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Kniouesble cnosa:
aHTpOMoreHHoe
BO34enNcTBmE
KAMMaTU4ecKme
N3MeHeHuA

OHeXxcKoe 03epo
[OHHbIE OTNIOXKEHUSA
XMMMYECKUI COCTaB
rnyboKoBOAHbIN BeHTOC
CTPYKTYpa coobluecTsa

npoaykums

AHHOTaumA: PaccmoTpeHa AMHAaMMKa XMMUYECKOro COCTaBa AOHHbIX OTNOMXe-
HUIA M COCTOAHMA BEHTOCHbIX COOBLLECTB B Pa3/INYHbIX palioHax OHeXCKoro
o3epa B nocnegHue 20-25 net. MNoKasaHo, YTO KOMOBUHUPOBaAHHOE BAUSAHUE
AHTPOMOreHHbIX GaKTOPOB U KAMMATUYECKMX M3MEHEHUI BbI3BaNO MyHOKYyHO
TpaHcpopmaLmio MyboKOBOAHbBIX HEHTOCHbIX COOOLLECTB. BepLUMHHbIE YYaCTKM
ceBepo-3anagHbix 3a1nBoB (KoHaonoxckas 1 MNeTposasBoackas rybol), rae aen-
CTBME AHTPOMOreHHbIX PaKTOPOB NPOABAAETCA MAaKCMMabHO, OTHECEHbI K Hau-
6osee 3arpsisHEHHOW (MepBoOi1) 30HEe. B 3TUX palioHaxX OTMEYAIOTCs CTPYKTYpPHble
NepecTPoOnKM AOHHbIX LLEHO30B: AOMUHUPOBAHME PE3UCTEHTHbIX NpeacTaBUTe-
el ONINTOXET U XMPOHOMUA, OTCYTCTBUE PESIMKTOBbIX PakoobpasHbix. bl nep-
BOW 30HbI XapaKTepu3yTca HaMbONbLLUMM CoAepHKaHMEM OPraHNYEeCKOro BeLle-
CTBa, NOHMKEHHbIMW BenndnHamm pH u Eh, npucytctBMeM TOKCUMYECKMX areH-
ToB (B KOHAoMNocKoM rybe). B bydepHbIx palioHax ceBepo-3anagHblX 3a/IMBOB,
OTHECEHHbIX KO BTOPOI 30He, AelCTBME aHTPOMNoreHHoro ¢aktopa ociabaeHo
BAMAHNEM HACbILWEHHbIX KUCN0POAO0M BOZ, NOCTYMAOLWMX U3 CONPEeAEbHbIX OT-
KPbITbIX y4aCTKOB 03epa. [JoHHble OTNI0XKeHMA BydpepHbIX 30H XapaKTepum3yoTca
6onee rNyb6OKMM OKUCIEHHBIM CIOEM M MAKCMMa/lbHbIM pPa3BuTMem amoumnoa,.
LleHTpanbHble rnybokoBogHble palioHbl OHEXCKOro 03epa (TpeTbs 30Ha) B Ha-
cTosiLee BpeEMSA B HAMMEHbLUEN CTENEHM NOABEPIKEHDI BO3LENCTBUIO aHTPOMO-
reHHoro dakTopa. bl B LEHTPANbHOM 30HE XapPaKTEPU3YIOTCS MUHUMA/IbHbIM
coaepKaHMeM OpPraHUYecKoro BELLEeCTBa, HAIMUMEM PYAHbIX KOPOK (coaepska-
LLMX FKeMe30 M MapraHeL,), YTo onpeaenseT HEBbICOKME NOKA3aTenn PasBuTUA
3pecb 6eHToca. B 1998-2016 rr. BO BCcex M3y4eHHbIX palioHax OHEeMKCKoro ose-
pa, OTHECEHHbIX K TPeM 30HaM, NMPOU3OLLIO CHUXKEHME MoKasaTeNen YNCAEeH-
HOCTM M BMomacchl 6eHTOCa, YTO MPUBEJIO K YMEHbLUEHWUIO ero NPoayKLmMn B 2—4
pa3a. BoiaBneHa gocToBepHanA cBA3b NoKasaTesnel NPOAYKLMN C COAEPKAHNEM
JKenesa B Maax, KoAMYecTBo KOTOPOro B NocaeaHue AecATUAeTUs BO3POC/o B
2-4 pa3a. BbicKka3aHO nNpeanonoXeHne, YTo NPUYMHON CHUMKEHMA NOKa3aTenem
6eHTOCa ABNAETCA YrHeTaloWee BO34ENCTBUE Kenesa, HaKoMNJeHne KOToporo B
nnax cBA3aHO C yBeAMYEHMEM NOCTYM/IEHUA 3TOTO 3/IEMEHTA B COCTABE NYMYCO-
BbIX BELLECTB C PEYHbIMU BOAAMMW BCNEACTBME KIMMATUYECKMX U3MEHEHUI Ha
BOAOCOOPHOW TEPPUTOPUN.

© MNeTpo3aBOACKUIN FOCYAAPCTBEHHbIN YHUBEPCUTET
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BsepeHue

B HacToAwee BpemA BO3AENCTBME KAMMa-
TUYECKUX (GAKTOPOB HA BOAHblE 3KOCUMCTEMDI
HepeaKo NPEBbLIWAET CUNY BAUAHUA TOYEYHbIX
MCTOYHMKOB QHTPOMOreHHOro 3arpAsHeHus. B
HOBbIX KNMMATUYECKUX YCNOBUAX MPOUCXOAUT
CUNbHEWLLIee U3MEHEHME, N AaXKe CHUMKEHMe,
BMOOBOrO pa3HOobpa3va BOAHbLIX IKOCUCTEM.
OcobeHHO 3TO XapaKTepHO A/1A CeBEPHbIX BO-
[0EMOB, B KOTOPbIX YMEHbLUAETCA YMUCNEeH-
HOCTb Xonogontobmsbix popm (Punatos 1 Ap.,
2012, 2014; leoprues, Hasaposa, 2015; lMNepo-
Ba, 2017). KombuHnpoBaHHbIe 3pdeKTbl aei-
CTBMA NPUPOAHbBIX M AHTPOMNOTEHHbIX GaKTOPOB
onpeaenatoT CNOMHOCTb BbIABNEHMA NPUYUH
HapyLleHUn B BOAHbLIX COOOLLECTBAX MHOTMMX
03ep mupa.

B akocucteme OHeKCKoro osepa B nocnes-
HWe rogbl NPOUCXOAWUT TpaHchopmauma ry-
6okoBogHoOro 6eHToCa, KOTOpasa NpoABAAeTCcA,
npexkae BCEro, B CHUXEHUM ero KoaM4yecTsa
(Monsakosa, 2015; KannHKknHa u ap., 2016). Ha
npumepe [leTpo3aBoackon rybbl 6biio ycTa-
HOB/IEHO, YTO B 3TOM 3a/1MBE U CONpPeae/IbHOM C
HMM LLeHTPa/IbHOM paKoHe o3epa B 1995-2015
IT. YNCIEHHOCTb MAKpPO3006eHTOCA CHMMKaNacb
B 6—7 pas, buomacca — B 2—4 pasa no cpaBHe-
HUIO C NpeawecTsyowmm nepnogom 1980-x rr.
Mpn 3TOM CHUMKEHWE MOoKasaTenel pPasBuUTUA
OCHOBHbIX NpeacTaBuTeneit 6eHToca — penuK-
TOBbIX PAaKOODOPA3HbIX U ONIUFOXET — MPOUCXO-
ANNO CUHXPOHHO.

[o HacToAwero BpeMeHW OCTaBa/sOChb He-
M3y4YeHHbIM, HACKO/JIbKO LMPOKO OXBaTblBa-
tOT 3KocmucTemy OHEXKCKOro o3epa MpoLecchbl
n3ameHeHun B rnybokosogHom 6eHTOce, Ha-
6ntopatoTca M oHM B Apyrux 3anmeax (KoH-
[OMNOXCKOM rybe), a Takke B rnyboKOBOAHbIX
parioHax (bBonbwom u LeHTpanbHom OHero).
OcTaBa/nCb HEN3BECTHbIMU NMPUUYUHBI CHUXKE-
HMA KOJIMYECTBEHHbIX MNOKa3aTenen rnyboko-
BOAHOro 6eHToca. B 10 ke Bpema B pabortax E.
M. Bacunbesown (1990, 1998) 1 H. A. BenknHom
(2005, 2006, 2007, 2011, 20154, 6, 2016) yka-
3bIBa/10Cb HAa U3MEHEHNE XMMNYECKOIO COCTaBa
NNoB rNybOKOBOAHbLIX aKKYMYNALMOHHbIX 30H
OHerKCKoro o3epa B nocnegHue AecatuneTums.

B cBA3KM C 3TMM uenbio HacToAwen paboTol
CTan aHanu3 gMHaAMMKU XMMUYECKOro COCTaBa
AOHHbIX oTnoxKeHun (A0) n coctoaHmns beHTocC-
HbIX coobecTB OHEXKCKOro 03epa B YC/0BUAX
AENCTBMA aHTPOMOTEHHbIX U NPUPOAHbIX daK-
TOPOB.

NopnucaHa K neyatn: 30 nioHA 2018 roga

MaTtepuanbl

Mpobbl 10 ana XmuMmunyeckoro aHannsa 6biam
OoTOOpaHbl B Pas3n4YHbIX parioHax OHeXKCKo-
ro osepa — Haubonee 3arpsisHAEMbIX CEBEPO-
3anagHbix 3anuBax (MeTpo3aBoackas u KoHao-
MoMcKas rybbl) U UeHTpanbHbIX rNybokoBoA-
HbIX paioHax (bonblwoe OHero 1 LleHTpanbHoe
OHero) (puc. 1). Ona aHanmMsa XMMUYECKOro
coctaea OO wncnonb3oBanu AaHHble Nepuo-
AVyeckux HabnwgeHnn 3a 1991-2016 rr. Ort-
6op npob OO npoBoauncAa nopliHeBOM Tpyb-
KON CcOBCTBEHHOW KOHCTPYKumuu (Mmoguduum-
POBaHHbLIN BapMaAHT cTpaTomeTpa AJIeKCOHa
(Hakanson, Jansson, 1983)) n npo6ooTt60opHu-
KOM «Limnos», KoTopble NO3BOIAKT COXPAHUTb
NMOrpaHMYHy 30HY BOAA — AHO B HEHapyLleH-
HOM COCTOSIHUM.

Mpobbl 6eHToca 6biAM oTObpaHbl B 1998—
2016 rr. gHouepnatesiem dKMaHa — beparka ¢
naowaabto 3axsata 0.025 m? B cOOTBETCTBMMU
CO CTaHAAPTHbIMM MeTogamu (MeToanyeckme
pekomeHaaumu..., 1984, 2005). CtaHumm ot60-
pa npob 6eHTOCa NpeacTaBaeHbl Ha puc. 1.

MeToabl

MemooObl xumu4yecko2o aHaAaAU3A OOHHbIX
omaoxceHul

B AOHHbIX OTI0XKEeHUAX n3mepsancek pH u Eh
(PykoBoacTBoO..., 2009). Bo BnaxKHbIx 0b6pasuax
onpe/ienAnace eCTecTBeHHas B/IAXXHOCTb, am-
MOHMMHbIN a30T (N-NH,) (ApuHywkuHa, 1970),
Fe uMn (P 52.24.382- 95 NMHO® 14.1:2:4.139-
98), nabunbHbiit docdop (P ) (PL 52.24.382-
2006). B obpasuax BO3,£I,yLIJHO CYXOro rpyHTa
onpefensAnnNCL NOTEPU NpU  MPOKaUBAHUN
(NNN), oprannueckunit yrepog (C ), asot opra-
Huuecknid (N_ ) (ApuHywKmHa, 1982)M¢occbop
obwmii (P_ 3 (PO 52.24.382-95), rymunHoBble U
d)yanosble Kucnotbl (Opnos 1 ap., 1969).

