACTB
r. HoBoMockoBCKa, pacnonoKeHHbIX Kak pas
Ha 3anaqHbIX rpaHHuax GaccefiHa, MOTyT OKa-
3bIBaTh HeMocpeacTBeHHoe HebGaaronpHATHOE
BOHAHHE HA Ka4yecTBO H YHCTOTY armocdep-
HOMO BO3/lyXa B H3y4aeMOM PErroHe.

B Tabanile 1 npHBegeHbl CBedeHHA MO Bbl-
6pocam B armocdepy HanGonee pacnpocTpa-
HEeHHbIX 3arpA3HAIOLHX BeLUECTB NPOMBILIIEH-
HbIMH NpeAnpHATHAMH, Gaccerita p. [lpoHs (9),
a Takxe — NpeanpHATHAMH I. HOBOMOCKOBCKA.,
[laHHble o PAzaHCKOR 06nacTH NpHBeaeHs! 1o
COCTOAHHIO HA 1992 1., no r. HoBOMOCKOBCKY
~ Ha 1990 r.

Kak BHAHO H3 Tabanupl 1, HanbonblMA
BKNa4 B 3arpasHeHHe aTMochepHoro Bosgyxa
HCCaeAyeMoro paHoHa BHOCAT NpeANpHATHA
[lpoHckoro parnoHa # r. HoBomockoBcka.

B KOMIOHEHTHOM COCTaBe ra3oo6pa3HOH H
a3po307bHON (QpaKUKHA BbIBPOCOB 401 AHOK-
cHaa cepbl ABaderTca HanOoablued. Cneayer
OTMETHTD, YTO ABYOKHCh CEPbl ABAAETCA TaKKe
Hanbonee UTOTOKCHYHBIM 3arpA3HAIOLIHM
BellleCTBOM. YTO Ke Kacaerca TBepablX Be-
ILeCTB, TO, NMPHHHMad BO BHHMaHHE HX BbiCO-
KYyI0 CKOPOCTb CelHMEeHTaLHH, MOXKHO CKa3arb,
YTO MAKCHMANbHbIE KOMHYeCTBa 3THX 3arpas-
HHTeNneH OCAKAAIOTCA B HEMocpeAaCTBEHHON
ONM30CTH OT NpeANPHATHH H HE OKa3blBaloT
3HAa4YHMOro BAHAHHA Ha COCTOAHHE armocdep-
Horo Bosayxa 6acceriHa B LenoM. Kpome Toro,
noga TePMHHOM «TBepAbl€ BeIEeCTBa» CreAyer
NOHHMaTb Uenblft CNEeKTP BeIEeCTB H HX coe-
AHHEHWA, 4YTO B CBOIO O4Yepedb, MO3BONAET
NpeAnoNoXKHTh, YTO Yrpo3a Aae 10KanbHOIo
3arpA3HeHHA BO3ayXa M0 KaKoMy-1H60 oTaenbHO
B3ATOMY BelleCTBY OKaKeTCA MarnoBEPOATHOH.

TakHM 06pa3oM, MOXKHO CaenaTb BbIBOA, YTO
HanOObILYI0 ONACHOCTH A(1A HCCAeayeMoro pe-
rMOHA NpeACTaBiAeT AHOKCHA cepbl. BbIGpochI
Ke APYrHx COeAHHeHHH HE3Ha4YHTeAbHbI, N03TO-
My HMH MOXXHO npeHebpedb. CneayeT HMeTh B
BHAY, 4TO BOAHM3H NpeANpHATHH paHOHa BO3-
MOXKHbI AOCTATOYHO BbICOKHE 3HAYEHHA YPOB-
Hen sarpaaHeHHA armocdgepHoro sosgyxa. Ho
3HAa4YHMOro BAHAHHA HA COCTOAHHE armocdep-
Horo Bosayxa B 6acceiHe p. [IpOHA B LEIOM 3TH
He6GnaronpHATHbIE ABICHHA He OKa3bIBAIOT.

[nA 3KCNEPTHOH OUEHKH YpOBHEH 3arpAsHe-
HHA aTMOChEpPHOro Bo3ayXa AHOKCHAOM Cepbl
6blny BbIOpaHbl Hanbonee MOILHbIE MPOMbILL-
(1eHHble NPEANPHATHA, PaclonoKeHHbIe Ha Tep-
putopud BogocbopHoro Oaccefina p.TlpoHA:
MHXxaH1OBCKHH LieMeHTHBIH 3aBog (MHXan1oBC-
KHH paKoH), TIpOHCKHHA MeXaHW4YecKHH 3aBog,
H Pazanckad [PAC ([poHckuit panod), Ckonnt-
CKHHA 3aBO/l CTPOHTENbHO-OTAENOYHBIX MallHH
M rHApoMeTanaypruieckHd 3apog (CKONHHC-
KHH padioH), B r. HoBoMOCKOBCKe Obina B3ATa
HoBomockoBckasa M'PAC, TpyObl KOTOpPO# HMEIOT
HanOONbIUIYIO BBICOTY H, CAEAOBATENBHO, ABNA-
IOTCA TMaBHBIMH HCTOYHHKaMH TpaHCTpaHH4-
HOrMo H AanbHero nepeHoCoB 3arpa3HAILHX
BellleCTB HA TEPPHTOPHIO pavoHa HccaeaoBa-
HHA. KaKk nokaszan aHaaH3 HHQpOpPMALHH ©
BbiOpOCaxX 3arpAHAIOWMX BellecTs, Ha 40ai0
nepeqyHcaeHHblX Bblle MpeanpHATHA [PHXO-
ANTCA HaHGONbILHA 06beM 3MHUCCHI 3arpA3HsA-
IOLIHX BeUleCTB, TO03TOMY BKAagaMH APYTHX
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'uc'_roqnnma, pacnonoxeHHbIX Ha TEPPHTOPHH
6accefina p. [[poHA K BOAH3H HEro MOXKHO Mpe-
" Hebpeub,

XapaKTepHCTHKH HCTOMHHKOB BbiGpoCcoB, a
TaKXKe MapamMerpbi ra3oBO3AyLIHOH cMecH BblaH
B3ATbl H3 TOMOB [IpeaenbHO-AOMYCTHMBIX BbI-
6pocos ([1/1B) nepevncneHHbIX Bbllle MPeAnpH-
ATHHA Mo COCTOAHHIO Ha 1988 — 1995 rr.

1.2. OnpegeneHHe ypoBHEH 3arpasHe-
Hna arMocdepHOro Bodayxa HaccedHa
p. llpoHsa. Pacyer BbINAJEHHH MPHOPH-
TETHBIX 3arpA3HHUTENEN Ha NOACTHAAIO-
LIYI0 MOBEPXHOCTb.
3arpAzHeHHe aTMoc(epHOro Bosdyxa oue-
HUBANOCh NO CrelHanbHO paspaboTaHHOH Ma-
TeMaTHYeCKON MogenH (naker nporpamm) ( 6 ).
ITa Mogenb MpegHasHa4veHa /A01A NMpOoBedeHHA
pacueTOB PasOBbIX H CPpeAHHX 3a onpedeneH-
HbIF MPOMEXKYTOK BpeMeHH (rod, Mecsdll, Bere-
TALHOHHBLIA NMepHOA H AP.) KOHLEHTPaLHH 3a-
IPAHAIOIINX BEeCTB B NPH3EMHOM CNoe BO3-
AyXa OT OAHOTO HIH HECKOMbKHX TOYEYHBIX HAH
MOIAAHBIX HCTOYHHKOB BbiOpoCcoB. B ocHOBY
aAeHcTBHA KoMnnekca pacyera cpeqHHX KOHLEH-
TPaUHA 3arpA3HAIOLMX BellecTB B NPH3EMHOM
cnoe arMoccdepHoro Bozayxa (PCK) nonoxeH
MeTO[, OCHOBAHHBIH Ha pelleHHH YpaBHEHHHA
TypOynenrHor aunddysnn (1,2,7). [Ana Bepu-
¢dukanpn kKomnaekca PCK 6bino nposeaeHo
CcpaBHeHHE BbIYHCIEHHbIX KOHLEHTpaLHH C AaH-
HbIMH CHCTEMATHYECKHX H3MEpPEHNH COAepxRa-
HHH 3arpA3HAUIHMX BelecTB B armocgepHoM
BO3AyXe Ha mocrax HabmoaeHHA TeppHTOpH-
anbHLIX YnpaeneHnH Pocrunapomera, KOTOpble
pacrionaraloTcA B pa3nH4HbIX KIHMATHYECKHX
30Hax, Pe3ynbTaThl CpaBHEHHHA MNOKa3any 4OCTa-
TOYHO BBICOKYI0 CXOAHMOCTh H3MepeHHBbIX H
pacyeTHbIX BEeMH4YHH. :
KoHueHTpalHH AHOKCHAA Cepbl B IpH3eM-
HOM C710e arMocdePHOro Bo3ayxa BbIMHCIANNCH
Ha OCHOBAHHH A@HHBIX 00 HCTOYHHKAX BbIGpO-
COB, MepeYvHCIeHHbIX B pasaeae 1.1 npeanpu-
ATHH, a TAKXe CpeAHe-MHOTOeTHEH MEeTeopo-
aornyeckor nHdopmauuu (7,11,12). flockoabky
obwaa naowaabs 6accedHa p. IlpoHa gocra-
TOYHO BenHKa, Mbl OGOOIHAN pe3ynbTarbl Ha-
OalogeHni, NMPOBOAWBIIMXCA HA TpPeX MeTeo-
CTAHLMAX, pacnonaralolyxca Ha TEpPpPHTOpPHH
BogocBopHoro GaccefiHa B rr. KopabauHo,
MNaBeaew H Muxanaos. NX yaa4Hoe TeppHTOpH-
anbHoe pa3MelleHHe MO3BOAAET MOMy4YHTh Nod-
HYI0 HH¢POPMALIHIO O MeTeOopoIorHYeCKOH 0bC-
TAHOBKe, CKAaablBaloLIenCcA Ha BCeH TeppH-
TOPHH PacCMaTpHBAEMOro perviona. O600uieH-

Hble lAHHbIE MO BETPOBOMY flepeHocy, Habmio-
AAIOLIEMYCA B perHoHe, nprseaeHbl Ha pHC. 1.

[lpHHHMas BO BHHMaHHe TOT ¢aKr, 4To pa-
CTHTeNbHble PKOCHCTEMbl HaHbonee yA3BHMbI
AAA T€XHOMeHHOro BO3AEHCTBHA B NMEpPHOA HX
HHTEHCHBHOT'O POCTa H KH3HEAEATENbHOCTH, TO
ecTs B TeYeHHe BereTauxoHHOrO TmepHoaa,
‘HApA4Y C paciyeToM CpeaHeroAoBbIX KOHLEHT-
pauuf AHOKCHAA Cepbl OblnK TPOM3BEAEHDI
TAKKE BHIYHCIEHHA CpPeAHMX 3a BereTalHOH-
HbIF Meproa (C Mad No CeHTAGPb) KOHLEHTpa-
uu# roro ¢pUTOTOKCHKaHTa. Ha puc, 2 npea-
CTaBNEHbI CPeJHeroAoBbIE, Ha PHC. 3 ~ CpeaHne
3a BereTalMOHHBIN NepHoa NoMnA KOHUEHTpalHH
AAHOKCHfla cepbl B NPH3EMHOM ca0e armocdep-
HOro BO3AYXd, pacCYHTaHHble 41A GaccefiHa
p. lpons.

CpaBHHBasA pHC. 2 M 3 MOXKHO 3aKII04YHTh,
YTO B TeYe€HHe BereTaluroOHHOro nepHosia ypos-
HH 3arpA3HeHHa aTMocgepHoro Bo3ayxa Hec-
KOabKO HHXKe, YeM B Cpe/HeM 3a rod.

BelNageHna cepbl Ha noAcTHAAOLYI0 No-
BEPXHOCTb PACCHHUTBIBaIH MO opMyne, npeaio-
KeHHOH B paborax {3,13):

F=V*C*t rae - (D

F - 3Ha4yeHHe BbIMageHHWH BewlecTBa Ha
NoACTHAAIOLLYIO MOBEPXHOCTD 3a pacCMaT-
PHBaeMbIA MPOMEXKYTOK BpPeMEHH, I'/M?

V — CKOpOCTb BbiBeAEHHA Bellecrpa H3 ar-
mMochepbl, cM/c

C — KOHLEHTpalUHa BEILECTBA B NPH3EMHOM
crnoe BO3AyXa, Mr/m®

t - NoKasareab, YYHTbHIBAIOIHA NEpHOA Bpe-
MeHH, 32 KOTOPbIH [IPOH3BOANTCA pACYeT.

[To mHenwio Crbipo H lllonayckaca, gpopMymy
{1) MOXKHO NpHMeHATb ANA pacyeToB Bblna-
AEHHH 3a NpoAONKHTeNbHble BPEMEHHBIE NpO-
MeXKyTKH, BKIIOYAIOLHME KaK CyXHe nepHoabl,
TaKk N aoman (13). B To XKe BpeMa Cyxoe
OCax/eHHEe COeAMHEHHH Cepbl CYHTAETCA OC-
HOBHBIM HCTOYHHKOM TIOCTYIVIEHHA 3TOro Be-
1ecTsa Ha NoACTHAAIOUYI0 MOBEPXHOCTb aAdA
6onblUHHCTBAa pernoHos EBpornbl 1 CKaHaHHa-
BHH (14,15).

K aTOMy 2Ke BLIBOAY NPHXOANT aBTOp pabo-
Tl (10}, OCHOBBIBaACH Ha aHanH3e GOMbUIOro
MacCHBa [AHHBIX aHTEpaTypbl 1o npobaeme
BbIAAeHHH Cepbl Ha TEPPHUTOPHH MPOMbILI-
(1eHHBbIX paHOHOB EBDONEHCKOro KOHTHHEHTa.
[ToaTroMy npHMeHeHHe AaHHOW ¢opMyabl AaA
pacvera rogoBbiX BbINadeHHH cepbl B Gaccerne
p. ITpoHA HaM KaZKeTCA BNonHe NpaBoMepHbIM.
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TAB(IHLIA 1. Boi6pochl B armocdepy HanbGoaee
pacrnpocTpaHeHHbIX BellecTB (THIC.TOHH).

O6nacTH, Bcero B TOM 4HCae
panoHbl BbIOpOLLIEHO -
B arMocdepy | TBepapie | [a3006- H3 HHX
BELIeCT- | pasHble
Ba H 50, Co, | NO, yraeBo-
KHOKHE Aopogapl
1. Pasanckasn
obnactb
MHXaHNOBCKHHA 32.11 18.86 13.25 7.30 1.71 | 4.24 -
1.2.KopabanHckH# 1.10 0.07 1.03 0.55 0.38 | 0.10 -

_ 1.3.TIpOHCKHH 164.34 39.61 124.73 | 96.18 | 0.21 | 28.34 | 0.001
1.4.CKONHHCKHA 0.28 0.09 0.19 0.10 0.08 | 0.01 -
r.CKonnd 3.72 0.35 3.37 1.57 0.64 0.37 0.002
Hroro 201.55 58.98 142.%7 | 105.7 | 3.02 | 33.06 | 0.003
2. Tyabckas

obnacts
2.1.Hopomoc-
KOBCKHH
r.HoBOMOCKOBCK 150 59.66 58.11| 11.65| 11.34

Haunbonee coHbIM MNpeacTaBlfAerca onpe-
AieieHre BeHYHHbI CKOPOCTH ocaXK/aeHHA AHOK-
CH/A Cepbl Ha NOACTHAAIOILYIO NOBEPXHOCTD. Ee
3Ha4eHHE 3aBHCHT OT (PH3HKO-XHMHYECKHX H
6HOMOrHYECKHX CBOMCTB MOACTHAAOWER MO~
BEPXHOCTH. OTMe4aeTcd TakXKe Ce3oHHad H
CyTo4yHad ee BapHaluH (5,14,13).

Tak, HanpuMep, BogHaA MOBEPXHOCTb NOrIo-
W@aer JHOKCHA cepbl co cKkopoctsio 0.4 cM/c
(14), B TO BpeMA KaK CKOPOCTb ocaaeHHA
ABYOKHCH Cepbl B APeBOCTOAX C npeobnasaHu-
em gyba cocrabamer 1.1 cm/c (16), ana
COCHAKOB K€ AHAMa30H KorebGaHHA CKOPOCTH
ocaxaeHHA copepiiieHHo HHoH -0.1 -0.6 cm/c.
[lpeanonaraerca, 4To AaA CbIpOA KpOHbI CKO-
poCTh BbillageHusa Gyaer H3MeHATbCA OT 1 40
8 cM/c B 3aBHCHMOCTH OT CKOPOCTH BeTpa H
KOHLeHTpaLHH /IBYyOKHCH Cepbl B Bo3ayxe (14).
B 3uMHHe mnepHoAbl CKOPOCTb NONIOLUEHHA

AHOKCHAA Cepbl 3HAYHTe/bHO MeHblle (5).
Takum oOpaszoM, AHanasoH H3MEHeHHH CKO-
POCTH TNOIMOIUEHHA AHOKCHAA Cepbl MOXKeT
COCTAB(ATb HECKOIBKO [ECATKOB pa3, 4YTO B
CBOIO O4epeab, HE TONBKO 3HAYHTEIbHO YCNOXK-
HAET 3ada4y Bbl6Opa ONTHMANBHOIO €e 3Ha4e-
HHA, HO H CYyIIECTBEHHO CHHMKAeT TOYHOCTb
KOHEYHbBIX Pe3yNbTaTOB pacuyeToB BbINAAEHHH.
MoaToMy BenH4YHHa OIUHOKHM TpPH MOAOGHBLIX
pacyerax Moxer cocraBaaTh 100 % W Goaee.

OgHaKo caeqyer oTMETHTb, YTO A(1A 3KCIepT-
HOM OLICHKH BbINAAEHHHA 3arpA3HAIOLNX Be-
IeCTB AfA TEPPHTOPHH perHoHa B LEIOM,
TaKad TOYHOCTb pacyeToB MNpeACTaBaAercs
BIOIHE AOMYCTHMOH. [IpH IpOBEAEHHH XKe
AeTanbHbIX HCCNEAOBAHHA MOMKHO A0OHTHCA
CylIeCTBEHHONO MOBbIIIeHHA TOYHOCTH onpe-
AenfeMbiX BEIHYHH MyTeM YTOYHEeHHA CKOpoC-
TEH OCAKAEHHA BeLEeCTBa B 3aBHCHMOCTH OT
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THIA, XapaKTepa W COCTOAHHA MOACTHAAIOILEH
MOBEPXHOCTH, a TaKKe 3a CYeT yYeTa Ce30HHbIX
0COBEHHOCTeH BpeMeHHbIX NMPOMEXKYTKOB, A(A
KOTOPbIX TPOH3BOANTCA pacuer.
[lpoBeAeHHbIA HaMH aHanH3 HMeIoIEHCA Mo
[A@HHOMY BOTPOCY NHTEpaTypPbl MO3BOAHA HANTH
CpefHerogoBoe 3Ha4YeHHE CKOPOCTH BblBeae-
HHA OHOKCHAA Cepbl H3 arMocdepbl, paBHOE
0.85 cM/c, KoTopoe, MO MHEHHI0O ABTOpPOB
paGotbl (15), Momer ObiThb nNpHMeHEHO AA
noaoBHbIX pacyeToB NpaKTHYECKH AaA BCeX
perroHoB 3anaatoi Esponbl, Beanko6pHratmy
v CKaHAWHABHH, H, K TOMy e, obaagaer
[IOCTATOYHOM ANA 3KCNEPTHbIX OLEHOK, To4Y-
HOCTBIO.
CKOPOCTH BbiBeAeHHA B opmyay (1), moayunan
none roAoBbIX BbINAAEHHH cepbl Ha MOACTH-

najoulylo noBepxHocTh B Haccedne p. IpoHs,

KOTOpO€ MPHBOAHTCA Ha pHC. 4.

N3 pnc. 4 BHaHO, uYTa B OaccefHe pekH
[IpoHA MOXKHO BbIAENNTH ABA IOKANbHBIX y4Yac-
TKa, XapaKTEPH3YIOIHXCA MOBbIILEHHBIMH 3Ha-
YeHHAMH BbIMAAEHHH Cepbl. JTO paHOH LieH-
TpanbHOH YacTH HaccerHa, rae cocpeaoToueHbl
OTHOCHTENbHO KpyMHble NpeAnpHATHA . CKO-
NKHa, a Takke PaszaHckaa 'POC, H 3anagHad
4acTb PErHoHa, KoTopad HCIbITbIBAET BHA-
HHe BbICOKHX UCTOYHHKOB BhIGPOCOB NMPOM3O-
HbI I HOBOMOCKOBCKA, BO3/1€ACTBHE KOTOPBIX
ycyrybnAercAd MeCTHBIMH MPOMBILIIEHHBIMH
o0beKTaMH, PacroaoKeHHbIMH B I. MHXaHNOB.

[Tony4yeHHble 3HAYEHNA BbINAJAEHHH CEpbI He
caeayeT COOTHOCHTb C BelHYHHAMH [OMyCTH-
MBIX HIH KPHTHYECKHX HArpy3oK aToro Belec-
TBa Ha 6HoTy. [laHHaA npo6neMa HMeeT CrieLu-
¢pHYecKkHn XapakTep, H AdA ee pelleHHnsd
HeoOXoaHMO noayunth Oonee TOYHBIE 3HAYE-
HHA BBbINAAEHHA 3arPA3HAIOIMX BELIECTB.

2. OLIEHKA BO3AEACTBHA 3ATPA3HEHHA
ATMOCHEPHOI'O BO34YXA HA (IECHBIE
DKOCHCTEMbI BACCEHHA P. MPOHA

M3 BCex 3arpA3HAIOUIHX BellleCTB, BbIOpachl-
BaeMbIX B aTMOC(hepHbIA BO3/YX MPOMbIILIIEH-
HbIMH NpeAnpHATHAMH OacceriHa p. IIpoHa, a
Takxe Gnuznexamwmx obnacreit, HaHOGOMbLIYIO
ONacHOCTb A(1A PAacTeHHH npeacTaBiAeT gHOK-
cHa cepbl. KpoMe Toro, Kak 6bi10 MoKa3aHo B
npeaplayllen InaBe, OWIIb TOMBKO BBIOPOCHI
aToro CoeqHHeHHA A40CTaTOYHO BEMHKH, ‘-l'l"06bl
OKa3blBaTh KaKkoe-1HO60 BAHAHHE HAa KA4YeCTBO
armocepHOro BO3ayxa HccneayemMoro panoHa,

[loacTaBne [OyYeHHOe 3HAYEHHE

[HOKCHO Ccepbl HABAAETCA TOKCHKAHTOM,
AIeACTBHE KOTOPOro Ha pacTeHHA MPHBOAHT K
He-06paTHMbIM (PH3HONOTHYECKHM H MeTabo-
(IMYeCKHM HapylleHnAM. B Hacrosllee Bpemd
onpeseneHbl KpUTHYECKHE YPOBHH AMOKCHAA
cepbl B arMocgepHoM Bozdyxe. Mx sHaveHnA
B OCHOBHOM H3MeHAIOTCA B npegenax 13 - 25

. MKr/m>(4,8,17,18).

Kak cneayer vs pHC. 2, B TeYyeHHe Berera-
LIMOHHOIO NEepHOoJa Ha BCeH TeppHTOPHH bac-
cefina p.JIpoHa HabawAaeMble KOHUEHTpPALHH
AHOKCHAA Cepbl CyLIECTBEHHO HHXKe 3HA4eHHi
KPHTHYECKHX KOHLEHTpalMi 3Toro BellecTsa
B arMocgepHoM Bozayxe. [JobaBuM, 4TO pacyer
nonf cpeAHHX KOHLIEHTpaLUHH AHOKCHAA Cepbl
B MPH3EMHOM C{10e aTMOoChepHOro Bo3/ayxa Ha
OCHOBE A@HHBIX 06 HCTOYHHMKaX BLIGPOCOB 3a-
I'PAZHAIOLUIHX BEIUECTB MPOH3BEAEH MPH yClo-
BHH MOIHON 3arpy3KH NMPOH3BOACTBEHHDIX MOLLL-
HocTeH npeanpuarnid. B Hacroawee Bpema B
CBA3H C HebNarorpHATHON 3KOHOMHYECKOH
CHTyauHeH, HabmoaaeTcA MoBCeMecTHOe CHH-
KeHHe YPOBHA NPOH3BOACTBA, KOTOPOE KOCHY-
1I0Cb M pacrnoioxeHHblXx B Gaccefive p.[lpoHa
NMPOMBILIEHHBIX 0OBEKTOB. TI03TOMY MOMNKHO
cKasaTh, YTO, peanbHOE 3arpA3HeHHe aTmocdep-
HOTMO BO3/lyXa HHAKE PACCYHTAHHBIX BENH4YHH.
CneaoparenbHO, B HACTOALLCE BpeMA 3alpa3He-
HHe armocdepHoro BO3AyXa He OKa3blBaeT
He6IaronpHATHOrO BO3JEHCTBHA Ha (1€CHbIe
aKocHcTeMbl GaccerdHa p.IIpoHs.

OaHako obpaiaet Ha ceba BHHMaHHE 3anaj-
Had YacTbh 6accerHa p. [poHa. OHa Mpeacras-
aAer cofoM TaKk HasblBaeMyld «30HY PHCKa
BCNeACTBHE AOCTATOMHO HaNpAKeHHOH obcra-
HOBKH, CIOXKHBILEeHCA BOKpYr HoBoMOCKOBC-
KoH [PAC. B Hacrodlllée BpeMA 3Ta CTAHLHA
paboraer Ha PHPO/HOM rase, YTO 3Ha4HTENbHO
CHH3HNO Of/beM M KOMIIOHEHTHBIH COCTaB ee
BbIOpocoB B armocdepy. Ho a1o nonoxenue
He MOCTOAHHOE, TAaK KaK ras IoCTynaer H3
BPEMEeHHbIX NUMHTOB MHH3Hepro Pocchn. Kpo-
Me TOro, Ha CTaHLHH BEAETCA PEKOHCTPYKLHA,
KOTOpasd MOMET NPHBECTH K 3HA4YHTeNbHOMY
yBeNH4Y€HHI0O MOIIHOCTH CTAHUHH H, COOTBET-
CTBEHHO, BbIGPOCOB 3arpA3HAINIMX BEILECTB
B arMocgepy.

[lo gaHHbIM KOMHTETa MO oXpaHe NpHPOAbI
r. HoBOMOCKOBCKa B HacTosllee BpeMA Ha ['PAC
BO3MOXXHO 2 BapHaHTa TOI/IHBOHCIONb30BA-
HHA: KAK H paHbllle, cTaHuuA Oyaer paboraTb
TOIbKO Ha yrae (1); craHlMA COXPaHHT CyllecT-
BYIOIHHA [MMHT HCTIONb30BAHHA NPHPOAHOIO
raza (2). CymwecrseHHOe CHHKEHHe BbIOpOCOB
BpedHbIX BeulecTB b arMocdepy BO3MONKHO
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TONbLKO BO 2-0OM BapHaHTe, MPH HCIOIb30BaHHH
rasa. [Ipn paboTe xe CraHUHH Ha yrae, obbeM
BbIOPOCOB Bo3pacTaer B 6 pa3. B aToM cnyvae
€CTECTBEHHO MpeAnonoMKHTb, YTO B 3amMagHoH
vyactu Oaccerna p.[lpoHa Oyaer nmerb MecTo
CylleCTBEHHOE MOBbILIEHHE YPOBHEN 3arpas-
HEHHA aTMocgepPHOro BO3AYyXa, KOTOPOE Mo-
}KeT oKasaTb HeDnaronpusaTHOEe BO3AEHCTBHE
Ha ecHble 3KOCHCTEMbl ITOH TEPPHTOPHH.

3AKMIOMEHHE

DJKcnepTHas olleHKa ypoBHeH 3arpa3HeHHA
arMocdepHoro Bo3ayxa AHOKCHAOM cepbl, MpH-
OPHTETHBIM KOMIIOHEHTOM M3 COCTaBa BblGpo-
coB npeanpHATHA Gaccefta p. TpoHa H Gauna-
aemawx obnacTed, No3poaHAa YCTAHOBHTb,
YTO B HaCTOAllEe BpeMA Ha H3y4aeMoH Tep-
pHTOpHH He HabnloaaeTcA NpeBbllIEHHA Kph-
THYECKHX AAA pacTe€HHH YPOBHEH 3TOro Bellle-
crBa. CneaoBarelbHO, CyLIECTBYIOIHE YPOBHH
3arpasHeHHA aTMOCEPHOro Bo3gyXxa He OKasbl-
BalOT HEraTHBHOMO BO3/1EHCTBHA Ha pacTHTENb-
Hbl€ 3KOCHCTEMbl pacCMaTpHBaeMoOro pernoxa,

Ho cneagyer nMers B BHAY, YTO BO3MOXK-
Hble H3MEHEHHA TMPOH3BOACTBEHHBIX LHKIOB
Ha NpeAnpHATHAX I HOBOMOCKOBCKA, HNH Ha
NPeANPHATHAX, pacronaralownxca B baccerdHe
p.flpoHA (HanpnMep Ha CTPOAIIEMCA B HACTO-
fAlllee BPEMA COBMECTHOM MNpeANnpPHATHH «Kabe-
Genr), MOTYT MPHBECTH K 3HAYHTEIBHOMY yXya-
LIEHHIO 3KOOrH4€CKOH OBCTAHOBKH B PEIHOHE.
[losromy HaM npeacrabaferca lenecoobpas-
HbIM peKOMeHI0BaTb NpoBeAeHHE perynApHbIX
MEDPOMPHATHH MO CaHUTAPHOMY HAA30py H
KOHTpOAO 3a COCTOAHHEM (1eCOHACAXKAEHHH
6accerina p. [IpoHA, KOTOpbIE AOAKHbBI BbINOM-
HATHCA MECTHBIMH OpraHaMH (IECHOro X03dH-
CTBA B I1AHOBOM nopaake. CaoeBpeMenHoe 06-
HapyXeHHe H HAEHTH(HKAUHA MOBpeMaAeHHH
€CHbIX 3KOCHCTEM Ha HayanbHOHM CTaAHH HX
Aerpagalln noMoxer Habexars HeobGpaTh-
MBIX H3MEHEHHH B HHX H [IPHHATb CBOEBPEeMeH-
Hbl€ Mepbl MO CHHKEHHIO 0GBbEMOB BpPeAHBIX
BbIOpOCOB B aTMocdepy.
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IKONOIO-THrHEHHYECKHE IMPOB(IEMbI
OYHCTKH BOJbl OT XUMHYECKOTO
BHPYCHOTI'O 3AIPA3HEHHA
]
Kupryyx B.®. va.-kopp.MA SHH, npog.,
lIraurnmros E.B. npog.,
' Kuceaesa H.JT. gou.,
Roykun B.I1. gou.,
Anronosa Al aou.,
Yaes B.A.
CapaToBCKHH IoCyqapcTBeHHbIH
MEJHIHHCKHH YHHBEPCHTET

[pobaema obecnetuenna HaceneHna AoBpo-
Ka4yeCTBEHHOH NHTbEeBOH BOAOH oOlNpeadenser

AKTyanbHOCTb HAYYHBIX Pa3paboOTOK MO OLEHKE

6apbepHOM Poan BOAONPOBOAHBIX COOPYKEHHH
H TEXHOIOI'MYECKHX IMPOLIECCOB OYHCTKH BOABL.

llpoBeaeHbl 3KCNEPHMEHTANbHBIE H HATYD-
Hble HCCNeA0BaHHA No oleHKe 3¢ PeKTHBHOCTH
OGIENPHHATHIX TEXHOMNOIHYECKHX MPHEMOB
00paboTKH BOAbl B YCNOBHAX BBICOKOH AHTPO-
MOreHHOH HArpy3KH Ha CHCTeMy Boarorpaackoro
BOAOXPAHH(HILA.

DKonoruyeckoe Hebaaronomyuue p.Boary, ee
HHTEHCHBHOE aHTPONOreHHOE 3arpA3HeHHe NpH
HEAOCTATOYHOH 3(P(PEKTHBHOCTH CyLIECTBYIO-
LIMX BOAONPOBO/AHBIX COOPYKEHHH (popMHpyeT
Ka4eCTBO MHTbeBOH BObl, HE COOTBETCTBYIO-
Wee TpeboBaHHAM ee 6e30MaCHOCTH.

YposeHb peanbHOH HarpyskH Ha Boarorpaga-
CKO€ BOAOXPaHHNHLIE XapaKTepH3yercA Kak
AOCTATOMHO BBICOKHA. B Boae oBHapyXHBa-
I0TCA COMH TAKENbIX MeTaNnoB /ceneH, PTyTh,
KaaMH#, 60p H T.4,/, NeCTHUHADBI, NOMHLIUKAH-
YyeCcKHe apomaTH4yeckHe yraesodopoasl, [TAB H
ApyTHe OopraHH4ecKHe 3arpsA3HHTeaH. ITH XH-
MHYeCKHe COeAHHEeHHA PacCMaTpPHBAIOTCA Kak
HaH6onee OObeKTHBHBIH 3KONOrHYECKHH
MHAMKATOP CTeNneHH OfaCHOCTH BOAbl AdA
3/I0POBbBA.

OnacHoOCTb 3arpA3HeHHA BOgOEMA CBA3AHA C
HalH4YHEM B HHX TOKCHYECKHX XHMHYECKHX
BellecTs, Ho B 6onbuied Mepe ¢ o6pasoBaHHeM
B HMX MPOAYKTOB HX TPaHCOpMalHH B YCI0-
BHAX BO3AEHCTBHA NMPHUPOAHBIX (aKTOpoB. Y-
TAHOBIEHO, YTO 0COOEHHO HHTEHCHBHO MPOLEC-
Cbl TpaHCOpMaUMH HAYT B SKCTpeMalbHbIX
YCAOBHAX /BbICOKHE TeMneparypbl, KoneHanus
pH, BanAHHe Y®P-pagvalHH, TEpManbHOIO 3a-
rpasHeHHA Boabl/. HHTEHCHBHO 3TH NpOLECChl
NPOHCXOAAT HA GHONOTHYECKHX COOPYMEHNAX
/OHOMHABTPBI/ MO OYHCTKE CTOMHBIX BO4 H

ECOLOGO-HYGENIC PROBLEMS OF WATER
PURIFICATION FROM CHRMICAL AND VIRAL
POLLUTION
L " ]

Kiritchuk V.F.,Professor,

Shtannikov E.V., Frofessor,

Kiseleva N.F., Associative Frofessor,
Antonova F.IN., Associative Frofessor,
Chaev V.A

Medical University,

Saratov,

Russia

The problem of supply of population by high
quality drinking water determines the actuality
of scientific elaboration of estimation of barrier
role of waterworks and technologic process of
water purification,

Experimental and natural investigations were
carried out to evaluate the efficacy of general
technologic methods of water treatment under
the condition of high anthropogenic load on the
system of Volgograd water reservoir.

Ecologic unfavourable situation of the Volga,
its intensive anthropogenic pollution due to
insufficient efficacy of existing waterworks
forms the quality of drinking water not
corresponding to requirements to its safety.

The level of real load on Volgograd water
reservoir is characterized as a rather high one.
Salts of heavy metals (selenium, mercury,
cadmium, boron), pesticides, polycyclic aroma-
tic hydrocarbons, surface active substances
(SAS) and other organic pollutants have been
discovered in water. These chemical compo-
unds are considered to be the most objective
ecologic indicators of the degree of danger
to health.

The danger of reservoir pollution is connec-
ted with the presence of toxic chemical su-
bstances in it, but to the greater extent with
the formation of the products of their transfor-
mation under the influence of natural factors,
Processes of tranformation are stated to go most
intensively under extreme conditions (high
temperature, pH vatiations, influence of Uv
radiation, thermal pollution of water). These
processes are intensive in biologic works
(biofilters) for purification of sewage water and
other disposal works.
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APYTHX OYHCTHBIX COOPYKeHHAX. OCOBEHHOCTBIO
3arpA3HEHHA BOAbl B COBPEMEHHBIX YCIOBHAX
ABaseTca npucyrcrere B Boge IIAB, Kotopoe
ornpeaenAeT HOBble MPOCTPAHCTBEHHbIE B3aH-
MOOTHOLUEHHA Mexay 3arpA3HHTenAMH. [loa
BauAnHeMm [1AB oGpasyeTcd BblCOKOaKTHBHaA
pa3BeTBCHHAA, OTAHYAIOWAACA BbICOKOH ror-
IOTHTENbHON CNOCOOHOCTBIO NMeHKa, KoTopas
KOHLEHTPHpYeT Ha CBOEH [OBEPXHOCTH [0
70% XHUMH4eCKHX M 80% OaKTepHalbHBIX H
BHPYCHBIX 3arpasHurenen. Ilpoleccsl TpaH-
cchopMalMH Ha 3TOH MOBEPXHOCTH [poTeKaioT
0COOEHHO HHTEHCHBHO H COMNPOBOM/AAIOTCA
obpazoBaHHeM TOKCH4YeCKHX 3¢ deKToB, KoTO-
pble NpeBbIWAIOT 06bIvHble B 6~10 pa3.

B yCOOBHAX 3KOMOTHYECKH He6GaaronpH-
ATHOW CHTyaUHH ypoBeHb 3arpA3HEHHA BOXK-
CKOH BOAp! NMpeBbIlIaeT BO3MOMHOCTH Oapbepa
OYH-CTKH BOAOIIPOBOAHBIX COOPYMKEHHH, YTO
CHH-)KaeT HadeKHOCTb 6e30MacHOCTH BOABL
IO deKT OYHCTKH B OTHOILEHHH MeTannos
cocrapafer oT 0 no 30 — 50%, opraHHyeCKoro
sarpasHeHHsa — ot 4 go 44%.

PearenTHas obpaboTka BOABl, Npexae BCe-
ro, XNOpHpoBaHHE — 3KCTPeMaribHbIA TpaHchop-
MHPYIOWHA (akTop, NOTeHUHANbHO OMNAaCHbIM
AaA 340POBbA.

YcraHoBaeHa 3aBHCHMOCTD MeXK/y CTelneHblo
ONACHOCTH TpaHchopMalrHH, OKHCIAHTENLHO-
BOCCTAHOBHTENBHONO MOTEHUHANA, H3OMEPHH,
(PH3HKO-XHMHYECKHMH CBOWICTBAMH H A030H
peareHTa; BblABAeHbl TMpAMble 3aBHCHMOCTH
MezKAY CTeNneHblo TOKCHYHOCTH NPOAYKTOB TPaHC-
dopmalnH 1 YPOBHEM HX AECTPYKLHH. Makcy-
ManbHYI0 ONACHOCTb A71A 3/10POBbA TpeACTaB-
AAIOT COEAHHEHHA, BeNH4HHA AECTPYKTHBHbIX
H3MeHeHHH KOTOpBIX cocraesafeT 50-60%.

B nuTheBoH Bode KOHUEHTPALHA ranoreHo-
cogepKaluyX BelecTp Bo3pacTaer Mo cpabBHe-
HHIO C HCXOAHOW BoAOW Ha 200 W 6onee %, 4ro
cocrabaaer 5-20 TJAK.

Nay4anach 2pdpeKTHBHOCTD HapbepHOH pyHK-
LUHH OYHCTHBIX COOPYXKeHHH B OTHOIUEHHH
BHPYCHOI'O 3arpA3HeHHA. YCTaHOBIEHO, YTO Cy-
ieCTBeHHbIM (AKTOPOM, BAHAIOWHM Ha 3TOT
npouecc ApaATCA [1AB, NpHCYTCTBHE KOTOPBIX
onpeaenseT npouecc nepepacrpedeneHid BH-
PYCHBIX YacTHL B BOAHOH cpeae. B peayabrare
OTOrO OTMeYaeTCd YBeNHYEeHHE HX KOH4YeCTBa
B MOBEPXHOCTHOH M/IEHKE, YTO B CBOIO o4epedb
CyWIeCTBEHHO BAMAET HA NPOCTpaHCTBEHHbIE
B3aHMOOTHOILIEHHA GaKTepHLMAHONO areHra H
BHpYyCOB. [loporoBod KoHuUeHTpauuen [IAB,
HeraTHBHO BHAIOWIEH HA 3TOT IPOLECcC, ABNA-
erca 10-15 T/K.

Presence of SAS determining new spatial
interrelation among pollutants is the peculiar
feature of water pollution nowadays. Under SAS
influence, highly active branching film charac-
terized by high absorbing ability is formed
which concentrates up to 70% of chemical and
80% of bacterial and viral pollutants on its

‘surface. Transformation processes on the

surface go especially intensively and are
accompanied by the formation of toxic effects
which exceed the usual ones by 6-10 times.

Under the condition of ecologically unfavour-
able situation the level of Volga water pollution
exceeds the ability of the purification barrier of
waterworks, it lowering the reliability of water
safety. The purification effect concerning metals
comprises 30-50%, concerning organic pollu-
tion - 4-44%

Reagent water treatment, chlorination first of
all, is an extreme transforming factor potentially
harmful to heaith.

Dependence between the degree of transfor-
mation danger and redox potential, isomerism,
physico-chemical properties and reagent dose
have been stated, direct dependence between
the degree of toxicity of transformation products
and the level of their destruction has been
revealed. Compounds whose degree of destruc-
tion changes is 50-60% are of maximum danger
to health,

In drinking water, concentration of halogen-
containing substances increases by 200% com-
pared to the initial water, it being 5 - 20
maximum permissible concentration MPC).

Efficacy of barrier function of disposal works
concerning viral pollution has been investiga-
ted. It has been stated that SAS is a consi-
derable factor influencing the process, the pre-
sence of these sunbstances determines the
process of redestribution of viral particles
in water. As a result, increase of their number
in surface film has been noted, which in its

| turn influences considerably thespatial interre-

lation of bactericidal agents and viruses. The
threshold SAS concentration negatively influ-
encing this process is 10-15 MPC.
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BAHK AIAHHbIX MO METOAAM O3dO0POB(IE-
HHA O3EPHBIX SKOCHCTEM

Murirazosa HagpHca MaHcypoBHa,
K.O.H., AOUEHT

3anrHpos Aabghpeq IasH3oBHY, C.H.C.
AepesericKan Oabra KOpbeBHa, acrl,
dponoBa (ToamHaa (TeOHHAOBHE, C.H.C.

(TabopaTopHa OIMTHMHIAUHH BOAHbIX
SKOCHCTEM

IKOMOrHYECKHH (haKyabrer

RasancknA rocyqapcTBeHHbIH yHHBEDCHTET

B Hacrosiiee BpeMa ocofylo axTyanbHOCTb
npHobperaer npobraeMa BOCCTaHOBAEHHA 3B-
TpoHLIX M 3arpA3HeHHbIX BOAHBIX 3KOCH-
CTeM, B YaCTHOCTH, o3epHblx. Ho cBeaeHHA o
MeToAax BOCCTAHOBIEHHA 03ep, KaK M AaA
JAPYTHX THMOB 2KOCHCTEM, MalO4YHCIeHHbl H
pazolieHbl, He 060CHOBaHa METOJOIOTHA 03-
[IOPOBEHHA  (KOAMYECTBEHHblE  XapaKTepH-
CTHKH, YCOOBHMA TpUMeHennd, 3¢ deKTus-
HOCTb, nocaeACTBHA). B mnoMckax myreA pe-
lWeHHA atoi Npobnembl aaboparophed oNTH-
MH3allMM BOAHBIX 3KOCHCTEM 3KOMOMHYeCKoro
¢dakyabrera KI'Y nposogarca pabotbl no cos-
[faHHI0 MeTOAOMIOTHH O3/OPOBIEHHA MNPecHO-
BOAHBIX O3epHbIX KOCHCTEM, ¢ pa3paboTKon
crieLaqH3npoBaHHOro 6aHKa gaHHbIX Mo
MeToJaM CaHalMH H O3[0POBeHHA BOAOEMOB.

BBEAEHHE

B HacroAujee BpeMA BO MHONHX CTpaHax
MHpA CTAHOBATCA IIPHOPHTETHBIMH BOMPOCHI
BOCCTaHOBIEHNA (O30POBeHHA) OKpyXKalo-
e NpHpoAHOH cpedbl. B CIIA, K npuMepy,
CYIIeCTByeT creuHalbHOe [ABHKEHHE BOCCTa-
HOB(IEHHA HALMOHAbHBIX BOAHBIX PECypCOB,
BKAIOYalollee y4eHbIX, CHEUHAIHCTOB, O(HUH-
aNpHBbIX (ML, CTYAEHTOB, CNOPTHUBHbLIE H MO-
aogeXHble OpraHH3aUMH H OObIMHBIX TI'Da-
fAaH, Pa3sBMBaeTCA HalMOHadbHas CTpaTerys,
HayKa H TeXHOOrHA BOCCTAHOB(IEHHA BOAHBIX
3KOCHCTEM - peK H py4ybeB, 03ep, BAaXKHBIX
3eMeab ( Restoration of Water Ecosystems,
1992).

B Poccurickod <dedepalH B TnocaeqHHe
rogp! Takxe MNPHHHMAIOTCA CrieuHanbHbie Nno-
CTaHOB/leHNA npaBuTeqbcTBa 00 0340pOBiE-
HHHM OKpyXKaloweH NpHPOJHON Cpesbl CTPaHbl
M pPerdoHOB, cCO3aalTcA OOLlecTBeHHble [ABH-
JKeHHA B opraHh3alMH, K npnMepy, “Komurter
no cniacexuio Boarn” u ap.

[focaenHee TMNOHATHO, Tak KakK BodHble

DATABANK OF METHODS FOR RESTO-

RATION OF WATER ECOSYSTEMS
A

Mingazova N.M., Doctor

Zakirov A.Q., Master researcher
Derevenskaya O.Y., Postgraduater
frolova L.L., Master researcher

The lLaboratory of Water Ecosystems

' Oplimisation
Kazan State Universily, Department of
Ecology

At present time the problem of ecological
restoration is becoming a priority in the
World, especialy for water ecosystem. It is
clear, because the water ecosystems, unfor-
tunately, are being destroyed in our country
at a rapid rate through human acts of inten-
tional exploitation. But there is not the sys-
tematic information about methods of lakes
restoration. The methodology of restoration is
not grounded (quantital characteristics, in-
dexes conditions of application, efficacy, con-
sequences). So, for decision this problem,
the Laboratory of Water Ecosystems Optimiza-
tion create the methodology for restoration of
fresh lakes ecosystems and elaborate the
special databank of these methods.

INTRODUCTION

At present time the problem of ecological
restoration is becoming a priority in the
World. For example, the special movement to
restore the nation’s water resources including
scientists, specialists, corporate officials,
students, citizens, sporting and youth
organizations develops in the USA. The na-
tional restoration strategy, the science and
technology of water ecosystems restoration
(rivers and streams, lakes, wetlands) are
evolving.

In last years the govemment of Russia
adopt the special resolutions about the resto-
ration natural environment of the the country.
The public movements and organisations are
created, for example, it is the organization
“Committe for saving of the Volga” and so
on.

It is clear, because the water ecosystems,
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BKOCHCTeMb! Halled cTpaHbl, K COMaleHHo,
paspylialTca ¢ 60ablIOA CKOPOCTbIO B CBA3H
C CHAbHBIM BO3/ICACTBHEM Ha HHX. BOfbLIHH-
CTBO BOAOEMOB HCIbITHIBAET IMOCAEACTBHA 3B~
TpOPHKALUHH eCTECTBEHHONO 3BOMIOLIMOHHOTO
MpoLecca, MHOMOKparHO YCKOPeHHOro aHTpo-
noreHHbIM ¢akTopoM., MHorve BOAHBIE KO-
CHCTeMbl HaxXOAATCA NnOJA BO3ACACTBHEM Tep-
MOHKAUMH (TernaoBoro 3arpA3HeHus), aly-
AXDHKALNN (3aKHCIeHHA) HAX CHABHOTO TOK-
CHYECKOINo (XHMHYeCKOro, padHOaKTHBHONO H
' T.IL) 3arpA3HeHHA, B pe3ynbTaTe 4Yero He Mo-
ryr ObiTb BOCCTAHOBAEHbI €CTECTBeHHbIM ITy-
TeM. DJKOOrH4yecKkada NpHeMHasA eMKOCTb 3THX
BOIOEMOB MHOTOKpaTHO [peBbiilieHa, Hapy-
leHbl ecTecTBeHHble QH3IHYECKHE, XHMHYeC-
Kne n OHorornvyeckne Mnpoliecchl CaMooyvHLle-
HHA K TpaHChOpMauHH BeLeCTB.

B CBA3M C 3THM B HacToflllee BpeMA O0CO-
6yil0 aKTyaabHOCTb rpHobperaer mpobaeMa
BOCCTAHOBEHHA 3BTPOMHBIX N 3arpA3HEHHbIX
BOAHBIX 2KOCHCTEM, B YaCTHOCTH, O3ePHbIX.
Ho cBegeHna o0 Merogax BOCCTaHOB(EHNA
03ep, KaK M aAdA APYrHX THIOB 3KOCHCTEM,
ManoyHciaeHHbl 0 pasobLietbl, He obocHOBaHa
MeToAOAOTHA O3/0POBNEHHA (KOIHYECTBEHHbIe
XapaKTepHCTHKH, ycaoBns NpHMeHeHHd,
3¢ PeKTHBHOCTb, MOCIeACTBHUA).

B moncKax myTeHd pelieHHA 3Tof npoboe-
Mpl naboparopHell ONTHMH3aLMHM BOAHBIX KO-
CHCTeM  3Koaorp4eckoro ¢akyawrera KIY
NpoBOAATCA PaboThl MO CO3AAHHI0 METOAOIO-
FMH 0340pOBeHHA NPECHOBOAHBIX O3epHBIX
3KOCHCTeM, ¢ pa3paboTKOA ChelHalTH3Hpo-
BaHHOro OaHKa AaHHbIX MO MeToAaM caHalMH
¥ 0300POB(eHHA BOAOEMOB.

KPATKOE OINMHCAHHE METOA4OMOINH

O3aopoBnelne o3ep Npeanonaraer 0onb-
Iyl0 TOAroTOBHTenbHylo pabory no c6opy
[JaHHbIX 06 3KOMOrMYecKoM COCTOAHHH BOAO-
€Ma B MPOLUIIOM H HAcTOAILEM, BbIABIEHHIO
OCHOBHBIX TNPHYMH W HCTOYHHKOB 3arpasHe-
Hna, cOopy cBedaeHWA O MeToAaX O300pOBe-
HHA ¥ moadopy mx. Boibop Merogos 3A0pOB-
ieHWA, TOCIeAOBaTe/lBHOCTh M CPOKH  HX
npoBedeHHA AOMKHbI ObITb HayyHo 060CHO-
BaHbl AAA HMCKIIOYEHHA BO3MOMHBIX HeraTus-
HBIX MOCNeACTBHH, GombMX ¢GHHAHCOBBIX 3a-
Tpar.

Mpegnaraemad HaMM MeTOAOOTMA  03/0-
POBlEHNA mnpeanonaraeT npoBedqeHHe paaa
niocaeaoBarenbHbIX ASACTBMA AaA Bbibopa me-
TOAOB, Pe3ylbTaToM KOTopbIX Oyger yaydine-

unfortunately, are being destroyed in our
country at a rapid rate through human acts
of intentional exploitation. Most of water res-
ervoirs are eutrophical objects, process of
the natural eutrophication and old ago was
accelerated by anthropogen factors very
much. Many of water ecosystems are suffered
the influences of the factors which challenge
(thermal pollution), acidification (tum sour) or
toxic pollution (chemical, radio-active conta-
mination and so on). So, they can will be not
to restore by natural way. The ecological ca-
pacious of these water reservoirs was ex-
ceeded over and over again. The natural
physical, chemical and biologycal processes
of  selfrestoration and  transformation
substances were broken.

So now, the problem of resforation eu-
trophical and polluted water ecosystems
(exactly lakes) have a special actual.

But there is not the systematic information
about methods of lakes restoration. The
methodology of restoration is not grounded
(quantital characteristics, indexes conditions

.of application, efficacy, consequences). -So,

for decision this problem, the Laboratory of
Water Ecosystems Optimization create the
methodology for restoration of fresh lakes
ecosystems and elaborate the special da-
tabank of these methods.

BRIEF DESCRIPTION OF METHODOLOGY

The restoration of lakes intends the large
preparatory a work for data collection about
ecological condition of water reservoir in the
last time and the present day and also for
the information collection about methods of
restoration and choice them. '

The choice of dates and methods restora-
tion must be able grounded by scientists for
exception the negative consequence and the
large financial expenditure.

The methodology of restoration proposed
by authors, intends the work for the choice
methods, the results of which will be im-
provement water of quality and ecologycal
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HHe Ka4yecTBa BOAbl H 3KOIOTHYECKOro Co-
CTOAHHA BOAOEMA.

Ha nepBoM atane 0340pOBeHHA HeobXo-
AMMO mnpoBedeHHe OUEeHKH 3KoorHyeckoro
_COCTOAHHA BOJOeMa C onpe/eneHneM BedH4YHH
.. NoKasare(eH,
. BogoeMa (codepxaHHe KHcaopoda, GHored-
" HbIX DNEMEeHTOB, TOAlHHA AOHHBIX OTAOXKe-
HHA M Ap.), HeoGXoaHMbIX AaA BbiGopa MeTo-
aoB. Ha OCHOBaHMH MNOMy4YeHHbIX AAHHBIX Of-
pegennercA HaMpaBaeHHOCTb MPOHCXOAMLIMX
BHYTPHBOAOEMHBIX TMPOLIECCOB, COCTaBIAETCH
nporo3 Ha Oyayinee 6Ge3 H3MeHeHMA Cylue-
CTByOLUEHN 3KOCHTYallHH H TIPH HCNOb30Ba-
HHH OMNpedeneHHbiX MeTOdOB  0340pPOBAEHHH,
pacunTbiBaeTca 3¢p@deKTMBHOCTb MNpoBedeHHA
MepDOMpHATHH, MNpeaaaraloTcad  BO3MOMKHbIE
ANbTepPHAaTHBHbIE pelleHHs.

MpeanaraeMbii anroput™ BbiGopa ocHoBaH
Ha HCKAIOYEHHH H3 CyllecTBylollero Habopa
MeTOA0B, HenoAXOoAAlMX B KOHKpPETHOM Cay-
Yyae B CBA3M C MOp¢OMETpHYeCKHMH HH
3KOMOTMYECKHMH  0COOEHHOCTAMH  BOAOEMa,
WIH B CBA3K C OCOBEHHOCTAMHM CaMHX MeTo-
40B. .
Jaa pa3paboTKH MeTOdONOrHH H CO3daHHA
6aHKka AaHHBIX TO MerogaM Obl1 nNpoBeAeH
cneyHanbHbiii 6HOaMorpapHIECKHA TMOUCK, B
pesyabrare KOTOPOro M3 OTE€HeCTBEHHbIX H
3apy6GesHbIX HCTOYHMKOB Oblia cobpaHa H
CHCTeMaTH3poBaHa HHdopMalHa o 35 cy-
IeCTBYIOIIHX MeTodax H crnocobax 0340poB-
fleHHA BOA4oeMOB ( B T.4. 20 - “HagemHbIX").
Bce oHH ObilH pasgeneHbl Ha ABe TPYNIbl:
BOCCTAHOB(IeHHA (aspalus, ydaneHHe AOHHbIX
OTIOMEeHHA H Ap.) H TpOdHIAKTHKH (3amy-
XeHne, aecoHacaxaeHue M ap.). [Mepsble npe-
Anodarailor BMellaTeqbCTBO BO  BHYTPHBOAO-
eMHble MPOoLeCcChl, ABAAIOTCA PaduKanbHbIMH K
HarnpabaeHbl Ha BOCCTAHOB(IEHHE H3MeHeHHbIX
B  pe3syabTare  aHTPOMOreHHOH  Harpy3ku
ceoiictB. Ko BTOpoF rpynne ObiaH THeCeHb
MeToAbl, BO3AENCTBYlOWHE NpenMylecTBeHHo
Ha BHellHHe HMCTOYHHKH, NpedoTBpallaloLye
3arpasHetde. Bo MHorux cayyaax nambGonee
ONTHMAbHBLIM ABAAETCA COBMECTHOE HCIOb-
30BaHHE METOAO0B BOCCTAHOB(IEHHA H MNpodH-
(1aKTHKH.

CHCTeMaTH3HPOBaHHble faHHble 00 H3Me-
HeHHH noKasareden KadecTBa BOAbl NPH Npu-
MeHeHHH MeTOdO0B BOCCTAaHOBIEHHA Ha Kade-
CTBEHHOM H KOAM4YeCTBEeHHOM YPOBHAX, a
TakXe CBeleHNA 00 0COOGeHHOCTAX MeTOA0B H
YCOOBHAX, OTPaHHYHBAIOIINX HX NpPHMeHeHve,
OblIH  CBefeHbl B ChelpanbHble MarTpHLpb,
HCNnoab3yeMble NpH BbiGope. AMrOpHTM Bbl-

XapaKTepH3yIoIHX TPOPHOCTD -

condition of water reservoir.

The first step of restoration is the estima-
tion of ecological condition of water reservoir
with definition the indexes of trophic status
water reservoir (oxigen concentrations, nutri-
ents, sediments, etc.) for the choice neces-
sary methods.

According to the experimental data we use
the following approach:

- definition the motion of process inside
water reservoir;

- composition the prognosis for future
about the condition of water reservoir without
change of existing ecological situation and
using the methods of restoration;

- calculation the efficacy of the doing
steps; '

- suggestion of the alternative decisions.

Suggested algoritm of the choice is based
on exception from existing methods which in-
appropriate in this case because of the
morphometric and ecological peculiarity of
water reservoir or because of the methods
peculiarity.

The special search from native and foreign
bibliography was done for elaboration the
methodology and creation the databank. The
result of this work is the systematize infor-
mation about 35 existing methods and ways
of water restoration (e.g. 20 - “reliable”).

All of them were classifyed on two groups:

- restoration ( aeration, -elimination of
sediments and ets.);

- prophylactic (enventional waste water
treatment, curcular canalisation, affore-station
and ets.)

The first of them propose the interference
in the process inside water ecosystems.
Therefore, they are radical and using for
restoration of the quality which were modifi-
cated by anthropogen loading.

include the
external

Further, the second group
methods which influence over
sources and prevent the pollution,

In most case, the opﬁmal is the methods
of restoration and prophilactic using together.

The systematize data about the modifica-
tion indexes of water quality on qualitative
and quantitative levels were presented in
special matrixs. Also at these matrixs the in-
gormation about peculiarity of methods and
conditions ising by the choice were presented
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60pa C MOMOWIBIO MaTpHl MO3BOAAKT MpPH
M3BECTHbIX TNOKa3aTeqdX Ka4decrBa BOAbl H
HEKOTODBIX THAPONOTHYECKHX XapaKTepHCTH-
Kax nogobparh ONTHManbHble MeToaAbl 03/10-
POBOEHHA.

BAHK [JAHHbBIX

PaspabGoraHhbifi aBTOpaMM paboTbl GaHK |

AaHHbIX MO MeTodaM O30POBIeHHA O3ep B
HacToAllee BpeMs COAepHT HHdopMaumio ob

M3BECTHBIX MO (INTEPAaTypHbIM AAHHLIM MeTO- |

fax O034OpPOBAeHHA BOJOEMOB H MO3BOAAET
peliath 3aga4yH BbIOODA MeTOAOB B 3aBHCH-
MOCTH OT OCODEHHOCTEH O3ep, MX COCTOAHHH,
ocobeHHOCTell  caMHX MerodoB. HidopMa-
uHoHHaa 6asa COAEPXKHT KOAbl H OMHMCAHHA
MeToaoB, aHHoTaumH, Oubanorpacdwmio. [po-
rpamMmuan obonovka B/l obecnevnpaer nocae-
[10BaTenbHYI0 AeTanu3aupio nHpopMayuu mno

BCEM MeTodaM O3/0poBlaeHHA, OHa BBINO-
NHeHa B BHAe HepapXH4YeCKHX MeHI0 n 06-
ecrneyHBaeT Noab30BaTeqio AOCTYN K ai06oMy
MeToy O300POB(IEHHA W (INTEPATYPHOMY HMCTO-
YHHMKY, ONHCbIBAIOUEMY YCIOBHA MPHMEHEHHA,

Mpn HeO6XOAHMOCTH NOAbL3OBaTEdb MOMKET
NOMYYNTbL pacliedararb BClo HeobXoanMylo eMmy
nHcdopmaLHio.

BA nmeer 6ok o6HOBAeHHA MHQOPMALHH,
4YTO0 obecrnevnBaer MOAb30BATEMO HCMONb30-
BaHHMe BCEro apceHana cCpeACTB CaHalMH H
* 03/10pPOB(ICHNA BOAOEMOB, BK(IO4YaA HOBeHLLHE
ny6anKaLyH,

B Hacroswee Bpemsa B B/ cobpaho 6onee
40 TeKCTOB AMTepaTYPHbIX HCTOYHHKOB. Tek-
CTbI MOTYT COAepKaTb MareMaTHyecKHe H XH-
MHYeCKHe HOopMyIbl,
~ b peammzosaH Ha nepcoHaabHon JBM
knacca PC AT ¢ wncnoab3oBaHHeM ¢annoB
¢opmara Dbase.

§

too. The algoritm of the choice with matrixs
allows to select the optimal methods of res-.
toration with certain indexes of water quality -
and some gydrological indexes '

DATABANK

At present, the databank of methods for
lakes restoration designed by authors con-
tains the information about the methods of
water restoration are now certain at source of
literature. It is allows to decide the tasks of
methods choice, takes into account the con-
dition and the peculiarity of lakes and the
peculiarity of methods. The databank
contains the press-marks and the describe of
methods, abstracts, bibliography.

The program shell of databank allows the
logical detalization information over all of
methods for restoration. Software was created
like dialog, very convenient. So, the investi-
gators have access to some methods of res-
toration and some sources of literature de-
scribing all conditions of application.

v

Besides, the investigator can print all in-
formation from databank and can use all
methods of sanation and water restoration
including all new publication.

The methods of lakes restoration databank
now contains more that 40 sources of
literature. The texts can include mathematical
and chemical formulae.

The databank was created for personal
computer PC/AT using the files with format
Dbase. : :
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AETOKCHKALINA TAME(DBIX META/10B,
MOMHAPOMATHYECKHX YIMIEBOAOPOAOB
H MECTHUHAOB I'YMYCOBbIMH
BELIECTBAMH B BOAAX H NMOYBAX

llerpocsan B.C,
llepmrrioBa H.B.,
HRosanescknn A4.B.,
Aarverro H.H.,
Awernxo 11.10.,
(ebegesa [ P.,
Ryanxosa H.A.,
GrnumroBa O.H.,,
Bereqrrros 11.C.,
lToasirios B.A.,
Basuawun 4.8

Mry um. /lomoHOCOBa

Pofib ryMycoBbIX KHCOOT — OCHOBHOIO KOM-
NOHEHTa OpraHHYeCKOro BeLeCTBa NPHPOAHbIX
BOA H MOYB — B H3MEHEHHH OHONOTHYECKOH
aKTHBHOCTH (TOKCHYHOCTb, OHOAKKyMy(IALHA,
GHonoraoLeHHe) pasnH4HbIX XHMHYECKHX Be-
I1eCTB, 3arpA3HAIOWMX OKPYKAIOLLY0 Cpeay,
/10 CHX Mop Mano usyyeHa. [1o aHTeparypHbIM
Al@HHBIM T'YMyCOBbl€ KHCOTbI 0ObIMHO CHHAKAIOT
TOKCHYHOCTb KaK TAMEIbIX MeTannoB, Tak H
OpraHHYeCcKHX coeaHHeHHH (1-5), B TO e
BpeMA B HEKOTOPbIX paboTax OMHCAHO MPOTH-
BOMNOIOKHOE ACHCTBHE MYMYCOBBIX KHCOT (6,7).
llinpokoe pacrnpocrpaHeHHe 3ITHX BeliecTs B
OKpyaiollieH cpege obyCnaBaHBaeT BO3HHKHO-
BeHHE ABYX OCHOBHbIX MpobneM:

Bo-nepBbix, HeobxognMo pazpaborarb Nph-
HLHMbI KOIHYECTBEHHOH OLEHKH BAHAHHA TyMy-
COBbIX KHCOOT Ha GHONOrHYECKYI0 AKTHBHOCTH
OCHOBHBIX K(IaCCOB OINHCAHHBIX XHMHYECKHX
3arpA3HUTENeH, TaKnX Kak TAMenble MeTannbl,
NecTHUuabl, HedTAHble, MNONHapPOMaTHYeCKHe
H XNOopnpoBaHHble yraesodopoabl. Hensasa He
YYMTBIBATL TOT dakr, 4To OHonorH4yecKas
AKTHBHOCTb XHMHY€CKHX BeIUeCTB CHbHO Me-
HACTCA B NPHPOAHBIX Cpeaax, MO3TOMY MOAE/b-
Hble 3KCNEPHMEHTbl B CpeAe AHCTHANHPOBAH-
HOH BO/Ibl MM YHCTOIO NecKa B OTCYTCTBHH
I'yMyCOBbIX BEIUECTB He MO3BOIAIOT aaeKBaTHO
npeacKasbiBaTh OHONOTMYECKYI0 AKTHBHOCTS,
HayyeHne B3aMMOAENCTBHA 3arpA3HHTened C
MPHPOAHBIM OpraHH4YeCKHM BEILLeCTBOM [M03BO-
{THT OLIEHHTb peafbHYI0 ONMACHOCTb XHMHYECKHX
TOKCHKaHTOB H co3aath Gonee 060CHOBaHHYIO
cHereMy TI/K.

DETOXIFICATION OF HEAVY METALS,
POLYAROMATIC HYDROCARBONS
AND PESTICIDES BY HUMIC SUBSTANCESIN
WATERS AND SOILS
|
V.8, Fetrosyan,
L V. Perminova,
D. V. Kovalevskiy,
" N.NN. Danchenko,
N.Yu. Yashchenko,
G.F. Lebedeva,
N.A. Rulikova,
O.1. Philippova,
F.8. Venediktov,
V.A. Polynov,
D.V. Vavilin,
Lomonosov University

The role of humic acids - major constitu-
ent of organic matter of natural water and soil
media ~ in mediating biological activity (toxi-
city, bioaccumulation, uptake) of different che-
micals released into the environment is still
poorly understood. While they are usually
prescribed by exposing mitigating impact on
the biological activity both of heavy metals
and organic chemicals (1-5), the opposite
observations are reported as well (6, 7). Given
ubiquity and abundance of these substances
in the environment, two main problems here
can be considered as follows:

~ It is necessary to develop principles of
quantitative estimation of humic acids impact
on biological activity of main classes of harm-
ful chemicals released into the environment
(heavy metals, pesticides, petroleum, polyaro-
matic and chlorinated hydrocarbons). The fact
that biological activity of the chemicals changes
greatly in natural swrroundings and can' be
hardly approximated by the forecasts of mo-
del experiments conducted in distilled water
or pure sandy media, can not be skipped
any longer. Expanded studies on interactions
of the chemicals with natural organic matter
main factor altering biological activity of
ecotoxicants in the environment ~ can improve
the existing system of «maximum permissible
levels» followed by much more realistic
predictions of danger from the released
chemicals.
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Bo-BTOpbIX, Ha 6a3e AOKA3aHHOIO ACTOKCH-
umpylomero addeKkra rymycoBbiX KHCIOT H
cneurndHIECKOH aKTHBHOCTH M0 OTHOLIEHHIO K
oTfienbHBIM Knaccam 3arpa3HuTeneH, 3aBHCH-
el or THMa Topda, MOXHO paspaboraTh
Hay4HooHOCHOBaHHble peKOMeHAALHHH 10
HCIONb30BaHMIo TOpdOB H APyrnx Oorarbix
ryMycoM MatepHa/ioB B Ka4ecCTBe [ETOKCHKaH-
TOB /1A BOAHOM M nNo4BeHHOM cpeapl. Cyiie-
cTBoBaHHE OO/IbLUHX 3aMacoB MPHPOAHbIX HC-
TOYHHKOB T'yMyCOBbIX BEIIECTB, TaKHX Kak
Topd H canpomnenb (03epHble AOHHbIE OCAAKH)
C OHOM CTOpPOHbI H PA3BHTOrO IMpPOH3BOACTBA
yaobpeHd M OHOCTMMYNATOPOB HA OCHOBE
rymyca c /ipyrol CTOpOHbl, fAenaeT faHHyIo 1po-
6aeMy npakTH4eCKH 3Ha4HMOH. KpoMe Toro,
HHGOpMaUHA O «CPOACTBE» OXapaKTepH3oBaH-
HbIX TOPGAHLIX TYMYCOBbIX KHCAOT K onpese-
NeHHOMYy KNacCy CoeAnHeHWH MoMeT ObiTb MC-
noab3oBaHa A AanbHeHIINX HcCaeaoBaHHH
Nno HanpabBieHHOMY CHHTe3Y CheLH(PHYECKHX

[ETOKCHUHPYIOLIHX areHToB HAa OCHOBE TOpdA-

HOro rymyca.

[lpnHHMaa BO BHHMAHHE BblllleCKa3aHHOE,
Mbl fonaraeM, YTO [IpeACTaBleHHble HHKe
pe3ynbTaTbl 3KCNEepPHMEHTANbHBIX HCCIea0Ba-
HHH MOXKHO CYHTATh NEPBLIM IAaroM K pelle-
HHMIO AaHHBIX npobaem. ' :

B nacrosuen pabore Haydanach cnocob-
HOCTb pa3fH4HbIX ryMycocoaepKallluX MarepH-
anoB CHUMATh GHONOTMYECKYI0 AKTHBHOCTD Ta-
KHX 3KOTOKCHKAHTOB KaK TAXeble MeTanabl,
nonxHapoMarnyeckne yraesogopoasl (IIAY) wn
NeCTHUHAbI. JKCNEPHMEHThl C TAMKENBIMH Me-
TanaaMH H [IAY mnposBoAHNHCh B BOAHOH, a C
nNecTHIHAAMH — B NOYBEHHOH Cpese.

Aas 3KCrepHMeHTOB B BOAHOM Cpede HC-
MOb30BANNCH BblAENEHHbIE H OYHILEeHHble 06-
pasibl peYyHbiX, MOPCKHMX, [OYBEHHBIX H TOP-
¢AHBIX TYMYCOBBIX KHCIOT. Kak H3BECTHO, B
NPHPOAHBIX BOAOEMaX TyMyCOBble BeLIEeCTBa
cocrapaAloT or 60 ao 90% or obuero
KONMYecTBa pACTBOPEHHOTO OpPraHHYeCKOro
Bellecrsa (8).

TOKCHYHOCTB TPeX onacHbIX ANA BOAHBIX
JKOCHCTEM TAXKeblX MeTannoB - KaaMus,
MeaH H CBHHL@ — PErHCTPHpOBaIach B MPHCYT
CTBHH NePEYHCAEHHbIX Bblll€ I'YMyCOBbIX KHC-
10T pa3AM4YHOro MpoHCXomAeHHA. B Kauyecrse
TeCT-00beKTa HCNoNb3OBaNH KyabTYpy 3ene-
Hor Bopopocad Chlorella Vulgaris, a B kaue-

- The other aspect of the problem under
consideration, which can bring investigations
on potential detoxifying properties of humic
acids directly in the field of practical agricultural
research - is related to the existence of large
natural resources of humic substances — such
as peat and sapropel (lake bottom sediments)
and, besides, quite good developed industry
of both humic fertilizers and biostimulators
production. Under conditions of proved detoxi-
fying impact of peat humic acids and, moreo-
ver, known specific activity to certain chemi-
cals depending on the kind of peat they were
extracted from, motivated use of peat and ot-
her humics-enriched materials as detoxicants
for water and soil media can be- developed.
Besides, information about «affinity» between
characterized peat humic acids and certain
kind of chemicals can be used for the fol-
low-up research on directed synthesis of
specific detoxifying agents on the basis of
peat humics.

Having in mind the given considerations,
we believe that the presented below experi-
mental results can serve us as an initial step
in approaching the discussed field.

In the presented research different humics-
containing materials were checked on their
ability to mediate biological activity of such
ecotoxicants as heavy metals, polyaromatic
hydrocarbons (PAHs) and pesticides. Experi-
ments with heavy metals and PAHs were
conducted in aqueous medig with pesticides
~ in" soil media.

Purified isolated samples of riverine, marine,
soil and peat humic acids were used for the
experiments in aqueous media, where in
natural conditions these substances comprise

- from 60 up to 90 % of the total dissolved orga-

nic matter (8).

The toxicities of three dangerous for wa-ter
ecosystems heavy metals ~ cadmium, copper
and lead - were registered in the presence of
listed above humic acids of different origin. As
a biotarget was used green algae Chlorella
vulgaris, as-a test-function — photosynthetic ac-
tivity, determined by the fluorimetric method.
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crBe TecT-QyHKUHH - (POTOCHHTETHYECKYIO
aKTHBHOCTb, onpeaeneHHylo ¢ayopHMeTpH4ec-
KHM METOAOM.

BanAHHe pevnbix 'K Ha mTokcH4yHoOCTb T1AY
HccaenoBanoch Ha Mpumepe ¢ayopaHTeHa H
deHanTpeHa. B KauecTse TecT-00beKTa HCNOMb-
sosanuch Chlorella Vulgaris n npeacrasnrenb
pakooOpazHbix —~ Daphnia Magna; B KavecTee
TecT (PpYyHKUHH — (POTOCHHTETHYECKAR H NHLUE-
Bad akTHBHoOCTb AaA Chl. Vulgaris H D. Magna,
COOTBETCTBEHHO. [IHllleBaA aKTHBHOCTb pe-
FHCTPHpOBanach No H3MeHeHHI0 (POTOCHHTETH-
4eCKON aKTHBHOCTH BOAOPOCHH, KOTopas Ciy-
XKHOa MHILEH AdA PaYyKoB.

fAaAa no4seHHOH cCpeabl HCNONB3OBANIHCH
cofepxallye ryMmMyc npupoaHble MarTepranbl
(ropd H canponenb), a TAK Ke MPOH3IBOAHMble
NpPOMBILLIEHHOCTBIO TOP(AHbIE 'MAPONHN3ATLI
(rHAporyMar H OKCHryMar), HCIo/b3yemblie B Ka-
yecTBe GHocTHMynATopos. Hecnegopanoch Ban-
AHHME yKasaHHbIX MaTepHaloB Ha TOKCHYHOCTb
COBpeMeHHOro necriunga [rnH, OTHOCHALLe-
rocA K Knaccy cynb¢dOHHAMOUEBHH. B Kavecrse
TecT-06bekTa Oblia BbiGpaHa KyKypysa; Ono-
(10THYECKHHA OTK(HK PErdCTpHpPOBAlH CpaBHe-
HHeM GHOMACCHI PacTeHHH, BblpalleHHbIX Ha
cogepxaulen necruyra no4se B TNPHCYTCTBHH
ryMycocodepXKalliX MaTepHanob H 6e3 HHX.

