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Ha ocHoBe 3KcriepuMeHTOB, BKJIIOYas in Situ UccaeqoBaHus 110 U3y4eH1Io ()a30BOro coctaBa u (ha3oBbIX
COCTOSIHU BOTHO-YTJIEBOAOPOIHBIX (hJIIOUI0B B CHHTETUYECKUX BKIIIOUEHUSIX B KBaplie, ONpeAeICHbI TEP-
MOMETPUYECKUE JaHHbIE, CBUIETEIbCTBYIOIINE O TETEPOTeHHOM COCTOSIHUU (DTIOMA0B HA MaJIbIX, CPETHUX
U OOJIBIIMX ITyOMHAaX HedTera3oBbiX TojIl. [TokazaHo, yTo naxe Ha myouHax 1o 10—12 kM npu Temrepa-
Typax 250—290°C BogHO-YIJIeBOIOPONHBIE (hIIONIBI C coaepkaHueM HedTr 10 1 6oitee 06. % coXpaHSIIOT
reTeporeHHoe coctosiHue. [oMoreHr3anus B MomoOHBIX (hrronaax, Kak nmokasaad 3KCIIepUMEHTHI, JOCTH-
raetcs npu Temneparypax Boiiie 380—400°C. OgHako HU B OOTHOM U3 pealibHbIX He(pTera3oBbIX OacceiiHOB
MUpa TaKKhe TeMIlepaTyphl ellle He (GUKCUPOBaIUCh. Pe3ynbTaThl MPOBEACHHBIX MCCIIEIOBAHUI TO3BOJISIOT
HaAESAThCS HA OTKPBITHE B OyayllleM TOMOTeHHBIX TIIYOMHHBIX 3ajieXeil He(pTr 1 ApYrux yrieBoaopoa0B.

Karouesvie croea: HedTh, He(DTIHBIE YIIIEBOAOPOIbI, BOTHO-YIJIEBOIOPOIHbBIC BKIIIOUEHUSI, TETEPO- U TOMO-
reHHble (JTIIOUIbI, KPUCTAJIJIBI KBaplia, TBepible OUTYMbI, OUTYMUHO3HBIE MOPObI, SKCIIEPUMEHT, CBEPX-
KpUTHYECKHE (hITIONITBI
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B Hacrosiiiee Bpemsi MHOrve HehTera3oBble MECTO-
poxneHus Manbix (1o 2.0 kM) u cpenqHux (mo 4.0 km)
ITyOMH yKe oTpaboTaHbl WM B 3HAYUTEIbHOU Mepe
ucTolieHbl. B To ke Bpems cnipoc Ha XKUAKKUE U ra3o-
Bhle yriieBomoponbl (YB) mpomoimkaer HEYKIIOHHO
pactu. Takass TeHAEHLIMS CIOXWJIACh MPaKTUYECKU
BO Bcex HeTe- 1 Ta30400BIBAIONINX CTPaHAX MUpa,
Bkitouas Poccuro. [ToaTomy MHOTHE HEe(dTera3zoBbie
OpraHu3alMU yXe Ternepb Nepeliv K MOUCKy, pa3-
BEAKE W TMPOMBIIIJIEHHOMY OCBOEHUIO CBEPXIIY-
omHHBIX (5.0—10.0 kM) He(TEera3oBbIX MECTOPOXKIE-
Huii. TpyaHOCTb U3YyYeHUSI U OCBOCHMS MOAOOHBIX
MECTOPOXIEHUI COCTOUT HE TOJBKO B TOM, UTO OHU
HaxoJsTCs Ha OOJbIIMX ITyOUHAaX, HEAOCTYITHBIX LTSI
HEIOCPEeACTBEHHbBIX HAOJIIOAEHWI, HO U B CJIOXHOM
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coCTaBe U MOBEJCHUYU caMuX (PIoua0B, MpencTaBs-
IOLIMX CO0O0I cMecH pa3InUHbIX Y B, BOTHBIX pacTBO-
POB M UX MApOB C CAaMbIMU Pa3TNUYHBIMU OOBEMHBIMU
COOTHOLLIEHUSMU. VIMEHHO 3T KOMMOHEHThI ObLIU
MOJIOXXEHBI HAMU B OCHOBY 3KCIIEPMMEHTOB, KOTO-
pble, COMIaCHO HaIlIMM TMPeNCcTaBIeHUSIM, MOTYT OKa-
3aTb CYLIECTBEHHYIO ITOMOIIb B YCTAHOBJIEHUH, ITIPO-
WCXOJIMUT JIU U, €CIu “ma”, TO B KaKUX KOHKPETHBIX
YCJIOBUSIX TIpEeBpallleHWe TeTepOreHHbIX MHOrodas-
HbIX BOJHO-YIJIEBOJOPOAHBIX (T.€. HedTerazoBbix)
GaIOUA0B MajbIX U CPEAHUX DIYOUH, B TOMOTEHHYIO
BOIHO-YIJIEBOAOPOAHYIO KUAKOCTh, OJIM3KYIO TIO
¢a30BOMY cOCTaBy U COCTOSIHUIO TNIyOMHHOW Mpu-
poIHOU HeGTH.

