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B pabGore m3mepensl mokasarenu 80 s urecTH Hambonee YacTO BCTPEUAIONIUXCS B COBPEMEHHBIX
JOHHBIX OCaJKax BHIOB ocTpakonx m3 33 Touek orOopa mpod co Bceil akBatopun Kacmmiickoro mops. Ycra-
HOBJICHO, YTO M30TOIIHO-KUCIOPOIHBIH COCTaB PAKOBHH KAaCIIMHCKUX OCTPAKOA HECET CIeAbl METa00IMYeCKIX
3¢ }eKTOB, CBI3aHHBIX C WX JKU3HCHHBIM IIMKJIOM. BelnunHa BUTAIBHOTO N30TONMHOIO CMEIEHUSI COCTaBIIS-
et —0,11%o (£0,7) mnst Euxinocythere virgata, —0,25%o (£1,14) nnst Tyrrhenocythere amnicola donetziensis,
+2,94%0 (£0,16) nns Candona schweyeri, +1,55%o (£1,12) nns Paracyprideis sp., +1,77%o (£0,22) nns
Bakunella dorsoarcuata n +2,45%o (£0,95) nnst Camptocypria sp. VIckoMoe H30TOIHOE CMEEHHUE 110 CMEIIaH-
HOMY KOMIIIEKCY OCTPaKOZ OKa3aJ0Ch 9KBHBAJICHTHO CPEIHEMY M30TOINHOMY CMEIICHHUIO 110 M3yYECHHOH BbI-
60pke u coctaBmIo +1%o (+0,5). IIpoBenennas paboTa 10Ka3bIBACT, UTO METAOOINIECKIE IIPOLIECCHI OCTPAKOL
HPOBOLMPYIOT CMEMIEHHS B 0)KHIaeMOM (DPaKIMOHUPOBAHUK U30TONOB KHcaopoaa mexay CaCO, u Bomoii.
Bo3HuKaemoe 1pu 3TOM U30TOITHOE CMELIeHHe HEOOX0IMMO YUUTHIBAaTh IIPH Iajieoreorpadueckux nccieno-
BaHMSX JJIs1 KODPEKTHOW MHTEPIIPETALMH ITaIeOKIMMaTHIeCKUX 3MeHeHni B Kacruiickom pernone Ha ocHoO-
BaHUH U30TOITHO-KUCIIOPOIHOM JETOIHUCH.
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BBEJIEHUE

Kacnuiickoe Mope SBIISE€TCS YHUKAJIBHBIM, KpYyII-
HEHIIUM B MHpe O€CCTOYHBIM BHYTPEHHHUM BOJIOEMOM,
pETHOHANIFHOE TIOIOKEHHE KOTOPOTO BO MHOTOM TIpe-
JIOTIPEJISITUIIO OCOOCHHOCTH ero pa3BuTus [KBacos,
1975; Pwraaros, 1997; Yanina, 2014]. YeTBepTuuHas
ucrtopusa Kacmus onmceiBaeTcs TpaHCIPECCUBHO-PE-
TPECCUBHBIMH ITUKJIAMUA PA3IMIHON aMIUIUTYIBl |
nponopkutenbHoctu [Ceutou, 1991; Peruaros, 1997,
SAnuna, 2012; Krijgsman et al., 2019]. Ilo ocoben-
HOCTSM penbeda JHa W THIPOIOTHYECKOTO pPeKUMa
Kacnuiickoe Mope mozpaszziensercsd Ha TPU yyacTka:
Cesepubiit, Lentpanpabiii (mmm Cpenanii) u KOxHBIM.
['myGuHa MOpsT yBETMIUBAETCST OT HECKOJIBKUX METPOB
B CeBepHoii akBatopuu 10 1025 M Ha rore [Kacnmiickoe
Mope..., 1986]. Comenocts Bom Kacmmiickoro mops
yBenuuuBaetrcs oT 1-4%o Ha ceBepe BOJHM3U JIEINb-
11 Bonru 1o 13%o Ha rore [Tyxwnkun u np., 1997].
HauGonpmas coleHOCTh 0TMEYaeTCs BIOJIb BOCTOYHO-
ro modepexnbss Cpennerr u KOxHO#M gacTelt Mopsi, Tae
nocruraet 13,5%o (6e3 yuera 3anuBa Kapa-boras-T'on),

B TO BpeMs KaK BOJNU3U YCThEB KPYITHBIX PEK MOKa3a-
TEIN COJICHOCTH YMEHBINAIOTCA. BepTuKanbHbIe H3Me-
HEHUS COJICHOCTH HE3HAYUTENbHEI. B TemmnepaTtypHOM
OTHOIIICHUH TOJIIA BOABI A0 mTyOuHbl 350 M moasep-
JKEHa CE30HHBIM KoJjeOaHusM; Ha Ooibliel TiryOuHe
TeMIeparypa Bozsl konebaercs ot +3,80°C mo +5,35°C,
npu cpegHem 3HaueHuu +4,5°C [Kacnmiickoe mope...,
1986]. Bepxmsist 100-meTpoBasi ToNIIAa BOABI TOIBEP-
KCHa HauOoJee CHILHBIM CE30HHBIM HW3MCHCHHSIM:
JIETOM MEIKOBOJBS TIpOrpeBaroTcs mo +25...26°C kak
B CeBepHoii, Tak u B HOxHOI KOoT/IOBUHE. 3UMOM aKBa-
topusi CeBepHoro Kacmusi 9aCTHYHO TOKPHITA JIBIOM.
B Kacnmiickom Mope mpeo0iaiatoT BETPOBBIE TEUSHUS.
Hapsiny ¢ BeTpamu OCHOBHBIMH (DaKTOpaMH, BITHSIO-
UMK Ha TEUEHUS, SBJSIFOTCSI MIPOCTPAHCTBEHHAS He-
OJTHOPOAHOCTH TUIOTHOCTH BOJBI, KOH(HUTYparus oepe-
TOBOW JINHUY U pelibeda THa, a TaKkKe MPUTOK PEUHOH
Bombl [[mH30Ypr u Ap., 2021]. Teuenus B Kacnutickom
MOpe TPEJCTaBICHbl B BUAE OOINEH IUKIOHUYECCKOH
LIUPKYISALNAN, OXBATBIBAIOMIEH BCIO TITyOOKOBOIHYIO
4acTh MOPS. U COCTOSIICH W3 JBYX IHMKIOHHYECKUX
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kpyroBopotoB B CpenneMm u FOxunom Kacninu. Teuenus
B CeBepHoM Kacnuu onpeessitoTcsi BETPOBBIM IOJIEM,
CTOKOM PEK U paclpeie’IeHHeM OIS IIIOTHOCTH BOJIBI
[JIebeneB u ap., 2015]. [To maHHBIM HEKOTOPBIX UCCIIC-
nosareneit [Ferronsky et al., 2014], cpeaaune u3otorm-
HO-KHCJIOPOJHBIC TI0Ka3aTei MPUAOHHBIX BOJ (31€Ch
U Jajee 6180W3ter) HentpansHoro u HOxuoro Kacnus
cocTasistoT nopsiaka 1,7—1,5%o.

Cra0unpHbIe M30TOIBI KUCIIOPOIa MOPCKHX Kap-
OOHATHBIX MUKPO(GOCCHINI — B IIEPBYIO ouepe/b, (ho-
pamuHH(Ep — MUPOKO HCIIONB3YIOTCS IS BHISIBICHUS
U3MEHECHHI T7100aJpHOTO 00BEeMa JIbNa, MUPKYIISIHHA
OKeaHa W TeMIlepaTypsl. B To ke BpeMmsi ocTpakospbl,
MEJIKHE JBYCTBOpUAThIe PakooOpa3HbIe, B KOHTEKCTE
M30TOITHO-KHCIOPOIHBIX UCCIIETOBAHHUA OCTAIOTCS He-
CKOJIKO B CTOpoHE. Mmess MCIoib30BaHUS OCTPAKO.
JUTSE U30TOTTHO-KUCIIOPOTHBIX HccienoBannii Kacrms B
MIEPBYIO Ouepe/b 00BICHICTCS OoJiee MUPOKOH BCTpe-
YaeMOCTBIO WX PAKOBHH M CTBOPOK B YETBEPTHYHBIX
ocaJikax perroHa 1o cpaBHEHUIo ¢ popamMuHupepamu.
Cekpenusi paKOBUHBI OCTPAKO/IBI IIPOUCXOTUT OBICTPO,
B TCUCHHE HECKONBbKUX "acoB [Turpen, Angell, 1971]
nin Heckonbkux nHer [Chivas et al., 1983]. Takum
obpasom, 3HaueHus 6'°0 KanbIMTa UX PAKOBUH (37€Ch
U Jajee 818Oost) 00eCreunBaloT «MOMEHTAJIbHYIO» 3a-
[IUCh COCTOSIHUSL BOJBI KOHKPETHOTO BPEMEHU — Bpe-
Menu kanpiupuranun [Holmes, DeDeckker, 2012].
PakoBuHBI 005a7aI0T XOpOIIEH COXPAaHHOCTHIO U X
JIETKO BBIAETUTH U3 oTioxeHui [ bepanukona, 2021].

