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AHHOTaAUMA.

O6beKTOM UcCCNefoBaHWs SBASKTCA rFeO0CUCTEMbl Fa30HACbIWEHHbIX MHOTONIeTHEMEP3/bIX
nopos. B HacTodwee BpeMsi TeopeTuyeckas 6asa M3y4yeHUs ra3o0BOW COCTaBNSAOWEN B
MHOrON1eTHEMEP3/IbIX NMOpoAaXxX NpakTMyecku He paspaboTaHa. B Toxe BpeMmsi, TeopeTuyeckas
M npakTMyeckass 3HaYMMOCTb AaHHOW NpobneMbl B MNocrefHMe roabl pe3ko Bo3pocsa. ITo
CBsi3aHO C Bbl6pocamMu rasa npu 6ypeHUM CKBaXUH B MEP3/bIX MOPOAaxX, BbIIBIEHUE
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3HaUYNTENIbHON 3MUCCUM MapPHUKOBBLIX ra3zoB B APKTUKE, OOHapyXeHWe paHee HEeW3BeCTHbIX
NpouUeccoB B KPUONUTO30HE - 06pa3oBaHUS BOPOHOK 3a CYET ra3zoBoro Bbi6poca. OCHOBHbIM
MeTOAOM, WCMONb3yeMbIM B  AaHHOW nyb6aukaumu, sSBAAeTCS aHalM3  MaTepuanos
nccneposaHuin. CUHTE3 MOJIYYEHHbIX pPe3ynbTaTOB OCYLIECTBNS/CA Ha 6a3e reoCUCTEMHOro
noaxona. B npeanaraemMoi nybnukauum BrepBble MOKa3aHO, YTO ra3oHaCbIWEHHblIE 30Hbl B
CE€30HHO- M MHOTOJIETHEMEP3/bIX NMOpPOoAaX UMEKT BCE MPU3HAKU FEOCUCTEM: NIOKan3auuio B
NPOCTPaHCTBE, rpaHuuUbl, MOpPGONOrnto, MHAMBMAYANIbHOE CTPOEHME W CBOICTBA, WUCTOPUIOD
pPa3BUTUSA, XU3HEHHbIA LUNKN, nepapxuio. BolageneHo 5 TMMNOB AaHHbIX T€0CUCTEM: AESATENIbHOMO
CNnosl; TreHeTUYecKoro Tumna; MPUYPOUEHHbIX K T[eOoJIOrMYeCKMM CTPYKTypaM; BTOPUYHBIX,
CBSI3aHHbIX C Pa3/IOXKEHMEM ra3ornapaTtoB B €CTECTBEHHbIX YCNIOBUSAX; TEXHOFEHHbIX (3@ CYET
TEMN/IOBOrO0 WM MEXaHWUYECKOro BO3AEWCTBMS Ha IMAPATOHACLIWEHHbIE M Fa30HAChIWEHHbIE
Mep3nble nopoasbl). MpeanoXxeHbl nepcrneKkTUBHbIE HanpaBneHus B N3yyeHumn
rasoHacblUWEHHbIX TEe0CUCTEM  KPUOJIMTO30HbI W  Hawubonee MNepcnekTMBHble  MeToAbl
nccnepoBaHus.

Knwouepble cnoea: MEp3fble nopoAbl, paspbiBHbIE AedopMaumm, nnactmyeckue
aedopMmaunun, razoBble KaHanbl, GuNbTpaumsa rasa, Gpaunabl, reocucTtemMa ra3oHachblWeHHbIX

nopoa, AMccoumaumnsa rasoruapaToB, HanopHasa duUNbTpauMaa rasa, cCTaaun pa3BuTUs

B yactm uly4eHus KPUOIre€HHbIX F€O0CUCTEM B KPUOJINTO30HE, paboTa BbIMNOJIHEHA B paMKax

locypnapcrBeHHoro 3agaHus: tema AAAA-A19-119021190077-6
BeBepeHue

FasoBaa cocTaBfswwasl SBASeTCS HaMMeHee M3yYeHHbIM KOMMOHEHTOM MHOroNeTHEMEP3/ibIX
nopoa. TeM He MeHee, AaHHas TeMa Hay4HbIX WUCCNeAOBaHWIA, elle HeAaBHO KasaBllasics
He3HauYuTeNIbHOM U MMEILWEN TONbKO aKaAeMUYECKUIn WHTEpPEeC, CTaHOBUTCS uYpe3BblyaliHO
BaXHOW, KakK B TEOPETUYECKOM, TaK U B NPakKTMYECKOM OoTHoweHUU. C HAa4Ya/lOM UHTEHCUBHOTO
OCBOEHUA APKTUKM U CBS3AHHOIO C HMM B6YpeHMss CKBAXXMH B MHOrofieTHEMEpP3/blX Nopoaax,
6bl1M OTMEeYeHbl MHOFOUYMC/IEHHbIE Ta30MNpoOSAB/EHUs, Bblpaxaklwuecsa B Bbibpoce 6ypoBOro
WHCTPYMEHTa W WaMa, MPOMbIBOYHOM XMAKOCTM W T. A. [AuanasoH rnybuH, C KOTOpbIX

npoucxoant 6onblwKMHCTBO BbI6pocoB, cocTtaBnser oT 10 ao 100 mIl 2. 3.4 Sl pezkoe
noBbIlWEHME TeMnepaTypbl Ha 3eMfe, CBA3aHHOE C pacTyweWn KOHUeHTpauueln B aTMocdepe
napHMKOBbLIX ra3os, npexae scero yrnekucnoro rasa (COy) n metaHa (CHy) KoTopoe MoXeT
6bITb B 3HAUNTENBLHON CTENEHU CBA3AaHO C 3MUCCMEN ra3osB, COAEPXKALWMUXCA B KPUOIUTO3OHE.
WccnepoBaHusa, npoBeféHHble B MocAefHue AecsaTuneTus nokasanum, 4YTo Tepputopuam
CNOXEHHbIM MHOrosieTHEMEP31bIMM NOpoAaMKn OTBOAUTCHA ocobas ponb B COBPEMEHHOM LMKIE
CHgy4, 38ecb cocpepotoyeHo 6onee 30% BCero opraHM4yeckoro yraepofa njaHeTbl, Npu 3TOM

nojaBnsowas ero 4yacTb 3aKkoHcepBupoBaHa B Mep3sioTe. Mo oueHkam . H. KpaeBa ob6beMbl
CH4 B BepxHux 25 M paspesa MMIl cocrtasnstwoTt 7,8-10,0 mnpa. M CHg. MporHo3upyeMmble

KNMMaTuyeckme msMmeHeHnsa Kk 2100 r. no pesynbTataM MOAENUPOBaHWA FNy6WHbI CE30HHOTO
oTramBaHua B Mogenu Tenno- W BraronepeHoca B MMM (M®A PAH), npuBegeTr K

BbicBOo6OXAEeHMIO M3 MMM 1,3-1,7 mnpa. M3 CHg 6l ' B Hay4yHOl nuTepaType CywecTBYIOT

pa3ZindyHble TOYKU 3peHNnA Ha NMPUYNHDI cbOpMVIpOBaHMﬂ rasoBow COCTaBﬂﬂI‘OLU,eVl B
MHOFOJ‘IeTHeMépBJ'IbIX nopoaax. MHOrouymcneHHbIMun nccnegoBaHNAMM  pa3siMdHbIX aBTOPOB
YCTaHOB/NEH GaKTepMaﬂbelﬁ reHe3nc yrnekmcnoro rasa n MeTaHa B Mép3anX OTNOXEHUNAX U
[7. 8,9, 10, 111 A Y.

NOA3EMHbIX JNbJaX CEBEPHbIX TeppuTopuii U ApKTUYeckoro wenbda
O6xunpoB, M3yyas pacnpenesieHne NpPUpPoOAHbLIX ra3oB B Aa/IbHEBOCTOUYHbLIX MOPSAX MPULWEN K
BbIBOAY, YTO OBMOreHHbI MeTaH, obpa3ywwuninca i n situ B AOHHbIX OTIOXEHUAX, hopMuUpyeT
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TONbKO perMOHaﬂbeIVI (bOH yrnesongopoAaHbIX rasos, nMmetoLwmnin MNONOXUTENbHYIO
KOpPpPensuuMoHHYK CBSA3b C KOJIMYECTBOM B oOcCajAKax opraHmyeckoro BeuwectBa. [lpun 3ToMm
aHOMa/lbHbleé KOHUEHTpauun yrnesoAOpoOAHbIX ra3oB, CBA3adHbl WU C UX KOHLI,EHTpaLI,Mem B
Xone annreHeTm4ecKoro npomMepsaHmnda ocaakoB, nam C noctynjieHne m3 BHEWHUX MCTOYHUKOB

3a CYET MUrpaunm rnybuHHOro rasall2l,
Mepeyncnmnum HeEKOTOPble OCHOBHbIE YCOBUA KOHLEHTPaALMK ra3za B Mep3Jblx Nopoaax.

. H. KpaeBbiM 1 E. M. PUBKWHOI BbiaBNleHA AMHaMMUKa KPUOTFE€HHOMW KOHUEHTpauum MeTaHa npwu
HEpaBHOMEPHOM TMNpOMep3aHMM JAeATeNbHOro C/od U 3NUFreHeTUMYeCcKoro mnpomep3aHus

03&pHbIX OT/IOXEHUN Hsl p.c. AKyweBbIM NMOKa3aHO, YTO MOLWHOE BJ/IUSAHUE Ha HaKonaeHue
raza B ¢opMe rasormapaTtoB, B MHOrofeTHeMEp3nbiXx Mnopojax, OKas3asno HepaBHOMepHoOe
aNMreHeTM4YeCcKoe NpomMep3aHme BbIXOASLWNX U3 cybakBasbHOroO MOJJIOXXEHUS MOPCKUX OCaAKOB

4l B pa6otax C.E. AranaKOBa[ﬁl, A.P. KypuunkoBa 15, 16 nokasaHo, YTo MEépsnasa TosLWa
ABNSAETCA 30HOM JIOKaNlbHOrO HaKOMJEeHMs B AMAanUpoOBbIX CTPYKTypax rnybuHHoOro rasa,

nocTtynatwwero no passioMmaM. 10 MHeHuo B.M. Banﬂesam, P.M. bembens u p,p.ll—91,
nogHumawwmnca u3 rnybuH ras, cam gBNSeTCS aKTMBHbIM GakTopoM, GOPMUPYIOLMM
Mep3/10TYy Ha4 ra3oBbiMM MecTOpoOXAeHMAMKU ceBepa 3anagHon Cubupu, 3a CUYET oxnaxaeHus
npu agnabatnyeckoMm paclIMpeHuu.

B nocnepgHune roabl BbIWAO paa  CTaTel, NOCBAWEHHbLIX pacCMOTpeHuto ocobeHHocTel
npoLeccoB CBA3aHHbIX C MuUrpauveni rasa B MEp3nablXx nopogax MW NbAaX, B KOTOPbIX

ra30HacCbIEHHbIE 30Hbl PaCCMOTPeHbl Kak rasoauHamuueckue reocuctempl 2021 221 5
OCHOBaHMM NabopaTopHOro MOLENMPOBAHUSA W3y4dyeHbl Mpouecchl duabTpauumM rasa B

MHOrofeTHeMEpP3bIx nopogax 23241,

B npeﬂ,naraeMoﬁ cTaTbe aBTOPbl paccMaTpMBalOT ra3oHacChbIWEHHbIE 30HbI B MEpP3/bIX Nopoaax
KaK CaMOCTOSTE/NIbHblE FeoCUCTeMbl, BXoAaswue B cocTaB b6onee KPYMHbIX reonornyeckunx

obpa3oBaHU — KPUOTEHHbIX TeoCUCTEM 251,

Lenbto paHHOW nybnukauum sBASieTCS BbiSBNIEHME 3aKOHOMepHOoCTel GOpMUPOBAHMUS
ra3oHachbIlWEHHbIX TEOCUCTEM B MHOTOJIETHEMEP3/bIX NOpPOAaX.

1. F'a3oHacbIW eHHblIe Te0CUCTEMbI KPUOJIUTO3OHbI

Hanuune ras3oBbIX BK/AOYEHWUN B TanblX nopoAax B Haubonbwen Mepe obecneuymsaeTcs,
XKU3HegeaTeNbHOCTbIO 6akTepuit, nepepabaTbiBalOWUX, COAEPXALWMXCA B HUX OpPraHuMyeckoe
BelecTBO. B pe3ynbTtaTte Murpauum, BblAENMBLIMICA ra3s yaansaeTcsd WAM B NepeKkpbiBaoWwmi
BOAOEM nnu B aTMocdepy. Mpwn npomMep3aHumn Tanbix ocaakos obpasyeTcs
rasoHenpoHuUaeMbli 3KpaH, obycnasnueatowui dukcaumio U nepepacnpepeneHne rasa B
dopmupyrowmxcs MEp3snbix nopogax. Takum obpasom, nonyyarT pa3BUTUE aBTOXTOHHbIE 30HbI
NOBbIWEHHOrO0 COAEpXaHUsa rasa B Mep3nblX nopogax. OHM pacnpocTpaHeHbl MOBCEMECTHO,
pasMmepbl Takumx 30H 6yayT 3aBuceTb B OCHOBHOM OT KO/JM4YecCTBa OPraHMKM U MOLLHOCTHU
ocafkoB. ANIOXTOHHblE 30Hbl MOBBLIWEHHON0 COAEPXaHWS ras3a CBA3aHbl, B OCHOBHOM, C
nocTtynaeHnem rasa m3 6onee rnyboKMX rOpU3oOHTOB MO TEKTOHWYECKUM TpELLMHaM N HAKIOHHO
3aneratownm nnactam. Obnactn, rae GopMMpyOTCA AaHHbIE€ 30HbI, Yalle BCEro COOTBETCTBYIOT
NOKanbHbIM TFA30HOCHbLIM CTPyKTypam. B 3aBucmmoctm oOT ™MacwtaboB W WHTEHCUMBHOCTMU
ra3oHaKonJeHUs B MOXHO BblIAENNTb TPU TUMNA MNEPBUYHbLIX FA30HACHIWEHHbLIX Fe0CUCTEM B
MEpP3NbIX Mopojax: [AesATeNbHOro CNofA, FeHeTUYeCKUX TUMOB OTIOXEHWUN, TEeKTOHUYECKUX
CTPYKTYp.

1.1. FrasoHacbiUW eHHble reocuceMbl esiTesIbHOro csiof

67



10.7256/2453-8922.2020.2.32698 Apktnka n AHtapkvka, 2020 - 2

B ce30HHOMép3nOM cfioe, HEeCMOTPS Ha ero He3HauyuTe/NlbHble BepTUKasibHble pa3Mepbl WU
KpaTKOBPEMEHHOCTb CyWecTBOBAaHUA, (OPMUPYIOTCA  JIOKaJibHbleé  30Hbl  MOBLILWEHHOrO
cogepxaHus rasa. . H. KpaeBbim n E.M. PuBkuHoti (2017) nsyyanacb AMHaAMMKa U3MEHEHUS
KOHUEHTpauMn MeTaHa npuv MNpoOMEep3aHMN [AesdATeNbHOro cnosa. MeTaH C NepBOro AHS

npoMep3aHMs pPaBHOMEPHO HakKanaMBancCs B TajibiXx TOPU3OHTax TMMOYBbI, MEPEKPbITbIX
npoMeps3wunM CcCnoeMm, CO CKopocTbt nopsaka 0,015 CM3/|<r-cyT. B TeyeHWe 3MMbl B mo4yBax
CeBepo-BocTtoka Cubupm dopmmpyetcas 2-3 r/M* MeTaHa npn MowHoctm CTC 50-60 cm u
okono 1 r/M2 B CTC mMowHoCTbio 30 cM. ABTOpbl NpUXOAAT K BbiBOAY, YTO CpeAHUEe 3HayeHus

KOHLEHTPaLUMK MeTaHa y noaowsbl CTC - 0KOMO 2 CM3/KI MOryT hOpMUPOBATLCS JiMLWb 3a CYET
nokanbHOro npoayuupoBaHus. Ho Habnwgaemble MecTaMu JlOKasbHble  MaKCUMYMbl,
MHOFOKpaTHO MpeBblWatowme 3T 3HAUYEHUSA, MOTyT 6biTb 06BACHEHbLI TOMIbKO MPU AOMYLIEHUN
BO3MOXHOCTU MepepacnpefeneHus rasa no faatepanv. OTo NPOUCXOAUT Npu HOPMUPOBAHUM
HEpOBHOCTEN (PpOHTa MpoMep3aHusa, 06YyCNOBMEHHbIX HEOAHOPOAHOCTAMM MOBEPXHOCTHbIX
YCNOBWUIA, WAM pasNUUAMU YBJIAXHEHUA W BELWECTBEHHOro COCTAaBa OTNOXEHWUI. B BOrHyTbIX

yacTaxXx MoAOWBbLI C/I0A CE30HHOro npoMep3aHuMs @QOpPMUPYIOTCA CcBoeobpa3Hble ra3oBble
MUKpONOBYWKN. Hanpumep, ana dopMmmpoBaHmsa KoHueHTpauum 15 cm3/kr (24 CM3/L],M3 B

npesenax 1 AM2) Ha OAHOM M3 M3YYEHHbIX YYacCTKOB MOTPe6OBANCS GUMOreHHbI MeTaH He

TONbKO U3 NMPOMEP3alolLero BhbllIENeXallero MoAaenbHOro ctonéuka noYysbl 06bLEMOM 5 ,qM3, HO

ewe u3 11-12 coceaHux. [aHHble 3aKOHOMEpPHOCTM nMepepacnpejeneHuss rasa npwu
npomep3aHum CTC He 3aBUCAT OT reHe3uca OTNOXEHUNn. B ecTecTBEHHbIX YCNOBUSAX

COAEpXaHWe MeTaHa B HUXHEN YaCTU CE30HHOTANOr0 CNO0S COCTaBASNO B CpeaHeM 1,4 cm3/kr.
B NbAMCTOM MEpPeEXoAHOM c/loe, MOACTUAOWEM AeATeNbHbIN CMOW W OTTaMBalOWMUA NMWb B
caMble Tensjble flIeTHUE Ce30Hbl, HabnwhaeTca MOBbLIWEHHOE COAEepXaHWe MeTaHa. Bbicokoe
NnbAocoAepXaHMe MepexoAHOro cC/ios CBA3aHO, BEPOSATHO, C MUrpauLuei CBA3aHHON BOoAbl U3

Tanoi 30Hbl B MEP3NYIO U ABWXKEHWEM B TOM Xe HanpasieHun rasa (puc. 1) 131,
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Puc. 1l.PacnpepneneHune cpenHen KOHUEHTpauuMWM MeTaHa N0 OTHOCUTENbHbIM TrnybuHam B

AeATENbHOM Cnoe N nepnoanNyeckKn oTramBarollleM BEPXHEM FTOPU3OHTE MHOTONeTHEN MEP3/10Thbl

(NepexoAHOM C/oe) B CBOAHbIX paspe3ax nous Cesepo-Boctoka Cubupu 131,

1.2.Fa3oHacbiWeHHble reocucTembl, GOpPMUPYIOLULMECH B PAa3JINMHbIX F€HEeTUYEeCKUNX
TMNax OT/I0XKEeHUN

68



10.7256/2453-8922.2020.2.32698 Apktnka n AHtapkvka, 2020 - 2

a3, dopmupywwmiica B 0CaAO4YHbIX MopoAax, CBA3aH CBOWM MPOUCXOXAEHUEM C
opraHuyeckmm BewecTtsoM (OB), koTopoe NpucyTCTByeT NMOYTM BO BCEX OCAAOYHbIX Mopojax.
Mo MecTy nNpoucxoxpaeHus oTHOCUTENbHO bGaccelHa ceauMeHTaumm OB MoxeT 6bITb
@BTOXTOHHbIM M ANJIOXTOHHbIM. ABTOXTOHHas 4YacTe OB - NMpoAYyKT pa3pylweHuss OopraHusMoB,
obuTaBWMX B TOM Xe cpene, B KOTOPOM MpOMUCXOAMIO OCaAKOoHakonaeHue. AITOXTOHHAs YyacTb
OB nocTynaeT B 0CaAoOK C TeppuTopui, npunerawwmx K 6acceHy ceguMeHTauuu, B Buae
OCTaTKOB BbICLWEWN paCTUTENIbHOCTU, FyMyCa WM TYMUHOBbLIX PacTBOpPOB. MOXHO BbIAEUTb
ydyactkm, 6onee 6naronpuaTHble ANS  HAKOMJEHWS  OpraHuMYeckoro BewecTtsa MU
cooTBeTCTBeHHO 6o0nblWwero cogepxaHuma rasa B ocagkax. K HuM oTHocaTca 6onoTta, 03épa,
[enbTOBbIE YYaCTKM MOpS, faryHbl, 6yxTbl, MOPCKMe 3asuBbl. 34€Cb B YC/IOBUSAX aHaspobHOro
M YaCTUYHO as3pobHOro passioXeHUs MNpoUCXoaWT BblaeneHume rasa. CnocobcTByeT 3TOMY M
XUN3HEeAeATeNbHOCTb 6aKkTepun, AN KOTOPbIX OPraHM4YeckKoe BeLeCcTBO SABNAETCS nUuTaTeNlIbHOMN
cpepon.