{InA OLlEHKH AETOKCHUHpYIOLIEeH Crnocob-
HOCTH H3y4eHHbIX T'YMyCOBbIX BewecTB HaMH
6bl1 BBEAEH NapaMeTp «[IPOLEHT AETOKCHKa-
UHH», KOTOPbLIH PACUMTBIBANCA MO Caedylollen
opmyae:

R.(R,~ R

o' d d+t)

D=1 - .+ 100%

R, (R~ R)
rge

D - npoueHT AeTOKCHKALIHH;

R - 6HONOrHYEeCKHHA OTKAHK {414 BOAOPOCAH
- (HOTOCHHTETHYECKAaA AKTHBHOCTb, A(1A
pavyKkoB - MHUEBaA AKTHBHOCTb, ANA
KyKypy3bl ~ cyxaa GHomacca);

R, - 6HONOrMyecKHi OTKANK B KOHTPOIbHbIX
3KCIIepHMEeHTaX ~ TeCTHpyeMas cpeda Kak
6e3 TOKCHKAHTa, Tak H 6e3 [1eTOKCHKAHTA;

R, - 6HONOrHYEeCKHHA OTKAHK B MPHCYTCTBHH
AETOKCHKaHTA;

R, - 6HonorHyecKkHA OTKIHK B MPHCYTCTBHH
TOKCHKAHTa;

R,,~ BHONOrMUECKHA OTKAMK B NPHCYTCTBHH
KaK TOKCHKAHTa, TaK H [eTOKCHKaHTa.

The influence of riverine HA on  PAHs
toxicities was tested for fluoranthen and
phenanthren. As a biotarget was used Chlorella
vulgaris and aquatic crustacean Daphnia magna,
as a test function ~ photosynthetic and grazing
activities for Chlorella and D. magna respective-
ly. Grazing actuvity was determined by mesure-
ment of photosynthetic activity of algae —a food
for D. magna.

For the soil media, different humic acids
containing materials of natural (peat, sapropel)
as well as artificial (hydrohumate and oxyhu-
mate — peat hydrolysates, commercially avail-
able biostimulators) origin were used for the
experiments aimed to elucidate impact of these
materials on the toxicity of modern super
pesticide Glean - representative of sulfonyl-
ureas. As a biotarget was chosen corn, the
biological response was registered by‘compar-
ing biomasses of the plants grown on contam-
inated soil in the presence of humics-enriched
materials and without them.

For the estimation of detoxifying ability of the
tested humic substances we introduced a
parameter «percentage of detoxification», which
was calculated by the developed formula:

R,(R, - Ry + )

D=1 - - 100%

Ry (R~ RY

where

D - per cent of detoxification;

R - biological response, for green algae -
photosynthetic activity, for D. magna -
grazing activity, for corn plants - dry
biomass;

R, ~ biological response registered in the
control experiments - tested medium
without either toxicant (heavy metals,
PAHs or Glean) or detoxicant (humics
materials);

R, - biological response in the presence of
detoxicant;

R - biological response in the presence of
toxicant;

R,,.~ biological response in the presence of
both detoxicant and toxicant in the same
tested medium.
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(aHHaa ‘c¢opMyna MNO3BONACT BBIMIEHHTD
TONbKO AETOKCHLHPYIOWHH 3P PeKT, MOCKOAbKY
appekT yaobpeHHA [FIO4B [yMycocoaepa-
IMMH MaTepHanaMu 1pH TakoM crnocobe pac-
Yyera HCKaloyaercH.

PesynbTarsl NMpoBeAEHHbLIX 3KCINEPHMEHTOB
npusBedeHbl Ha pnc.1-4.

Kak BHAHO H3 pe3ynbTATOB 3JKClEPHMEH-
TOB, NPOBEAEHHBLIX B BOAHOH Cpeae, coaepxa-
llen TAXKenble Meraansl (puc.l), B npHCyTCT-
BHH rYMyCOBbBIX KHCNOT TOKCHYECKHHH 3P deKT
Ha BOAOPOCAL 3HAYHTENbHO CHHAKAETCA. JTa
OCHOBHaA TeHaeHUHA Habalogaerca A Bcex
YeTbipeX THNOB HCCNEAOBAHHbBIX TIyMyCOBbIX
Kucnot, OAHAKO, caeayerT OTMETHTD, YTO MOpC-
KHe FYMyCOBbl€ KHCAOTbI OKa3blBalOT ropasao
6onee cnaboe AETOKCHLMpYIOLlEe AEHCTBHE
KaK Ha Meab TakK H Ha KaaMHH,

D,%

100
80 C
u
60" . .
40
20

100
80
60 oe

40 Cd

20

KoHueHTpauma 'K, mr/n

Use of the given formula allows to evalu-
ate a pure detoxification effect, - effect of
additional fertilization caused by inducing of
humic materials into the tested media is
eliminated by the given technique of calcula-
tion.

Results of the conducted experiments are
presented in Fig.1-4.

As can be seen from the results of the ex-
periments conducted in aqueous media con-
taminated with heavy metals (Fig.1), in
the presence of humic acids the toxic im-
pact on algae is greatly reduced. This gene-
ral trend is valid for all four kinds of humic
acids tested. However, while the detoxifica-
tion efficiencies of peat, soil and riverine hu-
mic acids are very close one to another,
marine humic acids stand out of this series,
exposing much weaker detoxification impact
on Cu, as well as Cd. This can be explained
by the structural peculiarities of marine hu-
mic acids, which are characterized by the
predominance of aliphatic structural units
(9), followed by the reduction in chelating abi-
lity of these substances in comparison with
such highly aromatic structures as peat, soil
or fresh water.

D,%
100

80
60 2+
40 Pb
20
0

0 10 20 30

—o— TOpdaHbIe 'K
—M— peunbe 'K

—&— MNO4YBEHHLIS
Nk

—a— Mopckune TK

PHCYHOK 1. KoHueHTpauHOHHaf 3aBHCH-
MOCTb AeTOKCcHUHpyouwero adgdekra rymyco-
BbIX KHCaOT (I'K) pasaM4HOro NMpoHCXoK/AeHHA
No OTHOLIEHHIO K TAXKelbIM MeTannaM (3Kcne-
pumentbl ¢ Chlorella Vulgaris).

FIG.1. Concentration dependencies of de-
toxification effects of humic acids (HA) on he-
avy metals in relation to Chlorella vulgaris.
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PHCYHOR 2. TlogaBaeHHe doTocHHTEeTHYEC-
KOH aKTHBHOCTH Xaopenabl (B % oT KoHTpona)
¢ayopaHTeHoM (0.7 Mr/a) B 3aBHCHMOCTH OT
KOHUeHTpalHH rymyca: 1 ~ 100 mr/a; 2 - 10
mr/a; 3 — 0 mr/n. Bpema npeasapHTenbHOR
BbIAEPXKKH dayopaHTeHa B pacTBope C TyMy-
com: A - 12 vacos; b ~ 96 vacos.

FIQ. 2. Photosynthetic activity of Chlorella
vulgaris (% of the control culture’s one) in the
presence of fluoranthen (0.7 mg/l) versus
concentration of riverine HA in the cultivation
medium (mg/l): 1- 100, 2 - 10, 3 - 0. Contact
time for fluoranthen and HA before bringing

in the algae: A - 12h, B - 96h.

D, %

100

80 /
] L w{

01 A=

40 | //. —a&— Phen
e i ~4— FI

20 ¢

0 st
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KonueHTtpauusa 'K, mr/n

PHCYHOK 3. flerokcukauua [AY no oTHo-

FIG.3. Detoxification of PAHs by riverine

wehnio K Daphia. Magna pedHbIMH rymyco- | HA in relation to Daphnia magna. Phen -
BbIMH KHCnoTaMH. Phen - ¢enanTpen, 0.5 | phenanthren, 0.5 mg/l; Fl ~ fluoranthen, 0.13

mr/a; Fl - dayopanTeH, 0.13 mr/a.

mg/l.
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Torga Kak O3@EeKTHBHOCTb AETOKCHKALHH
TOPPAHBIX, NOYBEHHbIX M PeYHbIX ryMyCOBbBIX
KHcaoT 6nu3Kka. IToT GaKT MOKHO OOBACHHTD
CTPYKTYPHBIMH OCOBEHHOCTAMH MOPCKHX TyMy-
COBBIX KHCAOT, KOTOpbi€ XapaKTepH3YIOTCH
npeobaagaHreM anHdaTHIECKHX CTPYKTYPHBIX
¢pparmenToB (9), 4TO NPHBOAHT K CHHXKEHHIO
XenartHpyiowed CnocobHOCTH 3THX BEILECTB Mo
CPaBHEHHIO C BbICOKOAPOMATH4YHbIMH CTPYKTY-

humics. The conclusion which can be drawn
from these results is that marine environ-
ment can be considered as much more
vulnerable to the toxic impact of heavy metal
contamination than fresh water or soil ecosy-
stems. It means, that at the same level of
pollution the ecological consequences for ma-
rine environment can be much more severe,
This fact demonstrates that existence of the

20+0.4

PHCYHOR 4. [lerokcHumpyouni addekr
PasH4YHbIX TYMycOCOAepMKalluX MaTepHanoB
no OTHOLIeHHI0 K reGuunay auH.

a ~ aKTHBHPOBAHHBIH Yrob;

b - okcuryMmar; '

C ~ rHAPOryMar;

d - ornpbICKHBaHHE OKCHIYMAaTOM;

€ — ONpbICKHBaHHE T'HOPOryMaTOM;

f ~ canponeb;

g ~ canponefb + rHAporymar;

h - Topd No3; k - Topd NolO.

*Yucna Hag KONOHKaMH 0603HA4aloT A03bI
feToKcHKaHTa (1/I'a).

FIG.4. Detoxification effect of different hu-
mics-countering materials on pesticide Glean
a - activated charcoal;
b - oxyhumate;
¢ - hydrohumate;
" d - oxyhumate by sprinkling;
e — hydrohumate by sprinkling;

f - sapropel;
g - sapropel + hydrohumate;
h - peat No3;

k —~ peat Nol0O
*Numbers above the columns mean the
dose of detoxicant, tons per hectare.

paMH rymyca Topda, Mno4sbl H MpecHbIX BOA,
Ha ocHoBe MOAy4eHHBIX Pe3ynbTaToB, MOXHO
npeanono-AMHTh, 4TO MOpcKad cpeaa Ooaee
YA3BHMA K TOKCHUYECKOMY [eHCTBHIO TAZKeNbIX
METAI10B 4eM IpecHble Bodbl H TO4YBEHHblE
9KOCHCTEMbBI. DTO O3HAYAET, YTO NPH TOM XKe
YPOBHe 3arpA3HeHHs SKOorH4eckHe nocnea-

same maximum permissible levels of heavy
metals for fresh water and marine ecosystems
is illogical in terms of real danger which these
contaminants exposed to the environment.
Results of experiments with PAHs in aqua-
tic media (Fig. 2,3) indicated that HA caused
50% detoxification impact on PAHs in rela-
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CTBMA A MOPCKOW cpeabl MOryr ObiTh ro-
pa3ao 6onee TAXKenbIMH, CaenoBaTenbHo, cylle-
CTBOBAHHE OAHHAKOBbIX [pedenbHO Aony-
CTHMbIX KOHLIEHTpaUHH TAMenblX METaNnoB ANA
NpeCHOBOAHbIX H MOPCKHX 3KOCHCTEM Heo-
GOCHOBAHHO C TOYKH 3peHHA peanbHOH onac-
HOCTH gaHHBLIX 3arpA3HUTENeH AA onpeaenex-
HOH MpPHPOAHOH CpeAabl,

Pe3ynbTaThl TOKCHKONOTHYECKHX 3KCnepy-
mentoB ¢ [IAY (pHc. 2,3) nokasanu 4TO NpH
KOHUEHTpalHAX
AANA peyHblX BOA, MYMyCOBbl€ KHCNOTbl OKa3bl-
BaloT 50% AeToKcHuMpyoulee gencrsve. Cae-
posateabHo, 'K ABAAIOTCA AOCTATOYHO 3¢~
¢eKTHBHbIMH aAeTOKCHKaHTamu aaa [IAY B
BOAHOH cpeae.

Pe3ynbTaTbl TOKCHKONOT'H4ECKHX 3KCNEpH-
MEeHTOB B MO4YBeHHOH cpeae (PHC.4) MnoKasbl-
BAlOT, 4YTO BCE HCCAeAOBaHHble rymycocoaep-
XKallde maTepHanbl B Gonbllied HOH MeHblUeH
cTeneHn 00NanalOT AeTOKCHUHPYlolLEeH cro-
COBHOCTBIO MO OTHOILEHHIO K TMeCcTHLHAY
T'aHH, npHveM HX aKTHBHOCTb cpaBHHMa nH60
6onblle HeM y aKTHBHPOBAHHOINO yrad — [0-
craTodHo 3¢ @PEeKTHBHOrO arpoMmenHopaHTa
(10). OaHaKo, pasbpoc pesynbTaTOB CyLIECT-
BeHHO 6Goablue, 4eM AR 3KCNEePHMeHTOB B
BOAHOH Cpede, YTO MOXHO OOBACHHTb 3Ha-
YHTE(IbHBIM BAHAHHEM HErYMYCOBbIX KOMIIO-
HEHTOB AaHHbIX MaTepHanos. Tem He MeHee,

MOXHO cAaeaaTh BbIBOA, YTO rymycocodepxa-
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tion to D. magna under concentration range
10 - 50 mg/! which is characteristic for natu-
ral waters. Therefore HA are effective detoxi-
cants of PAHs in waters.

Results of toxicological experiments in
soil media (Fig.4) also showed that all of the:
tested humic-enriched materials to bigger or
less extent possessed detoxification abilities
in relation to pesticide Glean, which was on
the same level or higher than that of activa-
ted charcoal - quite efficient agricultural me-
liorant (10). However, the results are much
more scattered than for the discussed above
set of the experiments, apparently reflec-
ting influence of not only humic component
of these materials but of the other factors
as well,

Nonetheless, the conclusion can be made,
that humic-containing materials can be used as
effective detoxicants for agricultural needs, but
the extended research is in need on the
selectivity and efficiency of their action on the
different groups of the contaminants.

WHe MarepHaabl MOryT ObiTh HCNONbL3OBAHbI
B KayecTBe 3(PPEKTHBHLIX AETOKCHKAHTOB B
CenbCKOM X03AHcCTBe. nA 6onee KOHKPeTHBIX
peKkomMeHgalH# HeoOXOAHMbl pacllHPeHHbIE
HCCIeAOBAHNA CENEKTHBHOCTH H  3(QEKTHB-
HOCTM WX ACHCTBHA Ha pasiH4Hble TPyNibi
3arpasHUTene.
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HEOTAOMHAA 3AAYA MHPOBOI'O
‘COOBILECTBA MO PEIIEHHIO MPOB(IEMbI
3AHIMTDI MAAHKTOHA OT 'MBE(HN B

MMAPOMAILHHAX.
[P W e e

Mocroes B.C., npo..4.T.H., AQO'HeBCKHH',
MMataknH B.H., npo 4.7.H.. (TeCOTeXHHYECKan
aKaqeMHA.

[To agaHHBIM HccaegoBaHnA (199092 rr.)
nerepOYPrckUX ydeHblX B TypOHHax BbICOKO-
HanopHbix I'SC MOYTH TMOMHOCTLIO pa3pylla-
ercd M rmbHer 300 H (HTOMNMAHTOH, B HH3-
KoHanopHsix [DC -75%, B BHHTax CydoB, B
HacoCHbIX cTaHUuMaX Ao 70% H Bbiuwe.

[MokasaHa CBA3b 23TOro ABIEHHA C KaBH-
TAUMOHHBIMH MpOLECCaMH B THAPOMALIHHAX.
MpeacraBieH Mexanu3Mm pa3pylleHHA TaaHk-
TOHa.

Boz/eACcTBME Ha OKpyXKalollylo cpedy oOf-
pPOMHOrO KoaHvecTBa paboTalolinx B MHpe
TMAPOYCTaHOBOK (4epe3 HX - MPOToYHble Ka-
Halbl TPOXOAAT [ECHTKH ThICAY KyOHMYeCKHX
KHAOMeTPOB MMPHPOAHOH BO/BI) OUEHH- Baer-
¢ Kak CHabHeHwn#A ¢akTop rnodanbHOro
HeraTHBHONO BAWMAHWA Ha BOAHbIE 2KOCHCTe-
Mbl 3eM(H.

B pesyabrare runbend MNAaHKTOHA pe3Ko
HapywaloTCA MPOLECChl CAMOOYHILEHHA BOAO-
€MOB, HOeT HenpepbIBHbIA TMpPOUECC HX 3a-
rpA3HeHNA MepTBOH OpraHMKoHM mnorubuero
NIAHKTOHA. B 3THX YCIOBHAX CylECTBEHHO
BO3pacTaeT pofb XO3ANCTBEHHBIX CTOKOB Kak
3arpAsHUTEned BOAOEMOB

MokasaHo, 4YTo HMeHHO B Hebaaromno-
ay4HbiX ("GONbHBIX") BOAHbBIX pErMoHax nMeer
MecTo Hanboablliasn NIOTHOCTb pabOTAIOWINX

CyaoB BOA-HOro TpaHcrnopra, Typbun [I'3C,
HaCoOCHbIX  CTaHUMA. TakKHMMHM  pervoHaMH
apaAlorcA: Boara, [yHan, (denp, EHHcen,

AHrapa, Hua, PeriH u MHOrHe /[pyrue pekH,
MOpA H o3epa: A30BCKoe, YepHoe, KacnHi-
ckoe, BaatuAckoe, KpacHoe, CpeaHieMHoe,
(lagoxKCKoe H Ap. B pas(IHYHbIX KOHTHHEHTax
MHpa.

[To KONN4ecTBy W 2HEePrOEMKOCTH THApOMa-
WHH (PHApaBAHYECKHX M HaCOCHBIX CTaHLHH,
BOAHOrO TpaHcnopra) BadTHACKUA pernoH 3a-
HHMaeTr OAHO M3 MepBbIX MECT B MHpe.

Bo Bcex perHoHax Mupa Kad4ecTBo BO/bl C
KasKabIM T1odoM yXyduwiaeTca M 3TO  FIPOHC-
XxoauT He ©e3 mnoMoOWM OFPOMHOIO  KO(IH-
YyecTBa paboTaloLHX I'HAPOYCTaHOBOK.

[loaToMy B KOMIKICKCE DelleHHA 3Koaory-

"URGENT TASK OF THE WORLD COMMUNITY
TO SOLVE THE PROBLEM OF PLANCTON
CONSERVATION FROM DESTRUCTION IN

HYDROPLANTS"

Postoyev V.8, professor. A.O. Nevshky"
Patyakin V.J. professor. Forest Technical
Academy

According to the investigations (1990-91)
of St.Petersburg scientists zoo- and phyto-
plankton is almost completely destroyed and
damaged in the turbines of high-head hydro-
electric stations(HES), in low-head HES 75%
and in the screws of water transport and
pumps up to 70% and more are destroyed.

The connection of this phenomenon with
cavity-forming processes. in hydroplants s
shown. The mechanism of plankton dest-
ruction is described.

The influence of the enormous number of
hudroplants, operating in the world, on the
environment (dozens of thousands of natural
water cubic kilometres flow through their
canals) is considered to be the strongest
factor of global negative effect on water
ecosystems of the Earth,

Plankton destruction results in abrupt
deterioration of selfpurification processes in
reservoirs and their continuous pollution with
dead organic substances. Under these con-
ditions the effect of commercial flows,
polluting reservoirs, becomes more essential.

It is illustrated that just in unfavourable
("sick") water rigions the intensive exploitation
of water transport, HES turbines and pumping
plants takes place. Such regions are: the
Volga, the Danube, the Dnieper, the Yenisei,
the Angara, the Nile, the Rhine and many
other rivers; seas and lakes: the Azov, Black,
Caspian, Baltic, Red Seas, the Mediterranean,
Lake Ladoga and the like in various con-
tinents of the world.

By the number and power consumption of
hydroplants (hydraulic and pumping stations,
water transport) the Baltis region takes one
of the first places in the world.

In all the world regions the quality of
water becomes worse .every year, this hap-
pening due to the great number of operating
hydroplants.

As a result, conservation of plankton from
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YyecKMx npobGneM BOAHBIX CHCTEM 3adaua
3allMThl NAaHKTOHa ot rbean B rHApo-
MaWnHax HABIAEICA CeAYac OAHOA W3 Ha-
nbonee akTyanbHbIX M HEOTAOXHbIX, Be3 ee
peuleHHAa HeBO3MOMHO BOCCTaHOBHTb Hapy-
LIeHHOe XO3AMCTBEeHHON [AeATeNbHOCTbIO ue-
(IOBEKA 3KOAOTHYECKOe paBHOBecHe Ha 3eMde.

PazpaboraH 3¢EKTHBHBIA MeTOod 3allHTbl
NaaHKTOHa oT rubenn, CyTb KOTOPOro B TOM,
yro B paboTallWHX T'MAPOYCTAHOBKAx co3da-
IOTCA TaKkHe peXHMbl PaboTbl, NMPH KOTOPbBIX
HCKAIOYaeTCA pasBUTHe KaBHTaUMOHHBIX Npo-
LleCCOB  HAa  IIAHKTOHHBIX  OpraHH3Max.
MaadkToH 6n1aronoay4yHo MPOXOAHT TMPOTOY-
HbIA TPAaKT MalllHHbI.

MeTod 3aulMThl IKIAHKTOHA TNpOBEpeH B Ha-
TYPHBIX yCAOBMAX Ha TypOuHax Ycrb-Hanm-
ckorn DIC (peka AHrapa). llokasaHo, 4TO B
GezonacHblX pexnMax paboTbl  TYpOHHBI,
Hapady C 3auMTON TAaHKTOHA, YaydulaloTcA
AKCNyaTallHOHHbIE XapaKTePHCTHKH: [10BbIlIA-
eTca  K.M.4. TypOHHbI, 3HAYHTEIbHO CHHXKa-
I0TCA  KaBMTaLMOHHOE BO3deACTBHE, BHOpa-
LMK, NyabCallH TMOTOKa W WyM B Mpo-
M3BOACTBEHHbIX MoMeleHHuAX. [lepesoa Typ-
.6uH TIAC Ha 3KomorvyeckH OesomacHble
peMHUMbl 3KCNyatauuH He TpebyeT nepedenku
MeXaHH3MOB MallMH H H3rOTOBAEHHA Ca0XK-
Horo oOopygoBatvA. KanuTaabHble 3arpathbl
HecylecTBeHdHbl H OblcTpo oKynawrtcA. Hagen
¥ MpedaoeHNa 3allliThl MIAHKTOHA, peany-
30BaHHble Ha paboraowen TrHAPOTYpOHHe,
BMOIHE TMPHUrodHbl H MOryr ObITb HCIOAb-
30BaHbl NpH OpraHH3aUvH 3alUThl TMIAHKTOHa
B BHHTaAX BOJAHOrO TPaHCIOpPTa ¥ HaCOCHBIX
CTaHLHMAX,

[IpeanaraeTca reHepanbHblid NaH AeACTBHA
A(A pellleHys - 3a/1a4YM 3alUThl TIAHKTOHa B
paboTtalollpx H co3gaBaeMbIX THAPOMallHHAaxX
C AOCTHXKeHMeM ceayiolled IMIaBHOH LenH:
- B TeyeHne 6-8 ner Bce paboraiollive B MHUpe
rHApoMalliMHbl Ha TMPHPOAHOA BOAe, IMpea-
CTaBAAIOLIME OMACHOCTb A0A OKpPYMKalowweH
cpe/bl, NepeBeCTH Ha JKOAOTHYeCKH Oesonac-
Hble peMHMBI JKCITyaTalHH.

AaA AOCTHAKEHHA 3TOA LN aBTOPbI
CHHTAIOT HeOoOXOANMbIM OOBEANMHUTL HAY4YHbIE,
TEeXHHYECKHE H 3KOHOMHYECKHE BO3MOMHOCTH
MHPOBOrO Co00IleCTBa H CO3AaTh B .
C.Ierepbypre MeMayHapOAHBIH LUEHTP 3KO0-
rHyeckoi 6e30nacHOCTH rHApoMalliMH Mogd
arnaor IOHECKO, IOHEIN, IOHHAO, MPOOH u
He3aMeAMUTeNbHO HavaTh paboTsl NMOBCIOAY H
fipex/ae Bcero B 3KOMOTrH4eckH Hebaaroro-
(y4HbIX perHoHax MHpa.

destruction in hydroplants is now one of the
most buming issues in the set of ecological
problems to be solved. Without its solution it
would be impossible to restore the ecological
balance on the Earth up set by the industrial
activities of man.

The authors have worked out the efficient
approach to plankton conservation from de-
struction, the essence of which being the
introduction of operating conditions, that
eliminate the development of cavity-forming
processes on plankton organisms. Plankton
passes through the running water section of
the machine quite safely.

The method of plankton conservation was
tested on location at the turbines of Ust-
llimskaya HES (the Angara river). 1t is
shown that the introduction of safe operating
conditions, along with plankton conservation,
improves the operating characteristics: the
turbine efficiency grows, cavitational effect
becomes lower to great extent, as well as
vibration, flow pulsation and noise in
industrial premises. The introduction of
ecologically safe operating conditions doesn't
require reconstruction of machine me-
chanisms of production of sophisticated
equipment. The expenses involved are in-
significant and quikly paid. The idea and
proposals, concerning plankton conservation
and being realtzed at the operating hydro-
turbine, are quite suitable and useful for
plankton conservation in acrews of water
transport and pumping plants.

The general plan of activities aimed at the
solution of themain problem is put forward:
in the course of 6-8 years at all world
hydroplants, utilizing natural water, ecolo-
gically safe operating conditions are to be
introduced. ‘

To achieve this aim the authors consider it
necessary to unite scientific, technical and
economic means of the world community, to
set up St.Petersburg branch of International
coordinating centre for ecological safety of
hydroplants, sponsored by UNESCO, UNER,
UNIDO and PROON and to start immediate
work everywhere, first of all, in unfavourable
regions of the world.
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COBPEMEHHBIE METOAbl OYHCTKH
CTOYHBIX BOJ OT BO3BYAHUTEEN
NMAPA3ZHTAPHbIX BO/IE3HEH

Pomanerrko H.A., npogeccop,

Ceprues B.[1., npogheccop,

beap C.A., npogeccop,

HoBocuasyes INH., KaHq Meq Hayk.
HHCTHTYT MEAHUHHCKOH [1aPAa3sHTOIOrHH
H TPOITHYECKOH MEqHLHHbI

uM. E.H, Mapyurosckoro, Mocksa.

Crovnble BOAbl, ABAARCH MPOAYKTOM XO3AH-
CTBEHHO-OBbITOBOH M TNPOH3BOACTBEHHOH Aef-
TEbHOCTH Ye10BeKd, MOryT coAepXKaTbhb BO3-
GyanTener napasHTapHbix Oonesnd. Ha Teppw-
TOpHH PoccHAcKoH deaepaunn B HHX Hanbonee
4acTo OOHAPYAKHBAIOTCA AHLA aCKApHA, OCTPHL,
BAAcOMaBoB, TEeHHH, OIMHCTOpPXHA, AHPHANO-
GOTPHHA, LIMCTbl AM3EHTEPHHHON ameObl, 1AMO-
(IHH, GanaHTHANA, OOLHCTBI KPHITTOCNOPHAHH.

CoaepxaHHe HX B HEOHYHLIEHHBIX CTOYHbIX
BOAAX Konebaercs OT HECKOObKHX eAHHHI|
[0 HECKONBKHX COTEH M Aaxe ThICAY HA O4HH
anTp. OHO HEMOCTOAHHO KakK B TEYEHHE CYTOK:
6onblue BCero oHH oBHapyKHBAIOTCA B YTPeH-
HHe H BevepHHe 4Yacbl, TaK W MO Ce30HaM
roaa - Hanbonbllee B 0CeHHe-3HMHe-BECEHHHH,
HanMeHbllee — B (1IeTHHH NepHoA.

HHTEeHCHBHOCTh. 0BCEMEHEHHA CTOYHBIX BOA
AHLUAMH TeNbMHHTOB H LIHCTAMH KHILUEYHbIX
NATONeHHbIX MPOCTEHIUHX 3aBHCHT OT YPOBHA
NOpaKeHHOCTH Mapa3HTO3aMH HaCeneHHA, XH-
BOTHBIX, KaHaan3oBaHHA HACe(leHHbIX MecCT,
pacxoaa BoAbl MHTEAAMH.

COpOC HeOUHILEHHbIX CTOYHBIX BOJ B TO-
BEPXHOCTHble BOAOEMbI HAH Moga4ya HX Ha
OpOILIEHHE  CebCKOXO3AHCTBEHHBIX KyAbTYp
CMOCOOCTBYIOT PACMPOCTPAHEHHIO [lapa3HTap-
Heix OonesHen cpedH Hacene-HHA, AOMALUHHX
H CebCKOXO3AHCTBEHHbIX ZKHBOTHBIX. B CBA3H
€ 3THM POCCHHCKOe CAHHTpaHOe 3aKOHOAaTeNnb-
cTBO Tpebyer ob6A3aTe1bHON NpeaBapHTenbHOM
HX NOANOTOBKH Ha OYHCTHBIX COOPYXKEHHAX.

O4HaKo, MpHMeHAEMble AA ATOTO MEeTO/bl
HMEIOT pasinyHyio GapbepHylo (hyHKLHIO B OTHO-
WeHHH Bo3byaHTened napasHrapHbiX 60-n1e3Her.

METHODS OF WASTEWATER
TREATMENT FOR REMOVAL
OF PARASITIC PATHOGENS
L
ROMANENKO N.A., Prof.,
SERGIEV V.F., Frof,
BEER S.A., Frof.,
NOVOSILCEV G.1.,Fh.D.
MartsinovsKky Institute of Medical
Farasitology and Tropical Medicine,
Moscow, Russia

Excreta and wastewater generally contain
high concentrations of excreted pathogens,
especially in countries where diarrhoeal disea-
ses and intestinal parasitoses are prevalent.
Eggs of intestinal helminths (Ascaris lumbri-
coides, Enterobius vermicularis, Trichuris tri-
chiura, Taenia spp., Opistorchis felineus, Diphy-
llobotrium spp.) and cysts (oocysts) of protozoa
(Entamoeba histolytica, Lamblia intestinalis,
Balantidium coli, Cryptosporidium spp.,) have
been detected in samples of sewage from
different parts of Russia.

Concentrations of these pathogens are
varied from several items to several thou-
thands in one liter of wastewater. The higher
concentrations during a day have been regis-
tered in mornings and evenings. The lower
concentrations during a year have seen noti-
ced in summer months.

Potential health hazard exists in recrea-
tional areas where wastewater conaminated
surface water or in agriculture or aquaculture
where wastewater or sewage were used in
irrigation without treatment or after partial
treatment. Neither form of reuse of wastewa-
ter was concidered acceptable from health
point of view. That is why strict standards
were adopted by the legislation of Russian
Federation for a special treatment of waste-
water before the reuse,

The engineer designing a wastewater-
treatment procedure for a reuse scheme
needs to know to what degree excreted
pathogens must be removed. Appropriate
design guidelines will make it possible to
select the watewater technology and reuse
management techniques which will be reliable
achieve the health protection against parasitic
pathogens necessary.

Conventional wastewater and sewage treat-
ment systems (plain sedimentation, production
of activated sludge, and use of biological

1146



1. CoopyXeHHA MeXaHH1YeCKOH OYMCTKH (pe-
LIETKH — NeCKONOBKH ~ OTCTOMHHKH) — obecre-
YyHBalOT OCBOOOKAEHHE CTOYHBIX BOA OT AHL
reqbMHHTOB Ha 17-42%, LHCT KHIIEYHbIX
npocredwnx — 8-51%. B BepTHKanbHbIX OT-
CTOFHHKax 3aaepxnBaerca or 33 ao 53,6%
AHL, r'eq1bMHHTOB.

2. Aspo- H 6uocTaHuuH — Ha 86,4-98,2%
78,8-96,4%, coorercrBeHHo. Ha 6riodmnnbrpax
saaepmusaerca ot 32 1o 54%, a B aspoTeHKax
- 36-70% AML Me/IbMHHTOB.

3. KoMnaxTHbie O4HCTHBIE COOPYREHHA 3aBoA

CKONO H3roToBAeHHA He obecnevHBaloT non-
HOro ocCBOGOXKAEHHA CTOYHBIX BOA OT AHL
relbMMHTOB H UHCT KHILEYHbIX NPOCTEHLINX.
DD PEeKTHBHOCTL 3a4epKKH HX AOCTHraer Ha:
BHO-25 - 94-98%, KYy-200 - 73-80%,
KY-400 -97-98%, KY-700 - 91,95%.

Ha ee BenW4yHHy OKa3blBAIOT BAHAHHE
Harpyska, perynapHoCTb OYHCTKH OTCTOHHHKOB
OT HaKanMHBAIOLErocd ocaaka, peXHM KC-
nayarauun. Tak, Hanpumep, yBenn4eHHe Ha-
rPY3KH HA OYHCTHYIO YCTAHOBKY «OKCHAKET
B 2 pasa NPHBOAHUT K CHHZKEHHIO 3P PEeKTHBHO-

CTH flereibMMHTH3ALHNA CTOYHbIX BOA HA 73%,

B TO BpeMA Kak M0 XHMH-4ECKHM H HaKkTepHO-
(IOTHYeCKHM noKasaTenaM o¢h¢eKT OUYHCTKH
OCTa-€TCA Ha MPOEKTHOM YDPOBHE.

4, Bronoruyeckne npyasl. [lonHoe ocBobHOXK-
A€HHE CTOYHBIX BOA OT BO3OyaureneH napasH-
TapHeIX OOMe3HeHn AOCTHrAeTCA: B MPOTOYHBIX
npygax, coCroAlHX u3 6 CeKUHA H CKOPOCTH
TeyeHHesd He 6o-iee 0,3 M/MHH.; B KOHTAKTHbIX
npydax — NpH BblAEPXKHBAHHH CTO-KOB: BECHOH
1 oceHblo — 9-12, nerom ~ 6-7 cyT.

3. HagemHylo 3alHUTY MOBEPXHOCTHBLIX BOAO-
€MOB OT 3arpA3HeHHA AHLAMH TNenbMHHTOB H
LIMCTaMH KHILIeYHbIX MATOreHHbIX NPOCTEALINX
obecne4rBaloT Npyabl HAKOMHTENH, Mo Ha3zeM-
HOH H Tnoa3eMHOA (HABTpalMH, 3eMaedenbye-
CKHe TMoaA OpOLWEeHHA, HCMonb3dyeMble aA0A
AOOYHCTKH CTOYHBIX BOA,

llpeaaaraempie Bblllle MOKasaTenH 3gpdex-
THBHOCTH paboThl OYHCTHBIX COOPYKEHHH Mpes-
HazHa4eHbl A0A (ML, 3aHHMAIOIHXCA BOMpoca-
MH OXpaHtbl OKpyzKalollleH cpeapl oT 3arpasHe-
HHA CTOYHBIMH BoAaMH H 60pbbbl C nepeaaqer
apa3HTapHbIX Gone3Hed aaed U AKHBOTHbIX.

filters, aerated lagoons and oxydated ditches)
are not generally effective in removing helminth
eggs and protozoa cysts. '

Expected réemoval of parasitic pathogens in -
various wastewater systems are fluctuated.
Sedimentation removes 17-54% of eggs and
8-31% of cysts, biofiltration and aerated
lagoon - 86~98% and 78-86% subsequently.

Waste stabilization ponds are a series of
6 ponds with a total retention time of 9-12
days in spring and autumn and 6-7 days in
summer can be designed to acieve adequate
helminth eggs removal.

Tertiary treatment is used to upgrade
effluents from wastewater{reatment plants.
An approptiate tertiary treatment option is to
add one or more ponds in series to a
conventianal treatment plant.

Special  fields for soil drainage of sewage
with application of wastewater over a ground
surface or an under surface through a systhem
of perforated tubes are widely used in Russia
with good results.

Additional protection can be obtained by -
introduction of crop restriction to be.grown
on wastewater irrigated fields.

Extensive new epidemiological evidence
proved correct that main actual health risks of
wastewater to be used for crop irrigation are
associated with helminthic diseases. This
means that some 99,9% of helminth eggs must
be removed by appropriate treatment process-
es in areas where helminthic diseases are
endemic and present actual health risks.

The E.I. Martsinovsky Institute of Medical
Parasitology and Tropical Medicine carries out
researces on the efficasy of different methods
for removal of parasitic pathogens and the safe
reuse of wastewater.
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BO/IA KAK XHMHYECKOE COEAHHEHHE H
OCHOBA BHO(IOT'MYECKHX KHAKOCTEH

Capraes IaBea MaprosuyY, KatdHaaT
XHMHYECKHX HayK, AoLeHT CaHKT-
lerepByprckoro BeTepHHapHOrO HHCTHATYTA,
Kounes Hropp HHABCOBHY, KaHAHAAT DH3.-
MarT.HayK, CTapLUHH Hay4YHbIH COTPYAaHHK HHH
dH3uKH CaHKT-Terepbypresoro locyqap-
CTBEHHOIro YHHBEDCHTET:A,;

Kyxy#i (deB MHXanRAoOBHY, AOKTOD MEA.HAaVK,
3aB, orgenerHeM CaHKT/1eTepOyPrcKor
T1O0KpPOBCKOH 60MbHHLbL

Yypura CBeTiiaHa KoHCTaHTHHOBHA,

AOKTOD MEq, HAYK, 3aB. 1a60paTopHeH
HHCcTHTYTA OH3HOAOrHH HM. H.[1.[laBdoBa
FAH;

lTonoB [Opuy BHKTOPOBHY, KamAHAAT PH3.-
Mart. HayK, 3aB. oTgedqom [ocyuapcTBEHHOro
OnrHYecKkoro HHCTHTyTa HM. C.H.BaBuaosa;
Kyxy# Qdarura (IbBOBHY, K(IHHHYECKHH
opanHaTop HHH punna FAH

B paMKax CywecTBYIOLUMX Mogened CTpo-
eHHA RoaAbl (B TOM YHCAe MHOINOKOMIOHeH-
THble (KnacrepHble M KaarpaTHble), KOHTHHY-
afbHble H HX PpasHOBHAHOCTH) AJOCTHIHYTHI
YCMexXH fpH OfMHCaHHH (HUIb orpaHH4YyeHHOro
yHciaa CBOHCTB.

IHPOKHA CIIeKTp CBOHCTB BOAbl KO(IHYe-
CTBEHHO OMHCbIBaeTCA C TO3HLUMH MOAEIH
CTPYKTYPHBIX eaHHML KHAKOCTH (Capraes,
1991, 1991, 1992). MHoromeptible obpa3zoBa-
HHA, HMEIoIUHEe YacTOThl ABHKEHHH KaK Le-
aoro, HasBaHbl CapraeBbiM (1991) CTpPyKTYp-
HbIMH eAHHHLAMH XHAKOCTH H paccMaTpH-
BalOTCA KaK CHCTeMbl OoabLIOro KaHOHHYeC-
Koro aHcam6d, KOTOpble OKpyXkeHbl TaKHMH
Ke CHUCTeMaMH, YYACTBYIOT B TenaoBOM
ABHIKEHHH, B3aHMOAEHCTBYIOT, BO36yXKagas
MeXKMOo(eKyaapHbie H  BHYTPHMOAEKYAAPHbIe
ABHXKeHHA, oOMeHHBalOTCA MexXay CcoOoH
MACCOM H HeprveH, KaK OTKpPbITble CHCTEMbI
C MNepeMeHHbIM 4YHCAOM YacTyl, TaK 4TO
cpedHee 4HCAO MOAeKynl B  CTPYKTYPHbIX
eaHHHULAX KHAKOCTH (d) NpedctaBadeT cobon
BEPOATHOCTHYIO BEIHYMHY H 3aBHCHT OT Ia-
paMeTpOB coCTOoAHHA. PacnpefeaneHHe CTpyK-
TYPHBIX eAHHHL MO YHCAY Monekyd B HHX
MpednoaaraeTcd COOTBETCTBYIOWHM — pachnpe-
AeneHuio Taycca, a cpeaHeKBaapzf%HHoe
OTKIOHeHHe HMeeT 3Ha4yeHHe s=g '~. B
CAeKTpax KHAKOCTEH MOIYT [POABAATHCA
pe3oHaHCHble JABHKeHHA CTPYKTYPHBIX €/H-

WATER AS CHEMICAL COMPOUND AND
BASE FOR BIOLOQICAL LIGUIDS

Sargaev Favel Markelovich, Fh.D. Chem.,
Ass. Frofessor at St FPetersburg Veterinary
Institute;

Kochnev [gor Nilsovich, Fh.D. Fhys., senior
researcher at Fhysical Institute of

St Petersburg State University;

Kukui Lev Mikhallovich, M.D., head of de-
partment at St.Petersburg Pokrovskaya Hos-
pital;

Churina Svetlana Konstantinovna, M.D.,
head of laboratory at I.IY.Paviov Fhysiology
Institute of Russian Academy of Sciences;
FPopov Yuri Victorovich, Fh.D. FPhys., head
of department at S.1,Vavilov State Optical

; Institute;

Kukui Daniil Lvovich, postgraduate student
at [nstitute for Influenza of Russian Academy
of Sclences.

Within the framework of existing models
of the structure of water, Including muiti-
component (clusters and clutrates) models,
continuous ones and their variations, only a
limited amount of waters properties have
been successfully described.

Various properties of water can be quan-
titatively described by the model of struc-
tural units of water (Sargaev,
1991,1991,1992). Polynomial formations,
having their own frequencies of movement
as whole, were named by Sargaev (1991) the
structural units of liquid and are considered
as systems of a large canonical ensembie.
They are surrounded by similar systems, take
part in thermal motion, interact with
excitation of both intramolecular and
intermolecular motions, and exchange mass
and energy with each other as open systems
with variable number of particles; so that the
average number of molecules in a structural
unit (g) is a statistical quantity and depends
on external conditions. The number of
molecules in structural units supposedly
follows Gaussian distribution with standard
deviation s=gl/2. Resonance movement of
structural units having nonzero dipole
moment may manifest themselves in spectra
of liquids. A dipole loses enerdy in emission,
while emission of other dipoles compensates
for this loss and creates electric field which
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HHL, o06aAagJalouiHXx AWMOAbHbIM MOMEHTOM.
Kaxabifi avnoas, H3aydas, TepAeT 3HEPryio.
HanydyeHne ApPYrux AHINOOEH BOCIIOAHAET 3Ty
yObllb 3HEPrHH H CO3AaeT 3feKTPHYecKoe
noge, KOTOpoe TOA/epXHBaeT YCTAHOBHB-
WeecAd ABHMKeHHe 2Toro Aunoaa. TaknMm ob-
pa3oM, BcA cpeda BeaeT cebA KaK 3aMKHyTas
CHCTeMa, coBepluaolad cpoGodHble, a He
BbiHyKAeHHble aABHXeHHA 6es Kakux Obl TO
HH O6biI0 BHellHHX BO3AeHACTBHH. Peao-
HaHCHblE YacToTbl ABHUAKEHHH CTPYKTYPHbIX
€AHHHL] KaK Lleaoro f cBa3abl C TaKOBbIMH
A MOIeKyaaApHbIX Lgl;:'mu (f ) CcooTHolle-
HHeM lnfC = Inf 3 (1) n MOryT ObITb
HCNob3oBaHbl Aad onpeaenenn;l /gﬁaqennn g
B m_caydae Boapl fm = h/(8n"'"), I = BD
mr 1 MeHT HMHepLMH, m - Macca, r =
(3V/(4n) "7)- paguyc m V - obbeM Modaekyn,
K = 1,41 04,

%Haqennﬂ fc MOKHO HaHTH H3 AH3(IEKTPH-
YECKHX CMEeKTPOB, OTOKIECTBAAA HX C Ya-
CTOTaMH Hadana HapylfeHHA AHHeAHOR 3a-
BHCHMOCTH aorapH@Ma TaHreHca yraa aus-
nekTpHyeckHx rnorepb (tgd) ot aorapudma
yactoTe! {f) In tg d = In u - In(2n Eo El f),
(rae u - 2aeKTPONpPOBOAHUMOCTb, E_ - 3aek-
TpHYecKkaa nocrosdHHasa, E, - aAWaneKTphdec-
Kad npoHHLU@eMoCcTb), HabaogdaeMoOM B HH3-
KOYaCTOTHOH obnacTH  AHU20eKTPHYECKHX
CreKkTpoB. TakoM pacyeT (pesyabTarbl CM. B
tabn. 1 aaa cdopmyasl 1) gaer Hanboabluve
@ ) 3HaveHHA AaA CpeaHero yMcaa Mo-
aeryn (g) B f}‘ByKTyprJX eJHHUNax, NpHYeM
9=8yax "9 ax’

B LWHPOKOM HHTepBane TeMmnepaTypa 3Ha-
YeHHA g MOXKHO HaWTH TakXKe H3 paBeHCTBa
XHMHYECKHX [MOTeHUHAIOB CTPYKTYpHbIX ead-
HHL[ KHAKOCTH H paBHOBeCHOro rmapa. B
ciayvyae BOAb! MpPH y4dere ABHAKEHHH CTPYyK-
TYPHbLIX efHHHI] KaK Leaoro H Hx gparMeH-
TOB H TNOBEPXHOCTHOH COCTABAAIOILEHA B Bbl-
paxeHHH Aaa CBOOOAHOW 2JHEprHH Tleab-
Mrodblia Takaa MeTo/AHKa JgaeT coo*motg He
Cg + 1/(69) - 4,8Ing + C, + C, + SV g7 /(k
Tr) =0, (21) e C =4, /2 Olsln(2n)+ln
(1A IB IC) V /(2 1 V), C = (1/4)
(@/(g+1)) Sum(x (exp(x )+1)/(exp(x )1)),C =
Sum (x )/(2m/m + 4(g+1)/g), X=h f /(KT), m -

Macca MpoToHa, V - obveM H 1,, IB’ IC -
MOMEHTBI nnepmm ModaeKya napa, f - Ya-
CTOTbl MOA  MeKMO{eKyasapHbIX (f ) 9;) BHYT-

pHMOdeKyaApHbIX (f,) KodeGaHHA Moaeﬂyn, 5 -
NMoBepxHOCTHOE aTAXKeHHe. Pe3yabTathl
Takoro pacyera (cm. T1aba. 1) coBmagaloT co
crieKTpanbHbiMH. B c¢dopmyne (2) sHayeHusa g
OTHOCATCH K ABHXKEHHIO CTPYKTYPHbIX €HHHL]

maintains the initial movement of the dipole.
Thus, the whole medium acts as a closed
system performing free oscillations without
any external action. Resonance frequencies
of whole structural units (fo) are connected
with those of monomolecular particles (fy,)
as

inf = Infy,3/3)ng (1) which can be used
to calculate the value of g. For water, fy; =
h/@® 7/3 1), I= Kyg m r2 is moment of in-
ertia; m is mass, r = (3V/%))1/3 - radius and
V - volume of molecules; Kyg =1.4 and 0.4.

The values of f, can be found from low-
frequency parts of dielectric. spectra as cor-

-responding to frequencies at which the log-

log dependence of loss tangent (tg d) versus
frequency (f) In tgd = In u - In(2» Bay aj f)
becomes nonlinear. Here u is conductivity,
aThe values of g over a wide temperature
range can be also determined from the
condition of equal chemical potentials of
structural units of liquid and equilibrium
vapour. In the case of water, taking into
account the movement of whole structural
units and their fragments, and surface com-
ponent of the free energy we get:
O-g + 1/(6@) - 4,5Ing + Ci + Cj+ 38V
/(k Tr)=0, (2) where C = 4,5+ 0,5 In
(2») +In ((q Ig I)1/2 vip2 13/2 ), Vi is
volume, Ip, Ig and I are moments of inertia
of vapour molecules, f(i) and f(j) are
frequencies of inter- and intramolecular os-
cillations and s iIs surface tension

The results of this calculation (table 1)
agree with spectral ones. In formula (2), the
values of g correspond to movement of
structural units in a meshed space and
rotation about axes tangent to the particle's
surface, and gmax to movement in an
enclosed volume and rotation about the
particle's centre of mass.

The model of structural units gives many
possibilities for quantitative ev:iuation of
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B HAYEHCTOM [IPOCTPaHCTBE H BpallieHHIO
BOKpYr O©OcCeH, MNpOXOAAIUMX KacaTeqbHO K
MOBEPXHOCTH YacTHLbl, d ~ K ABHXKEHHIO
B 3aMKHYTOM [IpOCTpaHCTBE H BpallleHHIO
BOKpYr UeHTpa TAXKECTH 4aCTHLbL

B Moflein CTPYKTYPHbIX €AHHHL HMEIOTCA
LUHPOKHE BO3MOXKHOCTH A4A KOHYeCTBEeHHbIX

OLEHOK paciiMpeHHA M c¢asura obaactv

pe3oHaHCHbIX YacTOT KHAKOCTH  OTHOCH-
TeqbHO TAKOBbIX AaA MNapoobpasHon asbl
KaK B cay4dae H3(eKTPHYECKHX CIeKTpoB,
Tak H aaa cnektpoB HK, KP H paccefHHA
XOoa0AHbIX HeATPOHOB. TaKk, CABHIN MO fl H
f5 BHYTPHMOAEKYaApHbIX KoaebaHHA BOAbl C
BbICOKOH TOYHOCTbHIO QHCbIBAETCA q)opfw/)s
aaMH fl(L)/fl a - al/ ; f /st = a

/i e 8 = (1-2m, /AN 3M, /g m),
m - xvfaéca MpoToHa, fl 2.5() YacTOTh!
MO XKHAKOH H t"1 53 0) - r)[apooﬁpasrioﬂ
das. C (bnymyauﬂﬂm} d KoaH4YecTBeHHO
cBA3aHbl KOHTpaKLHUA BOAbl MPH KPHCTaaH-
3auuH, 23(eKTpoauTHYecKaa AHCCOUHalHA H
cogepxaHHe MoHoMepoB. CraHgapTHaa CBO-
6oaHas sHeprua H66ca paspylmleHHA CTPYK-
TYPHBIX GAMHHILL 10 MOHOMERHOTO COCTORHHA
Go = (4s V N/r) (1-1/g°'") ™Moxer ObITb
HCNoab3oBaHa (A OLEeHKH cojdepXKaHHA Mo-
HOMepoB B BO/le, AaBdeHHA HacbIlLEHHOFO
rnapa, TpaHCNOPTHBIX CBOAWCTB. Modeab nos-
BOAAET BbIABHTL CyllleCTBeHHble OCOOGEHHOCTH
B ABIEHHAX TMepeHoca B MKHAKOCTH. Ta,
KoappHUHeHT aHpdy3nn (D) cBA3aH C Ten-
(I0BbIM ABHMXEHHEM CTPYKTYPHbIX €/HMHHL] Kak
Heqoro W ¢ ABHAKeHHeM ¢>paﬁivlf:},1'ros
nmocaeguux 3 D = KT/A6n n r g ‘") +
Sum(hfi/(6n n r)), (3) I=1 rge n - BA3ZKOCTHL
Kuaroctd, f, - YactoTa MoAbl | TpaHCAAUH-
OHHbIX KoaebaHWit. B cooTHOlUeHHH gad
3ner§|}3onpoao,qnnocm Boabl U = 1000 F e
< /(5r1 /5 1), (4) rae F - uncao dapagen,
;= KOHLIEHTpPaLUMA TPOTOHOB
(Moab/a), - HOHHOE MpOH3BegeHHe BOAbl, €
- 3apAg  24eKTpoHa, rnpednoaaraeTcs, YTo
paguychl KaK KaTHOHOB, TaK H ' aHHMOHOB,
paBHbl CcpeAHeMy paguycy CTPYKTYpHbIX edu-
HHL, a HX "peanbHad’ KOHLIEHTpaLHA ecTh g
Ci . MpnbanKeHHe pacliHpPeHHA CTPYKTYPHbIX
e/MHHL B YCAOBHO [IOABHAKHOM  caoe
AMHAKOCTH (BNaoTh A0 obbema Monekyn pap-
HOBECHOTO [lapa) IIpH TepeHoce HMITyabca

agaer ¢ ay BH3K = (3/8) (w/y) + (m
a kT/n)?%ly(_lm :&3 gﬂ; (5) rge BTOpPOE Caa
raeMoe Y4YuTbiBaeT rasoobpasHylo COCTaBls-
10 Jw=HNhV_ K (1 +b+b,+by)y
- g /gyexp (B, K) (PP ), b 2 g VK,
V)2 exp® ®F )/3) B < A1) (dV/dP) -

expansion and shift of the resonance fre-
quency range of liquid with respect to those

of the vapour phase in dlelectric as well as

infrared, Raman and cold neutron scattering
spectra. For example, the shift of modes f}
and fz of intramolecular oscillations of water
Is well described by fi)/fi@q = al/Z
f5(L)/f3(Q) = al/2 fZ(G)/fZ(L)' where a = (1-
2mpy/m)/(1-2mpy/g m)), mpy is mass of
proton, f1 2 3() are mode frequencies of
liquid and f} 3 3(q) - of vapour phase.

Contraction of water during crystallization,
electrolytic  dissociation .and monomer
content are all quantitatively connected with
fluctuations of g Standard free energy
required to break up structural units into
monomers G« (48 V Np) (1-1/g1/3) can be
used to evaluate the monomer content in
water, saturated vapour pressure and
transport properties. The model reveals some
marked features of transport phenomena in
liquid.

For example, the diffusion coefficient D is
connect:d with movement of whole structural
units and thelr parts D = KT/(6» n r gl/3) +
Sum(hfi/(6» n 1)), (3) where n is viscosity of
the liquid and fj is mode frequency of ith
translative oscillation. The expression for
water conductivity is u = 1000 F e ¢
a2/3/3 n 1), (4) where F is Faradays
constant, ¢; = K,1/2 is proton concentration
(moles/litre), Ky is ion product of water and
e is elementary charge, provided that the
radii of both cations and anions equal the
average radius of structural units and their
"actual’ concentration is g C;.

The approximation of structural unit
expansion in tentatively movable layer of
liquid (to the molecular volume of equilib-
rium vapour) with momentum transfer gives
the following expression for viscosity: n =
(3/8) (w/y) + (m g KT/)1/2/(4 12 g2/3), (5)
where the addend accounts for vapour
component, w = N h V, K{ (1 + b + by +
b3). ¥ = g2 V2 exp (i + Ky) (P-P). b = (g
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CHHMaeMoCTh KHAKOCTH, K = (1/n) (dn/dp) -
KO3 HHLUHEHT 3aBHc14/%ocm BA3KOCTH OT
faBaeHusa, P = S/r ¢°'7) + Pn - apdexTvB-
Hoe faBfeHHe B CTPYKTYPHbIX edHHHuax, K. -
Ko pHIMeHT. B cayvae BoaAbl KO(PPHLHEHT
Kl paBeH 1, a Kn NpH pacyeTax MpHHHMaIH
paBHbIM HYIO.

L]

VAKy V)3 expanPp)/3yir = A1/V)
(dV/dP) is compressibility of the liquid, is K,
= (1/n) (dn/dp) coefficient in the viscosity vs.
pressure dependence, P=5/(r 91/5) +7Pr is
effective pressure In structural units and wj
coefficient. For water, Kj=1 and K, was
taken to be zero in the calculations.

TAB(THLIA 1. HekoTopble pesyabTaThl pacHeToB AAA BoAbl B MOAESAH CTPYKTYPHbIX €HHHLL

BeanyrHa

JdopMyaa 3Ha4yeHHe BeAH4YHH IMpH TeMmnuparypax T

\ T 0 10 20 60 100 150 250

1 a. 30.0 255 21.1 11.6 - . -

g max 36.6 31.1 26.2 155 - - -

2 g 30.3 25.6 21.7 120 7.2 44 2.1

‘g max 36.3 31.2 27.1 16.2 105 6.7 3.4

3 D*10° m * /c 1.51 2.08 2.72 59 10.0 16.0 29.3

4 u*'10%cum /m [1.56 3.0 5.45 294 B85.6 ; -

5 n*10% Ma 1860 1370 1040 468 284 184 101

Table 1. Some calculated results for water in the srtuctural units model

Formula Quantity Value T

T - 0 10 20 60 100 150 250

1 a 30.0 255 21.1 11.6 - . .

g max 36.6 31.1 262 155 - . -

2 a 303 256 21.7 120 7.2 44 2.1

g max 36.3 31.2 27.1 162 105 6.7 3.4

3 D*10" m * Jc 1.51 2.08 272 5.9 100 16.0 29.3

4 u'lo®cum /m | 1.56 3.0 5.45 29.4 856 . -

5 n*10* Ma 1860 1370 1040 468 284 184 101

PesyabTaTbl pacqHeTos sHavyeHHH D, u U n
(cM. Taba. 1) coraacylorca € 3KCHepPHMEHTOM.
C poctom Ttemnepatypbl a0 80°¢C CTPYKTYP-
Hble eAHHHLIbI BOAbI COAEpXKaT [eCATKH MO-
1eKya, YHCAO KOTOPBbIX yMeHblUIaeTcd W 3a-
BHCHT OT XapaKTepa TenaIoBOro [ABHM&KeHHA
YacTHLbl KaK Leqoro, 4To MOXKeT cyile-
CTBEHHO B(HATL Ha pasau4Hble GHONOTHYEC-
KHe, NpoLIeceH.

MMpogomxaBlIadACA Ha TMPOTHNKEHHH Aecd-
THIETHA AACKYCCHA Mexay CTOPoHHHKaMH
ABYXCTPYKTYPHOH (MOAHCTPYKTYPHOH) H KOH-
THHyalbHOH MO/efled CTPOeHWA XHAKOH BO-
Abl He npubaAH3HIa Hac K MOHHMaHHIO Toro,
YTO XKe MpeacTaBadeT coboM 3Ta KHAKOCTL H
noyemMy OHa CTOAb BaxkHa A [POLECCcOB
XKH3HH. TeoMeTpHuyeckad KapTHHa BCTpauBa-
HHA ¢parMeHToB OHOAOTHYECKHX MaKpoOMO-
fIeKy1 B MYCTOTbl CTPYKTYpbl BoAbl BpAA (IH
cnocobHa 6e3 npHBaedeHUA MpeACTaBIeHHHA
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The calculated values of D, g and h (see
table 1) agree with experimental data. Below
80 C structural units of water contain tens
of molecules; ‘this number decreases as the
temperature is increased, depending of the
character of thermal motion of the whole
particles, which can significantly affect
various biological processes.

The longstanding discussion between the
supporters of both discrete and continual
models of llquid water has not approached
us to the understanding what is this liquid
really and why it is so important for the life
processes. A pure geometrical ‘buildingin’
picture of interaction between the fragments
of Dbiological macromolecules and water
without an idea about the character of mo-
lecular motion is scarcely capable to explain
the mechanism of functioning of these




O XapakTepe AHHaMHKH  MO(IEKYIAPHOro
ABHKeHHA OObACHHTL MeXaHH3Mbl (yHKUHO-
HHPOBaHHA 3THX MOAEKyl, B YacTHOCTH, 0O-
paTHMbIX CTPYKTYPHbIX TMpeBpallleHHA [pH
dbepMeHTaTHBHBIX peakuHAx. K 5TOMy HYKHO
A0BaBHTb, YTO pasanyHe AHCKPeTHOro H
KOHTHHYabHOM®  MOAXOA0OB K OIHCAHHIO
KHAKOH BOAbl He ABIASTCA MNpPHHUHNHANL-
HbiM. B pabore A.N.7Kykobckoro (A.I1.2Kyko-
Bckun, llypynoea (1.B., 1994), nocealeHHOMH
HHTepnpeTaur  KonebareabHOro  criekTpa
noaytaxenon BoAbl HOD, nokKazaHo, YTO
H3BecTHaA ocobeHHOCTh 3TOro ClekTpa -
Haqu4He nepernba C BbICOKOHACTOTHOH CTO-
poHbl noaocbl o6epToHa BaneHTHOro Ko-
aneGaHus, YyKasbiBalollas, Mo MHEHHIO CTo-
POHHHKOB /[IBYXCTPYKTYPHOH TEOpHH, Ha Ha-
HYMH HeCBA3aHHbIX BOAOPOAHOH CBA3bLIO
Modekyn,  MoKeT  OblTb  KOAHYECTBEHHO
oObACHeHa M ¢ TOYKH 3peHHA KOHTHHYyanbHOH
MogenH TeM, YTO COCTOAHHA MOAeKya co
caabof (M30rHyTOH) BOAOPOAHOM CBA3BLIO MO-
ryr ObiTb peannH3oBaHbl OOAbILHM  YHMCIOM
crocoboB H HMelOT No3ToMy OGO/BILOA CTaTH-
CTHYECKHH ‘BeC B Y3KOM HHTepBaae 3tHepre-
THYeCKOH WIKaabl. 2TO CBOACTBO CBA3AHO C
rnopegeHHeM -YrIOBOA 3aBHCHMOCTH TOTEHUH-
aNbHOH 3HEPrHH BOAOPOAHON CBA3H C PE3KHM
NpoBaroM MpH HyneBoM yrae (IHHeHHble
BOAOPOAHDbIE CBA3H) M TNOOIMMH KPbUIbAMH,
[TockOabKy B ABYXCTPYKTYPHOH TEOPHH ‘He-
CBA3aHHbIE" MO(eKydbl He ABAAIOTCH HCTHHHO
cBOOOAHBIMH  BpALIAILIHMHCA. MOHOMepaMH,
a BO3MylleHbl B3aHMOJEHCTBHAMH C OKpy-
JKeHHeM, KapTHHbI, gapaeMble OOOMMH MOAXO-
JaMH, OKa3blpaloTCA BecbMa CXO/HbIMH.

Cxogarca oba nogxoda eule H B TOM, HTO
TeMneparypHasa BapHauvA ailoboro CBOHCTBa
KHAKOCTH MOeT ObiTb TOAbKO MOHOTOHHOH,
yro ofycaaBAMBAeTCA MHOMHTedeM  Boab-
UMaHa, AHKTYIOIIUM [OBEAEHHE  CHCTEMb,
OMNHCbIBAaEMOH  paBHOBECHOH  CTATHCTHKOH.
Mexay TeM B aHTeparType HMeeTca HeMaao
yKkazaHHH Ha TO, 4YTO CBOHCTBa BOAbl MOIyT
MeHATbCH C TeMNepaTypoH HeMOHOTOHHO. B
aabopaTopHH ogHoro W3 aBTOpPOB (KouHeB
H.H., BxHHHH4eHko M.B., 1989) 6biaH npope-
AeHbl NMoapobHble TeMmriepaTypHble H3MeHeHHA
CMeKTpa MOMMoLUEHHA Boabl B 6aHMHEH Pgﬂ
obnacT™d W noKaszatensa npeaoMaeHHA (10' ).
TeMnepaTypHble 3aBHCHMOCTH T'PYNNHPYIOTCA
B /ABE€ YaCTHYHO COBragaloliMe BeTBH, OaHa
M3  KOTOPbLIX eer ocoBeHHOCTH THNA
CKa4KkoB (2-5.10™° eAHHHML] nokasaTeas Tmpe-
HO%{IEHHH)I npyM Temneparypax 18-20, 34, 52-
5357C.

molecules. In addition the difference  be-
tween both discrete and continual ap-
proaches is not of principle. A.P.Zhukovsky
(Zhukovsky, in press) has shown that the
Known peculiarity of vibrational spectrum of
half-heavy water - the inflection on the high
frequency side of the valence overtone band
contour indicating in the opinion of adher-
ents of discrete model the presence of un-
bonded via H-bond molecules can be quan-
titatively explained from the continual model
standpoint as a consequence of the large
statistical weight of states of molecules with
weak {(bended) H-bonds, what is defined by
the specific form of the potential curve for
H-bond bending with a sharp gap at the
bending angle equal to zero and shallow at
the wings. So long as the unbonded
molecules in discrete model are treated as
not truly free rotating monomers, but are
troubled by universal molecular interactions,
the pictures generated by both discrete and
continual approximations turn out to be very
similar. The both approaches are tally with
the conclusion that the temperature variation
of a property of water can bt only
monotonous one, what is conditioned by the
Boltzman Multiplier directing the behaviout of
the System described by the use of the
equilibrium statistics.

Meanwhile the large number of data exists
that points to unmonotonous temperature
dependence of liquid water properties. In
one of the authors laboratory were carried
out the detailed measurements of the
temperature dependence of one of the ab-
sorption bands of water in the near infrared
region and also of refractive index (Kochnev,
1989). High precision data on refractive
index (precision 107) agree good with the
previous data (Frontas'ev, 1965) and with
own spectral data. Both dependences have a
similar view depicted by two partially
coinciding curves diverging in  several
temperature regions, where one of them has
a peculiarities are’ observable well coincide
with the reported by Frontas'ev (Frontasev,
1965) namely 35-40°C and 50-55°C,
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[aHHble noOfy4veHHble pa3HbIMH METO/JaMH,
AOCTATOYHO  XOPOLIO  COMAacyloTCa  Mexay
cofoH, a TakXKe C pesyabraTamu (dpoHTachen
B.Il., HWpanbep (1.C., 1965), rge TaKxe
Habaloganmch 0COBeHHOCTH Ha TeM-
nepaTypHbix 3aBHCHMOCTAX TNoKasareasa npe-
(IOMAeHNA TMOYTH MPH TexX XKe TeMnepatypax,
4YTO M B Bbllle TpHBeAeHHOH pabore KodHe-
Ba H.H. 1 BHHHH4YeHKO M.B. '

B aurepatype HMelTCa MNOMbITKH o6bAC-
HeHHA TepMOHHAYLMPOBAHHBIX NEepexoJoB B
BoAe C MOMOLUBIO [peacTaBAeHHA O paspy-
IWeHHH OAHMX THIOB CTPYKTYpbl H BO3HHKHO-
BeHHH BMecTO HHMX HOBbIX. TakoH noaAxos
KazkeTcad Maa0000CHOBaHHbIM, K TOMY K€ OH
He 3aKao4yaeT B cebe HHKAKHX MPOrHOCTH-
YeCKHX BO3MOXKHOCTEH.

BsamMel 3TOro ObIIO BbIABHHYTO npearno-
noxenne (KovHer W.H., BHHHHu4eHKo M.B.,
1980) 0 BO3HHKHOBEHHH B BOAE TPH HeKo-
TOpbIX, He onpefeqeHHbIX TMoKa yCNOBHAX,
KOrepeHTHOro perHuMa  /ABHXKeHHA MONeKya.
HaMeHeHHe XapaxkTepa KoppeaalHH B Npo-
CTpaHCTBe HMIYbLCOB HenocpeACTBEHHO
BAMAET Ha PEXUM CTOAKHOBeHHWA Mofekyn,
BCleJCTBHEe Yero MeHaeTcs creneHb gedop-
MaUHH 2{1eKTPOHHOH INIOTHOCTH Ha MO{eKyne,
a 3HaYHT M ee ONTHYEeCKHe H CrieKkTpalbHble
XapaKTePHCTHKH. '

YtoBbl npHBedeHHoe coobpaXeHue MpH-
obpeno ybedHTenbHOCTb, HeoOXOAHMO, BO-
NepebiX,  3KCIEDHMEHTaNbHO  NOATBEPAHUTD
CylleCTBOBaHHE KOrepeHTHbIX KOANeKTHBHbIX
BO36yXK4eHHH B BOdEe, a BO-BTOPbIX, 0ObBAC-
HHTb, NMO4YeMy OHH MOIYT BO3HHKaTh U YHHY-
ToXathca. K HactosfuleMy BpeMeHH MOABHICA
PAA AaHHLIX, KaK 3KCNepHMEeHTalbHBbIX, Tak H
TEOPeTHYeCKHX, H3 KOTOPbIX CAeAyeT, YTO
KONeKTHBHOE ABHMKEHHE B KHAKOH BoOe
MOXKeET CylecTBoBath. TaK, H3 3KCMepH-
MEHTOB MO PaccedAHHI0 MedaeHHbIX HeHTpo-
HOB TAMKeNnoH Bogon (Teixeira j. et al, 1985)
creyeT, 4TO B HeH CyLeCTBYIOT KBasHdoO-
HOHHbIE BO30YAKOEHHA, CXOAHble CO 3BYKOM,
HO pacfipocTpaHAiolllHeca ¢ MOYTH BABOE
Goabllled CKOpPOCThIO. MogeaHpoBaHHe Bodbl
¢ MOMOLIBIO MeToda MONeKYAApHOA AHHAMHKH
(Ohmine J., Sasal M., 1991) Takxe npu-
BOAWT K BbIBOJAY © BO3MOXHOCTH KOddnek-
THBHOMO ABHXKEHHA ModaeKyd B Boge. OKCre-
PHMeHTbI 1O HH3KOYaCTOTHOMY KoOMOHWHaly-
OHHOMY pacCefHHIO CBeTa BOJOH, /OMycKa
e noaydeHne Oodee BbICOKOro paspe-
uleHHda, 4YeM paccefHHe HEATPOHOB, TaKke
nokKassiBaeT Haan4yHe B HHTepBane 10-100
cM HECKOIbKHX caabo BbIpaKeHHbIX

The attempts to explain the thermoin-
duced transitions by means of disrupting of
some structural species and building of the
others are unsatisfactory owing to their weak
proving and lack of the prognostic power.

Instead of that was proposed (Kochnev,
1989) the emerging of the coherent regime
of molecular motion under the several, not
dearly defined at present conditions.

Changes of the correlation in the (relative)
velocity space become  apparent in
corresponding changes of frequency and
hardness of molecular collisions, distorting
the molecules and alterating their spectral
and electrooptic properties.

In order to attach the convincingness to
the upper cinsiderations one must argue the
existence of coherent collective excitations in
liquid water and find the reason of their
origin and disappearance. Recently a lot of
data had appered both experimental and
theoretical indicating that the collective mo-
lecular motion in water can exist. Investiga-
tion of cold neutron scattering had shown
the existence of any type of "quick sound' in
heavy water (Teixeira, 19853). Also the
computer similation of water demonstrates
the existence of collective motion of mole-
cules (Ohmine, 1991). Original low-frequency
Raman scattering experiments permitting
higher resolution than the neutron scattering
does show the presence of some very weak
peaks (comparable with noise Ilevel) in
investigated spectral region 10-100 cm-l,
detected by means of correlation analysis.

The number and positions of these peans .
depend upon temperature (Rolich, 1992).
This result indicates deviation from a smooth
distribution of vibrational states characteristic
of stochastic motion. These and some other
results show that the collective molecular
motion in liquid water is probable.

Now one should point two circumstances
alithough of investigators. First of all the
intermolecular forces in liquid water (and in
other liquids) are highly anharmonic
(nonlinear). This is the principal distinction
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(CpaBHMMBIX € IUyMaMH HAH (MWL Caerka
"IPEBOCXOAALUMX HX) MNHKOB, YKa3biBaOLWHX Ha
OTKAOHEHHA M{aoTHOCTH KonebHareabHbiX
COCTOAHHF OT raadkoH 3aBHCHMOCTH, Xapak-
TEPHOR A1A CTOXaCTHYECKOro  ABHKeHH:A
(Poany B.H., Ko4ynes H.H., 1992). DTH H pag
APYrHX AaHHbIX YKa3bIBalOT, YTO KOIEKTHB-
HOe MOeKynspHoe [BHXKeHHe B BoAe BecbMa
BepOoATHO.

AnA TNOHHMaHMA TpPHYHH BO3HHMKHOBEHHHA
HOH YHHUYTOKEHHA KOMEepPeHTHOro peXKHMa
MOAEKYAIAPHOrO ABHXXEeHWA Hado HMeTb B
BHOY ABa OOCTOATENbCTBAa, XOTA H AO0CTaToY-
HO oueBH/HbIe, HO He oOpaTHBLIHe Ha cebA
AOMKHOIO BHHMaHHA HcCaegoBarened. Bo-
MepBbIX, MeXMoqeKynapHble CcHabLI B BOAe
CHbHO HeaHHeHHbl. BHAHMO, 3T0 HABAAETCH
[MaBHbIM OTIHYHEM AKHAKOCTH OT COOTBET
cTByIOlIeR eft TeBepdod ¢asbl, rae KHHeTH-
yecKasa 3HeprHa MONEeKyn HeBeaHKa, /ABHKe-
HHe YaCTHL[ MPOHMCXOAHT Y AHa roTeHUHadb-
HOH #AMbl, IYIe OHa MoKeT ObIThb AOCTATOMHO
XOpoLIo orucadHa napabodaon, a MoaeKkyaap-
HOe ABHXeHHe MOoXKeT ObiTh YyCNelwHo pac-
CYHTAHO ¢ MOMOLIPIO NpHOAHKEHHA Maablx
KoneOHaHui (CMellleHHA YacTHil pH Koaeba-
HHAX cocTaBaaT [-2% OT MemyacTHHHOro
paccrogHHsa). HapectHo, uTo gaxe A0A
BeCcbMa MPOCTbIX HeAHHeHHbIX CHCTeM peak-
LIHA Ha BHelllHee BO3AEHCTBHE MOXeT paaH-
KafbHO OTAHYaThCcAd OT pPeakurH AHHEHHOH
cHcTeMbl. Tak, NpH  onpedeneHHOM 3anace
3HeprvH MomeT HabmogaThea Mepexod K
XaOTHYeCKOMY PpemHMy [BHXKeHHA. Xapak-
TepHO ABNeHHe THCTepe3Hca, a TakXe, [pH
onpedeqeHHblX YCAOBHAX, CHAbHaA peakLHia
Ha caaboe, rnpHyeM He oOA3aTenbHO TMNEpHO-
AAYecKoe, HO  AAHTeNbHO  [EHCTBYlOLlEe
BHelllHee BO34eHCTBHE.

Bo-BTOPbLIX, CaedyeT [PHHATD BO BHAMA-
HHe, 4YTO Bce (hH3HYeCKHe OObeKThl Ha 3eMae
He HaxoddaTcd B COCTOAHHH  TepMOAHWHa-
MHYeCKOrNO paBHOBeCHA C OKpyKeHHeM, 4TO,
coBCTBEHHO, M fenaeT HX HabdaiogaeMbiMH C
MOMOLIBIO OpraHoB YYBCTB H MeToqoB (H3H-
YeCKOro 2KcrnepHMeHTa. (lloboe Teao noqay-
YaeT 3HEpPrHio OT OKpyxeHua B dopme Mno-
TOKOB Tenaa, pPasauyHbIX H3aydeHHH, npeob-
pasyer ee H H3ay4yaeT paBHOE KOIHYECTBO
SHEpPrHH, HO yXe B MHOM YacTOTHOM JgHana-
30He, B COOTBETCTBHH CO CBOHMM BHYTPeHHHM
CTPOEHHEM.

CHcTeMa ¢ HeaWHeRHbIM B3aHMOgeHCTBHEM
31EMENTOBR, Haxoggaulasaca B YCAOBHAAX
HepaBHOBeCHA C OKpyXeHneM, criocofHa K
obpasopaHHI0 0cobOro BHAA YNOPAAOYEHHO-

of liquid comparing with corresponding solid
phase for which the Kinetic energy of parti-
cles is low and the motion is occuring close
to the bottom of the potential curve, where
the last can be approximated by parabolic
function and the motion itself can be calcu-
lated by means of the small vibrations
amount 1-2% of interparticle distance,
whereas in liquids their magnitude is essen-
tially larger. From nonlenear dynamics it “is
known that the response “to the outside in-
fluence of even a simple nonlinear: system
can be quite different from the response of
linear one.

The nonlinear system depending upon the
supply of kinetic energy can demonstrate the
reqular either chaotic behaviour. The
particular properties of nonlinear systems are
the hysteresic phenomenon and also a
strong response to the weak but long
enough influence (not certainly periodic).

Secondly one should take into account
that all physical objects on Earth are the
open systems and are not in the equilibrium
state with their environment: this makes
them observable by means of the organs of
sense and physical experiments methods.
The nonconservative systems with nonlinear
interaction between theirs own parts are
capable to form a particular type of order,
named by Prigogine (Prigogine, 1985)
dissipative  structures. Apparently  the
formation of regions with coherent motion of
molecules  causing the thermoinduced
transitions in the case of water can be re-
garded as the rise of a dissipative structure.