B kapOonarax kambims 0'*0 ompexmensercs He-
CKOJIBKUMH (pakTopamu. BaxkHeime U3 HUX omnpene-
JISTIOT MTPUMEHUMOCTh H30TOITHO-KUCIIOPOIHOIO METOoIa
Ui maneoreorpauyeckux pekoHCTpykmuid. K Hum
OTHOCATCSI TEMIIEpaTypa OKPYXKAalolel cpenbl, B JaH-
HOM ClTy4ae KaCIMHACKON BOJIBI, M €€ U30TOIHBIN COCTaB
[Urey, 1947; Epstein et al., 1953]. Onnako, mis Toro
4TOOBI TEPEeHTH K aHajdu3y B3aMMOCBS3H W30TOITHO-
KHUCJIOPOAHOTO COCTaBa PAaKOBUHBEI C YCIOBHSIMH Cpe-
IIbI, B KOTOPOW OHa (hopMUpOBaIaCh, HEOOXOIUMO HC-
KIIIOYHUTh BJIMSHUE IPYTHX HEMAJIOBaKHBIX aCIEKTOB.
Ecnu MuHepanpHBIA COCTaB PaKOBHH OCTPAKOJ ONpe-
JIEJICH, OMHOPOACH M CTaOMUIICH — paKOBHHA COCTOUT U3
00oraTroro XWTHHOUJHBIM BEIIECTBOM HU3KOMAarHe3W-
aJFHOTO KaJbITUTA, YTO B pabOTE MO3BOIISIET N30€KaTh
OCIJIOKHEHH, CBSI3aHHBIX CO CIIOXHOW MHUHEPAJIOTUECH,
TO BO3MOXHBIC MeTabonmmueckue 3PGEeKTs caMux op-
TaHU3MOB TPEOYIOT MPEAMETHOTO U3yUCHUSI.

B 1ieniom a1 M30TOMHO-KUCIOPOIHBIX M3MEPEHHIM
MOKHO UCTIOJIB30BaTh TOJIBKO T€ OPTaHU3MBI, KOTOPHIS
(hopMHPYIOT CBOIO PAKOBHHY C COOJIOICHIEM H30TOTI-
HOTO paBHOBecHs C BoAoH. ONHAKO BaXHO OTMETHUTH,
YTO TO PaBHOBECHEC BCE K€ YCIOBHO, TaK Kak HE CY-
IIECTBYET OPraHW3MOB, M30TOIHBIA COCTaB KOTOPBIX
HE HeceT B cebe ciemoB Merabommueckux 3PQeKToB.
Takue ButanbHble 3¢ ¢GeKTsl (0T aHMI. vital, T. e. cBs-
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3aHHBIC C )KU3HECHHBIM IIMKIIOM OpPraHh3Ma, MeTa0oH-
YecKd OOYCIIOBJIICHHBIC) MOTYT MPOBOILIMPOBaTh CMe-
HICHUS B OXHJIACMOM (DpPaKIIMOHUPOBAHUK H30TOIOB
kuciaopona mexay CaCO, v BOIOH, 4TO NPUBOAUT K
BO3HHKHOBECHHIO H30TOMHOTO CMEINEHHUS U OCTIOXKHSI-
€T MaJICOKIMMATHUYECKYI0 MHTEPIPETALIMIO W30TOIMHO-
KHCJIOPOAHBIX AaHHEIX [Epstein et al., 1953].

B 1esiom MexaHW3MBbl, BBI3bIBAIONINE HW30TOIHBIC
CMEIICHHsI, OOYCIOBJICHHBIC KM3HECHHBIM IHUKIOM
OCTpakoJ, u3ydeHsl HemoctarouHo [Gemery et al.,
2022]. Hpeanomnaraercs [Kim, O’Neil, 1997], uto
OHHU CBsI3aHBbl C (PPAKIMOHHUPOBAHMEM H30TOIOB B
pesynbpTare Ouonoruueckux mpouneccoB. CornacHo
Muenuto [Xia et al., 1997a], atomy QpakuuoHupo-
BaHHWIO CHOCOOCTBYIOT (pu3nonornyeckue (akTOpHI
(HampuMep, CKOPOCTh MeTadoM3Ma, KOJIUYECTBO
MUIIH, TPOHUKHOBEHHWE CBETa CKBO3b BOAHYIO TOJ-
m1y). ABtopsl B [Decrouy, Vennemann, 2013] npen-
MOJIOKHUIIH, YTO OOYCIIOBJICHHBIC dHU3HCHHBIMH 3(-
(heKkTaMM M30TOIHBIC CMEIICHUS B MpejieiaX TaKCOHA
(MMU U3yYeHBI TPECHOBOHBIC U COJIOHOBATOBOIHBIC
BH/JIbI) U3 Pa3HbIX MECT 0TOOpPA MOTYT OBITh CBSI3aHBI
C pa3sIUYMsIMH B XUMHUYECKOM COCTaBE BOJbI: COJIC-
HOCTH, IIesouHoCcTH, Mg/Ca, a Takke CTCICHHU Ha-
CBINEHUS BOJABI KAIBIHUTOM (KOHIEHTPAIUU HOHOB
CO,* B Bozte). O ponu MENOYHOCTH BO/bI M CTENEHH
HACBIIICHUS KaJbIIUTOM TAKXKE MUCAIU APYTHE HC-
ciaenosarenu [Devriendt et al., 2017].

HecmoTpsi Ha 3TH HEONpeneIeHHOCTH, BIIHSHHE
BUTANBHBIX 3 ]ekToB Ha PpakMOHUPOBaHUE U30TO-
OB KHCIJIOPOJia M3BECTHO I MHOTHX BHJIOB OCTpa-
ko7. CorlacHO JUTEPaTYPHBIM JaHHBIM, OCTPAKOIIbI,
KaK MpaBUIIO, JEMOHCTPUPYIOT CMEIICHUS B CTOPOHY
yTSDKEJICHUsT M30TOMHOro cocTasa [Xia et al., 1997a;
Grafenstein von et al., 1999; Simstich et al., 2004].
IIpensinymue uccnenoBanus [Gemery et al., 2022]
TnoKa3aju, uto 3Hadenus 6'°0 , KaK mpaBuio, oTpa-
JKAIOT CPEeTHNE JIETHUE CBOMCTBA BOIHOM MaccChI (B TOM
umcne, 3Hadenus §'°0 soawl — 6'°0O ), T. €. nepuoza,
Ha KOTOPBIA MPUXOAUTCS AOCTHIKEHHE OPraHu3MaMH
3pENOCTH U MUK UX NPOAYKTUBHOCTH. CUUTAETCS, YTO
BIUsHUE MeTabonndyecknx 3(h(exToB Ha (ppakInOHH-
pOBaHUE M30TOIMOB KUCIOPOJA 3aBUCUT OT POJa WU
BH/I4, OJTHAKO JIO CHX IOP OCTaeTCs HEPEUICHHBIM BO-
MpocC, B KaKOW CTENEHW 3HAUCHUS CTAOWIBHBIX H30-
TOTIOB KOHTPOJHPYIOTCA POAOBOI/BHIOBON TNpHHAI-
nexHOCTRIO [Xia et al., 1997a, 1997b; Grafenstein von
etal., 1999; Simstich et al., 2004; Decrouy et al., 2011].