B nopax Tanbix cybakBafibHbIX OCagKOB ras coaepxutcad B csobogHoMm (B BuAe nysbipein),
aacopbupoBaHHOM, 3alWeMIeHHOM W pacTBOPEHHOM COCTOSAHUW. OpPUEHTUPOBOYHbIE OLEHKM
CBUAETENIbCTBYIOT, YTO B T[JIMHUCTbIX TPpYHTax coAepxaHwe ra3a He rnpesBbiwaeT 5 %. B
necyaHblXx rpyHTax (B ra3oBblX KapMaHaX) OHO MOXeT AO0CTUraTb 3Ha4yuTeNbHO 60/blIKX
BennynH. B Mopckmx ocagkax rasosas KOMMNOHEHTa rMpeacTaBjlieHa B OCHOBHOM MeTaHOM,

yrnekmcnbiMm rasom, ceposopgopoagom, Kumcnopoaom, a3oToMm I& KOHLLeHTpaLI,VIFI ras3os B
FPYHTax 3aBUCUT, OT PErMOHANIbHbIX U JTOKaAJIbHbIX ycnosmﬁ ydyaCTKa MOpPCKOro gHa. 3Ha4YMMbIM
coaepxXaHunem yrnesogopoaHbiX radoB B NrpyHTE NMPUHATO CUHUTATb KOHUEHTpauun B 0,1 MA/n wm

Bbiwe 1271, Buicokum cogepxaHunem MeTtaHa (ot 0,1 go 285 Mn/Kr) oTANMYalOTCA COBPEMEHHbIE
yeTBepTUUYHble rNybokoBoAHbIE OCagkm YepHOro Mops, B TO BpPeMs KakK, HanpuMmep, B Mope
JlanTeBbiXx (MaTepuKOBO-OKPaWHHLIA 6acceWH) copep)XxaHue rasoB B OcCajkaxX CcoCTaBnseTr
0,005-1,0 ma/kr. MNMpu 3TOM MaKCUManbHble 3HAYEHUS KOHUEHTpauuMuM MeTaHa 3aUKCUPOBaHbI

B OT/IOXEHMAX MNOABOAHOrO0 MpPOAOJSIXXEHUS A[enbTbl p. JleHbl [28]  ®oHoBbIE 3HaueHus
copgepxaHus MeTaHa B npobax AOHHbIX ocaakoB Kapckoro mopsa coctasnstTt 0,001 mn/kr, a
MoJa/ibHble 3HAUYEeHMa COLEepPXaHMsa 3TOro rasa B npejesiax ra3oBbiX aHOManuim (Kak npaBuno,
MPUYPOYEHHbIX K 30HaM pa3pbiBHbIX HapyweHuin), npesBbiwatoT doHoBble 6onee yem B 100 pas
[29],

PaccesHHble 6uoreHHble rasbl, BblAeNnsasCb B MNPUAOHHYK BoAy, GOPMUPYIOT TONbKO
pernoHanbHbll (POH yrnesBoAOpPOAHbIX ra3oB B BOAE, a MNpW MOATOKE rasa M3 Heap, B TOM
yncne wu3 HedTerasoBbix 3anexen, GOpMUPYOTCAS aHoOManbHble nonda. Mo ApaHHbiM A. WU.
O6xwnpoBa coaepxaHue yrnesoAOPOAHbIX Fa3oB B BOAE W AOHHbIX OTNOXEHUAX SABASETCH
MHAMKATOPOM  MeCTOPOXAEHWW  yrneBoAOpOAOB, Tra30BbIX ruvapaTtoB B  Hegpax. B
OaNbHEBOCTOYHbLIX MOpPAX B MPWAOHHOM C/i0e BOAbl Haj MeCTOpoOXAeHuamMu HedTM U rasa
CyWecTBYIOT aHOMasnbHble NONA YyrneBoAOpOAHbIX ra3oB, rae cogepxaHwe MetaHa B 10-100
pa3 npeBblwaeT PoOHOBbIE 3HayeHUs (POHOBbIE KOHUEHTpaumm MeTaHa OO6bIYHO COCTaBASIOT
0,00007- 0,00009 mn/n). B npuaoHHoW BoAe Hap JlyHckon cTpykTypon (OXoTCckoe Mope)
cogepxaHue MeTaHa B UeHTpasibHOW 4yactu cTpykTypbel 0,011 mn/n, 4to Ha ABa nopsagka
npeBbiwaeT ¢doH. CToNb BbICOKAA aHOMasusa CBA3aHa C CUbHOW HApPYLWEHHOCTbIO CTPYKTYphI,

601bWON MOWHOCTBIO NpoAyKTMBHON Tonwm (500 M), cpaBHUTEeNbHO Hebonbwon rnybuHon ee

3aneraHusa (1700 M) [301 Ha npucaxasnHCKOM wWenbde B MNPpUAOHHOW BOAE (OHOBbLIMMU
ABNSATCSA KOHUEeHTpauum ™MeTaHa 60-90 HA/n; B UEHTpaNbHOM 4YacTu B panoHe
pacnpocTpaHeHUsa KpacCHbIX FWH, COAEpXaHMe MeTaHa B NPUAOHHON BoAe He npeBbiwano 10
HA/N. 2T npuMepbl MOKa3blBalT, 4YTO O6WOreHHbIn MeTaH, ob6pa3sylwunca B AOHHbIX
OT/IOXEHUAX, He co3jaeT aHoManuun B MNPUAOHHON BoAe. AHOMasnbHble KOHLEeHTpauuu
yrnesoAOpPOAHbIX ra3o0B B MNPUAOHHbLIX CJI0OAX BO3HMKAKT TONbLKO B TOM Cliyyae, Korga

69



10.7256/2453-8922.2020.2.32698 Apktnka n AHtapkvka, 2020 - 2

CylulecTByeT 3ajieXxb, KoTopas co3aaeT TpeWwMUHoBaTble 30Hbl B NeEPeKpbIBalOWMX €€ nopoaax u
noaATOK YrneBoAoOpOAOB M3 3aJleXXM C BbICOKMM JaBsieHuMeM rasa. M. B 3Tux palioHax
cofepXxaHune MeTaHa MOXeT npeBbiwaTb GOHOBbLIM Ha NOPSAAKN AOCTUraeT 3HayeHun 1100 - 12
500 Hn/n. B paioHe BbiIxoga rala Ha rnybuHe B KepHe AOHHbIX WIUCTbIX 0CapkoB, 6biin

06HaDY)KeHbI NyCTOTbl, BKAKOYEHNA ra3orngpaTtoBs M ,D,aHHbIe Ha6mo,u,eHm| OTpaxXatkT o6u.w|e
NMPpU3HaKN BblaoeNTeHNA ra3oHaACbIWEHHbIX 30H. ,U,J'Iﬂ Ka>Xaoro reHeTmyeckKoro Ttuvna OTNOXEHUMN
CyWwecCcTBYHOT d)OHOBbIe 3Ha4YeHna coaepXaHuda rasa B oOCagkKaX WU aHOMaJibHblE 3Ha4yYeHUA
dopmupyrowmecs B pesyabTaTe passiIMYHbIX NpPOLEcCOB (KpMOreHHas KOHUEHTpauus,
nocTynneHmss rnybuMHHOro rasa Mo TpewuHaM W pas/IMYHbIM 30HAM TEKTOHUYECKUX
pedopmauymii.

MccneposaHme M.IO TokapeBbiM C coaBTopaMum ocaakos KaHpganakwckoro 3anmea benoro
Mops (rnybuHa onpob6oBaHusa A0 3 M) NOKasaso HaNMuyMe ra3oHacCbIWEHHbIX 30H pa3MepoM OT
0ecATKOB B [0 COTeH MeTpoB (MHOrAa A0 HECKONbKUX KWIOMeTpoB). JloKanbHble y4dacTKu
rasoHacbIWEeHHbIX O0CAaAKOB <«ra3oBblX LWAMOK» TMPUYPOYEHHbIbl K TMOHUXEHUAM KpPOBIMU
dyHAaMeHTa, rae B YyC/OBUAX CMNOKOWMHOW rmapoAMHaMmyeckon obctaHoBkM ob6pas3oBanuchb
nocnenefHnWkKoBbie ocaaku 601bWIOK MOWHOCTM B KOTOpPbIX HabnwaaeTca akTuBHas
XWU3HeneaTelbHOCTb MWKPOOPraHM3aMoB npoayumpyrowmnx ras. Ocob6beHHOCTbl0 CTpPOeHus
rasoHacbIWEeHHbIX 0CAaAKOB TEKCTYpPbl ABNSOTCA MHOFOYMC/IEHHbIE Fra30Bble BKIOYEHUSA B BUAae
TPEWNHOK U Ny3blpbKOB. [laHHble KOMMbITOPHOW TOMOrpadum KepHOB MNoKasanu Hanudme B
TOoNwe ocCaAka MHOIMOYMCAEHHbIX TMOAblIX TpewwuH cybBepTUKanbHON  OPUEHTUPOBKM
obycnoBneHHbIX aerasaumen ocagka (puc. 2). Ocagok HeCTPYKTYpMpOBaH, ra3oBble BKAKYENS
npeactaBieHbl U3OMETPUYHBLIMU, OKPYIbIMU MONOCTAMU ANaMETPOM OKOMIO 1 MM M BbITAHYTbIMU
B CcybBepTMKabHOM HamnpaB/E€HUN UCKPUBMEHHBIMU TpeLMHAMU ANNHOW A0 5 MM M TONLWMHOWN
00 2 MM,
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Puc. 2. ®parMeHT peHTreHONJ0CTHOCTHOrO cpe3a. Cepoe - 0CaAoK, YEpHOe — TpeLWUHbI,

obycnoeneHHble gerasaunen ocapgka (rnybuHa 100-120 cm) 131],

AHanun3 cocTtaBa rasoBoi da3bl Nokaszaj, 4YTo B Hel npeobnagaeTt MeTaH. Ero KoHueHTpauus
M3MEHAEeTCA OT HEeCKOJIbKMX MUKPONIMTPOB A0 779 MkA/n. MakcuMmanbHble 3Ha4YeHus
KOHLUeHTpauum MmeTaHa (6bonee 15 000 mkn/n) HabnwgatoTcsa B HWXHEW 4YacTu pa3pe3a Ha
rnybnHe 6onee 150 cm. B npepenax BepxHeW 4actu pa3pe3a (go 70 CM) 3HayeHus
KOHUeHTpauum He npesBbiwatT 6000 MkA/n. YMeHblleHNne KOHUEeHTpauum meTaHa u Boobuie
yrnesoaopoaoB (YB) MOXHO O6bSACHUTbL YMeHblUeHMEM COpPOUMOHHOW CNOCOB6HOCTM OCanKoB
BBEPX MO pa3pe3y, YMEHbLIEHNEM UX MIOTHOCTM U YBeJIMYEHNEM CNOCOBHOCTM K aecopbuumn, a
TakXe 3HauuTenbHbIMM noTepaAMM YB npu um3BnedyeHum kepHa. OTMETUM MpuUCyTCTBUE B
ra3zoBoii a3ze TAXeN blXx FOMOJIOFOB BMJIOTb A0 NeHTaHa B MaJiol KOHUeHTpauun. MpucyTtcTeytoT
3TaH (MakcumanbHo 1,5 mMkn/n), 3teH (pgo 2,3 MknA/n); nponaH (MakcuMmanbHoO 5,6 Mkn/n),

6yTtaH (8o 1,7 mkn/n), neHtaH (HECKO/IbKO MUKPOJZINTPOB Ha NUTP) 1]

MpomMep3aHne nNaryHHbIX OTIOXEHUA C 6OMbWKMM KOMUMYECTBOM OPraHMKU COMpOBOXAAeTCH
MHTEHCUBHBLIM NepepacnpejeseHneM BHYTPUIPYHTOBbIX BOA4 U COAEPXaLIMXCA B HUX ra3os. B
TONLWe NaryHHbIX OTNOXEHUAX NMpU NpoMep3aHMn HGOPMUPYIOTCA NTOKaSibHbIE 30Hbl HAaKOMIEHUSA
yrnesonopoAHbIX rasos CoeAMNHEHHbIX Meny cobon KaHanamm He3aMép3wen
MUHEpanM3oBaHHON BoOAbl (KpuMonaramn) O6WNBHO BCTPeYaloWMXCA B Mep3MblX NaryHHbIX
ocagkax. lNpomep3aHne o6BOAHEHHbIX HAaCbIWEHHbIX OPraHMKOW 0CaAKOB MPUBOAMUT HE TOJIbKO
K o6pa3oBaHMIi0O ra3oBbIX KapMaHOB, HO W NOBLIWEHUIO AaBMIEHNS B HWX, UTO B CBOIO O4Yepeab

MOXET MPUBOAUTbL K MepPexoy Y4acTv rasa B knaTpaTHoe cocTosiHue 1321,
MpoMep3aHue, BbIXOAAWUX WM3-NMOA YPOBHS MOPS MOPCKMX OCaAKOB, MpoOMCXoaWT Ha doHe

71



10.7256/2453-8922.2020.2.32698 Apktnka n AHtapkvka, 2020 - 2

3Ha4YNTENbHOW HEOAHOPOAHOCTU MOBEPXHOCTHbIX YyCAOBWIK. B naryHax M B OTYNEHUBLINXCH
onpecHéHHbIX 03épax npoaoskaeTcs cybakBanbHOe OCaAKOHaKOMAEHWE MPU MOMOXKUTENbHbIX
mnm 6nmsknx Kk 0 °C oTpuuaTenbHbiX TemnepaTypax. Ha okpyxawwux BOAOEMbI y4dyacTKax
nepeweawmnx B cybaspanbHOe MNOJIOXEHME, B 3TO BpPeEMS HaYMHaAETCS WHTEHCUMBHOE
npomMep3aHue. nybokoe nNpoHUKHOBeHWe MEpP3/0M 30Hbl Ha OAHUX y4vyacTKax M OTCYTCTBME
Mep3/10Tbl Ha APYrux npmeoauMT K (DOPMUPOBaAHUID KPUOFE€HHOro Hanopa W FOpM3OHTasIbHOMY
nepepacrnpeiesieHn0 rpyHToBbiX BoA. [lpu 3anonHeHun BoAoOEMa ocajkaMu rnocneayolem
npoMepsaHun ceBepxy noa MEP3/bIMKU TAUHUCTBIMKM TOAWAMM C Manon GUAbTPaLMOHHOMN
CnocobHOCTbI0 TpyHTOBble BOAbI C COAEPXAWWUMUCA B HUX PacCTBOPEHHbIMKM ra3amu
oKa3blBalOTCA 3anedyaTaHHbIMU. locneaywowee npoMepsaHme GopMmUpyeT MacCuBbl MNOA3EMHbIX

NbAOB W BbIAENNBLUMXCS NMPU Nbaoobpa3oBaHMe rasos [33. 4]

MMerTca eAVMHWYHbIE OMNUCaHUA KPUOTFEHHbIX ra3OHacCbIWEeHHbIX Fe0CUCTEM FeHeTUYeCcKoro
ypoBHSA. [nsa 3TOro BOCMONb3yeMCH OMNMCaHWEM Tra30HACbIWEeHHONW reocUcTeMbl 0OCaAKOB
CTapuMyHOro o3epa B npeaenax KoAbIMCKOW HM3MEHHOCTM JAaHHbiM [. H. KpaeBbiM C
coaBTopammu (puc. 3). PasnoxeHune opraHuUkum B O03EpPHbIX OCagkaxX M Mnmopoaax Taaumka npwu
HejocCTaTKe Kucropoga nNpuBoaAMT K 06pa3oBaHWIO M HAKOMJEHUK MeTaHa Kak B MOJOAbIX
03EpPHbIX OT/IOXEHUAX, DNUreHEeTUYeCcKoe NpoMep3aHMe o3epa Ha4dasnocCb MNocsie 3arnojyIHeHue
€ro ocagkaMum WM OCylWeHuu npu apeHupoBaHuu. lpoMEp3aHne BEpXHEro Cnos 0CankoB
npuBOoAUT K (GOPMUPOBAHUIO FA30HEMPOHULAEMOrO CJ/I0OS M MOBbIWEHWIO AaB/EHUS B Tajoun
30He. Moa cnoem Mep3noro rpyHta, B 6onee rnyboknx cnoax TanbiXx 0CanKOB, MeTaHOreHes
npoaonxaeT pa3BuBaTbCs. [Mpoagonxatuweecs npoMep3aHne BbiTecHdeT 60nbwyld 4YacTb
MeTaHa BHM3 B rpybo3epHucTblie CNoOuM C 3HauYUTENbHbIM 06BEMOM cBO6OAHLIX MOp, rae OH
HakannmeaeTcsa B cBo6oAHOM Buae.

Ncxoaa M3 noneBbix HAGMIOAEHWUI, AAaHHbBIX PAaAMOYr1€pOAHOrO AaTUPOBAaHUA U nabopaTopHbIX
uccnefoBaHWin aBTOpbl MpeanofiaratT, 4YTO B 3aBUCUMOCTM OT MPUPOAHBIX YCIOBUA W
AVHaMUKMU 3aMep3aHus MeTaH coAepXawuincs B TalblXx o0cagkax MOXeT npu  uXx
aNUreHeTUYECKOM MpOMep3aHUM CMEeCTUTbCS BHMU3 Ha [AeCATKM MeTpOB M HakanavBaTbCs B

NUTONTOrNYECKNX KapmaHaxI3—41. Cnepnyet pobaBuTb, 4UYTO KapMaHamMu, B KOTOpPbIX MOryT
HakanaMBaTbCs OTXMUMaKLWMECs NpuM NpoMep3aHUKU TalbiX 0CaAKOB MOryT 6bITb 06yCnoOBNEHDI
He TONbKO NuTOoNormem Ho u mopdonoruenn dpoHTa nNpoMep3saHusa. Kpome Toro, rasa Moxer
HakanaMBaTMbCA He TOKO B cBoboaHol dopMe HO M B BMAE rasormapaTtoB, MNOCKOJIbKY
BO3HMKawwmne pasneHusa pno 30 kr/cm2, 60nbwoe KOAMYECTBO BOAbI W rasa npwu
oTpuuaTenbHbIX TeMNepaTypax Co034atoT A1 3TOro yC0BUS.

Puc. 3. Maneoskonornyeckas peKoOHCTPyKUMSa yyacTka Ha Ko/nbIMCKOM MonMe a) Tanble ocaaku
noga MNOWMMEHHbIM 03epoM C nMoTeHUManbHbIM o6pa3zoBaHMeM MeTaHa; b) npomep3aHue
oboraweHHbIX METAHOM OCaAKOB MOC/e ocyweHusa o3epa; (C) MeTaH, 3aXxBayYeHHbI B nopax u
nonocTax MEp3n0oM NMOopoAbl MOCAE MNOJIHOMO 3aMep3aHusa Tanuka. 1 - nonima; 2 - pedyHble u
O3€epHble BOAbl; 3 — PpPYCNOBOW rpaBWWHbLIA CNoW; 4, pPEYHOW annwBWUN, cnol necka; 5,
MOMMEHHbIA anfloBUNA, UNOBbLIA CNOW; 6 - O3epHble OT/IOXEHUA, TOpPSAHbIE UNbl; 7 - rpaHuua

BEYHOMW Mep3n0Tbl; 8, cBO6OAHbLIN MeTaH; 9 - 3axBaudeHHbI MeTaH; 10, ckBaxuHa 3,4-07
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rnyébmHomn 25 m [341

®OHOBbIE 3HAUYEHUS KOHUEHTPaUMM MeTaHa B 3MUTreHeTUYECKMX MEP3bIX MOPOAaxX Pas3sIMYHOIro
reHesuca npuBeneHbl B Tabnuue 1. [lpuBeaéHHble [aHHble MNOKa3blBAT 3HAUYUTENbHbIN
pa3bpoc 3HauyeHWt coaepxaHus rasa, fJaxe B OAHOM TFeHeTM4yeckoM Tune. Pasnuuus
MUHMMaNbHbIX U MaKCUMaJsibHbIX 3HAUYEHUI MOXET OTIMYaTbCA Ha nopsaok (ANns npubpexHo-
MOPCKMX FNIMH). He Manywo ponb B 3TOM wurpaeT KpuoreHHas anddepeHumMss rasoB npu

npoMep3aHuu.

Ta6bnnua 1. KoHueHTpauma metaHa (ppmV) B MEép3nbiX rlopo,u,axlﬂ1

Bospact | MHC | ' MMHC 2 [ mucrs | MMC 5

| BonoTHw#, o3epHo-AU0-|  O3ePHO-AUTIORHAb- Mopekoii,

Teneanc MpuGpexHo-MopeKoi

BHANBHBIA, 20/10B5IH HBlH# NpHOPEXRHO-MOPCKO
Cocras Meckn (6)* Meckn, cynecu (T) r:;?::niiﬁ{i;; D, cyramiKn (8)
CHy | Cpc;mm:" Makc. I Mun. Cpﬂ.‘lHl:L'E Make. 5-I'«-"[lniH.-'!.“.|-J-|:.llm.-r:- Maxc.- Mun. ECpc.luluc- Magke. .Mur!.-
JyiHavimsieckui [ - [ - I - [ 115 [ 217 . 14 [ 3329 [ 5248 [ 104 I 1682 I 2215 I 1148
MeTon
Meroa “head 68 212 18 186 460 15 1009 1969 97 2884 5515 | 585
space”

Mprsmeyanie. * B cxobkax konnecTao o0pasios.

Bbiwe 6bl1M  paccMOTpeHbl MNpuUMepbl ra3oHacbIWEeHHbIX 30H T[EeHeTUYeCcKoro YpoBHA
chOpPMUPOBAHHBIX npwu 3NUreHeTU4YeCcKoM npoMep3aHuu. B CUHIeHeTU4YeCKnx
MHOrofleTHEMEpP3bIX MopoAdax CoAepXxXaHue rasa HaMHOro MeHbwe. Ha pucyHke 5
npeactaB/ieHO coAepXaHuMe MeTaHa B eAoMe (CUMHKPMOreHHas nonuvreHeTMyeckas Tojwa Ha
CeBepo-Boctoke Cubupu). 370 cBA3aHO ¢ ocobeHHocTaMM HOPMUPOBAHUA  AAHHbIX
MHOrofneTHeMép3nblx nopoa. a3, HakanauMBaloWMWNACA B CEe30HHOTA/NIOM Cnoe, yaanseTcs B
atMocdepy. [lpupaweHne cnos MHOroneTHEeMEp3/bIXx NOopoa MPOUCXOAMT 3a CYET cnod
npoMepsatwowero CHu3y, nNpu 3TOM ra3  AONOJHUTENBbHO  OTXWUMaeTCcs M3  30HbI
nbpoo6bpaszoBaHusa. NO3TOMYy CUMHKPUOreHHble OTNOXEHUSA, HECMOTPA Ha 60Nblloe KOAMYeCTBO
OpraHuku, COAEPXUT HE3HAUYUTENBHOE KONIMYECTBO MeTaHa. NMOKPOBHbLIN COW MOWHOCTbLIO A0 3
M, OTTasiBLUMWA B FONOLEHE M NMPOMEP3LWUA 3aTeM 3MNUreHeTUYECKU, MeTaHa COAEpPXUT ropasao
6onbwe (puc. 4). B aTOM cny4yae ra3 BMecCcTe C PbIXJIOCBSA3aHHOW BOAOWN MUrpuUpyeT K PPOHTY

nNMpoMeEpP3aHNA U TaM HaKanJinBaeTCA.

CH,, cmlxr

—_— 10 12 14

= A

2 20 o !