The solution of the problem whether
emerges any type of dissipative structure ot
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cty, HaspanHoro H.P.[IpHrouHbIM gHCCHNA-
THBHbLIMH CTpYKTYpaMd ([1pHroxud H., 1985).
JTo-BHAHMOMY, MMEHHO C 3THM THIOM CTPyK-
TypooOpazoBaHua Mbl HMMeeM geno B cCaydae
BoAbl. Bonpoc B TOoM, Oyaer nnH He Oyger
06pa3oBbIBaTbCA B CHCTEME JHCCHIMATHBHAA
CTPYKTYpa H Kakad HMeHHO, ofpegeaseTcs
BEAHYHHON OTKAOHEHHsA COCTOAHHA CHCTEMBbI
OT TEPMOAHHAMHYECKONO papHOBECHA MW Xa-
pakTepoM ee HelHHeHHOCTH. OQTHOCHTENLHO
KOHKPeTHOro  XapakTepa  yNopago4eHHOro
ABHKEHHA MOfeKyl B BOAe MOXHO ceHvac
CYAHTb (ML TMPeAronoKHTENbHO. JTO MOXKeT
ObITh TepMHUYecKkoe Bo3OyHmaeHHe ¢GOHOHOB,
BO3HHKHOBEHHA COAHMTOHOB (THNa dpeHKens-
KoHTOoporoH), ABHXKeHHe aBTOBOH B
TePMHYECKH BO30YHKAeHHOA cpeae.
BepoATHBIM KaxkeTca H KOAdeKTHBHOE (BH-
XeHHe B ¢opMe BHxped (Erkin  Nurmat,
1990).

H3 H300XKeHHOro caedyeT, YTO OT 3Kcne-
PHMEHTOB, CBA3aHHbIX C [pOABAEHHEM YIo-
PAJOYEHHOCTH MO  OMHCAHHOMY MeXaHH3MY
TPYAHO OXKHAATL XOpouleH BOCIPOH3BOAHMO-
CTH. OHepreTHYecKHA obMeH obbekTa C OK-
pyxeHHem oOycaOBAeH MHOMXKECTBOM KOH-
KpeTHbIX OBCTOATENbCTB, YYecTb KOTOpbIe
BecbMa TpyaHO W AdaKe MPHHUHMHAGLHO He-
BO3MOXKHO. B KayecTBe aHaldorvH MOXKHO
NpHBecTH npouecc obpazoBaHHA 000aKOB B
ammochepe. Obnaka Toxe ABAAIOTCA PasHO-
BHAHOCTBIO [AHCCHNATHBHOHA CTPYKTYpbl, obpa-
30BaHHe KOTOPOH 3aBHCHT OT 4acTOThl B3a-
HMOAEHCTBHA MeXay ModeKyoaMH BOAbI, OI-
pedeaaeMoN KOHUEHTpaUHEH BOAAHOTO Napa
H TeMepaTypoH, 4acTH OT HalH4yHhaA LEHTPOB
KOHAEHCAUHH, a TakXe H OT KOHKPEeTHOro
XapakTepa 3SHepreTHyeckoro ofMeHa, Cyiuer
CTBYIOLLlEro Ha gaHHblH MOMeHT B atMocdepe.

OcobeHHOCTH ModeKyabl BOAbl, TaKHe Kak
Malad Macca, CrocoOHOCTb K obpasoBaHHIO
NMPOCTPAHCTBEHHOH CeTH BOJOPOAHBLIX CBHA3EH,
a TakXe 10, 4YTO MOdeKyla COCTOHT TOAbKO
H3 OCLUHWAATOPOB BOAHONO THNAa, OGaarogaps
YyeMy Mex/Iy MOJeKydaMH HMeeT MecTo
CHabHOE pesoHaHCHOe B3aMMOJeHCTBHE
(RouHes H.H., 1981), obaeryaior ycraHobae-
HHe pexrMa CHHXPOHH3allHH MOeKyagpHoro
AnXKeHHA. KonaekTHeHble KonebaHHA B Boge
MOryT MNepedaBaTh 3HEPrHio HH3KOYaCTOTHBIM

MoaaM KoaebaHHHA OHOMOMHYIECKHM
MakpoMoneKya, CBA3AHHbIM C OTHOCHTENbHbLIM
ABHAKEHHEM 60abuInx ¢pparmMeHToB

nocaneanux. Takod cnoco® Bo3bykKaeHHA Io-
pasfo 6oaee >¢PpdeKTHBeH CpaBHHUTENBHO C
HeKOppearHpoBaHHbIM MEPEHOCOM  HMIyaAbca

" bad

not depends both upon the deviation of the
system equilibrium state and upon the de-
gree of its nonlinearity.

The energetic exchange of any System
with its environment depends on a large
number of various causes, many of them are
difficult. This leads in some cases to the
repeatability of experimental data
concerning the Investigation of ordering ef-
fect driven by described mechanism. As an
analogy one can put the process of clouds
formation which also should be treated as
the emerging of any dissipative structure.

The particular propertles of the water
molecule such as small masse, capability to
participate in three dimensional H-bonded
networks and also that molecule consist of
only one type of oscillators what causes a
strong intermolecular resonant interaction
(Kochney, 1985) facilitates the arising of
coherent regime of molecular motion.

The collective vibrations of water
molecules can couple with the low-frequency
modes of biological macromolecules, caused
by motion of the big fragments of the last
and excite these modes much more
effectively than the uncorrelated collisions
with separated molecules of water do.
A.LLKhaloimov (Khaloimov, 1992 and
references therein) has obtalned a number
of spectroscopic data Indicating the existing
oa smallscaling pre-denaturational transitions
of proteins in water solutions at nearly the
same temperatures as that correspondent to
the transitions in pure water.

No doubr, a close connection exists
between these appearances.
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OTAeNbHBIMH MoaekydaMH pacTsopHtens. B
paborax Khaloimav AJ., Shurupova L.V.,
Kochnev J.N. 1990) noaydeHo 6oabluoe Ko-
AHYeCTBO AaHHbIX, YyKasblBalOLUMX Ha Cyie-
CTBOBaHHE MedKoMmacWTabHbIX npesaeHaTy-
pallHOHHBIX NepexogoB 6enKoB B BOAHOM
pacTBope fpH Temreparypax, OaM3KHX K TeM,
NMpH KoTopbix HabaogaioTcs ocoOeHHOCTH B
NnoBegeHHH CBOHCTB caMoA  Boabl. He
NoAdeKHT COMHeHHIoO IyboKaa CBA3b MeXKay
3THMH ABAEHHAMH.

lIInpormﬂ' CNeKTp CBOWCTB BOAb! B A0OCTa-
TOYHOM CTeleHH CBA3aH ¢ 3IeKTPOIHTHLIM H
6enKoBbIM COCTABOM OHMOMOrHYECKHX KHAKO-
cTer, onpedeaAowx MetaboaHsM, a caejo-
BaTenbHO, H PYHKLHIO KAETOYHBLIX CTPYKTYP.

H3ydyeHHe CTPYKTypbl H (YHKLHH KIETOY-
HbIX MeMOpaH ABAAeTCA B HacTodAwEee BpeMA
NnpeaMeToM KHBOro HHTepeca y4YeHbIX BCEro
MHpa. DOPMHPYIOLMACH AedesT KaeToYHbIX
MeMOpaH, KOTOpbIA npodBAAeTcds B Heg0CcTa-
TOYHOCTH MeMOpaHHONO KOHTPONA KOHLEH-
TpaUMH >20eKTPOAHTOB B UHTOMNAasMe raad:
KOMBILIEYHBIX K1eTOK H TKaHehn, obecnevn-
BalolMX paboTy cHcTeM, OTBETCTBEHHbIX. 3a
AONroBpeMeHHyl0 3allUTy OpraHHsMa, K KO-
TOPbIM OTHOCATCA aHTHOKCHAAHTHaA CHCTEMA,
CHCTeMa TPeMOoCTa3za, HeHpo-2HaopdhHHHAA H
HMYHHaa cHcTeMa. ITO noATBEPNK/AaeTCcA Ha-
O6MmogeNAMH © BAHAHHH MadOH KeCTKOCTH
MATLEBOH  BOAblI Ha 340pOBbe HaceleHH:A
(Comstock G.W., 1979). HCKH!OHH’I‘eﬂbHIEIil
HHTepeC NpeACTaBadoT crielngnyeckue Ca
- peryavpyilollire ropMoHbl, B TOM YHCIE
napatTHpeoHaHbit T[OPMOH, /eHACTBHe Ko-
TOPOrQ OCYIIECTBAACTCA Yepe3 BaHAHHE Ha
KAeTKH  OpraHoB-MHUIEHeA, XapaKTepH3ylo-
WHXCA HaaM4HAeM CcheuMadH3HpoOBaHHbIX MO-
eKyN-pelenTopoB.

PeryanpyrolipM  GakTOpoM  MeXMOdeKy-
AAPHBbIX H BHYTPHMOOEKYIAPHbLIX B3aHMOOT-
HOLlleHHH HABAAETCA HCMNodb3oBaHHe ¢oTOMO-
AMHUNPYIOILMX BO3AEACTBHIA. AHanM3 YHH-
BepcaqbHOrO e4ebHOro JeNCTBHA HCHOdb-
3oBaruA hoToMoandHIIHPOBAHHOA ayTOKpPOBH
yKasbigaeT Ha y4yactHe (OTOXHMHYeCKHX H
¢GOoTOMHIHYECKHX  MpPOLECCoB * B MaasMe
KPOBH, HABMAOLIEACH OAHOH H3 OCHOBHbBIX
6HOOrHYeCKHX KHAKOCTEA MieKo-
nuTalwnxcd. TIpH BO3AEACTBHH 3Koaoruyec-
KHX (103 yabTpadHOaeTOBONO H Aa3epHOro
obaydyeHHa naasM MpH 77°K o6HapyKeHO
nospaeHHe caabo CTPYKTYPHPOBAHHOIO CHI-
Hana 3IP=2.004, npeqCTaBAAIOLHX CyMMy
cnektpoB 2MP cBobGoaHbIX pagvKanos. Pas-
AEeOnUTh 5TH CIMeKTPbl yAanocb, MPHMEHHB Me-

The wide varlety of the properties of wa-
ter Is closely connected with electrolytic and
protein composition of biological liquids that
determine metabolism and, consequently, the
functions of cell structures.

The structure and functions of cell mem-
branes are now intensively studied by many
scientists throughout the world.

The state of cell membranes which
manifests itself in insufficient membrane
control over electrolyte concentration in cy-
toplasm of smooth muscular cells and tis-
sues supports the function of systems re-
sponsible for longterm protection of the
organism, such as antioxidant, hemostasis,
neuroendocrine and immune systems.

This is confirmed by the observation of
the effect of small water hardness on public
health (Comstock G.W., 1979). Of particular
interest are specific Ca -regulating hormones,
like parathyreoid hormone that acts upon
cells of target organs containing specialized
receptor molecules.

The regulating factor of intermolecular and
intramolecular processes Is the use of
photomodifying actions. Analysis of universal
curing effect of photomodified autoblood
indicates the role of photochemical and
photophysical in blood plasma, which is one
of the main biological liquids of mammals. It
was observed that plasma exposed to
ecological doses of ultraviolet and laser ra-
diation shows at 77K a weakly structured
EPR signal (=2.004) which Is a superposition
of EPR spectra of free radicals. These spectra
could be separated by methods of
photochemical and temperature selection.
The central component of EPR signal in-
cluded contributions from a number of radi-
cals of protein nature. Evidence have been
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Toa (OTOXHMHYECKOH H TeMMepaTypHOH Ce-
neKilHH. B LIeHTPAbHYIO KOMIMOHEHTY CHrHana
JIF BHOCHAM BKAad HeCKOIbKO pagHKaaoB
GenkoBort nprpoabl.  ToaydeHbl  Aokasa-
TeabCcTBa, YTo B Xode (oTopeaklHH H TeM-
HOBbLIX XHMHYeCKHX MpoLeccoB 6eqakn naaz-
Mb! KPOBH [0ABEPraloTca KoH(pOpPMaLMOHHbIM
nepectporikam ¢ obpasopaHneM 6nono-
TMMECKH aKTHBHbIX (ParMeHToB OenKoBbixX
MoqeKya, MoaHnenTHAOB, HH3KOMOAeKynapHbIX
coeqrHeHH (KpblaeHKoB B.A., (1.M.KykyH,

AM.Maabirmd, M.A.AcmaHoB,  A.T.HlankHH,
B.E.XoaMoropos, 1983). KoHueHTpauns
HMMyHOTA0OYAHHOB B naasme KpoBH

MOCTENeHHO Bo3pacTaeT. JTO YKas3biBaeT Ha
CYLIECTBOBAHHE  BbIPaKEHHOr0  MMYHHOrO
OTBeTa opraHMsMa Ha ¢HOTOBO3IAEHCTBHAX Ha
MHAKYIO 4aCTb KPOBH.

B cneuuanbHbIX ~ MOAeAbHbIX  HCCae-
[IOBaHHAX € HCMOAb30BaHHEM B Ka4iecTBe
¢oroceHcHbraH3aTOpa MeTHIEHOBONO  roay-
6oro Obia obHapyxeH 3¢deKT reHepalHH
CHHKAETHOrD KHCaopoda nNpH  yabtpadu-
oneroBoM OOMy4eHHH MKHAKOH YacTH KDOBH,
ABAAIOIIMMCA HHHLMATOPOM peakluuH nepe-
KHCHOMO OKHCAeHHA (HNHAoB, obycaasau-
BalOLIHHA MeMOpaHOTporiHbifl addeKkT. IMoKa-
3areqnem aKTHBHOIO BO3geACTBHA Ha
MeMbpaHbl  POTOMOAHDHLIHPOBAHHON XKHAKO-
CTH  ABnAeTcA  OoOHapyXeHHbI  BbICOKHH
ypoBeHb  CeHCHMOHMAH3MPOBAHHOCTH  (HUMQO-
LIHTOB, YTO omnpedenaerTca CTPYKTYPHO-DYHK-
LIHOHABbHBIM COCTOAHHEM HMMYHO-
AeTepMHHaHT MOBEPXHOCTH 3THX KaeTOK.. ITpH
ao6aBneHHH  aHTHOKCHAAHTOB  (aabgaTo-
Kodepoa) of6HapyKeHHble H3MeHeHHA HHBe-
[HPYIOTCA.

ApaeHHeM rvcTepe3rca MOMKHO OOGBACHHTL
NoBbIlleHHE KOHUEHTpaUMH KOpTH3ona B
NnaasMe KpoBH Mnocde BHEUIHEND BO3JeACTBHA
Ha ee KHAKYI0 4acTb yabTpadHoaerToMm, He
npesblaiowleM 25 MBr/cmM2. TlpH  3ToM
KOHIIEHTPaUHA KopiH3oda yBeauyHpanach C
11249 go 152+13 m™r/Ma, He npeBbllias
PHBHONOMYHECKHX HOPM.

TMokasatenn CBEPTHIBAIOIEACA CHCTeMbI
KPOBH cBA3aHbl ¢ oOpasoBaHHeM, BHIHMO,
ocoforo BHAa YNOPAAOYeHHOCTH BCeX aMe-
MEHTOB UenbHOA KpPOBH HNpPH  BBe4EeHHH
BHeIIHEr0 3HepronoToka B BHAE (a3epPHONO
Hav  ydpo-nsnydenus. TIpy 3TOM  OTMEYeHO
yBeaHYeHHe TpoAyKTOB pacnaga ¢GHOpHHO-
reHa-pubpnia c 23,5+2,6 g0 34,3+-4,3, an-
THTPOMOHH BbIpOC C 50,0+-3,3 ago 79,2+
3,8%, ¢pnbéprHoaH™YecKan aKTHBHOCTD
naasMbl Bbipocag Ha 31%.

found that in photoreactions and dark
chemical processes the proteins of blood
plasma undergo conformational rearrange-
ments with formation of biologically active
fragments of protein molecules, polypeptides
and low-molecular compounds (Krylenkov
V.A.. Kukul L.M., Malygin

AM., Osmanov M.A, Shapkin A.G. and
Kholmogorov V.E., 1983). Immunoglobuline
content in blood plasma steadily increases,
which is the evidence of distinct immune
response of the organism to photoaction on
the liquid component of blood.

Model experiments using methilene blue_
as photosensibilizer showed that (sinclete)
oxygen is generated when the liquid compo-
nent of blood is exposed to UV radiation
which initlated oxidation of lipids that causes
membranotropic  effect. The action of
photomodifled liquid on membranes reveals
itself in high degree of lymphocyte
sensibilization, which is determined by
structure-functional state of immunodetermi-
nants of these cells' surfaces. On addition of
antioxidizer (alphatocopherol) the observed
changes are leveled out.

Hysteresis phenomena may account for
the increase of cortisol content In blood
plasma after its exposure to UV radiation not
exceeding 25mW/cm2. Such irradiation
increased cortisol content from 112+9 to
152+13 mg/liter which is within physiological
norm.

The parameters of blood's coagulation
system are probably connected with some
ordering of all elements of the blood caused
by incoming energy stream of laser or UV
radiation. In this case the decomposition
products of fibrinogen-fibrins were observed
to increase from 23.5:2.6% to 34.3+4.3%,
antoithrombin from 50.0+3.3% to 79.2x3.8%
and fibrinolythic activity of plasma increased
by 31%.

Such features of water molecules as their
pronounced resonance properties and the
ability of transformation of 3D hydrogen
bond system can explain the change of de-
formability, aggregation properties and sorp-
tlon capacity of red blood cells which is
caused by the Introduction of photomodified
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QOcobeHHOCTAMH MOaeKyabl BoAbl, cnocob-
HOCTHIO K BbIpaKeHHOMY pe3oHaHCHOMY B3a-
HMMOJEACTBHIO H NpecOpa3oBaHHIO NPOCTpaH-
CTBeHHOH CeTH BOAOPOAHLIX CBA3CH MOXKHO
OOBACHHTL  H3MeHeHHA ' aeOpMHDYEMOCTH,
arperalifoHHbIX CBOACTB H COPBLIHOHHOH eM-
KOCTH 3PHTPOLMTOB MoA AercTBrHeM BBede-
HHA ¢hoToMoaHpHLHPOBAHHON KPOBH
(A.ETpomoB, C.A.CkokoB, K.A.CaMoHAOOBa,
1.M.Kysyn, H.E.l'aHeanna, 1988). [okasarenn
- AedOPMHPYEMOCTH  HEYKIOHHO ° BO3PacTaloT
NpH peryaspHoM yabTpaHOAETOBOM H fna-
3€pHOM BO3ACHCTBHH Ha XUAKYID HacTb Kpo-
BH B cpeaHeM Ha 18+-5 mxM. C nepeqnc-
eHHbIMH JaHHbIMH KoppeaHpoBan MoKasa-
Teb BASKOCTH CHHMXKalach Mocne Kaxaoro
BO3JeHCTBHA B CpeaHeM Ha 41+-2%. Pac-
WHpOBKA MeXaHH3MOB nepedadd H  BO-
CNpHATHA caabbiX, HO AANTeNbHbIX BO3AEH-
cTBHA, 3(d@PEKT OT KOTOpbIX He HCYesaeT
nocae rnpekpalleHHa BO3AeACTBHA, COCTaBHT
Hay4Hyl0 OCHOBY paspabaTbiBaeMbix B [oC-
aeaHue  roapl  1e4e6HO-MPOPHAAKTHYECKHX
MepPOIPHATHA MPH BedeHHH 6OabHbLIX C 4acTo
PELUMANBHPYIOLIMMH  XpOHHM4eCKHMMH  3abone-
BaHHAMH H TpH (OPMHPOBAHHH CTAaBHALHO-
c B paboTocniocobHOCTH H BbIHOCAHBOCTH
y npaKTHYeCKH 370POBbIX MOAeA, 3aHATLIX
TAXKeAbIM  ¢pH3HUeCKHM  TpydoM ({1.M.KykyH,
1993).

CHOXHBILIAACA B MOAEKYNAPHOH (PH3HKe
CHCTeMa B3raAAOB He /aeT BO3MOMHOCTH
Bcerga B MOAHOH Mepe OOBACHHTL 3TH AR
NeHna H TI03TOMY B Hay4dHOM MHpe HMeeT
MeCTO CKelTHYeCKOe OTHOLUeHHe K 2THM Me-
TOodaM H HccnegoBaHHAM. C TO4YKH 3peHHd
HelHHeHHOH AHHAMHKH HH4Yero 3araao4yHoro
H TPOTHBOECTECTBEHHONO B MOAyveHHbIX pe-
ayabratax HeT. Pa3ymeercs, B KaX4OM KOH-
KpPeTHOM cayyae AoaKeH OblTb pellieH Bon-
poC O MexaHH3Max Mepejadyv H BOCIPHATHA
BO3AeACTBHHA B OGHONOIHYECKHX KHAKOCTHX.

(lnrepatypa
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blood (Gromov AE., Skokov 8.A., Samoilova
KA., Kukul L.M., and Ganelina LE., 1986).
Regular laser or UV irradlation of the liquid
component of blood caused steady increase
of deformability by 32:2% on the average,
and decrease in red blood cell aggregability
by 18«5 mm.

Viscosity decreased by the average of
41£2%  after each external action.
Understanding of the mechanisms involved In
transmission and perception of weak but
prolonged actions, whose effects do not
disappear after the action stops, will form
the basis for new health care programs
developed for people with recurring chronic
diseases and help to maintain stable physical
capacity of people performing hard physical
work (Kukui L.M., 1993).

The conventional approach of molecular
physics is not always capable of explaining
these phenomena, therefore such methods
and research cause much skepticism among
scientists. From the point of view of nonlin-
ear dynamics the obtained results do not
seem mysterious or contradictory. However,
in each particular case mechanisms trans-
mitting and perceiving the action in biologi-
cal liqulds must be determined.
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BOAA, BOAHAA CPEAA, BOIHbIE
DKROCHCTEMGI :
[TPOB(IEMbl COXPAHEHHA H

HCIOb30OBAHHA
e

Cnenan 3pHK HOCH@OBHY,

axaaemnrs PAEH, A4oKTop 6HOMOrHYECKHX

HayK, npogeccop, eneparbtbiA AHPEKTOD
MeXxsqQyHapoqHoro Hay4YHo-HCCIE40BATeIbCKOro
H NDHKAZ4HOro aKaqeMHvecKkoro Llenrpa
CPABHHTENbHOH H 3KOOMHYECKOH TATONIOTHH H
OHO3KOOrHYECKOro KOHTPOAA

NpnbanKeHne K KOHUY BTOPOro H Hadaay
TPETbero TbICAYENeTHH, XapaKTephaylollieecs
COBepLUEHCTBOBAaHHEM CpedCcTB H BO3MOXKHO-
cred, obecnevnBaloUIMX BbinonHeHHe TpeGoBa-
HHH KH3HH, NMPHBENO, BMeCTe C TeM, K 3Hauu-
TebHOMY YCI0KHEHHIO OPM B3aHMOOTHOLlIEe-
HUA obllecTBa M NpUpPOAbl, B TOM 4Hcae o00-
wectsa M ruapocdepbl. OCHOBHbIX [PHYHH
3TOrO YCOKHEHHA 10 MeHblUeH Mepe TpH.
HMH oKa3zanucbh, BO-EPBbIX, HeCnoCOBHOCTb K
orpaHuMveHnio BoaonoTpebaeHHas H BO3pacTalo-
nee HCIoNb30BaHHE TNPUPOAHLIX BOA  Kak
He3aMeHHMoro ¢ abconoTHO HeoBXOoAHMOro
NPHPOAHOTO pecypca; BO-BTOPbIX, BCe elle
HegocTaTovHan pazpaboTanHocTb
3KOHOMHYECKH H 3KOMOTHYECKH MpHeMaIeMbIX
cnocoboB  MHOTMOKpPaTHOrO  HCMOAb3OBAHHA
BOAHBIX MacC ¥ HX obe3ppeuBaHuA M 00e3-
3apaXHBaHHA Mocie YXYAUWEeHHA KavecrB H
CBONCTB; B-TPETbHX, OTCYTCTBHE 3(PPEKTHBHLIX
pelleHHd no0 npeaoTBPALUEHHI0 HapylleHHA
BOAHBIX 3KOIOFMYECKHX CHCTeéM, NpHPOAHBIX
BOA H BOAHOM Cpedbl M WX BOCCTAHOBEHHIO
nocae npekpatleHna NMOBpeKAAIOLLETO
BO3/CHACTBHA.

[peaAnocbINKH YCAOKHEHHA B3aWMOOTHOLLE-
HuA oOwecrtsa W ruapocdepbl  AOCTATOYHO
pa3HooOpazHbl. Kak OCHOBHYIO H3 HHX Of-
paBdaHO TMpH3HATb HEYKIOHHO YBeNHYHBaio-
lleeCd HeCOOTBETCTBHe MOTpebHOCTEN 4eno-
BeKa B BOJe M BO3MOMHOCTEN YAOBAETBOpe-
HUA HMX 33 CYeT pecypcoB BOAHOH OBGOMOYKH
3eMH, XapaKTepPH3YIOLUHMXCA  orpaHnyeHHo#
CNoCOBHOCTLIO K BO30OHOBAEHHIO.

CamocTrosaTenbHOe 3HaY€HHe MMeloT Hapylue-
HHA BoaocoGMeHa Mexady ruapocdepoH, Ie-
gocdeport ‘U npuseMHon armocdepon, no-
CTOAHHO BO3HHKAIOWHE H AHTEIbHO T[IPOAB-
AfolNecs BO MHOMMX perHoHax. QOCHOBHBIX
MOBOAOB TaKHX HapylleHWH, No-BHauMomMmy, 14
- yMeHblleHHe pasMepoB rHaporpagpHYecKon
ce™v, oOmeneHHe BOAOTOKOB M BOAOEMOB, CO-
3faHne BOAOXPaHHW(MIL M KaHafoB, 3aperymH-
poBaHHe peK, YMeHblleHHEe TNaoUulgan ecoB,
ocyuleHHe Ooaor, 3abonavyMBaHHe, CO3aHHe
NOCeBOB BO3/eIblBAEMbIX pacTeHHHA Ha 60b-
UIMX MNpoCTpaHCTBaX C HCKYCCTBEHHO YIpaB-
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IAeMbIM TOHBOM, apHAM3aLHA, MUHepanH3a-
UMA MOYB M TPYHTOB, MHHEpaaH3aLMA npec-
HbIX BOA, 3BTPOMHKALHA, YNIOLEHHe 3eMHON
NMOBEpPXHOCTH, UeAeHanpapieHHOe Bbi3bIBaHHE
BbIMMadeHHA arMocoepHblX OCaaKoB  (yBea-
YHBalLee OBOAHEHHOCTb. OAAHHUX NPOCTPaHCTB
H  yMeHblllalOWlee OBOAHEHHOCTb  APYrHX),
H3MEHEeHUA naolliady 3epkana BHYTPeHHHX
MOper M KpynHbIX o3ep, ofe/HeHHe 3anacoB
NoA3eMHbIX BOA, OTKIOHEHHA B COCTOAHHH
CcHCTeMbl Boda - (1ed, PeXNMOB 30Hbl BEYHOH
Mep310Thl U B TrOpPHOM (eHHKOBOM TIOKPOBE
(peXXMMOB KpHoaHTOCheEpbl H  XHOHOCGEPHI),
orpaHvyeHHe HMCMNapeHHA Ha 3Ha4HTedbHBbIX
NMPOCTPAHCTBaXx C  HCMOAb30BAaHMEM  HCKYC-
CTBEHHO C€03daBaeMor MaeHkn, CpaBHeHHe HX
CBUAeTenbCTByeT, YTO B OCHOBe Hanbonee cCy-
WEeCTBEHHbIX M3MeHeHHH BoaooOMeHa - rHApo-
(IOTHYECKHe H TreoXrMH4YeckHne, B UenoM Han-
Ko-reorpapu4ieckHe  Npoueccbl H - BANAHHA,
NMpeUMylueCTBEHHO 3aBHCHMble OT AeATelbHo-
CTH 4eaoBeKa, CTpPeMALerocA nepepacrpeae-
NATb BOAHbIE MAacChl, H3MeHHTb BOAHbIA Oa-
(1aHC B MPOCTpaHCTBe H BO BpPeMeHH,

YcTtanobneHs! O0ObEKTHBHbIE CBHAETENLCTBA
npubaHKeHNA KpH3nca BO B3aHMOOTHOLIEHHAX
obulectea M rugpocdepsl, CaedCTBHEeM KO-
TOpOro Moxer ObiTb BO3HHKHOBEHHE NpoLec
COB H OCYLWIeCTBAeHHEe HABEHHH, BeAylHX K
3KOLHY.

OnpaBaaHo npeanoaaratb peadbHOCTb M0
MeHblled Mepe TpeX IMaBHbIX KareropuH 3Ko-
IOTHYEeCKUX KaTtacTpod MO HMX MpOHCXOoKae-
HHUIO, KOTOpble MOryT BHE CBA3H C HX 3aBHCH-
MOCTbIO OT (eATeqbHOCTH YenoBeka Crnocob-
CTBOBaTb KpH3ucHbIM 3ddekTaM B ruapocde-
pe. Karacrpodbl MepBof KaTeropun - Taaac-
coreHHbie,  0ByCaOBAeHHblE  H3MEHeHHAMH,
nepBoHa4yanbHO TPOUCXOAALMMH B OKeaHH-
YeCKHX BoAax. Karactpogbl BTOPOH Karero-
pHH - TeanoreHHble, 3aBHCHMble OT npeobpa-
30BaHHH, nNepBOHa4YanbHO BO3HHKAWOLHX B
MaTepHKOBbIX Bogax. KaracTtpodbl Tperber
Karteropuy - TepBHYHO M BTOPHYHO KOCMO-
reHHble. TlepBuyHble - COOGCTBEHHO KOCMOreH-
Hble, B MNepBylO O4Yepedb CBA3aHHble C [HHa-
MHKOH COAHEYHOH aKTHBHOCTH, C COHe4Ho- -
3eMHbIMH B3@MMOOTHOLUEHWAMH, C aCTPOH-
3HYECKHMH Merauvkaamu, U T.4.. Bropu4nbie
MOI'yT OKa3aThbCA 3aBHCHMbIMH OT ‘NapHHKO-
Boro adgpekra’, or gecTpydpyloliero Bo3aen-
CTBMA Ha o3oHocdepy, OT H3MeHeHnn B CTpo-
HHM H COCTaBe a0XKaeBbIXx 00MaKoB H AHNHa-
HKH 001a4yHOCTH, U T./.. )

PazHooOpaszne MexaHW3MOB HapylWeHHH, Be-
OYLWHX K TalacCoreHHbIM M Te(IOreHHbIM Kata-
cTpodam, MOTEHUHaIbHO BO3MOXHbLIM B BOA:
HOH Ccpede, AOCTATOYHO BEHKO,

BmecTe C TeM, Haubodee AeHCTBEHHBIX M3
HHMX 10 BbI3blBA€MbIM C/I€ACTBHAM 110 MeHb-



uied Mepe LeCTHaAuaTb. 3HayeHUe TaKMX Me-
XaHH3MOB B MepBYIO o4epeab HMEIOT :
[AHCXEMHA MpPHPOAHBLIX BOA - HapylweHHE HX
'XHMHYECKOro cocTaBa (B YaCTHOCTH, B yC1o-
BHAX o0eAHeHHA KHCAOpPOAOM, YBenn4eHHOMH
MHHepanu3alHg, JeMHHepanau3auuH, 3BTpoO-
¢HKalMH, CMelWleHHA CO CTOYHbIMH BOJAaMH,
atMocgepHbIX BblinadeHu#, ocaabaeHns cro-
coOHOCTH K XHMH4YECKOMYy CaMOOYMILEHHIO),
aKTMBHOCTH M Hanpas(eHHOCTH OCYLeCTBAsA-
IOUIUXCA B HHX XMMHYECKHX peakLHA H Mpo-
LUeccoB, B TOM 4ucae ¢pepMeHTaTHBHbIX, TMpH-
BOAALIEe K YXyAIWeHHIO YCIOBHH H KavecTBa
KH3HH;

AUCpaanauna TMpHpOAHbIX BOA - HapylleHHe
CofepXaHUaA B HHUX pPagHOHYKINAOB, HH-
THCHBHOCTH H HanpaBieHHOCTH paaHOXHMH-
YeCKHX MPOLIECCOB, HM30TONHH, yXyauwawoulee
YCAOBHA M KauecTBO 2KH3HH;

ANCH1EKTPHA TNPHPOAHBIX BO4 - H3MeHeHHe
HX 3(EKTPHYECKHX MapaMeTpPoB, OKa3biBaio-
luee BAHAHHE Ha 3(1EKTPOXHMHYeCKHe H
30eKTpo(pH3HYeCKHe TMpoLecchl W yxyawa-
10ljee YCIOBHA H KauyecTBO HKH3HH;
HCMarHeTH3M TMpPHPOAHbIX BOA - H3MeHehHe
Hanps2KeHHOCTH B BOAHOWM Cpeae 31eKTpo-
Mar{HMTHbLIX 1O(ed, OKasblBaloulee BIHAHWE
Ha XHMHYeCKHe peakUuMHM M npouecchl H
yxyauialowee YCIOBHA W Ka4eCTBO KHM3HH;
ANCTEPMHA NPHPOAHBLIX BOA - HapyuleHHe HX
TeMNepaTypHoro pexnma (MpH CMellleHHHn ¢
TeNnbiIMH N OXNaXKAEHHbIMH BOAAMH, TIPH Bbl-
nycke TMnocaeaHnx, MpH M[POH3BOACTBEHHOM
Harpese, W T.4.), H3MeHHAOUee Temneparyp-
' Hble rpaAMeHTbl , TeMnepaTypHble LUHKAbI H
TEPMOXHMHYECKHE NpoUeCcChbl M yXyaulaioilee
YCAOBHA H Ka4eCTBO 2KH3HH;

AUCHOTHA NPHUPOAHLIX BO/ - HapyweHne HX
CBETOBbIX CYTOYHOrO, CE30HHOIO H rodny-
HOTO TpadHeHTOB H PEXHMOB, H3MEHALEee
npo3pavyHocTb, (HOTOXHMHUYECKHEe H doTodH-
3HMYeCKHe MpOoLeCcchl H yXyaulalollee YCAOBHA
M Ka4eCTBO KHM3HH; o
ANCHOHNA NPHPOAHLIX BOA - HapyllleHHe HX
AKYCTHYeCKOH MPOBOAMMOCTH H HanpameHHo-
CTH B HHX aKycrHueckHX noae#, yxyduia-
olee OHOKOMMYHHKALMOHHBIE TPOLECCHI H
YCNOBHA M KaYecTBO KH3HH;

AncruapobapuA B NPHPOAHBIX BOAax - Ha-
pyweHHe THAPOCTATH4eCKOro AaBieHHA B BO-
AoeMax H BoaoTokax (oOycaoBaeHHoe . yMe-
bllleHHeM rayOuHbl, CMelleHHeM C  BO-
AOHepacTBODHMbIMHM  XHAKOCTAMH, M T.A.),
yXydwaiomee YCI0BHA H Ka4eCTBO 2KHM3HH;
AUCCeqVMeHTalMA B BOAHOH cpene - Hapy-
uieHde rpouecca GOpMHPOBAHHA, MeXaHH-
YecKOro ¥ XHMHYECKOro COCTABOB AOHHBIX
0CadKoB, yXyAWalollee YCIOBHA H KayecTBO
HKH3HH;

ANCNenoAMHaMHA - HapyuleHne AWHaMHKH o-
PMHOBaHHA, TIpPaHyIOMETPHYEeCKONO COCTaBa,
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neaoXuMHYecKkoro MeraboanaMa, TOMILUMHBI,
BA3KOCTH, (0KaNn3alMn H MpPOCTpaHCTBe-
HHOro nepepacnpeaeaeHHa JOHHOTO HIO0BOro
MOKpOBa, yXy/llawillee YCIOBHA H KavyecTBO
JKH3HH;

ANCTHAPOAMHAMHA B BOAHOM Cpede - H3Me-
HeHHe KOo(n4ecTBa, YacTOThbl, pa3MepoB, NMpo-
TAXKEHHOCTH, HanpaBeHHOCTH, AINTEeNbHOCTH
M CHIbI NOBEPXHOCTHBIX M  BHYTPeHHHX
Te4YeHnn, a TaKke AHHAMHKH TNPHIHBOB H OT-
(HBOB, yXyAwaioliee YCIOBHA M Ka4ecTBO
MHU3HH;

ANCA3POAUHAMHA - HapylieHHe a3dpPOHOMH-
YECKHX XapaKTePHCTHK BO3AYLUHbIX NOTOKOB
B NPHBOAHOM H TPH3EMHOM caoax arMocdep-
HOrO BO34yXa, YBeAHYHBalOLlee aKTHBHOCTD
BOIHOBbIX (ABHXKEHHH, MepeMelleHHe BOAHbIX
MacC H yxyauiaoulee YCAOBHA W Ka4ecTBO
MH3HH;

AWCTHIPUA - HapYWeHHe peXnMa BAasKHOCTH
arMochepHoro BO34yXa H MOUYBEHHOro MoK-
poOBa, H3MeHAOlllee BOAHBIA OOMeH Memay
HAMH W BOAHOH Cpeao¥, KOMYeCTBEHHYIO
AHHAMHKY HOYBEHHbIX W TPYHTOBbIX BO[,
OBOAHEHHOCTb BOAOEMOB H BOAOTOKOB H
yxyatiaowee ycioBHA H KauyecTBO MHU3HM;
ancafadua - HapylleHHe MeXaHH4YeCcKoro M
XHMHYECKOro COCTaBOB, XMMHKO-(pH3NYECKHX
H (PH3NKO-XMMHYECKHX CBOHCTB H CTparHdH-
KalKWK MO4YBEHHOrO M I'pPYHTOBOrO MNOKPOBA,
H3MeHsAoLee ero BOAHBIA peXHM H BOAHbIA
obMen n yxyawarwllee YCIOBHA H KayecTBO
MKHU3HH;

AHCreognHaMHA - HapylileHHne MeXaHHYeCKOH
NPOYHOCTH MOYBEHHONO M IPYHTOBOMO [MOK-
poBa, 00yC1OBAHBalOIEE [TPOCTPAHCTBEHHOE
CMellleHNe €ero MacC, Bbi3blBalolllee H3MeHe-
HHMEe ero BOAHOTO pexHMa H BogHoro obMe-
Ha; '

AUCIIAAaKHA - HapyuleHHe peabeda aAHA H
peabeda 3eMHOH MOBEPXHOCTH, COMPOBOM/a-
OlleecA ee YIOUIEHHeM H  H3MEeHeHHeM
rugporpadH4eCcKon cern.

YcTaHOBE€HHbIE MeXaHH3Mbl BO MHOI'MX Cay-
YyafXx codyeraloTcd ApPYr C APYroM, 4To B elle
Goablueft Mepe H3MeHAET YCIOBHA H KavecTBO
XKH3HHM 08 OpraHHU3MOB.

[IpHUMAYaIBLHOE  3HAaYeHWe [Py oueHKe
3KOIOTHYECKHX CAEACTBHA HEraTHBHBIX H3Me-
HEHHH, NpOHCXOAAlMX B Onocdepe, HMeEIOT
MX CBoero poga Maciitab, pasmepbl Tpexmep-
HOro MPOCTPAHCTBA. B MpeJenax KOTOPoro 3TH
HM3MEHeHHA TNpOABAAIOTCA , H COOTHOUIEeHe
YNOMAHYTOI'O MPOCTPaHCTBa C MNpPOCTPAHCTBOM
nopazkeHHOH 3KOCHcTeMbl. Bo3HuKaer, caeao-
BaTeqabHO, HeoOXOAHMOCTb CeLHadbHOro aHa-
(IH3a N gonyctrMon ¢opManu3aluuMH HepapXHd
3KOCHCTEM H HMX KaTeropHalbHONO aHaM3a.
OuenHka rpaHny pacripocrpadHeHna HapyuieHun,
HeTaTHBHBIX M3MeHeHHH, NPOHCXOAALINX Kak B
BOAHOH Cpede, Tak M B 3KOCHCTeMaX, MOXeT



6bITb Honee OOBEKTHBHOM C HCNOMb30BaHHEM
MPHHLUHNA H METOAMKH aHanM3a KOHEeMHbIX
3NeMeHTOB, uMeolnx OesycnoBHo Oofnbiioe
3Ha4eHHe npu IKOMOrHYECKHX H
6HOIKOMONHUYECKHX HCCASAOBAHHAX M  COOT-
BETCTBYIOUIMX HHTEpTpeTaLHAX.,

C yderom pasMepoB Tpexmepl-loro npo-
CTPAHCTBA, 3aHHMAEMOro KOHKPeTHbIMH 3Ko-
CHCTEMaMH, B KX BEPTHKAIbHOM pasMepHOM
pAgy onpaBdaHO pasrpaHH4YeHHe HaHO3KOCH-
CTeM, MHKDO3KOCHCTEM, Me303KOCHCTEM, Mak-
PO3KOCHCTEM H MErasKkoCHCTeM, MpHYeM pa-
cnpocTpaHeHne HapyLUeHHH OCYLIECTBIAETCA
OT 3KOCHCTEM MeHblllero paHra K 3KOCHCTe-
mam Gonbliero. OCHOBHbIE XapaKTEPHCTHKH
KOCHCTeM, Onpedensiollie npHaaHue nM co-
OTBETCTBYIOLIEr0 paHra, - peaibHble pa3Mepbl,
npocTpaHcrBeHdas  o6ocobneHHoCTs, v
rpaHHl, M 3KOTOHOB, CTeneHb 3aMKHYTOCTH
HHOreOXMMHYECKHX LUHKAOB H FEOXHMHYECKOro
MeTaboan3Ma (BKAIOYAIOLWEro COOTBETCTBEHHO
'MAPOXHMHYECKHH, negoXUMHYECKHA H
NnenoXHMHYecKnA  Meraboansm), cBoeobpazne
CHCTEeMaTH4YeCKON0 CoCTaBa M YMCAEHHOCTH
NonyAAunA TNpoAYLIeHTOB, KOHCYMEHTOB H De-
AYyLIeHTOB, pa3Hoobpasne H YCTOHYHBOCTDb Lie-
HO30B, OHOLEHOTHYECKHX CBA3eR H Tpodoam-
HaMHMEeCKHX Lefen, THMOAOTHA UeHOTHYECKOH
CTPYKTYpblI, nokasareqn  CTpaTHgHKaUHH,
CyTo4YHadA, ce30HHaA W rogn4Has PHTMHKa
GYHKUMOHMPOBaHHA, HanNpaBIeHHOCTh HCTO-
pHYECKHX Npeobpa3oBaHHi, CYLIHOCTb Mexa-
HH3MOB M NPOLIECCOB ayroCTaDHAW3AUHH U ay-
TOperyaalyn, codepKaHHe npoLeccoB 3Kope-
CTaBporeHesa.

YcraHOBAeHHe Mepbl HeratMBHbIX H3MeHe-
HHA, OCYLIECTBAAIOWMXCA B CBA3M C TEM HaH
MHBIM TOBpPEMAAIOLINM BO3AeACTBHEM Ha NpH-
podHbl€ BOAbI H HMX HapylleHneM, TpebyeT og-
HOBPEMEHHOro y4era rmasHoro coObiTha, 00yc-
(IOBHBLIErO HapylleHHe (AMCXeMnH, AHCpadHa-
UHH, AHMCOHHH, H T.4.), H KATeropvH nepso-
Ha4anbHO MNOPaKeHHON 3KocHcTembl, Takon
y4eT CylmecTBeH Kak B CBA3M C [IOTeH-
UHaMbHOA BO3MOMKHOCTBLIO COYeTaHHA YNOMA-
HYTbIX COOBLITHA APYr C APYroM, BeayllHX K
YCAOKHEHHNIO 3KO10rH4YECKOH (6noako-
(doruyeckor) oOCTAHOBKH - BO3HHKHOBEHHIO
3KOMOMMYeCKoH OMAcHOCTH, Tak M B CBA3H C
peanbHOCTbIO BO3HHKHOBEHHA Ha  OCHOBe
nocaeqHen  SKOMOrMYECKHMX  Ype3BblYanHbIX
CHTyalHr, CcrnocoBHpIX darb Ha4aao CrH-
XHAHBIM OeacTBMAM H , B NOCAeAyIOLLEM,
3KOIOrM4YecknM KaractpodaM (He TOabKO 0o-
KalbHbIM, HO [MpOCTPAHCTBeHHO Oonee 06
UIHPHBIM).

lNepBocTenerHtaa mno 3HadeHHIO npobriema,
caeqoBaTenbHo, YCraHOBAE€HHE 3aKOHOMEPHO-
CTerl HapylwleHuA BOAHBIX M OKO(OBOAHBIX 3KO-
'CHCTEM - 3KonaaroreHesa (or rped. ‘plagos’

rop4a) H 3aKOHOMEPHOCTEeH HX eCTeCTBeHHOro
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BOCCTAHOB(IEHHA - 3KopecTaBporeHesa. Hapy-
€HHA BOAHBIX 3KOCHCTEM - IMAPO3KONJarHH -
ocobaf M CaMOCTOATAbHAA 3KONOTHYECKas
peanbHOCTb, OT €€ OCO3HaHHA TMPHHUHMMHAIBHO
3ABHCAT paspafoTka TeOpeTHUECKUX
NPHHUMNOB H 0OOCHOBaHHE. MPAKTHYECKHX Me-
TOAHK  UeleHanpaBleHHOro0  HCKYCCTBEHOro
BOCCTAHOB(ICHHA HapylUeHHbIX BOAHbLIX H OKO-
(TOBOAHBIX 3KOMOrM4YeCKHX CHCTEM W Co3daHHe
KOMIIEKCHBIX CHCTEM 3KOIOrHY€CKOH 3alLHThI
BOAHOH H OKONOBOAHOHA Cpedabl.

BoaMoxKHBI MO MeHblIeH Mepe YeTblpe
CTpaTerMH Takoro BOCCTaHOBaeHHA. [lepBas H3
HHX - CBOEr0 poaa cTparerHs HeBMewa-
TeabcrBa - obOecrievyeHne BO3MOMHOCTH OCY-
WEeCTBIeHNA eCTeCTBeHHbIX TpHPOAHbIX BOC-
CTaHOBHTEbLHBIX TNpoueccos, BropaA - CTpa-
Ternf H30odyHKUAOHABHONO BMellaTenbcTBa -
cnocobCTBOBaHHe eCTeCTBeHHbIM NPHPOAHbIM
BOCCTAHOBHTEbHbLIM MpoLieccaM AONONHeHNEM
K HHM O4HO3Ha4yHbIX nNO COAEpPXKaHHIO H
HanpaBA€HHOCTH  [JeACTBHUA  HMCKYCCTBEHHbBIX
(HanpHMep, yBennieHHe HHTE€HCHBHOCTH
ofe3BpeXHBaHHA XMMHYeCKHX 3arpA3HHTenen
B BOAHOH Cpede Ha OCHOBe OKHCIEHHA C
NpHMeHeHHeM XHMH4YeCKHX CpedCTB C OKHCH-
TeObHOH aKTHBHOCTbIO, H T.I.). TpeTbA - cTpa-
TerHA aHH30(YHKUHOHAIBHOTO BMeLlarenbCrsa
- cnocoOCTBOBaHNE eCTeCTBEHHBIM TIPHPOAHbIM
BOCCTAHOBHMTE/bHBIM [poLeccaM AOINOoAHeHHeM
K HMM HeOAHO3HAUHBLIX MO codepKaHHIo U
HanpapaeHHOCTH  (IeACTBHA  MCKYCCTBEHHbIX
(Hanpumep, yBeaH4eHHe HHTEHCHBHOCTH
obe3BpeXHBaHHA XHMHYECKHX 3arpasHurene
B BOAHOM Cpede Ha OCHOBe COpOLMOHHBIX,
KaTauTUMEeCKNX, HOHOOMEeHHBbIX, KoaryasauH-
OHHbIX, KOMMONAHbLIX TEeXHONOrHH, a TaKke
TEXHOMNOIM'MH TpOrpaMMHpPYeMOro  KOMMIeKco-
o6pa3oBaHHA, B TOM YHCIE C HCNONb30BaHHEM
MexaHH3MOB  MO(IeKyIApHOH v HaaMone-
KyaapHon COOpKH M ynmakoBkH, H T.4.).
YerBepras - CTpaTerna KOMI(IEKCHOI'O TIOH-
(byHKLMOHaNbHOrO BMellaTenbcTBa -~ Crnocob-
CTBOBaHNE €CTeCTBEHHbIM NPHPOAHBLIM BOCCTa-
HOBHTeNIbHBIM NpOLIECCAM  Kak OJgHOBpPEMeH-
HbIM, TaK H MOCIeA0BaTedbHbiM AONOIHEHNEM
K HHM OAHO3Ha4YHbIX H HEOAHO3HA4HbIX MO CO-

AepMaHui0 H  HanpaBleHHOCTH  AeHCTBHA
HCKYCCTBEHHbIX (HanmpHMep, YyBelIH4YeHHe WH-
TeHCHBHOCTH OﬁeSBpe)KHBaHHﬂ XHMHYEeCKHX

3arpa3HHTenel B BOAHOH Cpede C TMpHMeHe-
HHEM XHMHYECKHX, (PH3HYECKHX, XHMHKO-(H-
3MYECKHNX, (PHUIMKO-XHMHYECKHX H MeXxaHn4ec-
KHX TeXHONOTHH, H T.A4.).

BaHenwee 3HadeHnMe HMMelOT MHOrQYHC-
neHHbie NOATBEPAKACHHUA TOrO (pakTa, YTo Io(-
HOe BoOCCTaHOB/IEHHe HapyuieHHOH BOAHOW H
OKOIOBOAHOM 3KOCHCTEMbl KaK [MpaBHaIO He
ocyuiectBaserca. YeMm Gonbille PaHr 3KOCHCTe-
Mbl, TeM MeHblle BepOATHOCTb BOCCTaHOBIIE-
HMA XapaKTEPHCTHK, CBOWCTBEHHBbIX €W M0



BpeMeHH HapyluleHHa (nopaxkeHua). YeM B
6onblue  Mepe  BbIpaZkeHO  HapyulleHne
(nposBasAlOMeeca NOCAeA0BaTeNbHO OT LEHOT-
paHcdhopMallMH 40 AeCTPYKLUHH), TEM TaKKe
MeHblle BepPOATHOCTb AO0CTATOMHO [MOHOro
BOCCTAaHOBAeHHA. PeadbHO BOCCTaHOB(IEHHE
3KOCHCTeMbl MO OHO3KONOTMYECKHM TMoKasa-
TeNAM KaK JKBHBaleHTHOM, TaK H HeIKBHhBa-
(IleHTHOH HapyleHHOHW, COOTBeTCTBEHHO yI-
POLLEHHOA MM YCAOMKHEeHHOH. BoccraHoneHne
3KOCHCTEMbl MO BCeM  XapaKTepHUCTHKaM
OJHO3HAYHOA C 3KOCHCTEMOW, (PYHKLHMOHH-
yioulen A0 Hadana noBpeXKaalollero Bosge-
CTBHA, - MpoLECC pedaknit W Tpebylomnn aaa
CBOero ocyulectsaeHua OGoabwioro  npome-
KyTKa BpeMeHH. OCIOXHHAET IpOoLEecC BOCCTa-
HOBAEHHA W eCTeCcTBeHHoe npeobpasoBaHue
moBGOH 3KOCHCTEMBbI BO BPEeMeHH.

3Ha4yeHne (0CTAaTOYHO OOBEKTHBHBIX MOKa-
3areqed  CONOCTAaBHMOCTH  BOCCTaHOB(IeHHOM
3KOCHCTeMbl C HapylWeHHOH, HapyllaeMoW M
OTHOCHTENbHO HeHapylleHHOM MOryT HMeTb
H3BeCTHbIe noKasarenn ¢$HN3NYECKOro
(rMapoaHHaMH4eckoro) noAoBGHA, XapakTepH-
3ylollie BOAHYIO Cpedy Kak Cpeay KH3HH 1o
napaMeTrpaMm BA3KOCTH, TeKy4yeCTH, H T.A.
(HanpuMep, 4yHcna PeRiHoabda, dpyaa, JAaepa,
n T.4.). Ocobblil 3KONOrOMH(OPMATHBHO 3Ha-
YUMBbIH MOKasarelb BOAHOW cpedbl - CBeAeHHA
O MOBEPXHOCTHOM IWIeHKe - TpaHHue pa3jena
BOAHOM M BO3AYLWIHOH (a3 (MOHOMOAEKYNAp-
HOM cdoe, BKaovaioweM B cebd XHMHUECKHe
3arpA3HUTeqM H YYacTBylOlleM B Npoueccax
MacconepeHoca H MemdasHoM oOMeHe 3Hep-
rHen).

(pPeKTHBHOCTH AHArHOCTMKH COCTOAHHA
HapylleHHbIX BOAHBIX 3KOCHCTEM (FMAPO3KO-
naarui) H OCHOBBIBAIOUINXCA Ha HeHM peKoMeH-
AalMA MO COoAepaHHIO MPHPOAOOXPaHHbIX M
NPHPOAOBOCCTaHOBHTENbHbIX MEPOINPHATHH
AOMKeH ¢nocoOCTBOBATb aHalW3  TMepBHYHO
nopaxaemMor KOCHOHM, GHOKOCHOM H KHBOH
COCTaBAAIOIIMX  3KOCHCTEM, C  HapylleHHA
KOTOPbIX HayHHAeTCA BO3HMKHOBEHHe Hapylle-
HAA DKOCHCTeM B LeIoM. YHC10 TakHX
raaBHbIX HapyuwleHHH 4eTbipe. MMM ABaAoTCA
COOTBETCTBEHHO COOCTBEHHO HapyllleHHs BO/-
HbIX Macc (3yrvaponaarvt), HapyuleHHA adoH-
HbIX OCadKOB (Meaonaaruy), HapylieHus NpH-
OpeHOro MoYBeHHOrO H I'PYHTOBOrO MOKPOBa
(neponaparnaporaruy), HapyleHWsa  pacTu-
TE€NbHOTO MHpa H ZKHBOTHOTO MHpa I/1aHKTOHA
n OeHtoca (¢pUTOrHApPONIArHH H 300TrHAPONIA-
THH),

H3noxeHHOe ybexaaeT, 4To HMeeT MecTO
6e3ycioBHad HeoOXOAMMOCTb AETAMTbLHOrO Kare-
rOpHafbHOI'0  aHanu3a  COCTOAHHA  BOAbI,
BOAHOW Cpedbl W BOAHBIX 3KOCHCTEM (C yye-
TOM HX pasMepoB Kak NpH HOPMaIbHOM (pyH-
KLUHOHHPOBAHNH, TaK W B YCIOBHAX MoABep-
JKEHHOCTH MNOBPEeXAAIOINM BO3JEHCTBUAM) CO
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- IApHble 0Opa3soBaHHA;

crieLnanbHOA  pa3spaboTKOM  HOMeHKaaTypbl,
KaaccHdukauuy W THRoaornn. Kareropnann-
HBIA aHaaM3 - NPeAnoOCbiIKka AnA YCTAaHOBAEHHA
HepapXHH COCTOAHHA Kak HOpPMabHbIX, TaK H

Cy6KpHTHYECKHX H KPHTHYEeCKHX
(XapaKkTepH3YIOHWHXCH, HanpHmep, yrepen
BOAHOW  CpPeAoH, AOHHbBIMH  OCAdO4YHbIMH

06pa3oBaHHAMH 3Ha4yeHHA Cpeabl OOHTaHHA
COOTBETCTBEHHO /18 NIaHKTOHHLIX H G6GeHTro-
HHYeCKHX opraHnamoB, 3ddekTom agenomyasn-
UMH, U T.A4.).

YcraHOBeHHEe KaTeropHit W HepapxuH Co-
CTOAHNMH MPHHUMMHAIBLHO B CBA3H C TeM, YTO
y BOAbl H BOAHOH Ccpedpl (BOAHBIX Macc) B
CBA3H C HX TOCTOAHHOW NOABEPKEHHOCTbIO
BO3/CHCTBHAM HCYe3aeT 3Ha4yeHHe OJHON W3
BaXXHEALIHX OCHOB obecredeHHs MH3HH.

B wucropnn 6Hochepbl M YemosevecTsa
BOJa ¥ BOAHbIE MAaCCbl MCTOPHYECKH MMenaH H
MMelOT 3HayeHHe PpacTBOPHTeNns BOJOPaCTBO-

PHMBIX XHMHYECKHX COEIMHEeHHH, KOMIIIeKCOB,

MHHepanoB; COCTaB/AIOLIEH BOAOHEepa-
CTBOPHMBIX XHMH4YECKHX COeAMHEHHH, KOM-
NIeKCOB, MHHEpanoB; TPAHCMOPTHPYIOILEro
areHTa, nepepacnpedensiollero B [POCTpaH-

CTBe BOAOPACTBOPHMblE H BOJOHEPACTBOPH-

Mbl€ XMMHYECKHE COeqHHEHHA H HaaMOeKy-
MOBEPXHOCTHON Mpe-
MMYILLeCTBEHHO  MOHOMOIEKYAAPHON  TAEHKH
(cnon), obecnevynBaowen MemdasHbI Mac-
CONEpeHoC M3 BOAHLIX MacC B BO3AYLIHbIE;
XNMHYECKOH OCHOBBI GHOMOTHYECKHX KHAKO-
cref (KHAKkoH ¢pasbl KpOBH, OHMM@bI, KHAKO-
CTH OpraHoB [IHILUEBaPHTEIbHO-TPAHCHOPTHOIO
KoHBerepa, CHHOBHAIbHOM KWAKOCTH, TM1a3HOH
KHAKOCTH, MuaKkoH ¢a3bl  clopdakraHTa,
MHAKOCTH reMaro-aHUedanHueckoro 6apbepa,
XeayAoYHOro COKa, MIOAHbIX BOA, MKHAKOCTH
KCHAeMBI, (aoaMbl, UHMTO300A, W T.4.), CYb-
cTpara merabonu3Ma B opraHusMe, B GHOKOC-
HbIX H KOCHBIX NMPHPOAHBIX OOpPa3OBaHHAX, B
TOM 4HC/e OCHOBbI BOAHO-COMEBOTO OOMEeHa;
cybctpara OGHOreOXMMHYECKHX — LIMKIOB, XH-
MHYECKHX 2(1eMeHTOB H HX coedqHHeHHH (B
nepBylo ouepedp BOAOPACTBOPHMbBIX); KHAKO-
¢a3HON OCHOBBI IMHNTaHMA, KOpMEeHHA, TIpH-
MeHeHHA XHMHYECKHX TpenapaTHBHbIX Cpe-

ACTB; cocTaBafollen  armocdepHoro TI'ma-
poazposond; MHAKodasHOM OCHOBblI THAPO-
cdepbl; PH3NYECKON KHAKODA3HOA apeHbl

XH3HH - TNepBHYHOHA cCpedbl BO3HHKHOBEHHA
JKMBOTO, Cpeabl 3BONIOLHMH NEepBHYHOBOAHBIX H
BTOPHYHOBO/IHbIX OPraHH3MOB; COCTaB(IAIOLIEH
TEXHOOrHUYECKHX NpoLeccoB aoboro
npeaHasHavyeHNnA; cpedbl nepegavyd HMHEPOPMa-
UMH M 3HEpPrHM, H T.A.; MYTH paclpocTpaHeHHd
anrocdepHbIX QUIIOHAHBIX MOTOKOB, H T.A..

B HCcTOpHH opraHH4Yeckoro MHpa Bo/a B
cocraBe OHONOTMYECKHX MHAKOCTEH M BOAHbIE
MacChl BOAHOM Cpe/bl ONpedensaan N omnpede-
AI0T BO3MOXHOCTb MHANBHAYANbHOIO pa3BH-



THA M OCYLIECTBACHHA KH3HEHHbIX HHKIOB,
MpOLIECCOB  MHKPO3BOMIOLUNH, BO3HHKHOBEHHA
AKHM3HEHHbIX (OPM, afanTaunA H aKkKauMauwH,
peKoHBanecleHunn nocae 3aboneBaHna H pea-
fnanTauni, noaaepXaHHA KM COBEpLUEHCTBOBa-
HHA MeXaHH3MOB roMeocTrasa M roMeopesa Kak
Ha OpraHM3MeHHOM, TaK M HadgopraHH3MEHHOM

YPOBHAX OopraHu3auHH MHBOTO
(MONYAALHOHHOM H UeHOTHYECKOM),
Mpeobpa3oBaHnA, NPONCXOAALIME B BOAHBIX

Maccax B MepByld o4epedb, OO0yCnoOBaeHHble
YeoBe4YeCKOH AeATeNbHOCTbIO, - aKTHBHPO-
BaHHe CBepPXBbICOKHMH TeMIieparypaMH, YCKO-
peHHe H MHorokparHag cMeHa ¢asoBbiX CO-
CTOAHHH, 3¢P¢eKTbl NPH BO3ASHCTBHH Mar-
HHTHbIX H 3(1eKTPOMArHHTHbIX MOMeH, BO3HHK-
HOBeHHEe KaacTepHbiXx o0pa3oBaHHH, yBeaHye-
HHe COodepsKaHHA TAXKEAOH BOAbl, H3MeHeHHe
BUOPALUMOHHBIX XapaKTEPHCTHK(B TOM 4HMCae
MHKPOBHODAUHOHHBIX), W T.4.. C Yy4YeToM,BO-
nepBbiX, NpPHpPOAbl BOAHOH OOO0MOYKH 3eMan
KaK CHCTeMbl C pacnpegeneHHbIMH Napamer-
paMH H, BO-BTOPbIX, NOCTOAHHbIX B3aHMOCBA-
3ed BHYTPHOPraHH3MeHHOH BOAbl H BOA Cpeabl
obuTaHHA Takne npeobpazoBaHMA - OdHA H3
[eACTBEHHbIX MNPH4YHH H3MEeHeHHH B HHAW-
BHAyaNbHOA cyabbe OpraHH3MOB H B cyqb6e
HX COOOLIECTB.

BaxHble  ecTecTBeHHbIE ncmpuqecrme
TPeHAbl BO B3aHMOOTHOLIEHMAX THAPOCGEpbI
M BHOTBI -
obocobrnenne BOAHOM M OKOIOBOAHOM Cpebi

KaK cpeabl 0OMTaHHA H KOOHH3AaUMA HX Op-

raHM3MaMH CrieLHANM3HPOBAHHBIX NMEePBHYHbIX

H BTOPHYHBIX KH3HEHHBIX (POPM;

BepTHRKanbHaA MW TOpH3oHTankHaa audde-

peHUHauHA TpeXMepHOro HpPOCTPaHCTBa BOA-

HOW Cpedbl Kak KOMIOHH3HpyeMOoH cpeabl 0OH-
TaHHUA;

npHobperetre GH3IUNYECKUMH H XHMHYECKHMH

CBOHCTBAMH BOAHOA Cpeabl H OHHBIX OCad-

KOB (rpadveHTaMH MMApOCTaTHYeCKOro Aabie-

HHA, CBeTONPOHHLAEMOCTH, TeMIlepaTypbl,

OKCHMIeHalUH, BOAHOBOIO BO3ACHCTBHA, H

T.A.) 3HayeHna (HaKTOpPOB eCTeCTBEHHOro

orbopa, Merabonuyeckaa ONTHMH3AUMA H

MHHHUMH3alMA MNpPH OrpegeneHHblX YCAOBHAX

KOAMYeCTBa UOTpebAAeMON B OHTOeHe3e

BOAbI, @ TaKXkKe BOAbl, BblACIAEMOH OpraHH3-

MaMH TIpH  OCYIIECTBAEHHH  MPOLECCOoB
HH3HeAeATe/IbHOCTH;
BO3HHKHOBeHHe  HW30(MYHKLUMOHAMBHOCTH B

pPOH BOAbl Kak pacTBOPHTENA H TpaHCMOp-
THPYIOLLIEH Cpeabl NMPH OCYIUECTBIEHHH TNpOo-
Ueccos MeTabonnaMa B XKHMBOH, BHOKOCHOH H
KOCHOHW NpHpoge;

BKAIOY€HHE OpraHH3MOB H HX LEHO30B (B
nepByl0 oudepedb HTOLIEHO30B) B KPYroBo-
pPOT BOAbl B NPHpOAE;
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aganTallA OpraHHM3MOB K HCIOIb30BaHHIO
BOIbl NPEHMYLLECTBEHHO TpH KHAKODa3HOM
COCTOAHNH;
BO3HMKHOBEHHE 3aBMCHMOCTH OpraHM3MOB H
MX 1eHO30B B OHTOreHe3e M KH3HeHHOM
LUMKae® OT TeMNepaTypo3aBHCHMOH  CMeHbl
daz PH3HYECKOrO COCTOAHHA BOABI - KHA-
KOH, razoobpa3Hof 1 TBepPAOH;
BO3HHKHOBEHHEe 3aBHCHMOCTH HarlpaBaeHHA H
CPOKOB llgHOreHe3a H LIEHOTHYECKOH TpaH-
copMallMM OT AWHAaMHKH COAepAKaHHA BOABI
BO BpeMeHH;
ob6ocobneHne M crneuyann3aups KH3HEHHbIX
¢opmM opraHuamMoB K AedHUHUTY H H3OBITKY
BOAbl (C nprobpeTeHHeM CBOMCTB THAPODH-
MK, Me30(HAHH, CKaepoMopdH3Ma, KCepo-
MOp(dH3Ma, H T.4.);
npuobpeTeHne 3aBHCHMOCTH BHAOBOIO CO-
CTaBa, YHCAEHHOCTH BHAOBBIX MOMYIALHH,
CTPYKTYpPbl UEHO30B H (PYHKUHMOHHPOBaHHA
TPOpOANHAMHYECKHX LleNned OT AHHAMHKH
NPHPOAHBIX MPOLECCOB MHHEepanH3allih M
feMHHepaau3alHH CONeHbIX, CONOHOBATbIX H
NpPeCHbIX BOA, OT HX AKTMBHOH KHCAOTHOCTH;
KoornepatHBHoe oObeanHeHne OHOaOru4ec-
KMX H HeOHOMOrHYeCKHX MeXaHM3MOB XMMH-
YeCcKOoro, padHalMOHHOrO H MeXaHH4Yeckoro
CaMOOYMIULEHHA BOJ (COOTBETCTBEHHO He-
depmeHTaTHBHBIX W (epMEHTATHBHbLIX, CO-
pOUHOHHbIX M (DHABTPALIMOHHBIX, KOMITIEKCO-
00pazoBaHHA, W T.A.) C HCNOAb30BAHHEM BO3-
MOKHOCTEH OpraHM3MOB MPOAYUEHTOB, KOH-
CYMEHTOB H PeyLeHTOB;
onpegedeHne AuddepeHUHaUdH H MHOroob-
pasua O6HoronoB M 6GHoAMBepCH(HKALHH B
BoAgHOHA cpeae obOHTaHHA O0ObBEMOM BOAHBIX
Macc (BOAHOCTBbIO BOAOTOKOB M BOAOEMOB).
EcrecrBeHHble HCTOpPHYECKHE TpeHAbl BO
B3aMMOOTHOLUGHHAX ruapocdepbl H 6GHOTBHI
3HaYyHTeNbHO  pasHooOpa3Hee.  YMOMAHYTbI
(IMWb T€ H3 HHUX, KoTopble B HanbOonbllen
Mepe MOryr ObiTb HapyuleHbl TpH OCyIle-
CTB€HHH 4YeqoBevYeCcKOH JeATeNbHOCTH.
BasHbie aHTponoreHHbie TpeHabl BO B3aH-
MOOTHOLIEHHAX rHapocdepbl H OHOTHI -
yBennyeHHe 3aBHCHMOCTH I'MAPOOHOHTOB OT
BOAHOCTH BOAOEMOB H BOAOTOKOB;
M3MeHeHHe IPaHHuL apeanoB rHAPOOHOHTOB H
MX KpyXKeBa TMpH ONpecHeHHH (geMHHepa-
(IM3aLHH) CONEHbIX H CONOHOBATbIX BOA H
3acoeHHH (MHHepaqH3alnH) NpPeCHbIX BO;
Ae3agantalna rrugpo6HOHTOB MNpH  Hapyiie-
HHAX B BOAHOHM Cpede rpadHeHToOB (H3HYeC-
KHX MOAeH, XHMHYECKOro H MeXaHU4YeCKoro
cocTaBa [AOHHBIX OCAdKOB M BOAHBIX Macc,
06yc1oBAeHHOrO 3arpA3HeHHeM (B TOM YHCae
MpH Je30KCHIreHaUHHn 1 auMandHKaLmH);
AeNnonynALUHMA rHApOOHOHTOB NMPH HapylleHHH
Yy HHX CHCTEM HMMMYHHTeTa, MEXaHH3MOB TO-
(1IEPaHTHOCTH, PE3NMCTEHTHOCTH H aKKAHMaLHH



NpH BO3HMKHOBEHHWH 3KONOrHYyeckn obyc-
aoBAeHHbIX 3aboneBaHHA U CMEPTHOCTH;
pa3pylleHHe LEHO30B H pa3pblB TpodoAHHa-
MH4YeCKHX Lienen; _

obeaHeHne deHodoHaa, reHodoHda, nony-
aAuMoHHoro ¢oHaa, ueHodoHaa H ¢oHaa
9KOCHCTEM;

BTOPHYHOE 3arpA3HeHHe BOAHBIX MacC M

AOHHBIX OCAAKOB MPH OTMHpPaHHH XHMHYECKH
3arpA3HeHHbIX OpraHM3MOB;
yMeHblileHHe YHCIA eCTeCTBEeHHbIX GHOTOMOoB
H 3KOTOHOB H BO3HHKHOBEHHE HOBbIX OHO-
TONOB H 3KOTOHOB; '
cerperalya nomnynauvA B npeobGpasoBaHHOM
BOAHOHN cpeae;

BO3HMKHOBEHHE [ONyNAUMA LIEHO30B W TpPO-
¢doanHaMM4eCKHX Lemned, BblIepXUBAIOLIMX
NoBpexAaolIMe BO3ACHCTBHA;

_ yBenHyeHHe OMOMAcChl  XeMOTONEPAaHTHBIX
(XeMOpEe3NUCTeHTHBIX) H  (H3HOTONEpaHTHBIX
(dH3MOpe3nCTeHTHbIX) FHAPOOGHOHTOR (paano-
PE3HCTHBIX, TEPMOTOIEDAHTHBIX, H T.[.);
YMpotiieHHe CTPYKTYpbl UeHO30B H GHOoLieHo-
THYECKHX CBA3eA NMpH H30HpareabHOH aeno-
nyaAuurH;

BO3HMKHOBEHHE KH3HeHHbIX GHOpPM ruapobn-
OHTOB, BbIACPKHBAIOLHMX YCNOBHA CTpPeCCa;
ocnabaenre CrnocOGHOCTH K XHMHYECKOMY
CaMOOUHIUEHHIO W fAe3akTHBalMn H3Huec-
KHX nonen; '

orpaHHieHHe BbIPaKeHHOCTH TpexMepHOH
aHM30TPOMNMH BOAHBIX MAacC Kak cpeapl OOH-

TaHNA;
npuobpereHHe MOBPeAJAOLIHMH  areHTaMH
3HaveHHA ¢aktopos orbopa;

BO3HHKHOBEHHE HOBBIX 3KOCHCTEM C HOBBIMH
CBOMCTBAMH (BOAOXPAHHAHLL, BOAOEMOB-OXAa-

Avtenen, aKKyMyaaTOpOB CTOYHbIX BOJ, OT-
CTOMHHKOB, ¥ T.4.);
npyo6pereHne  MONYIALUMAMH  OPraHn3MOB,
YCTOAYMBBIX K NOBpeMAaloNM  BO3AeH-
CTBHMAM, 3HaYeHHA NONYIALNA-OCHOBarernes;
M3MeHeHHe CPOKOB GHOMOrHYEKOro MoKOH M
Pa3sMHOKeHHA; '
H3MeHeHHe ¢OopM H TEMNoOB MYyTalMOHHON
M3MEeH4YHBOCTH.

HanoxeHHoe yb6exaaer, 4TO COXpaHeHHe
BOAHBIX 3KOCHCTEM, NPHPOAHBIX BOA, THAPO-
chepbl Kak Leaoro Moxer Obith obecrieveHo
(Wb TpH HCNOAL3OBaHWH  LedeHanpaBieHo
HCKYCCTBEHHO CO3/laBaeMOiA BCECTOpOHHe 000-
CHOBaHHON H 3(dEKTHBHOH CHCTEMbI 3KOIOMH-
YeCKoH 3allUThI (9Konornyeckas Ge-
30NacHOCTb H  0e30TX04Hble TEeXHONOTHH -
naean Oyaywiero). CucTeMa 3KONOrHYECKOH
3alllMTht MHOIOKOMMNOHEHTHa W AOMKHA obbe-
AHHNTL B ce6Ge mo MeHblleH Mepe 15 cocrap-
AAOLHX -

cybenereMy  npodHAaKTHYECKONO  peaHas-
HaveHHA, NPeJoTBPAIAIOIYI0 H OrpaHHYHBa-
IOLylo MOBPEXRAAIOIHNE BO3ACHCTBHA CO CTO-
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polbl 0OlIecTBa, NPOH3BOACTB KAMAOIO H3

9HEPronpoMbILINEHHbIX LHKAOB, CO3AaHHbIX
4Yen10BEKOM;
CHrHabHYl0  CyOCHCTEMy,  OMOBeILAIOLIYIO,

npegynpexaailylo 0 BO3HHKHOBEHHH 3KO-
. (IOTHYeCKHX 4pe3BbIMaHHbIX CHTYALUA, 3KO-
IOrHYeCKOH OMACHOCTH;

cybcncreMy  goarocpovHoro 6rosKonorHyec-
KOro KOHTPOAA (BKAWOYAOWIEr0 COOTBET-

CTBYIOILIHE KaTeropnM craHgapTH3alHH, Mo-
HHTOPHHIA, AHArHOCTHKH, WHAWKALHKH, Te-
CTHpoBaHndA, CeHCOMETDHH, nacloOpTH3auuH,

arTecralupH, ceprndyKalHnh);

cyOCHCTeMy [e3aKTHBALMM XHUMHYECKMX W
(pH3MYeCcKHX NMOBPEKAAIOIINX areHTOB;
cybcrcTeMy BOCCTAHOBICHHA — HapyLIEHHOrO

(3KopecTasporeHesa);

cybeucreMy (pHaHKO-TeorpadHUyeckoro 6Gapb-
€PHOI0 peryanpoBaHufA, NMpegoTBpallalolEero
pacrnpocrpaHeHne BO3HHUKAIOLIHX HapyllleHHH;
cybcHcreMy aAeMorpapH4eckoro peryanpoBa-
HHA, OrpaHHYHBAIOILETO YMCAEHHOCTb M pac-
Ce/leHHe HeXelareqbHbIX OpraHW3MOB;
cybcHCTeMy HOPMHPOBAHHOTO  (I03WPOBAH-
HOro) BOAOCOTBedeHHWA W  BogocHabxeHHs
(KOMMyHaNbHOroO, TEXHHYECKOrd, CenbCKOX-
O3ANCTBEHHOrO, 1eCOXO3AHCTBEHHOro, BO-
AOXO3AHCTBEHHOTO M  PbIGOXO3ANCTBEHHOrO
npeaHasHa4eHHus);

cybcHCcTeMy OYHCTKM BOA M /OHHBIX OCaq-
KOB, a TaKxe BO3fyXa, MO4YB H IPYHTOB, MX
000pOTHOTNO HCMOMb30BaHHA, peKynepalyH;
cybcrcremy ob6eaBpemnBanns, obe3zapamy-
BaHWA, MOCACAYIOLIEH YTHAH3ALUMH HaH KO-
A0TH4YeCKH 6e30MacHOro 3aXOpPOHEHHA OTXo-
f10B; : _
cybcncTeMy BOAHBIX M OKOMOBOAHBIX LEHO-
30B (B MepByl0 o4epeab (HTOUEHO30B), 03-
[0PaBAHBAIOLLNX BOAHYIO cpeay;

cybCHCTEMY 0310DaBIHMBAIOILETO [PeHHpOBa-
HHA;

cybcucTeMy CO3@aHHA HCKYCCTBEHHBIX 0340-
PaBAHBAIOIMX AOHHBIX T'PYHTOB, NMO4BEHHOIO
Y TPYHTOBOIO NMOKPOBOB;

cybcucTeMy XMMHMUYECKHX CPEACTB C O3HPO-
BaHHOH H nporpaMMHUpyeMoOR 3aBHCHMOCTLIO
OT rHgpaTaumH;
cybcucreMy  ynpabaeHMA
PHCKOM.