OTKpBITHE B IIOCIIEAHNE ACCATIICTUSI B MeKCcuKe,
Kutae u npyrux crpaHax KpynmHBIX Fa30KOHAEHCAT-
HBIX MECTOpOXIeHUI Ha ITyornHax 8.8—11.5 kM [1—3]
CIIOCOOCTBOBAIO (M IIPOHOIKAET CIOCOOCTBOBATDH)
OXUBJIEHHO TUCKYCCUU O MaKCUMaJIbHO BO3MOX-
HBIX DIyOWMHaX (MW, IPYTUMU CIIOBaMHM, TeMIlepa-
TYPHOM YCTOMYMBOCTU) HaxXOXIeHUsS HedDTU B 3eM-
HbIX Heapax. [TpruemM ocoOeHHO BaxKHBIM 3/I€Ch SIB-
JISIeTCS YCTaHOBIIEHUE YCIIOBHIA IIJIsSI TETEPOTEHHOTO 1
TOMOTEHHOTO COCTOSTHU# TITyOMHHBIX BOTHO-YTJIEBO-
JIOPOIHBIX CUCTEM.

MBI nonbITaNUCh IIOJIYYHUTHh OJHO3HAYHbLIC OaH-
HBIE O (I)a3OBOM COCTOAHNU I‘HY6I/IHHBIX BOOHO-YTJIC-
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BOOOPOIHBIX (DIIOMIOB 3KCIIEPUMEHTAIBHO, IIPHMe-
HUB, B TOM YMCJIe, paHee pa3pabOTaHHbI aBTOpaMu
9TOi1 cTaThy HOBBIN TToaxon [4—7]. CyTbh €ro COCTOUT
B IIPOBEICHUH ONBITOB IO BBHIPAIIMBAHUIO KPUCTAJI-
JIOB KBaplia ¢ 3aXBaY€HHBIMU BOIHO-YIJIEBOAOPO/I-
HBIMU BKJIIOUEHUSIMU, MOJTYIEHHBIMU OJHOBPEMEH-
HO C OCYIIECTBJICHMEM B3aMMOICHCTBUS OUTYyMU-
HO3HBIX WM YIJIEPOAUCTBIX MOPOMI, a TAaKXKE ChIPOMA
HedTU ¢ ruaporepMaJbHbBIMU pacTBopamu [4, 7].
KBapi1 6611 BBIOpaH 1171 3aXBaTa BKIIIOYEHUWI OJ1aroga-
P BBICOKOM MEXaHUYECKOM MPOUYHOCTU U XUMUYECKO
CTOMKOCTH — CBOMCTBaM, KOTOpBIE HEOOXOMVMMEI KaK
IJI1 TIPEOOTBpAICHUSI PAacTPECKMBAHUS KPHUCTAUIOB
npu ¢popMupoBaHUM (BITIOUIHBIX BKIIOYEHUM, TaK U
IIpU TIOCJICAYIOIINX TEPMOMETPUUECKUX MCCICA0BA~
Husix. Kpome Toro, BeIpaliBaHue KBapla IMIpOBOIST
B aBTOKJIaBaX IPOCTOI KOHCTPYKIIMHU, UCIIOJIb3YSI Ha-
JIEXKHBIA TUAPOTEPMAJIbHBINA METOM, TEMITEPAaTyYPHOTO
rpagydeHTa B IIMPOKOM Jmaria3oHe Temneparyp 240—
700°C u maBnenuii 7—150 MIla [4]. B kauecTBe pac-
TBOPUTEJIC B OILITaX MCIIOJb30BAJIM BOMHBIC pac-
TBOpHI 6MKap6oHaTa Hatpus (7 Mac. % NaHCO;) u
kapboHara Hatpusa (5 mac. % Na,CO,;), pacTBopu-
MOCTb KBaplia B KOTOPbIX BbIcOKa [8].

