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BBEJAEHUE

AKTyaJbHOCTh padoThl. lllensd mopeit Boctounoit Apkruku (MBA)—
YHUKQIbHBIA  TPUPOJHBIA  KOMIUIEKC, B  TOCJIEIHUE  JIECATUIICTHS
MIPEICTABIISIFONINIA OCOOBI WHTEpEC IS YYEHBIX MPH BCECTOPOHHEM H3YUCHHUH
ApPKTUYECKON KIMMATHUYECKONW CHUCTEMBI U €€ OeCHpeleIeHTHOTO BIHUSHUS Ha
ycuiuBaroneecs: riaodanbHoe moreruieHne. CaMblii IIMPOKUNA M MEITKOBOJHBIM
menb($ B MUpOBOM OkeaHe, 0OJIbIIasi 9acTh KOTOPOTO TOJCTHIIAETCS TTOBOTHOM
MEpP3JI0TOMN, MPEACTABISAET OO0 HE TOMBKO YHHUKAIBHOE XPAHUIIUILE OTPOMHOTO
KOJIMYECTBA OPTraHUYECKOr0 YIiiepoa B pa3inuHbIX (GOpMax, HO TAKXKe SBISETCA
OCHOBHOM MCTOYHHKOM MeTaHa B aTMochepy pernona (Shakhova et al., 2010a).

[TocTrenenHoe pa3pylieHue apKTUYECKOW BEYHOW MEP3JIOTHI ITPOBOLUPYET
BBICBOOOKJICHUE  3HAYUTENIbHBIX OOBEMOB OpPraHMYECKOro yriepojga u
BOBJICUCHUE UX B COBPEMECHHBIH OMOTCOXMMHYECKHHA LUKI, B PE3yJbTaTe Yero
BOJIa apKTUYECKUX MOpeil oloramaercst YIJIEKHCIbIM Ta30M, a B armochepy
BBIICIIAATCS OrpoMHOE KoimuectBo merana (Semiletov et al., 2007; Vonk and
Gustafsson, 2013, Shakhova et al., 2010ab u ap.). [Toromy B HacTosIIee BpeMmsI
ocoboe  3HAYeHHE  UMEeT  MCCIEJAOBaHME  MPUPOJHBIX  MEXAaHU3MOB
(GYHKIIMOHUPOBAHUA  APKTUYECKOW  OMOTCOXMMHUYECKOW DKOCHCTEMBI  Ha
pPETMOHAIEHOM yYPOBHE C MPUMEHEHHEM Pa3IMYHBIX METOJOB M aHAITUTUYECKUX
noaxoqoB. OpraHudeckoe BEUIECTBO COBPEMEHHBIX JIOHHBIX  OCaJKOB,
aKKyMYJHPYIOIEe TeTePOTeHHbIE CUTHAJIBI PAa3IMYHBIX MPOIECCOB TPAHCIIOPTA U
TpaHchOpMaIMK YTIIepOia, SBIAETCS UHIUKATOPOM YHUKAIBHBIX PETHOHABHBIX
0COOECHHOCTEH celMMEHTOreHe3a 1 JuareHesa ocaakos. VMcnonabs3zoBanue HaOOpoB
BBICOKOTOUHBIX MOJEKYJISPHBIX W H30TOMHBIX HWHCTPYMEHTOB TO3BOJISET
MOJIYYUTh BaXKHYI0 HHGOPMAIMIO O BKJIQJ€ AUIOXTOHHOM W aBTOXTOHHOU
KOMIIOHEHTHI B COCTaB OPraHUYECKOrO BEIIECTBA, YTOUYHUTH OCOOEHHOCTH €ro
pacmpeeNnenus, B TOM YUCie B 30HaX JOKYMEHTHPOBAHHOW aKTUBHOU pa3Trpy3Ku
BOCXO/JISIITUX Ta30BBIX (IFOUIOB, M, TAKUM 00pa30M, BHECTH BKJIaJ B IOHUMAaHUE

OTACJIBHLBIX 3JICMCHTOB COBPEMCHHOI'O APKTUYCCKOT'O IIMKJIA YIJI€poaa.
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IlemecooOpa3HOCTh TAaKWUX HCCIEAOBaHUM OOYCIOBJICHA W MPUKIAAHBIM
3HAQYEHUEM. Y CIICIIHBIN ONBIT IPUMEHEHHSI MOPCKUX T€OXUMHYECKUX MTOMCKOBBIX
TEXHOJOTHH 3apyOeKHbIMU KommaHusiMu (Mekcukanckuii 3amuB, FOxHO-
Kuraiickoe mope, OXoTckoe MOpe U Jp.) B HaCTosIIee Bpemsi 00yclIaBIUBaeT
MOBBILICHHBI MHTEPEC U OTEUECTBEHHBIX HEAPOIOJIb30BATENEH K PACIIUPEHUIO
MPOrPaMMbI T€OXUMUYECKUX HCCIEAOBAHUMN B IMOJPHBIX MIUPOTAX, & UMEHHO —
MOPSX BocTounoit ApPKTUKHU Kak HanMEHee M3yUYECHHOM, HO
BBICOKOIIEPCIIEKTUBHOM apKTUYECKOM peruoHe. OUYeBUIHO, UYTO TMOIYYEHHE
HOBBIX JIaHHBIX O TEOXHMHUUYECKHUX OCOOEHHOCTSX OPraHUYECKOro BEIIECTBA
JIOHHBIX OCAJIKOB, MJACHTHU(UKAIMK BO3MOXHBIX HCTOYHHKOB YTJIEBOJOPOJIOB B
MMOBEPXHOCTHOM CJIO€ Y U3Y4YEHHUE MPOLIECCOB, OTBETCTBEHHBIX 32 (hOPMUPOBAHUE
oOIIell TreOXMMUYECKOW KapTHHBI, SIBISIIOTCA  HEOOXOJIMMBIMU  dTallaMu
UCCIICIOBAHUM apKTUYECKOM HSKOCHUCTEMBbl C TMO3UIUMU He(PTerazonomucKoBOu
TEOXUMHUH.

Heanb padoThbl: H3yuyeHHE TE€OXMMHUYECKUX OCOOEHHOCTEH OpraHWyYecKoun
KOMITOHEHTBI COBPEMEHHBIX JOHHBIX OCAIKOB B MOPAX BOCTOUHON ApPKTHKHU.

JIJist mOoCTHKEHUsT JTAaHHOM 11e/i ObUTH TIOCTaBIICHBI cieaytomue 3aaauu: (1)
N3yunth OCOOEHHOCTH JIMTOJIOTMYECKONW CTPYKTYpPbl JOHHBIX OCaJKOB B MOPE
JlanteBbix W BocTouHO-CHOMpPCKOM MOpe ¢ BBIIBUTh B3aUMOCBSI3b C
CoZiepKaHWEM B HHMX oOpraHuueckoro yrieposaa; (2) HMcciemoBaTh W30TOMHBIHM
COCTaB OPraHWYECKOI0 YIIIEpOJia JOHHBIX 0CaaKOB Mops JlanTeBbix 1 BocTouHO-
Cubupckoro wmops; (3) HcciaemoBaTh MOJNEKYISPHBIA M H30TOIHBIA COCTaB
OpPraHUYeCKOM KOMIIOHEHTBI JOHHBIX OCAJKOB B 30HAX JOKYMEHTHUPOBAHHOU
pasrpy3ku  Ta3oBoro  (QuiroMga W ONPEACIIUTh  OCHOBHBIE  (haKTOPHI,
KOHTpoaupyrolue ee cocras; (4) MccnenoBarh M30TONHBIA COCTaB yriiepoaa H
BOJIOpOJIa METaHa, BBIJEJIEHHOIO W3 JOHHBIX ocaakoB; (5) Omnpenenutsb
MH()OPMATUBHBIE T'E€OXUMHUYECKHME OCOOCHHOCTHM OPraHMYECKOro BEIleCTBa
JIOHHBIX OCAJIKOB JIJIsl yCTAHOBIICHUS TeHe3uca (Irrona.

@DakTHYECKUII MaTepHaJ W MeToAbl HucciaeaoBanus. DakTUyecKuMm

MATCpUaJIOM IJIsI  HMCCICAOBAHUA TTOCIYKHUIIN 06pa3u51 JOHHBIX OCaJKOB,
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oToOpaHHble Ha Ienbde Mopeil BocTouHO ApPKTHMKH BO BpeMsi COBMECTHBIX
HAy4YHO-UCCJIEIOBATEIbCKUX JKCIEIULIUNA, OPTraHW30BaHHBIX M BBIIOJHEHHBIX
MexayHapoiHOM Hay4HO-00pa3oBaTeIbHOMI naboparopuei yriiepoaa
apktudeckux moperr TIIY u JlaGoparopueil apkruueckux uccienoBanuii TOU
JIBO PAH.

OTOGop [MOHHBIX OCaJKOB MPOBOAWIICS JAHOouepnareneM Van Veen,
(moBepxHOCTHBIHN ciioi) U KopepoM «GEMAX» (kepH).

B nmpo6ax qOHHBIX 0CaKOB aHATU3UPOBAIIHCH:

— MOJIEKYJISIPHBI COCTaB AKCTPAKTOB. AHAJINU3bI BBIMOJHSIUCH METOJIOM
xpomarto-macc-criekrpomerpun Ha mpudope SCION 436 GC TQ, "Bruker");

— COJEpXaHUE OPraHWYeCKOro M MHUHEPAIBHOIO YIJIEpOAd, a TaKkKe
KoamuecTBo JeTyunx coequnenuit («Rock-Eval 6 Turbo», VINCI Technologies);

— KOMITOHEHTHBI COCTaB Ta30BBIX (QUIFOMOB M M30TOMHBIA COCTaB
yriaepojia u Bojopoaa MeraHna. ['azoxpomaTtorpaduyeckuii aHaiu3 BBIMTOIHSIICS
Ha xpomatorpade Kpucramn 5000, oGopynoBanHom wmoxayiem [TUI-ATII.
OmnpeneneHre M30TOMHBIX COCTaBOB YIJEpOJa U BOAOPOJA MPOBOJUIN METOI0M
GC-C-IRMS Hna wuzotonHoM Macc-criektpomerpe DELTA V. ADVANTAGE
(Thermo Fisher Scientific, CIIIA), k kotopomy uepe3 uHTepdelCcHbI 00K
ConFlo IV npucoepunsiics razoBbiii xpomarorpap TRACE GC ULTRA,
obopynoBanHbIi 6;10koM GC Isolink;

— M30TOMHBIA cocTaB opranuueckoro yriepoaa (6013C) Ha H30TOMHOM
Macc-criektpomerpe «Delta V Advantage», «Thermo Fisher Scientificy;

— TpaHyJOMETPUYECKHM COCTaB YacTHI] C TOMOIIbIO JIA3€PHOTO
mupakuroHHoro  aHanuzaropa «Mastersizer  3000» B reosioru4eckoi
nabopatopun CTOKTOJIBMCKOTO YHUBEPCHUTETa, a TaKXKe C HCIOIh30BaHUEM
JazepHoro audpakiMOHHOTO aHanu3zatopa «Analysette 22  Fritsch» B
naboparopuu apkruueckux uccienoranuii TOU JIBO PAH;

— yIenbHas TUIONIAJh TOBEPXHOCTH C TIOMOIIBI0 aBTOMATHYECKOTO
aHajau3aTopa yJeabpHON moBepXHOocTU U nopucrtoctd Gemini VII ¢ mpumMeHennem

crtangaptHoro meroga bOT (bpynayspa-Ommera-Temnepa).
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AHanu3bl BBINOJHSJIUCH B  MEXKIYHAPOJHONW HAy4YHO-00pa30BaTEIbHON
nabopaTopuu u3ydyeHus: yriepoja apkruyeckux mopeit TIIY, B mabGoparopun
reoxumun U 1miaactoBeix HePreir OAO «TomckHUIIMHepTHY, B MabopaTopuu
apktudeckux uccinegoBanuit TOM JABO PAH, a Ttaxxe B nabopaTopusix
IenapTaMeHTa Hayk o0 OKpYKaloIled cpeae W aHAUIUTUYECKOW XUMHH

CTOKTrOJIbMCKOTO YHUBEPCHUTETA.
OcHOBHBIC 3alIUIIAeMbI€ T10JIOKEHHS.

1. Ha ocHoBanmm ©Habopa MOJEKYJSPHBIX ¥ H30TONMHBIX IapaMeTPOB
YCTAHOBJICHA MOJUT€HETUYHOCTh OPraHUYECKOW KOMIIOHEHTBhI JOHHBIX
OCAJIKOB JIAIITEBOMOPCKOTO TIOJIMTOHA C MpeodialaHueM TEpPPUTECHHOTO
BKJIa/la, OOYCIIOBJIEHHOTO peruoHaibHo Mopdoiorueil. IloBblmieHue
OTHOCHUTEIBHON KOHUEHTPAlUH TOMAaHOWAOB HEMOCPEACTBEHHO B TOYKaX
ra3onposIBICHUA CBUJETEIBCTBYET O BO3MOYKHOM JIOKAJIbHOM pa3BUTUHU
KOJOHUM  MeTaHOoTpodoB.  MaeHTudunupoBaHHble B IKCTpaKTax
COCIMHEHNS, HETUNUYHBIE JJII COBPEMEHHBIX JOHHBIX OCAJIKOB, MOTYT
OBITh ~ UCIIOJB30BaHBI B KA4eCTBE  MapKepoB  HAPTUIOTCHHBIX
yIJIEBOAOPOJIOB.

2. CocTaB HACBHIIIEHHBIX YTJIEBOJAOPOJIOB B pa3pe3e COBPEMEHHBIX OCAJKOB B
paiione bbikoBckoro mosyoctpoBa (MBamkuHa jaryHa) ykasblBaeT Ha
JTOMUHUPOBAHHE BKJIaJla BBICHIEH HA3€MHOM PACTUTEIBHOCTH MpH
HAaKOILJIEHUU OPraHU4YeCKOT0 BELIECTBA.

3. M3otonHblii cocTaB yriepoga M BOJIOPOJia METaHa, W3BICYEHHOTO U3
JOHHBIX OCAJKOB B CEBEpHOW 4YacTu Mops JlanTeBbIX, yKa3bIBa€T Ha
MPEUMYIIECTBEHHO MUKpPOOHAIIbHYIO IPUPOAY bmronna.
[IpeanonoxxuTensHo0, OCHOBHBIM HCTOYHUKOM OWOT€HHOTO METaHa B
JTAHHOM palloHE MOTYT CUMTAaThCs J1eCTAaOMJIM3UPOBAHHBIE Ta3TUpaTHBIC
3aneku. TeM He MeHee, IUPOoKHit pa3opoc 3Hauenuit 613C (ot -65 mo -103
%0) 1 0D (ot -200 mo 350 %o) yKa3pIBaeT Ha BO3MOXKHOCTH CMEIICHHUS

(IFOMIOB C pa3IMYHBIM T€HE3UCOM.
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Hayynasi HOBHM3HA. YCTaHOBJEHAa B3aWMOCBS3b  JIMTOJIOTMYECKHUX
XapaKTEepPUCTUK M COJEP)KaHUS OPraHUYeCcKOro yriepoja Ha OOIIMpHON
Tepputopun Boctouno-Cubupckoro menbda ¢ IpUMEHEHUEM TOMOTHUTEILHOTO
napaMeTpa — yJeJIbHOW IUIOIIAAU MOBEPXHOCTU 3€PEH OCaJiKa, KaK OJHOIO M3
KITFOUEBBIX ()aKTOPOB, KOHTPOJIUPYIOIIMX €0 COPOIIMOHHYIO CITOCOOHOCTD.

B coBpemMeHHBIX JOHHBIX OCaJKax AETaJbHO HMCCIEAOBAaHBI OCOOEHHOCTU
COCTaBa OPraHUYECKONW KOMIOHEHTHI JJIA MPEICTABUTEIBLHOIO JIAIITEBOMOPCKOTO
MOJINTOHA — palioHa JOKYMEHTHUPOBAHHOW pa3rpy3k Ta3oBbIX ¢mronnoB. Ha
OCHOBAaHWH KOMILUIEKCHOT'O aHaJM3a MACCUBA T€OXMMHYECKUX JIAHHBIX BBISBJICHBI
OCHOBHBIE HCTOYHUKH OPraHUYECKOrO BEIIECTBA B HCCIEAYEMOM paloHEe, a
TAaK)K€ YCTAHOBJIEHbl IPU3HAKA BO3MOKHOM MUIPALMH YTJIEBOJOPOJIOB U3
HIKEJeKAIUX TITyOUHHBIX ToJl. [IpoBei€HHBINA U30TOIHBIN aHAIN3 YTIepoia U
BOJIOPOJIa METAHA yKa3aJl Ha MPEUMYILECTBEHHO MUKPOOUAIbHYIO IPUPOIY Ta3a.

Teopernueckas " NMPAKTHYECKasA 3HAYMMOCTh padoThI.
VYcTaHOBIEHHBIE AaBTOPOM TI'E€OXMMHYECKHE OCOOCHHOCTH JOHHBIX OCaJKOB
menbpa BocTouHON ApPKTHUKH, B TOM YHUCJE OINPEACIICHUE MOJEKYJISPHOIO WU
M30TOIHOIO0 COCTaBa YIJIEBOJAOPOAHBIX COEAUHEHUN, YTOUHSIOT PErHOHAJIbHbBIC
3aKOHOMEPHOCTH CEIMMEHTALUM W PACIpPEEIICHNs OPTraHMYECKOTO BELIECTBA,
BHOCSIT BKJIaJl B YCTAHOBJICHHE MCTOYHMKOB OPraHUYECKOrO BEIIECTBA B 30HAX
pasrpy3Kd Ta30BBIX (UIFOMIOB U HAa COMPEACNbHBIX TEpPpUTOpHsX. Pe3ynbraTs
UCCJIEIOBAHMS TaKXe MPEACTABISIIOT MPAaKTUYECKU HMHTEpeC ISl pPEeLICHUs
MPUKIIAIHBIX 3a]1a4 He()Tera3onorucKoBOM reoXuMuu B BocTouHoit ApKTHKE.

AnpobGauus padorsl. [lo Teme muccepranuu omyodaukoBaHo 15 pabort, B
TOM 4ucje 2 CTaThu B XXypHanax, BXomsammx B mepeueHb BAK u 3 crateu B
KypHaIax MepBOTro KBApTHIISL, HHACKCUPYEMBIX 0a3aMu gaHHbIX SCopus u Web of
Science.

Pe3ynbTaThl uccneAoBaHW ObUIM TPENCTABICHBI HAa POCCUUCKUX U
MEXIyHApOaHbIX KoHpepenimsax u Gopymax: AGU Fall Meeting (CILA, r. Can-
Opanrucko, 2015), XIX, XX, XXI MexayHapoIHbIX HAy4YHBIX CHUMIIO3UyMax

CTYACHTOB, aCIIUPAHTOB M MOJIOJBIX YYCHBIX HMMCHH dKaJICMHUKa M.A. VYcoBa



9

«IIpobGnembr reonorun W ocBoeHus Henp» (r. Tomck, 2015-2017 rr.),
MexayHaponHoii HayuyHod koHbepeHuun «Hayka Oynymero» (Kazanb, 2016),
[leppoM MexayHapogHOM KoHrpecce YHuBepcutetre Apktuku (CaHkT-
[TerepOypr, 2016), X MexayHapoaHol Hay4dHOM KoHpepeHIuu «['eosorus B
pazBuBarommeMcs mupe (Ilepms, 2017), MexaynapogHoM popyme, TOCBSIIEHHOM
U3YYEHUI0 OMOT€OXMMHYECKUX MOCIEACTBUN JAErpajallii BEYHOM MEP3JIOTHI B
Cesepnom Jlegosutom okeane (r. Tomck, 2016), IX, X Beepoccuiickux HayuyHBIX
MOJIOIKHBIX KOH(PEPEHLUAX C MEXKIYHAPOAHBIM Yy4YacCTHEM C D3JIEMEHTaMH
Hay4HOM 1mKoJbl uMeHu npodeccopa M.K. Koposuna «TBopyecTBO IOHBIX — HIar
B ycnernrHoe oyaymiee» (r. Tomck, 2016-2017).

Takxke pe3ydabTaThl HCCIEIOBAaHUN  JTOKJIAABIBAIIUCh HA  HAYYHBIX
cemMuHapax Kadeapbl TEOJOTMM U Pa3BEIKH TMOJE3HBIX HMCKOMAeMbIX U
MexkaenpanpHeix — cemuHapax T[IIY u  nabopaTopum  apKTHYECKHX
uccienopanuit TOU JIBO PAH.

[To Teme uccnenoBanuii aBTOp MPUHUMAIA YYaCTHE B BBIIIOJTHEHUH padOT
no wMerarpanty IlpaButensctBa Poccuiickoit denepaunu (I'pant Nold
750.31.0012) u rpanty Poccuiickoro Hayunoro ¢ounaa (I'pant Nel5-17-20032).

JInunbiii BKJIag aBTopa. Pabora ocHoBana Ha m3ydeHun 120 oOpasmos,
MOJIYYCHHBIX B XOJIE MHOTOYHCJICHHBIX KOMIUIEKCHBIX JKCIICIUIMOHHBIX padoT
2008-2016 rr., B ToM ymucie ¢ yyactueM aBTopa. B mepuon 2014-18 rr. aBTOp
IpolIa HECKOIBKO CTAXUPOBOK B JAOOPATOPUM M€OXUMHH U TUIACTOBBIX HedTen
OAO «TomckHUIINHepTs» u B mnabopaTopusx jAemapTaMeHTa HayK o0
OKpYXalolleh cpelie U aHaTUTUIeCKOM XUMHUH CTOKTOJIBMCKOTO YHUBEPCHUTETA,
rae Oblla MOJydyeHa 3HAYMTEIbHAs YacTh IMPEACTABICHHBIX B padorte
pE3yNbTATOB.

[Ipu yuyactum aBTOpa OBUIM MOJY4YEHBI M 0OOpabOTaHbl PE3yJIbTATHI
IPaHyJIOMETPUYECKOTO, XpPOMaTO-Macc-CleKTPOMETPUUYECKOTO,
MUPOJUTUIECKOTO, M30TOMHOTO AaHAJIW30B OPraHMYECKOTO BEIIECTBA JOHHBIX
OCaJIKOB, a TaKXe aHajlu3a VYACJIbHOM TOLIAAM TOBEPXHOCTU 3€pEH,

OTIpEIEISIONIEN X COPOIIMOHHYIO CITOCOOHOCTb.
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ABTOpPOM JTUYHO MPOBEICHA CTaTUCTUYECKass 00pabOTKa U MHTEpIpeTaIUs
MOJIYYCHHBIX PE3YyIbTaTOB U CHOPMYIMPOBAHBI 3alIUINAEMbIE TOJOKEHUS,
IIPE/ICTABIICHHBIE B AUCCEPTALIMOHHOMN padorTe.

Ctpykrypa U 00beM auccepramum. Jlucceprauus wuznoxeHa Ha 143
CTpaHUIlaX MAIIMHOMUCHOTO TEKCTa, COCTOUT U3 BBEACHUS, MAITU TIJaB,
3aKJIIOUEHUS, CIIUCKA JUTepaTypsl 3 230 UCTOYHUKOB, COJEPKUT 36 PUCYHKOB H
9 tabmuir.

baarogapHocTn. ABTOp HCKpeHHE OJaroJaputr CBOETO HAYYHOIO
pykoBoauTens A.r.-M.H., npodeccopa ['onuapoBa HMBana BacunbeBuua 3a
BCECTOPOHHIOIO MOJICPKKY U IMOMOIIh TPU HATUCAHUU JuccepTauu. [ my0okyto
MPU3HATEILHOCTh aBTOP BbIpa)KaeT J.T.-M.H., npodeccopy MaszypoBy AJieKcero
KaprioBruuy 3a HEOlIEHHMMYIO MOJJIEPKKY U 3a00Ty Ha BCEX dTalax MOATOTOBKU
paboTHI.

OcoOyto 651aro1apHOCTh 3a MPOBEACHHE AHATUTHYECKUX paboOT aBTOp
BbIpaxkaeT HaydyHoMmy coTpyaHuky MHOJI MUYAM xk.x.H. 'punbko A.A. u
3aBEAYIOLIEMY CEKTOPOM M30TOMHOM MAacCC-CIIEKTPOMETPUHU OAO
«TomckHUIMNHepTs» K.X.H. Bexmuuy M.A. ABTOp Takxke Onarogapur 3a
IICHHBIE COBETHI M KOHCYJbTallMU CcOTpyAHuKoB Kadenper ['PIIN n.r.-m.H.
Bopommnosa B.I'., k.r.-m.H. Ilepesepraisio T.I'., k.r.-m.H. Hemomuesko H.M.,
Py6ana A.C.; coTpyaHukoB nabopaTopuu apKTUdeckux wuccienoBanui TOU
JABO PAH, a umenno a.r.-m.H. [ynapesa O.B., k.r.1. Ilyrau C.IL., k.r.H. IIunko
N.N., llepbakopy K.II. ['myOoKyt0 NpU3HATEIBHOCTH ABTOP TAKKE BBIpaXKaeT
I.T.-M.H., BeayueMmy HayuHomy cotpyanuky MHOJI Y AM Illaxosoii H.E.

OcoOyro  OnmarogapHOCTb ~ aBTOP  BBIPAXAET CBOEMY  HAy4YHOMY
KOHCYJIbTAHTY, PYKOBOJUTEIIO MEXKIYHAPOJAHOW JabopaTopuu HW3Yy4YEHUS
yriepoaa apkrudeckux moper TIIY a.r.H., npodeccopy, dieH-KOPPECIIOHCHTY
PAH CemuneroBy MHWropro IlerpoBuuy 3a KIHOYEBYIO pPOJIb B Pa3BUTHH
apkTudyeckux uccienoBanuii B TIIY M BCECTOPOHHIOW JUYHYIO NOAAEPKKY

aBTOPA.
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1. KPATKASI UCTOPUSA UCCJIEIOBAHUM

HccnenoBanusi JOHHBIX OCaakoB Moped BocTouHOWl ApPKTHUKH BIUIOTH J10
cepeaHbl XX~ BEKAa  HOCWIM  DJMOU30JUYECKUN  XapakTep  BBHIY
TPYAHOJIOCTYITHOCTH OCHOBHOW YacTH PErMOHAa M OBbUIM MNPEUMYIIECTBEHHO
HaIpaBJjeHbl Ha COCTaBJICHUE OOMIMX TUAPOrpapUUEecKUX U T'eOJIOTHYECKUX
xapaktepucTuk. [lepBbie onucanuss Obun monydeHsl B 1910-1911 rr. B xoxe
JKCIeauuu  Ha sepokonax «Bamrau» u  «Taimeipy. Ilocnenyromme
poOOOTOOPHI  COBEpIIANMChL TOJBKO C 1932 roma, korma OBUIM BBEICHBI
peryisipHble perchkl o CeBepHoMy MopckoMy IyTH, TPOXOAUBILIEMY YEPE3 MOPE
JlanteBbix U Bocrouno-Cubupckoe mope. Tak, B 1930-1940-x romax ObuIH
BBITIOJIHEHBI POO0OTOOPHI Ha Jiefokoax « CeBepHblii nmomtoc» u «Kpacuny.

OOHOBJIEHHE TEXHUYECKOM UM TEXHOJIOTMYECKOW 0a3, cTpeMJeHuEe K
Pa3BUTHIO  TOCYJIapCTBEHHOTO CBIPBEBOI'0 NOTeHIMaIa  0003HAYMIIO
HEOOXOJIMMOCTh PAaCIIMPEHUs] MPOBOJUMBIX Ha apKTUUYECKOM IIeNib(e HAyUHBIX
m3bickanuii. Tak, HaumHas ¢ 50-x rr. XX Beka, HMCCIEIOBaHHS CTalld OoJice
PETYISPHBIMU U IPUOOPETN KOMIUIEKCHBIN XapaKkTep: N3ydaycs BEIIECTBEHHBIN U
COCTaB TMOBEPXHOCTHBIX JIOHHBIX OCAJIKOB, UX T€OXMMUYECKHE CBOWCTBA; OBLI
pacIIMpeH cTpaTurpa@uyecKkuil auamna3oH omnpoOoBaHusa. JoHHBIE oOcaaku
bapennera, Kapckoro mopeit u Mopst JlanteBsiX cTajii 00beKTaMU UCCIIEA0BaHUS
apKTUUYecKux skcneauiuit «CeBep» U HAYUYHO-UCCIEI0BATEIbCKUX Ape(yrommx
cTaHlui, HaumHasg co crtaHumii «CeBepubiid Ilomroc-2» (1950-1951 rr.).
HccnenoBanusi TOHHBIX OCAJIKOB Ha BHEIIHEM Ieib(e U MaTEPUKOBOM CKIIOHE
CTaJIM BO3MOXXHBIMHU TO3/IHEE Oyaroiapsi HaOMIOAeHUSIM ¢ Ipeidyromeit cTaHun
«Ceepnbiii [Tomroc-10» (1961-1963 rr.).

B 1952 r. ocHOBHbIE pe3ylbTaThl MPOBEIECHHBIX padboOT ObLUIM
npeactaBieHsl B MoHorpabum B.H. Cakca «YcmoBus oOpa3oBaHUsS JOHHBIX
ocakoB B apkruyeckux Mopsx CCCPx». Cneayer OTMETUTh 0O0O0OIIAIOIIYIO

pabotry H.A. benoBa u H.H. Jlanunoit (1961), mocesamennyto crpaturpaduu
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JIOHHBIX OTJIOKEHHMM ApkTuyeckoro OacceitHa, moHorpaduro A.A. Kopaukoa
«Ocanku mops JlanreBbix» (1952), a Takke Tpynst M.B. Kiienosoit (1960, 1962).
B psmy OTeYeCTBEHHBIX HWCCIEIOBAaHUN HEOOXOMMMO TAaKXKE BBIJCIHTH
bynnamentapHyo padotry H.b. Baccoesuua (1973), rae on BriepBbie 0000IINII
U cOpMYITUPOBAJ IIIaBHBIE 3aKOHOMEPHOCTHU, XapaKTEPU3YIOIIUE OPTaHUYECKOE
BEILECTBO UCKOMAEMbIX U COBPEMEHHBIX OCA/IKOB.

B 1970-1980-¢ roasl peryyisipHO MNPOBOJMIUCH SKCIEIUIIMM Ha Cyaax
ruaporpadguueckoro  mpeanpustus ~ MunuctepctBa  Mopckoro  ¢rora.
CucremMaTu3upoBaHHbIE PE3YNbTATHl T'€OJOTUYECKHX HCCIEAOBAHUM JIOHHBIX
ocankoB Mops JlanteBbix, Bocrouno-Cubupckoro m YykoTckoro moped Obuin
orpaxkensl B otdyetax O.B. Kupmmmosa, U.U. PoxnecrBenckon, E.II. IllkaToBa
(1987-1989). B 1999 roxay Beinuia moHorpadus B.A. Komenesoii u 1.C. SAmuna,
B KOTOpPOW MPUBENEHBI PE3YJIbTATHl MHOIOJETHETO CHUCTEMATU3UPOBAHHOIO
W3YUYEHHUSI TOHHBIX OCAJKOB apKTUUYECKUX MOPEM.

OreuecTBEHHBIE UCCIEAOBAHUSA B APKTUYECKOM PETHOHE B pa3HOE BpeMs
BEJIUCh ~ APKTHYECKMM U  AHTApKTUYECKUM  HAyYHO-UCCIIEIOBATEIIbCKUM
MHCTUTYTOM, HaydHO-HCClIeIOBATENbCKUM WHCTHUTYTOM T€OJIOTUM APKTUKH U
Antapktukun  (mozxke BHUWMMOxkeanreonorusi), ['naBHbIM — YnpaBieHuem
HaBuraumn W okeaHorpapum BM®D CCCP, IlonsipHpiM  Hay4HO-
UCCJIEIOBATEILCKUM ~ MHCTUTYTOM  MOPCKOTO  PBIOHOTO  XO3fiiCTBAa U
okeaHorpaduu, ruaporpapuyeckum mnpeanpustueM MunHuctepcTBa Mopckoro
¢daora CCCP, Unctutyrom okeanonorun Akanemun Hayk CCCP (c 1992 rona
NuctutytoM okeanosnoruun Poccuiickoii AkagemMuud Hayk), Bcepoccuiickum
HAay4YHO-HCCJIEIOBATENILCKUM ~ TIEOJIOTUYECKMM  MHCTHUTYTOM uMm. A. L
Kapnuackoro u gpyrumu.

CoBpeMeHHbIE  BBICOKOTEXHOJIOTMUHBIC  METOJABbl  T'€OJIOTUYECKUX U
FCOXUMHYECKUX  HWCCIEOBAaHUM,  YHUKaJIbHbIE  IPOTrpaMMHO-ammnapaTHbIC
KOMILUIEKCHI MO3BOJWIM BBIMTH HAa KAa4eCTBEHHO HOBBIM YPOBEHb MOHHMAaHUSA
OMOT€OXMMHUYECKUX M CEAMMEHTAIIMOHHBIX IIPOILIECCOB, MPOUCXOASAIIUX B

9KOCHUCTCMC aPKTHYCCKHUX Mopeﬁ.



13

K HacTtosmeMy BpeMeHU CcpeAr OTCUECTBEHHBIX padoOT, B KOTOPBIX
Haubosiee MOJIHO pPaccMaTpUBAIOTCA OCOOCHHOCTH pacCIpeleleHHs U COCTaBa
OpPraHMYECKOTO BelecTBa B MUPOBOM OKeaHe, HECOMHEHHO, CTOMUT BBIJICIHUTDH
Tpyasl akaaemuka E.A. Pomankesuua (1977, 2001, 2008, 2009), cpenu KOTOpbIX
ocoboe MecTo 3aHMMaeT MoHorpadus «L{ukn yriepona B apKTUYECKUX MOPSIX
Poccuny», nanncannas B coaBtopctBe ¢ A.A. Berposbim (2001). B MoHOrpadguu
0000111eHbl MaTepuaibl MHOTOJIETHUX HCCIEAOBaHUNA MHCTUTyTa OKEaHOJIOTUU
PAH, paccmoTpeHsl KpyroBopoT yriiepo/ia u 001as OnoreoxuMudeckasi KapTuHa
apktuyeckor cuctembl (Pucynok 1.1). BaxkHble pe3ynbTaThl MO T'€OXUMHUU
OpPraHMYECKOTO BELIeCTBAa AapKTHMYECKUX MoOped mpuBeneHbl B paborax B.U.
[Terporoii (IletpoBa u ap., 2000, 2008, 2010), A.1O. Jleun (Jlenn u ap., 2000;
2009), A.A. BerpoBa (BerpoB u nap., 2008a6, 2015) u apyrux. PesynpraTam
CHUCTEeMAaTHUYECKOTO M3yueHusl oprannieckoro matepuaia Ceseproro JlemoBuToro
OKeaHa TNOCBsIllIeHa (yHIaMeHTalbHas pabora 3apyOekHbIX aBTOpoB «The

organic carbon cycle in the Arctic ocean» (Stein and Macdonald, 2004).
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Pucynok 1.1 — Pacnpenenenue Copr B MOpsiXx Boctounoit Apkruku, % (PomankeBud,
Betpos, 2001)

OTnenbHO cCleqyeT OTMETUTh Psii COBPEMEHHBIX paboT, MOCBSIICHHBIX

U3YYCHUIO PETHOHAIBHBIX OCOOCHHOCTEH TpaHCmopTa U TpaHchopmamuu
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opraHunueckoro yriepojaa B Bocrounoit Apkruke. McciaenoBanus oCHOBaHBI Ha
COBPEMEHHBIX KOMIUIEKCHBIX OMOr€OXMMHUYECKUX METO/JaX C HCIOJIb30BaHUEM
OMOMAapKepOB, BBICOKOTOYHOIO aHAlW3a »BJEMEHTHOIO, MOJEKYJISIPHOIO U
M30TOMHOTO COCTaBOB, CEIMMEHTOJIOTHYECKUX XapaKTEPUCTHK. DTO TPYAbl J.
Vonk (Vonk et al., 2010; 2012, 2014, 2017), T. Tesi (Tesi et al., 2014, 2016,
2017), X. Feng (Feng et al., 2013, 2015), L. Broder (Broder et al., 2016), O.B.
Hynapesa (dynmapes u ap., 2006, 2007, 2016), A.H. Yapkuuna (Charkin et al.,
2011, 2017) u apyrux. OcoObIM OMOT€OXHMUYECKHM peKUMaM BoJl BocTouHoit
ApPKTHKH, B TOM YHUCJE UX IKCTpEMalbHOW acuAU(UKalUU, MOCBAIICHA Cepus
pador W.II. CemmneroBa (Semiletov et al. 2005, 2011, 2016). Ognum wu3
Han0oJiee BAXKHBIX HAIPABJICHHUI MCCIIEIOBAaHNI KOMIIOHEHTOB LIMKJIA YIJiepojaa B
BOCTOYHOM ApKTHUKE IIenb(de SBIIETCI H3yYeHHE U OLEHKa MacliTaboB
MacCHpPOBAaHHOM 3MHCCHUM METaHa B BOJHYIO TOJILY M aTMOC(epy, BHI3BAaHHOU
Jerpajanuen IOABOJHOM MEp3J0Thl M Pa3pyLIEHHEM METAHOBBIX THJPATOB
(Shakhova et al. 2010, 2014, 2015, 2017).

Opnako mnpobOiemMaM  HCCIEAOBaHUS  OPraHMYECKOro  BEIIEeCTBa B
apKTHUYECKUX  MOpsX oco0oe BHUMaHHE YAENsAeTcs HE  TOJbKO B
(GyHIAMEHTAIBHOM KOHTEKCTE€ M3YyYEeHHs] OMOTreOXMMHYECKUX IPOLIECCOB B
aAPKTUYECKOM PErHOHE, HO W C TMPUKIATHON UENbl0 COBEPUICHCTBOBAHUS
KOMIUIEKCa MPOBOJUMBIX B MOJIIPHBIX IIMPOTaX HE(PTEra3zonoucKOBHIX paloT.
Tak, k cepenune XX Beka B CCCP Takke moiyuyuia CBO€ pa3BUTHUE U MOpPCKas
IIOMCKOBAsi T'€OXHUMHUS, OTIPABHOM TOYKOU Uil KOTOPOM MOCIYXKWJI YCHEIIHBIN
ONBIT TPUMEHEHUS HA3€MHBIX T€OXMMHUYECKHX IIOMCKOBBIX TEXHOJIOTHUH,
OCHOBAHHBIX HA TEOPUU CYOBEPTHUKAJIBbHONM MUIPALMHU  YIJIEBOJOPOIHBIX
¢mronnoB. PesynbraToM HccienoBaHUMM HAa HAYalbHBIX OJTamax SIBUIKHCH
YHUKaJIbHbI HAKOIUICHHBIM (akTUYecKuil martepuan M pa3paboTKa MepBbIX
METOJAMYECKUX PEKOMEH IalU M0 0TOOPY U UCCIEI0BAHUIO TPOO, MOJIYYCHHBIX B
nosisipHbIx dKkcneauiusax (M.B. Knénona, T.U. N'opmkosa, M.U. Cy66oTa u np.).
C pacmmpeHreM  TEXHUYECKOW  0a3bl  COBEPIICHCTBOBAIUCH  METOJbI

IrCOXHUMHYCCKOI'0 KapTHpPOBAaHMA, OCHOBAHHBLIC HAa MCCIICAOBAHUN 0coOeHHOCTEH
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cOCTaBa JOHHBIX 0CaJIKOB. Benuce ucciaenoBanus o OTAeIbHBIM HAPABICHUSIM:
JUTOTEOXUMHH, Ta30T€OXUMHUH, OUTYMHUHOJIOTUHU, TUAPOXUMHUHU, OMOTCOXUMHH,
pPaINOTEOXMMUA W M30TOMHOW  TEOXUMHUU.  AKTHUBH3AIUA  MOPCKHUX
r€OXMMUYECKUX PpaldOT CcrmocoOCTBOBaNa JajibHEHIIel Oosiee TIIATEIbHOM
npopabOTKe psAAga METOJ0JOTMYECKUX BOIPOCOB, CBS3aHHBIX C OTOOPOM,
xpaHeHrneM u aHanu3zoM Mopckux mnpod (M.C. CrapoOunen, 1977; A.A.
I'eomexsn, 1980). M3ydanuch B3aMMOCBS3H  YIJIEBOJOPOJHON KOMIIOHEHTBI
JIOHHBIX OCaJKOB C HUX JIUTOJIOTHYECKHUM COCTAaBOM, paclpeeeHUueM
PacCessHHOTO OpPTraHWYECKOTO BEIIECTBA U OCOOCHHOCTSIMH OUOXMMHUYECKON
cpensl (I.A. Moruneckuii, 1953; A. A. T'eomeksn u gnp., 1980; A. A.
Hanromesckast, JI. C. Ammn, 1980 u gp.). Cpenum 3apyOexHbIx padoT,
MOCBSIIIEHHBIX pa3pabOTKEe U TPAKTUYECKOMY COBEPIIEHCTBOBAHUIO METOOB
MTOBEPXHOCTHBIX TCOXUMUYECKUX TTOMCKOBBIX CHEMOK, CJICIYET BBIICITUTEH TPYIBI
E. Horvitz (Horvitz, 1939, 1972, 1985), L. Price (Price, 1986, 1993), D.
Schumacher (Schumacher, 1995, 1999) u apyrux npukiagHBIX HUCCIIEAOBATEICH-
TCOXHWMHKOB.

