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HYKJIEAIIUSI U ®OPMUPOBAHUE TA3OTH/IPATOB
B 3ABUCHUMOCTHU OT ®PU3UKO-XUMHUUYECKHUX
CBOWCTB HE®TEN

Ceaposckasn JI.H., Manaxoe A.1O., Anmynuna JI.K.

Obpaszoeatue 2a30cudpamHuvix npoOOK 6 NPOMbICIOBbIX MPYOONPO8OOAx
ABNACMCA OOHUM U3 SHAUUMBIX OCTIONCHAIOWUX haKMOpos npu dodvive Heghpmu
8 XOJIOOHBIX pe2ilOHax U Ha welbghe. Mepol, Heobxodumvie 05 npedomepauye-
HUsL 00PA306aHUS FMUX NPOOOK, YCILONCHAIONM U YOOPOICAIOM 000bIYY Hemil.
Tazosvie cudpamel npedcmasiAIom KpUCmaiivl, 20e MONEKYIbl 2a3a 3aKuio-
YeHvl 8 KapKac mMonexyn 6ooul. Ilpupoouvie easzozudpamul 06pazyromca npu
BbICOKOM 0ABNEHUU U HUZKOU MeMnepamype, 4mo munuyHo YCaoeuam 000wiuu
Heghmu 8 X0NI00HOM NOOBOOHOM OKPYICEHULU.

Hamu nposedeno komniekcHoe ucciedosanue culpblXx Hegpmetl pasuvix me-
cmopodcoenuti 3anaonoi Cubupu u ux 800HbIX IMYIbCUL, NPUSOTOBTIEHHbIX
6 xonyenmpayuu 50%. Texnuuecku 6adicHvle Xapakmepucmuku, makiue Kax
6A3KOCHb, NIOMHOCTG, MEMNepaAmypa 3acmvleanus, epynnosoil cocmas pac-
CMampusanucsy 0a Hegpmeti u SMYIbCUll 800bl 8 Heghmu. B pabome paszoenvho
U3YUANOCH GIUAHUE COCMABA Heghmell HA Gopmuposatue Hehme-cmauusae-
MBIX 2UOPAMO8.

Omynveuu ucciedosanvl 8 MOOeIbHOM IKCnepumMenme HyKieayuu u oopa-
308anus eazoeudpamos. Hegpmo YuT, uz ecex ucciedyemvlx, nposguna noio-
JACUMENLHYIO peakyuio HyKieayuu u popmuposanus 2azocudpamos. Basicnvim
noxazamenem cKIOHHOCIU K HYKIeayuu U (popMuposanuio 2uopamos Aeisem-
ca yposensb buodezpadayuu cvipoti Heghmu. IIpoyecc 6uodezpadayuu & ycio-
BUAX MECTOPONCOCHUSL OKA3BLBACN HAUUMETLHOE GIUAHUE HA KAYeCMBO Cbl-
Dol Hepmu ¢ MOYKU 3peHs e€ XUMUYECKO20 COCMAasa U YU3ULECKUX C8OUCMSE.

Hns sviasnenus yHKYUOHATLHBIX SPYIN KOHKPEMHbIX MONEKYIAPHBIX CTNPYK-
myp, OnpeoenAnwux yposers buodecpadayuil, Ucnonb3o8an memoo UK-Pypve
cnekmpockonuu. Ananuz UK-®@ypve cnexmpos negpmeii nokazanu, wmo nonocsl
NO2NOWeHUSL HACLIWEHHbIX ANUDAMULECKUX VeNe8000p00os (1465—1377
em), apomamuueckux (1610 cm) u kapbonunbHbIX 2pYNN KAPOOHOBOU KUCILO-
mot (1710 em!) domunupyrom 6o 6cex cnekmpax ucciedyemvix Hegmeil.
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Ilonesvle naboO0enuss NOKA3al, Ymo HeKomopvle HOMoKU 800bl, 2a3d U
coipoti Heghmu ne obpasyrom eudpamos (hydrateplugs) 6 npoyecce 0ooviuu
Heghbmu, Oadice npu pabome 8 npedenax MmepmoOUHAMULECKUX YCA08Ull 0bpa-
308anus 2udpamos. Pezynvmamul no360J410m npeononoicumy, Ymo cnocoo-
HOCb Heghmetl hopmuposams 2a3oeudpammule npooKU Moxcem Obims ce3a-
Ha ¢ NPOOYKMamu Memaboausma, Komopwle 00pa3yromcs npu 6uooecmpyKyuu
Y2ne6000p00os Hepmu.

Knrouesvie cnosa: cocmas negpmett; UK-cnexkmpoi; buooecmpyxyusi, smy/io-
cusl 800bl 8 Hebmu,; HyKleayus, 2a302U0pamol.