Memodei usy4yeHus beHmoca

Onpepnensann YUCNeHHocTb n buomaccy 6eH-
Toca (MeTtoguyeckne pekomeHgaumu..., 1984;
2005). BbluMcneHue npoaykuum coobuiects
6eHTOCa NPoBOAMAN MO OOLENPUHATON CXxeme
dusmnonornyeckum metogom (MeTtoanueckme
pekomeHaauuu..., 1984) c mcnonb3oBaHUEM
MO/IyYEHHbIX paHee KONMYECTBEHHbIX MOKa3a-
Tenen NPoAyKLMOHHOro Npouecca B Nonynsuu-
AX AOHHbIX XMBOTHbIX OHeXKCKoro o3epa (Anu-
MoB U ap., 1982; Monakosa, 1999). Ans BblI-
YMCNEHMA CKOPOCTM noTpebneHms Kucaopoaa
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Puc. 1. PacnonoxeHue cTaHumin ot6opa npob JO n 6eHToca. 1 —30Ha MHTEHCMBHOMO aHTPOMOreHHOro BO3-
aencrema; 2 — bydepHble 30HbI 3a/1MBOB; 3 — I/lyOOKOBOAHbIE YYaCTKM

Fig. 1. Location of sampling stations of bottom sediments and benthos. 1 — zone of intensive anthropogenic
impact; 2 — buffer zones of the bays; 3 — deep water areas
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Heobxoanmble KO3GPULMEHTbI 3aMMCTBOBAHDbI
M3 NNTepPaTypHbIX MCTOYHMKOB (3amKa, 1972;
CyweHsa, 1972, 1975; Kamntok, 1974; Annmos,
1981, 1982; banywkuHa, 1987; Kyxapes, NMona-
KoBa, 1990; banywkunHa un gap., 1997).

Pe3ynbTatbl
KoHponocKasn ry6a

XumuyecKuli cocmas 00HHbIX omsaoxceHul 8
KoHoonoxccKoli 2ybe

Ha pacnpegeneHve u XMMMUYECKMM COCTaB
OO KoHAonoxcKo rybbl 3HaYnTeNbHOE BAUA-
HWEe OKa3blBaloT MopdomeTpuyeckme ocobeH-
HOCTW 33anMBa U CTOYHble BOAbI LLeNN0/I03HO-
B6ymarkHoro kombuHata (LBK), koTopbiii cbpa-
CbIBaeT CTOYHble BOAblI B 3a1unB B TeyeHue 80
net. Ha npotaxeHun nocnegHmx 50 net nposo-
AATCA nepuoanyeckme HabnoaeHns 3a aHTpo-
NOreHHbIM 3arpA3HeHNEM AOHHbIX OT/I0XKEHUN
3anmBa. bblno NnokasaHo, 4Yto B nepmnog, ¢ 1960
no 1970 r. nnowaab AHa, 3arpA3HeHHasa OTXo-
Aamu LUBK, ysenmumnnachk ¢ 3 0 17 Km? 1 yke K
1970 r. 3aHMMana NPakTUYECKM BCHO BEPLUUNH-
HYO 4acTb rybbl. TexHOreHHble ocagKku obna-
Aanu cnaboi rMApPoAMHAMUYECKOM aKTUBHO-
CTblO, BCNeaCTBME Yero 3arpAasHeHue rybol Ho-
CUN0 NOKaNbHbIM XapakTep (Bacunbesa, 1986).
Cbpoc cTouHbix Boa LLBK B KoHAOMOXCKYO ryby
yepes rybunHHbIA paccemBaloLWMn BbIMYCK MNO-
cne BBEAEHMA B CTPOM CTaHUuM HBuonormye-
CKOM OYUCTKM NPOMDbILLNIEHHbIX CTOYHbIX BOZA, B
Hayane 1980-x rr. npuBen K pacnpocTpaHeHuto
MeNKOANCNEPCHbIX OPraHUYeCcKUx B3Becen no
BCel akBaTtopuu rybbl. BansaHuMe CTOYHbLIX BOZ,
XOpOLWO MNPOC/EXKMBAETCA NO BEPTUKANbHOM
cnouctoctn JO aKKYMyNALMOHHbIX 30H rybbl: B
BEPLUMHHOM YaCTM OCaAKN CNOXKEHbI TBEPALIMMN
otxogamu LIBK (TemHble, rpa3HoO-cepble, UHO-
roa YepHble CTyAEHUCTbIE OCAagKU C OCTAaTKaMMm
LEeNntoNo3bl, 6ymaxHOM Nynbnbl U KOPOW, 3a/e-
ratoLime Haz cepbiM NAOTHbIM Maom). ToawmHa
TEXHOTEHHOTO C/10A KonebneTca OT HECKOIbKUX
caHTMmeTpoB A0 5 m. O6bem ocagKoB, 3arpAas-
HeHHbIX oTxogamu LIBK, B 3ToM YyacTtmn 3anmBa
OLeHMBAETCA OKONo 4 MAH M3, YTO COOTBET-
cteyeT 600 TbiC. T cyxoro BeulecTBa (benkuHa,
2005). Ha pacctoaHum 10 Km ot LUBK BepxHui
40 cm cnon 10O npeactaBieH CAOUCTOM YeTbl-
PEXLBETHON CTPYKTYPON MENKOANCNEPCHOTO
0Ca/lKa CBET/I0-Ceporo, YepHOro, KOPUYHEBOrO
N TEMHO-KOPWUYHEBOro OTTEHKOB. LiBeT KaxK-
[0ro CNoA CBA3aH C PeXMMOM ceaumeHTauum
TPAHCPOPMUPOBAHHbBIX TEXHOTEHHbIX B3BeECeW
B pa3Hble nepmoabl rMApoA0OrMYecKoro LmKna.
B nnax cepeanHHoro panoHa KoHZOMOXKCKOM

ryowl (ct. K_6 8 15 km ot LUBK, cm. puc. 1) B Ko-
noHke 10 BblaensieTca TeMHbIM (MOYTU YEePHbI)
cnoit (5—15 cm) C KOHTPACTHOM HUKHEN FPaHU-
Luen, ABNAIOWENCA UHAMKATOPOM M3MEHEHUA
CeAMMEHTALMOHHOIO peXuma 3a/1MBa B Hava-
ne 80-x rr. NpoLw/Ioro BeKa, nponsoweaLero B
pes3ynbTaTe yBeNMYeHMA MOLLHOCTEN KOMBUHa-
Ta U BBEAEHUS PACCEAHHOrO BbIMyCKa CTOYHbIX
BOA CTaHLMKN BUONOrMYECKON OUUCTKMU.
MocTynneHue B JOHHbIE OT/IOKEHMA OPraHK-
YeCKOro BeLLecTBa CTOYHbIX BOA NPUBENO K U3-
MEHEHUIO XMMMYECKOro COCTaBa OcCajKa. Y:e
B Hayane 90-x IT. NPOLLNOro BeKa XMMUYECKUNE
coctasbl 10 BEPLWMNHHOMN, NEPexoaHOM 30HbI U
rnyboKoBOAHOro paMoHa 3a/MBa MMeNn 3Ha-
yntenbHble otinuma (Bacunbesa, 1986, 1998;
BenkuHa, 2005, 2006; benkmHa n ap., 2006). Mo
CBOUM PU3UKO-XMMUYECKUM XapaKTepPUCTUKaM
AOHHbIE OT/IOKEHUA BEPLUMHHOM YacTu 3anu-
Ba OT/IMYAOTCA BbICOKMMM 3HAYEHUAMU ecTe-
CTBEHHOM BNa*KHOCTU (00 98 %), bonee HU3KK-
MK pH (8o 5.2) 1 meHbWKUMKM 3HaYeHUAMM Eh
(8o —189 mB). Hanbonee BbICOKME KOHLEHTPA-
UMM OpraHMYecKoro BelLlecTBa 06Hapy»KeHb! B
OCafZlkax, 3a/7eralolWmnx B paioHe NocTynneHms
CTOYHbIX BOA, LLeN/TH0N03HO-6yMaXKHOro Kombu-
HaTa. CoaeprkaHMe OpraHMYecKoro yraepoga
(C,.) nsmenserca ot 5 go 38 %, dpeHonos ot 10
no > B5 MK X r!, HedpTenpoaykTos ot 100 ao 200
MKr x . KOHUEeHTpauum nurHocynbpoHaToB
(ocHOBHOro KOMNoOHeHTa CToYHbIX BoA LIBK) —
MaKCMManbHblE W MPEBbLIWAT UX COAEpPIKa-
HWe B 0OCaKax LLeHTPaIbHbIX PaioHOB rybbl Ha
ABa nopsagka (ot 100 go 600 mkr x rt) (benku-
Ha, 2005). CopeprkaHue a30Ta B 3TOM palioHe
camoe BbicoKkoe (a0 1 %), TpeTb ero NpuxoauT-
CA Ha @30T aMMOHWIAHbBIN, a30T OPraHUYECKUM
(N, ) cocTag/iAeT 3aech 1.4 % OB. Pacnpege-
nehve nokasateneit OpraHM4ecKoro BelLecTsa
no rnybuHe KOMIOHKN AOHHbIX OT/I0XEHUN He-
paBHOMEpPHOE, YTO CcBUAETENbCTBYET 06 M3me-
HEHUN KOJIMYECTBEHHOrO M KaYeCTBEHHOrO Co-
CTaBa CTouYHbIX Bog, LIBEK. BbicOKOe cogeprKaHune
OpraHMYecKoro BeLecTBa OnpeaensaeT BbICO-
Kue ckopoctu notpebneHns O, Ha ero okucne-
Hue (mo 39 mr O, rx cyt.l), ha ABa nopsaka
npesblllatoLLmne CEOHOBbIe 3HayeHuA. B Tonwe
0O npoTeKkatoT npoueccbl aHaspobHoro pas-
NIOXKEHWA HAKOMN/IEHHOrO OPraHMYEeCcKoro Belle-
CTBA aHTPOMNOreHHOro NPOUCXOXKAEHUA (pa3py-
LeHWe Lennnosbl, 4eHUTPUPUKaALMA, aMMO-
HUdUKauma, cynbdatpeaykumnsa, meTaHoobpa-
30BaHKe). MMpoayKTbl Pa3NoXKeHMA opraHuye-
CKOro BEeLEeCcTBa, MPOHMKAA B BOAY, YaCTUYHO
OKUCNATCA Ha noBepxHocTn [0, YTO CHUMKaeT
TOKCUYECKOE BO3AENCTBUE TEXHOTEHHbIX 0caa-
KOB Ha BOAHYO 3KOCMCTeMy 3anmBa. MNpu oTcyT-
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cteun O, B NPUAOHHbIX BOAAX METaH, Mepkan-
TaHbl, ceposop,opop,, cynbdUTbI, TMOCYNbOATDI,
cynbdatbl, AMrHocynbdpoHaTbl, GeHoNbl U ApY-
rme 3arpAsHAOWMe BelLecTBa MOCTYMalT U3
[0 B BoAy B 3HAUMTE/NIbHbBIX KOIMYECTBAX.

Mo mepe yaaneHuns ot LUBK n ocnabneHus
BO34ENCTBMA CTOYHbIX BOA KOMOWHaATa (cTaH-
uma K_4, cm. puc. 1) coaeprkaHne opraHUYecKo-
ro BewectBa B O cHuXKaeTcA (I-(OHLI,eHTpaLI,VIﬂ

B NOBEPXHOCTHOM 5 cm cnoe 10 B paiioHe
cgpoca CTOYHbIX BOJA, COCTaBAsieT B CpeaHeM
0Kkono 40 %, Ha yaaneHmun 1 km ot UBK — 22 %,
B4 kKm oT UBK—13%,B89 KM —10 %, B 10 KM —
8 %), yBeMUYMBaAETCA MOLHOCTb OKMCAEHHOIO
cnoa [0 (ot 0 4o 5 cm), B KOTOPOM Ha peaoKc-
H6apbepe HaKanIMBaOTCA Kene3o, MapraHeL, u
docodop.