AHanu3 omnyOJIMKOBaHHBIX B MHPOBOM HAyYHOU JUTEpAType MAaHHBIX
yOeAUTENbHO TOKAa3bIBAET, YTO HA COBPEMEHHOM TEXHOJOTMYECKOM YpPOBHE
MOPCKUX HCCJCAOBAHMMA WCITOJIb30BAaHUE TIOBEPXHOCTHBIX T'€OXMMHYCCKUX
METOJOB TOWUCKA  YIJIEBOJOPOJHBIX 3aJ€XKEHl  IO3BOJIIET  CYIIECTBEHHO
ONTUMHU3UPOBATh IMPOIIECC TEOJOTOPa3BEIOYHBIX pPabOT HAa APKTUYECKUX
aKBaTOpUsX. bBoNbIIONW HMHTEpeC B JAaHHOM KOHTEKCTE MPEJCTaBISIOT PaOOThI
COBpPEMEHHOT0 amepHkaHckoro reoxumuka M. A. Abrams (Abrams et al. 2005,
2010, 2017), roe npuUBOAATCA peE3yJbTaThl HCCIEIOBAHUS TOBEPXHOCTHBIX
YTIIEBOJOPOJIHBIX MApPKEPOB IS OLICEHKH TMOTCHIIMAIBHONW He(TEera3oHOCHOCTH
He[p. YCHEUmHbIM ONBIT  3apyOeKHbIX HePTenoOBIBAIOUIMX  KOMITAHHM,
MIPOBOJIMBIINX KOMILJICKCHBIC TEOXMMHYECKHE H3BICKAaHUS B MEKCHKaHCKOM
3amuBe u IOxHO-KuTaiickoMm Mope, a Takke TIE€OXHMHYECKHE TOUCKOBBIC
HCCIIEIOBAaHUsSI  OTEYECTBEHHBIX  HEApONojb3oBaTesnieii B UepHoM  Mope

npeaonpeaciniin akKTUBHOC BHCIAPCHHC HOI[O6HBIX pa60T U B IOJPHBIX
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mupoTax, 4To, 6€3y0JIOBHO, IMMO3BOJIICT CYIICCTBCHHO IMOBBICUTDH 3(1)(1)CKTI/IBHOCTB
IICPBUYHOIO KapTHUPOBAHUA, YUHUTBIBAA CBCPXBBICOKYIO CTOHMMOCTD 6yp€HI/I$I

IOHNCKOBBIX CKBAKMH Ha apPKTHICCKOM H_ICJ'H:CI)C.
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2. COBPEMEHHBIE JOHHBIE OCAJIKH APKTUUYECKHUX
MOPEU

2.1.OCHOBHbBIE HCTOYHUKH OPraHUYECKOT0 BellleCTBA JOHHBIX 0CAKOB B
APKTHYECKHX MOPSX

Oprannueckuii mMatepual, 3aXOPOHEHHBIM B MOPCKHX JOHHBIX OCaJKax,
ABJISIETCS 3€PKAJIOM €r0 HCTOYHUKOB U YCIIOBUM OCaJKOHAKOIUICHUS.

B mopckoil o6ctaHoBKe OH (opMUpYETCs MOJ JEHCTBUEM aBTOXTOHHBIX
VMCTOYHUKOB: PA3JIUYHBIX BHJIOB IUIAHKTOHA, COCTABJISIOMIMX HKOJOTHYECKUU
KOMILJIEKC TEPBHYHBIX IPOU3BOJAUTENEH M TMOTPEOUTENed B BBILIEIEKAIIMX
NOBEPXHOCTHBIX Bojaax. CyIEeCTBEHEH BKJIAJ AJUIOXTOHHOIO Marepuaia,
IIPEACTABICHHOTO TEPPUTEHHBIM SPO3MOHHBIM M PEYHBIM CTOKOM; MPOIYKTOB
XUMUYECKUX PEaKklIMi; a TakXke TMPOAYKTOB PECUHTE3a, IOJYyYEHHBIX B
pe3ynbTarte MUKpPOOMATBHON JESATENBHOCTH TIeTepoTPOPOB, MPOBOLUPYIOIIEH
JECTPYKLIHMIO OPraHWYECKOTO Marepuajla B IEpUOJ €r0 JAUAreHETHYECKUX

npeodpazoBanuii (Tabmauna 3.1).
DumoniauKkmon

Kak oTmedeHO BbIlle, OCHOBHOM NEPBUYHBIM HCTOYHHK OPTraHUYECKOIO
BeIlleCTBA B cucteMe MHpPOBOrO OKE€aHa M apKTUYECKHX Mopsx Poccum — 3T0
(UTOTUTAHKTOH, TPUYEM BKJAaJ IWATOMOBOTO IUIAHKTOHAa B 0O0ImEeM o0beMe
aBTOXTOHHO cuHTe3upyemMoro Copr coctaBisgeT okoso 90 % (Bunorpanos u np.,
2001). T'omoro#i Bkimam Copr (UTOIUIAHKTOHA B ApKTHYECKHUE MOPS JOCTHTacT
150*1012 r (PomankeBu4 u ap., 2000).

B nocnennue necstunerus Obul OMyOJIMKOBaH Psii pabOT, MOCBSIICHHBIX
W3YYCHUIO MEPBUYHON MPOAYKIIUU U JUHAMUKHA (PUTOIJIAHKTOHA B apKTHYECKUX
mopsx (3enkeBud, 1963; Jlucuipin, 1982; Barnes et al, 1984; Andersen, 1989;
Gosselin et al, 1997; Sakshaug, 2004; Lee et al, 2012 u ngp.).


http://www.sciencedirect.com/science/article/pii/S007966111200170X#b0280
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MopckuMu  OUOTIPOIYIIEHTaMH B apKTUYECKOM PETHOHE  SBISIOTCSA
IPEUMYIIECTBEHHO OJJHOKJIETOYHBIC BOJOPOCIHU ((UTOIIIAHKTOH), OOUTAIOIINE B
BOJIHOW TOJIIIIE WJIM MHUKPOBOJIOPOCIH, ACCOIUMMPOBAHHBIC C JICJIOBBIM ITOKPOBOM
(Sakshaug, 2004). K nepBuunbiM uctounrnkaM OB OTHOCHTCS TakKe MPOTYKIIHS
JIeIOBBIX Bogopocieii, purobentoca (0.6*10%), koTopyro cosmaror MakpopHTHI 1
UATOMOBBIE  BOJOPOCIH, a TakKXke YacTh MPOAYKIMH, CO3/1aBaeMOii
xemonuToTpodamu. Briman 6akTepruabHOTO XEMOCHHTE3a OPTaHUKH MUHUMAJICH
U OIICHUBACTCS B COTHIC JIOJW IPOICHTOB OT BCel mponykiwu (PomaHkeBUY,

2009, I'eonorus u reopusuka).

Ta6muma 3.1. CpeaHero10Boil BKJIal OCHOBHBIX HCTOYHHUKOB 0CaI0YHOT0 MaTepHaa B
6acceitn MBA. Cocmasneno na ocnose oannvix (Kowenesa, lwun, 1999; Ilesuenko,
2006; Nelson, Creager, 1977). 3aumcmesoeano y (dydapes u op., 2016)

McrouyHHKH Mope JlanTeBeIx Bocroo-Crbupckoe
Mope
0CaJI0YHOTO Com Com
MaTepHala M.t/ % T/ % Mma.t / % NI | %
B3BeeHHHBIH CTOK 21.0/24.0 6.8/36.1 21.9/18.0 1.86/11.2
peK
Jle1oBBIH KOMILIEKC 42.8/48.8 1.63/8.7 67.6/55.4 2.4/14.5
JlpyrHe Gepera 17.4/19.8 0.13/0.7 20.0/16.4 0.19/1.1
3010BEIH MaTepHa 0.281/0.3 0.121/0.6 0.381/0.3 0.163/1.0
KoHTakTHBIH 6.2/7.1 0.14/0.7 12.1/9.9 0.27/1.6
KPHO30ITh
IlepBHuHAA - 7.0/37.3 - 7.0/42.3
TIPOIYKITHA
(hHTOITaAHKTOHA
[Tpomyxuma - 3.0/15.9 4.7/28.3 4.7/28.3
KPHO(PHIEHOTO
(bHTOILTAHKTOHA
HTOI'O: 87.68/100 | 18.82/100 122.0/100 16.58/100

Opranuueckuii MaTepuang MPOAYLUPYIOTCS BOAOPOCISMHU, KOTOpBHIE B
npoiecce (POTOCMHTE3a MOTJIOMIAIOT CBET, MOTPEOJIsis IPU 3TOM YIJIEKUCIIBIA ra3

¥ BBICBOOOK st KUCIOPOI. [Ipon3BeieHHbIN OpraHNYecKuii MaTepual COCTaBIICH


http://www.sciencedirect.com/science/article/pii/S007966111200170X#b0280
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yIiaeBoJaMu, KOTOpble, B CBOI OuYepelb, MOTYT OBbITh KOHBEPTUPOBAHBI B
OCHOBHBIE HEOOXOJUMBIE JJIS KU3HEAEATEIbHOCTH TUIAaHKTOHA BEIECTBA, TAKUE
KaK MPOTEHHBI U HYKJIEHHOBBIC KHCJIOTHI, B COCTABE KOTOPHIX OOHAPYKUBAIOTCS
a30T, (hocdop, cepa u HeKoTOphIe aApyrue nemenTsl (Sakshaug, 2004).

[Ipomeccsl  doTOCHHTE3a B APKTHYECKHX  MOPSX  MOMIYJIHPYET
OTIPEICTICHHBIA KOMITJIEKC (DAKTOPOB: HHU3KHE TEMIIEpaTyphl, HEPaBHOMEPHBIN
CBETOBOI pPEXHUM, CE30HHOCThH JIEJJOBOTO IMOKpoBa. Takum 00pa3oM, CHHTE3
MEPBUYHOTO  OPraHWYECKOTO  BEIIECTBA HEPABHOMEPEH W OTJIMYACTCS
nepuoanyHocThio (PomankeBuu u Berpos, 2001). Tak, cokpamieHus IJIOMIaan
JIEZIOBOTO MOKPOBA BIEKYT 32 CO00M yBeInUYeHUE TITyOUHBI TPOHUKHOBEHUS CBETA
U BEAYT K YBEIWYCHUIO (OTOCHMHTCTHUECKHH AaKTHBHOCTH Ha TJIIyOWHAX, T
OTCYTCTBHE JIUIMUTHUPOBAHUS MUTATEIHHBIMUA BEUIECTBAMU BEJIET K MOBBIIICHHBIM
YPOBHSIM TIEPBUYHOU MPOMYKIIMH M, COOTBETCTBEHHO, 3amacaM yriepoaa (Forest
et al., 2011; Arrigo et al., 2012 u ap.). Cnenyetr OTMETUTbD, YTO OOJIBIIUX TITYyOUH
OKEaHOB JIOCTUTAE€T MEHEE COTOM YacTH MEPBUYHON OPTaHMYECKOW MPOIYKIUH,
oOpa3oBaHHOM B JesATEeNbHOM ciioe B mponecce ¢dotocunTe3a (PomankeBud,
Betposg, 2001).

Jedurut 6MOTEHHBIX PJIEMEHTOB, HEOOXOIUMBIX 1151 POTOCUHTE3a, BCE JKE
HE SBISICTCS aOCOJIOTHBIM (PAKTOPOM OTCYTCTBHS TPOJYKTUBHOCTH HIKE
nesaTenbHoro  cinos.  Opranu3Mbl-QuiIbTPaTOphl  (KOMEMoAbl) 00eCleYynuBarOT
MOCTYIIJICHUE TIPUTOMHOW IS KM3HW OPTaHWUKH Ha TIyOWHBI B THICSYU METPOB
(Bunorpanos, Jlucunpia, 1981; Jlucume, 2009, 2010). Tem He MmeHee, A0
OMOreHHOTO BEIIeCTBA B COCTaBE JIOHHBIX OCAJIKOB apKTUYECKHX Mopewn
HeOombIas — oHa efaBa gocturaer 10 % (B 30HaX BIMSHHS aTIAHTHYECKUX H
TUXOOKEAHCKUX BOJ) M, KaK MPaBUJIO, COCTABIISIET 3AeCh Jiniib 1-3 % (JIucuupiy,
2010, T'eonorus u reousuka).

Ha BocTtouno-Cubupckom apktuyeckoM mienbpe OnomMacca mnepBHUUHON
MPOIYKIIMA BO3pACTaeT C 3amajia Ha BOCTOK B cpemHeMm B 12 pa3. [lpu stom
TOJIBKO B BocTouHO-CHOMPCKOM MOpPE POCT MPOAYKIIUH B 3TOM K€ HaIPABJICHUH

onieHuBaetcs B 8 pa3 (ynapes u ap., 2016; ITomnsikosa, 1997). Beicokuii ypoBeHb


http://www.sciencedirect.com/science/article/pii/S007966111200170X#b0280
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NEPBUYHON MPOAYKIMM B BOCTOYHOM 4YAacTH palioHa OOBICHSIETCS BIUSHUEM
TUXOOKEAHCKUX BOJI, 000TallIeHHbIX HEOOXOIMMBIMU MTUTATEIbHBIMU BEIIECTBAMU
(Semiletov et al., 2005; Stein and Macdonald, 2004).

Peunou cmok

B pabore (Gordeev and Rachold, 2004) mpuBeneHB OICHKH BKJIana
pPEYHOTO CTOKa B BOABI BocTOuHO-CHOMPCKOTO apKTUYECKOTO Ielb(da: B Mope
JlanTeBbix nocrymaer 6,80 - 10° r OB, na mens( Bocrouno-Cubupckoro Mops —
1,86 -+ 10° r OB. OCHOBHYIO JOII0 IIEPEHOCHMOIO PEKAMHM OPIaHUYECKOTO
BEIIECTBA  COCTaBJIIET  TEPPUTCHHAss  KOMIIOHEHTa,  IPEUMYIIECTBEHHO
Npe/ICTaBICHHAs TPOIYKTaMH Pa3lioKeHHs pacTeHuit u mous (Sanchez-Garcia et
al., 2014).

Bonocbopnsie Oaccelinbl pek BocTouHOM APKTUKH CyMMapHO COCTaBIISIOT
6onee 5000 Toic. kM2 ([ymapes u ap., 2016). JloMUHUpPYIOIIAs YaCTh TEPPHTOPHU
BoZocOOpa pek BocTouHoil ApPKTHKM HAXOAUTCS B 30HAX BEYHOW MEP3JIOTHI,
yBenuueHue TeMmroB jaerpamanuu  kotoporr (IPCC-2007) Bemer K pocTy
KOJIMYECTBA BRICBOOOK/IAEMOT0 OPTAHWUIECKOTO BelIecTBa. Pa3pymieHne Mep3ibix
MOpOoJ, MOJCTUIAIONINX JIPEHAKHBIA pEeYHOU OacceilH, TakKke BIEYET 3a coOoM
NOBBIILIEHHE 00BbEMA MOCTyMnarome B peku aApeBHer opranuku (Neff et al., 2006;
Feng et al., 2013; Vonk et al., 2013ab). Heo6xoaumo nipu 3TOM OTMETHTb, YTO,
M0 COBPEMEHHBIM OIlEHKAaM, B HA36MHOW BEYHOW MEP3JIOTE COJECPXKUTCS B JIBa
pas3a OoJibllie yriepoja, ueM B HacTosiiee BpeMs B armocgepe (Tarnocai et al.,
2009; Hugelius et al., 2014).

NuTepecHo 1mpu  3TOM  OTMETUTh, YTO BO3pPaCT PaCTBOPEHHOTO
OpPTaHUYECKOTO BEIIECTBA, AKCIOPTHPYEMOTO Ha MIeNb() PEUHBIMU ITOTOKAMH,
JATUPYETCS C TOMOIINBIO PATUOYTIIEPOJHOTO METO/MAa KaK «COBPEMEHHBIM.
JlanHoe  HaAOMIOJEHHWE  y4YeHble  OOBACHSIOT  BBICOKOM  JaOMIBHOCTHIO
BBIMBIBAEMOTO JIPEBHETO OPTaHUYECKOTO BEIIECTBA, KOTOPOE JCTPAAUPYET yKE B

pycie pexu (Spencer et al., 2014, 2015).


http://onlinelibrary.wiley.com/doi/10.1002/2015GL066058/full#grl53546-bib-0045
http://onlinelibrary.wiley.com/doi/10.1002/2015GL066058/full#grl53546-bib-0048
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Paspywenue 6epecosoii nunuu u vic6006034coenue OpesHe20 OPeaHuiecKo2o

yenepooa

Eme oTHOCHMTENhHO HETABHO CUHMTAIIOCH, YTO KJIIOYEBHIM IOCTABIIHMKOM
B3BEIICHHOTO TEPPUTEHHOTO YIIIEpOJia Ha apKTUYECKUH HIeb( SIBISETCS PEUYHON
ctok (Rachold et al., 1995). Ognako B mOCIEIHHE TOJbI MHOTOYHCICHHBIC
WCCJICIOBAHMSI  JTOKA3bIBAIOT, UTO TJIABCHCTBYIOIIYIO pPOJIb B  TIOCTaBKE
TEPPUTEHHOTO OPraHMYECKOTO BEIIECTBA B ApPKTUYECKHUE MOPS HIPAET 3PO3HUsid
OeperoB M, B YaCTHOCTH, APO3Hsl OeperoBoro JieqoBoro komiiekca (CeMueTos,
1999; Semiletov, 1999; I'puropreB u gap., 2006; Vonk et al., 2012).
CoBpeMeHHbIE UCCeA0BaHMS MMOKA3bIBAIOT, YTO 00BEM JIPEBHETO OPTaHUYECKOTO
yTIEpO/ia, BEICBOOOKIAIOMIETOCS B TIPOIIECCe pa3pyIICHHS JISTOBOTO KOMITJIEKCA
(OeperoBoro u MoABOIHOTO), Ha mieabhe BocTouHO APKTUKH MOXKET JOCTUTATh
44 - 10° T B rog (Vonk et al., 2012). IIpx 5TOM CKOPOCTH JeTpajaliu 6EperoBoro
JIEZIOBOIO0 KOMILIEKCA B PA3NIMYHBIX pailioHAX BOCTOYHOAPKTHUUYECKOTO MOOEPEKbS
B HACTOSIIIEEe BpeMsi MOTYT cocTaBisITh 0 10-15 M 3a netnuit nepuon (Grigoriev
et al., 2004; I'puropbeB u ap., 2006). B ycloBuUsIX COBPEMEHHOTO MOTEIICHUS
MpPOrpeccCUpylonias HMHTEHCUBHOCTh OPO3MM  MPUBOJAUT K  IOCTOSTHHOMY
yBEIUYEHUI0 00bema sKcropTa TeppureHHoro Cop,r B MOpE, @ BMECTE C TEM U
POCTY 3MHCCHH MApPHUKOBBIX Ta30B B pPe3yjibTaTe MHTCHCHBHOTO BOBJICUCHUS B
OMOreOXMMUYECKHM IIMKJI paHee 3aKOHCEPBUPOBAHHOTO OPTaHUYECKOTO yriepoa
(Semiletov et al.,, 2011, 2012.). IlomumO »3TOro, OAHHM H3 BaXKHECHIIIMX
HKOJIOTHYECKUX TIOCIEJCTBUN dKcHopTa 3po3uoHHOTo Copr B CHUCTEME Cylla-
menbd mopeir BocTouHoil ApKTUKH SIBIsieTCS acuaudUKAIUs BOJ BCIICICTBUE

OKuCIeHust Ap0o3uoHHOTO Copr A0 NBYyOKHCH yTiIepoaa (Semiletov et al., 2016).
Anmponoeenuvie 3a2psi3HeHUs]

Poct 00beMOB reonoropa3BeouHbIX pabOT W HePTerazonoObIywu,
MPOM3BOSIIMXCS B HACTOAIIEE BPEMsS Ha apKTUYECKOM Ienb(e, 0e3yClOBHO,

MPUBOJAUT K YCHUJICHUIO AHTPOIIOTEHHOW HArpy3kKd Ha PETHOHAIBHYIO
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OMOreoXMMHUYECKyto cpefly. Ha coBpeMeHHOM 3Tare Mmoka OTCYTCTBYET €AMHOE
MHEHHE 0 MaclTabax apKTUYECKOro aHTPOTIOTEHHOTO 3arpsi3HEHHs U MaciTabax
BIMSIHUS He(TEnpoAyKTOB Ha apKTUueckyro skocuctemy (Responding to ...,
2014). Heo06xoauMoO  OTMETHTh, 4YTO  3arps3HEHHE  AHTPOIOTE€HHBIMU
YTIEBOJAOPOIAMH TIPOUCXOANUT Ha (HOHE JTIOKATHLHOW MPUPOIHOU TEOXUMHUIECCKOM
OOCTaHOBKH, U JUIsI OOBbEKTHBHOW OLICHKH YPOBHS aHTPOIOTEHHOTO0 HE(TSIHOTO
3arpsi3HEHHUs] HEOOXOJMMO 3HaTh NPUPOJAHBIE (POHOBBIE KOHIEHTpauuu YB
(Hemmpogckas, 2004).

Tem He MeHee, CYHIECTBYIOT OIpPEACNIEHHbIE CTEPEOTHUIIbI, KaCaroIIUecs
rJI00QJIBHOTO BJIMSHUSL aQHTPOIMOTEHHBIX 3arpsi3HEHUM B apKTUYECKOM PETrHOHE.
Tak, pomb CymoxoAcTBa Kak HUCTOYHHKA HEPTSIHOTO 3arpsi3HEHUS XPYMKOU
ApPKTUYECKON HKOCUCTEMBbI 3HAYUTEIbHA TIPEYBEIMYEHA: OHO MPECTaBISET
OTIPENETEHHYI0 SKOJIOTHYECKYI0 OMAacCHOCTh JIUIIL B pailOHaX, MPUJIETAIONINX K
MOopTaM U MYyTSIM MHTEHCUBHBIX MOPCKHX MEPEBO30K TakuX kKak Kanmamakiickuii
u Konbckuil 3ayiuBbI, TOT/Ia KaK HA OCHOBHOM YacTH apKTUYECKON aKBaTOpUU
3TOT (PAKTOp HE UTPAET 3aMETHOM POJIH.

[Ipu cocraBneHnuun GanaHca yrieBOJOPOJIOB B apKTHUECKUX cpeaax (ArctiC
Monitoring and Assessment Programme — AMAP) oxa3anoch, 4Tto 00BEM
HE(PTSHBIX YTIIEBOAOPOIOB, MOMAIAIONINX B OTKPHITYIO aKBAaTOPHIO MPHU JT00BIYE,
TPAHCTIOPTUPOBKE M TMOTpeOiIeHH HeTH, 3HaYuTENbHO ycTynaer (Menee 7%,
730 T) 00BEMY, MOCTYMAIOIIEMY B pe3yJibTaTe MPUPOIHBIX MpocaunBaHuit (79%,
8360 T). [pyrumu crmoBamMH, B JTUX pallOHaX YPOBEHb COJEPKAHUS
yIJI€BOJIOPOAOB OOYCJIOBJIEH, B IMEPBYIO oOuepelb, MPUPOAHBIMH, a He
AHTPOTIOTEHHBIMU TMPOIIECCAMH.

Ha rpanune pexka—Mmope YIrieBOJOPOJHOE 3arps3HEHHE, BBIHOCUMOE
peKkaMu, HEe TPEoI0IeBaeT 00IaCTh CMEIICHUS: JIETKUE (PAKIMK BCIUIBIBAIOT HA
MOBEPXHOCTh W HUCHAPSIOTCS, a TsOKENble Onarojaps Malioil pacTBOPUMOCTHU
COpOMPYIOTCSI B3BEIICHHBIMH YAaCTHIIAMH U TEpeXoisiT B ocanku. Otcroma

MapKepaMu TAaKOI0 3arpsA3HCHHsA, B OCHOBHOM, SABJISAIOTCA BBICOKOMOJICKYJIAPHBIC
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yIIeBOAOPOAbl — B YACTHOCTH, O€H3(a)lMpeH U Jpyrue KaHIEpPOTeHHbIE
MTOJIMAPEHBI.

B CTOpOHY OTKpBITOrO MOpSl C YBEJIMYEHHEM pACCTOSHUS OT TaKHUX
oOnacTell  KOJMYECTBO  3arpsi3HSAIONIMX  BEIIECTB  yMEHbIIAeTcss  JO
HEJETEKTUPYEMbIX BeIWYUH. [l03TOMy rumore3a O TOM, YTO PEKH SBISIIOTCA
TJIaBHBI  UCTOYHUKOM HEPTSIHOTO 3arpsA3HEHUsT apKTUYEeCKoro meibda,
OUYEBHJIHO, TpeOyeT IMepecMOoTpa. YUUThIBas NPEUMYLIECTBEHHO MPUPOIHBIN
COCTaB YIJIEBOJOPOJOB, MOXHO CKa3aTb, YTO €CTECTBEHHbIE MAaprUHAJIbHBIC

GbuabTpel pek 3PGEKTUBHO CHPABIAIOTCS € MOCTYMAIOUIMMU 3arpsS3HEHUSIMU

(Hemuposckas, 2004, 2017).
Muepayus y2neeo00p0o0o8 uz enyOuHHbIX 3anexcell

Kak u3BeCTHO, OCHOBBI TEOPHHM T'€OXMMHUYECKHUX MOUCKOB He(PTH W Taza
0a3upyroTcs  Ha  TPEACTaBICHUSAX O  CYOBEpTHKAIBHOW  MUTpaIldd
YTIEBOJAOPOJAHBIX KOMIIOHEHTOB M3 TIIYOMHHBIX 3anexei (Pucynok 2.1).
VYTreBoopoasl 3aliexked, MPOHUKAIOINIME B BEPXHHE OCAJ0YHBIC TOJIIU B
pe3yabTare 1 Ppy3uoHHO-(DUITBTPALIMOHHOTO MaccoIepeHoca,
B3aMMOJICUCTBYIOT C TIOPOJaMH M BOJAMH (XMMHUYECKHE, (PU3UKO-XUMUUYECKHUE U
OMoXuMHYEeCKHUe Tmpoliecchl). B pgaHHOM siBIeHUM OOJBIIYI0 POJb UTPAIOT
MIPOIIECCHl COpOIMU M pacTBOpeHus. YacTh YIriIeBOJOPOIOB PACTBOPSICTCS B
KaMWUIIPHOM BOJIE MOpPOJ W OUTyMOMAaX, COpOUpPYETCs MUHEpalaMH U
OpraHUYeCKUM BemiecTBOM. OcCTaBIIasiCs 4aCTh MUTPHUPOBABIINX YTIECBOAOPOIOB
y)K€ B BEpXHUX TOPU3OHTAX B pe3yJbTaTe€ XHUMHUYECKHMX U OaKTEepHaTIbHBIX
MPOIIECCOB PA3PEIIAETCA WJIM MEHSETCS, YTO MOXKET NMPUBECTH K HAKOILJICHUIO
MIPOIYKTOB UX MPE0OPa30BAHMS B BBIIICIICKAIINX OCATOYHBIX TOPU30HTAX.

Eme Heckonbko AecaTHIETHI Ha3aa ObLUIO YCTAaHOBJICHO, YTO OCAJOYHBIC
MOPOJIbI 001a1al0T OCOOBIMU COPOIIMOHHBIMU CBOMCTBAMHU IO OTHOILICHHUIO K
YTIEBOAOPOJHBIM Ta3aM. JTH CBOWCTBA 3aBHUCAT OT MHOXECTBa (DaKTOpOB, B
YUCJI€ KOTOPBIX TEMIlepaTypa, MJaBICHHUE, JIUTOJIOTHYECKUH COCTaB TMOPO,

IPOUCXOXKICHNE YIiIeBoaopo1oB | T.1. (Baccepbepr, 1950; Crapoouner, 1986).



24

C yBenu4yeHHEM TeMITepaTyphbl COPOITMOHHAS CITIOCOOHOCTH TTOPOJI CHIDKACTCS; a ¢
POCTOM JaBJICHUSI KOJIMYECTBO COPOMPYEMBIX YIJIEBOJIOPOJOB BO3pACTaeT [0
OIpe/ICICHHOT0 3HAYCHHMsI, 3aTeM BHOBb HaumHaeT cHrokathes (Gilmer, 1965).
AncopOrmonHble ¥ aOCOpPOIMOHHBIE CBOWCTBA TMMOPOJA IO OTHOIICHHIO K
ra3000pa3HBIM YTIIEBOJOPOIaM M UX CIIOCOOHOCTH K OT/Iaue 3HAYUTEILHON YacTH
YTIEBOJAOPOIOB CIY’KaT OCHOBOM JUIsl Ta30r€OXMMHUYECKOTO0 METOJa ITOWMCKOB

He(dTHU U rasa.
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Pucynok 2.1 — IlpunnunuaneHas cxema cyOBepTHKAIbHON MUTPALIUU YTIIEBOIOPOAHBIX
KOMITOHEHTOB U3 ITyOMHHBIX 3aJIexKei

IIpn Hanuuuu B paspe3e YIJIEBOAOPOIHBIX 3aJEKEH HAyIIHEe OT HHX
NOTOKA HE(PTSIHBIX COCIWHEHHH MOTYT JOCTUTAaTh 30HBI TEOXHMHUYECKOTO
30HAMPOBAHUS, M3MEHSS €CTEeCTBEHHBIM oOpraHoreoxumuieckuii ¢on. B
OCaJIOYHBIX OTJOXKEHUSIX (HOPMUPYETCS TEOXMMHUYECKOE II0JIe, COCTOsIIee U3
JIBYX 0a30BBIX KOMIIOHEHTOB — (DOHOBOT'O M aHOMAaJbHOTO, OOHApY>KCHHE U
paszneneHue  KOTOPBIX  SIBJSIETCS  TJIaBHOM  3ajadeld  OUTYMUHOJIOTHH.
burymuHonoruueckass aHoManus MpeACTaBisgeT €000l 001acTh CKOIUICHHS

MUTPAIMOHHBIX KOMIIOHEHTOB ITyOMHHOW He(TEera3oBOM 3ajieku U Mo OoJbIen



25

YacTH YHACJIEJOBAHHO COXpaHSET 4YepThl BEHIECTBEHHOTO COCTaBa HeQTH.
Onpenensomumu paktropamu GopMUpPOBaHUST OUTYMUHOJIOTUYECKUX aHOMAJIUN
SBJIICTCSI  TMOJIOKEHHWE He(dTerasoBodW 3ajeXw B paspe3e, CTPYKTYpHO-
TEKTOHUYECKHM XapakTep HCCIEIyEMOIO paiioHa, JUTOJOTHUS OTJIOKEHH,
MEPEKPHIBAIOIIMX 3aleXKb M claralmmx paspe3 U T.Ja. CoOoTHOIIECHHE
MEePEUYUCIIECHHBIX (PAaKTOPOB B MPUPOJIE€ MOKET ObITh Pa3IMYHBIM, UTO OKA3bIBAET
BIIMSIHUE HA Pa3BUTHUE MTPOIIECCA B LIEJIOM.

HanbGonee OnarompusiTHasi TreoJIOTHYECKas CUTyallUsl CO3JaeTca MpH
COBOKYMHOCTU CIEAYIOMHUX (PAKTOPOB: JOCTATOYHO OJU3KOE PaCIOIOKEHUE
3QJIEKU  YTJIIEBOJOPOJOB OT BEPXHHX OCAJ0YHBIX TOJI, CTPYKTYypHO-
TEKTOHUYECKHE TMPEANOChUIKA (HaJu4yue HapylieHui), o0ecneunBaronme
MUTpalMi0 (IIIOMAOB OT 3aJieKM K BEPXHUM TOPU30HTAM, OTCYTCTBHUE WIIH
MUHHUMAaJIbHAS POJIb BTOPUYHBIX OMOT€OXUMUUYECKUX (PaKTOPOB, MPUBOJAIIUX K
pa3pylleHHr0  aHomManuu W Ap. I[lpy  onTHUManIbHBIX  YCIOBHSIX
OUTYMUHOJIOTHYECKAss aHOMAaJIUS KOHTPACTHO BBIJIETSETCS HA CHHTCHETUYHOM
FEOXUMHUYECKOM (pOHE.

Tem He MeHee, TOAOOHBIE OUTYMHHOJOTUYECKHE  AHOMAJHH,
dbopmupyrolmecss B 30HE TUIEPreHe3a, 4acTo MOJABEPKEHbI OMOXUMHUYECKOMY
OKHCIICHUIO U Pa3pyIICHUI0 B pe3yJbTare yxoja B ruapocdepy-armochepy
HU3KOMOJIEKYJISIPHBIX YIJIEBOJOPOJHBIX KOMIIOHEHTOB. OKHCJIEHUE MPUBOJIUT K
nepepachpeeiecHuI0 COCIMHEHUN — 3HAYMTEIBHO BBIPACTACT JOJS CMOJHUCTO-
ac(aJbTCHOBBIX ~ KOMIIOHEHTOB W  YMEHBIIAeTCs  o0IIee  KOJMYECTBO
YTJIEBOJIOPOJIOB. [Tpu OTCYTCTBUU VI HEOOJBITION MOIIHOCTH
Ca0OMPOHUIIAEMBIX TEPEKPHIBAIOIINX MOpoa Takxke mnpoucxoaut Iloreps
HU3KOMOJIEKYJISIPHBIX COCIMHEHUN. B 3HAUNTEIbHON CTENIEHU 3TO BBIPAKAETCA B
COCTaBE€ ra30BOM KOMITOHEHTHI MOPOJ: PE3KO YMEHBIIIAETCS KOJUYECTBO METaHa U
ero Tsokenbix ToMooroB Co-Cs, [1o xapaktepy pacnpenesieHus] H-aJIKaHOB TakKe
OOHapy>KUBAEeTCs MCYE3HOBEHHE HU3KO- U CPEIHEMOJICKYJSIPHBIX COCIWHECHUN

(mo Ci14— Ci6) B Macaax OMTYMOHMJIOB.
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2.2.Pojib 0MOMApPKEpPOB B MCCJIEIOBAHUSIX OPraHUYeCKOI0 BelllecTBa
JTOHHBIX 0CAJKOB

Jns Hau6osee 3(pPEeKTUBHOTO BBIABICHUS PACIIPENCICHISI OPTaHUIECKOTO
BEIIIECTBA B JIOHHBIX 0CAJKAX, a TAKXKE JUIS OIEHKU BKJIaJa pa3InIHBIX THIIOB €r0
WMCTOYHHUKOB HCIIOIB3YETCS] KOMIUICKC CETUMEHTOJIOTHUYECKUX M T€OXUMHUYECKHIX
UCCIICIOBAaHWA, B TOM 4HCIEe OWOTCOXMMHUYECKAsh PEKOHCTPYKIHS HCXOIHOTO
OpPraHUYECKOTO BEIIECTBA C HKCIOJB30BaHHEM OMOMapkepoB. lcmonbp3oBaHue
OMOMapKepoOB KaK TPACCHPYIONIUX 3JIEMEHTOB WMEET MPAKTUYECKOe 3HAYCHWE
IIPU BOCCO3/IaHUK OOCTAHOBOK OCAJIKOHAKOIUIEHHUS, 00eclieunBas, B TOM YHCIIE,
Oonee TMONHOE TIOHMMAaHWE WCTOYHMKA W MEXaHW3Ma TpaHchopmaimn
opraHu4eckoro matepuaia B mpoiecce quareHesa (Wakeham and Canuel, 2006).

B onHol u3 KiIH0YEBBIX 3apyOeKHBIX pPabOT, 000OIIAIOIIMX MHOTOJETHHE
WCCJICIOBaHMsI OMOMApKEPOB, OHHU OTPECIAIOTCS KaK CIOKHBIC MOJICKYJISIPHBIC
«OTIEYaTKW» JKUBIIUX pPaHEE OPraHU3MOB, 0Opa30BaHHBIC U3 OMOXMMHYECKUX
KOMIIOHEHTOB, TMpeumyliectBeHHO KupoB (Peters et al, 2008). ABTOpHI
MOHOTpaduu OTMEYAIOT, YTO HCIIOJIb30BaHWE OMOMApKEPOB JJIsi OOBEKTUBHOTO
BOCCO3JIaHUSI MOJIENIM 0CaIKooOpa3oBaHusi Haubosee F3PHEKTUBHO MPU PEIICHUN
3alad  HEPTIHOM TEOJIOTHH: OIPEACICHUH MATEPUHCKUX TIOpOJ, YCIOBHM
OKpYXalolel cpeabl B TEPUOJ OCAJAKOHAKOIUICHHS W 3aXOpPOHEHHS, CTENEHb
Owonerpaganuy, HEKOTOPhIE AaCHeKThl MHUHEPAIOTHH MAaTePUHCKUX IOPO/I,
BO3pACT U HEKOTOPHIX IPYruX. B KOHTEKCTe MaHHON pabOThl YMECTHO TOBOPHUTH O
Omomapkepax COBPEMEHHBIX OCAQJKOB KaK O KPHUTEpHSIX 0CO000M 0O0CTaHOBKHU
OCaJIKOHAKOTUICHUS ¥ BO3MOXXHOW MACHTH(UKAIIMA MUTPAIIMOHHONH KOMIIOHEHTHI

B palioOHax JOKYMEHTUPOBAHHOM pa3rpy3Ku ra3a u3 NpUAOHHOW TOJIIH.

2.2.1. YrneBogopoaHbie OMoMapKepbl

B nmanHoM 0030pe mNpuBENEHbI OCHOBHBIE YIJIEBOJOPOJHBIE MAapKEPHI

(«HeTsIHBIE YTIIEBOIOPOBDY), KOTOPHIE MOTYT OBITh HIACHTU(GUIIUPOBAHBI B
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JIOHHBIX OCagKaX M yKa3plBaTh, B TOM 4YHCIE, Ha MpeanojaraeMyro
He(TEra3oHOCHOCTh TOJACTHIAIOIINX TOpH30HTOB. [lpm 3TOM HeoOXoaumo
HOSICHUTh, YTO TEPMUH «HE(TAHBIC YTICBOJAOPOIBD» MOKHO CUUTAThH YCIOBHBIM.
['1yOuHHBIE YTIEBOAOPOIHBIE (DIIFOUIBI U OPraHMYECKOE BEIICCTBO COBPEMEHHBIX
JOHHBIX OCaJKOB COJIEP)KAT CXOJHBIC KJIacChl OPraHUYECKHX COCTUHCHUU.
OCHOBHBIM HMCTOYHHKOM TaKUX COCIUHEHHH IS JOHHBIX OCAJKOB, OUEBHUIIHO,
SBJISIFOTCS. TUAPOOMOHTBI M MaTepwal TEpPPUIreHHOro cHoca. [IpucyrcTBHe
YIJIEBOAOPOAOB HE(PTSIHOTO Psifia B JOHHBIX OCAIKAX TAKKe MOXKET 00YCIOBJICHO
AJUIOXTOHHBIM ~ BKJIQJIOM OPraHUYECKOTO BEIIeCTBa HE(PTEHOCHBIX TOPO,
BBIIICIINX HAa TOBEPXHOCTh B paiioHe OeperoBod MOJOCHI M IOJBEPTIIUXCS
JaTbHEHIIEMY pPa3MbIBYy W TIEPEHOCY, a TaKKe Murpanueid QIonIoB u3
HIDKENISKAIIMX ~ TONI], O YeM ObUI0 CcKa3aHo Bbime. HneHtudukanms
YIJIEBOJAOPOAHBIX COCIMHEHHNA B COBPEMEHHBIX OCAJKaX HE MOXKET HAIPSMYFO
CBHJICTEIIBCTBOBATH O MPUCYTCTBHU YTIIEBOIOPOIHBIX 3aJI€KEH B IMOICTHIIAFOIIIX
TOJIAX, HO B paMKaX KOMIUICKCHBIX HCCIICIOBAHUNA MOXET CIIy)KHUTb
JIONIOJIHATEIILHBIM ~ KPUTEPUEM ISl  BBIABJICHUS TNIYOMHHOW MUIPAIIMOHHON
KOMITOHEHTHI B COCTaBE OPraHUYECKOrO BEIIECTBA.

Cornacao A.A. IletpoBy (1984), Bce HedTsHBIC YrIIEBOAOPOABI YCIOBHO
MOXXHO pa3lejWTh Ha JIBE OCHOBHBIC Tpymmbl: 1) mnpeoOpa3oBaHHbBIC
YIJIEBOJIOPO/IbI, KOTOPBIE YTPATHIM YEPThl CTPOCHHSI UCXOMHBIX OMOJIOTMYECKUX
MOJICKYJI; 2) PETMKTOBBIC YIICBOJOPOIbI — Onomapkepbl. K uuciy mocienHux
OTHOCSITCS. HOPMAJIbHBIC U W30NPCHOUTHBIC AlIKaHbI, TUKINYSCKUE U30TIPECHOUIBI
(cTepaHbl, TpUTEpHaHbI U T.1.).

PenukToBBIC YrIeBOIOPOIBI, B CBOIO OYEPE/b, COCTABISIOT TAKXKE JIBE
IPYIIIBL: YIIIEBOIOPOIbI U30TPSHOMTHOTO TUIA CTPOCHHS — alu(aTUUECKOro U
ATUIUKIMYECKOT0, C YHCJIOM IIMKJIOB B MOJIEKYJE OT OJHOTO [0 TSTH;
yIJICBOAOPOABl  HEM3OMPEHOMIHOTO THIA CTPOCHHS — TPEUMYIIECTBEHHO

aJ'H/Iq)aTI/I‘—IeCI(OFO, HUMCIOIICTO H-aJIKWJIBHBIC HWIIHN CJ'Ia60p33BeTBJ'IeHHBIC (0051

(ITerpos, 1984).
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Anxkauwbl

AnkaHbl, WIM TapapUHOBBIE YIJIEBOJIOPOIbI, - 93TO MpeAeiIbHbIE
YTJIEBOJIOPO/IbI C TMHEHHOMN (H-aJIKaHbI) WM PA3BETBICHHOU (M30aJIKaHbI) IEMbIO
aTOMOB yTJIEpO/ia.

MonekyasipHO-MacCOBOE paclpe/eiieHue H-aJIKaHOB WHIWBUIYAIBHO JIS
pPa3HBIX THUIIOB MCXOHON OMOMACCHI M HCIIOJIB3YETCS B KauyeCTBE WHCTPYMEHTA
BOCCO3/IaHUSl YCIIOBUU OCaJKOHAKOIUICHHs. Tak, HarpuMep, IITUHHOIEIOYEYHbIC
HEUETHBIE H-aJKaHbl, COJEpKAIIUECs B BOCKOBBIX IOKPBITUAX PACTCHUM,
YKa3bIBalOT Ha JOMHHUPYIOIIMN BKJIAJ BBICIIEH HA36MHON pPaCTUTEIBHOCTH.
N3BecTHO, UYTO HOpPMAJIbHBIEC aJKaHbl MPEUMYIECTBEHHO (DOPMUPYIOTCS B
pe3yabTare JeKapOOKCUIMPOBAHMS HACHIIIEHHBIX JKUPHBIX KHUCIOT B JKUBBIX
opranm3Max. Tak Kak OOJBIIMHCTBO KUPHBIX KHUCJIOT COJEPKHUT YETHOE
KOJIMYECTBO aTOMOB YIJIepoja, IPH JIEKapOOKCUIMPOBAHUM O0Pa3yOTCs aJIKaHbI
C HEYETHBIM 4YHCJIOM aToMOB. [IpecHOBOJHBIE BOJOPOCIH Takke B OoJbleh
CTENICHU CHUHTE3UPYIOT JUIMHHOLETIOYEUHbIE H-aJIKaHbl C MpeodliaaHueM
HEUETHBIX IenoYeKk. B cBoOw ouepeap, MOPCKHE BOAOPOCIH MPOIYIUPYIOT
MPEUMYIIIECTBEHHO HU3KOMOJEKYJsIpHbIe H-ayikaHbl (10 H-Ci7) CriaxeHHOTo
pacripefiesieHusi, TO €CTh 0e3 SBHOTO Mpeo0JialaHusl YETHBIX WM HEYETHBIX
cTpykTyp. g Oaktepuil Takke XapaKTepHO CTIAKEHHOE paclpelesieHHe H-
aJIkaHOB B uara3oHe oT H-Cis 10 H-Cog.