ITocne 3aBepilieHUSI OMBITOB JJI1 U3yYeHUSsT (DIIIO-
WIHBIX U TBEPAbIX BKIIOYEHUI U3 BbIPAIIEHHOTO
KBapliia TOTOBWJIM TOJUPOBAHHbBIE TJIACTUHKU TOJI-
mumHoit 0.5—2.0 mMm. IToBeneHue, ¢pa30BbIi COCTaB U
COCTOSIHUS BKJIIOYEHUI U3ydaliv in Situ IpyU UX Ha-
rpeBaHMU U OXJIAXKIEHUU B U3MEPUTETbHOM MUKPO-
TEePMOMETPUUECKOM KOMILIEKCE, CO3JaHHOM Ha OC-
HoBe MukpotepMmokamepsl THMSG-600 dupmbr
“Linkam” (AHmmms), Mukpockora “Amplival” (I'ep-
MaHUs), CHaOXKeHHOTO JOMOJHUTEIbHBIM UCTOYHU-
koM Y®D-cBeTa, HAGOPOM NIMHHOPOKYCHBIX OOBEK-
TUBOB, BUIEOKAMEPOU 1 YIIPABISIONIUM KOMITbIOTE-
pom [9, 10]. Komriekc MO3BOJISIET B peXUMeE
peaJbHOTO BpeMeHU HaOJtofaTh 3a MOBENeHUEM U
¢a30BbIMU COCTOSTHUAMMU (DITIOUI0B BO BKIIOUEHUSX
B MHTepBaJie TeMmIieparyp ot —196 mo +600°C, 3anu-
ChIBaTh BUAEOMUIbMBI C HENIPEPbIBHBIM aBTOMATH-
YyeCcKMM (DMKCUPOBAHUEM TEMIIEpPaTyphbl U CKOPOCTHU
e¢ MOBBIIICHUS U MOHUXeHUs. PealbHO TepMOMeET-
pUYecKre U3MEPEHMUS MTpeKpalllaiv Mpu TeMIiepaTy-
pax 405—410°C, 11ocKoIbKY IpU 60J1€€ BLICOKUX TEM-
nepatypax (QIIOWIHbIC BKIIOYEHUST TEPSUIM TepMe-
TUYHOCTb 3a CYET pacTpecKUBaHUsI, BIUIOTb O
MMOJIHOTO pa3pylI€HUsI CO B3PbIBOM.

Kunkue 1 ra3oBbIe YIII€BOIOPOIBI BO (DIIOMIHBIX
BKJIIOYEHUSIX UASHTUGMULMPOBAIU MO (pyHIaMEH-
TaJlbHBIM nojiocaM nornomeHus WK-crekTpoB B
muanaszoHe 6000—2600 cm~!, 3amuMcaHHBIM ¢ TOMO-
mpio MK-mukpockona “Continuum” 1 ogHOJIy4Ye-
Boro FT-IR crmektpomerpa “Nicolet, Nexus” ¢ Mmu-
HHUMaJbHBIM pa3MepoM arepTyphbl 5 MKM (pa3pelie-
Hue 4 cm~'). PacrmpeneieHue yrieBooopomoB BO
BKJIIOYEHUSIX KOHTPOJIUPOBAIM C IOMOIIBIO MUKPO-
criekrpodoromerpa Mapku QDI 302 pupmer “CRAIC”
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Ha 6a3e Mukpockoria “LEICA” DM 2500 P, a rakke
mukpockora “ZEISS” AXIO Imager, (I'epmaHus),
CHA0OXEHHOTO JOMOJHUTEIbHBIM UCTOYHUKOM YJib-
tpacduonerosoro (YD) cBeta.