NUCLEATION AND FORMATION OF GAS HYDRATES
DEPENDING ON THE PHYSICAL AND CHEMICAL
PROPERTIES OF OILS

Svarovskaya L.1., Manakov A.Yu., Altunina L.K.

Formation of gas hydrate plugs in oilfield pipelines is one of the major
complicating factors for oil recovery in cold regions and on shelf. Hydrate
prevention in the pipelines makes oil recovery more complex and expensive.
Formation of gas hydrate plugs in oilfield pipelines is one of the major compli-
cating factors for oil recovery in cold regions and on shelf. Hydrate prevention
in the pipelines makes o0il recovery more complex and expensive.

A complex study of the oils of different fields in Western Siberia and their
emulsions prepared at a concentration of 50% was carried out. Technical-
ly important characteristics, such as viscosity, density, pour point, and group
composition were considered for native oils and their emulsions. In the paper
the influence of the oil composition on formation of oil-wet hydrates.

Water-in-oil emulsions of the investigated oils were applied in the model
experiment of nucleation and formation of gas hydrates. Oil YuT, of all the
studied, showed a positive reaction of nucleation and formation of gas hy-
drates. The level of biodegradation of crude oil is an important indicator of nu-
cleation and formation of hydrates. The process of biodegradation in the field
conditions has a significant impact on the quality of crude oil in terms of its
chemical composition and physical properties. IR Fourier spectroscopy was
used to identify functional groups of specific molecular structures, that deter-
mine the level of biodegradation. Analysis of the FTIR spectra of oils showed
that: absorption bands of saturated aliphatic hydrocarbons (1465—-1377 cm™),
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aromatic (1610 cm™) and carbonyl groups of carboxylic acid (1710 cm™) dom-
inate in all spectra of investigated oils.

Field observations have shown that some streams of water, gas and crude oil
do not form gas hydrate plugs during petroleum production even when operating
within thermodynamic conditions for hydrate formation. The results suggest that
the ability of oils to form gas hydrate plugs can be associated with metabolic
products that are formed during biodegradation of petroleum hydrocarbons.

Keywords: oil; emulsions Water-in-oil; nucleation; gashydrates.

BBenenue

["a30BbIe rupaTsl NPECTABISIOT COOOM KIAacC KIaTPaTHBIX TBEPABIX COSIU-
HEHUI B KOTOPBIX KapKac, 00pa30BaHHBII MOJICKYJIaMH BOJIbI, 3aII0JHEH Ta3aMu
00 JIETKONeTY4InMH >KuAKocTsIMH [1]. ['a3oruapars!l B IpUPOIHBIX yCIOBH-
sIX 00pa3yroTCsl ITPY BHICOKOM JaBJICHUH M HU3KOH TeMmeparype. B HeTsHbIX
JMCHIEPCTHBIX cUcTeMax (POPMUPOBAHKME IMJPATOB IMPOUCXOAMUT MPU PEAKIHH
pPacTBOPEHHOTO B HE(PTH MOITYTHOTO ra3a ¢ 3MYJIBIMPOBAHHOH B HEPTH BOION
[2, 3]. O6pa3zoBanue Ta30THAPATHBIX IPOOOK B TPOMBICIOBBIX TPYOOIIPOBO/IAX
SIBJISIETCS] OTHUM W3 3HAYMMBIX OCJIOXKHSIOMINX (DaKTOPOB ITpU 100bIYe HEDTH
B XOJIOMHBIX pernoHax M Ha menbde. CocTaB 100bIBaeMO ChIpOi HEPTH, €&
(M3UKO-XMMHYECKHE CBOMCTBA MOTYT BIMSTH Ha 00pa3oBaHUE THAPATOB U (Gop-
MHUPOBaHHE I'MJPATHBIX NMPOOOK [4, 5]. HexoTopble mprpoiHble KOMITOHEHTHI,
copeprkammecs B He(TAX, BHICTYIAIOT B KAY€CTBE KMHETHUYECKUX WHTHOHUTO-
pos ruaparoobpazosanus, (KI) m anTu-armomepupyromux areHToB (AA), Ko-
TOpBIE 3aMEIISIIOT 3apo/ibllie00pa3oBaHKe TUIPAaTHON (asbl, IPEJOTBPAIAIOT
CIIMIMAaHNEe TUPATHBIX YACTHI] MEXIYy cOOO0M M OIOKMpOoBaHUE TPyOOmpoBoaa
[6, 7]. [Ipeamonaraercs, 9TO JeHCTBHE KaK CHHTETHUECKUX, TaK W TIPUPOTHBIX
AA u KI cBs3aHO ¢ ux azcopOrueii Ha MOBEpXHOCTH THIPaTHRIX dacTull. [1o-
CKOJIBKY T'PYIIIIOBOW M KOMIIOHEHTHBIH COCTaB HE(PTIHBIX CUCTEM OINPEACISIIOT
HX CBOICTBA M COOTBETCTBYIOIINE TEXHOJIOTHYECKHUE IPOIIECCHI, OOBIIOE BHH-
MaHHe YIeNsIeTcsi KOMIUIEKCHOMY m3ydeHuto Hedreit [8]. Teopus Hykimearmn
B IIPUJIOKEHUH K Ta30BBIM THApaTaM MoApoOHO paccMoTpeHa B pabore [9]. B
KOMITJIEKCHBIX PaboTax Mo W3y4eHUIO He(pTel yCIeIHO HCIONb3yeTCs METO
nHppakpacHoi criekTpockonmn (MK-), KOTOpbIif XapaKTepu3yeTcs IPOU3BOIH-
TEILHOCTBIO, BBICOKOH TOYHOCTBIO M TIO3BOJISIET N3YYaTh OOBEKTHI MaJIOH Mpo-
3payHOCTH, YTO YPE3BBIYANHO BaXKHO NpH padote ¢ HepTsamu [10 ].

