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AHHOTALUA

BriepBrie npoBeseHa TOYHAsI KOJMYECTBEHHAss ChEMKa MAaKpOOOpacTaHHsl MOA3EMHOTO BO-
no3aboproro TyHHenst BTOII-2 ¢ mpuMeHeHHeM Jla3epHBIX TEXHOJOTHH Uil pa3paboTKu
CTpaTeruy 3aluThl OT OHOJIOTHYECKUX MOBPEXKICHUI CUCTEMbI OXJIAXKICHUSI MOPCKOM BO-
JoH. B cocraBe 6nooOpacranus TyHHens: oOHapykeH 91 BuI O€CIIO3BOHOYHBIX, IPUHAJLIE-
JKaIUX K pa3IndHbIM TAKCOHOMUYECKHM TpyTIaM. YCTaHOBJICHO MakCHMaJbHOE pa3BUTHE
MaKpooOpacTaHus B HIDKHEH 9aCTH BOI03a00PHOTO TYHHEINS ¢ JOMUHHPOBAaHUEM THXOOKE-
arckoi muauu Mytilus trossulus. B o6pacrannu BepxHEil 4acTH TYHHEISI OTMEUCHO KOJIH-
YeCTBEHHOE MpeoOiaaHre NPUKPEIUICHHBIX MHOTONIETHHKOBBIX 4YepBeil poxa Hydroides.
Ha GeToHHBIX yyacTKax TYHHEJIS 3aperuCTPUPOBaHbl MaKCUMaJIbHBIE 3HAYCHHUS] MACChl WU~
CTBIX OMOOTJIOXKEHHUH, B TO BpeMs KakK ISl CTAJIBHBIX YYaCTKOB OBLIM XapaKTEPHBI U3BECT-
KOBbIe OHooTIOXKeHHUs.. OTMedeHo, 4To oOIas ceipas OnoMacca MakpooOpacTaHHs TyH-
Henst Gospiie Grmomacchl MakpooOpacrtarenet B 35—50 pa3. OTo pa3HHIA CBUICTEIbCTBYET
0 TIpeobyaaromeil posiu OpraHu3MOB MeHoOeHTOCa 1 MUKPONIepUPHUTOHA B (HOPMUPOBAHUHT
coobmiectBa obOpactanus. [Toka3aHbl pa3iauyusi BUIOBOrO OOraTcTBa U KOJUYECTBCHHBIX
nokasatenei oopacranus TynHens B 2015 . mo cpaBHenuto ¢ 2001 . Takum oOpaszom, mpo-
BE/ICHHAs OLIEHKa MakpooOpacTaHus BojgozadbopHoro TyHHesnss BTOLI-2 mo3BomnseT cnenars
BBIBOJI O HEOOXOANMOCTH KOMIUIEKCHOH CTPaTEerny 3aIlUThl CUCTEMbBI OXJIAKACHHUS OT MOp-
CKOTr0 00pacTaHusl, 3aKJII0YaloIIeiicss B COYeTaHUU (PU3UUECKUX METOJIOB M APYTHX TEXHO-
JIOTUYECKHUX TTPUEMOB.

KaroueBble cjioBa: MakpooOpacTaHue, BOJ03a0OpHBIN TyHHENb, MHOTOIICTHHKOBBIC
YepBH, Pa3HOHOTHE PaKH, IByCTBOPYATHIC MOJUTIOCKH, OoMacca, JlJa3epHbIe TEXHOIOTUH
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Abstract

For the first time, an accurate quantitative survey of macrofouling in the underground water
intake tunnel of the Vladivostok combined heat and power plant (CHP-2) was carried out
using laser technologies to develop a strategy for protecting the seawater cooling system
from biological damage. In the tunnel biofouling, 91 species of invertebrates belonging
to various taxonomic groups were found. The maximum development of macrofouling was
established in the lower part of the water intake tunnel with the dominance of the Pacific
mussel Mytilus trossulus. In the fouling of the tunnel upper part, a quantitative predomi-
nance of attached polychaete worms of the genus Hydroides was noted. For the concrete
sections of the tunnel, the maximum values of the mass of silt biodeposits were recorded,
while the steel sections were characterized by calcareous biodeposits. It was noted that
the total raw biomass of tunnel macrofouling was 35—50 times greater than the biomass of
macrofouling organisms. This difference indicates the predominant role of meiobenthos
and microperiphyton organisms in the formation of the fouling community. The differences
in the species richness and quantitative indicators of fouling of the tunnel in 2015 compared
to 2001 are shown. Thus, the macrofouling estimation of the water intake tunnel of
the Vladivostok CHP-2 allows concluding about the need for a comprehensive strategy
for protecting the cooling system from marine fouling. Such a strategy is assumed to com-
bine physical methods and other technological methods.

Keywords: macrofouling, water intake tunnel, polychaete worms, different feet crusta-
ceans, bivalve mollusks, biomass, laser technologies
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Beenenue

