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Pestome. [[EJIb. Hccnedosanue ocobennocmell 2udpobuoIocuieckux XapaKxmepucmux pa3eumust
3006eHmoca 8 yciogusix pabomul pulOO3AUUMHOZ0 COOPYIHCEHUSL NO MUNY 80008030VULHOU 306€Chl
(BB3) mna ob6wvexme suepeemuxu. METO/bBI Cobpan, obpaboman u npoaHamu3upo8am
2UOPOOUONO2UHECKULl MAMEPUAT NO KAYECMBEHHOMY U KOIUYECMBEEHHOMY COCMABY 3000eHmMocA 8
paiione 600o3abopa 3aunckot ['POC. Ocoboe eHumMaHue YOeneHo YPOSHIO pa36umus
buoobpacmamens — MOINOCKA OPeUCCeHbl U UOY — AKKIUMAMUZAHMY — XAHKAUCKOU KpesemKe.
IIposeden cpasnumenvublii aHamu3 COOCMBEHHbIX UCCIEO08AHUTI U TUMEPAMYPHBIX OAHHbIX NO
2UOPOOUONO2UECKUM NOKA3AMENAM KAYecmed 600 No YPOGHIO pa3eumusi 3000eHmoca 6 paione
Ppoloo3auumno20  Coopysicenusi muna  80008030ywiHol  3asecvl. (Obpabomky mamepuana
npoOOUNU  OOWENPUHAMBIMU  2UOPOOUOIOSUNECKUMU Memooamu 6 Jaabopamopuu Kageopbvl
«Boouwie 6uopecypcor u axeaxyiemypay Kazanckozo eocyoapcmeennozo anepeemuyeckozo
yuusepcumema. PE3YJIBTATHL Ilokazano, umo pwlbozauumuoe YCmpoucmeo no muny
80008030VWHON 3A6€Cbl AGNIAEMCA MEXHUYECKUM PEeuleHUueM, Komopoe 6 npoyecce pabomvl
usMeHsem  (PUIUKO-XUMUYECKUE XAPAKMEPUCTIUKY —COCMOAHUSL  IKOCUCMEMbl, O0CODEHHO 6
NPUOOHHOM Cllo€e U 2pyHme, MeM CAMbIM Popmupyst ocobenHocmu 3006enmoca. Bvissneno, umo
poloozauumnoe coopyscenue (P3C) no muny 60006030ywnoi 3asecvt (BB3) ne cnusicaem
8U008020  pasznHoobpasusi  3000enmoca. Iloxkazano, umo 30na BB3 He npensmcmeyem
B0CNPOU3B00CTNEY MOJUIIOCKOG OPECCEHbl, HO NPUBOOUN K CHUIICEHUIO UX YUCIeHHocmu om 2 00 5 pa3
no cpasmenuio ¢ P3Y ¢ cemuamuvimu xacemamu, ymo yseauuueaem sxonocuueckyio suavumocms BB3 ¢
nosuyuti 60pvobl ¢ buoobpacmanusimMu Ha eudpomexHudeckux coopyscenusx. 3AKITFOYEHUE.
Habnooenus 3a cocmosinuem skocucmemol 8 patione 0elcmeaus 60006030VULHOU 3A6€Chl U OYECHKA
Kayecmea 600 N0 NOKA3AMeENsiM 3000€HMOCa GbIBUNU BbICOKOE KAYECMBO 800 HA YYACMKe
patione ¢ynxkyuonuposanusi BB3, ynyuwenue sxonocuueckou cumyayuu.

Knrouesvie cnosa. axeaxynomypa, 00beKmbl IHEPeMUKU;, pPblOO3AWUMHOE COOPYICEHUe,;
60008030yUHAsL 3a8ecd; 3000eHMOC.
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STUDY OF THE FEATURES OF ZOOBENTHOS DEVELOPMENT IN THE AREA OF
WATER AIR CURTAIN TYPE FISH PROTECTION STRUCTURE IN THE COOLING
RESERVOIR OF THE SDPP

Kalaida ML., Saetov AR., Khamitova MF.
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Abstract: PURPOSE. Study of the features of hydrobiological characteristics of zoobenthos
development under conditions of an operating fish protection structure of a water-air curtain
(WAC ) type at an energy facility. METHODS. Hydrobiological material on the qualitative and
quantitative composition of zoobenthos in the water intake area of the Zainskaya State District
Power Plant was collected, processed and analyzed. Particular attention is paid to the level of
development of the biofouling agent - Dreissena, and the acclimating species, the Khanka shrimp.
A comparative analysis of our own research and literature data on hydrobiological indicators of
water quality according to the level of development of zoobenthos in the area of a fish protection
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structure such as a water-air curtain was carried out. The material was processed using generally
accepted hydrobiological methods in the laboratory of the Department of Aquatic Bioresources
and Aquaculture of Kazan State Power Engineering University. RESULTS. It is shown that a fish
protection device like a water-air curtain (WAC) is a technical solution that, in the process of
operation, changes the physical and chemical characteristics of the state of the ecosystem,
especially in the bottom layer and soil, thereby shaping the characteristics of zoobenthos. It was
revealed that a fish protection structure (FPS) like a water-air curtain does not reduce the species
diversity of zoobenthos It has been shown that the WAC zone does not prevent the reproduction of
Dreissena, but leads to a decrease in their numbers from 2 to 5 times compared to FPS with mesh
cassettes, which increases the environmental significance of the WAC from the standpoint of
combating biofouling on hydraulic structures. CONCLUSION. Observations of the state of the
ecosystem in the area of operation of the water-air curtain and assessment of water quality based
on zoobenthos indicators revealed high water quality in the area where the water-air curtain
operates and an improvement in the ecological situation.

Keywords: aquaculture; energy facilities; fish protection structure; water-air curtain; zoobenthos.
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Begeoenue (Introduction)

B coorBercTBuM ¢ HampaBneHusAMH CTpaTerMd HayYHO-TEXHOJIOTHYECKOTO pa3BUTHS
Poccuiickoii ®@enepanuu, yrtBepxkaeHHoN Ykazom llpesumenta Poccuiickoit ®@expepanuu ot |
nexabps 2016 r. Ne 642 «O CrpaTerus Hay4yHO-TEXHOJIOTHUECKOTO pa3BUTHA Poccuifickoif
Oenepauun» 0co0yl0 aKTyalbHOCTh MMEIOT pabOThl MO OOECHEYEHUIO MPOJOBOJIbCTBEHHON
6e30MmacHOCTM M NPOJOBOJBCTBEHHOW HE3aBUCHUMOCTH PoccuM, KOHKYypeHTOCHOCOOHOCTH
0TEYECTBEHHOH NMPOIYKIUH Ha MUPOBBIX PHIHKAaX IPOJIOBOIBCTBUS.

Cpeau TpUOPUTETOB HAYYHO-TEXHOJOTHYECKOro pa3BuTHs Poccuiickoit denepanuu -
mepexoZi K OKOJIOTHYECKH 4YHCTOMY aKBaxO3sWCTBY, pa3paboTka M BHEIPEHHE CHCTEM
palMOHAIBHOTO MPUMEHEHHsI CPEACTB 3alUThl JKMBOTHBIX, CO3JlaHHE OE30MAaCHBIX TEXHOJIOTHH
IpH TONYyYEeHHH NPOAYKTOB TNHTaHHWA. OTH K€ 3aJaddl MOJUYEPKHBAIOTCA B JOKYMEHTax,
OTpEeNeNAIONMX C aJIMUHHCTPATUBHBIX MO3MIMH YIpPaBICHHE BOAHBIMU OHOJOTHMYECKHUMHU
pecypcamu: Denepanpubiii 3akoH «O0 axBakymnbrype» Ne400876-4, Boaueiii Komexc PO,
ITocranoBienne mnpasutenscTtBa Poccuiickoit @eneparm Ne 380 ot 29.04.2013 r. «O6
yTBepxkaeHUH [lomoXKeHHs 0 Mepax M0 COXPAaHEHHIO BOAHBIX OHMOJIOTHYECKUX PECYpPCOB U CPEJBI
WX OOUTaHUY.

B cooTBercTBMM ¢ HOPMATHBHBIMH JOKYMEHTAMH KaXJ0e B0J03a00pHOE COOpYKEeHHE
JIOJDKHO OBITH 000pynoBaHO 3()()EKTHBHBIM PBHIOO3AUUTHBIM YCTPOWCTBOM WM COOPYKEHHEM
(P3C). B ®enepansaom 3axone oT 20 nexadpst 2004 r. No 166-D3 «O priOOTIOBCTBE U COXpaHEHUU
BOJIHBIX OHOJIOTHYECKUX PECypcoB» (C M3M. U JIOM., BCTyIl. B cuiy ¢ 30.03.2023) B Crarse 43.2.
«DenepanbHbIid TOCYJAPCTBEHHBIN KOHTPOJIb (HAA30p) B 001acTH PHIOOJIOBCTBA M COXPaHEHUS
BOIHBIX OuopecypcoB» B Ilynkre 3. mnoauepkuBaercs «[Ipeagmerom  denepanbHOro
rOCyIapCTBEHHOTO KOHTposst (Ham3opa) B oOjmacTu phIOOJIOBCTBA M COXpPaHEHHs] BOJHBIX
O6mopecypcoB  fABISIETCS  COONIIOZICHWE  IOPUIMYECKUMH  JIMLIAMH,  HWHIUBHIYaJbHBIMH
NpeANpUHUMATEISIMU U Tpa)KIaHaMH 00s3aTeNbHbIX TpeOOBaHMid, BKItOYas: 1) TpeOoBaHUs B
YacTH BBIMTOJIHEHWS MEp II0 COXPAHEHHIO BOJHBIX OHMOPECYpCOB M CpeAbl MX OOWTaHWSA IpH
CTPOWTENBCTBE, PEKOHCTPYKIIUH, KAIIUTATEHOM PEMOHTE 00BbEKTOB KallHUTATBHOTO CTPOUTEIIECTBRA,
BHE/IDEHUH HOBBIX TEXHOJOTMYECKHX IIPOIECCOB M OCYIIECTBICHHHM HWHOH JeATENHFHOCTH,
OKAa3bIBAIOIICH HETaTUBHOE BO3ZCWCTBHE HAa OMOPECYpPCHI W CpeNy WX OOHMTaHUsS, B TOM YHCIE
TpeOoBaHUS HanMWIusg HPQPEKTUBHBIX PBHIOO3AIINTHBIX COOPY)KEHHH Ha BOJ03a00pHBIX
COOPYKCHHUSIX.

Amnanorn4Hoe TpeboBaHue 00 ycTaHOBKE 3(h(hEeKTHBHBIX PHIOO3ANIUTHEIX COOPYKEHHH — B
ITocranoenennu IlpaButensctBa P® ot 29.04.2013 r. Ne380 "O6 yrBepxkaenuu I[lomosxeHus 0
Mepax MO0 COXPaHEHUIO BOAHBIX OMOJOTMYECKHX PECypcoB M cpelsl mx obutams». A B Come
IIpaBun 101.13330.2023 «CHull 2.06.07-87 «llogmopHble CTEHBI, CYIOXOJHBIC IILTIO3bI,
PBIOOIPOIIYCKHBIE M PHIOO3AIIUTHBIE COOpYXKeHUs» (IMyHKTH 9.5.1 u 9.9) momguepkuBaeTcs, 4To
3¢ GEKTHBHOCTD PHIOO3AIMUTHBIX COOPYKEHHUH IS phIO pa3MepoM OT 12 MM | BhIIIe JOJDKHA OBITH
He MeHee 70% 10 BceM ce30HaM BOJIOIIOIB30BAHHS.
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Jns obecrneueHust ycTOW4YMBOro (DYyHKIIMOHMPOBAHUSI €CTECTBEHHBIX OSKOJOIMYECKUX
CHCTEM W TPUPOAHO-AaHTPOIIOTEHHBIX OOBEKTOB KOHCTPYKTHBHBIE OCOOEHHOCTH OTHAEJIBHBIX
peueHnit B ppI003alMTHOM yCTPOWCTBE ONPEACNSAIOTCS 33/a4aMK 00ecHedeHUs] MaKCHMaJIbHOM
3alIMTHl OT MOMaJaHusl Pbl0 B BO/03a0OpHOE ycTpoicTBO. OCOOCHHO aKTyalbHO 3TO IJISI TAKHX
MPUPOTHO-aHTPOIIOT€HHBIX BOJOEMOB KaK BOJOEMBI - OXJIaJUTENIM 00bEKTOB SHEpPreTHku. OHUM
n3 Hanbosiee >PPEKTUBHBIX TEXHUYECKUX PEIIeHU B HacTosiee BpeMs sBisiercss P3C no tumy
BojoBo3aymHoH 3aBeckl (BB3) [1, 2, 3]. Ono pabotaeT 1O NPHHIUIY BOCXOASIICH
BOJIOBO3/IyLIIHOW  3aBeChbl, C(OPMHPOBAHHOW CHCTEMOH NpHIOHHBIX Moxayneir P3Y ¢
aspupyromumu  comtamu  (Puc.1). DQdekT BOAOBO3IYNIHONH 3aBEChl, CO3MACTCsS TMOjadcii B
nephoprupoBaHHbII TPYyOOIIPOBOA MEIKOIUCIEPCHON BOIOBO3IYIIIHON CYCIICH3HH.

