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OBLIAS XAPAKTEPUCTHUKA PABOTDI
AKTYaJIbHOCTb Te€MbI HCC/ICAOBAHUA

bantuiickoe Mope — TMOJIy3aMKHYTBI COJIOHOBAaTOBOJHBIA BOJOEM C YCTOMYMBOM
crparudukanueii (Voipio, 1981). KiroueBoe Bo3zeiicTBHE Ha Cpely OCAJKOHAKOILICHHs OacceiiHa
oKa3ajo BO300HOBIIeHHE BoAooOMeHa ¢ CeBepHBIM MOpPEM M ATJIIaHTUYECKUM OKeaHOM uepe3 JlaTckue
MPOJIMBBI IPU CMEHE CTaIMU AHIIMIOBOTO o3epa craauer JlmtopruHoBoro mops okosno 8000—-7500 ner
Hazax (Jensen et al, 1999; Andren et al., 2011). Pexxum BogooOMeHa GpopmupyeTcs, Mpexae BCero, moj
BIMsiHUEM atMochepHoil mupkynsaunu Hag CeBepHoil Armantukod (Hanninen et al., 2000; Olsen,
2012). B mepByro ouepeab OTO M3MEHEHHUS [apaMeTpOB LIEHTPOB JEHCTBHUS aTMOC(epsl,
XapaKTePU3YIOMIUXCS COOCTBEHHOW MHKJIMYHOCTHIO, a TAKXKE IMOJABEPKEHHBIX BIUSHUIO U3MEHEHUI
rmobanbHoi armocheprori mupkymsuuun  (Olsen et al., 2012; Schimanke et al.,, 2012). Tak,
noyiokutenbHas (asza ceBepoarnanTuueckoro konebanusi (CAK) oOycnaBiuBaer 3amagHble BETPHI,
CHOCOOCTBYIOUINE TMOCTYIUICHHIO COJEeHBbIX BOJ CeBepHOro Mopsi B TJIYOOKOBOIHBIC BIAJMHbI
banTuiickoro (T.H. 3aTOKM CEBEPOMOPCKHX BOJ), W Ooyiee MArkue 3uUMbl B banTuiickoM peruoHe
(Matthaus and Schinke, 1994, 1998; Hurrell 1995; Alheit and Hagen, 1997; Olsen et al., 2012; Meier et
al., 2023). CortacHo Majaeo00KeaHOJOTHUECKUM PEKOHCTPYKIIUAM, B IIEJIOM, XOPOIIO MPOCICKUBACTCS
TIOJIOKHUTEIIBHAS KOPPEIAIUS MEXIY COJICHOCThI0 MpuIoHHBIX Box U CAK, omHako JaHHBIE PabOTHI
HEMHOTOYHCIICHHBI U XapaKTePU3YIOTCS HU3KUMHU TPOCTPAHCTBEHHBIM M BPEMEHHBIM Pa3pelIeHUSIMU
(marmpumep, Harff et al., 2011; Binczewska et al., 2018; Andrén et al., 2020). B ucciaenoBanusx,
OCHOBaHHBIX Ha Pe3yJbTaTax CTATUCTUYECKOIO aHAIM3a U MOJCIMPOBAHUS THIPOMETEOPOIOTUYECKUX
JaHHBIX, eIMHOE MHEHHE oTHOcUTeabHO BiausHuss CAK Ha mpuaoHHbIH BogooOmen (Zorita and Laine,
2000; Meier and Kauker, 2003; Meier, 2005; Meier, 2007), a Tak:ke HabOIr01aeMON JUHAMUKH 4aCTOTHI
3arokoB (Brunnabend et al., 2018; Mohrholz, 2018) orcyrctByer. KnmumaTnueckue u3MEHEHUS H
COITyTCTBYIOMIAs TpaHchopmarus aTMochepHO MUPKYISIIIAKA OKa3bIBAIOT BIUSHUE HA TIEPHOAMYHOCTH
Y MHTCHCHUBHOCTH 3aTOKOB M, CJICIOBATEIILHO, CPEIy OCAIKOHAKOIUICHHS B balTwiickoM MoOpe Kak B
nponuiom, Tak u B Oyaymem (HELCOM, 2007; Conley et al., 2009; Kabel et al., 2012; Jilbert & Slomp
2013, Carstensen et al., 2014; Mohrholz, 2018). Jlns monuMaHus HaOIOJAEMOM TMHAMUKHA M OIICHKU
€e BO3JCHCTBUS HAa UW3MEHEHHWE TMPHUPOAHBIX YCIOBUH, COCTAaBIEHUS HAJCKHBIX IPOTHO30B,
KOPPEKTUPOBKM W BalWJALNU CYIIECTBYIOMIMX KIMMAaTHYECKUX Mofenell HeoOXOMUMBI JIJTMHHbBIE
HEMpephIBHBIE PSAABl JaHHBIX 00 M3MEHEHHHM MapaMeTpoB cpenbl. JlonromepuoaHble BapHalud
najeoreorpauyecKkux, MNATCOKIMMATUYECKUX U Ial€0OKEaHOIOTHYECKUX OOCTaHOBOK HAaXOJST
OTpaXCHHE B XapaKTEPUCTHKAX OCATOUYHBIX pa3pe3oB baiTuiickoro mMops, KOTOpbIe, BBUAY BBICOKHX
CKOPOCTEH OCaIKOHAKOIUICHHUS, TPEACTABISAIOT JIeTAIbHBICE W HENPEPHIBHBIC APXHWBBI JIAHHBIX.
[Taneoreorpaduueckrne PeKOHCTPYKIIMHA BBICOKOJWHAMUYHBIX CHCTEM, TaKMX Kak banrwiickoe mope,
TPeOYIOT KOMIUIEKCHOTO  MEXKIUCHHUIUIMHAPHOTO  TOAXO0/d, BKIIOYAIOMIETO  JUTOJOTUYECKHE,
TE€OXMMHYECKHEe W MHUKPOIMAICOHTOJIOTHYECKUE HCCIEeIOBAHUS, a Tak)Ke MPUBICUCHHUE APXUBHBIX U
MOJIETIbHBIX OKEaHOJOTHYECKHX M METEOPOJIOTMUECKUX AaHHBIX. MUKpPOMAaICOHTONIOTHUECKUN aHaIHN3
UTpaeT BaXHYIO pOJIb B PEKOHCTPYKIMHU YCIOBUH ocagkoHakoruieHus. OgHAKo AJsl OmpeseNeHus
HAJEKHBIX MHAUKATOPOB U3MEHEHUS Majeoreorpaguueckux yCIOBUH M TOCTOBEPHOU MHTEPIPETalun
pe3yabTaToB HEoOXoauMa MH(OpMAIHsl 0 PETHOHAIBHBIX OCOOCHHOCTSX PACIpPENeNIeHUs] COOOIIECTB
dopamuHUep U OTPAKCHUH B HUX MMAJICOOKEAHOJIOTHICCKUX U MAICOKITMMATHUSCKUX CHTHAJIOB.

O0BeKT ucciaenoBanms — JOHHbIE ocanku banTuiickoro Mops

IIpenmer wmccaenoBaHusA — JWHAMHKA TPHPOJIHBIX YCIOBUH W HW3MEHEHHE CPEIbI
OcaJKOHaKOIUIeHUs B banTuiickom Mope B roJioteHe.



Hesasb HacTosimeil paboThl — BOCCTAHOBUTH YCJIOBUS OCAJKOHAKOIUICHHMS B FOKHOW YacTH
banTtuiickoro Mopsi ¢ akLIEHTOM Ha BJIMSHHE 3aTOKOB CEBEPOMOPCKHX BOJ B TOJIOLIEHE B KOHTEKCTE
M3MEHEHHS aTMOC(HEPHON UPKYIISALIUH.

Jlis nocTrkKeHUs MOCTaBIEHHOM 11eJM ObUIM BBIIIOJHEHBI CIIEYIOIINE 3aAau:

1 U3yuuTh JUTOJIOIMYECKHUE M TEOXUMHUYECKHE CBOWCTBA JOHHBIX OCAJKOB OKHOW MU
LEHTPAJIbHOM YacTeil bantuiickoro mops.

2 IloctpouTh BO3pacTHbIE MOAEIH OCAJ0YHBIX pPa3pe30B Ha OCHOBE JAAHHBIX aOCOJIFOTHOTO
(AMS 14C) Y OTHOCHUTEIILHOTO JaTUPOBAHUSI OCATKOB.

3 M3yuuTh ycinoBHsS OCaJKOHAKOIUIEHUS B TEUEHHE 5 JIET Ha OCHOBE aHalu3a apXuBa
TUAPOJIOTUYECKUX U THIPOXUMHUYECKHUX JAHHBIX.

4  TIpoBecTH KOJHMYECTBEHHBIH W KayeCTBEHHBIH aHaIM3 pacnpeneseHuss OeHTOCHBIX
¢dopamuHnep B MOBEPXHOCTHBIX IOHHBIX OCA/IKaX M CEAMMEHTAIIMOHHBIX KOJOHKAX.

5 [Ilo pe3ynpTaTaM KOMIUIEKCHOTO aHajli3a IIOBEPXHOCTHBIX JIOHHBIX OCAJKOB M
XapaKTEepUCTUK MPHUIOHHBIX BOJ BBIIBUTH OCOOEHHOCTH paclpoCTpaHEHHs OEHTOCHBIX
dopamuHupep, KOTOPbIE MOT'YT OBITh I10JIO’KEHBI B OCHOBY NaJI€OPEKOHCTPYKIIMH.

6 BbINONHUTE PEKOHCTPYKLUIO YCIOBUM  OCAJKOHAKOIJIEHHS B  IOXKHOM  vacTu
banTtuiickoro Mopsi, a Takke MajJeoKINMaTUIECKON N3MEHUNBOCTH B ITO3JHEM T'OJIOLICHE.

Hayynas HOBM3HA

B pamkax nuccepraiinoHHON paOOTHI BIEPBbIE:

- IPOBEJICHBl KOMIIJIEKCHBIE MCCIIEI0BAaHUS, BKIIIOYAIOLIME MHUKPONAICOHTOJIOTMYECKUI
aHaJIN3 KOPOTKHUX OCAJ0YHBIX Pa3pe30B C HEHAPYIIEHHBIM BEPXHUM CIIOEM OCaJIKOB, OTOOPAaHHBIX
B ApkoHckoM, bopuxonbMckoM, ['nansckom u ['otnanackom Oacceitnax bantuiickoro mops;

- IOPOOHO OMHCAaH POJIOBOW COCTaB COBPEMEHHBIX OCHTOCHBIX opamuHudep,
OOHApyKCHHBIX B POCCHICKOM CEKTOpE IOTO-BOCTOYHOW YacTH bBanTuUHCKOTO MOpsi, BIIEpBBIC
moJiydeHbl  ororpadM  PakOBHH BBICOKOTO pa3pemieHus (IJICKTPOHHBIH CKAHUPYIOIIUH
MHUKPOCKOIT) U COOpaHa MUKPOIIaJIEOHTOIOTUYECKasT KOJIJIEKIIHUS

- U3YYEHO KOJIMYECTBEHHOE U KaUue€CTBEHHOE pacipocTpaHeHuEe OEHTOCHBIX (opaMUuHHUdpEp
B POCCHHCKOM CEKTOpE IOro-BOCTOYHOM 4YacTh banTuiickoro Mops B 3aBUCUMOCTH OT
XapaKTePUCTHK JOHHBIX OCAJKOB (FPaHYJIOMETPUYECKUN COCTaB M COJAEp’KaHUE OPraHMYECKOTo
yriaepo/a B OCaJIKe) U MPUAOHHBIX BOJA (TeMIeEpaTypa, COJIEHOCTh U COJIep:KaHHuEe PACTBOPEHHOTO
KHCIIOpo/ia);

- B cooO1iecTBe 0EHTOCHBIX (popamMuHU(DEp POCCUIICKOTO CEKTOpa FOr0-BOCTOYHOM YaCTH
bantuiickoro Mopsi BBIACIEHBl POABI-MHAMKATOPHl M3MEHEHHUsI YCIOBUM OCAJKOHAKOILJICHUSA, a
TaKkKe€ TMaJICOOKEAaHOJOTHYECKHX TMapaMeTpoB, KOTOpble MOTYT OBITh MPUMEHEHBI TMpH
MaJEOPEKOHCTPYKIIUU [TapaMETPOB CPE/IbI;

- TIOJTy4€Hbl JIaHHblE 00 OCOOEHHOCTSIX OCaJKOHAKOIUIEHUS U MaJIeOOKEAHOJIOTMUECKHUX
yCIOBUSIX (BapHalMd OHWOMPOJYKTUBHOCTH TIOBEPXHOCTHBIX BOJl, W3MEHEHHE COJCp)KaHUS
KHCIIOpOJIa U COJICHOCTH MPHJIOHHBIX BOJ) Ha IOT0-3aMaJHOM CKJIoHe Boctounoro I'otmanackoro
OacceifHa B cpeIHEM U MTO3JHEM TOJIOIICHE;

- I0OKa3aHa B3aMMOCBS3b MEXJY MHTEHCHUBHOCTHIO 3aTOKOB CEBEPOMOPCKHUX BOJ B
lotnannckom — OacceiiHe W BapHalMsIMH  CYIIECTBYIOIIMX  MOJENBHBIX  TapaMeTPOB
CEeBEpPOATIIAHTUYECKOT0 KOJIeOaHHs B CPEIHEM U MO3JHEM T'OJIOLICHE;

- B Tpex OacceliHax IOKHOW dYacTh banTuiickoro Mops Hu3ydeHa MNPOCTPaHCTBEHHAs
HEOJIHOPOJAHOCTh BJIMSIHHSI 3aTOKOB Ha OCAJIKOHAKOIUICHHE W YCJIOBHS Cpeibl, 0OYCIIOBICHHAS
Mopoorueit 6acceitHa Mops, a Takke n3MeHeHneM napamerpos CAK B mo3gHeM roJoreHe.