2 MOKPOBHbLIH CNOW &

= CH, ~1.54£0.4 (n=31) o

e 60 3

T 0% .,

g 8100

:6' 120 Enoma

e 140 CH, ~040.1 (n=121) =

g 160 o

4 L

.a 180 ¥

E 200 1
\j

Puc. 4. PacnpepaeneHve cpeaHel KOHUEHTpauUMW MeTaHa MO OTHOCUTENbHbLIM TrAy6uHaM B
ropMsoHTE MHOTOJIETHEMEP3/IbIX MNOpPOoJ4, OTTaMBaBWeEM B rosioueHe (MOKPOBHOM cjoe) B

CBOAHbIX pa3pe3ax no4s Cesepo-BocTtoka Cubupmu 3],
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K rasoHacbIlWEeHHbIM KPWOFeHHbIM reocucTteMaMm creayeT OTHEeCTU UM MHOoronetHue 6yrpeol
nydyeHns (rmaponakkonutoB). Pa3Mmepbl WX u3MeHsAwTCAB 6o0nbwMX npegenax: AnameTp
OoCcHoBaHusA oT 20 go 250 M, a Bbicota — oT 2 Ao 70 M. Kpoeng 6yrpos 06bl4HO COCTOUT U3
nepecsanBalOWMXca NbAUCTBIX CYFJIMHKOB W cynecen MowHocTbio 2-10 M, noA KOTOpbIMMU
3aneraetr neasHoe SA4ApPO  MOLWHOCTbIO A0 AecsaTKoB MeTpoB. [laHHble ob6pa3oBaHus
dOpMUPYIOTCA nNPU 3SMNUreHEeTUYEeCKOM nMpoMep3aHMM O3EpPHbIX OTI0XEHMN (4Yawe BcCero
TepMOKApCTOBbIX). B 3Tnx ycnoBusx npoMepsaHue NpOUCXOAUT MO TUMY «3aKPbITbIX CUCTEM>,
XapaKTepHbIMU O0COBEHHOCTAMM KOTOPbIX ABASETCAS BO3HUKHOBEHWE KPUMOreHHoro Hanopa. OH
NPUBOANT K KOHLEHTpauuMuW BOAbl U PacTBOPEHHOrO rasa B JIOKaJbHOW 30HE NOA PacTyLuUM
6yrpom.

Byrpbl BblpacTaloT B MpoOMep3aloWwmx O03EpHbIX KOTJIOBMHAX MOCTEMEHHO, B TeYeHUM
ANUTENBHOIO BPpEMEHU, MOAHMMAsICb CO CKOPOCTbIO OT eBa 3aMeTHO A0 npeBblwatowen 0,5 M
B roA. AnvkanbHble 4acTu NeasiHbiX a4pa 6yrpoB 6biBatoT 060raweHbl KPpYnHbIMA BO3A4YLWHbIMU
BK/IIOYEHUAMM, 32 CUYET BblAENEeHUs BO3AyXa Npu NbAoo6pa3oBaHUM B pe3ynbTaTe 4Yero 3aechb

ob6pasytoTca o6wmMpHble BO3AYLWHbIE MNOM0CTU 351, MepekpbiBawwWme razoHacbliWEHHbIE 30HbI
HU3KOTeMNepaTypHble NbAUCTble MEp3/ble NMOpoAbl He MNO3BOJISAIOT rasaM Haxo4saWMMSa Noja
[paBrieHueM rnoctynatb B aTMocdepy. Pactywme 6yrpbl MoACTMNAIOTCS TasibiMU BOAOHOCHbIMU
ropusaoHTaMm UAN BOASHBIMW JINH3AMW MOLWHOCTb 40 2 M M obnajatowmnMmn rmapaBinyeckum
HanopoM (puc. 5). Ha puc. npmBoanTCA TUNMYHASA CXeEMa CTPOEHMS pacTyLWero MHOroJleTHero
6yrpa nydyeHusa Ha CeBepe Anscku.

Japocwee 0COKOR :
AHUWE o3epa

3apocwee 0COKOR

]
1

Nwnro ' OHULLE 03epa
]

10 7

CreammHa
~

NepaucTeid necok

-~
T /

Mogowesa mepanoi
20 - Aaruuk faeneHns BOIOHACHILEHHLIR TonwM B 1973 1.
HEMEDINLIA TPYHT
20 40 60 80 100 120 140 160 M

Puc. 5. Cxema cTpoeHund pactywero nuHro Ha Cesepe ANAckKu 361,
1.3.Fa3oHachbiW eHHble Te0CUCTEMbI TEKTOHNYECKUX CTPYKTYP (Kynosia, Banbl)

Feodpunsnyeckne nccnenoBaHUSa apKTUYECKOro wesnbda nokasano NpsMy MPOCTPAHCTBEHHYHO
CBSI3b MECTOMONOXEHUS ra3oHacbIlWeHHbIX 30H B TO 4YucCae W B Buae rasormapatoB cC
@QHTUKIIMHANBbHBIMM MNOAHATUSAMM B 0CAJOYHOM yexne. CelncMOaKyCTMYEeCKMe uccrenoBaHus
npoBeaéHHble cneumanuctamm OAO MAI3, Ha akBaTopum 3anagHo-lUnunubepreHckoi
KOHTUHEHTa/IbHOM OKpauHbl BapeHueBa Mopsa NoKa3asM NPAMYIO MPOCTPAHCTBEHHYK CBSA3b
MECTOMONIOXEHUS 30Hbl ra3oHacbIWEHHbIX 0CaakKoB (aKyCTU4Yecku npo3payvyHoe Teno) c
@QHTUKIIMHANBbHBIMKN NOAHATUSAMKU (pe3Koe npepbiBaHWE KOppensaunm oTpaxakwmx FrOpuU3oHTOB,
KynonoobpasHble «B34AYyTUS>» BblWenexawmnx rOpM3OHTOB, HaNW4YMe XapaKTepHbIX MNOMeX,
«KMUTPpUpPYOWMX» MO njactaM, BBepX MO CKAOHY, 4YTO JAOMNOAHWUTENbHO noATBepXAaeTcs

pe3ysbTaTaMW rasorMapoxMMMYeckon CbeEMKM, W C 30HAMWU MOBLIWEHHON KOHLUEHTpauuu

PaCTBOPEHHbLIX yrnesoaopoaos [ﬂl

Haunbonbluee coaepxaHuwe rasa B MHOTONETHEMEP3/bIX Nopoaax cesepa 3anaaHon Cubupwm
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NPpUypoYeHo K npunoaHsaTeiM 610kaM B BUAEe TEKTOHWYECKUX BanoB M cBoAOB B ocagoyHOM
yexne cesepa 3anapgHoin Cubupu 3T cBoAbl U MeraBasbl 06pa3ylOT CTPYKTypbl pa3Mepamun B

OECATKN U COTHU KNWIOMETPOB M aMNAUTYyAON B COTHM MeTpoB (puc. 6). [38],

Puc. 6. ®parmeHT KapTbl «3anagHo-Cubupckaa HedTerasoHoOCHas NPOBUHLMNSA>» [39],

MepepacnpeaeneHve rasa BO MHOIO CBSA3aHO C ABMXeHMEM NoA3eMHbIX BoA. MNpuypoyeHHble
K Fa30HOCHbIM CTPYKTypaM MjacToBble BOAbl MMEIT MOBbIWEHHYI FasoHacbliWeHHOCTb (Tabn.
2). Mo AaHHbIM M3y4yeHUs pa3pe3a HEOKOMCKMX OTIOXEHMN Ha 39 naowanasx B CEBEPHbIX
panoHax 3anaaHo-Cnbupckoro merabaccerHa KOHUEHTpauMa MeTaHa, B HUX konebnetcs ot 78

3

A0 98 %. B 60abwKWHCTBE Cc/lydaeB rasoHachbiweHHOCTb 6onee 3 cM3/cm yKa3blBaeT Ha

HannmymMe B nNAacToBblIX YycnoBuax cBobogHom rasoBonM Ga3bl, 4YTO nNoATBeEpXAaeTcs

nonyyeHuvem ¢oHTaHa rasa c BoAoOK [a0],

Tabnuua 2. CocTaB BOAOPACTBOPEHHbLIX ra3oB HedTerasoBblX MeCTOPOXAEHWUN ceBepa

3anagHoi Cnbupu [40]

Mnowaab Yucno CocTtaB rasa (B cpeaHeM), % |[[a30oHachbILEHNE
CH4 |CoHg| C3Hg | CO> N» n/n

onpeneneHun

Beppuac-BaslaHXXUHCKUE OT/I0XKeHusl
Pycckas 6 97,58 (0,64 0,31 (0,24 (0,65 2,61

KO>xxHO-Pycckas 4 86,51 2,87 (1,93 10,37 |2,45 (1,52
TazoBckas 3 92,68 2,75 0,94 0,91 |1,32 |3,08
3anonspHas 9 85,78 5,31 |3,05 10,82 2,74 2,62
IOpxapoBckas 7 91,66 3,58 2,25 10,42 |1,54 2,73
FAMcoBelickas 5 83,29 2,92 |0,98 10,93 2,43 |3,00
Vneuraiickaa 21 01 12 R 57 1 2/ In74 [ 23 R n1
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HaxoaknHckas 2 93,76 2,64 (0,85 0,57 |2,31 2,16
Cambyprckas 7 90,34 (90,342,89 (1,53 |1,85 |2,49
CpeanHeMeccosaxckas|(3 90,7 13,44 1,23 1,11 2,71 (1,38
MaHroanHckas 12 77,96 |10,25(6,49 10,33 |0,88 (2,23
MeaBexbs 11 92,32 |3,57 1,25 0,17 (1,84 [2,8
HaabiMcKkas 6 85,80 4,74 4,20 10,44 12,24 (1,2
MecuoBas 16 90,32 3,41 |1,86 (0,59 (1,93 |2,1
CpeanHesaManbckas |3 90,66 2,71 0,34 1,85 |2,93 |2,03
HoBonopToBCKas 6 90,31 3,06 |1,08 |0,53 |1,69 |3,00
Meodnsnyeckas 3 92,15 2,74 11,06 (0,64 2,02 [3,1
ManosamManbckas 2 96,15 |1,36 0,67 1|0,78 |1,01 |2,53
MblgaHCKas 4 90,85 2,34 0,76 1,28 [2,36 |1,4
Apynenckas 3 87,84 2,99 2,67 10,37 |3,76 2,42
ETbinypoBCKas 7 90,38 [2,74 1,08 1|0,07 |3,42 |2,03
lOxHo-Yacenbckasa |2 95,68 |1,08 [Cnepbl|0,59 2,54 (1,74
Y cTb-Hacenbckas 4 95,98 |1,35 (0,06 10,19 |3,43 (1,85

Frotepus-6appeMckue oTN0XeEHUA

Pycckas 2 98,43 |0,41 0,28 0,62 |2,39
KO>xHO-Pycckas 2 87,96 2,45 (1,48 (0,29 |3,14 [1,44
TazoBckas 9 94,75 2,83 (0,71 0,19 |1,28 2,33
SanonsapHas 24 91,78 4,26 2,83 (0,38 |2,06 [2,41
KO pxapoBckas 10 02,98 3,25 (1,74 10,31 |1,38 2,43
fiMcoBelickas 1 384,02 2,87 0,84 0,99 2,57 |1.6
YpeHrolickas 10 92,72 3,21 0,84 0,53 1,3 2,0
HaxoaknHckas 3 94,17 2,43 (0,56 10,47 |2,01 (2,55
Cambyprckas 5 91,35 2,78 |1,03 (0,35 [1,76 |2,5
MecuoBas 2 91,72 2,95 |1,67 0,55 2,01 1,9
XapacaBalickas 15 87,69 3,84 |1,95 |0,76 |1,23 11,99
lOxHOo-TaMmbelickasa |2 85,72 |5,67 |2,00 (0,98 [0,87 |2,58
HenTnHckas 7 90,18 3,47 (1,25 10,87 |2,05 (2,18
CpeanHesManbckas |5 92,78 3,37 (0,23 1,65 3,4 2,1
KpyseHwTepHckasa |3 91,34 3,87 (1,92 10,98 |1,49 (1,15
boBaHeHKOBCKas 15 92,93 3,15 0,91 |0,76 |1,05 |2,03
HoBonopToBCKas 11 91,34 (3,87 |1,76 10,62 |1,59 2,41
Feodunsnuyeckas 13 94,3 2,5 1,08 |0,65 |1,94 |1,92
ManbirMHckas 2 93,81 2,01 0,63 1,56 2,04 2,5

ApKTU4eckas 3 91,76 2,84 1,77 |1,02 |1,53 1,89
Manosamanbckas 1 96,31 |1,18 |0,43 1|0,62 |0,82 2,17
4 95,34 |1,01 (0,37 (1,02 |2,07 [1,08

blaaHCKaA

Mpn paccMoTpeHMM Bonpoca o MacwTabax reHepauum YBI B rAMHUCTbIX ocaakax obsa3aTeslbHO
HYXXHO MPUMHUMATb BO BHMUMaHWe TOT aKT, YTO Mpu ManeinweM HapylweHUU FoOpU3OHTaIbHOTO
nosioXeHnsa Bce dnwounabl, B NepByw o4vyepeab ra3oBble, Ha4YMHAT MUrpUpoBaTb BBEPX MO
BOCCTaHMIO nnactoB. B pesynbTate Ha 6osnee nNpuNoagHSaTbIX Yy4yacTkax JHa Bcerga

obHapyxuBatwTcsa ropa3no 6onbwee konuyectso YBI, ocobeHHo CH;. Mpwu murpaunm YBI

BBEPX MO BOCCTaHMIO NAacTOB NPOUCXOAUT UX AuddepeHunmauma n 3TUM MOXHO O6BACHUTb
6onbwoe copepxaHme CH4 npm o4yeHb ManoM KonmyecTBe TAXEnNbiX YBI B npunoaHsATbIX

y4yacCTKaXx Iﬂl
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MepeHoC rasoB 3a4yacTyl CBSI3aH C NMOA3EMHbIMW Bogamu. Masbl MOryT nepepacnpenensitbCs
Kak B pacTBOpPEHHOM, Tak M cBoboaHOM Buae. OTKMMaKOLWMECS B X0AE AMAreHEeTUYecKoro
YNJOTHEHUS FPYHTOBblE BOAbl CO34alOT HAMOp Ha KOHTakTax pPasJiIMUyHbIX MO JIMTOSOTUU CIOEB.
B. DHrenbrapaT cBsA3blBAeT C 3TMM HAMopoM TOBbIWEHME [JaBfieHUs BoAbl CBepX
rMAPOCTaTMYECKOrO B MeCcKax, OKPYXEHHbIX MIMHUCTbIMKU OocaakaMu. [laxe He6OoNblWOoW Hak/IoH
necyaHblXx MNJacToB MNPUBOAUT K HaKOMIeHU CBO60AHbIX O6BEMOB TrpyHTOBbLIX BOA, B

Konn4yectee 60ﬂbLIJeM, 4eM 3TO MOXHO nNpeanonoXwtb, wUcxoada wu3 3HAaY€HUN MOLHOCTU

noactunawowmnx ravn 421 B aannom cny4dyae pedb UMAET 06 oTKaTUM TPYHTOBbIX BOA BBEPX.
Mpwn npoMmep3aHun neckos B NpubpexxHO-MOPCKUX OTNOXeHUAX byaeT 3aaenicteoBaH obpaTHbIl

MEeXaHn3M. KpVIOI'eHHbIVI Hanop 6y,EI,ET 3a4aB/iMBaTb rPYHTOBbIE BOAblI NOA MNMWHUCTbIE OCaAKWU.

dopMUpOBaAHNE KPUOTEHHbIX TFA30HACbIWEHHbIX TFE0CUCTEM B MOPCKUX OTIOXEHMUAX Ha
TeppuUTOpMAX pa3BUTUA TEKTOHWYECKUX CTPYKTYp nMpouecc, PpacTAaHyTbli BO BpeMeHMU,
NMPOXOASLWNA HECKONBKO CTaaun m ob6yCnoBneHHbI B3aMMOAENCTBUEM pa3siIMyHbIX (HPakKTOpoOB.
I0.b6. Baagy Ana 3TMx ycnoBui npeanoxeHa runoTtesa cTaguiHoro GopMmpoBaHMA rasoBbIX

CKOM/IEHUI B MHOTONIETHEMEP3/bIX MOPOAAaX MOPCKOro reHesuca.

MepBaa cTagusa. Mopckue ocapgkun GOpPMUPYIOTCS NpU  OTpUULATENbHbLIX TeMnepaTypax.
Bcneacteme amareHeTMYeCKMX MNpoOLECCOB Bblaenserca oOnNpecHEHHas BoJda, KoTopas
3amep3aeT. B pe3synbTaTte dhopmupyetcs cybakBanbHasa Tosilla 0CAaAKOB COAEpXaluMX felsHble
BK/IOYEHMS W MMeWwKux naowaaHoe pacnpocTpaHeHue. Ha nokanbHbIX  y4yacTkax,
noctynawowun n3 rnybuH ras, aamabatmyeckum pacwmpsaeTcsa, npu 3ToM B6AM3KN BbIBOASALLUNX
KaHanoB ocaaku npoMep3atoT. [MoaBOAHbIe CKAOHbI NOABEPXEHbl OMOM3HEBbIM MpoueccaM, B
pe3ynbTaTe KOTOPbIX, MPU TUKCOTPOMHOM Pa3ynjOTHEHUWN BbIAENAKTCA pacnpecHEHHbIe BOAbI.
Mx 3amep3aHue Takxe dOpPMUPYeT NbAOHACHIWEHHbIE YY4acTkM. Takum obpa3oMm, Ha nepBow
CTagun noJsiy4yawT pacnpocTpaHeHWe noKalibHble Y4YacTKW nbaocogepxawmnx cybakBanbHbIX
0CajKOB.

Ha BTOpoOlM cTtagaun, Takxe B CybakBanbHbIX YC/OBUAX, 3T NMPOMEp3LlWIMEe y4yaCcTKM CAMBAIOTCH
Mexay coboin. B 3To BpeMs HauumHatoT HOPMMPOBATLCA Mep3/10THble 3KpaHbl U NlIOKanbHblE
rasosble «noBywku». OcobeHHO 6o0nbwoe pa3BUTME OHW MNOAy4YalwT Haa rAyOUHHbIMK

CKOMMEHNAMWN ra3a B AMANUPOBbLIX CTPYKTypax.

Ha TpeTbelt cTaauu, nocnae TOro, Kak MOPCKME OCaAKu NepexoasaT B cybaspasibHOe COCTOsIHME,
OHUW MoABEpPraltTCa 3MUreHeTUYeckoMy npoMmep3aHuto. Mpu ABUXEHUN DPOHTA NMpoMep3aHus
ras gukcupyeTcs B SloKalbHbIX 30HaxX, YaCTMYHO Mepexoas B rasorumapaTel. B nocneaytowem
Mep3sasa Tofila CTAaHOBWUTCA HEMPOHMLAEMOW AN MOTOKOB rasa MoCTymalwwWmx CHU3Yy. Takum
o6pasoM, ¢GopMUpyeTCs TrasoHacblWeHHAss KpUOreHHas Toswa, sSABAsowWasca 4acTblo

rasoHOCHOW cTpykTypsl 431,

1.4.CBA3b KPYMNHbIX MACCUBOB NOA3EMHbIX JiIbAOB C ra3oHacCbll, €HHbIMU
MHOrosieTHeMEp3J/2ibiMM NOpofaMu

Mpomep3aHme cnoss BOAbl MM BOAOHACLIWEHHOrO0 Mecka MNpMBOAUT K KOMMJIEKCY MPOLECCOB
CBSI3aHHbIX C OT™KaTMeM U3 30Hbl n"baoob6bpasoBaHus (KpUOreHHass KOHUEHTpauus)
pPacTBOPEHHbBIX rasoB W cosielt. B TEKTOHMYECKUX CTPYKTypax HabnwaakTcsa 3HauyuTenbHble
MOTOKW Fa3oHachbIWeHHbIX BOoA. [pn anUreHeTU4EeCKOM MNpoMep3aHue 3TU YCNOBUS SBNSAIOTCS
Hanbonee 6naronpuaTHbIMKU AN HGOPMUPOBAHUSA MNapareHeTUYEeCKMX KOMMIEKCOB MaCCUBHbIX
noA3eMHbIX N1bA0B, FOPU3OHTOB MWHEPASIM30BAHHbIX BOA (KPWUOM3roB), W ra3oHacCbIWEHHbIX
30H. Mpw 3TOM NpoMep3atwmne BOAOHOCHbIE TOpPU30OHTbl 06nagalT 3HaAYUTENbHBIMU
rmapaB/N4e€CcKMMM HamnopaMu, KOTOpble MOryT MpeBbiWwaTb AaBJieHMe ruapopaspbiBa. [lpu
MOLWHOCTM 0caakoB okono 20 M rumapoctatMyeckoe pAaBrieHMe [O0CTaTOYHOe ANS pa3BuTUA
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BOJAOHOCHOM FOPMU30HTE NMPW NpoMep3aHumM HaMHoro 6onbwe (Tabn. 3).

Tabnuua 3.