Tak, JOMUHUPOBAHKE YETHBIX H-AJIKAHOB B HE(TSX Yallle BCETO YKa3bIBACT
Ha DJBAMOPUTOBBIE (alMu M MOPCKYI0O OOCTAaHOBKY CeIuMEHTanuu. Takas
OCOOEHHOCTh CBSI3aHA C PE3KO BOCCTAHOBHUTEIILHBIMU YCJIOBHUSIMH, TJI€ PEaKIus
BOCCTAHOBJICHUS MPOXOJIUT O0€3 U3MEHEHUS Ynclia aTOMOB yriiepoaa B 1ienu. [lpu
ATOM TMpeobJIaJaHue YETHBIX H-aJIKAHOB B OOOTAIIEHHBIX KHCIOPOJOM CHUCTEMax
yKa3bIBaeT Ha aBTOXTOHHOE OaKTEpUAIbHOE MPOMCXOXKJICHHUE dTUX COCAMHEHUU
(Gonzalez-Villa, 1995).

CoOTHOIIEHWE HEYETHBIX UM YETHBIX H-aJIKAHOB, KakK, HamlpuMmep,

obmmenpunsaTeidi kodpdurment CPI (Carbon Preference Index), paccmarpuBaercst
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B KauecTBE MapKepa CTENEeHH 3PesIOCTH OpraHuyeckoro BeliecTtBa. Kak ObLIo
YIOOMSIHYTO BBIIIE, B HCXOJAHOM OpPraHUYECKOM BEIECTBE JOMUHHUPYIOT
HACBIIIIEHHBIE JKUPHBIC KHUCIOTHI C YETHBIM KOJMYECTBOM aTOMOB yriiepoja, a
npolecc JeKapOOKCUIMPOBAHMS — TMOTEPH (PYHKIMOHAIBHOW TPYIIbI —
MPOUCXOJIUT C XUMHUYECKOW TOUKM 3pEHUs MpOolIe, YEM pa3pbiB yriepoj-
YIJIEPOAHON CBA3U (C COMYTCTBYIOIIUM OOpa30BaHMEM YETHBIX H-aJIKAaHOB).
[ToaTOMY TOMHUHHpPOBAaHWE HEYETHBIX H-AJIKAHOB TaKXKE YKa3bIBA€T HA HE3PEIOCTh

OpPraHUYECKOTO BEIIECTBA.
H3zonpenouonvle yeneeo000poovl

Bce wuzonpeHousHble YTrIeBOJOPOAbI MOTYT OBITh pa3jielieHbl Ha TpU
MPEICTABUTENIbHBIE KATErOpUU: anu(paTHUYECKUe H3ONPEHOUIbI, AlMKINYECKUE
U30IPEHOUIBI U U3OINPEHOUbI, MMEIOLIME B COCTABE ApOMATHYECKUE spa.
OO1mMM CBOMCTBOM COEIMHEHUN SABSIIETCS UX TOMOJIOTMYHOCTh, OOYCIIOBJIEHHAs
0COOCHHOCTSIMM TeHe3uca. (OOpa3oBaHHE HM3ONPEHOUIHBIX  YIIIEBOJIOPOAOB
3a4acTyl0 MPOXOJUT Yepe3 JECTPYKLHIO OHOIOJIMMEPOB, U Pa3BETBIEHHOCTD
M30IPEHOMUIHOM LEMU MOCJE TPEeX IOMOJIOrOB, KaK IpPaBWIIO, BIEYET 3a COOOM
MIPOMYCK 4YeTBepToro romojiora. Kak ormedaror B cBoeit pabore A.A. IletpoB u
H.H. AGprotuna (1989), uMeHHO OTMEUYeHHasi TOMOJIOTUYHOCTh CTPOCHHUSI B PsIlie
CIIy4aeB 3aCTaBIIIET HCCIIEOBATENIEW MPEANOYUTATh TEPMHUH «HA30IPEHOUIHBIC

YTIEBOAOPOABD» 00JIe€ MPUBBIYHOMY «TEPIICHOUIHBIC COSTUHEHUS.
H3onpenouonvle ankanvl (U30npeHaHsl)

BwmecTe ¢ Hepa3BeTBICHHBIMHU AU(PATHUECKUMU TEMSIMU, U30MIPEHOUTHBIE
QIKaHbl ~ COCTaBIIAIOT  BAXHEHIIMH  CTPOUTENBHBIM  OJOK  MCXOJHOTO
OpraHMYecKOro Marepuasia, HEMOCPEICTBEHHO Y4YaCTBYIOIIETO B OOpa30BaHUU
HEe(DTAHBIX  YIIIEBOJAOPOAOB. AmmdaTudeckue U30MPEHOUIBI HUMEIOT —Kak
peryisipHble, TaK U HEPETYISIPHbIC YIIEPOAHBIE LIENN, U YUCIIO ATOMOB OT JEBSITH

JI0 COPOKa TISITH.
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[Ipu nectpykimu 000N  YIIIEpOJ-yIiIepo] OCHOBHOM II€MA MOTYT
o0pa3oBaThCs JUIIb PETYISIPHBIC H30MPEHOUIbl. Tak, Hamboee 4acTo cpenu
BCETO psi/la U3OMPEHOMIHBIX AJIKAHOB MCIIOJB3YIOTCS B Ka4eCTBE OMOMapKEpOB
npuctad (2,6,10,14-terpamermnnentanekad, CigHsa) u duran (2,6,10,14-
teTpamerrarekcagekad, CyHsz). Oba coemuHeHHS — NPOU3BOAHBIC (HUTOIA,
HEMPEACIbHOTO HW30MPEHOUIHOTO CHUPTAa, KOTOPBIH BXOJUT B COCTaB
BaXHEHUIIIOTO MPHUPOJAHOTO MHUTMEHTa — xjopoduiura. OTHOIICHHE TpUCTaHa K
dbuTaHy — ONMH W3 KIIOYEBBIX N'€OXMMHYCCKUX TapaMeTpOB, WCIIOIB3YEMBIA B
KauyeCTBE WHIMKATOpa OOCTAHOBKH OCaJKOHAKOIUICHUS. B OKHCIUTENHHON
obcraHoBke ¢uTON Tpeoldpazyercss B (PUTEHOBYIO KHCIIOTY, IIOCJIE€ Yero
MIPOUCXOJIUT €€ JeKapOOKCHIMPOBAaHUE U TOCIEayIolee 00pa3oBaHUe MPUCTCHA
U npuctaHa. BoccTaHOBUTEIBHBIE YCIOBUS MPEANOAratoT IPyrol MEXaHu3M, B
KOTOPOM TPOUCXOJUT BOCCTAaHOBJCHHUE (QuToma 10 auruapodurToia ¢
JMATbHEHIIMM BOCCTAHOBJICHUEM THUAPOKCHIBHOW Tpynmbl U 00pa3oBaHHEM
¢duTaHa.

COOTBETCTBEHHO, BBICOKOE OTHOIIIEHUE MPHUCTaHA K (UTaHy yKa3bIBaeT Ha
JIOMUHUPOBAHUE OKHUCIUTEIHLHON OOCTAaHOBKH M C OOJIBIION J0JIeH BEPOSITHOCTU
MapKApPyeT Ha3eMHYIO CEAUMEHTAIMOHHYIO cpeay. [Ipu 3ToM HHM3KHME 3HAYEHUS
(<2) xapakTepHbl I MOPCKOM Cpelibl, a MPOMEXYTOUHbIE — JJISl EPEXOAHON

30HBI PEYHO-MOPCKUX YCIOBUN U IPUOPEKHOM 30HBI OOJIOT.
Luknuyeckue uzonpenouosl

B pesynbraTe UMKIM3ALUU WU3O0MPEHOUJIHBIX YTIEBOJOPOJOB Pa3IMYHON
JUTMHBI MOKET 00pa30oBaThCsl MHOXKECTBO COCIWHEHUH, cojepkamux oT 1 g0 5
HACBIIIIEHHBIX  KOJIEIl — TaK Ha3bIBa€MbIX ITUKIMYECKUX TEPIICHOMJIOB.
Knaccudukaiuys TeprneHOMI0B OCHOBaHAa Ha KoinyecTBe M30—C5 OCTaTKOB -
M30IPEHOBBIX 3B€HbEB B MoJjiekyJie. CornacHo A.A. IletpoBy (1989), uMeHHO 3TH

COEMHEHMSI 00pa3yI0T OCHOBY PEIMKTOBBIX YIJIEBOAOPOJOB — OMOMapKEPOB.
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Tak, pa3nensitoT MOHOTepIEeHbl (TeprneHsl), cojaepxamue 10 yriepoaHbIx
aTOMOB M, COOTBETCTBEHHO, 2 U3OIPEHOBBIX 3BeHa; ceckBuTeprieHb (C15-
coenuHenus); aurepnensl (C20-coenuuenus); tpureprnensl (C30-coeanHeHus);
terparepriensl (C40-coeuHeH ).

Ceckeumepnenoudst — HanboJiee oOIIMpPHAs TpyMna Cpeau BCEX TEPIICHOB
KaK 10 KOJMYECTBY COEMHEHNI, OOHAPY>KEHHBIX B IIPUPOJIE (HECKOJIBKO ThICAY),
TaK M IO MHOXECTBY CTPYKTYpPHBIX BapHaHTOB M Pa3HOOOpa3vI0 CTPOEHUs
yraepoaHoro ckenera (6omnee tpexcot) (Ilmemenkon, 2006). Ouu comepxkaTcs B
MOpPCKUX OpraHu3Max, MHKpPOOax W Ha3eMHBIX PACTCHMSX, BBIJIEISIOTCS B
CEKPETOPHBIX BBIJICIICHUSIX HACEKOMbIX. B  HauOousbllleM KOJIMYECTBE U
pa3HOOOpa3uM  CECKBUTEPHEHBl MPUCYTCTBYIOT B  PACTEHHUSIX CEMEUCTB
Magnoliaceae, Rutaceae, Cornaceae u Asteraceae.

Jlumepnenouov: TpPENCTaBICHbl B 3HAYUTEIbHO MEHBIIEH CTENEHH B
pacTeHUsIX, YeM YIOMSHYThIE CECKBUTEpIICHbI. B 3HAUMTENbHBIX KOJIMYECTBAX
OHa 0OHAPYKUBAIOTCSI B CMOJIaX XBOMHBIX PACTEHUH.

Tpumepnenoudvl OTIMYAIOTCS MEHBIIMM Pa3HOOOpPA3HEM CTPYKTYPHBIX
TUIIOB, HO 3HAYUTEIHHO OOJIBIIUM PACIPOCTPAHEHUEM B KUBBIX OpraHU3Max: UX
OoOHapy>KHUBAaIOT B >KMBOTHBIX, PACTEHUSAX, MHKPOOPTAHU3MAaxX M OPTaHUYECKHUX
re0JIOTHYECKHUX cpeiaX (paccestHHOE OpraHUuueCcKoe BEIIECTBO MOPOI, HE(PTh).

Ckeéaner SIBISIETCS €IWHCTBEHHBIM AIIMKIMYECKUM TPUTEPICHOM —
OCHOBOITOJIATAIOIIMM ~ TPUTEPIEHOM Kiacca TputepneHouioB. CoeauHeHue
MPUCYTCTBYET BO BCEX OpPTraHM3Max, IJe OOHapyXeHbI TPUTEPICHOUIbI, TaK KaK
uX 00pa3oBaHHE OCYIIECTBIIIETCS HMMEHHO M3 CKBaJleHa MO OJHOW cxeme. B
OCHOBE  MexaHu3Ma oO0pa3oBaHUS  TPUTEPICHOMAOB  JIEKHUT  MPOLECC
AIOKCHIMPOBAHUS OJIC(PUHOBON CBS3M CKBajJeHA C JaJIbHEHMIEH CHHXPOHHOM
MHOTOLIEHTPOBOW IIMKJIM3AllMe CKBAJICH-OKCHIa B YCJIOBHSX KHUCIOTHOTO
Karanu3za. B pe3ynbrare gaHHOro mpoiecca 00pa3yroTCs MNOJUIUKINYECKUE

KOHJICHCUPOBAHHBIC CUCTEMBI C IUKJIOTeCKaHOBbIMU (parmenTtamu ([1memeHkoB,

2001).
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VB pspa conana - NEHTAUUKINYECKHE YIJIEBOAOPOBI, Pa3IMYAKOLIUECS
JUIMHON  alIKWiIbHOTO panukana. CoeAuHEHHs IIUPOKO paclpOCTPaHEHbl B
OpraHMYEeCKOM BELIECTBE OCAJOYHBIX OTIOXKEHUU. CUHUTaeTcs, 4TO OJHHM U3
OCHOBHBIX OMOJIOTUYECKUX MPEAIIECTBEHHUKOB rOMaHoB ABJISIETCS
cnenu@uueckoe BELIECTBO, MPHUCYTCTBYIOIIEE B JUIUAHBIX MeMmOpaHax
NPUMUTUBHBIX MPOKapuoToB (OakTepuit u nmaHobaktepuii). (OCHOBHBIM
CTPYKTYPHBIM TMPEAIIECTBEHHUKOM TOIMAHOB CYHUTAETCs OaKTEpHOTOMaHTETPOII
(Cs5) — crupT, BXOJSIIMN B COCTaB JIMMHIOB KJICTOYHBIX MEMOpaH a’pOOHBIX
oaktepuii (Pucynok 2.2). B mporecce nua- miam KaTareHETHYECKOW SBOJIIOIUN
OCaJIKOB OnoronaHou bl TEPSIOT TUAPOKCUIIbHBIE TPYIIIBI W
JeKapOOKCUIMPYIOTCS U B TpeoOpaszoBaHHoM OB (apeBHHE oOcaaKd, Yroib,
He(Th, CJHaHIBI) MPUCYTCTBYIOT B BHAE TIoMosioroB romaHa psaa Cr7-Css
(Kammpues, 2003).

bnarogapss cBouM CBOICTBaM COXpaHATh OHMOXUMHUYECKYIO CTPYKTYPY
HCXOJHBIX COCIMHEHUN OHM SIBISIOTCS OJHHUMHU W3 BaXKHEUIIHMX PEIMKTOBBIX
YII€BOAOPOIOB U MOTOMY aKTHBHO MPUMEHSIOTCS B XUMUU HEPTH.

0aKTepHOronaHoTeTpO.l r
p OH OH Guoronan

OH OH

% Kamazenes

L)
reoronanbl

17p21a22rR  17a21B22R 17021228
X=CH, C,H,, C,H, C,H,,C,H,,

Pucynok 2.2 — Tpancdopmarius 6akTeproronaHTeTposia B ronaHOBbIE YTIEBOIOPOIbI
IIPU 1Ma- U KaTareHeTUYECKOM 3BOIIOLMU UCKONIAEMOr0 OPraHUYECKOI0 BELIECTBA
(Kamupres, 2003)
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Tunuuneii npeacraButend psga, romad (C30HS2), umeer 21 arom
yriaepojia B HUKiIax. 6 METUIBHBIX 3aMECTUTENCH U aNKWIbHBIA paaukan y 21-ro
atoma yriepona. B «O6uoromane» (17B(H),21B(H)) counenenne Bcex MHUKIOB —
tpanc. B «reoromane» (17a(H),21B(H)) couneHenue weHsiercss Ha Oojee
TEpPMOJMHAMHUYECKU ycTounBoe —1uc). B Hespenom OB coBpeMeHHBIX OCaIKOB
JTOMUHHUPYIOT OMOTOMaHbl, B TO BpeMsl KaKk B HE(PTAX W MPUPOJIHBIX OMTyMax —
3perom OB — romansl peAcTaBiIeHbI Fe0-KOHPUTYypaIHei.

Cmepanvl, HaCBIILIEHHBIE TeTpalMKIndeckue yraeBoaopoasl Cor-Cass,
HapaBHE C TONaHAMHU SBJISIIOTCA BAXKHEHIIMMH PEIUKTOBBIMU OHOJOTHYECKU
MapKUPYIOIIMMU yTIeBOJ0poaaMu. B nuareHeze oOpazoBaHue CTEPaHOB COCTOUT
U3 psAa MOCIEN0BATEIbHBIX 3TAlOB, BKIIOYAIOIIUX OKHUCIEHUE CTEPOJIOB B
CTEPOHBI, JACTUpATAINIO MOCIEAHUX C 00pa30BaHUEM CTEPEHOB, MOCIEAYIOIIEe
BOCCTAHOBJICHUE U n3oMepu3aiuio ctepeHoB (Iletpos, 1984).

HekoTopbie TpuTEpHeHOUABl MPETEPIECBAIOT JETrpajalldio YIJIEPOIHOIO
CKeJieTa, B pe3yjbTaTe KOTOPOM HM3MEHEHHBbIE TPUTEPHEHBI 00pa3yIoT APYTYIO
BOKHYIO TPYIIY COCAMHEHUN MOJ Ha3BaHUEM CTepoujbl. IIpeaiecTBeHHUKOM
ATOTO Kjacca SBJSIETCS XOJIECTepOJ, OOpasyIoIIUMKCS Yepe3 JIAHOCTEpOJ U3

OCHOBOITOJIATAIOIIIET0 TPUTEPIIEHA — CKBAJICHA.
THonuyuxknuueckue apomamuyeckue y21e8000po0bl

[Monunukmyeckue apoMaTrueckue yriieBoaopoasl (ITAY) ¢ Touku 3peHus
XUMHUYECKON CTPYKTYphI MPEACTABISAIOT cOO0M OEH30JIbHBIE KOJIbLIA (OT ABYX H
Oomnee), COeQUHEHHBIE B JIMHEHHOW WM YIJIOBOM TOCIEIOBATEIHHOCTH.
[TIpoucxoxknenne IIAY, oOHapykuMBaeMbIX B  OKpyXaromeh  cpee,
JMCKYCCUOHHO. MHOTOUYMCIIEHHBIE UCCIIEN0BaHUsl YKa3bIBalOT HA JIBA OCHOBHBIX
VMCTOYHUKA — aHTPOIIOTEHHAsl IEATENIbHOCTh WM IPUPOAHBIE ITpouecchl. boiee
YeTKOE pa3zelieHue MEeXaHW3MOB oOpa3zoBaHus [IAY Bblhenser Tpu KaTeropuu
(ITerpoma, 1998).

[Muponutuueckoe obOpazoBanue I[IAY mnoapasymeBaer CyiecTBOBaHHUE

BBICOKOTCMIICPATYPHOT'O 501041 IMUPOrcHHOI O HCTOYHHKA, CBA3aHHOI'O
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MIPEUMYLIECTBEHHO C MPOMBIIUICHHOW JESTEIbHOCTHIO, JIECHBIMU IOXKapaMHu, a
TaKXe C MPOoILleCCaMU B 30HaX TEKTOHUYECKUX M THIPOTEPMAIbHBIX Pa3rpy30K U
ByJNKaHW4YeckuMu BbiOpocamu. CoctaB u ctpoeHue [TAY 3aBHCIT OT MCXOTHBIX
COCIMHEHWH W  yCIOBUH  jgecTpykuuu. Ha  rioyOMHHBIH — HMCTOYHHK
MOJINAPOMATUYECKUX COEIMHEHHH YKa3blBaeT OOHAapyKEHUE IOJIMAPEHOB B
OKEaHMYECKUX JIOHHBIX OCaJIKaX, MPUYPOUCHHBIX K TEKTOHMYECKH AKTHUBHBIM
3oHaM (DropoBckas u ap., 1980). Tak, yueHsIMu ObUIO BbICKa3aHa TUIIOTE3a, YTO
B pPE3yibTaTe€ TEPMOXMMHUYECKOTO BO3ACHCTBUS HA OPraHUYECKOE BEILECTBO
JIOHHBIX OCAJKOB, OOYCIIOBJIEHHOE pa3rpy3Kod TJIyOMHHOTO BeElIIeCTBA W
nerasanuen 3emiii, MOXKET HMPoucXoauTh HoBooOpaszoBanue [1AY (KynakoBa u
ap, 1982). Jlns ykazaHHBIX MPOLIECCOB XapaKTEPHO OOHAPYKEHHE B OCaIKax
dbayopanTeHa, nmupeHa u 6eH3(a)nupena, HadTaaTuHOB.

[loctymnmenne B Mopckyto cpexy IIAY  TunuyHo  HepTAHOTO
MPOUCXOXKJICHUS MOXET OBITh BBI3BAHO KaK TEXHOTEHHBIMH TMPOIECCaMU
(aBapuiiHble pa3nuBbl HeDTH, TOTEPU MPU TPAHCIIOPTUPOBKE U OYpeHUH), TaK U
NpUpPOIHbIMH. VccnenoBaHWs TOKA3bIBAIOT, YTO IPUPOJHASI  MHIPALIHS
YTJIEBOJIOPOJIOB BIIOJIHE MOJKET CIY>)KUTh 3HAUMUTEIbHBIM HCTOYHHUKOM IIAY B
MOpckyro cpeny. Tak, Haubosiee XapakKTEpHOM UEpTOM, MapKUpyrolen
npucyrctBue HadtunoreHuoix [TAY, sBnsercd 3HaYMTENBHOE AOMHHHPOBAHUE
(beHaHTPEHOBBIX CTPYKTYp U TpeoOjaJaHhe B HUX COCTaBE ATKWJIMPOBAHHBIX
romoJioros (Ilerpoa, 1998)

I[TAY He Moryt ObITh HEMOCPEICTBEHHO Ha3BaHBbI «OHMOMapKepamm», Tak
KaK B HCXOJIHOM TPHUPOJHON cpelie He ObUIO BBISBIIGHO MX MPSMBIX aHAJIOTOB.
Tem He Mmenee, ITAY, oOHapyXeHHbIE B MOBEPXHOCTHBIX OCaJKaX HEKOTOPBIX
aKBaTOpHUM, JIEMOHCTPUPOBAIIM BBICOKYKD KOPPESILUIO C  COAEpKaHUEM
OpraHMYecKOro BeHIeCTBA U, HAO0OpPOT, pEe3KOoe pas3uyue TPEHIIOB C
pacrnpesiefieHueM MOTEHIMAIbHO TEeXHOTreHHbIX KommnoHeHToB (Ilerposa, 1990,
Lipiatou, Saliot, 1991). Tak, Obu10 cienaHo mpeanoioxenue, uto ITAY moryr
dbopMHpoBaTbC HAa CTAJAWM CEIMMEHTAlMM W PpAHHEro JuareHe3a Mpu

OMOXMMHYECKOM JIerpajalid HCXOAHOTO opranudeckoro Bemiecta (Geschwend
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et.al, 1983, Schaeffer et.al., 1995). [lns OuoreHHoro mexanmsma oOpa3oBaHUS B
OoJbIIel CTENEeHU XapaKTePHBI YIIIEBOJOPOIbI (DEHAHTPEHOBOTO, XPU3EHOBOTO 1
MIEPHJICHOBOTO Psjia.

B kadecTBe TeHETHMUYECKHMX TPEIIICCTBEHHUKOB (EHAHTpeHAa H  €ro
QIKUJITOMOJIOTOB ~ YKa3bIBAIOT  IHUKJIMYECKUE  JUTCPIICHOWIHBIC  KHCIIOTHI
(a0MeTHHOBYIO W MHMAapOBYIO), COJEpKAIIUECs B JUMUAAX BBICIIANX PACTCHUN
(Wakeham et.al.,, 1980). [dpyrum mexaHusmMoMm oOpa3zoBaHus (HEHAHTPEHOB
MOKET OBITh JETHAPOTCHHU3AINS CTEPOHIOB, & UMEHHO cTepoiioB (PoBuHCKHUH 1

np., 1988, Ilerposa, 1998)

2.3.Yr.11e130)10p011m>1e ra3bl B JOHHbIX O0CaJKax

2.3.1. I[I/IaI’GHGTI/ILIeCKI/Ie N KaTaIrCHCTUYCCKHUC ITPOICCChI KAK HCTOYHUKH
YIJICBOAOPOAHBIX I'a30B

YrieBogopoaHbsie ras3bl, OOHApyXMBaeMble B JIOHHBIX OCaJKax M
IPUJIOHHOM CJIO€ BOJHOM TOJIIIM, NMPOUCXOAAT U3 Pa3IMYHBIX HUCTOYHUKOB. B
JaHHOU paboTe Mbl (POKyCcHpyeMcsi HA OCHOBHOM KOMITIOHEHTE YTJI€BOJAOPOIHBIX
razoB — MetaHe (CHa).

CymiecTByeT HECKOJIBKO OCHOBHBIX THIIOB METAaHA, BBIAEISIEMBIX I10
NPUHIMIUAIBHO pa3HbIM MeXaHu3MaM oOpa3zoBaHus. [IpenmylecTBeHHO MeTaH
— 3TO MNPOAYKT NpeoOpa3oBaHUs OPraHUYECKOTO BEIIECTBA C YYAaCTHEM Kak
OMOXUMHUYECKUX (MUKPOOUANBHBIX), TaK W TEPMOXMMHUYECKHUX pPEaKIUH,
IPOUCXOASAIINX B PAa3IMYHBIX TEMIEPATypHBIX YCIOBUAX. B 1emnom, MeraH, Tak
WM HHaye oOpa30oBaBUIMIICS M3 OPraHUYEeCKOro BEIIECTBA, MOXET OBITh
0003HaueH Kak OuoreHHbi. COOTBETCTBEHHO, aOMOTE€HHBIN MeTaH (hopMUpyeTCs
B pe3yibTaTe XHMHUYECKHMX NPOLECCOB, HE IMOAPA3yMEBAIOIIUX YydacTHe
OpraHM4ecKoro mMarepuaina. Tem He MeHee, Cpeld TeHETUYECKUX TUIIOB METaHa

000COOJISIFOTCSI TOTIOTHUTEbHBIE KAaTETOPHUH.
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1. MukpoOuanbHbIi Wi 0aKkTepuagbHbIA METaH, KOTOPBIN FeHEPUPYETCs B
pe3ynbTaTe MUKpOOHAIBHBIX MPOLIECCOB B BEPXHUX TOJIAX OCAAOYHOTO YeXJa.
Kak ormewaer Whiticar (1999), tepmuH «OakTepUaNbHBII» B OTIUYHAE OT
o0o0mIaromero «OHWOTEHHBIM» OoJiee TOYEH, TaK Kak yriepoJ Kak B
OakTepUalibHBIX, TAK U B TEPMOTEHHBIX T'a3ax, BKJIIOYas METaH, B pe3yJibTaTe ObLI
o0pa30BaH WM SBJISUICSA YaCThIO OMOJOTHYECKON MEMOYKA KA yriepoaa. Tem
HE MeEHee, OTMETUM, 4YTO B HaCTosIIe paboTe MblI HE OTMEYaeM
MPUHITUITHATBHOTO PA3IUYMs MEXKIY HUCIOJIh30BAHUEM TEPMHUHOB «OMOTEHHBIIN
U «MUKpOOHUABLHBIN» U paccMaTpUBAEM MX KaK B3aUMO3aMEHSEMbIE.

2. TepMoKaTaIUTUYECKUI WU TEPMOTCHHBIA MeTaH, (POPMUPYIOIIHIACS
MIPU TEPMUYECKON IECTPYKIIUU OPTaHUYECKOTO BEIIECTRA.

3. AOuoreHHBIi MeTaH, OOpa30BaBIIMICS B pe3yibTaTe XUMUYECKUX
peakuuii ¢ y4yacTUEM HEOPraHWYEeCKHUX coequHeHud. Meran Qopmupyerca B
pe3ynbTaTe TepMokaramuTudeckoro cuHte3a uz Hy m CO (mponecc PDumiepa-
Tpoma).

KitoueBbIM ~ MHIUKATOPOM, TIO3BOJISIONIMM  YCTAHOBUTH  ITPOIIECCHI,
OTBETCTBEHHBIE 3a OOpa30BaHME MCCIEAYEeMOrO0 METaHa, SIBJISETCS W30TOMHBIN
COCTaB yriiepoja ¥ BoJopoja. TeM He MeHee, HEOOXOJIUMO OTMETHUTh, UYTO
M30TOIHYI0 TOAMUCH ra3a HWHTEPIPETUPOBATH OJHO3HAYHO OUYEHBH CIOXHO. B
ONPENICIEHHBIX YCIOBUSIX BEIIMUYMHBI U30TOMTHOTO COCTaBA Pa3HbIX F'€HETUUYECKUX
TUTOB Ta30B COJIMKAIOTCA, HAa KOHEUHYIO H30TOIHYIO TOAMUCH OKa3bIBaeT
BIUSIHUE Pl PAKTOPOB BHEIIHEH CPEIbl.

Jlanee B pabote Oojee MoApoOHO OyAYT PacCMOTPEHBI OMOTCHHBIM H

TEPMOTECHHBIN UCTOUYHUKH.
baxkmepuanvuwiit meman

JleaTeIbHOCTh ~ MHUKPOOPTaHU3MOB B IIPUIIOBEPXHOCTHBIX  OCaJKax
MPUBOJUT K 00pa3oBaHMIO psja ra3os, Takux kak CO2, H2, H2S, CH4, NH3 u
N2 (Tabmuma 2.2).
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MeraHoreHbl OTHOCSTCS K JoMeHy Archea W SBJISIOTCA CTPOTMMHU
aHa’pobamu. MeraHoreHbl 00pa3ylOT METaH HECKOJbKUMHU HM3BECTHBIMU
MeXaHU3MaMH, HanboJiee PaclpOCTPAHEHHBIE U3 KOTOPBIX — THIPOTreHOTPO(DHBIH,
aneToTpoHBIM WIH aleTOKIaCTHUYECKUI u METUIOTPO(HBIH,
KIaccu(puIupyemMbIe 1Mo TUITY UCTIOIB3YEMOTO cyOcTpaTa.

BoabImMHCTBO METaHOTEHHBIX apXeil COCOOHBI MPOAYIIUPOBATH METaH U3
BOJIOPO/Ia U YTIAECKUCIOTHI MO PEAKIIUU:

4H, + CO, --> CH4 + 2H,0.

MHorue mnpencTaBUTENU TUAPOTeHOTPOGHON TpyHmbl METaHOTEHOB
[OJTy4aloT SHEPrui0 B Ipolecce aHa’poOHoro okucieHus CO u Qopmuara
HCOOH. K wmeTtunotpodHbIM OpraHM3MaM OTHOCSTCSI METAHOTEHBI MOpsAKa
Methanosarcinales, koTopsie 00pa3yloT MeTaH W3 METaHOJA, METHIICYJIb(PHUIO0B
unn MetwiaMuHoB. Kak otmeuatror Jlemn u HMBanoB (2009), B kadecTBe
pPOCTOBOIO HMCTOYHHKA yriepoja [Jjisi OoJibllled YacTh METHIOTPODHBIX
METaHOTE€HOB BBICTYIAET aleTaT, TorJa Kak OOJBIIMHCTBO THUIPOTEHOTPO(dOB

MOTYT CHHTE3UpPOBATh OMOMAacCCy 3a cUeT yriepoaa, moixydaemoro uz CO;, u CO.

Tabmuia 2.2 — I'a3bl, oOpasyromuecs: B MOpCKUx ocaakax (Xant, 1982)

Peakums [Iponykt
AbnpoOHas 30Ha CH,O + O, —» CO, + H,O VYTIeKucpi ra3
2H,S + O, -> S + 2H,0
AHaspoOHas 30Ha CH,0 + H,O — CO, + 2H>» Bomopon
BoccTraHoBneHue 4H, + SO, — S* + 4H,0 CepoBoaopos
cynbdaron
Boccranosnenne CO, 4H, + CO; — CH4 + 2H0 MeTtan
[Tpucoenuuenue azora 3H,;+ N> — 2NH3 AMMMaK
Boccranosnenue 10H, + 4HNO3; — 2N, + 12 | A3otr
HUTPATOB H.O
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AIeTOKIaCTUYECKHEe METaHOTeHbl - MeTaHoreHsl ponoB Methanosaeta u
Methanosarcina, oOpasyiomue MeTaH IyTeM BOCCTAHOBJICHHS METHIIbHOM
TPYMIBI aIlleTaTa U OKUCIEHUEM KapOOKCHUIIBbHON TPYMIIBI 10 YTJIEKUCIIOTO ra3a:

CH3COOH — CH4 + CO;

PaznuuHbIe BUBI METAHOTEHOB CIIOCOOHBI (PYHKITMOHUPOBATH B IIIUPOKOM
Jarna3oHe TeMIIepaTyp, YTO OOBICHIET X MOBCEMECTHOE PaclpOCTpaHEHHE BO
BCEX U3BECTHBIX HAM MPUPOJIHBIX IKOCHCTEMAX.

JIJisi TOHUMaHUS POJIM METAaHOTCHHBIX OPTaHU3MOB B OMOTEOXMMHUYECKOM
HUKIe yriepojga  OoJjbIIoe  3HAYEHHE HWMEET UX  CIIOCOOHOCTh K
GbpakuMOHUPOBAHUIO CTA0WJIBHBIX HW30TONOB yriepoaa. VcuepmbiBaromue
JaHHBIC TPUBOJIUT B cBouX paborax M. Butukap ¢ xoymieramu (Whiticar et al.,
1986, Whiticar, 1999). Pe3ynbraThl HCCIEAOBaHHH YKa3bIBAlOT HAa TO, YTO B
MIPECHBIX BOJOEMax JOMHUHUPYET alleTOKIACTUYECKUI THI METaHOTEHEe3a, KOT/a
METaH MPOYIIUPYETCS U3 METHIIbHBIX TPYIII alleTara, METUJIAMUHOB, METaHOJIa U
MeTaHCyIbPUA0OB. B MOpCKMX ocajnkax pacrnpoCTpaHEeH TUAPOreHOTPOQPHBIN
MeTaHoreHe3. MeraH, 0oOpa30BaHHBIH METAHOTCHAMH IyTEM BOCCTAHOBJICHUS
YTIEKHUCIIOTO Ta3a, o0anaer Hanbosee Hu3kuMu 3HaueHusmu 613C (ot -60 o -
109 %o.), Oosnee «TsmKeabIe» 3HaueHUs B auamazoHe -50 10 -70 %o xapakTepHBI
i MeTwioTpopHoro meraHorenesa (Pucynok 2.3). HccnenoBarenu Ttakke
oOpamaroT BHUMAaHHME HAa TO, YTO B aHA’POOHBIX YCJIOBHUSX MapaijIeIbHO C
METaHOT€HE30M MOXKET MPOUCXOJUTh M OKUCJIECHUE METaHa, YTO CYIIECTBEHHO
YTSKENSAET €r0 U30TONHBIN COCTAaB.

M. Butukap Takxke NPUBOJUT U JOMOJHUTEIBHYIO KJIaCCU(PUKAIINIO
MeTaHoreHoB. OH yKa3bIBaeT, UYTO METAHOTEHHBIE OPTaHU3MBlI MPOAYIUPYIOT
METaH U3 CPAaBHUTEIHHOTO HEOOJIBIIIOTO YHCIa HU3KOMOJIEKYISIPHBIX COSAMHEHHIA
Y YCJIOBHO 3TH TPYIIIbI COEAMHEHUI MOXHO pa3feiauTh Ha ABe rpynisl. K nepBoi
OTHOCATCA Te cyOcTpaTbl, KoTOpble Oosiee HPGEKTUBHO MOTYyT OBITH
YTAJIN3UPOBAHBI Ipyrou rpynnon OakTepuii (Hampumep,
Cynb(darpeynupyonmMa OaKTepUsiMU), YTO JeJaeT MX HEAOCTYMHBIMH WITU

TPYAHOOJOCTYIIHBIMH JJII MCTAHOI'CHOB. COOTBCTCTBGHHO, KO BTOpOI>'I rpymnie
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CJIEZIyeT OTHECTH CyOCTpar, MOAXOJSIINN JUIi METaHOTEHOB, HO HE MPUTOHBIH
JUIs Opyrux OakTepuid, B TOM 4YHUCIIC CyabdaTpeaykropoB. Tak, Hampumep,
Krnetimmyn B cBoeri pabore (Claypool et al., 1983) ormeuan, 9To B MOPCKHX
ocajKaXx METaH MPH HAJMYUHM CYJIb()ATOB, KaK MPABUIIO, HE CHHTE3HPYETCS JI0
TOTO MOMEHTa, MOKa He OyAyT BOCCTAHOBJIEHBI BC€ Cyib(aThl: B OophOe 3a
BOJIOPOJl MCTAaHOTCHHBIC OaKTEPUHM HE BBIACPKUBAIOT KOHKYPCHIIMH C

cynbdaTperyKTopamH.

5613C, %o

100 4

80

60 -

40

1
450 -350 -250
dD. %o

Pucynok 2.3 — M30TonHbIN cOCTaB yriiepoja U BOJOPOia METaHa Kak MapKep ero
reHeTnueckoi npunaainexxnoctu (Whiticar, 1999; Jleun, Banos, 2009). I —
MUKpPOOHBIN MeTaH, MPOAYLIUPYEMBIN B pe3ynbTare pepmenTanuu amerara; Il -
MUKPOOHBIN METaH, MPOAYIHPYEMbIi B pe3ynbraTe BoccTanoBienus CO2; [l u IV —
TEPMOKATAIUTHIECKUN METaH, 00Pa3yIOIIUIiCs MPU BHICOKOTEMIIEPATPYHOM KPEKUHTE
OpraHWYECKOro BemiecTBa; V — AOHOTeHHBIN/MaHTUIHBIN MeTaH (cuHTe3 u3 CO2 u
H2); VI — MeTaH cMEIIaHHOTO MPOUCXOXKICHUS

Hpyrue  ¢akTopbl, Takue KaK OKHUCIUTEIbHO-BOCCTAaHOBUTEIbHAS

06CTaHOBKa, AOCTYIIHOCTb IIMTATCJIIBHBIX BCIICCTB, CY6CTpaTOB U KOHCYHBLIX
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AKOCIITOPOB JJICKTPOHOB, MOI'YT TaKiKC OIPCACIIATE BO3MOXHOCTL I'CHCpAllUU

MCTaHa B OHpe,IICJIGHHOfI cpeac.

TepMOKamaﬂumuquKuﬁ memaH

Okono 82% mMeTaHa M TMPAKTUYECKH BCE€ €ro TSKEIbIE TOMOJIOTH
o0Opa3yroTcs Ha CTaJNM KaTtareHe3a. Y BeIMUeHUEe TeMITepaTyphl IPH TOTPYKEHUN
OCaJIOYHBIX TOPOJ MPHUBOAUT K IMOCTEHEHHOMY YJAJICHUIO U3 OPraHUYeCKOro
BEILIECTBA BOJIOPO/IA, a30Ta, KUCIOPO/ia U CEPBI B BUJIE YTIIEBOJOPOI0OB, aMMHUAKa,
VIJEKHUCIIOTO rasa, BOJbl M cepoBojopona. OOpa3oBaHHe MeTaHa JAOCTUTAET
cBoero makcumyMma mpu temmepatrype ~150°C. DOrtan, npoman u OyTaHbl
dbopmupyrotesa npu Temreparypax ot 70 go 150°C ¢ makcumymoMm okoso 120°C

(Pucynok 2.4) (Xanr, 1982).

Canponeneeoe OB r'ymycoeoe OB

[uazenes | CH4

Kamazenes|§

Temnepamypa, “C

200E
Memamopguzm — ————
OmHocumenesHbIl €bIX00 2332 U3 OP2aHUYeCK020
eelwjecimea MOHKO3eHUCMbIX OMIIOXeHUU

Pucynox 2.4 — KpuBble 00pa30BaHus Ta30B B 3aBUCUMOCTH OT TTTyOMHBI B 0CaJJOYHOM
pazpese (Cz+ - roMOJI0TH MEeTaHa B ra30Boi ¢aze. A30T NepBOHAYAIBHO IPUCYTCTBYET B
dopme NH3) (XanT, 1982).
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KonuyectBo oOpasyromierocss raza 3aBUCUT OT THIIA MaTEPUHCKOTO
OpraHuyeckoro  BemectBa. ['ymycoBoe  BEHIECTBO  KOHTUHEHTAJIBHOTO
MPOUCXOXKJIEHUS TEHEpUpyeT METaH U CJEAOBbIE KOJMYECTBA TSHKEIbIX
yTIAEBOA0POI0B. AMOp(HOE canponeeBoe BEIIECTBO MOPCKOTO MTPOUCXOKICHHUS
TeHepUpyeT OoJIbIe 00BEMBI METaHA, a TAKXKE ATaH, MponaH u OytaH (PucyHok
2.4) (XanT, 1982).

Meran, oOpa3ywoouuiics B pe3ylbTaTe€  TEPMOKATATUTHYECKOTO
npeoOpa3oBanus, xapakrepusyercss 3HaueHusMu O013C ot -5 g0 30%0 B
3aBUCHMOCTH OT M30TOIHOT'O COCTaBa YIJEpOJla MaTEpUHCKOTO BeHlecTBa. Tak,
u3 keporena ¢ 013C=-24% npu TepMHUUYECKOM KPEKUHTE JOJKEH 00pa30BbIBATHCS
MeTaH co 3HadeHusIMH O013C ot -29 1o -54%0. OT™METHM, YTO B OOJIBIIIMHCTBE
ra3oBbIX W Ta30HEMTSIHBIX  MECTOPOXKJCHUN  TEPMOTCHHBIM  MeTaH

xapakTtepusyercs 3HaueHus MU 013C B quanazone -30 ~ -45%o (I"'amumos, 1973).

2.3.2. I'a30BbIC TUIpaATHI

["a30BbIe rUaPATHl — KPUCTAIUIMYECKHUE, MAKPOCKOITUYECKHE JIbJOTOJ00HbBIE
BEII[ECTBA, KOTOPhIE 00pa3yloTCs MPU CPABHUTEIILHO HU3KHX Temmeparypax (He
o0s13aTeNbHO HIDKE HYJS 1o mmkaie Llenbcus) u3 raza m BOJBI MPU JOCTATOYHO
BBICOKMX KOHIIEHTPAIUSIX.

