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NNYTOHUUA B rMAPOBUOHTAX YEPHOIO MOPA

lNoceswaemcs namsmu I". . lNonukapnosa —
ocHosamerisi MOPCKOU paduosKooauu

lNposedeHbi uccriedosaHuUsi paduO3KOI02UHECKUX XapaKmepucmuK Mmugpayuu paduoHyknudos
naymoHusi 8 6UOMUYECKUX KOMIOHeHmMax YePHOMOPCKUX 3Kocucmem Onisi ornpedeneHust u
MpoeHO0308 PaduoaKooaudeckol cumyauuu 8 YEpHom mope. bbinu udyqeHbl yposHU codepKaHUsl
MYyMOHUSI 8 YEPHOMOPCKUX 2udpobuoHmax 6 nocmyepHobbinbeKull nepuod, ebINnosHeHa
OUEHKa akKyMynsUuoHHoU crnocobHocmu npedcmasumerneli MOPCKOU 6uombl  pasHbIX
mMakcoHo8, onpedeneHbl 00308bi6 HazPy3KU Ha 2udPOBUOHMLI oM anba-uanydeHus *>*“puy.
lMoka3aHo enusiHUEe akKyMynsiUUOHHOU crnocobHocmu 2udpobuoHMoO8 Ha cmereHb U3MEeHEeHUSs
rnmomoka paduoHyknudo8 rno 38eHbSIM MpPOogu4Yeckol uenu U Ha ypoeHU 003 8HYMPEHHe20
0bnyyeHusi buomsi. Ha ocHogsaHuuU npuMeHeHUs1 paduoXeMOIK0I02UYECKOU KOHUenmyarsnsHOU
MoOenu 30H 3KO02UYECKO20 XPOHUYECKO20 Oelicmeusi UOHU3UPYWE20 U3/Ty4YeHUs, rpeodro-
JxeHHoU I, I. [NonukaprosbiM, U cpasHEHUs cywecmsyouux 00308bIX Haspy30K ¢ be3onacHbIMU
YPOBHSIMU, OUEHeHa cospeMeHHas1 paduUo3KoIo2u4ecKasl cumyauusi 8 HePHOMOPCKUX 9KOCUCMmeMaXx.

Knroyeenble crnosa: muzpayusi aanbaépaauor-/yf(nuaoe nnymorusi, YépHoe Mope, 4YepHo-
Mopckue 2udpo6LUOHMBI, KOHUeHMpayus ~°*°Pu & 2udpobuoHmax, KoaghebuyUEHMbI HAKOMIEHUS],
dozoebie Hazpysku om >****Pu, paduoxemoskonoezuueckas KoHuenmyanbHas Moderb
. I". MNonukapnosa.

BukoHaHo docnidxeHHs1 padioeKonoaidHux xapakmepucmuk Migpauii padioHykridie riymoHito 8
6iomUYHUX  KOMIOHEHMax YOPHOMOPCLKUX eKocucmeM Ofii 8U3Ha4YeHHS ma [pPO2HO3i8
padioekornoeiyHoi cumyauii 8 YopHomy Mmopi. Bynu eueyeHi pieHi eMmicmy rrymoHito 8 4YOPHO-
MOpCbKUX e2idpobioHmax & rnocmyopHobunbebKul repiod0 ma rnposedeHa oOUiHKa akKyMynsuitHor
30amHocmi  pedcmaesHUKie MOPCbKOI b6iomu  pi3HUX MaKCOHI8, 30IiUCHEHO OUiHKY 00308UX
HaeaHmMaxeHb Ha 2idpobioHmu eid anbgha-eunpomiHtosanHs “>**°Pu. [lokazaHo ennus
akymynsayitiHoi 30amHocmi 2idpobioHmie Ha cmyniHb 3MiHU NOMoKy padioHyknidie no naHKkam
mpogiyHo20 naHytoza ma Ha pieHi 003 B8HYmMPpIiWHbO20 orpoMiHeHHs1 6iomu. Ha nidcmasi
3acmocyeaHHs1 padioxeMOeKo102iYHOI KOHUernmyarbHOi MoOesli 30H €KOJ102i4HOI XPOHIYHOI Oif
IOHI3yt04020 8UNPOMIHIO8aHHS, 3ariporioHogaHoi . . [lonikaprosuM, | MOPIBHSIHHS Hasi8HUX
00308UX HagaHMaxeHb i3 be3rneyHUMU pieHAMU, OUiHeHa cydYacHa padioekonoziyHa cumyauisi 8
YOPHOMOPCBKUX eKocucmemax.

Knroyoei cnoea: miepauisi anbgha-padioHyknidie rnymoHio, YopHe mope, YOPHOMOPCHLKI
2idpobioHmu, KOoHUeHmpauis 920p, g 2idpobioHmax, KoegbiyieHmu Hakornu4eHHs, 00308i
HasaHmaxerHs eid ******°Pu, padioxemoerornoaiuHa KkoHuenmyanbHa Modesns I™. I, [onikaproea.

Investigation of radiation-ecological characteristic of plutonium radionuclides migration in
biotic components of the Black Sea ecosystems was fulfilled to determine and predict a
radiation-ecological situation in the Black Sea. The levels of plutonium in marine organisms in
the Black Sea in the post-Chernobyl period were determined and an assessment of
accumulative capacity of marine biota of different taxonomic groups was carried out and fulfilled
estimations of the radiation dose from alpha-radiation of *** ***° Pu on hydrobionts. It was shown
an influence of accumulative ability of hydrobionts on modification of the radionuclides flow
along links of trophic chan and on levels of formed doses of internal irradiation to biota. On the
basis of the radiochemo-ecological conceptual model of zones of ecological chronic influence of
ionizing irradiation proposed by G.G. Polikarpov, and a comparison of existing doses to safe
dose was evaluated the current radiation-ecological situation in the Black Sea ecosystem.

Key words: migration of plutonium alpha-radionuclides, Black sea, hydrobionts of the Black
Sea, the »%**pu concentration in hydrobionts, accumulation factor, the ******pu doses,
radiochemo-ecological conceptual model of G.G. Polikarpov.
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Haykosi npaui. TexHoeeHHa be3rneka