[Tockonbky He(Th SBISETCS CIOKHOM CHCTEMOM, COCTOSIIECH U3 COTEH OT-
JICTIbHBIX XUMUYECKNX coeanHenni, e€ IK-criekTp ecTh pe3ynbrar HaloKeHHs
WHJIMBHUYAIbHBIX COSIMHEHNH 1 (QYHKIMOHANBHBIX Tpym [11]. Jlns xapakre-
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pucTHKY HehTel HanOOoNbIINT MHTEPEC MPEACTABISIIOT CHEKTpaJIbHbIe KOA(hu-
uuenTsl (C) obmactu mornoreHus ankaHos (725 em™), metwinbhbix (1377 cm),
MeTuiaeHoBbIX (1465 cm!) rpymm, apomarndeckux (1610 cm™') u kucnopos-
comepxkanmx (1710 cm™) coenuuennit. OueBUHO, YTO PU3UKO-XUMUIECKUE
cBoiicTBa He(TEH, X TPYNIOBOIl U KOMIIOHEHTHBIH COCTaB, OMPEACIIAIONINe
CBOWCTBA W MTOBEJCHNUE CIOKHBIX HE(PTAHBIX CHCTEM, TPEOYIOT KOMIIEKCHOTO
[0J1X0/1a IPU U3yYEHUH nocieanux [12—-14].

[TpuuuHO# HyKIeanuu 1 00pa3oBaHKs I'MAPATOB B BOJOHEDTSIHBIX IMYIILCH-
AX CITY’)KUT IPOPACTaHNE KPUCTAIUIOB MEXKTy KaIJIIMH SMYJIbCHHU B PE3yIbTaTe
CHIDKEHUSI MEXaHWYCCKON MPOYHOCTU CPEMIbI, YTO CBSI3aHO C MPUCYTCTBUEM
KHCJIOPOJICOACPIKAIMX COeANHEHNH. MI3BeCTHO, YTO Karli BOAbI B HE(TIHBIX
OMYJIbCHUSIX MTOKPBITHI aJICOPOIIMOHHON 00OIOYKON U3 TSKENBIX KOMIIOHEHTOB
He(TH, KOTOPBIE 00ECTIEYNBAIOT YCTOMYMBOCTE SUYIIECUH U BIHSIOT Ha HyKJIe-
anuto runparos [15, 16].

Lean padoThl: KOMIUIEKCHOE UCCIIEAOBaHUE 00pa3lloB HEYTH U YCTAHOB-
JICHHUST HeKOTOPBIX MPUYNH HYKJICAlnd U 00pa30BaHUS Ta30THAPATOB B 3aBU-
CHMOCTH OT CBOMCTB He(hTEH M NX IMYIILCHH.

MarepuaJbl 1 METOAbI HCCJICTOBAHMS

B nHacTosmieii paboTe mpuMeHsIICSt Habop U3 CeMH JISTKUX HedTel, 0ToOpaH-
HBIX Ha Pa3HBIX MECTOPOXKIeHHsIX 3arnaHoi Cuoupu. Hedru 0603HaueHb1, kak
YuT, VEg, Vch, Ger, Svt, Vh, Mam. [110THOCTb He(TEl Onpeaessuid METOI0M
B cootBercTBUH ¢ [OCT 189995.1-73 «Kunkue XxumMudeckue mpomxyKTel. Me-
TOJIBI OTIPEJIETICHNUS TUIOTHOCTIY. BsizkocTh m3Mepsiiin Ha peomerpe RheoStress
600 (HAAKE) ¢ moMoII[p10 KOHHYECKO-IIJIACTUHYATOr0 U3MEPHUTEIBHOTO OJI0Ka
B CTalMOHAPHBIX ycioBusax mpu 20°C u atMocpepHOM JTaBICHUH.