30H0# 00pa3oBaHMs TUIpaTa SBISETCA TOJINA MOPOJ, T/I€ TeMIeparypa H
JABJIEHUE  CO3JAal0T  TEPMOJMHAMHUYECKHE  YCJIOBHS, MOIXOIAIIUE IS
CTaOMJIBHOTO CYIIECTBOBAHMS Tra3oBoro ruzapara. K HacTrosimieMmy BpeMEHU
YCTaHOBJICHO, YTO B CyOaKBaJIbHOW OOCTAHOBKE T'a30BbI€ TUJIPAThI CYIIECTBYIOT B
BUJIC JIOKAJIbHBIX CKOILJIEHUH B Mpejenax 30Hbl UX CTaOMIbHOCTH. MexaHu3Mm
oOpa3oBaHUS 3aJIeKEH Ta30TUAPATOB  OMpenensieTcs psiaoM  (HaKTOPOB:
TEPMOJMHAMHYECKUM PEXUMOM pas3pe3a MOopojJ B palioHe, COCTaBOM Trasa,
WHTEHCUBHOCTBIO  TE€HEpallud W  MUTpaAlldd  YIJIEBOJOPOIOB,  CTEIEHb

ra3oHacChIIICHHOCTH u MHUHCPpAJIU3alNnH IIJIaCTOBBIX BOA, CTPYKTypOﬁ
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BMEILAIOIIEH Cpebl, JIUTOJIOTUEN pa3pe3a, reOTePMUUECKUM TPaJUEHTOM B 30HE
rUApaToo0pa30BaHus U B MOACTUIAIOMIUX Nopoaax u Apyrumu (Makoros, 2003).
CkoIuyieHHsl TPUPOTHBIX Ta30THAPATOB Ha CyIIe MPUYPOUYECHBI K
OXJIQXKJICHHBIM 30HaM OCaJ0OYHOTO 4Yexja: B pallOHaX MHOTOJIETHEW Mep3JOThI
TOJIIA MOPOJ, K KOTOPOU MPUYPOUEHBI 3aJIEKHU Ta30TUPATOB, MOXKET JOCTUTATh
400-800 m. B axBaropusx MwupoBoro okxeaHa 30Ha THAPATOOOpPA30BaHUs
HAYMHAETCS OT JIHA OKEeaHa M OOBIYHO COCTAaBJSIET HECKOJIBKO COTEH METPOB
(Makoron, 2003). OTHOCHUTENBHO HHU3KHE TEMIIEPATyphl U  BBICOKOE
TUAPOCTATHYECKOE JABJICHHE HA MOPCKOM JHE MpH IiyomHax Bojabl Oosee 300-
400 M mpenompenesitoT BO3MOXHOCTh CYIIECTBOBAaHUSI Ta30BbIX TUAPATOB B
BEPXHHUX FOPU30HTax cyoOmMapuHHOro paspesa (I'uncoypr, ConoBbes, 1994).
HccnenoBanusi KOMIOHEHTHOTO UM H30TOMHOIO COCTaBa TIa30B U3
Ta3rUIPaTHBIX CKOIUIEHMM B PAa3jMYHBIX palOHAaX JIEMOHCTPHUPYIOT HIMPOKHAU
pa30bpoc 3HauEHUH M yKa3bIBalOT HA y4acTHE B 0Opa30BaHUU ra30TUIpPaTOB KaK
MUKpPOOHANIbHOIO, TAK U TEPMOTEHHOIO Ta3oB ¢ 0€3yCIOBHBIM IpeoliiajaHHEM
merana (Milkov, 2005). A. MwuikoB B YyKa3aHHOW paboTe WPUBOIUT
aHAJIMTUYECKUI 0030p paHee ONMyOJMKOBAaHHBIX JaHHBIX, HA OCHOBE KOTOPOIO
BBIICTISIET JBa OCHOBHBIX HCTOYHMKA Ta30THAPATOB: AaBTOXTOHHBIE U
aIJIOXTOHHBIE Ta3bl. K TmepBbIM OH OTHOCHT Ta3bl, O0Opa3oOBaHHBIE U3
OpPraHUYEeCcCKOro  cybcTpaTa, pacCesHHOTO  MPEUMYLIECTBEHHO B  30HE
CTAOMJIBHOCTH Ta30THApaTOB. Takue ra3pl ObUIM 00pa30BaHBl B peE3yjbTaTe
MUKpPOOHAIbHBIX MPOLECCOB U MEepeMENIaIuCh Ha OTHOCUTENIBHO HEOOJbIINE
paccTosiHusl (IECATKU-COTHM METPOB) TMepel TeM, KaK JOCTUTHYTh 30HBI
runparooOpa3oBanus. K amgoXTOHHBIM Ta3aMm, HampOTHB, OH OTHOCHUT T€, UYTO
ObLTH C(HOPMHUPOBAHBI 3HAUUTEILHO TIIY0KE 30HBI CTAOMIIBHOCTH Ta30THAPATOB U
MUTPUPOBATM Ha COTHU M THICAYM METPOB OT TIyOWHHBIX 3aleked u
He(TEMATEePUHCKUX TOPOJ] MO paszioMaM, TPEUIMHAM WJIM TPS3EBBIM BYJIKaHaM.
Takue ra3pl MOTYT MMETh MHUKPOOHATBHBIM, TEPMOTEHHBIM WU CMENIaHHBINA

I'€HE3HuC.
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2.3.3. BnusiHue BTOpUYHBIX MPOILIECCOB HAa M30TOMHBIN COCTAB METaHa

2.3.3.1. Murparust

Murpamusi Ta30B B TOPHBIX TOPOJAaX NPHBOAUT HE TOJBKO K
NepepaclpeIeICHAIO Ta30B PA3IMYHOTO M30TOMHOTO COCTaBa, HO TaKKE MOXKET
CIIy’)KUTh TPUYMHON CHEMUPUYHBIX H30TONMHBIX dddekroB. Tak, poib
MUTPAIMOHHBIX (DaKTOPOB BO (PAKIIMOHWPOBAHUU H30TOIOB YIJIepoJia B Ta3ax
pa3nMYHa M 3aBUCUT OT XapaKTepa M YCIOBHH Tpolecca, 00YCIaBIUBAIOIIETO
mMurpaiiio. ['anumoB B cBoeit padore (I'amumos, 1973) Beigenser nuddy3noHHoe
dbpakuroHUpOBaHUE, PPAKITMOHUPOBAHUE W3OTOIOB YTIEPOa TIPH PaCTBOPECHUHU
ra3oB B BOJIe, B Ipoliecce Jera3anuu HeTU WK MpU pereHepaluu yriepojaa B
TBEpIOH ¢asze u3 rasa, a TakKe pas3aesieHne U30TOMOB B CUCTEME CBOOOTHBIN Ta3-
aJIcOpOMPOBaHHBIN Ta3 U IUCCUTIATUBHOE (PpakimonnpoBanre. OH OTMEYAET, 4TO
BJIUSIHUE MUTPALMOHHBIX MPOLIECCOB HAa M30TOIHBINA COCTaB ra30B 3HAYUTEIHHO
MEHBIIIE B CPABHEHUH C POJIBIO TECHETHIECKUX (PaKTOPOB.

Fuex B cBoeli paboTe OTMEYaeT, 4TO B MPOIECCE PACTBOPEHUS Ta30B U
BBIJICJICHUS UX B CBOOOIHYIO (Da3y B BOJIOHACKHIIIICHHON Cpejie MPU PAaCTBOPECHUH B
BoJic M ypaaineHun 94% mnepBOHAYAIBHOTO METAaHA MPOUCXOOUT H3MEHCHHE
U30TONHOTO coctaBa Ha 1 %o, Tipu yaanenuu 99,7% - Ha 2 %o (Fuex, 1980). Otu
OIICHKH 0a3MpyrOTCSd HAa MaTEMaTHYCCKOM MOJCIUPOBAHUN PACCMATPUBAEMBIX
ahdekroB. BaumsHue wmurpanuu MoXXeT OBITh 0ojiee 3HAYUTEIBHBIM IS
M30TOMHOTO COCTaBa yriiepo/ia ra30B HEOOJBIINX 3aJIe)KEN WM Ta30IMPOsIBICHUH,
KOTOpBIE B OOJIBITNICH CTETICHW MOJBEPKEHBI BO3JICHCTBUIO BTOPHYHBIX (PAaKTOPOB
(Fuex, 1980).

[To coBpeMEHHBIM OIICHKAaM, Jerazainus B JIAOOPATOPHBIX YCIOBHUSIX
oOyCJTaBIMBAET 3HAYUTEIBHO 00JIEE aKTUBHOE H30TOMHOE (PpaKIIMOHHPOBAHWE
(mo 15 %), Torma kak Jerazauusi B TNPUPOJHOM pe3epByape BEAET K
HE3HAYMTEIILHOMY W30TOITHOMY pasfieneHuto (He Oosee 5 %o) (Xia and Tang,

2011).
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2.3.3.2. BaktepuanbHoe OKHCIICHUE

N3BecTHO, YTO MpolEecchl aHa’poOHOTO U a’POOHOTr0 MHUKPOOHATBLHOTO

OKHCIICHUS] METaHa MOTYT 3HAYUTEJIbHO U3MEHUTH €TI0 U30TOIHBINA COCTaB.
Aspobnoe oxucnenue

['pynma meTaHOTpoHBIX OakTepuii — OJUH W3 BOXKHEUIINX YYaCTHHUKOB
OMOreOXMMHUYECKHOro  IMKJIa  MeTaHa.  llpencraButrenu — 0OJMraTHBIX
METaHOTPO(OB HCIOJIB3YIOT METaH M METAaHOJA B KauecTBE EIMHCTBEHHBIX
MCTOYHHUKOB YTJIEPOJa W IHEPruu. MHOrue BHUJBI CIIOCOOHBI OKHCISTH TaKXKe
dbopmuar, staHos, OyrtaHoJs, mpomaH, 3TuioBeli 3dup, CO u psam apyrux
COEIMHEHUW, OJIHAKO B OTCYTCTBHE€ METaHa WJIM METaHOJa pOCTa KyJIbTYyp
MeTanoTpodoB He npoucxoaut (Jleun. Usanos, 2009).

[IpoMeXyTOUHBIMU 3TaniaMd MUKPOOHOTO OKHUCJIEHHS METaHa SBIISIOTCS
MeTaHoJ U (popmuat, a KoHeUHBbIM TIpoyKToM — CO,. M3yuenune pacnpencineHus
yriaepojia MOTpeOJIEeHHOr0 MeTaHa ToKa3alo, 4YTO Y pa3jMYHbIX BHUJOB
METaHOTE€HOB B YIJIEKUCIIOTY MEPEXOIUT Pa3HOE KOIMUYECTBO yriaepoaa — ot 30 1o
50 %. Jdons yrmeposna MeTaHa B KOHEYHOM IPOIYKTE OKUCIIEHMS 3aBUCHUT TaKKe
U OT yCIIOBUM KyJIbTHUBUPOBaHMS OakTepuil. [Ipy onTHManbHBIX KHCIOPOIHBIX
ycnoBusix oHa cocrasisier 20-37 %. [Ipn HU3KOM COJIEp>)KaHUU JIOJsT CHUKACTCS
10 5 %, a oCTaJIbHOM yriepoj MEepexXOoAMT B COCTaB KJIETOK METaHTPO(pOB U
oprannyeckue 3x3omeTadonmutel (Harwood, Pirt, 1972).

N3yuenne  PpakimoHHpoOBaHUS  CTAOMIBHBIX  HM30TOMOB  YIjiepoja
MeTaHOTpo(aMu MOKa3ajo, YTO B MpoLEecce MOTpeOIeHHUs] METaHa MPOUCXOIUT
3aMETHOE O0OTaIlEHHE €r0 0CTaTO4HOM momu u3otonom “C. Ilpu sToM yriuepon

MUKpPOOHOW OMOMACCHhI [0 CPABHEHUIO C METAHOM ObLT 3aMETHO UM OOE/IHEH.
Anaspobnoe oxucnenue

[lepBbie mpenmnosnoxkeHus o0 aHa’poOHOM OKUCIEHMHM MeETaHa B

BOCCTAHOBJICHHBIX MOPCKHUX OCaaKax OBIJIN OCHOBaHBI Ha HCCJICA0OBaHN
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pacmpeneneHrs MeTaHa U cyib(aTa B BEpXHUX TOpU30HTaX ocaakoB. Hanbomee
AKTUBHOE CHWKCHHE KOHIICHTpPAIlMM METaHa, OTMEYaBIeecs B HIKHEH YacTu
Cynb(aTHON 30HBI, 0OBICHIIOCH JIEATETLHOCTHIO OaKTepU-CyTb(PaTpeTyKTOPOB,
KOTOpBIC TIPH aHAPPOOHOM OKHCIICHHH METaHa MCIOJIB3YIOT CyIb(paT B Ka4eCTBE
akrentopa 3nexkTponoB (Claypool, Kaplan, 1974; Bernard, 1979).

[TozmHee OBUIO YCTAHOBIEHO, YTO TIPOIECC AaHA3POOHOTO OKHUCICHUS
IIMPOKO PACIIPOCTPAHEH B MOPCKUX OCajKaX, OH TPOUCXOAWT M B 30HE
cynb(darpenyKiuu, W OTBETCTBeHEH 3a 7-11% mpoaykmuu cepoBoaopoaa
(Reeburgh, 1989; Jorgensen et al., 2001). JIomoJHUTEIBHOE TI'COXHMHUYECKOE
JTIOKA3aTelIbCTBO BAXKHOCTH JAaHHOTO TIpOIlecca 3aKIo4yaeTcss B 3aMETHOM
o0OTaleHn  yTACKUCIOTHI TOPOBBIX BOJA W 0Opasylomuxcs U3 Hee
JUareHeTH4eckux kapooHatoB m3zoronom 12C ¢ oaHOBpEMEHHBIM 00€IHEHHEM
THM H30TONOM octarouHoro metana (Alperin, Reeburgh, 1984; Jleun, lBaHoB,
2009).

MHoroseTHie HaTypHbIE HAONIONCHMS, pe3yJIbTaThl J1abOPATOPHBIX
UCCIICIOBAHUM, pe3yJbTaThl CTA0OMJIBLHO-U30TOMHBIX AHAIM30B MHUKPOOHOM
OroMacchl W JIMIUJOB KIETOK apXed YKa3bIBalOT Ha TO, YTO B aHa’POOHBIX
MOPCKHX OCaJKaX ¥ B MeCTax BBIXOJIa METAHOBBIX (DAKEIOB WMEET MECTO
MacImTaOHBIA TPOIECC METAHOOKHCIICHHS 3a CYET ACATEIHHOCTH aHadpPOOHBIX
METaHOTPO(MHBIX apxeil u cyibbharpeayuupyromux Oakrepuii (Jlewmn, MBaHoB,
2009).

UccnepoBarensaMu OTMEUYAlOTCS  CHEAYIOIMIME BO3MOXKHBIE MEXaHHU3MBbI
okucieHus. Ha mepBoM sTamne MOTyT MPOUCXOIUTH PEAKITUU:

CH4 + 2H,0 -> CO; + 4H,,

CHs+ 4 HCO3 + 2H* -> CO, + 4HCOOH+ 20H",

CH4+ CO, -=> CH3COOH + 4H5,

2CH4 + 2H,0 -> CH3COOH + 4H,

Hanee s cuHTE3a  cepoBoJopoda  CyibhaTpeaylUpyIOIIMU

MUKPOOPraHU3MaMu HCIOJIB3YIOTCS BOJAOPOA, ¢hopMuUAT M alerar u3 cyibgar-
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HOHa, II03TOMY CyYMMApHBIC pCaKInun aH3.3p06HOF0 OKHCJICHUs MCTaHa

3aIlIMCBIBAIOTCA B CIICAYIOIICM BUJIC!

CHy+ SO42' -> HS +HCO3;+ H,0.
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3. PAMOH UCCJIEJOBAHUN

OcobenHnoctu wuccieayemoro paioHa — wMops JlanteBeix u  BocTouHO-
Cubupckoro Mopsi) — ONPENENsIOTCS MX BBICOKOIIMPOTHBIM TOJIOKEHHEM H, Kak
CJIEJICTBHE, HAJIMYUEM MPOJOJDKUTEIBLHOTO JIEIOBOTO IOKPOBA, HEJAOCTATKOM
COJIHEYHOIO CBETAa, HHU3KUMHU CpPEOHErOJOBBIMH  TEMIlepaTypaMud BOJBI U
CYILIECTBOBAHMEM KPUOJHUTO30HBI, KOTOpas XpaHUT B cebe OrpoMHBIA 3amac
Ja0MJIBHOTO PEJIMKTOBOTO OPraHMYECKOro BEIIECTBA, JIETKO BOBJIEKAEMOIO B
coBpeMeHHbIl Onorcoxumuueckuit mukin (Vonk et al., 2012; Semiletov et al., 2005,
2011). B mocnenHue NEeCSATUIICTHS YBEIUYEHHE CKOPOCTH pPOCTa TEMIEpaTyphl B
APKTUYECKOM PETMOHE MPOBOLUPYET COKPALIEHHS JIEIOBOIO MOKPOBA, YBEJINYEHUE
peYHoOro cToka u yckopenue aerpananuu Mmepsnotsl (IPCC, 2007).

BocrouHo-apkTuyeckuid menb( — camblii MEJIKOBOJHBIN 1ensd MwupoBoro
okeaHa, 0osiee 90% akBaTOpUM MPUXOAUTCS HA CPABHUTEIBHO HEOOJIBIIYIO TTTyOUHY
(o 100 m). llenb npeacrapiser coO0H MPUMOPCKYIO PABHUHY, NOTPYKEHHYIO O
YPOBEHb MOpsIT W XapaKTEPHU3YIOIIYIOCS 3PO3MOHHO-aKKyMYJISITUBHBIM,
AUTIOBHANBHBIM  (BHEITHUN 11enb]) W GIIOBHOMISIUMANBHBIM (BHYTPEHHUN U
cpennuii menbd) peasedom (dymapes u ap., 2016)

B reonornueckom MacmTabe apKTHUYECKHE MOPS OTHOCUTEIBHO MOJIOABI.
CoBpeMeHnHbIe ouepTanus 1enbd Mopeit BocTounoi ApKTUKH PUOOPEN B yCIOBUSX
OBICTPOM TpaHCTPECCUU MOps, Korja OeperoBasi JIMHUS OBICTPO NEpeMenianach
BIUIYOb CyIIM C MOPEANONOXUTENbHOU ckopocThio a0 1m/1000 ner (Tomupauapo,
1974).

Bnoas GeperoBoil TMHUU JBUKEHHUE MOBEPXHOCTHBIX BOJ JUISl apKTUUYECKUX
MOpE NMPOXOJUT MPEUMYLIECTBEHHO C 3allajja Ha BOCTOK, B CEBEPHOI YacCTH BOJBI
nBuraroTcs B oOpatHoM HampaBieHun (Cyxomeit, 1986). Ckopoctu TeuyeHUe
YBEIMYMBAIOTCA 32 CUET JJIMTENbHBIX CUJIBHBIX BETPOB, B OCHOBHOE BpEMs OHH

CPaBHUTEJIHHO HEOOJIBIITHE.
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Ha dopmupoBanue rugpoiaoruyeckodl M TUIPOXUMUYECKONH CTPYKTYPhI BOJ
BOCTOYHOAPKTUYECKUX MOpEH, JIeNOBBIH pPEXKUM U TPECHOBOJHBIM OaslaHC
OKa3bIBAIOT HCKIIOUMTEIbHOE BIMSHUE CHHONTHUYECKHE YcCioBHs. B memom, ams
palioHa HCCIEIOBaHMUS MOXXHO BBIJICTUTh JBa OCHOBHBIX THIA THAPOJIOTHYECKUX
pexumoB (Hukudopos u Hlmaiixep, 1980). [TepBoiii 00pa3yercst B 6apudecKoM 1moJie
BBICOKOTO JaBJeHHUs] APKTHUYECKOTO aTMmocepHoro makcumyma. B a3T0 Bpems
aKTUBHO HAYMHAET PAa3BUBATHCS AHTUIIMKIOHUYECKHM KPYrOBOPOT BOJA U JIBIOB B
ApkTudueckoM OacceiiHe, B pe3ylbTaTeé 4Yero och 1pPaHCAPKTUYECKOTO TEUYECHUS
CMelIaeTcsl B I0)KHOM HarpaBjieHUM B cTOpoHy EBpasuu. B cBowo ouepenb, Takon
Nepexo]l aKTUBU3UPYET MepeHoc Jibaa u3 Mops JlanteBbix, Boctouno-Cubupckoro u
Kapckoro mopeii B 3Tom ke Hanpasinenun (Proshutinsky & Johnson, 1997). Jlpyroi
TUI aTMOC(EPHBIX MPOLECCOB - LUKIOHWUYECKUH PEXUM - (QOPMHUPYETCS MOA
BiausiHueM lcmanjackoro atMocpepHOro MUHUMyMa W OOYCIAaBIMBAET JIEUCTBHUE
aJIbTEPHATUBHOIO TUAPOJIOrHUecKoro pexuma. Och TpaHCAPKTUYECKOTO TEUEHHS
NEPEMEIIACTCS] Ha CEBEP, M YBEIMUMBAETCS HKCIOPT JIbJIOB U BOJ U3 APKTUYECKOTO
Oacceiina B HanpaByieHud ['pennanguu u Kanaasl.

PeyHoii cTok — eme OOUMH KIIOYEBOHM  (akTtop  (POpMUPOBaHUS
THIPOXUMHYECKON W THIPOJIOTHUYECKON CTPYKTYPHI apKTHUECKUX Mopeid. ColeHOCTh
BOJIBI B aPKTHYECKHX MOPSIX MO CPAaBHEHHUIO C IPYTMMH aKBaTOPHSIMH TOJIBEP)KECHA
3HAYUTEIHLHO 00JIee MHTEHCUBHBIM CE30HHBIM KoJiebaHusiM (OoJiee 6 %o Mpu cpeaHUX
BenuunHax 0,2-0,3 %o). Peunoii cTok, 00ycinaBiIMBarOMi CUIIbHYIO CTpAaTU(DUKALIUIO
BOJ U cinaboe BETPOBOE MepeMElIMBaHKe, JIETOM (POPMHUPYIOT BEpXHHMM IMPOrpeThii
ciort (5-20 M), HWKE pacroyiaraeTcs 30Ha MaKCHUMaJIbHOW YCTOMYHMBOCTH, a B
NPUIOHHBIX BOJAX MOTYT COXPAaHSATHCS «3aCTOMHBIE» BOJBI, OOpa30BaBIIMECS B

3umHui nepuoy (Casenbesa u 1ip., 2010).

3.1.Mope JlanTeBbIX

3.1.1. ®usuko-reorpaduyueckoe MoJI0KEHHUE
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Mope JlanTeBbIX — MENKOBOJHOE SIHUKOHTUHEHTAJIIBHOE MOpE, Ha 3araje
orpannyeHHoe TalMBIpCKUM TIOJyOCTPOBOM U Ha BocToke HoBocubupckumu
octpoBaMu (Pucynok 3.1). Ilmomane mops JlanteBsix cocrasisieT nopsajaka 700 TeIC.

KM?, TIpU 5TOM HIenb( 3aHMMaeT okono 70% oOmiel Imiomany ¢ riayOMHaMHu MEHee
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Pucynoxk — 3.1. Mope JlanteBbix (Mapuenko, 2012)

Cpenusis mmpuna menbda cocrabiser 475m (backakos, [lmaiixep, 1978).
beperoBass nmuuus mporsaruBaetcst Ha 7253 kM. Cpenu Hambojee KpyHHBIX peK
Oacceiina Mopsi JlanteBbix — Jlena, Onenek, Xaranra, fIlna u Owmomnoi. bepera
JIOCTATOYHO CHUJIBHO U3pE3aHbl U 00pa3yloT pasHOOOpa3HbI€ 3aJMBHI, TYObI, OyXTHI,

noiyocTpoBa M MbICBl. K BOCTOKYy OT mnomyoctpoBa TaWMbIp pacrosiararorcs
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HECKOJIbKO KPYIHBIX 3aJuBOB — AHabapckuii, XaTaHrckuil, SIHCkuid, OJICHEKCKUN U

ryoa byop-Xas (CoBerckast Apktuka, 1970).

3.1.2. OcoO6EHHOCTH T'€0JI0TO-TEeKTOHMYECKOT'O CTPOSHUS

Henocrtarounast reonoro-reodusnyeckas HW3y4YEeHHOCTh JlanTeBOMOPCKOTo
Oacceitna (JIb) oOycnoBuia NpUHUMIHAIBHBIE PACXOXKACHHS B NPEACTaBICHUSIX
YYEHBIX O €ro reojorudyeckoil ctpykrype. CTpoeHHE paccMaTpUBAETCS YUYEHBIMU
MPEUMYIIECTBEHHO B paMKax JBYX OCHOBHBIX KOHIIENIMHA. MHOTHME OTE€YECTBEHHBIC
UCCIIE0BAaTENN TPUACPKUBAOTCA MHEHMS, YTO 3amajHas W LEHTpPaJbHAs YacTH
JlanteBoMOpckoro 1ienbda SBISIOTCS OIMYIHICHHBIM TEPUKPATOHHBIM MacCHBOM
npeBHel CuOupckoil miat@opMel ¢ TOKEMOPUICKUM (YHAAMEHTOM, MEPEKPHITHIM
BEPXHEMPOTEPO30MCKUM-KAMHO30MCKIUM 0OCaouHbIM uexjioMm (BunorpamoB u np.,
1976; I'eonoruueckoe crpoeHue...,1984; Meanosa u ap., 1989; I'eonorus..., 2004).
VYyensle npeanonaraiT, yto JlanTeBckuil maccuB ObL1 oTAeieH OT CuOMpCKOM
atdopmbl OJIEHEKCKUM aBJIAKOTEHOM B Mo3AHeM majieo3oe (Bunorpamos, 1967;
[TorpeOurikuii, 197) win, coriacHO APYTUM HCCIEIOBAHUSIM, B TMO3THEM ME3030€
(Cadponos, 2013). dynmamenT BoctouHou yactu JIb mpencrasiaeH nmpoaonKeHHEM
MO3JHEKUMMEPUNCKUX BepxosaHo-KOJIbIMCKUX CKIIaAUaThIX CTPYKTYD, IEPEKPHITHIM
BEPXHEMEJIOBBIM-UETBEPTUUHBIM OCAIOYHBIM YEXJIOM .

AnbpTepHaTHBHAs TOUYKa 3pEHHS Ha BO3pacT, MNpupoay (QyHmameHTa u
cTpaturpadguyeckuii 00beM ocagoyHoro uexja JIb BbickazaHa HEKOTOPHIMHU
OTE€UECTBEHHBIMA M MHOT'MMH 3amnaaHbeiMu uccienoBareasmu (Drachev et al., 1998;
Franke et al., 2000; Paech et al., 2000; Bunorpamos u JIpades, 2000).

CelicMuyeckue JaHHBIC, TpeacTaBieHHble B padote (Franke, Hinz, Oncken,
2001), ykazaimu Ha TOBCEMECTHOE pacCIpOCTPaHEHUE TOPCTOB M TPaOCHOB W
OTCYTCTBHE  YCTOMUYMBBIX  IJIATOOPMEHHBIX  CTPYKTyp. Takum  oOpazom,
r'€0JIOTHYECKOE CTpPOCHHE aKBaTOPUHU MpenoJiaraio CYIIIECTBOBAHUE
MO3THEME3030MCKOT0 CKJIamyaToro (pyHmaMeHTa, pa3BUTOr0 Ha Bcer riomanu JIb.

I[I/ICKYCCI/IOHHBIM OoCTaBaJICd BOIIPOC BO3paCTa HHKXHHUX TOPU30HTOB OCAAOYHOTO



o1

gyexja: Hayauo ero (QOopMHUpOBaHUS OJHH y4YEHBIE CBS3BIBAIOT €0 C
KOHTHHEHTAJIbHBIM pudToreHe3om mosaHero mena ([Ipaues, 2000); npyrue ydeHbie

npuypodrBaioT pudroodpasoBanue K mo3aHemy naieoreny (Franke, 1998).

3.1.3. 'maponoruyeckre U ruJpOXUMUUYECKHE XapaKTEPUCTUKH

dopMHUpPOBaHUE THUAPOJOTHUECKOTO U TUIPOXUMHUYECKOTO PEKUMOB MOPS
JlanTeBbIX NTPOUCXOAUT TIOJI BIUSHUEM HECKOJBKUX KIIOUEBBIX (PAKTOPOB:
OPOAODKUTEILHOTO — JIEIOBOTO  MOKPOBAa, PEYHOrO CTOKA, BOJOOOMEHa C
ApKTHYEeCKHUM OacceHOM U TepMoaldpa3rMoHHOro paspyuieHus OeperoB (Ilyrauy,
2016; Cemuneros, 1999; Semiletov et al., 2012).

Mopto JlanTeBbIX CBONCTBEHHA ITUKJIOHUYECKAs UPKYJISIIIUS MOBEPXHOCTHBIX
Boj. Takoil pexxum oOycliaBiuBaeT MPUOPEKHBIN MOTOK, NBIKYIIMICS ¢ 3amajaa Ha
BOCTOK U YCUJIMBAIOLIUICS C JICHCKUM TeueHUEM. Jlajiee ero OCHOBHAsl 4aCcTh yXOIUT
Ha CEBEp U CEBEpO-3amaj U Jajiee MepexoIuT 3a MPeAesibl MOPCKOM aKBaTOPUH B BUJIE
Tak Ha3biBaeMoro HoBOCHMOMpPCKOro TeueHMs, COEAUHSACh C TpaHCapKTUYECKUM
teyeHueM. Yepe3 nponuB CanHukoBa B BoctouHo-Cubupckoe Mope MNpoXOauT
HeOosbIass 4Yactb moToka. CKOpocTH TedeHus 37ech HeOonbime. LleHTp
IMUPKYJISIIIUM MEHSIET CBOE TIOJIOKEHHE B 3aBHCUMOCTH OT OapHuecKoil CUTYaIluH,
CMEIIAsICh U3 CEBEPHOM 4acTH MOPs K cTopoHe CeBepHOU 3emMiIn.

Mope JlanTeBbIXx TPUHUMAET OKOJIO TPETH OT OOIIEro PEeYHOro CTOKa B
apkTaueckue wops, npudem Oosee 70% oObema crToka B Mope JlanTeBbix
npuxoautrcss Ha nomto p. Jlewsr (ITuBoBapoB, 2000; Semiletov et al., 2000).
Pacnpoctpanennie Box p. JleHbl MNpPOUMCXOAWT B pa3HbIX HAIpaBICHHUSIX: B
3aBUCUMOCTH OT THIIa aTMOC(EPHBIX MPOIECCOB KU OOBEMa pPEYHOIro CTOKa
pacnpecHeHHBIC BOJBI MOTYT PaCHpOCTPAHATHCS HaJ 00Jee TUIOTHBIMH M COJICHBIMU
MOpPCKHMH BOJIaMU Ha IOT0-BOCTOK, BEEPOOOpPA3HO HAa CEBEp MIJIM Ha CEBEPO-BOCTOK
B10J1b 0. Kotenbubiii (ITunko u ap., 2008; Pipko et al., 2011).

B nenowMm, conenocts B Mope JlanTeBbIX TOCTATOYHO M3MEHUYMBA M OTIMYAETCS

nepuonuuHocThio (PucyHok 3.2). OOmmii TpeHa yka3plBaeT Ha TNpeoOiagaHue
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OINPECHEHHBIX BOJ COJIEHOCThIO 20—30%o0, yBEIMUYMBAIOMIEHCS C IOr0-BOCTOKAa HA
ceBep M ceBepo-3aman. OOnacTh BIUSHHUS CTOKa p. JIeHB XapakTepuszyercs
3HAYNUTEIHLHBIMU TOPU30HTAIBHBIMUA TpaaueHTamMu cojieHocTn (CaBenbeBa u JIp.,
2010). HawuOomnbime 3HAYEHUS COJICHOCTH JOCTHTAIOTCA 3UMOM, KoOrja oOBEM
pPEYHOr0 CTOKa MWHUMAJIEH, a JhJA000pa3oBaHue Hanbosiee MHTEHCHBHO. K Hawamy
BECHEI COJICHOCTh BCE €III€ OCTAETCS BHICOKOM M HAYMHAET CHIDKATHCS C TasHHEM
JbJ0B. MUHHMMaIbHBIMU TIOKa3aTesIMH OHAa XapaKTepH3yeTcs JIeTOM, IIpHU
MaKkcUManbHOM cTOke. Ilpmdyem HamOoiiee ompecHeHa IOrO-BOCTOYHAs YacTh. [lo
nanHbIM [lyraud (2015), coneHOCTh MOBEPXHOCTHBIX BOJ B aBrycte-ceHTsiope 2008 r.
B 00J1aCTH BIUSHHS JICHCKMX BOJI JOCTHTalla MHUHUMAJbHBIX 3Ha4eHUU (~3%o), B

MPUJOHHOM CJIO€ 3HAYEHUs BapbupoBaIuch oT 12,3 1o 34,5 %o.

10 15616 18 20 22 24 26 28 30 32

#ﬂ psu

Pucynok 3.2 — CpeaaemuoromnetHss (1920-2008 rT.) COICHOCTD IS HIOJISI-CEHTIOPS (2) U
despans-anpens (b), en. psu (Woodgate et al., 2005)

Crpatuduxarys BoJI 1o MIOTHOCTH OCOOEHHO SICHO MPOCIIEKUBACTCS B JICTHUN
HepuoJI, IPU 3TOM HauboJiee Pe3KO OHAa MPOSBISIETCS B IOrO-BOCTOYHOW YacTH U Y
KpoMKkH Jsbaa. Ilepememats Bogy 10 OOdbIIMX TIYOMH, Pa3pylIUB IJIOTHOCTHYIO
CTpaTHU(UKAINIO, CIIOCOOHBI TOJNBKO CHIIbHBIE mTOpMa. OAHAKO MOCE IITOPMOB
ctpatudukanus OsicTpo BoccTanaBnubaercs (IIuBosapos, 2000). Tem He mMeHee, TO

pe3yJibTaTaM MHOTOJIETHUX BCECE30HHBIX HCCIICIOBaHHUI B pailoHe ryonl byop-Xas
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(cpennsis rmybuna coctapisgeT nopsaka 10 m) qo 2005 r. oceHHe-3UMHSIS KOHBEKIIHS
HE Hapylaja JIBYXCIOHHYIO CTPYKTYpY, a MPUBOJMIA TOIBKO K YIIyOJICHHUIO
nukHoKmHA. OpmHako, HawymHas ¢ 2005 1., HEOMHOKpaTHO HAOIIOIATIOCH
nepemenrBanue Boj 10 aHa (Semiletov et., 2013; [Tunko u ap., 2015; [lyray, 2015).
Temmneparypa BOJIbl B TOBEPXHOCTHOM CJIO€ B XOJOJHBIM CE30H U3MEHSIETCS OT
—0,8 °C (y 0. Myocrtax) no —1,7 °C (y m. Uemtockun). Panneir BecHOI Temmeparypa
YBEIMYMBACTCS TOJBKO B TPUYCTHEBBIX paillOHAX, KOTOpbIE paHbIlIe JIPYrux
OUYMIIAIOTCA OT JIEIOBOIO MOKpOBa. JIETOM NMOBEPXHOCTHBIN CIIOM MpOrpeBaeTcs: B
npuoOpexHO 30He TemrepaTypa mnoBblimaercs g0 +10 °C, B ueHTpaJbHOM 4YacTH
MoxkeTr pgocturarte g0 0-2 °C, Ha mro-socroke - 1m0 4+6 °C. TommwuHa
MOBEPXHOCTHOro cioa cocrasisgier 10-15 M. C rnyOuHON TemiepaTypa BOJIbI
MOHIDKAETCS M PUOIMKAETCS K TOUKE 3aMep3aHus Ha ropu3onTte 25 M. Ha rimyOunax
MeHee 50-60 M XoJIoHAasE BOJa pacupoCTpaHsAeTcs A0 AHA. B 3amaaHoi 4acTu Mops
TaKUX PE3KUX pas3linyuil TemrepaTypsl He HaOmonaercs. Ha Gonee riryOOKOBOIHBIX
ydacTkax Ha ropusoHTtax 50-60 m temmepartypa Bojsl noBbimaercs na 0,1-0,2 °C.
DTO 00BSCHSIETCS MPUTOKOM TPaH3UTHBIX OoJiee COoleHBIX BojA. Ha ceBepe BhICOKHE
3Hauenusa temneparypsl (0,6—0,8 °C) B cioe 100—300 M 00ycCiIOBIEHO TTPUTOKOM
TEIUIBIX  aTJIaHTHYecKuX Boa U3 lleHTpasibHOro ApkTHYeckoro OacceiiHa

(HdobpoBonbckuid, 3anorus, 1982; lynapes u ap.. 2016).

3.2.Boctouno-Cubupckoe Mope
3.2.1. dusuko-reorpadguueckoe MOJ0KEHUE

Bocrouno-Cubupckoe mope — okpauHHoe IenbdoBoe mope CeBepHOTO
JlenoButoro okeaHa, orpaHmdyeHHOe HOBOCHMOMpPCKMMH OCTpOBaMH Ha 3amajae H
octpoBoM Bpanrens Ha Bocroke (Pucynok 3.3). Ilmomans Boctouno-Cubupckoro
Mops coctasisgeT 913 Teic. kKM%, cpemuss riyouna — 54 M. Bocrouno-CuGupckoe
Mope cBOOOJHO coobOmaeTcss ¢ MopeM JlanTeBbix uepe3 mposiuBbl CaHHUKOBA,

Hmutpus JlanteBel m Otepuka, ¢ UYykorckum Mopem — 4yepe3 npotuB JloHra.
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MarepuxoBas 6eperosas JuHus npoTsruBaercs Ha 3016 kM, ¢ octpoBamu — Ha 5918
kM (BopoOnéB, 1959). Kpynueiimme peku, Bhajgawomue B Mope, - Wuaurupka,
Komeima wu Amazes; 3amuBel — Kombimckuii, Wamurupckuii, YayHckas TyOa,

Omynsgxckas ryoa.
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Pucynox 3.3 — Bocrouno-Cubupckoe mope (Mapuenko, 2012)

3.2.2. OcCOOEHHOCTH Te€0JIOTO-TEKTOHUYECKOTO CTPOCHUS

BBugy Hemoctatka MNpSIMBIX TE0JOTO-TeO(U3UYECKUX JAaHHBIX O CTPOCHUU
Boctouno-Cubupckoro Mopsi, NPEACTaBICHHUE O €ro T'e0JIOTHYECKOU CTPYKTYpe

6a3preTC$[ B TOM 4HCJIC Ha JaHHBIX re0JI0rn4eCcKoll CheMKU Hpnneralomeﬁ Cylmiu 1
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OCTPOBOB, a TaK)X€ Ha MPEIIOIOKUTEIIBHOM CXOACTBE CO CTPYKTYpoil UyKOTCKOro
MODPS, ¥ 10 CUX TOP SIBJSIETCS NUCKYCCUOHHBIM MTPEAMETOM.

AkBaTopusi TpeacTaBisieT coboil vacte Yykorcko-BocTouno-Cubupckoro
0CcaZiouHoOro OacceifHa, pacmnoyiokKeHHYI0 Mexay BepxosHo-UykoTckol ckiiaauaToi
obnacteio U cpeauHAEBIM MaccuBoM Jle-Jlonra (Pucynok 3.4). B npenenax Gacceiina,
OXBaTBIBAIOIIET0  NPEArOPHbIE M MEXKIOpPHBIE  JIETIPECCUU,  MEPEKPBITHIE
MPEUMYIIECTBEHHO KAaWHO30MCKMMH OCaJOYHBIMHU TOJIIAMH, MOXHO BBIJICIIUTH JIBA
reoJIOTHYECKNX OJ0Ka - BHYTpeHHMI BepxosHo-UykoTckuil u BHemHuit BoctouHo-

Cubupckuii (Bunorpanos, 1976; Ilasnunuc u ap., 1998; u ap.).
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Pucynok 3.4 — Texronndeckas cxeMa BocTouHo-ApkTraeckoro menbda U conpeneabHbIX
obnacreii (Auauena, 2004)

MHorue wucciaenoBaTteld YKa3bIBalOT Ha TEKTOHUYECKYIO MPHUYPOUYCHHOCTH
ceBepHOil yactu Boctouno-Cubupckoro mopsi K aokemOpuiickoi (mopudeiickoil)
['unep6opetickoit tnardopme (Cnwmxapckuit.,, 1958; KameneBa, 1975; Xaun wu
®wumarosa, 2009). ITo ganaeim W.C. I'pambepra, rumepOopetickas miatdhopma B
npenenax menbha qaTupyeTcs IT0TO3IHEACBOHCKIM Bo3pacToM. [Ipu 3TOM 10KHBIE U
I0r0-3amagHple 0OpaMIISIFOIINE pPalOHBI pacCMaTPHUBAIOTCS KaK 30HA ociabeBaHus

Mme303030u11 HoBocnOupcko-UykoTckoil ckiaauaTtoil cucteMbl. B Takoil TpakTOBKe
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IPEIoJIaraeTcs, YTo I0KHas rpaHula IIaTGopMbl NPOXOAUT B pallOHE CEBEPHOIO
noOepexbs ocTpoBa Bpanrens, oxaTeiBaeT ocTtpoBa [le-JIoHra m ceBep ocTpoBa
HOBasi CuOUpBE.

CornacHo anpTEepHAaTUBHOMY MHEHUIO, Bech 1enbd Boctouno-Cubupckoro u
YykoTckoro wmopeu, BKIIO4as ocTpoBa AHXKY, Bpanrems u ceBep YykoTkw,
IpeacTaBiIgeT Cco0OM  aKBaTOPUAIBHOE MPOJOJDKEHHE  MO3JHEKHUMMEPUHCKUX
CKJIAQYaTbIX CTPYKTYp, IEPEKPBITBIX ITO3JHEMEIOBBIM-KaHHO30MCKUM 4YEXJIOM

(I'pamGepr u np., 1997).

