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[To perpocneKTUBHBIM JaHHBIM C IIOMOLIBIO (hAKTOPHOIO aHAIM3a OLEHEHO COBMECTHOE BIIMSHUE
abMOTHYECKNX, AHTPONOIEHHbIX U OMOTHYECKHMX MapaMeTpoB Cpejbl Ha oOuime (PUTOIUIAHKTOHA B
OCHOBHBIX CIIOSIX IeJlardaiy CeBepHOIl 10J0BUHBI YepHOro mMopsi B BeCEHHMI Iepuoj (mapr, maii)
1992r. Pesymbraramu (HaKTOPHOrO aHAIM3a NOJATBEPIKIACTCS W3BECTHAS HEraTHBHAs pPeaKLus
cooOuiecTBa (PUTOIIAHKTOHA HAa paclpecHEHHEe MOBEPXHOCTHBIX BOJ B Mae M3-3a MAaBOJKA KPYIHBIX
pek: [ynas, [uenpa, [duecrpa, byra. B mapre oOuiue OaTHIIIAaHKTOHA [0J TEPMOKINHOM
HOJIOKUTEIBHO KOppeIupoBaio ¢ Ouomaccoii Bojgopocieil. B Mae B NOBEpXHOCTHBIX CIIOSIX Takas
CBsA3b ITPOsABHJIACH C 00MIIMEM S1M- M JKEJIETEJIONO IJIAHKTOHA. BhisiBiIeHO CHHOPIHYCCKOE IMO3UTUBHOC
Bo3zeiictBue mnpepanupyomux nownorantoB (Fe Cr u Cu) na Guomaccy MHKPOBOAOPOCIEH.
[TokazaHo, 4YTO BIMSHHUE KOMIUIEKCHOI'O 3arpsi3HEHUst MOps Ha ()YHKLHMOHMpOBaHHE cOOOLIECTBA
(UTOIUIAHKTOHA B Ipe/ieaXx BPEMEHHOr0 MHTEPBAla MCCIEJOBAHHMH IMOPsAKA MECsla MOXKeT ObITb
Oolee 3HAUMMBIM, YeM BO3/ICHCTBHE M'HAPOJIOrHYECKUX M I'HAPOXUMHUYECKHX [TapaMeTpoB.

KiroueBbie cioBa: UYepHoe mope, oOuine (GUTOIUIAHKTOHA, BecHa, abuornueckue u OHOTHYECKUE
napameTpsbl cpe/ibl, OMOoreHsl, 3arpsa3HeHue, (GakToOpHbIH aHAIU3, COBMECTHOE BIIMSHUE.

BBenenue

[TnankTOHHBIE BOJOPOCIH, MPOAYKLIUS KOTOPBIX JIEKUT B OCHOBE (DYHKLIMOHUPOBAHUS
BCEH MeIaruyeckoil NUIIeBOi wLenu, o01aJaloT BBICOKOH CKOPOCTbIO BOCIIPOU3BOJICTBA H,
ObICTPO pearupys Ha H3MEHEHHMS B DKOCHCTEME, MOIYT CIYKUTb YYBCTBUTEJIbHBIM
MHIUKATOPOM JEHCTBUS Ha He€ pa3inuHbIX (pakTopoB. K TakOBBIM OTHOCATCS: U3MEHUYUBOCTD
IHIPOMETEOPOIOTHYECKON  OOCTaHOBKHM,  TpoHUUecKHe  B3aUMOBIMSHUSA, a  TaKKe
AHTPOMOreHHOE BO3/ICHCTBHUE.

UccnenoBanuio IPOCTPAHCTBEHHO-BPEMEHHON U3MEHYHBOCTU obunus
¢urtorutankToHa B YepHoM Mope HOCBsAUICHO 00jbiIoe KoaudecTBO padbot. M3BecTHO, 4TO
YUCICHHOCTh M Omomacca (UTOMUIAHKTOHA B pa3Hble TOJbl M CE30HBl 3HAYUTEIBLHO
BappupyloT B akBatopuu Yepunoro mopsa (benoropckas, Konnpateera, 1965, I'eopruesa,
1993, Mikaelyan et al., 2013). Auanu3 BHYTPUrOJ0BOI M3MEHYMBOCTU MPOBOIMIICH IS
paitoHoB ceBepo-3anaHoii yactu (bpsuuesa, 2000; Kpusenko, [Tapxomenko, 2010), cerepo-
BOCTO4YHOU (ApamkeBud u jp., 2015), a taxke B paitone Kapanara (Cenuuena, 2004) u B
Cesacrononsckoit Oyxre (Crenbmax u ap, 2009). MexrogoBasi H3MEHUYMBOCTH OMOMACChI
¢urorutankTona ouenena B paborax (MawrtakoBa, Cambiues, 1986; I'pyzoB u ap., 1994;
Kpusenko, [Tapxomenko, 2010; Mikadyan et a., 2013). [1pu ananuse u3MeHEHUs! CTPYKTYPbI
IUTAHKTOHHBIX COODIIECTB B CEBEpO-3amaHON U BOCTOUHON yacTax YepHoro mops ¢ 1960 no
1983 rr. ObL1 cl1e1aH BBIBOJ O TOM, YTO 9TH M3MEHEHMs CBSI3aHbI C IBTpoduKaLmeit Bojoema,
BBI3BAHHOW B CBOIO OYEPE/b U3MEHEHUSIMU B THAPOCTPYKTYPE MOPsi, a TAKKE BO3PACTAHHUEM
Ouorennoro croka ¢ cymu (MamrakoBa, CambiieB, 1986). bypnoe pasButue
(UTOIUIAHKTOHA B CEBEPHO-3ama AHONi yacTu YepHOro Mops CBSI3aHO C MOIIHOMW MOJANUTKOMH
MOBEPXHOCTHBIX CJIOEB MOps (ochaTaMy, HUTPATAMU U CHIMKATAMHU BCJIC/CTBUE MMOJIHSATHUS

Paboma evinoanena 6 pavmkax 2ocyoapcmeennozo 3zaoanusi PUL] UnBIOM no meme AAAA-AIS-
1180214900934 «@yukyuonanbuble, Memaboauueckue u MOKCUKOIOSUHECKUE ACNEeKMbl  CYUeCBOo8aHuUs.
2UOpoOUOHM 06 U UX NONYAAYULL 6 BUOMONAX C PA3TUYHBIM (PUIUKO-XUMUYECKUM PEHCUMOM .
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rinyounneix Boj (3aiiues, 2006). Ha poct obuius ¢uronnankrona B YepHoMm mope Takxke
OKa3bIBACT BIMSHUE BEPTHKAIbHAS LUPKYIISALUS BOJ, BO3HUKAIOLIAS B MPUOPEKHBIX pallOHAX
IPU CrOHHO-HAarOHHBIX IPOLIECCaX U B OTKPLITOH YaCTH MOPS B Pe3y/lIbTare «IKMaHOBCKON
HAKa4YKW» 3a CYET HEeOJHOPOoaHOCTH mosis Betpa (Bpsuuesa u ap., 1996; Kubryakov et al.,
2016; Kpamenunuukosa u ap., 2019).

CooOmecTBa 4epHOMOPCKOrO IUIAHKTOHA I10/IBEPIKEHbI BIIMSIHUIO 3arpsi3HUTENICH.
[lenocTHOE MpeACTaBICHUE O TOKCUKOJIOIMYECKOM I10JIE€ BOJI CEBEPHOM MosoBUHBI YepHOTro
Mopss B 90-rr. mpouuioro CTOJIETUS M €ro CE30HHOHW M IMPOCTPAHCTBEHHOH W3MEHYHMBOCTH
BIEPBbIE OBUIO MOJYYEHO B XOJE€ YHUKAJIBHOIO OKCIEPUMEHTA, BBIMOJIHEHHOIO
COTPpYAHUKAMH YKPAaMHCKOrO HAy4YHO-HCCIEJA0BATEIbCKOrO IEHTPA OKOJIOTHMH  MOpS
MunuctepcTBa oxpanbl okpyxkatouieit npupoanoi cpeast (YxkpHLIDM, r. Opnecca) npu
yyactud cneuuanucroB Mucrutyra OHONOrMM  I0KHBIX MOpEH B paMKax IpPOEKTa
SKOMOHOK T'ocynapcrBenHoit nporpammel «I100aibHble M3MEHEHUsT IPUPOIHOM CPE/Ibl U
kanmaray ['KHT CCCP (MccnepoBanusi sxocucremsl ..., 1994; Jlenbra u ap., 1994,
Meaunen u ap., 1994; Jizunkuii u ap., 2011, Dzitsky etd., 2012).