TeopeTuyeckasi 1 NpaKTHYecKasi 3HAYUMOCTb PadoOThI

PesynpTaThl quccepTalilmoOHHOM pabOThl BHOCAT CYIIECTBEHHBIA BKJIAJ B U3YUCHHUE YCIOBHUH H
ocoOeHHOCTeH ocaJkoHaKoIUIeHuss bantuiickoro Mopsi, 0O0YCIOBJIEHHBIX reoMopgosoruel u
rugposnorueii OacceliHa, Ha (OHE KIMMATUYECKHX BapUalMidi CPEAHEr0 M IO3/JHEro roJoleHa.
BoinonHeHHas Koppensuus pe3ysbTaTOB KOMIUJIEKCHOTO aHaM3a OCAJOYHBIX KOJIOHOK W JIaHHBIX
MOJICIIMPOBAHUS CEBEPOATIAHTHUECKOTO KOJICOAHUS HMMEET BaXKHOE 3HAYCHUE JUISI TOHMMAaHUS
3aBUCUMOCTH TIEPUOJMYHOCTH M HMHTEHCHBHOCTU (OTHOCHUTEIIBHOTO OOBEMa HHTpPY3Uil) 3aTOKOB
CEBEPOMOPCKUX BOJ OT M3MEHEHHUs arMoc(epHON LMPKYyIsIuuH B rosoueHe. IlpomosxurenbHble
HENpepbIBHbIE pAAbl JAaHHBIX 00 HW3MEHEHHMHU Majeoreorpaguueckux M Iajieo0KeaHOJOTHYEeCKUX
[apaMeTpoB, Mpe/CTaBlIeHHbIE B paboTe, HEOOXOAMMBI JJIs BbISIBICHUS NPUPOAHBIX B3aMMOCBs3El,
YIPaBISIOMUX MPOLIECCOB, a TaKKe MOHMMaHusA Oyayniedl AMHAMUKU Cpelbl OCaJKOHAKOIUICHUS B
YCIIOBHSIX MEHSIOLIETOCS KJIMMaTa M aTMOC(EpHONW IHUPKYJSAINH Ha JIUHHBIX BPEMEHHBIX OTpPE3Kax.
[Tony4yenHass B pamMKax HACTOSIIETO HCCIEAOBAaHUS HH(POPMALUsA O PACIPOCTPAHEHHUU OCHTOCHBIX
¢dopamuHuep B 3aBHCUMOCTH OT BapHaliil MaJe00KeaHOJOTHIECKUX YCIOBHH (OMOIPOTYKTHBHOCTD
MIOBEPXHOCTHBIX BOJ, COJAEp)KaHHUE KHUCIOpOAa B MPUIOHHBIX BOJaX, COJEHOCTh NMPHIOHHBIX BOI) B
JaJIbHENIIIEM MOXET ObITh IMPUMEHEHA IPU PEKOHCTPYKIIMHU YCIOBUN OCAJIKOHAKOIUIEHUS MO JaHHBIM
JAPYTUX OCAaJOYHBIX pa3pe3oB, OTOOPAaHHBIX B FOr0-BOCTOYHOM yactu bantuiickoro mops. PesynpraTsl
JMCCEPTALMOHHOTO HUCCIIEOBAHUS MOT'YT OBbITh MCIIOJIB30BaHbl AJIs1 KOPPEISALHMU C JaHHBIMU aHaIu3a
JAPYTUX OCAJOYHBIX KOJOHOK C II€JIbI0 PEKOHCTPYKLHUH IMPOCTPAHCTBEHHONO W3MEHEHMs YCIOBUI
¢dopmupoBaHus ocalkoB B bantuiickoM Mope. Pe3ynbTaThl aHanu3a HCCIEAYEMBIX KOJOHOK MOTYT
OBITH COIOCTABJICHBI C JAHHBIMH HW3YYEHHUS OCaJOYHBIX pPa3pe30B IMpuieraromero bantuiickoro
peruoHa s M3y4eHus OUHAMHKU Tajneoreorpapuieckux o0cTaHOBOK B rojoueHe. IloctpoeHHble
BO3pAaCTHBIE MOJEIH MOTYT OBITb OCHOBOW JHUTOCTpaTHUrpaduuecknx Koppemsiuuid. JlaHHbIE
KOMIIIEKCHOTO aHajHi3a MOTYT OBITh HMCIIOJB30BaHBI MPU MOCTPOSHUH M BATHIAINH KIMMaTHYCCKUX
MoJiesIel ¥ IPOTrHO30B U3MEHEHUsl IPUPOJHBIX ycioBUA. [loaroToBiaeHHAs MUKPONaICOHTOIOIMUECKast
Koyiekust U Qortorpadun OEHTOCHBIX (QopaMuHu(Ep, NOIYYEHHBIE C IMOMOILBIO 3JIEKTPOHHOTO
CKaHHPYIOLIEr0 MMKPOCKOIA, MOTYT OBITh HCIOJNB30BaHbI B Y4eOHOM M HAaydyHOM IIpoIeccax.
PesynbTarhl paboThl HCIIONIB3YIOTCS B Hay4yHbIX UcciepoBanusx AO MO PAH.

HOJIO)KEHI/IH, BbIHOCUMBIC HA 3alIIUTY

1 IMpencraButenu poma Elphidium  (Cribroelphidium)  sBastorcss  uHmukaropamu
W3MCHEHHUI MPUIOHHBIX YCIOBHH OCAJKOHAKOIUICHHUS B FOr0-BOCTOYHOM YacTh bBanTuiickoro
MOpsI, CBSI3aHHBIX C YacTOTOW W OOBEMOM 3aTOKOB CEBEPOMOPCKHX BOJ. [ pyrmiibi
arrJIOTHHUPOBAHHBIX (hopaMuHH(Ep SBISIOTCSA BCIIOMOTATEIbHBIM HHIHMKATOPOM TMPHIOHHON
JTMHAMHKH U TTPOTYKTUBHOCTH BO/I.

2  VcraHOBIIEHa B3aMMOCBSI3b MEKIY WHTEHCHBHOCTBIO 3aTOKOB CEBEPOMOPCKHMX BOJI U
BapUalMsIMU MOJICIBHBIX ITAPAMETPOB CEBEPOATIAHTHYECKOTO KOJIEOAHUS B CPEIHEM—IIO3IHEM
rOJIOIIEHE, KOTOpasi IMOATBEPXKIAETCS JaHHBIMH KOMILIEKCHOTO aHaji3a OCaI04HOr0 paspesa,
otoOpanHoro B ['oTianackom Oacceline.

3 B TeuyeHue mocCiEIHErO THICSYETIETUS B FOKHOW YacTW BanTHHCKOTO MOps BIHSHHE
3aTOKOB ~ HAa  YCIOBHS  OCAJKOHAKOIUIEHHS  XapaKTepH3yeTcs  MPOCTPAHCTBEHHOM
HEOJHOPOJHOCTBIO, OTPAKAMONICH HW3MCHEHHs IapaMeTPOB HHJIEKCA CEBEPOATIAHTHUIECKOTO
KoJeOaHusl.



CreneHb 10CTOBEPHOCTH U anpodanus pe3yjbTaTOB

JlocToBepHOCTh pe3ynbTaToB oOecredeHa AOCTaTOYHBIM KOJIMYECTBOM M COOTBETCTBYIOIIMM
KauecTBOM HCCIEAYEMbIX MaTepHalioB, a TaKKe KOMIUIEKCHBIM H3Y4YEHHMEM, BKIIOYAIOIIUM
MHUKPOIAJICOHTOJOTUECKUH, JIMTOJIOTUYECKUM, T€OXUMUYECKUI, THIPOXUMHUYECKUM U CTATUCTUYECKUI
aHanm3bl. OTOOP W MOATOTOBKA MPOO, a TAaKKE aHATM3BI TPOBEJICHBI B COOTBETCTBUU CO CTAHIAPTHBIMH
OIMyOJIMKOBAaHHBIMH METOJIMKaMH U TpeOoBaHUsIMU. OCHOBHBIC MOJOKEHUS TUCCEPTALUN U3T0KEHBI B
6 peleH3upyeMbIX MyOIMKAIUAX, B TOM YUCJIEC B 5 B W3IaHUSAX, BXOIIMIUX B 0a3bl IUTHPOBAHUSI
Scopus u Web of Science. PesynpraTsl HcCliemOBaHHS OOCYKICHBI Ha HayYHO-TPAKTHUYECKUX
cemuHapax jabopatopuu reonorud Armantuku AO MO PAH, mpoxoauBmmx B 2016-2024 ronpax, a
TaK)Ke MPE/ICTaBICHbl Ha BCEPOCCUNCKUX U MEXAYHAPOAHBIX KOHpepeHuusx, Takux kak XXII u XXIV
Mesxaynapoansie Haydnbie KoHpepeniuu (Ikomnbr) mo mopckoii reomoruu (Mocksa 2017, 2021); 11,
IV, V, VI, VII Bcepoccuiickue xondepenunn mononsix y4deHbix «KommiuekcHsie MccnemoBaHus
Muposoro Okeana» (Mocksa, 2017, Ceactonons 2019, Kanununrpag 2020, Mocksa 2021, Cankr-
[TerepOypr 2023); 'enepanbubie accambiien EBporneiickoro coro3a Hayk o 3emie 2017 u 2019 romos
(European Geosciences Union, Bena, ABctpus); || bantuiickas kondepenuust — bantuiickuii pernoH B
nepexonubiii nepuox (2nd Baltic Earth Conference — The Baltic Sea Region in Transition,
Xenwcunrep, Janus 2018); 14 KomokBuym mo reosorun banrtuiickoro mopsi (14th Colloquium on
Baltic Sea Marine Geology, Crokromnem, IlBerust 2018); MexayHapOIHBIA MMOJCBOH CHMIIO3UYM
paboueii rpymmel [lepubantuk (International Field Symposium of the Peribaltic Working Group,
I'paiidpcBanba, I'epmanus 2019); VI Bceepoccuiickas HayuHass koH(epeHIUs (C MEXIYHAPOJIHBIM
yuactueM) «/lunammka skocucteM B roisoneHe» (Cankr-IlerepOypr 2022), u omyOJMKOBaHbI B
COOTBETCTBYIOLINX COOPHUKAX.

JIM4yHBIA BKJIAJ aBTOPA

ABTOp JTMYHO y4acTBOBajla B OTOOpe MaTepuana MOBEPXHOCTHBIX JOHHBIX OTJIOKEHUH, a
TaKk)Ke CeAMMEHTALUOHHBIX KOJIOHOK B 33-M peiice HUC «Axagemux CtpaxoB» (OKTAOpb—IeKaOpb
2016 roma), B 43-m u 44-m peticax HUC «Axanemux bopuc IlerpoB» (aBryct u oktsiopp 2018 roma
cooTBeTcTBeHHO). B maboparopun reonmoruu Atnantuku AO WO PAH aBTopoM mnpoBeneHbI:
JIUTOJIOTHYECKOE OMUCAHUE / OCAJOYHBIX KOJOHOK, OTOOp Mpob ¥ MpoOOMOArOTOBKA, KOJIMYECTBEHHBIN
W KAYeCTBCHHBIH MUKPOMAICOHTOJIOTHUSCKAN aHAIM3bl TIOBEPXHOCTHBIX OCAJKOB, a TaKxke [
UCCIIETyeMbIX KOJIOHOK, PEHTT€HO(DIYOPECIEHTHBI M TPaHyJIOMETPUYECKUN aHan3bl KOPOTKUX
KOJIOHOK. ABTOp OTOMpana MaTephai UIsi mpoBeaeHus paxuoyriepoaroro (AMS *C) matuposanns
OCaJKOB M HM3YyUEHUsS pachlpesielieHHss B HUX KOHIICHTpAIMil CBUHIIA, HA OCHOBE KOTOPBIX aBTOPOM
CaMOCTOSITENTFHO OBUTH TIOCTPOEHBI BO3PACTHBIE MOJENHU Al 5 KOJIOHOK. HTeprpeTanus Noay4eHHBIX
PE3yNbTATOB, COMOCTABICHUS M BHIBOJIBI, U3JI0KEHHBIC B JAMCCEPTAI[MOHHON paboTe, clelaHbl JTUYHO
aBTOpPOM. ABTOp TMOATOTOBWJIA W TPEACTaBUJIA PE3YJIbTAaThl HCCIEAOBAHUS HAa BCEPOCCHUUCKUX U
MEXIYHApOJAHBIX KOH(EPEHIUsIX, a TaK)Ke YCICIIHO peajnu3oBajia PyKOBOJACTBO IpaHToM PDODU No
19-45-393008 p monm a «PeKOHCTPYKIMS TMapamMeTpoB TMAICOIKOJOTHICCKUX OOCTAHOBOK B
bantuiickom mope, OOyCIOBIEHHBIX BapHAIUSMH TOCTYIJICHHUS CEBEPOMOPCKHUX BOJ, B IO3JHEM
TOJIOLICHE».

baaronapHocTH M HCTOYHUKH (PMHAHCUPOBAHUS PadOTHI

ABTOp BBIpaXKaeT OJaroJapHOCTb CBOEMY HAy4YHOMY pPYKOBOAMTENIO K.I.-M.H. Jleimne
JlxanrupoBHe bammpoBoil 3a moaaepKKy U BCECTOPOHHIOIO IMTOMOIIb B pab0oTe HaJ IUCCEPTALMOHHBIM
UCCIIEIOBAaHUEM, IOCTOSHHOE BHUMATENIbHOE OTHOILIEHHE K Mpolieccy paboThl Haja JAuccepTaluei.
ABrop OnaromapHa k.r.-M.H. B.B. CuBkoBy u ar.H. JlyOpaBuny B.D. 3a KOHCTpYKTHBHBIE



KpUTHYECKHE 3aMeuaHust. ABTOp NMpHU3HaTeIbHa 1.¢.-M.H., mpod. B.A. ['purieHko 3a pa3HOCTOPOHHIOO
noMoulb ¥ noanepxky. ITomomps mnpodeccopa E. Harrm (Jeno Nagy) mpu ompeneiceHUH BHUIOB
OeHTOCHBIX (opamMuHU(eEp OKa3ajla KJIIYEBOE BIUSHHE HA pa3BUTHE pabOThl. ABTOp Onaromapur
HopoxoBy E.B. 3a mpoBeneHue TpaHyJIOMETPHYECKOTO U PEHTTEHOQIYOPUCIICHTHOTO aHAaIHW30B, a
Takxe oOydeHre JaHHbIM BugaM aHanu3oB; Kpeunka B.A. — 3a BbINOTHEHUE THAPOIOTHYECKUX PaboOT
U TOCIEAYIOUIYyI0 CTaTHUCTUYECKyr0 o00paboTKy pesyibTatoB, IlyraueBy T.JI. — 3a mpoBenenue
IpaHyJIOMETPUYECKOT0, PEHTTEHO(IYOPUCIIEHTHOTO, MUKPOIAJIEOHTOJIOTHYECKOTO U T€OXUMHUECKOTO
ananu3oB; JKomuackyro E.IL. u JIuxuny A.A. — 3a BBINOJHEHHE T€OXUMUYECKUX aHAIN30B. bosbmioe
cnacu60 ydactHukaM HayuyHbiX peiicoB [III-131, AHC-33, ABII-43 u 44 3a momons B MOJYy4YCHHH
MaTepHuaia. 3a MpeIoCTaBICHHE MaTepHalbHO-TEXHUYECKON 0a3bl Juis cOoOpa M aHalu3a Mmarepuasa
aBTop Omaromaputr AO MO PAH, a takxke Bcex COTPYJHHKOB WHCTHTYTa, MPUYACTHBIX K COOpY,
o0paboTke W aHanmM3y MartepuaioB M jgaHHBIX. CoueTaHwe JpPYKECKOW TOANEPKKA U
npodeccuonanbHoit nomoun Jlrob6osu Kynemoso#, Jlumuu XarmymmmHoit m Mapuu Kamyctunoit
CBITPAJIO BAKHYIO POJIb.

HccnenoBanust mpoBeeHb! IpU (PUHAHCOBOM MoAepkKKe rocyaapcTBeHHoro 3aaanus AO O
PAH mo temam Ne 0149-2018-0012; Ne 0149-2019-0013 u Ne FMWE-2021-0012. HccnenoBanue
nogaepxano  rpantoMm  PO®U  Ne  19-45-393008 p mon_a, mporpaMMold — TOBBIIICHUS
KoHKypeHTocnocooHoctn bOY um. M. Kanta «5-100», a Takxke rpantamu Poccuiickoro Hay4HOTro
donma Ne 18-77-10016, Ne 22-17-00170, https://rscf.ru/project/22-17-00170/.

