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rMaPOTEPMOANHAMUYECKOE U TEOMEXAHUYECKOE MOAE/TIMPOBAHUE NMPOLECCOB
B HACbILLEHHbIX TEOCPEAAX

OpurnHanbHaA cTaTbA
YK 622.276.5.001.42+622.279.5.001.42
EDN: LISQLU

O BO3MOXXHOCTU OLLEHKN U3MEHEHUA CTPYKTYPbI TPELMHOBATOCTH
NO NOBTOPHbIM FrMAPOANHAMUYECKUM UCC/IeA0BaHUAM

npu peaaunsalnum reomexaHU4Yecknx MeToa0B BO3AeiNCcTBUA

B KapbOHaTHbIX KONIeKTOpPaX

T.A. A6pamos <, U.M. Unapynckuii
UHcTUTYT Nnpobaem HedTn 1 ra3a PAH, Poccua, 119333, MockBa, ya. N'y6KuHa, 4. 3

AHHOTaumuA. AkmyasnbHocme. Pe3ynbTatbl MAPOAMHAMUYECKUX WCCNEA0BAHUINA  TPeLLMHOBATbIX
KOJIIEKTOPOB HedTU M rasa XapaKTepu3yloTCA LMPOKUM CMEKTPOM MPOABAAIOWMXCA OTK/IMKOB Ha
AuarHoctmyeckom rpadumke npomMsBoAHOM AassieHus. [leTannsaumsa TakMx OTKJMKOB NO3BO/IAET OLEHUTb
CTPYKTYpPY TPEeLWMHOBATOCTM U €ee M3MEHUYMBOCTb B MpoLecce 3SKCNAyaTaumMu CKBaXMHbI, a TaKxKe
BCNeACTBUE BbINOMHAEMbIX Ha Hel reonoro-TexHo0rmyeckux meponpuaTtnin. Leas pabomel. OueHKa
XapaKTepa U3MEHEeHMA CTPYKTYpPbl TPELLMHOBATOCTU KapbOHATHOrO KO/IEKTOPA Ha Pas/IMYHbIX 3Tanax
LMK/IMYECKOro reoMmexaH1Myeckoro Bosaenctama. Mamepuasbl U memoosl. TpewmHoBaTble KONNEKTOpbI
HedTU M rasa. Metoabl WHTepNpeTauMn, aHANUTUYECKOTO U YMCNEHHOFO MOAENMPOBAHUA KPUBbIX
BOCCTaHOBNEHMA aaBneHuna. ConoctaBieHUE C AUTEPATYPHbIMK AaHHbIMU. Pe3ysnemamesl. Ha ocHose
aHanmM3a pe3ynbTaToB (PaKTUYECKUX TUAPOAMHAMUYECKUX WCCNeA0BaHUMA, WX COMOCTaBAEHUA C
NINTEePaTypHbIMU  AAHHBIMU M CMOAENUPOBAHHbIMU  CUHTETUYECKMMW  KPUBbIMM 0BOCHOBaHa
BO3MOHOCTb aHa/M3a M3MEHEHUA CTPYKTYpPbl TPELMHOBATOCTU NPU MPUMEHEHUN FeOMEXAaHUUYECKNX
MeTo40B BO34eNCTBMA. B KauecTBe npuMmepa paccCMOTpPeEHa MHTepnpeTaums KpUBbIX BOCCTAHOBAEHUSA
OABNEHUs, 3aMWUCaAHHbIX Ha Pa3/INMYHBIX 3Tanax LMKANYECKOro reoMexaHW4yecKoro BO34eNCTBUS Ha
KapboHaTHbIN KonnekTop. [puUMeHeHWe KOMMJIEKCHOW METOLMKU MNO3BOJIUIO OLEHUTb XapaKkTep
M3MEHEHMA MPOTAXKEHHOCTU GOPMUPYIOWMXCA 30H TPELLMHOBATOCTU M WX CTPYKTYpbl. Bbigoobi.
KomnnieKcHbIi noaxod, K MPOBEAEHUID W WMHTEpnpeTauyu rMApoANHAMUYECKMX WUCC/IeL0BaHUN
TPELLMHOBATbIX KOJJIEKTOPOB C AeTanu3aumen OTKAMKOB U OLEHKOW WX U3MEHEHMA MO AaHHbIM
MOBTOPHbIX MCCAEA0BaHUIA MO3BONSAET KOHTPO/AMPOBATb CTPYKTYPY TPELMHOBATOCTM B Mpouecce
3KCM/lyaTalMu CKBa*KMHbI U MO pesy/ibTaTaM reos10ro-TeXHO0rMYEeCKUX MeEPONpPUATUNA.

Kniouesble cnoBa: rmgpogMHamuMyeckMe WCCNeAO0BaHWA, KpMBAa BOCCTAHOBAEHMA  [aB/EeHUA,
OVNArHOCTMYECKU rpaduK, TPELLMHOBATbLIN KOANEKTOP, LMKANYECKOoe reomexaHMyYeckoe BO34eNCTBUE,
ABHble TpewmnHbl, DFN-moaenb

®uHaHcMpoBaHMe: paboTa BbINOJHEHA B pPamKax rocygapctBeHHoro 3agaHua WMHE PAH (tema
Ne 125020501405-1).
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HedTM 1 rasa. 2025. T. 16, Ne 3. C. 345-361. EDN: LISQLU

BeepeHue

OnHOWM W3 TUNMYHBIX 33724 TPOBEICHHUS
ruapoanHamMudeckux — ucciemoBanuit  (I'JIN)
Ha TPEIIMHOBATHIX KOJUIEKTOpax HeTH W Taza
ABJISIETCSl OLIEHKA MapaMeTpOB MOJIENIN IBOMHOM
MOPUCTOCTH: OTHOCHTEILHON YIPYTOEMKOCTH
u Kod((uUIMeHTa MEKIOPOBOTO TIepeToka A
[1-3]. ot
JUI TIOCTPOCHHSI T'€OJIOTO-THAPOIUHAMUYECKOH

napameTphl HEOOXOTUMBI
MOJEIIH C MOPOBO-TPELIMHHON Cpeoi, KOTopast
Yalle BCETO MCMONB3YETCs A MOAEITUPOBaHUS
KOJUIGKTOpOB ~ mopobHoro poxa. CornacHo
TEOPHH, OLIEHKA U A JOIDKHA TPOU3BOAUTHCS
[0 XapakTepHOMY BOJHOOOPa3HOMY HpPOBAIY
norapu()MUYECKOW TPOU3BOIHON (TIPOU3BOIHOM
Bypne) KkpuBoil BOCCTaHOBIEHHUS JIaBICHUA
(KB), mposiBieHHE KOTOPOTO OOYCIOBIECHO
nporeccaMu — MPOUCXOISIIET0  MaccooOMeHa
MEXKIy MaTpulled U cucteMol TpemuH [1, 2, 4].
OnHako aHanmu3 pe3yibTaTOB OOJbIIEH YacTh
I'’I1 TpemuHOBaThIX IUIACTOB ITOKA3BIBAET, YTO
BMECTO OTKIMKAa Ha JBOMHYIO IOPHCTOCTb
TS KB
paszHooOpa3Horo OoJiee CIIOKHOTO TOBEJICHUS

XapakTepHa JIEMOHCTPAITUS
[3, 5, 6]. Ha mpakTuke OTCYTCTBHE OTKIIHKa

Ha JIBOWHYIO MOPHUCTOCTh 3a49aCTyIO
OOBSICHACTCS €ro pPaHHUM M KOPOTKHUM TMpO-
SIBICHUEM, BCJICJICTBUE YErO0 OH MAaCKHUPYETCS
Oosee JNOMUHUPYIOIIMM BIWSHUEM CTBOJIA
ckBaxxunsl (BCC) [4, 6].

Bwmecte ¢ Tem, B pabdore @. Kyuyka [3]
HAa OCHOBaHWM TIYyOOKOrO JIUTEPATypHOTO
o030pa ¥ pE3yNbTAaTOB TOJYaHAIHUTUIECKOTO
MOJICJIMPOBAHMS  CTABUTCS [0  COMHCHHE
MPUTOJTHOCTE MOJICIM JTBOMHON TMOPHCTOCTH
JUIss  omucaHus ~ pabOTBl  TPEIIMHOBATHIX
KOJUIEKTOPOB W HAIJBIAHO JEMOHCTPUPYETCS,

YTO MPEICTABICHHOE Pa3HOOOpa3ue MOBEACHHS

KBl orpaxkaeT OCOOCHHOCTH OTHX KOJIICK-
TopoB. OHO THaBHBIM 00pa3oM OOYCIIOBIEHO
MPOSIBIICHHEM Pa3JIMYHBIX PEXHMOB TCUCHHUS B
BUJE Ppa3HBIX HAKIOHOB (TaHTEHCOB yIJa
HakJoHa — i) rpaduka mnpous3BojHOU bBypae:
pamnanpHOTO (i =0), mumeitHoro (i =1/2) W
omnuHeHOTO (I = 1/4) — «YUCTBIX» PEKUMOB,
HETIOCPEACTBEHHO CBA3aHHBIX C JIBUKCHUEM
¢ronga B Marpuie u TpenmHax. [Tomumo sToro
YacTO BCTPEYAIOTCS PEXHUMBI, BO3HUKAIOIIUE
BCJIE/ICTBHE T€OMETPUYECKHX U TE€OJOTHYECKUX
OCOOCHHOCTEH, O0OYCIIaBIMBAIOIIMX  B3aUMO-
JIEHCTBUE «YHCTBIX» PEKUMOB KaK B BUIC UX
HAJIO)KEHUSA, TaK W IOCIEIOBAaTEIbHON CMEHBI
Ipyr apyra. BcriemcTBue 3TOrO BO3HHKAIOT
PEKUMBI, XapaKTepHU3YIOIIUeCs: pa3HooOpas-
HBIMU HaKJIOHAMH, Cpeld KOTOPBIX Hamboiee
4acTo BCTpevaroTcs 3HadeHus i = 1/3, 1/5, —1,
1 npusHaku chepuueckoro tedenus (i =—1/2).
Takue  0COOEHHOCTH  CHCTEMBI  TPEIIUH
00yCJIOBJICHbI KOMOHWHAIMEH CEMH W3 HIKe-
MIPUBEJIEHHBIX (PAKTOPOB:

1. Hanuume BepTUKaNbHBIX TPELIUH
(BKJIFOYAs TPEUTUHBI THAPOPA3PHIBA).

2. Hanuuwe TpeuiwH ¢ yrioM HakKJIOHA
ot 0° mo 90°.

3. Hanuuue TpeuH B HENOCPEIACTBEH-
HOM GJIM30CTH OT CTBOJIA CKBAKHHEI.

4. TIpoBOOUMOCTH TpEIIMH, KOTOpas
MOJKET M3MEHSTHCS B JUAana3oHe oT OecKOHeU-
HOCTH JIO CTPEMSIILEHCS K HYJIIO.

5. Pasmep TpemmH u uUX pacmpe-
JIeJICHHE.

6. Hanuume HU3KONPOHMIAEMON WU
HETMPOHUIIAEMON MaTPHLIBL.

7. 3arps3HeHWe  TpemuH  OypOBBIM
pacTBOpOM H JIPYTUMH  TEXHOJOTUYECKUMHU

KHUAKOCTAMMU.
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B Poccunm m crpanmax OpBmiero CCCP
npobiemMa  M3y4eHMsT M MOJCJIMPOBAHHUSA
paboThl TPELIMHOBATHIX KOJUIEKTOPOB BBI3BHIBAET
He MeHplMi uHTEepec. Tak, B pabote
H.A. Mopo3zockoro, M.M. Kpemernenkoro u ap.
[7], ®elmemmeid cmycTs 2 roma IoOCIe
nyOnmukanuu ~ paboter @, Kyuyka  [3],
MIPEJICTABIEHO TOATBEPKIECHUE U  Pa3BUTHE
€ro  apryMeHToB, a TakXke  IPHUBEAEH
aHanu3 wyBcTBUTENbHOCTH KB/ K paznuuHOil
KOH(UTYpaLUU CUCTEMBI JUCKPETHBIX TPEIIUH U
MaTpuUIibl. B I CJIOM HUCIIOJIBb30BaHUE YHUCICHHBIX
DFN-monene#t  (or amrm  discrete fracture
network — cHcTeMa JWCKPETHBIX TPEIUH)
st BocmipousBeAeHus oTkinkoB KBJl u, kax
Cle/ICTBUE, BepU(PHUKALUHN MPUHATON KOHIICTIIIH
TPELIMHOBATOCTU SIBIISIETCS CJICAYIOIINUM
[IaroM pPa3BUTUSl TEOPUHM M  METOIOJIOTHH
uHTepnperaunn  ['JIM, npumepbl  KOTOPBIX
npejcTaBieHsl B padotax [5, 6, 8]. Ilomumo
3TOr0,  BBIACNEHHE  CXOXHMX  IPU3HAKOB
noBegeHuss KBJI, aHanu3 mOpogyKTUBHOCTH
5 (GUITBTPAIIIOHHO-EMKOCTHBIX CBONCTB

MO3BOJIIET  OXapaKkTepH30BaThb  30HAIBHYIO
KOH(HTYpaLMIO CHCTEMBI TPEIIHH [5].

B 1memom, oueHka TaKMX [apaMeTpoB
TPELINH, KaK MPOBOJUMOCTb, PAaCHOJIOKEHUE H
HarnpaBJIeHHE, SBJISETCS BAKHOW C TOUKH 3PEHHS
OTIpeJieNIeHNsI  MPEKACBPEMEHHBIX — MPOPHIBOB
rasa 4 BoAbl M HeoOXoauma Ui ydera IpH
NPUHATHU PELICHUH B MIJIAHUPOBAHUU CTPATErHH
pa3paboTKN MECTOPOKICHUH.

Taxoke A7l TPEIMHOBATHIX KOJUIEKTOPOB
3a4acTyl0 XapakTepHa W3MEHYMBOCTH IIOBEJE-
Hus KBJl 1o pe3ynprataM  MOBTOPHBIX
WCCIIC/IOBAHNH, BBIMOJHAEMBIX B  TIpoIliecce
JKCIUTyaTallil CKBaXWHbI. Kak mpaBmio, 3To
B IMEpByI0 oyepens 00ycioBieHO 3hdexTom
CMBIKaHUSI/PACKPBITUSl TPEIIUH, 3aBUCSILEr0 OT
WHTEHCUBHOCTH pexuma mepen KBJ [7],
UCTOINEHUSI 30HBI JIPEHUPOBAHHsI B TIpoIlecce
BbIpaOOTKH M ap. Apyroll NpUYMHON U3MEHEHHUS
NOBEJICHUSI ~ KPUBOW  JaBJCHUS  SBISETCS
BO3JICHCTBHE Ha MpH3a0OWHYI 30HY MpH

BBITIOJTHEHUN T€0JI0T0-TEXHOJIOTHIECKHX MEpO-
mpustur  (I'TM) [8]. I'TM wmorytr BIHSTH
Ha M3MEHEHHE CTPYKTYpPbl M KOHQUTypaluu
TPEIMH B BUJE YBEIMUYEHUS UX MPOBOJUMOCTH
¥ pa3MepoB, 00pa30BaHUS HOBBIX TPEITUH W/HAITH
3a/IeiCTBOBAaHUS TPEIIWH, paHee HE YYacTBY-
IOIUX B IPEHHPOBAHUU, HAIPUMED, BCIIEIACTBHE
MX 3aJIEYeHHOCTH BTOPUYHBIMH MHUHEpaJIaMH.

OpgarM w3 ['TM, HampsMyro BIHSIOIINX
Ha CTPYKTYpY TPEIIWHOBATOCTH, SBISETCA
LIUKINYECKOE TIeOMEXaHWMYECKOE BO3JEHCTBUE
(II'B). CyTtp BoO3meiicTBHA  3aKiOYaeTcs
B OTpabOTKE  CKBOXHHBI HAa  pEXHME
MaKCHMaJTbHON  JIEPECCHH, TMpPH KOTOPOM
MPOUCXOJUT  PACTPECKUBAHUE TpU3aOOUHOM
3oupl Mmiacta (II3[1) 3a cyer wmexaHn3Ma
paspyuieHust cKaTusl Ipu pocTe dPPEeKTUBHBIX
HOpPMAaJIbHBIX HampspkeHuil. [lanee mpousBo-
JIUTCS OCTaHOBKAa CKB&XHHBI, B Ipolecce
KOTOpOW 3a CYeT BOCCTaHOBJECHMS JABJICHUS
MPOUCXOANT  PACKPBITHE  TPEIIMH,  YTO
B KOHEYHOM UTOTe JaeT MOJOKUTEIbHBINA
3¢dexT B BUAC YBEIMUYCHHS MPOHHIIAEMOCTHU
B II3I1. [Jlns ycunenus panHoro s¢dekra
B KOHIIE OCTaHOBKH BBITIOTHSIETCS
KpaTKOBpEeMEeHHas 3aKkavyka HeTu.

B pabote [9] npuBeneHo Gonee getaabHOE
onucanue Mexanusma II'B, mnpexncrasieHbl
pe3yabTaThl JTAOOPATOPHBIX HCCIIEAOBAHUN H
OTIBITHO-TIPOMBIIINIEHHBIX ~ paboT 1Mo  ero
MIPUMEHEHHUIO. Onenka s dexkTuBHOCTH
MEpONpUATHS  TPOU3BOAMIIACH IO  HUTOraM
3arucu Tpex KB/I, xoTtopble aHamm3mpoBanuch
C TOYKM 3pEHHUs H3MEHEHus Kod(pHuIreHTa
MPOAYKTHUBHOCTH CKBayKUHBI.

L[eJ'IBIO CTaTbHu SABIIACTCA OLICHKa

CTPYKTYPBI
TPEUIMHOBATOCTH KapOOHATHOTO  KOJUIEKTOPA

XapaxkTepa HU3MCHCHUA

Ha Ppa3InYHbIX aTralriax TUKJINYCCKOIO
T€OMEXaHHYECKOTO BO3/ICHCTBHS Iy TeM
JeTanbHOro aHanuza oTkimukoB KBJI, uro maer
Oosiee MoOIHY0 HHGOPMAIUIO 00 0COOCHHOCTSIX
W3MEHEHHUS IMapaMETPOB CHCTEMbI  «ILIACT—

CKBa’>XHHaA)».
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Matepuanbl u metoabl

B pabore mccnenoBamch TpeUTHHOBATHIC
KOJJICKTOPBI HG(I)TI/I Hn Tas3a, HCIO0Jb30BAJIHNCH
MCTOJbl HHTCPHOPCTALIUH, AHAIUTHYCCKOrO U
YHUCJICHHOI'O

MOACINPOBAHUA KPHUBBIX

BOCCTAaHOBJICHU JaBJICHUS, COIIOCTABJICHUC

C JINTEPATYyPHBIMH JaHHBIMU.