CoobmecTBa 0o0pacTaHus, pa3BUBAIOIINECS B TEXHOIPKOCHUCTEMaX BOAOEMOB-
OXJTATUTEIICH SHEPTETHUSCKUX CTAHITHM, SBISIFOTCS MPUYMHON Pa3HOOOpa3HBIX OHO-
JIOTHYECKUX ToMeX B paboTe obopynoBaHus. Mopckoe oOpacTaHue BKIIIOYAeT ca-
MBbI€ pa3HbIE OPraHU3MBbI, CIIOCOOHBIC MPUKPEIUIATHCS K TBEPAOW MOBEPXHOCTH
MOABOAHBIX cyOcTparoB. K HUM oTHOCSTCS MHUKpooOpacrareny (OakTepuu, poCTei-
1€, MUKPOCKOIIMYECKUE TPUOBI U MUKPOBOIOPOCIH, COCTABIISIIONINE OHUOIUICHKY
WIN CIIM3b) U MakpooOpacTaTenu (MOPCKHE BOJOPOCIH, ABYCTBOpYATHIE MOJITIOC-
K{, TPEUMYIIECTBEHHO YCTPUIBI U MHIMH, PAaKOOOpa3HbIe, MIIAHKH, TUAPOUIBI H
actann). Hanbompime nmpoOnemMpl BOZHUKAIOT B CHCTEMAX OXJIAXICHUS TTPOMBIIII-
JICHHBIX MPEANPUATHH, K KOTOPHIM OTHOCSTCS BOI03a00pBI AnekTpocTanimii [1-3].
VYep0d or 3apacTaHusi BOAOBOAOB M OHOIOBPEXKICHUH MOPCKUMH OpraHW3MaMH
MCUMCIISIETCS. MILTHOHAMH JI0JL1apoB V. B mocieiHye NecsSTUIeTHs B TPOMBIILUIEHHO
PasBUTHIX CTpaHaX MPOCIEKHUBACTCS TEHACHLUS K IMEPEMEIICHUIO TEIUIOBBIX JJIEK-
TPOCTAHIIMI M MPOMBIIUICHHBIX MPEANPHUITHI Ha MOpCKHe mobepexbs. Hanpumep,
tonpko B CIHIA Oomee TpeTH CHIIOBBIX AIIEKTPOCTAHIIMI CTPAaHBI PACIONAraroTCst
HeMaleKko OT MOpCcKuX OeperoB. CpemHECYTOUYHBIH 3a00p MOPCKOW BOIBI 3TUMH
CTaHIMAMH yxke B 1970-¢ I'T. HCUMCIIANICS MUIUTHAPAAMU JTUTPOB 2,

TexHO3KOCHCTEMBI IEKTPOCTAHIMNA C OXJIAXKIEHUEM MOPCKOH BOIOM B MOCIE-
HUE JIECATIICTHS] B MUPOBOW MPAKTHKE UCCIEAYIOTCS JOCTaTOYHO MHTEHCUBHO [4, 5],
xots B Poccuu (u ObiBiieM CCCP) Takue ucclieoBaHusI MIPOBOISATCS HewacTo [6].
Kpome makpooOpacTanusi, BHISIBICHB H3MEHEHUS KOJIMUECTBEHHON CTPYKTYpHI (hu-
TOTUTAHKTOHA (KaK HAYaJIbHOTO 3BeHA TPO(MUIECKON CeTH) IMPH MPOXOXKISHUH depe3
CHCTEMY OXJIAXKICHUS MEKTPOCTaHIMH. B cocTaBe coobmecTBa MUKPOBOIOPOCIEH
BOJIOBOZIA OTMEUEHO BBICOKOE 00miIe OEHTOCHBIX (OpM IPU aHOMAIILHOM YJIHHE-
HHH JIETHE-OCEHHETO BEreTal[MOHHOTO ce30Ha [7].

[Ipenpigymume paboThl 0 AaHHOW HpoOIeMe MOAPOOHO OCBELIEHBI B MOHOTpa-
¢uu [8], B KOTOPOI OCHOBHOE BHUMAaHHUE Y/CJICHO MCCIICIOBAHHUIO BOJOEMOB-0XJIa-
JUTesel HepreTHueckux cranuuit Ha npumepe TOL[-2 . BnaguBocToka (manee —
BT3L-2). [lonyuens! cBeneHust 0 cocTaBe, KOJIMYECTBEHHOM PAaCIpeeNieHU: U 0CO-
OeHHOCTSIX (popMUpOBaHUs coolIIecTB 0OpacTaHus pa3HbIX CyOCTPaToOB B CHCTEME
oxJaxaeHus. Pa3paboTaHbl MpakTUUECKHUE PEKOMEH AN 10 KOPPEKTUPOBKE CPOKOB
TepMO0OOPaOOTKN TyHHENIEH U ITyOHHBI YCTaHOBKM BO/103a00pa HAa OCHOBaHMHU HC-
CJIeIOBaHMsI OMOJIOTMYECKUX 0COOCHHOCTEH OCHOBHBIX BUIOB MakpooOpacTareien.

B 2015 r. Hayunsiii kosektuB MHcTuTyTa Ononoruu mopsi uM. A. B. XKup-
myHckoro JIBO PAH (B nactosiee Bpemss HHIIMbB JIBO PAH) coBmecTHO co crie-
nuanuctamMu 13 [IBOY npomosmkuil KOMIUIEKCHBIE MHOTOJIETHHE HCCIEIOBAHUS
coo0riecTBa oopactanust Bojo3abopHoro Tynuens BTOII-2. Bei3Bano 310 HemocTa-
TOYHON 3P(PEKTHBHOCTHIO €KETOHON TEPMOOOPAOOTKH TyHHEIEH W PyYHOU OYUCT-
KU OT oOpacTaHus BO BpeMs ux ocymku. C nepBoro o0cienoBaHus MOPCKOH TEXHO-

D Marine fouling and its prevention / Woods Hole Oceanographic Institute. Menasha : George Banta
Publishing Co., 1952. 388 p. d0i:10.1575/1912/191

2 Young C.-S. Thermal discharges into the coastal waters of Southern California //
Southern California Coastal Water Research Project. Los Angeles, 1971. 30 p. URL:
https://ftp.sccwrp.org/pub/download/DOCUMENTS/TechnicalReports/0003_ThermalDischarges.pdf
(date of access: 24 November 2024).
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skocucteMbl BTOL-2 no nHactosimiero uccieaoBanus npouwio 14 met, mpu 3ToM
TepMOOOPaOOTKY U MEXaHUUYECKYIO OUYUCTKY OT OOpacTaHHs COBMECTHO C OCYIIIKOH
TyHHEJEeH TPOBOAMIIHN PETYISIPHO. B CBS3M ¢ 3TUM BO3HUKJIA HEOOXOIUMOCTh B TIO-
BTOPHOM KCCJICIOBAHMH BHJIOBOTO COCTaBa OOpacTaHHs BOI03a0OPHOTO TYyHHEIS
C Pa3MUYHBIMU THIPOAMHAMUYCCKUMU YCIOBUSIMU Ha Pa3HBIX €r0 y4acTKaxX U B IO-
JY9YeHUHU TOYHBIX TAHHBIX O KOJIMYECTBEHHOM PacIpeie]IeHn MaKpooOpacTaHusI.