Do RTINS gy A
Puc 1. P3VY rtuma «BomoBo3mymiHas 3aBeca» nepen Fig.l. FPS of “water-air curtain” type before
YCTaHOBKO# B 3auHCKOM BomoxpaHuuiie installation in the Zainsk reservoir

*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

Oco0yr0 aKTyaJbHOCTh HMMEIOT HCCIICOBAaHUS MPOOJIEM MOBBIIICHUS YCTOHYHUBOCTH U
pa3paboTKa MEPONPHUSITUH TI0 MPEIOTBPANICHUIO HETrATUBHBIX M3MCHCHUH B BOJHBIX SKOCHCTEMAX,
OCOOCHHO TIPM HM3MEHCHHUHM  (DU3UKO-XUMHUYCCKHX  XapaKTePUCTUK TPU  JEITCIbHOCTH
BOJI03a00OpHBIX YCTPOWCTB, B TOM uHcie npu skcruryatauumu P3C Tuma BoJOBO3AYyIHAs 3aBeca
(Puc.2). AxTyanpHOCTh  YCWJIMBAE€TCS M  TEHASHIMSIMH  U3MEHEHUH  KIMMaTHYECKUX
XapaKTEPUCTHUK: TIOBBIIICHHEM TeMIepaTyphl BOJBI B JIETHUN MEPUO/, IPUBOIAIINM K CHUKCHHIO
COJIEpXKaHUs PACTBOPCHHOTO KHCJIOPOAa U IIBETCHHIO BOIBI 32 CYCT PA3BUTHUS I[MaHOOAKTEPHUH, YTO
B KOHEYHOM HTOTE MPHUBOAUT K MacCOBOM rudenu poid [4, 5, 6, 7]. B 3umuwmii nepuos B paiioHe
BB3 o6pasyeTcs He 3amep3arolas moyisiHbs (Puc.2).

Puc 2. PaGora P3V Tuna «BomoBo3ayiHas 3aseca» B Fig.2. The work of the "water-air curtain” type FPS
3aMHCKOM BOJIOXPaHHJIHILE in Zainsk reservoir

*Ucmounux: Cocmasneno agmopamu Source: compiled by the author.
Hayunast 3HaunMOCTh pabOTHI 3aKIIFOYAETCS B TOM, YTO BIICPBHIC M3yYCHBI OCOOCHHOCTH

COCTOSAHHA KOMIIOHCHTBI 3KOCHUCTEMBI BOJO0€MaA - 3000€HTOCa - B 30HE pa6OTLI P3C mo TUITY
BO,Z[OBO3I[yH.IHOI>i 3aBC€Cbl B CpPAaBHCHHUU C KOHTPOJIbHBIMU YYaCTKaMU BOJOXPAaHUIIMUIIIA.
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HccnenoBanue no3BoJsieT BBIABUTh ypoBeHb Bo3aekcTBUsa P3C mo Tunmy BOAOBO3AYIIHON 3aBeChl
Ha OKPYXKaIOUIYIO Cpery.

[IpakTHyeckass 3HAYMMOCTb MCCIEIOBaHMA 3KOCHCTEMBI B paiioHe ()yHKIMOHMPOBAHMS
PBIO03AIIUTHOTO COOPY)KEHHS THIIAa BOJOBO3IYLITHON 3aBECHI 3aKJIIOYAETCS B TOM, YTO PE3yJIbTaThl
MOJyYeHbl B YCIIOBUSX peaibHO (yHKumonupyromero P3C mpennpusitusi SHEPreTHKH U MOTYT
OBITH HCIIOJB30BaHbI ISl pa3pabOTKU M COBEPLIEHCTBOBAHUS METOJIOB CHIDKCHUS HETaTHMBHOT'O
BO3ACUCTBUS AaHTPOIOIEHHOW XO3AHCTBEHHOW JESTENbHOCTH Ha OKPYXAIoIIyl0 Cpeay.
PesynbraThl 1aHHOM PabOTHI MOXKHO HCIIOJIB30BATH MPH pa3paboTKe, MOJCPHHU3ALUH U BHEPEHUN
P3C, 4ro Oyzmer mone3Ho Kak Juisi BiagenslieB (yHKuuMoHupytomux P3C, tak u s
paspabotunkos P3C.

[lepeocmbIceHNE OCBOCHUS PECYPCOB BHYTPEHHUX BOJOEMOB BKIIIOUAET TaKHE 3a7a4M Kak
HarpasjeHHOe (OpPMHUpPOBaHME HUXTHO(QAYHBI, NACTOWIIHYIO aKBaKyJbTypy, YBEJIHYCHHE
KOMIICHCAIIMOHHBIX BBIIIYCKOB MOJIOOM PBIO OT HCKyCCTBEHHOTO Bocmpoumssoxactsa [4, 5]. He
MEHee 3HAUYMMBIM MEPOIPUSTHEM B 3THUX YCIIOBUSX CTAHOBHUTCS IMOBBINIEHHE 3(PPEKTUBHOCTH
PBIOO3AIIUTHBIX COOPY)KEHHH Ha BO103a00pax IHEPreTHYECKHX IMPeANnpusTHid. Bribop meTomos
pBI0O3aIIUTEl ¢ 0OOCHOBaHMEM COCTOSHHSI TMIPOOHMOLIEHO3a SIBISETCS BAXKHOW KOMIIOHEHTOM
COXpaHEHHs] BOAHBIX OMOPECYPCOB.

IMocranoBka 3axaun

ueﬂb JaHHOTI'0 UCCJIICAOBAHUA — U3YUUTh U3MCHCHUA FI/II[pO6I/IOJ'IOFI/I‘-IeCKI/IX XapaKTCPUCTHUK
B Pa3BUTHH 3000€HTOCA B YCIOBHSAX pabOTHI pHIO03AIMTHON BOJOBO3IYLIIHOM 3aBEeChl HA 00BEKTE
9HEPreTHKH.

Mamepuan u memoouxa uccredosanus (Materials and methods)

Marepwuasom st pabOThI MOCIYXKIIIU POOBI 3000eHTOCa, cOOpaHHbIe B aBrycte 2022 roma
¢ 8 craumuii B paiione Bogo3zabopa 3aunckoit 'POC (puc.3).

Puc.3. Craniuu o6Gopa mpo6 3000entoca B paiione Fig.3. Stations for sampling of zoobenthos in the
P3C tuna BomoBo3ayuiHas 3aBeca (BB3) area of the water-air curtain type FPS
*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

3anHCKOE BOJOXPAaHWIHILE CO3/IaHO B PE3yNbTaTe 3aperyIUpOBaHus CTOKa peku CTemHOn
3ait B 1965 1. (puc.4). CTBOp MIOTHHBI THAPOY3ia Ha peke CrenHoi 3ai pacnoioxkeH B 71 kM OT
yctbs pexu CrenHol 3aii (Mecto BrageHus B peky Kamy). HITY coctaBnser 73 M. Camblit HU3KHIHA
ypoBenb cpabotku — 70,075 m. IMomusiit 00bem mpu HITY pasen 0,063 kM3, mose3Hbiii 00beM
0,035 xm3. [Tnomaap Bogocbopa cocrariseT — 2,91 Thic. kM2, TwWIoMIaMs BoaHOrO 3epkana — 20,45
kM2 [8, 9]. Cpennsist Tmybuna cocrasisier 3,8 M, HanOombpmas — 9 M. CpenHss mupruHa — 1 KM,
MakcuManbHas — 2,5 kM. /[nuHa B mepuoj mojaoBoAbs gocturaet 15 km. B 1972 roxy 3annckas
I'POC BrIBeneHA Ha MPOEKTHYIO MOITHOCTE — 2 400 MBT.

[l0manps BOZOXPAHHMIHINA, YIACTBYIOIIAs B OXJIAKICHHH, COCTaBiseT okono 15 km’. Ilo
CTETICHH TIOJIOTPEBA BOJOEM MOXKHO Pa3JIeNIuTh Ha YETBIPE yYacTKa: BEPXHUH IUIOMAIBI0 OKOJIO
6 KM? — 30Ha MAaKCHMAIBHOTO MpPOTPEBa, CPSIHWH — 30HA C1aGOrO MOXOrPEeBa, B KOTOPOIL
pacrioyio)keHa 30Ha Bojxo3abopa, HIDKE 30HA SMU30JUYECKOTO IIOAOTPEBa, IOCIEe KOTOPOH
pacmoyiokeHa 30Ha C €CTEeCTBEHHBIM TEMIlEpaTypHbIM pexumMoM. OObeM BOJHOH Macchl

COCTABIIET MPUMEPHO 9 MITH. M°.
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4

Puc.4. Kapra—cxema pacnonoxenus 3amHckoro Fig.4. Schematic map of the location of the
BOJIOXPaHHJIHILA Zainsk Reservoir
*Ucrounuk: (https://www.google.com/maps). Source: (https://www.google.com/maps).

COpocHbIE TeIUIble BOABl B  BOJOEMAaX-OXJAJWUTEIAX SBIBTIOTCS  ONPEHCIISIONIUM
AHTPOIIOTEHHBIM SKOJIOTHIECKAM (PAKTOPOM, BIISIIOIIAM Ha €CTECTBCHHYIO cpely. B ycroBmsx
paboter BB3 Ha 3KoJOrmYecKoe COCTOSHHE BOMOXPAaHWIWINA BIHACT HE TOJIHKO COPOC TEIIBIX
BOJ, HO U QpyHKIHOHUpoBaHue BB3. Bo3nelicTBre Ha KOMIOHEHTHI THAPOOHOIICHO3a TIPOSIBIISACTCS
B HCUYC3HOBECHHH JICIOBOTO IOKPOBA, YBEIUYEHHH MPOTOYHOCTH BOI, M3MCHEHHUS COIEpKaHHS
KHCIIOpOZa B IPUAOHHOM ciioe (puc.5).

Puc 5. 3ona  BosmedictBus  P3Y  tuma Fig.5. Impact zone of the “water-air curtain” type
«BOJIOBO3TYIIIHAS 3aBecay B 3aunckoM  FPS in the Zainsk reservoir

BOJIOXPaHHJIHILE

*Ucmounur: Cocmasnerno agmopamu Source: compiled by the author.

