Paznen 6
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rne P(D) — mois pe3oHMpYHOIIMX siiep B obpasie, 001amaroiux
ko3¢ ¢unuenramu camoauddysun (KCJ) B npepenax or D mo D + dD, vy -
THAPOMArHUTHOE OTHOIICHHE MMPOTOHA, O W ( —UINTEIBHOCTh U aMIUIATY/a
WUI'MII cooTBeTcTBEHHO, ty - Bpems Habmoaenus auddysuu (Besme 11mc).
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Puc.2. Tuddysuonnoe 3aryxanme Hedtu MopaoBo-Kapmamsckoro

MECTOPOXKICHHUSI (ToBapHas HEe(DTh) npu TeMIeparype
T=300K.DOkcneprmMeHTanpHOe 3aTyxanue ObuIo cHsTo npH tp=11 mc.
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Puc.3 3aBucumocts camoaudy3un Moaekya HeTH OT TeMIlepaTypsl
Jutst HehT MopnoBo-KapManbckoro MecTopokIeHus.

1. ucxonnass HedTh, 2 — neachasbTEHHU3UPOBAHHAS T'€KCAaHOM, 3 —
neacabTeHU3UPOBaHHAS TENITAHOM.

W3 kacaTenpHON K HadaqbHOMY HAKIOHY AU((Y3HOHHOTO 3aTyXaHHUS
ompenemsics  kodpduuuent camonuddysun  Hedru. Ilomaras, dro
neachanbTeHU3UPOBaHHasT He(YTh HE MMEET KOMIIOHEHT, CHIIBHO BIMSIOLINX
Ha BSI3KOCTb, MBI H3MEPIUTH 3aBHCUMOCTE K03 durmenTa camoaudysnu mis
UCXOJHOW HeQTn W neacaybTEHU3UPOBAHHOW TI'€KCAaHOM M TIEeNTaHOM OT
TEMITEPaTypHL. 3aBHCHMOCTh NpUBEJICHA Ha puc. 3.
JeacdanpreHn3npoBaHHble HEe(TH TIOJNy4daldd MPOCTHIM  BBITAPUBAHHEM
PacTBOPHTENS 10 IOCTOSHHOTO Beca.

3aBUCHMOCTH HMMEIOT M3JIOM, YTO CBHJIETEIBCTBYET O CTPYKTYPHOM
nepexoJie, CBSI3aHHOM, HaJI0 IoJlarath, C IUIaBICHHEM ac(aJbTEeHOB WM UM
nofoOHbIX  BemectBax. Ilomaras, d9ro mapauHBI YK€  BBIMBITHI
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YIJIEBOJOPOIHBIMH PACTBOPUTEISIMA M KOMIIOHEHTOH, KOTOpasi MOXKET
IUIABUTBCSL  SIBISIETCSL  TOJBKO —ac(albTeHbl, MOXEM 3aK/II0YHTh, YTO
MOCJIEIHNE /10 KOHIA HE OJKCTparupyioTcs. JleacdansTeHn3npoBaHHAS
reKCaHOM He(Th MMeeT OOJNBIIYI0 MOJIEKYJISIPHYIO HOABHXKHOCTb, YTO H
MOHSTHO, MOCKOJBbKY B TeKcaHe BbINajaeT Ooublile achaibTeHOB M He(Tb
CTaHOBUTH Oojiee «JIerkoi» m HaobopoT. Tor ¢axt, 4ro mcxonHas HEPTh
3aHMMAaeT IPOMEXYTOUHOE TOJNOXKCHHE MEXAYy 3aBHCUMOCTAMH  JUIA
neachaabTeHU3UPOBAHHBIX HEe(TEH U3 TeKcaHa U TenTaHa MOXHO OOBSICHUTh
TEM, YTO BHIIAPUBAHUE U3 IENTaHa IPOMCXOAUIO MIPH HOBbIIIEHHOM 10 55° C
temrniepatype. Ilpm 3ToM W3 camMoi HEpTH MOIVIM HCIAPUTHCS JIETKUE
KOMITOHEHTBI CaMOi He(TH.

CyImiecTByeT TakXke IIMPOKO U3BeCTHBIM Metoa SIMP  Beicokoro
pa3pelieHusi,  MO3BOJISIOIIMKA  ONPENEIMTh  XHUMHYECKYID  CTPYKTYpYy
WHIMBHIYaJIbHBIX MoJiekysn. Ho mnst Hedru m achansreHoB crextpsl SIMP
BBICOKOTO Pa3pelICHUsI IEPEKPBIBAIOTCS, TOCKOIBKY 3TO HE MHIMBHIYalIbHbIC
BemecTBa. Ho, TeM He MeHee HaMH cJelaHa IIOMbITKA MPOAHATU3UPOBAThH
COOTHOIIEHHE anu(aTHIECKUX 1 apOMaTHYECKUX YacTeil B achalbTeHax.

B cnexrpax SIMP 'H HedTenpoayKToB IpHHATO BELIEIATH HECKOIBKO
JIMaNa30HOB XHMHYECKHX CIBUIOB, XapakKTEPHBIX IUII COOTBETCTBYIOLIMX
TPYII MPOTOHOB. YCIOBHO MOHO BBIJEIHUTH ISTh OCHOBHBIX TIPYIII
IPOTOHOB HabIIOMaeMbIX B criektpax SIMP 'H HedTenpoayKToB: HPOTOHEI
H,, Hp, Hy, a Taxoke oneduHoBas u apomMarudeckas rpymist (puc. 4.).