O606WEHHbIE XapaKTEPUCTUKM KPUOM3roB B npejenax XapacaBdMCKOro wu

BosaHeHkosckoro TKM [441

Feomopdonormyeckui FnybunHa BennuynHa TemnepaTtypa | MuHepanusauus
YPOBEHb 3aneraHus Hanopa (M) °C r/n
(M)
Nanpa 1-15 0-10 -4 - -8 70 - 150
MonMa HNU30BUI pek 5-50 0-30 -3--6 40 - 110
I-III MOpCKune 3-15 0-4 -1--3,5 20 - 70
Teppachl

Mexay FAVUHUCTOW ToNWeW M BOAOHOCHbLIM MECYaHbIM FOPU3OHTOM OPMUPYETCs CAOW BOAbI,

npoMepsaHme kKoToporo dopmupyeT nnact noasemHoro nbaa. KO. K. Bacunb4yykom, B

rosIOUEHOBbIX OT/IOXEHUSAX MNepBON J/laryHHO-MOPCKOW Teppacbl U COBPEMEHHOW faryHHo-

Mopcko nanabl O6ckon rybol, 6611 0o6HapyxeHbl NaacToBble NAbAbl MOWHOCTbO OoT 0.2 o 5.7
M B 3anerawowme Ha rnybuHe go 2 M. M3yyeHme M30TOMHOro CocTaBa M MasNHONOIMMYECKUX

OCTaTKOB B M/aCTOBbIX NbAaX, MO3BONWUAW CAENATb BbIBOA O KOMMNJIEKCE Ce€rperaumMoHHbIX U

MHBEKUNOHHO-CErpeEraunMoHHbIX MNpoueccos npun ux CbOpMI/IpOBaHI/II/I.[Ql Bonee nonHoe

paccMoTpeHne ¢GOPMUPOBAHUA MOLWHbLIX BHYTPUTPYHTOBbLIX MAAcTOBbIX JIbAOB B MOPCKUX

OTNIOXKEHUSIX PACCMOTPEHO HaMuW B paHee OMNy6AMKOBaHHbIX paboTax 4246, 201 Taipm

o6bpasoM, Ha rnybuHax (Ao 100 ™M) B npoMep3alWMX BOAOHACHILEHHbIX OcCaAKax

dopMupylOTC  30HbI, rAe OAHOBPEMEHHO MPUCYTCTBYKT ra3bl (B OCHOBHOM MeTaH MU

yrinekucnblh ras 6aktepuanbHOro NpoucxoxaeHus), soga (NpecHas UAM MUHEpanM3oBaHHasn)
M CO34al0TCA AOCTAaTOYHO BbICOKME AaBsieHns, o6ecneymBatolime BO3MOXHOCTb GOPMMPOBaAHUS
rasormapaToB Mpuv SMUreHETUYECKOM MpoMep3aHWM MOPCKUX OocaakoB. Ecnm yuyecTb, 4To

necyaHble TOPWU3OHTbl WrpalT 3HAUYUTENbHYID posib B (QOPMUPOBAHMU BHYTPUTPYHTOBBIX

NJacToBbIX 3aNexen NnoaA3eMHOro NnbAa, TO CTaHOBWUTCA MOHSATHOM napareHeTMyeckKada CBA3b

3aexei rasornapaTos, NAacToBbIX Ab40B W Kpuonaros 471,

Ha ceBepe 3anapgHon Cubupun pacnpepeneHue naacToBbiX 3asexXen noaseMHbiXx NbaoB (puc.
7) B UuenoM coBnajgaeT C pacrnoioXXeHMEM TeKTOHUYECKUX CTpykTyp (puc. 6). K 3Tum
CTPYKTYpaM nNpuUypoYeHbl M 30Hbl MOBBLIWEHHOrO0 COAEepXaHWsi BOAOPACTBOPEHHbIX rasoB B
rasoBomn

nnacTtoebix BoAdax (1abn. 2). ConocTtaBieHWe cCpeaHUX COAEPXaHWW MeTaHa B

KOMMNOHEHTE BO BMELWAWLWNX OTSIOXKEHUAX U B NJIACTOBbIX /IbAaX YKa3blBae€T Ha 6onee BbiCOKME

MX KOHUEeHTpauun B nocnegHux, (Ao 23352 ppmV) (tabn. 1) fol
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Puc. 7. PacnpepeneHne nnacToBbiX 3asieXXen NOA3EMHOro NbAa B CeBEpPHOM YyacTu 3anagHo
Cnbupckon  nauThl. 1 - WVHbEeKUuMOoHHO-cerperauumoHHble T3] B rOJIOLEHOBbIX MU
BEPXHENENCTOLEH-TONIOLUEHOBbLIX OTNOXEHUAX; 2 — WHBEKUMOHHO-CerperauuoHHble TM3J1 B
cpefHe- M BepXHennencToueHOBbIX MOPCKUX OTIOXEHUAX; 3 — MHbEKUMOHHble M3J1 B sapax
ronoueHoBbiX 6yrpos nyyeHus; 4 — NHbekunoHHble M3J1 B cpegHe- N BepXHeENAeNCcToUueHOBbIX
MOPCKUX W NeAHUKOBO-MOPCKUX OTNOoXeHusx; 5 - norpebéHHble [3J1 B ronoueHoBbIX
annBuanbHbIX OTNOXeHUAX; 6 — norpebéHHblie M3J1 B rosoLEHOBbLIX M BEpXHENNENCTOLEH-
ro0LEeHOBbIX TaryHHO-MOPCKUX U NPUBPEXHO-MOPCKUX OTNOXEeHUAX; 7 — norpebéHHbie M3J1 B
cpeAHenIencToueHoBbIX N1e40B0O- U JIeAHUKOBO-MOPCKUX OTNOXeHusaX; 8 — norpebéHHblie M3J1
B CpeAHe- M BEpXHEMJenCTOUEeHOBbIX JIeAHUKOBbIX OTIOXEHWAX; 9 - nnactoBble NbAbl

HEYCTaHOB/IEHHOIo reHe3sunca I4—81

1.5. dopMmpoBaHue Hambosnee KPYNnHbIX ra3oHacCbIUW €HHbIX 30H B MHOTOJIeTHEMEP3JibIX
nopoaax B cy6aspanbHbiX u cybakBasnibHbix ycnosusax bosaHeHkoBckoro HFKM

Mpoueccbl @GOpPMUPOBAHUSA KPYMHbIX Fa30HaACbIWEHHbIX FEOCUCTEM B MHOroJ1IeTHEMEpP3bIX
nopojax Ha TEpPpPUTOPUAX Ppa3HbIX HedTerasoBbiX MeCTOPOXAEHUIA MMeET MHOro obuiero.
MosToMy paccMOoTpUM UX Ha nNpuMepe OAHOro U3 Haubonee uU3yydeHHbIX W  KPYMHbIX -
BoBaHeHkoBckoro HIFKM. laHHOe MeCcTOpOXAEeHMWE HaxoAUTCA B LEeHTpasibHOW 4YaTu N-Ba AMan
M NpuypoyeHo K boBaHeHKOBCKOMY NOKanbHOMY nogHaTuo (puc. 8).

Pa3pe3 mMEép3nbix nopoa npeacTaB/ieH NPEMMYLLECTBEHHO FIMHUCTBIMW MOPOAAMMU C NMEeCYaHbIMU
ropMaoHTaMn  pas3IM4HOM  MowHocTM. [Ana MEp3nbix nopoa boBaHeHkoBckoro HIKM
XapaKTepPHO MNOBCEMEeCTHOEe pacnpoCTpaHeHue rasonposiBJ€HUN pa3/IM4HON MHTEHCUBHOCTU U
NPOAO/IXUTENBHOCTU. [lpakTMYeCKNn BcCe ras3oBble npoaBneHUs Ha boBaHeHkoBckoM [KM
npuypoYeHbl K OTOopdOBaHHbLIM MblIeBaTbiM MeckaM, BCTpeyalwwumMcs B pa3pese MEpP30#
ToNnwm po rnybumH nopsaka 130 M. a3 HaxopdATca B cBobogHow dopme wmam B BuUAe
rasormgpaTtoB. o cocTtaBy ras Ha 99% cocTouT M3 MeTaHa C He3HauuesbHOW MNpUMecChbio
asoTa, AvoKCcuAaa yrnepoga, 3taHa, nponaHa, 6yTtaHa, 4To genaet ero 6/1M3KMM K CcOCTaBy anT
-  CEHOMAHCKOro ropumsoHTa. MHoronetHeMépssble nNopoAbl NpeacTaB/SieHbl B OCHOBHOM
rAMHamMm C nMecyaHbiMM MNPOCAOAMU pPaA3NNYHOW TONWMUHBLI. [JebuTel ra3oBbiX BblbpocoB

konebnioTtca ot 50 go 14000 M3/cyT. O6bEMbI rasa pocCTUraltT 3Ha4YUTENbHbIX pa3meposB, B

OAHON M3 cKkBaXWH (64-M-2) B nutepsane 72-80 M 3anac rasa 6bin oueHéH B 490 ThiC. M3, a
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nnowaab raszoBomn 3anexu B 80 ThiC. m2 [49]

Puc. 8. CTpykTypHas cxeMa lOXHOM YyacTtu boBaHeHkoBckoro NKM
(no matepuanam J1.H. Kpuuyk ¢ gobasneHunem)

1 - pa3BeaoyHasd cCKBaxuHa U eé HoOMep; 2 — U30rUNChbl KPOBJIM CEHOMAHCKON NMPOAYKTUBHOMN
TONWMK; 3 — KYCT NPOMbICNIOBbIX CKBAXWH; 4 — HOMep OO6HaXXeHUs NNacToBOro fbAa; 5 — NMHug
CTPYKTYPHO-Feo/sI0rn4yeckoro paspesa; 6 - JIMHWUS TreoKpuonoruyeckoro paspesa; 7 -
rpaHuua: a — onbiTHOoro y4yactka BCEFTHIEO. b - xacbipesa o3epa Tubento 8 — rpaHMua 30HbI

obnactm HanbonbWMX ra3onposiBIeHUN 1501,

Bonee 85% ra3onposiBAeHUN B OT/IOXEHUAX SAMASIbCKOM Ccepun 3adPUKCUpOBaHbl Ha rnybunHax
nopsaka 60-80 m (puc. 11). DTOT ropuM3OHT BblAepXaHH Ha njowaau nopsaka 120 km2.

Hanbonee MacwTtabHble rasoBbie Bbibpocbl ¢ aAebutamm go 10-15 TbIC. M3/cyT npu cpeaHunx
3HadyeHuax nopsaka 800-1000 M3/cyT XxapaKTepHbl ANA FMApaTOHaCbIWEHHbIX FOPU3O0HTOB.
Hwxe Hux HabniogaeTcs yBenuyeHune obwer 3aCONEHHOCTM MEpP3/bIX NOPOA WMAM BOLOHOCHBIX
MUHepann3oBaHHbIX CNoée (kKpuonaros) (puc. 9). YBenuMyeHue KOHUEHTpauunm CONen Huxe
OMNpeCHEeHHbIX rMApaTOHACbIWEHHbIX MHTEPBANIOB — TUMNYHAA, CUTyauusa AN cesepa 3anagHou
Cubupn, cBsi3aHHass C OXaTueM CcoOJlel M3 30Hbl NbAO- U ruapaToobpas3oBaHusa. npwu

npoMep3aHUn BOAOHACLIWEHHbIX OTNOXEHUI. [puM 3ToM o6paTHbIN Npouecc, Auccoumalmu

rasoruapaToB Pe3Ko UHTEHCUMULMPYETCS B NPUCYTCTBME MUHEpPanM30BaHHbIX pactsopos. 1211,
OTaenbHble razonpoaBieHns 3adMKCUPOBaHbl HEMOCPEACTBEHHO B MAacToBbiX Nbdax. [Mpwu

npoxoake neasHbIX Te€n d)VIKCVIpyeTC’iI CUNBbHbIA 3anax rasa. Iﬂ
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Puc. 9. Pacnpenenenne obwemn 3aconéHHoctm (Z %) nopoag no rnybuHe mMEpsnon Ttonwm a -
ckBaxuMHa 610-M-2, 6 - ckBaxwuHa 52-M-1, B - ckBaxuHa 610-M-3. LTpuxoBble NMHUMK

OoTMEeYaloT FJ'IYGVIHbI I'a3OI'IpOF|BJ'IEHl/Il‘/‘I [5—21

B npuBeAEHHbIX Ha pUC. 9 CKBaXxXWHax HabnwAaNUCb rasonposiBIEHUS, NPUYPOUYEHHbIE K
30HaM MOHWUXEHHOW, OTHOCUTENBHO COCEAHUX FOPU3OHTOB, 3aCONEHHOCTU: B CKBaXxMHe 610-T1-

2 Ha rnybuHe 63-67 M (aebut 500 M3/cyT), 91-95 M (aebut 1000 M3/cyT); B cCkBaxuHe 52-M-1
Ha rnybuHe 60-70 m (pebut 100-150 m3/cyT), 119-123 M (pebut 100-150 M3/cyT); B CKBaXWHe
610-M-3 Ha rnybuHe 54-58 m (gebut 300 M3/cyT), 71-76 m (pebut 200-300 mM3/cyT), 91-94 ™M
(Be6uT 300-400 m3/cyT) 1321,

Mo paHHbIM B.J1. BoHaapeBa c coaBTopaMu B MEp3nblX nopoaax boBaHeHkoBckoro HIKM
MPUCYTCTBYIOT C/ieAyoumne reHeTM4eckmne TUunbl ra3os:

- CUHreHeTMyeckue rasbl, YCTaHOBJEHHble B WHTepBane rAybuH 16-150M), 3HaueHne 513
CCH4 - 70%o0 wn HuXe XxapakTepHoe pang rasoB 6uoreHepauumm (BcTpedatotcsa npobbl co
3HayeHuem 613CCH4 = - 59,2 %o0), 4TO yKa3biBaeT Ha MPUCYTCTBME B UX COCTaBE€ HEKOTOPOM

AONN 3NUreHeTMYyeckux (MUrpauMoHHbIX) Fra3os;

- CUHreHeTM4YecKMe, C HEeKOTOpPbIM COAEpXaHWEeM 3NUreHeTUYeckux (TepMoKaTanUTUUYECKUX)

ra3oB, CBOMWCTBEHHbl BOAOPACTBOPEHHbLIM razam (MHTepBan 10-252 M) B KOTOpbIX 3Hauyewus

613CCH4 n3meHsdeTcs ot -61,0 ao -67,7 %eo;

- CMelWwaHHble ra3sbl (CMHreHeTUYecKkne WM anureHeTmvyeckume ), copbupoBaHHble 0CaAOYHbIMU
nopogamMm, B KOTOPbIX coAdepXaHue 613CCH4 n3MeHsieTtca B npegenax -43,5 - -76,4 %o
(vwHTepBan MEp3nbix nopoa 0 - 262 M u 202-350 naneoreH-MesioBble OT/IOXEHMUS), 4UYTO

npucyuwe rasam 6uoreHHoro npouncxoxaeHus I4—91

JaHHble MaTepuanbl CBUAETENbCTBYOT, 4TO B (OPMUMPOBAHUN KPUOTFEHHbIX Ob6pa3oBaHum
y4acTBYIOT rasbl BMOreHHOro NpoucxXoXxaeHus, 4yacTe cdhopMmmpoBanack i n situ n morna 6bITb
nepepacnpepesieHa KpPUOreHHbIMW MpoueccaMn B XOAE 3NUreHeTU4YeCcKOro npoMeps3aHus, a
YyacTb SBNSIOTCA MUIrpauMOHHbBIMW W MNPUBHECEHA W3 HWXE 3anerawwmx TrOpPU3OHTOB
(naneoreH-mMenoBbIX OTNOXEHUN).

XapaKTepHOI YepTol CTpOEeHUs MHOroneTHeMép3nbiX nopoa boBaHeHkoBCcKoro HIFKM asnsaeTcs
Hannyme CKOMJeHMs  MOLWHbIX TMJAacTOBbIX 3ajexel noA3eMHbiX Nnbaos, 6Hosnbwas
rasoHacbIWeHHOCTb B BUAE rasornmapaTtoB, MNPUYPOUYEHHbIX K MecCYaHbIM CJ/I0SM, HaJIM4yMeEM
KPNUON3ros, MPUYPOUYEHHbLIX K TEM XXe necyaHbIM cnos. NpocnexmnsaeTcd B3aUMOCBA3b AaHHbIX
CTPYKTYPHbIX 311€eMeHTOB, 06pa3yrwwmnx B3aMMOCBA3aHHble MNapareHeTM4yeckme KOMMJeKChl,
BKJIlOYatloWme naacToBble NbAbl, ra3 B BUAE rasormapaToB UaM CKonaeHUMn cBoboaHOro rasa m
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MUHEepanM3oBaHHble BOAbl (KPMOM3THK).

MnactoBble nbabl B 6ypoBbiXx Npodunax Hambonee yacTo NMpOCNexXMBAKTCA NOA OCTaHUaMMu
TpeTbelh MU BTOpoK Teppac (c abconwTHbIMM oTMeTkaMu oT 15-20 pgo 40 M), a Takxe B
npeaesnax ajanlBMANbHOW W O3€epHO-aNloBMANIbHOM MNOWMbI. AHanNM3 pJaHHbIX Mo 3 TbIC.
CKBaxuH rnyébuHoi ot 10 go 100 M, NnpobypeHHbIX B npeaenax tepputopum EoBaHeHKOBCKOrO
ckonneHnn HIKM, nokasan Hanuvume B 260 M3 HUX nnacTtoBbiXx NbAoB. [lepekpbiBatowmne
nnacToBble NbAbl OTNIOXEHUS NpeaCTaBAE€Hbl NMPEUMYLLECTBEHHO CYFIMHKaMU MOLWHOCTbIO OT 2
o 12 m. MNoactunatoTca Neckamm, CynecsaMmm, pexe CcyrimHKamm 531 o6 OrpoOMHbIX 06BEMaAxX
neAsiHbIX MacCMBOB CBUAETENbCTBYIOT MaTepuanbl uccnepgosaHun C.HKO. Mapmy3mHa u C.E.

Cyxononbckoro OHM NMOKasajlv Hanuume nefsiHblX TeN MPOTSXKEHHOCTb 1-2 kM u 6onee. Ha

naowaake naowaabio okono 4 kM2 NMPUypoOYEHHOro K BeplwuHe rasosoro kynona (puc. 10),
6bino0 npobypeHo 6onee 50 ckBaxwuH. Kak oTMeuyatloT uccnegosatenn 06bEM Nbaa Ha 3TOM
ydacTke B BuUAEe e€eAWHOro NneasitHoro Tesa WM cepuum pa3obwéHHbIX Ten, paxe npu

OCTOPOXHbIX NoAcYeTax, npesbiCna 4 MAH M3 1541,

MAHAR TEONOMMYecKDro pajpesa

28.78
209-79 ” CHRRANG M MK HOMBTRE
[ nnacrossid nea e
i IPaNWLIE KDORTIA MR 110 [AHHRM HEDE OO
E‘ OEHAREHAE Nk - anexTponpodhiimporana i werepnpeTaipm EA Jopodeeena

Puc. 10.bnok gnarpamMmma ocCcTaHUa TpeTben Teppachkl Ha npaBobepexbe pekn Cenaxa 541

Mpn 6ypeHUN CKBa>XUH B MHOTrOSIETHEMEP3/bIX NOopoAaXxX 6bliM BCTPEeYEHbl MHOFOUYMUCEHHbIE

BOAONpPOSIBNEHUS, BCTpeyawwmecsas Ha rnybumHax 40-130 m (puc. 11). MwuHepanusauus
Kpvonaros cocTtaBnset 26 - 34 r/n [52] Kprvonarn yacto noAcTMNaloT MaacToBble 3asiexu
(puc. 12).
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Puc. 11. PacnpeneneHne raszoobpasHbix (a) u xumakumx (6) dnwomgos no rnybuHe MEp3non
Tonwwm 1321,
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Puc. 12. CxemaTtnyecknin paspes yepe3s boBaHEHKOBCKOE MeCTOpOXAEeHME 551, 4 - neckn; 2 -
rNvHbl; 3 — nepecnavBaHuWe MNeCcKOB, CYFrIMHKOB M INIMH; 4 - NnacToBbll nen; 5 — NUH3bI
KpnonaroB (a - YyCTaHOBNEeHHble, 6 - npeanonaraemble); 6 - rpaHuua KOMMJaekca C

nnacTtoBbIM NbAOM.

PaccmoTtpum ycnoBus, cnocobcTtBylowme GoOpMUPOBaHUIO Tra3oHacCbIWEHHONW KPWUOFreHHOoM
reocmnctembl boBaHeHkoBckoro NKM.
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Puc. 13. Feonorvyecknin paspe3 NpoOAYKTMBHbIX Tonw, bBoBaHeHkoBckoro HIKM

(BHWUWIA3,2003) Lntupyetcs no 261

[To BepxXxHeEMYy CEHOMAHCKOMY FOPU3OHTY pa3Mepbl MeCTOpPOXAEeHUS 51X20,5KM[5—71 YCNOBHO
MOXHO CuUTaTb 3TO Naowaabtlo Bogocbopa. BbicoTa ropmsoHTa okono 150 M, ¢ rnybuHel 520 ao
670 M (puc. 13). BOAOHOCHBLIN anT-CEHOMAHCKUA TFOPU3OHT COCTaBASKT apruaautononobHeie
rAWHbI C 4YacTbiMM MPOC/ONKAMM NeCYaHUKOB, afieBPOJIMTOB M YNJOTHEHHbIX NeckoB. Kpoens
ropusoHTa npocnaexunsBaeTcsa Ha abconTHbIX 0oTMeTKax MUHYyc 500 - 1250 M. Mo xumnyeckomy

COCTaBy BOAbl FOPU30OHTaA X/I0pUAHbIE HAaTpueBble C MUHepanusauuen ot 4,6 no 23,8 r/,u,M3.

Ona Boa ropuM3oHTa XapakTepHa BbiCOKas rasoHacbiweHHocTb - oT 1000 go 2300 CM/.CI,M3
(tabn. 2). MNpeobnagawowmMmMm KOMMNOHEHTOM pacCTBOPEHHbLIX ra3oB ABnseTca meTaH (94-99%),
6buoreHHoro npoucxoxaeHus. BepxHaa yacTb pa3pesa, Kyaa nogaétcsa noj AaBfieHUWeM BoAaa
M3 HMXHUX TFOPM3OHTOB, MNpeAcCTaB/lieHa nepecfauBawWMMUCA MNeckaMu W CYTrJIMHKaMMU.
Hanbonee MoOWHbIN necyaHbih TOpU3oHT (Nopuctoctb 40%, kKoadpduumeHT nopuctoctn - 0,67),
3aneraet B OT/JOXEHUSAX Ka3aHUeBCKOW CBUTbl Ha rnybuHe 30-50M. B noactunawwen
canexapackom cBuTe Ha rnybuHax 75-100 M (uHorpa c 60 M) 3aneraet MOpeHOMNOAObGHbIN

cynecyaHsblii cnoit (nopuctoctb 41%, koadduumneHT nopuctoctn - 0,70) 1491 Bogbl M3 HUXHUX
rOpU30HTOB, C PAaCTBOPEHHbLIMU B HUX ra3aMn No TpPewMHaM MOCTYNatT B MOPCKNE OTIOXEHUS,
a 3aTeM W B MOpPCKMe BOAbl. DNUreHeTMYEeCcKoe MpoMep3aHue NPUBOAUT: BO-MEPBLIX, K
KPUOreHHON KOHUEeHTpauWu FpyHTOBbLIX BOA; BO-BTOpPbIX, (POpMUpPYeT 3KpaH MPensATCTBYOLWNNA

BbiIXoAYy BOAbl N Ta30B Ha NMOBEPXHOCTDb.

B pesysnbTaTe Ha/lOXXEHUS MHOMMX (aKTOpOB M B3aMMOAEWCTBUS MHOIMX MPOLECCOB B Tojle
MHOTroNeTHEMEP3/IbIX NMopos (GOpPMUPYETCS CNOXHAsA KPUOreHHas reocucteMa, BK/lvatolas
napareHeTUYeCKUn  KOMMJEKC KPUOreHHbIXx o0b6pasoBaHWIi: BbICOKONbAUCTbIE  MEp3Jble
OT/IOXKEHUS, MNNACTOBbIE 3a/I€XM MOA3EMHbIX NbA0B, KPUOM3TU, BbICOKAS ra30HACbIWEHHOCTb B

Bnae MHONOYUCNEHHbBIX TOPU30OHTOB rasornapaTtoB M ra3oBblX KapMaHOB.
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B  uenoM KpuMOreHHas reocucteMa ra30HACbIWEHHbIX MHOFO/eTHEMEP3/bIX MNOPOA
BoBaHeHkoBckoro KM B CTpyKTYpHOM OTHOLIEHMW COCTOUT M3 napareHesza 6Honee Menkux
KPUOTeHHbIX MoACUCTEM, CHOPMUPOBABLUMXCA B Pa3HOE BPEMS M B Pa3/IMUYHbIX MPUPOAHBIX

ob6cTaHOBKaX.
KpynHoe ckonJieHue rasoHachbil eHHbIX Mep3/biX Nnopoa B cybakBaJibHbIX YC/IOBUAX

3HaunTeNbHble CKOMJIEHUS Tra30HacbIWEHHbIX MOpO4 B COYETaHUM C MOLWHbLIMM MaccuBamu
noA3eMHbIX NbA0B BCTpe4YeHbl Ha wenbde apkTMyeckux mopei. Hanbonee MouwHbIE MaccuBbl
NbA0B, ra3oHacbIWEHHbIX MEP3/ibIX MOPO4 U MHTEHCUBHbIE BblIGpOCHI ra3za obHapyXeHbl Ha
obbvekTe «uanupbl» (BOCTOYHas yacTb leyopckoro mopsa, okono 60-70 KM K toro-zanagy ot
nponusa Kapckne BopoTa), pacnosioXXeHHOM B npejefsiax ra3soHOCHOW CTPYKTypbl (puc. 14).