s ucnonb30BaHUS PE3yAbTaTOB W30TOMHO-KHUC-
JIOPOZIHOTO aHAJIM3a M30TOIHBIE CMEIICHHUS, 00yCIIOB-
JICHHBIE MeTa0onudeckuMu dPQPeKTaMu, TOKHBI
OBITh MPEIBAPUTEIBHO YCTAHOBJICHBI — 3TOMY IOCBS-
meHa Hactosimas pabora. Kpome Toro, B mHTepecax
naseoreorpa@uIeckux HCCIICJIOBAHNN, B YaCTHOCTH
JUISE MHTEPIPETAIMK TaJCOKIMMATHYSCKUX H3MEHEe-
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Huil B Kacnulickom pernmoHe Ha OCHOBAHMHM H30TOII-
HO-KHCJIOPOJHON JICTOIUCH, HEOOXOIUMO I10Ka3aTh,
4ro naHHbie 0'0 IeHCTBUTEIBHO OTPAKAIOT CPEIHEe
COCTOSIHME COBpeMeHHOH Boapl Kacmus, a 3Hauwr,
MOTYT JaTh HEOOXOmuMyr WH(popMalui 00 u3Me-
HEHUSIX, MPOUCXOIMBINUX B MpoIUIoM. PaHee Hamu
OBUTH TIPOBEJCHBI PAaOOTHI 1O YCTAHOBIIEHUIO BIIHSI-
HUS Croco0a OUMIICHUS U MPOOOIMOArOTOBKH Ha M3-
MepsieMBIil H30TOITHO-KHCIIOPOJAHBI COCTaB PaKOBUH
octpakon [bepmuukoBa, J>xaBamoBa, 2022], a Taxke
M0 BO3MOXKHOCTH TIPOBEJEHHS ITalieoTeMIepaTypHOi
pexoHcTpykiuu a1s Kacnmiickoro pernona mo 6'°0
[bepnankoBa, 2021; Tkach et al., 2024]. Hacrosmas
paboTa MpojoHKaeT B3ATHI HAMHU KypC Ha W30TOITHO-
KHCJIOpOJHBIE UccrenoBanus Kacmuiickoro permoHa,
nauateie C.A. Topbapenxo [1972], C./J. HuxomaeBsiM
[1995] u B.U. ®epponckum [DeppoHckuit u ap., 1999]
C KOJUIETaMH, UMCIOIINE IENIbI0 TMPOCIEAUTh BIIHSIHHUC
M3MEHEHHH B BogHOM Oanance Kacmust Ha M30TOMHBII
COCTaRB €ro BObI U IIPOCIICAUTE OOIIINE TPUHITUITBI, TIPH-
MeHsIEMbIE K U30TOITHBIM PEKOHCTPYKIIUSAM, Ha ITPHMEpe
Kacnuiickoro mops.

MATEPUAJIBI U METOAbI MCCJIEAOBAHUM A

B ocHOBY pa0OTBI MOJIOKEHO U3Y4YEeHUE KOJJICKIIMN
octpakoj E.A. T'opman, koTopast ObL1a repeiaHa B pac-
nopsbxkenne HWJI HoBeHIIMX OTIOXKEHMH W maseore-
orpaduu TeicroneHa (reorpaduueckuil (axKyibTeT
MI'Y um. M.B. JlomonocoBa). MukpodayHa fist 3Toit
KOJUIEKIIMK Oblj1a 0TOOpaHa ¢ MOMOUIBIO JHOYEpIare-
JI. U3 BEpXHEH 5-CaHTUMETPOBOM TOJNIIU OCAIKa CO
nHa Kacrmiickoro mops B 1961-1963 rr. CocTaBnenue
KOJUIEKIMK OBbLIO 3aBepiueHo K Mato 1964 r. ITo mare-
puanaM mcciaenoBaHni omyOnukoBaH otyeT [lodman,
1964], copmepxamuii omvcaHUs H3YYCHHBIX BHUIOB
ocTpakoJ W ycioBud ux oburanus. OmHako pabora
C UCXOOHBIMH MaTepHalaMH He ObLIa MOJHOCTBIO 3a-
BepieHa, o yem nucaia cama E.A. [opman [[opman,
1964, c. 5]. AHamOroB JaHHOM KOJUIEKIUH, COIEpKa-
LIEH paKOBUHBI U CTBOPKHU OCTPAKOJL CO BCEM aKBaTOPUU
Kacnuiickoro Mopsi, Ha CErOTHSAIIHUN I€Hb CO3JaHO HE
6su10. Cornacuo nanaeiM H.B. Kosunoit [2015], makcu-
MaJIbHOE BpEMsI HaKOIUICHHS S5-CaHTUMETPOBOTO CIOS
ocankoB B Kacruu MmokeT nocturars 180 net (B 3aBUCH-
MOCTH OT MECTOIIOJIOKEHUS TOYKH O0TOOpa mpob). IToT
Mepro] B HACTOSIIEM HCCIICIOBAHWU TIPHUHUMAETCS 3a
COBPEMECHHBIH.

Muxpodaynuctrnuecknit ananus E.A. ['odman npo-
Bomuna Ha 100 r cyxoro ocanka. B ciydasx, xorga
HaBeCKa 10 KaKOH-TMOO TMPWUYHMHE OTINYaiach, Mpo-
n3Boauics nepepacder Ha 100 . K coxanenuto, He
BECh MCXOIHBIA MaTepual, ¢ KOTOpbIM OHa paborarna,
BOIIIE] B KOJJIEKLMIO U UMEJICS B HAIEM paclopsbke-
Huu. [IpoGomoaroToBka 06pasmoB OblIa peaym3oBaHa
B COOTBETCTBHH C OOLICTIPUHATHIME B HACTOSILEE Bpe-

Ms 3TallaMM, COIVIACHO KOTOPBIM IOCJIE B3BELIMBAHUS
o0paslia OCyIIECTBISIETCS €ro MPOMBIBKA HAa CHUTaXx.
[lomy4yeHHBI OCanOK IOJHOCTHIO BBICYLIMBACTCA, a
3aTeM U3 CyXOoro o0Opasia IpoBOIUTCS OTOOpP (ayHbBI
octpakon. Ilocrme 3aBepiieHUs] MOATOTOBHUTENBLHBIX
OTepaIyii IK3EMILISPBI OCTPAKO, XPAaHUBIINECS B 3a-
KPBITBIX EMKOCTSIX — aHanorax kamep Kpanma (Krantz-
Cells), ObUIM M3YYEHBI JJISl ONIPENEICHUS UX BUIOBOM
MPUHAJIEKHOCTH C TIOMOILBIO OMHOKYJISIpa.

W30TonHbIe n3MepeHus NpoBOAWINCH B [ IpuMopckom
LEHTPE JIOKATBHOT'O JIEMEHTHOTO U M30TOITHOTO aHaJIH-
3a JIBI'M IBO PAH (BnanuBoctok, Poccus) Ha macc-
cnekrpomerpe Finnigan MAT 252 (ThermoFinnigan,
Bremen, Germany) moj ymnpaBlieHHEM MPOTpaMMbI
Finnigan Isotope Data acquisition (ISODAT) c ucrions-
30BaHHEM MEXIyHapoIHbIX cTanmapToB NBS-18 (3'°C
VPDB = —-5,01%o, 8O VPDB = -23,0%0), NBS-19
(6"*C VPDB = +1,95%o, 6'*0 VPDB =-2,2%o) 1 nabo-
paropHoro crannapta Coral-1 (8'*C VPDB =—0,28%o,
380 VPDB = -3,69%o0) [Velivetskaya et al., 2009],
MOJIyYEeHHOTO M3 aparoHUTa COBPEMEHHOrO Kopaja
Porites lutea (HoBas Kanenonwst), xkannOpoBaHHOTO
[0 MeXAyHaponHbIM cTangapram NBS-18, NBS-19
n CO-8 mpu UCIOJIB30BAaHUH TPATUIIMOHHONW TEXHH-
ku Boiienenus CO, B pocdoproit kucnore npu 25°C
W U3MEpPEHUHM Ha JIBOWHOW CHUCTEeMe Halycka Macc-
cuektpomerpa MAT 252. B ykazannoi naboparo-
pun pesynbratsl 63C u 880 s MeXITyHApOMHBIX
u J1abopaTOPHOro CTAHAAPTOB HMEIU OAMHAKOBO
XOpOoITyI0 BOCTpou3BoauMocTh < £0,05%o. s uz-
MEpEeHHsl NPUMEHsUIaCh TEXHOJOTHSA, ONUCAaHHAas B
pabote corpymHukoB IieHTpa [Velivetskaya et al.,
2009], coemunsOmas B cede KIIacCHYECKHE MPHUH-
uunbl Beienenns CO, u3 KapOOHATOB B BaKyyM-
HBIX YCJIOBHSIX M COBPEMEHHYIO TEXHUKY U3MEPEHUS
MaJIoTO KOJMYeCTBa ra3a B MOCTOSHHOM (HENpephIiB-
HOM) moToke renus (continuous-flow isotope ratio
mass spectrometry (CF-IRMS)), nonpasymesaromias
pAO TEXHUYECKMX MOAM(UKAIMN, HampaBlIEHHBIX
Ha YJIy4YlIeHHE BOCIPOU3BOIUMOCTH PE3yIbTAaTOB
aHalIM3a MUKPOTPaMMOBBIX KOJNHMYECTB KapOoHaTa.
B0o3MOXXHOCTE MeToJla TPOBOJIUTH BBICOKOTOYHBIE
W30TOIHBIE U3MEPEHHUSI TIO3BOJISICT BBISIBUTH WHINBH-
IOyainbHbIe HIOAHCH B 3anmucax 0'°C u 6'%0 ocrpakon.
JUis TOATOTOBKM IPOO HCIOJIb30BaHA aBTOMAaTH3H-
poBannas cuctema GasBench II (ThermoFinnigan,
Bremen, Germany).