[Tpu neiicTBUM pa3IMYHBIX YKOJIOTHYECKUX (PAKTOPOB M AHTPOIOrE€HHBIX 3arps3HeHUN
B MEPBYIO OYEpPeab M3MEHSIOTCS (POTOCUHTETUYECKAss aKTUBHOCTb M UYUCJIEHHOCTb KJIETOK
Bojopocieil. He npejacraisercss BO3MOKHBIM YKCIIEPUMEHTAILHO OLEHHUTH BIUSHUS BCETO
CIEKTpa MOJUIOTAHTOB Ha coo0uiecTBo ¢urormiankrona. Crieunduka oTBETHBIX peakuuil Ha
JEHCTBUE pa3IMYHbIX KOHIEHTPALUMH TOKCHMKAHTOB 3aBUCHT OT CHCTEMAaTH4YECKOro
MOJIOKEHUs MUKPOBOIOPOCIIEH, UX (PHU3HOTIOTHUYECKOr0 COCTOSIHUS, AKTUBHOCTH (DEPMEHTOB,
BpeMeHH BozaedcTBust M 1. g ObICTpOH AMArHOCTHKM COCTOSIHMSL  cO00IiecTBa
(UTOIUIAHKTOHA B TMPHUPOJHBIX YCIOBUSX Pa3BUBAIOTCA COBPEMEHHBIE JKCIIPECC-METO/IbI
peructpauuu (GIyopecueHIUH XJI0poduiuia, KOTOPhIE MO3BOJISIOT MOJy4YaTh HHPOPMALIHIO O
KOJIMYECTBE M AKTUBHOCTUH (OTOTPOPHBIX OPraHU3MOB, a TAKKE [0 XapaKTePHCTUKAM
COCTOSIHUSL (DOTOCMHTETHYECKOTO anrapara OUEHUBATh (PU3HOIOrHYECKOE COCTOSIHUS KIIETOK
U CYIMTb O KaueCTBE BOJHON Cpejibl. BaKHBIM MpeuMyniecTBOM TUX METOJIOB SIBISIETCSI UX
BBICOKASl UYBCTBUTEIBHOCTb, 4YTO [I03BOJSET OBICTPO JAMArHOCTHPOBATH COCTOSIHUE
(UTOIIAHKTOHA HEMOCPEACTBEHHO B Ccpejae ero oburtanus [N SitU B pexume peanbHOro
Bpemenu (Ocuno, 2006). DTOT METOA HE MO3BOJIIET BBISIBUTH OCHOBHBIE (DAKTOPBI,
BIIMSIIOLIME HA COCTOSIHUE COOOIIECTBA MUKPOBO10POCIICH.

B pesynbTaTe nenoro psja UCCIEAOBAHMN TOCIOJCTBYIOIIMM CTAJIO MPEACTaBICHHE
00 aHTPOINOreHHOH MPUPOJIE MEXAHU3MA YCHJICHHMSI BEereTaluu Bojiopociieir B 70-X - Havane
80x rr., a ecrecrBeHHas cocraBisiom@as (pusnueckue u OMoTHueckue (GaKTopbl) 0Ka3anach
BhINaBIIeH W3 paccMorpenusi. Bmecre ¢ tem ¢ cepenunbl 80-X rogoB oTmMeueHa yeTKas
TEH/ICHIUS CHUKEeHHsT OMoMacchl (UTOIUIAHKTOHA, KaK Ha 3amaje, Tak U Ha BOCTOKE MOpH,
4TO HE COIJIACYeTCs C aHTPOIOreHHOH runore3oil. ConocraBieHue MHOTOJIETHUX U3MEHEHHIH
B IUIaHKTOHe YepHOoro Mopst Jaau OCHOBaHHME [MPEANOJIOKUThL HMX U HPUPOJHYIO
(kmmaTHueckyto) npuuuny (I'py3oB u ap., 1994). OueBuiHO, 4TO MHOTOJIETHHE U3MEHEHHS B
¢urortankrone Boja YepHoro mops 0OYyCIOBIEHBI COBMECTHBIM BO3JICHCTBHEM Kak
HPUPOJIHBIX, TAK U AHTPOIIOT€HHBIX (PAKTOPOB.

[Ipobnema 3aimouaercss B TOM, YTO [PAKTHYECKHM HEBO3MOMKHO pPa3JIeIUTh
BO3JCHCTBUSI KAaK HEMOCPEJACTBEHHBIE (IPAMOE 3arpsi3HEHUE), TaK M ONOCPEIOBAHHBIE,
BIMSIONME HA (DOHE MIMPOKOH aMIUIMTYJIbl MPUPOJAHON M3MEHUMBOCTH KJIMMATHYECKUX H
ruapoduosniornueckux  npoueccoB.  Kpome  Toro,  cooOumecTso  YEPHOMOPCKOIO
(PUTOIIAHKTOHA MOJBEPIKEHO BIIMSHUIO LIEJIOTO psijla Pa3/IMyaIOUIMXCS [0 CBOEH IMpUpoje
NOJUIIOTAHTOB, COCTAaB M KOHLEHTPALMS KOTOPBIX ONPEACHsAIOTCS KaKk 00beMOM HX
MOCTYIUICHHSI B OKOCUCTEMY B pa3IMUHbIE CE30HbI, TAK U THIAPOCTPYKTYpoil BoJ (Maltakosa,
Cambimes, 1986; Oguz, 2005; Crain etd., 2008; J{3uukuii u ap., 2011, Dzitsky et d., 2012;

Kpamenuuuukona u ap., 2019).
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OBHJIME ®UTOIVIAHKTOHA B CEBEPHOU ITOJIOBUHE YEPHOI'O MOPS BECHOH B CBA3U
C COBMECTHBIM BJIMSHUEM I'MJJPOJIOT MYECKHUX YCJIOBUH, ITVJIA BUOTEHOB U ...

HeoOxoaumM0O  BBISIBUTH  CHHAPrHYeCKHE (COBMECTHBIE) peakUuu CcooOLIecTBa
MHUKPOBOJIOPOCIEH Ha CTPECCOpbl, T.€. TAKHE peakiuu, Korjaa cymmupyroumi s¢dexr
B3aUMOJICHCTBHS HECKOJIBKMX (DAaKTOPOB CYIIECTBEHHO MPEBOCXOAUT APPEKT KakKIA0ro
OTJIEJILHOTO TapaMeTpa B Buje ux npocroi cymmsl (Crain e a., 2009; Cmonskos, JKuryia,
2001; Cogra, 2005; CmossikoB u ap., 2010).

CuHdpruyeckue peakluy MOXKHO IBITAThC KOJIMYECTBEHHO M KAaYECTBEHHO OIUCATH C
MOMOIIBIO OJIHOTO M3 METO/10B MHOTOMEPHOW CTATUCTHKU — (hakTOpHOro aHanuza. OCHOBHOM
CMbICT (DAKTOPHOrO aHAIM3a 3aKJIIOUACTCS B BBIACICHUU U3 BCEH COBOKYIHOCTH INEPEMEHHBIX
TONBLKO HEOOJIBIIOrO YKCIA JIATEHTHBIX, HE3aBUCHMBIX JPYr OT Jpyra IpYIIUPOBOK, BHYTPU
KOTOpBIX MEPEMEHHbIEC CBS3aHbl CHUJIbHEE, YEM [IEPEMEHHBbIC, OTHOCSIIMECS K pa3HbIM
rpynnupoBkaM. MaKkTOPHLIH aHAINU3 MO3BOJISET PELIUTH JBE Ba)KHbIE MPOOIEMbI HCCIIEI0BATEIS:
onucarb 00BEKT U3MEPEHHST BCECTOPOHHE U B TO ke Bpemst komnakTHO (Bypeesa, 2007).

