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BBEJIEHUE

AKTyaJIbHOCTb HCCJICA0BAHUSA

B coBpemeHHON HEPTSHOW TEONOTHMH H30TOMHO-TEOXUMHUYECKUE HCCIICIOBAHUS
pruoOpeTaroT 0COO0YI0 3HAYMMOCTh KaK MHCTPYMEHT pelieHus pyHIaMeHTaIbHbBIX U MPUKIIATHBIX
3ama4. B ycnoBusx mnepexoga OT JIOKAJIBHBIX MOJEJIEH OTIEIbHBIX MECTOPOXKICHUNH K
WHTETPAJIbHOMY aHAJIU3y YIIEBOAOPOAHBIX CHUCTEM OCOOYI0 BaXKHOCTh MpUOOpeTaeT HaAEKHas
cTparurpadudeckas npuBs3Ka HeTerazoMaTepUHCKUX TOJII, JeTAIU3AINS CEAMMEHTAIMOHHON
IUKJIMYHOCTH M TOCTPOCHUE BBICOKOTOUHBIX (hronmonuHaMudeckux mozenei. I[lpusneuenue
M30TOITHOTO aHalu3a yIepoJa M KHUCIOpoJa B Mopojax, opranudeckoM Bemiectse (OB),
yrmieBonopoaHbix (YB) ¢mongax u miacToBBIX BOAAX MO3BOJSET (POPMHUPOBATH BEIICCTBEHHO
COIJIACOBAHHYIO BO BPEMEHH OCHOBY, HEOOXOJUMYIO JUIsl MEXPETHOHAIBHBIX U MEXKOACCEHHOBBIX

COIOCTABJICHUM U yTOUHEHUS Mojiesiel (YHKIIMOHUPOBAHUS YIIIEBOJOPOIHBIX CUCTEM.

Pa3BuTHEe METONMK M30TOMHBIX MCCIEIOBAHUM U COBEPIICHCTBOBAHUE TEXHOJIOTMYECKOM
6a3bl cO3/1aJTH MPEINOCHUIKH JUISI MACCOBOTO TIOIYYEHHUS JAHHBIX 00 M30TOITHOM COCTaBe JIETKUX
DJIEMEHTOB OpPTraHUYECKUX COCIWHEHUH. DTO, B CBOIO OYEpeIb, NMPHUBEIO K HAKOIJICHHUIO
3HAYUTENBHOTO 00BEMA HMHGpOpMANUU, YTO TpeOyeT e€ cucTeMarh3alud M OO0OOIICHUS s
dbopMupoBaHusi COBpeMeHHOW HaydHOUM Oasbl. Takas 0aza JOKHA ONMUPAThCS HE TOJNBKO HA
Pa3BHUTYIO aHATMTHYECKYIO WHOPACTPYKTYPY, HO U HA aKTyaJbHbIC TEOPETUUCCKUE KOHIICTIIIIH,
oOecCITeunBaOIIe WHTEPIPETAIIMI0 W TMPUMEHEHHE IIOJIYYCHHBIX JaHHBIX. KauecTBeHHas
UHTEPIpETAIS HW30TOMMHO-TCOXUMHUUECKUX JIAHHBIX TpeOyeT pa3paOdOTKH KpPUTEPUEB HX
MPUMEHUMOCTH, a KOMIUIEKCHOE HCTIOIh30BAHUE BMECTE C T€OJIOr0-Te0PU3NIECKUMU METOIaMU

YBCIUYUBACT JOCTOBCPHOCTH CO3AABACMBIX I'COJIOTMUCCKUX MOJICICH.

Coxpansiercss psii OPUHIUIHAIBHO BaXHBIX MpoOiieM, TpeOyoImux pa3BUTHUS
M30TOIHO-TeOXUMHUYecKkoro mnoxaxozxa. 1. Ckiaguaro-HaaBUroBoe crpoeHue  KpbIMcko-
KaBkasckoro permoHa u 1oro-soctoka CHOMpPH 3HAYUTENBHO YCIOXKHSET T€0JIOTHYECKOe
KapTUPOBAHHUE U CTPATUTpaUUIECKyI0 KOPPENALNIO JAJisi BbIOOpa ONTHUMAJIbHOM CTpaTeruu npu
nouckax  He(TAHBIX W  Ta30BBIX  MecTopoxaeHud. IlpuBrnedyeHune  COBpEMEHHBIX
XeMOCTpaTUrpauueckKuxX METOJOB B KOMIUJIEKCE C TCOJOTMYECKMMH JaHHBIMHU CYIIECTBEHHO
COKpallaeT OrpaHU4YEeHHS Ha BO3PACT U JUIUTEIbHOCTh HAKOIUIEHUS 0CAJOYHBIX MOPOJ, ITO3BOJIAS
KOppENUPOBaTh «HEMBIE» OCaJ04YHbIE TOMMHK. 2. HecMoTps Ha MHOTOKparHO IMOKAa3aHHYIO
B3aMMOCBSI3b MEX]y Maleoreorpa@uueckKuMy YCIOBUSAMHU, IUKIAMH OCAJIKOHAKOIUICHUS U
xapakrepuctukamu OB, 10  HacToslllero  BpEeMEHHU  OTCYTCTBOBAJIIM  KOMIUICKCHBIC
[IMPOKOMACIITA0HbIE HCCIIE0BAaHUSl, OCHOBAHHBIE HAa COIOCTABJICHUU PE3YJbTaTOB BbIIACICHUS

TOHKOH OUKINYHOCTH U I/ISOTOHHO-(bpaKHI/IOHHOFO aHaJim3a 6I/ITYMOI/II[OB, BKJIIOYAKOIIIHUEC
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MHOTOUHMCIIEHHBIE BEPHU(PHUIMPOBAHHBIE HCCIeAOBaHMs. 1[I0 MOMHOTE Treonoro-reopu3ndecKon
M3YYCHHOCTH M HaJIM4YUsl PETNPe3eHTATUBHOTO Marepuajia Iopckue paspesbl 3amagnoit Cubupu
SBIISIOTCA OJHUM U3 JIYYIIUX MPUMEPOB, HA KOTOPHIX BO3MOXKHO MPOCIEAUTH 3aKOHOMEPHOCTHU
W3MEHEHHUS HM30TOMHO-(PAKIIMOHHOTO COCTaBa OWTYMOUIOB B 3aBUCHMOCTH OT YCJIOBUH
obpazoBanust OB. 3. Koppemsuust OB u razoBsix ¥YB paccMmarpuBaercs Kak OAUH U3 KITFOYEBBIX
MHCTPYMEHTOB MIPOTHO3a U CBOMCTB MOTEHIIMAILHON HedTerazomarepuHcKoi tonmu. Hecmorps
Ha 3HAYUTENbHBIA 00BEM paboOT MO M3YUYEHHUIO YIIEBOIOPOIHBIX T'a30B, B OTACIBHBIX PETHOHAX
OCTAIOTCS  HEAOCTAaTOYHO  Pa3pabOOTaHHBIMM  BOIPOCHI  YCTAHOBJICHUS ~ MCTOYHHKOB
IIPUIIOBEPXHOCTHBIX Ia30MPOSBIECHUN, YTO HEOOX0AUMO 11 Bepudukanuu 6acceiHOBOM MOJIEIH.
B srtom orHomenmu raspl cumoB KpbimMa u rasomnposiBieHHs B paspesax 3amagHod Cubupu
MPEICTABISIFOT COOON €CTECTBEHHBbIC MOJIUTOHBI JJIsi U3YyYEHHUs YIIEBOJOPOIHBIX CHCTEM U
yTOuHEHHS (PIIOMI0IMHAMUYECKUX Mojiesiel. 4. PekoHCTpyKIMs (QIrouI0IMHAMUYECKUX CUCTEM
ONMpaeTcs Ha JieTajdbHbIN aHanu3 nopoxa, OB u yreBonopoausix ¢maonaos. CoBepiIEeHCTBOBAHNE
MOJXOJIOB U ATATHOCTU M3y4YeHUs] HE(PTEra30HOCHBIX CUCTEM 3a CUET MPUBJICUCHUS U30TOMHOTO
coctaBa (IIOMIOB pPA3IMYHOTO TEHE3WCa IMO03BOJIAET JETAlM3UPOBATh pa3padaTbiBacMbie

GIIIONTOMIMHAMUYECKUE MOJICITH.

Cucremaruzanus HM30TOIMHO-TEOXUMHUYECKUX JaHHBIX, O0OCHOBaHHWE HWH(GOPMATHBHBIX
M30TOMHBIX MapKEePOB, GUKCUPYIOIINX CTPOCHUE U (PYHKIIMOHHUPOBAHKE YIIICBOAOPOIHBIX CHCTEM,
U WX IIeJICHANpPaBICHHOC TPUMEHEHHWE TP  CTpaTU(PUKAIMU  pa3pe3oB, aHAIU3e
CEeIMMEHTAIIMOHHON IUKINYHOCTH, TeoxuMuiecko tunusanuu OB u QurongognHaMudeCcKuX
PEKOHCTPYKIMSIX PACHIUPSIOT CIEKTp pelmaeMbIX 3ajad M MOBBIIAT A()(PEKTUBHOCTD
re0JI0oro-pa3BeIouHbIX paboT Ha HePTh W ra3, YTO W ONpeNeNseT aKTyalbHOCTh HACTOSIIETO

HCCICIOBaHNA.

Hean u 3axa4u MCCIeI0BAHNUA
Henbto paboThl SBISETCS CUCTEMATH3alUs W MPUMEHEHHE W30TOMHO-TEOXMMUYECKHX
JTAHHBIX JUI TOBBIMICHUS YQPEKTUBHOCTH PELICHUS MPUKIAIHbIX 33124 HeTsHOU reosoruu. s

JOCTHKCHUA MIOCTaBJICHHOM HEJIU pCIIaIuCh CICAYIONIUEC 3aaun:

1. OmnpenenuTb uzomMonHo-ceoxumudeckue Kpumepuu HA OCHOBE UOMONHLIX OMHOUWEHUU
yenepooa B OPTaHUYECKOM BEIECTBE, yernepooa U KUciopooa B mopoae u (mroumax st

peUICHUA 3a1aY ITOUCKA U PAa3BCIAKHU MCCTOpO)K,Z[CHI/Iﬁ He(bTI/I H rasa.

2. IlpumeHumsv uzomonHvle mapkepvl yenepood U KUCIOpoOd 6 Nopooax sl BbIIEIECHUs
pEelepHBIX TEONOTUYECKUX TOPU30HTOB, MPUTOMHBIX MJIs JIOKaJbHOW W pPEerHOHaIbHOM

KOPPEISLUU Pa3pe30B 0CaATOUHBIX 0ACCEHHOB.
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3. Ucnonvzosamov uzomonubvle MapKepbl yeﬂepoda opeaHu4deckozo eeuecmea 1Jis1 ONPCACICHUA
BO3MOXHBIX HCTOYHUKOB YITICBOAOPOAOB U MX INPHUBA3KHU K YCIOBUAM OCAJKOHAKOIIJICHUA B

paspese ocalouyHoro dacceiiHa.

4. Ilpumenumsv uzomonHvle mMaprepul yenepooa yeneso00poonblixX Gaoudos st UX KOPPEIIUA
10 pa3pe3y W IUIOIMIAIH, a TaKXKe JJIS COIOCTABICHHS C BO3MOXXHBIMH WCTOYHHKAMH HX

o0pa3oBaHMs.

5. Hcnonvzosams uzomonuvie mapkepvl yenepood 8 Op2aHuyueckoM eeujecmee, yanepood U
KUCIOPOOa 6 nopooax u ¢huoudax Ajis OUSHKU (DIOUI0IMHAMHYCCKUX CBSA3EH B Mpezenax
OTIENbHBIX MECTOPOKIICHUN U CTENEHU GIUAHUSL BMOPUYHLIX MEPMOSEHHbIX NPOYECccos Ha

U3MeHeHue U30MONHbIX XapaKkmepucmuk B pa3pese 0CaI04HOro 4yexia.
DaKTHYeCKHIl MaTepuaJl U THYHBINA BKJIaJ aBTOpa

DaKTHYECKYI0 OCHOBY JIMCCEPTALMU COCTABISIOT JaHHbIE, cOOpaHHbIE aBTOpoM B 2015—
2025 rr. B paMKax COTPYJHHUYECTBA C HAyYHBIMU M IPOU3BOJCTBEHHBIMU OPraHHU3aLUsSIMU IO
KOMIUIEKCHOMY M3Y4€HUIO He(TerazoHocHOCTH Heap. Llenbio OombnHCTBAa paboOT ObLT IPOrHO3
HE(TEra30HOCHOCTH OTACIBHBIX YYaCTKOB OCAJOYHBIX OacceiHOB. M30TOMHO-TeOXUMUYECKUN
aHaJIM3 MPUMEHSJICS B KOMILUIEKCE METOAOB, NOATBEPXkAasl pe3ysabTaThl CTaHAAPTHBIX METOJIOB
MHTEPIIPETAIMH Te0JI0T0-re0(hU3NUECKUX TaHHBIX. BBIBOJBI, MONyUYeHHbIE IPU UHTEPIpPETALUN
U30TONHBIX MapKepoB, BEPUDUIIMPOBAIUCH TE€OJIOTO-T€OXUMUUYECKUMH  pe3ylibTaTaMu U
NPOBEPSUIMCh HAa COOTBETCTBHE CYLIECTBYIOIIUM TeoJoro-reodusnyeckum moxeisiM. OOpasiisi
nopoa, OB, YB-dmon0oB 1 maacToBoi BOMBI IS M30TOIMHO-TEOXUMHYECKUX HCCIIEIOBAHHM,
MPEICTaBICHHBIX B paboTe, ObUIM OTOOpaHBI aBTOPOM JIMYHO MM COBMECTHO C KOJUIETaMH, C
y4€TOM KPUTEPHUEB MPUTOIHOCTH MarepHuala /Ul BBIACICHUS U aHAIW3a U30TOMHBIX MAPKEPOB.
O06pa3upbl kapOOHATOB NaNeOreHoBhIX oTIokeHni Kpeima npenocrasiens! E.A. JIsirunoii nu H.B.
[TpaBuxoBoit (MI'Y), menoBbix otnoxenuit Ceepo-3anagHoro Kaskaza — E.B. SlkoBummnoit u
C.1. bopaynosiM (MI'Y), keMOpuiickux otinoxxkennit Cubupckoi miardopmel — B.D. [TaBnoBeiM
(M®3 PAH). Ob6pa3upsl razoB SAMOyprckoro He(Tera3oKOHJEHCATHOTO MECTOPOXKICHHS ObLTH
npenocraninensl B.C. Skymessim 1 H.P. ABetoBbim (I'yOKHHCKHI YHUBEPCHUTET), YEPHOMOPCKUX
MEJIKOBOAHBIX MeTaHOBbIX cunoB — ManaxoBoil T.B., byanukoBeiMm A.A., MBanosoit M.H. u

Mypamosoii A.W. (PUL] MubIOM, MI'Y), oto6pannsbie B pamkax nmpoekra PH® Ne 23-27-00379.

Ha Bcex »srTamax KOMIUIEKCHBIX MCCJIEIOBAHUM aBTOP BBICTYyNAJl KAaK OpraHu3arop,
PYKOBOAMTENb M  HEMOCPEACTBEHHBIN  HCIOMHUTENb  HM30TOMHO-TE€OXMMUYECKUX  padoT,
OCYLIECTBIISUI UHTEPIIPETALMIO JaHHBIX, aJallTALMIO CYLIECTBYIOIINUX METOAUK K I€0JIOTUYECKUM

MonensiM U (OpMYJIHpPOBaT BEIBOABL. KOHKpeTHbIE OOBEKTHI HCCIEAOBAaHUS NPUBEICHBI B
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COOTBETCTBYIOIIUX IMIaBaX. B pe3ynbrare npoanamusuposano 6omee 2000 o6pasios mopoa, OB u
GIIOUI0B M3 pa3aUYHBIX peruoHoB Poccum m 3apyOexHBIX CTpaH. ABTOPOM C(HOPMHUPOBAHBI
KOJUICKITUM HM30TOIHBIX MAapKEpPOB IO pa3HbIM OCAJOYHBIM OacceiiHaM M KOMILJICKCAM,

OTIINYAIOIUMCS I'COJIOTHUICCKHUMHU YCIIOBUSIMU (bOpMI/IpOBaHI/ISI.

Hayunasi HoBU3HA

[IpemioxkeHHplii B paboTe MOAXOA K OIEHKE KPUTEPUEB MPUMEHUMOCTH H30TOIHBIX
MapKepoB yriiepoAa M KUCIOpoJa Jis IOBBIILIEHUS JTOCTOBEPHOCTU PE3YJIbTaTOB IOHUCKOBO-
pa3BeOYHbIX pabOT Ha He(PTh U ra3 MO3BOIMII IPOAEMOHCTPUPOBATH BHICOKYIO HH(POPMATUBHOCTh
U30TOIHOIO aHaju3a CTaOMIIBbHBIX neMeHTOB OB 1 mopon yrineBoJopoAHbIX CUCTEM B KaueCTBE
MH/INKAaTOpa KIIIOYEBBIX T'€OJIOTMYECKHX COOBITHH W TPOLECCOB (OPMUPOBAHUS CKOIJICHUN

YIJIEBOJIOPOJIOB.

BnepBrie Ha OCHOBE M30TONHBIX MAapKEpPOB KHCIOpPOAa U YIJepoja YTOYHEHa
cTparuduKkanus oTeabHbIX pa3pe3oB Kprima, CeBepo-3amaanoro KaBkaza u Boctounoit Cubupu
u BBITIOJTHEHA ux xeMmocTparurpaduyeckas KaJTuOpoBKa 1o 100a1IbHBIM
M30TOMHO-T€OXUMUYECKUM COOBITHSIM, YTO CO3/IAJI0 OCHOBY U MPUHIIUITHAIBHYIO BO3MOXXHOCTH €€

HCIIOJIb30BAHUA MTPHU aHAJIN3C He(bTeI‘a3OMaTepI/IHCKI/IX TOJI CMCKHBIX MHTCPBAJIOB U OacceiHoB.

Pa3BuTHI npeAcTaBiICHUS 0 MPUMEHEHHH W30TOIMHO-()PAKIIMOHHOTO aHAJIn3a OUTYMOUIOB
JUISl PEKOHCTPYKIIMU YCIIOBUM OCAJIKOHAKOIUICHHUS: BIEPBBIEC NIl FOPCKUX OTIIOKEHUW 3amaaHou
Cubupu n30TONMHO-(PPaKIIMOHHBIN COCTAB PA3HOMOJISIPHBIX (paKiuii ONTYMOHUIOB COTIOCTABJIEH C
JNETATBHON CEIUMEHTAMOHHOW IMKIMYHOCTBIO pa3pesa. [lokazaHo, YTO W3MEHYUMBOCTH
M30TOIMHO-()PAKITMOHHBIX KPHUBBIX CHCTEeMAaTHYECKH OTpaXkaeT CMEHY
TPaHCTPECCUBHO-PETPECCUBHBIX IUKJIOB OCAJKOHAKOIUICHUS. AMNpoOHMpOBaHHE YKa3aHHOTO
MOJX0JJa HAa BEPXHECIOPCKUX  OTIOKEHUAX bapeHIIeBOMOpPCKOro  Imenb(a  MO3BOJUIIO
MPOJEMOHCTPHUPOBATH BOCIPOU3BOANMOCTh BBISIBICHHBIX IS IOPCKUX OTIOKEHHH 3armajaHoun
Cubupu 3aKOHOMEPHOCTEH Ha IPUMEPE IPYTOro 0CATO0YHOTO OacceiHa M BBIICIUTh OJHOTHUITHBIS
TpyNmbl  U30TOMHO-(PPAKIMOHHBIX  KPUBBIX  OUTYMOWJIIOB, COOTBETCTBYIOLIUE CXOIHBIM

najeoreorpauuecKuM yciIoBHUsAM 3aXOpoHeHHs ucxonHoro OB.

Ha ocHOBe KOMITJIEKCHOTO FeOJ'IOFO—FeO(bI/ISI/I‘{CCKOFO, JIUTOJIOTNYCCKOTI'O U ITCOXUMHNYCCKOI'O
N3YyUYCHUA CO6p8.HHOI>i yHHKaHBHOﬁ KOJUICKIOU TIOpOA XaAYMCKOI'0O TIOpHU30HTa HpCHKaBKaSBH
ACTAJIN3NPOBAHBL J'II/ITO-Ci)aIII/IaJ'II)HLIG XaApPaKTCPUCTUKHU W PACHIUMPCHBI NOPCACTABICHUA O

narepanbHol n3MeHunBocTH OB KpbeiMcko-KaBka3zckoro pernona.

HoBbIM 110710)k€HIIEM B HCCJIICAOBAHUN COBPCMCHHBIX MCJIKOBOAHBIX MCTAHOBBIX CHUIIOB B

Oyxte Jlacmu YepHOro mMops SIBISJIOCh M3YYEHHE HM30TONHO-TEOXMMHUYECKUX XapaKTEPUCTUK C
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YUETOM THIPOJIOTUYECKOW OOCTaHOBKH. BriepBhle pemranach 3ajada HM3Y4YCHHS BPEMEHHOM
13 13

JUHAMUKHA K30TONMHBIX mnapaMeTpoB (0 °Cchs u O °Cc2H6) M KOMIIOHEHTHOIO COCTaBa

My3bIPHKOBOT'O Ta3a HA CE30HHOM U CYTOYHOM MaciiTabax BpeMmeHu. Ilpeanoxen u anpoOupoBaH

METOAMYECKUH TOAXOA Ul AMArHOCTUKH IPHUPOIBI YIIIEBOJOPOJHBIX Ia30B, OCHOBAaHHBIM Ha

oTOope Trasza, €CTEeCTBEHHO BBLICISIOLIETOCS M3 KepHa, O0EeCHeYyMBaIOUIUIl IOJy4eHHe

cTpaTurpauyecky IMPUBS3aHHBIX XapaKTEPUCTHK YIVIEBOJOPOAHBIX (UIIOUIOB K KEPHOBOMY

HHTCPBAJTY.

3amuuiaeMble MOJI0KEHUA

1. WHrerpauus AeTaIW3UPOBAHHOTO M30TOMHO-TEOXMMHUYECKOT0 moaxona (mopona—OB—
¢rona) B IPOIECCHl TeoNI0ropa3BeOUHBIX paboOT B COYETAHWU C TEOJIOTO-re0(pU3NIeCKUMU
METOJIaMH MOBBIIIAET AETATFHOCTh U HaJIEKHOCTh F€OJIOTUYECKUX MIPOTHO30B MIPH PEIICHUH 3a1a4
cTpartu(UKaly U aHAJIU3a UKIMYHOCTH CTPOCHUS pa3pesa, TUMH3AUN HCTOUHUKOB IeHepaluu

(I)J'IIOI/I,[[OB, OLICHKHU MUTI'pAllUH YITICBOAOPOIAOB U ITOCTPOCHUA (pJ'IIOI/IILO)II/IHaMI/ILIeCKI/IX MoOJEIeH.

2.  DKCKypchl U30TOIHBIX OTHOLIEHHWH yIiieposa M KHCIOpOAa B KapOOHATHBIX OTIOKEHUIX
COOTBETCTBYIOT HPOSIBICHUSAM INIOOATBHBIX KIMMAaTUYECKUX COOBITHH: B BEpXHEKEMOPHUICKUX
omtoxkeHuax Cubupckoil miargpopmer — reoxumuueckum aHomanusM SPICE u TOCE; B
CEHOMaH—TYPOHCKHX OTJIOKeHUsIX KpbiMa — okeaHn4yeckoMy aHokcuueckomy coobiThio OAE-2;
B MOTPaHUYHBIX TYPOH—KOHBAKCKMX omiokeHuax Cesepo-3amagHoro Kaskaza —
KPaTKOBPEMEHHBIM IOXOJIOAAHUSAM; B DSOLICHOBBIX OTIOKEHUSX KpblMa — MOBBIILIEHHOMY

TemneparypHoMy (oHy neprosaa GopMHUpPOBaHUS HYMMYJIUTOBOW OAHKH.

3. M3oTomHO-(pakIMOHHBINA COCTaB yriepoja OUTyMOMIIOB IOPCKHX OTJIOXKEHHUH 3araHo-
Cubupckoro OacceifHa CIy>KUT MHAUKATOPOM YCIIOBHM ocaakoHakoruieHus. [locnenoBarenbHas
CMEHa TEHETHYECKUX THIIOB OTIOXKEHUH, (HOPMUPOBABIIUXCS B aJUIFOBHAJIBHO-03EPHBIX,
MEJIKOBOJIHBIX U TIIYOOKOBOAHBIX MOPCKUX YCJIOBHSIX, (DUKCHPYETCS B COOTBETCTBYIOILEM
oborameHuy NErkMM HM30TONoM yraepona '2C opranuueckoro BemiectBa. CBs3b H30TOIMHO-
(pakMOHHOTO cOCTaBa yriepoJa OHTYMOHMIOB C TE€HETHYECKHMMH THUIIAMH OTJIOXKEHHUH,
IIPOCIEKEHHAs B BEPXHEIOPCKUX OTIOXKEHUsX 3amnaaHo-Cubupckoro um bapeH1eBoMopckoro
OacceilHOB, MOATBEPHKIAET CXOJACTBO OOCTAHOBOK OCAJKOHAKOIUIEHHS B O3TUX pETrHoHaX B

COOTBETCTBYIOIIUEC I'COJIOTUYCCKUEC IICPUOIBI.

4. Vcnonb3oBaHME U30TOMHBIX MAPKEPOB YITIEPO/Ia Ia30B MO3BOISET YCTAHOBUTH UX IPUPOY
U TpOCHEIUTh CBA3b Ta30BbIX (UIIOUJOB U3 PA3JIUYHBIX TOPU3OHTOB OCAJOYHOIO 4YeXJa.
M30TONHBIE XapaKTEPUCTUKHU ra30B, MOTYUYEHHbIX U3 OyxThl Jlacti YEpHOTO MOpS, yKa3bIBalOT HA

UX TEPMOTEHHOE NMPOUCXOXKICHHE ¥ MUTPALUIO K TOBEPXHOCTU U3 OoJiee ITyOOKUX TOPU3OHTOB.
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Hnst 3anexeit SIMOyprckoro MeCTOpOXKIEHUSI N30TOMHBINA COCTaB Ta30B CBUACTEIBCTBYET O TPEX
MCTOYHHMKAX T€HEpallii: CEHOMaHCKOM, BaJJaH)KMHCKOM U MHKPOOHAJIbHOM MPHUIIOBEPXHOCTHOM.
M3oTomHBIN cOCTaB Ta30B OakKEHOBCKOTO TOPH30HTAa fora W LeHTpa 3amagHoi Cubupu
COOTBETCTBYET r'a3aM, CTeHEPHPOBAHHBIM 0a)KEHOBCKOW HE(TEra30MaTepHHCKOH TOMIIEH, a TAKKe

ra3zaM, MUTPUPOBABUINM U3 OoJiee TIyOOKHUX KOMIUIEKCOB.

5. M3oromHo-reoxuMuueckas XapakTepucTHKa oOpas3loB mopox u  (iIrouaoB Ha
MECTOpOXKIeHUN KpacHOIEHMHCKOTO CBOJA IMOATBEPKIACT (IIIOUIOANHAMHYECKYIO CBSI3b
yIJIEBOJOPOIOB B OTAEIBHBIX 3alle)Kax BHUKYJIOBCKOH CBUTBI M JOIOPCKOIO KOMILIEKCA C
OpPraHMYECKHM BEIIECTBOM Oa’KEHOBCKOM CBHTBI, a TAK)KE CBHJIETEIBCTBYET O TEPMHUYECKOM

HpeO6paSOBaHI/II/I HCXOAHOT'0 OPraHn4YCCKOro BEIICCTBAa.

HpaKTI/I‘IeCKaﬂ 3HAYUMOCTD

[IpakTHueckoe NpUMEHEHNE N30TOITHO-T€OXUMHUYECKHUX UCCIIE0BaHUI COCTaBa U30TOMOB
yrieponaa u kucioposa nmopoast, OB, YB-¢daonaoB 1 Boibl MO3BOJSIET CYIIECTBEHHO PACIIUPUTD
KOMIUJICKCHBIN aHaJINU3 MPOIecCOB He(Te- U ra3000pa3oBaHus, a TaKxke (PyHKIHOHUPOBAHUS BCEX
AJIEMEHTOB YIVIEBOAOPOAHON CHUCTEMBl. AHOMAQJIMM H30TOIIHOIO COCTaBa JIETKUX 3JIEMEHTOB
CIy’)KaT HaA&KHBIMA MapKepamMu [Uis (HUKCAlUU PENEpHBIX CTpaTUrpauuyecKux TpaHMHIL,
UCTIOJIb3YEMBIX MPH KOPPEISIUHN T€0JOrMYECKUX pa3pe30B, OTCICKUBAHIUH CMEHBI 00CTaHOBOK
OCa/IKOHAKOIUIEHHUS] U BBIACNEHUU PA3IMYHBIX T€HETHMYECKHX TpyMNI OTIokKeHHH. M3oTomHbie
Mapkepsl pa3nuuHbiXx TUNOB ¢umonnoB (YB, Boma) m OB wu3 pasHbIX He(dTErasoHOCHBIX
KOMIUIEKCOB SIBIIIIOTCS JTOCTOBEPHBIM KpPUTEPUEM JJIsi MOCTPOEHUS (DIIOMI0JMHAMUYECKIX
Mojenell pa3nuyHoro Macurada. BrisiBiIeHHBIE 3aKOHOMEPHOCTH HM30TOIHBIX Xapakrepuctuk OB
BEPXHEIOPCKUX OTIOKeHUHU 3anagHo-CuOupckoro u bapeHIieBoMopckoro ocaoqHbIX 0acCeHOB
UMEIOT KJIF0YEBOE 3HAUEHHUE JIJIsl MIOHUMAaHUS IPOIeccoB He(Terazoo0pa3oBaHus U CIOCOOCTBYIOT
OlleHKe He(pTera3oHOCHOro MOTEHIIMAJa U3y4yaeMbIX perHoHOB. [loinydyeHHbIe aBTOPOM H30TOIHO-
FeOXMMHUYECKHUE II0KA3aTeId YTOYHSAIOT U JOMOJIHAIOT CYIIECTBYIOIIME MOJEIM YCIOBUH U
MaciITaboB IeHepaluu YIJIEBOJOPOJOB Ha HCCIENYEeMOIl TEeppUTOpUH, YTO MO3BOJsiEeT Oolee

TOYHO OLICHHUBATDL IICPCIICKTHUBLI He(bTeraSOHOCHOCTI/I.

Martepuansl U pe3ynbTaThl paboThl UCIONB3YIOTCS B Y4€OHOM MpOIECCe U BKIIIOUYECHHI B
nporpaMMbl  KypcoB «®DpakimoHMpOBaHUE JETKUX CTAOMIBHBIX H30TOMOB B TEOJIOTUU U
reoxumun», «HeTpaaulMOHHBIE HCTOUYHUKU YIIEBOAOPOAOB», «MUKpOdIeMeHThl HedTeil,
CJIAHIIEB U YIVIeH 0CcaJOUYHbIX OacceiiHOBY, «bacceltHOBBINM aHATN3 MPHU MOMCKAX YIIIEBOAOPOIOBY,
«l'eoxuMus TOprOYNX UCKOMAEMbIX (JIOM. IIaBbl)» AJIsl CTYIEHTOB OaKajlaBpuaTa U MarucTpaTypbl

reojoruyeckoro ¢akynsreta MI'Y numernn M.B.JlomoHocoBa.
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JlocTOoBepHOCTH Pa3padoTaHHBIX KpPUTEPHEB M MOJYYEHHBIX pe3yJibTaToB OblIa
MOATBEP)KIACHA B XO/A€ KOMIUIEKCHBIX HAyYHO-UCCIEIOBATEIbCKUX paboT, Te HU30TOIMHO-
TE€OXMMHUYECKHE METOMbl BBICTYMANN JOMOJHUTEIbHBIM WHCTPYMEHTOM I BepudUKALUU
BBIBOJIOB, TIOJY4YE€HHBIX JIPYTUMH MeToAaMH. BriepBbie anpoOupoBaHa METOAMKA HCIIOIb30BAHUS
M30TOIHBIX KPUTEPUEB Uil YTOUHEHHUS (DIroMaoAMHaMUYecKol Monenu 3anexed Ha KameHHoM
MecTopoxkaeHnn KpacHOJIEHHMHCKOTO CBOJIa, 7€ 10 U30TOMHOMY cocTaBy ymiepona OB, Bonsl u
YIJIEBOJOPO/IOB YCTaHOBJIEHA THMAPOAMHAMUYECKAs CBS3b 3aJeKeil B Pa3IMUYHBIX TOPU3OHTAX
ocatoyHoro yexia. [lomydyeHnHbie BIBOJIBI 00 HICTOYHHUKE YIIIEBOAOPOIOB U BO3MOKHBIX Iy TSIX X
MUTPAlAX BAOJb OCHOBHOTO pa3jioMa, CEKYIIEro BeCh KOMIUIEKC OCaIOYHBIX IOpOJ, ObLTH
MOJTBEP)KIACHBI JINTOJIOTO-T€OXUMUYECKUMU U T€0JIOr0-reo(hu3nuecKuMi MeTolaMu. Pe3ynbraTsl
xemocrparurpapuueckux uccnenosanuii (8'°C u §'®*0) ma mpumepe xapOoHaTHBIX paspe3oB
HOATBEPKIAIUCH TAICOHTOIOTMYECKUMH, JTUTOJIOTO-TEOXUMUYECKUMH METOAAMH, Pe3yabTaTaMu
U-Pb-matpoBaHusi ~ IETPUTOBBIX  IIMPKOHOB W KOppeISIUe C  IMajJeOMarHUTHBIMH
UCCIIEIOBAaHUAMHU. Pe3ynbTaTel, IOTy4YeHHbIE C UCIIOIb30BAHUEM MapKepOB M30TOIHOTO COCTaBa
yIieposia OpraHMYecKuX COEAMHEHUH, ObUIM BEpU(PHUIHUPOBAHBI C MOMOIIBIO JIOMOIHUTEIbHBIX

FCOXUMHUYECKUX METO/I0B (OMOMapKepHOTO aHAJIM3a, MUPOJIUTUYECKUX UCCIIEIOBAaHUN U IpYTHE).

HocroBepHOCTH H30TOIMHO-T€OXUMHUYECKHUX HCCIIETOBaHUH obecrneunBaeTcs
dbopMupoBaHUEM TPEICTABUTEIBHON KOMIEKIUU (HaKTUYECKOTO MaTepuaia, HCIOIb30BaHUEM
COBPEMEHHOTO 000pYIOBaHUS JIJISI MACC-CIIEKTPOMETPUH JIETKUX Ta3000pa3yroIINX IEMEHTOB U
arTectaied Mo MEXIyHapoAHbIM craHiapraM. Haaé&XHOCTh MOTYyYEHHBIX pe3yIbTaTOB
MOATBEPKAAETCA HMX XOPOIIeH KOoppesiuuel ¢ JTaHHBIMHU, TOJYYEHHBIMU HE3aBUCHUMbBIMHU

METOdaMU. OcHoBHBIE PE3YyJIbTaThbL paGOTLI OHY6J'II/IKOB8.HBI B PCLUCH3UPYCMbBIX U3JJaHUAX.

Anpodauusi pe3y/JbTaTOB M IMy0JIMKALUMN

[To teme nmuccepramuu OmyONUKOBaHO 29 Hay4HBIX paboOT, W3 HUX 25 cTareii — B
peLeH3UPYEMBIX HAyUHBIX U3JAaHUSAX, PEKOMEHIOBAaHHBIX JIJIS 3AIIUTHI B IUCCEPTALIMOHHOM COBETE
MI'Y o ciennaibHOCTH M OTpaciu HayK. OCHOBHBIE pPe3yJIbTaThl UCCIIEIOBAHUM JOKIIAIBIBATTUCH

Ha BCEPOCCUNUCKUX U MEKIYHAPOAHBIX KOH(PEPEHIIUSAX.

CTpykTypa U 00beM padoThl
Huccepramus uznoxkeHa Ha 247 cTpaHUIaX U COCTOUT U3 BBEICHHS, IIECTH IJIaB H
3akmroueHus. B pabore mpencrtaBieH 81 pucyHOk, 8 Tabmwmi, OubmHorpaduyueckwii CIHCOK

BKJTIOYAeT 461 UCTOYHUK, U3 KOTOPBIX 289 HA MHOCTPAHHBIX S3bIKAX.
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BbaaroxapHocTu

ABTOp BBIpakaeT NIyOOKyl0 OJaroJapHoOCTh 3aBefyrolleMy Kadeapoil M HaydHOMY
KoHCynbTaHTy A.B. CTynakoBoii 3a IOCTOSHHYIO NOJAEPKKY U LIEHHbIE KOHCYJIBTALIUU B IPOLIECCE
pabotel Haj aucceprauuen. VckpeHHSS NpU3HATEIBHOCTb BBIPAYKAETCS BCEMY KOJIJIEKTUBY
Kadenpel reoJIOTHH ¥ T€OXUMUH roprodux uckonaeMbix MI'Y nmenn M.B. JlomoHOCOBa, a Takke
COTPYAHMKaM reosiorunyeckoro (axynsrera MockoBckoro yuusepcureta H.A. Xapurtonosoii, H.B.

Jlyonunoii, B.M. CopokuHy 3a 1ojie3HbIe ¥ KpUTHUECKHUE OOCYKICHHS PE3YJIbTaTOB PaOOTHI.

Oco0yto GraroqapHOCTb 3a MPEIOCTABICHHbIN MaTepyall, HOMOIb B pabOTe ¥ IOHUMAHUE
aBrop Belpaxkaer A.M. Huxkumwuny, E.A. Jlsirunoii, E.B. fxoBummnoii, C.B. bopayHoBy,
xouteram M®3 PAH: B.O. IlaBnosy; xomneram ®UIL[ MubIOM PAH: T.B. Manaxosou, A.U.
Xypuak; pusndeckoro pakyasrera MI'Y: A.A. bBynnukosy, 11.H. UBanoBoii; komteram PI'Y Hedru

u raza (HNY) umenn U.M.I'y6kuna: B.C. fAxymey, H.P. ABeToBy.

ABTOp BBIpakaeT ocoOyro nmpusHareabHocTh kojuteram u3 I'EOXU PAH 3a mogoTBopHbIe
Hay4dHbI€ IUCKYCCHH, a TAK)KE CBOMM KoJuleram, acnupantaM u ctyaeHtam A.C. I'ps3unosoit, T.O.
Konecuukosoii, B.A. Illapadgytnunosoii, M.JI. Maxnytunoii, A.B. KycmaeBoii 3a nognepxky npu
BBINOJTHEHUH HCCieoBaHU. [1yOoKyt0 OnaronapHOCTh aBTOp BBIPAXKAET CeMbe M OJIHM3KUM 32

HEOIICHUMYIO TIOJJICPIKKY Ha BCEX dTarax padoThI.
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I'JIABA 1. COBPEMEHHOE COCTOSAHUE U30TOIMTHOM
TEOXUMUU JJIs1 PEIIEHUA 3AJAY HE®TSIHOM 'EQJIOT N’

N3oTomHas reoxuMust B HE(PTSHON T€OJIOTHUHU SBISICTCS YaCThIO T€OJIOT0-TEOXUMHUIECKUX
UCCJIEIOBAHUN, KOTOpBIE pEIIA0T pa3iIuyHble MO MaciTadaM U XapakTepy 3afadd oT
OacceifHOBOro aHajm3a J10 MPOIECCOB, MPOUCXOSAIINX B 3a1eKu. M30TOnMHAas reoXUMHUSI SBIIsSETCS
YYyTKUM HMHCTPYMEHTOM, KOTOPBIM MOJB3YIOTCS Il YTOUYHEHUS MOJENed, MOCTPOEHHBIX Ha
pa3HbIX 3Tanax reojoropassenodnsix pador (I'PP), Pucynok 1. Ha pernoHanbHOM M TOMCKOBO-
pasBenounoM Hdtanmax ['PP wm3oTomHO-reoxumuyeckre MeETOABI MOXKHO HCIOJB30BaTh ISt
cTpatuuKaluy pazpesa 1 onpeaesieHus najneoreorpaguueckux 00CTaHOBOK 0CaIKOHAKOTICHUSI.
H30oTOmHBIE MapKephl MO3BOJSIIOT WACHTU(DUIIMPOBATH MEPHOABI 3aXOPOHEHUU OONBIIMX Macc

yrjiepoaa B 0CaJKax U IMPOTrHO3UPOBATH IMOJIOKCHHUEC B pa3pe3C He(bTeI‘aSOMaTepI/IHCKI/IX TOJII.

[PEPHOHaﬂLHLIﬁ3TaH] <2(> [ ITouckoBO-011€HOYHBIN 3TAI ] <}:{> [ Pa3Benounblii 3Tan ]

-

J

<
Crparuduxanmus <:> Teoxumuyeckast THIH3ALHS <}:{> DaongoIMHAMIYECKHe

paspe3oB OpPraHHYecKOoro BelecTBa PeKOHCTPYKIHH

T | I 7T 3

'Y M\
XapakTepHcTHKA
OnpeneJienue Bo3pacra Tun OB Bropuunbie npoueccnl darouga

H ﬂ J (nedrn/raz/soga) )

A

e N 4 N\ ( N ~ N N
® = =
o o = ® =
I Y 9 = o = a = 2] = AL 2]
s =i 2 g S g - S E EE = w Q =
ENEEIEL EE || i3 EE AAESEE
SRl 5E||E8 SE||EE £ R sg: = | |55 ||B ¢
S = q=] 0 o 2. 80 Q- J =4 5 &
5 E N E B S0 o o o K = =i S =
s B |, & c o 0z 5 & o a8, o =] B T o=
Eel| 8Bl 8E||~¢ A3 g:= s | |EE||8°F
S 5|2 3 5, e B e A
= & =
. . \ J o\ y, - J . J \ J J J

PucyHOK 1. Ocrosnwie HANpaeieHusl UCNnOoNb3068AHUSA U3SOMONKbIX MAPKEPOB6 onst peutenus 3a0ay
6 H€Qbm€261306’012 ceojliocuu.
I/I3yquI/IC HN30TOIMHOI'O OTHOMICHUA YIJICPOAa OPraHNUYCCKOI0 BCHICCTBA UCITOJIB3YCTCA I
OMpPECACIICHUSA THIIOB OPTraHUYCCKOIO BEHICCTBA U CICHCPHUPOBAHHBIX UM B IPOLCCCC KaTarcHe3a

THUIIOB (bHIOI/I}IOB Ha IMOMCKOBO-OIICHOYHOM J3Tarlc. COBOKYHHOCTI) PAa3HBIX PHU3HAKOB IMO3BOJIACT

! HpI/I IMOATOTOBKE MOAHHOIO pa3aecia AJuccepTauvuu aBTOPOM HCIOJb30BAHBI CJICAYIONIUC

MyOIIMKAIUH, BBITOJIHEHHBIE aBTOPOM JIMYHO WM B COaBTOPCTBE, B KOTOPHIX, cornacHo [lomoxenuto o
MPUCYXKJIEHUU Yy4eHbIX crerneHed B MI'Y, oTpakeHbl OCHOBHBIE Pe3yJibTaThl, MOJOXKEHHUS U BBIBOJBI
UCCIICIOBAHUS

1. Kpacnosa, E. A. Hcnons3oBaHre COOTHONICHHI CTa0MIBLHBIX HU30TOIOB 880, 8"°C B 3amauax
Hedrsanoi reosmornn / E. A. KpacHosa, A. B. Ctynaxkosa, P. C. Caytkun, A. B. Kop3yn, M. A. bonbemakosa,
A. A. Cycnosa // Teopecypebl. — 2024b. — T. 26. — Ne 3. — C. 126-137 doi:10.18599/grs.2024.3.14 (1,6 ..,
aBTopckuit Bkinan 60%). Umnakr daxrop JIF: 0,5
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CTPOUTH (IIIOUIOJUHAMUYECKUE MOJAEIU Pa3HOro maciutaba Ha pa3BElIOYHOM dTamne. Takum
o0pa3oM, MHTErpanus HM30TOMHO-TEOXMMHUYECKHUX JIaHHBIX MO3BOJSET 3HAYUTEIHHO MOBBICUTH
3¢ (HEeKTUBHOCTh TeOJOrOpPa3BEAOYHbIX pabdOT, MHUHUMHU3HPOBATH TEOJOTHYECKUE PHCKU U

CO34aBaTb HAJACKHBIC U TOYHLIC MOACIIN YITICBOAOPOAHBIX CUCTCM.

B nanHON 1aBe KpaTko MpHUBEIEHbl OCHOBHBIE IOHSATHS HM30TOIHOTO COCTaBa,
paccMOTpeHbl 0COOCHHOCTH IMOBEACHHS W30TOMOB KUCIOPOJAa U YIIepoia, KOTOPbIE SBISIOTCS
npeameTom uccnenoBanus (Craig H., 1957; Hoefs J., 1997; I'anumor 3.M., 1973a, 1986; ®op I'.,
1989). UznoxxeHHbIE TEOPETUUYECKHE IOJIOKEHUS JIETJIM B OCHOBY HM30TOIHO-MOJIEKYJISIPHOTO

nmoaxoaa, p€ajln30BaHHOI'O B HACTOAIIEM HUCCICIOBAaHNUH.

1.1  O0mue cBeneHus U U3MepsieMble BeJMYHHBI

N3otonneiii cocra (R) sBIsSeTCS BBIpaKEHUEM OTHOILIECHUS KOHUEHTPALUN U30TOIOB B

00pa3Iie ¥ BBIPAXKACTCS CICAYIOMUM 00pa3oM:

[Cal

R13CA = [12 CA]

rae [*Ca] u ['*Ca] — xoHuenTpanuu nzoronos *C u ?C B o0Opasie A.

B M30TOIMHOI re0XMMUU KOHIIEHTPAIIMH U30TOIOB MPHUHSATO BHIPAYKATh B OTHOCHTEIBHBIX
BEJIMYMHAX, YTO 3HAYUTEIHHO YJOOHEE U TOUHEE 110 CPABHEHHUIO C MCIIOIb30BAHNEM a0COIIOTHBIX
COJIepyKaHUI M30TOIOB, KOTOPBIE OOBIYHO KpaiiHe Malibl. O003HaYeHHEe «O» ObLIO BBeeHO B 1950
rony (McKinney C.R. u np., 1950) u orpaxkaer oTHOCUTENIbHOE OOoraiieHue win oOeIHEeHHe
M30TOINOM 10 CPAaBHEHHUIO C MEXIAYHApOIHBIM CTaHAAPTOM M BbIpaxaetcsi B mpomuiie (%o), s

H30TOIIOB yIJIepoaa NpeaACTaBIACTCA CICAYIOIUM 06pa30M:

Ry3C
§13C =(—13 A —1) 10°
4 R13CPDB ’

rne R"“Cpps — wu3oronmHoe ortHomieHue crangapra PDB (Belemnita Americana w3
U3BECTHsIKOBOUM (opmaruun Pee Dee memoBoro Bospacta, FOxnas Kapomuna). AOGcomroTHOE
MaccoBoe uzotonHoe otHomenue °C k 12C coctapnser 0,0112372. TIpakTHuecky Bce IIPUPOIHBIE
06pa3iib! coiepkar MeHblIe *C Mo cpaBHEHMIO CO CTAHIAPTOM, IOITOMY HX 0OEIHEHHE TSKETBIM

HN30TOIIOM BBIPpAKACTCA OTPULATCIIBHBIMU 3HAYCHUSIMU 613(:.

JIst KaKJIOTO AJIEMEHTa UCIIONB3YeTCsl CBOM MEXTYHApPOIHBIN CTaHIAPT, OTHOCHUTEILHO
KOTOPOTO BBIPAXAIOTCS pe3yabTaThl H30TONMHOTO aHanu3a. B Tabnuna 1npeacraBieHbl H30TOMHBIC
OTHOUIEHUSI U XapaKTEPUCTUKU MEXAYHAPOJIHBIX CTAHIAPTOB, UCIOIB3YEMBIX JJI OMpPEACICHUS

COJIEpKaHUS U30TONOB KHCIOPOJIa U YITIepoa.



16

Tabnuya 1. 3nauenus mexncOyHAPOOHBIX CMAHOAPMOB, UCHONIL3YEMbIX 8 AHAAU3e CMAOUTLHBIX

usomonos (Craig H., 1957; Hoefs J. et al., 1976, @op I, 1989).

Jj1eMeHT H3oTonHoOE Cranpapr HM30TOIIHOE OTHOILIEHHE
OTHOILIEHHE B CTaHAapTe

Bonopon 5D (*H/'H) SMOW (V-SMOW) — 1,557 * 10

KI/ICJ'IOpOI[ 6180 (180/160) CTaHJapTHas yCpCAHCHHAA 2’0052 * 10—3
OKeaHCKas BoJia

Yruepon 313C (1*C/'2C) PDB (V-PDB) — 6eneMHHT, 1,122 * 1072

Kuciopon 5150 (Woy60y  Popmauma Hn-Jhi, 2,0671 * 1073
MaaCTPHUXT.

Dopmyna nepecuéma 3HaYeHUU UZOMONHO20 COCMABA MENHCOY PASHLIMU CIMAHOAPMAMU.

5!80ppB = 1,03086 5'*0smow+30,86

N3-3a pasnnqnﬁ B (bPISI/IKO-XI/IMI/I‘IGCKI/IX CBOMCTBAaX M30TOITHBIX MOJICKYJI UX XUMHYCCKUC
U (u3nvecKue npeBpaleHus, Kak MpaBuiio, COMPOBOKAAIOTCS U30TOMHBIM (QPAKIIHOHUPOBAHUEM,
TO €CThb MepepachpeeicHneM H30TOMOB MEXAY AByMs (paKIMsIMHU BEIIECTBA C Pa3IUYHBIMU
U30TONHBIMUA OTHOIIEHUSIMU. V30TOMHOE (PpaKIMOHUPOBAHUE NPUBOAUT K HEPABHOMEPHOMY
MepepacnpeseyieHu0  M30TOMOB  Mexay BemectBaMu A uw  B.  [lng  koimuecTBEHHOM
XapaKTePUCTUKH Pa3jNuuil B U30TOMHOM COCTaBE JBYX BEILIECTB HCHOJIb3yeTcs KodhduuueHt

U30TOIHOTO (hPAKIIMOHUPOBAHUSA (QU):

[ Cal/[2Cal

(X13C Lr —airt A7
AB T [13Cg]/[*2Cg]

I7Ie MHACKCH A 1 B — COOTBETCTBYIOIIME BEIIECTRA.

Paznmuyaror 1Ba OCHOBHBIX THIMA TPOIECCOB, MPHUBOISAMIMX K (PPaKIHOHUPOBAHUIO
W30TOIOB: HW30TOITHOOOMEHHBIC pEaKIMH ¢ KUHETHYECKHE IPOIECChl, O0O0YyCIOBICHHBIC
NPEUMYIIECTBEHHO  Pa3JIMYMSIMUA B CKOPOCTAX  PEaKIHid I pPa3HbIX  HM30TOIIOB.
H30TOMHOOOMEHHBIE pPEaKIMKU OMPEACNSIOTCS Pa3INuUusIMU B DHEPreTHUUECKUX COCTOSTHHSIX
W30TOMHBIX (OpPM M XapaKTepusyroTcs 3HaueHWeM [-¢pakropa. C yBenmuueHueMm [-¢akropa
BO3pacTaeT KOHIIEHTpamus Tskénoro msorona C. MpakIHMOHMPOBAHHE M30TONOB YIVIEPOAA B

YCIIOBUSIX PABHOBECHS OINPENENAETCS COOTHOIIEHHEM B-(PaKkTopoB.
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1.2  H3oTonHblii aHAIM3 AJI51 CTPATH(PUKALNH pa3pe3oB

M30TONHBIH aHAIN3 OPraHUYECKOTO ¥ KapOOHATHOTO yrieposa ¢ kuciaopoaom (813C —§1%0)
Hcronb3yercs Kak >(G(EKTUBHBI MHCTPYMEHT 1 CTpaTurpaguueckux uccienosanuif. C
TIOMOILBI0 M30TOMHBIX MapKEPOB BBIACIAIOTCA U MPOCIEKUBAIOTCS PENEPHbIE YPOBHHU, KOTOPhIE
CJIy’XaT OCHOBOM I CO3JaHUs CTPYKTYPHBIX KapT. JJaHHBIA METOJ I03BOJIAET yCTaHABIMBATh
BpEMEHHBIE U TEHETMYECKHE CBA3M  MEXKAY  PasIMuHBIMHM  CTpaTUrpaduuecKUMH
noapaszenenusmu. Kpussie §'°C — §'%0 nemoncTpupyroT BeIcOKy0 3 ()EKTUBHOCTD IIPH BHYTPH-
M MEXKKOHTUHEHTAJbHBIX KOPPENSLMil pa3sHOBO3PACTHBIX OTIOXKEHMH, OCOOEHHO —Tex
cTpaturpaguUecKuX MOCHIeN0BaTeIbHOCTEH, (GayHUCTUYeCKas XapaKTepUCTHKA KOTOPBIX OeqHa
wim coBceMm orcyTcTByeT (Cui Y. et al., 2011; Kennett J. et al., 1991; Sluijs A. et al., 2007a;
Zachos J. et al., 2007a). C 1enpi0 KOPPEKTHOTO MPOEKTUPOBAHUS T'€OJIOTOPA3BEAOYHBIX pabOT
KpailHe BaKHBI pa3pabOTKU CTPYKTYPHO-TEKTOHMYECKMX CXeM M OOOCHOBaHMS Mojeneii
re0NIOrMYECKOr0 CTPOEHHsS OCAJO0YHOIO 4YeXija, JJIsi KOTOPHIX HEOOXOAMM YYET HUMEHOIIMXCS
JUCTIOKANMH, paciIM(poBKa BHYTPEHHETO CTPOEHHMsS CKIIaJuaTo-HAABHIOBBIX CTPYKTYyp H
BEISIBIICHHS MEXaHH3MOB HX (OpMHpoBaHHsA. JIIs pemIeHusl BceX 3THX 3adad TpeOyercs
TIpUBJIEYEHHE KOMILIEKCA Ie0I0ro-reo(pu3nuecKyX JaHHbIX, CPEIH KOTOPBIX HE MOCIEIHION POIlb

UrparoT XCMOCTpaTI/IFpa(I)I/I"ICCKI/Ie M30TOITHBIC JAHHBIC.

M3oromHasi TEOXWMMHS aAKTUBHO HCIOJNB3YeTCS JJIsi  HWCCIENOBAaHUS TIIOOATBHBIX
KIIMMaTUYECKUX M3MEHEHH B T'eOJOTHYECKOM IMPOILUIOM M PEeaklMyd Ha HUX CyOa’pasibHBIX U
aKBaJIbHBIX MaJeOreocUcTeM. l3ydeHne reoXMMHUYECKUX LMKIOB, HMHJMUKATOPAMH KOTOPBIX
CIIy»aT aHOMAJIMM M30TOIMHOTO COCTaBa JIETKUX 3JIEMEHTOB (Hampumep, yriepoaa, KHCIopoza),
ABJISIETCS KJIFOUEBOM 3a/1auell coBpeMeHHoN naneokiaumaronoruu. [laneoreocrcreMpl, 0COOEHHO
B TEPEXOAHBIX 30HaX MEXIy CylIed W MOpeM, BBICOKOUYBCTBUTENBHBI K KIMMATUYECKUM
¢uykryanuam. Msoromusle mapkepsl (8'°C, 8'80) mo3Bonsior pekoHCTpyHpOBaTh BapHalUU
najgeoTeMreparyp, COIEHOCTH W OHONMPOAYKTHBHOCTA. COBPEMEHHBIE METOIBI H30TOITHOTO
aHanu3a (HampuMmep, Macc-CIeKTpoMeTpus u30TonHbIX oTHomeHud (IRMS)) obecneunBaror
BBICOKYIO TOYHOCTH U3MepeHuit (10 £0,1%o mis d13C 1 +£0,2%0 s 8180), YTO MO3BOIAET HAACKHO
UACHTU(DUIIMPOBATH JJa)Ke HE3HAUUTEIIbHBIE N30TOMTHBIC SKCKYPCHI, CBI3aHHBIE C KITUMATUYECKUMU
COOBITHSIMH TIPOIIIIOTO. B TOCHeaHMe AECATHICTUS HCCISNOBaHUS B 001acTH M30TOMHOMN
TEOXUMHUU OBLTM COCPEIOTOYCHBl HAa W3YyYCHHHM TOOANBHBIX KIMMATHUYECKUX COOBITHH,
3a(UKCUPOBAHHBIX B 0CAIOYHOM JIETOMUCH, 0COOEHHO B MOPCKUX YITIEPOJUCTHIX OTIOKEHHUSIX —
«4€pHBIX CIAaHIAaX». OTH OTJIOXKEHUS MPHUBJICKAIOT BHHUMAHHUE U3-32 AHOMAJIbHO BBICOKOTO
CONICp)KaHUSI  OPTaHWYECKOTO  YIVIepOJa, YacTO AacCOIMUPOBAHHOIO €  IIOOATHHBIMHU

aHokcuyeckumu coobiTusiMu (Oceanic Anoxic Events, OAE).
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Peskne xnmuMaTndeckue M3MEHEHUS TPOUCXOIMIN Ha MPOTSHKEHUH BCEH HCTOPUH 3EMITH.
XoTsi MexaHu3Mbl (OPMUPOBAHUS BBICOKOYITIEPOIUCTHIX OTIOKEHHH OCTAIOTCS TPEIMETOM
JMCKYCCHUH, TpeAronaaraeTcs, 4ro I00ajbHbIe MOTEIUICHUs (HampuMmep, TUIepTepMallbHbIC
COOBITHSI) M TEPMOTAJIMHHAS CTpaTU(HUKAIMA OKeaHa MOIIM CIIOCOOCTBOBAaTh HAKOIUICHHUIO
yriepona B (opMe OpraHWYeCKH OOOTAlIEHHBIX OCAJKOB - TIPEANICCTBEHHUKOB «YEPHBIX
ciannesy (Dickens G. et al., 1995; Hayes J. et al., 1999; Schlander S. u ap., 1976; FOnoBuu 51.0.
u ap., 1988). TepmoranunHas cTpatuduKalys OKeaHa UrpaeT KII0YeByl0 poiib B (GOpMUPOBAHUN
aHOKCHYeCcKHX ycioBuil. [Ipu crparudukanmuy BoJHAs TOJIA Pa3eseTcs] Ha CIOM pa3IMyHON
IUIOTHOCTH W3-32 TPAJMEHTOB TEMIIEPATyphl U COJCHOCTH, YTO IPEMATCTBYET BEPTHKAIHLHOMY
nepeMenMBaHnio. B pe3ynprare mIyOWHHBIE BOABI M30JIUPYIOTCS OT MOBEPXHOCTHBIX, OOraThIX
KHCJIOPOJIOM ~ CJIOEB, YTO HPUBOJUT K HCTOLICHUIO KHUCJIOpOJAa B TPUAOHHBIX BOJAX.
OnHOBpEMEHHO C JTHUM, NOBBIIIEHHAas OWONPOAYKTUBHOCTE B IOBEPXHOCTHBIX BOJAX,
CTHMYJIHpyeMasl yCHICHHBIM KOHTHHEHTAIBHBIM CTOKOM MTUTATEIbHBIX BEIECTB MIPH MOTETICHUN
KJIMMara, 00ecIeynBaeT BBICOKHUI TOTOK OPTaHMYECKOTO BEIIEeCTBa Ha AHO. B ycrnoBusx nepunnra
KHCJIOPOJIa OPraHMYECKOEe BELIECTBO HE OKMCISETCSA MOJHOCTbIO M HAKAIUIMBACTCS B OCAJKaX,

dbopMupyst 00OTaIIeHHBIC YIIIEPOIOM OTIOXKCHUS.

bananc yrnepona onpenensiercst 6anaHcoM 00bEMa YITIEKUCIOTHI, TOCTYMAOLIEH U3 HEAp
B TIOBEPXHOCTHBIE pe3epByapbl (BYJIKAaHU3M, BBIBETpUBaHHE, MeTaMophusM) U 0OpaTHOro
IIpolLecca 3aXOPOHEHUS B 0CAJIKaX OPraHMYeCKOro U KapOOHATHOTO yIiepoja. TOT OajlaHC UrpaeT
KJIIOUEBYIO POJIb B OIpPENEICHUH TEKYIEro coiep KaHus yIIIEKUCIOTHl B aTMocdepe, koTopas, B
CBOIO OYEpe[b, SBISIETCSI OCHOBHBIM perynsaropoMm kiumara. KoneOaHus U pe3kue CMelleHus
JTAaHHOTO OajlaHca MOTYT MTPUBOJIUTH K KaTacTpo(hUIeCKUM U3MEHEHUSIM. DIyKTyaluu H30TOIHOTO
coCTaBa OPraHMYECKOTr0 M KapOOHATHOIO yIVIepoJa yKa3bIBalOT YacTO Ha POJIb BYJKaHUYECKOU
AKTUBHOCTH B H3MEHEHUH OMOC(EepsI, IEPHOIBI PE3KOTO TTOXOJIOAaHHUS MM TIOTETICHHS, a TaKKe
MEPUOIbI 0CATKOHAKOIICHUSI MOIIHBIX MPOCIOEB O0OraThiX OpraHUYecKuX BemlecTB. B MupoBoit
auTeparype 3apUKCHUPOBAaHBI MEPHOJIBI OJICACHEHUH U, HAPOTUB, IIOOAIHHOTO MOTEIJICHUS Ha

NPOTSHKEHUU BCEH MCTOPUU 3€MIIH, KOTOPbIE YacTO OBUIH CBS3aHBI C pa3IMYHBIMU (PaKTOpaMH.

Hanpumep, smu30/1bl MOTETIIEHUS YaCTO COMPOBOXIATHCH MACCOBBIM BHIOPOCOM MeETaHa
U3 THJIPATOB ra3a B OCAJA0YHBIX MOPOJIaX, B TO BPEMS KaK MOXOJIOJAHUE MOTIJIO OBITH OOYCIIOBICHO
MpollecCaMi BBIBETPUBAHMSI B HU3KUX IIMPOTAX, TPANIOBBIM MarMaTU3MOM M YBEJIUYEHUEM
00a4yHOCTH. DTU MEPUOIbl U3YyUYEHBI B PAa3HBIX IeOJOTHUYECKUX pa3pe3ax MHpa, B TOM YHCIIE U
METOAAMH  HM30TOMHONW  reoXuMud. (OCOOEHHOCTH  HM30TOMHOIO  COCTaBa  OTJIOXKEHHUH,
c(hOpMHUPOBABIINXCS B 3TU MEPHOABI, TO3BOJSET MCKATh MX AHAJIOTH B MpeJesiax OCaJIOYHBIX

OacceifHOB Ha TeppuTopun U akBaTopuu Poccuiickoit deneparuu.
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1.2.1 Bapuauyuu uzomonnozo cocmaea Kuciopooa u y2nepooa 6 nepuoosvl 2100aibHbIX

KaumamuueckKux coobimuil

[moGanpHBIE KIMMAaTHYECKHE COOBITHS HAACKHO (PUKCUPYIOTCS B T'€OJOTHYECKOM
JICTOMUCH 10 XapaKTEpHBIM H30TOMHBIM JKCKypcaM yriaepona u kuciopoaa. I[lonumanue
MEXaHU3MOB 3THUX COOBITHH HMEeT KIII0YeBOE 3HAYCHHE /ISl MHTEPIpPETali H30TOIHBIX
AHOMAaJINH, TOCKOJBbKY KaXKABIM THIl KIMMATHUYECKOTO M3MEHEHHUS OCTaBISET Crenu(pUUecKui
"M30TOMHBIA OTMEeYaToK" B OCago4yHbIX moponax. dopma, aMIuTyaa U TPOAOHKUTEIBHOCTD
U30TOMHBIX HKCKYPCOB HAMpPSIMYI0 OTPaKalOT XapaKTep U HMHTEHCHUBHOCTh KIMMAaTHYECKHX
neprypOarnuii. OCHOBHBIM MapamMeTpoM, OMPEISISIONINM KIUMaT 3eMJIH, SBISIOTCS ro0aabHbIe
WIA CPETHEMHUPOBBIE TEMIIEpaTypbl. B 3aBUCMMOCTH OT MPOMOKUTENBHOCTH UX (UIyKTyarun
MOYKHO BBIACIUTH JAoirocpounsle (>50 wmuH.jieT), cpeaHecpounble (10-20 muH.JIeT) U
KparkocpouHble (<1 MIIH.JeT) u3MeHeHus. Bce oHM (pUKCHPYIOTCS 1O M30TOMHBIM IKCKypcam

kucnopona (8'*0) u yrnepona (8'°C) (Pucynox 2, Pucynok 3).

MoaaHe-onuroueHosoe
noTenneHue

PaHHe-MuoueHoBsoe -
noxonopaxve i
1 ~
e (aa]
: L [a]
SoueHoBbIN o
onTUMyMm 4 Men/naneoreHosas -2 >
rpaHvua = g
ManeoueH-30ueHOBbI! = o
Tepmmqecm{/\ MakCumym o =]
—-
-4 «w©
CpeaHe-muougHoBoe
A HOTHIIOHRO Havano onenexenus
AHTapKTUAbI o
Neaxnkosas anoxa
CesepHoro nonywapms
lllllllllIlllllllllllllllllllllll[llllll
MITH.J1eT

Pucynox 2. Hzomonnwiti cocmag kuciopooa 6 benmocHuvix gpopamunugepax (Cramer B. et al.,
2009a; Pearson P, 2012).

JlofarocpouHble  KJIMMAaTHYECKUE WM3MCHCHHS 3eMJIM  ONPEICIISIIOTCS  KOMILIEKCOM
TEKTOHUYECKHX H  OKOJIOTMYECKUX (DAaKTOPOB, OOYCIIOBIMBAIOIIAX  IEPEXOIbI  MEXIY
JICIHUKOBBIMA ¥ TAPHUKOBBIMHU COCTOSIHUSMHU. KITIOUEBBIMH perynstopamMu '"KIUMaTU4eCKOTO
paBHOBecusi"  BeIcTymaioT: KkoHueHTpamust CO: B armocdepe, mnaneoreorpadudeckas
KOH(UTYpalusi KOHTUHCHTOB M OKEaHOB M HMHTEHCHBHOCTH TPOIIECCOB BBIBETPUBAHHSA. DTH
napameTpbl (GOPMHUPYIOT CIIOKHYIO CHCTEMY 00OpaTHBIX CBSA3EH, CIIOCOOHYIO KaK YCHUIINBAaTh, TaK U

ocnabysATh JoNrocpounslie Temneparypssie Tper sl (Ruddiman W.E., 2001; Hay W., 2016).
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CpemHecpouHble TeMIepaTypHbIe (IIyKTyalluu peKOHCTPYHUPYIOTCS Ha OCHOBE M30TOITHBIX
JAHHBIX KapOOHAaTHBIX M (ocdaTHBIX HCKomaeMblx. COBpeMEHHBIC ITTOOATbHBIE KOMITHJISIIUNA
M30TOMHBIX JIaHHBIX TIO3BOJMJIM CMOJEIHUPOBATh JWHAMUKY TPOMHUYECKUX U TOJSIPHBIX
temneparyp ¢aneposost (Grossman E., 2012a, 2012b; Grossman E. et al., 2020; Scotese C.R. et
al., 2021; Song H. et al., 2019; Veizer J. et al., 2015). DT xonedanuss 00yCcIOBICHBI KOMILUIEKCOM
(GakTOpOB: KOHTHMHEHTAJIBHBIMH KOJUIM3USIMH M IOCJIEIYIOIIMM OpPOT€HE30M, OOIyKIuei
OpHUOIUTOB M XHMHUYECKUM BBIBETPMBAHHWEM, W3MEHEHHUSMU OKEAHWYECKOW MHUPKYIAIUU U
KPYITHBIMH SBOJIIOIIMOHHBIMUA COOBITHSIMH, BKITIOYAs MOSIBJICHUE HA3€MHOM PAacTUTENBHOCTH. B
CPEIHECPOYHBIX KOJIEOAHUSIX BO3MOXKHO TaK K€ BBISIBIICHHE "HEOOIBIINX JIGTHUKOBBIX TIEPHOAOB"

MEXy OCHOBHBIMU TVISIIMAIbLHBIMU d1H301aMu (paneposos (Scotese C.R. et al., 2021).

r13
docarHbie Gpaxuonoabl + KOHOAOHTLI @ Pbibbi©benemunTs 4 [iBycte. *Bpaxuonoasl - MnawkToH chopam. — fdpyrue -8

Temnepatypa (°C)

500 450 400 350 300 250 200 150 100 50 0
MIH.NeT

Pucynox 3. Jkckypeol uzomonnozo cocmaea xuciopooa (6'°0) ¢ meuenue ®@aneposon. Ha
epaghuxe npedcmasieHvl UCXOOHbBLE U YCPEOHEHHble 3HAYEHUsI U30MONHO20 COCMAB8A KUCI0pOOd
us ochamuulx U KapOOHAMHBIX UCKONAEMbIX U PEKOHCMPYKYUS Naleomemnepanmyp

nosepxuocmu mops (Scotese C.R. et al., 2021; Song H. et al., 2019).

Kparkocpounsle TemnepaTypHble KojeOaHHs Haubosiee JOCTOBEPHO JTOKYMEHTHPOBAHBI
Onmaromapsi MX CBSI3M C KOHKPETHBIMH T€OJOTMYECKUMH COOBITHAMHU: 0Opa3oBaHUE KPYITHBIX
marmarndecknx npoBuHnui (Large Igneous Provinces, LIPs) — ¢ snm3omamMu moremsieHus, a

CTOJIKHOBCHUS KPYITHBIX METCOPUTOB — C IMOXOJIOAaHUSIMMU.

3a mocneanue 720 MIIH JIET BBLACIACTCS 8 KIMMATHYECKUX PEKHUMOB: YETHIPE TETUIBIX

(keMOpHIT-OPIOBUKCKUH, CHUITYP-JACBOHCKUH, TPHACOBBINA, MEJI-TAJICOTCHOBBIN), TPU XOJOAHBIX



21

(TO3IHEOPIOBUK-CHITYPUHCKHUM,  TIO3IHEMAIICO30MCKUIM,  TO3AHCKAWHO30MCKHI) W OJIUH
CMEIIaHHBIN (FOPCKO-PAaHHEMEIIOBOH). DTH pexXUMbI POopMUPYIOT 24 Taphl IUKIIOB MOTEIUICHUE-
MIOXOJIOIAHUE CO CPEeJHEMHUPOBBIMH Temneparypamu okoio 20°C m 16°C cOOTBETCTBEHHO U
BKJIIOUAIONIMX B ce0f TakkKe psJl KPAaTKOCPOUYHBIX TeMIEpaTypHbIX urykTyarmid. Kaxmbrii
KIIMMaTUYECKUH  PEXUM  XapaKTepU3yercs CHeHU(PUUECKUM  H30TOIHBIM  KOJEOAHUEM.
[ToTemieHnusl OTMEYEHBl OTPHIATENBHBIMU dKCKypcaMu O'°0, OTpaXkalomMMH TOBBIIIEHHE
TEMIIEPATYPhI, M YaCTO CONPOBOKIAIOTCS OTPHIATEIBLHBIMU SKCKypcamu 8'°C, yKa3bIBalomUMK Ha
BBICBOOOXKJICHHE H30TOIMHO-JIETKOTO YIVIEPOAa M3 METAHOBBIX THIAPATOB MJIM OPTaHUYECKOTO
Bemiecta. Hanmpotus, noxononanus (GUKCUPYIOTCS TONOKUTEIbHBIME SKcKypcamu 880 u §1°C,
OTPaKAIOIIMMHU YCWJIEHHOE 3aXOPOHEHHE OpraHUYeCKOro YyIiepoja WIM HHTEHCH(UKAILUIO

MpOoncCcCOB BLIBECTPHUBAHUA.

I[ToBeneHne M30TOMHOIO cocTapa ymiepoaa (8'°C) Gyner paccMoTpeHo Gonee MoapoOHO
JUTSL BBISIBJICHUSI €T0 POJIM B (DOPMUPOBAHUU TIIOOAIBHBIX KIIMMATUYCCKHX M3MEHEHHU U OIICHKH

BKJIaZla pa3JIMYHbIX UCTOYHUKOB YITICpOAAa B 3TU IMPOLCCCHI.

1.2.2 H3omonno-2eoxumuueckue 0CO0EHHOCMU Y21ePOOHO20 YUKIA OOKeMOpus

JlokeMOpwHiickast U30TOMHAS 3aMKCh yIiepoaa oTpaxaeT (pyHIaMeHTaIbHbIEe H3MEHEHUS B
OMOTreOXMMHUYECKUX IMKJIaX paHHeH 3emiid. Apxen-naaeonpoTepo30MCKUil HHTEpBa OTMEUEH
MOJIOXKUTENbHOM aHoManueil Jlomarynau (2,22-2,058 mipz jeT), BI3BaHHON OecIpereIeHTHBIM
3aXOpPOHEHUEM OPTaHWYECKOTO YIIEpo/ia U MEPBOT0 3HAYMTEIHLHOTO HAKOIJICHHS KUCIOpOo/aa B
arMocdepe, maneonpoTepo3oiickoe okuciautenbHoe coobitue (Great Oxidation Event, GOE)
(Bekker A. et al., 2006; Holland H.D., 2006; Melezhik V.A. et al., 2007). Ilocnemyromas
crabmmmamus  3HaueHni 8'°C (0% m0 +3%., VPDP) B mameompoTepo3oe CBA3aHA C
YCTaHOBJICHUEM HOBOTO PaBHOBECHS B I100ambsHOM yriepoaHoM 1ukie (Wilson J.P. et al., 2010).
Meszonpotepo3oiickas ctadbunbHOCTh (0-2%0, VPDP) orTpaxkaer mnepuoa OTHOCHUTEIHHOTO
OMOTEOXMMHUYECKOTO PABHOBECHS, KOT/Ia MPOLECCHl 3aXOPOHEHHSI M OKHCIECHHS OPTaHUYeCKOTO
yrieponaa owimu cobanancupoBansl (Buick R. et al., 1995; Frank T.D. et al., 2003; Knoll A.H. et al.,
1995) u npyrue).

HeomnpoTeposoiickue skcTpemanbhble Konebanus &8'°C 00yclIoBIeHBl JpaMaTHIeCKUMH
W3MCHEHUSIMH B KJIMMaTHYeCKoW cucteme W yriepomHom 1mkie (Allen P.A. et al., 2008;
Halverson G. et al., 2005; Halverson G.P. et al., 2007). OTpunarenbHble SKCKYpChl BO BpeMs
Créprckoro (~711,5 mmu net), Mapunoanckoro (~635,2 muH net) u lackbe omneneHeHUi
NPEATIOIOKUTETIFHO BBI3BAHBI CHIDKCHHEM OHONPOAYKTHBHOCTH B YCIOBHUSX II00QIEHOTO

oneneHenus ("3emis-cHEXKOK") W/MIAM BBICBOOOXKIEHHWEM METaHa W3 Ta30THAPATOB TIPH
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nocienywomeM noremwieHun (Makgonaneny u o ap., 2010). IlomoxutenbHble 3KCKypCh
(+5...+10%0,VPDP) Mexy oneeHeHUsIMH OTPa)katoT MHTEHCUBHOE 3aXOPOHEHNE OPraHUYECKOTO
ymepona B ycinoBusx "Cynep-mapHuka', KOrga NOBBIIICHHOE BBIBETPUBAHHE KOHTHUHEHTOB
o0ecreynBaIo MPUTOK MUTATEIBHBIX BELIECTB B OKEaH, CTUMYIUPYS OMONMPOTYKTHUBHOCTh. JTH
KoJeOaHUs JIEMOHCTPUPYIOT TECHYIO B3aUMOCBSI3b MEXKIy TEKTOHUKOW, KIMMaToM U
OMOJIOrMYecKOl 3BONIOIME B MpeAJBepud KeMOpHUICKOro B3phiBa OuopazHooOpas3us

(Grotzinger J.P. et al., 1995, 2011; Condon D. et al., 2005; Fike D.A. et al., 2006).

1.2.3 H3omonno-zeoxumuuecKkue llHOlthlmopbl KitlUMAamMuU4eCKux nepecmpoex u maccossvlx

8bunupauut2 6 najieosoe

W3oTonHas 3anuch ymiepoa B IAJE€030€ JIEMOHCTPUPYET CIHOXKHYIO 3BOJIOLHUIO
[100aJIHOTO YTIIEPOIHOTO UK, XapaKTEPHU3YIOIIYIOCS YepeTOBAaHUEM MTEPHOIOB CTAOMITBHOCTH
U JpaMaTHYECKUX OHKCKYPCOB pAa3IMYHOM aMIUIUTYAbl U MpojoiukurensHocTH. Haubomnee
3HAYMMBbIE MTOJIOKUTENBHBIE IKCKYPCHI IpeacTaBieHbl keMOpuiickum coobiteM SPICE (~495 mnn
net, 10 +5%o, VPDP), opnoBukckum Xwupnantckum (~444 wmnn net, a0 +7%o., VPDP),
cunypuiickumu coosrtusimu Upesuken, Mynbae u Jlay (~432, 424, 419 moH aet, 10 +5,5%o , +9%eo,
+5%o0, VPDP, cOOTBETCTBEHHO), I€BOHCKMMHU aHOMAJIMSMU Ha rpanuiie ¢ppana-pamena (~380, 372
MJTH JIET, 10 +5%0, +4%0, VPDP, cOOTBETCTBEHHO), KAMEHHOYTOJILHBIM COOBITHEM (~357 MIIH JIET,
110 +7%o, VPDP), mpenmyI11ieCTBEHHO CBsI3aHHBIE C YCUJICHHBIM 3aXOPOHEHUEM U30TOITHO-JIETKOTO
OpPTaHWYECKOTO YIJIEpOoJia B 0CaJKaX, 4TO MPUBOIWIO K OOOTAIICHUIO MOPCKOH BOJIBI TSKEITBIM
motoriom '°C) (Brenchley P.J. et al., 1994; Samtleben C. et al., 1996; Wenzel B. et al., 1996;
Azmy K. et al., 1998; Bickert T. et al., 1997; Finney S.C. et al., 1999; Kump L.R. et al., 1999;
Saltzman M.R. et al., 1998; Saltzman M. et al., 2000, 2004; Samtleben C. et al., 2000; Kaljo D. et
al., 2003; Munnecke A. et al., 2003; Jeppsson L. et al., 2007; Kouchinsky A. et al., 2008;
LaPorte D.F. et al., 2009; Young S.A. et al., 2010; Gill B.C. et al., 2011).

OTpunarenbHble  HKCKYPCHl  HM30TOMHOTO  COCTaBa  yriepona  (UKCHPYIOTCS B
OpIOBUKOBCKHX (~459 MiH neT, 10 -4%o0, VPDP), neBonckux (~417, ~384 muH jet, 10 -2, -4%o,
VPDP), nepmo-TpuacoBbix (~252 MaH jeT, A0 -2%o, VPDP) oTnoxenusx u oOyCIOBIEHBI
BBICBOOOXKICHHEM H30TOMHO-JIETKOTO YIIepoJa W3 METAHOBBIX THAPATOB WM BCJEICTBUE
WHTCHCUBHOW ByJIKaHUYeCKoH nestenbHOCTH (Joachimski M.M. et al., 1993; Joachimski M.M.,
1997; Jin Y.G. et al., 2000; Joachimski M.M. et al., 2002; Buggisch W. et al., 2003; Payne J.L. et
al., 2004; Korte C. et al., 2004; Buggisch W. et al., 2006; Yans J. et al., 2007; Yin H. et al., 2007;
Xie S. et al., 2007; Riccardi A. et al., 2007; Algeo T.J. et al., 2007a, 2007b; Racki G. et al., 2008;
Ainsaar L. et al., 2010).
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[mobanpHo, kiIMMatuueckass  (ayKTyanusi  CONPOBOXKAAJIACh  IOJOXKHUTEIbHBIMU
9KCKypCaMH B MIEPUO]] OJIEICHEHHSI U OTpULIATeIbHBIMU — B niepuos noreruienus (Brenchley P.J. et
al., 1994; Marshall J.D. et al.,, 1997). Ilepectpoiiku OkeaHHMUECKOW LMPKYIALUU BIUSUIM HA
pacripefiesieHue KUCIOpOAa M MHUTATENbHBIX BEIIECTB, YTO OTPAXKAJIOCh HA NMPOAYKTUBHOCTH U
3aXOpOHEHNHU oprannyeckoro yrnepoaa (Bergstrom S.M. et al., 2006, 2009, 2010; Saltzman M.R.
et al., 2005). IIpumMeuarenbHO, 9YTO MHOTHE KPYIHBIE KCKypchl 0'°C cOBMaaroT ¢ MU301aMu
MAacCOBBIX BBIMHpaHUH, MOTYEPKHUBast (YHIAMEHTAIBHYIO B3aHMOCBS3b MEXKIY YIIIEPOAHBIM
[IUKJIOM, KJIMMAaTOM M 3BOJIOLIMEH Onochepbl Ha NMPOTSHKEHUU BCEro Maneo3os (XUpHAHTCKHIA,
coosiTust UpeBuxen u Jlay, rpanuna ¢pana-pamena, mepmo-tpuaconas rpanuia) (Brand U. et al.,
2004; Kaiser S.I., 2005; Kaiser S.I. et al., 2008; Cramer B.D. et al., 2008; Wignall P.B. et al., 2009;
Bond D.P.G. et al., 2010; Cramer B.D. et al., 2010).

[IpakTrueckas peaau3anusi U30TOIMMHO-T€OXUMHUYECKOTO TI0IX0/1a MPOIEMOHCTPHUPOBaHA Ha
npumepe kemOpuiickoro paspeza Bocrounoit Cubupu. AHaau3 HM30TONHBIX AHOMAIMHA B
BEPXHEKEMOPUICKHX KapOOHATHBIX TMOPOAAX TO3BOJMI YTOUYHUTH KOPPEISIIHIO Pa3pe3oB,

BBIJICJIUTH peliepHbIe TOPU3OHTHI U HeHTH(GHuImpoBarh robdansHble coobiTus SPICE- u TOCE.

1.2.3.1 Kembputickue omioxcenust

Kembpwuiickue paspesst CuOupckoii maardopMsbl SBISIOTCS OAHUMHU U3 JIyUIIMX Pa3pe3oB
ATOTO BO3pacTa B MHPE MO CBOEH IMOJHOTE, MOIIHOCTH M CTETICHH OOHAXEHHOCTH. AKTHBHOE
M3y4deHHe ITUX pa3pe3oB B 40-70-x rojgax mpoIuioro CTOJETUS MPUBEIO K TOMY, UTO B KOHIlE XX
BEKa HEKOTOPbIE M3 KeMOpuicKux sipycoB CHOMpCKO miaar(opMbl OB MPHUHSATHI B KAYECTBE
MEXIYHAPOJIHBIX U aKTUBHO MCIOJB30BAINCH MPH SIPYCHOM PACUJICHEHWU KEMOPUIMCKOW 4acTu
MexayHnapoanoit ctparurpadudeckoit mxansl (Harland, W., 1990). HecMoTpst Ha 3HaYUTEIbHBIC
yCHEXH, JOCTUTHYThIE B M3YYCHHH HCTOPUU T'€OMArHUTHOM MOJSPHOCTH B KEMOpPUHCKOM U B
OPJOBUKCKOM TE€PUOJAX JJIsl ATHX T'€0JIOTHYECKUX MEPUOIOB CYIIECTBYIOT MHTEPBAIbl BPEMEHH,
JUISL KOTOPBIX XapaKTep HW3MEHEHUS TEeOMarHUTHOW MOJIAPHOCTH, NPAKTUYECKH HE HU3Y4YCH
(Gallet Y. et al., 2003; Gallet Y. u mp., 1996, 2016; Pavlov V.E. et al., 1998, 2005). B nepByto
oyepesb peub UAET O IEPBOM MOJIOBUHE BEPXHETO KeMOPHS — BpEMEHH, JIsi KOTOPOTO UMEIOIIUECs
JaHHBIE HOCST Cyry00 pEeKOTHOCIMPOBOYHBIN M mpenBaputenbHblil xapakrep (Kouchinsky A. et

al., 2012).

C MoMeHTa OTKpbITUs Teoxumudecknx anomanuii 8'°C SPICE (Steptoean Positve Carbon
isotope Excursion) u TOCE (Top of Cambrian carbon isotope Excursion, Event, Pucynox 4,
(Landing E. et al., 2011; Miller J. et al., 2006, 2014; Ripperdan R., 2002), npocnexuBanue ux 1o

BCEMY MHpY, OLIEHKa WX CTPYKTYpPbl U TPOJOJIKUTEILHOCTH, YTOUHEHHE HX MOJIOKEHUSI
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OTHOCHUTEIBHO INIOOAIBHEBIX U PEruoOHaJIbLHBIX CTpaTI/IFpa(l)I/I‘-IeCKI/IX rpaHul SABJIACTCA BaKHBIM
HalpaBJIeHUEM pPa0OTBhI HCCIENOBATENICH, W3ydYalOIMX WCTOPHIO PAaHHENAIC030HMCKOTO dTara

pa3Butus Hamei anetsl (Li D. et al., 2017).

PeBoyOLIMOHHBIM TIPOPBHIBOM B U3yYEHUU cCTparurpaguu BepxXHEro kemOpus rora
Cubupckoit mnardopmbl crasio oOHapyxkeHue b.I. IlokpoBckuM B OmOpHOM paspese
BEPXHEKEMOPHUICKUX OTI0XkeHuit p. Manoii Uyu reoxumudeckux anomanuii gensra C'3 SPICE u
TOCE (byskaiite M.M. u gap., 2019). Ot aHOManuu HUMEIOT IUIAHETApHBIA XapakTep, U
NOATBEP)KACHUE MX HaJU4Msg B pa3pe3ax BEPXOJIEHCKOM CEpUU IO3BOJUT PEIIUTEIbHO

MPOABUHYTHCS B PELICHUH NMPOOIeMbI cTpaTUrpaguu BepxHero keMopus rora Cudbupu.

494 muH. JerT

Pucynox 4. Ilaneoceocpaghuueckasn xapma na sepxuexemopuiickoe epems (Scotese C., 2014a),
36€300YKAMU OMMeUeHbl uzyienHvle pare paspesvl (Ripperdan et al., 1992, 1993, Ripperdan
and Miller, 1995, Saltzman et al., 2011, Miller et al., 2011, 2015, Li et al., 2017; Zuo et al.,
2018, Wang et al., 2019, Zhao et al., 2022 u opyeue

1.2.4 H3omonno-zeoxumuuecKkue undul{amopbl KitlUMamuueCKux nepecmpoex u maccossvlx

ebmupanuﬁ 6 mMe3030¢e

N3oTomHas 3amuchk yriaepoaa B ME3030€ XapaKTepHU3YyeTCsl BBIPAKEHHBIMH JKCKypcami,
TECHO CBSI3aHHBIMH C OKCAaHWYECKUMHU aHOKcHUecKuMHu coObiTHsaMHU (Oceanic Anoxic Event —
OAE) u OuocdepHbIMH KpHW3HUCaMH. TpHUACOBBI MEPUOA JIEMOHCTPHPYET SKCTPEMAIbHYIO
U3MEHUUBOCTb B OJIEHEKCKOM sipyce (10 +8%o U -4%o, VPDP), cMeHsomyocsi OTHOCUTENbHON
cTabmnbHOCTRIO B cpeHeM Tpuace (Galfetti T. et al., 2007; Horacek M. et al., 2007; Payne J.L. et

al., 2004; Preto N. et al., 2009). IOpckwuii mepuoa OTMEUEH 3HAYMUTEIBHBIMU KOJICOAHUSIMHU:
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MOJIOKUTENBHBIM SKCKYpCOM B IUIMHCOaxckoM sipyce (+4%o, VPDP) u cnoxHol nuHaMukoil B
TOAPCKOM SIpyCe, TJe TMOJIOKUTENbHBIH 3KCKypc 10 +2%o, VPDP, oOGycnoBnennsiii OAE,
NPEphIBACTCS  OTPUIIATEIIBHBIMA ~ AHOMAJMSAMHU, HMHTEPIPETUPYEMBIMH  KaK  pe3ysbTar
BBICBOOOXKICHHSI ME€TaHa U3 Ta30BbIX TuaparoB (Arthur M. et al., 1987a; Hermoso M. et al., 2009;
Hesselbo S.P. et al., 2000, 2002, 2007; Jenkyns H.C., 1985; Jenkyns H.C. et al., 2002; Katz M.E.
etal., 2005; Korte C. et al., 2009; McArthur J.M. et al., 2008; Schootbrugge B. van de et al., 2008;
Whiteside J.H. et al., 2011; Williford K.H. et al., 2009).

MeoBoii mepuoj XapakTepu3yeTcs CEPHel MOJOKUTEIBHBIX YKCKYPCOB, MAPKUPYIONTUX
kimoueBbie OAE: coOriTre Baiiccept (Weissert Event, Basiamkun), coositue Cemnu (Selli Event,
OAE la, pannuii ant), coositue Ilakse (Paquier Event, OAE 1b, mo3auuii ant-panHuii ans0) u
coowrtre bonapennu (Bonarelli Event, OAE 2, rpanunia cenoman-typoH) (Arthur M. et al., 1987b;
Barclay R.S. et al., 2010; Erbacher J. et al., 2005a; Jenkyns H.C., 2010; Lanci L. et al., 2010;
Sageman B.B. et al., 2006; Scholle P. et al., 1980a; Weissert H. et al., 2004, 2008; Westermann S.
et al., 2010). MexaHu3Mbl ATHX KOJIeOaHUI BKIIOYAIOT: YCUICHHOE 3aXOPOHEHHE OPraHUYECKOTO
yIJIepojia B YCIOBHSIX aHOKCHUH (TIOJIOKHUTEIBHBIC SKCKYPCHI), BRICBOOOKICHIE METaHa U3 Ta30BbIX
TU/IPATOB U BYJIKAHUYECKYIO I€ATEIbHOCTD (OTpULIATENIbHBIE IKCKYpPChl). Me3030iickast U30TOMHas
3allUCh JEMOHCTpHpPYeT (yHIaMEHTAJIbHYIO B3aUMOCBS3b MEXKIY VYIJIEPOAHBIM IUKIIOM,

OKEaHUYECKOM I.[HpKyJ'IHLIHCﬁ U 3BOJIIOLIHEH MOPCKHUX 9KOCHUCTCM.