B nnax rnybokoBogHoro paiioHa KoHA0MNOXK-
CKOWM rybbl (ctaHums K_6, cm. puc. 1) B TeyeHune
30 net go 2005 r. Habntoganca pPocT coaepka-
HuAa B JO opraHnyeckoro Bewectsa, P, N, Fe u
Mn (tabn. 1). BenuuunHa cooTHoweHua C:N,
M3MeHMBLUAACA 3a 3TOT Nepuog ¢ 7 Ao 31, un
HU3KME 3HAYEHMA 'YMUHOBOTO KO3pduMUMEHTa
(Kry =C,.:C,=0. 1) noaTBEPKAAIOT TEXHOTEH-
HbIW XapaKTep HAKOMJAEHHOro OpraHMYecKoro
BelllecTBa ocafKa. B HacToawee Bpema 3adpumk-
CMPOBAHO HEKOTOPOE CHUXKEHME KOHLLeHTpa-
UMIA  OpraHMYecKoro BelLecTBa M HGUOreHHbIX
anemeHTOB (cm. Tabn. 1). NogobHas AnHaMUKa
N3MeHeHus xmmmnyeckoro coctasa [0 npocne-
*KMBaeTcA M Ha CcT. K_7.

Ocoboro BHMMaHMA 3aC/Ny*KMBAET MNOKasa-
TeNb OOLLEero »enesa, coAeprkaHMe KOToporo
B AOHHbIX OT/IOXKEHUAX HA PA3/INYHBIX Y4aACTKax
AHa KoHgonoxckom rybbl BO3pOCao 3a nocnes-
Hue 20-25 net B 2-5 pas (cm. Tabn. 1). Copep-
*KaHWe MapraHua BO3poc/io B 2 pa3a Ha CTaH-
umax K_4 n K_7. Kak yKa3sblBa/ioCb B npeablay-
wmx nybnukaumax (KanuvHkuHa m gp., 2016),
POCT Kenesa M MapraHua B AOHHbIX OT/I0XKe-
HUAX OHEXCKOro o3epa MOMKeT bbiTb CBA3aH C
yBeNnYeHMem CTOKa ¢ Bogocbopa rymycoBbix
BELLLEeCTB, C KOTOPbIMW 3TN 3N1eMeHTbl 06pasytoT
NPOYHbIe KOMMJ/IEKCHbIE CBA3W.

JuHamuka cocmoAaHUA MaKpo3oobeHmoca
8 KoHOonoxccKkoli eybe

3arpsizHeHne KOHAOMOXKCKOM rybbl CTOYHbI-
MW BOAAMMU LENNON03HO-OYMaXKHOro Kombu-
HaTa NpMBeno K GOPMUPOBAHUIO B 3a/1MBE 30H,
PEe3KO Pa3/IMYAOLWLMXCA MO KONYECTBEHHbIM
N CTPYKTYPHbIM XapaKTepuUcTUKam 3006eHTo-
ca. [laHHble N0 XMMWYECKOMY COCTaBYy W/IOB B
Pa3HbIX 30HAX NO3BONAT O6BACHUTL KOOI~
YeCKyl CMTyaLMio Ha gHe 3aauBa. B BeplmnH-
HOM y4yacTke KoHAOonOoXCKon rybbl, B 30He He-

nocpeacTBEHHOrO MOCTYN/AEHMA CTOYHbIX BOA,
LBK (ctaHuua K_3, cm. puc. 1) BoccTaHoBNEH-
Hble 0CafZlkM1, 3aneratowme Ha Naowaam 2 Km?,
HEeNPUroAHbl ANA KU3HU TMAPOB6UMOHTOB. [1OH-
Hble LEeHO3bl 34eCb pPa3pyLLleHbl NOAHOCTbIO, U
YCTOMUYMBOIrO UX BOCCTAHOB/IEHUA He Habatoaa-
eTcAa Ao cmx nop. YncneHHocTb M buomacca b6eH-
TOCa Ha cTaHuum K_3 M3Ha4yanbHO HEBbICOKUE
(0.04-0.4 TbiC. 3K3./M? 1 0.027-1.57 r/m?), CHU-
3UAncCb 3a uccneayemolii nepmon 1998-2016
rr. 40 HynA. B Tabn. 2 npeacraBneHa AMHaMUKa
NpoAyKLUMN BEHTOCHbIX COObLLECTB B BEPLUNH-
HOM YacTn KoHAoMoXKCcKoM rybbl 3a nocnegHue
18 ner.

Cnepytowas craHuma K_4 (cm. puc. 1) npu-
MbIKAEeT K 30He CU/IbHelLwero yrHeTeHuns b6eH-
TOCHbIX coobuiecTBs B palioHe cbpoca CTOYHbIX
BoA. Ha ctaHumn K_4 yncneHHocTb M BMomacca
H6EHTOCHbIX COOOLWECTB Ha NOPAAOK BblIlLE, YEM
Ha cTaHumu K_3. B aTom paioHe 6eHTOC Npea-
CTaB/ieH, naBHbIM 06pasom, YCTOMUYMBbLIMU
BMAAMM U3 MaNOLWETUHKOBLIX YepBein (Tubifex
tubifex, Limnodrilus hoffmeisteri, Spirosperma
ferox) n nnumHok xnpoHomug, (Procladius sp. n
Chironomus sp.). PenuktoBble pakoobpasHbie
30eCb NpPaKTMYeckn otcyTcTBytoT (KanuHku-
Ha 1 ap., 2017a). HeobxoanMMo OTMETUTb, YTO
AOHHbIE OT/I0XKEeHMA Ha CTaHuuM K_4 no ceomm
KQ4yeCTBEHHbIM M KOIMYECTBEHHbIM XapaKTepu-
CTUKaM, OKMUCAUTENbHO-BOCCTAHOBUTENbHOMY
COCTOAHUIO U BeNnYnMHam andPy3noHHbIX No-
TOKOB MMHepanbHbIx Bewects (Ao 1 r x m? x
cyT.}), npruobpenm npmusHaKM ocagKoB 3BTPOd-
HOro Bogoema y<e B KoHue 80-x IT. npoLwaoro
BeKa (Bacunbesa, 1986; benkuHa, 2014), uTo, B
CBOIO oyepeab, MOXKeT bbIiTb O4HON M3 MPUYNH
CHUXXEHMA BMAOBOro pasHoobpasua bHeHToc-
HbIX COOOLLECTB U POCTA YNCNA O/INTOXET.

B 1999-2016 rr. Ha cTaHumn K_4 oTmeva-
N CHUXKeHue oblien ymcneHHoctu bHeHToca
oT 9.24-33.6 oo 0.12-2.68 TbIC. 3K3./M? 1 06-
wer 6muomacchl — ot 9.4-40.6 go 3.7-10.28 r/
M2, MpoayKumnsa 6EHTOCHbIX COObLLECTB Ha 3TOM
cTtaHumm B 2011-2016 rr. cHu3mnacb B 4.5 pa3a
no cpaBHeHuto ¢ 1999-2005 rr. (cm. Tabn. 2).

B rnybokoBogHOM paiioHe KOoHAO0MOoMKCcKoM
ryool (ctaHums K_6) BAMAHME CTOYHbIX BOA,
LUBK y»ke 3ameTHO ocnabneHo, o yem cBuze-
TENbCTBYET MNOABAEHME HA 3TOM CTaHUNM amdu-
nog, — PeNMKTOBbIX pauykoB Monoporeia affinis,
Hanbonee 4YyBCTBUTE/NIbHbIX K 3arpPsA3HEHUIO
opraHMamoB. Ha npoTAaxeHun Bcero nepuog
HabaoaeHns 4YucneHHocTb M Buomacca co-
obuwecTtB 6eHTOCa Ha cTaHUuK K_6 CHMXKanace.
Ecnn B 1998-2005 rr. 06L1aa YNCIEHHOCTb CO-
ctasnana 1.78-9.36 Ttbic. 3Kk3./m?, a 0bwasa 6uo-
macca — 2.18-13.96 r/m?, To B 2011-2016 rr.
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[Ta6mmma 1. XuMauecknil coCTaE JOHHEX oTIoxeHHH OHEeKCKOT0 o2epa (caod 0-5 cu)

ER, C T NNH, Nee Fe Mo Prs P

Ieprog gﬁ MB pH

%o OT CyXOH HaBeCcKH

Kongomoxckas ryda

1001-1999 K 3 89 633 19.8

45 0228 070 16 034 013 021

2000-2005 11 623 16,8 42 0,010 063 31 0,19 014 019
2005-2010 282 6,19 26.8 36 0048 101 31 0328 018 027
1001-2000 K 4 60 6,80 3.1 o 0,007 051 08 009 005 010
2000-2005 68 6.88 13,1 25 0057 047 31 0327 011 016
2005-2010 i1 6,57 12.4 33 0,073 060 36 014 015 021
2010-2015 138 6.24 13,7 29 0008 061 30 0,17 015 020
1991-1995 K 6 151 6,77 1.2 27 0,046 0,72 32 108 018 027
2000-2005 47 6,67 1.1 21 0,063 048 7.0 107 025 031
2005-2010 13 673 1o 18 0,004 020 66 047 024 028
1990-1995 K 7 301 6,57 2.6 14 0,022 062 06 043 007 0,13
2001-2005 366 6,44 4.4 17 0,079 030 56 099 0,15 0,22
2005-2010 34 6,32 4.4 10 0003 015 51 100 0,13 021

IleTpozagogckad rvoa

1990-1905 P 5 112 6,59 1,7 4 0020 020 09 006 006 011
2000-2005 200 6,99 Fi5 g 0018 019 35 036 013 015
2005-2010 335 5,63 3.8 10 0002 0,11 42 023 015 0,16
1990-1995 P 2 179 6,359 2.8 13 0021 033 12 093 012 0,16
2000-2003 419 6,70 3.9 o 0019 031 56 1,19 015 020
2005-2010 382 654 3.8 13 0003 029 54 143 018 0723
2010-2015 575 602 4.4 16 o004 039 50 1,72 009 022
1990-1995 P 3 347 659 2.9 12 0021 068 1.3 1,37 012 0,16
2000-2005 332 678 4.1 12 0020 026 47 048 016 021
2005-2010 353 608 2.6 10 0002 0,13 49 066 012 017
2016* 472 5,86 4 4 15 0,003
bomemoe OHETO

oo 2000 B1 357 6,55 3.6 15 0041 067 1,9 125 0,11 015
2000-2005 408 6,23 46 16 0023 028 73 148 015 022
2005-2010 420 g.46 472 18 0013 034 73 148 015 0727
2016 rog 560 6,70 43 17 0,008 0,57 0,10 021
2000-2005 B 2 341 6,14 40 13 0060 030 47 1,01 0,13 021
2005-2010 508 6,41 2.3 14 0003 039 52 0,82 012 0,18
2016* 656 6,54 47 18 0,003 0,30 0,11 0,19

Lenatpamesoe OHEro

1990-1995 C 1 316 6,69 3.2 17 003 055 25 181 015 031
2000-2005 5315 641 3.3 17 0015 032 72 134 022 029
2005-2010 344 6,40 2.9 14 0,002 020 76 0,82 027 034
2010-2017 439  §.61 2.9 13 0003 030 34 098 008 028

[Mpavedanne: * — eTHHEYHEE MPOOEL

3TV NOKa3aTe/IM CHU3U/IUCb COOTBETCTBEHHO A0
0.68-2.72 Tbic. 3K3./Mm? 1 0.32-7.68 r/m?2. Cxoa-
Hble npoueccbl HabagatoTca Ha ctaHuMn K_7,
pacnofoeHHoOW B bydpepHom yyacTke Kow-
[AOMOXCKOMN rybbl, conpenenbHOM C 3a/MBOM