OCHOBHOE COAEPKXAHME PABOTbI

I'maBa 1. Ocagkonakomienue banrmiickoro Mops —  B3auMoJeiicTBHe
reoMop(oI0rnyecKux ¥ ruipoJIoru4ecKuX Mpoueccon

B nepBoii rnaBe paccMOTpeH BOIpOC MCTOpUU (GopMupoBaHus bantuiickoro mMopsi, a Takxe
OIMMCaHbl OCHOBHBIC YePTHl reoMOpdosIoruu OacceiiHa B paMKaxX TPYJIOB POCCHHCKHX U 3apyOemHBIX
yuenbix (I'ymenuc u Emenssnos, 1976, Voipio, 1981; Jlucuusie u Emenssanos, 1981; I'ynenuc, 1985;
[pursinc, 1991; Winterhalter, 1992; Bnaxuwnmmn, 1998; Harff et al., 2011; Andren et al., 2011;
Rosentau et al., 2017). Banruiickoe Mope 3aHMMAaeT 3amaJHyl0 M IEHTPAIbHYIO YacTH bantuiickoro
0CaJ0OuyHOr0 OacceifHa, 3apOJUBIIETOCs B MO3JHEM dUaKape — paHHeM KeMOpHH, U, CIeJ0BaTeNbHO,
TECHO CBsi3aHO ¢ ero pa3ButheM. OCHOBHBIMH (DaKTOpamu, TOBIUSBIIMMHU Ha COBPEMEHHYIO
Mopdoioruio 6acceitHa, SBISIOTCS TOJICTHUKOBAS TOBEPXHOCTh KOPEHHBIX TOPOJI, JISTHUKOBAS DPO3HS
U OTIOXKEHHUE, TOCJENeTHUKOBBIE OCaJ04HbIe mporecchl. Mopdomorus OacceiiHa 00yciaBIuBaeT
YyBCTBUTEIHHOCTh YCJIOBHUN banTuiickoro Mopsi K HM30CTaTUYECKUM JIBUKEHHUSM W TJI00AIbHBIM
W3MEHEHUSM YPOBHsI okeaHa. bonee moapoOHO paccMoTpeHa uctopusi bantuiickoro Mopsi B mo3iHe- u
MOCJIEJIEAHUKOBOE BpEMs, B TEUEHHE KOTOPOrO OHO NPOLUIO Yepe3 YEeThIpE OCHOBHBIX JdTama:
banrtuiickoe negaukoBoe o3epo, MonbpamneBoe Mope, AHIIIOBOE 03epo U JINTopuHOBOE MOpe.

UTtoObI oOmpenenuTh axkTyaJIbHOE HaIpaBJIE€HUE PAa3BUTHUSI JIUCCEPTAIMOHHON pPabOTHI,
MPOAHAIU3UPOBAHO COBPEMEHHOE COCTOSIHHE WCCJIEJOBaHUN B JaHHOM oOmactu. B konme XIX
CTOJIETUS H3y4YeHHe TeoMOpP(HOJOTHH M CHUCTEMaTHYeCKHid OTOOp ocankoB bantuiickoro wmops
npecnenoBanu npaktuueckue uenu (I'pursumac, 1991). Bonmee mno3aHue mnoapoOHBIE OOMIMPHBIE
OMMCAaHUs TeoNOTUM U rTeoMopdoiorun banTuiickoro Mopst ¥ €ro OTAENbHBIX OacceiHOB
oImyONMKOBaHB BO MHOTHUX pabortax (Hampumep, ['ynsnmuc u EmenssHoB, 1976; JlucuiupiH u
EmenwsHoB, 1981; Voipio, 1981; I'pursiuc, 1991; Winterhalter, 1992; Harff et al., 2011; Rosentau et
al., 2017). WccnenoBanusi UCTOPUHU Pa3BUTHSI BanTHiickOro mMopsi ¥ SBOJIONNN OCAJKOHAKOTUICHUS B
TOJIOIIEHE TaKXe JOBOJIBHO MHOTOYHCICHHBI (Hampumep, Keccenm, 1965; JlaBeimoBa u np., 1970;
I'yasmuc, 1985; Tpursumnce, 1991; baaxummua 1998; Andren et al., 2000; Andren et al.,, 2011).



Hecmotpst Ha pemraromiee BiausiHUE BogooOMeHa ¢ CeBepHBIM MopeM Ha (OPMHUPOBAHUE OCATKOB U
MPUPOAHYIO cpeny banTuiickoro Mopst BOIpoC pacrpoCTPaHEHHsI 3aTOKOB B T€OJIOTUYECKOM MPOIILIOM
WCCJIEIOBAaH HE TOJHOCTHIO. bBONBIIMHCTBO TOMOOHBIX HWCCIEIOBAHHA OCHOBAaHO Ha JIaHHBIX
JMATOMOBOTO aHAJIN3a, KOTOPBIA IMO3BOJSET PEKOHCTPYHMPOBATH COJCHOCTh MOBEPXHOCTHOTO CIIOS
BOJbI B ToJonieHe (Hampumep, Witkowski, 1994; Andren et al., 2000; Sohlenius et al., 2001; Emeis et
al., 2003; Ning et al., 2017). AapTepHaATUBHBIM METOJIOM SIBJISETCS M3YYCHHE SJIEMEHTHOTO COCTaBa
JTOHHBIX OTJokeHui (Hampumep, Grigoriev et al., 2011; Jilbert and Slomp, 2013; Carstensen et al.,
2014; Lenz et al., 2015; Moros et al., 2017, Riabchuk et al., 2021). Cpeau onyOinKoBaHHBIX paboT
HemHorue (Brodniewicz, 1965; Lutze, 1965; Caumpopa, 1981; Jlykammna, 1995, 1997, 2006;
Emelyanov and Lukashina, 1995; Kotilainen et al., 2014; Binczewska et al., 2017; Hausler et al., 2017;
Groeneveld et al., 2018; van Wirdum et al., 2019; Kostecki et al., 2021) paccMoTpenu U3MEHEHHS
MPUIOHHON COJIGHOCTH B banTuiickomM Mope B TOJIOLIEHE MO JaHHBIM H3y4deHHs] (GopaMuHUEp B
0CaJIOYHBIX KOJOHKax. Takoe maloe 4ucio mnajeoreorpadguueckux paboT MOXKHO OOBSCHHUTH TUIOXOH
COXPAHHOCTBHIO KapOOHATHBIX MHUKPO(POCCHIMMA, a Tak)Ke BBICOKOM TPYAOEMKOCTHIO aHalIH3a BBUAY
MaJioro pasMepa u KojudecTtBa pakoBUH. OCHOBHAsI Macca MUKPONAJIEOHTOJIOTHYECKIX HCCIIEI0BaHUMN
CKOHIICHTPUPOBaHA Ha M3YYEHHHM COBPEMEHHBIX OCHTOCHBIX (opamuHHbpep. B poccuiickom cekrope
I0T0-BOCTOYHOM 4YacTu banTuiickoro Mopsi AaHHbIE O pachpeaeneHUu OCHTOCHBIX ¢dopamuHubep B
MMOBEPXHOCTHOM CJIO€ JIOHHBIX OCAQJKOB ONYOJMKOBAaHBI B CIUHUYHBIX pPa0OTaX OTCUYCCTBEHHBIX
uccnenosarenei (Caumona, 1981, 1982; Jlykamuna, 1995). Takke Majao HU3y4ye€HO paclpeieiiCHHe
OCHTOCHBIX (popaMUHHU(EP HA PA3HBIX BPEMEHHBIX MaclITadaX — B 0CAJOYHBIX pa3pe3ax, 0TOOPaHHBIX
B JTaHHOM paifoHe (Hampumep, Caunoa 1981; Emelyanov and Lukashina, 1995; Jlykammua 2006).

I'naBa 2. Marepuaja 4 MeTOAbI HCCJIETOBAHUS

Bo BTOpOIi r11aBe npencTaBiieHbl MaTEpPHUAIbl HCCIEOBAHUS U METOMABI, KOTOPBIMH OHU OBLTH
u3ydeHsl. Jluccepranmonnas pabora OCHOBaHa Ha H3ydeHHH 26 NpoO MOBEPXHOCTHBIX JTOHHBIX
OTJIO)KEHUHM, OTOOpaHHBIX Ha 21 CTaHIIMM B POCCUIICKOM CEKTOpPE I0ro-BOCTOYHON YacTu banrtuiickoro
Mopsa U bopHxonbmMckoMm OacceiiHe, a Takke 7 CEIMMEHTAIlMOHHBIX KOJOHOK, OTOOpaHHBIX Ha 6
craniusax B ['mannsckom, ['otnanackoM, bopaxonbMckom u ApkoHckoM OacceitHax bantuiickoro Mopst
(puc. 1). PacmonoxeHue HM3y4eHHBIX OCAJOYHBIX KOJIOHOK B MIATH OacceiiHax banrtuiickoro mops
MIO3BOJISIET M3Yy4YUTb HE TOJBKO BpPEMEHHBIE, HO M IIPOCTPAHCTBEHHBIE BapUallMU YCIOBUI
¢dbopMHpOBaHUs JTOHHBIX OCaJKOB B banTuiickomM Mope B TeueHHe roJioleHa. MeTopoiornyeckas
OCHOBA MCCJIENIOBAaHUS BKJIKOYAET CIEAYIOIIME aHAJIU3bl OCAJIKOB: JINTOJIOTMYECKUM, KAUECTBEHHBIN U
KOJIMYECTBEHHBIM MUKpoOIaieoHTosornyeckuit (249 npob, cyxas u BiaxkHas ¢ppaxkiuu 6onee 63 MKM),
rpanynomerpudeckuii (147 npo0), reoxumuueckuit (369 npob), ornpenenaeHre MEMEHTHOTO COCTaBa
691 mpoObI METOIOM PEHTTeHO(MIYOPUCIIEHTHOTO aHaidu3a. BenmnuunHa moTeph MpU MPOKATMBAHUU
(IIIII) m xoHUEHTpalMs OpPraHMYECKOro YIJepoJa MCIOJIb30BaHbl B KadecTBE IOKa3aTesnen
conepkanusi opranuuyeckoro BemiectBa (OB) B ocamgkax. CootHomenue Si/Ti mpumMeHEHO Kak
MHAWKATOp MPOAYKIUH JUATOMOBBIX BoJopociel, Zr/Rb — MHTEHCHMBHOCTM NPHUIOHHBIX TEUYEHUH,
Mn/Fe u Mn/Ti — wu3MeHEHHUS OKHCIMTEIbHO-BOCCTAHOBUTENBHBIX ycloBHil. Jlns uccienoBaHuUs
BIMSIHUS THUIPOJIOTUYECKMX M THJIPOXMMHYECKHUX IapaMeTpoOB Ha pPaCHpOCTpaHEHHE OEHTOCHBIX
dbopamuHUpEep B POCCHICKOM CEKTOpE IOr0-BOCTOYHOM dYacTu banTuiickoro Mops TpOBEIEH
CTaTUCTUYECKUH aHalu3 MATUJIETHEro apxusa rujaposorndeckux naHHeix AO MO PAH (comepkanue
PacTBOPEHHOI0 KHCJIOPOJIa, COJICHOCTh U TemIeparypa MNpUAOHHBIX Box). [lomydeHHbIt aBTOpOM
¢dakTuueckuil marepuasn oOpabotan c¢ npuMmeHeHueM mporpamMm Microsoft Excel, Quantum GIS,
CALIB 14C Calibration Program, Clam version 4.0.4. XpoHoyorusi 0CaJJOYHbIX pa3pe30B OCHOBaHA Ha
pe3yabTatax paguoyriIepoJHOro JaTupoBaHus 13 00pa3loB METOAOM YCKOPUTEIbHOW Macc-
CIIEKTPOMETPHUH, a TaK)K€ Ha JAaHHBIX paclpeAcieHUs KOHILIEHTpalMi CBUHLA BJOJIb DPa3pe3oB.



TeopeTrueckoit OCHOBOM HCCIEIOBAHUS MOCIYKUIU TPYAbl OTEYECTBEHHBIX M 3apYOEKHBIX aBTOPOB
M0  CEIMMEHTOJIOTUH,  TEOJIOTUH,  MHUKPOIMAJICOHTOJIOTHH,  TCOXHMHH,  Majeoreorpaduu,
MAJI€00KEaHOJIOTUH, MAJICOKIIMMATOJIOTUH, METEOPOJIOTHH B TUAPOJIOTUN banTHiickoro Mopst u peruoHa
CeBepHO ATIAHTUKH.
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Pucynok 1 — Kapra-cxema paiioHa HCCIIEIOBaHHS U PACIIOJIOKEHHS TOUEK 0TOOpa OCaAKOB (3€IeHbIE
— TIOBEPXHOCTHBIE OCAJIKU, KpacHble — OCaJ04YHbIe KOJIOHKH). HampaBnenue 3aTokoB Box CeBEepHOTO MOpS
npencTaBieHo Ha ocHoBe Matthdus (2006) u Mohrholz et al. (2015). batumerpust noctpoeHa o 0asze JaHHBIX
Banruiickoro mopsi v 0.9.3 (Baltic Sea Hydrographic Commision, 2013).

I'naBa 3. Pacnpenenenne 0eHTOCHBIX (popamMuHH(pEp B COBPEMEHHBIX JOHHBIX 0CaJgKaxX
I0Tr0-BOCTO4YHOI YacTu bajaruiickoro Mmopsi B 3aBMCHMOCTH OT H3MEHEHH I apaMeTpPoB Cpebl

[To maHHBIM aHaM3a TMOBEPXHOCTHBIX OCAIKOB, OTOOPAaHHBIX B POCCHICKOM CEKTOpE HOTO-
BOCTOYHOW dacTu banruiickoro mopst u bopHxompMckoM OacceiiHe, BBISIBIEHO, YTO COOOIIECTBa
OeHToCHBIX (hopamuHH(DEp XapaKTepU30BAIUCH KpaiiHe HU3KHM OmopasHooOpasmeM. B cooOmiecTBax
pe3Kko Tpeodiazanu MeIKHe OCOOM arrIFOTHHHPOBAHHBIX (opaMuHU(Ep MPOCTOH OJHOKAMEPHOH
KOHCTPYKIIMH, YTO SIBJIICTCS CJeICTBHEM HH3KOHM coieHocth (Brodniewicz, 1965; Hermelin, 1987,
Binczewska, 2017). Takum 00pa3oM, KIACCHYECKHH TMOAXOA K PEKOHCTPYKIMH YCIOBHH CpeIbl,
OCHOBAHHBII HAa KAaY€CTBEHHOM MHKPOMAICOHTOJIOTHYECKOM aHallM3€e 0 YPOBHS BUAA U JalbHEUIIeM
pacuere pa3NUYHBIX WHAEKCOB, B bantuiickoM Mope HempuMeHuM, U TpeOyer moaudukanuu. OmaHoi
W3 Bapualil aHalu3a sSBISETCS KOPPENAIHs YCIOBUN OCaTKOHAKOIUICHUS U PACIPOCTPAHEHUS POJIOB
O0eHToCcHBIX (popamuHHupep TpPU H3ydeHHH OOOOIIEHHOTO cooOmiecTBa (KMBbIE U MEPTBBIE OCOOM),
KOTOpPO€ OTpakaeT YCpeIHEHHBIC aoiroBpeMeHHble ycioBusi (Schroder-Adams 2006) u sBisercs
npuMepoMm uckomnaemoro matepuana (Murray and Alve, 2011).