Puc. 4. OcHOBHBIE TPYIITBI IPOTOHOB B MOJIEKYJIaX ac(halbTeHOB
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N3BecTHO, 4TO CIEKTPHI HedTenpoayKTOB SIBIISTEOTCSI
Hepas3pelleHHBIMHY, JIMHUH TepeKpbIBatoTcs. Takum oOpa3oM, HHGopMaLys o
COJZICp’KaHWHU TPYII NPOTOHOB MOKET OBITh HMCKakeHa. Hampumep, wacTb
CHMTHaJIa IPOTOHOB Ipynmbl H, OTHOCAT K curHaiy nmpoToHoB Hg. B cBa3u ¢
9THM JUIS TIONyYeHHS WHTETPajbHON MHTEHCHBHOCTH TPYII MPOTOHOB MBI
OIUCHIBAJIM CIIEKTP HaOOPOM TayCCOBBIX M JIOPEHLEBBIX JIMHUH C 3a/laHHOM
WUPUHON M amIuuTyaod. OTHECeHHWE JMHUM K COOTBETCTBYIOUIEH TIpyriie
OCYIIECTBIISUIOCH MO TOJNOKCHMIO NHMKAa IaHHOH JMHWHU. VIHTEHCHBHOCTBH
CUTHajJa KakJOW Trpynmbl HOPMHpOBANach Ha BECh CHUTHAN ac(albTeHa,
9TOOBI MOJTYYUTH MPOLEHTHOE COJiepKaHKue ITOH (YHKIMOHAIBHOM TpymnIe B
oOpa3tie.

40 3.0 20 10 00
pprm (t1)

Puc. 5. Crextp acaibTeHOB, ONMUCAaHHBIM HAOOPOM JIOPEHIEBHIX H
rayCcCOBBIX JIMHUH

Onucanue CIICKTpa HaGOpOM JIMHAM OKa3bIBAeTCsI OYEHb yZ[OGHI)IM B
HalmeM ciiy4dae, IMOCKOJIbKY JIMHUUA B obnactu aJ'II/I(i)aTI/IKI/I CHUJIBHO
nepeKphIBatoTCs. JIJis OmMcaHus CrieKTpa HabOPOM TayCCOBBIX M JIOPEHIIEBBIX
JWHUA  WcTonb30oBanack mporpamma Magnetic  Resonance Companion
(MestReC v. 4.9.9.6).
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Paznen 6

O6pasen. | Hyp % | Hy % Hy, % Hy-, % H,, %
3 8,7+08 | 445+45 |286+29 |79+08 |10,0+1,0
3.2 89109 [124+12 [604+7,0 [116+12 |54+05
3.2* 83+08 |137+13 [426+43 [171+17 |180+18
321 62106 |68:07 | 766+7,7 |84+08 | 21+0.2
3.2.1% 43104 |124+12 [62,9+63 |68+07 |56+05

Tabnuna 1. HopmupoBaHHBIE HHTETPAIbHBIE HHTEHCUBHOCTH JIMHUH B
cnextpax 'H  SIMP  npoGubix  dpakimit  adcanbTeHoB  MopaoBo-
Kapmanbsckoro mectopoxaeHuss He(TH, OTHECEHHBIE K COOTBETCTBYIOIIMM
rpymnmnam aToMoB BOJOpOJa

[To maHHBIM MPUBEIEHHBIM B TaOJHIIE BBIIIEC BHIHO, YTO COJEPKAHHE
HpoTOHOB rpymis! H,, 6onpme B HepacTBopuBIIHXCA (pakimsx (3.2 u 3.2.1).
IIpu pacTBOpeHHMH TeKcaHOM oOpa3ma 3 pa3iIudue II0 COACPKAHHIO
apoMaTHKH B pactBopuBlieiics (3.2*) u HepacTBopuBIneiics (3.2) ppaxiumsax
He3HaunTenbHo. CopepkaHus NMPOTOHOB Tpymmbel H, juit atux dpakuuii
UMEIOT Takke Oym3kume 3HaueHWs. B 3ToM cioydae coxepxkaHue
apoMaTHYeCcKuX TPy Bo ppaknusax 3.2 u 3.2* mubo 0INHAKOBO, THOO OHA
U3 (Qpakiuil COACPKUT MOJICKYJIbl C OOJBIIAM COICPYKAHUEM OOKOBBIX
anuaTHUECKUX Iienei, a apyras OoJiblliee COACPIKAHHE apOMATUYCCKUX
rpynrn. CpaBHUBAs MMOJTy4YCHHbIC JaHHbIC C JTAHHBIMU 110 COJICPIKAHHUIO TPYII
nporoHoB H, m H,, ana ¢paxkmuit 3.2 m 3.2* acdanereHos [launoro
MECTOPOXKICHHSI, MOKHO MPEAINOI0KUTh, YTO MOJIEKYJIbl HEPACTBOPHBIIIEHCS
¢pakuust acdansreHoB MopnoBo-KapMansckoro MectopoxieHust HedTH
(obpasery 3.2) coAepKUT OOJBIIYIO OO apOMAaTHYECKHX TPYyII, a
MOJIEKYJIBI ~ pacTBopuBIeiicss  (obpasenr  3.2*%)  oGmamaroT  GOJBIIAM
cozepkaHneM OOKOBBIX anmu(aTHUeCKUX Ienel (MpH 3TOM HUMesl MEHBIIYO
JIOJTEO aPOMATHUKH).

YMeHbIICHHE JOJIM apoMaThku Bo ¢pakmmax 3.2* u 3.2.1* mo
cpaBHeHnio 3.2 u 3.2.1, TOBOPUT O TOM, YTO PACTBOPHUBIIHECH (PPAKIIUH
COJIep)KaT MEHBILE apoMaTHYeCKUX TPYNIl B CBOeM cocTaBe. bobliee
coJiep)kaHue IMPOTOHOB rpymnbl H, B pactBopuBIIeiics ¢pakuun 3.2.1*
yKa3blBaeT Ha Ooupliee, MO0 cpaBHeHHIO ¢ (pakmuein 3.2.1, comepxanue
OOKOBBIX anudarHyeckux neneld. boipluee coxepkaHue MPOTOHOB TPYIIIEI
H, B pacrBopuBliMXcsi (pakuusx MopaoBo-Kapmaibckoro Outyma, To
CPaBHEHHUIO C HEpPAacTBOPHMBIIMMICS, TOBOPHUT O OOJBIIEM COAEPKAHUH
OOKOBBIX ajH(paTHYECKUX LeNeil B MOJIEKyJlax pacTBOPHBLINXCS (IIAKIHMA.