IbdeKTMBHOCTL  SKOMNOrHYECKOA  3aLUHTHI
BOAHbIX M OKO{OBOAHBIX 3KOCHCTEM B 3HAYH-
TeIbHOH Mepe 3aBnChMa OT 3KOMOTHYECKOH 3a-
WATBI HAa3eMHbIX 3KOCHCTEM, OT 3KONOTrHvec-
KO ODOCHOBaHHOCTH He TOAbKO BOAONONL3O-
BaHMA, HO M 3eMeNnodb3OBaHHA, B TNepBYIO
oyepeab CeIbCKOXO3ANCTBEHHONo, TaK Kak
NMpM  TpPHMEHEHHH MHOTMX  CebCKOXO3fH-
CTBEHHbIX TEXHOOTHA (pacTeHHEeBOAYECKHX H
KHBOTHOBOAYECKHX) TNPOHCXOAHT 3HAYHTEdb
Hoe 3arpA3HeHHe BOAHbIX MacC BOAOEMOB H
BOJIOTOKOB, MNMOANOYBEHHBbIX, TMOYBEHHbIX H

3KOIOrH4Ye€CKHM



rpyHTOBbIX BOd, B CBA3H C 3THM BaXKHeHllee
BogocOeperaoiiee 1 BOAOOXpaHHOE 3HaueHHe
nprobpeTaloT  A03MpOBaHHbIA  (KanenbHbiA)
‘noaus, AoMaeBaHHWe, BO3deqblBaHHe BOAOAE-
(PHUHTHLIX COpTOB, H T.4.. HeobBxoanmoe Ao
noAHeHHe K CHUCTeMe SKOIOrHvecKOH 3allHThbl
- CO3flaHHe CeTH KaHain3aLlMy H BOJONpOBOAA
Ha GMOHMYECKOA OCHOBE (C HCnoab3OBaHH-
€M, B 4aCTHOCTH, CBeAEeHMA O BacKyaapH3aunn
OCeBbIX M anMeHAMKYIAPHbIX OpraHoB pa-
CTeHWH), npenMylllecTBeHHan paspaboTka Ma-
10BOAHBIX H 0e3BOAHBIX TEXHONOTHH, HCNONb-
30BaHHE YCTPOWCTB, npeAOTBpallalolHX BO3-
HHKHOBEHHMe 3acToA BOAHbIX Macc (Typbyam-
3aTopoB K T.IL),

[leACTBeHHblE YCAIOBHA COXpaHEHHA THADO-
coepbl -

3KOMOrnecKan cepTrdHKauns BOAHDbIX

0ObEKTOB, @ TakxKe BOd B 3aBHCHMOCTH OT

ueaen MX MCronb3OBaHHA;

3KONOTN4ECKOEe CTPaxoBaHne BOAHBIX OOLeK-

TOB H BOA;

CTaHJapTH3aUMA KaTreropHn BOA M BOAONOT-

pebnenna noboro npeaHasHa4yeHns;

HOpMHPOBaHHE KavecTBa BoA.
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C Uenbio BbIMOMHEHHA 3THX YCAOBUA HEOO-
XOAMMbl co3daHHe BaHKoB ob6pa3uoB Bodbl C
Perncrpamn H KagacrpaMmH (perrHoHanbHbIX,
MaTepHKOBbLIX, OKeaHH4YecKHX, raobanbHoro), a
Takxe oBoCHOBaHME KOHUENUHH COXpaHeHHA
ruapocgepbl B YCIOBHAX HMHTEHCH(MHKLUHMH ee
HCNONb30BaHHA H YBeaHYeHHA ee nodBepeH-
HOCTH NOBpeAAAlOMM BO34eACTBHAM. KoHLie-
NMUHA coXpaHeHnAa THApocdepbl AOMKHA BKA-
Io4ath B cebA KOHUEMNLMIO YNpaBaeHHA BOA-
HOH cpedon, BOAHBIMH pecypcaMH, BOAHBIMH
obbexTaMn, BOAHBIMH 3KOCHCTEMaMH. 3Have-
HHe ee MeTOAOOrH4ecKOA OCHOBBI OMNpaBAaHoO
NpHAaTh NPHHLHIY TPHAAbI THAPOHOMHYECKOIo

aHanm3a, OObLEAMHAIONIETO B  eCTeCTBEHHYIO
nocaeaoBarTenbHOCTb rHApOHOMHYECKHe
PEKOHCTPYKUHH (NaneopeKkOHCTPYKLINH),

THAPOHOMMYECKHA aKTYanu3M (XapaKTepncrThKy
COBpeMeHHBbIX COCTOAHHA BOAHBIX OOBEKTOB) H

rMAPOHOMHYECKOe NporHo3npobaHHe.
Ofo6uerive BLIBOAOB M3 3TOMO  aHaIM3a
nprobperaer 6Hornapocgepocodckoe

3Ha4yeHHe. KoHUerNunWer No3HaHWA, CoXpaHeHHA
M HCNONb30BaHHA TrHapocdepbl AOMMKHa ObiTh
6e3yc1oBHO KoHUenUHMA ruapochepocoduH.



3HAYEHHE BOAHOH CPEAbI AMA MAK-
PO2BOMIOUHMHN OPTAHM3MOB

A H.Crapoboraros

3oonornveckHi HHCTHTYT FAH,
Cankr lerepbypr

Mbl cuyMTaeM, UTO MaKpO3BOMIOLUMA 3TO
3BOMOLIMA JKOCHCTeM (M 6uocdepbl B le-
I0M),HO paccMOTpeHHas C TOYKH 3peHHA
cyabObl  OAHOHM  (PHAOTEHEeTHYeCKOW  BeTBH
(Knagbt) MM oOpa3oBaHHOrO Ha ee OCHOBe
MaKpoTakcoHa ((TeB4eHKo, ‘Crapobora-
TOB,1993). 3JBOMOUHA Kaaabl (MM  Makpo-
TAaKCoHa),B CBOIO o4epedb,orpedensferca Kak
BHEUIHHMH 110 OTHOWEHHID K TNONYNALUAM
MHBbLIX OpPraHnamMob aKkTOpaMH, Tak H
CBOHCTBaMH CaMHXx oprann3mob.(JencTBHe
nepBbiX MOXeT ObITb 0003Ha4eHO KaK COBO-
KYMHOCTb (IMLEH3NA, |

Mog 3TMM TEPMHHOM Mbl NMOHHMaeM:

1) ycnoBHa mecta n BpeMeHH,

2) podb B MOTOKAX 3HEPrHH H BellecTa
3) nonomeHne B OTHOWEHWH rpajHeHTa
DH3HKO-XHMHYECKHX HaKTopoB cpedbl, Mpe-
AOCTAB(AEMble CYLLECTBYIOUMM B 3KJCHCTe-
Me MNonyasuHAM OpraHu3MoB, HAH OpraHus-
MaM, BCeNAlNMCA B Hee ((leBueHKo1984;
Crapoborartos, 1984a; - TepMHH Obin Brep-
Bbie nMpedaoxmeH Gunther, 1949, HO c Kpaw-
He pacnabiBYaTbiM OnpederneHHeM H,NPUTOM,

Kak ¢akTop 3BOMIOUMN).

CBOHCTBa OpraHH3MOB
Mepe  onpeaensloTCA

B 3HaJYHTedbHOM
NpeAwecTBOBABILNM

X040M MX 3pomounn.fipucnocobnenne opraxm-.

3aMa K abHOTHYeCKHM H OHOTHYeCKHM ( HO
BHEILHWM MO OTHOWEHHK K MONynsauuH)
YCIOBHAM BCerda OCyUeCTBAAETCH aCHMIITOTH-
YeCKH, HHLIMH CAOBaMH, Kaxdasa MyTalus,
Beayllas K ONTHMH3auMH paboTbl TOro HaM
HHOrO annapara, YyMeHbllaeT BepOATHOCTh
caeaylolied MOIOXHTENbHON MyTaUMM B TOM
/K€ HanpapdaeHHHn H, B KOHEYHOM CueTe,
annapar crabuavanpyeTrcds U B Mopdoaoru-
YeCKOM H B (YyHKUHOHAMTBHOM OTHOWIEHHH
(CrapoboraroB, 1988). TakuMm ofpaszoM, B
OfHHX cCay4yaAX BHAOBadA TONYNALNA MOXeT
HCNob30BaTh aHHYIO (IHMUEH3HI0, a B ApPYrux
HEe MOXeT MO [pHYHHE HEeCOOTBeTCTBHA e
CBOe# opraHH3auHH, Ecan Mbl oT
NONyIAIIHOHHONO YPOBHA MepefiieM K ypPOBHIO
MAaKPOTAKCOHOB, TO BO3MOMKHOCTH MCMOOL30-
BaHHA HEKOTOPOTr0 MHOMECTBa (HMLUEH3NH
onpeaendaioTca  adanTHBHOA 30HOH MakpoTa-
KCOHA.3TOT TepMHH Oblad BBegeH [K.CuMm-

SIGNIFICANCE OF AQUATIC MEDIA FOR
THE MACROEVOLUTION OF ORGANISMS

Ya.l Starobogatov
Zoological Institute of Russian Academy of
Sciences Sanct Petersburg

We regard that the macroevolution is
evolution of ecosystems (and whole
biosphaere) considered from the point of
view of a fate of sole phylogenetic branch
(clada) or a macrotaxon formed on its base
(Levchenko, Starobogatov, 1993). The evolu-
tion of a clada (or a macrotaxon) in its turn
is determined by both extemal and intemal
(in relation to population) factors and prop-
erties of the organisms.The action of the
former may be designated as the complex of
licences.

We determine this term as:

1) conditions of a time*and a space,

2) role in the flow of energy and matter,

3) position in relation to gradient of physi-
calchemical factors of media let by eco-
system the populations of organisms présent
in the ecosystem or an organism in-
troducing to it ( Levchenko,1984; Star-
obogatov, 1984a; the term was initially in-
troduced by Gunther,1949 but with ex-
tremely unclear definition and as a factor of
evolution).

Properties of organisms in a large measure
are determined by their previous evolution,
An adaptation of an organism to both abiotic
and biotic (but external to the population)
conditions always realises asymptotically or in
other words each mutation leading to opti-
mization of the function of an apparatus
deminishes the probability of a subsequent
mutation in the same direction and the ap-
paratus in the end is stabilized both in its
morphology and in its function
(Starobogatov,1988). Thus the population of
a species can use the licence in one case
but in another cannot use because its or-
ganization is disagree to the licence, Passing
from population level to macrotaxa level we
may see that possibilities of using of a set of
licences are determined by the adaptive one
of the macrotaxon. This term was introduced
by Simpson  (cited  after  Russian
edition, 1948) without definition.But it may be
definited now as a total number of licences
which may be used by the members of the
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coHoMm (1948) 6e3 onpegeneHHsa, HO HbIHE €ro
MOMHO  OnpedenHTb  Kak  COBOKYMHOCTb
NVLEH3NHA, KoTopble MOryT ObiTh HCMONb3O-
BaHbl Y41eHAMH MaKpPOTAKCOHa 3a BCE BpeMA
ero CyllecTBOBaHMA.AAaNTHBHbIE 30HbI MOTYT
coBnajarb 4acTHYHO HAH peaKko  TMOaHOo-
CTbIO,TAK KaK OAHH H T€ Ke OMUEH3HH MOTryT
MCNoAb30BaThCA pa3HbiMU TPYMNaMH OpraHt3-
mMoB. [lpH 3TOM BaKHO NOMHHTb, YTO YHCIO
avueH3nn B OHocdepe, XOTA W BeaNKo, HO
faneko He O6ecKOHeYyHO M  ABHO MeHblle
BO3MOHOCTeN  yBelHueHHs  pasHoobpasna
XKHUBbIX OpraHu3sMoB. 3HauuT, AdA OLEHKH
BOMAHUA BOAHOHA Cpedbl Ha MakpoaBOIOUHIO
ayqmle  Bcero  Obiio  Obl  npocaeanTb
3BOMOLIMI0 BOAHBIX KOCHCTEM. OgHaKo, 3To
B HacTofllllee BpeMA HEBO3MOXKHO BBHUAY
HEeMNMo(HOTbI HalMX 3HaHWA, [o3ToOMy OcTaercA
NPOCAeANTb H3MEeHEHHA T1aBHbIX KOHCTPYKTH-
BHbIX OCODEHHOCTeH 3THX JKOCHCTEM, a
HMeHHO, KakHe  OpraHuaMbl  ABIAIOTCH
NMepBHYHBLIMA MpOAYLIEHTaMH, Kak H KeM
NpOAYKLUHA HCNOAb3yeTCA M KTO OTBETCTBEH
3a [polecchl AeCTPYKUMH H BO3BpallieHHA
BelecTBa B Kpyrosopor.

[lpexae Bcero caegyer OTMETHTE Cylle-
CTBEHHOE pa3fHyHe Mexay BOAHOM M cyXomy-
THOH  cpedaMH.CyxoNyTHaa  Cpe/aa,yCioBHO
roBoOpA,'AByXMepHa',Toraa Kak BogHaA "Tpex-
MepHa'. JTO @erko NpONTIOCTPUDOBaTk Ha
npumepe 6HoreorpadHyecknx Kapr. (lioboe
6roreorpadgMyeckoe  paHOHHpOBaHHe  CYUIH
MoxeT ObiTb H3oOpakeHO Ha OAHOA MMOC-
KOCTHOH Kapre. [laxe B caydyae Yy3-
KHX,CMEHSAIOWMX Apyr Apyra Mo BepTHKanu
NOACOB B ropax, Mbl BOIHe MOMeM H300pa-
3UTb MX Ha Kapre, noaoOpaB COOTBETCTBYIO-
iHA Macrab. HHoe aeno B Mope: H300pasHTb
Ha OAHOW KapTe paAOHHpOBaHne OeHTann H
neaardany HeBO3MOKHO - HyKHbl, MO MeHb-
e Mepe, [Be pa3Hble KapThl, XoTA OeHTanb
OT AuTOpany Ao yabTpaabHccanu (ragann) Mbi
MozKeM H306pa3nTh Ha OAHOH Kapre, M3bpas
MoAXOAAIIMH MacluTab. OTa " TpexMepHOCTh'
BeCbMa BajkHa W B 2KOOrHYeCKOM CMbICae,
Ecan Ha cywie npouecchl AecTpyKUMH HAYT, B
OCHOBHOM, B MNO4YBE H €€ TMOBEPXHOCTHOM
crioe - NOACTHAKEe, TO B BOAHOH Cpege OHH

MOryT HMATH KaK B [enarvaqd, Tak H B
GeHtarn. B CBA3M € 3TMM B Mope
AeTpHTodar1 MOryT AHUTAThCA Kak
B3BellleHHbIM  (MIOTPYAKAIOWMMCH)  AETPHTOM,

TaK W OCeBWIHM Ha MOBepXHOCTb AHa: B
MpecHbIX BoAaX 3Ta ‘TPEXMEPHOCTb' He Tak
yXK 3aMeTHa, BBHAY MabiX rayGHH, W (HLIb B
FMIMAHTCKUX o3epax C OoabliMmh raybnHamn

macrotaxon during all time of its existence.
Adaptive zones can coincide partly or rare
completely because the same licences can
be used by different groups. It is important
also to keep in mind that the total number
of licences in biosphaere although great but
not infinite and evidently less than possibility
of rising of the diversity of living organisms.it
means that it is beétter to study of evolution
of aquatic ecosystems in order to evaluate of
influence of aquatic media to macroevolution.
However it is impossible now due to
uncompleteness of our knowledge. It remains
therefore to analyse the changes of main
constructive peculiarities of the ecosystems
namely what organisms are  primary
producents, by what the production is used
and who realizes the process of reduction
and returning the matter into a circulation.

It must be mentioned first of all the sig-
nificant difference between terrestrial and
aquatic media. The terrestrial media is con-
ditionally "two-dimension* but aquatic media
is "three-dimension’. It may be demonstrated
easily on the example of biogeographic
maps. Every biogeographical division of the
land may be represented in one flat map. It
is so even in the case of narrow Dbelts
change to each other vertically in mountains
when we use the map of adequate scale. It
is another case in a sea: it is impossible to
represent the divisions of the pelagial and
the benthal on the same flat map. This
representing requires at least two different
maps although we may represent of division
of the benthal from intertidal to ultraabyssal

(hadal) zones on sole map, using the
adequate scale. This ‘three dimension’
condition is also very important in

ecology.The process of destruction on land
are generally in soil and its upper layer leaf-
litter but the processes in aquatic media may
be both in pelagial and in benthal.Detritus-
eaters in a sea may eat both suspended
(deepening) detritus and the detritus sunk to
the bottom sueface. This ‘three-dimension’ is
weakly noticeable due to little depth of
waterbodies and it is very significant in great
lakes such as Baical Lake.
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(HanpuMep, B BaHKane) oHa XOpoWo 3aMeTHa.

K coaneHHio, A0KeMOpuiCKaA HCTOpHA
¢aynsr 1 Paopel MIOXO H3yyeHa: H3BeCTHO
MWL 3HayuTenbHoe UYHCI0 OHeccKeaeTHbIX
(MMM C HeCOXPaHMBUIMMCA CKeleToM?) opra-
HH3MOB, HEMOXOKHX HM Ha KakHE H3 Cylie-
CTBOBABUIMX MO3AHee ( YTO TMOPOAMIO CTpaH-
HYI0, HeAOMyCTHUMYI0 C 3BOMOUNOHHO-MODPGO-
(IOTHYeCKOA TOYKH 3PeHHA THroTedy o0 OgHO-
BPeMeHHOM TMOABAEHUN CKedeTHbIX OpraHu-
3MOB y HHKHero pybexa kemOpua ) W BeHIo-
TeHHeBbIX  (Oypbix?)  Bogopocaen.  Ecrs,
OfIHAKO, HEeKOTOpble 3BOMOLIMOHHOMOPGOI0-
rmyeckHe coolpaseHHa, T03BOMAIOIHNE [O-
BOPHTE 00 OTAeNbHbIX Y3(10BBIX MOMEHTax
MaKpOSBOMIOLMH, Tak, CKBO3HOA KHUIEYHHK,
HeCoMHeHHo, BbipaboTascA B CBA3H C IpyH-
TOeAeHneM, MOCKObKY BCE ApPYFHe THIbI IH-
TaHnA He TpeOyloT HanM4YHA CKBO3HOTO KH-
LIeYHHKa (BCTIOMHMM O BbIGpacblBaHHH Herle-
peBapeHHbIX OCTaTKOB MHLIY B BHAE NOrajok
y XvigHbix ntvy). Llleaom cdopMuposaica y
CeMMEHTaTopOB, TO  €CTb  OPraHu3mos,
[UTAIOLUNXCA OCEAAOLHM Ha LynanblUeBbIH
annapar gerputoM (Crapo6oraros, 1983).06a
3TH MaKpO3BONIOUHOHHbIE COOBITHA  MMeaH
MECTO MMeHHO B JOKeMOpHH, MOCKObKY yKe
B KeMOpHM HMeEIOTCA M JKHBOTHblE CO
CKBO3HbIM  KHUIEYHHKOM M  LIeJOMHYeCKHe
KHBOTHble, XapaKkTepHO, 41O oba
Ha4yuTenbHbIX apoMopdo3a CBA3aHbl C IHTa-
HHEM [1eTPHTOM. ,

Ecnin Mbl paccMOTpUM Habop OpraHM3MOB,
OCTATKH KOTOPbIX H3BeCTHbl M3 KeMOPHACKHX
OTAOMEHHH, TO (1erKO 3aMeTHTb, YTO [0J4aB-
aswoiee OONLUIMHCTBO KX AeTpuTodark, no-
(yvalolHe MHIY H3 TOMUM BoAbl (CeaHMeH-
TaTopbl - apxeouuarbl, 6paxHOMNOAbI, YacTb
HIIOKOXHX, AeHAPONAHbLIC  MPanTOMUThl, HaH
¢pHabTpaTopbl - ryOKH, ABYCTBOpPYATbIE MO0
CKH) MM H3 TIpyHTa (MOAHXETbl, IOdOBO-
x060THbIE, TPUAOOHTBE, YACTh HTI0KOKHX).
Moegarenn BogopocaeBobaKTepHanbHbIXx obpa-
cTaHun ( MoHomaakogopbl M racrponofpl )
HEeMHOro4Hc/IeHHbl. HaKoHell,eCTh M XHIMHHMKH
- TOIOBOHOTHE, MeYeXBOCTbl H  araacludpbl.
Pakoobpa3Hbie KembpHa, TNO-BHIMMOMY,
obpasylor 0coOylo Tpynny BCEAAHBIX HMaH
TpynoAgHwvix opraHuamoB. [lo aromy Habopy
rpynn erko npeacTaBHTL cebeuTo nepBH-
YyHas TIPOAYKUMA CO3daBanach OAHOK(ETO-
YHLIMH BOAOPOCAAMH (NE€PHAMHUEBLIMH, Mpa-
3MHOBbIMH, BEPOATHO, 3000TUCTbIMH H 3e-
(A€HbIMH), T[OYTH He OCTaBHBUIMMH [JOCTO-
BepHbIX OCTATKOB, a 6rnn3 Oepera MakpoBO-
aopocasaMu (barpAHKaMH H, BepoATHO, Oypbl-

Pre-Cambrian history of fauna and flora is
studied unfortunately very weak: it is known
only many skeletonless (or with not preserved
skeleton?) organisms not similar to those
lived later ( which raised the strange and
contradicting to evolutionary morphology
hypothesis about simultenious appearing of
organisms with skeleton at the begining of
Cambrian) and Vendotaeniales (brown?) algae.
There are however some evolutionary -
morphological considerations permitting to
discuss some main points of macroevolution.
The through intestine doubtiess appeared in
connection with ground-eating because all
another types of feeding did not require the
through intestine (let us remember that
undigested food remains are thrown out
through the mouth by birds of prey). The
coelom appeared in sedimentators i.e.in
organisms feeding the detritus sunk to the
tentacular apparatus  (Starobogatov,1983).
Both these microevolutionar events were just
in Prae-Cambrian because there are both
animals with the through intestine and with
coelom in Cambrian, It is characteristic that
both significant aromorphoses are connected
with detritus-eating.

If we examine the set of organisms re-
mains of which are known from Cambrian
beds we may easily mention that the majority
of the organisms are detritus-eaters, obtaining
its food from water ( sedimentators -
Archaeocyatha, Brachiopoda, part of
Echinodermata, Dendroid Graptolitha, or fil-
trators-Spongia, Bivalvia) or ground-eaters
(Polychaeta, Cephalorhyncha, trilobita, part of
Echinodermata).The eaters of algal-bacterial
encrustings (Monoplacophora, Gastropoda) are
less abundant, There are some predators -
Cephalopoda, Xyphosura, Aglaspida. Cambrian
Crustacea forms apparently peculiar group of
omnivorous or carrion-eating organisms.- This
set of groups permit to understand that the
primary production in Cambrian seas was
created by unicellular algae (Peridinea,
Prasinophyta probably Chrysophyta and
Chlorophyta) almost not remaining a trace of
their existence and near the shore by macro-
algae (Rhodophyta and probably Phaeophyta
and Siphonophyta). So far as coastal part f
euphotic zone is much less than euphotic
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MH H CH(OHOBbIMH). TOCKOIBKY NpHOpexHan
yactb eB(QOTHYECKOH 30HbI MOPA HHUYTOXHO
Mana Mo CpaBHEHHIO C eBOTHYECKOH HacTblo
rlenardany, 3HayeHHe MakKpoBogopocnen Obiio
HeBelHKo. OTMephine MAaHKTOHHbIE
BOAOPOCAH nepepabartbiBanuch GaKkTepHAMH H
3a CYeT 3TOro CyllecTBoBaa Bech HeHToC (Kak
M Tenepb Ha OoabliNX rayOGMHaX oOKeaHa).
[MNaHKTOHHBIX XHMIIHHKOB ObKIO OYeHb Mano,
pase yro, M3BECTHbIE H3 KeMbpua
paauoaApuH  (Hacceaaapur).3aro B CBA3M C
npeobnagannem aeTpuTodaros B GeHTOCe TaMm
6bIIM M XMIUHUKA, MOXKHO  OOpaTHThb
BHHMaHHE Ha TO, YTO DKOCHCTeMbl OblaH
cbanaHCHpOBaHHBIMH H 3axOpOHeHHne
OpraHMy4yeckoro BellecTBa B Mope, MpakTH-
YeCKH, He nMeao Mecra. Or Kembpua W pad-
Hero OpAOBHKA COXPAHHIOCb CPaBHHTENbHO
Mano HCKOMAeMbIX OCTAaTKOB (KpPOMe apxeo-
uMat, BbIMEpIUMX B Mpegenax kembpua, H
HEKOTOpbIX TIpynn TPHAOOHTOB), HO €CTb OC-
HOBaHHe Mpeanoaararb, YTO ONHCAHHAA Bblle
cxemMa  coxpaHanack 4o AesoHa.Bonee
noKasareqaeH TO3AHHA OpAOBHK, OTKyAa YyXe
AOCTOBEPHO H3BECTHbI TIAHKTOHHBIE TPHAO-
OGMTbl H TpPanTONHTHI, A TakXKe HeKTOOeHTOoC-
Hble XHIHHMKH PaKOCKOPHHOHbL QCTaibHble
rpymrsl  (KpOMe& apxeouHar) [1peacTaBdeHbl
(MWb ropasdo Gorade, 4em B KeMOpHH.
CyuiecTBeHHas CMeHAa  KOHCTPYKTHBHbIX
ocobeHHOCTeH JKOCHCTEM NpPOH30LIA, NO-BH-
AUMOMY, B cpeaHem-rio3aHeM AesoHe. Cyaa no
Habopy MH3HeHHbIX (HOPM W THNOB NHTaHHA,
raaBHble KOHCTPYKTHBHbIE 0cobeHHOCTH
3KOCHCTEM CTaan OAN3KKMMM K TeM, 4TO Ha-
6moaaTcA M HbiHe, Pa’BrTHe HA3eMHOHR pa-
CTHTE(IBHOCTH MO HH3MEHHOCTAM n Oeperam
Moper oO0yCaOBHAO MOCTyNaeHHe B MpPHOper-
HYI0 30HY OpraHH4eckoro BellectTBa W Onore-
HOB, 4TO CROCOOCTBOBA/I0 MaCCOBOMY pa3BH-
THIO NPpHOpeXHbIX BOAOPOCIEH, a noa4ac, H
3aXOPOHEeHHI0 OpraHHKKM ( mnepMckue ‘6Geqble
yran" TacMmaHHMH), B neaarHadnn nNOABHAMCH
CBOH pacTHTEIbHOAAHbIE (POPMbI (0 HHX  H3-
BeCcTHO KpaHHe Man0) H TMoedabBliHe HX

XMIUHHKH - AKTHBHble HEKTOHHble H TinaH-
KTOHHblE  TOIOBOHOrHE.YBeAHUUYNBAETCA 1
pazHoobpazve MHKpodaroB - mnoedarener

BOAOPOCIeBOGaKTepHANBHBIX 0OpacTaHHM.
[anbHeniliaa cMeHa TIpymnn, Mo-BHAHMOMY,
_ HeT yme IPH OTHOCHTENBHOM NOCTOAHCTBE
oblwero uncaa avueHsn#t B OGunocdepe, noc-
KObKY BbIMHpaHHe OHOH TIpyNnbl KOMMeH-
cHpyeTcA yBeaMueHHeM pasHooOpasua apy-
FOA(MCKMOYeHne: TO3AHMA TpHAac -paHHAA
lopa, KOrga y MHOrHX rpynn Habaogaerca

part of pelagial the significance of ‘macro-
algae was very little. The dead planctonic
algae were fed by bacteria and it was the
base of existence of all benthos (as well as
now in great depth). Planctonic predators or
phytophages were not diverse: only
Nassellaria being known from Cambrian. On
the other hand abundant benthic detritus-
eaters were the prays of mani predators. It
may pay the attention that the ecosystems
were ballanced and there were no buriing the
organic matter. Cambrian and lower
Ordovician deposits contain few remains of
organisms except Arcaeocyatha extinct in
Cambrian and certain groups of Trilobita but
it is possible to suppose that the scheme
described above maintains till Devonian. The
late Ordovician is more demonstrative: there
are known from mentioned deposits the
planctonic Trilobita and Graptolitha and
predaceous Eurypterida. Remaining groups
(except Archaeocyatha) are represented more
rich and diverse than in Cambrian.

The significant change of the constructive
peculiarities of ecosystems took place ap-
parently in middle-late Devonian, The main
constructive peculiarities f ecosystems be-
came near to recent ones which may be
proved by the set of ecomorphs and types of
feeding. The development of terrestrial plants
in lowlands and shores of a sea led to
richening of organic matter and biogenes in
the coastal zone which led to mass grew of
the coastal algae and sometimes to buriing
of organic matter (Permian white coal in
Tasmania).There were appeared pelagic phy-
tophagous forms (known very weak) and
predators eating them - active planctonic and
nectonic Cephalopoda. The diversity of
microphages eating bacterial-algal encrustings
also rised.

Further change of groups apparently went
with relative stable number of licences in
biosphaere because the extinction of a group
was compensated by the rising of the
diversity of another (except late Triassic -
early Jurassic when many groups demon-
strated the diminishing in the diversity - Go-
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yMeHblleHHe  pa3Hoobpasna -  ['OaMKOB,
Crapob6oraros, 1989; Crapo6oraros, 1992,
npMynHa 4Yero noka He s#AcHa), Tak B

npejenax ABYCTBOpYAThIX MOMIOCKOB  Ha
pybexe Tpvaca M IOpbl HaM B TpHace Ha-
6nogaeTca peskoe yMeHblieHHe pa3sHoo6pa-
3HA NTePHOUAHBIX [BYCTBOPOK,KOMITe-
HCHpyeMOe BoO3pacTaHneM pa3HooOpa3zna ap-
KonaHbix. Eule Gonee mnoka 3areabHa CMeHa
HEKTOHHBIX XHLUIHHKOB Ha OCHOBE KOHKY-
PEeHUHH TONOBOHOTMX M pbl0. AMMOHMTHI,
Marno NO/ABHAHBbIE IIAHKTOHHbIE XWIUHHKH,
BbIMHpaIOT B KOHUe Mera, a ropasgo Ooree
dKTHBHble  BHYTPEHHEDAaKOBHHHblE  TO0BO-
HOTHe OCBAMBalOT MNeaarnanb M NpHoOpeTaloT
CNOCOGHOCTb MHUTAaThCA pbi6aMH (paBHO, Kak
M HeKoTopble pbIObl - T'OOOBOHOMMMH).B xoae
9THX NpoleccoB HabaodaloTca ABa nepHoaa
Pe3KHX H3MeHeHHWH - oAMH B TpHace, ApYyron
Ha pybexke Mena W naneoreHa.

Kak MOXHO BHAeTb H3 23Toro o0030pa,
NpoLecC BO3HHKHOBEHMA TIMaBHEALIHMX THIIOB
MHBOTHBIX OCTAaeTCH '3a KagpoM', MOCKO{IbKY
OH HMMen Mecro B AOKeMOpHH. 3aTo Makpo-
3BOMOLMA HAJAOTPAAOB H OTPAAOB Mpocae-
XHMBAETCA XOpOLIO H yBA3bIBaeTcA ¢ ¢aHe-
pO30HCKON 2BomOUHeR Brocdepsbl.

DBOMIOLMA OPraHM3MOB M [MaBHEALINX
KOHCTPYKTHBHBIX 0COOEHHOCTeH  3KOCHCTeM
KOHTHHeHTanbHbIX BOAOeMoB  06CyXAanach

patee (CrapoOoraros,1984). Ee anamu3npo-
BaTb MHOrO (lerye, MOCKOAbKY OHa TMOYTH
LIETMKOM YKnaabiBaeTca B (haHepo3oH.

Tyt MOXHO HabmoaaTh 4 aTana.

1. [lo AeBoOHCKHH. [lepBryHble NPOAYLEHTHI
- lUMaHeH, OJHOKAeTOYHble H  HHT4YaTbie
BOAOPOCAN, KOHCYMEHTbI -  BOAOPOCAeAaHbIe
HHOY30PHH, KOMOBpaTKH H dHadonoasl, pe-
AYKLHA OCYyleCTBAAeTCA GaKTepHAMH.
" 2, fesoH - nepMb. OCHOBHaA 4acTb opra-
HHMKH MOCTyNaeT C CyliM M mnepepabaTblBaeTcA
OaktepuamH. [locrneAHUMH, BMecTe C Te-
pepabarbiBaeMOH HMH OpPraHHKOH MHUTAKTCA
ABYCTBODKH,racTponiogbl, oauroxersl. [losAs-
(IAI0TCA BOAHble W aM(PHOHOHTHbIE (1eTrO4YHbIe
racTpornogbl (B CBA3HM €  AedUUHTOM
KHCaopoda B BoAe B MeCTax CKOIIEHHA op-
raHnkv), C yMeHblieHHeM [OCTYIIeHHA ad-
(IOXTOHHOM opraHnku Bce Ooabllylo poab Ha-
YHHAIOT Wrpatb BOAOPOCIH, HpeXae BCero,
XapoBble.

3. MepMb - KOHell Meda-Ha4dano nafeoreta.
[MoABAAIOTCA  AMATOMOBBIE  BOAOPOCAH H
BOAHbIE TaayHbl. (IMYMHKU psAda Tpynmn Hace-
KOMbIX (MOAeHKH, rpHAno6aaTTHAbI, BECHAHKH)
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likov, Starobogatov,1989; Starobogatov,1992 -
the cause of the phenomenon is unknown).
It may be demonstrated that the diversity of
Pterioid Bivalvia diminished at the end of
Triassic - beginning of Jurassic and
simulteniousely rised the diversity of Arcoid
Bivalvia. The change of nectonic predators is
more demonstrative the base of it were
competition of Cephalopoda and fishes.
Ammonites  weakly movable planctonic
predators became extinct to the end of
Cretaceous but more active teuthoid
Cephalopoda introduced themselves in pela-
gial and acquired the capacity to eat fishes
(equally as some fishes became eat squids).
There are two periods of sharp changes the
first one in Triassic and the s econd one at
the demarcation of Cretaceous and
Paleogene. o

As one may see from review presented
above the process of origination of the main
animal phyla remains out of observation
because it was in Prae-Cambrian.

On the other hand the macroevolution of
superorders and orders may be seen very
well and is agree with biosphaere evolution
during Phanerozoic. The evolution of.organ-
isms and main constructive peculiarities of
ecosystems of inland waterbodies was dis-
cussed previousely (Starobogatov,1984b). It
may be analyzed easier because it has gone
almost only in Phanerozoic.

There are four stages.

1. Prae-Devonian. Primary producents are
cyaneans, unicellular and filamentous al-
gae,consuments alga-eating infusorians, roti-
fers and phyllopods, the reduction is made
by bacteria. :

2. Devonian - Permian. Main part of or-
ganic matter was received from Jland and
processed by bacteria. The last together with
organic matter were fed by Bivalvia,
Gastropoda, Oligochaeta. Aquatic and am-
phibious Pulmonata was appeared in con-
nection with the deficit of oxygen in the
places overfilled with organic matter. Algae
(especially Charophyta) became play more
role during the process of diminishing of re-
ceiving of allochthone organic matter.

3. Permian - end of Cretaceous - beginning
of Paleogene. The Bacillariophyta and aquatic



OCBaMBalOT .BOAHYIO cpeay. K KoHuy aToro
3Tana BO3HHUKAIOT BOAHbIE (IMYHHKH CTPEKO3 H
ABYKPBIAbIX (XaoGopHabl), BoAHble KAOMbL H
MKYKH. B KOHTHHeHTanbHble BOAOEMbI
BCEAIOTCA pedHble pakn.PeayueHramu
ocTaloTCA HaKTepHH.

4 TaneoreH - HbiHe. OCHOBHYIO MEPBHHYIO
NpoayKUHI0O B BodoeMax (KpoMe  caMbiX
KPYMHBIX, OCTAIOWHMXCA OAMIOTPOdHbIMH) Ha-
YMHAIOT CO34aBaTb BbICUIME BOAHbIE pacTe-
HHA, ABAAOLLKMECA OAHOBPEMEHHO AOCTYMHbLIM
MCTOYHHKOM IHIUM Aaf KOHCYMEHTOB. Pa3sHo-
obpazne (IMYMHOK BO/HBLIX HACEKOMBbIX Pe3Ko
BO3pacTaeT, YBe[H4YHBAeTCA  pa3HooOpasue
NPecHOBOAHbIX TracTporioA W MOABAAKTCA
obrtateny HagBOAHOW HacTH BOAHBIX pacre-
HHH. QKoH4arenbHOE paspywleHHe OpraHukH
OCYIeCTBAAIOT HGaKTepHHy.

SH/eMHYHOe pa3BHTHE OpraHHaMoB B TH-
raiTckix o3epax (Bankaa, WKacnunn, OXpwa,
TaHraHbHKa) He YKI3aablBAeTCA B 3TY CXEMY H3
YyeTbipex J3TaMoB, MNOCKObKY. BpeMs Cylie-
CTBOBAHHA TaKHMX O03ep MHOro Medbuie Mnpo-
AOMMHTENBHOCTH MOCneAHero 3rana, a CKo-
POCTb 3BOMIOLMH MHOrO Bbllle cpeaHed (A
KOHTHHEeHTanbHbIX BOAOEMOB. Bo3HHMKaeT 3Ha-
HrenbHoe pasHoobOpasve podoB M BHAOB, He
BbIXOAALIMX B TO Ke BpeMd B CHCTeMaTH-
YeCKOM CMbICae 3a [pegeabl OgHOro ceme-
ACTBA MM HEMHOrHX CEMEeHCTB MO YHCay po-
AOHAYa/IbHHKOB, MPOHHUKLIHX B Takoe 03€po,
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Lycopsida appeared. Larvae of certain groups
of Insecta (Ephemeroptera, Grilloblattoidea,
Plecoptera) entered to aquatic media. The
aquatic larvae of Odonata and Diptera
(Chaoboridae) aquatic bugs and beetles were
appeared to the end of this stage. Crayfishés
also entered to inland waterbodies near the
end of the stage. Bacteria maintains as main
reducents. -

4. Paleogene - recent. Main part of primary
production in waterbodies (except the largest

one remaining oligotrophic) is made by
aquatic angiosperme plants which are
simulteniousely accessible food for con-

suments. The diversity of aquatic larvae of
insects rises sharply. The diversity of aquatic
gastropods also rises. The animals inhabited
above-water parts of aquatic plants appear.
Complete destruction of organic matter is
made by bacteria.

The endemic development of organisms in
the giant lakes (Baical, Caspian, Ohrid,
Tanganyika) doea not agree with the system
of stages discussed above because the time
of their existence is much less than the du-
ration of the last stage and the rate of evo-
lution is more than mean rate in the inland
waterbodies. The significant diversity of
genera and species appear but these taxa do
not go out (in taxonomical sense) of one
family or some families according to the
number of ancestors entered in the lake.
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FMAPOCOEPA H BHOTA, OBPATHBIE
CBA3H: AHTPONOIEHHBIE

TPEHAbI
A

LiBetroBa (1.H., 4OKTOP GHONOrMYEeCKHX HAYK,
Carikrllerepbyprcxms FocyaapcTBeHHbIH
APXHTEKTYDHO-CTDOHTENLHBIH YHHBEDCHTET

Mmapocdepa n 6MOTAa AOMKHBI paccMar-
pHBaTbCA KaK eauHas (yHKUHOHAAbHAR MpH-
podHaA CHCTeMa, 3Mepd)KeHTHble CBOHCTBA
KOTOpOH He Moryr ObITb CBe/leHbl K CyMMe
CBOHCTB  COCTaBAAIOUIMX moacHcTeM. [lpu
3TOM, npn obObearHeHrH NOACHCTEM B HOBOE
MHOXKECTBO MOXeT [POMCXOAHTb YCH(IeHHe
romeocra3a, a (pyHKUHOHANbHOE YCIO KHeHHe
YBEHYNBaTh CTabHIbHOCTb MOCAEqHeH.
M'mapocdepa, Kak H moban 3KOCHCTeMa Ch-
creMa ¢ ANdQY3MAHOR peryaaunert BXogalHx
B Hee cybcucreMm. /A oCylleCTBIEHNA
KOHTPOAA AHTPOMNOreHHbIX BAHAHHA H Yynpa-
BIeHHH HeobXoaHMa OTpH UartenbHas obpamas
CBA3h, YMeHbLLAIOLAA OTKIOHEHHE Ha BXOge.

XOTA CyLWIECTBOBAHHE CHCTEMBI pPeryaalHH
no - Tuny o6paTHOA CPA3M Ha ypoBHe OHOC-
¢depbl - BONPOC CNOPHbIA, NpPeanoNoMeHHe O
TAKOH peryiaunH ecTecTBeHHO Ha OCHOBe
nudopmaliM 06 IKOCHCTEMHOM ypOBHE.

(LMawdopa (Mumford, 1967) cdopmu-
pOBan KUOEpHHTHYECKHH MPHHUMI: HH3KO3HE-
preTHyeckHe MNpHYHHBI MOryT TPHBOOHMTL K
BbICOKOHEPreTHYeCKHM CAeACTBHAM.

YenopeyeCKMA MO3r, HYMAAACH B OYeHb
ManbiX 3arpaTax >HeprHH MOXeT CO3AaBaTh
MoliHble naeH. 0 CHX MOp OH ONMHpaNCA Ha
NON0XKHTeIbHYlI0 0OpaTHYl0 CBA3b, “TO CHO-
co6CTBOBANO POCTY TEXHMKH M 3KCIAyaTalMn
pecypcoB, Ho aTOoT mpouecc B HTOre fpHbe-
AeT K CHHXXEHHI0 KadvecTBa 4eaoBevyecKom
AKH3HH M pa3pyLIeHHIO cpedbl, ecan He Gyayt
HafdeHbl MYTH YNpaBleHHA C NOMOWBIO 06-
patHon orpuuarenbHort csfAsH. Bcan Mbi He
CMOMeM H30aHpoBaTth aodanbHble CHCTEMbI
aMH3HeobecneyeHHs, M B MNepBYl0 oOYepedb
rHapocdepy, OT  BpedHbIX aHTPOIONeHHbIX
BO3/eACTBMH HOH OrpaHHYNTb HX, TO OTXOObl
HMHAYCTpHanW3oBaHHOrO o6liecTBa CraHyT AnA

yenoBevecTsa  OCHOBHBIM  (IHMHTHDYIOIUHMM
¢daKkTopoM.
CaegoBateqbHO, COXpaHeHHe 3Koaoruvec-

KOro 6Gnarononyyrs BOAHBIX SKOCHCTEM, Kak
OCHOBHOro pecypca ofiecneveHHA KH3HW e
1I0BeKa - oAHa M3 Kmo4YeBbiX npobaeM ox-
paHbl MPHPOABI. .
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HYDROSPHERE AND BIOTA, REVERSE
CONNECTION: ANTHROPOGENIC TRENDS

Tsvetkova L.I. - Doctor of biology, profes-
sor of St.-Petersburg State Universily
of Architecture and Civil Engineering

Hydrosphere and biota must be considered
as a whole functi - unit whose emergental
gualities can not be reduced to the sum of
qualities of constitutive systems. When
constitutive systems unites into new plurality
the aggravation of homoemostaz may happen
but functional complication increases the
stability of ecosystem,

Hydrosphere as well as many ecosystems
is the system with diffusion regulation - of
constitutive subsystems.For controling of an-
thropogenic influences and opereting the re-
verse connections, reducing the entrance
fluctuations, are necessary. Thoug the existing
of regulation system in. accordance with
reverse connection type on biosphere level is
disputable question.

The supposition about such regulation is
natural on the base of information about
ecosystem level.

M.Mamfort kibematic

formulated the

principle: low-energetic reasons can bring to

the high-energetic consequences.

Human brain, needing in very smail en-
ergetic expenditure,can create might ideas. It
based stil on positive reverse connection
which promote the technical advance and
resource exploitation. But this prossece finaly
brings to the reduce of the quality of human
life and environment detereoration if the
ways of regulation with the help of negative
reverse will not be found out. If we can not
isolate the global systems of liprovision and,
first of all, the hydrosphere from harmful
anthropogenic  influences or to  limit
them,then the wastes of industrializated
society will become the major limiting factor
for mankind.

So,the preserving of ecological prosperity
of water ecosystem as of the main resource
of human life - one of the key problem of
protection.

Of course, bringing the waterusage in
correspondance with the ecological security
demands is the strategic task, requiring



[lpBegeHne BOAONONbL30BaHHA B  COOT-
BETCTBHE C TpPeDOBAHHAMH 3KOMNOrHYeCKON
6Ge3onaCHOCTH - CTparerHyeckas 3agava,
Tpebylollas Kak KOHLentTyanbHbIX npopabo-
TOK, Tak ¥ (PyHAAMeHTANbHBIX H NPHKIAAHbIX
Hcciea0BaHNH.

U, B nMepByld odepean,
HanpaBAeHHAX:

" 1.Pa3pafoTKa KOHUENUMH "3KONOrnyecKom

HOPMbI", MNpeacraBieHe O KOTOPOH HOCHT
cefMac CKopee 3MOLHOHANbHBIA XapaKTep,

B Caeayiowux

YyeM Hay4HbIA, oO4epyeHHbI!  KaKHMH-TO
KOHYeCTBeHHbIMH rpaHulamMH. KpHTepHaMH
. HOPMBI MOTyT CAyXHWTb, - HarpHMep:

OTCYTCTBME CHHM(eHHA CTabHabHOCTH HaH
pa3Hoo6pa3HA, OTKAOHeHHe OT MHOIONETHHA
CpedHecTaTHYeCKHX  XapaKTePHCTHK,  HH
COOTHOLLIEHHE CKOPOCTer aBTOTPOMHLIX H
rerepoTpodHbiX MpPOLECCOB, aexallnX B
OoCHOBe BGHOTHYECKOrO KpyroBopoTa BellecTs
M 3HEPIHU HOH 4YTO-TO Apyroe. B KoHeyHOM
cyeTe BOINPOC CBOANTCA K TOMYy MO KaKknM
nokasare1iM
JKOCHCTEMBI.
OuYeBHAHO, YTO 3BOMIOLUMA GHOoCdhepbl H pa3-
BUTHE LIMBAOM3AllMK TNpedronaraer H He-
H36eKHO MPHBOAAT K KayecTBeHHbIM H3Me-
HEHHAM B MNOTOKaxX Belecrs H 3Hepryy.
Mosromy Obli0 Obi HepasyMHO NpHAEPAKH-
BaThCA ‘HYNE€BOM' CTpaTerun BO B3aHMOfeH-
ctBuM Tprpoabt U OOLeCTBa, aKTHBHO Mpo-
TUBOAGHCTBYA (1106bIM .AHTPOMNOreHHbIM B(MA-
HHAM Ha OKpyRamouyld cpeay.
HepeanbHO nbITaTbCA HOPMOTHBHBIMH fpe-
AMHNCAHNAMY  3aKOHCEPBHPOBATh - COBpeMeH-
Hoe cocroaHHe GHocdepbl.
Noaromy "IKOoruyeckas HOPMa' A0/MKHaA
noApasyMeBatb CrOCOOHOCTb CHCTEMBbI K Ca-
moperynaunH. CaegoparenbHo, Heo6xoauMblf
KOMITOHeHT ‘"HOpMbI"® - aganTallMOHHBIA Mo-
TeHUHaN,
2. Npobnema 3KOAUAarHOCTHKH. Peakupa cH-
CTeMbl Ha BO3(eACTBHE OTAMYHA OT peaklUHH
MONYAALMH HAH OTAEIBHONO OpraHu3Ma.
TloaTOMYy AuarHo3 COCTOAHHWA 3KOCHCTEMbl He
MoXeT ObITb CBeAeH K aHanu3dy CyMMbl Xa-
pPaKTepHCTHK ee cocTaBa M yHKuuA abuo-
THUYECKHX ¥ OMOTHYECKHX KOMITOHEHTOB.
Aasa OlleHKH COCTOAHHA 3KOCHCTEMbl B Lie-
10M HeoOXOoAHMbl HHTerPaibHbie MOKa3areH.
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.and

perucTpupoBath  COCTOAHHE -

conceptional studies, fundamental and ap-
plied researches.
And first of all in followind directions:
1.The elaboration of notion ' ecological
standart’. At the actual moment such notion
has more emotional than scientific character.
The criteria of such standart can be for
example, the absence of stability reducing .
or variety reducinglongterm average statisti-
cal characteristica of ratio of the velocities
of autotrophic and heterotrophic processes,
underlying the biotic rotation of substences
and energy. Finaly the quastion is: in accor-
dance with what parameters the ecosystem
state is to be registrated.

Evidently the biosphere evolutionand civi-
lization develop ment inevitably bring to the
qualitative changes in the flows of substances
energy. Therefore it would be
unresonable to follow * zero strategy' in na-
ture and society interaction, counteracting to
any anthropogenic influence on environment.

It is unreal to try to conserve the actual
bipsphere state by norma tive regulations.

Therefore the " ecological " standart must
mean the ecosystem capacity to selfrequlation
for keeping the optimal state., So the
necessary component of such standart is the
asaptative potential, the quantative measure
of which is elastic stability of ecosystem.

2. The problem of ecodiagnostics. The sys-
tem's reaction on any impact is different from
the reaction of population or separate
organism. Therefore the diagnosis of ecosys-
tem can not be brought only to the analyses
of the sum of characteristics of it's
composition and functions of biotic and
abiotic components, Even longterm dinamics
of numerous separate parameters is not
enough for this perpose. because it does not
give information about emergene properties

of Dbiogeocenoces. To estimate the
ecosystem state as a whole the integral pa-
rameters are necessary. :

For all this the apparatus and methodo-
logical provision of operative control has the
decisive significance.



HENPH{IMBHLIE DCTYAPHN:
MPOCTPAHCTBEHHAA OPrAHHU3ALIMA
IKOCHCTEMDI,CNNOCOB OLIEHKH YPOBHA
TPOOHH, CTPATE'MA ONTHMH3ALIMN

WIHIIKHH Bopuc AHTOHOBHY, K.O.H.,
MeXAQyHapoaqrbld HEHTD "'BHO3KOMOrHYecKHH
KOHTDO(b"

HUIYK Tarpana BoprcoBHa, K.T.H.,BHHH
ruaporexnHsH HM. B.E. Beqereesa

PesynbTaTbl CHCTEMHOrO H3y4eHHA 3CTyapHA
Heebl B 1981-1990 rr.H aHaau3 aMreparypHbIX
HCTOYHHKOB TMO3BOHAH CO34aTh O6UIHE npea-
CTaBACHHA O CTPYKTYPHO-(pYHKUMOHA/IbHbIX 3a-
KOHOMEPHOCTAX  JKOCHTEMbl  HerlpHAHBHBIX
3CTyapHeB (3CTyapn  BHYTPeHHHX  MopeH)
yMepeHHOro rosca.

ACTyapHH Noay4aloT BbICOKYIO a10XTOHHYIO
Harpysky: ecTecTBeHHbIH CTOK €  BOAOC-
GopHoro 6GaccerHa, ¢ ypOaHM3HPOBaHHbDIX
NpPHYCTbEBbIX YYacTKOB CylllH, BOBNE€4Y€HHA B
HHTEHCHBHOE TMPOMbBIUIIEHOE H CeNhCKOXO3AN-
CTBeHHOE [IPOH3BOACTBA [PHICTIOWNX  Yyda-
CTKOB Cyui., DKocHCcTeMa OTKPbITON
(MenarnyecKon) HacTH 3CTyapHeB HMEIOT od4-
HOOCEBYI0 OpraHH3alMio 3a CYeT CTOKOBOro
Te4yeHHd, TCpadHeHTa KOHLUEHTPAauHA COaeHo-
CTH, pacTBOPE€HHbIX H B3BelleHHbIX anloXTo-
HbIX BeLUECTB, HAOBOH ¢paKlHH,

B BepxHeH (nmpHaeralollel K YCTblo) 30He
HHTEHCHBHO NPOTEKaloT NpoLecchbl AeCTPYKLHN
aA10XTOHHOIO OpratHnyeckoro peuwiecrsa (OB):
Ha rpyHTe - 4pe3Bbl4aiHO BbICOKOH MIOTHOCTH
LeHO3aMH CeqUMeTatopoB H (PHALTPATOPOB, B
Boge - MHKpoOGuanbHbIMH. Peanunsauna BbICO-
KOH KOHLUEHTpaUHH OHOreHHbIX 3e1eMEeHTOB B
NEepBHYHYIO NPOAYKLUHA MPOHCXOANT B HUAKHeA
4YacTH 3CTyapHA, TIae CHHXAeTCHd HHTeHCHB-
HOCTb BBbIHOCA MNAAHKTEpPOB H HacbILEHHOCTh
BObl HIOBBIMH YaCTHUAMH B CBA3H C YBeH-
YeHHeMm rayOnH, CeagnMeHTauHa OB (raaBHbIM
o0pasoM - aBTOXTOHHOI'O, YTO MOKazaHO Tpac-
CHpoBaHneM CTabnabHbIM HM30TOMNOM Yriepoaa
nepemelleHis OB B 3KOCHCTeMe) NMpPH HalH-
YHMH (eTHeH CrarHaluudH BbI3biBaeT AePHUHT
KHCAOpOAa, YrHerawluA AOHHylo bayHy, a
NpH AOCTHXEHHH ONpeaeneHHONn ero rayOHHbI

-~ Pe3KO YBEeNHYHBAIOWIMA BHYTpeHHIOl 6Ho-
reHHyi0 Harpysky 3CTyapHAa 3a cueT BbIXoda
docaros U3 AOHHBIX OTIOKEHHH.

NpuOpeskHble Y4aCTKH M OTMenH B BepxHeH
YacTh 3CTyapHf# HMHTEHCHBHO 3apacTaioT BbIC-
LUMMH PACTEHHAMH PasHYHbIX 3KOMOIHYeCKHX
rpynn € OOHAbHBIMH 0OpacTaHMAMH HHTYa-
TbIMH BOAOPOCAAMH, [lnfAXHble y4acTKH Oe3
NpoBedeHNA CrelHanbHbIX MEepONnpHATHH  A1A
PeKpealitOHHOro HCNONb3OBAHKUA HENpHUroAHbL.
(IMTOpalb HHMAKHHX Y4aCTKOB 3CTyapHA 3aHATa
MorpyAeHHbIMH rHApOdHTaMH C  OOHABHBIMH
oOpacTaHHAMH HHTYATbIMH BogopocaaMu. [lpu
onpeaeneHHblX T'MAPOMEeTEeOPONOruvecKHx CH-
Tyaunax MAXKK 3aOMBABIOTCA PHHUIOWEH ]H-
TOMacCOH, YTO 3MH304HYeCKH (MpH HHTEHCHB-
HOM eBTPO(MHPOBAHHH - NOCTOAHHO) CO34aeT
[MOMexXH peKpeaun.

BrHoTHYeCcKMA 6anaHC HeNnpHANBHBLIX 3CTY-
apHeB - pe3ko oTpHuareabHbId 3a CYeT BKAI-
YeHHA B OHOTHUYECKHMHA KPYrOBOPOT an1QXTOH-
Horo OB u4epe3 O6akTepranbHOe 3BeHO, 4Ya-
CTHYHO - 4epe3 HALTPATOPOB W CeAMMeHTa-
TopoB. [loaToMy ypoBeHb TpodHH, MOHHMae-
MbiFi KaK HWHTEHCHBHOCTb TIOTOKA DHEPrHH
yepes 3KOCHCTEMY, B DCTyapHsAX, Kak H pAge
APYrMX THNOB BOAOEMOB (BOAOXPAHHAHILA,
MPHYCTbeBble YYACTKH OOMbIIMX 03ep, Madble
O3epa C BBICOKOH Harpy3koM aroOXTOHOro
OB), caeayer onpeaeaATb MO  MPOAYKLHH
NepBoro TPOQHHECKIO YpOBEeHA, B KOTOPbIH
BOHAET H anaoxToHoe OB, nepeweagwee Ha
BTOPOA TPOHYECKHN YpoBeHb, MeToanyeckn
yaobHee onpedenATs NpoAyKUHIO TNOCAeqHe-
ro,0 KOTOPOH MOXKHO OLIEHHTb HCKOMYIO Be-
MYNHY pacyeTHbIM TMyTeM. BO3HMKAIOT Takxke
3aTpyaHeHHA npH  HCNOab3oBaHMH OeHTH4eC-
KHX OpPraHnamoB B KayecTBe HHANKATOpPOB
canpo6HOCTH, O0OYCNOBNEHHYD BbICOKOH KOH-
UeHTpalHen KHCI0poda B TNPHYCTbEBOW 30HeE.
Hcnoabs3osaHne M3BeCTHOro ypaBHeHHA
doaaeHBangepa, MNpUMeHAeMoe AaA pacyeTa
BeCeHHen konueHTpaunH ¢ocdopa B 03epax
HO ero rogoBOM Harpy3ke, B 3CTyapHn Hesbl
Aano npHeMaeMbld pesyabTar.

OnNTHMH3aLHOHDbIC . MepONpPUATHA B 3CTY-
apuAX AOMXKHbI BKaloYarh B ceba CHHKeHue
HarpyskH M opraHH4eckoro BeulecTBa, H OHO-
FeHHbIX 3(1eMeHTOB.
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XHMHKO-KHHETHYECKHH MOAXOA K

OUEHKE COCTOAHHA BOAHBIX DKOCHCTEM.
e e e e

SpuHecroBa /1.C..K.X.HHI1O 'TangyH’,

. r.O6HHHCK,

CemeHAK (1.B., K.X.H, JdareCTaHCKHH [1ay4HbIA
Uentp PAH, r.Maxaqkana,

Xarinos E.I, MHHIIDHPOAB! POCCHH,
CKypaaTtoB IO.H, 4a. Kopp.FAEH, A.x.A.,
llitamm E.B.,AX.H. HHCTHTYT XMMHYECKOH (DH-
3HKH PAH , r.Mocksa.

[lo HegaBHero BpeMeHH aHamHu3 Kadec-
TBEHHOTO  COCTOSIHMA  BOAHbIX  3KOCHCTEM
OCYUIECTRAANCH C [IpHMeHeHHeM THAPOXHMH-
YeCcKHX, H rHApoDHONOrHYeCKHX NnokasaTenex.
B rnepBoM cay4dae orpeaedsercs cofepKaHHe
B BOAHOH cpede TeX HAH HHbIX 3a-
rpAZHAIOIIMX BelllecTB, BO BTOPOM YHCAeH-
HbIA H BHAOBOH COCTAB COCTaB ruapobuue-
Ho3a .HedocCTarkoM aHalHTH4eCKOro XHMH-
YeCcKoro nogxoda fABAETCA HeBO3MOXKHOCTbL
O/HOBPEMEHHOIO KOHTpOaa 00abuloro Koau-
YecTBa 3arpAsHAIOLIMX BELLeCTB H NPOoAYKTOB
HMX [peppalleHHH B CTOYHbIX BOJax H MNpu-
pOAHOR BOAHOH cpeae. '

B adoKaage caenada 7NofbiTKa AONOHHTD
CYLIECTBYIOLIHE CrocoBbl OUEHKH COCTOSHHA
BOAHbIX 2KOCHCTEM B paMKaX KHHeTHYeCKOro
noaxoda. HeobxoguMocTh ydeTa KHHeTH4ec-
KHX XapaKTePHCTHK BHYTPHBOAOEMHbIX XHMH-
KO-6HOAOrMYSCKHUX TIPOLeCcCcOB CBA3aHa C TeM,
YTO 3arpA3HAILIME BeuwecTda MpeTepnesaloT
Te WM HMHble NpeBpalleHHA, Tak 4To Habaio-
JaeMoe. cogepXKaHve B Bode oNpejenserca
COOTHOLIEHHEM CKOpoCTeH HX MOCTYriieHHa u
JanbHeALnX NpeBpailleHHH .

Ha ~ocHOBe MHOroaeTHuWXx HaTypHblX Ha-
6moaeHHi 060CHOBaH BbIBO4 O TOM, YTO CO-
CTOAHHE BOAHOM 3KOCHCTEMbl BO MHOIOM Ofl-
pedeafercAa c6anaHCHPOBaHHOCTBIO  BHYTpH-
BOAOEMHbIX OKHCIHTEABHOBOCCTAHOBHTEIbHBIX
H cBOOOAHO-PAAHKANBHBIX NpoLEeCcCcoB.
lMoKasarenAMH cOadaHCHPOBAHHOCTH OKHCAH-
TeAbHO-BOCCTAHOBHTE(IbHBIX MPOLIECCOB  ABAA-
eTcAd cogepXaHHe B BOJe H KHHeTH4YeCKHe
XapaKTepHCTHKH MpoueccoB ofpasosaHUA H
pacrnada B TpHPOAHON BOAHOH Cpeae MepoK-
cHga Bogopoda.O cbHanaHCHPOBaHHOCTH CBO-
HoaHopagrikadbHbIX MPOLECCOB  MOMKHO  Cy-
ANUTb MO crauHOHApHOMY CcOAeDPXKaHHI0 H 3¢-
eKTHBHOA KOHCTaHTe cKopoctH I'Hbean cy-
NEPOKCHAHBIX H THAPOKCHABbHBLIX paAHKANOB.
B aokaage obcyxaaloTca MeTodbl onpegeqne-
HHUA CodepxaHHA B BoAe MalblX KOaH4ecTB

CHEMICAL-KINETICS APPROACH TO

AQUATIC ECOSYSTEMS STATE ESTIMATION.
[ = e e ———

Ernestova L.S.- Institute of Experimental
Meteoro- logy, Obninsc,

Semenyak L.V.- Dagestan Scientific Center
, Mahachcala,

Khallov E.G. - Ministry for environment
protection and natural resurses,

Skurlatov Yu. I, Shtamm E.V. - Institute of
' Chemical Fhyslcs, Russia.

Until the last time the aquatic ecosystems
state analysis is carried out with help espe-
clally hydrochemical and hydrobiological in-
dexes. Defect of chemical analytical approach
is imposso- bility of simultaneous control of
much number of pollutants and their tran-
formation products in waste and natural wa-
ters. In this report we attempt to complete
the existing methods of aquatic ecosystems
state estimtion in the frame of kinetic
aproach.

1

Necessity in the kinetic characterization of
chemical-biological procsses connects with
the - transformation of pollutants so its
content in water medium is determined by
relation of rates their entry and further con-
versions.

On the base of natural observation during
many years the conclusion about important
role of balance of innerwater oxidative-reduc-
tiv and freeradical processes is proved. The
indexes of balance of this processes are the
content of hydrogen peroxide in natiral water
and the Kkinetics of its formation and de-
composition.  About balace of free-radical
processes it can decide on steady state con-
centration superoxide and hydroxyl radicals
in water medium and effective rate constants
of their decay.

The methods of detection in natural wa-
ters small amounts hydrogen peroxide and
free radicals are considered. The role of
copper-ions and reductive substanses that
are exereted by agae in innerwater oxidative-

reductive and freeradical processes Is dis-
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NMepoKcHda BOAOpPOJa, CYMepoOKCHAHBIX H
MAPOKCHAbHbIX PaHKAaNOoB.

OxapaKkTepu3opaHa podb HOHOB MeAH H
[IPOJYKTOB  BblledfdeMblX MHKpPOBOAOPOCs-
MH, BO BHYTPHBOAOEMHbIX OKHCAHTENbHO-BOC-
CTAHOBHTENbHbIX H  CBOOOAHO-PAAHKAIbHbBIX
npoueccax. Ha npHMepe nNpHpoAHbIX BOAHbBIX
0bbeKTOB, rMaeHbIM oOpasoM Board, nokasa-
Hbl CAeACTBHA HapyuleHHa cbanaHCHpOBaHHO-
CTH 3THX MpPOLECCOB: CHHXeHHe BOCMNPOH3Ba
M cezonHaa rubeab pbib, obeaHeHHe BHAOBO-
ro cocraBa BO/HbIX 3KOCHCTeM. OXxapa-
KTepH30BaHbl  OCHOBHblE  MPH4YHHbI  BO3-
HHKHOBeHHA pacbanaHCHpPOBKH BHYTPHBOAO-
€MHbIX OKHCAHTeIbHO-BOCCTAHOBHTENbHBIX H
cBobogHO-padHKanbHBIX  npoueccoB.  dop-
MHPOBAHHIO TOKCHYHBIX KBa3HBOCCTAHOBHTE-
aAbHBIX YCOBHH B BOAHOH cpede crnocob-
CTByeT 3aperyaMpoBaHHe pe4dHONo CTOKa,
BHAHHE CTOYHBLIX BOA, H Kak cieiqcTBHe 3To-
FO pa3sBHTHE CHHe-3edeHblX BOAOPOCAEH
CBepXOKHC/IHTeAbHOE COCTOAHHE Cpeabl BO3-
HHKaeT MpH Ype3MepHOH HHTeHCHpHKaUNH
cBoboAHO-paarKanbHbIX TMPOLIECCOB B Coye-
TaHWH C 3arpdasHeHHeM  cpedbl- HOHaMH Map-
raHua. B aTvx ycaoBHAx oOpasyloTca MHKpo-
KOAIoH/IHble 4YacTHilbl CMellaHHOBadeHTHbIX
OKCHAOB MapraHua (IILIV), o6aagaiolnx ApKo
BblpakeHHbIMH OKHCAHTeNbHbIMH CBOHCTBaMH
H TOKCHYHOCTbIO.

cussed. The consequences of the disbalance
of this processes for aquatic ecosistems, for
example for Volga River, are shown: reduc-
tion and seasonal death of fish, poor species
composition of aquatic ecosystems.

The main reasons caused disbalance of
innerwater oxidative-reductive and free-radi-
cals processes are discussed. The regulation
of river flowing, influence of waste water
without oxidative threament,and as result of
it flowering of blue-green algae promote to
toxic quasi-reductive state formation in
aquatic medium,

Superoxidative state of aquatic medium is
arised at excessive intensivity of - free-radical
processes in combination with pollution of
medium by manganese-ions. In this state the
microcolloidl particles of mixvalence oxides
of manganese (lILIV) is formed, that pos-
sesses by strong oxidative properties and
toxicity.



AOINOMHATEABHDBIE MATEPHA(IbI

Bo BBegeHHH B HACTOALUHH COODHHK MaTE€pHAIOB
obpaliaaoch BHHMAHHE aBTOPOB H YHTATEdE€H HAa OCOOble
YCAOBHA €ro ¢pOpMHpDOBAHHA, CBA3AHHbIE C aBTOPCKHM
OQOpMIEHHEM [PEACTABAEHHbIX paboT H CPOKAMH HX
MOCTYIITEHHA.

Tem He MeHee, cocraBHTENH COODHHKA H3BICKAIH
BO3MOXXHOCTH ITEPEOPOPMAEHHA HEKOTOPBHIX pa6o7* H HX
BKMIOYEHHA B YHCAO ITyOIHKALHH, _

K coxkanerHio 210 Kacaercsa (HIUb BEChbMA
OrpaHHY€HHONO YHCaa MAaTEPHAa/IOB.



BHOMOHHTOPHHI" KAYECTBA
CTOYHBIX M MPHPOAHBIX BO/
B CHCTEME BOIOOXPAHHBIX MEPOIPHUATHA
HCTOYHHNKOB BOAJOCHABMEHHA

I.MOCKBDbI
[ e

KoBaasimesa I.B.,
(danuua L.E.,
HBIT FAH.

Bonpocbl KOHTPOsA Ka4yecTBa MpPHPOAHBIX
BO/, He TepAloT CBOEH aKTyanbHOCTH. [lnA HX
pelleHns pa3pabaTbiBalOTCA HOBble, Oonee
coBeplleHHble aHanuTHYeCKne Meroabl. OgHa-
KO, OLIEHHTb COCTOAHHE BOAHOIO ofbeKkTa no
KOMNAEKCY Pa3HOKa4yeCTBEHHbIX NoKasareneH
OKa3blBAETCA AOBOALHO COKHO, TaK Kak
MHOIOCTOPOHHHE CBA3H NPOLECCOB aHTPOMNO-
reHHOro 3BTPOdHPOBAHHA HepeAKOo NPHBOAAT
K HeafeKBaTHbIM H3MEHEHHAM OTAENbHbLIX Na-
PaMeTpOB, XapaKTEPH3YIOWHX COCTOAHHE KO-
cHcTeMbl. O600LIeHHAA OLEHKA Ka4eCTBa BOAB,
yYHTBIBAIOWAA XHMH4YEeCKHe, (PHINYECKHE H
6HonornyeckHe HeGAAronpHATHbIE (aKTOPbI
cpeabl, MOXKeT ObITh MOflyyeHa C MOMOLIBIO
6ronornuecknx recros. Ocoboe 3HayeHne 6Ho-
TecTHpoBaHHe npHoGpeTaeT B KOHTpOne Kade-
CTBa BO/J BOAOXPaHHAHI HAH APYIHX BOAHLIX
00beKroB, ABNAIOWMHXCA HCTOMHHKAMH MHUTbe-
BOIO BOAOCHa6HeHHA, Korda Hepeako Tpebyer-
cA GbICTpPbIH H AOCTOBEPHBIN OTBET O KAYE€CTBE
BOAbI, NocTynaiouleH B Bogo3zabop. K pazpagy
TAKHX BOAOXPaHHHLL OTHOCHTCA H HBaHbKOB-
CKO€ ~ OAHH H3 OCHOBHbIX MHTbEBbIX HCTOYHH-
KOB I. Mockebl. Hanbonee nepcrnekTHBHbIM
B 3TOM OTHOUIEHHWH ABNAETCA NIOMHHECLEHT-
HbI MeToq GHOTeCTHPOBAHMA C HCMNO(Ib3IOBa-
HHeM cBeTAlIMXcA Gakrepui. B pabore B
KavyecTBe TeCT-00beKTa HCNonb3oBaAICA Mpo-
AAXKHBIA Npenapar AHO(HAH3OBAHHBIX CBe-
TAWMXCA Oaxkrepni Photobacterium phos-
phoreum. (lioMHHecUeHUHA GaKTEpHH H3MepsA-
Aacb Ha TMOPTATHBHOM TNPOBHPOYHOM [IOMH-

HoMerpe «Emilite~1003A» npousBoacrsa CII

«BHoXHmMax».

Ana HabnogeHns 3a H3MEHEHHeM TOKCHY-
HOCTH  Kak ¢YHKLHMH 3arpA3HeHHA BOAHbIX
macc 6b1aH BbIGpaHbl pa3nnyHble (asbl peKHMa
BOJOEMa:

1. nepHoa HHTEHCHBHONO CHEr'OTAAHHA H

nonosoAbA (Mapr-anpens 1992-1993 rogos);

2. nepHod, fETHEH MeXeHH (HIOHb-Ha4yano

centabpa 1992-1993 rogon).

BIOMONITORING NATURAL
AND WASTE WATERS QUALITY
IN THE SYSTEM OF THE AQUATIC
PROTECTUIN ACTIVITIES OF THE MOSCKOW

WATER-SUPPLY SOURSES
Lo R R SRR -

Kovalysheva G.V.,
Lapina E.E.,
IWF RAS.

At present, various methods are used
to estimate the surface water quality. However,
it appears rather difficult to estimate the who-
le complex of various quality readings, because
versatile relations of anthropogenic eutrophi-
cation processes often entail inadequate shifts
in some parameters, characterizing the eco-
system state. The major interest, from the
viewpoint of water quality protection, is to
estimate of water quality by ecological criteria,
i.e. by toxic safety based on detection of
responses of living things affected to chemi-
cal, phisical and biological unfavourable fac-
tors of the medium. To put it differently water
quality can be comprehensively estimated
by bioassays. Note that the bioassay acquires
a special significance for water quality control
in water reservoirs or other water objects, .

.used as drinking water supply sources. The

Ivankovo reservoir is one of the major drinking
water sources of Moscow. The luminescent -
bacteria bioassay (LBB) is the most promising
biotest among others. The commercial pre-
paration of liophilized dried luminiscent bac-
teria Photobacterium phosphoreum was used
as test-object. Bioluminescence was measu-
red by a portable cuvette photometric device
«Emilite~-1003A» produced by JV «BioChem-
Mac».

Various phases of the reservoir regime were
selected as functions of the water masses
pollution. To observe, the toxicity dynamics:

1). The period of intensive snow-melting and
spring flood-time (March-April 1992-1993).

2). The period of summer steady low water le-
vel (June-beginning of September 1992-1993).



B KayecTBe o6beKTOB HCCneaoBaHHA Oblan
BbiGpaHbl Kak npHpogHble Boabl HBaHbKOB-
CKOro BOAOXPaHHWIHILA, TaK H CTOYHble -BOAbI
PeAKHHCKOTO OMNBITHONO 3aBoAa, 3aBHAOBCKON
nruuedabprkr, ropoga Teepb (py4en [lepe-
MepKH) H MNpoBedeHbl PEKOHIOCHHPOBOYHbIE
OLEHKH paclpocTpaHeHHA 3arpA3HEeHHBIX BOA-
HbIX Macc Mo BogoXpaHHaHILy. Bo Bcex cayyanx
onpeaeasancs 10-18 0CHOBHLIX rHAPOXHMHYe-
CKHX MNoKa3aTeneH H TOKCHYHOCTbh KaK HHTEr
panbHaid XapaKTepHCTHKa Ka4vecTBa BOAbL.

B pesyabrare npopeaeHHbIX HCCAEAOBAHHA
NOKa3aHo, YTO BbICOKAA YyBCTBHTENBHOCTb H
3KC-IPECCHOCTD (BpeMA aHanuaa or 2 4o 15 Mun)
(TIOMHHECLEHTHOTO MeToga 6GHOTECTHpOBaHHA
No3BoAeT HCMOMB30BATh €ro ANA onpeaene-
HHA TOKCHYHOCTH NPHPOAHBIX BOA H CO3aTh
CHCTEMY [MOCTOAHHOTO MOHHTOPHHra 3a Kave-
creoM Boabl. C nomoutbio 6HOTECTA CO CBETA-
IUHMNCA GAKTEepHAMH BbIABNEHB] ABa NepHoaa
Hanbonee MOUHONO AHTPONONeHHOro BO3ACH-

CTBHA Ha BOAbl HBAHBKOBCKONO BOAOXPAHHAH-

lia, a TaKKe H3y4YeHbl 3aKOHOMEPHOCTH pac-
npedeneHHds TOKCHYHBIX BOAHBIX Macc OT
HCTOYHHKOB 3arpA3HeHHA. AHaH3 KoppenAuH-
OHHBIX 3aBHCHMOCTeH NoKa3an, 4To Hanbonee
6nH3KHMM K NPOCTPAHCTBEHHON AHHAMHKE YPOB-
HA TOKCHYHOCTH NMPHPOAHBIX BOA Obln xapak-
Tep H3MeHeHHs BIIK,.

