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I'A3OOTIAAYA JTHA YEPHOI'O MOPsI: 'EOJIOT'O-TIOUCKOBOE,
SKOJOI'MYECKOE 1 HABUT'AIITMOHHOE 3HAYEHHUE

Pabota nocpsieHa 0630py COBPEMEHHBIX MPEACTABIEHUI 0 ra3ooTAa4e AHa YepHoro Mops.
[TokazaHo, YTO MeTaH MOCTyMaeT B BOIbl UepHOro Mops MO ra3oBbIM CHMIaM, U3 TPA3EBBIX
BYJIKAaHOB M MEHBIIEH Mepe 3a CueT OHOXMMHYECKHX MPOLECCOB B JOHHBIX OCanKaX. ['a30BbIe
CHITHI JIOKAJIM30BAaHBI MO Mepu(eprd MOpPs, a TPsA3eBbIe BYJIKAHBI U Fa30THAPATH METAaHA - B €€
LEHTPATBHOW 4YacTH. ['a30BBIE CHITBI M TPA3E€BBIE BYJIKAHBI MOTYT OBITH HCIIOJIB30BAHHEI B
KauecTBe IMOMCKOBBIX KpPHUTEpHEeB Ha He(Th M ra3. MeraH, comepialluiics B MOPCKOil Boe,
HETaTHBHO BIIMSET Ha OWOTY, a Ta30BBIM BYJIKAHM3M CO3AET OMACHOCTh U HABHTALUU U
MPOKJIaAKH MOABOAHBIX KOMMYHHUKALH.

KaroueBble cjioBa: METaH, ra30BbIC CHUIIbI, I'PA3€BbIC BYJIKAHbI, JOHHbIE 3KOCHUCTECMBbI, Ha-
BUTaLUA

BBEJEHUE

YepHoe Mope - KpynHeluii B MUpe (423,000KM2) MEPOMUKTHUYECKHUIT OacceliH ¢
JIBYCIIOWHBIM CTPOCHUEM BOJHOW TOJIIM, IJie TIIyOMHHBIe (COJIeHble M TSDKENble) U
MOBEPXHOCTHBIE (ONPEeCHEHHBIE U JIeTKue, 00oralleHHble KICIOPOAOM) CIIOU BOJIBI He
cMelmBaroTes Mexay coboit. B pesynbrate 90% riyOuHHBIX BOJ HUke n3o0athl 220
M SBISIFOTCS OECKUCIIOPOAHBIMU. AdpOOHAas KU3Hb CKOHIIEHTPUpOBaHAa Ha Iuelbde,
dopMupys XpymnKHe, JIerKo MOJJaolecs BHEIIHEMY BO3JCHCTBUIO, JIOHHBIE
skocucTeMbl. OIHUM 13 (aKTOPOB, HAPYIIAIOUINX WX PABHOBECHOE COCTOSHHE, SB-
nsietcst MetaH [40], B orpoMHBIX KOJIMYECTBaX BblAeNsieMblii 13 Heap Oacceiina [15].

YepHOMOpCcKas BmaanHa copMupoBanach B KOHIE Me303051 Kak 3aayroBoi Oac-
ceiiH (paHHUWI Men), pacKpbIBLIMICS B pe3ynbTaTe KOHTHHEHTAILHOTO pPUQTHHra
(koHew anbba), MPUBEILIEro K pacUierieHHe KOpbl BOOJb OCH albOCKOM ByJIKaHMYec-
KO Jyrd W MOCNEeAYIOIEro pacKpbiTHs (CEeHOMaH-KOHBSK) TIIyOOKOBOAHOTO TpOra ¢
CHJIbHO YTOHEHHON KOHTMHEHTAIbHOU U (UJIM) OKeaHM4YeCKOH KOpoil u 00ocobseHus!
JByX BnaauH: 3anajaHo- 1 BoctouHo-uepHOMOpckoil. HaunHas ¢ koHUa caHTOHA U J10
KOHIIa NajieoneHa YepHoMopcekas BlaJlHa NCTIBITEIBANIA (Da3bl CXKATHS, a 3aTeM
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(B s011eHe) B BOCTOUHO-4€pHOMOPCKOI BMaanHe MpOsBUIach HOBas (ha3a pacTsKeHus,
npuBeAlIas K 00pa3oBaHUIO aJKapo-TPUANETCKOro pudTa. HaumHas ¢ KoHIA 01eHa U
IO HACTOSIIETO BPpeMEeHH THO OacceifHa HaXOMUTCsl B OOCTAHOBKE CXKATHS, B pe3yJbTaTe
KOTOPOr0 OHO Pa3OUTO MHOTOYUCIICHHBIMU pazfiomMamu u TpeiiuHamu [8]. Pa3pbiBHbie
TeKTOHWUYEeCKHE HapyleHus (OPMUPYIOT oclialbieHHBIEe 30HBI B OCAJOYHOM YeXJe U
BBITIOJIHSIOT POJIb <«ABIMOXOJIOB», MO KOTOPbIM K MOBEPXHOCTU AHA MOJHUMAIOTCA
(uUIbTpallMOHHBIE TIOTOKM Ta3a, B OCHOBHOM, MeTaHa. MolmHas jera3anus Heap
MPOUCXOJIUT 3 CYET CTPYUHBIX BbIJeIEeHHI (XOJOMHBIX CHIIOB), IPS3EBbIX BYJIKAHOB U
MUKPOOHOJIOTUIECKUX TPOLECCOB BO BCeM auarnazoHe riyouH. [lo mpuOnu3uTenbHbIM
OIlIEHKaM TOJIBKO OT CHITOB B BOJAHYIO TOJIIy BbiOpaceBaetcs 4,95 - 5,65Tr (1 Tr =
10"r) merana exeronso [23]. Tlo HekoTopbiM oterkam [11], B Bogax YepHoro mops
conepxutest 80 mapz M° Merana. Hu oxuH BoxHBIH Gacceiin MHUpa HE MMEET TaKoro
KOJMYecTBa rasa, kak UepHoe mope. [Ipu 3ToM ciefyet yyecTh, 4YTO Bojbl YepHOro Mopst
MOCTOSIHHO OOHOBIsOTCA: uepe3 bocdop u3 CpeanmzemHoro mMopsi B UepHoe HUKHUM
MOTOKOM MOCTYNaloT OoJjiee KOHLEHTPUPOBAHHBIE COJIEHble BOIbl, @ BEPXHUM - U3
YepHoro mops B CpenuseMHOe BbITeKaloT OoJjiee mpecHble M Jerkue. [lo pasHbM
OlleHKaM TOJHbII UK oOHOBIeHUs BojJ YepHoro mops mpoucxoaut ot 410 no 2000
JIeT. A 3TO, B CBOIO Ouepeslb, 03HaYaeT, UTO BOAbI, KOTOpble NOCTyNaroT B YepHoe Mope
u3 CpeauseMHOro, a Takke Te, KoTopble mpuHocuT JHenp, yHail u apyrue pekw,
MOCTOSIHHO HACBILIAIOTCSI METAaHOM, JJIs Yero AOJKeH ObITh MOILUHBIA MOTOK MeTaHa U3
[TyOMHHBIX MOPOJ.

Metan BimseT Ha (U3MUYECKWe, XUMHUUYECKHEe W OHOJOTMYecKre Mporuecchl ¢op-
MHUpPOBaHUSl Ta30BOr0 COCTaBa M TMIPOXMMHUYECKON CTPYKTYpbl MOPCKOH cpelibl,
MPUBOIUT K U3MEHEHHMIO TPOMHOCTH BOA MOPS 3a CUeT yBeNMueHHs OMoOpa3oBaHMs U
TOBBIIIICHUS] WHTEHCHBHOCTH METAHOTPO(HOTO XEMOCHWHTE3a, IMPOBOIUPYET OIMACHbIC
MpoLECcChl HA MOPCKOM JIHE, MPOTUBOJEHCTBYET CTAOMIBHOCTH JOHHBIX 3KOCUCUCTEM U
MOXET TpPUBECTH K KaracTpodaMm OHWOJIOTHYECKHX PeCcypcoB, TakKkKe TEeXHUIECKUX
COOpY)KeHU! Ha MOPCKOM JHe W HaBurauuu [14], 0cOOeHHO B yCIOBHSX TI00ABHBIX
W3MEHEHHU KJiuMara U ypOBHsI MOPSI, OKUJIAEMbIX YK€ B 3TOM ctojietuu [15].