Taxum 00pa3om, 11eb UCCIIEOBAaHUS 3aKIIFOUAETCSl B TOYHOU OIIEHKE pacipe-
JICJICHUSI OPraHU3MOB MakpooOpacTanus Bopo3zabopHoro TyrHens BTOII-2 1. Bna-
JIMBOCTOKA C KCIIOJIb30BaHUEM JIa3epHOT0 AalibHOMepa. PaHee mpu ucciegoBaHUU
O0mooOpacTaHrss BOI03a0OPHBIX TYHHENCH SIIEKTPOCTAHIUN TaKWe HHCTPYMEHTHI
HE TIPUMCHSIIN.

MarepuaJ 4 MeTOAUKA

Bonozabopusiii Tynaens BTOIL[-2 HaunHaeTcs B BOJ03a0OpPHOM KOBIIE
B 0. CyxomyTHOH YCCYpHIICKOTO 3aHBa U COCTOHWT W3 CTAalbHON TPYOBI IITMHOU
250 M, BHyTpeHHHM nuametpoM 1.5 M (puc. 1, ¢, d; puc. 2, a), KoTopas nepexo-
T B OCTOHHBIN MMOA3EMHBIN TyHHENb JIHHON 970 M BHYTpEeHHUM AHaMETPOM 2 M
(puc. 1, d; puc. 2, b —f). TyHHens IPOXOIUT B TBEPAOH TOPHOM MOPOJIE MO MUK-
popaiionoM BraauBocTOKa M 3aKaHUMBAETCS TaKkKe CTalbHOW TpyOOil BHYTpEH-
HUM JHaMeTpoM 1.5 M, BBRIXOJSIIEH Ha TepPUTOPHH MeKTpocTanuuu (puc. 1, ¢, d).
Ilepenan ypoBHSI BBICOTHI OT HACOCHOW CTaHLMH IO 3JEKTPOCTAHLUHU COCTABISET
42 M. Boma u3 HaCOCHOM CTaHIIUU B TYHHENb MOAAETCS Y€pe3 YEThIPE BpalllaroIIy-
ecsl cTalbHBIC CETKHU ¢ sueeid auameTpoM 3 MM. CKOpPOCTh BOJHOTO MOTOKA B TYH-
HeJle COCTaBIIsIeT 2 M/C, BECh LIUKJI MIPOXOXKACHHUS BOABI YepPE3 TYHHEIb COCTABIISIET
okoJio 2 MuH. TemrepaTypa BOIbI IIPU MPOXOKICHUN YePE3 CHCTEMY OXJIAXKIICHHS
TOL noseimaercs Ha 5—6 °C [6]. Harperas mopckas Bona u3 TOIl cOpacwiBaeTcs
B p. O0bsCHeHus, a Aajee — B KyToBYI0 9acTh 0. 3omnotoii Por.

[Tpo6s1 MakpoobpacTanus oroupanu 5 mast 2015 r. Bo BpeMs OCYIIKH TyHHEIS
¢ mwiommanku 10 x 10 cM, KOTOpyro 0003Ha4a M CTajdbHOW pamkoi (puc. 2, a—f).
ITpo6sl oTOupanu ckpeOkoM ¢ amuHOM Jie3Bus 10 cM ¢ HKHEH, OOKOBOM U BepX-
Hel JacTeld TpyObl B Tpex HOBTOpax. PaccrosiHue MexIy Toukamu oTOOpa mpod
MU3MEPSITA ¢ TOMOIIBIO JlazepHoro gansHoMepa Leica DISTO A8 — cospemeHHOI
npodeCCHOHANTLHOW MOJIENIM CO BCTPOSHHBIM NMU(POBBIM BHOUCKATEIEM, MO3BO-
JSIFOILMM BBITIONHATE U3MEPEHUS JaXKe B TOM Cllydyae, KOTAa jasepHasl TOUKa IpH
HaBeJleHMH Ha OOBEKT M3MEPEHUs] He BHIHA. BCTpOEHHBINM NAaTYMK yTiia HaKIOHA
3HAYUTENFHO paclIupsieT 00JacTh MPUMEHEHHUs TPUOOpPa, TaK KaK C €ro MOMOIIBIO
MOXXHO H3MEPATH HAKJIOH, T'OPU30HTAJILHOC II0JIOKCHUEC, BBIINOJHATH KOCBCHHBLIC
M3MEPEHUs B CIIy4asiX, KOTAa OJJHA U3 TOUEK U3MEPEHHsI He OTPasKaeT JIa3epHbIN JIyd.

KonmuecTBeHnble gaHHbie 00 00miel chIpoil OMoMacce TOoTydeHbl ITyTeM B3Be-
NIMBaHUS MEIIKOB € NMPoOaMu ¥ JajbHEHIIero nepecyera Ha YASNbHYIO IIOTHOCTb.
Takol momXxoA BKIIOYaeT B MacCy BCe, YTO MoNagaeT B MpoOOOTOOPHMK, BKIOYAS
WIIMCTBIE OTIIOKEHHSI, KOTOPBIE TIPH KaMepaibHOH 00paboTKe, Kak MpaBuilo, HE Y4u-
THIBAlOT M CMBIBAIOT B JIPEHAX MPH MPOMBIBKE Mpo0. [laHHBIA METOn MO3BOMSET
Yy4eCcTh Maccy He TOJIBKO MaKpooOpacTaHusl, HO U OMOOTIOKEHUH, MPUCYTCTBYIOLIHX
Ha cyOcTpare, a Takke MUKpPONepH(UTOHA, JeTpUTa U (PeKaTbHBIX KOMOYKOB Opra-
HU3MOB-00pacrareneit. KamepasbHas 00paboTka mpo0 MpoBoaAuiach B JIabOpaTopuu
skonorun menbPoseix cooduects UBM JIBO PAH no obmienpunsToii metoauke [8].
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Puc. 1. Kapra-cxema paiioHa HcclIegoBaHUA W CTpOoeHUS Bomozabopa BTIIL[-2
r. BmaguBocroka: a — kapra paiioHa HccienoBaHus; b — cxeMa pachooKeHus BoJ03a-
Oopa m mBwkeHHUs Bonwl Ha kapte: A — 0. CyxonyrtHas, B — HacocHas cranmums, C —
Geronnslii TyHHenb, D — BTOLI-2, E — cOpocHoit kanaim; €, d — cxema CTpOSHHUS BOJIO-
3a00pHOTO TYHHENS M IUIaH-CXeMa Mapuipyta orbopa marepuana: | — cranpHas TpyOa,
Il — 6eronnas Tpyba. CtpenkamMu 0003HAYEHO HANPABICHUE ABIDKCHUS BOIBI B TYHHEINE U
3a ero mpejeIamMu, KBaJpaTuKaMu — CTaHI|uK 0T6opa mpob Makpoobpactanus (1-11)