B o6111eii ciioxkHOCTH U151 pellieHUsI IOCTaBICHHBIX
B CTaThe BOIIPOCOB, KACAIOLLMXCS U3ydeHUs (pa3oBoro
cocraBa U (a30BBIX COCTOSTHUI BOIHO-YTJIEBOIOPO/-
HBIX (OJIFOUIOB B 36 MHBIX HEAPaXx, ObLIO OCYIIECTBICHO
oosee 50 OMBITOB, MPOIOJLKUTEIBHOCTBIO OT HeE-
ckonbKkux 10 40 mHeit. B pe3ynbTaTe OBLIM BhIpallie-
HBI KPUCTAJUILI KBaplia KIIMHOBUIHOM (popmbl (ITpu-
JioxxeHue puc. 1), cogepxkaiiiye BOIHO-YTIJI€BOIOPO/I -
Hble BKJIIOUEHUSI pazMepaMu OT JeCSIThIX Aojeil 10
1 MM pa3nIn4uHO MOP(OJIOrUN: TPYyOUaTOl, UTOIbYa-
TOI, OBAJIbHOM M HEITpaBMJIbHON (popMbl. BKimoue-
HUsI, cDOPMUPOBAHHBIE B HApOCIIeM CJ0€ HerNo-
CPEICTBEHHO BO BpeMsI pOCTa KPHUCTAJUIOB, ITOJIHO-
CTBIO OTpaxalwT ((Ha30BOoe COCTOSHHUE Cpebl
KpUCTaJuIM3auuyu. MexaHu3M U yCJIOBUSI oOpa3oBa-
HUSI BKIIOYECHUI IIPUBOIWIM K (OpMHUPOBAHUIO
GIIOMAHBIX BKIIOYEHUN C pa3IMYHBIMU COOTHOIIIE-
HusiMu BoaHoii (L1), razoBoii (G) 1 KMAKUX YIJIEBO-
nmoponubix (L2) m (L3) das [7] (puc. 1, IIpunoxeHnue
puc. 2—7). YacTo B oTOpOUKe M Karuie XKUIKNX yIiIe-
BOJIOPOJIOB HAOII0AI0TCSl BbIACICHUS] TBEPAbIX OU-
TyMOB (SB) cdhepuueckoii mim HerpaBWILHON Gop-
MBI, Bo Bcex (himonmHbIX BKIIIOYEHUSIX B KBaplle, 1a-
K€ U3 OIMBITOB, COAECPXKAIIUX B UCXOAHBIX PACTBOpax
He 6ojiee 1—2 COTBIX OOJM OOBEMHBIX IPOLIEHTOB
HedTH 1o YABTpadrOJIETOBBIM OCBEIIIECHUEM OOHAa -
PYXMBaJIOCh IIpUCYTCTBUE yTiieBogopoaoB (I1puno-
XeHue puc. 3, 4). nsg n3ydyeHuss U COIOCTaBICHUSI
OBLIM BHIOpPAaHBI BKIIIOUEHUS TPEX Pa3HBIX TUIIOB: Cy-
IIECTBEHHO BOJAHBIE C 00BEMHBIMY COOTHOIICHUSIMHU
daz Ll >G,L1>G>L2,L1>G>L2> SB; cyme-
ctBeHHO razoBeie c G > L1 > L2, G> L1 > L2 > SB
1 CyIIIECTBEHHO yriieBonoponHeie c L2 > G, L.2>G > L1,
L2> G > L1 > L3. IloBeneHue u (pa30BOE COCTOSIHUE
BOITHO-YIJIEBOAOPOIHBIX (DIIOMIOB BO BKJIFOUECHMSIX
TpeX pa3HbIX TUIIOB ObLIU U3YYEHBI ix Situ IPU Harpe-
BaHMU U oxiaxaeHun 25—410—25°C. IlomoOGHBIE
MUKPOTEPMOMETPUIECKIE MCCIIETOBAHUS TTO3BOJISI-
JIV OTBETUTH Ha BOTIPOC, KaK1e UBMEHEHMUS TIPOUCXO-
ISIT ¢ (Pa30BBIM COCTaBOM U (pa30BBIM COCTOSIHUEM
BOITHO-YIJIEBOAOPOAHBIX (hJIFOUIOB IIPU ITOTPYKEHUN
(T.e. MOBBILLIEHWY TEMIIEPATYPhl) U BO3AbIMAHUU (T.€.
MMOHIDKEHUU TeMIIepaTyphbl) BMEIIAIOIIX ITOPO.

