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Anam3 $Ha3oBOro cocTaBa HACHIMEHHBIX Ta30BEIMH THAPATaMH OCAJOYHBIX TOPOJ] MOKa-
3aJI, 4TO TOPOBas BOJA B MOPOJaX HE MOIHOCTLIO TPAaHC(HOPMHUPYETCS B THIPAT, YTO OKA3BIBAET
CYLIECTBEHHOE BJIHAHUE HA MX MEXaHWYECKHE, PU3NKO-XUMUYECKUE H QUIbTPaMOHHBIE CBOM-
crea. OcraTounas moposas Boja B o0pasiie MOpOABl MO>KET OBITH TOApa3zielieHa Ha JBa BUJA:
TopoBasi Bjiara, KOTopas IpH 3aJaHHBIX TepMOOapUYECKUX W T€OXUMHYECKUX YCIOBHSAX HE MO-
KET TpaHC(HOPMHUPOBATLCS B TMApAT (PaBHOBECHAs! JOJIS BIaru), ¥ BOJa, KOTOPas MOXET Iepeii-
TH B THApPAT, HO 3TOT IPOLECC HE 3aBEPIIEH 10 KHHETHYECKUM NIpHYHHAM. PaBHOBECHYIO TI0 OT-
HOLICHHIO K Ta30THMApATY IPH 3aJaHHbIX napameTpax P u T mopoByro Biary Mo>kKHO Ha3BaTh He-
KJIaTPaTHOM BOJ0# (110 aHAJIOTHHK ¢ He3amep3Lieil BOIOM B TeOKPHOIOTHH). Y IelIbHOE KOIHYECT-
BO HEKJIATPATHOW MOPOBOM BOJBI B OTIOKEHMSAX ONpPENENSeTCs COCTOSIHNEM PaBHOBECHS TOpPO-
BOW BOIBI B OTJIOXKEHHAX C ra30BoH (azoit (rasoM-ruapaToobpasoBaresieM) U ra30BBIM MHAPATOM
B KOHICHCHPOBaHHOH 00beMHOM (dase. Takum obpazoM, conepxaHne paBHOBECHOM (HeKiaTpar-
HO#) BOJBI B THAPATOCOIEPKAIINX CpeiaX COOTBETCTBYET MHHHMAILHO BO3MOXKHOMY KOJIAYE-
CTBY BOIBI B ITOPOBOM HpocTpaHcTBE. KonuuecTBO HEKJIATpaTHOM BOIBI SBISAETCS (GYHKIUEH
JaBIICHUsS, TEMIIEPaTyphl, BUJA MOPUCTOH Cpeldbl M €€ XapaKTEpPHCTHK, a TaKXe Trasa-
ruzipatooOpasoBarensi. UIMeroTcst TpyJHOCTH HaJeKHOTO (IOCTOBEPHOTO) 3KCIEPHMEHTAIBHOTO
OTIpeNieJIeHUs] COACPXKaHUsl HEKJIATpaTHOW BOABI B MOPUCTOHN cpele B NMPHUCYTCTBHU Ta30BOTO
THIparta.

JInst KoMuecTBEHHOH OLIEHKH COJepKaHUs HEKJIaTpaTHOM BOIBI pa3paboTaH HOBLIH JKC-
NEPUMEHTATIBHEIA METOJ] €€ ONpeENIENeHHUs, a TakXkKe NPEATIONKEHa pacueTHas METOJUKa OCHOBaH-
Hasg Ha TEPMOJWHAMHUYECKOM MOJEIMpPOBaHMM (Pa3OBBIX paBHOBECHI B IOUCIEPCHBIX cpenax.
MeTon sxcnepUMEeHTANBHOTO ONpe/IelleHAs] PABHOBECHOTO COIEpIKaHms XHUIKOH da3sl B ruapa-

TOCOJEpKAIIMX cpefiax GasupyeTcs Ha ONpeieeHNH PaBHOBECHOM BIQYKHOCTH TPYHTA MPH KOH-
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TAKT€ B U30TEPMHUYECCKUX YCiIoBuUsIxX BOS}I}’IHHO-CyXOﬁ TTACTHUHEI I PYHTa C JISOIHBEIMH WJIHA JIBJ10-
CoAepXKauuMHn TPYHTOBBIMHY ILTaCTHHAMH B 6ap0KaMepe o[ JDaBJIEHHUEM raza r pmpa’rooGpasosa—
TEJIs TPEBBIIIAIOIIAM YCIOBHA TPeX(asHOTO paBHOBECHS «0GBeMHAs BOJa — ras — ruapary.
HaHHLIﬁ MCTOH Pa3BHT IO aHAJIOTUU C KOHTAKTHLIM METOAO0M Onpenenenms Hesamepsmeﬁ BOJEI

B MEpP3JIBIX MOPOJax.

