ISSN 2687-0312 1(36) 2022

AKTYAJIbHBIE NPOBJIEMBI
HE®PTU UTA3A

HE}\“-lHIJE ceTepoe H3paHMe
MHCTUTYT npo6nem Hed)TH M ra3sa PocCUMHACKOM aKageMMHMM HAYK

K 85-nemuro akademuka PAH
A.H. lMmumpueeckozo

ACTUAL PROBLEMS OF OIL AND GAS

Scientific online journal
0il and Gas Research Institute of the Russian Academy of Sciences



HayuHoe ceTeBoe uapaHue

9n Ne @C 77-67021

AKTYAJbHbLIE NMPOBJIEMbI HE®TU U TA3A

Hay4yHoe ceTeBoe M3aHne «AKTyasbHble Npobaembl
HedTV 1 rasa»* nsgaerca ¢ 2009 r.

Yupeautenb uspanuna — degepanbHoe
rocyapcTBeHHOe BroXeTHoe yupexkaeHue HayKu
NHCTUTYT Nnpobnem HedTH 1 raza PAH

TnaBHbI pepgakTop

A6ykKoBa Jleiina A3peToBHa — 4. I.-M. H., UMHI PAH,
Mocksa, Poccusa

PepaKUMOHHDIN coBeT

Amutpuesckuii A.H., akagemuk PAH, UMHT PAH,
Mocksa, Poccusa

A6aynnaes I'.C., 4. r.-m. H., AO «UITUPHUTM», TalWKeHT,
Y36ekucTaH

BorosasneHckuii B.WU., un.-kop. PAH, UMHT PAH,
Mocksa, Poccusa

Ipuropbes B.A., un.-kop. PAH, «Fasnpom BHUUTA3»,
Mocksa, Poccusa

Epmunos 0.M., akagemuk PAH, AAmano-HeHeukuii
dunman UHIT CO PAH, TiomeHb, Poccua

KoHTtoposuu B.A., un.-kop. PAH, UHIT CO PAH,
HoBocnbupck, Poccus

MaxHau A.A., akagemuk HAH PB, PYIN «HayuHo-
NPOU3BOACTBEHHbIN LEHTP NO reonorum», MuHcCkK,
Benapycb

Canasaros T.W., un.-kop. AsHAH, Ar'YHI, baky,
AszepbaiigykaH

Ckopoboraros B.A., 4. r.-m. Hayk, OO0 «[asnpom
BHUWUIA3», Mocksa, Poccua

PepakumnoHHasa konnerusa

3akupos 3.C., 3am. rN. pegakTopa, 4. T. H., UMHI PAH,
Mocksa, Poccusa

baranosa M.H., k. T. H., UMMTHI PAH, MockBa, Poccua
BatanuH O.10., K. ¢.-m. H., UMMHT PAH, Mocksa, Poccus
EpemuH H.A,, a. 1. H., UTTHT PAH, Mocksa, Poccua
KosaneHko K.B., g. r.-m. H., UIMHI PAH, Mocksa, Poccua
Ky3uH A.M.,, K. r.-m. H., UTHI PAH, MockBa, Poccusa
MoaHek B.3., K. ¢.-m. Hayk, UMHI PAH, Mocksa, Poccus
CenusepcroBa M.E., 3aB. peaakuueit, UMHI PAH,
Mocksa, Poccus

CymuH A.M., K. 10. H., UIMHI PAH, Mocksa, Poccua
LWycrep B.J., 4. r.-m. H., UTTHI PAH, Mocksa, Poccua
Pepakuua

Cenusepcrosa M.E., Yurapes B.b., fauko T.I.
Appec pepaKkumnm:

119333, Pd, Mocksa,

yn. TybkuHa, 4. 3

Ten. pepakumm: +7(499)135-71-81, +7(499)135-60-51
E-mail: oilgasjournal@ipng.ru

CBuaeTenbcTBO 0 pernctpaumm 3n Ne dC77-67021

oT 16 ceHTabpa 2016 roaa.

W3paHne oTKpbITOro focTyna.

Bce cTaTby peleH3upyroTea u nybankytoTca becnaaTtHo.
MeproanyHOCTL BbINYCKa U34aHuUA — 4 pasa B rog.

Caitt: http://oilgasjournal.ru/index.html

WU3paHune nHaekcupyetca 8 PUHLL.

BxoauT B MepeyeHb peLeH3npyemblx HayuHbIX M3aaHuii BAK.

*Mpegplaylee HazBaHue — «[eopecypcbl, reosHepreT1Kka,
reonosnTuKa», ceua. o per. 3n Ne dC77-36038 ot
23.04.2009 r.

[uzaitH 06n10xkKK: M. Cennepcrosa
doTo 065103KKM: K3 apxmBa OO0 «lasnpom BHUMTA3»

ISSN 2687-0312
CoaeprkaHue 1(36) 2022
OT peAaKLUOHHOM KOA/Nerumn
KYpHa/a «AKTya/IbHble Npo6/1embl HepTH 1 rasa»
K 85-n1eTuto akagemumka PAH
AHaTO0/MA HMKonaesn4ya AMUTPUEBCKOro 3

JKCnepMMeHTa/IbHbIE U TEOpeTUYECKUE UCC/1eA0BaHUA
TepMOAMHAMNYECKMX CBOMCTB U (a30BbIX NpeBpaLLeHuit
YB cmeceit

Kyaukos B.4. MccregosaHue noBegeHUA OTHOCUMTE/IbHOrO
o6bema xungroi Gasbl U ero NpoM3BOAHON MO AAB/NEHUIO
Ha M30TepMax 1 NOrpaHUYHOW KpMBOW BUMHApHOM cmecK

B pPaMKax TEOpUM CKeM/INHra

HoBble MeTOAbl M TEXHO/IOMMU U3YYEHUA
reo/iorMyeckoi cpeAbl HepTerasoHOCHbIX 6acceHoB

BoskoB /1.C. BO3MOXHOCTH KO/IMHECTBEHHOM MHTeprpeTaLum
Pe3y/bTaTOB CMEKTPa/IbHOM AEKOMMO3ULUK
cecMmnYecKmx ganHoix MOIT-3D

CypHaués A.B., Ckubnykas H.A., Unapynckuii U.M.,
Bosbliakos M.H. OueHKa cogeprkaHuA U COCTaBa XUAKUX
yrn1eso04,0p0A0B MaTPUYHOM HedTH B ra30BOM YacTh
NPOAYKTUBHBIX OT/I0XKEHMI HepTerasoKOHAEHCATHbIX
MeCTOPOXKAEeHUI Ha NpuMepe ByKTblIbCKOro
HedTerasoKOHAEHCATHOrO MEeCTOPOXKAEeHMA

Mpo6/1embl cTpaTerMyeckoro nJAaHMpoBaHUsA
B HedpTerasoBoi oTpac/im

Chigarev B.N. Research trends in Petroleum Engineering Field
of Study in 2016-2021 by The Lens data

MH)KeHeprle 3aMeTKHU

TynbiceB M.K. OcobeHHOCTH onpegesienna gedpopmaLMOHHBIX
XapaKTepPUCTMK FOPHbIX NOPOy, M/1aCTOB NPOAYKTUBHbIX 3as1exXei

LUyneiikuH B.H. YTO4YHEeHUe MOgeu CBA3eN eTy4nx ra3oB
MOYBEHHOr0 BO34YyXa, PagoHa n aTMocdepHoro
3/IEKTPUYECKOro no/A

UHcTUTYT Nnpobiem HedTH U ra3a Poccuiickon akagemumn Hayk, Mocksa, 2022

25

42

66

920

98


mailto:oilgasjournal@ipng.ru
http://oilgasjournal.ru/index.html

Scientific online journal

El Ne FS 77-67021

ACTUAL PROBLEMS OF OIL AND GAS

Scientific online journal Actual Problems of Oil and Gas.*
Published since 2009

Founder: Oil and Gas Research Institute of the Russian
Academy of Sciences (OGRI RAS)

Editor-in-Chief

Abukova Leyla A. - D.Sc. (Geol.-Mineral.), OGRI RAS,
Moscow, Russia

Editorial Council

Dmitrievsky A.N., Academician of the RAS, OGRI RAS,
Moscow, Russia

Abdullaev G.S., D.Sc. (Geol.-Mineral.), IGIRNIGM LLC,
Tashkent, Uzbekistan

Bogoyavlensky V.I., Corr. Member of the RAS, OGRI RAS,
Moscow, Russia

Grigoriev B.A., Corr. Member of the RAS, Gazprom
VNIIGAZ LLC, Moscow, Russia

Ermilov 0.M., Academician of the RAS, Yamal-Nenets
Division of IPGG SB RAS, Tyumen, Russia

Kontorovich V.A., Corr. Member of the RAS, IPGG SB
RAS, Novosibirsk, Russia

Makhnach A.A., Academician of the NAS of Belarus,
Scientific-Productional Centre for Geology, Minsk,
Belarus

Salavatov T.Sh., Corr. Member of the NAS of Azerbaijan,
ASOIU, Baku, Azerbaijan

Skorobogatov V.A., D.Sc. (Geol.-Mineral.), Gazprom
VNIIGAZ LLC, Moscow, Russia

Editorial Board

Zakirov E.S., Deputy Editor-in-Chief, D.Sc. (Eng.), OGRI
RAS, Moscow, Russia

Baganova M.N., Ph.D. (Eng.), OGRI RAS, Moscow, Russia
Batalin O.Yu., Ph.D. (Phys.-Math.), OGRI RAS, Moscow,
Russia

Eremin N.A., D.Sc. (Eng.), OGRI RAS, Moscow, Russia
Kovalenko K.V., D.Sc. (Geol.-Mineral.), OGRI RAS,
Moscow, Russia

Kouzin A.M., Ph.D. (Geol.-Mineral.), OGRI RAS, Moscow,
Russia

Podnek V.E., Ph.D. (Phys.-Math.), OGRI RAS, Moscow,
Russia

Seliverstova M.E., Managing Editor, OGRI RAS, Moscow,
Russia

Sumin A.M., Ph.D. (Law), OGRI RAS, Moscow, Russia
Shuster V.L., D.Sc. (Geol.-Mineral.), OGRI RAS, Moscow,
Russia

Editorial Staff

Seliverstova M.E., Chigarev V.B., Datsko T.G.

Editorial address:

3, Gubkin Street, Moscow,

Russian Federation, 119333

Phone: +7(499)135-71-81, +7(499)135-60-51

E-mail: oilgasjournal@ipng.ru

Registration certificate El No. FS77-67021
from 16 September 2016.

An open access journal.

No fee for publication and for peer-review.
Publication frequency: 4 issues per year.

Site: http://oilgasjournal.ru/index.html

Indexed in the Russian Science Citation Index.
Approved by the Higher Attestation Commission.

*Previous tittle — Georesources, Geoenergetics, Geopolitics
reg. sert. El. No. FS77-36038 from 23.04.2009.

Cover design: P. Seliverstova
Cover photo: from the archive of Gazprom VNIIGAZ LLC

ISSN 2687-0312
Contents 1(36) 2022
From the Editorial Board
of the journal Actual Problems of Oil and Gas
On the 85 anniversary of the Academician of the RAS
Anatoly N. Dmitrievsky 3

Experimental and theoretical studies of thermodynamic
features and phase behavior of hydrocarbon mixtures

Kulikov V.D. The study of the behavior of the volume fraction
of the liquid phase and its pressure derivative on isotherms
and dew-bubble curve of a binary mixture in the framework
of scaling theory

New methods and technologies of studying the geological
environment of oil and gas bearing basins

Volkov D.S. Quantitative interpretation capabilities
of the spectral decomposition of 3D common
depth point seismic data

Surnachev D.V., Skibitskaya N.A., Indrupskiy I.M.,
Bolshakov M.N. Assessment of the content and composition
of liquid hydrocarbons of matrix oil in the gas-saturated part
of productive deposits of oil and gas condensate fields:

the case of the Vuktyl oil and gas condensate field

Strategic planning issues of oil and gas industry

Chigarev B.N. Research trends in Petroleum Engineering Field
of Study in 2016—-2021 by The Lens data

Notes in engineering

Tupysev M.K. Determination of deformation characteristics
of rocks of productive reservoirs

Shuleikin V.N. Refinement of the model of relations between
volatile gases of soil air, radon and atmospheric electric field

Oil and Gas Research Institute of the Russian Academy of Sciences, Moscow, 2022

25

42

66

90

98


mailto:oilgasjournal@ipng.ru
http://oilgasjournal.ru/index.html

AKTyanbHble npobaembl HedTH U rasa. Boin. 1(36) 2022

http://oilgasjournal.ru

K 85-netuio akagemuka PAH

AHatonma Hukonaesn4ya imnutpmuescKoro

Kanenoapw, npusviuno omcuumuigas Ouu, npubaudxicaem Hac Kk 85-nemuemy woounero AHamonus

Huxkonaesuua ,ZZMumpuegckoeo — yenoeekda, 4v: Cy()b6(l HEpA3pPvbIBHO C6A3aHA C omeyecmeeHHOU

2eosoauetl, ¢ HenpocmuiMuy 3a0avamu u OoavumMu nobedamu Hedhpme2azo8ou UHOYCPUU CIMPAHbL HA

npomsioicenuu bonee uem nojyeexkda.

© doto n3 apxusa 000 «lasznpom BHUNTA3»

Kutp  OompIIMMH  Ma3KaMH  CTajlo
NpUBBIYHBEIM 11 AHatonus HukonaeBuya c
MoJ010cTH. TlociieBOEHHBIE FOHOIIECKHUE TOMIbI
OBIIM CBS3aHBI C AaKTHUBHOW OOIIECTBEHHOM
JIeSITENIBHOCTRI0O B Ka4eCTBE KOMCOMOJIBCKOTO
BOXKaKa, 3aTeM — C M3YYCHHEM M OCBOCHHEM
HEe()TETa30HOCHOCTH  Pa3iIUYHBIX  PETHOHOB
Poccun.

B cwiy crnoxuBinerocs xapakTtepa Bce,
gyto HU nenan, A.H. JMuTpueBckmii HaumHAI
C HyId W JAOCTHran OOJNBIIMX  BBICOT.
[octynus B 1956 r. B MockoBckuil HedTsaHON

uHctutyT (HpiHe PI'Y  Hedtm wu  rasa
(HNY) wum. WM. T'yOkuna), npormen IyTh
oT CTYJIEHTA, acIHUpaHTa, CTapuIero
nperosaBarens, JOIeHTa a0 mpodeccopa,
3aBenyromiero kadeapoit. Becbma ycmemHo
paboTas TPOPEKTOPOM CBOEH anbMa-maTep.
B  yHuBepcutere W celyac  TOMHAT
LEeNbli psA WHULMATHB, HAINpaBJICHHBIX Ha
pe3koe  TOBHINIEHWE YpOBHS W oObema
MIPOBOINMBIX HayYHBIX WCCIIETOBAHMA,
MPOAYMAHHBIX W pEAJM30BaHHBIX AHATOIHEM

Huxkonaesuuem.
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Hayky roOwisip TOTIOOMI CTYAEHTOM.
3aHMMa’cs el YBIEYEHHO W C MOJHOH
otnaueil. Hayunble ycmexu HapacTtaim H, Kak
CIEJICTBUE, YK€ depe3 TMiATh JeT Iocie
3aBepumieHnss oOyueHuss B BY3e B 1966 T.
Obula 3amMIIeHa KaHIUAATcKasl JuccepTalus,
yyTh To3%ke, B 1980-Mm, JIOKTOPCKasl.
OcHOBam ™ pa3BWI HECKOJNBKO HAyYHBIX
HampapieHud. UMx  TemaTuyeckuit  paszmax
IIAPOK W CYIIECTBEHHO BBIXOAWUT 3a PaMKH
KJIACCUYECKOW TEOJIOTHH, OXBAaThIBas BOMPOCHI
ecTecTBO3HaHUs B 1eioM. K HHM, kK mpumepy,
OTHOCSITCSI CHCTEMHOE JBIKEHHE MAaTCpHH,
ABTOBOJIHOBAasi ~ KOHIEMIMUS  JHEPreTUKH H
OUHAMHUKH 3eMIId, KBaHTOBas TI'eOJWHAMHUKA,
MOJIUTEeHe3 He()TH W Ta3a | JAp. 3a JOCTUTHYTHIC
Hay4JHBIe JocTkeHus B 1987 romy AHaTonwmii
Hukomnaeswma OBLI n30pan YIIEHOM-
koppecniongeatom AH CCCP, B 1991 r. —
akajeMUKoM Poccuiickoil akaleMuu HayK.

Ocoboe MECTO B cyns0e
A.H. JIMuTpueBckoro - 3aHMMaeT  OTKPBITHE
B 1987 r. MHcTtuTyTa mpobnem HedTH U Taza
(UITHI' PAH) - m0puHOMIIMATBHO HOBOTO
HAyYHOTO YUYPEXKACHHs, COYETaIoero B cebe
MPEUMYIIEeCTBA BY30BCKOM M aKaJeMHYECKOU
HayKH. DTO OBIJIO OTBETOM Ha BBHI30BBI BpEMEHH.
K koniy 80-x romoB B He(TSHOW M ra3oBOU
NPOMBIIIIJIGHHOCTH ~ COBEPIICHHO  OYEBHJIHO
Haszpelna HEOOXOAMMOCTh CKOpeiero BBOjA
HOBBIX,  OTJMYHBIX  OT  TPAJAUIUOHHBIX,
TEXHOJIOTHA OCBOCHHUS TPYAHOU3BIEKAEMBIX
pecypcoB HehTH W Taza. TeXHOJIOTHYECKUI
OpopeiB, B  CBOIO  ouepeldb,  TpeboBal
pa3BUTUS HOBBIX  HANpaBIEHUH  HAy4HOTO
aHalM3a YCIoBUH HedTerazoo0pa3oBaHus U
HeTera3oHaKOIUIEHUSI Ha OOJIBIIMX TIyOHHAaX.
B asro Bpemst ObUIM 3allOKEHBI OCHOBBI U B
JaNbHEWIIeM  YCIENIHO  Pa3BUThI  TaKHe
HAay4YHbIC HANpaBJIICHUS, KaKk HEIWHEWHas
OUHAMUKa TEOJIOTHUECKOM cpeabl, Hedre-

ra3oBas I‘CO(i)J'IIOI/II[OI[I/IHaMI/IKa, HUCCIICJOBAHUC

9HEPTOCTPYKTYPHI 3eMJIH, TAaCCUBHAsI CEHCMHUKA,
THIPOTEPMOANHAMHUKA YIJI€BOAOPOAHBIX
cucteM; (GUINKO-XUMHUSI M THIPOMEXaHUKa
YTICBOAOPOIOHACHIIICHHBIX TOPUCTBIX  CPe;
TEOpHs, METOAbl W TEXHOJOTMH W3BICUCHHS
YIJIEBOJIOPOIOB u3 Heap; 9KOJIOTHSA
He(TEra3oBbIX NMPUPOAHO-TEXHOTCHHBIX CHUCTEM
U T.1. OTU ¥ pAA IpyTUX HAY4IHBIX HalpaBieHUN
COCTaBHJIM OCHOBY (pyHIAMEHTAJIbHOTO Oa3rca
HOBBIX TEXHOJOTMH TIIOMCKa, pa3BeIKU U
pa3paboTKH MecTOopoXxaAeHH HedTH U rasa.
Heo6xomumo ObIII0 HaliTH HOBBIE BO3MOXXHOCTH
JUIL PAacUIMPEHUs] CHIPheBOW 0a3bl, MOBBIIICHHS
3G PEKTUBHOCTH TIOMCKOBO-Pa3BEeIOYHBIX paboT
pecypcos.
A.H. IMuTpueBCKUN OAHUM W3 HEPBBIX OLICHUI

U OCBOGHHA  He(]pTerasoBbIX
3HAUYEHUE DPA3BUTHUsSI HAYYHBIX HCCIICIOBAaHUH B
obnmactn (QyHIAMEHTANBHBIX, IIONCKOBBIX H
MPUKIIATHBIX pabor, MPUMEHEHUS
WHHOBAIIMOHHBIX TEXHOJIOTHH B HE(TIHOH H
ra3oBO MPOMBIIUICHHOCTH, B TOM YHCIE
1 poBoit
oTpaci,

MoJepHH3auu  HedrerazoBoi

BOJIOPOJHOM 9HEPreTHKH,
9KOJIOTH3aliM HEe(TEra3oBoro MpOU3BOJICTBA.
Bce 3Tu HampaBieHUs! YCHELIHO pa3BHUBAIOTCS B
WITHI" PAH.

B 2010 r. nox pykoBOACTBOM AHATONUS
Hukomnaesnua JImutpuesckoro B UIIHIT PAH
BBIIIIE] [IEPBBIA HOMEP AJIEKTPOHHOTO HAYYHOTO
KypHaa «I"eopecypcsl, reodHepreTrka,
TeOMOMUTHKA», KOTOPBIN H3AaeTCsl U CETrOAHs
0[] Ha3BaHUEM «AKTyalbHbIe IPOOIeMbl HeDTH
U Tazay.

Boree 50 nmer A.H. JMutpueBckuii
BBITIOJIHSIET HAYYHO-TIPAKTUYECKUE pabOTHl MO
pean3anyy pernoHabHBIX MPOEKTOB OCBOEHUS
pecypcoB.
M3BECTHOCTh TMONYYWJIM €ro paboTel 1O

He(Tera3oBbIX [Iupoxyro
n3ydeHuto HedrerazonocHoctu [Ipukacnuiickoi
BraauHel, Bocrounoit Cubupm, Skyrtum,
Kpaiinero CeBepa, KOHTHHEHTAIBHOTO IIejib(da

Poccun.
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Becr HakOIJIEHHBIA ONBIT  IO3BOJIMJ
akamemuky A.H. JMutpueBckomy paspabotathb
pPeCypCHO-MHHOBAIIMOHHYIO CTpaTeruio
pazBuTHs HSKOHOMHKKM Poccun. DT0 cTano
BOXHON BEXOH JCATEIBHOCTU IO PEIICHUIO
CTpaTernYeCKUX pooIeM YKPEIUICHHUS
WHAYCTpUANbHON 0a3bl cTpaHbl. [Ipenmaraemsbrii
MONX0J] OOOCHOBBIBAET  KIIFOUEBYIO  pOJIb
(byHIaMEHTATBEHBIX " TIPHUKIIATHBIX
WCCIIEIOBaHNH B He(PTEra3oBOM KOMIDIEKCE,
BHEJpEeHUE BBICOKO?()()EKTHBHBIX

OTEUYECTBEHHBIX TEXHOJIOTUI 1y OOKOM
nepepaboTKH  YIIEeBOAOPOIHOTO  CBHIPbS  JUIS
HapalMBaHUs SKOHOMHMYECKOTOo IOTEHLHANa
M CO3[MaHWsl WHHOBAIIMOHHON  SKOHOMHUKH
Poccun.

JIuaHO W B COABTOPCTBE OITyOIMKOBAHO
oonee 900 nHayuHbeix paboT, B TOM umcie 54
MoHorpahuu u 14  yd4eOHBIX  MOCOOUH,
3aMaTeHToBaHO 59 u300peTeHuil, OTKphITO 12
HE(TAHBIX M  Ta30BBIX  MECTOPOXKICHHIA,
MOATOTOBIIEHO 19 MOKTOPOB M KaHIUIATOB HAYK.

B nacrosimee Bpemsa A H. JImutpueBckuit
SBIISIETCS. PYKOBOJUTENIEM TOCYJIapCTBEHHBIX
JKCIIEpPTH3 Hamboyiee 3HAYMMBIX IIPOEKTOB
He(TSHOW ¥  Ta30BOH  MPOMBIIUIEHHOCTH
Poccun. ITo ero NPEATIOKEHUIO
pa3pabaTbiBaeTCsl MporpaMMa, IMO3BOJISIONIAs Ha
OCHOBE ITOCJICTHUX JOCTHKEHUI OT€UEeCTBEHHOU
(GyHIaMEHTAJIbHOW HAyKH NPOJIUTH  CPOK
ciyk061 70% MarucTpaabHBIX Ta30MMPOBOJIOB HA
12-15 ner.

A H. JIMUTpHEBCKHI TPUHUMAJ aKTUBHOE
ydqactTie B pa3paboTke  DHEPreTHYECKOM
crparerun Poccun na mepuox mo 2020 ropa,
B MEXTyHAPOTHBIX COBEIIAHMIX o
sHepreTuueckor OezomacHocT Poccum u ctpan
CHI', B Poccuiicko-AMEpUKaHCKUX JIEIOBBIX
cammutax (XwtoctoHn, CIIA, 2002; Cankrt-
ITerepOypr, 2003), B MOATOTOBKE MaTepUAIIOB H
PEKOMEHIAINI K TPOBEICHUIO0 KOH(EpPEHIHNA H

COBGH_IaHI/Iﬁ B paMKax 3HEProanuaioroB: Poccus

— EC, Poccust — CIIIA, B pa3paboTKe CTpaTeTuu
Poccum B cCBSI3M C TpoOBeneHHWEM BCTPEUH
pyKoBoaHUTENEeH BOCBMH BEAYLIMX TOCYAapCTB
mupa B utoiie 2006 rona B Cankrt-IleTepOypre u
MOJTrOTOBKE POCCHHUCKUX WHHUIMATHB B 00JACTH
ro0abHON SHEPreTHIecKor 6€30MacHOCTH.
Axagemuk PAH A.H. JImutpueBckuit
MPOBOAUT OOINBIIYI0 OOIIECTBEHHYIO padoOTy B
Pa3IMYHBIX TIPABUTENbCTBEHHBIX COBETaxX M
KOMHUCCHSIX, OOINECTBEHHBIX  OpraHU3aIUsIX
Pocculickoii akaneMuu HayK U MEKIyHapOAHbBIX
KOMUTETax, SIBIIAETCS JKCIIEPTOM 11
HAIlMOHAJBHBIX  CTAHAApPTOB  HEe(QTIHOH U
razoBoi MMPOMBIIIIJICHHOCTH, YJICHOM
PEAKOJUIETHA MHOTHX HAYYHBIX JKypHAJIOB W
SHIMKJIONEANH, TOYETHBIM JOKTOPOM HAyK H
JIEACTBUTENHHBIM WIECHOM Ds/ia OOIIECTBEHHBIX
aKaJIeMH.
AH. -

locynmapcrBennoit npemun  CCCP  (1986),

JMurpueBckuii Jlaypear
INocynapctBennoii npemuu PO (1998); mpemun
[IpaBurensctBa P® (2002), mpemun HTO
HE(PTSIHOW U ra30BOM MPOMBILIICHHOCTH UMEHU
akamemuka W.M. [D'yokumna (1982); npemun
OAO «I'azmpom» (2010); mpemun PAH nmenn
UM. TI'y6kuna (2010); npemwuii: «3omoToit
POCHUHI'-2005», wumenu A.H. Kocrwiruna,
umenu H.K. Baitbaxosa. Harpaxnen 3os0toii
Menaneio AnpOepra DifHmTelHa «3a pa3BUTHE
Hayku», 3oi0Toil Mmenaispto B.I'. IlyxoBa «3a
OO0JIBIION BKJIAJ B pa3BUTHE WH)KEHEPHOW HAyKU
U TexHuku», meaanepio [L.JI. Kanuupsl «ABTOpYy
HAYYHOTO OTKPBITHS.

Harpaxnaen opaenamu «3a 3acityru nepen
OteuectBom» IV crenenn (2011), «dpyxObt
HapomoB» (1980), opmenom Ilouera (1998),
Menanpio  «3a  gobsaectHeiid  Tpym»  (1970).
A.H. IMuTpueBCKOMY  TPHCBOEHBI  3BAHMUS:
«IloueTHpIit paboTHUK ra3zoBoi
NpOMBIIIEHHOCTH», «IlodeTHBI HePTAHUKY,
«IloyetHerii pasBeguuk Heap», «llodeTHsli

pa6OTHI/IK HAYKU U TCXHUKU.
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Ceo#i roOuneit Amnarommit HukomaeBmu
BCTPEYaeT B KaUECTBE HAYYHOTO PYKOBOAMTEJIS
co3naHHoro uMm MHctutyTa mpobiem HedTu U
raza PAH u He MOXeT He TOPAWUTBHCS CBOMM
JETHIIEeM, a8 KaKIbIH COTPYAHUK MHCTHUTYTa HE
TOPIUTBCA TEM, YTO K €ro MmpogeCCHOHANBHON
cynpbe mpuuacteH AHartonmuii HukomaeBma —
YEeJIOBEK HCKPEHHUN M OT3BIBYMBBIN, MYyZIpbId

COBCTYHK U TCpHCJ’II/IBHﬁ HaCTaBHHK.

IOOunen mpuxomar W yXomsdT, a XHU3HBb
MPOJIOJKAETCS, B HAYKE OHA HANPSMYIO CBsS3aHa
¢ OECKOHEYHBIM TIOUCKOM UCTHHBEI. [loTOoMy
s)kenaeM Bam, moporoit Anaronuit Hukonaesuy,
MHOTHX JIeT TJI0JJOTBOPHOM Hay4YHOH
JIeSATCIbHOCTH, HOBBIX UJEH M UX BOILIOIICHUI!
XKemaem Bam 3m0poBbsi, Onaromomydwst BCeM
yieHaM Bamel 3amMedaTeabHOM CEMBH, TIe

nmoApacTacT 4Y€TBEPTOE ITIOKOJIICHUC reoJIOroB!

Om umenu xoxnexmuea UITHI PAH,

PeOaKYUOHHAS KOALe2Us JHCYPHANA «AKMYanibHble npobaembl Hedhmu u 2azay
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UcchepoBaHue noBeaeHUs OTHOCUTE/IbHOTO 06bema XKUAKOIM
¢$a3bl n ero NponM3BoOAHOI NO AABNEHUIO HA U30TEPMAX

M NOrpaHUYHOU KpMBOi BMHApPHOU cmecn

B pPaMKaX TEOPUU CKEMIMHra

B.A. Kyaukos
UHcTuTyT Nnpobnem HedTn 1 rasa PAH, r. Mocksa, Poccus
E-mail: kulikov@ipng.ru

AHHOTauuA. B pamkax GAyKTyauuoHHON Teopuu ¢a3oBbiX NepexofoB (Teopun CKensnHra) u
NPUHUMNA M30MOPPU3MA KPUTUYECKUX ABJIEHUIA MNOJYYEHO NPOCTOE aHa/UTUYECKOe BblpaxkeHue
ONA OTHOCUTEeNIbHOro obbema uakoh ¢asbl v, B AByxdasHoM obnacth M ero npPou3BOAHOM
no pasneHnto (0vi/OP)rx B OWHApHOM CMecM Ha WM30TEPMax W Ha MOrPaHUYHON KPUBOM
B OKpecCTHOCTU KpMTMHECKOVI TOYKU XKUAOKOCTb—Tas3. B rnasHom I'IpVI6l1VI)K€HVIVI ana mnccneapyemblix
BE/IMYMH MOJIyYEeHbl BblpaXKeHWsa, 3aBUCALLME ABHbIM 06pasoM OT JaBJeHWA MNpU MOCTOSHHOM
TeMnepatype, a TaKKe BbIpParkeHue Aaa 3ToM MPOU3BOAHON Ha MOrPaHUYHON JIMHUM CMECM.
B OKpPECTHOCTM KPUTMUYECKOM TOUKM KUAKOCTb—Ta3 OblJ0 YCTAHOB/NEHO MPOCTOE COOTHOLUEHUE MeXAay
WHTEHCUBHOCTbIO paccesHusa cBeta M npoussoaHon (0vi/0P)rx Ha NOrpaHWYHOM KPMBOMN BUHAPHOM
cmecu.

KnioueBble cnosa: KPUTNU4ECKaAa TOYKa MXWUAKOCTb—Ta3, TeopuA CKeWNNHra, YHUBEpCa/sibHblE
KpnUtnyeckmne WuHAEKCHI, 6VIHapHaFI CmecCb, norpaHm4Haa KpusaAd, obbemHas aona )KMLI,KOVI ¢a3bl,
MHTEHCUBHOCTb pacceAHnNA CBETa.

Ona ymutuposaHua: Kyaukos B.[. WUccnepoBaHue noBeaeHWa OTHOCMTENIbHOTO 06bema KUAKOM
$asbl U ero NPoM3BOAHOM NO [AB/MEHUIO HA M30TEPMAX W MOFPAHUYHOMN KpPUBOM OUHAPHOM cmecu B
pamkax Teopuu ckelnuHra // AKTyanbHble npobnembl HedpTm M rasa. 2022. Boein. 1(36). C.7-24.
https://doi.org/10.29222/ipng.2078-5712.2022-36.art1

33[13‘13 OIICHKHW KOJIMYCCTBaA BBIIIABUICTO KPHUTUYCCKUX TOYCK GKHIKOCTb—Ta3» 10

KOHJCHCATAa  MPU  MEPECCYCHHH  IPAHMIIBI TeMIeparype, AaBienuo u miotoctn 1, (X),

obnmactn  AByX(a3HOro COCYIIECTBOBAaHHS B
P(X) u p.(X) cMecu HenpepbIBHBL

JIOCTaTOYHO HIMPOKON OKpECTHOCTHU
KPUTUYECKOM TOYKH KXHMIKOCTb—Ta3 COXpaHIeT Cmech mmeer ¢aszoByro amarpammy |-ro tumna
CBOIO aKTyalbHOCTh. Hambonee MHTEpecCHBIM ¢ [1]: HauMHasCh B  KPUTHYCCKOW  TOUKE
MPaKTUYECKOM  TOYKM  3pEHUS  SIBISIETCS HEPBOTO KOMIIOHCHTA, 9TH JIMHAA
JBIKEHWE I1I0  M30TepMaM B  obmactu 3aKaHYMBAIOTCS B KPUTHYECKOHM  TOYKE
pPETPOrpaHOil KOHAEHCALMU YIJIEBOJAOPOIHOMN BTOPOIo KOMIIOHEHTA. Temneparypa
CMeECH. M30TepPMBbl HAaXOJUTCS B WHTEPBAJE MEXIY
PaccMoTpuM 11 TIPOCTOTHI OMHAPHYIO KPUTUYECKOM Temmeparypoir cmecu T¢(X) u
CMECh C MOJISIPHOM KOHIIEHTpPAIMEN TSHKEJIOro TEMIIEpaTypoH, COOTBETCTBYHOLIEH ee
KOMITIOHeHTa X. [IpearmosoxxuM, YTO JIHHUH KPUKOHICHTEPME Tmax(X).

© 2022. B.4. Kynnkos 7
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Ilokazano, 9ro B OWHApHBIX CMECIX B
pamMKax TEOpWH CKEHIMHTa MOXHO MOIYYUTh
JIOCTaTOYHO

IIPOCTOC AHAJIMTHYCCKOC

BBIpOKEHWE JUIS  OTHOCHUTENHHOTO  00beMa
(momu) xumkoit daszer V. =V IV, tne VL u V
ecTh 00beM JKumkod (a3el W 00beM Bceit
cucteMbl. Kpome TOro, ajsl OIEHKH CKOPOCTH
U3MEHEHUs]  3TOH

BCIIMYHUHBI IMOJIY4YE€HO

BBEIpOKECHHE IJIS MPOW3BOAHON OT MOJIM 00BheMa

Knakoil daser mo naenenmo (v, /0P). . B

pabore [2] OSTH BONPOCH YACTUYHO YKe

paccMaTpuBaJIMCb, OAHAKO, CaM BbIBOA U

KOHCYHBIC  BBIPOKCHUS  COJCPKAIM  PSI
HETOYHOCTEH, a pe3yNbTaThl ObLTH
MIPEJICTABJICHBI B HEyT00HO dopme,

3aTPYJHAIOLIEN aHaIW3 MOJYYEHHBIX BEJIMYHH.
B mHacrosmeii paboTe OBUTM HCHpPABICHBI
HEIOYETHI IpeabIAYIIEH CTaThbH, a
HCCJICAOBAHHBIC BCIWYMHBLI TMPCACTABICHBI B
npocToM U sicHoM Buzae. Heobxomumo cpasy

CAC/IaTb  YTOYHCHUC 110 IOBOAY o0actu

Hrak, mycte N=Ng +N_u N, =N,5 +N, , T0r1a

NPUMEHUMOCTH MOAXO0Ad, NPEIJIOKEHHOTO B
IaHHOW  pabore. Momenb, ONMHCHIBAIOIAs
MTOBEJICHUE  OKOJIOKPUTHYECCKOW  OmHaApHOI
CMECH, U3JI0’)KEHA B MAKCHUMAJIHO YIIPOLIEHHOM
BHJIEC, YTO, B CBOKO OYEpEIb, HAKIAABIBACT Pl
OTpaHUYECHUI Ha KOHIIEHTPALUU KOMIIOHEHTOB U
CTCNICHh €¢ OJIM30CTH K KPUTHYECKOW TOYKE
cMecH (B YaCTHOCTH, IMOJXOJ] XOPOIIO padoTacT
mpu  HEOOJIBIIOW KOHIIEHTPAIlMU OJHOTO W3
KoMmoHeHToB). Iloka3aHo, dYTO0 B MOJENH
BO3HHKAIOT IBa XapaKTEPHBIX, «YIPABIIAIOLIINX)
napameTpa, KOTOpbIe U OMPENESIOT MOBEICHUE
CHCTEMBI B OKPECTHOCTH KPUTUUECKON TOUKH.
Bripaxkenue Isi OTHOCUTEIHHOTO 00bheMa
V|, 3aHMMaeMOro >KUJIKOH (hazol, MOXKHO

BBIBCCTH U3 yCJ’IOBI/Iﬁ COXpaHCHHA IIOJIHOTI'O

YHUCJIa MOJIEH CMECH N W 4ucia MOJIEH BTOPOTO
KOMIIOHEHTa M, B 00JIaCTH COCYILECTBOBAaHMS
sxuakoctu «Ly u raza «Gy». [Ipu 3THX ycnoBusx
cpenuss  KoHueHtpamus X =N, /N Taxke

COXpaHseTcsl.

X = My + Ny _ PV + PrcVe _ PV T PacVs _ PaVi t Po d-v,)

n_+ng oV + Vs

e P gh Pr g

IIJIOTHOCTH BTOPOI'0 KOMIIOHEHTA B 3THUX ®a3ax.

PVt PsVe PV +psd-V,)

— MOJISIpHBIE TIOTHOCTH KHMJKOW W Ta30BOH (a3 M, COOTBETCTBEHHO, MOJISPHEIC

Orcrona mis nomu obwema V| =V, [V, xotopyro 3anmmaer xwuakas (asa, MOJTy4aeM MPOCTOE

BBIPAKEHHUE!

X Ps ~ Pac

VvV, = .
) (oL =X pL)+ (X g = Pag)

IIpoananusupyem  Ttemepb, Kak 3Ta
BeJIWYMHA BeneT cebfd Ha MOrPaHUYHOM
kpuBoii (dew-bubble curve uwmm DBC). U3

MOCJICAHECTO BBIPpAXKCHUA OOJDKHO CJICAOBATD,

yro Ha razoBoil Berke DBC (kpuBas Hauana
konzeHcanuu) V, — 0, a Ha KUIKOCTHOM BeTKe
MOTPaHUYHON KPUBOM (KpMBasi Havaja KUTICHHS)

v, —>1.
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IMockonbky TazoBast Betka DBC 3amaercs

ypaBHEHUEM:

XPs = Pas =0,

TO yciaoBue V| —0 mHa o910l Berke
BBITIOTHSIETCSL.
Ha xpuBoil Hauana KuneHus, B CBOIO

04Y€peClib, BBINOJHACTCSA YCIOBUE!

XpL—po =0,

mo3toMy Ha 3toii Betke DBC oObemHas moiis

KuaKoit dassr V| — 1.

ITepenvmem V| B 3KBUBAJIEHTHOM BUJIE!

X Ps — Pac
Pa = Pac — X (P~ Ps)

V =

()

CnenoBarenpHo, JUId  HaxoXkJIeHus V.

HEOOXOMMBI BBIPKSHUS JUIS TUIOTHOCTEH (as.
B kmaccudeckoM MmoOaXoje, OCHOBaHHOM Ha
Pa3IMYHBIX MO (HUKALIIX KyOHuecKux
YpaBHEHUH  COCTOSIHHS,  BBIPQKEHHUS  JUIA
INIOTHOCTEH (a3  TONy4aloT W3  peIIeHHH
KyOHUYEeCKOTO

YpaBHCHUSA OTHOCHUTCJIIbHO

IUDIOTHOCTH O, TPHYEM ITU  pEUICHUS
3aBucAT oT T, P, a KOHUEHTpaluuu BTOPOTO

KOMIIOHCHTA B )I(I/I,Z[K0ﬁ H Ta30BOM (1)a3ax X g

HaxoNATCA U3  PaBEHCTBA  XUMHUYECKUX
MOTCHITMAJIOB KOMIIOHEHTOB B (pazax. 3amaga
CBOJUTCS K YHUCICHHOMY PEIICHUIO0 CHUCTEMBI
TPaHCLEHAEHTHBIX ypaBHeHUU. [Ipenaraembiil
MoAX0J, OCHOBAHHBIN Ha KOHIICTILIUU
YHUBEPCATHHOCTH KPUTHYECKUX SIBIICHHA B
KHUIKOCTIX M KUIKAX CMECSX B OKPECTHOCTH

KPUTUYCCKUX TOYCK, IIO3BOJIACT HalTH

AHAIUTHYCCKHUE BBIPAXKCHUA I Pa3IIUYHBIX

TEePMOANHAMUYECKUX CBOIICTB, BKJTIOYAs
00beMHYI0O  JOMI0  KHAKOW  ¢a3pl.  Jra
BO3MOKHOCTH OOYCIIOBJIEHA, MIPEXIE BCETO,
BBIOOPOM TEPMOJAMHAMHUYECKOTO MOTCHIUATA U
Ha0Opa TEepeMeHHBIX, OT KOTOPBIX OH
3aBUCHT. B KavyecTBe TUIOTHOCTHU
TEPMOAMHAMUYECKOTO TOTEHIMANa BBIOPAHO
nasienne P, 3aBucsamiee oT T W XUMHYECKHX

NOTEHUHATIOB L, /,[2 IIEpBOIro0 M BTOPOro

KOMITOHEHTOB cmecu [2-5].