PaccMoTpuM pe3ynbTaTbl MUKPOTEPMOMETpUYC-
CKOTO U3YyYeHMUSs CyIIECTBEHHO BOMHBIX BKIIOUEHUIA.
Bo BkIOUEeHUSX ¢ OOBEMHBIM COOTHOIIIeHUEM (a3
L1 > G (puc. 2 a) romoreHusaiust ironia mporucxo-
muT 11pu Temreparype 350°C 3a cdyeT mocTeneHHOTO
yMeHbIIIeHUs ra3oBoii ¢asbl (G) 10 MoJHOro ee pac-
TBOpeHUsI B BomHOM pacTtBope (L1). BkiiroueHue Ha
BUJI AByx(a3Hoe, omHaKo Impu YP-cBeTe Ha TpaHUIIe
BOJHOTO pacTBOpa W ra3oBoi ¢das3nl HabomaeTcs
OTOPOYKA XKUAKUX YIIEBOJIOPOIOB, HE BUAMMASI IO
OOBIYHBIM Y MOJISIPU30BAHHBIM CBETOM, HO ITPOSIBJISI-
Io1Iasics M0 XapaKTepHOMY (PIyOpeclieHTHOMY CBe-
ToMm 509
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Puc. 1. Cuntetnyeckue GhIronIHbIE BOTHO-YITICBOJOPOIHbIC BKIIIOUEHHMSI B KBapIe: CYIIIECTBEHHO BOIHbBIE C OOhEMHBIMH CO-
otHoueHusimu da3 L1 > G (a), L1 > G > L2 (6), L1 > G > L2 > SB (B, 1); cymiectBeHHO razoBbie ¢ G > L1 > L2 (n), u cyiie-
CTBEHHO yrjieBogopoanbie ¢ L2 > G > L1 (e,3), L2> G > L1 > L3 (x), L2 > G (n).

YEeHUIO II0I YIbTpadHrOJIETOBBIM CBETOM Kak asza
Kuakux yriesogoponos (IIpunoxkeHue puc. 3, 4).

B caydyae obmpemHOro coorHomeHusi ¢das L1 >
> G > L2, BOmHO-YIJIeBOAOPOIHbIE (DIIOUABI HAX0-
nsaTcst B Tpex¢a3HOM COCTOSIHUM IO TeMIIepaTyphbl
220—250°C. Ilpu TOBBIIEHUMU TeMIepaTypbl dasa
KUAKUX YIJIEBOIOPOJIOB PACTBOPSIETCS] B BOIHOM pac-
TBOpE, 1 ¢iouabl nepexonsat B apyxdasnoe (L1 > G)
cocrosiHue (puc. 2 6). ITomHast roMoreHu3alus BKII0-
YeHu mpoucxoaut Ipu Temneparype 380—390°C.
Crenyer OTMETUTb, UTO CYIIECTBEHHO BOMHO-YIJe-
BOJIOPOIHBIE BKIIIOUEHUST, 00BEeMHAs TOJIST YTJIEBOIO-
ponHoii (as3el B KOTOphIX 6osiee 10 06. %, win ripu-
01M3UTENIbHO paBHa foJie ra3oBoit pasbl (L1 > G >1.2),
MpEeTePIIeBaIOT TTOJTHYIO MM YaCTUIHYIO pa3repMe-