Pe3ynbTaTbl  06CYXKAEHNE

AHaAu3 OuHamuKu noeedeHus KB
8 CK8aM(UHeE C 8bIMOAHEHHbIM
YUKAUYECKUM 2e0MeXaHUYeCcKUM
eo3delicmeuem

Onenka 3(QQPEKTHBHOCTH MEPONPHUSITHS

IMpou3BOANIACh 5[] pe3ybTaTaM 3aIlluCH
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BBIMIOJIHEHHOM € [EIbI0  OIpEeIeNeHUs
«(pOHOBOTO» COCTOSIHHSI CHUCTEMBI  «IIJIacT—
CKBa)XKHHA, KBJI-2 — i) OLICHKU
napamMeTpoB CHCTEMBI nocine oTpa-
00TKH CKBa)KMHBI Ha MaKCHUMaJIbHOM
nmenpeccun, KBJI-3 - mmg u3ydeHus
apaMeTpoB nocie 3aKauKu HedTH.
Perucrparms KB/I-2 i KB/I-3
OCYyILIECTBJIEHA C IOMOLIbIO  aBTOHOMHBIX
rnyOuHHbIX  nmpubopoB.  Anamu3z  KBJ-1,
BCJIEJICTBHE BO3HHKIIUX npobiem
c [ITyOUHHBIM npudbopom, MIPOU3BO-
JUICS 1O JaHHBIM  YCTBEBOTO  YpOBHe-

Mmepa.
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Puc. 1. ConoctaBneHne guarHoctuyeckmx rpadumkos KBJ, nosyyeHHbIX Ha pasHbIx 3Tanax
LMKMYECKOTO reOMEXaHNYeCcKoro Bo3encTamns:
a —o6LwMmii BUA,; 6 — y4acToK pocTa NPoM3BOAHbIX; B — Y4ACTOK BbINOMAXKMBAHUA MPON3BOLHbIX

Fig. 1. Comparison of diagnostic plots for pressure buildups at different stages of the cyclic geomechanical
treatment: a — general view; b — section of increasing derivative; c — section of flattening derivative

NcmoyHUK: pa3paboTaHO aBTOPamMM C UCMONb30BaHMEM JaHHbIX [9]

Source: developed by the authors using data from [9]
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Ha puc. la MpeJCTaBIICH
MUarHOCTHYECKHA  rpaduk  (oOmmi  BH)
C COMNOCTaBIICHMEM BCEX TpPeX KPUBBIX,
Ha KOTOpPOM HAaOJIOAAETCsl CXOXKHH XapakTep
UX TOBENCHUs, TMPOSBISIIOIIUICI B BUAC
JUTUTEITBHOTO pocta JorapuPpMUIECKOit
MIPOM3BOAHON NaBieHus (mpowusBogHOU bypre)
B wuHTEepBaie or 0,059 mo 604, mocue
KOTOPOTO Ha BCEX KPHUBBIX MPOHCXOAMUT
¢dbopMHUpOBaHHE TOPU3OHTAIBHOIO YydYacTKa —
«monkm». Kak BUIHO, HM OJHA W3 KPHBBIX
HE  JIEMOHCTPHpPYET  TNPHU3HAKOB  IOPOBO-
TpPEeUMHHOTO ToBeAeHus. [Ipu 3ToM KpuBbIC
MOKAa3bIBAIOT JIOCTATOYHO OJIM3KOE MOJIOXKEHHE,
NPAaKTUYECKH HAKIaAbIBasCh APYr Ha JApyra,
YTO SIBISICTCA NPU3HAKOM CXOKMX 3HAuYCHHUH
[apaMeTpoB  CHUCTEMBl  «IIJIACT—CKBAXKHHA.
OpHako Hpu PacCMOTPEHHM KpPUBBIX B 0OoJjee
KPYITHOM MaciuTtabe MpOSsBISIOTCS Pa3Iuyus B
UX TOBEJEHHUH, YTO BUIHO 1O JaHHBIM pHC. 10
(aTanm pocTa MPOM3BOAHBIX) W puc. 1B (dTam
BBIXO/Ia Ha «IMOJIKY»). OIHOBpEMEHHO C 3TUM
TAaKXKEe  OTMEYaeTrcs  TEHACHLHMS  BBIXOAA
npousBoaHblx KBJI  Ha oauH  ypoBeHb
TOPU30HTAJIBHOTO Yy4yacTKa, KOTOPBI mpocie-
JKUBAETCSI 10 WHTEPBATY  BBINOJAKUBAHMSA
npousBogHod KBJI-1 u koHEUYHOMY ydYacTKy
npousBoanoit KBJI-3. Otciona MOXHO crenatb
BBIBOJI, UYTO Ha KaXJIOM JTame 3amMepa
HaOdroaeTcss W3MEHEHHWE B KOH(UTYpaIuu
CHUCTEMBl  TPEIIMH  BOKPYT  CKBaXKHHBI,

KOTOpOe HE 3aTparuBaeT yAaNeHHYIO
30Hy IIacTa, Kak M CJHeIyeT OXHJaTh
npu peanmnzauun LI'B. Hmxe npencrasnex
Oonee MOAPOOHBIM aHATN3 KAXKIAOHW W3 KPUBBIX
B OTJICITBHOCTH.

Ha pwuc. 2a mpuBeneH TUarHOCTUYESCKUN
rpapuxk  KBJI-1. B muemom Ha Tpaduke
MOJKHO OTMETHUTh HECKOJIBKO OCIIOKHSIOUIIX
(GakTOpoB, XapaKTEpPHBIX S PE3yJIbTaToB
nepecyeTa JUHAMUKH BOCCTAHOBIICHUS YPOBHS

Ha 3a00MHOE J[aBJICHUE:

1. IloBellIcHHas 3aIIyMJIEHHOCTh
NPOM3BOJHON  JaBICHHUA 1O  CPAaBHEHHIO
C TJIyOMHHBIMH 3aMepaMd  TOCIEIYFOIINX
KB/l, 3arpynusromas AMAarHOCTUKY Xapak-
TEPHBIX pEXHMOB. Hannume mnepeMeHHOro
BCC - w#a mpous3sBOAHON  BBIACISIETCS
IBa y4acTka ¢  HakioHoM =1 u

¢opMupoBanue HeOONBIIOTO TOpOa MEXAY

HUMH. Takoit BH] HayajlabHOTO
yJacTka KB SIBIISIETCSL THUIIOBBIM
TUTSt NepPEMEHHOT0 BITUSTHUS CTBOJIA
ckBaxkunbl' [10]. OcnoxusromuM  (HakTopom
MIEPEeMEHHOT0 BCC SIBIISIETCS ero
MOBBIINICHHAS  JJIUTEIILHOCT, o0ycaBu-
BaroIas HCKa)XEHIIE XapaKTEePHBIX

pPeKMMOB Ha HAYallbHOM W CpEJHEM JTarax
3amepa, — g1 KBJI-1  gnautenbHOCTH
BCC cocraBnsier okomno 10 u.

2. Tlagenue TPOM3BOAHOMN, HayuHAsS
¢ jmuurenpHOoCcTH 3amepa ~80dW, W Jmamb-

Helinee  (GopMmupoBaHHME ~ JByX  3UI3aros,

4YTO,  BEPOSATHO,  OOYCIIOBICHO  yBeJIHYe-
HUEM  JaBlieHMs Tra3a B 3aTpyOHOM
MIPOCTPAHCTBE, BBI3BaBILUM 3aMeICHIe
pocta YPOBHSL Ha 3TO MOJKET

YKa3bIBaThb MMPCKpaICHuC BOCCTAHOBJICHUA

3200HOTO JIABJICHUS Ha rpacduke
uctopun  (puc. 2B) W e€ro JanbHeiIIee
HE3HAUUTEIbHOE CHWXKeHHe. Ha  BimsHHE
rasa TaKKe yKa3plBaeT M NPOSIBIICHHE
nepemenHoro BCC. B koHme  3amepa

3a00iHOE JaBJICHUC BHOBb ACMOHCTPHU-

pyeT  HE3HAaYMTENBHBIH  pOCT, 4YTO U
00yCII0BUIIO ¢dopmupoBaHue 3ur3ara
MIPOU3BOAHOM.

' Houzé O., Viturat D., Fjaere O.S. et al. Dynamic
Data Analysis v5.42. Paris: Kappa Engineering,
2021. 776 p.
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Puc. 2. Pe3ynbTaTbl 3amepa M aHanusa ocobeHHocTel KB-1:
a — ANarHoCTUYecKnin rpaduk; 6 — rpadumk nctopmum

Fig. 2. Results of measurements and analysis of the PBU-1:
a — diagnostic plot; b — history plot

HecMotpst Ha OTMEUYEHHBIE OCIOXHEHHS,
Ha npousBogHod KBJ/I-1 MOXHO BBIIETUTH
y4acTOK ¢ HakjaoHoMm [ = 1/2. OH JgOMUHH-
pyeT Ha  TPOTHKEHWH  TIOYTH  IOJHOTO
Jorapu()MUYECKOTO [IUKJIA (m.1.) -
B wuHTepBate Mexnay ~10u wu ~504,
YTO, KaK TPaBWIO, SIBIETCS TPU3HAKOM
wractoBoro 3¢ddexra, B maHHOM cinydae —
JIMHEHHOrO pexuma TEUYCHUS. Kax
OTMEUYEHO B pabote [3], TaKou
peXuM  MOXET OBITh BBI3BAaH  HAIWYHUEM
MPOTSHKCHHBIX TPEILHH, o KOTOPBIM
MPOUCXOAUT  HAMpPaBICHHOE K  CKBaXWHE
JUHEWHOoe TeueHue. OTO IMO3BOJISET CHAENaTh
BEIBO/TBI 00 yxKe MPHUCYTCTBYIOIIEH
bifs) Hayana BO3JICHCTBUS Ha miacTt
Pa3BUTOM CHUCTEMBl TPEIIMH B OKPECTHOCTHU
CKBQ)KUHBI.

I[Ipy npuHATOM 3HAYEHWHW TPOBOMIHM-
MOCTH  yAAJeHHOW  30HBI  Ijacta  Jyid
Bcex wmccienoBanuit  kh =218 mJI'm  MoOXHO
OIICHWUTh PAJNYC HWCCIENOBAHWS HA OKOHYAHHE
JTUHEHHOTO PeKUMA — Ryeer, = 47 M.

BmecTe ¢ TeM, HamuuMe HCKAKAIOIIUX

(baKTOpOB B HavaJi€ U KOHIIC 3aMCpa OIpCaACIACT

BECbMa YCJOBHBIE OLEHKH IO BBISBISIEMBIM
pexumaM. Tak, y4acTOK JIMHEHHOIO TEYEHUS
BIIOJTHE MOXET OBITh TEPEXOTHBIM MEKIY
BCC wu BeImomaxxuBaHHEM  IIPOU3BOIHOI,
KOTOpOE€ B CBOIO OYEpe/lb BEPOSITHEE BCETO
CBA3aHO C HAYaJOM TMpeKpalleHus pocTa
3a00HHOTO JIaBJICHUS.

Ha puc. 3 npencraBneH quarHocTUYeCKUi
rpaduk KB/I-2, Ha KOTOpOM CIlieyeT OTMETHTD
JOCTAaTOYHO OJIN3KOE PpACIIOJIOKEHHE KPHUBBIX
MPOM3BOAHON W  JIaBJEHMSA, UYTO SBISETCA
MpPU3HAKOM KpaiHe HU3KOrO 3HA4YeHHs] CKUH-
¢dakTopa. DTO TaKke KOCBEHHO MOJTBEpKIa-
ercs HenpoAoukuTenbHeIM BCC, muTenbHOCTh
KOTOporo, B otiaumuue oT npensiaymeit KB/,
paBHsieTcss  Bcero  okomo 0,24, Jlanee
Ha TPOM3BOJAHOM OTMEYaeTcsl JJIUTENBHOE
JIOMMHHPOBAaHUE JIMHEHHOIO peXHMa, MpOTs-
JKEHHOCTh ~ KOTOpPOTO  COCTaBJIAET  OKOJIO
mByx .. ¢ 029 go 94. Bmocmencteuu
MPOM3BOAHAS JEMOHCTPUPYET POCT C HAKIOHOM
i=18B wuHrepBae wmexay ~20u u ~504,
mociie  KOToporo oHa (opMHpPYET «TopO».
Coyctss 360 4 Ha TPOU3BOJHOW HaAOIIOHAFOTCA

IMPU3HAKU BbIXOJa HA KIIOJIKY)».
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Puc. 3. JuarHoctuyecknit rpadpuk KB-2

Fig. 3. Diagnostic plot for PBU-2

MNcmoyHUK: pa3paboTaHo aBTOPaMM C UCMOb30BAHMEM AaHHbIX [9]

Source: developed by the authors using data from [9]

Kak BUIHO u3 COIIOCTAaBJICHMUS,
NpPEACTAaBIEHHOrO Ha puc. 10, mpousBomHas
KB/J-2 B

JIMHEHHOTO

MOMCHT JAOMUHUPOBAHUA

peXkrMa  TeUeHUS  MPOXOIUT
Hmxe, yeM Ha KBJI-1. Kpome Toro, Hamnuue
TOJILKO OJHOTO JIMHEWHOTO pexuMa
yKa3pIBaeT Ha OECKOHEUHYIO (OYeHBb BEICOKYIO
B CpaBHEHHMH C TMPOBOJUMOCTBIO ILIACTA)
MPOBOJIUMOCTh ~ UMEIONIUXCS  TPEIIUH. JTO
MO3BOJISIET CAeNaTh BBIBOJBI O BO3MOXKHOM
YBEIMUEHUH WX KOJHYECTBA IO pe3ylibTaTam
LOI'B. Taxxke

3aMCTUTh, 4YTO BO3HHMKHOBCHHC HAKJIOHA i=1

MMPOBCACHUA H606X0,Z[I/IMO

Ha cpenHem »dTane 3amepa KBJl sBusercs

HCTUIINYHBIM JUIA «OOBIYHEIX) CHCTEM
«IIJ1aCT—CKBaXHHa». HOJIy‘-II/ITB TaKoeC
IIOBEACHUC MO>XHO TOJIBKO B ciydae

CIIO)KHOW TEOMETPHH IIOTOKOB, COIPOBOXKIA-
IONIMXCSI HMX CUIBHOW HWHTEepepeHuuel u
pa3BUTHEM  ICEBAOCTALIMOHAPHOTO  pEXHMaA
(Takke HaA3BIBAEMOI0 «IICEBJIOOTPAHUYCHHBIMY
WIH «PEKUMOM UCTOLIeHHs»). Hampumep,
Ipu  TUIOTHOM

PacCIiojIoKCHUN TPEIIUH

B TOPHM3OHTAJBHBIX CKBaXXHMHaX C MHOI'O-

CTaAUWHBIM THApopa3pbiBoM Iiacta [11-13].

B nmpyrom ciyyae eOUHUYHBIA ~ HAKJIOH

MIPOM3BOTHOM MOXET OBITH CBs3aH
C  BO3HHKHOBEHHEM  IICEBJIOCTAIIMOHAPHOTO

pekuMa B TPELIMHOBATBIX  KOJUIEKTOPAX,
MpUMepsl KOTOPOTOo TMpeAactaBieHsl B [3] u
npuBeneHsl Ha puc. 4a u 40. Bo3HuKHO-
BEHHE IICEBIOOTPAHMYECHHOTO pexuMa B [3]
CBA3BIBAETCS C HAJIMYUEM BBICOKOIIPOBOISIIINX
TPEIIMH ¥  HU3KOIPOHHUIIAEMON  MAaTpHIIbI.
Ilo mepe IOpeHMpOBaHUS IUIACTA IMPOUCXOIUT
UCTOIIEHHE TPEIIMH, TOTOK B  KOTOPBIX
JI0 ONPEIETICHHOTO0 BPEMEHU HE BOCIIOJIHSETCS
OPUTOKOM M3 MaTtpulsl. B Takom ciydae
MOJKHO CJIeJIaTh BBIBOJ, 4YTO HaOmomaemMoe
BITOCJICJICTBUH (dhopMupoBaHue «ropOa»
MPOU3BOJHON CBSI3aHO C JIOCTHXKEHHEM OoJiee
YOAJICHHOM @pOHMLAeMON 30HBL. B  cBoro
ouepeslb, BBICOKAas  MPOHHLAEMOCTH  JTOH
30HBI MOXET OBITh CBsi3aHa C CHUCTEMOH
MEJIKUX TPEIlWH, HaJu4he KOTOPBIX HPUBOIUT
K YBEIMYEHUIO MHTErpaJbHOM  INpOHHLAe-
MOCTH CHCTEMbI, a HE K (QOPMUPOBAHHIO

CHeIU(pUIESCKUX OTKIMKOB [3].
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Puc. 4. Pe3ynbTaTtbl aHannsa ocobeHHocTel KB-2 Ha npymepax OTKAMKOB C j = 1:
a — AnarHoctuyeckmin rpaduk KB/, ana BepTUKanbHOM CKBAXKUHbI
B TPELLMHOBATOM BYJ/IKAHOrEHHOM KOJIJIEKTOPE;
6 — rpadmKk npomsBogHoN bypae ana KB, Ha cKBaXKMHe B TPELLMHOBATOM KOJINEKTOpE

Fig. 4. Results of the feature analysis for PBU-2 by the examples of responses with i = 1:
a — diagnostic plot for PBU on a vertical well in a fractured volcanic reservoir;
b — Bourdet derivative for PBU on a well in a fractured reservoir

UcmoyHuK: apanTuposaHo 13 [3]
Source: adapted from [3]

Pe3ynbTaThl OLICHKH panuyca
WCCIIEIOBAHNS 10  BpPEMEHM  OKOHYaHHUSA
XapaKTepHBIX  PEXHMOB  JAIOT  3HAYCHMS:
JUISL JINHEHHOTO pexumMa — Rycer. =22 M,
JUTST TICEBAOCTAIIHIOHAPHOTO pexuma —
Rucer. =51 m, TS Hayajia CHIDKECHUS
NPOU3BOAHON  Rycer. =99 M. Kaxk  Bumano,
pa3Mep 30HBI BBICOKONPOBOISIIMX TPEUINH
CHU3WIICS 10 OTHOLIEHHIO K TMPEIbIIyIIEMY
samepy KBJI. D10 MOXeT OOBSICHATHCS
KaK BBIIIEYTIOMSHY THIM HCKaXEHHEM
3amepa KBJI-1, Tak u  pe3ynbTarom
nepedopMHUPOBAHUS CUCTEMBI TpELuH
mocie TMEepBOM  CTaAuM T'€OMEXaHHYECKOIo
BO3/EMCTBHS.