OrpoMHbIif MHTEpeC K Jerasauuu AHa YepHOoro Mopsi BUCH U3 3HAYUTEIbHOro Yucia
HALMOHATIBHBIX U MEXIyHapOAHbIX MpoekToB [15, 36]. M3 HaluOHANBHBIX MPOEKTOB
MOXHO YNOMSHYTb HayYHO-TEXHWYECKMH MPOEKT <« a30BbI BYJIKaHW3M JIHa YepHOro
MOpsS Kak TOWUCKOBBIA TPU3HAK Ta30rMIpaTHBIX 3allexeld U TPaauLUUOHHOIO
YITIEBOJOPOJHOTO  CHIpbsi» B pamkax weieBoii mnporpammel HAH  YkpanHbl
«MuHepasbHble pecypchl YKpauHbl M UX J00blua». M3 4yucna MexIyHapOIHbIX
MPOEKTOB BaXKHBIMHU SIBISAIOTCS €BpOIEiCKMe MPOEKTbl MATOW M LIECTOH pPaMOYHBIX
nporpammM METROL «Methane Flux Control in Ocean Margin Sediments» (2002-2005
r.r.), ASSEMBLAGE «Assessment of the Black Sea sedimeniaters since the Last
Glacial Extreme» (2003-2005 r.r.), CRIMEA «Contribution of high-intgngas seeps
in the Black Sea to Methane Emission to the atmosphere» (2003-2006ERNMNES
«Hot spot ecosystem research on margins of European Seas» (20Q6r3080%axoke
German National Geotechnologies program METRO «Methane and méthdrsges
within the Black Sea: Structural analyses, quantification anplact of a dynamic
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methane reservoir» (2004-200%., ESONET «The European Sea Floor Observatory
Network« (2003-2004.r.) u psia Apyrux.

DKcnenuIMoHHbIe paboThl MPOBENEHBl B pa3Hble TOAbl W HA pPa3HBIX HaydHO-
uccienoBaresbckux cyaax «Muxaun Jlomonocos» (1989), Akanemuk Bephanckuii»
(1989, 1992), Mxtuanap» (1992-1993), Kenenmxux» (1993, 1996), Kues» (1995-
1997), 4&lIpodeccop Boasuuukuit» (1994, 2000-2012),T¥podeccop Jloraues» (2001,
2005), Bnaaumup IMapumms» (2006, 2008), «Le Suroit» (2001, 2002), «Mare Nigrum»
(2005-2008), «Knorr», «<Meteor» (2005, 2007), «Le Marion Dufresne» (2004).

Cronb BBICOKHI MHTEpec K MeTaHy UepHOTo MOps OOBSCHSETCS TeM, YTO MUPOBOE
Hay4HOe COOOLIECTBO U MPOMBILIIEHHOCTh PACCMATPUBAIOT BBIXOJbl METaHA HA MOPCKOE
JTHO KaK reooro-noMcKoBbIi MPHU3HAK MOUCKOB U pa3BellKU YIIIEBOJOPOAHBIX MOJIE3HBIX
UCKOMAeMbIX, MOTEHUUAIbHbII HCTOUYHUK SHeprud OyAyllero, MOUIHbIA ¢akTop
U3MEHEHHUs] KIMMaTa M 3KOCHUCTEM, yrpo3y Ajs TeXHUYECKHX COOpPYXKEHUH Ha JHe
OacceiiHa B CBSA3M C UX MEXaHUYECKUMHU MOBPEKAESHUSIMU U KOPPO3HUEH.

Lenvio Hacmosuyeti pabomer sBAsieTCs 0030p COBPEMEHHBIX MpeiCTaBieHUil O ra-
300TAa4Ye JHa YepHOro Mopsi ¢ TOYKM 3pEHUs reosoro-noMcKOBOro, 3K0J0rHYeckoro u
HABUTalLlMOHHOTO 3HAYEHHUSI.

Obvexm uccnedosanust - BLIXOJIbl MeTaHa Ha THe YepHoro mMops.

IIpeomem uccneoosanus - mpouecchl GOPMUPOBAHUS U MUTPALIMM MeTaHa B MOPCKOM
cpelle C TOUYKM 3peHHsS TIeoJIOro-MOMCKOBOrO, 3KOJOrMYeCKOr0 W HAaBUTALIOHHOTO
3HAYeHUs.

3aoauu uccneoosanuii - 1. U3yyeHne mpocTpaHCTBEHHOIO pacrpeseseHus Tra30BbIX
BEIXOJIOB Ha JHe YepHoro mops. 2. M3ydenne mpoueccoB (GOPMHUPOBAHUS U MUTPAIAN
MeTaHa B MOpCKoH cpene. 3. M3yueHne BBIXOIOB MeTaHA KaK TOMCKOBBIX MPU3HAKOB
MECTOPOX/IEHUI yrieBoAOpPOAOB Ha MOpCckoM JHe 4. M3yueHue BAUSHHUS MeTaHa Ha
JIOHHBIE 3KOCHUCTEMBbI U HaBUrauuo YepHoro Mops.

MATEPUAJI 1 METO/JbI

Brmmosnasembre ¢ 1989r. npoekTsl coOpainyi OrpoMHBIN (akTHUecKnil MaTepran 1o
razootnaue YepHoro Mops. OCHOBHbIE METO[bl HCCienAoBaHuii BkiroualoT: (1)
JleTanbHOE MHOTOJNy4YeBOE 3XOJOTHPOBAHHE C IMOMOIIBIO COBPEMEHHBIX MM(POBBIX
sxonotoB thna SIMRAD EK-500wu nepcoHanbHbINM KOMIBIOTEP ¢ pa3BUTON nepudepneit
(HDD 80 Gb, numymumit CD-ROM, usernoit mnpuntep. AIIK mnogkmoueH K
HaBuraunonHoii cucteme GPS Navigator GP-8ManHble koTopoii (BpeMsi, KOOpAUHATEI,
CKOPOCTb M KYypC CyIHa) MOCTYMAalOT C TMepuonoM 1 ¢, oToOpaxkaroTcsi Ha dKpaHe
MOHHUTOpA 3X0J0Ta U 3anuckiBaroTcess Ha HDD B kaxmom mmkie paboter ATIK. [Tpubop
M03BOJIsIeT HAOMI0aTh U (PUKCHUPOBATH Ta30BbIAENSAIONINEe 00bEKThI ((hakenbl U ra3oBbie
TMOJIsA); UX KOOPJAMHATHI, ITyOWHY, BBICOTY W Jpyrue napameTpbl HeMmOCPEACTBEHHO Ha
9KpaHe MOHHMTOpa BO BpeMs MPOXOXKICHHUS raJicOB C COXpaHEHWEM JIaHHBIX B MaMATH
KOMITBIOTEpA ¥ BO3MOKHOCTBIO CO3/IaHMsl, TAKMM 00pa3oM, 0a3bl TMONYUYEeHHBIX JaHHbIX.
(2) Axyctuueckoe BBICOKOYACTOTHOE MPOQUIMPOBaHHE C TOMOLIBIO T'HAPOJIOKATOpPA
6okoBoro o63opa (['JIBO), MO3BOJNAMOLIYIO MOJIYYUTh aKyCTHYECKUE OTOOpaKeHUs
(coHOTpaMMBI) MOpPCKOTO JIHa, OMNpelelieHus] MPOCTPAHCTBEHHOM Jokamu3auuu (hopm
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penbeda, CBA3aHHBIX C Ta30BBIMH (pakenmamul, Tps3eBBIMH  ByJKaHAMH, 30HAMH
ruaparoodpasosanus u 1. 4. ['JIBO mpoBoxutcs nByms crocobaMu - MpoQuIEHBIM |
IomaaHeM. B mepBoM cimydae, mo cetu mnpoduiell OCHOBHOW CTaIuM IMOWCKOBBIX
UCCJIEIOBAHUI TMONy4YarOT COHOTpaMMbl, T[Ze MPeABAPUTENBHO BBIACISIOT  30HbI
(rpanuupl) pasHoro crpoeHus (penbeda), KOTOpble TOTOM KOPPEIHUPYIOT |
UHTEPNPETUPYIOT Ui BCell MIoL@anu Nouckos. Bo BTopoM cityyae 11s y3710BbIX 4acTeid
Y4acTKOB MPOBOJAT cIjlowiHyto cbeMKy [JIBO ¢ mepekpbiTueM Moj0c «0030pa» TakuM
00pazom, Kak 3TO JeslaeTcs MpH 3aieTax MIOMIAIHON a’spodoTocheMKH, KoTopas TpedyeT
crymeHus ceTw mnpoduieii Ha paccTosHWe IIMPHUHBI Tosockl ob3opa [JIBO ¢
HEe3HaYNTENbHBIM UX MepekpbiTieM (10 1/3) mpu obecrieueHUH TOYHOTO CYIOBOXKICHUS
no KaxaoMmy npoguito. PesynbTaTel Takoro npouinpoBaHus NpeaCcTaBIsOTCs B BUE
TUIPOJIOKALMOHHBIX IJIAHOB MJIM CXEM HAaKMJHOINO MOHTaXka JJisl BCed MCCIeNOBAHHOM
wiomaau. (3) CeiicMuyeckue HCCNeOBaHUS METOJOM OTPaXEHHBIX BOJH C
WCIOJb30BaHUEM  LIMPOKO-YIJIOBBIX  JOHHBIX CTAaHUMA W TMIPOAKyCTHYECKHE
HabmoaeHuss BomHoW Tomuu. (4) JparupoBaHue W OTOOp TPOO JOHHBIX OCAIKOB
MOCPEICTBOM TPaBUTALMOHHON M BUOPOMOPLUHEBOH TpyOOK AJsl JIMTOJOTMYECKOTO,
Fe€0XUMHUYECKOT0, CMEKTPaJbHOro, PEHTreH(IyOpeCUEeHTHOro, PeHTIeHOCTPYKTYPHOTO,
MHUKpPOIIAJEOHTONIOTMYECKOIO M JIPyTMX aHalM30B, IPOBENEHHbIX B Pa3JIMYHBIX
nabopatopusix YkpauHsl u 3a pydesxom [15].