575




OnekTpoHHbIH xKypHaI « CTpyKTypa U AUHAMUKA MOJIEKYJIIpHBIX cucTeM». Ne4, A, 2008 .

MOXHO MPEANOIOKHUTh, YTO MOJOOHOE MOBEICHHUE CBA3aHO C OCOOCHHOCTIMH
cocraBa MopnoBo-KapManbCckoro MeCTOpOKICHUS HE(TH.

Takum o00pa3oM MokeM 3aKiIio49uTh, 49ro Merox SMP BmomHe
MPUTOZACH LIS OLEHKH MOJEKYJSIPHBIX XapaKTEPHUCTHK KaK JJIsl OTpeaeIICHIS
TPAHCISIIIMOHHON MOIBM)XKHOCTH MOJICKYJI BXOISIIUX B COCTaB He(TH, Tak U
JUTS XapaKTepHU3alud 0OCOOCHHOCTEH XUMHYECKOTO CTPOCHHS STHX MOJICKYIT.
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YK 538.995

OCOBEHHOCTH KMHETUKHA POCTA METAHOTUJIPATA B
HNEHUCTOM CTPYKTYPE".

VBanos A.A., 3alsuiroTauHOBa M. 1., Cxupna B.J1., Cadonos C.C.*

Kasanckuii 2ocyoapcmeennuiii ynusepcumem,
*Texnonoeuueckasn komnanus Inrombepoice»

Ha ocnoBe nannpix SIMP (*H) myTem uccienoBasus (pOpMbI CHrHAIA
crmaja CcBOOOJHOW WHAYKUMHM IOJXYy4YCHBI JaHHBIE O KHHETHKE poCTa
Mmertanoruapata B cucreme Boaa (D,0) — meran (CHy) npu nasmennn 10 MITa
n temneparype 275K. OOHapyXeHO, YTO TpU BCIICHHBAaHUU BOJBI
HaOmroaeTcs YCKOpEHHe Ipoliecca pocTa MeTaHOrujpara 3a C4eT pocTa
MOBEPXHOCTH KOHTaKTa Ta3-KMAKOCTb. YCTAHOBIECHO, YTO 3aBHCUMOCTD
KOJIMYECTBA METAHOTHJpaTa OT BPEMEHH { almpOKCUMHPYETCS CTEeNeHHOM
ynxuueit P(t) = t" ¢ mokasarenem cTenenH, IPeBHILIAIONIUM 0XKHIAEMOE JUIS
HOpMasbHOTO (D (y3noHHOTO 3aKoHa 3HayeHue N=0.5.

Beenenue

MeTtaHOorApaTbl OTHOCATCS K KIAccy Ta30THIPaTOB, KOTOPBIC
MPEACTAaBISIIOT cOo0OW coeqwHEeHHs, OOpa3ylomuecs INpPH BCTPaWBaHUH
MOJICKYJI Ta30B B TMOJOCTH KPHUCTALUTHUCCKOW pemeTku jbaa. CTaOuin3arust
MOJOOHBIX  CTPYKTYP OCYLIECTBIISIETCS BaH-[€pP-BaallbCOBBIMH  CHJIAMHU.
O0beM MeTaHa, 3aIIaCEHHOT0 Ha HaIleH IianeTe B popMe METaHOTHIIpaTa, Mo
pa3NAYHBIM OIICHKaM BEChbMa 3HAYMTENIEH, YTO CTUMYJIHPYET HHTEpeC K
WCCJIEJIOBAHMIO METAHOTHApaTa KaK CO CTOPOHBI J0OBIBAIOIIMX KOMITAHUH,
TaK U CO CTOPOHBI 3KOJIOroB (METaH — OJMH K3 “MApHUKOBBIX Ta30B”).

B HacTosmmee Bpemst CTPYKTYpPHOE CTPOCHHUE, MOP(OIOTHS U yCIOBHUS
CYIIECTBOBAHUA Ta30BbIX THAPATOB CYUTAIOTCA CPABHUTCIBHO XOPOIIO
HN3Yy4YCHHBIMU. O[lHaKO pAaa MOMCHTOB, OTHOCAIIUXCA K KHHETHUKE
00pa3oBaHMs U Pa3I0OKEHHS Ta30THIPATOB, 10 CUX IO HE MPOSICHEH.

HccrnenoBanmst MHOTHX Tpynn Y4YEHBIX HaMpaBICHB Ha TIOMCK
METOZOB, MOBHIIAIMHNX 3(P(PEKTUBHOCTs MPEBpALICHUS METaHa M BOIBI B
metaHoruapar. OnHO# U3 Hanboliee pacrpoCTPaHEHHBIX METOAUK SBISETCS
MEXaHUYECKOe TEePEMEIINBAHNE CMECH BOJa-MeTaH. Psm paboT MmoCBSIEH
W3yYEHHIO BIVSHAS Pa3INYHBIX (DAKTOPOB Ha IMPOIEcC THAPATOOOpa30BaHUS
B peakTopax C MEXaHHYECKHM IlepeMelINBacHHEM. B OmHOW W3 TepBBIX

! PaGora Bemmonuena B pamkax npoexta PO®U Ne 07-03-01004a
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nomo0HBIX paboT [1] aBTOpPBI OOHAPYKWITH, YTO HA KHHETHKY OOpa30OBaHUsI
METaHOTHAPATa BIWSET IUIOMAAb B3aUMOJCHUCTBHS METaHAa M BOJIbI,
JaBJeHHe, TeMIepaTypa, a TaKKe CKOpPOCTh IepeMellnBaHHs. B Ooiee
no3gHeil  pabore [2] wccnemoBarend  yCTaHOBHIH, YTO  CKOPOCTB
OpPEeBpAIlCHAs] CMECH METaH-BOJAa B METAHOTHWAPAT 3aBHCHT HE OT
aOCOJTIOTHBIX BEJIMYUH JABICHHUS M TEMIIEPATyphbl, @ OT UX OTKIOHEHHS OT
YCJIOBHI THAPATHOTO PABHOBECHSL.