CootHomenne ['ubbca—[rorema s

OWHaApHOW CMeCH MPUHUMAET BHI:
dP =sdT + p(1-x)dz + p,d s, |

TJIe S — SHTPOIHSI SUHMIIBI 00beMa,

,02 - MOJIApHas IIJIOTHOCTH BTOpPOTO

KOMIIOHCHTA.

Broas JUTST yao0cTBa pa3HOCTh
XUMHUYECKHX MOTEHIINAIOB M= [ — 14,
IOJIy4YumM OKOHYAaTEJbHO.
dP =sdT +pdy +p,du. 2

W3 »3TOro CcoOTHOIICHUS ciaenyer, 4ro
IIJIOTHOCTH SABJIAIOTCA NEPBBIMHU ITPONU3BOJHBIMU
oT IIJIOTHOCTH TCPMOAUHAMUYCCKOT'O
IIOTCHIIMAJIa 110 COOTBECTCTBYIOIIUM
XUMHUYCCKHM IOTCHIMAJIaM. BBO}_II/IM JBEC

TNIEPEMCHHBIC, JABa CKEMIMHTOBCKHUX T10JIA

(scaling fields) h, u h,, xoropsie sBusroTcs

JIMHEHHON KoMOuHaImei OTKJIOHEHHH
TEMIEpaTypl | W XUMHUYECKHX TOTEHIHAIIOB
KOMIIOHEHTOB OT MX 3HAYEHUM B KPUTHUUYECKOU

TOYKEC CMECH.
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B COOTBETCTBHU c KOHIIETIITNEN

YHHUBCPCAJIBHOCTHU KPUTUYCCKUX HBHCHHﬁ,
npeacCTaBIIeM IIJIOTHOCTH TepMOAHaAMHYC-
CKOro IMOTCHIIMAaJIa B BHUIC CYMMBI

YHHUBEpPCATHHON CUHTYJIIpHON qacTu

P.(h.,h,), 3aBucsueii Tonsko or hy u h,, u

B  pamkax  Teopuu = CKeiIMHra

Oe3paszmepHast

HEYHUBEPCAIBbHOU

P(T, 1, 1),

pacKiiaabiBaTh B psaa 1o OTKJIOHCHHUAM

peryJsipHoi 4acTu

KOTOPYIO MOXHO

TEPMOJMHAMUYECKUX TMEPEMEHHBIX OT UX
3HA4YCHUM B KPUTUYECKOU TOUYKE

CMCECH.

CUHTYJIIpHasi qacTb JaBJICHUA

Iss(hl,hz) =P./p,(X)RT,(X) B rmaBroM mpubmmkennn (6e3 ydera HEACHMITOTHYCCKHX IOIPABOK)

MOXeET OBbITh 3alMCcaHa Kak Iss(hl,hz):|h2|27a f(z). 3necs f(z) - wekoropas QyHKIMA,

By
z=|h |/ |h2| ,a o, uy — yHuBepcalbHbIe KPUTHIECKUE HHIEKCHL. TakuM 00pa3oM, HMeeM:

P=p.(ORT.0[0,| ™ £ (@) +R(T. 14, ) .

YHuBepcaabHbIE KPUTHYECKHE HHICKCHI
OJIMHAKOBHI /ISl BceX (DITFOMAOB B OKPECTHOCTHU
WX KPUTHUECKUX TOYEK. 3HAUYCHHsS WHICKCOB
OBUTM BBIYHCIICHBI TEOPETUYECKH, B paMKax

MMPEAIIOJIOKECHUA, YTO KUIAKOCTU OTHOCATCA K

©)

Kiaccy yHuBepcansHoct 3D momenu M3unra u
YCTaHOBIICHBI SKCIIEPUMEHTANIBHO [6, 7].

B YaCTHOCTH, OBLIO HaliaeHo,
4TO a~0,11, £ =0,235 u

y=2-2B-a~124.

Jlnst GunapHoii cmecu ckeinunrosekue nonst Ny u h, umeror Bun:

h =Aw IRT, +ar+h, Aul/RT,
hy=7+h,, Ay IRT +h, A/ RT, .

Buece =T /T.(x)-1,

Aty =ty — o (X)), Ap=p—p(x),
a p.(x) wm g (x) paBHB 3HaYCHHSM

XUMHUYCCKUX TIIOTCHIHUAJIOB B ((HaCTOSIH.IGfI))

KPUTHYECKOM TOUKE, COOTBETCTBYIOIIEH
3aJIaHHOMI KOHIIEHTpaluu cMecH X.
[Mapamerpsr  h,, h,, h, u a — rax

Ha3bIBACMBIC K03(1)(1)I/IL[I/I€HTBI nepeMCIINBAHUA

TEPMOJANHAMUYECKHUX NIEPEMEHHBIX [2—6].

(4)

B pamkax KoHUenuuu wu3oMopduIMa
KPpUTHUECKUX SBJIEHMA B CMECSX MOXHO

BBISICHUTD MPUOJMKEHHBIH BT KO3 (OUIIMECHTOB
h, u h,,. B cooTBeTCTBHYM ¢ HEll TIPEATIONOKIM,
uto monst N, m N, umeror Takoi ke Bu, KaK B

YUCTBIX KHUIKOCTAX, HO KPpUTHYCCKUEC

napamMeTpbl CMECHU 3aBUCAT OT HepeMeHHOﬁ M,

KOTOPYHO €HIC HAa3bIBAKOT «CKPLITBIM IIOJICM),

re. T,=T(u), P.=P.(x) n 1

10
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Torna

by = (4 — 1, (1)) RT, +a(T =T, (1)) /T,
h, :(T _Tc(:u))/Tc + h21(:u1 _/’L.I.c(lu))/ RT,

Konnenmus u3omopdusma TeopeTHdecKu
Obuta  oOocHOBaHa B NPEANOJIOKEHUH
MaJIbIX KOHIICHTPALHI BTOPOTO

KOMIIOHEHTa, KOTJla MOXHO TpeHeOpedb

()
B3aMMOJICHCTBHEM npuMecei MEKITY
COO0OH. B o01memM ciydae 3Ta
KOHLIETIIINS,  CTPOTO  TOBOpS,  OCTaeTcs
TUIIOTE30M.

PacknansiBast kpurndeckue mapamerpsr T,(4) u 4, (4) B (5) B okpectHOCTH TOUKH L = 4 (X) 1

OTPaHWYMBASICh WIEHAMH MIEPBOTO MOPsiAKa 10 AL, TIOITydYHM:

ds, dT,
~— c+aR—=
hy, du au

[TogpoOuee BbIBOA cooTHOHmIeHUH (6)
npezcTaBieH B padore [4].

Cremayer yTOYHUTH, KaK IOHUMAKOTCS
[POU3BOJHBIE OT KPUTHYECKUX MAapPaMETPOB

II0  BCJIIMYHUHC y2 B OTHUX  BBIPAXCHUAX.

PaCCMOTpI/IM JJIA OIPEACIICHHOCTHU

KpuTHdecKyro temmeparypy T (1) .
Hockomeky T, (z4,) =T, (X) , Torna

AT, (u)/dp, =(dT,(x)/dx)(d g, /dx) ™.

AmnajoruyHeie COOTHOIICHUA MOXHO
Hanmucatb W JUId  JPYTHX  KPUTHYECKUX
[1apaMeTpPOB. Kak

HN3BCCTHO, Pa3HOCTHb

XHUMHUYCCKUX IIOTCHIIMAJIOB Ha JIMHHUHA

KPUTUYCCKUX TOYECK CMECHU MOXKHO 3aluncaTtb B

BHJE.
1, () =RT, () In(X/1—X) + 14, (x) ,

rae  Bun  Qynkiumu L (X)  3aBucuT  OT

KOHKPETHON MOJIENH.

Rﬂ-Fh dss,

2y (6)

Ecnmn xoHmeHTpamus cMecn X Mana WId

HAao0OpOT TOpSAKA EOUHHIGI, IEPBBIA UJICH

Oyzer JaBaTh TJIaBHBIN BKJIaJ B
Bemuuuny . (X) .

B HalpHEHIeM I MPOCTOTHI
BBIYUCIICHUN Oynem npeHeoperarTh
BKJIAJIOM  OT U(X), Te.  cuurath
d, /dx ~ RT,(X)/ X(1—X).

Baxxunim MOMEHTOM, CYILIECTBEHHO
YIPOIIAOIIIM BBIYUCIICHUS Pa3IHYHBIX

BEIMYMH B AByX(]a3HOil obnactu, sBiseTcs
paBeHcTBO Hymo mons N, (mo amanmormm ¢
oOpamieHueM B HOJb MAarHUTHOTO OIS B
001acTH  CIOHTAHHOTO  YNOPSAOYEHHUS ISt

T <T, B momenn Wsunra). bnarogaps tomy,

4qTo pa60Ta NpOU3BOAUTCA B TIICPEMCHHBIX

T, M, U, PABEHCTBO XUMHUYECCKUX MMOTCHIIUAJIOB

KOMIIOHEHTOB B JByx(a3HoH objactu Oyzaer
BBINIOJIHATBCS ~ ABTOMAaTHYECKH, HO  IICHOU
32 3T0 Oyzer HeOOXOAWMOCTh Iepexoaa
oT «U30MOPQHBIX» HepEeMEHHBIX K
OKCIEPUMEHTAIILHO HM3MEPSIeMbIM BEJIIMYHHAM,

TaKUM KaK IIJIOTHOCTH, KOHICHTPALUX U T.O.

11
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Brenem nBe CKEHIMHTOBCKHE INTIOTHOCTH, COTIPSKEHHBIC TTOJISIM h1 5 h2 :

P,
(3 .

@,(h, hy) :[

> j . (7)
h,

B nByxdasnoii obnactu hy =0, cienoBarensHo, @, ¥ @, 3aBUCAT TOJIBKO OT MOJNEBON [EPEMEHHOM

h,, nmpuaem B s10ii o6mactu h, < 0. Wcnonssys cootHomenus (2)—~(4) u (7), mist wiotHocTd Bassl u

IIJIOTHOCTH BTOPOI'O KOMIIOHCHTA B (pa3e B o0nacTtu I[ByX(ba3HOFO COCYHICCTBOBAHHA UMCCM!

(el &L AR
Peo= 72| T\ w131 Tl
' o )y, \ohy h, \Oty ), oh, N

+| —
T,u a'LLl T,u

ch[i‘ |(/)1(h2)|+h21¢2(h2)]+pr(T’ﬂ1uU) '

(). &L E) AR
P =| 5 =l= | | = + =
’ ou )y, \oh o \OH )7 oh, N

(8)

| A%
+
T a’u T

=P [ th, [e(h)] +h22§02(h2)]+,02r(T’/411,U) .

31€eCh P, ¥ O, — PETYJIAPHBIE YaCTH JTUX

IUIOTHOCTEH, KOTOPBIE MOXKHO pPacKiIajblBaTh B
psil B OKPECTHOCTH KPUTHUYECKO# Touku [2-5].

OrmeruMm, 4yro B aByx(asHoi obmactu @),

UrparoIas pojb HapaMmeTpa MOopsjaKa, — BelH-
YyHA JABY3HAuHas, NpUYeM K JKUOKOW (aze

OTHOCHUTCSL «+», a K ra3oBoi daze «—». Kpome

toro, ipu h, =0 mone h, =—(1—ah,)|7(x)].

[MoxcraBum mmiotHocT ¢a3 (8) B Beipakenue (1), Torma 3uamenarens B (1) Oyaer paBeH

2p.(h,—X)| ¢ |, a uuciaurens mo BHAy RODKEH cOBHagaTh ¢ ypasHeHmemM DBC Ha ee rasosoii

BETKE:

X Ps — P = Pe [(hlz =X) @ | = (hy —Xth)(pz]+Xpr — P - 9

PacknansbiBas peryJsipHbIe 4acTH

IUIOTHOCTEH B OKPECTHOCTHU KpPITPI‘IeCKOfI

toukn T_(4), B JHHEHHOM NPHOIKEHNN

MMOJIy4uM:

pr=pe (W) + pe (X) di(X) 7(w) ,
p2r = pe (1) Xe (u2) + pe (X) d2(x) 7 () ,

rie  kodpduiment  d;(X)  wurpaer  pons

JUHEWHOTO  JWaMeTpa i [-p  KpuBOM
COCYILLIECTBOBAaHUS B CMECH, M1 KOTOPOro
OpUOMMKEHHO MOXKHO —TIPUHSATH  JIMHEHHOE

TIPaBUIIO
d, ()~ dP@A-x)+d?x. 3necs dP u d? -

JINHCHHBIC AUaMCTPbl YUCTBIX KOMIIOHCHTOB.

CMCIICHHUA, a HUMCHHO

12
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B cBoio ouepens, kodbdumment d,(X) mpumem npubmmkenno pasmeiv  d,(X) = dPx.
Komb6unaumn kosdpduumentos (h, —X) u (h,, —Xxh,;) B Bbipaxkennn (9) MOKHO NpEACTABUTH B

crenyromieM Buze [2, 4, 5]:

1 [(oP) dT, dP
h, =X =K, (X) = ( ) : :

dT
— || = - , h,—xh,~-R| —<—-h,(x)K : 10
P ()| \OT Joe dpe dp | 2 % (dﬂ 2 () Mj (0

. . N
TMapamerp ( oP/oT )CXC B BHIPAKCHHUAX TUIOTHOCTH B «HW30MOP(HOI»  KPUTHUECKOU
TOYKE CMECH.

(10) 6bL1 BBECH 1151 0003HAUCHISI KOMOWHAIINH .
duznyeckui CMBICH rnapamerpa

(6P/OT). obcyxmaeres B paGote [4].

Cc CXc
s.(t)—p.(w)aR= (6P/6T )CXC ,
[TprOIMKEHHO €ro MOXKHO CUUTATh aHAJIOrOM
HaKJIOHa KPHBOM COCYIIIECTBOBaHUs (COeXistence
rne S, (1) u p(u)- 3mavenns sHTpOTHH curve = cXC) B P—T—u mepeMeHHBIX, B3SITOTO B

€JIMHULIBI obBema u KPUTHYECKOM «M30MOP(PHON» KPUTUYECKON TOUKE.

B nanpHeliniem ajs 3Toro napaMeTpa NpUMHUMAETCS MPOCTENIIee INHEUHHOE NPAaBUIIO CMEIICHHUS

~ (- ® @
(aP/aT); ~@-x)(oP/aT)" +x(aP/aT)? .

c
cX 2

IIpu 5TOM  BEIUYHHBI (6P/6T )S) " Ha3bIBAEMOI'0 CHUHIYJIIPHOTO JHaMeTpa KPUBOM
cl
T—p cocyuiecTBOBaHUS CMECU IIO aHAJIOTUM C

(1,2)
(6P/ ar )pm COOTBCTCTBYIOT ~ HAKIIOHaM 4ucTOi KMAKocTho [6]. Jlusg Hero MoKHO
KPUTHYECKHX M30XOpP YUCTHIX KOMIIOHEHTOB B NpUHATH ~TaKoe K€ JIMHEHHOE  IIPaBUIIO
nepeMeHHBIX P—T, B3ATBIX B MX KPUTHYCCKUX CMENIEHHs, KaK JUId JMHEHHOro Juamerpa
Toukax. B 00IacTH HeMalbIX KOHIIEHTPAIUi d,(X). 3amernv, wro ecnm T-p KpmBbIe

9TOr0 HpI/I6J'II/I)KeHI/I$I MOXET OKa3aTbCsa

COCYHICCTBOBAHUA YUCTBIX KOMIIOHCHTOB HE
HEAOCTATOYHO, MU B O3TOM ClIy4dYa€ MOryT . .
o OGJ’Ia,Z[aIOT CHJIBHOMU, SIPKO BBIPa’KCHHOU
HOHa[IO6I/ITLCH HCJIMHCUHBIC ITOIIPAaBKU.

Kosdduument HepeMelHBaHHS ACUMMETPHEH,  TO  BEIMYMHBI d,(X)m

h21(X) BXOJUT B ONPCCIICHUEC aMIUIATYAbl TaK th(X) 00BIYHO MHOT'O MEHBLIE €ANHHIIBI.

[Mocne Becex aTux gomymienuit napamerps (10) npuHUMAKOT BUI:

K ~—
)= ORT.(0

X(1—X) [@I dT, dP,
OT ) Ox  dX
(11)

h,, —xh,, * —x(1—x) iﬂ_ hy, (apj dT, dP

T dx p,RT,| 6T ), dx dx

CcXc

13
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IIpu X ~ 1, Beipakenus (11) Oyxyr
paboTarh Jiydille, 4YeM B Mpeaeie MallbiX
KOHIIEHTpAIMi. DTO CBA3aHO C XapaKTEPHBIM
BUJIOM  KPUTHYECKOW  TemmepaTypsl  T¢(X),
THITAYHOE TIOBEJECHHE KOTOPOW IIOKa3aHO Ha
puc. 1. B kadecTBe Takoro nmpuMepa MpUBeICHbI

Te(X) 51 Oe3paszMepHast MIPOU3BOAHAS
Tc'l(dTC/ dX) yraesopoponuoii (VB) cmecu

MeTaH-TIeHTaH. U3 pucynka cnenyert, uto Tc(X)

T I——
450 ——
.—//
7
400 —
//J/
rd
¥ 350 /
=300 .
I
Y,
J_I
250 !
s
/
200
0,0 02 04 0,6 0,8 10
X
A

OBICTPO pacTeT MMEHHO B 00JacCTH HEOOJBITHX
KOHIICHTPAIMHA TSKEIOro KOMIIOHEHTa, a 3aTeM

IIJIaBHO CTPCMUTCHA K €ro KpI/ITI/I‘lCCKOf/i

2
temneparype T2 . CooTsercTBenHo, obe
BeNMYUHBI — KaK T¢(X), Tak u 0T,/ dX — cnavana

ObICTpO pacTyT. [Ipon3BoIHAS TOCTUTAET CBOETO
MakCHMyMa, a 3aTeM HaYMHACT YMEHBIIATHCS
MOYTH JO HYyJdsA TPH TOAXOAE KO BTOPOMY

KOMITOHEHTY TpH X ~ 1.

J0p— /.‘\. =
! \.'\\
SF ] S A
!
Il
/
20 )
B \
N7
5_ 15 v
5 \
\
ST N
\\
03 I
ok, -
00 02 04 06 08 1,0

Puc. 1. XapaKkTepHoe noBegeHve B MOAE/bHON CMECU MeTaH—TIEHTaH: A — KpUTMYECKOMN TemnepaTypbl T¢(x);
b — napametpa (dTd(x)/dx)/Tc (x)

PaccmoTpum koMOHUHAIIHIO:

XP, = Py & pc(:u)(x_ Xc(/u))_pc(x) [dZ(X) _Xdl(x)]z—(#)

¥ PasnokuM X, (/L) B OKpECTHOCTH 9KCIIEPUMEHTAIBHOM KPUTHYECKOH Toukn X, (£4,) = X:

Xp, = o —pr)j—ZAwpc(x)[dz(x) ~d,(x)x]|

BBenem 0003HaueHUd:

t=lz(u)|, Ad=(dx/du)Au n D(X)=d,(x)~d,

w(w)| -

(X)X,

TOTJIa JUIs TOJIM 0O0BbeMa >KUIKON (a3l V| IMoTydaeM ClieyIomiee BEIpaXKeHue:

14
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1 1 1dT
V =—+—— [ XQ1—-X)=——5(1-h,, K, (X —Ani+D(x)t ,
L= 5 +2K1(X)|¢l|{ ( )Tc dX( Ko ))% i1+ D(X) }

rae napamerp K, (X) ObL1 onpeneneH kak

c
CX

K,09=| (oP/aT ), ~dR/dT, |/ p,R

Hckmarouas B OTHOCUTENBHOM 0O0BEME VL BCJIIMYUHY A,LAI C IIOMOIIBIO HpI/I6J'II/DKGHHOI‘O

COOTHOILICHUS

At~ (| 7(u) 1 +7(x)/ Ky(x)

re K,(X) =T, (dT. /dx) =0,

IPHUXOINM K V| , BEIPKCHHOMY 4epe3 H3MepseMyIo BelINIHHY 7(X) ¥ ITapaMeTpHYecKyro IIepeMeHHy0 t:

1 1 aT,
n :E(“ K00 71 |{R a2 Kol =1 KZ(X)D(X))t_T(X)D |

Beenem miist ynmoOcTBa criemyromnire 0003HaUYEHUS:
X, =R(dT, /d 2)K, (x) = x(L—X)K’ u

Ky (0K, () = X(A= XK, (0K, (%) = Ko () X ., Tora

1 1
Y T(M Ko () X (X)] &, I[XF(X)(l_hﬂ Ko ~{1~ KZ(X)D(X))t_T(X)]j'

IpHYEM MacIITaGHbIE IUIOTHOCTH | @ |u @, B AByx(ha3HOii 061aCTH B OKPECTHOCTH KPUTHIECKON TOUYKH
pasas: |@ |=B,00t” u @, =— APt " /(1-a). Ammmryasr B (X) n AV (X), Hamporus,

SABJIAOTCS HCYHUBCPCAJIbHBIMU. Hx BemnumHbI 3aBUCIT OT npupoJabl KOMIIOHCHTOB M COCTaBa CMCCHU

[2, 4-6]. [lns HUX TOKE MOXKHO NMPUHATH JIMHEHHOE TPABUIIO CMELICHHS.

Hakomnen, BBeieM 0003HaUYEeHNS .

X5 () = By (Ko () X (), X4 (¥) = A ()X () (1=hy Ko (X)), d(x) =1-K,(x)D(x).  (12)

15
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Toraa nns nomu o0bema kuAKoH (aspl V| MOIydaeM IPOCTOE M KOMIAKTHOE BBIPAKEHHUE!

l-a
v, :Zl(l_ﬁ[XA(X)I—_a_‘_ d(x)t+ r(x)D | (13)
Takum o0pazom, TTOBEJICHUE 3amMeTHM, YTO OIICHKA JTHX TapaMeTpPOB
OTHOCHTENBHOrO 00beMa V, Ha H30TepMeE no ¢opmynam (12) pabGoTaeT JOCTATOYHO
OmpezeNseTcsl 3HaueHHeM mapamerpa 7(X) u Xopowo npyu BemonHennn yenosnit X (X) <1
mapamerpamn  Xg(X), X A(X), Torma kak u X A(X)<1. B ofmem ciydac OHH [OJDKHBI
senmunna d(X) 06bIuHO GIK3KA K eIMHULIE. paccMaTpUBaThCS B KAUECTBE TOATOHOYHBIX.

[apamerpuueckas nepemennas t=|7(u)|B nuneiinom mpUOIMKEHMH MOXET ObITH BBHIPAKEHA

uepe3 AP(X) u 7(X) cnenyrommm obpasom [2, 4]:

1 dP
tr——— | T, 7(X) ~AP(X) | .
o.RT, Ko{ oqr, (AP )} (14)

B osrom mnpubmmkeHun V| Ha H30Te€pMe sBIseTCA ABHOM (yHKUIMEH [aBleHUs, a IpU
(hUKCHPOBaHHOM JaBJIcHUH (M300apa) 3Ta BEJIUUYMHA OyAeT ABHOM (DYHKIUEH TeMIIepaTyphl.

[IpeacTaBuM NpOU3BOJHYIO MO JABICHUIO (aV,_ /0P )T . Ha m30Tepme 7(X) =const :

FFIE] o (B
oP ). Lat )at T pRT, K, at

IMepenwmem cootnomienne (14) B ciemyromeM BHIE:

7(x) 7(x)

AP()=P-P,(x)~T, gi’ ()-pRT, Kyt = (@lm = —p.RT, Ky(x) |
rorna
(%lm R TRTL Kl‘lo_‘;ﬂj&(x)ru -Ad( —ﬂ@} .
COOTBETCTBEHHO,
PeRT. (?5 l - 2K0(x)x15(x)tﬂ+1 {(1_101;@ Xt +(1-p)d( t=p T(X)} ' =

16
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3HaK MPOM3BOAHOW OymeT OmpenensThCs
3HAKOM KBaJpaTHOW CKOOkH. Paccmorpum
cHavyaia mnonoxurensHbie 7(x). Ilpome Bcero
MOHATH  TOBEJCHHE  TNPOWU3BOJHOW,  €CIH
paccmotpers moaxonq k DBC mo umsorepme
n3 oxHodazHoi 00JacTM CHU3Y, TOBBIMIAS
nmasnenue. Ilpu Bxome B IByxdaszHylo

obOmacte 00beM kuakod  (aspl  pacteT

oT HYJI, 3HA4YUT IIPOU3BOJHAA

(v IP). >0. Dro osuauaer, uro jsa

NepBBIX craraeMpix  Oosbie, ueM  7(X).

JlaBnenue NpOJOJDKAeT  PacTH, o00BeM

XKUAKOW  (a3el  pacTer,  BETUYHMHA t
CTAaHOBUTCS MEHBIIE, W TPOU3BOJHAS TOXE

YMCHBIIACTCH.

Hakonern, o0beM mocTHTaeT MakCMMyMa, MTPOU3BOAHAS B ATOW TOYKE CTAHOBUTCS PaBHOUN HYIIIO,

T.C. BBIIIOJIHACTCA YCJIOBUE!

(1=p-a) X, (x)t+e +—(1;f) d(x)t —7(x)=0.

(1-a)p

IIpu nanpHeilIeM NOBBILICHUU JABICHUS

(ov, /oP )T  CTAHOBUTCS OTPHLATENLHOH, T.e.

V| HAYMHAET YMEHBIIATHCSA. DTO O3HAYAET, UTO
7(X) cTaHOBUTCSI OOJIBIIE JABYX MOJOKHTEIBHBIX
4JIEHOB.

Jasnenue nponomkaer pacru, V, (P)

yMeHblIaeTcsd, { ToXe CTAaHOBHTCS HIDKE —
M30TepMa MPUOIMKAETCS K KPUTHYECKOH TOUKe
OWHapHOW cMmecn Ha (Ha3oBOH JuarpamMme B
nepeMeHHbIX P—T, 3aTeM JIMHUS OKa3bIBaeTcsi B
okpecTHOCTH Ta3oBoi Betkn DBC, mepecekaer

ee mpu HekoTopoM (=t (B 3TOT MOMEHT

V (P) oOpamaercs B HOMb) M momamaer B

onHoda3Hyr o0nactb. Takum o0Opa3oMm, B
perporpajaHoii 001acTH MaKCUMYM Ha U30TepMe
HaxomuTcs W3 perieHust ypasHenus (16). Ecnum
OpU KKIAOM TMOJOXHUTEILHOM 3HaueHHH 7(X),
JICKalUX B HMHTCPBAJIC OT HYJIA 0 3HAYCHUA
COOTBETCTBYIOMIETO  Tmax(X), HAXOOUTh U3
ypaBHEHHs COOTBeTCTByromme 1 u 3atem
BBIYUCIATE 3HAYCHUA JaBJICHUA TIIPpU OTUX

7(X)u t, momyumTcs BCS JNHMHHS MakCHMYMOB

V., B nepeMmeHHbIX P-T, koTopas HauuHaeTcs

B KpHTH‘ICCKOfI TOYKEC W OKaH4YHUBACTCIA B

KPUKOHJIEHTEPME 3TOI CMECH.

(16)

B cmyuae 7(X)<0  mpousBoanas

(ov /6P), ~ Becerna monoxurensHa, T.e.

v, (P) wmonotonro Bo3pactaer (HEOOGXOMMMO,
4TOOBI napamerp d(x) ocTaBacs

MOJIOKUTENBbHEIM). Haxomsice B AByxdazHOI

06)’[3.CTI/I, ITOCTCIICHHO YBCINYHNBACM
JaBJICHHUC, J0JIA KHUIKOCTH MOHOTOHHO
pacTeT W, HAKOHCL, IIpHU nepececyeHuu

DBC xuakocTh 3aHMMaeT BeCh OOBEM, T.€.

v, -1
Ha puc. 2 nokasansl 3asucumoctu V, (P)
u (8VL / §P)T _ [UIS MOJIETIbHOM CMECH MeTaH—

MEHTaH NMPH (PUKCUPOBAHHOM COCTAaBE CMECH X
JUTS HECKOJIbKMX H30TepPM, Kak B OOJACTH
peTporpaaHoit
ais 7(X)<0. Tlpu  mOCTpoeHMH  ITUX

KOHACHCAIUu, TakK n

3aBUCUMOCTEH KPUTHUYECKHH JIOKYC OBLT B3SIT U3

pa6oter  [5] (T.(X) monoronno pacrer,
P(X)np.(X) wnmelor makcumymsl). U3

, TEM

PUCYHKOB CJIE[Y€ET, YTO Y€M MEHBIIIE |Z'(X)

Gosnee peskumu cranossrcs kpusbie V, (P) u

(ov, 1oP), ..

17
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v,(P) (v, /oP), v,(P) (v, /2P),
04f ] 0 3 020F /_\ 0 \
/111 _l‘m Tm -2
oy % —-20 z E
= 02 = = 010 § .
£ _
% —_—
/ = =
g )
= -6
) e —-40
0,0¢ 0,00 & .- .
2 I3 10 14 B 5 10 14 13,0 140 150 16,0 13,0 140 150 16,0
P . MPa P MPa P MPa P, MPa
A b
0MF 3 . " . 7
L /_\ 0,05 —— "] 1.0
[ 6
0,03 - 08
\ L —003 / T3
- g
E omf ‘. \ £ 06 >
= |g g F :
= =l
001 3 \ 04 Fo
\ _0,25 . // .
000F ] \ 2 I
150 13,5 160 150 153 160 0 E
4 8 12 16 n s - 6
P,MPa P.MPa

P MPa P.MPa

B r

Puc. 2. 3aBucumoctu V,(P) u (8VL /BP)” Ha M30Tepmax, NOCTPOEHHbIE C MOMOLLbIO COOTHOLWeHuI (13)—(15), npu x = 0,25, )~(A =3, Xz =0,9:

A- 7(x)=0,03;b6- 7(x)=0,05;B- 7(x)=0,1; - 7(x)=-0,06

18
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Ilpumeuanue: PaccMOTpUM MpenenbHbIN
Mepexo/l K YHCTOMY BEIIECTBY Ha H30TEpMe.

IIpu X >0 wim X —>1 mepemennas t —| 7|,

IpU 3TOM TIPOHM3BOJHAS (av L GP)T o,

IIOCKOJIBKY CTOSIIMN B 3HAMEHATENE MapaMeTp
Xg(X)>0. B uucrom  BemectBe B

IByxGasHOH  obmacTh  WCIApeHHe  WIH
KOHJIEHCausi Ha  M30TEpME  IPOUCXOIUT
Opd  TOCTOSHHOM  JaBieHUM  (AaBICHHUU
HACBHIILICHHS TIPH 33JaHHOW TeMIIepaType), oKa
BCS KUJKOCTb HE HCIAPUTCS WM I0Ka BECh
ra3 He CKOHICHCHUPYETCs, JaBICHHUE B CHUCTEME
He wm3MeHuTca. Ha ¢daszoBoli amarpamme

B TNEPEMEHHBIX P— P TIOABIIACTCA

TOPU3OHTAIBHBIN ydJacTOK. TakuM oOpa3om, B
OTHOKOMITOHEHTHOM (utonie B AByX(a3zHOU
(6P/év,), =0,

obmactu POU3BOIHAS

COOTBeTCTBEHHO, Benuunna OV, / GP)T — 0,

PaccmoTpum Tenepb TOBEJICHUE

MPOU3BOIHOI (8V,_/ 8P)Tx Ha TIOrPaHUYHOI
KpUBOH B 3aBUCHMOCTH OT TeMIiepaTypsl. Kak

HY)KHO TOHMMAaTh 3Ty BenuuuHy? JlomycTum,

4TO IpHU JABWKEHUH 110 u3otepme 7(X) = CONSt B

IByx¢a3zHoH 001acTH W MpH OJHOBPEMEHHOM

IIOBBIICHWH JAaBJICHUA JOCTHTaCTCA

IIOrpaHMYHAsT KPUBasi TIPH HEKOTOPOM JIaBICHHH
P=Py.. Hpu sToM V| wnim obpauaercs B
Houb ipu 7(X) >0 wm V| — 1 mpu 7(x) <0,
a mepemeHHas t craHoBHTCA paBHOH [ .
3HaueHHe MPOM3BOIHOM (fivL [ oP )T’X IS

Ka)XJI0 N30TEPMBI B 3TOT MOMEHT OYyJIeT BIIOJHE
onpeneneHHbIM. COBOKYITHOCTh 3THUX 3HAYEHUM
ompeneNnseT IOBEACHHWE IPOM3BOAHOM  Ha
norpannuHoi kpuBoil. B (15) Obuto momydeHo

BBIPAKEHUE IS (8V,_/ 5P)T _» 3aBHCAIIEE OT

t uz(X).

[Mockonbky Ha DBC nepemennbie 7(X)u t cBsA3aHBI, MOXHO MOCTPOMTH NPOM3BOAHYIO (15),

3aaBasd €€ MapaMCeTpUICCKU:

(8V|_ /GP)T’X =¥ (toec. 7L 6 (X))

TiLe ‘DBC =@ 6 (tpec)

A7)

rae ¢oynkius W (toec , 7L6) ecTh mpaBas 4acTh BbipakeHus (15) Ha pasubix BetBsix DBC, a yHkuums

wLc (tbec) OblIa MoTydeHa B pabore [4] B cremyronieM BUE:

LG (t) =+ XB (X) thc - XA(X) tlo_Bact: _(1_ Kz (X)D(X))tDBC . (18)

Ecmu nHaliTn npubmmxeHHoe pemieHre ypaBHeHUs (18), TO MOXHO YHPOCTUTH CHTYAIHIO,

HOCKOJIBKY B 9TOM CJIydae IMoJIy4aeTcsi siBHas 3aBHCUMOCTh IepeMenHol t ot 7(x) va DBC cmecu. Ot10

NpUOIIMKEHHOE PEIICHHE HYXKHO MOJCTaBHUTh B (15).

Tak kak B BelpaxkeHuu (18) OCHOBHOI BKJIaJ JaeT MepBOE cllaraeMoe, B TJIABHOM NPHOJIMKEHUN

HNMCECM:

toac & (|T(X)|/ XB)Uﬂ :

(19)

19
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e Xg =B, (X)K; () K, ()

IMoncranoska Beipakerus (19) B (15) naet sBHYIO 3aBUCHMOCTh MPOM3BOIHOMN 0T 7(X) , T.€.

pcRTc(aVLj - 1 (1—0!—ﬂ) & (=) M _a/ﬂ_l+ (1_ﬁ) d(X)

P ) 2K,(X)| 1-a X, Xg ()|
o (20)
-~ psiontrc) | E
B

IpUYEM OKa3bIBAE€TCS, YTO [OBEJCHUE IMPOM3BOTHOM (avl_ /(3P)T . TIPAKTUYECKU  TOJIHOCTBIO

ONpECACIACTCA HanboJee CHIBHO pacxomsmuMCs MOCJICOHHMM CllaracMbIM, C aneMneMoﬁ TOYHOCTBIO
MO>KHO CUMTaTh, YTO 3Ta BCIIMYMHA paBHA.

N
oP

-8
j ~ —Sign[z(x)] s |T(X)| , 1/ p~3,08. (21)

RT
o %,

Ha puc. 3 nmnokasaHsl 3aBUCUMOCTH X5(x), X ,, mocrpoennsie ¢ momompio (17),

TPOH3BOTHOMN (aVL /P )T,x OT TCMICPATYPhI Ha (18) u no ypaBuenusam (20) u (21). U3 pucynkos

MOTPAaHUYHBIX JIMHUAX IS JIBYX KOHI_IGHTpaI_[I/Iﬁ SACHO CJICAYET, YTO 3TU KPUBBIC IPAKTHUCCKU
148 Ppas3InYHbIX 3HAYCHU M napamMeTpoB COBIIAJar0T B HJPIpOKOﬁ obactu TEMIIEPATyp.
oF L _____._._._.—-—-=-=--—I' 0 e s

—40

80 —100 /
: -120
-80

0,02 0,04 0,06 0,08 0,10 0,04 0,06 0,08 0,10

4 tl

—
(dvz/dP)ppc , MPa~!
1
\

(dvg fdP)ppe , MPa™

T(x) ()

KpuBble NOCTPOEHbI N0 ypaBHEHUAM: (17),(18) (20)

(21)

A b

Puc. 3. 3aBucumoctn (v, /OP)  Ha NOrpaHUYHOI KPUBON MOAE/BHOI CMECH MeTaH—TeHTaH:

T.x

A-x=0,25; X, =3; Xs=0,9;6-x=0,15; X, =6; Xs=3,1
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Hcnons3ys Beipakenue (21), ompenenum B nmocratouHo OnHM3KOW OKPECTHOCTH

CBSI3b BEJIMYHUHBI (8V|_/8P)T Y MHTCHCHBHOCTH KpUTHYCCKOM ~ TOYKH  MMCCTCA pocTast

o o CTCIICHHAs 3aBUCHMOCTb.
paccedHusa CBC€Ta Ha TMOIpaHUYHOU KPUBOU

OmHapHOW CMECH B  OKOJOKPHTHYECKOM
l... o (v, /6P).
obmactu. B paGore [8] ObulO TONyYEHO scatt L e

BBIPpAXXCHHUE [JIA MHTCHCHBHOCTH PACCCAHUA

Iscatt HAa TOTPAHUYHOW KPUBOW OWHAPHOM B 3akmioueHue HEOOXOIUMO OTMETHUTH,
CMECH B OKPECTHOCTH KPHTHYECKOW TOYKH 110 IIOCKOJIBKY B JaHHOM pabore
KUAKOCTh—Ta3. M3 3TOro BbIpaXeHHS CIEAyeT, paccMaTpuBacTCsi JIMIIb  OMHApHAs — CMECh,
YTO B JIOCTaTOYHO ONHM3KOH OKPECTHOCTH BO3HMKACT BOIPOC o BO3MOKHOCTH
KPUTHYECKON TOYKH, HO TPU  BEHITIOJHEHHUU HCIIOIR30BaHUA PA3SBUTOIO IOAXONa B Cllydae

) y .
yenosns  t} oo >> q ro) (g — BONHOBOH BEKTOP TPOWHBIX 51 MHOTOKOMIIOHEHTHBIX YB
CMECEH. Takue CUCTEMBI Oornee
paccesHHs, a To — AaMmIUIUTyza panuyca

. COOTBETCTBYIOT  pEaJbHBIM (pupoaHBIM)
Koppensanuu (GIyKTyanuid), 3Ta UHTEHCUBHOCTb

YCIIOBUSM. Beimonnenne 310l paboThI
paccesHmA  BEAeT ceOs Kak Iscaﬂ « |tDBC |_y' maHupyercs. BeposTHee Bcero, CTpykTypa
Mogens,  npemnoxennas B [8],  Obuia KOHEYHBIX  BBIP@XEHUH  HE  HU3MEHUTCH,
WCIONBb30BaHa MJI OINWCaHWS WHTEHCHBHOCTH MOSIBUTCA ~ 0oJiee  CJIOXKHAs  3aBUCHMOCTD
paccesiHuA CBETa, 9KCIIEPHMEHTAIBHO

yOpapAlomux napameTpos Xg | X, or
mwMepermoii B cmecn  0.818C1+0.182C5 B B A

. cocTaBa cMecH. B TmpeajiokeHHOW MOJenu
pabote [9]. [dnsa wmccimemoBanuoir YB cucTeMs et A

» 5TH TapamMeTphl JIOJDKHBI  PAacCMaTpUBAaThCS
sesumunna 7(X) >107". VumteiBas BeIpaxkeHue

KakK [IOATOHOYHEIE, u TOrIa ux

(19), B T7aBHOM TOPSAAKE  IIOJIy4aeTCs SABHCHMOCTE or cocTaBa —
-yiB .

I geare € (|T(X)|/ XB) , tney | f~3.82. HECYIIECTBEHHOM.

Cmamuws Hanucaua 6 pamkax BblNOJIHEHUS zocydapcmeeHH()zo 3a0anus (meMa
«3i<cnepwvteumaﬂbubze u meopemudeckue uccre0o8anus Me.?;‘Cgba3Hblx ﬂG]leHZ/HZ, mepModuHaMquCKux,
(j)u3ul<0—xu/wuqe01<ux U 2eOMEXAHUYECKUX CBOLCME He(i)m€2(1306blx NAACMOBBIX CUCEM OJisl NOBbIUICHUSL

aphexmugHocmu 0ceoenusi MpyOHOU3EIEKAEMBIX 3aNAco8 y2ne8o00po0osy, Ne 122022800364-6).
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Abstract. In the framework of fluctuation theory of phase transitions (scaling theory) and
isomorphism principle of critical phenomena, a simple analytical expressions for the volume fraction of
the liquid phase v, in two-phase region as well as its pressure derivative (0v.,/0P)rx were obtained in
binary mixtures on isotherms and on the dew—bubble curve in the vicinity of liquid—gas critical point.
The pressure-dependent explicit expressions for the studied values were derived in the main
approximation at fixed temperature along with the expression obtained for the above-mentioned
derivative on the dew-—bubble curve of a mixture. A simple relation between the light-scattering
intensity and the derivative (0v;/dP)rx on the dew—bubble curve of a binary mixture in the vicinity of
liquid—gas critical point was established.
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B0O3MO}XHOCTU KOIMYECTBEHHOW MHTEPNPETALMMU Pe3yabTaToB
CMEeKTPaNbHOM AEKOMMNO3UL UM CeMCMUYECKUX AaHHbIX MOIT-3D

A.C. Bonkos

MOCKOBCKUIM FrocyAapCTBEHHbIN yHUBepcUTeT M. M.B. JTomoHocoBa, r. MockBa, Poccusa

E-mail: dmitrij.volkov-msu@yandex.com

AHHOTauuAa. B fgaHHOW paboTe NpoaHa/M3MpPoOBaHa BO3MOMHOCTb MCMNONb30BaHMA aTpubyTa
CNEeKTpasbHOW AEKOMMNO3NUMM AN KOAMYECTBEHHOro MNpPOrHo3a MOLWHOCTM TOHKOro naacTa.
PaccmoTpeHbl pe3ynbTaTbl pelleHMa NPAMON 3aJauyM — CUHTE3 MOAENN K/MHA C LieNbio onpeaeneHuns
B/IMAHUA MOLLHOCTM TOHKOrO MAacTa Ha aMMIUTYAHbIA OTKAMK B OrpaHUYeHHOM Auana3oHe 4acTorT.