Bonbwoe OHero (cm. puc. 1). Ha ctaHuum K_7
OTMEYaNoCb CUHXPOHHOE CHUMKEHWUE YUCNEH-
HOCTW amdunog n onuroxeTt (OCHOBHbIX Npea-
cTaBuTenemn coobuects), KoapduULMeHT Koppe-
nauum coctasun 0.78 (n = 22; p < 0.05). B 1o
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Tabmmma 2. [Insamuka nokasatenefi DpoAvELHK coodmIeCTE rIvOoKoBOAHOTO DeHTOCA B
pasTHaHBIX pafionax Ouexcroro ozepa g 1998-2016 rogax

epnox Neer. Tpoxvima (xxan/™” 3a cezon — 180 cvr)
Cpegnas Mmoo Maxcanym
Kongonosckana ryba
1998-2005 K3 0.255 0.003 0,781
2006-2010 0,052 0 0.166
2011-2016 0 0 0
1999-2005 K 4 7,711 3,188 15,801
2007-2010 2.630 1.728 3.845
2011-2016 1,747 0,594 5,035
1998-2005 K. 6 2,099 0,569 3,234
2006-2010 1,722 1,374 2.453
2011-2016 0512 0.051 0.968
1998-2005 K 7 1.854 0,589 3.177
2006-2010 1,712 0,772 2,392
2011-2016 0,624 0,188 1,156
Ilerpozasoackas ryvoa
1998-2005 PS5 0.876 0421 1.391
2006-2010 0,995 0,894 1,085
2011-2016 0,258 0,055 0,839
1998-2005 P2 2876 2.064 3,574
2007-2010 1.756 1.582 2.050
2012-2016 0.774 0,258 1,399
1998-2005 B3 2,919 2,103 3,689
2007-2010 1,731 1.401 2,128
2011-2016 1.417 0443 2412
Boaemoe Onero
1998-2005 B 1 0,425 0,181 0,599
2006-2010 0,285 0,251 0,320
2011-2016 0.204 0.002 0.424
2001-2004 B2 0.639 0.370 0,709
2008-2010 0,365 0,232 0,498
2011-2016 0,313 0,056 0,590
Henrpaasuoe Onero
1998-2005 C_1.C 2:C 3; 0.454 0,322 0.541
2007-2010 C 4= 0,293 0,128 0,424
2011-2016 0,159 0,090 0,278

Ipavewanue: * - JaHBl NOKA3ATETH JI8 9eThIPeX HEHTPATBHEIN CTAHIIHE.

e Bpema Ha cTaHuMn K_6 CUMHXPOHHOCTb U3-
MEHEHMA MOoKasaTenen pa3BuTMA amdunoa u
ONINTOXeT OTCYTCTBOBANA, KO3GPULMEHTbI KOp-
penauun 6ol HepocToBepHbl. [Mokasatenm
YMCNEHHOCTU XMPOHOMUA, He Bblin gocTtosep-
HO CBA3aHbl C YNC/IEHHOCTbIO amdunog n onu-
roxer.

[ONHaMUKa CHUXKeHMA npoaykumm beHToca
Ha cTaHumAx K_6 n K_7 B KoHaonoxckoi rybe
npeacTaBneHa Ha puc. 2 n B Tabn. 2. Ha atmnx
CTAaHUMAX NPOAYKUMA CHUXKanacb oT 1.854-
2.099 kKan/m? 3a ce3oH (B 1998-2005 rr.) go
0.512-0.624 kkan/m? 3a ce3oH (B 2011-2016
rr.), 7. e. B 3—4 pasa.
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Puc. 2. Nokasatenun npoayKkuum rnybokosogHoro 6eHToca (Kkan/m? 3a ce3oH — 180 cyT.) B 6ydepHoin 30He

KoHaonoxckoli rybbl (ctaHumm K_

6; K_7) 8 1998-2016 rr.

Fig. 2. Production of deepwater benthos (kcal / m? per season — 180 days) in the buffer zone of Kondopozhs-
kaya Bay (stations K_6; K_7) in 1998-2016

MNeTpo3aBoackas ryba

XumuyecKuli cocmas O0HHbIX omsaoxceHul 8
Mempo3asodckoli eybe

[oHHble oTnoxeHua MNeTpo3aBoAcKoM rybbl
ABNAIOTCA MMUHEPaNbHbIMM OCagKaMKn (30/1b-
HOCTb Bbilwe 80 %), KoTopble dopMUpPYIOTCA B
pe3yabTaTte CMeLeHNA 03ePHbIX, PEYHbIX, CTOY-
HbIX BOA4, U IMBHEBOrO CTOKA C TeppuTOpUu T.
MeTpo3aBoacka. CTeneHb BANAHUSA KaXKa0W CO-
CTaBNAOWEN HA AOHHbIE OTNIOXEHUA pPasHbIX
pPaoHOB 3a/MBa 3aBMCUT OT FTMAPOAMHAMUYE-
CKOrO pexXnma, yaaneHHOCTU OT UCTOYHMKA NO-
CTYNaloLWEero B3BeWEHHOro maTtepumana n BHy-
TpUBOA4OEMHbIX npoueccoB. Uabl 3aHMMmaloT
41 % nnowagun aHa 3anuea (44 Km?). KoHueH-
TpaumnAa OpraHMYecKOro BelecTBa B MNOBEpPX-
HOCTHOM C/10€ COCTaBAAET B cpeHEeM OKOJ10 16
%. B 70-e rogbl npownoro Beka B pe3ysbrate
3aCTPOMKN NPUBPEXKHON TEepPUTOPUM 3a1UBA3,
yBEAMYEHMA NOCTyNNeHns 06beMOB NPOMbILL-
JIEHHbIX U XO35IMCTBEHHO-ObITOBbLIX CTOKOB T.
MeTpo3aBoACKAa WM AKTUBHOrO CeJibCKOX03AM-
CTBEHHOrO OCBOEHMA BOAOCOOPHOM TeppuTo-
pumn p. LLys nasmeHmnnca Ka4ecTBeHHbIN U KONU-
YeCTBEHHbIA COCTaB B3BELUEHHOro BELLEeCTBa,
ocegatowtero B O: yBennunaocb cogepxaHume
OpPraHMYecKux BelecTB U BMOreHHbIX aNeMeH-
TOB, BO3pOCaa 40N TYMUHOBLIX U GYybBOBbIX
KNCNIOT B COCTaBe OpraHMYeCKnX BeLecTB 1 Kak
CNneacTeme yBeAMUYMAOCH COAEPXKaHMe Kenesa

M MapraHua, nNocTynawwmx Cc BogoCcbopHOM
naowaamn. KoHueHTpauum 6MoreHHbIX 31emeH-
TOB B AOHHbIX OTNOXKEHUAX nameHaAroTca ot 0.1
p,oOS%Nop 140T01;|,003%POLu Mo mepe
yhaneHusa ot yctba p. Lya otHoweHune C:N ana
HOBOOOPA30BaABLUMXCA OCALKOB M3MEHSETCA OT
22 po 16 u C:P — ot 70 po 50. U3yyeHune au-
Hamukun conepanma C N, P06Lu B NoBepx-
HOCTHOM cnoe mnos (0— 5 cm$ Ha CTaHLMAX P 2
1 P_3 NoKa3ano CHU»KeHMe KOHLEHTPaLLMM 3TUX
3N1eMEHTOB NOC/1e AOCTUKEHNA MAaKCUMAbHbIX
3HayeHui B 90-e rr. (cm. Tabn. 1). BnonHe Bepo-
ATHO, YTO TaKaA AMHAMMKA CBAA3aHA C ocobeH-
HOCTAMMW Pa3BUTUA BUONOTMYECKUX NPOLLECCOB
B BOAHOW TO/LLE, NPOUCXOAALLMX BCAeACTBUE
HEePaBHOMEPHbLIX M3MEHEHW BHeWHen Ha-
rPYy3KM, C O4HOM CTOPOHbI, C 0COBEHHOCTAMM
TpaHchOpMaLMMN OpPraHUYECKOro BelLecTsa B
AOHHbIX OTNOXKEHUAX, CBA3AHHbIX C XXU3HeaeA-
TE/IbHOCTbHO BEHTOCHbIX OPraHM3MoB, — C ApY-
rou.

PacnpepeneHne 6MOreHHbIX 31€MEHTOB B
KONOHKe AOHHbIX OT/I0KEHUN HEPAaBHOMEPHO,
4TO, CKOpee BCero, CBA3aHO M C HepaBHOMep-
HbIM MOCTYN/IEHWEM OPraHMYEeCcKoro BeLecTsa
B LOHHbIE OT/IOXKEHUA, U C ANAreHEeTUYECKMMM
npeobpa3oBaHNAMM OCaZKa B 30HE pPenoKc-
6apbepa. BepTukanbHbin npodumnb pochopa u
B TBepAom ¢ase, U B MOPOBbIX BOAAX 3aKOHO-
MepHO NOBTOPAET NPOPUb Kenesa C MaKCUMy-
MaMM UX COAepPKAHUA B 30He peaoKc-bapbepa
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(0 0.3% P wn8%Fe). Hanbonbine NsmeHeHuA
NpPoOM30W/AN B HakonieHnn Mn, ero KOHUeH-
Tpauma B 100 pa3 npesbiLaeT KAapKoBble 3Ha-
yeHus (oo 1 %). Kak n B KoHgonoxcko rybe, B
AOHHbIX OT/I0XKeHuAX MNeTpo3aBoacKom rybol 3a
nccnegyemoliii nepuog 1990-2010 rr. coaepr<a-
HWe Xenesa Bo3pocsio B 4 pasa (cm. Tabn. 1).

AuHamuka cocmosHuUs MaKpo3oobeHmoca
8 llempo3asodckoli eybe

B BepwunHHOM y4acTKe [leTpo3aBoaCcKOM
rybbl (ctaHuma P_5, cm. puc. 1) 6eHToc npea-
CTaB/ieH B OCHOBHOM OJ/INTOXeTamu, AONA KO-
TOpPbIX B 06OLLEN YNCNEHHOCTU B pasHble roApl
nccnenoBaHuM coctaBnana 15-52%, a Takxke
NpeAcTaBUTENAMU XMpoHOMUA (gona oT ob-
wer ymcneHHoctn — 27-80 %). Amdunogbl
Manio BCTPEYATCA B BEPLUMHHOM y4acTKe 3a-
nvBa (gons ot obuwent ymcneHHoctn — 0-37 %),
YTO CBA3AHO C B/IMAHMEM PeYHbIX BOA, obora-
LLEHHbIX OPraHMYECKMM BELLECTBOM, ¥Ke1e30M
N 3arpA3HAOLWMMM BelwecTBamm ¢ Bogocbopa.

B 1998-2005 rr. nponcxogmno ysenvyeHue
nokasaTesiel PasBMTUA M NPOAYKLUM coobLue-
CTBa, KOTOpPOE 3aTeM CMEHW/IOCh €€ CHUMXKEHU-
em (cm. Tabn. 2). Mpur 3TOM YNCNEHHOCTb U O/IN-
FOXeT, U XNPOHOMMA, Ha BCeX 3Tanax TpaHchop-
MaumMn coobecTB U3MEHANACb CUHXPOHHO,
KoapduumeHT Koppensaummn coctasun 0.83 (n =
21, p < 0.05). B uenom 3a nepuog 2006—2016
r. CpeaHAA NpoAykuma 6eHToca 3a Ce30H CHU-
3unacb B 4 pasa.