& 52

SR /77750
T o y.g

7

Puc. 14. NasoHachkiweHHble ocaakm bapeHueBo-Kapckoro wenbda 58]

(c po6aBneHnemM pparMmeHTa KapTo-cxeMbl He(TEra3oOHOCHbIX CTPYKTYp 591 )

1 - rnybuHel mopsa 6onee 80-100 M, 2 - 30Ha cTabunbHOCTM rasoruapaTtoB MeTaHa, 3 -
rnybuHel mopss mMeHee 50-100 M, 4 - 30Ha MPWUKOATYeBCKOro Tasuka, 5 - rybbel n 3anmsbl,
NMPUypoOYEeHHble K 3CTyapusaM KpynHbIX pek, 6 - akyctmyeckume okHa (nepeyrnybnéHHbie
BMnaAuHbl), 7 — OTCYTCTBUE AaHHbIX, 8 - n3otepma 0 °C NpuMAOHHOM BOAbl, 9 — TOYKMU CKBAXWH,
rae MMenun MecTto Bbli6bpochbl, 10 — TOYKW CKBAXWH, BCKPbIBWMX MEp3nble rPpyHTbl, 11 — TO4KM

CKBaXWH B KOTOPbIX OTMEYEHDI HECbTerlpOFIBJ'IEHVIFl

B paiioHe >3Toro ob6bekrta Ha MOBEPXHOCTU AHA LWWPOKO pas3BWUTbl U3OMETPUYHbIE B MNJaHe
AnannponoaobHbie NOAHSATUS C OTHOCUTENbHbIM npeBblweHMeM o 30-50 M npu wupuHe
ocHoBaHusa go 70-300 m (puc. 15). Ha cBogax 3Tux noaHaTMn, npu rnybuHe meHee 0.5 ™M
HWXe pAHa, 6ypeHnem O6blM BCKpbITbl Mep3nble NbAUCTble TPyHTbl. OAgHa W3 CKBaXWH
npobypeHHas B ueHTpe xosMa okoso 300 M B nonepevyHuMKe W BbICOTOM OKosio 12 M, mopa
CNoeM CYr/IMHUCTOro una MowHocTeo 0,3 M 1 A0 rnybuHbl 25 M 6bi1 BCKPbIT YUCTbIN NPECHbIN
népn, MOWHOCTb KOTOPOro He ycTaHOoBAeHa. MaTepuanbl 6ypeHus nokasanu, YTO B BepxHew
npMCBOAOBOM 4YacTuU NOAHATMA 06beMHas NbAMCTOCTb rpyHTOB AocturaeTt 80-95 % un 6onee
(neporpyHT). HauuHasa ¢ rnybuHbel 30 M HMXKe MOBEPXHOCTU AHA, 06beMHOe coaepXxaHue nbaa
He npesBbiwaeT 30 % M NOCTENeHHO yMeHbllaeTcsa BHM3 no pa3pe3y. Hambonee rnybokas, m3
npobypeHHbIX 34eCb CKBaXWH, Bckpbina 100 MeTpOBYHD MOHOTOHHYK Mep3aykl Toauwy,
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npeanonoXunTeslbHO MUKYJTUHCKNUX MOPCKUX TNMUH N CYTTUHKOB.

Puc. 15. BpeMeHHble pa3pe3bl, NOJly4eHHble Ha 06bekTe «mnanupbl» U UX MHTepnpeTauus no
OaHHbIM 6ypeHMa: a - BpPEMeHHblW pa3pes3, MNONYy4YEeHHbI C MNOMOLWbI 31EKTPOUCKOBOIO
McToyHmka (yactotel 0,8-1.2 Kluy), b - BpeMeHHOW pa3pe3 uMNyAbCHOro npodunorpada
(vactoTa 3.5 KI'y), ¢ - nHTepnpeTaumns.

I - akyctMyeckm cnouctasgnpoHumuyaemas Tonwa, II - akycTMyeckum HenpoHuuaemas
rasoHacobliweHHasa u/mnm mépsnasa tonwa, III - anannponoaobHble NOAHATUSA.

1 - HuXxHeBanganuckume annBUanbHble Neckn, 2 - cpeaHeBangalckue CYrauHkn, 3 -
MUKYJIMHCKWUE TNIUHbI, 4 - MOpPCKUE rosioueHOoBble cynecu, 5 — Mecku HacbllWeHHble ra3om
ANBA, 6 - cerperauMoHHbIn Né€n, 7 — MHXEHEPHO-TE0/IOTMYECKNE CKBAXWUHbI, 8 — CKBAXWHbI,

B KOTOpPbIX nMen MecTo Bbl6pOC rasa, 9 - KpoBng MHoroneTHeMép3snbiXx NOpos [5—81

CkBaxuHa, npobypeHHas Ha y4yacTke MexAay AManmponofo6HbIMWM MOAHATUA BCKpblIla KPOB/IO
MHOroneTHeMep3/blX NOpoA, NpeACTaBNEHHbIX MUKYNUHCKUMU FAUHaAMKN, rnybuHe 20.2 M Huxe
noBepxHOCTM AHa. B npouecce panbHenwero 6ypeHuna ¢ rnybuHel okono 49.5 M Huxe
NOBEPXHOCTM JAHa MNpOM30LlWeN MOLWHbIN BbIGpOC raszo-soAsdHOW cMecu. Bbicota doHTaHa
aocturana 6onee 10 M. BeposTHee Bcero npuvYMHOM AaHHOro Bblbpoca SIBUIOCb BCKPbITUE
CKBaXWHOM NPUNOBEPXHOCTHOrO KapMaHa, cojepxauwero 60/blWwoe KOAMYECTBO rasa noja
BbICOKMM gaBneHuem. [lo-BMAMMOMY, 3TOT KapMaH MpuypoyYeH K Mec4YaHOW nuH3e,
3aserawoowen BHYTPU WIN B OCHOBAHWM TOJILLM MHOTOJIETHEMEP3/bIX MUKYJUHCKUX T[JIVH.
Mep3nble rAnMHbl 061a4al0T BLICOKOWM MPOYHOCTbIO, COOTBETCTBEHHO BHYTPM MepP3S10M TONLWM
MM noh ee NOKPOBOM MOTyT CO34aBaTbCA OTHOCUTENbHO BbICOKME AaBneHus. MNMo-suanmomy,
ras, CckKanauealoWMACA B CBOAAX AHTUKAWHANbHbIX W3rM60B NOAOWBbLI  KapruHCKO-
cpeAHeBanganckonW TONLWM, HAXOAMTCH NMOoA 3HauuTenbHbIM gaBneHuve. Korga 370 pasBneHwue
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AOCTUraeT HEKOTOPOr0 KPUTUYECKOro 3HayeHUs, BEPOSITHO CONOCTaBUMOro C CONMPOTUBIEHMEM
He [ApeHMpOBaHHOMY CABUry OcCaakKoB JdaHHon Tonwm (okono 5-30 KMa), npoucxoauT
nedopmaums.

Bonpoc o reHesuce AvManuMpoBbIX CTPYKTYp Ha AHE MOpS, COAepXallMx MpecHble MacCUBHbIE
NbAbl U NeAorpyHTbl B COYeTaHMe C rasoBo- BOASHbIMM BbI6EpOCaMM OCTAa&TCA HepeLlEHHbIM.
MpeanonaraeTcsi, 4YTo OpMMpPOBAHME CBOLOBLIX CTPYKTYP B MecCTaX TEKTOHUYECKUX MOAHATUN
NpUBOAUT K AECTPYKUMWM TOPHbIX MNopos W 06pa3oBaHU AWMATAHCUOHHbLIX TPEeLWWH,
ABNAIOWMXCA KaHanaMn AN MUrpaunm rasoB M ONPeCcHEHHbIX BOA C rMy60KUX rOPU3OHTOB.

Camun AnannpoBble CTPYKTYpPpbl BO3HUKJIM B pe3ynbTaTe KOMMJIEKCA MNapareHeTn4yecku
CBA3aHHbIX NMpoUeCCOoB:

- gedopMaumein ocagovyHOW TONWM No4 AaBNeHMEM MNOCTYNawWMX CHWU3Y ra3oBO-BOASHbLIX
dnonaos;

- GopMUpOBaAHMEM MOABOAHbLIX FUAPOMAKKOMMTOB 3a CYET 3aMep3aHus MNPUBHECEHHBLIX C
rny6uHblI NPEeCHbIX HAaMOpPHbIX BOJ B 30HY OTpULATENbHbLIX TEMMNepaTyp;

- AONOJNTHUTENBHOIO npoMopa>xXumBaHus BOAOHACHIWEHHDbIX MOPCKMX OCaAKOB 3a CUérT
aApoccenbHoro addekta npn NoAbEME HANOPHbIX FA30B U3 HUXHUX FTOPU3OHTOB;

- nedopMaumMm B OCaAAOYHOMN TOJLWE WM BbKMMaHWME BMeLAWMUX OTNOXEHUIA B natepasibHOM
HanpaB/eHMU U BBepxX No paspesy. Mpu 3ToM, B NepByl o4yepelb, MO6MUIU3YIOTCA Haubonee
NbAUCTbIE U, COOTBETCTBEHHO, MAACTU4YHbIEe (NPWU AOCTAaTOYHO 6ONbLIMX AABMEHUSAX) PA3HOCTY.
B pesynbtate Takux pedopMauMii M BbDKMMaHUA K TMOBEPXHOCTM [AHA BbICOKOAbAUCTbIX
o6pazoBaHunit GOpMUPYIOTCSA NOAHATAS C NeAOrPyYHTOBbLIMU CBOAAMMU;

- B pe3ysbTateé BO3HUKHOBEHMNA aHOMaJIbHO BbICOKUX MJIACTOBbIX AaBJIEHUA 3a CYéT

avccounaumu rasorugpatos 169611

Kctatv, nocnegHee o06bSCHSAET COBMECTHOE HaxXoXAeHWe TnpecHolW BoAbl W  6OMAbWOro
Konunyectea cBobopgHoro rasa. O6bekT «Auanupbl» pacrnofsiaraetcs B 30He cybakBasibHOro

pacnpocTpaHeHusa rasornapaToB KpnoreHHoro tuna (puc. 16) 611,

\ \

§ ( | P ) \
y | i .-+~ Ref:B.A. G@mm r. A. Twsbypr.
rd : : | L map. (1987) °

I rpwacHHwe rMapaTe, seabed gas hydrales T mapatia kpronessdnn THG, Cryoganic ype hydrates
[ NMpupaancHoe MecToptagenne, Prirazlomnos ficld {? Wrosmaroacxkos MKM, Shiockman ficld

Puc. 16. lazoruapaTbl U X pacnpocTpaHeHne B ApKTuUKe 621

MaTepuanbl Mo CTpoeHU cybakBalibHbIX AMANMPOBbLIX CTPYKTYp MOKasbiBaeT ux 6auskoe
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CTpOEeHMe C rasoHachblleHHbIMM MHOroseTHeMép3nbiMM noposamu boBaHeHkoBCckoro HIKM.
Bnnskn un ycnosua  dopmumpoBaHuma. B oboux cnyvaax Habnwgaetcsa  KOMMAekKc
napareHeTMYeCKMxX MNpoueccoB, B OCHOBE KOTOPbIX JeXWUT GopMUpoBaHne J0OKalbHbIX
TEKTOHMYECKMX NOAHATUI, HdOpMUPOBaHUE KYMOJSIOB KOTOPble KOHLEHTPUPYIOT NOTOKM FasoBblX,
XUAKOCTHbIX M ra3oXunakocTHbix dntoungos. lMocneaywuee KpMoreHHoe BO34eNCTBUE WU B
BMAe 3NUreHeTM4ecKoro npomMep3aHus UAM 3a CYET pgpoccenbHoro sddekrta dukcupyeTt
dnonabl B BMAE  KOMMJEKca napareHetnyeckux obpasoBaHui: MacCMBOB  J1bAOB,
rasormapatoB, KapMaHOB cCXaToro cBob6ogHoro rasa. BO3MOXHO, B npeaenax ra3oHOCHbIX
CTPYKTYp 6yaeT HabnwaaTbCa BTOpPUYHbIE NMPOLECCHl NepepacnpenesieHns ra3os, CB3aHHoOe C
pas3sioXXeHnem rasormagpatos. BeposaTHo, pAna cybakBanbHbIX YCNOBUA  KPUOreHHas
KOHLUEeHTpaunsa, xapaktepHasa npu cybaspanbHOM npomep3aHuun, 6ygeT urpatb MeHbLUY pPOJSib.

1.6. Na3oHachbIUW eHHble re0CUCTEMbI CBAA3aHHbIE C pa3JlodkKeHMeM rasormapaTtoBs B
MHOTroJIeTHEMEpP3NbIX NopoAax

OTpenbHbIN TMN ra3oHacbIWEHHbIX reocucTeM GopMmpyeTcsa Npu pas3oXeHUn rasornapaTtos B
€CTEeCTBEHHbIX YC/IOBUAX. [laHHble re0CUCTEMbI CBA3aHbl C pacTen/ieHWeM MHOroJIeTHEMEP3/bIX
nopoa M nocieaywWWUM pa3fioXeHueM rasorumapatoB. [puUYMHON pacTenseHus SABASATCSA
NoKasibHble WU3MEHEHWUS TMOBEPXHOCTHbIX YCnoBUN (pa3BUTUE TMOBEPXHOCTHbIX BOAOEMOB,
HapylweHMe pacTUTENbHOIFO MNOKPOBA, YBEeJIMYEHWE TOJWMHLI CHEXHOro MoKpoBa M Ap.),
noTtensieHne knauMaTa, oTennswuwee AencteBue TrAybuHHbIX rasoB. CueHapuu pa3BuUTUS
npoLUeccoB, COMPOBOXAAKLWNA pa3noXeHNe rasoBblX rmapatos MHoroo6bpasHel. OauH n TOT
Xe npouecc Auccourauunn ra3zoBbiX rMApaToB B pa3/IMYHbLIX NMPUPOAHbLIX YCOBUSAX NpUBEAET K

pPa3/iINyHbIM pe3ynbTaTaM [Ql

Mpn He3HauyMTeNbHOM W KPATKOBPEMEHHOM MOBbIWEHWM TeMmMnepaTypbl, AuccouMauums
rasormapaTtoB MoXeT 6bICTPO 3aKOHUYUTLCA B pe3ynbTaTe caMOKOHcepBauuu. B pesynbTaTte B
MMM MoxeT chopMmpoBaTbCAd 30Ha MOBbLIWEHHOW MOPUCTOCTM 3@ CYET HeboNblWMX rasoBbIX

NnosioCcTEN.

Mpwn poctatoyHoOM rnybuvHe M WMpUHE O03epa ras, BbIAENUBLIMIACSA NpU AUCCOLMALNN MOXET He
HakannmeaTbCa B MMI, a nocTynaTh B MOAO3EPHbLIA NOCNe Yyero B BOAOEM N aTMocdepy. DTO
HabnwpgaeTcs Ha MHormx o3épax fAmana. BblgeneHuve rasa npoucxoamT OT HECKOJbKUX
MecsLueB A0 HeCKOoNibkuX neT, 6e3 B3pbiBOB, B BUAE ra3oBbiX CTPyn, HUKCMPYEMbIX HA BOAHOWN

NMOBEPXHOCTH.

PocT paBneHuna npu guccounauum rasoBbiX rMapaToB MOXeT Bo3pacTaTb 6bicTpo. [Mocne TOro
Kak AaBflieHMe B MOJIOCTU MPEBbLICUT MPOYHOCTb KPOBAM NMPOMCXOoAUT BbIGpoC, ocobeHHO ecnu
rasormapaTtHblii cnol 3aneraetr Ha Hebonbwown raybuHe (20-30 ™M). Mpu 3TOM BO3MOXHbI
pa3fnnyHble BapuaHTbl: OT Hebonbworo B3pbiBa 6e3 o6pasoBaHus 6yrpa nyyeHus Ao
obpasoBaHuna 60nNbWOro MHoronetTHero 6yrpa, nNpeawecTBYOWEro NHEBMaTMYECKOMY BbibpocCy
Mep3/10/i KPpOB/W.

B cny4dyadx, Koraa B npoMepsamWnMX TaJIMKaxX COAEPXUTCA AOCTAaTOYHO 6onbwoe konn4yecTBa

rasa, To ra3oHachbllWeHHble 30Hbl MOTYT POPMMPOBATLCA MO TUMY FMAPONAKKOIUTOB.
1.7. TexHOreHHble ra3oHacbIilW eHHble 30Hbl

TexHOreHHoe BO3AEWNCTBME Ha racojepxXalime KpUoreHHble reocucteMbl (BHE 3aBUCUMOCTU OT
CbOprI HaXoXAeHUNAa rasa B I'IOpO,CI.E) cnepyeT pas3fenuTb Ha ABe cocTasnswwue. lNepsasgd,
CBA3aHa C 6yp8HVIEM CKBaXWH HenocpeaCctBeHHOE NPOHUMKHOBEHWE B 30HY, rge BO3MOXHO
o6pa3OBaHme obnactm rasa C nNOBbIWEHHbIM AaBJ/IeHUEM. BTopas cBfi3aHa c co34aHuWeM
ycnosmﬁ Ha MNOBEPXHOCTU, NMPUN KOTOPbIX TensioBblAENEHNE OT UHXEHEPHbIX COODY)KeHMVI nnn
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TEXHOTEeHHble  HapyleHWss  pacTUTENbHOCTM  MNPUBOAAT K  MOBbIWEHUIO  TeMmnepaTypbl
MHOIO/IeTHEMEP3/IbIX MOPOA UM HAPYLIEHUIO UX TEPMOAMHAMUYECKOW YCTOMYMBOCTU. DTO, B CBOK
oyepeab Bbi3biBaeT, Bbl3biBaeT MOBbIEHWE AaBleHUMs UWAM  3a CYET auccoumaumu
rasormagpatoB WAM  3a CYET TMOBbLIWEHUS AaBfeHMss ras3oB B cBoboaHoit dopme,

CKOHUEHTPUPOBAHHbLIX B NAa30BbIX «KKapMaHaXx>».

Ycnoemem Ans rasoBbiX BbIGpOCOB B CKBaXuHy (dunsanmyeckux B3pbIBOB, Noh AEWCTBUEM
CXKaToro rasa) aBAdATCsa cneaywowme dakTopbl: Hanauvuune dnouMaos, B MacCuBe NOpoAbl
KOTOpble MOTyT MOCTYNaTb B CKBAXMWHY; HaAM4YMe NOJSIOXMUTENIbHOrO Nepenaja AaBlieHUs mexay
nopoAaor M MNpPOCTPAHCTBOM CKBAaXWHbl, AOCTaTOYHOro AnS MNpeoaosieHNUs CONpOTUBAEHUS
ABMXeHuo dnwomvga no MNOopuUCTOMY TMPOCTPaHCTBY B TMPUCTBOJSIbBHOW 30HE; Haanyumem
npoHuMuaeMblx nopon, obecneuymBarwWwmUX BO3MOXHOCTb Murpauumn dnawoumga noa AeNCTBUEM
AaBNleHUs M3 TOJLWM NOPOAbl B CKBaXWUHY.

BbypeHne ckBaxuH Bbi3blBaeT pe3kun cHpoc p[paBneHUs, NOBblILLEHWE TemnepaTypbl,
yBe/nnyeHne npoHuuaemoctu. [pum 3TOM ra3 MOXeT npopbiBaTthca C 6Honbwnx rnybuH
(kaTareHeTM4YeCKUN ral), BO3HMKaATb MPU pa3I0OXKEHUN ra3zoBbiX rmapaToB, ocBoboxaaTbCs w3
30H HakonneHus ceBoboaHoro rasa (6uoxmMmumuyeckuin ras). CkBaXXuHbl B nepuoa 6ypeHus u
nocseayrouen skcnayaTaumm okKa3blBaloT TenjoBoe BO3A4EeNCTBME Ha BMewawwue MEpsnble
nopoabl. 30HY BJIMSHUS CKBaXWHbl cnefyeT pa3fesnuTb Ha ABe NOA30Hbl. 30HY OTTaMBaHUSA U
30HY HarpeBa. B nepBoli moa30He NpoUCXOAWT BbiTaMBaHWE nbAa, MNOSBJIEHUWE B TpPYHTE
nonocTen, kagepH. MNopoaa TepseT CBOK HECYLW YK CNOCOH6HOCTb, MPOUCXOANT BO3SHUKHOBEHME
ononsHe wn obpyweHun. B noaszoHe Harpesa MEP3MbIX NOpoA TeMmnepaTypbl OCTalTCA
OTpUUaTENbHBIMU W COXPAHAKTCA JNeAsHble BKJIKYEHUs, Npu 3TOM MNPOUCXOAUT noTeps
Hecywen cnocobHOCTN, U TakXKe BO3MOXHbI ONONA3HM U 06pyweHnss. KpoMe Toro npu Harpese
B rmapartocopepXawmnx MEpP3nbiX NopoAax NMPOUCXOAUT pa3/lioXKeHMe ra3oBbiX ruapaTtoB. [Mpwu
3TOM NPOUCXOAUT BblAeNeHMe rasoB, HaxXoAsLWMXCS No4 BbICOKMM aaBneHuem (go 2,5 MlMa) m
MX HamopHasa Mwurpaumsa. Kpuonutocdhepa MeCTOpOXAEHUS WUCKaxaeTcs npu obpasoBaHum
KPYMHbIX  TEXHOrMEeHHbIX TaJIMKOB, MNPOHMU3bIBAaOWMX MEP3NyK Tonwy B  npejenax
pPacnonOXeHHbIX  KYCTOBbIX MJOWAAOK  3KCMJyaTauMOHHbIX  CKBaXMWH. 34eCb  MOryT
obpa3zoBaTbCs Opeosbl NpoTaMBaHUs W BbiCOKOTEMMNEPATYPHbIX MEP3/ibIX MNOPOA B KOTOPbIX

MOXET NnponcxoamTtb AuUcCcouunauna ra3oBbIX TMApaTOB Ha TEPPUTOPUN B 1x2 kM2. B Takux

30Hax MOXeT BblcBO6OXAATbCS OrpoMHble 06BbEMBI rasos 121,  Ha TepputTopumn
BboBaHeHkoBckoro KM B pe3ynbTaTte HapyweHUs repMeTMyHoCcTM npu 6HypeHuum ras no
3aKO/IOHHOMY TMPOCTPaAHCTBY Hayan nMocTynatb B MNpOHWUAeMble MjacTbl WM BbIXOAUTb Ha
OHEBHYI MOBEPXHOCTb 3a NpeaenaMm yyacTka CKBaXMuHbl. B 6nmsnexawmx pydybsax n oszépax

noaBuInNCb FpVICbOHbI Ha pacCTodaHMKN A0 1 kM oT YCTbA CKBa>WHbI Iil

Mpn 3akcnnyaTaumm KycTOB rasofobbiBaloWMX CKBaXWH C MNOJIOXWUTENbHOW TemMnepaTypoi
OKa3blBaeT 3HauyuTeNbHOE oOTennaswuwee BO3AeNCTBME Ha MEp3nykw Tonwy. PesynbTaTthl
MaTeEMaTM4YeCKOro MoAesiMpoBaHuUs TEN/JIOBOr0 B3aMMOAEWCTBUS 3KCMJyaTaUMOHHbIX CKBaXWH
boBaHeHkoBckoro HFKM nokasanu, 4To MakcMMasnbHas 30HaA TEMJIOBOr0 BAUSHUS CKBa>XWH Ha

Tonwy MMM yepes 25 neT ux akcnayaTaumm MoxeT gocturate 50 M n 6onee 561,

M. A. laparawem paccCMOTpeHbl TepMOMEXaHW4Yeckue MaTeMaTuyeckume MoaesiIM NpoLeccos,
COMPOBOXAAOWMNX pa3sioXKeHWe razormapaTtoB B MHOrofleTHEMEpP3/abiX NopoAdax C YYETOM KX
cTagunHocTM. [lpu pas3fioxXeHuu rasormapaTtoB B MacCUBE rmapaTtocoAepxalwmx MEp3nbix
nopoA HauyuHaeTCs aKTMBHAs CTPYKTypHas nepecTporka. OHa obycnosneHa popMMpoBaHMEM
M36bITOYHOTO LaBneHus B NoKanbHOWM 30He rPyHTOBOrO maccuBa. [NoHUxXeHue
BHYTPMMNOPOBOro AaBjieHMss B pe3ynbtaTe A06blun rasza B noAarmapaTHOM c/loe npuBeneT K
YMEHbLEHUIO CpeAHero AaBfleHUs, a rasormapaTtHas 3ajiexXb nornageT B 30HY pacTaXeHus.
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CornacHo KpuBoW (pa30BOro npeBpalleHUs CHUXEHWE TFOpHOro AaBfeHMS B rasoruvapaTHOM
3anexun Ha 1.0-1.5 Mla 3KBMBa/IeHTHO YyBeNWYEHUIO TeMmnepaTypbl B nsacte Ha 0.2-0.3

rpaayca (64, Mocne toro kak naBneHne B 3TOM 30He AOCTUrHET OMpPeAE&NéHHOrO mpeaena.