B HacToALlee BpPeMA A1A OLEHKH Ka4yecTsa
MOBEPXHOCTHBIX BO/ HCIOMb3YIOTCA pa3iHYHbIE
MeToabl. OAHH M3 HHX OCHOBaHbl Ha TPAAHLIH-
OHHBbIX THAPOGHONOTHYECKHX HCCNeAOBAHHAX,
6a3npyIoNXCA Ha H3YyYeHHH CHCTeMaTHYeCKORN
NPHHAANEKHOCTH BHAOB H HX MOpdOMeTpHYe-
CKOM OIHCAHHH (KOHCTaTalHA CTPYKTYPHbBIX
H3MeHeHHH B coobulecTBax). B Apyrux ans pac-
YyeTa KPHTEPHA KauecTBa BOAbI HCIONb3yeTCH
uenbli pAA MMAPOXHMHYECKHX MoKasaTenen,
O[HAKO, OLEHHTb COCTOAHHE NO KOMIVIEKCY
pa3sHOKAYECTBEHHbIX [OKA3aTenen OKasbiBa-
€TCA B HEKOTOPBIX CaAyYasX AOBOILHO CAQKHO,
TAK KaK MHOTOCTOPOHHHE CBA3H MPOLECCOB
AHTPONOIeHHOTO 3BTPOMHPOBAHHA HEpeaKo
NPHBOAAT K HeadeKBaTHbIM H3MEHEHHAM OT-
AEabHbIX NapaMeTpoB, XapaKTEPH3YIOWHX CO-
CTOAiHHE 3KOCHCTEMBL.

Caegyer OTMETHTb, YTO HaHOOMBIINA HHTe-
pec C BoAOOXpaHHbLIX MO3HUHH MpeacTaBafger
OLUEeHKA KayecTBa BOAbl MO 3KOMOrHYeCKHM
KPHTEDHAM, T.e. MO NPH3HAKY TOKCHKOIOIH-

As research object the waste waters of
the Redkino pilot plant, the Zavidovo poultry-
farm and the town of Tver (stream Peremerki)
were chosen as well, to make approximate
estimates for spreading the polluted waters
throughout the Ivankovo reservoir. In all cases,
10-18 hydrochemical parameters were de-
termined (pH, conductivity, color, nitrate-N,
nitrite-N, ammonium-N, phos phorus-P, total
phosphorus, gross phosphorus, dissolved oxy-
gen, permanganate oxygen consumed, alkalin-
ity, biochemical oxygen consumed, chloride,
sulfate, hardness, hydrocarbonate, suspended
particles) and toxicity as the integral parameter
of water quality.

As a result conducted study had been
shown, that the high sensitivity of LBB enable
to use it for definition of natural water toxicity.
The systeme continuous monitoring water
quality may be created thanks to fastness
of LBB ( time of analyse 2-15 min). The two
periods of the most powerful anthropogenic
influence the Ivankovo reservoir waters were
found by LBB, as well as the tenets of toxic
water distribution were research. Analysis of
obtained data showed that results of LBB
are in good accord with data Daphnia’s
bioassays.

At present, various methods are used to
estimate the surface water quality. Some of
them are based on traditional hydrobiochemi-
cal research based in turmn on studing the
systematic (taxonomic) position of biological
objects (fishes and daphnias) and their mor-
phometric description (structural changes in
biocenosis). In other methods a variety of
hydrochemical readings is used for calculation
of water quality criterion However,it appears
rather. difficult to estimate the whole complex
of various quality readings, because versa-
tile relations of anthropogenic eutrophication
processes often entail inadequate shifts in
some parameters, characterizing the ecosys-
tem state.

Noted, that the major interest, from the
viewpoint of water quality protection, is to
estimate of water quality by ecological crite-
ria, i.e. by toxic safety based on detection



4eCKoA 06e30MNacHOCTH, OCHOBAHHOMY Ha pe-
THCTPALIMHN OTBETHBIX peakUHH XKHBbIX OpraHua-
MOB Ha BoaMyliawlllee ACHCTBHE XHMHYECKHX,
dH31UeCKHX H GHONOrHYECKHX HebnaronpHAT-
HbIX (PaKTOPOB cpeabl. [pyrUMH cnoBaMH, 0606-
LIEHHYI0O OLEHKY KadecTBa BOAbl MOMKHO MoO-
Iy4HTb C MOMOLLUbIO GHOMNOTHYECKHX TECTOB.

Ha cerogHeHWHH geHb HMEETCA LIHPOKHH
CriekTp MeTonoB OHOTECTHPOBAHHA TpHPOA-
HbIX H CTOYHBIX BO4, KOTOPbIE [O3BOAAIOT
HccaefoBarensm B AONONHEHHE K pe3ylbTaTam
XHMHYECKOro aHaaH3a rnoay4yarb HHTerpaabHyio
XapaKTepPHCTHKY KaudecTBa BOA, YYHTbiBa-
IOUYI0 B3aHMOAEHCTBHE W TpaHChOpMaUHIO
XHMHYECKHX BeWeCTB B TNPHPOAHOH BOAE H
OTpaXawllyio peanbHOe COCTOAHHE BOAHOH
3KOCHCTEMbI.

AHann3 aMTepaTypHbIX AAHHBIX MOKasadq,
4yto Hanbonee MepCrneKTHBHbIM cpean GHono-
THYECKHX TeCTOB, NPHMEHAIOHXCA B MOHHTO-
PHHIre OKpyzKalolleH cpeabl, ABafeTca brorect
C HCMOAb3OBAaHHEM CBeTAlMXcA OaKkrepni
(moMHHeClleHTHBIA MeTon) (11, 4, 10, 8). OcHo-
BaHHbIH Ha pervucTpaudH HM3MeHEHHA (TIOMH-
HeClUeHLHH CBeTAIHXCA HakTepui NpH BO3aer-
C‘TBHH PA3HYHbIX XHMHYECKHX BeLIECTB, Kak
B CMECH, TaKk H IO OTAENbHOCTH, MeTon
ageKBaTHO OoTpaXaeT HapylueHHe (H3HOMOrH-
YeCKHX H OHOXHMHYECKHX MPOLECCOB B KneTke
(CnocoBHOCTb KNETOK K Pa3MHOKEHHIO, H3Me-
HeHHe AernaporeHa3HOH AaKTHBHOCTH) (2).

Ocoboe 3HaueHHe GHOTeCTHpOBaHHE TPHOG-
peTaerT B KOHTpONE KaveCTBa BOJ BOAOXPaHH-
(ML KK APYTHX BOAHBIX 0OBEKTOB, ABNAIOWINX-
CA HCTOYHHKAMH [HTLEBONO BOAOCHAOMKeHHA,
Korfa Hepeako TpebyeTca ObICTpbif B AOCTO-
BEPHbIH OTBET O Ka4iecTBe BO/bl, NOCTYyNal-
e B Bogoszabop. K paspagy TakHX BOAOXpa-
HAAKMLL OTHOCHTCA W HBaHBKOBCKOE — OAHH
M3 OCHOBHbIX MHTbEBLIX HCTOYHHKOB I MOCK-
Bbl. B TO e BpeMA HopMHpOBaHHE Ka4yecTBa
BOAbl BOAOXPaHHAHILA NPOHCXOAMNT NOA BANA-
HHEM MOIUHbIX HCTOYHHKOB 3arpA3HEHHA -
NPOMBILWACHHBIX H KOMMYHAIbHBIX CTOYHbIX
BOA ropoaos Teepb, Pxes, Topxok, KoHakoBo
M Ap., a Takxe No4 BANAHWEM MOBEPXHOCT-
HOI'O CMbIBa C rOPOACKHX H CEbCKOXO3AHCTBEH-
HbIX TEPPHTOPHA BOAOCGOpPaA, BKAAA KOTOPOro

B aHTPOIIOreHHYI0 Harpy3Ky Ha BOAOXPaHH(H-

e AOBOBHO BBICOK (3). B pesyabTare Ha Tep-
pHTOPHH HBaHBKOBCKOro BOAOXpAHHAHILA 06-
pasoBaarCh pa3an4Hble M0 THAPOXHMHYECKOMY
cocraBy H pexunMmy (popMHpOBaHHA BOAHbIE
Y4acTKH, pofb KOTOPbIX BO BHYTPHBOAOEMHbBIX
npoueccax A0 KOHUA He ACHA.

of responses of living things affected to
chemical, phisical and biological unfavou-
rable factors of the medium. To put it diffe-
rently water quality can be comprehensively
estimated by bioassays.

To-date, there is a wide range of bioassays
for natural and waste waters enabling the
investigators in addition to the results of che-
mical analysis to receive the integral charac-
terizations of water quality taking account
of the interaction between and transforma-
tion of chemical substaces in natural water
and featuring a true state of water ecosystem.

The liteture data analysis showed that the
luminescent bacteria bioassay (LBB) is the most
promising biotest among others. This method,
based on detection of shift in the light out-
put of luminescent bacteria caused by diffe-
rent chemical substances both in mixture
and separate, adequatly reflects the destruc-
tion of physiological and biochemical pro-
cesses in the cell (cell's capasity for propa-
gation and the change in dehydrogenase
activity) (2).

Note that the bioassay acquires a special
significance for water quality control in water
reservoirs or other water objects, used as
drinking water supply sources, when a fast
reliable answer is required on thequality of
water’entering the water intake. The Ivankovo
reservoir, one of the major drinking water
sources of Moscow, belongs to such water
objects. Meanwhile the water quality of this
reservoir is influenced by powerful pollution
sources, such as industrial and waste waters
of the towns of Tver, Rjev, Torjok, Konakovo
and other as well as by sheet washing from
urban and rural- watershed areas, whose
contribution into the anthropogenic load on
the reservoir is rather high. As a result the
areas differing hydrochemically and in the
formation mode have appeared in the lvan-
kovo reservoir.

The role of these areas is not totally clear
yet. In view of this, the objective of this
research work was to study a principle
possibility of using LBB for a continuous
monitoring of the toxicity of natural water



B cBA3W C 3THM, lenbl0 HacTosALieH paboTbl
ABMAOCH H3Y4YeHHe NPHHLUHNHAABHOH BO3MOXK-
HOCTH HCNOOb30BaHHA OHOTECTa CO CBETALUH-
mncAa GaKTepMAMH ANA NMOCTOAHHONO MOHHTO-
pHHIMa Ka4ecTBa MPHPOAHBIX Bod, B3aHMOCBA3H
rMAPOXHMHYECKHX TOKazatenerd H TOKCHYHO-
CTH BOAbl Ppa3U4HbIX MO COCTABY BOAHbIX
y4acCTKOB BOAOXPAHHMILA, BbIABIEHHE 3AKO-
HOMEPHOCTEH PpacrnpocTpaHeHnA TOKCHYHBIX
BOAHBIX MAacCC MO BOAOXPaHHAHWY OT HCTOY-
HHKOB 3arpA3HeHns.

[nA HabmoaeHHA 3a H3MeHeHHEM TOKCHY-
HOCTH KaK (PyHKUHH 3arpA3HeHHA BOAHbIX
macc 6blan BbIOpaHbl pasanyHble ¢asbl perH-
Ma BogoeMa:

1. Neprog HHTEHCHBHONO CHEroTaAHHA H

nonoBoApA (Mapr-anpeab 1992-1993 roaos);

2. Neprvod OeTHeH MeXKeHH (HIOHb-Ha4ano

cenrabpa 1992-1993 roaos).

B nepBoM cay4ae oCylECTBAANCA exKeAHeB-
Hbit oTGOp Npob Ha rayOHHe 3 M pYyCAOBOH
BepTHKasin crBopa [N°3. Bo BTOpOM, KpoMe
HabaloAeHnA B KOHTPOAbHOHM TO4YKE, IpOBO-
AHNHCH CEPHAHbIE CbEMKH M0 CEMH CTBOpaM
¢ orbopom npod B HECKONbKHX BepTHKanAx
H TOPH3OHTANAX B 3ABHCHMOCTH OT IHPHHBI
n raybuubl pycna (5). Takke B Ka4yecTpe
00'bEKTOB HCCNeAoBaHHA OblaH BbIGPaHbI CTOY-
Hble BOAbl PeAKHHCKOro ONbITHOrO 3aBo/a,
3aBHAOBCKOH nTHUedabpukH, ropoaa Teepb
(pyuen [lepeMepKH) H npoBeaeHbl PEKOHIOCUH-
pPOBOYHbIE OLEHKH pacClpOCTpPaHeHHA 3arpas-
HEeHHbIX BOAHBIX MacC MO BOAOXPAHHHLLY.
Bo Bcex cay4asx onpeaendanvcs 10~18 rHapo-
XHMHYECKHX ToKasatened (pH, anesTponpo-
BOAHOCTD, LBeTHOCT, NO, -, NO,", NH,*, PO,?,
docdop obuwHn, pocdop BanoBbIH, PacTBOPeH-
HbiA KHcaopoa, BIIK , nepmaHraHaTHaA OKHC-
afemocrb, CI, 80,%, KeCTKOCTb, WENOYHOCTb,
HCO, , B3BeiueliHble 4YacTHLIbI) H TOKCHYHOCTD
KaK HHTerpanbHad XapaKTEpPHCTHKa Kadve-
CTBa BO/bI.

. B pabore B KauyecTse TecT-00beKkTa HCNOIb-
30Baf1CA MNpOAAaXKHbIA Mpenapar AHOQHIH30-
BaHHbIX CBeTAWMXCA 6akTepui Photobacterium
phosphoreum. (llOMHHeCLUEHUHA OakTepHH H3-
MepAnach Ha MOPTATHBHOM NPOBHPOYHOM fio-
mHHoMeTpe «Emilite-1003A» nponasoacTsa
CIl «bruoXnmMak», PacHeT OTHOCHTENbHbIX €aH-
HHLl TOKCHYHOCTH ( T ) NPOBOAHACA C HCIONb-
30BaHHeM (YHKUHH, KaK onucaHo B pabore
{(9), ¢ yderoM 13-TH MHHYTHOIO 3KCNOHHDOBa-
HHA Npob. OUeHKA YPOBHA TOKCHYHOCTH BOAbI
oCylecTBaAaach no penndnHe aggekra aHa-

for correlation of hydrochemical readings with
water toxicity in the water areas for revealing
the principls of spreading the water toxic
masses throughout the reservoir from the
pollution sources.

Various phases of the reservoir regime
were selected as functions of the water masses
pollution. To observe, the toxicity dynamics:

1), The period of intensive snow-melting and
spring floodtime (March-April 1992-1993).
2). The period of summer steady low water
level (June-beginning of September 1992-
1993).

In the first case the samples were taken
daily at the depth of 3 m the channel vertical
of alignment 3. In the second case, except
the observations in control the point, the set
survey was conducted on seven alignments
with sampling in several verticals and hori-
zontals depending on the width and depth
of the channel (3). As research object the
waste waters of the Redkino pilot plant, the
Zavidovo poultry-farm and the town of Tver
(stream Peremerki) were chosen as well, to
make approximate estimates for spreading
the polluted waters throughout the lvankovo
reservoir. In all cases, 10-18. hydrochemical
parameters were determined (pH, conducti-
vity, color, nitrate-N, nitrite-N, ammonium-N,
phos phorus-P, total phosphorus, gross phos-
phorus, dissolved oxygen, permanganate oxy-
gen consumed, alkalinity, biochemical oxy-
gen consumed, chloride, sulfate, hardness,
hydrocarbonate, suspended particles) and to-
xicity as the integral parameter of water quality.

The commercial preparation of liophilized
dried luminiscent bacteria Photobacterium
phosphoreum was used as test-object. Biolu-
minescence was measured by a portable
cuvette photometric device «Emilite-1003A»
produced by JV «BioChemMac». The relative
toxicity units (T) were calculated by use of
the Y-function as described elsewhere (9) ta-
king account of 15 min. exposure of the
samples. The toxicity water was estimated
from the effect of the test samples on the
light output of luminescent bacteria, expressed
by relative toxicity units,

AK3HpyeMbIX NpoO Ha AIOMHHECLEHUHIO CBeTA-
LHXCA GaKTepHH, BbIpaxeHHOro Yepes OTHOCH-
TeabHble eAHHHLBI TOKCHYHOCTH.



TABLE 1. Scale of toxicity.

The toxicity level

The relative toxicity unit Size of effect
T=20

0<T<0,3 Reduction of light

output up to 25%

03<T«<3.0 Reduction of light

. output from 25% to 75%
T=230 Reduction of light
more 75%
T=10 Reduction of light
50%

Sample is non-toxic
Sample is isslightly
toxic

Sample is toxic
Sample is very toxic

Sample is toxic

AHannz KoppenAlHOHHbIX 3aBHCHMOCTEH
NPOBOAWICA C HCNOMb3OBAHHEM MPOIPaMMbl
«Axum» Ha IBM PC\AT 286.

B neprHoga HHTEHCHBHONO CHeroraaHua H
nonosoAba 1992 r,
LEeHTHOro MeToda OHoTecTHpoBaHHA 6blno
3a(PHKCHPOBAHO yBenHYeHHe TOKCHYHOCTH BO-
Abl, AocTHralowee 3Ha4eHHa 0,4 orHocHrennb-
HbIX €QHHHL, YTO COOTBETCTBYET YPOB-
HIO TOKCHYHOCTH «Boga ToKcHuHa» (Taba.l).
B T0 e BpeMs MpeBbillleHHA KOHLEHTPaLHH
onpeaenAemMbiX HaMH THAPOXHMHYECKHX Mo
Ka3arened He HabGailoganock. [loABneHHe MHKA
TOKCHYHOCTH, TMO0-BHAHMOMY, MOHO O6BAC-
HHTb yBeqHYEHHEM KOHLEHTpalUHH KCeHoOHO-
THKOB, MOCTYNAIOWIHX B BOAbl BOAOXPAHHIH-
i@ C NOBEPXHOCTHLIM CMBIBOM,

O6GbIMHO CHHTANOCh, 4TO HaHbGoabllylo aH-
TPONOreHHYI0 Harpy3Ky BoaHble GaccelHbl HC-
NbITHIBAIOT B 3HMHIOIO Mexehb, Ho pesynsTa-
Thl HCCAEAOBAHHH MOCAEAHHX (€T NOKa3an,
Y10 MaKCHMalbHbie KOHUEHTpaUHH AaHTpoMno-
reHHbIX 3arpasHuTened cranH HabGaioaaThbcA
B NepHoabl HHTEHCHBHONO CHeroTadHua H fo-
nosoabA, W ocobada poab 3aechb NpHHae-
KHT HEKOHTPONHPYyEMbIM HCTOYHHKAM 3a-
rpaAsHeHHd (3).

Perncrprpyemoe nocae ApyXAHEBHOMNO BCnae-
CKa nageHHe YPOBHA TOKCHYHOCTH
BbI3BaHO NHOO H3MeHEHHEM XHMHYeCKOro co-
CTaBa Ta/oro CToKa, NHOO yMeHbLeHHEM B HeM
KOHLEHTPALIWH TOKCHKAHTOB. [anbHenlliee KO-
neGaHve YPOBHA TOKCHYHOCTH B Tfpeaenax
«BOJa He TOKCH4YHa» — «Boga cnabo TOKCHYHA»
YKa3biBAIOT Ha paBHOBECHOE COCTOAHHE BOM-
HOH 3KOCHCTEMbl.

C TIOMOIBIO (IOMHHEC-

The correlative dependences were calculat-

.ed by use of the programme «AXUM» on IBM

PC\AT-286.

In the spring of 1992 during intensive snow-
melting and spring flood, the increase
of water -toxicity was noted by LBB which
reached the valye 0.4 relative toxicity units
(rtu.), This corresponds to the toxicity
level «water Is toxic» (Table 1). We observed
no increase in the defined hydrochemical
parameters. Perhaps, the appeared toxicity
peak is explicable by the increased concen-
tration of xenobiotics with entering the reser-
voir waters from the sheet washing of agri-'
cultural areas.

It is a matter of common observation that
the water basins undergo the greatest anth-
ropogenic load every winter. However recent
data showed that the maximum concentra-
tions of anthropogenic pollutions were ob-
served in periods of snowmelting and spring
flood with a special role of non-point pollu-
tion sources (3). '

The detected fall in the toxicity level after
two-day splash was entailed either by the
change in the chemical composition of mel-
ted run off or decrease in toxicant concentra-
tion in it. Further fluctuations of toxicity ran-
ging from «nontoxic» to «slightly toxic» indicate
that the state of water ecosystem is balanced.



BblcOKHE YPOBHH TOKCH4HOCTH 0.89 H 0.54
OTHOCHTE/bHBIX €AHHNL 3a(HKCHPOBAHbl B
KOHTPObHOH TO4YKe B Hioae 1992 n 1993 rogos
COOTBETCTBEHHO. DTO MOXKeT ObiTb, Kak pe3ynb-
TATOM MPAMOrO @HTPONOreHHOro BO3AEHCTBHA,
TaK H C1eACTBHEM BHYTPHBOJOEMHbIX MNPO-
ueccos. Ha anreparypbl H3BE&CTHO, YTO HH-
T€HCHBHOE LBETeHHe (PHUTOMNAHKTOHA, CTHMY-
(IHpOBaHHOE MOCTYMAEHHEM CTOMHbIX BOA H
MOBEPXHOCTHOTO CMbIBA C YpOaHH3NPOBAHHbIX
TEPPHTOPHA, BbHI3BANO YBenH4YeHHe YPOBHA
TOKCHYHOCTH BOAHLIX MAacC H OHHBIX OTIO-
MeHHH (7). OUeHHTb ponb Kaxaoro M3 npouec-
COB B YBeNHYeHHH TOKCHYHOCTH A0BObHO
cromHo. Tem Gonee, 4TO MPOTANKEHHOCTH H
rpaHvijbl 30Hbl BAHAHWA OCHOBHBIX HCTOY-
HHKOB 3arpiAsHeHHH HBaHbKOBCKOro BOAO-
XpaHHAHIIA A0 CHX MOp He OnpeaAeneHsl.
OgHako, NoABNEHHE MHKOB TOKCHYHOCTH [IpaK-
THYECKH B O4HO H ToXe BpemA (20-e yncna
Hi0AA) NPH Pa3iv4HbIX MNOroAHbIX YCIOBHAX,
NOBOPHT, CKOpPeH BCero, B MNoMb3y MociaeqHero
npeanonoxeHHda. Tem Oonee H3BECTHO, 4TO
ANA leTHEro NEepHoda XApPAKTEPHO BO3HHKHO-
BEHHEe OAHONO MNHKa OHoMmacchl (HTONMAHK-
ToHa (1). B >TOM cayyae H3ydeHHe AHHAMHKH
TOKCHYHOCTH BOABLI BOgOXPAHHAHILA HEOTbEM-
1eMO AOMKHO ObITh CBA3AHO C H3yYeHHEM
HaKoN/neHHA H AeCTPyKUHH OGHOMacChi M CO-
NpPOBOKAAIOIHX HX XHMHYECKHX MPOLECCOB.
C apyroft CTOPOHBI, ANA BbIACHEHHA NPHYHH
CTO(Ib BBICOIO YPOBHA TOKCHYHOCTH B 0OOHX
HCCneayembiX TiepHogax HeoOXOoaHMO Mpo-
caefTs ABHAKEHHE BOAHDBIX MACC OT HCTOYHH-
KOB 3arpA3HeHHA BHH3 MO BOAOXPAHHAHLLY
H OMpeaeqnTb HX XHMH4ECKHA COCTaB, YAenuB
npH 3toM ocoboe BHHUMaHHE COEAHHEHHAM
NPOMBIWIAEHHONO CHHTE3a,

HceneaoBaHHA NMOCTBOPHbIX H3MeHEHHH
' TOKCHYHOCTH, MpOBEAEHHbIE B HIOHE-HIONE
1992 r., no3oanan cozaarb KapTHHY MNpo-
CTPAaHCTBEHHOTO pacnpegeqeHHa Mo BOAO-
XpaHHMAHILY 3arpA3HeHHbIX BOAHBLIX Macc.

BbiCOKHH ypOBEHb TOKCHYHOCTH (+BOAA TOK-
cu4yHa») B cTBopax N°l1 n N°2 rosopHT, CKopeH
Bcero, B [M0b3y raybokoro npoOHHKHOBe-
HHA CTOYHbIX BOA ropoga Teepb B HBaHbkOB-
CKOoe BOAOXpaHHIHIUe. XapaKkTep H3MEeHEHHA
TOKCHYHOCTH BO/bl ¥ yMeHblUeHHe 3Have-HHH
TOKCHYHOCTH (10 YPOBHA «BoAa c1abo TOKCHY-
Ha» H «BOJAA HE TOKCHYHa» B cTBopax N°3 n N°4,
COOTBETCTBEHHO, MOXKHO pacCMaTpHBaTh Kak
pesyabrarT CcaMoouHiammed cnocobHOCTH
BOAOXPaHWIHILA.

High toxicity levels 0.89 and 0.54 r.t.u.
were noted in the control point in July 1992

~and 1993 recpectivly.

This phenomenon may be both a result
of direct anthropogenis influence and acon-
sequence of intra-reservoir processes. It is
known from the literare that the intensive
phytoplankton bloom stimulated by entering
of waste water and sheet washing from urban
areas increased the toxicity of water masses
and bottom deposits (7). it is fairly complicated
to estimate the role of each process in the
toxicity increase. Moreover the area and the
bounds of influence zone of major pollution
sources for the Ivankovo reservoir have not
still been defined, Yet the appearance of toxi-
city peaks during different weather condi-
tions practically at the same time (the last
decade of July) may most likely evidence in
favour of the latter supposition. It is moreover
know that the appearance of one peak of
phytoplankton biomass is typical of summer
period (1). In this case, the study of the
reservoir water toxicity dynamics must neces-
sarily be related to accumulation and destruc-

‘tion of biomass and the concurrent chemical

processes. On the other hand, we have the
motion of water masses from pollution sour-
ces downstream the reservoir, which should
be traced to find out the cause of so high toxi-
city level in both periods under study. We have
to define the chemical composition of pollu-
tions with paying attention to the compounds
of industrial synthesis.

The conducted investigations of along
alignment toxicity shifts gave us the opportu-
nity to create a picture of distribution all
over reservoir of polluted water masses.

The high toxicity level «water is toxic» in
alignments 1 and 2 may most likely testify
in favour of a deep penetration of the t.Tver’s
waste waters into the Ivankovo reservoir.
However, the ultimate conclusion must be
done only after a detailed study of the ente-
ring regime of the toxic water masses and
of their spreading all over the reservoir from
poliution sources. The pattem of water toxicity
change and the decrease in toxicity values
up to the levels «water is slightly toxic» and
«nontoxic» in alignments 3 and 4 respectively
can be consider as a result of self-puritica-
tion capacity of the reservoir.



Hcnonb3oBaHHe MIOMHHECUEHTHOrMO MeToda
6HOTECTHPOBAHHA MO3BOHIO TAKMKE BbIAC-
HHTb 3@KOHOMEPHOCTb PpacnpeaeneHHa Bof-
HbIX MacC MO Ka4yecTBy B 3aBHCHMOCTH OT
rayGuHbl BoAHOro ofbekra. Tak, Hanbonee
TOKCHUHbIE BOAbl paclodarattHch [peHmMy-
. IleCTBEHHO B TMPHAOHHOM CAOE, a MeHee
TOKCHYHblE HAXOAHNHCb HA TMyOHHe 3 M H Yy
NOBEPXHOCTH (pHC.3). TOKCHYHOCTb NpHOpex-
HbIX BOAHBIX 30H MO YPOBHIO TMpPaKTHYECKH
Bceraa Obina 6nM3KAa TOKCHYHOCTH MNOBEpX-
HOCTHOIO C0A PyCOBOH BepTHKanH, B To xe
BpeMA, 3HAYEHHA CHAPOXHMHYECKHX TOKa-
3arened He HMenH CyLeCTBeHHbIX Pa3iHyHH.

KOHTPOQb 3a KaYeCTBOM H peKHMOM MOCTY-
MMeHHA CTOYHBIX BOJ OT HCTOYHHKA 3arpas-
HeHHA noMor 6bl yCTaHOBHTD NMPHYHHBI BO3HH-
KHOBEHHA H pacrnpegeneHHa TOKCHYHBIX BOA:
HBIX MACC.

llepBbiM 3TAnoM B pelieHHH 3TOH npobne-
Mbl cTaaH paboTbl NO H3YYEHHIO BIHAHHA
CTOYHBIX BOJ pAga NpedrnpHATHH Ha ¢opMy-
. poBaHHMe KadecTBa BoAbl B paMieHax cOpoca.
Ocobaa ponb 34eCh, KOHEYHO, NMPHHAAEKHT
MOLLIHOMY HCTOYHHKY 3arpA3HeHHH — MPOMblil-

(ICHHbIM H KOMMYyHanbHbIM CTOYHbIM BoOAaM
r.Teepb. [0 CHX NOp, K COMKaNEHHIO, He OMNpe-
AeneHbl PpaHHLbl 30H 3arpA3HEHHA H BaMA-
HHA, Tak KakK oOObIuHbie T'HAPOXHMHYECKHE
nokasarenH B AaHHOM cay4ae ABAIOTCA Mario
HH(OPMATHBHBIMH H C HX MOMOLIBIO NpoBec-
TH pasrpaHHY€HHE ITHX 30H He MpeACTaBIAeTCA
BO3MOXKHbIM. TaKHM 06pasoM, B ABrycre-CeH-
tAbpe 1992 1. ¢ HCNOMb30OBAHHEM IOMHHEC-
1IeHTHOTO MeToaa GHOTECTHPOBaHHA 6blaH Mpo-
BeaeHbl paboThl NO oNpeAeneHHlo CTBOpa
MOHOTO CMelleHHA Ha ydacrke llepeMepkH —
AJlnockn (crBop N°3) ¥ H3y4deHHIO pacnpeje-
NeHHA TOKCHYHbIX BOAHBIX MacC OT HCTOY-
HHKA 3arpA3HeHHH.

Crounble Boapl I TBepb, NpeaBapHTEAbHO
COeIMHAACH C BO/AMH py4bA Manble [lepemep-
KH, noctynaior no cbpocHomy kaHaay B HpaHb-

KOBCKOe BOAOXpaHHAHWE C NpaBoro Oepera.

B cphemkax 3a <OHOBYKO MNPHHATA TOYKA,
pacrnonoxeHHaa Ha 500 M Bbille N0 TEYEHHIO
or cObpocHOro KaHana. BbiCOKHe 3Ha4eHHA
TOKCHYHOCTH T, > 0.3 OTH. en., perncrp-
pyeMbie AaA BoA NpaBOro H 1€BOro 6Geperos,
a TakXKe A18 TMOBEPXHOCTHOMO CAOA pycna
roBopaT o0 ToM, 4ro (oHoBas Touka Oblna
BbiOpaHa camwkom 6aH3Ko K Mecty cOpoca,
H 30€Cb B NOMHOH Mepe HabnlodaeTca BAHAHHE

CTOYHBIX BOA (pHC.4 a), 4ro noaTBepKaaeT-

The LBB made possible to find out the
principls of water masses distribution by on the
depth of water objects. So, the most toxic waters
were located mostly in the benthic layer, and
less toxic waters were detected at a depth of
3 m and at the surface (Fig.3). The toxicity of
riverside waters was always close to that of the
surface layer of the channel vertical. The values
of hydrochemical parameters differed ines-
sentually had no essential differences.

The quality and regime control of the
entering waste waters from pollution sources
would help to define the cause of origin and
distribution mechanism of toxic water masses.

The initial step in decision of this problem
became the study of waste water influence
of some enterprises on formation of water
quality in discharge areas. A particular role
is played here by a powerful source of
pollutions, industrial, sewage and waste wa-
ters of t.Tver. Unfortunately, the boundaries of
their influence and contamination have not
been defined yet. Since the conventional
hydrochemical parameters as the case stands
are less informative and it is impossible to
conduct the demarcation of thesezones. Thus,
in August-September 1992 in the site Pere-
merki-v.Ploski (al.3) the works were conduc-
ted by use of LBB to define the entire mix-
ture alignment and to study the distribution
of toxic waters masses from pollution sources.

The Tver's waste water preliminarily com-
bine with waters of the stream L.Peremerki,
then enter the Ivankovo reservoir by a
discharge canal from the right bank. In our
surveys, the point located 500 m upwards
from the discharge was taken as the backg-
round one. The high toxicity values (more
than 0.3 r.t.u.) detected for waters of the right
and left banks as well as the surface layer
of channel show that the background point
was selected too near to the discharge locus
and here the waste water influence is largely
observed (Fig.4 a). This supposition is support-
ed by some slightly increased hydrochemical
readings (= 32.2~34.0 m8\m?, HCO, =183 mg\l,
Cl=13.,4 mg\l).

Of particular interest is the point located
100 m after the discharge where the toxicity
of surface layer reached the values 5,23 r.t.u.
(svery toxic») while the discharge canal brought
low-toxic waters (T, =0,244 r.t.u.). The hydro-
chemical readings showed the water near
the right bank to be contaminated while the



CA HEKOTOPbIMH HECKONbKO 3aBbillleHHbIMH
FHAPOXHMHYECKHMH TNOKa3aTendAMH (=32.2-
34.0 mS/m? , HCO, =183 mr/a, CI =13.4 mr/n).
Ocobbifi HHTepeC Bbi3blBaeT TO4YKa, pacriono-
AKeHHaA Ha paccroaHnH 100 M HHxe cbpoca,
31ech TOKCHYHOCTb TMOBEPXHOCTHONO CAOA
AOCTHrAA 3HaveHnd 5.25 oTH.ed, — «BOJA CHIb-
HO TOKCH4YHa@», B TO BpeMa Kak H3 cOpocHOro
KaHala TNoCTynaad Mano TOKCHYHbie BOABI
T(m=0.244 otH.ed. Tlo rHapOXHMHYECKHM TMo-
KasarenaM HanOonee 3arpA3HeHHOH oKaza-
nach Boaa y npasoro Gepera, 3aTeM cneaoBa-
11 BOAbBI MOBEPXHOCTHOIO COA H NMPHAOHHONO
cnoa pycnoBoH eBeprhkand. Ha 600 merpoon
OTMeTKe HHKe cOpoca ypoBeHb TOKCHYHOCTH
NPHAOHHOI'O CnoA Mepecek TAK Ha3biBaeMyio
rpantlly 6esonacHoOCTH M AOCTHr 3Ha4eHHH
T,5=0.73 OTH.ea. B ToXe BpeMA 3Ha4eHHA
NpPaKTHYECKH BCEX TMAPOXHMHYECKHX NOKasa-
Tenel 3nech ObiiH OAH3KH K 3HAYeHHAM Xa-
paKkTepHbIM Ans NpHPOoAHOH Bogbl. Ulaend
TOKCHYHbIX BOA MNpPOCTHpanca 40 CTBOpa
dmmayc ( 29 kM puc.4 6). B crBope a.l'opogHA
3Ha4eHHe TOKCHYHOCTH BO BCeX TO4YKax orbo-
pa npHOAH3HAHCH K HyneBoH oTMeTKe. Ha ocHo-
BaHHH MONY4EeHHbIX PEe3YnbTaroB, MOXHO cae-
1aTh NpeABapHTENbHOE 3aK/I0YEHHE O TOM, YTO
CTBOPOM MO(IHOI'O CMelleHHA ABNAETCA CTBOP
A. Topoans,

[inA aanbHeAero H3y4YeHHsa BAHAHHA CTOY-
HbIX BOA HA (POPMHPOBAHHE KayecTsBa BOAbI
HBaHLKOBCKOro BOAOXPAHHHILA B KA4ECTBE
obbekTa HccneaoBaHHA Obin BbiGpaH cOpoc
PeAKHHCKOTNO OMbITHOrO 3aBoja.

CrovHble Boabl 3aBoga MOCTYNAIOT B Med-
KOBOJHDbIA IIOWHHCKHH  Tidec, 6Gorarbin
YCTOHYHBBIMH K Pas3(OMKeHHI0 OpraHH4YeCKHMH
BewecrsamMd (BIK, /110=0.33-0.59). Pekorto-
CUHpOBOYHaA CbeMKa, NpoBedeHHad B aBrycre
19935 roga nokasana, YTO I'MAPOXHMHYECKHe
napaMeTpbl cOpachbiBaeMbiX H OTOGpaHHBIX
BO/ HE HMeloT CYILECTBEHHbIX PasfiM4HHA H, B
LenoM, He MpeBbIIAIOT 3HA4YeHHH M0 BCeMy

water of the surface and benthic layers of the
channel vertical were less contaminated. The
toxicity level of the benthic layer 600 m after
the discharge was over the so-called safety
boundary and reached 0.75 r.t.u. The values
of. all actually hydrochemical readings were
close to those typical of natural water.

The slightly toxic waters extended up to
alignment Ammaus (29 km) as shown in
Fig.4 b. The most toxic waters were alomg the
right bank. The values of toxicity in all points
of sampling were close to the nul point. From
the data obtained one can make a preliminary
conclusion of Gorodnja“s alignment is that
of entire mixture.

The dischar of Redkino’s pilot plant was
selected -as object of further study of waste
water influence on the formation of water
quality in the Ivankovo reservoir. The plant
waste waters enter the Shoshinsky shallow
saturated with steady organic substances
(BOC,\POC=0.33-0.59). Preliminary survey con-
ducted in August 1993 showed that the
hydrochemical parameters of the discharged
and sampled waters (did not differ much).
In all, they do not exceed the parameters
all over the shallow. The toxicity was recorded
in no points., However the analysis of water
obtained after stirring the benthic deposits
collected at the point of direct discharge
showed a very high toxicity of the sample
(T(ID)=19.2 r.t.u.). Therefore, toxic substances
are accumulated in benthic deposits. Never-
theless, the toxicity was not already obser-
ved 200 m from the discharge.

The waste waters of Zavidovo's poultry-
farm were taken as an other fairly interesting
object for study. Its waste waters contain an
enormous quantity of biogens, hydrocarbona-
tes, chlorides etc. In some cases, they rea-
ched the- following values
(NO,=0.22 mg\l; NH,*=60.0 mg\l;

P grocce=185 mg\l, PO,>=135 mg\l;
Cr=923 mgq\l; HCO, =554.0 mg\l).



naecy, YTo e Kacaerca TOKCHYHOCTH, TO HH
B oaHON To4YKe oTOopa oHa He Oblna sacdHK-
cHpoBaHa. OfHAKO aHaNK3 BOAbl, NOMYy4YEHHON
nocae B3MY4YHBaHHA AOHHLIX OTAOKEHHH, OTO-
6paHHbIX B TOUKE HenocpeacTBeHHoro cbpoca,
fnoKasan o4YeHb BbICOKYI TOKCHHHOCTb Mpobbl
T, 5=19.2 otH. ea. CneaoBarensbHo, B AOHHBIX
OTNOKEHHAX HAET HaKoMNAeHHe TOKCHYHBIX
“Belecrs. Ho yxe Ha paccroanun 200 M oOT

cbpoca TOKCHHHOCTH He Habaloaanoch.

[IpyrHM /I0BONbHO HHTEpPECHbIM 00BEKTOM
nccneaoBaHHA Gblan CTo4vlble BOAbl 3aBHAOB-
ckon nTHUedabpnkH, OT rnpeabigyllHX ero
OTAH4aeT HanMune B cHpacbiBaeéMbIX Boaax
6onbwioro Konuyecrsa OHOreHOB, THAPOKAP-
60HaTOB, XNOPHAOB H Ap. B HeKoropbIX cay-
YaAX OHH AOCTHranH CAeAyIOLHX 3HAYEeHHH:
NO,=0.22mr/n; NH,* =60.0mr/n;

P, =185 mr/n; PO,>=135 mr/;
HCO,=554.0 mr/n; ClI=923 mr/n.

TeM He MeHee HCCNeAOBaHHMA TOKCHYHOCTH
crons 3arpA3HeHHbIX GHOreHamH Bod, TMpoBe-
fleHHple B Hione 1992r., nokasany 4YTO NIOMH-
HeCUEHTHbIA MeToq OHOTECTHpPOBAHMA HE MO-
KeT ObiTb HCMOABIOBAH ANA KOHTpoAA 3a HX
Ka4ecTBOM. '

H 8 3aKaioueHHe XoTenoch 6bl OCTAHOBHTLCA
HA paCCMOTPeHHH Kalo4eBoro Bonpoca mio6o-
ro Meroaa OHOTECTHPOBAHHMA [IPNPOAHLIX BOA
- 370 BONPOC O COOTBETCTBMM AAHHBIX O
TOKCHYHOCTH THAPOXHMHYECKOMY pexHMY
M3y4aeMoro BOAHOrO OfbeKTa. AHANH3 Koppe-
AALHOHHBIX 3aBHCHMOCTEH TOKCHYHOCTH H I'HAa:-
POXHMHYECKHX MapaMerTpoB MNoKasan,uTo HaH-
6onee OGMM3KMM K TMPOCTPAHCTBEHHON [AMHA-
MHKE YPOBHA TOKCHYHOCTH Obin Xapakrep
HaMenenna BIK, (koadpHuneHT Koppeaauxu
* B HEKOTOPBbIX CNy4adAX AOCTHran 3Ha4YeHHd
0,95). Yto Kacaerca 6HoreHoB, TO 3gech Oblaa
obHapyxeHa cnabas B3aHMOCBA3b C KOHLEHT-
paunaMH obuwero v Banosoro ¢ocdopa (Ko-
apPHUHeHTDl KOppeasaUuHH AOCTHranH 3Ha-
yeHH# 0,56 1 0,54 ,coOTBETCTBEHHO) H CyMMap-
Horo asora (KoaggHuHeHT Koppenaunn 0,68).
C ApyrHMH PHIHKO — XHMHYECKHMH noxasare-
aama (pH, anekrponposognocts, t'C, user-
Hocte, CF, 80,7, Ca?*, Mg?', HCO,, Weno4HoCTD,
pacTBOpeHHbIH KHCIOpOA, NepmaHraHaTHaA
OKHCAAEMOCTb, B3BEWIEHHbIC YACTHUDBI) KAKHX-
anbo 3aBHCHMOCTEH OGHapyKeHO He O6bino,
YTO HE NPOTHBOPEYHT (AAHHBIM, MONYy4YEeHHbIM
Cc nomollpio 6HoTecra Ha Aaduuax (6).

Nevertheless, the study of toxicity of so much
contaminated waters by biogens showed the
unsuitness of LBB for quality control of waste
waters entering the Ivankovo reservoir. It may
well be that under other conditions (time,
methods) of sampling the increase in water
toxicity of this site of the reservoir will be
detected. As a result we would like to consi-
der the key point of any method of natural
water bioassay,that is the conformity of data
on toxicity to hydrochemical regime the of the
w under study.under object,

As mentioned above, the toxicity is an
integral parameter of water quality and so it
is not related to the change in concentration
of any polluting substance. Nevertheless, the
study of the conformity of the toxicity data

| to the dynamics of hydrochemical parameters

is of certain interest. Analysis of toxocity-
hydrochemical readings correlation showed
that the dynamics of BOC, was the closest
to the spatial dynamics of toxicity level
(correlation coefficients in in some cases
reached 0.95), As to biogens, a weak correla-
tion was found with concentrations of total and
grocc phosphorus (correlation coefficients rea-
ched 0,56 and 0,54 respectively) and of
summary nitrogen (coefficient 0,68). No cor-
relations were found between other physico-
chemical parameters and the toxicity level.

Analysis of obtained data showed that
results of LBB are in good accord with data
Daphnia’s bioassays(6).
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TE3HCHI

HayuHo-TiponsBoAcTBeHHOE NpeAnpHATHE
DKOTeXHHKA ClielHanHanpyeTca Ha paspaborke
M BHeAPEHHH 3KOOrHYeCcKH YHCTbIX H pecyp-
cocbeperalolHX TeXHONOTHH, BbINOHEHHH Pa-
60T no oxpaHe OKpyKaIOWEH Cpeabl, CO3AAHNH
CreuHansHoro 060pyAoBaHHA.

MpoBoanT Bech UHMKA paboT OT HayuHbIX
HCCNe/I0BaHHA H NPOEKTHPOBAHUA 40 H3rOTOB-
eHHd, NOCTABKH H MOHTaXKa 0OOpYAOBaHHMA,

OCHOBHble HanpaBieHHA [eATerbHOCTH
MpeANnpHATHA — OYHCTKA CTOMHBIX BOA, BOAO-
NMoAroTOBKa, ofe3BpeXHBane OTXOAOB Npo-
MbILUIEHHBIX MNPEANPHATHH,  POM3BOACTBO
HaCOCOB.

MpeanprATHe CepHIHO BbIITyCKaeT:

- KOMNAeKTbl OB6OpYAOBAHHA KOMMNAKTHBIX
OYHCTHBIX COOPYMKEHHH AA ObITOBbIX CTOY-
HbIX BOA ManblX HACeneHHbIX INMyHKTOB C
YHCAEHHOCTbI0 HacedeHusa or 100 go 1000
4e0BeK, BKAIOYAOLIHE HACOCHYIO CTaH-
UMIO, YCTAHOBKY Broanck, 610KH A004HCTKH

H obeszapaxknBanna. O6opygoBaHHe MO3BO-

(IA€T OYHIIaTh BOAY A0 HOPM, NO3BOAAIOLINX
cOpoc B BOAOEMbI pbIGOX03ANCTBEHHOrO Ha3-
HayeHHA, paboTaeT NpH TeMNeparype OKpy-
AKaollero Bosayxa 4o MHHyc 40° C, He Tpe-
OyeT COOpYMeHHA 3/aHHH;

— YHHBepcCanbHble YCTAHOBKH MNOATOTOB-
KH TMHTHEBOH BOAbl H3 [MOA3EMHBIX H IO-
BEPXHOCTHBIX [MIPHPOAHBIX BOA TPOH3BO-
AuTenbHOCTBIO OT 25 a0 75 M*/4, pasme-
llaemble B YyTenaeHHbIX KOHTeHHepax H
paboTaioline B CIOKHBIX KIHMMATHYECKHX
YCAOBHAX;

~ IIAHIOBble NepHCTANbTHYECKHE HACO-
Cbl TPEX THNOpa3MepoB ¢ nogaded 1,4 -1,7;
8-10 u 30-50 mM3/4, nosponsaouiHe NepeKkayH-
BaTh arpeccHpHble, BbICOKOBA3KHe, abpa-
3HBHbIE KHAKOCTH.
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EQUIPMENT
.- - . . - . ]
V.M, Reznikov. Cand. Tech. Sc.,
E.l Rukin, Cand. Tech. Sc.,
B.S, Stepin, Cand. Tech. Sc.,

~ RESUME

The Research & Production Enterprise
Ecotechnika specializes in developing and
implementing environmentally clean and re-
source-saving technologies, performing envi-
ronment protection works, and creating spe-
cialized equipment.

Ecotechnika realizes the complete cycle
from research and design to manufacturing,
supply and installation of the equipment.

The Ecotechnika’s main areas of involve-
ment are sewage purification, water treatment,
treatment of industrial waste to make it
harmless, production of pumps. '

Ecotechnika quantity produces:

~ complete sets of compact domestic sewage
treatment facilities for small population
centres with 100 to 1,000 residents, which
include a pumping station, a Biodisk instal- -
lation, re-treatment unit and disinfection
unit. The equipment allows to make water
so clean as to be suitable for the dischar-
ge into fishing basins; can operate at an
ambient air température down to minus
40 degrees centigrade; does not require a
building to house it;

- general-purpose drinking water treat-
ment facilities using underground or surface
natural waters, with a capacity of 25 cu m/hr
to 75 cu m/hr, to be installed inside con-
tainers having a warmth-keeping jacket, and
suitable for operation under severe clima-
tic conditions;

- hose-ype peristaltic pumps, in three type
sizes having a capacity of 1.4 to 1.7 cu m/hr;
8 to 10 cu m/hr; and 30 to 50 cu m/hr, suitable
for pumping corrosive, abrasive, and highly
viscous liquids.



Hay4HO-TIpOH3BOACTBEHHOE MpeaAnpHATHE
JKoTeXHHKA ClelMaTH3npyeTca Ha pa3paboTke
¥ BHEAPEHHH 3KONOTHYECKH YHCThIX H pecyp-
cocBeperalollinX TeXHONO0rHH, BbIMOAHEHHH pa-
60T 1o oXpaHe OKpyKalowier cpeabl, CO3AaHHH
crieLHanbHOro 000pyAOBAHHA.

MpoBOANT BeCb LHKA paboT OT Hay4HbIX
HCCOedOBaHHI H NPOEKTHPOBAHHA A0 H3MOTOB-
1eHHA, NOCTaBKH H MOHTasxa obopyaoBaHHA.

OCHOBHbIE HalpaBlIeHNA AeATeNbHOCTH NMpes-

[IPUATHA ~ OYHCTKA CTO4HBIX BOA, BOAONOArO- |

TOBKa, O0e3BpeHMBaHHE OTXOAOB TNPOMBILL-
fIleHHbIX MPEANPHUATHH, [POH3BOACTBO HACOCOB,

IpHHUHNBI paboThbl NPeANpPHATHA — MPHMe-
HEHHe TeXHOMOrHH, 06eCrneynBaloILuX NPOCTOTY
obcayKMBaHHA H HH3KHe SHEeprosarparthl, pea-
(H3aUHA HAapabOTaHHBIX THMOBBIX MPOEKTHBIX
pellieHrH, BbICOKAA 3aBOACKAA TOTOBHOCTb M
KOMIINEKTHOCTL obopyaoBatui. PaspaGoraHbl
THIMOBblEe KOMINIEKTbl 060OpYAOBaHHA, H3rOTaB-
AMBaeMble CEPHHHO H TMoCTaBafAeMbie B BHAE
FOTOBbIX 3(1€MEHTOB HIH KPYMHbIX MOHTaX-
HbiX 610KOB.

Takof noaxos Mo3Boaser CBeCcTH K MHHHMY-
MY MepHOA [IPOEKTHPOBaHHA, 0ObeMbl H CPOKH
CTPOHTENbHbIX PaboT H MOHTaKA.

KOMITAKTHBIE COOPYKEHHA OYHCTKH
BbITOBbIX CTOYHbIX BO[,

HIIT 3KorexHrKa cepriHo NPOH3BOANT O4HCT-
Hble COOpYKeHUA Ha 6aze yCTAHOBKH BHOAHCK
A1A HaceneHHbIX MyHKTOB, KOTTEAMKHBIX 110Ce-
KoB, 6a3 orgbiXa H APYrux OGBEKTOB C YHMC-
IEHHOCTBbIO HaceneHna go 1000 veaopek. (1A
Bonee KpyrHbIX 0GBEKTOB MOMET ObITh NOCTAB-
1eHO HECKOMbKO YCTAaHOBOK, MOHTHPYEMbIX Ha
O/HOH TolAKe.

YcTaHOBKH THNA BHOAHCK yCNeEWHO SKCIuy-
aTHpyloTca B pAge ctpad Esponel ¢ 1975 r.

B ycraHoBkax BHogMcK 6Honornyeckas
OYHCTKA CTOKOB IIPOM3BOAWTCA B a3POOHBIX
YCOBHAX Ha MOIPYKHbIX BpalAIOLIHXCA AHC
KOBbIX 6HOGHABbTPAX. [IMCKH, M3rOTOBICHHBIE
H3 TOMHA3THAEHOBOH CETKH, YaCTHYHO TNOrpy-
XeHbl B OYHUI@EMble CTOKH. Bnaroaaps nepu-
0AH4€CKOMY KOHTaKTy MOBEPXHOCTH AHCKOB
CO CTOYHBbIMH BOgaMH H BO34YXOM Ha HHX
CaMOTpOH3BONLHO 0BpasyerTcA H 3akpenaser-
cA GHOMNMeHKA M3 MHKPOOPraHH3MOB, MpPHCYT-
CTBYIOILHX B CTOKax.

The Scientific & Productive Company Eco-
technika specializes in development and intro-
duction of environmentally beneficial and
resourcesaving technologies, execution of
environment protection projects, creation of
dedicated equipment.

Ecotechnika covers the full range of services
from research and designing through equip-
ment manufacturing, delivery and mounting.

Ecotechnika is mostly involved in the areas
of sewage treatment, water preparation, ren-
dering harmless industrial wastes, and pump
manufacturing.

We do our best to follow our guidelines
which demand to use such technologies as
provide easy maintenance and operation and
low power consumption, to find the widest
possible use for proven type designs, and to
provide high factory readiness and integrity
of the equipment. We have developed type
sets of equipment that are quantity produced
and could be supplied as off-the-shelf compo-
nents or large mounting modules.

This approach allows us to minimize the
design time as well as the volume and period
of the construction and installation works.

COMPACT DOMESTIC SEWAGE TREATMENT
SYSTEMS

Ecotechnika quantity produces sewage
treatment systems (STS) based on the Biodisk
unit for population centres, recreation areas
or other projects with the population size of
up to 1,000. For greater size projects, several
installations can be allocated at the same site.

Installations of the Biodisk type has been
successfully operated in a number of European
countries since 1975.

In the Biodisk, biological purification of
sewage is performed under aerobic conditions
at the rotating immersion disk biofilters. Disks
made of polyethylene mesh are partially
immersed into the sewage to be purified.Periodic
contacts between the disk surfaces and the
sewage and air results in that a biofilm will
spontaneously form and secure in place there,
which consists of microorganisms that the
sewage contains.



lpn  yBeaHYeHHH TONUWHHBI 6GHONAEHKH
cBbillle 4-5 MM ee H3bbiTOYHAA Macca nog
AEHCT-BHEM CHbl THXECTH OTC/1aHBaeTca OT
AHCKOB H ocegaeT BO BTOPHYHOM OTCTOHHHKE.
Ha mecte orcnouBlierica BUONNEHKH MPOHCXO-
AHT HapacTaHHe HOBOH.

B ycraHoBKax BHOAHMCK OTCYTCTBYIOT BO3AY-
XOAYBKH H MexaHH4eCKHe asparopbl. OHH Xa-
PaKTEepPH3YIOTCA HH3KHMH YaAebHbIMH pacxoda-
MH 3(1€KTPO3HEPTHH, BbICOKOH Ha4eXHOCTbIO
¥ OTIHYAIOTCA OT TpadHLUHOHHBIX A3POTEHKOB
yMeHbluleHHeM 3aHHMaeMOH nnow@aau, Mpo-
CTOTOH 00CAYKHBAHHA. YCTAHOBKH BHoanck
AOMYCKAIOT NMepepbiBbl B floAa4ye CTOKOB AAH-
TeAbHOCTbIO 10 TPEX CYTOK.

Ha puc. 1 npeacraBneHa THIOBAA TEXHONOTH-
Yyeckad CXeMa O4HCTHBbIX coopyxenHHH (OC)
OHONOrHYECKOH OYHCTKH ObITOBbLIX CTOYHBIX
Bog (CB) Ha 6a3e ycTaHOBKH BHOAMCK.

After the biofilm gets thicker than 4 mm
to 5 mm, its excessive weight will detach due
to gravity from the disk to settle down in
the secondary settler which is located down-
stream of the biozone.

Biodisk installations comprise no blowers
or mechanic aerators, featuring low specific
electric power consumption, high reliability
and, unlike conventional systems, little re-
quired area and easiness of maintenance.
With Biodisk installations, the longest admi-
ssible interruption of sewage supply is three
days.

Fig. 1 shows a type flow diagram of a Bio-
disk unit-based system for biological purifi-
cation of domestic sewage (DS).
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PHC.1 TexHonornyeckasa cxeMa OYHCTHbIX
COOpyKeHHH Ha Oase yCTAHOBKH BHoaHCK:
(1) NpreMHbIH pe3epByap; (2) HIOBbIE IVIOWAAKH;
(3) HacocHaA cTaHUMA; (4) ycraHOBKa BHOAMCK;
(5) 6M0K AOOYHCTKH; (6) BNEKTPOLHTOBAA;
(7) 6ok obeszapaxnBaHns; (8) KOHTAKTHBIA
peaepsyap; (9) ouHIlleHHaa Boaa; (10) Bosayx;
(11) canB ocaaka; (12) aBapHAHBIM CIHB;
(13) neckoaoska; (14) INonaua CB.

FIG. 1 Biodisk Unit-Based Purification Works:
(1) Receiving Tank; (2) Sludge Area; (3)
-Pumping Station; (4) Biodisk Unit; (5) Re-
Treatment Unit; (6} Switchboard; (7) Disinfection
Unit: (8) Contact Tank; (9) Purified Water; (10)
Air; (11) Sediment Discharge; (12) Emergency
Discharge; (13) Sand Trap; (14) Sewage Feed



Cro4yHasa Boga IOCTyNnaeTr CaMOTEROM HiH
o0 HanopHOMy Tpyb6onpoBody B [pHEMHbIH
peaepByap-yCpeaHHTe b, CHaOKeHHbIA peluet-
KOH H NecKOOBKOH, H MojaercA HacoCOM B
ycTaHoBKy BroaxcK. B ycraHoBKe MHOIoCek-
unoHHaa 6HO30HA CMOHTHpOBaHa B OQAHOM
Kopryce C MepBHYHbIM H BTOPHYHLIM OTCTOH-
HHKaMH. B nepBM4HOM OTCTOHHHKE OTARAAIOT-
CA MeXaHH4YeCKHe nprumecH, B GHO30He npouecc
O4HCTKH OCYyWEeCTBAAETCA MHKpOopraHusMa-
MH Ha BePTHKanbHO PACMNONOXKEHHbIX AHCKaxX
M BO BTOpHYHOM oTcTofHHKe CB ocBoboxaa-
JOTCA OT H3OLITOYHOH 6GHONMEHKH.

OcBeTneHHad Bofa, cogepKallad B OCHOB-
HOM pacTBopeHHble OpraHn4eckde 3arpAsHe-
HHA, CAMOTEKOM focTynaer B 60K A0OYHCTKH
(ycTAHOBKY Ii1yOGOKOF O4HCTKH), KOTOPbIH Npes-
Ha3HaYeH 1A AoBeaeHna CB, npoweamnx 6no-
IOTHYECKYI0 OYHCTKY Ha yCTaHOBKE BHOAHCK,
A0 HOPMAaTHBOB, MO3BOAAIOUIHX cOPOC B BOAO-
eMbl pPbIBOXO3AHCTBEHHONO Ha3HA4eHHH.

MapameTpbl HcxoaHblX CB H OYHILEHHOM
BoAbl NpHBeAeHbl B Taba. 1.

TAB(IMLA 1

DS will flow by gravity or through a pres-
sure pipeline into a receiving blender tank
equipped with a screen and a sand trap to be
then pumped into a Biodisk unit. The unit
includes a multi-section biozone which is ma-
de- as a unit with a primary and secondary
settlers. The primary settler will remove
mechanical impurities; in the biozone there are
microorganisms spontaneously distributed over
vertical disks, which will perform the purifica-
tion; and the secondary settler will remove
excessive biological film from DS.

The clarified water mostly containing dis-
solved organic impurities will flow by gravity
into the Re-Treatment (thorough purification)
Unit which is intended for making the quality
of DS biologically treated by a Biodisk unit
so high as to meet the standards applicable
to water suitable for discharge into fishing
basins.

Table 1 shows the initial sewage and purified
water specifications.

MNokazarenH

Hcxoanbie CB

Bona nocne
YCTAHOBKH OHOAHNCK

Boga nocae
6noKka AOOYHCTKH

BapeuleHHble BellecTBa, Mr/ 350 20 3
BroxnMH4eckaa noTpebHoCTDb

B KHcaopoge BIIK . mrO,/n 350 20 3
HHTPHTBI, Mr /A - meHee 0,1

Hurpars!, Mr/a - MeHee 10
AMMOHHHHBIH a30T, Mr/a - MeHee 1
TABLE 1
Indicators Initial Sewage Biodisk Treated Re-treated
Water Water
Suspended Matter, mg/l 350 20 3
Biological Oxygen
Demand, mg O_/1 350 20 3
Nitrites, mg/I - below 0,1
Nitrates, mg/ - below 10
Ammonium Nitrogen, mg/l - ‘ below 1

OunilleHHas o TpeOyeMbiX napaMeTpoB
BOAA TNOCTYNaeT B KOHTAKTHbIA pe3epsyap,
clofia xe K3 6rnoka obessapakuBaHHA Moga-
ercA AC3IHHOHUHPYIOLHHA PacTBOpP — THIIOXO~

After the water is purified to meet the
required standards, it will flow into a contact
tank to react with sodium hypochlorite, a di-
sinfectant solution supplied from the Disin-



PHT HaTpHA, NMPpHYEM €ro pacxod KoppenHpyer-
cA ¢ pacxoaom CB ¢ noMolliplo aBTOMATHYECKOH
[IO3HPYIOLIEH YCTAHOBKH, [locne BblAEPKKH
B KOHTAKTHOM pe3epByape B Te4yeHHe 30 MHH.
oYHilleHHaA H obe3zapaeHHaA BOAA OTBOANT-
CA CAMOTEKOM H3 OYHMCTHBIX COOPYMKEHHH.

OcanoK K3 NEPBHYHOINO OTCTORHHKA H H30bI-
To4HaA GHONMEHKA H3 BTOPHYHONO OTCTOMHHKA
no Mepe 3alofHEHHA OTCTOHHHKOB (B ‘Cpef-
HEM — OAYH pa3 B TPH-YETbIpe Mecila) OTKa-
YHBAIOTCA HACOCOM Ha HAOBble MNAOIAAKH
HAH BbIBO3ATCA ACCEHH3AUHOHHOH MALIHHOH.
O6e3BOMEHHBI HA 0Cne KOMMOCTHPOBAHHA
MOXeT MCNOAb30BaThCA Kak yaoOpeHHe.

B 3aBHCHMOCTH OT penbeda MECTHOCTH H
YPOBHA T'PYHTOBBIX BO/A OYHMCTHblE COOpye-
HHA MOTYT HaXOAHTbCA Ha MOBEPXHOCTH 3€M(H
HOH 3araybaaTbCA B TPYHT.

O4YHCTHBIE COOPYXKeHHA T[OCTaBIAIOTCA B
BHEe NOTOBBIX M3/1E0HH WKW MOHTaXKHbIX 60-
KOB, KOTOpble MOIYT TPaHCMOPTHPOBATHCA
KaK 1o Kene3Hown Aopore, Tak 1 aBTOTPaHCNop-
TOM. KOHCTpYKUHA obopyaoBaHHA MO3BOAET
3KCIyaTHPOBATh OYHCTHbIE COOPYXKeHHA Ha
OTKpBLITOM BO3/yXe MpH TeMieparype A0 MH-
Hyc 40° C 6e3 CTponTenbCTBa CreLHANbHbIX
30aHHH,

fection Unit in the amount correlated with the
amount of DS by means of an automatic
metering device. After a 30-minute reaction-
inside the contact tank, the purified and
disinfected water will flow by gravity from the
system,

The sediment from the primary settler and
as the secondary settler of the Biodisk unit is
filed up with excessive biofilm (which will
happen, on the average, every three or four
months), the film will be pumped out to a sludge
area or removed using sewage disposal
vehicles. Dewatered and made into compost,
the sludge is suitable for use as a fertilizer.

Depending on the local terrain and the level
of underground waters, the Sewage Treatment
System can be ground installed or buried.

The scope of supply includes complete
systems or system modules transportable by
rail or road. You can use the system outdoors
at the temperature down to minus 40 degrees
centigrade without special buildings to house
it.

The Biodisk Unit (Fig. 2) includes a ferrocon-
crete or metal tank 1 which comprises a primary
and secondary settlers, biozones 3 inside
which the biological purification takes place,
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PHC.2 Cxema ycraHoBkH Broanck: 1. Pesepsyap; 2. [lepsHYHbIH oTCTOHHHK; 3. BHO3OHa;
4, Bropr4Hbif OTCTOHHHK; 5. [lpuBoa; 6. Kpbiuka; 7. (lloKH A0A Bbirpy3KH ocagka H3 nep-
BHYHOI'O H BTOPHYHOI'O OTCTOWHHKA; 8. [AHCKOBBbIA GHOMHABTD
FIG. 2 Biodisk Unit: 1. Tank; 2. Primary Settler; 3. Biozone; 4. Secondary Settler; 5. Drive;
6. Cover; 7. Man-holes to remove sediment from primary & secondary settlers;

8. Disk Biofilter |



YcraHoBKa BHOAHCK (pHC.2) COCTOMT M3 XKe-
1e306eTOHHOIO HAH MeTaNIHYeCKoro pesep-
Byapa 1, BKMoYaOLEro NnepBHYHbIA 2 H BTO-
PHUHBIA 4 OTCTOMHHKH, 6HO30HBI 3, BHYTPH
KOTOpO#H = OCyllecTBaAeTcA 6OHONOrHYECKHH
MPOLECC OYHCTKH, AHCKOBBIX HHOPHALTPOB 8,
NpPHBOAHOH CHCTEMbl 5 H YTeNnneHHON KpbilIKH
6. Hcxoanans CB npoxoguT 4Yepes MepBHUHBIA
OTCTOHHHK, B KOTOpOM ocamgaerca 50-70%
B3BEILEHHbIX BELIECTB, H NOCTynaeT B 6HO30HY.
BHO30Ha C NOMOILIO BEPTHKANbHBIX NEPEropo-
AOK pasjeqeHa Ha NATb-CEMb O/AHHAKOBbLIX

disk biofilters 8, a drive system 5, and a cover
with a warmth-keeping jacket 6. The initial
sewage will flow through the primary settler 2
where 50% to 70% of suspended maiter will
settle down and further on to the biozone. There
are vertical partitions dividing the biozone into
five to seven similar sections each containing
several tens of disks made of polyethylene
mesh and fastened on to the rotor. The rotor
is driven by an electric motor through a worm
gear and a chain gear.

Table 2 show the main specifications of the

CEKUHA, B KaaoH M3 KOTOpbix HaxoAHTCA | Biodisk installations.
TABLE 2
Description BA100 B350 BA1000 |
Rated capacity, cu m/day 18-20 60-70 180-200
Conv. Number of Residents 100 350 1000
Overall Dimensions, m: lenght 6,9 9,2 16,0
width 3,1 4,3 4,3
height 3.4 4,7 4,7
Power of Motor, kW 0,75 1.5 2,2
Power of Voltage, V 380 380 380
Disk Diameter, m 1,86 3 3
Number of Disks 130 200 462
Rotor Speed, RPM 1,0 0,5 0.5

' HECKO(IbKO [IE€CATKOB [HCKOB, BbINOHEHHbIX
H3 MOMH3THACHOBOH CETKH H 3aKpernieHHbIX
Ha porope. Porop NpHBOAHTCA BO BpalleHHe
OT 301eKTPoABHIrareas Yepes YepBAYHbIH pedyK-
TOPp M LIEMHYIO Nepeaay.

OCHOBHbIE TeXHHYECKHE XapaKTepHCTHKH
YyCTAHOBOK BHOAMCK npHBeaeHbl B Taba. 2.

TABINLA 2.

The design of the Biodisk unit is based on
the technical solutions and documentation of
the Techproject firm (Croatia) whose installa-
tions have been successfully operating in a
number of countries for the last 20 years.

In the Re-Treatment Unit (Fig. 3), water will
undergo filtering and additional biological

TexHHYeCKHe XapaKTepHCTHKH B/100 B350 BA1000
[lponaBogMTENbHOCTE HOMHHAbHAA, 18-20 60-70 180-200
M3/CyTKH
YcnoBHAaA YMCAEHHOCTh HACENCHWA, 4ed. 100 350 1000
laGapuTHble pa3Mepbl, M: AdHHA 6.9 9,2 16,0
IIMPHHA 3.1 4,3 4,5
BbICOTA - 3.4 4,7 4,7
MolwHoCTh 3ieKTpoaBHrareds, Kbr 0,75 1,5 2,2
Hanpamenne nuranus, B 380 380 380
AnameTp AHCKOB, M 1,86 3 3
Konn4ecrBo AHCKOB, LT 130 200 462
CKOpoCTh BpallieHHA poTopa YCTAHOBKH, 1,0 - 0.3 0,5
06/MHH




B oCHOBY KOHCTPYKTOPCKOH AOKyMeHTa-
LHH YyCTaHOBKH BHOAHMCK NMONOXKeHbl TeXHH4Ye-
CKHe pelleHHA H AOoKyMeHTauHa ¢upMbl Tex-
NpoeKT (XopBarHa), yCTAHOBKH KOTOPOH yCnelwl-
HO 2KCMyaTHPYWOTCA B pAde CTpaH B TevdeHHe
nocnedHux 20 ner.

B 6noKke AO0YNCTKH (pHC.3) ocylllecTBaAeT-
ca duabTpalua BoaAbl H €€ AOMNOAHHTENbHAA
6HoMorHYeCcKan OYHCTKa Ha eplIOBOH 3arpysKe.
MMoKkazarenn Bodbl 40 H Mocae Gaoka gOOUHCT-
KH MpHBeaeHbl Bbiule ( Tabn.1.). KOHCTPYKTHB-
HO 610K 4OOYHCTKH pa3geneH Ha ABE HAEHTHY-
Hble CeKLHH, KOoTopble Moryr paborarhb
nocneaoBarenbHo K napannensHo. Kamaan
CEKUHA COCTOHT M3 KaMepbl aspauHu 4 aaa
HacbILeHNA BOAbl KHCAOPOAOM BO3AyXxa MpH
NOMOLUH MeXaHH4YeCKoro asparopa 1 H Kame-
pbl B C epwloBOH 3arpyskoil 3,

purification using scraper media. The above
Table 1 gives the characteristics of the water
upstream and downstream of the Re-Treatment
Unit. As for its design, this unit contains two
identical sections which can operate both in
series and in parallel. Either section comprises
an aeration chamber 4 for saturating the water
with atmospheric oxygen using a mechanical
aerator | and a chamber 5 containing the
scraper media 3.

[Moasoa 9 3 OtBoa
CTO4YHOH L\ o — OYHILEHHOH
BOAbI \ S BOAbI
Sewage Purified Water
Feed Removal
A EEEEEE
:: x ™ W
IrLiv i
2\ 4 T ;;..% }ﬁ.‘il:; x Moasoa
_4_/ —-- — : BO3ayXa
— —%ﬂ - J—- Air Feed
&

PHC.3 Cxema 6a0oka A0OYHCTKH: 1. Asparop;
2. lMpusog; 3. Epwobas 3arpyska; 4. Kamepa
aspauuH; 5. Kamepa OYHCTKH BOAbI;

6. Konnekrop nogsoaa Bo3ayxa

[lepHoaHYECKH, ¢ HHTEPBANOM 2 ~ 7 CYTOK,
OCYWECTBAAIOT BOAO-BO3AYWIHYIO NPOMbBIBKY
€pILOBON 3arpy3Kkn ¢ MOMOLUBIO KoMMpeccopa.

B Tabn. 3 mpHBeaeHbl OCHOBHbIE TeXHHYE-
CKHe XapaKTePHCTHKH O10KOB 100MHCTKH TpeX
THNOPa3MepOB.

FIG. 3 Re-Treatment Unit; 1. Aerator; 2.
Drive; 3. Scraper Media; 4. Aeration Cham-
ber; 5. Water Purification Chamber;

6. Air Feed Collector

Periodically, with an interval of 2 to 7 days,
the scraper media should be flushed out with
water and air using a compressor included
in the scope of supply.

Table 3 shows the main specifications of
the three re-treatment unit type sizes,




TABLE 3

DESCRIFTION BO 100 BO 350 BO 1000
Capacity, cu m/day 20 70 200
Overall Dimensions, m: length 2.2 3.0 4.0
width 3.1 4.3 4.3
height 2.1 2.9 2.9
Weight, kg 2800 4200 4800
Power of Aerator Drive, kW 2.2 2.2 2.2
TABMHLA 3
TexHH14eCKHEe XapAKTEPHCTHKH BO 100 BO 350 BO 1000
MpoH3BOANTENbHOCTb, M/CYyTKH 20 70 200
l'abapHTHble pasMepbl, M AIHHA 2.2 3.0 4.0
IHHPHHA 3.1 4.3 4.3
BbICOTa 2.1 2.9 2.9
Macca, Kr 2800 4200 4800
Mouinocts nNpuBOAa asparopa, KBr| 2.2 2.2 2.2
Baok obeszapaHBaHHA npeaHazHa4yeH The Disinfection Unit is intended for pre-

ANA TPHrOTOBNEHHA H aBTOMaTH4eCKOrno A03H-
poBaHHA Ae3HHdEKTaHTa — THIIOXAOpHTA Har-
pHA B BOAYy MOC/e €€ OYHCTKH B YCTAHOBKE
Broanck # 6noke anoouncTkH. Baok obessapa-
XKHBAHHA MOHTHpYeTCA B yTelleHHOM O6a0K-
Gokce ¢ rabapuraMu 4x3x3 M H BKno4aer
30EKTPONN3HYIO YCTAHOBKY 1A NMONYy4YeHHA 'H-
NOXnOpHTa HATPHA, KOMIINEKT €MKOCTeH H3
NOMHMEepHbIX MaTepHanoB H CHCTEMY aBTOMa-
THYECKOH Nogayn ae3HH(EeKTaHTa.

HacocHas craHuHA npegHa3HavyeHa ANA
noga4yu CB H3 pesepByapa-ycpegHHTenA B ycTa-
HOBKY brogHck. [dna ycTaHoBOK Ha 100 — 350
yenoeek HIII DKorexHHKa MOCTaBafAeT CaMo-
BCACbIBAOLIHE [IIAHNOBbIE (NEpPHCTANbTHYE-
CKHE) HaCoOChl MPOH3BOAHTENbLHOCTbIO 1,7 M3/4,
Hacocnl BKaovaloTca B paboTy H OTKioOMaloT-
CA MO CHrHaNaM OT AaTYHKOB YPOBHHA, pacro-
02KeHHbIX B pe3epByape-ycpeaHHTene. Hacoc-
HaAd CraHLUMA CMOHTHpPOBaHa B yTenneHHOM
6anok-60oKkce ¢ rabapuramMu 4x3x3 M. lna ycra-
HOBOK Ha 1000 u Gonee Yen0BRK HCNONBL3YIOT
CH MOTpyXHble KaHanH3ALUHOHHbIE HACOCHI.

dreKTpoobopynoBaHHe -OYHCTHBIX COOpY-
MeHHH BKAIOYAET 3(IEKTPHYECKHE MynbThl A0A
BCeX I(leKTPONPHBOAOB, BXOAAWNX B KOM-
NeKT MoCTaBKH.

paring and automatically metering the disin-
fectant, sodium hypochlorite, when adding
it to the water after its purification is comple-
ted by the Biodisk Unit and the Re-Treatment
Unit. The Disinfection Unit is installed inside
a modular box measuring 4 m by 3 m by 3 m
protected with a warmth-keeping jacket.

The Disinfection Unit consists of an electro-
lysis unit to produce sodium hypochlorite,
a set of vessels made of polymer materials,
and automatic feeding the disinfectant.

The Pumping Station is intended for fee-
ding the sewage from the blender tank into
the Biodisk Unit. For installations for 100 to
350 users, Ecotechnika supplies self-priming
hose-type (peristaltic) pumps for the capacity
of 1.7 cu m/hr. The pumps will turn on and
off responding to signals coming from the level
gauges mounted in the blender tank. The
Pumping Station is installed inside a modular
box measuring 4 m by 3 m by 3 m protected
with a warmth-keeping jacket. With installa-
tions for 1,000 and more users, immersion
pumps are used.

The electric equipment of the purification
works comprises control panels for all the
electric drives included in the scope of supply.



Cucrembl ynpabaeHna obecrneqHBalOT ap-
TOMAaTH4ecKylo paboTy HACOCHOW ' CTaHLHMH,
[03HpOBaHHe ae3HHpEKTaHTa, OTKAIOYeHHe
3(IeKTPOABHIraTeNen MNpH neperpysKax.