Junarnoctnyeckuit rpadux KB/I-3

npeacraBieH Ha puc. 5. Ilo Hemy, aHano-
rugHo  KBJI-2,

BEJIMYMHA CKHUH-(QAKTOpa W HENPOJOHKUTETb-

TAK)XKX€C OTMECYACTCA HH3Kast

Hoe BCC. Onmnako mocie 3TOro mpou3BOAHAS
nproOpeTaeT NPSMOIMHEHHBIN BUA C HAKIOHOM

i~2/3, JOMHHMPYIOIIMM Ha MPOTSLKCHUU

25nm.: ¢ ~0349 no 404y. Ilo oxoHYaHUHU
JTAHHOTO pexuMa Ha MIPOU3BOHOMN
dhopmupyetcst TOPU30HTAIBHBIN y4acTOK

C JByMA 1nepuoaamMu  OCHWUIALIUH, TI0CJIC

KOTOpbIX, uepe3 ~300u 3amepa, HPOUCXOIUT
Ha  (uHATHHBIN

BbIXO[ FOpHSOHTaJ'H:HBIﬁ

Y4acCToOK. OxoHuaHHne pexumMa C HAKIOHOM
i=2/3

HUS

COOTBETCTBYET pajlyCy HCCIIEI0Ba-
Rucer, =45 M,

TOPU30HTAIbHBIN

BBIXOZT Ha (UHAILHBIN

YYIaCTOK MIPOUCXOUT
pH Rycen = 122 M.

Ananornuno npeasiaymeit KB/, Hakion
i=2/3 He BXOAWT B YHCIO «CTAHIAPTHBIX»
HAaKJIOHOB, BCTPEYAEMBIX B TEOPUU U MPAKTHUKE
I'’IV, unm Oonee «IK30THUECKUX» HAKIIOHOB

[3].

OIMMCaHUA TaKOIro HaKJIOHa TaKXE BCTpEUa-

u3 paboThI TeM He MeHee, MpPUMEPHI
torcst B yatepatype [14, 15]. Takoii ke HaKIIOH
oOHapyxuBaetca B padore [8], rae mpuBogUTCA
TPUMEP BOCIPOM3BEICHUS MOJIETH  TPEIINH
Ha ocHOBe komruiekcupoBanus ['/JI1 ¢ naHHbIMU

KEpHa, MUKPDOUMHJKEPA U CEHCMMKH.
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Puc. 5. lnarHoctmyeckuit rpadpuk KBA-3

Fig. 5. Diagnostic plot for PBU-3

McmoyHuK: pa3paboTaHo aBTOpaMm C UCNOJSIb30BaHMEM AaHHbIX [9]

Source: developed by the authors using data from [9]

CoOTBETCTBYIOITHI OUArHOCTUYECKUH
rpapuk aByx KBJl mpencraBmen Ha puc. 6,
3aMep KOTOPBIX MPOW3BOAMICSH 10 (3eJeHas
JUHWS) W TIOCie (KOpUYHEBas JHHHS) COJISTHO-
kucnoTHoit ob6paborkn (CKO). Kak BuaHo,
o pesynbratam CKO HaOnromaercss M3MEHEHHE

XapakTepa IIOBEACHUS KPHUBOHW. AHAJIOTHYHO

KB/J-2 (cm. puc. 3), oTMeuaeTcss CHWKEHHE
BCC,
omaromaps yemy KBJ| mocme CKO mpaxru-

ckuH-(bakTOpa  H® JUIMTEIILHOCTH
YECKM MIHOBEHHO BBIXOJUT Ha JJIUTENIBHO
JOMUHUPYIOIUN JUHEMHBIA PEXUM, KOTOPBIA
MoKa3bpiBaeT coBmazeHue ¢ wucxogHoi KBJL
B uHtepBaie ot ~0,1 u 1o ~0,3 u.

T T T 1T 1T1rIir T T T T ITTI0 T L T T TT0TT T T LELLELEL] T T IIIIIE
+a [lo CKO :
+=+ [locne CKO [ S — ]

Y

10— 3
%4 3
1 - -
i . T iT1/2 1
0 = 1 1 L[”il‘l‘l 1 I 1 !1111 Il Il 11 1114 'l 1 11 1 141 1 1 A1 1 814 1 1 11 111l
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Puc. 6. Pe3ynbTaTtbl aHannsa ocobeHHocTelt KBA-3 Ha npumepe KB/,
C YYaCTKOM HaK/NOHa Npou3BoaHOMN i = 2/3

Fig. 6. Results of the feature analysis for PBU-3 by the example of PBU with a section of derivative slope i = 2/3

UcmoyHuk: apgantTupoBaHo u3 [8]
Source: adapted from [8]
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Hpyroe coBnaneHne KpUBbIE TTOKA3BIBAIOT
Ha  KOHEYHOM  yd4acTKe  3aMmepa, Tle

MPOM3BOAHAS ~ JEMOHCTPUPYET  JIMHEMHBII
poct ¢ i=2/3. Amrtopel pabotel [8] 3TOT
peXKHM  HEe  BBIACTSIOT, CBA3BIBasS  TakKoe
MOBEJICHUE «C CYIIECTBEHHBIM yMEHBIICHHEM
3(hhekTrBHOI MPOHUIIAEMOCTH, 00YCIIOBICHHOM
YMEHBIIIEHUEM WHTEHCUBHOCTH W/
MPOBOAMMOCTH TpeuH». Takke Mo obenMm

KPHUBBIM OTMECYACTCA HHTEPBal BBIITIOJIA-

JKUBAaHUS ~ TPOM3BOJHOM 1O  OKOHYAHHIO
JUHEHHOTO TEYCHHs, KOTOpBIH B paboTe
CBsI3bIBaETCS ¢ (OPMHUPOBAHHEM PaAAUATBHOTO
pexxuma.

Ha puc. 7 npencraBieHsl pe3ynbTaThl
peann3anuyd MOJACTH TPEIIMHOBATOCTH B paboTe
[8], oOecneumBmieil HaWIydIIyr0o HACTPOUKY
MoaenpHO KBJI Ha (dakTudeckue TaHHBIC
MUarHOCTHYECKOTO Tpaduka 10 0oOpabOTKH

MpU3a00HON 30HKI IUIACTA.

OcbY

|
MpsimoyronbHas obnactb
. TPELLWUH B OKPECTHOCTH

YnaneHHas

>
- 0bnacTb TpelmH
by ~

Puc. 7. Pe3ynbTaTbl aHanun3a ocobeHHocTeit KB[-3 Ha npumepe NOCTPOEHUSA MOAEAN TPELWMHOBATOCTH

Fig. 7. Results of the feature analysis for PBU-3 by the example of fracture modeling

UcmoyHuK: apanTuposaHo 13 [8]
Source: adapted from [8]

Ha pucynke Bblmenstorcss aBe obiact,
HE CBS3aHHBIE HANpPsMYIO JIpyr C JpPyroM:
o0macTh B HEMOCPEACTBEHHOW  ONHM30CTH
oT 3a00s  HWCCIeNyeMOH  CKBaXHHBI U
OKpy’Kalomasi ee ypaneHHas oOnactb. MoOKHO
3aMETHTh, 4YTO 00JacTh  TPEIIMHOBATOCTH
B HENOCPEACTBEHHOH OJM30CTH OT CKBa)KUHBI
XapaKkTepU3yeTcsl MPSIMOYTOJILHON (POPMOIA.

Otcrona BO3MOYKHEI CIeyIoNIre
NPE/NOJIOKEHASI O  B3aUMOCBS3H  MEXIY
nposieieaneM otkmkoB Ha KB/ mo CKO
C OCOOCHHOCTHIO pabOTBl CHUCTEMbI TPEIIHH
(cm. puc. 6 u 7):

1) HakmoH mpousBogHOHM i=1/2 —

(bOpMPIpOBaHI/Ie y4dacCcTkKa JIMHCHHOT'O TCUYCHUA,

CBSI3aHHOTO C TIOTOKOM (pIIfouza BIOJNb TPEUIHH
K 320010 CKBayKHHbI,

2) HakIIOH Npou3BOoAHOH i = 0 — Hayaio
palboThI CHUCTEMBI TPELMH KaK OJHOMEPHOH cpe-
IIbl ¢ QOpMUPOBAHUEM PaJHaTILHOTO PEKUMA;

3) HaKIOH TpPOM3BOAHOM i=2/3 —
JOCTIKEHHE TPaHUIl CUCTEMbI TPEIIWH, Hayaio
MPUTOKA U3 MAaTPHLIBL, BIUSIHUE MPAMOYTOJILHON
KOH(UTYpaIiu CUCTEMBbI TPEIINH;

4) Havalo TMAAEHHA TPOUZBOAHON —
JIOCTH)KEHHE YAAIEHHOM OKpY)KAIOIIEH 30HBI
TPEIIMHOBATOCTH,  OTpasuBIIeecss B  BHUJC
YBEJIMYEHUs] MPOHULAEMOCTH, YTO aHAJIOTHYHO
nmoBeneHWIo, Habmogaemomy 1o  KBJI-2
(cm. puc. 3).
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Pe3ysabmamel YucsaeHHO20
modenuposaHusn

BoigBuHyTBIE  paHee  TIPEATOIOKCHHS
o npupoae otknukoB KB/I-2 u KB/I-3 moxHO
aHAJIOTMYHBIM 00pa30M MPOBEPHUTH MYTEM UX
BOCIIPOM3BEJIEHUs] C ucnojb3oBaHueM DFN-
Mozenei. Pe3ynbraTel mpeacTaBieHsl Ha puc. 8.
Ha pumc. 8a wuw 8B moOKa3aHbl IHArHOCTH-
geckue Tpadumkum MomenbHbIX KBJ[-2 wu
KB/I-3 coorBeTcTBeHHO, Ha puC. 80 m 8r —
COOTBETCTBYIOIINE UM KOHQUTypalud SBHO

3aJaHHbIX TPCIIWH. Kak BHUIHO, MOJACJIIBHBIC

KpUBBIE TIOYTH HIACHTHYHBI  (aKTUIECKIM
KpuBbIM. llpr 3TOM B OTCYTCTBHE CHEIHAalb-
HBIX HcchenoBaHuil, ananuzupyembie KBJI
BOCTIPOM3BOJMINCH IIyTEM 3aJaHus CHCTEMBI
TPEIUH CO CTPOTOM TreoMeTpHUYecKOi (Gopmoi.
Hns KB/I-2 cuctema TpemuH mpeacTaBieHa
kBagparoM paszmepom 30 ma 30 M, musa KBJI[-3 —
MpsIMOYTONIbHUKOM pasmepoM 30 Ha 15 M.
[Tomumo dopmer obmactu, KB/[-2 otnmmgaercs
or KBJ/I-3 0onee TIIOTHOM CETKOH TpPEIIHH.
B o0oux cnyyasx TpeUIMHBI TEpeceKaroT

CKBAKHUHY.
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Puc. 8. Pe3synbtaTbl BOCnpounsseaeHna KB, ¢ NOMOLLbIO MOAENN ABHbIX TPELLUH:
a — AnarHocTnyeckuin rpaduk mogenbHoi KBA-2; 6 — mogenb cuctembl TpewwmH KBA-2;
B — AMarHocTnyeckmm rpadmk mogenoHoit KBA-3; r — moaens cuctemol TpewmH KBA-3

Fig. 8. Results of PBU matching using the explicit fracture model:
a — diagnostic plot of the simulated PBU-2; b — model of the fracture system for PBU-2;
¢ — diagnostic plot of the simulated PBU-3; d — model of the fracture system for PBU-3
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st Bocipon3BeIeHNsT TIO3THETO BBIXO/A
Ha pagualbHBIA PEKUM I 00eHuX Momeneit
MOoTPeOOBANIOCh 3a/JIaHUE KOMITO3UTHOW 30HBI
IacTa, XapakTepusyrolleics Ooyiee BBICOKOU
TIPOHMITAEMOCTHIO (3€JICHas 30Ha Ha puc. 80 u
8r), YeM 30HA PACHOJIOKEHUS CKBAKHHBI H
TpemuH (cepas 3oHa). B cmywae KBJI-2
KOMIIO3UTHAs 30HA PAcIOJOKEHAa Ha PaccTosi-
Hun 45 M ot ckBaxuabl, KBJ[-3 — Ha paccros-
Hun 24 M u 38 M. Kak BuIHO, MOIydeHHBIE
pasMepbl  O0JIaCTM  TPEIIMHOBATOCTH |
KOMIIO3UTHOM 30HBI Pa3yMHO COOTHOCSTCS
C TPUBEJCHHBIMHU BBIIIE OIICHKAMH PaJNyCOB
WCCIIEIOBAaHNSA TIO TMEpPUOAaM  MPOSBICHUS
XapaKTEePHBIX y4acTKOB Ha (aktuueckux KBJI.
3HaueHne TPOHHULAEMOCTH B Cepoil 30He
mmas KBJI-2 cocraBmmo 2 mJ, mrmi KB-3 —
Swm/. IIpu »tom B cinyuae KBJI-2 BeposiTHO,
4TO B OTOT HOEpUOA HCKOTOPLIC TPCHIUWHBI
JIOCTUTATTN BBICOKOIIPOHHUIIAEMON 30HBI, TaK KaK
HAWIy4Illee BOCIPOU3BEICHUE OTKIHKA OBLIO
MONy4eHO, KOTJa IeHTpallbHas  TpelIrHa
MepeceKya KOMIO3UTHYIO 30HY (puc. 8B).

Heo0x011uM0 3aMeTUTh, YTO TOJyUYCHHBIS
KOHQUTYpallud 30H TPEIIUHOBATOCTH MOTYT
OBITH HE €IMHCTBEHHBIM BapHaHTOM
WHTEPIPETAIMOHHBIX MOJENel Juid paccMmart-
puBaembix KBJI. Ho oHm  mno3BomsioT
MPOCIICIUTh KJIHOYEBbIE OCOOCHHOCTH H3Me-
HEHHUS TIapaMeTpOB  TPEIIMHHOW  CHCTEMBI
B pe3ysibTaTe peaju3alid  [HKIAYECKOTO
T€OMEXaHUYECKOTO BO3JCUCTBUS HA CKBaXXUHE.
OTCIOI[H CTAaHOBUTCA BO3MOXXHBIM  BBIABUTH
CleyroIne
CHCTEMBI TPEIIUH Ha pa3nu4HbIX dTanax [{I'B:

3aKOHOMEPHOCTH  HM3MEHEHHS

1) 1mo Hawyama BO3IEHCTBHS cHCTEMaA
XapaKTepu30Bajlach HaMYUEM DPa3BUTHIX Tpe-
IIMH U 30HOM C MOBBIILIEHHON MPOHULAEMOCTBIO
B YJAJICHUU OT CKBaKUHBI (YIJIOTHEHHE BOJIN3U
CKBa)KMHBI MOKHO CBSI3aTh C BIUSTHHEM JIETIpEC-
CHUH TIPU TPEIIIECTBYIONIEH IKCILTyaTaIlHN ),

2) mocie OTpa0OTKM Ha  PEKUME
MaKCHUMaJbHOM JIeNpEecCCHH BOKPYT CKBaKUHBI
NPOM30MLIO  JIOTIOJIHUTENBHOE  YIUIOTHEHHE

moponbl, o0ycioBuBIIee 00pa3oBaHWE HHU3KO-
MPOHUIIAEMOU 30HBI, BHYTpPHU KOTOpOH
chopmupoBanach

TPpCUIMH; YaCTb M3 HHUX HOOCTUIJIA YHaHeHHOﬁ

MHTEHCUBHAA cucrema
BBICOKOIIPOHUIIAEMO 30HBI;

3) 1o pe3yibTaTaM 3aKavKH MPOU3OILIO0
MpeoOpa3oBaHUE CUCTEMBI  SIBHBIX  TpCIIMH
C WM3MCHCHHEM €€ TeOMETPUYCCKOW (OpMBI H
TUIOTHOCTH, @ TaKKe PAaCKPBITHE OoJiee MEJKUX
TPEIIH B HU3KOMIPOHHUIIAEMOi1 30HE, BEI3BaBIIIEE
YBEJIMYCHHUE €€ MPOHUIIAEMOCTH.

TakuMm 00pa3oM, ¢ TOMOIIBIO JAETATBHOTO
M3YYEHUSI XapakTepa TMPOSBICHUS CHCTEMBI
TpeImrH Ha AuarHocTudeckux rpadukax KBJI
u €ro COIIOCTAaBJICHUA C AdHAJIOTUYHbIMU
IIpUMepaMH, BCTPEYAIOMIUMHUCS B JIMTEpATYypE,
YAaNoCh TONYYHTh OoJiee TOJHOE MOHWMAaHHUE
BiusHHS BhIoaHeHHoro III'B Ha wu3smeHenue

COCTOSIHHUS CHCTEMBI «IIJIACT—CKBa’>KHHA)).

3aknioueHue

B cratee mpencraBieHBl  MOAXO[BI,
pacumpsitomine “HPOPMaTUBHBIE BO3MOKHOCTH
THIPOANHAMUYECKHUX HCCIIEAOBAaHUN KaK METOAa
KOHTPOJIA U3MEHUYMBOCTH TPEIIMHOBATOCTH TPHU
MIPOBEJICHUH TTOBTOPHBIX UCCIEAOBAaHUM.