BBenenmne. [Tocne aBapun Ha YepHoOBIIHCKOM ADC B
YépHoe MOpe MOCTYIHIIO aHTPOIIOTEHHOE PalnOaKTHBHOE
3arpsi3HEHHE, B COCTAaBE KOTOPOTO HAaXOIWIHCh aib(a-
pamuoHyknuapl ToryToHWs. OHH B COBpPEeMEHOW paimo-
9KOJIOTMYECKOM CHUTyallMM BXOIT B YHCIO OCHOBHBIX
JI03000pa3yIONINX TEXHOTEHHBIX  allb(a-pagroHyKIHIOB
[1]. Murpauuss mTIyTOHHS B TNPUPONHOH cpeme B
3HAUUTENILHON CTENEHHU CBsi3aHa C PacTBOPUMOCTBIO €ro
coequHeHU B Bome. I XOTS pacTBOPUMOCTh Kak
METAJUIMYECKOTO IUTyTOHMSA, TaK U €ro COeAMHEHWH, B
YaCTHOCTH, OKCUIOB Maja M U3MEpAeTCcs] MHUKPOTPaMMO-
BBIMM KOJHMYECTBAMHU BEIIECTBA, HO, TaK KaK BECOBBIC
KONIMYecTBAa IUIYTOHWS B TPHPOAHBIX CpeJax Ha
HECKOJIBKO TTOPSAKOB HIKE YPOBHSI paCTBOPHMOCTH, TO B
BOJIHOI cpene, 3HaYMTENbHAS €r0 4YacTh HAXOAWTCS B
PacTBOPEHHOM (hopMe M 3TO UMEET PEIIaloIee 3HAUCHHUE B
MEpPEMEICHNN HYKINJa B CHCTEME «BOJA-THAPOOHOHT.
Jlo11st pacTBOPEHHOTO IUTYTOHHS 3aBHCHT OT XapaKTEPUCTHK
BOAHOM cpeapl M MOXKET HW3MEHAThcs. PacTBopumas
¢dpakiysi TUIyTOHMS B YEPHOMOPCKHX IOBEPXHOCTHBIX
BoZlax MoOXxeT cojaepxkath 90-98% pammonyknuna [2]. B
IIPECHOBOJAHBIX k€ BojpoeMax, 6onee 90 % mayToHus B
BOJIe HaxXoJWTCs BO B3BewleHHoit dopme [3]. Hamnmuwme
TaKo# OOJBIIOW JOJIH IUTYTOHHUS B PACTBOPEHHOH (popme
B MOPCKOH BOJIE JICJIA€T €ro JAOCTYNHBIM HE TOJBKO JUIS
NPOLIECCOB  cOpOLMM, HO W JUIA IepeHoca depes
Ononorndyeckue MeMOpaHBI JKHMBBIX OpraHu3sMoB. UYrto
0COOCHHO BaYKHO AJISI BOJHBIX OPTaHW3MOB, IOTOMY YTO
OHHM XapaKTepu3yloTCcsi 0oyee OTKPHITHIM THIOM OOMeEHa
BEILECTB C OKPYXKAIOIIEH BOAHOU CPEOM 10 CPABHEHUIO
C Ha3eMHBIMU OpraHU3MaMH. Y THAPOOHOHTOB, HAPSAY C
ATMMEHTapHBIM ITyTeM TOCTYIUICHHS BEIECTBA B OPTaHU3M,
MHHEPaJIbHBIE OOMEH OCYILECTBISIETCS B 3HAYMTEIHLHON
CTEICHH U Yepe3 BHEITHNE TOKPOBBI THAPOOHOHTOB [4, 5], u
MapeHTepaIbHOE MOCTYIIJICHHE MOXET UrpaTh 3HAYUMYIO
pOJb B KOHIEHTPUPOBAHUH PaJUOHYKJINAOB. biaromaps
9THM JIByM TIpOIlecCaM M IPOUCXOIHUT HAaKOIUICHHE
PaaMOHYKJINJIOB BOJHBIMH OpraHusmMamu [5].

@dopma HaxOXIEHMS IUTYTOHHS B BOJOEMAaxX 3aBHCHUT
OT UCTOYHHUKa ero mnocryruieHus [5]. [Ipu ucnbITaHusIX
SIIEPHOTO OPYKUS IUTYTOHUM IOCTYIaT B IPHPOAHYIO CPEIy
B (hopme OKCHIIOB M OTAENBHBIX aToMOB [7]. TyrommaBkue
OKCH/IBI TUTyTOHHUS HIMEIOT OYeHb HU3KYIO0 PAaCTBOPHMOCTH B
Boze. IlmyroHnii B BEIOpOCax aTOMHOM 3HEPTeTHKH, MPHU
nepepaboTke OTPadOTAHHOTO TOIUIMBA TMPEACTABICH B
OCHOBHOM PacTBOPHMBIMH (POpMaMH, a TaKKe KOMIUIEKC-
HBIMHM COEJMHEHUSIMU C OpPraHMYEeCKUMHU Juranaamu. [Ipu
npeObIBaHNM IUIYTOHHS B OKpYXaloIleH cpeae ero
(OpPMBI M JOCTYITHOCTb MOTYT HM3MEHSTBHCS HOA JeHCT-
BHEM CaMUX OHOJIOTUYECKUX OPTaHU3MOB [6, 7].

Tak kxak BeCOBbIe KOJIMYECTBA IUTYTOHUS B IPUPOIHBIX
BOJHBIX JKOCHUCTEMax HE3HAUMUTENbHBl, HO YyAEIbHas
aKTUBHOCTH IUTYTOHHS COCTaBisieT Heckonbko I'Bk Ha
rpaMMm IUTyTOHHA [8], TO B ITaHHOW CHTyallMH Ba’kHO,
MIPEXIe BCErO, OICHHUTh PAJNOTOKCHYECKOE JEHCTBHE
PaIVOHYKJIMIOB TUTYTOHUS, TIOCTYNUBILETO B MPUPOAHBIC
9KOCHCTEMBI. B CBSI3M € 3TUM B HAaIINX MCCIICIOBAHUSIX HE
YUUTHIBACTCA XMMHUYECKass TOKCHYHOCTh ILUTYTOHHUS Kak
TsxKenoro Meramwia. OLEeHHBaIM TONBKO BO3AEHCTBHUE €ro
Ha THUAPOOMOHTHI Kak paJOaKTHBHOTO 3arpsi3HUTEN:
c(hopMUpOBaHHBIE J03bl BHYTPEHHETO OOJy4eHHsS OT
anb(a-u3TyueHHs. PAIHOHYKIMIOB IUTyTOHHs o 2Py,
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KOTOpBIE PaCCMATPUBAIOTCS B CPABHEHUH € SKOJIOTHYECKH
0e30MacHBIMH YPOBHSMH [103, NPEAJTIOKeHHbIe Mexmy-
HApOJIHBIM areHCTBOM o atoMHoH sHeprerrke (MAT'ATE —

IAEA), xax Oe3omacHple IS NOMYJSIUA BOJHBIX
opranm3MoB [9].
W3yueHne  pagvodKONOTMYECKUX  XapaKTePUCTHK

BOJIHBIX OPTaHU3MOB, B YaCTHOCTH, UX aKKyMYJIILIUOHHOH
CIIOCOOHOCTH B OTHOLICHUH PAJAMOHYKJIHMJOB ILUTYTOHUS,
BaXKHO KaK JUIi OLEHKM paJUalliOHHO-IKOJIOTHUYECKON
CUTyallul B BOJIOEME, TaK M A8 paJdalliOHHO-TUTMEHHU-
YECKUX OIICHOK BO3MOXKHOTO BIUSHHUSA MOCIEICTBHH
MOTPeOJICHUsI MOPEIPOJIYKTOB YeJIOBEKOM. Pasnoskoro-
TMYECKH 3HA4YMMBIE Ha COBPEMEHHOM JTame  anb(a-
PaTuOHYKIUIbI 2pyy 1 Py umeror TIepUo/bI OTypacnaia
nopsinka 24000 u 8500 nier, COOTBETCTBEHHO, MOITOMY B
pe3yibTaTe paJHOAKTUBHOIO pacnaja B ONbKalIne COTHH
JeT WX AaKTHBHOCTh CYIIGCTBEHHO HE YMEHBIIUTCS.
Bynyun anb¢a-n3oronamu ¢ BBICOKOW 3HEPTHEH YacTHI U
BBICOKOH y/IeIbHONM aKTUBHOCTBIO PaIHOHYKIIH/bI Ty TOHUS
O4YeHb OIACHBI MpH TMONAJaHUM BHYTPh OpraHH3Ma B
Ipolecce AbIXaHWS WIM € BOAOM M IMIIEH, BKIIIOYAs
Mopenponyktsl [8]. Kak wu3BecTtHO, anbda-dyacTuipl
o0MagaroT Manoi AIHHOM mpobera B TKaHSIX U OOJBIION
IUTOTHOCTBIO HMOHHW3AIMH, YTO MHOTOKPAaTHO YCHIJIMBAET
Oononorndeckyro 3(PQPEKTUBHOCTh HX BO3JCHCTBUS Ha
KVBBIC OPTaHM3MBI. J{a’ke B OUEHb MaJbIX KOHLICHTPALHSX,
noraiast B JIETKHE M HAKAIUIMBAasCh TaM HEPaBHOMEPHO,
IU[yTOHUH MOXeT BbI3bIBaTh pak. OCHOBHBIMH IO
IUTyTOHUSI B OPraHWU3ME BBICTYIIAIOT CKEJIET M IICUYCHb,
BBIBOAWTCS OH M3 OpPTraHM3Ma MeJUIeHHO. Tak Kak Bpems
MOJYBBIBEJICHUS €ro W3 IedeHd cTaHoBUT 40 yer, u3
ckenera — 100 ner [8], TO neiicTBHEe HAa OpPraHU3M 3THX
JOJNTOXXUBYIMX —PaJUOHYKIHJIOB MPHOOpETaeT XpOHH-
yeckuil xapakrep. ILTyToHUII MOKET BBI3bIBATL B OPraHU3ME
CKJIEPOTHUYECKHE H3MEHEHUS, KaHLEPOTeHHBIE 3(PQEKTHI
(ocTeocapKOMBI, OITyXOJIN JIETKHX, EYSHHU, SHITOKPUHHBIX
OpTaHoB, Jietiko3bl). OKa3bIBaeT HEraTHBHOE BO3IECHCTBHE
Ha PENpOJYKTUBHYIO CHCTEMY, BBI3BIBACT HPOSBICHHE B
IMOTOMCTBE OTHAICHHBIX 3¢ dexToB [8]. [ToaTromy BaxHO
3HATh 3aKOHOMEPHOCTH W TEHJICHIINH MIPOILIECCOB, OTIpee-
JISTIOIIMX MUTPALIHIO, TIepepacpe/ielieHue U IeTIOHNPOBaHNE
IUTyTOHHS KaK BBICOKOTOKCHYHOTO ajb(a-pagInoHyKINIa B
YEpHoM MOpe U APYTUX BOJHBIX SKOcHcTeMax. He MeHbImii
HMHTEpeC TPEICTABIAeT H3YYEHHE ero MOCTYIUICHHS II0
MMUIIEBBIM IIETISIM, PAaJHO’KOJOTHYECKHE AacCIeKThl H
KOJIMYECTBEHHBIE MapaMeTphl COBPEMEHHOTO OHMOTeoXH-
MHUUECKOT0 LUKJIA IUTyTOHUS ¥ B KOHEYHOM MTOr'e — JJ030BbIE
Harpysku oOJIydeHus, KOTOpble (OPMHUPYET HOHU3M-
pytomiee anbda-u3ydyeHHE ITUX PAJUOHYKIHMIOB B
THIPOOHOHTAX.