Fig. 1. Map-scheme of the study area and the structure of the water intake of
the combined heat and power plant (CHP-2) in Vladivostok: a — map of the study area;
b — scheme of the location of the water intake and water movement on the map: A — Su-
khoputnaya Bay, B — pumping station, C — concrete tunnel, D — CHP-2, E — discharge
channel; ¢, d — scheme of the structure of the water intake tunnel and plan-scheme of
the material sampling route: | — steel pipe, Il — concrete pipe. The arrows indicate the di-
rection of water movement in the tunnel and beyond it, the squares are stations of macro-
fouling sampling (1-11)
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Puc. 2. Ipouecc mpobooTbopa u oOIIMid BK 00pacTaHusl BO103a00PHOr0 TYHHES
BTOLI-2 Ha pa3HBIX €ro yyacTkax: g — Ha4yaJlo OCMOTpa TyHHens; b — oOpacraHue cu-
JSIIIMMHA MHOTOIETUHKOBBIMU YepBsaimMu poaa Hydroides; ¢ — mpoGHas ouMcTKa CTEHKH
JUIsl OLICHKH MHTEHCHBHOCTH oOpacTaHus; 0 — «IeTKW» MHIUN; € — CIUIOIIHOe obpac-
TaHWE TYHHEJsI MUAMeH; f — ycTpruaHOe 0OpacTaHue «HU3a» TYHHEI

Fig. 2. The sampling process and general view of fouling of the water intake tunnel
of CHP-2 in its different sections: a — beginning of the tunnel inspection, b — fouling
by sessile polychaete worms of the genus Hydroides, ¢ — test cleaning of the wall to as-
sess the fouling intensity, d — mussel fouling, e — continuous mussel fouling of the tun-
nel, f — oyster fouling on the tunnel bottom

BunoByto uaeHTH(QUKAMIO OCYIIECTBISUIA COTPYIHUKH BBINICYKA3aHHOW Jia-
ooparopuu H. c. U. JI. Anansikuna (monuxetsl) U H. ¢. H. JI. Jlemuenko (amdurio-
ne1). LudpoBbie kKapThl pacnpeneneHns] KOJHYeCTBEHHBIX XapaKTepUCTUK OH000-
pacTtaHuisi BHYTpH TyHHENS noctpoeHsl H. ¢. H. JI. J/leMueHKO ¢ mOMOIIBIO KapTo-
rpaduyeckoro makeTa Ui MOACITUPOBAHMS M aHAJIHM3a JAaHHBIX, CO3JaHUs TpeX-
MEpHBIX KapT U MOJIeJIeH U uX Bu3yasiu3aiuu Surfer.
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PesyabTarhl

Ocmotp BomozabopHoro TyHHenst BTOLI-2 moka3an, 94To KOITu4ecTBO oOpacra-
HHS Ha CTEHKaX TYyHHEJS MMOCTEeNEeHHO yMeHbiraeTcs ot cT. 1 k ¢t 10 (puc. 1, ¢).
OOmwmii xapaktep oOpacTaHus B TyHHEJIE OKAa3aJCs OYaroBBIM C IpeolnagaHueM
Muauu Tuxookeanckoi Mytilus trossulus A. Gould, 1850 u ycTpuIbl THTaHTCKOM
Magallana gigas (Thunberg, 1793). Ha4asbHble y4acTKH BOIOBOJA, MMPEACTABIIS-
foIMe co00W CTaNbHYIO TPpyOy, UMEIOT MUANEBOE OO0pacTaHNe pa3TUYHON MHTEH-
cUBHOCTH. J{7MHA CTBOPKM OOHApY)KEHHBIX MHIUI cocTaBiseT meHee 30 MM, 4TO
MIO3BOJISIET CHIENaTh MPEINONIOKEHHE O TOM, YTO BO3PAaCT OOPACTaHUSI COCTABISET
15-17 mecsmeB. 1lo Mepe ynaneHus OT BXOAa M HACOCHOM CTaHIIMHM MHUIWEBOE 00-
pacTaHue CTaHOBUTCS MEHEe MHTEHCHBHBIM, B COOOIIECTBE 0OpacTaHUs HAYMHACT
JOMHUHHpOBaTh ycrpuia (puc. 2, d —f).

TakconoMudeckuii coctaB oOpactanus TyHHeNs B 2015 . xapakrepu3oBaics
JOCTaTOYHO BBICOKHM pasHooOpasueM Oecro3BoHOYHBIX (puc. 3, b). Iunamwmka
pacnpeneneHust 00Iel CHpoil OMoMacchl 0OpacTaHUs BIOIb TYHHENS IPEICTaBIIe-
Ha Ha puc. 4. Ceipas Ouomacca oOpacTaHHs MMEET TeHICHIHUIO K yBEITUYCHUIO
B HayaJie TyHHeNs Ha OeTOHHOM cyOcrpare. B cepenune TyHHes OuoMacca pe3ko
CHIDKAETCsl 1 BHOBb HApACTAET Ha CTaJIbHOM CyOCTpaTe B KOHIIE TYHHEJISI.