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

TH3aINI0, He TOCTUTasi TOMOTeHU3AlNI. YCTOMYMBOE
cyliecTBoBaHue AByxda3Hbix dmaoumoB (L1 > L2)
06e3 cBOOOIHOI ra3oBoit (hasbl yaaasoch NpOCIAeanuThb
1o TemmiepaTyp 385—405°C, BbIIIIe KOTOPHIX IIPOMC-
xonwia pasrepMmerusanus BkiaodeHuit (I[lputoxe-
HUe puc. 8).

B Tex caywasix, Korma B CYIIECTBEHHO BOIHBIX
BKJTFOUEHMSIX TIPUCYTCTBYET (ha3a TBEPIBIX OMTYMOB C
00beMHBIM cooTHoIeHueM ¢a3z L1 > G > L2 > SB,
BHayajle TIpu TOBBILIEHUU TeMmepatypbl Ao 280—
300°C mpoMCXOOUT TIOJTHOE pacTBOPEHNE OTOPOUYKH
KUIKUX YTJIEBOJOPONOB B ra3e ¢ o0Opa3oBaHUEM
nByxdaszHoro (L1 > G) ¢monna, a 3atem mpu 390—
400°C ncuesaeT razoBast ¢asa ¢ mepexonaom dirronaa
B TOMOTE€HHOE XXKuakKoe coctossHue (puc. 2 B). Chepu-
ToM 509
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Puc. 2. MPIKpOTCpMOl"paMMLI CYLIECTBEHHO BOAHBLIX YIJIEBOOOPOOHBIX BKJIIOUEHUI ¢ OOBEMHBIMU COOTHOUIEHUSIMU (1)33

L1>G (a), L1 >G >L2(6), L1 >G > L2> SB ().

YyecKHue BbIJICJICHUS TBEepabIx OuTymMoB SB, HaxomuB-
muecss B oTopouke L2, IIpu 3TOM HUKaKUX U3MEHE-
HUIT He TIpeTepIieBaloT.

B penkux ciayyasix B Kpucrajuiax KBapla oopasy-
FOTCSI TIPEUMYIIECTBEHHO T'a30Bbl€ YIJIEBOAOPOMHbIE
BKJIIOUEHMSI ¢ cooTHouneHueM ¢paz G > L1 > 1.2 u

JOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

G > L1 > L2 > SB. OHu gBASIOTCS BTOPUIHBIMU U
dopMHUpOBaINUCh 3a CYET MpHUPALICHUSI 00beMa Cy-
IIECTBEHHO XKMAKWX BKJIIOUYCHWI MPU BO3ZHMKHOBE-
HMU B CTEHKAX BaKyoJIeli CJenbIX TPELIMH BO BpEMs
HarpeBaHUSI—OXJIAXIEHUsI MCCIeayeMbIX 00pas3ioB
(puc. 1 o). Ha MukpoTepmMorpaMmax Takux BKIIIOUYe-
Ne 1

ToM 509 2023
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'

Puc. 3. MI/IKpoTepMOI‘paMMa CYHIECTBEHHO TIa3oBOIo YIJIEBOAOPOIHOIO BKIIOYEHHA C OOBEMHBIM COOTHOLIEHUEM ¢)a3

G>L1>L2.