PE3YJBbTATBI U OBCYXJAEHUE

1. TIpocTpaHCTBeHHOe pacmpe/esieHUe ra30BbIX BHIXOI0B Ha
AHe YepHoro Mopsi

1.1. TI'azoevie pakenst (cunsi)

B Hacrosiee Bpemst B akBaTopun YepHOro Mopsi HaiiJleHO HECKOJIBKO ThICSY Ta30BbIX
(akenos (cunos), TouHee rpynm ¢akenoB. OHU JOKaIN30BaHbI N0 nepudeprn YepHoro
MOps B YaCTHOCTH, Ha ceBepo-3amage YepHoro mopsi, Ha OonrapckoM mienbde, Ha
Kepuencko-Tamanckom ienbde, Bnosib 6eperos Kaskasza [15, 36]. laHHbIX O ra30Bbix
(axenax y 6eperos Typruu Her.

B mocnennme ronpl razoBble (akensl oOHapyxkeHbl B CeBacTomoibekol OyxTe, B
oyxte Jlacmu, B Cynakckoii 6yxte [2]. MOXHO HpeaoiokKuTh, YTO ra3oBbie (hakebl
CYIIECTBYIOT M Ha CyIlle, B ee NMpuOpexHol JacTh BIOJb OeperoB UYepHoro Mops, HO
MOKa MPOCTO He M3y4alliCh.

Kak mpaBuno, razoBble ¢axensl pasBuTbl Ha riiyomHax 50-800 m, riyGxke oHM
BCTpEYalOTCS OueHb peko. Bricota dakenoB o0brdHo 10 100-200M, GONBIIMHCTBO U3
HUX He JOCTHraeT TMOBEPXHOCTH BOAbl M ¢ ¢y3HO pacmbuisercs. Yaiie Bcero 3to
HeOOoJIbIINe Ta30BbIe CTPYH, HO MHOTA 3TO Ielble TPYIBI Ta30BbIX cTpyi - 1o 5,10,12;
HEKOTOpbIe M3 HHUX JIOCTATOYHO 3HAYMTENbHBI U 00pa3yroT cBoeoOpasHble obyaka rasa
6513 Ha. Bo MHOTHX cilydasx BUAHA TPEPBIBUCTOCTh ra30BbIX (hakesoB, T. €. Kak Obl HX
MyJnbCUpYyoLee M3BepiKeHne. XapakTep ra3oBbIX (akelloB B pasHbIX pailioHaxX Mops
MPUMEPHO OJMHAKOBBIHA.

Hns KepueHcko-TamaHckoro paifoHa Mops YAanoch MPOCIEAUTH ONpellelIeHHYO
JIOKAITU3ALMI0 Ta30BbIX (pakeloB Ha BEepUIMHAX MOJIOKHUTENBHBIX CTPYKTYP BEPXHEro -
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HEOTEHOBOTO CTPYKTYpPHOTO 3TaXka, B MEHbIIel Mepe - MalKOMCKUX «CTPYKTyp». DTy
3aKOHOMEPHOCTh BBIIBUTH YAAeTCSs B 3HAYNTENHHOW Mepe Onaromaps BCKPBITHIO
CTPYKTYp CUCTEMOI TOABOAHBIX KAHEOHOB.

Jns ceBepo-zanama UepHOro Mopsi JaHHBIX TOKa Malio, 4TOOBI MOXXKHO OBLIO TO-
BOPHUTH O MOAOOHOI 3aKOHOMepHOCTH. M3ydeHne ra3oBbIX (akenoB OoNbIIel YacThbio
MPOBOJUIIOCH BHE 30HBI PAa3BUTHS U3YUEHHBIX re0(pU3MYECKUMI METOAAMU MOJHITUH.

Ha cepepo-3anane YepHoro Mopsi Obul MpoBeleH CBOEOOpa3HbId 3KOJIOTHMUYecKUit
MOHMTOPUHT. Heckonbko KpYMHBIX Tra3oBbIX (akesoB, oOHapyxkeHHbIXx B 19941995
rogax, Obuiu MoBTOpHO u3yueHbl B 2004 r. Bce oHM coxpaHunuch, Oonee Toro,
COXpaHWIMCh MaclwTabbl WX AEATeNIbHOCTH, MHOXKECTBEHHOCTb CTPYH W psn Apyrux
MPU3HAKOB.

O [IUTeNbHOCTH (PYHKIMOHUPOBAHUS Ta30BBIX (PAKETOB CBHUICTEIBCTBYIOT U
KapOOHaTHbIe MOCTPOMKHM, BO3ZHHKAIOIKE B Mpolecce ux aesreibHocTu [15]. Dopmsl
MposIBJICHUsT KapOOHATHBIX IMOCTPOEK MOCTAaTOYHO pa3zHooOpasHbel. HarmsmgaeM mpu-
MEpOM TaKOro pojia MOXeET CIIyXHTh MOCTpoiika mogHsaTas B 57 peiice HUC «Ipodg.
Bopsaunkuii». Bozpact ee mocturaer 9050 nmer. Hamo mnomarats, WMEHHO CTOJNb
JUTATeNTbHOe BpeMs (DYHKIHMOHUPOBAT MOPOAWMBIINIY ee Ta30Bblii HcTOYHHUK. OnuH
CaHTUMETpP MOCTPOIKM BbIpacTan mpumepHo 3a 33-34roxa. M ato - He camoe JpeBHee
coopyxenue. Bo3pact oraenbHbix noctpoek gocturan 30 Toicsiy neT. Cyas mo 3TuM
JIAaHHBIM, MacluTa0bl ra300Taauu JHa YepHOro Mops - MpocTo rpaHauo3Hble. ["azoTnaya
npojaokaeTcs MUHUMYM 30 ThIC. JIeT.