HaunHaeTca BbigeneHne ceoboaHOro rasa wu gedopupoBaHue, npunerawlen K 30He

NOBbILWEHHOr0 AaBneHunsa obnactu FPYHTOBOIro MaccumBa I@

BTtopas rpynna npuyuH Bbibpoca MoA3eMHOro rasa cCBsi3aHa C MNOBbIWEHWEM TeMmnepaTypbl
MHOTOJIETHEMEDP3/bIX FTPYHTOB NOJA COOPYXeHuaMu. Npamoe TenioBoe BO34ENCTBUE HA MacCuB
MMTI oka3biBaloT 34aHWA W COOPYXEHWA, Cpean KOTOpbIX Hambonee MOLWHLIM WUCTOYHWKOM
TENJOMNOTOKOB SABMSAITCA annapaTbl BO3AYWHOro oxnaxaeHuna (ABO) rasa. Ha pencteyrowmx
rasonpomMbllieHHbIX obbekTax AMOyprckoro n Measexbero MecTtopoXxaeHun kposns MMM B
ocHoBaHuu ABO rasa noHusunacb go 7,5-8 m (puc. 17).

ABO rasza
TpyGonposogHas ma
oberika
L : )J —r— :

ol g Qo 11 e
———— e 1 '_j_,_f.___T.-
1— 0.8 5 ‘Mh 1" 1=F=- el --_.2:.
B =] B B
' & ﬁf:ﬂ—ﬂ

o ool

Puc. 17. N3MeHeHMe TeMnepaTypHOro nosiss B OCHOBAHWU COOPYXEeHU Measexbero ra3osoro
MEeCTOPOXAEeHUA: a) ecTeCTBeHHble ycnoBusa (UHb 1978); 6) TexHOreHHble Tanuku nocne 5

neT akcnnyaTtaumm aBryct 1993) 1561,

3HauyuTenbHOe BO3AeNCTBME Ha TemnepaTypHbin pexum MMIT  oka3biBaloT MNoA3eMHbIE
Tpybonposoabl. Bokpyr Tpy6onpoBOAOB C MOJSIOXUTENBbHOW TeMNepaTypon TPaHCMOPTUPYEMOro
npoaykta Moryt o6pasoBbiBaTbC TEXHOrE€HHble TafiuMku pa3mepom oT 1-2 go 10 m (puc. 18).
Moa Tanukammn 6ynetr pacnonaratecs 6osiee  MowHas 30Ha BbICOKOTEMMNEpPATYPHbIX
MHOrofleTHeMEpP3biX NOPOA.

PaccrosHue, M

0 110 2IO 30 410 5l 0 SICI 70

lasonpoeon

|
Ve =110 m/ic

I oat At S

TexHoreHHbIN
Tanuk

myBuka, m

VS_” =1050 m/c

12

Puc. 18. TexHOreHHbIM TannK No4 AEeNCTBYOLWNUM rasonposoaomMm Haabim MyHra 651

BaxHO noHUMaTb, 4YTO HarpeBaHue MHOroseTHeMEpP3/blIX MNopoa HeobA3aTenbHO [O/IKHO
npoucxoaute A0 TemnepaTyp ¢a30BbIX MNEpexofoB M UX oOTraMBaHus. PasHble 1o
rpaHysioMeTpuMyeckoMy U MUHepasbHOMY cCOCTaBaM MHOrosieTHeMép3asible Nopofbl MO-pa3HOMY
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BAUAIOT Ha YCN0BMA AuccoUMauuMM rasoruapaToB. B necyaHbix MopoAax C HU3KOMW
MWUHepanMsaumelit MOPOBbLIX BOA pasfioXeHWe ruMapaToB WMeeT MacCOBbli xapakTep npwu
TeMnepaTypax B6au3n -1 °C. Mo Mepe yBenuuyeHuss AMCNEPCHOCTU MOpOA B PAAY BlaxHble
Necok-cynecb-CyriMHOK TeMnepaTypa FMOJIHOFO  Pa3/lIoXKEHUA  PeIMKTOBbIX  rMApaToB
noHuaeTcs BNIOTb A0 -3 — - 4 °C. Hawuxyawue ycnoBus ANA ruapatoHakonaeHus
NpeAcTaBsStOT CO60M KOHCOMNMAMPOBAHHbIE BaXHble TAMHbI, 0CO6EHHO 3acofieHHble. B HuX
pasnoXeHUe pEeSIMKTOBbIX TMAPATOB MOXET MPOUCXOAWUTb MPU pa3HbiIX TeMnepaTypax UM paxe
He6onbwoe (A0AM rpaayca) nMOBbIWEHME TeMnepaTypbl MOXET MPUBOAUTbL K MacCOBOMY

BblAE/IEHUIO ra3a U3 pa3fararWwmxcs rnapaTos [e6],
2. O6¢cyxpeHmne paccMOTPEHHbIX MaTepuanos

B HacTosuee BpeMs raszoBas COCTaBnsloWas MHOrONETHEMEP3/bIX MOPOA, KakK CTPYKTYPHbI
31eMeHT MEpP3NblX MopoA MpaKTUYeCKM He usydyeHa. ECTb nuwb eAuHUYHbIE paboTsl,
NnocBsIWEHHbIE AaHHOM TeMme. Mpexae cneayeT BblAenuTb pabotbl 0.6, Baay, nocBsWEHHbIE
M3YYEHMUIO Mep3/iblX MOPOA ra30HOCHbIX CTPYKTYp ceBepa 3anagHoit Cubupu. UM BblaenseTcs
ocobas KpuonuTonornyeckoi cucrema - «KpuoreHHas Tosla B rasoHOCHOW CTpyKType» (puc.
19).

FPeavediHaa nopepiHOCTE

100 _._.-——H‘-___ﬁ-...‘
-100 ———
-200 3
-300 i Hpye srep b nopaT
400 2
-500 z
-600 E_ Apye oXA0ETEHHEL 10y
700, LS
-800
-200
1000 b (T3) T
Inrosoaanodt wonrakt (T BR)
-1100 K1

Puc. 19. DneMeHTbl ra30HOCHOW CTPYKTYpPbl U KPUOTEHHOW TONLWM [431

KpuoreHHas Tonwa onpegpenseTcy, Kak MHOTOKOMMOHEHTHas " MHOrodasHas
Kpnonutonormyeckas cuctemMa B BuAe COCTaBHOW 4acTM ra3doHocCHoW cTpykTypbl (IC). OHa
COCTOMUT U3 Apyca Mep3/blX MOPOA M ApycCa OXJaXAeHHbIX nopoa. NoaowBa KPUOreHHOM Towm
oTbMBaeTCqs NO MNOJIOXEHMIO HYNeBOW W30TepMbl, a MNoAowWBa Mep3/lON - NO us3oTepme
TemnepaTypbl Hadana 3aMep3aHus. B cBOW ouyepeab Tra3oHOCHas CTpyKTypa, 3TO
HeoTeKTOHMYeckoe obpa3oBaHue B nuTocdepe, B reosIorM4eckoM paspese KOTOPOro ropm3oHT
PbIX/IbIX MOPOA KaHO30MCKOro BO3pacTa MepeKkpbiBaeT TOJWY YMJOTHEHHbIX NOpoA4 MO34HEro
Mena W MOKpbIWKY MNpOAYKTUBHOW rasoson 3anexu (MMIr3) paHHero Mena. IF'C sasnsetcs
OCHOBHbIM KOMMOHEHTOM FeOKpPUOJIOTMYECKOro pallOHUPOBaHUSA M CaMOCTOSATeIbHbIM 06BEKTOM
ANS  KPUONUTONOrMyeckoro wusydeHusa. TMpu BbligeneHun [TC npepnaraetcs  y4vuTbiBaTb:
reotekToHmyeckoe nonoxeHume [C, BO3pacT M reHe3uC OTNOXEHUN, reomopdonormyeckoe
YyCTPOMCTBO MNOBepXHOCTU, ddaumanbHaga o06CTaHOBKa O0OCaAKOHAKOMNAEHUSA, BeLEeCTBEHHbIN
cocTaB MEp3/blX NMOPOA, @ TakKxXe MX pacnpepesieHve No paspesy, TemnepaTypbl, MOLWHOCTH,

nAbANCTOCTM U ra3OoHACbIWEHHOCTN 67, 43 . B paHHOM peaaxkuynun CI)OpMYJ'IMpOBKa ra3oHOCHOM
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CTPYKTYpbl MOJIHOCTb MOr/ioWaeT MOHATME KpuUOreHHas Tonwa. pu 3TOM B onpeneneHun
ra3soHOCHOW CTPYKTypbl OCHOBHOE BHMMaHue yaesieHO JIMTOreHHONW OocHOoBe. B npuBeaéHHbIX n
apyrux paboTax aBTOpa pacCMOTPeHbl MHOFOYWUC/EHHble MaTepuanbl O BJAUSHUW TazoBbIX
3anexen Ha dopMMpoBaHME U pa3BUTME KPUOTFeHHON Tonwu nonyctpoBa HAmana. Tem He
MeHee B BblAeNAEeMON KPUOMUTONOrnyeckom cucrteme - «KpumoreHHass ToNnwa B Fra3oOHOCHOM

CTPYKTYpE>» rasopagd cocCctaBssidowlaa B Buae CTDYKTypHOVI noaACUCTEMbl HE paCcCMaTpuBaeTCA.

MpuBenéHHble B Npeabiaywmnx pasgHnax Matepuanbl NOKa3biBalOT, YTO B MHOrosieTHEMEpP3/ibIX
nopoaax CyLWecTBYIT JlOKalbHble 30Hbl C MOBbIWEHHbIM, OTHOCUTENBHO (OHOBBLIX 3HAa4YeHWMN,
copepxaHuem rasa. [llpuynHbl oboraweHus nopoa rasoM passfiMvHbl, 3TO W MOCTynjeHue
cBoboAHOro rasa no TpewuHaMm M pasnnyHbiM gedopmaumnam, rnybuHHoOro rasa, u ABuXKeHue
pacTBOpEHHOro rasa Mo BOAOHOCHbLIM T[OPU30OHTAM, U KPWOreHHas KOHUEeHTpauus npu
3NUreHeTMYeCcKoOM npoMep3aHuu. [a3oHacCbIWEHHblE 30Hbl WUMEIT pas3fInyHble pa3Mepbl OT
0EeCSTKOB CaHTUMETpPOB B CJI0€ CE30HHOr0 MNpoMep3aHusi, A0 HECKOJIbKUX KWIOMEeTpOB Hapj
rasoBbiMn MecTopoxaeHunamm. OHM MOryT BCTpedyaTbCA BO BCEX [reHeTMYecCcKuMX Tunax
OTNOXeHWUN. Fa3oHachkILeHHble Mep3/ible MopoAbl OTAIMYAKTCS MO CBOWCTBAM OT BMellalowmx
nopoj, 4To NO3BONSET YETKO BbIAENATb UX reoPuanvyeckumm metogamm. M, HakoHeu, kaxaas
M3 HUX MMEeeT UCTOPUI0 pPa3BUTUS OTIMYHYI OT pPa3BUTUS BKJIOYAKOWMX NOPOA AaxXe OAHOro
reHesnca. TakuMm o6pa3oM, rasoHacblWeHHble 30Hbl MHOrO/eTHEMEpP3/bIX MOpPOA MMEIT BCe
NPpU3HaKM  FeoCUCTEMbI:  JlIOKanM3auuw B MPOCTPaHCTBE, rpaHuubl, Mopdoaoruio,
WHAWBWAYaNbHOE CTPOEHMEe, CBOWCTBA, UCTOpUO pa3BuTus. Mo HawWuMM nNpeacTaB/IEHUAM,
KpVUoreHHas rasoHacbilleHHass reocucrteMa SIBJII€TCA CTPYKTYPHbIM 3J1IEMEHTOM
KPVUOreHHOW reocucteMbl M npeacTtaBaseT U3 cebs NoOKaNbHYH 30HY C NOBbILWIEHHbIM,
OTHOCUTENbHO (POHOBbIX 3HAaYEHU, coaeprkaHueM rasza (B ceo6oaqHOM Buae wiv B Buae
rasormaparta). OHa MMeeT CBOM eCcTeCTBEHHbIe rpaHulbl, MOpcd onoruo, onpeaenéHHoe
noJsio)dkeHne B MNPOCTPaHCTBE, CTPYKTYpy, BHYTPeHHMe CBA3M, CBOWCTBa, WUCTOpUIO
pa3BUTUA. CTpykTypa rasoBo cocTaBNnAKLWENrasoHacbileHHOW reoCUCTeMbl,
napareHeTUYeCkM CBfi3aHHasl CO CTPYKTYPHbIMM 3/1eMeHTaMM BK/AuUawuwen eé
KPVOTreHHOW reoCUCTEMbI, OTParkaeT UCTOPUIO HAaKOMNNIEHUsA, U Nnpeo6pa3oBaHua rasa npm
nepexopae reosiorm4yeckoro o6bektTa us HeMep3J/10ro COCTosHUA B MEép3noe.

[eocncTeMbl ra3oHachbiWeHHbIX MEP3AbiXx nopoa oTau4yatTcs 6onbwmm  pa3Hoobpasuem,
cueHapueB pas3BUTUSA, W KOMMNAEKCOB npoueccoB, obycnaBnmBawwmx ux GopMuUpoBaHue,
CTPYKTYpy # mMopdonoruio. TeM He MeHee, MOXHO BblAeNNTb HekoTopyk o06uwyto
nocneposaTefslIbHOCTb CTaauMin  ux pas3sutnga. Kaxpas rasoHacbllWeHHas reocucrtema B
MHOroneTHeMé&p3blIX NopoAaax COAEPXUT 4 OCHOBHbIX 3/1eMeHTa: 1- 30HY reHepaumun rasa; 2 -
30HY TpaH3uTa; 3 - 30HY HaKoNAeHus; 4 - 30HYy NNacTUYECKUMX W pa3pbiBHbIX Aedopmauui,
pacnonaramplwasca Ha KOHTAaKTe 30Hbl HAaKOMAeHus M BMewawwmnx nopos. OHM MOryT UMeTb
pas3nun4yHble pa3Mepbl U  MOPEPONOruU0, BblpaXeHHOCTb, HO TMPUCYTCTBUE KaXAOW W3 HUX
o6a3aTenbHO. DTO COCTaBAAeT CTPYKTYPHYIO OCHOBY ra3oHachbIWeHHOW reocnuctemMel. Hanpumep,
30Ha HaKoNAeHWa MoXeT 6biTb BblpaXeHa B BUAE ra3oBblX KAPMaHOB pPa3/iM4HbIX pa3MepoB, a
MOXET MPOSABNATLCA B BMAE CKOMMNEHUA NOKalbHbIX ra3ornapatoB CNOEB WAM pacCCeSAHHbIX
MENKNX BKIIOYEHUN.

BblAE€NEeHHble 30Hbl OTpPaXalT CTaAUAHOCTb (OPMUPOBAHUA FEOCUMCTEM ra30HAaChIWEHHbIX
MEpP3bIX NOPOA (puc. 20).
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MEP3JIBIE [MOPO/B]

Puc. 20. Ctagnu pa3BUTUA re0CUCTEM Fa3oHacChbIWEHHbIX MEP3/bIX NOpPOA.

1 - cTaaus NepBUYHOrO HAKOMJEHUA rasa B OMNpeleNéHHbIX FeosIorM4Yeckmux ycroBuUSX; 2 -
CTagma nepepacrnpeneneHnss rasa Mo 30HaM TpaH3uTa; 3 - CTaaus JloKkanumsauum w
HakoMMeHUsa rasa B MNPUPOAHbLIX JIOBYWKaX, GOPMUPOBAHNE KOTOPbIX 06YCIOBNEHO
NINTOIOTMYECKMMU UM KPUOTEHHbIMU MPUYMHAMKU; 4 - CTaaua NNacTUYECKUX U pa3pbiBHbIX
nedopmMaunii BMeLAWMX NOPoJ Ha KOHTaKTaxX C 30HOM HaKOMN/eHUsa rasa.

Ha nepBol cTaaMuM NpouUCXOAWT reHepauumsas W MepBUYHOE HaKOoNJeHue B TeX MUAN MUHbIX
reonornyecknx ycnoeuax (CeBOHHOTaﬂbIVI cnon, Tanukn, obnactb NOBbIWEHUS TEMNEpPATYpPbI
NN CHUXEHUA BHELWHEro AaBneHUda B rumapartocogepxXawux nopoaax, 30Hbl pa3JiIOMOB,
CBA3aHHbIE C ra30BbIMU d)J'HOVI/.IaMVI N3 HMXenexawnx ropuaoHToOB U [J.P-).

BTopass cTaaus COOTBeTCTBYeT MepepacnpejeneHneM rasa u3 obrnacteit NepBUYHOTO
HaKoM/IeHUss B CMexHble obnactu. [aHHoe nepepacnpeaefsieHne MNpoucxoamT noa
BO3ZEeNCTBMEM BO3HMKalWeEro AaBfeHus, O06YyCNOBMEHHOIrO0 pas3/IMYHbIMM  MPUYUHAMMU
(KproreHHass KOHUEHTpauus, nepenagoM [JaBfIeHWA B  Pas/IMYHbLIX 4YacTax [MOPOBOro
npocTpaHcTBa). [BWXEHUe ra3a MOXEeT TMpPOUCXOAUTb MO MOPUCTbIM, TPELWUNHOBATbIM,
BOAOHACbLIWEHHbIM TOPM30OHTaM, W 30HAM Ta/IMKOB, TOBbIWEHHbIX TEMJOBbIX MOTOKOB,
aHOMaJIbHO BbICOKWX [AaBJIEHU W BbICOKOTEMMNEPATYPHbIX MEP3/bIX nopoA. Ons TaluKoB B
MHOro/IeTHEMEP3/IbIX MOpoAaXxX Mpu NPOMepP3aHUM U BO3HUKHOBEHWUS KPUOTEHHOro Hanopa 30Ha
TpaH3uTa coBnajaeT c 06/1acTblo NEPBUYHOI0 HAKOMIEHUS rasa.

Ha TpeTtben ctagun dopMmpyeTcsa 30Hbl HAKOMIEHUS ra3oBbiX GAOMAOB (ra3oBble NOBYLUKM,
ra3oBble KapMaHbl, TOpWU30OHTbl rasormapaTtoB). ODTU 30HbI MOryT @QopMMpOBaATbLCS Ha
Hebonbwon rnybuHe, noa  KpoBAeW  HU3KOTEMNepaTypHbIX  WAM  NbAOHACbIWEHHbIX
MHOro/SIeTHEMEDP3/bIX MNOPOA, SBASIOWMXCSA IKPAHOM, MPensTCTBYOLWNUM ABUXEHUIO Fa30BbIX
dnounpgos. Kpome TOro, dopmMmpoBaHMe ra3oBbiX JIOByWeK OOYCNOBAEHO JIMTONOTNMYECKUM
(daKToOpoM, Hann4MeM rasoHenpoHMLAaeMbIX FMHUCTbIX TOPU30OHTOB. B 30Hax HakonaeHus rasbl
HaxoAsaTCa NOA MOBbIWEHHbIM AaBleHUeM.

YeTBepTas CTaaus cBsizaHa C BO3HUKHOBEHME MJACTUYECKUX M Pa3pbiBHbIX gedopMaumnii Ha
KOHTaKTe 06/51acTM HaKoMJeHUs ra3oBbiX GAOUMAOB W BMelWwawWwmMx nopoa. B HekoTopbix
cnydyasx pedopMauumm nposiBAATCA B Buae 6yrpoB nydyeHus. [locne TOoro Kak AaBrieHue
npeoaoseeT MNPOYHOCTb KPOBAM MOTryT HabnwAaTbCs B3pbiBHblE MpoLEcChbl C Bbibpocamu

MEp37101 NopoAabl.

BblAeneHHble CTaAuN UNIOCTPUPYIO XWU3HEHHbIA LMK FEOCUCTEM ra3oHAChIWEHHbIX MEP3ibIX
nopoA, v oTpa)atoT o6Lly0 NoCNeA0BaTENbHOCTb CMEHbI OPMUPYIOLWLNX UX MPOLECCOB.