Ha ocHose paspaGotannoii Texnonornu nomyuens: SKCIIEpUMEHTAJIbHBIE [JAHHBIE, KOTO-
PBI€ TIOSBOJIAIOT MPOCIENMTE 3aKOHOMEPHOCTH H3MEHEHHS CONEpKAHMUS HEKJIATPaTHOM BOZBI OT
JIaBICHAS, TEMITEPATypE, THITA JMCTIEPCHOH CPellbl M rasa-THApaToo6pasoBaTes (MeTaH, auOK-
CHJl yI7epona). DKCIepUMEHTAIIbHBIE JaHHBIE TOKa3bIBAIOT, UTO pH PUKCUPOBAHHOM Temmepa-
TYPE CONCpaHHe HEKIIATPATHON BJIarW B IHAPATOCOLEPIKAIMX IPYHTOBBIX CHCTEMAX C YBEJH-
HUCHUEM J1aBJICHWS Ta3a HIPaToo0pa3oBaTeNsi Pe3KO YMEHBINAETCH. Ilpu ¢uxcrpoBanHoili nag-

JICHHUU rasa KOJIMYECTBO HEK)TanaTHOﬁ BOZbI 3aKOHOMEPHO MOBBIIIAETCH C YBCIIMYCHHUEM TEMIIe-

paTypel.

Hapsiny ¢ skcrnepuMeHTanbHEIMA AaHHBIMA 1O ONpENCNCHHIO HEKJIATPaTHOM BOABI pas-
paboTaH MeTon pacyera QazoBBIX paBHOBeCHiT TIOPOBOM BJIard C ra3oBBIMM THIDPATAMH, OCHO-
BAaHHEIA Ha WCIIONB30BAHUH JKCTIEPAMEHTANBHEIX JAaHHBIX 10 MOTeHIMALy MOPOBOH BIaru pe-
IbHOM ITPYHTOBOM CHUCTEMBI KaK (YHKIHHM BJIAKHOCTH TIOPOAbI, €€ 3aCONCHHOCTH, TEMIEpaTy-
PBL. DKCTIEPUMEHTAIILHEIE JAHHbBIE 110 TIOTEHIAATTY BJIard TOJTyYeHSI C HCTIOJIB30BaHHEM NpuGopa
WP4-T, dupmer «Decagon Devicesy. ComocTapierue ABYX METOIOB IIOKa3bIBaeT MX KadecT-
BEHHOE coryiacue.

Takum o6pasom, paspaboTaH HOBBIA MOAXOJ K U3YHYEeHHIO (a30BBIX PABHOBECHI BIak-
HBIX Ta30HACRINICHHBIX MOPOJ C Ta30BBIMH ruapatami. OH MO3BOJISET ONIpEeNIeNIATE COIep/KaHe
BJIark B INCTIEPCHBIX MIOPO/IaX TIPH PABHOBECHHM C a30BBIMH T'HIPATAMH PasIMYHbIX ra30B B LiH-

POKOM JuanasoHe TEMIIEPATYp M JaBJICHHMN.
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Analysis of phase composition of gas hydrate saturated sediments revealed that pore wa-
ter does not completely transform into hydrate. This influences their mechanical, physicochemi-
cal and fluid loss properties. There are two kinds of residual pore water in sediments: 1 — pore
water that can not transform into hydrate under given thermobaric and geochemical conditions
(equilibrium water) and 2 — water that can transform into hydrate but this process might not be
completed because of kinetic reasons. Equilibrium water under given P and T conditions can be
defined as non-clathrated water by analogy to unfrozen water widely used in geocryological sci-
ence. Specific amount of non-clathrated pore water in sediments is defined by equilibrium condi-
tion of pore water in gas containing sediments (with hydrate forming gas) and gas hydrate in
condensed bulk phase. Thus, amount of equilibrium (non-clathrated) water in hydrate-bearing
sediments corresponds to minimal possible amount of water in the sediment, which is in thermo-
dynamic equilibrium with both gas and bulk hydrate phase. The amount of non-clathrated water
depends on pressure, temperature, type of sediment, and gas hydrate-former. There are difficul-
ties of reliable experimental measuring of non-clathrated water content in presence of gas hy-

drate.

The new experimental technique of non-clathrated water content quantitative determina-
tion has been developed. Also, a new technique of calculation based on thermodynamic simula-
tion of phase equilibrium in sediments was suggested. The method is based on a contact between
ice or ice-containing plates (covering the surface gas hydrate film due to gas pressure) and ini-
tially dried sediment sample up to equilibrium at pressure vessel in isothermal conditions. Thus,
in the pressure vessel thermobaric conditions are above tree-phase equilibrium «bulk water — gas
— hydratex. This method is developed by analogy to the contact method of determination the un-

frozen water content in frozen sediments.
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On the base of the proposed technique the experimental data were obtained. These data
allow to define the dependences of non-clathrated water content via pressure, temperatures, type
of the disperse sediment and hydrate-former (methane, carbon dioxide, nitrogen and natural
gases are used). Experimental data show that at the fixed temperature the non-clathrated water
content in sediment systems sharply falls during increase in pressure of gas hydrate-former. Un-
der fixed gas pressure the amount of non-clathrated water increases with the increase of tempera-

ture.

In addition to above described experimental technique, a thermodynamic method for de-
termination of non-clathrated water content in pore space of different sediments depending on
temperature, pressure, salinity and gas hydrate-former was developed. At this thermodynamic
approach an experimental data on pore water potential as function of water content and tempera-
ture on device Dewpoint Potential Meter WP4-T are used. Comparison of the two methods

shows their qualitative accordance.

As a result new experimental and calculation techniques of studying phase equilibrium
between wet gas-saturated sediments and gas hydrates were developed. It allows to determinate a
liquid water content (non-clathrated water) at disperse media in equilibrium with gas hydrates of

different gases in a wide range of temperatures and pressures.
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