1.2. I'pazeevie 8y1kanbl

I'psizeBble ByJKaHbI IIMPOKO pa3BHUTHI Ha aHe YepHoro u AzoBckoro mopeit [15, 36].
Yame Bcero OHM TIPEACTAaBISIOT c000i cBoeoOpasHOe MpOosBIEHNE IUAMPOBOi
TeKTOHWKH. M3 TTyOMHBI Hep TPU JOCTIKCHUN aHOMAITbHO BhICOKMX naBieHuii B 300-
400armocdep raspl Mo TEKTOHHYECKNM HapYIISHHUSM MPOPBIBAIOTCS BBEPX, BBIOpACKIBas
BOJMYy, TJIMHUCTBIE MAacCChl, OOJIOMKHM TBEpABIX TOpoXA, oOpa3ys damie BCero
TMOJIOKUTENBHBIE (POPMBI pesibeda Kak Ha THe, TaK 1 Ha CyIIIe.

BriprcoBeiBaeTcst cBoeoOpa3Has 30HAJIBHOCTB. 1O TMepudepurt Mops pa3BHBAIOTCS
rasoBble (akesbl, B Mpefenax ri1yOOKOBOJHOH BhaauHbl YepHOro Mops Tra3oBbIX
(hakesnoB mpakTUuecku HeT. Hano momarate, rassl yBS3bIBAlOTCSl B [PYHTE, TIe Cylie-
CTBYIOT 30Ha TMAPATOOOpa30BaHMs U MPH ONpEeAeSeHHbIX COUETaHUSX TeMIeparypbl U
JlaBJIeHUs BO3MOXKHO 00pa3oBaHue 3anexeil ra3oruapaToB MeTaHa. B Hacrosduiee Bpems
ra3orujipaThl BCTpeueHsbl B paszpese konoHok B 10-12T1oukax YepHoro Mopsi, yaile Bcero,
B OTJIOXEHMUAX TIpsA3eBbIX BylIKaHoOB. [eomorumuecku 3To BnaauHel CopokuHa,
Tyancunckas, I'upecyHnckas u ap.

Ilo manHBIM reodmsnyeckux ucciaenoBaHnilt «tOKMOpPreoIoTHI», MOLIHOCT 30HBI
ruaparoodpa3zoBaHus u 3aiexeil razoruaparos gocturaer 400-500Mm, oHM pa3BUTHI Kak
B YETBEPTUYHBIX, TAaK M B HEOT'€HOBBIX OTJIOKEHHUSX, CO3/IaBast INIOTHBIC HETIPOHHUIIAEMEIe
Ut ra3a manku. [lo Hamemy MHEHWIO, B TOPH30HTAIBHON IIOCKOCTH Ta30THIIpaTHEIE
3aeXn (anraIbHO MEepexXOoAsT B Ta30HACHIIIEHHbBIE WIIBI, TTOJ 3aleXaMH ra3orHapaToB
Pa3BUBAIOTCSl AOCTATOUYHO MOILIHbIE MOATMAPATHBIE 3aleXU ra3oB. DTU NpeACTaBIEHUS
JIerNi B OCHOBY MOJIEJIM I'a30TrUAPaTHOM 3aJie’ku ByJikaHa JIBypeueHCKOro.
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CymMmapHBIe 3amachl ra3a B COCTaBe ra3oruapaToB B YepHOM Mope OLEHMBAIOTCS
crermamictamu «OxMopreonornn» B 25 TPAHM®, W3 HUX HA JOTIO SKOHOM3OHSI
YKpauHbl IpUXOAUTCS 7-10TpJ‘IH.M3.

I'psi3eBble ByJIKaHBI TakKe CIy’KaT WCTOYHWKOM Ta30B M TEHEPUPYIOT 3aJleXH ra-
30TUIPaToOB, YAaCTHYHO paspyimas M BeIOpackiBas OOJOMKM IMOPOA C THApaTtaMyd Ha
MOBEPXHOCTb JHA.

2. Dopmupoeanun u MUZpayuu MemaHa 6 MOPCKoli cpeoe

BbIxonpl ra3a BcTpevaroTCsi B MecTax, IJle CKOHLEHTPUPOBAHHbIE MOTOKU (DIrOMI0B
MPEeBbILIAIOT BMELIAIOLNA 00beM MOPOBOr0 MPOCTPAHCTBA, B pe3yJbTaTe Yero MeTaH
MpocayuBaeTcs yepe3 NOHHbBIe OCalKH B TONILY BOAbI [22]. [Ipy HOpMAaJBbHBIX YCIOBHUSIX
Oosiblias yacTh  MeTaHAa  OKMCJSIETCsl  MOCPEACTBOM  KOHCOPLUUYMOB  CYJb-
¢daTtpenyuupyommx OakTeprii B aHa’pPOOHBIX YCIOBHSAX WIM B 30HE UX adpoOHOU
aktuBHoCTH [19, 34]. Murpauust (rioug0B OCYIIECTBIAETCS Yepe3 TEKTOHHUYECKUE
HapyIleHns B TPHUJIOHHBIX OCAJOYHBIX TOPU30HTAX, 30HBI TIyOOKHX pa3loOMOB WU
rpsi3eBble TUanupbl myTeM Auddy3un pacTBOpeHHOro UK cBodogHoro rasa [20], wiu B
BUJe c(hOKYCUPOBaHHBIX MOTOKOB [31]. HacTUUHO 3TOT ra3 MOXKET OBbITh Ta30rUAPATHBIM
[25]. Tlpu u3MeHeHMW JaBieHWs W/WIM TeMIeEpaTypbl Tra3oBble THAPATHl MOTYT
JUCCOLIMUPOBATE U TEM CaMbIM MOJMUTHIBATH TA30Bble CUIbl Ha JHE MOps, YTO B
pe3yJnbTaTe MPUBOIUT K JeCTadMIN3aluy 0caakoB [21].

[lo HalemMy MHEHHIO, OCHOBHAasi Macca ra3oB - IIyOMHHOTO MpPOMCXOXIeHus. B
NoJb3y IyOMHHOTO MPOMCXOXKICHUS! Ta30B CBUIETENLCTBYIOT MHOTHME JaHHble. OTO,
npexae BCero, JoKajau3auus OONbUIMHCTBAa Ta3oBbIX (DakenoB B 30HAX BHELIHEro
uienb(a 1 MaTepPUKOBOrO CKJIOHA, Il TPACCUPYeTCsl LMPKYMUEPHOMOPCKUIA pa3ioM U B
30HaX NAITEOJONNH, TAe (UKCHUPYIOTCS perHOHAIbHbIE WM TIIyOWHHBIE pa3JOMBI.
Y4uuTbIBas HAXOAKW CYNEPrHUTaHTCKUX CKOTUIEHWH Tra30B B YETBEPTUYHBIX OTIIOXKEHHUSIX
nenbTel Hwuma, monmwHBI pex ceBepo-3amaja W ceBepo-BocToka YepHoro wmops
npencTaBisoT ocoOblit uHTepec. ITo manueiM O. M. PycakoBa u ap. [17] nmpumepos
JIOKaIM3aliy Ta30BbIX (hakesoB HAjA 30HAMH HapylleHW# Ooxee yem poctarodHo. O
ITyOMHHOM TIPOMCXOXIGHWM MeTaHa CBHIETeNbCTBYET M JIOKANW3alus Ta30BbIX
Mectopoxxaenuii  ([ommupckoe, HOxHO-T'onunpiHckoe, IlTopMoBoe, KpbiMckoe,
ApxaHrelnbcKOe) Ha ceBepo-3amajie B y3nax mnepecedeHus OJecckoro pasioma c
pasioMamMu CeBepO-BOCTOYHOro mnpoctupaHus. Elle oIHMM apryMeHTOM B MOJb3Y
[IyOMHHOTO NPOUCXOXKAEHUS SIBJISIETCS] HANMYKE ra30BbIX CUIIOB HAJl KPUCTATITUUECKUMU
nopojaMu - [JIarMOrpaHUTaMu, JUOPUTaMH, ByJKaHUTaMu - JIOMOHOCOBCKOro
MOABOJIHOI0 MAacCHBAa, HaliieHHOro HaMmu ere B 1989r.