HUI BHavajie Takxke HabJogaeTcs pacTBopeHue da-
36l XXUAIKUX YIJIEBOIOPOIOB B Ta3ze ¢ 00pa3oBaHUEM
nByxdasHoro ¢mouga (G > L1) npyu oTHOCUTETBHO
6o1ee Boicokoii Temmneparype (300—320°C) o cpas-
HEHUIO C MpeAblAylIuM ciaydaeM. JlanbHelilee 1mo-
BhILIEHWE TemIitepaTypbl 10 360—400°C npuBOIUT K

JOOKJIAIBI POCCUMCKOM AKATEMUU HAYK. HAVKU O 3EMJIE

Puc. 4. MukpoTepMorpaMma CyIieCTBEHHO YIJI€BOJIOPOIHOIO BKIIOUEHHUS C 00beMHBIM COOTHOIIeHUeM a3 L2 > L1 > G.

MOJTHOMY UCYE3HOBEHUIO BOAHOI ¢assl (L1) ¢ o6pa-
30BaHMEM T'OMOT€HHOTO ra3oBoro ¢maouaa (puc. 3).

B cyiiecTBeHHO yIi1eBOTOPOMHBIX BKITIOUYEHUSIX C
00beMHBIM cooTHolleHueM ¢a3z L2 > L1 > G npu
260—280°C B daze KUIKUX YIIEeBOAOPOAOB BHaYaje
ucuesaet razonBas dasza u (Jaoua CTAHOBUTCS IBYX-
ToM 509
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¢dazHbIM yriieBomopogHo-BogHBIM (L2 > L1). Hdanee
MpY TOBBIIIEHNH TeMmepatypbl 10 350—360°C Ha-
OJIIoIaeTCs TOJTHOE pacTBOpeHMe BOOHOM da3wl L1 B
daze L2 ¢ obpazoBaHMEM TOMOTEHHOIO YIJIEBOIO-
ponHoro ¢mounna (puc. 4). Bo BKiIoueHUM cocTaBa
L2> 11> G > L3 =SB Buauase (mo 200°C) Habm0-
JlaeTCsl paCTBOPEHME Karleslb YIJeBOAOPOIHOM (a3l
L3, 3arem raza (G) u BogHoii ¢a3sl (L1) B ocHOBHOM
obbeMe kxuakux yrieBomgoponaoB L2 (ITpunoxenue
puc. 17).

B memom BomHO-yIJIeBODOPOAHBIE BKIIOUEHUS B
JIPYIUX KpHCTaJIaX KBaplla, BbhIPAIllecHHBIX B OJIM3-
Kux TP-ycloBUSIX, TIpU HarpeBaHUM U OXJIAXKICHUU
BeIyT cebsI B 00mux yeprax aHajmornaHo (IIpuiozke-
Hue puc. 8—18). TeMmrepaTypbl MCUE3HOBEHUS U MO~
sBieHus ¢asbl Xkuakux (L2) u razoBeix (G) yrieBo-
JIOPOJIOB MPY TOMOTeHM3AllMM U TeTeporeHU3aluu
¢GIIIONA0B OTINYAIOTCS, KaK IPaBUIO, B IIpeaeIax oT
10 o 50°C. DTo cBSI3aHO C pa3IUYHbIM 3aII0JIHEHUEM
aBTOKJIAaBOB M HEOAWHAKOBOM HOJIE HE(MPTIHBIX yT-
JIEBOIOPOIOB B ICXOOHKIX pacTBopax. da3za TBepabIX
yrjieBonopoaoB (SB) Bo BKIIOUEHMSIX MPaKTUYECKU
He U3MEHSIeTCSI BO BpeMsI MUKpoTrepmomerpun. [1o-
BTOPHBIC HAarpeBaHUs W OXJaXJCHUS BKIIOUCHUIA
HEOOHOKPATHO BOCIIPOM3BOMISAT MX ITOBeneHue, da-
30BbIl COCTAB 1 COCTOSIHUSI, UTO CBUAETEIBbCTBYET 00
00paTUMOCTU U3y9a€MBbIX ITPOLIECCOB.