MpuBeaeH NpPaKTUYECKMIA NpPUMEP NPUMEHEHUN

NpPeasiodKeHHOW METOAUKU  KOJINYECTBEHHOM

WMHTepnpeTaunn pesynbTaToB CNeKTpaabHOM gekomnosuumm MOIT-3D.

Kniouesble cnosa: CNeKTpanbHaA

Aekomnosunuuma, Ko/sinyectBeHHanA MHTepnpeTauuna,

nHTepdepeHUns, amnanTyaa, 4actoTa, cemcmopasseaka MOIT-3D.

Ona uutuposaHua: Boakos [.C. BO3MOXKHOCTM KONMYECTBEHHON MHTeprpeTaumMm pesynbTaTos
CMEKTPaNbHOW AEKOMMO3ULUMN CENCMUYECKUX AaHHbIXx MOIT-3D // AkTyanbHble npobaembl HedTH ©
rasa. 2022. Bbin. 1(36). C. 25—-41. https://doi.org/10.29222/ipng.2078-5712.2022-36.art2

BsepeHue

CrexTpayibHast JIEKOMITO3HITHS
CEHCMHMUECKOM 3amucu MPEJACTaBNIsIeT CoOoM
aTtpulyT, XapaKTEepHU3YIOUIUMH  aMILTUTYIHYIO
XapaKTEPUCTUKY BOJIHOBOT'O OJIst B
33JaHHOM ~ quana3oHe 4actoT. CylecTByeT
MHO>XECTBO pabor, ITOCBSIIECHHBIX

MIPaKTUYECKUM BOITPOCaM MIPUMEHEHUS
CIIEKTPaJIbHO-BPEMEHHOI'O aHaIM3a BOJIHOBOM
KapTHHBI, OJHAaKO, B OOJBIIMHCTBE CIIy4aeB
JIAHHBII METOJ| UCIIOJIb3YETCSl HA KaUECTBEHHOM
ypoBHe. Ilpu 3TOM BO3HHUKAaeT BOMIPOC O
JIOIIlyCTUMOCTH  MCIIOIb30BaHUS  PE3YyJIbTAaTOB
MHTEPIPETAMU CIEKTPAIbHON JIEKOMIO3UINH
HE TOIBKO KaK BXOJHBIX JaHHBIX JUIS
ceiicModanmanpHOrOo  aHaiaM3a, HO H© B
KaueCTBE KOJMYECTBEHHOH  XapaKTEPUCTHKHU
AQHAIM3UPYEMbIX T€O0JOTHYECKHX OOBEKTOB, B
YaCTHOCTH, UX MOLIHOCTH.

B pa6ore M.B. Widess [1], myGiukanusix

G. Partyka [2, 3] u nucceprauuu A.B. Byropuna

©2022. 4.C. Bonkos

[4] paccMOTpeHBI METOAWKH M TEPCIEKTHBBI
KOJIMYECTBEHHOM HHTEPIPETALH KapT

aTpuOyTa  CHEKTPaJbHOH  JICKOMIO3UIUH,
OCHOBaHHBIC Ha HCCIIEIOBAHUU MHTEpEepeHINN
IUIOCKOW BOJHBI OT KpPOBIM M  TOJOLIBBI
MQJIOMOIIHOIO  aKyCTHYECKHM  KOHTPAcTHOI'O
iacTa.

Lenpto  maHHOM  paboOTBl  SIBIISETCS
MpaKTHYecKas peanuzanus MoJIX0/1a,
3aKITIOYAIONIETrocs B KOJTWYECTBEHHOM NPOTHO3€
3¢ heKkTUBHOM

MOIITHOCTH AKyCTHUUYCCKU

KOHTPACTHOT'O I1J1aCTa-KOJIJIEKTOPA c
WCIIOJIb30BaHUEM CIIEKTPAIBHON JEKOMITO3UIIUY.
IIpennoxenHas  MeTOAMKa  OCHOBaHA  Ha
pEIIEHNH TpsMOM 3aJaud  — IOCTPOEHUH
CHHTETUYECKOM  MOJEIM  KJIWHA, KOTOpas
MIO3BOJISIET MPOAHAIM3ZUPOBATh AMILIUTYIHBII
OTKJIMK B OTPaHUYECHHOM JMANA30HE 4YacTOT U
ONpPENENUTh XapakTep BIMSIHUS H3MEHEHUS
MOIIIHOCTU TOHKOI'O ILIaCTa Ha paclpelneincHue

AMIUINTY IbL.

25


mailto:dmitrij.volkov-msu@yandex.com

AKTyanbHble npobnembl HedpTH U rasa. Boin. 1(36) 2022

http://oilgasjournal.ru

O6beKT uccneaoBaHus

OOBEKTOM  HUCCIACAOBAaHUS  SBISETCS
MPOAYKTUBHBEIN 1macT «AuX» HEOKOMCKOIO
WHTEpBaja pa3pe3a OJHOT0 M3 MECTOPOKICHUIN
3amagHo-CrubupCcKoro He)Tera30HOCHOTO

Oacceitna. Ha  yuacTke  MecTOpOXXICHUS
BbimoiHeHa cbeMka MOI'T-3D B oObeme
600 kM?, B mpedenax IUIOIIAAM  CHEMKH
pacmoioXKeHbl 7  CKBaXXWH,  BCKPBIBIIHE
AYMMOBCKHH KIHHOMDOPMHBIA Komrutekc. OH
XapaKTepU3yeTCsl  CIOXKHBIM  TE€OJIOTHYECKHM
CTPOCHUEM IIJIACTOB, BEPTUKAIILHOMN 51
naTtepajbHOM  HEOMHOPOAHOCTHIO,  HHU3KUMH
(DUIBTPAIMOHHO-EMKOCTHBIME CBoMcTBamMu. [lo
JIUTOJIOTO-MOP(OIOTHUECKIM pU3HAKaM
MEPCIIEKTUBHBIE  OOBEKTHI, MPEICTABICHHBIC
MecYaHbIMH  TEJIaMH,  HWMEIOT  CXOJHBIC
TEHEeTHYECKHE U JIMTOJIOTO-TIETPO(U3NIECKIE
ocobennoctH [5, 6].

B mporecce KOMIIJIEKCHOM

re0JIOr0-reopU3nIeCKOi

HHTEpIpeTalun

VenoBbie 0603HaveHns:

@ CKBAKHHA, BCKPHIBIIAA
act «AuX»

= _w30xponbt O «AuX)

TWT, mc

-2440.00

‘25}«'0 00

0 1000
anw

5000 m
—

nHDOpMaAIMu B HWHTEpBae Iutacta «AIX»
BBIJICJICHA AHOMAIIUSl AMIUTUTYIHO-4YaCTOTHOU
xapakrtepuctukun (AUX) BomHOBOro  mosis

(puc. 1),
aBaHJICILTOBBIN KOHYC BBIHOCA. J[aHHBIH 00BEKT

HHTEpIIpeTHpyeMas Kak

YE€TKO BBIPAKCH B I10J1C CEHCMHUYECKUX

aTpuOyTOB OTHOCHUTEIILHO HU3KUMHI
BEIMYMHAMH CIIEKTPAJIbHBIX COCTABILIIOLIMX U
MTHOBEHHOM dwactotel (cMm. puc. 1B, 1B),
NOBBIIICHHBIMM ~ 3HAYCHHUSAMH  orudaromien
amMmmutyasl (M. puc. 1I0), a Takxke yBEpeHHO
¢buxcupyercst Ha BPEMEHHOM  paspese
cyOmmpoTHoro mnpoctupanusi (cM. puc. 1]JI).
Yetpipe ckBaxuubl (NeNe 9, 12, 14, 16),
BCKPBIBIIME JaHHBI OOBEKT, MOATBEPAWIN
HaJu4Me KOJJIEKTOpa MOLIHOCTBhIO A0 30 M C
MPOSIBIICHUEM  YIJICBOAOPOJHOIO HACBHIILICHHS.
CorjzacHo  ONMCAHMIO  KEPHA,  KOJJIEKTOP
MpeaCcTaBIeH MECYaHUKOM CepBIM,
MEJIKO3EPHUCTBIM, peXe KPYMHO3EPHUCTHIM,

AJICBPUTOBBIM [6].

VenonubIe 0503HACHIA:

& ckBakmn, BOKDHBIIAA
naact «AuX»

20I'n

0 1000
anx

5000 m
—_—

Puc. 1. KomnnekcHas reonoro-reopusnyeckas MHTEpNpeTaLms B MHTepBae naacta «AuX» ¢ UCNosb30BaHMEM:
A — KapTbl U30XPOH, b — KapTbl CNEKTPaIbHOM AEKOMMNO3MNLMMK,
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Venonbie 0Go3nayenms:
Venosrsie 0Go3HauCHMs:

& ckmanima, BCKphIBIIAs

25
@ CKBAKHIA, BCKPLIBIIAS naact «AuX»

nact «AuX»

MruoBennas  |¢ ; o ;k Orudaomas
4acrToTa, y.e. [ % / a4 z AMILTHTYIBI, Y.e.

0 1000 5000 M
— —

VYenoBHble 0003HAYCHHS:
AR TKPORIIA OTPAKAIONIETO FOPH3IOHTA «AuX»
“¥==I0/I01IBA OTPAXKAIOLICTO TOPH3OHTA «AuX)

2320

1000 2000 3000 4000  5000m

TWT, mc
2640 , 2560 , 2480 , 2400 |

P e ——

Puc. 1. (npoaonxeHne) B — KapTbl MTHOBEHHOM YacToTbl Naacta AuX, [ —KapTbl ornbatoLuelt amnanTyabl,
[ — BpeMeHHOro paspesa cybLMPOTHOro NPOCTUPaHMA Mo AMHUK 3-B B MHTepBane 3aneraHus naacta AuX

[etpoduznyeckue CBOIiCTBa Tabnuua 1
HCCIEAYEMBIX OTJIOXKEHUN HaxoIAT OTKIUK B 3¢ peKTUBHaA MOLHOCTb KONJIEKTOPA NO
U3MEHEHUU YIPYIMX CBOWCTB TOPHBIX IOPOJ, B AaHHbIM 6ypenns [6]
YacTHOCTH, B Iu(epeHIrany KOJIEKTopa U NoNe MoLHOCTb
HEKOJUIEKTOpa 10 HMHTEPBAIBHOMY BpPEMEHH CKBAXXMHA KOJIIEKTOpa, M
npoOera MpoxoibHON BOJHBL ClienoBaTeIbHO, 9 24,5
KOMILIEKCHBIH aHamn3 MIPEI0IaraeMoro 12 28,1
JMarna3oHa 3¢ deKkTUBHOI MOIIIHOCTH 14 21,1
KOJUIEKTOpA MO JAaHHbIM Oypenus (tadiu. 1) [6] u 16 6,7
CKOPOCTH  TPOJIOJIBHOM  BOJIHBI ~ M3y4aeMbIX 17 0
OTJIOKEHHUI TTO3BOJIIET CHHTE3UPOBATh (PU3NKO- i: g

re0JIOTHYECKYI0 MO/IETb KiiiHa (puc. 2)
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Vp=4500m/c

$.9.0.% -4
LJ

Vp=4500m/c  p=2,54 r/em’

p=2,54 r/em’

AKYCTHYECKHIH
3
umneaanc (m/cr/em’)

10164 11430 max

Puc. 2. dusnko-reonornyeckas moaenb KAnMHa

KonuyecTBeHHass ~ OlEHKAa  CKOPOCTH
MIPOJIOJIEHON BOJIHBI BHITIOJIHEHA 110 MaTepHaIaM
aKyCTHYECKOT0 KapoTaka. B KadecTBe HTOrO-
BOTO 3HAUEHWs MPHHATA MOJAIbHAS BEIMYMHA
4500 m/c st

BMeINAoMmuX nopox (apruwiutoB) u 4200 m/c

pacmpeneneHus mnapaMmeTrpa —

JUTSI TIOPOJT KOJIEKTOpa (TIeCYaHuKOB) [6].

MopaenuposaHue

IlocTtpoeHne  CHUHTETMYECKOW  MOJENuU
KJIMHA npeaycMaTpuBaeT CIEyIOIIAN
aJrOPUTM:

1) oreHKa CIIeKTpa BOJHOBOTO MOJIS;

2)  BBINOJHEHHE CIIEKTPaJIbHOU
JICKOMIIO3HITUY;

3) W3BIEYCHHE CTATHCTHYECKOTO HYJIb-

(hazoBOro UMITYJIBCA.

OmeHka  CHOEKTpa  BOJHOBOTO  IOJIS
BBINIOJIHEHA B OKHE WHTEpBaja 3aJleTaHUs
AQYUMOBCKOTO  KJIMHO(DOPMHOTO  KOMILIEKCa
(puc. 3). Jns  pmanbHeimero  aHanuza B
CIEKTPATbHOM XapaKTePUCTHKE CUrHaa

BBIZICJICHBI 3 YaCTOTHI, IMO3BOJISIOIINE HCCIIEIO0-
BaTh B Pa3jMYHBIX CEHCMUYECKUX MacmTabax
aKyCTHYEeCKH  KOHTPACTHBIE  TEOJOTMYECKHE
0CcOOCHHOCTH CTpoeHusi paspesa (puc. 4). Tak,
YMEHBIIICHUE MOIIHOCTH aKyCTHUYCCKU
KOHTPACTHBIX T€OJIOTMUYECKHX 00BEKTOB BEJCT K
HEO0XO0JMMOCTH UCIOJIb30BaHMS 00JIEe BBICOKO-
YaCTOTHBIX KOMIIOHEHT crekTpa [7, ¢. 327-335].
Hcxons w3 3TOro, BBIMOIHEH pacyeT aTpulyTta
CHEKTPATLHON JICKOMITO3UIIMK TI0  AJTOPUTMY
owicTporo npeobpasopanus Dypbe ¢ paBHOMEP-
19,4; 31 u 41Tn

(ycnoBHo MoxHO npuHATH 20, 30 1 40 I'm).

HBIM IIIaroM I10 YacCTOTEC:

f=19,4 'y 4 N

[ \
f,=31 'y

YcaoBHBIE 0003HAYEHHS:

o

—— AMIUIUTY/IHBIH CIIEKTP

) / Ananusupyemvie kyovl
o CREKMPANbHOIT OeKoMNo3UYtU
® / . | cyenmpansubimu yacmomamu:
g = - — —
S / }i, 41 My —194Tu —31 T —41 T
=
S, / +=10T u-+=101"1y
2.

’ N

N / —

0
10 1 20 2 30 * 4 * S( S5 6 65 7 L 8C
Yacrora, 'y

Puc. 3. AMNAWUTYAHbINM CNEKTP B MHTEPBAJ/IE QY4MMOBCKOTO KNMHODOPMHOIO KOMMNAeKca
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A

[lonepeuHoe ceuenue pycia

A A’

36 'l
€—15Iu

b B

Cxema criektpanbHoii  Cxema CreKTpaabHOH
KOMITOHEHTHI 36 I'11

KOMTIOHEHTHI 15 T

A

Puc. 4. Cxema, 4eMOHCTPUPYIOLWAA ABNEHWNE TIOHUHI-3pPeKTa ANA CNEKTPA/IbHbIX KOMMOHEHT:
A — nonepeyHoe ceYeHNe MOAENMN PYCAa;
CXema CreKTpasbHOM KOMNOHEHTbI: b — BbICOKMX YacToT (36 'y), B — HM3Kux yacToT (15 u) [7]

,Z[OHOJ'IHI/ITCJII)HO npu BBIYHCJIICHUU

aTpu0OyTa  OTpEryjIHpoBaHa  ONTHMAaJIbHAs
OIMPHHA  CHEKTpa  pasloXKeHHUs,  KOTopas
3HAQUUTEIBHO BIHSET HAa BBICOKOYACTOTHYIO
COCTaBIISIIONIYIO. BBIOOp OKTaBHOW  IIKalbl
pacueTa CIIEKTPATLHOM JIEKOMITO3HIIH
Mo3BOJIsieT  ycTpaHuTh  3dexr  ['nbdOca,
3HAYUTETHHO OCJIOKHSIIOIINI BOJIHOBYIO
KapTHHY peBepOepalusiMi, KOJIMYECTBO U
aMILTUTY/1a

KOTOPBIX IMPpONOpIHNOHAIbHBI

KpPYTHU3HE HAaKJIOHA
Puc. 5

BBICOKOYAaCTOTHBIX

YacCTOTHOI'O cpesa.
JIEMOHCTPUPYET CpaBHEHUE
HMITYJIbCOB, OLICHKA
KOTOPBIX  BBHIMOJIHEHA  COTJIACHO  KyOam
aTpu0yTa CIEKTPAIbHON [EKOMIIO3UIIUK Ha
OCHOBE JIMHEMHONW W  OKTaBHOW  IIKaJl.
YBenuueHue KPYTHU3HBI CIEKTPa 3HAYUTEIHLHO
OCJIOKHSIET HWHTEPPEPEHIIMOHHYI0  KapTHHY,
YTO TPUBOJUT K OOJNBIIEMYy HCKaKCHHIO
aMITTUTYTHOTO OTKJIMKA oT KPOBJIH
KIIMHA W YBEIMYCHHUIO OIIMOKH OIpeNeIeHuUs
HCTHHHOU

MOIITHOCTH KOHTPACTHOTI'O

miacra.

B 3akmioueHue  BBINOJHEHAa  OLIGHKA
HyJ1b-(a30BBIX HMITYyJIBCOB C HCHOIBb30BAHUEM
paccunuTaHHbBIX KyOOB aTpuOyTOB
CIIEKTPAIFHON  JEKOMIIO3WIMA HAa  OCHOBE
OKTaBHOM IIKAJTBI JUTsL MOCTPOCHUS

CHHTETHYECKHX Mozenei MOCPEICTBOM
CBEPTKH C (DU3UKO-TEOJIOTHYECKOH MOJEINBI0
KIMHA. AHQJIWM3 TOJYYEeHHBIX  BPEMEHHBIX
paspe3oB  mMoxenu  (puc. 6)  OTpakaeT
W3MEHEHUS CEMCMUYECKOTO Mmacrraba
UCCIIEZIOBaHUS, 4YHCiIa HHTEep(EepeHINOHHBIX
OKCTPEMYMOB W HMCK@KEHHS aMILTUTYIHOTO
OTKJIMKA oT WCTUHHBIX TpaHUIl

KJIIMHA, 4YTO IPHUBOJUT K HEKOPPEKTHOCTH

OTIpeIeIICHUS HCXOIHON MOIIHOCTHU
I1acTa.
Hnst KaKa0H paccMaTtpuBaeMon

LEHTPAJIBHONM YacTOThl IEPBBIA  MAKCUMYM

UHTEPPEPEHLIMH BIOJNb KOPPEJSLUUH KPOBIU

KJIMHA PAacCIIOIONKEH B npejenax
3HAQYEHUH  MOIIHOCTH,  COOTBETCTBYIOIICH
BEITUYUHE pasperarorniei CIIOCOOHOCTH
CUTHAJIA.
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Puc. 5. CpaBHEHMe BAPMAHTOB CNEKTPA/ZIbHOIO Pa3noXeHna cermcmmYecKmx AaHHbIX C Bbl60p0M nonocobl
nponyCcKaHMA 4YaCToT Ha OCHOBEe OKTaBHOW U IMHENHOW LIKan
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e e TTOJIOKCHHSA FPAHHL KJTMHA COTTMACHO KOPPEIALMH 3KCTPEMYMOB aMILUTATYbI

Puc. 6. CpaBHMTeanaﬂ OLUEHKa pe3ynbTaTtos CENCMOreoIorMyeckoro MmoaennpoBaHnA ¢ UCNOb30BaHNEM
dHaNnU3npyemblX 4acTtoT cneKTpaanoﬁ Aekomnosnunn

MeHbmiue MOIIHOCTH IuIaCTa HMCIOT

AMIUTUTYIHBIA ~ OTKJIMK, yOBIBAalOLIMHA  Kak
NOJMHOMHANbHAS (QYHKLUUS C yMEHBbIIEHHEM
MomHOocTH KiuHa. Ilpum 3TOM cTaHpmapTHas
KOppeJsiliisi  3KCTPEMyMOB  aMIUIUTYAbl Ha

BPEMEHHOM pa3pe3e NpH JaHHBIX MOLTHOCTSIX

mjacTa ONpenesieT HEKOPPEKTHBIE 3HAYCHUS
WCTUHHBIX TOMIIUH. IMEHHO TaHHBIE MOIIHOCTH
aKyCTUYECKH KOHTPACTHOTO TOHKOTO IIIacTa
MOTYT TMPEACTAaBISAThH UHTEPEC C TOUKU 3PECHUS
KOJIMYECTBEHHON HMHTEPIPETAlNA PE3yIHTATOB

CIIEKTPaIIbHOMN JEKOMITO3UINH.
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PaccMmoTpuM B kadecTBe 00IIero mpuMepa

HN3MCHCHHC AMIUIUTYAHOT'O OTKJIMKa Kak

(yHKIMM BpEeMEHHOH MOLIHOCTH KOHTPAcTHOTO

miacta st 4dactotel 19,4 T'm. Ilpum stom

KOHCTPYKTUBHOW HWHTEp(EpPEHINH, KOTOPBIHA

ABIIACTCA T'paHUYHBIM 3HAYCHUECM Ipu

JNANBHEWUIIEM pelleHuu oOpartHoi 3amaunm. C
Y4ETOM 5TOT0, aMIUIMTYIHBIA OTKIUK BIOJb

BETMUMHA  pa3peliaroIie  CIOCOOHOCTH  C KPOBJIM KIIMHA YBEPEHHO allpOKCHUMHPOBAH I10
y4eTOM JBOITHOTO BpEMCHHU (TWT) METOJly HAWMEHBIINX KBAAPATOB MOJIMHOMOM
coCTaBJIsIeT nopsiaka 25 mc. J[aHHOH MOIIHOCTH BTOpOH CTEIICHU c KO3 QUITUECHTOM
KOHTPACTHOI'O INTACTAa COOTBETCTBYET MAKCUMYM netepmunaryu 0,998 (puc. 7).
2
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g “.r"
g
= 08 “'
=
& 06 “
= .,“
>3
S 04 &
E | @ 3HaucHHA BPEMCHHOH MOLIHOCTH KIMHA
Q02 J | = = = Annpokeumupyiotas yHkims
0 )
0 0,005 0,01 0,015 0,02 0,025
Bpemennas momnocts (TWT), ¢
Puc. 7. AnnpoKkcnmaumsa 3aBUCMMOCTU BPEMEHHOW MOLLHOCTM KanHa (TWT)
NOJMHOMOM BTOPOM CTEMEHM MO METOAY HAUMEHbLLMX KBaApaToB
Jns BbIpak€HUS BPEMEHHOM MOIIHOCTHU 3HA4YCHUS aMIUIUTYTHOTO OTKJIMKA npu

Kak  QyHKIUH

HeO6XOILI/IMO MOJIYy4YUThb PCHICHUA KBAAPaTHOI'O

ypaBHEHUS,

HCKOMOH

OJTHO
(byHKIHEH.
HEKOPpPEKTHA, TOCKOJbKY JUIS €IMHCTBEHHOI'O

AMITIIUTYIHOT' O

n3

OTKJIMKa
KOTOpPBIX  ABJIACTCA

JlanHast 3aj1a4a

(puc. 8).
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BPEMEHHON MOUIHOCTH KJIMHA!

Puc. 8. Mprmepbl HEKOPPEKTHOCTM peLLeHnsa paccMaTpusaemoin obpaTHOM 3aaaum

HCHU3BCCTHBIX 3HAUYCHHUAX MOIIHOCTH BO3MOXHO
HaJIM4UE HCCKOJIbBKUX pemeHHﬁ. TaK, 3HA4YCHHIO
AMIUINTY IbI 1,6 COOTBCTCTBYIOT [IBa 3HAYCHUA

15 u 35 wmc

32



AKTyanbHble npobnembl HedpTH U rasa. Boin. 1(36) 2022

http://oilgasjournal.ru

Onnako B JaHHOM ciy4ae, Omaromaps

MPUBIICYCHUIO AamNpuOpHOW wWH(pOpMaNIUU W
aHAIU3y  HHU3KOYAaCTOTHOM  COCTaBJISIOLLIEH,
BEJIMYHMHA paspearonieit CIOCOOHOCTH

KOTOpOi TpeBbImaeT 3PPEeKTHBHYIO MOIIHOCTH
EJIEBOTO TIIACTa, YIAeTCsl BRIOPATh KOPPEKTHOE
1)

peuicHuc HaXO0XICHUHN HCHGBOﬁ

¢$byHKUNU:

npu

BpeMeHHast MOLHOCTbryT =

BoccraHoBneHre BpeMEHHOW MOIIHOCTH
KIIMHA C HWCIOJb30BaHUEM JAaHHOTO ypaBHEHUS
TaKkKe IEMOHCTPHUPYET HAJIEKHOCTh MPOTHO3a —
MaKCUMAJIbHOE WCTUHHOU

OTKJIOHCHHUC oT

morrHoctr coctasisieT 1,9 mc (TWT). Ucmons-

143,44 — \/(143,44)2 — 4 % 2503,8 * OTHOC. AMILTUTY /A

1
2x2503,8 @

30BaHHUEC MCETOJUKU KOPPEIAIHUNU SKCTPEMYMOB

AMIUINTY IbL (OI‘ PpaHUYCHHOTO JaCTOTHOI'O

Juamna3oHa) KpOBIM M MOJOIIBHI  IUIACTa

ompejensieT BPEMEHHYI0O MOIIHOCTb KIWHA C

MaKCHMaJIbHBIM OTKJIOHEHHEM 22,5 Mc (puc. 9).
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HcernnHas BpeMeHHast MomiHocTh Moen kianna (TWT), ¢

Puc. 9. CpaBHeHMe BOCCTAHOB/IEHHbIX 3HAYEHWUIN BPEMEHHON MOLLHOCTN CUHTETUYECKOW Moaenu
KnAuHa (TWT) c npuMeHeHWem annpoKcumupytoLLein GyHKLUMKU peLLEHUA U C UCMNO/Ib3OBaHWEM
KOppenauum sKCTPeMyMOB aMNANTY bl

BrlnmoHeHne  aHAJTOTHYHBIX onepaunﬁ
npeaycMaTpuBacTCAa JUISL OCTaBIIMNXCA
AHAIIN3UPYCMbIX qacCToOT. P €3YyJIbTAThL

MIPEACTABISIIOT CcOO00M HAKOIUICHHBIH MAacCHB

JaHHBIX TpEX qacToT, Kaxxaasa nu3
KOTOpPBIX BHOCHUT COOTBCTCTByIOHII/II\/II BKJIag
B (GOpMHpOBaHHE AaMIDIUTYJHOTO  OTKJIMKA
WHAMBHIyabHOH  MOJOCBI  CHEKTpa  C
OMPENENCHHBIM  BECOBBIM  KO3((DHIIHEHTOM
(puc. 10).

HYCTB hi — BOCCTAHOBJICHHAs1 BPEMCHHas

momuocTh kiauHa (TWT) ¢ amMmiauTyaHsiM

OTKIUKOM Aj UeHTpainbHOH dyactoTel fi.
Torma »ddexTBHAsS BpEeMEHHAs MOIIHOCTb
(TWT) kimmHa  BBIp@XKaeTcs  CIIEAYIOIIAM
o0Opa3om:
3
Hadrwr = %Al&hl 2)
1

i=1
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O61acTh MAKCHMAILHOTO NEPeKPLITHI

AMILTHTYAHO-YACTOTHBIX XaPAKTEPHCTHK curuaia (AUXC)

O61a¢TH MHHHMAIBHOTO
Hajmyus Janubix AUYXC
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Puc. 10. AHann3 NHAMBMAYAIbHOTO BKA3LA aMMINTYAHO-4YAaCTOTHbIX XapPaKTEPUCTUK CUTHANA
npw onpeseneHnm MOLWHOCTU CUHTETUYECKOM MOAENMN KANHA

KomiuiekcHoe BOCCTaHOBJICHHUC

BpeMCHHOﬁ MOIITHOCTH KJIMHa nMeeT

IMOJIOXKHUTEJIBHBIE PE3YJIbTAaThl — MAaKCUMAaJIbHOEC

BpemMeHHol MomHoctd  (TWT)  cocraBiser

1,9 mc (puc. 11). [laHHBII MOIXOI YCHEUIHO

IIPUMCHUM nu JJIsL KOJIMYCCTBEHHOMN

OTKJIOHEHUE BOCCTAaHOBJIEHHBIX 3HAYCHMH WHTEPIpPETALUH [T0JIEBBIX TAHHBIX.
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Puc. 11. PacyeT 3pPpeKTUBHOM MOLLHOCTM CUHTETUYECKOM MOAENMN KINHA
C UCMOJ/Ib30BAaHNMEM MACCMBA aHAIM3NPYEMbIX KOMMNOHEHT
KonuuecrseHHan UHTEepnpeTauuna TOPHBIX rmopona. Peanpnas MOICJIb
pesyabTaTtos KOJUIeKTopa TMnacta «AduX» IpeacTaBieHa

PaccMoTpeHHOE BHIIIE pelIeHHe MPSIMON
¥ 0o0paTHOH 3aJad OCHOBAaHO Ha IIPEAIOIIO-

KECHHUH OOHOPOAHOCTH JINTOJIOTUYCCKOT'O

cocCTaBa n HeTpO(i)I/BI/I‘IeCKI/IX CBOICTB

TOHKHM IMEPECIanBaHUEM NECUHAHO-TIIMHUCTBIX
IIPOIUIaCTKOB, YTO O3HA4Ya€T HCOAHOPOIHOCTH
JINTOJIOTHYCCKOI'O cocCTaBa

u  (u3nUecKux

CBOMCTB MOJEIIH.
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HccimenoBanne OAaHHBIX OTJIOKEHHII B

MmacmTade ceiicMopa3BeIK1 MO3BOJISIET
paccMaTpuBaTh cpeiy Kak MaKpOCKOITHYECKH
OTHOPOJHYIO C 3((EKTUBHBIMH CBOWCTBAMH,
4TO CTaBUT 3a1aue KOJIMYECTBEHHOU
MHTEPIPETAlMA  PE3YyNbTaTOB  CHEKTPAIbHOM
JIEKOMITO3HUITHH TIPOTHO3 3 dexTUBHOMH
MOITHOCTH KOJUIEKTOpA.

Ha mepBom stame paboThl MCTONB30BaHA
pobacTHasi METOAMKA aHaiuM3a aMIUINTYZ JUIs
OTOPaKOBKM  CTATUCTHYECKUX  «BBIOPOCOBY,
KOTOpasi  IMO3BOJSIET  KOPPEKTHO  OLIEHHUTH
paboumii amamazoH 3HadeHuWil. Jlamee 3amaya
3aKIIf04aeTcs B HEOOXOJMMOCTH IPHBEICHUS

BCJIMYUHBI aMIUIUTY[J  TIOJIEBBIX JaHHBIX K

€IMHOMY  YPOBHIO  3HaY€HUW  aAMIUIUTY]
CHUHTETHYECKOI MOJIEIH.
[IpoGnema JAHHOH MIPOLIEAY P

3aKJII0YaeTCsi B OTCYTCTBHHM  BO3MOXKHOCTH
CTaHJApTHOH HOPMHUPOBKU C HCIOJIH30BaHUEM
MHHUMAJIBHOTO M MAaKCUMAaJIBHOTO 3HA4YeHHH
aMIUTUTY/IbI, BBHJY OTCYTCTBUS HM3BECTHOTO
3HAYCHHS aMIUTUTY b1 (MakcuMyma)
KOHCTPYKTHBHOM  WHTEeppEepeHIInd  CHTHAA.
Hannpii  ¢axt  0oOycHOBIEH  TeM,  UTO
MaKcHUMaJbHas

a¢dhexTuBHAS MOIITHOCTh

KOJUJICKTOPA, BCKpbITas CKBa)XMHaMH, HC

OTCYTCTBMM  MAaKCHUMyMa  KOHCTPYKTHBHOH
WMHTEPPEPEHLINU aHATN3UPYEMbIX aMIUIUTYI.
CrnenoBarenbHo, IpeJiaraeTcs
BBITIOJTHEHHE HOPMHUPOBKH C HCHOJIb30BaHUEM
aMIUTUTY A, M3BJICYEHHBIX B paiioHe

IUIACTONIEPECEUEHU  CKBaXKUH. CornachHo
CKBaXMHHOW MH(OpMaLny, KaXIOMY 3HAUYCHHIO
3¢ PeKTUBHOM MOIIHOCTH KOJIJIEKTOpa
COOTBETCTBYIOT HMEIOLINE PAa3HbI YpPOBEHb
aMIUIUTYbl ~ CHUHTETHYECKOM  MOJENH W

TIOJIEBBIX JTAHHBIX. MuHNMaEHBIM
3HAQ4YCHHUEM  ABJIICTCA HYyJieBasa aMIlIUTyJa,
COOTBETCTBYIOILLIAS HYyJIEBOU BPEMEHHOM
MOIIIHOCTH Koyuiektopa (puc. 12). TTocpencrsom
MIOCTPOCHMSI  KPOCCIUIOTA yIAETCSl  BBIIBHTH
HAJSXKHYI  JIMHEHHYH0  3aBUCUMOCTb  JUIS
OPUBEJCHUS  KapThl  aMIUTUTYX  TTOJICBBIX
JaHHBIX K YPOBHIO aMIUIUTYIQ CHUHTETUYECKOM
MOJIEIIH.

Janee HopMHpOBaHHas KapTa MOXET
OBITh ~ HCHOJNB30BaHA  INPU  BBIYUCICHUU
3¢ (EKTUBHBIX TOJIIWH MECYaHHUKA, MOCKOJBKY
COOTBETCTBYET CHHTETUYECKOMY aMILTUTYTHOMY
oTknuKy Ha yactote 19,4 I'm. CpaBHeHue co
CKBOKMHHBIMH  JaHHBIMH  TIPEICTaBICHO B
Tab. 2. MakcuManbHOe OTKIOHEHHE PACYETHOM

BEeNMYMHBI  3()(EKTUBHOH  MOIIHOCTH  OT

IIPEBBIIIAET pasperaronieit CHOCOOHOCTH CKBa)XKMHHBIX JAHHBIX COCTABJISIET OPSAIKA 2 MC.
HU3KOYaCTOTHOM COCTaBIISIIOLLEH, 4TO [IpoMexxyTouHbIM  pe3yJbTaT  MPEICTaBIICH
MO3BOJISIET  BBLIBUHYTH IPEIIONIOKEHHE 00 Ha puc. 13.
Tabanuya 2
CpaBHeHue 3pPeKTUBHDBIX MOLLLHOCTEN NecHaHUKa
no marepuanam CneKTpasibHOU AeKOMNO3ULIMM U CKBAXKUHHbIX AAHHbIX

CkBa*knHa 12 16 14 9 17 25 19

MOLLHOCTb BCKPbITbIX NECYAHbIX OTNOXKEHUN, M 28,1 | 6,7 | 21,1 | 245 0 0 0

BpemeHHasa mowHocTb (TWT) npu ckopoctu 4200 m/c, mc 13,4 | 3,2 10 11,7 0 0 0

BoccTaHOB/IEHHblE BpeMeHHble molHocTn (TWT), mc 12 4 14 9 1 1 0
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SERERREZISEEREEE

Ammuryaa
(mosneBble JaHHbIE), Y.C.
g
Ammntyaa
(HOPMHPOBaHHBIC 3HAYCHHSA), Y.C.

-226.104
-235.934
-245.765

y =0.00708x
R*=0.89611

OTHOCUTENbHAA aMNAMTYAS,
ye.
O ¢

0 50 100 150 200 250
Mopayne amMnauTyAbl BAONL KPOBAK NnacTa AyX, y.e.

B

Puc. 12. Mprmep HOPMMUPOBKM aMNAUTYA HU3KOYACTOTHOM cocTasaatowein (19,4 u):
A — ncxoHble 3HaYeHUA aMNANTYApbl; b — HOPMUPOBAHHbIE 3HAYEHUA aMNAUTYAbI;
B — Mcnosb3oBaHHbIN ANa Npeobpa3oBaHUsA rpadmMK HOPMUPOBOYHOW GYHKLUK

DdpexTHBHAA MOIHOCTH NECHAHHKA
(BpemeHHOIT MaciTab), Mc

Puc. 13. KapTa BpemeHHbIx MoLlHocTel (TWT) necyaHbix OTA0XKeHUIM naacTa «AuX» ans yactotbl 19,4 Iy,
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Ananus CIICKTPATbHBIX ~ KOMITOHCHT
TIPOIOJDKACTCS IS BRIOPAHHBIX YacTOT C TICITBIO
YTOUHEHHS MAaJIOMOIIHBIX YYacTKOB pacipo-
CTpaHEHHUs] KOJUJIEKTOpa IO YKa3aHHOMY BBIIIE
aNTOpPUTMY, MPU 3TOM HOPMHUPOBKA OCYIIECTB-
JISIeTCS HA MUHUMAJbHBIC 3HAYCHUS aMILTUTYIbI
W MaKCHMaJbHbIE 3HAUEHHS aMIUIUTYObl MpH

KOHCTPYKTHUBHOW HHTepdepeHnmn curHana. s

3TOT0 MOXET OBITh HCIOJNB30BaHa IMOJyYCHHAS
KapTa BPEMEHHBIX MOIIHOCTEH 332 HCKIFOUCHHEM
30H, 3(deKkTHUBHAs MOIIHOCTh KOJUIEKTOpa B
KOTOPBIX MIPEBBIIIACT paspemaonyo
CHOCOOHOCTh YaCTOTHOW COCTaBJISIFOILEH, YTO
MO3BOJIIET MCKIIOYHTH M3 pacdera o0iacTh
HEOJIHO3HAYHOCTH TMPH PENICHUH o0paTHOU

3amgaun (puc. 14).

Puc. 14. KapTbl NPOrHo3unpyembiX MOLLHOCTEN NecHaHblX OT/I0XEHMM C UCNO/Ib30BaHMEM KapT aTpubyTa
CMEeKTPasbHOW AEKOMMNO3ULMUN Ha Pa3ANYHbIX HYacTOTax

[onyyennsie  KapThl  3QQPEKTUBHBIX
MOIIIHOCTEH  KOJUIEKTOpa  BO  BPEMEHHOM
maciurabe Jinic: KaX 10U 4aCTOTHON
COCTaBJISIFOUIEE M COOTBETCTBYIOLME UM
KapTbl HOPMHUPOBAHHBIX aMIUIUTY] SBIIFOTCS
BXOJHBIMU  JaHHBIMH  JUI  BBIIIOJIHEHUS
KOMIIJIEKCHOTO pacdera KapTbl 3(QEKTHBHBIX

MOIIHOCTEH mnecuaHuka. I[loCKONbKY Kakablid

MacCCuB JaHHBIX TpEX qacToT BHOCHUT

COOTBETCTBYIOIIMK BKJIaJ B (QOpPMHpOBAHHE

AMITJIMTYJHOT'O OTKJIMKa I/IH}II/IBH}IY&HLHOﬁ
IIOJIOCBI CIICKTpa C OIpEaACIICHHBIM
BCCOBBIM K03(1)(1)I/I]_[I/ICHTOM, BO3MOXXHO

WCTIOJIb30BaHuEe JJIs1 TporHo3a 3¢dQexkTuBHON
MOIIHOCTH KOJUJIEKTOpa IPHUBEJEHHOIO paHee

ypaBHeHus (2).
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Pesynpratom paloThel sBISETCS KapTa 3HAYCHUSIM 3¢ deKTHBHBIX TOJILUH

IIPOTHO3HBIX MOH.IHOCTCFI, NOJIyuYCHHaA COOTBETCTBYIOT aBaH/ICIIbTOBBIN KOHYC BBIHOCA

CTaHAapTHBIM CII0COO0M HCIIOJIb30BAaHUS C IOABOJAINIMM KaHaJIOM, a TaKXKC 0ollee MeNKUe

CKOPOCTHOM MOJENH OTJIOXKEHUN U NPOrHO3HOU 9po3uoHHBIE  Bpe3bl. KoHTponp  KauecTBa

KapTbl BpPEMEHHBIX MOIHOCTEH IIeCYaHHKa BBIINIOJIHECHHOI'O IIPOTHO3a MNPEACTABJICH KakK

mracta «AuX» (puc. 15). HroroBas kapra OIIEHKa CTaHJApTHOTO OTKJIOHEHHS MPOTHO3HOM

HaACKHO COTJIaCYETCA C PE3yJibTaTaMU I'€OJI0ro- MOIITHOCTH II€CYaHHUKA OT CKBAXXWHHBIX JaHHBIX,

reo()M3NIECKO MHTEPIPETALNH: MOBBIILICHHBIM BEIIMYHMHA KOTOPOro coctasiser 4,7 M (tadm. 3).