Hcnonb3aoBanne B COCTaBe OMHCTHBIX CO-
OpYXeHHH TNONHOrO KOMINEKTa HAH TONbKO
OCHOBHBIX M3 NepevHCAeHHbIX 3NEeMEHTOB 3a-
BHCHT OT TpeGOBAHHA K O4HMIIEHHOH BoAe
M APYrHX YCAOBHFA KOHKDETHOrO OObeKTa.

BbIMONHEHHE MOAHOrO LMKAa pabor, BKAIO-
yalollero H3roToBaeHHe H MOCTaBKy oOopy-
[OBaHHA, €ro MOHTaX Ha TOArOTOBCHHOH
noouaake, 3aHnMaer 4-5 MecAues.

YCTAHOBKH (1A NTOANOTOBKH
NHTHEBON BO/DI

[nd noAroTOBKH THThEBOH BOABI H3 NOA-
3EMHbIX MM NOBEPXHOCTHLIX BOA BbITyCKAIOT-
CA yHHBepcanbHble ycraHoskd JKA, nossons-
jollHe 0beCneYnTh MHTbeBOH BOAOH BaXTOBbIE
nocenku, 6asbl OTAbIXA, KOTTEAXKHblE NOCEN-
KH H ApyrHe Manble OOBEKTbl, He HMelollHe
LEHTPANH30BAHHOI'O BOAOCHAOKeHH.

YcraHOBKH OYMILAIOT BOAY OT Kenesa,
Maprasiia, Cofner KeCTKOCTH, clefoB Hedre-
NpPOAYKTOB H APYTHX 3arpA3HeHHH, a TaKxKe
obecLBeyHBaloT W obe3zapaKHBaIOT BOAY.

Beinyckalorca yCTaHOBKH ABYX THIOpaAs-
mMepoB: DKA-25 H 3KA-75 npoussogHTenb-
HOCTBIO COOTBETCTBEHHO 25 M 735 M>/CcyTKH.
Kaxgaa ycraHOBKa pasMelllaeTCA B OAHOM
KOHTeRiHepe pa3MepoM 3x6x3 M. YcTaHOBKa
JKA-75 vMeeT AONOMHHTENBHYI0O €MKOCTb AA
YHCTOH BO/bl, HAXOAALLYIOCA BHE KoHTeHHepa.

The control systems will provide for the
automatic operation of the pumping station,
metering of the disinfectant, as well as turning
the motors off in case of overload.

Whether a complete purification system
or only its above mentioned main components
should be selected will depend on the required
characteristics of the purified water and other
conditions available at a specific project.

Performing a complete cycle of works
including the manufacturing and supply of
the equipment and its installation on a
preliminarily prepared site will take 4 to 5
months.

DRINKING WATER TREATMENT
UNITS

For the treatment of drinking water using
underground or surface waters, we produce
the general-purpose units DKA which allow
to provide drinking water for rotating-shift
settlements, recreation establishments, cot-
tage areas and other smaller centres of
population which have no centralized water
supply available.

The units will clean water from iron,
manganese, hard salts, traces of petroleum
products or other impurities, as well as
decolourize and disinfect it.

There are two type sizes produced: JKA-25
and DKA-75, with a capacity of 25 cu m/day
and 75 cu m/day, correspondingly. Either unit
is mounted inside one container measuring
3 m by 6 m by 3 m. The 3KA-75 unit has
an additional clean water tank installed outside
-of the’ container.
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PHC. 4. TexHONOrH4YeCKaA cXeMa YCTAaHOBKH JKA

FIG. 4 The 3KA Unit: Flow Chart: 1, Ejector; 2, Qas Separating Tank; 3. Reagent Tank;
4. Metering Pumps; 5. Electric Pump; 6. Screen. Filter; 7. Flow Switch; 8. Clarification &
Filtering Module; 9. Sorption Filter; 10. Flushing Electric Pump; 11. Clean Water Tanks;

12. Water Supply Electric Pump; 13. Flushing Valve; 14. Disinfection Unit;
15. Water Meter



TexHonorn4yeckasa cCXema yCTaHOBOK (pHC. 4)
yHHPHUHPOBAHA H NO3BOAAET B 3ABHCHMOCTH
OT Ka4ecTBa HCXOAHOH BOABI OCYILECTBATH
o4HCTKY OespeareHTHbIM crocoboM HAM C
NpyMeHeHHeM peareHToB.

B HcxoaHoOW Boae, mocTynalolled Ha O4HCT-
Ky, AOIMyCKaOTCA caeaylolHe 3arpA3sHeHHA:

nog3eMHble BOABI:

Keneszo Bcex POpM ......... go 50 mr/m;
MapraHell ..........cceevvenns v 0 2 MI/01;
MECTKOCTD v1viivnvrrsesssnnenens a0 20 Mr-ake/m;
PTOP ..oovvviiviirinins verreenes 1o 7 mr/o;

DN THES: | ao 0,3 mr/o;
aHTPOMNOreHHbIE TPHMECH,
HePTENPOAYKTDI....oivveverens B 3aBHCHMOCTH
......................................... oT ¢opM

MOBEPXHOCTHBIE BOAbI:
B3BellleHHble BellecTsa... 4o 2000 mr/m;
UBETHOCTD «oevvvviiinrrrninniasry Ao 500 rpaa.

OunileHHaA BOoAa oTBevaeT TpeOOBAHHAM
['OCT 2874-82 «Boga nHTbeBaA".

YcranoBka paboTaer B aBTOMaTHYECKOM
pexyMe, OHa pasMellieHa B YTEI(IEHHOM KOH-
TEHHEpe H MOMKeT JKCNAyaTHpOBATbCA MPH
TeMNnepatype HapyXKHOro BO3AyXa A0 MHHYC
45° C.

[IAAHTOBBIE NEPUCTABTHYECKAE
HACOCBI

[IpHHUMN  AEeACTBHA nNepHCTanbTHY€CKONo
WIAHNOBOIO Hacoca npoct. B Kopnyce Hacoca
NOAYKOAbLIOM YNOXKEeH S1acTHYHbIA LWIIAHT,
KOHUBI KOTOPOro 3aKkpeniaeHbl B NaTpyOKax
BCAcCbIBAIOLLIE H HAroOpHOH (HHHA (pHc. 5),
BHyrpH Koprnyca Ha poTOpe yCTaHOB(IeHbl
Apa Gawimaka. [1pn BpallleHnH potopa Galimak
naberaer Ha WAAHT, MONHOCTHIO MEpeKHMaeT
ero M BbITANKHBaeT COAEPAKHMOE LI/IaHra
B HamnpaBleHHH BpalleHHs. 3a OaliMakoM
Co3qaeTCH BaKyyM H MepekayHBaeMad cpeda
BCACbIBAETCA B HACOC, TA€ KOHTAKTHPYET TO(b-
KO C BHYTPeHHer NOBEPXHOCTbIO linaHra, Haco-
col HIT nepexkaunBalorT WEAOYH, KHCAOTbI,
Mac106eH3HHOBble CMeCH, MacToobpasHble, ne-
HooOpasaylouHe 1 iobble apyrie cpeapl. B ne-
pekayHBaeMbIX Cpeaax AONyCKaeTCA HaaH-
YHe TBepAbIX 4Yacrdly pasMepoM ao 15% or

The unit’'s flow chart (Fig. 4) is unified
allowing to perform water purification with
or without using reagents depending on the
quality of source water. '

The source water to be purified is admitted
to contain the following impurities:
underground waters:

iron, all forms....... e ax. 50 mg/l
Manganese ........vevevan v @X, 2 mg/l;
hardness ....... e ax. 20 mg-equiv.;
fluoring...........oouuns eereaen .ax. 7 mg/L
Arsenic ....ovviimnininiiiinn, ax. 0.3 mg/l;
anthropogenic impurities,
petroleumproducts .......... epending on the
......... s fONNG

surface waters:
suspended matter ........... ax. 2,000 mgq/l;
colour ..vvvvieiiiiiniinns rereen .ax. 300 degrees,

The purified water will meet the require-
ments of the GOST 2874-82 «Drinking Water»
standard.

The unit will operate in an unattended
mode. It is placed inside a container equipped
with a warmth-keeping jacket and can be used
at the temperature outdoors down to minus
45 degrees centigrade.

HOSE-TYPE PERISTALTIC
PUMPS

A hose-type peristaltic pump embodies a
simple principle. Inside the pump’s body there
is an elastic hose laid in the semi-circle form,
the ends of the hose being secured to the
connections of the suction and discharge lines
(Fig. 5). Inside the body there are two shoes
mounted on the rotor. As the rotor rotates, the
shoe will run on the hose to completely pinch
it propelling the contents onwards to the
direction of rotation. Vacuum is generated after
the shoe, and the medium being pumped will
be sucked into the pump where it will contact
only with an intemnal surface of the hose. The
HIl pumps can deliver alkali, acids, oil and
petrol mixtures, paste-like, foam-generating
and any other media. The medium to be
pumped is admitted to contain solid particles
measuring up to 15% of the hose internal



BHYTpeHHero axamerpa mnaxra. Ilpn nepe-
XKaTHH WinaHra GAlIMAKOM OHHM YTaIIMBAIOTCA
B €ro MArKylo MOBEPXHOCTb, He MOBpexaan
ee, a 3aTeM BbIMBLIBAIOTCH OTOKOM. B 3aBH-
CHMOCTH OT BHAa NEepeKayHMBaeMOH HKHAKO-
CTH HacoChbl KOMIVIEKTYIOTCA CrenuanbHbIMH
wilaHram,

diameter: when the hose is pinched by the
shoe, the solid particles will sink into the soft
surface of the hose without damaging it to be
washed out by the flow later on. Depending on
the liquid to be pumped, the pumps will be
equipped with special hoses.
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PUC.5 CxeMa nepHCTAABTHYECKONO LKIAHIoBOINo Hacoca: 1. Bammak: 2. WitndT;
3. Porop; 4. YposeHb ranuepnsa; 3. laanr

FIG. 5. The Hose-Type Peristaltic Pump: 1. Sliding shoe; 2. Shim; 3. Rotor;
4. Lubricant level ; 5. Pump hose

Ana ymeHbllleHHA TPEHHA H OTBOJA Ternaa
KOPIYC HacoCa YacTUYHO 3anofnHed ravie-
PHHOM.

HI DKoTeXHHKaA BbIMyLKAET HACOCHBbIE ar- |

perarbl TPexX THIMOpa3MepOB, TeXHHYECKHe Xa-
paKTepHCTHKH KOTOpbIX NMpHBeAeHb! B Tabn. 4.

TABIHLA 4.

For reducing friction and removing the heat,
the. pump body is partly filled with glycerine.

Ecotechnika produces three pump. type
sizes with characteristics given in Table 4.

HacocHblf arperar HI-25 HI1-50 HI-100
[logaya, mM3/u 1.4+1.7 8+10 3+50
[asaeHne Harneranns, Mfla 1.5 1.5 1.5
MouHocTb, KBT 2.2 7.5 15
F'abapHTHble pa3Mepbi, MM 500x370x700 | 1400x800x800 |1660x1550x1500
Pecypc mnaHra B 3aBHCHMOCTH 10004000 1000+4000 10004000
_OT CBOHCTB Cpeabl, 4

Macca, kr 100 450 1200
HcnonHeHue O6bIvHOE MK B3pbiBOGe3ONacHoe




TABLE 4.

Pump Unit HI1-25 HIT-50 HM-100
Capacity, cu m/hr 1.4:1.7 8+10 3+50
Discharge Pressure, MPa 1.5 1.5 1.5
Power, kKW 2.2 7.5 15
Overall Dimensions, mm 500x370x700 | 1400x800x800 1660x1550x1500
Hose Service Life, 1000+4000 1000+4000 1000+4000
depending on media, hr

Weght, kg 100 450 1200
Design Standard or explosion-proof

Ecnn Heo6XoAHMO [O3HpOBaHHE ToAaYH,
TO HACOCBHI B KOMIEKTE C HIOKOM yNpaBIeHHA
YaCTOTOH BpalLEHHA poTopa H CYETYHKOM
MOTO4YACOB 06eCneYHBaloT BBICOKYIO TOYHOCTD
(mo 1,5%) paosnpoBaHHA. [lpH NOCTOAHHBIX
oboporax Hacoc obecrneyHBaeT CTAOHAbHYIO
nogady, Aaxe ecaH MapaMeTpbl NepeKaym-
BaeMOH cpefbl Ha BXOAe MEHAIOTCH.

[lpenMylmiecTBa NEpPHCTANLTHYECKHX lLAH-
NOBbIX HACOCOB 110 CpaBHEHHIO C APYrHMH
THNamMn HacoCoB, .6bl(lH BbIABE€HbI TIPH 3KCI-
AyaTalHH Ha O4YhCTHBIX CoopyxeHHax (liobe-
pPeLKOR CTaHUHH Aa3palHu B Mockee. 3aech B
CHCTEeME MeXaHHYEeCKOH OuYHCTKH BOAbl AnA
rnepekayHBaHHA oOcagka HCNoab3ylorca 30
Hacoco HII-100 Hapagy c ycraHOBE€HHbIMH
paHee TMyHKepHbIMH Hacocamu. B mpouecce
NOAKOHTPONbHOH 3KCIayaTallMH BbIABHIHCD
HH3KHE NPOH3BOACTBEHHbIE 3aTpaThl Ha ofcay-
KNBaHHe NMepHCTanbTHYECKHX Hacocos. B 3aBH-
CHMOCTH OT YCOBHMH YCTAHOBKH COEAHHH-
TenbHble NAaTpyOKH Ha KOpIyce Hacoca MoryT
ObITb MpeayCMOTPeHBI B HyKHOM Halipapae-
HHH — BBEPX. BHH3, BIEBO, BIIPABO, — YTO YNpo-
waer TPyOHylo OOBA3KY, HCKAloMad TeM ca-
MbIM 06pa3oBaHHe 3ACTOHHBIX 30H H 3aCOpPeHHe
NpOTOYHOH 4aCTH Hacoca. O4nCTKa LilaHra
M TpPyOHON OOBA3KH NPOH3BOAHTCA H3MeHe-
HHEM Hanpas(eHHA BpallleHHA poTopa.

[lpocToTa KOHCTPYKUHH Hacoca H GobiLon
CPOK cayxObl IAAHra NpPaKTHYECKH HCKAlo-
4aer perynapHoe TeXHH4ecKkoe o6CcayKHBaHHe,
OHO cBOAMTCA TOALKO K MNEPHOAHYECKOMY
BHellHemy ocMmoTpy. PernamMeHTHas 3aMeHa
aaHra, CPoK cay6bl KoToporo npH pabore

When a metered feed is necessary, the
pumps completed with a rotor speed control
unit and a motor-hour counter will provide
highly accurate (1.5%) metering. If the speed
is constant, the pump will provide a stable
feed even when the inlet parameters of the
medium being pumped vary.

The advantages of hose-type peristaltic
pumps as compared with other pump types
showed itself during the operation at the
purification works of the Lyubertsy aeration
station in Moscow. Out there, 30 pumps HI1-100
are used for pumping the sediment in the
mechanical water treatment system along
with previously installd plun ger pumps.
Relatively low service costs of the peristaltic
pumps were found. Depending on the insta-
llation conditions, connection pipes can have
a proper direction - upwards, downwards, to
the left, to the right — which simplifies the pi-
ping thus excluding the formation of stagnant
zones and choking of the pump’s flow passage.
Clearing of the hose and piping is done by
reversing the rotor’s rotation.

The simple design of the pump and long
service life of the hose will practically elimi-
nate the need of regular maintenance which
will only include periodical visual inspection.
Scheduled replacement of the hose - whose
service life when operating on the sediment
will be about 3,000 hours - will not require
to dismantle the pump and will take one
hour at maximum. Unlike plunger pumps,
the HIT pumps are fully leak-proof, and so there



Ha ocagke coctaBnAeT okono 3000 4vacos,
He TpebyeT AeMOHTa’ka Hacoca H 3aHHMaeT
He 6onee 4yaca. Baarogapa NOAHOA repMeTHY-
HocTH Hacocos HI1 B OTnHuHe OT MIyHAKEPHbIX,
TpH HX 3anycKe HeT HeoDXOAHMMOCTH B yaane-
HHHM BO3(yXa H3 BCACbIBAIOILIEH MArMCTpalH.
Hacochl MOTyT oTKa4yHBaTh KHAKOCTbH CO AHA
raybokux konoaues 6es mnpeaBapHTENbHOTO
3anoHeHHa BCACBIBAIOLEN (IHHHH,

linaHroBbie NEpPHCTAAbTHYECKHE HACOChI
paboralor B peXHMe A03aTOpOB B CHCTEMAX
BOAONOANOTOBKH AAA TNoAa4H (PAOKYAAHTOB,
Ha XHMHYeCKHX TMpeANnpHATHAX /AnA NepeKa-
YHBAHHA ArpPecCHBHBIX cped. B 3THX yCaoBHAX
NpoABIAeTCA ellle OAHO HX BaXHOe Ipenmy-
IeCTBO: OTCYTCTBHE YINIOTHEHHH B MPOTOYHOH
YaCTH MOMHOCTHIO HCKAIOYaeT NoTepH MNepeKka-
YHBAEMOIo MNpoayKTa.

CepuiiHoe MNpOW3BOACTBO 0GOPYAOBaHHA
HITI1 3KoTexHHKa Ha4daTo B 1991-92 r. CerogHs
310 06OpyAOBaHHE HAXoANT CBOEro NoTpebn-
Tenda B Poccun 1 CHI.

Hacocbl HIl ycnemwno aKkcnayaTHpyloTca
HA CTAHUHH adpauHH B I. Miobepubl, Ha TOL B
r. Boarorpaae, Boamckom, H.HoBropoage, B
BOAOKaHANMH3ALUNOHHbIX Xo3AHCTBax I, Braau-
BOCTOKA, KeMepoBo, Ha 3anopoxCKOM aBToO-
3aBogde, B Kepamndyeckor ([1O «CTpoHKepamu-
Kar . Akcan), xumn4deckon ([10 «XHMMBOAOKHO»
r. MbiTHiH, [O»OpcKHedTEOPrcMHTESY) OTpac-
(1AX NPOMbILIIEHHOCTH M Ha MHOMMX Apyrux
npeanpHATHAX.

FonosHble 06pasiibl ycTAaHOBKH JKA sKc-
nayarupytorca ¢ 1993 r. Ha ceBepe TOMCKOH
obnactH (CHOHpB).

Bonee 20 KOMNOEKTOB O4YHCTHBIX COOpY-
. #eHnn HIM DKoreXHHKa nocraBaeHbl Ha o0b-
€KTbl B pa3(IH4YHbIX KNHMaTH4YeCcKHX nofacax Poc-
cHy, T'pyanH, Kazaxcrata.

is no need to remove air from the suction
manifold during the start-up. The pumps can
pump out liquid from the bottom of deep
wells without preliminarily filling up the suc-
tion line,

The hose-type peristaltic pumps can operate
as metering pumps for feeding flocculants in
the water treatment systems, or for feeding
corrosive media at chemical plants. Those are
the conditions that reveal another of their
important advantages: there are sealings in the
flow passage which completely excludes the
losses of the medium being pumped.

Ecotechnika started a quantity production of
the equipment in 1991-1992. Today we enjoy
having customers both in Russia and other
member countries of the CIS.

The HI1 pumps have been successfully
operating at an aeration station in Lyubertsy,
heat-and-electricity generating plants in Volgo-
grad, Volzhsky, Nizhny Novgorod, at the sewage
facilities in Vladivostok, Kemerovo, at a motor-
car factory in Zaporozhye, as well as in the
ceramics (PO Stroykeramika, Aksai), chemical
(PO Khimvolokno, Mytishchi; PO Orsknefteor-
gsintez) and many other industries.

The preproduction KA units are in opera-
tion since 1993 in the North of the Tomsk region

_ (Siberia).

Over 20 complete sets of the purification
facilities by Ecotechnika have been supplied to
projects located in different climatic areas in
Russia, Georgia, and Kazakhstan,



TE3HCBI JOKAAJA
COKPALLJEHHE COAEBOM HATPY3KU B CUCTEMAX

TEXHHUYECKOT'O BOAOCHABKEHMS IMTPOMBILUIAEHHBIX [TPEATIPUATHIA
Kysuneuon Oaer KOpbesuu , aokTop Texuuueckux Hayk.
MocsoaokanaaH U Minpoekr

Hactosman pabora npeacrasarsier HekoTopbie MpueMbl OpraHUsauuy HGecCTOUMHON CHCTEMbBI
TEXHHYECKOTO BOAOCHAGIKEHUs MPOMBILLACHHOTO MPEANIPHATHA, OTAHYHTEABHON OCOBEHHOCTBIO
KOTOPOH SIBAAETCA SKOHOMHYECKH H SKOAOTHYECKH JONYCTHMAs COAeBasi HArpysKa Ha 3aMKHYTbIE
BOA0O6OpOTHBIE HHKALL [ [pMHUMI HOCTPOEeHHA TAaKHX CHCTEM OCHOBAH HAa 3aMKYHYTOM
HCTIOAB3OBAHMH TEXHO-TEHHBIX COAEH M YAAACHHH B OKPYKAIOWYIO CpeAy eCTECTBEHHBIM IMyTeM
HOHOB NPHPOZHOTO NPONCXOKACHHA Ha 3KOAOrHUecKH GesomacHoM yposHe. Jlast KoauuecTBeHHO
OLEHKM 9TOTO MOAX0AA MPEAAOKEH MOKABATEAb MPEACABHOM IKOAOTHYECKH AOIMYCTHMOM
AHTPOMOTEHHOM COAEBON HATPY3KM Ha 3aMKHYTYIO CHCTEMY.

nOKa.BaHbl [IYTH CO3JaHHA HA NPCANPHATHH AQKAADBHBIX BQMKHYTMX HUKAOB pereHepalHy
MOHHOOGMEHHBIX YCTAHOBOK M YTHAM3AUMH NPOAYBOYHBIX BOJ MaporeHepatopoB. JIAf COKpalyeHus
KOAHYECTBA MHHEPAADHBIX COAEH, BHOCMMDIX B NPOLECCE KOHAMUHOHKPOBAHWMS CTOYHBIX BOZ AAA
MOBTOPHOTO MCIIOAD3OBAMMA H HMCKAIOYEHHA OTPHUATEADHOTO BAUAHHA HA OKPYKalOWIYIo Cpeay
XAOpa, MpearoKeH SHoLMAHbI noAuaAekTPOANT. | loAuaaekTpoauT obArazaeT B BoAHON cpege
6HOLMAHBIMK U (POKYAHPYIOLINMH CBOMCTBAMM, HETOKCHYEH, HE HAKANIAMBAETCA B OpraHW3Me
YEAOBEKA, HE BLI3bIBAET aAAEPTeHHbIX ABACHHH, paspelled B pabovHMX A03aX AAA OTKPBITHIX CHCTEM
TEXHHIECKOTr0 BOAOCHAOXKEeHHA.

B saxaouennn copMyAHpOBaHbI OCHOBHbIC MPUHLHNBI MHHHMHM3ALHH
TeXHOTEHHOH COAEBOHM HArpy3KM B 3aMKHYTBIX CHCTEMAX TEXHHUYECKOro BOAOCHAOHseHms
MPOMDBILIAEHHBIX NPEANPHATHN.



KEEPING DOWN SALT LOADING IN WATER SUPPLY SYSTEMS
FOR INDUSTRIAL NEEDS

0.J.Kuznetsov, Doctor Sci. (Engineering)
MOSVODOKANALNIIPROJECT

Some methods of setting up closed systems of water supply for industry are
presented in this report. The system's distinguishing feature is its economically and
ecologically allowable salt loading on closed water circulation cycles.

Setting up such systems bases on closed use of technogenic salts as well as the
removal of natural origin ions at ecologically safe level to the environment. '

For quantitative assessement of the above approach a salt load index was
introduced to show limiting ecologically allowable load on a closed system. Different
approaches to setting up in industry at local level closed regeneration cycles for ion
exchange units and used water utilization techniques for steam generators were
outlined.

A biocidic polyelectrolyte was suggested to reduce reusable mineral salts
content in sewage waters after conditioning and rule out negative environmental
influence of chlorine. When added to water the suggested polyelectrolyte exhibits
biocidic and flocculant properties and does not behave like toxic agent. Besides, it
does not either build up in a human body or cause allergic symptoms. To top it all, it
is allowed to be added into open industrial water supply systems in technological
amounts.

In colnclusion, basic principles to minimize technogenic salt loading in closed
industrial water supply systems are stated.



KOMITAKTHbIE YCTAHOBKH
TAYBOKOM BUOAOTHYECKOM
OYHCTKH CTOYHBIX BOJA
MOJYABHOTO THIIA. |

Meeposiu HMocugp Abpamosny, TOO
MNC® "Cregticrpoitoxororns”

b HOpuik Meaoponuu,

x.1.H., MocsoaoxnaaHMHnpoexr
[Tpumenenne LWIHPOKO
PACIIPOCTPAHEHHBIX TEXHOAOTHH OMHCTKH H 200
YHCTKM CTOMHRIX BOA, OKashiBaeTCA

HEAOCTATOYHBIM AAA ODECNedeHHs HOPMATHBHBIX
TPeGOBAHHH, COOTBETCTBYIOUUX KAYeCTBEHHDBIM
fIOKA3aTeASM  PHIGOXOSAHCTBEHHNX  BOAOEMOB,
NPeAbABAAEMbIX B HACTOMIjiee BPEMA OPraHaMu
oxpaunt npupoant P@® k «kauectBy BoAMI
c6pachiBaeMoii a oTKpbiThie Bojoembl. (Dupmoit
"Creygnumcerpoiiskoaorus” COBMECTHO c
HHCTHTYTOM MocpoaoxanaaHHHnpoexr
paspabotanbi, HSI'OTaBAHBAIOTCA H
PAcrpOCTPAHTIOTCA  KOMIAKTHBiE -~ YCTAHOBKM
rAy60KOH GHOAOTHYECKOH OYHMCTKH MOAYABHOIO
THA, 3aBOACKONO ‘HBrOTOBACHUA (
NPOUSBOAMTEALHOCTh oamoro Moayan 200 m
/CYTKH ), MCMIOABSYIOUIHE HOBYIO SKOAOIHYECKH
YHCTYIO TEXHOAOIHIO, TI0SBOASIOILYIO
OCYIIECTBHTD OYHCTKY GbITOBBIX CTOMHBIX BOA AO
COBpeMEHHBIX TPeGOBAHMIA,

YcTaHOBKM — M3rOTABAMBAIOTCH M3
METAAAA M  KOMIACKTYIOTCH  HeoGXOAMMBIM
obopyaosatiieM B 3aBOACKHX YCAOBHAX, 3areM
NIPUBOAATCA W MOHTHPYIOTCA HAa MeCTE, 4TO
3HAYHTEADHO COKPAIACT CPOKM BBEACHHS WX B
sKcnAyataymio.  MakcumaabHoe  koanwecTBO
MOHTHPYeMBIX MOAYAei Ha ozHON mrowgaske - 6
wr. PacyeTHbie KOHUEHTpaymyu 3arpssHeHHii B
ucxoauolt soae: DIIKmoan - 500 wmr/a,
pspeiieHHme  BeyggectBa - 300 Mr/a,
ammorminbiit asor - 30 Mr/a, pocop obypmit -
5 wmr/a. [Jomyckaercs  nesnauMTEABHOE
cozepXaHHME B MCXOAHOH BoAe 3arpAsHeHmil
NPOMBILIAGHHOTO  [POUCXOMACHHS. Y CTAHOBKA
COCTOMT M3 NATH KPYNHOOGAOYMBIX BACMEHTOD:
€MKOCTb NPeABAPHTEABHON NOAIOTOBKH, €MKOCTD
GHOAOTHMECKMX  PEAKTOPOB  OUMCTKH  BOAN,
EMKOCTb  AAS  OTAGACHHA  OT  BOAM
PELMPKYAMPYIOIIETO AKTHBHOTO HA4, €MKOCTD
6GHOAOTHYECKOTO PEAKTOPA AOOMHCTKH, €MKOCTh
A aeaunexyuu poabl. [leppuie Tpu emxocn
MOHTHPYIOTCA B eAHHBI KOMITAGKC OUMCTKH

‘BOABI  HA  MECTE, EMKOCTH JAOOMMCTKH M
ACSHHPEKMY YCTAHABAHBAIOTCA PAIAEABHO.

COMPACT MODULAR TYPE
PLANTS FOR THE BIOLOGICAL

TREATMENT OF
WASTEWATER

LA. Meerovich, Spetsinzhstroiekologia
Lad.

Yu.F.El, Cand.Sci.(Engineering),
MOSVODOKANALNIIPROJECT

On the basis of the technology
developed by

MOSVODOKANALNIIPROJECT
Institute SPETSINZHSTROIEKOLOGIA

Company  manufactures  compact
modular type plants for the tertiary treatment of
biologically . treated effluents (unit capacity is
200 m3/day). These plants provide for the
improvement of the quality of domestic effluents
to the level which meets the demands set for
fish-breeding water bodies.

The complete sets of the plants made
of metal are delivered and assembled on site
thus providing for the decrease of the start up
period. The rated pollutant concentrations in the
raw water are the following: total BOD - 500
mg/l; suspended solids - 300 mg/l; ammonia
nitrogen - 30 mg/I; total P - 5 mg/I.

Small concentrations of industrial wastes
in the raw water is acceptable. The original
design incorporates the environmentally friendly
technology of wastewater treatment which
includes a combination of biological reactors
with  both freely floating and fixed
microorganism biocenoses. The entire aerated
zones and aerobic bioreactors are equipped with
an air supply POLYPOR system; whereas the
reactors with the fixed biocenosis are equipped
with POLYBOM polymer filler made by -
Russian Company ETEK Lid.



High Efficient Technology for the Treatment of Storm (Rain, Snow, Melted Water),
" Irrigation, Wash Waters and Sludge Disposal

N.P.Paldyaeva, I.V.Malinina, B.A.Vaisfeld, P.P.Palgunov,
G.P.Varyushina

MOSVODOKANALNIIPROJECT

Nowadays the problem of the
protection and conservation of the water
resources subject to the urbanization effects
and human-induced impact is very urgent.

Water resources which include
rivers and water bodies receive domestic
and industrial wastewater together with
surface runoff which is formed from
atmospheric precipitation (rain, snow),

- watering and washing in the process of
tiding up the territories.

- MOSVODOKANANIIPROJECT
Institute has developed and patented a set

of facilities for the collection and treatment

of atmospheric (storm, snow, melted water)..

irrigation, wash water and sludge. The new
technology is based on the mechanical and
sorbtion methods; the facilities include a
regulating tank and filters with various
filtering media.

Treated effluent can be used for
watering territories and plants, recharging'
closed water systems, in boilers, for the
local needs of the treatment plants; likewise
they can be discharged into the water
bodies since the residual pollutant

concentrations satisfy the limits set for fish-
farming water bodies.

The suggested technology
solves the problem of snow melting thus
allowing to operate the treatment facilities all
the year round; in addition the costs of
snow removal from the territory of the
plants decrease. The sludge moisture
content after treatment is 40% which
aloows to take it out in open trucks. The
space requirements are 0.5 - 0.8% of the
catchment area: potable water saved goes

up to 100 m3/day per 1 ha.



CoBMecTHO® HCIIOAD3OBAIME TTOA3EMHBIX U
NOBEPXHOCTHLIX BOA B cHCTeme BOZOCHabH(CHHA"

HMeyunxos Baagumup 'eopruesn,
KAHAMZAT XHMHYECKMX HayK

MocsoaoxanarnHH Hnpoexr

Beankanos Anexcauap Absosud, aoxrop
TeXHHYeCKHX HayK, Npogeccop

Hucturyr Boanbix npoGaem Poccuiickoi
Axagemun Hayk

Hanboree  paamkarsubim  criocobom
NOBLILIEHHA HaZemHOCTH BOAOODecleYeHUn KPYIHbIX
TOPOAOB  ABANETCA  HCMOAb3OBaHHe  JBYX  HAH

HEeCKOADKHX HEe3ABHCHMBIX HCTOYHHKOB
BoaocHabxennn. [lpn atom aocturaeres mecxoabko
Heaeid, TNOBBILLAIOLHX HaZezKHOCTb

(YHKLHOHHPOBAHUA CHCTEMbI BOJOCHaOeHHA Kak ¢
TOYKH =~ 3peHHs  ObecriedeHHA  KOAMYECTBEHHDIX
nokasaTered CHCTEMBI, TAK M ¢ TOMKH  3peHUs
OpMHPOBAHHA KAYeCTBA NUTbeBOH BOABI.

Tak, axs BoaocHabenus  roposa
Mocxkent B Ganzxaiiieil nepcriexTHBE TIPeANOAracTCR
NpHBACHEHHE  NOA3EMHBIX  BOA  NepudlepHiHbIX
pafioros  MockoBckoro permona B coBmecTHOM H
KOMIEHCAIHOHHOM  PeHMax ¢  CYIIeCTBYIOUMMH
TIOBEPXHOCTHBIMH MCTOMHHKAMH BOAOCHaOzeHHs.

Hasectro, uto nogsemunie Boabl ABAAIOTCH
foaree  3alMIIEHHbIMH  OT  KPaTKOBPEMEHHBIX
AHTPONOreHHbIX HAalpOTHB,
NMOBEPXHOCTHbIE BOABI C STOH TOYKH  3PEHHA
3Ha4yuTeAbHO Goace ysssumpl. Ha  BozocBope
OCYILECTBARIOTCA

BO3ACHCTBHI,

TIOREPXHOCTHBIX HCTOYHHKOB

IMpaKkTHHeCKH BCE BHADbI XO38iCTBEHHOH
AeATEABHOCTH, IIO9TOMY BepOSITHOCTD ABAPHHHBIX
CHTyauul,, NPHBOAAHX K 3arpA3HEHMIO BOADI,

Beauka. [lpegraraeren B nepuoa  sarpasHenus

COKpalaTh Boxo3abop us TIOBEPXHOCTHBIX
HCTOYHHKOB H KOMIIGHCHpOBATb 9TO  COKpallleHHe
yBeAHUCHHEM BOAONOAAYH H3 T10A3eMHbIX
HCTOHHKOB.

Bregenne B skcnayaragmo noasemubix
BOA03a60pOB  NO3BOASET HAa  COOTBETCTBYIOLYIO
BEAMHHY COKPATHTb BOZ03aGOp H3 IIOBEPXHOCTHBIX
WCTOYHMKOB, TIPH 9TOM  YBEAMYHBAETCR  BpeMma
npe6blBaHMA BOABI HA OYHCTHBIX  COOPY?KEHHAX
BOZAOIPOBOAA, YTO [PHBOAMT K YAYMIIEHHIO OYHCTKH
BOAbI Y IOBBINEHHIO Ka4YecTBa IHTHEBOA BOABI,
rnopaBaeMoil B CeTb.

Pag napametpoB kauectsa BOABI mpH
CMeIUGHHH TIOA3EMHBIX ¥  [OBEPXHOCTHBIX  BOA
SHAMHTEABHO  YAYYINAeTca.  1aK,  yAydmaloTcd
NOKa3aTeAH [0 MYTHOCTH, LBETHOCTH  BOAMI,
YAY4IIAETCA MBKPOBAEMEHTHDIf

COCTaB, HOPpMAAHIYETCHA coacpiaHHe QTDpa H
HEKOTOPDLIX APYTHX MHIDEeJHEHTOB.

B AOKAAJE 1IpHUBEACHDI KOAMMeCTBeHHRIe
XAPAKTEPHCTAKH TOBLIINEHHA HaAeAMHOCTH CHCTeMbI
BO}IOCH&&H{CHHR 1npu " COBMECTHOM HClIOAb30OBaHHH
roj3eMHbIX H HOBCPXHOCTHle BOA.

COMBINED USE OF SURFACE
AND UNDERGROUND WATERS IN
WATER SUPPLY SYSTEMS

V.G.Pechnikov,Cand.Sci.(Eng.),
MOSVODOKANALNIIPROJECT
A L Velikanov, D .Sc.(Engineering),
Institute of Water Problems,
Russian Academy of Sciences

Water supply from two or more
independent sources seems to be most radical way to
cnhance water distribution reliability in large cities.

As this takes place a number of goals are
achieved for higher operational reliahility of water
supply systems in terms of system’s quantitative
charactenistics providing water quality.

In doing so. underground waters of
Moscow Region's peripheral areas are planned to be
taken advantage of both separately and jointly with
existing surface sources for Moscow's water demand.

It has been known that underground waters
are more protected against short-term anthropogenic
actions. In contrast, surface waters seen from this
view point are more vulnerable. Since industrial and
agricultural activities involve taking advantage of
surface waters the chances of emergency situations
causing water contaminations are good.

Therefore, it is suggested to reduce water
extraction from surface sources in contamination
periods and resort to underground ones to
compensate for suggested option.

Making  underground  water  intakes
operational allows to reduce proportionally surface
water consumption. In this case detention time at
water treatment plants goes up resulting in higher
quality of potable water in distribution network.

A npumber of potable water quality
characteristics can be radically improved by means of
combined use of surface and underground waters.
This results in better turbidity and colour
characteristics as well as favourable microchemical
composition. In addition, fluorine content gets to
normal as well as some other elements.

Quantitative characteristics for enhanced
water supply reliability under combined use of
surface and underground water are given in this

paper.



JOOYUILIEHHBIE
CTOUHBIE BOJbI, KAK
AABTEPHATHMBHBIA
MCTOYHHUK HEIMUTBEBOIO
BOJOCHABXEHUA.

Xpomenxos Cranucras
Baagumuposua, MMI
"Mocsoaokasan’

b HOpuit Meaoposuy,
k.T.2H. MocpogokanaxHH Hnpoext

Crounnie Boab! pasAHYHOTO
TIPOMCXOMAEHHUS: XO3AUCTBEHHO~
ObITOBBIE, TIPOH3BOACTBEHHDIE,
rOPOJCKHE M MOBEPXHOCTHBIA CTOK €
TEPPUTOPHH TO POAA ABAAIOTCH
HEOTbHEMAEMOH YacTbi0 BOAHOTO
6anraHca KaZoro KpyIHO ro ropoja.
Onu MoryT paccMaTpuBaTBCA Kak
HETPaZULIMOHHDIC UCTOUHUKI
BOJOCHA02xeHNA, UX 0ObEM COM3MEPHM
¢ obbemoM ToTpebAIEMOH CBeseH
BOZDI.

[ loTopHOE HCOAD3OBaHHE
FOPOACKHX CTOYHBIX BOZ,
HanpaBAE€HHOE HE TOABKO Ha
obecrieueHue BOJOOXPAHHDBIX (YHKLIHH,
HO Tak:Ee Ha pellieHHe npobaem
obecrieuenuss BOAHbIMH pecypcaMu
0cOGEHHO aKTyaAbHO B HAcTO sllee
BPEMSA HE TOAbKO M3-3a HAAM4HA
AeUIMTa BOAHBIX PECypCoB, HO
TaKake B CBA3M C BBEJEHHEM B
aeticreue B P Tpebopanuit x
Ka4ecrBy BOZbl OOAbIIMHCTBa
OTKPBITBIX BOAOEMOB KaKk BOA0EMOB
PHIOOXOBANCTBEHHO TO
BOZONOAb30BaHuA. B caydae ouncrim
FOPOACKHX CTOYHBIX BOZ ZO
TpeboBaHMi PbIGOXO3AUCTBEHHBIX

BOJOECMOB I[TOBTOPHOE HX

MCTIOAb30BAHHE M3MEHUT
({yHKLIMOHAADHOE HasHadeHHe
KaHAAM3ALMOHHOM CHCTEMbI, T.K. BECh
06beM ropoACKUX CTOYHDBIX BOZ
TIPEBPATUTCA B JOTIOAHMTEABHBIN pe
CYPC BOADBI H BOSMOMKHOCTb €I'0
HCIIOAb30BaHMA OyZeT 3aBHCETb
TOABKO OT TEXHHYECKOH
BO3MOXKHOCTH - M DKOHOMMYECKOH
LIeAeC000pa3HOCTH TPAHCIIOPTHPOBKH
KOHZMIIMOHHPOBAHHOM BOJBI K
notpebuTeasm. C Touxku 3peHHA
HU6oAbIIER 3ddeKTHBHOCTH
TIOBTOPHOTO HCMIOAb30BAHUA TOPOJCKHUX
CTOYHBbIX BOZ LeAecoobpasHON
ABASIETCS CTPYKTYpa
TePPUTOPUAABHOTO PACITOAOKEHUS
cranyuii aspaymu ( B ZaHHOM cAydac
CTaHUMH KOHAWLMO HHPOBAHUsA
CTOYHBIX BOZ ), COOTBETCTBEHHO
NPMOAUKEHHBIX K palOHAM,
HUCIbITHIBAIOIIHUM Ae(PHLINAT BOJDbI
HENMTbEBOr0 KayecTBa.

B cBsisu ¢ Tem, uro pemenne
paccMaTpUBAEMOH TPOGAEMBI UMeEET
ABYXLIEAEBOE HasHAYEHHE ~
IKOAOTMUecKass 6€30IacHOCTD H
pecypcocbe pexseHHe, FIKOHOMHYECKYIO
IPPEKTUBHOCTD €€ PEIIEHUA CAeZYET
onpefie AATb CYMMAapHO: yMEHbLIeHHe
OnAaThl 3a cOHpoC 3arpA3HAIOIIUX
BEIIECTB C OYMIUEHHBIMH CTOYHBIMH
BOZIAMM U COKpAIlleHHe pacxoza BOZDI
TIMTbEBOrO Ka4ecTsa.



TEXHOAOT'HUSAA KOHAUJHUOHHUPOBAHHA NOPOACKHUX
CTOYHbLIX BOJ.

b HOpuit Megoposny, k.r.u. MocsoaokanaaHWHnpoexr

Baropekuit Bragumup Anexcanaposuas MMIT Mocsogoxarnan

MockoBckne  ropoackue
OYMCTHbIE KaHAAMBALMOHHbIE CTAHLUMH
MoCT pPoeHb! H (PYHKUHOHHPYKOT TI0
TPaANLAOHHOU

cXeMe: MeX HHYeCKasd, 6uororuyeckas

TEXHOAOTHYECKOH

H YaCTHYHO JOOYHCTKA CTOMHbIX BOJA
Ha 3ep HHCTBIX QHAbBTPaAX, 4YTO HeE
obecrieMBaeT COBpPEMEHHDIX
TpebOBAaHHH K Ka 4YECTBY OYHILEHHBIX
crouHbIx BOoA  cOpacpiBaeMbIx B

OTKPDbIThibl€ BOJOCMDI.

MMIT1
COBMECTHO c
MocsogoxanaAHHU -

paspaboraHa

"MocBoaokanar"

HHCTHTYTOM
TPOEKT cHcTeMa
AOCTH2KeHUS TpebyeMbIX HOPMATHBHBIX
NOKa 3aTeAed, B OCHOBY KOTOpOH
MOAOZKEHDI CACAYIOIUHE ITOAOKEHUS:
MAKCH MAaAbHO BOIMOMKHOE YAAAEHHE
3arpA3HEeHUH IPOMBILIAEHHOT'O
NPOHCXOMACHAS HAa AOKaAbHbIX  (
3aBOACKHX ) OUHCTHBIX COOPY?KEHMSIX ;
paspaborka Me TOJOB
MHTEHCHQHUKALMH paboTbl COOpPY2HeHHH
MeXaHHYeCKOH O4uMcTKH  (MCKAIOuan
TIPUMEHEHHE PEareHTOB); ‘MHHHMAABHO

BO3MOKHOE 06'beMOB

CYLLLeCTBYIOUIHX
AOIIOAHUTEALHDBIX CTYIIEHEH OYHUCTKM.

yBeAHYEHHE
COOpyHeHNH u

ZJra  BomoAwenns nepporo
NnoAozkeHust Obiam  paspaboraHbl K
BBeZeHbI B JAedctBue | lpaBuaa
HpHEMa IPOMSBOJACTBEHHBIX CTOYHDbIX
BOA B

CHCTEeMY  KaHaAWBalIHK

r.Mocksnt". [Tpu BbITTOAHEHUH
BTOPOro  IOAOzeHMa  Obiam pas
paboTaHbl METOAbI HHTEHCHPHMKALMK
paboTBl  COOPYZKeHUH MEeXaHHYECKOH
OYHCTKHM, KOTOpbIE [O3BOAIOT CHATb
AOIIOAHUTEABHO rpybozucrepcHbie
BelleCTBA M 3HAYHMTEABHO YBEAHYHTD

appexT
crounpix Boa ( mo BIIK ao 400/0_, o

TIEPBHYHOI'O OCBETACHHA

BsBewensbM BewectBam g0 70% ).

Tperpe  moroxenne, u

HauboAee  CyIIECTBEHHOE,  YZAAAOCh

BBITIOAHHTD B pesyAbTare
HCIIOAD30BAHHUSA Ha cTazun
6HOAOTMHYECKOH OYHCTKM H JAOOYMCTKH
KOMOHHaLMH 6HOAOTHYECKHUX
PEaKkTopoB CO CBOOOZHOIIAABAIOIINM H
[IPHKPENA€HHDIM 6uoreHO30M
MHUKPOOPraHH3MOB, YTO TIPHBEAO K
CO3/JaHHIO OPUTHHAABHOU
TEXHOAOTHYECKOH CX€Mbl OYHCTKH H
ZOOUMCTKM CTOUHbIX BoA. . Buezpenme
3TOH  TEXHOAOIMYECKOM CXeMbl B
COYeTaHHW C pPEIEHHEM BOIPOCOB IIO
MEPBbIM ABYM IIOAOKEHHSAM TIO3BOAAET
[OAYYMTb Ha PEKOHCTPYMPOBaHHBIX
rOPOZICKUX OYHUCTHBIX COOPYKEHMAX
KAQYeCTBO OYMILEHHOM CTOYHOM BOADI,
COOTBETCTBYIOLICE TpeGoBaHHsM,
peAbABASIEMbIM K

PBIGOXO3AUCTBEHHBIM BOZOEMAM.



WASTE WATER CONDITIONING AT MOSCOW MUNICIPAL LEVEL

Yu.F.El, Cand. Sci.(Engineering), MOSVODOKANALNIIPROJECT
V.A.Zagorski, MOSVODOKANAL

Waste water treatment plants of Moscow city were constructed for
conventional treatment technology offering mechanical and biological treatment in
addition to partial tertiary treatment with granular filters involved. However, quality
standards for discharged treated effluents are not met by existing technology.

New approach developed jointly by MOSVODOKANAIL and
MOSVODOKANANIIPROJECT was suggested to enhance treated effluent quality
characteristics to meet relevant requirements.

The suggested approach is three-fold:

1. Most pollutants of industrial origin should be removed at treatment plants
located at the factories where these pollutants are produced.

2. Intensive operation methods are to be developed for mechanical treatment
facilities with keeping in mind no future use of chemicals.

3. The capacity of existing treatment facilities involving tertiary stage has to
be slightly increased.

To accomplish the first provision The Rules for Industrial Waste Water Intake
to Municipal Sewage System have been developed and put into effect.

_ The second provision resulted in methods of intensive operation for
mechanical treatment facilities dealing with coarse solids and responsible for waste
water clarification up to BOD - 40% and TSS - 70%.

The third provision that seems to be most essential gave a rise to biological
reactants application at both digestion stage and tertiary treatment one. These
reactants formed the unique biological environment suitable for better treatment.

Since the above solution is of dual purpose and focused on environmental
control and water sources conservation it effects a substantial saving due to reduced
payment for discharging of contaminated waters to treated effluent as well as
reduced potable water consumption.



TERTIARY TREATED WASTE WATERS OFFER AN ALTERNATIVE'
SOLUTION TO NON-DRINKING WATER SUPPLY

Yu.F.El, Cand.Sci.(Engineering), MOSVODOKANANIIPROJECT
S.V .Khramenkov, MOSVODOKANAL

P.P.Palgunov, Cand.Sci.(Engineering),
MOSVODOKANALNHIPROJECT

Waste waters of different origins such as indutrial waters, domestic sewage and
surface runoff form integrated parts of a large city's water balance. Since their total onsumption
is nearly equal to that of fresh water they can be considered as conventional water supply
sources.

The municipal waste water reuse for natural raw water. conservation as well as building
up existing water sources appears to be particularly promising today because of both fresh
water being short in supply and new water quality standards put into effect in Russian
Federation regulating water quality within open water bodies and fish-farming ponds.

If treated waste waters meet the fish farming pond quality standard the designated
purpose of sewerage system can be changed by means of waste water reuse. The reason is the
total liquid wastes flow adds to water sources, so its utilization is likely to depend on technical
capabilities and economic reasons for conditioned water distribution to consumers.

_ For operation of waste water reuse facilities to good advantage waste water treatment
plants must have suitable location within the areas where non-drinking water is short in supply.

As to treated effluent quality at updated municipal waste water treatment plants it hap
to meet the relevant standards for fish farming ponds.



NOBOYHNE NPORYKTH NPM OEPABOTKE BORN C MCHOAL3OBAHMEM CHNbHUX
CPERCTB OKMCHEHRRNA

O. Nerepaon, aoKrop
BepanucKoe poQHOe NpennpuUATHE
Ornen nalopatTopun

TESNCH

CeronHa emMe HeNb3# OTKANATHCA OT NOPUMEHEHUS NeldUHIMIMPYOMMX
cpencrs npm oBpaBoTKke OMTHeBORM BOAM M3-32 CKYNHKX ee 3alacoB, 4TO
oB8ycnannnbsaeT HeoOXOAMMOCTL MNCHOONLIOBAHNA BOAHMX MCTOYHMKOB HHIKOIO
CAHMTAPHOrO KavecTsa, '

¥Yxe «C Hawaya Bexa ANA NDPeNOTHEPAMERVSN BCNMNMEK SOMNAeMAN H3-3a
nnoxon NUTHEBON BOXNM BO BCe Gonkwem obOneMe NprNMEeHAETCH ee
nopupoBagne .

HO MfOCTOAHHO MOAHMMAeTCH, ¥ He TONBKO HNorpebwTeneMmM, BONpPOC,
OKA3NBAGT NN HA YeNOBeKa BpegHoe Bo3AefcTane pfel’3nAdeXUMS ONTLEBON
ponu. \ ‘

PaHpMe HA nOepsoM NNlaHe CcTOoAN polipoc o8 CCTPOM TOKCUMHOCTH
xnopnpopauny, Ceroansn, Onarofgapsa MHOIONETHEMY ONMTY, OH MOXeT OHTH
CHMAT, HO ero cMeHnna ppyras ppobnema -~ KaKk BivMgeT Ha 3[0pobBLE
Yenopexa AanvTensHoe, XpoHnYecxKoe ynorpelnenmne nNoBOYHEX NPOAYKTOB,
BOSHNKADMMNX P NNTLEBOW BOme npn ee geanHdexunn, OO0 sTOoM 3acTaBnderT
BAAYMATECAE TO OOCTONTERLETBO, YTO MH BChHLD® XW3HL nDOgBEpraeMcs MX
BOAREACTBMO W OHY MOryT HAKAIAMBATLCA M  NepefaBaThLCH NOCNeRyoXeMy
NOKONEHND,

B pamMxax omeHK® MOBOYHHX NPOAYKTOS OT peanHbeKuMny BOAN BOIMOXKHH
cneayRMne, BAXHME C MEAMKVMHCKOM TOYKN BPEHNA BANAHVA:

- KANUepOreHHOCTDH

- MYTAreHHOCTh;

- TeTPATOMCHHOCTSD;

-~ TOKCHUYHOCTL RANA dMOPHOHOB;

- NOoBPeXAeMNA OPPrAHVYEGCKMX CTPYKTYP # BHIMMHEX CHCTeM;
- MMYHHOTOKCH4YHOCTH (1).

CaumTapHo OGesayupedHyrp HNTHLEBYD BOAY MOXHO MNOAYHUNTE nNyTem ee
nesnndexunn. CornacxHo pacnopaxennm o nureeson soge (TVO) or §
pexalpa 1990 roga (2) nna 9ToM Uenyn fAONYyCTMMM:

1. xaop m xnopocomepxaxre MPOAYKTH, KAK, Haupuuep, ruaoxnopnn
HATDMH, KANbRNA W MArHeaVs, a TAKXe XNOPHAA N2IBeCTh; '

2. avoKcua xnopa;

3. o30H

BHCORKOKAYeCTREHNA N Aeanuéexuna nnTLeBON BOAM C TOMOMBD
OKNCAADENX XUNHIECKNX CPEeACT BOZMOZXMO TOALKO NPV HBANYNKA:

- 2ddeTHBRHMX Mep IBAMATE BOROEMOB, cCcpsofANen 0O  MHUHNMYyMa
NPMPORHNX OPrafndYecKknx cyScranuun, EKoTopMme obpasywTcas B BojoeMax



nyreM $OTOACCHMNANANVN B BIA&BUCHAMOCTH OT HARAUYUE NNTATEeNLHHX BeNeCTB'
(orpaanyeHme »pTpodnn) ;

- 2dPeKTHHEX Mep oSpaBoTkn " yhanenuns OpPMPONHNX
MaKpOMONEeKYNAPHKEX opragMvecrEnx COeAVIHE HUR , no KpamHe Me pe
HACTONbBKO, YTOOH RO ACCTATONHOM CTeNeHy YMeHBNWTL pPeAYVKINOHHEA
noTeHUMAN AS3NKINUNPYEMOR BOOM,

CornacHo KNacCcUYeCKMM HCCHefoBaBnigM MexaHVM3IMa YMepMBHeHNH
MMUKPOOPraHM3MOB B Bofe ‘100 X ycnex 28pHCHUT He CTONBKO OT XMMAYECKOro
cocTaBa OKVNCHADKMNX cpencTs, CKOABKO oT OXNCAVITENbHO-
BOCCTAHOBRUTENEHOI'O noTeHuMana, yYCTAHOBMBNErocA B BoAe mocne Hx
hoGaskn n sHaveHva pH. OT ®Toro 3aBNCUT MHAKTvBaAUMA OaKTepyn B BORe,
NOCKONbLKY Onaromapsa SToMy HNOoTeRuUnany OHAORKMpYyeTcs dePMEHTHAR CHCTeMa
GaxTepun.

9KcnepuMe HTANL HO ROKA38HO, YTO MNpPOUEGHT yMepupneana Konn-
GaKTepMA B BOfe HAXOANTCHA He B NPAMON CBAIN C NPHUMEHAGMOA RO3O0N
Ae3NHIMUMPYPENX CpPelCcCTB, & C YPOBHEM OKeVNCAMTEeNbHO-BOCCTAHOUTENBHOIO
HAOPAXEHN A, YCTAHANNAPRETOCH PTeYeHVEe AOCTATOYKO LAATeNLHOTO
BpeMeHu,

Npeanocunkon anA MHAKTVBALNK CaxKTepnp BCHAenCTBME 3TOro ApnNgeTrcda
YCTAHOBKA ROCTATOYHO BHCOXOro YPOBHA OKMCNeHnNA Cpenn B
nesvHduuMpyeMof Bofje, Ho nocnepnee AoCcTUraeTC] ANNML npv ycnosnn,
Korpa KOHIeHTPANNA HNOAABINAPKMX XHMMMNYECKNX cyScTaHum B aToM Bope
ROCTATOYMHO HW3Ka.



WATER TREATMENT BY-PRODUCTS WHEN USING STRONG OXIDIZERS

by Ph.d. D.Petersohn
Berlin Water Enterptrise
Laboratory Dpt.

SUMMARY

Today we cannot decline usage of disinfectants when processing
potable water because of its scarce resources that foree us to
intake water of poor sanitation guality.

From the very beginning of the century chlorination of drinking

water has been applied to fight epidemic ocutbursts. However a
constant question has been raised all the time, and not only by the
consumers, whether disinfection of potable water exerts harmnful
effact on human health. For the first time toxicity of chlorination
was the concaern now declined because of the long-—term experience.
. Today attention. is being paid to the problem of the by-products
from water chlorination. The thinking is set because we accumulate
the harmful substances during the whole 1life and  they can be
conveyed even to the next generation. '

When evaluating the water disinfection by-products the
Following influences are essential from the medical point of view:

- carcinogenic;

- mutagenic;

- tetragenic;

- embryotoxity;

- damage of organic structures and enzymatic systems

- dmmunotoxity.

Irreproachable drinking water from the sanitation standpoint
can be obtained with the help of disinfection. According to the
drinking water decree (TVO) from December S, 199G  the following
disinfectants are permitted: Co

-  ehlorine and products containing it, such as sodium, calcium
or magnesium hypochlorite and also bleaching powder,

- chlordioxide:

- OZONS, '

However high results from disinfection of potable water with
chemical oxidizers can be achieved in casa:

- effective eurotrification control has been provided din the
water bodies ’

- affective processing and removal of natural macromolecular
organic compounds has taken place to decrease the redox (reduction-—
oxidation) potential of the water at least to a satisfactory stage.
According to  the results of classical research on killing process of
microorganisms in water 100 ¥ success depends nobt as much on the
chemical contents of the oxidizers as on the redox potential after
their application and the pH factor.



Inactivation of bacteria
blocking effect of their
expaerimentally proved that the
in water is dirgctly related

“disinfectants but with the level

So providing satisfactory
main precondition
latter can be achieved

the
the

“For bacteria
aonly in

dué to

in water takes place the
enzymatic system, It has bean
killing percentage of Coli bacteria
not with the -dosage rate of the

of the redox stress.

high oxidation level of the media is
inactivation in water. However
case the concentration of the

suppressing chemical substances is rather low.



Chemicals|Acceptable |Marginal] Evalua- By-products
dosage residué ated as| Marginal Evalua-
mg/1 mg/1 residue ted as
Chlorine 1.2 0.3 Free 0.01 Tri-
Sodium, chlorine halogen
Calcium, methane
Magnesium
Hypochlorites
Bleaching
powder
Chlordioxide 0.4 0.2 Cl02 0.2 Chlorite
Ozone 10 0.005 Q3 0.01 Tri-
halogen-

methane




OUJIbTP "KPUHHULA"
HA KEPAMUYECKUX OUIBTPYIOUIUX DIAEMEHTAX
AN JOKAJIbBHbIX CUCTEM BOAOIIOATOTOBKH

JUTBHHOBA Tamapa AdaHacbeBHa
TOO "9kodunpTp"”

®ECBhKOBA CaetnaHa BnagumMupoBHa
T'ocymapcrBeHHblii yHuBepcureT "JIbBoBckasa [lonutexHuka”,
HHKybaTop-1ieHTp

[TeperpyXeHHOCTh BOAONMPOBOAHBIX CETEN, NX HEYHLOBICTBOPUTENb-
HOE€ CAHUTAPHO-TEXHHYECKOE COCTOSHHE, a TAKXE CUCTEM paclpelc/leHUs
BOIbI He NMO3BOJISICT AOBOIMTL KayecTBa MUTbeBOH BOJbI A0 TpeboBaHUM
I'OCTa 2874-82, a takxe obecreyuTh 6€3011aCHOCThL €¢ B MUKPOOHOM H
napasuTapHoM oTHoweHHH. [lo oLeHKAM creuuaJucTOB BOAA CONEPXKMT
13 MIH. MOTEeHLIMANIBHO TOKCHYHBIX XMMMKATOB M €XerogHo aobapJsieTcs
600 HoBBIX. 711 CHUXEHMSI TOKCHYHOIro, MUKpPOOHOJOTUYECKOTI0 BO3IEH -
CTBHS Ha 340pPOBLE HAcCeJeHHUs TpebyeTcss JOOYMCTKA M KOHAMLIMOHUPOBA-
HHE NMUTLEBOH BOIB IO MECTY HCMOJb30BaHUA (point of use) Masol nmpo-
U3BOAMTEIbHOCTH. '

B Hacrosilueil pabore mpeAcTaBACH TPEXCTYNMEHYATbIM, TpexMoau-
¢duxkaunoHHbt ¢uneTp "Kpuuung" TY 567M13813934.001-93 u3 nopuc-
TOH KepaMUKH YU N30MOPGHOro cTekjia Ha OCHOBE KOpPYHIA, allOMOCHUIN-
KaToB H LUJIAKOB OrHEHHO-XWUIKOro yJaJleHUsi AJs OYMCTKH, KOHAMLHU-
OHUPOBaHHUSA M ob6e3zapaxeBaHHUS NMHUTLEBOH BOLbI B COOTBETCTBUM ¢ Tpe-
6opaHusamMyn BO3. I'mrucHuuyeckas oueHKa (PHIBTPOB NMPOM3BOAMIACH HA
OpraHojNenNTUYeCcKue, (GHU3INKO-XMMHUYecKHe, MHKpoOHonornyeckue (K-
HieYHasi Majouyka, 30JIOTHCTBbIH cTradunokok, Bupyc I), Toxcudeckue mno-
KasaTelu, B TOM YHcAe A1 Haumbojee 3arps3HEHHBIX MNOBEPXHOCTHBIX



BogoucroyHukax xinacca III (IT'OCT 2761-84), (I'urueHuuyeckasi OoLeHKA.
KepaMHYCCKHX 3JIEMEHTOB MHOropa3oBOro MCHONB30OBAHHUSA IS OYHUCTKH
nuTbeBoi Boabl, 1992, JITM). OnpeaensieTcs ypoBeHb KOHLEHTPALMU B
HUX XMMHMYECKHX BCIIECTB, BO3MOXHOCTh obpacraHust BOAOPOCISIMH MpH
IJINTENIPHOM KOHTaKTe¢ ¢ BoJoM. OTMeyaeTcsi MIOCHTHYHOCTh KayecTBa
OYMCTKH IO BKYCY U 3amaxy AJif ropsiici M XOJOXHOM BOAbl U CHUXEHHUE
CBOOOJHOTO OCTATOYHOTO XJ0pa, 0COOEHHO MPH €ro MOBLILIEHHOM COAEp-
xaHuu. Temneparypa ucnsitaHvrii 20°C-75°C. Tpu Moaupunkauumu GHabT-
poB (B 3aBUCHMMOCTH OT npecobiaafalolinX 3arps3HEHMIT) noKa3aHbl Ha ¢do-
Torpadun. AHaAMOroM 1o OJAHOMY M3 MaTepHalioB GUIBTPYIOLIETO
sneMeHTa sapnserca ounprp dupMmbel "KUBOTA Ltd." (Snmonwns), a mno
pecypcy skcrmayarauun — o¢ounsrp CTP ¢upmer "SAFE WATER SYS-
TEMS" (CUIA) — 28 M3 no pereHepauuu.

OuUabTp UMEET NMPEHMYILECTBA IO CPABHEHHIO ¢ aICOPOLIMOHHBIMH
(aKTMBMPOBAHHBIN yrojb, MOHHO-OOMEHHbIE CMOJIbI, OKMCh aJIIOMHHMA,
2JIEKTPOXMMHUYECKUMU, Ha NOJUMEPHBIX MeMOpaHax) 3a CYET CTepHANIM-
3aiMM (XOJIOMHOW M TOpsYCii), percHEpUpPyeMOCTH, IKcIiyatauuu 6¢3
pPEAreHTOB MO 3KOJOTHYECKHW YMUCTOH TeXHOJIOruu, 6e3zpazdbopHoro cnoco-
6a OYMCTKM OT MEXAaHMYECKHX NPHUMECEH, XMMHYECKOH CTOMKOCTH, Ha-
JexXHocTH M 3dbdekTuBHOCTH paboTthl. Iloce pereHepauuu GpHIALTPUPYIO-
UiMe 3J€MEHTHl BOCCTAHABJIMBAKOT CBOM cBolicTBa. IlpakTHMyecku ocyuie-
CTBJSETCH OYMCTKA OT B3BELIEHHbIX M KOJUIOMAHBIX BEWECTB, CBOOOAHOIO
OCTATOYHOIo XJjiopa, KOaryJasiHToB cyjbdata aJlOMMHHA M Xeje3a, HOHOB
THAXKEABIX METAJUIOB, YMEHbILUAECT COHEPXaHHE OPraHMYeCKUMX COCOUHEHMH
n coned xecrtkoctn. OuabTp MMeeT Takxke OaKTepUOUHMIHblEe CBOMCTBA,
obecneyuBaeT OCBeT/IEHHE M OMosmornyeckyw ouyuctky. How-know dunb-
Tpa — yAaJlleHWe MaMaTH Boabl o 3arpsasHeHusx (Kysosenko B.M., JluTt-
BuHoBa T.A. 1992 r. "HcnsitaHue ObiToBoro ¢unsrpa "xepeno" nns
KOHIMLIMOHUPOBAHMSA NMUTbEBON BOJAbl OMOMHGIOPMALIMOHHO-3HEPTETHYEC
KuM MeTogoM", JlyoHo) TexHu4Yeckas xapakKTepuCcTHKa (QUJIbTpa I1oKa3zaHa
B Tabiauie.

TexHudecknit ypoBeHb NNOKAJIBHOTO YCTpOMCTBA AN KOHAMUHOHH-
poBaHUs nuTheBoil BoAbl "KpuHuus" npubauxaercsi K 3apybexXHbIM, HO
OOCTYIMHOCTh CbIpb M DKOHOMHMYHOCTb M3rOBJICHMSI BBIFOJHO OTJIHMYAIOT
OT aHAJIOFMYHBIX THIIOB (HUILTPOB 3apyOEXKHBIX QHUPM.



TEXHUYECKHE XAPAKTEPUCTUKH

1. TIpoussoauTeNnbHOCTb (NIPH JABNEHMHM BOJOMPOBOXHON BOIBI
0,15 MIla u temneparype 20°C), n/yac  60-300

2. Temniepatypa, °C 6-60
3. PaaMepHhi: BRICOTA, IIMPHHA, MM
3.1 80x80
3.2 30x80
3.3 110x80
4. Bec, 1 no 300
Hdpyrue xapakTepuCTHKH NpHBEACHM B Tabauue.
| TABJHLA
[Tokazarenu EnyHnub HopMaTuphl Tun dunerpa
"KpuHuna"
MO CTENMEHH OYHCTKH
namepeHun| I'OCT
287482 BO3 Tun 1 Tun 11
5.1. 3anax 6an 2 OTCYT. OTCYT. OTCYT.
5.2. Bxyc 6an 2 OTCYT. OTCYT. OTCYT.
5.3. LUper rpagyc 20 15 OTCYT. OTCYT.
5.4. MyrHocTh Mr/n 1,5 5 OTCYT. OTCYT.
5.5. BaBeuieHHbIE H MKM HE HOPMHUPYIOTCS 30-140 | 30-140
KONOMAHbIE 99,95% 99,95%
YaCTHLIBI : 0,2-30 0,2-20
85-98,5% 99,5%
6.1. Xnmopuasl MT/1T 350 250 B 3aBMC. OT THINA
6.2. Cynbdarhi Mr/11 500 400 3arpA3HEHUH .
yed / 10-40%
6.3. CrpoHumit Mr/1 7 - &cw. OTCYT.
6.4. AmoMuHMit MKT/N 430-90 | 430-90 99 5 99,5
6.5. Xeneso MKT/JI 0,3 0,3 99,5 99,5
7.1. OGwee Mukpob-| xi/Mr 100 - OTCYT. OTCYT.
HOE€ KOJIMMECTBO
7.2. bakrepun Kn/n 3 0 kn 0 kn 0 xn
TPYIIMEL KHILCTHOR 100 n [ 100 M1 | 100 mx
NATIOYKU
7.3. Kunreynas 94,1%
najgoyka




7.4. 30M0THCTBII
cradwiokok

94,7%

7.5. Bupyconoru-
YECKHME MOKA3aTEeIH
3aICPXKH IOJTH-
BHpyca I,
ancopOMpOBAHHOIO
Ha OEHTOHUTE

99,0%

8. HoHBI TsDKeNnbIX
Metawios (Al, Br,
Mo, Sr, Fe, Mn,
Zn, Cu, Si, B, Pb, .
K, As) '

9. Xnop cBoGOmHbIN
MIPH COlEpXaHHHU B
BOJIE:

2,6
1,74

Mr/I

Mr/n

Menu, unHka, cBHHLA
> 50%;

apyrux < 50%;
SiO3 5-30%

99,99%

85,5-99,9%




_ FILTER "KPUHWUUA"
CERAMIC FILTER ELEMENT FOR USING
IN LOCAL WATER PREPARATION SYSTEMS

LITVINOVA Tamara Afanasievna,
"Ecofilter" Ltd.

FESKOVA Svetlana Vladimirovna,
State University"Lvov Polytechnic” Incubator-Center

The overload of water-supply systems side by side with their
satisfactory sanitary-technical condition as well, as of water-running
systems, does not permit to drive the drinking water quality to I'OCT
2874-82 requirements and to guarantee it's parasite and microbe safety.
According to specialists’ estimations, there are about 13 min. potentially
dangerous chemical substances, plus 600 new one yearly. So, there is ne-
cessity of drinking water cleaning and conditioning at small productivity
points of use to lower toxic and micro biological influence on peoples
health. '

At present paper the three-stage, three-modifications filter
"Kpnuung" TY 567M13813934.001.93, based on porous ceramics,
aluminum-* silicate glass and fire-liquid removal slags is represented. It's
intended for cleaning, conditioning and disinfecting of drinking water in
conforming with WHO requirements. The filter hygienic evaluation was
provided by organoleptic, physical and chemical, toxic and micro
biological (intestinal bacillus, virus T and others) indexes, for the most
polluted surface water sources of class I1I as well. (ITOCT 2761-84, I'urn-
€HUYECKasl OUECHKA KEPaMHUYECCKMX 3JICMEHTOB MHOFOPa3oBOr0o MCIIOAb30-
BaHHA OJI1 OYUCTKH NUTbeBOM Boabl, 1992, JITM). The concentrations of
chemical substances and water plant overgrowing possibility was determi-



ned, especially within long-term water contact. Th¢ cleaning quality
identify for warm and cold water was ascertained over odor and taste as
well, as free reminder chlorine reduction, especially for it's higher con-
centrations. Using temperature from 20°C-75°C. The filter photo for
three modifications (in accordance with predominant pollution) is shown
on picture. The analog by one of the filter element material is the filter
of Kubota Ltd. (Japan) and by life time of filter (28 cubic meter before
regeneration) is CTP filter of Safe Water Systems (USA).

Filter "Kpunuusa" has some advantages by comparing to adsorption
one (based on activated carbon, ion-exchange resins, aluminum oxide,
electrochemical processes, polymeric membranes) taking into account the
sterilization possibility (both hot and cold), ability of regeneration, rea-
gent-free exploitation by ecologically-pure technology, undismantlement
way of mechanical admixtures removal, chemical resistance, reliability
and efficiency. Filter elements restore their quality after regeneration.

Practically, filter can remove colloid and mechanical admixtures,
free reminder chlorine, coagulants — aluminum sulfate and iron sulfate,
heavy metal ions, its also decreases the content of organic substances and
hardness of water. It has the antibacterial abilities also. Filter how-now
removal of water memory about the pollution (V.M. Kyzovenko, T.A.
Litvinova. 1992. "UcneiTaHne ObiTOBOro ¢gpunaptpa "Adxepeno” mnsi KOHAU-
HHOHHPOBAHUA MNHUTLEBOM BoAbl OHMOMHDOPMALMOHHO-IHEPTETHYECKHM
metogomM”, Dubno). Filter's technical abilities are shown on Table.

Technical level of drinking water conditioning local system is
approaching to foreign one, but materials accessibility and production
economical advantages distinguish this company to foreign analogs.



TECHNICAL ABILITIES

1. Productivity (drinking water pressure 0,15 MPa and water

temperature 20°C), 1/h
2. Exploitation temperature,’C

3. Dimensions: width x height, mm

3.1
3.2
3.3

4. Weight, gE

60-300
6-60

8080
3080
110x80
< 300

- Other abilities are shown on the following table.

TABLE
Indexes Units Standarts Type of filter
"Kpunnua"
by level of cleaning
rocT
2874-82 WHO Type 1 Type 11

5.1. Odor Mark 2 Absent Absent Absent
5.2. Taste Mark 2 Absent Absent Absent
5.3. Colour Degree 20 15 Absent Absent
5.4. Muddiness mg/l 1,5 5 Absent Absent .
5.5. Colloid and micron not rated 30-140 30-140
mechanical 99,95% 99,95%
admixtures 0,2-30 0,2-20

85-98,5% 99,5%
6.1. Chlorides mg/l 350 250 Depending on
6.2. Sulfates mg/l 500 400 pollution type

10-40%

6.3. Strontium mg/1 7 - Absent Absent
6.4. Aluminum mg/l 430-90 | 430-90 99,5 99,5
6.5. Iron ug/l 0,3 0,3 99,5 99,5
7.1. Microbes, Total kl/ml 100 - Absent Absent
7.2. Bacterium ki/ml 3 0kl 0kl 0kl
(Intestinal Bacillus 100ml | 100 ml | 100 ml
group)
7.3. Intestinal 94,1%
Bacillus
7.4. Golden 94,7%
Staphylococci




7.5. Bentonite
adsorbed polyvirus I

99,0%

8. Heavy metal ions
(Al, Br, Mo, Sr, Fe,
Mn, Zn, Cu, Si, B,
Pb, K, As)

9. Free chlorine,
with content in
water:

2,6
1,74

mg/1

mg/1

Cu, Pb, Zn > 50%
other < 50%;
Si03 5-30%

99,99%

85,5-99,9%




OBE33APAKVUBAHAE U QUMCTKA BOIH [IOCPEICTBOM MOIEHOI'O MMIIYJIBECHOI'O
OIITUYECKOI'0 M3NYYEHUA

CBupumoB B.A., K.0.-M.H., HII "Sxo-Ilyabcap", PaxMauud D.A.,
I.M.H., axaljemux PAEH, MCA, una. -xopp. PAMH, Muxaitnosa P.J.,
K.M.H., C.H.c., HHAM oxojoruu 4eJjioBeKa U TUIMEHH OKpyXaiouen
cpeidd M. A. H.CucunHa PAMH, BoJjowyk C.C., akageMmuk PAH, axaleMuxk
MAH, HINO "3axo-lyawcap", 3amupuenko C.C., @ngma "[loymron",
Xoxnos H.II., K.9.-M.H., Mapkun B.H., J[leHbKkMH B.B., Bacu/besn
K.0., c.H.c. HIO "3Ko-Ilyabcap".

B HacTosimee BpeMAa  ofe33apaxvBapie BOLH B IEHTDPAJM30BaHHHX
CHCTeMaX XO03fAHNCTBEHHO-NUTLEBOI'0 BOLOCHAOKEHUA NPOBOIUTCA, B QCHOBHOM,
razoo6pas3dHeM XJ0pPOM. MCMONB30BaHKWE B KaYyeCTBe NEe3WHQEKTAHTA 030Ha M0oKa
He HallJlo WHPOKOI'0 NMpUMeHeHUA B Poccuu. BMecTe ¢ TeM, Kak XJIOpUpOBaHue,
Tax 1 030HUPOBaHUE UMENT pA0  HEeNOCTATKOB:  HeoOXOIUMOCTB
pelBapUTEJbHOA  00paboTKM  BOIH INg ~ CHUXeHUS XJIopo- WM
O30HONOIJIOWAEMOCTH, OOJIBWON DPAacX0d PEeareHTOB IpH BHCOKOM 3aI'DSA3HEHUH
QUMIAEMO BOIH, IJUTEJBHOCTb pPeakiu 006e33apa¥uBaHua (COOTBETCTBEHHO
30 ¥ 12 MUHYT), HeoOXOIUMOCTL CTPOI'Oro CoOJI0JIEHUA TEeXHMKM 0e30IacHOCTH
npu pabGoTe ¢ Oe3uHQeKTaHTaMu. HauboJee CYUWECTBEHHHEM  HEIOCTATKOM
XJIOPUPOBAHUSA ABNAETCA o0pa3oBaHue N060YHEX IPOLYKTORB -
XJOpopranuyeckux coeluHeHud (B CUIA  uzeHTuduuupyetrcd  6oJee 300
XJNOPOpPraHu4ecKuX BemecTs, B CTpaHax 4jeHax EJC - Gonee 150, B Poccuu
Ha YpOBHe HAYYHO-UCCJELOBATEJNbCKUX MHCTUTYTOB OmNpellessdeTcad okoyao 10
BHCOKOIPUOPUTETHHX  TIaJOQOpMHEX  YI'VIEBOLODOLOB) . [lpy  030HUPOBAHUU
cnelyeT OTMETHTB, YTO OHO He COIPOBOXAAETCH "KOHCEpPBUDYLUMM" 3@HEKTOM
IpM  HaAXOXIEHWX  BOLONPOBOOHOM BOIH B pPa3BOOAUWER CEeTH, OTMEYeHA
BO3MOKHOCTE 00pa30BAHNSA NMEPEKUCHHX COEIMHEHMA (OopMaJbIeruia.