B otmiame ot xapTHHBI pacipeneneHus o0mel cripoit OnoMacchl Makpoobpac-
TaHWS B TYHHEJeE, ToKa3arenu oOmieil Omomaccsl OpraHu3MOB-O0OpacTaTeNei mo-
clie KaMepasibHOi 00paboTKH MPOO UMEIOT HECKOJIBKO MHYIO TeHACHIHIO (puc. 4).
Tak, MakcHMabHOE 3HaUYE€HHE 00IIei OMoMacChl 3apETUCTPUPOBAHO B HaUase TyH-
HeJs Ha CT. 1, mocyie 4ero ee 3Ha4YeHHe Pe3KO CHIKACTCSl, BHIPABHUBACTCS U CIIETKa
Bo3pacraeT Ha ct. 10. s ceipoii obmieit OnoMaccel HaOMIONASTCS PSIMO TPOTH-
BOIIOJIOXKHOE COOTHOIIeHHe. B OnomMacce BYCTBOPYATHIX MOJUTIOCKOB JIOMUHHPYET
MUJIUS, Ha BTOPOM MeCTe — yCTpHuIa. Muust npeobiagaer B HIDKHEW 4acTH TyHHe-
JsI, yCTPUIA IMEET MPEHMYIIECTBO Cpa3y Ha HECKOJIBKUX CTAHIMAX B CpEHEH da-
CTH TyHHEJIS.
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3% 5%

|
Y

Puc. 3. TakcoHOMHYECKHI cocTaB oOpacTaHUs BOI03a0OpHOTO TYHHEIS
BTOII-2 82001 (a) u B 2015 . (b)

Fig. 3. Taxonomic composition of fouling of the CHP-2 water intake
tunnel in 2001 (a) and in 2015 (b)
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Fig.4. Distribution dynamics of total biomass (a) and total raw
biomass (b, ¢) of macrofouling of the water intake tunnel of
CHP-2 in different years: a, b — 2015; ¢ — 2001
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[lokazana orpomHasi pasHHIA MEXIY OMOMAaccoi CHIpHIX MpoO M Omomaccoi
MakpooOpacTaresiel, OTHOIIIEHHE 3THX BEIIMYWH MOXET COCTaBIATH oT 35 mo 50
(puc. 4, a, b). D10 cBUAETETLCTBYET O peobIaaaroNIeil poJid MEHOOEHTOCA U MHK-
porniepuduToHa (M MPOLYKTOB MX KUIHEIAESITEIHHOCTH) B (DOPMUPOBAHUH COOOIIIE-
cTBa OpraHu3MoB. Haberaromuii MOoTOK YHCTOW MOPCKOM BOABI CO3MACT OJIArOIpH-
ATHBIC YCIIOBHSA IJIS1 MX PA3BUTHS, M OHM 3aKPEIUISIOTCA CPEAH MaKpOOPTraHU3MOB
coobmiectBa oOpactanusi TyHHens. B Oornee paHHuUX paboTax KOJIMYECTBEHHAS
ponb MeiodayHsl 1 MUKpoIiepu(pUTOHAa B BOI03a00PHBIX TyHHENSX JIIEKTPOCTaH-
UMW C OXJIAKJICHHEM MOPCKOW BOAOW HE YUUTHIBAJIACH.

[ony4eHHble TaHHBIE TO3BOJIWIN OLEHHUTH paclpeelieHne MakpooOpacTaHus
Pa3IMYHBIX YYACTKOB TyHHEINsI, OMOMACCHl U IIOTHOCTH ToceneHus: (hoHooOpasy-
I0IMX BHIOB (pHc. 5). PazHOHOTHE paku MpeobnanatoT Mo INIOTHOCTHU MOCENCHHS
MOYTH HA BCEU JUIMHE TyHHE, 32 uckiodeHueM cT. 10. [{nst Onomaccel aHaaoruy-
Hasl KapTHHA HAaOIFOMaeTCs IS IByCTBOPYATHIX MOJLUTIOCKOB.
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Puc. 5. Cxema pacmpeneneHus IpyIIl OPraHHU3MOB, 00SCIICUHBAIONIMX MaKCHMAIIb-
HYI0 TUIOTHOCTh UM OMOMaccy B cooOriectBe OmooOpacTaHust BOom03a00pHOTO TYHHEIS
BTDLI-2: 6uomacca B Amphipoda (a) u Bivalvia (b), o6mmas 6uomacca makpoodpacra-
Hus Biot (€), motHocts D Amphipoda (d) u Bivalvia (), obwas mioTHocTs Makpooo-
pactanus Diot (f). KpacHsiME cTpenkamu 0003Ha4eH TOK BOJBI

Fig. 5. Distribution diagram of groups of organisms that provide maximum density
and biomass in the biofouling community of the CHP-2 water intake tunnel: biomass B
of Amphipoda (a) and Bivalvia (b), total macrofouling biomass B (C), density D of
Amphipoda (d) and Bivalvia (e), total macrofouling density Diw: (f). The red arrows
indicate the water flow
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Oo6cyxxnenue

CpaBHEHHE TaKCOHOMHUYECKOTO cocTaBa MakpooOpactanus TyHHenss BTOLI-2
3a 2001 u 2015 rr. nmokasano, uro 3a 14 neT ob1ee YUCI0 BUJOB YBEIHYWIOCH TI0-
4yTH Ha TpeTh — 63 u 91 BuA cooTBeTcTBEHHO (puUC. 3). B cooTHOmEHUN oOMIHs
HanbojIee MacCOBBIX BHUIOB MaKpoOOpacTaHMs MPOCIICKUBACTCS OOIIast TCHACHITASI —
10 YUCIIy BUOOB JOMUHHPYIOT ABYCTBOPYATHIC MOJIJIFOCKH, MHOTOIICTUHKOBBIC YCP-
BU U pasHOHoOrue paku. B 1o >xe Bpems B 2015 . uncino BUAOB MONKXET YBEIHYH-
JIOCh B YETHIPE pas3a 1Mo cpaBHEHUIO ¢ maHHbIMU nccienoBanus 2001 r. CootHorre-
HHUE OCTaJIbHBIX TPYII BUAOB-oOpacTarenell BApbHUpOBAI0 HE3HAUUTEIBHO.