[lpuBeneHHBIE TpUMEP CKBaXXHHBI C
BBIMIOJIHEHHBIM ~ IMKJIMYECKMM TeoMeXaHHye-
CKMM BO3/ICHCTBHMEM IIOKA3bIBaeT HaJIW4He
CHUCTEMBl SIBHBIX TpEIIMH M  OTCYTCTBHE
NPU3HAKOB IOPOBO-TPEIIMHHOTO ITOBEIEHHUS.
OTO0 cornacyercs ¢ IUTEPaTypHBIMH JaHHBIMU U
MOATBEP)KIAeT BBIBOJ, 4YTO IpPH aHaJM3e
pE3yNbTaTOB  HMCCIEAOBAHUN  TPEIIMHOBATHIX
KOJIJIEKTOPOB HEOOXOAMMO PYKOBOJICTBOBATHCS
KOMIUIEKCHBIM ~ TIOAXOAOM K  JUarHOCTUKE
OTKJINKOB M OTCIIC)KMBAHHUIO WX AMHAMUKH TPH
BBITIOJTHEHWH TOBTOPHBIX 3aMepoB. Takum
00pa3omM, MOSBIISETCS BO3MOXKHOCTD TOJTyYSHHUS
MaKCHUMaJIbHOTO KOJIMYECTBa MH(OpMAIMU IS
KOHTPOJIA CTPYKTYPHOTO M3MEHEHHS TPEIIMHO-
BaTOCTH TpPH OKCIUTyaTallud CKBOXHWH W
pean3alyy CHeNMaIbHBIX METONOB BO3AEHUCT-
B, TAKUX KaK paccMoTpeHHbIN meTtoz LII'B.
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HYDROTHERMODYNAMIC AND GEOMECHANICAL MODELING OF THE PROCESSES
IN SATURATED GEOLOGICAL MEDIA

Original article

On the possibility of assessing changes in the fracture structure
using repeated well tests when implementing geomechanical
treatment methods in carbonate reservoirs

Timur A. Abramov D4, llya M. Indrupskiy
Oil and Gas Research Institute, Russian Academy of Sciences, 3 Gubkina St., Moscow, 119333, Russia

Abstract. Background. The results of well tests in fractured oil and gas reservoirs are characterized by a
wide range of responses on the diagnostic plot of the pressure derivative. Detailing of the responses
makes it possible to evaluate the fracture structure and its variability during well operation and due to
well interventions. Objective. To assess the nature of changes in the fracture structure of a carbonate
reservoir at different stages of the cyclic geomechanical treatment. Materials and methods. Fractured
oil and gas reservoirs. Interpretation methods, analytical and numerical simulation of pressure buildup
curves. Comparison with literature data. Results. Based on the analysis of actual well test results, their
comparison with literature data and model simulations, the possibility is justified to analyze changes in
the fracture structure when applying geomechanical treatment methods. As an example, interpretation
of pressure buildups recorded at different stages of the cyclic ggcomechanical treatment on a carbonate
reservoir is considered. The use of an integrated methodology made it possible to assess the nature of
changes in the extent of developing fracture zones and their structure. Conclusions. An integrated
approach to performing and interpreting well tests in fractured reservoirs, detailing responses and
assessing their changes based on repeated test data, enables monitoring of the fracture structure during
well operation and after well interventions.

Keywords: well tests, pressure buildups, diagnostic plot, fractured reservoir, cyclic geomechanical
treatment, explicit fractures, DFN model
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HOBbIE METOZbl U TEXHO/TIOMMU U3YYEHWA FTEONTIOTMYECKOM CPEADI
HE®TErA3OHOCHbIX BACCEMHOB
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OnTUMM3aLUA NOCTPOEHNA ANTONOrO-PpaumuanbHON mogenm
C NOMOLLbIO HEPOHHbIX ceTei”

D.K. NeoHtbesa P4
00O «PH-Teonorua Uccnepgosanua PaspaboTtka», Poccus, 625048, TromeHb, ya. Makcuma lopbkoro, 4. 42

AHHOTauuA. AKmyasibHocmb. HeobxoAMMOCTb COKPALLLEHMA BPEMEHHbIX 3aTPaT M ONTMMMU3aLMM PaboTbI
KBaMPUUMPOBAHHBIX CNELMANNCTOB MPU BbIMOAHEHUU GaLUMaNbHOIO aHanM3a KepHa M CHUMKEHUS
Cy6BbEKTUBHOCTM AnUTONOrO-PpaLmanbHON MOLENN C MEPEXOAOM K YHUOUUMPOBAHHBIM MpPU3HAKAM
MaKkpodaumn. Llens pabomel. TNocTpoeHune auToNoro-paumanbHOM MOAEAM C  MNOCNEAYHOLNM
060CHOBAaHMEM FEOMETPUM 3a/IEXKN, UCMONb3YS CEANMEHTONOTMYECKMI aHAIM3 KePHOBOrO maTtepuana
Ha OCHOBE HEMpPOHHbIX ceTer. Mamepuasnel u memodsl. O6paboTKa M aHaM3 AAHHbIX TUTONOTMYECKOTO
ONUCaHMA KepHa HEMPOHHOW CETbIO C MOCNEAYIOLEN aKTyaIn3aumen MoOAEeNN C YHETOM HOBbIX AAHHbIX
nocne nocaefHero noacyeTa 3anacoB UCCAEAYEMOro MECTOPOXKAEHUSA YINeBOAOPOAOB. Pe3ysemamel.
PaspaboTaH anroputm, NO3BOAAIOLWMIA ONpeaennTb GaLmio No AMTONOTMYECKOMY ONMUCAHUIO KepHa be3
npuBAEYEHUA CNeLMaNnUCTOB-ceauMeHToNoroB. OUeHEHbl pecypcbl YrNeBOAOPOLOB MPOrHO3NPYEMOA
3a/1€XM Ha OCHOoBe AnTOodaLMaNbHON MOLENU, MOCTPOEHHON C NMPUMEHEHUEM HEWPOHHbIX CETEN.
Boigoobi. Mpepnaraemblii Nogxos NO3BOJIMT COKPATUTb BPEMA Ha MUCCNeLOBaHMA KepHa, MCMOo/b3ys
pa3paboTaHHbIM aNTOPUTM, U NOBBLICUT TOYHOCTb FE0/IONMYECKMX MOAENEN 3a CYET BOB/IEYEHUA PaHee He
nccnegyemon nHGopmauum.

KnioueBble cnoBa: CeaMMEHTONIOMMYECKMIn aHanus, ¢aumsa, HeWpoHHble CeTW, OMuCaHWe KepHa,
reofornyeckas Mogenb, 0byyatoLlan u TecTupyemas BblbopKM

duHaHCcUpoBaHME: NCTOYHMKM GUHAHCMPOBAHMUA OTCYTCTBOBAMN.

Ona uutnpoBaHua: JleoHmeesa [.K. OnTMmM3aumsa NOCTPOEHUs AuTonoro-daumanbHOM Mopenu
C NOMOLLLbIO HEMPOHHbIX ceTen // AKTyanbHble npobaembl HedpTH 1 rasa. 2025. T. 16, Ne 3. C. 362-371.
EDN: PIANQX
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BeepeHue
CeqVMEHTONOTHYECKHUE  HCCIICAOBAHUS
ABISIFOTCS  OCHOBHBIM ~ CIIOCOOOM  H3y4Y€HHS
COCTaBa, CTPOCHMSA, MEXaHU3Ma  BO3HHK-
HOBEHUS M  3aKOHOMEPHOCTH MPOCTPAHCT-
BEHHOTO pa3MEHICHUS OCAJAO0YHBIX  TOPOJ.
Pesynprarel  Takux  paboOT  UCHONB3YIOTCA
B TOM 4YHCIe€ W B  TEOJIOTHYECKOM
MOJEJIMPOBAHUN IIPU IOATOTOBKE IPOEKTHO-
TEXHUYECKOM  JOKyMEHTalUH, a  TaKxke
npu BBITIOJTHEHUU nojcyeTa 3a1acoB
MecTopoxkacHuil. OAUH CHEUHUAaTUCT MOXKET
OIHUCATh o 10m KEepHa B JICHD.
B To ke BpeMs eXerogHeli  00BEeM
IMOCTYIIJICHUA KEpHa B XpaHHuJIUiIe
TrOMEHCKOr0 HE(TSIHOr0 HAy4YHOr'O IIEHTpa
B cpeaHeM COCTAaBJISIET 1o 11 kM,
u3 KOTOPOTO 3a MocaeJHUE IBa
roga nopsiaka  90%  ObIO  OTHpaBIIEHO
Ha  CEOMMEHTOJIOTUYECKHE  HCCIICHOBAHMA.
[MonoGubie paboThl TpeOyIOT OMpeleIeHHBIX
Tpymo3aTpaT © OOJBIIOrO IITaTa KBATU(H-
IUPOBAHHBIX CIICHHUAIMCTOB.
[ensio HCCIICTIOBAHUS SIBJISIETCS

OIITUMU3AIIUA mpounecca IMOCTPOCHUA
HHTOHOFO—q)aLIHaJILHOﬁ MOACIN 3a CUeT
HeﬁpOHHBIX cereit JUJIA CCANMMCEHTOJIO-
THYCECKOTO0 aHaji3a KEpH4, YTO HE 3aMCHUT
IIO3BOJIUT

crienuaiucTa, HO COKpaTUuTh

BPEMCHHbLIC 3aTpaThl.

Marepuanbl U metoapl

IIpn pemeHun NOCTAaBIEHHOW 3amauu
Obl1  pazpaboTaH  ajdropuT™M Ha  OCHOBE
HEUPOHHBIX cerei TSt MIOCTPOEHUS
re0JI0THYECKOM MOJIETH OJTHOTO u3
MeCTOpOXaeHui  yrieBogopogoB (YB) B
3amagHoii Cubupu. [lomuronom mns ampobaryu
CTalld TMATh IIJJACTOB  SKOBJEBCKOH  CBUTHI
anT-ajJb0CKOro  Bo3pacta, C(HOPMUPOBAHHBIC
B YCJIOBHSIX TIPUOPEKHOW PaBHUHEI, BPEMEHAMH

3QJIMBABILEUCS MOPEM.

Ha 2024 rom cpemm BceX CKBaXXUH
Ha MECTOPOXICHUH, BCKPBHIBIIMX JIAaHHBIC
OTJIOKEHUS, MO 16 HWMEKTCS Marepuabl
JIMTOJIOTUYECKOTO OMHMCAHUS KEpHA, CyMMapHBIi
00beM  KOTOpOTO  COCTaBIISICT S MOT.  KM.
W13 3TOro oObeMa 1o JaHHBIM JCBSTH CKBAXHUH,
YTO COCTABWJIO 3 TIOT. KM, BBITIOJIHEH JINTOJIOTO-
daumanbHEI  aHAIM3 C  BBIICJIICHHEM JIBYX
(anmanbHEIX KOMIUIEKCOB: aJUTIOBHAIBHOTO U
NpUOPEKHO-KOHTHHEHTAIBHOTO.

PaGora mpoBoamnace TIpH  TOMOUIH
nporpaMMHoro obecrieuenus Anaconda u JPT
Notebook Ha s3bIke  TIpPOrpaMMHUPOBAHUS
Python.

Pe3ynbTatbl U 06cyxaeHUe

Hus  moctpoeHuss  momenn  ObUIO
NPOBENEHO OOBEIMHEHHE MEPBUYHO BBIIEICH-
HeIX (¢amuit B naTh Makpodamumit  [1, 2].
OCHOBHBIE TEPCHEKTHBBI W3y4YaeMbIX OTIIOMKE-
HUM CBSI3aHBI CO 3HAYUTEIBHBIM 00BEMOM
KOJJICKTOPOB €  BBICOKAMH  3HAYCHUSIMH
(UIBTPAIIOHHO-eMKOCTHBIX CBOMCTB, KOTOpBIE
npeACTaBiIeHbl Makpodaiueil peyHoro KaHaja.
Ora Makpodamus CIOXKEHa IeCUYaHUKaMu
Pa3sHO3EPHUCTHIMH, aJEBPUTUCTBHIMH HJIM Iepe-
CJIauBaHMEM aJICBPOJIMTOB MEJIKO3EPHUCTHIX U
MECUYAHUKOB C MOJIOTOBOJIHUCTOMN, pa3HOHAIpPaB-
JICHHOW CJIOMCTOCTBIO M CABOCHHBIMHU CIIOMKAMHU.
Menee mnepcrieKTHBHas — Makpodainus Tecya-
HBIX TPWINBHO-OTJIMBHBIX OTMEJIEH — Mpe/IcTaB-
JIeHa TIECYaHUKAMH MEJIKO-CPEIHE3EPHUCTHIMH,
OT CBETJIO-CEPbIX [0 TEMHO-CEphIX, C KOCOU
CJIOMCTOCTBIO, PSOBI0 TEUEHHS, PACTHUTEIbHBIM
IeTputoM u Omortypobanuei. OcranbHble daruu
COJIEPKAT HE3HAYUTEIILHYIO JIOJI0 KOJUIEKTOPOB.

Jns mpoBepku paboTHI anropuTMa OBLT
BBIOpaH TUIACT, MPEJICTABICHHBIN OTIOKEHUSIMU
NpUOPEKHO-KOHTHHEHTAIEHOT'O KOMILJIEKCA.
B Tectupyemyro BBEIOOpKY IO JaHHOMY ILTACTY
BOIIIIO CEMb CKBAXXHH C CyMMapHBIM 00bEMOM

KepHa 1,5 mor. km.
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Iloaroroeka JTAHHBIX K pabore
3aKII0danach B COOpe HMMEIOMIETOCS IIOJ-
pOOHOTO  CEAMMEHTOJIOTUYECKOTO  OMUCAHMS
KepHa, BBIIIOJIHEHHOT'O CHCIHAIMCTAMH-

CCAUMCHTOJJIOTaMH, TMPUBCACHHUIO K CIUHOMY

dopMary W  HCKIIOYCHHIO  Pa3HOYTCHHH.
Jannsle cdopmMupoBaHsl B TadnMIy, TIOe
B KaXJIyI KOJOHKY 3amiCcaH KOHKPETHBIN
mpu3HaK, oOpasen gopmara NaHHBIX PUBEIACH

B Tadi. 1.

Ta6n. 1. dopmat BXOAHbIX AaHHbIX 0byYatoLwein BbIBOPKM

Table 1. Input data format for the training set

Cnoiku MpusHak Kop,
Mopoga CTpyKTypa TeKkcTypa BeT !
POA PYKTYP s H JINH304YKM n dauua
AnesponnTbl KpynHo- OpHopogHas, Ot ceporo Mpocnoun STF
nec4yaHble 3epHUCTaA | ropM3oHTanbHasA | A0 KOPUYHEBOro-ceporo | anesposivTa

Bribopka cdopmupoBana B Tabmuiy MS
Excel, B koTopoli mepeuncieHo 11 KIrOYEBBIX
XapakTepUCTUK AN JIAHHBIX  OTJIOXKEHHI:
nopona, CTPYKTYpa, TEKCTypa, IBET,
Halu4yhe CJIOWKOB M JIMH30YEK, MPHUCYTCTBHE
pPacTUTENBHBIX ~ OCTaTKOB,  Pa3HOBUIHOCTH
uxHOoCCHIN, OmoTypbamus, medhopMaiu,
BKIIIOYEHUS] M KOHKPELUWH, KOHTAKTHI CIIOEB,
a  TaKkKe  MEpeJaHHBId  CHelHUaIMCTaMH
koa (aumii. IlomoOpaHHBIE KayeCTBEHHBIC
NpU3HAKW KepHa BHIOpaHBI Kak OCHOBHBIC
XapaKTepUCTUKH paclo3HaBaeMoll 00CTaHOBKH
OCaJIKOHAKOIJIEHUs, TIO0 KOTOPhIM  MOXHO
OTIpeNIeJINTh TUAarHOCTHYECKHE OCOOEHHOCTH H
MIPUHAJICKHOCTH K darsiM [3-5].

Obyuaromas BBIOOpKa BKITIOYAET

MPOAHAJIM3UPOBAHHBIC CIICHHUAIIMCTAMU NAHHBIC

JUTONIOTO-(allMaNBHOTO  OMHCaHWA  KepHa
Mo TSITH T[JlacTaM, Ha KOTOPBIX —aJrOpUTM
JolKeH mpoiitu  oOydenume. C  moMomibro
nporpaMMHoro obecneuenuss Anaconda u JPT
Notebook Ha s3bIkeé  TPOrpaMMHPOBAHUS
Python Hanmcan mporpaMMHBIH KOI.

B  ocHoBe  amropurmMa  3ayoXKeHa
Monenb oOyueHust Decision trees («llepeBo
pelIeHui?»), cM. pHC. 1, KOTOpas MPenCTaBIIseT
JaHHbIE B BHUJAE HEPApXUUYECKOH CHCTEMBI.
[Tpu oTpeieNIeHUH KaXKIou tbamvn
B y3/1aX CXeMbl IPOMUCXOJHUT pacIpeseneHne
JTAaHHBIX Ha  HECKOJIbKO MEePEMEHHBIX,
OJJHA W3 KOTOPBIX SBISIETCS XapaKTEPHBIM
npusHakoM. Jlamee pa3BEeTBIEHHE IMPOHMCXOIUT
IO MOMEHTa, KOrja Bc€ TIPH3HAKH OyayT

MIPOAHATIM3UPOBAHEI [6—8].

Aa Aa ’aa
»[ TopusontaneHas > | OT cBemno-ceporo > , a Ja
[ Hem a0 6yporo pocnou | MTE
[ Nonorosoatucras v Hem aprimauTa
Aa Hem Or cBetno-ceporo > o Hem o
[ Necuanwk > Menkosephuctsiit | BosHucTas > A0 TEMHO-CEpOro Pl aneBponMTa> -
Hem Hem v Hem Hem ME/IKO3ePHUCTOro
| AneBponut > [ CpeanesephucTbiii X | Kocas > Ot cBetno-ceporo v Hem
o Cem e HOEDHOMD Mpocaow anesponmta \A4q T
[ Aprwaaur Y [ KpynHosepructuiii ¥ | PasnonanpaenenHas Hem CpeHe3ePHICTOTO
Hem OT TeMHO-Cceporo Hem
| OaHoHanpasneHHas 10 UepHOro HFP

Puc. 1. CxemaTuyHbli1 pparmeHT anroputma mogenm obyyeHus Decision Tree («epeBo peleHuin»)

Fig. 1. Schematic fragment of the Decision Tree learning model algorithm
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Ilocre 3arpyskm oOydaromieii BBIOOPKH
(dbopMUpPYIOTCST  HEHPOHHBIE  CBSI3U  MEXAY
UCIOJB3yEeMBIMU  JaHHBIMH,  [POU3BOJUTCS
pacyeT, a TaKXke JOHAcTpoiika HeHpoceTu
JUTSL TIOBBIIICHUS TOYHOCTH IPOTHO33, €CIH
pe3ynbraT He ycrpauBaer. Jlns  Oonbiieit
TOYHOCTH AJITOPUTM TMPOBEPSIIOT IO METPHKE,
KOTOpasi XapaKTepu3yeT KadecTBO MOJIENH
0 BCEM KJIacCaM.