B CBA3M C YKal3aHHBM HaMy paspaboTaH HOBHYU CIOc00 o0ea3apaknBaHUA
KaK IMTbEeBHX, TaK ¥ CTOYHHEX BOI TMOCPEICTBOM MOWHOT'O OINTUYECKOTO
U3JiydyeHds. [Ipyd UCIHOJIb30BaHUKM JAHHOTO crnocofa o6paboTKM BOIH OTMEYAETCH
HECKOJIbKO BUJIOB 3QQEKTOB, OCHOBHBMU M3 KOTODHX ABJANTCA: UINYYEHUE B
BHIVMOM 00JIACTH CIEKTpa, JIOKAJbHHH HMIYJNbCHEI DPA30TPEB, TepMOYNPYTHE.
MEXaHNYEeCKUe  HalpAKEHUsd, Mpi  3TOM  CTeMNeHb IPO3PAvYHOCTH 1
06CEMEHEHHOCTY OQ4YUWLAEMON BOJIH CYWECTBEHHO He BJMAKNT HA 3QQPEKTUBHOCTH
00e33apaxuBaHus.

JKCIIepUMEeHTANbHEE HCCJeI0BaHNidA IIpoBeIeHH Ha CTEeHIOBON
OTIHTHO-TIPDOMHILJIEHHOX YCTAHOBKE ngonaggﬂHTeﬂbHooTbm 29 M /CYTKM IIpH
nojave UMNYyJbCOB HJUTENBHOCTBI 3, 3X10 C C HHTepBaJoM 12-30 ¢ #
NOTPEONAEMO!  OJIEKTPUYECKOR MowHOoCcTBR 0,3 KBT. YpOBHM HHULMAJNBHOIO
3aUDASHEHNA, BHOCUMETO B  BOIONPOBOJHYD BOZY, COCTaBJANU: o

KoJu-uHAeKcy 10°-10 BFKg/n,a caJibMoHeanaM - 10° KJi/N,  KJOCTDUIUAM -
10 kn/a,  koJymdaram - 10°~10° BOE/;, BHUpPYCY [NONUOMUENUTa - [0
1gTOU,_ . /MJ. CTO4YHHE  BOOH  NTALEQAOPUKM ¥ HMHOEKLMOHHOM GOAEHMuy
COIephAM 6UONOrMYECKOe aarggaﬂegne B KOHUeHTpauuax: OMY - _10°-10
RI/MI,  ROMM-MHIEKC  ~ 10°-10° BrHKI/N, — ca/lbMOHeMH -, 105 Ka/a,
CUHETHOWHas Najodka, - 10°-10° ka/u, 9HTEPOKOKKY - 10 -10"  ka/m,
kmoctpuouy - 10°-10 KJ/1, xomgary - 10°-10° BOE/n, Bupyc

noyuoMuesuTa - 3, 5-3,8 lgTﬂuso/Mn, IMCTH JAMOMMEA - 8-30 3K3/J, SAlla
I'eJIBMAHTOB - 8-17 3K3/1.

Pe3yyjbTaTh UCCJENOBAHUNA TOKA3aJd, 4vTO B 000MX CJydasx NOCTUTaJCH
BHCOKHA ofezzapaxuBaoumit a@PexT, ofecrnedMBapbliMif B TIepBoM  CcJayyae
COOTBETCTBME  00pabOTaHHOM  BOAM II0 BCEM M3Y4YEHHEM [OKalaTessM
TUTYEHUYECKUM TPEOOBAHUAM AN MUTHEBOA BOOH. 06padoTAHHBE CTOYHHE BOH
COOTBETCTBOBaJM TpeGoBaHUAM CaHllMHa 4630-88 "OXpaHA MOBEPXHOCTHHX BOJ
OT 3arpas3HeHud”. KpoMe ofesszapaxupapmero 3@dexTa mpd o6paGoTKe CTOYHHX
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BOJI OTMeYaJioch CHUXeHWe BesuuuHH BIIK ¥ colepkaHus B3BelleBHHX 4acTull.

Jif 3KCIpecCc-TOKCUKOQJIOTUYECKOH OLIEHKH MOWHOI'0  ONTHYECKOI'0
U3JNYYeHHsl NpoBeJeHO OMOTEeCTUPOBaHME HCXONHEX U 00paloTaHHHX BOL C
nomompn I'uIpo0MOHTOB (HadHuMM) M B TecTe 3JfMca (Ha Ky/abType Salmonella
thyphimurium). Pe3ysbTaTH  GMOTECTUPOBAHMA  ITO3BOJIMIM HCKJNYUTD
BO3MOXHOCTE ITDOTEKAHUA HETraTHMBHHX MPOLECCOB Tpa’copMalUW ¥ IIOKa3asu,
yTo o06pafoTaHHas BoOJa UMeJia MEHblYy® TOKCUYHOCTb JLid JnafuHuit 1o
CPABHEHWO C HKCXOZHOW, a I[pd HaJMuud cJafoft MyTAreHHORM aKTUBHOCTH
UCXOIHOR BOIM IIOCHeIHAA CHUMaJach B Ipouecce 06paloTKH.

Pe3yabTaThH NPOBEIEHHHX  UCCJISNOBAHUW  [I03BOJSNT NeperTa. K
NPOMBIUJIEHHEM MCIHTAHUAM, B CBfA3M C YEM paspalboTaHH 4, NPHHUMIMAJIBHBX
THIIa YCTAHOBOK MPOU3BOIUTENBHOCTBR 0T 100 mo 4000 M/ CYTKH: ILIs
ofe33apakuBaHUA U OUMCTKM ONTHYECKM TMPO3pavyHol BOOHOW cpelH, IJd
00paboTKM HEZOCTATOYHO OYMIEHHHX BOX (ONTUYECKH cJab0o INPO3payHHX) C
JOMOJHUTENbHEM ~ YCUJIEHUEM DpalJIoXeHUs OpTaHU4eCKUX 3arpA3HeHui 3a cyer
BBejleHnd B ofpafaThHBaeMy® BOLY T['a3006pa3HOr0 OKUCIUTEeNs (Halpumep,
BO3JYyXa). B HacTosllee BpeMsa 0QopMJIsgeTcd 6 NAaTEeHTOB HA 3TU YCTAHOBKU.



WATER DISINFECTION AND TREATMENT BY MEANS OF POWERFUL PULSIVE
OPTIC RADIATION

Sviridov V.A., c¢.p.-m.s., Sclentific-industrial complex,
"Eco-Pulcsar", Rakhmanin, Yu.A., d.m.s., Academician of RANS,
[SA, Corresgonding Member of RAMS, Mikhailova R.I., c.m.s.,
Kyrianova L.F., A.N. Sysin Research Institute of Human Ecology
and Environmental Health, RAMS, Voloshchuk S.S., Academician of
RAS, Academiciam, Zamidchenko 3.3., "Poligon" firm, Khokhlov
N.P., c¢.p.-m.s., Markin V.N., Denkin V.V., Vasiliev K.Yu.,
Scientific-industrial complex, "Eco-Pulcsar".

At present, water in the centralized domestic and drinking
supply systems is disinfected mainly by gaseous chlorine. The
use of ozone as disinfectant has not found wide application 1in
Russia yet. However, bhoth chlorination and ozonization have
several disadvantages: the need for previous water treatment to
reduce chlorine or ozone absorption, considerable reagent
consumption at high contaminatlon of water bein% treated,
substantial duration of disinfection reactions (30 and 12
minutes, respectively), the necessity of observing stringent
safety measures when handling disinfectants. The most
pronounced drawback of chlorination is formation of by products
- chlororganic compounds (more than 300 organochlorides are
identified in USA, more than 150 - in EEC-member states, and
about 10 haloform hydrocarbons of prior concern are identified
in Russia at the 1level of research Institutions). It 1is
pertinent to note that the process of ozonization is not
attended with "conservation" effect related to water 1n the
supply network resulting in plausible generation of
formaldehyde.

In this connection, we have developed a new method to disinfect
both drinkin% water and wastewater by means of high-intensive
optic radlation. When agplying the given water treatment
technigue certain effects have been noted, the main ones are as
follows: radlation 1In the visible spectrum; local pulsed
warming up. thermoelastic mechanic stresses while degree of
transparency and contamination of water under treatment has
litle impact ‘on the efficiency of the disinfection process.

The experiment was carried out using a pilot indugtrial

Installation; the capacity of the unit reached 25 m’/day,

duration of pulses - 3,3 x 107" S with an interval of 12-30 &S,

electric power consumption - 0,3 KW. The levels of initial

%?ntamlnatlon Introduced 1into water made up the following
gures:

intestinal bacteria by coli-index: 10%-10°/1;

salmonella: 10°/1;

Sulfite-reducipg bacteria: 10%/1;

Coliphages: 10°-10"/ PFU (plague-forming)/1l; unit
Poliomyelitis virus: up to 2 1g CTDSO/m (cytotoxic dose).

The levels of wastewater contamination from powltry farm and
isolation hospitals comprised, the following flgures:

Total miorobicsnum er: 10°-10" col/ml;

Coli-index: 10,-10% of Intestinal bacteria/l;

salmonella: 10° col/mi;
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Pseudomonada Aerggenpsa: 10%-10° col/1;
Enteroooocus:r}O —;O col/1;
Clostridia: 1‘03—106 col/1;
Coliphages: 10°-10" PFU/I;
Poliomyelitis virus: 3.5-3.8 1lg CTDSO/ml;
Lamblia cysts: 8-30/1;
Helminths eggs: 8-17/1.

The results of the studies showed that in both cases a high
disinfection effect was achieved, while in the first case the
treated water the hygienic requirements for drinking water by
every stidied index. The treated surface wastewater was
consistent with 4630-88 SanPiN (Sanitary Rules and Norms)
requirements Surface Water Protection from Contamination"). In
addition to disinfection effect in the process of wastewater
treatment, a reduction in the values of BOD and 1n the content
of suspended matter were observed.

In an effort to carry out express toxicologic evaluation of
high-intensive o%tio radiation, initial and treated water had
been tested with the help of hydrobionts (daphnia) and by Ames
test (Salmonella thyphimurium). The results of blotesting made
it possible to exclude possible negative transformation
rocesses and also demonstrated that the treated water was less
oxic for daphnia compared to 1nitial water. No mutagenic
activity was found after treatment, though certain activity
existed In initial water.

The results of the studies conducted allowed us to proceed to
industrial tests, and 4 types of installation have been already
dgveloped. Their working capaclity varies from 100 to 4000
m* /day and they are intended for disinfection and treatment of
optical = transparent water and also for treatment of
Insufficiently purified water (not  enough  transparent
optically) with additional decomposition of organic pollutants
due to the introduction of gaseous oxidant (e.g., air) into the
water being treated. At the moment, 6 patents have been applied
for these installations.



HAYYHO-METOIOMYECKHME OCHOBH FHF%%%%%%%%%H OUEHKY BHTOBBX BOJOOUMCTHBIX

PaxMaHuH 0.A., nA.M.H., akxajzemuk PAEH, MCA, uji.-kopp.  PAMH,
Muxaitnosa P.U., K.M.H., ¢.H.c., HuppdHoma Jl.®., HUU 3SKOJOrMM YeslOBEKAa
WM TUI'MeHH okpyxapueid cpend uM. A.H.CecuHa PAMH, Macawoxos A.Il., I.X.H.,
4n. -kopp. PHAH, A/0 "METTaM"

Hay4Ho-MeTOIMYECKIE OCHOBH MUrMeHH4eCKOoM OLIEHKH OHTOBHX
BOJOOYMCTHHX YCTPOICTB BKJWYAKT ONpelesieHHe NPHOPUTETHHX I'MIMEHMYECKUX
TgeGOBannﬁ K HHNM, BHfABJEHMe 006JacTell MX NPaKTHYECKOI'0 NIPUMEHEHMS,
0G0CHOBAHHE YCJIOBMA HX BCECTOPO HEro  I'UI'MEHHYEeCKOr'0  HCIHTAHUSA
(TECTUPOBAHMA) M - HEOOXONMMOW  HODMATHMBHOM  LOKYMEHTALMK 10 UX
CepTUOUKAIMM.

OCHOBHBEMHU MY EeHUHECKUMU TpeOGOoBaHUAMK, [penbABJAEMEMU K CHTOBHM
BOOOOHYMCTHEM YCTpOUCTBAM, SHBJANTCH:

- ofecneuenye OJAONPUATHHX OPraHONMENITHUYECKUX CBOWCTB BOJH;

- BHCOKass (OoJjiee 50-80%) 5OPEeKTUBHOCTb  HOOYMCTKM  BOJOH  OT
3arpsi3HeHdd XUMUUYECKUMU BelecTBaMi (10 NpakTU4YecKU MMOJIHOTO YIAJeHUS
UM 10 rapaHTUPOBaAHHON 06eCNEeYeHHOCTH IUI'MeHUYeCKUMX HOPMATHUBOB, B TOM
yucse [0 KOMIJIEKCHEM  [IOKA3aTesdM  COJepaHusi  OTHOENbHRX  [RYMNI
3arpa3HuTesielt) NpU OTCYTCTBUM HEIaTHBHHX XapAKTEDMCTHK [0 pesyibTaTaM
9KCIIPECC-TOKCUKONOIMYECKO  OUeHKM W AJbTepHaTUBHHX W3MeHeHWA 1o
NMOKa3aTeJaM 3UIeMUYecKoil 6e30IaCHOCTH:

- - ofecne4yeHue abcoJOTHOR IMUAEMUYECKONR 0e30acHOCTH - [0
04KTEPUOJIOIMUECKUM, BUDPYCOJIOTUYECKUM ¥ TAPA3UTOJOTHYECKHM ITOKA3aTEJAM
J1 YCTPOUCTB, MNpeIHA3HAYEHHHX OAA 00e33apasxuBaHus IMTHEBOR BOIH;

- HaJlexHoe ofecleyeHrde YKa3aHHHX BHUlE MNapaMeTpoB Ha [OpOTAXEHWU
Bcero pecypca paboTH BOROOYHCTHOI'O YCTPOHCTBA;

~ BO3MOXHOCTb PA3JENBHOR YTUMM3AUMKM QUABTPYOUMX U KOHCTPYRIMOHHEIX
MaTepHranos.

Ins Kaxnoro BOJOOHYUCTHOI'0 YCTPORCTBA NOJKHH ONPEleJaThcd 06JaCThb
€ro TNPaKkTU4YeCKOr'o MNPUMEHEeHUs (IIOBCEMeCTHO WJM  pPeTMOHAJbHO,  OAA
BPEMEHHBX ~ OKCTDeMaJ/IbHhX  CUTyaUMH WM JOAf  (QYHKLUMOHMPOBAHMA Ha
NIOCTOAHHOW OCHOBE, JJA LEHTPAJU30B HHEX BOIOIPOBOJOB WM INA  JOOHX
MCTOYHMKOB BOROCHAOKEHMHA, JJIA ONHOKPATHOT'0 ~ WM MHOI'OKPATHOT'O €ro
UCII0Ib30BAHUS C pereHepauyed PUIbTDYWUMX MATEPHaJsOB), a TaKkKe KPUTepuu
MCUYepIIaHus pecypca ero rapaHTHpPOBaHHON N0 KayecTBY paloTh, CIOCOGH 3K
JIOTHYEeCKH 0e30MacHOH YTHIM3auuyd oTpaboTaBuMX GUALTDYOUMX 3JEMEHTOB.

OCHOBHHIMM NOKYMEHTaMH, OIpefeAnliMi BO3MOKHOCTb [IPOM3BOACTBA U
npolaxy OHTOBHX BOIOOYUCTUTENE! HACEeNeHUw, SBJANTCH:

-~ I'HT'MEHWYEeCKHN CepTHQUKAT, BHIABAEMHR ['OCYNAPCTBEHHHM KOMUTETOM
CAHATAPHO-3NMAEMUOJIOTHYECKOT0 Han3opa PP Ha OCHOBAHMM OQMUMAAJBHOIO
[MCbMa-3alpoca OopraHu3aldyd-NIPOU3BOIUTENA (BJaJesbla), oQULMANBHOTO
0OTYETa O PEe3yJbTATAX BCECTOPOHHEIr'0 WCHHTAHUS BOLOOYHUCTHHX YCTDPONCTB B
AKKDEIMTOBAHHOM [N 3TUX MCCNEROBAHW!  TUTI'MEeHUYECKOM  YUPEeXIEeHHH,
FHI'MeHUYEeCKOr'0  34KJIWYEeHMA  PYKOBOOUTENd KCCJENOBaHUH, TEeXHUUECKUX
yeqoBu#  (TY) Ha [OpPOU3BOACTBO  BOLOOUMCTUTENEI, COTVIACOBAHHHX C
FMT'MEHUYECKON opraHu3auuefl, OTBETCTBEHHOM 3a pe3yJbTaTH UCIONTAHMUIM;

=~ CepTHQUKAT COOTBETCTBUS, BHIABaeMH)l = opraHaMmM [OCCTaHIapTa
Poccuy, oTIpe e Ianli COOTBETCTBUE YCTPOMCTBA  I'MI'MEHUYECKOMY
CepTUQUKATY, MOPALOK BHOOPOYHOT'0 KOHTPOJA BONOOYMCTHRX YCTDOHCTB B
pogecce MX . MDOM3BOACTBA, COOTBETCTBHE BOLOOUMCTHHX YCTPOMCTB KHHM
TPeOOBAHUAM  ([O¥Apo-, 9JEKTpo-, 3KOOE30MaCHOCTM M Jp.), a Takke
NOPSAAOK CepTUdUKALMKY NPOM3BOACTBA BOJLOOYUCTHTENEH.
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B pecypCHBHX UCHOHTAHMAX MAJA OUeHKM 3QPeKTUBHOCTH DAGOTH OMNHTHHX
06pa3loB BOLOOYMCTHHX YCTDPOMCTB HCCJEJOBAHMA MPOBOJATCH HA KOHKDPETHHX
HATUBHHX BoJax (IJd pervoHaJbHHX BOJOOYUCTUTENIeHl) UMK Ha MOJeJbHHX
BOJAX C pa3/MYHHMKM BUJAMM MCKYCCTBEHHO BHOCHMOT'O XUMHYECKOTO H
OUOJOTUYECKOr0 3arpA3HeHus (AN YHUBEDCAJbHHX BOLOOYUCTUTEJER).

Ins OUeHKH o0e33apaxuBanliero NeACTBUSA YHUBEpPCaNbHHX
BOLOOUYUCTUTERNEH, MpeljaraeMbx IOJA JOOYWCTKM BOJOIPOBOJHOX BOIH B
HACeJIeHHHX MecTax Poccuiickon ®enepauuu # cTpaH CHI', MUCXOIHHE YPOBHHU
faKkTepuaNbHOro, BUPYCHOTO ~ ¥  IIapasUTapHOro 33aPRaBHeHMH. TOJIKHE
cocTaBJATb: 10 OMY - 10 KJA/MJI, KOJM-MHAEKCY - 10° BIKIL/J, KJIOCTPUIUAM
- JEeCATKH KJI/J, caJbMOHeJ/ulaM - eIWMHWUH KJETOK B JMTpe, Komdaram - 10
BOE/ 1, 9HTepoBUpycaM - 1-10 BUPHOHOB/J, IWMcTaM JaamOuuil, dRUaMm
I'eJIBMUHTOB, OOLMCTaM KPUMTOCIOPUIMA - eIMHUUM B JIATPE.

B pecypcHHX UCTIHTaHUAX YHIBEDCaJbHBX BOLOOUUCTUTERNEH,
IpeIHA3HAYEHHHX  HJA  I[OJYYEeHMS IUTBEeBOX BOOH HENOCPEeICTBEHHO U3
BOJOMCTOYHUKOB HA YKAB3aHHHX TEppUTOpPUAX, OHOJIOTUYECKUE 3arpA3HeHUs
BHOCATCA B MCXOIHYD (MOJENbHYO) BOLY B CJESINYWIMX KOHLUEHTpauuax:. OMY -
10% KJ/MJ, GaKTeggu TPYTME KAWEUHON NaJouKy (KoJm-uHgexkc) - 10° Ka/J,
canbMOHesMmE, - 10% xa/n,  Kompary - 10° BOE/N, sHTepoBMpYyCH - 2-3 1g
TUO, . /M7, afua TeJbMUHTOB, LUCTH JIAMOJUA, OOLMCTH KPUITOCIOpUIME - 10

aK37 Y.

VIcXO[HHE YPOBHHU XUMUYECKOT'0 3arpA3HeHUs  OPTaHUYEeCKUMH U
HeOpraHWYeCcKUMM KOMIIOHEHTaMl BHOCATCS B MOJEJBHYK BOLY B KOHIIEHTpAIUAX
Ha  ypoBHe He MeHee 2 I[IIK 0O KaxgoMy BellecTBY (IIpU HKCIHTAHUK
perdoHafbHHX BONOOYUCTUTENER  IJIA  JOOYMCTKH  BOJOINPOBOIOHON  BOZIH
IONIyCKaeTCs BHECeHUWe 3arps3HeHud no ypoBHa 1 [IOK) u 10 MK (mpu
OYUCTKE BOLH BOAOUCTOYHUKOB) .

I co3naHusA 3arpA3HeHUs MOLeJBHHX BOA UCIOJB3YWTCA CJelywolye
CpelH U peareHTH : XO03AHCTBEHHO-OHTOBHE CTOYHHE BOIH, CYCIEH3us
CYTOUYHO? KYJbTYPH 2-X WTAMMOB caJibMoHeJ1 (S.Derbi. S. Enteritides),
CBEeXeBHILJICHHAA  KYJbTypa  CUHETHOWHOM  IMAaJIOMKH, BaKIMHHEN BUPYC
HoauoMueanTa I Tuna (wramm LS 2aB); PHK-codepxaumpe KoJu-dary (WTamm
MS-2), B3BeChb HKU3HECIOCOOHHX LMCT JaaMbiuit (L. intestinalis), siina
ackapun (A. lumbricoides), o0o0UMCTH Kpuntocrnopuiuil (Cryptosporidium
parvum); XJopo@opM, (EeHOJ, CMecCh B UYETHPEXXJIODUCTOM yrJepoAe GeH3oJa,
M300KTaHa, IeToJia, CHHTEeTHYecKoe Mowpliee CpeACcTBO Tuma "Kpucrtasa",
OeH3 (a)NMpeH, porop, JIMHJaH, AMMOHMH renTaMosuOJoHAT, 6opHas KHUCJOTA,
Kammid MapraHUeBOKUCJBE, KaJuil [JBYXDOMOBOKWUCJIBM, KaJud  GpPOMUCTHIA;
HUTPAT KaaMmus, 0apus, UMHKA ¥ CBUHLUA; XJIOPUL HUKEJs, DTYTH, KobalbTa i
MeIu; cyabdaT asioMUHUA, X¥eJel3a; OKCUI MHUbAKA.



SCIENTIFIC -~ METHODOLOGICAL BASES FOR HYGIENIC ASSESSMENT OF
DOMESTIC WATER TREATMENT DEVICES

Rakhmanin Yu.A., d.m.s., Academician of  RANS, ISA,
Corresponding Member of RAMS, Mikhailova R.I., c.m.s.,
Kyrianova L.F., A.N. Sysin Research Institute of Human Ecology

and Environmental Health, RAMS, Masloukov A.P., d.c.s., corr.
member of RPAS, Joint-stock company "METTAM"

Scientific-methodological bases of hydienic assessment of
domestic water treatment supplies envisage 1dentification of
%riority hygienic requirements to them, revealing areas of
heir use in practice, substantiation of conditions for their
comprehensive and hydlenic trial (testing) and the necessary
requlatory documentation on their sertification.

The major hyglenic requirements to domestic water treatment
supplies are as follows:
- ensuring favorable organoleptic water properties;

- high (more than 50-80%) effectiveness of water Ere—treatment
from chemical pollutants (until they are practically completely
removed or until a guaranteed ensuring of the maintenance of
hydienic standards, according to integral indices of content of
individual groups of pollutants included), negative
characteristics according to results of rapid toxicological
assessment and alternative changes in the indices of epidemic
safety belng absent;

- ensuring complete epldemic safety according to
bacteriological, virological and parasitological parameters for
devices meant for drinking water decontamination;

-reliable maintenance of  the mentioned above period of
functioning of the water treatment device;

- the possibility of separate utilization of the filtering and
constructing materials.

For each water treatment device the area of 1ts practical use
(everywhere or 1in certain reglons, for temporary extreme
situations or for continuous functionin%. for centralized
pipe-lines or for any sources of water supply, for single or
repeated use of the device with regeneration of filtering
materials), as well as criteria for the exhaust of the resource
of 1ts guaranteed qualitative functioning, means  of
ecologically safe utilizatlon of the worked-out filtering
elements should be determined.

The principal  documents  determining the possibility of
%roduction and celling of domestic water treatment supplies to
he population are as follows:

- hygienic certificate 1issued by the State Committee of
Sanitary and Epidemiological Survelllance of RF on the basis of
an official inquiry letter from the producing organization
(owner), an official regort on the results of a comprehensive
testing of water treatment supplies at the accredited for those
studies hygienic institution, hydienic conclusion of the chief
investigator, technical conditions (TC) for the production of
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water treatment device coordinated with the hydienic
organization responsible for testing results; '

- compliance certificate 1ssued by Russian State Standard
bodies, which determines the compliance of the device with the
hy%ienic certificate, the procedure of selective monitoring of
water (treatment su%plies in the process of thelr production,
compllance of water treatment device with other requirements
(fire-, electro-proof, ecological safety etc.), as well as the
procedure of certification of water treatment supplies
production. - :

To assess the efficlency of trial samples of water treatment
supplies studies are carrled out usin% concrete negative waters
(for regional water treatment supplies) or model waters with
different Kkinds of artificially introduced «chemical and
biological pollutants (for universal water treatment devices).

To assess the decontaminating effect of universal water
treatment devices proposed for pre-treatment of tag water 1in
residential areas of the Russian Federation and UIS countries,
the 1nitial levels of Dbacterial, viral and parasitolo%ig
contamination should be _as follows: according to TMC - 10

cells/ml, Coli-index - 10° BGEC/1, Clostridia - dozens of

cells/1, Salmonellae - a :few cells per 1, coliphages - 10

PFU/1, -enteroviruses - 1-10 virions per 1, lamblia cysts,

??%minths eggs, Cryptosporidia oocysts -~ several ones per
re.

In resources testing of universal water treatment supplies
meant for the production of drinking water directly from water
sources, on the indicated territories, biological contaminants
are introduced into the gnitlal (model) water in theefollowing
concentrations: TMC, - 10° cells/ml, coli-index -10° BGEC/1,
Salmonellae - 10°  cells/], ooli-%hages - 10% PFU/L,
enteroviruses - 2-3 l% CTDSO/m ,  helminth eggs, lamblia cysts,
cryptosporidia oocysts -°"-10° u/l. '

The initial 1levels of chemical pollution with organic and
inorganic components are introduced into the model water in
concentations not less than 2 MACs for each substance (testing
re%lonal water treatment devices for the pre-treatment of ta
water, 1t is possible to introduce contaminants up to the leve
of 1 MA?) and 10 MACs (for the treatment of water from water
sources).

The following media and reagents are used to create
contamination of model water: utility - domestic wastes,
g4-hour culture susgension of two sitrains of Salmonellae
(S.Derbi,  S.Enteritides), freshly 1solated culture of
Pseudomonas aeruginosa, attenuated strain of poliomyelitis,
RNA-contalning coli-phages (strain MS-2), viable lamblia cysts
suspension (L.intertinalus), Ascarides eggs (A.Lumbricaides),
Cryptosporidia oocysts; chloroform, phenol, a mixture of
benzene, 1sooctane, cetole In tetracarbochloride, synthetic
detergent of the "Crystal" type, benz(a)pyrene, rogor, lindane,
arsenic oxide, %otassium permanganate, potassium bichromate,
potassium bromate; cadmium, barium and zink, lead nitrates;
nickel, mercury, cobalt and copper chlorides; aluminum, iron
sulphates; boric acid. |



SKCMPECC-KOHTPONb QCTATOYHOIO CBOBOLHOI'0 XNMOPA B IIMTBEBOA BOIE
JIOMVHECLIEHTHBIM METOIOM

MuwyTud B.A., K.T.H., C.H.C., BoeHHas axkaleMus XUMAYECKOW 3aAWUTH
(BAX3) uM. Mapwana K.C.TumoweHko, E.H.¥cneHcku#, K.X.H., AHIIL,
Mywkud U.A., O.T.H., Tnpod., (BAX3), - Paxmanus D.A., I.M.H.,
akazeMuk PAEH, MCA, un.-KRopp. PAMH, Muxapgjosa P.JM., K.M.H.,
C.H.C., Puxopa U.H., K.M.H., C.H.c., HU{ 3KoJOTMY YenoBeKa U
IUTCMEHH OKpyXapued cpeln UM. A.H. CHcuHa PAMH

B HacTosllee BpeMd B KayecTse Ie3UHOEKTaHTOB AJd o0e33apakiBaHKs
BOIH B CHCTEeMax UEeHTPaIM30BaHHOT0 X03ANCTBEHHO-IUTLERBOTQ
BOZIOCHA.0XEHUA, B  OCHOBHOM,  HCIOJb3YyWTCA  Ia3000pasHell  XJMop
XJopcolepkamie COeNUHEHUA (XJIopHass M3BeCTb, IUIOXJIODUTH, XJOPAMUHH,
JBYOKHMCh  XJiopa), B CBA3M C YeM AaKTyaJbHHM SABJAETCA paapaboTka
annapaTypHeX (3KCIOPECCHHX) METOJOB KOHTPOJR B  BOKE  OCTATOYHOI'O
AKTUBHOI'O (CBOﬁOﬂHOPOSXﬂODa), CoZlepkaHre KOTOpOI'o perylaMeHTUpPYyeTcd B
npedenax 0,2-0,5 Mr/aM° B COOTBETCTBHM C peKoMeHzalusmp B03 (6) X
TpedoBaHuaMM [OCKOMCaHsMmUAHan30pa PO (5).

B COOTBETCTBMM C KOHBepcued PoccuM paspaloTaH ¥ 3alaTEHTOBAaH B
1991 r. (3) NOpPTATUBHHA 3JKCIIpeC-aHaJM3aTOp, COIEPKAHUA OCTATOYHOI'O
CBOOONHOTO AKTUBHOI'O XJOpa, IPUHIMI JeHCTBUA KOTOPOI'0 OCHOB4H Ha
PUBUKO-XMMAYECKOM BO3MYWEHNM CONPAKSHHON CHCTEMH HA OCHOBE JIOMHHOJNA C
nocheyplle perucTpalieil MakcuMyMa ee XeMUJOMHHecUeHuuyu (1, 2, 4).

Hgmﬁop uMeeT rabapuTH 280x220X70 MM, Maccy 3,5 KI', [OUTaHUe OT
ceT® 220 B, 50 'l uAM OT_ AaKKyMyJsiTopa HanpskeHueM  10-24 B,
norpebngeMasd  MomHOCT, 7 BT M I03BOJHET IPOBOAUTH ONpeleJieHUe
HENOCpPeICTBEHHO HA 00beKTaX KOHTpPOJA. MeToIuka oIpeleJieHUs OCTATOYHOIO
cBOOOHOrG XJiopa B [MTHEBOM BOAe ¢ MOOMOWBKD paspaloTaHHOTO Npudopa
aTTECTOBaHa. :

C Uesbl BHABJIEHUST 0COGEHHOCTER U IIPEUMYUECTB NpelJsaraeMoro MeTola
NpoBeNeHa ero CpaBHUTeJbHAad OUEeHKA C CYWeCTBYOUMMKA TUTPOMETPUUYECKUMU
MeToZaMd KoHTposs 10 [OCT’y 18190-72 (C METHJIOBEM OpAHKEBHM) U
JS0-7393/1-85 (c N.N gmuotun-1,4 OQeHUNEHINAMUHOM). CCJieIOBaHUA
[POBOAUJMCH Ha Tpofax OTCTOEHHOM BOJONPOBOIHOM BOJAH C pPA3JMYHLM
COonepkaHieM TUIOXNOPUTA HATpUA B uanasoHe oT 0,2 mo 1,2 mr Cl, /T,

Pe3ysbTaTH HUCCNeNOBAHUI NOKA3aJd, YTO [0 CEeNeKTUBHOCTH, TOYHOCTH
M YYBCTBUTENLHOCTU pa3paboTaHHad MeTONUKA He YCTYNaeT TPaIULMOHHO
IPUMEHACSMEIM HODMH  TOTPEWHOCTH  ONpeflleNleHud  COCTABJANT 2-4 %,

MUHUMAJBHO ~orNpejefdeMas  KOHUEHTpammd - 0,03  Mr/IM°,  JManasoH
M3MEepSAeMEX  KOHUEeHTpauu#t - 0,03-1,2 Mr/IM° B TOpUCYTCTBUM IpPYI'UX
NpUMeceli OpraHUYecKON U HeOpTaHWdYeckKod NpUpoAH. BmecTe ¢ TeM, K ee
NpeumMyliecTeaM  HeoOXONMMO  OTHECTHU: HCTPOTY aHaymsa (3-5 MuH),

OpaHUYEeHHOe KOJMMYEeCTBO peareHToB (4Ba),  BO3MOXHOCTb  [IpOBEJEHUS]
HEIIOCPeNCTBEHHOI'0  KOHTPOJA Ha 00beKTaX, OOBeKTHBHOCTBb MOJYYaEMBIX
pe3ysbTaToOB NOCKOJbKY aHaiu3 Ipo6 MNpoBOOUTCH Ha 1npufope, NPUAIMI
IERCTBHA KOTOPOT'0 OCHOBAH HA ABTOMATHYECKON DErUCTpalud JIOMUHECLEHIUY
PEAKUMOHHON CMECH B MOMEHT CMelWeHHs peaKTHUBa M IPOGH.

B Hacrosumee BpeMda BelyTcsd pabOTH M0 CO3LaHMD NPOTOYHOA KWBETH IJA
BO3MOXHOT'0 IOAKJOYEHHUA TPHOoPa K CHCTEMAM MOHUTOPHMHIA TEXHONOIMYECKUX
poueccoB o0paboTKM M TpaHCNOPTa BOZH, [0 MOZMQUKAIMA ee ¢ LeJbb
gg§n8$ECHoro onpeleneHus pAla IOPYrux (HamnpuMep, ©eHOJOB) XMMUYECKUX

eCTB.
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| RAPID CONTROL OF RESIDUAL FREE CHLORINE IN DRINKIN WATER USING
LUMINESCENCE METHOQD :
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At present mostly gaseous chlorine and chlor-containing
compounds  (hypochloride lime, hypochlorites, chloramines,
chlorine, dioxine) are used as disinfectants for water
decontamination in centralized utility and drinking water
supply systems, therefore it 1s urgent to develog apparatus
(rapid) method to monitor residual active freg chlorine, the
con%ent of which should be within 0.2-0.5 mg/dm®> in accordance
with WHO recommendations (3) and requirements of the State
Committee of Sanitary-Epidemiclogical Survelllance of the
Russian Federation (5).

Within the framework of the conversion plan 1n Russia a
portable rapid analyser of the content of residual free active
chlorine has been developed and a patent has been taken out for
it in 1993 (2). The principle of functioning of the anallser is
based on the ghysico—chemlcal disturbance of the conJjugate
system on the basis of luminol, followed by registration of the
maximum of its hemiluminescence (1, 4, 6).

The size of the equipment is 280x220x70 mm, the mass - 3-5 kg,
supply-line voltage - 220 V, 50 Hz or accumulator voltage -
10-24 V, power consumption - 7 W. It allows to make the
analysis right at the site of monitoring. The method of
residual free chlorine determination in drinking water using
the mentioned above equipment has been certified.

To 1dentlly the peculiarities and advantages of the proposed
method a comparative assessment has been carried out of the
latter with the existing titrimetric monitorin me thod
according to GOST 18190-72 (State Standard) - with methyl
orange, and JS0-7393/183 . (with N.N diethyl-1,4
phenyl-endiaminon). The studies were conducted using samples of
settled tap water with different levels of sodium hypochlorite
in the range of 0.2-1.2 mg Clz/g.

Results of studies have shown, that as far as the selectivity,
accuracy and sensitivity are concerned, the %ro osed method 1is
no worse than the traditionally used ones: detection errors are
2-4%, the minimal determined concentration is 0.03 mg/dm®, the
range of measured concentrations - 0.03-1.2 mg/dm’® in the
presence of other admixtures of organic and inor%anic origin.
Alongside with that, among the advanta%es oI the proposed
method are the foolowing ones: short duration of the procedure
(3-5 min.), a limlted number of reagents two, the posibility to
carry out the monitorin% directly at the sites, the objectivity
of the obtained results since samples are analyzed by the
equipment the mechanism of which 1s based on the automatic
recording of luminescence of the reactive mixture-at the moment



of mixing the reagent with the sample.

At present the work is being done on the development of a
running-water dish for the posible connection of the e?ulpment
to monltoring systems of echnological processes of water
treatment and transportation, and-on its modification with the
aim to rapidly determine a number of other chemicals (e.d.
phenols).
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:FMFMEHHQECKAH KJIACCUOMKALINA ~ KAYECTBA _ BOJH PAS/IMYHBIX BUIOB
BOIOMONB30BAHUA  IJA 3K8ﬁ%5%&%%HOFO BEACTBMA © YPEIBHYAMHBIX

PaxmanuH 0.A., IO.M.H., akagemMuk PAEH, MCA, 4na.-kopp. PAMH,
Tanaesa 0.T'., n.M.H., npod., HIN sKojoruM 4yesipBexa ¥ TUI'MEHH
okpyxabmedt cpein (3Wul'0C) uM. A.H.ChcuHa PAMH, PomaHenko H.A.,
I.M.H., qn.—xopﬁ. PAEH, MWHcTHTYT naBaBHTonornn WU TPOIMAYECKOHN
MeJUIMHN uM. E.J. MapuyHoBckoro I'KC3H P®, Yeckuc A.B., I.T.H.,
YyJa. -Kopp. PHAH, BHWWctaupapTusauuy, Muxainosa P.U., K.M.H.,
C.H.C., HMMSMI'OC uM. A.H.CeicuHa PAMH.

B OCHOBY KJacCHUQUKALMM KAYeCTBa NUTHEBOR BOAH UM BOJOMCTOYHHKOB
[IUTLEBOTO M  pEKpealMOHHOT'O  HA3HA4YeHUd  [OJIOXeHH TP  YPOBHA
SKOJIOTUYECKOR XapaKTepUCTUKU TEpPpUTOpPUM (YIOBJIETBODUTEJILHAA CHUTYyalud,
ype3BHYaHAaA DJKOJOIMYECKAd CUTYalMs ¥ JKOJIOrMYeckoe OelCcTBHUe) M 4 BUza
noxasatesel (MUKpoOHOE ¥ XMMUYECKOe 3arpdAs3HeHue, Hamuue Boa3bymuresei
napasuTapHeX 60Jie3Hell ¥ MUKO30B YeJIOBEKa).

B KadecTBe nokasaTesen KayecTBa BOIH [I0  peayJabTaTam
MUKDOOMOJIOTUYECKOD aHalM3a YYATHBaWTCH  HaJM4yie MM OTCYTCTBUE
[MATOI'@HHHX  MUKPOOPT'aHU3MOB (B030yIOUTENMM  XOJEpH, OpouHOIro TUda,
napatudoB, IOU3EHTEPUM, BUPYCHOI'O I'eNaTUTa A, [IOJHMOMUEJMTa M JPYTHUX
0aKTepHaJbHEX ¥ BUPYCHHX WUHOEKUW, nepelaplixXcd BOIHBM IIYTeM), YPOBHU
3arps3HeHys BOINH CAHUTADHO-NIOKA3aTeNbHOM MUKPOQJIOpOR  (KONM-HMHIEKC -
KOCBEHHHH [I0OKa3aTesib SMUIEMUYecKOd 0e30MACHOCTM BOOH B OTHOWEHWH
6aRT?pnaanux MHPexIM#;, KoJuparu - noxkasaTeNb BHPYCHOI'0 3arps3HeHud
BOJH) .

KayecTBO BOIH pu YROBNIeTBOPUTENBHON CUTYalUUHU LOJIKHO
COOTBETCTBOBATH TpeOOBaHUAM Poccuiickoro BOJHO-CAHUTAPHOI'0
3akoHonatrenpcTBa - (IOCT'H u CaulluH’s ¥ Ap.), uTo ofecneduBacT
IMUAEMAYECKY 0e30N1acHOCTh BOJH LS IMTHEBHX M PEKPEaUMOHHHX ILleJel.
Ype3BHYAKHOK SKONOTUYECKOH CUTYalluy COOTBETCTBYeT .0OHAapykeHWe B BOIe
Bo3OymuTenell MHQEKIMOHHHX 3a00JIeBaHul OAKTEPHANLHON M (MJM) BHUPYCHOM
NPYUPOAH TIpM  TMPOUEHTE IOJNOXUTENbHEX I[po6 -~ He Oosee 10. [lpu TakoMm
ngBHe 3arpdA3HeHUss yxe MOI'yT OTMedaThes cayday 3ab0/ieBaHMil HaCeJseHHusd,
OOyCJIOBJIEHHHE BOJHHM IYTEM [epelayd HMHOGEKUMM, OIHAKO elle BO3MOXHH
MeponpuaTHs, ofeclieynBapiuye O0e30MacCHOCTE IMTLEBONO  BOIOCHAOKEHUA,
HanpuMep, I[IyTeM WCMOJb30BaHUS MHIMBUIYAJBHHX OYMCTHHX YCTpOHCTB. [lpH
0oJiee BHCOKMX YPOBHSX MUKPOGHOIO 3arpA3HeHHss BOJONOTPeGJeHHEe [OJIKHO
UCKJNYATBCA IOJHOCTBY B LEJAX NpelynpexleHuWs MAcCOBHX SIMAEMHRt, W
HaceJieHHe DOJKHO OHTL O6ecle4YeHO MPUBOIHON MUTbLEBOR BOZoH Tgeﬁyemoro
Ka4ecTBa WM LOJIKHO OHTbL 3BAKYMPOBAHO M3 30HH 3KOJOPMYECKOro OGelCTBUS.

CaHMTapHO-TMI'MEHNYeCcKas OLEHKA  ONACHOCTHM 3arpsA3HEHUA MUTheBOR
BOLH ¥ MCTOYHHKOB IMTHLEBOIO BOJOCHAOKEHMA XUMUYECKMMU BelleCcTBaMu
NPOBONUTCA MO [IOKA3ATEJNAM COIepkKaHUA TOKCUYECKUX BeWecTB MEPBOIO
Kjacca ONacHOCTH (Ype3BHYAMHO ONacHHe BewecTsa - Oepululidl, pTYTh,
OeH3(a)MipeH, IUOKCHUH M Jp. ). BEUWECTB BTOPOI'0 KJACCA ONACHOCTH (BHCOKO
ONacHue BeWecTBa - aJIOMMHMA, MBWBAK, HUTPUTH, CBUHEL, UMAHHAH X Hp. ).
[loMMMO  OCHOBHHX  [IOKa3aTesJell  UMeNTCH JOMOJHUTEJbHHE: COAepXaHUe
TOKCUYECKHX BeUlleCTB TPETbero M 4eTBEepTOr'0 KJACCOB OMACHOCTH (OMNACHHE U
YMEDEHHO OINacHHE - aMMOHWH, HHUKesab, HUTPATH, XpOM, Melp, (EeHOJH,
HeQTENPOAYKTH K JAp.). B RONONHUTENBHHE [IOKA34Tedd BXOOAT  TaKKe
QU3KKO-XUMUYeCKNEe CBoWMCTBA (pH, BIIK, XIK # pacTBODEHHBII KUGIOPOR) u
OPraHOJIeNTHYeCKNe XapaKTePUCTHUKH (3amax, NpuUBKYC, [NaBapiie IPUMECH).

[IpyHIMI KNaCCHQUKAIMM BOJHBX OOBEKTOB MO XUMHUYECKOMY 3arpAsHEeHHN
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TOT %€, 4YT0O W IpU  OLEeHKe  MMKPOOHOrO 3arpsA3HeHWA: B 30HE
YVIOBJETBOPUTENLHON CUTYaAlMHd CONEp¥aHME XUMMYSCKUX COEIUHEHHE JOJIKHO
HaXOIUTBCA B ngeuenax 'MTMeHUYeCKUX HOPMATUBOB (IIpeleJibHO-I0IIYCTUMBIX
KOHLIEHTpaLuit) . 30HE YPEe3BHYAKHOW 5KOJOTHUYECKON CHUTyalUud OOMyCTHMO
CcolepkaHne TOKCHUYECKUX BeWEeCTRB I1epBOr'0 KJacca ONacHoCTH He foJee 2-3
[IIK, TOKCHYECKUX BelleCTB BTOpPOI'0 KJjacca - He O6oJee 5-10 I[IK u
TpeTbero,  4YeTBEpPTOro  KJaccoB - He Oojee 10-15 T[IOK. K 30He
SKOJOTUYECKOT0 NCTBUA  OTHOCATCH ~ TEeppUTOpUM, THe  XUMUYecKoe
3arpA3HeHUe BOJH BelecTBaMyU IepBOr0 Kjacca ONACHOCTH mpebniaeT 3 [IK,
BTOporo Knacca 6osee 10 [IIK u TpeTbero, u4eTrBepToro - OGosee 15 IIIK.
CTelleHb ONACHOCTH 3arpA3HeHuMs BOINOHMCTOYHMKOB I[MTBHEBOI'0 HA3HAYEHWS
OLEHUBAETCA C YYETOM BJUAHMSA MOPOI'0OBOA KOHUEHTDAUMK BEHWEeCTB  Ha
CAHUTApHHM  pPEeXMM  BOLOEMOB M OapbepHoit  CMNOCOOGHOCTH HUCIOAb3YeMoi
TEXHOJIOTUUECKOR CXeMH BOJOOYMCTKH.

B rurueHu4ecKyn KJacCUPUKALMO BOIE MPUMEHUTEJIBHO K IIOHATUAM 30H
SK0JIOTUYECKOT0 OedCTBUST ¥ YPE3BHYANHOR  CUTYalMM BXOIAT TakKe
[I0Ka3aTeJi ONacHOCTH 3arpsA3HeHus [UTbeBOX BOIH ¥ BOJOMCTOYHWKOB
IUTBEBOI'0 HA3HAYEHUS BO3OYIUTEJAMU [apasuTapHHX GoJie3Heit ¥ MUKO30B
yeJioBeka. OLEHKY ONACHOCTM IUTBbEBOW BOZLH IPOBOIAT C Y4YETOM KUIEYHHX
NMATOTEHHHX NPOCTeHUMX: LUCT JNAMOMMM, IM3eHTepUAHHX aMel, OaJaHTUIui,
KPUNTOCTIOPUIVH; reoreJIbMUHTORB: AUIL ackapun, BJIACOIIABOB,
TPUXOCTPOHI' UL 6uoreJbMUHTOB: AU TEHUUI U AKTUHOMUIIET.
Knaccudukaluusa  [penycMaTpuBaeT  IOJIHOe OTCYTCTBHUE BO30yIuTENER
napasuTapHHX  OoJle3Heldl M MUKO30B YeJoBeKa Ipd  YIOBJETBOPHTEJLHOM
CUTYyalMy Ha TEPpUTOpPUM. B 30HE UYpe3BHYANHON SKOJOTMYECKOM CUTYalldd B
MUTBEBON M DPEKPeallMOHHOA BOJe YPOBEHb KUUWieYHHX [MATOTEHHHX MNPOCTeHlnX
He IoJmkeH OpeBowaTs 100 B 1 /1, TeoleJbMUHTOB - He Oojee 5 B I,
OUOTEJbMUHTOB ~ He 60Jee 10 B JI, AKTUHOMUILET - He 6oJiee 10 THC. B J.
BoJlee BHCOKME NOKasaTeJW [apasuTapHOIo aargﬂaneﬂnﬂ BOJH XapaKTepUu3yoT
TEPPUTOPU, T[Ie HUMEET MeCTO 3KoJorndyeckoe OelCTBHE.

3aKJUeHue 0  CTelNeHM  CaHWTAPHO-3KOJOTMYECKOr'o HebJaronoJydus
MOXeT OHTb CIeJaHO Ha OCHOBAHMU CTabUIBHOI'0 COXPAHEHHS HeraTHBHHX
3HAYEHUH OCHOBHHX IIOKAa3aTeNell KauyecTBa BOJH B TeEYEHHE HOCTATOYHO
NJUTEJBHOT'O Nepuolla (He MeHee ojHoro roza). I[IpM 5TOM, Kak IpaBuJo,
OTKJIOHEHWE OT HOPMATHMBHHX BeJWYMH JOJIKHO HAOJOIATHLCH [0 HECKOJBKUM
KPUTEPUAM, 3a HCKJNWYEeHWEM 3arpsa3HeHUs BOJOWCTOYHMKOB U IUTHEBOR BOJIH
[ATOI'EHHBIMY MHKDOOPT'aHM3MaMyl M BO30YIUTENAMM TApA3UTAPHHX 3a00JIeBaHUI,
a4 Takke 0C000 TOKCHYHBMM (Ype3BHYAMHO ONACHHMM ) BelWeCcTBaMd, Korja
3aKkjpdeHde 0 Helaaromoay4yud MoxeT OHTb CHEJIGHO Ha OCHOBAHUM OJHOTO
KPUTEPUs.



GIENIC CLASSIFICATION OF THE QUALITY OF WATER OF DIFFERENT
%gp%g OF WATER USE FOR ECOLOGICAL DISASTER AND EMERGENCY

SITUATIONS

Rakhmanin Yu.A., d.m.s., Academiclan of RANS, I5A,
Corresponding Member of RAMS, Talaeva Yu.G. d.m.s., prof., A.N.
Sysin Besearch Institute of Human Ecology and_ Environmental
Health, (RIHEEH), RAMS, Romanenko N.A., d.m.s, E.I.Martinovsky
Institute of Medical Parasitology and Troglcal Medicine, SCSES
RF, Cheskis A.B., d.t.s., correspond n§ member of RANS,
All-Union Research Institute of Standardization, Mikhallova
R.I., c.m.s., RIHEEH, RAMS

Three levels of ecological characteristics of the territory
(satisfactory situation, emergency ecological situation and
ecological disaster) and 4 types of indices (microbic and
chemical contamination, resence of pathogens of parasitic
diseases and human mycoses) have been laid as the basis for the
classification of drinking water quality and water sources for
drinking and recreation purposes.

As indicators of water quality according to microbiological
analysis results the presence or absence of pathogenic
microorganisms are taken into account (pathogens of cholera,
typhoid fever, paratypholds, dysentery, viral hepatitis A,
poliomyelitis and of other bacterial and viral Iinfections
transmitted via water), levels of water contamination with

sanitary-indicative microflora (coli-index - an Indirect
Indicator of epidemic water safety with respect to bacterial
infections, coliphages - an indicator of viral water
contamination).

Water quality 1n case of a satisfactory situation should meet
the requirements of the Russian Water Sanitary Leéislation
(GOSTs - State Standards and SanPiNs - Sanitary Rules and
Standards, ets.), which ensures epedemic water safety for
drinking and recreation purposes. Detectlon of pathogens of
infectious diseases of bacterial and (or) viral origin with the
percentage of positive samples not exceeding 10 correcponds to
an emergency ecological situation. With such a level of
contamination cases of morbidity of the population may already
be observed caused by infection transmission via  water,
however, 1t 1s still possible to take measures ensurin§
drinking water supply safety, for example, using individua

water treatment equipment. With higher 1levels of microbic
contamination water use should be completely excluded to
prevent mass epidemics, and the population should be provided
with drinking water of the apgropriate quality brought from
somewhere else, or should be evacuated from the zone of
ecological disaster.

Sanitary-hygienic assessment of the danger of drinkinhg water
and drinking water sources chemical contamination is made
aocordin% to Indices of content of toxic substances belonging
to the rirst class of danger (extremely dangerous substances -
perillium, mercury, benzo(a)pyrene, dioxine ets.), substances
of the second class of danger (highly toxic substances -
aluminum, arsenic, nitrites, lead, cyanldes, etc.). Besides the
maln indices there are additional ones: content of toxic
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substances of the third and fourth classes of danger (dangerous
and moderately dangerous - ammonium, nickel, nitrates,
chromium, copper, phenols, petroleum products etc.). Additional
indices also include physico-chemical properties (pH, BOD, COD
and dissolved oxygen) and organoleptic characteristics (odour,
taste, floating admixtures).

The principle of classification of water objects according to
chemical Dpollution 1is the same as -according to microbic
contamination: in the zone of a satisfactory situation the
content of chemical compounds should be within the 1limit of
hygienic standards (maximum allowable concentrations). In the
zone of an emergency ecological situation the content of toxic
substances of the first class o0of danger on the level not
exceeding 10-15 MACs 1is permitted. Territories where chemical
contamination of water with compounds of the first class of
danger exceeds 3 MACs, of the second class - 10 MACs and of the
third, fourth - exceeds 15 MACs belong to the 2zone of
ecological disaster.

The degree of danger of contamination of Water sources used for
drinking purposes is assessed with an account for the Influence
of the threshold concentration of substances on the sanitary
regimen of water reservoirs and the barrier ability of the used
technolodical water treatment scheme.

Hygienic water classification pertaining to the mnotions of
ecological disaster and emergency situatiuon also includes
indicators of danger of contamination of drinking water and
water sources for drinking purposes with athogens of
parasitogenic diseases and mycoses in humans. rinking water
~danger 1s assessed taking into consideration enteric pathogenic
protozoa: lamblia cysts, dysenteric amebae, balantidiae,
cryptosporidiae;, geohelminths: eggs of ascarides, Trichuris
trichiurae, Trichostrongylus; biohelminths: - Taenia and
Actinomyces eggs. The classification envisages a complete
absence of pathogens of parasitogenic diseases and mycoses in
humans in a satisfactory situation on the territory. In the
zone of an emergency ecological situation the level of enteric
pathogenio protozoa in drinking and recreation water should not
exceed 100 in 1 1, of geohelminths - not more than 5, of
blohelminths - not more than 10, of actinomyces - not more than
10 thousand. Higher values of parasitologic water contamination
endices characterize a territory with an ecological disaster.

A conclusion on the degree of sanitary - ecological trouble can
be drawn on the basils of stable persistence of negative values
of the main indices of water quality throughout a sufficiently
long period of time (not less than a year). As a rule,
deviations from standards should be observed in a number of
criteria, with the excegtion of water sources and drinking
water contamination wit pathogenic microorganisms and
parasitogenic diseases pathogens, as well as with most toxic
(extremely dangerous) substances, in which case a conclusion on

the unfavorable situation can be drawn on the bases of a single
criterion. .



KJIACCUOUKALAA BAPHLEPHOR POJIM COOPYREHMA BOZIONPOBOIHBX CTAHUMA B
OTHOWEHMM OCHOBHBIX BMOJIOI'MYECKUX ¥ XUMUYECKUX 3AIPASHEHUM

Muxainaosa P.U., K.M.H., C.H.C., PaxMaHuH D.A., IO.M.H., akaleMuk
PAEH, MCA, ua.-Kopp. PAMH, HemauuH A.E., K.M.H., C.H.C.,
Kapmosa E.A., K.M.H., cC.H.c., ®umunmnosa A.K., K.M.H., C.H.C.,
HAM 3KOJIOTMHM YeJIOBEeKa M THIHeHH  OKpyxawuwed cpelld MM. A.H. ChicuHA

PAMH

, O6wenpuHsATad B Poccuiickor degepanmy BoxooOpaboTKa B CHCTEMAX
LUeHTPaJM30BAHHOIO BOLNQCHAGKEHUA HAaCEJEHHHX MECT BKJYaeT NEPBUYHOE
0OTCTaWBaHWe, KoaryJdalub, OTcTauBaHue, QuibTpaimmo X 06e33apakuBaHKe
rasoo6pasHeM  XJOpOM. COpOUMOHHME, OKHCJIHTENbHO-COPOLMOHHEE MEeTOXH
OUMCTKH U ob6e33apaxuBaHMe IOCPEICTBOM 030HMPOBAHHUA HCIOJbL3YHNTCH Ha
eIVHWYHHX BOJOMpoBOoAaX. IlloA3eMHHe BOIH NOJAnLTCA, Kak npasBuno, 0es
BCAKOK 00paboTKM MAKM TOJBKO NOCJE UX IHe3UHQEKINH XJOpOM.

B pesyJbTaTe U3ydyeHUs OapbepHOM pOJM BOJOOYUCTHHX COOPYKEHHA
UeHTPaJM30BaHHHX  CUCTEM  BOLOCHAOXEHUHA, - HgoseneHHoe HAN 9akosoruu
yeJloBeKa M TI'MI'MeHH OKpykapued cpeid UM. A.H.CecuHa PAMH Ha mnpuMepe
ropofoB  MOCKBH, CapaToBa, AcTpaxaHu, JIeHMHCKaA. M pdAla IpYTrux,
paszpafoTaHa KaaccUPUKAlLMS [OKasaTejiell KayecTBa BOOH N0 3QdPeKTUBHOCTH
ee OYMCTKM Ha BOIONPOBOAHHX CTaHLHMAX.

BOJH

Tabmmua. Knaccudurauus [I0Ka3aTeJsei Ka4yecTBA o

3QPeKTUBHOCTH OYHUCTKH Ha BOJIOIPOBOJHHX CTAHLHAX

P PEKTUBHOCGCTHSD OYUCTHKH

BrCOKAadA OTcyTCTBUE YXynueHue

oMY

YMepeHHadA

OKuCcNAeMoCTh |[CoJieBOR coCTABR | AIOMUHHA

KoJM-uHLeKe
CanbMoHeJJIH
A#ua respMuH~
TOB

HdcTe asamOnuit
LIBETHOCTB
MyTHOCTB
BeH3 (a) nuped

Kesieso
Mapraleny
He(TenpodyKTH
CIIAB

BupycH
Koyu-daru
KJocTpuluu
(CYyJIBQUTPRLY-
oMpywoupe

TAxesHe MeTaJlllk
[lokaszaTea Kop-
PO3UOHHOR aK-
TUBHOCTH
A30TCoepxalye
COelVHEeHUA
PaJMOHYKJIU N
®pakuuy LB-
MOJIEKYJI

QCTaATOYHHH XJOD
TpuranomeTass #
Ipyriie raJjoreH-
coepxauye yr-
JIeBOJOPOIH
ToxcHYyHOCTEL LA
I'napo6MOHTOB
PopMasbICI U]
MyTareHsas ak-
TUBHOCTD

Kak BUIHO U3 TabauLH,

110

GeH3 (a) MpeHy) .

H, B 0cCO

€HHOCTH,

CYUWleCTBEHHO YyXyIUaTbCiA.

YmepeHHast 30PEKTUBHOCTL OYMCTHU XapakTepHa I HeQTelpOoIyKTOB,

IIOKa3aTelIfAM,

CUHTETHHECKHUX [IOBEPXHOCTHO-aKTHUBHEX BelecTB

PacTBOPEHHOI'O ¥eJjie3da W Mapranua,
KJOCTPHINA U BHDPYCOB.

UBETHOCTH

BHCOKaA 3QOeKTUBHOCTL O4YMCTKH, MOOCTHUIawlasd
OTZeJbHEM MokazaTesaM Oojee 99, 9% U obecrieyuBapuas,
co0JbleHUe TUTHeHUYeCKUX TpeboBaHui,
¥ 1apasuTOJOTHYECKUM
COLEPX¥aHUK B BOLe TOMUIMKIMYSCKUX apPOMATHYECKUX YIJIEBROLOPOLOB
BMecTe C TeM IpU UMELUUX MecTo
TpedyeMHX gemnmos KoaryapoBaHus U 00e33apaXuBaHus BOAH 3THU TOKA3ATEJH

NIOKA3aTeNM LBETHOCTH ¥ NapasuToNoIM4YecKue MoryT

(CIIAB)

KaK TpaBujIo,
OTMEYAETCA 110 OAKTEPHOJIOTHUECKUM
¥ MYTHOCTH BOJH,

OTKJOHeHUuAX oT

U OKUCJIAEMOCTH

a TakKke cyJb@uTpelyurpyouux
[locnennne B HACToAlee BpeMA NPHOOPETanT 0C060
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BAXHOE 3HAYeHUE HEe TOJBKO B CBA3UM ¢ MHTEHCHUBHEM pPOCTOM BUPYCHOI'O
3arpsi3HeHHs OTKDHTHX BOLOEMOB, HO M C UX HElOCPENCTBEHHHM HeraTHBHEM
BO3NEHCTBHEM Ha 3L0pOBbe HacesJeHud. [lpo6remMa BHUPYCHOI'O 3arpsA3HeHud
IMTHeBOM  BOOH  LEHTPAJU30BAHHHX  CHCTEeM  BOJOCHaOkeHusa mpuobpena
CEPbE3HYD AKTYAJbHOCTD.

IpaKTHYECKH TPAHIUTOM MPOXOAST BOJONPOBOJHHE COOPYKEHHS Takue
3arpA3HUTENM KaKk  TAKeJHe  MeTajuli,  a30TCOAEpHAWNe  COeIMHEHWs,
DAIMOHYKJMAH, HEM3MEHHHM OCTAeTCA M OCHOBHOR COJeBOM COCTaB. Jaf
TIOBHIEHWS HAIEKHOCTM BOJOOYMCTKM B OTHOUWEHHM 3TOR I'pYNIH I0Ka3aTeJei
TPeOYOTCS cHelralbHEe MeTOIH OUMCTKU - COpOLMOHHHE,
OKHUCJMTEJEHO~COPOLMOHHHE, & NIpY HeOoO6XOMUMOCTY ¥ METOIH ONpecHEHWS.

YeTBepTas Ipylna  IoKasaTeseidl  NopoxAaeTcd B OCHOBHOM CaMuUMA
IpolleccaMy BOJOOYMCTKU W CBA3aHA C YXYIUIEHHEM KavecTBa MCXOIHOX BOJH
M0 COJEPXaHMO AJOMHHUA ([IPY KOATryJMPOBAHWM BOIH), AKTHBHOI'O XJIODa,
TPUTAJOMETEHOB M JAPYIUX  TaJOTeHcolepkalX  yDJeBOIOpOLOB  (IpH
XJIOPMPOBaHUM BOIH), (QopMasbleruiia (Npy o030HUPOBAHWM BOIH), A& Takxe ¢
BO3MOXHHM - YXYIIEHHEM TIO NOKA3ATEJAM ee TOKCUYHOCTU IJf TMADOGHOHTOB N
CYMMApHO! ~ MYTAI'€HHOX  QKTUBHOCTH,  OTpaXapuMM  CJIOXHEE  MHpPOLECCH
TpaHCQOpMALMK - XMMUYECKUX  3arpA3HALUMX =~ BemeCcTB IpHM  OUUCTKE U
obe3zapaxuBaHUM BOJH HA BOLONPOBOJHHX COOpPYkeHMAX. HauboJiee BamHEM AJd
3TOM TPYINH I[OKalaTeJel ABJAAETCA UHIMBUIYAJbHHR MOAG0D TEXHOJOIMYEeCKOR
CXEMH M pexuMa 00pab0oTK¥ BOIOH Ha KOHKPETHO! BOJAOMPOBOIHON CTAHLMU C
YyYeTOM KayecTBa UCXOIOHON BOZH ¥ BpEMEHM TIola.

V3yyeHne OapbepHOd poJ TPaIMUMOHHHX TEXHOJNOTMM BOJOIOITOTOBKM HA
npuMepe  LeHTPaJM30BaHHEX CHCTEM BOLOCHAOKEHUA pAla TOpOJOB [0 TEYEHHD
p.Boaru (r.r. MockBa, CapaToB, ACTpaxaHb) IIOKA3aJ0, UTO CYUECTBYbUME
BOLOQYUCTHHE coogymeﬂnﬂ ofecneuuBaloT A0CTATOYHO dPOEKTUBHYW OUUCTKY IO
MYyTHOCTH (41-87%), UBETHOCTH (30-57%), COLEPXAHHO TIOJULMKJIMNYSCKUX
agomaanecxnx yryaeBonoponoB (45-50%), OaKTepHOJIOMMYEeCKUM I0Ka3aTeJaM
(99,99%). BMecTe C TeM, II0Ka3aHO, YTO JOCTATOYHAS 3QOEKTHUBHOCTB IO
BUPYCHOMY 3aI'DA3HEHUI TPaIMLMOHHON TEeXHOJOI'M BOIOOYUCTKM NOCTUTAETCHA
JUlIb TIPM HU3KOM YPOBHE COJEepHAHUS KOJMQAroB B PeyHOH Bojle - He Bojee 9
BOE/J. YCTaHOBJIEHO, YTO IIpd 06paboTKe BOAH KOA'yJAHTOM B L03€ 5 MI/J 4
MeHee (Qaru ¥ BHPYCH INpPOXOAT uepe3 0Oapbep OUMCTHHX = COOPYXEHMI.
BoNONMOArOTOBKA [NpaKTUYeCKM He Ooulllana BOLY OT OCHOBHHX MeTaJljioB
(MPOLEHT DETeHLMH TAKEJHX MeTasioB I ¥ II KJacca OMacHOCTH INpPH pacyeTe
COIep¥aHUs KX II0 . KOMIUJIGKCHOMY IIOKa3aTeJlo He [peBHmWan 10-15%) u
IPUBOIUNE K DE3KOMY YXYIWEHHO Ka4yecTBa BOOH, 06paloTaHHO# XJOpoM, IO
I'aJIOQOPMHEM COEJIMHEHHSAM, OCOOEHHO B BeCEHHEe-JIETHHUH Iepuol. KOMIJIeKCHH
NIOKasaTesNb CONEpRARUA TaJoQOpMHHX  COeJMHEHM! B  NOUTHEROX  BOIE
I'. ACTpaxaHyu B MepuoJ HaOM0IEHUdA MpEBHlia] PEKOMEHIYeMyD BeJuuuHy (<1) B
2,3-6 pas, uUTO KOPPeJHpOBAJO C Haubosee BHCOKOW CYMMAapHOA MyTareHHOH
AKTUBHOCTBK [MTHEBOW BOIM I'. ACTPaxXaHH BO BCeX BApPUAHTAX OIKHTA.

PaszpaboTaHHas BHIle Kjaccudukalus 03BOJIIET He TOJIbKO HAIlIPaBJIEHHO
OCYUEeCTBNATL CHCTEMYy MOHUTODMHI'® 3a KA4YeCTBOM IIMTHEBOR BOJH "
MOIUQUIMPOBATL TEXHOJOTUYECKUe [IpoecCH B CHCTEMAX LEHTPaJU30BaHHOI'O
X03AUCTBEHHO~TIUTHEBOI'O BOJOCHAOKEHMS HACEJEHHHX MECT, HO U, B
ONpELEJIEHHOR Mepe, ABJAAETCA OCHOBOM IJA M3y4YeHUs BJMAHUA NUTHEBOM BOJH
Ha 3JI0pOBbe HACEJIEHUS, a TaKke LeJieHalpaBJeHHOR paapaﬁoTKM W BHeJpeHud
OHTOBHX BOJ0OYMCTHHX YCTPOUCTB C YYeTOM OGUMX XapaKTePUCTUK KayecTBa
IMTHLEBOR BOOH B CTpaHe WM ee peruoHaJbHEX 0COOEHHOCTEN.



FICATION OF THE BARRIER ROLE OF WATERWORKS FACILITIES
%%%aséESPECT TO THE MAJOR BIOLOGICAL AND CHEMICAL CONTAMINANTS

Mikhailova R.I., c.m.s., Rakhmanin Yu.A., d.m.s., Academiclan
of RANS. 1ISA. Corresponding Member of RAMS, Nedachin A.E.,
c.m.s., HKarpova E.A., c.c.s., Filippova A.K., c¢.m.s., A N.
Sysin Research Institute of Human Ecology and Environmental

Health, RAMS

The commonly used in the Russian Federatlon water treatment 1n
the centralized water supply systems of -residentlal areas
includes initial settling, coagulation, settling, filtration
and decontamination with ~gaseous chlorine.  Sorption,
oxidation-sorption methods of treatment and decontamination Dy
ozonation are used in a few water glpe—lines. Underground
waters usually %et to the waterworks without any pretreatment
or following only disinfection by chlorine. u

As result of studies of the barrier role of water treatment
facilities of centralized waterworks systems carried out at
A.N.Sysin Research Institute of Human Ecology and Environmental
Health, RAMS in Moscow, Saratov, -Astrakhan, Leninsk and a
number of other cities, a classification of water quality
indices has been developed according to the efficiency of water
treatment at waterworks.

Table. Classification of water quallity indices according to the
treatment of water at waterworks.

Treatment efficien
High Moderate Absence Impairment
T™™MC Water oxldation{Mineral compo-|Aluminum
Coli-index susceptibility |sition , Residual chlo-
Salmonellae Iron corrosive ac- |rine
Helminths e%gs Manganese tivity indices|Trihalomethanes
Lamblla cysis |Petroleum pro- {Nitrogen -con-|and other halo-
-{Calour ducts with SAS [taining gen-containing
Turbidity Viruses compounds hydrocarbons
Benzo(a)pyrene|Coli-phages Radionucleids |Toxicity for
Clostridium DV molecules |hydrobionts
(sulfite-redu- |fractions Formaldehyde
cing) _ Mutagenic acti-
vity

As 1s evident from -the table, high treatment efficiency,
reaching more than 99.9% according to individual indices, and
ensuring, as a rule, meeting hyflenic requirements, is observed
In Dbacteriological and parasitologic 1indices, c¢olour and
turbidity of water, surface-active substances and polycyclic
hydrocarbons (according to benzo(a)pyrene) content 1in water.
Alongside with that, 1n case of deviations from the required
regimes of coagulation and decontamination which sometimes take
place, these indices, and especially colour and parasitologic
indices, may be significantly impaired.
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ate efficiency of water treatment 1s characteristic of
gg%?g?gum productg. synthetic surface-active substances (SAS)
and water oxidizability, dissolved iron and manganese, as well
as sulfite - reducing clostridium and viruses. The latter are
gaining special importance today not only due to an intensive
growth of viral contamination of open water reservoirs, but
also due to their direct negative influence on the health of
the population. The problem of drinking water viral
contamination in centralized water supply systems has Dbecome
extremely urgent.

Such contaminants as_ heavy metals, nitrogen-containing
compounds, radionuclelds practically pass as fransit goods
through water pipe-line facilities, the basic mineral
composition also being unchaged. To increase the reliabllity of
water treatment with respect to this %roup of indices special
treatment methods - sorption, oxidation-sorption, and 1if
necessary, desalination techniques are required.

The fourth group of indices is formed mainly by water treatment
rocesses _themselves and 1s associated with the impairment of
%he initial water quality with respect to aluminum (in the
process of water coagulation), active chlorine, trihalomethanes
and other halogen-containing hydrocarbons ( in the process of
water chlorination), formaldehyde (in_ the process of water
ozonaniton), as well as with the possible impalrment according
to the 1indicators of 1ts toxiclity for hydrobionts and total
mutagenic activity reflecting complex processes of chemical
pollutants transformation in the process of water treatment and
decontamination at waterworks facilities. The most important
for this group of parameters is an individual approach to the
cholce of the tecnnological scheme and regimen of water
treatment at a given waterworks with an account for the initial
water quality and season.

Studies of the barrier role of the traditional technologies of
water pretreatment carried out on the basis of the centralized
water supply systems in a number of cities alon% the Volga
river (Moscow, Saratov, Astrakhan) have shown, that the exiting
water treatment plants ensure a sufficiently effective
treatment as far as turbidity is-concerned (41-87%), for colour
- 30-57%, polycyclic aromatic hydrocarbons content - 45-50%,
bacteriological parameters - 99, 9%. Alongside with that, it has
been shown that adequate effectiveness for the viral
contamination can be achieved using the traditional water
treatment technology only in case of a low level of coli-phages
In rivers - not more than 9 PFU/1. It has been revealed,  that
in the process of water treatment with a coagulant in the dose
of 5 mg/l and less phages and viruses pass through the
treatment facilities barrier. Water treatment practically did
not remove the main metals (retension percentage of heavy
metals of the I and II classes of danger did not exceed 10-15 %
when calculated according to the Integral index) and caused
dramatic impairment of the 8uality of chlorine treated water
with respect to halocompounds, especially in spring and summer.
The integral index of halocompounds in the drinking water of
Astrakhan during the observation eriod exceeded the
recommended value (<1) 2-3 times fold, which correlated with
the highest total mutagenic activity of drinking water in
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Astrakhan in all variants of the experiment.

The mentioned above classification makes 1t %ossible not only
to systematically monitor Qrinkin% water quality and to modify
technological grooesses in cenftralized systems of utllitg -~
domestic and drinking water sugﬁly'in ‘residential areas, but
also, to a certain degree, 1s the hasls for studying the effect
of drinking water on the health of the population, as well as
for the development and application of domestic water treatment
devices taking into account general characteristics of drinking
water quality in the country or its regional peculiarities.



OBE33APAKMBAHUE MHOULIMPOBAHHBIX CTOYHBIX BOL, COIEPHAIMX
MUKOBAKTEPUM TYBEPKYJIE3A, METOIOM T'AMMA-OBJIYYEHWA

Tanaesa D.T., O.M.H., Tpod., Paxmanud D.A., A.M.H., aKafemux
PAEH, MCA, 4n.-¥opp. PAMH, JoHepbsu JI.T., X.M.H., HUM sKoJOTMM
yeJIOBEKa W TUTMEeHH okpyxabiuiel cpeln uM. A.H.CucuHa PAMH, AHMKMH
B.A., K.M.H., UHUM TyGepkyJesa

B COBpPEMEHHHX YCJIOBUAX Npobiema NPOTUBO3MUAEMIIECKO 6€30IacHOCTH
CHCTEM BONOCHAGKEHUS M BOLOOTBENEHUA npuofperaeT Bce (oJiee aKTyallbHOE
3HayYeHue. OmHMM M3 [yTedl  peweHHs ee  dABndeTcd  3PdeKTUBHOE
o6e33apakuBaHie 3NMUIEMUYECKH ONNACHHX CTOYHHX BOZ MHOEKIMOHHHX O6OJILHUIL,
MSACOKOMOMHATOB, MOPEeANPUATUA MUKPOOUOJOIMYECKON MPOMBIUIEHHOCTH ¥ T. I.