KittoueByro nndopmaiyio 06 okeaHHUEeCKHMX aHOKCUYECKHUX COOBITHSIX HECET M30TOIHBIM
cocTaB KapOOHAaTHOTO ¥ OPTaHUYECKOTO YIIepo/ia 0CaJ0UHBIX ITOPOJ, BBIPAXKEHHBIH BETMYMHAMU
83Ckap6 m 8'°Copr m coOOTBETCTBYIOIIMI YETHIPEM OCHOBHBIM TEHETHYECKHM CIIEHAPUAM

(FOnoBuu A.3. u gp., 2010):

e Pesepsyapnuuiii cyenapuii: 'Copr octaeTcss OTHOCUTENHLHO CTAOUILHBIM IIPH M3MEHEHHH
8'°Ckap6. MHTeprpeTHpyeTcs KakK pe3ylsTaT "depHOCIAHIEBOH" CEIMMEHTAIMH WM
nuareHesa. MiMeeT JOKanbHBIM WU PETHOHANBHBIM MaciTad, OrpaHUYEeHHBIN OTAeTbHBIMU
AKBaTOPUSIMHU.

o Buomuueckuii cyenmaputi: 3'3Copr usmenserca He3aBucumo oT O°Ckap6. CpszaH c
(GIIyKTyanusMy MOCTYTUICHHUST U30TOITHO-JIETKOTO aKBareHHOTO (JIMITUIHOTO) WJIA W30TOITHO-
TSDKEJIOTO  TEPPUTEHHOTO  (JMTHUH-IIEJUTIONIO3HOTO) OpPTaHWYEeCKOTO BEMIeCTBa. Takke
MPOSIBIISIETCS] HA PETHOHAIBHOM YPOBHE.

e [lapuuxosuiii cyenapuii: cuEXpoHHOe obOneruenue 8'°Copr u §'°Ckap6 ¢ cooTHOmEHHEM
U30TOMHOTO CBHUTra MpuMepHo 2:1. XapakTtepeH sl ME3030HCKUX U TMO3HENaIe0reHOBOTO

OAE. OO0ycnoBineH MacCHpOBaHHBIM TIOCTYIUICHHEM B Ouocdepy H30TOMHO-JIETKUX
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sHoreHHbIX Ta30B (CO2 u CH4) B mepronbl HHTEHCUBHOTO BYJIKAaHU3Ma M MeTamopdu3ma.
HNmeet o6mednocdepHbii Xapakrep.

o Jleonuxoswiii cyenapuii: CHHXpoHHOe yTsxenenue &' *Copr u §'°Ckap6 BcieicTBue CHIKEHHS
ypoBHst atMochepHoro pCO:. Bo3HuKaeT mpu U3BJI€YEHUH 3HAYUTENbHBIX 00beMOB CO: U3
arMocdepbl B uepHble ciaHibl nocie 3aBepuieHuss OAE u MoxeT KoppeiaupoBaTh C
neproaamu oneaeHenuid. Takke umeet oo1e 6nochepHsiii MacmTad.

[TapHUKOBBIN U JIETHUKOBBIN CLEHAPUH OTPAXkKAIOT U3MEHEHUE U30TOITHOIO COCTaBa BCETO
MOJBMKHOTO yIiiepoda B Ouocdepe, Torma Kak pe3epByapHbIi M OHOTHYECKHUIl ClieHapuu

XapaKTCPU3YHOT JIOKAJIBHBIC IIPOLECCHI IEPCPACHPCACICHUA U30TOIIOB YITICpOAaA.

[IpakTnueckass peanu3zanus HM30TOMHO-TEOXMMHUYECKOTO IMOJAX0JAa Obljla  YCHELIHO
peann3oBaHa Ha mpumepe Me3030ickux toinm B KpsimMcko-KaBkazckoM perunone. M3oronHsie
JTAaHHbIE MO3BOJIMJIM JETATU3UPOBAaTh CTpATUrpaduuecKkoe pPacuJICHEHUE CI0KHOMOCTPOSHHBIX
TOJIL, BBISIBUTH MEPEPHIBHI B OCATKOHAKOIUIEHUH M PEKOHCTPYHPOBATh Majeoreorpaduyeckue
yciioBusi (POPMUPOBAHUS ME3030MCKUX OTIOKEHUH (Ha MpUMEpe CEHOMAaH-TypPOHCKUX U TYypOH-

KOHBSIKCKHX).

1.2.4.1 Cenoman-mypoHcKue omiuoxiceHus.

BepxHneceHOMaHCKME UM HIDKHETYPOHCKHE  OTIOXKEHHMA 10  JIUTOJIOTHYECKHM,
(ayHHCTHYECKUM M TEOXUMHUYECKUM IPU3HAKAM OTBEYArOT 00CTaHOBKaM Jie(hUITUTa KHCIOpoa B
BOHOM TOJIIe MHpPOBOTO OK€aHa. DTO MOTPAHUYHOE COOBITHE, MPOIOKUTEIFHOCTHIO OKOJIO 1
MJIH JIeT, Ha3BaHO OKEaHCKUM OeckuciopogHbiM cobbitieM (OAE-2) u mpocnexuBaeTcs B
OTIIOKEHHUAX PA3NUYHBIX (halmanbHBIX OOCTAaHOBOK: OT OTKPBHITOTO OKeaHa /0 MIEIb(OBBIX U
AMUKOHTUHEHTAIBHBIX Mopeit (Schlander S. u 1p., 1976). JlaHHBIC OTIOKEHHS XapaKTEPU3YIOTCS
BBICOKMMH KOHIIEHTparusiMu opranudeckoro ymiepoga (Copr = or 1-2 mo 20%) wu
TIOJIOKUTEIBHBIM DKCKYPCOM H30TOMHOro coctasa ymiepoza (8'°C). Mexanusm (popMupoBaHus
NOAOOHBIX MPOCIIOEeB, UMEHYeMbIX aBTopaMu «black shaley», nmpuBenén B paborax (Arthur M. et
al., 1987a, 1988; Scholle P. et al., 1980b). B pa3pesax Kpbima mopossl Ha rpaHUIle CCHOMaHA U
TypoHa BrepBble onucansl B padorax J[.I1. Haiinuna ¢ coasropamu (Haiinun JI.I1. u np., 1981a,

1981b).

N3yuaemsblii morpannuHblii uHTEpBai B HOro-3anagnom KpbeiMy BbIEIEH B OCHOBHOM Ha
OCHOBE KOMIUIeKca Makpo- 1 Mukpodoccunuii (Kopaevich L.F. u op., 2002; Kopaevich L.F. et al.,
2016a; AnekceeB A.C. u ap., 1997, 2007; banaukoB ®@.D. u np., 1982; I'appunos F0.0. u np.,
1996) u nuronoro-reoxumuyeckux xapakrepucrtukax (bagynuna H.B., 2007; bagynuna H.B. u

ap., 2006; Haitmua 1.I1. u ap., 1994a; Jlesutan M.A. u np., 2010; Fisher J. et al., 2005).



Pucynox 5. Ilaneoceocpagpuueckas kapma Ha cenoman-myponckoe spems (Scotese C., 2014b),
36€3004KaMu ommeuenvl uzyueHuovle paree paspeswvl (Cramer B. et al., 2009a; Erbacher J. et
al., 2005b; Fisher J. et al., 2005; O’Connor L. et al., 2020; Vivie A. et al., 2014).

1.2.4.2 Typon-KOHbAKCKUE OMA0NCEHUS]

Jlutonoruss u Ouoctparurpadus B COYETaHHMM C XeMocTpaturpadueit CcrnocoOHBI
MIOCIIY’)KUTh OCHOBOHM Il BOCCTAHOBJIEHMS YCJIOBUM OCAJKOHAKOIUIEHUS, CBSI3aHHBIX KakK C
ABCTATHYECKUMH KOJICOAHUSMHU YPOBHS MOPSI, TaK U C BIUSHUEM JPYTUX JOCTATOYHO CIOKHBIX U
MHOTO(AKTOPHBIX MPOLIECCOB T€0JIOTMYECKOTO MPOILIOro. JT0, B CBOIO O04Yepeib, CIIOCOOCTBYET
pacmidpoBke coObITHII ucTOpuM GopMUpoBaHUsl OacceifHa, a TakkKe BO3MOXHOCTH U
JIOCTOBEPHOCTH YAAIEHHBIX KOppelsSIuoHHbIX nocTtpoenuii (Jarvis I. et al., 2006). Pesynsrars
MHTepIpeTaluy Konebanuii 3nadenuii §'°0 u §'°C Ha M30TONHBIX KPUBBIX TIOMOTalOT YCTAHOBUTH
TPEHIbl U3MEHEHUI YCIOBHI MOPCKOTo O6acceliHa U ONpeeNIuTh TeMIepaTypHble (PIyKTyaluu, a

Takke KosieOaHus: OMONPOAYKTUBHOCTH OacceiiHa (PucyHoxk 6).

HccnenyeMblil TypOHCKUI-KOHBSIKCKMM MHTEPBAJI 10 HEJJTABHETO BPEMEHHU MPEICTABIISIICS
KaKk OJMH M3 CaMbIX TEIUIBIX 3MU30I0B (HaHEepO30MCKOTO Y0HA HAa OCHOBAHHHM COOTHOIICHHMA
u3otonoB kuciopoaa u Mg/Ca B pakosunax popamunudep (Bice K. et al., 2003; Bornemann A.

et al., 2008; Wilson P.A. et al., 2002). B 10 >xe Bpemsl cylIecTByeT U APyroe MHEHUE.

Ha ocHOBe JaHHBIX M30TOMHOIO cOCTaBa Kuciaopoaa 6'80 kapGOHATOB JOKYyMEHTAIbLHO
MIOKa3aHO HECKOJIbKO 3HAYHUTENbHBIX TOXOJOMaHUI KiuMaTa B mo3aHeM Typone (Stoll H. et al.,
2000; Voigt S. et al., 2004). HekoTopblie aBTOPHI MPEIIONATAIOT CYIIIECTBOBAHKE JICTHUKOB B 3TOM

BpeMeHHOM uHTepBasie (Bornemann A. et al., 2008; Miller K. et al., 2005). Ot pe3ynbrarsi
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AKTHUBHO OOCY)KHAIOTCs, HO YK€ MOKAa3aHo, YTO B Mpeenax HECKOIBKIX 0acceiHOB 3amaaHoi u
[lenTpansHoil EBpomnbl cylecTBOBaiM [Ba ATana MO3JHETYPOHCKOTO IMOXOJIONAaHUs, KOTOPOMY

crocoOCTBOBala BhICOKas BylnkaHHueckast aktuBHOCTh (Wiese F. et al., 2002).

Pucynox 6. Ilaneoceoepagpuueckas kapma na mypou-kouwsxckoe spems (Scotese C., 2014b),
36€3004KaAMU OMMeyeHbl usydeHHvle panee paspesvl (Jarvis I et al., 2006, Uramoto G.-1. et al.,
2013; Voigt S. et al., 1997; Walaszczyk . et al., 2021).

OnykTyalii KMMaTa Ha TMPOTSDKEHHHM TYpOHA—KOHBSKA IPEAIOAraloTcsl TakkKe Ha
OCHOBE aHajm3a GopaMUHUPEPOBBIX ACCONMAINI Ha BEChMa OOMUPHBIX TeppuTopusx (PucyHok
6, Dubicka Z., Peryt D., 2012; Huber B. et al., 2018; Petrizzo M., 2000; Petrizzo M.R., 2002). B
npezaenax Bocrounoit EBporibl 3T0T nHTEpBan usydasucs Ha Bocrouno-EBponeiickoit matgopme
u B Kpemmy (Kopaevich L.F. et al., 2016b; Vishnevskaya V.S. et al., 2019). OxHako HOBBIX
MatepuasioB 1o boneimomy KaBkasy Ha 3Ty Temy ropazno mensiie (I'aBpunos 10.0. u ap., 2009;

Zakharov Y.D. et al., 2018, 2020).

1.2.5 H3omonno-zeoxumuueckue undukamopbl KitlUMamuueCKux nepecmpoex u maccossvlx

GbLIMUPAHUIL 8 KAULHO30€

KaiiHo3oiickass M30TOMHAs 3alUCh YIIEpoaa OTMEYeHa Ceprel XapaKTEepPHBIX IKCKYPCOB.
[TaneoueH-701EHOBBIH ~ TEPMUYECKUI  MaKCHUMyM  IpEACTaBIsieT CcoO0OM  3HAYUTEIbHBIN
OTPHUIIATEIBHBIM SKCKYPC, BBI3BAHHBIH BHIOPOCOM HM30TOIMHO-JIETKOTO yTiiepona B aTrMocdepy-
OKeaH, 4TO MPHUBEJIO K M00aTbHOMY MOTEIIeHUI0 (~56 MiH seT, 10 -1%o) (Jenkyns H.C., 2010;
Sluijs A. et al., 2007b; Zachos J. et al., 2001, 2007b). B BepxHeM HIKHEM d01IeHE 3a(DUKCUPOBAHBI

paa € MCHEC 3HAYUTCIIbHBIMA OTPULATCIIbHBIMHU 3KCKYpCaMU, q)HKCprIOHII/Ie TUIICPTCPMAJILHBIC
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COOBITHS TPOAOIDKUTEILHOCTEIO 30-40 Thicsd neT (~60, 58 mutH stet, 1o +0%o) (Bijl P. et al., 2009;
Cramer B. et al., 2003a; Galeotti S. et al., 2010; Lourens L. et al., 2005; Westerhold T. et al.,
2009).

Tpu KITFOYEBBIX TTOJNIOKHUTEIBHBIX JKCKypca HAONIONAIOTCS B HIDKHEM OJIMTOICHE, Ha
IpaHULIE OJUTOlIEHa-MUOLIEHA U B CPEHEM MHOIIEHE, BCE OHH KOPPEIUPYIOT C MOIOKUTEIbHBIMU
capuramu 880 (PucyHok 2), yKa3plBalOMIUMM HAa SHM30[bl II0OGAJILHOIO MOXOJNOJAHMS U
paclIipeHMs aHTapKTHUECKUX JieAsHbIX 1uToB (Berger W.H. u np., 1981; Cramer B. u ap., 2009;
Miller K. u mp., 1987; Savin S., 1977; Savin SM. u ngp., 1970; Shackleton N. et al., 1975;
Zachos J.C. u 1p., 2008; Zachos J. et al., 2001). C cepeaunsl MuoneHa 3HaueHns ' >C nocreneHHo
oboramaroTcsi JIETKUM HW30TOnoM yriepoda. [lo3gHuiT MHOIEH-TONOLIEH XapaKTepH3yeTcs
HIMPOKUM Juana3zoHoM 3HaueHuid (-1 g0 +1,5%o), oTpaxkaronmm (GopMUpPOBaHHE COBPEMEHHOMN

okeannueckoil nupkyssinuu (Cramer B. et al., 2009b).

[IpakTHueckoe NpUMEHEHNE N30TOITHO-TEOXMMHUUYECKOTO M0/IX0/1a Ha ME30-KallHO30MCKUX
paspe3ax KpbIMCKOro perumoHa mnpoAEMOHCTPHPOBANIO €ro BBICOKYIO 3(deKTuBHOCTD Is
JeTalbHON PEKOHCTPYKLUHU YCIOBUM OCAJKOHAKOIJIEHHs. B wyacTHOcTH, Ha mpumepe paspesa
INOIPaHUYHBIX ~ MAaCTPUXTCKUX M DJOLCHOBBIX  OTIOKEHMH  yJajlochb  YTOYHUTh
najieoreorpauueckue XapakTepUCTUKM M 3a(QUKCUPOBaTh TI'E€OXMMHUYECKYI0 aHOMAJHIO,

IPUYPOUCHHYIO K INI00ANIbHOMY MOTEIUIEHHUIO KIIMMaTa B 30IIEHE.

1.2.5.1 Maacmpuxm-30yeHo6vle 0MI0H#CeHUs

PanHmii  mameoreH — XapakTepWU3OBAJCS ~ PE3KMMH  KOJNCOaHHMSAMH  KIMMara ¢
6 4
npofoukuTeNnbHbIME (>10° 7eT) m kparkocpounbiMu (<10% ner) mepuomamu. C MMO3THETO
nasieotieHa (~58 MJIH JIeT Ha3aJ)) A0 paHHero so1eHa (~50 MIJIH JIeT Ha3aJ[) Ha OBEPXHOCTH 3eMIIn
HaOroanach peskas TEHJCHIMS K IOTEIUIEHUIO, KOTopas JOCTHIVIa CBOET0 MaKCHMyMma U
MIPOI0JKAIACh B TEUEHHE MPOJIOJIKUTEILHOTO TIEpHo/ia BpEMEHH (OKOJIO 2 MITH JIeT). DTOT NEPUO.T
XapaKkTepu3yeT caMble BBICOKHE TeMIIepaTypbl KalfHO30s1 U MOJIy4niI Ha3BaHUe «PaHHE 0L eHOBBIIH
kumatrueckuit ontumyMm (EECO, Pucynok 7; nanpumep Bijl P. et al., 2009; Westerhold T., 2009;
Zachos J. et al.,, 2007b, 2001). B »3TOT mepuwoxa ciydancs psd KpaTKOBPEMEHHBIX COOBITHIMA
100aldbHOTO  MOTEIUIeHUs (TUMEPTEPMAIbHBIX), KOTOPHIE  COMPOBOXKIAINCH  BBIOPOCOM
0 12 irtl

00eIHEeHHOTO JIeTKUM u3otonoM yriepoga -“C B kpyroBopore okeaH-atmocdepa (Kirtland
Turner S. et al., 2013; Littler K. et al., 2014; Lourens L. et al., 2005; Nicolo M. et al., 2007;
Zachos J. et al., 2005).

HOI[O6HBI€ COOBITHS (bHKCprTOTCH B MOPCKHUX U KOHTUHCHTAJIBHBIX OTIIOXKCHUAX PAHHETO

najneoreHa B Bl HeraTuBHoro skckypcea no 8°C u §'®0 (Pucynok 7, nanpumep, (Abels H. et al.,
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2012, 2015; Agnini C. et al., 2009; Cramer B. et al., 2003b; Galeotti S. et al., 2010; Kirtland
Turner S. et al., 2013; Lauretano V. et al., 2015; Littler K. et al., 2014; Lourens L. et al., 2005;
Stap L. et al., 2010; Zachos J. et al., 2010).

Pucynox 7. Ilaneoceocpaghuueckas kapma Ha 30yenogoe epems (Scotese C., 2014c),
36€3004KaMu ommedeHvl usyiennvie paree paspesvl (Khozyem H. et al., 2021; Lauretano V. et
al., 2015; Lourens L. et al., 2005; Rush W. et al., 2023; Zachos J. et al., 2010, Stap L. u op.,
2009 u opyeue).

PacimmmdpoBka TeHEeTHYECKON MPHUPOIBI U30TOMHBIX IKCKYPCOB yINIepoJa U KHUCIOpOna
npeacTaBisieT  co0od  (yHIaMEHTaNIbHYIO  OCHOBY IS MAaJCOKIMMATHYECKHX U
MAJICOIKOJIOTHICCKUX PEKOHCTPYKIMK, a TakkKe Ui PEIICHUsS MPaKTHYeCKUX — 3ajad
cTparturpauyeckor KOppeNnsiiMi ¥ TIOUCKOB MOJIE3HBIX HCKOMaeMbIX. V30TOMHBIE aHOMAaNNH,
3a(UKCUPOBAaHHBIE B OCAIOYHBIX MOPOJAX, SIBISIOTCS HAJACKHBIMU MHIUKATOPAMH TIIOOATBHBIX
OnocdepHbIX COOBITHH, KIMMATHYCCKUX (UIYKTyalluid M M3MEHEHHU B YIJIEPOJHOM ITUKIIE Ha

MPOTSHKEHUHU BCEH Ie0IOTHYeCKON UCTOPUH 3EMIIH.

KommiekcHbIli aHanu3 M30TOMHBIX JAHHBIX B COYCTAHHMM C JIMTOJIOTHYCCKHUMU,
MMaJICOHTOJOTHYSCKUMU U T€OXUMHUYCCKHMMH METOJaMM HCCICAOBAHUS II03BOJISIET HE TOJILKO
PEKOHCTPYHUPOBAaTh yCIOBUS (OPMHUPOBAHUSI OCAJOYHBIX TONII, HO ¥ MPOTHO3UPOBATH
pacripoCcTpaHeHHEe MOTEHIUAIbHO MPOAYKTHUBHBIX TOPU30HTOB. TakuMm oOpa3oM, H30TOIHAs
TEOXMMHSL yIIepoAa M KHUCIOPOJAa CTAaHOBUTCA HE3aMEHUMBIM HWHCTPYMEHTOM Kak JJIst
(dyHIaMEHTAIBHBIX HCCIICIOBAHUI IBOTIONUU OMOC(Eephl U KiTuMaTra 3eMJIH, TaK U JUIS PEeIICHUS

MPUKIATHBIX 3374 HEPTEra30BOM reosoruu U cTparurpaduu.
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1.3  H3oTonHBIi aHAJIU3 OPraHNYECKOTr0 BEeleCTBA U YIJIEBOIOPOI0B

1.3.1 Ouenka ycnoeuii o0pazoeanus Op2aHUYecKO20 6euiecmea no U30MONHOMY COCHABY

yanepooa

KoMrmnekcHOe HM30TOMHO-TEOXMMHYECKOE HCCIIEOBAaHUE OpPraHHMYECKOro BeEIlecTBa
MPOAYKTUBHBIX OTIOKEHUH TOMOTAeT PEIIMTh IWENbIH ps 3aJad, CBA3aHHBIX C OIEHKOU
MEPCIIEKTHB HEPTETa30HOCHOCTH OCagoyHOro OacceifHa. [lepBble MOMBITKH CHUCTEMAaTHU3alUN
W30TOITHBIX XapPaKTEPUCTUK HE(PTH M OPTaHWICCKOTO BEMICCTBA IO3BOJIINA ITOJNYYHTH CBS3b
MEXJTy BO3PACTOM OTJIOKECHHH U CoJiepKaHueM JIErkoro u3orona yriepoaa (Bokhovenly C. et al.,
1966; Silverman S. et al., 1958; Silverman S.R., 1965; KatuenkoB C.M., 1970). bbuio BeIsSIBICHO,
YTO B COBPEMEHHBIX OCAaJKax: MO Mepe IMepexola OT MOPCKUX K TEPPUTCHHBIM (alusm
OpraHMyYecKoe BEIeCTBO CTaHOBHMTCH Oonee 00enHEHHBIM °C, uTO 06YCIOBIEHO H30TOMHBIM

COCTaBOM HMCXOAHOT'0 paCTUTECIIBPHOI'O MaT€pHraja.
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Pucynox 8. Boikonupoexa uz pabomst 3.M. I'anumosa. M3omonnuwiii cocmae yenepooa negpmeii

u3 paznuunsix parionoe CCCP (I'anumos .M., 1973).

OpnHako mocneayoore padoThl TOKa3alin, YTO U30TOMHBINA cocTaB OB 3aBUCHT HE TOIBKO
0T MeXaHHW3Ma 00pa3zoBaHUs YITIEBOJOPOJOB, HO TAKXKE OMPEIENAEeTCA HMCXOTHBIM XapaKTepoM
OpPraHMYECKOTO BEILIECTBA, IMTyOHMHOI 3aleranus, IpoIeccaMu Iua- U KarareHesa, TepMUYECKOM 1
TEKTOHUYECKOW SBOJIIOLMEH OTIOXKEHUH, a Takxke APYrMMU (PaKTopamMH, HPUBOISAIIUMH K
murpamu  yriesogoponoB (Schoell M., 1983; T'anumo 2.M., 1986). VYcranosneHno, 4to ¢

YBCIUMUYCHUEM TCPPUICHHOTO BKJIada 3HAYCHUA 813C CTAHOBATCA MCHEC OTpHULATCIbHBIMH, YTO
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onpejenseT Mpeobnaganue Tskenoro uzororna °C. Bl BeISBIEH 00U TpeH 0GOTraIieHus
He(TH JIETKMM MU30TOIIOM C YBEITUYCHHEM €€ Te€OJIOTUYECKOTO BO3pacTa, YTo, BO3MOXHO, CBSI3aHO
C M3MEHEHUSIMH HHTEHCHUBHOCTH (OTOCHMHTE3a M M30TOMHOTr0 cocraBa armocdeprHoro CO:
(Stahl W.J., 1977; Welte D.H., 1965). Psin 6oee mo3aHUX MccleAOBaHU MTOKa3aId, 9To HepTH U
OB, npunannexamme K OIHOMY He(TEra30HOCHOMY paiOHY, XapaKTEPHU3YIOTCSI OTHOCHTEIbHBIM
MOCTOSTHCTBOM HM30TONHOTO cocTtaBa (Pucynok 8, TI'amumo D.M., 1973a; Stahl W.J., 1980;

Whiticar M., 1994; Hayes J. et al., 1999; Franks S. et al., 2001).

B ¢ynnamenTtanbabix pabotax HayuHOU mikosbl A.D. KOHTOpOBHYA KOIJIEKTUBOM aBTOPOB
HNHIT CO u CHUUITuMC 6b110 yneneHo OOIbIIIOe BHUMAHUE U3YYCHHIO U30TOITHOTO COCTaBa
813C medreii, 6urymonnos u HepacTBopuMoro OB MOpOJ LEHTPaIbHBIX, FOKHBIX U CEBEPHBIX
pationoB 3amanHoit CuOMpHU U TOKa3aHbI TUPOKHUE BapUAIIMH COCTAaBa U CBOMCTB OPraHUYECKOTO
BemectBa (Pucynox 9, KonrtopoBuu A.D., boropoackas JI.U., Tonemmes C.M., 1985;

Kontoposuu A.D. u np., 1986).
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Pucynox 9. Beixonuposka uz pabomer A.D. Komwmoposuua. [ucmoepamma 3HaueHuil
U30MONHO20 COCMAB y21epooa 8 OumymMouoax 6axceHO8CKOU U MIOMEHCKOU Ce8Uum u cxema

pacnonodiceruss movexk omoopa npoo (Konmoposuu A.3. u op., 1985).

A.D. KOHTOpOBI/I‘-IeM ObLIN MNPUBCACHBI OTIIUYUTCIIBHBIC XAPAKTCPUCTHUKU H3O0TOITHOIO
COCTaBa yIiiepo/ia OCHOBHBIX (paruanpHO-reHeTHIeckux TuoB OB u Hedreit 3anagHoit Cubupu.
Opnako OONBIIMHCTBO CYNIECTBYIOMIMX KiIacCH(HKAIMA OCHOBaHBl Ha aHalu3e OOILero

HU30TOIMHOI'O COCTAaBa OPraHUYCCKOI0 BEHICCTBA, UTO YACTO 3aTPYyAHACT UHTCPIIPCTANNIO NJaAHHbIX.
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[loznnee Obula BBISIBIEHA TEPMOAMHAMMYECKAs YIOPSIOYEHHOCTh COEIMHEHUN B
OMOJIOrNYECKOM BEIIECTBE, MPOSBIISIIONIASACS B PA3HONOJSPHBIX KOMIIOHEHTAX. YCTaHOBJIEHO, YTO
3aKOHOMEPHOCTH PACIPENEICHHS U30TONIOB MEKIY PA3IMYHBIMA KOMIIOHEHTAMH OPraHMYECKHX
COCIMHEHUM OTPa)KalOT TUIl MCXOJHOIO OPraHMYECKOrO BEIIECTBA. B 4acTHOCTH, M30TOIHBIN
aHaIM3  OTHENbHBIX (pakumid HepTH (HACBILIEHHBIX M  apOMAaTUYECKHUX) IMO3BOJISET
mupdepeHpoBaTh UX IO THUILy MCXOJHOI'O OPraHMYECKOro BEUIECTBA U YCIOBHSM

ocankonakorieHus (Odden W. et al., 2002; Sofer Z., 1991).

Ha ocHoBe H30TOMHBIX XapaKTEPUCTUK PA3HOMOJSAPHBIX (PpPaKiuil (HACHILIEHHOM,
apoOMaTH4YeCKOM, CMOJIIMCTON M ac(aabTeHOBOI) MOryT OBITH MOCTPOEHBI M30TONHBIE KPUBBIE,
npeanoxennsle B. Illtanem (Stahl W.J., 1978). B monoGHble rpaduku Takke MOTyT OBITh
BKJIIOUEHBI JTAaHHBIE 10 M30TOIHOMY COCTaBYy yIJepoJa B KEpPOTreHE Ui YCTaHOBIICHHS CBSI3U C
npennonaraeMoil Hegremarepunckoil mopomo (Philp R.P. et al., 2012). Ilpu nanuuuun
IEHETUYECKOH CBS3M HAOMIOAAeTCs KOppesslus HW30TOMHBIX XapaKTepPUCTUK OTAEIbHBIX

COEIMHEHMH, KaK MoKa3aHo Ha PucyHok 10.

5"C (%o, PDB)
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5"C (%o, PDB) Pucynok 10. H3omonnvie coomnowienus
SAT yenepooa PA3NUYHBIX @parxyuil
aKcmpaxmog nopod.: SAT — Hacviuenmnvie
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AROM AROM — apomamuydecKkue
' yenesodopoovl;, NSO — —  cmonsl
NSO’s
(coedunenus, cooepocawjue azom, cepy u
ASPH Kkuciopoo), ASPH — acghanvmenwvt (no

Bnocnencreun [NanmumoBeiM D.M. Ob1 MOAM(UIIMPOBAH METONI aHAIW3a H30TOIHOTO

cocTaBa JErKUX 3JIEMEHTOB OPraHMUYECKOTO BEIIeCTBA, HEPTH M OUTYMOUIOB C YUETOM CTPYKTYPBI
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Pa3HOIONSPHBIX KOMIIOHEHTOB HedTH W OmtymommoB, Pucynok 12 (Galimov E.M., 2006;

[NanmumoB 3.M., 1981, 1986).
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Pucynox 11. Bzaumoceasb medxcoy Gpakyusmu pasiuyHol NOISAPHOCMU 8 UCKONAeMoM

OpeaHudeckoM @ewjecmee U OUOXUMUYECKUMU COCOUHEHUSMU IHCUBBIX OP2AHUIMO8 (MO
(Galimov E.M., 2006)).

[IpenmymiecTBO JaHHOTO MeETOAA 3aKiOYaeTcss B ToM, 4To JuddepeHnrpoBaHue
M30TOMTHOTO COCTaBa yIjiepoja B Pa3IUYHBIX (pakiusx odecrneunBaeTr Oosee dhdexTHBHBIN
WHCTPYMEHT /I HHTEPIIPETALUU U KOPPEJSIIIUU JaHHBIX. [[puMeHeHne 3Toro noaxo/1a mo3BoauiIo
MPOBOIUTH JIETAIbHBIN aHATN3 TEHETUUECKON OOITHOCTH 3aJIeKEeH B Pa3TUYHBIX MPOTYKTHBHBIX
ropuszoHTax ocamgouHoro Oacceitna (boroponckas JIL.U. u mp., 1980; T'ammmor 3.M., 1973a;

Konuna JILLA. u nip., 1984).

Hcnonpezyemblit B HacTosIIeH paboTe aHAIM3 U30TOMHOTO COCTaBa OTIENbHBIX (PpaKiuii
OpPraHUYECKOTO BEIIEeCTBA MOPOJ CYHIECTBEHHO MOBBIIIAET JOCTOBEPHOCTh HHTEPIIPETAIIMOHHBIX
MozieNieil M TO3BOJIIET BBIIENATh T€HETUYECKHE THIIBI OTJIOXKEHHUH C MPOrHO30M YCIIOBHHM HX
ocaJikoHaKoIuIeHus1. OJTHaKO TPU MHTEPIIPETALNN PE3YIbTaTOB HEOOXOIUMO YUUTHIBATh BIUSHHE
3penocTtH, (a3oBeie APDEKTHI W TMOCIHEAYIONIME HW3MEHEHUS B pe3epByape, TaKhe Kak
B3aMMO/IeHiCTBHE C BOIHBIM (utouoM unu ouoaerpagamus (Stahl W.J., 1980; Chung H.M. et al.,
1981; Palmer S.E., 1993). [Tonnmanue 1 KOIUYECTBEHHAs OI[EHKA 3TUX (DaKTOPOB KPUTHUECKU
BaXXHBI 17151 Ha&xkHOCTH m3oTormHo# koppesiiun (Clayton C., 1991; Clayton C.J., 1991). B cBsi3u
C 9TUM B MIOCJIEAYIOIINX pa3ziesiaX pacCMaTPUBAIOTCS OCHOBHBIE MPOIIECCHI, CIIOCOOHBIE U3MEHSTh

U30TOIHBINA COCTaB ra3000pa3HbIX YITIEBOAOPOJOB, HePTeH U OUTYMOUIOB.
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1.3.2 Ouenka ycnosuii 00pazoeanun u Muzpayuu 2az06 o U30MONHOMY COCMAgy y2iepooa

[Ipouecc perazanuy HeIp MPOUCXOAUT MPEUMYILIECTBEHHO Ye€pe3 MHOTOYHCIICHHBIE
TpsI3eBbIC BYJIKAHBI M OOIIUPHBIC 30HBI TUCTOKAIHi ocamounoro nmokposa (ITomukapmos I u np.,
1989). Metan, BbLaenstomuiics B cocTaBe (IIOUI0B, UMEET MOJUICHHOE MPOUCXOXKICHUE,
BKJIIOYasi KaK KaTareHeTUYEeCKH MeTaH, oOpas3yIolMiics Ha 3HAYMTENbHBIX IIIyOMHAX, TaKk U
JMareHeTUYeCKuii (MUKpOOUAJIbHBII) METaH, TeHEPUPYEMBbIi B MOJOABIX OCAJOYHBIX CIIOSX.
BaxxabIM BOIIPOCOM, KOTOpBIfI pemacTCda € IMOMOUIBIO MCTOda H30TOITHOM I'COXUMUHU, ABJISACTCA
BOMPOC UCTOUHHKA ra30B, MOJYYCHHBIX KaK Ha MOBEPXHOCTU 3eMJIU 3a CUET Jiera3aluu Heap, TaK

" B CKBaXXMHAX HA MECTOPOXKIACHUU.

N3yuenue pacnpeneneHusi cTaOUIbLHBIX M30TOMOB SJIEMEHTOB IIUPOKO HCIOJNb3YETCS B
MHUPOBON T'€OJOTMUYECKOM MpaKTHKE Ul PELIeHHUs He TOJbKO (PyHJaMEHTAJIbHBIX HAy4HBIX
npoOieM, HO U MPHUKIIAAHBIX 33a1a4. M30TOMHBIN cocTaB yriiepona ra3000pa3HbIX yIIIeBOJOPOI0OB
MO3BOJISIET YCTAHOBUTH TCHETUYECKHE CBSI3M MEXIY HHUMH, OIPEICIUTh THIT HCXOTHOTO
OpPraHMYECKOro Marepuasa U BbISIBUTH CBSI3b ¢ HepremaTepuHckumu nopoaamu. [lon nefictBuem
(akTOpOB KaTareHe3a OpPraHMYECKOE BEIIECTBO B MOpOjE Mpeodpa3yeTcs M, COOTBETCTBEHHO,
MEHSIETCS €r0 M30TONHBIA M XMMHYECKMH cocTaB. B 3aBHCHMOCTH OT yCIIOBHI 0Opa3zoBaHUs
MeTaHa (MHHEpaJbHasi MaTpHLla, THUIl PACCESHHOTO OPTraHUYECKOro BeIIeCcTBA, NIIyOWHA,
TeMIeparypa u 1p.), ObUI IMOJy4YeH ITUPOKHH CIEKTP COOTHOIICHUH CTaOMIBHBIX H30TOIOB
yriepona *C (pacmpocrtpanenue 1,11%) u '2C (pacmpocrpanenue 98,89%) (Iaaumos D.M.,
1986). U3 pe3ynabraroB W3MEPEHHUI M TEOPETUUYECKUX PACUETOB M3BECTHO, YTO YIVIEPOA METaHa
M30TONUYECKH yTshkenseTcss (pacTér Benmuuuna O'°C) 1m0 Mepe yBelqumuyeHHs IyOMHBI €ro
reHepanuu. B cBoro ouepenpb, TOKAa3aHO, YTO YIJIEPOA METaHA, MOAHUMASCh B BEPXHIOIO YaCTh
OCaJIOYHOM TONIIM, XapaKTepusyeTcsi yMeHblleHHMeM gomu °C  3a CuéT IIpOIEcCOB
(pakMOHUPOBAHUS B XOJ€ OKHUCIMTEIbHO-BOCCTAHOBUTENBHBIX pEAKIUl M CMEUIeHUs C

MUKpoOuaIpHBIM Ta3oM (Matsumoto R. et al., 2011).

B paborax 3.M. 'anumoBa ObIJIO MOKA3aHO, YTO aHAJIU3 W30TOIHOTO COCTaBa yriepoja
METaHa ¥ €ro TOMOJIOTOB B COBOKYITHOCTH C MOJIEKYJSIPHBIM COCTAaBOM Tra3a Ja€T BO3MOXKHOCTb
UCIIOJIb30BaTh JaHHbBIE MapaMeTphl JIJs reHeTHueckoil uaeHTudukanuu razoB (Pucynok 12).
TTomyyeHHas 3aKOHOMEPHOCTh 00OTalleH s TAKEIbIM n3oTonoM *C B psy MeTaH->TaH-IPOaH-
OyTaH, a TaKXe KOppesslus YIIEBOJOPOHBIX KOMIIOHEHTOB (3TaH, HpomnaH, OyTaH) Haér
BO3MOXKHOCTb OLIEHHMBATh HApyLIEHHOCTb CUCTEMBl. HecMoTps Ha mepeKpbIBAIOIMECS IO
BapHalllil M30TOIHOIO COCTaBa yriepoaa MeTraHa Ha PucyHok 12, ucnomb3ys TOMOTHUTEIbHBIE
IapaMeTpsl U30TOIHOIO COCTaBa 3TaHA U MPOIAHA, & TAKXKE YUYHUTHIBAsl IPUYMHBI U MEXAHU3MBI

q)OpMI/IpOBaHI/IH H30TOIMHOIO COCTaBa Trasza C yLIéTOM Ire0JIOTUYECKOM O6CTaHOBKI/I, JaHHas
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METOJMKA TIO3BOJISICT IOJNyYUTh HWH(POPMAIMIO O TPOUCXOXKICHUM Taza. BakHBIM Takxke
(bakTOpoM, KOTOPBI HEOOXOIMMO YUUTHIBATH IPU UHTEPIIPETAIIMH JAHHBIX, SIBISETCS U3MEHEHUE
M30TOITHOTO COCTaBa Ia3a Mo pa3pe3y 0CaJOYHBIX OTIOKEHHUH C TITyOUHOM 3a1eraHusl OTIIOKEHUH

(Fanumos 3.M., 1973).

N3oTomHbIi cocTaB MPUPOJHBIX Ta30B MOABEPKEH 3HAYUTENbHBIM HW3MEHEHUSM B
npolecce MUrpaun. B mopucTeix cpenax BeaencTBUE onepesxaromeit 2agdy3un JErkoro n30Tomna
HaOmoaeTcst 3aMeTHOe 00eTHEeHNe Ta30BOU (Da3bl TSHKENBIM M30TOIIOM YINIEpO/a, TOTAA KaK Mpu
(GuIbTpaK Yepe3 INIMHUCTHIE OTII0KEHHUS TIPOUCXOIUT OOPATHBIN MPOIECC — 0OOTaICHUE Ta30B
uzotonioM *C, B cpennem Ha 15%o. B pesynbTare, M3ydeHHe ITMTONOTMYECKMX XapaKTEPUCTUK
MOopoA B pa3pe3e OCaJOYHOM TOJNIIM SIBISIETCS Ba)XHOM OCHOBOWM [UIsi MOCHERyIoLen

HHTCPIIPETALIUN U30TOIMHOTO COCTaBa yricpoaa ra3oBOI CMECH.

5"C, %o

-25 -30 -35 -40 -45 -50 -55 -60 -65 -70
\ \ | ! \ \ | \

[ I
IX O o o
12 12 2 3
. Vi D 7. C% >200°C |
OB V

Hepme Mukpobuonoauyeckuil
npouecc. McxodHoe
geujecmaso - moboe.

Canponenesoce OB

IMo30Hss
cmadus \Y] Mszkue ycrosus

HedTe 1
nras | | |
Xecmkue
. VI I Ycnoeus

O C 13 C 13
7 2~ 3
TepmarnbHbill ymycoeoe OB ymycosoe OB

a3
(CO,-CH,) Mymycoeoe OB Cpeonss cmadus PanHsist cmadust

3penas cmadus

>230°C
[as

12 12
CC5
>200°C ¥B - za3 VI”

( JoH,>90% @) ceca>10% @ co,>50%

Pucynox 12. Beixonuposka uz pabomwt .M. I'anumosa. Cxema cenemuueckoii uoeHmupuxayuu

2a3a no OaHHLIM €20 U30MONHO20 U Xumuiecko2o cocmasos (I anumos I.M., 1973).

1.3.3 Ouenka eauaAHuUA NOCMCEOUMEHMAUUOHHBIX NPOUECCOE8 NO U3OMONHOMY COCHIAGY

yanepooa

MN3oronHass  reoxuMHsi  YacTO  MO3BOJISIET  OLEHUTh  MOCTCEIUMEHTAIIMOHHBIE
npeoOpa30BaHus, KOTOPHIE MPOTEKAIOT B MCXOIHOM OPTaHMYECKOM BEIIECTBE IMOCIE MHUTPAIUU

Hedtr. IIpuMeHsIs HM30TOMHO-MONEKyIApHbIi noaxon (8'°C, 8D), cymecTByeT BO3MOKHOCTB
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WICHTU(QHUIMPOBATH BIMSHUE HAJIOKCHHBIX (DAKTOPOB: OKHCIICHHE, OMOErpaIalus, TepMalIbHOES
BozneicTBue u gp., (Famumor 3.M., 1981, 1986). IlocTrcenumeHTarmoHHbBIe TPEOOPa30BaAHUS

MOTYT HAKJIaJAbIBATh OTPAHUYCHHUA U HAPYIIATh XUMHUYCCKHEC CBA3U B BCIICCTBC.

[Ipn Ouoxumuueckom pasnoxeHun OB ero u30TONHBIA CcOCTaB MpeTEpreBacT
3HAYMTEJIbHBIE U3MEHEHHs. YCTaHOBIIEHO, YTO B MOJIEKYJIaX OPraHUYIECKOTO BENIECTBA CBA3b “C—
12 1213

C paspymaercs 6bictpee, ueM ~“C—"C, yTO NPUBOAUT K 0OOTaLICHUIO POAYKTOB Pa3I0KEHUS
JAETKAM H30TOTIOM YIIepoJa, TOTNa KaK OCTAaTOK CTAHOBHUTCS OTHOCHTEIBHO OOOTaIEHHBIM

TsKEIBIM m30TormoM C.

1. [exapOOKCHIMPOBHUE OPraHUYECKUX KUCIIOT:
K12
HOOC - CO - CH,'2CO0H — HOOC - CO - CH5 + 2C0,

K13
HOOC - CO - CH,3CO0H — HOOC - CO - CH; + 3CO0,
Ki2 u Ki3 — koHCTaHTBI ckOpocTH XumMHueckux peakuuit. Tak kak Ki2 Boiue, yem Kis, To
comepxkanue *C B oOpasyromeMmcsi YIIEKHCIOM rase OOJIblIE, YeM B HCXOIHOM BEIIECTBE.

Kunernueckuil n3oronubiii 3QQexT 1isi pa3iuuHbIX peakiuil KapOOKCUIMPOBAHUS B CpeHEM
K12
ONU30K K OTHOIICHHUIO 3 =1,030, uto coorercTBYeT (83 Canen.coz - 87CucxoB ) = 3%o

(Bigeleisen J., 1952; 'anumos 2.M., 1981).

B mnpomecce nmekapOoHarm3anmud TPH  TEPMHUYECKOM  PA3JIOXKEHUU KapOOHATOB
Beiesstrormiicss CO2 oborarmmaercs TsokéapMu n3otornamu SC u 80, a B ocTaBmemcst KapOoHare
HakaruBaloTca Jérkue usorombl 2C u 0. Takum 00pasomM, B OTIMYHE OT PAa3JI0KEHUS
OpPTaHWYECKOTO BEIIECTBA, NpPH JeKapOoOHATH3AIMK HAONIOIaeTCsl O0paTHOE pacmlpe/elieHre
M30TOMOB. B pe3ynprare KWHETHYECKOTO N30TOMHOTO (DPAKITMOHUPOBAHUS B 30HAX KOHTAKTOBOTO
MeTamMopdu3Ma BO3MOXKHO (HOPMHUpOBaHHE KApOOHATHBIX IMOPOJA C 3HAYCHUSMH H30TOITHOTO

cocCTaBa, O6OT8.H.ICHHLIMI/I JICTKMMH U30TOIIaMH.

2. Muxpo6uonorudeckoe OKHCIeHHe TIPUBOAHT K BhIAeneHnto CO2, oboramennoro °C, Tak
KaK GAKTepUM NPENATCTBYIOT IPEUMYIIECTBEHHOMY BhlaeneHno 2CO,. Tak, IpH paciIeIeHHH
KapOOKCHUIILHON IPYIIEI CYAb(GaTopeayUpPyIOIUMI GAKTEPUIMU:

K12
2CH3COH - COOH + S0, — 2CH3COH + 2C0O, + S + 2H,0

K12

W3otomupiii  3ddekT (E

=1,005) 3HaUWUTENBHO MEHBIIE, YeM B  PEAKIUAX

nexapookcmmpoBanus (I'amumos D.M., 1981).
3. MeranoBoe Opokenue. B mporecce ¢depmeHTanMu OpPraHUYECKOTO BEIIECTBA METaH
oboraraercs TIErkuM n30tornoM 2C 1o CpaBHEHHUIO C MCXOAHBIM YITIEPOIOM, IPH 3TOM U30TOMHOE

oOoraieHue MoxeT AOCTHratb 9,4%o. OnHAKO C MOBBIIICHHEM TEMIEpPaTypbl U YBEIMYCHHEM
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TIPOJIOJKUTEILHOCTH PEAKIUK CTeNeHb oboramienus MeTaHa '2C IOCTENEeHHO CHMKAETCSA, uTo,
BEPOSITHO, CBSA3aHO HE TOJBKO C OMOJIOTMYECKUM KMHETHYECKUM 3(P(PEKTOM, HO U € U30TOIHBIM
00MEHOM MEX]ly IPOAYKTaMu peakiuu. TepMoJuHaMu4ecKiii H30TONHbIN 3P deKT crnocoOCTByeT

nakorutenuio 2C B meraue B cucteme oomerna CO2—CHa.

Kpome Toro, oboramieHue JErKMM H30TONOM YIIEpPOAa B OCaJKax MOXKET OBITh
00yCTIOBIIEHO CEJICKTUBHBIM Pa3joKEHUEM OpraHHYECKOTo BelecTBa. Panee ObLIO MOKa3aHO, YTO
W30TOITHOE pacipe/ieieHne Ppakiuii B pa3IMYHBIX KOMIIOHEHTAaX PACTCHHUIA Pa3TnIaeTCs: JIUTHBI
XapaKTepPU3ylOTCs TIOBBIIIEHHBIM cojepskanueM 2C, a Gelkd — MOHMKEHHBIM. I10CKONmBbKY
JUMHUI0-JIUIIONTHBIE KOMIIOHEHTBI O00JIafatoT OoJblIel yCTOWYMBOCTBIO K Pa3NIOKEHUIO, HX
KOHLIEHTPALUA B OCAJIKE BO3PACTAET, UTO IIPUBOAUT K YBEIIMUYECHHUIO CONEPIKAHUS JIETKOTO U30TOIA

yoiepoza (I'amumos 9.M., 1981).

B mocnexnee BpeMsi HM30TONHBIE MCCIICIOBAHUS MPUMEHSIOTCS IS HWACHTH(UKAIMN
BTOPUYHBIX U3MEHEHH, KOTOPbIE MIPOUCXOAT IPU B3aUMOJICHCTBUU OPTaHUUECKOTO BEIIECTBA C
THIpOTepManbHbIMU  (prrronamMu. B pesynprare oOMEHa NETYYMMH KOMIIOHEHTAMH MEXIY
runpochepoit u muTocdepoid B OpraHMIECKOM BEIIECTBE U B MOPOE MPOUCXOAST 3HAYUTEITBHEIC
U3MEHEHHS H30TOITHO-T€OXMMHUYECKOT0 COCTaBa, KOTOPBIE MOTYT OBITh 3aHKCHPOBAHBI U
UHTEPIPETUPOBAHBI COBMECTHO C JAPYTMMHU reosiorndeckumu naHHbsiMu (Beinlich A. et al., 2020;

Lister C., 1972; Wheat C. u ap., 2004).

B otimmume ot ra30B, MUT'pAlIHA He(i)TI/I MPAaKTUYCCKU HC BJIUACT HA €€ M30TOITHLII COCTaB,
IMOCKOJIbKY HC(I)TB MMPpEaACTaBIISICT coboif cMech BBICOKOMOIJICKYJIAPHBIX  YITICBOAOPOAOB C
HE3HAYUTCIIbHBIMU OTHOCHUTCIIBHBIMU PA3JIMIUAMU B MACCC U30TOIMHBIX MOJICKYJII, 4 CBA3AHHBIC C

HUMU U30TOMHbIE 3PPEKTH HE MPEBHIMAIOT 5%o.

Takum 06p2130M, HUCCICAOBAHUC  BJIIMAHHA TMOCTCCAUMCHTAIIMOHHBIX  ITPOLECCOB,
OTpaXaroIUXCsd Ha M30TOIMHOM COCTaBC JIETKHUX DJIEMEHTOB B nmopogax u (1)J'IIOI/I,Z13X, TIO3BOJIACT
OIIpCaACIIATH I/ICXOI[HHﬁ COCTaB OPraHNYCCKOIo BCHICCTBA M YCJIOBHUA €TI0 OCAAKOHAKOIIIICHUSA, A
0606II.ICHI/IC OTUX JaHHBIX JaéT BO3MOXHOCTb co3aaBaThb HHTCTPHUPOBAHHBIC

GITFONTOTMTHAMUYECKUE MOJICITH.

14 DuonI0AMHAMHYECKHE PEKOHCTPYKIIUM € TIOMOIIbIO M30TOITHOI0 AHAJIN3A

OpHMMHU U3 OCHOBHBIX HAIllpaBJICHUN UCIIOIb30BaHUS H30TOIHBIX MAPKEPOB AJIsl PEIICHUS
3a1a4 B He(TEera3oBoil reojoruu sABISIETCS TUMM3ALKs OPraHUYECKOTO BELIECTBA, OINpEe/ieHUEe
TEHETHUYECKOW CBSI3M M €IUHOr0 MCTOYHMKA Pa3HBIX (POpPM OpraHMYecKoro yriepoja B MOpoaax

ocamounoro yexia (Dias R. et al., 2002; Franks S. et al., 2001; Tocqué E. et al., 2005).
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JIMarHoCTUKy H30TONOB HCIIONB3YIOT JUIS BBISBICHUS IPOLECCOB, MNPOTEKAIOIIHUX B
YIJIEBOJOPOAHOM CHCTEME, ONpPENEeNIEHUs] T€HETUUYECKOW CBSI3M YIIEBOAOPOAHOro (uiouaa u
OpPraHUYECKOro BEIECTBA, U3 KOTOPOro OH 00pa30Bajcs, a TAK)KE YCTaHABIMBAIOT CBSI3U MEXY
3aJIe)KaMH  yIJIEBOOPOIOB Ha MecTOpokAeHHH. C IOMOIIBIO METOJOB H30TOIHOM I€OXUMHHU
ONpEENAI0T HCTOYHMKHM YIVIEBOJOPOJAOB M MyTH uX Murpauuu. llogoOHble H30TONHBIE
XapaKTepUCTUKU YIVIEBOJOPOJOB M3 pa3HbIX HEPTEra30HOCHBIX KOMIUIEKCOB IO3BOJISIOT
OPEANONIOKUTh EAUHBIM MCTOYHUK HX oOpa3oBaHus. HampoTuB, pa3Hble XapaKTepUCTUKU
U30TOIHOTO COCTaBa (DIIOMIIOB B OAHOM 3aJIeXkKH, MOTYT CBHIETEIHCTBOBATH 00 WX pa3HOU
reHeTuyeckod mnpupone. IlpuMeHeHHEe H30TONMHO-TE€OXUMHUUYECKUX HCCIEIOBaHUM Tpedyer
pa3pabOTKM YETKUX KPUTEpUEB, TaK KaK Ka)/blii METOJ MMEET CBOM OTPAHUYEHUs, KOTOpbIE

HeO6XOI[I/IMO YUUTBIBATH IIPU aHAJIIU3C.

[Ipy KOMIIJIEKCHOM H3yYE€HUU TE€OJOTHYECKHX OOBEKTOB, MPUTOAHBIX JIsi MOMCKOBO-
pa3BeloYHbIX paboT Ha HePTh M ra3, HEOOXOAMMO coOpaTh B EAMHYIO CHCTEMY BCe
pa3zHoMacIITaOHbIE JaHHBIE U BBICTPOUTH LIETBHYIO KAPTUHY (HOPMUPOBAHUS 3AJI€KHU, TOKA3aHHOM
WIM TPOTHO3HOM, COIIaCHO MOCJENI0BAaTEIbHOCTH PELICHUS 33]1ad Ie0J0ropa3BeAo4HbIX padoT.
HeobOxonumo yBsizaTh BCE AaHHBIE Pa3HOTO MacmiTada, OT MHUKPOYPOBHS 110 MaKpOYpPOBH,
XapakTepusymue oO0beKT HedrerazoHocHocTH. Ha reonoruueckyto OCHOBY BO3MOXKHO
UCIIONIb30BaTh KOMITJICKCHBI TEOXUMHUYECKUIN aHanu3 (IFOMI0B C MPUBICYCHHEM HU30TOITHOTO U
OMOMapKEPHOTO METOJIOB, KOTOPHBIM MO3BOJISIET MPOTHO3UPOBATH CBSI3b MEX/TY PA3HOBO3PACTHBIMU
KOMIUIEKCAMHU U TIPOBOJMTH OIIEHKY Iepepactpeie]ieHUus] YIJIEBOJIOPOJAOB C TEUCHUEM BpPEMEHU
[IPY MHOTOATAITHOM (hOPMHUPOBAHUH 3aJIeXkei 3a CUET MHOTOKPATHOM MUTpaIiy Mo paziaoMam. Jlis
OJTHO3HAYHOW TPAKTOBKHU M30TOMHO-TE€OXUMUYECKUX JTaHHBIX HEOOXOUMO UX UHTEPIIPETHPOBATH
B KOMIUIEKCE C Pe3yabTaTaMM JPYTUX T€OJOTHYeCKUX U Te0OPU3NUECKUX METOAOB. YCTAHOBJIICHUE
cBs3elt Mmexny Hedremarepurckon Tomet (HMT) u yrmeBomoponamu, a Takyke cBsizer (pronioB
MEXIy Pa3HOBO3PACTHBIMU KOMIJIEKCaMH MO3BOJISIET co3/1aTh aJICKBaTHYIO
GIIONIOMMHAMUYECKYIO  MOJETh HM3y4aeMOro y4yacTKa ©  HCIIONB30BaTh  IOJyYECHHBIE
3aKOHOMEPHOCTH TIpU TPOBENEHUH OacCeHOBOTO MOAETHpPOBaHUA. Takke 3HaHHE O
nepeOpMUPOBAHUN U TIEPETOKaxX (UIFOMAOB MEXIY 3aJIeKaMHU MOXKET TMOMOYb MPU CO3JaHUHU

MOJIENIM UCTOPUH (OPMHUPOBAHUS PETMOHA M €T0 OCHOBHBIX CTPYKTYPHBIX IIepecTpoiKax.

Co3naHHbBIii B MHPOBOH NpPaKTHKe 3aje] MCCIeJ0BAHMS H3O0TONHOIO COCTaBa
yriepoaa v kucjaopoaa nopox, OB u ¢guirouoB no3Bosisier HCNMOJAb30BaTh UX ISl pellieHUst
3a4a4 MOMCKA M Pa3BeldKH MeCcTopoxaAeHMid HedpTH M raza. HM3ydenume ocoOeHHOCTei
BapHalUil H30TONMHBIX MAPKEPOB B 3aBHCMMOCTH OT reHe31Ca BelleCcTBA U ero nocjaeayomemM

Hp606pa3OBaHI/II/I pacliupsda€eTr BO3MOKHOCTH MNPHUMEHECHUSI H30TOMHO-TCOXHMHUYECCKUX
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ucciaenoBaHuii B He(pTsAHOM reosioruu. OcHOBHAs 00beIUHSIIOIIAsS H/Iesl TUCCEPTAIUOHHOM
PadoThI 3aKJIHOYAETCH B CHCTEMATHYECKOM MOAX0/1€e K MCI0JIb30BAHNIO M30TOIHOI re0OXuMHH
yIiiepoaa M KHCJI0POAAa HA Pa3jJMYHBIX YPOBHSAX AeTAJTbHOCTH He(Tera3oreoJorn4ecKoro
aHaimu3a. Ha mnepBoM pervoHajJbHOM JTane HM30TONHBbIC JaHHbIC NPUMEHAKTCH IS
XeMocTpaTurpauueckoii Koppejasiuud pas3pe3oB, GopMHupPYH IJI00aJIbHO COIVIACOBAHHYIO
BpeMEeHHYI0 0CHOBY. Ha BTOpOM 1mOMCKOBO-0LIEHOYHOM J3Talle 3Ta OCHOBA MCIOJIb3YeTCH LISl
reoxumMuuecko Tunmsanun OB HeTeraoMarepMHCKHX TOJII B  KJIKYEBBIX
He(pTera30HOCHbIX OacceilHaX, a Ha pa3BelOYHOM — i (UIIOHIOAUHAMHYECKHX

PEKOHCTPYKUMA YIJIeBOAOPOAHOM CHCTEM.
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TI'JIABA 2. METOAUKA AHAJIM3A U30TOIMHOI'O COCTABA
YIUVIEPOJA U KUCJIOPO/JIA?

[Iponienypa BpIOOpa MPUTOIHBIX 0OPA3IIOB U UX MOATOTOBKH JJIsl aHAIIU3A SIBIISIETCS] OHUM
U3 HauOojee BaXXKHBIX OSTAlOB H30TOMHO-TEOXMMHUYECKUX HcchenoBanuil. [Ipobonoaroroska
o0pa3l0oB Ha ONpeJelieHHe H30TOIMHOTO0 COCTaBa yIiepona M KUCIOPOAa BKIIOYAET
MpeaBapUTEIbHYI0 00pabOTKy B T€OXMMHYECKOW JlabopaTopuud W MPUTOTOBICHHE TPOO s
BBEJICHUS B MacC-CIIEKTPOMETp. XapakTep MpoOONOATOTOBKH OIIPEAEIISETCS LENbI0 JaJbHEUIIETO
uccienoBanud. B pabore wucnonb3oBaHa CTaHAapTHAas METOAMKA MPOOOMOATOTOBKH, HE
MIPUBOJIAIIAS K U30TOMHOMY (pakimoHupoBanuio yriepoaa (I'amumos 3.M., 1986). N3oTomHbIii
COCTaB yIVIEpoJa M KHUCIOPOAa OMpEAeIscs B JIabopaTopuu CTAOMIBHBIX M30TOMOB Kadenpsl
TEOJIOTHH U TCOXMMHH TOPIOYHMX HMcKomaemblx [eomormueckoro ¢akynsrera MI'Y nmenu M.B.

JlomoHOCOBA.

2.1 HccienoBanus H30TOMMHOIO COCTABA yriepoaa 1 Kucjaopojaa B KapﬁoHaTHLIX nmopogax

2.1.1 Memoouka u30monHo2o aHaIu3a KapoOOHAMHBIX ROPOO

W3oronHblii aHanM3 KucCIopoga M yIIepoAa BO Bcex oOpasmax Obul MpoOBeAEH
KJIACCUYECKUM METOJIOM pasyiokeHus B optodocdopnoit kucinore (McCrea J., 1950). U3mepenue
u30TOnHOro cocrasa yriaepona (8'°C) 6bUIO BBIIONHEHO METOIOM MAacC-CIIEKTPOMETPHH B
noctossHHOM Totoke renus (CF-IRMS) na macc-cnektpomerpe Delta V- Advantage Thermo
Finnigan Scientific, conpspkéuHom c¢ nepudepmiiieiM - ycrporictBom  GasBench 11 nu
aBrocoMmiuiepoM PAL. O3nakomutbes ¢ nmpunHuunoMm pabotel GasBench II moxHO B paborax
(Torres M. et al., 2005; Yang L. et al., 2012). ITpoOsI 17151 U30TOIMHBIX UCCIIEIOBAHUN OTOMPATTUCH
TOYEYHO M3 KaKJOW BBIIENIEMON pa3HOCTH. B 3aBUCMMOCTH OT KoJM4ecTBa KapOOHATHOTO
Mmarepuana HaBecka Oepércs or 100 mo 500 mkr. IIpoba moxmeepramace oOpaborke 105%
nonmudochopHoit Kucimoro Ha JuHUM npodomoaroroBku GasBench 11, momkmrou€HHOM
HEMOCPEACTBEHHO K MacC-CIIEKTPOMETPY. YIIIEKHUCIIbIH ra3, BBIASIUBIIUNCS B pe3yJIbTaTe peakiuu
KapOoHaTa ¢ KHUCJIOTOW, MOCTyHalx B KaMepy MaccC-CIIEKTPOMETpa, rie B HEM aHATU3UPOBAJICS

M30TONHBIA cOCTaB ymiepoga M kuciopona. s pacuéra M30TONHOIO COCTaBa yIiepona U

2 HpI/I IMOATOTOBKE MOAHHOIO pa3aecia AJuccepTauvuu aBTOPOM HCIOJb30BAHBI CJICAYIONIUC

MyOJIMKAIUH, BBITOJIHEHHBIE aBTOPOM JIMYHO WJIM B COABTOPCTBE, B KOTOPHIX, coracHO [lomoxenuto o
MPUCYXKJIEHUU Yy4eHbIX crerneHed B MI'Y, oTpakeHbl OCHOBHBIE Pe3yJibTaThl, MOJOXKEHHUS U BBIBOJBI
UCCIICOBAHMSL:

1. KpacuoBa E. A. H30TOmMHO-reOXHMMHYECKHE OCOOCHHOCTH pAaCIpeNeNIeHus] Ta3000pa3HbIX
YIJTICBOJOPOIOB B pa3pe3e 0aKeHOBCKOM CBUTHI (Fo’kHAs yacTh 3amaguoit Cubupn) / E. A. KpacHoga, A. 1O.
IOpuenko, A. I KanmeikoB, M. M. ®omuna // T'eopecypcbl. — 2019, — T. 21. — Ne 2. — C. 153-158.
doi:10.15372/gig2020139 (0,6 m.11., aBTopckuit Bkiag 60%). Ummakt ¢axrop JIF: 0,5
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KHCIIOpOZa aHAIM3UPYEMBIX O0O0pa3IoB HCHOIb30BalcsA cTaHaapTHbeld ra3 CO2 HM3BECTHOTO
M30TOMHOTO cocTaBa. J{ns KapOOHATOB M30TONMHBIE 3HaueHMs yrmepoaa (8'°C) ompenensnucs
orHocutenbHo VPDB. VPDB — amanor PDB. Msoromnele 3Hauenus kucinopoma (8'°0)
onpeaensuch oTHOcuTeNnbHO VSMOW — cTanmapt cpenneit okeanndeckoit Bojsl (%o). TouHOCTH
U3MEpPEHU KOHTpOJMpOBajach IO MeEXIyHapoaHbIM cTanaapram NBS-18 u NBS-19 ¢
u3BecTHpIME 3HadeHusamMu O°C u 8'80. Kaxmplii obpasen] aHanm3upoBancs IBaXKIbl.
BocnpousBogumMocTh pe3ynbTaToB aHaNN3a, BKIIKOUAsk OTHBIN MK TPOOOMOArOTOBKH 00Pas3IloB,

HE BBIXO/IMJIA B cpeaHeM 3a npenensl = 0,2%o.

2.1.2 Konmpons Kauecmea OGHHBIX U OMOPAKOBGKA Pe3y1bMamos

[Ipu koHTpOJIE KauecTBa JaHHBIX YUYUTHIBAJIOChH, YTO B IIPOLIECCE NOCTCEANMEHTAIMOHHBIX
peoOpa3oBaHUl TMPOUCXOAUT CMEIIEHUE H30TOIHOIO COCTaBa KapOOHATHBIX MOPOJ OT
MEPBUYHOTO H30TOIHOTO COCTaBa MOPCKOM Bozbl. IlocTcemumeHTalMOHHBIE MPEeoOpa3oBaHuUs
OCJIOKHSAIOT IAJIEOIKOIOIMYECKYI0 U MAJCOKIMMAaTHYECKYI0 HHTeprpeTanuio. [loaTomy BaxHO
OLICHUBATh CTEMEHb COXPAaHHOCTH UCIIONIB3YeMOro Matepuana o0pas3moB. (OO0CHOBaHHO
IPEINOJIOKUTh, YTO BCE aHAM3UpPYEMble KapOOHAaTHbIE 00pa3libl MOABEPralOTCsS TOW UM MHOU
CTENEeHH XMMHYECKON TpaHcpopMalMy BCIEICTBUE PEKPUCTALIU3ALNU, TOJIOMUTHU3ALNUA WU
UHBIX JMareHeTHUECKUX MpoIieccoB. /luarenes ¢ yquacTueM METEOPHOM BOIbI OOBIYHO MPUBOIUT K
obemnenuio 3Hadenuii 8'*0 u §'3C, 4ro yacTo BBI3BIBAET KOPPENALMIO MEXKLY STHMH IBYMs
M30TOITHBIMUA COOTHOILIEHUSIMU B U3MEHEHHBIX 00pasliax, KOTOphle, KaKk MPaBuiIo, OOEIHEHBI 10

yrieponay-13 u xucnopony-18 (Brand U. et al., 1981; Nelson C. et al., 1996).

KOHTpOJIB CTCIICHU COXPAaHHOCTU MCPBUYHOTO Kap60HaTHOFO MaTtcpuaia OCyHICCTBIIAICA

C UCITIOJIb30BaAHUEM HECKOJIBKHUX HE3aBUCUMBIX MAapKEPOB!:

1. Xopomras COXpaHHOCTb CTEHOK pAaKOBHH KapOOHAaTHBIX QopaMuHUEp TODKHA

MOATBEPKAATHCA MUKPOCKOITMYCCKUMHU UCCICTOBAHUAMUN 06pa3013 mopon.

2. OTCYTCTBI/IC KOppeAAOUN U30TOIMMHBIX MMapaMETPOB KUCJIOPOJa U YITICPOda YKa3bIBACT

Ha MEpBUYHOCTh KapOOHATHOTO MarepHaia.

3. B3auMocCBsI3p MeXAy pPa3IUYHBIMA KOMIIOHEHTAMH XUMHUYECKOTO COCTaBa IOPOJ,
YCTAHOBJIEHHAs C IOMOILBIO KOMIIJIEKCHOIO T€OXUMUYECKOTO aHaJn3a, BKIKOYAIOLIETO
PEHTTEHOCTICKTPAIBHBINA (ITYOPECICHTHBIN aHAIIN3 C MIOCTPOCHUEM KOPPEISITUOHHOMN

MaTpulbl XUMHYCCKHUX DJICMCHTOB U OKCHUI0B.

4. Koppensauus 3Ha4€HUM N30TOITHOTO COCTaBa KMCIIOPO/1a U30TOIHBIM XapaKTEPUCTUKAM

MOPCKOW BOJIBI COOTBETCTBYIOIIETO CTPATUTpadUueCcKoro HHTEpBaia.
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[Ipumep npuMeHeHHs MPUBEAEHHBIX KPUTEPUEB OTOPAKOBKHU JaHHBIX MPEJCTaBICH HA PUCYHOK
13. CepsiM 1IBETOM OTOOpaXEHBI BCE IOJYYCHHBIC pPE3yJbTaThl, a 3€JIEHBIM — BBIOOpKA
JOCTOBEPHBIX JIAaHHBIX. 3HAUUTENbHBIA pa30poc 3HaueHUN OOYCIOBICH HAIOKEHHBIMU
JIMAareHeTUYeCKUMHU TPeoOpa30BaHUSMHU, UYTO IpPH OTCYTCTBHHM OTOOpa MOXKET NPUBECTH K

OIIMOOYHON MHTEPIPETALUN U30TOIHBIX JaHHBIX.
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Pucynox 13. Ilpumep ombpaxosku oanuwix. A
— pacnpedeieHue U30MONHO20 COCMABA
yenepooa 6 kapbornamax no paspesy. Cepvim
Y8emom NOKA3aHvl 6ce NepeuiHvle 3HA4eHUsl,
3eneHblM  — nocie omoépakosku. B -
KOppenayuu U30monHo2o0 cocmasa yenepooa

U KUCIOpoOa nocie OmoOpaKosKu OAHHbIX,

Koagpuyuenm xoppensiyuu = 0,009.

2.1.3 Pacuém naneomemnepamyp

Meroauka mnaneoTeMnepaTypHbIX PEKOHCTPYKLuUH, pa3paborannas I. FOpu Ha ocHoBe
U3yUYeHHS U30TOITHOTO COCTaBa KUCIOpoJa B KapOoHaTax, Oa3upyeTrcss Ha pa3jIMyuy U30TOITHOTO
cocTaBa KHCIOpOJa MEXIy KapOOHaToM KajbIMsl U BOJOW NpPU PaBHOBECHOM OCaXJIECHUH,
00yCTIOBIIEHHOM TEeMIIepaTypo3aBUCUMBIM H30TOMHBIM oOMeHoM (Dop I'., 1989; Urey H., 1948).
Bapuanuu um3oromHoro cocraBa yriepojna B KapOOHATHOM MMHEpAJie OTPAaXKaroT HM3MEHEHHS
M30TOITHOTO COCTaBa CyMMapHO# pacTBOpeHHOH yriekucioTs! B Boae (Anderson T.F. u np., 1983;

lanumo 2.M., 1986; ®op I, 1989).

[ManeoremnepatypHbie pacu€Thbl BBHITIOTHSUIMCH C UCIIOJIb30BaHUEM MOIU(DHUIIUPOBAHHOTO

ypaBHenuss OmmreiiHa (Epstein S. et al., 1953) c¢ TtemmeparypHbiME KO3 UIIMEHTAMH,
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onpeaenEéHHBIMU [Tl YCIOBHM J1aOOpaTOpHOT0 HEOPraHWYecKoro ocaxaeHus kanpuura (Kim S.-
T. et al., 1997). KoadpumueHT GpakiimoHupOBaHHS U30TOMOB B CHCTEME KalbIIUT-BozAa pu 25°C
cocrasiser 1,0286 (O’Neil J. et al., 1975). KoappuunenT ppakimoHMpoBaHUSA U30TOIOB 3aBUCHUT
OT TEMIIEpaTyphbl, IMO3TOMY H3OTOMHBIM COCTaB KHUCJIOPOAA B KaJbIUTE, HAXOIAIIEMCS B

PaBHOBECHUU C BOJIOH, TAK)KE OMPEACIACTCS TEMIIEPaTypPOi BOIBI.
Jliis pacu€ToB MpUMEHsIach cienyromas Gopmyna:
1000Ina (Calcite-H20) = 18,03 x (10°T — 1) — 32,42,
rae o — kodguiueHT Gpakuuonuposanus, T — abcomotHas Temmeparypa (K).

B pa6orax (Miller K. et al., 1985; 3yb6akoB B.A., 1990) Obuta momydeHa KHCIOPOIHO-
M30TOMHAs XapaKTEepPHUCTUKAa IO pPAaKOBUHAM OEHTOCHBIX (opamuHU(DEp U3 KEepHA CKBAKUH
TyOOKOBOJHOTO OypeHUs B ATIAQHTHYECKOM OKeaHe. V30TOmHbIEe XapaKTEPUCTHKH SOICHOBBIX
Pa3HOBHIHOCTEH COOTBETCTBOBAIIH -1 %o, 9TO OBLIO YUTEHO P pacu€Te TEMIIEPATyp IS TAHHOTO
nepuona. Jlius TYpOH-KOHBSKCKHX OTIOKEHHA TIPU PEKOHCTPYKLIMHU MaJIeOTeMIepaTyp
YUUTHIBAIOCH CTaHAAPTHOE 3HaueHue &'°Ow = -1%o, YCTaHOBIEHHOE Ul MO3JHETO Meja B

YCIIOBUSX BBICOKHX IIUPOT, cBOOOAHBIX OT oneneHenus (Shackleton N. et al., 1975).
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2.2 HccaenoBanus H30TOMHOIO COCTaBAa yriepoia B OpraHmI€CKoM BEIIECTBE

W3oTonHbIe McCie0BaHUS OPTaHUYECKOTO BEIIECTBA BKIIFOYATIN KOMIUIEKCHOE M3yUYeHHE
HepTed M OUTYMOUAOB TMOPOA C MPUMEHEHHEM H30TONHO-MOJEKYJIsIpHOro mnoaxoxa. Ilox
OuTyMOMIOM B HacToseil pabote, Tak ke kak B MoHorpaduu b. Tucco u /1. Bensre (Tissot B.P.
et al.,, 1984), monumaercs (pakuus OpPraHMYECKOrO BEIICCTBA, HW3BIEKaeMas W3 TOPOIbI

OpraHNU4YCCKHUMHU PACTBOPUTCIISAMU.

Metononorust Oazupyercs Ha (yHIAMEHTAIbHONH 3aKOHOMEPHOCTH OHMOJIOTHYECKOTO
(bpakMoOHUpOBaHUs H30TONOB, onrcanHo D.M. NamumossiM (["amumo D.M., 1981). lannbrit
MOJIXO/ TO3BOJISIET PEKOHCTPYHUPOBATH TEHE3UC M YCIOBHS (DOPMUPOBAHHS OPTaHUYECKOTO
BEUIECTBA IO €ro  M30TOMHO-MOJEKYJISApHbIM  Xxapakrtepuctukam. CymecTtByer  JBa
paclpoCTpaHEHHBIX METOJa OMpEeNIeHHsT M30TOIMHOTO COCTaBa yriepoaa B obpasue. MoxHO
U3MEPSATH JIMOO0 OOIIHIA H30TOMHBIN COCTAB yriiepoaa B 00pasiie, 1100 U30TOMHBINA COCTaB KaXK0TO
OTJICJILHOTO COSTMHEHUS B cMecH. [ [puHITMT onpeiesieHust B 000MX CITydasiX CXOXK: KaKIbIH METO/
TpeOyeT MOJHOTO CXKUTaHUA 00paslia, HE3aBHCHUMO OT €ro IMPOUCXOXKACHHUS, C MOCIEAYIOIIUM

npespauieHreM B CO:2 u Boxy.

OkcTpakuus OuTymMouJa M3 THOpoAbl IpoBojawiach B ammapare Cokciiera, COIVIacCHO
MEXIyHaponHoMy cTtaHaapty D5369-93, ¢ mocnenmyromuMm pasaeiaeHueM OWTYMOWIOB Ha
aHAJIMTHYECKUE TPYIIBI: Macia, CMOJbI, ac(ajabTeHbl, BBIICIEHHEM METaHOBO-HA()TEHOBOH M
apomatnueckoit ppaximii. B kauecTBe pacTBOpUTENS IS CENEKTHBHOTO U3BJICYCHUSI OUTYMOUIOB
MCIIOJIb30BAJICS HETOJSIPHBIN T'eKcaH U MOJspHbIE XJI0podopM M cnupToOeH30 (COOTHOIIEHUE

1:1).

2.2.1 Memoouka uz3omonno2o anaiu3a negmeit, OUMYMOUOA U OP2AHUYECKO20 EU4ECHEA

Usmepenns §'°C 6uTymMonoB ¥ UX (pakiuii TOPOJ BBINOJHAINCH C MCHOJIB30BAaHHEM
U30TONMHOTrO Macc-crniekrpometpa Delta V Advantage (Thermo Fisher Scientific), conpsixénnoro ¢
saneMeHTHBIM aHanm3aropoM «Flash EA 1112». ®pakuumm Hedredl w/mnmm OUTYyMOUIOB
PaCTBOPSIINCH B HOpMaJILHOM Tekcane. KomnaecTBo pacTBopuTens 1 00bEM ITPOOBI ONpeIeNsInch

B 3aBUCHUMOCTHU OT KOHICHTPAIUH BCIICCTBA B aHaHI/I3I/IpyeMOI>'I (bpaKI_II/II/I.

Cragana mpoba HedTell w/mim OUTYMOHIOB CXKHrajach B  OKHCIIHTEIBHO-
BOCCTAHOBHUTEJIILHOM pEaKkTOpe 3JIEMEHTHOTo aHaiu3aTopa npu temneparype 1000°C. B kauectBe
OKHUCJIUTENSl HCIIONIb30BANICSl OKCHUJ XpOMa, BOCCTAHOBHUTENSI — BOCCTAHOBJICHHAs ME/b,
KaTanu3aropa — rnocepeOpEHHbIil okcua kobanbsTa. Yepes unrepdeiic ConFlo npoba nmoctynana B

KaMepy Macc-CIIeKTPOMETpa, Te U3MepseTcsl H30TOMHbIH coctas ymiepoaa (8'°C), momyuennoro
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B pC3yJbTaTe CXKUTIaHHA YITICKHUCIIOIO rasa. B xauectBe CTaHOAapTHOI'O 06pa3ua HCIIOJIB30BaJICA

MEXIyHApOIHBIN CTaHAapTHEIN oOpazen Mmacia [AEA NBS-22.

WNHcTpyMeHTanbHass TOTPENTHOCTh TOJTYYEHHOTO TakuM o0pa3oM pesylbTara He
npessbimana + 0,05%o. TouHOCTh aHaM3a B OCHOBHOM 3aBUCHUT OT TPOOOTIOATOTOBKH. CXOIUMOCTH
13 0
0°C Mexay mnapajijlelIbHbIMH HW3MEpPEHUSIMU B cpelHeM He Bbixomwia 3a mpenenbl +0,15%o.

N30TonHbIe OTHOLICHUS TPUBEACHBI B TpoMuiLie (%o) oTHOCcUTENbHO cTannapra VPDB.

2.2.2 Koumpons Kauecmea OGHHBIX U OMOPAKOGKA Pe3y1bmamos

C menpio XapakTepUCTUKHA M30TOIHOTO COCTaBa aBTOXTOHHOTO OMTyMOHWIa HEOOXOAMMO
YUUTBIBATH MCXaHU3MBbI BIIMSIHUSA BTOPUYHBIX (baKTOpOB, KOTOpPBIC IIPUBOIAT K
(GpaKkIMOHUPOBAHUIO H30TOMOB B cucteme. Jlisi oOecrieueHus] JOCTOBEPHOCTH MOITYYCHHBIX
pe3ynbpTaToB ObUTAa pa3paboTaHa ¥ MPUMEHEHa MHOTOYPOBHEBAsl CUCTEMa OTOPAKOBKHU 0OPas3IloB,
YYHUTHIBAIOMIAS] BO3MOXKHOE BIIHMSIHIE BTOPUYIHBIX MPOIIECCOB HA M30TOIHBIN cocTaB yriepona. Ha
OCHOBaHUHN HpI/IMCHéHHBIX KpUTCPUCB O6paSHBI, MNpETCPIICBIINC 3HAYUTCIIBHBIC BTOPHUYHBLIC

npeoOpa3oBaHusl, 0TOPAKOBBIBAIUCS.
Kpurepun orépakoBku 00pa31i0B BKIIOUAIH CIEAYIONINE TOT0KEHUS:

1. OueHka BIMSAHMA BTOPUYHBIX IPOLECCOB Ha H30TOMHBI cOCTaB OUTYMOUIOB
OCYULIECTBIIIETCA ITyTEM U3y4YEHHUs KOPPEIALMOHHON B3aUMOCBS3H U30TOITHOIO COCTaBa yIiepoaa
ero (Qpakuuii, cmomucroii u acansreHoBo (Pucynox 14). Ilockombky acdanbreHbI
MPEICTABISIIOT COOOM MPOAYKT KOHIEHCAIMM YINIEBOAOPOAHBIX CTPYKTYp, MPUCYLIUX CMOJIAM,
MEXJIy HHMH CYIIECTBYEeT TeCHas KOppeslHoHHas CBA3b. KoaduuueHt koppensuun
U30TOIHOTO COCTaBa YIIEepoAa CMOJI U ac(albTeHOB JOJDKEH cocTaBiATh 0,7 W BbIIIE, YTO
CBUJIETEJICTBYET 00 OTCYTCTBHM 3HAYUTEIBHBIX U3MEHEHUH B MX CTPYKTYPHOM U 3JIEMEHTHOM

COCTaBe U yKa3bIBaeT Ha WX reHeTndeckoe eanHcTBO (['anumoB D.M., 1973).

2. VYTspKeneHue M30TOIHOTO COCTaBa yIiiepoja B apoMaTH4ecko (pakuuu OuTymouja Mo
CPaBHEHHIO C HACBHIIMIEHHON (pakiueil CBUAETENLCTBYET O HE3HAUYUTENbHBIX OTKIOHEHUSX B
M30TOITHOM COCTaBE€ MCCIIEIyeMOTO BEIIEeCTBAa U UCXOAHOM OMOJIOTMYECKOM Marepuale, oTpaxkas

TUMMHYHBIN Ononorudeckuit Tpeny (amumor 3.M., 1986).

3. Ilpum pa3nmuuuu TeKCaAaHOBOTO U XJIOPO(POPMEHHOTO IKCTPAKTOB OMTYMOWIOB MeHee 1 %o

MOKHO CJEJIaTh 3aKII0YCHHE 00 OTCYTCTBUY MUTPAIIMOHHBIX (UIFOMI0B B 0Opasiie.

JUJIs  BBIMOJIHGHUST JTaHHOW pPaboTHl ObLIO TpoaHam3upoBaHo Ooiee 400 oOpasmoB

SKCTPArupoBaHHOTO OUTYMOMa, pa3leleHHbIX Ha aHaiauThyeckue rpynnsl. OOpasubl, He
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COOTBCTCTBYIOIIUC IMPEACTABIICHHBIM KPUTCPUAM, OBLIN UCKIIOYCHBI U3 nanLHeﬁmero agann3a. B

HUTOTOBOM BBIOOpPKE OBLITO MCITOJIB30BaHO 220 00pa3IioB OUTYMOHIOB.

A B
3" C cmoibl, %o
5C (%». PDB ’
6"'C (%o, PDB) 320 300 280 260 240
4.0
o
260 &
a8
=
280 &
7
(@]
jus]
=l
300 F
R
(=
32,0

Pucynox 14. Ilpumep omopaxosku oanuvix. A — pacnpeodenenue u30monHo2o cocmasa yenepooa
6 paznononapuvix gpaxyuax oumymouoa. Cepvim yeemom NOKa3aHvl 6ce NepeuyHbvle 3HA4eHUs,
3enenviM — nocie omopakosku. bykeamu obosnavenvt ¢pakyuu: H — nacviyennas, A —
apomamuyeckas, Cm-6 — cmonucmas (6enzonvras), Cm-6 — cmonucmas (cnupmo-6eH301bHaAs),
Acgp — acghanomenvl. b - npumep koppensyuu u30monHo2o cocmasa cMoi U achaibmeHos nocie
omopaxosKku 0auHwlx, k0d¢hduyuenm xopperayuu = 0,87.
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2.3 HccaenoBanus H30TOMHOIO COCTaBAa yriepoaa yriieBoaAoOpoaAHbIX KOMIIOHEHTOB ra3a

2.3.1 Memoouka uzomonnozo anaiu3a 2aza

Uzotonusii cocta yrmiepona (8'°C) m3mepsiics Ha Macc-CIEKTPOMETPE M30TOMHBIX
orHomenuit Delta V Advantage (Finnigan, bpemen, ['epmanus) ¢ mpoGonoaroroBkoil Ha JTUHUN
GC Isolink, Bxmrouaromeit rasosbiii xpomarorpag Trace GC Ultra u mpucraBky Isolink ¢
OKHCIUTEIBHBIM peakTopoM. [Ipoba rasza 3akanbiBaiack B ra3oBblii xpomarorpad oobemom 0,1 M.
Paznenenne KOMIOHEHTOB Ta3a oCymiecTBIUIOCH Ha KosoHke CP-PoraPLOT (27,5M x 0,32MmM,
10MKM) B moTOKe rasza-Hocuteins renus. Jlias onpeneseHus M30TOIHOIO cOCTaBa yIjepoia B
METaHe M YIJIEKUCIIOTHl MCIOJb30Bajach IMOCTOSHHAs TeMmieparypa KonoHku — 40°C. [nsa
OIpezieNIEHUs] U30TOITHOTO COCTaBa yIIepoia roOMOJIOTOB METaHA TEMIIEpAaTypa B X0/1€ U3MEPEHUs
m3mensutach ot 35°C nmo 180°C ¢ marom 5°C B munyTty. U3 komonku xpomarorpada mpoba
10M1a/1aj1a B OKUCIIUTENbHBIM peakTop (HHUKeneBas TpyOKa, 3allOJIHEHHas MEIHOW M HHUKEJIeBOU
IPOBOJIOKOH, MEPUOANYECKH pereHepupyemas B MOTOKe Kuciaopoaa), Harpetsiit 1o 1030°C, e
KOMITOHEHTHI Ta3a OKUCIBUIUCh 10 yriekucnoro raza. Yepe3 uurtepdeiic ConFlo IV mpoba
[OCTynajga B KaMepy MaccC-CIIEKTPOMETpa, I aHAJU3UPOBAJICS H30TOIHBIM COCTaB yriepoaa
(8'3C). H3oTomHbIii coCTaB yIeposa METaHa M €r0 TOMOJIOTOB BBIPAXaeTcsl BY%o OTHOCHTENBHO
VPDB. bbu1 onpenienes n30TONHbINA cOCTaB MeTaHa 1 ero romosioros o C5. BocnponszBoauMocTts
pE3yNbTaToOB aHajn3a, BKJIIOYAs TOJHBIA IMKI MPOOOMOATOTOBKH OOpa3loB, HE BBIXOAWT B

cpenneM 3a npeneist = 0,2%o.

2.3.2 Memoouxa omoopa npoo 2aza

OT60p T'a30BbIX Hp06 OCYHCCTBILAICA U3 ABYX ITPUHOUITHAJIBHO PAa3JIMYHbIX HCTOYHUKOB!

e M3 3aKkpbITHIX TY0 ¢ KEPHOM, XPAHUBIIMXCH B BEPTUKAJBHOM IO0JIOKeHMHU. B pamkax
paboTHI MpeIIoKeHa HOBasi METOIMKa 0TOOpa ra3a AJis HCCIIeI0BaHUS U30TOITHOTO COCTaBa
yIJepo/ia yriieBOAOPOIHBIX KOMIIOHEHTOB. [IpoOsI ra3a oTOMpanuch U3 BEpXHEH U HIDKHEHN
yacTed Kaxaoi Tyosl (Pucynok 15). Takoit moaxom mo3BoJsieT MPOBOIUTH KOPPETSIUIO
M30TOMHOIO M KOMIIOHEHTHOI'O COCTaBa ra3a C JIMTOJOTHEW pa3pe3a, YTO CYLIECTBEHHO
MOBBIIIAET AETANbHOCTh HHTeprpeTanuu. OTCyTCTBHE CIEAOB KOHTaMUHAILUU
OTIPEEISIIOCh TI0 OMHOPOMHOCTH HW30TOIMHOTO COCTaBa II0 BCEH JUIMHE TYOBI.
[IpennmaraemMbiii METOAUYECKHA TOAXOJ, OCHOBAaHHBIM Ha OTOOpE Trasza, €CTECTBEHHO
BBIJICTISIIOLIETOCS. U3 KepHA MPH XpaHEHHH, MOXKET OBITh PACCMOTPEH KakK allbTepHATHBA

oTOOpy rasa B xozie OypeHHs CKBaXHH.
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JlnTonornyeckas
KOJTOHKa
las
I | Nuronorus Pucynox  15.  Memoouxka
O
= ‘. ombopa  npob  eaza  u3
g | Cocras | 3aKpuImuIix myb ¢ KepHOM
5 nopopasl ! KepH P 4 pHOM.
3 - BTybe

baxeHosckas ceuma | Haspanue cBUTHI

OT10op rasa B 3aKOJIOHHOM H MEKKOJIOHHOM MPOCTPaHCTBe CKBaxkuH. OTOO0p
3aKOJIOHHBIX Ta30IPOSBICHUN OCIIOKHSAETCS UX KPAaTKOBPEMEHHBIM XapakTepoMm. Takue
NpOSIBICHUS (PUKCUPYIOTCS MIPEUMYILIECTBEHHO B IMEPUOJIbl AKTUBHOTO TasHUSL CHEKHOTO
IOKPOBA MJIM OOMJIBHBIX OCaJKOB (BECHOH M OCEHbIO), KOIIa B IPUYCThEBbIX BOPOHKAX,
(bopMUpYIOLIUXCS B HEMOCPEACTBEHHON OMM30CTH OT YCThsl CKBa)KMHBI, HaOIromaeTcs
BBIXOJ] I'a3a Ha IOBEPXHOCTh. B 3T MOMEHTHI IPOU3BOAWIICS ONIEPATUBHBIN OTOOP Ia30BbIX

po0 AJIs JajabHEHIIEero aHaIu3a.

B mMecTax akTHMBHBIX ra3oBblie/leHHi B NPUOPEKHBIX yCJOBUSAX. /{715 MOHUTOpUHTA
MEXKCE30HHBIX M CYTOYHBIX BapHaluil M30TOMHOTO U KOMIIOHEHTHOTO COCTaBOB
My3bIPHKOBOTO Ta3a MPoObl OTOMPATUCh HEMOCPEACTBEHHO HAJ TOYKOM aKTHBHBIX
Ta30BBIICIICHUN € HMCIOJb30BAHHEM MAJIOMEPHOIO IUIABCPEACTBA U JailBEpoB. MecTo
0oT0Opa MPUYPOUYHBAIOCH K XapaKTEpPHOMY peibedy THa, 4TO 00eCleunBano yCTaHOBKY

HpI/I60pOB CTPOro B OAHOM U TOM K€ MCCTC Ha IMPOTAKECHUU BCEX CC30HOB.

Konmpons kauecmea oannsix u omopaxkoska pe3yibmamos

I[JISI IMOBBIIICHUA OJOCTOBCPHOCTU PC3YIILTATOB KaKIasd Hp06a rasa OT6I/IpaHaCB B ABYX

9K3CMILIApax, MoCJIC 4€ro IMPOBOAWIICA aHAJIMW3 HM30TOIMMHOTO COCTaBa YITICpOoaa. HOJIy‘IGHHHe

3HAUEHUS CBEPSUIUCh MEXIy co00il; mpu pacxoxkaeHuu MeHee 1%o MPUHUMAIOCH CpelHee

3HA4YCHUC.