[Tpupoaa ra3oB rpsi3eBbIX BYJIKaHOB M Fa30BBIX CUIIOB CKOpee Bcero eanHa. Ho kopau
Tps3eBbIX BYJIKAHOB yXomaT Ha rmiyomnsl go 18-20 km. Kak mokazanm Hamm
azepOaiipkaHCKNe KOJJIeTH 10 TaHHBIM TPeXMEpHOH celiCMUKH, cyOBepTHKaIIbHbIE Tena
yXOIAT B HeApa WMEHHO Ha Takue TiyOwHbl. Elme oaWH apryMeHT B MOJib3y IUy-
OMHHOCTH - MacIuTadbl BEIOPOCOB Ta30B I'PS3eBBIMH ByJKaHAMU. 3a OJHO M3BEp)KEHME,
BeIOpaceBaetcs g0 100, 200miH. M> ra30B [9]. JUIHTEIBHOCT AESTENBHOCTH Ta30BBIX
(haxesoB - JECATKH THICAY JIET, €CIN CYUTh M0 BO3PACTy KapOOHATHBIX MOCTPOEK.

CrnemyeT OTMETHTDH ellle OJWH MHTEPeCHbIH I (yHIaMEHTAIBHBIX HCCIeJOBaHMUI
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¢axr, ooHapyxeHHbIit B 2004T. B paiioHe BHOBb OTKPHITOTO HaMM TPS3E€BOr0 BYJKaHA
aaMupana MuTrHa 3aMKCHPOBaHbI MOBBIIIEHHBIE KOHLIEHTPAIMN CEPOBOJ0PO/Ia B BOJIE.
BeposTHo, koHIenuuio 00 HCKIIOYNTENBHO CyTb(aTpeyKIMOHHOM IPOUCXOXKIEHNH
cepoBojopoa B UepHOM Mope MpuaeTcs nepecMaTprBarh B MOJb3Y MPU3HAHNUS BAKHOM
POJIH ra30BOTO BYJIKaHM3Ma Kak NCTOYHMKA CEPOBOJOPOA.

3. H3yuenue 6b1x0006 MemaHa KAK HOUCKOBBIX HPUSHAKOE MeECHOPOHCOCHUIl
271€6000p0008 HA MOPCKOM OHe.

I'azoBble Qakensl Ha mepudepunt W Tpsi3eBble BYJKaHBl B TTyOOKOBOAHON BMajiHe
YepHOTro MOpSl MOTYT CTaTh IMOMCKOBBIM MPH3HAKOM He()TEera3oBbIX MECTOPOXKICHUN U
UCTOYHUKOM  HEMOCPEACTBEHHOI0 M3BJEUEHMs YIIEBOJOPONOB Ha Iuenbpe U
MaTepukoBoM ckioHe [12, 16]. Ilpum 3TOM BMOJNHE BO3MOXKHO, YTO MPHPOAA
BO3HMKHOBEHHUS T'a30BbIX (pakenoB B Mope, Takas e, Kak U Ha cywe. Ha bmkHem
BocToke akTHBHOE BO3rOpaHUE BBIXOAALIMX HAa MOBEPXHOCTh Ta30BbIX MCTOYHUKOB
«Be4HbIX OrHeil», KOTOpble Topenu C He3amaMsTHbIX BpeMeH, MpPUBENO B MNEpBOM
TBICSIYENETHH 0 HOBOH 3pbl K MOSBICHUIO PENUrMM OTHENOKJIOHHUKOB. CKBa)KUHBI,
3aJI0KeHHble Mociie Joirux crnopoB euie B 1905r. y «BeyHOro orus» Onu3 ceneHus
CypaxaHbl Bo3ie baky, OTKpbUIM OAHO W3 KpPYNHEHIIMX MECTOPOXKICHUH HedTu -
CypaxaHnckoe. CornacHo JaHHbIX raBHoro reojora «Ctannapt Oiln» Yonrepa JInHka,
YTBEP)KIAIOLIEr0 B CBOeH cTaThe <«3HaueHHe MOBEPXHOCTHBIX He(TenposBieHUil B
novckax HedTH B MHpe», 4TO OOJBLIMHCTBO HE(TEra3oHOCHBIX PAiOHOB OTKPBITO
Onaromaps TOBEpXHOCTHBIM BbIXOJaM YyrieBojopoaoB [12]. Tak, Hampumep, ObuTH
OTKPBITHl HAaIlIM TpuKapnarckue MectopokaeHus. Omnako, B 60X rogax mpoumioro
cToNeTHs OBLTM M3JJaHBl Y HAC HOBbIE MHCTPYKIMH, HE YUUTHIBAIOLIHE TTPH TIOMCKAX POJIb
MOBEPXHOCTHBIX BbIX0JI0B. CornacHo Co3aHckoMy [12] HemocTaTouHast 3¢ PEKTHBHOCTH
paboT ykpanHCKNX He()TAHNKOB Ha LIeNb(e KPoeTCs B 3THX OIIMOOYHBIX YCTAaHOBKAX.

JlpyruM TIOMCKOBBIM TPHU3HAKOM SIBISIOTCS Tpsi3eBbIe BYJKaHbI, KOTOPBIE COTJTIACHO
[1] momkHBI OBITH WCHONB30BaHBI B KauecTBe OECIUIATHBIX pPa3BeJOYHBIX OYpOBBIX
ckBaknHaX. bypenne B paifone JlokOaraHckoro rpsseBoro BynkaHa B A3sepOaiimkaHe
MPUBENI0 K OTKPBITHIO KPYMHEWIIero MeCcTOPOXISHUS YTIIeBOAOpoaoB. Bo MHormx
He(Tera3soHOCHBIX paifoHaXx TPOSBIAETCS Tpsi3eBO ByJNKaHW3M. B a3Toit  cBs3M
3aciTy’kKMBalOT BHUMAHMWS TPsA3eBble BYJIKAHBI, Pa3BUTbIE B akBatopun YepHOro mops.
Hano monarate, 4uto B OynymieM MHOTHE SBJIeHHS He(TEra3oHOCHOCTH Mops OyayT
TIOHSTHI, ecM OyXyT M3y4eHbI ellle MaJOM3BECTHbIE MOKa YePHOMOPCKHE ra30THIpPaThI
MeTaHa. He WCKIOYeHbl CBA3M Tps3€BOTO BYJKAaHM3Ma € ras3oruaparamu, O 4YeM
CBUJIETENLCTBYIOT HaxOAKHM Ta3rUIpaToB B BbIOpOCaxX IPsA3EBbIX BYJIKAaHOB B MOpe.
Kaxnplii 13 NOTEHUMANBHBIX MPU3HAKOB HedTerazoHocHocTH YepHoro Mops
3aCiy’KMBaeT CeHabHOTO PACCMOTPEHHS.

ens YepHoro Mopsi JOCTaTOYHO MNEPCNEKTUBEH HAa He(Tb M ra3 BO MHOIUX
paifoHax. 3acay>KMBalOT BHUMaHUs CTPYKTYpbI 1ienbda Poccun, boarapuu u Pymbinuu,
HEKOTOpble pailoHbl IPY3UHCKOrO Liefb(a. IMEHHO pyMbIHCKHE Te0Iord OOHapyKUIU
MEPBYIO MPOMBIIIIEHHYI0 He()Th B HepHOM Mope Ha miomansx 3ananHas Jlebema (1981
r.) u Bocrounas Jle6ena (1985r.). ITo nanubiM B. WM. Co3aHckoro, mo4td BO BCEX
CKBa)KMHAX, MPOOYPEHHBIX HA PyMBIHCKOM ILiejib(e (a ux B HacTosiee Bpems okoiio 70),
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BCTpevaroTcs HeiTe- M razonpossieHus. [Ipyn 3ToM HeTSHbIE TPOSBICHNS TATOTEIOT K
paiioHy pa3BuTHA HeTAHBIX MecTopokaeHnii 3anamgHas u Bocrounas JleGema u
oTrMmeueHsl B ckBaxknHax Jloryc 18 n [laptutu. Hedtr 3aneraer B ans0-maneoneHOBBIX
n3BeCTHAKAX Ha ryonHax 2200mM.

