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"Poccms, 111123, Mocksa, wocce dHTy3nacTos, 21.

Mpobriema 8bi0eneHUs 2a308bIX 2UGPAMOB 8 Pa3pe3e MECMOPOHOeHUl A819emcs 8ecbMa
aKmyaneHol. Hanu4ue 2a302u0pamos Moxcem OC/IOHHAMb KAK npouyecc bypeHus, makK

U HernocpedcmeeHHO 3KCIAYyamayuto CK8AX(UH. [MOHUMAHUEe 3aHUMaeMo20 06bema 3a71excu
MPUPOOHLIMU 20302U0PAMAMU 10380/19em rposecmu bos1ee MOYHYIO OUEHKY BO3MOMCHbIX
K U3es1e4YeHuro 3arnacoe YB ¢ uHOusudyasbHbIM MNOOX000M K cucmeme paspabomyu makux
3anexceli. Ha npumepe Meccosxcko2o MecmopoxOeHUs npeodnoxeH aa20pUmm MPUHAMUS

peweHuli 015 nodcyema 3arnacos8 ce0b600H020 2030 € OOKA3AHHbIM HAAUYUEM
20302U0PAMOHaAckIUWEHHOU Yacmbto NPodyKMUBHo20 naacma

Knio4eBble cnosa: rasornaparsl; ruapatbl; 3anacsl rada; CBOGOLHbIN ra3; NoOACYET 3anacos
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COBEHHOCTHIO MECTOPOXKAEHUI B 30HE
pacnpocTpaHeHUs MHOro/seTHeMep3-
nbix (MMIM) nopog, AasnseTca Haamume
BBEPX MO paspesy MPUPOAHbIX raso-
rmppatos (puc. 1).

[a30Bble rMapatbl — COEAMHEHMUS, B KOTOPbIX
MOJIEKY/Ibl Fa3a 3aK/NIOYeHbl B KpUCTaNAMyeckue
AYEKU, COCTOALLME U3 MOJIEKY BOAbI, YAEPKMBAE-
MbIX BOLOPOAHOM CBA3bIO. [a30Bble rMAapaTbl MOryT
06pa3oBbIBaTLCA M CTAOMIBHO CYLLLECTBOBATL B LUK-
POKOM UHTEpBane AaBfieHW U TemnepaTyp (ons
metaHa or 2-:10% o 2-:10° Mna npu Temneparype ot
70 po 350 K). HekoTopble cBOWCTBa M'MAPATOB YHU-
KanbHbl. Hanpumep, oamMH o6bem Boapbl CBA3bIBAET
B rmapaTtHoe cocTosHMe npumepHo 160 obbemos
meTaHa. Mpwu 3Tom ee yaenbHblii 06bem Bo3pacTaer
Ha 26% (Npu 3amep3aHnK BOAbI €€ yae/bHbIA 00b-
eMm BO3pacTaeT Ha 9%).

Kpuctannorngpatsl rasa 061a4atoT BbICOKMM
3/1EKTPOCOMNPOTUBIEHNEM M BbICOKOW aKyCTU4e-
CKOW NpoBOAUMMOCTbI. OHM MPaKTUYECKM Hemnpo-
HWULAEeMbl A8 MOJIEKY/ BOAb! U rasa.

Puc. 1.
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MpupoaHble rasormgpatbl NPeacTaBAAoT Co-
60li meTacTabunbHbIi MWHepan, obpasoBaHue
N pasfioKeHWe KOTOPOro 3aBUCUT OT [aB/ieHus
M TeMNepaTypbl, COCTaBa rasa v BOAbl, OT CBOWCTB
NOPWCTON cpeapbl, B KOTOPOM OHW 0bpasytoTcs.

CyLwiecTBylOT Z1Ba OCHOBHbIX BMAa rasorngpat-
HbIX 3aNeXel: MepBWMYHble U BTOPWYHbIE. [Mep-
BUYHble — 3TO Te, nocae GoOpMMPOBAHUS KOTOPbIX
B HUX HE NPOMCXOANIO LMKAUYHBIX Ha30BbIX nepe-
X040B rMapaT — cBOOOAHBIM ra3 — Boga — rmapar.
OHM 06bIYHO NPUYPOYEHDLI K aKBaTopUsM. BTropuu-
Hble rasornapaTHble 3a7eXn OOblMHO HaxoasaTcs
Ha maTtepuKax. OHM GOpPMUPYLOTCA U3 CKOMAEHUIA
cBODOAHOrO rasa, pPacrno/oXKeHHbIX Nog HEMpoHU-
LLAaeMbIMW IMTONIOTMYECKUMW MOKPbILLKaMK, Mpu
NMOHUKEHUW TemnepaTyp B paspese nopos Huke
paBHOBECHOW A/1A AaHHOrO ras3a. 3a reosorMyeckoe
BPEMA TemnepaTypa Ha MaTepuKax HEOLHOKPATHO
LUMKAMYHO U3MEHSANACH, YTO NPUBOAMIIO K LIUKANY-
HbIM $a30BbIM Nepexonam ¢ 0bpasoBaHMeMm 3ane-
»Kel ra3oBbIX rMApaTos 1 cBoboAHOrO rasa. B nepe-
XOAHbIM nepuoa nof rasormapatHOM 3aNeXKbio

leonoauveckuli paspes cesepa 3anadHol Cubupu (Azanaxos C.E., Kypuukos A.P. 2004)
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Puc. 2.
Lepeso npuHamus peweHuli