Jns usmepenus 60 MCHONB30BAIUCh PAKOBUHbI
niecTd Haubonee 4acTo BCTPEYAIOIIMXCS B H3Y4eH-
HBIX Mpo0ax BUIOB OCTpakom: Euxinocythere virgata
u TByrrhenocythere amnicola donetziensis, XUBYIIHX
Ha MEJIKOBOJIbE, M OoJiee TITyOOKOBOJHBIX BUIOB —
Candona schweyeri, Paracyprideis sp., Bakunella
dorsoarcuata n Camptocypria sp. Taxxe Obla u3yde-
Ha CMECh YKa3aHHbIX BHJIOB.
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Tabmnuna 1
Dusuko-reorpadpuyeckne xapakrepucruku Kacnuiickoro Mopsi B Toukax oréopa npoo
Homep [upora, Homnrora, [ny6una S % S o o o o o 8"%0,, %o
pOOEI rpau. rpa. MOpSL, M o’ %0 %0 °C °C °C SMOW
B44 43,470 50,768 100 13 12,5 13,5 8 23 4 -1,64
B45 43,409 50,636 150 13 12,5 13,5 7 10 4 -1,64
B46 43,114 48,161 33 12 12 12 13,5 23 4 -1,7
B47 43,100 51,131 25 13,5 13,5 13,5 12 19 5 -1,79
B48 42,979 51,266 70 13,25 13 13,5 12 19 5 -1,62
B49 42,956 50,979 50 13,25 13 13,5 | 12,5 20 5 -1,7
B50 42,794 50,711 150 13 13 13 7 6 —-1,64
B51 42,526 51,315 148 13 13 13 7 6 -1,64
B52 42,508 52,001 30 13,5 13,5 13,5 | 11,5 -1,79
B53 42,367 51,491 119 13 13 13 7 8 6 -1,64
B54 42,259 48,660 203 12,5 9 -1,59
B55 41,970 52,342 28 13,25 | 13,5 13,5 12 19 5 -1,79
B56 41,684 52,061 75 13 13 13 11 16 6 -1,62
B57 41,627 49,998 780 12,5 12,5 12,5 4,5 4,5 4,5 -1,42
B58 41,235 49,994 127 12,5 12,5 12,5 10 14 6 -1,64
B59 41,082 50,068 300 12,5 12,5 12,5 5,5 6 5 -1,52
B60 40,870 49,595 25 12,5 12,5 12,5 | 14,5 23 6 -1,79
B61 40,851 50,806 100 12,5 12,5 12,5 | 14,5 21 8 -1,64
B62 40,736 49,829 25 12,25 | 12,5 12 14,5 4 6 -1,79
B63 40,650 49,605 8,8 12,25 15,5 -1,71
B64 40,168 49,528 13,8 12,25 15,5 —-1,66
B65 39,929 49,523 16,2 12,25 15,5 -1,64
B66 39,927 49,740 14,2 12,25 15,5 -1,66
B67 39,893 49,455 15 12,25 15,5 -1,66
B68 39,787 49,614 12,4 12,25 15,5 —-1,66
B69 39,706 49,614 12 12,25 | 12,5 12 15,5 24 7 1,66
B70 39,640 49,428 10,6 12,25 15,5 -1,71
B71 39,591 49,500 16 12,25 15,5 -1,64
B72 39,471 49,359 11,8 12,5 15,5 -1,71
B73 39,344 50,248 690 12,25 4,5 —-1,45
B74 39,305 51,747 150 13,25 13 13,5 11 11 11 -1,61
B75 39,061 50,753 750 12,5 12,5 12,5 4,5 4,5 4,5 -1,47
B76 38,053 52,645 25 13,25 13 13,5 18 25 11 -1,84

B HacroAmmii MOMEHT cpenu UcclenoBarenei
CTaOWUIIBFHBIX M30TOIMOB KHCIOPOJa B OCTPaKogax HET
€IMHCTBAa MHEHUI O COINIAaCOBAHHOCTHU 3HAUYEHUN 8“‘0ost
B CTBOpKax IOBEHMJIBHBIX M B3pOCIHbIX 0cobei. Tak, Ha-
npumep, [Mazzini, 2005] oOHapy X1 MeX Ly HUMH 3Ha-
YUMBIE pacxXokaeHus, a [Bornemann et al., 2012] orme-
4aroT, YTO M3MEHYMBOCTH 6'°0  yBennUIMBaach, Korna
B aHaJM3 BKIIOYaJach MOJIOIb. B To ke BpeMs paboThl
npyrux uccnenosarenei [Didie, Bauch, 2002] cBune-
TEJICTBYIOT 00 OTCYTCTBHM CYIIECTBEHHBIX Pa3jIMunil
MEXTy pesysisTaramMu usmepenus 6'°0_ pakoBHH pas-
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HBIX BO3pPAcTHBIX cTanuil. B Oomee mosgueir pabore
[Gemery et al., 2022] o6Hapy>KeHO, YTO CPEAN HEKOTO-
PBIX apKTH4eckux BuaoB (Normanicythere leioderma
u Paracyprideis pseudopunctillata) cpennsisi pa3HUIa
CMEIIECHUSI MEKAY MOJIOABIMH U B3POCIBIMU OCOOSMH
coctanisgeT 0,2 u 0,1%o0 COOTBETCTBEHHO, T. €. HAXOIUT-
csl B Mpejeniax MOrpelrHoCcTH u3Mepenust. st apyrux
BUJOB oHa yBemunumBaerca no 0,6%o. VMccnenoBanms
HEMOPCKHMX OCTPAKOJ NI0Ka3bIBAKOT, 4TO pazHuna 6'°0
y IOBEHHJIBHBIX U B3POCIBIX 0COOEH OJHOTO U TOTO JKe
BU/Ia MOXET OBITh CBSI3aHa C OTIAMYMSIMU B IpOLIECCE
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kanpiduranmm [Xia et al.,, 1997b; Keatings et al.,
2002] u B crkopoctu Metabonusma [Xia et al., 1997a].
[TockombKy IUIsi KAaCIUICKUX BHJIOB OCTPAKOJ TaKHUX
WCCIIEIOBAaHUI MPOBENEHO HE ObUIO, PAKOBHHBI FOBE-
HWIBHBIX 0CO0€i HEeoOXOAMMO OBLIO WCKIIOUUTH W3
aHaJm3a Ui JOCTOBEPHOCTH MHTEPIPETAIUH JTaHHBIX.
N3ydenue u3meneHnii 6'50 B pakoBHHAX OCTPAKOI B
3aBUCHUMOCTH OT BO3PACTHOM CTaJIMU SABJIAETCS 3aa4eil
Oyaymmx uccienoBaHuii. B HacTosmiel paboTe n3yde-
HBI TOJIBKO PAaKOBUHBI B3POCIIBIX OCTPAKO/, HE HECYIIUE
CJIEJIOB IEPEOTIIOKEHUS WITH KaKUX-THO0 edopmartuii.