«Temneparypy 3amopaxuBanus» (T3) wmu TemMneparypy 3acTbIBaHUS He-
¢reit uamepsiin B cootBerctBun ¢ [OCT 20287-91 Ha ocHOBe omnpenescHus
TOYKH TEMIIEPATyphl, IPU KOTOPOH HEPTH MEPECTACT JBUIATHCS P OXJIaXKIe-
HUU C 33JJaHHON CKOPOCTHIO.

UK — ®@ypbe criekTpsl HATUBHBIX He(TeH CHUMaIIN Ha MH(YPAKPACHOM CIIEK-
tpomerpe Nicolet IS10 kopnoparmu Thermo Ficher Scientific (CILIA). [Tapame-
Tpel aHasmza UK-Dypee: pasperienne 4 cM™!, 4rciio CKaHOB MPOOBI U CIIEKTPOB
cpaBHeHust 64, nuana3on ckanuposanust 4000 — 400 cm'. TIo qaHHBIM OITH-
YeCKOU MIIOTHOCTH MOJIOC MOMIONICHHUS Pa3HbIX (DYHKIIMOHAIBHBIX IPYIIT pac-
CUUTBIBAJIN CIIeKTpasibHble Ko duieHTs! (C) Ui XapakTepucTUKU HeTel.

[TprHIMNMagpHAS cXeMa YCTaHOBKHU ISl MCCIIEA0BAHUS TIPOIIECCOB 00pa-
30BaHUs I'HpaTa METaHa U3 SMYJIbCUI BOJBI B HEPTAX PacCCMOTPEHA B padboTe
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[17]. dns kaxxaoi U3 SMyJIbCHMA, HyKJIeal s THapaTa MeTaHa Ucclie/loBaHa Ha
24 obpasnax mpu AaBiIeHnd MeTaHa okono 12 MIla. Temmeparypa B Xome dKc-
TIepUMEHTa JTMHEHHO TOHMKalach co ckopocThio 0.14°C/MUH OT KOMHATHOU
1o -14°C, nanee oOpasipl HArPEBAIUCH C TOM ke CKOPOCThI0. OOpazoBaHue
THJIpaTa U JIbJia PerUCTPUPOBAIIOCH 0 IK30TEPMHUUYECKUM A dekTam Ha TMHIK
OXJTKICHHUS, TUTAaBIICHHE JIB/Ia U pa3IOKeHIE THApaTa — [0 SHIOTSPMIUECKUM
s pexToM Ha IMHUM HarpeBa. JTMTEIBHOCTD AKCIIEPUMEHTA ONpeessiiach
CKOPOCTBIO OXJIAXK/ICHHSI- HAarpeBa 1 cocTaBlislia okoio 9 yacoB. Obpa3oBanue
THIIpaTa U JIb/Ia pETUCTPUPOBAINCEH IO CKaIKaM TeMIiepaTypbl. OmuoKu n3me-
peHus TeMueparypsl 1 aasieHus cocrasisiia ot £0.2°C no £0.25% ot n3me-
PpsIeMOii BETMUMHBI, COOTBETCTBEHHO.

Pe3yabTaThl U HX 00CY:KIeHHE
CpaBHUTENBHBIN (HU3NKO-XUMHYECKU aHaIn3 00pa3ioB HeTel, 0ToOpaH-
HBIX U3 JOOBIBAIONIMX CKBAXWH MECTOpOXIeH T 3anaaHoit CHOMpH, NpuBeIeH
B Tabm. 1.

Tabnuya 1.
DU3MKO-XUMUYECKHMI aHAJIU3 U I'PYIIIOBOIi cocTaB HedTeil
O06pa3upl PUSHKO-XHMITECKIe I'pynmoBoii cocras, %oMac
Hedeii JTAaHHBIC
p, r/em? n, mlla.c | T3, °C 1apa o omar achany- | MacAnas
(uHb TeHBl | (hpakums

1 YuT 0.816 6.13 -30 0.9 17.2 0 92.4
2 VEg 0.834 23.1 -13 — 14.6 0.1 85.3
3 Vch 0.858 19.3 -43 2.3 19.7 0.1 —
4 Ger 0.863 25.1 +6 5.6 5.1 2.2 —
5 Svt 0.867 17.5 -16 1.9 15.7 1.5 87.8
6 Vh 0.879 22.7 -1.5 2.66 7.7 2.6 89.7
7 Mam 0.879 30.25 -5 2.31 8.9 1.7 89.4