B cepeguHHoOM rnybokoBoaHOM 30He [le-
Tpo3aBoackon rybbl (ctaHumm P_2; P_3) no
6rMomacce OOMUHUPYIOT PEINKTOBbIE PAYKM
Monoporeia affinis. Jona amdunog B obuei
yncneHHoctn beHToca B nepuof HabnogeHms
Ha 3TMX CTAaHUMAX BapbMpoBana B npegenax
21-75 %, onuroxet — 18-54 %, xupoHomung,
— 1-28 %. Ha npotaxeHnn 1998-2016 rr. Ha
cTaHumax P_2 n P_3 npoucxoanno CHUMXXeHue
yncneHHoctTn n bnomaccol 6eHToca. Ecam B Ha-
YanbHbIM nepuon HabnwoaeHus (1998-2005
rr.) obwas YncneHHocTb coctaBnsana 2.84-7.07
TbIC. 3K3./M?, a Buomacca — 6.97-25.82 r/m?, To
B nocneaytowme rogbl (2017-2016 rr.) obuwian
ynucneHHocTb 6beHToca cHM3unach ao 0.44-5.22
TbiC. 3K3./M?, a 6buomacca — go 1.2-10.99 r/
M2 KoadpduLMeHT Koppenauum mexay noka-
3aTeNAMMN YUCNEHHOCTU ambumnog U onuroxet
Ha cTaHummn P_2 coctasun: r = 0.48 (n =23, p
< 0.05). Ha craHumax P_3 CUHXPOHHOCTb W3-
MEHEHMA MoKasaTenen pasBuTMA amdunoa u
ONINTOXeT OTCYTCTBOBANA, KO3GPULMEHTbI KOp-
penauum 6bInn HeJOCTOBEPHDI.

OVHaMUKa CHUXKeHMA npoaykuuu beHToca
Ha cTaHuma P_2 n P_3 B NeTpo3aBoackoii rybe
npeacTtaBneHa Ha puc. 3 u B Tabn. 2. B cepe-

AVHHbBIX yyacTKax [MeTpo3aBoackon rybol npo-
AVKUMA CHUMKanacb oT 2.876-2.919 kkan/m? 3a
ce30H B 1998-2005 rr. go 0.774-1.417 kkan/m?
3a ce30H B 2011-2016rr., T. e. B 2—4 pa3a.

rny6okoBogHble palioHbl OHEXCKOro o3e-
pa

Xumuyeckuli cocmae 00HHbIX omsoxceHul 8
UeHmpanbHbix palioHax OHeXCKo20 o3epa

MwuHepanbHble 0CAAKU LEHTPANIbHbIX pano-
HOB, TaK e KaK M AOHHbIX OT/IOXKEHWI B 3a/1U-
BaX, OTPearnpoBasn Ha U3MEHEHWUA BHELLHEWN
Harpy3ku Ha o3epo. K Hauany XXI Beka conep-
YKaHMe opraHUYecKoro BelecTsa U bUoreHHbIx
9/1eMeHTOB B Maax yBenmynnoco B 2.5 n 3 pasa
(OHexxckoe o3epo..., 2010). Hanpumep, AnHa-
MUKa KOHUeHTpauun C B MOBEPXHOCTHOM
(0-5 cm) cnoe AoHHbIX oTnoXKeHui cT. C1 (puc.
4) nokKasbiBaeT 6o/siee BbICOKME COAEP’KaHUSA
yrnepoga B KOHLE BereTauMOHHOro nepuoga
(aBryct, ceHTAbpPb) MO CPABHEHUIO C UIOHEM,
YTO YKa3blBaeT Ha LMKIMYHOCTb NpoLecca pas-
JIOXKEHMA OpPraHUYEecKoro BellecTBa. TaK e,
Kak 1 B cnydae c eTpo3aBoackomn rybown, Ha-
61t04aeTCA MAaKCMMYM COAEPXKAaHUA B Havane
1990™ rr. U1 NOCTENEHHOE CHUMEHME KOHLEH-
Tpauum B nocnegHune 20 net, 4YTO, BEPOATHO,
CBUAETENBCTBYET O CHUMKEHUM NPOAYKLMOHHbIX
npoueccos B o3epe B uenom. Ecam oueHutb
TpeHsa yrnepoga 3a 10 net, ¢ 2005 no 2016 r.,
TO CPeAHAA CKOPOCTb YMEHbLUEHMA KOHLLEHTPa-
LMK yrnepoga B cnoe 5 cm cooTBeTcTByeT 27 mr
Cxm?cyt.t

MocToAHHOE NPUCYTCTBME KMCI0POAa B NpuU-
AOHHbIX BOAAX M BbICOKME COoAeprKaHUA XKenesa
M MapraHua BO B3BELEHHOM BeLLecTBe, NOCTy-
nalLem B AOHHble oTnoxKeHus (ao 7 % Fe, 1
% Mn), onpenenatoT Nx HakonieHne B NOBEPX-
HOCTHOM okuncneHHom cnoe 0. Mpouecc ana-
reHeTu4yeckon auddepeHUMaLNM 31E€MEHTOB
no sepTuKanu A0 3aBUCUT OT rybUuHbI Npo-
HMKHOBEHMA KUC/IOPOAA M Temna OCaAKOoHa-
KonneHusa (benknHa mn ap., 2016). NoscemecT-
HO B M/JlaX LEHTpa/bHbIX pPaliOHOB O3epa Ha
OKUCNUTENBHO-BOCCTAaHOBUTENBHOM DHapbepe
obpasyloTca pasgenieHHble pyaHble MPOCAoW-
K Mn un Fe, oTanyatowmecs He TONbKO ¢dU3n-
YECKMMU N XUMUYECKUMMU XaPaAKTEPUCTUKAMMU,
HO M BM3Yya/sibHO (OKMC/IEHHble coeanHeHna Mn
MMEIOT YEepHYI0 OKpPacKy, a Fe — opaHxeByto)
(puc. 5). HeobxogMMO OTMETUTb, YTO BbICOKanA
KOHUEHTPAUMA 3TUX 3/1EMEHTOB NPUBOAMUT K
06pa30BaHMIO B AOHHbIX OT/IOXKEHUAX ayTUTEH-
HbIX MUHepanbHbIX ¢a3 Fe u Mn pasHoli ctene-
HM BOCCTAHOB/NEHUA U 060cobneHns 3TuxX ane-
meHTOoB (CTpaxoBeHKo u ap., 2017).
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MeTpo3saBoackol rybbl (ctaHuum P_2; P_3) 8 1998-2016 rr.

Fig.3. Production of deepwater benthos (kcal / m? per season — 180 days) in the buffer zone of Petrozavods-
kaya Bay (stations P_2; P_3) in 1998-2016
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Puc. 4. iInHamnKa nsmeHeHuA KoHueHTpauum C_ B noBepxHocTHom cnoe (05 cm) A0; cT. C1; 1 — nioHb, 2 —
aBrycT, 3 — ceHTAbPL

Fig. 4. The dynamics of the change in the concentration of Corg in the surface layer (0-5 cm) of bottom sedi-
ments; station C1; 1 —June, 2 — August, 3 — September
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Puc. 5. BepTuKkanbHoe pacnpeaeneHne Fe u Mn B noBepxHOCTHOM csioe [0 ueHTpaibHOro paioHa OHeMKCKo-
ro ozepa. 1 —rnybuHa 3aneraHma 42 m, 2 -48m,3-81m,4—-85m

Fig. 5. Vertical distribution of Fe and Mn in the surface layer of bottom sediments of the central region of
Lake Onega: 1 — depth of occurrence 42 m,2-48m,3—-81m,4—-85m

JuHamuKka cocmosHus Makpo3oobeHmoca
8 211y60K0B0OOHbIX palioHax OHeXCKo20 03epa

B rnybokoBogHOM paiioHe OHEMKCKoro o3e-
pa, 3anuBe Bbonblwoe OHero (ctaHuuu B_1 m
B_2; cm. puc. 1), nokasatenu pa3sutmns b6eHTo-
Ca XapaKTepu3oBaNCb HEBbICOKMMM 3HAYEHU-
AMU, KOTOPbIe Ha NPOTAXKEHMU BCEro Nepmoaa
M3y4yeHUA MOCTEMeHHO CHUXanucb. B Hauvane
HabnoaeHns (1998-2005 rr.) B 3anmBe bonb-
woe OHero o6uanA YNCNEHHOCTb M3MEHANACH
B npeaenax 0.62—2.82 Tbic. 3K3./m?, Buomacca
— 2.46-5.46 r/m2. B cocTaBe cooblecTsa Aons
amdunoa B obwen YMCNEHHOCTU COCTaBNANA
27-61 %, onuroxet — 22-53 % o1 obuien ymc-
NeHHocTn, gona xmpoHomug — 5-30 %. B no-
cnegHue rogbl YNCNEHHOCTb U BLomacca beH-
TOCHbIX coobulecTs B 3anuBe bonbwoe OHero
CYLLECTBEHHO CHU3UAUCL. [NOKa3aTenu YncneH-
HocTn B 2006—2016 rr. coctasunm 0.04-1.8 Tbic.
3K3./m?, Buomaccol—0.02—4.03 r/m?. CHUXKeHune
rnoKasaTtenen pa3BUTUA MaBHbIX NpeacTaBuTe-
nen 6enHtoca (amédunos 1 oNuroxeT) B 3aauBe
Bonbwoe OHero Nponcxoanao CUMHXPOHHO. Ko-
adPULMEHTbI Koppenaumm Mexay YUC/EeHHO-
CTbto amounoa, 1 onuroxet 6bln AOCTOBEPHDI
(ctaHumm B_1 mn B_2): 0.55-0.86 (n = 15-18,
p < 0.05).

B bonbwom OHero Ha ctaHumaxB 1unB 28
pe3ynbTaTe CHUXKEHUA YNCIEHHOCTM M Bromac-
Cbl YMeHbLUIAaNacb NPOoAYKLUNSA BEHTOCHbIX CO0b-

wecrts: ot 0.659—-0.425 o 0.204-0.213 kKan/
M? (puc. 6; cm. Tabn. 2). KpaTHOCTb CHUMKEHUS
npoaykummn coobuects beHtoca B 1998-2016
rogax cocrtasumaa 2—3 pasa.

B nutepaType umeroTca cBeAeHUA Mo npo-
AYKUMU rNyBOKOBOAHbIX coobliects H6eHToca
3anmBa bonbwoe OHero B 1978-1979 rr. (Anu-
MoB 1 ap., 1982). MNoKasatenn npoaykumu, oT-
Mmevyaemble No4TM 36 NeT Ha3aa, BapbuMpoBanm
B npeaenax 0.386—1.649 (cpeaHee 1.017) kkan/
M2, JlutepaTtypHble AaHHble 3a 1978-1979 roaa
6AnKe K pe3ynbTaTam Halwux HabaogeHUn 3a
1998-2005 rr. Habnopaemble Hamu B 2016
r. MOKasaTenu npoaykuum GeHTOCca B 3anuBe
bonblwoe OHero okasaaucb B 2—8 pas mMmeHblue
BE/IMYMH, OTMEYEHHbIX B 3TOM palioHe B 1978—
1979 rr.

B LleHTpanbHOM OHero (ctaHumm C_1; C_2;
C_3; C_4, cm. puc. 1) B AOHHbIX LLEHO3aX Ha-
6n104al0TCA NPOLECChl, CXOAHblIe C APYrMMMU
pailoHaMKM 03epa: CHUXKEHWE YUC/IEHHOCTW,
6bruomaccel M MNpoAyKUMM BEHTOCHbIX CO00b-
wects (cm. puc. 6, Tabn. 2). Ana ueHTpanbHOro
rnybokoBoaHoro paroHa (ctaHuum C_1; C_2;
C_3; C_4) otmevann ogHOBPEMEHHOE CHUXKe-
HWe npeacTaBuTenen amepunog n ONUroxeT, KO-
adPnuMeHT Koppenaumm 6bia AOCTOBEPHbIM:
— 0.41 (n = 54, p < 0.05). BennunHa cpeaHemn
npoayKunm 6eHToca 3a Ce30H B LEHTpe o3epa
ymeHblumnacs ¢ 0.454 kkan/m? 8 1989-2005 rr.
00 0.159 kkan/m? 8 2011-2016 rr.
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Puc. 6. Mokasatenn npoayKumm (Kkan/m?3a cesoH — 180 cyT.) rnybokoBogHoro 6eHToca B bosibwom OHero u
LleHTpanbHOM paiioHe OHexcKoro o3epa B 1998-2016 rr.