Kpome HedTn Ha 3THX MIOMAAIX BCTPEYEeH MPOMBIIUICHHBIN a3 B OJIMTOLEHOBBIX
necyaHukax. YucTo ra3oBble MECTOPOXKICHUSI HA PYMBIHCKOM Liejib()e YCTaHOBJIEHBI Ha
miomanax CuHoe, KobGanbuecky, JloitHa, Boctounoe CuHoe. ['a3omposiBieHus Ha
PYMBIHCKOM 1Lienb(e pa3BUTHl LIMpe, YeM HedTenposiBieHus. OHU  OCOOEHHO
MHTEHCHBHBI B €0 CeBepHOl yacTu. 31ech ObUIM ClieNaHbl OCHOBHBIE OTKPBITHS B KOHLIE
90x roaos. [IpoMbllIIeHHBI ra3 ¥ ra3onposBICHUS] MPUYPOUYEHbl K IUIMOLIEHOBBIM
necyaHukaM. OHM XapaKTepU3YIOTCS CBEPXBBICOKMMH JaBlieHUsMHU. Tak, CKBaKMHA
Panconus | n3-3a cBepXBBICOKOTO JaBIeHUs He ObLIa JOBeIEHA 10 TMPOSKTHON TITyOUHBI
4025wm u octaHoBleHa Ha TiyouHe 3722M. B ckBaxune Jlowadapyn 1-a ompodoBan
TOJNIBKO OJMH TOPU30HT, OCTANbHBbIE HE WCIBITAHBl M3-3a CBEPXBBICOKOTO JaBIICHHS.
Ho6er4a Hedtr Ha wenbde Pymbiann nocturina B 2000r. 1,5MIH T 11 cOCTaBISET TPETh
pyMBIHCKOM HedTenobbIun [7].

B roxHOM HampaBiieHNM TepCHeKTHUBBI He(Tera3oHOCHOeTH MIenb(a CHIDKAITCS,
ra3onposiBlieHUus: MeHee OOMJIbHBI, pa3BeJo4Hble paboTbl Ha He(pTb U ra3 MeHee
PEe3yNbTaTUBHBI.

Hecmotpst Ha Gosbluoli 06beM reosoropa3BelloYHbIX paboT B Oojirapckodl yactu
YepHOMOPCKOro 1uenbda, OOHapy>KeHO TOJbKO OAHO HeOOJbLIOe Tra30BOe Mec-
TopokaeHue ['anara. [lpombliinieHHbl ra3 mojydeH ¢ riayouH 1046-1069m wu3
NaJICOLEHOBBIX M3BECTHIKOB M MaaCTPUXTCKUX MecyaHUKoB. J[eOUT ckBakuH - 1 MIH.
m>/cyTkE Ha 20-MUIIMETPOBOM IITYLEpe, 3amachl - 10 1,5mmpa m°,

Bricokoii omeHKkol monb3yeTcs He()Tera3oBblii MOTEHIMAT MAMKONCKIX OTIOXKEHHUN
TyancuHckoro mporuba, IOCTUTalOIIMX MOIIHOCTH 7 KM [4], W BepxHEIOLeH-
HIDKHEMAWKOTICKUX OTJIOXKeHHi [6] kepueHCKO-TaMaHCKoro uienbda.

KomnoccanbHble MacmTaObl ra3o0TAaudl Mo Tepuepun Mopsl CBHIETENBCTBYIOT O
KOJIOCCAJBHOIM OT/Haue Ta3oB M B TIIyOMHHOIT 4YacTH, YTO ITO3BOJIAET MpPEAroJararh
MaciitabHble pa3Mmepbl 3anexeil razoruaparoB. B. A. ConoseeB [13] cuuraer, 4to B
razorujipaTax ctrabunuzupyercs Bcero juilb oT 1 1o 10 %ra3oB, mocTynawmnx B 30HY
rUApaToo0pa3oBaHusl.

BbIxonpl ra3oB Ha YEpPHOMOPCKOM Iiefb(e OMKHBI ObITh MPUBS3aHbI K [E€OJIOTH-
YEeCKUM CTPYKTYpaMm, MOCeHUE - IeTallbHO U3yUeHbl U Pa30ypeHbl.

BaxHoil cocTaBHOH 4YacTbio OymylMX MCCNEAOBaHUN He(TerasoHOCHOCHOCTHU
JIOJDKHBIL  OBITH 3KOJOrMYeckue padoThl, MO3BOJSIOIIME CBECTH BpeJ OT TOPHBIX U
OypOBBIX PabOT K MUHUMYMY.

4. H3yueHue GAUAHUA MEeMAHA HA OOHHblE IKOCUCmeMbl U Hasuzayuio 4epnozo
mopA.

brora Ha 3emie cymiecTBYeT TOJBKO B YCIOBHAX pa3sTpaHUYeHHs C JUTOCHEPHBIMU
¢dmonnamu. <«3acioHKOI» ABISeTCS OcalovHBI uYexon. [lpm HapymeHWsx B HeM B
MeCTax pasrpy3kd W3 ITUTOC(Epbl BBIPHIBAIOTCA (DOHTAHBI (UIIOWIOB, YacTh W3 HUX
(Meran) ryOuTenbHa Uil OpPraHWU3MOB JaKe B CBEPXMallbIX KOHLEHTpaLHsX.
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JonrocpouHblii BBIXOA CBOOOJHOrO METaHa B TOJIIY BOJBI, YacTO COMPOBOXKIAEMBIH
CaMOBO3rOpaHUM, MOXKET Pe3KO HapyLIUTh paBHOBECHE B MOPCKOW skocucteme [32].
BnusHue BbIOpOCOB MeTaHa Ha YepHOMOPCKYIO 3KOCHUCTEMY Majo H3YYEHO.
[Mpenbiayiiye UCClie0BaHNs TOBOPSIT, KK B MOJIb3Y MoJokuTenbHoro [27, 33, 35]rak u
otpunarenbHoro [40] BIUsHKS 9TOTO ra3a Ha YePHOMOPCKUE 3KOCHCTEMBI.

Lenplo HammX WCCleNOBaHWs SIBISETCS W3YUYeHUE BIMSHUS BBIXOAOB MeTaHa Ha
JIOHHBbIe 3KochcTeMbl YepHOro Mops, Gasmpysch Ha KOMIUIEKCHOM TI'€OJOTHYECKOM,
reoXVMMHUYEeCKOM, TAJIEOHTOJIOTHYECKOM 1 OMOJIOTMYECKOM M3YYeHNH 3KOCHUCTEM CeBepo-
3anagHoi wactn YepHoro mops. OyHIaMeHTanbHOW MpobieMoii, KOTopyro Tpedyercs
pelmnTh, ABIAETCS TeopeTHieckoe 0OOCHOBaHKME POJIM MeTaHa B cHcTeMe «inTocdepa-
ruapocdepa-orochepa-arMochepa» u ero BIUsIHIE Ha 9KO-K reocucteMy YepHoro Mopsi.
HayuHo-MeTonnueckuM ~ 3HaueHMeM  TakKoii  paboTel  siBisieTcss  paspaboTka
MEKANCLMUIIMHAPHOW METOJMKKA C TIOMOLIBIO KOMIUIEKCa METOJOB €CTECTBEHHBIX U
TOYHBIX HAyK [UIi TEOpeTHUecKoro OOOCHOBAaHUs MPOLECCOB (OPMHUPOBAHUS U
MPOCTPAHCTBEHHOTO pacrpe/ielieHnsi MeTaHa B JIOHHBIX OTJIOXKEHHSX W TOJNIIE BOJBI C
TOYKM 3PEHUs] OLleHKa ero BIMSHHMS Ha COCTOSHHUE JKO-W reocHcTeM OacceliHa. DTH
BOIPOCHI UMEIOT pelliatolliee COLNaAbHO-OKOHOMUYECKOe 3HaYeHHe AJIsi X03iCTBEeHHO-
MPOMBIIIJIEHHOTO KOMIIJIEKCa He TOJBKO YKpauHbl, HO M JJIs BceX cTpaH YepHOMOPCKOTO
pervoHa, TNOCKOJIbKY HampaBlieHbl Ha oOecredYeHHe YCTOWYMBOTO Pa3BUTHS MOPCKOIA
cpenbl 1 modepesxbst YepHOTro Mops.