B BbIOOpKE HEedTel CylecTBYEeT OTYECTIIMBbIH IMHEHHBIN TPEH — yBEIHYe-
nue T3 ¢ mageHneM KOHIIEHTpanuy ac(aabTeHOB U YBEIMUCHUEM COICP)KaHNS
cmoit. Temneparypa 3acteiBanus (T3) — BayKHAsE XapakTepHCTHKA, KOTOpasi BO
MHOT'OM OIpeIeNsieT TEXHUYECKHE TIPOLECChl JOObIUU U NepepaboTKu He(TH.
W3BeCTHO, 4TO BBICOKOE COZIEpAKAHUE MTapaHOB 00ECTICUNBAET OBBIIICHHYIO
T3, xak Hapumep, HehTh Ger (Tadm.1). Camyro HI3KYyI0 T3 —43°C onpenencna
st Hedtr Veh npu konnenTpanuu napadunos 2.3 mac %. Huzkas temnepa-
Typa 3acteiBanus -30°C onpenenena takxe ais Hedtu YuT, roe comepkanue
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cmon — 17.2; mapadunos 0.9 mac %, Hed1b YuT Takke xapakrepusyercsi caMmon
HU3KOH BS3KOCTBIO U TUIOTHOCTBIO TI0 OTHOILICHHUIO K HCCIIEAYEMbIM 00pa3am
HedTed (Tabm. 1). OTMEeTHM, YTO BEISIBHTD NMPSMYIO JIMHEHHYIO 3aBHCHMOCTh
T3 or koHIIEHTpaLuK cMOT-ac(aIbTeHOB HE YaJ0Ch UMEHHO M3-32 MHOTOKOM-
NOHEHTHOCTH HE(PTIHOM CHCTEMBI.

Jnst XapaKTepHCTHKY Pa3INIHbIX (PYHKIIMOHAIBHBIX TPy, He()TH aHaIH-
3upoBaiu MetogoM MK-criekrpomerpun. B nienom, nonocs! norionieHus (11.11.)
METHJICHOBBIX M METHIBHBIX Tpynm (1465-1377 cm!), apomarnueckux yrie-
BomopomoB (1600 cm™!) n kapboHMITBHEIX coenuueHunit (1700 cm!) momMuHHpY-
10T BO Bcex crnekrpax Hedreid. st mpumMepa Ha puc. |. MpUBENEHBI CIEKTPHI
Hedreit YuT n VEg, rie onpenesieHbl MpakTHUECKH BCE XapaKTEPHCTHUECKHE
I1.II. OCHOBHBIX (DYHKIIMOHAIBHBIX TPYIIII.

Tipanycranie
Tiponycrane

A EE— o B

Puc. 1. VK — crexrpst Hedrelt YuT (A) u VEg (B)

[Ipu paccmorpennn UK — criekTpoB HaOOIBIINIT HHTEPEC TMPEICTABIISIOT
CIEKTpaJbHbBIE KO3()(UIIMEHTHI, pACCUNTAHHBIE 10 OTHOUICHHIO ONTHYECKUX
TUIOTHOCTEH XapaKTEPUCTUUECKUX MOJIOC MOMIOMICHHS Pa3IuuHbIX CTPYKTYD,
KOTOpbIE MHAMBUAYaIbHBI Ul Kaxa0d Hedtu (Tadn. 2). [Tokazarenu crek-
TPaTBHBIX KOAXPPHUINEHTOB HeTel — BapradbeabHbl. OnpeeneHHbIe 3aKOHO-
MEpHOCTH TT0J00paHbI TOIBKO /st HedTn YuT, rie nokazarenu koapduimeHToB
C,, C,, Cp n Co nmeror makcumanbubie 3Ha4enus. Kooppuuuentor C, u C,
s YuT, oTpakaromue conepkanne apoMarniaecknx coequmaenuit (1600 cm-
1), IMeTOT camble HU3KHE 3HAUCHMSI B CPAaBHEHHUH C APYTUMH HeTsMH (Talir.
2). CrienoBaresbHO, MOYKHO CJIeJIaTh BBIBOJI, YTO IPU MaKCUMAJILHOM Kod(du-
uuente okucienHoctr (C, = 0.12) n MunuManbHOH motHOCTH (p = 0.816 T\em?)
Hed1h YuT Oostee OnozperpaaupoBaHa 1o OTHOIIEHHIO K OCTAIbHBIM HE(DTSHBIM
cucTeMam.

HCCHG}IyeMBIe He(bTS[HI)Ie CUCTEMbI OTIIMYAIOTCA MaJIbBIM COACPKAHHUEM
apoMaTH4YeCcKuX yrneBoaopoaoB (m.m. 1600 cM™') u KUCIOpOACOASpKAIIX
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coenunenuii (1710 cm!), yTo onpeneanao HU3KUE 3HAYEHUS KOIDDUIIHEH-
TOB apOMAaTHMYHOCTH M OKHCIEHHOCTH. [lepeuncnennniii Habop HedTel OBIIT
HCIIONIb30BaH JUTSI TPUTOTOBJICHHSI BOJOHE(PTIHBIX IMYIbCUN B COOTHOIICHUN
Bona/HeTh 1:1 B 3KCIIEpUMEHTE 110 00Pa30BaHHUIO T'a30TUAPaToB (Tab. 3).