MuHMMalIbHBIE KOHIIEHTPAIIMM M HHU3KOEe OMopazHooOpasue ¢opaMuHU(EpP OTMEYECHBI B
JIOHHBIX OTJIOKEHMSIX Tu1aTo PeiGaumii  (puc. 2), rIe HaiIeHb TONBKO pEAKUE KaMepbl
arrIITHHUPOBaHHOTO poaa Psammosphaera spp. Coderanne BHICOKOIUHAMHUYHBIX THAPOJOTHYECKUX
YCIIOBUH W TIOHMKEHHOH COJIEHOCTH MENKOBOJHOW MPHOPEKHON 30HBI, a TakkKe MPHUCYTCTBUS
KPYIMHO3EPHUCTBIX OCAJKOB C HHU3KUM COJAEPKAaHHEM OpPTaHWYEeCKOro yTiepoia CO3JaloT KpaiHe



10

HEOIaronpusATHYIO cpefy Uit oouTanus popamunudep. B pesynbraTe TOIBKO 3TOT TOJIEPAHTHBIN POA
(Baccaret, 1987; Murray and Alve, 2011) cnocoOeH BEDKHUTH B MECYAHBIX OCAJIKaX IUIATO PriGaunii.
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PucyHok 2 — PacnpocTpaneHue XapaKTepUCTUK JOHHBIX OCaJKOB M POJOB OCHTOCHBIX (popamunudep
B MIOBEPXHOCTHBIX OTJIOKEHUAX POCCUHUCKOTO CEKTOPA I0r0-BOCTOUHOM yacTu bantuiickoro mop4.

Jna I'manbckoro OacceliHa M CckjoHa ['oTinanickoro OacceliHa XapaKTEpPHO YBEIHUYEHHE C
rIyOMHON KOHILIEHTpalMM PaKOBUH M pa3HooOpas3us poaoB ¢popaMuHupep B MOBEPXHOCTHBIX OCaJKax
OJTHOBPEMEHHO C POCTOM COJAEP>KAHMsSI OPTaHWYECKOrO YIJIEpOJa M YMEHBIIEHUEM DPA3MEPHOCTH
omokeHud (puc. 2). AHanu3 apxuBa THApOJOTrHYeckux aaHHbIX (2014-2018 rr.) BBISBHI Ha ITHUX
yyacTKax OJIM3KME K HYJII KOHLIEHTPAI[MM PAacTBOPEHHOI'O KHUCIOpPOJa, KOTOpPbIE YKa3blBalOT Ha
HaJIM4YME TOBTOpSIOUICHCs TUnokcuu (puc. 3), UYTO, BEPOSITHEE BCETO, SBISETCS CIEICTBUEM
pacxoJ0BaHus KMCIOpPO/ia Ha OKUCIIEHHE OOJIBIIOrO KOJIMYECTBAa OpraHuKu. B 3TuX pailoHax B TeueHue
MATUIETHETO UCCIEYEeMOro Mepruoia TeMIepaTypbl MPUAOHHON BOIBI U3MEHSUINCh B OTHOCUTEIBHO
y3koM nuama3oHe. B To ke Bpems B I['mambckoM OacceifHe awama3oH W3MEHEHHS COJIEHOCTH
MPUIOHHOTO CJIOS U MEXKBapTUIBbHOE paccTOsSHUE ObUIM JOBOJBHO BEJIMKH, YTO YKa3bIBaeT Ha
OTHOCUTENIbHO HecTaOuinbHble ycnoBus cpensl. CkioH [ormanackoro ©OacceiiHa, HampoOTHB,
XapaKTepU30BAJICS  OTHOCHTENbHO  CTAaOMJIBHBIMH  THAPOJOTMYECKUMH  ycioBusiMH.  Ocobu
arraIoTHHUpOBaHHOTO poxaa wuHGpayHsl Crithionina Obutn  oOHapyXeHBI TOJNBKO Ha CKJIOHE
l'otnanackoro OacceliHa, YTO OTpa)kaeT MPEANOYTEHHE POJAOM OTHOCHUTEIBHO CTAOMIIBHBIX YCIOBHUH
OKpyKaromiel cpeapl, a Takke OOWIMS MUIIKM. ATTJIIOTMHUPOBAaHHbIE pPAaKOBHUHBI  POJIOB
Psammosphaera, Pseudothurammina, Reophax u Saccammina Bcrpedatorcsi mo Bcemy I maHbCKOMY
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Oacceiiny, a Takxke Ha ckioHe ['oTianackoro 6acceiiHa. B mpeapinymux uccieaoBaHusX BCe 3TH POJIBI
OOHapyXEHbI B MEJIKOBOJHBIX MECTOOOUTAHUSX C BBIPAKCHHBIMU BapHALUAMH (UIUKO-XUMHUYECKUX
YCJIOBHIi, a TaKKe B pa3iM4HbIX TUHax ocankos (Lagoe, 1979; Goldstein and Harben, 1993, Hayward
and Hollis, 1994). ApanTanus K pa3iM4HBIM YCIOBHSIM CpEIbl CIIOCOOCTBOBANa IIUPOKOMY
PACIpPOCTPaHEHUIO ITUX POJIOB B HccieayeMoM paiioHe. KoHueHnTtpauuu pakoBuH Psammosphaera
spp., Pseudothurammina spp. u Saccammina Spp. B ocagkax pocid C TJIYyOHHOW BMECTE C
YMEHBILICHUEM Pa3MEPHOCTH YaCTHUI] TIOHHBIX OTIIOKEHUH U YBEIIMYEHHEM CO/ICPIKAHUSI OPTaHUIECKOTO
yrieposa u, cie0BaTeIbHO, OOJIbIIeH JOCTYITHOCTBIO UMM, a TAKXKE MEHEee JUHAMUYHOM MPUIOHHOM
TUAPOJIOTHYECKON 00CTAaHOBKOI. Saccammina Spp. pacnpoCTpaHeH B paiiOHaX 3alMBOB, JIaryH H
menb(QoB B YCIOBUSIX OTHOCHUTEIBHO HIMPOKOTO jauana3oHa cojeHoctd 28-32 mec (Lagoe, 1979;
Goldstein, 1988). B wnacrosiiem uccienoBaHuM Oblla TOKa3aHa TOJEPAHTHOCTh AITOTO poja K
3HAYUTEIbHO 00JIee HU3KMM 3HAUYCHHSM COJICHOCTH: Hampumep, B mpenenax [ nanbcko-I'oTnanackoro
1opora 3ToT poj oOHapy>KeH MPH 3HAYCHUAX CONEHOCTH, paBHbIX 10.3 mec.
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30.03.2016 11042015
145 1439 1436 6.5 4
- 8 ]
14 5.5
1 p3.84 11.04.2015 6]
13.5 — 43, 13.41 —_
- 4.5 — 25.10.2017
8 31.10.2016 5 i 25.12.2016 03.04.2017
= 13— 12.86 = 3.98
] . 31.10.2016 s 4— 3.75 3.84 3_;8_2
5 1 v 3~ T
o 125- L g *7 130032016 3.23)
- ] 12.11 9 37 28
O 12— =)
5 1 1194 i1, b 25 —|— 2.28 2.23
09.08.2018 11.79 € g
O 115 09.08.2018 11.67 L 2 *7 J_
i 26.10.2017 11.45 1.5-1 T —
11 | 07.08.2015 ] B 11.04.2015 10.08.2018 i
] 0.5
10.5 — 1&14 . = EL 0.38
1 26.07.2014 0 o o 16 07.08 2015 10.08.2018
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Pucynox 3 — JluarpamMMa pa3maxa 3HaYCHHI COJICHOCTH U KHCJIOPOJa B MPHIOHHOM CJIOC BOJIbI Ha
pa3pese, pacroj0oKEeHHOM BJIOJIb 3aIaJHOM IPaHUIlbl POCCUUCKOr0 CEKTOpa I0ro-BOCTOUYHOU YyacTu bantuiickoro
Mops, (ocpenHeHHble maHHble 3a mepuon 2014-2018 rr.); 'B — Tmanbckas Bmnamuna; ['TTI — I’ manbcko-
Tlotnannckuit mopor; CI'b — ckinon ['oTnanackoro Gacceitna.

KapOonatusie pakoBuHbl coobmiectBa Elphidium (Cribroelphidium) 6putn  Haiinensr B
I'manbckoit BmanuHe, a Takke B bopaxonsMmckom Gacceiine (puc. 2). B ['manbckoii BnaguHe Auamna3oH
3HAYCHUI CoNeHOCTH OblL1 a0BONBHO MmUpokuM (11.8-14.4 mec), a Takke ObUIO 3apUKCHPOBAHO
abCoNIOTHOE MaKCHMalbHOE 3HAYEHHE COJICHOCTH ISl POCCHIICKOTO CEKTOpa FOT0-BOCTOYHOM 4YacTH
bantuiickoro Mopst B TeUeHHUE MSTUICTHETO Teproaa HadmoaeHui (puc. 3). I3MEHYMBOCTh YCIIOBHIA
YKa3bIBa€T Ha CHOPAJWYECKHE 3aTOKM CEBEPOMOPCKUX BOJ, CO3JAIONIMEe HEOOXOIWMBIH YpPOBEHB
cosneroctu it poaa Elphidium (Cribroelphidium). /lannbie ruapoaornuecKux ¢heMOK, BBIMTOJHEHHBIX
pH 0TOOpE IMOBEPXHOCTHBIX OCAJKOB, TAKXKe YKA3bIBAIOT HAa AJBEKIIHIO CEBEPOMOPCKOH BOIBI B
['MaHbCKyI0 BHOAJAWHY B TEPHOJBI, MPEAIIECTBYIOIINE MPOBEACHUIO paboT. Tak Kak MUHMMAJIbHBIC
3HAYCHUS KOHIICHTPAI[MM PACTBOPEHHOTO KHUCIOpPOJa B 3TOM paloHe ONu3ku K HyIo (puc. 3),
BEPOSITHO, THIIOKCUS B TPUJAOHHOM cjoe pa3BuBaetcs uacto. CoyeTaHWEe OMMCAHHBIX YCIOBUI
o0BsicHsieT, mouemy ommoprynuctuueckuii pox Elphidium (Cribroelphidium), Tonepanthbiii
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HEOJaroNPHUSITHBIM YCJIOBUSM CPENibl, TAKMM KaK TMOHW)KCHHBIC 3HAYCHHUS COJICHOCTH W KHCIOpOJIa
(Brodniewicz, 1965; Lutze, 1965; Condratsen, 1993; Binczewska, 2017), pe3xo TOMUHUPOBAT CpeAH
KapOOHATHBIX BUJIOB, 0OHAPY>KEHHBIX B UCCIIETYEMOM PETHOHE.

B nounbix otnoxenusax I manbcko-I'oTianackoro nopora poaoBoe pazHooOpasue OEHTOCHBIX
dbopamunudep 010 0YeHh HU3KUM (puc. 2). OmHako 37ech ObUIM 3a(UKCHPOBAHBI MAKCHMAJIbHBIC
3HA4YCHUsI KOHIICHTpauuu Gopamunudep. JJoHHbIE 0CaJKH MPEACTABICHBI IJI0X0 OTCOPTHPOBAHHBIMU
MECKaMH ¥ TICCYAHBIMH WJIAMH, XapaKTePH3YIOUIMMHUCS OTHOCHTEIBHO HU3KHM COJICpPKaHHEM
OpPTaHUYeCKOro YIiepolia U COOTBETCTBYIOIIMMHU BBIXOJIaM Ha MOBEPXHOCTDH JICITHUKOBBIX OTIIOKEHHIA
(Emelyanov, 2002; Dorokhov et al., 2018). Beicokast ©3MEHYMBOCTH THIPOJIOTHIECKHUX YCIOBHH (pHC.
3), 3adukcupoBaHHas Ha TOpPOre, 00yCIIOB/ICHA OJIM3KKM PACIOI0KECHUEM raJIoOKJIMHA KO JHY. Huskue
3HAYCHHS TEMIICPATypbl, MUHUMAJbHAS COJICHOCTh TPHIOHHOTO CJIOS BOABI, a TaKXe IOCTOSHHOE
NPUCYTCTBUE KHUCIOPOJa CBUJCTEIBCTBYIOT O BIMSHHU XOJIOJHOTO MPOMEXKYTOYHOTO CIIOS BOJBI.
OTCyTCTBHE WJIMCTBIX OTJIOKEHUH Ha OOJbLICH IUIOIIAAM MOBEPXHOCTH MOPOra MOXKHO OOBSCHUTH
AKTUBHOW TUHAMUKOHN BOJI, B TOM YHCIIC, ICHCTBHEM BHYTPEHHHMX BOJIH, BOSHHUKAIOIINX HA TATOKIMHE
(bnaxuumun, 1998). ArraroTHHHPOBaHHBIE PaKoBHHBI poaoB Psammosphaera u Pseudothurammina
ObUIM OOHApYXEHBI B ocajkax [ maHbcko-I'OTIaHICKOro mopora B MAaKCUMAaJIbHBIX KOHIICHTPAIIUAX IO
CPaBHEHHIO CO BCEM PErnoHOM mccienoBanusa. Popamunudepsl pogoB Saccammina u Reophax rakske
HAlJICHbl B OTJIOKEHHSX MOPOra, OJJHAKO B MeHbleM koimdecTBe. Reophax u Pseudothurammina
OTHOCSTCS K poiaM mHpayHbl U obutaroT B Tojme ocaaka (Baccaret, 1987; Goldstein and Harben,
1993; Hayward and Hollis, 1994; Egger et al., 2003), mo3sroMy OHHU Jydilie HPUCHOCOOICHBI K
HecTaOWIIBHBIM YCIIOBHSIM cpefibl [ TaHbcko-I"0TIanIcKoro mopora, acCOMUPOBAHHBIM C TATOKINHOM,
a TaKKe MEHEe ITOJIBePIKEHBbl BIMSHUIO JMHAMHUYHOW MPUIOHHOW OOCTaHOBKM Tmopora. Ocobwu
Pseudothurammina, Psammosphaera u Reophax o0OHTalOT B MeCYaHBIX OTIIOKEHHUSAX, 0OETHEHHBIX
oprannyeckum BemectBoM (Goldstein, Harben, 1993; Murray and Allve, 2011). Saccammina spp.
BCTPEYAIOTCS B WIIUCTBIX OTJIOXKCHHUSAX C BKIFOUYCHUEM PAa3IMYHOTO KOJMYECTBA MECUAHOTO MaTepHala
Menkoro u kpymnHoro pasmepa (Lagoe, 1979). OnmcanHoe mpeanoyTeHne cyocTpara MOXKET CIYKUTh
OOBSICHEHUEM BBICOKOTO OOWJIMSI PAaKOBHUH B IUIOXO OTCOPTHUPOBAHHBIX OTJIOKCHHSAX C Pa3IUYHBIM
COZIep)KaHUEM OPTaHUKH, PacIpOCTPaHEHHBIX Ha TIopore. KpoMe Toro, KHCIOpo] Bceraa npucyTCTBYET
B TPHUJIOHHBIX BOJaX IOpOra BBUAY HEOONBIIMX TIYyOMH B JAaHHOM pailoHe, a TakXKe BIHSHUS
XOJIOTHOTO TIPOMEKYTOYHOTO CJI051, 000TalIeHHOTO KUCIOPOAOM, U BOJ] 3aTOKOB. BeposiTHO Takxke, 4To
MOJIO)KEHHE TANIOKIIMHA BONM3M THA B Tpejeiax Iopora CrHocoOCTBYeT HAKOIICHUIO B3BEHICHHOTO
BEIECTBA W, CIENOBATENFHO, JOCTYITHOCTH IMUINM B MPUIOHHOM cioe. HacelmieHne KuciopoaoM
MPUIOHHBIX BOJ, a TaKXe OOWJIME TMHIM OOBSICHIIOT OUeHb BBHICOKHE KOHIIEHTpaluu Ghopamuaudep B
ocankax ['manbcko-I"oTiaaHcKOTO MTOpora.