A b

0 1000 2000 3000 4000 5000m
MO — —

0 1000 2000 3000 4000 5000m
w OO — —

.9 HOMEp CKBaXUHbI

245 MOLWIHOCTb NecyaHuka nnacra Ay X no
peaynsratam GypeHus

Puc. 15. KapTbi: A — BpeMeHHbIX 3G DEKTUBHbIX MOLLHOCTEN KONNEKTOpa;
b — NporHo3HbIX 3G PEeKTUBHbIX MOLLHOCTEN KOMEKTOpPaA

Tabnumua 3
ConoctaBneHue JaHHbIX 3¢ PEKTUBHBIX MOLLHOCTEN NecyaHMKa

AKycTUYecKaa uHBepcua CnekTpasibHasA AeKOMNo3nuuA
d¢ddeKTusHasn
C 3ddeKTnBHas OTKNOHEHME OT 3ddeKTnBHasn OTKNIOHEHUe OT
KBaXMHA MOLLHOCTb, M
MOLLHOCTb, M pesynbTaToB MOLLHOCTb, M pe3ynbTaToB
(6ypeHue)
(nporHos) bypeHusa, m (nporHos) bypeHus, m
9 24,5 24,47 0,03 19,85 4,65
12 28,1 20,92 7,18 21,33 6,77
14 21,1 24,07 -2,97 21,93 -0,83
16 6,7 4,76 1,94 7,78 -1,08
17 0 5,57 -5,57 4,64 -4,64
19 0 -5,06* 5,06 2,75 -2,75
25 0 5,67 -5,67 6,14 -6,14
CTaHpapTHOE OTKNOHEHMe, M 51 4,7

* NOBbIWEHHbIe 3HAYEHNA aKYCTUYECKOro MMMNeaHca B CKBaXunHe N2 19 npuBoAAT K OTpMLATEe/IbHbIM 3HaUYeHUAM 3ddeKTUBHOM
MOLLHOCTU KO/IZIEKTOPA COrMacHo ypaBHeHUio perpeccum (puc. 16)
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Puc. 16. PerpeccMoHHan 3aBUCMMOCTb 3PPEKTUBHbBIX MOLLHOCTEN MecyaHMKa
OT CpegHUX 3HaYEHUIA aKyCTMYECKOro nmnegaHca naacra «AuX»[6]

JlonONTHUTENBHO MPUBEACHO CPaBHEHHE C
pe3ynbTaTaMu MPOTrHO3a a¢dhexkTuBHOM
MOIIHOCTU KOJIJIEKTOpa o JaHHBIM
aKyCTUYECKOW HHBEPCHH, COTJIACHO KOTOPBIM
YCTaHOBJICHA HaJleKHas 3aBUCUMOCTb
3¢ (}EeKTHBHOW  MOIIMHOCTA  TECYaHWKa  OT
CpEIHEro 3HaueHHs aKyCTHYECKOTo HMIIeJaHca
mwracta  «AuX» (cm. puc. 16). Bauny
IIOBBIIIICHHBIX 3HAYCHMI AKyCTUYCCKOI'0O
uMmrenanca B ckBaxuHe Ne 19 wHabnromaercs
MIPOTHO3 OTpHLIATENEHON BEJIMYHMHBI
3¢ ¢eKTUBHOW MOIIHOCTH KoJulekTopa. Jlis
HEIOMYIIECHHS M0I00HBIX Pe3yIbTaTOB
BO3MOXXKHO  PAacCMOTPEHHE HMHBIX METOIUK
nporHo3a 3(h(eKTUBHON MOIIHOCTH TeCYaHWKa
(Mcronp30BaHUE JIPYTHX T€O0CTATHCTHUECKHX
MPUEMOB, MOCTPOCHUE perpeccHOHHBIX
3aBUCHUMOCTEH C y4eTOM (haliaibHBIX 30H), HO B
paMKax JIaHHOH cTaTbl OHM PACCMOTPEHBI HE
Oyayt. CraHmapTHOE OTKJIOHEHHE HPOTHO3HOW
BEIMYMHBl IO pe3yibTaTaM aKyCTHYECKOH
WHBEPCUU COCTABUIO 5,1 M.

Takum obpazom, npe/ICTaBICHHEIC
PE3YIbTATHI KOJIMYECTBEHHOMN HUHTEPIIPpETALIUN
CHeKTpaHBHOﬁ JACKOMIIO3UIIUHU  MOTYT OBITH
HUCIIOJIB30BAHbBI B KadYCCTBEC HOHOHHHTCHBHOﬁ
METOAWKHA HE3aBUCHMOW OLIEHKU 3(PPEKTUBHON
MOILIHOCTH KoJutekTtopa. Ilpm sTomM ommOka

OIpEACIICHUA HCKOMOTI'O napameTpa

KOJINYECTBEHHO COIIOCTaBUMa C pe3yibTaTaMH
INPOTHO3a 1O  MaTepuajaM  aKyCTHYECKOU

WHBEPCHH.

BbiBOAbI

B nmannO# pabore mpWBEIECH yCIENTHBINA
npumep MPUMEHEHUS KOJIMYECTBEHHOM
WHTEPIPETAUA  PE3YJIbTATOB  CHEKTPaIbHOU
JEKOMITO3MIIMU JIIsl TIPOTHO3a 3P PEKTHUBHOM
MOIIHOCTH II€CYaHHWKa aBaHJEIbTOBOIO KOHYCa
BhiHOCa miacta «AuX». IlpennoskeHHbII
NOOXOX MOXeT OBITh  HCIIONB30BaH  Kak
HE3aBUCHUMO, TaK M B  KOMIUIEKCE CO
CTaHJAPTHBIMU KOJIMYECTBEHHBIMH METOJaMU
JUHAMUYECKOW UHTEPIIPETAIIHH.

OcHoBHBIE IIPEUMYILECTBA
MPEUIOKEHHON METOAMKH  3aKJII0YaloTci B
MUHHMAJIEHOM KOJINYECTBE BXOJIHBIX
JNAHHBIX ¥, CJEJO0BaTENIbHO, BO3MOXXHOCTH
MIPOrHO3a 3¢ deKTUBHOM MOII[HOCTH
KOJIJIEKTOpa IUIOIA/IeH, MaJIOM3YYEeHHBIX
OypeHueM, TMpH HAIMYAKM  CEHCMHUYECKUX
HaOIIOIeHUI MOI'T-2D/3D BBICOKOH
IUIOTHOCTH. Takke HEOOXOJMMO OTMETHThH
3HAYHTENILHOE BJIHMSHUE KadecTBa BXOJHBIX
JIAaHHBIX, B YacTHOCTH, KayecTBa
MaTepUalioB CEMCMOpPAa3BEIKM W HAJIEKHOCTU
KOppEJSIMY  aHAJIM3UPYEMOTO  OTPaXKAIOIIETO

TOpHU30HTA.
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ABTOPOM  Takke  PacCMAaTPHUBAIOTCS
BO3MOXXHOCTH YCOBEPIICHCTBOBAHHSI METOJUKU
KOJINYECTBCHHOTO

IIPOTHO3a  Pe3yJbTaTOB

CHCKTpaﬂbHOﬁ ACKOMITIO3UIINH, KOTOPLIC MOI'YT

KacaTbCsl YCJIOKHEHHS CHHTETUYECKON MOJIENH B
4acTH HEOJHOPOJAHOCTH CKOPOCTHOW MOJAENH U
COOTHOLICHUN

Pa3INYHBbIX aKyCTI/I‘IeCKOI\/'I

JKCCTKOCTH I1JIaCTa.
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3ajadeil, mnpeamaraéMoll K pelIeHHIo, OJIHOBPEMEHHO  YIOBJIETBOPsUIM OBl  psdy
ABJSIETCS. YTOUHEHHE (IIIOMAAIBHOTO COCTaBa 71a00paTOPHBIX U HPOMBICIOBBIX KPUTEPHEB, a
ra30HACHIIEHHON YacTH Bykrbuisckoro napoBble M KHIKME (a3bl 3TUX COCTaBOB
HePTEra30KOHICHCATHOTO MECTOPOXKICHUS HaXOAWINCh Obl B COCTOSTHUH
(BHIKM) ¢ menbi0 OLCHKH COJIEpKaHHS U TEPMOJUHAMUYECKOIO paBHOBECHSL pu
cOoCcTaBa 3amacoB JKUAKUX  YIJIEBOAOPOIOB JAaBJIEHUSIX W TEeMIlepaTypax  BbIOpaHHBIX
(KYB)  wmarpuuHoii  HedTH, a  TaKKke OTIOPHBIX TITyOuH MacCUBHOM
MPOCTPAHCTBEHHOTO  pa3MEIleHusi  JaHHBIX HePTEera30KOHICHCATHOMN 3aJIEKH.
OILICHEHHBIX 3aI1acoB. Hedrerasomarepunckue CBOICTBa

PaGora coctour W3  ompeneneHus KapOOHATHBIX IOpoJ M3y4aroTcs Ha
KOMITOHEHTHOTO/()paKIIHOHHOTO ~ COCTaBOB  H, MPOTSHKEHUN YETBIPEX MOCIEIHUX NECATHIETHH
COOCTBEHHO, TEPMOANHAMUYECKOTO [1, 2]. Kpome Toro, psimoM uCCIeJOBaHHUH B
MOJIEJIMPOBaHUSA C HCHONb3oBaHneM PVT- HUITHIT PAH [3] mnoka3zaHa HE TOJBKO
MOJTYJIS OJTHOTO u3 MIPOMBIIIIEHHBIX HedTera3oMaTeprHCKas NpUpojaa KapOOHATOB
TUAPOINHAMHYECKUX CUMYJISITOPOB. psiaa MECTOPOXKISHHUM, HO M JOKa3aHO HaJIMdue

Pesynbrarom SIBJISIETCSA moxdop KYB u BBICOKOMOJIEKYJIIPHBIX KOMIIOHEHTOB
GIouganbHBIX  COCTaBOB  KOMIIOHEHTOB U B Ta30HACHIIIEHHOM dacTH ByKTelIBCKOTO,
¢pakuuii (BMecTe C WX XapaKTepUCTUKAMH), Opendyprckoro, AcTpaxaHCKoro,
COOTBETCTBYIOIIMX Ta30- U He()TEHACHILIEHHON Kapauaranakckoro HI'KM no Hauvama wux
gactaM  Bykremeckoro  HI'KM,  kotopsie pa3paboTKH.
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B cooTrBercTBUM ¢ MaHHOW KOHIEMIUEH
MIPUHAMAIOTCS MTOCIIeZIOBaTENbHEIE
TEOXUMHUYECKHE MPOIECCHI, COMPOBOXKIAIOLINE
(dhopMupoBaHue 3anexein YTIIEBOAOPOIOB
BBIIICYTIOMSHYTHIX MECTOPOXKICHUH:

— HavaJgbHas cTanus WHTCHCUBHOMN
ra3oreHepandyd B IIpolecce MpeoOpa3oBaHUil
(xoHIeHCaIH, TTOJTHKOHICHCAITHHN )

opranuueckoro BemectBa (OB) mo keporena

B obbeme HEePBUYHBIX CTPYKTYPHBIX
dbopM  mopoaooOpa3ymIIero  KapOOHATHO-
OpPraHUYeCcKOro noJjmMepa, KOTOpast

COIIPOBOXKAAETCS COPOCOM HU3KOMOJIEKYIISIPHBIX
YTIICBOAOPOIHBIX u HEYTJIEBOJOPOAHBIX
KOMITOHEHTOB TIPHPOIHOTO Ta3a, 3aBeplIaeTcs
MHUKpPHUTH3AIMCH  TEePBUYHBIX  CTPYKTYPHBIX
¢dopM KapOOHATHO-OPTraHUYECKON MOTMMEPHOU
MaTpuIpl W BBIXOJAOM  KeporeHa B
caMoCTOsITeNIbHYI0 a3y — ¢a3y paccestHHOTO
OpraHU4eCcKOTo BEILECTBA (POB) B
MHUKPUTU3UPOBAHHON MaTpUIE;

— OuTymMuHO3Hast (OMTYMOUWIHAs) CTalus
HIOCJIE/TIOBATENILHOTO MPeo0pa3oBaHmsl KEeporeHa
B Py OWTYMOMIHBIX KOMIIOHEHTOB HE3peNoin
MarpuyHo HeTH — achaJbTeHOB, THKEIBIX
CMOJI, JIETKHX CMOJ, MAacej, CBS3bIBAIOIINX
U pacTBOpSIONIMX B  CBOEM  OOBeMe
KOMITOHEHTBI panee OTTeHEPUPOBAHHOTO
MPUPOJIHOTO Ta3a;

— ctaaus GOPMHUPOBAHUSI KHUJKOU (a3bl B
npoliecce MoCceI0BaTeNbHOT0 MpeoOpa3oBaHus
OCMOJIGHHBIX M MACJSIHUCTBIX  JIETKHX
OMTYMOHMIHBIX ~ KOMIIOHEHTOB /10  JKHIKHX
YIIeBoIopoioB  HedTsHOro psga  (HedTH),
COIIPOBOKAAOLIASCS 0cBOOOKAEHUEM u
BBIXOJIOM paHee CBSI3aHHOTO OMTYyMOWJIAMH Ta3a
B CBOOOJHYIO (a3y B TMOSIBUBIIMXCS TPH ITOM

3(()EeKTUBHBIX E€MKOCTHBIX 00BbEMax, a TaKxkKe

obpazoBanue, Ha OCHOBE JacTH
HEPTIHOM ¢asbl u 3aKOHOMEpPHOCTEN
TEPMOJIMHAMUYECKOTO paBHOBecHS,

ra3onapoBoil (aspl, B pealbHBIX YCIOBHUSIX
IUTACTOBBIX TEMIIEPATyp U AaBICHUH.

Wuabivu CIIOBaMH, JUIst yKe
chopMHUpOBaBIICHCS TA30KOHICHCATHON 3aJIeKU
yCTaHaBINBAETCS TEPMOINHAMUYECKOE
paBHOBecHe  MapoBOW M JKUAKOH (a3
(xmmkass dasa cuWTaeTcs  TOXKIECTBEHHOU
MaTpPUIHON HJTH COOCTBEHHOM HetH
ra30HACHIIEHHON YacTH) ILIACTOBOTO (JIIOHIA,
kak B PVT-60M0e mipu yCIoBUU MOIEIHPYEMBIX
9KCIIEPHUMEHTOB, TaK u B KaX /101
TOUKE HeTera3oHachIeHHOM! YacTH
HeTEera30MaTepHUHCKOM 3aIexkKH.

be3zycnoBHO, TakoW 1OAXOJ ~SBIAETCS

VIPOLICHHEM PEAIBHOW CHUTyallld, HOCKOJBKY

nporecc npeoOpazoBaHus BEIIECTBA,
pe3yabTaToOM KOTOpPOTO SIBIISTIOTCS
YTIEBOAOPOLIEL, 3aBHCHUT TaKxe oT

T€OJIOTUYECKOTO BpeMEHHU (CTpaTUrpaduuecKon
MIPUHAJUIEKHOCTH), oT MajeoAMHaMUKN
(MCTOpHYECKOTO ~ HM3MEHEHHsT TJIyOHMH), OT
MUHEpPAJBHOTO COCTaBa BEIIECTBA M THIIA
IUIACTOBBIX BOJ, OT psiia MHBIX, B TOM YHCIIE
MOKa  HEW3BECTHBIX, MapaMeTpoB. SIBHBIM
WUHIUKATOPOM

mporecca  IpeoOpazoBaHUs

ABJISIETCS. TIOPUCTOCTh M CTPYKTypa HOPOBOTO

MPOCTPAHCTBA.
I'maBHBIMU TEPMOANHAMUYECKIMHU
¢dakTopamu, oT KOTOPBIX 3aBHUCAT

XapaKkTepUCTUKU cPOPMUPOBAHHOTO TIACTOBOTO
¢ronna B KaX 101 TOYKE
He(pTera30KOHJICHCATHON  3aJIeXKH,  SBISIOTCS
TEKylllee IUIACTOBOE JaBIEHHWE W IJIACTOBas
Temrieparypa (3aBHCSIIUE, 110 CYTH, OT OJHOTO
napamerpa — riyOuHsl o BepTukanu win VD
— True Vertical Depth), uro maer ocHoBaHue Ha
JIAHHOM JTarne U3yUYCHHUS o0BeKTa
MPUMEHATh TepMOAMHaMudeckoe, win PVT-
MOJICIIMPOBAHNE, HAay4YHas W IpaKTHYecKas
LHEHHOCTh Pe3yJbTaTOB KOTOPOrO MpPH OLEHKE

3ar1aCcoB HEC BbI3bIBACT COMHCHUS.
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OcraHOBHMCSI JleTaJbHEE Ha IEPBOM
srame. B KkadecTBe wWcxomHOM WH(MOpMAIIH
npu MOCTPOCHUHU MepBOHAYATILHOM
PVT-mozmenn mnacToBod Ta30KOHICHCATHOMN
CHCTEMBI OBIITH MCTIONB30BaHbl 3aKOHOMEPHOCTH
U3MEHEHHUS!  COAepKaHUS  WHIUBHIYaJbHBIX
ra30BBIX KOMITOHEHTOB o paspesy
3aJIEKU BHI'KM, MOJTyYECHHBIE B
paborax: OTYET1985Y, OTYET1986> Ha
OCHOBaHHHU aHanm3a " OCPEIHCHHUS
pe3yIbTaTOB Ta30KOHJCHCATHBIX HMCCIICOBAHMM
(FKW).

IToaroroBka PVT-momenu r1uiacToBoi
CMECH W pacueT COCTaBOB (Ta30KOHACHCATHOW
CHCTEMBI, IUIACTOBOM HE()TH M CyMMapHOTO
cocTaBa YTJIEBOAOPOTHOM cMecH) B
HAcTOSIIEH pabdoTe MpPOM3BENEHBI UIS IIECTH
OTIOPHBIX TITyOHH. [lepBonauansHas
PVT-mozmens Obuta OCHOBaHa Ha TPHHATBHIX
paHee B MPOEKTHO-TEXHUYECKON JTOKYMEHTAI[UH
(IITHA), com. OTYET2014%  cocraBax m
CBOMCTBax KOMIIOHEHTOB 51 ¢dpakuuit
ra30KOH/ICHCATHBIX ~ CMeCed JUIs  YeThIpex
OTOPHBIX TDIIyOWH (pa3dueHue 0OOCHOBAHO
OOJIBIION ATAKHOCTBIO 3aJEKH — TIOps/IKa
1400-1500m [4, 5]) — wu HacTpoeHa Ha
KPHBYIO

COACPIKAHUA KOHACHCAaTa B

TOTYET1985 — KoMmekcHble (Ta30KOHAEHCATHBIE
U Ta30JWHAMHWYECKHE) HCCIEOBAHUS CKBAKUH
Byxkteuibckoro I'KM. IlpoBenenune KOHTpois 3a
BHE/IPEHHEM TEXHOJIOTUH M3BJICYEHHUS BBIIABILIETO
KOHJIEHCaTa METOAO0M co3faHus otopouku LIDIIY:
IIpomexxyTtounsrii otder mo teme 02.B.05/84-85 3a
Il xB. 1985 1. YxTa: BHUNIT'A3 Komu ¢punman, 1985.
20TYET1986 — KouTpomb 3a  BHEAPEHHEM
TEXHOJIOTUM M3BJICUCHHS BBIIABLIETO KOHJEHCATA
METOAaMH OOpabOTKM  CKBaXUH OOOTaIeHHBIM
razoM u cozganue oropouku ULIDIY (Otuer mo
pe3ysbTataM HCCIEOBaHUS CKBaXHH M 0000IIeHne
pesympratoB 3a 1985 1. m | xB. 1986 r.):
IIpomexyTounblit otuer mo Teme 02.B.41/86-87.
Yxta: BHUUT'A3 Komu ¢wmman, 1986.

3 OTUET2014 — JlononHeHus K IPOEKTy pa3paboTKu
Bykteuibckoro HI'KM. Otan 3 (3aKIOYUTENbHBIN):
OTueT 0 Hay4YHO-HMCCIIEOBATENbCKON pabore. YXTa:
BHUUT'A3, 2014.

IJIACTOBOM ra3e (TOYHee, MOTCHIMAIBHOIO
cojiepkaHusi KOMIOHEHTOB Cst«BbICIIMEe» Ha
CyXoH ra3z).

Hwxe MpHUBEIcHA TabI. 1
TepMOOAPHYECKHUX YCIOBHI YETHIPEX OIOPHBIX

rnyour TVD w3 mpoekTHO# JOKyMeHTanmu

o BHI'KM (3mech u nauee
YKa3bIBAC€TCSI BEPTHUKAIbHAS  IOJOXKUTEIbHAS
riryonHa TVD, B OTIIUYHE oT
OTpHLIATENEHBIX a0COIIOTHBIX OTMETOK:
a.0.=—TVD).

Tabnmua 1

Tepmobapuueckue ycnosus
ana PVT-mogenuposaHua ¢aonaanbHom
cucrembl BHIKM, npuHartbie B MTA

Fny6uHa Pnn., PH.K., Tnn,

TVD, m 6ap e °c
3350 374 331 67
3000 362 325 61
2500 346 316 52
2000 328 307 42

3HaueHus 1aBJIeHUN Havajga KOHICHCAIUU
PH.K. 11 pa3NuMYHBIX OHOPHBIX TIyOHMH
ObUIM  TIONMy4YeHBI, HMCXOAs W3  JIAaHHBIX
IKU =n

PEKOMOMHHPOBAHHBIX MPOO TIACTOBOTO Trasa,

na00OpaTOPHBIX  HCCIICAOBAHUI
JUId  psAda CKB&KWH, C YYETOM JIMHEHHOW
skcTpamoyisiimu  PH.K. 10 TiyOmner 2000 M.
Hecmorpss Ha pernmament mnposenenus ['KU,
cama Tpoleaypa peKOMOMHAIIUN MpeAToiaraet
HaJIM4YMe HEyCTPaHUMOW OLIMOKW OIpeAeeHus
KaK HaYaJIbHBIX COCTaBOB, Tak u
JaBJICHWH Havajga KOHJAEHCALWH, OCOOEHHO
M3MEHEHUS

BCJICACTBHC KOMIIOHCHTHOT'O

cocTaBa (haronya pu3aboiHON 30HEI
MpPH  BBIBOJC CKBWKWH HA PEXUM W/WIH
BCJICJICTBUE PEXHMOB paboThl ¢ OONbIION
Jenpeccueil Ha miuact (YTo OBUIO XapaKTepHO
JUTSL IEPBBIX JIET 3KCILTyaTal[ul Ta30BOM 3alIekKH

BHIKM).
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JlanHbleE 1O  BCIOMOTAaTe€lbHBIM U
JOTIONTHATENBHBIM ~ TiiyOmHam i~ PVT-
MOJICTTUPOBAHHUS
BHI'KM,

WMHTEPIOJSIUEH, TpuBeAeHs B Tabm. 2. B

GhrounanbHON CUCTEMEI

[IOJIy4YEHHBIE JIMHENHOU
coorBercTBuM ¢ IITJI MakcuMmanbHbIE 3aI1achbl
raza IpPUYpOYEHBl K OKPECTHOCTH OIIOPHOU
rryomsasl 3025 M, mO3TOMy Ha 3Ty IIIyOWHY
HAaCTpOCHa M TaK Ha3blBaeMas <«OTaJIOHHAA
KpHBash» HOTeHUualbHOro cojepxanust Css, a
rnyouna 3316 M — npuHATas TIyOMHA
razonedtaHoro konrakra (I'HK).

Tabnuua 2

TepmobapuuecKkue ycnosums
Ha BCNOMOraTe/ibHbIX U 4,0NOJAHUTE/IbHbIX
OMOPHbBIX rNy6uHax

Tnybuna Pnn., PH.K., Tnn,

TVD, m 6ap 6ap °C
3316 372,8 330,4 66,4
3025 362,9 325,4 61,4
2750 354,0 320,5 56,5
2250 337,0 311,5 47,0

3aMeTUM, YTO COTJIACHO C MPUHATHIMU IO
mabopaTOpHBIM ~ UCCIIEZOBAHUSM  CBOHCTBAMH
razoB Byxteuibckoro HI'KM, na kaxzaod wu3
OIIOPHBIX rIyOuH JIaBJICHUE Hayasa
KOHJIEHCAITUU (TOYKa pPOCHI) CYIIECTBEHHO (OT
21 no 43 6ap) HIKE HAYAJIBHOTO ILIACTOBOTO
JaBJIeHMsI. DTO sIBJICHUE, KaK (DaKT, yTBEPIKIACHO
B pszie TPEABIAYIINX HCCIEIOBaHNHN MIaCTOBON
CHCTEMBI H B TIPOEKTHON JTOKyMEHTAITUU
OTYET2014.

Ilockoneky mpH 3TOM U3ydYalduCh HE
npsiMbIE  OTOOPBI IIACTOBOTO (hIIfouaa, Kak B
cirydae He(DTSHOM 3aJIe)KH, U HE TPSMBIC 3aMephI
€ro CBOICTB, TO /[aHHOE SBIEHHE MOXHO
BOCIIPUHUMATH JIUTITH KaK HEKUit
COIJIACOBaHHBIN  JabOpaTopHBIA  KPUTEPHIA,
KOTOpOMY JTOJKHBI COOTBETCTBOBATh
MOJIEIMPYEMbIE KOMITO3UIIMOHHBIE COCTaBbl B

qaCTHu HapOBOﬁ (1)3.351, KakKk 2TO M ACJIaJIOCh B

MpenpIIyIuX  padoTax MO  WCCIEOBAaHUIO

BykTtbuisckoro HI'KM.
Onupasce Ha HCCIIEIOBaHMS
OpenpIAyIiuX  JIeT,  ObUIO  yCTaHOBJIEHO

HaJIM4Me Ha KaXIOW TyOMHE Ta30HACHIICHHON
4aCTH HE TOJILKO IIAPOBOM, HO U PABHOBECHOU €11
Kuakoil dasel (kuakas ¢asza, WIH KUIKAES
YIIE€BOAOPOIB], ACCOLMHUPOBAaHA C ILIACTOBOM
HEPTHIO).

[ToaTOMY 3aa4yeil aBTOPOB SIBIISLIICS TaKOU
mox0Op COCTaBOB IUTACTOBBIX (DIFOMIOB Ha
OTIOPHBIX ITyOMHAX, KOTOPHIE:

a) obecrieunBaii OBl CYIIIECTBOBaHHUE
JIByX paBHOBECHBIX (ha3 (MapoBOHl U JKHUIKOH) B
nuana3zoHe jgasieHu um temmeparyp BHI'KM
or kpoenu 3anexu go I[HK, T1o ecth
Hajguuue Hekoroporo koiuuectBa KYB B
ra30HACHINICHHON YacTH 3aJIeKH;

0) COOTBETCTBEHHO B 3TOM ciydae PH.k. —
TOYKa POCHI — MapoBOW (ha3pl coBmajgana OBl C
HayalbHBIM T[UIACTOBBIM  JaBIICHHEM M C
JABJICHHEM HAacChllleHHs (Hadayia Jera3alyu)
JKAIKOM ¢azbr Ha KaXKIION riryOuHe
Npd  COOTBETCTBYIOIIEH  TeMiepaType B
ra30HaCHIIICHHON YacTH;

B) st cocraBa MapoOBOM (hazbr
obecrieunBasics  Obl  TePMOAWHAMHYECCKHI
($a3oBbIil Mepexoa Mo TIyOHHE OT MapoBOW K
skuakoi daze Ha HK;

I') HOTEHIUAIBHOE coJepKaHue
nokasarens «CsTBpICIIME» Ha CyXol ra3 (r/mM°) n
ero IMHAMHUKa NpPHU CHWKEHUM MAaBJICHUS Ui
KaXIOM OMNOpPHOW TIIyOMHBI ~MaKCHMaJIbHO
COOTBETCTBOBAJIN OBl YTBEPKICHHBIM
NPOEKTHBIM BEJIMYMHAM U YTBEP)KICHHBIM
MOJCUETHBIM  IapaMeTpaM, OCOOEHHO  Ha
MOCTIEAHNUX dTanax pa3paboTKu;

) pac4eTHbIC KpUBbIE muddepeH-
OUaTbHOM KOHACHCAlMW MOJAEIBHBIX CMECeH,
NpY HAJIMYMH KUAKON (hasbl, ObUTH OBl OJIM3KH
IKCIIEPUMEHTAIILHBIM  JIAHHBIM ~ HCCIICIOBAHHIN

PEKOMOMHUPOBAHHBIX CMECEH.
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Bce atu TpeGoBaHMA B COBOKYNHOCTH
JOCTaTO4YHO  IIPOTHBOPEYMBBHI, HE  TOBOPA
yXK€ O TOrpelHOCTH 3KCIEPUMEHTOB U
TIPOMBICIIOBBIX 3aMepoB, M03TOMY
noTpedoBaIoCh HAWTH Pa3syMHBIH KOMIIPOMHCC
MEXIy  JaHHBIMH  YCIOBUSIMH,  CKaXeM,
Mexay «monkoiy KI'® (koHmeHcaTo-ra3oBOro
(akTopa) B MHTEpBaJe OT paHee yTBEPIKICHHBIX
Puk. mo Pmi. w® 3agaHMeM  TOYKH
pocsl  PH.K. =P, CBOWCTBEHHOMY  JUIs
HeTera3oMaTepHUHCKON CHCTEMBI, TIOCIE Yero
Hen30eXKHO  JIOIDKHO — CJIeloBaTh  MaJeHHe
NOTeHIUANBHOro conepxanuss Cs: BCIEICTBUE
HaJacHUs JaBJICHUS.

3a ocHOBY mnst moctpoenwust PV T-moneneit
BHI'KM B Hacrosmeit pa®oTe OBUT B3ST
OTYET2016%),

TEM, qTo KpoMe

coctaB  (cMm. [4, 5],
XapaKTepU3yOLIUIiCcs
azota N wu yruekucinoro raza CO;, wu
cTaHJapTHBIX KOMIOHEHTOB C1-Cs, BKIIOYAst
u3omepsl ICs, iCs, ocratok Ce+ ObLT pa3OHT
Ha 6 (¢pakmuit CeP1l-CeP6, u3 KoOTOpPBIX
nocnenass — CsP6 — mMeeT MONEKyISIpHBIHA
Bec 500 M sBIseTcs MOAroHOYHOM (Tabm. 3).
Monekynsipasiii Bec 500 0OBIMHO TTPHHUMAETCS
B KOMIO3WLIMOHHOM  MOJENMPOBAaHUM  JUIS
komroHeHta  Czs  mapaduHOBOro  psza.
Uccnenoanus Heptm BHIKM  nokazanu
HaIM4ne OTIpeIeISIEMbIX nabopaTtopHO
KOHIIGHTpalWii KOMIOHEHTOB He Bbimie Cys
(uTo  HE  WCKJIIOYaeT  MPUCYTCTBUS B
wIacToBoM  ¢Gmronne U 0oJee  TSHKENbIX
KOMITIOHEHTOB 3a

noporom TOYHOCTH

71a00paTOPHBIX 3aMEPOB).

4 OTYET2016 — KoMIekcHOe H3ydeHWE KepHa,
CTPYKTYPHO-€MKOCTHO€,  T€0JIOTO-T€OXUMHYECKOE,
(DU3NKO-XMMHYECKOE MOJEIHPOBAHHE C  IIETIBIO
pa3pabOTKM HAy4YHBIX OCHOB JOOBIYM  SKHAKHX
YIIIEBOZOPOIOB Ha  3aBeplIaroniei cTaguu
paszpabotku Bykreuibckoro 'KM. Otam 4: Otder o
Hay4YHO-HCCIIeIOBaTeNIbeckol  pabote. M.: OO0
«lIeHTp BBICOKOMOJIEKYJISIPHBIX TeXHONOTui», 2016.

Ilockonbky BO  BceX  IpebIAYIIUX
HCCIICIOBAHUAX ObL10 HCIOJIb30BaHO
KyOndeckoe ypaBHeHHE cocrosiHus Ilenra—

PoOuncona [6], B Hacrosmel  pabote

JUIsL COXpaHCHHUA OpEEMCTBCHHOCTHU
ABTOPbI OCTaBHJIN TO XKE caMoe€
YpaBHEHUE COCTOsAHMUA, CTapToOBaB C

ONpENEeTICHHBIX PaHee CBOWCTB KOMITOHEHTOB M
(bpakui.
Tabnuua 3

KomnoHeHTbl u ppaKkuumn
ncxopHoro GpaIONLANBHOTO COCTaBa
(npu pasébueHun Cs. Ha 6 ppaKumii)

KoMnoHeHTbI U dppakumu Monexy;:\;svaM BeC,
N, 28,013
CO, 44,010
C 16,043
C 30,070
C3 44,097
iCs 58,124
nCs 58,124
iCs 72,151
nCs 72,151
CsP1 85,019
CsP2 110,457
CesP3 157,953
CsP4 231,218
CsP5 338,184
CsP6 500,000

Jns  gagHOro Habopa KOMIIOHEHTOB
u  dpaknuii panee (cm. [5], OTYET2016)
ObLI BBITIOJTHEH noaoop COCTaBOB
ra3oKoOHJIeHCaTHOH cMecH (mapoBoil ¢aser) mo
omopHeIM TayOwHam (Tabn. 4). Jas otux
COCTaBOB

BCIIMYHHBI JaBJICHUS Ha4dalia

KOHACHCAIINH Pu.k. ObLIH OIpeACIICHbI
CYHIECTBEHHO HHWXEC HAYaJIbHOTO IIJIAaCTOBOTO

nasnenus Prur. (cm. Tabm. 1, 2).
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Tabnuua 4
HauyanbHbi paomnganbHblii cocTas
napoBoii ¢pasbl ANA ONOPHbIX ry6uH, %

TnybunHa TVD, m

2000 2250 2500 2750 3000 3350

KOMMOHeHTbI n
dpakummn

N, 428 | 443 | 458 | 479 | 501 53

co, 003 | 003 | 003 | 003 | 004 | 004

C 78,24 | 77,36 | 76,48 | 7567 | 74,85 | 73,73
G 844 | 854 | 863 8,6 8,56 8,51
Cs 2,83 2,99 3,15 3,31 3,47 3,7

iCs 0,43 0,43 0,44 0,44 0,45 0,45

nCs 0,56 0,62 0,68 0,74 0,8 0,88

iCs 0,12 0,13 0,14 0,15 0,16 0,17

nGCs 0,11 0,12 0,12 0,13 0,14 0,15

CeP1 1,59 1,71 1,84 1,96 2,08 2,25

CsP2 2,03 2,2 2,36 2,51 2,67 2,88

CeP3 1,05 1,13 1,22 1,3 1,38 1,49

CsP4 0,26 0,28 0,3 0,32 0,35 0,38

CeP5 0,03 0,03 0,03 0,04 0,04 0,05

CsP6 0 0 0 0 0 0,01

C nenpro gajapHeHero aetaisHoro PVT-
MOJICTIMPOBAHHUS W TPHUOJIKEHUS JTaBJICHHS
Havaja KOHJeHcanuu PH.K. mapoBoil (as3sl K
3HAUE€HMUSM IUTACTOBOIO JaBiieHus Prii., dro
HEOOXOUMO ISl «(PU3UUECKOTO MPUCYTCTBHUS
B Ta30HACBHIIIEHHOW 4YacTW KHUAKOH (ha3bl,
ucxonHoe pazouenue Ce+ (6 dpaxumit o CeP1
1o CeP6) B HacTosmiel pabote ObLIO TOTIOITHEHO
gyeTelpbMsl Ppakuusimu — ot CsP7 mo CeP10, rue
camble TsDKeNnble (DPaKIUU C MOJICKYJISIPHBIMU
BecaMH B JAuamna3zoHe npumepHo 600-1200
OTBEUAIOT 3a Macjia U CMOJIbI, IPUCYTCTBYIOIIHE
B KadecTBe BBICOKOMOJIEKYJIIPHBIX
KOMIIOHEHTOB, WJIM HE(PTH B ra30HACHIIICHHOM
(bpakun

YacTH [3]. Otn JTOJIKHBI

MIPUCYTCTBOBATh M B COCTaBE OOBIYHON JKHUAKOU
Heptu BHI'KM, nycts u B odeHp HeOONBIIIOM
KOJINYECTBE, KOTOPOE MOIJ0 Obl W HEe OBITh
00HapyKEHO TPAAULIUOHHBIMH HCCIEOBAHUSIMU
(kaK mMpaBWIO, TPaTULMOHHBIE (PAKIHOHHBIE
uccieoBanusl HedTel 3aBeplualoTcsi B paiioHe
komroHenTa Cao).

[lepeyeHr KOMIIOHEHTOB |  (paKInit
«pacmpeHHoro»  (GIIONJaIbHOTO  COCTaBa
(mpm pa3bmenuun Ce+ Ha 10  dpaxmuii)
" COOTBETCTBYIOIINX CBOWCTB
KOMITOHEHTOB/(ppakumii mpuBeneHsl B Tabm. 5.
CpoiicTBa  J00aBJICHHBIX  YETHIPEX  CaMbIX
TSDKETBIX (pakiuuil ObUTH BHIOpAHBI U3 TaOIHIIBI
CBOICTB KOMITOHEHTOB THIIOBBIX HedTe ¢
OmmKalIIIMu MOJIEKYJISIPHBIMA BECaMH,
WCIIONB3yeMOH BO BCTPOCHHOH OmOIMoOTEKe
nporpammHoro komruiekca Tempest-ENABLE
kommanu ROXAR/EMERSON.

B Ttabm. 5: Mw — MoliekynsSpHBIA Bec
(en.), Tc — kpuruueckas temmneparypa (°C),
Pc -  kpurudeckoe
Ac -

ZC — KO3(pOUIMEHT CBEPXCIKUMACMOCTH B

napnenue  (0ap),
aneHrpuueckuii  ¢dakrop  (ex.),

KPUTUYECKOW TOYKe (OTKIOHEHHE OT 3aKOHa
Bolina-Mapuorra — nepecdyeTHblil apaMeTp 1o
YPaBHEHHUIO COCTOSIHUS), VC — KPUTUYECKHUI
o0bem (M%/kr-monp), Sg — OTHOCHTENbHAS
TUIOTHOCTh TIO BOJE B H.y., Tb — Temmeparypa
kunenust (°C), Qa u Qb - mnapamerps
ypaBHeHuUs cocTossHMs, Para — mapaxop
(koMIuTeKcHOE  (PUBMKO-XMMHUYECKOe CBOWCTBO
BEIIECTBA,  CBSA3BIBAIOIEE  ITOBEPXHOCTHOE
HATSDKEHHE JKUJIKOCTH C TUIOTHOCTBIO JKUJIKOCTH
U Tmapa), Sv — TONPaBOYHBIH OOBEMHBIHN
ko3 duuument (mmdT-mapaMerp) ypaBHEHHS
cocrosnusi. bomee pgerambHO pPOJIB  KaXIOro
U3 TapaMeTpoB B KyOMYEeCKOM YpaBHEHHH

COCTOSIHUS onMcaHa B padorax [7-10].
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Tabnuua 5
CBoiicTBa KOMNOHEHTOB U PpPaKLUU «paclumpeHHOro» ¢panuaaNbHOro coctasa (npu pasbuenun Ceq. Ha 10 ppaKuymii)
KomnoHeHTbl R Ve Sg
n dppaKkumm L7 e FieileE i Zc (m3/kg-mole) (sg(Water=1)) LI Qa il FarE Sv

N 28,0130 | -146,8890 33,9912 0,0450 0,2916 0,09006 0,4700 -195,778 1 1 41,00 -0,1930

€O, 44,0100 31,0556 73,8153 0,2310 0,2742 0,09396 0,5072 -78,500 1 1 70,00 -0,0820

C 16,0430 | -82,5722 46,0432 0,0115 0,2884 0,09925 0,3300 -161,494 1 1 77,00 -0,1590

() 30,0700 32,2722 48,8011 0,0908 0,2843 0,14792 0,4500 -88,600 1 1 108,00 -0,1130

G 44,0970 96,6722 42,4924 | 0,1454 0,2804 0,20288 0,5077 -42,039 1 1 150,30 -0,0860

iCa 58,1240 | 134,9890 36,4802 0,1756 0,2824 0,26271 0,5631 -11,722 1 1 181,50 -0,0840

nC, 58,1240 | 152,0280 37,9694 | 0,1928 0,2736 0,25472 0,5844 -0,500 1 1 189,90 -0,0670

iCs 72,1510 | 187,2780 33,8119 0,2273 0,2701 0,30584 0,6247 27,844 1 1 225,00 -0,0610

nCs 72,1510 | 196,5000 33,6878 0,2510 0,2623 0,30404 0,6310 36,067 1 1 231,50 -0,0390

CeP1 85,0188 | 250,9280 26,6887 0,1208 0,2224 0,36303 0,6639 65,976 1 1 270,11 -0,0026 Ce
CeP2 110,4570 | 318,9670 24,7149 0,2351 0,2424 0,48277 0,7080 126,024 1 1 341,33 -0,0343 Cs-Co
CsP3 157,9530 | 398,0440 20,7256 0,3625 0,2493 0,67134 0,7498 201,495 1 1 466,70 0,0261 Cu-Cz
CeP4 231,2180 | 488,5170 16,8437 0,5589 0,2622 0,98561 0,7865 296,461 1 1 640,62 0,7000 Ci6-C17
CeP5 338,1840 | 586,3390 13,5525 0,7602 0,2717 1,43279 0,8201 400,639 1 1 852,12 0,8000 Ca2a-Cas
CeP6 500,0000 | 679,6440 10,5933 1,0268 0,2662 1,99036 0,8535 509,956 1 1 1076,40 0,9000 s
CsP7 598,0000 | 674,6280 7,5153 1,3000 0,1637 1,71677 0,9360 540,183 1 1 1156,21 0,2471 Cas
CsP8 794,1000 | 737,6280 5,9157 1,4810 0,1406 1,99770 0,9630 613,128 1 1 1189,03 0,2785 Cs7
CsP9 1004,1000 | 790,0720 4,8401 1,6270 0,1217 2,22244 0,9840 671,906 1 1 1036,57 | 0,3029 Cr
CeP10 1284,2000 | 845,0720 3,9160 | 11,7810 0,1036 2,46000 1,0060 733,522 1 1 531,19 0,3268 Co
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BHKI'M
apOMaTHYECKUX

ocratka Ce+
15-20%
YIJIEBOJIOPOJIOB C COOTHOIICHHWEM OeH305la |

B cocraBe
BCTpEJaeTcs [0

TOJIyOJa MpUMepHO 1:4, a Takke 0oJiee TSKEIbIC
YTIEBOAOPOBI HA(DTECHOBOIO psiaa, HO YydYer
JAHHOTO THIIA KOMIIOHEHTOB HE BXOIHUT B
COJICpP)KaHUE HACTOAMmICH paboThl, IMO3TOMY
MPUHUMAEM BCE YIJICBOAOPOIHBIC KOMIIOHCHTHI
BBIILIC IICHTAHA — ANPHUOPH aJKaHOBbIMH. JIJis
KoMIIOHeHTOB u  (Qpakuuii  Beime  Cs
B TMpaBOd KOJOHKE Tabin. 5 mpuBeneHsbI
COOTBETCTBYIOIIUE MM IT0 MOJICKYJISIPHBIM BECaM
0003HAYCHUSI  CTAHJAPTHBIX  YIJIEBOJOPOJIOB
napaduHOBOTO psija.

s anroputMa 1moa0opa KOHIICHTpAIMi
KOMIIOHGHTOB M TSKEIBbIX (pakiuii  ObLIO
WCIIOJI30BAaHO CBOMCTBO TaMMa-pacrpeelicHUs

MOJISIPHBIX JOJeH TspKenblx ¢pakuuil psipa Ces

aKTUBHO ucnoib3yercs mnpu PVT-monmenmposa-
HUM B TMPOIEaypax COKpalleHHs/pacuIupeHus
cocraBa (lumping/delumping). Takue
ACHMMETPUYHBIC TaMMa-(QyHKIMH MTOSIBISIOTCS,
HampuMep, B TIpoIecce XpoMaTorpaduuecKux
WCCIIEIOBAHNHN DKCTpPAKTa KapOOHATHOTO KEpHa
ra30KOHICHCATHBIX MECTOPOXKICHHIA.