B paborax [3,4] mpenmcraBieHBI SKCIEPUMEHTHI 10 OOpPA30BAHHUIO
METaHOTH/PATOB B YCIOBHUSX, OOCCICUMBAIONIMX O00pa30BaHHE My3bIPHKOB
MeTaHa B Boge (meHucTas cTpykypa). [ms obnerdeHus 3Toro mporuecca
MCIIONIB30BANINCHh TOBepXHOCTHO akTuBHbe BemectBa ([TAB). B [4]
HCCIIEIOBAHO BIMSHKME TUIOTHOCTH TIEHBI M pa3Mepa IMy3bIPhKOB B 00BEME
BCIICHEHHOW BOIBI HA KOJHMYECTBO OOPa30BAaBIICTOCS METAHOTHIpPATA.
ABTOpBI pabOThl OTMEYAIOT JBE TeHAeHIMHU. [lepBas U3 HUX OOHAPYKHBAeT,
YTO TPOLEHTHOE COACpXKaHWE MeTaHa B THApATe HAXOOUTCI B OOpaTHOM
3aBUCUMOCTH OT pa3Mepa IIy3bIpbKOB. BTopas TeHIeHIHs BBIABIACT NPIMYIO
3aBUCHMOCTh MEXIy O0OBbEMOM, 3aHMMAaeMbIM MEHOW B MpoOUpKe, |
KOJIMYECTBOM METaHa, 00pa3yoIIero ruapar.

Ilpu 3TOM BONPOCH KUHETHKU POCTa METaHOTWApaTa B HEHHCTOH
CTPYKType B LUTHPYeMBIX paboTax He paccMaTpUBAIUCH BOOOIIE, YTO H
COCTABIISIET LIeJIb JAHHOTO UCCIICIOBAHUSI.

IIpuroros/jieHne 00pa3oB U METOAUKA U3MePEeHHUIT

Meranorumpar o0pa3oBbIBajicsi B mpoOupke (C  BHYTPEHHHM
JIUaMETPOM 5MM), H3rOTOBIICHHOW M3 KBAapIIEBOTO CTEKJA, 3arOJHEHHON
npubmmsutensHo Ha 30-50% neiftepupoBaHHON BOIOH, TNPH ABICHUH
razoobpasHoro metana 10 MIla u temmneparype 275+0,1 K. [{ns npoBenexust
n3MepeHnit obpaser| momemancs B garunk SIMP pemakcomerpa (dactora
SIMP Ha nportonax - 19,08 MI'u, amutensrocts 90° PU umnysbea - 2 MKC,
BpeMs «Iapau3alui» OPUEeMHOro Tpakta - 8 Mkc). Psan uccriemoBaHuii
KHHETHKH POCTa METaHOTHApaTa yKe ObUI IpOBENIeH HaIllel TPYIoi paHee
[5,6] B ycioBusX, Korja METaHOTHAPAT OOPa30BBIBAICS B BHJE IUIEHKH Ha
TpaHUIIe pa3Jieia BoJa-ras.

B mHacrosimeir paboTe TmTeHHCTas CTpYKTypa Oblla TOJyYeHA
cnenyrommmM oOpazom. [IpenBapuTensHO 00paserr ¢ BOJOH AIUTEIHHOE BPEMSI
(HECKOIBKO CYTOK) BBIAEP)KMBAJICS MMPU AaBjeHun rasza merana 100 atM. npu
TEMIepaType BBIIIC TEMIIEPATyphl OOpa30BaHUS METAHOTHApATA. 3aTeM
JABJICHUE B aMIyJie pe3ko cOpaceiBaioch A0 1 aTMm., B pe3yibTaTe 4ero
MPOUCXOIIIO BCIICHWBAHWE BOIBI Ha IMOBEPXHOCTH H 00Opa3oBaHUE
My3BIPBKOBOM CTPYKTYphI MO BceMy o0beMy ammynsl. lIlocme 3toro
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TemmepaTypa obpasiua moHmkanack 10 +2°C, a JaBieHHE MeTaHA BHOBb
nogaumanocsk 1m0 100 atm. B pesynbpraTe MHUIMHUPOBAICS TIPOILIECC
0o0pa3oBaHMs METAaHOTHIpaTa M IIEHHUCTas CTPYKTypa oOpasma (aKTHIECKH
(uxcupoBaace.

Perucrpanus  konmuectBa  00pa3oBaBLIErocs  METaHOTHIpaTa
OCYIIECTBISUIACh 110 pe3yibTaraM aHaiu3a (QOpMBI crajga CBOOOJHOM
unaykuun (cMm. padotsl [5,6]). [Ipu 0OpazoBaHuKM METAaHOTHIPATA HA CIaaax
cBoOomuoi wmHmyknmn SIMP  curHama, T[OMYy4YeHHBIX C  IIOMOIIBIO
TIOCJIE/IOBATEILHOCTH TBEPOTEIBHOE 9X0, MOSBISETCS XOPOUIO pa3inuduMast
KOMIIOHEGHTa C MallbiM BpEeMEHEeM pejiakcauuud (Tak Ha3blBacMas
KOPOTKOBPEMEHHAsi KOMIIOHEHTa), KOTOpasi OTHOCUTCS K MOJISKYJIaM MeTaHa
B METAaHOTHUAPATE 1 MOXKET OBITH MOJABEPruyTa KOJIMYECTBECHHOMY aHAIN3Y.