I'mapobuonorndeckne mpoOsl 3000eHTOCa OBUTM 0TOOpaHBI ¢ 8 CTaHIM, U3 KOTOPBIX 3
ObUTH IPUOpEXxXHBIMHU (pHC.6):
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Puc. 6. Craniuu o6opa nmpo6 3000eHTOCa B paifone  Fig.6. Zoobenthos sampling stations in the area of
P3C tuna BogoBo3aymiHas 3aBeca (BB3) the water-air curtain type FPS (WAC)
*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

cT.1 — B IIEHTpaJIbHOI YacTH BOH03a00pHOTO KaHana (mpo3padHocTs 2,0M, riyounHa 4,5 M,
temmeparypa 26,07 °C);

ct.la — y Oepera BHyTpH B0m03a00pHOTO KaHaja (TPO3PavHOCTh 10 AHA, riryouHa 0,5M,
Temreparypa 26,2 °C, miaBaromye norpyKeHHbIe BOIHBIE PACTEHHUA);

CT.2 — HaJ BOIOBO3IYIIHOHN 3aBecoil (mpo3pawynocts 1,2M, rimyOuHa 3,7 M, TemMmepaTypa
26,69°C);

cr.3 — B 50 M mepex BOMOBO3IYINHOW 3aBecoi (mpospauHocts 2,0 M, riyOuHa 2,5 M,
temmneparypa 27,71°C);

cT.4 — BBIIIE BO03ab0pa Mo TeueHuto (mpo3paunocts 2,0 M riryouna 4,0 M; Temneparypa
27,42°C);

cT. 4a — y Oepera BbIIIIe TI0 TEYEHHIO BOJ03a00pa (IIPO3pavyHOCTh 10 1HA, riryouna 0,4 wm,
Temmeparypa 27,42°C, miasaromniue morpyKeHHble BOJHBIE PACTEHHUS);

cT.5 — HIKe Bomo3abopa Mo TeUeHHIO (IIPO3pavyHOCTh 2,2 M, TiTyOuHa 4,2 M, TeMiieparypa
27,40°C);

ct.5a — y Oepera HIDKE 10 TEUCHHUIO BOAo3abopa (IIpo3pavyHOCTh JI0 JHA, TayouHa 0,5 M,
temmeparypa 27,5°C, miaBaroiiue norpyKeHHble BOJIHBIE PACTEHHS).

OT160p mpob 3000eHTOCA TMPOBOAMICS C TOMOIIbI0 aHOUepnaTens [lerepcena (miomans
3axBara 1/40 M2) C JBYXKPAaTHOW MOBTOPHOCTHIO. [loiTydeHHBI MaTepHan IMpoLEkKUBAIICS depes
curo raza Ne25, opraHu3Mbl 3000€HTOCA € TIOMOIIBIO MHHIETOB BRIOMPAIHCH 1MOJ Tymnoil. IIpoOst
¢ukcupoBanucy popmanmHoM (4%). OOpaboTKy MaTepuana TPOBOAWIM OOIETIPHHATHIMA
THIPOOMOJIOTHYECKUMHI  MeTolaMu B Jlaboparopun  Kadenpsl «BomHble Onopecypchl
aKBaKyJIbTypa» KazaHCKOTO rocysapCTBEHHOTO SHEPreTHYecKoro yHuBepcureta. s o6paboTku
mpo0d  HCHONB30BANUCH  ONTHYCCKHA  MHUKpockom  miockoro momst  MUKME-5 wu
crepeockonnueckuiit Mukpockon MCII-2. OpranusMel 3000€HTOCa ONPEAEIISIN, O BO3MOKHOCTH
0 BUa wiu Oojee KPYNHBIX TakCOHOMUYecKuXx rpymm. [Ipu oOpaborke mpob mpoBoamiiach
(oTrocreMKka OOBEKTOB € MOMOIIBI0 NU(PPOBOTO MHKPOCKOITMYECKOTO KoMIuIekca. OmnpeneneHue
BHUJIOB BEJIOCH 110 OTIPEJIEIUTENSM H PYKOBOJCTBAM B 3aBUCHMOCTH OT I'PYIIIl OPraHU3MOB.

Pesynvmamut uccnedosanun u ux oocymcoenue (Results and Discussions)

CoxpaHeHHe BOJHBIX JKOCHCTEM BOJOEMOB HAa YpOAHU3MPOBAHHBIX TEPPUTOPUSAX Kak
cooOIecTs, HE TONBKO OOecreunBaonMXx OnopasHooOpa3ue, HO ¥ BaXKHBIX DIIEMEHTOB
OKpyXaromed cpeasl — OJHa W3 BaXKHEHWIIMX 3ahad  COBpeMEHHOCTH. lccnenoBaHue
Makpo3000eHToca B 3aMHCKOM BOJOXpaHWININE B 30He (yHKIHoHHpoBaHus BB3 BbusiBmio B
coctaBe 3000eHTOCca 34 BUma M (GOpPMBI, M3 KOTOPBHIX 9 OTHOCWINCH K OJHMIOXeTaM, 8 — K
MOJUTIOCKaM, 6 — K JH4YMHKaM xupoHomun. Kpome Toro, B cocraBe 3000eHTOCa 3aHMHCKOTO
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BOJOXPaHWIMILA BCTPEYAIUCh 3 BUIA PYYEHHHUKOB, [0 2 BUAA MUSBOK M MIIAHOK, & TaKXke IO
OJJTHOMY BHY OOKOIIIABOB, KPEBETOK, CTPEKO3 U MOAEHOK (Tadm. 1).

Tabmuma 1

Table 1

Berpeuaemocts BuioB U hopM 3000eHTOCa B 3aMHCKOM BOJIOXPAHIIIMINE B paiioHe Bogo3abopa 3ait [POC,
o mMarepuanam asrycra 2022 r
Occurrence of zoobenthos species and forms in the Zainskoye reservoir in the area of Zai GRES intake, based
on August 2022

CraHnuu

Ne Bun u popma
1 |1a |2 3|4 |4a |5 | S5a

Tun Mollusca (MoJ1iockn)

1 Mollusca knagka ‘ ‘ + ‘ ‘ ‘ ‘ ‘ ‘ +

Kuaacc Bivalvia

Orpsin Veneroida

Cem. Dreissenidae

Dreissena bugensis (Andrusov, 1897) + + + +

D. polymorpha (Pallas, 1771) + + +| + + | +

Kuacc Gastropoda

Otpsaa Caenogastropoda

Cewm. Bithyniidae

4 Bithyniidae tentaculata (Linne, 1758) ‘ ‘+ ‘ ‘ ‘ ‘+ ‘ ‘

Otpsin Basommatophora

Cem. Lymnaeidae

5 Lymnaea ovata (Draparnaud, 1805) ‘ ‘ ‘ ‘ ‘ l ‘ ‘*

Cem. Planorbidae

6 Planorbarius corneus (Linnaeus, 1758) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘+

Hoakaacc Heterobranchia

Otpsix Estobranchia

CemMm. Valvatidae

7 Valvata depressa (C. Pfeiffer, 1828) ‘ ‘ ‘ ‘ ‘ + ‘ ‘ ‘

Otpsig Pulmonata

Cem. Physidae

8 Physa fontinalis (Linnaeus, 1758) ‘ ‘+ ‘ ‘ ‘ ‘ ‘ ‘

Tun Bryozoa (MmaHku)

Kaacc Phylactolaemata

Otpsa Plumatellida

CeMm. Plumatellidae
9 Plumatella fungosa (Pallas, 1768) + + +
10 P. repens (De Blainville, 1834) + +

Tun Annelida (YepBn)

Knacc Clitellata

Moakaacc Hirudinea

Otpsaa Rhynchobdellida

CewmeiicTBo Glossiphoniidae

11 Glossiphonia complanata (Linnaeus, 1758) +

12 Helobdella stagnalis (Linne 1758) + |+
IMoaknacc Oligochaeta
Otpsa Haplotaxida
Cem. Naididae

+
I+ |
+

13 Stylaria_lacustris (Linné, 1767) ’ ’ ’
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TIpomomkenue tabmuikt 1. Continuation of Table 1

14 Nais variabilis (Piguet, 1906)

15 N. communis (Piguet, 1906)

16 Slavina appendiculata (d'Udecem,1885)

17 Derodigitata (Muller,1773)

18 Pristinella rosea (Piquet, 1906)

19 P. aequiseta (Bourne,1891)

20 P. sp.

21 Amphichaeta leydigi (Tauber, 1879)

Tun Arthropoda

Haakaacce Crustacea (Pakoo0pa3nbie)

Kuacc Malacostraca

Otpsa Decapoda

IHonorpsa Pleocyemata

Cem. Palaemonidae

22 modestus)

Exopalaemon  modestus (C. Heller,1862) (Leander

Otpsin Amphipoda

Cem. Gammaridae

23 Gammarus pulex (Linnaeus, 1758)

Kunacc Insecta (Hacekombie)

Hanorpsa Palaeoptera

OTtpsix Odonata

IlonoTpsix Zygoptera

Cem. Coenagrionidae

24 Erythromma najas (Hansemann, 1823)

Otpsa Ephemeroptera

Cem. Baetidae

25 Cloen dipterum (Linne, 1758)

Hapnorpsia Neoptera

Ortpsa Diptera

Cem. Chironomidae

26 Chironomidae xykonxa

Ioacem. Orthocladiinae

27 Cricotopus rp. silvestris (Fabricius, 1794)

28 Cr. rp. algarum (Kieffer, 1911)

IMoacem. Chironominae

Tpuoda Chironomini

29 Parachironomus rp. pararastratus (Lenz, 1938)

30 Limnochironomus rp. nervosus (Staeger, 1839)

Tpuba Tanytarsini

31 Cladotanytarsus rp. mancus (Walker, 1856)

Otpsn Trichoptera

Cem. Polycentropodidae

32 Polycentropus |.

33 P. flavomaculatus (Pictet, 1834)

Cem. Ecnomidae

34 Ecnomus tenellus (Rambur, 1842)

Bcero BusioB u popm

5

7

10

13

*Uemounux: Cocmasneno asmopamu Source: compiled by the author.
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Kak BupHO n3 naHHBIX TaOnuupl 1 W pucyHka’7 HamOosblliee BHIOBOE pazHOOOpasue M
pasHooOpasue rpymi 3000eHToca OTMEYaJoCh HAa NPUOPEXKHON cTanuu (CT.5a) HUXKE MO0 TEYESHHUIO
ot BB3, HauMeHblllee B LEHTpaIbHOW YacTH Boa03abopHOro kaHana (cr.1) n Ha TiryOOKOBOJHOM
CTallMH BBILIE MO TeueHuto (ct.4) (puc.3, 6, 7).

1

Trichoptera

12 B Chironomidae

=
|

Ephemeroptera
Odonata
» Gammandae
m Palaemonidae
m Oligochasta
®Himdinea
mBryozoa

qHC10 BHI0B

L= L

CTAHIHE m Mollusca
Puc.7. KommyectBo BumoB Makpozoobentoca B  Fig.7. Number of macrozoobenthos species in the
paiione Bogo3adopa 3aii [POC water intake area of Zainsk SDPP
*Hemounux: Cocmasneno asmopamu Source: compiled by the author.

Ilo yncmy BUIOB B BOJOEME TOMUHHUPOBAIN OJIMIOXEThl, HA HUX MPUXOAUIIOCh 26,5% Bcex
BCTPEUYCHHBIX BUAOB U ¢opM. Hambompmiee mx pa3sHOOOpazwe OTMEYaIoCh Ha TITyOOKOBOIHOMN
CTaHIIMHU BHIIIE MO Te4eHHI0 Bomo3abopa I'POC. HeoOxoamMo OTMETHTH JOCTaTOYHO BHICOKOE
pasHooOpasme ¢opMm 3000eHTOCAa B 30HE (yHKIHOHHMpoBaHHMS BB3 — BcTpewannch MoOITFOCKH
IpeiicceHa, MIIAaHKH, THABKU M OJIMTOXETHI, XapaKTepHbIE IS TepU(PHUTOHA.

K mHambomee wuacto BcTpeuarommMmcs BumaM u  (opmam B palioHe HccIeqOBaHUI
oTHOcHIMCh Moutrocku Dreissena polymorpha (Pallas, 1771), kotopsie BeTpedannch Ha 6 u3 8
CTaHIUSAX W JMIMHKYM XUpoHOoMuA Limnochironomus rp. nervosus (Staeger, 1839), BcTpeuasimecs
Ha 5 cTaHIUAX.

YHCIIeHHOCTh 3000eHTOCa BapbipoBaa oT 520 3k3./M° Ha cr.la 10 3790 5K3./M° Ha cT.2
(puc. 8).