B BbopuxonbMckoM OacceliHe KOHLEHTpauuu ¢opamuHudep ObLIM BBIINIE, YEM B CPEIHEM B
IOro-BocTtounoit bantuke. Kpome Toro, 31eck ObUT10 HailIeHO MakCUMaIbHOE POJOBOE pazHooOpasue
— B 0CaJIKax paiioHa MPUCYTCTBOBaIM Bce poibl, kpome Crithionina. KapOonaTHeie kamepsl poja
Elphidium (Cribroelphidium) mnpucyrcTBoBanu Ha Bcex craHmmsx OacceitHa. B manHOM paiioHe
oOHapy)xeHa HauOOJbIIas KOHIEHTPAIIMS PaKOBHH pojaa Saccammina. HakormsieHue aneBpUTOBBIX W
WIINCTBIX OTJIOKEHUH C BBICOKUM COJIEPKaHUEM OPTaHHYECKOTO YIIIepo/ia, a TAK)KE 3HAUNTEIbHO OoJiee
BBICOKAsE COJICHOCTh IPHUIOHHOTO CJIOS BOJBI, BBUAY OnM30CcTH JIaTCKUX TPOJNMBOB, CO3JAIOT
OnaronpusITHBIE YCIOBUS Uit ooutanus hopamunudep.

I'maBa 4. YciaoBus ocagkonakomnjieHusi B ['oTiianackom GacceiiHe B cpelHeM W NMO3IHEM
roJIoLeHe

I[I/IHaMI/IKa aJICOOKCAaHOJIOTUYCCKUX YCHOBI/Iﬁ B TCYCHHC IIOCIICOIHUX 7.1 TBIC. Kam. I
PCKOHCTpYHPOBAHA 110 [OdHHBIM KOMIIJICKCHOTO aHajlin3a HCHOPCPLIBHOTO OCAAOYHOTO pas3pesa,
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COCTaBJICHHOTO M3 JABYX KOJIOHOK JOHHBIX OTJIOKEHUH, 0TOOpaHHBIX B Boctounom [oTmanackom
Oacceitne (puc. 4). Bapuanuu CAK (Trouet et al., 2009; Olsen et al., 2012) paccMOTpeHbI KaK OJUH U3
Beaymux (akropos popmupoBanus pexuma ocankoHakorvienus (Harff et al., 2011; Schimanke et al.,

2012).
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Pucynok 4 — BospactHass mozens coBMenieHHOW cekiun kKomoHok AbII-44035/37, momomHeHHas

KOMOWHHPOBAHHOW JIMTOJOTHEH sl 00eMX KOJIOHOK, a TaKXKe CKOPOCTBIO ocaakoHakoruieHus. Ha rpaduke
BO3pacTHOI MOjieNu: cepas 00JacThb MOKa3bIBACT JOBEPUTENbHBIA HHTEpBaN 95%, (HOIETOBbIC M JIHIOBBIC
TOYKH 0003HAYAIOT PAJUOYTICPOHBIC JATHPOBKH, MOTPEIIHOCTh TATHPOBOK +20 yKazaHa OTPE3KaMH.

HccnenyemMbiM  pa3pe3oM BCKPBIT TOJBKO BEPXHHUH JIUTOCTPATUTPAPHUECKUI KOMILIEKC
TOMOTCHHBIX WJIOB JUTOPUHOBOW cTaauu. OTCYTCTBUE HMHTEPBAIOB CIOHMCTBIX OCAJIKOB (HMCKIIHOYAs
BepXHUE 2 cM), GOPMHUPYIOIIUXCS B YCIOBUSAX TUIIOKCHH, OTPAKAaeT HACHIIIEHUE KUCIOPOJIOM BOJ B
NepuoJ ocaaKoHakorieHus.. OCHOBHBIM MEXaHU3MOM BEHTHJISIIIUH MPHIOHHBIX BOJ| B pailoHe oTOOpa
KOJIOHKH Jla)ke€ B TIEpPUOJl CTarHalMu sBJsieTcss TocTymuieHne Boja w3 Ciymnckoro skenmoba
(BHYTPUIIUKHOKJIMHHBIC WHTPY3UH), KOTOPBIC HOCAT JOCTATOYHO YCTOWYWBBIM W YACTBIH XapakTep
(Zhurbas & Paka 1997, 1999; Meier et al., 2006; Reissmann et al., 2009). Takum 06pa3om, MOKHO
3aKJIIOYMTh, YTO PACIPOCTPaHEHHE OCHTOCHBIX (opaMuHHUGEpP BIOJIb OCAJIOYHOTO pa3pesa, TIaBHBIM
00pa3oM, oTpaskaeT H3MEHEHHUE COJICHOCTH MPHIOHHBIX BOJI.

Hamnuue paxosun Elphidium (Cribroelphidium) spp. B HIbKHel yacTh 0caJiouHOTO paspesa
(puc. 5) mo3BoSET cAENaTh BBIBOI, UTO COJICHOCTH MPHIOHHOTO CJI0s BOJIbI TMpeBbiiana 12 mec (Lutze,
1965; Frenzel et al, 2005) yxe okoio 6.9 Thic. Kall. J. H., YTO COMOCTABUMO C OIYOJHMKOBAHHBIMU
JTAHHBIMHA PEKOHCTPYKIIUH MPUIOHHOM coneHocTH: 6.9 — 7.2 Thic. kan. i. H. (Binczewska et al., 2018;
van Wirdum et al., 2019; Hausler et al., 2017). Hauano rosomeHOBOro KJIMMATHYECKOTO ONTHMyMa
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(T'KO) (7.0-6.5 ThIC. Kam. J1. H.) XapaKTepu3yeTcsi OBICTPBIM yBenudeHueM conepxkanus OB B ocagkax
(puc. 5), oTpaxarIUM yBEITUUYCHUE TICPBUYHON MPOTYKTUBHOCTH B PE3yJIbTaTe COUeTaHUs (PaKTOPOB:
norerieHus knumata B Hagane ['KO (Seppé et al., 2005; Renssen et al., 2012); yBenudeHus TOIIIMHBI
(OTHYECKOTO CJIOST TIPH MACCOBOM (DIIOKYISALMA U OCKICHUHM B3BEIICHHBIX TIUHHUCTBIX YaCTHII
BclieZICTBUE yBennueHus coneHoctu (Winterhalter, 1992); nmoctymieHus MOPCKO# BOIbI, 0OOTAIIEHHOM
dochopom (Bianchi et al., 2000; van Wirdum et al, 2019). CoBMmecTHOe BIHMSHHE pPOCTa
MPOAYKTUBHOCTH M YCUJICHUS CTpaTU(QHUKAMM BOJHOW TOJIIM H3-32 BO3POCIICH COJEHOCTH
MPUIOHHBIX BOJ MPHUBEJIO K HIMPOKOMY PAa3BUTHUIO TUIIOKCUU B MPUIIOHHOM ciioe Bojbl BO Bpems ['KO
(Gustafsson, Westman, 2002; Emeis et al., 2003; Zillén et al., 2008; van Wirdum et al., 2019), kotopas
oTpasuiach Ha (OpMHUpPOBaHMHM B TIyOOKOBOJHBIX paiioHax banTHilckoro Mops MaveK CIOUCTBIX
OTJIOKEHUH, OOraThIX OpTraHUKOW. BEeCKUCIOpOAHBIE YCIOBHS, BEPOATHO, HE 3aTPOHYIU Oolee
MEJIKOBOJIHBIC PAOHBI, B TOM YHCJIE — MECTO (OPMUPOBaHUs 0calouHOro paspesa (117 m). Huzkoe
otHomenne Mn/Fe mo BceMy paspe3y yka3piBaeT Ha OTCYTCTBHE CMEHBI OKHCIUTEIBHO-
BOCCTAHOBUTEIBHBIX YCIOBUM W QpakimoHupoBanus s3jaeMeHToB (Marsh et al.,, 2007) Gmaromaps
MIOCTOSIHHOMY MPUCYTCTBHIO KUCIOPO/a B PUJOHHOM CIIO€ BOBI.

Huskue xounenrpanuu pakosun Elphidium (Cribroelphidium) spp. B ocaakax B uHTEpBaie
6.8-5.6 ThIC. Kal. JI. H. OTpaXXarOT MMOCTETEHHBII Mepexo/ OT MPECHON K COJIOHOBAaTOBOAHOM cpere. B
JaHHBIA BPEMEHHOW HMHTEpBAJ HHU3KAas IMOBTOPSEMOCTh 3aTOKOB ObLIA PEKOHCTPYHpPOBAHA IaXKE B
BopHxo1bpMCKO# KOTIIOBHHE, pacnoioxeHHo# 3ananHee (Binczewska et al., 2018). B mocnexyromem
untTepBaie (5.6-3.2 Teic. Kain. . H.) kKoHueHtparus pakosuH Elphidium (Cribroelphidium) spp. B
0CaJIKaX yMEPEHHO BO3PACTaET, yKa3bIBas HA HE3HAYUTEIHHOE BIMSHUE BOJI MTOBBIIIEHHOW COJICHOCTH B
paiione uccrnenoBanus. OTMEUEHbI [Ba KOPOTKUX HMHTEpBaJia MOBBIIICHHBIX KOHIEHTPAIMH PaKOBUH
Elphidium (Cribroelphidium) spp., orpaxaromux 6ojiee 4acThie 3aTOKH COJEHBIX BoI: 5.3-4.8 u 3.9-
3.4 ThIC. KA. J1. H. BeIlIeynoMsSHYThIE IEPUOABI COOTBETCTBYIOT YCUIICHUIO MOJIOKHUTEIFHOTO UHACKCA
CAK (Olsen et al., 2012; puc. 5) u, ciemoBareabHO, MPEOOIATAHUIO 3aaAHBIX BETPOB, HAIPABJISIOIINX
cosnenbie Boasl CeBepHoro mops B banruiickoe (Trouet et al., 2009). B Tteuenue panneil u cpenHei
JUTOPUHOBBIX cTaguid (6.9—3.2 ThIC. Kal. JI. H.) arrJlOTHHUPOBaHHBIC (GopaMuHUpEpsl ObUIH
MPEJCTaBICHBI MPEUMYIIECTBEHHO 0co0sMu poxa Psammosphaera (puc. 5). Ilpaktudecku MOJIHOE
OTCYTCTBHE pakoBUH Reophax spp. Bmons 1o paspesy, 3a UCKIIOYCHHUEM CJMHUYHOTO MOSBICHUS 3.9
TBIC. KaJ. J. H., MOXKET OTpakaTh MOHIKEHHYIO CONIEHOCTh (MeHee 13 mec) m3-3a c1aboro BIUSHUS
CEBEPOMOPCKHUX BOJI Ha OTHOCHUTEIBHO MEJIKOBOJHBIM paiioH OTOOpa KOJOHKM B ATOT MEPHO/.
[ToBeIIIIEHHOE COJMIEp’)KaHNE OPTaHUYECKOTO BEIIecTBa B MHTepBajie 6.5—3.2 ThIC. KaJl. JI. H. YKa3bIBaeT
Ha MHTEHCU(DUKAIMIO TepBUYHON MPOAYKIIMHU B yCIOBHUSX Oonee Terioro kimmara Bo Bpemsi ['KO.
JIoTIOTHUTENBHBIM (PAaKTOPOM, CIIOCOOCTBYIOIUM COXPAaHEHUIO OPTaHMYECKOTO BEIIECTBA B OCAJKaX,
MOKET ObITh ycunuBInasica crpatudukanus (Zillén et al., 2008; Carstensen et al., 2014). Xonoausie
cooeiTusa bonnma 4 u 3 (Bond et al.,, 1997) nHamum orpakeHue B cHUXeHUM cojepxkaHus OB B
uHTepBanax 5.8-5.5 u 4.4—4.1 TeIc. KaJl. JI. H. COOTBETCTBEHHO.

[Tocne oxonuanus I'KO orHocurenbHO HM3KOe conepkaHue OB B ocaakax B mpexpenax
uHTepBana 3.2-2.2 ThIC. KaJl. J. H. OTPa)kaeT CHIDKEHUE NEPBUYHOM MPOIYKIUU B pe3ylbTaTe
MOXO0JIOAaHUs Kiaumara (puc. 5). DopMUPOBaHUIO OJHOPOIHBIX MU CIa00CIOUCTHIX 0CATOYHBIX TOJII
C HU3KUM COJep)KaHMEM OPTraHWKH B JAaHHBIN TMEPHOJ] CIOCOOCTBOBANIO YIYUIIECHHE BEHTUIISIIIHH
MPUIOHHOTO CIIOSI BOJBI BBUIY CHIDKEHHUS YacTOThl 3aTOKOB M COMYTCTBYIOIIETO OCTIaOIeHUs
rajokirHa B uHTepBasie 4.0-2.0 Teic. kai. . H. (Gustafsson and Westman, 2002; Emeis et al., 2003;
Zillén et al., 2008; Hausler et al., 2017). Pe3koe camkenue coaepkanus OB mocne 2.8 ThIc. Kal. 1. H.
CBSI3aHO C TIEPUOJIOM TIOXOJNOAaHUsi kiuMmara B (CeBepoaTIaHTHYECKOM PErvOHe, HM3BECTHBIM Kak
xonoanoe coosiTie bornna 2 (Bond et al., 1997).
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PI/ICYHOK 5— PacnpeneneHI/Iﬂ TCOXUMHNYCCKNX U MUKPOMIAJICOHTOJIOTMYCCKUX NJaHHBIX, O6’I)eI[I/IHeHHBIe
st 1ByX KonmoHoK (ABIT-44035 u ABII-44037). XonoaHsie coObiTHs BOHIA OTMEUYeHBI BEPTHKAIBHBIMH
CUHMMH TYHKTHPHBIMH JIMHUsIMA. KimMaTrueckrie coObITHS TOJIONEHa YKa3aHbl Ha HWkHel manenn: KO —

4

TOJIOLCHOBBIN KiIuMaThueckuii ontumyM; PKO — pumckuit kmumatuueckuii ontumyM; TB — TemHBIe Beka;
CKO — cpenneBekoBblii knuMatudeckuil ontumy™m; MIIII — wmanelii negHUKOBBIA nepuoj. M3meHeHue
nanekca CAK B TedeHme moclmegHMX S5 ThIC. Kal. J. OTMEUEHBI Ha BepxHed manenu. I[II1 — mepBudHas
npoxykuus, [T — noTtepu npu npoxannBaHuy.

Konmnenrpanuu Elphidium (Cribroelphidium) spp. B untepane 3.2-2.3 Thic. Kai. JI. H.
OCTaBaJIMCh HU3KUMH, UCKIIIOUasi YMEPEHHBIN MUK (2.6 THIC. Kaj. JI. H.), COOTBETCTBYIOIINI KOPOTKOMY
MEepHoy TOBBIIICHHSI COJICHOCTH. Takoe pacmpeneneHue (opamuHudep, Hapsay C MPaKTUIECKH
MOJIHBIM OTCYTCTBHEM PakoOBHH Reophax spp., oTpakaeT HH3KYIO COJIEHOCTh HMPHIOHHOTO CJIOST BOJIBI,
0OYCJIOBIICHHYIO CHIDKCHHEM 4YacTOThI 3aTOKOB. PexkoHcTpykius mHiaekca CAK mokazama ymepeHHO
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BBICOKHE 3HAUYCHHUS OKOJIO 2.6 ThIC. Kal. JI. H., 32 KOTOPBIMH CJIEIOBAIO PE3KOE CHIKCHHUEM IMOKa3aTest
70 OTpUIATENbHBIX 3HAYCHUU, mpoaoipkasiieecs 10 2.3 Teic. kan. ja. H. (Olsen et al., 2012). Takoe
W3MCHECHUE 3HAUCHUS WHACKCA C TIOJOKUTEIBHOTO Ha PE3KO OTPHUIATENLHOE SBISIETCS MPUYHHON
npeo0IiagaHusl BOCTOYHBIX BETPOB B BalTHICKOM perrnoHe M MEHbBIIIEH 9acTOTHI 3aTOKOB.