Jlnst BBISICHEHHsI 3aKOHOMEpPHOCTEH cocTaBa cTa-
OWIIbHBIX HW30TOTIOB PaKOBHH COBPEMEHHBIX OCTpa-
KO/ KpallHe BaKHO MMETh IpeACTaBieHHEe 00 ycio-
BHSX, B KOTOPBIX OHU WU M B KOTOPBHIX B TpoOIecce
JUHBKH WM OTMHUPAHHUSI OPTaHU3MOB OTKJIA/IbIBAJIHCh
WX CTBOPKH. B coBpeMeHHBIX MpoOax BO3MOXKHO H3-
y4uTh dQPEKT BUTAIBHOTO M30TOIHOTO CMEIICHUS B
pakoBHHAX OCTpakoj Onaromapsi TOMY, 4TO M3BECTHa
Temneparypa u 8'°0O B Toukax or6opa 3TMX mpod, a
TaKKe M3MepeHs! BenuuuHbl §'°0 . BaxkHO ObLIO HC-
MOJIb30BaTh HWH(OPMAINIO, XPOHOJOTUYECKHA COOT-
BETCTBYIOIIYIO BpeMeHH 0TOOpa 00pasIloB, ISl 3THUX
1esieil Mbl HCIIOJIB30BAJIM UCKOMBIE TTOKa3aTelH, H3Me-
PEHHBIE IapajuieiIbHO 0TO0py Mpod B 1960-X . 1 omy-
OnukoBaHHBIE B psijie pador (tabm. 1) [Ddypman, 1961;
Topman, 1964]. K coxanenuio, Mbl HE pacroyiaraeM
naHHbIME 00 8'°0 Ha MOMEHT 0TOOpa MpPoo, MOITOMY
UCTIOJIb3yeM HamOoisiee ONM3KHE BO BPEMEHH JaHHBIC
00 n30TOIMHOM cocTaBe Boasl Kacnuiickoro Mops, orry-
onmukxoBanHble C.A. T'opbapenko [1972] (cMm. Tabm. 1),
KOTOpBIE JIAfOT JIOCTATOYHO MOAPOOHYIO KapTHHY pac-
npenenenus 5'°0 . Bonee 60 usmepenuii 5'°0 mosepx-
HOCTHBIX W TNPHJOHHBIX BOJ XOPOIIO COOTBETCTBYIOT
MEHBIIEMY KOJMYECTBY AAHHBIX, MONyYCHHBIX MO3KE
npyrumu uccienosarensmu [Froehlich et al., 1999],
M03TOMY MBI HOJIAraeM, YTo Mokasarens 6'°O  He mpe-
TEepIIeNT CYIIECTBEHHBIX M3MEHEHHH 3a MEPHO]] BpeMe-
HU OoKoJo 10 JeT, KOTOpBIH pa3nenseT MOMEHT oTOopa
npo6 B xomtekuuio E.A. Topman u usmepenns 60 .
[ockonbky Touku usMepenus 6'°0 He HIEHTUYHBI
TOYKaM oTOopa MmpoOd Ha MHUKPO(AyHHCTHUECKHE WC-
CIICOBAaHUs, KKIOMY M3 YYaCTKOB 0TOOpa mpod MbI
npucBouIM 3Hauenue 6'°0 , mpuaepKuBasch Clejy-
IOIIMX MPUHIMIOB: 1) 3Hauenue §'°0  OblIO HONyye-
HO He fajnee 4eM B 40 KM OT COOTBETCTBYIOIIEH TOUKH
npo0; 2) 3nauenue 6'°O  ObLIO MOTYy4YEHO HA TOH *Ke
DIyOWHE, 9TO U COOTBETCTBYIOIIAs TOUYKA OTOOpa mMpoo;
3) 3nadenue 6'°0, OBLIO MOTYYEHO B TOM K€ TE€OMOp-
(OJOTMYEeCKOM IMONOKEHUH, YTO M COOTBETCTBYIOIIAS
TOYKa 0TOOpa Mpoo.

Cpenn BceX COXPaHUBIIMXCS B KOJUICKIIUU
E.A. Topman npo0 yka3zaHHBIM KPUTEPHUSM yIOBJIETBO-
psmu 33 TOYKHM 0TOOpa, KOTOPHIE OBUTH PACCMOTPEHBI
B paMKax HACTOSIEH padOoThI AJIs1 BBIICHEHUS BEJINYH-

Hbl BUTAJTHHOTO HW30TOMHOTO CMEHICHUS KACITUHCKHX
octpakoq. WX MecTONoJOKEHHE NpEACTaBIeHO Ha
puc. 1 (cm. Takxe Tabmn. 1). Bcero nzoronsslii coctan
ocTpako] u3MepeH B 71 mpobe.
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Puc. 1. Mecromonoxenne u3y4eHHBIX TOYeK 0TOopa mpob

Fig. 1. Location of the studied sampling sites

[lockonbky 6'"O, ~ u3MepsieTCs OTHOCUTENBHO
Benckoro cranmapra SMOW (VSMOW - Vienna
Standard Mean Ocean Water, craniapt cpeiHeil oke-
AQHWYECKOH BOABI), JUIS NAJbHEHIINX pPacyeToB HEO00-
X0uMO ObLI0 mepeiitu o 3HaueHuit §'*0 , VSMOW k
3HaYEHUSIM OTHOcUTeNnbHO BeHckoro cranmapra PDB.
Jtst aToro memonb3oBaHo ypasHerue [Hut, 1987]:

6'*0, VPDB = 0,99973 - 6"*0_VSMOW - 0,27. (1)

ButanbHOE H30TOMHOE CMEIICHHE MPEICTABISCT
co00ii pasnuIly MexIy 8'°0 M CPEIHUM OXKHIaeMbIM
3HauenneM §'°0 paBHOBecHOTO Kanbuura (8'°0, ),
T. €. 60  —6"0_ . CpenHee OXKHIAEMOE 3HAYE-
Hie 680 paBHOBECHOTO KabIuTa (00pa30BaBIEroCs B
M30TOITHOM PaBHOBECHH C BOJOH) MOXKHO ONPENECITUTh
o ypaBaenuto [O’Neil et al., 1969]:

80, . VPDB=[21,9-3,16 (31,061 + T)*] + 50,
2
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PE3VJIBTATBI UCCJIEJJOBAHUA
N X OBCYXXJIEHUE

Pesynbrater msmepenus 6'*0 - TpencTaBieHbl B
Tabu. 2. B ciydae, koria u3mepeHue 1o oHoMy 00pas-
Iy MPOBOIUIOCH HEOJJHOKPATHO, CTPOKA, COIEpIKaINas
JIOTIOJIHUTENIbHY 0 MH(DOPMAIUIO O HOMEpPE, BUJIC U Me-
CTOTIOJIOKCHUU TOUKH, a TAKKe DIyOuHe Mopsi, AyOnu-
pOBaHa, ¥ TIPUBE/ICHBI JAHHBIE ITO BTOPOMY U3MEPEHUTO
WJIN U3MEPEHUIO M0 IPYroMy BHILY OCTPAKOI.

Cpennune 3nadenus 6'°O_ 10 KakaoMy BHIY CO-
craBun —1,42%o (£0,75) nnsa Euxinocythere virgata,
—1,37%0 (£1,42) nns Tyrrhenocythere amnicola
donetziensis, +1,65%o (£1,01) nnsa Candona schweyeri,

+1,29%0 (£0,44) nmnsa Paracyprideis sp., +2,25%o
(£0,66) nns Bakunella dorsoarcuata n +2,83%o (£0,66)
st Camptocypria sp. (puc. 2A). [lonyueHHble TaHHBIE
U3MEpPEHUH TMO3BOJIMJIM PACCUMTATh BHTAIBHOE H30-
tTortHOe cmemeHue (puc. 2b). Pesymeratel monTBep-
JIAJTH, YTO W3yYEHHBIE OCTPAKOIBI HECYT CIIE/bI MeTa-
Ooonmmuecknx 3(P(EeKTOB — MOJOKHUTEITHHOE CMEIIeHHE
cocTaBisieT okono 1%o. DTo Xoporio comiacyercs c
JTAHHBIMU, YCTAHOBJICHHBIMU APYTUMHU UCCIIEOBATEIS-
MU, KOTOPBIE B CpeIHEM BapbUPYIOT OT +2 10 +0,5%0
[Xia et al., 1997a, 1997b; Grafenstein von et al., 1999;
Didie, Bauch, 2002; Simstich et al., 2004; Gemery
etal., 2022].

Tabmuma 2

Pe3yabrarhl H3MepeHHs CTa0WJIBLHBIX H30TONOB KUCJI0POA U YIJ1epoAa, B TOM 4YHcje ¢ BBeIeHHOI
NMONPAaBKOil Ha BUTAJIbHOE H30TOIMHOE CMellleHNe, YCTAHOBJIEHHOE B padoTe
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18, 0,
Howmep OcTpaxombl Howmep 810 %o 3C _, %0 VPDB foﬁ%‘g’Bﬁ;angfe(z;zggiie
POOBI m3mepenus | VPDB ost cMeeHe)
B44 Paracyprideis sp. 1 3,07 -0,31 0,34
B45 B. dorsoarcuata 1 2,73 1,90 0,96
B45 Camptocypria sp. 1 2,88 1,19 0,15
B45 Camptocypria sp. 2 2,80 -0,49 0,07
B46 T. amnicola donetziensis 1 1,35 -2,60 1,60
B46 T amnicola donetziensis 2 0,54 -2,75 0,79
B47 T. amnicola donetziensis 1 0,44 -2,23 0,69
B47 1. amnicola donetziensis 2 0,74 -2,04 0,99
B48 Camptocypria sp. 1 3,52 0,28 0,79
B49 Camptocypria sp. 1 3,08 0,87 0,35
B49 Camptocypria sp. 2 2,70 1,07 —-0,03
B50 B. dorsoarcuata 1 2,73 1,05 0,96
B50 B. dorsoarcuata 2 2,59 -0,32 0,82
B50 Camptocypria sp. 1 3,18 0,17 0,45
B51 B. dorsoarcuata 1 2,74 1,39 0,97
B51 B. dorsoarcuata 2 2,36 -0,39 0,59
B52 Camptocypria sp. 1 2,70 0,37 0,03
B52 Camptocypria sp., 2 2,95 —-0,26 0,22
B52 T. amnicola donetziensis 1 -0,44 -1,83 -0,19
B52 T. amnicola donetziensis 2 1,06 -3,02 1,31
B53 Camptocypria sp. 1 2,81 0,81 0,08
B54 Camptocypria sp. 1 1,43 1,67 -1,30
B54 Camptocypria sp. 2 1,44 1,56 -1,29
B55 T. amnicola donetziensis 1 -0,07 -2,34 0,18
B55 T amnicola donetziensis 2 0,74 -3,86 0,99
B56 C. shweiery 1 2,61 1,09 -0,20
B56 C. shweiery 2 2,84 1,52 0,03
B56 Paracyprideis sp. 1 0,66 —4,03 —-0,89
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Ipooonscenue mabnuyor 2