B 2001 r. HapacTanme o011ei chIpoii OMoMacchl B Hadasle TyHHeENs, kak B 2015 .,
He HabIromany, OMHaKO OTMEYEH ee PEe3KHi CKauoK B paiioHe MOBOpOTa Ha MOCe-
HUX CTaHIUAX, a TAK)KE B 30HE MOBBIIIEHHON TYypOYJIEHTHOCTH MOTOKA — [Eepexoa
OT CTaJIbHOM TPYOBI K OETOHHOMY TYHHEIIO M HA000POT.

Pesynbrarel NpoBeICHHON OLIEHKH CBHICTENBCTBYIOT 00 04aroBOM XapakTepe
pacrpeesicHus OpraHu3MOB MakpooOpacTaHus B Bomo3abopHoM TyHHene BTOII-2.
Takast MO3aUYHOCTD B pacipeesIeHHH KOINYeCTBEHHOro 00Mns o0pacTanus mpo-
cnexxuBanach kak B 2001 1. [8], Tak u B 2015 r. OcHoOBHEIE cKOTIIeHHS (POHOOOPA-
3VIOIIUX BHJIOB HAOIIONAIOTCS HA PA3IMYAIONINXCS 110 THAPOJMHAMHYECKUAM yCII0-
BUSIM Y4acTKax TYHHENs, a MMEHHO B pailoHax u3ruba (II0BopoTa) TYHHENS B YCIIO-
BUSIX TOBBILICHHOW TypOylIeHTHOCTH. B cepeanHe TyHHENsI OTMEUEHO PEe3KOe CHU-
KeHne Ormomacchl 00pacTaHus U €¢ HapacTaHWe Ha CTAJIHLHOM CyOCTpare B KOHIIE,
YTO MOXHO OOBSICHUTH CY’)KEHHEM NpPOCBETa, MOBBIMIEHHOW TYypOYJE€HTHOCTHIO
MOTOKa Ha JaHHOM y4yacTKe U MEHbIIUM 3amwieHneM. [lonepeunoe ceueHue craib-
HOU TpyObI Ha 25 % MeHbIIe, YeM OeTOHHOTO TyHHelnsd. MIMeHHO B palioHax mepe-
X0Jla OTMEUeHa HanOoJbIlas pa3HHIA KOJMYECTBEHHBIX MOKa3aTeseil coodmecTBa
oOpacraHus.

XapakTep NPOCTPAHCTBEHHOI'O paclpeeNieHus OpraHu3MOB OOpacTaHHUS
Ha BHYTPEHHEH CTOPOHE TYHHENIs CBS3aH C OCOOECHHOCTSIMM [IBM)KEHHUS BOJBI,
KOTOpbIE SIBJSIFOTCS. OJHMM M3 OCHOBHBIX (DakTopoB, 0O0YCIIOBIMBAIOIINX
pacripeqielieHle KUBOTHBIX Ha €CTECTBEHHBIX M aHTPONOIEeHHBIX cyOcTparax [8].
Oco0y0 ponp B 3TOM OTHOLICHWH HIPAIOT MUKPOBUXPEBBIC ABMXKEHHS, TaK
Ha3plBaeMasi MUKpoMacliTaOHas TypOyJIeHTHOCThb. XOTSI BOJ03a00pHBIA TYHHENb
BTOILI-2 umeer [OBOJIBHO MPOCTYIO TE€OMETPHIO, JBHKEHHE BOJABI B HEM
IOPOMCXOAUT TI0 JOCTATOYHO CJIOKHOM cXeMe ¢ oOpa3zoBaHueM obiacreil
JIOKAJIbHOM KOHOCHTpalMU KacCaTCIbHBIX HaHpﬂ)KeHHfI, BOAOBOPOTHBIX 30H
M TIONEPEYHBIX LUPKYJSIUANA C CO3AaHUEM ILITONOPOOOPA3HOTO IBIKEHHS, YTO
XOPOIIO MPOMJITIOCTPUPOBAHO HA PUCYHKE-CXeMe B MOHOorpaduu [8].

B pesynbrare 6oiee TOYHON OIEHKH KOJIMYSCTBEHHBIX ITOKA3aTeIe Makpooo-
pactaHusi BOJO3a00PHOTO TYHHENS ¢ TIPUMEHEHHEM JIa3epPHOTO JJabHOMEpa MOKa-
3aHa 0oJiee BBICOKAs CTENeHb oOpacTaHus TyHHens B 2015 I. o cpaBHEHHIO C UC-
cneqoanrem 2001 r. B 1o Bpems kak B 2001 r. Haxoaku ycTpuIll B oOpacTaHUU
TYHHEJISI OBLIM JIMIIb eAUHUYHbIMH, B 2015 I. co00IIECTBO 00pacTaHus MPeICTaB-
JSIET CIJIOMIHOE MOCEIEeHHE THTaHTCKOW yeTpHIlbl. JJaHHOEe cOOOLIeCTBO MLIOXO0 MO~
Jaercst (pU3MUECKUM METOAAaM OYMCTKHU, TaK KaK YCTPHLBI Oosiee YCTOWYMBBI K MO-
BBILIEHHUIO TEMIIEPaTypbl BOJbI M OECKHUCIOPOIHBIM YCIOBUSIM aOUOTHYECKOH Cpelbl.
Oco0y10 0macHOCTh JUIsl TEXHOOKOCUCTEMBI TYHHEIIS ITPEACTaBIsIeT co00H KinMakc-
HOE CcOOOMIECTBO ABYCTBOPYATHIX MOJUIIOCKOB C YYaCTHEM MHIHH THXOOKEAHCKOH,
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€CJIM UX OTOpPBaTh, MOXKET OBITh HapylleHa cTa0MIbHast paboTa CUCTEMBI OXJIAXKIe-
Hust. Ha MomeHT npoBenenust padot B 2015 1. omacHOCTh NONajaHus CTBOPOK MH-
Ui ¥ YCTPHII B KOHACHCATOPHBIE TPYOKH ObLIa AOCTATOYHO BBICOKOH. C ydeTom
MOITHOCTH TOTOKa B TyHHede BTOLI-2 cTBopku Mumuii MOTYT OeCIpensiTCTBEHHO
OTPBIBATHCS, 3Ta BEPOATHOCTh YBEIMUMUBACTCS TI0 MEPE POCTA MOJUTIOCKOB.