Jons BepHO TIpencKazaHHON  daruu
cpenu BCEX CIy4acB ompeeIcHUs
HUHTEpECYIOIeH (allii Ha3bIBACTCS TOYHOCTHIO.
IlonHoTa — 3TO AONA BEPHO IPEACKa3aHHOU
(haruu cpeny BcexX MpecKa3aHui.

JanHass MeTomuka TO3BOJSET YBHUAETH
OmMMOKYy B ONpeIeNieHHH KaXJIOro Kiacca u
B JAIbHEHIIEM CKOPPEKTHPOBaTh 3HAYNMOCTH
mapaMeTpoB. UeM HIDKE BeIWYMHA OIIUOKH,
TeM JIydllle HacTpoeH anroputMm. I[lpm mpo-
BEpKE aJropUTMa HCIOIh30BaHA KOHTPOJIBHHAS
BbIOOpKa — 25% o00pa3ioB u3 144, Bomeammx
B 00ydaromylo BBIOOPKY. AHalU3 pe3yJbTaTOB
MOKa3al XOPOUIYI0 CXOAMMOCTh TOYHOCTH
or 100% mo 71% ¢ MakCUMaJIbHOH OMIMOKOM
B 29% wu mnomHore ot 100% mo 78%
¢ MakchManpHOH ommOkon 22%. HaumbGomee
00J1acTIX

BCPOATHBI OIIMOKHU B TEX

0CaJIKOHAKOTIIEHUS, KOTOpBIE HaxoasTCA
B IIEPEXOJHOM 30HE MEXKIYy COCEOHUMH
danmsMu, W TOITOMY HWMEIOT CMENIaHHBIE
cBoiicTBa nBYX (arwmii [9, 10].

ITo utory paGoTel OOY4YEHHBIH aITOPUTM
MOKa3al XOpOUIYI0 CXOAMMOCTb B paMKax
JormyctTuMor  ommOku.  CTOMT — OTMETHTb,
YTO  MOCJIE  aHaJnW3a  aNrOpUTM  TOTOB
K MHOTropa3oBoMy Hcmonb3oBaHuio. llepe-
oOydeHne M HACTpOWKa TOTPeOyeTcs TOIBKO
npu  OONBIION BENWYMHE OMMOKH, JHOO
MpU  PACTO3HABAHUHM JPyroro ¢anuaabHOro
KOMILJIEKCa, He YHOMSHYTOIO B JaHHOW pabote
[11]. Bpems, 3arpaueHHOE Ha CO3JaHHE U

OTNaAKy ajroputMa coctaBmwio 11  1He#,

a caM pacyeT IPOUCXOAUT B  TEUEHHE
HECKOJIbKUX MUHYT.
Ilocne  3aBepmieHuss  OOy4YeHUS H

HaCTpOﬁKH MNOATrpYyKACTCA TECTUpyeMas

BBIOOpKA: MaTepHabl JIUTOJIOTHYECKOTO
omucaHus KepHa 0e3 CeAMMEHTOJIOTHYECKOTO
aHaMM3a W BBLAGNEHHMA  (amuidi, KOTOpBIE
aNropuT™My HeoOXoammo OyaeT TPOBECTH U
BBIZICTIUTH CAMOCTOSTEIIHHO.

N3 Bcex mWATH OCHOBHBIX IUIACTOB
chopMupoBana  oOyuwaromias — BBIOOpKa, a
Mo TUIaCTy, BBHIODAaHHOMY [UISI  [IPOBEPKH
ANTOPUTMOM, COCTaBIICHA TecTHpyeMast
BeIOOpKa. B pesymbrare s Kaxmou
CKBOKMHBI B HMHTEpBaje IUIacTa  BBIJe-
neHsl mpeoOmanarommue (amuu. [lomyuenHas
nHpopMaruss  Obla  WCTONB30BaHA  IIPH
HNOCTPOCHHUH  JIUTOJOTO-(anuansbHO  MOAen
u st

nocjieayrouiero IIporuo3a

pacrnpocTpaHeHHs KOJIJIEKTOPOB MO/IeJH-
pyemoro miacra [12—14].

OOBEKTOM  TEOJIOTHYECKOTO  MOJIEeIH-
poBaHHA SIBIISIETCS 3aexb HedTH,
MPOTHO3MpYEMass B HM3y4aeMOM IIIacTe IIo
pe3ynbraTaM  JKCIUTyaTal[MOHHOTO  OypeHUs
TpaH3UTHOTO (QoOHIa CKBaXWMH. B  xoz;e
MOJICTTMPOBAHMS 3aJIe)KH TPH paclpeaeTeHIH
JUTOJOTHYECKOT0 COCTaBa B  TPEXMEPHOI
obnactu YYTEHBI ¢aumanbpHbIe 30HBI,

MONy4YEeHHBIE  C MOMOIIBIO 00paboTKH

KEPHOBBIX  JAHHBIX  HEHPOHHOM  CETHIO.
Ilo marepuanam ceHCMOpPa3BEIKH BbIIEJICHBI
OCeBbl€ JIMHWW pYyCeJ, OHH MNpeoOpa3oBaHbI
B KapTel  a3UMYTOB W  HCIOJb30BaHbI
B KayecTBE TpeHAa Ul pacipenencHus (aruii.
Ha celicmuyeckux  pa3pe3ax  OTMEYaeTcs
HaJM4Yue PycioBhIX Bpe3os [15].

Ha xapre moBepXHOCTH BOIOHE(PTIHOTO
koHtakta (BHK) mo ckBaxuHam HaOiromaeTcs
MOJXBEM  YpPOBHS  KOHTAakTa B  CTOPOHY
YXYALEHHBIX MAJOMOIIHBIX KOJUIEKTOPOB H

IMOrpyxeHue €ro B obOactu pasBuTHUA pYycCia.
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Takoe moBeAcHUE OOBSICHACTCS HW3MCHCHHEM B ngamsomM  paiione  mpobOypeHa  onHa
(GUIBTPAIMOHHO-EMKOCTHBIX CBOWMCTB, CBSI3aH- CkBakmHa ¢  O(PQEeKTHBHONH  TONIIUHOMN
HBIX cO cMeHou (anmii [16, 17]. OcHOBHOI 0,5M. Ha 3amame 3amexu  0XHAAIOTCS
He()TCHACHIIICHHBI 00bEeM CBs3aH C (aruei AQHAJIOTMYHBIE  MAJOMOIIHBIE  KOJUICKTOPBI
pyCIOBBIX OTIOKeHuMH. Ha 3amage 3ayexwu (puc. 2) Takum oOpa3om, 3amagHas 4YacTb
pasButa  (amus  COJIOHOBaThIX  Mapilei, SIBJIICTCS] 30HOW BO3MOKHOTO HETIOATBEPIKICHUS
KOTOpast ciabo M3ydeHa OypeHnem. KOJUIEKTOPOB.

YcnoBHble 0603HaYeHus: ...

@ 1°, - Hovep ckBaKiHL
2211 - 3(peKTiBHAA /He()TeHACHIICHHAA TO/IIIHA

@
O - HBCT CTAphIC CKBaMKIIHBL

- UBET HOBBIE CKBAKITHEI

k -1647 1 - H3OrHICH BOJOHE(TAHOIO KOHTAKTA
. — .- - KOHTYp He()TEHOCHOCTH

- 001acTh OCATKOHAKOIUIEHIA COTOHOBATHIX ,\mpmei’i

S06TK
150 0SSEL

- obma THCTEIX OTMenelt
K o 102708 00MACTE OCATKOHAKOIUIEHNA IITICTRIX OTMeNeit
0 0

A W v v

' v v
1030K

v SUZIKV
1,1/0,0
10086K
.50 v
6673PL1 31K 17
®0.8/0.0 gL 10 | _

W A% v v A A% B

— - 0071acTh OCAIKOHAKOIIIEHHS CMeIIaHHBIX oTMerneii

- 001aCTh 0CAIKOHAKOILTEHIIA PYCIOBBIX OTI0AKEHIIT ¢
BIIHAHNEM HPITHEHO-OTIHEHBIX IPOHECCOB

- TI'paHHIA 30HBL BO3MOAKHOIO HCHOATBCPAICHIA
KOUIEKTOpa

Puc. 2. ®aupanbHan KapTa M3ydyaemol 3anexu

Fig. 2. Facies map of the studied reservoir

Pacnpoctpanenne  QauuanbHBIX ~ 30H

B TIPOCTPaHCTBE  OOBSICHIET  W3MEHEHHUE
(GUIBTPAIIIOHHO-eMKOCTHBIX CBOMCTB, pacrpe-
JIlelieHne  KOJUIeKTopoB W ypoBeHb BHK.
Heranuzanus (anuaabHOTO CTPOCHUS aHalH-
3UpyEMOro  IUlacTa  TO3BOJIMJIA  BBLAEIUTH
KaK TEpPCIEeKTHBHBIE 30HBI B OKOHTYpPEHHOMU

3aJIC)KU, TaK U 30HbI PUCKOB.

3aknoueHue

— bnaronaps pa3paboTaHHOMY aNTOPUTMY
B paboTy BOBJIEUCHA pPAHEE HEUCIIONb3yeMas
I/IH(i)OpMaIII/ISE HN3HAYAJIBHO [JId HYXI JIUTO-
soro-(halMaibHOM  MOJEIH OBUIO  JOCTYITHO

JACBATH CKBaAXWH C CCAMMCHTOJOTHMYCCKUM

OIMMCAaHUEM, a 6naronap51 OINMMCAHHOMY

ANTOPUTMY  JIOTIONHUTENBHO  TPUBIICYEHBI
JMAHHbIE KepHa eIle M0 IIECTH CKBaXHHAM,
YTO IOBBICHIO IUIOTHOCTh MCXOJHBIX JAHHBIX
Ha 67%.

— Ilpumenenrie 1UGPOBBIX TEXHOIOTHI
MO3BOJIMJIO COKPATHTh BPEMSI HA WCCIICTOBAHUS

KE€pHa OAHUM CIICHHUAIMNCTOM B paMKax ,Z[aHHOﬁ

paboTel Ha 25%.
— Pazpabotan u MIPOTECTHPOBAH
ANTOPUTM, TTO3BOJISTFOIHIHA BBITTOJTHUTH

CEeINMEHTONIOTHYECKUI aHaM3 W CHU3UTH
CyOBEKTUBHOCTh BBIFCNICHUS (ammid, a cam
MPOTPaMMHBIM KOJ TOTOB K MHOIOpPa30BOMY

HCII0JIb30BaHUIO.
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—Ha ocHOBe pe3ynbraToB  padOThHI

pa3paboTaHHOTO anropuTMa MOCTPOEHA
JIUTONOTO-(halabHas MOACIb.

— Brinosninena ouenka pecypcoB  YB
MPOTHO3UPYEMOH B HU3y4aeMOM  ILIACTe
3a]Ie)KM M BBIIOJIHEH  IPOTHO3  PUCKOB
mpu  paspabotrke. B 3amamHOil  wacTm
3NN OXKHAAETCS 30HA HETIOATBEPIKICHUS
KOJUIEKTOPOB, CBSI3aHHAsT C  OTJIOXCHHUSIMH

COJIOHOBATBIX MapIieH.

— BHeapenue mporieccoB aBTOMAaTH3AINH
MO3BOJIUT ONTHMH3UPOBATh IPOIECC aHAIN3a
u oueHkd Qauuii, a Takke CcPopMUPOBATH
0a3y nanHbix mo aktuBaM Kommanmnum OOO
«PH-TUP» nnst monbopa 0OBEKTOB-aHAJIOTOB
C [elbl0 HCTONB30BaHMSA HMX  KEPHOBBIX
MaTepHaoB TUIS o0yueHust BBIOOPKH
Ha  MECTOPOXICHHAX, TINe COOCTBEHHBIC
JIAaHHBIE ~ CETUMEHTOJIOTHYECKOTO  OIHCAHUS

OKaXYTCA HEAOCTATOYHBIMU.

Bknap aBTopa
J.K. JleonTheBa — KOHIIETITYaJIU3AIMS, aAMUHUCTPUPOBAHKUE JAHHBIX, METOIOJIOTHS, MTPOBEICHUE

HCCJICAOBAaHUA, BU3yaIn3alusa, CO3JaHNC PYKOIIUCH U €€ PCAAKTUPOBAHHUEC.
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NEW METHODS AND TECHNOLOGIES OF STUDYING THE GEOLOGICAL ENVIRONMENT
OF OIL AND GAS BASINS

Original article

Neural network-based optimization of lithofacies model
building process”

Daria K. Leontyeva DX
RN-Geology Research Development LLC, 42 Maksima Gorkogo St., Tyumen, 625048, Russia

Abstract. Background. There is a need to reduce time costs and optimize the work of qualified experts
during the core-based facies analysis and to decrease the subjectivity of the lithofacies model with the
transition to standardized features of macrofacies. Objective. To build a lithofacies model followed by
justification of the reservoir geometry using sedimentological analysis of core material based on neural
networks. Materials and methods. Processing and analysis of the core lithological description data using
a neural network with a model update including new data after the last estimation of reserves of the
studied hydrocarbon field. Results. An algorithm allowing to determine the facies based on the
lithological description of the core without the involvement of sedimentologists was developed.
Hydrocarbon resources of the reservoir in question were estimated based on the lithofacies model that
was built using neural networks. Conclusions. The proposed approach will reduce the time for core
studies by using the developed algorithm and will increase the accuracy of geological models due to the
involvement of previously unstudied information.

Keywords: sedimentological analysis, facies, neural networks, core description, geological model,
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Funding: the work received no funding.

For citation: Leontyeva D.K. Neural network-based optimization of lithofacies model building process.
Actual Problems of Oil and Gas. 2025. Vol. 16, No. 3. P. 362-371. (In Russ.).

* The article is based on the report presented at the 7th All-Russian Youth Scientific Conference “Actual Problems
of Oil and Gas”, 16—18 October 2024, Oil and Gas Research Institute, Russian Academy of Sciences, Moscow,
Russia.

< Daria K. Leontyeva, DK_Sheveleva2 @tnnc.rosneft.ru

© Leontyeva D.K., 2025

—GJ
The content is available under Creative Commons Attribution 4.0 License.

369



AKTyanbHble npobnembl HedTH M rasa. T. 16, Ne 3, 2025 http://oilgasjournal.ru

Author contributions
Daria K. Leonteva — conceptualization, data curation, methodology, investigation, visualization,
writing — review & editing.

Conflict of interests

The author declares no conflict of interests.

References

1. Grishchenko M.A. Algorithm for operation and creation of 1D facies model based on
core data and well logs of productive formations in the Cretaceous and Jurassic oil and gas
reservoirs of Western Siberia. Exposition Oil Gas. 2022. No. 8(93). P. 22-28. (In Russ.).
https://doi.org/10.24412/2076-6785-2022-8-22-28

2. Topalova T.E., Kaidalina T.E., Grishchenko M.A. et al. Results of integrated lithofacies
analysis for optimisation of Field Development Plan: updating geological structure of low-permeable
Turonian formations in the Kharampursky oil and gas condensate field. Geologiya nefti i gaza. 2020.
No. 2. P. 95-106. (In Russ.). https://doi.org/10.31087/0016-7894-2020-2-95-106

3. Titenkov A.S., Utyashev Yu.N., Evdoshchuk A.A. et al. Comprehensive study of the
geological structure Verkhneyakovlev deposits of the Tagul field in the process of justifications
for operational drilling. Oil and Gas Studies. 2021. No. 5(149). P. 85-97. (In Russ.).
https://doi.org/10.31660/0445-0108-2021-5-85-97

4. Kazantsev G.V. Complex analysis of coastal-continental geological formations for the
clarification of geological model. Georesursy. 2024. Vol. 26, No. 3. P. 13-19. (In Russ.).
https://doi.org/10.18599/grs.2024.3.2

5. Shafronova D.V., Sokolova O.A. Bioturbation of Middle Jurassic and Lower Cretaceous
terrigenous sediments of Western Siberia. Exposition Oil Gas. 2024. No. 7(108). P. 61-69. (In Russ.).
https://doi.org/10.24412/2076-6785-2024-7-61-69

6. Parasich A.V., Parasich V.A., Parasich I.V. Training set formation in machine learning
tasks. Survey. Information Control Systems. 2021. No. 4(113). P. 61-70. (In Russ.).
https://doi.org/10.31799/1684-8853-2021-4-61-70

7.  Sozykin A.V. An overview of methods for deep learning in neural networks. Bulletin of the
South Ural State University. Series: Computational Mathematics and Software Engineering. 2017.
Vol. 6, No. 3. P. 28-59. (In Russ.). https://doi.org/10.14529/cmse170303

8. Sharapatov A., Saduov A., Asirbek N. Comparative analysis of the capabilities of machine
learning and deep learning algorithms in geology. Mining Journal of Kazakhstan. 2023. No. 11(223).
P. 14-20. (In Russ.). https://doi.org/10.48498/minmag.2023.223.11.002

9. Sakhnyuk V.I., Novikov E.V., Sharifullin A.M. et al. Machine learning applications for well-
logging interpretation of the Vikulov Formation. Georesursy. 2022. Vol. 24, No. 2. P. 230-238.
(In Russ.). https://doi.org/10.18599/grs.2022.2.21

10. Jiao S.R., Song J., Liu B. A review of decision tree classification algorithms for
continuous variables. Journal of Physics: Conference Series. 2020. Vol. 1651, No. 1. P. 012083.
https://doi.org/10.1088/1742-6596/1651/1/012083

370


https://doi.org/10.24412/2076-6785-2022-8-22-28
https://doi.org/10.31087/0016-7894-2020-2-95-106
https://doi.org/10.31660/0445-0108-2021-5-85-97
https://doi.org/10.18599/grs.2024.3.2
https://doi.org/10.24412/2076-6785-2024-7-61-69
https://doi.org/10.31799/1684-8853-2021-4-61-70
https://doi.org/10.14529/cmse170303
https://doi.org/10.48498/minmag.2023.223.11.002
https://doi.org/10.18599/grs.2022.2.21
https://doi.org/10.1088/1742-6596/1651/1/012083