Tabnuya 2.
CnexrTpanbnbie kKo3QpuuuenTs! HedTei
CriekTpanbHbie Hccnenyemsle HedTH
K03 HULHEHTBI YuT | Vch | Ger | Mam | Svt | Vh | VEg
C,(D,,,/D,,s) — apomarurn 025104105 0.7 |06 | 0.81]0.57
€, (D;/D, ) oTHOmCINE POUSBOMLIX | 4 4|y 49| 1.4 | 1.0 | 1.0 |0.90] 0.92

6eH30J1a 1 METHUJICHOBOH IPYIIIIBI
C,(D,o/D, ;) OTHOLIEHHE APEHOB K Me-

TUIJICHOBOW TPYIIIBI

C,(Dyss/D.,;) oTHomeHMe HaTeHOBEIX | () 5| 19| 04 | 04 [036]048]0.37
napaUHOBBIX TPYIITT

0.07{0.09| 0.1 | 0.1 | 0.1 {0.21{0.09

C,(D,;,,/D, s) — PA3BETBICHHOCTH 0.6310.58]0.57| 0.55 [0.55[0.51|0.51
C,(D,,,/D,,cs) — OKHCIEHHOCTH. 0.1210.03{0.06| 0.06 {0.04{0.09|0.03
Table 3.
DU3HKO-XUMHUYECKHE CBOICTBA HeTel M IMYJIbCHIi
Mapaverps O0pasipl Hedreit
YuT | Vchl Ger | Svt | Mam |VEg| Vh |ueKaH
DHU3HKO-XUMUUECKUE CBOKCTBA HeTei
T3°C =30 | 43 | +6 | -16 -5 -13 | -15 | -30
IUIOTHOCTB, Kr/m? 816 | 858 | 863 | 842 841 834 | 879 | 730
Bs3KOCTh, mPa,s 6.13 | 19,3 | 25,1 | 17.5 30.3 23.1 (227 038
Ou3nKo-XNMMHUYECKHE CBOMCTBA IMYIbcHH Boab! B HedTH (B/H)

IJIOTHOCTE, KI/M> 908 | 919 | 931 | 890 890 880 | 930 -
BsA3KOCTh, mPa,s 109 [184.9(130.8|25.17 45.54 7.49 (1292 -
IInomanps KoHTaKTa
Boja-opras. ¢asza, m*g |0.035[0.202|0.337(0.197 0.223 0.128]0.258| 0.066
OMYJIbCHU

OTMeueHO, 9TO BSI3KOCTh U IIOTHOCTH IPUTOTOBJICHHBIX BOJOHE(MTIHBIX
OMYJIBbCUH 3HAUYUTEIBHO OTIIMYACTCS OT HAaTUBHBIX Hedrei. CormacHo aToMy
IIPU3HAKY, BCe 00pa3Lbl AMYIIbCHIl mensaTcs Ha 3 rpynmsl. [lepsas rpynmn He-
¢reit (YuT, Vch, Ger) o6pa3yer sMyIbCHH, BI3KOCTb KOTOPBIX IT0 CPABHEHUIO
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C HATUBHOI HEPTHIO yBeIMUMBACTCS OT 5 710 18 pa3, MakCUMaibHO /st HeTH
YuT (tabm. 3). Bo Bropot#i rpymme (Svt, Mam) BI3KOCTH SMYyIBCHI BO3PACTAIOT,
HO B MEHBIIIEH CTeeHH, MpuMepHO B 1.5 pasa, B Tpetweil rpymme (VEg, Vh),
HaMpPOTUB, IPOUCXOIUT CHUXKEHUE BA3KOCTH B 1.7-3.0 pa3a. [lonmxeHnHas Ba3-
KOCTb 110 CPABHEHHIO C MCXOTHOI He(ThIO TOBOPUT 00 00pa30BaHUU MPSIMOM
smynbcun HepTH B Boze (H/B). ITpu o6pazoBanum obparHoit smynscuu (B/H),
e€ BSI3KOCTh OKa3bIBAETCS BBIIIE BSI3KOCTH HAaTHUBHOW HedTH. OOmMM 1i1st 00-
pasloB MepBoi TpymIibl HedTel SBISETCs MOBBIILICHHBIC 3HAYCHHS BSI3KOCTH
SMYIIBCHH, TTOKa3aTems ko3 durmenta pazseTBieHHOCTH Cp, M HU3KHE 3HAYe-
Hust Kodpdunmenta apomarnaHocT C .

VY 00pas1oB TpeThell IPyNIIbL, I€ BI3KOCTh MOJyYEHHON IMYIIbCUH HUKE
BS3KOCTHM HaTHBHOH He(TH, 3Ha9eHUs Cp-MUHUMANBHEL, C -HEOIHO3HAIHEI.