4000 4000
':.:‘.: 3500 ';g 3500
% 2500 2500
E 2000 E 2000
B 1500 ' E 1500 =
2 1000 _ E 1‘;33 '
E so0 . . 5 ld
¢ 1 2 3 4 5 1a 4a 32
CTAHIHHA CTAHIOHH

Puc. 8. UmcnenHocts (3k3./M?) 3006enToca B Fig.8. Number (individuals/m?) of zoobenthos in the
3alHCKOM BOJOXpaHWIIHIIE B paiioHe Bojo3abopa Zainsk reservoir in the water intake area of the Zai
3aii 'POC State District Power Plant

*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

UHCIIeHHOCTb MATKOro 3000eHTOCa BapbupoBaia ot 200 9k3./M” Ha cr.1 1o 14809K3./M? Ha
cr.4a (puc. 9).

1600 1600
1400 1400
ik i
“g 1200 = 1200
& 1
A 1000 = 1000
E 800 g 800
E 600 E 600
E 400 g 400
200 H 200 H u
o I L 0
1 2 3 4 5 1la 42 sa

CTAHIGN cTaEmmT

Puc. 9. Yncnennocts (3k3./M?) markoro sooGentoca  Fig.9. Number (individuals/m?) of soft zoobenthos in

B 3aWHCKOM BOJIOXpaHWIHMINE B paiioHe Bomo3abopa the Zainsk reservoir in the water intake area of Zai
3aiil POC SDPP

*Ucmounux: Cocmasnerno agmopamu Source: compiled by the author.
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Buomacca 3000eHTOCa BapbupoBana ot 12,2 r/M?*Ha cr.1 10 1040,5 r/m® Ha cr.3 (puc. 10).
MOKHO OTMETHTB, YTO HAUOOJIbIIAS YUCICHHOCTh U OMOMacca 3000€HTOCAa Ha TITYOOKOBOIHBIX
CTaHIUAX OTMEYAIach B pallOHE BOJOBO3AYIIHOM 3aBECHI 33 CUET MPUCYTCTBUS APCHCCEHBI.

1200 1200
:%1000 o 1000
< 800 £ 800
b <
= 600 S 600
= <
£ 400 2 400
w =
200 200
. W 0 — = —
1 2 3 4 5 la 4a S5a
CTAHIIHA CTaHIIUHU

Puc. 10. Buomacca (r/m%) 3006enToca B paiiome Fig. 10. Biomass (g/m?) of zoobenthos in the water
BoJ03a60pa 3aii TPOC intake area of Zai GRES

buomacca msarkoro 3006eHtoca BapsupoBaia ot 0,08 r/M’Ha cranmmn 4 g0 57,24r/m° Ha
cranmuu 4a (puc. 11).

2 60
- 50
2 15 =
Co
bt 1 s 30
5 £ 20
S 05 E ‘1‘0
w0
w0
1 2 3 4 5 la 4a Sa
CTAHOHH CTAHOHH

Puc.11. Buomacca (r/m®) wmsrkoro soobentoca B Fig. 11. Biomass (g/m®) of soft zoobenthos in the
paiione Boz03abopa 3aii 'POC water intake area of Zai SDPP
*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

JIMuuHKY py4eHHUKOB, KOTOPBIE CBUIETEIBCTBYIOT O BBICOKOM KaueCTBE BOJ, OTMEUANNCh
B KaHAIC ¥ HA MPUOPEKHBIX CTAHIMSX C YHCICHHOCTBIO 0T 20 10 60 9K3/M° 1 Gromaccoii ot 0,01
710 0,12 T/m>.

[Ipu ananuse ypoBHS pa3BUTHS 3000€HTOCAa HEOOXOIUMO YUUTBHIBATH COCTOSIHHE JOHHBIX
ornoxenuil. [Tokazano [10], uTo y4acTku akBaTOpHHU B paifoHe OeperoBsIX HACOCHBIX CTAHIHN HE
MOJIBEPKEHBI 3amIeHHI0. [{MpKyISIIIMOHHbBIE TOTOKK BOABI U 10 ycTpoiicTBa BB3 mpensatcTBoBamn
00pa30BaHUIO WIMCTBIX OTJIOXKEHUH. IIpoBeneHHBIE HCCIIETOBAHMS BBISBUIHM, YTO JIOHHBIE
OTJIOXKEHHS OOWJIBHO HACBIIICHBI OTMEpINEH JpeHCCeHol, KoTopas Ha OTIENbHBIX CTAHLUAX
¢dopmupoBana o 70-80% obOwvema noHHbIX oTioxeHud [10]. Hammumem pakoBuH npeiiccen
OOBSICHAETCSI W HEKOTOpoe IMoBBIIeHHe pH B 30HE MOHHBIX OTJIOXKEHHWH B cpemHell dacTh
BOJIOXPAaHMIIHIIIA.

D.polymorpha 6buta xapakrtepHa ISl JIUTOPEOPUIBHBIX OHOIEHO30B Bomru 110
obpazoBanus KyHObIIEBCKOTO BOMOXpaHWIWINA. Ee MakcuManbHasi YUCIEHHOCTh B TOT MEPHOJ
nocrurana 1825 sk3/m2. Tlocie obpasoBanusi Bogoxpanmwmuma D. polymorpha crama maccosoit
dbopmoii B coctaBe TUTOpPeOUIBHBIX OHOIEHO30B MpaBoro Oepera Bomkckoro mieca. C 1998
roga B Bomkckom n Kamckom otporax KyHOpImmeBckoro BoJOXpaHMIHIA B OEHTOCHBIX cOopax
BcTpeuaercs Dreissena bugensis [11, 12]. B cpeanem ona cocrasisiia 5-15% ot uncnennoctu D.
polymorpha ua pycnoBeix u moiimenHbIX yuactkax. B 2001 r. D. bugensis 6buta obHapyxeHa B
Hmxaexamckom Bogoxpanmmumie. D.bugensis B ocHoBHOM BcTpedaeTcss B JIMTO(MHIBHBIX
O6moneHo3ax mpaBoro Oepera Bonru. [l moceneHMss OHa WCHONB3YeT pPa3TUYHBIC THIIBI
cyOCTpaToB: KaMHH, JpPEBECHHY, KpPYIHBIX JBYCTBOPYATBHIX MOJUIIOCKOB.  MakcumaibHas
YHCIICHHOCTH U Gromacca D. polymorpha B Bepxuux ydactkax KyiObIieBCKOTO BOJOXpaHMITHIIA
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B pasHble oAbl AOCTUrajga cooTBeTcTBeHHO 2120 — 8560 ak3/M? 1 5,3 - 1348 r/m? IIpU CpeaHen
6romacce 6-10 t/m? (0 95% o obueit Guomacch 3006entoca) [11, 12].

Yucnennocte W Oumomaccel Dreissena bugensis u D. polymorpha B paiioHe
¢ynkronupoBanus BB3 B 3anHCKOM BOOXpaHMIIMILIE TIPEJICTaBIeHa Ha pucyHKax 12 n 13.

2500
2000
1500 +~
1000 +~
500 n
0+ .- ‘ ‘ o -
cr.l cr.la cr2 cT.3 ct4 cr4a cr.5 cT.Sa

+

1

YrcIeRAOCTh, K3/ M2

CtaHnuA
¥ Dreissena bugensis ™ D. polymorpha

Puc.12. YucneHHOCTh MOJTIOCKOB apeiiccensl B Fig.12. The number of Dreissena in the water intake
paiiore Bogo3abopa 3ait [POC area of Zai SDPP
*Uemounux: Cocmasneno asmopamu Source: compiled by the author.
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CranneH
mDreissena bugensis = D. polymorpha
Puc.13. Bruomacca MosutiockoB Jpeiiccensl B paiione  Fig.13. Biomass of Dreissena in the water intake

BoJ03a60pa 3aii [POC area of Zai State District Power Plant
*Uemounux: Cocmasneno aemopamu Source: compiled by the author.

Kak BuIHO U3 NMpUBEAEHHBIX Ha puc. 12 u 13 maHHBIX MakcuMajbHbIe YrcieHHocTh (1950
3K3/M2) u Oromacca JipelicceHbl OTMeueHbl B paiione QyHkunoHupoBanus BB3 u nepex Heit — Ha
Y4acTKaxX MaKCHUMAJIbHOM IIPOTOYHOCTU C HAaWMEHbUIEW 3aWICHHOCTbIO T'PYHTOB. Passurue
JIpefCCEeHBl B 30HE THIPOTEXHHYECKHX COOPYKEHUH, KOTOPbIE SBIAIOTCS XOPOLIMM CyOCTpaTtoMm
Uit opMHpOBaHHSI ee Jpy3, YBEJIMYMBAET JKOJorniyeckoe 3Hadenue BB3 mo cpaBHeHuro co
craugaptaeiM P3Y, BrimouaromeMm psibosarpagurenbhbie pemetki (Puc.14). DT1o cBsizaHo ¢
BBICOKOI 00pacTaeMOCThIO THJIPOTEXHHYECKHX COOPYKEHHH M HEOOXOIUMOCTBIO MX 4YacTOH
YHCTKH. B ycloBuHsX TEIUIbIX BOJ 3Ta MpobiieMa CTaHOBUTCS ellle aKTyallbHee.

Puc.14. Mommocku  apeiiccenst B paiione  Fig.14. Dreissena mollusks in the water intake area
Bos103abopa 3ait [POC of Zai State District Power Plant
*Ucmounux: Cocmasnerno agmopamu Source: compiled by the author.

[Ipobnema Ononorndecknx oOpacTaHMH Ha penieTKax phIO03aIMUTHBIX ycTpoicTB TOL]

CTOMT JOCTaTO4YHO ocTpo (puc. 15). BuooOpactanus pesko cHIKaroT 3((GEKTHBHOCTh pabOTHI
PBIOO3AIIUTHBIX YCTPONCTB.

23



Ipobnemor snepeemuru, 2024, mom 26, Nel

Puc.15. buonornueckue obpacranuss Ha perierke Fig.15. Biological fouling on the grill of the fish
peibozamnmTHOTO yerpoiictea TOL] protection device of a thermal power plant

*Hemounux: Cocmasneno asmopamu Source: compiled by the author.

YuUCIIEHHOCTh MOJIIIOCKOB APEHCCEHBI Pa3HbIX pa3MEPHBIX IPYII B paliOHE UCCIIEIOBAHUS
npejcTaBlieHa Ha pucyHkax 16 u 17.
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Cranmas ot6opa mpod

Puc.16. Yucnennocts D. polymorpha B paitone Fig.16. Abundance of D. polymorpha in the water

BoJ03a60pa 3aii TPOC intake area of Zai SDPP
*Uemounux: Cocmasneno asmopamu Source: compiled by the author.
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Puc.17. UYucnennocts D. bugensis B paiione Fig.17. Abundance of D. bugensis in the water intake
Bo103abopa 3aii 'POC area of Zai SDPP
*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

Baxno ormeruts, yto D. polymorpha (mo 30 mM) umena Goiiblliieé MaKCHMaJbHbIE
pasmepsl 1o cpaBrenuto ¢ D. bugensis (mo 26 mm). Eciu D. polymorpha umena makcumanbHyro
YHCJIEHHOCTh Ha cTanuuu y BB3 u BcTpeuyanach B 3HAYMTENBHBIX KOJHYECTBaX B OEHTOCE BHYTPH
B0J103a00pHOTO KaHama, To D. bugensis mMena MakCHMMaIbHYIO YHCIEHHOCTh HA y9acTKE Mepes
BB3 u He Obu1a oTMe4YeHa B HpoOax OEHTOCa BHYTPU KaHaja. 3HAUYUMbBIM (AKTOM SIBISETCS U
HAIMYUE MENKUX ocoOeit napeliccensl — mo 10 MM — B 30oHe BB3 u kaname. Ot ocobu
CBHJIETENBCTBYIOT 00 YCIEIIHOM BOCIPOU3BOJCTBE jpelcceHbl BecHOW 2022 ropa MMEHHO B
paiioHe Bogo3a00pHOTO coopykeHus, Bkiodas BB3. Mommocku ot 8§ 10 13 MM, BeposTHO, OT
OCEHHET0 BOCIIPOM3BOJICTBA MPEABIIYIIEro roja.