B mpenmemax pumckoro kiammarudeckoro ontumyma (PKO, 2.2-1.6 Teic. Kai. J. H.)
conepkanne OB B ocaakax MmocTeneHHO Bo3pactaeT (puc. 5), oTpaxas yBelWYEHHE MEPBUYHOM
MPOJYKIIMK, BbI3BAHHOE MOTEIICHUEM KJIMMaTa. MHOTHMe pPEeKOHCTPYKUIHH TOKa3bIBAIOT aHOMAJIbHO
TNk KauMaT B banrtwiickom permone (Mann, 2007; Seppd et al, 2015) u mupokoe
pacnpocTpaHeHHUe TUIIOKCHU B TIpUAOHHOM cioe (Zillén et al., 2008; van Wirdum et al., 2019) B aToT
nepuoa. Pesxoe yBenndenue konuentpauuu Elphidium (Cribroelphidium) spp. ormedeno 2.1 Thic. kai.
J. H., @ MakcuMaibHoe 3Hayenue — 2.0 Thic. Kai. J. H. B 310 xe Bpems xommuectBo Reophax spp.
JOCTUTANI0 HAWBBICIIUX KOHIEHTpanuii. Takoe pacmpeneneHue QGopamMuHU(PEP CBUACTEIHCTBYET O
BBIPOKCHHOM BJIMSIHUM CEBEPOMOPCKHX BOJ Ha HCCIEIYyeMBId palloH U COOTBETCTBYET BBICOKUM
noJoKuTeabHbIM 3HaucHusM uHaekca CAK (Olsen et al., 2012), xoropbie 00YCIOBHIM PEKUM
aTMOoC(epHON IUPKYIIAINHI, OJaronPUsITHBIN 111 HHTEHCU(PHUKAIIMKA IPUIOHHOTO BogooOMeHa (puc. 5).
Hecmorpss Ha ycuieHue crTpaTu(UKAIMU, OTCYTCTBHE JIMTOJIOTMYECKUX (CIOMCTOCTH OCAIKOB) H
reOXUMHYECKUX (HU3KHE CTaOWJIbHBIC 3HAueHHsS COOTHOIIeHUs MN/Fe) mnpu3HAKOB T'MIIOKCHH
OTPaXAOT aj’paluio paiioHa (GOopMHpPOBAHUS OCATOYHOTO pa3pe3a BHYTPUINUKHOKIMHHBIMHU
UHTPY3USMHU.

B nepuosn temubix BexkoB (TB) ymepennoe cHmxkenue coxaepxxanus OB, Belnenstonieecs Ha
o0IIeM TpeHJe YBEIMYHMBAIOIIMXCSA 3HaueHWH (pUC. 5), COOTBETCTBYET yMEHBIICHHUIO MEPBUYHON
MPOIYKTUBHOCTU Ha (poHe moxonoaanusa. OgHako xonoaHoe codbitie bonna 1 (1.6-1.4 Teic. Kau. 1. H.
(Bond et al., 1997)) ue BoipaxkeHo yetko B pacrnpenesneHuu OB. B navane TB (1.6-1.4 Thic. Kai. 1. H.)
xonnenrpauuu Elphidium (Cribroelphidium) spp. u Reophax spp. B ocaakax pe3ko YMEHBIIIAIKCH,
yKa3blBasi Ha CHIDKCHHE MPHUIOHHOW COJIGHOCTH, Ha (DOHE YMEpPEHHO OTPHUIATENIbHBIX 3HAuYCHUI
ungekca CAK (Olsen et al., 2012; puc. 5). IToseimennsie konnentparuu Elphidium (Cribroelphidium)
spp. 6amwke k okonyanuto TB (mocie 1.3 ThIC. Kajl. JI. H.) IPEANOIaraloT YMEPEHHOE BIUSIHUE COJICHBIX
CEBEPOMOPCKHX BOJI HA UCCIIENYEMBII pailoH, CBA3aHHOE C MOJIOKUTENbHBIM HHAeKcoM CAK B manHOe
Bpems. [locne oxonuanuss TB copepxanne OB B ocankax AeMOHCTpUPYET YMEPEHHBIH poOCT,
OTpaKAaIOIINH YBETHUCHHUE TIEPBUYHON MPOIYKTUBHOCTH (PHUC. D) B pe3yabTaTe MOTEIUICHUS KIIUMAaTa,
CBSI3aHHOTO C MoJ0xkuTenbHoi ¢azoit CAK B 310 Bpemsi, 00ycinoBuBIei 6oiee Markue 3uMbl B EBpone
(Harff et al., 2011; Schimanke et al., 2012; Carstensen et al., 2014; Hausler et al., 2017). Bo Bpems
cpenHeBekoBoro kinumarudeckoro ontumyma (CKO) cHmkarommecst konrentparmu Elphidium
(Cribroelphidium) spp. cBUAETEIbCTBYIOT 00 YMCHBIICHHWH BJIMSHHS 3aTOKOB Ha YCIIOBHS
ocagkoHakoruieHuss B [oTmaHackoM OacceifHe, YTO TakKe OTMEUEHO B JIPYTHX WCCIEIOBAHUIX
(Kotilainen et al., 2014; Hiusler et al., 2017). Pe3ko monoxwutenbHble 3HadeHUs: nHaekca CAK
OOyCITOBWJIM YpPE3BBIYAHO CHIJIbHBIC 3alajHble BETPHl M, OJHOBPEMEHHO, AaHOMAJIBHO CHJIHHBIN
OapOTPOIHBIN TPAIUEHT JABJIECHUS, MPEMSTCTBOBABIINN PACIIPOCTPAHEHHUIO COJIEHOM BOJIBI BOCTOYHEE
(Zorita and Laine, 2000; Schrum, 2001). Takum 00pa3om, MOKHO MPEANONIOKUTh, YTO COJEHOCTh B
[EHTPAJIbHOW YacTH MOpsl MOHU3WIack. Bo BpeMs maioro neanukoBoro nepuona (MJIIT) cHmxeHue
conepkanusi OB B ocajkax oTpaxkaeT 0ojee HU3KYIO MEPBUYHYIO MPOIYKTUBHOCTH B OTBET Ha OoJee
xonoHbie KuMatudeckue ycnosus (Zillen et al. 2008; Kabel et al. 2012; Hiusler et al., 2017). ITo
Mepe MpHOImKeHHs K HHTepBany coBpemenHoro notemicaus (CIT) comepskanne OB B OTIOXEHHSIX
YBEJIMUMBACTCS, JOCTHUTAs MaKCHMAJbHBIX 3HAYCHWU OJMKe K BEpIIMHE OCAJOYHOTO paspesa.
HakoruieHrne CIIONCTBIX OTJIOKEHUH B CAMOM BEPXHEM TOPHU30HTE YKa3bIBAeT Ha OCAKOHAKOIUICHUE B
YCJIOBUSIX MOBTOPSIOIICHCS THUIIOKCMM B MNPHUAOHHOM ciioe BoAbl. B Hauane MJIII mnoBeimeHHOE
coJiep>kaHue OCHTOCHBIX (popaMUHHU(EP COOTBETCTBYET BCE €Ille BHICOKUM 3HadeHHsM uHiekca CAK.
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Cumxenune kounentpanuu Elphidium (Cribroelphidium) spp. 8 MJIIT u CII (puc. 5) yka3biBaeT Ha
COKpAII[eHHE TTOBTOPSIEMOCTH 3aTOKOB, KOTOPOE Tak)Ke BBISBICHO B JPYrux OacceiiHax bantwiickoro
mopst (Kotilainen et al., 2014; Hausler et al., 2017; Binczewska et al., 2018). Dto cBs3ano ¢
npeumyiecTBeHHo otpuniateababiM uHIeKcoM CAK B ato Bpems (Trouet et al., 2009; Olsen et al.,
2012), craBuIMM MPHYHUHON YMEHBIICHHS ITOBTOPSIEMOCTH 3aIla{HBIX BETPOB.

I'maBa 5. OxkeaHosioru4ecKkue ycJa0BUsSl 0KHOH 4yacTu Bbajarumiickoro Mopsi B mo3jaHem
roJIoleHe

N3meHenune yciaoBuil 0CaJKOHAKOIUICHUSI B TEYCHHUE MOCIEIHETO THICSYENIETHs] B APKOHCKOM,
BopaxonbeMckoM, 1 ['maHbckoM OacceifHax pPEeKOHCTPYMPOBAHO HA OCHOBE KOMIUIEKCHOTO aHaIH3a
ISTH KOPOTKUX (56—46 cM) ocago4Hbix KOJOHOK (puc. 6). B xononke ABII-43026, oroOpaHHO#N Ha
I'manbcko-I'oTnanackom mopore (puc. 6), HWKHUK CJIOW TOJYOOBATBIX TJIMHHCTBIX OTJIOKCHHM
HAaKOIUIEH BO BpeMs 03epHOl AHUMIoBOM craguu. OueHb HU3Koe cogepkanue OB B ocankax oTpaxaer
MOHMKEHHYIO MPOJIYKTUBHOCTh B XOJIOJJHOBOJHBIX YCIIOBHUSX, a BbIcOKoe cooTHomeHue Si/Ti (puc. 7)
COOTBETCTBYET OOMJIMIO IMAaTOMOBBIX Bojopocield. OTCyTcTBUE PAaKOBUH MM BHYTPEHHUX 000JI0OUEK
dopamuHuep yKa3plBa€T Ha TPECHOBOJIHBIC YCIOBHS (HOpPMUPOBAHHUS OCAaaKOB. BritoueHus
KPYITHO3EPHUCTOTO MaTrepualia, Ha KOTOPbIE YKAa3bIBAIOT PE3KUE NHUKU COOoTHOIIeHUs Zr/Rb u
napameTpoB coptupyemoro cwita (CC) B JaHHOM CIIO€ OCAJIKOB M BBIIICIEKANIUX OTIOXKCHUSX,
OTPaXKal0T BBICOKOAMHAMUYHBIC THAPOJIOTHYECKUE YCIOBHUS, BEPOSITHO, CBS3aHHBIE C JIMTOPUHOBOMN
TpaHcrpeccueit. Ilocrnemnee, ckopee Bcero, Takke OTPaKEHO B OJHOBPEMEHHBIX IMHKax B
pacmpezeneHuy napaMmeTpoB Mn, COOTBETCTBYIOIIUX U3MEHEHUIO OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX
YCIIOBUI MPHU CMEHE MPECHOBOIHBIX YCIOBHM cojoHoBaToBOAHBIMU. [lepBoe mosinenue Elphidium
(Cribroelphidium) spp. B 3TOM 3’X€ HWHTEpBaJie MOATBEPXKAAET IMEPBUYHOE IMOCTYIUICHHE BOJI
MOBBILIEHHON COJI€HOCTH B I’ maHbckuii OacceiiH nocie 7.7 ThIC. Kall. JI. H. Bhlmenexaiiye oTiI0XKeHUs
c(OpPMHUPOBAHBI B JMUTOPHHOBYIO W IOCTIUTOPUHOBYIO CTaIWH Pa3BUTH baaTHIICKOTO MOpS, YTO
OTpakaeT KpaiiHe HU3KHE CKOPOCTH OCAJKOHAKOIUICHHs, OOYCIIOBIEHHBIE PACIOIOKEHUEM KEepHa Ha
Toniorpauueckoil BO3BBIIEHHOCTH Topora. Tak kak [ maHbcko-I'OTIaHACKMN MOPOT HAXOAWTCS Ha
IIyTU CEBEPOMOPCKHUX BOJA, nmocrynatomux B [’ manbckuii 6acceiin u3 Cnynckoro kenoba (Emelyanov,
2002), u O1M30CTh TAJOKIWHA KO JHY Ha Mmopore oOycllaBIUBaeT pa3MbIB OCAJIKOB BHYTPEHHUMHU
BOJIHAMH, BO3HUKAOIIMMU Ha YpoBHe ckauka mioTtHocTH (Blazhchishin, 1998), ckopocth
OCaJKOHAKOIUICHUsI 37eCh HU3Kas. Takum o00pa3oMm, MpH PEKOHCTPYKIUU YCIOBUH B [ HaHbCKOM
Oacceiine kononka ABII-43026 npezacraBiseT UHTEPEC TOJBKO C TOUYKH 3PEHUs MOHUMAaHMs YCIOBHH
0CaJIKOHAKOTUICHHS B paiioHe [ manpcko-I'oTiianackoro mopora Ha 6OJIBIIOM BPEMEHHOM MacIiTade.

HwxHue nHTEpBaibl KOJIOHOK, 0TOOpaHHbIX B 3ananHoi bantuke (ABI1-44059 u ABI1-44063)
u [nmanbckoit Bmaguue (ABII-43035), Obutm HakomieHbl B Tiepuon 1B, xapakTepu3yrommuiics
noxosionanueM kinumara B Espone (Bond, 1997; Seppi et al., 2005). B ocanounbIx pazpesax JaHHOMY
MEepPHOJly COOTBETCTBYET MeHblee coaepkanue OB (puc. 7) BcneAcTBHE CHMKEHUS MTPOIYKTUBHOCTH
MOBEPXHOCTHBIX BOJI, OOYCIOBJIEHHOIO MOXOJIOJaHWeM Kiumarta. Beicokue cooTHomeHus Si/Ti B
M3YYCHHBIX KepHAaX OTPaKalOT 3HAYUTENbHBIM BKIAJ B TEPBHUHYIO MPOIYKIUIO JHMATOMOBBIX
BOJIOPOCIIEH, UMEIOIIUX KOHKYPEHTHOE MPEUMYIIECTBO IMOCHE XOJOAHBIX 3UM. CTOUT OTMETHUTH, YTO
cootHomenue Si/Ti B ocaakax ApkoHckoro 6acceiina (ABI1-44059) B aBa pa3a Bbllle, YeEM B OCaJKax
Bopuxomemckoro Oacceitna (ABII-44063). bonee panHee Bpemsi Hadaja I[BETEHUS H3-3a PAHHETO
YCTAaHOBJICHUS] TEPMHUYECKOW CTpaTU(UKALMU Ha MEJIKOBOJHOM ydacTKe oOTOopa KOJIOHKH B
ApkoHCKOM OacceiiHe MOXeT OBITh BO3MOXXHOW TIPHYMHOM OoJjiee BBICOKOW 0O0IIe romoBoit
MPOAYKIMKM TO cpaBHeHUIO ¢ BbopHxombMckum OacceitHoM. OTHOCHTENBHO CTAOWIIBHBIC 3HAYCHUS
napamMeTpoB Mn COOTBETCTBYIOT OTCYTCTBHIO (DpaKIIMOHHPOBAHUS DIIEMEHTOB, YKa3biBas Ha
CTaOWIbHYI0 BeHTWIIIHMIO BogHoW Tommu (Marsh et al., 2007), 9TO MOIJIO TOCITYXHTh
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JOIIOJITHUTCIIbHBIM (I)aI(TOpOM, CHMXAIOIIUM HAKOIIJICHUC OPraHUYCCKOTO BCIICCTBA B OCaAKax 3a CUCT
€0 OKHMCJICHU .
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Pucynok 6 — JIMTOJOrMYECKUI COCTAB M3YyYCHHBIX KOJOHOK M paclpeeieHue KOoHIeHTparmii Ph.
I[Bera o0o03HaueHbl kKojgamMu B cooTBeTcTBUU ¢ Tabimmeit Munsell Soil Color Chart. Paanoyrneponnsie
JATHPOBKH 00O3HAYEHBI CHHUM IBeTOM, PD (M30XpoHBI) — IHIOBBIM. 3aTeHEHHBIE (DHOJIETOBBIC 00JACTH Ha
KpuBbIX Pb yka3mIBalOT Ha COBpeMEHHOe 3arps3HeHue Pb M HeompeneneHHOCTH B Hadvalle CPEJIHEBEKOBOTO
3arpsisHeHus Pb. B HmkHell mpaBoit uactu npezcrasieHo pacnpenenenne Pb 3a nocnennue 2000 et Ha OCHOBE
obobenuHeHHBIX HaHHbBIX (Renberg et al., 2002; Stanton et al., 2010; Brannvall et al., 1999).