3.2.3. 'upponorudeckue U ruJpOXUMUYECKUE XapaKTEPUCTUKU

B Boctouno-CubupckoMm Mope OTMEYaeTCsi 3HAYUTEILHO MEHbBIIEE BIUSHUE
pPEYHOro CTOKa, 4eM B Mope JlanteBbix. TeM HE MEHee, OH OKa3bIBAET 3HAYUTEIIBHOE
BIUSHAE HAa THJIPOJIOTMYECKHE W TUAPOXUMHUYECKHE XAPAKTEPUCTHUKHA AKBATOPHHU.
CyMMapHBIi IIPECHOBOIHBIN IIPUTOK cocTaBisieT 329 km® rox, uto B 2.6 pasa HuKe,
yeMm B Mope JlanteBbix. [IpencoBoausblii Oananc B Boctouno-Cubupckoe Mope Takxe
OTIIMYAETCS] CE30HHOM M3MEHYMBOCTHIO, Oosiee 90% peyHoro croka u atMoc(hepHBIX
OCaJIKOB MPHUXOAUTCS HA JIETHEE BpeMsl C HIOHS MO CEeHTAO0pb. B 3umHMIT mepuon
BJIarooOMeH ¢ arMocdepoil U 00bEM PEUYHOI0 CTOKA BMECTE COCTaBIISIOT IMOPSIKA
10% ot romosoro 06béma (~100 km® atmocdepHbIX 0cankoB U ~192 xkM® peynoro
ctoka) (AHToHOB, 1976). IIpu sToM misa Bocrouno-Cubupckoro Mopsi xapakTepHO
0OJIbIION 00BEM TaJIbIX BOJ MOPCKHUX JIBJAOB, MX BKJAJ olleHUBaeTcs B 960 KM
€/KETOIHO, YTO 3HAYUTEIBHO BhINIE, yeM s Mops Jlanteswix (650 km°) (KoueToB n
ap., 1994).

Tem He MeHee, OCOOEHHOCTH THAPOJIOTMYECKOT0 M TUAPOXUMHUYECKOTO
pPeXKMMOB BO MHOTOM OOYCIIOBJEHBI €ro reorpaMuecku «TpPaH3UTHBIM»
MOJIO’)KEHUEM. AKTHBHOE BJIMSHHE BOJ APKTHYECKOro OacceiiHa M BOJ CMEKHBIX
Mopern — Yykorckoro u JlanTeBbIX — MaKCHUMallbHO B JIETHEE BpEMs, KOraa

OTMEYAeTCsl yBEIMUYEHHE MPUTOKA BOJ M3 CMEXHbBIX akBaTopuii (Semiletov et al.,

2005; IMunko u map., 2008).
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«TpaH3uTHOE» TOJNOXKEHUE MOpPS ONpeleNsieT U AaKTUBHOE BIMSHHE
aTMOC(epHON LUPKYISIUMU Ha TEpEMENIeHHEe U PaCIpOCTPAaHEHHE BOJHBIX Macc B
Bocrouno-Cubupckom mope (AntonoB, 1957; Pipko et al., 2011). AxBatopus
3aHMMAaeT TIOJIOKEHHE, pa3lelsoNiee JBa OCHOBHBIX ILIEHTpa aTMochepHoit
nupkysiui - B CeBepHoMm  JlenoBHUTOM oOKeaHe (apKTUYECKHMM MAaKCUMyM U
UCHaHACKMHA MuUHUMYM). Ilog BiIusSHHEM apKTUYECKOIO0 MAaKCMMyMa aKTHBHOE
pa3BUTHE TMOJy4YaeT AHTUIMKIOHWYECKUNA TMEPEHOC JBJOB M BOJ HA aKBaTOPHUHU.
CeBepo-BOCTOUYHBIE BETPhl OOYCIIABIMBAIOT IOCTYIUICHHIO B BOCTOYHYIO YacTh
Bocrouno-Cubupckoro Mops JbA0B KW BOJ U3 apKTUYECKOro OacceilHa, B IOTo-
BOCTOYHYIO 4YacThb YCWJIMBAeTCid IPUTOK THUXOOKEAHCKMX BOJ, IIEPEHOC
pPacIpecHEHHOro TOTOKa Ha BOCTOK CuOupckuM nOpHOpPEKHBIM TEUEHHEM
ocnabeBaer. [lpu ompenenstoniem BausHUM VcnaHAcKOro MUHUMYyMa KpPyroBOPOT
pa3BuT cinabo. OcnabeBaeT NPUTOK THUXOOKEAHCKUX BOJ, YCHJIMBAETCS IEPEHOC
TpaHC(OPMHUPOBAHHBIX PACIPECHEHHBIX BOJ HA BOCTOK, YTO OTMEYaercs B
Uykorckom mope (Hdynapes u ap, 2016).

TepmoxanuaHas cTpykTypa Boctouno-Cubupckoro wopsi oO0yclioBieHa
B3aMMOJICHCTBHEM XOJIOJHBIX COJIEHBIX BOJ BHEILIHEro mieibda ¢ 0ojee TemIbIMU U
pacnpecHEeHHbIMU BOJAMU F0T0-3aMaJHOM YaCTH MOp#, B PE3YJIbTaTe MePEMEIIMBAHUS
KOTOPBIX TeMIeparypa noBbiaeTcss. Ha MEeIKOBOJHBIX y4acTKax B JIETHUM MEPUOJ
pacnpoCTpaHEHO BETPOBOE NEPEMEIIMBAHUE, JOCTUTAIOIIEE B BOCTOYHOM 4YacTH
ryounsl 10 meTpoB, a B 3amagHol — 25 wetpoB. Temmeparypa B 30HE
nepeMenMBanusl Kak mpaBmwio He Oonbine 2-3°C, HO B CEBEpPHOW YacTH MOps OHA
3HAYUTENIbHO HWXKE MU OJiM3Ka K Touke 3amep3aHus. Huke cios mepememivBaHus
OJIKe KO JHY IPUTOK COJIEHOW M 0O0Jiee TEIION aTJIaHTUYECKOM BOJbI MOBBIIIAET
temriepatypy a0 0.1-0.2°C. Camas Hu3Kkas TemmepaTrypa BOJbI B 3UMHHUU TEPUOJ
OTMeuYaeTcsd Ha BHelHeM Menbde, a camas Bbicokass (-0.5+0°C) B mpuycThEBBIX
paiionax pex (Hukutun, 1976).

ConeHocTh B MMOBEPXHOCTHOM CJIOE€ YBEJIMYMBAETCS OT IOro-3amaja K CeBepo-
BocTOKy (Pucynok 3.5). 3umoii M BeCHOH psSaOM ¢ YCThbsIMH pek KoibIMbl |

Nupurvpku oHa MuHUMalbHa (4-5%o), y 0cTpoBOB MeBEKbUX JOCTUTAET 3HAYCHUI
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24-26%o0 n nanee K neHTpy yBeauuuBaercs 10 28-30%o0 1 Ha ceBepe - 10 31-32%0. B
3uMHUN  nepuos BoctouHo-CuOMpCKOM MOpe JOMUHUPYIOT TOBEPXHOCTHAS
apktudeckas (-1.5°C; 29.5+30.5%0) m mnpumonnas Bogabie Macchl (-1.4+1.8°C;
>30%0) U3 Apkruueckoro OacceiiHa. B Termbiii OezneaHbId MEpHOJ B aKBATOPUU
JEHUCTBYIOT, B JIONOJIHEHWE K HAa3BaHHBIM, THUXOOKEaHCKHE (OEpHHTOBOMOPCKHE)
BoaHbIe Macchl (3+4 °C; 30+31%o), mocTymaroriue yepes nmpoyvB JIoHTa uiau BAOJb O.
Bpanrens, u moBepXHOCTHBIN pacnpecHeHHbIe BoJHbIE Macchl, (3+-1.5°C; 2+28%o.),
chopMUpPOBaHHBIC TIOJ BIMSHUEM MAaTEPUKOBOTO CTOKA W TasHUS JIBIOB M OoJiee
XapakTepHble IS 3amagHol yactu Boctouno-Cubupckoro mMopsi. JIeToM BEIUUYMHBI
COJICHOCTH Ha TIOBEPXHOCTH CHIDKAIOTCA 110 18-22%0 B ipubpesxHoit 30He, 20-22%0 y

MenBexbux oCTpOBOB, 24-26%o0 Ha ceBepe y KPOMKH TalOIIUX JIbJIOB.
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Pucynox 3.5 — MexroaoBasi "3MEHYMBOCTh PACIPE/ICIICHHUS COJIEHOCTH MOBEPXHOCTHBIX (a)
u npuIoHHBIX (0) Boa BocTtouno-Cubupckoro Mopst (COJIEHOCTh, %o: 1 - <15, 2 - 15-20, 3 -
20-25, 4 - >25, 5 — cpegHeMHOrO0NIeTHEE TIOJI0KEeHNEe n3oranunsel 25), (dynapes u ap., 2016)
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B 3umHee BpeMs COJIEHOCTb Ha OOJIbLIEN aKBAaTOPUM YBEIUYMBAETCS
He3HauuTenpHo. C KOHIIA BECHBI M B JIETHUI INEpHOJ] Ha O€3JIeqHBIX YydacTKax
oOpa3yeTcsi paclpecHEHHbIN cloil TommuHOoN 20-25 M, U COJIGHOCTh C TIIyOMHOM
3HAYUTENIbHO pacTeT. B MenkoBOaHBIX paiioHax 10 riryouH 20-25 M pacrpecHeHa Besl
BoAHas Toima. B Oosee riyOOKMX palloHaX Ha CEBEPE M BOCTOKE MOpS Ha
ropuzoHTax 5-10 M, mecramu 10-15 M, HabGmromaeTcss pe3KUil CKaYOK COJIEHOCTH, HO

Janee J10 IHa OHa yBeJnuuBaeTcs miaBHo (JloopoBonbckuii, 3anorus, 1982).

3.3.0uaru ¢okycupoBaHHoii pa3rpy3ku ¢uaronaos B Mmopsix Bocrounoii
APKTHKH

MHuoronernue uccnenoBanus menbha Bocrouno-CubUpCKOro apKTU4eCcKOro
menbpa TMoKazaid, YTO €ro 3HauuTelbHas YacTh MPEICTaBIsET COOOMU
OecrpereIeHTHBIN UCTOYHUK METaHa B aTrMocdepy peruoHa, mo o0beMy SMUCCUU
COIIOCTaBUMBIN C BKJIJIOM MHUPOBOTrO OK€aHa. bbu1o MOKa3aHo, YTO MOBEPXHOCTHBIC
BOAbI Moped BocTrouHol ApKTHKM OBbUIM TEpPEHACHIIICHBI METaHOM Ha OoJbIlen
4acTH aKBaTOpPHUH B cpeaHeM Oosee ueM B 8 pa3 (Pucynok 3.6). B npoctpancTBeHHOM
pacnpeiesieHu pacTBOPEHHOT0 METaHa MPOCIIEKUBAINCH YETKO OYEPUYEHHBIE 30HBI
HanOoJIee BHICOKUX KOHIIEHTpAIMi MeTaHa, MPEBHIIIAIoNIUe CpeIHue Ha 1-2 mopsaka
(Shakhova et al., 2010).

['eorpadguueckoe MoONOXKEHUE, TEOJOrMYEcKass HMCTOPUS U OCOOEHHOCTHU
CEIUMEHTAIIMU JIeJIal0T Mops BocTOUHON ApPKTUKM PErMOHOM, HCKIHOYUTEIBHO
OJIarONMPUSITHBIM JIJI1 HAKOIJICHUSI B €T0 JIOHHBIX OTJIOKEHUSX OTPOMHBIX 3aIlacoB
OpraHMYeCcKOTO  yriepoja B pa3NuyHbIX  (opmax. B pesynbrare
najgeoreorpadpuyeckux u Mopdosoruueckux Tpancpopmanuii Ha BocTtouHo-
Cubupckom aApKTUYECKOM mienbde ObLITN c(hOpMHPOBAHbI TOJIILN
MHOTOJIETHEMEP3JIBIX MOPOJ, cocTaBisitome okojo 80% Bcel CylIeCTBYIONICH
cyOaKkBaJlbHOM MEp3JIOThI, a TaKKE YHUKAJIbHbIE CKOIUJICHUS MEIKOBOAHBIX —
menbPoBeix - rasrugapatoB (Kpuorepmusi m HaTypaidbHbBIE Ta3ruaparsl..., 1987;

Romanovskii et al., 2005).
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Pucynox 3.6 — Pactipeenenue pacTBOPEHHOTO METaHa B IIOBEPXHOCTHOM CJIO€ BOJIBI
B MBA (nio nanubsim 2003-2007 rr.) (IllaxoBa u Cemuneros, 2014)

HccnenoBatenu BRIIEISIOT KATETOPUIO APKTHIECKUX IIETb(OBBIX Ta3THAPATOB
B ocoOyro rpymmy (Romanovskii et al., 2005; Cepruenko u ap., 2012). IlenabdoBbie
TUAPATHl HE OTJIMYAIOTCS OT THIPATOB, 3QJICTAIONINX TOJ] HA3eMHBIMH MEP3JIbIMH
TOJIIIIAMH, TOTJIa KaK OKEAHWMYECKHE Ta3rHApaThl KOHTHHCHTAIBHBIX aHAJIOTOB HE
uMeroT. Cpeau KITIOYEBBIX OCOOCHHOCTEM apKTUYECKUX TUIAPATOB — OOJbIIas
MJIOTHOCTH MTPOCTPAHCTBEHHOTO 3aJICTaHUS, BEICOKOE BHYTPUIIOPOBOE HACHIIIICHUE —
apKkThueckue rasruaparsl MoryT 3aHumath ot 20% po 100% mopoBoro
MPOCTPAHCTBA; OTHOCUTENBHO HM3Kasl TEIUIOEMKOCTh (pa30BOro rmepexona (B
CpPEeIHEM, TPH pa3a HIKE, YeM ISl OKCAaHHYECKUX) M, COOTBETCTBEHHO, 3HAUUTEIHLHO
0oJee BbICOKAsi YyBCTBUTEIILHOCTh K U3MEHEHUSIM TEPMUYECKOTO PEKUMA.

CorymacHO TepMOOApPUUECKUM YCIOBHUSM, 30HAa CTAOMIBHOCTH IIEIb(POBBIX
rasruApaToB (GOPMUPYETCS] BMECTE C 0Opa30BaHMEM MHOTOJETHEMEP3JIbIX TOJII B
nepuoJi Bpems ocyienus Boctouno-Cubupckoro menbga. B nepuon tpancrpeccun,
ras3rUApaThl IEPEXOIIT B HECTAITMOHAPHBIE TEPMOOAPUUECKUE YCIOBHS, TEMITepaTypa
YBEJIUYHUBAETCS, YTO MPUBOAUT K HApPYyIICHHIO CTaOMIbHOCTH rasruaparoB (Archer
and Buffett, 2005).

B mpomecce nBuxkeHus Ta30BOro ()poHTa — CKOTUIEHHS CBOOOIHOTO ra3a u3
JECTA0MIN3UPOBAHHBIX THUIPATOB, HAXOJSIIETOCS TOJ JaBlieHneM - (popMUPYIOTCS

KaHaJbl 11 Beixoja rasosoro ¢urronaa (Naudts et al., 2006; Shakhova et al., 2017).
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Takue TaJMKM MOTYT OOpa30BBIBATHCS B MECTaX HCTOHYEHHUS WM HapyIICHUS
[EJIOCTHOCTH TapaJlIeIbHO 3aJIeTaloOlUX OCaJIKOB, B TEKTOHMYECKH OCIa0JIEHHBIX
paiioHax, B KOTJIOBHHAX 3aTOIJICHHBIX TEPMOKAPCTOBBIX JEMPECCUH, JaryH U o3ep.
HeoOxoaumo y4uTHIBaTH Takke TOT (HaKT, YTO MEJIKOBOJHAs 4acTh BocrouHo-
Cubupckoro menspa wurpaetr posb dcrtyapus Bemuknx Cubupckux pek, u
CPEIHETOI0BbIE TEMIIEPATypPhl BOABI B MEIKOBOJHBIX pailOHaX 3HAYUTENIHHO BBILIE,
yeMm B Ooiiee riryookoBosiHbIX paioHax (IllaxoBa, Cemumneros, 2014). Oremnstomumii
b (}EKT peUHOro CTOKa TaKKe CO3MaeT OJArONMPUATHBIC YCIOBHS IS JATBHEHUIIIETO
Pa3BUTHSL HUCXOJAIIUX TAIMKOB. J[OMOJHUTENBbHOE OTEIUIAIONIEe BO3ACHCTBUE Ha
MEp3JIbIe TOJIIM OKa3bIBAET TAK)KE€ U KOHTAKT MEP3JIOTHI C OTHOCUTENIBHO TEIUIBIMU
BOJIaMU TOPU3OHTOB JIPCHAXHON CHCTEMBI Mep3II0ThI (XuMeHKoB, 2005).

Takum 00pa3oM, B pe3yibTaTe MHOTOJIETHUX KOMIUIEKCHBIX MeO(pU3NYECKUX,
THAPOJIOTUYECKUX U TEOXUMHUECKUX MCCIIEAOBAHNUN OBIJIO YCTAHOBJICHO, YTO METAH B
BOJHYIO0 TONIy BocTouHO-CHOMPCKOro akpTUYecKoro menb(a IMOCTyNaeT u3
JIOHHBIX PE3€epBYapoB, MPU 3TOM TEKTOHHYECKasi 0OCTAHOBKA OKa3bIBAET BAXKHOE, HO
HE KIIOYEBOE BIHUSHHWE Ha (POPMUPOBAHWE AKTHUBHBIX 30H Ta30BOM HSMUCCHH.
BoBneueHne MeraHa B COBPEMEHHBI OMOTN€OXMMHUYECKHI LHUKI BO MHOIOM
OTIpEETSETCS KIMMATUYECKUMU U B OCOOCHHOCTH TEOJIOTHYECKUMH (PaKTopamu, a
MMEHHO COCTOSIHHEM CYOakBaJbHOM MEp3JOThI, KOTOpas IMOABEpKEeHa Ooree
3HAYUTENIbHOMY M3MEHEHHI0 TEPMHUECKOIO pEeXHMMa IO CPAaBHEHHUIO C Ha3eMHOMU

Mep3JIoTOH B reosiorndeckoM macitade Bpemenu (Illaxosa, Cemunetos, 2014).
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4. PAKTUUECKUI MATEPUAJL, METO10JIOTUSI U METO/IbI
PABOT

dakTUYeCKU Marepuan MOJYyYeH B HECKOJbKHMX MOPCKHUX M MPUOPEKHO-
MOPCKHX 3KCHEIUIHUAX, BEIMOTHEHHBIX 3a niepuo ¢ 2011 mo 2017 rr. O6pasisl amns
nepBoro 3Tana uccienoBanuit (mope JlanteBbix u Bocrouno-Cubupckoe Mope) Obuiu
OTOOpaHbl B  MEXAYHApPOJHBIX  OCEHHE-JIETHUX  HAay4YHO-HCCIEAOBATEIbCKUX
skcnenuuuax 2008 u 2014 rr. (Pucynok 4.1 a). IIpoObl MOBEpXHOCTHBIX JOHHBIX
OCAaJIKOB JIATEBOMOPCKOIO TOJUTOHAa ObUIM OTOOpaHBbI B PaMKax OCEHHE-JIETHEH
MOPCKOM Hay4yHO-uccienoBareinbckor skcnenunuu B 2011 r. va HUC «Akagemuk
M.A. JlaBpentrseB» (Pucynok 4.1 6); kepH (ckBakuna VD-13 B MBamikuHoi aryHe)
ObLJT MOJy4YeH B 3UMHEN npubpexxkHo-mopckont skcneaunuu 2013 roga (Pucynok 4.1
B). [azoreoxumuyeckue HCCIEIOBaHUS MPOBOAWINCH, Ha Marepuare OAO
«TomckHUITNHeDTH». O6HUii 00beM 00pa3loB JOHHBIX OCAIKOB, UCCIEIOBAHHBIX
B paMKax JUCCEPTAIMOHHON paboTsl, coctaBun 120 mpoo.

Jis  orbopa oOpa3noB  MOBEPXHOCTHBIX  OCAJKOB  HMCHOJIb30BAIHUCH
JHOUEpnaTelb van Veen W TpaBUTAUOHHBIN mpobootOopHuk GEMAX (TpyOka
Plexiglas, nuamerp 90 mMm) (Pucynok 4.2 a, 6). Uccnenyemsblii ropuzoHt 0-5 cwm.
OO6pa3ipl 0CagKoB cpa3y Mmociie 0TOopa ObUIM IIEPEMEIISHbI B INTACTUKOBBIC TTAKEThI U
Janee XpaHWINCh B XOJOAWIbHUKE mpu Temmeparype -20°C. Otbop kepHa u3
ckBakuHbl VD-13 ocymiecTBisiicss ¢ TOMOIIBIO YCTAHOBKUA PAa3BEIOYHOIO OypeHus
«YPB-4T» (Pucynoxk 4.2 B). 'my6una 3a00s1 0T MOBEpXHOCTHU JHA cocTaBmia 41.1 m.

JlaHHplE 1O  JIMTOJOTMYECKUM  XapaKTEpUCTUKAM  OCaJKOB,  0OIIeMy
COJIEPKAHUID M  M30TOIHOMY COCTaBy OPraHMYECKOro yIjepoJa aBTOPOM
MpeACTaBIEHbl sl 83 CTaHLM, pacrnojokeHHbIX B Mope JlanTeBbix U BocTtouHo-
CubupckoM MOpe M OXBaThIBAIOIIMX, TAKUM 00pa3oM, OOIIMPHYIO YacTh BocTouHo-
Cubupckoro menbpa. AHATUTHUECKUE UCCIEIOBAHNUS IPOBOAUINCH aBTOPOM JINYHO
B IEPUOJI MPOXOXKJICHUS CTAKUPOBOK B JlemapTaMeHTe aHaTUTUYECKONM XUMHUHU U
HayK 00 okpykatouieit cpere CTokronbMckoro yauepeureta. [loaroroBka o6pasion

M aHaJIU3bl MPOBOJUIMCH B COOTBETCTBHH C METOIUKOM, MOAPOOHO OINHMCAHHOW B
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onmy0JINKOBaHHBIX paboTax 3apyoexHbix kosuter (Vonk et al., 2010; Tesi et al., 2014;

Broder et al., 2016). /lanee nmpuBeaeHO KpaTKOE OMHMCAHNE BHIMOIHEHHBIX PaboT.

a)

Ocean Data View

L —
Ocean Data View

J. ‘ ‘ ® 49 “ |
AR |
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Pucynok 4.1 — Paiion ucciieioBaHH ¥ PacoyioKeHHe OKeaHOTpaUIeCKUX CTaHIUI: a)
paiioH mepBoro 3Tamna ucciaegopanuii — mope JlanteBbix u Boctouno-Cubupckoe mope;
0) ceBepHBII MOIUTOH MOps JIanTeBBIX — 30HA pa3rpy3Ku Ta30BbIX (IIOUI0B
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B)
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Pucynok 4.1 (mponomxkenue)— Paiion uccienoBanuil 1 pacioyiokKeHHe OKeaHorpapuueckux
CTaHIIUM: B) — pacIojio’keHUue Mecta 0Toopa kepHa VD-13 B MBamkuHo# JiaryHe (30Ha
pasrpy3KH ra3oBbIX (DIIOUI0B)

Pucynok 4.2 — Texauueckue cpeacTBa 0Tbopa mpod JOHHBIX OCAJKOB: a) JHOYEPIaTeb
tuna Van Veen; 6) mpo600TOOPHUK 0caaKoB ¥ npuaoHHoN Bogsl GEMAX
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Pucynok 4.2 (mponomxenue) — TexHuueckue cpeicTBa 0T00pa Mpod TOHHBIX OCATKOB:
B) OypoBas ycTaHoBka «YPB-4T»

Onpenenenue  rpaHyJIOMETPUYECKUX ~ XApPAKTEPUCTUK  MPOU3BOJIUIU  C
UCIIOJIB30BaHMEM JlazepHoro ananusaropa Malvern Mastersizer 3000, npuHIUI
paboThl KOTOPOT'O OCHOBAH Ha U3MEPEHUU UHTEHCUBHOCTH CBETOPACCESIHUSI BO BpEeMsI
MIPOXOKJICHUS JIA3€PHOTO Jiyda CKBO3b TUCIIEPTUPOBAHHBIE YacTUIlbI oOpasua. s
KaXJI0ro oOpaslia MpOBOJWJIOCH HE MeHee 5 u3aMepeHuil. PasmepHas Tumnuzarus
OCaJIKOB Ha JIaHHOM JTal€ MPOBOAWIACHK HA OCHOBE TPEXKOMIIOHEHTHOM
Kiaccudukanuu «mecok-aneBput-riuHay @. Illenmapma, rme ocamku ¢ pazMepom
yacTull >63 MKM OTHOCSITCS K MeCUYaHoi (ppakiuu, C pa3MepoM YacTHUIl B JUAMa30HE
10-63 MKM - K TEJIMTOBOMY alIeBpUTy, B nuarna3one 2-10 MKM — K aJeBpUTOBOMY
NENTY U MEeHee 2 MKM — K meauToBoi ¢pakuuu (Shepard, 1954; MacCave et al.,
1995).

3HaueHUs yJeNbHON IUIOUIaN MOBEPXHOCTU YaCTHIl Sy, OBLIN ONpeAesieHbl ¢
MOMOIIIBI0O ABTOMATUYECKOTO aHajgu3aTopa YACIbHOU MOBEPXHOCTH M MOPUCTOCTH
Micrometrics Gemini VII ¢ npumenenuem cranaaptaoro meroga bOT (bpyHnayspa-
Ommera-Temnepa). PesynbTaThl uamepenus ObUTH paccyuTaHbl ¢ TouHOCTHIO 0.1-0.3
M?/T, WHCTPyMEHTalbHas MOIPEIHOCTh cocTaBuna +1  %. Jlna  KoHTpons
JIOCTOBEPHOCTH PE3YJIbTATOB NEPUOJAMYECKHA MPOBOAWINCH H3MEPEHUS IUIOIIATU
MaTepuaa ¢ 3apaHee M3BECTHON BeMUMHON Sy (21.0+0.75 M?/r), IpeI0CTaBIEHHOTO

komItanueit Micrometrics.
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[lo pe3ynapTaTaM TEpBOro 3Tana UCCIEAOBAHMM  JUIsl  BBIMOJIHEHUS
PAaCHIMPEHHOI0 KOMIUIEKCa AaHAaJIU30B MOJEKYJISPHOIO M HW30TOMHOTO COCTaBa
OpPraHUYECKOTO yTiiepo/ia ObUT BEIOpaH MPeACTaBUTEILHBIN MOJIMTOH HA CEBEPE MOPS
JlanTeBbIX, MPOCTPAHCTBEHHO COBMAJAIONMH C JOKYMEHTHPOBAHHOW 30HOM
aKTUBHOM pa3rpy3ku ra3zoBeix (mronnos (Shakhova et al., 2015). Taxxe Ha mpumepe
kepHa ckBaxuHbl VD-13, npoOypeHHoil B MBalIKWMHOW JlaryHe, HCCIEAO0BAINCH
MPOLIECChl HAKOIUJICHUSI COBPEMEHHBIX OCAJIKOB.

Pa3mepHbIil cocTaB 0caO4YHOrO MaTepralia JJisl YKa3aHHBIX PAHOHOB U3Yy4aJICs
Ha J1a3epHOM audpakIIMOHHOM aHam3aTope «Analysette 22 Fritsch» B nmadopaTopun
apktudeckux ucciaenoanuii TOM JIBO PAH. Jlutonoruyeckas TUMU3aIMs O0CAIKOB
MPOBOAMIIACH HA OCHOBE TpexkommnoHeHTHOHM kiaccudukanuu TOU IBO PAH no
COOTHOIIICHHIO cojepkanus ¢pakuuii necka (1-0.1 mm), anesputa (0.1-0,01 mMm) u
nenuta (<0,01 mm) (Jluxt u ap., 1983). IlpuHuunsl TUNM3aMUA TPUBEACHBI B
Ta6nuue 4.1.

Tabnuna 4.1. JluTonoruyeckas TUMU3ALKsI TOHHBIX 0CAJIKOB HA OCHOBE TPEXKOMITOHEHTHOM
knaccudukanuu (Jluxt u ap., 1983; ynapes u ap., 2016)

Cogep:kanne pazMepHBIX ppaknumii, %o
Tim ocagka 1-0.1 MM . U,]-E,l}l MEI = <0,01 mMm

[lecox 70-100 0-30 0-30
AneBpHT 0-30 70-100 0-30
[eaur 0-30 0-30 70-100
Muxtat 30-40 30-40 30-40
ITecoK aneBpHIOBEIH 50-70 15-50 0-25
[IecoK e IHTOBEIR 50-70 0-25 15-50
AJIeBpHT NecUaHBIH 15-50 50-70 0-25
ATIeBpPHT NeIHTOBBIH 0-25 50-70 15-50
[IenuT NecYaHbl 15-50 0-25 50-70
[1enHT aneBPHTOBLIA 0-25 15-50 50-70
MHKTHT NecYaHbli 35-50 0-50 0-50
MHEKTHT a1eBpHTOEBIH 0-50 35-50 0-50
MHKTHT NeIUTOBbH 0-50 0-50 35-30
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JUis  TmpoBeAeHMs aHalIM30B 00paslbl pa3MOpaXUMBalIM NpPU KOMHATHOM
TEMIEpAaType B TEUYEHHE CYTOK M Jajieeé TOMOICHM3UpPOBAIMU. 3aTeM oOpa3Lbl
JOBOJMIIA JI0 TIOCTOSIHHOTO Beca B CyHIWIbHOM Mmikady mpu temmeparype 45 °C.
Beinenenue 6utymonaa nposoauiu xjaopogopmoM B anmnapate CokciieTa B TEUEHHE
14 yacoB. [lanee 3KCTpakTbl KOHLEHTPUPOBAIWCH HAa POTOPHOM HCHApUTENE U
CYLUMJIMCH 10 TOCTOSIHHOTO BECA.

OOwiee coaepkaHue OPraHUYECKOTO YIVIEPOJd, COACPKAHUE MHHEPAJIbHOTO
yIIepoJa, COACPXKAHUE JIETKOJIETYYMX OPraHUYECKHX COEAUHEHUH, KOJIUYECTBO
IPOAYKTOB JAECTPYKIIMM OMOreonoIMMepOB B OCaaKax AJisi 00pa3loB, OTOOPAaHHBIX C
JanTeBOMOPCKOIO MOJMroHa, W Aias oOpasuoB kepHa VD-13 omnpepensnu Ha
nupoiuzarope  «Rock-Eval 6  Turbo» xommanumum VINCI  Technologies.
TemnepatypHas nporpamma: crapT Harpea obopasua — 300 °C, Belaepxkka 3 MuH,
nanee HarpeB 10 650 °C co ckopoctbio 25 °C /muH.

AHanu3 3KCTPAaKTOB IMPOBOJMIN METOJAOM XpPOMAaTO-MacC-CIIEKTPOMETPUM Ha
npudope SCION 436 GC TQ dupmbel Bruker ¢ wucnonbp3oBaHueM KBaplieBOM
KanwuisipHo KojoHku HP-5MS (mnmuna 30 M, BHyTpenHuii auametp 0.25 mw,
tonuHa wieHku 0.25 mxMm). M3mMepeHus npoBOAWINCH KaK MO MOJIHOMY MOHHOMY
TOKY, TaK ¥ 110 BBIOpaHHBIM HOHaM (B pexxumax Scan u SIM), a Takxe B pexxume MS-
MS na npudope GCMS Agilent 7890B (GC) — Agilent Q-TOF 7200 (MS) (kosoHKka
kBapueBass kanwuiipHas HP-1MS, mnmuna 30 M, BHyTpenHuil guametrp 0.25 mwm,
tonmuHa ($assl 0.25 MKM).

KadecTBeHHBII aHanM3 MOPOBOAWICA IO IMOJYYEHHBIM MaccC-CHEKTpaM
coequHeHni. MaeHTudukamuss  KOMIIOHEHTOB  OCYUIECTBIIJach IO  Macc-
cnexkrpomeTpuyeckum Oubnrorekam NIST 14, a Takke mo JaeTanbHOMY H3YUYEHUIO
MacC-CIEKTPA OCKOJIOYHBIX U MOJIEKYJIIPHBIX HOHOB C UCIIOJIb30BAHUEM CIIPABOYHOM
auteparypsl. OmnpeneneHre OTASIbHBIX COEAMHEHW (TONEHBbI) MPOOJIUIIOCHh C
MIOMOIIbIO CTAHIAPTOB, MPEAOCTABICHHBIX KoMitanuei Chiron.

OTHOCHUTENIBHBIE  KOHLIEHTPAMKW KOMIIOHEHTOB  OIpPEACINIA  METOJOM
BHYTpPEHHE HOpManu3auuu no noiaHomy nmoHHomy Toky (TIC) genenunem miomiaau

HCCIICAYCMOT'O ITMKAa COCANHCHUA HAa CYMMY HJ'IOHI&I[Cﬁ BCEX MUKOB. B CJIydac MaJIbIX
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mwiomaned nukoB 1o TIC HOPMHUPOBKY OTHAENIBHBIX COCIMHEHUM IMPOBOIMIIH
JIEJICHUEM  COOTBETCTBYIOIIMX  IUIOMIAAEH  MHUKOB  Macc-PparMeHTOrpaMMbl
XapaKTepHOTO0 MOHA Ha CyMMY BCEX NMHUKOB H-aJKaHOB IO Macc-(hparMeHTorpamme
m/z 57. Bocnpow3BOIUMOCTh TOJYYEHHBIX pE3yJbTaTOB, pacCUUTaHHAs U3
napasuieNIbHbIX OMpPeAeNICHUH, He TpeBbImana 5 %.

OnpeneneHre  HM30TOIMHOTO  COCTaBa  OPraHMYECKOro  yriepoja Ui
NpEeABapUTENILHO  JIeKapOOHATU3HPOBAHHBIX  OOpa3lOB  JOHHBIX  OCAJKOB
JanTEBOMOPCKOTO MOJUTIOHA MPOBOAMIIM Ha H30TOIMHOM Macc-criektpomerpe DELTA
V ADVANTAGE (npousBoautens «Thermo Fisher Scientific»), coennHeHHOro C
aneMeHTHBIM aHanu3atopoM Flash 2000 nmpu nmomonm untepderica ConFlo I'V.

Pe3ynbpTaThl u3MEpeHHH H30TOMHOIO cocTaBa (0) pPACCUUTHIBAIUCH IO

bopmyie:

8(%o) = R =Ry 1000

st
'

riae Rx — OTHoOIIEHHE TSKEIOro M30Toma Yrjaepojia K JISTKOMY H30TOIY IS
u3MepseMoro oopasma; RSt — oTHOIIEHUE TSHKEIOro M30TOMa Yriepojia K JIErKOMY
M30TOITY JJIs1 U3BMEPSIEMOTO CTaHIapPTHOTO 00pasiia.

JInst  KaXaoro aHaIM3UPYeMOro oOpasla TpPOBOJWIOCH HE MeHee 3
napauielibHbIX H3MepeHui. CXOOUMOCTh MEXAY Pe3yiabTaTaMH MapajuiesIbHbIX
m3Mepenu He mpesbimana 0,2 %o. TOYHOCTP M3MEPEHUN KOHTPOJUPOBAIACH IO
MexayHaponubiM ctangaptam NBS-22 u [AEA-CH-7 ¢ 3apanee u3BECTHBIMH
BenmuuHamu 013C.

AHalIU3 Tra30re0XMMUYECKUX [TaHHBIX BBIMOJHEH B IEPUOJ MNPOXOXKICHUS
aBTopoM cTtaxkupoBok B OAO «TomckHUIIMHedTH», a Taxke AOMOIHEH
OnyOJUKOBAaHHBIMU JJAHHBIMU 110 BOCTOUHO-APKTHYECKOMY PETHOHY.

B xoxe ananmuTHueckux pabOT OMpeAensid KOMIIOHEHTHBIM COCTaB Ta3a u
M30TOIHBINA COCTaB YIjiepo/ia U Bojiopoaa MeTaHa. ['azoxpomarorpaduueckuii aHamums
BhITIONTHSICSA Ha xpomatorpade Kpucrtamn 5000, obopynoBanHoM moayiem [TH]I-
ATII. OnpeneneHve HW30TONMHBIX COCTaBOB yriepoJa YW BOAOPOJAA IMPOBOIUIN

meronoM GC-C-IRMS Ha wu3otomHoM  Macc-criektpomerpe DELTA V
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ADVANTAGE (Thermo Fisher Scientific, CIHIA), &k koTopoMy uepe3
unrepdericupiil 6ok ConFlo IV npucoenunsiics razossiit xpomarorpadp TRACE GC
ULTRA, o6opynoBanusiii Omokom GC Isolink. PasmeneHue KOMIIOHEHTOB B
xpomMatorpade IpoUCXOauI0 Ha KamwiisipHoi kosoHke PoraPlot Q (50 m-0.32 mm
10 Mxm). TeMriepaTypHBIil peXUM 3aBHUCEI OT ONPEAEIIIEMOT0 KOMIIOHEHTA.

Tak, npu ompenereHWd HW30TOMHOIO COCTaBa YIVIEPOJA METaHAa PEXUM
NpPOrpaMMHUPOBAHMS ~ TEMIIEpaTypbl  TepMOCTaTa  KamWUIAPHOM  KOJIOHKU
YCTaHABJIMBAJICS CIEIYIONIUNA: HavaldbHas TemiepaTypa nporpammupoBanus 35 °C
(u3oTepma 12 muH.); KOHeuHas Temneparypa nporpammupoBanus 200 °C (u3orepma
10 mun.). CxopocTh mnporpammupoBanus temneparypbl 20°C/MuH; Temrmeparypa
ucnaputens 120 °C; ckopocTb raza HOCUTENS 2 MJI/MUH.

Omnpenenenue BenuuuHbl 013C 0TAETBHOIO KOMIIOHEHTA BO3MOXKHO 0€3 KaKHUX-
aM00 JOTOJHUTENBHBIX ONEpallid, €CIU €ro CoAEep’KaHue B Ta30BOM CMECH
cocrasisier 0,1 00. % u Gonee. B nHamielr paboTe mpoBOAMIICA aHAIN3 HU30TOIMHOTO
COCTaBa yriiepoa u BOAOpOJa METaHa.

JUIsi KaXZIoro aHaJlu3upyeMOro KOMIIOHEHTa MpPOBOAMIOCH HE MeEHee 3
MapajuielibHbIX ~ W3MEpeHui. Pe3ynbTaThl  CUMTANUCh  KOPPEKTHBIMHM,  €CJIH
PACXOXKICHUE MEXIY MapauieJbHBIMU M3MepeHusMU He mnpeBbimano 0,3 %o miid
yriepoaa u S %o 111 BOLOPOJA.

JInsi KOHTPOJSL JTOCTOBEPHOCTH pPE3YJIbTATOB HW3MEPEHUN MEPHUOINYECKU
aHanmu3upoBain razoseie cmecu npousBoAcTBa AIR LIQUIDE, conepxatnye MetaH ¢
U3BECTHBIM M30TOMHBIM cocTaBoM: Thermo 1.1 High: 613C vPDB(CH4) = -45.5 %e;
Thermo 1.2 High: 613C vPDB (CH4) = -24,1 %o.
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5. PE3YJBTATHI HCCJEIOBAHUSA TOHHBIX OCAJKOB
MOPEM BOCTOUYHOUN APKTUKHA

5.1.JInuToJiorus IOHHBIX 0CAIKOB M paciipe/e/ieHHe OPraHN4YecKoro yrijiepoaa

JIist uHpopMaluu 0 MPOUCXOSAIIUX B HACTOAIIEE BPEMS CEAMMEHTAIMOHHBIX
mpoleccax B M3y4aeMOM paifoHe, a Takke JUIsl yCTaHOBJECHHA OOIIeil
XapaKTEPUCTUKHU JOHHBIX OCAJIKOB, OBLIM OMpEEIeHbl IPAHYJIOMETPUUECKHM COCTaB,
yaebHas IUIONIA/lb MOBEPXHOCTHU 3epeH (Kak (aKkTop, ONPEeACIISIONINN COPOIIMOHHYIO
CIIOCOOHOCTH OCAJIKOB), OIICHEHO MPOCTPAHCTBEHHOE paclpeiesieHne OpraHuIecKoro
yraepoaa no teppuropun BCIL u onpenenen n3oronnslii coctaB Cpr (IIanoBa u ap.,
2017).

[Ipenpiaymme wCCIeAOBaHUS JIUTOJNIOTUM JOHHBIX OCaIKoB Ha BocTtouHo-
CubupckoM apKTHYECKOM Iieinb(e OTMEYalu IOBCEMECTHOE JOMUHUPOBAHUE
JMCTIEPCHBIX OcCaakoB Ha Mmenbdpe Boctouno-Cubupckoro mopsi, 00yCIOBICHHOE
OCOOCHHOCTSIMM  penbeda U crneuu(pUKOd MaTepuana, IOCTaBIEMOTO U3
teppureHHoil ob6nactu cHoca (ITaBmuaumc, 1998; Komenesa, Ammn, 1999).
JlnurenpHass TMPOAOKUTEIBHOCTh SKPAaHUPOBAaHUS JICASHBIM TOKPOBOM M pe3Kas
0cnabJIEeHHOCTh BOJIHOBBIX IPOILIECCOB TMpuBeIa K (HOpPMHUPOBAHHIO KpaliHe
BBITIOJIOKEHHOTO penbeda Ha BHyTpeHHeM Mienbde. [lomobnas dopma penbeda
TaKk)K€ HETUIMYHA JJIs1 NOJOOHOM 30HBI U SIBJISETCS OAHUM M3 €€ OTIIMYUTENIbHBIX
npu3HaKoB. [[pyroil 0COOEHHOCTBIO SIBJSIOTCS MHOTOUYHMCIIEHHBIE BJ0JBOEPETrOBbIE
IpsJibl, OCJIOXHSIOIINE BBIPOBHEHHBIN penbed menbda. [lomodHas reomopdomnorus
Takke (opMUpPYEeT OCOOBIM THUAPOAMHAMUYECKUN PEXKUM  OCAJKOHAKOIUICHUS:
OpOAO/DKUTENIbHAS ~ yCTOWYMBAas  MOAJIEAHAs ~ CEAMMEHTalus  oOecrednBaeT
HAKOTUICHHE MPEUMYIIIECTBEHHO TOHKOIMCIIEPCHBIX OCAKOB BHE 3aBUCHIMOCTH OT UX
yIaJeHHOCTU OT MOOEepeXkbs, MPU 3TOM MEPUOJIUUYECKHE B3MYUHMBAHUSA, BbI3BAaHHBIC
BOJIHOBOW JI€ATEIBHOCTHIO, TMPHUBOIAT K HMX IMEpepactpe/ieiCeHHI0, B TOM YHUCIe

azonanpbHOMY (Hukudopos, 1985; dynapes, 2016).
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Mope JlanteBblX mpH 3TOM XapakTepu3yercss ©Oojee pazHOOOpa3HbIM
IPaHyJIOMETPUYECKUM COCTaBOM JIOHHBIX OCaJKOB: B BOCTOYHOM 4YacTH B
OMpENENEHNN COCTaBa JOHHBIX OCAJKOB 3HAUYUTENBHYIO pOJIb WrpaeT alpas3us
OeperoBoro JeAOBOIO KOMILJIEKCA - YETBEPTUYHBIX OTJIOKeHui [Ipumopckoi
HU3MEHHOCTH 1 HOBOCMOMPCKUX OCTPOBOB, Il MPUOPEKHBIE TOPOIBI pa3pPyLIAIOTCS
B Ipollecce TepMoaOpa3suu M BOJHOBOTO BO3ZciicTBHs. B 3amamHyio dacte Mops
JlanTeBbIX PEYHBIM CTOKOM BBIHOCUTCS MPEUMYIIECTBEHHO TOHKOIUCIIEPCHBIM
OCaJIOYHBI MaTepHal, YTO OTIIMYAET paclpe/iejIeHHe OCaJAKOB B JAaHHOM PailiOHE OT
TUMWYHBIX TPUYCTHEBBIX ydacTKoB. [Ipu 3TOM mecyaHO-aneBpUTOBBIM MaTepuai
NOCTyIaeT MPEUMYILIECTBEHHO 3a cueT Tepmoadpasuu OeperoB (PomankeBuu,
Berpos, 2001; dynapes u ap., 2006; Shakhova et al., 2017).