Jns  monydyeHWsT KMHETHYECKHX  XapaKTEPUCTHK  0Opa3oBaHUs
METaHOTHpaTa PEerucTPUPOBAIOCH U3MEHEHHE CO BPEMEHEM JOJIM CHTHaja
SAMP, oTHOCMMOW K KOPOTKOBPEMEHHOW KOMIIOHEHTE, KOTOpas MpsiMO
MPONOPIMOHANIFHA KOJINYECTBY 0Opasyromerocs MeTaHoruapara. CpaBHeHHe
PETUCTPUPYEMON  AMILIUTYJbl KOPOTKOBPEMEHHOM KOMIIOHEHTBI CHUrHaJla
SIMP ¢ cOOTBETCTBYIOLIMM CHI'HAJIOM OT 3TAJOHHOTO 00pasla ¢ M3BECTHBIM
BECOM  TIO3BOJSIET  MNPEACTABIATH  JaHHBIE B EAMHHWIAX  MAacChl
00pa3oBaBIIIerocs B aMITyJie METAHOTHIPATa.

Pe3yabTaThbl U 00Cy:KIeHHE

s HOpMaNibHOTO JTUQPQPY3UOHHOTO TMPOIECCa, KOHTPOIHUPYIOIIETO
KAHETUKY POCTa METAHOTH/PATa, OXKUIAEMbIA BUJ 3aBUCUMOCTH KOJIMIECTBA

P(t), obpasoaBmerocs MeraHormmpara, OT BpPEMEHH YJIOBJIETBOPSAET

n
crenennomy sakony P(t) oct”, mpuuem 3mauemwe nokasatens cremenu
nomxao 66rte N =0,5. Ha puc.1 npusenen rpaduk pocta MeTaHOTHAPATA B
00pa3iie NeHUCTON CTPYKTYPHI.
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KonnyecTtBo MeTaHa B MeTaHormgpare, mr

) [ ] K J
10 100 1000
Bpewms, 4
Puc.1. 3aBUCUMOCTD KOJINYECTBA P o0pa3oBasIIerocs
METaHOTHApaTa B 00pas3le MEHHUCTOW CTPYKTYpPhI OT BPEMCHH t. [Ipsmas

0.5 0.7
JIMHUS COOTBCTCTBYCT 3aBUCUMOCTHU P oC t , HYHKTHpHAA - P oC t .

U3 npe/icTaBIeHHOT0 PUCYHKA SIBHO BUIHO, 4TO B 00jacTu BpemeH 50
— 800 uyacoB sKcnepHMEHTAIbHBIE JAaHHBIE JIydllle ANIPOKCHMHUPYIOTCS

sapucumocThio Tuma P oct” ¢ n ~0.7, a e 0.5, Kak ciemoBaNO ObI
OXKHUIATh B Cllyyae HOpMaJIbHOTO A dy3uoHHOTO TpoIiecca, OMUCHIBAIOICTO
QG Py3ur0 MOJICKYJI METaHa Yepe3 IUICHKY METaHOTHpaTa.

B cBa3u co CHOXHOM M HEONHOPOAHOM NPOCTPAHCTBEHHOH
CTPYKTYpOit TMOTOOHBIX 00pasIos, TOYHAs OLIEHKa TUTOIIA A
COTNPUKOCHOBEHHS Taza U JKUAKOCTH HeBO3MOXHA. [loaTomy BiusHUE
IJIOL[aAd paszfesia ra3->KMIKOCTh Ha CKOPOCTb POCTa MOXHO MPOCIEIUThH
JUIIF HAa KA4eCTBCHHOM YpOBHE. B YacTHOCTH, MMEHHO 3a cueT OOoIbIIeH
MOBEPXHOCTH pazjenia ra3-KHuJIKOCTh HaM YAaJloCh MOJYYUTh CYIIECTBEHHO
0O0JIBIIIYI0 CKOPOCTh POCTa METAHOTHpaTa MO CPABHEHHUIO C PE3yJIbTaTaMHu,
obcyxaaBMMIcs patee B [5,6].

Haubomee BaXHBIM pe3yibTaTOM ITaHHOW pabOTHI SIBISETCS TO, YTO
BHJI TOJYYEHHONM KHHETHMYECKOM KPUBOM HE OMNMCHIBAETCS 3aBUCHUMOCTHIO,

xapaktepnoit (P OC'[O'S) Uil HOpMasibHOTO M Qy3HOHHOrO Mporecca.
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DopmansHo (B TepMHuHAX KOIPPUIMEHTOB M Py3Un) MOTYUICHHBIC JaHHBIC
MOTYT  TPaKTOBaTbCs  KaKk  IPOSIBICHWE  aHOMAaIbHOH  nuddysun
(cynepnuddysum) Monekyn MeraHa B MeraHormapare. OpHaKo, Ham
MpEeACTaBIsIeTCs, 4YTO  Oojiee  KOPPEKTHO  CBA3aTh  IOJIYYEHHBIN
OKCIIEPUMEHTATIBHBIA  pe3ylbTaT C OOJBIION JIOKaTbHOW KPUBH3HOU
MOBEPXHOCTH IUICHKH OO0pas3yIollerocs MeTaHOTHIpaTa, OOYCIOBIEHHOM
MIEHNCTOH CTPYKTYpPOH HccieayeMoro oopasma.
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TEPMOJMHAMUWYECKUE CBOMCTBA CMECH METAH-
INPOIMAH-TIEHTAH B MUKPOITIOPAX ITOPOIIIKA
*

COEPUYECKHUX YACTHUIL CTEKJIA

A.B. CaBI/IHKOBl, A.A. I/IBaHOBl, P.B. ApXI/IHOBl, B.I. CKI/IpL[al, C.C.
Cagonos’

1 .
Kagheopa @usuxu monexynspnvix cucmem, QPusuieckuti paxynomemn,
Kasanckuii F'ocyoapemeennwiii Yuugepcumem, Poccus
2