Pesynwrarer uccnenoBanmii B 2015 T. CBHIETENBCTBYIOT O HEIOCTATOYHON 3(h-
(hEeKTHBHOCTHU PETYISIPHON TEPMOOOPAOOTKH TyHHEIEH AeKTpocTaHnu. Jlaxe ecim
YHUYTOXXEHHE CTOJNb MOIIHOTO oOpacTaHus OyneT MpOBEOEHO MyTeM TepMooOpa-
0OTKH, HAKOTUIEHHE MAacChl MEPTBBIX OCTATKOB (PaKOBHH MOJUIIOCKOB U YCOHOTHX
PaKoB M M3BECTKOBBIX TOMUKOB TPyOUaThIX uepBel) MOXKET INPUBECTH K yBeJIHue-
HUIO IIEPOXOBATOCTH MOBEPXHOCTH, a TAKKe CIOCOOCTBOBATH MOBTOPHOMY 3acelie-
HUIO 00pacTaTesei.

Jn1st MUHIMU3aH PUCKOB OMOTIOBPEXKICHHUS CUCTEMBI OXJIaXACHUS 3JIEKTPO-
CTaHLMM B PE3yJIbTaTe 3aCOPEHUs] OpraHu3MaMu oOpacTaHus HeoOXomuma paspa-
00TKa KOMIUIEKCHOM CTpaTeruu, coueTaroniei Gru3nieckue METoabl 3allluThl U Ipy-
rHe TeXHOJIOTHYecKue mprueMbl. K HUM OTHOCHTCSI BO3MOXKHOCTH NPUMEHEHHS T10JI-
HOCTBIO 9KOJIOTHYECKH 0€30IaCHBIX COBPEMEHHBIX METOIOB — CAMOTIOIHPYFOIIUXCS
NpOTHBOOOpacTalomUX MOKPHITUH [9]. DPPEeKTUBHOCTh TaKMX MOKPHITUH 00Y-
CJIOBIICHA TEM, YTO aATe3us] MEKAY 00pacTaresieM M IOBEpXHOCTBIO CBEACHA K MU-
HUMYMY U3-3a HU3KOW MOBEPXHOCTHOM SHEPrUU U MOAYJIS yIIPYrocTu. Takke MOXeT
MPUMEHSTHCS METOJI UMITYAbCHOM Togadn 35 %-Ho# mepekucu BoIopoaa U coliei
kenesa [6] mbo 030HUPOBAHMS BOABI B IIEPUOJ] MACCOBOTO OCENAaHUSI MOJUTFOCKOR.
JlaHHBIE METOI MOXET OBITh JIETKO aBTOMAaTU3UPOBAH M NMPHUMEHEH 0e3 y4acTHs
YeJI0BeKa.

Crenyer yrnoMsiHyTh O HellaBHEH pa3paboTke HA3eMHOTO CTEHAA — YCTAHOBKH
PErylmpyeMoro MoTOKa BOABI, KOTOPYI0 MOXXHO HCIHOJIB30BaTh IJIsi HCIIBITaHUS
Y TIPOBEPKH CBOMCTB 3aIIUTHBIX MTOKPBHITUI Ha TECTHPYEMBIX CyOCTpaTax, BKIIOUas
MIPOTHUBOOOPACTAIOINNE U aHTUKOPPO3uiiHbie oKphiThs [10]. B kauecTBe 3K0JOTH-
yecku 0e30MacHbIX METO0B OOphOBI ¢ OMOOOpacTaHHEM SKCIUTYaTUPYEMBIX B BOI-
HOU cpelie KOHCTPYKLIMH MOTYT MPHUMEHSTHCS MOJyaBTOHOMHBIE pOOOTHI LIS Jia-
3epHOI TEXHOJOTHU OYHCTKH TIOBEPXHOCTEH, pa3padOTKO KOTOPBHIX B HACTOSIIEE
BpeMs 3aHuMaroTcs cotpyauuku MAITY JIBO PAH? [11, 12]. Po6oTusupoBaHHbIi
KOMIIJICKC JIa3€PHOI OYMCTKHU MOABOIHBIX TOBEPXHOCTEH CYIOB U MOPCKUX COOPY-
JKEHUH, O3BOJISIOIINN yAaNsATh OMooOpacTaHue, MOKET ObITh MCIIOJIBb30BAH U MPH
ouncTke Bogo3abopoB TOII ot 6uoobpacranus [13, 14]. Kpome Toro, B HacTosiee
BpeMsi KUTalCKHE CIENHATUCThl BHEAPSAIOT B MPAKTUKY OOpHOBI C MHIUEBHIM
oOpacTaHHeM yIapHO-BOJTHOBOW METOI, NAIOIIMK XOPOIIMH IPOTUBOOOPACTAIOIUI
3¢ QEeKT Ha MOBEPXHOCTAX CHCTEMBI OXJIaxaeHus [ 15].