Fig. 6. Production of deepwater benthos (kcal / m? per season — 180 days) in Big Onega and in the Central
part of Lake Onega in 1998-2016

O6cyxaeHue

CornacHo gaHHbim 1998-2016 rr., B OHEXK-
CKOM 03epe YeTKO BblAEeNATCA TPU 30HbI (CM.
puc. 1), B npeaenax KOTopbIX JOHHblE LEHO3bI
Pa3IMYalOTCA NO CTPYKTYPHbIM MOKa3aTenam,
YTO XOPOLLO COrnacyeTca c pesynbTaTaMu npea-
LecTByHOLWMX UccneaoBaHui (KanmHkmHa u gp.,
2017a). NepBan 30Ha NpMypoYEHa K panoHam
WHTEHCMBHOIO aHTPOMOreHHOro BO34EWNCTBUA,
KOTOpPOe OTMEeYaeTCA B BEPLIMHHOM palOHe
KoHgonosckon rybbl (ctaHumm K_3; K 4) un
MeTpo3aBoacKkoi rybwl (ctaHuma P_5). KoHgo-
NoKcKan ryba 3arpasHAeTcs CTOYHbIMM BOAAMM
LIBK. B MeTpo3aBoackKyto ryby nocTynatoT BOAb!
p. Wyn, Ha Bogocbope KOTOpPOM HaxoamuTcA
6onbLIOoe KONMYECTBO MOCENEHUN, CENbCKOXO-
3AWCTBEHHbIE Yyrofba, Me/IMOPATUBHbIE COOpPY-
*eHua. CoobuwectBa 6eHTOCa B BePLUMHHbIX
Yy4YaCTKax 3a/1MBOB XapakTepu3yoTca beaHbim
BMO0BbIM COCTAaBOM, BbICOKMMM NOKa3aTeNAMM
Pa3BUTUA ONUTOXET, rMaBHbIM 0bpas3om, ogHO-
ro BMga, YyCTOMYMBOIO K OPraHMYecKkomy 3a-
rpsasHeHuto, — Tubifex tubifex. YucneHHOCTb XU-
POHOMMWA 34eChb TaK}Ke NoBblweHa. AMdurnogbl
(penukToBble pakoobpasHblie) B MepBOM 30HE
NPAKTUYECKM OTCYTCTBYIOT.

OcobeHHOCTN BEHTOCHbIX CO0bLLECTB B Nep-
BOM 30HE MOXHO OO6BACHUTbL JAHHBIMW MO XU-
MWYECKOMY COCTaBY AOHHbIX OTNOXeHUN. Tak,
B BEPWMHHOM YyyacTke KOHAOMOMKCKOM rybbl
ANA QOHHbIX OT/IOMKEHUN XapaKTepHbl HU3KME
BennYnHbl pH, Eh, BbICOKME KOHUEHTpaUMK
OPraHMYeCcKoro BeLLecTBa, TOKCUKAHTOB (nur-
HocynbdoHaToB, peHooB, HedGTENPOAYKTOB).
Oeduumt Kncnopoga obycnosnmBaeT MocTy-
naeHne TOKCUYHbIX BELWECTB M3 AOHHbIX OTN0-
YKEeHUA B NPUAOHHbIE C/IOM BOAbI. 34eCb MOryT
BbI)KMBaTb TO/IbKO Hambonee pe3nUCTEHTHble
npeAcTaBuUTeNN U3 TPYNNbl onruroxet. beAHOCTb
BMAOBOrO COCTAaBa B NPUYCTbEBbIX Y4ACTKax Ha
AHe [MeTpo3aBoacKol rybbl cBA3aHa C MHTEH-
CMBHbIM HaKOM/IEHMEM 34€eCb a//IOXTOHHOro
OpraHMYecKoro BeLWecTBa, B TOM YMc/ie 3arpas-
HAOLWMX KOMMNOHEHTOB, KOTOPbIe MOCTYNaloT B
rydy c Bogamu peku LLlys, oa4HOro N3 0oCHOBHbIX
nputokoB OHEXCKOro o3epa. B BepLMHHbIX
Yy4YacCTKax ABYX 3a/IMBOB U/bl XapaKTepuU3yoTca
TOKCUYHbIMK cBoicTBaMM (KanuHKuMHa u ap.,
20176).

ConpezenbHble C OTKPbITbIMM palioHaMM
o3epa y4yacTkm KoHA0NOXCKOM rybbl (cTaHumMK
K_ 6 ; K_7) n NetposaBoackom rybbl (ctaHumm
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P_2; P_3) — cBoeobpasHbie bydepHbie 30HbI, B
KOTOPbIX OTMeYaeTcA, C OAHOM CTOPOHbI, No-
BbILUEHHOE COAEeprKaHMe OpraHMYecKkoro Be-
LLLeCTBa 3a CYeT ero NocTyn/ieHUA 13 BepLUnH-
HbIX panoHOB 3anBoB. C Apyron CTOPOHbI, BO
BHELWHWE Yy4aCTKM 33/IMBOB MOCTYNaOT HACbl-
LLEeHHble KMCNOPOAOM O3epHble BOAbl M3 ny-
60KOBOAHbIX paoOHOB. Wbl B 3TUX palioHaXx xa-
paKTepusytoTca 60nee MOLHbIM OKUCNEHHbIM
cnoem. Hanuuve nuTaTeNbHbIX BeLLECTB Ha
AHEe M [0CTaTO4YHOEe CoAepraHue Kucnopopna
B MPUAOHHbIX Y4acTKax BOAbl ONpeaensioT BO
BTOPOW 30HE BbICOKME MOKA3aTeNN PA3BUTUA U
NPOAYKUUM AOHHbIX cOObLLeCTB, B TOM yucne
AOMWHMpPOBAHUe TpeboBaTeNbHbIX K KMCAOPO-
ay améunoa,.

TpeTbss 30Ha 3aHUMaeT NybOKOBOAHYHO
YyacTb o3epa — LleHTpanbHoe OHero (cTaHuuM
C 1; C_2; C_3; C_4) v bonbwoe OHero (cTaH-
umMm B_1; B _2). B ueHTpanbHOM rnybokoBoa-
HOM palioHe 03epa ANA NpeacTaBuTenein Bcex
roynn 6eHTOCa XapaKTepHbl MWHMMAa/bHblE
noKasaTe/In YNC/IEHHOCTM M BMomaccel, a Tak-
e NponopLMOHasibHOe Pa3BUTUE OCHOBHbIX
rpynn 6eHToca — ampumnog, oNnroxeT n Xmpo-
HoOMMA,. [lOHHble OCAaAKM LLEeHTPaJIbHbIX pako-
HOB rNyb6OKOBOAHbIX patoHOB OHEMKCKOro o3e-
pa (Bonbwoe OHero u LleHTpanbHoe OHero) xa-
PaKTEPU3YIOTCA HAUMEHbLUMM COAEPMKAHMEM
OpraHMYecKoro BelecTBa. 34ecb OTMeYatoTcs
pyAHble KOPKW, }Kenesncrto-mapraHuesble KOH-
Kpewuuu, 4To U onpeaensaeT HeBbICOKME NOKa3a-
Tenu pa3sutmna beHtoca. Kpome Toro, B nocnes-
HuWe roapbl Ha gHe OHeXCKOro 03epa BblAB/EHbI
30Hbl reoXMMMYeckmMx aHomanui (Borodulina,
Belkina, 2013), koTopble MOryT 6bITb NPUYMHOM
NIMMUTUPOBAHUA pPa3BUTUA OEHTOCHbIX oOpra-
HWU3MOB B rNyOOKOBOAHbIX paliOHaXx.

WccnepoBaHUA NoKasanm, YTo BO BCEX Tpex
30Hax 3a nepuog 1998-2016 rr. nokasatenu
npoaykumnu coobuiects rnybokoBogHoro beH-
TOCa CHU3UAUCL B 2—4 pasa. B HacToALee Bpe-
MSA HAMMEeHbLUME NOoKa3aTenu beHToca oTmeya-
OTCA B LLEHTPa/IbHOM Ily6OKOBOAHOM paMioHe
o3epa. B bydpepHbix 30Hax MeTpo3aBoaCcKon U
KoHaonorKcKom ryb npoayKums 6eHToca Takxke
CHM3MNACb, OAHAKO OCTaeTcA B 2—7/ pa3 Bbille,
4Yem B LEHTpasibHOM paioHe o3epa. Bo3amork-
HOM NPUYMHOM MACLITAaBHOrO CHUMKEHUA NOKa-
3atenen obunma n npoaykumm beHtoca ABnA-
eTCcA NOBCEMECTHOE yBenyeHme Ha gHe OHex-
CKOro osepa kenesa. Kak cnepyet u3 aaHHbIX,
npeactaBneHHbIXx B Tabn. 1, peskoe ysenunye-
HWe coAeprKaHWA B MUMaxX *Kesesa oTMevaeTca
HauunHaA ¢ 2000-x rr. MMeHHO € 3TOro BpemeHu
NPoAyKLUMA BEHTOCHbIX COOBLLECTB CHUMKaeTcA
0cobeHHo bbIcTpo (cm. Taba. 3). Ana 6ydepHbIx

30H KoHaonoxcKoi u MeTpo3aBoackon ryb, roe
OoTMeYann HanbonbluMe NoKasaTeNn PasBUTUA
6eHTOocCa, 6bln paccumMTaH KoadPULUMEHT Koppe-
naummn CnMpmMmeHa mexay coaepaHuem xene-
33 B M1ax U BeIMYMHOM NpoayKkummn 6eHToca B
pa3Hble nepuoabl nccnegosaHuna. Koadpopuuu-
€HT Koppenaummn okasasca 4OCTOBEPHbIM U CO-
ctaBun —0.63 (n = 12; p < 0.05), ytTo NOATBEPHK-
AaeT rmnoTtesy o6 yrHetarowem BO34eNCTBUM
¥enesa Ha AoHHble coobuecTsa.

YCTQHOB/IEHO, YTO MNOPOroBas KOHLEHTpPa-
uma obuwero enesa, OKasblBatoWas yrHe-
Talouwee fencTtBne Ha BEHTOCHbLIX KUBOTHbIX
(MMYMHOK amdMBNOTUYECKMX HAacEKOMBIX), CO-
cTaBnset okono 8 mr/n. OCHOBHOM MexaHW3m
BO34enCTBMA coeanHeHui enesa (lll) Ha Bo-
AHble OPraHM3mbl 3aKNKOYAETCA B YrHETEeHWUMU
OpraHoOB AbIXaHWUA U NULLEBAPEHMA 33 CYET UX
3abMBaHMA YacTULLAMM OKUCNOB Kene3a (Vuori,
1995). B 10 *Ke Bpemsa B nopoBsbIx Bogax A0 Me-
Tpo3aBoackon rybol B 2013 r. 6bi1a 0bHapy-
YeHa KoHUeHTpauus obuiero »enesa 13 mr/n,
npeBblllaloWan npeaensl BpeaHoro Bosaeit-
CTBMA *Kenes3a Ha 6eHTOCHble OpraHu3mMbl. ITU
AaHHble MOryT 6bITb AONONHUTENbHBIM O0Ka-
3aTe/IbCTBOM FMNOTe3bl O MOBbIWEHUN COAEpP-
YKaHUA XKenesa B Uaax KaK NpPUUYMHE CHUXKEHUA
NnoKasaTenen *XnusHeaeaTenbHOCTU 3006eHTOCa
Ha AHe OHeXKcKoro o3epa.