CpaBHUM IIJIOTHOCTH JIpeiicceHbl B paiioHe Bomo3abopa 3aill POC ¢ mmI0THOCTBIO
MoimiockoB B 03. C. KaGan B paiioHe Bomozabopa Kazanckoit TOIl-1. Tam dnCIEHHOCTH
npeiiccensl Bappupoaia ot 80 10 8920 3K3/M%, B CpeHeM 3a TiepHuo 1 HaOIroIeHn coctaBuB 4153
3K3/M? (puc.18). MakcnmanbHas uncieHHoCTb (8920 9k3/M%) oTMeyanach B paifoHe 3a60pa BObI
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Kazanckoit TOII-1 B mtone 2009 r., mpu 3Tom mpoBencHHOe oOciemoBanue o3. C. Kaban Ha
PYCIOBBIX M TPHUOPEKHBIX CTAHIMSAX BBISIBHIO HHU3KYIO YHCJIEHHOCTh JpEHCCeHbl U3-3a
3HAYNTE/ILHBIX WIOBBIX OTIOKEHHMIT Ha gHe (10 20 5k3/M°) [13-17]. MccnenoBanue mokasaio, 4ro
B paiione BB3 mo cpaBHeHUI0O ¢ BOm03a00poM, oOopymoBaHHbIM P3Y ¢ KacceToll pemieTok,
YHUCIICHHOCTh JIpelicceHbl B paiioHe Bojo3abopa ot 2,1 mo 4,6 pa3 HmKe NPU HCIOIb30BAaHUU
pbr0o3amuTh o Tuy BB3.

Nuprkanan G 900

Tpy6xn konzencaropa [ 0
Merarxonctpyknun.. By /13
CTeHbI ABAHKAMEPHI
JHO aBAHKAMeEPHI

Kaccetn P3Y
4153

Bogozadop

03.C.Kabdan . 20

Puc.18. Pacnpenenenne npeiiccensl (3k3/M2) B 03. C.  Fig.18. Distribution of Dreissena (ind./m?) in the
KaGan u cucreme texuuueckoro BomocHaGkenus lake M. Kaban and the technical water supply system
Kazanckoit TOI-1 mo [17]. of the Kazan CHPP-1 according to [17]
*Hcmounux: [17]. Source: [17].

Takum oOpa3om, 30Ha BB3 He npensiTcTByeT BOCIIPOU3BOICTBY MOJUTIOCKOB IPEHCCEHBI, HO
MIPUBOJUT K CHIDKEHUIO WX YUCIIEHHOCTH OT 2 /10 5 pas.

HOCKOHLKy HUCCIICAOBAHNUEC TUAPOXUMHYCCKUX XAPAKTCPUCTUK Kady€CTBa BOJ BBIABUIIO
CHI)KEHUE 3arps3HEHMs] OPraHMYECKUMH BEIECTBAMH MHTEPECHO MOCMOTPETh KauecTBO BOJ IO
THAPOOHOJIOTHYECKUM XapaKTepUCTUKaM — II0 II0Ka3aTesisiM MaKpO3000EHTOCA, MOCKOIBbKY
HMMCHHO Y JHa OTME€YAIOTCA HanOOJIbIINE U3MEHEHHUS.

HpI/I OLICHKaX BJIMUAHUA aHTPOIIOTCHHOI'O BOS[[GﬁCTBI/ISI Ha BOAHBIC 3KOCUCTCMBI PAa3HBLIC
aBropbl [18-21, 28] uMCmONB3yIOT pa3iuvHbIe MHAWKATOPHBIC BHIBI U TPYIIBI, KOTOPHIE, MO HX
MHEHMIO, XOPOILIO OTPaXaroT TOT WJIM MHOM TUN 3arpsAsHeHusd. B nHauane XX B. I OLIEHKH
KadecTBa BoJ| Obuia mpeioxkeHa cuctema P. KombkButna m M. Mapccona [22, 23], koropas
Haluia MOIUMPOKOE MNPUMEHCHUE W CUUTACTCA CETOHHA KJIACCUYECKOM. ABTOpLI MPEAJIOKUITN
BOJOEMbBI W BOJOTOKHM HJIM HX OTACJIBHBIC 30HBI B 3aBUCUMOCTH OT CTCHICHU 3arpsA3HCHUA
OpPraHMYeCKUMHM BELECTBAMHU pa3AeinuTh Ha MOJH-, Me30 (anbda u Oeta)- U onurocanpoOHbIE 10
MPUCYTCTBUIO MHAUKATOPHBIX BUIOB.

KOHH‘ICCTBQHHyIO OIICHKY Ka4dyeCTBa BOJ C MNPHUMCHCHUEM MATEMATHYCCKUX PACUCTOB
npeioxuiy [Tantne n Bykk, npeanoxusiime uHaekc carpodHoct (S) [24] : S =Y s-h/> h, rae s
— HWHAWKATOpHAasA 3HA4YMMOCTbH BH]JA, h — OTHOCHUTCIIbHAsA YHCIICHHOCTH BHJA. N3 Bcex
MojupuKauuii Merona wu3MepeHus canpoOHocTH [lanTne-bykka Haubonee pa3paboraHHOM
cucremoii sBisiercst mMoaupukauus B. Cnaneueka [25, 26] u B Hacrosiiee BpeMs 4acTo
HCIIOJIb3YETCA B 6I/IOI/IH}II/IK3HI/IOHHBIX HUCCIICAOBAHUAX.

B Oosiee mo3aHuil mepuoa B OIIEHKAX KauecTBa BOJ CTAJIU MCIOJB30BaTh TPO(pHUUECKHE
CBA3HU FI/I}:[pO6I/IOHTOB, KaK TII0Ka3aTeJM HapYHICHHOCTU WJIIM HCEHAPYHICHHOCTU CIIOKHUBIIUXCH
CTPYKTYPHBIX CBsi3eil. BumoBas miuoTHOCTH (YHMCIO BHAOB B NMpoOE) IIMPOKO HCIONB3yeTcs B
KadecTBE WHAWKATOPHOTO TMokaszarens [27]. Drto OGasupyercs Ha mnpuHATOM KoHBeHImeH o
OuosIornYeckoM pasHooOpasum [29] ompemerneHur: OHONIOrMYECKOe pa3HOOOpa3we O3HayaeT
BapI/Ia6eJ'H)HOCTB JKUBBIX OPraHU3MOB U3 BCEX UCTOYHUKOB, BKIIFOYasd Ha3€MHBIC, MOPCKHUE U UHBIC
BOJHBIC DJKOCHCTEMBI M OKOJIOTMYECKHEC KOMIUICKCHI, YaCTbIO KOTOPBIX OHHU SABJIAIOTCA. 9T0
MOHATHE BKIOYaeT B ce0s pa3HooOpa3due B paMKax BHJA, MEXKIY BWAAMH M pa3sHOOOpaszue
akocucteM. COOTBETCTBEHHO BBIIENISIOT TPH OCHOBHBIX YPOBHSI OMOJIOTMYECKOr0 pa3HooOpasusi:
TeHETHYeCKOe, BHUIOBOE M HKOCHUCTEMHOE pasHooOpasue. Takoe JieJieHHEe COOTBETCTBYET
KonBennuu o 6uopazHooOpa3um.

BumoBoe pasHooOpasuwe mompasAensioT Ha aibda-pasHooOpazue — 4YUCIO BHUIOB B
npezenax (BHYTpH) OJHOPOAHOTO OmoTomna (3K0Toma); 6eTa-pazHooOpas3mue — 9ruCiIo BIIOB BO BCEX
Ouoromax (PKoTOMAax) JaHHOW 0OJacTH (TeppUTOpUHU); TamMma-pasHooOpasue — BHUAOBOE
pasHooOpasue B mpeaenax naHamadrta. OCHOBHasS pOJIb B M3YYEHUH OHMOJOTHYECKOTO
pazHooOpa3usi OTBOAWTCS TeM (opMaM, KOTOpPbIE 00JaAar0T CIMOCOOHOCTHIO K HEOTPaHUICHHO
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JIONTOMY CaMONOJJEPKaHUI0 B MOCTOSHHOW WIM yMEpPEHHO H3MEHSIOIIEHcs — cpene,
BOCCTaHOBJIEHHUIO NIOCJIE HApYIIEHUH, K BOJIIOLUYU U aJalTalluy K HOBBIM ycioBusaM [30].

CocraB rHIPOOHOJIOIHYECKOTO COOOIECTBA CBUICTEIBLCTBYET O CPEIHEM 3a UIHTEILHOE
BpeMs KauecTBE BOJBI U IPyHTA. Pa3Hble OpraHu3Mbl XapaKTEepPU3YIOT OTPE3KH BPEeMEHH pa3HbIe 110
MPOJODKUTENILHOCTH M MPEICTABISIOT COOOH pPErMCTpHUPYIOIIUE CTPYKTYPbl M3MEHEHHUI Cpeibl
HEOJMHAKOBOW CTENEHU UyBCTBUTENBHOCTU. [[03TOMy B 3aBUCHUMOCTH OT 3a/ad HCIHOJIb3YHOTCA
pa3nuuHble THIPOOHOHTHI, K TOMY K€ MX BHIOBOWH Ha0Op pernoHansHO crienuduueH. B cBsa3u ¢
9THM pa3pabaThIBAIOTCS U KOMIUIEKCHBIE CUCTEMBI OLICHOK.

C 80-x mer XX crojerus AN OLEHKM COCTOSHHMS BOJAHBIX O3KOCHCTEM IIHUPOKO
UCIIOJIb30BaNICSl MH(POPMAMOHHBIN MHJEKC BHIOBOro pazHooOpasus lllenHoHa B Moaudukanmn
Bunema u Jloppuca [27, 31]. JIoCTOMHCTBOM HHAEKCA SIBISETCS €ro KOMIUIEKCHOCTh, OH
YUUTBHIBAET KOJIMYECTBO BHIOB (BUAOBYIO IUIOTHOCTH) M MX BBIPABHEHHOCTh. CUHMTAETCS, YTO MPH
BeIMYMHE WHICKCa Oojee 3 — BOJABI «UYUCTBICY», MPH HWHACKCe MeHee 3, HO Oomee 1 —
«3arpsi3HCHHBIE, a IIPH UHJEKCE MeHee | — «rps3HbIeY.

Wunekcs! BugoBoro pazHooOpasus llleHHOHa, paccynTaHHBIE 110 YHCIEHHOCTH 3000€HTOCA,
BapbUpPOBAIN B paliOHE MCCIIEAOBaHUS Ha TITyOOKOBOMHBIX cTaHmusax oT 0,93 Ha ct. 1 no 1,93 Ha
cT. 3, Ha IPUOPEXHBIX cTaHIMAX OT 1,73 Ha cranuuu 5a mo 2,1 Ha craniuu 4a (puc. 19). Takum
00pa3oM, Mo CTPYKType Makpo3000eHToca B paiioHe Bomo3abopa 3aill POC Boabl OLICHHBAIOTCS
KaK 3arps3HEHHbIE.
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1 - 1
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1 2 3 4 5 U
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Puc.19 Munekc BupoBoro pasHooOpasus Illemnona Fig. 19. Shannon species diversity index of
Makpo3000eHTOCa B pailoHe Bogo3abopa 3aii TPOC macrozoobenthos in the water intake area of Zai
SDPP

Ha ywacTkax co CIOXHBIIMMCS NCaMMOQMIBHBIM OHOIIEHO30M OLEHKa KadecTBa BOJ
Moxker nposoauthess no Huaekcy (K) E.B. Bamymkunoit [18], xoTopslit paccuuTtsiBaeTcs 1o
¢dopmyne [1].

K = (ac+ 0.5 aen)/ o, [1],
TZE O, Och U g — OTHOCHUTENBHBIE YHCICHHOCTH OTHACNIBHBIX TPYNN JHYMHOK XHPOHOMHJ!
cootBeTcTBeHHO, Tanypodinae (oy), Chironominae (ag,), Orthocladiinae (a,); a= N +10, rme N —
OTHOCHTEJIbHAs YHCIEHHOCTh 0co0eil BceX BUIOB JAHHOTO MO/ACEMEHCTBA B MPOLEHTAX OT 00mIei
YHCIIEHHOCTH 0CO0ei BCeX JIMUMHOK XMPOHOMHUL.