JlaHHOe HarpaBiieHHe ObLIO YaCTUYHO pa3paboTaHO HaMM B €BPOMNEHCKHUX MPOeKTax
HERMESu WAPCOAST ,kotopble copMrpoBay (HakTHUECKYIO OCHOBY AJIS PEIleHNS
MOCTaBNEHHBIX 337a4. HapaOoTaHHble aBTOpamMyM Marepwaibl 1O TeMaTHKe TPOeKTa
BKJTIOHAIOT CBEJEHMS O TMPOMCXOXKASHNH, paciipe/ielieHne MeTaHa Ha iHe YepHoro mMops
u ero BiusHue Ha Ouoty [28, 40], B nepByro ouepenb, Ha QopamuHHpEpbl U IPYroi
Mel00eHTOC, KOTOpBIe 3apeKOMEHIOBaIIH ce0s KaK Hafe)KHble MHANKATOPBI 3arpsA3HeHNs
Mopckoii cpenbl [3, 38, 39],a Takke reosioruueckue, reoIMHaMUIeCKIe, TEKTOHUYECKHE,
naneorcorpaduueckue [26, 30, 41], ceaMMeHTAlMOHHbIE, TEOXMMHUUYECKUE U
OacceiiHoBble ycioBusi QopmupoBanus Mmerana B UYepHom wMope [29, 36, 37] u
9KOJIOTUYECKOE COCTOSIHUE MOpPCKOii cpeabt [18, 40].

[penBaputenbHble pe3yiabTaThl HWCCIEOBaHUN MOKA3bIBAIOT, YTO Cpeld Me-
fobeHToca Haubosee YCTOWYMBBIMU K TIOBBILICHHBIM COJIEP)KaHHUS MeTaHa SBISIOTCS
HemaToAbl W (opamuHudepsl, Ha Aomo koTopbix mnpuxomutcs 43% u 46% Bceii
6uromacchel, cooTBeTcTBeHHO [24]. OcTanbHble TPyMNbl MeiiobeHToca coctapisroT 11%.
BnusHMe pa3HBIX KOHLEHTpauuii MeTaHa Ha JIOHHbIe SKOCHCTEMBbI CYLIECTBEHHO
oTNIMYaeTcs W TOpa3lo CIIOXKHee, 4eM Mpexae npexnnonaranock. Cpeau Bcero
Melio0eHTOCca TOJIbKO HeMaToAbl CIIOCOOHBI BhIIEPKMBATh MOBBIILICHHbIE KOHLCHTPALIUK
MeTaHa, OJHaKo, Jdaxe cpeau HUX HaOmomaercs oOliee yMeHbLIeHHe HX
arrperupoBaHHOCTH (UUCIIEHHOCTel), Hapsly C yBelWYeHHeM NpelICTaBUTeIbHOCTH
oThensHBIX BUpoB-uHIuKaTopoB (Terschellingia pontica, Linhomoeus sp., Sabatieria
abyssalis, Desmodora pontica, Pomponema aff. multipapillatdrapamurudepsr n
OCTpaKoAbl pearipyroT Ha TMOBBIIICHHbIE KOHIEHTPALMKA MeTaHa Pe3KO OTPHULATEbHO.
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Hx arpernpoBaHHOCTb ¥ BUAOBOE pa3HOOOpa3Ne pe3Ko COKpAIIATCsA U HET HU €ANHOTO
BUJA, TOJNEPAHTHOrO K MeTaHy, KOTOpbIii Obl MOr OBbITH MCIOJIB30BaH B KauyecTBe
WHJMKATOpa 3arps3HeHUs] MOPCKOi cpenbl MeTaHoM. Ha ceronHsmHuiA JeHs co3naercs
BIIEUaTJIeHHe, YTO BBIOPOCHI M€TaHa B MOPCKYIO Cpely HeONarompusiTHbl JUI JOHHBIX
9KOCHCTEM, KOTOpPBbIE CO3JAIOT BIEYaTI€HHE XPYNKHUX M YA3BUMBIX. AHaJOTMYHbIE
pe3yabTaThl MONy4YeHbl MO0 W3Y4eHHI0 Msrkoro 6eHToca. IIpu mocTyniaeHuM B TPYHTBI
METaHa CHIDKAeTCsl Ha MOpAAOK KOHLEHTpalus Menkoro OeHroca. OO0beMbl NOOBIUM
MU Ha ceBepo-3amaje YepHoro Mops B ceifcMocnokoiiHble roabl gocturainu 60 Teic.
TOHH, MPY aKTUBU3aLUK XKe celiCMUUYecKOll AeATeIbHOCTH, B OCHOBHOM Ha TePPUTOPHU
PymbInuM, no6b14a cHkanack B 3-5pas [5]. Kpome 3Toro, B cuily akycTHuecKoro 1 ele
BEPOSATHEE 3arpsi3HAIOLIEr0 BO3JACHCTBHSA Ha MOPCKYIO Cpely BBIOpPOCHI MeTaHa MOTYT
BIMATH HA Ha MyTH MUrpauuu peIOHBIX KocsikoB [10] m mMHoroe apyroe. DTOT Bompoc
MOJIENKUT CHELUaTIbHOMY H3yUYEeHHIO.

I'azoBble (pakenbl M ra3oBblil BYJKaHM3M MOXET MMeThb OOJIbIIOE HABHIALMOHHOE
3HayeHue [14]. ComocTaBieHre MECTOHAXOXIEGHHUs MOABOAHBIX I'PA3EBLIX BYJIKAHOB M
pPEKOMEHJOBaHHBIX Tpacc ABHXKEHHs CyIOB MOKAa3bIBAeT, YTO MHOTHME M3 MOCIEIHHX
MpPOJIeratoT yepe3 pailoHbl pa3BUTHs Tps3eBOro BylkaHW3Ma. B Hamm aHu B YepHoM
Mope exxerogHo norudaet go 10 cynos. Kak mpaBuiio, NpUYMHBI aBapuii BBISCHSIOTCS
CrieqaNbHbIMA KOMHCCHSIMU. BOJBLIMHCTBO clyyaeB MX TMOENM TLIATENbHO pacciie-
JlyeTcsl W TMpUYMHA aBapuu BbIACHAETCA. TONbKO B TedeHWe ABYX MpEAbIAYLIMX JeT
NPOM30LLIM 3arafouHble KatacTpodbl ¢ cyaamMu» Amupa-1» u «llamate Mepkypus» B
YepHom Mmope. Heobxoaumo pabotaTe M paboTaTb, YTOOBI BBIAICHUTH BO3MOXHBII
MOTeHUMANBHBINA ylepd CyJO0XOJICTBY OT ra3oBOro ByJkaHW3Ma. IlosiBIeHHe KpymHOro
ra3oBOro My3bIps MOXKET SBIATHCS MPUYMHONM OMpPOKUABIBaHMSA cyaHa. Pasrpysky
(parMeHTOB IpsA3€BOrO BYJIKaHA - KapMaHOB C Ta3oM B OCAJOYHON TOJIE - MOTyT
CTUMYJIUPOBATh AaXe c1adble 3eMIIeTPsICEHHS.

Ilo HameMy MHeHUIO, KaTacTpodbl, CBA3aHHbIE C KPYMHBIMH BbIOpOCaMH Ta3oB CO
JIHa, MOTEHLUATBbHO BO3MOXKHBI U B HUepHoM Mope. ['a3bl MOryT BbIOpachIBaThesl 31eCh
pacroyIoXKEHHBIMU Ha [JHE TIps3eBbIMU BYJIKaHaMH, KOTOpble TakXke MOTryT Mpo-
BOLIMPOBaTh B INTyOOKOBOJHOW 30HE MOpSl MPOLIECCHl Pa3JIOkKEHHs Ta3oruapaTtoB U
BBIOPOCHI METaHa.