IIpu otOope rasa u3 Ty0 JONMOIHHUTEIBHO, C LENIBI0 OLEHKH PENPE3CHTaTUBHOCTH, OBbLI

NpoBeAEH JeTalbHbI CPaBHUTENBHBIN aHadu3 HW30TOMHBIX XapakTepucTuk mpod. Cpenu

OTO6paHHLIX 06pa3u0B BCTPCHAJIUCh Ta3bl C MPAKTUYCCKHU HUACHTUYHBIMU 3HAUYCHUAMU

HN30TOIMHOI'O COCTaBa yrjiepoaa, 4To CBUACTCIBCTBYCT O IIOJIHOM COBIIAICHUH U30TOIMHOTO COCTAaBa

ra30B B BEpPXHEW U HIDKHEH yacTsax paspesa (TyOsr 2 u 10, Pucynox 16A).
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H-NeHTaH U-NneHTaH H-ﬁyTaH M—GyTBH nponad ITaH MEeTaH

T
n-G, uC, n-C. w-C, (o (o5 c,

30 -

-35
5°C
-40

= Hua TyBel 4
Bepx Ty 4 E

45 L T

10

== Hua TyBul 10
Bepx TyGel 10 A

Pucynox 16. Cpasnumenvuulii anaiu3 uU30MONHLIX XAPAKMEPUCUK —2A3080U CcMeclU,
0MOOPAHHBIX U3 pA3HLIX Yacmell paspesa ckeadicunvl 3: A-myoa 4, b-myoa 10.

B psane ciydaeB HaOmooanoch BBIPAXKEHHOE HM30TOIHOE (PPAKLMOHUPOBAHUE MEXKAY
BEepxXHe W HIKHEW dacTamMu TyObl (TyO6a 4, Pucynok 16b). OTu pasnuuus, BeposATHO,
00yCIOBJIEHBl H30TONTHO-OOMEHHBIMM pEaKLUUsSIMU MEXAy Ta30BOMl cMecblo M OypOBBIM
pacTBopoM. /{7151 mocneayrome HHTEPIpETAIH UCTIOIH30BAIKCH JAHHBIE 110 MPOOaM 13 BEPXHUX

gacTei TY6, KOTOPBIC B HalMEHBIIIEH CTeIIeHN OABCPrajinCb KOHTAMHUHAIINH.

24 Hcnoabn3oBaHue M30TOMHBLIX MapKeEpPoOB Jisl PCIICHHUA PAZHOIJIAHOBBLIX 3a/1a4 Ha

Pa3HBIX 3TANAaX re0J0ropa3BeJoYHbIX padoT.

Ha pasHpIX JTamax TeoJoropa3BelOYHBIX padOT KITFOUEBOW 3afadeid  sBIsieTCs
HENpPEephIBHOE YTOUHEHHE U BepU(UKALNS MPOTHOCTUYECKUX MOJENeH MOUCKOBBIX OOBEKTOB U
MECTOPOXKACHHI yTIIEBOMOPOIOB. DPPEKTUBHOE pEICHHE ITOH 3a1a4u TpeOyeT BCECTOPOHHETO
aHalM3a IapaMeTpoB, OMPEACISIOMUX (YHKIMOHHPOBAHHE M HBOJIONHIO YITIEBOAOPOIHON
CHCTEMBI B 0CaZI0OYHOM Oacceiine. M30TomHbIe NCClleIoBaHMS OPTaHHYECKOTO BEIIECTBA, TOPOIBI
U (rrouaa B HACTOSAIINI MOMEHT HIMPOKO UCIIONB3YeTC sl AJIs ONpeesieHns HeTera30HOCHOCTH,
TUMU3AlMA  OPTaHUYECKOTO BEIIeCTBA M MUTPALMU  YTIEBOAOPOAHBIX QumtougoB. OgHAKO
W30TOMHBIE MapKEPhl TAK)KE MOTYT MPUMEHSTHCS Ui Oojiee MIMPOKOro Kpyra 3anad. B pabore
MpeIaraeTcsl PacClIMPUTh CIICKTP PElIaeMbIX 3a/1a4 32 CYET MPUMEHEHHUsSI U30TOMHBIX MapKEPOB
MOPOJIBI K OPIaHUYECKOTO BEILIECTBA B KAU€CTBE JOMOJIHUTEIHHOTO aHAJTUTUYECKOTO HHCTPYMEHTA

Ha Ppa3HbIX IJTalax TIcoJIOroOpa3sBCIKH. HpeﬂnaraeMHﬁ Ioaxon obecrneyuT CYIICCTBCHHOC



51

IMOBBIIICHUEC ACTAJTBHOCTU MOJYYaCMLBIX PE3YJIbTATOB, YTO MMCCT KPHUTHYCCKOC 3HAYCHUC JIA

pEIICHUS Psiia TEOIOTOPa3BEAOYHBIX 3a/1a4.

Pezuonanvuwiti sman I'PP. Ha pernoHaabHOM »3Tame TeoJOropa3BeJOYHBIX paboT
OCHOBHOM 3ajja4eil ABJISIETCSA U3yUeHHE 3aKOHOMEPHOCTEH Ie€0JI0rHYECKOr0 CTPOEHUS 0CaJOYHbIX
0acceMHOB M OTAENbHBIX  JIUTOJIOTO-CTPAaTUrpa)uYecKuX  KOMIUIEKCOB JUIsl  BbIOOpa

NEepCHEeKTUBHBIX He(Tera3oHoCHbIX nHTepBasIoB ([TomsikoB A.A. u ap., 2023).

B pamkax »3TOro stama HM30TONHBIE MapKepbl MOTYT OBITh HCIIOJIb30BaHbl B KaueCTBE
JIONIOJTHUTEIBHOTO MHCTPYMEHTA ISl JINTOCTPATUTpapUUECKON KOPpEIsUuU U CcTpaTu(UKaiu
OnopHBIX pa3pe3oB (PucyHok /§). [IpuMeHeHre U30TOMHON F€OXUMHUH CIIEAYET OCYLIECTBIATh B
KOMIUIEKCE C JIUTOJIOTO-T€OXUMHYECKOH, (hayHHCTUYECKOM M MarHuUTO-CTpaTrurpapuueckon
XapaKTepUCTUKON pa3pesa. BeineneHue penepHbIX CTpaTUrpaduiyeckux TOpU30HTOB Ha OCHOBE
U30TONHBIX MapkepoB (PucyHok 17) BO3MOXHO TOJBKO IpPHU CTPOIOM KOHTpPOJIE CTEHEHU

COXpPaHHOCTH IEPBUYIHOI'O Kap6OHaTHOF 0 Marcpuaja.

Takol KOHTPOJIb BBITIOJIHSIETCS C IIOMOIIbIO HE3aBHCUMBIX TTapaMeTpoB (cM. paznen 2.1.1).
[Tpu OTCYTCTBUM TUAT€HETUYECKUX MTPE0Opa30BaHUi OMpeesieTCs] U30TOMHBIN COCTaB yIyiepoaa
U KHUCIIOpola B KapOOHATHOM Marepualie IO CTaHJAPTHOW METOAMKE, OIMHUCAHHOW BHIIIE.
Hurtepriperanusi mojiy4eHHBIX JaHHBIX OCHOBAHA HAa aHAM3€ M30TOMHBIX IKCKYPCOB, KOTOPHIE

OTpaXKalT KoJie0aHWE KOHIICHTPAIIMM VYIJICKUCIOTHl B CHCTeMe «JuTocdepa-arMmochepa-

ruapochepar.
Crparurpadudeckue Konrpors Hsoronroro H3oTonHBIE IKCKYPCHI
peTiepHble FOPH3OHTEL COXPAHHOCTH COCTaBa MopoJIbI (3150 613C)
Marepuana (6180 813C)

Pucynox 17. Cxema memoouueckoeo nooxo0a aHaiu3a U30MONHLIX MApPKepos Os
cmpamughuxkayuu paspesa.

Tlouckoso-oyenounwiti sman I'PP. OcHOBHasI 11€1b TTOMCKOBO-0IIeHOYHOTO ATana ['PP —
oOHapyXKeHHE HOBBIX MECTOPOXKICHHUM WM 3anexeil YB Ha yke OTKpBITBIX MECTOPOXKICHHSIX
(ITonsixkoB A.A. u ap., 2023). Ha sToM 3Tame W30TOMHBIE MapKepbl MOTYT OBITh 3((PEeKTHBHO
MPUMEHEHBI JJISl JIMTOCTPATUTPAUUIECKOTO PACUJICHEHHUsI pa3pes3a, a Takke Ui JETaTbHOTO
aHaJM3a MUKIUIHOCTH U BBIJICIICHUS TPAHCTPECCUBHO-PETPECCHUBHBIX IIUKJIOB OCATKOHAKOTICHUS

(Pucynok 19).



Ob6aactb MeTtonbl e
3anauu peruonajgbHoro 3rana ['PP o
NpUMEHEH U 2134 =
Onpeaeﬂeﬂue muna baccelna u MecmonooNceHus 00beKma uccieo08aHul 6 pECUOHAIbHOM
BoisiBJIeHHe 2€e0]102UYeCKOM nijiidHe
CTPYKTYPHOT0 AHanusz cospemenno20 cCmpykmypHo20 nIaHa pecuond

IJIaHA 0acceliHa

Pecuonanvroe mexkmonuueckoe paﬁOHupoeaHue

COGpeMeHHbl@ 2e00uHamMuyecKue 06CmaHoBKu

JIutoiioro- Cmpamugukayun onopHwix pape3oe (CKea)3cum, 00Ha3ceHuil)
crpaTurpaguyeckoe
pacu/ieHeHne Bvidenenue celicmo-cmpamuepaguueckux KOMNieKco8 U pecuoHanbHbIX HeCO2AACUI.
paspesa Buloenenue kpynHwvix mpancepeccusrHo-pespeccusHblX YUKI08 (KPYNnHOAUeuCmas YUKIUYHOCHb pa3pesa)
Oyenxa ckopocmu meKmoHUYeCKUX O8UICEHULL U paciem MOWHOCMU 3pOOUPOBAHHBIX OMIONCEHULL
TexToHMYecKHe P
PeKOHCTPYKIMH eKOHCMPYKYUsL NANIEOCIPYKMYPHO20 NIAHA

Pexoncmpyxyus mepmuneckoii ucmopuu pazgumus bacceina

Onucanue HCTOPUH
pa3Butus 6acceiiHa

HCUI@OZ@OZPCIQbM‘l@CKue PEKOHCMPYKYUU. Pexoucmpym;uﬂ 006CMAHOBOK OCAOKOHAKONJICHUS.

Bvioenenue smanog 2eonocuueckozo paseumus

ﬂumo—qbauuaﬂbuble KOMNIEKCbL OMAONCEHUL

I'eosiornveckue XapakTepucTUKU 00beKTa
AJs1 BbiiesieHusi 0a30BbIx kputepues HI'b

Onpenenenue
He()Tera3oHOCHOCTH

HTI'K. Bvidenenue pecuoHanvHbix Heme2a3oHOCHbIX KOMIIEKCO8

HI'MT. Bvioenenue HI'MT u ouaza negpmeeazoobpaszosanusi.
Konuuecmeo ceenepuposannvix ¥YB

Konnexmop. Bvidenenue unmepsanos pazeumust KOJIeKmopos

Darouooynop. Bvioenenue pecuoHaibHbIX Paroudoynopos

Jlosywika. Onpedenenue 0CHOBHbIX MUNOB I08YULEK PESUOHA UCCIe008AHUI.
Yenosus ghopmuposanus nogyuex

Mooenupoeanue npoueccos. Popmuposanus YB (8pems ux obpazosanus) u evloeieHiue 30H
Hegpmezazonaxonaenus. llpoenos pazosozo cocmasa YB.

Ounenka pecypcos

Buioop 30n (06vexkmos), nepcnexmugnvix na noucku YB. Oyenxa npozcrno3nwix pecypcos kamezoputl /11
u yacmuywo J[2

ba3zoBbie kpuTepumn
He(pTerazoHOCHOCTH

Pucynok 18. 3adauu u obnacmu npumenenus pecuonanvroeo smana I'PP (Ilonskos A.A. u op., 2023). Lugppamu ob6o3nauensvr munvi Memooos:

1- 2€0¢M3MH€CKM€, 2— ceosiocudecKue, 3 - ceoxumudecKkue, 4— eudpoeewzoeuqecxue, 5— UHIHCEHEPHO-NPOMDBICII06bLE
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Obaactb MeToabl °
3agaum nNoucKoBo-oeHoYHOro 3tana I'PP o
NpUMEeHEeHUus 4 A
213
Jlurosoro- Jlumonozo-cmpamuczpaghuueckas Koppenayus pazpe3oe u 30HAAbHbLI CUKEEHC- 3 E
crparurpadpuueckoe | cmpamuzpaguueckuil ananus. Boloenenue menakux mpanczpeccueHo-pezpeccusHblX YUK108 § 5=
pacuiieHeHue paspesal (ananu3z mOHKOU YWUKIUYHOCMU Pa3pe3a) E = <
- ¥ 8
Onpenenenne S % S
00CTAaHOBOK Ananuz rumogayui. Bvloenrenue numomunog u ux eHezuc S =
O0CAAKOHAKOIVICHUSA P~ e
BbIsIBJICHHE Onpedeﬂeﬁue MECMONONOHCEHUA TOBYUIKU onsa noucxoeo-pas’@edouﬂozo 6ypeHuﬂ 6 pECUOHRANIBHOM njlaHe

CTPYKTYPbI JOBYIIKH
U TEKTOHUYECKHUe

HI'F, 3HI'H. Onpedenenue cmpyKmypHo20 niana u muna J106yuiKu

Buisienenue asmanog (epemernu) hopmuposanus 108yuKu

peKo;;[T]E])-IIKuHH Ycemanoenenue ponu HanodcerHbix npoyeccos 30HAILHO20 YPOBHS 8 USMEHEHUU 2eOMeMPUL T08YUIKU U
PA3PYULEHUSL 3aNeXHCU
HI'MT. Onpeoenenue nanuuus (cooepcanus), cocmas u ceoiicmea OB. Kamazenemuueckas
3penocmu/npeodpazoeannocms OB u nopoo

MopeanpoBanue @Darouo. Onpedenenue cocmasa, c6oiicme u zenesuca YB, ux ceaszu no pazpesy

NMPoIECCOB MUTPAIUM
YB ot ouara k

u naowaou. Ceazo OB-ghnouo

Onpeodenenue Konuvecmea u munog YB,

3aJIeKu.
3ANOAHUBUIUX TIOGYUIKY
Onpeodenenue cocmaea u ceoicme
naacmogoii 600vt ¢ SHI'H
Co3nanne Ilopooa konnekmop. Bvidenenue nopoo-xkoniekmopos. Ananuz uibmpayuouHo-eMKOCHHBIX CBOUCHE.
KOHIENTYANbHOH | Aunanuz emopuunvlx usmenenuti ¢ nopoodax. Cmpykmypa nycmomuo2o npocmpancmed u Mampuybl
reoJ0ru4ecKoi HOpPOObL.
Moaean Buioenenue (puroudoynopos. Ananus Quibmpayuonsbix ceoticme.
MeCTOPOKIeHHS
(3as1e:Km) Onpeodenenue pasmepa 3anexcu. [Ipoenos nonoscenus 30n koumaxmos (BHK, I'HK, I'BK)

O1neHka 3amacoB

Oyenxa 3anacos obvexma 6 cymme kamezopuii kamezopuu C1 u C2

ba3zoBble kpurepuu HedTEra30HOCHOCTH

Pucynok 19. 3a0auu u oonacmu npumenenus nouckogo-oyenounozo smana I'PP (Ilonsikoe A.A. u op., 2023). Obosnauenus memooos cm. Pucynox 18
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Obnactp Mertonsl
3anauu pa3BenouHoro 3tana I'PP
NpUMeHeHus 1 (23|45

YTouHeHUuEe
CTPYKTYPHOTIO IJIAHA | YmoureHue 2eonioeuyecko2o cmpoerus 108y KU
JIOBYIIKH

Jeranu3anus
00CTAaHOBOK Ananuz rumogayuii u ymouHeHue ux epanuy pacnpocmpaneHus
0CAIKOHAKOTLJIEHUSI

I'eonnornueckue
xapakrepuctuk| Pe3s.

1 00bEeKTAa

Ymounenue nonosicenuss Konmypos 3anexcu. Ymounenue nonosicenusi 30u konmaxkmos (BHK, I'HK,
I'BK)

Ilopooa-Konnexmop. Bvisisnenue usmeneHuil puibmpayionHo-eMKOCHHbIX C8OUCHE NOPOO 8 NPedenax
3anexcu 8 3a8UCUMOCU OM 2eHe3UCa TUMOMUna nopoo

Co3nanne mepBUYHON

re0JIOrH4eCKoH . ®
MOTeTH Ilopooa-Konnekmop. Onpedenenue 61usHus 6MOPULHLIX GMOPUYHBIX USMEHEHUL HA CBOUCMEA
KOJUIEKMOpA 8 pe3yibmame Npucymcmeus/0eudicenus 8 Hém gaiouda (2a3, Hegpmo, 600a)
MeCTOPOKIEeHHUS

Ilopooa-Konnexkmop. Onpedenenue kanunaprnozo oasnernus. OuioudoHacbluyeHHoCmu (cmenenu
Hacviyenus,). Cmauugaemocmu nopoo

Daroudoynop. Onpedenenue huibmpayuOHHbIX CBOUCME PRIOUOYNOPA U USMEHEHUE UX 8 3ANeHCU

MonennpoBanmne Darwud. Yemanosienue ¢pazosozo pacnpedenenus YB no cocmasy u c8oUCmMeaM 8 3a1eHCU.
NPOLECCOB Xumuueckoe oxucienue, buodespadayus
akKymyasuuu YB B
3aJICKHU U IMOCT-

OnpeéeﬂeHue COCmaesa u c60UCMe NACmosoll 800bl 8 3ANENCU

AKKYMYJISIIIMOHHbIE
NMPoLecchl
Co3nanue Onpedenenue mepmoodaAputecKux yCioeuti 8 3a1exicu.
NPOrHO3HOIA 3ouvt ABIIJI/AHIL]. Ilpocro3 0ebumog cK8aicun
TUApPOIUHAMMUYEC-
KO# MojeJIn Onpedenenue MexaHuyeckux c60UCme nopoo-KOIIEKMOpo8 U Paioudoynopos
MECTOPOKACHUSA
Ilepeonenka Ymounenue eeonozuueckux u uzgniekaemuvlx 3anacog 3anedxcel (NPooyKmMueHbIX 20PU30HMO8)
3a1acoB mecmopodwcoenul no kamezopuam Cl u yacmuuno C2

Ba3oBble kpuTepun HepTera30HOCHOCTH

Pucynok 20. 3a0auu u oonacmu npumenenus pazeeoournozo smana I’ PP (Ilonaxoe A.A. u op., 2023). Obo3nauenus memooog cm. Pucynok 18




W3oTonHble HMCCNENOBaHUS OPraHMYECKOro BellecTBa M (IIIOMAa B COBOKYIHOCTH C
JIPYTUMH T€OXUMHYECKAMU UCCIICAOBAHMSIMH (TaKHe KaK (PU3UKO-XUMHUYECKUH, OMOMapKEPHBINA 1
Jpyrue aHajlu3bl) Ha 1aHHOM dTane ['PP mupoxo ucnonb3yercs A onpeneneHus U THIU3aiu
He(TEeMaTepUHCKOM TONIM, COCTaBa M CBOWCTB OpPraHMYECKOro BELIECTBA M MUTpalUu
YIIIEBOAOPOAHBIX (pi1ror10B. BoBlieueHre N30TOMHBIX MAPKEPOB TAKKe BO3MOXKHO JIJIS1 YTOUHEHHS
YCJIOBHM 0CaJIKOHAKOIUIEHHUs, TP KOTOPOM IPUXOINIIO 3aXOPOHEHNE OPTraHUYECKOTO BEIECTBA.
M30TONHBIE MapKepsl yIiepoJa OpraHMYeCKOrO BELIECTBA BapbUPYIOT B 3aBUCUMOCTH OT THIIA
OpPraHMYECKOr0 BELIECTBA M MOTYT KOCBEHHO YKa3blBaThb Ha THUIl OTJIOXEHUM MU YCIOBHS HX

dbopmupoBaHUsL.

B paMKax O3STOro HMCCJICAOBAaHUA IICPBBIM JTallOM OCYHICCTBIACTCA OKCTPAKIUA
OpTraHHU4YCCKOTO0 BCHICCTBA U3 IMMOPOALL (nonyquI/Ie 6I/ITYMOI/I,Z[8.) U Cro pasAaciicCHUC Ha

aHAJIMTUYECKUE TPyl 1o noasipHoctu (Pucynok 21).

TeHeTHYECKUIL THIT DKCTpaKIus H3oTonHbIit cocTaB H3oronnnie
OTJIIOKEHUI AHATTUTIYE CKUX MapKephl
. OpPraHnYeCcKoro KoHTpoJb PKEP
cOpMHUPOBAHHEIH B BeISCTBA H rpyIn OuTymoun/a, reHesuca

COXPaHHOCTH

OIMPEACIICHHBIX pa3aencHue Ha H30TOITHO- OpPraHn4eCKoro

Marepualia
00CTaHOBKaX aHAJIUTUYECKUE (fppaKHI/IOHHBIe BCIIICCTBA

0CaIKOHAKOIIIICHUS TPYIIIEL KPHBEIC (31°C)

Pucynox 21. Cxema memoouuecko2o nooxooa aHaiuza U30MONHuIX MApKepos OJisl AHAIUu3a
MPAHCSPECCUBHBIX-PESPECCUBHBIX YUKIIO8 OCAOKOHAKONIEHUS 8 pa3pese.

Jlanee mpoOBOIUTCS M30TONHBIA aHANU3 YIepoJa BCEX AaHAJUTUYECKUX (pakiuid ¢
00s13aTeNbHBIM KOHTPOJIEM HAJIOKEHHBIX BTOPUYHBIX HpoueccoB (cMm. pasgen "2.2.1"). Ilpu
OTCYTCTBUH CJIEJIOB BTOPUYHBIX H3MEHEHUI MHTEPIPETAINS TIOIYIEHHBIX JAHHBIX OCHOBBIBACTCS
Ha aHaJIW3e W30TOMHO-(QPAKIIMOHHBIX KPHUBBIX, OTPAKAIONIMX H3MEHEHHE THIIA HCXOIHOTO

OpTaHU4YCCKOT'O BCUICCTBA U, KAK CIICACTBUC, CMCHY YCJIOBI/Iﬁ OCAaJAKOHAKOIIJIICHHA.

Pa3zeedounwiii sman I'PP. Ha pa3BeoyHOM 3Tare reojioropa3BelouHbIX paboT OCHOBHOM
3ajauel sSBISETCS AeTallbHOE U3yUeHUE XapaKTepUCTUK MECTOPOXKICHUH U 3ajexel Uit BrIOopa
onTUMaNbHOW TexHosoruu ux pa3paborku ([TomskoB A.A. u ap., 2023). Ha manHOM »sTare
00001Iat0TCs  pe3yNbTaThl  M30TOMHO-TEOXMMUYECKUX  HCCIEIOBAHHMM, IOJy4YeHHblE Ha
PErHOHAJIBHOM M IIOMCKOBO-OLICHOYHOM Jdtamax ['PP, u wuHTErpupyrorcs B €AUHYIO
bronI0AMHAMUYECKYIO0 MoJieb. BoBieueHne pe3ynbTaToB M30TOMHBIX MCCIEI0BAaHUI MOPOBDI,
OpPTaHUYECKOTO BEIIeCTBA U (DIIOMA0B B MOJICTHUPOBAHIE AKKYMYJISIIHH U ITOCTAKKYMYISIITHOHHBIX
IPOLECCOB B 3aJ€KM  3HAUUTEIBHO  IOBBINIAET  JOCTOBEPHOCTh  IOJYYaeMBIX

bmronnonunamuueckux moxenen (Pucynok 20). Oto obecneunBaeT Oojiee TOYHOE MOHUMAHUE
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IBONMIONMKA Y B-CHCTEMBI B KOHKPETHOH 3alie)KH, YTO CHOCOOCTBYET ONTHUMH3AIMH CTpPATerui

pa3paboTKH.

[locnenoBarenbHOCTh W METOAMKA MOCTPOEHUS  (IIOMAOIMHAMMYECKOM MOJENH
IpuBeJleHa U OTpaboTaHa Ha €IMHOM OOBEKTe Ha IMpUMEpPe TIPyHl MECTOPOXKIACHUN

KpacHonennHckoro cBoaa.

2.4.1 Memoouka nocmpoenusn (aroudoounamuyeckoi mooenu

s dmoumonMHaMHYEeCKUX — PEKOHCTPYKIMM — Obla  oTpaboTaHa  METOAMKA
MOCJIEZIOBATEIbHOCTU  BBIMOJIHEHUS AaHAaJUTHUYECKUX HCCIIEIOBaHHUM, Ha OCHOBE KOTOPOM
OCYIIECTBIISIIACh HWHTErpalus, KaluOpoBka M BepuduKanus BcexX (AKTUYSCKUX NaHHBIX U
pe3yJbTaTOB B E€AMHYIO JIOrHYeckyio cxemy (Pucynok 22). Metoauka BKJIIOYAET HECKOJIBKO

OTalloB.

Ha mnepBom  3rame  mpoBOASTCS  DKCHEPUMEHTAIbHBIE  IE€OXMMHUYECKHE U
TUAPOT€OXMMHUUYECKHE HCCIIEOBaHUS HE(TU U BOIbL, (POPMHUPYIOTCS Macrnopra (QIoUI0B U
ONpEAEIAIOTCA KJIKUYEBBIE IIapaMeTpel I HMX CHCTEeMarh3aluu. B pamMkax H30TOIHO-
(paKkIMOHHOIO MOAXOa OCYIIECTBIAETCS XapakTepucTHka ouTymouaos (8'°C): onpenenenue
TUIIA OPraHUYECKOT0 BEIIECTBA U IPU3HAKOB BTOPUYHBIX IPE0Opa3oBaHuil. AHAJIOTMYHBIN aHATIN3
IIPOBOJUTCA Ul YIIEBONOPOAHbIX (monnos (8'°C) ¢ Hembio ompeseneHus THIA MCXOTHOTO
OpPraHMYECKOro BEUIeCTBAa, y4aCTBOBABIIEr0 B TeHepaluH (IIOUAO0B, OLEHKH CBS3H MEXIY
YDJIEBONOPOJAMH M OPraHMYECKHM BEIECTBOM, a TAK)KE BBIABICHMS INPU3HAKOB BTOPHYHBIX

npeoOpa3oBaHuil (QIONI0B.

Xapakrepuctruka VB ¢mronioB
(6'3C): ompenenenue Tuna
ucxoanoro OB, csasu VB - OB u
IIPH3HAKOB BTOPHYHEIX
npeobpa3zoBaHHi

XapaKTepHCTHKa OHTYMOHIOB
(8'3C): onpenenenne Tnna OB u
HPU3HAKOB BTOPHYHBIX
npeodpa3oBaHuii

XapakTepHCTHKA (IFOHIOB BOIBI
(8'%0, DH): tunmu3amus ¢GpaouaoB u
CBS3b ¢ BOJOHOCHEIMH I'OPI30HTaMHU

PEXHMOB Ha OCHOBE KapOOHATHBIX Ha OCHOBe VB H BOIHBIX ()IIOHIOB
nopox (8!80), MuHepaabHOTO NPOTYKTHBHEIX HHTEPBAJIOB II0
COCTaBa, aHAIN3a Ia30BO-KAIKIX IUIONAJ H PA3pE3y
BKIFOTCHHI

nponeccoB (ronnos Bogsl (6150,

DH), VB- OB (8!3C), xapboHaTHEIX
nopox (8'3C, 3'%0) u cBs3b ¢
HpeO6paSOBaHHOCTBIO OB

KOMILTEKCHEII aHAIH3 BTOPHYHBIX ; Onpezenenne TeMIeparypHBIX OmnpeencHne reHeTHYECKOH CBA3H

[ PnrongoIHHAMHEYECKHE MO/Ie/In/ IIOCTPOEeHHe eTHHOH MOoXeJIH METPAHH (JI0HI0B. ]

Pucynox 22. @nroudoounamuueckue pexoncmpyxkyuu. Memoouueckue nooxoowi.
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BaxurniM sneMeHTOM MMOCTPOCHUA 06meﬁ MOZCIIN ABJIACTCA XapaKTCPHUCTUKA U30TOITHOI'O
coctaBa Boasl (880, DH), Ha OCHOBE KOTOpOil COBMECTHO C T€OXMMHUYECKHMMH KPHUTEPHAMH
NPOBOAMTCS THIHU3AIUsS (DIFOMIOB MO UX TEHE3UCY U CTENCHW BTOPUYHBIX MpeoOpa3oBaHmii. Ha
CICOAYIOICM 3TallC IO COBOKYITHOCTHU MApaMETPOB OLICHUBACTCA CBA3b YITICBOAOPOAHBIX (p.HIOI/II[OB
C BOJOHOCHBIMU T'OpHU30HTaMM JJIsI OIIPCACIICHUA CTCIICHU (bHIOI/I)IOI[I/IHaMHLICCKOfI CBSI3AHHOCTH
o paspe3dy MecTtopoxkaeHusi. [Ipu 3TOM ydWTHIBaJach HE TOJBKO COBPEMEHHAs, HO U
ucTopuueckas (IIOMAOAMHAMUYECKAs CBsI3b MEXIY 3ajiekaMd, CYyIIeCTBOBaBIIas paHee B

npouecce GOpMUPOBAHUS MECTOPOKICHUSL.

Jli1g mocTpoeHus TUAPOAUHAMUYECKUX MOJIENIeH MECTOPOXKIEHU I HE0OXOMMO MPOBOAUTD
TEOXUMHUYECKHE HCCIEAOBAHMS YITIEBOJIOPOAOB, OPraHUYECKOTO0 BEIIECTBA U BOJ Pa3IUYHOIO
re’esuca (IIacTOBbIX, JUIs MOAAEPKaHUs IUIACTOBOTO JaBJICHHUs, Ul TuApopaspeiBa miacta). Ha
OCHOBE aHaJIM3a MaKpO- U MHKPOJIEMEHTHOIO COCTaBa BOJAbI U HE(TH, U30TOIHOIO COCTaBa U
COJIEpKaHUsl pPeAKO3eMEeNbHBIX 37eMeHTOB (P3D) crnemyer BblIENATh TUAPOTEOXUMHUYECKUE
rpynnsl (GIOUI0B. DTU TPYIIBI JSITYT B OCHOBY OMNpEAENeHUs] TUAPOIUHAMUYECKUX CBSA3CH B
Pa3sHOBO3PACTHBIX MHTEPBAjax pa3pesa W Ui MPOrHO3a 30H C pa3iMyHbIM (ha30BBIM COCTABOM

¢ronI0B.

B cTpykType aHamUTHYECKUX N30TOMMHO-TEOXUMHUUECKHUX UCCIIE0BAaHUI 0c000€ 3HaueHHE
UMEEeT OLIEHKa TeMIepaTypHBIX PEKUMOB B X0Jle UCTOpUU (OPMHUPOBAaHUS HE(DTEra30HOCHOCTH.
OneHka TtemIeparyp NpPOBOAMTCS Ha OCHOBE AHAIN3a T€OXUMUYECKHX XapaKTEPUCTHK
YIJIEBOJOPOAHBIX (DIIOMIOB M BOJBI, H30TOIMHOTO COCTaBa KUCIOPOJa KapOOHATHBIX MOPOJ, UX
MUHEPAJIIBHOTO COCTaBa, a TAK)XKE aHajgu3a TIa30-XUAKOCTHBIX BKIIOYEHHH C IPUMEHEHHEM
pacueTHBIX TeoTepMoMeTpoB. Ilocie KOMIIEKCHOrO aHanu3a BTOPUYHBIX IIPOLIECCOB,
MOBIIMSBIINX Ha U3MEHEHUE M30TOMHOIO cocTaBa (IIIOUIOB U MOPOJ, (HOpMUPYETCS UTOTOBBIN
HPOTHO3 (DIFOMIOMHAMUYECKOM MOAENnN paiioHa HMCCIEeOBaHUN W CTPOUTCS €AMHAs MOJEIb

murpanuu (Pucynok 22).

BriBoanl k ItaBe 2

I'maBHBIMHN pe3yiibTaTaM TPOBCACHHBIX HM30TOMMHBIX MCETOANYCCKUX HCCIIeIOBaHUM

SABJIAIOTCSA CIICAYIOIHUMMU:

1. ITpoueaypa MOATOTOBKH 0OPA3IOB OMpeIesieTcsl HeIsIMU MOCIEIYIOIIEro UCCIeOBaHNUS,
a METOJMKa aJanTUPYETCs B 3aBUCHMOCTH OT cCHenupuku u3ydaemMoro ooOwnekra. KoHTpomb

Kau€CTBa JaHHBIX U OT6paKOBKa HCOOCTOBCPHBIX PC3YJIbTATOB ABJIAIOTCA HGO6XOZ[I/IMI)IMI/I
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YCIOBUAMM IJIA NOJYUCHUA PCIPC3CHTATUBHBIX JAHHBIX U IPCAOTBPAIICHHA q)paKHI/IOHI/IpOBaHI/Iﬂ

WJIM KOHTAMHMHALIUK U30TOITHOTO COCTaBa JETKUX AJIEMEHTOB (YIIepo/a U KUCIOPOAa).

2. Pa3paboraHHBIif METOA aHaJKM3a U30TOIMHOTO COCTABA ra3oBbIX MPOO, OTOOPAHHBIX U3 TYO
KepHAa C TOYHOW CTparurpaduyeckoil MPUBS3KOH, OOCCIEUYMBACT JETATBHYIO THITHA3AIUIO

HNCTOYHUKOB I'a30BbIX YITIEBOAOPOAOB U ITO3BOJIACT IIPOBOANUTE UX TCHETUYCCKYIO HHTCPIIPETALIUIO.

3. I/IHTGI‘paL[I/ISI HU30TOIIHBIX METOAO0B NCCICAOBAHNA JIETKHUX JIEMEHTOB C MIOCJIC10BATCIbHBIM
KOHTPOJIEM Ka4€CTBa JaHHBIX CYIHICCTBCHHO IMMOBLIIIACT JOCTOBCPHOCTDL PE3YJILTATOB U paCIINPACT

BO3MOXHOCTH PCHICHUA 3aa4 Ha BCEX dTallax reojioropa3sB€104HbIX pa60T.

TakuMm o0pa3om, MO:KHO copMyTHPOBATH NEepBoOe 3alHUIaeMoe MoJoxenue. Materpamus
JETaNU3UPOBAHHOTO HM30TOMHO-TeOXUMHUUecKoro mnoaxona (mopoma—OB—dmiona) B mporeccsl
Te0JIOropa3BeIOuHbIX paboT B COYETAaHHWU C TEONOro-reo(U3MUeCKMMH METOJaMHU TOBBIIIAET
JETANTBHOCTh M HAJIE)KHOCTh T€OJIOTHUECKHUX MPOTHO30B MPHU PEIICHUH 33134 cTpatudukanuu u
aHaJM3a [MUKIMYHOCTH CTPOCHUS pa3pesa, TUITU3alUK UICTOYHUKOB reHepanu (IIIOHIOB, OIICHKN

MUI'paluy yrii€BOAOPOAOB U IIOCTPOCHHA (bJ'IIOI/II[OI[I/IHaMI/ILIeCKI/IX MO,I[GJ'IGfI.
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T'JIABA 3. U30OTOIIHBLIE MAPKEPHI U151 CTPATUOUKAIIUU
PA3PE30OB*

Mexanusmbl  GOPMHUPOBAHUSI H30TOMHBIX 3KCKYpPCOB B (haHEpO30€ pazIWYHBI, YTO
00yCJIOBJIMBAaET HEOOXOAMMOCTh HMHAMBUAYAJIBHOTO IOAXOJa K HMX aHAIW3y s KaXIou

T€0JIOTUYECKOM SITOXH.

W3oronHas 3amuch yriepoaa B majieo3oe B padoTe MpOAEMOHCTPUPOBAHA HA IpUMEpe
OTIOPHOTO pa3pe3a BEPXHEKeMOPUICKUX OTiIOkeHUH p. Maoi Uyn rora Cubupckoit miatopmsl.
[mobanpHble  aHOKCHYECKHE COOBITHS, a TakKe pErHoHalbHbIE TPAHUIBI  CMEHBI
nasieoreorpauueckux OOCTAHOBOK OCAJKOHAKOIUIEHUS OBUIM MPOCIEKEHBI C MOMOIIBIO
W30TOMHBIX MapKepoB B ME30-KaWHO30MCKMX 0caJouHbix Ttoimmax Kpeivcko-KaBkasckoro
peruona. Ilo ormenbHbIM paspe3am Kpeima m CeBepo-3amamnoro Kamkaza Obuia coOpana
KOJUICKIIHSI KapOOHATHBIX MOPOJI, MOCIEI0BATEIbHO OMMCHIBAIOIINX pa3pe3bl BEPXHETO Meja U
najneoreHa. CeHoMaH-TypOHCKHE OTJIOKEHUs uccaenoBanuch B Kpeimy Bo Bpese p. butok-Kapacy;
TYpOH-KOHBSIKCKHE OTJIOKeHUs u3yyanuch Ha CeBepo-3amagHoM KaBkase; morpaHu4HbIE Mel—

J30LCHOBBIC OTIIOXKCHHUA UCCIICAOBAJINCh HA AK-K&H, d S0 CHOBLIC OTIIOKCHUA aHAJIN3UPOBAJIMCH B

3 HpI/I IMOATOTOBKE MOAHHOIO pa3aecia AJucCcepTalvuu aBTOPOM HCIOJb30BAHBI CJICAYIONIUC

MyOJIMKaLMK, BBHIIIOJIHEHHBIE aBTOPOM JHMYHO WM B COABTOPCTBE, B KOTOPBIX, cornacHo IlomoxeHuro o
MPUCYXACHUM Y4eHbIX cTeneHedl B MI'Y, oTpakeHbl OCHOBHBIE PE3YJBbTATHI, MOJOXKEHHS M BBIBOJBI
UCCIICIOBAHUS:

1. Pavlov V. E. New Carbon-Isotope, Conodont, and Magnetostratigraphic Data from the Key
Kulyumbe River Section (NW Siberia) and the Problem of Location of the Cambrian-Ordovician Boundary
on the Siberian Platform / V. E. Pavlov, A. V. Dronov, T. Y. Tolmacheva, E. A. Krasnova, A. N. Larionov
// Recent Research on Sedimentology, Stratigraphy, Paleontology, Geochemistry, Volcanology, Tectonics,
and Petroleum Geology : in 2 vols. / publisher: Advances in Science, Technology & Innovation. — Springer,
2024. — Vol. 2. doi:10.1007/978-3-031-48758-3 12 (0,2 n.11., aBTOpCcKMiA BKIax 25%).

2. JlaremoBa M. P. Okeanmueckoe Oeckucnopoanoe coobitne (OAE2) Ha rpaHune ceHoMaHa U
TypoHa B pa3pese p / M. P. Jlareimosa, JI. @. Komaesny, A. I. Kanmeikos, A.B. I'yces, E. A. Kpacnosa //
Poccwiickwii ' ocynapctBennslii | eonmoropa3senounsiii yansepcuteT nmeHn Cepro Opmxonnkuaze — 2020.
—T. 1. - C. 134-137. ISBN: 978-5-6045456-1-4 (0,1 n.11., aBTOpCcKUii BKIax 25%).

3. JIeruaa E. A. DomeHoBas ceificMuuHoCTh M maneoreorpadus LlentpamsHoro Kpeima / E. A.
JIeruna, H. B. IlpaBuxosa, E. P. Umxkona, T. FO. Teeputunosa, E. B. fxosummnaa, A. M. Hukumma, M. B.
Koporaes, A. B. Tesenes, E. A. Kpacnora, B. JI. Kocopykos, E. H. Camapun // BectHrk M0OCKOBCKOTO
yauBepeutera. Cepust 4: I'eonorus. —2022. — T. 5. — C. 68-77. do0i:10.33623/0579-9406-2022-5-68-77 (0,9
IL.J1., aBTOpcKuil Bkinax 20%). Mmnaxr daxrop PUHIL: 0,301

4. SxoBnmmaa E. B. KnuMarudeckue QuykTyanuu ¥ ycIOBUS CEAMMEHTALUH TYPOH-KOHBIKCKUX
omioxenuit CeBepo-3anagnoro Kaskasza / E. B. fxosumuna, C. U. Bopnynos, JI. @. Konaesuu, []. A.
Hetpeba, E. A. KpacunoBa // Crparurpadus. ['eonoruueckas xoppemsius. — 2022a. — T. 30. — Ne 3. — C.
41-61. doi:10.31857/50869592X22030061 (1,6 m.i., aBropckuit Bkian 25%). Ummakr daxkrop PUHILI:
1,418

5. Sxoummaa E. B. O rpaHuie TypoHCKOTO B KOHBSIKCKOTO sipycoB CeBepo-3ananHoro Kaskasa / E.
B. SxoBummna, C. W. bopaynos, JI. ®@. Komaesuu, E. A. KpacuoBa, JI. A. Herpeba // BectHuk
Mockosckoro  yHuBepcutera. Cepuss 4: Teomorms. — 2022b. — T. 4. — C. 34-43.
doi:10.3103/S0145875222050179 (0,7 n.1., apropckuii Bkaan 25%). Umnakr pakxrop PUHLL: 0,301
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paspe3ax r. CyBny-Kas B Kpeimy (JlareimoBa M.P. u np., 2020; Jleiruna E.A. u ap., 2022;
SAxopummna E.B. 1 np., 2022a, 2022b).

3.1 H30TONHBIA C€OCTAaB yIUIEpOaa M KHCIOPOAA B MAJE030MCKHX OT/IOKEHUAAX: HaA

npuMepe kemopuiickoro paspesza Bocrounoii Cudbupu

OTnoxeHusi MO3JHEKEMOPUICKOrO BO3pacTa HIMPOKO PpAacIpOCTpaHEHbl Ha IOre u
10ro-Boctoke Cubupckoil miarGopMbl U MPECTaBICHbBI B OCHOBHOM MOPOAAMH BEPXOJIEHCKON
cepuu, KOTopas B 3aBUCUMOCTH OT pEruoHa JIeNnuTcs Ha BepxoiieHckyro (Bepxuss Jlena,
Bepkonena) cBUTY, WIBIMHCKYIO CBHUTY, XaHIUHCKYH CBUTY M JAp. CBHUTBI 3TOro BO3pacra
(BepxoJieHCKasA, XaHAMHCKAasl, WITMHCKAs) 3aBEPIIAIOT KeMOPHUIICKUI 3Tall pa3BUTHUSI 0CAJ0YHOTO
yexJia, Ha4yaBIIMICS ¢ MHUPOKOMAcIITaOHOM BeHI-paHHEKEMOPUNCKOM TpaHCTPECCHH, TIPUBEIIIEH
K ()OPMHPOBAHUIO OIPOMHOTO MEJIKOBOJHOI'O KOHTHUHEHTAJILHOTO OacceiHa, ¢ IpeuMyIeCTBEHHO
KapOOHAaTHBIM PEXHMOM OCAJKOHAKOIUIEHUS, KOTOPBIM TOKPBIBAN, MPAKTHYECKH, BCIO

tepputoputo Cubupckoil miaTQopmsl.

3.1.1 Oobvexkm uccnedosanus u KOHMPOib COXPAHHOCHIU Mamepuaia

N3yuaemslit paiion oTHOcUTCs K okpauHe Cubupckoii miaaropmbl U IpeACTaBiseT co0oi
HauOoJee ceBepHyo yacTh baiikano-IlaToMckoro ckimamuaro-casuroBoro mnosica (Pucynok 23A).
Bpewms 3aBepiuaromiero CkiagkooOpa3oBaHHs B PEruoHE SBISIETCS NPEIMETOM JTUCKYCCHM
(Bopun F0.A. u np., 2009; MeanoB A.W. u ap., 1995), ogHako OONBIIMHCTBO UCCIIeIOBATENEH
CKJIOHSIETCSL K TOMY, YTO OHO MPUIIOCH HA MHTEPBAJl OT CPEJHEro KapOoHa 70 paHHEH nepMu
(Shatsillo A.V. et al., 2014). ®ayHucTudyeckre OCTaTKH (TPUIIOOUTHI U KOHOJOHTHI) B pa3pese
BCTPEUAIOTCS  PEOKO, a JETPUTOBbIE ILHMPKOHBI  OJHO3HAYHO  YKa3bIBAalOT Ha  €ro

BepxHekeMOpuiickuii Bozpact (Gladkochub D.P. et al., 2022; Yadrenkina A.G. et al., 2010).

OcHOBHOI1 pa3pe3 u3y4eH Ha mpaBoM Oepery p. Manas Yysi, mpuMepHO B 8 KM BBIIIE MeCTa
e€¢ BnageHus B p. bombmas Yys (Pucynok 23 b, B). Pa3pe3 Bximouan: BEpXHIOO 4acThb
BEPXOJICHCKOM CBUTHI (MOIIHOCTE ~ 105 M; KpacHble, KpacHO-Oypble U 3€JIE€HOBATO-CEphIe
aJIeBPOJIUTHI C U3BECTKOBBIMHU MPOCIIOSIMU ); IIBTUHCKYIO CBUTY (MOIHOCTH ~ 165 M; yepenoBanue
KpPacHBIX U KpPacHO-OypBIX M3BECTKOBHCTHIX AaJIEBPOJIUTOB U CIAHIIEB C MPOCIOSMHU CEPOTro
M3BECTHSKA); HIKHIOIO YacTh YCTbKYTCKOM CBUTHI (MOITHOCTH > 100 M; cepble U CBETIIO-CEPbIE
M3BECTHSIKM M JIOJIOMUTU3UPOBAHHBIE M3BECTHSKU C PEAKUMH IMPOCIOSIMHU CEpOro NeCcHaHHKa).
Bcero 6b110 0TOOpano B crpaturpaduueckom nopsiake 332 obpasma (¢ uHTepBasioM 1,5-2 M), U3

KOTOPBIX 192 6v110 B]':»I6paH0 AJIL aHaJIn3a U30TOIMHOTO COCTAaBa yrjiepoda U KUCJIopoaa.
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Chopho

1-N-Q.2~-0,.3-04~-Cm;. 5§-Cm,;. Cm,.
7 — NONOAKEHHE H3YMEHHOTO paspesa

Pucynox 23. Ilonosxcenue uzyyennozo paspesa na: A — na ceonozcudeckoii kapme Bocmounou
Cubupu, b — obwuii 6uo uzyuenHoeo oonadxiceHus kemoputickux omaodcenuti (Paviov VE., ..
Krasnova EA, et al., 2024).

I{J’IH KOHTPOJIA CTCIICHU COXPAaHHOCTU U OTCYTCTBUSA BTOPHUYHBLIX IUAICHCTUYCCKUX

npeoOpa30BaHMI NCCIIEAYEMOTO MaTepralia ObITH YUTEHBI CIIEAYIONIAE 0COOEHHOCTH pa3pesa:

e Jlnsa BEepXHEKeMOPUI-OpJOBUKCKOIO KapOOHATHOTO pa3pe3a KpUTHUUYECKUM 3HadeHueM d'°0,
no3BoJSIOIIMM  AuddepeHurpoBaTh ~ HauMeHee  M3MEHEHHbIE M CYIIECTBEHHO
npeoOpa3oBaHHbIe 00pa3Iel, Ob1T0 TPUHSATO -10,0%0, VPDB (Brand U. et al., 1981; Nelson C.
et al., 1996). OToT MOPOroBhIil ypoBeHb COOTBETCTBYET nuana3zony 6'%0 ot -11,1 mo -8,2%o,
VPDB, xapakTepHOMYy Ui XOpOIIO COXPaHMBIIETOCsS KajblIUTAa HHUKHEOPJOBUKCKHUX
Opaxuornos, OTpakalouleMy IMEpBHUYHBIA H30TOMHBIM COCTaB MOPCKOWM BOAbI (TNI0OanbHOE

cpenHee 3HadeHue ~ -9,3%o0; Shields et al., 2003). B uccrnenoBaHHOW KOJJICKIIUU 3HAYCHUS
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080 mpemMyIeCTBEHHO BapbHpOBaN OT -7 10 -11%0, VPDB, X0TS B OTIENBHBIX 00pa3iax
pocturamu -12...-13%o0, VPDB u wHmwke. [l MUHAMH3aIMH BO3MOXXHBIX HCKaXXCHUM,
CBSI3aHHBIX C AMAr€HETHYECKUMH U3MEHEHUSAMH, U3 aHaIH3a ObUTH UCKITIOYEHBI BCE 00pa3Iibl

¢ 8'%0 < -10%o, uTo MO3BOMMIIO MONYUUTH Gonee uéTkuii §'°C-npoduns.

e JOMONHUTENLHBEIM apryMEHTOM B IIONB3Y XOpPOIIE COXPAHHOCTH MAaTepHana CIIYXKUT
OTCYTCTBHE CTATHCTHYECKH 3HAUYMMOH IONOKHTENHHOH KOPPENSAIME MEXLy 3HAYeHHAMU
33C u 80 (R* = 0,09), uTo MCKIIOYAET CYIIECTBEHHOE BIHMAHHE MPOLECCOB

JAUAarcHCTU4YCCKOro Hp606pa30BaHI/I$I " CMCIICHHUA U30TOIMHBIX XapPaKTCPUCTHK.

3.1.2 Pe3ynomamul u30monHuIX UCCAE008AHULL

Crparurpaduyeckuii xapaktep wu3MeHeHHs 3HadeHU 0°C B HM3y4eHHOM pazpese
npenctasieH Ha pucyHke (PucyHok 24). OcHOBHBIE 0COOEHHOCTH, KOTOPhIE MOKHO HAOJIIOaTh B

3TOM HpO(bI/IJ'Ie, ABJIAAIOTCA ABA BBIPAXKECHHBIX M30TOITHBIX 9KCKYpCa.
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Pucynok 24. Pe3ynbmamul u30monHo20 anaiuza y2nepooa KeMOpuicKux omiodceHull paspesa
npagoeo bepeza p. Manas Yysa (Paviov VE., .. Krasnova EA, et al., 2024). Mescoynapoonas
XpoHocmpamuepaguyeckas wkaia, u oowas cmpamuepaguueckas (2eoxpoHOIocUYecKdst)
wxana (Gradstein F. et al, 2020, Tlocmanoenenuss  MexceedomcmeeHHO20
cmpamuepaguieckoco Komumema u e2o NOCMosiHHbIX Komuccut, 2019).
[lepBriii npencranisier co0OM HMIMPOKUN MONOKHUTEIbHBIA 3KCKYpPC, HAUWHAIOLIUKCS C
CaMOro OCHOBaHUS pa3pe3a M XapaKTePH3YIOMIMICS OTHOCUTEIHLHO OBICTPHIM POCTOM 3HAYCHUH

d13C or +0,1- +0,3%., VPDB Yy HWKHEW TPaHHULBl UCCICAOBAHHOW MOCIEIOBATEIBHOCTH 0

MMKOBOTO 3HaYeHUs 0KOJIO +3%0, VPDB Ha ypoBHe nmpumepHO 42 M BbIlLIE HaYaIa IKCKypca. 3areM
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3HAUEHHUs TOCTENEHHO YMEHBINATCS 10 +2,9%0 Ha ypoBHE OKOJIO 75 M; MOcCie WHTEpBaia
npuMepHo B 18 M (CBA3aHHOTO C OTCYTCTBHEM KapOOHATOB B JaHHOM CTpaTUrpaduueckomMm
MIPOMEXKYTKE) HAOMIOMAaeTCs 3aKIIOYUTEIBHBIA 3TAll 3TOTO0 AKCKypCa, IIe MPOUCXOAUT MaJeHue
3nagenus 6°C or +0,9 no +0,1-0,2%o0, VPDB. B 001mmeii CIOXHOCTH 3TOT TOJOKUTEIbHBIH
sKCKypc onpezensercs rno 30 odpasiaM 1 0XBaThIBaeT MPUMEPHO 90-METPOBBIN HHTEPBAT HIKHEN
YaCTU M3YYEHHOro paspe3a. B BepxHell 4acTH BEpXOJIEHCKOW CBUTHI U NMPAKTHUYECKU HA BCEM
MPOTSDKEHUU UITMHCKOM CBUTHI 3HAUCHUS 813C xonebmotes okono 0%, VPDB, ¢ BO3MOXHBIMU
HEOOJBIINMU MOJIOKUTEIBHBIMU M OTPULIATENILHBIMU SKCKypCaMU Ha ypoBHsX okoio 108 u 246
M, C aMIUTATyAaMu TTpuMepHO +1%o 1 —1%o cooTBeTcTBeHHO. Haunnas ¢ ypoBHs 244 M, 3HaYEHUS
8'*C HAUMHAIOT CHMKATBCS, TOCTHras MUHUMAIBHOTO 3HaueHns —2,3%o, VPDB Ha ypoBHE 0K0JI0
255 M u 3aTeM BO3Bpaliasich K 3Ha4eHUsAM, Onu3kuM Kk 0%o, VPDB, Ha ypoBHe npumepHo 280 M.
Takum 06pa3oM, HECMOTPS Ha HEKOTOPBIH «IrymM», 3amuc 6'°C 4éTko yKa3plBalOT HAa HAJIUYME
BBIPAKEHHOTO OTPHUIATEIIBHOTO HM30TOMMHOTO JKCKypCca Ha WHTEPBAajie, OXBATHIBAIOIIEM CaMylO

BEPXHIOI0 YaCTh WITMHCKON CBUTHI M CAMYIO HUKHIOIO YacTh YCTKYTCKOM cBUTHI (PucyHok 24).

[IpunuMas BO BHUMaHHE BO3pACTHBIE OTPAHUYEHUS, ONMCAHHbIE JIJISl TAHHOTO pa3pesa, 1
100AIbHYI0 KOMIWISIITUIO JAHHBIX IO 3BOJOIHH 31C B mo3muem KeMOpHUH, TIPEICTABIACTCS
BIIOJIHE OOOCHOBaHHBIM KOPPEIHPOBATh OINMCAHHBIE TOJOKHUTEIbHBIA M OTPHUIATEIbHBIN
AKCKYPCHI B HIDKHEW M BEpXHEH 4acTAX pa3pe3a v, COOTBETCTBEHHO, C TNI00ATbHBIMHA U30TOTHBIMU
anomanusmu SPICE u TOCE (Gradstein F. et al., 2020; Pavlov V.E. et al., 2024). Takum oGpa3om,
MBI IIPUXOAUM K TOMY € BBIBOAY, 4TO U byskailite M.M. ¢ coaBropamu, OAHAKO Ha OCHOBAaHUU
cymecTBeHHO Oonee aetanbHBIX MaHHBIX (byskaiite M.U. u np., 2019). bBonee Toro, Hamm
pesynbTarel 10 6'°C MO3BONSAIOT yTOYHMTH BO3PACTHON AMANa30H (POPMHUPOBAHUS M3YYEHHOTO
paspesa: pu CpaBHEHUU C TIIOOABHBIM CHHTE30M JaHHBIX OHU YKa3bIBAIOT, YTO €r0 HAKOIUICHHE
MIPOUCXOJWIIO B UHTEpBaJie MPUMEPHO OT ~497-496 no ~490 miH et Ha3aa U, TAKUM 00pa3oM,

MPOJI0IKANOCh He MeHee 6 MuuTroHOoB JieT (Gradstein F. et al., 2020).

Takum o00pa3oM, KOMIUIEKCHBIM aHajiu3, BKIIOYAIOIIETO aHalu3 H30TOMHOTO COCTaBa
yIiiepoia, OMOPHOTO pa3pe3a BepXHEKeMOpHilcKuX oTiaoxeHui p. Mamnoir Yyu mo3Bonui
MOATBEPAUTH U YTOUYHUTH T€OXMMHYECKUE aHOMATUU 3!3C SPICE u TOCE. B cBsi3u ¢ TeM, 4To
TH aHOMAaJIUM HMEIOT IJIAaHETApPHBIM XapakTep, MOATBEP)KIECHHWE HMX HaIM4YMs B pa3pesax
BEPXOJICHCKOM CEpUM TIO3BOJISIET PEIIMTENIbHO TPOABUHYTHCS B  PEIICHUH TPOOJIEMBI
crparurpadun BepxHero kemOpus tora Cubupu. IlomyueHHbIE pe3ynbTaThl MOTYT OBITh
WHTETPUPOBAHbl B aHANU3 STANOB I€OJOTUYECKOTO PA3BUTHUS TEPPUTOPHH ISl TIOMCKAa HOBBIX
MECTOPOXKACHHIA U TIPOTHO3a HE(TETa30HOCHOCTH B BEHI-KEMOPUICKUX OTIOXKEHHIX BocTouHOM

Cubupu (Caytkun P.C. u np., 2025).
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3.2  H3oTomnHBIii cOCTAB yIi1epoaa U KMCJIOPOaa B Me3030iCKHX OTJI0KEHHUAX: HA MpUMepe

CeHOMAaH-TYpPOHCKOro pa3pe3a llearpaabnoro Kpsima

N30TOMHO-TeOXMMUYECKHE MCCIIEIOBAHNSI CCHOMaH-TYPOHCKHX OTJIOKEHUH BBITIOIHEHBI
Ha oOpasuax mopon wu3 paspe3oB LlentpamsHoro KpeiMma mo peke butok-Kapacy. Hx
cTparuduKanys MPOBOAMIACH TIO KOMIUIEKCY Qopamuaudep, OMHMCAHHBIX B padore
(JIarermoBa ML.P. u np., 2019a). B nanHO# paboTe MpuBEACHBI TAaKXKE JAETATbHOE JTUTOIOTHIECKOE
ONHMCAaHHWE pa3pe3a, C COMYTCTBYIOIIMMH ONHCAHUSAMH [UIM(GOB U TEOXUMHUICCKUMU
UCCIICIOBAHUSAMH, B YACTHOCTH, pe3ylbTataMH peHTreHodaszoBoro anHammza (PDA) wu

MUPOJIUTUICCKUMHU XapAKTCPUCTUKAMHU ITOPOA.

Lenpt0o M3yuyeHHs CEHOMAH-TYPOHCKHX OTJIOXKEHUH SBUJIOCh BBLICIIEHHE B paspese
WHTEPBAJIOB, KOTOPbIE MOTIIH (HOPMUPOBATHCS B YCIOBUSAX MOOATBFHOTO aHOKCHYECKOTO COOBITHUS
OAE-2. Jlns storo OBUIM MPOBEIEHBI HCCIICIOBAHHUS COOTHOIICHUS CTAOWIBHBIX H30TOIOB
yIjepoaa W KHCIOpOnAa, Pe3yJbTaThl KOTOPBIX OBUIM COIMOCTABJICHBI C paHee HW3YYCHHBIMHU

paspeszamu B [opHom Kpeimy (paspes 1. Akcy-/lepe u . CenbOyxpa, (JleButan M.A. u ap., 2010).

3.2.1 QOo6vexkm uccieoosanusn

B ocHOBY paboThI MOJIOKEH Marepuaj, OTOOpaHHBIH B TeueHHUE MmoneBoro cezona 2017-
2018r. B LenTpanbHoit yactu Kpsimckoro n-osa 6;1u3 r. benoropcka, Ha nmpaBoM 6epery p. butok-
Kapacy (Pucynok 25, JlareimoBa M.P. u np., 2019b). [Ins gomonHeHWs paHee MOTYyUYEHHBIX
pe3ynbTaTOB MUKPO(PAyHUCTUYECKUX OCOOCHHOCTEN U JTUTOJIOTO-TEOXUMHUECKUX XapaKTePUCTUK
pa3pe3a ObulM 0TOOpaHBl 00pa3lbl U3 5 MPOCIOEB Ui aHalIW3a COOTHOIICHUS CTAaOMIBHBIX
U30TOIOB KHCIIOPO/IA U yIJiepoJia B KapOOHATHOM MaTepualie U U3 cioeB 1-4 00pa3iibl IpUI0HHBIX

dopamunudep pona Ammodiscus incertus (Pucynok 25, B).

JleTanbHOE JIMTOJOIMUYECKOE OINKCAaHHE pa3pes3a, C COMYTCTBYIOIMMH ONUCAHUAMU
HUTU(OB U TEOXMMUYECKUMH HCCIIEI0OBAaHUAMH, B YACTHOCTH, pe3yJbTaTaMU PEHTIeHO(})a30BOro
aHamu3a (PDA) ¥ NHUPONUTHYECKMMHU XapaKTEPHCTUKAMHU TIOpOJ, TPEICTaBIeHBl B pabore
(JIareimoBa M.P. u np., 2019a). B pesynbrare oueHKH coxpaHHOCTH (opamuHH(ep ObLIU
BbIJIEJIEHBl 00pa3libl U3 NpociioeB 3 U 4 B KauecTBE HAaWMEHee MOABEP)KEHHBIX BTOPUYHBIM

N3MCHCHUAM.
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Pucynox 25. Ilonosxcenue uszyuennozo paspesa: A - Ilonodcenue usyuennozo paspesa Ha
meppumopuu Kpwvima, b - obwuii 6uo obnaxcenus y p. buwx-Kapacy; B — npocrou,

svloeneHnble 8 oOHadcenuu (Jlamvinosa M.P. u op., 2019a).

3.2.2 Pe3ynbmambl u30monHvlx Uccie006aHull

[Ipocmnoit 4, koTopelii oTMeyaeTcsi Hanbosee TEMHBIM [BETOM U TOJHBIM BBIMHPAHHEM
dbopamunudep poma Rotalipora mo pesynbraraMm MUKPOMAICOHTOIOTUYECKOTO HCCIEIOBAHUS,
MMeeT NOBBIIIeHHbIE 3HaueHus 1o 8'°Ccacos (+3,84%o, VPDB) 1 OTHOCUTENHEHO MOHMKEHHBIE

8'%0caco3 (-6,89%0, VPDB) (PucyHok 26).

[Ipocmoit 1 Taxke mpejcTaBieH nonoxkuTenbHbM 1ukoM O0°C (3,71%., VPDB), u
OTHOCHMTENBHO OTpUIaTenbHBIM KoM &'80 (-8,52%0, VPDB) 1 BMeeT NOBBIIIEHHOE COIePKaHNE
opranuueckoro yriepona (Copr = 4,14 mac.%) nmo JaHHBIM HUPOJIUTUYECKUX HCCIIEIOBAHUMN
(JIarbmoBa M.P. u np., 2019a). [Tony4yeHHbIe XapaKTEpUCTUKU U30TOITHOTO COCTaBa MPOCIIOEB 4 1
1 MONMHOCTBIO COOTHOCSITCS C paHee MOTyUYeHHBIMU JaHHBIMU (83C =01 4,01 10 4,64%0, 530 = o1
-3,98 — o -4,66%0, VPDB, (Hatigua /[.I1. u ap., 1994a) u MoryT OBITH OTHECEHBI K TIIMHUCTHIM

mopoaM, 00pa30BaHHBIM B YCIOBUSAX O€CKUCIOpOIHBIX 00cTaHOBOK (OAE-2).
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Pucynox 26. JJuazpamma coomuowenusi cmabunvhvix uzomonoé 6°3C u 050 uzyuennvix
obpasyos (/lamvinosa M.P.,.. Kpacnosa E.A u op., 2020).

B pa6ote Fisher et. al. 2005 6111 nipeacTaBICHbl PE3yAbTATHl U3MEPEHUSI COOTHOLICHHUS
CTaOMIIBHBIX HW30TONOB YyIviepoda M Kuciopoxa misi KpbIMCKHX pa3pe3oB C MPOCIOSIMU C
MOBBIICHHBIM cosiepkanneM OB, obpazoBannsie npu OAE-2: Akcy-Jlepe, CennOyxpa, Mennep,
benas. O6pasubl u3 paspesa burok-Kapacy no pesynpratam cCOOTHOIIEHHS CTAOMIBHBIX H30TOIIOB

813C coBmajaroT ¢ aHaNOrMYHBIMU pa3pe3aMu B F0KHOI yacTu Kpbima (Pucynok 27).

[Ipn cpaBHEHHM pe3ynbTaTOB H30TONMHBIX MapKepoB KapOOHATOB TEMHBIX MPOCIIOEB,
HaceimeHHaplx OB Boctounoro Kaskaza (I'aBpwmiioB F0.O. u  ap., 2013), wnHaGmromaeTcs
nonukenHoe 3Hadenne 8 °C mis KpeIMCKHX pa3pe3oB B HenoM. IIpeanoIoKuTenbHOo, pasHHIa B
M30TOITHOM COCTaBE YIJIEPOAA MOXKET OBITh CBSI3aHA C pa3jIMYUeM B COAEP)KaHUU OPTaHUIECKOTO
BElIeCTBa B paspes3ax: Jisi oOHaxeHHs «Aimaku» B Boctounom Kapkaze conepxanue Copr

nocturaet 12 mac.%, a B ooHaxkenusix butok-Kapacy — 4 mac.%.

Ha rpaduxe (PucyHok 27) TpOCIEKUBAIOTCS HEKOTOPhIE HECOOTBETCTBHS —TIO
COOTHOMIEHHIO CTAOMIBLHBIX H30TONOB &80 11 M3ydaeMbIX OPOJ M OOHAKEHH I0KHOM YacTH
KpeiMa. OTH pesynabratbl MOXHO OOBSICHUTH WHTEHCHBHBIM JI€CTPYKTHBHBIM BO3JECHCTBHUEM

OKpy>Karolleld cpeiapl Ha U3yyaeMoe OOHaKeHHe. OJTO BO3JCHCTBUME BKIIOUAeT B ceds



67

WHTCHCHBHYIO MPOPAOOTKY M3ydacMOro 0OHaKCHHUS METEOPHBIMH BOJIAMH U BOJIaMU peku burok-
Kapacy. [Ipocmnoit 5 u3 uzyuyaemoro oOHa)keHHUs 3ajieraeT Ha BEPIIMHE pa3pe3a U He HAXOIUTCS B
30He BosfeiicTBus peku. CTOUT OTMETMTb, 4YTO ero 3HaueHue o'°0 omimyaercs OT
HUKE3QJIETAIONINX TPOCIIOEB, Ha KOTOPhIE pPeKa BO3ICHCTBYET B MEPUOJ MOITHOBOILS (puc. 1).
Dddekr oborameHusi JETKUM H30TONOM KHCIOpOAa B PE3yIbTaTe BO3ACHCTBUS Ha IMOPOAY
MPECHBIMU BOAaMu ObUT oTMe4YeH BO MHorux padorax (Craig H. et al., 1965; Epstein S. et al.,
1953). Jlnst mpecHoi BObI CONEHOCTh COCTABISAET OKOIO 1%o, uTo cooTBeTcTBYET 820 ~ 20%0,

VPDB (®op T, 1989).

5"0%» (VPDB) 5°C%o (VPDB) TOC (wt%)

-5.0 4.0 -3.0 -2.0 0.0 1.0 20 3.0 4.0 5.0 0.0 1.0 2.0 3.0
I !

Scale (m)
Foram Zont

Stage
Lithology

Eo— —

Whiteinella
archaeocretacea

Rotalipora cushmani

Upper Cenomanian

Pucynox 27. Cpaenumenvnas xapakmepucmuka U30MONHbIX OMHOWEHUL Yenepooa U
KUCTIOPOOA U COOEPIHCAHUS OP2AHUYECKO20 BeUecmBd CeHOMAH-MYPOHCKUX OMIIONCEHUl 8
u3yueHHoM paspesza (3eneHénviil mapkep) u oanHvix Kpvimckux paszpesos (wepHulii u Oenviil
mapxepv)u dannvix Kpvimcxux paspesoe (Fisher J. et al, 2005) no (Jlameinosa M.P,
..Kpacnosa E.A u op., 2019b, 2020 ¢ dononnenusmu,).

B KkauecTBe MHOTO OOBSCHEHHs] OTPULATENBHBIX 3HaueHuii 8'80 11g mopon u3ydaemoro
pa3pe3a MOXET CIYKHTh Pe3KOoe ONPECHEHHE MOPCKUX COJIEHBIX BOJ, B KOTOPBIX IPOXOIIHIIO
OCaJIKOHAKOIUICHHE. 3HAUUTEIIbHOE ONMPECHEHHE NPOCTPAHCTBA aKKOMOJAIMU B pE3yibTare
IPUTOKA METEOPHBIX BOJ MOIVIO IIOHU3UTH 3HadeHHe O'°0, YTO OTPasWIOCh TaK K€ M Ha
xapakTepuctukax (opamuaudep. BeposTHo, B mepBoM ciiydae mpu HpopabOTKe paspesa
COBPEMEHHBIMH METEOPHBIMH BOIaMu peku butok-Kapacy, hopamuandeps! coxpaHmim Obl CBOU

W3HAYaIbHBIA  M30TOIMHBIM COCTaB, IMO3TOMY BTOPOC MPCAINOJIOKCHUC ABIISICTCA boiee
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peamuctuyHbiM. OfHAKO IS OKOHYATEJIBHOTO TOATBEPXKICHUS TOW WM HHOW BEPCHH
HEOOXOAMMO TPOBECTH JOIMOJHUTEIBHOE KOMIUIEKCHOE U3yUYeHHE MHUKpPO(payHUCTHUECKUX

OCTAaTKOB.

Takum 00pa3om, MO pe3ysnbTaTaM KOMIUIEKCHBIX MCCIIEOBAHUN M3yYEHUs MOTPaHUYHBIX
CEHOMaH-TYPOHCKUX OTJIOXKEHUN paspeza y p. burok-Kapacy (Llentpanpnbiii KpsiM) Obuia
HOATBEPIKICHA NPUHAAJICKHOCTH U3YYEHHOTO pa3pesa K IN00aJIbHOMY aHOKCHUECKOMY COOBITHIO
OAE-2. Tloka3zano cxozactBo npocioeB 1 u 4, HaceieHHblx OB, ¢ pa3pe3amu ['opHoro Kpsima,

dbopMHpOBaBIINXCSI B 00CTAaHOBKAX, COOTBETCTBYIOMUX coObITUI0O OAE-2 Ha rpanuie ceHOMaHa

U TypOHa.
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3.3  H3oTomnHBIii cOCTAB yIi1epoaa U KMCJIOPOaa B Me3030iCKIX OTJI0KEHHSIX: HA MpuMepe

TYPOH-KOHBSIKCKOT0 pa3pe3a 3anagHoro Kaskaza

XapakTepucTuka HHTEPBAJIOB pa3pe3a, COOTBETCTBYIOIIMX INIOOAJbHBIM COOBITHSIM B
KOHIIE MEJIOBOTO0 MEpPHOoJa B TYPOH-KOHBSIKCKOE BpEMs, IMPOBOAMIACH C MOMOILIBI) HU30TOMHO-
TEOXMMHYECKUX HCCIEOBaHUN MO oOpasmam mopox 3amaanoro Kaskaza. Paspessr TypoH-
KOHBSIKCKUX OTJIOKEHUH OBLTM XOPOIIO OMUCaHBI B mpeamecTByomux padorax (Haq B. et al.,
1987, 2017; Baccoeuu H.b., 1951). B atux paborax ObLIO I€TadbHO OMHUCAHO IUKIMYECKOE
CTPOEHHUE BEPXHEMEJIOBBIX TOJI U UX CBA3b C MEPUOAMUYECKUM KoJeOaHHEM YPOBHS MOPS, YTO
SBIJIOCh OCHOBOM BbIieNieHus “BepxHeMmenoBoro ¢mumia” KaBkaza. Takxke ObLIO MOKa3aHO, YTO
OTJIOKEHHS «KaBKa3CKOTO (hiniia» 00pa3oBaIrCh B pe3yIbTare 0CaXICHHUS U3 MYThEBBIX TIOTOKOB,
M WX COCTaB 3aBUCHUT OT YIaJIEHHOCTH UCTOUYHMKA cHoca (“kopamibepsr”’, AdanacweB C.JI., 1976,
1992). IlpenmeTromM M3ydeHUs aBTOPOB CTAM OTJIOXKEHHWs HaTyxaickoil cBHUTHI (Kont) (BepxHUU
TYpOH-KOHBSIK) B pa3pese 0TpaboTaHHOTO Kapbepa ceBepHee ctanullsl [llancyrckas (Pucynok 29).
[To wmuenuto C.JI. AdanacbeBa OHH OTHOCATCS K OHMOTEHHOMY TOHKOMY  (pumry,
c(hopMUpOBaBILIEMYCSI B CPEIMHHON 4YacTH IIyOOKOBOJHOTO TPOIa BIOJb CKJIOHOBBIX TE€UEHUM

(Adanacwes C.JI., 1992).

Henpto paboTbl sBIsIIaCh PEKOHCTPYKLMS YCIOBMH ocajgkoHakoruieHuss Ha Cesepo-
3amagHoM KaBkaze B MO3JHETYPOHCKOE-PAaHHEKOHBSIKCKOE BpEMsS Ha OCHOBE KOMILUIEKCHBIX

JaHHBIX JCTAJIbHBIX JIUTOJIOI'MYCCKHX, ouo- u XCMOCTpaTI/Irpa(l)I/I‘ICCKI/IX I/ICCHG,HOBaHI/Iﬁ.

3.3.1 Oo6vexkm uccneoosanus

OO0pa3ipl opoj; OTOUPATUCh U3 Pa3pe30B, PACHOIOKEHHBIX B J0MUHE peku AOuH. B
CTPYKTYpHOM OTHOILIEHUHU 3TOT PaiiloH OTHOCHUTCS K CKJIa{4aTo-aJUIOXTOHHOM AHaIcKo-AroncKon
nonzoHe Hosopoccuiicko-Jlazapesckoit 30Hb1 bonbmioro Kaskaza (Pucynok 28). B crpoenun
JTAHHOM 30HBI MPUHUMAIOT Y4YacTHE PUTMHUYHO MOCTPOEHHBIE OTHOCUTEIBHO INTyOOKOBOAHBIE
KapOOHaTHbIE W TEPPUTeHHO-KapOOHATHBIE OTJIOXKEHUS, C(HOPMHUPOBABIIUECS Yy MOIHOXKbS
KOHTMHEHTAJIbHOIO CKJIOHA. VX BO3pacT OXBAaThIBA€T MHTEPBAJI OT CEHOMAaHa J0 MaacCTPHUXTa

BKJIFOUUTENTHHO, a MOIITHOCTH gocturaet 1500 m (Kopcakos C.I". u np., 2004, 2013).

W3 tonmm mopox Haryxaiickoil cBUTHI MomHOCTBI0 80 M ObUTO O0TOOpaHo 22 o0pasua ¢
uHTEpBaJioM oTOoOpa 1-5 ™. [JleTanbHOe ONMCAaHUE BELIECTBEHHOIO COCTaBa IOPOJ
UCCJICIOBAHHOTO MHTEpBaJla Ha Pa3HbIX YPOBHSAX U3 KapOOHATHBIX, INIMHUCTBIX U IECYAHbIX
pasHocTell mpuBeneHo B pabotax (SAxosummna E.B. u np., 2022a, 2022b). Pa3zpes Lllancyrckoro
Kapbepa IMpPEICTaBICH PUTMUYHOM  TEPPUTCHHO-KapOOHATHOW  (IUIIOMIHONW  TOJNIICH,

MIPEACTABIISIONIEH cO00I KpyTOMaAarollyto Ha 0T MOHOKJIMHAIG (PucyHok 29).
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Pucynok 28. l'eonocuueckas xkapma Cegepo-
3anaonoeo Kaexaza, no (Mapunun A.B. u op.,
2008), ¢ Ha

KOCMOCHUMOK Llancyeckoeo

UBMEHEeHUSMU.
Kapvepa
(Anoexc-xkapmot). Jlunus 80 m — unmepsan
omobéopa 0bpazyos (Arosuwuna E.B.,
..Kpacnosa E.A. u op., 2022a).

epeske —

Pucynox 29. Omnoowcenus mypouckoz2o u
KOHBAKCKO20 APYCO8 6 paspeze cesepo-
3anaonoti cmenwl Lllancyeckozo kapvepa.
Ilynkmupnas nunua — epanuya nadex 6 u 7,
CNJIOWHASL TUHUSL — SPAHUYA MYPOHCKO20 U
EB.

Arosuwunou (HAxosuwuna E.B., ..Kpacnosa

KOHbAKCKO2O APYyCos. Domo

EA. uop., 2022a).

Ha ocHoBe mnpoBenEHHOro JHUTOJOro-(hanuanbHOrO aHanu3a ObLI CAETaH BBIBOA O
(OpMHPOBAHUM H3YyUYAEMBIX TYPOH-KOHBSIKCKHX OTJIOKEHUH B YCIOBHSAX TUCTAIBHOTO Mienbga
(HEpUTOBBIE OTIIOKEHHMSI) U OTKPBITOTO MOPCKOTO OacceliHa (reMunenaruueckie OTI0KeHNs ), IPU
MeJIEHHOW WJIM YMEPEHHOU TMIpOJMHAMUKE U MEJIEHHON CeIMMEHTalluu U HaKOIUIEHUH HIKE
30HBI BO3/EHCTBHS BOJH. AHAlIM3 COCTaBa KOMIUIEKCOB (popaMuHH(Ep U3 TYypOH-KOHBSKCKUX
omioxeHui Illancyrckoro kapeepa Tak jk€ MOKa3aj, YTO Ha MPOTSKEHHH TYpPOH-KOHBSKCKOTO
WHTEpBaja TEPPUTOPUS MPECTABIISIA COOOM OTHOCUTENIBHO TITyOOKOBOIHBIN OTKPBITHI MOPCKOM
OacceifH okpauHbl okeaHa Tetuc ¢ nrybuHamu 10 nepBbIx coteH (SAkoumuHa E.B. u np., 2022a,

2022b).

CTCIICHU

Hns

JUareHeTHYEeCKUX MpeoOpa3oBaHUil HCCIeIyeMOoro Martepuaia OBUIM YYTEHBI ClEIyHoIIne

KOHTPOJIA COXpAaHHOCTH 00pa3loB W OTCYTCTBHS BTOPHUYHBIX

HW30TOIHO-TEOXMMHUYECKHE 0COOEHHOCTH:

e H3oTomHble XAPaKTCPUCTUKHU PAaKOBUH IIITaHKTOHHBIX

dhopamunudEp

Marginotruncana u BMEIAIOIINX KapOOHATHBIX MTPOCIOEB CXOKH MEX Ty co00i. OHM OBLITH

pona

U3y4EeHBl B OJIHOBO3PAaCTHBIX OTJIOKEHHMAX HA COCeTHEM paspe3e p. byryHmepb
(Herpeba [1.A., 2020). HaxoxaeHue IuIaHKTOHHBIX ¢dopaMuHudep B TOH ke cpene, B

KOTOpOfI OHHU CYHICCTBOBAJIN, IMTO3BOJICT UCIIOJIB30BATh UX IJId YACTOTHI SKCIICPUMCHTA.
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e OTCyTCTBHE KOpPpENsLUM H30TOIHBIX MapaMeTpoB Kucinopona u yriepora (R = 0,34)

TAKIKC MOATBCPIKIAACT aBTOXTOHHBIHN XapaKTep UX OCAJKOHAKOIUIICHUS.

OpnHako HECKONIbKO 00pa3loB MMEIOT CIIa0bId CABHUI M30TOIMMHOTO COCTaBa KUCIOpOaa B
00JIaCTh OTPHUIIATENBHBIX 3HAYCHUHN 1, CKOPEE BCETO, TOBOPUT O TOM, YTO MPOCIION U3 H3y4aeMOTro
OOHa)KeHMs 3aleraloT B 30He BoszjeiicTBus pek. DddekT obmeryenus cocrasa §'°0CaCOs3 B
pe3yabTaTe Bo3IeUCTBUS Ha mopoxay npecHpiMu Bogamu (Craig H. et al., 1965; Epstein S. et al.,
1953). HaGiromaemblii CIBUT HE3HAYUTEBHBIN, TTO3TOMY MOKHO MPE/IITOJIOKUTh, UTO H3ydaeMble

O6paSI_U>I ObLIH MOABCPIKCHBI HC3HAYUTCIIbHBIM BTOPUYHBIM HpeO6paSOBaHI/IHM.

3.3.2 Pe3ynomamul u30monHwviX UCC1e006aAHUIL

B pesynbrare NpoBEeAEHHBIX MCCIECIOBAHUK IIOJNY4EHBI 3HAYCHUS PACIPEICICHUS
M30TOITHOTO COCTaBa KHCIOpOJa W ymiepofa B KapOOHATHbIX mopoaax paspesa lllamcyrckoro
kapbepa (Pucynox 30). M3yueHnHble 00pasiibl OTOMPAINUCH TOYEYHO IOJ OWHOKYJISIPOM W3
HalMEHEee JMAareHeTHYeCKH H3MEHEHHBIX OOpa3loB U XapaKTEPU3YIOTCS Y3KUM HHTEPBAJIOM
3Hauenuit (8'%0 = -3.28 — +0,19,%0 VPDB; &'3C = +1,24 — +3,18,%0 VPDB). 3nadenus
M30TOITHOTO COCTaBa COOTBETCTBYIOT MopckuM kapOonatam (Pop I, 1989). [lo pesymnbraTtam
MOJyYEHHBIX M30TOIMHBIX XapaKTEPUCTHK ObUIM MOCTPOCHBI M30TOIMHBIE KPUBBIE M MPOU3BENEH
pacuér maneoremieparyp. M3oTonHas crparurpadus Ha OCHOBE KPUBOM M3MEHEHUI 3HaYeHHUH
813C Ha mpoTSIKEHMH MO3IHEr0 Meja JOCTaTOYHO XOPOLIO pa3paboTaHa M U30TOMHBIE COOBITUS
MOTYT OBITh IPOCIIEKEHBI Ha 3HaUUTEIbHBIE paccTosiHUs (Jarvis 1. et al., 2006; Jenkyns H. et al.,

1994; Voigt S. et al., 1997, 2004; Walaszczyk 1. et al., 2010; Wiese F., 1999).

B Typon-koHBsAKCKOM pazpese lllancyrckoro kapsepa no U3MEHEHUsIM U30TOITHOM KPUBOM
1 OTHOCHTEJIHBIM 3HadeHUAM &'>C ompe/ienieHbl HHTEPBAIbI, BhIIEIEHHbIE, KaK H30TOMHBIE 30HEI,
KOTOPBIE MOXXHO COIOCTAaBHTh C PSIZIOM H30TOIMHBIX COOBITHH, BBIJICICHHBIX B E€BPOMEHCKHUX
pa3pe3ax coorBeTcTByomero Bo3pacta (Pucynok 30, Jenkyns H. et al., 1994; Gale A., 1996;
Voigt S. et al., 1997; Wiese F., 1999; Jarvis L. et al., 2006; Walaszczyk 1. et al., 2010).

B pa3pe3C ObLIH BBIACJICHBI YCTBIPC 30HLI 110 U30TOITHBIM XaPaKTCPUCTHUKAM.

3ona 1 (8"3C = +1,9 — +3,2%0,VPDB). B 0cHOBaHHH 30HBI — JIOKANbHBIA MaKCUMYyM Ha
kpuBoit §'°C, XapakTepHbIil 1 KOHIIA CPEIHErO TypOHA, B 3aMaJHOEBPONECKUX pa3pes3ax 3To
coObITHe BhiAeneHo kak Pewsey Event (Gale A., 1996; Voigt S. et al., 2004; Walaszczyk I. et al.,
2010; Wiese F., 1999). I'panuna mexay 30oHaMu | ¥ 2 TPOBOTUTCS TO CMEHE JIOKAIHHOTO
MUHHMYyMa Ha yBeJuueHue 3HaueHuit 8'°C u comocrapnseTcs ¢ rpaHULE CPEJHETO U BEPXHETO

TypOHa.
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Pucynox 30. Hzomonnvie omnowenus 6°C u 6'°0. Ha xpusoii 6°C evidenenvi usomonnvie
30nbl  1-4. [lpusedenvl Ha36aHUsL UBOMONHBIX COOBIMUL, VCMAHOGIEHHVIX 6 3ANAOHO-
egponetickux paspesax: Pewsey Event, Hitchwood (Hyphantoceras) Event, Navigation Event,
Light Point Event. B — npociou 6ewmonumoswix enun. llosichenus ykazanvl 8 mexcme
(Axosuwuna E.B., ..Kpacnosa E.A. u op., 2022a, 2022b).
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3ona 2 (83C = +1,6 — +2,6%0, VPDB). B oCHOBaHHM 30HBI BBIAENSAETCS MAKCHMYyM,
COOTBETCTBYIONIMI HIKHEH YacTH BEPXHEro TypoHaA. IIposiBleHHBI MakcuMyM 3HaueHHs O'°C
HA3bIBACTCS «BEPXHETYPOHCKUM COOBITHEM» WM Takxke Kak coowsitue Hitch Wood Event, wiu
Hyphantoceras Event (Voigt S. et al.,, 2004; Walaszczyk I. et al., 2010). CmeHy TeHAeHIHIt
u3MeHeHus KpuBoil 3Hauenuit §'°C B BepxHell 4acTH BepXHEro TYpOHA CBA3BIBAIOT C IPaHUIEi
TYpPOHCKOTO M KOHBSIKCKOTO sipycoB (Jarvis I. et al., 2006; Walaszczyk I. et al., 2010; Wiese F.,

1999).

CoOpITHE Ha TPaHHUIIE TYPOHCKOTO M KOHBSIKCKOTO SIPYCOB HA3bIBAIOT «HABUTAIIMOHHBIM
cooprTnem» (Navigation Event (Jarvis I. et al., 2006; Walaszczyk 1. et al., 2010). JlokaibHbIN
MuHMMYM 3HadeHui 8'°C coOTBETCTBYeT caMbIM BepXaM BEPXHEr0 TypOHA. MesKIyHapOaHbIii
COI03 T'€0JIOTMUYECKUX HAYK MCIOJIb3YET JJAHHOE COOBITHE B KAUECTBE BCIIOMOTATEILHOTO MapKepa
U1l pUKCAlUM TOYKHM TJI00aJbHOTO CTPATOTUIIA TPAHUIB (JUMUTOTHIA), TaK HA3bIBAEMOTO

«3omororo rBo3as» (GSSP), oOo3Hauaromiero HIWKHIOK TpaHHIly KOHBSIKCKOTO sipyca

(Walaszczyk I. et al., 2021).

3ona 3 onpesenseTcs NOBLIIEHHBIM (oHOM 3HadeHuit (8'°C = +2,3 — +2,4%o, VPDB) u

COOTBETCTBYCT HUXKHEMY KOHBSAKY.

3ona 4 (83C = +1,5 — +2,2%0, VPDB) Taxke COINOCTABIEHA C HHKHUM KOHBSKOM.
3auKcHpOBaHHBIH MakcuMyM 3HaueHMs §'°C KoppenmpyeTcs ¢ M30TOMHBIM coObiTHeM Light

Point Event B 3amagHoeBponeiickux paspesax (Jarvis L. et al., 2006; Walaszczyk 1. et al., 2010).

Uzotonnas kpuBag O'°C  MenoBeix oTnokeHmit Illamcyrckoro Kapbepa HMeeT
3HAYUTENBHOE CXOACTBO C U3MEHEHUEM M30TOMHBIX 3HAYEHUH yIIIepoJa B EBPONEHCKUX pa3pe3ax
(Jarvis L. et al., 2006; Voigt S. et al., 2004; Walaszczyk 1. et al., 2010; Wiese F., 1999). Takum
o0OpasoM, B pa3pe3e Haryxaiickor cButhl Illancyrckoro kapbepa Ha OCHOBE aHalM3a U3MEHEHUHN
3HAYeHHUH N30TOMHOTO cocTaBa §'°C M MOCTPOeHHs H30TOMHOM KPHBOH YAalOoCh IETaTU3UPOBATh
cTparurpaduyeckoe pacuieHeHUEe TyPOH-KOHBSIKCKUX OTJIOXKEHHM B 3TOM pa3pe3e U HaMETHUTh B
HEM MOJI0KEHUE TPAHUI] TYPOHCKOTO M KOHBSIKCKOTO SIPYCOB, a TAK)KE CPETHETO U BEPXHETO TYPOHA

(Pucynok 30).

CooTHoIeHye 3Hadenuit n3otonHoro coctasa 8°C u §'%0 nokasbiBaert, 4To HakomIeHHE
0CaJIKOB MPOUCXOAMIIO B MOPCKOM Oacceline ¢ HopMaibHO# conénocthio (Huber B. et al., 1995).
W3oTonuslii cocTaB kucnopona 8'°0 spisgeTcs 4yTKUM MapkepoM TeMIEpaTypHBIX KoleOaHuii
(Dop I, 1989, u apyrume). B uzyueHHOM pa3pese HaOMIOMAETCS TaK Ke JTOBOJBHO UYETKas
KOPpEJIAHUSA H30TOMHOTO OTHOIeHHs 8'°C ¢ yMeHbIIEHHEM TaneoTeMneparyp. BeposTHo,

KoneOanus 3HadeHui 8'°C Ha KpHBOIi CBA3aHBI ¢ H3MEHEHHEM I'MIPOJIMHAMUKY Naneobacceiina 1
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ero GUONPOAYKTUBHOCTBIO. DKCKYPChl M0 yTHKENEHHIO M30TOMHOro coctaBa O8'°C CBS3aHBI C
MOBBIIICHHEM OWOMPOAYKTUBHOCTH B OacceiiHe Ha (OHE TIOHIKCHHBIX TEMIIEpaTyp
(T'amumoB D.M., 1986). Takum o0pa3om, ONTy4YEHHBIE JaHHbIE CBUJIECTEIBCTBYIOT 00 U3MEHEHUHU
OMONPOLYKTHBHOCTH Oacceiina. B menom, sxckypebl Bemruns 8'°C u §'*0 xopormmo cormacyrores
C JIUTOJIOTMYECKUMH OCOOEHHOCTSAMHM MOpOJ M HU3MEHEHUSIMH B COCTaBE€ MUKPOOHOTHI

BMeIIAIIMUX UX oTiokeHnid (SIkopummua E.B. u ap., 2022a).