B COOTBETCTBHM C ONHCAHHBIMH BBIIIE
OKUTaeMbIMH  OCOOCHHOCTSMH  H3MCHCHUS
KOHIICHTPAIWHA, yTEM TOA0Opa «TIaJKOT0» IO
MOJICKYJSIDHBIM ~ BECaM  COCTaBa  TSDKENBIX
¢paxiuii CeP1-C¢P10, B momyne PVT Obutn
MOy YCHBI COCTaBbI napoBOi (base
cocTaBa»  Ha

Tab. 6.

IIpOBEpKa  Ha

«PacCIIUPEHHOTO OTIOPHBIX

ryOuHax, CM. [TapamnensHO
IPOBOUIIACH COBIIAJICHUE

JaBIIEHWS Hayajlla KOHAEHCAauu PHEK ©

Ha4vaJIbHOT'O IJIACTOBOT'O HAaBJICHUA Ha OIOPHBIX

napoBoi (ha3bl MO0 MOJICKYJIAPHBIM BECaM, YTO rTyOuHaX.
Tabnuua 6
PaclumpeHHble cocTaBbl paBHOBECHO NapoBoii ¢pa3bl Ha ONOPHbIX Fy6UHaX
3316 3025 2750 2500 2250 2000
N, 0,0522 0,0501 0,04793 0,0461 0,04428 0,0426
Co, 0,00044 0,00041 0,00038 0,00035 0,00032 0,0003
Cy 0,73935 0,74922 0,75817 0,76638 0,77451 0,78233
G 0,0871 0,0865 0,0859 0,0854 0,0849 0,08439
G 0,03655 0,03474 0,03312 0,03149 0,0299 0,0283
iCs 0,0045 0,00446 0,00441 0,00438 0,00434 0,0043
nCy 0,00864 0,00799 0,00739 0,00679 0,0062 0,0056
iCs 0,00175 0,00162 0,00151 0,0014 0,0013 0,0012
nCs 0,00136 0,0013 0,00125 0,0012 0,00115 0,0011
CsP1 1,96E-02 1,85E-02 1,76E-02 1,67E-02 1,58E-02 1,50E-02
CsP2 2,90E-02 2,69E-02 2,51E-02 2,36E-02 2,20E-02 2,04E-02
CsP3 1,45E-02 1,38E-02 1,32E-02 1,26E-02 1,20E-02 1,15E-02
CsP4 3,55E-03 3,29E-03 3,10E-03 2,92E-03 2,78E-03 2,62E-03
CsP5 1,08E-03 8,90E-04 7,50E-04 6,00E-04 4,50E-04 2,80E-04
CsP6 2,20E-04 1,60E-04 1,30E-04 1,00E-04 7,00E-05 4,00E-05
CeP7 1,20E-04 8,00E-05 6,00E-05 4,00E-05 3,00E-05 2,00E-05
CsP8 3,00E-05 2,00E-05 2,00E-05 1,00E-05 7,80E-06 4,80E-06
CsP9 1,00E-05 8,00E-06 5,40E-06 4,00E-06 3,10E-06 2,60E-06
CsP10 4,20E-06 3,00E-06 2,10E-06 1,60E-06 1,34E-06 1,25E-06
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JlaBnenue PH.x. paccuuthiBaeTcsa B PVT-
MOJlyJIe¢ TPOMBIIIJIEHHOTO CUMYJATOpa IMyTeM
MOJICTTMPOBAHHS PA3IHYHBIX DKCIIEPUMEHTOB —
muddepenunansHoli  konaeHncanmmuu (CVD-test,
constant  volume depletion), KoHTaKTHO#
(CCE-test, constant

composition expantion), XapakTepa HACHIIICHH

KOHJEHCAIUU

(SAT-test, saturation) mnm Tak Ha3bIBAEMOIO
rpaguent-tecta  (GRD-test, gradient) o

riryOuHe (IMOCKOJIBKY —HccienoBajach Majas

OKPECTHOCTh OTOPHBIX  TIyOuH, ObLTa
UCIIOJIb30BaHA M30TEpPMHUYIECKas OTus
GRD-test).

B  pesymbrare mombopa  cocTaBoB

OTKJIOHEHHME BBIYMCIIEHHON TOYKU pOChl PH.K. OT
3aJlaHHBIX 3HAUCHUI IJIaCTOBOrO AaBjCHMS Prui.
Ha BceX TNyOWHAX MHUHHMAJIbHO, B CpEIHEM
cocrasiset 0,5 6ap (tabi. 7).

Tabanua 7

XapaKTepucTUKa pacLiMpeHHbIX COCTaBoB
naposoii ¢pasbl N0 «TOUYKE POCbI»

Tnybuna Pnn, PH.K., OTKNOHEHME,
TVD, m 6ap 6ap 6ap

2000 328,0 327,6 -0,4

2250 337,0 338,0 1,0

2500 346,0 347,4 1,4

2750 354,0 355,0 1,0

3025 362,9 363,3 0,4

3316 372,8 372,3 -0,5

HpI/I BbIYUCICHHUN PAaCIIMPCHHBIX

COCTaBOB OBbUIO BaXHO COXPAaHUThH JIMHEHHYIO
3aBUCUMOCTH TTOTCHIMAILHOTO coaepykadus Cs+
Mo MIyOMHE C MaKCHUMajbHBIM COXpaHECHHEM
MPOEKTHBIX 3HA4YeHWH. PeleHue 3ToM 3amauu
wunoctpupyet puc. 1. Ilpu 3TOM OTKIIOHEHHE
OT NpOEKTHBIX 3HauyeHUM Cs+ Ha OMNOPHBIX

T J'IY61/IH.':1X HHUYTOXXHO MaJIO M COCTaBJIACT BCETO

1-2 r/mM® cyxoro rasa, 4TOo BHMAHO M3 JAHHBIX
Tabm. 8.
Tabnuua 8

CpaBHeHMe NOTEHLMANIbHOIO
copgepxaHua C5+
C NPOEKTHbIMU AAHHBIMMU

MoTeHUMaNbLHOE coepKaHne
3
rny6uHa Cor, r/m
TVD,m .
PaCLIMPEHHbIN
npoeKT
cocTas
2000 273 274
2500 319 317
3000/3025 364 363
3350/3316 395 394

[IpouwmtocTpupyeM CBOMCTBA HAWAECHHBIX
COCTaBOB NapoBoil (hasbl rpadUuecKu.

[Tockonbky KOHIICHTpaIuu CaMbIX
TSOKETbIX  (Qpakuuii B mapoBoil Qasze oOuYeHb
MaJbl, TO 3HAYCHHs KOHIEHTpAUMH IS
OoJsibleld HAIJISAHOCTH HY)KHO BBIHOCHTH Ha
rpadMKH, MOCTPOCHHBIE Ha JIOTapu()MUUECKON
mkare. Ha puc. 2 Ha momymorapudmmuyeckoit
LIKaje TNPHUBEICH KOHTPOIBHBIA Tpaduk uis
aHanm3a

JTUHAMUKHU KOHIIEHTpaIui 110

MOJIEKYJIIpHBIM ~ BecaM M COIJIaCOBAaHHUSA
COCTaBOB IO  ONOPHBIM  INIyOWHAM, Tak
HasbiBaeMbIil «finger-ploty.

Ha nBoiiHOW Jorapudmudeckoi Imkaie
3aBHCHMOCTD JECSITUHYHOTO norapudma
KOHLIEHTpAaMii OT HaTypaJIbHOrO Jiorapugma
MOJIEKYJIIDHOTO Beca JUIsl KaXIOW OINOpPHOU
ryOMHBI O4YeHb Xopomo (¢ Ko3dduuueHTom
xoppensiuu R? Beiue 0,99) anmpokcumupyercs
MOJIMHOMOM 4E€TBEPTOro mnopsaaka. B kadecTse
WITIOCTPaLuU Ha puc. 3 MIpUBEJICH
COOTBETCTBYIOIIMH  Tpaduk g OMOpHOH

riyOunsl 3025 M.
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Puc. 1. 3aBMcMMOCTb NOTEHUUANBHOTO cofepraHuna Cs. OT I'lly6MHbI ANA paclMpeHHOro Coctasa
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Puc. 2. KOHTPO/IbHBIN rpadvK 415 aHaM3a COCTaBOB NAapoBoi Gpasbl ONOPHLIX FYBWH, Noayaorapudmmuyeckas WKana
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5.0 55

(]

f=

Log10(Z)

Ln(Mw)

¥ =-0,2979x*+7,224x3- 65,379x> + 259,92x - 383,63
R*=0,9956

3025

Puc. 3. Nprmep 3aBUCMMOCTU KOHLLEHTPALMUIA TAXKENbIX KOMMOHEHTOB OT MOJIEKYIAPHbIX BECOB,
ABOVHas norapudmmnyeckas WKana

TpamMIMOHHBIN MHTEpPEC NPEACTABISAET

TaKxKe BUIT 3aBUCUMOCTEN HalJIEHHBIX

KOHIICHTpAI[Mi KOMIIOHCHTOB WM (Ppakiuii OT
riny6unsl (TVD). [pensiayiue uccae0BaHus 1
pacyeTbl MOKAa3bIBAIOT, YTO 3Ta 3aBUCHUMOCTH
uMeeT JIMHEWHBIA  XapakTep JUId  BCexX

bi (o)

IICHTAHOB M, KaK ITOKa3aHO paHEC, HJIs1 OCTaTKa

YIJIEBOJOPOAHBIX ~KOMIIOHEHTOB  BIUIOTh
Cs+. JIMHEHHBIN 3aKOH TAKXKE CIIPABEIINB U IS
YTOYHEHHBIX KOHIIEHTPAIMH TSHKENBIX (PpaKiiui,
HaunHast ¢ CePl wu 3akanuumBas CeP5. [lns
¢bpakiuu  CgP6
OTKJIOHEHHE  OT

HaOnromaerca  HeOOJBIIOE

JIMHEWHON  3aBUCHUMOCTH.

O,I[HaKO JJIs1 BBIYMCJICHHBIX B HaCTOHI].[efI pa60Te

KOHIICHTpAIMi B TAPOBOM (ha3e CaMBbIX TSDKEIBIX
(bpaximii pacuMpeHHoro cocrasa (cM. pwuc. 4),
naunHas ¢ CeP7 (puc. 4a), Bxmouas CgP8
(puc. 46) u CeP9 (puc. 4c) u 3akanuusas CsP10
(puc. 4r), o9Ta 3aBHCUMOCTH HMEET  yiKe
HEJTMHEHHBIN, Tapa0boIMIeCcKuil XapakTep.
OnHOBpEMEHHO C IOI0OpPOM  COCTaBa

napoBoit (azel mMomyns PVT-monenupoBanus

MPOMBIIIUIEHHOTO ~ CHUMYJIATOpa  TO3BOJISET
aBTOMATUYECKH  TOJIYYUTh  KOMIIOHEHTHBIH
COCTaB COOTBETCTBYHOILEI paBHOBECHOIT

KHUJKOW (pas3pl, MPH YCIOBHHW, YTO TUIACTOBBIC
JlaBJICHUE M TeMIlepaTypa €CTb TOYKa POCHI

(Hauaya KOHAEHCAIMK), cM. Tab. 9.
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Puc. 4. 3aKOHOMEPHOCTU U3MEHEHUA KOHLLEHTPALMI B NapoBoi ¢pase no rnybuHe,
dpakymm: a— C¢P7, 6 — CsP8, B — CcP9, r— CsP10
Tabnuua 9
PacluMpeHHble cOCTaBbl PaBHOBECHO X1AKoM ¢a3bl Ha ONOPHbIX FNy6UHax
3316 3025 2750 2500 2250 2000
N2 0,03455 0,03236 0,03029 0,0286 0,02714 0,02647
CO2 0,00042 0,00039 0,00036 0,00034 0,00032 0,00029
C 0,56251 0,56131 0,56101 0,5596 0,55663 0,54128
(@) 0,09331 0,09349 0,09366 0,0939 0,09414 0,09337
C3 0,04589 0,04449 0,04322 0,04182 0,04036 0,03805
iCa 0,00623 0,00634 0,00644 0,00654 0,00663 0,00657
nCa 0,01269 0,01211 0,01153 0,01088 0,01018 0,00915
iCs 0,00287 0,00276 0,00267 0,00256 0,00245 0,00226
nCs 0,00232 0,00231 0,00231 0,0023 0,00228 0,00217
CeP1 3,46E-02 3,41E-02 3,36E-02 3,31E-02 3,24E-02 3,13E-02
CeP2 6,91E-02 6,84E-02 6,77E-02 6,71E-02 6,59E-02 6,27E-02
CeP3 5,16E-02 5,40E-02 5,60E-02 5,80E-02 6,02E-02 6,02E-02
CesP4 2,50E-02 2,69E-02 2,89E-02 3,09E-02 3,36E-02 3,45E-02
CeP5 1,98E-02 2,03E-02 2,09E-02 2,03E-02 1,86E-02 1,36E-02
CeP6 1,59E-02 1,66E-02 1,75E-02 1,80E-02 1,67E-02 1,30E-02
CeP7 1,07E-02 1,06E-02 1,02E-02 1,04E-02 1,07E-02 9,48E-03
CsP8 6,51E-03 7,04E-03 7,06E-03 7,51E-03 8,85E-03 1,20E-02
CsP9 4,02E-03 4,33E-03 4,42E-03 5,21E-03 7,50E-03 1,91E-02
CsP10 1,85E-03 2,22E-03 2,40E-03 3,07E-03 5,47E-03 2,46E-02

53



AKTyanbHble npobaembl HedTH U rasa. Boin. 1(36) 2022 http://oilgasjournal.ru

BemonauB s Habopa pacHImMpeHHbBIX
cocTaBOB  mapoBoil  (a3pl 1o  TiryOmHE
BBIYHCIIUTEIIbHBIC 9KCHIEPUMEHTHI
muddepennnansHoli konaencauuu (CVD-test,
Bocrpou3Boasimuii B PVT-6ombe ycnoBus
pabOThl  YacTH 3aleXW Ha  HUCTOIICHHE),
MOJTy4aeM Habop KPUBBIX 00BEMHOTO
COIEpKaHUS OJKUAKOHW (pa3bl 10 JaBICHHIO.

Temmnepatypa YUIHUTHIBACTCS TUCKPETHO,

COTJIACHO TIPUBEIACHHBIM BEHIE (cM. Tabdm. 1
n Tabn. 2) B3HAYECHWUSAM I OIOPHBIX
TITyOuH.

Oror HaOOp KPHUBBIX OTOOpaXEeH Ha
puc. 5. Kpussle 00BbeMHOro  copep:KaHHS
JKUAKOM (asel B MOJAEIBHOM JKCIEPHUMEHTE
muddepeHmraTsHON KOHACHCANMKM Ha Tpaduke
COOTBETCTBYIOT OIOpHBIM riyomHam VD!
2000, 2250, 2500, 2750, 3025, 3316 M.

ObbemHan Aon1 3KuaKom dasbl
0,04 0,06 0,08 0,10 0,12 0,14 0,16

0,02

0,0

200 250
JasneHue, 6ap

Puc. 5. Kpusble anddepeHumanbHon KoHageHcaunmn naposoi ¢asbl pacluMpeHHOro cocTaBa
ANa onopHbIX rybuH: 2000, 2250, 2500, 2750, 3025, 3316 m

Panee ormeuanoch, 4TO I pPacCUUTaH-
HBIX PaCIIMPEHHBIX COCTaBOB IapoOBOM (a3bl
OTKJIOHEHHME BBIYMCIIEHHON TOYKU pOChl PH.K. OT
MPOEKTHBIX  3HaYeHWd Pru1  MUHHUMaNbHO,
cocraBisier B cpeanem 0,5 Gap. Ha pwuc. 5
BUJHO, UYTO KpuBbIe audQepeHIHaTbLHOMI
KOHJICHCAIlUU BeAyT cebs TakuM o00pazom,
YTO TOYKA TIEPECEYEHUs] KacaTelbHOM K
KpyTOIaafomeld 49acTh KPUBOM C  OCHIO
aocuucc (koTopyro MOJKHO Ha3BaTh
«TICEBIOTOYKA POCHI») IOCTATOYHO ONM3Ka K

NPOEKTHO# Touke pockl (B coorBercTBru ¢ I1T]]

oTnuuaromierics or Pmi.  Ha  BelIMYMHY
or 25 nmo 45 Gap). [ns OnopHOW TiIyOMHBI
3025M  9TO  COOTBETCTBYET  3HAUYCHHIO
npumepHo 325 Gap.

B kayecTBe NPOMEXKYTOUYHOTO BBHIBOJA
3aukcupyeM, 4To ObUI HaleH KOMIIPOMHCC
MEXIy COXpaHEHUEM NPUHIMITHAIEHOTO
(mpoekTHOTO) XapakTepa KPHUBBIX
nuddepeHInanbHON  KOHICHCAIMH  COCTaBOB
napoBod  (Gaszel IS ONMOPHBIX TIYOMH H
HAJIMYMEM PaBHOBECHOW JKUAKOH (a3bl B

ra3zoHaceieHHon yact (Pu.x. = Prur.).
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Hccnenyem cnenyrouii  Kputepuil, a

WMEHHO,  CTENeHb  COBMAJEHHUS  KPUBOU

noTeHIaNbHOro coaepxkanus Cs+ Ha CyxoH ra3

C TaKk Ha3blBAEMON «ITAJOHHOW» KpPUBOU

(mamnbie mo comepxkaHuio Cs+ IS TITYOHUHBI

3025m wu Ttemmeparypel 63 °C  B3ATHI U3

pabotsi [5]), cm. Tabi. 10 u rpaduk Ha puc. 6.
Tabnuua 10

«3TaNoOHHOE» NOTEHLMANbHOE coAepKaHue
dpakuum Cs,, ana coctasa BHIKM
Ha rny6buHe 3025m

[asnexue, MMMa Coaepskanue Cs,, r/m3
36,3 360,0
32,4 360,0
30,2 321,0
25,4 236,0
21,0 175,0
17,7 140,0
14,9 114,0
12,2 89,0
9,3 65,0
6,6 47,5
3,4 58,0
2,5 100,0
1,1 200,0

OTH naHHBIE COOTBETCTBYIOT OpPAaH)KEBOU
KpuBOoii Ha Tpaduke puc. 6. PacuerHwie xe
JaHHble OJKclepuMeHTa IuddepeHInanbHON
KOHJICHCALIUH C MOJJOOPAaHHBIM «PACIINPEHHBIMY
COCTaBOM MapoBO¥ (ha3wl ajis rryounsl 3025 M
(CVD-test) cOOTBETCTBYIOT CHHEH KpPUBOM
Ha Tpaduke puc. 6. Habmomaercs 10cTaTouHO
YBEpPEHHOE MPHOMIDKEHHE, 32 HCKIIOYEeHHEM
001aCTH caMBbIX MaJbIX JaBJICHHUH.

CpaBHUM Temepb MOJIY4YEHHBIE KpPUBBIE
NOTEHIUANBHOTO coiepxanus Cs+ ¢ KPUBBIMU

nus3 HpOeKTHOfI JAOKYMCHTAalMH, IMPUMCHACMBIMU

B IIpolecce IPOCKTHPOBAaHMUS  pa3padoTKu
(OTYET1985, OTUET1986, OTUYET2014), cm.
puc. 7.

Ha rpaduxe puc. 7 BUAHBI CTaHJapTHEIC
«ronku» KI'® (moreHmManbHOrO copepKaHus
Cs+ Ha CyXoOii ra3) s KaKA0ro dTaxa — ot P,
no mpoextHoro PH.k., 3arem mnapabosmueckoe
NaJicHue CeMEHCTBAa KPHUBBIX A0 OKPECTHOCTU
JaBJICHUs] Hadaja PETPOrPagHOrO HCIapeHHs
B amamazoHe 50-70 Oap, mocie 4ero ciemyeT
HE3HAYUTEIbHBI POCT KPUBBIX [0 BEIUYHMH
40-75 r/m® B Touke 2,5 Mlla (25 6ap).

Jlns HaliIeHHBIX paCIIMPEHHBIX COCTAaBOB
napoBod  (aspl, Kak BHOHO H3 pHC. 8,
HaOJIr0a0TCA JIUILB anmnpoKcuManus
«moJIok» (cM. pwuc. 7), mpuYeM C TIyOMHOH H
YTSDKEJIEHHEM COCTaBa OTKJIOHEHHE OT «IIOJIKKY
pacTeT, IOCKOJBbKY BBINIAJCHUE KOHICHCATa
HAa4YMHAETCS OJHOBPEMEHHO CO CHIKEHHEM
IJ1aCTOBOTO JaBJIECHUS npu YCIIOBUU
Pu.k. = P

OnHoit u3 BO3MOYKHBIX MIPUYHH
nosBieHuss «nonkw» KI'® u  maHHBIX 1O
Prx. <Pmi, mo pmaHHBIM  J1a0OpaTOPHBIX
uccnenoBanuii raza Bykteuisckoro HI'KM,
SBJSIETCSL  HECOBEPIICHCTBO  METOOUKH |
PEKOMOMHUPOBaHUS TPOO, HE YUUTHIBAIOIIUX
BBIMAJICHUS] CaMbIX TSDKENBIX (Qpakiuii B mepuo
BbIBOJIa CKBAXHH Ha PEXUM TIPU BBICOKOH
JIENIPECCUU Ha IJIaCT M B HA4alIbHBIM TNEepHOJ
CBEPXMHTEHCUBHBIX OTOOPOB.

CrnenyommmM 3TanoM SBJSIETCS M0I00p
TAKOM JIOMM DPaBHOBECHOM KHUIKOW  (asbl,
KOTOpasi, B CMECH C PaBHOBECHOW €W mapoBOil
¢dazoif, maBaga OBl  yIOBIETBOPUTEIHHOE
COBIMaJICHUE C KPUBBIMH U PepeHInaTbHON
KOHJICHCAIIUU PEKOMOMHHMPOBAHHBIX CMecei (I/K
coctaBt+HEe(PTh), TOTYYECHHBIMH B TPEIBITYIINX
uccienoBanusx riacroporo Quronga BHI'KM,
B TPEAINOJIOXKCHUN HAINYMSA MAaTPUYHON HedTu

B Fa3OHaCLIH_ICHHOI>’I qacCTH.
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Puc. 7. MNpoeKTHOe pacnpeeneHne NOTEHLMAbHOIO COAepXaHNA KOHAeHcaTa
B N/1acTOBOM rase ByKTbinbckoro HFTKM no onopHbiMm raybuHam

56



AKTyanbHble npobaembl HedTH U rasa. Boin. 1(36) 2022

http://oilgasjournal.ru

e I
0 5 10 15

400 — PVT-mogenb, PH.K. = Pnn. T —
I men, | —
y"'/'
350
e
[+3
g
g 300 -
g
2y
w250
=
-
&2
5200
m
)
o 150 i
S
8100 X - o
=
50 V |

Japnenune, MIla

——2000 M; ——2250M; 2500 Mm; ——2750 m; ——3025M; —3316M™;

25 30 35 40

Puc. 8. PacueTHoe pacnpeneneHune noTeHUmManbHOro cogepanuma Cs,
B M1aCTOBOM rase BykTbiibckoro HFKM no onopHbim ry6uHam

Pa30poc 3THX JaHHBIX, NPUBEICHHBIX K
omopHoii rinybune 3025 M, 1O pa3HBIM
uccnenosanusaMm (OTUET2014, OTYET2016),
JIOCTAaTOYHO BenuK (Tadur. 11).

Tabnunuya 11
CpaBHuUTeNbHbIE AaHHblE

AnddepeHumanbHO KOHAEHCAL UK

peKoMbMHUPOBAHHbIX cMmecei

ByKktbinbckoro HFKM
(no uccneposaHnam pasHbix nert)

Muakana dasa, % ob6vema
[asnenue,
6ap
UccnepoBaHue 1 MccnepoBaHue 2

350 14,49 19,90
300 16,25 23,10
240 17,43 26,30
200 18,60 26,50
150 18,52 26,40
100 17,15 24,40
50 15,40 21,90

Kputepuem BBIOOpA CIIyat
YCPEIHCHHbIC HCTOPUYECKHE JaHHbIE (CM.
OTYET2014) mo miuoTHOCTH JAera3supOBaHHOMN
HepTn HedTsHONH oTopouku (ckB. 53 Cesepo-
ByKkThUTbCKOTO  y4acTka), KOTOpBIE CIEeayeT
COOTHOCHUTH C TapamMeTpamMH MOJEIHHOW CMecH
Ha riryoune 'HK, o ectb 3316 M. OHM TOIDKHBI
OBITH OYCHB OJIM3KH.

Hnst onpeeICHUS aJICKBaTHOU
OKCIIEPUMEHTY  JIOJIM  KUAKOW  (asel  Jyis
ryounsl 3025 M u  temmneparypel 61,4 °C
cTpowuch (Ipy MOMOINK cTaHmaptHoro PVT-
MOJIYJISI TIPOMBIIIIJICHHOTO THPOAMHAMUYECKOTO
CUMyJNIATOpa)  KpuBble  Tu(depeHInaTbHON
kouaencauu  (CVD-test), moamemmBas K
paBHOBECHOH mapoBoW (aze MOISIpHBIC JOTH
paBHOBECHOM )uakoh ¢asel, ¢ marom 0,5%, u
JI00OMBAsCh JIy4IIEr0 COBMAJICHHUS PaCUETHBIX
JTAHHBIX c JTAaHHBIMHU 71a00paTOPHBIX
MCCIIeI0BaHUN. Pe3ysibTaThl BBIUMCIUTEIBHBIX
AKCIIEPUMEHTOB TpeJCTaBieHbl Ha puc. 9 u 10

(puc. 10 — my4rme npuOIMKEHUS).
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Puc. 9. CpaBHeHWe aaHHbIx (uccnepoBaHue 1) auddepeHumanbHOM KOHAEHCALUK
pekombUHMpPOoBaHHOM cmeck (r/K cocTas+HedTb) C pacyeTHbIMU gaHHbIMKM (CVD-test)

IuddepennmansHast KOHIASHCANA - 2,
myouna 3025 M
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Puc. 10. CpaBHeHUe AaHHbIX (MccnegoBaHue 2) auddepeHunanbHOM KOHAEHCAUUN
pekomBUHMpOoBaHHOMN cmeck (r/K cocTaB+HedTb) C pacyeTHbIMKU AaHHbIMK (CVD-test)
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HamomaMM, 9TO TpHW CMENIMBaHUH B
0001 MONBHON TPOTOPITUH KOMITOHEHTHOTO
COCTaBa PAaBHOBECHBIX MapoOBOW M KHUIKOH (a3
UX  COCTaBbl ~ HE  W3MEHSIOTCA  Mocie
pasmenenuss Ha (aspl.  MeEHSIOTCS  JIWIIb
0o0BbeMBbI, 3aHUMaeMble Kaxgod ¢azoii B
3aBHUCHMOCTH OT IPOIOPIUH. DTO CIEAYyeT H3
caMOro  TIOHATUS  PABHOBECHOCTH,  Kak
COCTOSTHHISI, XapaKTepHU3YIOMIETOCs] PaBEHCTBOM
(YyTUTUBHOCTH, TO  €CTh  «JIETY4eCTH»,
DHEPreTUUYECKOM  XapaKTEPUCTHKU  KaXJ0Hi
u3 (as.

W3 npeacraBmenHoro Ha puc. 9
rpaduKa CleAyeT, YTO HauiIydllee COBMaJcHHUE
pacdeToB C JdaHHBIMHA U epeHITHATBHOMN
KOHJCHCAIIMM  PEKOMOWHHUPOBAaHHOW  CMECH
(r/x+uedTs) B HCcrenoBaHuHM | mocTHraeTCs
JUIIb 9aCTUYHO, TOJIBKO B TMATIA30HE JTaBICHUIA
Hwke 250 Oap, mpu MOJBHOW J0JE IKUIAKOU
da3er 4,5%. Dtoii monbHOM none B PVT-
pacuerax COOTBETCTByeT oObemHas aons 5,8%
(crapToBasgs  TOYKa  KpAacHOM  IMyHKTHPHOM
kpuBoi). [lpm 3HaueHWSIX [aBIEHUS BBIIIC
250 6ap pacxokIeHHE CTaHOBUTCS CITUIIKOM
BEJIMKO JUIsI TOTO, YTOOBI MOXXHO OBLIO B3STh
uccienoBanre | B KadecTBE  HAYaJIbHOTO
MIPHUOITMKEHIS PACUETOB.

[lo-uHOMYy OOCTOMT [0 C JaHHBIMHU
uccienoBanus 2 (cm. puc. 10).

W3 npencraenenHoro Ha puc. 10 rpaduka
CleJlyeT, 4TO HaWiIydylllee COBMAJCHUE C
JMAHHBIMU JKCHepUMeHTa JuQdepeHITnaTEHOMN
KOHJIEHCALlMM  PEKOMOMHUPOBAHHOW  CMECH
r/k+HeTh B HCCIEMOBaHUU 2 JOCTUTACTCS MPHU
MOJILHOW J0Jie x)uakoi ¢asel ot 14% mo 15%
(B cpemnem 14,5%) mnpakTtuueckn BO BCEM
Iana3oHe JaBJIeHWHA. OJTOW MOJBHOW JoJe
14,5% cootBercTByeT 0OBeMHas jgons 18,12%
(crapToBags  TOYKa  KpPAacHOM  IMyHKTHPHOM

kpuBoii). CremoBarenbHO, 3Ty HaWJICHHYIO

JIONIF0 PAaBHOBECHOM JKHAKOW (a3bl W CIEAyeT
BBIOPATH B KQ4€CTBE HAYAIBHOTO MPHUOIIMIKEHUS.

3aBeplIaroIuM 3TAllOM SBISIECTCS BBIOOD
JTOJIK KUJKOM (ha3bl MO IUIOTHOCTH MaTPUYHOMN
HeQTH, TOYHEE, 10 OCPEIHCHHOH MO BpEeMEHHU
mwiotHoctu Heptn BHI'KM. Hudopmanus 1o
TUHAMUKE TapamMeTpoB He(hTH B CTaHIAPTHBIX
yenoBusix (cm. OTUET2014 06 nccnemoBanmusx
cpoiicte ¢urronos BHI'KM), B wacTHOCTH, IO
WCCICNOBAaHUIO HE(PTH CKB. 53, BCKPBHIBIICH
HePTsHYI0 0oTOpouky CeBepo-ByKTBUILCKOTO
y4acTka, IpejcTaBiicHa B Ta0i. 12.

CBeTsio-3eJICHBIM  IIBETOM B TalOJuIle
BBIJICJICHBl MUHUMAJIbHBIC 3HAYCHUS IUIOTHOCTH
nerasupoBanHoll HedTn (824-825-828 Kkr/m°),
CBETJIO-KOPUIHEBEIM - MaKCHMaJbHbIE
3HAa4YeHHs] IUIOTHOCTH JeTa3upoOBaHHOW He(TH
(847-854-857 kr/m®). MCTOpPUYECKH CpEIHHM
3HAYEHUEM IUJIOTHOCTH SBJSICTCS  BENWYHMHA
8355 «xr/m® npuuem Kakoii-nubo TpeHn
He HaOmromaercs. TakuM o0Opa3oM, HEOOXOUMO
nogo0paTh  Takyld  JIONIO  PaBHOBECHOU
kuakoi (asel Ha omopHoW TmybmnHe TVD
3316, T0 ects Ha THK, 4roObl
cemapatop-tect (SEP-test) PVT-monyns nman
TUIOTHOCTH JIETa3upOBaHHOMN JKUIKOCTH JTAHHOTO
cocrapa B CTaHJIAPTHBIX YCIIOBUSIX,
MaKCUMaJbHO OJIN3KYIO K CpeJHeH IMJIOTHOCTH
nedru (835,5 kr/m3).

BbImonHMB ~ HECKONBKO — pacyeToB (B
JIMana3oHe MOJBHBIX  JIOJ€H  PaBHOBECHOU
xkuakoi ¢asel ot 11% mo 16%), momyuaem
CEepPHI0 BBIYUCIICHHBIX ITUIOTHOCTEH MOJEIBHOU
JIETa3UpOBaHHON HEPTH Ul  MOJEIIEHOTO
iactoBoro ¢uonga Ha riryoude 3316 M. Otn
JIAaHHBIC  TO3BOJISIIOT ~ MOCTPOUTH  rpaduk
3aBUCUMOCTH  TUIOTHOCTH  JIeTa3UPOBAHHON
YIJIEBOJIOPOAHOM KHUIKOCTH (HehTH B CT.y.) OT
MoJIbHOM ponm 1utactoBodt Heptu (CKVB), cm.
puc. 11.
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Tabnnua 12
DU3NKo-XMmmnuecKkue csomncTea ,qerasupOBaHHoﬁ He(bTM CEBepO-ByKTbIanKOﬁ He¢TﬂH0ﬁ 3anexu
KoMnoHeHTHBII cocTaB, Macc. %
IL10THOCTB| yyomercyas | BAIKOCTE
Hoxep Aata . nBeT npu 20°C, pna;| npu 20 °C,
CKBLKHHBI| HCCIeJoBaHHil
r/em’ Macca mm¥c | acdambT napagn
CMOJIBI Macia | GeH3HHBI
€HEI HBI
01.09.1978 - 0,854 242 1431 0,04 5,21 6,35 71,15 17,25
01.05.1979 - 0,831 200 5.80 0,13 3,80 531 57,96 32,80
25.04.1984 - 0,816 174 - 0,50 3,50 4,00 53,02 38,98
26.04.1992 - 0,830 181 - 0,28 142 0,73 66,39 31,18
18.02.1993 - 0,833 196 5.44 0,21 421 048 62,00 33,10
16.05.1994 - 0,847 212 7.47 0,72 3,96 0,52 62,84 31,96
19.06.1995 - 0,829 197 6.40 0,06 1,24 3,90 66,00 28,80
31.08.1997 - 0,824 181 - - - - - -
53 03.10.1999 - 0,825 193 - 0,23 1,94 22 6158 33,96

21.06.2000 - 0,829 197 6.40 0,06 1,24 3,90 66,00 28,80
22.08.2002 - 0,828 197 6.40 0,06 1,24 3,90 66,00 28,80
26.01.2004 T. KOpPHY. 0,837 194 6,72 0,08 1,50 5,10 63,50 29 82
18.01.2008 T. KOpPHY. 0,835 196 698 0,07 1.40 5.40 62 80 30,33
28.09.2009 T. KOpPHY. 0,837 195 9.50 0,05 1,60 6,30 63,20 28.85
25.09.2010 T. KOpHY. 0,847 203 11,03 0,10 1,36 6,50 56,04 36,00
06.10.2011 T. KOpH. 0,841 200 11,00 0,19 242 5.8 63,59 28,00
20.08.2012 T. KOPHY. 0,839 200 10,82 0,18 3,73 4,94 63,15 28,00
13.09.2013 T. KODHY. 0,857 200 1439 0,10 1,29 3,54 65,07 30,00

Cpennee 0,8355 1977 8,76

[oTHOCTh, KI/M3

o0
1
o

o0
o]
X

(o]
(9%}
o

TIIOTHOCTE mera3upoBaHHON He(TH ¢ TTyOUHEI 3316 M,
OT [IOJH KUAKOit da3ssl B cocTae (mronaa

—e—ILTOTHOCTH HeTH

= = 835.5 (cpenn)
824.0 (muH)
857.0 (makc)

10.0 11,0 12,0 13,0 14,0 15,0 16.0 17,0
Jlona JKVB, % MOIBHBIX

Puc. 11. CpaBHeHMe pacyeTHbIX AaHHbIX SEP-TecTa c ocpegHEeHHbIMM AaHHBIMM MJIOTHOCTH
AerasupoBaHHOM HedTH, BbIBOp Aonum HKYB
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11, ¢

MOKHO

AHamm3upyst TpaQuK Ha puC.

IOCTATOYHOH CTEHEHBI0 TOYHOCTH
yTBEpXKIaTh, 4TO CpelHell IIOTHOCTH HedTH
835,5 kr/Md,

¢nrouna Ha TayOune 3316 M, B HauOobIICH

1 MOJACIBHOIO IJIaCTOBOI'O

CTCTIEHM  COOTBETCTBYET  MOJIbHAs  JOJA
paBHOBeCHOH »xuakoit ¢aser 11,8%, a stoit
MOJIbHOH 701e — 00beMHast 0N PaBHOBECHON
skuakoit (aser 14,69% (craproBas ToUKa YepHOI
NYHKTHPHOU KpuBO# Ha rpaduke puc. 10), 4ro ¢
JIOCTAaTOYHO BBICOKOH TOYHOCTBIO COBMAJAeT C
HavaJgbHOW TOukoH uccienoBanus 1 (350 Gap —
14,49%).

3adukcupyem o0beMHYyI0 o0 JKYB
14,69% nns Bcex omopHbIX IiyOuH. Takum
o0Opa3om, o0beMHass U MojibHas noau JKYB s
OMOPHBIX TNYOWH TEMeph BBITISAAT TaK, Kak
B Tabn. 13. B Tabm. 13 Takke mnpuBeacHA
pacueTHas TUIOTHOCTh JCTa3UPOBAHHOW HEPTH
ra30HaChILEHHOU 4acTu o OIIOPHBIM
rryouHaMm. TI70THOCTE HeTH BO3pACTaeT CHU3Y
BBepx 10 rnybuHsl 2500 M, manee MeHsieTcs

BBEPX I10 pa3pe3y y)Ke HE3HAUUTEIIBHO.

IMMOBEPXHOCTH, B CTAHAAPTHBIX YCJIOBHUAX, IIO
CYTHU COCTOsIa OBl M3 CMECH JIEFKOI'0 Ta30BOr0
KOHICHCaTa ()KI/II[KOCTI: B CT.y. IJIOTHOCTBIO

okono 710 kr/mM®) u TsKenoii JerasmpoBaHHOl

HeTH Tra30HACHIIIICHHOM 4acTu miaacra
(KHIKOCTh B CT.y. IUIOTHOCTBIO  OKOJIO
1050 xr/m3).
Tabnuua 13
MonbHble gonu XXYB 1 nnoTHOCTb
mopaenbHou HedTy,
no onopHbIM rny6uHam
rnyéuHa Aona Y8, Aona ng?;::cc:?
y % obbema YB, % A pu
VD, m (dukc.) MOJIbHbIX BaHon
’ HedTH, Kr/m3
2000 14,69 8,83 852,8
2250 14,69 10,46 853,5
2500 14,69 11,32 856,7
2750 14,69 11,58 851,7
3025 14,69 11,66 842,6
3316 14,69 11,80 835,5

CooTtBeTcTByIONME TaOII.

IJ1aCTOBOTO

¢ronna

13 cocraBsl

BykTbuieckoro

Ilpumeuanue. B KadecTBe yIIPOIICHUS He()TEra30KOHJICHCATHOTO MECTOPOXKICHUS IS
MOXXHO  CYHTaTh, 4dYTo OdTa HedpTh Ha OTIOPHBIX INTyOWH NPUBEACHBI B Ta0JI. 14.
Tabnunuya 14
PacwmpeHHble cocTaBbl NacToBoro ¢pawouaa
c 06bemHoOI4 goneit paBHoBeCHOM XuaKoi ¢asol 14,69%
2000 2250 2500 2750 3025 3316
1 2 3 4 5 6 7
N> 0,041176 0,042486 0,04412 0,045888 0,048032 0,050117
CO, 0,000299 0,00032 0,000349 0,000378 0,000408 0,000438
Ci 0,761053 0,751709 0,742979 0,735342 0,727313 0,718483
Cy 0,085183 0,085867 0,086362 0,086798 0,087315 0,087833
Cs 0,029161 0,030995 0,032659 0,034289 0,035877 0,037652
iCa 0,0045 0,00458 0,004624 0,004645 0,004679 0,004704
nCy 0,005913 0,006616 0,007253 0,007869 0,00847 0,009118
iCs 0,001294 0,00142 0,001531 0,001644 0,001753 0,001882
nCs 0,001194 0,001268 0,001324 0,001373 0,001418 0,001473
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MpogonxeHne Tabanuybl 14

1 2 3 4 5 6 7
CeP1 1,65E-02 1,75E-02 1,86E-02 1,95E-02 2,03E-02 2,14E-02
CeP2 2,42E-02 2,66E-02 2,85E-02 3,01E-02 3,17E-02 3,37E-02
CeP3 1,58E-02 1,70E-02 1,77E-02 1,81E-02 1,85E-02 1,89E-02
CeP4 5,43E-03 6,00E-03 6,09E-03 6,08E-03 6,04E-03 6,08E-03
CeP5 1,45E-03 2,35E-03 2,82E-03 3,08E-03 3,16E-03 3,29E-03
CeP6 1,19E-03 1,81E-03 2,12E-03 2,14E-03 2,07E-03 2,07E-03
CeP7 8,55E-04 1,14E-03 1,22E-03 1,23E-03 1,31E-03 1,37E-03
CoP8 1,06E-03 9,33E-04 8,59E-04 8,35E-04 8,38E-04 7,95E-04
CeP9 1,69E-03 7,88E-04 5,93E-04 5,17E-04 5,12E-04 4,83E-04
CeP10 2,17E-03 5,74E-04 3,49E-04 2,80E-04 2,62E-04 2,22E-04

YB, % MOAbHbIX 8,83% 10,47% 11,32% 11,58% 11,66% 11,80%

B 3aBCPIICHUE CTAaTbU 3aMETUM, YTO IJIA
pAn
BCIIOMOT'aTCJIBbHBIX IMapaMETPOB, BBIYUCISACMBIX

OLICHKH 3allacoB TIIOTpPEOyeTcs TakKe

B pesynbrare BbIMomHEeHUs PVT-tectoB mms
HalJEHHBIX PACIIMPEHHBIX COCTAaBOB NAapOBOM U
xuaKoi a3z (tadm. 15).