18 0,
Howep Octpakozsl Howmep 518005" %0 8C , %o VPDB foﬁoﬁz,BﬁOT;izfe(;32(;§E?1]:)e
poOBI WU3MEpPEHUS VPDB ost cMermenne)
B56 Paracyprideis sp. 2 1,88 -2,46 0,33
B57 CMech BUIOB 1 2,35 -2,86 1,32
B57 CmMech BUIOB 2 2,87 -3,08 1,84
B58 Camptocypria sp. 1 3,42 -0,30 0,69
B58 Camptocypria sp. 2 3,67 0,07 0,94
B59 Paracyprideis sp. 1 1,19 0,05 -0,36
B60 E. virgata 1 0,07 -2,04 0,18
B60 E. virgata 2 -0,49 2,17 -0,38
B6l Paracyprideis sp. 1 1,43 -2,81 -0,12
Bo61 Paracyprideis sp. 2 1,29 -2,63 -0,26
B62 C. shweiery 1 0,65 1,80 -2,16
B63 T. amnicola donetziensis 1 -2,55 -1,92 -2,30
B63 T. amnicola donetziensis 2 2,15 -1,36 -1,90
B64 T. amnicola donetziensis 1 -2,60 -1,45 -2,35
B65 E. virgata 1 -0,97 —4,20 —-0,86
B65 E. virgata 2 -1,33 -2,89 -1,22
B65 T. amnicola donetziensis 1 2,75 -0,53 -2,50
B66 E. virgata 1 -1,86 -2,46 -1,75
B66 E. virgata 2 -1,55 -2,56 —1,44
B66 T. amnicola donetziensis 1 -2,21 -1,15 -1,96
B66 T. amnicola donetziensis 2 -1,59 -1,79 -1,34
B67 E. virgata 1 -2,04 2,11 -1,93
B67 E. virgata 2 -2,28 2,11 2,17
B68 T. amnicola donetziensis 1 -2,26 -1,63 -2,01
B68 T. amnicola donetziensis 1 2,14 —-1,66 -1,89
B68 T amnicola donetziensis 2 2,73 -2,16 -2,48
B69 T. amnicola donetziensis 1 -2,05 -2,64 -1,80
B69 T. amnicola donetziensis 2 -1,77 2,18 -1,52
B70 E. virgata 1 -1,92 -1,96 -1,81
B70 E. virgata 2 -1,78 -2,74 -1,67
B70 T. amnicola donetziensis 1 -3,15 2,13 -2,90
B70 T. amnicola donetziensis 1 -1,75 -1,93 -1,50
B70 T. amnicola donetziensis 2 2,14 -1,04 -1,89
B70 T amnicola donetziensis 2 -1,79 -2,67 -1,54
B71 T. amnicola donetziensis 1 -2,33 —1,48 -2,08
B72 T. amnicola donetziensis 1 2,73 -1,17 -2,48
B73 CMech BUIOB 1 3,00 -0,37 1,97
B73 CMech BUIOB 2 3,07 0,47 2,04
B74 B. dorsoarcuata 1 1,40 1,32 -0,37
B74 B. dorsoarcuata 2 1,23 1,08 -0,54
B75 CMech BUIOB 1 1,92 0,05 0,89
B76 C. shweiery 1 0,85 0,39 -1,96
B76 C. shweiery 2 1,32 2,05 -1,49
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Puc. 2. Pesynbrarel usmepenns 8'°0_ M pacueTHbIE BUTANIbHBIE CMEIIEHUS VISl H3yYEHHBIX BHIOB

Fig. 2. Results of 6'®O_ measurements and calculated vital offsets for the studied species

CormacHO JHMTEpaTypHbIM  JIaHHBIM, 3HAYCHUS
0'"*0_, KaK paBuIIO, OTPAKAIOT CPEHUE JIETHHUE CBOH-
CTBa BOJBI (IVIABHBIM 00Pa3oM TeMIIEpaTrypy) — HepHo-
113, Ha KOTOPBIA NPUXOTUTCS JOCTHKEHHE OpraHM3Ma-
MU 3peSIOCTH U MUK UX npoaykTuBHoCcTH [Horne, 1983;
Gemery et al., 2022]. Ograxo MpoBeZieHHAs HAMH pa-
0oTa, HANPOTUB, CBHUICTEILCTBYET O CYIIECTBOBAHHH
Oonee TecHol cBasu 6'°0_ ¢ 3UMHUMM TeMIeparypa-
MH: cpeaHss pasauua (80, —6"0 ) okazanack
HauMeHbLEeH npu pacuerax 80 no cpepHnM
TeMIlepaTtypaM BOJIbI 3UMHHUX MECSICB U COCTaBHIJIA
+0,98%o, B TO BpeMs KaK ISl JISTHUX MECSITIEB CPEITHSS
pasHuna cocrasmia +3,16%o. CpenHee H30TOITHOE CMe-
[ICHUE, PACCUNTAHHOE 10 CPEHETOIOBEIM TEMITeparTy-
pam Bozbl Kacriuiickoro Mopst (Juist 1oJisi, 0 KOTOPOMY
UMeloTCs faHHble 0 8'°0 ), 6M3KO K TaKkoBOMY I
3UMHHX Mecs1eB U coctaBisieT +0,99%o.
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BaxxHo oTMeTuTH, 4TO [T TOYEK 0TOOpa po0, pac-
MOJIOKEHHBIX Ha OONBIINX TITyOWHAX, TJIE CE30HHBIC
nepenagsl TeMIEpaTypbl HEBEIUKH, W30TOIHOE CMe-
IMEHUE TaKXKe MOCTOSHHO — B cpemHeM oKojio +1%o,
B TO BpeMsl KaK Ha MEJIKOBOJbE, I BOJA JIETOM IMpO-
rpeBaercs no +20...25°C, a 3uMoii Temrmeparypa oIry-
ckaetcs B cpeqHeM 10 +4°C, pa3HMIIa BBIYHCIEHHOTO
M30TOITHOTO CMEIICHHUS JUTSI ISTHUX U 3UMHHX MECSIICB
MOXET AocTUrath 4,5%o. ITU BBIBOIBI COITIACYIOTCS C
HabroneHusIMu Ipyrux uccnenosareneil [Erlenkeuser,
Grafenstein von, 1999; Simstich et al., 2004], kotopkie
3aMETHIIA, 9TO O0Jiee BBICOKAs THAPOJIOTHUECKAs W3-
MEHYMBOCTh Ha MaJIbIX TTyOMHAX BBI3BIBACT OoJiee 3a-
METHbIE OTKJIOHEHUS 3HadeHuit 6'*0_ oT paBHOBECHS.

Hns B. dorsoarcuata, W30TOIHOE CMEIICHHUE KO-
TOpOH cocTaBisieT B cpeaHeM +1,77%o, cTanmapTHOE
oTKJIoHeHHe cocTtaBwio Bcero 0,22%.. Hambombliee
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YTsDKEJIeHHE M30TOITHOTO COCTaBa B CBSI3U C JKU3HEH-
HbeIMU 3 dekramu 3apeructpupoBano st C. schweyeri
(+2,81%0), omHaKO cTaHAAPTHOE OTKIIOHEHHUE /ISl BUAA
cocraBuio Bcero 0,57%o (cM. puc. 2). OT0T dakr mo-
3BOJISIET YTBEPIKIATh, YTO, HECMOTPSI Ha BBICOKHUH I10-
KazaTelb CMEIEHHs, TaKOW pe3ylbTaT CTaOMIbHO
MOJTy4aeTcsi sl OONBITUHCTBA M3YYEHHBIX OCTPAaKOI
9TOTO BUJA, a 3HAYUT, C TOYKH 3pEHHS Tajieoreorpa-
(PUHIEeCKUX PEKOHCTPYKIIUHI BUI XOPOIIO MOAXOAUT IS
M30TOIHO-KUCIOPOIHBIX M3MEPEHHUH U U3YUCHHUS HAPSI-
ny ¢ B. dorsoarcuata.