KonnuecTBeHHOE ONUCAHME CHUHAIPIUYECKUX pPEAKUMH nomyysiuuidi U cooOIecTs
r'UJIPOOMOHTOB OCTAIOTCS «OEJIBIM MATHOM» B OKEAHOJIOTMYECKUX uccienoBanusix. Orciona
ClIEIyeT AKTYAJIbHOCTH NPOOJIeMbl, peliaeMoil B JaHHOH paboTe: KOJUYECTBEHHAsI OLEHKA
COBMECTHOI'O BIMSHHMS THMJPOJIOTMYECKUX MapaMEeTpoB, OOECIEYEHHOCTH OMOreHamu M
KOMILJIEKCHOTO 3arpsisHeHuss BoJ YepHoro Mops Ha (yHKUMOHHMPOBAHHE COOOIIECTBA
(UTOIUIAHKTOHA B BECEHHMI 1epHo. 3ajadeil JJaHHOrO MCCIIEI0BAHUS SBIISETCS BbISBICHHE
[0 PETPOCIEKTHUBHBIM JIaHHBIM OCHOBHBIX (DAaKTOPOB, BAMABIIUX B 90-¢ rojbl Mpouuioro
CTOJNIETH HAa TPOPHUUECKHUI CTAaTyc BOJ CEBEpPHOH MosioBuHBI YepHoro mopsi no dGumomacce
(UTOIUIAHKTOHA, MX BKJIAJa M HANPABJICHHOCTH B BeCeHHMI nepuon. Beibop juis Takoro
aHaJlM3a MMEHHO BECEHHEro mepuoaa oOycioBiaeH Haubosiee BBICOKMM — YPOBHEM
3arpsAi3HEHHOCTH Mejlaruai BeCHOW (MapT, Maii), CBsi3aHHBIM C MaBOAKOM pek ([lemunos,
2008; J3uukuii u ap., 2011, Dzitsky et a ., 2012).

Ha ocnoBe perpeccHmoHHOro aHajinza HaMHu ObUla C/IEJIaHA IMONBITKA OLEHUTH CBSI3U
NPEBAMPYIOLUIMX MOJUIIOTAHTOB M Ouomaccel  ¢uroIulaHktoHa B YepHom Mope ¢
UCIIONB30BAaHUEM HTOr0 K€ MaccuBa JaHHbIX. buomacca Bogopociell MOIOKUTEIBLHO
KoppequpoBasia ¢ koHueHrpauueit Cu, Cr, Fe, xors kodyduumeHTsl Koppeasiuuu ObulH
HeBenuku u usmensiauck B npeaenax 0,1-0,18 (Kpamenunnukosa u ap., 2019). Dror
CTATUCTUYECKUN METOJl SIBJISETCS CKOpEee pPa3BEJOYHBIM, YEM I103BOJISAET KOJUYECTBEHHO
OLIEHUThL COBMECTHOE BIMSHUE [apaMeTpoB cpeabl Hu Ouoruyeckux (axropoB Ha
(yHKIMOHUPOBaHUE cOOOIIECTBA (PUTOIUIAHKTOHA.

MHoromepHble  CTaTUCTUYECKHE  METOAbl  CPEAUM  MHOMKECTBA  BO3MOJKHBIX
BEPOSATHOCTHO-CTATUCTHYECKUX MOJIEJIeH MO3BOJISAIOT OOOCHOBAHHO BHIOpaTh Ty, KOTOpas
HAWJIydIMM ~ 00pa3oM  COOTBETCTBYET  HCXOAHBIM  CTAaTHUCTUYECKHMM  JIAHHBIM,
XapaKTepU3yIOUIUM peabHOe MOBEJACHUE HUCCIETYeMOH COBOKYIHOCTH OOBEKTOB, a TaKkKe
MO3BOJISIET OLEHUTh HAJEKHOCTH M TOYHOCTh BBIBOJOB, CJEJAHHBIX HAa OCHOBAaHUU
OrPaHUYEHHOr0 CTAaTUCTUYECKOro Marepuana. B nganHoit paborte cjaenaHa nomsITKa
UHTEPIPETUPOBATHL PE3y/IbTaThl (PAKTOPHOIO AaHAJN3a, BBIMOJHEHHOIO C LEIBI0 OLEHKU
COBMECTHOI'O BIMSHUS T'MJIPOJIOTHYECKHUX, TMJIPOXUMHUYECKHX, OMOTHYECKUX MapaMeTpoB U
3arpsisHeHMsT  Ha  (QyHKUMOHMpOBaHME cooOuecTBa (DUTOILUIAHKTOHA,  OMPEIEIIEMOe
MU3MEHYUBOCTBIO OMOMACChl MUKPOBOIOPOCIICH.

MaTepuaJjibl 1 MeTOAbI

JUis uccnenoBaHus MPOCTPAHCTBEHHO-BPEMEHHOH HM3MEHYHMBOCTH (DUTOIUIAHKTOHA
CEBEPHOH MOTOBHHBI YEpHOro MOps MCIOIbL30BAIN JaHHbIC, MOJYYEHHBIE B IIECTH HAY4YHO-
uccieoBaTenbCKuX peiicax Ha cynax YkpHLIDM c¢ ywactuem corpyanukos HMublOM
um. A.O. Kosanesckoro. PerynsipHble KOMIUIEKCHBIE CBEMKH OOIMPHONW aKBATOPUHU

o ) (0] E) ’ E)
ceBepHOU yactu Mops (B npeaenax skonomszon CHI™ — 42°20° — 46°30° N u 30°00” — 41°00°E)
NPOAOJDKUTENBLHOCTBIO 20-25 cyTOK Kaxaas ObLIM BBIMOJHEHBI 110 €UHOM CETKE CTaHLUI B
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mapre-Hauaie anpesns 1 B Mae 1992 r. (60-ii u 61-ii peiicet HUC I'. Ymakos) (UccinenoBanus
IKOCUCTEMBI ..., 1994). B nepuox chemok Ha craHuusx | paspsiia, BbITOJHSBIIMXCS
exeaHeBHO ¢ 8 10 14 yacoB acTPOHOMHMYECKOTO BPEMEHH, OCYIIECTBIBICS KOMILUIEKC
CTaH/JAPTHBIX HAOJIIOJIEHUI — METEOPOJIOrHYECKUX, THAPOJIOrHYECKUX, THIPOXUMHUYECKUX U
ruapobuonioruueckux. [Ipodsl ¢uromiankrona cobupanuck 30-TUTPOBBIM IUIACTUKOBBIM
6aromerpom “Niskin” ¢ ropuzontos, coorBerctByronmx ocsemennoctu 100, 46, 25, 10 u 1
%. JlononuurenbHo orOupanu npoObl (UTOIUIAHKTOHA C Y4E€TOM CTpaTHdUKaluU BOJ (HAX
TEPMOKJIMHOM, B TEPMOKJIMHE H 1oa TepmokiauHoM. Ha cranmusx |l-ro paspsaa,
BBIMOJIHABIIMXCSE 2-6 pa3 B TEYEHUE CYTOK, MpoObl (UTOIIAHKTOHA OTOMpanu Ha
cranaapraeix ropusonTax: 0, 10, 25, 50 u 100 m.