Texnonozuueckas komnanus Shlumberger ©

UccnenoBanust pPT-muarpaMM  TPEXKOMIIOHEHTHOHW CMECH MeETaHa,
MponaHa ¥ TICHTaHA B MOJSIPHBIX COOTHOIICHUSX, COOTBETCTBEHHO,
0.15:0.35:0.50 O TPOBemEHBI B IOPHCTOM CpPele  CTEKIISTHHBIX
chepruvecKux YacTUI CPEAHUM AuaMeTpoM 25 MKM U B CBOOOJHOM 0OBeMe
OKCTIEPUMEHTAJIbHON stueiiki. OOHapy»eHO W3MEHEHHE TOBEJICHUS! TPOHHOM
CMECH B MHKPOIIOPUCTOH cpele, KOTOpPOe BBIPA3WIOCh B yMEHBIICHUH
HakioHa rpaduka p=p(T) B omHOGa3HON 061acTH Pa30BOi AHATPAMMEL U B
HeOOJIBLIIOM CMEUICHHH TeMIepaTypbl (a30Boro rmepexoma Ilxp U3
JIBYX(a3HOTO COCTOSIHHSI <OKHIIKOCTb+Tra3» B OJHO(AZHOE CKUIKOCTHY.
BrickazaHo TpeanonoxeHwe, 4YTO ancopOIusl TEHTaHa Ha IOBEPXHOCTH
CTCKJITHHBIX YacTWI] TPHUBOAUT K HAOIIOZaeMBIM TEPMOIMHAMHYECKUM
aHOMAJIUSIM B MUKPOIIOPUCTOM Cpelie.

BBenenue

[ToBenenue BemiecTBa B MUKPO- M HAHOPa3MEPHBIX MOPUCTHIX CPeAax
MPEACTABISIET HE TONBKO OOJIBIION NMPAaKTHYECKUH WHTEPEC, HO W SABISIETCS
OIHOW M3 (yHAaMEHTAJIBHBIX MPOOIEM IS COBPEMEHHOW (ZM3UKH M XFMHU.
W3BecTHO, 4TO OrpaHMYEHHas TIeOMETpUsT TMOp MOXKET OKa3bIBaTh
CYIIECTBEHHOE BIIMSIHAE Ha TEPMOJMHAMHYECKHE CBOMCTBA HAXOMASIINXCS B
HUX (IIIOWIOB, YTO MOXKET BBIPAXKAThCS B 3HAYMTEILHOW pasHUIE MEXKIY
(a30BBIMU MarpaMMaMiu 3aKJIIOUEHHBIX B Iopax (IIIOWI0B U TeX IKe
¢dmounos B ob0beme [1,2]. OrpanuveHHblii MacmTad TMOp, a Takxke
B3aUMOJICHCTBHSI MEX/y BEIIECTBOM B IOpax M IOBEPXHOCTBIO cyOcTpara
MOTYT yIHpPSTH (ha30BbIE MEPEXOABI NEPBOTO poja M CMeIaTh (hazoBbie
rpaHulbl Ha PT-AuarpaMme 3aKII0YEHHOTO B IIOpax BELIECTBA.

B oroii paGoTe MBI NpenCTaBIsSeM pe3yNbTaThl HCCIEJOBaHUS PT-
JMarpaMM CMECH YTJICBOAOPOJIOB METaHa, IIPONaHa W MeHTaHa, TOMENICHHOH

* PaGota BhinoNHeHA B pamkax mpoekta PO®U 07-03-01004A.
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B MHKPONOPHUCTYIO cpely c(epudecKux uacTull CcTekia. M3mepeHus
MPOBOIWINCH B IIMPOKOM IHANa30HE TEMIEPaTyp B U30XOPHBIX YCIOBHSIX.
Ilomy4eHHble  pe3ysnbTaThl  aHANM3MPOBAINCH W CPAaBHHBAINCH  C
pe3yapTaTaMH HcCieqoBaHUM PT-amarpaMMbl B TPOHHON CMecH TOTO Ke
cocTaBa M TOHM K€ IUIOTHOCTH B CBOOOIHOM OOBEME 3KCIIEPUMEHTAIBHOI
SUEHKH, 4TO JaeT BO3MOXKHOCTb CPaBHHUTb TEPMOIMHAMHUUYECKUE CBOMCTBa
TPOMHOH cMecH B CBOOOZHOM OOBEME M B OTrpPaHHYCHHOW TI'eOMETpUH
MHKPOIIOP.

JKCcnepuMeHT

Jlarynnas npoGupka (W3MepuTenbHas sueiika) oobemom 3.17(1) o’
OblTa 3amojiHeHa mopolnkoM mpousBoacTBa ¢upmer MHG  Strahlanlagen
GmbH, cocrosum U3 CTEKISIHHBIX chep CPEeAHHUM JUAMETPOM OKOJIo 25
miMm (Puc. 1) pu pactipenenenunn quamerpa gactuir ot ~10 MM 10 ~50 MkM.
O06beM CBOOOIHOTO MOPOBOTO MPOCTPAHCTBA B DKCIIEPUMEHTAIBHON sueiike
6bu1 onpenenen paBubiM 1.18(1) cM®, TakuM 06pas’oM, TOPHCTOCTH CPEIbI
cocraBuna ~0.374. Jlns wmccnemoBaHus PT-auarpaMM TPOWHOW CMECH B
cBOGOHOM 00BEME TIPUMEHSIIACH Ta ke camast Tpobupka obbemom 3.17(1)
cM®, 0CBOBOKICHHAs OT MOPHUCTOH cpeabl. B 000X ciydasx NpUMEHSIICS TOT
JK€ METOJ 3allOJHEHMs OKCIIEPUMEHTAJbHOW SYEHKH KOMIIOHEHTaMH
YIJICBOJOPOIHOM CMecH, 4TO M aBTopamu paboTel [3], T.e. mpobupka
3aII0JIHUIACH MTOCICAOBATEIBHO B MOPSIKE KICHTaH — MPONaH — METaH» (B
MOPSIKE YMCHBIIICHHS XapaKTepPHOTO JABICHHUS HACBHIIIEHHBIX MapoB) B
moibpHOM cootHomeHnn 0.15:0.35:0.50. OxcnepuMmenranbHas — sUeika
3aIONHsIACh (QIIIOMIAMH B TaKMX KOIMYECTBAX, YTOOBI HOCTHYh B OOBEME
TOPOBOTO MPOCTPAHCTBA MIOTHOCTH cMecH p=0.355 r/cm®. KoHTpoms BecoB
(IONIOB, TOCIIEAOBATENIFHO 3allOMHSIONIMX JKCIEPHUMEHTAIBHYIO SUEHKY,
OCYIIECTBIISUICS. B3BEIIMBAHUEM OKCIEPHUMEHTAIBHON SYEHKHM BO BpeMs
NpOLEyphl 3allOJHEHUs] KOMIIOHEHTaMH YTJICBOJOPOIHOW cMecu. Bec
Ka&XJOro KOMIIOHEHTA, 3allOJHMBIIETO JKCIIEPUMEHTAJIBHYIO  SUEHKY,
OTKJIOHSJICS OT pacyeTHOTO 3HAYeHMsl Ha BeIM4YMHYy He Oosiee 1%, mpu aTom
TOYHOCTH OIPEICTICHUS BECa SKCIEPUMEHTAILHOM sSUeiiky Ha 1abopaTOpHBIX
Becax coctasisiia 0.1 mr.