MOMET CyLLEeCcTBOBaTb 3a/1eXb CBO6OAHOrO rasa nnm
HedTH. UMeHHO K 3ToW KaTeropum oTHocuTes Mec-
COAXCKOE MECTOPOXKIAEHUE, KOTOPOE HaXxoAuTCs
B 3aBepLUAtOLLEN CTaMM PA3/OKEHUsA rMapaTos (3a
CYET NOBbILIEHWA TEMMEPaATYPbI B pa3pese nopoa).

MogpobHo rasormapatbl Ha Meccosxckom mec-
TOPOXAEHUMN U3yyeHbl nccnegosatensmu H0.d. Ma-
KoroHom u A.J1. CyxoHoceHKo. ObpasoBaHue rma-
paToB 06YCN0BNEHO COOTBETCTBMEM HaualbHbIX
NiacToOBbIX TEMNEPATYP U AaBNEHUI PAaBHOBECHbBIM
YCNOBUAM TMApaToobpasoBaHusA. YCNOBUA HUIKUX
TEMMEepaTyp U BbICOKMX AaB/EHUI CBUAETE/bCTBY-
0T O BO3MOXHOCTU COeAMHEHWA MeTaHa C BOAOM
B NaacTe B TBepao dase.

Hannuue rasormgpatoHachIlLeHHOM YacTu B 3a-
nexun MeccosaxcKoro MecTOpOXKAEHUS MOATBEPH K-
JaeTca HU3KMMM aebutamm rasa, 601blIMM KONK-
YecTBOM MOCTYNaloLWen C ra3aoM HU3KOMWHEpanu-
30BaHHOM BOAbl U AaHHbIMK [UC.

OnpeneneHne HUXKHEN rpaHuLbl pacnpocTpa-
HEHWA ra3ornapatos (T.H. ra30rMAPaTHbIA KOHTAKT,
[TK) aBnaeTca BarKHOM 3afdavent Ans onpeneneHus
KOPPEKTHOTO KOZIMYECTBA 3aK/IIOYEHHOIO B OCTa/lb-
HOW 4acTu 3anexun cBobOAHOro rasa, a TakxKe Ans
NPUMEHEHUA TPAaMOTHOM CUCTEMBI Pa3paboTKu.

MoaTomy nNpwu cocTaBAEHUM OTYETA MO NOACUETY
3anacoB MeccoAaxcKoro mecTopoXaeHus bbiia Bbi-
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fIB/leHa HeobxoAMMOCTb cHOPMUMPOBATL METOAMKY
noacyeTa 3anacoB MeCTOPOXKAEHWI rasa Ha Teppu-
TOpUAX, FAe YacTb paspesa 3anoNHeHa NPUPOAHbI-
My rasorugpatamu. Ho npu sTom Habop ncxogHoM
MHbOpPMaL MK 4N NOACYETa 3aMNaCOB MaKCUMAbHO
NPUBAUMKEH K TOMY, C KOTOPbIM NPUXOAUTCS pabo-
TaTb reosioram v reopusnKam npu LO6OM Apyrom
nogcyeTe 3anacos, T.e. CTaHAAPTHbIN.

CocTaBuTE/IM NOACYETOB 3aMacoB He MOTyT pac-
CYMTBLIBATbL Ha TO, YTO MPU OBHAPYKEHUM ra30BbIX
rMOpaToB Heaponosib3oBaTenb OyAeT MHBECTUpO-
BaTb 3HAUMTENbHblE CPeACTBA, OCODEHHO Ha paH-
HeMm 3Tane reoNoropassBeaKu, B U3ydeHne ruapaTos
N WX YCIOBUIA 3a/1€raHns, NPMHUMAsA BO BHUMAHMe,
YTO TEXHOMOTMM PaspPaboTKM TMAPATOB MOKa He
CYLEeCTBYeT, U WX B TEPMMHAX roCyLapCTBEHHOrO

Puc. 3.
XapakmepHas 2eopu3uveckas XapaKmepucmuka 3anexced

MpupoOHo20 2a3a: 1 — 2AUHUCMASA MOKPBLIWKA, 2 — 2030HAHLIWEHHbIU

recyaHuk, 3 — 2udpamoHacsiweHHoIl necyaHuK, 4 —
8000HACLIWEHHbIU naacm
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Puc. 4.