Yucnennocts Elphidium (Cribroelphidium) spp. B otnoxenusx 3amaanoit bantuku (puc. 7),
HAKOIUICHHBIX B mepuoi TB, B cpemHeMm Huxke, yeM B OoJiee MO3AHMX HMHTEpBaiax. TeM He MeHee,
OTMEYEHBI Pa3JIMuusl B YCIOBUSAX OCAIKOHAKOIUICHHS IJIsi pa3HBIX PalilOHOB HccienoBaHusi. Tak, B
koioHke ADBII-44063 Huskue KoHueHTpauuu ¢opaMuHudep Hapsay C HU3KMUMH 3HAuYEHUSMU
cooTHomieHus: Zr/Rb u cpeanero pasmepa u coaepxkanHusi CC COOTBETCTBYIOT YMEPEHHOMY
MOCTYIUICHHIO 3aTOKOB B bopuxombMmckuii Oacceitn. B Apkonckom Oacceiine (ABIT-44059)
yucienrocts Elphidium (Cribroelphidium) spp. Bbiie, vem B BOpHXOIBMCKOM, YTO B COYCTAHHH C
MOBBIIIEHHBIMU 3HAYCHUSIMU COOTHOIEHUs Zi/Rb u cpennero pasmepa u coaepxanus CC yka3biBaeT
Ha WHTEHCUBHYIO TNPHUJOHHYIO THUHAMUKY, CBS3aHHYIO C JIeSTeNbHOCThIO 3aTokoB. Bo Bpems TB
orpunatensHbiii nHAeke CAK n3menuncs Ha pe3ko nojoxutenbhblii (Olsen et al., 2012), uto mpuBemno
K CMeHe OJIOKMpOBAHMS 3alagHbIX BETPOB WX aHOMAaJIbHO CHJIbHOW aKTHBHOCTHIO. Takue
METEOPOJIOTUYECKAE TapaMeTpbl OOYCIOBWJIM  YMEPEHHBIH TPUAOHHBIA BOIOOOMEH MEXIy
BbanTuiickum u CeBepHBIM MOPSIMU, KOTOPBIN 3aTPOHYJI II1aBHBIM 00pa3oM ApKOHCKHIA GacceiiH.

Untepsany CKO  coOTBETCTBYIOT CTaOWIbHBIE TEIUIble  KJIMMATUYECKUE  YCIIOBUSA
(Reckermann, 2014). ITonoxutenbnas daza CAK Bo Bpems CKO (Trouet et al., 2009; Schimanke et al.,
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2012) obycnoBmiIa MepeHoc TEIUIbIX BO3AYHIHBIX Macc B EBpomy u Ooinee Temibie 3uMbl. B ocaakax
3amamunoit bantuku (puc. 7) comepkanue OB BbICOKOE BCIEACTBHE Ooliee HWHTEHCHUBHOU
MOBEPXHOCTHOM MPOAYKTUBHOCTH, CBSI3aHHOW C 0ojee TeryIbiM KIMMaToM. B To ke BpeMsi oTMeueHbI
Oomnee Hu3KMe 3HauyeHus coorHomeHus Si/Ti mo cpaBHenmio ¢ TB, 4TO OTpakaeT CHUKEHHE
IPOAYKIMH JUATOMOBBIX Bojopocieil. Ckopee Bcero, MOBBIIEHUE TEMIIEpaTypbl IOBEPXHOCTHBIX BOJ

MPUBETIO K JJOMUHUPOBAHUIO CPEIU MPOIYIEHTOB a3oTdukcupyromux nuanodakrepuit (Kabel et al.,
2012).

MBanbckuti 6acceiin ABM1-43105 Idansckuii 6accelin ABM-43035

Eiphidium spp., Elphidi
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Pucynok 7 — Pacnpenenenne reoXuMHUYECKHX, MUKPOIIAJIEOHTOJIOIMYECKUX U TPAaHYIOMETPHYECKHX
NaHHBIX B OCAJIOYHBIX KOJIOHKAaX, TMOJIYYEHHbIX B ApKOHCKOM, bopHxoipMmckoM u ['maHbckoM OacceifHax.
[lepuoas! noTenyieHns: BbIACICHBI KPAaCHBIM LBeTOM. Kimumatnueckue coObITHS ToJIoLeHa OTMEUEHB! Ha OOKOBOM
nanen: TB — Tewmnsle Beka, CKO — cpenneBekoBelil kimMaTnueckuii ontumyM, CII — coBpeMeHHOE
norerenue. CC — coprupyemsiii cuiit. Bapuanuu nnaexca CAK npencrasienst cornacHo Olsen et al. (2012),
Trouet et al. (2009).

B ocamounom paszpese, oToOpaHHOM B ApKOHCKOM OacceiiHe, MUK BBICOKUX 3HaueHui Si/Ti
COOTBETCTBYIOT OTHOCHUTEIbHBIM IMOHMIKEHHAM coaepkaHuss OB, 4To MOeT CBUAETENbCTBOBATH O
Pa3BUTHM JUATOMOBBIX BOJOPOCIEH B XOJIOMHBIA Mepuoja Ha (GoHe CHIDKeHHs oOied mpoaykiuu. B
ocankax BbopHxoiabMckoro m ApKOHCKOro OacceffHOB NMUKM MapaMeTpoB Mn coBmaaamT ¢ 0Oosee
BBICOKUM COJIEp’)KaHUEM OpraHMKM, 4YTO OTpakaeT oOoraimeHue Mn B pe3yabTare BO3MOXKHOI
JMAareHeTUYeCKON MUTpAIlMd B YCIOBHSIX THUTIOKCHHU. boiiee CHIIBHBIN TaJOKIWMH W3-32 yBEITHMYCHUS
COJICHOCTH TIPHJIOHHOTO CJIOSI MOYKET OBITh JOTOJHHUTEIBHBIM YCIOBHEM, CIIOCOOCTBYIOIIMM JIyUIIeH
COXpPaHHOCTH OPTaHMYECKOTO BEIIECTBA M3-3a HEIOCTATOYHON BEHTHISIINH. BrIpakeHHOE yBeIHUeHHEe
yucienHoctu  Elphidium  (Cribroelphidium) spp. B ocaagkax ApkoHckoro u bBopHX0IBMCKOTO
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6acceifHoB (puc. 7) OTpa)kaeT MOBBILICHUE IPUIOHHON COJICHOCTH, 00YCIOBICHHOE YaCThIMU 3aTOKaMHU
Bo BpeMsa CKO. Boinee Toro, oiHOBpeMEHHOE yBEIMUYEHUE cojep:kaHus U cpenHero pasmepa CC B
ApkoHCKOM OacceiiHe yKa3blBaeT HAa WMHTCHCHUBHYIO MPHIAOHHYIO THUIPOAWHAMUKY, BEPOSTHO
oOycnoBiieHHYI0 WHTeHcH(uKaiuei 3atokoB. [lonoxutensubiii mHaeke CAK (Trouet et al. 2009;
Schimanke et al. 2012) noBnusu Ha yBeIHYCHHE CKOPOCTH 3allaJHbIX BETPOB M KOJUYECTBA HHTPY3HIA
COJICHOU BOJEL.

Kak u B konoHkax, oroOpaHHbIX B 3amagHoi bantwke, B ocamkax [ maHbCKOW BHaJWHBI
3aMETHO YBEJIMYEHHE COJIEp’KaHUsl OpPraHMYecKoro BellecTBa B TeueHue temioro mHTeppaiga CKO,
OTpaXKkarolllee TOBBIIICHHE MPOJYKTUBHOCTU MOBEPXHOCTHBIX BOJ (puc. 7). OTHOCUTEIBHO HHU3KOE
cootnomenne Si/Ti mpenamonaraer CHW)KEHHE BKJIAJa JMATOMOBBIX BOJOPOCIEH B MEPBUYHYIO
npoaykiuio. B pacmnpenenenuu mnapamerpoB Mn npu3Haku OECKHCIOPOJHOTO JUarcHe3a He
BhIpakeHbl. OTioXeHUs 3ananHoit uvactu [ manbckod BrmamuHbl (ABI1-43035) xapaktepusyroTcs
MakcumanbHOU KoHueHtpareir Elphidium (Cribroelphidium) spp. (puc. 7), cBHIeTeIbCTBYIONICH O
MOBBILIECHUN COJICHOCTH B Pe3yJibTaTe€ HHTEHCU(UKAIMKM MPUAOHHOTO BOA00OMeHa. CpaBHUTEIBHO
MEHbIIIasi YUCIECHHOCTh popaMUHU(EpP B OTI0KEHUAX | TaHbCKOM BIaguHbI COOTBETCTBYET CHUYKEHHIO
COJICHOCTH BCIICJICTBHE DACIONIOXKEHHS TOYEK OTOOpa KOJNOHOK Baanu oT Jlarckux mponuBoB. B
KOJIOHKE, OTOOpaHHOW B BOCTOYHOW dactu BoamuHbl (ABIT-43105), yBeauueHHE YHCICHHOCTH
dopamuuuep HE3HAYUTEIBHO BBHIY CJIOXHOTO penbeda OacceitHa. PalioHBI OTOOPOB KOJIOHOK,
XapaKTePU3YIOIIUECs OJMHAKOBOM TyOMHOM, pasmenensl Bo3BbieHHOCThIO (Krek et al., 2020), uro
MOJKET KaK 3aTPyAHSATh paclpoCTpaHEHHE BOJ 3aTOKOB, TaK M CHOCOOCTBOBAaTh CMEIICHUIO BOJ U
MOCTIETYIOEMY YMEHBIIEHUIO COJIEHOCTH. B 00omx paspe3ax, Ha (oHE B LIEIOM HU3KHX 3HAUYCHHH
cootHomieHus: Zr/Rb (puc. 7), oTpakaroumx CHOKOWHYIO THIPOJUHAMHYECKYI0 OOCTaHOBKY,
00yCIIOBJICHHYIO TIOJIOKEHHUEM TOYEK 0TOOpa KOJIOHOK 3HAUUTEIHHO HUXKE ranokinHa, nuarepsary CKO
COOTBETCTBYIOT CJIeTKa MOBBINIEHHBbIC 3HaYeHus. B pacnpenenenun nmapamerpoB CC pocT 3HaueHUi
O0onee BbIpakeH. Takue TMOKa3aTenu OTPaKalOT YMEPEHHYI MHTEHCU(DUKAIMIO TPUIOHHOMN
TUAPOJIMHAMUKY B [ TaHBCKOM BIIaJMHE.

Heo0xoauMo OTMETHTBH, YTO OTPaHWYEHHUS BO3PACTHBIX MOJENEH HE TO3BOJSIOT IPOBECTH
TOYHOE cTparturpaduyueckoe pas3zesieHHue BEpXHUX yacTedl paspe3oB. K ToMy ke B BOCTOYHOM YacTH
I'manbckoit Bnaaunbl (ABII-43105) BepxHHMe ocagky 3aTpPOHYTHI JaTepaibHBIM MEPEOTIOKEHUEM,
KOTOpOE MPHUBEJIO K MHBEPCUM PaJUOYIJIEPOJHOrO Bo3pacTa. Jayerarourue Haj omioxeHusmu CKO
OCaJKH, JEMOHCTPUPYIOIINE OTHOCHTEIbHOEC CHIKeHHe conepkanuss OB (puc. 7), MOryr OBITh
oTHeceHbl K wuHTepBary MIJIIL, xapakrepusyromeMmycsi CHIDKEHHEM TemmepaTypbl. B memom
NOHMXeHHoe cojaepkanne OB u moBbimieHHoe cooTHomeHue Si/Ti yka3plBalOT Ha yBEIHMUYEHUE
MPOJYKINK AuaToMeil Ha (oHe moxonofaHus Kiaumara. B ocaakax ApKoHCKOTo u BOpHXOIBMCKOTO
OaccellHOB MOBBILIEHHOE co/iepkaHue OeHTOCHbIX QopamuHudep B Hauane MJIII cooTBeTcTBYET BCe
eme BoicOkMM 3HadeHusM uHAekca CAK. OOmiee ymenbineHue konumvectBa pakouH Elphidium
(Cribroelphidium) spp. B ocaakax oboux paiionoB Bo Bpemss MJIII (puc. 7) yka3bIBaeT Ha CHHYKCHHE
4acToThl 3aTokoB. [IpeoGnamanne orpunarensHoro muaekca CAK (Trouet et al. 2009; Olsen et al.
2012) mpuBeno K yMEHBIICHUIO JIOJIU 3allaJHBIX BETPOB, 00YCIOBUBILIEMY MOCIEAYyIOIINEe Oojee peaKue
U ciabble HHTPY3UH COJIEHBIX BoJ B banTuiickoe mope. B nienom Oonee Hu3kue cootHomenus: Zr/Rb u
3HaueHus napamerpoB CC B oTioxkeHHsIX [ MaHbCKOW BHAJWHBI TOJITBEPKIAIOT CIa0yI0 MPUAOHHYIO
TUAPOIMHAMUKY BBUAY PEIKHX 3aTOKOB, TIOCTUTAIONINX yIaJCHHBIX PAallOHOB.