CoxpaHeHHe BBLIEP)KAHHOCTH JUCHEPCHOM CTPYKTYpbl JTOHHBIX OCAJIKOB B
Mope JlanteBbix M B BocTouHo-CHOMpPCKOM MOpE MNpPakTUYECKH MOBCEMECTHO
CBUJETEIBCTBYET 00 YCTOMYMBOW «IOJJIENHOI» OOCTAaHOBKE OCAJIKOHAKOIUICHHUS
(Pucynoxk 5.1). 30HbI HanboOJIee TOHKO3EPHUCTBIX OCAJKOB 371€Ch (DOPMUPYIOTCS IO/
BIMSTHUEM YCTOWYMBOTO TPABUTAIMOHHOTO OCAXJACHUS MAUCIIEPCHBIX YacCTHI[ B
CTaOWJIBHBIX YCJIOBHUSIX TMOJO JIBIOM, TO €CTh BHE 30HBI JCHCTBUSA BOJHOBBIX
MPOLIECCOB.

Tem He MeHee, mpu oOiieM MpeobsialaHuM WUIUCTBIX OCAJKOB Ha BHEIIHEM
menbhe OTUYETIIMBO BBIACISIIOTCS a30HAJbHBIE IIecuaHble OOJACTH CO CpPEIHHUM
pazmepom 3epeH >60 mxm. Takue obmactu cHopMUPOBATUCH B LIEHTPATBLHON YacTH
Mops JlanteBbIX U K ceBepy 0T HOBOCMOUPCKUX OCTPOBOB, a TAK)KE Ha CEBEpO-3amaie
Bocrouno-Cubupckoro mopsi (IlamoBa wu gap., 2017). OOpa3zoBaHue TaKux
HEOOBIUHBIX IS BHEIIHEr0 apKTUYECKOTro Iieib(a MecCUaHbIX MOJIed MOXKET OBITh
00yCIIOBJIEHO HECKOJIBKUMHU MTPUUNHAMHU.

['eodmsnueckre HAOMIOACHNUS HEOJHOKPATHO PETUCTPUPOBAIIN CIIEIBI JICTOBOU
9pO3UHU KakK B MPUOPESKHOM YacTH, Tak U Ha BHemrHeM Inensde BCII (Barnes et al.,
1982; Jlucurpin, 1994; Shakhova et al.,, 2017). Bompoc o BpeMeHH MOSIBICHHS
OOHaApYKEHHBIX JK3apallMOHHBIX OOpO3/1 OCTaeTcs AUCKYCCHOHHBIM. boiee Toro, B

paiione apxwumenara [le Jlonra oOHapykeHa BHaJWHA, TMPOUCXOXKIECHUE KOTOPOM
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ACCOIIMUPYETCS C BBIMTAXMBAHUEM KHJIEM IMOKPOBHOTO JieAHUKA puMepHO 50-70 ThIC.
aet Ha3axa (O'Regan et al., 2017).

D50, Mkm
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Pucynoxk 5.1 — PacnipenenieHue TOHHBIX 0CaKOB MO MEeIMAaHHOMY pa3Mepy 3epeH — D50,
MKM

B 1O e Bpems CymecTBYIOT CBUIETEIBCTBA COBPEMEHHOTO MPOUCXOXKICHUS
O00po31 BbIMaxuWBaHWs B pailoHe wucciaegoBaHui. Tak, Hanpumep, B Hay4HO-
nucciuenosarenbckor dxkcnemunuu  TIIY, Bemomanenno Ha HMC Axanemuk
JlaBpentbeB B ceHTs10pe 20161 B Mope JlanteBbix, B paitoHe uzodar 60-70 m ObuIH
0oOHapyKeHbI aiicOepru, crocoOHbIE BHIMAXHUBATH MOBEPXHOCTHBIN MOHHBINA cioi. 13
ATOTO CIIEyeT, YTO Mpouecchl JenoBoil sk3apaunu B BCII m Ha mpunexamiem
MaTEpUKOBOM CKJIOHE MOTYT MPOUCXOJUTh KaK B HaIllle BpeMs, TaK U B mpouuiom. O
MacimTabax COBPEMEHHOTO JIEJOBOTO BBIMAXUBAHUS CBUICTEIBCTBYIOT pPa3Mephl
00po31, MPOTIATUBAIOIIMXCS HA JECATKA KHIOMETPOB, IIUPUHOW JO0 HECKOJIbKHUX
JIECATKOB METPOB M 3HAYUTENbHOW TITyOMHOW BhImaxuBaHus aHa (1o 10 M), uyTo B
CBOIO O4Yepenb MOXKET IPUBOJUTH K YCKOPEHMIO MPOLECCOB MAaCCUPOBAHHOMU
pasrpy3Ku My3bIpbKOBOTO METaHA M3 JOHHBIX OCAJKOB B BOJHYIO TOJILY-aTMOC(eEpy

(Shakhova et al., 2017). 13 storo cieayer, 4TO BBIACIICHHbIC HAMH a30HAJIbHBIC
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necyanbie 00JacTH MOTYT OBITh KaK CJIEICTBUEM COBPEMEHHOM JIEIOBOM dpO3WH, TaK
¥ KOMOHMHAIIMU JIEJOBOTO BBIMAXMBAHUS C (AKTOPOM MY3BIPHKOBOTO BBIMBIBAHUS
TOHKON (pakumm ocankoB. COBpPEeMEHHBIM TeHE3WC OO0pO3a MOXKET OOBSICHHUTH
«CBEXYIO» JINTOJIOTHYECKYI0 CTPYKTYpy TIOBEPXHOCTHBIX OCaJIKOB, €IIe He
HEPEKPBITHIX TUCTIEPCHBIM MAaTEPHAIIOM.

Kpome Ttoro, 3adukcupoBaHHBIE B paccMaTpHBacMOM WHTEpBajie TIyOUH
MHOT'OYHCIICHHBIC BepTHKAIbHBIC TIOTOKH ra3oB (CeprueHko u np., 2012; Shakhova et
al., 2016, 2017) morytr ciayxuth (HaKTOpOM, OTBETCTBEHHBIM 32 ‘‘BhIMBIBAHHE
TOHKOH (paKkIMK TMOBEPXHOCTHBIX OCAJKOB. 31€Ch HEOOXOAUMO OTMETUTB, UTO
HIecuaHoe IoJie B LEHTPaIbHOM YacTu Mops JIanTeBbIX MPOCTPAHCTBEHHO COBIIAAAET
C pallOHOM aKTHBHOH pasrpy3ku ra3oBbix (mrommoB (Shakhova et al., 2015), npu
3TOM K ceBepy OT HOBOCHMOHMPCKMX OCTPOBOB TaKuW€ BBIXOABI Ta30B HE OBLIH

obOHapyxens! (Pucynok 5.2).
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Pucynok 5.2 — PailoHbI JOKYMEHTHPOBAHHOMN pas3rpy3KH ra3oBbIX (DIIOUIOB MO JaHHBIM
(Shakhova et al., 2015). AKTHBHBIE 30HBI Ta30IPOSBICHUIN BbIICICHBI YEPHBIMH
IPSIMOYTOJIbHUKAMHU
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W3  BBINIEU3TOKEHHOTO ClEeAyeT, 4TO Haubosiee OOBEKTUBHBIM OyneT
paccMaTpuBaTh COBOKYMHOE JCHCTBHME OJIHOBPEMEHHO HECKOJbKHX (HaKTOpOB,
OPUBOJAIIMX K (OPMUPOBAHUIO  JIOHHBIX OCaJIKOB  HEOJHOPOJHOIO
IPaHyJIOMETPUYECKOTO COCTaBa: B HUX YHUCJIE MOXET ObITh U MHTCHCHBHBIM BBIHOC
JUCIIEPCHOTO MaTepHralla ra30BbIMHM TOTOKAMH Ha 3aIajie, 1 IpOLEecChl COBPEMEHHOM
¥ TaJIeOdK3apali Ha ceBepHOM mosmroHe B Mope JlamreBeix (Shakhova et al.,
2015).

OnHako ocTaeTcsi OTKPBITBIM BOIMPOC O MPUPOJIE MOBEPXHOCTHBIX MECUAHBIX
0CaJIKOB, OOHAPY EHHBIX K ceBepy OT HoBOCMOMPCKMX OCTPOBOB Ha riyOnHax OoJiee
200 m (cranmuum SW-16 u SW-17), rme sK3apallMOHHBIA MEXaHU3M 3a CYET
COBpEMEHHOro Jpeida aiicOeproB MpeaCTABISICTCS HEPEATUCTUYHBIM 10 TOU
MPUYMUHE, YTO TOJIIMHA alcOeproB, 0Opa30BaHHBIX Ha OJM3JIEKAIIUX APKTHUUECKHUX
OCTpOBax, Kak mpaBuio, He mnpesbimaer 100 merpos. Ilpoucxoxknenue 3toi
MeCYaHOM aHOMAJIMK MOXKET OBITh CBSI3aHO C TepMoalOpasuel JeI0BOro KOMILIEKCa
ceBepHOro mnodepexxbss HoBOCHMOMPCKUX OCTPOBOB WM C Pa3rpy3KOil MOA3EMHBIX
HAJMEP3JI0THBIX BO/I.

3HAYCHHUs YACIBHOW IIOIIAAN MOBEPXHOCTH Sy, YCTOMYHBO KOPPEIHUPYIOT C
TPaHYJIOMETPUYECKUMHU  XapakTepuctukamu ocanakoB (Pucynox 5.3). Cpennee
3HaueHne Sy; IS 00pa3sloB C BHYTpeHHero menbpa cocraBusier 26,7 M2,
BApHUPYSICh B IIMPOKOM JAuaria3oHe ot 6,62 M%r no 41,5 Mm%, IS OCaaKoB Ha
BHYTpPEHHEM LIenb(e cpeanee 3HadeHue paBHO 24,7 M%/r (Mun. 12 m?/r, makc. 37,2
M?/r). Hambosee HU3KME 3HAYeHMs Sy; Ha BHENIHEM Iueibpe XapaKTepPHBI I
BBIJICJICHHBIX a30HAIBHBIX obnactedt. [IpeoOnagaHue mecyaHbBIX OCAJKOB 3/1€ChH
CHWXKAeT 3HadeHue Sy, 1o <10 M%/T, B TO BpEMsI KaK TJMHUCTBIE OCAJKU
XapPAKTEPUIYIOTCSA 3HAUYEHUAMHA Sy, >25 M%/T. BBIsABIEHHBIH CHEKTP M3MEHUYUBOCTH
corjacyercs C  pe3yJbTaTaMd  JIPYrUX  HMCCIEIOBAHUM  JIMTOJOTHUYECKHUX
XapaKTEPUCTHK JIOHHBIX 0caakoB MpuOpexHbIx obnacteit (Tesi et al., 2014; Hedges

and Keil, 1995; Bergamaschi et al., 1995; Goni et al., 2013).
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YoenbHas nnowads nogepxHocmu, Mm?/2

Ocean Data View

150°E

Pucynok 5.3 — PacripeienieHne JOHHBIX OCAJIKOB 110 BEJTMYHUHE YACITBHOM IUTOIIA TN
MMOBEPXHOCTH, M2/

Kaptuna pacnpenenenuss Copr B NOBEPXHOCTHBIX JIOHHBIX — OCaJKax
MIOCTPOEHHAS C YUETOM PE3yJIbTaTOB, MOJYICHHBIX Ha BHemHeM mienbde B 2014 roay
JIOTIOJTHSACT Ppe3yNbTaThl Mpenpiaynmx wucciaenoBanuii (Shakhova et al., 2017
Hynapes u ap., 2006, 2016) (Pucynok 5.4 a, 0).

Obmee conepxkanne Cor B JIOHHBIX OCaJKaX MCCIEAYEMOI0 peruoHa
U3MEHSETCS OT MUHUMaNbHbIX 3HaueHul (0,27%) B ceBepO-BOCTOUHOM YacTU MOpS
JlanTeBBIX 10 caMbIX BBICOKMX KOHIICHTpaluil B 3ainuBe byop-Xas, a Takxke o0nactu
Ha CeBepO-BOCTOUYHOU OkpamHe Bocrouno-Cubupckoro mops (2,15%). YBenuueHHble
koHUeHTpauuu C,pr HaOMOAaOTCs B MNPUOPEKHOW YacTM U reorpaduyecku
MPUYPOUCHBI K I)PO3HUOHHBIM OeperaM CII0KEHHBIM JIETOBBIM KOMITJIEKCOM U JIeJIbTaM
peK, TIe 3HAauMMYyI poJIb HUrpaeT Oeperomasi 3po3usi, HU3YUYEHHAs Ha MpUMEpe
aBanaenbThl peku Jlens! (I'puropses, 2008). Conepxanue Cgpr MOBBILIAETCS B 30HAX
MNPUCYTCTBUSI JUCIEPCHBIX OCAJKOB, HO MpsMas KOPpEsUus MPOCIEKUBACTCS HE
Be3ne. Tak, ocanku B paiioHe TyObl byop-Xas xapakTepu3yrTcsi OTHOCHUTEIBLHO

BBICOKMM conepkaHueM Copr M pa3HOOOpPa3HBIM (PAKIUOHHBIM COCTaBOM, YTO
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O00BSACHSIETCS JCHCTBUEM PA3MUYHBIX JUTOJUHAMUYECKUX OOCTAaHOBOK: 3PO3MOHHO-
AKKyMYJISITUBHOM Teppachl U aKKyMYJSITUBHOW €€ TMOJHOXbs. boiiee mompoOHas
uHbopMaIusl O JUTOJUHAMHYECKHX OCOOEHHOCTAX JToro paiioHa Bocrouno-
Cubupckoro apkrudeckoro imenbda mpeacraBieHa B paborax A.H. Yapkuna

(Charkin etal., 2011) u E. Karlsson (Karlsson et al., 2011).
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Pucynok 5.4 — IIpoctpancTBeHHOE pacnpenenenue coaepxanus Copr Ha TEpPUTOPUU
BCII (%): a) kapta, onyosnukoBanHas y [llaxosoit u ap. (Shakhova et al., 2015); 6)
KapTa [0 JaHHBIM aBTOpa
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[ToBbienne KoHueHTpauii Copr TAKKE JOKYMEHTHUPOBAHO B BOCTOYHON YacTH
BocTouHo-CHOUpCKOT0O MOps, 9YTO OOBSACHSAETCS BBICOKOW MPOIYKTHBHOCTHIO
TpaHC(HOPMHUPOBAHHBIX BOJ THXOOKEAHCKOTro mpoucxoxacHus (Semiletov et al.,
2005; Anderson et al., 2011).

CoxpanHocTth oprannueckoro BemiectBa (OB) B ocagkax KOHTPOJIUPYETCS
IEIbIM PsioM (aKTOPOB, CPEAM KOTOPHIX - MEPBUYHAS MPOAYKTHBHOCTH paloHa,
IPOAODKUTEIFHOCTh HAXOXKJICHUS B OKUCIHTEIBHBIX YCJIOBHSX, AaKTUBHOCTD
oenroca. OgHUM K3 HamOOJEe MIMPOKO MPUMEHSAEMBIX METOJOB ISl W3Y4YEHUS
MEXaHM3MOB <3arpy3ku» ocaakoB OB sBisieTcs omnpeneneHUe OTHOIICHUS
KOJIMYECTBA OPTraHMYECKOro Marepuaia K HUX (QU3NYECKUM XapaKTepUCTHKaM
(Hedges, Keil, 1995; Keil, Mayer, 2014). Tak, otHomenue obmero copepkaus Copr
K Syn sBIseTCA IapaMeTpoM, TIO3BOJISIONIMM — YCTAHOBUTH  KOHIIEHTPAIUIO
OpPraHUYECKOTO YTJIEpoJa Ha €IWHUILy IUJIOMAAN TOBEPXHOCTH YaCTHIIBI, WIIH,
JPYTUMHU CJIOBaMH, OIICHUTh OOIIYI0 «3arpy3ky» ocaakoB OB B pasznmuyHbix
ycnoBusax ocaakonakorieHus (Blair, Aller, 2012; Mayer, 1994; Keil et al., 1994).

[IpuHsiTO cCcuMTaTh, YTO 3HAYEHUS AAHHOTO Kod(pdUIlMeHTa Js OCaJIKOB
npuOpexXHbIX (auuii Bapsupyrorcs B npeaenax 0,5-1,0 mrC,,/m? (Mayer, 1994). B
cllydae, KOT/ia 3HaueHHUsl CYIIECTBEHHO OTIMYAIOTCA OT YKa3aHHOTO JMala3oHa, 3TO
MOKET CBHJICTEITLCTBOBATH O BBICOKHX CKOPOCTSIX CEAUMEHTAIIMHU, YTO MPUBOJMT K
cokpaiieHuto BpemeHu skcnosunu OB B a’spoOHON 00CTaHOBKE CeIMMEHTAIIHH,
KOT/Ia BpEMsI B3aMMOJIENCTBHS OPTAHUKH M KHCIOPOAa MUHUMAIBHO (>>1 MrCop/M?),
I O TIyOOKOBOJHBIX YCJIOBHSIX OCAIKOHAKOILIEHUS C 00Jiee MPOI0JDKUTEIHHBIM
TIEPHOJIOM HAXOXKIEHHUS B OKHCIMTENBHBIX yeioBusx (<<0,5 mrC,,/m?) (Broder et a.,
2016; Keil et al., 1994).

[IpuMeHuTEHHO K HAIlIEMY PETHOHY, Ha OOJbIICH YacTH aKBaTOPUU 3HAUYCHHUSI
kodpduimenta usmenstores B mpenenax 0,3-0,7 mrCop/M? (Pucyrok 5.5), uto
TUTIAYHO JIJI1 KOHTHHEHTAJIbHBIX CKJIOHOB. Hambonee Hu3kHe KOIPPUIIUEHTHI
OTMEUAIOTCS Ha TIIYOOKOBOJHBIX CTAHIUSAX, IIPH I3TOM B CEBEPO-BOCTOYHON YacTH
Bocrouno-Cubupckoro Mopsi 1 B LeHTpasibHOU yacTtu Mops JlanTeBbix Habmt01aeTcs

HEKOTOpOEe yBeNHYeHHE KOIPPUIIMEHTa, YTO MOXKHO OOBSCHHUTH YBEIWYECHHBIM
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conepkanueM Cgpr BCIEICTBUE BIUSHUS BBICOKOINPOIYKTUBHBIX THXOOKEAHCKUX BOJ,
Y HU3KUM 3HAYEHHUEM Sy;, 00YCIOBICHHBIM BBIMBIBAHUEM JIETKON (PpaKIMK OCA/IKOB
My3bIPHKOBBIM TIOTOKOM, COOTBETCTBEHHO.

Ha BuyTtpennem menbde, B paiioHe aBaHAENbTHl peku JIeHbI, oTMeyaeTcs
pesKoe Bo3pacTaHume yriepomHoit sarpysku 10 2,2 Mr Cep/M?. DTOT paiion
XapaKTEPHU3yeTCs] Pa3sHOPOAHBIM JIUTOJIOTHUYECKUM COCTaBOM, OOYCIIOBJICHHBIM
JNEUCTBUEM PA3JIMYHbIX JUTOJMHAMUYECKMX OOCTAaHOBOK. Bricokue 3HaueHuUs
Kod(dpumreHTa yriaepogHON 3arpy3Ku 371€Ch SIBISIOTCS Pe3yJbTaTOM WHTEHCHUBHOTO
skcniopta HazemMHoro OB B pesynbrare 6eperoBoit 3po3uu u peuHoro croka (Charkin
et al., 2011; Karlsson et al., 2011; Semiletov et al., 2011) u ceaumeHTalMKu B
YCIIOBHSIX TIOHIDKEHHOTO COJIEPIKaHMsI KHCIIOpO/ia B IPHAOHHBIX Bogax (CaBenbeBa U
n., 2010), 4To, B CBOIO ouepeib, BRI3BAHO MOTPEOJICHUEM KHUCIOpOAa Ha OKHCICHHE
OB. CornacHo CyIIECTBYIOIIMM OIIEHKaM, KOJMYECTBO B3BEIIEHHOIo Copr,
BBIHOCMMOTO pekoii JIeHoit 3a ron, moxer gocturats 0,38 *10%2 r, yro Bo MHOrO pa3
MeHbIIIE BKJIaa 3p0o3u0oHHOTO Copr (I'puropnes, 2008).

Corg/Syo, M2Copz/m?
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Pucynok 5.5 — PacnpeiesieHe BeJMUKMHbI 3arPy3KH OPTaHMYECKMM YIJIEPOIOM JOHHBIX
ocankoB (Copr/Syy), MrCopr/m?
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JIns yTOYHEHHs BKJIaJa pa3IMYHbIX HCTOYHHUKOB B COCTaB OPraHUYECKOTO
yriaepojia JOHHBIX OCaJKOB Ha TeppUTOpHUH Ienbda mopel JlanteBsix u BocTouHo-
CubHUpCKOro GbUI OLEHEH €r0 M30TOMHBIH cocTaB (8Copr). JlaHHbBIE IO H30TOMHOMY
COCTaBy yryiepojaa jsi psia oOpaslioB ObUIM MOJYYEHBI JIMYHO aBTOPOM, a TaKKe
3aMMCTBOBaHbI U3 OoIyOamkoBaHHBIX padoT (Tesi et al., 20144 Broder et al., 2016;
Karlsson et al., 2011). 3nauenust BappbupoBaIKHCh B mipenenax -27,4 %o u -20,85 %o,
JEMOHCTPUPYS O’KUIAEMBII TPEeH 1 000TalieH!s] CTAOMIbHBIM U30TOIOM YTjiepoa 1o
Mepe yHmaleHus OT OeperoBod JWMHUU W YBEIWYCHHS BIUSHHUS aBTOXTOHHOM —
MOPCKOM — KOMIIOHEHTBI OpraHudeckoro BemectBa (Pucynok 5.6). B BoctouHO#
YacTU pEruoHa, Ha BHemHeM Ienbde Boctouno-Cubupckoro mops, HaOmrogaeTcs
3aMETHO 0o0Jiee MHTEHCHUBHOE «YyTSDKEIICHHE» HW30TOMHOTO COCTaBa YIJIepojaa, 4YTO

MOJKET OOBSICHATHCS IPSIMBIM BIMSHUEM THXOOKeaHCKHX Boj (Semiletov et al, 2005;

Anderson et al, 2011).
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PucyHok 5.6 — 30TONHBII COCTaB OPraHUYECKOro Yriiepoa JOHHBIX ocankos (8°C, %o)



80

CpaBHeHHE TaHHBIX 110 U30TOIHOMY COCTaBy yriepona u napamerpy Copr /Sy,
MO3BOJISIET OTMETUTh TEHACHIIMIO OTHOCUTEIBHO PABHOMEPHOIO 3aMEICHUS
TEPPUTEHHOTO OPraHUYECKOro yriepoJa MOPCKHM BEIIECTBOM C YBEJIMYCHUEM
paccrosiaust ot Oepera: BenmunHa Copr /Sy, U MCCIeIOBaHHBIX 00pa3I0B MEHSETCS
B HEOOJBIIMX Hpenenax, TOrga Kak JOJs TsKeJoro u3orona B cocTaBe Copr

YBCIIMYMNBACTCA 3HAYUTCIIBHO.

5.2.MoJieKyJSIpHBIH M U30TOMHBII COCTAB OPraHNYEeCKOro BellecTBa JOHHBIX
0Ca/IKOB (CeBepHbIil MOJIUTOH Mopsi JIanTeBbIX)

5.2.1. JIutonornyeckasi XapaKTepUCTHKA OCAJKOB U COJICPIKAHHEC
OpTraHUYECKOro yriepojaa

JIns BBISIBJICHUS OCOOEHHOCTEM MOJICKYJISIPHOTO W M30TOMHOTO COCTaBa
OpraHUYEeCKON KOMIIOHEHTHl TOBEPXHOCTHBIX JOHHBIX OCAJIKOB ObLI BBIOpaH
MPEJACTABUTEIILHBIM TOJUTOH Ha BHEIIHEM Ielbe B CEBEpHOW 4YacTu MOps
JlanteBbix (Pucynoxk 5.7). B mpenmemax JgaHHOro ydacTka paHee ObLIH
JIOKYMEHTHUPOBAHBI WHTECHCHBHBIE BBIOPOCHI My3bIPEKOBOTO METaHa,
CIIPOBOIIMPOBAHHEBIE Jerpaaalueit moaBoaHon Mmep3iotel (Shakhova et al., 2015), a B
pe3ysbTaTe MEepBOro dTana HAIIMX HCCIIEIOBAHWN, ONMMCAHHBIX BBINIC, ObLIa TAKXKE
YCTAHOBJIEHA A30HAJIBHOCTD JIUTOJIOTUYECKOU CTPYKTYPhI OCaAKOB.

Jlns Gosee moapoOHOro wucciegoBaHus ocobeHHocter OB B ykazaHHOM
palioHe ObUIM W3Yy4YeHBI OO0pa3Ibl, MOJYYECHHBIE COTPYJHUKAMHU J1abOpaTopuu
apktnueckux wuccinenopannii TOM  JIBO PAH B neTHe-oceHHEW MOPCKOM
skcneaunuu 2011 roga.

B Ta6nune 5.1 npuBeaeHbl JaHHBIE MO JUTOJIOTHUYECKON TUIMH3AIMUA OCaJIKOB
JIATITeBOMOPCKOTO MOJIMTOHA, a TaKkKe 100aBJIeHbl JaHHBIE 1O 00IIEMY COACPKAHUIO
OpraHUYECKOro YIJIepoJla, PACCUMUTAHHOMY IO pe3yJbTaraM MNHPOIUTUYECKOTO

uccienoBanus oopasios (Rock-Eval).
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JIOHHBIE OCaJKU UCCIEAyeMOro pailloHa TMpeACTaBICHbl HECKOJIbKUMU
paznmuyHbiMM TUNaMud. Kak ObUIO OTMEYEHO paHee, XapaKTepHOH OCOOEHHOCTHIO
JAHHOTO TIOJIMTOHA MPEACTABISIETCS NPHUCYTCTBHE OPEOJIOB IECYAHBIX OCAJIKOB
(Mecok TeNUTOBBIA U aJIEBPUTOBBIM), TMENWTa IECYAHOTO, a TaKKe MHUKTUTA
MECYaHOT0 U MEJIUTOBOrO CPeId JUCIEPCHBIX ocankoB (Pucynok 5.8a). Bo3MoxkHbIe

OpUYUHBl (OPMUPOBAHUS TAKOW JIUTOJIOTUYECKOW CTPYKTYphl ObUIM PacCMOTPEHBI
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Pucynok 5.7 — PacnionoxeHune okeaHorpapuueckux CTaHIUI CEBEPHOTO MOJIUTOHA MOPSI
JlanteBbIx. UepHBIM IIBETOM OOBEICHBI CTAHIIMH, T7I¢ OblJIa OTMEUYEeHA HanboJee
WHTEHCUBHAsS pa3rpy3Ka ra3oBbIX (IIIOHI0B

JUnis monuroHa B ILIEJIOM XapakTepHbl HEBBICOKHE KoHIEHTpamuu Cop B
nuanasone 0.31 —1.09, % mac. (Pucynok 5.80). HaubomnbIme 3HaueHus: IPUypOUCHBI
K IOT0-BOCTOYHOW YaCTH, PACIIOJIOKEHHON OJMKe K 30HE BIMSHHUS MaTEPUKOBOTO
croka. MunumaneHble coaepkaHusi Cgpr MPOCIEKHUBAIOTCS BIOJIb MaTEPUKOBOTO

CKJIOHA Ha riyouHax 6omuee 90 M.
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Tabmuma 5.1 — JIuTonornyeckasi TAMU3ALKS OCAIKOB JIAIITEBOMOPCKOTO MOJIMTOHA; CPEAHEE
coJiep>KaHKMe OPraHUYeCcKOro yriepoa B 00pasmax

N o6pasua Ilecok, AJIeBpHT, Ileawur, Tun ocanxa TOC,
% mac. % Mmac. % Mmac. % mac.
20 0,00 25,53 74,47 IIEJIUT 1,01
21 0,99 27,38 71,63 MIEJIUT 0,82
22 68,35 11,71 19,94 IIECOK MEJIMTOBBIN 0,34
23 0,00 29,69 70,31 IIEJIUT 0,84
25 0,00 33,04 66,96 IIEJIUT aJIeBPUTOBBII 0,59
28 39,87 20,43 39,70 MHKTHT [I€CYaHbIH 0,38
29 58,69 11,59 29,72 [IECOK IEJIUTOBBIN 0,69
30 17,57 19,22 63,21 MEINUT IeCYaHbIN 0,54
32 60,72 9,27 30,01 IIECOK IIEJTUTOBBIN 0,49
33 30,74 18,90 50,36 IIEJNT IIECYAHBIA 1,09
34 0,00 14,73 85,27 MEIUT 0,94
35 3,68 20,25 76,07 MIEJIUT 0,46
36 16,45 50,00 33,55 aJeBPUT TEITUTOBEII 0,91
37 18,52 14,55 66,93 [EUT NI€CYaHbIN 0,71
38 27,70 17,57 54,73 [EUT NI€CYaHbIN 0,51
40 18,22 27,61 54,17 TIEJTAT aJeBPUTOBEII 0,62
43 13,27 38,84 47,89 MIETIT 0,31
AJICBPHUTOBBIH
44 66,69 15,40 17,91 MIECOK aJIeBPUTOBBIN 0,35
45 70,50 8,84 20,66 IIECOK 0,84
48 40,98 13,99 45,03 MUKTHUT TIEJIUTOBBIN 0,86
49 3,40 30,07 66,53 TIEJTAT aJIEBPUTOBBII 0,88

B npoGax Oblna mpoaHaaM3upoBaHa B3aUMOCBS3b coaepkaHust Copr C moseit
neauToBor (pakiuu B ocankax. Ha Pucynke 5.9 BumHo, 4To 111 Beeid cepun 00pas3iioB
HAOJIONAETCA JIMIIb MHUHMMAJIbHAS II0J0kKHTENbHas Koppeasuus (R?=0.131). Tem ne
MEHEe, OTYETIIMBO BBIACISETCS Tpymmna o0pa3ioB, 0OTOOPAHHBIX C «aKTUBHBIX)» CTAHITHHA
— 30H, I7e ObUTa OTMEYEeHa HanboJiee MHTEHCHUBHAS pa3rpy3ka ra3oBbix (itouoB. Jis
JaHHOW TPYIIbl XapakTepHa JIMHEWHas 3aBUCUMOCTh MEXKIY COJep>KaHHuEM
OPraHMYECKOro yriuepoaa W menuroBod  ¢pakmueit  (R?=0.772).  JlanHble
3aKOHOMEPHOCTH MOTYT CBHUAETEIbCTBOBATh O JOMHUHUPOBAHWU €IUHOTO MEXaHHU3Ma
copOrun C,pr Ha TOBEPXHOCTH YACTHIl B AaKTUBHBIX «Ta30BBIX» 30HAaX, B TO BpeMs Kak
Uil «(OHOBBIX» CTaHIMK XapaKTepHa HEYCTOWYMBAS AKKyMYJSAIHS € CIOXKHAsS

JUTOOAMHAMHKA CPCAbl OCAAKOHAKOIIIICHUA.
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Mecok, % mac.

125 o 130°E

6)

Ocean Data View

125°E 130°E

Pucynok 5.8 — Coneprxanue a) necuanoid ¢ppaxiuu 0) Copr B JOHHBIX OCAIKAX HCCIETYEMOTO
MOJINTOHA
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Pucynok 5.9 — 3aBUCHUMOCTB cojiepKaHUs OPTAaHHYECKOTO YTIepoa OT A0JTH IMeTUTOBOM
(dbpakiuy B JOHHBIX OCAJIKaX

5.2.2. [Tuposmtryaeckuii ananu3 mo TexHonoruu Rock-Eval

TpaauumonHno nuponuTrueckuii ananu3 Rock Eval npumensiercs B HedTsHOIM
TCOJIOTHH JUIsl OIEHKH TE€HEPAIIMOHHOTO MOTEHIHMAa He()TeMaTepUHCKUX TOopoa. Tem
HE MCEHee, B TIOCIEJHUE TOJbl BCE dalle METOJ CTajl WCIOIb30BaThCI M IS
uccienoanus Hespesiaoro OB B coBpemeHHBIX ocaakax u mousax (Disnar et al., 2003;
MeneneBckuii u np., 2011). [Tuponus wespenoro OB npencrapisieT coO0M CIOXKHBIM
mpoliecc, BKIIOUYAIONMNN B ce0 HECKOIBKO CTATui TEPMOJCCTPYKIIUU OTIACIBHBIX €T0
KOMIIOHEHTOB €  Pa3JUYHBIMU XUMHUYECKMMH CBOMCTBAMH U  TEPMHUYECKOUN
YCTOWYMBOCTHIO, TIOTOMY TMHPOJIUTHYECCKUE WCCICIOBAHUS COBPEMEHHBIX OCAJIKOB
MOTYT OBITh MCTOJB30BAHBl B KAYECTBE WHCTPYMEHTA JJIs OIEHKH JUAreHEeTUYECKOMN
peoOpa30BaHHOCTH BEIICCTRA.

B Tabnune 5.2 mpuBefeHbl OCHOBHBIE MapaMETPhl, PACCUMTAHHBIC IO JTAHHBIM

nuposuTHueckoro aHanmsa Rock-Eval, a Taxke qanHbie n3oTonHoro ananusa 613C.
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Tabnuma 5.2 — Jlanasie nuponutuieckoro ananusa Rock-Eval n n3oronnoro ananmsa
JOHHBIX OCAJKOB JJISi CEBEPHOTO MOJUTOHA MOps JlanTeBbIX

[Tapamerpsr Rock-Eval

Ne ToC* S13C,
obpasia v | S1, | S2, | HI, | Ol, - MinC, T3 %0
a(:: ML/T | Mr/T | M/t | M/t M| Ohmac. A
Mac.

20 101 1023|082 | 81 | 191 | 339 | 0,18 | 0,44 |-23,7
21 082 | 017065 | 79 | 187 | 341 | 0,14 | 042 |-24,1
22 0,34 {009 (0,39| 115 | 203 | 344 | 0,0/ | 0,36 |-24,4
23 084 |02 |0/72| 8 | 183 | 335 | 0,16 | 0,42 | -24,3
25 0,59 (014|049 | 83 | 195|340 | 0,12 | 0,44 |-24,3
28 0,38 [ 0,08 0,34 | 89 | 279 | 344 | 0,09 | 0,38 | -24,5
29 0,69 [ 016|058 | 84 | 209 | 341 | 0,12 | 0,43 |-25,2
30 0,54 (012|045 | 83 | 206 | 335 | 0,10 | 0,43 |-23,8
32 0,49 (012|045 | 92 | 206 | 336 | 0,10 | 0,42 |-24,4
33 1,09 {0,23|085| 78 | 216 | 332 | 0,20 | 0,45 |-23,2
34 094 (021083 | 88 | 209 | 338 | 0,16 | 0,41 |-234
35 0,46 (011|043 | 93 | 196 | 340 | 0,08 | 0,41 |-23,0
36 091 | 02 |0,76| 84 | 200 | 347 | 0,16 | 0,42 | -24,5
37 0,71 {016 | 0,62 | 87 | 194 | 334 | 0,15 | 0,42 | -24,6
38 051 |{0,11({046 | 90 | 225 | 343 | 0,12 | 0,40 | -24,6
40 062 (014052 | 84 | 210 | 344 | 0,15 | 0,42 |-24.2
43 0,31 | 0,07 (0,36 | 116 | 226 | 362 | 0,08 | 0,34 |-25,2
44 0,35 | 0,1 {043 | 123 | 194 | 337 | 0,06 | 0,38 | -25,5
45 084 (019| 08 | 95 | 206 | 336 | 0,17 | 0,41 |-245
48 0,86 |0,22|1,02| 119 | 185 | 339 | 0,16 | 0,39 |-24,3
49 0,88 |017 (0,72 | 82 | 206 | 361 | 0,14 | 0,39 | -24,9

* B Hactosmel padote BemmunHa 1OC, % Mmac. skBuBaneHTHa BenuanHe Copr, % Mac.

[Tuk S1 (Mr/r) MOKa3bpIBa€T KOJUYECTBO JIETYYUX OPTaHMYECKUX COCIMHECHHM,
y>Ke MPUCYTCTBYIOIMX B oOpasie. [Tuk S2 xapakTepu3yeT KOJIMYeCTBO YTIeBOAOPOIOB,
TEHEPUPYEMBIX B pE3yJIbTaTe TEPMHUUYECKON IECTPYKLUMU KEpPOreHa B IPOLECCE HUX
HarpeBa 70 550°C; mpu Temmeparype Tmax oTmedaeTcsi MakCUMajbHasi CKOPOCTh

BBIX0/Ia YTJIEBOJAOPO/IOB.



86

Benuuuna BopoponHoro uuaekca HI xapakTtepusyer BOJOPOAOHACHIIIEHHOCTD
OB u orpaxaer pomio anudatudeckoil coctapisitomei B crpykrtype OB. IlrteliH u
MaknoHanpa B CBOEH paboOTe OTMEUAlOT, YTO MJIs HE3PENbIX OCAJAKOB 3HAYCHUS
napametpa HI mapkupyioT reHernueckyro mnpuHauieskHocte OB Tak ke, Kak s
3peNiof OpraHWKH JaHHBIA MapaMeTp ykasbiBaeT Ha Tuml keporeHa (Tucco m Bembre,
1984; Stein and Macdonald, 2004). Taxk, 3nagenus Hl <100 mr/r BKymie ¢ BBICOKUM
KUCIOpOAHBIM HHJeKcoM Ol CcBUAETENBCTBYIOT O MPEUMYIIECTBEHHO TEPPUTCHHOM
rryooko okuciaeHHoM OB (rymycoBoe BemectBo, keporeH |l tuma), B To Bpems kak
BbicokHe 3HaYeHUs (0T 300 g0 800) TUIIUYHBI 11 MOPCKOTO IreHe3uca 1 mpeodiiagaHus
BOCCTAaHOBUTENBHBIX yCIIOBUH (campomneneBoe BemecTBo keporeH | u |l Tuna) (Pucynox
5.10a).

Hnst OB coBpeMmeHHBIX OCaJKOB TMax, kak mpaBujo, cocrapisier <425°C.
ConocraBinenve 3HadyeHMd [MaxX u wuHAekca HI Takke mMoO3BoNIAET MONMYYUTH
uHdpopmanuto o cocrase OB (Pucynoxk 5.100).

PesynbraTel uccienoBanus 00pa3IoB JIAITEBOMOPCKOTO MOJIMTOHA YKa3bIBAIOT HA
JIOMUHHUPOBAHUE BKJIaJa TEeppUreHHoW marepuana B coctaB OB ocankoB (Pucynox
5.10B). JIumb oTaenbHbIE 00pa3lbl XapaKTEPU3YIOTCS HE3HAYUTEIHHO MOBBIIIEHHBIMU
sHaueHussMu  uHAekca HI (>100), yto yka3piBaeT Ha TNPUCYTCTBHE MOPCKOM
koMmrnoHeHThl B coctaBe OB. Cootnecennie Tmax u HI Takxe BbISIBUIIO OeccriopHOE
npeo0IaaHie OKUCITUTENbHBIX (KOHTMHEHTAJIBHBIX) YCIOBUN ocankoHakorieHus OB
(Pucynox 5.10r).

B. H. MeneneBckuii B cBoeii padore (MeneneBckuii u np., 2011) yka3piBaet Ha
TO, YTO TIPU HUCCJIEIOBAHUM COBPEMEHHBIX OCaaKOB C¢ He3penbiM OB TpaauiuoHHbIN
UHTCPIIPETAIIMOHHBIA TMOAXO0M, MPUHATHIA NpU HedTercosornyeckoM aHaimsze ROCK
Eval, mensiercs. [TuporpaMmbl oTpaXkaroT LEibli psa KomMnoHeHToB OB coBpeMeHHBIX
OCaJIKOB — OT OCTAaTKOB OPraHU3MOB JI0 OMO- U T'€ONOJIMMEPOB, COACPIKAHUE KOTOPBIX
3aBUCUT OT CTETEHU JuareHeTudeckoit mpeodpazoBannoctu OB. Tak, oH oTMEYaeT, 4To
npu yBenudeHUu cojepxkanus B OB aOuibHBIX COCIMHEHHM, Oy/NeT yMEHBIIAThCS
Tmax; cOOTBETCTBEHHO, pOCT Tmax COmpoOBOXKIaeT YBEIUUYEHUE CTETIEHU a’dpPOOHOTO U

aHa’poOHoro okucienust OB.
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Pucynok 5.10 — Pe3ynbTaThl NHPOJIUTHYECKOTO aHAIHM3a 00PA3I[0B MTOBEPXHOCTHBIX
noHHbIX ocaakoB (Rock Eval): 3aBucumocts Bogopoanoro unaekca HI ot
kuciopoaHoro uaaekca Ol (a, B), oT Tmax (0, 1). a), 0) AaHHBIC, ONYOJIUKOBAHHBIC Y

(Stein and Macdonald, 2004); B), r) naHHbBIC aBTOpA

3apyoexnsie uccaemoBarenu (Disnar et al., 2003) ormeuaror, 4TO aUANa3oH
HU3KkKX 3HadeHuit Tmax (320-390°C) ¢ Oosibliel J0dM BEPOSITHOCTH COOTBETCTBYET
TEPMOJICCTPYKIIUN UCXOTHBIX OMOJIOTHYCCKUX KOMIIOHCHTOB TaKHUX KakK IOJIMCAXapHJIbI
u quranH. B oOpasmax nHamiero uccnenoBanus Tmax He npeBbimana 362°C (Pucynox
5.11; Ta6numa 5.2).

beln paccumTaH WHAEKC AWareHeTHdeckod mpeoOpasoBanHocTH (MJI3) kak

OTHOHICHHUC KOJIHNYCCTBA YIJICBOAOPOAOB, BBLIACIMBIOUXCA B IPOHECCCC IHUPOJIHM3a OO
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380°C, k o0mieMy KOJUYECTBY BBIJICIUBIIMXCS YrieBoaopo0B (Menenerckuii, 2017).
Menpmieir  BenumunHe MJI3  oTBeuaer Oombmias  CTENEHb  IHAr€HETHYECKOM

peoOpa30BaHHOCTH.