Actual Problems of Oil and Gas. Vol. 16, No. 3, 2025 http://oilgasjournal.ru

11. Priyanka, Kumar D. Decision tree classifier: a detailed survey. International
Journal of Information and Decision Sciences. 2020. Vol. 12, No. 3. P. 246-269.
https://doi.org/10.1504/1J1DS.2020.108141

12. Generalenko O.S., Shelepov LV., Ermakova O.E. et al. Integrated approach to the
construction of geological models based on facies analysis. Georesursy. 2024. Vol. 26, No. 3. P. 3342,
(In Russ.). https://doi.org/10.18599/grs.2024.3.5

13. Grishchenko M.A. Results of facies modeling and productive formations cross-well prediction
problems in the Cretaceous and Jurassic oil and gas reservoirs of Western Siberia. Exposition Oil Gas.
2022. No. 8(93). P. 30-35. (In Russ.). https://doi.org/10.24412/2076-6785-2022-8-30-35

14. Cherepkova A.A., Busuyek E.S., Kurash T.P. et al. Cross-functional approach to geological
modeling of the horizon V10-13 complicated with initial sedimentation characteristics and
secondary transformations. FExposition Oil Gas. 2024. No. 7(108). P. 25-33. (In Russ.).
https://doi.org/10.24412/2076-6785-2024-7-25-33

15. Nikiforov V.V., Sharafutdinov A.R., Shabrin N.V., Chibisov, A.V. Update the lithofacies
structure based of spectral decomposition. Geology. The Bulletin of the Department of Earth Sciences
and Natural Resources. 2024. No. 2(35). P. 49-65. (In Russ.). https://doi.org/10.24412/2949-4052-2024-
2-49-65

16. Kalinin V.F. To the question of determining the transition zone sizes at the boundary of
a water-oil contact in hydrophilic and hydrophobic collectors. Volga and Pre-Caspian Region Resources.
2021. No. 103. P. 11-41. (In Russ.). https://doi.org/10.24411/1997-8316-2021-11032

17. Egorova A.D., Isakova T.G., Dyakonova T.F., Kalmykov G.A. Modeling of the gas-oil
transition saturation zone based on core data and well logging. Geophysics. 2023. No. 3. P. 78-84.
(In Russ.). https://doi.org/10.34926/ge0.2023.24.89.011

Information about the author
Daria K. Leontyeva — Leading Specialist, RN-Geology Research Development LLC, Tyumen,
Russia; https://orcid.org/0009-0003-8294-1583; e-mail: DK_Sheveleva2@tnnc.rosneft.ru

Received 8 September 2025
Accepted 28 October 2025

371


https://doi.org/10.1504/IJIDS.2020.108141
https://doi.org/10.18599/grs.2024.3.5
https://doi.org/10.24412/2076-6785-2022-8-30-35
https://doi.org/10.24412/2076-6785-2024-7-25-33
https://doi.org/10.24412/2949-4052-2024-2-49-65
https://doi.org/10.24412/2949-4052-2024-2-49-65
https://doi.org/10.24411/1997-8316-2021-11032
https://doi.org/10.34926/geo.2023.24.89.011
https://orcid.org/0009-0003-8294-1583

AKTyanbHble npobnembl HedTH M rasa. T. 16, Ne 3, 2025 http://oilgasjournal.ru

HOBbIE METOZbl U TEXHO/TIOMMU U3YYEHWA FTEONTIOTMYECKOM CPEADI
HE®TErA3OHOCHbIX BACCEMHOB

OpurnHanbHaA cTaTbA
YK 553.98.061
EDN: VELHGB

OcobeHHOCTM MacWwTabHOCTU CKONNEHUI YINEeBOA0POA0B
U 30Hbl HePTEra3aoHaKoN/eEHUA aPKTUYECKUX PErMOHOB
3anagHou Cnbupwn

C.A. Nynanosa P4, C.A. flo6pbiHnHa
NHcTUTYT Nnpobaem HedTn 1 ra3a PAH, Poccua, 119333, MockBa, ya. N'y6kuHa, 4. 3

AHHOTaumMA. AKmyasibHocme. PaboTbl, NpoBoAuMble B 06/1aCTU CEBEPHbIX aPKTUYECKUX TEPPUTOPUIN Ha
wem;d)e KapCKOI'O mopaAa, rae B nocneaHue roabl 6blnun OTKpPbITbl YHUKA/IbHblEe U KPYMHble MO 3anacam
MEeCTOPOXKAEHMSA YIIEBOAOPOA0B, BbI3BA/IM HEOOXOAMMOCTb B UCCIEA0BAHUAX, OCHOBAHHbLIX Ha JINYHOM
maTepuane aBToOpPoB N KPUTUYECKOM aHanu3e GakTUYECKUX U onybIMKOBAHHbIX AaHHbIX, HaMpPaBAeHHbIX
Ha UX nsyyenue. Ljesnb pabomel. O60CHOBATb U NPUMEHUTb KOMIMIEKCHbIA CUCTEMHbBIN NOAXOS4, K OLEeHKe
nepcnekTUBHOCTU TeppUTOpUM ceBepa 3anagHoi Cnbupu n wenbda Kapckoro mops Ha OCHOBe aHaAM3a
MacLWTabHOCTU CKOMJIEHUI B 30HAX HedTerasoHaKOMNAEeHMA, a TAKXKe CTaAMMHOCTM KaTareHeTUYeCKMX
nNpeobpasoBaHUn OpPraHMYECcKOro BeELLECTBA MOPOL ME3030MCKUX HedTerasoHOCHbIX KOMMJIEKCOB.
Mamepuansi u memoOdsl. baza aHaAUTUYECKMX M Hay4yHbIX [3HHbIX MO Fe0N0r0-reOXMMMUYECKUM
0COBEHHOCTAM CKOMJIEHWI YrNeBOAOPOAOB C PA3/IMYHbIMKM HAYaslbHbIMM TFE€0/IOMYECKMM 3amnacamu.
AHanus pesynbTaToB MO CTafgMMAHOCTM KaTareHeTMYecKMX npeobpasoBaHUii OpraHMYECKOro BelLecTBa
nopos, ceBepHbiX perMoHoB 3anagHo Cubupu M ¢Ha3oBOMY COCTOAHWUIO 3anexen. Pesysomamei.
MoaTBepKAaeTca BbICOKaA MacCITabHOCTb CKOMEHUIN Yr1eBOLOPOLOB B 30HAX HedTerasoHaKonIeHus,
NPOTATUBAIOLLMXCA OT KOHTUHEHTAbHOM YacTh 3anagHon Cubupm B akBaToputo KapcKoro mops, a Tak»Ke
eAMHOO0bpa3HaA CUCTEMHas M3MEHUYMBOCTb CTAAMMHOCTM KaTareHesa OpraHMYecKoro BeLLeCTBa, 4TO
AVKTyeT onpegeneHHyto U $pas3oByto 30HA/IbHOCTb YrEBOAOPOLAHbIX CKOMIEHUN. Bbigodbl. Tunusaums
YrNeBOAOPOAHbIX (G/IOMAO0B MECTOPOXKAEHUI IOPCKUX W MESIOBOr0 HedTerasoHOCHbIX KOMMIEKCOB
ceBepHbIx obnacteit 3anagHo-Cubupckoro HedTerasoHocHoro 6acceliHa C  BblgesieHMem  30H
nNpeobpa3oBaHHOCTM OPraHWMYECKOro BellecTBa MO CTaAMWHOCTM KaTareHesa M COOTBETCTBEHHO MO
$ba3oBoMy COCTOAHMIO, @ TaKXKe Mo MacwTabHOCTM cKonneHwin cnocobeTeyeT Gonee apdeKTUBHOM
OUEHKe NepcrneKkTMB HepTerasoHOCHOCTN TEPPUTOPUN M KAYECTBA Cbipbs, @ TAKXKE COBEPLUEHCTBOBAHUIO
MEeTOA0B Pa3fefibHOro MPOrHO3a, YTO ABAAETCA HeobXOoAMMbIM YCNOBMEM NpPU BbipaboTKe MEeTOAMKM
pa3paboTKM M FKCNyaTaLUM 3aNeXKel YyrneBoaopoa0B.

KnioueBble c/I0Ba: apKTUYeCKMe pernoHbl 3anagHoit Cubupu, mectopoxaeHus HedTu U rasa, 30HbI
HedTerasoHakonaeHus, ¢asoBoe COCTOSHME YrNEeBOAOPOAHbIX CKOMEHWNM, KaTareHes OpraHM4YecKoro
BELLECTBA, HePTerasoHOCHbIE KOMM/IEKCbI

duHaHcMpoBaHMe: paboTa BbINOMHEHA B pamKax rocygapctBeHHoro 3aaaHua WMMHE PAH (tema
Ne 125021302095-2).

P4 NMynaHosa CeeTnaHa AnekcaHapoBHa, S_punanova@ipng.ru
© NyHaHosa C.A., Job6pbiHnHa C.A., 2025
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Ona uutnposaHusa: [lyHaHosa C.A., [obpbiHuHa C.A. OcCOBeHHOCTM MacClWTAabHOCTU CKOMJIEHNI
YyrneBoAopoAoB M 30Hbl HedTerasoHaKOMIEeHUA apKTUYECKUX pervoHosB 3anagHow Cubupn //
AKTyanbHble npobnembl HedTn U rasa. 2025. T. 16, Ne 3. C. 372—-390. EDN: VELHGB

BeepgeHue

Hecmotpss ©Ha To, wuro 3amagHo-
Cubupckuit Hedrerazonocuslii 6acceitn (HI'B)
ABJSIETCSl 10 HACTOSINEr0 BPEMEHH OCHOBHBIM
PETMOHOM TJIaBHOIO HE(TEra3oBoro IOTEH-
mmana  Poccum, mpobnema — mopaep:kaHus
NPOMBIIIJIEHHBIX ~ 3allaCOB  CTOJb  BBICOKOIO
YpOBHS  JOOBIYM  OCTaeTcs MNPUOPUTETHOM,
HO W BecbMa  cioxHOU.  IIpoBeneHHbIE
UCCIIEIOBAHUS,  W3JOKEHHbIE B  CTaThe,
HampaBJIieHbl Ha 0000IIeHHEe W KPUTHYECKHH
aHaN3 TeO0JIOrO-TEOXMMUYECKUX MAaTepHajioB
M0 CEBEpPHBIM peruoHam 3amnagaHo-Cubupckoro
HI'b ¢ oxBaTOM HaHHBIX B 00JaCTh apKTHIECKHUX
tepputopuil Ha menbde Kapckoro mops. 3nech
OTKPBITHl YHUKAJIbHBIC U KPYIHBIC MO 3aracam
MeCTOpOXACHHUs  yrieBogopomoB (YB) B
ME3030HCKUX HEPTEra30HOCHBIX KOMIUIEKCaX
(HI'K).  BepigBnenne — oOmmux — TeHIASHIMN
MIPOIIECCOB HedTerazoreHepanum ITOMU
OOMIMPHOM TEPPUTOPUH C BBIJCICHUEM 30H
He(TEera3oHaKOIUICHUS SIBIISICTCA AKTyalbHOW U
BOCTpeOOBaHHOM 3ajgauyeif, KoTopas HUMeEeT
0oJpII0E HAYYHOE U NPAKTHYECKOE 3HAYCHHUE.

Ilenpto paboOTHI sIBJIETCS OOOCHOBAaHUE
W TPUMEHEHHE KOMIUIEKCHOTO CHCTEMHOTO
Moxxoja K OLEHKE  NEepCHeKTUBHOCTU
TeppuTOpUH ceBepa amaaHoii Cubupu wu
menbda Kapckoro mMops Ha OCHOBe aHalu3a
MacIITaOHOCTH CKOIUICHMH B 30Hax He(Te-
ra3oHaKOIJICHUS, a TaKXKe CTaJWHHOCTH Kara-
TeHETHYECKUX NPeoOpa30oBaHU OPraHUYECcKOro

BelecTBa nmopoj Mezozoickux HI'K.

MaTepMaI’lbI n metoabl
baza amanuTHUecKuX u HAaY4YHbIX HaHHBIX
10 T'€OJI0TO0-rCOXUMHYCCKUM OCOOEHHOCTSIM

CKOIUICHUH  YTJIEBOJOPOAOB C  Pa3TMIHBIMHU

HadYaJIbHBIMU T'€OJIOTHYCCKUM 3aracaMu.

AHanu3  pe3ylbTaTOB 10  CTaaUHHOCTH
KaTareHeTUYeCKUX IpeoOpa3oBaHUil  OpraHu-
YECKOTrO BEIIECTBA TOPOJ CEBEPHBIX PETHOHOB
3amaguoit Cubupyn u (Ha30BOMY COCTOSHHUIO

3aJIeKeH.

PesynbTatbl M 06cyxaeHne

Obuwjue ceedeHus o peauoHe

Onupasch Ha TEKTOHUYECKHE CXEMBI,
crpaturpadudeckue  MOCTPOCHHS,  CEHCMHU-
yeckue  npodpwiu, B.A.  KoHtopoBuuem
¢ coaropamu [l1] dYacTh  apKTUYECKOU
TEepPPUTOPUHU 3amaHo-CubupcKkoro HI'b
BblesieHa  kak  MOxkHo-Kapckas — Hedyre-
razoHocHass ob6macte (HI'O), mpomomxkarormas
M COOCTBEHHO BXOJSIIAs B COCTaB CEBEPHOU
gactu 3amagHo-Cubupckoro HI'b. B IOxHo-
Kapckoit HI'O  mepcrnekTUBEH  LIMPOKUI
JMana3oH  OCaJO0YHBIX  OTJIOKEHUM, TaKkKe
KaKk M B TIpaHHyallMx ¢ Hel Smanbckoit
u I'biganckoi. OcHOBHash He()TEra3oHOCHOCTH
CBA3aHAa C ME3030MCKUMH, B IEPBYIO OYepeb
C MEJOBBIMH OTJIO)KEHUSIMHU, a TEPCIEKTHBEH
BECh KOMIUIGKC OTJIOKEHWH, BKJIOYas U
najaeo30McKue.

B Kapckom mope B Mme3ozoiickux HI'K
OTKpPBITHl ~ yHHWKAJIbHBIE  Ta30KOHJEHCATHBIC
Mectopoxaeaus (I'KM) — Pycanosckoe (1987)
u Jlenunrpaackoe (1989), HedTeraszoroe
mectopoxaeane (HI'M) «llobema» (2020),
razopoe (I'M) wm. B.A. Junkosa (2019),
razoBoe uMm. Mapmana Poxoccosckoro (2020)
[2]. HI'M «Ilobema» wumeer CcyMMapHbIe
n3BJeKkaeMble 3anacbl HepTH — 130 MiH T, raza —
499,2 wmipn ™. 3amacel raza oOHapyKeHbI
B MEJIOBBIX OTJIOXEHHSIX CEHOMaHa W anT-ainbp0a,

HEe()TH — B FOPCKUX OTIOKCHHUSX.
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Anamms HedtH, MIPOBEACHHBIN
B TomckHUIIMHEDT, Ha  CcOBpeMEHHOM
000pyJIOBaHMH METOJOM Ta30BOM Xpomaro-
rpadgum, H30TONMMM H MOJCKYJISPHONH Macc-
CHEKTPOMETPHH, MTOKa3aJl YHUKAJIbHbIC CBOHCTBA
noObiBaeMON He()TH — OHa Jierkas (TUIOTHOCTB
0,808-0,814 r/cm*), npakTnuecku GeccepHuCTas
(menpme  0,02%), wmamocmomuctas  (1,5%)
C BBICOKMM BBIXOIOM CBETNIBIX (pakmuid
(mo 60-70%)'.

Ilo npanHeIM T'asnpoMa H3BJIEKaEeMbIE
3amacel raza kareropui Ci+C, B I'M wum.
B.A. JluekoBa cocraBiassior 390 mupm M.
['a3oBble W  TA30KOHACHCATHBIE  3AJICKH
Jlenunrpanckoro I'KM cBsi3aHbl ¢ MENOBBIMU
(anp0-ceHOMaHCKUMH) OTJIOXKEHUsIMH. Hadais-
Hble 3amachl rasza — 3 Tpid M°. PasBenanmnble

u MpeaABApUTEIBHO OLICHCHHBIC 3ar1achbl

(xateropun ABC+C»): raza — 1,05 tpma M,
razoBoro kosjeHcara — 3 miH T. [lo 3amacam
Jlenunrpaackoe I'KM oTHOCHTCS K YHHKajb-
ueiv®. M uMm. Mapmana Pokoccosckoro,
OTKpeITOe  KoMmMmaHued  PocHedth, umeer
CyMMapHble 3amachl rasa — 514 mupn M® u
KOHJIeHcaTa — 53 MJIH T M TaKKe OTHOCUTCA
K yHUKalbHbIM. PycanoBckoe ['KM conpepxut
779 mnpn M® raza m 7,8 MJIH TOHH Ta30BOTO
konjaeHcata (kareropun ABC+C»).

OTKpHITHI KPYITHBIE ra3oBble
MecTtopoxaenus — Hsapmeiickoe (2019), «75 ner
IToGensr» (2020). M3pnekaemble 3amachl Tasa
(xateropun  Ci+C;) Ha  MECTOPOXICHHUU

Hspwmeiickoe coctasisior  120,8  mupn 2.

! Beicokoe kauecTBo Hed)Th MecTopokaeHus [ToGena
MOATBEPXKJICHO JTa00PaTOPHBIMHU HUCCIIEIOBAHUSIMH.
URL: https://neftegaz.ru/news/Geological-
exploration/236777-vysokoe-kachestvo-nefti-
mestorozhdeniya-pobeda-podtverzhdeno-
laboratornymi-issledovaniyami/ (rata oGparieHus:
01.11.2025).

2 JleHMHTPaICKOE Ta30KOHICHCATHOE
mectopoxaenue. URL: https://neftegaz.ru/tech-
library/mestorozhdeniya/142140-leningradskoe-
gazokondensatnoe-mestorozhdenie/ (mara
obpamenus: 01.11.2025).

[IporHosHeie pecypcebl raza kareropun D; —
Gonpme 1,4 TpmH M, pecypchl Ia30BOTO
KOHJIeHCaTa - OouIblIIE 82,2 MJIH T
(reomornyeckue) u  Oombmie 12,7 MIHT
(u3Bnekaemble). Mectopoxkaenue «75  Jer
[Tobensn»

pacnojiaracTcs B npeaciax

CkypaTOBCKOW  TEPCHNEKTUBHOM  TUIOLIA[IH.
N3Bnekaemble 3amacbl raza kareropuit C;+C,
cocrapnsror 202,4 mipa m> 3.