Hcnonw3oBanbl gaHHbIE 0 OMoOMacce (UTOIUIAHKTOHA, MOJTYYEHHBIE COTPYAHUKAMU
YxkpHILIODM JILA. Bunorpanosoii, B.H. Bacunesoii, O.I'. OcerpoBbeimv, A.E. UBneBbiM u
coTpyaHulei otaena GyHKuHoHUpoBaHus Mopckux 3kocuctem MHBKOM HO.B. BpsinuieBoii.

Jns ananmza ObUM  UCHONB30BaHbl  CBEJACHUS O CICAYIOLIMX CTPYKTYPHBIX
KOMIIOHEHTOB PKocHcTeMbl YepHoro mopsi:

— abuotuueckue napameTpbl cpeabl (nanubie YkpHLIOM) na Bcex 108 cranmusx —
CpeJIHHE B OCHOBHBIX CIJIOSIX MOpPsl TEMIIEpaTypa, COJIEHOCTh, COJAepKaAHUE KUCI0poia; obmias
riiyOMHa Ha CTaAHLMH, TJIyOHMHA 3a€raHusl TEPMOKJIMHA, TOJIIIMHA OCHOBHBIX CJIOEB, IiTyOnHa
3ajieraHus  M300KCUreHol | M/ (rpaHMIBbl  CJIOS  COCYIIECTBOBAHUS  KUCIOpOAA H
CEepPOBOIOPO/IA), MPO3PAYHOCTL BOJLI; cpeanee cojgepxanue 6uorenos — NO2, NOs, o6uiero
¢docdopa; aurponorenubie (axkropel (Ha 10 craHUMAX) — CpeAHME KOHLEHTPALMU
nounoTaHToB  (Tskensix metauioB Hg, Zn, Ni, Cu, Pb, Cr, Cd, Fe, mbiubsika u
Heprenpoaykros (HYB)) (Menunen u jnp., 1994; Jlensra u ap., 1994);

— OuoTMYeCKHE MapaMEeTpbl: CPEJHEB3BELICHHBIE B CJIOSX 3HA4YeHHs OHOMACCHI
¢urorlankrona (wa 18 cranumsx) (bpsuuesa, 2000), Ouomacchl JNMUIUIAHKTOHA,
OaTuIUIaHKTOHA M JKeeTesbix opraHnu3moB (I'py3oB u ap., 1994).

AOHOTHYECKHE XapaKTEPUCTUKU Cpeibl U Ouomacca 300IUIAHKTOHA MPUBOASTCS 110
nanHbiM YkpHIIDM u nepenanst Ham B nopsiake obmena no JloroBopy o HayuHOM
corpyauuuectse MUublOM u YkpHIIDM.

OcHOBHBIE CJIOM menaruand — noBepxHOCTHbIH Mukpocioi ([IMC), Bepxuuii
nepemewmandbiii  cnoi (BIIC) wnm, uro Toxke, BepXHMH KBa3MOJHOPOJHBIH CJIOH, CIIOM
TEPMOKJIMHA U CJIOM HMKE TepMOKJIMHA 10 50 M paccmaTpuBalTCs B JIaHHOW paboTe Kak
caMocrosiTellbHble  OuoTtonbl.  Mcnonb3oBanuch  CpeHEB3BEIICHHBIE BEJIMYMHBI  BCEX
napamMeTpoB B OCHOBHbIX ciosix nenaruanun (Newhose, 1968). Jlaunbie O BbISBICHHBIX
NPEBAIMPYIOUIUX MOJUIIOTAHTAX, KApThl M AQHAJIM3 MX PaCHpe/ieieHHs, MoJisi OuoMacchbl
MHUKPOBOJIOPOCIEH M 300IUIAHKTOHA B OCHOBHBIX CJIOSIX MeEJIardajli NPHUBEJEHBbl B HAIIUX
paborax (J{3uukwuii u ap., 2011, Dzitsky et d., 2012; Kpamenunnukosa u jp., 2019).

Jlns nonyuenus GakTOpHLIX Mojesei Obll MCIIOIBL30BaH cTaHAapTHLIN naket Statistica
22. Ilapametpsl Juis pacyeToB BbIOMPATMCH HA OCHOBAHMM HAMOONBIIMX KOIPQHUIIHEHTOB
KOPPEJISLUU MEkK1Y HUMH U 3HaYeHUAMH Ouomaccs! putorutankrona. Otdop umcna Gpakropos
BBIIOJIHEH C HCHONb30BaHueM kpurepus Kaiizepa, MCIONb30BaHO BapUMAaKCHOE BpalleHHE
CUCTEMBbI KOOpAHMHAT ocel-(hakTopoB. MaKTOpPbl OMUCHIBAIOTCS JIUHEHHBIMU YPABHEHHUSIMHU,
CJIAra€MbIMHM KOTOPbIX SIBJISIIOTCS BBIOPAHHBIC PENPE3CHTATUBHBIC MAPAMETPbl C HEKOTOPLIMH
ko uumenramu Harpysku. [lpu uHTEprnperanuu pe3yibTaToOB HCMOJIb30BAIUCH TOJIBKO
napaMmeTpsl, umeBne kodpduunentsr Harpysku >0,7 (bypeesa, 2007).

Pe3yabTarsl 1 HX 00CYIKIeHHE
Pacnpenenenune Ouomaccsl (uroruianktoHa BecHOM 1992 r. B OCHOBHBIX CJIOSIX

nejarvaau  — noBepxHoctHOM Mukpocioe ([IMC), BepxHeM nepeMemaHHOM — WIH
kBazuogHopoHoM ciioe (BIIC), cioe TepmokinHa U B €J10€ 110 TEPMOKIMHHOM 710 50 M 1 ux
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OBUJIME ®UTOITVIAHKTOHA B CEBEPHOU ITOJIOBUHE YEPHOI'O MOPS BECHOH B CBA3HU
C COBMECTHBIM BJIMSHUEM I'MJJPOJIOT MYECKHUX YCJIOBUH, ITVJIA BUOTEHOB U ...

Tpoduueckuii cratyc no MexkayHapoaHoil knaccudpukauuu Globa Intemational Waters
Assessment (Borysova et d., 2005) uzo6paxeno na puc. 1.

nMc

Brc

Cnown

Tepmo

KnnuHa

Onurotpodp
HbIVA MesoTpodp-
HbIA

3BTPOtHBINA

Puc. 1 — Pacnpenenenue 6uomacce! (pUTOIIAHKTOHA (Mrv>) u TpoUUECKuil cTaryc
OCHOBHBIX CJIOEB mejarvanu BecHoi 1992 r.

BeisiBieHo mnoBblieHMe B Mapre-Haudane amnpeisi tpoduoctu [IMC B cesepo-
BOCTOYHOM 4aCTH MOps, IJIe MAKCHMalbHas GHomacca (uTorankTona gocturana 10,8 rv>,
M Ha ceBepo-3amaje B CI0e TePMOKIMHA 0 9BTpodHOro ypous (5,3 rm>). B cioe Hike
TEPMOKJIMHA HA CEBEPO-BOCTOKE MAKCHMAJIbHBIE BEIWYMHbI OOWIMS (DUTOIIAHKTOHA
pocturanu 2,2 M3, uTo XapakTepHO Ul Me30Tpo(pHBIX-3BTpodHEIX Boj. Takas curyarms

corjlacyercsi ¢ MpeACTaBICHUSIMU O NOsBIEHUU B MapTe 1992 r. npoayKTHBHON 30HBI BOIU3H
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marepukoBoro ckioHa (I'pyzoB u jp., 1994). OcranbHble BOAHBIE MAacChl B MapTe U BCS
aKBaTOPUSI B Mae€ XapaKTEPHU30BAJIUCh OJIMIrO- M ME30TPO(GHBIM YPOBHEM pa3BUTHUS
¢uTorulankToHa. B BbIIEIEHHBIX OCHOBHBIX CIOSIX IMEJAarHaid KOHLIEHTPALMs BOJOPOCIEH
3HAUUTEJIHO MpEBbIIIana CpeHue BeJUYUHb! it Bcero 100-meTpoBOro ciiosi, KOTopbie B
mapTe goctirani 1 rv™ Ha ceBepo-3amnagHoM wmeabde u y BOcTouHbIX Geperos Kpbiva u 0,5
M7 B LEHTPAILHOI M BOCTOUHBIX YacTsiX Mopsi. B mae 6nomacca duromnankrona ot 1 101,5
r'M> GblIa OTMEUEHA TOJBKO HA CEBEPO-3aMajHOM Menb(e, TOra KaKk B HEHTPAIbHOI 4acTH
Mopsi oHa ne npesbiana 0,1 rvM>u 0,5 r'M>— B BOCTOUHOI.