Takum 00pa3oM, KOMILUIEKCHBIHN ITOIXO/ K H3YYECHHUIO pa3pe3a BEPXHEMEIOBBIX OTI0KECHUN
[ancyrckoro kapbepa Mmociayujl OCHOBOH JIJIsl BOCCTAHOBJICHHUS YCIOBUI CEIUMEHTALIMH TypOH-
KOHBAKCKUX OTJIOKEHUI. AHaIW3 IOJY4YEHHBIX JAHHBIX IIO3BOJWI IOATBEPAMTH TI'PAHUILY
TYPOHCKOT'O U KOHBSIKCKOTO SIPYCOB, a TAaKXe CPEAHEro U BepXHero TypoHa. Ha ocHoBe koneOaHmit
u30TonHeIX oTHomenuit 8°C u §'80 ymanock BeLEenUTH COOBITHA IIOGATBLHOrO MaciuTaba,
KOTOpBIE XOPOILIO COMOCTABIISIFOTCS C PSIZIOM M30TOMHBIX COOBITUM, YCTAHOBJIEHHBIX B pa3pe3ax
3amagnoit m Bocrounoit EBporbl cooTBeTCTByrOIEro Bo3pacta. [lomydeHHBIE COOBITHITHBIC
YPOBHM (UKCHPYIOT KJIMMaTHU4YecKue (IykTyaluu U KojeOaHus OHONpPOIYyKTHUBHOCTH

MMOBCPXHOCTHBIX BOM.
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3.4  MH3oronHbIii COCTaB yriepoaa W KHUCJI0OPOAa B Me30-KaiHO30MCKUX OTI0KEHUAX: HA

npuMepe MaacTPHXT U 30LeHOBOT0 pa3pe3a Kpbima

['moGanpHBIE COOBITHS, TPOUCXOAMUBIIKE HA TPAHUIIE TTO3THETO MEJIa U MMaJIeOreHa, HMEIOT
00JIbIIIOE 3HAUCHUE AJII PEKOHCTPYKIIMU UCTOPHH PA3BUTUSA OCAJOYHOTO OacceiiHa. M3oTomHbie
XapaKTePUCTUKH CTAOMIBHBIX JJIEMEHTOB KapOOHATHOTO pa3pe3a MaacTpuxTa W DOICHA B
KOMIUIEKCE C JIPYTMMHU METOJAaMH TIO3BOJISIIOT TMPOCJIEAUTHh SBOJIOLUIO OCAJOYHBIX TOJIIII,
BOCCTAaHOBHUTHh IJIOOAJIbHBIE COOBITHS, WM3MEHHUBIIHME Tajeoreorpaguueckue 0OCTaHOBKHU

OCAaJJKOHAKOIIJICHHUA, U BBINTH Ha YyCJI10BUA (I)OpMI/IpOBaHI/IH HOTCHHH&J’IBHOﬁ HC(l)TCFaBOHOCHOCTI/I.

B nepuon koHma mena—soreHa B wcrtopuu KpbiMa Mpoucxoamino odmiee mporubanue
TEPPUTOPUU U (POPMHUPOBAHUE MOCTPUPTOBOrO OCATOYHOTO Yexja B MpeAesiaXx OTHOCHUTEIBHO
MenKoBoHOTO MienbdoBoro Oacceitna (Nikishin A.M. et al., 2015; Hukumma A.M. u np., 2006).
Ha ¢one nposiBinenunst ocHoBHO# (a3sl ckinaguatoct B [TonTHAax Ha ceBepo-BocToke Typuuu Ha
teppuropuu [Ipenroprnoro KpeiMa GpukcupyeTcst Hanu4ue npea30IeHOBOTO YIIIOBOTO HECOTIIACHS
Y TIepUO/Ibl aKTUBU3AIMHU TekToHnYeckux aBmxeHui (Nikishin A.M. et al., 2014; Boponuna A.A.,
1989; T'op6au JLIL., 1972; T'op6au JLIL. u np., 1982; 3akpesckas E.1O.,2011; JIsiruna E.A., 2009;
Huxumun A.M. u ap., 2006; U T'.C.C.C.P.K., 1969).

3.4.1 Oo6vexkm uccieoosanus

B ocHoOBy paboThl nosioykeH mMarepuall, OTOOpaHHbIN B T€UEHHUE MOJIEBbIX ce30HOB 2019-
2020 rr. (JIeruna E.A. u np., 2022) B npenenax bemoropcko-Kypckoii cTpykTypHO-(hanuanpHOMi
30HbI (C®3) nenrpansHoii yactu IIpenropnoro Kpeima Ha ceBepHO#l okpauHe T. bemoropck u

npeAcTaBisieT cOO0 CKaJIbHBINA YCTYI 2011eHOBOM KyacThl (Pucynok 31, Pucynok 32).

Pucynox 31. Ilonoowcenue uzyuenuvix
paspeso8 (36e300uku): A — Ha kapme-
cxeme Kpvimckoeo nonyocmposa; b —
Ha monoepagpuueckou cxeme
benocopcroeo paiiona Kpwvima (no
Jlvieuna E.A., ..Kpacnosa E.A. u op.,
2022, 2019).
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Konmekmusi  0o0pasmoB  mpencTaBieHa TMOPONAMH  TOTPAHUYHBIX — MEJI—30LEHOBBIX
OTJIIOKEHUN: TOPOJbl MaacTpPUXTa MPEACTABICHbl MEPresiMU alIeBPUTUCTHIMHU; 3OLIEHOBBIE
MOpOJBI (MIIPCKOTO SIpyca) — HyMMYJIUTOBBIMU M3BECTHsIKaMU. HecornmacHasi TpaHUIla MEOBBIX
MOpOJl ¥ HYMMYJIUTOBBIX M3BECTHIKOB J0IIEHa OOHa)KEHA MO/ HABHCAIOIIUM KapHU30M Ky CTHI.
KpoBnst MaacTpuxTckux Mmopoji pacceyeHa MHOTOYHMCIEHHBIMU Pa3IM4yHO OPUEHTHUPOBAHHBIMU

TpenMHaAMU.

Pucynox 32. Obwuii 6uo u3yueHHbIX 0OHANCEHUL NOSPAHUUHBIX MEN-I0YEHOBbIX OMILONCEHULL
2. Ax-Kaa. Benviti nynkmup — epaHuybl pazHo803PACMHBIX OMIONCEHULl, YepHble PAMKU C
OYK8EHHbIMU 0003HAUEHUAMU — NONOJCEHUE OMOETbHLIX Yacmell U3yYeHHbIX 0OHadx ceHuu. A —
obwutl 6uo Ha 2. Ax-Kas c we-1020-6ocmoka; b, B — obwutl 6u0 u3y4eHHbIX 0OHANCEHUU Ha
cesepo-3anaonom ckione 2. Ax-Kas (B) u k 10eo-6ocmoky om nezo (B) (uepnas pamka na puc.
2B — nonodxcenue kpynnou mpewunvl 8 oonaxcenuu, cm. I); I — pomo kpynHou mpewunsi ¢

nemenmamu oewmuppuposanus u cxemou omoopa oopazyos (Jvieuna E.A., ..Kpacnosa E.A. u
op., 2022).
B uzyuennom paspese BoieneHo 4 cnos (Pucynok 33): ciou 1, 2 oTHeCEHBI K MaaCTPUXTY,
cion 3, 4 — K J0IIeHy, a TaK)Ke OTOOpaH MaTepHall 3aroIHEHHsI KPYITHBIX TPEIIuH, KOTOPBIH 110
BaJIOBOMY MHUHEPAJIBHOMY COCTaBY OTJIMYAETCs OT cocTaBa nopoasl Maactpuxra (JIeirnna E.A. u

ap., 2019, 2022).

OTtnoxxeHus: MaacTpuxta cGOpPMHUpPOBaHBI B IpeesiaX OTHOCHUTEIFHO TITyOOKOBOIHOM
YacTH BHEIIHETO 1enb(a ¢ MyOMHAMHU /10 MIEPBBIX COTEH METPOB B HOPMAJIbHO MOPCKUX BOJAX,

HachIIEHHBIX ~ KuciopoaoMm (Yuscon J[., 1980). OmnoxeHus wunpa HaKalUIMBAJIUCh Ha
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HE3HAYUTEIbHON TIIyOMHE (HECKOJNBKO JECSATKOB METPOB) B MOpPE C HOPMAJIBHOW CONEHOCTHIO
(Yuncon ., 1980). Marepuai 3amenieHus TpeluH oorat rmaykoHUuToM (10 16%) u neonurom (10

6%).
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Pucynox 33. Pazpes noepanuunvix men-30yeHosulx omaoxcenuil 2. Ax-Kas co cxemoii ombopa
006pazyos u GvinoaHeHHviX ucciedosanuil (Jlvieuna E.A., ..Kpacnosa E.A. u Op., 2022).
Yenosnvle obosnauenus: a — mepeenu anegpumucmuole; 6 — U36ECMHAKU HYMMYIUMOBbIE, 8 —
CKONJIeHUs. PAKOBUHHO20 Oempuma, & — X0Obl DPOIOWUX OpP2AHU3MO8;, O — KOHKpeyuu

docghopuma; e — KoHKpeyuu 21aykoHUmMa,; Hc — 0OIOMKU KPOBIU HOPOO MEepoo2o OHA.

3.4.2 Pe3ynomamul u30monHulxX Uccie008anuil

[Tony4yeHHbIE pe3ysIbTaThl H30TOITHOTO aHATN3a XapaKTEPU3YIOTCSl HHTEPBAIOM 3HAYCHHUN
M30TOMHOIO cocrana kuciaopona (880 = -3,5 — -1,0,%0 VPDB), H30TOHOrO cOCTaBa yriepoaa

(8°C = -0,2 — +3,0,% VPDB) (Pucynox 34). 3HaueHHMs H30TOIIHOIO COCTaBa, B IIEJIOM,
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COOTBETCTBYIOT MopckuM KapbOonaram (Dop I, 1989), mis wactu 0o0pasmoB HaOIHOMAIOTCS

JTUTEHEeTUYEeCKUe MpeoOpa3oBaHuUsl.
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Pucynox 34. Ipagux omnowenuii usomonnoz2o cocmaéa 6'3C u 630 obpasyos maacmpuxcmxux,
90YEHOBbIX NOpPO0 U Mamepuand 3anoiHenus mpewun 6 paspesze 2. Ax-Kas (Jlvieuna E.A.,
..Kpacnosa E.A. u op., 2022). lleema 06pa3zyos: nopoovt maacmpuxma — 3eleHblll, KPOJis
MAacmpuxma — poidicuil; NOPoobl I0YEHA: HCeNmblll — OA3ANbHBIL 2OPUZOHM I0YeHA (OCHOBHAS
macca), 4epHwiti — 0OIOMKU PAKOSUH O8YCMBOPOK U3 O6A3ANbHO20 20PU3OHMA IOYEHA; Cepblll —
mMamepuan 3anoiHeHUss mpewut, po306ulll — CloU 3 20yeHosblx omaodiceHutl. 1onyboe none
coomeemcmeyom mopckum kapoonamam (Pop I, 1989).

O6pazernr 5/2 Obul mpoaHanmu3upoBaH Tpu pas (5/2, 5/2-1, 5/2-2, xaxnawiii oOpazery
aHaJIM3UPOBAJICS JIBAXKIBI), T1ie 5/2-1 XapakTepuzyeT 00JJOMKH paKOBUH JBYCTBOPOK, 5/2 u 5/2-2
— OCHOBHYI0 Maccy. [lo TUTOJIOTHYEeCKOMY OMHMCAHUIO 00pasell OTHOCUTCS K Pa3sHOPOAHOMY
Marepuanry ¢ OOJOMKaMU pakOBHH OEHTOCHBIX (opamuHH(Ep, IBYCTBOPOK U KPUHOHJICH,
3aMONIHAIONIEMY TpeluHbl. B o0nomkax pakoBMH M B oOpas3le B LEJIOM He Habmonaercs
3HAYMTENLHBIX CJIE0B TUTU(HUKAIIMH, YTO MOATBEPKIAETCS H30TOMHBIM cOocTaBoM yriepoaa (81°C
=-0,2 — -0,5,%0 VPDB). Ilpeanonaraercsi, 4TO MOJYYECHHBII U30TOMHBIA COCTAaB KUCIOPOAA B
paKoBHHAX MOXKET XapaKTepU30BaTh U30TOMHBIN COCTAB, OJMM3KUI K pABHOBECHON MOPCKOW BOIBI.
B ocHoBHO#1 Macce oOpasma 5/2 GurcupyeTcsi CIBUT U30TOIMHOTO COCTaBa KUCIOPOoJa B 00JacTh

OTpHIaTeNbHBIX 3HaueHui (5'%0 = -4,8 — -0,2,%0 VPDB).
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N3otonHoe otHomeHue §'°0 ykaspiBaeT Ha TeMmmeparypy, IpH KOTOPOH MPOMCXOIMIO
OocaxkJieHue KapOOHATHOTO Marepuasa, MO0 Ha BTOPUUYHBIE TPEOOPa30BaHUs MPHU MOBBIIMIEHHBIX
temrneparypax. OIHako B HM3YYEeHHOM KapOOHATHOM MaTepuaje He OOHapyXEeHO CIel0B
MEPEeKPUCTATUTU3AIINH,  H30TOIHBIN COCTaB KHCIOPO/Ia KaK B PAKOBHHAX, TAK M B OCHOBHOMW Macce
XapaKTepPU3yeTCs 3aKOHOMEPHBIM CJIBHIOM K 00JacTH OoJjiee OTPHIATEIbHBIX 3HAYCHHM,
OTHOCHUTEIIbHO JPYrMX H3Y4YeHHBIX 00pasuoB. B couetanum c¢ kpaiiHell MeEIKOBOJHOCTHIO
00pa30BaHMsI U3yUYEHHBIX MOPOJI MOKHO MPEAINOJIOKUTh, YTO MOMyUYEHHBIC 3HAUCHUS OTBEYAIOT
MOBBIIICHHBIM TaJieoTeMIepaTypaM (COOTBETCTBYIOT pacu€THbIM Temmeparypam j0 33 °C).
[TomydeHHBIC XapaKTEPUCTUKH U30TOITHOTO COCTaBa KHUCIOPOa MOTYT OBITh CKOPPEITUPOBAHBI C
MHUPOBBIM coObITHEM B Havase do1ieHa (EECO) (Westerhold T. et al., 2020). B cBoto odepean 310
MO3BOJISIET ~ JATHPOBaTb M TEKTOHMYECKOE  COObITHE, TpuUBEAIIee K  MOSBICHHUIO
naJIe0CcecMOMCIOKALINIM, HauaJIOM HIIPa, YTO COTNIACYETCsI C paHee BhICKa3aHHBIMU BBIBOJIAMH O
nposiBJicHHH (Pa3bl TEKTOHMYECKOW akTHBHOCTH B 3T0 Bpems B lLlentpamsHoM Kpbimy

(JIprrmna E.A. u ap., 2019).

Pe3ynbTaThl IOMy4eHHBIX TeMIIepatyp (1o aanHbM &'80) 06pa3oBaHus HOPOJ MaacTPHXTa
(1/1, 2/2, 3/1, 4/2, 7/2) cornacyroTcsi ¢ JTaHHBIMU paHee omyOimMKoBaHHBIX padoT (baxynuHa H.B.
u 1p., 2016) 1 cocraBisroT okoso 19-22 °C. PazHunia B 3HAYECHUAX 813C B aTHIX KE o0Opasmax MOXeT
OTpakaThb Pa3HyIO CTENEeHb NepepadoTKH/OMOTypOanuu ocajka, 4YTo COOTBETCTBYET HATypHBIM
HabmonenusaM. bonee Hu3kumu 3HaueHusaMu §'°C u §'80 ormmuaercs o6p. 2/2, KOTOpPBIii ObLI B3AT
u3 00JIOMKa pakoBUHBI JABYCTBOPKHU. [lopoasl MaacTpuxta (OpMUPOBAIUCH B MOPE C HECKOJIBKO
noHwKeHHOU CcoNEHOCThIO (30-33%0), UTO TakKe XOPOIIO KOPPEIHPYeTCs C pacCUYUTaHHBIMU
3HaYEHMSIM. B KauecTBe MOATBEPkKAECHUS NMPEACTABIECHHBIX MPEANOI0KEHUH MOXKET BBICTYIIHUTH
oTHomIeHne MarHus kK kambnuto (Mg/Ca), koropoe, cormacHo padore (Chilingarian G., 1962),
IPSIMO TPONOPIMOHATIBHO TEMIIEpaType BOJbI, YTO OTMEYAETCS U B UCKYCCTBEHHO OCaXJIEHHBIX
kapOoHarax. [lockonbKy 1OTOMUTH3AIIMS B OPOAAX HE OTMEUEHa (JaHHbIE ONUCaHus NUIH(OB U
POA, (JIeiruna E.A. u n1p., 2022) paBHO Kak U IPUCYTCTBUE JPYTUX MarHe3uaibHbIX MUHEPAJIOB,
TO MOXKHO IPEITOI0KUTh, YTO BAPHUALMU OTHOIICHUS OTPAXKAIOT Pa3HUILY B TAJIEOTEMIIEPaTyPHbIX
YCIIOBUSX OCA/IKOHAKOIUICHHUS: TOPOABI 3aroyiHeHus TpemuH (7/1-7/3) dopmuposanuce rpu donee

BBICOKHX TeMIIEpaTypax, 4eM mopojisl Maactpuxta (4/1-4/3).

O0pas3elr P01IEHOBBIX TTOPOJ U3 pazpesa (6/1) u aBa 0Opasia mopos 3armoTHEHUS TPEITIHHBI
(7/1, 8/2) XapakTepHu3yIoTcs OIM3KMMK OTHOLIIEHHEM H30TonHoro coctana 8'°C u §'%0, uro MoxeT
MOATBEPAUTh paHee IpPEeIOKEHHbIE HIAEH O 3allONHEHMH TPEIIMH ITOPOJaMH  0a3aibHOTO

ropusoHTa so1eHa (JIeiruna E.A. u ap., 2019).
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Takum o00Opa3om, MO pe3ynbTaraM KOMIUIEKCHBIX HCCIEIOBAHUM IMOTPAHUYHBIX MEI-

2011eHOBBIX OoTioXKeHuH T. Ak-Kas (IlenTpanbabiii KpbiM) MOXKHO clieniaTh CIeIyIONue BEIBOIBI:

e ba3zanpHbIi  TOPU30HT  J0LEHA  HAKalUIMBAJICA B  YCJIOBUSIX  PETHOHAJIBHOIO
NajJeoCeiiCMUYECKOro  COOBITHS, 4YTO IOATBEPXKIAETCS  CXOACTBOM  Marepuala,
3aI0JIHAOIIETO TPEIIMHBI B KPOBJIE MAACTPUXCTCKUX OTIOKEHUN M Mopojax 0a3aibHOro
TOPU30HTA DO0LICHOBBIX OTIOXKEHUH. CXOACTBO 3allONHAIOLIETO TPEIIMHBl Marepuaia
YCTAHOBJIEHO IO JJaHHBIM M30TOITHOTO aHaJIM3a KUCIOPOJa U YIVIEpoa B COBOKYITHOCTH C

pe3ynbraTaMy IpyruX METOAO0B U3Y4YE€HHUS MTOPOLI.

e U3oTOmHBIE XapaKTEpUCTHKH CTAOMJIBHBIX JJIEMEHTOB YIIEPOAa U  KUCIOpoJa
MNOATBEP)KIAIOT paHEe YCTAHOBJICHHBIE MPHU3HAKUA YCIOBUI (OPMHUPOBAHUS TOPOL
MaacTpHUXTa U 01eHa. 3apUKCUPOBAHHOE MOBBIIICHUE CPEIHEH TeMIiepaTypsl 10 29-31°C
u jpaxe 33°C Bo Bpems (opMupoBaHHs 0a3aJbHOrO TOPU30HTA H0LEHA MOXET OBITh
CBsi3aHO ¢ TIo0anbHBIM KiuMatudueckuMm coOsitueM EECO. Dto yTouHseT Bo3pact
HAKOILJIEHUs] 0a3ajJbHOTO TOPHU30HTA U, COOTBETCTBEHHO, BpeMs (OPMHUPOBAHUS
najaeocecMOIMCIIOKalMi Kak caMO€e Hayaso 301eHa, YTO COBIIAIAET C MPOsBICHUEM (a3bl

TEeKTOHMYEeCKOM akTuBHOCTH B [loHTHaax (Boctounas Typuus).
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3.5 MWM3oTonHblil cocTaB yrjiepoaa M KHCJIOPOAA B KaiHO30MCKMX OTJIOKEHUSIX: HA

npuMepe 01eHOBOro pa3pe3a Kpbsima

N30TONHO-reOXUMUYECKHE HCCIIE0BAaHMS HOLECHOBBIX OTIOKEHUH INPOBOIMWINCH Ha
oOpa3uax nopox u3 paspeszoB ropsl CyBiy-Kas roro-zamagnoit yvactu Kpeima, baxuncapaiickuii
paiioH. IlaneoreHoBelil pa3pe3 B OKPECTHOCTAX I baxuucapas SIBIIETCS OJHHUM K3 OINOPHBIX
pa3pe3oB EBpormeiickoii maneoouoreorpaduueckoit obmactu (EINO) u BbI3BIBaET OONBIION
UHTEpeC cpeau YUYEHBIX JJIS MOJyYEeHUs MEXpernoHalbHbIX koppensauuid (Bsuio O.C., 1975;
3akpesckas E.JO., 1993, 2005; Kopoo6kor H.A., Conyn B.H., 1964; Haiigun /.I1.,
benbsmoBckuii B.H., 1994; Pemenune nocrosHHON crparurpaduueckoit komuccun MCK mo
naneoreny CCCP, 1963 u npyrue). IToT pa3pe3 HCIOIb3yeTCs IS CO3MaHus YHUDUITUPOBAHHBIX
crparurpaduueckux mkan oodmacreit Teruca (King C. et al., 2018a; benssimonckuit B.H., 2001;

3akpesckas E.1O., 2005).

Bonbuioe  BHUMaHHMEe — manieoreorpa@UuUecKMM — PEKOHCTPYKIUSM  BEPXHEUIIPCKUX
orinoxeHud (cuMmdepononbckuii peruosipyc) yaeneno B paborax (King C. et al., 2018a;
Konaesuu JI.®. u nip., 2008; JIeiruna E.A. u 1p., 2010). i oT0kKeHus peAcTaBICHbI (HalusIMU
HYMMYJIUTOBBIX U3BECTHSKOB H30JIMPOBAHHON KapOOHATHOH TIaT(GOPMBI (HyMMYIUTOBOW OaHKH),
oOHaaroIMMKCS Ha I0KHOM OKpauHe I. baxuumcapail. HecmoTpst Ha XOpollyro H3y4eHHOCTb
pa3pesa, JeTalbHas 3BOJIONUS CTAHOBIICHUSI UIPCKOW HYMMYJIMTOBOM OaHKU W BOCCTAHOBIICHUE

W3MEHEHUM YCJ'IOBI/Iﬁ O0CaJAKOHAKOIIIICHUA Tpe6YIOT ACTAJIBHOT'O aHAaJIM3a.

Pesynbprarhl n3yuyeHus: MOrpaHUYHBIX HUKHE-BEPXHEUTIPCKUX OTIIOKEHUHN (BEpXHSS YacThb
Oaxumrcapaiickoro — HWXXHSAS 4acTh CUM(EpONOIbCKOro pernosipycoB) paspesa I. Cysny-Kas
(baxumucapaiickuii paiton, lOro-3anaaneiii KpeiM, PucyHok 35) mnpencraBnensl B pabore
(JIprruna E.A. u np., 2023a). Ha ocHoBe MuKpo(danuasbHOT0O U MHKPOINAJIEOHTOIOTHYECKOTO
aHAJIM30B OBUIM YCTAHOBJIEHBI TPH ATala UIIPCKOM TPAaHCTPECCHH ¢ MAKCUMYMOM B KOHIIE PAHHETO
umpa, cMeHuBILerocs perpeccueid. [lng Gosee npoOHOro pacwieHeHHMs H3y4EHHOIO paspesa,
BBIJICJICHUSI CKPBITBIX IIEPEPHIBOB U BOCCTAHOBIICHUS W3MEHEHHUs YCIOBUH OCAJKOHAKOIUICHUS
ObLT MPUMEHEH KOMILJIEKC METOJ0B, BKJIIOYAIOIIMX M30TOMHBINA aHAIU3 YIIEpoAa M KHUCIopona

KapOOHATHOTO pa3pesa.

3.5.1 Oo6vexm uccneoosanusn

B ocHOBY paboThI MON0XKEH MaTeprai, OTOOpaHHBIA B TeUeHHE mosieBoro ce3ona 2021 . B
XOJI€ UCClIeIoBaHMs ObLT JETAIbHO OMHMCAH pa3pe3 001iei MoIHoCcThio 18 M, ¢ 0T00poM 06pa31oB
¢ unrepsBasiom 0,3-0,5 M. Ha ocHOBE TMTOJIOIrMYECKUX XapaKTEPUCTUK M pacuéTa HOPMaTUBHOTO

MHUHEPAJIBHOIO COCTaBa B M3yUYEHHOM pa3pe3e BBIIEIECHO 5 clo€B, rae ciou 1-4 oTtHocsATCA K
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OaxducapaiickoMy perHosipycy, Clioi 5 — K cHM(EpOnOoIbCKOMY M MMEIOT BO3pACT PaHHUU WU

HOSI[HI/Iﬁ uIp, COOTBETCTBCHHO.

YepHoe mope
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Pucynox 35. Ionooicenue uzyuennoeo paspesza Ha : a — cxeme Kpuvimckoeo nonyocmposa, 6 —
cnumre Google Earth (koopounamur 44°44'54" C, 33°53'48" B),; 6 — nepcnexmusHom cHumKe,
2 — gpomo.

Pa3pe3 mpexacraBieH NepexoiHbIM KOMIUIEKCOM TEPPUI€HHO-KapOOHATHBIX MOPOA OT
NPEUMYIIECTBEHHO IVIMHUCTOW KOMIIOHEHTbl B HWKHEH YacTH K TPaKTHUYECKH YHUCTBIM
HYMMYJIUTOBBIM M3BECTHSKOM B BEpPXHEH 4acTH paspes3a. MukpodanuaibHblid aHaIH3 O3B0
BBIICIUTh 5 MUKpodanmuaibHbIXx TUNOB Topon (M®PT) m COOTHECTH HMX CO CTaHAAPTHBIMHU
MUKpodanusiMu okaMiI€HHbIX TatopMm (CM®P) u daunansHeivu noscamu (PIT) monenn
kapOonatHoit tuiargopmbl (Fligel E., 2010; Jleiruna E.A. u gp., 2023b). B coBokynHocTH
BosiesieHHble CM® Hambonee XapakTepHbl Ui OOCTaHOBOK INENb(OBBIX JaryH C OTKPBITOH
UPKYJSIIAEH ¥ TITyOOKOBOJHOTO mmienb(da Ha YpOBHE M HIDKE Oasznca IITOPMOBBIX BOJH Ha

rmyounax 30-100 m (Fliigel E., 2010; King C. et al., 2018b).
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I[J'ISI KOHTPOJIA CTCIICHU COXPAHHOCTHU W OTCYTCTBUSA BTOPHUYHLIX IOUAICHCTHUYCCKUX

npeoOpa30BaHU UCCIEAYEMOTO Marepralia ObLITH YUTEHBI CIICIYIONINE 0COOCHHOCTH:

o [Ipy MHUKpPOCKONIMYECKOM H3yYEHUH IMOPOJ ObUIO OTMEUEHO, YTO CTEHKHU OOJBIIMHCTBA

PaKoOBUH KPYMHBIX OEHTOCHBIX (hopamuHmdep 0OHAPYKUBATH XOPOIIYIO COXPAHHOCTb.

. OTtcyTcTBOBaA KOPPEISALINS U30TOMTHBIX MTapaMeTPOB Kucioposa u yriepoaa (R = 0,39).

. 3HaueHUs N30TOIMTHOTO COCTaBa yriiepo/ia ObLIIN HU3KUMH U KoJiebamuck okosio 0%o (ot -0,43
110 0,26%o).

o bbun ycTaHOBIIEHBI B3aUMOCBSA3M MEXIY pPAa3JIMYHBIMU KOMIIOHEHTAMHU XHUMHUYECKOTO

coctapa nopoa. Ocoboe BHUMaHHE YIAENAIOCH KOHIICHTPALUAM dIIeMEHTOB-puMeceit (Mn,
Mg, Sr, Fe), xotopble sBIsAIOTCA HaAEKHBIMM HHAMKATOPAMU BTOPUYHBIX H3MEHEHUU
(Bacunse A.M., 2003). O1u pe3yabTaTsl ObLUTH MOJYYECHBI C TTOMOIIBIO TOTIOTHUTEIBHBIX
UCCJIEIOBAHUM, BKJIIOYABIIUX PEHTTCHOCIEKTPAIbHBIA (IIyOPECIEHTHBI aHaau3 C
MOCTPOSHUEM KOPPEJSAIMOHHON MaTpUIlbl XMMHUYECKHX JJIEMEHTOB M OKcuaoB. Kak
MOKa3aJll UCCIICJIOBaHMA, MMOCTCEIUMEHTAIIMOHHBIE IMPOIECCHl, OCOOCHHO CBSI3aHHBIE C
BO3/ICHCTBHEM METECOPHBIX BOJI, TPUBOIAT K YBEIIMUCHHUIO COJCPKAHUS JKeJie3a U MapraHia
B mopoaax. B wu3yueHHbIx oOpa3uax 3a(UKCUPOBAHBI HU3KHE KOHLEHTPALMM D3TUX
sanemenToB MnO (mo 0,03 macc.%), MgO (mo 2 macc.%), FeOobur (mo 3 macc.%), 4to

OTpaXkaeT XOpolIyro coxpaHHocTh Marepuana (Beromkuna O.C. u ap., 2011).

HpOBC,Z[éHHBIC MHHCPAJIOTO-rCOXUMHUUCCKUC U  MHUKPOCTPYKTYPHBIC Ha6J'IIO,Z[CHI/IH
MMO3BOJIMIIN UCKITFOYHUTDb 3HAYUTCIIbHOC BIIMAHUC HA MOPOABLI MOCTCECAUMEHTAIITUOHHBIX IIPOLCCCOB
" OpPCAINIOI0KUTDE, YTO UCCIICAYCMBIC O6p33HI>I COXpaHHWJIN U30TOIMHBIC XapaKTCPUCTUKH, OJM3KHe

K UCXOJTHOMY BEIIICCTBY.

3.5.2 Pe3ynomamul u30monHulX Uccie008anuil

[Tomy4yeHHbIe pe3ysbTaThl M30TOIHOTO aHaIHM3a XapaKTePU3YIOTCS Y3KUM HHTEPBAJIOM
3HAaYeHuH M30TOMHOro cocTasa kucnopona (880 = -3,9 — -4,9,% VPDB), u30TonHoOro cocrasa
yriaepoga (8'°C = -0,5 — +0,2,%0 VPDB) (Pucynok 36). B paspese unpckux otnoxenuii r. Cysiy-
Kast (Pucynok 36) xonebaHusi H30TOITHOTO COCTaBa KUCIOPOIa He MpeBhIIaioT 1%o, a yrnepona 1o
0,6%o0, 9TO TOBOPHUT, B IIEJIOM, 00 OAHOPOTHOCTH paspe3a. OIMHAKO OTMEUAIOTCs 3aKOHOMEPHBIN
CKauOK HM30TOIMHBIX MapKEepOB Ha TPaHUIAX BBIICICHHBIX CIOEB 1-4. B MaHHBIX MPOCIOSX
MIPOUCXOJUT TAKKE CKAYKOOOpa3HOE YBEIMYCHHE CMEKTHT/HJUTUTOBOTO OTHOIICHHUS 3a CUeT

PE3KOro YMCHBIICHUA KOJTUYCCTBA THAPOCIIIOA U HEKOTOPOI'O YBEIIMYCHUA — CMCKTHUTA.
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Pucynok 36. Pe3ynomamul u30monHo2o ananusa y2nepood u KUciopood UnpCckux omao#CeHull
paspesa 2. Cysny-Kasa (Jleieuna E.A., ..Kpacnosa E.A. u Op., 2023a ¢ Oononnenusmu).
Venosuvie obo3navenusn: 1 — enuna, 2 — enuHucmolli mepeens, 3 — mepeeib, 4 — eUHUCMbLL
U36eCMHsK, 5 — u36ecmHaK, 6 — NUPUMosBbie KOHKpeyuu, 7 — Hymmyaumol, 8 — 08ycmeopku, 9

— opaxuonoovl. Kb® — 301a KpynHwix 6eHMocHuIx Gopamunugep.
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[TomyyeHHbIE 3aKOHOMEPHOCTH MOTYT TOBOPUTH O TMPOIECCAaX KPaTKOBPEMEHHOTO
nepephiBa 0CATKOHAKOIIICHHUS, MO0 OBITh MPUYPOUYCHHBIMU K 3MHM30/]aM Hadajia TPaHCTPECCHIA.
['panuna cno€B 4 1 5 U3y4EHHOTO pa3pesa XapaKTepu3yeTcs OTCYTCTBUEM CKauKa M0 M30TOMHBIM
Mapkepam, HO TEHJICHIIUEH K OOJIEryeHUI0 M30TOIMHOTO COCTaBa KUCIOPOJAA, YTO YKa3bIBaeT Ha
HE3HAYUTEIHHOE MOTEIUICHUE M YMEHBIIICHHE CONIEHOCTH Oacceiina. [1o MuHepaibHBIM MprU3HAKaM
HaOJIIOAETCSl YMEHBIIICHUE KOJIMUECTBA CMEKTUTA M XJIOPUTA M YBEITMUYEHUIO THAPOCIIION, YTO TaK
K€ KOCBEHHO yKa3bIBaeT Ha oOMelneHue 6acceitna. B cnosix 2, 3 u 4 B uarepBanax MOT 4 u MOTS,
XapaKTepU3yIIIUXCss Hauboliee KPYMHBIMH OOJOMKaMH pAKOBHH, MOXXHO MPOCIEAUTH
HE3HAYUTEIBHBI CKAuOK 110 H30TOMHOMY cocTaBy O'°0, 3a CYST BBICOKMX KOHIEHTpALHii
O0eHTOCHBIX (hopamuHU(DEp, YICHUKOB KPUHOUACH, ABYCTBOPOK, penkux octpakox (JIpirmHa E.A.

u 1p., 2023a).

Hecmotps Ha TO 4TO B Hacrosiee Bpemsl B XeMOCTpaTUTrpaduu NpeArnounTaoT 0oiblie
UCITIOJIB30BaTh ~ HEMOCPEJACTBEHHO 3HAUCHHsl HW30TONHBIX OTHOIICHWH KHUCIIOpoJa HW3-3a
HEOJTHO3HAYHOCTH HCMONBb3yeMbIX TMapaMeTpoB, B paboTe ObUIM TPOBEACHBI  OIEHKHU
TCMIICPATYPHBIX IAPaMCTPOB JIs1 CPABHCHUA C ACTAJIbHBIMHA TEMIICPATYPHBIMU PCKOHCTPYKIUAMU
(Evans D. et al., 2018). B pabote 6bu1a IpoOBeIeHa PEKOHCTPYKITUSA XUMHUYECKOTO COCTAaBa BOJBI U
MOJTYYCHBI 3HAUCHUS TEMIIEpaTyp TIOBEPXHOCTH MOPS B TPOIIMYECKUX 30HAX B DOIICHE B Ipeiesiax

30-36 °C (Pucynok 37).
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Pucynox 37. 3nauenus memnepamyp nogepxHocmu Mops. 8 mponu4eckux 30Hax  20yeHe no
(Evans D. et al., 2018). Cepbim npsamoy2onbHuKom ommeuena ooaacme uzy4eHHo20 paspesa.
Jlumepamypuvie oannvie: A47 — coomnowenue 3C-80 6 kapboname, Mg/Ca — coomnowenue
Konyenmpayuii 8 kapbomame u TEXss - Oanmble opeanuueckozco naneomepmomempa,

OCHOBAHHO20 HA pachnpeoeneHul MeMOPAHHbIX TUNUO08 apXell.
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[IpoBeneHHBIE pacyeThl XOPOIIO COTIACYIOTCS C MOJYYEHHBIMH paHEE TEeMIIEpaTypPHBIM
OIICHKaMH M COOTBETCTBYIOT cpemHuM TemreparypaM 31 °C (28-33 °C). Paccunrannbie 3HaYCHUS

COJIEHOCTH Ul N3y4eHHBIX omiokeHul I. CyBiy-Kas menstores B npenenax 25,4-27,2%o.

Taxkum 00pa3zom, MoTydeHHbIE 3HAYEHHS] MU30TOITHOIO COCTaBa KUCIOPOAa M yriepoaa B
KOMILJIEKCE C JIUTOIOr0-T€OXUMUUECKUMU XapaKTePUCTUKAMH TO3BOJIWIN IPOCIEIUTh U3MEHEHHE
YCJIOBHI OCaJKOHAKOIUIEHUS TOIPaHUYHBIX HI)KHE-BEPXHEUITPCKUX OTII0KEHUM pa3pesa . CyBiy-
Kas. Bpun noxarBepkJeHbl M JETAJIU3UPOBAHbl MOITYUYEHHBIE paHEE OLICHKU HAIU4uus TPEX
TPAHCTPECCUBHBIX ATANOB U PErPECCUBHOIO, BEHYAIOIIMN pa3pe3 B mo3aHeM umpe. M3oTonHbie
OTHOILICHUSI KHUCJIOPOJa MO3BOJMIN YCTAaHOBUTH OOIIMI MOBBIIICHHBIN TeMIlepaTrypHblii GoH B
x0/1e OPMUPOBAHUSI F01IEHOBOM HYMMYJIUTOBOW OaHKH, COOTBETCTBYIOLIMNA CPEAHUM 3HAUCHHSIM

TEMIIEPATYP OBEPXHOCTU MOPS B TPOIIMUECKUX 30HAX B JOLICHE.

BeiBoanl k ItaBe 3

I'maBHBIMHI pe3yiibTaraMu HpOBeZ[éHHLIX KOMIIJICKCHBIX  H30TOIMHO-I'COXUMHNYCCKUX

HCCI CI[OBaHI/Iﬁ ABJIAIOTCA CIICAYIOIHUMMU:

1. Tlomy4yeHHble 3HAUYE€HHs H30TOIHOTO COCTaBa KHUCIOpPOJAa W yIlIepoAa B KOMIUIEKCE C
JUTOJIOTO-TEOXUMUYECKUMHU XapaKTEPUCTUKAMHU TIO3BOJIMIIM YCTAHOBUTH OOIIMNA TMOBBIIICHHBIN
TeMIiepaTypHbIi (HOH B X01e HOPMHUPOBAHUS Y0LIEHOBON HYMMYJIUTOBOM OAHKHU M ACTATH3UPOBATh
OLICHKM HalIM4uusg TPEX TPAHCTPECCHUBHBIX ATANlOB U PETPECCHUBHOIO, BEHYAIOIIETO pa3pe3 B

MIO3/IHEM HIIPE OLIEHOBBIX omIokeHul I. CyBiy-Kas.

2. Ha ocHOBe maHHBIX MUKPOCKOITUYECKOTO U3ydeHwus, POA, peHTreHO-()IyopecieHTHOTO 1
M30TOMTHOTO aHaIM3a KHUCIOpoJa W yriepona B paspese I Ak-Kas Obut yTouH€H BoO3pact
HAKOIJIEHUs] 0a3aJlbHOr0 TOPHU30HTA H0LIEHa U TMOATBEPKIEHO CHHXPOHHOE IIPOSBICHHE

MaJIEOCEUCMHYECKOTO COOBITHS C €TI0 HAKOIIJICHUEM.

3. TlomydeHHble 3HAUE€HHSI M3OTOMHOIO COCTaBa KUCIOPOAA M YIIEpOJa B KOMILIEKCE C
JIATOJIOTO-TCOXUMHUYCCKUMU XAPAKTCPUCTHKAMHU TTOTPAaHUYHBIX CCHOMAH-TYPOHCKHUX OTJIOKEHHUH
paspe3a y p. butok-Kapacy (Llentpanbubiii KpbiM) MmMo3BOMMIM TOATBEPAUTH TPOSBICHUE B

W3YYEHHOM pa3pese N00aIbHOro aHOKCUHHOTO coObITHsI OAE-2.

4. Ha ocHoBe kojeOaHUI H30TOMHBIX OTHOIIEHWW KHUCIOPOAAa M YIJIEpOAa B KOMIUIEKCE C
F€OXUMHUYECKUMHU U  TaJCOHTOJOTUYECKUMHU JaHHBIMU yAAJIOCh MOATBEPAUTH TPaHUILY

TYPOHCKOT'O 1 KOHBSIKCKOI'O SIPYCOB, 4 TAKKC CPEAHCTO U BEPXHCTO TYpOHAa U COITIOCTABUB C PSAAOM



87

M30TOIHBIX COOBITHM, YCTAHOBJIEHHBIX B pa3pe3ax 3amagHoid u Bocrtounoit EBpomsl

COOTBETCTBYIOLICTO BO3pacCTa.

5. AHanu3 HM30TONHOTO COCTaBa ymiiepojla B KOMIUIEKCE C MaJ€OMarHUTHBIMU
MCCJICIOBAHUSIMHU OTIOPHOTO pa3pesa BEpXHEKEMOPHUICKUX OTIOxKeHUH p. Manoi Yyn mo3Bommi
MOJATBEPANTh W YTOYHUTH TCOXUMHUYECKHE aAHOMAIIUH 83C SPICE u TOCE B paspese

BEPXOJICHCKOW CBUTHI.

Takum o0pa3oM, MOKHO Cc(OPMYJHMPOBATH BTOPOE 3alMIIAEMOe IMOJIOKEeHHe. DKCKYpPChl
W30TOMHBIX OTHONICHUW YIJIepoJa U KHCIOpOoJda B KapOOHATHBIX OTIOKECHUSX COOTBETCTBYIOT
MPOSIBIICHUSIM TJIOOQIBHBIX KIMMATHUYECKUX COOBITHI: B BEPXHEKEMOPHUUCKUX OTIOKEHHUAX
Cubupckoii miardhopmsl — reoxumudeckuM anomaausMm SPICE u TOCE; B ceHOMaH—TypOHCKHX
oTIoKeHusAx KpbiMa — okeaHWYeCKOoMYy aHOKcHueckoMmy coObiTui0o OAE-2; B morpaHmyHbIX
TypOH—KOHbSIKCKMX  oTioxeHusix CeBepo-3amagnoro KaBkaza —  KpaTKOBpPEMEHHBIM
MOXOJIOJJAaHUSIM; B DOIIEHOBBIX OTIOKEHUSX KpbIMa — TMOBBIIMIEHHOMY TeMIeparypHoMy (GOHY

nepuosa GopMUPOBaHUS HYyMMYJIUTOBOM OaHKH.
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I'JIABA 4. 3BAKOHOMEPHOCTHU UBMEHEHUA U30TOIMHOI'O
COCTABA YIUIEPOJA BUTYMOMU 0B KAK HHIUKATOPA YCJIOBUM
OCAJJIKOHAKOIIJIEHUSA*

Jns pazaensHOro (ha3oBOro MporHo3a yrieBOAOPONOB HEOOXOAMMO 3HATh HE TOJBKO
NOJOKEHHEe ouyara HedTerazoo0pa3oBaHMs W €ro  TEMIEpaTypHbId  pPeXHUM, HO U
najeoreorpagpuyeckue OOCTAHOBKM OCAJKOHAKOIUIEHHSI C YCIOBUSMHU (OPMUPOBAHUSA U
3aXOPOHEHHUEM OPraHWYECKOro BemiecTna. /i pemeHus 3Toil 3a1a4i BOSMOXKHO HCIIOIB30BaHUE
U30TONMHO-(DPAKIIMOHHOTO COCTaBa yriepoja OMTYMOHIOB, KOTOPBIH CIYXHUT HHIUKATOPOM
YCIIOBHI 3aXOpOHEHUs, OTpakash HM3MEHEHHs T'€He3MCa, COCTaBa W CBOMCTB OPraHUYECKOTO
BEIICCTBA. BrrsaBnennsie 3aKOHOMEPHOCTH U30TOITHO-I'COXUMUICCKUX N3MEHEHHI B aBTOXTOHHOM
OPraHMYECKOM BEIIECTBE MO3BOJISIOT YCTAHABINBATH CBA3b C TCHETHYECKHUMHU TUTIAMU OTIIOKECHUH
U OIpPEIeNATh CXOJICTBO OOCTAHOBOK OCAJKOHAKOIUIEHUS B COOTBETCTBYIOIIME I'€0JIOTHYECKHE
nepuozbl. B HacTosmiei paboTe NpeAnpHHSTA MONBITKA BEIIBUTH OAOOHBIE 3aKOHOMEPHOCTH IS
IOPCKUX OTIOKeHHH 3amanno-Cubdupckoro n bapeHieBoMopckoro HeTera30HOCHBIX 0acCEeHOB
B 3aBHCHMOCTH OT YCJIOBHH OCAJKOHAKOIUICHHS, C LEJIBIO CO3IaHUS TCHETHYECKOH MOJEIH

(I)OpMPIpOBaHI/ISI OpraHU4YC€CKOIro BCHICCTBA B IIpEACIaxX CAUHOTO 0CaAAOYHOT'O Oacceiina.

* Tlpy MOATOTOBKE MAHHOTO pasjiela JMCCEPTAllMM AaBTOPOM MCIIOIb30BaHbl CIETYIOIIHE
MyOJIMKAIH, BHIITOJIHEHHBIE aBTOPOM JIMYHO WJIM B COABTOPCTBE, B KOTOPHIX, coracHO I[lomoxenuto o
IMPUCYXACHUM Y4eHbIX creneHedl B MI'Y, oTpakeHbl OCHOBHBIE PE3YJbTATHI, MOJOXKEHHS U BBIBOJBI
UCCIICIOBAHMUS:

1. KpacunoBa E. A. ['eonornueckoe cTpoeHune U majeoreorpapuieckas 30HAIBHOCTh XayMCKOTO
ropusonTa [IpenkaBkasckoro pernona / E. A. Kpachosa, A. B. Ctynakosa, A. H. Cradees, H. [1. ®aneesa,
H. IIlI. SAunapoues, A. A. CycnoBa, 5. A. lllutosa // I'eopecypcbl. — 2021. — T. 23. — Ne 2. — C. 99-109.
doi:10.18599/grs.2021.2.9 (0,8 m.11., aBTopckuii Brinag 60%). Umnakr daxrop JIF: 0,5

2. KpacnoBa E. A. 3akoHOMEpPHOCTH W3MEHEHHS H30TOITHOTO COCTaBa yTIIepoja OPTraHUYIECKOTO
BEIIECTBA KaK WHAMUKATOp ycioBuit ocaakonakoruienus / E. A. Kpachosa, A. B. Crynakosa, A. II.
3aBbsuioBa, P. C. CaytkuH, A. A. CycnoBa, T. O. Konecaukosa // I'eopecypcesr. — 2025, — T. 27. — Ne 2. — C.
64-73. doi: 10.18599/grs.2025.2.6 (0,9 m.11., aBTOopckwmii Bkiaax 60%). Ummakt daxtop JIF: 0,5

3. Crageesn A. H. [1aneoreorpaduueckue npearnochliku He()Tera30H0OCHOCTH XalyMCKOTO TOPH30HTA
(mmxunit onuronen) [penkaskasps. / A. H. Cragees, A. B. Ctynaxosa, E. A. Kpacnosa, A. A. Cycnoga,
P. C. Caytkun, . A. llutoBa, M. E. Boponun // I'eopecypcer. — 2023. — T. 24. — Ne 2. — C. 89-104.
doi:10.18599/grs.2023.2.7 (1,4 m.11., aBropckuit Bkian 35%). Ummnakt ¢axrop JIF: 0,5

4. CycnoBa A. A. Hcropus passutusi bapenueBo-Kapckoro permoHa B Qanepo3oe AJsl OLEHKH
nepcrektuB / A. A. Cycnosa, A. B. MopaacoBa, P. M. I'unaes, E. A. KpacnoBa, P. C. Cayrkun, H. U.
Kopo6osa, H. C. llleBuyk, A. C. Arasn, A. B. CrynakoBa, M. A. Bonpmakosa, T. O. Konecaukosa //
T'eopecypebl. — 2025. — T. 27. — Ne 2. — C. 74-92. (1,1 n.n., aBTopckuii Bknan 25%). Umnakr ¢aktop JIF:
0,5
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4.1 HN30TOMHO-TeOXUMHUYECKAS XapPaKTCPUCTHKA OPraHuvdeCKoro BelecTea Iopox

OPCKHUX 0TJI0keHui 3anagHoii Cudupu

3aKOHOMEPHOCTH HAKOIUIEHUS! OPraHUYECKOTO BEUIECTBA B MOpoAax 0aKEHOBCKOW CBUTHI
SBJSIOTCSL  TIPEIMETOM  MHOTOYHMCIICHHBIX — MCCIIEJOBAaHUM, pe3ynbTaTbl KOTOPHIX  OBUIM
CUCTEMAaTU3HPOBAHEI B pse hyHmameHTanbHbIX padot (bpaxyuan F0.B. u ap., 1986; 'ypapu @.I.
u np., 1988; 3axapos B.A., 2006; KonrtopoBuu A.D., 1976; KontopoBuu A.D. u np., 1974).
HecMotpst Ha 3HaUMTENbHBIA 00BEM MPOBEAEHHBIX MCCIEIOBAaHUI IOPCKO-MEIOBOTO KOMILIEKCA
3anmagnoit Cubupu (I'onwapos U.B. u np., 2012, 2010, 2023; I'puropseB H.K. u np., 1971;
®ypcenko E.A. u np., 2021 u npyrue), CTpEMHUTENBHBIM POCT BBICOKOTOYHBIX COBPEMEHHBIX
F€OXMMHUYECKUX JIaHHBIX, OCTaBISET BOIPOC CUCTEMATU3allMM U KOMIUIEKCHOIO aHaju3a
UCCJIEIOBAHUN /Il BBISBJICHUS T€HETUYECKUX XapaKTEPUCTHK OpPraHMYEeCKOro BEIIECTBA
aKTyaJlbHbIM. Ba)KHBIM acHeKTOM IpU OILIEHKE MEePCIEeKTHB HE(TEra30HOCHOCTU KPYITHBIX
0CaJloYHbIX  OacceHOB SABIAIOTCA  Maneoreorpauyeckue  pPeKOHCTPYKIMH,  (OpMHUPYS

(byHIaMEHTAIbHYIO OCHOBY ISl BBICJICHUS U KapTUPOBaHUS HE(PTEMAaTCPUHCKUX TOJIII.

B pabote nponeMoHCTpUpOBaHbl 3aKOHOMEPHOCTH U3MEHEHHSI H30TOMHO-TCOXUMUYECKIX
XapakTepUCTUK B AaBTOXTOHHOM OPraHMYECKOM BEIIECTBE IOPCKUX OTIOKEHHH (3amamHo-
Cubupckoro HepTerazoHOCHOro 6acceifHa) B 3aBUCUMOCTH OT 0OCTaHOBOK OCAIKOHAKOILJICHUS C
IEeNBI0 CO3JaHUs TEHETUYECKOW KapTHHBI OPTaHWYECKOTO BEIIECTBA B TpENeNax eIMHOTO

0ocaJloyHoro dacceiina.

4.1.1 Oo6vexm uccneoosanus

OOBeKTOM HuCClenoBaHUs MOCTyXujaa Koutekuus u3 6omnee 400 oOpa3ioB KEpPHOBOTO
Marepuaia, XapakTepu3yrolas BEpXHETPUACOBHIE U IOPCKUE OTIOKEHHSI CEBEpa U IIEHTPATIbHOU
yactu 3anagnoii Cubupm (Pucynox 38). [ns Bcex 00pa3oB Obuia TpOBEIEHA IKCTPAKIIUS
OMTYMOWMJIa U3 TIOPOJIBI C TIOCIIEAYIONINM Pa3eIeHUeM OUTYMOH/IOB HA aHATTUTUICCKHE TPYIIIIHI —
Mmacia, CMOJibl, ac(habTeHbl, BbIJCICHIEM METaHOBO-HAPTEHOBON M apomMaTuieckoi ¢paxmuii. B
WUTOTOBOM BBIOOpPKE MOC]E MPOBEAEHHOW OTOpakoBKH (pazmen 2.2) Obulo ucmoiib3oBaHo 220
00pa3oB OWTYMOHWIOB, ONKCHIBAIOIINX AaBTOXTOHHOE OPraHWYECKOE BEIIeCTBO. PaiioHBI
UCCIICIOBAHUS IOPCKUX OTIOKCHHH HaXomarcs B Tpeaenax KpacHONEHHHCKOTO —CBOJA,
CypryTckoro cBoia IeHTpaibHOW vacTH 3amagHoit CuOupu u B mpenenax YPEHIOHCKOro u

SIMOyprckoro BajioB, B ipezienax [ bI1aHCKOH 30HBI MOAHATHHN ceBepa 3amagHon Cudupm.
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Pucynox 38. Cxema pacnpocmpanenus HIMT 0ns mpuacogo-iopckoeo Komniexca

(Cmynaxosa A.B., ..Kpacnosa E.A. u op., 2024). Ha cxeme moukamu HAHECEHO NONONCEHUE
CK8AdCUH 00pA31Y08 U3YUEeHHOU KOLLeKYUU.

OT100p n pUBsI3Ka 00Pa3IOB, HCIOIB3YEMBIX JIJISI MICCIIEIOBAHMUS, TIPOBOAMIIACE C YIETOM
MPEICTABICHUN O TE0JIOTHUYECKOM CTPOEHUH U YCIOBUIX 00pa30BaHUs FOPCKUX TOJIIII, OMMCAHHBIX
B MHOTOYMCJICHHBIX pa0oTax TIeoJIoroB, 3aHUMAIOIIUXCS Bompocamu 3amagHod Cubupu. s
NPUBS3KH 00pa3ioB ObUTH UCTIONB30BaHbBI Pa3pe3bl CKBAXKUH U CBOAHBIE pa3pe3bl MECTOPOXKICHHIA,
KOTOPBIE COOMPAITUCH CIEIHATUCTAMH HAyYHOTO KOJUIEKTHBA MOCKOBCKOTO TOCYIapCTBEHHOTO
yHuBepcuteta wumeHu M.B.JlomoHocoBa. bomblnas dYacTh TEONOTHYECKUX PE3YIbTaTOB,
UCTIOJIb3YEMbIX aBTOPOM B JHCCEPTALMOHHOW paboTe, Obula OMyOJMKOBaHA B COABTOPCTBE C
Hay4IHBIM KoyuiekTuBoM MI'Y. OnmHo# U3 mocneqaux 0600maronmx padot, pe3ysIbTaTel KOTOPOi

aKTHBHO HCTIOJIB3YIOTCS aBTOPOM, siBiisseTcsl m3fgaHHbIM B 2024 rogy Ammac «IlameobacceilHbl.
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['eomoruueckoe crpoeHne u HedrerazoHocHocTh» (CrymakoBa A.B. u ap., 2024). Bee xaprtsr,
crparurpaduyecKkue pa3pesnl, MpouiIn, OnyOIHMKOBaHHBIE B ATjace i IOPCKOTO KOMILIEKCa
OTIIOKEHUH, TOCTYKWJIM OCHOBOM JJIsi CHUCTeMaTH3allud MJAaHHBIX W BbIOOPY TOJIHUIOHOB
uccnenoBanus. IIpu 3TOM yYUTHIBAJIIOCH, YTOOBI OTOOpaHHbIE 00pa3Ibl MPEACTABISUIN pa3HbIC

@aunanLHHe 30HBbI, C pa3HbIM Ha60pOM TCHETHYSCKHUX THIIOB OTIOKCHHIA.

B npenenax 3amagHo-Cubupckoro 6acceifHa ObUIM pacCMOTPEHBI OTJIOXKEHUS HUXKHE-
CPEIHEIOPCKOTO U BEPXHEIOPCKOro KOMILIEKCOB. COBMECTHO ¢ 00pa3IiaMu HUKHE-CPETHEIOPCKUX
OTJIIOKEHUH, KOTOpble OTHOCATCS K Torypckoit ceure (I'onuapos U.B. u np., 2012), 6p11u Taxoke

OTO6paHBI 1 OIMNCaHbI O6paSHBI BEPXHETPHUACOBBIX OTJIOJKECHHIA.

Huoicneropckuii paspes. BepxHeTpracoBble M HUKHEIOPCKUE OTIIOKEHMS IIPEICTABICHbI
PEUMYIIECTBEHHO MPUOPEKHO-MOPCKUMU ajeBpo-necyanbiMu  nopoaamu (Pucynox 39A).
Cesepnas yacTh 3amagnoit Cubupu u EHnceit-Xaranrckuii mporud UCIBITHIBAIN MTOTPYKEHUE, U
B OOCTAaHOBKaxX MEJIKOBOJHO-MOPCKOTO Iieib(a HAKAIUIMBAIUCh TJIIMHUCTBIE OTIOXKEHUS.
VYBennueHue J0JIM MOPCKOM COCTAaBIISIIOLIECH B pa3pe3ax MPOUCXOAUIO B CEBEPHOM U CEBEPO-
BOCTOYHOM HampaBJIeHUsIX, I1e B Ennceii-Xaranrckom 6acceitne (opMupoBaInch OTHOCUTEIBHO
IyOOKOBOJHBIE TVIMHUCTBIE U aJE€BPO-IIIMHUCTBIC OTIOXKEHUs. Pa3pe3 ciokeH HpuOpekHO-
MOPCKUMHU TEPPUTCHHBIMU OTIOKEHUSMHU IIEPKAJTUHCKOM, YPMAaHCKOM W TOTYPCKOM CBHUT,

MpeaACTaBJICHHBIMA Y€PCAOBAHNCM TEMHBIX TJIMH, apTHJIJIMTOB U aJICBPOJIUTOB.

Cpeoneropcxuii pazpes. CpeqHEIOPCKHE TOJIM (TIOMEHCKAs CBHTA) Ha OOJBINEH 4YacTh
OacceifHa CJOXKEHBI TMPUOPEIKHO-MOPCKHUMH U MEJIKOBOJHO-MOPCKUMHU  TEPPUTECHHBIMU
OTJIOKEHUSAMH, CPOPMUPOBABIIMMUCS B MajieoBnaanHax Ha menbde (Pucynok 39, b). K koniy
CPEMHEIOPCKOTO BPEMEHH TIOCTENIEHHOE YIIyOJIeHHe MOpPCKOro OacceiiHa TIpPHBENIO K
(GbOopMUPOBAHUIO TIMHUCTBIX pa3HOCTE B MOpPCKOM OacceifHe, MPOCTUPAIOIIEMYCS BIOJIb
BOCTOYHOTO CKJIOHA YpaJbCKOM ckiam4garoil obmactu. baifocc-0arckue — OTIOXKEHUs
GOopMUPOBANKNCH B YCIOBUSX TMOCTCIICHHON, HO HEPaBHOMEPHOW TPAaHCTPECCHUU, KOTOpas

JO0CTUTACT CBOCTO MaKCUMYyMa B KECJIJIOBEC.

Bepxneropcxuii pazpes. OGCTaHOBKH MEIIKOBOIHOTO IIeb(a 3HAYUTEIBHO MPOJABUTAIOTCS
Ha Ioro-zamaj, riue (opMUPYIOTCA IIMHUCTBIE W aJeBPO-TIIMHUCTBIE TOJIIM TOJBYMXHUHCKOM,
abaJlakCKOM, TaHWJIOBCKOM U JIp. CBUT, NPEACTaBICHHbIE, NIMHAMU TEMHO-CEPBIMU, apTUUIUTaMU
U aJeBPOJIMTAMU TJIAyKOHUTOBBIMH, OypoBaTo-3eNEHBIMHU, a TaKXKe aJeBpO-TIMHUCTHIMU
OMTYMHUHO3HBIMH TIOPOAMHU C KPEMHHUCTO-IJIMHUCTBIMU MPOCIOSAMH. B mo3nHeropckoe Bpems
TpaHcrpeccus B 3anagHoit CuOMpHM JOCTHINIA CBOETO MakcuMyma. MopcKast akBaTopHsl 3aHsuia

OompIyr0 YacTh Oacceitna (Pucynox 39, B).
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B uenTpanbHOW TITyOOKOBOJHOW YaCTH HAKAILIUBAIKCH YEPHBIE W OypoBaTO-4EpHEIC
YIJIEPOAUCTO-KPEMHUCTO-TIIMHUCTHIE OCATKU 0aXKECHOBCKOW M TyTieiMckoit cBuT. K mepudepun
OacceifHa OHM CMEHSUTUCh TIIMHUCTHIMH U TMECYAHHCTO-TIIMHUCTBIMU BO3PACTHBIMHU aHAIOTaMU

0a)KEHOBCKOW CBUTHI — TOJIBYUUXUHCKOM, TAaHUIIOBCKOW, MAPbSHOBCKOM, THOBCTAHCKON CBHUTAMH.

4.1.2 Bausanue d)al{uaﬂbﬂblx 00CMAaH060K HA U30MONHBLI COCMAB Op2anu4ecKozo eeuiecmea

Bnusiaue danmanbHbIX 00CTaHOBOK Ha M30TOIHBINA COCTAB OPTaHUYECKOTO BEIIeCTBA OBLIO
MPOCIEKEHO Ha IPUMEpPE ITeHETHUECKUX THIOB OTIOKEHUN IOPCKOr0 BO3pacTa MECTOPOXKIACHUN
KpacHonenunckoro cmoma, ceBepa 3amagnod Cubupu, 3amamHod 4Yactu bapeHiieBa Mops.
['eHeTHYeCKUE THUIIBI OTIOKEHHA, CHOPMUPOBABIINECS B €AMHON 0OCTAHOBKE 0CAIKOHAKOTICHUS,
ObUIM BBICTICHBI APYTUMH HCCIIEI0BATENIMI HA OCHOBE JINTO-(hAI[MaIbHOTO aHAJIN3a U YBSA3aHBI
C pervuoHajJbHONW IUKIMYHOCTHIO uX cTpoeHus (Marin D. et al., 2017; CrynakoBa A.B. u 1p.,
2024). BpigeneHne pervoHaNbHON ITUKIWYHOCTH OTJIOKCHHHA CBS3aHO C IPEACTABICHUSIMH O
CTaAMSIX PETrPEeCCHBHOrO, CTAOWIBHOTO M TPAHCTPECCHBHOTO PA3BUTHS TMOJIHOTO IMKIA
OCaJIKOHAKOIUIeHUs. B camoMm oO0meM Buae 3TO BBIPAXKEHO IOCIEAOBATEIBLHON CMEHOM
TEHETUYECKUX TUIIOB OTIOKCHUH, KOHTMHCHTAIBHBIX, MPUOPEKHBIX, MOPCKHUX, MEIKOBOIHO-
MOpPCKHX M TIIyOOKOBOAHO-MOPCKUX. YepenoBaHHE T€HETHYECKUX THUIIOB OTIOKEHUH, HX
NEepUOJUYECKas MOBTOPSAEMOCTb CBSI3aHbl LIMKIMYECKUM HU3MEHEHUEM OTHOCUTEIBHOTO YPOBHS
Mops. L{MKJINTBI, KaK OTpa’kK€HUE CTAAUM pa3BUTHSI MOJHOTO IUKJIA OCAJKOHAKOIUIEHHUS, OOBIYHO
BBIJIETISIIOTCS 110 IaHHBIM KapoTaka CKBa)KHMH, ONMCAHUIO KEPHA U MHOT/Ia MOTYT MPOCIIEKUBATHCS
0 JaHHBIM ceiicMopa3BeAKu. M30TOMHO-Te0XMMUYECKUE UCCIIEeIOBAHMS MOTYT MOATBEPANUTD WU
YTOYHUTH T€ WJIM UHbIE TEHETUUECKHE TUIIbI OTIOKEHUI Kak B pa3pe3e OJHOTO IUKIUTA, TaK U

MCXKAY HUKIIMTAMH PA3HOTO IOpsAKa.

HpI/IMCHCHI/Ie I/IBOTOHHO-Q)paKI_II/IOHHOFO MCTOAA K XaPAKTCPHUCTUKEC I'CHCTHUYCCKUX THUIIOB
OTJIIOXKEHHI C y‘{éTOM OUKIIMYHOCTU HX CTPOCHUA IMO3BOJIWIO YCTAHOBUTH CBA3b MCKIY
OpTraHU4Y€CKHUM BCIICCTBOM U (baIII/IaJII)HI)IMI/I o0cTaHOBKaMU OCAaJJIKOHAKOIIJICHH . HpI/I 9TOM
Pa3HBIEC TCHCTUYCCKUC THUIIBL OTJIIOXKCHHIH HMEIU CBOIO, OTIIMYHYIO OT OPYTrux, 0COOEHHOCTh
pacupeacsiCHuA H30TOITHBIX KPUBLIX. MeTOI[ COINOCTAaBJICHUA U30TOITHBIX KPHUBbLIX OBLIT HpI/IMeHéH
K KaXJIo0My HU3ydYaCMOMY 06’LCKTy, 1€ B KauU€CTBC OCHOBBI TMPUMCHSINCH BBIACIICHHBIC
TPAHIPECCUBHO-PCTPECCUBHBIC IMUKIIUTBI OCAaJKOHAKOIIJICHUA, q)HKCHPYIOHII/IG IMOBBINICHHUC WJIN

noHwkeHue yposHsa Mops (CrynakoBa A.B. u ap., 2024).

AHanu3 H30TONMHO-(QPAKIIMOHHBIX KPHUBBIX OPraHMYECKOro BEIIECTBA MOPOA M HX
KOPPEISIUK C YCIOBHSAMHU (palMaibHBIX 00CTaHOBOK TOKa3aH HA MpUMEpPE pa3pe30B CKBAKHUH

Kpacnonenunckoro cBoaa (Pucynok 40).
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Pucynox 40. Koppenayus u3omonHvix Xapakxmepucmux OUMYMOUOO8 C MPAHCSPECCUBHO-
pezcpecCusHbIMU YUKAUMAMU IOPCKUX omaoxceruti Kpacnonenuncrkozo ceooa, ghuxcupyrowumu
nepuoouueckoe usmeneHue ypoeus mops (Kpacnosa u Op., 2025). Boonv wkanvl enyoun
yugpamu ommeyeHo noaodceHue 00pazyos. Boonv wkaner enyoun yugpamu ommeueno
nonogcenue obpasyos. Ilo wikane u30monos ommeyeH U30OMONHBINL COCMAB Yenepood OJis
PAa3HbIX pakyuil: a — HacvluweHHas pakyus, O — apomamuieckas Gpaxkyus, ¢ — CMOIUCNASA
dpaxyus, 2 — acanvmenvl. Luxnvt Il nopsoka: 2omny6oii — mpancepeccugubvill, KPAcHblll —
pezpeccusHulil.

IpesicTaBiieHHbIe U30TOMHBIE KpuBbie (8'°C) 11 00pa3ioB TIOMEHCKOH M TyTIeHMCKOM

CBUT, OTOOpaHHBIX B HHTepBaje DIyOuH 2557-2423 M, AEMOHCTPHPYIOT 3aKOHOMEpHBIE

U3MEHEHHS M30TOITHOTO COCTaBa yIiieposia 1o pas3pesy.

Kak BunHO u3 pucynka (Pucynok 40), BBepx 1o paspesy oT miyOuHsl 2557 M 10 2488 M
HaOmoaeTcss 3aKOHOMEpHOe oforamieHue TSOKETBIM HM30TONOM  yIviepofa BcexX (pakiui
ourymonna 10 6°C = 1-1,5%o, VPDB (nanpumep, a1 acansTeHoB 0T -26,4%0 10 -25, 2%o,
VPDB). Brime mo paspesy, 10 TayOounsl 2423 M, 3Hauenus O'°C cjsuraiorcs B Oosee
OoTpHUIaTeNbHYI0 001acTh (1 achanbTeHoB 10 -29,3%0, VPDB). OGpazer TyTiaeiiMcKoil CBUTHI
XapakTepu3yeTcsi HanboJiee OTPHLATENbHBIMU 3HAYEHUSAMH KaxJoi ¢pakuuu. Habmromaemble
Bapuallil HM30TOITHOTO COCTaBa XOPOIIO COOTHOCATCS C KojeOaHWeM YpOBHS MOps U

BBIACITACMBIMHU IUKIIUTAMU IJI1 JAHHOI'O paﬁOHa. B PErpe€CCMBHOM LHUKIIC U30TOIHBIC 3HAUYCHUA
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BCceX (pakiuil OUTYMOUZOB CTPEMSTCS B MEHEE OTPULIATENIbHYIO0 001acTh, K XapaKTepUCTUKAM
YBEJIMYEHUSI TYMYCOBOI'O MaTepHajla, a B TPAaHCTPECCUBHOM — HAO0OPOT, K YBEIMUYCHHIO
canporneneBoro Marepuana. Iloka3aHHble KkoneOaHHMsT H3OTONHBIX JAHHBIX JIEMOHCTPUPYIOT
NEPEMEHHBII COCTaB TIOMEHCKOW CBUTHI C OOIIMM YBEIHMUYEHHEM CalpoOIeeBOro BEIECTBa K

OaxeH-a0aIakCKOMY KOMILICKCY.

[TomoOHbIE 3aKOHOMEPHOCTH HAOMIONANHUCh TaKKe B JPYIMX CKBaXKUHAX 3amajHo-
Cubupckoro OacceifHa, 4yTO 0O0yCIaBIUBAeTCs WM3MEHEHHEM COOTHOUICHHS TYMYCOBOTO U
camporenieBoro marepuaina OB u xonebanuem ¢arumaabHbIX 00CTaHOBOK. BakHO 3aMeTHUTh, YTO
BBISIBJICHHE OOIIMX 3aKOHOMEPHOCTEH Ui Pa3HbIX PallOHOB OacceiiHa MOXKET YKasbIBaTh Ha
pPErHOHANIBHBIN XapaKTep BhISIBICHHBIX TeHIACHIMA. Ha 0CHOBE mpeanoxKeHHOro MoIxo/1a B padote
MIOKA3aHO, YTO HW30TOMHO-(PPaKIMOHHBIA COCTaB yIJIepola M €ro BapHalud B Hpeaenax
TCHECTUYCCKU OIU3KUX OTJIOKEHUH IIO3BOJIACT PAaHXUPOBATH TOJIIY 10 YCIIOBUAM
OCAJIKOHAKOIUICHUSI. JTO  TOJIOKCHHWE  JeNIAeT  NPUTOJHBIM  W30TOIHO-TCOXUMHUYECKHE
WCCJICIOBAHUS JJI TIOATBEPKACHHUSI KOPPEKTHOCTU TPAHCTPECCUBHO-PETPECCUBHBIX LIUKIUTOB U

(panmanbHBIX 30H 0CAJJ0YHOTO OacceiHa.

4.1.3 Ienesuc Op2anu4vecKozo eeuiecmea no U30mMONHbLIM MAaApKepam

Ha ocHoBe aHanmm3a M30TOIHBIX MapKepoB OWTYMOHJIOB MpPOBEACHA KIACCH(HUKAIUS
OpPraHMYECKOT0 BEIIEeCTBA MOPOJI MO YCIOBUIM ero oOpa3oBaHus. JJis TOUHOCTH SKCIIEPUMEHTA
AHAIM3MPOBAIOCH aBTOXTOHHOE (MCXOHOE) OpraHNYeCcKoe BEUIECTBO, a 00pa3ibl OUTYMOHIOB C
NpPU3HAKAMU MHTPALMOHHBIX (IIIOUJOB OBUIM OTOPAaKOBaHBI MO T'€OXMMHUYECKHUM IapamMeTpam.
Bcero 0b110 BbIIENEHO NATH TPyNI U30TONMHO-(PPAKIMOHHBIX KPHUBBIX, OTPAXKAIOIIUX CPEIHUN
M30TONHBIA COCTaB aBTOXTOHHOTO OPraHMYECKOTO BEIIECTBA BEPXHETPHACOBO-IOPCKHUX
omnoxkeHut B mpenenax Dpomnoscko-llanmckoro, Amano-I'siganckoro u  YpeHrockoro
¢dammanbHbIX paifoHoB (Pucynox 41, Pucynok 42, Pucynokx 43). IlomyueHHblE KpHBBIE
NPEACTaBJICHbI B OPS/IKE YBEINYCHNUS MOTSPHOCTH (ppakiuii (Ludpsl Ha TpauKe COOTBETCTBYIOT
dbpakumsim): 1 — HackIeHHas, 2 — apoMarudeckas, 3 — OCH30JbHBIE CMOJIBI, 4 — CIHPTO-
TONyOJIbHBIE CMOJBI (*B psae oOpa3noB — eauHas Qpakius CMOJ, BbIIEJICHHas CIUPTO-
TOJYOJbHBIM PAcCTBOPUTENEM), 5 — CHUPTOOEH30JIbHBIE CMOJbI, 6 — achanabreHsl, 7 — OOLIMit

OUTYMOUI.

I'pynma 1 (opanxeBas, Pucynok 41, Pucynok 42, Pucynok 43): xapakTepusyercs y3KUM
JUAaNa30HOM M30TONHbIX 3Hadenuil §'°C (-27,0%0 — -31,0%0, VPDB), npu 5T0M 0611Mi 6UTyMOU

JIEMOHCTPUPYeT 3HaueHus u3orona yraepoaa 8'°C ot -28,0%o 10 -30,0%o0, VPDB.
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CROIHBII THTOTOTHUECKHIT pa3pe3 IPCKUX OTI0KEHHMI
dpornosexoro u LlanMckoro (panaisHoro paiiona
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(mmsuKkeBble, GapoBbie)
KonTunenraabHbie 001acTH

BO3BBIIIEHHBIE PABHUHEI
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03EPHBIE, 03€PHO-00JIOTHBIE,
J0JIOBbIE)

8bI0ENICHHBIX NO  U30MONHOMY COCMAGY Yy21epood

(Kpacnosa E.A. u op., 2025). Tunwvt OB ygsa3anvl O C80OHBIM TUMON020-CIMPaAmMuepapuieckum

paspeszom omaodiceruti Pponoscrkoeo u Lllaumckozco payuanvHvlx pationos, onyoIUKOBAHHOM 8

Amnace (Cmynakosa A.B.,

..Kpacnosa E.A.

PA3HONONAPHbIE PPAKYUU, CM. MEKCM.

u op.,

2024). Hudpamu o0b603nauenvl
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Pucynox 42. Ipynnor munos OB, e6videnenHbIX NO U30MONHOMY COCMAsy yanepood

(Kpacnosa E.A.

u

op.,

2025).

Tunwi

OB  ysazamuwi

co

CEOOHbIM

JAUmoJjioco-

cmpamuepaghuueckum paspezom omuaoxceHuil Amanvckoeo u Ibidanckoeo gayuanrbHvix

paiionos, onybnukosannom 8 Amnace (Cmynarkosa A.B. , ..Kpacnosa E.A. u dp., 2024). Cwm.

yenosHvle 0bo3navenus Ha Pucynok 41.
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Pucynox 43. Ipynnut munoeé OB, 6vi0eleHHbIX NO U0MONHOMY COCMABY yenepooa
(Kpacnosa E.A.  u 0p., 2025). Tunvt OB yedsaublt O CBOOHbIM  JUMOLO20-
cmpamuzpaguueckum — paspe3om  OMO0dCeHUull  Ypeneotickoeo — gayuanvbHo2o0  paiiowa,
onyonuxoeannom 6 Amnace (Cmynaxosa A.B. , ..Kpacnosa E.A. u op., 2024). Hudscueropckuii
omoen He Obll NPeOCmagier @ Ce:A3U C OMCYMCmeuem U30monuvix oanHvix Cm. ycioeHvle

obosnauenus Ha Pucynok 41.

Takue 3HAa4eHUs TUIMYHBI JUIA CAlPONENIEBOTO M  CalPONENeBO-I'YMYCOBOIO HCXOIHOTO
opranudeckoro BemecTBa. KiroueBas ocoOeHHOCTh (hopMbl KpHBOM — m3orHyTtas Qopma c
3aMEeTHBIM 000TallleHHEeM HACBIIICHHOM (hpakIMu OTHOCUTENbHO apoMaTnueckoit (Kpacnosa E.A.

u ap., 2025).
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['pynma 1 orpaxkaeT yciIOBHsI MEIKOBOIHO-MOPCKOTO MIelb(a M MPUypovYeHa K TOTYPCKOH CBHTE
(®ponosekuit u [lanmckuii paiioHsl), 3uMHel cBuTe (SAmanbckuii W ['bITaHCKUN paliOHBI) U

TIOMEHCKOM cBUTE (YpeHIroickuii paiioH).

I'pynna 2 (xpachasi, Pucynok 42) nemMoHcTpupyeT Oosiee LIMPOKUIN JMara3oH BapHaluii
313C (-26,0%0 — -31,0%0, VPDB) 1o cpaBHeHHIO ¢ Ipynmoii 1, Opu 3ToM oOLIMi GUTYMOM
xapaktepusyercs 8'°C B npenenax -26,5%o — -30,0%0, VPDB. Takoii quana3oH TakKe yKa3blBacT
Ha calpoIeeBblil U carporenaeBo-ryMmycoBbiii Tun OB, HO ominyaeTcs oT rpymmsl 1 6onbmuM
BKJIaJIOM TYMYCOBOIl cocTaBistomieil. @opma KpUBBIX COXpaHsET €AUHbINA OOJIMK: oOoraméHHas
JETKUM M30TOINOM HAChIIIEHHAs (Qpakuus U TKENBIM — acanbreHsl. ['pynna 2 cOOTBETCTBYET
OTHOCUTEJIHO ITyOOKOBOJIHBIM BIAJIMHAM IIesib(a U XapaKTepHa AJIsl CPEJHEIOPCKUX OTIIOKEHUN

Smano-I'simanckoro paitona (Kpacuosa E.A. u nip., 2025).

I'pynma 3 (cunss, Pucynok 41): 6iau3ka k rpymme 2 Kak mo ¢GopMe KpHUBBIX, TaK M IO
JUara30Hy 3HAYCHUN, OJHAKO OTIMYAeTCs CABUTOM B 00nacTh Oonee TSHKENBIX 3HAYCHMIA
u30TonHOro cocrasa. Juanason 8'°C Bapbupyer ot -24,5%0 10 -30,0%o, VPDB (oOumuit
outymona: -26,0%0 — -29,7%o0, VPDB). JlanHas rpymma oTpa)kaeT YCIOBHS MEPEXOTHBIX
NpUOPEKHO-MOPCKUX 00JacTell W aJTIOBHAIIbHO-03€PHO-OO0JIOTHBIX PaBHUH M TPUYpPOYCHA K

CpeaHEPCKUM omiokeHusaM Pponoscko-Ilanmckoro paitona (Kpacnosa E.A. u np., 2025).

I'pynna 4 (xéntas, Pucynox 41, Pucynok 43): xapakrepusyercss Hauboyiee y3KUM
JMara3oHoM 3HaueHui §'°C (-29,5%0 — -32,0%0, VPDB), rae o0mmii OMTyMOU COOTBETCTBYET -
30,0%0 — -32,0%0, VPDB. HM3oronmHblii cocTaB ymiepoja B Ipeaenax JaHHOIO AMala3oHa
yKa3bplBaeT Ha NPEUMYIIECTBEHHO CallpoMeNIeBbIii THUIl OpPraHMYEecKOro BemecTBa. I pymma 4
COOTBETCTBYET OTHOCHTEIIFHO TITyOOKOBOIHBIM BITaJHAM IIelib()a BEPXHEIOPCKOTO BO3pacTa u
HaOmonaeTcss B abamakckod cBute (Dposnocko-lllammckuii palioH) M OaKEHOBCKOW CBHUTE

(Ypenroiickuii paiton) (Kpacunosa E.A. u np., 2025).

I'pynma 5 (3enénas, Pucynok 41, Pucynok 42, PucyHnok 43): onpenensieTcs CeproBUIHOMN
(opMoit H30TONHO-(YPAKIMOHHBIX KPHBBIX M Auana3oHoM Bapuanuu 8'°C ot -28,0%o 10 -32,5%o,
VPDB (06mmit 6utymouns: -29,0%o0 — -32,5%0, VPDB). Takue 3HaueHHs] Takke YKa3bIBalOT HA
camporienieBpld TR OB, dopmupyromuiics TPEeUMyIECTBEHHO 3a CYET OCTATKOB MOPCKOTO
riaHkToHa. ['pynna 5, kak u rpynna 4, xapakTepHa Ui OTHOCUTENIbHO ITyOOKOBOJHBIX BIAJIUH
BEPXHEIOPCKUX  OTIOXKEHUHM, BKJIOYas TE€OPrHMEeBCKYyl0 CBUTY (YpeHroiickuii paiion),
TOJIBYUXUHCKYI0 CBUTY (SIMano-I'slmaHckuil palioH) M TymIedMcKyro cBUTY (PposoBcko-

[Manmckuii paiton) (Kpacnosa E.A. u 1p., 2025).
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[lomydeHHble Trpynmbl JEMOHCTPUPYIOT OOLIYIO TEHIEHIUI0 W3MEHEHUS H30TOIHOIO
cocTtaBa yniepoaa. OboramieHue JErkuM U30TOMIOM YIIIEpO/a YKa3bIBAET Ha yBEIUYEHHUE TTyOHHBI
MOpCKOTO 6acceliHa, B KOTOPOM MTPOUCXOIIIO 3aXOPOHEHNE OPTaHWYeCKOro BellecTBa. Bapuanuun
BHYTPU KXKJOW Tpynmbl OOYCIIOBICHBI KaK HE3HAYUTEILHBIMH W3MEHEHUSMH B COCTaBe
HCXOJHOTO OpraHMYECKOIo BEIIECTBa, TaK U CTENEHbIO ero mnpeodpasoBaHHOCTH. HecmoTrps Ha
pa3dpoc JaHHBIX BHYTPU TPYII, BBISIBICHHbIE 3aKOHOMEPHOCTH MO3BOJISIOT XapaKTepU30BaTh
OCOOECHHOCTH OpPraHMYECKOrO BEIIECTBA, COOTBETCTBYIOIIETO OJHOTUIIHBIM (hallabHBIM

YCIJIOBUSIM B PA3JIMUHBIX palilOHaX €IMHOTO 0CaJ0YHOIro OacceiHa.

Bo Bcex m3yuenHbIx pazpe3ax 3amanHo-Cubupckoro d6acceiiHa mpociaeXuBaeTcs eAuHast
TEHACHIIMS U3MEHEHHS U30TOITHOTO COCTaBa OT BEPXHETPHUACOBBIX K BEPXHEIOPCKUM OTIIOKECHUSM.
HckmoueHre COCTaBISIOT OUTYMOWIIBI BEPXHEIOPCKUX OTIOKECHUN YPEHTOMCKOTO paiioHa
(rpynnel 4 u 5), KOTOpble JIEMOHCTPUPYIOT OOpaTHYIO TEHJIEHLUIO, OTpa)kas HHbIE
najneoreorpaduyeckue yciuoBus nepudepuitHol yactu OacceiiHa. DT OTIMYHUS, BEPOSTHO,
CBSI3aHBl C paclpocTpaHeHueM YpeHroiicko-Konaroropckoro rpabeHa, B mpeaenax KOTOPOTo
[TyOOKOBOJTHBI MOPCKOM OacCeitH MO3THEIOPCKOTO BPEMEHH PE3K0 oOMeles Ha pyOeske Mmo3aHen

IOpPBI U PAaHHETO Mela.

Takum 00pa3zoM, H30TOMHO-TE€OXUMHUUECKUE UCCIIEI0BaHMS, TPOBEAEHHBIE B OTIEIbHBIX
paifonax 3amagHo-Cubupckoro OacceiiHa, TMO3BOJWIM YTOYHUTH TE€HE3UC OPTraHUYECKOTo
yriepoJa U €ro CBsi3b C YCIOBHSIMH OC3JIKOHAKOIUICHHs. 30TOMHO-QpaKIMOHHBIA aHAIN3
OUTYMOHU/IOB IOPCKUX OTJIO)KEHUI BBISIBUJI 3aKOHOMEPHOCTH M3MEHEHHUS HM30TOIHOIO COCTaBa
OpPraHMYeCKOTO BEIIeCTBA B 3aBHCHMOCTH OT CMEHBI (alManbHBIX YCIOBHH B THpeaenax
®ponoscko-Ilanmckoro, fAmano-I'simanckoro u  Ypenroiickoro paiioHoB. Ilomydennsle
3aKOHOMEPHOCTH PACIIUPSAIOT BO3MOXKHOCTH aHAIN3a HEPTEMATEPHHCKUX MOPOJA OCaJ0YHOTO
OaccelfHa ¥ 3HAUYUTENBHO YIIIyOJISIOT MOHUMaHKUE MPOLIECCOB, KOHTPOIUPYIOMUX (POPMUPOBAHHE
HeTera30HOCHOCTH. Pe3ynbTaThl 007a1al0T BBICOKOW TNPAKTHUECKOW 3HAYUMOCTBIO IS
OIITUMHU3AlIUK ITOMCKOBBIX pa60T N TIOBBIIICHUA Bq)(l)CKTI/IBHOCTI/I Pa3BCIAKU YTJICBOAOPOAOB B

CJIOKHBIX U MAJIOU3YYCHHBIX paﬁOHaX.



101

4.2 HN30TOMHO-TeOXUMHUYECKAS XapPaKTCPUCTHKA OPraHuvdeCKoro BelecTea Iopox

BEPXHEIPCKHUX 0TIIOKeHN BapeHeBoMOpCKOro peruoHa

N30TONHO-re0XMMUYECKHE MCCIEJOBAaHUSI OPraHUYECKOTO BEIECTBA U €ro CBS3U C
O00CTaHOBKAaMHU  OCA/IKOHAKOIUICHWs OBLIM  BBINOJHEHBI TaKXKe Ui 3alajHoOd  4acTu
BapenneBomopckoro 6accelina. YcioBHs 0CaIKOHAKOIUIEHHS IOPCKUX OTIOXKEHUH B bapeHueBom
MOpE HMEIOT NPUHIUIHNAIBHOE 3HA4€HHE UIA IPOrHo3a (a3oBOrO COCTaBa YIIIEBOIOPOIOB B
3anexxax. HecMoTpss Ha MHOrOJETHHE MCCIEOBAHUS IOPCKOTO KOMIUIEKCA OTIOKEHUH H
JIOKa3aHHYIO €ro He(hTera3oHOCHOCTb, BONIPOCHI FTEHETUYECKOTO TUIIA OPraHMYECKOr0 BELECTBA B

Ppa3HbIX (l)aI_II/IaJ'ILHBIX rpymnmax OTJI0XKEHHMI O0CTaETCs BOIIPOCOM OTKPBITHIM U aAKTYaJIbHBIM.

Bepxneropckue rauHbl B mpenenax bapeHneBomopckoro 6acceliHa, MPaKTHUYECKH
MOBCEMECTHO, XapaKTEPU3YIOTCS BBICOKMUM COJIEPKAHUEM OPIaHMYECKOrO BELIECTBA U OTHECEHbI
K MaTepUHCKOW Toue B WHTepBasie okcopa-oeppuacckoro Bozpacta (Leith T. et al., 1993;
Ohm S. et al., 2008; bpo E.I'., 1992; Kuproxuna H.M. u ap., 2013; Ctynakosa A.B. u ap., 2021).
3uauenus TOC B HEM u3MenseTcs B nuama3oHe ot 0,45% 1o 23% wa 3amaze u ot 0,5 mo 16% Ha
BocToke (Cedenio A. et al., 2021; CrymakoBa A.B. u ap., 2021). Jlanusiii oboraménnsii OB
WHTEPBAJ MOJAPA3ACIACTCS Ha JIBE MAYKU: OKC(HOPI-KUMMEPHIDKCKYIO U THUTOH-OEpPHACCKYIO,
COOTBETCTBYIOIIIUE BBIJCIICMBIM Ha HOPBEXKCKOM Mmienbde maukam Amnbre u Kpuib,
CcoOTBEeTCTBeHHO. [lauka Ambre oTIMYaeTCs 3HAYMTEIBHBIM BKIagoM Mopckoro OB, B To ke
Bpems nauka Kpuinb xapakrepusyetcs npeobdnaganueM HazemMHoro OB, uTo cBuneTenbcTByeT 00
YCUIIGHUW BIUSHUS KOHTHHEHTAIILHOTO CHOca B mepuoj e€ QopmupoBanus. ['eoxumuueckue
CBOMCTBa 00€MX IMayeK JEMOHCTPUPYIOT PETHOHANILHBIE BapHalluy, CBS3aHHBIC C PA3IUUHUsIMU B
MCTOYHUKAX cHoca U naneoreorpaduueckux ycioBusax (Leith T. et al., 1993; Ohm S. et al., 2008;
bpo E.T'., 1992; Kuproxuna H.M. u nap., 2013; Crynakoa A.B. u np., 2021). Ha apxunenare
[nunoepren Bepxueopckas HIMT mnpencrasiena cButoit Arapadwenier cpeaHeokchopacko-
cpennerutroHckoro Bo3pacta. Conepxkanne TOC 3meck Bapwupyer ot 1% mo 10%, keporen

otHOcutcs npeumyiectBeHHo k tumy III (Leith T. et al., 1993).

TpaHCcrpecCUBHO-PETPECCHUBHBIC IIMKIIBI OCAIKOHAKOTIICHUSI B FOPCKUH MEPUO]T, CBSI3aHHBIE
C U3MEHEHUSIMHU YPOBHSI MOPsI, OKa3aJii CYIIECTBEHHOE BO3/IEMCTBHE HA COCTAB U paclpesiesieHue
MOPO/I M3y4aeMOro KOMIUIEKCa. B mepuopl MOBBIIEHUST YPOBHSI MOPSI B TIO3THEIOPCKOE BPEMS
dbopmupoBanuch NTyOOKOBOIHBIE IIMHHUCTHIE OTIIOKeHUs1 O6orareie OB. Bo Bpemsi moHmkeHUs
YPOBHSI MOpsI TIOBBIIIAJICS TMPUBHOC OCAJOYHOTO Marepuayia B 0AcCEeH O0CaaKOHAKOIUICHUS U
OTHOCHUTEIIbHO-TITYOOKOBO/IHBIE ~ YCIIOBUSI ~CMEHSJIUCh  MEJIKOBOAHO-MOPCKMMHM W HMHOT/A
npuOpekHO-MOpcKUMHU. CHIKEHHE YpOBHS MOpSI MPUBOAMIO K HaKoIUIeHHI0 o0eaHEHHbIX OB

MECUYAHO-AJICBPUTOBLIX ITOPOU. HO)IO6Ha$I HUKIIMYHOCTb B CTPOCHHUU BCPXHCIOPCKUX TOJII] ObL1a
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mpociie)keHa M Ha ceBepe Ypenroil-Konroropckoro rpabena 3amagnoit Cubupm, re OHa
ofpesessijia He TOJBKO JIMTOJIOTHYECKUH COCTaB OTIOKCHHUH, HO M BIHsJIA HA TEOXUMHUYECKUE

napaMeTpsbl OB, TakHe KaK €ro THUI H CIIOCOOHOCTH K TEeHEepalu yriieBOAOPOAdOB.