B Tabn. 1 [3] mpuBemensl oOoOIaromnme
JaHHble 10  HedTerazoHocHocTH  HOKHO-
Kapckoit HI'O  co

IPUBSA3KOM M  KOJMYECTBOM IPOJYKTHBHBIX

cTpaTurpaduuecKon

IUIACTOB € JaHHBIMH 110 MECTOPOXKICHUSIM
Xapacapaiickoe U KpyseHIITepHCKOE, pacmoio-
)keHHbIM B Sfmanbckod HI'O, rpanuyaiieit
¢ FOxno-Kapckoit HI'O.

[Ipu npoBeneHWHM  HAyYHBIX  HCCIE-
JTIOBaHHHA o IIPOTHO3HBIM OIIEHKaM
MEPCIICKTUBHOCTH ~ TeppUTOpUN Ha  HedTh
M ra3  HEOOXOauM  TOCJIEIOBATEIIbHBIN
CHUCTEMHBIN IIOJXOJI, BKIIOYAIOMINN BBIJICICHHUC
Ha  Tepputopuu  OacceliHa 30H  HedTe-
ra3oHaKkoIUIeHHs . OJTO0 3(QeKTHBHOE 3BEHO
METOJIMYECKUX HAMpaBIEHUH HCCIeA0BaHUH,
obecreunBaroIee COBPEMEHHOE pellieHre 3a1a9
orpaciu. llo MHeHHWIO psima wucciemoBarese
[1, 4, 5] «BelmeneHne 30H aKKyMYJISLHUH
M He(TEera3oHaKOIUIGHHUS IIyTeM  BbIOOpA
TCHETUYECKH W MOP(OIOrHYSCKH OIHOTHITHBIX
00BEKTOB TIOMCKOBBIX PabOT B  Ipezaeiax
(mera-) He(pTEra30HOCHBIX KOMIUIEKCOB U
KOJIMYECTBCHHAS OIICHKA MPOTHO3HBIX PECYPCOB
He()TH W ra3a HECKOJBKUX (Mera-) KOMIUIEKCOB
B COBOKYIHOCTH TO3BOJSIOT (POpMHpOBATH
IeJieHanpaBlieHHble 1 dQQEKTHBHBIE MPOrpam-
Mbl TEOJIOTHYECKOI'O H3yueHHUs HedTeraso-

MIePCIEKTUBHBIX 3eMeNby [4].

3 Ha mensde Kapckoro Mopst OTKpHITA ra3oBast
sanexb. URL:
https://rosnedra.gov.ru/press/news/na_shelfe karskog
o_morya otkryta gazovaya zalezh/ (nara
obpamenus: 01.11.2025).
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Ta6bn. 1. PacnpepeneHne 3anexein YB no ¢$asoBomy COCTOAHWUIO U NPOLYKTUBHbIM FOPU3OHTAM B

HOxHo-Kapckoit HI'O

Table 1. Distribution of hydrocarbon deposits by phase state and productive horizons in the South

Kara Oil and Gas Region
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UcmouHuk: [3] / Source: [3]

B HacTosimee BpeMs CyIIECTBYET MHOIO
reoJIOr0-re0XMMHUYECKNX TO3ULIUH, 110 KOTOPBIM
MPOUCXOANT BBIWIEHEHHE Ha TEPPUTOPHH
OacceliHa 30H He()TEra30HAKOILICHUS. DTO H
«MECTOPOXKICHHSI, IPUYPOUCHHBIE K OJHOMY U
TOMY € OTHOCHUTEIbHO KPYHHOMY JIMHEHHO-
BBITSIHYTOMY CTPYKTYPHOMY D3JIEMEHTY» [6], u
«accounanysa (COBOKYIHOCTb) CMEXHBIX H

CXOJHBIX IO CBOCMY I'€OJIOTHYCCKOMY CTPOCHHIO

MECTOCKOIUICHUH He(TH U Ta3a, IPHypPOUYEHHBIX
K OIpENeNICeHHOM M B LEJIOM EIMHOW TIpyIIe
T€eHETUYECKH CBSI3aHHBIX MeXay co0oit
JoBymiek» [7], u 000coOieHHasT YacTh 0OCaa0u-
HOTO dYexJja, 3aKiovaromas 3anexu HepTH u
rasza, XapakTepusymrlascs Kak OIWHAKOBBIM
BO3PaCTOM W  JIUTOJOTMYECKHM  COCTABOM
KOJJIGKTOPOB, TaK M CXOXUM XUMHYECKUM

coctaBoM YB.
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Ouenr d4acto 30HaMH  Hedreraso-
HAKOIJICHUSI  SIBJSIFOTCS ~ KPYIHBIC — IOJIOKU-
TeNbHBIE JIMOO OTpHULATENBHBIE CTPYKTYPBI,
B KOTOPBIX H  TIPOUCXOISAT  MPOIECCHI
HedTerazooOpa3oBanuss ¥ He(TEra3oHaKOI-
JIeHWs, a OTHOCUTENIbHO HeOoNbpIIue o
pasMepaMm TOJHSITHS SIBJISIOTCS  JIOKAJIbHBIMH
oobektamu [1]. bomee cioxHas mpoGiema
BBIWICHCHUS 30H He(Tera30HaAKOIIICHHUS
BO3HHKAET TP TNPOTHO3UPOBAHUU TITyOOKUX
MaJIE030UCKUX BBICTYIIOB (dhyHmaMeHTa.
B Ttakom cjydya€ MCTOYHUKAMH T CHCpaAlUn
MOTYT SIBJISTHCSI BBICOKOOOOTAIICHHBIE 0Ca0Y-
HbIC OTJIOKEHHsS, OOJICKAIONINE DJPO3HOHHBIC
BEICTYNIBI  (yHIameHTa (Hampumep, KpacHo-
neHuHCKU cBox 3amagHo-Cubupckoro HI'B).
I[lpu Takoit momenu, 1O MHEHHIO [5],
OpU  TpPOrHO3e 30H  He(TerazoHaKOIUICHHS
U TIONCKE MECTOpPOXIeHHH HepTH U Taza
HEOOXOJUMO OPHEHTHUPOBATHCS Ha OJM30CTh
c TJTyOUHHBIMU CEeUCMUYECKUMU 51
rpaBUMarHMTHBIMU aHOMaJIMUAIMH, KOTOPBIC U

MNpuUBOAAT K TIIpoHecCcaM paCKpUCTAILIN3allun

5 pasyIuIoTHEHUS OJIOKOB TITyOUHHBIX
KPUCTATMYECKHUX TTOPO/I.
Takum o0pazom, He00X0aUM

KOMIUIEKCHBIM ~ TOJXOX C  YY4eTOM  BCeX
npeajiaraCMblX KpUTCPUEB JIA TpaCCHUPOBaHHUA
30H He(drerazoHakorieHus B ocagounom HI'b
U OLEHKU IIEPCHEKTUBHOCTU  TEPPUTOPUH

Ha He(Th U Tas.

MacwmabHocmeb ckonaeHuii
Me3030lickux omsaoxceHuli 8 ceasu
C MEeKMOoHUYeCcKUM cmpoeHuem u
30HAMU Hegbme2a30HAKOoNAeHUA

Ha CXEMaTU4YECKOM KapTe-cXxeme
(puc. 1) moka3zaHa MacHITa0OHOCTh CKOILICHHI
VB wMme3030iickux komiuiekcoB. Ha kapre-
CXeMe YyKa3zaHa COOTBETCTBYIOIIMM 3HAKOM
KpYHOCTh ~ CKOIUIEHMH YB B HmkHe-

CPCAHCOPCKOM, BCPXHCHOPCKOM H©U MCIOBOM

(Bepxumii mpoxyktuBHBIN Komimiekc) HI'K
C Y4YeTOM TEKTOHHYECKHX D3JIEMEHTOB M 30H
HeTera3oHaKOIUICHUSI. BblAeTIeHbl THraHTHI,
YHUKQJIbHBIE M  KPYIHBIE MECTOPOXKIEHUS .
Bennka ponb  TEKTOHMYECKHX — KPUTEPHEB,
¢dopMupyIOIIMX 30HBI He(TEra30HAKOIJICHHUS,
B pacmpelelieHuH Kiacca 3amnacoB YB cesepa
3anagao-Cubupckoro HI'b. Ilpu BeImencHHH
TEKTOHMYECKHX 30H OBUIM  WCIIOJNB30BaHBI
MartepHuaisl [8] u mp.

Kak Obpl0 HamMu TIOKa3aHO paHee
B uccinenoBanusx [9, 10], pe3yapTaTbl KOTOPBIX
COOTBETCTBYIOT, MOATBEPKIAIOT U JOMOIHSIOT
BBIBOABI JAPYIMX aBTOPOB, MOXXHO KOHCTa-
TAPOBaTh  aBTOHOMHOCTh,  OPUTHHAIBHOCTH
ckomienud YB B kaxaom HI'K kak ropckoro
Bo3pacTta (HIDKHECPETHEIOPCKOTO U BEpxHe-
IOPCKOTO), Tak W MeJNoBOro (amr, ans0,
ceHoman). B 1opckux HI'K xpymHele u
VHHKaJbHBIE [0 TEOJIOTHYECKUM  3aracam
MECTOPOXKACHHUS JIOKAJTM30BaHBl Ha MOJOXKH-
TeJIBHBIX CTPYKTYypax 1-ro mopsaka (MeraBaibl)
u 2-ro mopsaka (Me30Baibl). DTH TEKTOHHUYE-
CKHE CTPYKTYpbl W SIBISIIOTCS 30HAMH HedTe-
ra30HAKOIUICHHUS, OIPEENSIOINMH  OOIIHOCTD
MpOIeCCOB  HedTerazoreHepanui B UX

npeaciax.

4 B cootercTBMM ¢ KiaccH(UKalUell 3amacos,
(IIpuxa3 Munnpupoowr Poccuu om 01.11.2013 Ne 477
«06  ymeepocoenuu  Knaccuguxayuu  3anacos
U pecypcog  Hedpmu U 20pIOUUX  2A308H.
3apeaucmpuposano 6 Munrocme Poccuu 31.12.2013
Ne 30943, ecmynun 6 cuny 01.01.2016) no seruuune
HAYAIbHLIX ~ 3aNaAco8  (mvic. m)  MECTOPOKIACHUS
pacuieHsitorest Ha 4 rpynnsl: [ — Menkue (0T MeHee
5000 mo 15000), II — cpemuaue (15000-60000),
[T — xpymasre (60000-300000) u IV — yHUKaIBHBIE
(60m1ee 300000). 3anexwu ¢ 3amacamu 6osee 1 Mapa T
YCIIOBHOTO TOIIMBA OTHOCATCS K T'HTAaHTCKUM
ckorreHusaM  (Knaccuduramms OAO  «I"a3npomy,
UCIIONIb30BAaHA B HCCIICIOBAHUM  TOJNBKO  JUIS
MECTOPOXKJCHUI BEPXHETO Melia Ha CyIIe).
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KAPCKOE YcnoBHble 0603HaYeHUA:

0 MOPE

HedTerasoHocHble o6iacTu:
| — Amanbckan; Il — NblgaHCKan

2TN® .
RS A
s
(Pe"

MecTtopoxaeHua:

1 -TIlobena, 2 — Pycanceckoe,

3 — Jenuurpan ckoe; 4 — um JuHKOES,
5—"T5ner Ilobene; & — Hapueiickos;
7 —Manurusckoe, 8 — Tacufckoe,

9 — Cepepo-Tambeiickoe;

10 - 0w nao-TambeRckoe,

11 — Xapacaesiickoe,

12 — EpysenmTepHrcros,

13 — Cepepo-BoBaHeHEPECKOE,

14 — D uo-EoBanemoEcK o,

15 — BoBaneHKOBCK 0B,

16 — ApETH™ECK 08,

17 — Bafigapanoe,

18 = CanmazoBCKOE,

19 — Mano- Amant cxoe:

20 — HoponmopToBEckoe;

21 — ubvyprokoe

Bo3pacT NpoAyKTUBHbIX TOPU3OHTOB:

I:l Ki-2

Ol @ @ @l
[01s [O]s [OJ; [Als
9 Ilﬂ:l

MecTopoxaeHua no $a3oBoMy COCTOAHUIO (MO AaHHbIM roc. 6anaHcos 3a 2022 r. 6e3 yKasaHMA Bo3pacTa
NPOLYKTUBHbIX FOPU30HTOB): 1 — ra3osble; 2 — HedTerasosble; 3 — ra30KOHAEHCATHbIE;

4 — HedTerasoKoHAeHcaTHbIe; MO MaCLITabHOCTN CKOMNIEHWNI IOPCKMX U MenoBoro HIK (reonornuyeckue 3anachl):
5 — ruraHTbl; 6 — YHUKanbHble; 7 — KpynHble; 8 — cpegHue

30Hbl HedTerazoHaKonneHUA (CTPYKTYPHbIE 3/1eMEHTbI) U FTPaHULbl 30H: 9 — YCTaHOB/IEHHbIE;

10 — nporHosupyemble: A — CeBepo-Amanbckuin merasan; b — CpegHe-Amanbckuit merasan; B — 6oBaHEHKOBCKO-
HypMWHCKUIA HaKNOoHHbIN merasan; I — Feopusmyeckmii mesosan; [ — KOxKHO-AManbCKMit me30Ba;

1 — AmByprcknin mesosan (YpeHroincko-Ambyprckaa 3oHa HedpTerasoHakonneHua); P — PycaHOBCKuit merasan
(nporHo3npyeman CeBepo-XapacaBalicko-PycaHOBCKO-J/IEHUHIPAACKan 30Ha HedTerasoHaKonaeHus)

Puc. 1. MacwTabHOCTb CKOM/IeHUI HedTerasoHOCHbIX KOMMJ/IEKCOB (FOPCKUX U MeSI0BOrO)
ceBepHbIX Tepputopuin 3anaaHo-Cnbupckoro HeprerasoHocHoro 6acceliHa

Fig. 1. The scale of accumulations of oil and gas complexes (Jurassic and Cretaceous)
in the northern territories of the West Siberian Qil and Gas Basin
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Tak, HoBomopToBckoe HedTera3oKoHICH-
catHoe Mectopoxaenne (HI'KM) (yamkamsHOE
no 3amacaM B Ji.,) Haxomutcs Ha Hoo-
MOPTOBCKOM ~ TojHATHH  HOxHO-SManbckoro
Me30BaJia (3oHa He(Tera30HaKOIUICHMS);
boBanenkoBckoe HI'KM  (yHuHKambpHOE TIO
3amacaMm B Ji2) mpuypoueHo k bBoBaHeHcko-
HypmuHCcKOMY HakIOHHOMY MeraBaiy (OAHO-
MMCHHAs 30Ha He(Tera3oHaKOIIICHH );

KpyIIHBIE IO  3amacaM  MECTOPOXKICHHSA
B Ji» otkpeite:  SIMOyprckoe HI'KM —
Ha SImOyprckom  MmesoBanmy  (SIMOyprcko-
Yperroiickass 30Ha He(Tera30HAKOIUICHU), a
Mansiruackoe 'K — na Ceepo-Amanbckom
MeraBaiy.

Ha 1oxwuoit  Tepputopum  3amamHo-
Cubupckoro HI'b kpynHple mo wmacmrabam
MECTOPOXKACHUSI YCTAaHOBJIEHBl Ha CTPYKTypax
nepBoro  Topsagka — B 30Hax  Hede-
razonakoruienus: Hosoroguee HI'M (kpymHoe
mo 3amacaM B J3) — BrIHTamypoBcKOM Mera-
Baiy, Ypenroiickoe ' KM (cpennee mo 3amacam
B Jio u J;) — ma lleHTpasibHO-YpeHTOCKOM
Me3oBanny. Xapammypckoe HI'KM (kpymHoe
no 3amacam B J3) pasmemaercs B BoctouHo-
ITypckoit meramoHokinHamM. TakuM 00pazom,
aHallM3 CBSI3U MAacCIITaOHOCTH MECTOPOXKIICHHUH
CO  CTPYKTYPHBIMH  3JI€MEHTaMH  BBISBHII
NPUYPOYCHHOCTh YHHUKAJIBHBIX W KPYHHBIX
o0  3amacaM  MECTOPOXKIACHHH K  30HaM
HeTera3oHaKOIUICHUS, CBA3aHHBIM C KpYyI-
HBIMU TMOJIOKUTENbHBIMU CTPYKTYpPHBIMU
3JIEMEHTaMH — METa- U ME30BaJIaMH.