Hna Camptocypria sp. 3aperucTpHpOBaHO BBICOKOE
n3oTonHoe cMenienne (2,73%o), CTaHIapTHOE OTKIIOHE-
HHE Takxe BbIle U cocTaBisieT 0,95%o. AHamorudnas
KapTuHa HaOmromaercs w aus  Paracyprideis  sp.
HecMoTpss Ha OTHOCHTENILHO HEBBICOKOE CMEUICHUE
(+1,55%o), pa3dbpoc 3HaueHMI BeJUK (CTaHAApPTHOE OT-
knoHenue gocturaeT 1,12%o — BbIlIE OHO TOJIBKO ISt
T. amnicola donetziensis (1,14%o).

[Moxxamy#t, ogHHNM M3 BaKHEUITNX HAOTIOMESHUH
CTaJI0 M30TOMTHOE CMEIEHUe I0 IMpodam, MpPeiCcTaB-
JSIOMUM c000M cMech M3y4eHHBIX BUI0B. OHO OKa-
3aJI0Ch SKBUBAJICHTHO CPEJHEMY M30TOITHOMY CMellle-
HUIO, PaCCUUTAHHOMY I10 CPEJIHErOJOBBIM U 3UMHHM
Temreparypam Boabl Kacmus, u cocraBwio +1%o
(£0,5). dmst cpaBHEHHsI, STOT IIOKa3aTelb COCTABIIS-
eT —2,25%o B pakoBuHax MoiuntockoB Cardium edule u
Didacna trigonoides n —3,27%o0 B xapOOHATHBIX WJIaX
[®PeppoHckuil U 11p., 1999]. MOXXHO 3aKIHOUUTh, YTO
HCIOJb30BAHUEM B OJIHOM HM3MEPCHHHM PaKOBUH He-
CKOJIBKUX BUJIOB, MOXKHO JTOOUTHCS CII&KUBAHUS CHUT-
HaJia, BBI3BAHHOTO KU3HECHHBIMH 3(pheKTamMu 0CTpaKo/I.
3Ha4wuT, B CiIydae, KOrJla HEBO3MOXXHO 0TOOPaTh OMH U
TOT K€ BUJ JUIS UCCIICAOBaHUs, HapUMep, Ipu pabo-
T€ ¢ MarepualiaMu OypeHHUs, TOMyCTUMO OTOUPaTh IS
aHaJIn3a CTaOWIIBHBIX M30TOIOB Pa3HbIE BHJbI OCTpa-
KOJI, )KeJaTeIIbHO OJM3KOPOACTBEHHBIE.

HNHTEepecHO OTMETUTh, YTO y H3YyYEHHBIX MEJIKO-
BONHBIX BUNOB E. virgata u T. amnicola donetziensis
BUTaJbHBIE 3(D(EKTH MPUBOAAT K (HOPMUPOBAHHIO
M30TONHO OoJiee JIETKOTO cOCTaBa KHUCIOpona, T. €.
BEJIMYMHA H30TOIHOIO CMEIICHHUS XapaKTepHU3yeT-
Cs HE MPOCTO HAWMCHBIIUMH, HO OTPHUIIATEIbHBI-
mu 3HaueHusaMH (—0,11 u —0,25%o0 COOTBETCTBEHHO).
HawnGonbiiee cranmapTHOE OTKJIOHEHHWE METaboIu-
gecKuX dJ(PGPEKTOB TaKKe 3apeTrHCTPUPOBAHO IS
T. amnicola donetziensis (1,14%o), DTOBOJBHO BEIU-
ko oHO m s E. virgata (0,7%o). Takas 3akoHOMeEp-
HOCTB JIETKO 00BSICHUMa MECTOIIOIOKECHHEM UCCIEeY-
eMBIX 00pa310B, MHOTHE U3 KOTOPHIX OB OTOOpaHBI
BOMM3M BrajeHus Kypel, B TO BpeMs Kak OCTaBIIHUe-
cs OBLIM yHmajeHbl OT IMOAOOHBIX HCTOYHHKOB IIpe-
CHOM M30TOMHO JeTKoH Bojwl. bojee Toro, rryOouHa
MOpSI B TOYKaX OTOOpa MAaHHBIX MPOO HE MpeBhIIIaIa
33 M, MEXIly TeM H3BECTHO, YTO y OEHTOCHBIX U 0O-

Jiee TITyOOKOBOIIHBIX OCTPaKOA, KaK MpaBHiIO, MPOUC-
XOJIUT CMEIIEHHUE B CTOPOHY YTSDKEICHHUS HW30TOIHO-
ro cocrara [Xia et al., 1997a; Grafenstein von et al.,
1999; Simstich et al., 2004], B To BpeMs KaK 3a CYeT
BBICOKOW THIPOJIOTHYECKOW H3MEHYMBOCTH Ha MeIl-
KOBOJIb€ H30TOIHO-KUCIOPOIHBIM COCTAaB OCTPaKO]
MOJIBEpKEH OOJbIIeMy H3MEHEHUI0. Tak, HampuMmep,
pa3IuYMs COJIGHOCTH (PaBHO KaK U TeMIIEpaTyphl) B
MPUJIOHHOM CJIO€ B TTyOOKOBOJHOW YacTW MOpS TO-
pasno OoJiee CrIaXeHbI, YeM Ha MEJIKOBOJbE. UTOObI
WCKITFOYUTH (WJIH 110 MEHBIIIEH Mepe CHU3UTH) U30TOM-
HBI CUTHAJI 3TOH THJPOJIOTMYECKON HM3MEHYUBOCTH
Y TOYHEE OIEHUTH BHUTANbHBIE (P(EKTHI, HEKOTOPHIE
uccaenosarenu [Simstich et al., 2004; Gemery et al.,
2022] ucnonb3yroT B CBOMX paboTax TOIBKO 00pasIibl,
otoOpanHbIe ¢ TIyOuHb 601ee 40—50 M.

[IpupepxuBasich aHaIOTUYHOUW CTPATETHH, MBI TIO-
MBITAJIMCh UCKIIIOYUTh M3 PACCMOTPEHHS BCe 00Opas-
IIbI, OTOOpaHHBIE W3 30HBI MEIKOBOMbBS, Ha TITyOWHAX
menee 50 M (cM. Tabn. 1). Torna B nccienyemyro BbI-
OOpKy BXOAHT TOpa3io 0oliee OrpaHUYEHHOE KOJMYe-
CTBO TOYEK MCCJICAOBAHHS, B YACTHOCTH IMOJHOCTBIO
WCKITIOYAIOTCS U3 pacCMOTpeHust BUAbI E. virgata M
T. amnicola donetziensis, He oOuTammme TIyOxKE
50 m. Jlns B. dorsoarcuata moka3arellb U30TOITHOTO
CMEIICHHUS TEM HE MEHEE HE M3MECHHIICS, MOCKOIbKY
Bce NpoObl oToOpaHbl Ha NryOuHax mopsiaka 150 m —
3TO B MEPBYIO OUEPe/ib O0BICHICTCS TEM, YTO JaHHBIN
BHJI HE XMBET Ha MEIKOBOJbe. AHAJIOTUYHAS CUTYya-
nust HaOmronanacek s Paracyprideis sp. u cMmernan-
HBIX MPO0O, BKJIIOYAMOIIUX Pa3HbIE BUABI OCTPAKOJ.
Hns C. schweyeri M30TOIHOE CMEIIEHHE OKa3ajoCh
qyTh Oonbire (+2,94%o), OTHAKO CTaHAAPTHOE OTKIIO-
HEHue IS Buna coctaBmio Becero 0,16%o, uTo cyte-
CTBEHHO HUW)XE€ TaKOBOTO IO MOJHOHN BbIOOpKe. Jliis
Camptocypria sp. 3aperucTpUpPOBAaHHOE H30TOIHOE
CMeIleHUe CHU3MIOCh A0 +2,45%0, B TO BpeMs Kak
paz0poc 3HaUYCHUH COXPAHUJICA NPHOIM3UTEIBHO Ha
TOM XK€ YPOBHE — 4yTh MeHbIIEe 1%o.