JlelicTBytolue rpsi3eBble BYJKaHbl B MOpPE MNPEACTABISIOT ONACHOCTb W AJISL MPO-
KJIaJIKU TIOABOIHBIX KOMMYHUKALI - FA301pOBOAOB, JIMHUIA CBSI3U U T. 1.

Tak, razompoBon «I 0my0oit TOTOK» B CBOEH CeBEpHON U FOXKHOU Typeukoil 4acTu
NPOTATMBAETCSl 4epe3 30HY Pa3BUTHUsI TpsI3€BOro BylkaHU3Ma. HemnocpeacTBeHHOro
NMpUOJMKEHNsT K ByJTKaHaM yJanoch n3bdexars. [Ipoextupyemslii razomnpoBon «tOKHBIH
MOTOK» TOXe, OUEBUIHO, IPOMJET B 3aMaHOIl 4acTH uepe3 MoJoCy Pa3sBUTHUS FPA3EBOrO
ByJIKaHU3Ma. JKenaressHO 000 TH 3TH MOP(HOCTPYKTYpBI Ha 6€30MaCHOM PAaCCTOSHHN.

OmnacHOCTh TPA3EBBIX BYJIKAHOB MOXKET OBITH CBSi3aHA C BO3HUKHOBEHHEM KPYITHBIX
MPOCaZIoKk JHAa W3-32 BBIOPOCOB COMOYHOW OpeKYnn W, BO3MOXKHO, XHMHUYECKOTO
BO3JleficTBUSA Ha TpyObI, Hampumep, Mpu BbeIOpocax cepoBojopona. Bce 3to B eme
Oosnblnei Mepe OTHOCUTCS 1 K JIMHUSIM CBA3M.
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BbIBO/Ibl

1. UYepHoe Mope KpymHeWLIMi B MUpe MEPOMHUKTHUECKUI OacceiiH, BOJbI KOTO-
POro HacbILIEHbl METAHOM

2. MertaH noctynaet B BoJibl YepHOro Mopsi MO Tra3oBbIM CUMAM, YUCIO KOTOPBIX
JIOCTUraeT HECKOJbKMX ThICAY, M3 IPA3EBbIX BYJKAHOB, KOTOphHIX B Mope ao 70, B
MEeHBbIIeH Mepe 3a cueT OMOXMMIYECKHX MPOIECCOB B JOHHBIX OCAAKAX

3. B pacmpeneneHnyu ra3oBbIX CHIOB (DUKCHpyeTcs ompenelieHHas 30HAIBHOCTB:
OHM JIOKAJIM30BaHbl MO Tepudepnn Mops, LEeHTpajJbHas YacTh aKBaTOPHU JIMIIEeHa
(haxenoB - 371ech Pa3BUTHI ra30TMAPATH METaHA

4.T"a30Bble CUMbI MOTYT CIYXKUTb [IOMCKOBBIM KPUTEPUEM MPU MOUCKAX

He(Tera3oBbIX MECTOPOXKICHHUI

5. TI'psseBble BynkaHbl B UepHOM Mope, Kak M B JAPYrHX pailoHax SIBISIOTCS
TIOMCKOBBIM KpUTEpHeM Ha HedTh 1 Ta3. He nckiroveHa cBa3b riyO0OKOBOAHBIX IPSI3€BBIX
BYJIKAHOB U 3aJIeXKeH Ira30rupaToB MeTaHa

6. MertaH, comepxanuiicss B MOPCKOIA Bojie, BIuseT Ha OMOTY. BimsiHue BEIOpOCOB
MeTaHa Ha YepHOMOPCKYIO DKOCHCTEMY ellle Majio M3ydeHo. Hambonee ycTOWUYMBHI K
TIOBBIIIEHHBIM  COZIEP)KaHUAM MeTaHa HeMaToibl W (opamMuHHU(Epsl, XOTS Jaxke
(dopamuHU(Epbl W OCTPAaKOABbl PearupyloT Ha TOBBIIIEHHbIE KOHLIEHTPAlMd MeTaHa
pe3ko. Co3paeTcs BIEYaTIEHHE, YTO BbIOPOCHI METAHA B BOJAY HEOJIArONPUSITHBI IS
JIOHHBIX CHCTEM

7. Ta30BBIif BymKaHW3M, OCOOEHHO KaracTpoduyeckre BBIOPOCHI I'a30B, BO3HHK-
HOBEHHE IPA3EBYJIKAHMYECKUX MeEJIEH B MEJIKOBOJHBIX palilOHax CO3Jal0T OMACHOCTb JUIs
HaBUralKu, MPOKIAAKY NOJBOJHBIX KOMMYHUKALUIA.
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I'A300TAAYA JTHA YOPHOI'O MOPA: I'EOJIOT'O-ITIOITYKOBE,
EKOJIOTTYHE I HABITAIIIMHE 3HAYEHHS

Pesrome

PoboTta mpucBiueHa OrJsAAy CydyaCHMX YsBJIE€Hb MpO ra3oorgadyy nHa YopHOro mops.
[TokazaHo, 10 METaH HAAXOAUTH Y BOAU YOPHOro MOps 3 ra30BHX CHIMB, 3 IPA3bOBUX BYJIKAHIB i
MEHILOI Mipol0 3a paxyHOK OioXiMiYHMX TpoleciB B JOHHHMX Bimkiagax. [a3oBi cumu
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JIoKajti30BaHi o nepudepii Mops, a rpA3bOBi BYJIKAHH Ta Ta3oripaTv MeTaHy - B il LEHTpasbHil
yacTuHi. ['a30Bi cunu i rpsA3bOBi ByJKaHU MOXKYTb OyTU BUKOPHCTAHHI SIK MOLIYKOBUX KpUTEpiiB
Ha HaTy i ra3. MertaH, 10 MiCTUTBCSA B MOPCBHKiii BOJIi, HETaTUBHO BIUIMBAE Ha 0iOTY, a ra30BHii
BYJIKaHI3M CTBOpIO€ HeOe3MeKy Il HaBirawil i MpOKIaAKK MiJABOJHUX KOMYHIKaLIiii.
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DEGASSING OF THE BLACK SEA BOTTOM: SIGNIFICANCE FOR
GEOLOGICAL EXPLORATION, ECOLOGY AND NAVIGATION

Abstract

This paper is devoted to a review of modem ideasitatbegassing (mainly methane) from the
bottom of the Black Sea. The main goal is to dbescrethane emissions on the sea bottom, to
delineate their spatial distribution, and to previdsight into their possible origin as well asithe
influence on ecosystems and navigation.

It is shown that the Black Sea is the largest mé&tenbasin, waters of which are enriched
with methane. As such, the basin holds great pmmasnew energy sources to supply the Black
Sea countries, and most of Europe as well. The atwfumethane is several times larger than the
known gas reservoirs on Earth. Its presence urueiséa bottom is evident from outbursts of
submarine mud volcanoes that commonly contain ikeedggregates of gas (largely methane)
hydrates as well as many high-intensity gas seapgsgas bogs that release huge quantities of
methane. While gas hydrates accumulate methaneasirte mud volcanoes, gas seeps, and gas
bogs release it into the water column largely fd@ep sources, and much less often as a product
of biochemical processes in bottom sediments. Tiee certain zoning in the distribution of
methane emissions; in particular, see are locatetth® periphery of the basin while gas hydrates
are distributed within its central part. While g&eps can be used as indicators for oil exploration
mud volcanoes can indicate the oil and gas depasiter the sea bottom. An interconnection
between mud volcanoes and gas hydrates cannotdheded. It appears that methane in the sea
water affects biota in a negative way. Eruptionsmid volcanoes are dangerous for navigation
and communications or industrial equipment (calges, pipes, etc.) on the sea bottom.

Keywords: methane, gas seeps, mud volcanoes, bottom ecosystawgation
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