Kputepun ouenkm kauectBa Boa mo BenuunmHe MHpaekca banymkuHONW NpuBeAEHBl B
tabnuue 2. Pe3ynbrarel pacyera MHAeKca bamymkuHOW Ha cTaHIMAX 3aMHCKOTO BOJOXPAHHIIMIIA
B paiione Bono3abopa 3aill POC npusenens! Ha pucynke 20.

Tabmuma 2
Table2
Kpurepunu xauectsa oz no senuuune Munekca banymkunoin
Water quality criteria according to the value of Balushkina Index

HNupexe banymkunoii - K | Xapakrepucruka Boj
0,136 -1,08 Yucras

1,08 - 6,50 ‘YMepeHHO 3arpsi3HeHHas
6,50-9,0 3arps3HeHHas
9,00-115 I'psasnas

*Ucmounux: Cocmasneno agmopamu Source: compiled by the author.
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Puc. 20. MUnpmexkcst kauectBa Box mo E.B. Fig.20. Water quality indices according to E.V.
banymkuHo#, paccumTanHble 1o umcieHHoctd  Balushkina, calculated from the number of
JMYHHOK XUPOHOMHI B paiioHe Bomosabopa 3aii  chironomid larvae in the water intake area of Zai
I'P2C State District Power Plant

*Hemounux: Cocmasneno asmopamu Source: compiled by the author.

Ha Bcex cranmmsax, kpome cT.5a (IpHOpeKbe HIKE MO TEUCHHIO), MHACKC bamymkuHON
BapbpHpOBai oT 1,42 1o 6,5, 9TO0 COOTBETCTBYET YMEPEHHO 3arps3HEHHBIM BoJaM. Ha cT.5a uHOekc
Banymkunoit cocraBuin 0,32 1 XapakTepu30oBaj 30HY KaK YUCTYIO.

Io mHmexcam canpoOHOCTH (S), paCCUNTAHHBIM IO WHIAWKATOPHBIM BHIAM 3000€HTOCA,
Y4aCTOK OTHOCHJICS K [3-Me30canpoGHoii 30He U Ha cT.1 1 ¢T.4 K ojurocanpoGHoii 30He (puc.21).
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Puc. 21. Uuznekcsl canpobHocTr 1o uHaukaropueiM — Fig. 21. Saprobity indices for indicator species of
BUJIaM 3000eHTOCa B pailoHe Bogo3abopa 3aill POC zoobenthos in the water intake area of Zai SDPP
*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

DI oo—Inootd
|

Jlnst OLeHKH KadecTBa BOJ PeK HCmonb3yercs uHaekc ['ymuaitt-Yurns [28], xoTopsiit
OTpa)xkaeT 3arpsi3HEHUE BOJOEMA OPraHUYECKUMU BEIIECTBAMU, UHIUKATOPHOU I'PYIIION B COCTaBe
3000€HTOCA SIBJISIETCSI IPYIINa OJUToXeT. 3HaueHue MHiekca ['yIHalT-YUTiIs paBHO OTHOLICHUIO
KOJIMYECTBA OOHAPYKEHHBIX B MPOOE OJNMToXeT K o0IIeMy KOJMYECTBY OPraHM3MOB (BKIIOYAs U
caMux 4epBeii) B mporieHTax. COCTOSIHME PEKU CUUTAETCS XOPOIIMM, €CIIH OJIMTOXETHBIA WHAEKC
Menbiie 60%, coMHuTeNnbHBIM — B mpedenax 60-80%, peka TsKeno 3arps3HEHa, €clu
oJIMroxeTHbIN nHAekc npesbimaetr 80%. [To mokazaTtento 0600IIEHHOTO WHEKCA CYIAT O CTENEHHN
aBTpoduKanuu Bojmoema. OlLieHOYHas INKala KadecTBa BOJ MO WHAEKcYy ['yaHalT-Yutis
npejcTaBicHa B Taduuie 3.

Tabnuua 3
Table 3
OnuroxetHslii uHAeKC ['ynHalT-YuTis
Oligochaete Goodnight-Whitl index

3HaueHne nHaekca, %0/Crenennb 3arps3Henns BoablKiace kayecTBal
Menee 30 OTcyTCTBHE 3arpsi3HEHUS 1-2
30-60 HesnauurtensHoe 2-3
6070 [YMepenHOe 3-4
70-80 3HAYNTETHHO 4-5
Bornee 80 CrutbHOE 56

*Ucemounux: Cocmasnerno asmopamu Source: compiled by the author.
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B 3amnckom BojoxpaHwimile B paiioHe Bogozabopa 3aii 'POC munekcs ['ynuaiiT-Yurns

(puc.22) CBHACTEIBCTBYIOT 00 OTCYTCTBHU OPraHUYECKOTO 3arps3HEeHHs BO, BOIbI OTHOCATCS K 1-
2 KJaccy KauecTBa.
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Puc. 22. Wunekcwt [Dyamaiit-Yutns B paiione  Fig. 22. Goodnight-Whitle indices in the water intake
BoJ103a00pa 3aill POC area of Zai SDPP

*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

CrpyKTypa OCHOBHOTO KOMILIEKCa BHJIOB 3000€HTOCAa Ha y4yacTKaX HauOOJbIIEro
OPTraHUYeCcKOr0 3arps3HEHHs] NPEICTaBIeHa MPEUMYILECTBEHHO BUAaMH U (opMaMy HaCEKOMBbIX,
cmocoOHBIX K arMocdepHomy gabixanuto [11, 6]. Ilpu ymydmieHHH COCTOSIHHS B 3KOTOIIC
YBEIMYHMBAETCS pa3HOOOpa3ue W IPENCTABICHHOCTh BTOPUYHOBOJHBIX HACEKOMBIX, MPHYEM
IpYyINbI, C JbIXaHHEM pPAacTBOPEHHBIM KHCIOPOAOM 3aMEHSIOT (OpPMBI, MOTPEOIsFoLIHe
atMoc(epHbIii Bo3ayx [6]. Ha ymcTBIX yyacTkax M B 30HaxX BOCCTaHOBIICHHS NPeo0iIanaroT
MEepBUYHOBO/IHBIC JKUBOTHBIE. B KauecTBe mokaszarelisi aHTPOIOT€HHOTO 3arpsi3HEHHs BOJOeMa
OpraHMYEeCKUMH BEIECTBAMH MOXKET OBITh HCIOJb30BaH HHAekca Y mo [6], oleHOYHas IKana
COCTOSIHUSI THUAPOOHMOIICHO3a MO0 HMHACKCY Y TmpenacTtaBieHa B Tabm4. Mumexc Y mo3BoOJseT
OTpPa3UTh NPOLIECC YIaCTHsI OEHTOCHBIX (HOPM B BOCCTAHOBJIICHHU KayecTBa BOJI.

+0,5
Y — P][B P/[PK

Pt
rae, P, — moms (%) or oOmieil YHCICHHOCTH 3000€HTOCA MEPBHYHOBOJHBIX OPTraHW3MOB HE
OTHOCAIIUXCA K HACCKOMBIM, PJ]pK — J0J1A (%) AbIIIamux paCTBOpCHHLIM KI/ICHOPOZ[OM B BOAEC OT
00IIell YNCIEHHOCTH BTOPUYHOBOAHBIX HACEKOMBIX; P ., — momst (%) mplmammx atMochepHBIM
BOB,I[yXOM HACCKOMBIX (J'II/I‘II/IHOK HaCCKOMBIX) oT O6H.IGﬁ YUCJIICHHOCTH 30066HT003.

Tabnuma 4
Table 4
3aBUCHMOCTE 3HaYCHHUI nHAEKca Y OT COCTOSHHMS JTOHHOTO THAPOOHOIIEHO3a
Dependence of index values on the state of bottom hydrobiocoenosis
JloHHbIi rTHAPOOHOLIEHO3 YpoBeHb BO3/1eiicTBUSA 3navenne ¥
HectabuspHbIi O4eHb CHIIbHOE 0-1
Ha panneii ctaguu aganraiuu CunbHoe 1-3
[omBepKEeHHBIH BO3ICHCTBHIO YmepenHoe 3-12
[pucnocobuBimiics Crnaboe 12-48
CTabuIbHBIA HEOTHOPOIHBIN He3nauurensHoe 48 - 100
HecrabunpHbIii omHOpoaHb | CUIIBHOE OJHOHAIPABICHHOE 100
(omuroxeTHsIH, raMMapUIHbIH,
KOPO(HYMHBIH H T.II.)

*Ucemounur: Cocmasnerno asmopamu Source: compiled by the author.

Wunekc Y, paccunTaHHbIH U y9acTKa 3aMHCKOTO BOAOXPaHWJIMIIA B paiioHe BoJ103abopa
3ail POC, oTpa3un He3HAYUTENBHOE AHTPONOIEHHOE BO3JCHCTBUE C MO3HMLUI 3arps3HEHHS;

OHOLICHO3 XapaKTepU3yeTCsl Kak CTaOHIbHBII HEOTHOPOAHBII. 3HAYCHHS HHACKCA BAPBUPOBAIH OT
53,3 no 100 (puc.23).
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Puc. 23. MWupmekcel  cocrosHus  gonHoro Fig. 23. Indices of the state of benthic

ruapoGroneHo3a Y B paiione Bogo3abopa 3ail PAC  hydrobiocenosis Y in the water intake area of Zai
SDPP

*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

Takum 00pa3oMm, aHaIW3 Ka4eCTBEHHOTO M KOJHMYECTBEHHOTO COCTaBa MaKpo3000eHTOca
TTO3BOJISIOT CeNIaTh BEIBOJBI IO KA4eCTBY BOJ B paiione BB3:

ITo nanexcy BuaoBoro pasHoobpasus llleHHOHa BOIBI OIICHUBAIOTCS KaK 3arPsI3HEHHEIE;

Ilo unaekcy banymkuHOM BOABI OLIEHMBAIOTCS KaK YMEPEHHO 3arpsi3HEHHBIE, a B
MIPUOPEKHOI 30HE — UUCTHIC;

ITo mHmekcaM campoOHOCTH YYacTOK OTHOCHUTCS K [-Me30campoOHO 30He M B KaHAle
mocie BB3 - k onmrocanpo0Hoi#t 30HE;

OJUTroXeTHBIN HHIEKC CBUAETENBCTBYET 00 OTCYTCTBHH OPTaHHYIECKOTO 3arpsI3HEHUS BOJI B
3oHe BB3, Bozb oTHOCATCS K 1-2 KiTaccy KauecTna,

JIOHHBIE ~ THAPOOWOIICHO3  OICHWBAaeTCS  KaK  CTaOWIBHBIA  HEOTHOPOAHBIA  C
HE3HAYUTEIILHBIM aHTPOIIOT€HHBIM BO3JCHCTBHEM;

HeobxonuMo oTMeTHTH, UTO TPH OTOOpe Ipod 3000€HTOCa OBUIO BBIABICHO HAlMYHE B
BOJIOEME XaHKaWCKUX KpeBeTok (Tabi. 1, puc.24).