[Mocne 3arps3nennss MupoBoro okeaHa ri00aIbHBIMU
BBINA/ICHUSAMU  OBUTM  TIPOBEJCHBI  HMCCIICOBAHUS  II0
HAKOIUICHHUIO THIPOOHOHTAMH PaNOHYKIH/OB TUTYTOHHS.
Pe3ynbraThl HMcCIeOBaHUI ITOKa3alid, YTO BCE TPYIIIHI
MOpPCKOH OMOTHI HAKATUIMBAIOT IUTYTOHMH B KOHIIEHTPAIHSAX,
MPEBBIIAIONINX €T0 COJACP)KAHME B BOAE M TIPH 3TOM
kod(punmenter HakoruteHus (K,) murytonus B Tpodu-
YEeCKUX LETAX B II€JIOM YMEHBIIAIOTCS MO MEpPE BO3pacTa-
Hust Tpodpuueckoro yposas [10, 11].

Lenpto Hamero wucciieoBaHust ObUIO HM3YyYCHHE
PaAMO3KONIOTUYECKUX XaPaKTEPUCTUK MMIPALUH PaIHOo-
HYKIHMJOB IUIyTOHHS B OHOTHYECKMX KOMIIOHEHTax
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YEPHOMOPCKUX 3KOCHUCTEM ISl ONHMCAHUS U TIPOTHO30B
panuoskonoruyeckoi curyanuu B Yépuom mope. [Jns
JOCTIKEHUSI TIOCTABJICHHOM LieTM OBUIN BBINOJHEHBI OIIpe-
JIETICHUsI YPOBHEH COZIeprKaHMsl ITyTOHMSI B YEPHOMOPCKUX
TUAPOOMOHTAX B IOCTYEPHOOBUTBCKHIN TEPHOI, OIICHKH
AKKYMYJISIIIMOHHOM CIIOCOOHOCTH TIPEACTABUTENCH Pa3HBIX
TaKCOHOB, BKJIIOYAs BHIbI, MOTPEOJsIEMBbIE 4YEJIOBEKOM B
M1y, U e€ BIMSHUS HA MOTOK IOCTYIUICHUS IUTyTOHHS B
OMOTHYECKIE KOMITIOHEHTSI 0 Tpoduieckoil nenu. Paccuu-
TaHbl BEJIMYMHBI JI030BBIX HATPY30K JUISl YEPHOMOPCKHX
rHAPOGHOHTOB 0T ambha-m3mydenns 2 2Py, U mnocre-

JyIOIllee aHAIUTUYECKOE HCMOJb30BaHHE IOJTydEeHHBIX
JaHHBIX I OLCHKH PAaJHO3KOJNOTHYECKOH CUTyalld B
MOpe B OTHOIICHWHM OTHUX pAJHOHYKIHIOB IIyTEM

TIPUMEHEHHS PaJHOXEMOIKOIOTHISCKON KOHIETITYaIbHOM
MOJICTA 30H DKOJIOTHYECKOTO XPOHHYECKOTO JCHCTBHSA
HOHU3UPYIOLIETO U3Ny4yeHus, npemioxkenHoil I'. I'. Ilo-
JIMKapnoBbIM [12], U cpaBHEHHE CYLIECTBYIOIIUX 103 C
PEKOMEHZOBaHHBIM YPOBHEM Oe30MacHbIX 103 [9].

MaTtepuaiabl U MeTOAbI HccaeI0BaHMA. MaTepuai
JUI OIpeNeNieHHs] PaJuOHYKIUIOB IUTyTOHHA B OHoOTe
Obu1 coOpaH B mocT4epHOOBUIbCKMI mepuoxn (1992 —
2011 rr.) BO BpeMsi IKCIIECAUIMOHHBIX HCCIIEIOBAHUI, BO
BpeMsI MOPCKUX U TIPHOPEIKHBIX IKCIICTUITHH.

Anbha-paTHORYKIHIB! TUITOHIS 2> 2°PU  onpeiensiin
B THUAPOOMOHTaX: B MAaKPOBOJOPOCILSIX: IHCTO3UPE
Cystoseira sp., ynse — Ulva rigida C. Agardh, ¢puinodope
— Phyllophora sp., nBycTBOpuYaThiX MOJUTFOCKAX: MHUIUSIX —
Mytilus galloprovincialis Lamark, 1819, B uepaoMopckom
TpaBstHOM Kpabe — Carcinus maenas u peibax: craBpuzie —
Trachurus mediterraneus ponticus Aleev, mmnpore —
Sprattus sprattus phalericus (Risso), mukie — Merlangius
merlangus euxinus (Nordmann).

Ompenenenne  anbda-paiuOHYKIUIOB  IUTYTOHUS
2920py  BLIMONHATM COIMACHO IPHHATHIM  PajHOXH-
MuueckuM Metoaukam [13, 14, 1]. Ilpouenypa ocHoBaHa Ha
TEPMHYCCKOH H XUMHUUYECKOW 00pabOTKe MPHUPOTHBIX
00pa3moB ¢ Tmociexylomel aacopOuuedl u aecopOrmein
IUTYTOHUSI Ha MOHOOOMEHHBIX cMonax Dowex 1-X2 wim
AG 1-X2 B popme xmopuna ¢ 3epHamu pazmepom 50-100
merr. [locne mpeaBapuTenbHONH 00pPabOTKM M OYHCTKU
paanoHyKIHAR Pu ocaxkmamm COBMECTHO ¢ (DTOPHIOM
nantana (LaFs) [15] win npoBOAMIM 3JEKTPOOCAKIEHHIE
[16], 3aTem momydeHHbIE 00paslbl OBITM H3MEPEHBI Ha
anb(ha-ciekrpomerpe kEG & G ORTEC OCTETE PCy.
Onpenenenne 3PGEKTUBHOCTH JCTEKTOPOB H3MEPH-
TEJILHOM CHUCTEMBI U KaJIMOPOBKY CIIEKTPOB IO SHEPTHAM
NIPOM3BOMJIM € TIOMOIIBIO OJWHAPHOIO CTaHIapTa,
COJIEPIAIIEro PagMOM30TOM ILTYTOHHS ~>PU H IBOHHBIX
CTaHJAPTOB, COJACPKALINX JIBA PATHOHYKIHIA: TUTyTOHUS
2Py i amepums “Am [1].