JIisi OLEHKH CBSI3M HW30TOIHO-T€OXHMHYECKOTO COCTaBa OPraHWYECKOTO BEINECTBA MU
(anmanbHBIX YCIOBUH €ro 0caJIkoHaKoIIeHUs B bapeHiieBoMopckoM Oacceiine ObLT UCTIONb30BaH
MOAXOM, AHAJIOTMYHBIH NPUMEHEHHOMY JUISI IOPCKHX OTJIOkeHui 3anagHo-CuOupckoro
HedTerazonocHoro 0OacceiiHa. OOpa3npl  OUTYMOWAOB JJIsi HM3MEPEHUS WX H30TOIHO-
TCOXUMHNYCCKUX XaApPaKTCPHUCTUK OT6I/IpaJ'II/ICB COITIACHO IMpU3HaAKaM aBTOXTOHHOI'O OPraHu4€CKOro
BEIIECTBA BEPXHECIOPCKUX OTIOKEeHUH. OOpasibl NMPUBSA3BIBAIMCH K W3BECTHBIM (harmaibHO-
TCHETHYCCKHUM TPYIIaM OTJIOXKCHUH, OXapaKTepU30BaHHBIM JIPYTMMHU aBTOPAaMU CTaHIAPTHBIMU
MeToaamu uTo-(panuanpHoro ananmsa (Grundvag S.-A., Olaussen S.,2017; Marin D. etal., 2017;
Mordasova A.V. et al., 2024; Mopnacosa A.B., 2018 u apyrue). 3arem ObUI MPOBEAEH aHAIN3
U30TOIMHO-(DPAKIIMOHHBIX KPUBBIX PAa3HBIX TEHETUYECKHIX IPYIII OTJIOKECHUH [Tl OLIEHKHU CBSI3H UX

C (I)aL[I/IaJ'ILHBIMI/I 00CTaHOBKaMU OCAaIKOHAKOIUJICHUA OPraHUYCCKOT0 BCIICCTBA.

4.2.1 Oobvexm uccieoosanus

BepxHepcKo-HMKHEMEIOBOM KOMIUIEKC B bapeHIeBOM MOpe IIPEnCTaBIEH Cepuei
NepecIanBalONINXCs TEPPUTEHHBIX OTI0KEHUH C IPOCIOSIMHA KapOOHATHBIX TIOPOJI U MHTEPBAIaMU
OoraTbIX OpraHWKOW CiaHIEB. B HOpBEXXCKOM cekTope mIenb(a OTIOKEHUS OKCHOpI-
OeppHaccKoro BO3pacTa BBIIEISAIOTCS, Kak (opmarus XeKKHHIeH. BepXHeropcKo-MeloBoit
KOMILIEKC B LIEJIOM MPECTABIsIET COOOM TOMIILY HUKINYHOTO CTpoeHus. B pa3pese Beinenstorces 7
mukutoB  [II-ro mopsiaka, pa3nenéHHBIX  BHYTPH(OPMAIIMOHHBIMH  HECOINIACHSIMH U
KOPPENATUBHBIMY UM COTJIACHBIMU TOBEPXHOCTSAMU (MOBEpXHOCTSAMU 3aroruienus) (Grundvag S.-

A. etal., 2017; Marin D. et al., 2017; Mordasova A.V. et al., 2024; Mopnacosa A.B., 2018).

N3yuennas koymeknus BKiIodaia 29 o0pasioB KEPHOBOTO MaTepHalia CKBAKUH 3aIaTHOM
yactu menbda bapenmeBa Mmops u 7 006pa3ioB ckBaxuHbl DH-5 Ha apx.IlInunbepren (Pucynok
44), nyist KOTOPBIX OBLT MPOBEJEH MOTHBIA KOMIUIEKC JIMTOJIOTO-T€OXUMUYECKUX UCCIIECOBAHUN
(KonecuuxoBa T.O. u ap., 2025), a Takxke 5 00pa3lioB CKBaXMH BOCTOYHON yacTH menbda u 10
00pa3snoB oOHaxkeHus apx. 3emutst @pania Mocuda (Sobolev P.O., 2012; Kupees I'.U. u np., 2009;
Kuproxuna H.M. u ap., 2013).

Taxke B pabore OBUIM HCIOJIB30BAHBI OIMYONMKOBAaHHBIE JAHHBIE TEOXUMHUYECKHX
UCCIICIOBAaHUH KEPHOBOTO Marepuana CKBAXHH Imenb(a HOPBEXKCKOW 0a3bl  JaHHBIX
(Odunmansheiii caitt Hopsexxckoro Hedranoro nupekropara, npd). M3otonHelii ananus gppakuuit

OUTYMOUIOB OBLIT ONPENENIEH TI0 CTAaHIAPTHON METOIUKe, MPUBENEHHON B TiaBe (pasmen 2.2). B
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Pucynox 44. Kapma gpaxmuueckoeo mamepuana eepxnelopckux omaoxcenuti bapenyeso mops.

C Hauana paHHeW IOpbl HAa TEPPUTOPUHU HCCIENOBaHUS Mpeobdaasany KOHTHHEHTAIbHbIE
00CTaHOBKH 0Ca/IKOHAKOIUIEHHsI, KOTOPbIE Ha MPOTSHKEHNUN CPEHEHN U MO3AHEN 0Bl TOCTENEHHO
CMEHSUTMCh MPUOPEKHO-MOPCKUMU U MOPCKUMU OOCTAHOBKaMHU [0 YCJIOBUH OTHOCHUTEIBHO
rmy0okoBogHOTO menbha B koHIe ropckoro mepuona (Klausen T. et al., 2022; CycnoBa A.A.,
2014). I'enepaninoHHbIN NOTEHIMAN IOPCKUX OTJIOKEHMM MOATBEPKAEH paHEe NMPOBEAEHHBIMU
uccienosanusmu (Ohm S. et al., 2008). B cpeHe-BepXHEIOPCKHUX OTI0KECHUSIX BBISBIICHBI 3aJICKU
ra3a, a 4acThb BEPXHEIOPCKHUX OTIOKEHUU SBISETCA KaK PETMOHAIBHBIM (PIIIOUIOYNIOPOM, TaK U
MOTEHIIMATbHON HePTera3oMaTepruHCKON TOJIIEeH, NpPEICTaBICHHON BBICOKOYIIEPOIUCTHIMU

IJIMHUCTO-KPEMHUCTBIMU oTioxkeHusIMH (CyciioBa A.A., 2014).

4.2.2 Tunu3auuﬂ 2CHe3UCa Op2anuiuecKozo eeuiecmea nOo U30mMONHbIM mMapKkepam

Ha mnpumepe BepXHEIOPCKO-HMKHEMEIIOBOTO pa3pe3a OTIOKEHUM 3alaJHOM 4acTH
bapennieBa Mopsi moka3aHbl HM30TOIHBIE XAPAKTEPUCTUKH OTAEIbHBIX (paKIuil OUTYMOHIOB,

OKCTPAarupoOBaHHBIX U3 OPraHUYCCKOIo BEIICCTBA IMOPOJ pa3HOro reHe3uca.
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B nporu6e Xammepdect 3Hadenus 8'°C HacwimenHoit gppakuuu coctapisior ot -30,1 110 -
28,7%0, VPDB, apomarnyeckoii - ot -29,6 10 -27,8%0, VPDB, acdhansreHos - ot -28,2 10 -26,4%eo,
VPDB. B paznomuoii 3oue beépuéiipenna u cydbacceitne OUHTepAbIONET COCTaB HACBHIIICHHON
dpaxun BapeupyeT oT -30,0 10 -29,5%0, VPDB, apomaruueckoii - ot -29,7 1o -27,9%., VPDB,
acansTeHoB - 0T -29,3 10 -26,9%0, VPDB. B nporut6e Tpomcé 3Hauenus cxoxu, HO O&'°C
ac(anabTeHOB Bo3pacTaeT 110 -25,7%o0, VPDB. O0pa3isl BepXHEIOPCKUX OTI0KEHHH BOCTOYHOTO
menbha AEMOHCTPUPYIOT y3kMe auanasonbl 0°C (B mpemenax 1%o s Kaxaoi (Qpakiuu):
HACBIIIEHHAs ¥ apoMaTtudeckas — -29,8 1o -29,2%o., VPDB, cMoinbl u acdansrens — -29,4 1o -
28,5%0, VPDB. AHanmoruuHble pe3yabTaThl MOIYYeHBI 17151 BepxHetopckux nopo numnbdeprena,
HO ac(anbpTeHbl oborameHsl TSHKENBIM u30TonoM (-29,8 1o -26,7%0, VPDB, npeumyiiecTBeHHO
oKoNo  -27%o). OOpasupl apxumnenara 3eminun Ppanna-Mocuda omimyarores Haubonee
oboramEHHpIM TErKUM n30ToroM dpakmuii cmod (-31,9 mo -29,4%0, VPDB) u achansrenos (-31,4

110 -29,4%0, VPDB).

Pe3ynbraThl aHanM3a M30TOMHO-(PPAKIMOHHBIX KPUBBIX CBUJIETEIBCTBYIOT O CMEIIAHHOM
renesuce OB BO Bcex M3y4YEHHBIX MHTEPBaJIaX, 9YTO MOXKET YKa3bIBaTh Ha OOLIHOCTH MaJICOCPEIbI
ux (popMHpOBaHMS WM CXOAHBIX OMOMPOAYLEHTOB. B 3amagHoil yactu mienbda HA OCHOBE
Oosbuiero oObEéMa JaHHBIX HOPBEKCKOM 0a3bl JAHHBIX MOXKHO IPOCIEAUTh H3MEHYUMBOCTH
U30TOITHOTO COCTaBa (hpakIMii BHYTPH ILIUKJINTOB, BBIJIEIIEHHBIX B padote (Marin D. et al., 2017).
BBepx mo paspe3dy c npeoOnaasaHHEM CalpoIEIeBOr0 OPraHMYECKOro BELIECTBA HAOIOZAcTCA
oborarenue JErkuM uzotornom 8'3C uzyuennsix ppakuuii 06pasios (PucyHok 45). B HeKOTOpPBIX
cilydasix, Harnpumep, B Oacceiine XamMepdect, HaOmM0AaeTcsl MOoNHas CMeHa 00JIMKa U30TOIHO-

(I)paKI_II/IOHHBIX KPHBBIX OT IBHO KOHTUHCHTAJILHOI'O THUIIA K MOPCKOMY.

Bnusinue dannanbHbIx 00CTaHOBOK Ha M30TOMHBINM COCTAB OPraHNYECKOTO BELIECTBA OBLIO
IPOCJIEKEHO Ha IpUMEpe TEeHETHYECKUX THUIOB OTIOKEHUH IO3AHEIOPCKO-PAaHHEMETIOBOTO
Bo3pacta bapenueBa mops. AnanmorumuHo 3amagHo-CuOupckomy OacceiiHy ObUia MpOCIeKeHa
CBS3b M30TOIHOTO COCTaBa OPraHMYECKOIOo BEUIECTBA IMOPOA € UUKIMYHOCTBIO CTPOEHUS
BEPXHEIOPCKO-HMKHEMENIOBOTO pa3pe3a B CKBaXHMHAaX 3amaaHoil wactu bapeHneBa Mops.
JIutonoro-reoxuMu4ecKkass XapaKTepUCTHKa OPraHMYECKOro BEUIeCTBA OSTHUX  OTIOKEHHM
(KonecnuxoBa T.O. u np., 2025) mo3BoisieT NpeanoaokuTh 00CTAHOBKH OCaJKOHAKOIUICHUS, B
KOTOPBIX (DOPMUPOBAIUCH MOPOIBIL. 3MeHeHne 00CTaHOBOK OCAJKOHAKOIUICHHS B Tpeaeax
€IMHOTO CEJUMEHTALMOHHOIO [IMKJIAa OTPAXKaeTCsl B CMEHE M30TOIMHOIO COCTaBa OPraHMYECKOro
BEIIIECTBA U ero reoxuMudeckux napamerpos (KonecHukosa u n1p., B neuatn). Mi3otonHslit coctas
OpPraHMYECKOrO BEIECTBA BEPXHEIOPCKUX OTIOXKEHHUH YKa3bIBaeT Ha IpeodialaHhHe MOPCKHX

YCJ'IOBI/II\/JI OCaJIKOHaKOIIJICHW . MOpCKI/IG 00CTaHOBKHU OCAaIKOHAKOIIJICHHA MOATBCPIKAAIOTCS TAKIKE
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U JIpyTMMH TE€OXMMUYECKMMHU TMapaMeTpaMM, TaKUMU Kak OHWOMapKepHbIE IapamMeTpbl U
WU3MEHEHUS 3HAYCHWI BOIOPOJHOIO HHAEKCA B COCTaBE IIOPOJ BEPXHEIOPCKOTO BO3PACTA,

HACBIIICHHBIX OPTaHNUYCCKUM BCILICCTBOM.
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Pucynox 45.  Hzomonno-ppaxyuonnvlie Kpugvle OUMyMOUO08 U3YUEHHBIX 00pA3Y08,
PpazoenienHble Ha ePYRnbl NO YUKIUMAM NO30HEIOPCKO-PAHHEMEN08020 603DACMA, 8blOEIEHHbIX
6 pabome (J3, So-S1, S2, S3 (Marin D. et al., 2017). Bykéamu na epaghuxax uzomonHo-
dpaxyuonuvix Kpuevlx Oumymoudos oboznavenvi: H — Hacvlyennas @paxyus, Ap —

apomamuyeckas gpakyus, ¢ — cmonucmas gpaxyusi u Acgh — acgpanbmenoi.

Konebanus ycinoBuii 00pa3oBaHHs MUCXOIHOTO OPTaHUYECKOTO BEUIECTBA, CBS3aHHBIC C
IUKIUYHOCTBIO YCJIOBUN OCaJKOHAKOIUICHUS, XOPOIIO OTpa)karoTCsl Ha HM30TOIMHOM COCTaBe

yriaepoaa (pakiuii 3kcTpakToB U keporeHa. Ha (PucyHok 46) moka3zaHo oOoraiieHue JErkum
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M30TOIIOM YIJIEpo/a BBEPX IO pa3pesy, CBSI3aHHOE, CKOpee Bcero, ¢ yriayOsneHuem OacceliHa
OCaJKOHAKOIUIEHUs. OTa TEeHAEHUMs Oblla IPOCIeKEHAa B TPAHCTPECCUBHOW YacTu
BEPXHEIOPCKOTO IMKJINTAa CKBaXUHBI 7321/9-1 mnporuba Ounrepabioner. DopMbl Bcex
M30TONHBIX KPUBBIX COOTBETCTBYIOT INpPEUMYILIECTBEHHO cMemanHomy tuny OB. Ilo mepe
npuOIIKEHUsT K MaKCUMyMy TpaHCIpeccuu Halmrogaercs oboraiieHue JErKUM H30TOINOM
yriiepoja BeeX (ppakiuii. DTa TeHAEHIMS KOPPEIUpyeT co 3HadeHusMu &'°C keporeHa, KOTopble
CMemaroTcs B 0Oliee OTPHMIATENBHYIO 00JIaCTh BBEPX II0 pa3pe3y. 3HadeHus O6'°C keporeHa
COOTBETCTBYIOT -25%o0, VPDB B caMoM Haudane TpaHCTPECCUBHOUW (a3bl M HOCTHraroT -32%o,

VPDB kK €€ KOHILy, 4TO yKa3bIBacT Ha YBEJINYEHUE MOPCKOM COCTABIIAIONIEH B COCTaBE KEPOIeHA.

CKB. 7321/9-1
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Pucynox 46. Koppenayus u30monHo-eeoXumMudeckux Xapaxkmepucmuk Op2aHu4ecko2o
gewecmea NOpoO 6 MPAHCSPECCUBHOU HaACMU 8epXerOpCKOo20 YUKIUMA HA  3anaoe
Bapenyesomopckoeo ocadounoeo 6acceiina. Boonv wikanvl enyoun Kpyeamu OmmeyeHo
nonoocenue obpasyos. Ilo wikane u3zo0monos ommeuen U30MONHBIL COCMA8 y2nepooa O

pasnuix gpakyuii: 1 — Hacvlyennas gppakyus, 2 — apomamuyeckas gpakyus, 3 — cmorucmas
¢paxyus, 4 — acghanomenul.
Takum  oOpazoM, TpPOBEACHHBIC  WCCICAOBAaHMS  BEPXHEIOPCKUX  OTIOKCHHH
BapeH1eBoMOpckoro pervoHa MoATBEPAMIN TECHYIO B3aMMOCBS3b MEXIY CEIMMEHTALMOHHOM

UKIMYHOCTBIO, 00YCIOBICHHOW TPaHCTPECCHBHO-PETPECCUBHBIMU KOJIEOAHUSIMU YPOBHS MODS,
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U TEOXMMMYECKHMMH OCOOCHHOCTSMHU M3YUYEHHBIX OTIOKEHUU. L[MKIMYHOCTH NHposBiseTCs B
3aKOHOMEPHOM paclpe/ieIeHud MeauToBoro Marepuana u OB: MakcuManbHOE HAKOIUICHHE
TOHKOAMCIIEPCHBIX oOcaakoB u oOoramenue OB ¢ukcupyercs B 3akiIrouuTenbHON (ase

MaKCHUMaJIbHOM TPAHCTPCCCUU I KAKAOTO HUKJIa OCAAKOHAKOIIJIICHHA.

Bnusinue TpaHCTPEeCCHUBHO-PETPECCUBHOIO PEXHMMa SIPKO IMPOCIEKUBAETCS BO BCEX
TeOXMMHUYECKUX MapamMeTpax. B mepuonb MakcuMaabHON TPAHCTPECCUU HAOMIOIAIOTCS MPU3HAKH
Oonbiell mpumecu Mopckoro OB B pacnpeseneHusix ajlkaHOB U M30TOIIHOM COCTaBE YIVIEpona
¢bpaxuuii 1 keporeHa. PamxupoBaHue TOJNI HA OCHOBE OMOMAapKEpHOTO W M30TOITHOTO aHaIM3a
no3BoNwio auddepeHnupoBaTh HMHTEpBaibl ¢ pa3inuuHbiM reHesucoM OB. Ilomyuenusbie
pe3yibTaThl MOATBEPKIAIOT, YTO BEPXHEIOPCKUIM IMKIUT OCTa&Tcs Hambosee MepCreKTHBHBIM
HCTOYHHKOM YTJIEBOAOPOIOB Oilarojapsi OTHOCUTENILHOMY BBICOKOMY CoziepkaHuio Mopckoro OB.
Pesynbratel nccnenoBaHus MOAYEPKUBAIOT BAKHOCTh YUYETA IUKIUIHOCTH CEIMMEHTAIMHU TPU

nporuo3upoBanuu 30H pa3BuTusi HI'MT B BepXHEIOpCKO-HUKHEMEIOBOM KOMILJIEKCE.

4.2.3 Conocmaenenue U30OMONHBLIX  XAPAKMEPUCMUK  OUMYMOUOOB8  GEPXHEIOPCKUX

omaoxcenuii 3anaono-Cubdupckozo u bapenyeeomopckozo bacceiinos

BrisiBeHHBIE TEHETUYECKUE TPYIIIBI 10 U30TOITHOMY COCTaBY YIIepoaa OUTYMOHIOB IS
BEPXHEIOPCKUX OTIOXeHui 3amagHo-Cubupckoro u bapeHmeBoMopckoro 0acceiiHOB ObuH

COIIOCTAaBJICHBI C LIEBI0 OIIEHKU M COMOCTABIICHUS YCIOBHUM UX (OPMHUPOBAHUSI.

Me3so3oiickuii 3tan pas3sutus bapeHneBo-Kapckoro permona oxapakTepu3OBaH 10
OonblleMy — KOJIM4YecTBY  (paKTHUYECKOro  Marepuana, ONyOJMKOBaHHOrO B paloTax,
WUTIOCTPUPYIOIINX JE€TalbHOE CTPOCHHUE U YCJIOBHS OCAJKOHAKOIIJICHHS BCErO0 PerHoHa U €ro
otnenbHbIX 30H (bacoB B.A. u ap., 2009; Mansimes H.A., 2000; Mansiies H.A. u ap., 2023;
Mopnacosa A.B., 2018; Hopuna J[.A., 2014; Crynakosa A.B., 2001; CrymakoBa A.B. u np.,
2024; Cycnosa A.A., 2013; CycmnoBa A.A. u ap., 2021, 2025). O600ménHas XapaKTEPUCTHKA
UCTOPUM pa3BUTHs M maneoreorpaduueckue nocrpoeHus B bapenneBo-Kapckom pernone B
TEUYEeHHE ME3030iCKOoro 3tama mpezactraBieHbl Ha Pucynok 47, (Cycnosa A.A. u ap., 2025). B
pabote Obla MOKa3aHa YHACIIEOBAHHOCTh TPEHOB U3MEHEHHSI OOCTAHOBOK OCaIKOHAKOTIICHHS

B IIpeaciiax TCKTOHUYCCKUX OJIOKOB.

CpaBHEHHE HW30TOIMHO-TEOXUMUYECKUX XapPaKTEPUCTUK BEPXHEIOPCKUX OTIIOKEHUN
3amagHo-Cubupckoro u bapeniieBomopckoro 6acceiinoB (Pucynok 48, PucyHok 49) moka3zaio,
YTO OTJIOKEHUSI TPAHCTPECCUBHOM YacTu HUKINTA (J30+km) BapenuieBomopckoro menbda (Pucynok

48) mo M30TONHBIM JaHHBIM MOTYT OBITh COOTHECEHBI C BEPXHEIOPCKHUMHU OTIOKEHUSAMH (J3km)
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®ponosckoro u [ammckoro ¢anmanbHOro paiioHa (TyTIEHMCKOH CBUTOH ) W SIManbcKoro u

I'sitancKOTO (hanuanbHBIX PaiOHOB (TOTBYUXUHCKOM cBUTON) 3amagnoi Cubupmu.

PerpeccuBHas yacTh BEpXHEIOPCKOIro HUKINTA (J3km+tt, PUCyHOK 49) BapennieBomMopckoro
nienbda Mo CoCTaBy OTVIOKEHUH M M30TOIHBIM MapKepaM I'eéHe3Hca OpraHHMYeCcKOTo BELIeCTBa

MOPO/I COMOCTaBUMA CO CPETHEIOPCKUMU OTIIOKeHUsIMU (J2b) ['brianckoro anuansHOroO paifoHa.

30°B 40° B 50° B60° B70° BEB0° B90° B100° B

YcnoBHble 0bo3HaYeHUA
O6cTaHOBKM OCaOKOHAKONNeHUA
I lopHas cywa Menkoe mMope
MpunHeHo-oTNNEHAA nyBokoe mope

PaBHVHA 4144 000 000

70° Q 1m0 55 0 110 220 230

80°C

I 35-33-31-20-27-25
1

Amanbcknil U MbigaHCKKUiA |
| daumnansHble paoHbl

T

35-33-31-20-27-25

70°C

40°B 50°B 60° B 70°B 80°B

Pucynox 47. Mooenv ucmopuu pazeumus wopckux ocadouHvlx baccetinos bapenyeso-Kapckozo
wenvgha, J3 — nozoneropckoe epems (Cycnosa A.A. , ..Kpacnosa E.A. u op., 2025). Ha cxeme
0003HaAYeHbl U3yUeHHble 00pazybl OUMYMoOUd08: dcermovle — Amanvckou u IblO0anckoll 30Hbl,
3enenvie - popmayuu Xexkuneen nauku Anvee, kpacuwie - popmayuu Xexkuneen nauku Kpuno.
Bpesku naneozeoepaguueckux kapm e3amol uz (Marin D. et al., 2017), na epagpuxax uzomonto-
@DPaKyUOHHBIX KpUBLIX NOAMU NOKA3AHbI OanHble no 3anaonot Cubupu (3enenoe none - J3km,

KpacHoe noine - J2b); uepuvimu TUHUAMU — OUMYMOUObL navek Anvee u Kpuno.
[Toposel, cirararomiyie perpecCUBHYIO 4acTh pa3pe3a CpPeHE-BEPXHECIOPCKHUX IHKJIHUTOB,
CJIOKEHBI TPUOPEIKHO-MOPCKUMHU M MEJKOBOJAHO-MOPCKHMHU TEPPUTCHHBIMH OTIOXKCHHSIMH,
c(OpMHpOBAaBIIMMHCA B TaleoBMaguHax Ha Imenabde. Habmomaemble XapakTepHUCTUKU

MOATBEPKIAAIOT 0COOEHHOCTH ME3030MCKOro 3Tana pa3BuTHs bapenueBo-Kapckoro pernona, B
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XO0/Ie KOTOpOTO HaOJI0maeTcsl TOCTENEHHOE YBEJIWYEHHWE TIIyOMHBI MOpCKOro OacceiiHa,

yepeayroleecs ¢ IepruoaMu OTHOCUTEILHOTO MTOHMKEHUS! YPOBHSI MODSL.

B pesynprare mpoBemeHHOTo WCCIIEIOBaHHS ObLa TMONy4YeHA TeHETUYeCKas KapTHHA

U30TOIHOIO paclpesieieHusl yniepoja OUTYMOUIOB BEPXHEIOPCKMX OTIOKEHMHM 3arajHo-

Cubupckoro u bapenneBomopckoro 6acceiinoB. [lonmydyeHHas 3aKOHOMEPHOCTH pacHIMPSET

BO3MOXHOCTHU aHAJIM3a OPraHUYCCKOro BCIICCTBA He(bTeMaTepI/IHCKI/IX nopog B Ipeaciax

0CaJ04YHOIo OacceiiHa M 3HAYUTEIHLHO IIOBBIIIACT HOCJIOCTHOCTL IMOHMMAaHUA HPOLCCCOB,

KOHTPOJIUPYIOIIUX IIpoLecc (popMupoBaHus HEPTEra30HOCHOCTH.

Pucynox  48. H3zomonno-gpaxyuonuas
kpueas epynnel 5 (Pucynox 41, Pucynox 42,
Pucynox 43), evidenennas 6 3anaowo-
Cubupckom baccetine. Yenosnuie

obo3znavenusi cm. Pucynox 41. Ha epaghuxe

UepHoviMu JUHUAMU HAHECEHbl OoarnHwvle

U30MONHO20 cocmasa yanepooa Gpakyuil
OUMyMouo008  MPAHCSPECCUBHO20 — YUKIA
gepxHeropckou gopmayuu XeKKuHnzeH nayku

Anvee (J3 o+km).

Pucynox  49. Hszomonno-gpaxyuonnasn
kpusas epynnoel 2 (Pucynok 42), evioenennas 6
3anaono-Cubupckom baccetine. Ycnoeuvie
obosnauenus cm. Pucynox 41. Ha epaguxe
YEepHbIMU — TUHUAMU — HAHECeHbl  OaHHble
U30mMonHo2o0 cocmaea yanepooa gpaxyuil
bumymouooe pezpeccusHo2o Yukaia
sepxHeropckoll ghopmayuu XekKuHneeH nayku

Kpuno (J3 km+u).
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4.3 HN30TOMHO-TeOXUMHUYECKAS XapaKTepUCTUKA OpraHun4e€cKoro BeLIECTBA Hu

najeoreorpaguyueckasi 30HAJIbLHOCTb XaJyMCKOro ropuzonra IpeakaBka3ckoro peruona

N3oTOnHO-reoxuMuyecKkre uccae1oBaHusl MOTYT MIPUMEHSTHCS HE TOJIBKO JIJISl I€TalbHOM
KOppEJSIMUU  OTIEIbHBIX pa3pe30oB, HO M JJI PETUOHAIBHOM KOPPEJSALHMH BbIICPHKAHHBIX
BBICOKOYTJIEPOJUCTHIX TOJI MpU OacceiiHOBOM aHanu3e. [IpuMep uCIonb30BaHUST U30TOMHBIX
MapKEpoOB Jid YTOUYHCHHA PCruOHAJIbHBIX MOHeﬂeﬁ HpI/IBeI[éH IJId XaAyMCKOI'O TOPH30HTa
[IpenkaBka3ckoro mepenoBOro mporuda. XaayMckuid ropu3oHT [IpegkaBka3cKoro permoHa
ABJISIETCS MOTEHIUAIbHO He(TEra3oMaTepUHCKOW TOJIIEH  OJIUTOLEH-PAaHHEMHUOLIEHOBOTO
BO3pacTa C BBICOKMM COJIEpKAaHHUEM OpraHuyecKoro BemlecTBa. 30TOnHO-reoxumMuueckue
UCCIICIOBAHUS TAaKUX OTJIOKEHHUH, TaK e, KaKk W JAPYTHMX BBICOKOYIIIEPOAUCTHIX (PopMariuid,
OMOTatoT 3((HEKTUBHO BBIJIEIUTh HHTEPBAJIbI pa3pe3a ¢ BBICOKUM COJIEP>KaHUEM OPTaHUYECKOTO

BEIICCTBA Pa3HOIo rcHe3uca.

Hecmotpss Ha 3HauuTEeNbHBIA OO0BEM paHee NPOBEAEHHBIX HCCICIOBAHUM, METOIUKH
IIPOTHO3UPOBAHUSL M TOMCKA 30H PA3BUTHSA CIOXKHOIOCTPOEHHBIX KOJIJIEKTOPOB B ITIMHUCTBIX
TOJNIIAX, TMOMOOHBIX XaJyMCKOM, BCE em€ OCTAlTCS HEAOCTAaTOYHO pa3pabOTaHHBIMU H
anpoOupoBaHHBIMU. Maiikorickast cepust (OJIMTOIEH - HUKHUI MUOIICH), B COCTaB KOTOPOU BXOIUT
XaIyMCKUH TOPU30HT, oOpamisieT ¢ tora Boctouno-EBponeiickyio miatgopMmy M ydacTBYeT B
Te0JIOTUYECKOM CTPOCHHHM OCHOBHBIX PETMOHAIBHBIX CTPYKTYyp IIpenkaBkases. Ha npotsikennn
BCel MCTOpUM €€ M3Y4YeHHs] OHa pacCMaTpPHUBAETCs KaK pernoHalibHas HedTermpou3BOAsIIAs U
HedTecoaeprKalas ToJIA U SBISETCS OJHUM M3 OCHOBHBIX OObEKTOB M3YUYEHHUS C TOUKH 3PEHUS
NEPCIIEKTUB HETPaJNLUOHHBIX HCTOYHHMKOB YIIeBOJ0poaoB [IpenkaBka3bs, B KOTOpBIX ocoboe
BHMMAHHME HCCJIEN0BATENEN MPUBIEKAET XaJyMCKHUI TOPU30HT. B reosornyeckomM OTHOLIEHUU
OacceifH u3y4eH oueHb HepaBHOMEpHO. CTpoeHHe, JTUTOJIOTUYECKHU COCTaB, TEOXUMUYECKUE U
reopu3nUecKre XapaKTepUCTHKHM  IajJeoreHoBoro paspesa Bocrouno-IIpeakaBka3ckoro
He(Tera3oHoCHOTo OacceiiHa MpeICTaBICHBI B INTeparype Haubonee noinHo (Peokkor B.U., 2016;
[Mapadpytaunos B.®., 2003; Angap6ues H.II. u np., 2017 u apyrue). OaHako KOMILIEKCHOTO
aHaJIu3a H30TOMHO-TEOXUMUYECKUX XapaKTEPUCTUK OTIOKEHUH XaayMCKOIO TOpPH30HTa B
COBOKYITHOCTH C TE€OJOTHUECKUM CTpOCHHEM, (QaluaibHON HM3MEHYMBOCTBIO U JIUTOJIOTO-
FeOXMMHUYECKUMH XapaKTepUCTUKAaMHU XaJyMCKOro ropu3oHnra Becero [IpenkaBkaszckoro 6acceiiHa

B MTOJITHOM 00BEME HE TTPOBOIMIIOCH.

Ha mpumepe 1opckux otnoxxkeHuid 3anannHoit Cubupu Obuin pa3zpaboTaHbl M30TOIHBIC
MapKephl, YKa3bIBAIOIINE HA TEHETHYECKUI TUTI OPraHMYECKOTO BEUIeCTBA, HAKATUTMBABIIIETOCS B
pa3NMUHBIX (harManbHBIX 0OCTaHOBKax. /Iy BBICOKOYTJIEPOJHMCTHIX OTIOXKEHUH Oa’KeHOBCKOM

CBUTHI OBLIH YCTAHOBJICHBI HU3MCHCHUS UH30TOIMHOI'O COCTaBa YIJICpoAa B 3aBUCHUMOCTH OT
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KOJICOAHWH OTHOCHTEBHOTO YPOBHS MOpPSI B MOMEHT HAaKOIUIEHHUs ocanka. [Tomo0HbIi moaxon K
aHAJINU3Y CTPOEHUSI BBICOKOYTIEPOAUCTON (opManuu ObLT NPUMEHEH W JUIS XaZyMCKOIO
YyepHoc/IaHleBoro ropusoHta IlpenkaBkasps. KitoueBble mapameTpel U 00CTaHOBKHU
OCAJIKOHAKOIUICHUs] XaJyMCKOIO TOpPU30HTA HIDKHEro onurorneHa llpeakaBkazbs Obuin
WUICHTUYHBIMA TEM, YTO OIMCHIBAIOTCS M Il Oa)KEHOBCKOTO ropw3oHTa 3amagHoit Cubupu.
OcHOBHBIE OTIINYHS CBSI3aHBI C 0COOCHHOCTSIMU MOP(HOJIOTUU JTHA, TOBBIIIEHHOW TEKTOHNYECKON
AKTUBHOCTBIO U cnabbiMu cBsizsimu ¢ Okeanom (Boponun ML.E. u np., 2024; [Tonos C.B. u ap.,
1993; Cronspos A.C., 1999). Hcnonp3oBaHuE HM30TONHO-TEOXUMHUYECKUX  KPUTEPHUEB
UACHTH(DHUKAIIMM TEHETHYCCKUX THIIOB OTJIOKCHUH II03BOJISICT YTOYHUTH HUMEIONIHECS B
HACTOAIIEe BpeMsl Mojenu naneoreorpaduyeckoro pa3sutus IIpenkaBka3ckoro permoHa BO

BpeMs (POPMUPOBAHUS XaJyMCKOTO TOPU30HTA.

4.3.1 Oobvexm uccieoosanus

B Texronnueckom otHomeHuu IlpeakaBka3zckuii 6acceiiH MpUYpPOYEH K FOXKHON OKpauHe
Ckudckoid MOJIOAON MUTEPIUHCKON TUIAT(HOPMBI U OTpaHUYeH ¢ fora KaBka3ckuM CKJIaadaThiM
COOpY’KEHHEM, C ceBepa - Kpsbkem KapnuHckoro, ¢ ceBepo-3anana — YKpauHCKUM IIMTOM, a HA

BOCTOKe coenuusercs ¢ FOxxno-ManreinprakckuM 6accerinom Typanckoi mmtsl (PucyHok 50).

A3omo-KyGanckan cucToma np.

o®
R

Hons ysmcens ) \ _txorE % “““, . N
= » L o

S / ” (
crAaPunmb e - [ ...

A;. 3 _
4‘°'
S
\\ \.1?.
i MAXATRATA ke
r/ /~/>\
o SN
" oy ()
«#’"""’M \_ ey /r', O 7\ & e
ofw":’ ] - o, ey 0 25 0 50 100 150
£ S BN R E—

Pucynok 50. Cxema cmpykmypHO-meKmoHuueckoeo patoHupo8aHuUst ¢ UCHONIb308AHUEM OAHHBIX
mexkmonuyecko2o pationuposanus Ilpeokaskaszvs (Kpacnosa E.A. u op., 2021), evinoinenHwvlx
noo peoaxyueil Jlemasuna A. U. (1987) 2., Kacnuiickoeo mops — Jleonoea FO.I', Bonooica FO.A.
(2010), Yeproeo mops — [iymosa U.@. (2014).
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B crpoenun IlpenkaBka3ckoro ocajodyHoro OacceifHa BBIACHSIOTCS JBa CTPYKTYPHBIX 3Taxka:
JIOIOPCKOE CKJIaq4aTO€ OCHOBAaHHME M ME3030MCKO-KalHO30MCKUI 0camouHbiii yexon. Cpeau
3JIEMEHTOB MEPBOTO MOPSAIKA BBIACTSIOTCS CUCTEMBbl TPOTHOOB U MOJHATHI, BBITSHYTHIX BIIOJb
Kpsimcko-KaBkasckoii oporeHHoil cucrembl. Cpeu HUX 30Ha MaHBIUCKUX MPOTrHO0OB, A30BO-
Craspononbcko-IIpukymckast cucrema noansTuil, KaBkasckuii mepeaoBoii mporu6d (¢ ceBepa Ha
tor) (Pucynox 50). B mpenmemax STuUX KPYNHBIX CTPYKTYPHO-TEKTOHHMUYECKHX JJIEMEHTOB

BBIACTAIOTCA BIIaAWHBI XU ITIOJHATHA 0oJiee MEJIKOIo nopsaJKa.

JIuTonornyeckass XapakTEpPUCTHKA OTIOKEHHMHM XaJIyMCKOTO TOPHU30HTa Ha H3y4aeMou
TEPPUTOPUU HE OJIHOpOIHA U u3MeHuMBa. HeoOXoaumo paznuyaTh MOHATHS XaIyMCKOTO
TOPU30HTAa M XaJAyMCKOW CBUTBHI, KOTOpbIe BbIIENCHB B lIpeakaBka3ckom OacceifHe ¢ pa3HOM
CTETNICHBIO JCTAILHOCTH B PAa3IMYHBIX CTPYKTYpHO-(alManbHBIX 30HaX. B maHHON pabore
MHTEpBaJI UCCIEIOBAHUI HE OTPAHUYEH TOJIBKO XaJTyMCKOW CBHTOW, MPAKTHYECKH BE3IE B HEU
BBIJICIISTFOTCS TIIIIEXCKUHM M CONEHOBCKUN MoabApychl (peruospycsl) (ITomo C.B. u mp., 1993). Ilo
IUIOLIAM XaTyMCKas CBHTAa M3MEHSETCS 10 Ha3BaHUIO M pacuieHeHuto. CyMMapHO CBUTHI Ha
IUIOMIAI OOBEAMHSIIOTCS B XaAyMCKH TOPHU30HT B OOBbEME PIOMEILCKOTO sIpyca, HIKHErO
OJINTOLIEHA. BUPrynMHEIOBBIE CIIOU OTHOCITCSA K XaTTCKOMY SIPyCy M SIBJIIFOTCS MEPEXOIHBIMU

MCXKAY XaAyMCKHUM I'OPU30HTOM U KJ'II/IHO(l)OpMHBIM KOMIIJIEKCOM MaMKoIIa.

MOHO BBIICINUTH JBa OCHOBHBIX THIIA Pa3pe30B XaJayMCKOTO Tropu3oHTa. IlepBblil
MEeCYaHO-IIIMHUCTBIA omucaH Ha CTaBpOIOJIIbCKOM CBOAE M pacmpocTpaHeH Ha 3amagHoM u
entpansuom IIpeakaBkasbe, a Takxke B ceBEpHBIX pailoHax Bocrounoro [IpenkaBkasbsa. Bropoit
THUI pa3pesa — KapOOHATHO-IIIMHUCTHIN onucaH B npeaenax Boctouno-CtaBponoabCKoil BriaAHHbI

u xapaktepeH ans Bocrounoro IlpenkaBkasss u Tepcko-Kacnuiickoro mporuoa.

WNuTepnpeTanust M30TOMHO-TEOXUMHYECKUX JaHHBIX, MPOBEAEHHAS aBTOPOM, MO3BOJIMIA
YTOYHHUTh, & B HEKOTOPBIX CIydasx MEPEOCMBICIUTHh MNpeJIOKEHHbIE Majeoreorpaduueckue
MO/IEJIH, BBIMIOJTHEHHBIC HA OCHOBE PETHOHAIBHEIX reoioro-reodusndeckux pador (Cradeen A.H.
u ap., 2023; Cromsapos A.C., 1991, 1999). [ns aeTanpbHOW XapaKTEPUCTUKU TEPPUTOPUHU ObliIa
nomoOpana koyutekiuss u3 180 00pas3IoB MOpoa XaayMCKOrO TOPHU30HTA, BKIodaromied 104
oOpa3siia u3 6 ckBaxkuH LlenTpansHoro [IpenkaBkasbs u 76 00pas3ios u3 32 ckBaxkuH BoctouHoro
[IpenkaBka3pa. OOpa3npl U3 ckBaxuH BocTtouHoro IlpenkaBkaspsi MpencTaBiI€Hbl IIMHHUCTO-
KPEMHHUCTHIMA ¥ KapOOHATHO-TIIMHUCTO-KPEMHHUCTHIMU TIOPOAAMH, a OOpas3Ibl M3 CKBaXXWUH

]_[CHTpaJIBHOrO HpeI[KaBKaSBH — aJICBPOJIMTaMU, aJICBPO-ITIMHUCTBIMU U INIMHUCTBIMHA ITOPOAAMHU.
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4.3.2 Ilaneozeozpaguueckan mooensv hopmuposanus Xa0ymMcKux OmaoHceHui

B maneoreorpadudeckom IiaHe OCaakd, BIOCIEICTBHH C(HOPMUPOBABIINE OTIOKCHHUS
XaIyMCKOTO TOPH30HTA, HAKAIUTMBAIUCh B YCIOBHUSIX OOIIMPHOTO, CHJIBHO PacwICHEHHOTO
mienb(da, B mpezesiax KOTOporo CyHIeCTBOBAIM OTHOCUTENBHO ITyOOKOBOJHBIC BIAJUHBI COTHHU
METPOB TIIYOMHOH ¢ KOMIICHCHUPOBAaHHBIM M HEKOMIIEHCUPOBAHHBIM OCaJKOHaKoruieHueMm. C
BHEITHEW CTOPOHBI MIieib(] OBUI OKOHTYpPEH JIMHEWHO-ITyroOOpa3sHONW CUCTEMOW IMOIBOTHBIX
MOTHATHH. YacTh MOMHATHN BBICTYTIANIA HA TOBEPXHOCTH B BUC HU3KUX OCTPOBOB. KOkHas yacTh
[TpeakaBKa3cKOro peruoHa IMpecTaBlisiia cOOOW Mmeb(OBBIA CKIIOH, OOpAIICHHBIH B CTOPOHY

OKCAaHNYCCKUX BIIaJWH.

OmiokeHHsT XaAyMCKOrO TOPM30HTAa HAKAIUIMBAIMCh B YCIOBHAX IEPUOAHYECKU
MOBTOPAIOIINXCS 3TAIIOB 3BCTATUYECKOIO IOBBILICHUS YPOBHS MOpPs. B 3Tansl nepuoau4eckoro
[0JIbEMA YPOBHS MOpS (IIIEXCKO-IUMISIHCKOE, CONIEHOBCKOE, BUPTyIMHEN0Boe BpeMsl) (PucyHox
51) o6CTaHOBKM OCAJKOHAKOIJICHUS MEHSUIUCh OT MEJIKOBOJHO-MOPCKHX 10 OTHOCHUTEIBHO
ITyOOKOBOJHBIX. Pa3Hble MCTOYHHMKM CHOCA MOCPEACTBOM IPHUJIOHHBIX TEYEHUH MOCTABISUINA CO
ctopoHsl Boctouno-EBponeiickoii miaar¢opmMbl NPEUMYIIECTBEHHO IIIMHHUCTBIA 0OCaA0UHBIN
Marepua’l, BHIIOIHABIINI KaHAJIbl BPE30B M (JOPMUPOBABIINK KOHYCHI BEIHOCA M 30HBI PA3BUTHUS
KOHTYPUTOB Ha YPOBHE NHKHOKIMHA. JTO NPUBOAWIO K 4YacTHYHOH auddepeHuuanuu
TEPPUTCHHOTO Marepuana M JOKajlu3auuu Oojee rpyObIX Qaruii, Harmpumep, KaHAJIOBBIX U
LIHYPKOBBIX T€J, KOTOPBIE B HACTOSILEE BPEMS MOTYT CIYXKHUTh KOJUIEKTOpaMu 1 YB BHyTpHu

NPEUMYIIECTBEHHO INIMHUCTOM BBIcOKoyTepoauctoit popmarmu (Kpacnosa E.A. u np., 2021).

-
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Pucynok 51. Ceoonas numonoeo-cmpamuepaguueckasn cxema cmpoenue XaoymcKo2o 2oOpu3oHma

IIpeoxaskazvs (c ucnonvzosanuem mamepuanos (Kpacnosa E.A. u op., 2021, Ilonos C.B. u op.,
1993, 1993, 1993; Cmonspos A.C., 1991).

OcobenHoctu najneoreorpadguyeckux 0OCTAaHOBOK B Xa{yMCKOE BpPEeMsl, CBUICTENbCTBYIOT

0 HECKOJBKUX JTamax (OpMHpPOBAHHS BPE30B B XaTyMCKHX IMPEUMYIIECTBEHHO TIIMHUCTHIX

omnoxxeHusx Ha Pucynok 52, (Kpacuosa E.A. u np., 2021b; CradeeB A.H. u np., 2023).
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[Iporsox€HHOCTh Takux Bpe3oB npocturaia 100 u Oornee KUIOMETPOB, MPHU IIHUPUHE OT
HECKOJIbKUX cOTeH MeTpoB 70 20-30 KM M TIyOMHE 10 HECKOIBKHUX IECATKOB MeTpoB. OHHU
CJIO)KEHBI OTHOCUTENBHO Ooliee TpyOBbIMHU MECUaHO-aJIeBPUTOBBIMH OTIOKEHUAMU. B mporiom
3TH TMECYAHO-aJEBPUTOBBIC KaHAJBI B pa3pe3e OCAJOYHOro YexJia MOIIM CIYKUThb MyTsIMU
MUTPAIMM  yTJIEBOAOPOIOB, a B HACTOSIIEE BpPEMs CIIOCOOHBI COAEpXKaTh Ta30BbIE U
ra3okoHjeHcaTHbIe 3anexu. [IpoTspk€HHblE (Qanuu KaHaJIoB, PACIOJIOKEHHBIE B AMCTAIBHBIX
30Hax nayeoieiabda U Ha CKIIOHE, POopMHUPOBAII KOHYCHI BhIHOCA. [TonoykeHne CKIOHOBBIX (hanuii
KOHYCOB, BEPOSITHO, KOHTPOJIMPOBAJIOCH YPOBHEM TAJIOKJIMHA (BMECTE ¢ TepMOKIuHOM). [locie
MOCTYTUICHUS 0CaJ0YHOTO MaTepralia K ypPOBHIO TaJIOKJIIMHA BHYTPHOACCEHHOBBINA TBEPIBIN CTOK
OCYUIECTBIISICS KOHTYPHBIMU T€UEHUSMU, (DOPMUPOBABILIMMU BaJIOOOpa3HbIE MPOTSKEHHDIE TEINA,
OKaMIIABIIIME KOTJOBHHBI HIeNb(a. DTHU Tella MOTYT MPEACTaBIATh OMpPENSIEHHbBIN HHTEPEC C

TOYKHU 3pCHUS IIEPCIICKTUBHOCTHU, OAHAKO HaHHBIﬁ BOIIPOC Tpe6yeT Ooiee ACTAJIbHOTO U3YUYCHUA.

Bce 3anexu He(TH, 0OHApyKEHHbIE B HETPAIULMOHHBIX INIMHUCTBIX KOJJIEKTOPAX Xa yMa
[IpenxaBka3psi, c(HOPMUPOBATUCH B OTJIOKECHUAX, HAKAIUIMBABIIMXCS HIDKE IIYOMH TajOKIMHA,
PEUMYIIECTBEHHO BJOJb €ro KpOMKH. [Ipy 3HaYNTEIEHOM YBETMUEHUH TITyOUHBI, HIKE YPOBHS
TaJIOKJIMHA, YCJIOBHMS OC&XIEHUS OpPraHMYECKOIO BEIIECTBA CTAHOBHIUCH BCE MEHEe
OnaronpuaTHeiMu. Bbeicokue mepcnektuBbl JKypaBckoro paiioHa, HMOATBEpKAEHHBIE OOJBIIMM
YHUCIOM OTKPBITHIX 3alie)keld M Oosiee BBHICOKMM 3TaXOM HE(PTETra30HOCHOCTH, BKIIOYAIOIIMM B
BEpXHEH 4YacTU HM3bl OaTalmamMHCKOM (KaJaMBILKOM) CBUTHI, HE SIBIAIOTCS Ciay4yailHbIMU. B
NIEpUOJl BHUPTYIMHEIUIOBOIO BpPEMEHM B HampasieHHH JKypaBCKOro paiioHa NPOUCXOINI
HOBEPXHOCTHBIN cTOK U3 Bonro-JloHckoro 6accelina, pacroio)KeHHOTO CeBEpHEE U OTAEIEHHOTO
or IlpenkaBka3ckoro OacceifHa LENOYKOM OCTPOBOB C HIMPOTHBIM NpOCTHpaHueM. MHbIMU
cioBamu, JKypaBCKMII pPallOH HaXOOUTCA Ha «IEPEKPECTKE» NPHUIOHHBIX KOHTYPHBIX U
CyOMepUIMOHAIBbHBIX, IPEUMYIIIECTBEHHO MOBEPXHOCTHBIX TeueHul. Takas rujpoinHaMuyecKas
o0cTaHOBKa oOecIieunBalia MOBBILIEHHYIO IEPBUYHYIO OMONPOAYKTUBHOCTD 3a CUET NOCTYTIIICHUS
OMOMIBHBIX AJIEMEHTOB U3 HECKOJIBKUX HMCTOUYHUKOB. OlLlEHKa XapaKTepUCTUK OPraHUYeCKOro
BEIL[ECTBA U30TOMTHO-TEOXUMUYECKUMH UCCIIETOBAHUSAMH JUIs IIOIYUYEHUs] KOPPEIAUOHHON CBSI3U
¢ nuTo(danraIbHBIMA OOCTaHOBKAMH TIOMOKET YTOUHUTH YCIOBUS (POPMUPOBAHUS OPraHUYEeCKU

HACBIIICHHBIX ITPOCIOCB XaJyMCKOI'O rOpu30HTA Hpe)IKaBKaSI)H.

4.3.3 H3omonno-zeoxumuueckas XapaKxmepucmuka Oumymouooe Xxaoymckozo 20pu3onma

CHu3y BBepX M0 pa3pesy XaJyMCKOIO TOpPU30HTA YCTAHOBJICHA TEH/ICHLIMS YBEIUUYCHUS B
cocraBe OB TeppareHHoi koMoHEeHTH. OHOI U3 BO3MOXKHBIX NMPHUYUH MOXKET OBITh yCHUJICHUE
BO BpeMeHH cToka u3 Bomro-JloHckoro OacceiiHa, 4TO OTpa)kaeTcs B YBEIMYEHHUU pa3Mepa

00JIOMKOB BBEpPX IO pa3pe3y. DTO HanboJiee XapaKTEPHO IS O0JIACTH Pa3BUTHS MEPEXOIHBIX
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¢danuii IlenrpansHoro IlpenakaBka3bs: B 30HE€ TPAH3UTHOTO CTOKA B TIIMHUCTO-aJI€BPUTOBBIX
paspesax [lenarnanHCKON TUIOIIAIN OT HOAOUIBBI K KPOBJIE PACTET NECYAHUCTOCTb, MOSIBIISIOTCS
JUH3bI AJEBPOJMTOB M TECYAHUKOB, YBEIUYHMBACTCS COJEpKaHUE YIIeHUIIUPOBAHHOTO
pacturensHoro nerputa (MenbuukoBa FO.C. u ap., 1958). Haunnas ¢ XaTTckoro Beka CTOK €mie
0osiee aKTHBHU3MPOBAJICS, HO YK€ C YKPaMHCKOTO MaccuBa M, IJIaBHBIM 00pazoM, CO CTOPOHBI

Cesepnoro [Ipukacnus, Bo3moxkHo, ¢ FOxuoro Ypana (?) (CromsipoB A.C., 1991, 1999).

[lo pesynpraTtam nuposusa B ckBaxuHax CeBepo-CTaBpONOIbCKOrO MECTOPOKICHUS B
BEPXHEH YacTH XaJyMCKOTO TOpU30HTa HAOJIONAIOTCS HMHTEPBAIbl pa3pe3a C IOBBIIIEHHON
HACBILIEHHOCTHIO YIJIEBOAOPOAaMH. B Takux uHTepBajax paspesa (PUKCHUPYIOTCS MapameTphl,
KOTOpbIE YKa3bIBalOT Ha BBICOKOE COJIEpKaHHME YIJIEBOJIOPOJIOB (3HaueHue napamerpoB S1 > 20
mr YB/r mopozst, OSI > 100, Tmax <300 °C). V3 naHHBIX HHTEPBAJIOB OTJIOKEHUMN, HACKIIIIEHHBIX
YIJIEBOIOpOAaMu, ObLTH 0TOOpaHbI 00PA3IILI TOPOI, KOTOPHIE MOYKHO OTHECTH K MOTEHITHATBHBIM
HedTera3oMaTepuHCKUM MopoAaM. B moreHnnasbHo HedTera3oMaTepruHCKUX TOJIIAX, OOTaThIX
OpPraHUYECKHUM BEIIECTBOM, BBIIEICHO OpraHuyeckoe BeuiecTBo Kak II-ro (akBareHHoro) tuma,
TaKk U opranuueckoe BemecTBo III-ro Tuma ¢ GOJBIIMM BIMSHHEM T'yMyCOBOM KOMIIOHEHTBI

(repparentoe) (Pucynok 53).
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Pucynox 53. A - nuponumuueckuii nnanwem no ckeéaxcune Cesepo-Cmagpononvckas 2 0
ummepeana  xaoyma, 3eieHbiM — nooceeueHvl  YB-nacviwyenmnvie ummepsanvi;, b -
Moouguyuposannas ouazpamma Ban-Kpesenena onsa cxkeasicun Llenmpanvrozco Ilpeokasrazvs
(Cmagpees A.H., ..Kpacnosa E.A. u op., 2023).

3aKOHOMEPHOCTh pacipocTpaHeHus AByX TUIOB OB npocnexuBaeTcs U B ApYrUX paioHax

[IpenkaBkasps. [lo naHHBIM nuposn3a Haubojee SPKO OHA MPOSABISAETCS B mMpenenax BocrouHo-
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CraBpornonbCckol BMaauHbl; ganee K BOCTOKy (Ozek-Cyarckasi 1wiomagb) M FOTO-BOCTOKY

(Kypckast, Mo3mokckast TiIomiaan) OHa CTAaHOBUTCSI MEHEE SIBHOM.

4.3.3.1 Pe3ynbmamsli u30monto2o anaiuza bumymouoos Bocmounozco Ilpeoxaskasvs

[Monyuennsle 3Hauenus &'>C s HachIEHHOMN QpaKUy GUTYMOUIOB BapLUPYIOT OT -29,6
1o -31,2%0, VPDB, mis apomarudeckoir gpakmuu ot -28,7 10 -30,5%0, VPDB (Pucynok 54).
M3oTOmHBIi cOCTaB cMOJI U3MEHSIETCS B qUama3one ot -28,5 1m0 -29,8%o0, VPDB, acdansTeHoB - oT
-25,9 no -29,2%0, VPDB. Jlna Bcex o0pa3ioB Bocrounoro IIpeakaBkasbs XapakTEpHO
npeobiafanye THKEIOro H30ToNa B Hauboee MoasapHoil hpakuun achansTeHoB (B cpenHeM &'°C
Ha 1-2%o0 Oonbie, yeM y (Gpakiuu HACBHILEHHBIX YB), 4TO CBUAETENHCTBYET O HAJIMYUU B
achansTeHOBOW (PpakMu COCTUHEHUH, comepkammx (parMeHThI M30TOMHO Ooliee TSHKETBIX

OEJIKOB U YITIEBOAOB, KOTOPbIE HE OJBEPIIIUCH MUKPOOUAIbHOM NIepepaboTKe Ha paHHUX CTaJAUIX

JIUTOTEHE3A.
Pucynox  54.  [uacpamma
Q@ HacbiweHHble YB COOMHOULCHUS 513C
ARGRETVOGHe XB PA3HONONAPHBIX  ¢hpakyuil
Cwmonel X1opoghopmenno2o
ActansTeHbl IKCmpakma U3 06pa3u06

Bocmounoeo Ilpedkasxaszvsi.

L{semom 0003HaueHbl

- \ ckeaorcunsvl.: 10 — ocenmutii, 6
Ll S / — porcutt, 14 — memno-

29 " cunui, 13 — eomybou, 8 —
: ceemio-2onyootl, 7 — cepwlil,
9 — kopuumesvii u 12 —

YepHblil.

/ Mopckoe OB

-32 /
13—31 -30 -29 -28
5°C 7éct=|u_\eHH017| bpakumm

3 "
8 C apomatuyeckon cpakumm
&
o

HacblweHrHble YB
Apomaruyeckve YB

Cwmonbl

AcansTeHbl

Kpussle, xapakTepHble [UIsl BTOPOrO THIAa OPraHUYECKOTO BEIECTBA, OTBEYAIOT
JMHEHHOMY TPEHJY, KOTOPbI yKa3bIBaeT Ha MMOCTENEHHOE O0JIeryeHre M30TOIMHOTO COCTaBa Mo

Mepe JBUKEHMSI OT HauOojee MONSApHBIX (pakuil K MeHee MOJsApHBbIM. J[aHHbBIE KpUBbIE
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xapakTepHsl Uit cMemanaoro OB. B memnom, 3ameTHa TEHACHIUS K OOJIETYEHHIO W30TOITHOTO
cocTaBa IpH Iepexofe OT cMoil K YB-dpakuusimM, 4TO MOXET TOBOPUTH O MajOM BIHUSHUU

JIMTHUHOBBIX KOMIIOHEHTOB HA M30TOIMHBIM COCTaB U HATUYHS JUIUIHON COCTABIISIONICH.

JlaHHBIE W30TOIMHOTO aHAJIM3a CBUACTEILCTBYIOT B IMOJIb3Y CMEIIAHHOTO, aKBar€HHOTO C
MIPUMECHIO TYMYCOBOH cocTasiisitolel, Tura OB B oOpasmax xaagyMCKux OTJIOKeHHH BocTouHOoTrO
[IpenkaBka3bs, 4TO comacyeTcs NaHHBIMH reoxumMuueckux uccnenaoBanuii (Cradees A.H. u np.,
2023). Cnenpl (GIroMaoOB C XapakTepUCTUKAMU THIMHYHO Mopckoro OB, BeposiTHO, sBIseTCS

MHUI'PAUOHHBIMU.

4.3.3.2 Pe3ynbmamsl uzomonno2o anaiuza 3anaonozo u Llenmpanvnoeo Ilpeokaskasvsi

Jlnst obpasuoB m3 ckBaxkuH 3amagHoro (1, 2) m LlenrpansHoro (3) IlpeakaBkasbs
OKCTPAKIUS OUTYMOHa TMPOBOJUIACH M3 OTKPBITHIX (T€KCAHOBBIM JKCTPAaKT) MU 3aKPBITHIX
(x10poopMEHHBIH FKCTpakT) 1op. s TeKCaHOBBIX KCTPAKTOB 3HaueHus &'°C HacIEHHOM
dbpakuuu BapbUpyIOT OT -29,2 1m0 -31,2%0, VPDB, mis apomatuueckoii ppakiuu ot -28,2 10 -
30,6%o0, VPDB (Pucynok 55). Jlins XJ10po(popMEHHBIX SKCTPAKTOB 3HaueHus &'°C HachlleHHOI
dpaxuu ot -28,8 10 -30,5%0, VPDB, nns apomarudeckoit ¢ppakiuu ot -26,8 1o -29,8%o0, VPDB,
W30TOIHBIN COCTAB CMOJI XapaKTepU3yeTCs AUarna3oHoM ot -27,5 10 -29,6%o, VPDB, achansrenos

- o1 -28,3 110 -30,3%0, VPDB.
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Pucynox 55. luazpamma coomnowenus 6>C ons naceluwennoti u apomamuyueckoti paxyuil
2eKCaH0B8020 U XIOPODOPMEHHO20 IKCMPpAKmos u3 obpasyos 3anaonoco u llenmpanvrozo
Ipeoxaskazvs. [Jeemom 0603HaueHbl ck8adcuHbvl: 1 — dcenmplil u puidwcutl, 2 — cUHUL U 2071001,
3 — 3enenvie.

[To xapakTepy M30TONMHO-(PpaKIMOHHONW KPUBON PE3KO OTIMYAIOTCS OT APYTHX 00pa3iioB

CKBXUHBI 1 M 2, KOTOpbIE XapaKTepus3yloTcs HaiauuueM rymycosoro OB. Taxxke mis HHX

XapaKTEpHO JOBOJIBHO PE3KOE pa3sinyue OUTYMOUIa U3 OTKPBITHIX U 3aKpBIThIX MOp (PucyHnok 55
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A), 4TO MOXXET OBITh CBUJIETEIILCTBOM HAJIMYHS B HUX MUTPALIMOHHOTO OuTymMousia. B paspese atu
o0pa3iipl MonagaoT B YacTh XaAyMCKOTO TOPU30HTA, 00ETHEHHOTO MIMHUCTON COCTABIISIOLICH,

9TO MOXET BBICTYIIATh B IIOJIB3Y HAJIUYHA MUTPALIUOHHOT'O (l)moyma.

OO6pa3ubl ckBaXHHBI 2 U 3 0oJiee CX0XKU MEXIYy COOOH, a TaKkKe UX KpUBbBIE IMMOXO0XKH Ha
KPHBBIE C JIMHEHHBIM TPEHJIOM, KOTOPBIN OblI 0TMedeH B oOpa3uax Bocrounoro IlpeakaBkasbs.
s 5TuX 00pa3oB M30TOMHBIN COCTaB OMTYMOH/IAa OTKPBITBIX U 3aKPBITHIX MOp OMke. A s
oOpa3ma ckBaxuHbl 2 (cuHuUi, Pucynok 55 A), oroOpanHOro u3 6oyiee TIMHHCTOTO MPOCIIOA,
M30TOIHBIA COCTaB TEKCAaHOBOTO M XJIOpO(OpMEHHOTO OWTyMOWIa HWICHTUYEH, YTO JaeT
OCHOBaHMs XapaKTepU30BaThb oOOpasel] B KayecTBE aBTOXTOHHOro Outymouga. OcTalibHbIE
00pa3lbl TEeKCAaHOBBIX HSKCTPAKTOB 3TOM CKBAaXMHBI TATOTEIOT K HEMY M IO3TOMY MOXHO

NPEATOJIOKHUTh, YTO HA €T0 YPOBHE HAXOIUTCSI OCHOBHOM He()TEMAaTEpUHCKUI MPOCIION.

4.3.3.3 Obobwenue pe3ynbmamos u30monHo20 aHaIu3d

Pesynprarel u30TONHBIX aHanM30B 00pa3uoB 3amnagHoro u LlenTpansHoro [lpenkaBkasps
TOBOPAT O Pa3HbIX THUIIAX OPTaHUYECKOTO BEUIECTBA IO paspesy XalyMCKOro ropusonta. Tak, B
CKBRXXMHE 2 Ha pa3HbIX NIyOMHAX 3aJieraHusl XaIyMCKOI'O TOPU30HTA pe3ylbTaTbl HM30TOIHO-
TEOXUMHUYECKUX UCCIIEIOBAHNUN CBUIETENBCTBYIOT O PA3HBIX THUIIAX OPraHUYECKOro BeuecTsa. B
BEPXHUX MHTEpBaJIaX pa3pe3a XaJyMCKOI0O TOpPU30HTa B OTKPBITBIX IOpax HaXOAUTCS
MUTPAIlMOHHBIN OUTYMOU, a aBTOXTOHHBIA OMTYMOUJ U3 3aKPBITHIX MOP CX0XK C aBTOXTOHHBIM
OUTYMOMJIOM CKBaXKHHBI 1 C BBICOKMM COJEpKaHHEM T'yMycoBOH cocraBisomeil. B HkHMX
MHTEpBaJlaX pas3pe3a XaayMckoro ropuzoHta OB comepkMT MeEHbIIE MUIPALlMOHHOMN
cocraBigomeld 1 noxoxxe Ha OB u3 ckBaxkunsl 3, a Takke Ha OB u3 o6pa3uoB Boctounoro
[IpenkaBka3psi C JIMHEHHBIM TPEHIOM M30TOMHO-PPAKIIMOHHOW KpUBOH, TO €CTb HMeEEeT

CMEIIaHHBINA COCTaB.

ITo pe3ynbTaramM M30TOMHBIX aHAJIN30B B 00pasnax U3 OTIOKEHUH XaTyMCKOTO TOPU30HTA
MokHO BbeIIenuTh OB Tpex tunos: cmemanHoe OB ¢ GonmpmmM coiepikaHHEM KOMITOHEHTOB
MOPCKOTO TPOHMCXOXKACHUS, XapaKTepHOe TONbKO sl o0pas3noB Bocrounoro IlpenkaBkasbs
(Pucynox 56, I); cmemanHoe OB c OonbmmuM conep)kaHHEM KOMIIOHEHTOB TEPPUTEHHOTO
NPOMCXOKACHUS, XapaKTepHOe KakK JUIsl BOCTOYHBIX, TaK W JUISl ICHTPAJIbHBIX pPaliOHOB
[TpenkaBkasps (Pucynok 56, 11); u npeumymectBeHHo rymycoBoe OB B oOpasmnax 3amagHoro

ITpenkaBka3bs (Pucynox 56, I11).

Takum 00pa3om, MO OCOOEHHOCTSIM HM30TOITHOTO COCTaBa YIVIEPOAA HCCIICAOBAaHHBIC
00pa3ibl OUTYMOWIOB M3 OTJIOKEHUH XaJlyMCKOTO TOPH30HTA Pa3lCisIOTCS Ha JKCTPAKTHI,

HCXOOHOC OPraHnvYCCKOC BCHICCTBO KOTOPBLIX IMPCHUMYIICCTBCHHO MOPCKOC, W JSKCTPAKTHI,
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MCXOIHOE OpPTraHWYEeCKOe BEIIECTBO KOTOPBIX KOHTHHEHTadbHOE. [locnenHue mnpeacTaBieHbI
TOJIKO B AKCTpakTax u3 ckBaxuH lleHTpanbHoro IIpenkaBkasbs, a mpeobdmaganue mopckoro OB

oTMevaeTcs 1 BocTouHOM U B L[eHTpaJ'IBHOM HpeI[KaBKaSLC.
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R
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-31 Mopckoe OB
-32 AcchansTeHsl
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8"°C HacbILEHHO dpaKkLm

Pucynok 56. Cpasnenue cpeonux 3Hauenutl U30MonHO20 cOCMasa yenepooa Oisi pa3iuiHblX
pauionos Ilpeoxaskazva: I, 1I-1 — Bocmounoe Ilpeokasxazve, 1I-2, Il — [lenmpanvroe u
sanaoHoe l[lpeokaskasve.

Bbutrymounnsr mopckoro OB mo ¢opme M30TONMHO-PPAKIIHOHHBIX KPUBBIX JTOTOIHUTEIHHO
TOJIPA3IEISIOTCS Ha 3 Tpymmbl: Juis 1 XxapakTepeH HauOonbinii Bkiag Mopckoro OB, a Bo 2 u 3
rpynmax OTMe4aeTcs CMENIeHHWe pa3audHbiXx THoB OB, a pa3Hble TPeHABI MO H30TOITHBIM
coctaBaM (hpaKIuii, BEPOSITHO, BBI3BAHBI HEOOIBIIMMHU PA3INYUSIMUA B COCTABE OMONPOTYIICHTOB

Y/WIIH YCJIOBI/Iﬁ OCaJJKOHAKOIIJICHUA.

4.3.4 Pacnpocmpanenue munog opzaHu4ecKo2o 6eulecnea 8 XaoymcKom 20pu3onme

Hewmnorouncnennsie ganasie o tunam OB nmopoj xagyMCcKoro ropu30HTa, 3HaUUTEIbHbIE
1 OBICTpBIC BapHAIlMH €T0 COCTaBa B pa3pe3e M Ha IUIONIAu (MHOTAA B COCEHUX CKBAXKUHAX ), HE
MO3BOJISIFOT HA OCHOBE MHTEPIPETAIIUHU TOJIBKO 3TUX MATepUaOB CO3aTh KOHIUIIMOHHYIO KapTy
pacnpenenenus: TunoB OB B moponax xaaymMckoro ropusonTa st Beero [IpenkaBkasbs. OgHako
JlaXxke OTpBIBOUHBIE CBefieHUs1 1o TuraMm OB B mopojax xaJayMCKOTO TOpU30HTa (TeppareHHoe,
AaKBareHHOE WJIM CMEIIAHHOE) XOPOIIO KOPPEITUPYIOTCS ¢ OCOOCHHOCTSMH paclpeneeHus
mutoganuii. COBMECTHBIN y4eT 3THX JaHHBIX MOXKET IMOMOYb B JETAIMU3AIMU KakK (parnuambsHOTO
pUCYHKa, TaKk W pacmpeneneHus Ha miomaan OB pasnuyHOro THma B MOpoAax XamgyMCKOTO
TOPU30HTA, @ B KOHEYHOM UTOTE — MPOrHO3a FTeHEPAIIMOHHOTO MOTEHIIHAJIa Xa{yMCKOTO TOPU30HTA

(Pucynok 57).
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Bopo6bescko-IIpukymckass cyOmIMpOTHas 30HA PACIpPOCTPAHEHUS MPEUMYLIECTBEHHO
Mopckoro OB coBmamaeT ¢ mpeamnojiaraéMol 30HOW IyHAMHT€HHOTO allBEJUIMHTAa W BBICOKOM
MEPBUYHON OMOMPOAYKTUBHOCTH HaJ OAHOMMEHHOW 30HON OTHOCHUTENBHBIX MaleONOAHATUN
[TpenkaBka3ckoro OacceitHa. Hamuume camnponeneBoro OB moarBepmaeTcs MPUCYTCTBUEM
TOJIBKO JIMIITUHUTOBBIX MallepajoB (MPEeuMyIlEeCTBEHHO OMTYMUHHUTA) B 00pa3lax U3 CKBaKUH
[Tpukymckoit cuctembl momusatuii (11, 12, 13) (CradeeB A.H. u np., 2023). B Bocrtouno-
CraBpomonbcKoil BMAgMHE 3Ta 30HA pa3olIeHa MEPHUIMOHAIBLHOW MONOCON pa3BuUTHS (auuit
JIOHHBIX TeyeHuM. 31ech (BocTouHas 4yacTh BopoObeBckoil muiomianu, JoBCyHCKas Mmiiomiaab)
HAOJIIOIAeTCsl CWJIBHOE BIIMSHUE TyMYCOBOM KOMIOHEHTHI TeppareHHoro OB (Pucynok 57).
AHanornuHo carponeneBoe OB 1Mo xapakTepuCTHKaM MallepajbHOTO COCTaBa OTMEYEHO Ha

ceBepHoM 60pTy Tepcko-Kacnuiickoro nporu6a (9).

[Ipn 3TOM Ba)KHO OTMETUTh, YTO KOPPEJATUBHAS CBsI3b HAOIIONAETCS U B JIATEPAILHOM
pactipenenenun ¢amuii 1 TumoB OB Bocrounoro [IpeakaBkasps. Tak, B paiione XKypaBckoi u
CoBetckoii miomianei, B CKBaXXHHAX KOTOPbIX ycTaHoBieHO OB ¢ 6ombIoii 1oei TeppareHHoN
KOMIIOHEHTBI, 110 pe3yibraTaM OypeHHs M HHTEpIpeTauud reodusnyeckux mnpoduien
MPOCIIEKUBAIOTCS CyOMEPUIMOHAIBHO BBITSIHYThIE [T€CYaHO-aJIEBPUTOBBIE T€JIa PYCIOBBIX (haruii
noHHbIX TeueHul (Cradees A.H. u ap., 2023). Ouu Mmoriiu GopMUPOBATHCS CTOHHBIMU TCUECHUSMH
u3 Bonro-Jlonckoro OacceifHa mocie IyHaMHIe€HHOTO HaroHa co CTOpoHbl [IpenkaBkazckoro
Oacceiina. B oTiMuMe OT CTOKOBBIX, 9TH TE€UYEHHS ObLIM 00JIE€ BBICOKO INIOTHOCTHBIMH,

dbopMupoBaIK BpE3bl, HECH Oosiee TpyOblii MaTepHral, OHU TPOHUKAIA HIKE TEPMOKIIMHA.

NubiMu crnioBamM, TeppareHHas KOMIIOHEHTAa OpPraHMYEeCKOTO BeIlecTBa MOCTyIaja B
Bocrounoe u LlenrpanbHoe IlpenkaBkazbe u3 Bousro-Jlonckoro u JlHenpoBcko-/[oHCKOTO
OacceiHOB MOCPEACTBOM KaHAJIOB MPHUIOHHBIX TedeHui. BepositHO, mpoucxoxaenue storo OB
CBSI3aHO C Pa3MbIBOM TOP(GSHUKOB U MEPEHOCOM YACTHYHO PA3TIOKHUBILIETOCS OPraHUYEeCKOTO
BelllecTBa BbicIUX pacTteHui. B CapnuHcko-ApMaBUpCKOM 30HE NIABHOTO TPaH3UTa MaTepualia
YCUJIMBAIOIIUNACS CTOK MPUHOCUII TEPPATCHHYIO COCTABIISIONLYIO, TOT/Ia KaK 0CJIa0eBaOIINMA CTOK
CIOCOOCTBOBAI TIOCTYIICHNIO OMO(PMIBHBIX JIEMEHTOB, 00€CTICUNBABIINX PAa3BUTHE TUIAHKTOHA
n ocaxaeHue akBareHHoro OB. Mmenno B stoit 30He (CeBepo-CraBporosibckas IIIOMAas) B
OCHOBaHHUU pa3pesa HalmogaeTcst 4€TKoe YepeloBaHNe TePPAreHHOTo U akBareHHoro TunoB OB

IPY OTCYTCTBHH MEPEXOTHBIX (HOpM.

Ha tepputopun IlpenkaBkasbsi ¢ 3amaja Ha BOCTOK IpeoOiajaeT CMEHa TeppareHHOro
cocraa OB Ha akBareHHbld. [[ns nepexomHoit CaprnuHcko-MalKOICKON 30HBI XapaKTEpeH

cMemanubiil Tun OB uiam mocnenoBaTrenbHOE YEpPEIOBaHUE PA3IUYHBIX TUIIOB B pa3pese. ITu
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JIAHHBIE XOPOIIIO COMTACYIOTCSI C PACTIPEICIICHUEM 3aJIekel YIIICBOIOPOIOB PAa3IHIHOTO (Pa30BOro

cocCTana.

s cesepHoit yactu 3amagHoro IlpenkaBkasbsi W MEpexogHON (arralbHON 30HBI
TUIIMYHBI Fa30BbIE 3AJI€KU, TOIIa Kak B ceBepHOii yactu Bocrounoro [IpenkaBkasbst mpeobdiaanaor
HedTsaHbIe 3anexu. OpraHudeckoe BelIecTBO HKHOro ckioHa IlpenkaBkasckoro OacceliHa,
BEpPOSITHO, UMEET HE3aBUCHUMbIE MCTOUHUKH, CBSI3AHHBIE C JIOKAJIbHBIMH 30HAMHU MOBBIILICHHON
OMONPONYKTUBHOCTH IJIAHKTOHA HAJl OTHOCUTEIbHBIMU MOAHATUSAMH, TA€ J1eHCTBOBAJ AlBEILJIUHT.
Hedtsapie 3amexu 37ech pacronokeHbl BOJM3M YYaCTKOB PA3BUTHs IMOABOJAHBIX OIOJ3HEH
(Uenak I'H. u ngp., 1983). CrokoBble M CrOHHBIC MPUIOHHBIC TEUEHHUS CO CTOPOHBI Bosro-
Jonckoro OacceiiHa dopMupoBain Bpe3bl U MpOTsHKEHHBIE ocanounbie Tena (Ctomspos A.C.,
1991, 1999), cnoxxeHHBIE OTHOCHUTENBHO OoJyiee TPyOBIM IMECUYaHO-aJIEBPUTOBBIM MaTEPUAIIOM,
KOTOPBIE€ B TIPOILIOM MOTJIA CIYXHUTh MYTSAMH MHUTPAIlUU YIJIEBOJOPOIOB, a B HACTOAIIEE BPEMSs

MOT'YT COACPKATh Ira30BbIC U I'a30KOHACHCATHLBIC 3aJICKU.

YcraHoBieHHas Ui ceBepHOro ckioHa [IpeakaBka3ckoro paHHEOIMIOLIEHOBOIO OacceiiHa
TECHasi KOPPEJSATUBHAS CBA3b MEXIY (haluaabHbIM PUCYHKOM U pacCIpelleleHHEM pa3iIHMuHbIX
tunioB OB mo3BosiuT co3nark  Hambosee  JOCTOBEPHYIO  MOJIENb  OCAJAKOHAKOIUICHUS
BBICOKOYTJIEPOAMCTBIX OTIIOKEHUHN XaJyMCKOIO TOPU30HTA M ONPEIEIIUTh EPCIEKTUBBI TOUCKOB
HedTH ¥ Ta3a. B oTimune oT MHOTHUX YePHOCIAHIEBBIX (hopMalnid, COAEPIKALINX 3HAYUTEIILHBIC
KOJIM4eCTBAa KPEMHHUCTOM U KapOOHATHON KOMIIOHEHTOB, B CJIAHIIAX XaJyMCKOTO TOPU30HTA SIBHO
JOMUHMPYIOT MMHBL. He obnamas ECTKMM «KapKacom», INIMHUCTBIE KOJJIEKTOPHI CHOCOOHBI
COZIep)KaTh 3aJeKW HE(PTHU JUIIb NMPU HATMYUM AHOMAJIBHO BBICOKOTO IUIACTOBOTO JIaBJICHUS
(ABII/ZI). He caywaiiHO 3Ha4YWTENbHbIE TNPOMBIIUICHHBIE MPUTOKH HE(PTH W3 TIUHHUCTHIX
KOJIJIEKTOPOB  3aperucTpupoBaHbl B paitoHax (JKypaBcko-BopoOwéBckas Tuiomans), r7e
XayMCKUI TOPU30HT U30JUPOBaH MOIIHBIMU (uitonsioynopamu (6onee 500 M) Kak CBEpXy, Tak U
camsy (CradeeB A.H. u ap., 2023). B BoCTOUHOM HampaBIeHUH TOJIIMHA MAJIEOIEH-30IEHOBOTO
dmonioynopa ymensimaercs g0 200-100 M, d9ro crmocoOCTBOBaNIO MHUTpalul HePTH U3
XaJlyMCKOTO TOPU30HTa B HIDKEJEXKAIINe KOJUIEKTOPHI MaJeoreHa, BEPXHEro Meja M BEPXHETrO

anp0a (Uenak I'H. u ap., 1983).

Takum  oOpazom,  TpOBEeAEHHBIH  aHANWM3  majeoreorpadUYecKux  yCJIOBUH
0Ca/IKOHAKOIUIEHHsI B PAaHHEOJIMTOLIEHOBOE (XaayMcKoe) Bpems Ha Tepputopuu [IpenkaBkasbs u
INPWIETAOIINX PErMOHOB TIO3BOJIMJI  BBIABUTh HX T'UAPOAVMHAMUYECKHE B3aUMOCBS3M U

3aKOHOMEpHbIE (hOpPMallMOHHBIE MEpeXoabl. B 3TOT mepuon ycTaHOBWJICS pEXHM IepeHoca U
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OCAKIICHUS OCAJOYHOTO Marepuaia, COMPOBOXKAABIIMWUCS MEPUOAUYECKUMU TMOABEMAMU
[IyOMHHBIX BOJI, KOTOPBIE JOCTABISUIM K OBEPXHOCTU 3HAUYUTEIBHOE KOJIMYECTBO OMO(HUIBHBIX
AJIEMEHTOB. JTO 00€CTIEeYNBAIO [IUKIIBI MACCOBOTO IIBETEHUS U TMOENHU TIAHKTOHA — OCHOBHOTO
HMCTOYHUKA aKBAar€HHOTO OPraHMYECKOrO BelllecTBa. AKBAr€éHHOE CaIpoIllesieBOe OpPraHUuyYecKoe
BELIECTBO XaJyMCKOIO TOPH30HTAa HAKAIJIMBAJIOCh IPEUMYIIECTBEHHO B 30HaX, cj1adbo
MOJIBEPKEHHBIX BIUSHUIO TEPPUIEHHOIO OCAaJ0YHOrO MaTepHasia, NEPEHOCUMOrO TEYEHUSIMHU.
HaubGonee OnarompusTHpiMH NaHAmadTaMu [ HAKOIUJICHUS YEPHBIX CIAHIEB, OOrarhixX
AKBar¢HHbIM OB, SABJIAJINCH IMMOABOAHBIC INIATO M MX CKJIIOHBI, @ TAKXKC FHy6OKOBOI[HBIe CKJIOHBI
OacceifHOB, YTO B OCHOBHOM XapaKTEpHO JJIsi BOCTOYHOM yacTu lIpenkaBkaspsi. B ocTtanmpHBIX
pailoHax OCaJKOHAKOIUICHHs] MpPeoOaajano OpraHMYecKOoe BELIECTBO CMEIIAHHOTO COCTaBa.
OcoOenHocT pacmpeneneHuss pa3nuyHbix TunoB OB ompenensioT CcOOTBETCTBYHOIIEE

pa3MelIeHHe 3aJIeKel YIIICBOJIOPOIOB C Pa3HbIM (ha30BbIM COCTABOM.

HecMoTps Ha 3HauuTENbHBIE pa3aU4Msg B TEKTOHUYECKUX, THUAPOJUHAMMYECKUX U
TUIPOJIOTUYECKUX YCIOBHUAX, CPEAbl OCAIKOHAKOIUIEHUS XaJAyMCKOTO TOPU30HTa COOTBETCTBYIOT
KIIOYEBOMY TIapaMeTpy Mozaelu (GopMHUpOBaHHS YEPHBIX CIAHIEB — OTHOCHUTEIHHOMN
MeJIKOBOIHOCTH. [Ipu olieHKe reHepalMOHHOTO MOTEHIIKMaja MPOCiIoeB, 0OraThlX OPraHuYeCcKuM
BEIIIECTBOM, B Ka)KJJOM KOHKPETHOM OacceiiHe HEOOXOJUMO YUYHUThIBaTh OCOOEHHOCTHU penbeda u
[TyOMH JTHA, TUIPOJIIOTUYECKUE U THAPOAMHAMUYECKHE YCIIOBHSI, TEKTOHUYECKHE U 9BCTaTUYECKHUE
C06LITI/ISI, a TAKKE PCXKUM CTOKaA. YunTeIBas 3HAUYUTEIBHOE CXOACTBO H&HGOFGOFpa(l)I/ILIGCKI/IX
YCIIOBUH U OCAI0YHBIX 0OCTAHOBOK Pa3HOBO3PACTHBIX YepHOCHaHIEBBIX (popmanuit CeBepHO
EBpa3un, mpeanaraemas METOIMKa KOMIUIEKCHOTO Majeoreorpauyeckoro aHajiusa IernoyeK
IPOTOYHBIX OacceHOB, BKIIOYAIOIINX YEPHOCIAHIIEBbIE OacceiHbl, MOXKET OBITh 3((PEKTUBHO
IPUMEHEHA JJI1 NPOrHO3a U JIOKAJIM3alUU BBICOKOYIVIEPOIUCTHIX OacceHOB. DTO OCOOEHHO

Ba>XHO 1JI1 OICHKU HerTel"aSOHOCHOCTI/I TPYAHOJOCTYITHBIX MOPCKHUX aKBaTOpI/Ifl.

BeiBoanl k I1aBe 4

I'maBHBIMH pe3yiabpTaTaMu HpOBeI[éHHBIX KOMIIJIEKCHBIX H30TOINHO-TCOXUMHUYCCKHUX

HCCJI G,Z[OBaHI/Iﬁ SABJIAIOTCA CIACAYIOIUMMU:

1. M30TONHO-TEOXUMHUYECKUE HCCIICOOBAHUA MOTYT OBITH UCIIOJIB30BAHBI AJId pCICHUSA 3aaa4
MMOMCKOBO-Pa3BEIOUYHBIX pabOT Ha HE(PTh W Ta3a B 00JACTH MPOTHO3a BHYTPEHHETO CTPOCHUS
HeTera3onpou3BoIsAIICH TOMIIH. VCroap30BaHNEe U30TOMHBIX MaPKEPOB KaK JIOTIOJHUTEILHOTO

MeTola K JHTO-(halmalbHOMY pacWCHEHHIO pa3pe3a HedTerasoMarepuHCKOM TOJIIM Ha
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OTACIIBHBIC IMAYKW M CJIOH IO YCJIOBHAM 06paSOBaHI/I$[ OpraHU4YCCKOTro BCIICCTBA U €ro THUIIaM

MO3BOJISIET MPOTHO3MPOBATh MHTEPBAJIbI pa3pe3a, MOTEHIUAIbHbIE 1 HedTe- U ra30reHepaltu.

2. HccnenoBanue BIusiHUA (pannanbHBIX 0OCTAHOBOK HA M30TOIHBIN COCTAaB OPraHUYECKOTO
BEIIECTBA IOPCKUX OTIOXKEHMH 3anmaaHod CuOupH IMOKa3ajo, 4TO B OTJIOKEHHUSX THOMEHCKON
CBUTBl 4YacTbhle KojJeOaHMsI 3BCTATMUYECKOIO YPOBHS MOpPS HIPUBEIM K COOTBETCTBYIOIIMM
Koje0aHUsM H30TOIHOTO COCTaBa yIIepoja, JEMOHCTPUpPYS MEpeMEHHbIi TI'yMycOBO-
CalpoIIeNeBblil COCTaB OPraHUYECKOro BEIIECTBA C OOIIMM YBEIMYEHHEM JOIH CalpOIEIEBOrO

MaTepraia K 0axeH-a0aIaKCKOMY KOMILIIEKCY.

3. Ha npumepe paspesa ropckux omiokeHHi 3amaanoil CulOupu paspaboTaHa THNHM3ALUA
reHe3nca OPraHMYeCcKOro BEIeCTBa 10 M30TOMHBIM Mapkepam. J{Jsi Ka)10To TeHETHYECKOTO THUIIa
OTHO)KCHHﬁ, HaKaIJIMBABUINXCs B CIUHBIX @aunanLme YCIIOBUAX, TPCATIOKCH Ha6op N30TOIIHBIX
MapKepoB, (PUKCHUPYIOMIUX OOCTAHOBKY OCAJKOHAKOIUICHHS W THUIl OPraHMYECKOTO BEUICCTBA.
CanponeneBoe OB, HakamuBaBiieecs B  OTHOCUTENIBHO- IIyOOKOBOTHBIX — YCIIOBUSX,
XapakTepu3yeTcs Hambolee y3KMM auana3oHoM sHadenuit 8'°C (-29,5%0 — -32,0%0, VPDB).
CmemranHoe OB MeIKOBOIHO-MOPCKOTO T€HE3Hca, NPEUMYIICCTBEHHO CalpoIesieBoe ¢
HEOOJNBIION J0Jell TYMyCOBOW COCTABJISIONICH, XapaKTEpU3yeTCs H30TONHBIMH MapKepaMu
yraepoza ot 83C (-27,0%0 — -31,0%0, VPDB). CMelanHoe MeIKOBOIHO-MOPCKOE CapOoIeneBo-
TYMYCOBO€ OpPTaHHYECKOE BEIIECTBO MMeEeT Oojee MIMPOKHUU JMana3oH BapUallidi W30TOITHOTO
coctaBa yriepoga 6°C (-26,0%0 — -31,0%0, VPDB). Opranudeckoe BeIIECTBO NPHOPEKHO-
MOPCKUX 0O0NacTel M ajuTiOBHAJIbHO-03€PHO-OOJOTHBIX PaBHUH HMMEET HamOoyee MIMPOKHA
Juana3oH u30TomHoro coctana 8°C ot -24,5%o 10 -30,0%0, VPDB ¢ XapakTepHbIM IIPUCYTCTBHEM
Oonmee THKENBIX M30TONMOB  ymiepomga. OOneryeHue HM30TOMHOTO COCTaBa  ymiepojna
CBUJIETENLCTBYET 00 YBEIMYEHHWU DIIyOMHBI MOpPCKOro OacceiiHa, B KOTOPOM 3aXOpOHSUIOCH

OpPraHn4e€CKOC BCIICCTBO.

4. HM30TONMHO-TEOXMMHUYECKHE HCCIEOBaHUS OTACTBHBIX (PpaKkUuii OUTYMOHMIOB FOPCKUX
OTIOKEeHUH bapeHieBa Mops Mmoka3ail aHaJOTHYHYIO IOPCKUM OTIIOKeHUsM 3anaaHoi Cubupu
CMEHY 00CTaHOBOK OCa/IKOHAKOIJICHUs C YBEJIMUEHHEM OOILEeH oM carpoIeseBOro Marepuana
BBEPX 10 pa3pesy, YTo GUKCUPYETCsI B 00OTrallleHUH OPraHu4eCcKOro BEIIeCTBA JIETKUM H30TOIIOM
yrmiepona. KoneGaHus M30TOIMHOIO cocTaBa B BEPXHEIOPCKUX OTIOKEHMAX bapeHieBa Mops

CBUJIETENILCTBYIOT O MEPUOAMUECKOM U3MEHEHUN TITyOHHBI TO3IHEIOPCKOI0 MOPCKOTo OacceliHa.

5. M30TONHO-reOXMMHYECKHE MCCIECNOBAaHUSA XaJAyMCKOro ropu3oHTa IIpenkxaBkasckoro
peruoHa IOKa3aJd BO3MOXXHOCTH METOJA IJIs NPOTHO3a HE TOJIBKO THIIOB OPIaHUYECKOTO

BellecTBA B He(TEra3oMarepuHCKUX MOpOJaX, HO M YTOYHEHHUS Majeoreorpaduueckux
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OOCTaHOBOK OCAJKOHAKOIUICHWs] C ILEJIbI0 IIOUCKA 30H PAa3BUTHUA CIIOKHOIOCTPOECHHBIX
KOJUIEKTOPOB B IIIMHMCTBIX TONIAaX. Pe3ynbTaTbl M30TOMHBIX aHAIU30B 00pa3lioB 3amajHoro,
[lenTpansHoro u Bocrounoro [IpenkaBkasbs roBopsT O pa3HbIX THIIAX OPraHUYECKOTO BELIECTBA
0 pa3pe3y XaayMCKOTO TOPU30HTA, B COCTaBE KOTOPOTO OOJIBIIYIO IO MOMUMO aBTOXTOHHOTO
OpPraHMYECKOro BEIIECTBA 3aHMMAET MUTPALMOHHBIA OMTYMOM. YBEIMYEHUE JI0JIU T'yMYCOBOM
OpPIraHUKHU, YCTAaHOBJIEHHOW II0 HW30TONHBIM MapkepaM OMTyMOMIOB, Ha (POHE CMELIAHHOIO
MOPCKOI'O THIIA OpPraHUYECKOIO BEIIECTBA MOXKET CBUACTEIBCTBOBATH O 30HAIBHOM
pacrpenesieHul OTIOKEHU JOHHBIX TEUYEHHWH, KOTOpble ObUIM 3aKapTUpoBaHbl B BocrouHo-

CTaBpoIOIbCKON BIaINHE.