B cBOtO ouepenb, BO3pacTaHUe CoaepKaHUsA
Jenesa B NOBEPXHOCTHOM C/I0€ WI0B MOXKET
ObITb CBA3AaHO C U3MEHEeHUsIMU Ha Boaocbop-
HOM TeppuTopMM OHEXKCKOro o3epa, a MMeH-
HO C YBE/IMYEHMEM B/IUAHMA PEYHOrO CTOKA
Ha Bogoem. B nocnegHne 20 net B Kapenuu
HabnoaaloTcs MArkMe 3MMbl, YBE/MYMBaeTcA
AO0NA XUOKUX 0CaZKOB MO CPaBHEHUIO C TBEp-
Abimu (Hasaposa, 2008, 2015). B a7oT ke ne-
puog B CeBepo-3anagHom pernoHe Poccum oT-
meyaeTtca 6onee cnaboe npomepsaHMe NOYBbI
N yBENMYEHME CTOKA C BONOTHbIX MAacCMBOB B
3umHUI nepuog (KantoxHbin, laspos, 2012).
Taknum obpasom, NPUYNHON yrHeTeHns beHToc-
HbIX coobuiects OHEXCKOro o3epa sABAAKTCA
HOBbl€ KNMMATUYECKME YCN0BMA, Bbi3biBaBLUNE
yBeNnyeHme NocTynaeHus B 03epo *Kesnesa B
COCTaBe rymyCOBbIX BELLECTB M ero Hakonje-
HWe Ha gHe.

3akntouyeHue

AHTpONOreHHbI pakTop BbI3bIBAETINYyOOKME
npeobpazoBaHnA GUIMKO-XMMUYECKOTO COCTa-
Ba O B ceBepo-3anagHbiX 3anmMBax — KoHao-
No¥cKon u MeTpo3aBoackon rybax OHeXKCKoro
o3epa. Hanbonee M3meHUYMBbIM MOKa3aTesem
Xxmmmyeckoro coctasa O OHexKcKoro o3epa sB-
NAETCA CoAeprKaHMe OpraHMYecKoro BeLLecTBa
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N BUOreHHbIX 31eMeHTOB. M3MeHeHUA KOHLEeH-
Tpaumit C, N, P 3aBucAT oT ocobeHHOCTEN pas-
BUTUA B 03epe NPOAYKLMOHHbIX NPOLECcCOB U
WHTEHCMBHOCTU AuMareHeTU4Yecknx npeobpaso-
BaHWM C y4acTMem BEHTOCHbIX OpraHM3MOB.

M3MeHUYMBOCTb COopepKaHUA XUMUYECKUX
3N1eMeHTOB HeopraHuyeckor Yyactn 10 3aBucut
OT W3MEHEHMA TepPPUreHHOWM CcoCTaBAAloLWEN
BOAHOro CTOKa. B HacTtosiwee Bpemsa B Waax
OHeXCcKoro o3epa Habnwogaetcs HakonaeHue
meTannos (Mn, Fe).

Nccneposanma 1998—-2016 rr. nokasanu, 4to
B pa3/n4YHbIX panoHax OHEeXKCKoro osepa npo-
ncxoamUT MacwTabHaa TpaHchopmaumsa rybo-

3anagHbix 3anuBax (KoHaonorkckaa m MeTpo-
3aBOACKasA rybbl) U rybOKOBOAHbLIX y4YacTKax
(3anunB Bonbwoe OHero, LleHTpanbHoe OHero)
YMEHbLUMIUCb MOKa3aTeNn YNCAEHHOCTU N Bno-
Maccbl 6EHTOCHbIX cO0bLLEeCTB, UX NPOAYKLMA
3a nocnegHue 25 net cHM3MAacb B 2—4 pasa.

MpuumHOM yrHeTeHMa coobuwectBa rnybo-
KOBOAHOIo 6eHTOCA U CHUXKEHUA MoKasaTenemn
ero PyHKLUMOHMPOBAHMA ABNAETCA HAaKOMNAEHMEe
Ha gHe Xenesa, CBA3aHHOE C YBe/INYEeHUEeM ero
NOCTYN/IEHMA B 03€P0 C PeYHbIM CTOKOM.

PaboTa BbinonHeHa B pamKax [ocyaapcTBeH-
HOro 3agaHuA MHCTUTyTa BOAHbIX npobnem Ce-
Bepa KapHL, PAH.

KOBOAHbIX H6EeHTOCHbIX COO6U.I,eCTB. B cesepo-

bubnnorpadus

Annmos A. ®. DyHKLMOHANbHAA 3KONOrMA NPECHOBOAHbIX ABYCTBOPYATLIX MOANOCKOB. J1.: Hayka, 1981.
248 c.

Annmos A. @. NMpoayKTMBHOCTb co0bLwecTB 6eCn03BOHOUYHbIX MAaKPOOEHTOCA B KOHTUHEHTA/IbHbIX BOAOE-
max CCCP (0630p) // Tuapobuonornyecknin >xypHan. 1982. T. 18. Ne 2. C. 7-18.

Anumos A. ®., PuHoreHosa H. M., banywkuHa E. B., batanosa ®. M., KayéomaH 3. C., Nonskosa T. H., Llano-
nmxuH C. A. MpoayKTBHOCTb 6eHToca // JIMMHONOTMYECKMUEe UCCNeA0BaHNA Ha 3a11MBe OHEXKCKOoro
o3epa bonbluoe OHero: C6. HayuHbIx Tpyaos / Mog pea. I. I. BuHbepra. J1.: 300/10rMYeCcKmii UHCTU-
TyT AH CCCP, 1982. C. 170-199.

ApuHywKunHa E. B. PykoBoacTBO Mo xmnveckomy aHanumsy nous . M.: MTY, 1970. 490 c.

banywkuHa E. B. PyHKUMOHaNbHOE 3HAYEHME INYNMHOK XMPOHOMMUL, B KOHTUHEHTA/IbHbIX Bogoemax. J1.:
Hayka, 1987. 180 c.

BanywkuHa E. B., lonybkos C. M., MUBaHoBa M. B., HukynuHa B. H., YmHoB A. A., YmHoBa /1. M. OnbIT
NPOrHO3MpPOBaHMA NoCNeACTBMIA 3BTPpOodMPOBaAHMA JleKlWwmo3epa Ha OCHOBE 3aKOHOMeEPHOCTEN
bYHKUMOHMPOBaHUA 3KocucTeM // Peakuma 03epHbIX IKOCUCTEM Ha U3MeEHeHMUe BUOTUYECKUX U
abuotumyeckmx ycnosumin. CM6.: 3UH PAH, 1997. C. 228-265.

BenkmHa H. A. PeTpocneKTnBHas ougHKa AOHHbIX OTI0XKEeHUI KOHA0NOoMCKOM rybbl OHeXcKoro o3epa //
BogHble pecypcbl. 2005. T. 32. Ne 6. C. 689-699.

benkmHa H. A. 3arpasHeHne HedTeENPOAYKTAMM AOHHbIX OTN0XeEHUI [eTpo3aBoacKkoi rybbl OHeXKCcKoro
o3epa // BogHble pecypcbl. 2006. T. 33. Ne 2. C. 181-187.

BenkmHa H. A. XMMWYECKNIN COCTaB AOHHbIX OTN0XeHU OHexckoro o3epa // CoctosiHMe BOAHbIX 06b-
eKkToB pecnybamkn Kapenus. Mo pesynstatam moHuTopuHra 1998-2006 rr. / Pea. M. A. J1030BUK.
MNeTtposasoack: M3a-so KapHL, PAH, 2007. C. 40-48.

BenkunHa H. A. Ponb AOHHbIX OT/IOXKEHUI B NpoLueccax TpaHchopmMaLmMm opraHMYecKoro BeLLecTsa 1 bmo-
FeHHbIX 3/1eMEHTOB B 03epHbIX 3Kocuctemax // Tpyabl Kapenbckoro HayyHoro ueHtpa PAH. Bo-
AHble npobnembl CeBepa 1 NyTn nx pewenus. 2011. Ne 4. C. 35-41.

benkunHa H. A. lameHeHMe OKUCANTENbHO-BOCCTAHOBUTEIbHOMO COCTOAHMS 03€PHbIX AOHHbIX OT/IOXKEHW
noA, BAMAHMEM aHTPOMOreHHbIX GaKkTopoB (Ha Npumepe Jlagoxckoro n OHexckoro o3ep) // 06-
wectBo. Cpena. Passutme 2014. Ne 3. C. 152-158.

BenkmHa H. A. BHyTpeHHAa d¢ocdopHana Harpyska B OHekckom o3epe // KpynHeiwne o3epa-
BoAOXpaHMamwa CeBepo-3anaga eBponenckomn Teppmutopum Poccumn: coBpemeHHOe COCTOAHUE U
N3MEHEHMA IKOCUCTEM MPU KAMMATUUYECKMX M aHTPOMOreHHbIX Bosaencteuax / Moa pea. H. H.
®unartosa. MNeTtpo3asoack: M3a-so KapHL, PAH, 2015a. C. 95-103.

BenkunHa H. A. ®ocdop B fOHHbIX OTI0KEHUAX OHEeXKCKoro o3epa // N3BecTma Poccuiickoro rocyaapcTBeH-
HOro neJarorMyeckoro yHmsepcuteta umenu A. . fepueHa. 20156. Ne 173. C. 97-109.

BenkuHa H. A., CaHamaH O., UrHatbeBa H. B. Pacnpegenenne ¢opm dochdopa B AOHHbIX OT/IOKEHUAX
KaK NoKasaTe/b 3BTPOPUPOBaHMA IKOCUCTEMbI BONbLIOIO Bogoema (Ha npumepe J1agoKCcKoro m
OHesxckoro o3ep) // Ikonornueckas xumma. 2006. Ne 15 (3). C. 174-185.

BenkuHa H. A., Cybetto 1. A., EppemeHnko H. A., Kynuk H. B. OcobeHHOCTU pacnpeaeneHmns MUKpPoane-
MEHTOB B MOBEPXHOCTHOM C/10€ AOHHbIX OT/IOXeHn OHexXcKoro o3epa // Hayka n obpasoBaHue.
2016. Ne 3 (83). C. 135-139.

BacunbeBa E. . OcobeHHOCTU GOPMMPOBAHMA XMMMUYECKOrO COCTaBa 0CaZKoB KOHAOMOMKCKOM ry6bl //
NumHonormna KoHgonorkckoi rybel OHexxckoro o3epa. MeTpo3asoack, 1986. C. 36—47.

Bacunbesa E. M. [loHHble oTnoeHuA // Ikocuctema OHEKCKOro 03epa U TeHAEHUUN ee U3MeHeHus. J1.:

69



KanuHkmHa H. M., BenknHa H. A. lnHammKa cOCTOAHMA BE@HTOCHbIX COODOLLECTB U XMMMUUYECKOTO COCTaBa IOHHbIX OT/IOKEHUMN
OHEeXCKOro 03epa B YC/I0OBUAX AENCTBMA aHTPOMOreHHbIX U MPUPOAHbIX pakTopos // MpuHumnbl 3Kkonorun. 2018. No 2.
C.56-74. DOI: 10.15393/j1.art.2018.7643

Hayka, 1990. C. 147-175.

Bacunbesa E. . XMMMUYeCKUIA cOCTaB AOHHbIX OTN0XKeHUI OHexKcKoro o3epa // CoBpemeHHoe CocToAHue
BOAHbIX 06beKTOB pecnybankun Kapenusa. Mo pesynstatam moHuTopuHra 1992-1997 rr. MeTpo3sa-
Boack: U3g-so KapHLU, PAH, 1998. C. 52-54.

leoprues A. M., Haszaposga /1. E. TpaHchopmaums nxtnodayHbl B NPeCHOBOAHbIX SKocuctemax Pecnybamku
Kapenusa B yc10BMAX MU3MEHUYMBOCTU Kanmarta // dkonorua. 2015. Ne 4., C. 272-279.