Aub(a-pajORyKIH IUyTOHHS ““°Pu  BHOCHIH B
MpOOBI, KaK paiio-Tpaccep I ONPEAeIeHUs XUMIIECKOTO
Bbixoga. OmmOka omnpeaeneHus KOHIEHTparmu — Pu
cocraBisia He Oonee 20% . JlaHHBIE TIO KOHIEHTpaIUU
IUTYyTOHUS B THAPOOMOHTaX OBUTH pacCYMTaHBI Ha CHIPYIO
Maccy mpo6 [1]. KadecTBo aHamMTHYECKWX MPOLEAYP
TIOATBEPIKACHO YUacTHEM B MHTEPKAJIHOpAIH, TPOBOINMO
MAT'ATE [1], HanuoHaIbHBIM CBHICTCIECTBOM 00
arrecralMu MeToauk ['ocrioTpeOcraniapra YKpauHsl.

Jisl KOMMYECTBEHHOW OLEHKH aKKyMYJISIOHHOM CHO-
COOHOCTH NPEACTaBUTEINICH Pa3INYHBIX TAKCOHOMUYECKUX
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TPYIII YEPHOMOPCKHX THIPOOMOHTOB B  OTHOIICHWH
PaIMOHYKIMAOB IUTYTOHHS HCIIONB30BATHA KO3 (HUIIMEHTHI
Hakorienns K, [17], paccumTaHHBIE KaK OTHOIICHHE
KOHIICHTPAILlUH PaHOHYKIHIA B THIPOOHOHTE (Ha CHIPYIO
Maccy) K KOHIICHTPAILlUH €To B BOTHOH cpere.

Jlo30BBIC Harpy3KH Ha THAPOOMOHTEHI OT allb(a-paano-
HYKJIUJIOB TUTYTOHUS PACCUUTHIBAIIA C HUCIOJE30BAaHHEM
U3BeCTHBIX MeTonoB [18, 19]. B cBa3um ¢ Tem, uTO
MIPOHMKAIOIIAsT CIIOCOOHOCT anb(ha-4acTUIl Majla ¥ YPOBHH
Pu B Bozme OueHb HH3KHE, TO B COBPEMEHHBIX YCIIOBHSIX
YUYHUTHIBAI TOJNBKO J03bI BHYTPEHHEIO OOJy4YeHHS OT
MHKOPIIOPHPOBAHHBIX B BOJAHBIX opraHmMax = 2py [1,
18-21]. OuennBamm KpoMe TMOTIIOMICHHBIX 1 YKBHBAJICHTHBIC
TOZIOBBIE JTO3BI, TaK Kak ab(a-n3IydeHie XapaKTepu3yeTcs
BbICOKMM K03 duienTom kadectsa (Q = 20) [1, 8].

OmnpeneneHre YpOBHS SKOJIOTHYECKOTO BO3IACHCTBUS
CYIIECTBYIOIIUX 103 OOJNYYCHHS MPOBOIWIN COTJIACHO
npeanoxxeHHo I'. T'. IlonukapnoBbIM pagnoXeMO3KO-
JIOTUYECKOM  KOHUENTYaJIbHOM  MOJAEIN  30HaJbHOCTH
XPOHUYECKOIO JEHCTBUS MOIIHOCTEH 103 MOHM3HUPYIOIIUX
u3nydeHui B mpupoze [1, 12].

Pe3yabTaThl HCc/Ie10BaHMIl H 00CYKAEHHE.

ITocne aBapuu Ha HADC OBIIO YCTaHOBIICHO, YTO IS
MTOBEPXHOCTHBIX BOJ UEPHOTO MOPS XapaKTepHO HAINIHE
IUTyTOHHUS TJI00AJBHOTO M YepPHOOBUIECKOTO IPOUCXOK-
JICHUS B pacTBOpeHHOH (GopMe W ero Jois B oOmem
cojiepkaHuu TyToHust cocraisieT ot 28-31 % [22] no
90-98 % [2] ot ero obmero comepxaHus B Bome. B
rry0OKOBOHOW YacTu YEpHOTO MOpPsI B CTOIIOE BOJHI Ha
rnyounax 50-75 M mons pactBopuMoro PuU cocrasisiia
62-87 %. Ha rinybunax 150 M (c HayasoM pesoKc 30HbI)
YBEJIMYHMBAJIACH JIOJISl B3BELICHHOTO IUIYTOHHS, @ pPacTBO-
penHast (pakuus yMmeHbmanace or 7 go 40 % [22].
[ToaBMIKHOCTE TUTYTOHMSI, CKIIOHHOTO K KOMILJIEKCOO0pa-
30BaHUIO, MOXXET YBEJIMYMBATHCS, KaK B pe3ysbTare
MHUKPOOHOH JEATEeNbHOCTH, TaK W TIOZ BO3ACHCTBHEM
BHENTHUX METa0OJHTOB, BBIICNSIEMBIX BO BHEIIHIOK
BOJHYIO Cpely THAPOOHMOHTAMH: OJHOKICTOYHBIMH BOJIO-
pocmsimu, Makpodutamu u Ap. CleaoBaTeIbHO, aKKyMYJIs-
[UOHHAsT CIIOCOOHOCTh YEPHOMOPCKHUX OPTaHU3MOB B
OTHOIIEHUU TUTYTOHHS OIpEJEsieTcsi KaK CBOWCTBaMU
€aMoro paJHOHYKIIH/Ia U THAPOOHOHTOB, TAK M YCIOBHAMHU
okpyxaromeii cpeasl [6]. TTosToMy BaKHO MOJyYeHHE
JMAaHHBIX B HATYPHBIX YCIOBHMSX. Hamm wHCCieaoBaHus B
UépHOM MoOpe OBIIM OrpaHHMYEHBI THAPOOHMOHTAMH, O0H-
TAIOLMMHU B OKHCIIUTEIIBHOM 30HE MOPSI.

W3ydeHue HAKOIUICHUS IUTYTOHHS OHWOTHYECKUMU
KOMIIOHCHTaMHU Y€PHOMOPCKHUX SKOCHCTEM TIOKa3aJIH, YTO
YEpPHOMOPCKHE THIPOOUMOHTHI, KaK IPECHOBOJIHBIC H
OKCaHWYECKHe, O0IaJaroT BBICOKOW aKKyMYIHPYIOIICH
CHOCOOHOCTBIO B OTHOIICHUH PAJUOHYKIUIOB ILTYyTOHUS
[1, 6, 23-30]. D10 mposBIISIETCS B HAKOIICHUH STHX PAHOU-
30TONOB B KOHIIEHTPALMSX, 3HAYUTENHHO IMPEBBIIIAOIINX
X KOHIEHTPAllMd B MOPCKOH BOJE, IMOATOMY BaKHO
OIIPECIUTh KOJIMYECTBEHHBIC XapaKTEPUCTUKH KOHILIEHT-
PUPYIONIEH CITOCOOHOCTH YEPHOMOPCKUX THIPOOHOHTOB.