Puc. 24. Xankaiickue kpeBeTku B cocraBe Fig.24. Exopalaemon modestus as part of the benthic
JIOHHOTO THIpOoOHOLIeHO3a B paifone Bomozabopa hydrobiocenosis in the water intake area of Zai SDPP
3aitl POC

*Ucmounur: Cocmasneno agmopamu Source: compiled by the author.
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Io [32] coobmienuto A Pernym 3amuckas ['POC mpu paborax Mo KOMIIEHCAIHOHHBIM
BBIITYCKaM PBIOBI 3aHMManach M yJydlIEHHEM KOpMOBOH 0a3bl pbiG: B 1996 ronmy B 3amHCcKoe
BOJIOXpaHWINILE Oblla 3aBe3cHa W3 Ps3aHM XaHKalcKas NPECHOBOJHAs KPEBETKAa, KOTOpas
MPEKPacHO MPIDKUIACH U BIIOJIHE CIPAaBUIACH CO CBOEH MHCCHUEH. DTH KPEeBETKU SIBISIOTCS He
TOJIBKO BBICOKOOEIIKOBBIM KOPMOM IPAaKTHYECKH JUIS BCEX BHUAOB PBIO, HO W, MOenasi BHICIIYIO
BOJHYIO PAacCTUTEIbHOCTh, IPOU3BOJAT ECTECTBCHHOE OYHIIEHHE BOAOEMOB. IIpecHoBogHAA
xaHKalickass kpeBeTka - Exopalaemon modestus — oburaer Ha JlampHem Bocroke u 3aHHMaeT
apean OT JAenbThl peku bumkan u oszepa XaHku A0 AMypCKOro jJHMMaHa. DTa HMpPEeCHOBOJHAS
KpEBETKa MMEEeT MHOT'O OJIM3KUX YEePT C PEUYHBIMH pakaMH, HO pa3MepaMH 3HAYUTEIbHO YCTYIaeT
— camk# 3-4 cm maccoii 0,2 T, camibl uyTh KpynHee. Kiemnu cnadbie, HEOOMBIIOTO pa3Mepa, a
yCBI BIBOE MPEBBILIAIOT JHHY Tena (puc.25). [a3a Ha cTebenbyaThiX BRIPOCTAX IIOBOPAUHBAIOTCS
B CTOPOHBI M oOecreunBaroT MUpOKuid 0030p. OO0O0J0YKa Teda MOYTH MpO3pavHas, MOITOMY
OKpacka MO>KET BapbHpOBATh B 3aBUCUMOCTH OT IIB€Ta IpyHTa U ImuUTaHus. B mpupone pacuserka
CepoBaTO-KOPUYHEBAsl, MAKCUMAIILHO HallOMHHAIOIIAs 1IBET AHA. HeoOXoauMo mom4epKHyTh, 4TO
JUIS XaHKaMCKUX KPEBETOK XapaKTepHbIMHU OHOTOIaMH OOWTaHHUS SBIISIOTCS THO BOJoeMa M
PacTUTENBHOCTh, MOATOMY OHHM BCTPEYAIUCh B OCHTOCHBIX NpoOax. DT KPEBETKH BCESTHBI
MOTPEOIAIOT OpraHMYeCKUe OCTaTKHU CO JHA, OTMEpIIME YacTH Bojopociel. Iyl HUX BaXKHBI H
KaMHH Ha JHEe, KOTOphIE IIOCTENIEHHO PACTBOPSACH, HACHIIIAIOT BOY MUHEPAIbHBIMU 3JIEMEHTaMH,
HEOOXOJUMBIMH JUIsl YKpeIUIeHUs] NaHuups. TeMInepaTypHblid pexuM Ui XaHKaHCKO# KpeBeTKH
JIoCTaToO4HO HIMpoKui - oT +15°C mo +30°C, npuuéMm 3uMol TeMIepaTypa MOKET OBITh HMXKE
+20°C, a JIeTOM OHM CIIOCOOHBI NIEPEHOCUTh MaKCUMaJIbHOE NporpeBanue Bojabl. Kpome Toro, oHu
TpeGoBaTeNIbHBI K HATHYHIO KHCIOpoa B Boze. [33, 34].

bnaronmapst padote 3aitll POC B 3aMHCKOM BOJOXPAHHIIHUINEG CKJIAIBIBAIOTCS YCIOBHS IS
Ku3HU KpeBeTok. [lo manHbIM jabopatopuu 3all POC B 3aMHCKOM BOJOXPAHHIIUINE CPETHSSI
KOHIIGHTpAIMsl PAcTBOPEHHOTO KHCIOPOAa JOCTaTOYHO BBICOKA U BapeHpyeT oT 5,8 mo 8,7
MrO,/mv°. dakTiaeckue KOHLICHTPAlMH KKCJIopoJia B 30He pyHKunoHupoBanus BB3 npuseneHb
Ha pucyHke 19.

HHDKE 10 TEYIEHHIO

BBIIIE I10 TEYICHHKD

nepen1 BB3 %

30Ha BB3
pozosaGoprsiikanat [
1 1 1 || 1 ]

0 2 4 6 8 10 12 14

KOHLIEHTpALHA KHCIopoaa, MrO,/aM3

®HarTyGHHe 3 M M B MOBEPXHOCTHOM ClI0€

Puc.25. KonuenTpanust kiuciopoza B Boje B aBrycre  Fig.25. Oxygen concentration in water in August in
B paiione P3C Tuna Bog0-BO3/1yIIHAs 3aBeca the area of the water-air curtain type FPS
*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

KonndecTBo AOMONMHUTENBFHOTO TEIUIA, HOCTYMAIOIMIEr0 B BOJOXPAHWIIHIIE B pe3yibTaTe
cOpoca TOIOTPeThIX BOJ, PACIpENeNsieTcsl MO aKBaTOPUM BOJIOXPAHWIMINA, B TOM 4YHCIE, B
3aBHCHMOCTH OT METEOPOJIOTHYECKUX ycinoBuil. TemnepaTypa Bop! B 3aHHCKOM BOJIOXPAHMIININE
B 3UMHUH niepuof OpiBaeT He Bhime 10-15° C u npessimaet ecrectBennyo Ha 10-11° C. 3umoii B
MOJIOTPEBAEMOl 30HE HMeeTCs NOCTOSHHAs IOJBIHBS, OXBAaTHIBAIOIIAs OOJBIIYIO IUIONIAMb,
MOJIOTPEB PaCTIPOCTPAHICTCS Ha HIDKHHE CIIOM BOABL. B momorpeBaeMoil 30HE B 3TO BpeMsd
HaOmomaeTcss obparHas TepMudeckas cTpatudukamnus. JIeTOM MOAOrpeBaloTCsS BEPXHHE CIIOH
Bozbl. Temreparypa BoJbl B BOAOXpaHWIHIIE MOKeT TpeBbimath 30° C, a B OTAeNbHBIE TIEPHUOJIBI
- 35-40° C. ITo cpaBHEHHIO C JIETHUM MIEPHUOJIOM BECHOH M OCEHBIO TIPOrpeBatoTest Ooee rirybokue
CJIOM BOJIBL.

Io mamubiM [35] B TeHTpanbHyO 4acTh PoccHH KpPEBETKM MHOTO pa3 3aBO3HINCH W3
npupoAHbIX BogoeMoB JlampHero Boctoka, Kwurtas, WMuaum, W bacTto WX OBUIO CIIOKHO
HUACHTUQHUINPOBATh. B pe3ynbTare mepeBO30K aMypCKHX PBHIO B HOBBIE PalOHBI IMPECHOBOJIHBIC
KPEBETKH ObLIM CIIy4ailHO MIIM HAMEPEHHO 3aBe3€HbI B LICHTpalbHbIe peruoHbl Poccun. B 60-80-¢
TOABl TIPOIIOTO BEKa KPEBETKH ObUIM OOHapyX eHbl B Bojoemax-oximaautensx ['POC wnwm.
Kiaccona r. Dnekrporopcka u r. [llatypa, kKyaa Obutd 3aBe3€HbI Ha CTaIUU JTUYUHKH U3 P. STHIBBI
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BMECT€ C MOJIONBIO DACTUTCIBHOSAHBIX pbi0. Takke OHM OBUIM HMHTPOAYIMPOBAHBI B
KyiiObimeBckoe BOmOXpaHWIHINE, B BomoeMbl oxmaautenedi Kypckoi, CMmoneHCKON w
Kanuauuckoit ADC, ActpaxaHckoii oonactu, Peciyonuku TaTapcTas.

B nuteparype ecth uHpopmanus [35] 06 oOHapyKeHUH B 3aMHCKOM BOJIOXPAHHJIMIIE
Macrobrachium nipponense - pedHoit smoHckol kpeBeTkH (puc.26), KOTopas B €CTECTBEHHOM
apease OOMTaeT B MPECHOBOJAHBIX BOJOeMax SIMOHWH, B I0)KHOAMEPHKAHCKHX, aBCTPATHICKHX,
WHIUMCKUX BOJOEMAaX.

Puc. 26. Kpesetka Macrobrachium nipponense
*Uemounux: Cocmasneno asmopamu Source: compiled by the author.

B Poccun, benopyccun u MongaBuu SANOHCKYH) KPEBETKY Haudajau LEJICHAIPaBICHHO
uHTpoaynupoBath B 1980-x rr. B Bomoémer-oxnagurean I'POC ¢ menpio ymydiieHus KOpMOBOM
0a3bl pbIO, a Takke oboramenus ¢ayHsl. Tak, BnepBbie B 1982 1. oHa Obl1a BeesieHa B BOJOEM-
oxnanutenb bepésosckoit [POC (benopyccust), oTTyaa — B BoJo&éM-oxiaauTenb JIyKoMIbckoi
I'POC (benopyccus), HECKONBKO IOIKE BCcelIeHa B BoaoéM-oxiamurens Ilpumopckoit I'POC
(Poccust), Bogoémel 6acceiina p. Bonra (3annckoe Baxp.), Kyuypranckoit 'POC (Monaasus), rae
yCIIeNHO HaTypainu3oBasiack. M3 3aunckoro Baxp. M. nipponense B JIETHHUII IEpUO]] CITyCKaeTcsl B
Kyiiosiesckoe. B 1990 r. mpoBeneHo BcenaeHue ero B wibMeHb JloBelkuii (AcTpaxaHckas 00I1.)
[36].

ITo [35] Kpeserku Macrobrachium nipponense (De Haan, 1849), 3aBo3uiichk B 3aHCKOE
BojoxpaHmwuiie B 1967 rogy u3 BogoeMoB OacceiiHa p. AMyp B pbHIOOJIOBHOEC XO3SIICTBO B
KauecTBe KOPMOBOW 0a3bl JJisl PO JajIbHEBOCTOYHOIO KOMIUIEKCAa. ABTOPOM OTMEYaeTcs, 4TO
MaKCUMajbHasg YHCJIEHHOCTh SMOHCKUX KPEBETOK B TEUEHHE BCEr0 Troja OTMedyaeTrcs BAOJb
TPaJMeHTOB TeIuoro BojoHocHOro pycina I'POC. B oceHHmii mepwox cpenHss YHCICHHOCTh
KPEBETOK HECKOJBKO YBEIMYMBAJIACH BO3JIE BOJOOTBOJHBIX KAaHAJIOB M COCTABIIa B CPEIHEM
41,07+0,14 ocoGeit Ha M2 OGIacTh OGUTAHUS KpPEBETOK B JIETHUH MEPHUO HECKOJIBKO BBIXOJUT 32
npeznens! 'POC, HO HIDKE BOJOCIMBHOM 1aMOBI Ha YAAJICHUN OHU HE BCTPEYAIHCH.

B mammx mpo6ax SHOHCKas KpeBeTka He BcTpedasach. MBI B mpobax 3000€HTOCa M B
cocraBe oOpacTaHMH BBISBMJIM XaHKAHCKHUX KPeBETOK (Tabi.l), KOTOphIe XOPOIIO PAa3IHUYUMBI C
SAMOHCKUMH KpeBepKaMHu. Y AMOHCKOH KPEeBETKHU TeJIO MOIYNpo3payHoe clierka KOpU4HeBaToe, OHa
CMOTpPHTCS TaK)Ke KaK M XaHKaWCKas KaK CTEKJISHHAsA, HO SIMOHCKHE KPEBETKH KPYyIHEe: CaMIIbI -
OKOJIO 6 CM, CaMKM BBIPACTalOT J0 8 CM B JUIMHY. Y MakpoOpaxuyMOB XOPOIIO BBIPa)KEHHBI
MOJIOBBIE pPA3JIM4MsA: y CaMI[OB TYJOBUINE U KICHNIHM KpyIHee, KOHYCOBHIHBIH XBOCT
cyXaromuiics, 6ojiee TeMHBII. Y caMOK OpIOXO IIHPE, CETMEHTHI, 3aIIUIIAOIINE UKPY, OMYIIEHBI.
YV HaliIeHHbIX HAMH KPEBETOK OTCYTCTBYIOT JUIMHHBIE KiIemHH (puc.18, 20). YcnoBus B 3anHCKOM
BOJIOXPAHMIINIIE ABJISFOTCS MOIXOAAIMMH AJIS )KU3HU U STOHCKOM KpeBeTKu. Ho y 3TuxX KpeBeTok
— pasnuuHble MecTooOMTaHMA. Ecnm smoHCKas KpeBeTKa B OCHOBHOM HAXOJMTCS Ha BOJTHBIX
pacTeHHsIX B TONIIE BOABI, TO XaHKaiickas — B JOHHbIX OuWoTomax. TemmepaTypa BOABI NPH
BBIpAIIMBAaHMK PEYHON STOHCKOW KPEBETKH OJDKHA HAXOMUThCs B mpeaenax 26-30°C, pH 6,4-6,8,
TpeOyeTcst BRICOKOE COJIepKaHue KUCIOPOia ¥ TOK BOJBI.