G50

PN curve heating

. . - . :
25 50 15 10.0 12.5 150 17.5 20.min

Pucynok 5.11 — Iuporpamma Rock-Eval o6pasiia Ne 25. S1— nuk Beixo/1a acopOUpOBaHHBIX
CBOOOIHBIX OpraHnyecKux BerecTB mpu Temiepatype 300°C, S2 — muk BBIX0/1a MPOTYKTOB
tepmuueckon aectpykuuu OB. KpacHas nuHus — KpuBasi HarpeBa neyu

OtMetum Takxke, 4To ¢ poctoM coaep:xkanusi TOC Bo3pacTaeT A0S JETYy4HUX
OpraHu4ecKux BemecTB (MUK S1) W J0NsS COENWHEHUU, NECTPYKTUPYEMBIX MPHU
temneparype Bbime 300°C  (OHOMONMMEPOB), 4YTO, COOTBETCTBEHHO, ITOBBIIIACT
snaueHuss MJI3. Tak, muuammansaeie M3 (<0.4) ormewaroTcss y o00pasioB ¢

HauMeHbIUM cojepxanueM 1OC.,

5.2.3. 30TOnHBII COCTaB OPraHUYECKOTO yriaepoa

W30oTomHEII cOCTaB M3y4aeMbIX JOHHBIX OCAIKOB BapbUpPyeTCs B Mpeaenax oT -
25,5 110 — 23,0 %0 6€3 ABHBIX MPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTEHN €ro pacnpeaeaeHus
(Pucynok 5.12; Tabnwma 5.2). BenuuuHbl, YCTaHOBJICHHBIC I HCCICAYEMOIO

TOJIMIOHA, B I1€JI0M, YKa3bIBaloT Ha Mopckoe OB BocTouHOapkTHueckux mopeit (8°C =
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-24 £3,0 %o; Vonk et al., 2013). Tem He MeHee, MO3anyHas KapTHHA paCIpe/IcIICHHUs

U30TONHBIX XapaKTEPUCTHK MpeAroyiaraeT uHTepnpeTanuio reuesuca Copr € MO3UIMIA

CMEIICHUS KaK TEPPUTeHHBIX, TaK U MOPCKUX HCTOYHUKOB (I'amumoB u np., 1981;

Semiletov et al., 2011, 2012; Vonk et al., 2012 u ap.).

613G, %o

-23.5

-24.5

Ocean Data View

-25.5

125°E 130°E

Pucynoxk 5.12 — M3otomnusIil coctaB Copr JOHHBIX OCaIKOB

HauGonee nzoronno Tsxensie 3Hauenns 5°C (-23,0 %o) Obu1H 3aQUKCHPOBAHBI B
IOro-3armajgHol 4actu nojuroHa. OpraHuvecKkuil yriepoa B CEBEpHOM 4acTM U Ha
F0XKHOM cTaHIuu Oonee Apyrux obeanen mzoronoM 5°C (quanazon 3HaveHuii ot -24,9
10 -25,5 %o). [locnennee oOBICHICTCS BIMSIHUEM MaTEPUKOBOTO CTOKA W TPOTYKTOB
paspylIeHHs JIEJOBOIO KOMIUJIEKCA, B Pe3yibTaTe CMEIICHHUs] ¢ KOTOPbIMH H30TOIHO-
TsoKenblid curHai Copr OJABIISETCS.

N3otonublit coctaB Cypr TaKkKe HCHOIB30BAJICS MCCIEIOBATENSIMU B KaueCcTBE
Mapkepa, CBUACTEIbCTBYIONIETO O MPUAOHHON pasrpyske YB dmtonnos (Jlewn, MBanos,
2009). OOHapyxeHHe B MOPCKHUX TOHHBIX ocankax Copr, HHTEHCHUBHO OOETHEHHOTO

u3otonoM =C B CpaBHEHHHU ¢ ()OHOBHIMH MOPCKHMH 3HAYEHUAMH (B CPEJHEM, Ha 8—
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10%o), TEOPETHUECKN MOKET YKa3blBaTh HA MUKPOOHOE OKHCIEHUE MUTPAIIMOHHBIX Y B
(B KauecTBe IpuUMEpa MOXHO OTMETUThb TpsA3€BOM ByinkaH XaakoH MocOou B
Hopeexckom mope). B uccnegyemoMm mMonurone Takux TPEHIOB HE OOHApY»KEHO,

W30TOITHBIM COCTaB Copr HaXOJUTCA B IIPCACIAX OKUAACMBIX 3HAYCHUM.

5.2.4. MonexynsipHbIii COCTaB OPraHUYECKOT0 BEIIeCTBa

5.24.1. AJIKaHBI

['eoxumudeckass WHTEpIIpeTalds MaTepuajoB IO H-aJKaHaMm, B TOM YHCIIE
COOTHOIIIEHHE TOMOJIOTOB C YETHBIM M HEUETHBIM KOJMWYECTBOM aTOMOB YIJIEpOJa B
MOJIEKYJIE, COOTHOIIEHHUE COJIEPKAHUS BBICIIMX M HU3IIMX TOMOJIOTOB, XapakKTep
pacrpesiefieHuss KpUBOM, MO3BOJISIET ONpENeuTh TUl Ouomnpoaynenta OB u ycnoBus
ero ¢occunuzaluu, B TOM 4YUClie OOHAPYKUTh TEPMHUYECKH 3PEIyI0 MUTPAIMOHHYIO
KOMIOHEHTY B TOHHBIX ocaakax (Ilerpos, 1984; Tissot, Welte, 1984).

Pacnipenienienrie H-aJKaHOB 3aBUCUT OT MHOXKECTBa (PAKTOPOB, OCHOBHBIMH W3
KOTOPBIX SIBJISIFOTCS, KaK yke ObUIO OTMEUYEHO, ThI ucxogHoro OB, n3MeHenue cocraBa
YTIEBOAOPOIOB IIPU MUTPAIIMK U MEXAHU3MbI JHAreHeTHYecKoro npeodpazoanusi OB.
B coBpeMeHHBIX MOPCKUX OCaJikaX, MaTepral MaTepUKOBOIO CHOCA (OCTATKH BBICIIIUX
pacTEeHUM, TTIMHUCTBHICE MUHEPAJIBI U aJIEBPUTOBBIC YACTHUIIbI), MAPKUPYIOT HEYETHBIC H-
ankanbl psaga Cos- Caz. DTH yIIIeBOAOPOABLI 0053aHBI CBOMM TPOUCXOXKICHUEM BOCKaM,
BXOJSIIIIUM B COCTaB KYTHKYJIbI BBICIIMX Ha3eMHBIX pacTeHuil. HedeTHble H-alKaHbI
ObLTM  CHHTE3MPOBAHBI PACTECHUSIMU WJIM BO3HUKIM B  pe3yjibTaTe IOTEPU
(GYHKIMOHATIBHBIX TPYII B MPOIECCE PAHHETO JMareHe3a M3 YETHBIX KUCIIOT, 2(PUPOB
uiu cnuptoB. Hamnuue B COBPEMEHHBIX OCaJKaX HEUETHBIX H-aJIKAHOB CPEIHEro
monekyisipuoro Beca (Cis m  Ci7), CBHIAETENBCTBYET O BKJIaJ€ IUIAHKTOHHO-
BogopocieBoro OB (Tucco, Benbte, 1981).

C yBenuyenueM cternenu 3pesoctd OB mpoucxoauT BeIpaBHUBAHHUE COCTaBa H-
aJIKaHOB, COOTHOIIICHUE «YETHBIE-HEUETHBIE)» MOCTEeNeHHO HuBenupyercs (baprameBuu

u ap., 1980).



91

C 11en1b10 BBISBJICHHSI MUTPAIMOHHON COCTABIISAIONICH Hanbosiee HHPOPMATHBHOM
MokHO cuutaTh YB ¢pakuuro Cio-Cisa, Kak XapaKTepHU3YIONIIYIOCS HaWMEHBIIHM
BKJIaIoM Y B coBpeMEHHOTO reHe3nca B cliydae €€ HaJu4usl B TOBEPXHOCTHBIX JOHHBIX
ocangkax. TeM He MeHee, TaKWe aJKWIbHBIC PATUKaIbl MOTYT NPUCYTCTBOBAaTH U B
JUTUAHBIX 000JI0YKax OaKTepuid, YTO 3aTPyIHSET OJHO3HAYHYIO HWHTEPIPETAITUIO
MPUBEACHHBIX MAapKEpOB M WX COOTHOIIeHW. HeoOxoammo emie pa3 OTMETHUTB, UYTO
JIOCTOBEPHOE YCTAaHOBJICHHE TUTA OMOTPOAYIIEHTa MOXET MPOU3BOJAUTHCS TOJBKO TMPH
KOMITJIEKCHOW WHTEPIPETAINHA HECKOJIBKIX TCOXUMUYECKHUX TTapaMETPOB.

Crenens mpeoOiasaHusl H-aJJKaHOB C HEYCTHBIM UYHCIIOM aTOMOB yIJIepoja Hal
YeTHBIMUA TOMOJIOTaMH olleHuBanack ¢ nomoinibio uHaekca CPl (Carbon Preference
Index), a Taxke mHmekca HewetHocTn OEP (Odd Even Predominance), paccunTaHHbIM

o ¢hopmynam:

1 [ C25+C27+C29+C31 C27+C29+C31+C33]

CPI=-
2 lc24+C26+C28+C30+C32 ~ C26+C28+C30+C32

)

C15+ 6C17 + C19)

OEP,., =
17 ( 4C16 + 4C18

C17 + 6C19 + C21)

OEP, =
19 ( 4C18 + 4C20

XapakTep KOHIIGHTPAI[MOHHOTO  pAClpelelieHus  M30MPEHOUIOB H  HX
COOTHOIIICHHE C H-aJIkaHaMH OBUIM OMNpPEJCICHbl C TOMOIIBIO OOIIECTPUHSITHIX
cootHomieauit Pr/Ph; Pr/u- Cy7; Ph/u-Cis u Ki, raoe Ki = (Pr+Ph)/(nC17+nCyg). Jlanubie
npuBeAeHsl B Tabnuie 5.3

Ha Pucynke 5.13 npuBeneHbsl IpuMephl pacipeiejICHUsT aJKaHOB JIJIsl U3y4aeMbIX
ocagkoB. J[Js CeBEpHOTO JIaITEBOMOPCKOTO TOJUIOHA XapaKTepHO pa3zHOOOpa3Hoe
pacnpeneneHne H-ajdkaHoB. [IpakThuecku Juisi BCeX UCCIENOBAHHBIX 00paslioB
XapaKTEPHO SPKO BBIPAKEHHOE TMPHUCYTCTBUE BBICOKOMOJICKYJISIPHBIX H-aJKaHOB,
colepKalllMX HEYETHOE UYHCIO aTOMOB YIVIEpoJa B  MOJICKYJIC, SIBIISTFOIITMXCSI

oOIIenpu3HaHHBIMU MapKepaMu BBICIICH Ha3€MHOM paCTUTEILHOCTH.
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Pucynok 5.13 — MosekysipHO-MacCOBbBIC PaCIpeAC/ICHHS H-AIKAaHOB JJIsl M3Yy4aeMbIX 0CaKOB
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Tabmuna 5.3 — MHAEKCH MOJIEKYJIIPHOTO COCTaBa H-ATKAHOB B 0CAJIKaX CEBEPHOTO MOJMTOHAa MOps JlanTeBhIx

N CPI OEPC . OEPC,, C14-C19 CISHCITHCI9 K, Pr/Ph Pr/C17 Phy/C18
CTAHIIUH /C14-C35 /C27+C29+C31
20 8,04 14 1,18 0,32 0,542 0,29 2,61 0,29 0,30
21 5,75 0,84 1,05 0,39 0,651 0,35 2,01 0,34 0,37
22 4,87 1,21 0,92 0,46 1,199 0,24 2,32 0,26 0,22
23 5,95 1,23 0,99 0,44 1,007 0,23 2,61 0,25 0,19
25 5,61 11 1,02 0,54 1,517 0,26 3,10 0,27 0,22
28 5,63 11 1,05 0,63 2,31 0,22 4,21 0,24 0,16
29 6,69 1,18 0,85 0,35 0,574 0,22 2,20 0,23 0,21
30 7,32 1,17 1,01 0,4 0,638 0,21 3,12 0,25 0,14
32 6,35 1,18 0,93 0,49 0,971 0,16 1,40 0,14 0,21
33 7,22 1,2 0,92 0,33 0,512 0,24 4,01 0,28 0,16
34 2,84 1,31 1,2 0,07 0,1 0,16 1,78 0,18 0,14
35 6,18 1,34 1,06 0,08 0,095 0,46 2,85 0,55 0,32
36 6,99 1,22 1,0 0,07 0,091 0,33 3,60 0,43 0,18
37 6,05 1,23 1,2 0,07 0,08 0,35 2,28 0,42 0,26
38 6,34 1,17 0,94 0,07 0,08 0,36 1,97 0,41 0,30
40 6,85 1,21 1,08 0,11 0,134 0,38 3,05 0,47 0,24
43 7,02 1,23 1,04 0,09 0,106 0,31 2,03 0,34 0,26
44 1,91 1,21 0,8 0,06 0,079 0,35 3,57 0,48 0,17
45 6,85 1,2 1,0 0,11 0,125 0,34 2,24 0,38 0,26
48 5,67 1,24 0,9 0,1 0,115 0,31 2,89 0,38 0,20
49 5,51 1,16 1,0 0,06 0,074 0,32 1,95 0,39 0,36
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st psiga 0oOpasioB OoTMEYaeTcs OMMOJANIbHOE pacIpe/ielieHue C CO/IepKaHuEM
KaK TEPPUTE€HHOTO U CMELIaHHOTO MUKPOOHO-TeppUreHHoro Mmarepuania (ppaxuus C21-
Cs3), Tak u tuaApoOuoHTHOTO (Ci5-Ci9). B HekoTopbhix oOpazmax (No22, Ne23, Ne25,
Ne28, Ne32) ¢dukcupyercs OTIMYHOE OT OOJBIIMHCTBA pPACIpECICHHE H-alIKaHOB C
OUYEBHUIHBIM NPEOOJATaHUEM HU3KOMOJICKYJISIPHBIX TOMOJIOTOB (Hampumep, JJjsi oop.
Ne28 C14-C19/C14-C3s5 = 0,65). AKTUBHOE TOCTYIJICHHE B OCAIKU HHU3KOMOJICKYISIPHBIX
VB MokeT ObITh BBI3BAHO PE3KUM YBEJIMYEHUEM OMOIMPOTYKTUBHOCTU paitoHa. OJIHaKO
9TO HE OOBSCHSET KOHTPACTHOCTH PACHpEe/IeTICHUN I COCEIHUX CTAHIMK (Harpumep,
No32 u Ned4, Ne20 m Ned8 wu np.), Te pacrmpejereHue HachlleHHBIX YB Hocur
MPOTUBOIIOJNOXKHBIN XapakTep (TpeoOiialanie BBICOKOMOJIEKYJISIPHBIX TOMOJIOTOB).
Takue mNPOTUBOPEYUS IO3BOJISIIOT MPEATONOKUTH BO3MOXKHBIM TOYEYHBIM BKJIA]
HaQTUIOTEHHBIX ~ YB, o0ecIeynBarOIIHIiCs ra30BbIBOJIAIINMH OTOKaMHU,
3a)MKCUPOBAaHHBIMU B HCCIEAyeMOM peruone. Tem He MeHee, mpeobiiaaHue
HU3KOMOJIEKYJISIPHBIX CTPYKTYp HE BCEr/ia MPOCIIECKUBACTCA HA CTAHIUAX C AKTUBHBIMU
ra3oBbIMU  MPOSIBJICHUSIMUA, UYTO YKa3blBa€T HA  pa3HOOOpa3ue HCTOYHHKOB
OpraHUYECKOro MaTepuralia B JaHHOM paiioHe.

Nunexkc wewetHoctu CPl mpakTtuyecku BO Bcex oOpasliax HMMEET BBICOKHE
3Ha4YeHus (>>2), 4TO yKa3bIBaeT Ha a0yl AMAreHEeTUYECKYI0 MpeoOpa3oBaHHOCTD U,
COOTBETCTBEHHO, MAapKHUpPyeT TIOCTOSIHHOE TMOCTYIUIEHHE B  OCaJIKU  CBEXKEro
OpPraHUYECKOro Marepuajia HEeMOPCKOTo npoucxoxaeHus. [lonmxennoe 3HaueHue CPI
oTMe4aeTcs ToJibko i oaHou cranmuu  (Ned4, CPI=1,91), Haxopsmieiics
HEIMOCPEACTBEHHO B 30HE JJOKYMEHTHPOBAHHOTO Ta30BOI'0 BBIXOA.

[Tapamerper  Pr/Cyy, Ph/C1s MOATBEP)KIAIOT  HEBBICOKYIO CTEIIEHD
JMareHeTUYeCKO  TpacHpopmaluu, a  TOBbIIICHHbIe 3HaueHuss Pr/Ph  —
MPEUMYIIECTBEHHO OKHCIHUTEIbHYI0 OOCTAaHOBKY OCAJKOHAKOIUICHHS, TO €CTh

3HAYMTEIILHBIN BKJIag HazeMHoro OB.

5.24.2. ApoMaThYecKue yriieBoI0POIbI
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AnxunOeH30/bl, 0OHapy)KEHHbIE B MCCIEJOBAHHBIX OCAJKaX, MPEACTABICHbI, B
OCHOBHOM, (eHunankanamu (Pucynox 5.14), kotopble, IpeanoN0KUTEIBHO, SIBISIOTCS

ounomapkepamu apxeit (Peters, 2005; Lengeler, 1999).
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Pucynok 5.14 — Macc-¢parmentorpamma m/z 91 xja0pogopMHOTO IKCTpakTa oOpasia
Ne33. Ph —¢enunbublii paaukan; Bae — cioxubeie 3¢upsl QeHUTYKCYCHOM KHUCTOTHI; F —
¢ranar

B cocraBe ocankoB ObUIM  MACHTH(PUUUPOBAHBI  MOJIHAPOMATUUYECKUE
yraesogopoasl (I[TAY), cpenu kotopeix gomuHHpYIOT (peHanTpen (m/z 178) u ero
ankuiromonioru (m/z 192), mupen (m/z 202), oudenmn (m/z 154; cr. Ne20-28, 30-32).
OTHOCHUTENbHBIE  KOHICHTpAIllMd  COCJMHEHWN  mpuBeneHsl B Tabmune 5.4.
Mmuorounciennsie uccienopanus (Kennish, 1997; Tlerposa, 1998; Yunker et al., 2002)
BBISIBIJIM BO3MOYKHOCTh THPOTCHHOTO, OWOTEHHOTO W Ha(THIOTEHHOTO BKJIaJa B
dbopmupoBanue coctaBa [IAY coBpeMeHHBIX JIOHHBIX OCAJIKOB.

Tucco u Benbre (1981) Takxke ykaspiBanu, uyTto oOOHapyxkeHue I[IAY B
COBPEMEHHBIX OCaJKax MPHU YCIOBUH OTCYTCTBHSI aHTPOIIOTEHHOTO 3arps3HCHHS MOXKET
OBITH CBSI3aHO C TPEMS OCHOBHBIMHM UCTOYHUKaMH. Ha paHHenareHeTH4ecKou cTaiuu B
MOJIOJIBIX ~ OCaJKaX MPOUCXOAUT apoMaTh3alus CTEPOUJIOB U TPUTEPIICHOUIOB.
Pacnipoctpanenuro apyrux [IAY crmocoOcTByIoT mokaphl (MUPOTEHHBIA HCTOYHUK).
ABTOpPBI OTMEYAIOT, YTO HEKOTOpPhIE COCOUWHEHUS MOTYT OOpa3OBHIBATHCS W3

MMOJIMAPOMATHUCCKUX NPEANICCTBECHHUKOB, CMHTC3UPYIOIIUXCA B JKHBBIX OpraHHU3Max.
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OTH AaHHBIE TI03/IHEE HAIILIU TOATBEPKIACHUE B Y coBpeMeHHbIX aBTopoB (Suzuki et al.,

2010).

Tabmuma 5.4 — OTHOCHUTENbHBIE KOHIICHTPAIIUH apOMATHYECKHUX YTIIEBOIOPOIOB B 00pa3Iiax
JTOHHBIX OCaJIKOB

KoHueHnTpanus KOMIIOHEHTA,
No % OTH, HA CyMMY IIJIOMIAICH MUKOB H-AJIKAaHOB 10 m/Z 57
obpasta- Ab Bp Pn Py APn/Pn -
m/z 91 m/z 154 | m/z 178 | m/z 202 m/z(192+206)/178
20 5,19 0,27 4,70 0,33 0,75 0,14
21 5,39 0,13 2,03 0,37 0,57 0,35
22 6,75 0,19 1,75 0,73 0,62 0,33
23 5,41 0,43 1,67 0,52 0,80 0,58
25 8,54 0,12 1,82 0,45 0,59 0,64
28 7,42 0,26 1,24 0,36 0,59 0,67
29 6,21 0,01 1,33 0,21 0,52 0,59
30 3,63 0,20 0,78 0,22 0,57 0,31
32 6,91 0,37 0,78 0,31 0,40 0,36
33 6,38 0,01 0,86 0,24 0,32 0,2
34 0,61 n,d, 0,14 0,14 0,48 0,25
35 1,59 n,d, 0,36 0,27 0,41 0,68
36 1,59 n,d, 0,41 0,37 0,54 0,56
37 1,66 n,d, 0,38 0,08 0,34 0,61
38 1,54 n,d, 0,35 0,10 0,66 0,33
40 2,73 n,d, 0,37 0,09 0,64 0,29
43 2,24 n,d, 0,41 0,10 0,54 0,38
44 1,29 0,08 0,26 0,07 0,27 -
45 2,79 n,d, 0,66 0,11 0,25 -
48 2,32 n,d, 0,49 0,10 0,53 -
49 1,46 n,d, 0,36 0,10 0,75 -
IIpumeyanus.
Ab —(eHunnankaHsl ¢ HE3HAYUTEIBHON MPUMECHIO JTMHENHHBIX H-alKWiI0eH30110B. Bp — Oudenu.
Pn —¢penantpen. Py — nupen; APn/Pn — oTHOIIEHHE coslepKaHUsl CYMMBbl METUI(EHAHTPEHOB U
JUMETUI(QEHaHTPEHOB K COJIepKaHMIo rojosiepHoro penantpena; MPI - metundenanTpeHoBbIi
UHIEeKC; N.d. — aHATUTUYECKUI CUTHAJI COEIMHEHHSI OTCYTCTBYET

VY cTaHOBJIEHO, YTO B Kauy€CTBE M'EHETUYECKHUX MPEKYpCOpOB (DeHAHTpPEHA U €ro

AJIKWUJITOMOJIOT'OB

MOTYT

BBICTYIIATH

LUKJINYECKNE

AUTCPIICHOUIHBIC

KHCJIOTBI

(mumapoBasi, aOMETHHOBAs), KOTOPbIE COJEpPXKATCs B JUIUAAX BBICHIMX PACTEHHIM

(Wakeham, 1980; Schaeffer, 1995; Ilerposa, 2000). B mnporecce nuarenesa B
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pe3yibTaTe MX JeKapOOKCUJIMPOBAHUS U apOMAaTH3allMd MOXKET IPOUCXOJUTH
oOpa3oBaHHE pETEHA M MUMAHTpPEHA (Iu- U TpPUMETHI(PEHAHTPEHA, COOTBETCTBEHHO)
(ITetpoBa, 2008). Ha ¢uHambHOM cTaguM BO3MOXKEH mpouecc (OPMHUPOBAHUS
dbeHanTpeHa Kak  HauOoliee  TEPMOJMHAMUYECKH  CTAOMJIBHOM  CTPYKTYPHI.
AJbTepHATUBHBIM MEXaHU3MOM OOPA30BAHMSI CUMTACTCS JACTHUAPOTEHU3AINS CTEPOUIO0B
— TUIIUYHBIX KOMIIOHEHTOB OUOTHI (PoBuHCKUH, 1988; CMupHOB, 1980).

B 1menoM, mpucyrcTBue yKazaHHBIX COCAMHEHHM XapaKTepHO IS TUIUYHOTO
reoxumudeckoro ¢ona IIAY nonHBIX ocankoB BocTtouHo-ApKTHUEcKOro meibdha
(ITerposa u ap., 2008).

CooTHoOIlIEHWE HE3aMEIIEHHbIX W  AJKWIMPOBAHHBIX (DEHAHTPEHOB IS
U3y4aeMoro pailoHa MEHsUIOCh B JIOCTaTOYHO mUpokux mpeneiax (APn/Pn=0,25-0.8).
[logoGHbie Bapuanuu OBUTM OTMEUYEHBI TMPU KCCIEIOBAHUU JIOHHBIX OCAJIKOB
[IItokmanoBckol miomanu (Aden/Pen=0,23-0,91). B xauectBe oHOTO U3 (HaKTOPOB,
ONPENEIAIIMX TAKYI0D MO3aUYHOCTh PACIPEEICHUs, aBTOPbl YKa3bIBalU T[a30BYIO
samMuccuio u3 Hikenexamux toul ([lerposa, 1998). B Hamem uccienoBanuu BICOKYIO
Bapua0EIbHOCTh COOTHOIIECHUS TOJOSIEPHOr0 (DEHAHTPEHA U €ro aJIKUIMPOBAHHBIX
TOMOJIOTOB MOXHO OOBSICHUTH €CTECTBEHHBIMH M3MEHEHUSIMH T'€OXMMUYECKOTro (oHa,
CBSA3aHHBIMHU C BBISIBIICHHOW HEOJHOPOJHOCTBIO JUTOJOTHYECKOIO0 COCTaBa OCAIKOB.
BnusHue ra3oBoil pa3rpy3Ku MOXKET ObITh TAKXKE YYTEHO, €CIU MPEANOI0KUTh BKIIAJ
TIIyOMHHOM MUTPAITMOHHONW KOMITOHEHTHI.

JIMCKYCCUOHHBIM SIBJISIETCSl HAJIMUKE B OCajKkax OudeHusa, TUMUIYHO HEPTIHOTO
npoaykra. Koppensuuu conepxkanusi Oudenuna oTHocUTeNnbHO Apyrux [IAY
MPOCIIEKUBAIOTCS] 3HAYUTEIBHO ciiabee, YTO JOTMOJHAET TUMOTe3y O HapTHUIOTEHHOM
BKJIQJIC - MUTPAIMOHHOM TeHe3uce oOHapyxkeHHbIXx YB (Pucynok 5.15). MoxHo
MPEANOJIOXKUTh, YTO dYacTh OudeHmwsna Moriia o0pa3oBaThCs B pe3ybTaTe
OKHUCJIUTENIbHON JNECTPYKIMHU aTKUIUPOBAHHBIX apOMATUYECKUX COEAMHEHUN BMECTE C
(dbeHaHTpeHOM, HO JaHHBIA MEXaHU3M HE OOBSICHSET OTCYTCTBUE COECAMHEHUS OOJIee YeM
B mosioBuHE oOpasnoB (Sun, Puttmann, 2001). Craniuu, rae OTMEUEHO MPUCYTCTBUE

Oudenuna, xapakTepU3ylOTCs TaKXKe paclpelesieHUEM H-aJKaHOB CO 3HAUYUTEIbHBIM
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BKJIaJOM HH3KOMOJICKYJIAPHBIX I'OMOJIOI'OB, YTO BKYIIC MOXXCT pacCMaTpUBATbLCA KaK

HOTGHHI/IaHLHBJﬁ IMPU3HAK BKJIaZd MUT'PAIIMOHHBIX VB.
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Pucynok 5.15 — B3aumocBs3b cofep:kanus a) peHaHTpeHa ¥ nupena, 0) OudeHunna u nupexa,
B) Oudenma u peHaHTpeHa B 0cagKax
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[Tupen (M/z 202) oTHOCAT, KaK MPaBUIIO, K MPOAYKTaM BBICOKOTEMIIEPATYPHOIO
npuoim3a HapTUIOB. YUMTHIBas KOPPEJSIUI0 OTHOCUTEIBHBIX  COJEpNKaHUU
dbenantpena u nupeHa (PucyHok 5.15 a), MOXKHO TIPEANOIOKUTH €IUHBI MCTOYHUK
npoucxoxkieHus. Tak, HeNlb3s MCKIIYaTh BKJIAJ IPOIYKTOB TepMoaOpazuu Oeperon
WIN pa3MbIBa OOHaXeHUH He(dTeHOCHBIX Mmopoa Bocrounoit Cubupu, BILIEANINX Ha
JTHEBHYIO ITOBEPXHOCTb.

JIt000MBITHO OTMETHUTH, 4TO sl Tpynmbl oOpasioB NeNe34-49 oTtHOocuTeIbHOE
conepxkanne [IAY 3amerno Humxke, dyem juist NeNe20-33. VuwuTeiBasg pacrnoJioxeHue
okeaHorpaUyeCKUX  CTaHIMM, Takas TEHJEHUUS HE MOXET OOBSCHATHCS
UCKIIFOUYNTEIIPHO PallOHUPOBAHMEM MOJUIOHA. Tak e, Kak W I COOTHOUICHMS
(eHaHTpeHa W €ro AJIKWIMPOBAHHBIX T'OMOJIOTOB, MOKHO MPEANOJOXHUTh pPa3INune

JINTOJIOTO-TE€OXUMHUYECKHUX CBOMCTB BMCHIAOIIIMUX OCAAKOB.

5.2.4.3. I'omanon bl

B cocraBe uccienyeMbix 0cakoB ObUTH OOHapYKeHbI roma”Houasl (Tabmuia 5.5;
Pucynkn 5.16 — 5.17). OCHOBHBIMHM CTYKTYPHBIMH MPEAIICCTBEHHUKAMH TOIAHOB
SBJIAIOTCS. TOMAHOMAHBIA crnupT-OakTeproronanTeTpon (Css), a TakKe HEKOTOpbIE
JpyTHE TOMaHOMIbI TaKKe Kak auriontepon u auruionteH (Cs) (Rohmer et al.,1984).

TpaauIMoOHHO CUNTAIOCH, YTO TONAHOU bl OOHAPYKUBAIOTCS TOJIBKO B a3POOHBIX
opranuzmax. Tem He MeHee, HCCIENOBaHUS YOEIMTEIbHO YKa3bIBalOT HAa TO, 4YTO
OMOCHHTE3 TOMAHOWJOB TMPOUCXOAUT H Yy psiAga aHadpoOHBIX  OakTepuit
(Rhodomicrobium vannielii, Rhodopseudomonas spp. (Neunlist et al.,, 1988),
Rhodospirillum rubrum (Llopiz et al., 1992)), a Takke y HEKOTOPHIX BHUJIOB
cynbdarpenyktopoB u metanorpodos (Blumenberg et al., 2006).

OOHapyXEeHHBII B UCCIIEAYEMbIX ocaakax Heoron-13(18)-eH npencrariser coooi
NeperpynmUpOBaHHBINA TOTICH, YIJIEPOIHBIA CKEJIET KOTOPOTO WASHTHYEH TOlaHaM, HO
MeTHIbHas Tpymma pacrnonaraercs y Ciz Bmecto Cig (Moldowan et al.,, 1991).
[leperpynmupoBaHHBIE TOTICHBI HEOTHOKPATHO OOHAPYKUBAIUCH B MOPCKUX M O3€PHBIX

COBpeMeHHBIX U ApeBHHX ocankax (Brassell and Farrimon. 1986; Stein et al., 1988; van
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Dongen et al.,, 2008). Takue coeaMHEHHs MOTYT OOpPa30BBIBATHCS B PE3YJIbTATE
JIETUIPUPOBAHMSI W HW30MEpH3AIlMM W3 TOMAHOJOB W TOINCHOB, XapaKTEPHBIX IS
HadaJlbHOW  cTamuu  TpaHchopmamuu OumorenHoro OB. WnentudumnmpoBanubie
ronaHou bl Csg, KaK OBLIIO YIIOMSHYTO BBIIIE, POUCXOIAT U3 OaKTEPHOTOMIaHTIOIHOJIOB,
U3 KOTOPBIX Jlajiee B Mpoliecce AuareHe3a B pe3ysibTaTe AeTuapaTalui 1 H30Mepu3alun
obOpasyrorcst  guruionTeH, rom-21-eH, rtom-17(21)-en. Heorom-13(18)-en. Ilpwm
JaNbHEUIIIEM TUAPUPOBAHUM OSTHX H30MepoB oOpasyercs roman PPCs u gamee B
pe3ynbpTate JAWareHeTHYeCKHX TmpeoOpasoBanuit - romaH ofCsp. Takas 1emnb
TpaHchopmarmii  MOKET OBITh  XapakTepHa JJIA JIMIHAIOB  METaHOTPO(HBIX
MHUKPOOPIaHU3MOB, Kak ObLIO Mmoka3aHo B padote (Volkman et al.. 2015).

B moHHBIX Ocajkax JIATEBOMOPCKOTO IMOJIMTOHA TTOMHMO BBIIEIIEPEUHCICHHBIX
COCIMHEHUN ObUIM Takke oOHapyxeHbl Ouonorundeckue PP-romansl Cag, Cso, Casi,
reoronanbl — Pa-romanbl Cyg 1 Cgp (MOpeTaH) a Takke of-romanbl Cog, Csg, Ca1 11 Cao
(S 1 R snmiMepsl), KOTOPBIC TAKKE SBISIOTCS MPOIYKTaMHU JUATCHETUUCCKOMN HEeMOYKU
npeBpaileHui 0akrepuoromnanmnoanoia (Sinninghe Damste et al., 1995; Volkman et al.,
2015;).

[IpoucxoxneHne mMeTaHa B paiioHE HCCIEAOBaHWM, B TOM YHCIE U HAa OCHOBE
TPOWHOTO HM30TOMHOIO aHajM3a, SIBISIETCS CIOXKHOW 3amadeil m OyneT paccMOTpeHa
nojapobHee Hroke (Sapart et al., 2017). Tem He MeHee, MOKHO MPEAIOI0KUTE, YTO JTOJIS
MeTaHa, MPOAYIUPYEMOT0 B TOJIIIE OCAJIKOB, B MPUJOHHOM CJIO€ YaCTUYHO OKUCIISETCS
a’poOHBIMH U aHa’pOOHBIMU MeTaHOTpoHBIMU OakTepusimu (CaBuueB u mp., 2010.
Peckmann et al., 1999; Thiel et al., 2001).

OTHOCHUTENIbHBIE KOHIIEHTPAIIMK TOMAaHOUJOB KOPPETUPYIOT C TEIUTOBOU
COCTABJISIFOIICH OCaJKOB B TOYKAX AKTUBHBIX Ta30BBIBOJAIINX IMOTOKOB, YTO MOIKET
yKa3bIBaTh Ha Pa3BUTHE KOJOHHHA METaHOTPO(OB B «CHUMOBBIX» 30HaX (Pucynok 5.18).
Ha cTaHIusx BHE TakKWX 30H BBIPAKCHHBIX KOPPEIANNN ¢ (GPaKIIMOHHBIM COCTaBOM HE

HaOJIr01aeTCA.
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Pucynoxk 5.17 — Xpomatorpamma o m/z 191 xmopodopmuoro skctpakrta obpasia Ne40.
Hp — rom-17(21)-en, H30 — C3o roman, NHp — neorom-13(18)-en, H31 — Cs1 roman, Dp —
nurtonted, Hp21 —romn-21(22)-en, Dol — numiontepoi, HX — HenaeHTHOUITMPOBAaHHBIN TOMaH

B wuccrmenyemoM paiioHE NOMHMHUPYET IIy3bIPbKOBBIM MEXaHWU3M IEPEHOCa
METaHa, YTO MO3BOJISIET OCHOBHOM YaCTH BOCXOJIAILIEIO ra3a MomnajiaTh B BOJAHYIO TOIILY
u atmochepy, uzderas oxucinenus (Shakhova et al., 2015; Sapart et al., 2017). Onnako
3a OONBIION TMEpPUOJl BPEMEHH, HA OTHENbHBIX Yy4YyacTKaX JHA MOXKET TaKxKe
NPUCYTCTBOBATh TU(GGY3HOHHBI MEXaHU3M MHUTpalu (Hampumep, MpH OCIa0IeHUuH
BOCXOJIAIIEr0 MOTOKa). [103TOMy MOXKHO MpPEANOJOKUTh BO3MOKHOCTh Pa3BUTHS
KOJIOHM METaHOTPO(OB B «CUIMOBBIX» 00JacCTAX IIenb(a Mops JlanTeBbIX MO aHaIOruu
c OakTepualbHBIMH MaTaMHu, OOHapy>KeHHbIMH Ha xpebre [akkenss BOIU3H
TUAPOTepPMaNIbHBIX MCcTOYHHMKOB MeTaHa (Helmke et al., 2007), 4ro moarBepskmaeTcs
HaxOJKOW B paloHE HCCIIeIOBAaHUN KapOOHATHBIX KOHKPEUMM - MPEANooXKHUTEIBHO,

MPOJYKTOB ayTUT€HHOTO KapOoHaToOpa3oBanus ([ynapes u mp.,2016).
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Tabmuna 5.5 — OTHOCHTENbHBIE KOHIIEHTPAIIUU UICHTU()DUIIMPOBAHHBIX COCTUHEHUH B

o0Opas1ax JOHHBIX OCaKOB

Ne

Komnonent, % oTH, Ha cymMMy IUIOLIa/Iel BCEX MMUKOB

Sq H30 H31 nHp Hp21 Dp Hp Dol S
obpasua [/ m/z m/z m/z m/z m/z m/z m/z m/z
81 191 191 218 121 191 231 189 64
20 n.d. n.d. n.d. n.d. n.d. 0,14 | 0,180 n.d. 6,30
21 nd. | 0,098 | 0055 | 0,072 | 0,145 | 1,70 | 0,880 | 0,470 | 0,60
22 0,01 | 0,073 | 0,001 | 0,001 | 0,001 | 058 | 0,069 | 0,004 | 1,03
23 0,01 | 0,076 0,092 n.d. n.d. 0,92 n.d. 0,372 | 3,40
25 0,01 | 0,071 | 0,154 n.d. n.d. 0,36 | 0,582 | 0,644 | 10,36
28 nd. | 0,078 | 0,054 | 0,001 | 0,001 | 1,10 0,11 0,256 | 16,17
29 n.d. 0,056 0,043 n.d. n.d. 0,27 | 0,673 0,618 | 21,8
30 nd. | 0,028 | 0,042 n.d. n.d. 0,29 n.d. 0,203 | 7,05
32 nd. | 0,061 | 0,039 | 0,012 | 0,001 | 0,50 | 0,112 | 0,220 | 24,31
33 0,01 | 0,081 0,035 0,027 0,041 | 093 | 0,694 | 0,079 | 14,00
34 042 | 0,118 | 0,087 | 0,120 | 0,200 | 3,28 | 0,930 | 0,530 | 32,06
35 0,66 | 0,063 | 0,042 n.d. n.d. 1,16 | 0,139 | 0,008 | 16,36
36 1,80 | 0,141 0,154 0,038 n.d. 1,19 | 0,950 0,264 | 27,70
37 419 | 0,118 | 0,208 | 0,101 | 0,079 | 2,20 | 0,610 | 0,271 | 26,00
38 1,29 | 0,080 | 0,090 | 0,125 | 0,070 | 1,68 1,06 0,332 | 33,20
40 1,10 | 0,099 0,075 0,084 0,045 1,64 | 0,503 0,160 | 25,70
43 1,78 | 0,071 | 0,066 | 0,081 | 0,050 | 151 | 0,520 | 0,138 | 23,20
44 045 | 0,047 | 0,001 | 0,047 | 0,027 | 090 | 0,336 | 0,210 | 29,00
45 0,43 | 0,078 0,062 0,031 n.d. 1,89 | 0,548 0,228 | 30,80
48 n.d. 0,15 0,034 0,011 n.d. 0,45 | 0,314 | 0,001 | 24,60
49 nd. | 0,086 | 0,084 n.d. n.d. 0,13 | 0,077 | 0,029 | 1545

[Tpumeuanue, Sq — ckBasieH, Dp — mumuonten (rom-22(29)-en); Hp — ron-17(21)-en, Dol —
muriontepoii, NHp — veoron-13(18)-en, Hp21 — ron-21-ex, H30 — roman 17pC30, H31 — BR-

C31 roman, S — aneMenTapHasi cepa; N.0d. — aHATUTUYECKUI CUTHAIT COSTUHEHUS] OTCYTCTBYET.
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Pucynok 5.18 — 3aBUCUMOCTH OTHOCUTENIBHOTO CO/IEP)KaHUs TONAaHOUIOB OT JOJIH METUTOBOM
(pakiuu B TOYKaX aKTHBHBIX Ta30BBIBOISIINX IMOTOKOB (pacimppoBku panee B Tabmure 5.5)

5.24.4. Hpyrue coenuHenus

CkBaneH, SBISIONMIMICS OOMMM MapKepoM Ui BCEX JIOMEHOB JKHUBBIX
OpPraHu3MOB, ObLIT OOHAPYKEH B PA3IMYHBIX OTHOCUTEIHHBIX KOHIICHTPAIMSIX B OCAIKaX
uccineayemoro nosnurona (Peters, 2005). IIpu MopckoM NPOUCXOXIECHUH, Haubosiee
BEPOSITHO, ICTOYHUKAMM €T0 SIBJISIOTCS AYKapHoThl, baktepuu unu apxeu (Donk. 2015;
Matsumoto and Watanuki, 1990). Taxxke ckBajgeH XapakTepeH isi TUATOMOBBIX
(Matsueda et al. 1986). TeppureHHbIMH UCTOYHUKAMH COSAMHEHUS MOTYT SBJISTHCS KaK
MUKpPOOpPraHU3MBbl, TaK U BbICIIAsl Ha3eMHas pacTuTenbHOCTh (Tissot. Welte. 1984).