C »oTOM menpl0 HaMU OBUTM TPOAHATU3UPOBAHBI
KOHICHTPAIMK PaJHOHYKINIOB IUIYTOHHS o ~/°Py
TNpe/ICTaBUTENC OCHOBHBIX IPYIIT THAPOOHOHTOB, KOTOPbIE
OTpaXkaloT pazHble Tpo(hUUECKEe YPOBHU U HaHOOJIee aKTHB-
HO HCIIOJIB3YIOTCSI YEJIOBEKOM B KaueCTBE MOPEIPOIYKTOB:
MHOTOKJIETOUHbIE BOJOPOCIIH, IBYCTBOPYATHIE MOJLIIOCKH,
kpabsl u poibb. Cpemuue KoHueHTpamum o 24Py
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YEPHOMOPCKUX MHOTOKJIETOYHBIX BOIOPOCISX IIPEICTaB-
nmersl B Tabmuie 1. Camble BBICOKHE KOHIICHTPAIHN
ompe/ieieHbl Yy TIPE/ICTABUTEINS] KPACHBIX BOJOpPOCICH —
¢mmodope [26], a Auama3oH UX W3MEHEHHS Y PAa3HBIX
TPYII BOAOPOCIEH COCTABHII MOYTH 2 MOPSAKA BEIHIHH
(Tabm. 1).

Ilo ycpeqHCHHBIM KOHIICHTPAIMSIM 2920y s kak-
JIOTO POJia BOAOPOCICH W KOHIICHTPALUU PaTUOHYKIIUIOB

B Boxme [1, 18, 26, 30] Obumn paccumransl cpennue K,
wryToHus . Kod(p@uimeHTsl HaKOIUIEHHS BOIOPOCISIMU
COCTaBILUIM OT HECKOJBKUX COTEH [0 HECKOJBKUX
JEeCSTKOB THICSY SIAMHUIL, MX CPEAHHUE BETHYNHbI YKa3aHbI
Ha puc. 1. CornacHo NOJTy4eHHBIM JaHHBIM caMasi BBICOKas
AKKyMYJSIIIAOHHAS CIIOCOOHOCTh HAOIIOAalach y Tpen-
CTaBUTENs KPacHbIX Bojpopociieil — ¢uuodopsl, camas
HU3Kas — Y YJIbBHI.

Tabnuya 1

Cpennue KOHICHTPAIINHY IJIYTOHUS B NPEACTABUTEIAX YePHOMOPCKHX
MAaKpPO(QUTOB: OyphIX (LIUCTO3UPA), 3e1eHbIX (YIbBA) H KpacHbIX (puaaodopa) Bogopocasx B 2000-2011 rr.

Konuenrpanus =Py,
Boaopocau Mecto oT6opa npod MBICKT chIpoii Maceht
CeBacTononbCcKasi MOpCKasi aKBaTOpHs 4.940.8 — 11.4+3.1
Hucrozupa IIpukepueHckuil paiioH 9.0+ 1.7
Y KaBkasckoro nooepexbs 6.4—13.6
Vibsa MapTbiHoBa OyxTa 1.24+0.5
Byxra Omera 2+04
bonpioe ¢pumnodoproe nose 3epHoBa 90.3 +10.5
Puurodopa Mauioe ¢uinodopHoe none 544+64
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Puc. 1. Cpennne kosdummentsr Hakomrenns (K,) 2°#°Pu npexcrasuresnsivu kpacusix (prmiodopa),
OypsIxX (1IMCcTO3Mpa) M 3eeHbIX (YJIbBa) MakpoBoaopocieit UépHoro Mopst

Bemmuuna K, y npencraButeneil pa3HbIX Tpoduuecknx
YpPOBHEW yKa3blBaeT Ha CTENEHb YCWICHHS Iepexoza
pamMoOHYKINAA M3 BOIHON Cpelbl B TMAPOOMOHTHI U B
JaJIbHEHIIeM 1o Tpo(HYecKod Iend K BBICIINM Tpodu-
YeCKUM 3BeHbsIM. JIJIsi YepHOMOPCKMX MHOTOKJIETOYHBIX
BOZIOpPOCIIEl OHM JOCTaTOYHO BBICOKH, YTO CBHJIETENHCT-
ByeT 00 YCHJICHUH KOHIEHTPUPOBAHUS IIyTOHHS B 9TOM
3BeHEe TPO(UYECKOH LeNmH B OrPOMHOE KOJIMYECTBO pas:
ot n:10? 10 n-10* 1 MHOTOKPATHOM YBeTHUEHHH GHOTEHHOTO
MIOTOKa 3JIEMEHTa, C y4eToM Kod(pQHIHEeHTa Iepexona
PanUoOHYKIINAA ISl KAXKOTr0 3BeHa MUILEBOH LeMH.

W3 aBycTBOpYATHIX MOJUTIOCKOB M3ydand muauu (M.
galloprovincialis), kortopsie ObUIM OTOOpaHBI, Kak B
€CTECTBEHHOH cpezie oOMTaHHs — JOHHBIX DKOCHCTEMax
CEBACTOTIONIBCKUX OyXT, TaK W HAa HCKYCCTBEHHBIX
cyOcrpaTtax — KoJuleKTopax B MapThIHOBOH OyXxTe B
Mopckoi akBatopun CeBactomonis. CpeHre KOHICHTPAITUH
IUIyTOHUS B opraHm3Max muamii u K, mpuBesneHsl B Ta0-
mune 2. K, miIyToHMs MHOUSAMH B CpPEeJHEM COCTABHIIN
880 exunu.

Tabruya 2
Cpennue KOHIEHTPALUHU IVIYTOHUS U KO3(PPULIMEHTHI
Hakomienus (K,) B uepuomopckux muausix B 2004-
2010 r. B CeBacTonoabCcKoii MOpPCKOii akBaTOpUH

Mecro oT60pa zsgls%gﬁ?;l;;ﬁ I;:l (zsg,gfgpu)
CeBacTomonbckasi Oyxra 1,9 630
Kazaubs OyxTa 2,4 800
Crpenernxas Oyxra 5,95 1980
Komnextopst 3 0,33 110
y MapTbIHOBO#T OyXTBI
CpenHee 3HaUEHHE IS
CeBacTomoNbCKOi MOPCKO#t 2,65 880
aKBaTOPUH