93



10.7256/2453-8922.2020.2.32698 Apktnka n AHtapkvka, 2020 - 2

Cnepyet pa3genatb MNepBUYHble WU BTOPUYHbIE  rFa30HACbIWEHHbIE FeoCUCTeMbl B
MHOroneTHeMép3nbix nopoaax. dPopmMupoBaHue nNepBOW rpynnbl 06ycnoBAeHO pa3NYHbIMU
NPUPOAHbLIMU dakTopamm (anureHeTnyeckum npoMepsaHuem, nepepacnpegeneHue
pacTBOPEHHbIX ra3oB BOAHbIMW MOTOKaMW, MOCTyniaeHne c rnybuH no TpewuHam) n dukcaumm
B BuAe ruapaTtocogepXxawux Mep3nblX MNOPOA WAM  JIOKaJIbHbIX 30H C TMOBbIWEHHbIM
copepxaHuem cBoboaHOro rasa. B ecTtecTBeHHbIX yCn0oBUSAX Haubonbluee coaepXxaHue rasa
COOTBETCTBYET KONIMYEeCTBY OPraHMKn B OTNOXeHMAX. 10 3TOMy noka3saTento cnegyeT BblAENUTb
03épHble, CTapuyHble, aryHHble, aenbToBble, 60N10THbIE OCAAKWN, C/TION CE30HHOMO OTTaMBaHuUs.
Mopa Bo3aenicTBMEM aHa3pobHbIX 6akTepuii NponCXoANT NpoLecc 6MONOrMYEeCcKOro pasnoXXeHuns
OpraHuku u BblaeneHue 6uorasa, Cco cpegHuMM cogepxaHuem MeTaHa 90%. lMpu >3ToMm
dopmMupyroTcs ¢GoHOBble ANA AaHHOIMO reHeTMYeCcKOro TMNa OCaAKOB 3HAYEHUSA COoAepX aHus
rasa (M3qVWKM rasa BbIHOCUTCHA duabTpaumein B BOAHYK cpeAy wuau atmocdepy). AHOManuu
copepxaHua rasa dopMumpyloTcs B Tex Cay4dyasax, Koraa ¢dopMupyeTcs ra3oHenpoHuLuaeMbln
3KpaH WAu cywecTByeT NMPUTOK rasa ussBHe. [ng Mep3nbiXx NOpo4 Takue yCN0BUS CO3A4AK0TCA
npu 3nNUreHeTMYeCcKOM MpoMep3aHuMm ocaakos. [lpomep3aHne co34aéT, U HENPeoAONUMbIN
6apbep AanA rasa, M KOHUeHTpuMpyeT ero. HeoAHOPOAHOCTb MNOBEPXHOCTHbIX YC/AOBWHA,
pa3fnnyme cocTaBa W BJIAXHOCTM OTIOXKEHUA HUXKHASA rpaHuua GpoHTa NpoMep3aHusa Bcerga
HeoagHOopoAHa. a3 oT BbICTynawwWMXx Yyacten GpoHTa NpoMep3aHUs HauyMHaeT OTXKUMaATbCA B
CTOPOHY BOTHYTbIX W TaM ob6pasyeTca o4yar KOHUeHTpauunm rasa, T.e. dopMupyeTcs
csoeobpasHasa nosyuwka, obycnoBneHHas He NUTonorven, a cyrybo KpMoreHHbIMM NpUYMHaMM.
TakoMy >Xe npoueccy noABeprarTCsa M FPpyHTOBble BOAbl BMeCTe C PaCTBOPEHHbLIMW rasamu.
Mpn nbpoobpaszoBaHWM NPOUCXOAUT AOMOMHUTENBHOE BblAeNeHne rasa. Takum obpasowm,
dOpPMUPYIOTCA TreoCUCTEMbl ra3oHacChbIWEeHHbIX 30H B MHOrosleTHeMép3nbix nopojax. B
OpraHM3aunm KPpUOTreHHbIX Fra30HacChbIWEHHbIX FEOCUCTEM MOXHO BblAENUTL TPU YPOBHSA:

- CE30HHOMEP3/bIX MOPOA;
- FeHEeTUYECKMIA, BKIOYAIOWMIA COBOKYNHOCTb (aumii OAHOTO FreHeTUUYECKOro TUNa;

- CTDYKTypHO-FQOJ'IOFVILIeCKVII7I, BKIOYAOLW NI napareHeTn4yeckue KOMMJIEKCbI nopoa B

npeaenax reocTpykryp.

FeocucTteMbl rasoHacbiW eHHbIX CE30HHOMEP3JbIX MNOPOA pacnpocTpaHeHbl B TOHKOM
(BecsTKM CaHTMMETpPOB), €XEerogHo npoMep3atolweM U OTTaMBalOWEM BEPXHEM cloe
nutocdepsol. OTNNYNTENBHBIMU 0CO6EHHOCTAMU  AEesATeNbHOTO cnos B npeaenax
pacnpocTpaHeHUS MHOTONIeTHEMEP3/bIX MOpo4 SABNSETCA MOBbIWEHHAs YB/AXHEHHOCTL U
6onbluMe TrpaAueHTbl TemnepaTyp nNpW nNpoMep3aHuMW, 3HauyuTesbHass HeOAHOPOAHOCTb
TeMmnepaTypHOro nons, obycnaesnueatLlas HepaBHOMEPHOCTb NpoMep3aHusa. MoactnnaeTcs oOH
raso- M BOAOHEMPOHWLAEMbIM C/IOEM MHOro/eTHEMEpP3/bIX Nopo. Bce 3To npuBoAWUT K TOMY,
YTO BO BpeMs CE30HHOr0 MPOMEpP3aHUs B HE3HAUYUTENIbHOM C/lI0€ MOpPOAbl CO3AAKTCS YCOBUS
A NS 3HAYUTENbHOrO MepepacnpeaeneHnss Boabl W rasa. [lpouecchbl, Npoucxoasiwmne npu
bopMMpOBaHNM CE30HHOMEP3/IOro C/0s ABASIOTCS MOAEJSbIO MPOLECCOB peasiu3yLmnxcs npu
3NUreHeTUYEeCKOM MpoMep3aHum nopod B 601bWwnNX 06BbEMAX M Ha 6ONbLWIMX NOWAAAX.

. H. KpaeBbiM 6bin nocTtaBneH nabopaTopHbI 3KCNEPUMEHT NO U3YYEHUIO MUTPaLMK rasa npwu
OAHOCTOPOHHEM MNpOMEpP3aHMM HaCbIWEHHbIX MeTaHOM rpyHTOB (puc. 21). B npomep3wem
necke anjlauxoBCKON CBUTbl B BEPXHWUX TpeX cpe3axX MeTaH cojepxancsa B KOHUeHTpauuun 0-
0.5 Mn/kr, a B HMXHeM 3aMeTHO 6onbwe -2.3 mn/kr. KoHueHTpauma CH4 B cyrnamHkax B
BepxHux 10 cM cocTtaBnsna 3.8 £0.2 mMn/kr. Huxe, y oCHOBaHMA KOHTEMHEpa KOHUEHTpauus
6bina 3amMeTHo MeHbwe - 2.5 = 0.1 mna/kr. Pe3ynbTaTbhl 3KCNepuMeHTa MnoKasasnau, 4To B
CYrflMHKax MeTaH MNpuM MpoMep3aHMM CKOHLEHTpMpoBaJiCs B BEepXHeW 4yacTm paspesa, B
HWXXHEW 4YacTu 3a CYéT Mmurpaumum Bnarm (UM rasa BMecCTe C Hel) K (PPOHTY NpoMep3aHus
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coaepXxaHue rasa jgaxe yMeHbwwunocb. B neckax Ha6nwaanocb oTxkatTMe ero K
rasoHenpoHMUaeMoli nogowse. Pe3ynbTaThl 3KCNEPUMEHTA NO3BOJIMIM aBTOPY CAeNaTb BbIBOA
0 TOM, 4YTO pacnpepeneHne MeTaHa B 3KcnepuMmeHTe 61M3KO0 Kk HabnwgaemMoMmy B npupoae
pacnpefeneHuo rasa - pesysbTaT MUrpauMuM MeTaHa BMecTe C MOpOBbIM pacTBOPOM Mpu
npoMepsaHnUM CBEpPXy W OTKWMMa TMpu TMNpPOMEpP3aHUM CHU3Y, CO CTOPOHblI Mep3JibiX

CUHKPUNOTeHHbIX OTNOXEHUN I2—71
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Puc. 21. PacnpepeneHue w™MetaHa B neckax (1) wn cyrnavHkax (2) B pe3ynbraTe

npoMopa>xXmnBaHMa oAMHAKOBO U OAHOPOAHO HAcCbIWEHHbIX TaJibiX TPYHTOB L1

KpuoreHHble rasoHacbileHHble reoCUCTEMbl FEHEeTUYECKOro Tuna GOopMUPYTCAa Npwu
3MUreHeTUYECKOM MpOMEpP3aHMM Nopoa OnpeaesiéHHOro reHeTMyeckoro Tuna. KonunuyecTso
OpPraHMKM M COOTBETCTBEHHO COAEpPXaHMe rasa onpeaensercs daunmanbHbIMU YCNOBUAMU, YTO
no3BoONSeT OUEHUTb BEPOSATHOCTb pacnpefesieHUs ra3oHacbIWeHHbIX 30H B npegenax
reHeTM4YecKoro Tuna.

C. . MupoHwk u B. M. OTr0,cucTeMaTM3npys AaHHble 06 0COBEHHOCTAX CTpOeHus u
pacnpocTpaHeHUs cybakBasnbHbIX Tra30HACbIWEHHbIX MOPCKUX O0OCaAKOB YKa3blBalOT, 4TO
BaXXHeNWen reosnornyeckomm o0cobeHHOCTbI0 BEPXHUX TOPU3OHTOB CybMapuMHHOW YacTu

nMToCcdepbl SBASETCS WMPOKOE pacnpocTpaHeHne rasocogepxallnx rpyHros 281,
BbiaenstoTca crneayloume 31eMeHTbl FE0CUCTEMbl CUCTEMbI FAa30HACHILEHHbIE MOPCKME OCAaAKK:

- ra3 (6buoreHHbIN, TEPMOreHHbIN U OGBUOreHHO-TEPMOreHHbIN). B ocaakax (nopoaax) OH
HaxoauTca B BWAE Ny3blpbKOB, OKPYXeHHbIX BOoAOW (KpucTannamu nbpa, Cconun), B
pacTtBopeHHOM (B MOpPOBOM MpoOCTpaHcTBe) wmanm B CcBO6OAHOM BuAe, a Takxe B TBEPAOM
cocToaHum (rasornapathbl);

- 0CaaAKu BKIOYawUWwmne MMHepasbHble N OpraHn4eckne KOMNOHEHTbI, a TaKXe COoJiIn U BoAyY,

- rasoBblgenawwme CTpyKTypbl (30Hbl reHepauunm): MNOBEPXHOCTHbIE Tra3oreHepupytwmne
ocaaknm (6buoreHHbin ras), rnybuHHble rasoreHepupyrwwme nopoabl (KaTareHHbIn ras),
rmapaTtocojepxalwmne nopoabl;

- rasoBble MNOTOKM B 0Cafo4YHOW Tojwe (30Hbl TaH3uTa): rasosble "Tpybbl" ("cTON6BLI",
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"KOMOHHbBI");

- rasoBble NOBYWKW (30Hbl HAaKOMNJEHWS rasa), rasormapaTtHble TOAWMW, ra3oBble KapMaHbl,
obwupHble ckonneHnss cBo604HOro rasa B NMPUMNOBEPXHOCTHbLIX OCajgkKax Moh pervoHalbHbIMU
dnoungoynopamu, B T. 4. nog NoABOAHbIMU PENUKTOBbIMWU MHOrONIETHEMEP3/bIMW NOpoAaMu, T.
H. "ra3oBble @poOHTbI"), AOMbl (HEBbICOKME MNPUAOHHbIE KYMNOJibHble CTPYKTYpbl), Kynona

rasoBOro BCMNy4YMBaHMUSA, TPELWMNHBI PACTAXEHUS;

- ¢pnrongonposoaswmne CTpyKTypbl (Ha AOHHOW MOBEPXHOCTUN): JIMHENHbIE (30HbI TEKTOHUYECKNX

pa3noMoB, TpewuHbl, 60po3abl BbinaxmBaHUs ancbepros (NayrMapku) 68, 69, 70; 26]

KocBeHHO, 0 OpPMMPOBAHMUN FAa30HACHILEHHbLIX 30H B OT/IOXKEHUAX Pa3/IMYHbLIX FeHeTUYeCKNX
TUNOB  MEpP3NbIX OTNIOXEHUIN, MOryT CBUAETeNbCTBOBATb ra3onposiBiieHns, CBfA3aHHble C
BbibpocaMn MeTaHa npu 6ypeHnn gaxe HernyboKUX MHXEHEPHO-TE0I0MMYECKNX CKBAXUH. DU
SABJIEHNSA MOBCEMECTHO pacnpoCcTpaHeHbl B 30He pacnpoCTPaHEHUSA MHOroleTHEMEpP3/bIX NOPOJ,
B Apktnke. Haubonee s3dpdekTMBHbIM MEeTOAOM Wu3yyeHuUsa NoAo06HbiIXx obpaszosBaHun 6byaert
coyeTaHne reoduUsnyeckux MeToAO0B, MNO3BONMAKWUX OUEeHUTb Mopdosormio, YcnoBus
3aseraHus rasoHacbllweHHon obnactmn, ¢ 6ypeHnem n otbopom nNpob Mep3nbix NOPOA, Nbaa U
rasa.llo oueHkaM . H. KpaeBa Ko/iM4eCcTBO MeTaHa, BblAENSAKOLWErocsa npu ra3onposaByieHNdx,
Habnwogaembix Nnpu 6ypeHMM, HaMHOIoO MpeBblWaeT KOJIMYECTBO rasa, 3ak/loyeHHOro B o6beMm

BEYHOW Mep3n10Tbl AMaMeTpoM a0 5 MeTpoB BOKpyr cksaxunbl 211 370 nossonser
npeanonaratb HajauymMe B Mep3JblX MNopoAax CUCTEMbl COO06LWAWMXCS KaHanoB, TPeLWH,
ocflabneHHbIX 30H COeAMHSIOWMX NOPUCTbIE 30HbI C BbICOKMM coAepXXaHuMeM CBO60OAHOro rasa
MM y4yacTKOB C ruMapaTocoAepXalnmnuT MEp3nbiMM nopodamMu. TakuMMM KaHanaMm MoOryT 6biTb
HeMEp3nble nMnecyaHble CAOM C MWHEpanM3oBaHHbIMM BoAamMu (Kpuonaramu). B MEp3nbix
MOPCKUX 3aCONIEHHbIX MOpoAax KPMOMSTM pachpoCTPaHEHbl LWMPOKO C YeM U CBA3aHbl
NPUypoYeHHble K HUM Bblbpochkl rasa (puc. ).

KpuoreHHble rasoHachbllleHHble reoCcUcCTeMbl CTPYKTYPHO-reoJIOrM4eckoro Tuna
hopMuUpyoTCH NpyU COBMECTHOM B3aMMOAENCTBUN HECKONbKMUX (DAKTOPOB:

- TEeKTOHMYEeCKOro, cBd43aHHOro cC O6pa3OBaHI/IeM NOKa/lbHbIX TEKTOHUYECKUX CTPYKTYp,

O6yCJ'IaBJ'IVIBaIOLU,VIX ABWXEeHNE rada K NOBEPXHOCTU U HaKoMJieHNne X B Kynonax,

- rmagponormn4yeckoro, CBA3aHHOTO C ABUXEHNEM MO LWHbIX NMOTOKOB FPYHTOBbIX

rasoHacCbIWEHHbIX BOA4 K MOBEPXHOCTHU,

- reoslornyeckoro, cBsi3aHHOro c ¢dopMMpOBaHME MOLLHOW BOAOHACHLILEHHOW, CNOUCTOM
pa3HOBO3PaCTHOW, NOJIMFEHETUYECKON TOJLUM;

- KpMOreHHoro, O06YC/NOBMBIUErO  3NUreHeTMYeckoe npoMepsaHue  JINTONIOTMYECKM
pasHOpPOAHON, BOAO - W ra3oHacChbIWEHHON TOMLKN, B pe3ynbTaTe 4yero hopMUPYETCH CIOXHO
MOCTPOEHHbIA MpapareHes, KPUOreHHbIX 06pa3oBaHWil, BKIOYAOUWMX NJacToBble JbAbl,
NbAUCTbIE MEP3Mble MOpPOAbl, KPUOM3TN, FOPU3OHTbI Fa3orMapaToB W «KapMaHbl» HaMOPHbIX

cBOB6OAHbIX ra3oB.

B pe3synbTate B3auMMOAEWNCTBUS MEPEYUCTIEHHBIX U UHbIX (akTopoB dopMupytoTca Haubonee
MOLLHbIE KPUOreHHblE rasoHachblWeHHble reocucTeMbl. OCHOBON UX pPa3BUTUS ABISETCH YXKE He
npoMep3aHne OTAEsSIbHbIX FeHeTUYECKUX TUMOB OTNoXeHuih. Obwas reonormyeckas mcropus,
CBSi3aHHas C JOKaNbHbIM TEKTOHWYECKNUM BO3aencTemeM, wn obwas HanpaBeHHOCTb
KPUOreHHOro Bo3aencTemna obycnasnuBaeT pasButme KOMNJAeKca napareHeTM4ecku
CBSI3@aHHbIX ApPYr C APYroM Mep3a0THO-reonorndyecknx dopmauymii. CkonneHus raza B Buae
csoboaHOro rasa wm rasormagpaToB, SBASIOTCA 3/71eMeHTOM (MOACUMCTEMON) 3TONM 3aKOHOMEPHO
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I'IOCTpOGHHOﬁ reocucrtemsbl. lMpn M3yyeHUn 30H MOBbIWEHHOW ra3oHacbIWeHHOCTN B MEpP3NbIX

NOpoAax MX MOXHO paccMaTpuBaTb, B BMAE CaMOCTOSITENbHbIX KPUOrEHHbIX reocuctem 1221,
OHM UMelT BCe MpU3HAKMK, MO3BONAKIIME 3TO AeflaTh: HaAMuMe eCTECTBEHHbIX rpaHul,
Mopdonoruio, onpeaenéHHoe MOMIOXKEHMEe B MPOCTPAHCTBE, MPOCTPAHCTBEHHO-BPEMEHHYIO

ynopsiA0YEHHOCTb CTPYKTYpPbl, BHYTPEHHUE CBSI3U, CBOWCTBA.

BTopu4yHble razoHachblileHHble reocncTeMbl GOPMUPYIOTCA NMPU pacTensieHUM Mep3nbiX NOpoa U
anmccoumauumn rasormapaToB B €CTECTBEHHbIX YCNOBMAX WM B pe3yfbTaTe TEXHOrEeHHbIX
BO34ENCTBUN, a Takxe pe3koro cbpoca pasneHums npu 6ypeHun ckBaxwuH. Mpun anccoumaunm
rasormapaTtoB BblaensieTcs cBOo6OAHbIN ra3, Haxo4aWMNACSA NoA AaBIeHUWEM KOTOPbIA HauyuHaeT
bunbTpOBaTbCHA CKBO3b BbICOKOTEMNEpPATypHble MEp3/able nopoabl B 06nacTb MeHbWUX

rMApoOCTaTM4YECKMX U UTOCTAaTUUYECKUX AaBEeHUN [22] B kauectBe npumepa dopMupoBaHus
30Hbl pacTenneHns MHoroneTtHeMépssbiXx Nopoj noh MOBEPXHOCTHbIM BOAOEMOM pacCcMOTPUM
CTpOEeHMe TeMmnepaTypHOro noss noh 03epoM nNpu ¢GOPMUPOBAHUM HECKBO3HOrO Tasinka.
JaHHble 6bl1M nonydyeHbl Npu nccnepaosBaHun osepa NnnucapBuk, pacnosloXXeHHOro B AefibTe
p. MakkeH3un. Paamep 300 x 600 c MakcummanbHOM rnybuHon 4,5 meTpa. CpeaHeropoBas
TeMnepaTypa MEp3/iblX NOpPO4A B palioHe 03epa HaxoauTca B AMana3oHe -8 - -10°C. MowHOCTb
Mep3noTel 400 - 600 M. NpaHMua Tanbix NOpoA MOA4 O3epOM MpoOChAexXuBarwTca A0 FNybuHbl

0KOM0 24 M, HUXe 3aseratT BbiICOKOTEMMNEpPATYpPHble MEp3Jible MOpoAbl, TeMNepaTypa KOTOPbIX

coctaBngaet ot -1°C Ha rnybuHe okono 30 m go -3°C rnybuHe okono 90 ™ (puc. 22) [72],
[JaHHOe pacnpeaeneHne TemnepaTyp OTpa)xaeT ABYYJIeHHOe CTpOeHMe nopoA nog BoAoéMaMu.
Cnon Tanelx nopoj, noactmnaeTcda 6onee MOWHbIM CNOEeM C/A0EM, 3a4acTyld HAMHOro
npesbilalowmMM MOLWHOCTb TaJlMka, BblICOKOTEMMNEPATYPHbIX MHOIroJleTHEMEP3/biX MOPOA.

Tea

-3 -2 -1 0 1 2 3

36 24 12

Z (m)
a8

72

Bd

96

Puc. 22. TemnepaTypHbIii Nnpodunnb, B cybakBanbHbIX 0CagKaX LeHTpasbHON,

rnybokoBOAHOM YacTn o3epa [72]

Mockonbky 06BOAHEHHOCTb CEeBEPHbIX TEPPUTOPUIA 3HAUUTeNbHA, 3a03EPEHHOCTb Ha fAMane
aoctmraetr 70% wn 6o0onee, ponb NOBEPXHOCTHbIX BOAOEMOB B MOBbIWEHME TemnepaTypbl
MHOrofIeTHEMEP3/bIX NOpPOoA 3HauuTenbHa. EcnamM B 30HY pacTensieHns MHOroneTHeMép3nblX
nopoA nonapatoT ruapaToHachbiWeHHble MEp3ble NOPOAbl, TO B HMX MOTYT HayaTbCs NpoOLecChl
anccoumaumn. Bbligenuewuiica  ras  noa  AasneHveMm  6yaeT  @uAbTpoBaTbCA  CKBO3b
BblCOKOTEMNepaTypHble MEp3nble NOpPoAbl BBEPX. BONBWWHCTBO TepMOKapCTOBbLIX 03€p ApPKTUKM
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6bICTPO ApeHUpYyeTCs UKW 3anoJIHAeTCsl ocajgkKaMu, Nnocse 4Yero OHWM npomep3atoT. [Mpu 3ToM,
dbopmupyeTcs HU3KOTEMMNEpaTypHas rasoHenpoHuuaemas Mép3nas KpoBns, ans
BblAEMIMBLUMXCA M3 TanblX WAW pacTenféHHbIX nopoa. 3To co3haéT ycnoBus Ans
bopMMpoOBaHNS re0CUCTEM BTOPUYHBIX Fra30HACbILEHHbIX MEP3/IbIX MOPOA.