BepxHue wWHTEpBadbl M3yYEHHBIX OTIIOKEHHH OBIIM OTHECEHBI K TEPHOAY COBPEMEHHOTO
norerienus knumara (CII), korna TemmnepaTypsl moBepxHocTH Mopsi Obutn conoctaBumbl ¢ CKO u
obuti Ha 2 °C BhIIe 0 cpaBHeHHIO ¢ npeamectyromum MIIITT (Kabel et al., 2012). Ha nporskenun
Bcero CII comepkaHue OpPraHMYECKOTO BEIIECTBA B OCAJKAaX BCEX WCCIEIOBAaHHBIX pa3pe3oB
MOBBIIIEHO, OTpa)kas BBICOKYIO MPOIYKTHBHOCTH TMOBEPXHOCTHBIX BOJ B 0oJie€ TEIIBIX YCIOBHUSX.
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[ToBpiieHHOE 3HaueHHe cooTHoweHHs Si/Ti yka3blBaeT Ha BBICOKYIO NPOAYKIHIO IHATOMOBBIX
Bojopocie. B kononkax 3ananHoil banTuku cioucThlE OTJIOXEHHS OTCYTCTBYIOT, OTpakas
MPEUMYIIECTBEHHO KHUCIOPOJHYI0 OOCTAHOBKY OCaJKOHaKoImjieHus. boiee Toro, B ApPKOHCKOM
OacceifHe HalM4Me XUBBIX (popaMUHH(Ep B MOBEPXHOCTHBIX OTIOKEHHUAX MPEAINONAraeT HACBIIICHUE
KHCIIOPOJIOM TPHUAOHHOTO CJIOS BOJABI BO BpeMsi OTOOpa KOJOHKH. BBICOKHMI MUK colep:kaHus
OpPraHMYECKOT0 BEIIEeCTBA U BBICOKHE 3HaUeHUs apaMeTpoB Mn B ocaakax bopuxonbmckoro Oacceiina
(puc. 7) MOryT OTpa)xkaTb CMEHY OKHCIUTEIbHO-BOCCTAHOBUTENIbHBIX YCIOBUN MPU HAJIMYUU XOTS ObI
KpaTKOBPEMEHHON TUIMOKCUU. Manass 4YHCIEHHOCTh OCEHTOCHBIX QopamMUHU(Ep yKa3blBaeT Ha
HEJO0CTaTOYHOE OOHOBJICHHE MPHUAOHHBIX BOJ, KOTOPOE MOKET OBbITh JOMOJHUTEIBHBIM (aKTOPOM
Jy4IIed COXPaHHOCTH OPTaHWYECKOTO BEIIECTBA. B KolloHKaxX, oToOpaHHBIX B [ 1aHBCKOW BIAIWHE,
TOJIBKO CaMbIe BEPXHUE MHTEPBAJIBI MPEACTABICHBI CIOUCTBIMUA OTJIOKCHHUSIMH, CHOPMHUPOBAHHBIMHU B
YCIIOBUSIX TUITOKCHHU.

B ormuune or CKO, omnoxenusi, coorBerctByromue CII, AeMOHCTpUPYIOT HU3KOE
cogep:kanne pakosud Elphidium (Cribroelphidium) spp., oTpaxkaromiee yMmMepeHHYIO aKTHBHOCTB
3aTOKOB, KaK 1 BO BpeMsi MJIII (puc. 7). MckiroueHHEM SBIISIOTCS OTJIOKEHUST APKOHCKOIo Oacceiina
(puc. 7), B KOTOPBIX KOHIIEHTpalUu OEHTOCHBIX (hopamuHudep ObUIH naxe Boiie, yeM Bo Bpemsi CKO.
YuuteiBas 61m30cTh OacceiHa k JlaTCkuM mpoiuBaMm, OueHb BbICOKHE 3HadeHusi mapamerpoB CC mo
BCEMY OCaZI0OYHOMY Pa3pe3y, OTPaKaIoI[ie aKTUBHYIO THAPOJUHAMUYECKYI0 OOCTaHOBKY, YKa3bIBAIOT
Ha MMOCTOSTHHOE BIIUSTHUE MHTPY3UH COJICHBIX BOJ. BeposiTHee Bcero, Ooubliast 4acTh TaHHBIX 3aTOKOB
HE JIOCTHTaeT YAAJICHHBIX TIyOOKOBOIHBIX OAaCCEHHOB BBHIY HMX MO HHTEHCHBHOCTH (MaJIOTO
oobema) u OapoxiamHHOrO Xapakrepa. B mpenenax CII mpenMymiecTBEHHO OTPHIATENBHBIA WHIIEKC
CAK (Trouet et al., 2009; Olsen et al., 2012) oTBEeTCTBEHEH 3a MEHBIIYIO MOBTOPSAEMOCTH 3alaHbIX
BETPOB U 3aTOKOB. B ocaakax kojoHok 3amagHoii bantuku B pacnpenenenun (opamunudep
OTYETJIMBO BHUJCH HUCXOIALIUN TpeHH, Ha (OHE KOTOPOro 3aMeTHA MEPUOJUYHOCTH 3aTOKOB, TAKXKE
BBISIBJICHHA 110 JaHHBIM peaHnanusa (Mohrholz, 2018).

3AKVIIOYEHUE

B pesynbrare wucciemoBaHUS TOBEPXHOCTHBIX JIOHHBIX OCAJKOB FOT0-BOCTOYHOW YaCTH
banTuiickoro Mopsi ompezeneHa CBsI3b YCIOBHH OCaJKOHAKOIUIGHHS M PACHpPOCTPaHEHUS POJIOB
o6entocHbix (popamunudep. [TokazaHo, 4TO CONEHOCTH, CIEOBATEIBHO, YACTOTa U OOBEM 3aTOKOB,
SBIIIETCS OCHOBHBIM (DAKTOPOM, JTHUMHUTHUPYIOIIUM pACIPOCTpaHEHHE KapOOHATHBIX ocobell B 1Oro-
BOCTOYHOU uactu bantuiickoro Mops. Pemaronryro ponb B pacrpenelneHUH arriroTHUHUPOBAHHBIX
dopamuHu(ep UTpaArOT TPAHYJIOMETPUICCKHI COCTaB OCAJKOB M COJIEPKaHWE B HUX OPTaHHUYECKOTO
yrieposia. BelsBieHHas 3aBHCHUMOCTH OblIa TOJOKE€HA B OCHOBY TPUMEHEHHUsS PaCIpeeICHHS
OcHTOCHBIX (opamuHHDEp B KOJOHKAX JOHHBIX OTJIOKCHHA KaK WHAWKATOpa YCIOBUH
ocaJKoHaKomieHus. 110 JaHHBIM KOMITJIEKCHOTO aHaiu3a OCaJ04YHOro paspesa, cOpMHUPOBAHHOTO B
l'otnannckom GacceifHe, peKOHCTPYHPOBAHBI YCIOBHS OCAIKOHAKOIUIEHUS BO BPEMs JIMTOPUHOBOU U
MOCTIUTOPUHOBOM CTaAM ¥ YyCTAHOBIIEHA B3aUMOCBSI3b MEXKAY WHTEHCUBHOCTBIO 3aTOKOB U
Bapuanusmu uHIekca CAK Ha Oompmux BpeMmeHHbIX Macmtabax. Conepskanue OB B OTIOXKEHHSIX
YBEJIIMYUBAIOCh B TEIUIBIE TMEPHOJbI, OTpakas YBETUYCHHE NEPBUYHOW TPOAYKIIMH B PE3ylbTare
MTOBBIIMICHUST TEMIIEPATYPhl TTOBEPXHOCTH MOps. HecMOTpst Ha pacIioyioKeHHE MCCIeAyeMOro ydacTKa
HWKE TJIOKJIMHA, 10 JJAHHBIM PEKOHCTPYKIIHH, B TEILTBIC TIEPUOJIBI TIPU3HAKH THITOKCUU HE BBISBIICHBI,
9TO MOXKET CBHJICTCIIbCTBOBATh O BEHTWISIMH BOJ BHYTPUIIUKHOKIUHHBIMH HHTPY3HSMH U3
Caynckoro skenoba. ITpucyrcreue pakosun Elphidium (Cribroelphidium) spp. B ocamounom paspese
okoJo 6.9 ThIC. KaJ. JI. H. OTpaKaeT HAIMYKME COJIOHOBATOBOAHBIX ycioBuil. Bo Bpems 'KO ne 6pu10
BBISIBJICHO 3aMETHOTO BIMSHUSA 3aTOKOB. OTHOCHUTENHHOE YBETUYEHHUE COJIEHOCTU MPHIOHHBIX BOJI
pexoHCcTpynpoBaHo B uHTepBanax 5.3—4.8 u 3.9-3.4 Teic. Kan. 1. H. BelpaxkeHHOE BIMSHHUE 3aTOKOB
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pexoHcTpyupoBaHo Bo Bpemsi PKO (2.1-1.6 Teic. kan. n. H.). B nganHple mepuoabl mpeodiianana
nonoxurenpHas ¢aza CAK, oOycnaBnmBas mpeoOiagaHue 3amaJHbIX BETPOB M TOCTYIJICHHE BOJ
Cesepuoro mops. st unrepsaga CKO oTmeueHbl HU3KME KOHLEHTpAMU OCHTOCHBIX (opamMHHUpED
HapsAIy € pe3Ko MojokuTenbHbIM HHIeKcoM CAK, 00ycnoBHBIIMM aHOMAalbHO CHIIBHBIEC 3aIlajIHbIC
BeTpbl. BiusHue mnocienHux ObUIO CKOMIICHCHPOBAHO TIPAaJUEHTOM JaBJICHUS, MPEMSATCTBOBABIIUM
pacpoCTPaHEHUIO CEBEPOMOPCKOW BOJBI B YNAJIEHHBIE LEHTPAJIbHBIM M BOCTOUYHBINA PaillOHBI MOPS.
N3menenune daszer CAK ¢ MonoKUTEILHOM Ha MPEUMYIIECTBEHHO OTpHUIIAaTeIbHYI0 BO Bpemst MIJIIT
MIPUBEJIO K OCTabJIECHUIO 3aMaHbIX BETPOB M CHIKEHHUIO aKTUBHOCTH 3aTOKOB Bo Bpemst MJIIT u CIL.

Ha ocHOBe KOMIIJIEKCHOIO aHaiM3a ISATH KOPOTKUX KOJOHOK PEKOHCTPYHMPOBAHBI YCIIOBHUS
OCaJKOHAKOIUIEHUsI OTHOCUTEJIbHO BJMSIHMS 3aTOKOB CEBEPOMOPCKMX BOJ B 3allaJHOW U IOro-
BOCTOYHOM yacTu banTuiickoro Mopst B Te4eHHe mocienHero Toicsiuenetus. B [ nanbckom Gacceline Ha
OCAJIKOHAKOIJICHHE OKa3ajla CWJIbHOE BIUSHHE JIOKaibHas tomorpadus. Tak, Ha I maHbcko-
I'oTnanckoM mopore KOpPOTKUM OCAJOYHBIM Pa3pe30M ObUIM BCKPBITHI IUIOTHBIE AHIIUJIOBBIE TJIMHBI.
Brimenexamue ciou ObUTM  MPEACTABIEHBl JIMTOPUHOBBIMU U MOCTIUTOPUHOBBIMU OCAJIKAMHU.
[TepBuyHBII 3aTOK COJIEHBIX BOJI HA I TaHbCKO-I OTIIaHICKOM TTOPOre PEKOHCTPYUPOBAH 7.7 ThIC. KaJl. JI.
H. V3ydeHHbIE OTJIOKEHUSI OXBaThIBAIOT JIBa comoctaBumo Tembix nepuoga — CKO u CII, — B
TEUEHUE KOTOPBIX COJAECPHKAHUE OPraHUYECKOIO BEIIECTBA IEMOHCTPUPYET OTHOCUTEIIBHOE YBEIUUEHUE
B pE3yJbTaTe MOBBIIICHUS MPOJYKTUBHOCTU MOBEPXHOCTHBIX BOJ. OTioxkeHus: [ aHbCKOM BHaAWHBI
XapaKTepU30BATUCh OOIIMM BBICOKHM COAEP)KaHHEM OPTraHUYeCKOTO BEIIeCTBA B pe3yJbTare
coueTaHusi 0ojiee BBICOKOIO TIOCTYIUIEHUS Marepuaja H3-3a OJIM30CTH TOOEpeXkbs M JIydllei
COXPAHHOCTH OPTaHMKH BBUJY CIIOKOWHBIX THAPOAMHAMUYECKUX YCIOBHH. [IpoayKius AuaTOMOBBIX
BOJOPOCJEH, Kak MpaBuiio, OblIa BHINIE B MEPHUOIBI, XapaKTepU30BaBIIHecs Oojiee XOJOAHBIMU
ycnoBusimu (TB u MIJIII), a taxke Bo Bpemsi CII. OrcyTcTBHE CIIOMCTBIX HMHTEPBAJIOB B OCAJKaX
3amagHoi banTuku, HakomneHHBIX BO Bpems Terwibix nepuonoB (CKO u CII), oTpaxaer BEHTUIISAIUIO
MPUIOHHOrO ci0sg Bojgamu 3aTokoB. Bo Bpems CKO cyliecTBEHHOE YBEIMYEHHE YHCIEHHOCTH
O0eHTocHBIX (popamMuHH(Ep B ocaikax HE TOJBKO 3amajHoi banTuku, HO W 3HAYUTEITHHO BOCTOYHEE
pacnonoKeHHoW [ TaHbCKOW BIAJAWHBI YKa3bIBA€T HA ITOCTYIUIEHWE BOJ IOBBILICHHOW COJEHOCTH.
[Tonoxurensubli uHmekc CAK B astor mepuon oOycimoBwil mpeobiafaHue 3amafHbIX BETpPOB,
CIOCOOCTBYIOIIUX MOCTYIUICHUIO ceBepoMOpckux Boja B bantuiickoe mope. B unrepsanax TB, MJIII u
CII pexoHCTpYMpPOBaHO HE3HAUYMUTEILHOE MOBBIIIEHUE COJICHOCTU MPUIOHHBIX BOJ, HE 3aTparuBaromiee
BOCTOUHYIO YacTb Mops. OTo coBmajgaio c orpuunarensHoil ¢aszoir CAK, wu, cienoBarenbHo,
ocnableHueM 3amajHbIX BETPOB M HU3KOM TOBTOPSIEMOCTH 3aTOKOB. B ApkoHckoMm OacceiiHe
ymepenHas (Bo Bpemsi TB) u BeipaxenHas (Bo Bpems CII) uHTeHCcHpUKAIMSI 3aTOKOB OTpa)kaeT Takke
pErHOHANBHOE BIUSIHUE CEBEPOMOPCKHUX BOJ BBUAY OMU30CTH J[aTCKUX MPOIUBOB.

TakuM 00pa3oM, HCIOJIB30BAHUE POJIOB-MHAUKATOPOB OEHTOCHBIX (opaMuHUpEp, HECMOTPS
Ha KpaiiHe BBICOKYIO CTENEHb PACTBOPEHUs KapOOHATHOTO MaTepuaia, a TakKe M3HAYaIbHO HU3KHE
KOHILEHTPAllUU PAKOBHH, IO3BOJMJIO TNPUMEHUTh MHMKPONAJIECOHTOJIOTMYECKMM aHalu3 B KadecTBe
MHCTPYMEHTA JJI1 PEKOHCTPYKLMU YCIOBHMM OCaJKOHAKOIUIEHUS. BBINOIHEHHBIN aHaW3 MO3BOJISET
CeNaTh BBIBOJ O CBSI3M MHTEHCHUBHOCTHU 3aTOKOB BoJl CeBepHOro Mops ¢ usMeHeHusMu nnajaexkca CAK
Ha pa3JuYHbIX BPEMEHHBIX UHTEpBaJax.

Crnmcok padot, ony0JIMKOBAHHBIX ABTOPOM 110 TeMe IUCCePTALNU

Cratbu, Bxoasmue B «llepeyeHsb peneH3upyeMbIX HAYYHBIX U3aHNI, B KOTOPBIX J0JKHbI ObITH
Ol'lyﬁ.l'll/lKOBaHLI OCHOBHBIC HAYYHBIC PE3YyJbTAThI zmccepTalmifl Ha COUCKaHue yqeﬂoﬁ CTEIICHU KaHAuJ1aTa
HAYK, HA COMCKaHNe YYCHOH CTeNeHu JOKTOpa Hayk», a Tak:xke B MHB/]
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