CremoBarenbH0, MHUOMHM, O00JaJaloT  3HAYMTEILHOM

KOHIICHTPHPYIOLIEH CIOCOOHOCTHIO B OTHOILIEHHM ILTYTO-
HHS, CIOCOOCTBYIOT YCWJIEGHHMIO OHMOTE€HHOH MHUIpanuu
PaAMOHYKIMJA, YBEJIMYMBas MOTOK U3 BOAHOM Cpelbl B
IIPUMEPHO B 9-10? pa3, 4TO HEMHOIO BBIIIE, YEM I
YIIbBBL, HO Ha 1 1 2 mopsaka HUXe, 4eM I UCTO3UPHI U
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¢umtopopsl, COOTBETCTBEHHO. Ho B omimuue OT
BOJIOpOCTICH MHIUHM, KaK IPaBHJIO, IMOTPEONISIOTCS HE
LIEJINKOM, a TIPEHMYIIECTBEHHO TOJIBKO WX MATKHAE TKAHH.
370, OYEBHIHO, CYIICCTBEHHO BIMSCT HA CTENCHb TPO(hu-
YeCKOro ITyTH MHUTpaly pamuoHykimnga. OmpenencHue
KOHIICHTPALIUH TUTYTOHUS B PAKOBHHAX MHUIMH M B MATKUX
TKaHsX B npoOax m3 Crpenenxoit OyXThl MOKa3auo, Y4TO
Oonpinast yacte PU B MUIMSX KOHLEHTPUPYETCS B HMX
cTBOpKax — 5.54 MBKKr! 1 3HAYMTENBHO MEHBIIAS YACTh
B MSTKHX TKaHsax — 0.41 MBK‘KF_l, YTO B MNPOLEHTHOM
OTHOIIICHUH cocTtaByisier 92,6 u 7.4 %, COOTBETCTBEHHO.
Takum oOpa3om, OoJiblliass YacTh HaKOIUIEHHOTO Pu
(6onee 90 %) HEe Murpupyer mo TpodHUEcKoil memw, a
JETIOHUPYETCSI B CTBOPKaX MHUAMNA W OCTaeTcs Ha IHE
Bojoéma. [losTomMy mpm TOTPEONCHHH TOJNBKO MSTKUX
TKaHe! MOJUTIOCKa Beero mnib 10 % mryTonus nepenaercs
mo TpodrmdeckuM cBs3sM u B 10 pa3 yMmeHbImaeTcs
OMOTHYECKNIA TOTOK IDTYTOHHUS K BBICIIEMY 3BEHY TpPO(H-
YECKOM LIENH € y4acTUEM MUAMM, HO IPU 3TOM YCHIHU-
BaeTCs MOTOK IUTYTOHUS B IOHHBIE OTIIOKEHHUS.
AHAJOTUYHYIO TeHACHIMIO HAOMI0IaI IPU U3YUYSHUN
KoHIeHTpauuii Pu PU u wux mnepepacnpeneieHus B
OpraHu3Me 4YepHOMOPCKOT0 TpaBsiHOTO Kpaba. B maHumpe
kpaba Obuto cocpemoroueHo 41-59 % ot obmero
collepKaHus, a B MBIMIax — okoso 3 % Pu. [TosTomy mpu
JUHBKaX Kpad TepseT OKOJIO ITOJIOBHHBI HAKOIICHHOTO
IUTYTOHUSI BMECTE CO CTapbIMH MOKPOBAMH, YTO CHIIKAET
WHTCHCUBHOCTH IOTOKA TUTYTOHHS IO TPOGUIESCKON LS.
Cpennsist KoHIeHTpamms 2> *2°Pu B opranmsme TpaBsHOro
KkpaGa cocrapmsiia 1.7 MBr-kr™ chipoii Macesl, a K, 2°24py
TpPaBSHBIM KPabOM COCTaBIISUI B CpetHEM Hopsiaka 570 euHuII.
Camast HU3KasE aKKyMYJISIIIMOHHAS CIIOCOOHOCTh B OTHO-
LICHUH TUTYTOHUSI CPell M3YYeHHBIX TPYII I'MAPOOHOHTOB
Obuta XapakTepHa sl pei0. B uccienoBaHHBIX BHAAX
pBIO: IIIpOTE, CTaBpHUIEC K MEpJIAaHTe KOHICHTPALUU
#920p) G HUSKMMH W M3MEHSUINCH B JIOCTATOYHO
y3kux mpenenax 0.3 — 1.1 mBK-kr! celpoit macchl [1]. K
IUTYyTOHUSI PHIOAMHU COCTaBISUM B cpeqHem 150 exmmHm.
CremoBarenbHO, YyCHWJICHHE OHOTHYECKOW MUTPAIdU
IUTyTOHUSI C y4acTHEM YEPHOMOPCKHX PBIO COCTaBISICT
10"~ 10? pas. OnpezeneHne MWIyTOHMS B KOCTSIX, MBIILIAX
1 OpraHax eJIyJOYHO-KHIICYHOTO TpaKTa MoKa3aio, 4To
IUTyTOHUH KOHIIGHTPUPYETCSI B OCHOBHOM B OpraHax
JKENTYAOYHO-KAIIIEYHOTO TpakTa U B KocTax (60-80 % or
0011ero conepkanus), a OISl B MBIIIIAX HE TPEBbIIIana
5%. B oTHenpHBIX CIydasx COAEp)KaHHE B MBIIIIAX PHIO
OBUIO HIDKE TIpejieia IeTeKTUPOBaHMs IUTYTOHHUS. Takum
o0pa3oM, NHpW WCIOJIB30BAaHWM B NHILY MBI PHIO
YEJOBEKOM JOJISl Iepesadyn IUTyTOHUsS 1o Tpoduueckon
Lleny HEe3HauYnTeJbHa, HO B MOPCKHX JKOCHUCTEMax, IJie
pBI0a, KaK MpaBuIIo, HOTPEOIIETCS XUIIHUKAMHU IETHKOM,
MIPOMCXOJUT MUTPALUs IUTYTOHHS K BBICIIUM 3BEHBSIM
MUIIEBOI 1M B KOHIEHTPAIMAX, MPEBBINIAIOIINX B
JECATKH ¥ COTHHU pa3 KOHIIEHTPAIMIO IUTYTOHHUS B BOZE.
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CorylacHO NHUTEpaTypHBIM [aHHBIM, OYEHb BBICOKOM
KOHIIEHTPHPYIOIIEH CIOCOOHOCTHIO B OTHOILICHHUH LTy TOHUS
CpeIr MOPCKHX OKCHOMOHTOB 00NagaeT (PUTOILIaHKTOH [6,
25]. KoaddurmeHTsI HAKOTUICHUS TUTYyTOHMS (PUTOILIAHKTO-
HOM COCTaBIIIIOT BEIIMYHMHBI TOPSIKA n-10°. Bcero Ha
TOpsIIOK HIKe Obuth K, TUTyTOHUS 171 300IUIaHKTOHA —
n-10°. OueBuaHo, uToO Takue BenmuunHb K, CIOCOOCTBYIOT
YCUJIEHHOM MUTpalM IUTyTOHWSI 110 THIIEBOW WENmu K
BEPXHUM TPO(UUECKUM 3BEHBSIM, a, KaK U3BECTHO, (PUTO-
1 300IUIaHKTOH COCTABJISIFOT OCHOBY KOPMOBOM 0a3bl st
MPEUMYIIECTBEHHOI'O KOJIMYecTBa THApoOHoHTOB. Clieno-
BaTeNbHO, 3TU COCTABISIIOIIME TPOPUUECKHX LIETOYEK,
Hapsny ¢ Gumiodopoit M IWCTO3HPOH, SBISIOTCS KPHUTH-
YECKHMH 3BEHBSIMH B OTHOIICHUN HAKOIUICHHS W YCHUJICHHS
OMOTHYECKON MHTpaluy IUTYyTOHHS B BBICIIHE 3BEHBS
Tpoduaeckux nupamua. CpaBHUTENbHAS XapaKTEPUCTHKA
BEIMYMH CpEeJHEeH KOHIEHTPUpYIOMmEH CcrocoOHOCTH
OCHOBHBIX TPYMI THAPOOHOHTOB IIPEACTaBICHA HA pHC. 2
[1, 18,25 26, 30]. OO11as TCHACHIUS BIUSHUAS OMOTHYSCKUX
KOMITOHCHTOB 4EPHOMOPCKHX JKOCHCTEM Ha MHIPALUIO U
nepepactpesielieHie IUTyTOHUS B 3KOCHUCTEME BBIPaYKEHA
YBEJIMYCHUEM IOTOKa OMOTEHHOM MUTPAIMH ILTYTOHHS 10
Tpodudyeckum nensM. VIHTEHCHBHOCTb  YBEJIHYECHUS
MIOTOKA 3aBHCUT OT TAaKCOHOMHYECKOH NMPHHAIC)KHOCTH
runpobuonToB U ux K, (puc. 2) u ko’(pPUIHECHTOB
nepexona. [Ipu 3TOM BexymIyIo ponp B YCHICHHH MOTOKA
OMOTEHHOH  MWIpalMd  WIPAIOT  HU3IIHE  3BEHBS
TpopUIEeCKOH IEeNn M C NEepexo/oM Ha 0Oojee BBICOKHE
YPOBHH B II€JIOM YCHJICHHE TIOTOKA OMOT€HHON MUTpaluu
yMmeHbImaercsi, Tak kak Ku (Pu) ruapoOumonTamm, B
LEJIOM, CHIIKAIOTCSl OT HU3IIMX TAKCOHOB K BBICIIMM. DTO
CHIYKAeT PUCKH PaJMAIlMOHHOTO BO3AEHCTBUS TUTYyTOHUS
Ha TUIPOOMOHTOB BBICHIMX 3BEHBEB, YUUTBIBAs OIpejie-
JSTIOUIYI0O POJb HWHKOPIOPHUPOBAHHOTO pAJHOHYKIHIA B
(OpMHpPOBaHUM JI030BBIX HArpy30K Ha THIAPOOUOHTHI OT
anbda-uznyderns: PU. CoOTBETCTBEHHO, caMble BBICOKHE
JI030BbI€ HAarpy3kd OT IUTYyTOHHS [UIi THUAPOOHOHTOB
PasHBIX TpPO(HUUIECKHX YPOBHEH HaOMIOJAIOTCS y IpencTa-
BUTEJICH HUW3IINX 3BCHBEB Tpoduueckoil memn. OUCHKH
JI030BBIX HATPY30K OT anba-H3IydeHus - >°PuU s
YEPHOMOPCKUX THIPOOHOHTOB Pa3IMYHBIX TPO(YUUECKUX
YPOBHEH TpHWBENCHH Ha pHC. 3. DKBHBAJICHTHBIC JIO3BI