3. MeToabl UCCNefOBaHUA ra3oHacbIlW eHHbIX re0OCUCTEM
B MHOrosieTHEME&p3nbIX nopoaax

Fa3oHacbIWeHHbIE MOpPoAbl BCTPEYATCS B PasfiMdHbIX MPUPOAHBLIX YCNnoBUAX. PasHoo6pasHa
OHM  BCTpeyalTCcs B BuMAE ra3oBblex KapMaHoB, (6e3KOpHeBble M30OMeTpuUYHbIe

rasoHacblileHHble 06pa3oBaHMsa), KynoJioB rasoBOro BCNy4YMBaHWS, ra3oBbix "Tpy6" [26, 7111
Hunbonee nepcnekTMBHbLIM HanpaB/lE€HWEM MNPU WU3YYEHUUM 30H HAKOMNEHMs Tra3oB B
MHOroJsleTHEMEP3/bIX MopoAax SABNSETCS UCNosib30BaHMe reodmanyeckmx MeToa0B, MOCKOJbKY
TONIbKO OHW, TMO3BONSIOT ONpeAesiuTb MECTOMOJIOXEHMEe, TrpaHuubl U MOP@ONOrnK  3TUX
obpasoBaHuii. B HacTosiwee BpeMms pa3paboTaH KOMMJEKC MeTOA40B, MO3BONSAWMUX YyCNELWHO
pewaTtb AaHHble 3adaun (Tabn. 4).

Tabnuua 4. OnpepneneHne MecTONONOXEHUS, FNybuHbI 3aneraHnsa U (GopMbl NOKalbHbIX 30H

ra3oHachbIlWEHHbIX MEP3/bIX NOpPOA reodmnsnyeckMmm MeTogamMu 73]

3apaun nccnenoBaHum Freodpunsnyeckme metoabl

OCHOBHbIE BcnoMmoratenbHble
30HH®bI rasoHacsoliweHHbix | MOTT , 2N, B33, B33 B33 BM; A3MMN; YSM3
MEp3/bIX Noposa mMac, MnB.,

reopaavonokaums,
pasfinyHble

BMAblI KAapoTaxa

O603HavyeHuss — DM — anekTponpodunupoBaHue; BO3 — BepTukanbHOE 31eKTpUyecKkoe
30HAMpoBaHue; B23 MAC — BepTUKanbHOE 3/1eKTpUYecKkoe 30HANPOBaHME NO MeTOAY ABYX

cocTtasnsawwmx; Y9M3 — yacToTHOEe 3/1eKTPOMAarHMTHoOe 3oHAupoBaHue; 2N MAC —

anekTponpodunnpoBaHnme no MeToAy ABYX cocTaBastoowux; ODMN —  AWNOJIbHO-
3/IeKTpOMarHnTHoe  npoduampoBaHue; B33 BN — BepTUKaNbHOE  31eKTpuyeckoe
30HAMpPOBaHME BbI3BaHHbIX NOoTeHumanos; MIMNB — cencmopasBenka MeTOAOM MPENIOMAEHHbIX
BOJTH

Hanb6onee pacnpocTpaHéHHbIM MeTOAOM SBJiSeTCs BepTMKaJibHOE CeWCcMOoaKycTMYecKkoe
npodunnmMpoBaHMe, KOTOpOEe MO3BOSASET BblAENATb U YETKO (UKCMPOBATb rasoOHacCbILWEHHbIE
nopoabl. CkonfeHus «cBob6oAHOTro» rasa B MHOMOJETHEMEP3/bIX MNOpoAax OTYET/IUBO
NposSiBNAIOTCS B BOJIHOBOM M0Jie, KOHTPACTHO oTo6paasiCb Ha CeMCMoaKyCTMYeCKUX paspesax
B BMAE XapaKTEePHbIX aMMJUTYAHbIX aHOMalMi — <«APKUX MATEH», COMPOBOXAAILWMUXCSA 4YacTo
avdparnpoBaHHbIMM BOJSIHAMW Ha MX rpaHuuax, GOpMUPOBAHMEM aKYCTUYECKU HEMbIX 30H,
MHBepcuein das, NPosIBJIEHNEM 3aTAXKEK BPEMEHM pPeruvcTpauum OTPaxxeHUn OT HUXKeNexalimx

FOPU3OHTOB, @ TaKXKe MOHWKEHUEM 4YacToTbl oTpaxeHHbix BonH Z4. O wanuuum B rpyHTax
cB060HOrO rasa CBUAETENbCTBYH MOHMXEHHbIE CKOPOCTM PpacrnpocTpaHeHUs ynpyrux
konebaHuii. OTpaXeHUss OT rpaHUL rasocojepXallux CJI0eB OTIMYAIOTCS OYeHb BbICOKOM
aMnauTyaoW CcurHana, BO MHOro pa3 nmpeBblliatolweid aMnanTyabl OTPaXXeHW OT rpaHul
pasfena rpyHToB, He cojepxauwux rasa. CKOpoCTM pacnpocTpaHeHWss MPOAOJIbHbIX BOJIH B
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paspes3ax, BK/KYaWKUX Mep3nble NbAUCTble W ra3oHacbllWeHHble TPYyHTbl (MO0 AaHHbIM
BEpPTUKaNbHOI0 CeNCcMMYecKoro npoduamposaHusa) wusmeHsdwTca o1 800 po 2800m/c.
Mcnonb3oBaHue BbICOKOYACTOTHbIX Npodunorpados nossonsert YyCTaHOBUTb B
cTpatTMdmMunpoBaHHOM pa3pe3e YeTBEPTUYHbIX 0CaAKOB Yy4YaCTKM aKyCTUYECKOro OCBeTeHUs
(blankings) Tonwn B BMae cybcornacHblX HanaacTOBaHWK MNPOTAXEHHbIX 06bEKTOB
HeNnocpeaACTBEHHO HaA aKyCTM4YeckuM pyHAaMEHTOM, Tak U B BuUAEe OpPTOrOoHasibHbIX CIOMCTOCTH
30H ocBeTneHusa. Habniopaemoe aBneHWe UHTepnpeTUpyeTCs KaK Mpouecc BHYTPUCIO0EBOro
pacnpegefneHns W MEXCA0eBOM Murpaumm rasoHachbiweHHbIX dawongos. AHoOManum Tuna
«APKUX» U «MNJIOCKNUX» NATEH B BEPXHEW YacTuM pa3pe3a CBA3aHbl, BEPOATHO, CO CKOMJEHUAMMU
rasoHachbllWeHHbIX ¢nomngos nog dnatounaoynopaMmu, KOTOpbIMM ABAATCA NmMbo nopgowsa
rasormgpatos, nAuMbo MHoroneTHas noaBoAHas Mep3noTa. HekoTopble cBeTnble nMATHA
HenocpeaCTBEHHO MPUYPOYEHbl K TEKTOHMYECKMM HapyLEeHWAM W UMEKT BUA WHBEKLMOHHbIX
cybBepTUKanbHbIX CTPYKTYp (KaHanoB). Takume KaHanbl COEAMHSAIT aKyCTUMYECKM Mpo3payHble
NIVH3bl, pacnofloXeHHble Ha pa3HbIX TUMNCOMETPUYECKUX YPOBHAX W Nmbo 3aTyxawT B
ocagoyHon Tonwe, nnbo npocnexuBaTbCs A0 MOBEPXHOCTUM AHa NPU HaNNYUMKU  KPYMHbIX

paspbisos 221,

OaHuM 13 Hamnbonee akTyasibHbIX Hanpas/eHUN ANA peLleHUs FeoKpUosorMyecknx 3ajayd Ha
rnybuHax 10-1000 M, a Takxe 4acCTOTHbIX 3o0HAMpOoBaHuMi (Y43) Ha rnybuHax 1-20 M. aBnseTcs
OM-3oHanpoBaHmne wMetogqoM 3CBb. MeToa ocCHOBaAaH Ha TexHonormnm DM-30HANMPOBAHUSA
CTaHoBNeHMeM nossa B 6nmxHen 3oHe (3CH) nyteM co3gaHus nepBuMYHOro 3M-nonsa B cpeae um
M3MEpPEHNUN BO3HMKAOLWeEro BTOpUYHOro >DM-nongd, KoTopas 3aBUCUT OT YAEsNbHOIO
anekTpuyeckoro conpotusneHusa (¥YIC). UN3MepeHne Hanps>KeHHOCTU BTOPUYHOrO MNONS Ha
pa3HbIX Nepuojax No3BonSeT NOAYyYnTb MHMDOPMALMIO O Ccpeae Ha pas3HbiX rnybuHax (puc. 23).

o §
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Puc. 23. Metoguka BbinosiHeHns 3CB, Y3 Ha wenboe.

PaspaboTka pAaHHOro MeToAa A[acT BO3MOXHOCTb MCMONb30BaHWs SDM-30HAUMPOBaHUS ANs
KapTMpOBaHUS KPOBJM MNOABOAHOW Mep3/0Tbl U BblIAENEHUS BbICOKOOMHOFO cnios (CnoeB)

rasrumapaTos [76]
3ak/iloueHue

BnusaHue rasoBOl COCTaBASIOWEN HA CBOWCTBA MEP3/bIX MOPOL AOJIT0O€ BPEMS CUYMTANIOCh
He3HauyuTeNbHbIM. Pe3Koe ycuneHue X035IUCTBEHHOINO OCBOEHUS apPKTUUYECKUX TEPPUTOPUNA Ha
doHe rnobanbHOro MOTENJEHWUs KIMMaTa MokasajiM, 4YTo 3TO He Tak. Hayka okasafacb He
rotoBa K HOBbIM Bbi30BaM. B HacToslwee BpeMss CTaslo OYEBUAHLIM, 4YTO OTCYTCTBUE
TeopeTMyeckon 6a3bl 3HAYMTENIbHO OCJIOXHSET MOUCK U M3yyeHMe rasoHacbILWEHHbIX 30H,
NMpoLEecCcoB, CBSA3AaHHbIX C MUrpauMein M HaKOMJEHMEM rasa B MPoOMep3alowWmnx U MEP3NbIX U

npoTamBakwWmMX nopoaax.
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Ona KaxAoro reHeTM4eckoro Tuna OTNOXEeHUN B MEpP3/JIOM COCTOSAHWM, B 3aBUCUMOCTU OT
coAepxXaHua rasa BblAENATCA ABE rpynnbl ra3oHacbiweHns. OaHa aBnseTcs GOHOBOW, B Hel
cogepxaHue rasa B OCajKkax, COOTBETCTBYET CpeAHMM 3HadYeHUsM B TajblX B TasjbIX
nopogax. Bo BTOpoli coaepxaHue rasa A[OCTUraeT aHOMasbHbIX 3Ha4YeHWW, 3HaAYUTENbHO
npesbiwawwmx ¢oHoBble. OHa dopmMupywmecs B pe3ynbTaTe Ppas3/iIMYHbIX MNpOLECCOB
(KkpuoreHHaa KOHUEHTpauusa, nocTynneHus rnybuHHOro rasa no TpewuHam M PpasM4YHbIM
30HaM TeKTOHMYeCKMnX gedopmMauumi.

ra3OHaCbILLI,eHHbIe 30HbI B Mép3J‘IbIX nopoaax nNpeAacCctTaBndarwT U3 cebsa caMocToATENIbHbIE
reocucteMbl. KpuoreHHass rasoHacbllEeHHass reocuctemMa ABAAETCA CTPYKTYPHbIM 3/IEMEHTOM
KpI/IOFEHHOVI reocncrtembl, npeacrtaBnsgaeT n3 cebq NOKaJlbHYHO 30HY C MNOBbIWLEHHbBIM
OTHOCUTENBHO (OHOBBLIX 3HayeHuit coaepxaHuem rasa (B cBoboAHOM BuAE UAW B BuAe
rasorumgpaTa), UMeeT CBOM eCTeCTBEHHbIE rpaHuubl, MOPdONOrno, onpeaeséHHOE MoJsioXeHue
B MPOCTPaHCTBE, CTPYKTYpYy, BHYTpeHHME CBS3M, CBOWCTBA, WUCTOpUIO pa3BuTua. CTpyKTypa
rasoBol COCTaBAsWEN ra3oHacbIWEeHHON reoCUCTEMbI, MapareHeTM4eCKM CBSA3aHHas Co
CTPYKTYPHbIMM 3NEeMeHTaMn BK/OYaloWen eé KPUOTreHHOW reoCUCTEMbl, OTpa)XaeT MUCTOpUIo
HakonaeHus, W npeobpa3oBaHMs rasa nNpuM MNepexoae reosormyeckoro obbekta w3

HEMEep3/10ro CocToaHUsA B ME&p3noe.

KpnoreHHble ra3oHachbIlEeHHble Te0CUCTEMblI BCTPEYAOTCS Ha BCEW TEPPUTOPUN KPUOJTUTO3OHBI,
oTnnvaacb Mexay cobonm macwrtabamm nNposSABNEHUN, KOTOpble 3aBUCAT OT reosioro-
TEKTOHMYECKMUX U MeP3/I0THbIX YCJIOBUA HaKOoMaeHus rasa.

Kaxnpas rasoHacblleHHass reocMcTteMa B MHOMOJIeTHEMEP3/bIX MOPOAaX COAEPXKUT 4 OCHOBHbIX
3feMeHTa: 1- 30HY reHepauuu rasa; 2 - 30HY TpaH3uTa; 3 - 30HY HaKOMJeHWUs; 4 - 30HY
niacTMYecknx U paspbiBHbIX AedopMauunii, pacnonaratmlascsd Ha KOHTAKTe 30Hbl HAKOMEHUS
M BMellalowmx nopoda.

BoigensawoTca 5 TMnos KPUOreHHbIX ra3oHacCbIWLEHHbIX TEOCUCTEM.

- [HesaTenbHoro cnos. [la3 KOHUEHTpUPYeTCA 3a CUYET KPUOFeHHOro Hamopa npwu
HEepaBHOMEPHOM MPOMEpP3aHUM.

- leHeTnyeckoro Tuna (03E€pHble, fnaryHHble, Mopckume). a3 KOHUEHTpUpyeTCcs 3a CuYéT
KPMOreHHOro Hanopa npu 3NUreHeTUYECKOM MNpoOMep3aHUM UM 3a CYET NOCTYynJeHusa C

rnybuHel

- CTpyKTypHO-reosiormyeckoro Tuna.llpuypoyeHbl K MeCTOPOXAEHUAM YrieBOAOPOAOB MU
CBSI3aHbl TEKTOHMYECKMMU CTPyKTypamu (Kynosa, Bafbl, passioMbl). a3 nocTtynaeT c 6onee
rny6oKNUX rOpM3OHTOB MO CUCTEME TpeluH. MocTynawlwmnii CHU3Yy ras CMelunBaeTcs C rasom
NpUCYWNM FeHeTMYecKoMy TuMy, BcCAeacTBME 4Yero (pOopMUPYIOTCS CMELaHHble KPUOTEeHHbible
rasoHacbIUEeHHbIE TEOCUCTEMBI.

- BTOpuYHble ra3oBble CKOMMEHMA CBA3aHbl C Pa3fioXXeHWEeM ra3orMapaToB B €CTECTBEHHbIX
ycnosuax. Ux dopMupoBaHMe CBA3aHO C pacTensieHMeM MHOro/eTHEMEpP3/bIX MNopos,
nocrneaylwWwmM passioXXeHWeM rasorumapatos U MuUrpauuein BblAeNMBLIErocs rasa u3 obnactm
AUCcouMaunm no 30He TpaH3uTa B ob6nacTb HakonjeHusa. MpuUUMHON pacTenfneHus saABnseTcs
M3MEeHEeHNEe MOBEPXHOCTHbIX YC/NOBWIA (NOBEPXHOCTHble BOAOEMbI, CMEHa PpacTUTENbLHOCTH,

yBeNM4YEHNE TOJTLLMNHDBI CHEXHOIO I'IOKpOBa), nnun noTensieHne KnnMmaTa.

- TexHoreHHble, d)OpMVIpOBaHVIe KOTOPbIX O6YCJ'IOBJ'IeHO TENNOBBLIM WUIN MEeXaHU4YeCKUM
BO34EeNCTBUEM MHXEHEPHbIX COODY)KeHMVI Ha rasoHacsbllweHHble B BUAe cBO60AHOro rasa uam
rasorngpaTtoBs Mep3/sible NOopoAabl.
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B HacTosiwee BpeMs elWwé HeAOCTAaTOYHO 3HaHUW ANs  MNOCTPOEHUS eAMHOU Teopumn
06pa3oBaHUs TaKMX COXHbIX 06pa30BaHMii, KAaKUMWU SIBASIIOTCS ra30HACbIUWEHHbIE 30Hbl B
MHOroneTHEMEpP3/biX nopoaax. MNMoTpebyloTca HeTpUBMUabHbleE U MHHOBALMOHHbIE MOAXOAbI, HE
yKnaAbiBalowWmMecs B pycso TPaAULMOHHbIX NPeACTaBMEeHUIA CYLLECTBYIOLWMX B FEOKPUOIOTUN.
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Pe3ynbTaTtbl Npoyeaypbl peeH3upoBaHUA CTaTbU

B cBS3M C MNOJANTUKON [BOMHOrO CJIENOr0 pPELEH3NPOBAHUS JIMYHOCTb PELIEH3EHTA HE
packpbIiBaeTcs.

Co crinMckoM peLeH3eHTOB U3/4aTtesibCTBa MOXHO O3HaKOMUTHLCS 34ECh.

MNpeameT nccnenoBaHus, npeacTaBfieHHbI B CTaTbe, MMeeT onpejesieHHbI Hay4YHbIi MHTepec
M  NpaKTMKOOPUEHTUPOBAHHbLIN xapaktep. Peub wuget 06 wccnefoBaHUWM TFeOCUCTEMBI
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ra3oHachbIWEHHbIX MHOrOJIeTHEMEDP3/bIX NMOPOA4, MHTEPEC KOTOPbIX CBSAA3aH C Bbibpocamu rasa
npun 6ypeHun CckBaxXwH B MEpP3NbIX nopogax. MeToabl, KOTOpPbIMW OMepupoBann aBTOpPbl -
CMHTE3 TMOJyYeHHbIX Ppe3ynbTaTOB oOCywecTBNsaAca Ha 6a3e reocucrteMHoro noaxoga -
NO3BOJ/IMAIM UM pPaCKpbiTb 3asBNIeHHYIO TeMy B NOJSIHOM ob6beMe. AKTYyaNbHOCTb MOAHATON TEMbI
He Bbi3blBa€T COMHEHWN, TaK KaK BblB/IEHWE 3Ha4YUTeSIbHON 3MUCCUM MapHUKOBbLIX FAa30B B
ApKTMKe M obHapyXeHWe paHee HeuU3BECTHbIX MPOLECCOB B KPUOIMTO30He - obpa3oBaHus
BOPOHOK 3a CYéT ra3oBoro Bbibpoca, sBNseTCs akTyasibHbIM BBMAY POCTa 3KO/OMOLEHTPUYHbIX
HacTpoeHu. ABTOpaMW CTaTbM MOJYYEHbl CYLWECTBEHHO HOBble Hay4Hble pe3ynabTaTbl, 4YTO
no3BofsiseT roBOpuUTb O Hay4yHoOMW HOBM3He paboTbl. Tak, B YaCTHOCTM MOKasaHO, 4TO
ra3oHachbIWEHHbIE 30Hbl B CE30HHO- M MHOro/IeTHEMEpP3/bIX NOpoAaxX MMEKT BCe MNpPU3HaKK
reocucteMm: JnoKanusauuMio B NPOCTPAHCTBE, TrpaHuubl, Mopdonoruo, wHAMBUAYalbHOE
CTpOEHMe W CBONCTBA, WCTOPUIO Pa3BUTUA, XU3HEHHbIA UWKI, uepapxuio. bubnunorpadusa
cTaTbW copepXxuT 6onblwoe 4yucno ccbinok (76) Ha HayyHble paboTbl MO CXOXeW TeMaTuke
nccnepoBaHusa. Bo3MOXHO M3nMWHee camountupoBaHue. PaboTta cHabXxeHa MacCOM pPUCYHKOB
(23), uTO NpuaaeT apryMEHTMPOBAHHOCTU M HarnsAHOCTM pa3MblwieHnaMm asTopa. CyxaeHus
aBTOPOB SCHO BbIpaX€Hbl, YeTKO CMOpPMYIMPOBaHbI, MEXAY HUMW eCcTb COOTBETCTBYylLWMNe
norunyeckue cesa3un. ABTopaMu BblaenseTcsa 5 TMNOB KPMOTreHHbIX ra30HaChIWEeHHbIX FTE0CUCTEM.
1. JeATenbHOro csos B KOTOPOM ra3 KOHLUEHTpMpyeTCcs 3a CYET KPUOreHHOro Hanopa npu
HepaBHOMEpPHOM MnpoMep3aHun. 2. FeHeTM4YecKkoro TMna - O3EpHble, NaryHHble, MOpPCKWe, B
KOTOPbIX ra3 KOHUEHTpupyeTcss 3a CYET KPUMOreHHOro Hamopa npu 3SMNUFeHEeTUYeCKOM
npoMep3aHnM WMAM 3a CYET NOCTYynAeHus € rnybuHbl 3. CTPYKTYpHO-reosiorM4yeckoro Tuna,
KOTOpble MNpUypoYeHbl K MEeCTOPOXAEHUSAM YrneBofOpOAOB W CBSA3aHbl TEKTOHUYECKUMU
CTPyKTypamu (Kynona, Banbl, pa3noMbl). a3 B HUX noctynaeT ¢ 6onee rnyboknx ropusoHTOB
no cucrteMe TpewwuH. TllocTynawowmMin CHM3Yy ra3 CMelwuBaeTcd C ra3oM MpUCyLLUM
reHeTM4eCKOMY Tuny, BCAeACTBME 4ero (OpMUPYIOTCA  CMELaHHble  KPUOTEeHHblble
rasoHacsblleHHble reocucTembl. 4. BTOpUYHbIE Fra3oBble CKOMNEHUS CBSA3aHbl C Pa3flIOXKEHUEM
ra3ormapatoB B eCTECTBEHHbIX YycnoBusaAXx. Wx dopmMumpoBaHuMe CBA3aHO C pacTenjieHuem
MHOroneTHeMép3nbiXx NopoJj, MNOCNeAyWMM pas3fioXXeHMeM ra3ormapaTtos U Murpauuen
BblAeNMBLIEroca rasa m3 obnactu guccounaunm No 30He TpaH3uTa B o6sacTb HakonaeHus. 5.
TexHOreHHble, ¢oOpMMpPOBaAHME KOTOPbIX OOYCNOBAEHO TEMN/IOBbIM WAW  MeXaHUYECKUM
BO34ENCTBUEM MHXEHEPHbIX COOPYXEHMUN Ha rasoHachbiWweHHble B Buge cBob60oAHOro rasa uau
rasorvapaToB Mep3/ble NOpoAbl.
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