EnwHCTBEHHBIN TTONOXHUTETHHBIN 2PPEeKT 00pazoBaHMs THApATa METaHA
noxrydeH B skcriepumente ¢ Hedroeio YuT. [Ipu HarpeBanuu oopasnos YuT Bo
BCEX CJIy4asix PerHCTPUPOBAINCH IHIOTepMUUecKue 3(h(HeKThl, COOTBETCTBY-
OLINE TITABICHUIO JIbJA.

3aki04ueHue
N3 cemu nccnenoBaHHbIX 00pasnoB HedTeid — YuT nposiBuita criocoOHOCTh
K HyKJICalluu 1 00pa30BaHMIO ra30THpaToB. B 3aKIt0ueHNN MOKHO BBIJICITUTh
psn xapaktepucTHk YuT, crtiocoOHBIX COPMHUPOBATH CUCTEMY THAPATHBIX Ya-
CTHUIL: MUHHUMAaJIbHAs IIJIOTHOCTH U BA3KOCTh, HU3KaA T3, BBICOKOC COJACPIKAHUC
CMOJI, MAaKCHMaJIbHOE yBeTndeHue (B 18 pa3) BA3KOCTH AMYIBCHH MO OTHOIIIE-
HUIO K HaTnBHOHM HeTu. Hedts YuT, B cpaBHEHHHM C IpyTUMHU HCCIIETyEMBIMA
HeTAMH, MAaKCUMaJIbHO OMOAerpajnupoBaHa ¢ HAKOIUICHHEM MPOIYKTOB Me-
TaboaM3Ma, B TOM YKCiIe KapOOHOBBIX KHCIOT (1.1 1700 cMm™), OKa3pIBAIOIIKX
TIOJIOKUTEEHOE BIMSTHHUE Ha MpoIecch Hykieaun. OTMeTHM, YTO TUIOMIAAN
KOHTaKTa BoJia — opranndeckas gpasa st YuT MeHblie, ueM JJIsl BCeX OCTallb-
HbIX HedTel (Tadm. 3). DTo mokasbIBaeT, YTO CKOPOCTh HYKJIEALUH B 00IIEeM

cllydae He IPOIOPINOHAIBHA ATON TUIOMIAIH.

Paboma evinonnena npu gunancosou noddepoicke epanma PH® 17-17-
01085 2017-2019 e.e. «Kunemuka o6pazosanus u ouccoyuayuu 2a3o8bix eu-
0pamos 6 HepmsAHbIX cpeoax»

Cnucok numepamyput / References
1. Sloan E.D., Koh C.A. Clathrate hydrates of natural gases. 3rd edition. London,
New-York: CRC Press, Boca Rator, 2008. 731 p.



72

Siberian Journal of Life Sciences and Agriculture, Vol 10, Nel, 2018

10.

11.

12.

13.

14.

15.

Sloan E.D. Hydrate engineering / Ed. by J.B. Bloys. Richardson, Texas, 2000.
V.21. 89 p.

Sum A.K., Koh C.A., Sloan E.D. A comprehensive view of hydrates in flow
assurance: past, present and future // Proc. of the 8th International Conference
on Gas Hydrates (ICGH 2014). Beijing, China, 2014.

Aizenberg J., Black A.J., Whitesides G.M. Control of crystal nucleation by pat-
terned self-assembled monolayers // Nature. 1999. V. 398, pp. 495-498.
Wilson P.W., Lu W., Xu H., Kim P., Kreder M.J., Alvarenga J., Aizenberg J. In-
hibition of ice nucleation by slippery liquid-infused porous surfaces (SLIPS) //
Phys. Chem. Chem. Phys. 2013. V. 15, pp. 581-585.

Hammerschmidt E.G. Formation of Gas Hydrates in Natural Gas Transmission
Lines // Ind. Eng. Chem. 1934. V. 26, Ne§, pp. 851-855.

Heneghan A.F., Moore H.J., Lee T.R., Haymet A.D.J. Statistics of heteroge-
neous nucleation of supercooled aqueous solutions in a self-assembled mono-
layer-coated container // Chem. Phys. Lett. 2004. V. 385, pp. 441-445.

Prasad P.S.R., Chari V.D., Sharma D.V.S.G.K., Murthy S.R. Effect of silica par-
ticles on the stability of methane hydrates // Fluid Phase Equilibr. 2012. V. 318,
pp. 110-114.

Kashchiev D., Firoozabadi A. Nucleation of gas hydrates // J. Cryst. Growth.
2002. V. 243, Ne3-4, pp. 476-489.

Borgund A.E., Barth Tanja, Fotland P., Askvik K.M. Molecular analysis of pe-
troleum derived compounds that adsorb onto gas hydrate surfaces // Applied
Geochemistry 24 (2009), pp. 777-786.