Ha ¢one MHOroserHux H3MEHEHHH CTPYKTYpbl cooOmiecTBa (DUTOIUIAHKTOHA I10
JTaHHBIM KOMIUIEKCHBIX cheMOoK YKpHI[OM HO.B. bpsuueBoii Obl10 nokas3aHo, 4to ypoBeHb
pazButus Qurorankrona B 1992-1993 rr. B BOCTOYHOM paiiOHE HE3HAYUTEIBHO
IPEBOCXOJIWI CPEAHEMHOIOJIETHHE BEJIMYMHBI, a B CEBEpO-3alaJHOM paioHe — ObLl
COMNOCTAaBUM C HUMHU. M3MEHUYMBOCTH B CyMMapHO# GuoMacce BOJAOPOCIIEH COMPOBOXK/IaIaCh
M3MEHEHMSAMH B OTHOIIEHHMM OMOMAacchl JUATOMOBBIX K OuoMacce mepuIMHHEBBIX
Bojopociueit (D/P), Bkinaa nuaromeit B cymmaphyto 6uomaccey ¢uroriankrona ¢ 70-x no 80-e
rojibl Ha BOCTOKE CTaJl BO3PAcTaTh, @ HA CEBEPO-3aMa/ie — CHUKATHCS, 3aTEM B 000MX pailoHax
Ha0JII01aJI0Ch BO3pacTaHUe JOJIM TEePUIMHUEBBIX Bojopocieit. B 1992 r. ona pocturia
MaKCHMMyMa OTHOCHUTEJIbHO NpPEALIECTBYIOWUX JeT. B BocTtounom paiione Oumomacca
NEpUJIMHEN CTajla [MO4YTH paBHOM Ouomacce aAMaToMOBBIX, a uHaekc D/P cuusuics
OTHOCHTEJIBHO CPEJIHEMHOTOJIETHEr0 3HAueHHs B 6 pa3 BCIEACTBHE IBTPOGHKALUU MOPS
(bpsinuesa, 2000). B aToii pabore aBTOp BBINOJHMIA OLEHKY BKJIaJa KIMMaTH4YECKOTO U
AHTPONOreHHOro (PaKTOpOB Ha AUCHEpcUIo buomacch! puroriankrona. Exo ycranosieHo, 4ro
MEKr0/10Basi K3MEHUYMBOCTb OMOMACChl BOJAOPOCJIEH B 3HAYUTEILHON CTENEHU O00YCIIOBJICHA
M3MEHYUBOCTBIO aTMOC(EPHONH LMPKYISALUU (4Yepe3 BO3ACHCTBHE HAa LMPKYISILHUIO BOJ),
BKJIa/1 KOTOPO# B IUCIIEPCHIO OHOMACChI (PUTOIUIAHKTOHA B OTKPLITHIX Bojax B 70-¢ — Havyane
90-x rr. nocrurasn ot 18 10 56%.

Binusinue antponoreHHoro (akropa Ha CTPYKTypy cooluectBa (UTOIIAHKTOHA
FO.B. bpsiHuieBO# OLIEHUBAJIOCH HA OCHOBAHMM MHTErPaJbHOrO IMOKaszatesisi — Oo0beMaMH
OTbEMA PEYHOrO0 CTOKA M CBA3AHHOIO C HHUM €ro CE30HHOro mnepepacnpeneneHusi. Takoi
NOJX0/l HE I03BOJISIET BBUICJIUTh KAaK OCHOBHBIC MOJUIIOTAHTHI-CTPECCOPBI, TAK M BKIIAJl
COBMECTHOIO BO3JCHCTBHUS KIMMATHYECKUX, OMOTHYECKMX M AHTPONOrEHHBIX [ApPaMETPOB
nejardasii Ha (UTOIUIAHKTOH. DTy 3ajJadyy Ha OCHOBAaHUM HMMEIOLIUXCS JIAHHBIX MbI
HOMNBITAIUCH PELIUTH C TOMOLIBLIO (PAKTOPHOIO aHATHU3A.

Jnst hakropHO#t MoJiesn ObLIM pacCMOTPEHBI 25 MCXOAHBIX mapamMeTpoB. B kauecTse
penpe3eHTaTuBHLIX ObUlM O0TOOpaHbl MO 9 mapamerpoB, MMEKIOMIMX HAUOOJbLINE IapHBIE
KOPpEJISIUK ¢ BeJIMYMHAMHM OHMOMacc BOJOpOCIIEH Ui Kax/0ro ciios nenaruanu (tadim. 1, 2)
3a MCKJIIOUEHUEM CJI0sl HMKE TEPMOKIIMHA B MapTe, JaHHBIE /I KOTOPOro OBLIM MOJIY4EHbI
TOJILKO Ha 9 riuybokoBoHbIX cTaHuusx. Ha ocnoBanum kpurepus Kaiizepa Obliu BblieseHbl
Tpu (pakropa. B mapre-nauane anpesns ais Bepxuero nepememannoro ciuos (BIIC):

B =2,45F1+2,28 F2+1,92 F3, (1)

F1=-0,872 Hg + 0,871 Cr 40,6 Zn + 0,51 NO: - 0,61 Cu 40,251 Pb - 0,266 BG
40,284 H thermodline 40,302 BPL

F2 =0,941Cu +0,925Pb +0,572 Zn

F3=0,879BG +0829 H themocline +0,551 BPL,

rae B — 6uomacca ¢urornankrona B BIIC;
F1... F3 - Beiaesnennsie (hJakTopbl, 3HAUCHUSI KOHIIEHTPALIUI METAJUIOB B BOJIC;
BG - Guomacca %eJIeTesIoro MIaHKTOHa B MI'M >,

BPL — 6Guomacca 6aTHIUIAaHKTOHA B MI™M .
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OBUITUE ®UTOITVIAHKTOHA B CEBEPHOU I1OJIOBUHE YEPHOI'O MOPS BECHOH B CBA3U
C COBMECTHBIM BJIMSHUEM I'MJIPOJIOT MYECKHUX YCJIOBHUH, IT1VJIA BUOTEHOB U ...

ouomaccoil puromiankrona secuoit 1992 r.