Takum o0pa3oM, MO:KHO c(pOpMYJIHPOBATH TPeThe 3alHMIAeMoe Ioj0xkeHHe. V30TonHO-
(GpaKIMOHHBIN cocTaB ymiepoga OWTYMOHAOB IOPCKHX OTIOKeHUH 3amagHo-Cubupckoro
OacceiiHa CIY)XUT WHIUKATOPOM YCIOBUH ocajakoHakorwieHus. I[lociemoBarenpHasi cMeHa
TEeHETUYECKUX TUIIOB OTJIOKEHUH, (HOPMUPOBABIINXCS B AJITIOBUATIbHO-03EPHBIX, MEJIIKOBOJHBIX U
[TyOOKOBOJHBIX MOPCKUX YCIIOBHSIX, (PUKCHPYETCS B COOTBETCTBYIOLIEM OOOTAICHUU JIETKHM
u3zotonoM yriaepona '2C opranumueckoro BemecTsa. CBfA3b M30TONHO-(PAKIMOHHOIO COCTaBa
yriaepoaa 6I/ITYMOI/II[OB C ITCHECTUYCCKUMHU THUIIaMU OTJ'IO)KGHI/II\/’I, IIPOCIICIKCHHAA B BEPXHCIOPCKUX
omiokeHusax 3anagHo-Cubupckoro u bapenneBoMopckoro 6acceiiHOB, MOATBEPXKIAET CXOACTBO

00CTaHOBOK OCAaZIKOHAKOIIJICHHUA B 9TUX PETUOHAX B COOTBCTCTBYIOIIUC I'COJIOTUYCCKUC IICPUOBI.
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I''TABA 5. U3O0TOIMHO-'EOXUMHNYECKHUE OCOBEHHOCTHA
TA300BPA3HBIX YIZIEBOAOPOIOB °

N3oronHble Mapkepbl SBISIOTCS 3(PQPEKTUBHBIM HHCTPYMEHTOM ISl MACHTU(DHUKAINA
UCTOYHUKOB TPUPOIHBIX Ta30B KaK Ha MECTOPOXKICHHSX, TaK M TpPHU WX MPOSBICHUH Ha
MOBEPXHOCTH B pe3ynbTare jerazanuu Hedp. [Iporecc nmerasanmuum  Henp MPOUCXOIMT
MPEUMYIIECTBEHHO Y€Pe3 MHOTOYUCIICHHBIE TPSA3EBbIC BYJIKAHBI M OOLTUPHBIC 30HBI TUCIOKALIUN
ocagounoro nokposa (Ilonmukapmos I'.I. u np., 1989). HacTto meTaH, BBIIEISAIOMIUNCS B COCTaBe
(1)J'IIOI/IJIOB, UMECT paSHBIﬁ U30TONHEIN COCTaB, 4YTO YKa3blBa€T Ha €ro IOJUICHHOC
NPOUCXOKACHNE. MeTaH MOXKET OBITh KaK KaTareHeTHYECKHUN, 00pa3yroIINiCs Ha 3HAYUTEITbHBIX
IyOMHaX, TaK U JUAreHeTUYecKuid (MUKPOOUATbHBIN), TEHEPUPYEMBI B MOJIOJBIX OCAJOYHBIX
cinoax. IloHuManue MCTOYHUKA rasa, OTO6paHHOI‘O B CKBAXMHC HWJIM HAa HOBCPXHOCTHU 3CMJII/I,

SIBJISICTCS] OJTHOM M3 KITFOYEBBIX 3a/1a4 MOMCKOBO-PA3BEAOYHBIX padOT HA YIIIEBOIOPO/IBI.

B ciydae nmpunoBepXxHOCTHOrO 0TOOpA ra3a ero HCTOUYHUK MOXKET OBITh OIpeaeiéH 1100
NyTEM CpaBHEHUS! T'€OXMMMUYECKHUX XapaKTEPUCTUK C JIaHHBIMM IO ra3y, paHee OTOOpaHHOMY
HEMOCPEJCTBEHHO M3 M3y4aeMOoro IUIacTa, JUOO Ha OCHOBE I'€0JOIMYECKON MOJIENH PErMoHa ¢
yu€TOM cocTaBa M CBOMCTB HepremaTepuHckux Toim. Hanbonee opueHTHPOBOYHbIE BBIBOIBI 00
UCTOYHHUKE ra3a MOryT ObITh C(hOPMYITUPOBAHBI HA OCHOBE COYETAHUS U30TOMHO-T€OXUMHYECKOTO

COCTaBa ra3a M aHajmmsa recoJiort4€CKoro CTpoCHus peruoHa, Takuc HaHHbIC UMCIOT OIICHOYHBII

> HpI/I IMOATOTOBKE MOAHHOIO pa3aecia AJucCcepTalvuu aBTOPOM HCIOJb30BAHBI CJICAYIONIUC

MyOJIMKaLMK, BBHIIIOJIHEHHBIE aBTOPOM JHMYHO WM B COABTOPCTBE, B KOTOPBIX, cornacHo [lomoxeHuro o
MPUCYXACHUM Y4eHbIX cTeneHedl B MI'Y, oTpakeHbl OCHOBHBIE PE3YJBTATHI, MOJOXKEHHS M BBIBOJBI
UCCIIEJOBAHMUS:

1. AseroB H. P. Hekotopsle 0COOEHHOCTH TIPHYCTBEBBIX Ta30MPOSBICHHNA W3 WHTEpBaia
KPHOJHMTO30HBI Ha TeppuTopun SIMOyprckoro HedresakoHaeHcaTHoro mectopoxaenus / H. P. Aseros, E.
A. KpacnoBa, B. C. fxymes // ['a3oBas npombinuieHHOCTh. — 2017, — T. 8. — Ne 756. — C. 44-47. (0,3 ..,
aBropckuii Bknaa 30%). Ummnakt dpaxrop PUHILL: 0,242

2. AperoB H. P. O BO3MOXHBIX NpPUYMHAX M MPUPOAEC Ta30BBIACICHUA BOKpPYI Ta30BBIX U
ra30KOHICHCATHBIX CKBaXHH Ha TEPPUTOpPHH SIMOYyprckoro HedTerasoKoHAEHCATHOTO MECTOPOXKACHUS /
H. P. ABetos, E. A. Kpacunosa, B. C. fIxymes // Bectu razooii Hayku. —2018. — T. 33. — Ne 1. — C. 33-40.
(0,6 n.71., aBropckuii Bkian 30%). Umnaxr daxrop PUHLL: 0,490

3. KpacnoBa E. A. l3oTomHO-reoXMMHYecKHe OCOOEHHOCTH pAaCIpenesieHus] Ta3000pa3HbIX
YIIIEBOOPOIOB B paszpe3e 0axeHOBCKOW cBUTHI (ToxkHast yacTh 3anaaHoi Cubupn) / E. A. Kpachosa, A. 1O.
IOpuenko, A. I. KanmeikoB, M. M. ®omuna // T'eopecypebr. — 2019. — T. 21. — Ne 2. — C. 153-158.
doi:10.18599/grs.2021.2.9 (0,8 1.11., aBTOpCKUit BKIIag 60%). Ummnakt dakrop JIF: 0,5

4, CamconoB P. O. OneHka yrieBoJopoIHOTO MOTeHITHana KpbeIMCKOTO MOIyoCcTpoBa: COCTOSTHUE U
nepcnektussl / P. O. Camconos, M. 0. Kapnymmun, O. B. Kpeutos, A. A. Cycnosa, T. O. Konecuukosa, A.
H. Cradees, P. C. Caytkun, E. A. KpacnoBa, 5. A. lllutosa // ['eopecypchr. — 2023. — T. 25. — Ne 2. — C.
64-75. doi:10.18599/grs.2023.2.5 (0,9 m.11., aBTOopckuit Bkian 20%). Ummnakt ¢axrop JIF: 0,5

5. KpacnoBa E. A. Teomoro-reoxumuyeckas XapaKTEpHUCTHKA €CTECTBEHHBIX IPOSBICHUM
YIJIEBOIOPOJI0B KOHTHUHEHTAIBLHON OKpauHbI oro-3anaaaoro Kpeima, oyxra Jlaciu / E. A. KpacHoBa, A. A.
bymaukos, 1. H. MiBanoBa, A. U. Xypuak, A. C. I'pszHoBa, O. B. Kpsutos, T. B. Manaxoga // I'eopecypcsl.
—2024a.-T.26.—Ne 4. —C. 83-100. doi:10.18599/grs.2024.4.13 (2,4 n.11., aBTOpcKuii Bknaa 60%). Mmaxr
¢axrop JIF: 0,5
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XapakTep, HO SBISIOTCS JTOCTATOYHBIMH IS TPEIBAPHUTEIHLHOrO aHayM3a. B pabore maHHBIN
MOJXOJ] TMPOJEMOHCTPUPOBAH Ha TMpPUMEPE aHajlu3a Ta30BbIX YIJIEBOJOPOJHBIX CMECEH,

O0TOOpaHHBIX B IPUOPEKHOM 30HE 1oro-3anagHoro Kpeima (0yxTa Jlacon).

5.1 H30TOMHO-TeOXUMHUYECKAS XapaKTEPUCTHKA l'[pl/lﬁpe)KH])IX €CTCCTBCHHbBIX

NPOosiBJIeHUIi YIIeBOAOPOI0B

5.1.1 Ecmecmegennbvie npoasienus 2a30o00pa3nuix y2ieeo0opodos Kpvimckozo pecuona

ITo pa3nuuHbIM OLIeHKaM, 00bEM MeTaHa, CoJleprKallerocs B BOAHoi macce UépHoro Mops,
Bapbupyet oT 80 mo 108 mummmapmoB kyoudeckux merpos (Eropos B.H. u np., 2011; Jleun A.1O.
u jap., 2009; Pycanos 1U.1., 2007; 1lIutokoB E.®. u np., 2004). I1y3pIppKOBbI€ BBIXOJbl METaHa
(XOOAHBIE METAHOBBIE CHUIIBI) MOTYT CIIY>KUTh OJHUM M3 MPU3HAKOB HAIMUUs 3aiexeill HedhTu u
ra3a Ha myoune (Etiope G., 2015; Francis D., 1993; Banses b.M., 2011 u npyrue). [logo6HbIe
ra3oBbIC MPOSBICHUS OBLIM OOHAPY)KEHBI M OMUCAaHBI BO BCEX OKPAMHHBIX MOPSX MHPOBOTO
OKeaHa OT apKTUYeCKuX N0 aHTapktuueckux peruoHoB (Etiope G., 2015; Kvenvolden K. u np.,
2005). IlepBbie cumbl B U€pHOM Mope ObUIM OOHApYXEHBI BHU3YaJbHO Ha MEJIKOBOILE B
npubpexxHoil yactu YepHoro mopsi B Oyxte bamuuk Ha mobepexxbe bonrapuu u crycts 10 ner
3aperucTPUPOBaHbI THApoakycTuaeckuM metonom (Dimitrov P.S. et al., 1979; ITonukapmios I u
ap., 1989). C Tex mop OHM HEOTHOKPATHO PETUCTPHPOBAIMCH HA PA3THUYHBIX TIIyOWHAX BCETO
A3zoBo-UYepHOMOpCKOTO OacceifHa, a HEKOTOPhIE PalOHBI CTajld MOJAEIbHBIMH CHCTEMaMH IS
M3yYEHUs U3MEHYMBOCTH T'a30BbIX MOTOKOB U CBS3aHHBIX C 3TUM OMOT€OXMMHYECKHUX MPOILECCOB
(Eropos B.H. u np., 2011; Kpyrmskosa P.II. u gp., 2009; Jleun A.FO. u ap., 2009). K Takum
palioHaM MOXHO OTHECTH Ta30Bbl€ MPOSBIEHUS Majeo-pycina JHenpa, naneo-pycna [loHa, Tak
Ha3bIBaeMble KepueHckue cumbl, 1 naneo-pycia JlyHnas u cunsl B paifone KaBkazckoro nodepexps
(Hillman J. et al., 2018; Naudts L. et al., 2006; Pape T. et al., 2010a, 2020, 2021; Riedel M. et al.,
2021; Rémer M. et al., 2012; Schmale O. et al., 2010; Korber J.-H. u ap., 2014). Hecmotps Ha
JIleTajJbHbIE MCCIIEIOBAaHUS 30H BBIXOJA T'a3a Ha MOBEPXHOCTh, OHUM M3 IJIABHBIX HEPEIIEHHBIX
BOITPOCOB OCTAETCSI BOMPOC UX UCTOYHUKA U TIPUPOIBI BOSHUKHOBEHHSI Ha HEOOJBIINX TIIyOHHAX,

YTO TECHO CBSA3aHO C MPOTHO30M He(TEra30HOCHOCTH MPUOpexkHON yacTu YEpHOTO MOpSI.

5.1.2 Cospemennasn negpmezazonocnocmuv Kpvimckozo pezuona

B KpbiMy BBISIBICHO JOCTAaTOYHO OONBIIOE KOJMYECTBO MEIKHUX IO 3armacam
MecTopokaeHu HepTu U raza. OHM OTKpbITHI Ha KepyeHCKOM MOJyoCTpOBE, B Mpenenax
LEHTPAJILHOW 4acTH paBHUHHOTO KpbiMa, Ha TapXaHKyTCKOM IOJIyOCTpPOBE M B IPYI'MX 4acTAX
cyxonyTHoit yactu Kpeima (Pucynok 58). Ha mensde UEpHoro u B akBaropun A30BCKOTO MOpei

TAKIKC OTKPBITbI MCCTOPOXKACHUA He(i)TI/I 1 ra3a, U IIOTCHIHAJT IIOMCKAa HOBBIX CKOIICHUM
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JOCTAaTO4YHO BRICOKHM. B INEpBYHO O4YEpCAb OSTO CBA3AHO C HAJIWAYHUECM MMOTCHIHAJIbHBIX

He(TEra3oMaTepHHCKUX OTIOKEHHI C BEICOKHM COZIEPYKAHNEM OPTaHHMYECKOTO BEIIECTBA.

Yeaosnubie 0fo3nauennn:
Mectoposaenns YB
[ s wcropeaccias [T tmeonposcau
[ Hctrovse sccroponcacu [F] 230mmpocem
[ Hetreranonsic secTopamacis
- THIOROMACHCATIAR MOCTOPaRACHIS
-Ha.nnmmm

Pucynox 58. Mecmopoocoenus Kpvimckozo nonyocmposa u ezo wenvgpa (Camconos P.O.,
..Kpacnosa E.A. u op., 2023).
HedrerazonocHocts oTMedaeTcsi MpakKTUYECKU 1O BCEMY pa3pe3y Mel-KaiHO30MCKOro

0CaJO0YHOTIO YexJia. HpOMBIHIJICHHBIC 3aJICKHU He(i)TI/I " ra3a YCTaHOBJICHBI:
e B 0a3alIbHBIX AJICBPO-NICCYaHUKAX HUIKHETO MCJIa (OKTSI6pLCKa$I, TarpssHOBCKAS l'IJ'IOIJ_IaI[I/I),

¢ B BYJIKAHOI'CHHO-KIIACTUYCCKHUX IMOpOoAax CpCIAHCIO U HIDKHEH 4YacTH BCPXHETO ann0a

(Bamamao OkTAOpBCKast. 3aA0pHEHCKAs U TIp. ),

® B BYJIKaHOI'€HHO-TEPPUICHHBIX OTIOKEHHSIX BEpPXHEH 4YacTH anpba M HMKHEH 4acTH

ceHomana (TarbsHOBCKas),

® B Kap6OHaTHBIX nopoaax BEPXHEIoO MEJjia: CECHOMAaHCKHI Apyc (KapJ’IaBCKaﬂ, POI[HI/IKOBCKEUI,

OxkTs6pbckas, MeXKBOTHEHCKAsS U Jp.),

e B KapOOHATHBIX NMOPO/IaX BEPXHETO Meja: KOHbSIKCKUMN SIpyC U HUKHEH 4acTU CAHTOHCKOTO

spyca (CepebpsiHCKast),

® B Kap6OHaTHBIX nopoagax BEPXHETO MEJa: CAHTOHCKMM ¥ KaMIIAHCKHM sApyca

(MexxBogHEHCKas),

e B KapOOHATHBIX MOPOAAX BEPXHET0 MeJla: MaacTpuxTckuii apyc (bakanbsckas),
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® B Kap6OHaTHBIX OTJIOXKCHUAX ITAJICOLICHA (FJ'IG6OBCK8.$[, OHGHGBCK&H, KpaCHOHOJ'IHHCKaH,

Kupogsckas, Uepnomopckast, CeBepo-Cepebpsinckas, [onuuuHckas u ap.),

e B TEPPUIEeHHBIX TOJIAX HOICHA, OJUTOIEHA, MHUOIEHA U InoleHa (PoHTaHOBCKas,
Jlxankoiickas, Kyiosimesckas, FOxxno-Cuamickas. CeBepo-KepueHckas, bemokamennas,

lNonmununckas, CnaBsiHckasi, MbIcoBasi ¥ Ip.IJIOIIAIHN).

HauGonpmue ckomnenuss YB Ha noCTymHBIX TTyOWHAX YCTAHOBJICHBI B OTIOXKCHHUSIX
MalKomncko cBuThl. Ha tmnyOmHax Oomee 1 kM, MOMHUMO OOIICH3BECTHBIX CBOMCTB
He(TEeMaTepUHCKONW TOJNIIM M TOKPBIINIKK, MaWKOINCKas CBUTa MOXET TakKe IMPOSBIATh U

KoJUIeKTOpckue cBoiicTBa (Yaemacait @.C. u ap., 2016).

N3zyuenne rio0aibHBIX cTpaTurpapruuecKux COOBITHI B HICTOPHH Pa3BUTHUS TOTO PETHOHA
[OKa3aJl0 Ha HX pyOexe IMOBBIIIEHHYI0 OHONPOAYKTUBHOCTh, KOTOpas CIIOCOOCTBOBasa
dbopMUPOBaHUIO TOTEHIMAIBHO HedTerazoHocHbIX omiokeHui (Gavrilov Y.O. et al., 2019;
Sachsenhofer R. et al., 2017). K noka3anHbIM HedTerasoMarepuHCKUM TOIIIAM B TpeAenax
Kppimcko-KaBka3ckoro permoHa OTHOCATCS OTIOKCHHS KYMCKOH CBHUTBI CpPEIHEro 30ICHA,
MaNKOIICKOM CepUH M KaparaH-4O0KpaKCKUI MHTEpBal MUOIICHA. ANT-aIbOCKUE U TIOTPAHUYHBIC
CEHOMAH-TYPOHCKHE OTJIOKECHHS TAaKKE pacCMaTpUBAOTCS B KaueCTBE MOTEHIIMAJIBHBIX
Heremarepunckux mopona (AdanacenkoB AIl. u np., 2007; T'abaymmn P.P. u ap., 2012;
Cycnoga 2.10., 2006).

OTH OTIIOKEHHS U3y4eHBl B oOHakeHHssX KppiMa, Ha roykHOM ckjioHe 3amaaHoro Kaskasza
(B paitone Counm — Apmnepa u AOxasuu), a takke B Bocrounom IlpenkaBkaspe (BKitOUas
PecniyOnuky [larectan). @opMupoBaHHE YKa3aHHBIX OTJIOKEHHMH MPOUCXOAWIO Ha (oHe
mo0anbHBIX OkeaHcknx aHokcuueckux coOeiTuii OAEl u OAE2 (Oceanic Anoxic Event),
KOTOPBIE MTPajM KIIIOYEBYIO POJb B (POPMUPOBAHUM ONAroNpHATHBIX YCIOBUH JUIsl HAKOTUICHUS

MOBBIIICHHOI'O KOJIMYCCTBA OPTraHUYCCKOT0 BEIICCTBA B JIOHHBIX OCaaKax.

Bcio cyxonytHyto wacte Tepputropun PecnyOmuku KpbeiM MoxHO pazgenuts Ha 3
He(Tera3oHOCHblE O0JAacTH: Ha 3amaJie M I[EeHTpajdbHOM dYacTu paBHUHHOro Kpbima
[TpuyepHOMOpcko-KpbiMckast He(TerazoHoCHast 00J1acTh, 3ananno-IIpenkaBkaszckas
razoHeTeHocHas ob6nacte M 3amagHo-KyOaHckas HedrerazoHocHas ob6nacte. Kaxnas wus
oOnacTell UMEET CBOIO T€OJIOTHYECKYIO CIENM(UKY U pa3Hble OLIEHKH PECYPCHOIO MOTEHIHAIA.
O0600mEHHbIE TaHHBIE OBLUTH TIOJIOKEHBI B OCHOBY COCTABJICHHUS TAOIHWIBI C pacmpeneiicHHeM

OTKPBITHIX U MPENOIaraéMbIX K OTKPBITHIO 3aJIeKel YIIIeBOIOPOIOB 10 pa3pe3y U MO IUIOMIA M.
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WNuTepBan HedTEra3oHOCHOCTH M H3BECTHbIE HEPTEMATEPUHCKHE TOJIIIM BCEX TPEX
obacTelt MpuypoUeH MPEUMYIIECTBEHHO K MeJ-KaiiHO30HMCKUM OTiIokeHusM (Tabmuia 2). BaxkHo
OTMETHTh, YTO B3aWMOJICHCTBUE TEKTOHUYCCKUX TIPOIIECCOB, OHOCTpaTUrpapuuecKux U
OMOT€OXMMHUYECKUX LIUKIIOB B 3TOM PETHOHE MPUBOANUT K (POPMUPOBAHHUIO YHUKAIBHBIX yCIOBUN

JUISL aKKYMYJIALMU 1 MUTPALUK YIJIEBOJOPOIOB.

[TonpoOHoe n3yueHne MeXaHW3MOB JIera3allid U XapaKTEPUCTUK YITIEBOJOPOIAHBIX Ta30B
UMeeT KIII0YEeBOE 3HAuCHHE JUIsl pacii(pPOBKH T'E€OJOrMYECKOM MCTOpuM OacceliHa M OLIEHKU
MOTEHIMaa YKOJIOIMYECKUX PUCKOB, CBSI3aHHBIX C BblJIeIeHHEeM MeTaHa. [1o n3oronHomy cocraBy
yIlIepoJia ra30BbIX CMECeH MPOBEAEH aHAIN3 IPUPO/IbI Fa30MIPOSBIECHUIH, YTO TO3BOIMIIO YTOUHUTD
Mozenu (popMupoBaHUs HEPTETa30HOCHOCTU OTIOXKEHUH B pernone UépHoro mops, CeBepHOro

Kagka3za u Kpsima.

5.1.3 H3omonno-zeoxumuueckan xapakmepucmuka npu6peofcnblx ecmeCmeeHHbIX

npoaeneHull y2ieeo0opooos

Ucrtopust u3ydyeHus MenkoBOAHBIX cUMOB OyxThl Jlacmu HacuuThiBaeT okoio 20 et
(IlInx H.B., 2006, JIsicenko B. W., lllux H.B., 2015). Ily3bipbKoBsIii ra3 B OyxTe Jlacu umeer
TyOMHHOE MPOUCXOXKJICHHUE, Ha 4TO yKa3biBaeT KOMIMOHEHTHBIN (C1/C2+) M M30TONMHBIA COCTaB
(8'*(CH4) — 33,3%, VPDB) ymueposma, a Takke HU3KHE CKOPOCTH MUKPOOHBIX IIPOIIECCOB
MPOAYKILIMU U OKUCIIEHHUS METaHa B BEpXHEM clioe TOHHBIX ocankoB (Manaxosa T.B. u np., 2015,
2020). Cumbl B Oyxte Jlacmu 00aqar0T CE30HHON YCTOMYMBOCTBIO IO CPABHEHHUIO C JIPYTUMHU
MEJIKOBOJHBIMUA OMOTEHHBIMU Ta30BbIIeTeHUsAME [ epakieiickoro momyocrposa (Manaxosa T.B. u

1p., 2015).

I'my6uHa ra3BeAENSIONIEH TUIOMIAAKH COCTaBseT 1,5-2 M, U €€ TOCTYIHOCTh O3BOJIUIIA
MPOBOAUTH MHOTOJIETHUM ITUKJI SKCIIEPUMEHTOB IO OIEHKE Ta30BOT0 MOTOKA C MCIIOJIb30BAaHUEM
Pa3IUYHBIX METOJOB: TOJIBOMHON BHUIACOCHEMKH, CHCTEMBI YJIABIUBAHHS ITy3BIPHKOB, a TaKXe
naccuBHo akyctuku (bymawkoB A.A. wu  gp., 2019; HWeanmoBa U.H. wu gap., 2021).
Brimenepeuncienapie paboThl MPOBOAMINCEH MPEUMYIIECTBEHHO B JIETHUH MEPHO/, 4TO HE AAET
MOJIHYIO KapTHHY O XapaKTEPUCTUKAX ra30BbIX MOTOKOB B PA3JIMYHbBIC CE30HBI U MPU PA3TUUHBIX
TeMITepaTypHBIX ycioBusx. O0001as moaydeHHbIE B paboTax pe3yiabTaTbl, MOYKHO OTMETHTh, YTO
ra30BbIN MOTOK OT OJTHOTO TOYEYHOTO MCTOYHMKA Ha TUIOMIaAKe BappupyeT oT 25 mo 200 i/cyT, a
ONTHUMAJBHBIM JJIS1 IPOIOJDKUTEIEHOTO U3MEPEHHS MOTOKA SBIISIETCSI METOJ MACCUBHOM aKyCTHUKHU

(bynauxoB A.A. u ap., 2023).
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5.1.4 Oébvexm uccieoosanus

[TpoOsI ra3oB AJs HCCIIEAOBAaHUS OTOMPATHCH U3 MEJIKOBOJIHBIX METAHOBBIX CHUITOB B OyXTe
Jlactiu Yépuoro mops. OTO0p MpoBOIUIICSA ¢ YIETOM CE30HHOW THAPOIOTHYECKON 0OCTaHOBKH.
BriepBhie pemranack 3ajada MCCIEIOBaHUS BPEMEHHOW JWHAMUKU HM30TOIHBIX XapaKTEPHCTHK
(8'°Cchs u 8" Cc2H6) M KOMIIOHEHTHOTO COCTaBa My3BIPHKOBOIO I'a3a HAa CE30HHOM U CYTOUHOM
Macmradax BpPEMEHH. OJTH JaHHbIE OBUIM HCIIOJIb30BAaHBI JUIS OICHKH CTEIICHU BIIMSHUS
MHUKPOOHBIX TPOIIECCOB METAHOBOTO ITUKJIA HA MCCIIEIOBAHHBIC XapaKTEPUCTHKHU ITy3bIPHKOBOTO

rasa.

JInsi MOHUTOPUHTa MEXKCE30HHBIX U CyTOYHBIX BapHaIMi M30TOITHOTO M KOMIIOHEHTHOTO
cocTaBa Iy3bIPHKOBOTO raza YépHoro Mopst B npudpexHoi obmactu Oyxtsl Jlacnu (Pucynox 59,
Kprimckoe npubpexne UépHoro mops, 44°25'15"N, 33°4225" E), B 2023 rony Oblia BeiOpaHa

rjiaomanaka ajisd USMCpCHUA MCIIKOBOAHBIX T aSOBBII[eJIeHI/If/'I.

A3oBckoe mope

NosyoCcTpoB KepueHckuit
KpblM NonyocTpos
Byxta Jlacnu
YépHoe mope
3 g
byxma Jlacnu
: 0
® 9
2 o

33.698° 33.702° 33.706° 33.7110°
Pucynox 59. Kapma-cxema paiiona uccinedosanuti (a); pacnonodxtcerue npudpelcHbvlx naouadox

(ceemivie mapkepwvl) u Oonee 21yO60K0BOOHbIX CUN08 (memHbvle mapkepwl) (0); n008o0Hoe homo
cuna 6 byxme Jlacnu u ycmanosieHno2o psioom MHoconapamempuyecko2o 30n0a RCM 9 LW
(AANDERAA INSTRUMENTS, Hopgezus) (8) (Kpacnosa E.A. u op., 2024a).
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BriOpanHasi Touka IS M3MEPEHUH MPHYpPOYCHA K XapakTepHOMY penbedy mHa, d9TO
TIO3BOJIMJIO BO BCE CE30HBI YCTAHABIUBATH MPHOOPHI CTPOTO B OJJHOM MECTE, OMPEIACIEHHOM KaK
OCHOBHas IUiomaaka. ['a3 oroupaiics B X0[e 3KCIEAUIIMOHHBIX paboT B (eBpaie, amnpele, Mae,
HIOHE, aBrycre u okTsiope 2023 roga (Tabmuma 3). s u3mMepeHust THAPOTOTHISCKUX TApaMEeTPOB,
a TaKk)Ke MOJIYJISl CKOPOCTH M HAIPABJICHUS JBYKEHUS MOPCKOM BOJIBI HAJl CHITOM HCIIOJIB30BAJICS
KOMIUIEKC HW3MEPHUTENBHBIX MPHOOPOB, KOTOPHIH OBUT YCTAaHOBJICH HEMOCPEICTBEHHO HAaJI
BBIOpAaHHOW TOYKOW aKTUBHBIX Ta30BBIACICHUN MpPU MOMOIIM MajJOMEPHOTO IUIaBCPEACTBA U

JTaiBEPOB.

Tabnuya 3. Ipaguk nposedeHnvix pabom Ha NIOWAOKe NY3bIPLKOBLIX 2A308bl0eNeHUll 8 Dyxme
Jlacnu 6 2023 2. (Ons 30n0a RCM ykazana onumenbHocms 3anuceli 8 4acax, a makice OmmeyeHo

Hanuyue omoOpaHubX NPooO NY3bIPLKOBO2O 2a3d, MEMAaHa 8 600e u KapboHamHuo2o mamepuaia)

[Hara RCM CHa4 B BOZIE [Ty3bippkoBsiii ra3 | OOpa3zen kapOOHATOB
04.02.2023 24, + + -
08.04.2023 3.5u. + + -
14.05.2023 3u. + + -
24-25.06.2023 |24 4. + + -
22-23.08.2023 |24 4. + + -
29-30.10.2023 | 25.54. + + +

5.1.5 [Teonozus paiiona uccnedosanuii. Cmpoenue 0cadounozo uexna

B reonormueckoM miaHe pallOH HMCCIIEOBaHUS PacCIONIOKEH B mpenenax JlacrnmHckoro
CTpPYyKTypHOro OJOKa 3amajHoil 4acTu iokHOOepexkHoro ckioHa Kpeima. KpyTble, mMecrtamu
CyOBEepTHKaJIbHbIE OOPHIBBI MACCHBOB BEPXHEIOPCKUX M3BECTHSIKOB (DOPMHUPYIOT AYTY, BHITHYTYIO
B CEBEPHOM HarpaBJIeHUH, 00pa3yst yHUKaibHbIN JlacnuHckuii amdurearp. C ceBepo-3amaga oH
orpannueH xpedtom Kokus-benb, ¢ ceBepo-BocToka — ropoii Kanansix-Kast u e€ orporamu, ¢ rora
— ropHbIM MaccuBoM Mnbsic-Kas. Ha Gonmpmieit yactu JlacmuHCKOrO amduTearpa OT OCHOBaHHS
U3BECTHIKOBBIX MAaCCHBOB JI0 TOOepeskbsi UEPHOTO MOPS IPOCTHPACTCS CIOKHBIN JSHYAAIMOHHO-
OTIOJI3HEBOW  CKJIOH, KOTOPBI HMMEeT CHJIbHO pacwieHEHHBIH pensed W H3pe3aH
MHOTOYHMCIIEHHBIMU 3PO3HOHHBIMH JIOKOMHAMHU, MPEICTABISIONIMMU COOON pycia BpPEMEHHBIX
BOOTOKOB. CKIJIOH HAaXOAWTCA B CTaguM COBpeMEeHHOW TpaHchopmanuu. OnpenaensomumMu

dakTopamu penbedooOpazoBaHUs SABIAIOTCS 3PO3MOHHBIE W OIOJ3HEBBIE Mpouecchl. Mx



135

aKTUBM3AIMS CBs3aHA C WM3MCHCHHEM KPYTHU3HBI FOKHOOEPE)KHOTO CKIIOHA B pe3ylbTare
nudepeHIMPOBaHHBIX TEKTOHUYECKUX JABHKEHUN — MOIBEMA B pailOHEe OCEBOM YaCTH TJIABHOM
rpsanbl KpeIMCKUX rop v onmyckaHus menbda u moOepexkps.
B paiione JlacmHCKOTO OJIOKa HambOoJee JPEBHUMH IOPOJAMH SIBISIFOTCS OTIOKCHHUS
taBpuueckoi cepuu (T3—J1, Pucynox 60), kotopast cnaraer ocHoBanue KpbIMCKUX rop # COCTOUT
M3 4acTOr0 4epeoBaHUsl TEMHBIX MIMHUCTBIX MOPOJ — APTHIUIUTOB C MPOCIOSMHU KBapLEBBIX

IIJIOTHBIX aJICBPOJIMTOB W IICCYAHHUKOB. ApF MNIIJINTHBI TéMHO-CCpBIG, CJICTKa KOPHUYHCBATBIC HJIN

3eJICHOBAThbIe, MHOT/A MOYTH YE€PHBIE, C1a00 MeTaMOp(HU30BaHbI.
FEOMOMM|ECKAR KAPTA i \b <37 i
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Pucynox 60. I'eonocuueckas kapma 1oco-3anaouou yacmu Kpvimckoeo nonyocmposa. Pation
pabom —Jlacnunckutl yyacmox — ommeden 36ezoouxotl (FOoun B.B., 2009).

CpenHelopckre OTIOKEHHUsI TI0 CBOEMY COCTaBY IOXOXH Ha TaBPUUECKYIO CEpHI0. DTH
OTJIOKEHUS XapaKTEpU3YyIOTCS 3€JIEHOBAaTHIM OTTEHKOM, a NIECYaHUKU HECKOJIBKO MEHEE KpEeIKHe,
YeM TaBpUYECKHE, U COAEPIKAT OCTATKU OOYIIIEHHBIX pacTeHUH. MapiipyTHas chéMKa oOepexbsl
B OCHOBHOM IOATBEPAMIIA PE3YIBTAThl PAHEE BBIOJHEHHBIX N3bICKAHUM, B YACTU IPAHULl MEXAY

MIOPOaMHU TaBPUUYECKON CEPHH U CPETHEIOPCKUMHU OTIIOKEHUAMHU. OOBIYHO OTHOCHTEIBHO CIIa00
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JMCIIOIMPOBAaHHBIE CPETHEIOPCKUE OTIOKEHUS C PE3KHM HECOIIACHEM HAJIEraloT Ha Pa3MBITYIO
HOBEPXHOCTbH TaBPUIECKHUX NOPoJ. OTIOKEHUS TaBPUIECKOM CEPHUH CIaraioT HEHTPAIbHYIO YacTh
JlacnuHCKOTO amMmduTeaTpa, CPeIHEIOPCKHUE — €T0 FKHYIO U CEBEPHYIO YacTH. AMduTearp pa3out
Ha OT/eJIbHBIEC OJIOKM Pa3IOMaMU IMaroHajJbHOTO MPOCTHPAHUs, 00pa30BaBIIMMUCS B pe3yibTaTe
MHOTOKpPaTHOW CTPYKTypHOU mnepectpoiiku paitona (YOnun B.B., 2009). Pasnomnas cucrema
OTYETIIMBO MMOAYUHSACTCS APEBHEMY CTPYKTYPHOMY IIJIaHy ¥ IEPUOANYECKU aKTHBH3HPOBAJIACh HA

MMPOTAKCHUU ME30KalHO0304].

5.1.6 Pesynomamul u30monHnuix uccie008anuil

5.1.6.1 Obwas xapakmepucmuka 2a308bi0eeHutl

I'mapoakycTuueckuil M BU3yaibHbIH MOHUTOPUHT M3y4aeMOM YacTH aKBaTOPHUHM IMOKa3al,
YTO ra3oBbLACICHUA HAOIIOJANMCh B TEUEHUE BCEro Mepuoja MCCIeNoBaHUM ¢ (deBpays 1o
okta0pp 2023 roma. ns Bcex ce30HOB HaOmomanmuch (a3bl MPOCAUYUBaHHUA U OTCYTCTBHUS
ra3onposiBIIeHUM, MPUYEM MPOIOJDKUTELHOCTh AKTUBHOM (pa3pl 3aMeTHO Mpeobnagania Hal
nay3amu. [IpeoOmajmanu kiacTepbl JIMTENBHOCTBIO OT 2 1O 5 CeKyHA, a CpemHss
IPOJIOJDKUTENIBHOCTD KiIacTepa My3bIpbKOB He mpeBbimana 10 MUHYT, ay3bl JUIMIKCH He Oonee 3
MUHYT. MakcumanpHas NPOJODKUTEIBHOCTh KJIAacTepa COCTaBMJIa OKOJIO JIByX 4YacoB, a
MaKCHMaJbHasl MPOJOKUTENFHOCTD Tay3bl — 8 MUHYT 23 ceKyHbl. OObEM BBIZETUBIIETOCS Tra3a
OT OJJHOTO TOYEYHOTO MCTOYHHUKA B pa3auyHble ce30HbI 2023 1. BappupoBai oT 26 10 37 TUTpOB B
nenb (B cpenHeM okono 10 m® B rox). ITogpoGHBIA aHAM3 XapaKTEPUCTUK Ta30BOH pasrpys3Ku
(TIepuONYIHOCTh, AKTUBHOCTh U 00BEMBI Ta30BbIIeNIeHNI) TpuBeAeHbI B padote (Malakhova T.V.

et al., 2024).

5.1.6.2 Komnonenmmuulil cocmaes ny3wlpbkoo20 2a3a

KoMmoHeHTHEII cocTaB ITY3BIPEKOBOI'0 ra3a XapakKTCpPU3YETCAd HCIIOCTOAHCTBOM KaK Ha
MacmTabe CE30HHBIX, TaK W CYTOYHBIX HM3MepeHui. CocCTaB YITIEBOIOPOJHON Ta30BOM cMecH
comepxkut MetaH (50,7-72,1%), stan (1,3-1,4 %), mpoman (0,003%), Oyran (0,001%).
YraeBogopoaHoe cootHorenne C1/Cz+ He npesbimano 100. Takke B cocTaBe my3bIpHKOBOTO Ta3a
ormeuvancs asor (17,7-33,5%), xucnopox (3,7-6,8%), CO2 (0,03-0,07%). B (Tabmuua 4)
NPEICTaBJICHbI CpeAHNE 3HaYCeHUs 0JH (%) Ta30BBIX KOMIIOHEHTOB ITy3BIPHKOBOTO ra3a B OyxTe

Jlacniu B paznuuHnble ce30HbI 2023 T

5.1.6.3 M3omonnwiii cocmae nysvipvkosozo 2aza 6'3C(CHy) u 6">C(C2Hs)

HccnenoBanbl MEXKCE30HHBIE M CYTOYHBIC BapHallMd H30TOIHOTO COCTaBa yriepojaa
rasoblienenuii B byxre Jlacnu. Bemuuns §'°C B CHs u C2He BapbUpYIOT B Y3KOM JMAMA30HE OT

-33,6 10 —37,4%o0 (8" Cepenn = —36,0 £ 0,8%o0) u ot 37,9 110 —37,0%0 (8'3Cepean = 37,5 £ 0,2%o)
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cooTBeTCTBEHHO. CpenHue 3Ha4eHMsl s 5 OTAEIbHBIX CEpUil HM3MEpPEHHH, NMPOBEIEHHBIX B

paznuunbie Mecsbl 2023 1., pencrasinensl B (Tabmwuma 4).

Tabnuya 4. Cpeonue 3nauenus u30mMonHO20 COOMHOWEHUS Y21epood 8 Memane U dmare u 00au
(%) easzoevix kKomnonenmos (6 nepecueme na 100% yenesooopooos — VB 100%) 6 npobax
nysvipvkosoco eaza 6 Oyxme Jlacnu 6 paziuunvie ce3onvl 2023 2., n — KOIUYECMBO

npoaHaiu3IupoOBaAHHblX 06pa31406.

IIy3bIpbKOBBIN I'a3 PaCTB?Ia) :Hm’m
o " §1C 81C CHy4, % C:H, (;71-1134, CSZ’I]?, CH./ CHy, HMOJIB/JI
(CHa) %o | (CHoL%0| 7| % | 05 | oo, | CaHg ’
08.04.2023| 5 _33,’51’ = _3(1’;’ = 657’,1; 1(,)?11 982 | 1.8 [5425| 10438 (1)*
14.05.2023| 4 _38,’5 = _3(1’27 = ; ; ; ; 1-9 (4)
29.06.2023| 11 _33:98i _3(1’27 = 6‘%* 1(,){11 983 | 1,7 | 59 | 9-698(14)
22.08.2023| 6 _33:93 * _3&’; . - - - - 1-442 (12)
30.10.2023| 5 _33:69 = _3&’25 = 6%’9; 1(,;111 97.8 | 22 | 435 | 13-57(2)

*¢ CKOOKAX YKA3AHO KOAUYECmEO NpoO B00bl, NPOAHANUBUPOBAHHLIX HA COOepICcanue
pacmeopennozo CHy; «-»— usmepenue He npogoounuces.

5.1.6.4 Mzomonnwiii cocmae 6'3C u 6'80 xapbonamnwix xopox

KapOoHnaTHbie KOpKH, CLIEMEHTUPOBAHHBIE MUKPUTOBOM CBSI3YIOIIEH MacCcoil, 00HApyKEHBI
Ha TIOBEPXHOCTH JIHA BHEIIHEro Inenb(a B Tpenenax oONaCTH CTPYHHO-ITY3BIPHKOBBIX
pOCaYMBaHUN MeTaHa. PEeHTreHOCTPYKTYypHBIN aHald3 [OKa3al, 4YTo KapOOHaTHas KopKa
ciokeHa aparoHuToM (2%), xampuutoMm (85%) m xmopua-kBapueBoit cmomoit (13%). ns
onpenenenus n3oronHoro coctasa 8'°C u §'0 6b11 0TOOpaH MaTepual U3 pa3HBIX KAPOOHATHBIX
¢da3 (Pucynok 61). Pe3ynpraThl M30TOMHOTO aHalM3a KapOOHATHBIX MUHEPAITBHBIX IMOCTPOCK
JEMOHCTPUPYIOT BAapUATUBHOCTh BHYTpU eauHoro oOpasua (Tabmuma 5): mpuCyTCTBYIOT
MHHEpaJIbl, OTBEUAIONINE COBPEMEHHBIM MOPCKUM Kap6oHaram (8'3C = —2,5 £ 0,2%o u §'%0 = —
3,1 £0,4%0, VPDB), 1 kapGOHATEI, B COCTAB KOTOPBIX BXOAUT U30TOMHO-NErkas yriaekucnora (813C
nocturaetr —17,0 £ 0,2%o), TOrma Kak M30TOIMHBIA COCTAaB KHCIOPOAA OCTAETCS MPAKTUYECKH

HensMeHHBIM (880 = 2,5 + 0,5%0, VPDB).



Tabnuya 5.  Pesyiomamsl  usmepenust
U30MONHO20 COCMABA Y2nepood U KUC10pood

KapOOHAMHOU KOPKU.

Ne s3¢c/12C 580/1°0

1 2,5+0,1 |-3,1+0.2
2 70+0,1 |-3,1+0.2
3 ~17,0+0,1 |-2,5+0.2

Puc. 61. Kapbonamuas kopka nocmpouxu.

Lugppamu o0603HaueHvl Mmouxku onpeoenenus
uzomonnoco cocmasa (Kpacnosa E.A. u op.,
2024a).

5.1.7 [Ilpupooa 2a3zoevix nposaenenuil

VIIIeBOIOPOAHBIC Ta3bl, TCHEPUPYEMbIC B Pe3y/ibTaTe OMOT€HHBIX MPOLECCOB, TAKUX KaK
MUKpoOHOe BoccraHoBieHne CO2, xapakrepusyrorcs mnpeoOmamannem wmerana (Ci) ¢
HE3HaYUTEeIbHBIM cosiepikanreM sTana (Cz2) u nponana (Cs). CootHomenne Ci/C2 B Takux raszax
o0bryHO npeBbimaet 100 (Kim J.-H. et al., 2020). B ominune or 6MOreHHBIX Ia30B, TEPMOT€HHBIE
VB rassl, o0pasyromnyecs Ipu TEPMOKATATUTHUSCKOM Pa3IOKEHHH OPraHUYeCKOTro BEIECTBa,
oOoraieHs! BhICIIUMHU yriieBogopoaamu (Cz2+) u nemoHctpupytoT cootHomenue Ci/(Cat+) menee

100 (Whiticar M., 1999).

3aBUCUMOCTh MOJICKYJISIPHOTO COCTaBa Ta3a oT ero m3oromHoro coctaa (Ci/(Cz+) ot
8'3C(CH4)), no3Bonser OTIMYUTH GUOTeHHBIH ra3 oT TepMoreHHoro, Pucynok 61 (Chung H. et al.,
1988; Milkov A.V. et al., 2018; Prinzhofer A. et al., 2000; Whiticar M., 1994). bonbmuHCTBO
ra30BBIX MPOSIBIIEHUH B COCTaBE XOJIOIHBIX CHUMOB UEPHOTO MOps XapaKTepHU3yeTCs ydacTHeM
OMOTEHHOTO MeTaHa, [0 W30TOMHBIM XapaKTEePUCTHKAM, OTBEUYAIOMIMM OaKTepHaIHLHOMY
METaHOTE€HE3Y, C HU3KUM COZepKaHueM TSxKENBIX yrieBonopoaoB Co+, paBabiM Beero 0,1-0,4%

(Dimitrov L., 2002; Jleun A.1O., UBanos M.B., [Tumenos H.B., 2002 u npyrue).

[Ipy3naku MeTraHa  TEPMOKAaTAIUTUYECKOTO  HPOUCXOXKACHHA (C  HM30TONHBIMU
XapaktepucTukamu yriepona B mMetane ot —30,0 1o —50,0%0, VPDB) oOHapyXeHbI B ra30BbIX
CHUIIaX, CBSI3aHHBIX C IPSI3EBBIMH ByJIKaHAMH LIEHTPAILHOMN YaCTH 3aMaJHON XaTucTa3bl U Mporuda

Copokuna (Byakov Y.A. et al.,, 2002; Ivanov M.K. et al., 2003; Mazzini A. et al., 2004;
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Sorokin Y.I., 2002; bepaua KO.M. u np., 1987). TepMoKkaTamuTHYECKUI METaH BCTPEUCH TAKKE B

cunax Baoib nodepexnbs KaBkaza (Korber J.-H. u np., 2014; Pape T. et al., 2010b, 2021).

10°

bakTtepuanbHbl
MeTaHoreHes

10"

10°

10°-

C/(C.¥)

10 -

0 T T T T T T U T T
-90 -80 -70 -60 -50 -40 -30 -20 -10 O +10

5"C metaHa (%o, PDB)

Pucynox 61. Bapuayuu 6°C memana u ommowenue KOHyewmpayuu Memana u CyMMbl
eomonozoe (Kpacnosa E.A. u op., 2024a). Ha Oouacpamme HaHeceHvl 2eHemuyecKue nojs
cocmaeos VB (Milkov A.V. et al., 2018). benrvim maprkepom 0603nauenvl 2azo8vle 006paybl U3
6yxmot Jlacnu, cunvt Kaskaszcko2o nobepedicos Yepnozo mops, cxoxcue no éenuyune 6'3C(CHy)
no (PapeT et al., 2021): uyepnvim — cunvi bamymu, cepvim — cunvi Konxemu. KP —
Kapoonammuas pedykyus, @ — hepmenmayus memunogoeo muna, BM — emopuuHblii MukpooHulii
eaz, HTT — negpmeaccoyuuposannuwiii mepmoeennuiii 2as, P3TI — pannuii 3penviii mepmo2eHHblil
ea3, II3TI" — no3onuii 3penviti mepmocenHulil 2a3. Jleekue yene6000poovl 60 6cex yuacmkax
PAacnonodcenvl Ha NOJIAX, OMHECEHHbIX K Hepmecooepacawemy mepmozennomy 2asy (HTT) u
emopuyHomy mukpooromy 2azy ("BM").

MHoTro4HCIIeHHbIE UCCIIEOBAaHNS Ta30BBIX CHIIOB YEPHOTrO MOpS yKa3bIBAIOT HA TECHYIO
KOPPEISIHMIO MKy IPOCTPAHCTBEHHBIM PACIPE/ICIICHIEM CUTIOB M Pa3JIOMHBIMU HapyIICHUSIMH,
YTO 4acTo OOBSCHSET TepMmoreHHyro mnpupoay ra3zoB (Peel F. et al., 1995). I'myObunubie u
HIOBEPXHOCTHBIE PAa3JIOMbI 00ECIIEUNBAIOT ITyTH MHUTPALIUH KaK JKHKHX, TaK U ra3000pa3HbIX YB,
CO3/IAI0T CTPYHHO-ITy3BIPHKOBBIE KaHAIbl, 0OCCIICUMBAIOIIIE JeTa3alii0 MOIIHBIX OCaJ0YHBIX

ToxI, Oorateix opranndeckum yrineponaom (Eropos B.H. u np., 2011; IlIntokoB E.®. u ap., 2013).

Hccnenyempie oOpasiibl ra3a u3 OyxThl Jlactiu xapakrepusytorcst cootHomenueM Ci1/(Ca+)

meHee 100, 4To cBUIETENBCTBYET 00 UX TEPMOTEHHON MPUPOJE, IIe OCHOBHBIM UCTOYHUKOM Y B
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ra3oB SBJSETCS TEPMOKATAJIUTHUECKOE pa3jIOKEHHE OPraHWYEeCKOro BelllecTBa. [a3pl Moriu
MUTPHPOBATh K MOBEPXHOCTH MO MpoBoasauM KaHaitam. O6men B cucreme CO2—CHas, B xome
KOTOPOTO B METaHe MOT HaKalIMBaThcs TpeumyliectBenHo nérkumit (12C), a B yrmekucnore —
taxéneiii (1°C) uszoron yriepona (Bottinga Y., 1969), 6b1 MCKIIOUEH B CBA3H C OTCYTCTBHEM

cymectBeHHOM mpumecu COx.

8"°C (%o, PDB)

BTOpPMYHLIE NpeobpailosaHns,
MUKpOBHOE OKMCHEHuE

O 1
02 \
I E \
1 m4 .
-50
15 1/3 1/2 1
1/C

Pucynox 62. Hzomonnwiti cocmag yenepooa yene6000poonvix xomnonenmos (1/C) eaza na
ouazpamme (Chung et al., 1988). 3naukamu obo3nauenvl cpeoHue 3HaA4eHUs U3OMONHO20
cocmaea yenepooa 6 nepuoo omoopa oopasyos: 1 —08.04.2023, 2 —14.05.2023, 3—29.06.2023,
4—-22.08.2023, 5—-30.10.2023 (Kpacnosa E.A. u op., 2024a).
[IpuponHselil TpeH M30TOMHOIO COCTaBa yIIIEpOoAa ra30BOM CMECH SIBISETCS JIMHEWHBIM,
I7Ie MU30TOMHBIM COCTaB METaHa MMeeT HamOoiee oTpurmarenbHblie 3HadeHus (Chung H. et al.,
1988). B psijie TOMOJIOTOB € yTSHKEICHHEM IMPOUCXOAUT H3MEHEHUE U30TOITHOTO COCTaBa yIiiepoia
B TIOJIOKHUTETBHYIO 007acTh. B CBSI3M ¢ HU3KUMH KOHIIGHTPAIMSIMH MPOTaHa U30TOIMHBIN COCTaB
ero ymiepoga He OBLT OMpeneNiéH, MOITOMY TMOCTPOHUTH TPEHI M OIEHUTH OHOJOTHYECKOE
pacrpeneneHne H30TOIMHBIX XapaKTEPUCTHK BO BCEX KOMIIOHEHTaX ACTajJbHO HE IMONYyYHIOCH.
Opnako OBUTH MPEANPUHSATHI MOMBITKH MOTYYUTh KOCBEHHBIE OLIEHKM HCXOIHOTO H30TOMHOTO
COCTaBa MeTaHa, WCXOMAS M3 COOTHOIIEHUS H30TOMHBIX NAaHHBIX YyIIEpoaa 3TaHa U METaHa.

Hpe)lnonaraeTCﬂ, YTO MOJYUCHHBIC U30TOITHBIC XaPAKTCPUCTUKU 3TaHA MOT'YT OTBCYATh OIMU3KUM
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K FICXO/THBIM 3HAYCHHUSIM B CBSI3H C MEHBIIICH CKOPOCTBIO MPOIIECCOB (PAKITMOHUPOBAHUS YIIICpOIa
B 9TaHe oTHOocuTenbHO MeTaHa ([lamumoB D.M., 1973c, 1986). IlomydyeHHBIC XapaKTEPUCTHKU
M30TOMTHOTO COCTaBa YIVIEpoJa B ATaHE OTBEYAIOT IOJI0 COCTABOB Ta30B, TE€HEPUPYEMBIX

oprannyeckum BeniectBoM Il tuna (Pucynok 62).

Ha PucyHok 62 HaHeceHBI CTpejIKaMu BO3MOXKHBIE HMCXOJIHbIE H30TOMHbIC OTHOIICHUS
yIjepoia MeTaHa, He MOABEPTLIECrocs BTOPUYHOMY H3MEHEHHIO, YTO MPHUBEJIO K YTKEICHUIO
M30TOIIHOTO COCTaBa OCTATOYHOIO MeTaHa. BropuuHoe npeoOpa3oBaHHE MOINIO IPHUBECTH K
CMEIIEHUI0 HM30TOIMHOTO COCTaBa yriepoga B MertaHe A0 10%o B TOJOXKUTEIBHYIO OO0JACTh,
HCXOJIHBIM COCTaB MOT OTBE€YaTh MHTEpBaLy 3Ha4eHHI 0T —43%o0 10 —38%0, VPDB. Ilomyuennsie
COOTHOIIEHUS U30TOMHOTO COCTaBa yIJIEpO/ia METaHa U 3TaHa JEMOHCTPUPYIOT, YTO, CKOPEE BCETO,
ra3zoBasi CMECh T€HEpHpOBaJIach U3 UCXOHOTO opraHuueckoro Beuiectna Il Tuna (canpomneneBoro)

(Pucynoxk 62).

5.1.8 Cpaenenue c opycumu menKko800HbIMU CURAMU

Kak yxe oTMeuanock, KOJIMYECTBO PadOT, MOCBAIEHHBIX TPUOPEAKHBIM UCCIIEAOBAHUSM,
3HAUYUTEJIHO YCTYHaeT OMyOJMKOBAaHHBIM JaHHBIM 110 TNTyOOKOBOAHBIM paiioHam. B (Tabmuma 5)
IIPUBEJICHBl YCPEAHEHHBIE pE3yIbTaThl CPABHUTEIBHOIO aHaJIM3a H30TONHO-TEOXMMHYECKHX
XapaKTepUCTUK Ta30B, BBINOJHEHHBIX aBTOPOM JJIsi Ta30B HCCIEIyeMOro paiioHa ¢
UCIIOJIb30BaHUEM JIMTEPATyPHBIX NAaHHBIX IO ra3aM W3 JAPYTUX CHUIOB MPUOPEKHBIX pailoHOB
MupoBoro okeana. CpaBHeHHE NPOBOIWIOCH 0 YIIEBOAOPOAHOMY M H30TOIHOMY COCTaBY
ymiepoja Tra3oB, a TaKXe 3HAUEHUSM YAEIbHBIX IIOTOKOB MeTaHa B Trasax. Jluamas3oH
MHTEHCUBHOCTH CTPYMHBIX T'a30BbLAEIECHUN O4eHb IUPOK. OH COCTaBiIIE€T OT HECKOJIbKHX 0
CoTeH KyOomeTpoB ra3za B roa. MeraHoBble razonposiBieHusi KpbiMckoro mnoOepexbs
CPaBHHUTENHFHO MalofeOUTHBIE, CPEIHHIl yIenbHbI MOTOK cocTapiser okono 10 m° rox ! B
otaenbHOM cure. Kak u B Ipyrux cumnax MupOBOro okeaHa, B ra30BOM COCTaBE CHIIOB OyXTbI

Jlactiu mpeoOnanaer meran (Tabmuna 5).

l'azoBeie my3eipu comepxkanu 52-72% CHa (n = 21, Tabnuma 5), 4To cOBMamaeT c
JTMAITa30HOM, OTIICAHHBIM JIJIsl IPYTUX MOJOOHBIX paiiloHOB: B 3anuBe Toppu menbda [lotnanaun
W JIMTOpAJIbHOM 30HE y ocTtpoBa Moua (Jessen G. et al., 2011; Judd A. et al., 2002). OGbraHO
collep)kaHMEe METaHa B Ta30BBIX My3bIpbKax 3HAYMTENbHO BhIMIE (0koio 90-100% ot obmiero
COCTaBa CMECH ra3oB), B TOM uucie s MmenkoBoaHbix cumnoB (Dando P. et al., 1994; Etiope G. et
al., 2006; Kinnaman F. et al., 2010). ITy3sipbkoBBIe razoBbiAeneHus B OyxTe Jlactu conepkanu
TOMOJIOTH METaHa, B MPOIIEHTHOM OTHOIIICHUU CPAaBHUMOE C CHITAMH, PACITOJIOKECHHBIMU B paiioHe

He(TsIHOTO MecTopoXKaeHUs DBy, 0. Moua u cuna bpaiin B TuxoM okeane, a Takke OJIM3KH K
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obpasmam mporuda Copokuna B UépHOM Mope, TJe OJHUM M3 OCHOBHBIX MCTOYHHKOB T'a30BBIX

MIPOSIBIICHUM SIBJISIETCSl MpeoOpa3oBaHHOe opranmueckoe BemecTBo (Kinnaman F. et al., 2010;

Washburn L. et al., 2005).

Tabnuya 5. Jlokanuzayus, enybuna, komnoneHmmuwil (%) u U30MONHBIN COCMABLL y21epooa U

6000pooa ny3vipvkoeozo 2aza (63C(CHy) u 6’H(CH4) %,), yoenvuwiii nomok 2aza (m> 2007~) u3z

NPUOPENHCHBIX CUNOB8 PAITUYHBIX pationoé Muposoco okeana

Paiion Koopaunarsi I'nyOuna, | I'a3oBbIii HN3oTonHbII Yaeabnbnii | Ccblika
M €OCTaB CcOCTaB noroxk CH4
(8"C, VPDB;
8’H, SMOW)
byxra  Jlacmu, | 44.420818° cr. | 2 96,9% C1 | -33,3%0 6°C, |~10 ™m® rox | lannoe
YépHoe Mope 33.706990° B.x. 3,03% C, b HCCIIea0Ba
0,01% Cs HUE
Bonpmme ok ok ok -30,0%0 — —|** (Byakov
TpSI3EBYTKAaHUYIC 50,0 8°C, Y.A. et al.,
CKHUE CTPYKTYphI _40,0%0 — - 2002;
B IICHTPAJLHOM 42,0 81°C Stadnitska
4acTh MoOpsS H 1aA.etal.,
MPOTHO 2008)
Copokuna
(YepHoe Mope)
Paiion Koopannarsl I'nyouna, | I'a3oBbiid HN3oTonHblii VYneabnblii | Ccblika
M cocTaB cocTaB norok CH4
(83C, VPDB;
oD, SMOW)
M. ®uoeHr, 44°29'55" ¢. ., |2 76% Ci | —60,3%0 6"°C |- Manaxosa
UépHoe mope 33°2920" B. 1. 5% CO, u ap.,
2022a
M. Deodan, 44.559569° c.ur., | 10 73.5% C; | —65,5%0 6°C | - ManaxoBa
YépHoe mope 33.400730° B.1. u 1p.,
20226
3anus 43°20.0370 cn. | 10 90% C, ~55%0 8°C; 140-1400 (Etiope G.
YuBHTaHOBA- 13°44.3190 B.x1. 6-7% CO;, | —280%o0 8D Mlrog FEE | et al.,
Mapke, C/(C, + 2014)
Anpuarnueckoe C3) <100
Mope
O. Moua, 38°20’ ro.111. 1-5 70 + 3% |-444 + 1404w rog'* | (JessenG.
Tuxwuii okean 73°55’ 3.51. Ci S et al.,
2011)
Cun [lam, | 34°24.370° cm. | 21 79,7% Cp | ** 2660 m* cytT | (Washburn
Tuxuit okean 119°53.428’ 3.x1. 15,2% D L. et al,
CO, 2005)
0,87% C»
0,72% Cs

0,23% Cy4
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Cun bpaitn, | 34°24.109’ c.o. | 10 91,2% Ci | —42,38"C 882-1330 (Kinnama
Tuxuii okean 119 °49.917 3.x. 7,5% CO, M’ eyt *¥* | nF. et al,

1,1% C» 2010)

0,2% Cs

<0,05%

Csy
I[Iponus - 10 94,8% C; | —68,4 8*C - (Laier T.,
Karrerar 2,1% CO, | -1913D 1992)

3,0% N>

0,1 OxtAr
XwupcxonbMeHe | - 12 98,6% C; | —65,3 8"°C - (Laier T.,
(Hirsholmene), 0,3% CO, | 168 3D 1992)
IIpOJIuB 0, 8% N,
Karrerar 0,2%

OstAr
b. Can- | - <7 ~100% Ci |or —42,5 gpo |47-217 ™ | (Iglesias J.
CumoH, Pua-ne- ~55,0%0 63C | rom” et al.,
Buro, 2007)
ATITaHTHYE CKHI
OKeaH

Paiion Koopannarsl I'myouna, | I'a3oBbIii HN3oTonHblii Vaeasnblii | Ccblika
M cOCTaB cOoCTaB norok CHy
(8"C, VPDB;
6D, SMOW)

[MoGepexbe 0. | 18°14°15.7" cm. | 5 70,8— or —33,9%o no | 600 M® rox' | (DiP. et
XaliHaHb, 108°14°37.0" 100% Ci | —38,2%0 8'"°C * al., 2014)
FOxHO- B.1.

Kuraiickoe mope

*— ¢ ogHOTO cuMa; ** — HeT JaHHBIX; ***— co BCEH MIIONIAIKK CTPYHHBIX Ta30BbIICICHUN

5.1.9 Ce3onnvie konebanus é cocmaee 2a306blxX CUNOE

Panee Obuto moOKa3aHoO,

4YTO H3O0TOIHBIC XAPAKTCPUCTHKH ITIY3BIPBKOBOI'O MCTAaHa

MCJIKOBOAHBIX CHIIOB Yy 6eper013 KpLIMa MOTYT 3HAQUYUTCIIbBHO HU3MCHSATBHCA. Mexce30HHBIE H

MCKTOHOBBIC OTIIMYUA HM3O0TOIMHBIX XAPAKTCPUCTUK METaHa MNPOACMOHCTPUPOBAHLI B pa60Te

(Manaxosa T.B. u gp., 2015, 2020, 2023). 3HaunTenpHble Bapuanuu B copepxkanuu & >C(CHs)

3apCruCTpUpPOBAHDBI B UCCIICAOBAHHBIX 06pa3uax ITY3bIPBKOBOI'O I'a3a, OTO6paHHBIX B paﬁOHe MBICa

TapxankyT, KpbIm, Iie B pa3Hble roJpl 3HaUE€HUS U30TOMA YIIIEPOAA U3MEHSIHUCH 0T —65 10 —48%o,

VPDB (Tarnovetskii I.Y. et al., 2018). Taxke BbicOKasi BapuaOEIbHOCTh 3HAUEHHH H30TOIOB

yIiiepofia OTMeYeHa MEeXAy MapajulesiMU B OIHOM cepuu mpoO Aiis ra3a MUKpOOHOTO reHe3uca

(Manaxosa T.B. u np., 2020).
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[TpoObI my3bIpHKOBOTO Ta3a, 0oToOpaHHbIE B paznuyHbie ce30Hbl 2023 1. B OyxTe Jlacmw,
HE3HAYUTEIHHO Pa3IuYaINCh 10 U30TOMTHOMY COCTaBy yriepoja MeTaHa u 3taHa (ot —33,6 10 —
37,4%0 1 oT —36,9 110 —38,0%0, VPDB cooTseTcTBeHHO). Mexcesonnsie Bapuanuu &' *C(CHa) u

(C2He¢) conocraBumsl ¢ cytounbiMu (Pucynok 63, Pucynoxk 64).

5“C
-34

-35

-37

-38

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

08.04.2023 14.05.2023 29.06.2023 22.08.2023 30.10.2023
® CH, ®C,H, (%, PDB)

Pucynok 63. Bapuabenvnocmv uzomonnozo cocmasa yenepooa 6 2az08blX npobax 6 xooe
cesonHwvix usmenenuil (Kpacnosa E.A. u op., 2024a).
DTO CBHIETEIBCTBYET JMOO O HE3HAYUTEIBHOM HM30TOMHOM (PAKIIMOHUPOBAHUU B
pe3yibraTe KU3HEACITEIbHOCTH METAaHOTPO(YHOTO MUKPOOHOTO coodiiecTBa, TM060 O TOM, YTO
3TOT MPOIECC MOCTOSHHBIA BO BPEMEHHU M HE 3aBHCHUT OT CE30HA W BHEIIHHUX THUIPOJIOTHYECKHX

U3MEHEHUH.

Ha Pucynok 64 npezacrabineHa BpeMeHHas TMHAMUKA KOHIIEHTpaIu pactBopeHHoro CHa
HaJl CUTIOM, a TAKKe U3MEHEHHUE U30TOMHOro cootHommenus &' °C(CHa4) my3sIpbKOBOTO ra3a B HIOHE
n aBrycre 2023 1., COOTHECEHHAs C BPEMEHHBIM U3MEHEHUEM CKOPOCTH M HAIPABIICHUS JBUKEHUS
BOJIbI B TOUKE U3MepeHus. BepTukanbHOe HampaBieHHe COOTBETCTBYET HAIIPABICHHUIO Ha ceBep (K
Oepery). MakcumanbHasi CKOPOCTb, 3aperHCTpUpOBaHHAs B HMIOHE, cocTaBmwia 13,2 cm/cek B
asrycre — 7,6 cM/cek. Coneprkanue pactBopeHHOro B Boge CHs HemocpeACcTBEHHO HaJ| CUTIOM

BapbHpOBaso oT 9 10 698 HMonb/1 B utoHe U OT 1 10 442 HMOIB/T B aBryCTE.

BaxxHo OTMETHUTB, YTO pacIpeieIeHus B 000UX CIydyasx OTIHYAINCh OT HOPMAJIBHOTO, T/e
Oonblnas 4acTh BHIOOPKHM He TpeBbimmana 100 HMONB/I, TOTNa KaKk MaKCHMMAalbHBIC 3HAUCHUS
pactBopenHoro CH4 mpencrasisiiiu co6oii BeIOpochl. Kak BumHO 3 PucyHok 64, skcTpeMyMbl HE
KOPPENUPYIOT €O CMEHOM ruapodusnueckoil 0OCTaHOBKM B akBaropuu. B 1ermoMm ke
BapraOeTbHOCTh MOXKET OBITh CBSI3aHA C COBOKYITHOCTHIO THAPOJMHAMHUYECKHX XapaKTePUCTHK
CpeIbl U MO3aWIHOCTBIO pacmpesesieHuss (DIFOUIHBIX MOTOKOB METaHa Ha TUIONIAJIKE, BEIIMYHUHA

KOTOPHIX MOKET OTIMYaThCA Ha Mopanok 1,4-74.3 mmons/m’cyT (Manaxosa T.B. u zp., 2020).



145

I[I/ICerTHOCTI) IMOJIYYCHHBIX JAHHBIX HA 9TOM 3TallC UCCICAOBaHUA HC MTO3BOJIACT CYAUTH O CBA3U

JIBIDKEHUSI MOPCKOM BOZIBI B 00J1acTH cuma ¢ kKoHneHtpanueir CHs B Boze.
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Pucynox 64. Cymounas ounamuka cpednux eenuvun konyeumpayuu pacmeopernoco CHy nao
cunom (gpuonemosvie mapkepol) u uzmenenus uzomonnozo 3C nysvipbko6ozo 2aza (pwioicue
Mapkepul), COOMHECEHHAs. C USMEHEeHUeM 60 8peMEeHU HANPABNeHUs U CKOPOCMU OBUNCEHUs]
8000l (201yOble nunuu) 6 uione (a) u ascycme 2023 2. (0). Ilpumeuanue: nocpewHocmamu
ommeueH ouanazon usmepennvix 3uauenuti CHy, 6epmukanvhHoe Hanpagnienmue cKopocmu
cosnaoaem c Hanpasnenuem Ha cegep (Kpacnosa E.A. u op., 2024a).

[IpoBenénnbie Hccnen0BaHUS MOKA3BIBAIOT, YTO B MECTAX BBIACIEHUS raza MPOUCXOAUT
MHTEHCUBHOE OCaXJeHHe kapOoHaroB. Yamie Bcero mogoOHast IleMEHTAIMsl HaONonaeTcs: B
ocajikax TpuOpexHoi 30HBL. EE& ¢opmupoBaHue CBS3BIBAIM ¢ O0pa30BaHHEM XEMOTEHHOTO
KapOoHaTa BCJIE/ICTBUE MOBBIINICHUS CONEHOCTH (yrapuBaHHEM), JINOO MporpeBa MOPCKUX BOJ B
npUOPEKHO-TAaTYHHOM 30HE, a HMHOTJAa W C pa3BUTHEM IIMaHO-OaKTepHAIbHBIX COOOIIECTB
(bpyeBuu C.B. u ap., 1946; Knenoa M.B. u gap., 1962; Illrtepentepr JLE. u ap., 1975).
MukpoOHOEe OKHCICHHE MEeTaHa B aHAadpPOOHBIX YCIOBHSX MPUBOIUT TAKKE K HAKOILJICHUIO
M30TOIMHO-JIETKON YTIIEKUCIIOTHI, U3 KOTOPOW 00pa3yroTcsl ayTUTeHHBIC KapOOHATHBIE OTIIOKCHHUS,
acCOIMUPOBaHHBIC ¢ ra3oBoi pasrpy3koi (Bernard B. et al., 1976; Hathaway J. u np., 1968;
Matsumoto R., 1990). [Togo6HbI# KpynmHOMAacIITaOHBIN IPOIIECC aHAIPOOHOTO OKUCIICHUS METaHa
COIIPOBOYK/IAETCSl HAKOIJICHUEM H30TOITHO-JIETKOTO OPTaHWYECKOTO BEMIeCTBa OaKTepHaIbHBIX
MAaToB, U KapOOHATHbIE MUHEPANIBI HOCTPOEK MOryT nocturarh 8'°C or —32,5 no —40,4%0, VPDB

(MBanoB M.B. u np., 1991).



146

Habronaembie B M3y4eHHOM 0oOpasiie KapOOHATHON KOPKHM M30TOIHBIC XapaKTePHUCTUKU
yIiepoaa XapakTepu3yIoTcsl TPEeHAOM OoT Mopckux kap6onatos (1: 8'3C = —2,5%., VPDB) k
000TraIEHHBIM M30TONHO-NErKoM yraexucnoroit (2 u 3: 8C = —7,0 u —17,0%, VPDB
COOTBETCTBEHHO). [10M0OHBIM pPa30poc B 3HAYCHHUSAX M30TOMHOIO COCTAaBa YIIepOla MOXKET
CBHUJICTEIILCTBOBATh O BapHAllMK YCJIOBUM OKPYKAIOMIEH Cpeapl, 00 O JUINTEIbHOCTH
B3aHMOICICTBHS KapOOHATHBIX KOpPOK ¢ 00eanéHHoi C'° yruekucnoroil B MecTax pasrpysku
METAHOBBIX CHIIOB. Kak OBbUIO IMOKa3aHO BHINIE, CE30HHBIC KOJICOAHHWS HE OTPA3HIUCh Ha
U3MCHECHHUSAX CBOMCTB Ta30BBIX IOTOKOB. [1000HBIC Bapuali MOT'YT CBHJICTCIHLCTBOBATH O
JUTATEIILHOCTH KCIIO3MIIMK KapOOHATHOTO MaTeprasia Ha MOPCKOM JIHE, JEMOHCTPHUPYS CTEIICHb

NEPCypaBHOBCIINBAHUSA C HU30TOIMHO-JIETKUM YIIIEPpOAOM OPraHU4C€CKOro BEIICCTBA.

B oOpazoBanuu kKapOOHATHBIX MHHEPAJIOB Hapsily C M30TOIHO-JETKOM YIJIEKHCIIOTOM,
oOpa3yrolieicss Mpu OKUCICHUM METaHa, NPUHHMAeT Y4yacTHE€ M MHUHEpaJIbHBIN yIvepof,
pacTBOpeHHbIN B MOpckoi Boze. [loaToMy ymiepon kapOOHATHBIX MHHEPAJIOB HE TaK 3aMETHO
06emHéN n3otonom PC, kak MUKpoOHas 6uomacca. PasHulla B M30TOIIHOM COCTaBE KapOOHATHBIX
00pa30BaHMil MOXKET TaKkKe OOBSICHATHCS IMOMAJAaHUEM H30TOMHO-TSDKEIOT0 PAKOBHHHOTO

KkapOoHara 1 kapOoHaTa, 0CaXkJAI0LIET0Cs U3 BOJHOW TOJILIH.

[lomydyeHHBIE W30TONHBIE XapaKTEPUCTUKH MOTYT CBUJIETEIbCTBOBAaTb O TOM, UTO
kapOOHaTHas MUHEpaau3alMs pa3opBaHa BO BPEMEHU, TO €CTh 00pa3oBaHa B PAa3HOE BpEMs.
[IpoGnema renesuca KapOOHATHBIX KOPOK B OOJIACTSAX BbIXOJA NIIyOWHHBIX Ta30BbIX CTPYH
BBIIISIIUT OoJiee CI0XKHOM M TpeOyeT NOMOJHUTEIbHBIX JAETaIbHBIX UCCIEIOBAHUN 3KOCUCTEMBI

CHIIOB.

5.1.10 Hcmounuku u npoucxodxcoenue y2iee000pooHbIX (hiiouoos

OcanouHbIH CI0M MEJIKOBOAHBIX PailOHOB JTM00 MaJIOMOIIIHBIH U MPEACTaBIIEH NTeCYaHbIMU
OTJIOKEHUSIMH, JTUOO BOBCE OTCYTCTBYET, B OTNIMYME OT TTyOOKOBOAHBIX pailoHOB. Bo mMHOTHMX
CIIydasiX 0CTa€Tcsi OTKPBITHIM BOMPOC, SIBIISIOTCS JIM MEITKOBOJIHBIE ITy3bIPHKOBBIE T'a30BbIICIICHUS
CJIEICTBUEM TPOCAYMBAHMS Ta3a W3 TIYOWHHBIX CIIOEB, WIHM BBIICISIONIMICS Ta3 oOpa3yercs B
BEepXHEM clioe ocanka. B psge pabor (manpumep, Manaxosa T.B. u ap., 2022) nokazano, 4To
BEPXHHUI CJIOM OCaaKa, COIEpKAIIWi JICTPUTOBBIM MaTepuan, HE MOXKET OBITh OCHOBHBIM
HMCTOYHUKOM Ta30BBIX MPOsIBICHU. OCHOBHBIM apTyMEHTOM CITYXKUJ (pakT 0OHApY>KEHHUS CHUIIOB B
30HaX OTCYTCTBHSI JETPUTHOTO MarepHayia (OTKPBIThIE YYacTKH TMecka M MpuOoitHbie 30HbI). B
Oyxte Jlacmu dYeTBEpTUYHBIC OTIOKEHHUS TNPEACTABICHB MAaJOMOIIHBIMU TIPOCIOSMHU C
HE3HAYUTEIBHBIM cojJepkanreM opranudeckoro BemiectBa (PesxkoB H.K. u gap., 2002),

HECIIOCOOHBIMH  TIPOAYIMPOBATH JOCTATOYHO MeTaHa Juisi oOpa3oBaHUS HAOIIOAACMBIX
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FaBOHI)OSIBJ'IeHI/II\/JI. YuureiBas BBICOKYIO THAPOANMHAMUNYCCKYIO aKTUBHOCTD IMMOABOJHBIX TCUCHHUHN U
BOJIHOBBIX ITPOLECCOB, MOCTOAHHO CMCHIAIOMIUX PBIXJIBIC OTIOXCHUS, CBA3b FaSOBBII[eJ'ICHI/Iﬁ C

OpTraHU4YC€CKUM BCIICCTBOM YCTBCPTUYHBIX MOPCKHUX OCAJKOB COMHUTCIIbHA.

MOXHO TPEeAnoNOXKUTh, YTO Tra3 ObUT NPOAYLUHUPOBAH B HIDKEISKAIIMX TONIAX |
MUTPHPOBAJI B BBIIIEIIEKAIITUE CJIOU TI0 CUCTEME Pa3IOMOB. B 1Mosib3y 3TOT0 YTBEpKIACHUS TOBOPST
JaHHBIC, TTONyYeHHBIe psgoM uccienoBareneil (Sackett W. et al., 1968; I'anumor 3.M., 1973a;

Zartman R. et al., 1961).

s mporHo3a NOTEHIMANIBbHO HE(TEra3oMaTepUHCKUX TONI[ U BPEMEHH BO3MOXKHBIX
MPOIECCOB HeTerazoreHepalu OblTd PACCMOTPEHBI YETHIPE TeHEPAIMOHHO-aKKyMYIISIIIMOHHBIC
YIJIEBOIOPO/IHBIE CUCTEMBI, KaXKJas M3 KOTOPBIX COOTBETCTBYET OJHOMMEHHOMY OCAJ04YHOMY
KOMIUIEKCY OTIOKEHHH CcO CBOMM HabopoMm aneMeHTOoB YB  cucremsl, BKIIOYas
HedTerazoMaTepuHCKHUE TOJMIIHU, KOJJIEKTOpa, JOBYIIKH U ¢uronaoynopsel. Ananu3 YB cucrem
OB BBIMOJIHEH ISl OTIOXKEHUH TPHACOBO-FOPCKOTO, MEIOBOTO, HOLIEHOBOTO (KyMCKasi CBHUTA)
KOMILIEKCOB M OTJIOKEHU I MaliKOTICKOW cepyuu. Bomb MPUHIUITHAIBHBIX T€0JI0T0-Te0(hU3nIECKUX
paspe3oB npudpexxkHoi Tepputopun Kpeima mposeneno 6acceitnoBoe moaenupoBanue 2J1. Beioop
OCHOBHBIX  IapaMETPOB  YIJIEBOJOPOAHBIX CHUCTEM TMPOBOAWICS Ha OCHOBE paboT
(AdanacenkoB A.Il. u np., 2007; bamymuna H.B., 2008; baxenosa O.K. u gap., 2005;
Hucranosa JI.P., 2007; lIux H.B., 2006) (Pucynok 65, Tabnuma 2).

Tpuacoso-topckuii komniexc omaoxcenuii. B xaduecTBe 0CHOBHOM HedTerazoMaTepHHCKON
TONIIM, KAaK WCTOYHUKA JIera3allii, MOTYT OBITh PACCMOTPEHBI YIIIEHOCHBIC TMOPOABI
CPEIHEIOPCKUX OTIIOKeHHH. KomnuecTBo mpociioeB, 000TaleHHbBIX OPTaHMYEeCKUMU OCTaTKaMU,
He3HauutenpHoe (FOmuu B.B., 2009), 1 BO3MOXHBIN MPOAYIUPYIOMIHUHA Ta3 STUMH OTIOKCHUSIMU

6y,HeT OTBCYATh U30TOIMHBIM XaPAKTCPHUCTUKAM 3 Tuna KCpOrcHa.

CornacHo IpOBEIEHHOMY aHAIM3Y CEMCMOpPa3BEIOYHBIX JaHHBIX U MaTepUaIOB OypeHHs,
B [Oro-3amagnom KpbiMy KpymHBIE OJMCTONUTHI BEPXHEIOPCKUX HM3BECTHAKOB €CTh ¥
MOBEPXHOCTU U B CAMOM INIMHUCTOM TOJIIIE MAaTPUKCA OJTUCTOCTPOMBI. ACCOLMALINS TPEIIMHHBIX
KOJIJIEKTOPOB B M3BECTHSKAX M TIIMHUCTOW TMOKPBIIMIKK MPHU OJIATONPHUSATHBIX YCIOBUSX MOXKET
paccMaTpuBaThCsl KaK HOBBIM CTPYKTYPHO-JTUTOJOTHYECKHI THI JIOBYIIKH, YTO Hamboee
BEpOSITHO 7151 BocTouHOM yacTH [Ipenropuoro Kpemma (Camconos P.O. u np., 2023; IOqun B.B.,

1997).

Cenoman-mypouckuu  komnaexc omaodcenuu. (CyMMapHble TOJNIIMHBI  TPOCIIOEB,
00oraméHHbIX OPraHUYECKUM BEIIECTBOM, B CEHOMaH-TYPOHCKOM KOMILUIEKCE COCTaBIISIOT BCETO

muib oT 0,13 M (B oTnoxkeHusx ceBepo-3amnaanoro Kaskaza) no 1,30 M (B omioxkenusx Kpeima)
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(bamynmuna H.B., 2008; O6naco H.B. u ap., 2020). B cBs3u ¢ 3TuM paccmarpuBarh 3TH
OTJIOKCHHS B KQUECTBE OCHOBHOTO MCTOYHHKA T'a3a W TOBOPUTH 00 WX CYIIECTBEHHOM BKJIAQ/IC B
(dopmupoBaHue HEe(PTEra30HOCHOCTH PETHOHA MPEICTABISCTCS COMHHUTENBLHBIM. Kpome ToTO,
CTENeHh MPEOOpPa30BaHHOCTH OPraHMYECKOTO BeHIeCTBA B HUX HHU3Kas, J0 CTaJuu
HedreoOpazoBanus (AdanacenkoB A.IlL u np., 2007; baxenosa O.K. u np., 2005; Ob6nacos H.B.
u ap., 2020; Cycnosa 2.10., 2006).

Doyenosas (kymckas ceuma) u Maiikonckas cepust omaodicenuti. Herera3zoBblii KOMIUIEKC
xapakTepusyeTcs (panmanbHOW W3MEHUYMBOCTBIO TAJICOIEH-DOIICHOBBIX I1E€CYAHO-TJTMHUCTHIX
OTIIOKEHUH, CpeAu KOTOpPhIX KyMCKasi CBHUTa BBICTyHaeT KakK OIWH M3 KIIFOYEBBIX
HeTereHepupyOLIUX roOpu30HTOB. Maiikonckas cepusi, GOpMHUPYIOIIASCS B OJIUTOLIEHE — pAHHEM
MHOLIEHE B 3MMKOHTHHEHTAIbHOM Mope Boctounoro [lapareTuca, npeacrapnsieT coO0H MOIIHBIH,
IIPEUMYIIECTBEHHO NIMHUCTBIA  OCAJOYHBbIM  KOMIUIEKC, WIPAIOIIMA  pOJIb  OCHOBHOM
HepremarepuHckoir Tonmu B Kpeimcko-KaBkasckom perumone. B 3ToM KkoMmIuiekce 0co60
BBIJICJIAIOTCS. KAPOOHATHO-TJIMHUCTBIE U TIIMHUCTBIE OTI0KEHUS XaJyMCKOM CBUTHI Kak Hanboee

NEePCIEKTUBHBIE I HE(PTETCHEPAIHH.

Maiikornckue TJIMHUCTBIE Mopoabl B UEpHOM Mope cojepikaT I'yMyCOBO-CalpoIeIeBOe
OpraHHYECKOE BEIIECTBO C MpeobIalaHueM CamporeneBOil COCTaBISIONIeH, OIaronpusaTHOS s
00pa3oBaHMsl KaK XKUJKHUX, Tak ra3000pa3ueix ¥YB (Hanexaun J1.B., 2011). Onurouenosas 4yactb
paspesa MalKOTICKUX OTI0KeHUH mpornda CopoKrHA XapaKTePU3YETCsl HATMYUEM CaIPOTIEIIEBOTO
OB u noBbIIIeHHBIM HEPTEMATEPUHCKUM ITOTEHITMAIOM, a MHOIIEHOBast — Oosee rymycoBoro OB
U TOBBIIIEHHBIM razomarepuHckum mnoreHimanoMm (Kosmosa E.B., 2003; Heuaea O.A. u nap.,

2008; daneesa H.I1. u np., 2001).

B ducne mnoreHumanbHO HEPTETa30HOCHBIX TOJNI] CIEAYeT pPaccMaTpUBaTh TaK JKe
TEPPUTEHHBIE OTIOKEHUS IEPMO-TPUACA, ITUPOKO NPECTABIECHHBIE B OCHOBAHUU ME3030HCKOI0
ocasnouHoro komiuiekca (Kaszannes 10.B., 1982). Hanpumep, B IlpeakaBkasbe U3 aHaJIOTMYHBIX
OTJIOXKEHUH TIOTy4eHBI TPUTOKH Ta3a Ha KaneBckoi, CtapomuHCKON 1 YenmbacaHCKOM TUTOIAIsX.
B mnpenenax Cumdepononabckoro MNOAHATHS, B OKpecTHOCTSIX ropoxa Cumdepomnons Ha
Benornuuckoii mmomaan B Menkux ckBaxkuHax Ne6, 7 u 10 Ha rmyOunax 268-350 M u3 mopon
HWDKHETO MeJIa U I0pbl Ipu OypeHuH oTMeuanoch rasupoBanue. Kpome toro, B ckB. Ne6 B 3TOM ke
nuarna3oHe HabOmronanach IieHka He@TH. ITockonbKy 4Yexosl Men-HEOT€HOBBIX IMOPOA 31eCh
He3HaunTeabHbIN (70 100-500 MeTpoB), TO, CKOpee BCEro, yIIeBOAOPO/Ibl HA ATHX ITyOMHAX MOTYT
OBITH CBS3aHBI C HIKEISKAIIMMU Oosiee JAPEBHUMH MAIE030M-IOPCKUMH  OTIOKEHUSIMH,
cnarapomumu  cBog  Cumdepornonbckoit aHTHKIMHAIK. CyImIecTBYIOT M JpYTHE€ ONHCAHUS

He(bTera3onp0${BneHm71, HO OHHM HC BCCTJa YCTKO IIPUBA3aHbI HA MECTHOCTH.
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He croutr uckmiouare u3 paccMmoTpeHuss u Oosee mmyOokomorpyskeHHble (8-10 km)
MaJIC030MCKNE KOMIUIEKCHl OTJIOKEHHU. B Me3030MCKOM 0CaJOYHOM KOMILJIEKCE OTMEYAIOTCS
MHOTOYHCIIEHHBIE  OJHMCTOJIUTOBBIE TIBIOBI KaMEHHOYTOJIbHO-TIEPMCKOTO  BO3pacTa. OTHU
OJIUCTOJIUTBL MOTYT 6BITI: CBHUICTCIILCTBOM TIPUCYTCTBUSA I10JIOTO-CKJIIaA4aTOr0, BO3MOXHO,
JIOKaJIbHO METaMOp(OU3UPOBAHHOTO MAJICO030MCKOTO KOMIUIEKCAa OTIOKEHUU. B monb3y Toro, 4to
MaJIe030MCKUI KOMIUIEKC HE CHJIbHO MeTaMOp(HU30BaH U B HEM MOIIM COXPAaHUTHCS BCE CBOMCTBA
He(TEeMaTepUHCKUX TOPOJ, CBUICTEILCTBYIOT M CaMU OJHMCTONUTHI, BHYTPEHHSISI CTPYKTypa
KOTOPBIX YacCTO HE HapyllleHa, B TOM YKCJIE M COXPaHEHBI ONPEJCIUMbIEC MaJICOHTOIIOIMUYECKUE
q)OpMBI. Taxxke aHaJIOTMYHBIE ITAJIEO30MCKHUE KOMILIEKCHI BBIACIIIFOTCSI WU B BOCTOYHOM

MIPOAOIDKEHUH CyOIIMPOTHBIX CTPYKTYp B [IpenkaBkaspe.

Hecmorps Ha TO, 4TO NaAJCO30MCKUN KOMIUIEKC CHJIBHO IIOIPY’KEH M B KadyeCTBE
NEPBOOUYEPETHOTO OOBEKTA I BBISIBIICHUS JIOBYLIEK €r0 paccMaTpuBaTh [10OKA HE CTOUT, BCE JKE
OH TpeOyeT OoJiee eTaNbHOrO U3YUYEHHUs C TOUKH 3PEHUS HAJIMYKS U PACTIPOCTPAHEHUS JPEBHUX
He(pTeMaTepUHCKUX TOJIII, KOTOPbIE MOIJIM Obl TEHEPUPOBATh YIJIEBOJOPOAbI B TEUECHHE Pa3HbIX
NepuooB pa3BUTHs OacceifHa, (HopMHUpPOBATH 3aJeKH, KOTOPHIE, B CBOIO OuY€peb, MOINIU
BIIOCJIEACTBUY nepedopmupoBathcs. Hampumep, B mopoaax ropHoro Kpeima ormMeuarorcst Hepre-
Y Ta30MpOSABICHUS B psijie CKkBaxuH (SntuHcKas-1, Anymtuackas 2-A, 8, 9, 12, [Inanepckue u
Jp.) U B €CTECTBEHHBIX BbIXOAaX (MCTOYHMK AJkH-Cy). OHM MOTyT OBITH PACCMOTpPEHBI Kak
CBUJIETENLCTBA HAJIM4YMs BO3MOXKHBIX 3aJI€KEH YIIIEBOIOPOIOB Ha IIyOuHE (107 alJIOXTOHOM
ropHoro Kpbima), mnocTynarommx BBEpX [0 MHOTOYHCIEHHBIM TPEHIMHHBIM  30HaM

(Kazanmes 10.B., 1982).

5.1.11 Bacceitnogoe modenuposanue u OyeHKa HehmezazonocHocmu

IIpoBenénHoe MonenupoBaHue 2J[ MO OMOPHBIM TI'€OJOrO-reopu3nYEecKuM paspezam
MO3BOJIMJIO OLEHUTH CTENEHb 3PEJIOCTH He(TEeMaTepUHCKUX MOpOA B PA3HBIX CTPYKTYpHO-
TekToHn4Yeckux 3oHax (Pucynox 65). HauGomnbinel 3penoctu moponbsl gocturaror B Mumomo-
Kyb6anckom nporube, KOTOpBI, O BCE BUIUMOCTH, SIBISIETCS OCHOBHBIM OYaroM reHepaluu
yIJIEBOJOPOIOB B pernoHe. B Hambosee mryOokonmorpyk€HHbIX 30HAaX B mpenenax Mupono-
Kybanckoro mporuba Bce HedTerazomMarepuHCKUE MOPOABI OT Mejia 10 MHUOLEHAa BBIIUIA M3
r1aBHOM 30HBI He(TeoOpazoBanus (I'3H) u Bouutn B maBHyr0 30HY razoodpazosanus (I'3I0), To
€CTh Ha JIaHHBII MOMEHT T€HEpUPYIOT T'a30Bble YIIIEBOJOPOAbl. JTUM (HaKTOM OOBACHSAETCS
npeoOnajjaHue Ta30BbIX MECTOpOXKAeHUH B perroHe. B CuBamickom mnporude mpakTHUYEeCKH Bce
MesoBble Hedrerazomarepunckue tommu Bouumd B I'3H, a anrtckue HedrerasomarepuHckue
Nopo/ibl ToJIbKO Hauaau BxoauTh B ['31. B npenenax A30Bo-MalKONCKON cCTEMbI MOAHATUN BCe

HepTemMaTepuHCKUE TOJIIM HAXOMATCS B TJIaBHOM 30HE HedTeoOpa3zoBaHUsA. BONBIIMHCTBO
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HepTeMaTepUHCKUX TOpoa B npeaenax MonaaBcko-CeBepo-UepHOMOPCKOW CHCTEMBI IPOTHOOB
SIBJIIIOTCS HE3PEJIBIMHU, OJHAKO B 3alTa{HOW YaCTH MEJIOBbIC He(TeMaTepUHCKHUE ITOPOJIbI MOTYT
BxonuTh B ['3H, rae onn naubonee norpysxens! (Nikishin A.M. et al., 2015; Camconos P.O. u ap.,

2023).