Caaposckas JI.U., @unaros J{.A., ['3panmaa T., Anrynuna JL.K. Onenka cre-
nenu Ouopectpykuuu Heptu Meronamu UK — u SIMP H-cnexrpomerpuu //
Hegrexumus [Petrochemistry]. 2009. T. 49. Ne 2. C. 153—158.

Salamat Y., Moghadassi A., Illbeigi M., Eslamimanesh A., Mohammadi A.H.
Experimental study of hydrogen sulfide hydrate formation: Induction time in
the presence and absence of kinetic inhibitor // J. Energ. Chem. 2013. V. 22,
pp. 114-118.

Maeda N., Wells D., Hartley P.G., Kozielski K.A. Statistical analysis of super-
cooling in fuel gas hydrate systems // Energy Fuels. 2012. V. 26, pp. 1820-1827.
Ohmura R., Ogawa M., Yasuoka K., Mori Y.H. Statistical study of clathrate-hy-
drate nucleation in a water/hydrochlorofluorocarbon system: Search for the na-
ture of the “Memory effect” // J. Phys. Chem. B. 2003. V. 107. P. 5289-5293.
Stoporev A.S., Manakov A.Y., Altunina L.K., Strelets L.A., & Kosyakov V.I.
Nucleation rates of methane hydrate from water in oil emulsions // Canadian
Journal of Chemistry, (2015). 93(8), 882—-887.



B mupe nayunbix otkperruit, Tom 10, Nel, 2018 73

16.

17.

Stoporev A.S., Manakov A.Y., Kosyakov V.I., Shestakov V.A., Altunina L.K.,
& Strelets L.A. Nucleation of methane hydrate in water-in-oil emulsions: role
of the phase boundary // Energy & Fuels, (2016). 30(5), 3735-3741.

Zi M., Chen D., Ji H., Wu G. Energy Fuels 2016, 30, 5643—5650.

JAHHBIE Ob ABTOPAX

Cpaposckas Jluaus UBaHOBHA, CTapIINil HAyIHBIH COTPYIHUK, KaHIUAAT

OMONOrNYeCKUX HayK, TOLEHT

DedepanvHoe eocydapcmeentoe 0iddicemnoe yupesicoerue Hayku Hn-
cmumym xumuu negpmu Cubupcrozo omoenenus Poccutickotl akademuu
nayk (MXH CO PAH)

npocnekm Axademuueckuti, 4, 2. Tomck, 634055, Poccutickas @edepayust
sli@ipc.tsc.ru

ManakoB Anapeii FOpbeBuu, 3aBeayrommii adoparopueit, JOKTOp TEXHH-

YECKUX HayK, podeccop

DedepanvHoe cocydapcmeeHnoe 6100xcemmuoe yupesicoenue nayku M-
cmumym neopeanudeckoti xumuu um. Cubupcrkozo omoenenus Poccuii-
ckou akademuu nayx (MHX CO PAH)

npocnexkm Axademuxa Jlaspenmoesa, 3, 2. Hosocubupck, 630090, Poc-
cutickaa Pedepayus

manakov@niic.nsc.ru

Aartynuna JI1o60Bb KoHCTAHTHHOBHA, 3aBeAyIOIIAs JTaOOPATOPHEH KOJITON-

HOU XUMUHU HEPTH, IOKTOP TEXHUIECKUX HAYK, Mpodeccop
@edepanvHoe eocydapcmeertoe 0ddicemuoe yupeicoeHue Hayku Hn-
cmumym xumuu negpmu Cubupcroeo omoenenus Poccutickoti akademuu
nayk (MXH CO PAH)

npocnexm Axkademuuecku, 4, 2. Tomck, 634055, Poccutickas @edepayus
alk@ipc.tsc.ru

DATA ABOUT THE AUTHORS

Svarovskaya Lidiya Ivanovna, Senior Researcher, Candidate of Biology, As-

sistant Professor

Institute of Petroleum Chemistry, Siberian Branch of the Russian Acad-
emy of Sciences (IPC SB RAS)

4, Akademichesky Avenue, Tomsk, 634055, Russian Federation
sli@ipc.tsc.ru



74 Siberian Journal of Life Sciences and Agriculture, Vol 10, Nel, 2018

Manakov Andrei Yurevich, Doctor of Technical Sciences, Professor
Institute of Inorganic Chemistry, Siberian Branch of the Russian Acad-
emy of Sciences (IPC SB RAS)

3, Akademica Lavrenteva Avenue, Novocibirsk, 630090, Russian Feder-
ation

manakov@niic.nsc.ru

Altunina Lubov Konstantinovna, Doctor of Technical Sciences, Professor
Institute of Petroleum Chemistry, Siberian Branch of the Russian Acad-
emy of Sciences (IPC SB RAS)

4, Akademichesky Avenue, Tomsk, 634055, Russian Federation
alk@ipc.tsc.ru