Tadauna 2.
Koppeasinust 6M0THYECKHX XapPAKTEPHCTHK BePXHEro MepeMeanHoro ¢Jios ¢

B Buomacca Buomacca 30011aHKTOHa,
: = s nomacea 300ILIAHKTOHA, Mr/m> buowacca mr/m3

= [~ = >

5 S 5 | puronnankrona, Koo (uronnankroHa, Kere-
2| 3 5 mr/m3 Dnu- | Baru- ene Mr/m3 Dnu- | Baru- .

= = o0pa3Hblit 0o0pa3HblIi
Mapr Maii
21| 31 | 455 274,44 71,3 11157 2614 813,24 - - 129,29
23 | 32,00| 44,50 44,21 2,9 | 1849 293 6,83 836 | 2835 | 69297
24 | 312 | 45 120,91 306 | 9595| 87,18 81,45 865 | 1345 | 704,06
35 | 34,00 43,50 149,99 - - - 152,48 022 | 21,77 | 259,19
39 130,33| 458 162,1 15,03| 37,53 0 18,96 9847 | 41,13 | 148866
44 | 36 45 259 3858 85,56 | 3068,49 51,57 023 | 049 | 5791,86
53| 35 | 445 63,24 012 | 18 104,43 104,30 137,05|154,86| 5996,03
55 | 36,00 | 44,50 40,63 0,00 | 70,89, 9898 89,84 198 | 7,32 373,25
65 | 365 | 445 17,6 0,05 | 8322 452,98 56,84 207,28| 11,28 958
66a| 38 | 435 540,37 0,15 | 0,65 0 58,72 3352 | 647 | 1024,56
69 | 38 |44,28 146,93 0,71 | 96,86, 788,95 337,97 08 0,22 | 1057,85
77 | 38 44 107,37 0,05 | 895 60 40,28 0,02 03 2542,47
81 | 39,00 43,00 39,65 0,32 | 26,02 206,83 13331 0 13,22 | 12772,5
85 | 385 | 44,12 874,27 0,05 | 298 | 186,16 69,33 04 0,49 687,26
90 | 40 | 425 35,32 007 | 899 | 37142 121,23 0 0,08 | 102297
93 | 39,00| 43,85 164,04 0,29 | 44,49| 1053,9% 153,72 003 | 2807 | 351,45
96 | 41,00| 42,00 105,39 1,19 | 964 | 553,69 213,15 035 | 874 449,48
100 40,98 | 42,65 453,54 0 |48 | 12365 53,55 0 239 129,29
Kosdppuuumenr
napHoOH

koppessinu R? 1 0645 -036| -0236 1 0745 | -0,113| -0,16
¢ buomaccoi '

(UTONIIAHKTOHA

[Ipumeuanue: PenpeseHTaTHBHbIC TAPAMETPBI BbIICICHbI KUPHBIM LIPU(TOM.

KupubeiM  wpudTOM BBIACICHBI 3HAYUMbIE HArpy3ku napamerpoB. CoBOKymHas
aucriepcewsi, oObsiCHEHHAst 31O (hakTOPHOU Mozenbio, npuBeaeHa B Tabu. 3. Pacnpenenenue
3HAUUMBIX MapaMeTpoB B (PAaKTOPHOM IPOCTPAHCTBE Ul BEPXHEr0 NEPEMELIAHHOTO CIIOS

BecHOM 1992 r. n3o0paxeHo Ha puc. 2.

CCULEYTY, 3

Mapr manano anpeas

198 3] .

Ko

Homnonenr 2

Puc. 2. PacnipeseneHue 3Ha4YMMBIX TapaMeTPoB B (JaKTOPHOM IPOCTPAHCTBE JIJISt BEPXHETO
nepeMenaHHoro ciiosi BecHo 1992 r.
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W3 tabn. 3 u ypaBuenuii (1) cieayer, 4to BO3/IeHCTBIE KOHIEHTPALUI PTYTH U XpoMa
Ha aucnepcuto 6uomaccsl ¢uroruankrona B BIIC B mapre coctaBuio no 13,5%, Ho umerno
IPOTHBOIOJIOKHYIO HarpaBiaeHHOCTb. [Ipu 3TomM cienyer OoTMETHTb, YTO PTYTh HE Obula
IPEBAIUPYIOLIUM MOUTIOTAHTOM BO BCeX C10sX nenaruanu (tabiu. 4) u ee coaepxanue B BoJe
HUIJIE HE MpEBbIIIAIAa JOMYCTUMYIO KOHLEHTpanuioo (tabn. 1). Meab u cBUHEL B cocTaBe
BTOpOro (hakropa B mapre BHocAT ewte 1o 12,5% B nucnepcuro Guomacces! GUTOIUIAHKTOHA B
BIIC.

Tabnuna 3.
Oo0bsicHenHasi GAKTOPHBLIMH MO/IeJISIMH COBOKYITHASI JHCIIEPCHS
o [TpoueHT 00bsICHEHHOM AuCTIepCHU [TpoueHT aucnepcuu nociie BApUMAKCHOIO BpallleHHs!
aKTop - -
Mapr-Havaiio anpess Maii MapT-Hayaio anpes Mait
1 38,16 57,63 27,20 37,59
2 19,00 20 25,31 29,02
3 16,66 11,53 21,30 22,55
Cymma 73,82 89,16 73,82 89,16
Tabauua 4.

[IpeBasupylomue 3arpsA3HUTENH B TOJILLE BO/J CeBepPHO 1010BHHBI YepHOoro BecHoMH
1992 1. u npeBbIleHHE HX COMAEPIKAHUS JIONYCTHMBIX KOHLEHTPALIHii

no (J3uukuii u ap., 2011, Dzitsky et al., 2012)

MapT-anpens | Maii
[Tosepxuocrubiit Mmukpocnoi (IIMC)
Fe HYB Cr Cr Fe HYB
Cpeanee, % 231,0 205,0 72,5 390,0 3773 205,0
Maxkcumym, % 284,0 400,0 100,0 890,0 764,0 400,0
Bepxuuii nepemerannstii cinoi (BIIC)
Fe Cr Cu Fe Cr Zn
Cpennee, % 241,7 137,0 45,6 1093 104,5 838
Maxkcumym, % 880,0 380,0 90,0 254,0 233,0 209,1
Cioii TepmoKiIMHa
Fe Pb Cu Fe Cr Cu
Cpennee, % 164,0 108,0 164,0 191,3 104,5 57,0
Maxkcumym, % 164,0 108,0 164,0 606,0 200,0 110,0
Crno#i o1 HHXKHEH rpaHuLbl TepMokinHa 10 100 m
Fe Cu Cr Fe Cr Cu
Cpennee, % 153,22 145,4 74,8 1243 1128 49,3
Makcumym, % 482,0 547,0 1230 334,0 180,0 78,0

Tpernii dakrop onpeaensercs rayOMHON 3ajJeraHus TEPMOKJIMHA, KOTOPBIH
OrpaHMYMBAET BEPXHHH MEPEMELIAHHBIN C/10H. YeM HUKE OH 3ajIeraeT, TEM TOJILIE OCHOBHOM
npoayktuBHbiilt cinoit BIIC u Bbime 6uomacca Bogopociei. OTCyrcTBHE B COCTaBe HTOrO
¢dakropa OMOMAcChl PAvyKOBOrO IUIAHKTOHA, HO-BUAUMOMY, OOBIACHSAETCS AKTHBHBIM €ro
BblelaHueM keserenbiMu. Ha nomio stux mapamerpoB npuxoaurcs no 10,5% cymmaphoit
aucnepeun Ouomaccesl  guroriaHkToHa. To ectb, B mMapTe Mbl Halba0Aaau, 4TO BKJIAJ
AHTPOIOTEHHOI0 3arpsi3HEHUsI B JUCIEPCHI0 OHomacchl MUKpoBoaopociei cocrasui B BIIC
okoso 52,5%, na nomo abuotruyeckux mnapamerpoB npuxoautcs okoso 10,5 % u Brian
ouotel — ente 10,5%.

Curyauus B BIIC B mae onuceiBaercs cieayronieit pakTopHO MOJIEIBIO:

B =338 F1+2,61F2 +2,03F3, (2)
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F1=- 0,963 Sol +0,934 NO>+0,916 EPL+0,5 Ni +0,032 Cr +0,422 Fe +0,394 Pb -
0,141H Temo +0,374 Zn

F2 =0,969 Cr +0,761 Fe + 0,742 Pb

F3=0941H Temmo -0,722Zn + 0,53 Pb,

rae Sol — conenocts Bosbl B BIIC B %o;

NO:— KoHILIEHTpaLUs HUTPUTOB B MKT'JT
EPL — 6romMacca MUILIAHTOHA B MI'M =,
H Temo — rinyOuna 3aneranust TEPMOKIIHHA, M.

1

.
!