Takum oOpa3om, B HacTosmeH paboTe yCTaHOBIIC-
HO, YTO BUTAJIBHOE HM30TOITHOE CMEIICHHE B W3y4YCH-
HBIX KaCIUHCKUX OCTpaKoaax poaocrnenuduyHo, T. €.
OHO 3aBUCHT OT POJIOBOM MPUHAJICKHOCTH OCTPAKO/.
Bornee Toro, mpomoyKaroIuecs UCCICI0BaHUs 0 U3-
YYEHUIO0 HECKOJIBKHUX BUIOB poma Camptocypria mo-
3BOJISIFOT HaM IPEINOJI0KHTh, YTO 3TH CMEIICHUS BHU-
JOCTCIM(DUIHEL.

OTMeTHM TaKKe, uTo 110 Hokasaressm &'3C B Kallb-
IIATE BCEX UCCICAOBAHHBIX BUJIOB OCTPAKO/ IPOCIIe-
JKUBaeTcs Ooyiee CYMIECTBEHHOE BIHMSHHE METado-
nuyeckux 3Q¢ekToB. PazHuIa MeXay H30TOIMHBIM
COCTaBOM YIJIepO/ia PAKOBHH HE TOJIBKO crieiu(UUHa,
HO M HEMOCTOSHHAS JUJISl KaXJIO0T0 OTAEJIBHO B35TOTO
BHJIa, TIO3TOMY TpeOyeTcs OTAeIbHOE MOTHOIEHHOE
M3Y4YCHHE M30TOIOB YIIEpOJia, HePeyCMOTPECHHOE

Becrauk Mockosckoro vHUBEPCUTETA. CEPrA 5. I'Eorraous. 2024. T. 79. Ne 6



50 TKAY U JIP.

naHHO# paboroii. CBsi3b nu3MeHeHust 6'°C 1 TIyOUHBI
MOps Takke He oueBuaAHA. [I[pUHATO CYUTATH, UTO TIO
Mepe yBeaudeHus riyOuHbl 3HadeHus 6'°C magaror
no iyounsl 1 kv [Hukonaes, 1995], uto oObscHsIET-
Cs1 aKTUBHBIM MOTPEOJIEHNEM JIETKOTO U30TOIa yTIie-
poZia )XKMBBIMH OpraHU3MaMHu, HanbOoJjee Pa3BUTHIMU
B BepxHeM (oTudeckoM cioe. OgHAKO IO Mepe OT-
MHPAHUS OPTAaHU3MOB M UX OMYCKAHUS HA JHO MOPS
MMPOUCXOANUT PA3JIOKEHUE M TMOCTYIUICHUE JIETKOTO
M30TOTA YIIIepo/ia B HIDKHHE CIIOH, TJe ACCTPYKIHUS
U OKHUCJEHHE OpPraHWYECKOTO BEIIECTBA MPUBOMIST
K YCHJEHHOMY IOTIJomeHnio Kkuciopona. Otcioma
BBITEKAeT YeTKas KOPPEeSALUs MEXIy IOoKa3aTels-
mu 6°C, konmuecTBoM pactBopenHoro O, u 6"0.
W3otomnHEI cocTaB yriepoma KapOOHATOB, BOOOIIE,
B OCHOBHOM KOHTPOJHUPYETCS COCTaBOM pPacTBO-
penHoro Heopranuueckoro yriaepoga (DIC) Bomsl,
B KOTOPOW MPOUCXOTUT (HOPMHpPOBAHHE PAKOBHHEI.
M3otonueiit coctaB DIC, B cBOIO ouepensb, SBIACT-
Cs CIOKHOW (YHKIHMEH HM30TOIMHOIO COCTaBa IPH-
XOASIINX B OacceiH BOJ, M30TOMHOTO OOMeHa C aT-
mMochepubiM CO,, CKOPOCTH (POTOCHHTE3A, & TAKKE
CKOPOCTH M THIIAa OPraHUYECKOro (0aKTepHaIbHOTO)
pacnana u np. bonee meTanbHBIN pazdop 3aKk0OHOMED-
HOCTeW (OpMHpPOBaHHS W30TOMHO-YIJIEPOIHOTO CO-
CTaBa W NMPHUMEHEHHE dTHUX BBIBOJOB JIJIS MAJIEOTEO-
rpadMuecKuX PEKOHCTPYKIUHN SBISIETCS MPEIMETOM
Oymymux pabor.

BBIBO/IbI

OnHUM U3 BaKHEHIIUX (haKTOPOB, OMPEACIISFOIINX
8"80 KaCIUICKMX OCTPAKO, SIBJSETCS M30TOIMHOE CMe-
IIICHUE, CBSI3aHHOE C MX JKU3HEHHBIM LUKJIOM (BUTAJIb-
HOe, MeTabonndyecku o0ycioBineHHoe). Ero prnusiHue Ha
(hpaKIMOHUPOBAHKE HM30TOMOB KHUCIOPOIA POMOCICIH-
(bM4HO ¥ B CpeHEM MPUBOIMT K IMOJOKUTEIHHBIM OT-
KJIOHCHHUSM OTHOCHUTEJILHO OXKHJIAeMOTO PaBHOBECHO-
ro (opMHPOBaHHS KaJBIIUTA HA BENUYMHY OKOJIO 1%o.
Tekyiue UccIeI0BaHUS 110 U3YYCHUIO HECKOJIBKUX BU-
noB pona Camptocypria TTIO3BOJISIFOT HAM IIPEITOIOKHTH,
YTO 3TH CMEUICHUS BHOCHICIIM(PUIHBI. YCTaHOBIECHHOE
JUTSL IIIeCTH HanOoJIiee YacTO BCTPEYAIOIINXCS B COBpE-
MeHHOM Kacnuu BUJI0B OCTPAKO H30TOITHOE CMEIIICHUE
MO3BOJIUT TIMPOKOMY KpYTY CIICIIHATUCTOB HCIIONb-
30BaTh €ro B pabOTax, CBSI3aHHBIX C u3ydeHueM o'°0.
OnHUM U3 BaXKHENIINX HAOIIONEHUHA CTAJIO0 W30TOITHOE
CMEIICHHUE TT0 CMEIIAHHOMY KOMILICKCY OCTPaKoi, Ko-
TOPOE 0Ka3aJI0Ch PKBUBAJIICHTHO CPEIHEMY M30TOITHOMY
cMmernieHnto u coctaBuio +1%o (£0,5). MoxHO 3aKiro-
YHUTh, YTO MCIIOJIH30BAaHHEM B OJHOM W3MEPEHHH PaKO-
BHMH HECKOJILKMX BHIOB MOYKHO JOOUTHCS CIIIAKHBAHMS
CUTHAJIa, BRI3BAHHOTO XMU3HEHHBIMU 3(pekramu ocTpa-
Kojl. 3HAYWT, B Ciydae, KOraa HEBO3MOXKHO OTOOparh
OJIH M TOT XK€ BUJ JUIS MCCIEAOBaHUS, HAIPUMED TIPH
pabote ¢ Marepuaiamu OypeHus, JOIMYCTHMO OTOMPATh
JUIS aHalln3a CTaOMIBHBIX HM30TOIOB CMECHh OCTPAaKO[L,
JKeJIaTeIbHO OJIM3KOPOJICTBEHHBIX.
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The paper examines the stable oxygen isotope values for six most abundant ostracod taxa in present-day
Caspian Sea bottom sediments from 33 sampling sites. The oxygen isotopic composition of Caspian ostracod
shells was found to reflect metabolic effects related to their life cycle. The average 6"*O_ value (+ standard
deviation) for each species is as follows: —0,11%o (£0,7) for Euxinocythere virgata, —0,25%o (£1,14) for Tyrrhe-
nocythere amnicola donetziensis, +2,94%o (+0,16) for Candona schweyeri, +1,55%o (£1,12) for Paracyprideis
sp., +1,77%o (£0,22) for Bakunella dorsoarcuata and +2,45%o (+0,95) for Camptocypria sp. The results ob-
tained confirmed that Caspian ostracods do not secrete their carapace in equilibrium with the surrounding wa-
ter. Rather, the studied species showed a positive vital offset — the observed effect averaged about 1%o (+0,5).
The desired isotopic shift for the mixed ostracod assemblage turned out to be equivalent to the average isotopic
shift for the studied sample and amounted to +1%o (£0,5). The work demonstrates that ostracod metabolic pro-
cesses cause shifts in the expected fractionation of oxygen isotopes between CaCO, and water. The resulting
isotope offsets must be taken into account in paleogeographic studies for correct interpretation of paleoclimatic
changes in the Caspian Sea region using the stable oxygen isotope record.

Keywords: 580, stable isotope geochemistry, oxygen isotope analysis, metabolic effects
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