Il o6e33apaxuBaHus TaKUX CTOKOB - HaMu HCIIOJB30BAaJaCh
pafuou30TONHAd TIaMMa-yCTAHOBKA C UCTOYHUKOM U3NYUYEHUR U3 PALUCHYKIUILA
Co-60 ¢ AaKTUBHOCTBO 2,43 KKU ¥ JJMHOE  3JIGKTPO-MArHUTHEX  BOJH
0,011-0,0017 MKM. PexOMeHZalUMeld K IPUMEHEHUD YKa3aHHOI'O MeToja IJd
Je3HDEKIMY CTOYHHX BOX fABAAETCA codeTaHue OWOUMIHON >OPEKTUBHOCTH
rammMa-Jydeffl ¢ HX BBHCOKOW NpOHUKapmedl cnocobHoCTbH. C TUT'MEeHH4eCKOR
TOYKKU 3peHus MeTol 00e33apaxMBAHUS CTOUHHX BOL Oe30MaceH, IOCKOJbKY
OTCYTCTBYET ONACHOCTb IpuobpeTeHus CTOYHEMU BOIAMY UHIYUMPOBAHHON
pPaIuoaKTUBHOCTH.

IV 3KCIEepUMEHTAJIbHHEX  UCCJeloBaHuil  OpuM B3ATH MoJieTbHEE
X03SACTBEHHO-ONTOBHE  CTOYHHE BOJAH ¢ BHECEHUEM  JOIOJHUTEJbHBX
3arpsA3HEeHny M HATHUBHHE CTOYHHE BOJAH TYGEpKYJNE3HOI'o CTAUMOHApA.

®oHOBOE COIEpKAHWE  CAaJIbMOHeJJI B MOIEJbHHX  CTOYHHX  BOJax
cocTaBaaio  okono  10°  ka/i, komparoB - 10° BOE/n, a BeJuuuHa
KOJIM-MHOEKCA HaxoIuyiack Ha YpPOBHe 10° ka/7.  LOMOJHUTEJBHOE 3apaxeHue
caJbMOHEeNIAaMA  [IPOBOJWJIM  CYTOYHOM KYJbTYpPO#, BHASJEHHOR U3 BOIH
p.MockBH, 10 ypoBHd 10° ka/;i. B KauyecTBe MMKOOGakTepuit TyGepkynesa
HCIIOJIb30BaJCA wTaMM "Academia", BHocauuiicd U3 pacyeTa 50 MUKPOOHHX TeJ
B 1 Mn (MT/Mn) u 500 MT/Ma. i o6paloTKM CTOYHHX BOJ [NPUMEHSJCS
WHPOKMA CHEKTp Ao3 obaydvenuda: 0,1; 0,2; 0,3; 0,4 u 0,5 M pan. Bpemd
00paboTKY COCTABJAJNO - 5 MUH.

B pe3yJbTaTe HpoBeleHUs HECKOJbKUX CEpU#l KCCJIeOBaHMA YCTaHOBJIEHA
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MUHUMaJIbHAA JeflcTRybmas Jo3a o6aydyenua - 0,3 M pan. J@dekTUBHOCTH
00paGoTKM BOAH B JaHHOM pexuUMe Hal/bianacb Kak B OTHOWEHHH
BO3CYIMTENEH KUNEYHHX MHPEKUMH (KOMM-WHIEKC CHUXAJCA B CpelHeM H0 10°
KJI/J, YHUCJO CaJbMOHEeNl ¥ KoJudaros - OO MOJNHOI'O UX OTCYTCTBHA, TO eCTb
JOCTUra/MCh  BeJMYMHH,  COOTBeTCcTBywuMe  CaHlluH’y 4630-88 "OxpaHa
NOBEPXHOCTHHX BOA OT 3arpA3HeHun"), TaKk ¥ B OTHOWEHMH MMKOGaKTepuit
TY6epKy/nesa, KOTOPHE TaKke IOJHOCTbE HHAKTUBUPOBAJUCD.

[lpy UcclleNOBaHMM HATHMBHHX CTOYHHX BOJI TYOepKYJe3HOr'o cTallMoHapa
6nna o6HApyXeHa 3HavKTeNbHAR WHOUIMPOBAHHOCTbL KX  MUKOOaKTepHAMH
TyOepkynesa. [llocse ofaydeHuda Jno3amu Jo3W 0,3 M pag u GoJee pocT
MUKOOaKTepuil He HaOJIaJCH.

Jns OUEHKM KayecTBa BOJ, 0OpaGoTaHHHX raMvMa-oO0JIy4eHUeM, IpoBeleH
CAaHUTAPHO-XVMUYECKU aHa/M3, B pe3yJbTaTe KOTOPOr0 YCTAHOBJEHO, YTO
raMMa-o6Jy4yeHye MPaKTHYecK! HEe BJMAJNO Ha OpPraHONENTHYeckue (LBETHOCTD,
MYTHOCTb) TII0Ka3aTesil BOIH, HECKOJbKO YMEHbUAJOCh COAEepXaHUE JIeT'KOH
OpPraHuKy (10 TIoKasaTeNAM [epMaHaHaTHOR  OKMCJAAEMOCTH), CKOpPOCTH
GMOXMMHYECKOT'O  IOTPEeGJEeHMs  KUCJIOpOJa,  COJNEDHAHMS  OpraHH4ecKoro
yriepoza, O0TMeYaJiocb HEKOTOpOEe YMEHblleHHe COOepRaHdA a30TColepmamyux.
BewlecTB.  KOMMYECTBO  MNOJMUMKJIMYECKMX apOMATHYECKHX YIJIEBOJODOJOB,
obJafapiMX OHKOT'EHHHM M MYTAreHHHM NEACTBHEM, CHHXANOCH ¢ 0,004 MKI/.
0o 0. Ha comepxaHWe B BOIe THAKEJHX METAIOB IaMMa-0BJydeHue He
OKa3HBaJ0 KakKoro-Ju6o BO3LEHCTBUS.

OueHKa HOBHX  TeXHOJOTWiA  o6e33apaxuBaHud  TpelyeT U3YyYeHusd
TpaHcPopMaImK  XMMUYECKMX  BellecTB, B  pe3yJbTaTe KOTOPHX MOrYT
00pa30BHBATHCA COENWHEHHS, ONACHHE B MYTareHHOM OTHOWEHHH. Pe3ysbTaTH
HccoieIoBaHUMA Ha KyJbType Salmonella typhimurium B TecTe 3iiMca He
OGHApYXWJI MyTareHHOR aKTMBHOCTM B OOJNYYEHHHX BOJAX. bBHOTecTHpoBaHUE
BOL, TMNOINBEPTHYTHX O0OGJYYeHWO, C IIOMOWb T'UAPOCGUOHTOB (IPOCTERUNX U
PavKOB) TaKke HE BHABUJO PASHHULH MeXLy HCXOMHHMU M o6e33apakeHHHEMH
NIOCPeACTBOM I'aMMa-oG6JydeHUs BoZaMd. TakuM obpasoM, 00paloTKa CTOYHHX
BOH, coIepXauux MUKOOaKTepuu TYOepkysnesa, TIamMMa-o0Ny4YeHUEM, SBJACTCH
3QOEKTUBHOA, He MPUBOMUT K KaKUM-JUG0 HErATHBHHM IOCJAESICTBHAM U MOKET
OHTL PEKOMEHIOBaH& K NPUMEHEHHD B NPAaKTHKE 06e33apaskMBaHUA CTOKOB OT
MHQEKIMOHHHX ¥ TYOepKyJNe3HHX OGOJIbHHL M IUCISHCEpOB.



DECONTAMINATION OF INFECTED WASTE WATERS CONTAINING
TUBERCULOSIS BACTERIA USING GAMMA-IRRADIATION

Talayeva Yu.G., d.m.s., prof., Rakhmanin Yu.A., d.m.s.,
Academiclan of RANS, ISA, Corresgonding Member of  RAMS,
" Doneryan L.G., c¢.m.s., A.N. Sysin Research Institute of Human
" Ecology and Environmental Health, RAMS, Anykin V.A., c.m.s.,
Central Research Institute of Tuberculosis

Today the groblem of antiepidemic safety of water syp%ly and
disposal 1s gaining more urgent significance. One of the ways
of 1ts solution is effective decontamination of epidemically
dangerous waste waters of 1infectious diseases hospitals,
meat-packing plants, microbiological enterprises, etc.

For decontamination of such waste waters we used a radlo-isotop
gamma—device with an irradiation source from a radionucleid
0-60 with 2.43 kKKu activity and 0.011-0.0017 mkm wave length.
The mentioned above method can Dbe used . for waste waters
disinfection due to a combination of biocldal effectiveness of
amma-irradiation with its high penetration ability. The method
s safe from the hygienic point of view, since there is no risk
of acquiring induced radioactivity by waste waters.

For experimental studies model utility-domestic waste waters
were taken, 1into which additional contaminatns had been
administered, as well as native waste waters from the
tuberculosis hospital. .

The back%gound Salmonella content in cmodel waste waters was
about 10% cells/l, coli-phages - 10° PFU/1, while coli-index
- value was on the level of 10° cells/l. Additionally a 24-hour
culture 1isolated from the Moscow river water was administreg
into the model water +to raise Salmonella 1level up to 10
cells/l. "Academia" - strain was used as tuberculosis
mycobacteria (50 microbic units per 1 ml (mu/ml) and 500 mu/ml.
A wide range of 1irradlation doses was used for waste waters
treatment: .1, 0.2; 0.3; 0.4 and 0.5 M/rad. As result of a
number of series of experiments the lowest-observed-effect dose
was ldentified as 0.3 M/rad. The efficiency of water treatment
in such a regimen .was observed both with respect to enteric
infectlons,pathogens (on the average coli-index was reduced
down to 10° cells/l, Salmonella and coli-phages content - down
to their complete absence, 1.e. the values were reached, which
are in comptiance with  Sanitary Rules and Standards 4630-88
"Surface Waters Protection from Contaminations"), and with
gespﬁgt %odtuberculosis mycobacteria which were also completely
nactivated. '

In studying native waste waters of the tuberculosis hospital
their significant contamination with tuberculosis mycobacteria
was revealed. Following irradiation with the doses 0.3 M/rad
and higher mycobacteria growth was not observed.

As result of a sanitary-chemical analysis carried out to assess
the quality of waters treated by gamma-irradiation,
gamma-irradiation was found to practically have no influence on
organoleptic (colour, turbidity) water indices, the content of
light organics was slightly reduced (according to permanganate



oxldizability, Dblochemical oxygen consumption rate, organic
~ carbon content), a certain reduction of nitrogen-containing
substances content. The amount of benzo(a)pyrene producl
carcinogenic and mutagenic effects was reduced from 0.004 mkg/
down to 0. Gamma irradiation did not produce any effect an
heavy metals levels in water.

New decontamination technologies assessment requires
investigation of chemicals transformations as result of which
mytagenic compounds may be produced. Almes test on Salmonella
typhimurium culture did not reveal mutagenic activity in
irradiated waters. DBilotesting of irradiated waters with the
help of hydroblonts did not reveal the difference between the
initial and gamma-irradiation decontaminated waters either.
Thus, amma-~irradiation treatment of waste waters containing
tuberculosis mycobacteria is effective, does not cause any
negative consequences and can be recommended to be used in the
practice of decontamination of waste waters from infectious
diseases tuberculosls hospitals and dispensaries.



TMCUEHWYECKAA OLEHKA KAYECTBA BOIM M CUCTEM LEHTPANU30BAHHOLOQ
X03AACTBEHHO~ITIUTHEBOI0 BOﬂggg%BMEHHH HA TEPPUTOPHAX BhBIE0

0. A. PaxMaHuH, A.M.H., axkajgeMuk PAEH, MCA, 4i -kopp.  PAMH,
Myxajnosa P.JM., K.M.H., C.H,C.,. HUM 3KoJormy 4esioBeka ¥ THIHMEHH
OKpykabue# cpein M. A.H.CHCHHA PAMH, Poroeen ALK,
FockoMcaHsmunHaasopa PP, UYeckuc A.B., AO.T.H., 4a.-KOpp. PAMH, . .-
BHIMcTaHIapTH3ALMH.

CorylacHO JaHHBM OQUIMANBHON CTATUCTUYECKOR OTYETHOCTH, BHOOPOUHO
npeAcTaBJeHHEM 3a 1983 (Tabu. 1) m 1988 (Tabn.2) roxH, TIPUMEPHO Kaxnas
BOCBHMAA U3 UCCJIeNOBAHHHX NPOo0 NMUThEeBON BOIH HE OoTBeYaja JNeHCTBYOLWM B
CCCP  ruruenuveckuM  TpebobaHuaM (['OCT 2874-82 "Boja nuTbeBad",
BKJIOYAUMA [0 28 OCHOBHHX KOHTPOJMMPYeMHX [IOKa3aTelle KadecrBa) 1o
OaKTEpUOJIOTMYECKUM TIOKa3aTeNAM M Kakjad natas npoba - N0 XUMHUYEeCKUM
NokasaTeNaM. Kak BUAHO U3 Talbiul, ngn CYWECTBOBABLEM 3HAUMTEIbHOM
pasHoo6pa3uy N8HHHX M0 OTHEeJLHHM pecnyOuuKaM Poccuiickas denepalus, Ha
JOJI0 KOTOPO# NMpUXOOUJIOCE NPUMEpHO <2/3 . BCceX BOAONPOBOIOB, 3aHUMaJa
CpelMHHOe MNoJokeHWe. Bosee T'IyOOKMR aHa/M3 NOJOXEHWd B POCCHM NoKasad,
YTO B 45% OTpUUATENbHHX OaKTEpHOJIOIMYECKUX AaHAJU30B IMThEBad BoJa
NpencTaB/afa .ONacCHOCTh B SMMASMUYECKOM OTHoWeHuM, a Oojee 10% 1npol,
OTPHUATENbHHEX [0 XUMUUYECKOMYy aHaJM3y, COJiepaJn XUMHYeCKHe BelecTBa B
KOJNMYEeCTBaX, OIacHHX IJA 3J0PoBbA. OIHAKO M 3Ta YIpydaouas KapTUHa He
B NOJHON Mepe OTpakaeT peasbHO CHAOXKMBUYIOCH KAPTUHY B CBA3W C KpadHe
O'PaHUYEHHHMM BO3MOXHOCTAMM MOHMTODHMHI'S, 34 KayecTBOM NUTHLEBOX BOIH.
CyllecTBYOWAA CUCTEMa KOHTPOJIA KadecTBa MMUATHEBOX BONH He IM03BOJAET B
NoJHOR Mmepe - KOHTPOJMpPOBATb CJIOXUBUYRCS HeOJIaronpuATHYD
CAaHUTAPHO-3KOJIOTHYECKYW CUTyalUunw U ONpelesiTh pealbHyl CTeNeHb ee
ONACHOCTH LN 3NOPOBLS YeNOBeKa Kak Ha %DOBHG NIPaKkTHYeCKOA CaHUTApPHON
CAYXOH ¥ BOJOXO3ANCTBEHHHX OpraHM3alMi, TaKk M B I'UI'MEHWYEeCKHX
YUpEeRIEHUAX CTpaHH. B CTpaHe MNpakTHYeCKH OTCYTCTBYOT JadopaTopuy o
cepTUPUKAUMOKHHOMY &HaJu3y BOIH HA YPOBHE pexkOMeHJalmit — BceMupHO#R
OpraHM3alMy 3IpaBooXpaHeHudA. Haubonee craGhMU 3BeHbLAMY J1aG0paTOpPHOTO
KOHTPOJIA ABJAKNTCA ONpeleJieHue IaJIoQOpMHEX COeIMHEeHHR, 00pa3ynliMxcsl IpH
00e33apakyBaluu BOIH XJIOpOM, NOJIMIIMKJIMYeCKIe apoMaTH4yeckue
YI'JIEBOAODOIH, CYMMapHHe ansda- u feTa-paIioaKTUBHOCTH,
NapasuToJIOrHyecKie ¥ BUDPYCOJIOTMYEeCKUe aHa/M3h, OMOTeCTHpOBAHUE.

YrayONeHHel! aHa/M3  MUTbeBOR BOIH, TMPOBENEHHHN TI'UI'MEeHNYEeCKUMU
HayYHO~HCCJENOBATENbCKIMY MHCTHTYTAMH, B  pAle  [OPOJOB  CTPaHH,
NIO3BOJIAET INPEINoJIOXUTh ee HecOOTBETCTBHE TUIHEeHUYEeCKUM TpeloBaHUAM
Gonee, 4eM B 90% UEHTPAJU3OBAHHHX CUCTEM BOJOCHAOKEHMA.

OCHOBHHMM BHCOKONUPHOPUTETHHMY  3arpS3HATENSMU  [IMTHEBOM BOJH
HEHTPAJM30BAHHEX  CHUCTEM  BOJOCHAOKEHUS SABJANTCA TAKEJHEe MEeTaJUH,
NPOAYKTH KOPPO3MWH, COJIeBO cocTaB (cyabdaTH, XJAOPUIH, COMM KECTKOCTH),
raJoQopMHHE COeJMHEHMA, oOpasypumecsd Npu 06e33apakuBaHU¥ BOIH XJIOPOM,:
BUPYCH, BO30yIUTeNM NMapasuTapHHX 3a60/eBaHud. IJs OTIEJbHHX DEerdOHOB
NOKa3aHa BO3MOKHOCTEH 3ATrpPA3HEeHURA NNTHEBOH BOIH (EHOJIAaMM M NUMOKCHHAMH,
OTMEYEeHa ee MyTareHHas AKTHBHOCTB.

CyuecTByOUME CHCTEMH LEHTPAJM30BAHHOTO BOIOCHAOKEHNA, O0COOEHHO
AN KDYIHEX  HACeJIeHHHX MeCT, OCHOBaHH B 3HAYWTENBHOR Mepe Ha
UCNIONb30BaHNWK OoJjee 3arpA3HEHHHX (N0 CPaBHEHMD® ¢ TIOA3eMHBMH)
NIOBEPXHOCTHHX: MCTOYHHMKOB  BOOOCHAOKEeHWA,  TEXHOJNOTMM HX OYHCTKU
0asupyeTcd, I'JIaBHHM 06pa30M, Ha NPOLECCaX KOATr'YJMpOBAaHUSA, OTCTAHBaHUA,
(uIbTpaIMK ¥ 00e33apaxuBaHUM XJIOPOM, 30QEKTHMBHOCTH KOTODHX IAS JROJIKHOR
OYMCTKM BONH He TOJIBKO CaMa 1o cebe HENOCTATOYHA B pAle CcJy4YaeB MpH
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‘pe3K0 BO3pOoCWEeM YPOBHe = TeXHOI'®HHOI'0 W aHTPONOI'eHHOrO 3arpsi3HeHWd
BOJOMCTOYHUKOB, HO M 3a4aCTy® HEJOCTATOYHA U3-33 HM3KOM 06eCIeYeHHOCTH
BOJONPOBOJHHX X03dAHCTB  COOTBETCTBYWIUMMM  pearedHTaMi,  HapYUeHUd
' NIPOEKTHHX DPEeXMMOB 3KCIVIYATal¥ BOJOOUMCTHHX COOPYWEHHH, BTOPUYHOI'O
3aIpsAi3HEHHS BOAH B pa3Bolduedl CeTH 13-3a HCH0Jb30BaHUA TPYGOIPOBOJOB
U3 ~ HMHTEHCUBHO  KOPpPOAMDYOIMX  MaTepuasoB. B  eIMHMUYHHX  Cayyadx
HCTIONB3YOTCA HoBefuue TeXHOJIOH, BRJI0Ya0IHe COpOLUOHHEE,
OKMCJIMTENBHO-COPOUMOHHEE, (JOTALMOHHHE  INPOLECCH,  O30HWPOBAaHME 1
dTopupoBaHKe BOIH. [IpAKTHYECKM HEe OCYUeCTBJAETCA CTaOMIM3ALMOHHAA
06paboTKa BOAW IJA YMEHbUEHHA €e KOPPO3UOHHO# AaKTMBHOCTH. B KpaiHe
HeJoCTaTOYHOW  Mepe  Das3BUTH  MCCJENOBaHWMA [0  KOHTDOJ BJMSHUA
3arpA3HEHUA BOIH XUMMYECKMMHM BelecTBaMd Ha  COCTOfAHME  3L40pOBbA
HACEJICHUS.

Bce 9T0 TpelyeT KOPeHHOTO [1epecMoTpa HaYYHO-NPaKTUYECKUX OCHOB
LIeHTPaM30BAHHOI'0 BOJOCHAOXeHMss M CHCTeMH KOHTpOJIE KayeCTBA BOJH.,
0JaBaeMoi HacesleHWn, Ha TeppuTopuy OuBumero CCCP.

Tabmuia 1. XapaKTepUCTUKA LEHTPAIM30BAHHHX CHCTEM BOLOCHAOKEHUS
ropogos CCCP no pecrmy6JyukaMm (1983 r.).

Pecry6- |Yucio YicJio BOLIONPOBOLOB, KoJM4ecTBO

BOJO-| HECOOTBETCTB. CaH.TpeloBaHUAM |Mpol BOJIH, He
JIMKH npo- . COOTBETCTRYN-

Bo- (BCETO n3-3a OTCYTCTBHMA |UIMX CaHuTap-

JOB HEM HOpMaMm, %

3C0 |kowMmi~ {o6e3- (110 o 6ak-
JIeKca |[3apa- |XUMH-|Tepuo-
oYdC— |HUBaK-~|4YecK. |Joru-
THEX  |UMX MIOKa- | YeCKUM
CO0py |ycTa- |3aTe-|moKasza-
KEeHU! |HOBOK |JAM TeJaM

PCOCP 5461516973 (13%) | 5704 | 1265 | 843 19 7

YyCCP 14005774 (3%) 578 512 _2 12 12
BCCP 7884 |1211(15%) | 1182 | 25 4 24 11
¥3.CCP 3004 {723 (24%) | 482 49 620 21 9

['CCP 1422 863 (60%) | 352 | 1 863 6 48
Typ.CCP  |240 198 (40%) [ 53 | 79 74 30 25
Tan.CCP [579 [289 (35%) | 71 4 173 16 30
Haz.CCP 2133 337 (13%) { 45 67 257 18 15
Kup.CCP 1879 |52 (6%) 8 6 40 3 16
A3. CCP 634 |31 (5%) 16 16 24 12 15
ApM.CCP  |771 1313 (40%) | 182 4 294 5 14
Mos. CCP  |1464 [35 (2%) 30 - 4 15 10
Jur.CCP 1323 |118 (8%) 99 41 29 20 10
JlaT.CCP 893 (41 (4%) 22 15 1 13 3

3CT.CCP 2789 329 (12%) | 242 50 51 10 15

CCCP [91932{12107(12%)| 8826 | 1693 | 3499 16 13

Tabmua 2. XapaKTepUCcTHKA KayecTBa NUTLEBOA BOZH
?gggp?g%gosaﬁﬂwx CHUCTEM BONOCHAOkeHMs [0  pecnyfiukaMm  3a
- Ir.

r I . o
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‘KoMMyHaJIbHEE [IpOLIEHT HeCTaHJapTHHX Npo0
BOJOTIPOBOIH,
Be10MCTBEHHHE M0 XUMUYECKUM 10 - 6aKTepUoJIOTUYECKUM
BOJONPOBOJH IIOKa3aTeJaM TI0Ka3aTeJsaM

1986 . |1987 . {1988 . |1986 r. {1987 r. {1988 T.
CCCP 18718 |17/18 {18/15 |9/15 &/14 9/14
PCOCP 20720 19720 |[19/22 |9/15 8/14 9/15
yccCcpP 11713 11713 |{12/14 }8/12 8/11 8712
BECCP 23/32 |27/36 |27/33 |7/11 6/11 7/11
¥3.CCP 23/15 |23/25 |25/27 [12/24 9/21 9/20
Kaz. CCP 17713 |16/716 [13/12 |9/11 7/10 6/8
I'pys.CCP 9/13 10711 |10/4 7/35 10/20 | 11/25
A3.CCP 40/14 |39/7 - |34/13 [19/14 21/16 | 23/12
JIuT. CCP 12/24 12724 |21/24 |2/10 2/9 2/10
Moagn. CCP 10/15 8/14 10/18 5/11 4/10 4/12
JaTts. CCP 28/39 28/38 27/40 5/11 5/10 6/10
Kupr. CCP 3/3 4/4 4/4 12/16 11717 11/186
Tamx. CCP 17/13 {10/10 (24718 {14/27 12729 | 10/32
Apm. CCP 7/5 5/7 5/11 8/20 7/21 8/23
Typk. CCP 33/33 |32/26 |29/23 |24/44 22/47 | 21/35
3cT. CCP 8719 7/18 7/15 10/17 7/15 10/27




NT OF WATER QUALITY AND OF CENTRALIZED UTILITY
gygé%gé%NéS%E%%%ESUPPLY SYSTEMS ON THE TERRITORY OF THE FORMER

USSR

YUu. A., d.m.s., Academician of  RANS, IS4,
%gggggnégdgggAMember of RAMS., A.N. Sysin Research Institute of
Human Ecology and Environmental Health, RAMS, Rogovets A.I.,
State Commi%tee of Sanitary and Epidemiological Surveillance,
RF, Cheskis A.B., d.t.s., correspondl member of RANS,
All-Union Research Institute of Standardization.

According to official statistical reports data part of which is
presente§ in Taple 1 (year 1983? and Table 2 (year 1988),
approximately each eighth out of the analysed drinking water
samples did not meet the existing in the USSR hy%ienlo
requirements (GOST - State Standard - 2874-82 "Drinkin ater”
including up to 2 major quality indicators) for bacteriological
indices and each fifth sample - for chemical indices. As 1is
seen in the Tables, the data on individual Republics bein
significantly diverse, the Russian Federation, which had abou
2/§n of - all pipe-lines, occupies a medlan position. A more
thorough analysis of the situation In Russla has shown, that in
45% of negative Dhacteriological analyses drinking water
- appreared to be dangerous from the epldemic point of view, and
more than 10% of samgles with a negative chemical analysis
result contained chemicals 1in quantitlies presentin%, health
risk. However, such a depressing picture does not fully reflect
+the existing situation due to very limited possibilities of
drinking water quality monitorin%. The existing of drinking
water quality monitoring does not allow to fully control the
existing unfavorable situation and determine the real degree of
risk it has for human health both on the level of the practical
sanitary service and water supply organizations, and hygienic
Institutions of the country. There are %ractically no
laboratories 1n the country on water certification analysis at
the level of WHO recommendations. The weakest points of the
analysis are determination of halocompounds formed as result of
water decontamination by chlorine, SAS, total alfa- and
beta-radioactivity, parasitologic and virologic analyses,
biotesting.

Thorough drinking water analysis carried out at research
institutes In a number of cities suggests that it does not meet
hygienic requirements 1In more than 90% of centralized water
supply systems. :

The main high priority contaminants of drinking water in
centralized water supply systems are heavy metals, corrosion
products, mineral composition (sulfates, chlorides, hardness
minerals), halocompounds formed as result of water disinfection
by chlorine, viruses, parasitic diseases pathogens. It has been
shown that there 1is a posibility ~of T“drinking water
contamination with phenols and dioxines in some regions, 1its
mutagenic activity has been taken notice of.

The existing centralized water supply systems, especially for
large residential areas, to a significant extent are based on
the use of more contaminated (compared to underground waters)
surface sources of water supply, their treatment technologies
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are mainly based on ~processes of coagulation, settlin% and
chlorine disinfection, the efficiency of which 1s not only
insufficient in itself in a number of cases, technogenic and
anthropogenic contamination of water sources having lncreased
drastically, but also is insufficient due to the fact, that
water supply plants are poorly provided with reagents, proJject
maintenance rigimes of water treatment ficilities are violated,
due to secondary contamination of water in the water
distribution line associated with the use of pipe-lines made of
corrosive materials. In 1ndividual cases newest technologies
are used which include sorgtion, oxidation -  sorption,
floatation processes, ozonation and fluorination of water.
stabilization treatment of water to reduce 1ts corrosive
activity practically is not done. Studies carried out so far on
chemical water pollution effects on the health of the
population are extremely insufficient.

Therefore, it 1s necesary that scientific-practical bases of
centralized water supply and the system of quality control of
water distributed to the population on the former USSR
territory be revised thoroughly.

Table 1. Characteristics of centralized water suggly systems in
cities of the USSR (in individual republics), 1983.

Repub- |Num~ | Number of pipe-lines meeting Number of wa-

lics ber sanitary requirements ter samples
of not meeting
watery Total Due to the absence of|sanitary
ipe- standards (%)
Ines 3C0 |Treat-|Decon-
ment |tamina-|for for
tion chemi-{bhacte-
instal-|cal riolo-
lati- |para- |gical
ons meters|para-
meters
RSFSR 5461516973 (13%) 5704 | 1265 | 843 19 7
UK.SSR [14005(774 (3%) 578 512 22 12 12
BSSR 7884 |1211(15%) 1182 | 25 4 - 24 11
UzSSR 3004 |723 (24%) 482 49 | 620 21 9
GSSR 1422 |863 (60%) 352 1 863 6 48
Tur.SSR [240 |98 (40%) 53 79 74 30 25
Tad.SSR 579 209 (35%) 71 24 173 16 30
Kaz. 38R |2133 |[337 (13%) 45 87 257 18 15
Kir.SSR [879 |52 (6%) 8 6 40 3 16
AZ.SSR |[634 (31 (5%) 16 16 24 12 15
Arm.SSR (771 [313 (40%) 182 4 294 5 14
Mol.SSR {1464 (35 (2%) 30 - 4 15 10
Jith.SSR{1323 [118 (8%) 59 41 29 20 10
Jlat.SSR |893 41 (4%) 22 15 1 13 3
Est.3SR [2789 329 (12%) 242 50 51 10 15
USSR 01932112107 (1R%) | 8826 |- 1693 | 3499 16 13




Table 2. Characteristics.of centralized water supply systems in
Republics (1986-1988).

Communal Wa- Percentage of non-standard samples
ter pipe-11i-
nes (depart- | according to chenical [according to bacterio-
mental) parameters logical parameters
1986 1987 1988 1986 1987 1988
USSR - 18718 {17/18 }18/15 |(9/15 8/14 9/14
RSFSR 20720 |19/20 }19/22 |9/15 8/14 9/15
Uk. SSR 11713 11713 }12/14 |8/12 8/11 8/12
BSSR 23732 |R7/36 |27/33 [7/11 8/11 7/11
Uz. SSR R3/15 |23/25 |25/27 |1:/24 9/21 9/20
Kaz.SSR 17/13 [|16/16 |13/12 |9/11 7/10 6/8
GSSR 9/13 10711 (10/4 7/35 10/20 | 11/25
Az.SSR 40/14 |39/7 34/13 119/14 21/16 | 23/12
Lith. SSR 12/24 |12/724 21/24 (2/10 /9 2/10Q
Mol. SSR 10/15 (8714 - {10718 |5/11 4/10 4/12
Lat. SSR 28/39 |28/38 [R7/40 |5/11 5/10 6710
Kir. SSR 3/3 4/4 4/4 12/16 11717 | 11/16
Tad. SSR 17/13 110710 24/18 [14/27 12/29 | 10/32
Arm. SSR 7/5 5/7 5/11 8/20 7/21 8/23
Turk. SSR 33733 |32/26 |R9/23 {24/44 22/47 | 21/35
Est.SSR -+ 8/19 7/18 7/15 10/17 7/15 10/21




[IPENRAPUTENBHAA OUEHKA 3AI'PASHEHHOCTHA BO3BYIUTENAMU ITAPASUTO30B
MCTOYHMKOB [MTBEBLX M PEKPEALMOHHBX BOI B POCCHUHM

PoMareHko H.A., JA.M.H., I.-Kopp. PAEH, MHCTUTYT MEIMLMHCKOH
Napas3dToJIOTH W TpOMUYecKod MeIMUMHH uM. E.W. MapOMHOBCKOIO
l'KC3H PP, Paxmanusg D.A., O.M.H., axkaleMuk PAEH, MCA, qn.-Koap.
PAMH, Hopocuabnues I'.Y., K.M.H., C.H.C., WMIuUTM, Muxainosa P.H.,
K.M.H., C.H.c., HUM oKoJOI'MM 4YeJOBeKa U TUI'MeHH OKpykapien
cpeld uM. A.H.ChHcuHa PAMH

B cBA3M C AHTPONOTeHHHM BO3JEfCTBUEM Ha IPUPOAHHE BOAOMCTOYHUKH
3HAuUWTEJBbHO  BO3POCJ0  3ArpA3HeHHe UX BO30YIUTEJAMU I1apa3HTO30B.
NAMOJMAMY, KPUNTOCIODUIMAMY ¥ Ap., O06najapuyMid BLHCOKOW NPOHMKADMER
CIIOCOOHOCTBI INpH  (QUABTpALMH BOOH ¥ 0osee BHDAKEHHOM, 110 CDABHEHHD C
faKTepusiMi ¥ BHPYCAMH, DPE3HCTEeHTHOCTBK K NEHCTBUN NE3MH(PEeKTAHTOB.

B TeueHue  1988-1994 rI.T. HaMu [IPOBOAUIUCE crelyajbHHE
CAHUTAPHO-NIapa3UTOJNIOTrHYecKIe UCCJeNOBAHUA  TUTHEBON  BOJH,  BOJIH
MIOBEPXHOCTHEX  BOJOEMOB-MCTOYHWKOB  IMTLEBOTO n pPeKpealioHHOTI0
BOJNOCHAOKeHUsI, TOPOACKUX M (aHOBHX CTOYHHX BOJ, . IOBEPXHOCTHOT'0 CTOKA
Ha TEeppUTOPUM HACeJIeHHHX MecT MOCKOBCKOH, JIEHMHI'DAINCKOM, ACTpaxaHCKOH
o6nacteft # XafapoBckoro Kpad. [lpy uccheloBaHun 368 npo® BOJH U3 DEK
AMyp, Boara, MockBa, Hepa B036yIuTe M KUMNEUYHHX apasuTo30B OOHADYXEHH
B 162 (44%) mpobax. BageruchnpOBaHo 9 pasHOBUIHOCTE! MMapa3uTapHHX
ATEHTOB: [HMCTH JNAMOIUH, aJIAaHTUAMEB, OOLUCTH KPUIITOCHIOPWIMHA, dAHLa
ackapum, BJ2COTJIABOR, TOKCOKap,  IMKPOLEJUYMOB,  IUGUINOOOTpUNL,
OoHKOC(Heps TEHUUZ. -

. BriepBHE TpOBeJEHHHE CAHUTAPHO-TIAPA3UTONIOrMYECKUEe -UCCJENOBaHUS B
XabapoBCcKoM Kpae (peka  AMyp  OoT  TI.HHUKoJiaeBCKa-Ha~AMype IO
r. XafapoBcka), ACTpaxaHCKOW (peka Boara) u MockoBcko#l (pexa MockBa)
obJacTaAX  IO3BOJUJIM  BHABUTL  BHCOKME BSKCTEHCHBHHE W HVHTEHCUBHHE
[I0Ka3aTeau 3arpA3HEHHOCTH BOJIH AALAMU T'eJIEMUHTOB M LMCTaMyd [IATOTeHHHX
npocTeAurx HEe TOJbKO B MecTaX BOL03ab0poB X03AHWCTBEHHO-NUTHLEBOIO
BOJOCHAOXEHNA, HO U MACCOBOTO OTIOHXA HaceNeHuda (TopoAcKue Masxu, 0as3H
COTAbXa # T.H.). OTMeYeHH eIWHWYHHE cJydad 00HApyXeHUs LUCT JaMOJuu#l B

MUTEERBOR BoLe TopogoB  CaukT-lleTepbypra, AcTpaxaHy, XafapoBCKa,
HukoJaeBCcKa-Ha-AMype. _

OCHOBHEMU TIYyTAMYA [OMAJaHud BO30yIuTeNell KUlleYHHX NapalnuTo30B B
- TIOBEPXHOCTHHE BOJOEMH ABNANTCA COPOCH HeOUMUEHHHX I'OPOJACKUX ¥ (aHOBHX
CTOYHHX BOJ, ¥MBOTHOBOJYECKMX CTOKOB. TaK, I[pu uUccJenoBaHuud 70 Npo6
KMIKUX XUBOTHOBOQYECKUX CTOKOB B XafapoBCKOM Kpae M MOCKOBCKOM 06JacTu
- 68 cozepxayy Bo30yIUTeJeR NMapasUTapHHX 3a00JIeBaHMI.

TaxuMm o0pazoM, oOHapykenue Bo30ymuTeJefl KUUEYHHX Apa3uTO30B B
IUTLEBON BOZLE, BoJe IMOBEPXHOCTHHX BOJOEMOB U pEKpealllOHHHX BOJaxX
JeflaeT UX 3IMIeMUYECKU OMACHHMWA ¥ CBUIETEJBCTBYET O CYUECTBEHHOH DPOJIM
B PACIIPOCTPaAHEHUU Mapa3uTaPHHX 3a0oJieBaHUll Cpely HACEJeHUd.

Jarnbie QaKTH JOJMEHH CTATh OOLEKTOM CEPbe3HOT0 BHUMAHUA CAHUTADHHX
Bpauei, SMMIEMHOJOTOB U [apa3uToJOroB Ha MecTax Npy OCYHeCTBJEHUH
TEKYUEr0 ¥ NpelynpelTeJbHOT'0  CAHMTApHOTO  HaJ2npa  3a  pa6oToln
BONOOYUCTHHX COODYXEHHM#t, a Takke TexXHOJOTOB IIp¥ COBEpUEHCTBOBAHUM
CUCTEM BOLOOYUCTKHU.



SESSMENT OF DRINKING AND RECREATIONAL WATER
g%%ké%éNégﬁTﬁﬁINATION WITH PARASITOSES PATHOGENS IN RUSSIA

ko N.A., d.m.s, E.I.Martinovsky Institute of Medical
gg?gg?%ology and Tropical Medicine (IMPTM), SCSES RF, Rakhmanin
Yu.A., d.m.s., Academiclan of RANS, ISA, Correspondin% Member
of RAMS, A.N. Sysin Research Institute of Human Ecology and
Environmental Health, (RIHEEH), RAMS, Novosiltsev G.I., c.m.s.,
IMPTM, SCSES RF, Mikhailova R.I., c¢.s.m., RIHEEH, RAMS

Anthropogenic exposure has caused a significant increase of
natura% %ater sogrces contamination by garasitoses pathogens:
lamblia, cryptosporidia etc., ossess n% a high penetrating
ahility through filters In water treatment and a more
pronouncely expressed compared to Dbacteria and viruses
resistence to disinfectants exposure. .

During 1988-1994 we carried out special sanitary-parasitologic
studies of drinking water, the water of surface reservoirs -
sources of drinking and recreational water supply, municipal
and water transport waste waters, -surface wastes on the
territory of Tresidential areas in the  Moscovskaya,
Leningradskaya, Astrakhanskaya oblasts (districts) and
Khabarovsk Region. 0Out of 368 water samples from the Amur,
Volga, Moskva, Neva rivers. enteric parasitic pathogens were
detected in 162 (44%) ones. 9 types of parasitic agents were
registered: lamblia, balantidia cysts; cryptosporidia oocytes,
eggs of ascarides, Trichuris trichlura, toXocars, dicrocelium,
diphyllobothrids, Taenia oncospheres.

Sanitar%—parasitologic studies carried out for the first time
in the Khabarovsk Region (the Amur river from the c¢ity of
Nikolayevsk-on-Amur up to Khabarovsk), Astrakhanskaya (the
Volga river), Moscovskaya  (the Moskva river) oblasts
(districts) revealed high extensive and intensive indicators of
water contamination with helminth eggs and enteric pathogenic
protozoa cysts not only in zones of water intake for utility -
drinking water supply, but also in recreational areas (city
beaches, recreatlon camps etc.). There were a few cases of
lamblia cysts detection in drinking water of St.Petersburg,
Astrakhan, Khabarovsk, Nokolayevsk-on-Amur.

Parasitoses enteric %athogens mainly get into surface
reservoirs from untreated municipal, water transport, animal
raising glants waste waters. OQut of 70 waste waters of an
animal raising plant in the Khabarovsk Region and Moscovskaya
district 68 contained pathogens of parasitic diseases.

Thus, the facts, that enteric parasitoses pathogens are
detected in drinking water surface reservoirs and recreational
waters, 1mplies that they are epidemically dangerous and that
they play a significant role 1in the spreading of parasitic
diseases among the population.

Those fact should be subjected to serious attention of sanitary
physicians, epidemiologists and garasitologists locally in the
%rocess of current and preventive sanitary surveillance over
he functioning of water treatment plants, as well as of
tec%nologists in the process of updating water treatment
systems.



OUEHKA CYMMAPHOM MYTATEHHO{ AKTUBHOCTY [UTHLEBOR BOIH HEKOTOPHIX
BOJIONPOBOJHEIX CTAHLMA POCCHUUCKON QENEPALIMK

CokoJioBcKkuit B.B., K.M.H., c.H.c., RypkoB B.C., A.M.H., HBO@.,
PaxMauuH D.A., [O.M.H., axanemMuk PAEH, MCA, 4. -Kopp. AMH,
PrxoBa M.H., k.M.H., C¢.H.C., MuxaunoBa P.I., K.M.H., C.H.C.,
g%ﬁHaxonornn YeJOBeKa U TUTMeHH OKpyxawuel cpeid uM. A.H.CHCUHa

YpoBeHb CyMMapHO#i  MyTareHHo#  axkTHMBHOCTH  (CMA) oOpraHuyeckmx
MUKPO3arpA3HeHUil IMTbEeBOR BOIH SIBAAETCA UHTerpafbHHEM IIOKA3aTeJleM ee
Ka4yecTBa, TNO3BOJAKLMM T[POU3BOAUTE OHCTPYL OLIEHKY BOAH HA 3arpsA3HeHHne
MyTareHaMi/KaHleporeHaMi. _

Ha npoTsaxeHMM pAla JeT ulydaum CMA mMTBeBOR BOOH B TI'.MOCKBEe H
pale JIpYrMX  TOpOJOB Pd. goﬁu oTOMpaJu Ha nonnmegHuﬁ copfleHT
'CenlapoH": 4Yepe3 KOJIOHKY C COpOEHTOM IpOINycKasu okoJio 200 J  BOJH,
3aTeM COpO6eHT  M3BJIeKaJM, BHCYWHBAJM U SKCTPArupoBad aleTOHOM.
PacTBOpUTE b YNAPUBAJM JO CYXOI'0 OCTaTK4, KOTOPHM pACTBODAJM B 1,5 MI
JUMETHJICYIbQOKCHIA. W3 mnoayyeHHOI®  KOHUEHTpaTa  TOTOBUMM  DAR
aspeneHuii. Ha . yaimky BHocuyM 0,1 MJ TECTHpPYEMOI'0O  PAaCTBODA.
BUBAJIEHTHOE KOJMYECTBO " JMTPOB BOJH Ha 4allky" paccUMTHBAM, HCXOId
U3 PakTopa KOHLEHTpaUMMd (KOTOpHX COCTaBJAN 4O X 10°) ¢ TOCHenyonImx
pas3BeleHuN.

OLEHKY MyTareHHOCTM IIpO0 NPOBOIMJM B TecTe 3iMca Ha MHIMKATOPHHX
mraMMax Salmonella typhimurium TA 98 u#u TA 100 B TIPUCYTCTBUM MU
OTCYTCTBMY CUCTEMH MeTafosMyecKoll aKTUBAIMKM (COOTBETCTBEHHO, BAapUaHTH
+MC u -MC). MyrareHHbll 23(QeKT KpaquduUpoBasy KakK  cJjabbil  IpH
NpeBHUWEHVH  CPeJHEro  KOJMYecTBa KOJOHMH-DEBEpTAHTOB B ONHTE Haj
TAKOBEMU B KOHTpoOJe B 2-3 pa3a, KaK CpelHWd - B 4-10 pa3, KaK CUJIbHHM
- B 11-30 pa3 1 Kak Q4YeHb CHJbLHHII - CBHIle 30 pas.

[lo pesyabTaraM 9KCIIEPUMEHTOB yCTaHaBJMNBAJM "MUHVMAJIbHBI
9QdeKTUBHEN 00BeM" (M30) - KOJMYECTBO YCJIOBHHX JIMTPOB HCXOOHOWA BOIH HA
YallKy, BH3HBALUMX [OCTOBEPHEW MyTareyHH# 30fexT. O00paTHad BeJM4YUHA
(I/M30) cayxuya mokazaTeyeM CMA NUTHEBOR BOZXH.

B r.MockBe MOHUTOPMHT CMA OCyWECTBJAJCA B TpexX palioHax ropola,
cHalxapuxcss I[MMTbEeBOHM BOZOR OT TpexX BOLONPOBOJHHX CTaHIUA (BC?, a
TaK¥e Ha 4YeTHpex BC, WCHOMb3yOUMX BOLY H3 [IBYX pa3JUYHBX pPeYHHX
cuCcTeM: Dp.MOCKBH ¥ D.Bosru. BHa¥ NMOKA3aHH KAK NPOCTPAHCTBEHHHE . (IO
gaﬁOHaM W pazyMyHeM BC), TaKk M Ce30HHHE KoJe6aHus TIoKasaTtend CMA.

CTAHOBJIEHO, 4YTO YpoBHY CMA MUTbHeROf BOOH B OONbWER CTENeHW 3aBUCAT OT
BOJIH BOONOMCTOYHHKOB, YeM OT CEe30Ha M(WJIM) 0T XapakTepa BOL00OpabOTKHU.
[lokasaHa CBf3b MEKIY BEJWMYMHOA NokasaTens CMA M YpOBHSIMU XJIOPUDOBAHHUS
BOJZH, & Takke BHCOKAfA KOPpeJdlMs MeXIy BeJUuYMHOX 1mokazaTtend CMA #u
KOHLEHTPAIMAMUA XJ0podopMa ¥ OPOMIMXJIODMETAHOM. KoppeJIALMOHHON CBSASH C
ColepXaHleM YeTHPeXXJIOPUCTOr'0 YIViepola He BHABJEHO.

AHAJI3 De3yJbTATOR M3y4yeHus CMA NMUTHEBOW BOJM APYTHX TOPOJOB 10
TeYeHUo p.BoJra  NO3BOMMJ  BHABUTL  OTHOCUTENBHO BHCOKHUE YPOBHU
noxkazarend CMA B TI.AcTpaxaHu . (B JICTHUA ce30H). OOHAKO, XapakTep
MyTareHHOM aKTUBHOCTH IMpol TUTBHEBO#l BOAH T'.MockBH (BocToyHas BC) u
I. AcTpaXxaHd pazjuvamich. Haubosee BLICOKAsd aKTUBHOCTL OTMevajach BO
BTOpPOM. cJiydae Ha wmramMe TA 98-MC, YT0 HE O04YeHb XapaKTepHO LJA
XN0PUPOBAHHON IUTHEBOA BOIH. YCTAHOBJEHA CE30HHAA IMHAMUKA B XapakTepe
CMA: B AcTpaxaHM  BHCOKad a&KTUBHOCTb BO BCEX BApMaHTAaX OIHTOB OHJIA
BECHOH, OCeHbl OHA cMelWlasach B GoJjibliefl CTeleHu co WrraMmma TA 100 (-MC)
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Ha wmraMM TA 98 (-MC), YTO MOXeT CBUIESTEJbCTBOBATH 00 U3IMEHEHHAX B
XapakTepe 3arpAs3HeHds MCXOJHOM BOJH.

AHa/M3 KODPPeJALMOHHHX CBA3ER Mexny nokasarenamy CMA npo6 ImMTheBOR
BOZH M pALOM TPaIMLMOHHHX WHTEIPaJibHHX MOKA3aTeNiel ee KayecTBa BHABUJ
3HAYMMYD IOJIOXATEJILHYD KODPEeJsiMd C TaKUMM TIOKa3aTeaMH, KaK MYTHOCTD,
COIepXaHWe xJopodopMa U BeJMUYMHA KOMILIEKCHOTO NOKa34TeJsd N0 MeTalam.
[lpepnonaraeTcd, YTO ONHUM U3 TIJIABHHX  ToKaszaTeneff,  Oonpenessaolux
BeJqMuMHy CMA xnopupoBaHHo# NOUTHEBOM BOAH, MOXeT OHTb NPUCYTCTBUE
PYMHHOBRX COEJMHeHUA B HMCXONHON BoIe.

[lonyyeHHHe JAHHHE [IOKA3WBART, YTO I[oKasaTesb CMA MoXeT OHTB
UCIIONE30BAH B KayeCcTBE TI'UI'MEHWYECKOT'0 CTaHZapTa AJd IMUTHLEBON BOJE,
Hagpasneﬁngro Ha TNMPOQUNAKTHKY I'€HeTHYECKUX HapyWeHUA M OHKOJOI'MYECKUX
3a00JieBaHNH.



ASSESSMENT OF THE TOTAL MUTAGENIC ACTIVITY OF DRINKING WATER OF
SOME WATERWORKS IN THE RUSSIAN FEDERATION

Sokolovsky V.V., c.m.s., Zhurkov V.S., d.m.s., prof., Rakhmanin
Yu.A., d.m.s., Academician of RANS, ISA, Corresponding Member
of RAMS, Ryzhova I.N., c¢.m.s8., Mikhailova R.I., c.m.s., A.N.
Sysin Research Institute of Human Ecology and Environmental
Health, RAMS : _

The level of the total mutagenic activity (TMA) of organic
micropollutants in drinking water is an Integral indicator of
its quality. enabling to make a rapid test for the detection of
water mutagens/carcinogens. Drin 1n§_ water of Moscow and a
number of other RF cities was studied for several years.
Samples were taken with a Rolymeric sorbent "Separon": about
200" 1 of water passed through a column with sorbent, followed
by the sorbent removal, drying and extraction with acetone. The
sorbent was evaporated to dryness and the residue was dissolved
in 1.5 ml of dimethylsulfoxide. The concentrate obtained was
used for the preparation of a number of dilutions. 0.1 ml of
the tested solution was added into the dish. The equivalent
quantity of "litres of water per plate" was calculated op the
basis of the concentration factor (which was up to X 10°) and
the following dilutions.

Ames test was used to assess samples mutagenlicity with
Salmonella typhymurium strains TA 98 and TA 100 In the presence
or absence of the metabolic activation system (variants +MC and
-MC respectively). The mutagenic effect was considered to be
weak 1f the average revertant colonies number In  the
experimental dishes exceeded that 1in the control 2-3 times
fold, moderate - if the increase was 4-10 times fold, strong -
if the increase was 11-30 times fold, and very strong - if the
increase exceeded 30 tomes fold.

The "lowest effective volume" (LEV) - the number of 1litres of
the 1nitial water per dish causing a significant mutagenic
effect was calculated in the experiments. The reverse value
(I/LEV) was used as the drinking water TMA unit.

In Moscow TMA monitoring was carried out in the three districts
of the city with water supply from three waterworks (WW), and
also from four WW using the water from two different river
systems - the Moskva-river and the Volga river. Both spacial
(for 1individual districts and different WW), and seasonal
variations of TMA indicator were shown. It was found that the
drinking water TMA activity depended more on the water source
than on the season and/or water treatment process. A
relationship between TMA value and water chlorination level was
shown, as well as a high correlation between TMA value and
chloroform and  dibromochloromethane concentration. No
cgrrelagion with  tetracarbonmonoxide concentration was
observed.

Analysis of drinking water TMA studies in other cities along
the Volga river made it possible to reveal relatively high TMA
levels in the city of Astrakhan (in summer). However, the
character of the mutagenic activity in drinkin§ water samples
from the Moskva river (Eastern WW) and In Astrakhan was



different. The highest activity was observed in the second case
on the strain TA 98-MC, which 1s not very characteristic of
chlorinated drinkin% water. Seasonal dynamics in TMA character
was identified: high activity in all experiments was observed
in Astrakhan in sprin§, while in autumm 1t shifted mostly from
strailn TA 100 (-MC to strain TA 98(-MC), which may be
indicative of changes 1in the character of 1nitial water
contamination. -

Analysis of correlation between TMA values of drinking water
samples and a number of traditional integral indicators of the
water quality revealed a significant positive correlation with
such parameters as turbidit¥. chloroform content and a complex
index value for metals. t is sugposed that one of the major
possible sources determining TMA value of chlorinated drinking
water may be the presence ol raw humic components in the water.

The data.-obtained show that TMA index can be used as a hygienic
standard for drinking water quality aimed at the prophylaxis of
genetic disturbances and oncologic diseases.



CWrMEHWMECKUE TPEBOBAHUS M KJIACCHOWKAUUA KATEFOPMM KAYECTBA
BYTHUMPOBAREBIX [MTBEBBX BOX

Paxmanud 0.A., AO.M.H., akazeMur PAEH, MCA, 4j.-Kopp. PAMH,
‘Muxajijosa P M., K.M.H., C.H.G., HUM sKoJOTMM YeNoBeKa U T'UI'MEHH
OKpy®abuen cpefp UM. A.H.CucuHa = PAMH, UYeckuc A.B., A.T.H.,
YJI. “KOpp. PHAH, BHMcTanzapTH3auuu, PoroBen AU,
[OCKOMCaH3IKMIHaA30pa PO.

B zapyfexHol U BO Bce 6oJbUMX MacuTabax B OTEUYECTBEHHON MPaKTHKE
pacTeT HUCIOJNb30BaHWe /8  IHMTBEBHX lejefl  YUMCTOM  pacacoBaHHOA
(OYTH/IMPOBAHHOA)  BOJH, Kak IpaBWjo, U3 TINOO3EeMHEX, B TOM 4UCJe
POIHMKOBHX, KUCTOYHMKOB. BMecTe C TeM 0 HACTOAWEro BPeMeHM OTCYTCTBYWT
YeTKUEe KDUTEpUM TUIMeHW4YecKM OOOCHOBAHHOM KATerOPDUMHO! OLEHKH ee
KauecTBa. [IOOXOHH ¥ HEKOTOPHX KOMMEpUEeCKUX CTPYKTYP K XapaKTepUCTHKe
GYTHAMPOBAHHHX BOJA KaK MPOCTO SKOJOI'MYECKM YHWCTHX, NPMBOIAT 3a4acTyl K
TOMy, 4T0 uHPopMaimsas o006 UX KadecTBe UMEEeT BechbMa  OI'PAHHYEHHHH
XapakTep, & [pd KOHTPOJILHOM aHaJM3e OHM He O0TBeyawT Jaxe COBDEMeHHHM
pEKOMeH[AIAM BceMupHO ograﬂnsaumn 3IpaBooxpaHeHus (BO3) M0 KOHTPOJD
KayecTBa MNUTHEBOA BOIM .(2). I[IpM 3TOM TAKOM YIPOUWEHHOM CXOJIACTUYECKOM
NoAxole 3aKOHOMEpPHO BCTAET. BOIPOC: "A ecyu O0TBeYawT 3TUM TpeOOBaHMAM B
KAKOM-TO HAacCeJeHHOM IYHKTe, TO MOXHO JII BORY M3 IAHHOI'0 BOJONIPOBOJA
pas/mBaTb B OYTHJKM M MNpOJaBaThb He [0 ee MYyHUIMOANbHOH,” a 1o
KOMMEepUYeCKO#l  1LleHe, HO B JpYroM HaceJeHHOM IIyHKTe, TJe  IIOJIHOTO
COOTBETCTBUA KadecTBa BOJH peKoMeHIayusM BO3 He oTMedaeTca? W Kak
OTHOCUTBCH TPXH 3TOM K HEKOTOPEM DAa3JUyusiM B HOPMATUBHHX BeJUUYMHAX
OTIeNbHHX II0KazaTeJsell KayecTBa NUTBEBON BOMH, €CJM pedb UAEeT 0 PasHHX
CTpaHax?" #u, B YacTHOCTH, COBCEM YKe Ka3yucTU4ecku#r sompoc: "He
cjaelyeT JU TUTH gasnMTym B GYTHJKH CaMy® YUCTYR B XHMUYECKOM OTHOWEHUU
BOLY - IMCTUANAT?"

[IpoBefilecHHHE HamM  paspalbOoTKM 10  JaHHO#  mpo6neMe. I03BOJANT
000CHOBATb 4YeTHpPE OCHOBHHE KATErOpud KayecTBa pacPacOBaHHO@ NUTLEBOR
BOJIH:

1. Kareropusi oOHYHOI'O [MMTBLEBOI'0O KayecTBa. [IpM 5TOM BOJA HOJIKHA
IIOJHOCTBR CCOTBETCTBOBATH KPUTEPUAM. OJIANONPUATHOCTH  OPT'aHOJIENTUYECKUX
CBOVICTE, 6e30MACHOCTY B 3IMIEMUYECKOM . OTHOWEHUM, Oe3BpeIHOCTHU
XUMHYECKOTO  COCTaBa, paiMalMoHHOW  0e30MaCHOCTHE ¥ COBPEMEHHOHR
HOpPMaTHBHOX 0Oase [0 COOTBETCTBYWUMM KOHKpPETHHM CTAHIAapTaM KadyecTBa,
KaK MMHUMYM, B Ipejenax NocjefHuX pekoMmeHnzauud BO3 (1) uHIM Jpyrux
foJiee "HECTKUX" BEJUYMH [0 OTIEJBHEM IOKA3AaTeJIAIM KadyeCTBa, I[PUHATHX B
psane ctpaH (CUWA, - Aurausd, @paHuus, = Poccusa, KaHajga ¥ Jp.), & Takke He
NPOABJATL HEraTUBHOA OHOJIOTUYECKON AKTUBHOCTH TpM OMOTECTUPOBaHUU €e
Ha TUAPOGMOHTAX U KyabType Salmonella typhimurium B TecTe SiiMca. Takad
BOJa  IOEHCTBUTENBHO B pacacoBaHHOM BHIE MOXET I[EPEeBO3UThLCA U3
LIEHTpaJM30BaHHON CHCTEMH IUTBEBOTO BOJOCHAGKeHUSA OJHOT'O
("ONaromOJIyYHOr'0") HACEJeHHOI'0 MNyHKTa B ApYyrod ("HeOJaromoJyuHHI").
OIHAKO TNPAKTUYEeCKH CIPOC Ha Hee MOXeT ONpeleNdTbCA, B OCHOBHOM, B
[eprHoH Ype3BHYAHHEX CUTYALMIL.

2. KHaTeropusa  yJyd4lleHHOr0o  TIMTBEBOIO  KayecTBa. Boma IOJIKHA
COOTBETCTBOBATH TEM ¥e KDUTEepUAM, HO 0CA34TeJbHO DpasjuBaTbCA #3
CAMOCTOATEJIbHHX, KaK NIPaBUso, TIOA3eMHHX (MPeINOYTUTEeNbHO POLHMKOBHX)
BOJOMCTOYHMKOB, HAISKHO 3aUMWEHHHX 0T OMOJOIMYECKOT'0 U XUMUUECKOI'O
3aIpsi3HeHU eCTEeCTBEHHOI'O, AHTPOIIOTEHHOT'0 58171 TEeXHOI'€HHOT'0
npoucxokjeHust. OHa He [JoakHa  OHTb  KApPHUECOT'€HHOH, TIOJBEPraThCA
00e33apaXMBaHUln  XJIOPOM, COLEp¥aTh KCEHOOUOTHKM AHTPONOMEeHHOI'o W
TEXHOT'@HHOI'0 IIPOMCXOXIEHUS U NOJIKHA CTAOUJIBHO COXPAHATH CBOM BHCOKHWE
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MATHEBHE CBONCTRBA.

3. KaTeropua BHcWero (ONTUMAJLHOI'0) MUTHEBOI0 KauecTBa WM HHAYe
' BOJAa Kak NuueBOit mponaykT. IIpd COXpaHeHMM BceX [O3WIMA NpelHaylen
KaTeropud [MTheBad BOJA BHCHEro KayecTBa JOJKHA COOTBETCTROBATH
KpUTepUo (U3MONOTMYECKOW NMOJHOUEHHOCTH, OCHOBAHHOMY Ha TOM, HYTO 4/
pAfa OWOJNIOTMYECKN AaKTUBHHX 3JIEMEHTOB HAYYHO 'OO0OCHOBAHH He TOJBbKO
NpefeNbHO (MaKCUMasbHO) NONYCTHMHE KOHLEHTPAIMH B IUTHEBOA BOJe, HO M
MUHUMAJLHO HeoOXOoIUMHEe, a ANA pAjia NokasaTejed W ONTUMAJNBHHE, YPOBHH
collepxaHus (1,3,4), B YaCTHOCTHM, TI0KA3aTeJM WEJOYHOCTH NOJKHH OHTb B
npejenax 0,5-7,0 MMoJb/Jl, HECTKOCTH - B mpejenax 1,5-7,0 MMOJb/J,
COLepRaHKHe KaJbiMd - He MeHee 30 MI'/J, MarHus - He MeHee 5 MI/J, @TO?&
-~ He MeHee 0,6 MI/Ja (C KOppexkuue# YpOBHA II0 KJUMATHYECKHUM II0siCaM).
BO3MOXHO TaKke YTOWHEHWe HODMATURHHX BEJMYMH [10 CeJleHy, HATPUO K UOAYy
¥ pady BPYTHX 3JIEMEHTOB ¥ QU3UYECKUX CBONCTB.

4. Karteropus KOppeKTHPOBOYHHX MUTbeBHX BOL. [IpM COXpaHEHUM BCeX
MO3UIMA KATEeropUud BOOH YAYUMIEHHO'0 [UTHEBOT'0 KayecTBa JHOMYCKaWTCH
OTKJOHEHUA  OT  PUMMEeHUYECKMX  HOPMATHBOB [0  pAdy  [okasaTened
6e3BPeHOCTY XMMUYECKOI'0 COCTaBa, KOTOPHE B OAHHHX KOHKDETHHX YCJIOBHAX
MOTYT WMeTb He OoTpuuaTesbHOE, a MOJOXUTeNhHOe 3HA4YeHHe BO3JeHcTBUA
BOJH Ha COCTOAHWE 3[0pOBbA HAacesleHMsA. K YUCJy TaKUX OTHOCUTCA Pl
nokasaTedseft, XapakKTepU3ybUMX COJEBOR U MUKDOSJIEMEHTHHI COCTaB NUTHEBOH
BOOH, Korpa, HampuMep, B perdoHax I W Il KJIMMATUYECKUX [I0ACOB C
NperMylleC TBeHHEM UCIOJb30BaHNEM B cUcTeMax BOJIOCHAOKEeHNA
MAJIOMAHEPANM30BAHHHX BOA OJArONpUATHOE BJMAHME Ha OpraHu3M ' MOXeT
OKa3aTh NoTpebsieHue (QacoBaHHOK BOIH C MOBHUWEHHHMM (CBEPX TI'MI'MEHHYECKHUX
HOpMaTHUBOB) YPOBHAMH XeCTKOCTH BOJH W COIEpXaHMS B HeR @QTopa, Iusd
HaceJieHud, [poXMBapllero B padoHaXx  IOBHUWEHHOTO  PaIMO8KTUBHOI'O
U3Ny4YeHUss, MOTYT OHTR pACCMOTPEHH BONPOCH KOPPEKTUPOBKM CONEpXaHUA
cejeHa U (ropa B QACOBAHHHX NUTHEBHX BOJaX ¥ T. I.

Ing BcexX KaTeropud kayecTBa (QacOBaHHHX BOJA, MCKINYAHA IIOCJEIHOD,
He  JoIycKawTcs  Kakue-Ju60  HeraTuBHHE  M3MeHEeHUs - KadecTBa "
OpPraHOJIEITUYECKUX  CBOUCTB MpM KX KUNAYEHUH. VYKa3aHHHE KaTel'OpuH
Ka4YeCcTBa BaXHH He TOJBKO IOa9 (QacoBAHHEX [HThEBHX BOX, HO ¥ 1Jd
pPa3MUuHHX 06e3aJKOT'0JIBHHX HANWTKOB, IpPUIOTOBJEHHHX Ha KMX OCHOBE. B
HacTodUee BpeMs BelleTcd pa3paboTKa COOTBETCTBYWWEr0 perJamMeHTHpYoero
JOKYMEHTA BOJHO-CAHWTApHOI'0 3aKOHOLaTe/IbCTBa B POCCHACKOR denepalyi.
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PA3PABOTKA TEXHOMOIHH OYNCTKH H YTHIH3ALIMH CTOYHbIX BOg
IPOH3BOACTB M3HHA H FOTOBbIX (IEKAPCTBEHHBIX CPEACTB

Mcaseaesa E.H. a.-Kopp. YKPDaHHCKOH AKANEMHH 3KOMOrHYe€CKHX HayK,
npogheccop, AOKTOP, IKONOTHIECKHX HAYK

Oncenusik T.fl., K.M.H., CT.H.C.

locyaapcrsennaa AKaqemMHsa CTPOHTENbCBA H apXHTEKTYpbl,

r. Oaecca, YKpaHHa

PasnooOpa3ne n
H3MEHUHBOCTb cocTaBa
NPOMbIlUAEHHDBIX BOA
NPOH3BOACTBA (IM3MHA H FOTOBbIX
nekapcTeennbix cpedacts (FC),
BbICOKOE COaepzRaHHe HeHHbIX
BelllecTs B CTOKAX NpPOH3BOACTBA
AKW3HHA MOCAYMHNO 0OOCHOBAHHA
HCNONb30BaHHA PereHepaTnBHbIX
MeTOAOB AGAR OYHCTKH (TOKAbHBLIX
CB ueHHbie npHMecCH, a
O4YHIUEHHLIR CTOK BO3BpPaTHTL B
TEXHOMOIHYECKHH NpoLecc,
ob6ecneunsad 0oAHOBPEMEHHO
3KOHOMHIO “IMCTOH BOAbI H
AMKBHAALHIO Hanbonee
KOHUEHTPUPOBAHHDBIX
NPOMbIIEHHbIX BOA.

AHann3 cocraBa 10KalbHO
obpasyembix CB npoussoacTsa
nn3nna v I1C B conocrasneHnn C
oOlKMM CTOKOM NoKasan, “ITo
crenedb 3arpasHenHocty (BIIX,
XMNK) obpasyownxca CB pasaniHa
Ha OTAENbHbIX ITanax
TEXHOMOMMYECKOro Mpouecca.
Yacraa cMedHa npoH3BOAHMbBIX
'NC, 1abuabHOCTD TEXHOMOTHH

. MHKPOC‘HO(IOFH‘ICCKOI‘O CHHTE3A

(IN3HHa NPHBOAAT K
HeCTAOHABHOCTH YyPOBHA
3arpA3HEHHOCTH NPOMBIBHBIX BOA,
0 1eM CBHAETEbCTBYIOT AaHHbie,
npusegentovie B taba. |

TABANIIA 1. CocraB npombiBHbIX BOA NPEANPHATHN (AH3HHA H [T]C

lMoxkasarenu
(1n3nHa

B3aseuieHHble BewiecTsa,
mMr/amM B Kybe 2400-60000
Cyxue Belnecrsa, '
Mr/am B Kybe 24000-80000
XK, mr/am B Kkybe 1600-47000
BIK, mr/am B Kybe 1000-30000

MpeanpuaTua
' rac

1200-18000

850-9800
2300-9600

1060-38000

Crasa 3aga4dy o4nCTKH CB H
fIOBTOPHOI'O HCNONb30OBAHHA
OYHILEHHBIX CTOKOB B
TEXHOAOrHYEeCKOM fpouecce ¢
yTHAH3AUHER UEelNHbIX NpHMeceH, B
KavecrBe cnocoba obpaboTkH
naydaembix CB, 6bian BbiGpaHb!
meToabl yabrpaduabTpauHu (YO)
n obparHoro ocmoca (Q0),

YuHThIBAR WHPOKHH
Ananaszol konebGaHHH coCTaBa W
ypoBHa 3arpasHeHdHoctu CB, npu

paspaboTKe BapHaHTa HX OYHCKH
NpHHATA CXeMa, OCHOBaHHaA Ha
NpHHLHNE I'PYNNOBOrO BblAENE€HHA
3arpA3HAIOUIHX KOMIIOHEeHOB. Mbi
HCoab3oBanH MeMbpaHHbIIO
TEXHOMOTHIO, YTOObI
CKOHUEHTPHPOBAaTb
HepaCTBOPHMbIEe B3BECH METOA0M
Y®, nepmear OYHMCTHTH OT
pacTBOPHMbIX BeEUIECTB METOAOM
00 (tabn. 2)




rTAB(lHuA 2. O¢peKTHBHOCTE MEMOPAHHOA OYHCTKH CB

Noxkasarean [Mpeanpuamma
(In3nH rac
Hcxon. lNepmear Hcxon Nepmear
CB Yo 00 CB Yo 00
Cyxon ocCTarok, :
Mr/aMm B Kybe 2400 8870 220 17170 7670 40
XK, mr O/am B Kybe 15800 6070 560 23800 86401270
BIIK, Mr O/am B Kybe 7800 3540 370 4880 3450 470
Cyasdarsl,Mr/amM B Kybe 250 190 20 185 105 10
MecrkocTh 0611asn, _ '
mr/am B Kybe 30,7 28.5 1,1 21,0 20,8 0,8

Pesyabrarsl, noay4eHHnle B BellecTB HcnoablopaH Moroa OO,

IKCNepHMeHTax, NoKasanH, 4YTo
AaHHaA nocne40BaTenboCTb
obpaborkn CB
BbICOKOa(h D EKTHBHA A(IA OYHCTKH
BbillleyKa3aHHbIX CTOKOB H
AOMKHA paccMaTpHBaTbCH Kak
4aCTh CHCTEMbl BOCCTAHOBAEHHA
KadecTBa BOAbI C YTHaH3AUHEH
UEeHHBIX NpPHMECeH.

B xone HccaepoBaHuk
ONPAANH OCHOBHbBIE
TEXHOMNOrHYeCKHe XapaKTepHCTHKH
npoueccos YO u OO, ouenusanu
enecoobpasHoOCTh NPUMeHeHHA
MeMOpaHHON TEXHOMOIHH AnA
oyncrkn CB aaHHbIX
NpeanpHATHA. YCTaHOBAEHO, Y70
npouecc NpoTOYHOH
yapTpaduabTpaudH ¢ BbICOKOH
CKOPOCTbIO PEUHPKYIALUHH NOTOKa
a¢pPekTHBEH H IKOHOMHYECKH
onpapaaH Aaa o6paborTkH
NpPOMbIBHBIX BOd. Y& mMemOpaHbI
obecneunsaer 100% yaaneHne
B3BEIEHHBIX H KOMOHAHBIX
BewiecTs. [I1A H3ArOTORAEHHA H3
rnepMeaToB pacBoOpeHHbIX
HH3KOMONEKYNAPHbIX
OpraHM4ecKHX H HeopraHH4ecKHX

Haywann nposeaenne OO Membpan
B MPHMEHEHHH K
BblCOKOKOHueHTPHPOBaHHb!M
CTOKaM NpeanpHATHA AH3HHA U
I'MC. NMokasaHo, 4YT0 AaHHble
MeMOpaHb! XapaKTepH3YIOTCA
AOCTATOYHOA CTabHABHOCTBIO H
BbICOKOF MPOH3BOAHTE(IBHOCTHIO
npH pabore ¢ cobawoaeHnem
ONITHMAIBHbBIX YCIOBHH
nposeAeHHa npouecca. [JanHbie
cocrapa OO nepMeatoB H
pe3yapTarbl NPpoOH3BOACTBEHHbIX
HCnbITaHHH, NpHBedeHHble B Taba.
2, NOKa3bIBAIOT, 4TO OYHIUCHHAR
BOAa MoxKeT ObITb NOBTOPHO
HCNOAb30BAHA B TEXHOOIHYECKOM
UHKIe.

Y® KOHUEHTpaTbl

MPOMBIBHBIX BOA NpPeANPHATHH

AH3HHA UenecoobpasHo
HCNOOb30BaTh KAK KOPMOBOH
NPOAYKT, T.K. OHH He 00aagaloT
TOKCHYHOCTBIO H Ge3BpeaHbl B
TeCT - fgoae.

OBUWHA W AMHHOKHCAOTHbIA
coctap YO KOHUEHTPaTOB
npuBeaeH B Taba. 3



TAB(IHLUA 3. CocraB Y® KoHLEHTpara MpOMbIBHbBIX BOA ITPEANPHATHH

IpOH3BOACTBa (TH3HHA,

lMokazarenu
ChIpoH NMpOTEHH
AMHHOKHCIOTBI
3ona

dochop
Yraesoabl
ChIpoH KHp

% Ha Cyxoe BelecTBO

: 38-55
17-34,8
7.8-19,3
3,2-8,9
7,7-15,2
3,2-8,9

Beido Takmke nMokKkasaHoO, 4TO
Y& KoHUeHTpaTbhl MPOMBIBHBIX BOJ,
npeanpuarnn I'(1IC asasAlorca
ueHHbIMH gobaBKamu aaA
CTPOHTENbHbIX MaTepHanoB H
- MoryTt ObITb YTHIH3HPOBAHbDI.

Ilpeanoxena annaparypHo -
TEXHOIOTHYeCKasA CXeMa OYHCTKHM
H YTHAH3AUHH (10KANbHBIX CTOKOB
NpoOH3BOACTBA AH3HHaA H [(1C,
BKAoHalaa MeMObpaHHylo
TexHonoruw obpaborkH Hanbonee

KOHUEHTPHPOBAHHBIX NMPOMBIBHBIX
CTOYHBIX BOA.

TeXHHKO - SKOHOMHYECKHe
pacyeTbl MOKa3alH, YTO
npAanaraeMas CxemMa KOMIIIEKCHOH
nepepaboTKH AKHAKHX OTXO40B
No3BoAAeT Ha NMPHHUHNHANBHO
HOBOM YpOBHe c Hanboaee
HH3KHMH 3aTparaMH pelnTh
npobaeMy HX yTHAH3ALUHH H
06ecnevnTb CHHKEHHE
3arpA3HeHHA OKpY’KalolleH cpeasl.

TE3HNCbl

PaspaboTaHa TexHodorHyeckaa cxema mem6panHo#n ob6paborku
MPOMBIBHBIX BOA MPEANPHATHH (IM3WHA H TOTOBbIX (IEKAPCTBEHHBIX CPEACTB

(rac),

NpeayCMaTpHBAIOLLAA YTHIH3ALUHIO LIeHHbIX KOMIIOHEHTOB H BO3BpAT
O4HILEHHOH BOAbl B NMPOH3BOACTBO. [lOKasaHO, 4TO nepmear H

KOHUEHTpaT, - 0Opa3yloHACH *

B npouecce yabTpadpHabTpalud (YO) H obpaTtHoro ocmoca (0O0),
ueecoobpazHo MOBTOPHO HCMNObL30BaTh. YCTaHOBAEHO, 4YTO Yd nepmear
CTOYHBIX BOA MPOH3BOACTBA (H3HHA MoXKeT ObITh BO3BpalleH AA
NPHIOTOB(EHHA MHTAaTebHOH Cpeabl, a KOHUEHTPAT MOMXHO OLEHHBATb KaK
KOPMOBOH NpoAyKT. Y® He obnagaer TOKCHYHOCTbIO H GeaBpeaeH B

TECTA03E.

PacTBopeHHbI€ NMPHMECH CTO4YHbIX BOA yAalAaH MeroaoM obparHoro
ocmoca. MMoayyernsin OO nepmear uenecoobGpasHO BO3BpalLATh B
TeXHOMOrH4eCKHH LMK, HanpHMep, HA CTaanio NMPOMbIBKH obopyaoBanns.

TeXHHKO - 3KOHOMHYECKHE pacyerbl MoKasadaH, YTo lpejaaraecMan
TexXHOAOrH4eckaa CXeMa KOMIIEKCHOH YTHAH3alMH Hanboaee
KOHLLEHTPHPOBAHHBIX CTO4HbIX BOA NPOH3BOACTBA (IH3HHA H rac
No3BOMAET Ha MPHHLHMMHANBHO HOBOM TEXHHYE€CKOM YPOBHE C Hanbonee
HH3KMMH 3aTpaTaMH pellnTs npobaemy nHx rnepepaboTKH H HCNOAb30BAHHA.