Z920py  ysmensumer B gmamazome ot N-107? mo
n-10° mx3B-Toq .

CornacHo PaaroOXeMOIKOJIOTHYECKON KOHIIEI -
TyaJlbHOH MOJIENT 30HaJIbHOCTH XPOHHYECKOTO JACHCTBUS
MOIIHOCTEH 103 HOHU3UpYomero wusnyuenus [12,1],
JI030BBIE HATPY3KH OT ambha—msmydenns - %Py s
YEePHOMOPCKUX THUAPOOMOHTOB  JOCTHUTAIOT  ypOBHEH
TOMOBBIX J103, XapaKTEePHBIX A «30HBI PaJAHalMOHHOTO
0Jaronoyydu» TOJBKO JUIS TPEACTaBHUTENeH (DUTOIUIAHK-
TOHa. J030BBIE HArpy3Kd JUIl OCTAIBHBIX TPYIII YEpHO-
MOPCKHX OPraHM3MOB COCTAaBJISIOT BEJIMYMHBI, XapaKTep-
HBIE 17151 «30HBI HEOTIPEICTICHHOCTI.
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Puc. 2. Cpennue kodddunmentsl HakomteHus (K,) 239+240py IIPEJICTaBUTENIEH PA3HBIX
TaKCOHOMHYECKUX TPYII THAPOOHOHTOB U3 PA3JIMYHBIX TPOYUUECKUX YPOBHEI.

KOHCYMEHTbI

Il NOPAAKA
n-102- n-10"* mk38 ‘rog?
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-

h

KOHCYMEHTbI

pakoobpasHbie

n-101- n-10°mk3s ‘rog?

NnoPAAKA

MONNKCKHU

i

KOHCYMEHTbI | MOPAOKA
n-10°mk3s ‘rog?
300MNNaHKTOH

n-102 mk3s8 - roa™!

$UTONNAHKTOH

MPOAYLEHTI

n-101- n-10' mK3B -roa?

MaKpoBoA0pOCAN

Puc. 3. YpoBHHI MOIIHOCTEH 7103 OT anbda-u3IydeHus

239+240P u

JUTS 9ePHOMOPCKHX THAPOOHOHTOB Pa3INIHBIX TPOPUUECKUX YPOBHEH.

B Bomoémax 30-xm 306l YADC Habmronamucsy 0ojiee
BBICOKHC JIO30BBIC HATPY3KH OT PaJHOHYKIHIOB, OCOOCHHO
B niepBbie 10 et mocne aBapuu [27], i IUTyTOHUSI OHU
OTHOCWJIUCH K "30He HeonpeneneHHOCTH'", "30He paauanuo-
HHOTO Onaromonyuns” u «30He (DU3HUOIOTUYECKONW MAacKH-
POBKM». YPOBHH J103 OT CyMMapHOTO JEUCTBHUSI OCHOBHBIX
J03000pa3yIoOMuX  aHTPONOTCHHBIX  PaJHOHYKIHIOB
msmensumck ot N-10 go n-10° 3s-rox™ 1 mocturamu mpe-
Jena ypoBHS O€30MAaCHBIX 03 IS MOMYJLIIHHA THOPO-
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6uontoB (3,6 Tp-rox™) [27, 29], yeranosnenusix MATATE
[9] u npunareix OOH [28]. CootBercTBHE YypOBHEM
HaOII0JaeMBIX JI030BBIX HAarpy30K Ha THIPOOMOHTHI B
Yépuom mope [1, 23, 24] u B Bogoémax 30-kM 30HBI
YADC [27, 29] paamoxeMOdKOJIOTHUYESCKHM 30HAM
XPOHHYECKOTO JIEHCTBHS MOITHOCTEN 103 MOHU3U-PYIOIIETO
maydenns o 2 %PU @ CyMMBI BCEX OCHOBHBIX
TEXHOTCHHBIX J103000pa3yIoiX pPaJHOHYKIHIOB IIpen-
CTaBJICHO Ha pucC. 4.
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AHanu3 J030BBIX 3arpy30K COTJIACHO KOHIICTITYya-
apHOM Mogmenu I'.I'. IlonukapmoBa mnokazan, 4YTO B
Yéprom mope 10361 oT Py ma rumpobmonTH Ha
HECKOJIBKO TOPSIKOB HIDKE Ipefesia JTOIMYCTHMBIX YpPOB-
Hell g momymsamuii TuapobuonToB. B 30-kM  30HE
MOIITHOCTH 103 OT 239+240p nocTuram «30HBI (uznomno-
THYECKON MACKHUPOBKHY», a IO30BBIC HATPY3KU OT CYMMBI
AQHTPOIIOTCHHBIX  PAHMOHYKIHIOB,  YEPHOOBUIBCKOTO
MPOUCXOXKICHUS, JOCTHUradl «30HBI TOPAXKEHHS KO-

CHCTEM», UTO TIPUBENO K IIEJIOMY PAOy HaOIIOZAacMbIX Ha
Pa3HBIX YPOBHSIX OpPTaHHU3AILMH OMOJIOTHYECKHX OOBEKTOB
HeraTuBHBIM (] dekTam B sKocucTeMax [27]. [lpumenenne
PagruoXeMOIKOIOTHIECKON KOHLIENTYaJIbHOM MOJIENTH
30HAJIBHOCTU XPOHMUYECKOTIO NEHCTBUS MOIIHOCTEH 103
HMOHU3HUPYIOMNX H3ITy4eHUI B MPUPOJHBIX SKOCHCTEMAx
MI03BOJISIET CMOJICTIMPOBATh OKMJIAeMBIH AHANa30H paaua-
LUOHHBIX 3(Q(EKTOB XPOHWYECKOrO IEeHUCTBHS HalII0-
JAEMBIX YPOBHEH paIMOAKTHBHOIO 3arps3HEHHSI.

YHEPHOE MOPE

‘ CTOAYME BOOOEMBI B 30-km 3OHE HA3C
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Puc. 4. YpoBHH J030BBIX Harpy30K OT 294290y s Pa3HBIX TAKCOHOMHYECKHUX TPYIII T'UAPOOHOHTOB UEpHOTO MODS 1
or B9 20y CYMMBbI OCHOBHBIX T€XHOT€HHBIX PaJIMOHYKIHIOB sl THAPOOHOHTOB BOJ0EMOB 30-kM 30HB UADC 1 ux
PaCIIOIOKEHUE 110 PAJUOXEMOIKOIOTMUYECKUM 30HaM XPOHUUYECKOTO IEHCTBUS MOLHOCTEH 103 HOHU3UPYIOLLETO
W3JIy4eHUs COTJIAaCHO KOoHUenTyanbHoi moenu [lonukapnosa I'. T'.