TakmMm 00pa3oM, 3KCIIEPUMEHTHI 10 M3YYEHUIO
¢dbopMUpOBaHUS XUIKUX U Ta30BbIX YTJIEBOAOPOIOB
MpU B3aUMOAEUCTBUU OUTYMMHO3HBIX MOPOMA U Chl-
poit HeTU ¢ TUIAPOTEPMATILHBIMU PACTBOPaAMU MO3-
BOJIVJIM OMHO3HAYHO OINPEACIUTh FeTepOreHHOe COo-
CTOSIHHME BOJHO-YIJIEBOJOPOAHBIX (DJIIOUIOB Ha Ma-
JIBIX, CPENHUX U OOJNBIINX ITyOMHAX 36MHBIX TOJIIII.
OTO 0COOEHHO OTYETJIWBO BUIHO Ha MUKPOTEPMO-
rpamMmax, IoJlydeHHBbIX TPU OTHOBPEMEHHOM CheMKe
GIONIHBIX BKIIOYEHUN ¢ 3aXBaYEHHBIMU XUIAKU -
MU M Tra30BbIMU yIyieBogopoaaMu. B To ke Bpems
SKCMEPUMEHTHI MOKa3bIBAIOT, YTO TIPU TEMIIEPATY-
pax mopsaka 380—400°C u comepxaHuu HedTHU
no 10 1 6osee 06. % MonOGHbIC BKIIIOYSHHSI TOCTHUTA -
IOT TOMOTEHHOTO cOCTOsIHUS. OIHAaKO B MPUPOIHBIX
YCJIOBMSIX €111€ HU B OMHOM HedTera3oBoM OacceiiHe
MHUpa Takue TeMIepaTypbl U COOTBETCTBYIOIIIME UM
TOMOTEHHbIE COCTOSIHUSI BOIHO-YIJIEBOJOPOIHBIX
GIONIOB yCTaHOBJIEHBI He ObLIHN. IToydeHHBIE DKC-
reprMeHTallbHble JTaHHbIE MOATBEPXKIAIOT, YTO MPU
COXpaHEHUM TeMIIepaTypHOU YCTOWUUBOCTU HedTHU
(450—550°C) B mpupoae MOTryT ObITh OOHAPYKEHBI
YCJIOBUSI, OTBEYaloIle TOMOTEHHOMY M JlaXke Haj-
KPUTHUUYECKOMY COCTOSIHUIO (QJIIOUIOB. DTO JOJIKHO
CocoOCTBOBATh Pa3BUTHUIO TEOPUU MTPOUCXOXKACHUS
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KUAKWX Y Ta30BBIX YIJIEBOIOPOJIOB, a TaKXKe yCTelll-
HOMY TTOMCKY M pa3BenKe IITyOUnHHO HedTH.
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HETERO- AND HOMOGENEOUS STATES OF HYDROCARBON FLUIDS
IN THE EARTH’S INTERIOR (FROM THE DATA OF THE STUDY
OF SYNTHETIC FLUID INCLUSIONS)

V. S. Balitsky*#, T. V. Setkova¢, L. V. Balitskaya’, M. A. Golunova“c, T. M. Bublikova“,
I. N. Plotnikova®, and Academician of the RAS L. Ya. Aranovich®¢

D.S. Korzhinskii Institute of Experimental Mineralogy of the Russian Academy of Sciences,
Chernogolovka, Moscow region, Russian Federation
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¢Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry of the Russian Academy of Sciences,
Moscow, Russian Federation
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We performed the experimental study combined with in situ investigations of the phase composition and
states of water-hydrocarbon fluids in synthetic inclusions in quartz. Thermometric data indicating of hetero-
geneous state of fluids at shallow, medium and large depths of oil and gas strata were determined. It has been
shown that even at depths up to 10—12 km at temperatures of 250—290°C, water-hydrocarbon fluids with an
oil content of 10 or more vol. % retain a heterogeneous state. Homogenization in such fluids, as have shown
experimentally, is achieved at temperatures above 380—400°C only. However, such temperatures have not yet
been detected in any of the real oil and gas basins of the world. The results of performed study allow predict
the future discovery of homogenous oil and other hydrocarbon deposits.

Keywords: oil, petroleum hydrocarbons, water-hydrocarbon inclusions, hetero- and homogeneous fluids,
quartz crystals, solid bitumen, bituminous rocks, experiment, supercritical fluids
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