IIporu6 CopokuHa paccMaTpUBaeTCsl UCCIENOBATENIMU KaK 3aJyrOBbIH MOJIAcCOBBIN
nporu6, KOTopblil pa3Buiics napamiensHo ¢ Munono-Kybanckum nmporudom (Nikishin A.M. et al.,
2015; Sydorenko G. et al., 2016). IIporu6 ObLT 3aJI0’kE€H B Ha4YaJIe OJHMIOLICHA U CIIOKEH TOJIIEH
(5 kM) MalKONCKHUX OCaJKOB, MEPeKphIThIX (3,5 KM) CpeaHe-MUOICH-YETBEPTUUHBIMU
ornoxenusMu (I'oxuk I[1.dD. u ngp., 2010). Ilpenmomaraercs, 4To CKaTUE CIIOCOOCTBOBAJIO
00pa30BaHMIO 30H BBICOKUX IUIACTOBBIX JIaBJICHUN B MAHKOIICKUX OTIOKEHUSX, IPUBOAMBILIEMY K

MocCjacaAyroueMy BblIaBJIMBAHUIO I‘a30-(1)JHOI/II[HBIX O6p3,30BaHI/II71 B BCPXHHUEC I'OPU30OHTLI pa3pC30B.

CornacHO JaHHBIM MPOBEAEHHOTO HAMU MOACIUpOBaHus U padot (Meiicaep A.JIL., 2010),
B KOTOPBIX Takke mpoBoauTcs aHanorus ¢ Mumono-KybaHckum mporuboM, BEpXHEIOICHOBLIE U
HIOKHEMAWKOTICKUE OTJIOKCHUS (HIKHUN onurorneH) B 3amagHo-UepHOMOpCKOM Oacceiine
HaxomsaTcss Ha rpagauun MKs—AKi. B npenemax mnporun6os Tyancunckoro, CopokuHa u
I'ypuiickoro (Boctouno-UYepHoMopckuii 06acceiiH) 3TH OTVIOKEHHS HAXOIATCS B IVIABHOH 30HE

HedTeoOpa3oBanus (rpagaunu karareneza MKs).

Takum oOpa3oM, B pamkax paOOTbl ObUIM BBINOJIHEHBI KOMIUIEKCHBIE HCCII€OBAaHUSA,
BKJIIOUAIOIINE ONpENIEIeHNe COCTaBa Iy3bIpbKOBOTO ra3a M M30TOIHBIX XapaKTEepUCTHK ero YB
KOMIIOHEHTOB, KOHIIEHTPAIHIO PACTBOPEHHOT'O B BOJIE METaHA U M30TOIHBIN aHAIN3 KapOOHATHBIX
KOPOK, a TakKe pe3yJapTaTbl THIPOJIOTMUECKHMX M3MEPEHUH Ha IUIOIIAJKe MEIKOBOIHBIX
ra3oBblJIeIeHUN B MpuOpexHoi obmactu OyxTsl Jlacnu. BniepBble Takue KOMIUIEKCHBIE paOOThI
IpOBEJIEHbl BO BCE CE30HBI Irojia Ul OLEHKHM MEXCE30HHOH M CYTOYHOH W3MEHUMBOCTHU

TCOXUMHNYCCKUX XaPAKTCPUCTUK MCIIKOBOAHBIX CUIIOB.

PesynbTaThl H30TOITHOTO cocTaBa yriepona Merana u 3TaHa (8 Cepenn = —36,0 £ 0,8%o,
VPDB, 8" Cepen = —37,5 £ 0,2%0, VPDB, COOTBETCTBEHHO) YKa3bIBAIOT HA 3HAYMTENBHYIO POJIb
TEPMOKATATUTUYECKOTO Ta3a, MUTPUPYIOMIETO IO PAa3JIOMHBIM CHCTEMaM, YYacCTBYIOIIUM B

dbopmMupoBaHuM ra3zoBbix cunos OyxThl Jlacnu U€pHoro mops.



151

36°
46* [ . Menutonons
A
A3sogo- KyGa\-lG‘(a
| Chicrema nporn6o8
i . e S TIDOTVS
Wrot o = /
OpPMoBOd rpate S
L / T Aaoao-Maﬁ“Kpnc&a_,gmcMCTeM
apK”H“TcKo-C”Bawc f 5 g'A { “7””"-*-—‘?7.’,704
K m = = = -
af; cuctem | "I / = *’3?7»;,7;4@
= . ESnaioD e | \ i
We ono-K {
Kanamu Cko-Hosocenosckag . ViR B YOauy, e /._/‘}(\c
A \ o 4 { !
McTeMa nogHaTuii ) |
|
; Ha
v
AnbMUHCKaRA BndA o
a4°
YcnoBHble 0603HaYeHHsA
w—[lONOXeHUE NpoUNEsH —| HaanopaakoebIe TeKTOHKYECKHE
—— Beperopas NMHuA __ dnewenTl:
5 Topa {T} YepHoMOpCKan MyBoKoBoDHAR BnasMHa
Jona Ko OporeHHo-
e . cucrena
Ha cywe {ii; Cratpexan nnta
= ;4::0»18»1 V) Vepammorin war
EXNA3b 1 OTHOCHTENBHO
[ crabunsHo passveaouecs an ;’L“;“;:f:;ﬁ:gg:“"‘ep""“ﬂ“”
ot 7 TPaHILIL TEKTOHMUESKAX HNEHEKTOB
(1 Oporere =2k e
[F] Bore Texronueckux cryneneit [7 BnanuHs: u nporuel
[ NoausTun
F 25 S0 100 ‘
—

Kanamutcko-HoBocenkosckan
0 cMcTemMa NOLHATHIA
9 m ) ) o s o n ) 0 10 o 170 130 0 50 150 170 190

CWBaLICKWiA nporub CrUdCHaa nauta C
L A

P3-Namk

Kph\MCKD—
KasKascHuii 7
oporen Unpono-KyBanckuii nporu6 Cucrema noprATi CuBaLICKWii nporué Crudckan nauta

o] A A A — e A
=]

20004 P3Nimk

Asoso-Maiikonckan

1000

30001\
40004

5000

6000

7000 o = w0

Pucynox 65. A — Kapma c¢ nonooicenuem npoguneii, no kKomopvim OblLIO NPOGEOeHO
pecuonanvhoe baccelinosoe 2D-mooenuposanue popmuposarnus yeneso0opodos. b - [Ipogunu,
ompadicaiowue  unoexc — mpancgpopmayuu (TR, %)  opeanuueckoco  eewecmsa
HeghmemamepurHcKux nopoo no niowjaou. Bepxnuii npoguns coomeemcmeyem pecuoHaIbHOMY
I-I’, nuoicnuii — II-11" (Camconos P.O., ..Kpacnosa E.A. u op., 2023).
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HOJ’IquHHBIC JTAHHBIC I[CMOHCTpHPYIOT HaJIN4Yue HpI/ISHaKOB BTOpI/ILIHOFO npeo6pa3OBaH1/m,
MIPUBE/IIIETO K CMENIEHUIO U30TOMTHOIO COCTaBa yriepoaa B Metane 110 +10%o, HCXOIHBINA COCTaB

KOTOpPOT'O MOT OTBEeYaTh MHTEPBAIy 3Ha4eHUMN 0T —43%0 10 —38%o.

VYcraHoBiI€HO, 4YTO MeTaHOBbIe cullbl KpbIMCKOro 1oOepexbsi CpaBHUTEIBHO
MasoneOUTHbIE, yIebHBIA TOTOK Ta3a M3 OTAENLHOIO CHIA COCTaBiseT okono 10 m> rom'.
[IpencraBnenHass BpeMeHHasl JAMHAMUKa KOHLEHTpauuu pactBopeHHoro CH4 Han cumom u
M3MeHeHHe u30TonHoro cooTHomenus &' C(CH4) my3bIphbKOBOrO Ta3a MOKA3ald OTCYTCTBHE
MEXCE30HHBIX Bapnaunﬁ U CBA3M C THUAPOJIOTrMYCCKHUMH HM3MCHCHHAMHU B aKBAaTOpHWH, UYTO
CBUJCTENILCTBYET O IIOCTOSHCTBE Tpolecca BO BpeMmeHH. [lomydeHHble pe3ynbTaThl
JEMOHCTPUPYIOT HaIM4YMe KapOOHATHOW MUHEPAIU3allii B MECTaxX Pa3rpy3Kd METAHOBBIX CHUIIOB

u ux 06pa3OBaHI/Ie Ha NOBECPXHOCTHU MOPCKOT'O JHA B PA3JIMYHBIC BDEMCHHBIC IICPUOABI.

HSy‘IeHHble COOTHOIICHUA HU30TOITHOI'O COCTaBa yriaepoaga ra30BbIX Cpr171
CBUACTCIIbCTBYIOT O I'CHCpallun ra3oBoil cMecu OpraHn4C€CKUM BCUICCTBOM MOPCKOI'0 I¢HE3uca,
OJHUM M3 HCTOYHUKOM KOTOPOI'O MOTJIH ABJIATHCA BEPXHCIOUCHOBLIC U OJIMTOLCHOBLIC OTJIOKCHUA,

HIMPOKO pa3BUTHIE B 3anagHo-YepHOMOpckoM Oacceiine.
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5.2 H3oTOonHbIE XapaKTEPUCTUKHU NMPUHIIOBEPXHOCTHBIX l"a301'[p0ﬂB.]'IeHI/Iﬁ

IKCIUTYAaTAIHOHHBIX CKBAKUH

Bornee mocToBepHBIE Pe3yNbTAThI MO OIEHKE TeHE3MCa W XaPaKTEPUCTUK OPTraHHYECKOTO
BEIIECTBA MOTYT OBbIThb IONyY€Hbl MPU CPABHEHUM TI'COXMMUYECKHX XapaKTePHUCTUK
NPUMIOBEPXHOCTHBIX MPOSIBICHUH C JAHHBIMH I10 Ta3y, paHee 0TOOpPaHHOMY HEMOCPEICTBEHHO U3
u3yyaemMoro Iiacta. B Hacrosmieil paGore ATOT MOAXOA peanu3oBaH Ha MOpUMeEpe
NPUTIOBEPXHOCTHBIX TIPOSBICHUNA Ha TeppuTopun SIMOyprckoro HepTerazoKOHIEHCATHOTO

MecTtopoxacHus (cesep 3anannoit Cubupm).

[MazonposiBieHUsT pa3TuYHON CTETICHH W TWUHAMHKHU TIPU OypEHHH CKBa)KUH (ITOMCKOBBIX,
pa3BeZIOYHbIX, HAOIIOAATEIbHBIX, SKCILTYyaTal[MOHHBIX, MEP3JI0THO-IAPAMETPUUYECKUX U UHBIX), a
TaKKe MMPH UX IKCILTyaTallii Ha MECTOpOXKIeHUAX 3anagHoi Cubupu oTMedanuch ¢ IepBhIX THEH
ocoenus (bonmapes BJL. u gp., 2008; Jleono C.A., 2010; fAxymes B.C. u ap., 1987).
WccnenoBarensiMmu onrcanbl MHOTOYHCIICHHBIE (DAKThI Ta30MPOSBICHUN B PA3IMYHOM MUHTEpBAJS
rryouH (ot 50 no 600 m.) (JIeonos C.A., 2010; Maxonuna H.A. u ap., 2008; Axymes B.C., 2009a;
Sxymes B.C. u ap., 2014; Sxywes B.C., 2015a). IX npu4rHO#l B OCHOBHOM CIIy>KUT HapyIlleHHE
CIUIOLIHOCTH U TassHUE MHOTOJIETHEMEP3IIBIX MOPOJ BOKPYT CKBAKUH C MOCIIEIYIOIIUM BBIXOI0M
BHYTPUMEP3JIOTHOTO Ta3a Ha THEBHYIO MOBEPXHOCTH. [Ipu 3TOM opMma 3aneranus raza MOXeT
OBITH KaK CBOOOJHAS, TAK U Ta30THApaTHas. B cOOTBETCTBUU ¢ TeXHOJIOTHEH OypeHusi, ToJOOHbBIE
ra3oBBIJCICHNS 3a/IaBIUBAIOTCS Oosiee TSHKENBIM OypOBBIM pPAacTBOPOM M TMEPEKPHIBAIOTCS
KOHAYKTOPOM M TexHu4yeckoil konmoHHoul (JleonoB C.A., 2010). OpHako [0 KOHIA
HEHCCJIEIOBAHHBIM OCTa€TCsl KaK IMPOUCXOXKIEHUE HTOT0 rasza, Tak M PacnpoCTPaHEHHOCTH

IMOTOOHBIX Ta30BBIIEICHUIA.

[IpoGnema pacnpoCTpaHEHHOCTH METaHA M €ro NMPOUCXOKIEHUS B MHOTOJIETHEMEP3IIBIX
nopogax (MMII) cranoBuTcst Bce Ooyiee akTyajdbHOW MO Mepe MPOJABUKEHHS B APKTHKY, HO,
Han0oJsee 4acTo, 00bEKTOM M3Y4YEHUS! CTAHOBUTCS UCKIIIOUUTEIBHO TaK Ha3bIBAEMBIN «O010MHbLI
2a3» (PUIMOBEPXHOCTHBINA MeTaH). OfHaKo, 1Mo pesyasratam pazOypusanuss MMII, nonomiuHHO
M3BECTHO, UTO METaH U JIpyrHe YIIIeBOAOPOAHbIE Ta3bl, 3aJI€Tal0UINe B HUX, UMEIOT CaMO€ pa3Hoe
npoucxoxaeane (AseroB H.P. u np., 2017a; SAxymes B.C., 2009b; Axymes B.C. u ap., 2014;
SAxymes B.C., 2015a).

Ha ceromnsamnuii neHp B obOnacTsax 3aneraHusi MHorojeTHeMmépsneix Toim (MMT)
CyIIECTBYeT TMpobOjeMa MPOTHO3UPOBAHUS BHIOPOCOB MeETaHa B Iporecce OypeHus u
sKcrutyaTanuu ckBakuH. ComtacHo uccienoanusiM C.A. JleoHOBa, cTaTUCTUYECKHE JTaHHBIE O

ra3onposBIICHUAX JTOKA3bIBAIOT IMOTEHIMAIBHYI0 BO3MOXKHOCTh HaxoxaeHus B MMT 3amacoB
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ra3a, B CBOOOJHOM U B rujpatHoM coctossHusx (Jleonos C.A., 2010). B padorax H.H ABetoBa ¢
COaBTOpaMH PACCMOTPEHBI THUITBI YIVIEBOIOPOAHBIX Ta30B, HaOmromatomuecss B MMT Ha
TeppUTOpUH paiioHa uccinenoBanus (Asetos H.P. u ap., 2017a). bbuto nokazaHo, 4To 110 TeHE3UCY
ra3 BCTpe4yaeTcs BHYTPHUMEP3JIOTHBIN OMOXUMHUYECKHNA Ta3, KOTOPbI HAXOAUTCS B CBOOOTHOM M
ra3orupaTHOM COCTOSTHUHW, KaTareHeTUYeCKW (TEpPMOTECHHBIM) Ta3 W CMEIIAHHBIA Tra3

(6bunoxumudeckuii + kararenernueckuii) (Aseto H.P. u ap., 2017a).

OcHoBHasl 4acTh Ta30MpOsIBICHUN ObUTa 3adukcupoBaHa BOMM3M KoHAyKTOopa (mo 0,5
METPOB), CYIIECTBEHHO MEHbINIAs YacCTh — Ha PACCTOSHHUH JI0 2-3 METPOB OT YCThEB CKBAXKUH. B
MEPBOM CJIy4yae — 3TO BBIXOJ ra3a u3 NyOuHHbIX coés MMII u moamep3noTHOro paspesa 1o
30HaM MOBBIIIEHHOW MPOHUIIAEMOCTH BJIOJIb KOHTaKTa «IIEMEHTUPOBAHHOE KOJIBIIO — MOPUCTAs
1Opo/ia», BO BTOPOM — HCTOYHHUK Ta3a 3ajJeraeT OTHOCUTEIBHO HENTyOOKO W OBbLI 3aTPOHYT

OpEeoJIOM OTTaWBaHUs B mporiecce paboTel ckBaxkuHbl (ABeToB H.P. u np., 2017a, 2018).

OnHaKo B K&XKJIOM cllydae He00X0UMO TOYHO YCTAHOBUTH UCTOYHHK Ia30MPOSIBICHUH, TaK
KaK BO3MOXKHBI IIOJITOKA BHYTPUMEP3JIOTHOTO Tra3a M BEPTUKAIbHBIC [EPETOKU Tas3a
HIDKENIeKAIMX OTIOKEHUN. [a30mposiBIeHUsT CEHOMAHCKOro raza u (opMHpOBaHHE IOTOKA

BHYTPHUMEP3JIOTHOTO ra3a cXeMaTuyHo noka3aHo (Pucynok 66).

b

[a30Bble K
rasormaparHble
NIWUH3bI

Opeon
oTTanmBaHu1A

0D cxkBaxuHA

[ 30Ha MHOTIOJIETHEMEP3IBIX NMOPOIT

O 0OpeolI NpOTaHBAHHA

[ DpHYCThEBaA BOPOHKA NPOTaHBAHHA

(0 BHYTPHMEp3TIOTHBIE Ta30Bble H Ia3-Ta3orHIpaTHbIE
JTHH3BI-KOIIEKTOPBL

Pucynox 66. A - I'azonpossnenue uz HaoceHOMaHcko2o paspesa (enyouna 3abos 430 m) npu
Oypenuu pazeedounoll ckeaxcunvi. b - Cxema hopmuposanusi nomoka GHympumep3iLomHo20
eaza npu ommausanuu MMT eokpye pabomaroweri ckeadxcunvt (J/leonos C.A., 2010;
Axywes B.C., 2015a, Aéemos H.P., Kpacnosa E.A.u op.,2017, 2018 ).
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B cBa3m ¢ oTtuM aBropamMu OBUIM WHHUIIMHPOBAHBI HCCIICIOBAHHS 3aKOJOHHBIX
ra3onposiBIEHUI Ha CKBaKMHAX, TaBHO BBEIEHHBIX B OKcILTyaTaluio. [1o nMeromumcs 1aHHbIM, B
pailoHe wHcclenoBaHUsS, Ta30BBIACICHUS W3 UWHTEpBala KPUOIUTO30HBI HAXOAWIM CBOE
MOJATBEPXKIACHUE B MIEPHOJ MMOMCKOBOTO M Pa3BEIOYHOTO OypeHHs, a ra3 1o T'€HE3UCY CUHTAJICS
MPEUMYIIECTBEHHO MECTHBIM, OnoxumudeckuMm (MensuukoB [L.U. u ap., 1989; Sxymes B.C. u
ap., 1987). Ha ceromusimiHuii eHb 3HAYMTENbHAs 4acTh (DOHAA CKBAXKHH SKCILTyaTUPYETCs
HECKOJIBKO JIECATUJICTHIA, B CBSI3U C UeM MU ObLIT C(HOPMUPOBAH 3HAYUTENBHBII OPEOJT OTTauBaHUS
MEP3JIBIX TOPOJ. ITU MPOIECCH MOTIU U3MEHUTH (PUIBTPAIIMOHHO-EMKOCTHBIC CBOMCTBA MOPOI,
9YTO, B CBOIO O4Yepelnb, MOIVIO CIIOCOOCTBOBaTh K MPOCAYMBAaHUIO Oojiee TIIyOMHHOTO
KaTareHeTUYECKOro ra3a U3 MPOAYKTUBHBIX TOPU30HTOB Yepe3 MHTEPBaJl KpUOIUTO30HEL. B paGote
IJIAHMPYeTCs Ha OCHOBE M30TONHOrO cocTaBa yriepoja Merana (8'°C) M KOMIIOHEHTHOTO
cootHommenust Ci/(C2+Cs3) raza ycTaHOBUTh MCTOYHHK Ta3a, OMHPAsSCh HA JIAHHBIC Ta30HOCHBIX

TOPH30HTOB M3ydaemoro paiiona (AeeroB H.P. u ap., 2017b, 2017¢, 2018; Ap> @.5., 1998).

5.2.1 Oo6vexm uccneooeanusn

B xone npoBenenus uccieqoBaHui ObLTO TOKA3aHO HAIMYME TA30BBIJCIICHUN HA BCEH TEPPUTOPUH

MCCTOPOXKACHHU A, U BBISABJICHBI (baKTBI 0 74-X CKBa)KMHAaX C 3aKOJOHHBIMH Ta30BbIICIICHUAMU:

Pucynox 67. Kapma
@axkmuueckozo mamepuana. Ha
gpeske KPACHbIM
NPAMOY20NIbHUKOM, a  Ha

OCHOBHOU Kapme KOPUYHeBoU

obnacmuio 0003HaYeHO

noJodceHue Ambypeckozo
Heghme2a30KoHOeHCamHo20

mecmopoxcoenus.  Kpyoickamu
NOKA3AHbL CKEANCUHDBL, 8 PALIOHE
KOmMopbvlx — Obliu  0mMoodOpamsl
2a306bie npoobl Ha

meppumopuu UCCc1e008aHus..

Donrora: 73 50353
Uupora: 67.61313
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52 — ra3oBble; 19 — rasokoHieHCaTHbIE; 2 — pa3BelOYHbIE (HA CEHOMAHCKUE OTIOXKEHus) u 1 —
MOMCKOBasl. 32 BECh MEPHO] UCCIICIOBAHNN aBTOpaMH OTOOpaHbI MPOOKI ra3a Ha 39 CEHOMaHCKUX

u 13 BanamxuHCcKuX ckBakuHax (Pucynok 67), npusenéunsix B (ABeros H.P. u np., 2017, 2018).

5.2.2 Pesynvmamul u30monHuIX UCC1E008AHU

Ha mepBom stame, npoogumoM B 2016 romy, ObUTH OTOOpaHBI MPOOBI 3aKOJOHHOTO H
MEKXKOJIOHHOTO ra3a ¢ 4-X CECHOMAaHCKHUX CKBaXHH. 10 MOIy4eHHBIM pe3ynbTraTaM ObLIO BBIJICICHO
JIBE TPYNIbI CKBAXKHH: MepBas IPyINa, B KOTOPHIX M30TOMHBIE oTHOmmeHHs O'°C COCTaBISIOT
COOTBETCTBEHHO, -46,5%0 u -44,4%0, VPDB; BrOpas rpynmna, B KOTOPbIX U30TOMHBIE OTHOLICHUS
813C  -70,6%om -70,5%0, VPDB, COOTBETCTBEHHO M XapaKTEPU3YIOTCA CyIECTBEHHBIM

oOoraieHueM JErKUM U30TOIOM YITIEPOJa, OTHOCUTENBHO I1EPBOM.

B pesynvmame Ovinu coenamvl ciedyroujue 6v1600bl. 3aKOJIOHHBIC Ta30IMPOSBICHUS Ha
CKBa)XMHAX OTHOCSTCS K CCHOMAaHCKOMY WJIM TYPOHCKOMY Tra3y, YTO MOXKET TOBOPHUTBH O MEPETOKE
[JIyOMHHOTO ra3a 4epe3 OTTasBIIMI KOHTYP MEP3JIBIX MTOPOJ] BOKPYT IKCILTyaTAIIMOHHBIX CKBAYKUH,
a MCTOYHHUKOM €T0, TI0 BCCH BUIMMOCTH, SBJSICTCS CCHOMAHCKHI MPOIYKTHBHBIA TOPU30HT WIIH
BBIIIICIICKAIIME MMOPOABl HIDKHETO IIaJicOreHa, IJe ra3 10 CBOEMY COCTaBy HIACHTHYCH
CEHOMaHCKOMY, OJIHaKO, MOKET HAaXOIUTCS B THAPAaTHON (opme. B wacTu ckBakuH OBLI ClieNaH
BBIBOJI, UTO I'a3 B 3aKOJIOHHBIX Ta30IMPOSBIICHUSIX UMEET BHYTPUMEP3IIOTHOE MIPOUCXOKAcHUE. [1o
pe3ynbTaraM HCCIEeOBaHUS NMPOO MEXKOJIOHHOTO Tra3a OBLJIO OINpeesieHO, YTO Ta3 B HHUX
COOTBETCTBYeT ceHoMaHckoMy: 8°C -51,5%o u -50,5%o, VPDB, coorsercTsenno (Asetos H.P. u

ap., 2017, 2018).

5.2.3 Hcmounuku npoucxoxcoenus y2neeo0opooos

Ha cnenyromumx sramax ucciienoBanusi, npoBoguMbix B miepuon ¢ 2019 mo 2023 rompl,
aBTOpaMu ObLTH OTOOpaHbl MPOOKI ra3a ¢ 14 CEHOMAaHCKHMX U 7 BaJaHXMHCKHX CKBaknH. Ha
rpa¢puke (PucyHok 68) moxasaHbl M30TONHBI COCTaB yriepoga MeTaHa W OTHOIIEHHE
KOHIIEHTpalui MeTaHa Kk cymmMme 3taHa u nponana (C1/(C2+C3)). Ha quarpaMmy HaHeceHBI OIS
COCTAaBOB raza M MNpHUONM3UTENbHbIE OONACTH M3BECTHOTO U3 JIMTEPATYPHBIX HCTOUYHHKOB
KOMIIOHEHTHOT'O COCTaBa BHYTPUMEP3JIOTHOTO, CECHOMAHCKOTO 1 BaJTaHXHMHCKOTO ra3oB (Ap3 ©.0.,

1998; HBopenxkuii [1.1. u ap., 2000; SAxymes B.C., 2015b).
Ckeadicunvl, npoOypeHHble HA CEHOMAHCKUE OMLONCEHUS

Kakx mokazano Ha (PucyHok 68), 3aKoJOHHBIA Tra3 CO BCeX CKBaXHH Kpome Nel§

(M30TONHBIE OTHOIIEHHS YIIIEpoO/a B cpeaneM paBHbl 8'°C = -65%o, VPDB) nmeet GakTepuaibHoe
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MIPOUCXOXKICHHE, OOpa30BaHHOE B MPHUIOBEPXHOCTHBIX ycloBUsAX. OIHAKO 3HAYCHUS Ha

HEKOTOPBIX CKBaKUHAX (Ne6, 7, 10 u 11) caBuraroTcst B 06JaCTh BHYTPUMEP3JIOTHOTO Ta3a.

Ha ckBaxkune Ne5 MeEXKOIOHHBIM Ta3 HMMEET CMEIIaHHOE (KaTareHEeTHYeCKOe
(TepMOTEeHHOE) 1 OaKTEpHAIIBHOE (BHYTPUMEP3IIOTHOE)) POUCXOKIeHHEe. BeposaTHO, mporcxoauT
MEJUICHHAs] pas3rpy3ka BHYTPUMEP3JIOTHBIX TIa3-ra3orupaTHbIX CKOIJIEHUH, BCKPBITBIX IpU
OypeHHU CKBa)XMHBI, IPUHUMAas BO BHHUMAaHUE, YTO 3aKOJIOHHBIC Ta30MpPOSBICHHUS Ha JaHHOU

ckBakuHe ObuH 3adukcupoBansl B 2009 romy v HAOMIOAAIOTCS IO CETOAHSIIHAN ICHb.

10°

BakTepuanbHbIi
MeTaHoreHes

10 1 ©®Banarxuxn MK
mBanawkuH 3K
@ CeHomaH MK TepmMoreHHbI
B CeHomaH 3K ras SD

1 : : :
-100 90 -8 -70 -60 -50 -40 -30 -20

5"C metaHa (%o, PDB)

Pucynok 68. Komnonenmmuwiti cocmag 2aza 0OmHOCUMENbHO UZ0MONHO20 COCMABA Y2lepood
memana. Ilone cocmagos Hanecenvt no (Whiticar M., 1994, 1999). 3axpawennvie
NPAMOY2ONbHUKU NOKA3BIBAIOM 2€0XUMUYECKUe XAPAKMEPUCTIUKU CEHOMAHCKO20 (3eN1éHblil) U
BANIAHICUHCKO20 (OPAHIICEBbILL) NPOOYKMUBHBIX 2OPUZOHMOE U 2A3A 2A302UOPAMO8 (201y0011) no

(Axywes B.C., 2009b, 2015b). 3K — 3axonounsiii 2az, MK — mesckononnwiii 2as.

[TorydyeHHble naHHBIE IO MEKKOJIOHHOMY ra3y CEHOMAaHCKUX CKBaXXUH JAEMOHCTPHUPYIOT
HE3HAYUTEIBHBIN Pa30poC MapaMeTpoB Y YacTH U3 HUX (3HaUeHMs 11 CkBaKuH Ne 8,13,16 u 7,14
HaXoiATCs ONM3U TpaHuIl oOjacTeld, COOTBETCTBEHHO, CMEIIAHHOTO M BHYTPUMEP3JIOTHOTO
npoucxoxaeHus). [lo ckBaxunam Ne 6 u 10 wu30TONMHBIE 3HAYEHHs YIVIEpOJA Ta30BBIX
KOMIIOHEHTOB W3 MEXKOJIOHHOTO MPOCTpPaHCTBAa IMONaAal0T B 0OONAacTh CMEUIAaHHOTO
MIPOUCXOXKACHUS Ta3a, OHAKO OJMM3KH K CUTHATypaM CEHOMAaHCKOTo TuiacTa (mo ckBaxuHe Neb

3HaUeHUSI ONM3KM Takke U K BHYTPUMEP3JIOTHOMY). OYEeBHIHO, BHYTPUMEP3IOTHOE
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IIPOUCXOXJACHUE MUMEET ra3 U3 MEKKOJOHHOIO IpocTpaHcTBa ckBakMHbl Ne 18. Ha ckBakunHax
Ne9,11,12,15 u 17 mexkonoHHOE naBiieHHe OoTCyTCTBYeT. 1o ckBakuHe Ne 7 ObLT yCTaHOBIICH
UACHTUYHBIA (BHYTPUMEP3JOTHBIN) HMCTOYHHK Ta3a Kak 3aKOJIOHHOTO, TaK M MEKKOJIOHHOTO

IIPOCTPAHCTB.

Crour OTMCTUTH, YTO HH IIO O,I[HOI71 U3 HCCICAOBAHHBIX CKBaXHMH (Ha oTare 2),
Hp06ypeHHBIX Ha CCHOMAaHCKHI TFOPU30HT, 1 HAa KOTOPBIX OBLI 3a(bI/IKCI/IpOBaH 3aKOJIOHHBINM BBIXOJ

rasa, €ro ICTOYHUKOM HE SIBJISIICS TEPMOTEHHBIN (ITyOUHHBIN) ras3.
Ckeaoicunbv, npobypenHvle Ha ANAHACUHCKUE OMILONCEHUS]

Cpezm HN3YyUYCHHBIX 06pa3u013 BBIICIAIOTCA [ABC T'PYIIBI: TIa3bl 6aKTepI/IaHLHOFO
MCTAHOI'CHE3a M TEPMOI'CHHOI'O I'CHE3HCA. I[J'IH HN3YYCHHBIX Hp06 BaJIaHXXMHCKHUX CKBa>XHH
XapPaKTCPHBI 00€ THUIIOBEIC T'pynIibl, IMPUYICM HO,Z[O6HOC pacrupeaciiCHue CBOMCTBEHHO KaK JJII

3aKOJIOHHBIX Ia30B, TaK W AJId MCKKOJIOHHBIX.

[To pesynsraram, mpeacTaBieHHbIM Ha pucyHke (PucyHok 68), 3akojgoHHBIA U
MEKKOJIOHHBIH a3 ckBaxuHbl Ne1B XapakTepu3yroTcs M30TONHBIMU oTHomeHusAME &'°C -35,1%o
u -33,7%o0, VPDB, cOOTBETCTBEHHO, UYTO YKa3bIBAa€T MO CUTHATYypaM Ha ra3 M BaJaHXHUHCKOTO
IPOAYKTUBHOIO 1iacta. OcTanbHble CKBRXXKMHBI UMEIOT OoJiee 00Jery€éHHbIN U30TOMHBIN COCTaB

yniepoaa METaHa.

3aKoJI0HHBIE Ta30MposiBIeHUS Ha ckBakuHax Ne2B,3B,4B,6B u 7B (cooTBETCTBEHHO, dC
=-73,9%o0, -56,3%o0, -62,1%o0, -70,5%0 u-72,6%0, VPDB) umeroT 0akTepuaibHOE POUCXOKICHHE
(BHYTpUMEP3JIOTHBIN ra3), YTO MOXKET TOBOPUTH O TOM, YTO a3 FTeHEPHUPOBAJICS B MAJIONTyOMHHBIX
YCIIOBUSIX, NP OSTOM M30TOMHBIE XAPAKTEPUCTHUKU MEKKOJIOHHOIO Tra3a y O3TUX CKBAXKUH
paznuuarorcs. B mpobax rasa M3 MEXKOJIOHHOTO IIpocTpaHcTBa ckBaknH Ne2B u 3B
MPOCIIEKUBAIOTCS TAK K€ MEPEXOIHbIE 3HAYEHHSI U30TOITHOTO COCTaBa, IEMOHCTPUPYS CMEIICHNE
[JIyOMHHOTO M MPUIOBEPXHOCTHOTO MCTOYHMKA, a B CKBakMHe 4B — KarareHeTH4eckoro
(my6unHOTO0). Takoe ke NPOUCX0kKICHHE UMEET 3aKOJOHHBII ra3 ckBakunbl N5 (8'°C =-36,71%o,
VPDB), oTkyza MokeM NpeAnonoKUTh 0 MUTPAllMi [NTyOMHHOTO ra3a CKBO3b OTTASIBIINNA KOHTYD
MEP3JBIX MOPOJI BOKPYT CKBaXXUHBI. lIpM 3TOM MEXKOJIOHHOE MPOCTPAHCTBO CKBaXKUHBI Ne5
3all0OJIHEHO Ta30M, COOTBETCTBYIOLIMM BaJaHXMHCKOMY Iacty. Ha ckBaxunHax Ne6B u 7B

MECKKOJIOHHOC JaBJICHHUC OBLIO paBHO 0 KTC/CMZ.

[TomydenHble pe3ynbTaThl 10 MpodaM raza, OTOOpaHHBIM B MEKKOJIOHHOM U 3aKOJIOHHOM
MPOCTPAHCTBE CKBAKWH, MOXKHO MPUHIUIHAILHO OTHECTH K IBYM UCTOYHHKAM: ra3, CMEIIAHHOTO

IPOUCXOXKACHUS U MUKPOOHATIHLHBIN OMOXMMHUYECKUI MPUIIOBEPXHOCTHBIN ra3. Cpean npobd raza
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JUI KaKJOW M3 TPYII HAOIIONAIOTCS TaK JKE CIydad UX cMelleHus. Bo3MoxkHO, 3TO CBA3aHO CO
CMEIlIeHHEM INTyOMHHOIO U BHYTPUMEP3JIOTHOIO Ta30B PY MUIPALIUH B0 IEMEHTHOTO KOJIbLIA

CKBa’>XHH.

['a3pl MEXKOJOHHBIX M 3aKOJIOHHBIX MPOSBICHUN OTBEYAKOT CXOXKHUM T'€OXMMHUYECKUM
XapakTepUCTUKaM, YTO CBUICTEIbCTBYET O €IMHOM T'€HETUYECKOM HCTOYHUKE U TO3BOJIACT
OTEepPaTHUBHO HJCHTU(PUIIMPOBATh PA3IIOMHBIE HAPYIICHUS M HWHBIC Ta30MPOSIBICHUS BOKPYT
ckBaxuH. [lonmydeHHas CBS3b Ta30NpPOSIBICHUN C TUIOM OTJIOKEHHU MO3BOJSET HE TOJIBKO
YCTaHABIIMBaTh TPUCYTCTBUE Ta30BBIACICHUN, HO W WIACHTH(PUIMPOBATh TIIYOMHY U THII

HCTOYHHKA I'a3a.

Takum 00pazom, 3aKOJTOHHBIE MPUYCTHEBBIE TA30MPOSBICHUS XapaKTEPHBI Il CKBAKUH,
NpOoOYpEHHBIX KaK Ha CEHOMAaHCKHE (ra3oBbl€), TAK M HA BaJJAH)KMHCKHE (Fa30KOHJACHCATHBIEC)
OTJIOKEHMS, U BCTPEUAIOTCS MO BCEH TEPPUTOPUH MECTOPOKACHUSA. DTU SBICHUS MOTYT OBITh
OOyCIJIOBJIEHBI DPSIIOM MPUYUH: TEXHUYECKHUM COCTOSHHEM OOOpY/IOBaHMs, HaJM4YMEM Ta3a
pa3IMYHOTO  NPOMCXOKJIEHUS B  MHOIOJIETHEMEP3JBIX  I[OPOAAX, WJIM  MUrpaLuen
KaTareHeTU4ecKkoro (TIyOMHHOrO) raza Mo IMPOHHULAEMBIM pasziioMaM. [IOMHMO 3aKOJOHHBIX,
BCTPEYAIOTCS TAKXKE IPUKOJIOHHBIE ra3onposiBieHus. V30TomHble UCCienoBaHUsS OTOOpPaHHBIX
npo® TMoKa3alu, YTO MCTOYHHKAMM 3aKOJOHHBIX Ta30BBLACTICHUN SBIAIOTCA Ta3bl Kak
KaTareHeTH4eckoro  (NIyOMHHOTO), Tak ®M  MHKPOOMANbHOTO  (IIPUIIOBEPXHOCTHOTO)
MPOUCXOXKACHUS. VICTOUHMKaMM KaTareHeTMYeCKOro Ta3a, BEPOSTHO, CIYyXaT OTIOKEHUs
CEHOMaHa M BaJIaH)XMHA, B TO BpeMsl KaK MUKPOOHAJIbHBIN ra3 cBs3aH C BHYTPUMEP3JIOTHBIMH U
NOAMEP3IOTHBIMU ~ Ta3-Ta30rMJIpaTHBIMM  IJaCTaMM M TPOIUIACTKaMH,  MMEIOIUMU

IMPOMBIIIIJICHHOC 3HAYCHUC.
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5.3 HN30TONMHO-TeOXNMHYECKHE O0COOEHHOCTH ra3006pa3umx YIiieBoaopoaoB B paspe3e

0CAJ0YHOM TOJIIIH

Hawubonee mocToBepHas MpuBs3Ka ra30BbIX MPOSBICHUH K 0CAJT0YHON TOJIIIIE MOXKET ObITh
OCYIIECTBJICHA IIPU MTOMOIIM METOJJUKH 0TOOpA raza U3 3aKPhITHIX KEPHOBBIX Ty0. JlaHHBIN MeTO
ObLT OTpaboTaHa Ha MPUMEPE aHAIM3a Ta3000pa3HBIX YIIEBOJOPOIOB B pa3pe3e OakeHOBCKOU

CBUTHI (FOXKHAs YacTh 3anagHoit Cubupn).

OcHoBHble He(TEeMaTepUHCKUE TMOPOJbI  MPEACTABICHB  BBICOKOOMTYMUHO3HBIMU
KPEMHUCTO-TJIMHUCTO-KapOOHATHBIMU TOJIIIIAMH MOPCKOTO TEHE3HCa, KOTOpPhIE BCTPEUAIOTCS
IIPAKTHYECKH BO BCEX HEPTEra3oHOCHBIX OacceifHax mupa. Ocoboe MEeCTO Cpeau HUX 3aHUMAaEeT
OakeHOBCKasi cBUTa 3amaaHo-Cubupckoro OacceiiHa. bakeHOBCKasi CBUTA BBIMIOJIHSIECT JBONHYIO
(GYHKIHIO: SBISETCS PETHOHAIBHBIM (DIFOMI0YIIOPOM M 00IaaeT KOJIEKTOPCKHUMH CBOWCTBAMHU.
B MHOrounciieHHbIX pailoHaX OCHOBHBIE PECYPChI YIIIEBOAOPOI0OB CKOHIIEHTPUPOBAHBI MO ATOU
TOJIIIEH, a HA PAJIE MECTOPOXKICHUA BEAETCS MPOMBIIIICHHAsS J00bYa He(pTH HEMOCPEACTBEHHO
n3 Hee. C momenrta BbigeneHus @D.I. T'ypapu B 1959 romy kak caMOCTOSTEIBHOTO
JAUTOCTpaTurpauueckoro mojapasaeieHusi 0aKeHOBCKasi CBUTA HAXOMUTCS B IICHTPE BHUMAaHUS
uccienosarenei. [lo manaeiM A.D. KoHTOpoBHYa, 0a)KCHOBCKasi CBUTA SIBISETCS MCTOUYHHUKOM
6onee 80% reonoruueckux 3amnacoB He(TH, OOHAPYKEHHBIX Ha TeppuTopuH 3anaaHoii Cubupu
(KontopoBuu A.D. u 1ip., 1999). MHOTOYNCIEHHBIMHI UCCIIEIOBAHUSMH YCTAaHOBJIEHO, YTO HEDTH
MPOAYKTUBHBIX TOPU30HTOB MEJIOBBIX U IOPCKUX OTJIOXKEHHH MOJABISIIONIETO OOIBIIMHCTBA
MECTOPOXKIACHUI TEHETUYECKU CBS3aHBI C BBHICOKOOMTYMHHO3HBIMH TMOPOAAMH Oa’keHOBCKOU
ceutbl (I'onuapos M.B., 1987; Tonuapos U.B. u ap., 2010, 2016; KontopoBuu A.D., 1976;
KonToposuu A.D., boropoackas JI.U., ['oneimes C.U., 1985; Kouroposuu A.9. u ap., 1986, 1974

U JpyTHE).

Pa3BuTtHe HayuyHBIX HccienoBaHM B oOnacTu reoxumuu ceBepa 3amagHoid Cubupu
CYLIECTBEHHO PpACIIMPWJIO IOHUMaHHE IPOLECCOB TeHEepaluu yIIeBoAoponoB. B paborax
HOCIIEIHUX JAECATUIETUH OBIJIO MPOBEACHO JE€TalIbHOE MOJCIMPOBAHHE MPOLECCOB TeHEepaluu
YIJIEBOJIOPO/IOB Pa3IMYHBIMU HedTerazomarepunckumu noponamu (Konroposuu A.D. u 1p.,
2013; Hemuenko-Posenckast A.C. u ap., 2011; CrynakoBa A.B. u ap., 2014). Ha Mmonexkynspaom
U M30TOIHOM YPOBHSIX YCTAaHOBJIEHO I'€HETUYECKOE POJACTBO (IIIOMIOB, aKKyMYJIHMPOBAHHBIX B
JIOBYIIKaX, U He(Tera3oMaTepuHCKUX MOPOJ, a Takke ux nonureHHas npupoaa (Goncharov V.

et al., 2021; l'ongapos U.B. u ap., 2023).

AKTyaJ'ILHOCTb HUCCIeI0OBaHUMN CI)J'IIOI/IILOB B IIpeaciiax 0Caa0YHOTro 4YexXjia U 0aKEeHOBCKOM

CBUTHI COXpaHseTcs U TpeOyeT NMPUMEHEHHs COBPEMEHHBIX METOZOB AuarHocTtuku. Ocoboe
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3HAYCHHE MPUOOPETACT M30TOIMHBIN METOJT aHATTN3a Fra3000pa3HBIX (ITIOHIOB, KOTOPBIN TO3BOJISICT:
OILICHUTH BKJIQJl Pa3IMYHBIX UCTOUYHHKOB YTIIEBOJOPOIOB B (DOPMHPOBAHUE 3aJIeKEH, MPOBECTH
muddepeHIMAaIII0 MEKTY Pa3HBIMU TUTIAMH (DITIOMIO0B U OMIPEIEIUTh T HETHUECKHE CBSI3U MEKIY
pPa3TUYHBIMU UCTOYHHUKAMH. TakuM 00pa3oM, KOMIUIEKCHOE H3y4deHHE (IIIOUIHOTO PEXHMa H
NpPUMEHEHHE H30TOITHOTO aHallu3a SIBJSIIOTCS KITFOYEBBIMH WHCTPYMEHTAMHU JUIS TIOHUMAaHUS

IPOIIECCOB (POPMHUPOBAHUS U PACIIPEICIICHHS YIIIEBOJOPOJIOB.

5.3.1 Oo6vexm uccneoosanusn

B kagectBe 0O0BEKTOB A1 M3YUYCHHS  M30TOIIHOTO  COCTaBa TIa30B  IOPCKHUX
BBICOKOYIITICPOAUCTBIX OTJIOXKCHUI OBLIN BLI6paHLI 4 CKBa’KHMHBI, PACIIOJIOKCHHBIC B FOXKHOH U

HeHTpanbHOM YacTsx 3anagHoi Cubupu (Pucynok 69).

70°B 75°B 80°B
. XaHmbi-MaHcutick

| e0°
60°C |- -

YcnoBHble 0603HaueHns
["® ] OnopHble ckBa)uHbI
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HaanopsakoBbIe TEKTOHUYECKUE 3MEMEHTbI
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TexkToHM4ECKHNE Thbl
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TeKTOHUYECKNe 3NeMeHTbI TPeTLero nopsaaka
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Pucynox 69 ®@paemenm mexkmonuueckoi kapmol  3anaono-Cubupckou  naumol  C
00o3HaueHuvimMu obvexmamu uccineoosanusi (Kpacnosa E.A. u op., 2019; Cmynaxosa A.B. u
op., 2016).

Beutm  mpoaHaMM3UpOBaHBI  PE3YNBTAThl  M30TONMHBIX HCCIICIOBAHHMIA Ta3000pa3HbBIX

VIJICBOJIOPOIOB M3 OTIOKEeHHH OaxxeHOBCko cBUTHl (BC) 1Mo JAByM CKBaXMHAM Ha
[MomorpynoBckom merasane (1 u 2), omHo#l ckBaxkuHbl Ha KaiimMbicoBckoM cBone (3) U omHOM

ckBakMHBI Ha CaJlbIMCKOM MeraBaie (4).
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Lenbro paboThI ABISETCS BBISIBICHHE 0COOEHHOCTEH M30TOMHOTO COCTaBa YIIIEBOIOPOIOB
B [IPUPOJHBIX Ta3aX, IPOAYIHUPYEMBIX OTIOKEHUSIMH 0aKEHOBCKOM CBUTHI, OXapaKTepU30BaTh UX

TCHE3UC U YCTAHOBUTD BIMAHNUC BTOPUYHBIX ITPOLECCOB Ha HW30TOIIHBLIA COCTaB yriepoaa

5.3.2 Pe3ynvmamot u30monHo-2e0XuMu4eCKux uccie008anuil

bbln M3ydyeH KOMIOHEHTHBIM M M30TOINHBIN COCTaB MPEACTABUTENBHBIX 56 mpol ras us
yeThIpex CKkBakuH. COCTaB yIieBOOPOAHON Ia30Boi cMecu coaepkut metad (75,7-82,1%), atan
(9,3-11,6 %), npomnan (4,9-6,3%), Oyran (1,3-2,1%), mentan (0,2-0,4%). YrneBomopomHoe
cootnomenue Ci/Cxt+ B cpearem okono 10. Ilo BenmumHam 313C B CHs4 u romonorax MOKHO
BBIIEIUTH 2 Ipynnbl razoB. [pynma 1: Metan 83 Cepenn = —58,5 £ 3,8%0, VPDB, 51an §'°Cepenn = —
43,4 £ 1,2%0, VPDB, npomnas 8" Cepenn = —39,8 + 0,8%0, VPDB, 6yTan §'°*Cepemn = —37,2 £ 0,5%o,
VPDB, nentat §"*Cepern = —35,8 £ 0,8%0, VPDB. I'pynma 2: metan 8"*Cepen = —46,3 £ 3,8%o,
VPDB, stan §'3Cepen = —37,5 + 0,6%0, VPDB, npomnan 8'3Cepenn = —35,7 + 0,2%o, VPDB, 6yTan
33Cepern = 33,2 £ 0,6%0, VPDB, nenrtan 8"Cepens = —32,8 = 0,7%0, VPDB. B pabote
YUUTBHIBAIUCH CPEIHUE 3HAYCHUS Ta30BBIX KOMIIOHEHTOB JUJISl KaXK/10M CKBaXHMHBI BHYTPU OIHOM

TPYIIIIBL.

Br100Op CKBa)XKMH OCHOBBIBAJICS HA XapaKTEPUCTUKAX OPTaHMYECKOTO BEIIECTBA JAHHBIX
oTioxeHui. 3 ckBaxuHsbl (1, 2, 3) 1Mo 3pesoCTH OPraHUYECKOTrO BEIIeCTBAa 0aKEHOBCKOW CBHUTHI
OTHOCSTCS K cTanuu katareresa [1K3, To ecTh oprannyeckoe BEIeCTBO He BOIILIO B TIIABHYIO 30HY
HedreoOpazoBanus (mo knaccuduraruu (Espitalie J. u ap., 1986; Baccoesnu H.b. u np., 1976).
Cpennee 3naueHue Tmax nnst ckBakuHbl 1 cocrasinser 428°C, mist ckBaxkunbsl 2 — 424°C, a nns
ckBaxuHbl 3 — 431°C. [Mapamerp HI, moka3eiBarommii creneHsb TpancdopMaiuu, paseH 670 mr
VYB/r TOC, 625 mr YB/r TOC u 620 mr YB/r TOC, coorBercTBeHHO. [Ipn ncxomHOM 3HaAUCHUN
Hlo ans aroit 30861 700-750 Mr YB/r TOC — cTenens npeoOpa3oBaHHOCTH JTIOCTAaTOYHO HH3KA.
[Ipu sTOM OCTanbHBIE TEOXUMHUECKUE XapaKTEPUCTHUKU B CKBaXMHAX MOXOXKH: mapamerp Sl

coctaisieT mpuMepHo 4-6 mr YB/r opogsl, a TOC B cpenem pasHo 11 mac.%.

CkBaxkuHa 4 oTiIMYaeTcst OT MepBBIX TPEX. OTIOKEHUsT 0aK€HOBCKOW CBUTHI SIBIISIOTCS
Oonee mpeoOpa3oBaHHBIMU B STOM CKBaXMHE W BOILIM B IVIABHYIO 30HY He(TeoOpazoBaHMA,
cragus karareHesa coctasisieT MK2, Tmax pasen 440°C, 4To npeBhIlIaeT CPeTHUE 3HAYEHUS B
nepBbIX TpEX ckBaknHax Ha 10-15°C, a mapamerp HI pasen 480 mr YB/r TOC, nokassiBas, 4yTo
cTeneHb Tpanchopmaryu cocranisgeT 35%. BaxxHo OTMETHTB, UTO B TaHHOM CKBayKUHE MpH Oosee
HU3KOM II0 CpPaBHEHMIO ¢ ocTaibHbIMU cpenHeM 3HadeHueM TOC (8,7 mac.%), 3HaueHue Sl
ropa3mgo Oojiee BBICOKOE W B cpeaHeMm coctaBisgser moutu 10 mr YB/r mopomel. 3t0

CBUJICTEJIBCTBYET O He(DTEHACHIIIEHHOCTH pa3pesa.
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OcHoBHBIE TOpomooOpasyrome KoMmoHeHTh bBbC B ucciemyeMbIX — CKBaXKHHAX
MPEICTaBICHb MUHEPaJlaMu Tpymnibl kKpemHezéMa (10 15-90 mac.%), opraHnuecKkuM BeIeCcTBOM
(3-30 mac.%), kapoonatHeIMU MuHepanamu (0-95 mac.%), MIMHUCTHIMU MUHEpasiaMu (He OoJbIie
30 mac.%) u muputom (ot 0 10 15 Mac.%). [Ipu 3TOM HEOOXOAMMO OTMETHTh, YTO B CKBOKHHAX 1,
2 ¥ 3 ;mons KPEeMHHCTBIX MHHEPAJIOB CHIDKAETCS BBEPX IO pa3pesy, a KOJWYSCTBO TIIMHUCTBIX
MUHEPAJIOB U OPraHUYECKOro BeecTBa pacTéT. CkBaknHa 4 OTIMYAETCS OT MEPBBIX TPEX, B HEH
KOJIMYECTBO OPTraHMYECKOTO BEIIeCTBa B HIDKHEH YacTH pa3pe3a MPaKTUYECKU HEU3MEHHO, a
KOJTMYECTBO KPEMHHUCTHIX MUHEPAJIOB YBEIMUMNBACTCSI BBEPX IO pa3pe3y, JOCTUTACT MAaKCUMyMa B
cepeMHe pa3pes3a, Mocjiae 4Yero HauMHaeT CHrKarbes. OOmas 10yisi IMHUCTBIX MUHEPAJOB B

I[aHHOﬁ CKBAXXMHEC CYIICCTBCHHO MCHBIIIC.

OTtnoxxeHus: OaKCHOBCKOM CBUTBI Ha OCHOBAaHMM OCOOCHHOCTEW pacrpeesieHus
PaAMOaKTUBHOCTH OO/, OTIMYUTENIbHBIX HA00POB OEHTOCA M HEKTOHA M MX COOTHOILIEHUH MOTYT
ObITh pacuwiIe€HEHa Ha JBa OTHOCHUTEIbHO KOHTPACTHBIX HHTEpBAJla — HUXKHIOIO U BEPXHIOIO
noncButhl (KanmeikoB I[A., 2016). CkBaxkuna 4 mpeacraBieHa HauOojee MOJHBIM Pa3pe3oM
nopox bC, KoTopbwlii sIBIsieTCS CHIBHO KapOOHATU3MPOBAHHBIM M MMeEET MOIIHOCTH 45 M. B
ckBakuHax 1 u 2 momHocTs BC cymecTBeHHO cokpamaercsi: ¢ 45 M A0 25 M, OTCYTCTBYIOT
IIOPOJBI, XapPAKTEPHBIE IJI1 HUYKHEN YaCTHU IOJCBUTHI, NIMHUCTO-KPEMHUCTHIE C PAIUOIISIPUTAMU
MIOPOJIBI COTIACHO JIOXKATCs Ha KPOBIIIO a0alakCKUX OTIOKEHHH. B ckBaskuHe 3 0011ast MOIIHOCTh

cHIkaercd 70 16 M, nopoas! HkHeN yacTu bC moutu He MpoCiIeKUBAIOTCS.

H-NeHTaH Wn30-neHTaH H-6yTaH M30-6yTaH nponaH 3TaH MeTaH

Pucynox 70. Cpeonue 3nauenuss u30monno2o cocmasa y2ne8000pOOHbIX KOMHOHEHMO8

bascenosckotl ceumsl wemuipex ckeaxcur (Kpacnosa E.A. u op., 2019).



164

[To nuToNOTHYECKOMY ONMCAHHIO KEPHA M3YUYCHHBIE T'a30BbIe POObI ObLIM OTOOPAHBI U3
TONIM OakXeHOBCKOW CBHUTHI. ba)KeHOBCKas CBUTA MpPEACTaBICHA PA3IMYHBIMU IOPOJAMM:
KEPOr€HOBO-INIMHUCTO-KPEMHUCTBIMY, [NIMHUCTO-IIIAYyKOHUTOBBIMH, ITIayKOHUTOBO-KPEMHHCTO-
IJIMHUCTBIMU U ZIp. B mpeznenax MHTEpBaloOB MPUCYTCTBYIOT IPOCIOU IVIAyKOHUTA, I€CUAHUKOB,
JIMHUCTO-KPEMHUCTBIX TOPOX U JIp. BpUIO BBISBIEHO, YTO BO MHOI'MX MHTEpBajax M30TOIHOE
OTHOLIEHHE YIVIEPOAAa KOHTPOJIUPYETCS HM30TONHBIM OOMEHOM BBIIIE M HIIKEJIEKALIUX TOJIII.
[Ipoucxonut Murpanus HauOosee JErKMX M30TONOB IO TpEIIMHAM UM KOHLEHTpalus B
BBIIIENISKALINX TPOCIOAX, CMEIas M30TOIHBIA COCTaB YIVIEpoAa Ia30BOM CMeCH B 001acTh
00J1eT4€HHOr0 U30TOMHOTO cocTaBa. [10 COOTHOIIEHNIO KOMIIOHEHTHOTO COCTaBa ra3a U3y4eHHbIE
poObI MOMAJA0T B 001aCTh TEPMOI€HHOTO I'a3a ¢ HE3HAYMTEIbHON PUMECHI0 MUKPOOUAIBHOTO

raza (Pucynoxk 70).
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Pucynok 71. Jluneiinvlii mpeno meopemuuecko2o npupooH020 U30MONHO20 COCMAB8A 2a3ad 6Cex
KOMNOHEHMO8 — OMOOPAHHLIX — 00PA3Y08  DANCEHOBCKOU — CEUMbL  HEemblpex  CKANCUH
(Kpacnosa E.A. u op., 2019).
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Bce n3yuenHble razoBble IPOOBI OTHOCATCS K IPYIIE ra30B, FEHEPUPOBAHHBIX MOPCKUM
OpPraHMYEeCKUM BEIIECTBOM. M30TOMHBIM COCTaB ra3a W3y4eHHbIX CKBaXMH 1, 2 u 4
XapaKTepPU3YyIOTCSI OTHOCUTENBHO TOMOTEHHBIM HM30TOMHBIM COCTAaBOM YTIIEBOIOPOn0B. OqHAKO
CKBa)KMHA 3 M HECKOJIBKO 00Pa3IOB CKBAKMHBI 2 PEe3KO oTnyaroTcs. Peskoe oTmdne oOpas3iioB
MOXKET OTpaXkaTh HECKOJIBKO MpoIeccoB — nuddy3uto rasa, u/ambo CMENIeHUe C IPYyTruM Ta3oM,

MMPOAYHUPYIOIIUMCA B HUXKCJICKAIIUX CIIOAX.

C uenpl0 YCTAaHOBJIEHHS M30TOIHOTO COCTaBa Ta3a, NPOLYLMPOBAHHOIO TOJIIEH
0a’keHOBCKOM CBUTBHI, ObL1 paCCUMTaH JIMHEWHBIN TPEH]I TEOPETUYECKOTO IPUPOIHOTO U30TOITHOTO
cocrtaBa raza Bcex komroHeHTOB (1o Chung H. et al., 1988), He mpeTeprneBaBIINX BTOPUYHBIX
U3MEHEeHUH (MUKpOOHanbHOrO BO3zeHcTBusA, nuddy3un u mp.). [Ang pacuéra KpuBBIX ObUIH
BbIOpaHbl MPOOBI Tra3a W3 OAMHAKOBBIX MHTEPBAJIOB JJISi BCEX CKBAXKHH, BBIICPKAHHBIMU II0
JIUTOJIOTMYECKOMY COCTaBy U COOTBETCTBYIOIIEMY Han0oJiee FTOMOTEHHOMY COCTaBY KEPOI'€HOBO-
IJIMHUACTO-KPEMHUCTHIX pa3HocTed (PucyHok 71). BakHON 0COOEHHOCTBIO BCEX OTOOpPAHHBIX
0o0pa3loB SBISETCS HUX MPUHAUIEKHOCTh K BEPXHEMY HHTEepBaly OakKeHOBCKOW CBHTHI,

o0maaroemMy eMHBIMU (QIIIBTPAIIMOHHBIMUA CBOMCTBAMH TSI MUTPALIAU Ta3a.
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Pucynox 72. VcpeOnenHulii uUCXOOHBIN U30MONHBIL COCMAB 2434 OANCEHOBCKOU CEUMbL
(Kpacnosa E.A. u dp., 2019). Ckeadicunsl, 8 Komopsix ObLiU U3yuersvl npoowsl 2aza, 0003HAUeHbl
Homepamu (1—4). Ilons cocmasoé npusedenvt ons 2azo6 3anaonou Cubupu: 3eieHvim — 2a3bl,
ceszannvle ¢ OB 0adiceH08CKO20 20pU30OHMA, CePbiM — 2a3bl 2eHepuposanHvle Hemopckum OB,

naneosotickoeo muna (no Ionuapos u op., 2012, 2023).
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[Ipn cpaBHeHMH TOAOOHBIX KPUBBIX OBUIO BBISABICHO, YTO KEPOTCHOBO-IJIMHHCTO-
KPEMHUCTBIE MOPOIbI CKBAXKUH 1 U 2 MpOXyLHPYIOT aHAJIOTMYHBIA M0 U30TOMTHOMY COCTAaBY ras.
PaccunTaHHBIN HCXOMHBII COCTAaB Ta30BOI CMECH CKBAKUHBI 3 PE3KO OTIMYAETCS] OT OCTATbHOTO

CMEIICHUS B 001aCTh U30TOMHO-TSkKENOT0 cocTaBa (Pucynok 72).

[HonpoOHeli aHaINM3 U PacdE€T MCXOAHOTO M30TOIHOIO COCTaBa rasa, MPOAYLUPYEMOIro
nopofaMu abaJlakCKOM CBUTHI, HE MPOBOJMWICS, TaK KaK BOIPOC €ro MPHPOAbl OCTaETcs
IUCKycCHOHHBIM. OfHaKo HaOMIONAIOTCS ONpeeIEHHbIE 3aKOHOMEPHOCTH M CBSA3b M30TOIHOTO
COCTaBa U JIMTOJIOTMYECKUX XapaKTePUCTUK MOopo. B GonbinHCTBE Ta30BbIX Npo0 hukcupyercs
HEeOOJIBIION NPUBHOC MUKPOOHAIBHOTO I'a3a, CABUIaIOIIEro M30TOIHBIN COCTaB YIVIepoAa MeTaHa

Ha 5-10%0 B 00J1aCTH U30TOHO-00JIETYEHHOIO COCTABA.

5.3.3 Tunuszayusn 2a3z06wix y21€6000pP0008 6aAI)CEHOBCKOIU CEUNbL

B kadecTBe pernepoB 3peioCTH Ta30BBIX CUCTEM HCIOIB30BAIKMCH BEJIMYHUHBI U30TOITHOTO
cocTasa yrepona Metana (8'°Ccn4) u pacnpesiesieHre rOMONOroB MeTaHa. JJaHHble TTOKa3aTelu
MOTYT OTpakaTh TI'€HETHYECKYI0 IPHHAJIC)KHOCTh M KATareHETHYECKYI0 30HaIbHOCTh
obOpazoBanms razoB (Chung H. et al., 1988; Prinzhofer A. et al., 2000; Whiticar M., 1999).
Boeigenstores aBa TuUma CBOOOMHBIX Ta30B, TeHEpalvs KOTOPBIX MPOXOJWIA B IOXOXKHX

00CcTaHOBKax IIpU TCPMOKATATIUTUICCKOM PA3JIOKCHUH OPraHNUYCCKOIo BEIICCTBA.

[lepBbIit THIT Ta30B OBLT MPOAYLIUPOBAH TOJIIEH OaXKEHOBCKOM CBUTHI CKBaXHUH 1, 2 1 4 u
B HECKOJIbKMX oOpasmax 3. Jlyis mepBoro TuMa rasa xapakTepHO cojepskaHue meraHa 80-85%.
Pacnipenenenue M30TONOB yIviepoja B KOMIIOHEHTAaX Ta3a B II€JIOM OTJIMYAeTCs yCTOHYMBOMN
3aKOHOMEPHOCTBIO, 00emHeHHeM u30TonoM '2C ¢ yBeJMYEHMEM MOJIEKY/IAPHOTO Beca
yIIeBOAOpOoIoB. M30TOmHBIE JaHHbIE YKa3blBAlOT Ha TEPMOIEHHYI0O MPHUPOAY Trasa cC
HE3HAYUTEIHHBIMI BTOPUYHBIMU TpeoOpa3oBanusMu. [IpoBens WMHTEpHpeTanMi0O H30TOIMHBIX
JTAHHBIX HA OCHOBE I€HETUYECKON CXEMBbI, NpeIokeHHON O.M. ['amnMOBBIM, M3y4YeHHBIA ra3
HIepBOTrO THUIIA 00pa3yeTCsl B CPABHUTEIBHO MATKUX YCIOBHUAX M OTHOCATCS K OJJHOM FeHeTHYeCKOU
kareropuu (I'anumos 2.M., 1973c). ['a3 ckBaxuHbl 4 OTIMYAETCA 3aKOHOMEPHBIM YTSIKEJIEHUEM
M30TOIHOIO COCTaBa MeTaHa M romojioroB. B paborax 2.M. l'anumoBa Oblia mokazaHa 4E€TKas
CBS3b M30TOIHOIO COCTaBa raza CO CTENEHbI0 MeTaMoppu3Ma OpPraHMYECKOro BEIECTBa
(TanumoB 3.M., 1973c). O6pa3oBaHue MeTaHa B XOJI€ MPEBPALICHHUS] OPraHUYECKOTO BEIIECTBA
MIPOUCXOJUT B CIEACTBUU OTiIeIuieHus nepudepuiinbix CHs-rpynn. B xonme aToro mporiecca 3a
CU€T BHYTPUMOJIEKYISIPHOI N30TOMMHOIN HEOAHOPOIHOCTH 03 yueTa KUHETHYECKUX IPPEKTOB ra3
oboraies >C 0THOCHTEIEHO HCXOHOTO OPraHMYECKOTO BellecTBa Gonee ueM Ha 3%. Ha panHux

CTaAMSIX MPEBpAIICHHs] OPraHUYECKOTO BelllecTBa HAOIIONAIOTCSA ra3000pa3Hble YITIEBOAOPOIbI
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M30TOITHO-JIETKOTO COCTaBa, a Ha CTagusAX 3peNor0o W DIIyOOKOro meramopgusMma Iporecc
JIBUKETCSI B HampaBlICHUH 0Opa30BaHMsS HM30TOMHO-TSKENONO raza. YUYuThiBasg TOT (akT, yTO
OpraHMYECKOE BEILIECTBO CKBAXKUHBI 4 sBIsieTcs Oonee mpeoOpa3oBaHHBIM, CTAIus KaTareHesa
coctaBisier MK2, 3akoHOMEpHOE YTsKeJIeHHE H30TOIMHOTO COCTaBa Ha 3-6%o0 MOXXHO OOBSICHUTH
CTENEHbIO MTPE0OPa30BaHHOCTH UCXOAHOIO OPraHMYECKOro BellecTBa. B pesynbrare, H3yuyeHHbIN
ra3 ckBakuH 1, 2 W 4, HECMOTpS Ha BapHallUd H30TOIHOTO COCTaBa, OTHOCATCS K OIHOMN

TeHETHYECKOU KaTeropuu.

Bropoii Tum, npoayuupoBaHHbI 0aK€HOBCKOW TOJNIIEH CKBa)KMHBI 3 U JIByX 0OpasIoB
CKBRXMHBI 2, SABISETCS Ta30M C BBICOKUM KO3 duIMeHToM xkupHocTu (Bbime 30),
JIOMMHAHTHOCTBIO Tponana W BeiuuuHoit 8°Cchs - 39 — -44%o, VPDB, mo 3penoctu
OpraHMYECKOro BEIIECTBA OaXKEHOBCKOM CBUTHI OTHOCATCA K craguu KarareHesa IIKs.
CrnenoBareslbHO, YTSDKEIEHUE M30TOIIHOIO COCTaBa I'€HEPUPYEMOIO ra3a BTOPOTO THIIA HEJb3s
CBSI3aTh CO CTENEHbIO IPeoOpPa30BaHHOCTH HCXOAHOTO OpraHuueckoro seuiecrsa. Ha ocHoBe
renetnueckod cxembl (IanmumoB D.M., 1973c), pacnpeneneHuss H30TONOB yriepoaa B
MHAMBUYaJIbHBIX YIVIEBOAOPOAAX BTOPOM IpyNIbl ra3oB, HAJIMYUE ra3oB, OOraTbIX TXKEIBIM

M30TOIIOM yIIIEpOJ1a, NO3BOJISIET OTHECTH UX K APYTOM T€HETHYECKOM IpyTIIIIE.

5.3.4 Hcmounuxu u npoucxodxrcoenue y2iee000p0OHbIX (hioudos

Jlna onpezneneHuss UICTOUHUKOB JIByX T'€HETHYECKH PA3HbIX TUIIOB raza U OIpeleIeHUs
rasa, mpoAyLupyeMoro 0a)KeHOBCKOW CBUTOM, OBLIIM PACCMOTPEHBI MyTH MUTPALUU (PIIOUTOB U3
NOACTWIIAIONIMX ToNl. B nwureparype oTmeuaercs, uTo TIyOWHHBIE BBICOKOTEMIIEpATypHBIE
¢ronaBRl MOTYT CIIOCOOCTBOBATh JOMOMHHUTEIBHOMY TpeoOpazoBanuio OB, a Takxke CIyXHUTh

MYTSAMHU IS TPAHCTIOPTUPOBKHU (IIFOU]IOB.

C uenpro HaNMWYMS TPU3HAKOB THAPOTEPMANBHBIX (DIIOMIOB OBUIM MPOBEACHBI PacCuEThI
najgeoTemMneparyp, Ipy KOTOPbIX IPOUCXOAMIIA KPUCTAUIU3AIMS KaJbI[UTa HA OCHOBE U30TOITHOTO
COCTaBa yIvIepoa U KUCI0opoa KapOOHATOB, MOACTHIIAIONIMX OaxeHoBcKyto oty (Kim S.-T. et
al., 1997). U3otonuslil coctaB Boabl mpuHumaics 0%o — cpeqHee 3HaYCHHE, MOMYYEHHOE IMPH
aHalu3e H30TOMHOIO COCTaBa KHUCIOPOJA HEU3MEHEHHBIX pOCTPOB  OEJIEMHHUTOB U3
COOTBETCTBYIOIIEH Tonmu. [Ipr3Haku BRICOKOTEMIEPATYPHOTO THAPOTEPMATILHOIO BO3IEHCTBUS
Ha TONULY ObUTH 3aUKCHUpPOBaHbI B CKBaXKMHE 3. V3yueHHBIl BHICOKOTEMIEPATYPHbBIN KUIbHBIN
KalbIUT XapaKTepu3yeTcss HM30TOMHBIM cocTaBoM 080 -21%o, VPDB  (+9%o, vsmow,
Txpuctammmsanun — 170-200°C) npu M30TONHOM cocTaBe yriepona, ommuskom k 0%., VPDB

(JIatemmoBa M.P. u nip., 2019).
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OpHako TPU3HAKOB JIOMOJIHUTENIBRHOTO TipeoOpazoBanus OB B ckBaxuHe 3 HE
HaOmonaetcs (rpagamnus kararenesa [1K3). Habmogaembie n3MeHEHUsT H30TOITHOTO COCTaBa ras3a
METaHa U TOMOJIOTOB TaK K€ HE MOTYT ObITh OOBSCHEHBI BO3CHCTBUEM BBICOKOTEMITEPATYPHBIX
¢dmronnioB (mo T = 170-200°C). Panee, Ha 0CHOBE PKCTIEPUMEHTATHHOTO UCCIICIOBAHMS U3MEHEHUS
M30TOITHOTO COCTaBa yIriepoja MeTaHa, dTaHa, MponaHa ¥ OyTaHa ¢ YBEJIMYECHUEM TeMIIEPaTypbl
O.M. TanuMoOBBIM OBLJIO TPOAEMOHCTPHUPOBAHO, YTO CYMMAapHBIM HW30TOIHBIA COCTAaB Tras3a
oCTaércsl MOYTH Heu3MeHHbIM npu Temmeparypax Hmwke 300°C (I'amumos O.M., 1973c). Ilpu
Oonee Beicokux Temmeparypax (500°C u BbIlIe) NMpU3HAKA M30TOIMHOTO OOMEHA CYIICCTBEHHBI,
MPOUCXOAUT OOEAHEHHE JIETKMM H30TONOM BCEX 0€3 HCKIIIOUEHUS KOMIIOHEHTOB CHCTEMBI.
CnenoBatenbHo, HabIOMaeMoe OOOralleHre TsDKEIbIM HM30TOIOM YIIEpo/a Helb3sl OObSICHUTH

BTOPUYHBIMHU HpeO6pa3OBaHI/I$IMI/I H3y‘leHH01>i TOJIIIH.

MOoXHO HpeAnonoKUTh, YTO Ta3 BTOPOIl Ipynmbl ObUI MPOXYLHUPOBAH B HIDKEIEKALIUX
TOJIIIAX U MUTPUPOBAJ B BBIIIEIEKAILINE CIOH MO CUCTEME HEOONbIINX pa3jioMoB. BrisiBieHnue
ra3a BTOPOIO THMIIA U NPU3HAKOB T'MIPOTEPMAIbHONM AaKTUBHOCTH B CKBa)KMHE 3 yKa3bIBacT Ha
BEPOSITHBIA TPAHCIIOPT 3TUX (UIIOUJOB U3 HUKEJISKAIIUX TOPH30HTOB 33 CUET TUAPOTEPMATBHBIX
NOTOKOB. TeHAeHIMs K 00OrallleHrI0 MeTaHa ATUX KOMIUIEKCOB M30TOMHO-TSKEIBIM YITIEPOJIOM,
BEpOsITHEE Bcero, oOyCJOBJIEHA NMPUMECHIO Ta30B, 00pa3yloOIIUXCS B pe3ylbTaTe JIeCTPYKLIUU
KHUJIKUX YIJIEBOJIOPOJIOB - MPOAYKTOB NMPeoOpa3oBaHUsl CMEIIEHHOTO OPraHMYeCKOro BEIlecTBa,

Hpeo6naz[afomer0 B HIDKHHUX KOMILIEKCAX OTI0KCHHI.

Takum 00pa3oM, MOTYYEHO pacHpelesieHne CTaOWIbHBIX H30TOINOB YINepoaa Tra3a B
paspese YeThIpEX CKBaKUH IOKHOM M LIeHTpajbHOM yacTu 3ananHoil CuOupu. YCTaHOBIEHO, YTO
10 COOTHOILIEHUIO YIJIEBOIOPO/IOB B ra30BOM CMeCH OBLIN BBIJICICHBI IBE TCHETUUECKHUE TPYIIIIBI.
OneHeH M30TOIHBIM COCTaB rasza, MpOAyLUUpPYeMblii 0aKEHOBCKOM CBUTOW C HE3HAUUTEIbHBIMU
NpU3HAaKaMH BTOPUYHBIX n3MeHeHuit (8'°C merama = -50 — -55%., VPDB). Opranuueckoe
BEIIECTBO OaXEHOBCKOM CBUTBI CO CTemneHblo KarareHesa MKz renepupoBanso ra3 c¢
npeobnafaHueM TSKEIOro M30TOHa yriepofa B MeTaHe M romonorax (8°C meranma = -50%o,
VPDB). 3adukcupoBaHbl MNpU3HAKKM TMOATOKOB MHIPALIMOHHOTO Tra3a BTOPOW TpyIIbI

YINICBOAOPOA0OB M3 HHUIKCIICIKAIINX OTJIOKEHHH.

BeiBoanl k I 1aBe 5

B rmaBe mpexncraBieHsl pe3ysbTaTbl AaHAIM3a Ta30BbIX YINIEBOJAOPOIAHBIX CMECEH,
OTOOPaHHBIX B PA3IMYHBIX T€OAMHAMHYECKUX YCIOBHUSX: B MPHOPEKHON YaCTH FOT0-3aIaJHOTO

Kprima, Oyxra Jlactu, B pa3zpe3e OakeHOBCKOW CBUTHI (FOKHas 4acTh 3amanHoi Cubupw) u
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NPUTIOBEPXHOCTHBIX TIPOSBICHUNA Ha TeppuTopun SMOyprckoro HeTera3oKoHIEHCATHOTO

MecTtopoxaeHus (cesep 3anagnoit Cubupm).

[maBHbIMM  pe3ynbTaTaMyd MPOBEAEHHBIX KOMIUIEKCHBIX  H30TOMHO-T€OXUMHUYECKHUX
WCCJICIOBAHUM SIBJISIIOTCS  CJIEAYIOMUMU: 3ydeHHBIE COOTHOIIEHUS HM30TOMHOTO COCTaBa
yIiiepojia Ta3oBbIX CTPYH B mpuOpekHoi oOnactu OyxThl Jlacnu CBUAETENBCTBYIOT O TeHEpalluu
ra3oBOM CM€CH OPraHMYE€CKUM BEIIECTBOM MOPCKOI'O F'€HE3UCa, OTHUM U3 UCTOUHUKOM KOTOPOTO
MOTJIH SIBJISITbCS BEPXHEIOLEHOBBIE U OJIUTOIIEHOBBIE OTIIOXKEHUS, IIIUPOKO PA3BUTHIC B 3araHo-

YepHoMopckoM Oacceiine.

W3otonHble uccienoBaHus OTOOpaHHBIX MmpoO raza B mpexnenax SImOyprckoro
He(PTEra30KOHICHCATHOTO MECTOPOKJICHHS TO3BOJIMIIA BBIACTUTh TPU T'€HETHUYECKUE TPYIIIIHL.
OpHMM U3 UCTOUHMKOB rasa SIBJISIIOTCS OTJI0KEHHSI CEHOMaHa, BTOPBIM — OTJIOKEHUS BaJIaHKUHA U

TPETHUM - BHYTPUMECP3JIOTHBIC U MOAMEP3JIOTHEIC Ira3-ra30oruapaTHhIC IIaCThl U IIPOILIaCTKH.

IIpumenénHas BepBbIe METOMKA 0TOOPA raza U3 ONPEAEICHHOIO HHTEpBala 03BOJIMIIA
Ha OCHOBE M30TOIIHOIO COCTaBa yIIepoJa ra3a 4eThbIPEX CKBAJKUH FOKHOW M LEHTPAJIBHOU 4acTu
3anagHoit Cubupu HAEHTHU(PUUUPOBATh TE€HETHMYECKUE TPYMNNbl M YCTaHOBUTh MPU3HAKU
MUTPALMOHHBIX Ta30B. OlleHeH U30TOMHBINA COCTaB Ira3a, MPOAyIHPYEMblil 0aKEHOBCKOI CBUTOM,
U 3aUKCUPOBaHBI MPHU3HAKH TOATOKOB MUTPAIIMOHHOTO Ta3a M3 HIKEJIEkKAIIUX IPOCIOEB.
AnpoOupOBaHHBIM METOAMYECKHI TOIXOJ, OCHOBaHHBIM Ha OTOOpe rasa, ecTeCTBEHHO
BBIJICJIAIOLIETOCS U3 KEpHA NPU XPaHEHUH, MOXKET OBITh PAaCCMOTPEH Kak allbTepHAaTHUBa O0TOOpY

rasza rnpu OypeHUH CKBaXKUH.

Takum o0pa3om, MoOkHO cpopMyJIMpPOBaTh YeTBepTOe 3alNMIAeMoOe I10JI0KeHHUe.
Hcrnonp3oBaHne M30TOMHBIX MapKEPOB YIJIEPOAA Ta30B MO3BOJIAECT YCTAHOBUTh UX MPHUPOAY U
MPOCTIEINUTD CBSA3b FA30BBIX (PIFOUIOB U3 PA3TUYHBIX TOPU3OHTOB 0CAI0YHOTO Yexia. 3oTonHbie
XapaKTepUCTUKHU Ta30B, IMOJYYeHHbIX U3 OyxThl Jlacmum YépHOro Mops, yKa3blBalOT Ha HX
TEPMOTEHHOE IMPOUCXOXKICHUE H MUTPAIUIO K TIOBEPXHOCTH U3 00sIee TITyOOKHX TOpU30HTOB. JlJist
3anexer SIMOYprcKOro MeCTOpPOXKIIEHUS HW30TOIHBIA COCTAaB Ta30B CBUIETEIBCTBYET O TPEX
MCTOYHHMKAX T€HEpallii: CEHOMaHCKOM, BaJJAaH)KMHCKOM U MUKPOOHAIBLHOM MPHUIIOBEPXHOCTHOM.
H30TOmHBII cocTaB ra30B 02KEHOBCKOTO ropr30HTa CalbIMCKOTO MeraBajia COOTBETCTBYET ra3am,
CTCHEpUPOBAHHBIM  Oa)KEHOBCKOM  He(TEerazoMarepuHCKOM  TOJNIIEH, a Takke rasam,

MUTPHPOBABIINUM U3 O0Jiee TITyOOKHX KOMIUIEKCOB.
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I'JIABA 6. IPUMEHEHUE N30TOIMHBIX MAPKEPOB JIJISI
®ITIONTOTNHAMNYECKNX PEKOHCTPYKIIMHN®

OpHMMHU U3 OCHOBHBIX HANPaBJICHUN UCIOIb30BaHUS U30TOMHBIX MAPKEPOB AJIsl PELLICHUS
3aja4 B He(pTerazoBOi reoJOrHH SIBISETCS TUIM3AlMS OPraHUYEeCKOro BEIIECTBa, ONMpPEIeIICHNe
TeHETUYECKOW CBSA3M M €IMHOTO MCTOYHHMKA Pa3HbIX (JOPM OPraHUYECKOrO yriiepoAa B MOpoAax
ocaznounoro uexiua (Dias R. et al., 2002; Franks S. et al., 2001; Tocqué E. et al., 2005). Kpome
TOro, HpHUMEHss W30TONHO-MOJEKyIspHbIi moaxox (8'°C), cymlecTByeT BO3MOXKHOCTB
UACHTU()UIMPOBATH BIUSHUE HAJOKEHHBIX (aKTOPOB (OKUCIEHHE, Onoerpaalys, TepMajlbHOe
Bo3nelcTBUE U Ap., Pucynok 1, (I'amumor D.M., 1981, 1986). KoMIiekCHBIN T€OXUMHYECKUN
aHanu3 (QIIOUIOB C MPHUBICYEHHEM H30TONMHOTO M OMOMAapKEpHOTO METOIOB IO3BOJISET
IIPOrHO3MPOBATh CBSI3b MEKIY Pa3HOBO3PACTHBIMU KOMIUIEKCAMHU U IPOBOAUTH OLIEHKY
nepepacnpeziesieHusl yIeBOA0POAOB C TEYEHHEM BPEMEHM IPU MHOTO3TAHOM (OPMUPOBAHUU
3aJIe’Kel 3a CUET MHOTOKPAaTHOM MUTpalluy 1o pasiomam. Jlig OHO3HAYHOM TPAKTOBKU JTaHHBIX,
HNOJTYYEHHBIX JIDYTMMH METOJaMH, HEOOXOIMMO BKIIIOYEHHE HM30TOIMHO-TEOXMMHYECKUX
UCCIICIOBAHUN B KOMIUIEKC TeO()M3MYECKUX M T'€OJIOTUYECKHX paboT, MO3BOJISIONINX YTOUHSATH
KapTUHY CTPOEHHUS PErHOHA U JONOJIHATH OOLIYI0 HHTEPIIPETAIMIO JaHHBIX HA PETMOHAIBHOM U
JIOKaJIbHOM ypOBHE. YCTaHOBJICHHE FT€HETUYECKUX U30TOIHBIX CBS3el MEX Ty HehTeMaTepuHCKON
tonmeit (HMT) u ymieBogopomaMu, a Takke CBsized (UIIOMIOB MEXAy pPa3HOBO3PACTHBIMH

KOMIIJICKCAMU IMO3BOJIAACT CO34aTh AJACKBATHYIO q)HIOI/IIIOIII/IHaMI/I‘IeCK}’IO MOJCJIIb HU3Yy4aceMOrIo

¢ Tlpm moOArOTOBKE MAHHOTO pa3jeNna JUCCEpTAlid aBTOPOM MCIOJB30BAHEI  CIIETYIOIINE
MyOJIMKAI[UH, BBIMOJIHEHHBIC aBTOPOM JIMYHO WJIM B COABTOPCTBE, B KOTOPHIX, coriacHO I[losoxkeHuoo o
MPUCYXACHUM Y4eHBIX cTeneHeil B MI'Y, oTpakeHbI OCHOBHBIE PE3yJbTAThl, MOJOXKEHHUS U BBIBOIBI
WCCIICIOBAHMUS:
1. Bonbmakosa, M. A. WudopmairoHHas 3HAYMMOCTh T'€OXMMHUYECKHUX W THIPOTCOJIOTHYCCKUX
JaHHBIX B HedrerazoBoi reonoruu / M. A. bonbmaxkoBa, A. B. Kopsyn, A. B. Crynakosa, P. C. CayTkum,
A. T. Kanmbixos, O. A. Abms, E. A. KpacnoBa, H. A. Xapuronosa, M. C. Tuxonosa, E. B. Koznoga, 1. A.
CannmukoBa, T. A. PazanoBa, . 0. benxun // T'eopecypcesr. — 2021. — T. 23. — Ne 2. — C. 214-220.
doi:10.18599/grs.2021.2.21 (0,6 1.71., aBTOpCKMit BKiag 25%). Umnakr dakrop JIF: 0,5
2. Kapnosa, E. B. I'maporepmanbHO-MeTacOMaTHYECKHE CHUCTEMBl Kak BaXHEWIHA (axrop
(hopMupOBaHHS 3JIEMEHTOB He(PTETa30HOCHOTO KOMIUIEKCa B 0aKeHOBCKO-abamakckux otinoxeHusx / E. B.
Kapmosa, A. O. Xorsuie, E. A. Manyunosa, A. A. Maiiopos, E. A. KpacunoBa, O. B. Xotsuies, A. TI.
KanmeixoB // Teopecypesr. — 2021. — T. 23. — Ne 2. — C. 142-151. do0i:10.18599/grs.2021.2.14 (0,9 m.x.,
aBTopckuil Bknaa 25%). Umnaxr dakrop JIF: 0,5
3. KpacunoBa, E. A. lcnonbs3oBaHue COOTHOIICHUH CTa0MJIbHBIX H30TOIIOB 8'%0, 8'3C B 3amauax
HedsaHou reonorun / E. A. KpacHosa, A. B. Crynakosa, P. C. Caytkun, A. B. Kop3yn, M. A. Bonbmakosa,
A. A. Cycnosa // T'eopecypcsr. —2024b. — T. 26. — Ne 3. — C. 126-137. d0i:10.18599/grs.2024.3.14 (1,6 ..,
aBTopckuit Bkimag 60%). Ummaxr daxrop JIF: 0,5
4, CrynakoBa, A. B. KommiekcupoBaHue pazHOMACIITAOHBIX MAHHBIX IS MOWCKA U Pa3BEAKU
MecTopoxaeHuii Hetu u raza/ A. B. Crynakoa, P. C. Caytkun, Kanmsikos, I A., Kopo6osa, H.U., M. A.
bonpmrakosa, E. A. KpacnoBa, Kop3yn, A.B., Mopaacosa, A.B., A. I'. Kanmmeikos // T'eopecypcsr. — 2025.
—T. 27. — Ne 2. — C. 186-205. doi: 10.18599/grs.2025.2.15 (1,0 m.n., aBTropckuit Bkian 25%). Ummakr
¢axrop JIF: 0,5
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y4acTKa ¥ WCIIOJNIb30BaTh IOJYYEHHBIE 3aKOHOMEPHOCTH IIPU TMPOBEACHUU OacCeHOBOTO
MoJenupoBaHus. Takxke 3HaHHE O IepeOPMHUPOBAHUH U MEPETOKAX (IIFOUI0B MEXTY 3aIeKaMu
MOKET MOMOYb MPHU CO3JAaHUH MOJAETH UCTOpUU (OPMUPOBAHUSI PETHOHA U €r0 CTPYKTYPHBIX

MEpCCTPOCK.

6.1 IMocTpoenue (ponI0AMHAMHMYECKOH MOIEJIM HA OCHOBE KOMILUIEKCHOI0 H30TOIHO-
reOXHMHMYECKOr0 aHAJM3a Ha NpHMepe IrPynnbl MecTopo:xkaeHuil KameHHOH BeplINHBI,

3anagnasa Cuoups.

6.1.1 Oman 1. Ycmanoenenue ycnoeuit GopmMupoeanus O0pzaHUYECKO20 6euiecmea

(bumymouoa) u eco cenemuueckans Munu3ayUs

Ilo dannvim coomuowenuii cmabunbnvix usomonos 63C 6 bumymouoe.

B ocHoBe MeToma neXUT OmpeleseHME H30TOMHOTO COCTaBa yIepo/a OTIACIbHBIX
bpakumii ouTymMonI0B MecTopokiennst KpacHoneHnHckoro cBoja. beuio npoananuszuposano 80
po0 OUTYMOUIOB, SIKCTPArUpPOBAHHBIX U3 HE(YTEMATEPUHCKUX TOJI] TYTIECHMCKON U TIOMEHCKON
CBUT M pa3JeNEHHBIX HA aHAIUTUYECKUE TPYMIbI (Macia, OEH30JIbHBIE U CHUPTO-OCH30IbHBIC
cMOJTBI, acanbTeHbl). M30TONMHBINA COCTaB HCCIENOBAHHBIX OMTYMOUIOB BaphbHPYET B MPEIEIax:
8'3C naceimenHsIx Gpakimii m3mMensercs ot -29,7 10 -26,2%o, VPDB, apomatnueckux — ot -29,8
10 -25,1%0, VPDB. MOXHO OTMETUTh, YTO Takas KapTUHA pPacHpeIeieHuss W30TOMHOTO
OTHOIIICHHUS YIJIepo/ia BechMa XapakTepHa Juist (IIIOUI0B, TeHEPUPOBAHHBIX MOPCKUM T'yMYCOBO-

carporenieBbiM TUioMm OB.

boutn conocraBneHbl U30TOMHO-(PPaKIIMOHHBIE KPUBBIE ISl ONpe/IeIeHHs] TeHETUYECKOM
CBSI3M OMTYMOUWJIOB MYyTE€M OIEHKHU CTEMEHU CXOJICTBA MEXKIY COOTBETCTBYIOIIMMH KPHBBIMHU.
butymounasl xapakTepu3yloTcsl Bapualuedl HW30TONHOTO OTHOUIEHMS! 10 4%o, 4TO TOBOPHUT O
pa3IUYHON TIPUPOAE HW3YYEHHBIX 00pas3noB. beul mpoBenéH pacu€T 000OMEHHOTO CXOACTBA
M30TOMHO-(PAKIIMOHHBIX KPHUBBIX 10 METOMY, MpeacTaBieHHoMy B padore (Opux M., 1984).
MeTtox OCHOBaH Ha MAaTeMaTH4YEeCKOM TOA00MU (OPM H30TOMHO-(PPAKIIMOHHBIX KPUBBIX

HCCIICAYCMBIX 00BEKTOB U Ha OJIM30CTH JHMaIla30HOB 3HAYCHHUI M30TOITHOIO COCTaBa yriaepoaa.