3akiiouenue. Pe3ynbTaThl M3ydeHHsS aKKyMYJIH-
pyHoIIei CIOCOOHOCTH YEPHOMOPCKHX THIPOOHOHTOB B
orsomennn %Py cBHETENBCTBYIOT, UTO € HHTEH-
CHBHOCTb, KOJIMYECTBEHHO Xapakrepuzyemas K, cocrasiser
SHAYUTCIIbHBIC BCJIMYUHBI U 3aBUCUT OT MNPUHAIIICKHOCTH
BOJIHBIX OPraHW3MOB K OIPEEICHHOH TAKCOHOMHYECKOU
rpymme. B 1enoM, oCHOBHBIE TpyNITbl THAPOOHOHTOB MO
BEIMYMHE AaKKyMYJISIMOHHOW CIOCOOHOCTH MOYHO
pacCIIOJIOKUTh B PsA, yKa3pIBalomIMi Ha yOwiBanme Ki:
durommankton (10°) — 3oommankron (10°) — makposo-
JOPOCIIH (102-104) — JIByCTBOpYAThle MOJUTFOCKU (102-103) -
kpaber  (10%) — poi6sr  (10'-10%). Buyrpu Gombummx
TaKCOHOMHYECKMX  TPYII  BO3MOXHBI ~ 3HAUMTEIIbHBIC
pazmuua K, kak 3T0 ObUIO YCTAHOBIIEHO [Ji MHOTOKJIE-
TOYHBIX BOJIOpOCIEH, BeNMUUHbI K, KOTOpBIX yOBIBaIOT B
pany: dumtodpopa (10*) — mucrosupa (10°) — yea (10°).

Benmnuunaa ko3 duinmeHToB HakormiieHUs PuU ruapo-
Oonontamu B UEpHOM MOpe yKa3bIBaeT Ha CTENICHb YCHIICHHUS
repexoa paarioOHyKIHIa W3 BOIBI B 3BEHBSI Pa3IMIHOTO
YPOBHS TPOPUIECKOW IENH W O POJIM THAPOOMOHTOB B
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yCUIIEHMH OWOTeHHOTO TIOTOKa 3JEMEHTa II0 TpodH-
YEeCKOH 1IeTTH B YEPHOMOPCKHX SKOCHUCTEMAX.

W3yuenne nepepacnpesienieHus IUIyTOHUST B OTACIIBHBIX
YacTsX Tejla THUIPOOMOHTOB, HCIIOJB3YyeMBIX B KauyecTBE
MOPENPOAYKTOB (pbIOBI, MHINH, Kpabbl), IOKa3ano, dTO
OCHOBHASI Macca paJfoHYKIHIO0B INTyTOHUS COCPEIOTOYECHA
B OJIEMEHTaX BHYTPEHHEI0 WM BHEIIHEro CKelera
4epHOMOpPCKUX opranu3MoB (0T 40 10 90 %) u MoxeT ObITh
OTYYX/ICHA TIPU HCIIOJH30BAHMH THIPOOMOHTOB B ITHIY.
3710 1aeT BO3MOXKHOCTh CYIIECTBEHHO CHH3HTH MOCTYII-
JIeHHE PaJIMOHYKIN/Aa B OPTaHNW3M YeJIOBEKa, M, COOTBETCT-
BEHHO, JI030BbIC HArPY3KH Ha YEJIOBEKa OT MOPEIPOIYKTOB.
A B IIPHUPOJHBIX DKOCHUCTEMAx MJIET IepepacipeliesicHne
MOTOKa MHIPALMH IUTyTOHHMS B HEOPraHMYECKUE KOMIIO-
HEHTBI (B YaCTHOCTH, B JIOHHBIE oTiIOXeHus ). Kpome Toro, B
MIPUPOJHBIX YKOCHCTEMaxX, IPH MOECJaHUU 0coOeil Iemu-
KOM BEJIMYMHA [TOTOKA IUTyTOHUS B MHUIEBOI LETH COXpa-
HSETCS.

Jlo30BbIe HArpy3KH AJIsl 4EPHOMOPCKUX THAPOONOHTOB
Pa3MMYHBIX TAaKCOHOMHYECKHX TIPYNI M TPO(UUECKUX



Haykosi npaui. TexHoeeHHa be3rneka

YPOBHEH COCTaBISUIM MOIIHOCTH 103 oT n-102 1o n-10°
MK3BTOZ ", UTO Ha HECKOJNHKO TMOPSIKOB BETHUMH HIKE
mpenena 0e30macHBIX 103 IS THAPOOHOHTOB.

CormacHo paIroXeMOIKOJIOTHYECKOH KOHIETITYaJIbHON
MOJIENTU 30HAIIBHOCTH XPOHUYECKOTO NEUCTBHSA MOLIHOCTEN
103 uoHumzupymomero wuznydenus [.T. Iloamxapnosa,
030BBIC HATPY3KH OT aiba-M3IydeHHs 2o 2°Pu s
YEPHOMOPCKMX  T'MAPOOMOHTOB  JIOCTUTAalOT  ypOBHEW
MOIIIHOCTEH 103, XapaKTepHBIX s «30HBI PaJUALUOHHOTO
0J1aronoydus» TOJBKO Ul MpelCTaBUTENIeH (UTOMIaHK-
ToHa M Qrodopsl. [1030Bble HArpy3KH Uil OCTalbHBIX
TPYII YePHOMOPCKUX OPraHU3MOB COCTaBJISIOT BEJIMUMHBI,
XapakTepHbIE IUIsT «30HBI HEOTPEACICHHOCTI, YTO TPEATO-
JaracT  OTCYTCTBHE  PETHCTPHPYEMOTO  HETaTUBHOTO
BO3ZICHCTBUS HOHM3HPYIOIIETO M3ITy9eHUs Ha JKUBbIE Opra-
HIB3MBL. [103TOMY ypOBHU comepKaHUs IUTyTOHUS B THA-
pobuonTax YEpHOTO MOpS HA COBPEMEHHOM JTalle He

MIPEACTABISIIOT  YIPO3y 3AOPOBBIO TIOMYJSIHUNA THAPO-
OHMOHTOB.

Takum o0pa3om, I030BbIE HAarpy3KW OT
HMMEIOIIET0 UINTENbHBI MEpHOA TONypachana, HOCST
XapaKTep XPOHMYECKOTO BO3ACHCTBUS Ha OMOTY, HO MpHU
COBPEMCHHBIX YPOBHSIX KOHIEHTPALUH PagHOHYKINIA B
KOMITOHEHTaX YEePHOMOPCKHX 3KOCHCTEM HE OKa3bIBAaIOT
HEeraTHBHOTO BO3/EHCTBUS HA OMOJIOTHYECKHE OPraHu3Mbl
B UEépHOM MoODE.

V3yueHHbIE  KONMYECTBEHHBIE  PaJHOXEMOIKOJIOTH-
YEeCKHE XapaKTepPUCTHKH YEPHOMOPCKHX THAPOOHOHTOB,
ONKCHIBAIONE OCOOCHHOCTH OHOTHYECKOW MHIpalnuu
IUTyTOHUSI B BOJOEME, HCIIOIb30BAHHBIC aHATHTHYECCKHE
MOJXOIBI MOTYT CIIYKUTh OCHOBOHM OIIGHKH pPaaHO3KO-
JOTUYECKONH CHUTyallMM B BOJIHBIX J3KOCHCTeMax M €&
MPOTHO3a TPH IIMPOKOM JHAara3oHe KOHICHTPAIWd IUTy-
TOHWMSI B BOZHOM cpere.
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