3auka B. E. YoenbHada npoaykuma BoAHbIX 6ecrno3BoHOYHbIX . Knes: HaykoBa aymKa, 1972. 144 c.

KanunHkmnHa H. M., Cugoposa A. U., Monakosa T. H., benknHa H. A., bepesunHa H. A., JintenHosa U. A. CHu-
YKEHWEe YNCNEHHOCTM MyHOKOBOAHOTO MaKpo30obeHToca OHEXCKOro 03epa B YC/0BMAX MHOTO-
dakTopHoro sosaeictauna // MpuHumnbl skonormn. 2016. T. 5. Ne 2. C. 47-68. DOI: 10.15393/
jl.art.2016.5Lake182.

KannHkmnHa H. M., benknHa H. A., Cngoposa A. U. Buoreoxmmmnyeckne noaxoabl K OLLeHKe COCTOAHUA A0H-
HbIX coobulecTs OHeXCKoro osepa // BUOMHAMKALMA N MOHUTOPUHT MPECHOBOAHbIX SKOCUCTEM
[1l: MaTtepuanbl mexayHapoaHol KoHpepeHuuu / Mog, pea B. A. PymaHuesa, U. C. TpoupoHoBOM.
Cne6.: Ceoe n3gatenncTso, 2017a. C. 134-137.

KanuvHkuHa H. M., BenkuHa H. A., Cngoposa A. W., lanmbuHa H. A., Hukeposa K. M. buotectnposaHue
[OOHHbIX OT/IOXKeHU OHEXCKOro o3epa € y4eTom MX XMMMUYECKOro COCTaBa M NoKasaTesein cocTos-
HUA MYyBOKOBOAHOro Makpo3oobeHToca // MpuHumnbl 3konorum, 20176. T. 6. Ne 1. C. 25-55. DOI:
10.15393/j1.art.2017.6022.

KantoxHbii U. 1., Naspos C. A. Tnapodursnyeckmne npoueccbl Ha Bogocbope: akcnepMmeHTabHble uccne-
[oBaHuA n mogenuposaHue . CM6: Hectop-Uctopua, 2012. 616 c.

Kamntok /1. B. dHepreTnyeckmit obmeH y cCBOOOAHOMKMUBYLLMX NAOCKUX U KOMbYATbIX YepBel U GaKTOpbl ero
onpeaensawolme // ¥ypHan obuen buonornn. 1974. T. 35. Ne 6. C. 847-885.

Kyxapes B. U., Monakosa T. H. O npnbankeHHOM oLeHKe NpoayKumMm 3006eHToca BogoemoB Kapennm npu
3KOMOrMYECKUX uccnenosaHuax // Mputokm OHeskckoro osepa. MeTposasoack: M3a-so KapHL,
PAH, 1990. C. 127-141.

MeToanuyeckme pekomeHgauum no cbopy n obpaboTke matepmanos nNpu BeAeHUU MOHUTOPUHra buo-
JIOTMYECKOoro 3arpsasHeHns Ha ®uHckom 3anmee / Mog pea. A. ©. Anumosa, T. M. ®nopuHCKo.
Chne., 2005. 68 c.

MeToanyeckme pekomeHaaLUMmn no cbopy M 06paboTke maTepuranos NpPU rMAPoONONOTNMYECKMX UCCAeo-
BaHUAX Ha NPecHOBOAHbIX BogoeMax. 3006eHToC 1 ero npoaykuus. . /1., 1984. 52 c.

Hasaposa /1. E. MHOronetTHue nsmeHeHus TemnepaTypbl Bo3ayxa B Kapenuu // lfeorpadusa n npupogHble
pecypcol. 2008. Ne 3. C. 75-79.

Hasaposa /1. E. AtmocdepHble ocagku B Kapenun // Tpyabl Kapenbckoro HaydHoro ueHtpa PAH. 2015. Ne
9. C. 114-120.

OHexcKoe o3epo. Atnac / OTB. pea. H. H. ®unatos. MNeTpo3aBoack: KapenbCKuii HaydHbli LeHTp PAH,
2010. 151 c.

Opnos . C., MpuwwuHa /1. A., Epowmnyesa H. /1. MpakTnkym no 6uoxmmum rymyca . M.: MTY, 1969. 157 c.

Meposa C. H. I3meHeHUs CTPYKTYpbl U 061N makpo3oobeHToca Bokckoro naeca PbiIBUMHCKOro Boao-
XpaHWaMWa B nepuod notenneHus // BUOMHAMKALMA U MOHUTOPUHT MPECHOBOAHbIX 3KOCUCTEM
[ll: MaTepuanbl meskayHapoaHoi KondepeHumn / Nopg pen B. A. PymaHuesa, U. C. TpnudpoHoBsoiA.
CN6.: CBoe nsgatenbcrtso, 2017. C. 248-251.

MHAO & 14.1;2;4.139-98. KonnyecTBeHHbI XMMUYECKUIA aHanu3 Bod. MeToauKa M3mepeHUin MaccoBbIX
KOHLLEHTPaLM1 KobanbTa, HUKENA, Mean, LMHKa, XpoMa, MapraHLa, Kenesa, cepebpa, Kagmua u
CBMHLA B NPO6ax NUTbEBbIX, MPUPOAHbIX U CTOYHbIX BOA METOA0M aTOMHO-abCOPOLIMOHHOM CNeK-
Tpockonun. M., 1998.

Monsakosa T.H. JOHHbIE LLeHO3bl B YC/IOBUAX aHTPONOreHHOro 3sTpodurposaHmns // OHexcKoe 03epo. IKo-
norndyeckue npobsemsl. Netposasoack: M3a-so KapHLL PAH, 1999. C. 211-227.

Monsakosa T. H. MaKkpo3oobeHToc // KpynHeliwmne o3epa-sogoxpaHunmiia Cesepo-3anana eBponenckoi
Tepputopmn Poccumn: coBpemeHHoe COCTOAHME U U3MEHEHUA SKOCUCTEM MPU KAMMATUYECKUX U
aHTponoreHHbIx Bo3aelicteuax / Nog pea. H. H. ®unatosa, H. M. KanuHknHoi, T. M. Kyankosoi,
A. B. /lutBuHeHKo, M. A. Jlo3oBuKa. MeTpo3aBoack: Kapenbcknit HayuHbi LeHTp PAH, 2015. C.
127-133.

P 52.24.382-2006, PO, 52.24.382-95. MaccoBas KoHuUeHTpauus pocdaTos n nonndocdaTos B Bogax. Me-
TOAMKA BbINONHEHUA n3mepeHnin GoTomeTpudeckum metogom. . Poctos H//, 2006.

PYyKOBOACTBO MO XMMMYECKOMY aHa/IM3y NOBEPXHOCTHbIX BoA cywwm . Y. 1/ MNoa. pea, /1. B. boesoi. Poctos
H/0: HOK, 2009. 104 c.

CtpaxoBeHko B. ., OsguHa E. A., aHuneHko U. B., Cybetto A. A., benkuHa H. A., EbpemeHko H. A.
MwuHepanoro-reoxummyeckana XapaKTepucTMKa npouecca COBPEMEHHOro CceAMMeHTOreHesa
OHexckoro o3epa // O3epa EBpasuu: npobaembl U NyTH nx peweHna: MaTtepuansl 1-ii Mexay-
HapoaHol KoHdepeHumn (11-15 ceHTabps 2017 r.). NeTpo3aBoacK: KapenbCKuii HayuHbI LLEHTP
PAH, 2017. C. 418-425.

70



KannuknHa H. M., benkuHa H. A. InHaMmnKa COCTOAHMNA BEHTOCHbIX COOBLL,ECTB M XMMUYECKOTO COCTaBa A0HHbIX OT/IOXKEH U
OHEeXCKOro 03epa B YC/I0OBUAX AENCTBMA aHTPOMOreHHbIX U MPUPOAHbIX pakTopos // MpuHumnbl 3Kkonorun. 2018. No 2.
C.56-74. DOI: 10.15393/j1.art.2018.7643

CyweHsa J1. M. IHTEHCMBHOCTb AbIXxaHUA pakoobpasHbix . Knes: Haykosa aymka, 1972. 196 c.

CyweHsa J1. M. KonmyecTBeHHble 3aKOHOMEPHOCTU MUTaHUA PakoobpasHbix . MUHCK: HayKa 1 TexHUKa,
1975. 208 c.

®unatos H. H., lfeoprmnes A. ., Eppemosa T. B., Hazaposa /1. E., ManbwuH H. U., Pyxosey, /1. A., Tonctmkos
A. B., LLlapos A. H. Peakuua o3ep BocTtouHon ®eHHOCKaHAMM 1 BoCcToYHOM AHTApKTMAbI Ha U3Mme-
HeHua Kaumata // Joknagbl Akagemun HayK. 2012. T. 444. Ne 5. C. 554-557.

dunatos H. H., PyxoBey, /1. A., Hazaposa /1. E., leoprues A. M., Ebpemosa T. B., ManbwuH H. N. BanaHue
M3MEHEHWUI K1MMmaTa Ha akocuctembl o3ep CeBepa EBponelickoit Tepputopum Poccum // YueHble
3aMMCKU POCCUIACKOrO rocyaapCTBEHHOIO rTMAPOMETEOPO/IOrMYECKOTO YHMBepcuTeTa. 2014, Ne 34,
C. 48-55.

Hakanson L., Jansson M. Principles of lake sedimentology. Berlin, 1983. 316 p.

Borodulina G. S., Belkina N. A. Study of the geochemical anomalies at the water-sediment boundary in
subaqueous groundwater discharge zones in lake Onega // Book of abstract. 32nd congress of the
international society of limnology. Budapest. August 4-9. Budapest, 2013. P. 191.

Vuori K.-M. Direct and indirect effects of iron on river ecosystems // Ann. Zool. Fennici. 1995. Ne 32. P.
317-329.

71



Kalinkina N., Belkina N. Dynamics of benthic communities state and the sediment chemical composition in Lake Onega
under the influence of anthropogenic and natural factors // Principy €kologii. 2018. Vol. 7. Ne 2. P. 56-74. DOI: 10.15393/
j1.art.2018.7643

DYNAMICS OF BENTHIC COMMUNITIES
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Key words: Summary: We consider the dynamics of the sediment chemical composition
anthropogenic impact and benthic community state in different areas of Lake Onega in the last 20—
climatic changes 25 years. It is shown that the combined effect of anthropogenic factors and
Lake Onega climate changes has caused a profound transformation of deepwater benthic
bottom sediments communities. The upper parts of the northwestern bays (Kondopozhskaya
chemical composition and Petrozavodskaya bays), where the effect of anthropogenic factors is
deepwater benthos the most manifested, are referred to the most contaminated (first) zone. In
community structure these areas, structural adjustments of bottom cenoses are noted; they are
production. the dominance of resistant representatives of oligochaetes and chironomids

and the absence of relict crustaceans. The sediments of the first zone are
characterized by the greatest content of organic matter, reduced values of
pH and Eh, the presence of toxic agents (in Kondopozhskaya Bay). In the
buffer areas of the north-western bays referred to the second zone the
anthropogenic effect is weakened by the influence of oxygen-saturated
waters passing from the adjacent open areas of the lake. The bottom
sediments of the buffer zones are characterized by a deeper oxidized layer
and the maximum development of amphipods. The central deep-water
areas of Lake Onega (the third zone) are currently the least affected by the
anthropogenic factor. The sediments in the central zone are characterized
by the minimum content of organic matter, the presence of ore crusts
(containing iron and manganese), which determine the poor development
of benthos here. In 1998-2016 in all studied areas of Lake Onega classified
as three zones a decrease in the numbers and biomass of benthos occurred,
which led to a decrease in its production by 2—4 times. It is suggested that
the decline in benthic community indicators is caused by the suppressive
action of iron, which is accumulated in sediments. The reason of that is
an increasing input of this element with river waters as a part of humic
substances due to climatic changes in the catchment area.
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