Koaddumment cxoacrtBa mpeacrtasisieT coboi mpousBeacHUEe KodpduimenTa paHToBOM
koppensiuu Crimpmena (p), OMUCHIBAIOIINHN og00ue GOpM KPUBBIX, HA SMITUPHUECKYIO BETUIHHY
(B), omenmBaromiell CoOBMaJIEHHE [IWAITa30HOB M30TOMHOTO COCTaBa yriepona ¢pakuuit
uccaenyeMbix o0bekToB (Mutpononsckuii A.K., 1971). Koaddunmuent cxoncra usmeHsercs B
nuanaszone -1+1. [Ipu4ém, uemM TecHee CBA3b MEKIY BEIMYMHAMHU HUCCIICAYEMbBIX 00BEKTOB, TEM

OmKe K eMHUIIE 10 CBOEH aOCOMIOTHOM BEIMYMHE MOKa3aTeab Kod(h(UIMeHTa cXoncTBa. 3HaK
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nokasaressi Kod(hGUIIEeHTa CXO/ICTBA TOKA3bIBAET, SBIISACTCS JIM paccMarpuBaemasi CBS3b MPSIMON
nin obpatHoil. B manHOWM pabote BenmumHa (0,7 paccMarpuBaeTcsi B KauyeCTBE MOTPAHUYHOM.
3naueHuss kod(pUIMEHTa CXOACTBA pPaBHBbIC WM OONBIINE STOW BEIMYMHBI YKAa3bIBAIOT Ha

CXOACTBO KPUBLIX UCCIICAOBAHHBIX 00BEKTOB ", CJICAOBATCIIbHO, HA UX TCHCTUUCCKYIO CBA3b.

B Tabnuua 6 mpencraBiieHbl pe3ylbTaTbl pacdéTa M NPUBEICHBI B KauecTBE MpUMEpa
k093 PUIIMEeHTHI 3aBUCHUMOCTH 3HAu€HUN cxoacTBa (OpM H30TOMHO-(PAKIIMOHHBIX KPHUBBIX

OUTYMOUJOB MOPOA [UIst 1 TPyIIIBL.

Tabnuya 6. Ilpumep xoagguyuenmos cxoocmea no M.I° @pux (1984) ons 0bpasyos bumymouoos

epynnot 1.
i{l‘iBa)KI/IH 1 3 6 8 9 13 14
1 0,98 0,90 0,93 0,94 0,94 0,89 0,94
2 0,95 0,87 0,92 0,89 0,96 0,93 0,97
3 0,95 0,86 0,92 0,88 0,97 0,96 0,97
4 0,94 0,91 0,96 0,97 0,89 0,87 0,86
5 0,97 0,88 0,93 0,95 0,94 0,92 0,90
6 0,83 0,75 0,80 0,76 0,86 0,90 0,88
7 0,82 0,75 0,78 0,81 0,86 0,88 0,87
8 0,97 0,91 0,93 0,92 0,96 0,90 0,95
9 0,96 0,88 0,91 0,96 0,93 0,90 0,91
10 0,82 0,74 0,78 0,80 0,86 0,88 0,87
11 0,94 0,86 0,89 0,93 0,96 0,92 0,95
12 0,98 0,89 0,95 0,95 0,91 0,89 0,92
13 0,96 0,87 0,92 0,95 0,90 0,89 0,90
14 0,95 0,86 0,91 0,94 0,90 0,89 0,91

[To pesynpraram pacué€ra ObUTH BBIJCICHBI TPU TeHeTHUeckue rpymibl (Pucynok 73). Kak
BUIHO U3 Pucynok 73 ¢dbopma u30TOonmHO-(QpaKIMOHHBIX KPUBBIX XapaKTepHa AJisi OOJBIIMHCTBA
UCCIIEIOBAHHBIX OMTYMOMJIOB — CEpHOBUIHAA. BHYTpH Kax10# rpymnmsl Bapuaus U30TOITHOTO
cocraBa He npeBbIaeT 1,5%o. [lomydenHbIe Baprauy H30TOITHOTO COCTaBa IPYIITOBBIX (YPAKIIHIA
OuTyMOUJAa MOXHO 3KCTParnoiINpOBaTh M MPEANONIOKUTH H30TOMHBIM cocTaB keporeHa. Jlis

nepBoil rpynmnsl — -27%o + 0,5; 1as Bropoit — -24%o £ 0,5; nis tpereit — -24%o0 + 0,5, VPDB. [lns
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BTOPOM U TPETHEM IPYIIIBI PEAIIONATAETCS CXO0KUN U30TOITHBIN COCTAB yITIEPOAA KEPOreHa U, 3TO

BEPOATHO, TOBOPUT O €AMHOM UCXOOHOM OPraHMYCCKOM BCIICCTBE.

o o 3 3
l
I\
|
00 o 2 2
@ 1 100\
23100 -30.00  -29.00  -28.00  -27.00  -26.00 22900 2800 -27.00 -26.00 -2500 -24.00 -31.00 -29.00 -27.00 -25.00

Pucynox 73. Tpu cenemuueckue epynnovi 6umymouoos, blOeieHHble nymem OYeHKU CmeneHu
CX00Cmea mexncoy COOmeemcmeyouwumu u30monHo-gpaxyuonnsimu kpusvimu (Kpacrnosa u
op., 2024b). Macna (4), benzonvusie (3), cnupmo-6en3onvHvle cmoanvl (2), acgparomenvt (1).
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Pucynox 74. Hzomonno-gpaxyuonnvie kpusvie dbumymouoos cksadxcun 1. Tonyovim yeemom

0003HaueHbl 00pa3ybl MIOMEHCKOU C8Uumbvl, 3elleHbiM — badicen-abanaxckuti komniekc (BAK)
(Kpacnosa E.A. u op., 2025).
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Opnako A TpeTbel rpymmbl KOA(Q(UIMEHTHl CXOJACTBA pa3HATCA W OMU3KH K
HorpaHu4HOMy napamMeTpy = 0,7, 4TO MOXKET yKa3bIBaTh Ha BIMSHHE BTOPUUYHBIX IPOIECCOB Ha

HCXOOHOC paCHpeaACIICHUC N30TOIMHOT'O COCTaBa yIiiepoJa OpraHnvucCKOro BEIeCTBa.

DKcTparupoBaHHble 00pa3lbl HEPTEeMaTepUHCKUX Mopoa B ckBaxkuHe 1 (Pucynok 74)
JEMOHCTPUPYIOT H3MEHEHHE (OpPMbI HM30TONHO-(QPAKIMOHHON KpHBOM 1o paspesy. /[l
OUTYMOMJIOB TIOMEHCKOM CBUTBI HAOIIONACTCS TaKXKe BEPTUKAJIbHAS 30HAIBHOCTH: BBEPX IO
pa3pe3y XapaKkTepHO o0liee YTsDKEICHHE N30TOITHOTO COCTaBa (ppaKIMOHHONW KPUBOH, a 3aTeM —
obOneryenne. HaOmromaemble M3MEHEHHs] CKOpee BCEro CBsA3aHbl ¢ (ukcauued QarnuanabHbIX
OOCTaHOBOK M H3MEHEHHEM COOTHOLIEHHMS TIyMYCOBOI'O M CalpoOIeJeBOro MaTepuala
OpraHu4eckoro BemiecTna (6osee AeTanabHO NpezacTaBieHo Ha PucyHok 40). TiomeHckast cBUTa
OTIpeJIeNIACTCS IEPEMEHHBIM COCTABOM THIIOB OPTaHMYECKOTO BEUIECTBA C OOIIMM YBEIMYCHUEM

CarpoIeaeBoil COCTABISIONICH BBEPX 110 pa3pe3y, K 0akeH-a0aaakCKOMy KOMILICKCY.

Takum 06pa30M, Ha ICPBOM I3Tale Obl1a IMpOBCACHA XapaKTCPpUCTUKA 6I/ITyMOI/I,ZlOBI
YCTAHOBJICH THUIT UCXOAHOI'O OPraHu4CCKOro BCIeCTBa, ONPCACICHBI ABC ITCHCTUYCCKUC I'PYIIIILI U

BbIJI€JICHA TPEThS TPYyIa, PUKCUPYIOIIasi IPU3HAKH BTOPUYHBIX TPEOOPA30BAHUM.

6.1.2 Oman 2. Ycmanoenenue ycnoeuii hopmuposanus dHcuOKux yzieeo0opoooé U ux

2eHemuuecKas munuzayun

Io dannvim coomnowenuii cmabunbhvix usomonos 6>C negpmu.

B pamkax wuccnemoBaHMs OBUT TNPOAHAIM3UPOBAH M3OTOIHBIA COCTaB  yIiiepona
pasHonoJIpHBIX (ppakiuit 60 mpood HedTel (macTel: moropckoro komruiekca (/JHOK), TromeHckoi
ceuthl (FOK 2-9), ananora abanmakckori cButhl (II), BukymnoBckoit cButhl (BK) u 6azaipHOTrO
rOpM30HTA, aHanor mepkaiuHckodl ceutel (BI). Bapuanum wusotomHoro cocrasa 8°C
Pa3HOMOJSAPHBIX (PaKIWK TTO3BOJIWIIA THITM3HPOBATh HMCXOJHOE OPTaHMYECKOE BEHIECTBO H
BBISIBUTh TEHETHYECKYIO CBSI3b Pa3HBIX (JOPM OPTaHUYECKOTO YIVIEpOja B MpeNenax 0CaJ0uHOro

yexna (Pucynok 75.).

M30TONHBIM COCTaB HCCIENOBAHHBIX HedTell BapbupyeT B y3kuX mpegenax: 6°C
HACBIIICHHBIX (pakiuii u3mensercs ot -31,2 1o -29,4%0, VPDB, apomarnyeckux — ot -30,5 10 -
29%o, VPDB. Tlogo6Has kapTHHA pacnpeaeeHus H30TOIMTHOTO OTHOIICHHUS YIIIepo/ia aHAIOTHYHA
XapaKTepUCTHKaM OWTYMOWJOB ©  (DIIOMIOB, CICHEPUPOBAHHBIX MOPCKHM TyMYCOBO-
camporienieBbiM TUTIOM OB. Anmdarudyeckne U apoMaTHIeCKHe CTPYKTYphl HE(TH BUKYJIOBCKON
CBUTHI oboraniensl 1érkum uzotornoM C'2 u, BepoaTHO, XapaKTepH3yIoTcs GOMbIeil MpUMechio

mopckoro OB B cocrare HIMT.
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8'°C HacbILLEeHHOM hpakKLmm

Pucynox 75. H3zomonmviil cocmag yanepooa HACbIWEHHbIX U apOMamudeckux @paxyuil

negpmetl. J{FOK — doropckuii komnnexc, FOK 2-9 — miomenckas ceuma, 11 — ananoe abanaxckoii

ceumsl, BK — euxynosckas ceuma u bI"— 6azanvubiti 20pu3onm, anaioe wepKaiuncKou cumaol

(Kpacnosa E.A. u op., 2024b).

Jns ompeneneHusi TeHeTHYeckod cBsa3u HedTbh-HepTh, OB-OB, HedTH-OB OBLIH

COIIOCTAaBJICHBI I/I30TOHHO-(I)paKI_[I/IOHHBIe KpPHUBBIC HyTéM OIICHKU CTCHICHU CXOACTBA MCKIAY

COOTBCTCTBYIOIIUMU

K02 UIIMEHTOB CXO/ICTBA MpeAcTaBieH ajs rpynmsl 1 B (Tabnuma 7).

Tabnuya 7. Ipumep koa¢hdhuyuenmos cxoocmsa no M.I. @pux (@pux M.I, 1984).

M30TOMHO-(PPaKIIMOHHBIMU

KPUBBIMH.

ITpumep

MOJTYYCHHBIX

No e, 1 2 3 4 5 6 7 8 9 10 11
! IOKo | IOKo | IOK: | IT | IT IOK2-9 ;

1 1,00 | 0,91 0,81 |0,83 |0,87 0,71 | 0,82 0,95 10,92 | 0,81 0,88
2 091 | 1,00 [094 |0,78 |0,83|0,80 0,77 0,86 | 0,83 | 0,83 |0,81
3 0,81 | 0,94 1,00 |0,77 |0,86 0,86 0,72 0,85 10,79 | 0,81 0,84
4 0,83 10,78 (0,77 |1,00 |0,94 0,60 |0,73 0,84 {094 |0,74 | 0,86
5 0,87 10,83 0,86 (0,94 |1,00]|0,70 | 0,78 0,90 | 0,97 | 0,80 |0,94
6 0,71 10,80 [0,86 |0,60 |0,70 | 1,00 | 0,81 0,76 | 0,65 | 0,89 |0,74
7 0,82 10,77 (0,72 0,73 |0,78|0,81 | 1,00 0,82 [ 0,83 10,97 |0,84
8 0,95 1086 |[085 |0,84 |0,90]|0,76 | 0,82 1,00 | 0,92 | 0,81 0,95
9 092 1083 (0,79 094 |0,97|0,65]0,83 0,92 | 1,00 | 0,81 0,94
10 0,81 10,83 |08 |0,74 |0,80|0,89 |0,97 0,81 | 0,81 | 1,00 |0,82
11 0,88 | 0,81 0,84 |0,86 |0,94 0,74 | 0,84 0,95 0,94 | 0,82 1,00

*koappuyuenm xopperayuu mernee 0,7 nokazvieaem omcymcmeaue ceéa3u mexcoy napamempamu
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ITo pesynsraTam pacuéra kod3dduimenTa cXoncTBa N30TOMHBIX KPUBBIX OBLIH BBIICICHBI
TPU FeHETUYECKHE TPYTIIIBI KaK JJIsl OUTYMOMJIOB, TaK U 7151 HEPTEi, a TaKKe COMOCTABJIECHbI IPYT
¢ gapyrom (Pucynox 76). IlepBas rpymnma OTBeYaeT CEpIOBUAHOMY TPEHAY H30TOMHO-
($pakuMOHHON KpUBOW M XapakTepusyercs HauOojee JETKUM H30TOIHBIM COCTABOM YIJIEpona
(8'°C maceimennsx dpaxmuit HedTei — ot -30 — -31%o, VPDB, m1s 6utymMonios — ot -28,5 — -
29%o0, VPDB). Ilogo6Hoe pacnpeznenenue GopMUpPYeTCsl B YCIOBUAX JUAareHe3a OPraHuYecKoro

BelllecTBa B 00cTaHOBKe canporneneodpasosanus (I'amumos 3.M., 1981).

Bropas rpynna orBeyaet Oosee TAXKEIOMY U30TOITHOM COCTaBY YIVIEpOJa OTHOCHUTEIHHO
nepBoii rpynmsl (8'°C HackimeHHBIX ppakiuil HedTeit — ot -29 — -30%o, VPDB, 1151 GuTyMou 108
— oT -26 — -28%0, VPDB) u ¢gopmupyer «cyOnuHeHHbII» TpeHA paclpeeseHUus] U30TOIHOIOo
cocraBa ymiepozna. [Ipm TakoM pacrnpeneseHuu H30TOIBl YIVIEpoAa IO TIpyNiaM CIEAYIOT
IIPOrPECCUPYIOLIEMY «YTSDKEICHHIO» BEJIIMYMH OT MEHee K Oosee MOISpHBIM (pakuusM, 4TO
XapaKTEepPHO ISl TyMycoBOro opranudyeckoro BemiectBa (I'amumoB D.M., 1981). Heckombko
00pa3oB (GOPMUPYIOT CEPIOBUIHBIA TPEH], OTBEYAIOLIMH BEpXaM TIOMEHCKOM CBUTHI, U
(UKCHPYIOT TPUBHOC CamponeneBol cocTapistomeid. TpeTess rpynma OTBeYaeT CMEIIaHHBIM

3HaYEHUSAM M30TOIIHOIO COCTaBa yrepoaa Mexay | u 2 rpynnamu.

(]
[
[ 5]

1 ./ 1

-32,00 -30.00 -28,00 -26.00 -32,00 -30,00 -28,00 -26,00  -32,00 -31,00 -30,00 -29.00 -28,00 -27,00 -26,00

Pucynox 76. Tpu cenemuueckue epynnvi Heghpmell, 6biOeleHHble NYmMeM OYeHKU CMmeneHu
€xX00cmea medHcoy COOmMEemCmEYIOWUMY U30MONHO-PPAKYUOHHBIMU Kpusbimu. Lughpamu 6
JleBoM 8epxXHeM Yely BbloeNieHbl 2eHemuueckue epynnol Hegmetl. Llugppamu no eepmuxanu
Ccnpasa NoKazawm U30MONHuIL cocmas @paxyuti ceepxy enuz: macia (4), bensonvHule (3),

cnupmo-oen3onvHovle cmonvl (2), acghanomensi (1)

BaxxHo oTMeTHTB, 4TO JIJIs1 00pa3oB HEPTH BapUallMy HE3HAYUTEIbHBI ISl BCEX Py —

10 2%o, 4TO TOBOPUT 00 WX (QIIOUIOAMHAMHYECKOMN CBsI3u. [ OUTYyMOUAOB MEXAy TpynIaMu
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BapHUaIliy N30TOITHOTO COCTaBa IOCTUTAIOT 4%o0, BHYTPH KaXKJIOM TPYIINBI — TPEUMYIIIECTBEHHO HE
npeBbImaroT 1,5%o. Kak s HedTel, Tak U 1151 OUTYMOUIOB HAOIIOMAIOTCSI HEKOTOPHIE OTCKOKH
OT OHMOJIOTHYECKOTO TPEHJAa paclpeieseHUs] M30TOMOB, YTO TOBOPUT O HAJIMYUU BTOPHYHBIX
npeoOpa3oBanuii. [ M3y4EHHBIX HWHTEPBAJIOB OCAJAOYHOW TONMIIM IO MHHEpAIOro-
neTporpaUyeckoMy HCCIEIOBAaHUIO ObUIO YCTAaHOBJIEHO, YTO BEIIECTBO MOPOA IOJBEPIIIOCH
tepmanbHbIM Bo3zaekcTBUsAM (Kapmosa E.B. u np., 2021). M3otomHple Bapuanuu yriaepoaa
HauMeHee TOJSPHBIX QpaKIMKi MOTYT YKa3bIBaTh Ha MPU3HAKU THIPOTEPMATIbLHON JIEATEIHHOCTH

B UCCIICAYCMBIX ITOPOJAAX.

[MTonydueHHble BapHallMd W PA3CICHUS CTATHCTHYCCKUM METOIOM CXOJCTBAa KPHBBIX,
BEPOSITHO, YKa3bIBAIOT KaK Ha M3MEHEHHE COOTHOIICHHSI TYMYCOBOTO H CallpoOIIeIeBOTO MaTepuaa
UCXOJJHOTO OPraHMYECKOTO BEIIECTBA, TaK M HAa PAa3JIMYHYKO DBOJIIOIMIO BEIICCTBA — BIIHMSIHUC
BTOPUYHBIX TIPOILIECCOB HA HCXOQHOE OpraHudeckoe BemecTBo. CyIIeCTBEHHO, 4YTO JUIs
u3ydaeMbiXx HedTel He OOHApYKEHO KOPPEeIALUil ¢ MPUHAIICKHOCTBIO K OIpeneTIEHHBIM
BO3PACTHBIM HWHTEpBaJaM. [pyIIbl, BBIICISAIONIMECS TI0 H30TOMHO-(PPAKIIMOHHOW KpPUBOI,
dbopMuUpPYIOTCS U3 00pa3IOB BCEX HAOIIOMAEMBIX IJIACTOB, YTO MOXKET TOBOPUTH O CBSI3U (IIIOHU]IOB

MEX/1y pa3HOBO3pPACTHBIMU IJIACTAMHU.

Takum o00pa3oM, MNpOBEAEHHOE UCCIENOBAHUE C  HCIOJIB30BAaHMEM  HM30TOIHO-
MOJICKYJIIDHOTO METO/Ia JAMAarHOCTHUKH HMCTOYHHWKAa HA(PTHIOB, TO3BOJIMIO COIOCTABHUTH
BO3MO)KHbIE TCHETUYECKHE CBSI3U PAa3HBIX (DOPM OpraHMYECKOro yIiepoa B peesax 0Ccag04uHoro
yexJa. [{ns uccnenoBaHHbIX OUTYMOUIOB IOPOA U He(pTel yCTAaHOBIIEHBI 1Ba TEHETUYECKUX THIA
HCXOJIHOTO OPraHMYECKOTO BEIIECTBA U OfIHA IPYIIa CMEUIAHHBIX (DIIOMJIOB, I11€ MPUCYTCTBYIOT
¢ronap!, cGOpMUPOBABIIMECS KaK M3 OAHOTO, TaK U U3 PYyTroro TeHETHYECKOTO THITA OPTaHUKH.
O6a renernyeckux tuna OB SBIAIOTCS MPEUMYLIECTBEHHO CANpONENIeBBIMU, HO C Pa3InYHON
IPUMECHIO TYMYCOBOM cocTapistomei. Takum o0pa3oM, NodydeHHbIE pacupeaeIeHUs H30TOITHO-
(pakUMOHHBIX KPHUBBIX JUIsI He(pTell W OpPraHMYecKoro BeIIeCTBA MPEANOJaraeMbIX
He(TEeMaTepUHCKUX TOJII TTO3BOJISIIOT TOBOPUTH O CMEUICHWH (DIIOMI0B, CreHEpHUPOBAHHBIX

pa3sHbEIMHU He(i)TeFaSOMaTepI/IHCKI/IMI/I TOJIIIaMU.

6.1.3 Oman 3. Ouenka 2u0poOOUHAMUYUECKOU C8A3U
I1o Oannvim usyuenus 2eoxumuyeckux napamempos 6D u 580 e eooe.
Bruta BBIMTONTHEHA OIEHKA THUAPOIWHAMUYECCKOH B3aMMOCBSI3U TI0 JIATEPAH H MEXKIY

TIacTaMy 0 BEPTHKAIM M JACTaNIbHO NpeacTaBieHa B padore (bompimrakoBa M.A. u ap., 2021).

HOHYTHHC BOJbI B OOJILIIIMHCTBE CJIy4dac sBJIAOTCA CMECBIO BOA PA3JIMYHOI'O I'CHE3MCA B PA3HBIX
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nponopuusax. /[ 1MarHOCTUKH HUCIIONB3YeTCsl MUPOKUN KPYT METOJOB M ITOKa3aTeslell COCTaBa

BOJIbI, KOTOPbIE MOXKHO Pa3JeUTh HA TPU OOJbIINE TPYTIIIHL:

o Jenernueckue kodpdumuenter (rNa/rCl, Cl/Br, rMg/rCa, (rNa+rMg)/rCa,
B/Cl, B/Br, Li:Rb:Cs) u ap;

e (CrabuiabHble HU30TOMBI psifa 3JIEMEHTOB (KUCIOPOJ, BOJOPOH, a30T, cepa u

yIJIepon);
e PenxozemenbHbIC, peke UCTONB3yeTcss ab0OpeBuarypa TR aieMeHTHI.

Bce Tpu rpynmnsl UMEIOT OTpaHUYSHHS U HE MOTYT OBITh €IMHCTBEHHBIMU. | eHeTHUECKHE
K03 PUIIMEHTH HAa MPOTHKEHUM TEOJIOTMYECKOW HCTOPUM  MOA3EMHBIX BOJ  MOTYT
BUJOU3MEHSTHCSA, YTO 3aTPYAHSAET MHTEPIPETALUIO TeHe3Hca IOJ3EMHBIX BOJ, a CTa0WIIbHBbIE

HN30TOIIbI (bpaKL[I/IOHI/Ip}/'IOT B ITponecce 0OMEHHBIX peaKuHﬁ 1 NBMCHCHUA (ba30130r0 cocCTaBa BOA.

Jna oyenku KonouyuoHHocmu npob NONYMHOU 600bl U GIUAHUA MEXHOLEHHO20 (hakmopa
OBLIM TPOAHATM3UPOBAHBI IAHHBIE: 110 IepPOopaIsIM U MepecTpesiaM CKBaXKHUH; IO TPOBEAEHHBIM
['TM (reomoro-texHuuyeckue MeponpusaTus), 3a mnepuox 2017-2019rr; mno BenuyuHe
00BOTHEHHOCTH, M TIPOBE/ICHO conocTaieHue ¢ muHepanu3aueii u TOC (Total Organic Carbon).
HeranpHbiit ananmm3 npeactasieH B padore (bomsmakoBa M.A. u np., 2021). Ilo pe3ynsraram
OIIEHKH ObLIO BBIJIETEHO 23 00pas3iia, KOTOpble MOXKHO NMPU3HATH KOHAUIIMOHHBIMHU, & PE3YJIBTaThI
aHAJIM30B XMMHUYECKOTO M H30TOMHOIO COCTaBa BOJAbI OBUIM HCIIOIB30BAHbI MPHU H3YUEHUU

GITFONTOMMHAMUYECKUX CBS3€H Ha MeCcTOpOoXKIeHIH KpacHOIEHUHCKOTO CBOIA.

Jlng mpoBeneHUs aHalW3a IOJYYEHHBIX AHAJUTHYECKHX DPE3YJbTaTOB, ONTHMHU3ALMH
IIpoliecca UHTEPIPETALUA MHOTOUHUCIEHHBIX XapaKTEPUCTUK XUMUYECKOTO COCTaBa, M0 KaXKI0u
npo0Oe OBLTM COCTaBJIEHBI Macmopra (IIIOUA0B, B KOTOpble BOIUIM Haubojee MOoKazaTelbHbIe
reHeTu4eckre KodPGUIMEeHTHI, U30TOMHBIA COCTaB, paCYETHBIC TEMITepaTyphl, aHoMauu 1o P30,
XapakTepHble 0COOEHHOCTH. B kauecTBe mpumepa npusenéH ko3dduuuent orHomenus Cl/Br,
KOTOPBII JEMOHCTPHpPYET pa3NUYHyI0 HOpupony wu3ydeHHelx Boj (PucyHok 77). JlanHble
M30TOITHOTO COCTaBa BCeX MpoO BOJBI Uil CpaBHEHUS HaHeceHBl Ha rpaduk ¢ auHueit Kpeiira,

COMIACHO KOTOPOIl MPOTHO3UPYIOTCS YCIOBHS (POPMUPOBAHUS U T€HE3UC MOA3EMHBIX BOJI.

B 30He aKkTHBHOTO BOIOOOMEHA BOABI HMMEIOT, KaK IMpPaBHIO, HHQPHIBTPAIIHOHHOE
IIPOUCXOXKACHHUE, II09TOMY HX M30TONHBIA COCTaB OINPENEISICTCS H30TONHBIM COCTABOM
atMoc(epHBIX OCaaKoB M MOBEPXHOCTHBIX BoA. Ha mumarpamme 6'°0, 8D ux mnonoxkenue
COBMAJAET C TOJIOKEHHEM aTMOC(EPHBIX OCAJKOB PErHOHa, B KOTOPOM pPACIONOkKEHA 001acTh

OUTAaHUS TOPU30HTOB. OCHOBHBIM IpoleccoM (OpMUPOBaHMS HM30TOIHOIO COCTaBa BOJBI B



179

YCIIOBUSAX TIyOOKOH mom3eMHON mupkyssimun (Tryoxke 500 M, B 30HaX 3aMEUICHHOTO U
3aTpyIHEHHOTO BOI00OMEHA) SIBJISIETCS U30TOIHBII 0OMEH B cucteme Bofa-nopoaa. [Ipucyrcreyer
Takke npouecc oomeHa Bomsl ¢ razamu (Hz2S, H2, CH4, CO2) u XuaxkumMu yIieBomopoaaMu
He(TsHOTO psiga. BzauMonmelcTBME ¢ BMENIAIOMIMMH IOPOJAAMH MOXET MPHBOAWTH K
(GpakMOHUPOBAHUIO B COAEpX)aHUU Kuciopona-18 u aeitepus. OO6puHO, BemuuuHa 0D Benér
cebs Gonee KoHcepBAaTUBHO, 4eM O'°0, MOCKOJNBKY B MOpONAX KOJIHMYECTBO KMCIOPOAA PE3KO

Hpeo6naz[aeT Haa BOAOPOOOM. 910 BBIPAKACTCA B OTKIIOHCHHUU (pI/Il"ypaTI/IBHBIX TOYCK OT JIMHHUHU

METEOPHBIX BO Ha auarpamme dD—5'%0.

ILTACTOEEIE EQOOEI ILTACTOERIS EOOEL
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Pucynox  77. Ipagux uszmenenuss ommuowenus CI/Br no niacmam mecmopodrcoenuil

Kpacnonenuncroeo ceooa (borvwarosa M.A., ..Kpacnosa E.A., 2023)..

Kap6OoHaTHbIE M CHITUKATHBIE TOPO/IbI, 000rallEHHbIE TSKETBIM H30TONOM Kuciopoaa 80,
B YCJOBHSIX BBICOKHX TEMIIEpaTyp CIOCOOHBI obOoramaTh WM TOA3EMHBIE BOJIBI, 00pa3zys
«nonodcumenvHuill kuciopoousii coguey (Clayton R.IN., 1961; Craig, Harmon, 1963; Craig H.,
1966; Hitchon B. u ap., 1969; Savin SM. u ap., 1970). Bnusiaue yriekuciioro raza mnpu
COIMOCTABUMBIX C BOJIOH 00BEMAX MPUBOIHUT K 3aMETHOMY 0O€THEHHIO BOJ SO B pe3ynbTaTe ero
nepepacnpeziesieHnss MeXIy BOJON M ra3oM, o0pasys «ompuyameinbHulil KUCLIOPOOHbIL COBULY
(Ferrara G.C. u gp., 1965; C.JI. UIBapues u ap., 2017; ®eppouckuii B.1. u np., 1983). Takum
00pa3oM, BETMYMHA «KUCIOPOJHOTO CIBUTay MOA3EMHBIX BOJ 3aBHCUT OT KoHIeHTparuu &'°0 B
«TIepBOHAYAIBHBIX» BOJAX, OT KOHIEHTparuu &'°0 B BOMOBMEIIAIONINX TOPOAAX, OT CTEHeHH
M30TOMTHOTO pAaBHOBECHS MEXAYy BOJAOBMEHIAIOIIMMU TOPOJaMH, BOIOM W Ta3aMH U OT

TeMIEPaTyphbl.
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T'enemuueckasa munuzauus 600.

N30TONHO-re0OXMMHYECKHE UCCIIEIOBAHMsI BOABI HA MECTOPOKIeHUU KpacHOIEHNHCKOro
CBOJA IIO3BOJIWJIM BBIIACIIUTH HECKOJIIBKO THUIIOB BOZ, CPEAM KOTOPBIX BOABI TEXHOICHHBIE,
UCIIOJIb3yeMble JUIsl TTpoBefeHus ruapopaspeiBa iacta (I'PIT), u Boabl miuacToBble U3 pa3HBIX

TOPHU30HTOB pa3pe3a 0CaJ0YHOIo 4e€xjia.

Boovr mexnocennvie (I'PII). W3otonubiii coctaB Boxm [PII BechMa 001er4€HHBIN,
cocrasnser -114,8%o mis SDvsmow 1 -15,8%0 mns 8'%0 vsmow. Tlpy HaHeceHHMM Ha MIMPOKO
UCTIOJIB3YEMYI0 TII00aIbHYIO0 JIMHUIO MeTeopHbIX Boa ([JIMB) Touku jtoxkarcs 4yTh BBIIIE THHUN
U MPAKTHYECKU COBMAJIAIOT C TOBEPXHOCTHBIMU BOJAMHU PErHOHA. JTO MOXKET YKa3bIBaTh Ha MX

CBS3b C aTMOTC€HHBIMH (METEOpHBIMH) Bogamu (Pucynok 78).

o
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Pucynox 78. Coomnowenue uzomonos 6D u 680 6 nnacmosvix 60dax mecmopocoenuii
Kpacnonenuncroeo ceooa (borvwaxosa M.A. u op., 2021). Lugppamu npedcmasnenvt tunuu

pre()HeHHblx 3HAYEHUL U30MONHO20 COCMABA 600 PA3HBIX PECUOHOS.
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Boowl nnacmos BK1, BK2-3. Bonpl JaHHBIX TOPU30HTOB MMEIOT 3HAUUTEIBHBIN pa3dpoc
10 3HAYEHHUSM, YTO CBUACTEIIBCTBYET O CMeIIaHHOM TeHe3uce (ot -14,9%o 10 -7,0%o0 mms 3O v
smow M 0T -110,8%0 10 — 65,2%0 a1 SDv-smow). Ha nuarpamme B xoopaunarax §8'30-0D B
HECKONBLKUX 00pa3liaXx BOJ HAOIIONAETCs MONOKUTENbHBIH caBUr BenmuuHbl 8'°0 (10 3%o),
KOTOpBIM CBUAETEILCTBYET OO0 AaKTHUBHOM H30TOIHOM OOMEHE KHCJIOPOAOM MEXAY BOAOH U

BOJOBMCHIAIOMIUMU IIOPOAAMH B YCIIOBUAX IMOBBIIICHHBIX TEMIICPATYP.

Boowi nnacma I1. Tlo wzotonHoMy coctasy 8'%0, Tak u §D BOJIbI TOX0KH Ha BOJIbI [IACTOB
BK1, 2-3 (ot -10,1%o0 10 -8,4%0 w1 8'®Ov-smow, u oT -73,4%0 10 — 69,6%0 a1 SDv-smow). Ha
JlyarpaMMe B KOOpAMHATax 3!80—8D m30TOMHBIE 3HAYCHHUS JIOXKATCS KOMIIAKTHO BOIM3H GLMW,
U TOINBKO B OJHOM oOOpasiie BOAbI HAOMIOAAETCS HE3HAYUTEIbHBIM MOJNOKUTEIbHBIN CIBUT

BenuuHbl 880 (0Ko0m0 2,5%0).

Boowvi  nnacma FOK2-9. Boasl mnacra HOK2-9 wnMe0T H30TONHBIA  COCTaB,
XapaKTepPU3YIOIIUNACS OOIBIINM pa30poCcOM 3HAYCHUIA, HO C YETKO BHIPAKEHHBIM MOJIOKUTEIHHBIM
capurom BenuuuHbl 880 (10 6,4%0). IIONOXKHUTENBHBIA CABMI MO H30TONAM KMCIOPOZAA
CBUJCTEILCTBYeT 00 aKTUBHOM HM30TOITHOM OOMEHE KHCJIOPOJAOM MEXIy BOIAOW U
BOJIOBMCIIAIONICH TIOPOJAOM, KOTOPBIM MPOMCXOAUT TIPH  IOBBIIIEHHBIX TEMIIepaTypax,
CYIIIECTBEHHO 0oJjiee BBICOKHX, uyeM s Boj tuiactoB BK u 1. Bapuanwmii B ©130TOMHOM cocTaBe

BOJOPO/Ia NPAKTUYECKH HE HAOIIONAETCS.

Boowt nnacma BI2. Bonpl tutacta BI'2 XapaktepusyroTcsi O4eHb BRICOKMMHU 3HAYCHUSIMU

18 0
U30TOMHOTO cocTaBa dDv-smow U 0 °Ov-smow -1,7%o, 1 3HAUNTETEHBIM MOJIOKUTEIBHBIM CIIBUTOM
BenmuuHbl %0 (0K0MO 7%o), KOTOPHIi CBUIETENLCTBYET 00 AKTUBHOM M30TOIIHOM OOMEHeE

KHCIIOPOZOM MKy BOJOW W BOJOBMEIIAIOIIECH MMOPOJAOH MPU OYEHBb BHICOKUX TeMIIEpaTypax.

Boowi nnacma ooropckoco xomnnexca (/[FOK). Bonel mnacra JJFOK pacnanuce Ha nBe
rpynmbl. OHa UMeeT N30TOMHBIN cocTaB Omm3kuii k riactam BK u [1. Bropast rpymnma coBcem He
MOX0a Ha KJIIACCUUECKHUE TUIACTOBBIE BOJBI U €IMHCTBEHHAs! IMEET HAa JUarpaMMe B KOOpANHATaxX
8'80-8D orpunarensHeii caBur BenmuumHBl 8'°0, KOTOpBIM CBHAETENBCTBYET 00 AKTUBHOM
HU30TOITHOM 0OMEHE KHCIIOPOIOM MEXKTY BO/oH 1 ra3oBoit ¢azoit CO2, mpu OOIBIIIOM KOJTHYECTBE
raza B cucreMe. [lonoOHbie 3HaueHus 18-kuciaopoga MOryT ObITH OOYCIIOBJIEHBI HaJIUYUEM B
CUCTEME OTKPBITBIX Pa3JOMOB, O KOTOPHIM MPOUCXOJUT BHEJPEHHE NTyOWHHOTO YIIIEKHUCIIOTO
ra3a B BOJbI TOpPU30HTA. Takoe BO3MOXKHO MPH MIIACTOBO-OJIO0KOBOM CTpOEHUH (PyHIaMeHTa, KoTraa

OT/ETbHBIE OJIOKU TUAPOAMHAMUYECKH Pa300ILEeHBI B IPOLIECCE T€OIOTMUECKON HCTOPHH.

B pe3yiibTaTe aHajin3a HU30TOIMHO-I'COXHUMUUCCKUX (I)aKTOpOB OBLIO MNOJIy4Y€HO, 4YTO B

BUKYJIOBCKOM IIJIACTE YCTAHOBJICHBI 30HBI C BEPTUKAJIBHON Bocxomsmiel ¢uibTpanuei. [lnacts
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0a3aIpbHOTO, TIOMEHCKOTO M JJOFOPCKOTO TOPU30HTOB HECMOTPS HA TO, YTO 3aJICTAIOT HAa OJU3KHUX
IyOMHAaX, coJepKaT MPUHIUIHAIBHO pa3HbIe BOJIBI U, CJIEI0BATEIbHO, B HACTOSIIIUNA MOMEHT HE
UMEIOT JIaTepalbHON (PIIOUIOUHAMUYECKON CBsI3U Mexay co0oil. beimo ormeueHo, d9To
MOJIBEP>KEHBI THIPOTEPMAIBLHOM MPOpaboTKe MiacThl 0a3allbHOTO TOPH30HTA (MHBEPCHOHHBIE
BOJIBI C TMOHWXEHHOW MMHEpalu3alueil), TAe U ceidyac HaOII0mMaeTCsl 3HAUYMTEIbHBIN MPUTOK
duronsia, 0OOraméHHOrO YIIIEKUCIOTOW. Bombl JOIOPCKOro KOMILIEKCa, Jake HpU YCIOBHH
BO3MOXKHOM MPHUMECH BOABI M3 BHUKYJIOBCKOH CBHUTHI BCIEICTBUE HEHJCATbHOW W3OISALUU
MOCJICIIHEW, HE MOXO0XKHM Ha TUIACTOBBIC BOJBI M3 BBHIMICNEKANINX TOPU3OHTOB. Jl0rOpCKHE BODI,
€IMHCTBEHHBIC CPEIM M3YYCHHBIX IUIACTOBBIX BOJ, XapaKTEPHU3YIOTCS OTPHUIIATSIIEHBIM CIBHTOM
BemuuHbl §'*0v-smow (-27,2%o), KOTOPBIH CBHIETENLCTBYET 00 AaKTHBHOM M30TOIHOM OOMEHE
KHCJIOPOJIOM MEXIy Bofo# U razoBoii ¢azoit CO2. O6MeH H30TONnaMu KMCIOpOaa MKy BOAOH U
YIJIEKUCIIBIM Ta30M BO3MOXKEH ITPH OOJIBIIOM KotruecTBe ra3a B cucteme (I'amumos 3.M., 1973¢).
[TomoOHBII MTporiecc 00yCIOBIICH HAJIMYUEM B CHCTEME OTKPBITHIX Pa3JIOMOB, 10 KOTOPBIM MOXKET
MPOUCXOJUTH BHEApEHHE NIyOMHHOro QuUIoHaa C YIIEKUCIBIM Ta30M, YTO IMOATBEPIKAAeTCs
OTHOCHUTELHO BBICOKHUM cooTHomenueM >*U/8U - +1,96 (Bomsmakosa MLA. u ap., 2021;

®epponckuii B.W. u ap., 1983).

6.1.4 Sman 4. Onpedenenue 6MOPUUHBIX NPEOOPA3OCAHUIL

Io Oannbim KoMnIEKCHO20 usyuenus 2eoxumudeckux napamempos 63C u 60 e kapbonamnom

mamepuaiie.

ABTOpOM Hacrosiieil paboThel, B COaBTOPCTBE C APYTUMH KOJJIETaMH, MO H30TOIHBIM
MapkepaM Oblla TIpOBEIEHa OIEHKAa BTOPHYHBIX MPOIECCOB B KapOOHATHBIX IOpOJAaxX Ha
MecTopoxkaeHnn KpacHoneHnHckoro cBoja. B kapOoHaTHBIX MHTEpBasax paspe3a omnpeaenéH
M30TOIHBINA COCTaB KUCIOPOA U YIIIEPO/1a, a pe3ynbTaThl onyonukoBansl B padote (Kapnosa E.B.
u ap., 2021). B kapGoHATHEIX MOPOJAaX M30TOMHBIE OTHOINEHUs Kuciaopoaa (1o 80 = 6,2%o
(VSMOW) unu -24%0 (VPDB) cBuaeTenbCTBYIOT 00 M30TOIMMHOM OOMEHE MEXIy MOpOoJol u
GronaoM, KOTOPBIH MOT TPOWCXOAWTH TIPH TIOBBIICHHBIX TeMIleparypax. PaccuntaHHbIE
najeoTeMneparypbl KpUCTAJUIM3ALUMU KaJbLUTa B MHUKPOTpEIIMHAX OTBEUAIOT WHTEpBaIy
temneparyp 110 — 210 °C u omMuaroTcs oT cpeJHUX MajJeoTeMIepaTyp BMEMael mopost 40
— 80 °C, uTo moxATBEPKIAET UIEIO TIPOCAYMBAHUS THAPOTEPMATLHBIX PACTBOPOB BIOJb Pa3IOMOB
U MukporpemH. K HECOMHEHHBIM JIOKa3aTeNbCTBAM MPOSBICHHUS THIPOTEPMAIbHOU
NEeSTEIbHOCTH CTOUT OTHECTH OLIEHKM MHHEpaJoro-neTporpaduyeckoro McCiaeloBaHUus U
HaJIM4re HoBooOpa3oBaHHOTO caneputa (ZnS) u 6apuii-cogepkanmx munepanon (Kapnosa E.B.

u ap., 2021). JpyruM HHIUKAaTOPOM HaJIU4yusi NpeoOpa3oBaHUM OCAJ0YHOM TONLIM NpU
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MOBBIIICHHBIX TEMIICpaTypax OBLJIO HAJIMYUE B KBapueBbIX o6pa3013aH1/1$[x I[ByX(l)aSHI)IX ra3oBoO-

KUJKUX BKJIIOUEHHH ¢ TemrepaTypoii romoreHnsaruu 10 260°C (Kapnosa E.B. u ap., 2021).

Takum 00pazom, MUHEpaJbHAasE aCCOIMAIINSA, U30TOIMHBIN COCTaB KUCIOpOa KapOOHATOB
U BOABI, NMPU3HAKK BTOPUYHBIX IPEOOPa30BaHUN MO M30TOIMHOMY COCTaBy yriiepoaa Hedreit
(bUKCUPYIOT B3aMMOAEWUCTBUA MOPOABI C (UIIOMIOM MpPU BO3MOKHOM BO3JICHCTBUU Ha Heé

THAPOTCPMAJIBHBIX PACTBOPOB C MOBBIIIEHHON OTHOCHUTEJIBHO IIaCTOBOM TeMHepaTypoﬁ.

6.1.5 Oman 5. O606uienue OanHbIX U nOCMpOeHUE (QIIOUOOOUHAMUUECKOU MOOenU

dopmuposanun cpynnsl mecmoposrcoenuii Kpacnonenunckozo ceooa (3anaonas Cuoups)

I1o Oannwbim KOMNIEKCHO20 u3yuenus 2eoxumuyeckux napamempos 6'3C 6 negpmsax u bumymouoax,

080 u 6D 6 600e, 6'°0 6 kapbonammom mamepuane u NOIYYEHHBIX paHee 2e0N02UHECKUX OAHHBIX.

Jlyist onipenienieHusl MyTe MUTPAIMK BO BPEMEHH U 000CHOBaHUS (DIIOMIOAMHAMIYECKOM
CBSI3U KAaK €CTECTBEHHOMW, TaK U TEXHOTC€HHOM MPUPOABI MEXKIY 3aJeKaMU MO BEPTUKAIU U 10
TOPU30HTANU OBLIO MPOBEIECHO CpPaBHEHHE HM30TOMHOIO COCTaBa U CBOMCTB Bcex (IIOMIOB Ha
MecTOpoXKAeHHH. B paMkax mgaHHOW MeETOAMKH Tof ¢IIouIaMu MOAPa3yMeBalOTC HedTh,

OMTYMOW/IBI U3 PA3IMYHBIX OPOJ U IJIACTOBBIE (IIOATOBAPHBIE) BOJBI 3AJIEKH.

BaxHBIM TIEpBOCTETIEHHBIM JTAIllOM SIBISICTCS TPOBEACHUE aHallM3a UCTOPUU PaOOTHI
CKBRKWH, OIpeleyieHre pa3padarThlBaeéMbIX IUIACTOB, HX MOIIHOCTh, a TaKXkKe OIlCHKa
B3aMMOPACTIOJIOKEHHS TUIACTOB B paspe3e. B mporecce pa3paboTKu CyIIECTBYET BEPOSTHOCTH
W3MEHEHUS [IEJICBBIX HHTEPBAJIOB CKBAKWH, B PE3yIbTaTe MOXKET IIPOUCXOIUTH MUTpaIus HeTH
MEXIy TUTACTAMH B XOJI¢ NMPOTEYKU CKBO3b CHCTEMY H30Jsamu. [Ipu pa3paboTke 3auacTyro
OypsATCsS TOPH3OHTANbHBIC WJIM HAKIOHHBIE CKBOXHHBI M Hcronbidyercs TexHonorus ['PII. B
pe3ynbTare B moponax o0pasyeTcst CUCTeMa TPEIIMH, KOTOpasi MOXKET JOCTHraTh MPUJIETAOIMINX

IJI1aCTOB.

Ha mectopoxnenusx KpacHoIE€HMHCKOTO cBO/1a B HEKOTOPBIX CKBaXKMHAX MEXTy IIIaCTOM
OTJIOKEHUHN JOIOPCKOIO KOMIUIEKCA M TYTIEMMCKOM CBUTBHI MOIIHOCTh KpalHE MaJa, I0ATOMY B
ciayyae ['PI1 MmoryT OBITH BOBIIEUEHBI B pa3paOOTKy pa3HbIe CBUTHL. TakuM 00pa3oM, sl aHATH3a
pe3ynbTaToB He(TH M BOABI M3 OMPENEIEHHOIO IJacTa CKBXXMHBI HEOOXOIMMO TMONYYUTh
IpEeACTaBICHNE O BOBMOXHBIX (PakTOpax, KOTOPbIE MOIVIM MOBIUATH HA OTKIIOHEHUE PE3YIbTaTOB

OT XapaKTCPHUCTHUK aBTOXTOHHBIX (1)J'IIOI/II[0B.

KomriiekcHble  aHaIUTHYECKUE HCCICOOBaHUA (I)J'IIOI/I,Z[OB, pacqéT TCHCTHYCCKUX

KO3((UIMEHTOB, B TOM YHCIIE€ U30TOMHBIX MAapKepOB, MapaMeTPOB BTOPUUHBIX MPEOOpazoBaHUN
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He(Tel, YYUTHIBAIONIMX IPOLECCH OWonerpagalii W KOHTAMHHAIIWH, TO3BOJHIIN OIICHUTH

TEPMUYECKYIO0 UCTOPHIO TIpeoOpazoBanus ncxomanoro OB.

D KameHHoe 3an. J1Y

BbicTynbl hyHaameHTa
Paznombl

[pynnbi NO U30TONHOMY COCTaBy
yrnepoay
1

® °
O 3

w2225 M

2480

Hed v BbICOKOM
3penocTu

Pucynok79. Pacnpedenenue munos negpmu na cmpykmypHOU n08ePXHOCMU KPOBIU MIOMEHCKOLL
ceumvl (Kpacnoea E.A. u op., 2024b). Ipynner negpmeii no 3perocmu Ovliu 0603HaueHbl NO
(Ocunos K.O. u dp., 2023) u coomsemcmayrom 8vi0e1eHHbIM 2PYNNAM NO U30MONHOM) COCIABY

yenepoda (Hegpmu: 1 epynna — @vicokoi, 2 epynna — cpeonell, 3 2pynna — HU3KOU 3peiocmu).
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PesynbraThl 3THX KOMIUIEKCHBIX AHAJIMTHUECKUX HWCCIEAOBAHHWA OIyOIMKOBaHBI B padoTax:
(Kapnosa E.B. u np., 2021; Ocunos K.O. u ap., 2023; Tuxonosa M.C. u ap., 2021; ®omuna M. M.
u 1p., 2021 u apyrue).

JUis  moCTpOeHHs  KOMIUIEKCHOM — (IIOMJOJMHAMHYECKON  MOJENN  YUYUTHIBAIUCH
XUMHYECKUE M HW30TOMHBIC IIOKa3arenu BceX (UIIOUI0OB MECTOPOXKICHHA. B  pesynbrare
COTOCTABJICHHSI MTOMYYEHHOW T'€OXUMHUYECKOH MH(OpPMAILIUK C TeONIOTUYECKOW MHTepIpeTanue
paiioHa paboT OBbLIM C/I€TaHbI BEIBOJIBI O HAJIMYHMHU MPOBOISIIMX KAaHAIOB, PA3JIOMOB CTPYKTYPHBIX
HOBerHOCTCI\/’I, KOTOpPBIC MOITIM HWJIM MOT'YT B HACTOAIICC BPCMA BLICTYIIATh B Ka4YCCTBC HYTCI\/II
MUTpanuy  ynieBonopoaoB (Pucynok79). Bwulo Mmoka3zaHO, YTO paclpelesieHue THUIIOB
OpPTaHMYECKOTO BEIIECTBA M0 KaTareHETHUECKOM 3peI0CTH, YCTAHOBICHHBIX 0 TUPOIUTHIECKUM
napamMeTpam B OTIIOXKCHUAX TIOMEHCKOU CBHUTEI, COOTBCTCTBYCT BbIACIICHHBIM I'pYyIIIIaM He(bTefI oo
M30TOITHOMY COCTaBy yriepoga u OmomapkepHbiM mapamerpam (Ocumos K.O. u ap., 2023).
[lepBast rpymnma oTBeYaeT BBICOKOW CTENEHH 3pPEIOCTH BEIECTBA, BTOpas TpyIa — CPEIHEH,

TPEThsI IPyIIa — HU3KOU 3PEIOCTH.

VYcraHOBIIEHO OOpaTHOE TPAIWIIMOHHOMY paclpelieieHue 3pEeIOCTH OpPTraHuYeCcKOro
BEIIIECTBA B TIOPOJIax TyTJICHCKOM (0akeHOBCKOM) cBUTHI B padboTrax (Tuxonosa M.C. u np., 2021;
®omuna M.M. u ap., 2021), 4To TOBOPUT O BIUSIHUH PA3JIOMHON TEKTOHUKHU C MOBBIIICHHBIMU

TETUIOBBIMH ITOTOKAMHU Y aKTUBHOM (DIFOMI0AMHAMUYECKON HA (POPMUPOBAHUE MECTOPOXKICHUS.

B pesynbrare cpaBHEHHs CBOMCTB (UIIOMAOB MEXIy 3aJle)KaMH [0 BEPTHKAIU M I10
TOPU30HTAIM C IIOJYyYEHHBIMM JIaHHBIMM M30TOIHOIO COCTaBa MOXHO IIpeAroJararb
CYIIECTBOBaHME MUTpAIMK (DIIOMIOB MO TPEUIMHAM W HAJIMYHE TEPMAIbHOTO BO3IACUCTBUS B
o0JIaCTSIX, aCCOLMMPOBAHHBIX C HauOosiee 3peNiblM OpraHudeckuM BemecTBoM. Ilpu
UCITIOJIb30BaHUM KOMIUIEKCHOTO MOAXOo/Aa Oblla IMOJy4YeHa HOBas MNPHHLUIHAIBHAS MOJEIb
noBezIeHUs (PIIOMIOB B Ipeesiax MeCTOpoXkaeHus! KpacHONEHMHCKOTO CBOJIa, KOTOpasi MOCTPOEHA

¢ yu€ToMm QIIIoHI0IUHAMUYECKUX CBs3el Ha MecTtopoxacHnn (Pucynok 80).

leoxumuueckue wucciaeqoBaHus (DIIOMIOB XOPOIIO COMIACYIOTCS €  pe3yjibTaTaMu
reoJIOrMuecKuX U apyrux uccinenoBanuil (bonsmakoBa M.A. u ap., 2021; Kaprnosa E.B. u np.,
2021; Kopo6osa H.U. u np., 2023; Ocunos K.O. u np., 2023; CrynakoBa A.B. u ap., 2025;
TuxonoBa M.C. u ap., 2021; ®omura M.M. u ap., 2021), a uMeHHO:

. [Tpu JUTOJIOTUYECKUX HCCTIEIOBAHMSIX 3a(hUKCUPOBAHO HECKOJIbKO
NajeonoBepXHOCTEN 3epKajia YUCTOU BO/IBI B OTIIOKEHUSAX BUKYJIOBCKOM CBUTHI, UTO COIVIACYETCS

C YTBCPKIACHUCM 00 HUMITYJIbCHOM 3allOJIHCHHUU PE3CPBYyapa B HCCKOJIBKO 3TAIllOB
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Pucynox 80. Ipunyunuanvhas moodens ghnroudoounamuueckux cessell 8 npeoenax Kamenwnoi
sepuiunsl Kpacnonenunckoeo ceooa (Kpacnosa u op., 2024b).
. [Tpu AUTONOTMUECKUX U U30TOIHBIX MCCIICTOBAHUAX KapOOHATOB U3 30H Pa3JiOMOB

B BHKYJIOBCKOHW CBHUTE 3a(MKCHPOBAHBI KapOOHATHI HECKOJBKHX T'€HEpAalUi THIPOTepMaIbHOTO
MIPOUCXOXKICHHS, YTO COMIACYETCS C YTBEP>KICHHEM HMITYJIbCHOM 3aIlOJIHEHHHM DPe3epByapa B

HECKOJIBKO 3TAaIlOB U PE3YJIbTaTaMU aHalIn3a IMMPOUCXOXKICHUA BOJ C y‘IéTOM reoTEPMOMETPOB

. B TpemmHax OakeH-a0alaKCKOTO KOMILIEKCa 3a(UKCUPOBAHBI KapOOHATHI
THIPOTEPMAIIBHOTO TPOUCXOXKICHHS, YTO TOATBEPIKIAAET pE3ylbTaThl MOJTYYEHHOTO paHee

H30TOITHOI'O COCTaBa BOJBI.

. JlanHble, TOMy4YEHHBbIE NPU H3YYEHMHM TIIOPOJ JOIOPCKOTO KOMILIEKCAa O
MHOTOKPaTHOM IIPOTPEBE OTIIOKEHUM, TAKKE XOPOIIO MEPEKINKAKOTCS ¢ BBIBOAAMH O CTATUHHOM
3aIl0JIHEHUU pe3epByapa B CUILy TOTO, YTO IPOTPEB AOIOPCKOTO KOMILIEKCA U MOSIBJICHUE MUTPALIAN

MO0 TCKTOHWUYCCKHUM HAPYHMICHUAM MPOHUCXOAWJINW B OJHO U TO KC BpPCMSA U ObUIM CBSI3aHBI C
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TCKTOHUYCCKUMH PCKOHCTPYKOUAMU. MHorounciieHHBIE Pa3pbIBHBIC HApPYUWICHUA B INpcaciax

MECTOPOXKACHUS 3a(pUKCUPOBAHBI CEHCMOpa3BeIOYHBIMU PaOOTaMH.

B pesynaprare mponenaHHONH KOMIUIEKCHOM TI'eOJOro-reoXUMUYEecKoi paboThl ObLia
YTOYHEHA NPUHIUIHAJIbHAS MOAEIb (POPMHUPOBAHMUS 3aJIeKEN UCCIIET0BAHHOTO MECTOPOXKICHUS U
IIPOBEJCHO CpPaBHEHUE C DPaHee NPEUIOKEHHOM CXEMOM MHUIpaluu YIIEBOAOPOAOB Ha
Kpacnonenunckom cBone (I'onuapos U.B. u ap., 2016). [lo cymiecTByromum MpeacTaBIeHUIM
MOIITHAsE TONIA (PPOTOBCKUX IIIUH MEIIAeT BEPTUKAJIHHONM MUTpAlMU BBEPX YIIEBOAOPOIOB U3
6axxenoBckoi HI'MT B Bukynosckue otmioxenus (I'onuapoB U.B. u ap., 2016). I[lo MHeHuro
aBTOPOB, MUIPALUs IO BEPTUKAIM Yepe3 (HPOIOBCKUE MIIMHBI IPOUCXOINIIA U IPOUCXOAUT BBEPX
[0 MHOTOYMCIICHHBIM pa3jioMaM, KOTOpble ObUIM BBIBIEHBI 110 pe3yJbTaTaM HHTEpIpeTaluu
ceiicMMYeCKUX NaHHBIX. Murpamnus (QIougI0B MPOUCXONWIA HE MOCTOSHHO, a NEPUOAHYECKU
3aMupaia U 3aTeéM BHOBb BO30OHOBIsUIach. [loMUMO moATOKa CyXoro rasa, JErKHMX M CPEeIHUX
YIJIEBOIOPOIOB B BUJIE Fa30KOHACHCATHOM CMECHU U3 JAOIOPCKOrO KOMIUIEKCA, TAKXKE, [10 HALIeMy
MHEHHUIO, IEPUOANYECKHU POUCXOAUT MOATOK FHMAPOTepMalbHBIX (piron10B, B ToM umcie u ¢ CO2

u3 opoa (pyHIaMeHTa.

Takum oOpas3oM, B paboTe MOKa3aHbl pe3yJbTaTbl UCIOIb30BAHUS U30TOIHBIX MapKepOB
[IPU PELICHUH TE€OXMMHYECKON THUIHU3ALMU OPraHUYECKOIO BELIECTBA U IMOCTPOEHUS MOJEIIECHU
MUTpanuu  (QIIOUA0B H  (QIIOUIOUHAMUYECKUX PEKOHCTPYKIHA. [IpoBelIeHHOE W30TOIHO-
MOJICKYJSIPHOE HCCIICIOBAaHUE JUATHOCTHKU HWCTOYHHWKA HA(PTHUIOB TO3BOJIMIO COTIOCTaBUTH
BO3MOKHBIE T€HETHUECKHE CBSA3H Pa3HbIX (POPM OPraHUUECKOTo yIiiepoa B Ipeieax 0cagoqyHoro
yexja B Mpenenax MmectopoxkiaeHuii KpacHonenmHckoro cBoga B 3amaanoit Cubupu. beuin
BBISIBJICHBI J[BE TEHETHUYECKHE TPYIIBI YIIEBOAOPOAOB, 3a(UKCHPOBAHBI CIIEIBI CMEIICHUS

BBISIBJICHHBIX TPy U 3apUKCHUpOBaHA BEPTUKAJIbHAS 30HATBHOCTh YIIIEBOJOPOIOB.

Ha ocHoBe wucnonb3oBaHusT KOMIUIEKCHOTO TMOAXOJA M3YYEHUS T'€OXMMHYECKUX
napaMeTpoOB U MOJTYYCHHBIX PAHCC I'COJTOTMYCCKUX JAaHHBIX MPEAJIOKCHA HOBAsA NPpUHOUIIMAJIbHAA
Mozienb QUTFOUAOAMHAMUYECKUX CBSA3EH B Mpezeax MecTopokaeHnii KpacHOIeHHHCKOTO CBOIa,
MOKA3bIBAIOIIAs MUTPAIMIO BBEPX YITIEBOAOPOIOB B BUKYIOBCKHE OTIOKEHUS M3 OaK€HOBCKOM

HFMT, N3 JOOPCKOI'0 KOMIIJICKCA, C IICPUOAUICCKUM ITOATOKOM THAPOTCPMAJIBHBIX (pJ'IIOI/IILOB.

BriBoasl k I1aBe 6

B Hactosmem pasgene ObUIO TPOJEMOHCTPHUPOBAHO HCIIONB30BAHME HW3OTOIHBIX
MapKepoB, KakK JOIOJHHUTEIBHOIO YTOYHSIOUIETO METOAA IPpU TIOCTPOCHHH TIe0JIOoro-

TCOXMMHUYECKUX MOJeNIed MUTparuu (UIFOUA0B ¢ JTUAarHOCTUKOM MX ucTouHWKa. [IpoBeaéHHOE
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KOMITJICKCHOE€ BCECTOPOHHEE H30TOIMHO-TEOXUMHUYECKOE HWCCIICOBAaHUE WCTOYHMKA HedTH,
OMTYMOHUJIOB, BOJbI M KapOOHATHBIX IMOPOJ OCAJAOYHOTO YeXJia B TMpeaenax MECTOPOKICHUS
Kpacnonenunckoro cBona 3amannoit CuOupu MO3BOJIWIO YTOYHHUTH MPUHIUIHAIBHYIO MOAETH
dbopMupoBaHusl 3aJekKeld MECTOPOXKICHHUS. bBbUIO MONydeHO, YTO MHrpamnus (QIoUIoB 10
BEPTUKATIU TPOUCXOAUT dYepe3 (POJIOBCKHE TIMHBI BBEPX IO MHOTOYMUCIECHHBIM Pa3ioMaM.
IToMumoO moaTOKa CyXOro rasa, JIETKUX M CPEAHUX YIIIEBOJOPOJIOB B BHJI€ Ta30KOH]ICHCATHOM
CMECH U3 JOIOPCKOTO KOMILIEKCa, TAK)KE, MPOUCXOIUT MOATOK THIPOTEPMAaTIbHBIX (DIFOUI0B, B TOM

grcie u ¢ CO2 u3 nmopoxn ¢pyHIaMeHTa.

Takum 00pa3oM, MOKHO C(OPMYJIMPOBATH NATOE 3alIUIIaeMoe MoJoKeHue. 30TomHo-
TeOXUMUYECKUE UCCIENOBaHUA 00pa3loB mopod ©  (IOWAOB HAa  MECTOPOXKICHUU
KpacHoneHMHCKOTO CBOAA MOATBEPXKIAIOT (DIIOMIOJMHAMUYECKYIO CBSI3b YIJIEBOIOPOJOB B
OTACJIBHBIX 3aJIC)KaX BI/IKYJIOBCKOﬁ CBHUTBHI U IOFOPCKOTI'O KOMIIJIEKCA C OPraHu4CCKUM BCIICCTBOM
Oa)KEHOBCKOM CBUTBI, a TaKKe CBUACTEIbCTBYIOT O TEPMHUYECKOM MpeoOpa3oBaHUU

OpTaHHUYCCKOT'O BCUICCTBA.
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3AKVIIOYEHHUE

B paGoTe NpoeMOHCTPUPOBAH KOMIUIEKCHBIH MOIXO pelieHus (hyHIaMEHTaIbHBIX 33124
COBpPEMEHHOI He(TAHON TeoNOTHH Ha OCHOBE Pa3pabOTKH IeoIoro-reOXMMHYECKHX KPUTEPHEB
M3MEHEHHs HM30TOMHO-TEOXHMMUYECKUX IapaMeTpPoOB OPraHMYEeCKOTO BellecTBa. M30TomHO-
reoxumudeckue nokasarenu (5'0, §'°C) mo3Bomunu co3aaTh reonoro-reoXMMHYECKUE MOJIETH C
XapaKTEPHCTHKOH IPHPOIHBIX OOBEKTOB, YCIOBHH M MacmTaboB TeHepalHH-3MHUIPAIHHI
YITIEBOJOPOIOB B Mpeenax MCCIeNyeMbIX TEPPUTOPHii, KOTOphIe B JalbHEHIIeM MOTYT OBITH

HCITOJIB30BAaHbI JJI1 OUCHKH ICPCIICKTUB He(bTeI‘a?)OHOCHOCTI/I.

[TpumeHEHHBIE MOIXOABI U30TOMHBIX A(D(EKTOB W alanTanus METOTUKH OTHOCUTEIHHO
M3y4aeMOro 00beKTa MO3BOIMIN MPOAEMOHCTPUPOBATH BOZMOKHOCTH MPUMEHEHUS! W30TOMHBIX
MapKepoB JUIS PEUICHUsS 3a/1ad B He(dTerazoBod reojoruu mo TpéMm OIokam: cTpaTtuuKanus
Pas3spe30B, T'COXUMHYCCKAsA THIH3ALKUA OPraHUYCCKOTro BEIICCTBA U (1)J'IIOI/II[OI[I/IH3MI/IT-ICCKI/IC

PEKOHCTPYKIIUH.
I'maBHbIe pe3yabTaThbl padoThl B 0JI0Ke «cTPaTU(UKALMSA Pa3pe30B) CICAYIOIINE:

1. Tlo M30TONMHBIM AAHHBIM TOJYy4YEHBl HOBbIE CTpaTHUrpadUyecKue pernepHble TOYKH B
paspesax 0IIEHOBBIX, CEHOMaH-TypoHCcKkuX omiokeHuit Kpeima. Ha CeBepo-3anannom Kapkase B
paspe3e TYpPOH-KOHBSIKCKUX OTJIOKEHUH M B KEMOPHUUCKHX OTIOKeHHsX—iora Cubupckoit
wiatgopMbl. B urore ycraHoBieHsl M100allbHbIE COOBITHS IUIAHETAPHOIO MaciiTaba B 30IEHE
(EECO), na rpanunax ceHomana-typoHa (OAE-2), TypoHa-KOHbsSIKa U B BEpXHEKEMOPHICKHX
omioxkeHusax (SPICE u TOCE). BeinonHeHHas OILIEHKa NO3BOJWJIA YCTAHOBUTH JTallbl
TPAHCTPECCUBHBIX U PETPECCUBHBIX COOBITUH, TEMIIEPATYPHBIX (DIyKTyalMii, a Takxke KoneOaHus

OMOMPOTYKTUBHOCTH OacceiHa.

I'naBHbBIE PeE3yJIbTaTbl paﬁoTbl B 0JI0KE «Ire0OXMMHYeCKas THUIIM3AUA OPraHu4€CKoro

BEIECTBA» CICAYIONIHEC:

2. Ha ocHoBe aHanM3a MaccuBa pPa3HOPOAHBIX JAHHBIX ITOKa3aHAa B3aMMOCBS3b MEXIY
CEeIMMEHTAIMOHHOW  LUKIMYHOCTBIO,  OOYCIIOBIIEHHOH  TpaHCTPECCHBHO-PETPECCUBHBIMU
KOJIeOaHUAMU YPOBHS MOpS, U H30TOMHO-TEOXUMHUYECKUMH OCOOEHHOCTSAMM HU3yUYEHHBIX

BEPXHEIOPCKUX OTIOXKeHUH 3armaiHo-Cubupckoro u bapeHIeBoMOpCKoro 6acceiHoOB.

3. BrigBneHsl U cucTeMaTU3UPOBaHbI 3aKOHOMEPHOCTH paclpeiesieHUsl U30TOIOB YITIEpo/ia B
AaBTOXTOHHOM OpPTraHMYECKOM BELIECTBE M CO3[AaHA €AMHAas FeHeTUYecKas KapTHHA Ul €IUHbBIX
nasieoreorpagpuueckux o0cTaHOBOK 3amagHo-Cubupckoro u bapeHneBomopckoro 6acceifHOB

MO3OAHCHOPCKOI0 BPpCMCHHU.
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4. IlpumeHéHHas BIEpBbIE METOAMKA 0TOOpA ra3a U3 ONPENeICHHOTO HHTEPBaIa MO3BOJIMIIA
Ha OCHOBE M30TOIIHOIO COCTaBa yriepoja JeTaJU3UpoBaTh M THUIHM3MPOBATh TI'€HETHYECKHE

IPYMIIBI Fa30BbIX YITIEBOAOPOAOB 0akK€HOBCKOW CBUTHI LIEHTPaJIbHOM yacTH 3anaaHoil Cubupu.

5. BpigBineHa B3aMMOCBSI3b IMPUIIOBEPXHOCTHBIX T'a30BbIX YITIEBOAOPOAHBIX MPOSIBIECHUN C
MCTOYHMKOM HMX IeHepalluu B MpUOpekHOM yacTu roro-zamagHoro Kpeima (Oyxra Jlacmu) u Ha
TeppuTopuu  SIMOyprckoro He(Tera3okOHJEHCATHOIO MECTOpOXJIeHHUs (ceBep 3amaaHoiu

Cubupn).

I'maBHble pe3yabrarbl padoThbl B 0/10Ke «(IIOHI0TUHAMUYECKHE PEKOHCTPYKUIMID)

CIICAYIOLUC:

6. YCTaHOBIEHBI CBA3U MEXAYy He()TEeMaTepHHCKON TOJILEH M yITIEBOIOPOAAMH, a TaKKe
MEXIy (QIIOUAaMU  Pa3HOBO3PACTHBIX KOMIUIEKCOB B IMpelesax TpyHbl MeCTOPOXKICHUN
Kpacnonenunckoro  cBogma B 3amagHod  Cubupu, 4YTO  TO3BOJWIO  yTOYHHTH
GIIONIONMHAMUYECKYI0  MOJENIh  HM3Yy4aeMOro yd4acTKa H  HCIIONIb30BaTh  IONyYEHHBIE

3aKOHOMEPHOCTH IIPH IIPOBCACHNUN 0accelHOBOIO MOACIUPOBAHUA.

IIpoBeneHHBIN aHANINW3 HM30TOMHBIX XapaKTEPUCTUK YIIIEpoJa M KHCIOPOJAa IO3BOJIMII
3apuKCcHUpoOBaTh MAJCOKIMMATHUYECKHE U MaJ€00KEaHOJOTHUECKHUEe COOBITHS OOIIeNIaHeTapHOTO
MacmTaba, 4To aKTyaJbHO KakK Ui JETAIbHOW CcTparurpaduueckoil KOppensuH, Tak u s

N3YyUYCHUA OTJ'IO)KGHI/Iﬁ, OoraThIx OpraHn4€CKUM BEIICCTBOM.

YcTaHOBIEHHBIE 3aKOHOMEPHOCTH U30TOIHBIX XapAKTEPUCTUK UMEIOT KITFOUEBOE 3HAYECHHE
JUIs TIOHMMaHMs MpoLeccoB HedrerazoodpaszoBaHus B peruoHe. IlpencrasineHHsle B pabore
U30TONHO-TEOXUMHUYECKHE II0Ka3aTeNId MPEAOCTaBIAIOT BO3MOXKHOCTb CO3/1aBaTh I'E€OJIOTO-
TreOXMMHUYECKHE MOJIENIN MAJIEONOrpYKEHUs U ITPOrpeBa TOJMIL, YCIOBUH U MacIITaboOB reHepalum-
AMUIpALMK YITIEBOJOPOJOB B IPEIENIAaX MCCIENYEMON TEPPUTOPUU JUIsl OLIEHKHU MEPCIEKTUB €€

HePTEra30HOCHOCTH.

Pesynbrarhl uccieoBaHus CIOCOOCTBYIOT ONITUMU3AIIMY CTPATETUH MMOMCKOB U Pa3BeIKH
erIGBO,Z[OpO,Z[OB, npeaocraBnm HOBBIC I/IHCTPYMGHTBI IJIA OICHKHU He(l)TGFaSOHOCHOFO IIoTCHIIMaJIa
ocaouHbIX  OacceitHoB. be3yclioBHO, HWCKIIOUMTETBRHO KOMIUICEKCHAS ~ MHTEPIpEeTaIus
TCOXUMHUYECKHUX, T€OPU3NUECKUX M TCOJOTMUECKUX JaHHBIX JaeT HauOoyiee MOTHYI KapTHHY
dbopmupoBanusi HeTEra30MaTepPUHCKUX TOINII M UX JETATbHBIX XapaKTEPUCTUK, a IPUMEHEHUE
NU30TOIMHO-TCOXUMHNYCCKHUX MCTOI0B I/I3y‘-IeHI/I$I p3.3p633. ITIOBBIIIIACT ILOCTOBepHOCTB CO31aHHBIX

MOJIEJIEH.
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Ocunos // I'eopecypcor. — 2025. — T. 27. — Ne 2. — C. 93-117. doi: 10.18599/grs.2025.2.8
(2,1 .., apropckmii Bkiaaa 20%). Umnaxr dakrop 0,5 (JIF).

4. Caytkun, P. C. @opmupoBaHue MECTOPOXKACHUM HEPTU W raza JIPEBHUX
HedTerazoHocHbIX O6acceitHoB (Boctounas Cubups). / P. C. CayTtkun, A. B. Ctynakosa, E.
A. KpacnoBa, A. A. Cycnosa, M. E. Bopounun, /[. O. Cmupnosa, A. B. Mopaacosa //
Teopecypcwi. —2025. —T.27. —Ne 2. — C. 161-173. doi: 10.18599/grs.2025.2.13 (0,7 n.u.,
aBTOpcKUii BKaaa 25%). Ummnakr daxtop 0,5 (JIF).

5. CrynmakoBa, A. B. KommiekcupoBaHue pa3HOMAacHITaOHBIX JaHHBIX JUJIS
MOWICKA W pasBelKu MecTopokaeHuid Hedtu u raza / A. B. CrymakoBa, P. C. CayTkuH,
Kanmeikos, I A., Kopo6osa, H.1., M. A. bonemaxkosa, E. A. KpacuoBa, Kop3yn, A.B.,
Mopnacosa, A.B., A. I. KanmsikoB // I'eopecypcoi. —2025. — T. 27. — Ne 2. — C. 186-205.
doi: 10.18599/grs.2025.2.15 (1,0 m.j1., aBropckuii Bkaaa 25%). Mmnakr dakrop 0,5
(JIF).

6. CycnoBa, A. A. Ucropus paszsutusi bapenueBo-Kapckoro pernona B
daneposzoe s onieHku neperektuB / A. A. CycnoBa, A. B. Mopnacosa, P. M. T'unaes, E.
A. Kpacnoga, P. C. Caytkun, H. 1. Kopo6osa, H. C. llleBuyk, A. B. Ctymakosa, A. C.
Arasn, M. A. bonemakoBa, T. O. Konecuuxosa // I'eopecypcor. — 2025. — T. 27. — Ne 2. —
C. 74-92. doi: 10.18599/grs.2025.2.7 (1,1 n.21., aBTopckuii Bkiaaja 25%). Umnakr daxrop
0,5 (JIF).
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7. Boponun, M. E. T'eonmormueckoe cTtpoeHue M yCioBus (HOPMHUPOBAHHS
Me3030HickuX omiokenuit Bocrounoro [IpenkaBkasns / M. E. Boponun, P. C. CayTkuHn, A.
B. CrynakoBa, E. A. KpacnoBa, A. A. CycnoBa, P. M. TunaeB // Hayunwui srcypnan
Poccuiickozo eazosoeo oowecmsa. —2024. —T. 46. — Ne 4. — C. 6-17. (0,5 n.J1., aBTOPCKH I
BkJaja 20%). Umnaxt gakrop 0,549 (PUHLL). EDN: CYNGII

8. Kpacnoga, E. A. [eonoro-reoxummueckasi XapakTepuCTUKa €CTECTBEHHBIX
MIPOSIBJIICHUI YTJIEBOAOPOIOB KOHTHHEHTAJIBHOW OKpauHbl foro-3anagHoro Kpeima, Oyxra
Jlacu / E. A. Kpacnoga, A. A. bynaukos, 1. H. UBanosa, A. . Xypuak, A. C. ['psi3HoBa,
O. B. Kpsuios, T. B. Manaxosa // I'eopecypcor. — 2024. — T. 26. — Ne 4. — C. 83-100.
doi:10.18599/grs.2024.4.13 (2,4 n..1., aBTopckuii BkJaaja 60%). Ummakr dakrop 0,5 (JIF).
EDN: CQUIIV

0. KpacnoBa, E. A. Hcnonb3oBaHue COOTHOIICHUNA CTAOMIIBHBIX H30TOIOB
8180, 8'3C B 3amauax medranoii reomoruu / E. A. Kpacnosa, A. B. Crynaxosa, P. C.
Caytkun, A. B. Kop3yH, M. A. bonbmiakoBa, A. A. CycnoBa // I'eopecypcor. — 2024. — T.
26. — Ne 3. — C. 126-137.d0i1:10.18599/grs.2024.3.14 (1,6 n..1., apTopckuii BKaaa 60%).
Nmnakt daxrop 0,5 (JIF). EDN: MHLVNK

10. Kopo6osa, H. M. OcobGeHHocTu cocTaBa W CTPOCHHUS MPOTYKTHUBHBIX
OTJIOKEHUM BUKYJOBCKOW CBUTHl KpacHOIEHMHCKOTO CBOJa W UX BJIMSHUE Ha
dbunsTpanmonHo-eMkocTHeie cBoiictBa / H. WM. Kopo6oma, H. C. IlleBuyk, E. E.
Kapurommuna, P. C. Caytkun, E. A. KpacnoBa // I'eopecypcoi. —2023. —T. 25. — Ne 2. — C.
105-122. DOI: 10.18599/grs.2023.2.8 (1,6 n.n1., aropckuii Bkiaaa 20%). Mmnakr
daxrop 0,5 (JIF). EDN: UDXCHU

11. Manaxosa, T. B. MOHUTOPUHI MEIKOBOIHBIX CHIIOB y Mbica DuoneHT
(Uepnoe mope) / T. B. Manaxosa, JI. B. ManaxoBa, A. . Mypamiosa, A. A. bynaukos, 1.
H. UBanoga, E. A. KpacunoBa // Oxeanonocus. — 2023. — T. 63. — No 1. — C. 135-148.
doi:10.31857/S0030157423010082 (1,2 n..a1., aBropckuii Bkiaaa 30%). mnakr dakrop
1,826 (PMHLI). EDN: AGTEEO

12. Mamnaxosa, T. B. CpenooOpa3ytomiuii 3¢ ekt my3bIpbKOBBIX Ia30BbIIACICHUN
B ['onty6oit Oyxte (CeBactomnoib, YepHOe MOpE): KUCTOPOAHBIN PEKUM U OaKTepUabHbBIE
marel / T. B. ManaxoBa, A. U. Mypamosa, 1. H. BanoBa, A. A. bynnukos, JI. B.
ManaxoBa, E. A. KpacuoBa, O. PruibkoBa A,, H. B. [Tumenos // I'eoxumus. — 2023. — T.
68. — No 3. — C. 294-305. doi:10.31857/S0016752523030081 (1,1 m.J1., aBTOPCKUii BKJIaJ
30%). Umnakt daxrop 1,322 (PUHLL). EDN: MCZGGW

13. Ocumnos, K. O. Uctrounuku Hedrelt KpacHonennHckoro mectopoxaenus / K.
O. Ocwurnos, M. A. bonsmakoBa, 2. A. A6ns, E. A. Kpacnoa, P. C. Caytkun, A. A.
CycnoBa, M. C. TuxonoBa // [leopecypcvi. — 2023. — T. 25. — Ne 2. — C. 161-
182.d01:10.18599/grs.2023.2.12 (2,4 n.21., aBropckuii Bkiaax 20%). Umnakr gakrop 0,5
(JIF). EDN: HLJFMN
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14. CamconoB, P. O. Ouenka yreBogopoaHOro noreHuuana KpbiMckoro
noyryoctpoBa: cocrossaue u nepcnektuBsl / P. O. Camconos, M. 10. Kapnymwun, O. B.
Kpeuios, A. A. CycnoBa, T. O. KonecuuxoBa, A. H. Cradees, P. C. Caytkun, E. A.
KpacnoBa, . A. lllurosa // l'eopecypcvi. — 2023. — T. 25. — Ne 2. — C. 64-74.
doi:10.18599/grs.2023.2.5 (0,9 n.j1., aBropckuii Bkaaa 20%). Umnaxt pakrop 0,5 (JIF).
EDN: ICUQRI

15. Cradees, A. H. Ilaneoreorpaduueckue npeanochbiku HepTera3oHOCHOCTH
XaayMcKoro ropu3oHTta (HwkHHI onuronieH) [IpenkaBkases. / A. H. Cradees, A. B.
CrynakoBa, E. A. KpacnoBa, A. A. CycnoBa, P. C. Caytkun, f. A. llluroBa, M. E.
Boponusn // I'eopecypcor. —2023. — T. 24. — Neo 2. — C. 89-104. doi:10.18599/grs.2023.2.7
(1,4 n.a1., apropckmii Bkaaja 35%). Umnakt dakrop 0,5 (JIF). EDN: DUGSQX

16. JIeiruna, E. A. DonieHoBas ceiicMUIHOCTh 1 nlaneoreorpadus LleHTpanbHOTO
Kpeima / E. A. Jleiruna, H. B. TlpaBuxoBa, E. P. Uwxosa, T. }O. TBepurunona, E. B.
SxoBummHa, A. M. Hukumuu, M. B. Koporaes, A. B. Tesenes, E. A. Kpacnona, B. JI.
Kocopykos, E. H. Camapun // Becmuux Mockoeckozo ynusepcumema. Cepus 4: I'eonocus.
—2022. - T. 5. - C. 68-77. doi:10.33623/0579-9406-2022-5-68-77 (0,9 n..1., aBTOPCKUii
BkJaja 20%). Ummaxt ¢akrop 0,301 (PUHLL). EDN: UBNDDF

17. SAxosumuHa, E. B. Knumarnueckue QpraykTyaruu U yCaoBUs CEIMMEHTAIIUN
TYpOH-KOHBSIKCKUX oTnoxkeHui Ceepo-3anmagHoro Kaskaza / E. B. SIkopummna, C. .
bopaynos, JI. ®@. Komaeuu, /I. A. Herpeba, E. A. KpacnoBa // Cmpamuepagus.
l'eonocuueckas koppenayusa. — 2022. — T. 30. — Ne 3. — C. 41-6l.
doi:10.31857/S0869592X22030061 (1,6 m..1., aBTopckuii BKaaa 25%). mmakr ¢axrop
1,418 (PUHL). EDN: LQAOTR

18. AxosumnHa, E. B. O rpanuie TypoHCKOrO M KOHBSIKCKOTo sipycoB CeBepo-
3anmagnoro Kaskaza / E. B. Sxopummnua, C. U. bopaynos, JI. ®. Komaeruu, E. A.
Kpacunosa, JI. A. Herpeba // Becmuux Mockosckozo ynusepcumema. Cepus 4. 'eonoeus.
—2022.-T. 4. —-C.34-42.do1:10.3103/S0145875222050179 (0,7 n..1., aBTOPCKHIi BKJIAX
25%). Ummnaxt daxrop 0,301 (PUHILL). EDN: QTVSOD

19. Kapnosa, E. B. I'maporepManbHO-METaCOMAaTHUYECKHE CHUCTEMBI Kak
BaXHEHIMiA QakTtop (HOpMHUpPOBAHUS IIIEMEHTOB HE(PTEra30HOCHOTO KOMIUIEKca B
O6axxeHoBcKo-abanmakckux otnoxkenusix / E. B. Kapmosa, A. O. Xotsines, E. A. Manyunosa,
A. A. Maiiopos, E. A. KpacunoBa, O. B. XotsuieB, H.C. banymkuna, I'A. KanMbikoB, A.
I KanmpikoB // [Teopecypcer. — 2021. — T. 23. — Ne 2. — C. 142-
151.doi1:10.18599/grs.2021.2.14 (0,9 n.71., aBTopckuii Bkaaa 25%). Ummnakt daxtop 0,5
(JIF). EDN: YRMLDU

20. bonbmiakoBa M. A. HWHpopmannoHHash 3HAYUMOCTh TE€OXUMHUYECKUX U
TUAPOTEOJIOTUYECKUX JaHHBIX B HedTera3oBoi reonorun / M. A. Bonbpmakosa, A. B.
Kop3yH, A. B. Crynakoga, P. C. Caytkun, A. I. Kanmbikos, O. A. A6, E. A. KpacHoBa,
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H. A. Xapurtonosa, M. C. Tuxonosa, E. B. Ko3znosa, 1. A. Cannuxosa, T. A. Ps3anosa, 1.
O. benkun. // Teopecypcel. — 2021. — T. 23, Ne 2. — C. 214-220. dot:
10.18599/grs.2021.2.21 (0,7 m.i., aBropckuii Bkaaa 20%). Umnakr dakrop 0,5 (JIF).
EDN: AISKFQ

21. KpacnoBa, E.A. Teonornueckoe cTpoeHWe U majeoreorpapuyueckas
30HAJIBHOCTH XagyMckoro ropu3onTa [IpeakaBkasckoro peruona / E. A. KpacHosa, A. B.
CrynakoBa, A. H. Cradees, H. I1. ®aneesa, H. 11I. SAngapbueB, A. A. Cycnoga, P. C.
Caytkun, M. E. Boponun, I1. b. Crenanos, A. A. Knunmnep, f. A. lllutosa // I'eopecypcai.
—2021. = T. 23. — Ne 2. — C. 99-109.d0o1:10.18599/grs.2021.2.9 (0,8 m..1., aBTOpCKUIi
BKJajg 60%). Umnaxt dgakrop 0,5 (JIF). EDN: OXSBXY

22. CycnoBa, A. A. XapakTepucTHKy He(Tera3oMaTepuHCKHUX TOJIII OapeHIIEBO-
Kapckoro perroHna - ocHoBa 6acceifHOBOIr0 aHaliu3a v Mporuo3a pecypcos/ A. A. Cycosa,
A. B. CrynakoBa, A.B. MopnacoBa, M. A. bonbmakosa, P. C. Caytkun, E. A. KpacHoBa,
K. O. Ocwumnos, T.O. Konecuukoa, C.O. KoBanesckas, A.A. 'mnemymina, K. Diige, T.
Knaycen // [enosoti scypuan Neftegaz.RU. —2021. —T. 2. — Ne 110. — C. 64-71. (0,5 m.ax.,
aBropckuii Bkaaa 30%). Ummnakr daxrop 0,309 (PMHILL). EDN: LVZXUV

23. KpacnoBa, E. A. 130T0nHO-reoOXUMUYECKHE 0COOCHHOCTH pacIpeaesieHus
ra3o00pa3HbIX YIIIEBOAOPOAOB B pa3pe3e OaKEHOBCKOW CBUTHI (F0KHAs 4acTh 3amajHOU
Cubupun) / E. A. Kpacaopa, A. 0. IOpuenko, A. I. KaameikoB, M. M. ®omuna //
Teopecypcwi. —2019. — T. 21. — Ne 2. — C. 153-158. doi:10.15372/g1g2020139 (0,6 n.x.,
aBropckuii Bkiaaja 60%). Umnakr dpaxrtop 0,5 (JIF). EDN: LGVBNW

24. AgetoB, H. P. O B0O3MOXHBIX IpUYMHAX U IPUPOJIE Ta30BbIACIEHUN BOKPYT
ra3oBbIX M  Ta30KOHJEHCATHBIX  CKBAXHWH Ha  Tepputopuu  SMOyprckoro
He(drerazokoHaeHcaTHOTO MecTopokaenus / H. P. Asetos, E. A. Kpacnosa, B. C. SIkymies
// Hayuno-mexnuuecxuti cooprux Becmu eazosoii nayku. —2018. — T. 33. — Ne 1. — C. 33-
40. (0,6 n.a1., aBropckmii Bkaaa 30%). Umnakr dakrop 0,490 (PUHILL). EDN: XTDJRB

25. AsetoB, H. P. Hekotopble 0COOEHHOCTH MPUYCTHEBBIX ra30MPOSBICHUN U3
WHTEpBaJIa KPUOJUTO30HBI Ha TeppuUTOpuu SAMOyprckoro HedTe3aKOHICHCATHOTO
mecropoxknenuss / H. P. AseroB, E. A. Kpacuoa, B. C. fxymes // [a3o6asn
npomviuiiennocms. — 2017. — T. 8. — No 756. — C. 44-47. (0,3 m.j1., aBTOPCKU BKJIAJ
30%). Umnakt dakrop 0,242 (PUHIL). EDN: ZEMTUT

HHble myOaukanumn

26. Malakhova T.V. Passive acoustic monitoring for seabed bubble flows: Case of
shallow methane seeps at Laspi Bay (Black Sea) / T.V. Malakhova, A.A. Budnikov, [.N. Ivanova,
A.L. Khurchak, A.P. Khurchak, E.A. Krasnova // Journal of the Acoustical Society of America. -
2024. — Vol. 156. — Ne 6. - P. 4202-4216. doi:10.1121/10.0034605 (1,2 m.J1., aBTOPCKHIi BKJIaj
20%). Umnakr daxrop 2,1 (JIF). EDN: RSFLFL
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I'1aBbl B KHUTax 1 MOHOTpagusAX

27. CrymakoBa A.B. MHCTUTYT mepcreKTUBHBIX HCCIeAOBaHUA HeTH U Tasza
MI'Y umenu M.B. JlomoHnocoBa. [IpuoputeTHbie HampaBieHus nestenbHocT / A. B.
CrymaxoBa, I'A. KanmseikoB, P.C. Caytkun, A.A. CycnoBa, M.A. bonbmakoBa, M.E.
Bopouun, PM. T'unaes, A.Il. 3aBbsuioBa, A.I. KanmbikoB, M.IO. Kapnymun, A.B.
Kop3syn, H.W. Kopo6oga, E.A. KpacuaoBa, O.B. Kpsuios, M.B. Mansix, A.B. Mopzaacosa,
J1.0. Cmupnosa, B.B. Uynaxuna, H.C. [lleBuyk // H30amenvckuti oom Heopa, Mockea. —
2025. - C. 44 (2,1 n.j1., aBTopckuii Bkiaag 15%)

28. CrymakoBa A.B. Atnac. Ilaneobacceitabl. McTopusi pa3BuTus 0cajgodHbIX
OacceitnoB u ux HedrerazoHocHocth / A. B. CtynakoBa, O.B. bakyes, A.Il. 3aBbsuioBa,
A.A. Cycnosa, B.A. Hukumun, H.W. Kopo6osa, B.B. Bonsuckas, B.B. Uymaxuna, O.B.
KenanoBa, P.C. Caytkun, PM. T'umaeB, A.C. Arasn, T.O. KonecunukoBa, M.A.
bonbmakoa, H.C. Kypauna, E.A. KpacnoBa // U30amenvckuii oom Hedpa, Mockea. —
2024. - C. 220 (25,5 .., aBropckuii BKJiaag 10%).

29. Pavlov, V. E. New Carbon-Isotope, Conodont, and Magnetostratigraphic
Data from the Key Kulyumbe River Section (NW Siberia) and the Problem of Location of
the Cambrian-Ordovician Boundary on the Siberian Platform / V. E. Pavlov, A. V. Dronov,
T. Y. Tolmacheva, E. A. Krasnova, A. N. Larionov // Recent Research on Sedimentology,
Stratigraphy, Paleontology, Geochemistry, Volcanology, Tectonics, and Petroleum
Geology : in 2 vols. / publisher: Advances in Science, Technology & Innovation. — Springer,
2024.—Vol. 2. — C. 787 doi:10.1007/978-3-031-48758-3 12 (0,2 1n.J1., aBTOPCKUI1 BKJIA]
25%).
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