U3 ypaBuenuii (2) u tabin. 3 cieayer, 4TO OCHOBHBIMHM IapaMeTpamMH I[JIABHOTO
¢axropa, onpexensomero 6uomaccy ¢urorankrona B BIIC B mae, sBIsUIMCH CONIEHOCTH
BOJIbI M cojJepkaHue B Hed HUTpUTOB. M3BecTHa HeraTtuBHas peakuus cooluiecTsa
(PUTOIUIAHKTOHA HA PACIPECHEHHUE MOBEPXHOCTHBIX BOJ B Ma€ M3-3a MABOJKA KPYITHBIX PEK —
Jynas, luenpa, /{uectpa, byra. [loBeiieHHOE COAEpKAHUE HUTPUTOB B MA€ 110 CPABHEHUIO C
mMaproM—HauyajgoM amnpens (tabn. 1) oObsACHSETCSs BBIHOCOM OHOr€HOB B MOpE C ITUM
naBoakoM. HeratusHblit ekt pacrnpecHeHUs MOBEPXHOCTHBIX BOJ HA POCT BOIOPOCIIECH
KOMIICHCUPOBAJICA BO3paCTaHUEM KOHLCHTPALUU 6I/IOFeHOB, HO OrpaHH4YMBaJICiA, I10-
BU/IUMOMY, aKTUBHBIM BbIC/IaHUEM PACTHUTE/IbHBIX KJIETOK AKTUBHO Pa3MHOKAIOLUMMCS B 9TOT
CE30H HMUIUIAHKTOHOM. BK1aJ COJIEHOCTH, KOHLEHTPALMH HUTPUTOB M OIHUIUIAHKTOHA
OKa3ajiCs IMPUMEPHO paBHBIM — OKOIO 13% oObsicHEeHHOH aucnepcuu OUOMACCHI
¢urorutankrona (tabi. 3).

BosneiicTBue npeBaqupyrOUUX 3arps3HUTEICH — XpoMa M JKelle3a — MPOSBUIOCH B
JIOMOJIHUTEIBHOM BTOPOM (hakTOpe M 0Ka3ajJoCh CONOCTAaBUMBIM C TaKOBBIM CBHHLA. MX
CyMMapHblii BKJ1aJ coctaBui 23%.

Tperuit ¢axrop onpenensacs kKak INIyOMHON 3ajneraHus TEPMOKJIMHA, TaK M
HEraTUBHBIM BO3jAeiicTBMeM Ha Ouomaccy Bopopocyielt (okono 7%) ewme OIHOTO
npesanupytouiero B BI1C meraiia — nunka (tabi. 4).

Takum obpazom, nHa pomo 3arpssuenus BIIC B mae npuxoaunocs okxono 40%
CYMMapHO# OOBSICHEHHOM Jucnepcuu OMoMacchl (PUTOIUIAHKTOHA, HA A0MOTHUYECKUE MTApaMETPBI
(coneHocts u riyOMHA 3ajleraHusi TEPMOKJIMHA) — B cymMMme OKoso 23%, Ha myn OMOreHoB
(autputsl) — 13% 1 Ha OuoTHYecKue mapaMeTpsl (Oromacca nurutaHkToHa) — eute 13%.

Onenka BKJIaJa pa3iMYHBIX YKOJIOIMYECKUX (PAKTOPOB B CYMMApHYIO JIUCIIEPCHIO
Ouomaccel (PUTOIUIAHKTOHA, PACCYMTAHHOIO HA OCHOBAHMHU IOJIYYEHHBIX MHOTOMEPHBIX
CTaTHCTHYECKUX MOJIENIEeH, Aana B Tabi. 5.

Tabauua 5.
Ouenka BKJ1a1a YKOJIOrH4eCKUX (PAKTOPOB Pa3/IHYHOH NPHPO/IbI B IUCIEPCHIO
Ouomaccehbl GUTOIIAHKTOHA CeBepHOi M0, 10BHHbI YepHoro Mmopst Becnoii 1992 r.

Mapr-nauano anpens 1992 r.
Crnoii [Tyn Cymmapras
AwnTtpornorensslii | AGHoTHYECKUI GHOLCHOB buora 00bsICHEHHAs!
JUcIepeust
[IMC 49% 11% 19% - 79,2%
BIIC 52,5% 10,5% - 10,5% 73,82%
TepmokinH 13% 40% - 22% 74,97%
Husxe-50 m 22% 21% - 20% 63,13%
Mait 1992 r.

[IMC 36% 26% 8% 7% 77,48%
BIIC 40% 23% 13% 13% 89,16%
TepMoKJIMH 35% 24% 17% - 76,48%
Huxe-50 m 46% 34% - - 80,72%
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HanpaBneHHocTs  COBMECTHOrO  BO3JACHCTBUS ~ KOMIUIEKCA  HCIOJIB30BAHHBIX
napaMeTpoB Ha o0wine (PUTOIIAHKTOHA BO BCEX OCHOBHBIX CJIOSIX MEJIATHAIM CEBEPHOM
yactu YepHoro mops BecHoit 1992 r. no pesynbratam (akTOpHOro aHajau3a MpeJACTaBICHA B
tabn. 6. Kiaccuduxauwms 3arpsisHenus B Tabiauue npuBoautces no meroauke ['OUH
(Kopuienko u ap., 2009) Ha ocHOBaHMM OLIEHKH HHAeKca 3arpszHeHus Boawl (M3B) mo
pe3yabTaTam Halmx npeabaymux pador (3uukuii u ap., 2011, Dzitsky et al., 2012).

HaubGonee cuwibHOE aHTPOMOreHHOE BO3JAEHCTBHE HAa COOOLIECTBO (PUTOIUIAHKTOHA,
Ha0monaBiieecs B Mapte-Havasie anpess (tadi. 5), o0bsCHsAETCs BBIHOCOM Kak OMOreHOB, TaK
U TOJUTKOTAHTOB B JICSTENIbHBIN CJION MEJaruajii B pe3yJbTaTe 3UMHEH KOHBEKLMHU. YPOBEHb
pa3BUTHsL paKOOOPA3HOrO 300IUIAHKTOHA PAHHEH BECHOM eule HeBbICOK (Tali. 2), BblejaHUE
UM MUKPOBOJOpOCIIEH B Mojenu He Obu1o BhiABiIeHO. Ho, no-Buaumomy, nepe3suMoBaBiine
HOMYJISIMU JKEJIETENIbIX aKTUBHO MOTPEeOJISiIM PaukoB BO BCEX OCHOBHBIX CIIOSIX IMEJarvaiu
(ypaBuenus 1, Tabu. 3, 6).

Panee mnoka3aHo, 4YTO MHTEHCHBHOCTb OHOCEJIMMEHTALMM B (HOTUUECKOM CIIO€
YepHoro Mopst Ha NPOTSIKEHUU BCero roaoBoro nukia 1992 r. B mae Obula MakCHMAaJIbHOM
(Campimes, 2009; Samyshev, Minkina, 2017). Ilostomy 5(heKkT aHTpONOreHHOro
3arpsi3HEHUST B ATOM Mecslle, HECMOTPsi Ha IAaBOJOK PEK, B BEPXHUX CIIOSX IeJiaruajin
CHMXACTCA H3-3a AKTHUBHOI'O BBIBCACHHUSA IMOUIKOTAHTOB OTMHPAOLIUM CbIATO' u 6ypH0
pPa3BUBLIMMCS JMUIUIAHKTOHOM (TabJ1. 2). DTa cuTyanus Halula OTPAKEHUE U B MOSIBJICHUU B
cocraBe MIaBHOro (pakTopa, ACHCTBOBABIIEIO B IOBEPXHOCTHBIX CJIOSIX MOpsi, HapaMerpa
OMOMacChl AMUIUIAHKTOHA, aKTUBHO MOTPEOIISBILIEr0 KIETKH BOJOPOCIIECH.