Io manubiM [35, 36] B 3auHCKOE BOAOXPAaHMIIMIIE IPU 3apPBIOJIEHHH PACTUTEIBHOSHBIMU
pEIOaMH TAIFHEBOCTOYHOTO KOMIUIEKCA MOTJA TONAcTh M MHAWMCKAs CTEKJISHHAs KpeBeTKa —
Macrobrachium ehemals. SImoHckas kpeBeTKa M WHIAMACKAasS CTEKISIHHAS KPEBETKH OTHOCATCS K
oIHOMY poAay - MakpoOpaxuym (Macrobrachium). B otnuune oT SIMOHCKON KpeBETKHM WHAMMCKAS
CTEKJITHHASI KPEBETKA OTJIMYAETCS MUPOIIOOWBEIM MOBE/CHHEM. J[JMHA ee Teina JOCTHTaeT 5 M,
YCBI JJIMHHBIE, a KJICIIHW MalieHbKue. MHaniickas KpeBeTKa MpHMedaTellbHa ITOIyIPO3PaYHbIM
TEJIOM, 3a YTO €€ Ha3bIBAIOT «IIPU3PAK». XUTHHOBBIA IOKPOB PaIyKHO MEPETUBAETCS HA CBETY.
HNmeroTcss U BUIUMMBIE OTVIMYMS OT XaHKAMCKOW KpPEBETKM: 3HAYUTEIbHO OTJIMYAIOTCS IJ1as3a

(puc.24,27).
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Puc. 27. nauiickast CTEKIISIHHAsE KPEBETKa Fig.27. Macrobrachium ehemals
*Hemounux: Cocmasneno asmopamu Source: compiled by the author.

JIONOTHUTENBEHBIM, CIIOCOOCTBYIOIINIM PACCENICHHUIO KPEBETOK, (DAKTOPOM SIBIICTCS] HAIIIIMC
BOJTHOM PACTUTEIILHOCTH.

UucreHHOCT, W OMOMacca KPEeBETOK B COCTaBe OCHTOCHBIX TNPOO B 30HE HCCICIOBAHUIMA
npeacTaBieHa Ha puc. 28 u 29. MOXKHO OTMETHTDB, YTO KPEBETKH BCTPEYAINCH B MaKCHMAIBHBIX

KOJIMYECTBaX HAa NPHOPEKHBIX CTAHIMUSX, TPUYEM BHYTPU BOJO3a0OPHOrO KaHala OTMEYalach
umcienHocTs — 300 5K3/M° 1 Gromacca — 8,86 M
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Puc.28. Yucnenrnocts kpeseTok Exopalaemon modestus — Fig.28. The number of Exopalaemon modestus shrimp

B paiione Boo3adopa 3aii [POC in the water intake area of Zai State District Power
Plant
*Hemounux: Cocmaeneno asmopamu Source: compiled by the author.
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kpeBeTkH Exopalaemon modestus
Puc. 29. Buomacca kpeserok Exopalaemon modestus 8 Fig. 29. Biomass of shrimp of the genus Exopalaemon
paiione Boo3abopa 3ait [POC modestus in the water intake area of Zai State District
Power Plant

Pe3ynbTaTsl nccienoBaHUT Makpo3000€HTOca B 30HE (DYHKIIMOHHMPOBAHUS PHIOO3AITUTHOTO
COOPYIKEHHSI TI0 TUITY BOJIOBO3/IYIIHOM 3aBECHI TO3BOJISIFOT C/IEATh CIIE/IYIOIIIE BBIBOJIBL:

B 30He (QyHKIMOHMpoBaHus BB3 BbisBieHb! B cocTtaBe 3000eHTOCa 34 BHaa M (OpPMBI, K3
KOTOPBIX 9 OTHOCHJIMCH K OJIUTOXETaM, 8 — K MOJUTFOCKaM, 6 — K JIMYMHKaM XHUPOHOMHUI, KPOME TOTO,
BCTpEYaJINCh 3 BUJA PYYEHHHMKOB, 10 2 BHJa NHUSBOK M MIIAHOK, a TAKKE [0 OJHOMY BHIY
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0OKOIIaBOB, KPEBETOK, CTPEKO3 U NOAEHOK. CHIKEHHS BUAOBOTO Pa3HO00pasust 3000eHTOCa B paiioHe
¢ynxuronnposannsi BB3 He ormewaercs. [lo uumcny BHIOB JOMHHHPOBAIM OJMIOXETHI, HanoOoee
4acTo BCTpeyanuch Moutrocku Dreissena polymorpha u nnumnkn xuponomua Limnochironomus
2p. nervosus.

YnCIIeHHOCTS 3006eHTOCa BapbupoBaa oT 520 3k3./M% 10 3790 3k3./m°. Bromacca 3006enTOCa
BapbupoBana oT 12,2 /M go 1040,5 r/v’. HanGonblas 4MCIEHHOCTh M GHOMAcCa 3006eHTOCA Ha
rTyOOKOBOAHBIX CTAaHLMAX OTMedalach B paiioHe BOJOBO3IYIIHOW 3aBECHl 32 CYET MNPHCYTCTBUS
JIPEUCCEHBI.

JIM9MHKY py4eHHUKOB, KOTOPHIE CBHIECTEILCTBYIOT O BBHICOKOM KadecTBE BOJ, OTMEYANNCh B
KaHaJle ¥ Ha MPUOPEKHBIX CTAHIUSIX C YUCIEHHOCTBIO OT 20 mo 60 3x3/M2 u Guomaccoit ot 0,01 1o
0,12 r/m2.

MaxkcumManbible yuciaeHHOCTh (1950 3K3/M2) u Oumomacca apeiiccensl (okono 950 /M
OTMEYCHBI B paiioHe (QyHKIMoHMpoBaHuss BB3 u mepen Heil — Ha ydYacTkaX MaKCHMATbHOM
MPOTOYHOCTU C HaUMEHBIIEH 3aUJICHHOCTBIO TPYHTOB. BpIsBIIeHO, uTo 30Ha BB3 He mpemnsrcTByeTr
BOCIPOU3BO/ICTBY MOJUTFOCKOB JIPEHCCEHBI, HO MPUBOAUT K CHIKEHHIO UX YUCIIEHHOCTH OT 2 JI0 5 pa3
o cpaBHeHmIo ¢ P3VY ¢ ceryareiMu kaceTamu.

HaGmonenns 3a cOCTOSIHUEM AKOCHUCTEMbI B paiioHe NEeHCTBUS BOAOBO3AYIIHON 3aBEChl U
OLICHKA KayecTBa BOJ| MO MMOKa3aTeisiM Pa3BUTHS 3000€HTOCA BBISIBUIIM BBICOKOE KauecTBO BOJ Ha
yuacTke B paiioHe (yHKUuMoHHpoBaHusi BB3, ymywmieHue skomorumueckoit curyanmu.  Ha
NPHOPEKHBIX YYaCTKaX BBISBICHBI XaHKalWCKUE KPEBETKH, NPHYEM BHYTPU BOJ03a0OPHOTO KaHalla
OTMeYanach YucIeHHOCTb — 300 3K3/M° 1 Gromacca — 8,86 /v’

3axnrouenue (Conclusions)

Ponmb  phI6O3aIUTHBIX yCTPOICTB mpu 3abope Bomsl [1-4] Ha COBpEeMEHHOM 3Tare
IKCIUTyaTallid BOAHBIX HSKOCUCTeM TmoBbimaercs. Cpenu Haubosiee SKONOTMYHBIX - P3Y Tuma
«BomoBo3aymiHas 3aBeca» [3]. IlpoBemeHo wuccnenoBaHue (HaKTHIECKOrO COCTOSHHS BOJHOM
HKOCUCTEMBI 0 XapaKTepUCTHKaM M YPOBHIO Pa3BUTHsS 3000eHTOCaB 30He (yHKIMOHMpoBaHus P3Y
THIIA «BOJOBO3/YIIIHAS 3aBeca». BriepBble U3y4eHbI KaueCTBEHHBIE M KOJIMYECTBEHHbIE OCOOCHHOCTH
COCTOSIHUSI 3000€HTOCa B 30HE peasibHO (yHKIHoHupyoieii BB3 P3C npennpustusi sHEpreTHKH B
CpPaBHEHUH C KOHTPOJILHBIMHU Y4acTKaMH BOZOXPaHIIIHIIA.

IToxa3zaHo, 4TO B mepHO] MaKCUMaJIbHBIX TeMIepaTyp B paiione BB3 oTmeuaeTcs BbICOKOE
Ka4yecTBO BOJI 110 XapaKTEPUCTHKAM COCTOSHHS 3000eHTOCa.

Ha coOpaHHOM THAPOOMOJIOrMYECKOM MaTepHajie B IEPHOJ MAaKCUMAJbHBIX TEeMIIEpaTyp
MOKa3aHO, YTO B KaYECTBEHHOM COCTaBe 3000€HTOCa BBISABICHBI 34 Buia U (OPMBI, U3 KOTOPHIX 9
OTHOCHIIUCH K OJIUTOXETaM, 8 — K MOJITIOCKaM, 6 — K IMIMHKAM XHPOHOMHUJ, KpOME TOTO, BCTPEUAIIICh
3 BUJIa pYYSHHUKOB, O 2 BUJA MUSBOK M MIITAHOK, a TAKXKe 10 OJJHOMY BUAY OOKOIIIABOB, KPEBETOK,
cTpeKo3 1 NongHoK. CHIKEHHUSI BUIIOBOTO Pa3HO00pasusi 3000eHToca B paiioHe (hyHKIMOHHPOBAHUSI
BB3 ne otmeuaercs. UucneHHOCTh 3000eHTOCa BapbHpoBasia oT 520 aK3./M? 10 3790 9K3./M.
Bruomacca 3000eHTOCa BapbupoBanma ot 12,2 r/M? 1o 1040,5 /M HanGonbluas 4HCICHHOCTb H
6uomacca 3000eHTOCa Ha NTyOOKOBOIHBIX CTAaHIMAX OTMEYasIach B paifoHe BOJIOBO3/IYIIIHO 3aBECH! 3a
CUeT TPUCYTCTBHA JpeiicceHbl. BpisBieHo, uto 30Ha BB3 He mpemsaTcTBYeT BOCHPOM3BOACTBY
MOJITIOCKOB JIPEHCCEHBI, HO PHBOINUT K CHIDKEHHIO MX YHCICHHOCTH OT 2 JI0 5 pa3 Mo CpaBHEHHIO C
P3V c ceruarbiMu kacetamu. JINUMHKY pydIeHHUKOB, KOTOPHIE CBHIETEIBCTBYIOT O BBICOKOM Ka4eCTBE
BOJI, OTMEYAJICh B BOJI03a00PHOM KaHajle ¥ Ha MPHOPEKHBIX CTAHIMIX C YUCIEHHOCTHIO oT 20 10 60
ok3/M? 1 Gromaccoii ot 0,01 10 0,12 r/m2 Ha npuOpeKHBIX Y9ACTKAX BIIEPBBIC BBISBIICHE! XaHKACKHE
KPEBETKH, TIPHUEM BHYTPH BO03aG0PHOTO KaHAIA OTMEUaIach YHCIEHHOCTS — 300 9K3/M° i GHoMacca
~ 8,86 /M.

HaGmoneHnst 3a COCTOSIHUEM AKOCHCTEMBI B paifoHe NEeHCTBHS BOJOBO3AYIIHON 3aBECHI U
OIIEHKAa KayecTBa BOJ| MO MOKA3aTeNsIM pa3BUTHS 3000€HTOCA BBISBUIIM BBICOKOE Ka4eCTBO BOJ Ha
ydJacTke B paiioHe GyHKIHoHMpoBaHU BB3, yimydiieHne sKomorndecKkoi CuTyamnum.
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