OOpaTHast 3aKOHOMEPHOCTh HAOMIOJAeTCsl JMJii CKBajl€Ha OTHOCHUTEIBHO
conepkanus Oudenuna. ns rpynmnel 00pa3ioB NeNe34-49 nabnrogaercs yBeIUdYeHUE
OTHOCUTEJIBHOT'O COJIepkKaHUsl CKBaJeHa, B TO BpeMs Kak cojep:kaHue oudenunna (Kak u
ITAY B nienom) 3ameTHO cHIkaetcs (Tabmmma 5.5).

Bo Bcex oOpa3zuax Takke ObUIM MACHTHU(PUIUPOBAHBI CUTOCTEPOJIbl (m/z 213) u
xosectepod (m/z 213) u Hebonbime KonuuecTBa crurmactepoia (m/z 213). Ctepodsi,

KakK IIpaBWJIO, PaCCMATPUBAIOTCA KaK MHAMUKATOPbI 3YKAPHMOTHYCCKHUX HCTOYHHKOB, 3a
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pPEIKUM HCKIIOYEHHEM OHM HE CHUHTE3UPYIOTCS OaKTepusMH M MPUCYTCTBYIOT B
He3peJbIX ocagkax o0bidHO B cBoOOHOM hopme (Volkman et al., 2005; MeneneBckuit
u jp., 2011).

ConepxaHue cepbl B HACTOSIIEM HMCCJIEAOBAHMM  HUCIOJIb30BAJIOCh  Kak
JOTIOJTHUTEIHHBIA TEOXUMUYECKHA TMapaMeTp. bputo oOHapy»)eHO, YTO TMOBBHIIICHHOE
oOpa3oBaHME CEpbl Ha CTAHIMIX, PACHOJIOKEHHBIX HEMOCPEICTBEHHO B 30HAX
METaHOBOU pa3rpys3ku, B cpeaHeM, B 1.3 pasa Bbillie, 4eM Ha «(OHOBBIX)» CTAHIIMSIX.
Takass 00COOCHHOCTh MOXET OBITH CBSI3aHA C Tpolleccamu CyiabhaTpeayKiuu, Oosee
WHTEHCHUBHO MPOTEKAIOUMMU B aKTHUBHBIX Ta30BBIBOJSIIMX obOnacTsax. M3BecTHO, 4TO
METaHOTPO(BI, NEUCTBYIOIIME B 30HAX METAHOBBIX BBIXOJOB, B COOOIIECTBE C
METaHOTPO(MHBIMU apXesIMU CO3/IAl0T OJIATOTPUATHYIO CPey I CYIb(haTpeayKTOpOB
(CaBBuueB u np., 2010; Jleun u ap., 2000). Takum 00pa3oM, MOKHO YBEPEHHO
MIPEANOJI0KNTh, YTO METaH B 30HAX €T0 BBIXOJa MOTPEOISICTCS HE TOJIBKO adpOOHBIMHU
MeTaHOTpo(haMH, HO TAKXKE IMOABEPraeTcs aHadpPOOHOMY OKHUCICHHUIO KOHCOPIIMYMOM
cynbdarpenykTopoB 1 MeTaHoTpodHbIX apxer (Jlemn u ap., 2000; Joye et al., 2004;
Aloisi et al., 2002).

5.3.MoJieKyJSIPHBIH COCTAB OPraHMYECKOI0 BeleCTBA IOHHBIX 0CAIKOB
(aBangenbTa pexku Jlena)

JUist OLIEHKM M3MEHYMBOCTH MOJIEKYJIIPHOTO COCTaBa B IMPOIECCE HAKOILJICHUS
TOJIII[ OCAJKOB OBLI HMCCIENOBaH 18-METpOBBIN MHTEpBal KepHa CKBakuHbl VD-13,
npoOypeHHoW B paiioHe aBaHnensThl peku Jlena (Pucynox 4.1). CkBaxuHa
pacnojio)keHa B LEHTpaldbHOW uactu VBamkuHoM naryHel. HeOosblas snaryHa
pasMepoM 2x2.5 KM, pacroJio)keHHas B IOro-BOCTOYHOM 4YacTh bBBIKOBCKOIO
MOJIyOCTPOBA, MPEACTABISIET COOOM MOYTH 3aMKHYTYIO TEPMOKAPCTOBYIO KOTJIOBHHY,
CEBEPHBIN M BOCTOUYHBIN Oepera KOTOPOU CIIOKEHBI JIEIOBBIM KOMILIEKCOM, a 3araIHbIN
Oeper - anacabiMH oTH0KeHussMH (Tymckoit, 2002).

Pe3ynbTaThl NUPOJUTHUYECKOTO HccleAoBaHUs o00pas3noB kepHa VD-13

COBPEMEHHBIX OCaJKOB mNpuBeneHbl B Tabmuie 5.6. HamGonwimee comepxanue Copr
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npuxoautcs Ha uateppan 1,59-2,40 M OT MOBEPXHOCTH, CI0KEHHOHN MTPEUMYIIIECTBEHHO
neauToBbIMU ocagkaMu (Pucynok 5.19). Ilo mepe yriyGnenus konueHTpamus Copr

HEPAaBHOMEPHO YMEHBIIIAETCA; PE3KUMH CKAuYOK 3HAUYCHUN HaOmomaercs Ha TiayOuHe

5,58-6,94 m.

0 —
2
4
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10 v sxx d
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Pucynoxk 5.19 — JIutonornueckue gaHHble 0 KepHY OypoBoi ckBakuHbl VD-13 (o gaHHbIM
naboparopun apktudeckux ucciaegopanuii TOW JIBO PAH)

BenrunHa BOJOPOJHOIO MHJIEKCA XapaKTEPHU3yEeT BOAOPOAOHACHIIEHHOCTh OB:
YBEIMYEHHE HHJEKCa yKa3blBaeT Ha 0OoJiee  BOCCTAHOBUTENbHBIE  YCIIOBUS
ocagkoHakomieHusi. K Hanbosnee OKHCICHHBIM OCaJKaM CIEAyeT OTHECTH HIKHUE
MHTEpBaJbl, KOTOPbIE BKYIlE C HU3KUM cojiepkanreM OB, MoryT cBuAeTeIbcTBOBaTH 00

AKTHBHOM BBaHMOHeﬁCTBHH 0CaJJKOB € HACBIIMICHHBIMHU KUCJIOPOJOM BOJdAMM.
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Tabnuma 5.6 — Pe3ynbraTsl NTUPOIUTHYECKOTO U XPOMATO-MACC-CIEKTPOMETPUYECKOT0 HCCIIe0BaHUS 00pa3LioB

Fryousa S1, mr/t S2, mr/r | Tmax, °C HI Ol TOC. % CPI OEP:17 OEP19 G Gt
otbopa, cM Mac. [C14-C35 | [Co7+Ca9+Ca1
36 0,20 2,17 423 108 167 2,00 4,65 1,22 1,52 0,20 0,30
159 0,21 2,52 424 108 175 2,33 5,99 1,12 1,44 0,13 0,16

240 0,22 3,43 429 154 160 2,23 4,18 1,08 1,18 0,12 0,16
390 0,12 2,78 424 150 193 1,85 4,41 1,25 1,18 0,15 0,20
558 0,06 1,33 421 100 302 1,33 3,84 1,09 0,86 0,09 0,12
694 0,00 0,04 - 10 349 0,41 - - - - -
827 0,00 0,15 - 28 283 0,54 - - - - -
940 0,00 0,06 - 20 450 0,30 - - - - -

1023 0,00 0,11 - 16 639 0,67 - - - - -
1126 0,00 0,06 - 11 156 0,55 - - - - -
1228 0,06 0,57 - 57 151 0,96 - - - - -
1290 0,00 0,00 - 0 433 0,09 - - - - -
1405 0,00 0,09 - 24 145 0,38 - - - - -
1524 0,00 0,00 - 0 353 0,15 - - - - -
1624 0,00 0,00 - 0 325 0,08 - - - - -
1710 0,00 0,00 - 0 455 0,11 - - - - -
1790 0,01 0,00 - 0 468 0,19 - - - - -
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Hekortopsle uccienoBaTenan IMojiaraiT, 4TOo B ajuloBHaibHOM (ene p. Jlena
TEeMIbl CeIUMEHTanu B rojoneHe gocturaroT 170 cm/1000 net, uro 0OyCIoBIEHO
aKTUBHBIM BIusHUEM peuHoro croka (Kuptsov, Lisitzin, 1996). [pyrue oueHku
MPEIoIaraloT MeHee HHTEHCUBHOE OcaJiKOHaKoruieHue: ot 12 1o 59 ¢cm/1000 net nms
mops Jlanressix (Stein and Fahl, 2004) wim mo 130 ¢m/1000 nrer (Vonk et al., 2012).
[Ipyu sTOM oOueBHIHO, YTO HambOOJEe BBHICOKHE CKOPOCTH HAKOIUICHUS OCajJKa
MPUYpOUYEHBbI K TPUOpEKHBIM oOnacTsaM. Tak, mo ycpenneHHbsiM orienkam, 1000-1200
CM 0CaJika MOTYT COOTBETCTBOBATh MPUOIH3UTEIBHO 6-7 THIC. JIET OCAIKOHAKOIIJICHUS.
K sromy BpemeHnu Oeperopasi JIMHUS yxe Oblja OJIM3Ka K COBPEMEHHOMY IOJIOKEHHUIO,
nocturayB 10 M u300athl, a CKOPOCTH TepMoaOpa3uu ObUIM MaKCUMaJIbHBIMU
(I'puropweB u ap., 1984; Hdynape um ap., 2016, Shakhova et al., 2017). Dto moxer
OOBSICHUTh HEKOTOpoe yBenauueHue coaepxkaHusi Copr B uHTepBasie 10,23-12,28 m
(Pucynok 5.20 a). Tem He MeHee, MOAOOHBIC OIICHKH HOCAT MPHOJIMIKEHHBIH XapakTep U
TpeOyIoT  JanbHEHImMX  OoJiee  JETadbHBIX  HCCJIEAOBAHMA, B TOM  YHUCIE
PaIMOU30TOIHOTO JATUPOBAHUS.

B nmanHOM wumHTepBane Takke oTMmeuarorcs ckauku 3HadeHuit HI u Ol, dro
yKa3bIBaeT Ha PE3KYI0 CMEHY OOCTaHOBKH OCaJIKOHAKOILICHUS C BOCCTAHOBUTEJILHON Ha
OKUCJIMTENIbHYI0O WM Ha BKJAJ QJJIOXTOHHOTO TIiyOOKO OKHCJIEHHOrO0 Marepuaia
(uatepBans 12,28-12,90 m u 10,23-11,26 m) (Pucynok 5.20 0, B). OqHako yuuThIBas B
nenoM  Huszkue  coaepkaHuss  Copr M MPAKTUUYECKH  MOJHOE  OTCYTCTBHE
UACHTUGUITMPOBAHHOTO TIMKa S1, HEOOXOIUMO MPUHUMATH BO BHUMAHHUE BO3MOXKHYIO
OOJBIITYIO MOTPEMHOCTh TIpH pacyete uHaekcoB HI u Ol.

JIJist vicciienoBaHus METOJOM XPOMAaTO-MacC-CIIEKTPOMETPUH ObLITM BBIOpAHBI S
oOpa3loB BepxHEW yacTu pa3pe3a B uHTepBaie 0,36-5,58 M, Tak Kak JWIIb OHU
COoJepKalli B CBOEM COCTaBE JIETy4yHW€ OpraHuyueckue coeauHenus (muk S1) B
JIOCTATOYHOM I aHaliM3a KoJMuyecTBe. 3HadeHus mnapametpoB S1 u S2 nmns
YKa3aHHOTO HWHTEpBAJia YCTOMYHMBO KOPPEIHPYIOT C  OOIIMM  KOJIHYECTBOM

opranudeckoro yriaepona B ocazake (TOC) (Pucynok 5.21).
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TITyOUHBI
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Pucynox 5.21 — B3aumocss3s mapamerpoB S1, S2 u TOC

Ha Pucynke 5.22 npuBeieHbl pacnpe/esieHns HAChIIEHHbIX Y B 1ia ykazaHHOTO
uHTepBana. HECOMHEHHO, TOMUHUPYIOINK BKJIAJ B OPTaHUYECKYI0 KOMIIOHEHTY BHEC
HKCIIOPT HA3€MHOT0 Marepuaia: B pacIpeleeHHH H-aJIKaHOB MPeo0JIajaloT TOMOJIOTH
C27, Co, Cz1 - MapKkepsl BbICIIEH Ha3eMHOH pacTuTenpHOCcTU. Ha mpemmyiecTBeHHO
TeppUreHHbIM reHe3nc OB  uccnenoBaHHBIX OCANKOB TAaKXKe YKa3bIBalOT HU3KHE
3HAUEHHUS MapaMeTpPOB COOTHOLIEHUS HU3KOMOJEKYJSIPHBIX U BBICOKOMOJIEKYJISIPHBIX
TOMOJIOTOB [C14-C 19/ C14-C35] , [C15+C 17+ C1of C27+C29+C31] , A TakKXe HHJIEKCHI
COOTHOIIICHHSI YETHBIX M HeYeTHBIX H-ankaHoB CPl, OEP;7, OEP1g (Tabnuua 5.6).

IIpupona HU3KOMOJEKYJSIPHBIX YETHBIX H-aJIKAaHOB HE TaK OJHO3HA4yHa.
[TpucyTcTBHME 4YETHBIX TOMOJOIOB YKa3blBae€T Ha AaBTOXTOHHBIM OMOTE€HHBIN BKJaA
cBexecuHTe3npoBaHHoro OB - TpaHchopmaluio BEICOKOMOJIEKYIISIPHBIX H-aJIKAHOB B
pe3ysibTaTe MUKpOOUaNbHOM AesTenbHOCTU. [Ipr 3TOM O4eBUAHO, UYTO C YBEIMUEHUEM
rIIyOMHBI 3aJIeTaHusl 0Ca/iKa BKJIaJ HU3KOMOJIEKYJISIPHBIX TOMOJIOTOB, XapaKTEePHBIX IS
IrUAPOOMOHTOB U TUIAHKTOHOreHHOro OB, ymMeHbIaeTcs.

B cBsa3u ¢ oTcyTcTBHEM B 00pasliax JAOCTOBEPHO JAETEKTUPYEMBIX NMPHUCTaHA U
¢dutana qig kepra VD-13 He ncnons3oBaincs pacyeT U30MPEHOUAHBIX KOA(P(HULIMEHTOB.

HeoOxomuMo OTMETHTB, 4YTO B JaHHOM paiione (ckBaxuHa VD-13)

JIOKYMEHTUPOBAHO MHTEHCUBHOE rasormposiBieHue (Pucynok 5.2). Bompoc o renesuce
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ra3oBoro Quirona OblI MOAPOOHO paccMOTpeH B cTaThe (Sapart et al., 2017). Ha ocHoBe
VHUKAJIBHBIX JAHHBIX TpoitHOro msortomnHoro aHamusa (8%Ccuhs, *Cchs, D) aBTOpHI
OTMETHJIM KJIIOYEBYIO POJIb alleTOKIACTHYECKOTO METaHOreHe3a, NPUYEM B KayeCTBE
cyOcTpara MOT OBITH MCIOJIB30BaH IIEHCTOLIEHOBBIN YIIIEPOI, PEMOOHIM30BaHHbINA 13

IIPOTAUBAIOIIEH MEP3IIOTHI.
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PucyHnok 5.22 — MonekynapHO-MaccoBOE pacipeiesieHHe H-aJIKaHOB B AKCTPAKTaxX
(xepu VD-13) ¢ rmybunoi
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Pucynok 5.22 (npomomxenue) — MoJIeKyIIpHO-MacCOBOE paclpe/iejCHIE H-aJIKaHOB B
skcTpakTax (kepH VD-13) ¢ rimy6uHoi

5.4.130TONHBIA COCTAB ra30Boii KOMIOHEHTHI JOHHBIX 0CAIKOB

Panee OblTM paccMOTpPEHbI OCHOBHBIE HU3BECTHBIE MEXAaHHU3MbI O0pa30BaHUS
MeTaHa, KJII0OUEBBIMU U3 KOTOPBIX SBIISIOTCS MUKPOOUATIBHBIC MPOIECCH U TEPMUUYECKOE
npeoOpazoBanrue OB. Kaxxnpiii TUIT METaHOTEHE3a OCTABIISICT XapaKTEPHYIO U30TOMHYIO
noAnuck s ¢urouia (cTabuiIbHBIE U30TOMBI YIJIEPO/ia U BOAOPOa) B 3aBUCUMOCTH OT
M30TOMHOTO COCTaBa MOTpedsieMoro cyoOcTpata M KHHETUYECKOTO HW30TOIMHOTO
s dekTa B COOTBETCTBYIONIUX XUMHUUCCKUX Peakusx. MUKpOOHUabHBI METaHOTCHE?3
XapakTepu3yeTcsi 00pa30BaHUEM H30TOITHO JIETKOTO METaHa BCJIEACTBUE CEJIEKTUBHOTO
NOTPeOICHUST MUKPOOPTaHM3MAMH MOJIEKYJI C MEHBIIEH DSHEPrueil CBsI3H. Takum
oOpaszom, JJis OMOTeHHOTO METaHa oTMedaeTcsi oboramieHue uzotonom 12C, mpu 3ToM
noina 13C B cyOcTpare yBenmuuBaeTcs BeiaeacTBUE (PpaKIIMOHUPOBaHUA. TepMOreHHbIN

MeTaH, T.€. METaH 00pa30BABIIMIICS B PE3yIbTaTe TEPMHUUECKOTO PA3I0KEHUS KEPOreHa
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Ha CTaJWW KaTareHe3a, XapakTepHU3yeTCs YTKEICHHBIM H30TOMHBIM COCTaBOM
yriaepoja TO CpPaBHCHHIO C OWOTEHHBIM Ta30M. BiusHHE Ha H30TOMHBIA COCTaB
OKa3bIBAIOT M BTOPUYHBIC TPOIIECCHI: TaK, 00JIEe JISTKHUE W30TOMOJIOTH TUPGYHIUPYIOT
ObICTpee, XOTsl BeMUYMHA (PpaKIMOHUPOBaHUS B Tporiecce nudPpPy3ur OTHOCHTETHHO
HeOoJIbIlas B CPAaBHEHUH, HAIIPUMED, ¢ OaKTepHaIbHBIM METaHOTE€HE30M U MUKPOOHBIM
okuciienueM (Fuex, 1980; 3sxyn u np, 1988; Holler et al., 2009).

lenpd mopeit BocTouHOl APKTHKH XpPaHHUT B JTOHHBIX OTJIOXKEHHUSIX OTPOMHBIC
3arachl OPraHUYEeCKOro YIJIepoJia, YTo OOyCIOBICHO reorpaduyecKuM MOJIOKEHUEM U
YHHUKQJIBHBIM TIaJleoreorpaMueckiM pa3BUTHEM pErHoHa. B meproa ToJoneHOBOM
TpPaHCTPECCUHM  OOMIUPHBIE  paliOHBI  PACHpPOCTPAaHEHUS  HA3EMHOH  MEp3JIOTHI
IUICCTOIICHOBOTO BO3pacTa Ha ceBepe CHOMpH MOABEPIIMCH 3aTOIUICHUIO, YTO
npuBesio K (OPMHUPOBAHUIO COBPEMEHHOTO OOJMKa MeEJIKOBOMHOTO Imenbhpa MBA
(Romanovskii et al., 2005; dymapeB u gap., 2016). Mep3ible TOJIIKA HA3EMHOTO
MIPOUCXOXKICHUS TIOJIBEPTIUCh BO3JCUCTBUI0O HOBOTO TEPMHUYECKOTO pEXUMa, B
pe3yJIbTaTe Yero yCHIIMINCH MPOIECChl PeMOOWMIN3AlYA OPTaHUYECKOTO YTiiepoja U3
TUICHCTOIIEHOBBIX ~MEP3JIBIX TOJII. YCTAaHOBJICHO, 4YTO OJHUM U3 KIIOYEBBIX
MEXaHH3MOB, OTBEUAIONIMX 32 MAaCCOBYIO PACKOHCEpBALMIO yTepoaa W3 MEp3JIOTHI,
sBIseTcs aecradmmsanus ra3-ruaparos (Nicolsky et al., 2012; Shakhova et al., 2017).

VYkazaHHbie peruoHaIbHbIE O0COOCHHOCTH dhopmupoBaHus 3anacoB
OPraHWYECKOTO YIJIEpOJia HCKIIOYUTEIIEHO BaXHBI B KOHTEKCTE KOPPEKTHOTO
YCTAHOBJICHHSI TeHE3Mca MeTaHa, WIACHTU(HUIMPOBAHHOIO B JOHHBIX OCaJKaX MOpPS
JlanireBbIX. Bo-mIepBBIX, B X0JI¢ MHOTOYHCIICHHBIX HCCIICIOBAHUN OBLJIO YCTaHOBJICHO,
YTO COCTOSIHUC TTOBOIHOW MEP3JIOTHI SBJISICTCS KIIOYCBBIM T€OJIOTHUSCKAM (PaKTOPOM,
KOHTPOJIMPYIOIIUM SMHUCCHI0 METaHa M3 JOHHBIX TOJII B MPHUIOHHYIO BOAY U B
armocdepy (Shakhova et al.,, 2010). Bo-BTopbix, HeNb3s HEIOOIEHHWBATH POJIb
TUICHCTOIICHOBOTO YIJIepoJia, PEeMOOUIM30BAaHHOTO W3 MEpP3JbIX TOJII, B MpOIecce
MeTaHoreHneza Ha Boctouno-Cubupckom mienbde.

HeoOxogumo oOTMETHUTh, YTO B CHJIY OIPAaHMYEHHOTO o00bema o0O0pasioB
UCCIICJIOBAaHMsI aBTOpa OBbUIM CKOHIIEHTPHPOBAHBI HA TOJYYCHHUH KadyeCTBEHHBIX

ra3orcOXuMHUICCKUX XAPAKTCPHUCTUK, 4 HMCHHO JAaHHBIX II0 HM30TOIMHOMY COCTAaBY
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yriepoaa (013C) u Bogopona (0D) meraHa, oTOOpaHHBIX MPEUMYIIECTBEHHO B 30HAX
ra3onposiBiicHuid Ha BHemHeM menbde mops JlanteBwix. s momnonHeHus u OoJiee
KOPPEKTHOW HMHTEPIIPETAIlMN TIOJYYCHHBIX aBTOPOM JAaHHBIX B pabOTe OBUIM TaKXKe
pPacCMOTPEHBI Pe3yJIbTaThl, OINMyOJuKOBaHHBIE panHee y (Sapart et al.,, 2017). B
YKa3aHHOW CTaTh€ aBTOPHI MPHUBOIAT MOAPOOHYI0 HH(POPMAIMIO O KOHIICHTPAIHUIX
MEeTaHa B JIOHHBIX OCaJKaX M BOJHOM TOJIIE, a TAKKE MPEACTABISIOT YHUKAIbHBIC
JaHHbIe TPOitHOrO U3oTonHoro anammsa (813C, 8D, *C) ms nanTeBoMOpCcKOro pernona
30H C aKTUBHBIMH Ta30IpPOSIBICHUSIMU M (DOHOBBIX TOYEK KaK Ha BHEITHEM, TaK W Ha
BHyTpeHHeM Ienbde. Takum 0Opa3om, HACTOALUN pa3/ien MOCTPOCH Ha KOMIUJISIIUU
pe3yibTaToOB, IMOJYYEHHBIX aBTOPOM, M MPEACTABUTEIHLHOTO MacCHBa paHee
OIMyOJIMKOBAaHHBIX JaHHBIX. [lomydeHHass aBTOpOM HWH(OpPMAIUS IO HN30TOITHOMY
aHaJIM3y Ta30B YCTOWYMBO COOTHOCUTCA C M3BECTHBIMU JIAaHHBIMU I10 HCCIEAYEMOMY
paiioHy, 9TO O3BOJIIET OTMETUTH COITOCTABUMOCTD PE3yIbTaTOB.

[To manueiM (Sapart et al., 2017), kOHIEHTpallMM METaHAa B JIOHHBIX OCaJKax
3HAYUTEILHO TPEBOCXOASAT KOHILIEHTPAllMd B BOJHOM CTOJOE W BapbUpPYIOTCA B
npenenax IByX-TpeX MOPSIKOB OT (POHOBBIX 3HAUYECHUHU 10 «CHIOBBIX» Touek (1.5-1500
ppm). ®oHOBBIC 3HAYCHHS PUYPOUCHBI K 30HE OTCYTCTBHS Ta30IPOSBICHUI B paliOHE
ryonsr byop-Xas. ABTOpbI OOBSCHSIOT HU3KHE KOHIICHTPAIIMU METaHa IUIOTHBIM TOYTH
6-METpPOBBIM  CII0OEM  MAJOMPOHHUIIAEMBIX  TJIMHHUCTBIX  OCAJIKOB,  CO3MAIOIIAM
€CTECTBEHHBIN (u3mueckuid Oapbep sl MUrpanuu raza. PaccmarpuBas copeprkaHue
METaHa B OCagKaxXx CHHU3Y BBEPX [0 pa3pe3aM AaKTHUBHBIX Ta30BBIBOIANINX 30H, B
HEKOTOPBIX TOUKAX TAKKE OTMEYAETCS] YMEHBIIICHNE KOHIIEHTPAIIMU B BEPXHHUX TOJIIAX
ropu3zoHTa. Takue CKauku MOTYT OBITH pe3yibTaToM AU(Gy3UOHHOTO pPACCEHBAHUS
W/WJIA WHTEHCUBHOTO OaKTepUAIIbHOTO OKHUCJIEHHUS, a Takxke JAeHCTBUS cCyibdar-
PEAYKIIMOHHOTO Oaphepa B MOBEPXHOCTHBIX OCAIKAX.

JIst uaeHTUUKAIMK UCTOYHMKA METaHa MHTEPIPETAHs JaHHBIX MMPOBOIMIIACH
Ha OCHOBE KJIACCHYECKOHN «JamarpamMMbl BuTukapa», Te BBIICICHBI TPU KITFOUEBBIX
MEXaHu3Ma ero oOpa3oBaHMs: alleTOKJIACTUYCCKUNA METAaHOT€HE3, BOCCTAHOBJIICHUE
YIJICKUCIIOTEI M KaTareHetuueckoe npeobpasopanne OB (Whiticar, 1999). B uenom,

W30TOIMHBIM COCTaB yriepoaa MCETaHa, HU3BJICYEHHOTO M3 IMOBCPXHOCTHBIX JTOHHBIX
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OCaJIKOB B UCCJIEIyEMOM PETHOHE, U3MEHSETCS B IIMPOKUX mpeaenax oT -65 10 -103%o,
a M30TOMHBIN cocTaB BojopoAa - B nuamna3zoHe oT -200 10 350%o, 4TO0 OTHOCHUT (hiIrou.
PEUMYIIIECTBEHHO K 00JIaCTH Ta30B ¢ OakTepraibHbIM TeHe3ncoM (Pucynok 5.23). Tem
HE MeHee, MoJao0HBIM pa3zdpoc 3HaueHwit O013C m 0D jomyckaeT BO3MOXKHOCTH
CMENIeHUST (IIOUIOB PA3IMYHOTO TMPOUCXOXKIACHUS, YUYUTBIBAs, UYTO MEXaHU3M
oOpa30oBaHUs HMCKIIOYUTEIBHO OakTepuaibHOrO MeTaHa (dpepMeHTarus arerata WIH
BOCCTAHOBJICHHE VYTJIEKUCIOTHI) Tpenarnonaraer 0Oojee OAHOPOJHBIE H3OTOIHbIE
MOJMKCH, KOTOPHIE B XOJ€ IMOCJCAYIONMIET0 OKUCICHHUS MPU BOCXOSIIEM IBHUKCHUN
¢batona B BOAHOM CTOJI0€ TskeneroT. OJHAKO U3BECTHBIE Ta30T€0XUMUYECKUE JTAHHbBIE
M0 TOBEJECHUIO METaHa B BOJHOW TOJIIIE CBUACTEIBCTBYIOT O TOM, YTO H30TOITHbBIC
CUTHAJIBI B BOJHOM CTOJIOE TakyKe JEMOHCTPHUPYIOT IMIUPOKHN pa30poCc 3HAUYCHUN W HE
UCKJTFOYAIOT CYIIECTBOBAHWE HECKOJIBKUX UCTOYHUKOB (urrona (Sapart et al., 2017).
Y4uuThIBas MTHTEHCHBHOCTh MAaCCHPOBAHHOTO BRIOpOCA My3BIPHKOBOTO MeTaHa (710
COTEH M JaXke ThICAY I/c/M?), CHHTE3 Takoro obbeMa MeTaHa HEIOCPEJCTBEHHO B
BEPXHEH TOJIIIE COBPEMEHHBIX MOPCKUX OCAJKOB MJIM B TAJIMKaX MEP3JbIX OTJIOXKEHUMN
npeacrapisiercs MaoBeposaTHeIM (Shakhova et al.. 2015; Leifer et al.. 2017). [1pu atom
BKJIJl COBPEMEHHOM MPOAYKIIMHU B 001U 00bEM MeTaHa B 0caJikaXx He UCKIo4aeTcs. B
KaueCcTBE OCHOBHOTO HWCTOYHMKAa OWOTEHHOTO METaHa MOTyT OBITh PacCMOTPEHBI
THApPAThl, JeCTAOWIM3UPOBAHHBIC B  PE3YJbTaTe pa3pyIICHHUsS  HIDKEIEKaIIX
MHOTOJIETHEMEP3JbIX Toul. B 0630pe A.B. MuikoBa npuBOauTCsl MacITabHbIN 0030p
JUTEPATYPHBIX JAHHBIX 110 MOJICKYJIIPHOMY M H30TOITHOMY COCTaBY T'a30BBIX THAPATOB,
r7ic aBTOp OoTMevaeT mmpokuid auana3od 3HaueHui (d13Ccha oT -42,2%0 10 -74,7%0 U
dDchs oT -115%0 mo 242%o mns pailOHOB C HHTCHCHBHBIM Ta30MPOSBICHHEM) U
BO3MOYKHOCTh BKJIaJa KaK TEPMOTCHHBIX, TaK W MHUKPOOHATHHBIX HCTOYHHUKOB B
npupoxay ruaparos (Milkov, 2005). B Hamem ucciaenoBaHuK pe3ysIbTaThl H30TOITHOTO
aHaNM3a yKa3bIBaIOT Ha MPEHMYIIECTBEHHO MUKPOOWABHYIO Mpupoay ¢iIrouaa, uro,
COOTBETCTBCHHO, ITO3BOJISICT PACCMaTPUBATh MPUPOIY THAPATOB KaK MUKPOOHATBHYIO.
OTO TpeArnoNoKEeHHE TMOATBEpXKIAeTCs U majgeoMopdosioTheil  paiioHa, r1e

npociexuBaroTes penukTel naneoposmH pek (Kleiber and Niessen, 1999).
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83C (%o vs. VPDB)
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Pucynok 5.23 — M30TomHBIHM cocTaB yriepojaa U BOAOPOJia MeTaHa 1o JaHHBIM Sapart et al.,
2017 (TOaBKO MOBEPXHOCTHBIE OCAJKH) U IO JaHHBIM aBTOpA ISl pailoHa UCCIIETOBaHUM.
CupeHeBbIM IBETOM 0003HauU€eH paiioH Iyosl byop-Xas, roayObiM IBETOM — paiiloH
aBaHJENbTHI p. JIeHa, KENThIM 1 OpaHKeBbIM — paiioH mp. J{M. JlanteBa; 60pIOBBIM (JTaHHBIC
aBTOpa) — ceBep Mops JlanTeBbIxX

Henb3st wuCKIIOYATH W  BO3MOXKHOCTH MHIPAMA TEPMOTCHHOTO METaHa,
BOCXOJsIIEro U3  Oojiee  rayOOKMX  pe3epByapoB 1o  c(HOPMHUPOBAHHBIM
ra3onpoBOASAIINM  TalukKaM. [logoOHBIE SMHCCHUH  MPEJACTABISIIOTCS  OCOOCHHO
BEPOSITHBIMU B TEKTOHUYECKH OCJA0JEHHBIX 30HAaX Ha BHEIIHEM IMielbde Mops
JlanreBpix. IIpucyTcTBHE KaTareHETHYECKOro (UIIOMIa «YTSDKEISIeT» KOHCUYHYIO
M30TOITHYIO TIOAIHUCH Ta3a, HACHTU(OUIIMPYEMOTO B TTIOBEPXHOCTHBIX OCaJIKaX, MPH 3TOM
BEJIMYMHBI MOTYT HE JJOCTUTATh TUIMUYHBIX 3HAUCHUUN TepMoreHHOro reresuca (-50%o u
BBIIIIE).

Jlns 6oJiee TOCTOBEPHOW MHTEPHpPETAIMK W MOATBEPKACHUS JaHHOW THUIOTE3bI
HEOOXOJMMO TPUMEHEHHE KOMILJIEKCAa TCOXUMHYECKUX HCCIICIOBaHUM, BKIIOYas
ONPEAECICHUE KOHIEHTPAUMM Y HM30TOIHBIX JAaHHBIX MO CONYTCTBYIOIIUM Tra3aM —

TSDKEJIBIM TOMOJIOramM MeTaHa. B mporecce 1abopaToOpHbBIX UCCIIEI0BAaHUN MPOBOAUIOCH
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TaKXe U ONpeAesieHre KOMIOHEHTHOTO COCTaBa Ira3oBOro (pirouaa A MCCIeTyeMOoro
NOJIMTOHA, OJHAKO B YCJOBUSAX OTPAaHHMUYEHHOTO O00beMa OOpas3loB ObUIM TOJIYYEHBI
MaJible KOHIICHTPAIMU TSDKEIIBIX TOMOJIOTOB, IO OOJBINEH YacTH HEIOCTATOYHBIC IS
IPOBEICHUS JOCTOBEPHBIX M30TOMHBIX HCCeN0oBaHUN. M30TONHBIN aHanmu3 yriepoaa
9TaHa yAAJIOCh MPOBECTH JIUIIb Jiis ojgHoro odpasma (613C(CyoHs) = -45%0), u B cruty
UCKJTFOUUTEIILHOTO XapakTepa TOJYYeHHOTO pe3ysbTaTa OJTH JaHHble HE OBLIH
BKJIIOYEHbI B OCHOBHOH MacCHB WHTEpIpeTUpyeMoro marepuana. llpum stom ananms
JUTEPATYPHBIX JTAHHBIX MOKa3aJl, YTO MU30TOMHO TsDKeble roMmosiorn meraHa (C2-C5)
ObulM B 3HAYUTENBPHOM KOJMYECTBE WIACHTU(MUIIMPOBAHBI HA  COIMPEIEIbHBIX
teppuropusix  (Boctouno-Cubupckoe Mope), NPUYPOYCHHBIX K TEKTOHUYECKH
ocnabnenHsiM 30HaM (LlakupoB u gp., 2013). Takue npaHHbIE YKa3bIBAIOT Ha
HEOOXOIMMOCTh TIPOJIOJKCHUSI Ta30r€OXMMUYECKUX HCCIEIOBAaHUNH Ha H3y4aeMOM
MIOJIMTOHE TIOCPEJICTBOM aHaIM3a 00pa3IoB OOJIBIICH HABECKH U 00beMa, UTO SBIISETCS

OJIHOM M3 3aJ1ay JajibHelIeH paboThl aBTOpA.
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SAKJIIOYEHHUE

YCTaHOBIEHHE B3aUMOCBA3UW  COJACP/KAHUS  OPraHUYECKOrO  BEHIECTBA C
JUTOJIOTUYECKONW CTPYKTYpPOM BMEILAIOIIUX JIOHHBIX OCAJKOB IO3BOJMJIO YTOYHUTh
HEKOTOpbIe 0COOEHHOCTH €ro pachpeeieHus Ha menbde Mops JlanteBsix 1 BoctouHno-
Cubupckoro mops. Ilpu moBceMecTHOM BBIACPKAHHOCTH JUCHEPCHON CTPYKTYpPbI
OCaJKOB Ha BHEIIHEM MIeib(e OTUYETIMBO BBIACIAIOTCA JBE a30HAJIbHBIE 00JacTH
NecyaHbIX 0CaJKOB — K ceBepy oT HoBOCHMOUPCKHUX OCTPOBOB M B CEBEPHOM YACTU MOPS
JlanTeBbIX, MNpU 3TOM MOCIEAHSIS OPOCTPAHCTBEHHO COBHAAAET C  30HOU
JIOKyMEHTUPOBAHHOM  aKTUBHOW  pa3rpy3kd  ra3oBbiX  (mrounoB.  J{aHHBIN
MPEICTaBUTENbHBIN MOJUTOH OB BEIOpAH IS MPOBEJCHUS JETATBHBIX TEOXUMUYECKUX
UCCJIEIOBAHUIM OPraHUYECKOrO BEIIECTBA IOHHBIX OCA/IKOB.

Cpennee conepxannie Copr B 30HE pa3rpy3Ku razoBbix (pironos cocrasiseT 0,68
%, mpu 3TOoM pacnpezeneHue coaepxkaHus Cgpr, BEPOSITHO, OOYCIIOBIEHO BIHMSHHEM
CHOCAa TepMOaOpa3MOHHOIO Marepuaina c¢ Onusnexamux HoBocmOMpCKUX OCTPOBOB H
DKCIIOPTOM TEPPUTCHHBIX OCAIKOB CTOKOM peku Jlena. Monekyisipubiii coctaB Copr B
YIOMSIHYTOM pailOHE YKa3bIBaeT Ha Mpeo0JialaHue TEPPUTEHHOTO BKJIANa, YTO TAKKE
MOATBEPAKAACTCA MUPOIUTUUECKHUMHU UCCIeAOBaHUAMU. [IpM 3TOM M30TOIMHBINA COCTaB
Copr MADKUPYET CMELIAHHBIA FEHE3UC OPTaHUYECKOIO YIIepOIa.

Ha craHuumsx, rie HEmocpeACTBEHHO OTMEUEHAa aKTUBHAs ra3oBas pa3rpys3ka,
OTMEUYAETCA YBEIMYECHHE OTHOCHUTEIBHOTO COJIEpPKaHHS TOMaHOUIOB, (GyHKIIMOHAIHHO
KOPPEJIUPYIOINIETO ¢ J0JIel MeIUTOBOM (pakiuu Bo BMemaronmx ocagakax. [lomooHas
3aBUCUMOCTh MOXXET CBHUJCTEIBCTBOBATh O PAa3BUTUU KOJOHUH MeTaHOTpo(oB B
ra3oBeIBOASIIUX Toukax. OOHapyxeHue OudeHunsa B psAge o0Opa3loOB BKYIME C
npeo0ialaHieM B HMX COCTaB€ HHU3KOMOJEKYJSAPHBIX  H-aJIKAaHOB  IO3BOJISIET
MPEANOJIOKUTh BKJIAJ 3pENIOT0 OPraHWYeCKOro BEHIECTBA, YTO MOXET OBITh
0OyCJIOBJIEHO MUTpaILeil HEPTIHBIX YTIIEBOJOPOAOB MO Ta30BBIBOJAIIMM KaHaJaM WU
CBS3aHO C PAa3MbIBOM M IMEPEOTIOXKEHHEM OOJOMOYHOrO0 Marepuana HEe(PTEHOCHBIX

0CaAOYHBIX TOJII, BBINICAINX Ha JTHCBHYIO ITIOBCPXHOCTH B 6eper030ﬁ 30HC.
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[IpoBeneHHbIE UCCIENOBAHUS MOJIEKYJSIPHOTO COCTaBa B pa3pe3e COBPEMEHHBIX
OCaJIKOB, OTOOpaHHBIX B pailloHe bBBIKOBCKOrO TMOJYOCTPOBA, YKa3bIBalOT Ha
ONpENENSIONMI  BKJIaJ BBICHIEH HA3eMHOM pPACTUTEIBHOCTH B (pOopMUpOBaHHE
OpraHMYecKO  KOMIIOHEHTHI.  PacmpezeneHne  H-aJIKaHOB  XapaKTEpHU3yeTCs
JTOMHUHUPOBAHHEM  BBICOKOMOJIEKYJIIPHBIX ~ HEUYETHBIX T'OMOJIOTOB.  Pe3ynbTaTsl
NUPOJIUTUYECKOTO aHallM3a OO0pa3lloB YKa3bIBAIOT Ha PE3KyI CMEHY (aluambHBIX
OOCTaHOBOK, YTO BBIPAYKAETCSI B 3HAYUTENBHBIX M3MEHEHMsIX cogepxkaHusi Copr C

TIIyOUHOM.

W3oTomHkIi cocTaB yriepoa MeTaHa, U3BICUEHHOTO U3 MIOBEPXHOCTHBIX TOHHBIX
0CaJIKOB B UCCIIEyEeMOM PETHOHE, U3MEHAETCS B IIMPOKUX mpeaenax oT -65 mo -103 %o,
a M30TONHBIM cocTaB BoAopoAa MeTaHa - B auanazoHe oT -200 mo 350 %o, urtO
MO3BOJIIET OTHOCUTH (DITIOU] MPEHMYIIECTBEHHO K 00JacTh ra3oB OaKTepHaIbHOTO
MPOUCXOXKIEHUS. MOKHO TIPEANOI0KUTh, YTO UICTOYHUKOM MHUKPOOUAIHLHOTO METaHa B
UCCIIETyeMOM PaiioHE SBISIOTCS JeCTa0MIM3UPOBAHHBIEC Ta3THAPATHBIC 3aleKH. TeM He
MeHee, MUPOoKuil pazopoc 3HaueHuit 013C u 6D yka3piBaeT Ha BOBMOKHOCTh CMEIICHUS

(bHIOI/II[OB Pa3INIHOIr0 IrcHe3nca.
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