Tabnuua 15

PacueTHble napameTpbl 418 OL,EeHKM 3anacoB cBO60AHOro U pacTBOPEHHOrOo rasa,
ra3soBoro KoHgeHcata u HepTu B rasoHacbiwweHHo Yyactn BHIKM

© ~
o o o = = « = = =
'2 E EISEJ = ‘E) = EE :; > > EE [} & [ = E é G
: & S 53| 3z8: S| ¢35 |§egfz;s Su | &
Q z s Soc | gkon] alfd|l E9a|l 328 085ca EBES 2
> o S S o 2 T 5 8| o < o > = 2 2 x5 v x
= - () J U o0 2 o o = S <20 g
= c g 2 S N o s I - oS T X| &93§ % i) =
® K @ S X © T AN 9 o S O S 2 5o T 5]
© 3 o o S m S 0 Q0 s T X Q o & T = s 2> o
o 2 o 3 X @ ¥ 50 X g I > @ 3 o323 © X I
o 4 18] x 5073 n O © = O x = p=9 =
s | & | & g $8° 88¢| "2 s | B 5
S 2 = © 9 8 * o S 2 c
M K MMa en,. nn.y.m3/ H.y.m3/ H.y.m3/ nn.y.m3/ cr.y.m3/ Kr/m3
H.y.m3 nn.y.m3 cT.y.m3 cT.y.m3 nn.y.m3
2000 315,2 32,80 0,9557 0,00326 306,748 160,5 1,395 0,717 999,8
2250 320,2 33,70 0,9723 0,00330 303,490 256,2 1,638 0,610 1042,9
2500 325,2 34,60 0,9889 0,00333 300,300 288,4 1,727 0,579 1062,0
2750 329,7 35,40 1,0055 0,00336 297,619 304,0 1,775 0,563 1061,7
3025 334,6 36,29 1,0238 0,00339 294,638 313,2 1,796 0,557 1049,9
3316 339,6 37,30 1,0431 0,00343 291,545 321,6 1,821 0,549 1042,3
3ameuanue. llpum mepexome K OIEHKe cutcsi Jumb K 3((YEeKTHBHOMY TOPOBOMY
3aracoB  CIeAyeT y4YecTb, dYTO OO0beMHas MPOCTPAHCTBY, TO €CThb K  IOPOBOMY
nonss  JKVYB, ompeneineHHas B mOpoliecce MPOCTPAHCTBY 0e3 yuera OCTaTOYHOU
TCPMOANMHAMUYCCKOTO MOJACIUPOBAHUA, OTHO- BOJBI.
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ITockombky rerpodusndecKre
3aBucuMoctd  KBo-Kn s Bykrteuibckoro
HI'KM ornuyarotess aist BceX 5 BBIAEIEHHBIX
panee noacuetHsix 00bextoB (11, I, 1V, V, VI),
TO JUIA OJKCIPECC-OIIeHKH  3alacoB  Trasa
(cBOOOMHOTO ¥ PAacTBOPEHHOI0), Ta30BOTO
KOHJIeHCaTa W HeTH B Ta30HACBHIIICHHOW YacTH
TpeOyeTcsl 3amoNHUTh MaTpully 3(deKTUBHBIX
TTOPOBEIX 00BEMOB Pa3MEpPHOCTHIO 6 X 5 (31ech
6 — KOJIMYEeCTBO MHTEPBAJIOB OMOPHBIX TIYOUH: C
MHUHHMaJIbHBIM 3HadeHueM VD — 1900 M, u
MakcUMalbHbIM 3HaueHueM VD — 3350 m) u
OCYILECTBUTh CTaHAAPTHBIN TaOJIMIHBII
nepecyer ¢ CyMMHPOBaHUEM. Y TOYHEHHYIO
OLIGHKY  3allacoB  YIJIEBOJOPOJOB  MOXKHO
IMOJIy4YUThb, HCIIOJIb3YA JJIsL CCTOYHBIX
BBIUMCIICHHNH ¥ CyMMHPOBaHHWS CTaHJApTHBIC
OTIIun MIPOrPaMMHOTO obecrniedeHus
3D  MonemupoBaHHSs W BEPTHKAIBHYIO

HHTEPIIOJIAINIO mapaMeTpoB (cM. Tadi. 15).

Pe3ynbratbl

B COOTBETCTBHUU c OIMMCAaHHOM
MeTOAMKOW, Ha »Tane PVT-momenupoBaHwms
Bykreuibckoro HI'KM Obutn HabizieHsl 6 map
PaBHOBECHBIX COCTaBOB (Ta3—KHUIKOCTB),
HaJIu4ue XKVYB B
BHI'KM  npu

Ha4dYaJIbHBIX TepMO6apI/I‘IeCKI/IX YCIIOBUSX.

00€eCIIEYnBaIOIIAX
ra30HaCKIICHHON qJacTH

IToctpoeHne  paBHOBECHBIX  COCTaBOB
OCYILECTBISUIOCH HAa OCHOBE aHaJIM3a JaHHbBIX
MIPEIBITY X
ByKTbIIBCKOTO HI'KM u

HCCIIeIOBaHUN hmronna
MIPOEKTHO-
TEXHHYECKOW JOKyMEHTaluend, C pa3OuBKOi
1o 6 OMOPHBIM 3TAYKaM Ta30HOCHOCTH.

B cocraBel ObuUIM  JOTOJHHUTEIBHO
dpaxium
(¢ MosekymsapHbIMH Becamu Bbimre, deM Cap),

BBEJICHBI YeThIpe TSDKEJBIX
acCOLMMPOBaHHbIE C MaclaMH U CMOJaMu
Hedrelt BHI'KM, nx KOHIEHTpauuu BEIYUCICHBI
(momoOpaHbl)  COMVIACHO  THUIOTE3€ TaMMa-
pacmpeneneHus ¢ MOmoil B paiioHe
koMioHeHTOB Cg-Co).

JlaHHBIE ~ COCTaBBI  XapaKTEPH3YIOTCS
CIIEYIOIIHM:

a) IaBJCHHE Hayajla KOHJeHcauu (To4ka
pochl) mapoBoii (ha3bl COBMANACT C JABICHHEM
HAaCHIMICHUs (TOYKA Hadajia KHIICHHS) KUIKOM
¢da3zel W TPAKTUYECKH PAaBHO HAYATHHOMY
MUTACTOBOMY JaBJCHUIO, TPH yTBEPKACHHOMN

TeMIeparype Ha OTIOPHBIX TIyOMHAX
BHI'KM;
0) HavaTbHOE MTOTCHITHATBHOE

cogepxkanue Cs+ Ha Cyxoil ras mnapoBoi

¢dazpl  HAa  KaXIOW  OMOpHOH  TIyOHMHE
NPaKTHYECKU COBIAJaeT c JTaHHBIMA
IpeBIIYIINX UCCIIeI0BaHUH ¢monaa
BI'HKM u IIPOEKTHO-TEXHUYECKOU
JIOKyMEHTAIIHH;

B) [UII K&XIOW W3 MIECTH OIOPHBIX
ITIyOWH  «IIONIKa» KPUBOH MOTEHIIHAIBHOTO
conepxkanusi Cs+ Ha CyxoH ra3 mapoBoit (assl B
nuanazone ot Pmi. no PH.k. (mo mpoekTHOi
JIOKYMEHTAITIH ) TTPHOIKEHA «IICEBIOTIONKON»;

r) Uit 6a3oBoit riryounsr 3025 M KpuBas
MOTEHIHANBHOTO cojiepskanust Cs+ Ha CyXo Ta3
MapoBoi (haskl I BCEro auara3oHa JaBJICHUM
ONM3Ka K «3TaJOHHON» KPUBOH W3 MPOEKTHOH
JOKyMEHTAIHH;

) pacdeTHbIC KpUBBIE nmuddepen-
[UATbHON KOHJIGHCAIIMM COCTaBa JJIsi TIIyOHHBI
3025 M, Bxmovaromiero 18,12% o0bema
paBHOBECHOM kUKo (azel (14,5% MONBHBIX) U
81,88% obObema paBHOBeCHOW NapoBoil a3kl
(85,5% MONBHBIX), HAZEKHO ANMMPOKCUMUPYIOT
mudepeH-
OUaTbHONM KOHJAEHCALMH PEKOMOMHUPOBAHHON

OKCIICPUMECHTAJILHBIC JaHHBIC

cMecu (UCCiieioBaHUE 2) BO BCEM JMara3oOHe
napneHuit. He3HaunTenbHbIE PAaCXOKIACHHS TPH
CaMbIX  BBICOKHX  JIQBJICHUSX,  BO3MOXHO,
OOBSCHSIOTCSI HECOBEPILICHCTBOM HCIIOJIBb3YyEeMON
npoLenypsl  PEeKOMOMHAIMM € YacTUYHO
JIeTa3upOBaHHOM HE(TEIO, oo
HaTMYMeM HaQTEHOBBIX M apOMATHYECKUX
(Gpakiuii, He yYUTHIBAEMBIX B  JaHHOMN

pabore;
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€) ajanrtanuen OCpETHEHHBIX

IPOMBICIIOBBIX ~ JAHHBIX (IO  IUIOTHOCTH
JIeTa3MPOBAaHHON HE(TH) TONYYCHO OOBEMHOE
comepkanue (14,69%) wu MonbpHas OIS
riactoBoii HepTH (11,8%) mna rmy6unsr THK

3316 M, IpH KOTOPBIX YUCIEHHBIH 3KCIIEPUMEHT

IIOJITM PABHOBECHOW JKHUOKOH ha3el I BCex
OTIOPHBIX TITyOWH.

Taxum o0pazom, npu MTOMOIIH
psna YHUCIIEHHBIX JKCIIEPUMEHTOB
TepMoAnHaMuueckoro wmonenuposanus (PVT)

¢dmrounansHoi cucreMbl BHI'KM mo onmopHbIM

cermaparii TOYHO BOCIIPOM3BOJHUT CPEITHIOO rryOMHAaM TIOATOTOBJIEHBI BCE HEOOXOIUMBIC

IUIOTHOCTH  JToObIBaeMOil HedTH HepTIHOU JIaHHbIE JJI1 MOWHTEPBANIbHONW OLEHKH 3aIlacoB
otopouku. llpeamomnaras 3Ty 0OBEMHYIO IOIIO CBOOOZHOTO W PACTBOPEHHOTO Ta3a, ra30BOTO
XKVYB  mocTrosHHOH Ha  BCEX  OIOPHBIX KOHJIleHcaTa ®W HedTH B Ta30HACHIIICHHOMN
riyOWHAaX, BBIYMCICHBI MPOTHO3HBIE MOJIBHBIE gactu BHI'KM.

Cmamvsi  Hanucana 8  pamMKax  GbINOJHEHUs  20CYOAPCBEHHO20 — 3a0anus  (mema:
«Cogepuencmeaoganue mMemooo8 MoOeruposanus, 1a00PaAmopHuIX U NPOMBICIOBLIX UCCIe008aHUU Ois
CO30aHUSL HOBLIX MEXHONO02UU 3PHEKMUBHO20 IKONOSUHECKU HUCHO20 U3GIeUeHUs V2le8000P0008 8

CILOJICHBIX 20PHO-2€0N02UMEeCKUX YCa08usxy, Ne 122022800274-8).
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Abstract. This article discusses the major trends in Petroleum Engineering research in 2016-2021
based on a bibliometric analysis of metadata of articles indexed by The Lens platform. A comparative
analysis of trends in the topics related to Petroleum Engineering is conducted. Major institutes,
countries, and funding foundations involved in petroleum engineering research are identified. The
leading role of Chinese institutes and foundations in undertaking this research is shown. Links are
established between research areas in Petroleum Engineering, Geology and Ecology. Examples of highly
cited articles reflecting the main features of publication trends in the field of Petroleum Engineering are
given. A cluster analysis of 24,673 titles of articles on the subject of Petroleum Engineering is done, and
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Introduction

Publications on the energy transition
focus on renewable energy sources. For
example, the article [1] explores the technical
and economic characteristics of an accelerated
energy transition by 2050 using new data on
renewable energy sources. The authors argue
that renewable energy can provide two-thirds
of the world’s total energy demand and
contribute significantly to the greenhouse gas
emission reductions needed between now and
2050 to limit the rise in the Earth’s average
surface temperature below 2 °C. A significant
amount of research has focused on energy
storage. The article [2] provides a
comprehensive update on energy storage (ES)
technologies, briefly discussing their
applications, the barriers to their adoption of ES
and their economic feasibility.

The role of hydrocarbon energy sources in
the energy transition has received less attention

© 2022. B.N. Chigarev

and, moreover, little citation. Such publications
maintain that the conventional oil industry has
already felt the growing pressures and
challenges of the historic energy transition to a
low-carbon energy future. The low-carbon
strategies of the international oil companies can
be divided into three categories, which include a
shift toward gas production, direct participation
in the low-carbon sector and collaboration with
peers [3]. There is another standpoint: the authors
of the article [4] try to assess the impact of the
problems associated with the energy transition
and make a forecast of the development of the
Russian oil industry, using the most advanced
modeling tools. Their calculations show that
even under rather negative scenarios, Russia is
able to maintain exports of crude oil and
petroleum products at a level above 250 million
tonnes of oil equivalent in 2040, remaining the
second largest supplier of hydrocarbons in the
world.
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Given the small number of scientific
publications on the petroleum industry
during the energy transition, | thought it
would be worthwhile to review scientific
publications on Petroleum Engineering over
the past 6 years to see how the changed context
has affected current petroleum engineering
research.

Why Petroleum Engineering? On The
Lens platform, in the Field of Study taxonomy,
which includes the term Petroleum in its title,
the Petroleum Engineering category ranks first
by the number of indexed documents (see
Table 1).

Table 1
Number of papers indexed in The Lens

for all years related to Field of Study
with the term Petroleum in the title

Field of Study Number of papers
Petroleum engineering 239,716
Petroleum industry 30,636
Petroleum reservoir 18,122
Petroleum product 13,136
Petroleum ether 12,321
Petroleum coke 4,383
Petroleum geology 4,353
Petroleum exploration 2,996
Petroleum seep 2,418
Petroleum system 1,270
Petroleum production 980
Petroleum geochemistry 762
Petroleum pollution 568
Petroleum oil 512
Petroleum processing 488
Petroleum resin 360
Petroleum chemistry 323
Petroleum microbiology 270
Petroleum naphtha 169

The data in Table 1 demonstrate the
predominance of Petroleum Engineering among
the Fields of Study.

Given the large number of publications
on Petroleum Engineering, the number of
bibliometric surveys disclosing trends and topics
of publications is extremely low.

Thus, the query “Title: bibliometrics;
Filters: Field of Study = (Petroleum
Engineering)”, without additional restrictions on
time and other filters, gives only 4 Scholarly
Works.

And on a query close to bibliometrics:
“Title: (“research trends”); Filters: Field of
Study = (Petroleum Engineering)” The Lens
platform gives 6 Scholarly Works.

To find out if The Lens system is used in
the above results, | use the query: “Title:
(“research trends” OR bibliometrics) AND
(Title: (“The Lens”) OR (Abstract: (“The Lens”)
OR Full Text: (“The Lens”)); Filters: Field of
Study = (Petroleum Engineering)”, which yields
zero results. Thus, out of 239,716 publications
related to Field of Study = (Petroleum
Engineering), there are no publications related to
bibliometrics and research trends analysis using
metadata of publications indexed in The Lens.

This provides the motivation for the
present bibliometric study on Petroleum
Engineering topic using The Lens data.

Next, let wus briefly analyze the
publications indexed in The Lens related to
bibliometrics, research trends and Petroleum
engineering, 10 in total.

The poor representation of bibliometric
topics in the data obtained by the query “Field of
Study = (Petroleum Engineering)” is also
reflected in the low citation rate of these papers.
Out of 10 publications, only one paper was cited
once [5]; the paper is in Korean, which | do not
speak, so all I can say is that Gas Hydrate
Production is a very hot topic and it is a pity this
publication is not in English. The article
concerns an analysis of research trends.
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Another publication on research trends
[6], written in Japanese and entitled “A research
trend and future aspects for polymer
degradation: A role in the circulation system”,
deals with the crucial topic “Polymer
Degradation” and “Circulation System”.

The article [7] is written in Korean; the
topic of flow behavior and performance
characteristics in a multilayer reservoir is
noteworthy. The article [8] is also written in
Korean.

Papers [9] and [10] are proceedings of the
same conference, written in Japanese.

Thus, research trends in Petroleum
Engineering are represented by publications
in Korean and Japanese. These countries
are characterized by high pragmatism in
research.

As for the bibliometric studies on the
subject we are considering, one of the works is
written in Portuguese [11]. In this paper,
according to the abstract in English, a
bibliometric analysis of the Scopus data on the
topic “Two-phase flow in submersible electric
pumps” is carried out, and the number of
publications in this field of research and the
most relevant materials are analyzed. The
authors conclude that the main problem is
related to multiphase flow with heat exchange in
submersible equipment, where different flow
patterns can occur.

The second article is in Chinese [12] and
uses Thomson Data Analyzer and UCINET to
search and quantify articles on oil and gas
exploration research from the SCIE database.
The result shows that global oil and gas
exploration research continues to grow with
fluctuations, and this growth is very evident,
especially since 1996; reservoir modeling and
prediction (hydrocarbon and non-hydrocarbon),
seismic exploration and well logging techniques
are the priority research areas. This paper is very

similar in content to the study | am conducting
but deals only with the data up to 2011.

The paper [13] deals with a narrower than
Petroleum Engineering but relevant issue
“bibliometric analysis of studies published on
shale oil”, the review of bibliometric indicators
on shale oil was made using data from
databases: Web of Science Core Collection
(WoS), Journal Citation Reports (JCP), Scopus
and SClmago. The data were taken on 2
November 2014. This means that the data for the
last 6 years were not considered.

The article [14], written in Chinese and
published in 2011, focuses on the papers
published in relevant Chinese journals from
2009 to June 2010; the data are analyzed using
bibliometric research method. The analysis
shows that energy conservation in oil and gas
exploration and petrochemical production is a
hot topic. The topic under consideration is very
relevant, especially considering the fact that the
analysis is carried out according to the
publications in Chinese journals, but the data are
given only for 2009-2010.

Thus, there are very few bibliometric
studies on the subject of Petroleum Engineering.
They are mostly done for an earlier period than
the last 6 years. Much of the research is written
in Korean, Japanese and Chinese and focuses on
specific but important aspects of Petroleum
engineering. The energy transition issues
strongly promoted and funded in recent years
cannot but influence the research works in the
field of Petroleum Engineering, which makes it
relevant to conduct a bibliometric study of the
publications for the last 6 years (2016-2021).

Materials and methods

This study is based on bibliometric data
from The Lens platform related to the Petroleum
Engineering Field of Study for the period
2016-2021.
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The Lens platform provides open access
to the metadata of its indexed publications. At
the time of this writing, 243 million scholarly
papers are indexed in The Lens. The system
provides comprehensive bibliometric analysis
capabilities, including the ability to export up to
50,000 records per query. By comparison,
Scopus makes it possible to export 2,000 records
per query.

As noted in the introduction, there are no
bibliometric studies on Petroleum Engineering
based on data from The Lens platform for the
period 2016-2021.
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Below is the rationale for choosing the
20162021 interval, based on the claim that the
energy transition should inevitably affect
publication activity in Petroleum Engineering.
This assertion is based on requests to The Lens
for a broader interval of 2012-2021.

For this purpose, a series of graphs of 10-
year changes in the number of publications for
various queries, which have a broader nature
than Petroleum Engineering.

Fig. 1 shows a graph of the number of
scientific papers published over time by Field of
Study = Engineering.

@
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@ Conference Proceedings Article Journal Article

Fig. 1. Scholarly Works over time for Engineering Field of Study for 2012-2021

Fig. 1 shows that the number of
conference proceedings decreases sharply in
2016, and the drop in the number of journal
articles begins in 2013 and reduces rapidly in
2017.

The Engineering Field of Study is very
large and reflects the general decline in attention
to engineering in recent years.

To confirm that the general decline in
publication activity also affects narrower topics
that may be relevant to Petroleum Engineering, |
conducted the analysis, the results of which are

presented in Fig. 2-3 for the queries
“Geotechnical Engineering” and “Engineering
Geology” (these are the terms of The Lens
taxonomy in the Engineering section).

The results presented in Fig. 2 and 3 agree
with the general graph in Fig. 1. Thus, the trend
of the decrease in the publication activity in the
field of engineering is quite general. At the same
time, the decrease in the number of publications
on the Field of Study of Petroleum Engineering
is less pronounced than the general trend (see
Fig. 4).
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Fig. 4. Scholarly Works over time for Petroleum Engineering Field of Study

70



Actual Problems of Oil and Gas. Iss. 1(36) 2022

http://oilgasjournal.ru

Thus, Petroleum Engineering
demonstrates not the largest drop compared to
preceding Fields of Study.

It should be noted that the change
in publication activity around 2016 occurs

not only for engineering sciences but also,
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for example, for the total number of works in
economics, as reflected in Fig. 5.

The data given in Fig. 1-5 were the
reason to select the period 20162021 for further
bibliometric analysis of the topic in question.
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Fig. 5. Scholarly Works over time for Economy Field of Study

But some Fields of Study can grow much
faster; for example, if we consider
the Digital Economy, then, as Fig. 6
shows, the number of publications on
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this topic has been growing dramatically over
the past 10 years. The same trend
is observed for  Circular  Economy
(Fig. 7).
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Fig. 6. Scholarly Works over time for Digital Economy Field of Study
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Fig. 7. Scholarly Works over time for Circular Economy Field of Study

Although 2021 is not yet fully indexed,
the growth of interest in the topic of Circular
Economy is evident. The number of publications
has increased almost ten-fold in 10 vyears,
almost as much as on Digital Economy. There

have been more conferences on Digital
Economy, especially those hosted by
businesses.

The Circular Economy is an interesting
trend, so more research is needed on how
Petroleum Engineering can be incorporated into
this process.

The graphs above indicate that over the
past 67 years there has been a significant shift
in the priorities in research areas.

This brief analysis allowed me to
formulate a final query to The Lens: Filters:
Year Published = (2016-2021); Publication
Type = (journal article); Field of Study =
(Petroleum Engineering). This query retrieved
24,673 results for Scholarly Works, the metadata
for which was exported from The Lens and used
for further analysis.

| used the analytical tools of The Lens
platform and the Clustering APP that runs on
Google Cloud and uses non-negative matrix
factorization to perform clustering (Developer:
Christoph Mittendorf) [15].

Results of bibliometric analysis

of publications in the Petroleum

Engineering Field of Study

in 2016-2021

In this section, the results of the
bibliometric analysis are given as follows: first,
the results are presented in the form of a graph
or table, followed by brief comments, then
examples of several highly cited publications are
given with a short summary of their content,
which enables a deeper understanding of the
results discussed.

Fig. 8 shows the publication activity for
2016-2021 of the 20 universities and
organizations with the largest number of
publications in the Petroleum Engineering Field
of Study.

Petroleum Engineering topics are largely
supported by Chinese institutions, including
industrial firms PetroChina, Sinopec and
CNOOC Limited:; North American
universities — University of Texas at Austin,
Texas A&M University, University
of Alberta; Saudi organizations — Islamic
Azad University and Saudi Aramco; and the
Russian Academy of Sciences. That is, the
traditional oil and gas institutions. Yet the
dominance of Chinese structures is obvious.
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Fig. 8. The Lens Analysis: Top Institution Name by Document Count

The rapid development of the Chinese economy
requires an increase in the consumption of
energy resources, so China is developing all
energy sectors.

Examples of articles with the highest
citations for the first two organizations
of Fig. 8.

Institution Name: China University

of Petroleum

The paper [16] suggests a new model for
predicting the thermophysical properties of
superheated steam (SHS) in SHS injection wells
and for estimating wellbore heat efficiency. The
paper presents key recommendations for
engineers to optimize injection parameters, as
well as estimation of wellbores heat efficiency
of SHS injections wells.

In the study [17], the authors propose a
new enhanced geothermal system (EGS) with
multilateral wells to extract heat from
hot dry rock. The results show that the
thermal power output, production temperature,
heat recovery ratio and stored thermal energy of
EGS with multilateral wells are higher than
those of conventional EGS with two vertical
wells.

Institution Name: PetroChina

Over the past five years, shale gas
exploration and development in China has
developed in a leap forward way. The article
[18] reviews the main achievements in shale gas
exploration and development in China and
analyzes the development prospects. Offshore
shale gas in the Sichuan Basin dominates
exploration and development. Commercial
production of shale gas from transitional and
continental facies is crucial. Low to moderate
yield of shale gas wells is the norm in China, so
it is very important to develop key exploration
and development technologies.

The article [19] estimates recoverable
unconventional oil and gas resources worldwide,
identifies the main controlling factors and
potential regions of rich unconventional oil and
gas accumulations, and standardizes the
classification of seven resource types (i.e., heavy
oil, oil sand, tight oil, oil shale, shale gas, tight
gas and coalbed methane). In addition to hot
spots in North America, tight oil in the West
Siberian Basin and Neuquén Basin and heavy oil
in the Arabian Basin will be potential targets for
unconventional oil and gas resources in the
future.

73



Actual Problems of Oil and Gas. Iss. 1(36) 2022

http://oilgasjournal.ru

To show the role of countries in the
publication activity on the topic under study, let
us present the data as: Institutional country
(number of papers) in the Petroleum
Engineering Field of Study in 2016-2021 for the
top 20 countries: China (5026), United States
(2858), Canada (845), Russia (800), Iran (717),
United Kingdom (664), Australia (537), India
(325), Japan (300), Brazil (286), Germany (285),
Netherlands (271), Norway (270), Malaysia
(257), Poland (238), Saudi Arabia (210),
Republic of Korea (209), Italy (187), Indonesia
(167), France (141).

The  authors’  country  affiliation
corresponds well with the data in Fig. 8.

For a better understanding of the topics of
publications of specific countries, | give
examples of the most cited articles for two
countries: China and Russia.

China

The article [20] — cited 298 times. In this
article, the authors comprehensively analyze
research on natural gas hydrates (NGH), which
are widespread on the seafloor and in permafrost
areas and are considered as an alternative energy
to fossil fuels, whose reserves are depleting.
Currently, research on NGN exploitation is
mainly conducted in three aspects: numerical
modeling and analysis, experimental modeling
and field testing of various technologies. For
commercial NGN operation, risk assessment,
economic evaluation and technologies are not
sufficiently studied.

The article [21] — cited 249 times. Natural
gas hydrates (NGH) are one of the key potential
clean energy resources. Its commercial
development will help to meet the huge global
demand for natural gas and plays a vital role in
environmentally sustainable economic growth.
Based on nearly two decades of studying
reservoir characteristics in the South China Sea

(SCS), the China Geological Survey (CGS)
conducted its first production test in 2017 at an
optimal site selected in the Shenhu area of the
SCS. This  successful test contributed
significantly to the safety control of oil and gas
production.

Russia

The article [22] — cited 56 times. The
paper presents a mathematical model of gas
extraction from a reservoir initially saturated
with methane and its hydrate, under conditions
of negative (below 0 °C) initial temperature. An
algorithm is proposed and a numerical scheme is
built to find the main parameters of
nonisothermal filtration flow in a water-
saturated formation, taking into account the
decomposition of hydrate into gas and ice.

The article [23] — cited 54 times. Injection
of flue gases or CO.-N» mixtures into gas
hydrate reservoirs is considered a promising
option for geological storage of CO.. In this
work, a series of experiments were carried out to
study the dependence of CO; capture efficiency
on reservoir conditions. The results showed that
more than 60% of the CO; in the flue gas was
captured and stored as CO-hydrate or CO--
mixed hydrate, producing methane-rich gas. CO;
capture efficiency depends on reservoir
conditions, including temperature, pressure and
hydrate saturation.

The cited articles from both countries
show a strong interest in research on gas
hydrates.

To confirm this, | give the results for the
query: (Title: (“gas hydrate”) OR (Abstract:
(“gas hydrate”) OR (Keyword: (“gas hydrate™)
OR Field of Study: (“gas hydrate”)))) Filters:
Year Published = (2016-) Publication Type =
(journal article) Field of Study = (Petroleum
Engineering) according to which there were 63
publications in 2016 and 101 in 2021.
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Thus, despite the lack of growth of
research in the Petroleum Engineering Field of
Study, the interest in research on “gas hydrate”
is increasing.

Conducting research requires significant
financial investment, so it is useful to consider
what funds and how they support research in the
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Petroleum Engineering Field of Study. Such
data are presented in Fig. 9.

This graph shows that Chinese donors
actively fund such research and that the number
of works supported by them significantly
exceeds the number of works funded by the U.S.
Department of Energy.
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Fig. 9. The Lens Analysis: X—Date Published; Y—Document Count; Colour—Funding

Below are examples of highly cited
publications funded by the National Natural
Science Foundation of China.

The most cited (298 citations) article has
been previously reviewed [20]; the following
are:

The article [24] - cited 227 times.
Enhanced oil recovery (EOR) techniques have
attracted considerable attention worldwide due
to the decline in available oil reserves. However,
some problems, such as low cleaning efficiency,
high cost and potential reservoir damage, still
hinder further application of these EOR
technologies. This article presents an overview
of recent research on the use of nanoparticles for
EOR.

The article [25] — cited 222 times. This
work performed the first experiments to simulate
hydraulic fracturing using supercritical carbon
dioxide (SC-CO;) in shales. Compared to

hydraulic fracturing, using SC-CO. as the
fracturing fluid reduces the pressure required to
initiate fractures by more than 50%. This
reduction is due to the increased percolation
effect and pore pressure with SC-CO,. The
volume of rock fractured by SC-CO; is several
times greater than hydraulic fracturing, and the
fracture surfaces opened by SC-CO, are more
complex and rugged. SC-CO; fracturing is a
promising technology for shale gas development
because it can effectively solve problems of
swelling shale and water scarcity.

Summary of the articles show that the
National Natural Science Foundation of China
funds innovative research on EOR.

The topics of research are interconnected,
so it is reasonable to consider which Fields of
Study most often overlap with Petroleum
Engineering and which institutes are involved in
these studies. The results are given in Fig. 10.
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Fig. 10. The Lens Analysis: Fields of Study covered by the most active Institutions

Chinese universities and firms dominate
all Fields of Study related to Petroleum
Engineering research.

According to Fig. 10, the objectives of
Petroleum Engineering are heavily related to
Geology, so it is reasonable to give examples
of highly cited papers related to both
Fields of Study Petroleum Engineering and
Geology.

The most cited publication related to
Geology [25] has been already mentioned above
as funded by the National Natural Science
Foundation of China. Such an overlap shows the
coherence and sustainability of the reported
examples.

The next most cited works are:

The article [26] — cited 209 times. This
study presents a detailed review of existing
definitions of the brittle index (BI) in rock
mechanics, the transition from brittle to ductile
and the application of Bl to shale fracturing.
A combination of laboratory and geophysical
methods is recommended for quantifying
shale brittleness. Brittleness indices based on
elastic moduli and mineral composition are
common in field applications and can be
obtained both from laboratory studies and from
logging data.

The article [27] — cited 175 times. In this
article, the authors provided a comprehensive
review of the low salinity/engineered water
injection techniques (LSWI/EWI) (LSWI/EWI)
for both sandstones and carbonates. This article
can be used as a guide for starting or
implementing LSWI/EWI laboratory and field
projects. LSWI/EWI methods have become one
of the most important research topics in the oil
industry because of their potential benefits for
enhanced oil recovery over conventional
seawater injection.

As can be seen from the brief description
of articles, the most cited works are related to
technologies of enhanced oil recovery for
different types of reservoirs.

Fig. 10 shows that for the leading
institutes the theme “Geology” most often
overlaps with the Petroleum Engineering
Field of Study, but if we consider the
publications of all institutes, such a theme
would be “Environmental Science” (see
Fig. 11).

One can see here a typical distribution of
topics related to Petroleum Engineering.
Geothermal gradient seems worth attention to,
the topic is not only interesting for traditional
energy but also for renewable energy.
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Environmental issues are of significant

interest in Petroleum Engineering. Below
are the examples of the most cited
publications:

The article [28] — cited 224 times. In this
paper, the authors conducted a comprehensive
review of the literature on enhanced oil
recovery (EOR) using CO; injection and carbon
storage in shale over the past decade. Aspects
reviewed include descriptions of major shale oil
reservoirs and EOR needs, injection scheme
selection, models used to model gas injection,
oil recovery mechanisms for different gas types,

molecular  diffusion and its laboratory
measurements, nanopore effects, adsorption
effects on carbon storage and transfer,

laboratory work on gas injection in shale cores,
pilot tests, and economic evaluation. The results
of recent pilot tests in the Eagle Ford and
Bakken formations were summarized, and
finally, economic considerations regarding the

feasibility of gas injection into shale oil were
presented.

The article [29] — cited 145 times. In this
article, the authors first interpret the water return
data from a cluster of 18 wells constructed in the
Horn River Basin. The authors used numerical
modeling to examine the parameters that control
water and gas production during formation
returns. They concluded that early water and gas
production depends on reservoir properties, such
as capillary pressure and the complexity of the
fracture network created, as well as operational
parameters, such as cutoff times. Field data and
simulation results show that long cutoff times
increase early gas production but reduce load
recovery and late gas production, and that only a
small fraction of injected water can be recovered
during the cleanup phase.

The topics of publications are also well
identified by the top keywords, the results are
shown in Fig. 12.
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The increased focus on environmental
goals is expressed by the dominance of the
keyword “Qil Spill”. Below are examples of the
most cited publications:

The article [30] — cited 505 times. In this
paper, the authors analyze the problem of
increasing the number of accidental oil spills
that have a catastrophic impact on the aquatic
environment. They suggest that materials with
different wettability can be used to remove only
one phase from a mixture of oil and water and
simultaneously repel the other phase, thus
achieving selective separation of oil and water.
They show a synergistic effect between surface
chemistry and surface architecture that can
further promote superwetting, resulting in
improved separation efficiency.

The article [31] — cited 122 times. The
authors, inspired by the behavior of crossflow
filtration in fish gills, propose a crossflow
approach through a hydrophilic, sloped gradient
membrane to collect spilled oil. In cross-flow, as
oil/water flows parallel to the surface of the
hydrophilic membrane, the water is gradually

Document Count

: Top Keyword by Document Count

filtered through the pores and the oil is repelled,
transported, and finally collected for storage.
Due to the selective behavior of the water-gated
gradient membrane, the large pores in the lower
part with high water flow promote rapid water
filtration, while the small pores in the upper part
with strong oil repulsion allow easy oil
transport. In addition, the gradient membrane
exhibits excellent antifouling properties due to
the protection of the water layer.

In order to explain the trends in the topics
of scientific publications, it is useful to present
how the number of publications on the main
topics evolves over time. Such data are
presented in Fig. 13.

Considering research trends by individual
Fields of Study, it is noticeable that since 2017
the attention to engineering tasks is decreasing,
while the attention to environmental science
tasks is increasing. There are no significant
changes in other areas of research.

Fig. 14 shows the dynamics of
publications as Institution Name by Document
Count.
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Since 2018, China’s leading oil and gas
companies have been increasing their
participation in scientific research. This is not
typical for other countries, but the inclusion of
industrial firms in scientific research is an
advantage for China.

Research topics can be identified by the
names of journals and conferences where
publications on Petroleum Engineering are
posted. Such data are given in Fig. 15.

Conference  proceedings play an
essential role. Many articles are published
in the journal Neftyanoye Khozyaystvo — Oil
Industry.

The Journal of Petroleum Science
and Engineering is ranked Q1 in the
Engineering, Petroleum category by the JCR,
so let’s review a few highly cited publications
in this journal on the topic discussed in this
article.

The most cited articles [26] and [27]
published in Journal of Petroleum Science
and Engineering have been discussed above, so
I refer to the following publications as
examples:

The article [32] — cited 163 times. The
authors review the application of polymer
flooding in heavy oil reservoirs.
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The main reasons of its wide use for
heavy oil reservoirs in the last two decades were
rising oil prices, the extensive use of horizontal
wells and advances in polymer technology. This
article is a survey of advances and technological
trends in polymer flooding in heavy oil
reservoirs since the 1960s. The summary results
in complete databases of laboratory work, pilot
tests and field applications. The database
contains qualitative descriptions and quantitative
statistics for both research and practical
applications. Suitable ranges of crucial reservoir
properties and polymer characteristics for
successful field applications are suggested.

The article [33] — cited 115 times. The
authors performed the first comprehensive
review of the current state of experimental
studies of foam stabilized by nanoparticles for
use in enhanced oil recovery systems. The
influence of various critical parameters on foam
characteristics was considered. The authors
conducted experiments to complement some of
the results obtained in the literature. Literature
review and experimental results showed that the
presence of nanoparticles in appropriate
concentration with favorable hydrophobicity
improves the static and dynamic stability of

foam in porous media. A review of experimental
methods showed that the mechanisms of
formation, stability, propagation and
mobilization of residual oil in porous media are
not yet clear on a pore scale due to the limited
number of studies. Foams stabilized by
nanoparticles for enhanced oil recovery have not
found practical application due to limited
understanding of the influence of control
parameters on foam efficiency and insufficient
experimental and modeling studies.

Examples of the most cited articles in
Neftyanoe Khozyaystvo — Oil Industry journal:

The article [34] — cited 18 times. The
authors reviewed the technology of formation of
the inverse oil cone below the level of water-oil
contact. They propose an analytical method for
estimating the time of formation of the inverse
oil cone depending on reservoir and fluids
properties. On the basis of hydrodynamic
modeling, a method of accounting for relative
phase permeabilities is proposed. In order to
account for the anisotropy coefficient, the
hydrodynamic model is used to construct the
dependences of oil cone formation time on the
anisotropy coefficient for different viscosity
ratios of water and oil.
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The article [35] — cited 16. The authors
proposed a new bottom water shut-off method. It
provides for automatic injection of the solution
of paraffin in diesel fuel into excess water
production zone as water cut increases. This
results in the formation of a water barrier (or
elimination of water breakthrough problems in
the existing barrier) and thus reduction of water
cut.

Water-oil contact, hydrodynamic
modeling, bottom water shut-off method are the
main topics in Neftyanoe Khozyaystvo — Oil
Industry journal publications.

Clustering of 24,673 article titles

on Petroleum Engineering Field

of Study

The Lens platform provides significant
bibliometric metadata export capabilities, up to
50,000 records. Our query resulted in the export
of 24,673 journal article metadata for the
2016-2021 on the Petroleum Engineering Field
of Study. Both titles, abstracts and Fields of
Study can be used for bibliometric analysis.
The advantage of using titles, in my opinion,

is that they most expressively reflect
the key problem of the article and carry
information about the content of the article as
a whole; titles often contain some of the
key words.

By reading the systematized titles of
publications, a specialist can not only get an idea
of the dominant topics of publications, but also
search both the articles themselves and the
similar publications by content. Thus, the
clustering of 24,673 article titles on the
Petroleum Engineering topic can give a solid
reflection of the overall picture of research
topics in this field.

To implement this, | use the APP for
application developed by Christoph Mittendorf
to perform clustering based on non-negative
matrix factorization and running on Google
Cloud [15].

The results are presented in Table 2,
which lists the 10 clusters and the 5 most typical
publication titles for each cluster, disclosing its
subject matter. Each cluster is described by the 4
terms to which the clustering system assigned
the maximum rank.