YenogHele o6osHayeHus
B ruopam [ | ras |l Booda HescHo

lpumep 8bideneHus 2udpamos ckeaxcuHol Ne 6

6anaHca NosesHbIX MCKOMAEMbIX HE/Tb3s CHUTATb HU
3anacamu, HU pecypcamu.

Ha ocHoBaHMM MNpoaHanun3MpoBaHHOU MCxoa-
HOM MHbOpPMaLMKM ObiNo paspaboTaHo «AepeBo»
NPUHATUA PeLeHnt AN MECTOPOXKAEHWW, Haxo-
OALWLMXCA B OAMHAKOBBIX YCNOBUAX C MeCCosXcKm
mecTopoxaeHuem (puc. 2).

B cnyuae MeccoaxcKoro mMecTopoXaeHus, co-
rNacHo paspaboTaHHOW MeToaMKe NPUHATUA peLue-
HUM, MOXXHO NepenTM UMEHHO K NOACYETY 3anacos
YB ¢ onpegenexHvem ycnoBHol nosepxHoctu K.

Takum o06pasom, B OCHOBY onpegeneHus
rpaHuLbl pacnpefeneHns rMapaTosB MONOXKEHDI
KOCBEHHbIe MPU3HAKM HaNM4Ms TMAPaToB, Onpe-
aensemble no MMC wnnM pgaHHbIM OnNpoboBaHUA
M 3KCnyaTaumu CKBaxuH. MeTog npegnonaraet
onpegaesieHHble AoMYLLEHMSA, HO BCE XKe JOCTaToYHO
HageXeH U ToUYeH ANA JOCTUNKEHUA MOCTaBNEHHOM
uenu.

[ns onpeneneHns HUKHEro ypoBHA rasorma-
paToHacbiweHus (yposeHb [TK) B pamkax noa-
cyeTa 3amacoB MeccoAaxCcKOro MecTopoXKAeHWs
6bln NPOAHaNU3MPOBAH KOMMNEKC UCXOAHOMN WH-
dopmaumm.
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@ - Cksaxumubic
npegnonaraembimM
HanuumMem
rasorvgparos no
AaHHbIM TUC

(T

Puc.5
CmpyKkmypHas Kapma no ompaxarowemy 20pu3oHmy I ¢ HAHECEHHbIMU CKBAXCUHAMU C pednonazaemMsimMm Hanuquem
2a302ud0pamos no 0aHHeim MNC

Puc. 6.

3asucumocms cmapmossix 0ebumos 2a3a o CK8aXCUHAM (3es1eHbil — Mepdopayus mosbKo 8 8epxHell Yacmu 3aaexcu, Heamsoil —
repghopayus 8 HUXHel Yacmu 3asaexu, CUHUU — Nep@opayus Kaxk eepxHel, MakK u HUXHel Yacmu 3a7exu) om eckpsimoli
ahgpekmueHol 2a30HACLIUEHHOU MOAWUHbI
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Puc. 8.
AHanu3 8enuYUHbI cMapmMosbix 0ebumos om Moa0HeHUA
nepgopayuu 8 naacme

PacnipedeneHue cksaxcuH obvekms [/1-1 no
cpedHe20008biM Oebumam u HakorneHHoU 006biYu 2a3a
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OgHMM 13 cnocoboB BblAeeHMs ra3ornapaTos
B paspe3e AB/IAETCA BblAe/IeHWe WMHTEepBasioB Mo
LaHHbIM TUC (puc. 3). Ona rmapatoB xapakTepHo
ysenuuyerue 3HadeHuit MC un M3 oTHocuTeNbHO No-
Ka3aHuWI B ra3oBOWM M BOLOHOCHOW YacTsAX paspesa.
[na nocneaHux XapaKTepHbIM SBASETCA eOUHbIN
ypoBeHb AaHHbIx M1C B necyaHbIX NpOCiOsAX U BO3-
MOXHOE yMeHbLUeHwue M3 B BOAOHOCHbIX NiacTax.

Mpumep BblgeneHna ruapatos B ckB. Ne 6 npu-
BefeH Ha puc. 4. CornacHO AaHHOMY MPW3HaKY
6blIM BbISBJEHbI CKBAXKWHbI C HA/IMUMEM ra3orna-
paToB M CKBAXKWMHbI C MPEANONaraembiM1 MHTEPBa-
NaMu ra3orMgpaTtos.

CKBaXKMHbI C NpeanonaraembliM Ha/JMuMem ra-
30rMapaToB OblIM HAHECEHbI HA CTPYKTYPHYHO KapTy
no oTpakatoLLemy ropusoHTy I (puc. 5), CKBarKUHbI
OKasa/snCb MPUYPOYEHbl K KymMOJbHOW 4YacTu 3a-
Nexu.