Cxema IKCIIEPUMEHTATBHON YCTaHOBKH u doTorpadust
IKCIIEPUMEHTAJIbHOW SYeHKM mpencTaBieHbl Ha Puc.2a,6. OpuruHanbHbINA
JaT4uk AaBieHus Pl ObUT CKOHCTpYHMpPOBaH TakUM 00pa3oM, YTOOBI MMEThH
MHHEMAJIbHBIA BHYTpeHHnit 00beM (~1 My°). Takke GbUTM IPUHSTH IPOUHE
CIIeLIMaIbHBIE MEPHI C LIEJIBI0 YMEHBIIUTL 00bEM BELIeCTBA, HAXOIAMIErocs 3a
npenenamMu MopUCTOd cpensl. TemmepaTypa 3KCIIEpUMEHTATIbHOM sueiku
cTabuiaM3upoBajack ¢ TO4YHOCThIO He xyxe, uyeM 0.2 K. TouHnocts
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M3MepeHus JaBieHus Obuia onpezeneHa Ha yposHe 0.5% Bo BceM quanasoHe
M3MEpEHU.

Puc. 1. ®ororpadust CTEKISTHHBIX MUKPOYACTHUI] TIopoiika Gpupmbr MHG
Strahlanlagen GmbH, mpumMensieMoro B 3KkCriepuMeHTax B KaueCTBE TIOPHCTOM
Cpensl.

V1

a)

nopucTas

Puc. 2. Cxema O3KCIEpUMEHTANbHOW ycTaHOBKH (a) W ¢oTorpadus
JKCIepHUMeHTaIbHOM sueitku (6). Ha cxeme o6o3HadyeHo: T1 — Tepmocrar;
V1 — mMeMOpaHHBII BEHTHIIB, OONANarONINi BHYTPEHHNM oO0beMoM <1 MM3;
P1 — OpHUrHHANBHBIN JATYHK AABICHHS C BHYTPeHHAM oObemoM ~1 mm®; C1 —
COE/IMHUTEITb JIBYX MEIHBIX KallWISPOB.
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Pe3yabTaThl 1 UX 00CykKAeHUE

I'paduxu pT-auarpaMm cMecH yTIIEBOIOPOJIOB B CBOOOJHOM OOBEME
OKCIIEPUMEHTAJILHONW SIYEHKH M B TOPUCTOH cpelie CPEepHYecKUX YacTHIL
crekna (auamerpom <50 MkM) mpencrasieH Ha Puc.3. Ha mpencraBieHHBIX
pT-nmuarpaMMax MO>KHO OTMETHTH HECKOJIBKO OCOOCHHOCTEH.

145 ——r——r———————1———
140 F
135 F
130
125 F
120 F
115 F
110 F
105 f
100 f
o5 F
90 f
85|

XKNOKOCTb

p, atm.

80
280 290 300 310 320 330 340 350
T, K

Puc. 3. pT-auarpamsl cMeCH yIJIEBOIOPOIOB B CBOOOIHOM 00BEME U B
MOpUCTO# cpene chepuueckux dvactuiy crekina (auamerpom <50 MrM).
YepHBIME KPY)KKaMH Ha pUCYHKE 0003HaUCHBI SKCTICPUMEHTAIBHBIE JaHHBIE,
MOJlydeHHBIE B 00BEME TPOOHPKH; OTKPBITBIMH CHMBOJNaMH (KBaIpaThl,
KPY)KKH M TPEYTOJIbHUKH) — PE3YJIbTAThl TPEX HE3ABUCHMBIX IKCIICPHUMEHTOB
B MHUKpOIOpHCTOl cpene. [IyHKTHpPHOI JHMHMEH cXeMaTHYHO IPEeACTaBIICHBI
(hazoBBIC TPaHUIIBI [UTS H30PAHHOMN TPOHHON CMECH.