Table 2

Results of the clustering of 24,673 article titles on Petroleum Engineering Field of Study
using the non-negative matrix factorization method

Cluster, Article titles
keywords
1 2
Cluster 1: “Investigation into gas production from natural gas hydrate: A review”
gas, “Natural gas reservoirs on the oil-gas field PetiSovci”
natural, “Monkey-wrenching natural gas pipelines”
shale, “The role of natural gas hydrate during natural gas transportation”
hydrate “A prediction method of natural gas hydrate formation in deepwater gas well and its
application”
Cluster 2: “Enhanced oil recovery using biotransformation technique on heavy crude oil”
oil, “Performance evaluation of in situ combustion enhanced oil recovery methods for heavy oil
recovery, recovery”
enhanced, “Study on the oil pipeline design of R oil field”
heavy “Simulating the strategies of oil field development for enhanced oil recovery”
“A comprehensive review of enhanced oil recovery technologies for shale oil”
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Table 2 continued

1 2

Cluster 3: “From fire to water”

water, “Drilling slowdown sparks water trading”

flow, “Physical simulation for water invasion and water control optimization in water drive gas

injection, reservoirs”

high “Optimal operation of the water lifting unit in determining the water flow in the water source”
“Hydraulic performance analysis of water supply distribution network using water GEM v8i”

Cluster 4: “Drilling with curiosity”

drilling, “Development of microcalcite-based drilling fluid”

fluid, “Drilling slowdown sparks water trading”

based, “Drilling-fluid behavior during reservoir-formation drilling and completion”

fluids “Data on shale water-based drilling fluid interaction for drilling operation”

Cluster 5: “Should hydraulic fracturing continue”

fracturing, “A review of hydraulic fracturing simulation”

hydraulic, “An experimental investigation into the characteristics of hydraulic fracturing and fracture

shale, permeability after hydraulic fracturing in granite”

fracture “Optimization on fracturing fluid flowback model after hydraulic fracturing in oil well”
“Temperature of rock formation and fracturing fluid during the hydraulic fracturing process”

Cluster 6: “Simulation analysis on the heat performance of deep borehole heat exchangers in medium

geothermal, | depth geothermal heat pump systems”

heat, “Heat transfer analysis of U-type deep borehole heat exchangers of geothermal energy”

analysis, “Numerical analysis of heat extraction performance of a deep coaxial borehole heat exchanger

energy geothermal system”
“Cooling performance of geothermal heat pump using surface water heat exchanger”
“Quantification of exploitable shallow geothermal energy by using Borehole Heat Exchanger
coupled Ground Source Heat Pump systems”

Cluster 7: “Evaluation of permeability in fractured carbonate reservoirs by production logging tools (PLT) ”

reservoirs, “Performance analysis of chemical flooding in fractured shale and tight reservoirs”

permeability, | “Classification evaluation method and its application in low permeability reservoirs”

fractured, “A new dual-permeability model for naturally fractured reservoirs”

low “Evaluation of permeability damage caused by drilling and fracturing fluids in tight low
permeability sandstone reservoirs”

Cluster 8: “Improvement of the efficiency of horizontal wells”

wells, “Evolution of production logging in low permeability reservoirs at horizontal wells, multiple-

horizontal, fractured horizontal wells and multilateral wells. Gazprom Neft experience (in Russian)”

production, “Application of combined production logging technology in horizontal wells production

fractured composition model of fractured horizontal wells in shale gas reservoirs the problem of a
horizontal part cementing of operational horizontal wells”

Cluster 9: “Study on horizontal well fracturing numerical simulation of tight oil reservoir”

reservoir, “Study on the value of a medium reservoir storage capacity (Case study: Karalloe Reservoir)”

study, “Study on the couple of 3D geological model and reservoir numerical simulation results”

simulation, “Simulation of reservoir operation in a multi reservoir system”

numerical “Reservoir simulation study on the permeability jails effect during tight gas production”

Cluster 10: “CO2 storage potential during CO2 enhanced oil recovery in sandstone reservoirs”

CO,, “Water saturated COz2 injection to improve oil recovery and CO: storage”

storage, “Prediction of COz saturation by using well logging data in the process of CO2 EOR and

injection, Geological Storage of CO>”

recovery “Compositional modeling of impure CO: injection for enhanced oil recovery and CO2 storage”

“Application of CO: injection monitoring techniques for CO2 EOR and associated geologic
storage”
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It should be emphasized that the presented
publication titles most accurately reflect the
general subject matter of the cluster according to
the terms included in the titles of the 24,673
articles indexed by The Lens platform and
related to the Petroleum Engineering Field of
Study, these are not the titles of the most cited
articles, not the titles of articles in ranking
journals. The main sources for The Lens
platform until 31 December 2021 were
academic.microsoft.com  and  crossref.org.
(Microsoft Academic Website: No longer
accessible  after 31  December  2021;
https://www.microsoft.com/en-us/research/
project/academic/articles/microsoft-academic-
to-expand-horizons-with-community-driven-
approach/).

The results presented above are easily
interpreted and require no further discussion, in
my opinion.

| believe that the topic of “Natural Gas
Hydrate” deserves special attention, both in
view of the growing interest in the subject and
its multifaceted nature.

Number of journal articles on “Natural
Gas Hydrate” in 2016-2021 indexed by
The Lens platform in format: Publication
Year (Document Count): 2016 (74); 2017 (70);
2018 (103); 2019 (150); 2020 (153); 2021
(202).

Conclusions
The number of Engineering conference
papers declines sharply in 2016; the decline in

the number of articles begins in 2013 and
declines rapidly in 2017.

The Petroleum Engineering category
ranks first among the Fields of Study on
The Lens platform by the number of indexed
papers with the term Petroleum in the title.

Petroleum Engineering does not show the
greatest decline compared to other Petroleum
studies.

Petroleum engineering topics are mainly
supported by Chinese institutions, including
industrial companies PetroChina, Sinopec and
CNOOC Limited, as well as North American
universities — Texas A&M  University,
University of Alberta; Saudi organizations —
Islamic Azad University and Saudi Aramco; and
the Russian Academy of Sciences.

Chinese donors actively fund research in
Petroleum engineering, and the amount of work
they support far exceeds that funded by the U.S.
Department of Energy.

Petroleum engineering is strongly linked
to geology and environmental research.

Considering research trends in specific
areas of Petroleum research, one can notice that
since 2017 the attention to engineering tasks is
decreasing, and the attention to environmental
tasks is increasing. There are no significant
changes in other areas of research.

The topic “Natural Gas Hydrate” deserves
special attention, both due to the growing
interest in it as measured by the number of
journal articles in 2016-2021, and due to its
multifaceted nature.

Cmamobs Hanucaxsa 6 pamxkax 6blNOJIHEHUA zocydapcmeeHHoeo 300aHUA (I’}’lEMa

«Dynoamenmanvhvlli 6azuc dHeP2oIPhekmueHvix, pecypcocoepecaromux u IKoN02u4ecky 6e30nacHulx,
UHHOBAYUOHHBIX U YUDPOBLIX MEXHOI02UU NOUCKA, PA36COKU U paA3pabomKu He@pmMAHbIX U 2d308bIX
MECMOPONCOEHU, UCCACO08aHUE, 000bINA U 0CEOCHUE MPAOUYUOHHBIX U HEMPAOUYUOHHBIX 3ANACO8 U
pecypcog Hepmu u easa;, pazpabomra pexoMeHOAyull no pearu3ayuu npooyKyuu He@dmezazo020
KOMNIeKca 6 yciosuax sHepeonepexooa u noaumuxku EC no Oexapbonuszayuu suepeemuxu
9KOHOMUYECKUE U MENCOUCYUNTUHAPHDbLE

(pyHOamenmanvhvlie,  NOUCKOBblE,  NPUKIAOHbLE,

uccaedosanus)», Ne 122022800270-0).
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UccnepoBatenbckue TpeHAabl B 06n1actm HepTAHOM MHXKeHepum
B 2016—2021 rr. no gaHHbIM pedepatuBHou 6a3bi The Lens
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AHHOTaumA. B AaHHOWM CTaTbe PacCMaTPUBAOTCA OCHOBHbIE TEHAEHUMMN UCCAef0BaHMIA B 06nacTu
HepTAHON MHKeHepun B 2016—2021 rr., BbiABNEHHblE C MOMOLbO HUBAMOMETPMYECKOrO aHan3a
MeTaZlaHHbIX cTaTei, umHaeKcupyembix nnatdopmoint The Lens. MpoBedeH CpPaBHUTE/NbHbLIN aHaAU3
TEHAEHLUMN B TEMaAX, CBA3AHHbIX C HEPTAHOM UHKeHepuelt. OnpeneneHbl OCHOBHbIE MHCTUTYTbI, CTPAHbI
n oduHaHcupytowme ¢GOHAbI, yvacTBylOWMe B WUCCAeAOBaHMAX B 06/MacTU HedTAHOW WHKEHepuu.
MokasaHa BeAywasa po/ib KUTAWCKUX WHCTUTYTOB M GOHAOB B MPOBEAEHUM TAKUX MCCNELOBaHUA.
YcTaHOBNEHA CBA3b MEXAY HanpPaBAeHUAMMU UCCNeA0BAHNIA B 061aCTV HEDTAHOM UHKEHEPUM, TEONOTUN
1 3Konoruun. MpueeaeHbl NPUMEPbI BbICOKOLMTUPYEMbIX CTaTeM, OTParkatoLLmMe OCHOBHble 0COHEHHOCTH
TeEMaTUMK nybavkauuii B obnactm HedTAHOW MUHKeHepuun. [poBeseH KnacTepHblit aHanus 24673
Ha3BaHMWI cTaTei no Teme «HedTAHAA UHMKEHepPUa», NpeacTasieHbl HasBaHua nybankauuii, Habonee
MOJIHO OTPAXKAMOLLMX TEMATUKY KarKaoro m3 10 BbiABAEHHbIX KnacTepoB. OTMeYaeTcs pocT MHTepeca K
Teme rmApaToB NPMPOAHOro ra3a 3a nocaeaHue YeTbipe roga.

KnioueBble cnoBa: HedTAHaA UWHXKeHepusa, ucciegoBaTesibckue TpeHabl, The Lens,
61MbAMomMeTpUYECKUIA aHANU3, KNacTepu3aums.

Ona uutuposaHua: Yueapes 6.H. ViccnegoBaTtenbCckue TpeHabl B 06/1acTV HEPTAHOM UHKEHEPUU
B 2016-2021 rr. no AaHHbIM pedepatnBHoOi 6asbl The Lens // AkTyanbHble npobiembl HedTH U rasa.
2022. Bbin. 1(36). C. 66—89. https://doi.org/10.29222/ipng.2078-5712.2022-36.art4
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OcobeHHOCTM onpegeneHusa aePopMaLMOHHDBIX XapaKTEePUCTUK
FOPHbIX NOPOA NNACTOB NPOAYKTUBHbDIX 3a/1€XKeN

M.K. TynbiceB
UHcTuTyT Nnpobnem HedTn 1 rasa PAH, r. Mocksa, Poccus
E-mail: m.tupysev@mail.ru

AHHoOTaumAa. [lokasaHbl Harpysku, ,D,eﬁCTBYPOU.LMe Ha o6pa3u,b| FTOPHbIX NOopoa B MNAaCTOBbIX
ycnosusaAx. anBEAEHbI CXeéMbl OCHOBHbIX BMAOOB 3KCNEPUMEHTAJIbHbIX YCTAHOBOK ANA UCCneaoBaHUA
KepHa MU MeToabl MoAe/IMpoBaHNA NMNACTOBbIX YCﬂOBMﬁ Ha HuX. [JaHa oueHKa AMHAMUKMU pa3BnTnAa
obnactu HapyweHunAa nepBoHa4a/ZbHOro reogunHamMM4YeCcKoro paBHOBECUMA Han4 pa3pa6aTb|BaeN\0171
3aneXxblo.

KnioueBble cnoBa: ucciefoBaHWE KepHOBOro maTepuana, AedopMaLMOHHbIE XapaKTePUCTUKMU
FTOPHbIX  MOpoA, pPa3paboTka  MEeCTOpPOXAEHWUW  Yr1eBOAOPOLAOB,  KOHTPOJIb  TEXHOFEHHbIX
AedopMaLMOHHbIX MPOLLECCOB.

Ona umtnposaHua: Tynsicee M.K. OcobeHHOCTM onpeaeneHmns aebopmMaLmMOoHHbIX XapaKTEPUCTUK
FOpHbIX MOPOA NAAcTOB MPOAYKTUBHbLIX 3anexel // AktyanbHble npobnembl HedT M rasa. 2022.
Bbin. 1(36). C. 90-97. https://doi.org/10.29222/ipng.2078-5712.2022-36.art5

Pe3ynbTaThl  HCCIEAOBAHHS KEPHOBOTO ropuoe nasinenwe (Pr) Ha TiaybmHe oTOOpa
MaTtepuaia  SIBISIOTCS ~ TJIaBHBIM  MPSIMBIM oOpasua ropHbIx mopon. [opHoe naBieHHe
WUCTOYHUKOM HH(GOpMauu o (QUIBTPaIlmOHHO- YPaBHOBEIIMBAETCS TUTACTOBBIM JaBICHHEM B
€MKOCTHBIX, (hmznueckux, MIPOYHOCTHBIX MOPOBOM TIpocTpaHcTBe KepHa (Puy) U peakiineit
CBOWCTBaX TOPHBIX TMOPOJ  HCCIEAYEeMBIX ropubix mopon (R) Ha neiicTByromiee TopHOe
TUTACTOB, WX BEIIECTBEHHOTO cocTasa U mp. [Ipu JlaBJICHHE:

MIPOBEJICHUH HCCIIEOBAHUMA, JaHHBIE KOTOPBIX

MOT'YT OBITH HCIIOJIb30BaHEI JUIS P.=Pu +R. @

MPOTHO3UPOBAHUS TIOBEACHUS IPOYKTHBHBIX

IIACTOB He(TEra30BbIX 3AIEKEN B IPOLIECCE UX ITo BCell OKPYXKHOCTH KepHA JIEWCTBYET

pa3paboTKH, B TOM YHUCIE IIPU PACCMOTPEHUU C)KMMaloIee AaBJIeHNE, Ha3bIBAEMOE JIaBICHUEM

ne(OpPMAIIMOHHBIX ~ TPOIIECCOB,  BO3HUKAET OokoBoro pacnopa (Ps), koTopoe 3aBHCHT

MOTPEOHOCTh B  MOJCIMPOBAHUM  TIACTOBBIX OT  yOpYrMx  CBOHCTB  TOPHBIX  TIOPOJ

YCIIOBHI. [I, 2] wu sBusgercs (QYHKUUEH TOPHOTO
Ha pumc. 1 nmpencraBnena cxema, JIABJICHUS:

MOKAa3bIBAIOILAS HaInpaBJICHUS cuil,

JIEUCTBYIOLIUX Ha obpaszery KepHa, Ps =Ks Pr,

CMOJICTTUPOBAHBI TUTACTOBBIC YCIIOBHS

MPOAYKTHBHOIO Iutacta. Ilpu wHcciaenoBaHUH rane Ks — koad¢uiueHtr 00KOBOTro pacmopa,

BEPTUKAIBHOTO CTOJNONKA KepHa, paccuuThIBaeMbIi 110 GopmyIie:

M3TOTOBJICHHOTO  TakMM  00pa3oM,  4TOOBI

HaIpaBJeHUE €ro OCHU ObUIO MEePICHIUKYISIPHO Ke=p/(1—-p),

TUIOCKOCTH MPOJTYKTHUBHOTO TacTa

(em.  puc. la), cxuMaomeld — Harpy3Kowu, rae | — MOAyJb HomnepedHol aedopManiu win

JEHCTBYIOIIE Ha TOpLBI KEpHa, SBISAETCS koddunment [yaccona.
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Puc. 1. Cxema cun, geicTeytowmx Ha obpasew, ropHbIX MOPOS, B YCIOBUAX NMPOAYKTUBHOM 3aN1eXMu:
a — BepTUKaNbHbI 06pasel, 6 — ropu3oHTaNbHbIN 06pasel,

Ilopsmox ompenenenus kodd¢uiuerTa
ITyaccona onpenenen T'OCT 28985-91 [3].

Jns TOPU3OHTAIBHOTO CTONOWKA KepHa,
M3TOTOBISIEMOTO M3 00paslia TOPHBIX IOPOA B
IUIOCKOCTH 3aJleraHus TMPOAYKTHBHOIO ILIAcTa
(cMm. puc. 10), ropuoe masnenue (Pr) meiictByer
Ha BEPXHIOI IUIOCKOCTh KEpHa, OHO B 3TOM
HANpaBJICHUH YPABHOBEIIMBACTCS IUIACTOBBIM
(mopoBeiM)  nmaBnenumem (Pny) W peakimeit
ropHbix mopon miacta (R). Ha Topisr xepHa u
Ha ero OOKOBBIC ITOBEPXHOCTH B IUIOCKOCTH
3ajleraHust  JICHCTBYeT JlaBlieHHE OOKOBOTO
pacmiopa (Ps).

Takum o00pa3oM, HpU MOJETHPOBAHUU
IUIACTOBBIX  YCJIOBUi (IPH  HCIIOJIb30BaHUU
BEPTHKAJIBHOIO KEpPHA) C IIEJIbI0 OMpEICIICHHs
neOpMAIMOHHBIX ~ XapaKTEPUCTUK  TOPHBIX
HOpOJl  PacCMaTPUBAEMOr0  MPOJIYKTHBHOTO
iacra HeoOXOAMMO B TIPOIECCe JOBEICHHMS
IUIACTOBOTO JIaBJIeHUS (UIIOMa B ITOPOBOM
NPOCTPAHCTBE KEPHa M TOPHOIO JaBJICHWUS,
HAINpaBJIEHHOTO Ha TOPIBI KEPHA, JO YCIOBHMH
HCCIIeyeMOro IulacTa CO3/1aBaTh CHKUMAIOIIEe

naplieHHe (maBiieHWE OOXWMMa), IEHCTBYIOIIEE

no  Bceld ~ OOKOBOM  MOBEPXHOCTH U
ypaBHOBELIMBAOIIEE  JaBICHUE  OOKOBOTO
pacrmopa.

[Tockompky koaddumment llyaccona mns
TOPHBIX MOPOJ 3HAYUTEIBHO MEHBIIE €IUHULIBI
(mms mecuanumkoB w = 0,13, K¢ = 0,14 [1]),
TO U co3JaBaeMoe OOKOBOE CIKUMAIoLIee
JaBJIEHHE JIOJDKHO OBITh MEHBIIE TOPHOTO
(st Hamero mpuMepa — Ui TECYaHUKOB —
Ps=0,14 P,).

Ilepen UCCIIeI0BaHuEM KEpH
NEPBOHAYATILHO HAXOAWUTCS B aTMOC(epHbIX
YCIOBHAX, B@KHBIM  YCIOBHEM  SIBJISIETCS
CHHXPOHHOE JJOBEACHUE NEHCTBYIOIINX Ha KEPH
Harpy3ok (IU1acTOBOTO JaBlieHHs  (QIIIOHJa,
TOPHOTO JaBJCHUS W CXHUMAIOIIEr0 OOKOBOTO
JTaBJICHUsI) IO TUTACTOBBIX 3HaueHui. Jlnsa Takoi
CUHXPOHHM3ALMM  TpeularaeTcst  CieAyromas
HOCIEN0BATEIbHOCTE IEUCTBUIMA:

— sl 3aJaHHOW TOYKHM TNPOIYKTUBHOTO
miacta (TmyOuHBI 0TOOpa KepHa) OIpeNeNsieTcs
K03(pPULMEHT NPEBBIIEHUS TOPHOTO AABJICHUS
Han wiactoBbiM (K = P/ Pyy) 1 ko3 durment
6okoBoro pacropa (Ks);

— Ipu KaXJa10M miare ITOBBIIICHUS

TUIACTOBOTO JIaBJICHUS APy, TOpHOE
JIaBJICHUE YBEJIMYHUBAIOT Ha  BEJIIMYHHY
APr = Ky APyy;

— CXKUMaroIee 0oKOBOE JlaBJICHUE

yBenuuuBaroT Ha BenuauHy APs = Kg AP:.
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Hanee npu MOJICJTUPOBAHUH

APECHUPOBAHUA IPOAYKTUBHOI'O mjiacra

IJIACTOBOE JaBJICHUE CHIDKACTCS NpPH OTOOpE

[4]. Ha
CHIDKEHMS IUIACTOBOTO JABJIEHUS B IIOPOBOM

JIaBIIEHUS KaKIOM mare

MPOCTPAHCTBE KEPHA HEOOXOJAMMO YBEIUYHBATH

IUIACTOBOTO dmonna u3 TIOPOBOTO JIaBJICHHE oOxHuMa (momoaHUTENBHO
IIPOCTPAHCTBA KEPHA. K CO3JJaHHOMY B KOHIIE npolrecca

CornacHo ¢opmyne (1) mpu cHIKEHHH MIpUBEICHUS KepHa K HavYaJIbHBIM
IUTACTOBOT'O JIABJICHUS YBEJIMYMBACTCS PEAKIMS IIaCTOBBIM YCIIOBUSIM) Ha BEIMYMHY
macta Ha JACHCTBYOIIEE TOPHOE JaBJIEHUE. APs = K5 APy,

DOTo  yBelNMYCHHWE  HArpy3KH  Ha3bIBaeTcs
3 (PEeKTUBHBEIM  JaBIEHHEM, OHO CPaBHUMO
ISt HCCIIEAYEMBIX TOpPHBIX IopoJ c
MOTPY’KEHHEM Ha JOMOJHHUTENBHYI0 TIIyOuHY

C COOTBCTCTBYIOIIUM YBCIIMUCHHUEM T'OPHOT'O

Ha puc. 2 npuBeneHa THIOBas cxema
YCTaHOBKM  JUIsI  HCCIEJOBaHUs  KepHa,
MO3BOJIAIONIAs CO3/1aBaTh HEOOXOUMEIE OCEBBIC
Harpy3kd (MMHTAIUsl TOPHOTO JaBICHUS) U

naBieHue ookuma [5].

OCCBaﬂ Ha;pﬁxay o * = 032=032

* Ao
Obpazen i
FumocTts Obpazen
(Bo3myR) oc Oe=G2:01

IToporoe
ZaBJeHue, u

=Boropoe 4 Ao
faBneHHe

Puc. 2. Cxema yCTaHOBKM ANl UCCNIEL0BAHUA KEPHA C BO3MOMKHOCTbIO
C034,3aHMA 334aHHbIX OCEBOM HArpy3kun u 6oKkoBoro gasneHus [5]

W3BecTHBl YCTaHOBKH, B KOTOPBIX KEpH
MOMEIaeTcs B PE3UHOBYI0 MAaHXETy, TMpH
MIPOBEJICHUH HCCIEOBAaHUKA  CO3JaeTci  €ero
BCECTOPOHHEE oOOkaTue, B TOM YHCIE U
Ha TOpPUBl C OJUHAKOBBIM YCHJIHEM, [0
KOTOPBIM MOHUMAETCS MOJICJINPOBaHNE
I1acToBBIX YycnoBud. Ha puc. 3 mnpusenena
CXeMa OJIHOTO W3 BAapWAHTOB W3TOTOBJIECHUS
KEpHOJIEpXKATENS TaKoi YCTaHOBKH -
ITYMA-650 [6]. Onpenenenre GuIbTpaIiMOHHO-
E€MKOCTHBIX CBOWCTB TOpPHBIX TOPOJA HAa 3TUX
YCTaHOBKAax  BIIOJIHE  JOMYCTHUMO,  OJHAaKO
MCCIIEIOBaHUS ux negopMaOHHbBIX
XapaKTepUCTUK (HAaIpUMep, CKUMAEMOCTH) MpH

MOJENMPOBaHUN A(PQPEKTUBHBIX HArpy3okK 3a

cyuer CHUXKCHHUA IIJIaCTOBOI'O JaBJICHUA B
OPOBOM POCTPAHCTBE KepHa JIat0T
UCKaXCHHbBIC pe3ysibTaThl. Kak MmokazaHo BBIIIE,
JaBlIeHUE OOKOBOrO OO0XHMMa 3aBUCHUT OT
TOPHOTO JIaBJICHHS W BEIMYMHBI CHWDKCHHS
IUIACTOBOTO  JIaBJICHHS, [0 3HAYCHHUIO OHO
COCTaBJISCT HEKOTOPYIO 4acTh ITUX
BEJIMYMH,  OmpenensieMylo  KodhduIreHToM
6okoBoro pacropa (B mpumepe Ks = 0,14).
Ilpu co3maHuu BeauMYWH OOKOBOTO OOXKHMa,
PaBHBIMH TOPHOMY JABJICHUIO, HMCKYCCTBEHHO
3aBBIIIACTCS YCTOHYUBOCTh KepHa K
NpOJOJIBHON  jaedopMalMi, B pe3ysbTare
ONpeNESIEMBI,

Hampumep,  KodpduuumeHt

CI)KUMACMOCTHU I'OPHBIX TOPOJ 3aHUKACTCA.
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1 — Kopnyc KepHoAaep:KaTensa; 2, 3 — KpbIWKN KepHoaepKaTtena; 4, 5 — uameputenbHble NOPLUHK;
6 — WITOK KepHoaep:KaTena; 7 — Tpybka AnA nonsosa NOpoBoro AaBieHUs B obpasel;
8 — ceTka NoAayuM NopoBoro AasneHua; 9 — Tpybka BbIxoga NOpoBoro AasneHns; 10 — ynaoTHEHWE;
11 - Bogaa, co3garolwas 06:kum; 12 — nucnbiTyemblin obpasel; 13 — pesnHoBas MaHxeTa

Puc. 3. Cxema KepHoaep»KaTtena BTOporo tmna ycraHoskun MYMA-650 [6]

IIpn mcmonp30BaHUM TaKWX MAaHHBIX IS
OIICHOYHBIX pacueToB Ae(opMaluid TOPHBIX
MOpOJ TUIACTOB pa3pabaThlBaeMbIX —3alieKen
MOJIYYJarOTCsl 3aHIDKCHHBIE PE3yJIbTaThl OcCea-
HUS 3E€MHON TOBEPXHOCTH, JOTOTHUTEIBHBIX
OCEBBIX HArpy30K, ACUCTBYIOIINX Ha OOCaIHBIC
KOJIOHHBI CKB2YKUH H TIp.

Bce
JKCIIEPUMEHTAITLHOMY

pacCyxIeHust o
UCCIIEIOBAHUIO
Jie(hOpMaITMOHHBIX
opo/I,

BEPTHKAIIBHBIM 00pa3iiaM kepHa (cM. puc. 1a).

XapaKTEPUCTUK  TOPHBIX

HpI/IBe,Z[eHHLIG BbIINIC, OTHOCATCA K
HpH HNCITIOJIBb30BaHUU FOpI/ISOHTaJ'ILHLIX
16,

Ha

o6pa3u013 KEpHa, KaK II0Ka3aHO Ha pHuc.

pacmipefieieHne  Cuji,  JICHMCTBYIOIIMX
paccMmaTpuBaeMblii  00pasel] TOpHBIX TOpPOJ,
TaKOBO, YTO B JIKCIEPUMEHTAJIHHOW YCTaHOBKE
MIPUBECTU KEPH K IIACTOBBIM YCIIOBUSAM Haudaia

U Tporecca pa3pabdOoTKH MPOAYKTUBHON 3aJIeKH

HEBO3MOXHO. Takoil BapuUaHT W3TOTOBICHUS
0o0pa3oB  TOPHBIX TOPOJ  IMPOJIYKTHBHBIX
TUTACTOB  MOXET OBITh  HCIIONIb30BaH  JUIA
oTpeeNeHIs (GUITBTPALIMOHHO-EMKOCTHBIX
CBOWCTB H, MIPEUMYIIIECTBEHHO, TUTSI
WCCIIEIOBAHNS  TOPHU3OHTAIBHOM  (TIOCKO-
napauieTbHON) dbunsTpann IJIACTOBBIX

(bJ'IIOI/IZ[OB, TaK KaK 3TO INPOUCXOAUT B YCJIOBHUAX

PCAIbHLBIX MMPOAYKTHBHBIX IUIACTOB.

OnpenensieMble nedopMaIioHHbIe

XapaKTepUCTUKN TOPHBIX MOPOJ MPOAYKTHBHOM
3aJ]eXd B ()

1a00paTOPHBIX  YCIIOBHSIX

KEPHOBOMY MAaTepHaly SBJISAIOTCS TOYCYHBIMU

Jlitst

XapakTepu-

XapaKTepUCTUKAMU pa3pe3a CKBa)KUHBL

ONpEAEIIEHUsI paccMaTpUBAEMOI

CTUKM  TOpHBIX  IIOPOJ  BCEro  paspesa

MPOAYKTHBHON 3alle)kll HEOOXOIWM  IOJIHBIN
BBIHOC KEpPHOBOTO MaTepuajia B TPOIECCce

OypeHMsl CKBOXUHBI M  COOTBETCTBYIOIIMIA
KOMIUTIEKC J1abOpaTOpHBIX HCcieaoBaHuil. B
pabote [7] IMoKa3aHa BO3MOYKHOCTb

OTIpENIeTICHUST CPEAHEH CKUMAeMOCTH TOPHBIX

nopon KOJUICKTOPOB BCETO pa3pesa

NPOJYKTUBHOM  3a&JIEKM B IIpouecce  ee

pa3paboTKM 1m0  pe3yiabTaraM  (UKCAIUH

occaanuAa 3EMHOM NMOBCPXHOCTU OKOJIO

paccMaTpUBaeMON CKBaXKUHBI IO opMyJie:

Bex = AH / AP H,

riae Pex —
HpO,Z[yKTI/IBHLIX I1J1aCTOB,

CpeaHsAd CXKUMACMOCTb T'OPHBIX TTOPOJ
AH

occaanuAa 36MHOM IMMOBCPXHOCTH, MPUPABHCHHAA

BCIIMYMHA

K BequunHe jAedopManuu  JAPEHHUPYEMBIX
m1actoB; AP — BenMunHa CHIKEHUS M1aCTOBOIO
maBieHus; Hp — TommmMHA NPOSYKTUBHBIX
IUIaCTOB.
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Taxoii croco6 oTIpeieNIeH s

nedopManoHHbIH XapaKTEePUCTUKH
NPOAYKTHBHBIX  IUJIACTOB ~ BO3MOXEH  MpH
HAJIMYMM HA MECTOPOXKICHUH YTIIEBOIOPOJOB
CHENUANTBHOTO TEOJUHAMHYECKOTO IIOJIUTOHA,
HO3BOJIIONIETO MOdydaTh MHpOpManuo o0
U3MEHCHNH BBICOTHOTO TIOJIOKEHUS 3EMHOU
HOBEPXHOCTH B TIPOIECCE Pa3pabOTKH 3alIeKu
[0 CpPaBHEHUIO C HAYAIBHBIM YPOBHEM (0
paszpabotkm). Ilpm  Takux  HabOIrOAEHUAX

)Ie(i)OpMaIII/IOHHI:IX IIPpOLCCCOB, ITPOUCXOIAIINX B

JPEHUPYEMBIX IUIACTax IPOAYKTHBHOM 3alexu
n (ukcHpyeMbIX Ha 3€MHOM IIOBEPXHOCTH,
JIOITyCKAETCSl CHHXPOHHOCTD OITyCKaHHsI KPOBJIH
3aJI€KH U 3eMHON TTOBEPXHOCTH.

Jnst yrouHeHus getajneil 3Toro mporecca
Ha puc. 4 TOKazaHa CXe€Ma H3MEHEHHA
IUIACTOBOTO  JABJIEHUSI  OKOJO  CKBaKMHBI
BO BpeMsa ee  paboTel ¥ BIUSIHHA
ero JUHAMHUKI Ha [I€pBOHAYAIEHOE
TreOAMHAMHUYECKOE pPaBHOBECHE B  TOPHBIX

Imopoaax BBIIIC 3aJICKU.

1 — NpoAyKTUBHAsA 3aN1eXb, 2 — NOKPbLILWKA 3a/1eXKMK,
3, 4 — ropHble NOPOAbl OT MOKPbIWKN 40 AHEBHOM NOBEPXHOCTH,
5 — aKcnayaTaLMoHHan CKBaXKMHa

Puc. 4. Cxema M3aMeHeHus NNacTOBOro AaBaeHMA B Npu3aboliHol 30He paboTatoLelt CKBaXKMHbI U
06/1aCTM HapyLEeHWA NepBOHaYabHOro reoAnHaMUYecKoro paBHoBecus
B FOPHbIX MOPOAAX Bbille APEHNUPYEMON 3aNeXNn

IImacToBoe maBieHWe B TIPU3a0OWHOMN
30He paboTaromieii ckBaxxuHbI (5) U3MEHSIETCS OT
3a00HHOr0 0 TJIaCTOBOIO Ha HEKOTOPOM
paccrosiHuM OT 3a0osi ckBaxuHel — P (R, t),
o0pa3ysi, Tak Ha3bIBAEMYIO, «ICTPECCHOHHYIO
BOPOHKY». Pamgnyc BIusIHNS CKBa)XUHBI (paanyc
KOHTypa muTaHus — R.) mnponopiroHaneH
BpeMeHH paboTel ckBaxuHbBL. Ilo  Mepe
M3MEHEHHUS TUIACTOBOTO JABJICHUS HapyIIaeTcs
NepBOHAYATILHOE T€OAMHAMHYECKOE PAaBHOBECHE

B TOPHBIX MOPOAaX MPOIYKTHBHOM 3amexu (1),

onmceiBaeMoe ypaBHeHueM (1). ['opHbie opois
HOKPBIIKY 3anexu (2) u Beimenexamue (3, 4)
TaK)KEe pearupyoT Ha 9TO  HapyIICHHUE,
nedopmarus
OPOAYKTUBHBIX ~ IUIaCTOB  MMOJ  JICHCTBHEM

Ha4YMHaCTCA APCHUPYCMBIX

BO3HUKaOMmEro  3()(EeKTUBHOrO  JIaBJCHMUS.
Hedopmalryst MPOIYKTHBHBIX IIACTOB HE Cpa3y
NPUBOIUT K OCEAaHHIO BBIMICISIKAIIMX TOPHBIX
MOPOJI JI0 3¢MHOW TOBEPXHOCTH, TIOCKOJIbKY OHU
UMEIOT HEKOTOPYI0 HECYUIYI0 CIIOCOOHOCTD,

3aBUCAINYIO OT UX MPOYHOCTHBIX CBOICTB.
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Ham 3aboem paboraromeld CKBaKHHBI

BO3HHUKACT o0acThb HapylIEeHUA

MEePBOHAYATILHOTO re0AMHAMHYECKOTO
paBHOBECHsI C PACTYLIUM PpaJnyCcOM, PaBHBIM
Rk, u BbIcOoTOl Hj, com3mepumoii ¢ R« Ilpu
JOCTIDKEHMH  paguyca KOHTypa  NHTaHHSA
CKBaKMHBI HEKOTOPOTO KPUTHYECKOTO 3HAYCHUS
BBICOTA 00JIACTH HAPYLIEHHUS T€0JHHAMUIECKOTO
pPaBHOBECHS JOCTHTaeT 3HA4YCHHS TIyOHHBI
3amexu  H, mocme  3TOro  BO3HHKaeT
BO3MOXHOCTH (PUKCANUU JIepOpPMaIlUK TLIaCTOB

pa3pabaTbhiBacMOii 3aJIe)KH Ha MOBEPXHOCTH.

B peampHBIX ycnmoBHWSX — pa3paboTka
MECTOPOXJAECHUN  YIJIEBOJAOPOAOB  BefeTcs
omnpeeacHHBIM  (DOHIOM  IKCIUTyaTallMOHHBIX
CKBKWH, PACIOJIOKCHHBIX HA  IUIOIIAJH
MecTopoxaeHus. [lpu paboTe CKBaXHH UX
KOHTYPBI IUTaHHSI COSAMHSAIOTCS, TO3TOMY 30HBI
HApyIICHUS T€PBOHAYAIBHOTO TeOMHAMUYE-
CKOTO  paBHOBECHS C  HEKPUTHYECKUMH

pazycamMu B OTACNBHBIX  CKBaXHHAX
peoOpasyroTcs B EAMHYI0 00JacTh pPa3BUTHUS
JeOpMalMOHHBIX  MPOIECCOB  JAPEHHPYEMBIX
TUTACTOB, KOTOPBIE MOTYT OBITh 3a()UKCHPOBAHBI
Ha TIOBEPXHOCTH U CIYXUTb MaTepualloM
JUIL  OIEHKH Je(OPMAIOHHBIX  POLIECCOB,

MPOUCXOISIIHMX B 3aJICKH (MECTOPOKICHHH).

BbiBOAbI

1. JedopmanmioHHBIE  XapaKTEPUCTHKH
TOPHBIX TOPOJ, ONpeIesieMble Ha KEPHOBOM
MaTepHuaje C HCIOJIb30BAHUEM YCTaHOBOK, Ha
KOTOPBIX IUIACTOBBIC YCJIOBHS MOJCIHPYIOTCS
BCECTOPOHHUM O0XKAaTHEM, UMCIOT 3aHWKCHHBIC
3HAYCHUS.

2. Ilpy MonenupoBaHWM Ha KEPHOBOM
Mmarepuane  J1e(OpPMAIlIOHHBIX  IPOLECCOB,
NPOUCXOSIIMX B  TNPOAYKTHBHOM  3aiexu
npu ee pa3paboTke, JaBlicHHE OOKOBOTO
o0XaTusi  KepHAa  JIOJDKHO  OIPEIelsThCs
MO0 3HAYEHHIO TOPHOTO M 3PQPEKTUBHOTO

JIaBJICHUH €  Y4eTOM  YIPYTMX  CBOMCTB

TOPHBIX OpoJT (xorpdunmenTa
[Tyaccona).

3. PesynbTaret KOHTPOIIS 3a
nedopMannoHHEIMU poneccamMu B

paspabaTeiBacMOl  3aJ€XH 1O  JaHHBIM
3aMepa HW3MEHEHHUs BBICOTHOTO IIOJOXKEHUS
36eMHOIl TIOBEPXHOCTH OIUCHIBAIOT TIJIACTOBBIE
JIOCTHKEHUH

YCJIOBUS pu pasmMepoB

obnactu HapyIIeHUs MePBOHAYATILHOTO
Te0JJMHAMHYECKOTO0 paBHOBECHS (M3MEHEHUs
HAYaJbHOTO IIJIACTOBOTO JABJICHHUS) B 3AJICXKH,
3alleraHus

COM3MEPUMBIX €  TIyOMHOMH

paCCManHBaeMOfI 3aJICXKH.

Cmamovs HanucaHa 6 pamkax BblNOJIHEHUA 2ocydapcmeeHH020 3a0anus (mefwa

«Cosepuiencmsosane Memooo8 MoOeIUupo8anus, 1a0OPAMOPHbIX U NPOMBICIOBbIX UCCIe008AHUIL 05

CO30aHUSL HOBbIX MEXHONO2UL Sde)eKmu6H020 JKoJI02U4eCKU Yucmozo useiedeHust yzxze@odopodoe 8

CILOJCHBIX 20pHO-2eon02uyeckux yenosusaxy, Ne 122022800272-4).
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Abstract. The loads acting on rock samples under reservoir conditions are shown. The schemes of
the main types of experimental installations for core research and methods for modeling reservoir
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YTOuHeHue mopgenu cBA3el NeTyuyux rasos NOYBEHHOro BO3AyXa,
panoHa u aTmocdepHOro 3N1eKTPUYECKoro nons

B.H. WWyneitkuH
UHcTuTyT Nnpobnem HedTn 1 rasa PAH, r. Mocksa, Poccus
E-mail: shvn1947 @yandex.ru

AHHOTauuA. 3agayeit UccnefoBaHUA ABNAETCA YTOYHEHMeE CBA3EN JIeTYYMX ra30oB, PagoHa rpyHTa 1
pagoHa aTMocdepbl C YYETOM Pe3y/bTaToB 3KCNepuMMeHTOoB. MpeacTaBieHo ¢duU3nyYeckoe obbACHEHME
Ha/MYMA U OTCYTCTBMA KOPPENSALMOHHbLIX CBA3EM YINIEKMUCIOro rasa M padoHa rpyHTa, aHOMaAbHOro
Bblbpoca pagoHa rpyHTa M pagoHa atMocdepbl Npu Npearpo30BoOM NageHnn aTMochepHOro AaBneHus.
OTmeYeHo, YTO KOMMJIEKC CBA3el BOAOPOAa, MeTaHa, pafoHa rpyHTa U pagoHa aTMocdepbl C y4eTom
yCNoBUI HabatogeHW 1 NageHnn aTMochePHOro AaBNeHUA HUKOTAa He paccMaTtpmBaca. PaccmoTpeHbl
ycnoeua oTbopa npo6 No4YBEHHOro BO34yXa WM y4acTMe YI/IeKMC/IOro rasa B MepeHoce pagoHa B
NPMNOBEPXHOCTHBIX CI0AX FPYHTA.

Kniouesble cn0Ba: BOAOPOA, METaH, YI/IEKUC/bIN a3, pafioH, NepeHoc, aTMochepHoe Aas/ieHue,
rPYHTOBbIE BOApbI.

Ona uutuposanua: Lynelikud B.H. YTOuHeHMe MOAeNu CBA3eil NeTy4mx rasos MOYBEHHOrO
BO34yXa, pagoHa M aTMOCdepHOro anekTpuyeckoro nons // AktyanbHble npobiemsb! HepTH 1 rasa. 2022.
Bbin. 1(36). C. 98-109. https://doi.org/10.29222/ipng.2078-5712.2022-36.art6

BseaeHue ¢ rnyOumHsl 4-6 M B TNPHUIOBEPXHOCTHYIO

BHepBLIe KOMILICKC pa60T 10 aTMOC(l)epy, 1€ OH CTAHOBUTCA €IWHCTBCHHBIM

aTMOC(EpHO-3JIEKTPHUECKOMY  MOHHUTOPHHTY €CTECTBEHHBIM HOHM3aTOpOM Bo3ayxa [1-6].

YTIIEBOJIOPOIHBIX CKOIUIEHUH OBLT TpOBEICH BrisiBieHHBIE CBSI3M Tra3oBBIX W arMocdepHo-

B 1999 r. Ha Ttepputopun lllenkoBckoro
nom3emMHoro xpanwnumia rasza (IIXI'). B xoxe
MOOUJIBHBIX WU3MEPEeHUIN aTMoc(hepHOro
AIEKTPUUECKOTrO OJIs (ADII) Ha
HaAOJIIOJATEIBLHBIX MPOPIITX OECKOHTAKTHO OBLI
obOpHcoBaH KOHTYp Iuiacta-kosutekTopa [1-3].
Paboter Obutn mpomomkensl Ha Kamykckoit
CTPYKTYpC,
Kacumosckom u Ceepo-CraBpomnonbsekom [IXT

KOJIBIIEBOM Kamyxckom,
W BKJIIOYAIM KOMIUIEKC HaOmromeHud  3a
COmepKaHWEM  pajJioHa,  [OYBEHHOTO  H
aTMoc(epHOTrO BO3AyXa, BOAOPOJa MOYBEHHOTO
BO3yXxa © OTOOp 0Opa3loB MOYBEHHOIO
BO3AyXa Ui MOCTCAYIONIEro 1abopaTopHOro
aHajM3a Ha COACpKaHHE JICTY4YMX TIa30B.
[onmyuyeHHbIE PE3yNbTAThl MO3BOJIIN CBS3aTh
KOHTPOJMPYEMbIC XapaKTEPUCTHKH 3eMIIM U
00pa3oBaHMs

aTMocQeps: My3bIPEKOBBIE

BOAOpOJAa U METaHa BbIHOCAT IIOYBCHHBIN pagoH

© 2022. B.H. WyneinKknH

JNEeKTpUYecKux Tmonedl 3emnu u  atMochepsl
(momenb cmseit HoCH4Rn) Gomee 20 et
YCIENTHO HCIONB3YIOTCS I WHTEPHpeTariuu
pEe3yNbTaTOB W3MEPEHWH TIpU MOHUTOPHHIE
00bekTOB HedTera3oBoit orpaciu [1-3].