M3 puc. 6 BUAHO, 4TO CKBaXWHbI, nponepdo-
pYpPOBaHHbIE B BEPXHEW YaCTW 3aNEXW, ABAAIOTCA
HW3KOA4EOMUTHBIMM, HECMOTPA Ha JOCTaTOYHO MOLL-
Hble BCKPbITble 3$PEKTUBHbIE TONWMHBI. Puc. 7 no-
Ka3blBaeT, 4To nepdopauun B 06enx 4acTax 3anexu
He [JaeT CyLLeCTBEHHbIX OTIMYMIA OT 3HAYEeHUW ae-
6uTOB NpM NepdopaLLMm TONbKO HUMKHEN YacTy, T.e.
BEPXHWE MHTepBanbl nepdopaumn He paboTatoT.

YuntbiBas gaHHble TUC (puc. 4-5), npombicio-
Byt0 MHbOpMaumto (puc. 6-8) n ee aHanus, a Tak-
e pe3ynbTaTbl YNCAEHHbIX SKCNEPUMEHTOB, Mpo-
BEeAEHHbIX B pamKax pabotbl A.Jl. CyxoHOCEHKO
«TepmofMHaMMUECKOe MOAENMPoBaHME npouec-
coB pa3paboTKM rasorvapaTHbIX MECTOPOXKAEHNA»
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B 2013 r., nokasbiBalowWmx, YTo AasBaeHue B 60-
KaX, Haxo4ALWKNXCA HMNXKe ra3ormapaTtHOro KOHTakKTa,
MeHblle PaBHOBECHOIO [aB/ieHWA ruapatoobpa-
30BaHMWA, NPOUCXOAUT PasfiOKeHUe rasoBbiX MMa-
paTtoB, Obln onpepeneH ypoBeHb, OTAENAOWMIA
rasornapaTHyto 4acTb NaacTa OT ra3oBol. YpoBHeEM
ABNAETCA CYyOropnsoHTaIbHas MOBEPXHOCTb Ha a.0.
-770 m.

Takum 06pasom, NpPoAyKTUBHbIM naact A/1-1
MeccosaXCKOro MecTopoXKAEeHUA NpeacTaBseT co-
601 MacCBHYIO 3an€Xb, 3aMacbkl cBOHOAHOrO rasa
KOTOPOM PacrnonaratTcsa B KONNEKTOPaxX Mexay
rasorMAapaTtHoM «LWankom» M NoacTUNAOWEN BO-
non.

KapTta adpdeKTMBHbIX ra30HaCbILWEHHbIX TONLLMH
NPOAYKTUBHOro naacta MeccosxcKoro MecTopoX-
nexvs (puc. 9 B) 6bina NocTpoeHa Mo NPUHLMMY,
npumeHaemomy ansa 3anexent YB ¢ npucytcreyto-
WweW wankor YB B 4pyrom ¢pa3oBomM COCTOAHUMY, T.€.
nyTem BbIYUTAHUA M3 KapTbl OOLLMX HACLILLEHHbIX
TONWMH (puc. 9 A) KapTbl KONJIEKTOPOB, HACHILLEH-
HbIX TtMgpaTamu (puc. 9 b).

PaspaboTtaHHaa meToauKa Oblna npeacrasne-
Ha Ha I3TC B ®BY K3, roe npobnema BbiABAEHUSA
rasormgpatos U WX reomeTpusaums eauHOrNacHo
npu3HaHa OYeHb aKTya/lbHOW W Bbi3Bajia AOCTa-
TOYHO aKTMBHOE 0bcyKAeHWe. dKcnepTamu Obiu
[OaHbl PEKOMEHIALIMM KaK HEAPOMO/Ib30BaATEN0 NO
nporpamme AoU3y4YeHUa MecTopoxaeHusa ana 6o-
nee ysepeHHoro onpegenenus MK, Tak n asTopam
METOAVKM AN NPOLOSIKEHUSA HAYUHbIX U3bICKaHUI
B J@HHOM HanpaBiaeHUN. @
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Determination of the Lower Border of Natural Hydrate Distribution in the Gas

Deposits for the Calculation of the Gas Reserves on the Example of Messoyakha
Field

Abstract. The problem of allocation of gas hydrates in the deposits is very relevant. The presence of gas hydrates can complicate both the
drilling process and the operation of wells. So the understanding of the volume of natural hydrate inside deposits allows for a more accurate
assessment of the possible extraction of hydrocarbon reserves with an individual approach to the development of such deposits. On the example
of Messoyakha field the decision-making algorithm for calculation of free gas reserves with proven presence of gas hydrate-saturated part of
the reservoir is proposed.

Keywords: gas-hydrate; hydrate; gas reserves; free gas; reserve calculation
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