BbiBO/IbI

OcHoBHblE cC/IOM nenaruanu — MoBepxXHOCTHbIN Mukpociaoi (I[IMC), Bepxuuii
nepemewmannbiii cioit (BIIC), cnoit tepMmokimHa u cioit Huxke tepmokiuHa 0 50 M —
paccMaTpuBalOTCS B JIAHHOH pabdoTe Kak camMocTosATe/bHbIE OuoTomnbel. XOTS 110
JIUTEPATYPHBIM JIaHHBIM YPOBEHb pa3BuTusi puroruiankrona B 1992 r. B BOCTOYHOM paiioHe
HE3HAYUTEIILHO MPEBOCXO/AUII CPEHEMHOI 0OJIETHUE BEJIMUYMHBL, @ B CEBEPO-3aI1a/IHOM pailoHe
— ObUI COMOCTaBUM C HUMH, BbISIBICHO noBbimieHue tpoduoctu [IMC B ceBepo-BOCTOUHOIM
4aCTU MOPS M HA CEBEpPO-3aI1a/ie B CJI0E TEPMOKIMHA 10 IBTPOGHOro ypoBHs B MapTe-Hayae
anpesnst 1992 r. Croit nenaruaiu HWKe TEPMOKIMHA 10 50 M Ha CEBEPO-BOCTOKE MOXKHO
0XapakTepu30BaTh Kak Me30TPOPHbIH-IBTPO(HbINH. OcTallbHbIE BOJAHBIE MACCHl B MAPTE U BCS
aKBaTOpPUSI B Mae€ XapaKTEPHU30BAJIUCh OJIMrO- M MeE30TPO(GHBIM YPOBHEM pa3BUTUS
(uTOIIAaHKTOHA.

Wcnonp3zoBanne MHOroMepHOro ()akTOpHOro aHaju3a IO3BOJIMIO  OLICHUTH
COBMECTHOE BIMSIHHE ILEJIOro psjia CTPECCOPOB pa3IMYHON MPUPOJBI HAa COOOILIECTBO
mukpoBojopocieil. [lokazaHo yepenoBaHHE OCHOBHBIX CTPECCOPOB B Pa3IMYHBIE MECSIIbI
roga. B mapre TakoBbIMU SIBISUIMCH NMPEBAIMPYIOLIUE B BOJE TSKEIIbIE META/UIbL, B Mae —
MOHUIKEHHE COJICHOCTH HM3-32 PACIPECHEHUS MOBEPXHOCTHBIX BOJ, CBSI3aHHBIX C MAaBOJAKOM
KpynHbix pek — Jlynas, /lnenpa, /[nectpa, byra.

Pesynbraramu (pakTOpHOro aHaIn3a MOATBEPIKAACTCS U3BECTHASI HEraTUBHAS PeaKLs
coobuiecrBa (urToraHnkrona B noBepxHocTHOM Mmukpociaoe (I[IMC) wu B BepxHem
nepemewmianioM cioe (BIIC) Ha pacnpecHenne moBepXHOCTHBIX BOJ B Mae M3-3a MaBOJKa
KpynHbIX pek. OJHOBPEMEHHO IOKa3aHa IO3UTHBHAs pEaKlMs Ha COAEpPKAHUE B BOJE
HUTPUTOB, CMBIBAEMBIX B MOPE C [1aBOJIKOM.

BriepBbie BBIIBICHO CHHIPrUYECKOE IMO3UTHBHOE BO3JCHCTBHE IPEBATUPYIOLUIUX B
YepHoM MOpe MOJUTIOTAHTOB — JKEJe3a, XpoMa U MEIU Ha COOOLIECTBO MHKPOBOJIOPOCIICH.
OOHapyxeHbl HEraTuBHas peakuus cooOuiecTBa (UTOIMUIAHKTOHA HA COJEPKAHME B BOJIE
pryru B BIIC B mapre u uuHka B cioe tTepMokivHa B mae. B maprte obuwiune GaruriankToHa
0/ TEPMOKJIMHOM I10JIOKUTEJIBHO KOPPEIMPOBAIO ¢ OOMIMEM BOZOPOCIICH.
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MUHKWHA H.U.

B Mae B NOBEpPXHOCTHBIX CIIOSIX TaKas CBsi3b IPOSIBWIACH C OOMJIMEM HMH- U
HKEJIETEIOr0 MJIAHKTOHA.

BrepBbie BBINOJHEHA OLEHKA CYMMapHOro BKJIaJa JKOJIOIMYECKUX (hakTopoB
pa3IMYHON NPUPOabl — A0MOTUUECKUX, AHTPOIIOT €HHBIX, 11yJ1a OMOreHOB M OMOTUYECKUX — Ha
coctosiHue cooduiecTBa puroruiankrona. Haubonee cuibHOe aHTPONOreHHOE BO3IEHCTBUE HA
co00u1ecTBO (PUTOIUIAHKTOHA, HAOIIOAABIICECsI B MApPTE-HAYAJIE alpesisi, CBA3aHO C BBIHOCOM
OMOreHOB U MOJUIIOTAHTOB B JICSTE/IbHBIN CIIOH MeJaruaiy B pe3y/bTaTe 3UMHEH KOHBEKIHH.
B mae s ekt aHTPONOreHHOro 3arpsi3HEHUs] CHIDKAJICS B BEPXHHUX CIIOSX IEJIardaad u3-3a
AKTHBHOT'O BBIBE/ICHUS MOJUTIOTAHTOB OTMUPAIOLIUM (DUTO- U IMHILUIAHKTOHOM.

BiusiHne KOMIUIEKCHOTO 3arpsisHEHUs MOps Ha (YHKIMOHMPOBAHUE COOOIIECTBA
(UTOIUIAHKTOHA B MpeE/eax BPEMEHHOTO HHTEPBAJa UCCIIEIOBAHHUI MOPsAKA MECSIA MOKET
ObITh OoJiee 3HAUMMBIM, 4YE€M BO3JCHCTBHE T'MJIPOJIOTHYECKHMX M T'HIPOXUMHUYECKHX
napaMeTpoB. [103TOMY B KOMIUIEKCHBIX THAPOOHOIOrHUECKUX HCCIIEOBAHUIAX HEOOXOAUMO
IJIAHUPOBATH U3MEPEHHUS IAPAMETPOB 3arpsi3HEHUsI MOPCKOM Cpe/ibl U THAPOOHOHTOB.
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ABUNDANCE OF PHYTOPLANKTON IN THE NORTHERN HALF OF THE
BLACK SEA DURING SPRING IN THE RATIO TO UNITED IMPACT OF
HYDROLOGICAL CONDITIONS, POOL OF BIOGENS AND LEVEL OF
CONTAMINATION
Minkina N.l.

A.O.Kovalevsky | nstitute of Biology of the Southern Seas of RAS, Sevastopol, Russian Federation,
email: nimnkina@yanaex.ru

By retrospective data with use of the factor andysis the combined impact of abiotic, anthropogenous
and biotic parameters of environment on the abundance of phytoplankton in the main layers of the
north part of the Black sea peagid in spring (March, May) in 1992 is estimated. The results of factor
anaysis confirm the known negative response of the community of phytoplankton on superficial
wakers desdining in May because of the flood of major rivers: Danube, Dnieper, Dniester, Bug. The
abundance of bathypl ankton under thermocline positively correated with the biomess of microdgaein
March. InMay in superficia layers such reaion showed up with the abundance of epi- and gdatinous
plankton. Synergic positive influence of prevalent pollutants (Fe, Cr and Cu) on the biomess of
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OBHJIME ®UTOIVIAHKTOHA B CEBEPHOU ITOJIOBUHE YEPHOI'O MOPS BECHOH B CBA3U
C COBMECTHBIM BJIMSHUEM I'MJJPOJIOT MYECKHUX YCJIOBUH, ITVJIA BUOTEHOB U ...

phytoplankton is reveded. Itis shown that impact of complex contamination of the sea on functioning
of community of phytoplankton within the limits of monthly researches can be more meaningful, than
influence of hydrologica and hydrologica parameters.

Keywords: the Black Ses, spring, abundance of phytoplankton, abiotic and biotic parameters of
environment, biogens, contamination, thefactor andysis, combined i mpact.
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