Ha ceromnsiminuii  JeHp B Hay4yHOU
JTUTEPATyPE MOSBUINCH PE3YIBTATHl U3MEPCHUA,
JTIOKA3bIBAIOIIAE TIEPEHOC pajJoHa B TPYHTE
YIJIEKUCIBIM  Ta3oM [7], 9TO TPOTHBOPEYUT
IaHHBIM paboTer [1], Toe Koppemsmus 3THX
ra3os He HaOmromaerca. bojee Toro, B Xxole
noieBbIx HaOmromennii Ha Kacumosckom ITXT
Obul  3adukcupoBaH  ~ 15-kpaTHBIE  pocT
o0BeMHON AKTUBHOCTH pajoHa B
MIPUTIOBEPXHOCTHBIX CJIOSX TPYHTA U MMPU3EMHOMN
atMocepe TpH  MPEArPO30BOM  IMAJICHHUH
JapieHus [3], 4TO TEOpPEeTUYECKH HUKaK He
OOBsICHSIETCSI B paMKax MOJIENIM  CBs3eH
H,CH4Rn.
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3amada paboTHI (hm3maeckoe

o0BsiICHeHHE OYEBUIHBIX MIPOTHBOPEIN

JTaHHBIX ITOJIEBBIX HaOIIOIEHUH My TeM

o ;poOHOT0 paccMOTpeHust YCIOBHI

NOJY4YEeHUs] PE3yNbTaToB U  OCOOEHHOCTEN
JUHAMUKH BOJIOHOCHBIX IUIACTOB, BBI3BAHHBIX
MPEArpO30BBIM

najeHueM  atMoc(hepHoro

JaBJICHU.

Mpumepbl NpoTUBOpPEUNiA JaHHbIX
nosesbix HabnoaeHn

B

JIETY4uX

JI(SA152D. YTOYHCHHA cBs3eH

rasos, pamoHa  TpyHTa  H

paaoHa atMochepbl OBLI  pPaccMOTpPEH

u MPOaHaIM3UPOBaH pabor,

pAA

WJUTIOCTPUPYIOLIUX pas3IuvHbIC YCIIOBHS

MPOBEJICHHUS HWCCIICJIOBAHUN M IOKA3bIBAIOIIKE
npoTuBopeunss ¢ Mojenbio cBszeit HoCH4RN

IIPU TPAKTOBKE PE3YJILTATOB.
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[TepBrIit mpuMeEp — aHAIU3 UCCIIE0BaHUH,

MPOBEJICHHBIX HA CTAHIMH HENPEPHIBHOTO
KOHTpPOJII OOBEMHOW aKTUBHOCTA pajoHa H
COIepKaHUsl YIJIEKUCIOTO ra3a, OTKPBITOM IS
HAOMOJEHN 32 Ta30BBIMH MPEIBECTHHKAMH
3eMJIETPSICEHU B CEBEpPHOM dYacTH pasjioMa
(LVF)

IIOYBCHHBIX

IIpononbHas  [JosnHa
Ot6op

OCYIIECTBISUICS C TIIYOWHBI 2,5 M W3 MPHUSIMKa,

Ha  BOCTOKC

o. TaiiBansb. razoB
3aII0JTHEHHOTO TPaBUEM W MEPEKPBITOIO CBEPXY
Ope3eHTOM, B MpHEMHBIE KaMmepbl JaTYMKOB
pamoHa (oTHocuTenbHas omuOka ~ 10%) wu
YTIEKUCIIOTO Ta3a (OTHOCHUTENbHAs OIMIMOKa ~
1%). Peructpauus Benack ¢ HHTEpBaJaMu
15mvun u 1 wac. Ha puc. 1 mpencraBineHbl
3aIUCH

XapaKTepHbIE BapUalun

KOHTPOJIMPYEMBIX  MapaMeTpoB  (pamoHa U
VIJICKHUCIIOro ras3a), KOTOpBIE CBS3BIBAINUCH C
JMHAMHUKOM METEOPOJIOTUYECKON CHUTyalluu |

CeiCMHUYECKOW aKTUBHOCTH [7].
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Puc. 1. Bapraumm o6beMHO aKTUBHOCTM PagoHa M KOHUEHTPaL MK ABYOKUCHU yrieposa
B CeBepHo Yactu pasnoma MNpoaonbHas JonnHa (LVF) Ha BoCTOKe o. TaliBaHb:
a— ¢oHosble; b, ¢ — Npu HanMuuKM ocagkos; d — Npu NpoxoxaeHun TaridyHa «Coyamk» [7]

Cormacuo mogenu cesizeit HoCHiRn [1]
TPAHCIIOPT HOHM3AaTOpPa B MPHUIIOBEPXHOCTHBIC
CJIOM TpyHTa U aTMocdepy OCYIISCTBIAETCS C
r1yOuHBI 4—6 M BOJAOPOIOM F METAaHOM.

Ilpu orbope Tpod HA  CTAaHIUH

HEMPEPHIBHOTO KOHTPOJIs [7] B ceBepHOi YacTu
(LVF) =Ha

paznoma IIponmonbnas JlonuHa

BocToKe 0. TaliBaHb B 3a00pHBIH NPUSMOK (CM.
puc. 1), pacmomoXKeHHbIH Ha TiayomHe 2,5 M,
[ONaJAeT IIOYBEHHBIA PpajOH, IEPEHOCHUMBII
BOJIOPOJIOM M MeTaHOM. [Ipu aHanuze 3amnucei,
MIPEACTABICHHBIX Ha puC. 1, OyIeM cuuTaTh, 9TO
B IIEpPEHOCE PaJOHA Y4YacTBYIOT BCE TpH TIasa-

HOCHUTCJIA — BOAOPOd, MCTAH U YT JICKHCJIBIM T'a3.
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Ha puc. la mnpeacraBieHbl Bapuanuu
00BEMHON aKTUBHOCTU pajJoHa U COJCPIKaHUS
yIJeKHCIOro  rasa.  BusyanpHo — 3amucu
KOppenupyloT  Mexay  coboif,  pasdpoc
NpPEBHIIACT OMMOKH W3MEPEHHH, COCTaBISA
BenmnunHy ARN ~ 0,5 Bx/n u Bemmunny ACO; ~
0,5%, 9TO TIO3BOMSET TOBOPUTH O SIBHOW CBS3H
MEXTy KOHTPOJMPYEMBIMH IapaMeTpaMH |
cuH(pa3HBIMUA C HUMH BapHAIMAMH ITOYBEHHOTO
BOJIOPOJIa M METaHa.

Ha 3amucu Bapmanmii (cMm. puc. 1b)
KOppETSIMSL  COXpAaHsIeTCsS, XOTS aMILTUTY[Aa
pa3bpoca kosicOaHull yMeHbIlaeTcs B 3—4 pasa.
B nepuon noxnen 3aperucTpupoBaH BCILIECK
COz u Rn, B cpemuem, B 3 pa3a MpeBBIIIAIOIIAN
¢ oHOBEIN ypoBeHb. [IprunHa Bemiecka cBs3aHa
C BBINAICHHEM OCAJIKOB, KOTOPBIE TAMIIOHUPYIOT
HPUITIOBEPXHOCTHOE  TOPOBOE  MPOCTPAHCTBO,
HaNpaBUB TEM CaMbIM CYyOBEpTHKAIBHBII MMOTOK
BOJIOPOJa M METaHa, YTIEKHUCIIOTo ra3a 1 paJioHa
B 00JacTh 3acBHIIAHHOTO TpaBHEM MPHIMKa,
UMEIOIIEr0 4epe3 3a0opHyl0 TpyOy BBIXOI B
armoctepy. Ilpu sTOoM ywactue Bomopona,
MeTaHa M yTJIEKUCIOro ra3a CHH(pasHo.

I'paduk, npeacraBieHHbI Ha puc. 1d,
HO3BOJISIET TOBOPUTH O HAJIMYMU CBSI3CH MEXITY
PaJOHOM M TpeMs Ta3aMH-HOCUTEISIMU TOJIBKO C
cepemunabl gHs 11.07.13 mo 12.07.13. B srtot
nepuo]; MyHKT HaOMIOACHUN Tomal B 30HY
neiicteus taiipyna «Coynmky», U, CKOpee BCero,
BBI3BAHHBIMHA WM BapHalUsIMH aTMoc(hepHOTO
JIaBJICHUSL.

ATMOC(EpHO-3TIEKTPUUECKIU ~ MOHHTO-
PUHI  TE€OJIOTMYECKMX HEOAHOPOAHOCTEH W
30H TEOIMHAMHUYECKHX TMPOLECCOB  BCeraa
NPOBOJMIICS B YCIOBUSX XOPOIICH IOTOJIBI
[8-10] — B oTCcyTCTBHE OCAAKOB, TYMaHa, HU3KOM
00JJAYHOCTH ¥ TIPU CKOPOCTH BeTpa 10 6 m/c.
[pencrasieHubIe Ha puc. 1 3armcu
NPOAHAIM3UPOBAHBl  HUCKIIOYUTENBHO  JUIS
JEMOHCTpAllMU y4yacTusl BOJOPOAa M METaHa B

MIEPEHOCE pajioHa B FPYHTE.

Ha BTOpoM »Tame amammza paGoTel [7]
paccMOTpEHBl BapHallMK PajoHa U YIJIEKUCIOTO
raza Ha Oomee JUIMHHBIX, 15-MeCSYHBIX
maccuax (puc. 2).

BusyanbpHblit aHanu3 pucyHkoB 2a u 2b,
Ha TEPBBIA B3MJIAA, MO3BOJISIET TOBOPUTH O
HQJIMYMK KOPPEJISLUM  YIJIEKUCIOTO0 ra3a u
panona. Ha rpagukax BUAHO, YTO «CHUTHAI» IO
VIJEKHCIOMY Tra3dy M II0 pPajoHy C Hadaja
ampens 0 CepeluHbl aBryCTa CPaBHUTEIBHO
cTaOuiieH, TOCJIE Yero HauyMHAeTCs IUTaBHBIN
POCT yriaeKuciioro rasa Ha penuunny ACO, ~ 1—
2%, pamona — Ha BennuuHy ARn ~ 1-1,5 Bk/m.
Poct 00BEMHONI aKTHUBHOCTHU panona
3aKaHYMBaeTCs K jekadpro 2013 r. (cMm. puc. 2a);
MaKCUMyM KOHIIGHTPAlMM YIJIEKUCIOro Tasa
JOCTUraercs MNpUOMU3UTEIBHO B  CepeluHe
okts0pst 2013 1. (cm. puc. 2b).

Ha puc. 2c¢ npencraBineHbl HOPMHUPOBAH-
HBIE CpEJHWE 3HAYCHHS 3aperHCTPUPOBAHHBIX
BapualUi  yIVIEKWCIOrO TIa3a W pajoHa,

paccuuTaHHbIE 10 CIEAYIONM (OopMyIaM:

CO2(ropm) = CO,(t)/CO,(cpen) — 1,
Rn(aopm) = Rn(t)/Rn(cpen) — 1,

raet— BpEM: OTCUCTA.

AHanu3 3anucu (CM. puc. 2¢) MOKa3bIBaeT,
4TO CUH(A3HBINH XOJ] ra30B-HOCUTENEH H pajioHa
HaOyofaeTcs B OTHOCHTENIBHO — KOPOTKHE
MPOMEKYTKA BpPEMEHH, KOTJa COjAepKaHHe

KOHTPOJIMPYEMBIX I'a30B CPABHUMO CO CPCAHUMHU

3HAUYCHUSAMHU, — HYJICBbBIC 3HAUCHUSA KPHBBIX.
HpC,Z[HOJ'IO)KI/ITeJ'ILHO, 9TO BPCMCHHBIC
HWHTCPBAJIbI, Koraa METCOPOJIOrnuCCKan

CHUTyalMsi M TpPOLECChl B 3EMHOH  KOpe
MHWHHUMAJIBHO BJIMAOT Ha IWHAMHUKY II€PEHOCA
ra3oB B T'PYHTC. Ha OCTaJIbHBIX, CYIIECTBCHHO
Oosiee AIMHHBIX OTpE3Kax 3aluceidl, B CcUily
pa3IMUYHBIX TE€OAMHAMUYECKHX IIPOLECCOB B
TpaHCIOPTE MOHU3aTOpa MOTYT JAOMHUHHUPOBAThH

KakK BOAOPOA U METaH, TaK U yr‘HeKHCJILIﬁ ras.
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Puc. 2. Bapmaumm 06beMHOM aKTUBHOCTU PagoHa U KOHUEHTPALMUN ABYOKUCH YINEPOAa N PEXKUM CENCMUYHOCTHU
B CeBepHOI YacTu pasnoma MNpogonbHaa [lonnHa (LVF) Ha BocToKe o. TaliBaHb:
a — KOHUEHTPALMA YrIeKUCoro rasa; b — o6bemHan akTMBHOCTb PaoHa; C — HOPMUPOBAHHbIE 3HAYEHUSA KOHLLEHTPALMK
YrIEKMCNOrO ras3a U 06beMHOM aKTUBHOCTU pagoHa; d — MarHuTyaa semaeTpaceHus [7]

3a mepuon  HaONMIONEHWIA  CTaHIUS
MOHHTOPWHTA B CEBEPHOH YaCcTH pasiioMa
Ipononsuas Jonuuna (LVF) ma BocTOKE
o. TaliBann COTHH pas ronajana B

SIUIIEHTPANBHYIO0 30HY 3emieTpsicennii [7, 11].
B uactHOCTH, B cepenune HOsiOps 2013 r. ObuL1
3apeTUCTPUPOBAH  pPOM  3eMIIETPSICEHUH Ha
yaaneHuu 10 50 KM OT IYHKTa HaOJI0IeHUI
(cM. puc. 2d). DTO MO3BOMAET MPEINOIOKHUTD,
4yTO ne(hOpMaIlMOHHBIE TIPOIIECCHI B TPEJIBEPHH
posi 3eMIIETPSICEHUI TEpeBENr T'€OJOTUYECKYIO
Cpely B COCTOSIHHE PACTSDKEHHUSA, O UYEM TOBOPUT
pOCT KOHIICHTpAITMii KOHTPOJHUPYEMBIX Ta30B.

Poit 3emnerpsicenuit B HosiOpe 2013 r. BbI3BaN

paspsiKy OTHX  HanpsHDKeHWH, TpPUBET K
crabunmzamnuu ypoBHs CO2 u Rn.
[Ipoananm3upoBaHHBIE pe3yIbTaThl
MOHHTOpPHHTA KHTaHCKUX aBTOPOB
JTIOKa3bIBAOT, 4TO B MIPOTHBOpPEUHE
¢ wmogmeneto  cBmeir  HCHsRn  mepenoc

HOHH3aTOpa B MMPUITOBEPXHOCTHBIX CJI0AX

TPyHTa OCYHIECTBISETCS, B TOM YHCIE, H
My3bIPEKOBBIMH  OOpPA30BaHUSIMU  YTIIEKUCIIOTO
raza — «HyJIeBbIe» 3HAa4YeHUs (CM. puc. 2c)
osnavator koppessaiuio COz, Hx u CHs B
OCTAJIBHBIX ClIydadX KOppesiuusd TEPIACTCA — B
TPAHCIIOPTE pajOHA JOMHUHMPYIOT YIJIEKUCIIBIA

ra3 Wil BoAOpOa U MCTAH.

OcTaHOBUMCSA Ha SBHOM TPOTHUBOPEUUHU
JAHHBIX, TPEJICTABICHHBIX Ha puc. 1 u 2 [7], u
pe3yiibTaTaMu u3mMepeHui Ha Kaimyxckoil KoJib-
1IeBOM CTPyKType (crmemyromuit mpumep) [3].

371ech, MOMUMO OTIEPATHBHBIX U3MEPEHUN
ADII u panoHa, BEIOOPOYHO OTOUPATKCH POOBI
MOYBEHHOTO0  BO3AyXa JUId  J1TabOpaTOpHOTrO
aHaJIM3a Ha COJEp)KaHUE BOAOPOJAa, METaHa H
YIJIEKUCIIOTO ra3a Mo TpaccaM, PacXOAsIIIUMCS
oA MpsMBIM yrioM OT IueHTpa Kamyxckoit

KOJIBIIEBOU CTPYKTYpHI (puc. 3).
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Puc. 3. KOHLEeHTpauumn NeTyunx ra3oB No4YBEHHOro Bo3ayxa (nabopaTopHblii aHanns 8 Npob) u
pesynbTaThl ONepaTMBHOrO aHaAn3a 06bEMHON aKTUBHOCTU pagoHa rpyHTa (Kanyskckas Konblesasa cTpyKTypa) [3]

Koadpdummentsr koppemsiimu (o 8
MUKETaM), CM. PHC. 3, MEXIy KOHIEHTpaIen
BOZOPOZA U METaHA OYEHB BBICOK:

Kiz,cha = 0,97,
a I BOJOPO/Ia M YTIIEKUCIIOTO Ta3a — Ma:
kHZ,COZ = 0,29

Koaddummentsr  xoppensauuun  MexIy
KOHIIGHTpAllMsIMA ~ BOAOpPOJa,  MeTaHa W
o0BeMHOI AKTUBHOCTBIO panoHa Ha

paccMaTpuBaCMbIX MNHKETAX TOXE AJOCTATOYHO

BEJIUKU:
KrnH2 = 0,84;
Krn.crsa = 0,90.

Paccmorpum  eme  oaMH  mpuMmep,

¢usnueckoe  OOBSCHEHHE  KOTOPOTO  HE
yKHaZH)IBaeTCSI B paMKI/I MoAaean CBHSeﬁ
H>CH4RN u

aTMOC(i)epHOFO QJICKTPUYCCTBA.

3JIEMEHTOB MIPU3EMHOTO

B mae 1987 r. npu BbINoOMHEHUH paboOT Ha
MOJMUToOHE  «Y3HOX» B benopyccun npu
NPOXOXKACHUH Ky4eBO-IIOKAEBOro obiaka, 10
BBITIAJIEHUS] OCA/IKOB, OBUIM TOJy4YeHBI KpaiiHe
nHTepecHsle 3anucu ADIl u ypoBHS BOIbI B
HaOMIOJaTeTbHOW CKBaXXUHE Z, BCKPBIBAIOIICH

BOJIOHATIOPHBIA TOPHM30HT Ha TiayOouHe 125 m.

Ha puc. 4 npexacraBieHa 3amuch U3MEPEHHBIX
U pacuetHbix 3HaueHuid ADII — E(t) u E(2)
B 3aBHCHMOCTH OT  BapHalMii  ypOBHS
BOJABl B HAOMIONATENBbHOW CKBaXWHE Z TIpH
HNaJeHud  aTMOC(EpPHOTO  JABICHHS  Iepen
rpo3oii [1].

[Togbem ypOBHS BOJIBI TIPH MPOXOXKIACHUN
Ky4eBO-JI0K/ICBOT0 00JIaKa COCTABUJI BEIUYHUHY
~ 3 MM.

Kospdummenr  xoppemsiuun  Mexay
MU3MEPEHHBIMH M PACUETHBIMH 3HAUCHUSMH:
kE(t),E(z) = 0,91.

OOpazoBaHue KydeBO-JOXKIEBOTO oOyaka
CONPOBOJK/AETCS  MaJeHueM  aTtMocdepHoro
JnaBieHus. B CTaOMIBHOM COCTOSIHMH —Bec
ctonba arMocepHOr0 BO3IyXa YAEpKUBAET
yYpPOBEHb

BOIJOHOCHBIX TOPHU30HTOB Ha

OIPENICIICHHOM 3HAYCHUH. [Tanenue

aTMOC(I)epHOFO JaBJICHUA MpUBOAUT K

MOIBEMY YpOBHEIA. UyBCTBUTEIEHOCTh
TPYHTOBBIX BOJl M BEPXOBOJKH K MaJCHUIO
atMocepHoro maBneHus (Oapomerpuveckas
3¢ dexkTuBHOCTB) cocTaBisieT ~ 8 wmwm/rlla;
B BOJOHAIIOPHBIX IIJacTaxX, H30JIUPOBAHHBIX
oT arMoc(epbl, OHAa CYIIECTBEHHO MECHbIIE ~

2 mm/rIla [12, 13].
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Puc. 4. Tpad KM 3aBUCMMOCTEN M3MEPEHHbIX MO BPEMEHHbIM OTcYeTaM 3HauyeHuin ADM — E(t) n pacyeTHbIx 3Ha4eHui A3M
OT BapuaLMu ypOBHA BoAbl B HabnogaTeNbHOM CKBaXKMHe z — E(z) Ha noaunroHe Y3HoxK, Benopyccusa [1]

B paccmoTpeHHOM mnpuMepe AMHAMHKa
BO3JyX000MeHa Tmo4Ba—atMocdepa cBs3aHa ¢
JUHAMUKOW YPOBHSI BEPXOBOJKHA H TPYHTOBBIX
B0/ (HauasbHbIH ypoBeHb ~ 0,8 M). Eciu B X071
HaOJIOIEHNH MX YPOBEHb MOAHSIICA MPUMEPHO
Ha 12 MM, 3TO0 cocraBiaser Bcero 1,5% ot
HaYyaJIbHOTO YPOBHSA I'PYHTOBBIX BO/I.
CBS3yIOIIMM 3BEHOM MEXIY YMEHBIICHHUEM
o0bema mopoBoro mpoctpaHctBa u  ADJII
SIBIIICTCST IOYBEHHBIHN panoH. B
paccMaTpuBaeMOM MpHUMeEpe NMPU YMEHBIICHUU
obbema mopoBoro mpocTtpanctBa Ha 1,5%
3Hauenne ADII (o MoAysr0) YBETHMYMIOCH B
9 pa3, 4TO HHUKaK HE OOBSCHSETCS MOJIENBIO
ceszeit HoCH4RN.

AHanornyHoe yBeNWYeHHe OOBEeMHOU
aKTUBHOCTH  paJioHa IpU  IPEArpO30BOM
NajieHuM  JIaBJIeHUS  yJaloch  HaOIoJaTh
B mtoste 2003 r. va Kacumosckom TIXT [1, 3].
AHanu3 mpoObl BO3[yXa B CHMHTHUIUIAIIMOHHOM
JaTYdKe  pajJjoHa TMPOXOAUT B  PEXKUME
HakoruleHuss W 3anmMaer 10-15 wmwmmyTt [1].
[losToMy 11 IONTyYeHHsI CHHXPOHHBIX JaHHBIX
00 00BEMHON aKTHBHOCTH paZoHa TpyHTa H

aTMOC(i)CpBI HU3MCPCHUA MMPpOBOJAUINCH C

HCIIOJIb30BAHHUEM IBYX OJWHAKOBBIX OJATYUKOB

panoHa, NPOLICAIINX NIPEABAPUTEIILHYIO
MPOBEPKY Ha HWICHTUYHOCTb. PaGotsr
MIPOBOIMIINCH Ha Oaze reopU3NKOB

KacumoBCcKoro razoxpaHwiviia Ha TOAYIIKE
HAaCBIIHOTO  IpyHTa  (IecKa)  TOJILIMHOW
0,6-0,8 M Ha 3a0ono4yeHHO# Tepputopun. B
UK€ eOMHOro mpobo3abopa  MOYBEHHBIH
BO3AyX NPOKAuMBAJICSA uepe3 padouuii o0beM
JaTdMKa  Bojopoia B paboumii  00BeM
JaTynKa pajgoHa. V3MepeHHWs TPOBOIMIKCH
3a 43 muH, 23 MUH W 3 MHUH Tiepe]l HavyaJoM
rpo3bl. Pe3ynbTaTel M3MEpPEHUI IPENCTaBIECHbI
B Tabn. 1, B mocneaned crpoke TaOIHIIBI
JIaHbI OTHOILIECHHUS KOHTPOJIMPYEMBIX
napameTpoB 3a 3 MuH U 43 MuUH 1epen
BBITIAJICHUEM OCAJIKOB [3].

Poct o00beMHOIl aKTUBHOCTH pajoHa
rpyHTa U atMmocdepsl 3a 40 mun B 16,3 paza
HUKaK HeNb3s OOBSCHUTH B paMKax MOJIEIH
cesizeit H,CHsRn — ymenbimeHne mnopoBoro
MPOCTPAHCTBA 3a CYET TMOJABEMa  ypPOBHS
IPYHTOBBIX BoA Ha 1,5% He OOBSICHAET CTOJIb
CHJIFHOE YBEIIMYeHHEe OOBEMHOH aKTHBHOCTU

pazioHa TpyHTa U aTMOCQEPHI.
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Tabnmua 1

Pe3ynbTaTbl 13MeHeHU1 06 bEMHOMU aKTUBHOCTU pafoHa rpyHTa, atmocdepbl, Bogopoaa u AdMN
npu nageHuun atmocepHOro AasneHUA B Npearpo3osoit nepuog Ha Kacumosckom MNXT [3]

Bpems nepea rposoi Rn, Rn(a), Hz, x10™% A3N,
(Bpema nageHus gasneHns) BK/n BK/n 06.% B/m
43 muH 0,67 0,32 4,2 312
23 muH 4,73 1,75 10,5 -1180
3 MUH 11,59 49 35,2 -7500
Poct co,a,epma::f;ge:vp\l,::a v BoAOPOAA 17,3 pasa 15,3 pasa 8,3 pa3a 24 pasa no moa.

O6cypeHue pesynbTaTos

ITo mogenu cszert H,CHiRN tpancnopt
MOHHU3aTOPa B MPUIIOBEPXHOCTHBIE CIOM IPyHTA
U aTMocdepy OCYIIECTBIISETCS ITy3bIPbKOBBIMU
00pa3oBaHUAMHU BOJIOpOJA u MeTaHa
MMOYBEHHOT'0 BO31lyXa. Pe3ynbTaThl U3MEepeHUN B
pabote [7] (cMm. puc. 1 u 2) H0OKa3BIBAIOT, YTO
MEePEeHOC paioHa B TPYHTE OCYIICCTBISIOT, B TOM
qucIie, u MYy3bIPEKOBBIE oOpa3zoBaHHs
yriekuciaoro rasa. B To ke Bpems u3
pe3ynbraToB  HaOmojeHWin Ha Kamyxckoit
KOJIBLIEBOH CTPYKTYpE CIIely€eT, YTO KOpPesus
Mexny kormeHtpamuedr CO» w  oObeMHOM
AKTUBHOCTBIO PaJlOHA NPAKTHYECKH OTCYTCTBYET
— ko3¢ ¢unmeHT koppensiuu pasex 0,29.

Jist  oOBSICHEHUS] 3TOTO TMPOTHBOPEUHS
ciefyeT oOpaTuTh BHHMAaHHE Ha YCIOBHS
oTOOpa Ta30BBIX Mpo0 JJs MOCIETYIOUIETO
aHaJIM3a.

71a00paToOpHOTro Uzmepenus

MMPOBOAMNIINCH BIOOJb HarpyXC¢HHBIX

TPAHCIIOPTOM TpacCC, PACXOAAINIUXCA HU3 LCHTpaA

CTPYKTYPBHI.
TEXHOT€HHBIN

Kamyxckoit KOJIBLIEBOI

IIpakTdeckn  HENMpepBIBHBIM

CEeHCMHUYECKHUI IIyM, TE€HEPUPYEMBIi

JABVKYHIIUMCH TPaHCIIOPTOM, €CTCCTBCHHO

WHTEHCU(DHIIUPOBAT  BO3IyXOOOMEH  IOYBaA—

atmocdepa [1-3]. U3 mpuBeneHnbx Ha puc. 1b
u lc 3amucell ciemyer, YTO TpPU BBIMACHUN
0CaJKOB OCHOBHOM

cOpoC  TOYBEHHBIX

ra3oB IIPOXOAWI YCpe3 3aCHITaHHBINA T'paBUEM

OpusAMOK B 3a00pHYI0 TpyOy; mpH3eMHOE
MOPOBOE TMPOCTPAHCTBO OBLIO TAaMIIOHUPOBAHO
BOJOH M PE3KO COKpalaio BO31yX000OMEH
nmouBa—arMocdepa. Kpome ToOro, axkTHUBHBINM

BO3yXO000MEH ycyryOieH TEXHOT€HHBIM
CEUCMHUYECKUM  BO3JCUCTBUEM U  CHUXKAET
colep)KaHue  YIJEKUCIOro rasa B 30HE

OTUYKJCHUSI, TaK KaK MPOXOIUT Yepe3 MecdaHo-
TPaBUHHYIO TOAYIIKY, 3aJI0)KEHHYI0 B OCHOBY
HIOCCEUHBIX JIOPOT.

BeixmonHble  Ta3pl  JOWM3CIBHBIX U
OeH3MHOBBIX aBurateneii comepxkar ot 10% mo
16% COz, 4Yro mNpaKkTUYEeCKH Ha TOPSIOK
MPEBBIIIAET COJIEPIKAHKE YTIEKUCIIOr0 raza B
MPUIIOBEPXHOCTHBIX CJIOAX TPYHTA, Jaxe B
HEOOCHCHHOW  KOHIIEHTPAIUU  YIJIEKHCIIOrO
rasa B 30He oTdyxaeHus. Kak pe3ynbraT, B 30HE
otuyxaeHust CO2 MPOUCXOANUT «BIOX» TOPSIUNX
BBIXJIOITHBIX Ta30B B IPHUIIOBEPXHOCTHBIC CJIOU
rpyuTa. CpenHee cojepKaHue yrieKucIoro raza
B rpobax — 7,2%, uto B 2—3 paza OoJbIile, 4eM B
JMAHHBIX HM3MEPEHUH, MPHUBEICHHBIX Ha pHC. 1
u 2. Orcrofa u HaOMIOMAaeTCsl MPAKTUYECKU
OTCYTCTBHE KOPPEJSIIIY C BOJIOPOJIOM, METAaHOM
Y paJIOHOM ITOYBEHHOTO BO3yXa.

MOo>HO JOITyCTUTH, YTO B MecTax 0TOOpa
nepBbIX 4 MpoO MOYBEHHOTO BO3IyXa U3 8 (CM.
puc. 3)

JOMHUHUPOBAI yr. JICKUCIIBIA ras

IIOYBCHHOI'O BO3ayXa, qTO obecneyunino
KOppCiIAni0 BOAOpoAa € YIJICKUCIIBIM I'a30M Ha

aTHX ydacTkax (Kuz,coz = 0,98).
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Taxkum obpazom, BO n30exanme
MOTPEIIHOCTH, 3a00p 00pa3loB MOYBESHHOTO
BO3/IyXa CJEIAYyeT MPOU3BOJUTH 32 MpeciIaMu
30HBI OTYYXJICHUSI HArpyKEHHBIX TPAHCIOPTOM
Tpacc.

TpancnopT  pajgoHa  IY3BIPHKOBBIMHU
00pa3oBaHUAMH Ta30B aTMOC(HEPHOTO BO3AyXa
UMeeT HaTJISTHOS 3KCIIEPUMEHTAIBHOE
MIOJITBEPIKICHHE. [pu CO3/IaHuH B
7a00PaTOPHBIX  YCIOBHSIX  TaOyJIMPOBAHHOM
00bEMHOW AaKTUBHOCTH paJ0OHa B 3aMKHYTOM

o0beMe B COCyl C pAaCTBOPCHHOH COJIbIO

paus 3aKaYNBAIOTCS Iy3BIPHKOBBIE
oOpa3zoBaHus aTMoc(epHoro BO3/yXa.
OOGorammeHHbIH pagoHOM BO31IyX u3

cocyZa TOCTYINaeT B 3aMKHYTBIM 00BeM, T
co3maercs  TaOyJnMpOBaHHAs  KOHIIEHTPAIHS
MOHM3ATODA.

Pe3ynbratel u3MepeHuii, NpOBEJCHHBIX Ha
CTaHIMM HEMPEPHIBHOTO KOHTPOJS OO0BEMHOMU
aKTUBHOCTH PaJIOHa U COJIEP’KAHUS YTIIEKHCIIOTO
ra3a B CEBEpHOM wacTu pasznoMa IIponmonbHas
Jomura (LVF) mBa Boctoke o. TaiiBaHb,
MIpeJICTaBIeHHbIe Ha pUC. | W 2, yKa3bIBaloT
Ha ydactue CO, B TpaHCHOPTE MOYBEHHOIO
pamona. CopepkaHWe  YIJIEKHCIOTO  Tasa
B II0YBE MOXET JoxoauTb 10 15%,
TOrJa Kak B arMocdepe 2dTa BelnHYUHA
OIICHUBAETCS  COTBHIMH  JIOJIAIMUA  TNPOLICHTA.
Ilepenoc YTIEKUCIIOTO rasa, u,
COOTBETCTBCHHO, HOHHW3aTOpa HAaIpaBieH K
MoBepXHOCTU 3emiu. OJHAKO YAENbHBIA BEC
aTMOC(epHOTO BO3AyXa Ha TPETh MEHBIIE
YAEIHHOTO Beca ra3a-HOCUTEIs — MEePEHOCUMBII
My3bIPbKOBBIMUA  OOPa30BaHUSAMHU  YTIIEKHCIIOTO
rasa pamoH Oyner 0CTaBaThCs B
MIPUITOBEPXHOCTHBIX CIIOSIX rpyHTa u
MUHUMAIILHO  y4YacTBOBaTh B  HOHH3AIHUU
MPU3EMHOI0 BO3/1yXa.

W, HakoHen, BepHEMCS K YBEIUYCHUIO

COIepKaHUSl pajloHa TpyHTa M aTMocdeps

(eMv.  Ta6n. 1) mpu pe3skoM  TaacHHH
aTMOoc(hepHOTo JTaBIICHUS. CpaBHIM
KOHIICHTPAIIMU a3ora, KUCIIOpO/ia "
yIJIEKUCIIOro rasa (tadm. 2).

Tabnuua 2

Pe3ynbTaTbl CPaBHEHUA KOHLEHTPaLMii
a30Ta, KUC/I0poaa U YINEeKUCoro rasa
B NOYBEHHOM U aTMochepHom Bo3ayxe’

lasbl- KoHueHT- CooTHO- KoHueHT-
HocuTenu pauus weHune paums
pafoHa rasa KOHLLEHT- rasas
B FPYHTE, paummn atmocoepe,
% %

N, 68-73 < 79,1

0, 5-21 < 21,9

CO; 0,1-15 > 0,03

CornacHo n1a60paTOPHBIM

9KCIIEPUMEHTaM a30T WU KHCIOpOJ MEPEeHOCST
pamoH, HO TMpU MNPUHYJUTENBHOW IPOKAYKe
BO3yxa. B mpupome ras3pl meperekaroT OT
0OJbIIEH KOHIIEHTpAMK K MeHbInel. [Ipu sToM
YIIIEKUCITBIN ra3 Oyzer YBEJIIMYUBATh
CONIep)KaHWE paJOHa B TPUTIOBEPXHOCTHBIX
ciosix rpyHTta. M3 tabn. 1 cnemyer, 9TO BTOPHIM
ra3oM-HOCHUTEJIEM pajJoHa, HE TOJIbKO B
MPUITIOBEPXHOCTHBIE CJIOM TPyHTa, HO H B
atMocdepy, aKTUBHO paboTaeT  BOJOPOA.
W3mepenust craBwiuch Ha — 3a00J0YCHHOU
TEPPUTOPHH, rae, o OTIpE/IETICHHIO,
MPUCYTCTBYET  TOBBIIICHHAS  KOHIICHTPALIUS
MeTaHa — TPEThETO Ta3a-HOCUTENS pajZoHa B
atMmocoepy.

I'pynaTOBBIC YCIIOBUS u
METEOPOJIOTHYECKass CUTyalusl  HaOII0IeHUM
Ha TIONMWTOHE Y3HOXK / Ha 0aze TeopHU3NKOB
Kacumosckoro IIXI" oueHs OJU3KHU IPYT OPYTY:
ypoBeHb BoOHOCHOTO Iiacta ~ 0,8 M / 0,8 Mm;
BpeMs pocta YpoBHs — 36 MuH. / 40 MUH.

st MPOBEACHUS OILIEHKH c
ydueroM  OapomeTpudeckodl  3ddexTuBHOCTH

HCIIOJIB30BAJICA MMOABEM YPOBHS BOJAbL 12 Mm.

1 https://cf.ppt-online.org/files/slide/0/0QmNI4ithg Xf
HkRvbFeTzIxA9B5ujJSCK260yo/slide-13.jpg
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C y4eToM BpPEMEHHOIO  WHTEpBaa
majgeHuss  JaBieHus, paBHoro 40  wmwuH,
CKOpPOCTh ~ IOJABEMA  YPOBHSA  COCTaBWJIA
~ 0,3-0,33 MM/MuH, TO €CTh OBbIIa OYEHBb
Benuka. B pesynbTare WHTEHCH(PHUIIMPOBAIOCH
BBIJICTICHHE PAcCTBOPCHHBIX B BOJE BOAOPOJA,
METaHa, VYIJIEKHCIOr0 Tra3a W pajoHa.
Kak chemctBue, Bce TpH TIa3a-HOCHTENSA
PE3KO MOBBICHITH OOBEMHYIO aKTHBHOCTh PaIoHa
IpyHTa, a JIBA W3 HUX — BOJOPOA W METaH —
HpI/IBCJ'II/I K MHOFOKpaTHOMy pOCTy SKCXAJIAIINHU

MMOYBEHHOI'O PaJOHA.

3aKknoyeHue

Mogens cBsizeit H,CHiRn u smemenTon
MPU3EMHOTO  aTMOC(HEPHOTO  DIIEKTPHYECTBA,
Oomee 20 Jer  WCHONB3yIOMIAsACA  TPH
WHTEPIpeTaluu pe3ynbTaToB MOJIEBBIX
HaOmoeHNit B HedTera3oBod oOTpaciu, ObLIa
MepecMOTpPEHa U yTOYHEHA.

OKCIEPUMEHTHI, MIPOBEICHHBIC Ha
CTaHIMM HETPEPHIBHOTO KOHTPOJS OO0BEMHOMU
AKTUBHOCTH PaJIoHa U COJICPIKAHUS YIIICKHCIIOTO
raza B CeBepHOH dacTu pasnoma [IpomonpHas
Jomura (LVF) ma Boctoke o. TaiiBaHb,
JTIOKA3bIBAIOT, YTO B NPHUIOBEPXHOCTHBIX CIIOSX
TPyHTa TEPEHOC HMOHHU3aTOpa OCYIIECTBISETCS

HE TOJIbBKO BOAOPOAOM M MCTAHOM, HO CHIC U

VITEKUCITBIM ~ Ta30M; W3-3a  OOJNBINEro, II0
CpPaBHEHHIO C BO3AYyXOM, VAETHHOTO Beca,
YIJIEKUCHIBI Ta3 B TPaHCHOPTE pajoHa B
atMocdepe He yJacTBYyeT.

B psine ciydaeB, ocoOOCHHO TOTNa, KOrna
KOHIICHTpAIIMKM YIJICKUCIIOTO Ta3a W pajJioHa
OJIM3KA K CPEIHMM 3HAYEHWSM, BCE TPU Ta3a-
HOCHTENIS B TPyHTE paboTatoT cuHGA3HO, YTO
BUHO o YCTONYHUBOM KOppemsiuu
YIIIEKUCIIOTO Ta3a W pafoHa. B OompmmHCTBE
TreoOAnNHAaMHUYCCKUX u METCOPOJIOTHYCCKUX
cUTyallMid 3Ta CMH(A3HOCTh HApPYMIAETCs, YTO
BUJTHO TIO MOTEPE KOPPEIISAIUK Ta30B-HOCUTEIICH
— BOJIOPOJI ¥ METaH BBIHOCAT Ha MIIyOUHY 2,5 M
Wi OONbIllee, WM MEHBIIEE KOJHYECTBO
MOHM3ATOPA.

OcoOble  ycloBHsSI ~ BOZHUKAIOT  TIpHU
MaJeHn aTMOC(epHOro NMaBIeHHS, KOT/a HU3-3a
OBICTPOTrO  TMOIbEMa  YPOBHS  BEPXOBOIKHU
W TPYHTOBBIX  BOJ  HMHTCHCHUUIHPYETCS
BBIJICJICHUE PAcTBOPCHHBIX B BOJE BOAOPOJA,
MeTaHa, yIJIeKUCIIOro ra3a v pajioHa.

Kak crmencrtBue, Bce TpW JeTydnmx rasa-
HOCHTENs YBEIMUNBAIOT OOBEMHYIO aKTUBHOCTB
WOHM3aTOpa B  IPHUIIOBEPXHOCTHBIX  CIIOSX
TpyHTa, a JBa W3 HUX — BOJOPOJ W METaH —
MPOTIOPITUOHATHHO WHTEHCUPUIHPYIOT

OKCXaJIAIUIO paJgoHa.

Cmamws Hanucaua 6 pamkax BblNOJIHEHUA zocydapcm@enuozo 3a0anus (meMa

«DyHOamenmanvhvlli 6azuc IHEP2oIPhekmueHvlx, pecypcocoepecaomux u K0I02udecku Oe30naCHbIX,
UHHOBAYUOHHBIX U YUDPOBLIX MEXHON02UU NOUCKA, PA36COKU U paspadoOmKu He@MAHbIX U 2d308bIX
MeCmOpPONCOeHU, UCCAeO08aHUe, 000bINA U 0CBOCHUE MPAOUYUOHHBIX U HEMPAOUYUOHHBIX 3ANACO8 U
pecypcog Hepmu u easza;, pazpabomra pexoMeHOAuull no pearuzayuu npooyKyuu He@hmezazo802o
KOMNnIeKca 6 yclnosuax aHepeonepexodoa u noaumuku EC no Oexapbonusayuu suepeemuxu
MENCOUCYUNTUHAPHBIE

(pyHOamenmanvhvlie,  NOUCKOBblE,  NPUKIAOHbLE,

uccnedosanus)», Ne 122022800270-0).
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Abstract. The task of the research is to clarify the relationship between volatile gases, soil radon
and atmospheric radon, taking into account the results of experiments. A physical explanation is
presented for the presence and absence of correlations between carbon dioxide and soil radon,
anomalous release of soil radon and atmospheric radon during a pre-thunderstorm drop in atmospheric
pressure. It is noted that the complex of bonds between hydrogen, methane, soil radon and
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