Bo-niepBhIX, B AByx(]a3HOil obiacTi TpoliHas cMech yrieBOIOPOIOB U
B MHKPOIIOPUCTOH cpezie, U B CBOOOZHOM 00BEMe NEeMOHCTPHPYET OIU3KOe
noBejieHHe Ha PT-aAmarpamMme B TpenesiaXx OIIMOKK JKcrepuMeHTa. B
onHoda3HOW 00NacTH TOSBISIOTCS — PACXOXKACHHS, BBIPRKEHHBIE B
YMCHBIICHUH HAakKJIOHa Tpaduka IaBJeHHs B MHUKPOIOPUCTOM cpeae IIo
CpaBHEHHIO ¢ rpauKOM JaBIeHHS B cBOOOTHOM oObeMe. Takum oOpa3oM, B
onHodasHol o0slacTH JaBI€HHE CMECH B MHKPOIIOPHCTOH Cpelle MEHBbIIE,
yeM B cBoOogHOM oObeme. [lo-BHIMMOMY, NMPUYMHOW TAaKOTO MOBEACHHS
TPOMHOH CMeCH B  MHKpPOIIOPDHCTOH cpele  sBiseTcs  ajncopOomus
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YIJIEBOJIOPOJIOB HA TOBEPXHOCTU C(EPUUECKHX YaCTHI] CTEKJa. AJcopOLus
BelecTBa (QIIIONI0B, Kak HanboJee BeposTHAs NPUYNHA U3MEHEHNUS (ha30BBIX
IpaHUL B TIOPHCTOH cpeie, paccMaTpHBanach, B 4aCTHOCTH, B padorax [1,2].
Ms! monaraeM, 4To Ha MOBEPXHOCTH MHKPOYACTHUI] CTEKJIA afcopOHpyercs
TJIaBHBIM 00pa30oM TEHTaH Kak Hau0oJiee BHICOKOMOJICKYJISIPHOE COeIMHEHHE
B HCclelyeMol TpolHOH cmecu. B nByxdasnoit obmact  amcopOrms
MIEHTaHa He CKa3bIBaeTcs Ha ()a30BOM MOBEIECHWH CMECH B MHKPOIOPHUCTON
cpene (B mpenenax TOYHOCTH HANIMX HW3MEPEHHi), T.K. MJABICHHEC B
IKCIIEPUMEHTAJIbHON suelike B JBYX(a3HON 00JIacTH OIpe/IeNsieTcs INIaBHbIM
oOpa3oM 1aBieHHeM MeraHa. B ojHodasHOW 00yacTH OTCYTCTBHE YacTH
MIEHTaHa B IOPOBOM IIPOCTPAHCTBE MUKPOYACTHUI] CTEKJIA JJOIDKHO TPHUBOIUTD
K TIOHWKEHHIO MAaBIE€HHA B TPOWHOM CMecH, 4YTO M Habmojaercss B
IKCTIEPUMEHTE.

Bo-BTOphIX, TemmepaTypa (a3oBOro mnepexojaa Ixp IEMOHCTPHPYET
TEHJACHIMIO K IIOHIDKCHWIO B MHKPOIIOPUCTOH cpene  chepruuecKux
CTEKIISTHHBIX YacTHIl Ha BeIWduHYy ~5 K, KOTOpas, BEpOSTHO, ONpEIeIsIeTCs
cpesHUM pa3MepoM mop. Takas BO3MOXKHOCTH TpH Iepexone (IIouaoB U3
ra3000pa3HOro COCTOSIHHS B JKHAKOE OTMevanack B paborax [1,2]. Mdus
OJTHO3HAYHOM MPOBEPKH 3TOr0 (pakTa B TPOHHOHW CMECH MeTaHa, NMpolaHa U
MEHTaHa HEOOXOIWM SKCHEPHMEHT B IOPHCTOM CPEAe C XapaKTepPHBIM
pasMepoM MOp 3HAYUTENbHO MEHbIIMM (HA MOPSZAOK U Ooiyiee), 4eM B
HacTosIei padore.

B-tpersux, Qa3zoBeri mepexoxm w3 nByx¢dazHOW o0mactTm B
onHO(Aa3HYI0 OKa3blBACTCsl «YIIMPEHHBIM» B MHUKPOIIOPHUCTOH Cpeae, 4To
HAXOJIHUT OTPaXEHHE B TIOCTCIICHHOM M3MeHeHHH HakioHa rpaduka p=p(T) B
HHTEpBalie Temreparyp mopsaka 6 — 8 K, Torma xak B cBoOOIHOM o0BeMe
rpadux p=p(T) meMoHCTpHUpYyeT U3IoM Tipu Temreparype Txp=320K, koTopas
SIBJISIETCS TeMIepaTypoun ($azoBoro repexo/ia. [To-BunnmMomy,
OoOHapy)XeHHBIH (DaKT SBISETCS CIEACTBUEM IIMPOKOTO paclpesieeHus
JIMaMeTpa CTEKISIHHBIX YyacTuil — oT ~10 mkm 10 ~50 mkm (Puc.1).

Takum o00pa3oM, HCCIENOBaHHUA PT-AHarpaMM TPEXKOMIOHEHTHOH
CMeCHM MeTaHa, TponaHa M TEeHTaHa B MOJSIPHBIX COOTHOLICHUSIX,
cootBercTBenno, 0.15:0.35:0.50 wu miothocteio  ~0.355 r/em® B
MHKPOIIOPHCTOM cpelle  CTEKISIHHBIX C(EpHUYECKMX YacTUI[ CpPEeIHHM
muaMeTrpoM 25 MKM  OOHApY>KWJIM HW3MEHCHHWE [IOBEINCHHS TPOHHOHN
YIIIEBOJOPOJHON CMECH B MHKPOIOPUCTONW cpene. beuio oOHapykeHO
3aMeTHOe yMeHbIneHne HakioHa rpaduka p=p(T) B omHodasHO# obmacTu
(a3oBoif nmarpaMMbl M HEOOJIBIIOE CMEIICHHE TeMIeparypsl (ha3oBOro
nepexona Txp W3 OBYX(a3HOTO COCTOSHES <OKHAKOCTh+Taz» B oxHO(da3HOe
KHIKOE COCTOSIHME Ha BennuuHy nopsaka 5 K. YkazaHHoOe cMeleHne TOYKH
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(a3oBoro mnepexozia, BEPOSTHO, 3aBUCUT OT pa3Mepa I0p, YTO TaKxkKe
MOATBEPKIACTCS «3aTSHYTOCTBIO» Tepexo/ia u3 ABYX(a3sHoro B 0JHO(a3HOE
cocrosHre. K «3arsHyTOCTH» (Da30BOro mepexona MOXKET HPHBOIJHUTH
IIMPOKOE paclpeleeHne YacTUIl CTeKJIa MO pa3MepaM. bpulo BBICKazaHO
MPEANOJIIOKECHUE, YTO a}ICOp6HI/IH INEHTaHa Ha MNOBCPXHOCTHU CTCKIITHHBIX
YaCTUI NPUBOTUT K HAOJIIOZaeMbIM TEPMOIMHAMHUYCCKAM AHOMAIHSM B
MHKPOIIOPHCTON cperie.
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