OnHOBpPEMEHHO C MTPUMEHEHNEM MTPOTHBOOOPACTAIOIIHX ITOKPHITHI He0OXoanmMa
KOPPEKTHPOBKa 3KCIUTyaTallMOHHOTO PEKMMA JIEKTPOCTAHLIMU B CE30H MHTEHCHB-
HOTO OCeJIaHUsl OPTaHU3MOB MakpooOpacTaHus ¢ Mas 1Mo CeHTA0pb. OHa 3aKiro-
YaeTcsl B HEMPEPBIBHOW SKCIUTyaTal[UH KaXKJIOTO TYHHEIS CUCTEMbI OXJIXKICHHUS
He OoJjiee ABYyX MECALEB B T€UEHHE YKa3aHHOTO CE30Ha C MOCIEAYIOIIEH OCTaHOB-
KO M OCyIIEHHEM Ha OAHY — JIBE HEAEIH A YHHUUYTOKEHHS MakpooOpacTaHHs

%) Kynouun FO. H. Pa3sBuTHe MCCEN0BaHUN B OONACTH Ja3epHBIX TEXHONOTHH M MX TPAKTHUECKUX
npumeHeHnit Ha JlansHeM Boctoke Pocenn // Jlazep-Uudopm. 2020. Ne 10. C. 1-11.
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Ha CTaJuu Havaya popMupoBaHuUs cooOmecTsa. JJaHHbINA MPUEM CMOXET 3aMECHUTh
JOPOTOCTOSIIYIO TepMOOOPaOOTKY, XOTSI OH MOXKET C HEH M COYeTaTbCs I COKpa-
meHns nepuofa mpocros TyHHens TOLl. B XomomHeld mepron roma BO3MOXKHO
MIPOIOJDKCHHE TTOJJOOHON PAKTUKH, HO yXke 0e3 TepMooOpaboTKy.

3akia0ueHue

BriepBrle mpoBeeHa KOMMUECTBEHHAs CheMKa MakpooOpacTaHHs MOA3EMHOTO
Boz03abopHOTO TyHHENS BTOLI-2 ¢ mprMeHeHrneM Jla3epHBIX TEXHOIOTHI. YCTaHOB-
JICHO, YTO Ha Bcell BHYTPEHHEH MOBEPXHOCTU TYHHENS IIPUCYTCTBYET COOOILECTBO
MakKpooOpacTaHusl NPEUMYIIECTBEHHO C O4YaroBbIM paclipereiieHneM. B coctase
obpacTtanus TyHHens oOHapyxeH 91 Bua O€CIO3BOHOYHBIX, MPUHAMIIEKAIIHX
K Pa3IUYHBIM TAKCOHOMUYECKUM TpynnaMm. Cpenu HUX JOMMHAHTaMH I10 IJIOTHO-
CTH SIBIISUTUCH TIPEACTABUTENH pakooOpasHbIX U3 oTpsaaa Amphipoda, mo 6momacce —
nBycTBopuatbie Mosutrocku Mytilus trossulus u Magallana gigas. Ycranosneno
MaKCHMaJbHOE Pa3BUTHE MaKpoOoOpacTaHusi B HIDKHEH 4acTH BOI03a00pHOTO TYH-
HEJIsl ¢ KOJIMUECTBEHHBIM mpeobnananuem M. trossulus. B To sxe Bpemsi B BepxHeit
YacTH BOJ03a00pa OTMEUEHO KOJMYECTBEHHOE NpeodiafaHne MpPUKPEIUIeHHBIX
MHOTOILETUHKOBBIX Y€PBEH € TBEPABIM U3BECTKOBBIM IOMUKOM.

[Tokazana Gojee BbIcOKas creneHb oOpacranus TyHHens B 2015 . mo cpaBHe-
Huto ¢ 2001 r., yCTaHOBIEHBI pa3IN4Ms BUAOBOIO COCTAaBa U KOJUYECTBEHHBIX
nokasareneil. B yciioBusiX MOBBIIIEHHOW TypOYIEHTHOCTH B pailoHe N3rnbda cralb-
HOW TpyObl HAOIIONANICh OCHOBHBIE CKOIIEHHS (hOHOOOPa3yIoNIMX BUAOB MaKpo-
obOpactanus. Ha cranpHBIX ydacTKax BOJOBOAA 3aperHCTPUPOBaHa HAMOOIbIIAL
Oromacca TBEep/bIX OTJIIOKEHHUH, B TO BpeMs KaKk Ha ero OCTOHHBIX y4acTKaX KOJH-
YECTBEHHO Mpeoliaaiy WINCThIe OMOOTIIOKEHHS.

OTMedeHa CyIIECTBEHHAs Pa3HUIA B KOJMUYECTBEHHBIX TOKAa3aTelsx oOIIeH
CBIPOM OMOMacchl MakpooOpacTaHWsi TyHHENsT M OMoMacchl MakpooOpacTaTemnei
(oTHOIIEHHE 3TUX BEMYHH cocTaBisgeT ot 35 no 50 pa3). Ha ocHoBaHUM TONMy4eH-
HBIX PE3YJbTaTOB JaHbl PEKOMEHJAINHU 10 Pa3paboTKe SKOJIOTMYeCKH 0e30MacHbIX
(bU3UYECKUX METOJOB 3aIIUTHI CUCTEMBI OXJIAXKICHHS HEKTPOCTAHIMNA OT MOPCKOTO
o0pacTaHMsl B COUETAHUH C IPYTUMH TEXHOJIOTUYECKUMH TPHEMaMH.
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3asasnennvlii K100 a8MoOpos:

MaciaennukoB Cepreii BaHOBHY — IIPOBEICHUE HCCICIOBAHU, IIPOBEICHNE KPUTHUE-
CKOTO aHaJlu3a MarepualioB, CBA3aHHBIX C (DyHZaMEHTaJILHONH CTOPOHOW HCCIIeNOBaHHS,
rpaduyeckasi HHTEpIIpeTalts pe3yIbTaToB

3BsirunneB AJjiekcanap IOpbeBnu — pa3zpaboTka KOHLENIUH, (GOPMYJIUPOBKa M MOCTa-
HOBKa 3a/1a4Ml MCCIIeI0BaHMsA, 00paboTka mpod MakpooOpacTaHus, ONMHCAHHE PE3YIbTaTOB
HCCIIE0BAHMS, KaUECTBCHHBIN aHAIIN3 PE3YIbTaTOB M NX HHTEPIPETALH

Beryn AHapeii ApkajbeBH4 — IPOBEACHHUE HCCIECIOBaHMSA, KOINYECTBEHHas 00paboTKa
npo0 U aHANN3 Pe3yNbTaToB, PENAKTUPOBAHUE PYKOIIUCH

Bce asmopuvl npouumanu u 0006punu okonuamenvbHulil 8apUaAHM pYKONUCHU.
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