MecTopoxkAeHNA-THTaHThI MEJI0BOTO
BO3pacTa (BEpXHUI MPOAYKTUBHBIA KOMILIEKC,
BKITIOYAIOMIMNA  anT-ajib0-CEHOMAaHCKHE — OTJIO-
JKEHHs1)  TaKKe  TPUYpPOUYEHBl K  30HAM
HeTEera3oHaKOIUIEHUS, OJHA M3 KOTOPBIX —
VYpenroiicko-JAMOyprckass —  pacrojoKeHa
B oceBoi uactm Haneim-Tasosckoit HI'O
(Ypenroiickoe I'KM, SAmOyprckoe HI'KM,
Mensexbe HI'KM), a gpyras — nHa Smane

(bosanenkosckoe HI'KM, Kpysenmrepuckoe

I'KM), npuypoueHnass k bBoBaHEHKOBCKO-
HypMuHCKOMY HaKIOHHOMY MeraBally, — OHa
mpotaruBaercs B pernoH  FOxHO-Kapckoit
BINAJAWHBI, 00pa3zyss OJHOMMEHHYIO  30HY
HeTera3oHaKOIUICHHUS, CBS3aHHYIO C TUTaHT-
CKHMHA MEJOBBIMH  MECTOPOXKICHUSIMH  Ha
KOHTHHEHTe ¥ Ha 1menbde. PycaHoBckwmii
MeraBajJl C TUrAHTCKUMU M yYHUKaJIbHBIMHU
MECTOPOXACHUAMU MEPUAMOHAIBHOTO INPOCTH-
panuss ¢ PycaHoBckuM, JleHuUHIpaackum u
CeBepo-XapacaBdiCKUM TOTHATHIMHA, KOTOPHIE,
mo JaHHBIM [1], OTUYETIMBO MPOSBISIOTCS
B penbede

MCJIIOBBIX TOPHU30HTOB,

BEPOSITHO, MOKHO CUMTaTh Cesepo-
Xapacapaiicko-PycanoBcko-JIeHUHTpacKol 30-
HOoW  HedrerazoHakorieHus. [lo  JaHHBIM
[1], JTa 30Ha He(Tera30HaKOTICHHSI
BO3MOXXHO TPAacCHUPYETCs] TOJBKO IO MEJIOBBIM
OTJIOXKEHUSIM, MOCKOJIBKY B penbede KpoBiu
1oppl PycaHOBCKOe KyTOJIOBUAHOE TIOAHATHE
HaxonutTcs K ceBepy oT HOxkno-Kapckoit
CHUHEKJIU3bl, OKOHTYPEHO Ha OoTMeTKe -3420 M,
a Ha pacHoJIoKeHHOU lokHee JleHuMHrpaackoi
wiomaan B penbede  KPOBIM  FOPHI
MOJIHATHE HE BBIAENAETCS W MECTOPOXKACHUIO
B IUIAHE OTBEYAET CEBEPHBIM MOHOKIMHAJIBHBIN
O6opr nenpeccun. Takxke UHasg TPaKTOBKa
UCTOPUH Pa3BUTUSL M CTpoeHust JleHWHrpan-
ckoro u PycaHOBCKOrO  MecTOpPOXKIEHHIA
BBICKazaHa B  pabore [11]. B  Heilt
aBTOP OTMEYAeT Pa3lW4Msi B MX «CTPYKTYpHOU
BBIPQKEHHOCTH» W TOBOPUT O Pa3IMYHOM
reHe3nce o00pa3oBaHUS Ta30BbIX T'HTAHTOB
B 3TOM YacCTH PEruoHa.

B Bompoce o BbwieHeHHMH HedTe-
Ta30HOCHBIX KOMIUIEKCOB B PETHOHE HET
€MHCTBAa MHEHHW, HO TE€M HE MeHee
CTONT  TPHUBECTH  JaHHBIE  PE3yJbTaTOB
OoyibLIOTO  TpyJa TPYHNbl HCCIIEAOBATENCH,
OXBaTHIBAIOIIME O0BEM Ie€0JI0r0-TeOXUMUIECKUX
1 reor3NYecKuX H3BICKAaHWH, HAKOIHMBIIUXCS
3a  Oouee

BEKOBOM  IIEpHOJ ~ HUCTOpPUU

n3zyuennsa 3ananHo-Cubupckoit Apkruku [12].
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ABTOpBI  BBIJCNSAIOT HE TOJNBKO 30HBI
He()TEeTa30HAKOIUIEHUS,, HO W Yy3/IBl HedTe-
ra3o0HaKOIJICHUS, UTO sIBIsiETCsl OoJiee KPYIMHOU
uepapxueil B CHUCTEME MOHATUH O Mpoleccax
HedTerazooOpa3oBanms, O TMpoleccax, BbIpa-
JKEHHBIX B TIaHeTapHOM Maciutabe. BrimeneHo
MATh Y3JI0B Ta3oHe(TeHaKOIUIeHus: boBaHeH-
KOBCKO-XapacaBiHUCKui ra30KOHACHCATHBIH,
TamOetickmii ra30KOHACHCATHOHE(D TSIHOM,
HoBonoproBckuii He(Tera30KOHICHCATHBIMT,
HentpanpHo-OOCKHMI  Ta30KOHACHCATHBIH H
PycanoBcko-JIeHHHIpascKuil  T'a30KOHJEHCAT-
Hbli. [lo MHEHWIO aBTOpPOB, BHE 3THX Y3JIOB

MaclITaOHOCTh 3alieked YB  3HauuTenbHO

CHMKACTCA.

BEXDOBOEER|

[Tpuunna BBICOKO MacITaOHOCTH

3anexeit (MerapesepByapoB) BEpXHETO
nponyktuBHoro  HI'K  ceeepa  3amamnoit
CubupHu — TUTAHTCKUE M YHHKAJIGHBIC 3aIachl
YB cChIpbSt — OOBSACHSAETCS OJIATONMPHUATHBIM
COUCTAHMEM  KaK  TCOXMMHYECKUX,  Tak
U TCOJIOTHYECKUX OCOOCHHOCTEH  peruonHa
[12], MpH  3TOM OopIoe BITHSTHUE
OKa3bIBAIOT TeOoNUHAMUYecKue mporecchl. Kak
moka3zaHo B pabore [13], oOpa3oBanue
MeCTOpO)KHCHHﬁ-FHFaHTOB B O3TOM pPCruoHe
00yCIIOBJIEHO HATWMYMEM KPYIHBIX U TUTaHTCKUX
CTPYKTYPHBIX  JIOBYIIEK W  3HAYUTEIbHOU
BBICOTOM 3aJie’keil, 4TO XOpOIIO OTpakaeTcs

Ha cxeMme (puc. 2).

YcnosHble 0603HaueHuA:

1 — mecTopoxaeHus;
2 —rpaHuLLbl 30H
HedTerasoHakonneHuA

30Hbl HedTerasoHaKoneHua:

| — YpeHroicko-Ambyprckas,

BblCcOTa noBywek 6onee 200 m;

Il — BoBaHeHKOBCKO-HypmuHckas,
BbicoTa nosywek ot 100 go 150 m;

Il = KOxKHO-AManbcKas,

BbICOTA NoBYyLIEK MmeHee 50 m;

IV — CeBepo-XapacaBancKko-PycaHOBCKO-
JleHWHrpaackan, NporHosnpyemas,
BblCOTA NloByLeK 6onee 100 m

Puc. 2. Cxema 30H HedTerasoHakonieHus YB ckonieHui
B CEHOMAHCKMX OT/IOXKEHUAX C TMIFaHTCKMMM 3anacamm
C YKa3aHWeM BbICOT /IOBYLLEK

Fig. 2. Diagram of oil and gas accumulation zones of
hydrocarbon accumulations in Cenomanian deposits
with gigantic reserves, indicating trap heights
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Ha cxeme JIOCTaTOYHO YETKO
obocabmmBaeTcss 30Ha MectopoxaeHuit (1)
C  MakKCUMaJbHBIMH  BBICOTAMH  JIOBYILIEK
(6omee 200 ™M), K KOTOPOH NPUYPOUCHBI
MECTOPOKIACHHUS YB c TUTaHTCKUMH
U yHUKQIBHBIMH 3amacamu  (cM. puc. 1)
W CBA3aHHAaA C Y peHroicko-AmOyprckoi
30HOH HedTera3oHaKoIUIeHHs. MacmTabHOCTh
cKoIieHud YB yBenuuuBaercs ¢ yBEIUYECHHEM
BBICOTHI 3aJeKH " COOTBETCTBEHHO
c yBEIUYEHHEM BBICOTHI JIOBYIIIKHY,
YTO TIOATBEPKAACT 3HAYUTEIHHOC BIUSHUC
Ha porLecc yBEJINYECHUS 3armacoB
reoIMHaMUYecKux TmporeccoB. Kak sBCTByeT
W3 pUC. 2 — 30HBI, BBHIIEISIEMbIE TI0 BEIIMIMHAM
Beicor JsoBymek (I, II III), coorBercTByIOT
B OCHOBHBIX CBOMX OYEPTAaHUSAX 30HAM
HedTerazoHakoruieHus. VMHTepecHO, HO W
CIIOPHO BO3MOKHO BbIJIETICHHE 30HBI
¢ JoBymkamu Oomee 100 M B o0Onacteh
Kapckoro wopss B mporHo3upyeMor 30HE
HedTerazonakomieHus: CeBepo-XapacaBincKo-
Pycanoscko-JlenuHrpanckoi. 30Ha ¢ BEICOTaMHU
oOoiee 100 M  oOTKphIBaeTcsi B  BHIE
pacIIMpsIOIIEerocs  «3alliBay B CTOPOHY
Kapckoro mopss B 3amazHON U 1Oro-3amajgHoil
yacTsax Amansckoit HI'O. D10 MectopoxaeHus:
Kpysenmrepackoe (146 ), boBaneHkoBckoe
(120 m) m Xapacasaiickoe (100 m). MoxHo
MIPOTHO3UPOBATH, 4TO npu HaJTMYUH
BBICOKOAMIUTUTYAHBIX JIOBYIIEK B JTOH YacTH
akBaropun Kapckoro mopst OynyT oOHapy >KeHBI
3ajexx ¢ H>150 M, a BO3MOXKHO, Jaxe
u 200 m. BeposTHee Bcero, 3To OyIeT 3aBUCETh
TOJILKO OT HalM4MUi BHICOKOAMILTUTYTHBIX
JoBYyIIEK 0 Kposiie cenomana [13]. Ilo qarabM
[14], The aHaMM3UPYIOTCS BBICOTHI CTPYKTYP
B HOxHO-Kapckom permone # BBIICISIOTCS
Hamboee TMEPCIeKTUBHBIE  OOBEKTHI,  3TO
MPEANOIO0KEHNE MOKET UMETh MOJATBEPKICHUE,
YTO, HECOMHEHHO, YBEIWYUBAET IPOTHO3ZHBIE

OLICHKHU OTKPBITHUA JOMOJIHUTCIbHBIX BbICOKO-

MEeONTHBIX MECTOPOXKICHHUH B  IMIEIh(HOBOM

apKTHYeCKOM peruoHe Kapckoro mopsi.

CmaduliHocmb Kamaz2eHemuYyecKux

npoyeccoe 8 00Mes06bIX OMAOIEHUAX

u haszosoe cocmosHue 3anexceli

Ha puc. 3 mnoxasaHel cTaguM KaTta-
TCHETHYECKOH MpeoO0pa3OBaHHOCTH  OpraHH-
yeckoro BemiectBa (OB) ceBepHBIX PETrHOHOB
3anagaolr CuOWpPH HIDKHECPETHEIOPCKOTO |
BepxHetopckoro  HI'K.  Ilpu  nmoctpoeHun
cxeM 1o kararenesy OB 3a  ocHOBY
B3sra kapra A.H. ®ommma u gp. [15],
a TaKkKe  pe3yibTaThl,  OIyOJIMKOBaHHBIE
HaMU B TWpensaymmx paborax [9, 10, 14].
B  mpencraBieHHOM — HMCCIEIOBaHMM — 30HBI
Pa3IUYHOrO0  KaTareHEeTHYeCKOro mpeodpaso-

Baus OB mopox TpaccupoBaHbl — HaMH

B obnactpb CEBEPHBIX menb(hOBBIX
MECTOPOXKACHUM.
Ha cxeMmax BBIJICJICHBI 30HBI

pacmipocTpaHeHusi  npeobOpazosanHoctH OB
pa3IMUYHBIX CTAaauil KaTareHe3a M TIPUBEICHBI
IrpaHMIBI  30H CcKomleHud YB  pasHoro
¢azoBoro cocrosiHus. CormocTaBieHUE CTaJIHiA-
HOCTH KaTareHeTudeckoro npeobpazoBanus OB
IOPCKUX OTJIOKEHHH C BEIMYMHON HavaJbHBIX
3arnacoB YB He BBIABWIIO MEXIy HUMH NPSMOU
3aBUCMMOCTH. Kak  oTMedanoch MHOIMMHU
TrC€OXUMHUKAMH U TIOATBEPAMIIOCH MPOBEACHHBIM
WCCIIeIOBaHHEM, CTemneHb Kararenesa OB
onpezenseT Tiin YB ionna — ¢ yBelnnueHHUEM
rpajanuii KaTareHesa THI 3aJIeKH MEHsSeTcs
oT He(TAHOW K Ta30KOHJICHCATHOHE(TSIHOM,
ra30KOHJICHCATHOW U Ta30BOM.

B cesepnoii yactu 3amagHo-CuOHpcKoro
HI'b oprannyeckoe BEIMECTBO HHKHEIOPCKOIO
HI'K (6azampHBIX

mpeaACTaBJICHO TpEMA IpaganusamMu Karta-

TOPU30HTOB I0pBI)
rene3a: craguasmu MK,, MK; u AK;, T.e.

YMEPCHHBIM, CHJIBHBIM ME30KAaTarcHE3 oM M

alroKaTarcHE30M.
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1 KAPCKOE Jis KAPCKOE Ja
MOPE MOPE

YcnoBHble 0603HaYeHUA:

lpaHuubl 30H: 1 — rpagaunit KatareHesa; 2 — YB ckonieHui pasiMyHoro ¢pasoBoro COCTOAHMA

lpapgaumm KatareHesa: 3 — MK: (Ro=0,5-0,85%) — cnaboro mesokatareHesa; 4 — MKz (Ro=0,85-1,15%) —
YMepEHHOro mesokatareHesa; 5 — MKs (Ro=1,15-2,0%) — cuibHOro me3sokaTareHesa; 6 — AKi (Ro>2,0%) —
anokaTareHesa

MecTopoxaeHua: Ji2: yHUKanbHble: 1 — Mobepa; 15 — bBoBaHeHKoBcKoe; 20 — HOBOMOPTOBCKOE; KPYMHbIe:
7 — ManbirnHckoe; 18 — CanmaHoBcKoe; 21 — Ambyprckoe; cpegHue: 10 — lOxHo-Tambeickoe; 19 — Mano-
AiImanbckoe; J3: cpegHue: 10 — HOxHO-Tambeickoe

Puc. 3. Cxema CTa,D,MﬁHOCTM KaTareHe3a opraHM4YeCcKoro eeLiecrtsa OPCKUX He¢Tera30HOCHbIX KOMNNEeKCOoB:
a — HUXXHeCpeaHEPCKOro, 6- BEPXHEPCKOro

Fig. 3. Diagram of the stages of catagenesis of organic matter in Jurassic oil and gas complexes:
a — Lower—Middle Jurassic; b — Upper Jurassic

Haubonpmyro  miomans — TEppUTOPUHU NPOTATHBAIOIIMECS B 001acTh IEHTPAIbHON

Smansckoit u I'siganckoit HI'O  3aHumaror
peruoHsBl 3Ha4YMTeNbHO mpeoOpasoBanHoro OB
nopon cramgun AK;, npuypodyeHHBIE K 30HaM
HeTera3oHaKOIUIGHWS] C Iora Ha  ceBep
or T'eodusuueckoro, CpenHe-SIManbckoro wu

CeBepo-fIMaibckoro  MeraBajoB ©  jajee

yactu Kapckoro wmopss B ceBepo-3amnagHoM
HampaBlieHUH K PycaHoBckoMy MeraBaimy. JTo
30Ha  Ta30KOHJEHCAaTHBIX  MECTOPOXKICHUM.
31ech OTKPBHIT WEIBIA PSIA  MECTOPOXKIACHHIM:
MabIrMHCKOE, CaJIMaHOBCKOE, IOxHO-

Tambetickoe u nip.
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IIpy 53TOM MOXHO HPOTHO3MPOBATH
B 30HE aroKaTareHe3a LEHTPAJIbHOW YacTu
Kapckoro Mopsi mo (¢a3oBoMy COCTOSHHIO
ra3oKOH/IEHCATHBIE  CKOIUIEHHUS,  BO3MOXKHO
ra3oBble. 30HBI TpeoOpazoBanusi OB cragum
MK; u MK> 3aHuMaroT MeHbIllee IpoCTPaHCTRBO,
pacmoJiarasich Ooxee Y3KO0i MIOJIOCOU
K rro-zanagy ot 30Hel AK; B paiioHe
30H He(TEra3oHaKOIUICHHUS, MPUYPOUYECHHBIX
K boBaHeHKOBCKO-HypMUHCKOMY HaKJIOHHOMY
Merasany (ctaaust MKsz) u IOxHo-SMmanbckomy
Me3zoBany (cramus MK3). 3mech OTKpBITHI
ra30KOHJIeHCAaTHOHE(PTAHBIE CKOIICHUs. B 30He
MK, — wMecrtopoxaenus Mamno-SImManbsckoe
u HoBomoproBckoe, B 30He MK; —
boBanenkoBckoe, Apkrudeckoe u ap. Ha
menspe Kapckoro Mops w B 30HE
baiimaparikoii ryObl MPOTHO3UPYIOTCS CTaAHH
npeoOpazoBanuss MK;-MK, u  BO3MOXHO
oOHapyKeHHE Ta30KOHAECHCATHOHE(PTIHBIX H
HeTEra30KOHICHCATHBIX CKOIICHUH.

Takum 00pa3oMm, 30HaAM CTaAUHHOCTH
KaTareHeTuyeckoro  mpeobOpasosanusi OB
0a3anbHBIX ~ TOPH30HTOB  IOPBl  OTBEYAIOT
ompenesieHHble 10 (a3oBOMY  COCTOSIHHIO
Tinel  YB  ckomneHmil.  30HE  yMEPEHHOIO
KarareHesa —  HeQTAHBIE  3aiexu  (He
MOKa3aHHbIE Ha KapTe — IOKHEE HCCIelyeMOn
obmact), B 30HE CHWJIBHOIO  Me30KaTa-
reHesa npeobagarT ra30KOHJIeHCATHO-
HeTSHbIE 3aJie)Kd. 30HA amokarareHe3a —
3T0  00JacTe  NPHUCYTCTBUS  T'a30KOHJCH-
CaTHBIX 3ajJeXel C HHU3KMM KOHAEHCATHBIM
baxTopom.

OB BEPXHEIOPCKUX OTJIOKEHUIN
nmpeoOpazoBaHO 3HAYMTENbHO MeHbine. Crabo
mpeoOpa3oBaHHOE OB CTaINH I1K;
(Ro<0,5%) pacmpocTpaHeHO OTpaHHUYCHHO
n  (Qukcupyercs JHMIIb Ha  JIOKAJIBHBIX
ydacTKkax Ha ceBepe 3amagHod CuOupwm.
OcHOBHOE pa3BUTHE 3]1eCb HMEIOT  30HBI

ME30KaTareHeTUYeCKOi  craguu  mpeodpaso-

BaHMUS OT Claboro /0 CHIBHOTO ME30-
Kataredeza, T.e¢. or MK; nmo MK;. 3omna
npeoOpazoBanus OB mopon craguum  MK;
3aHUMaeT HauOONBLIYI0 IUIOIAAb, MPaKTH-
yecku Bclo ['siganckyro HI'O, u mporsaru-
BaeTcid 3HAYMTENBHO CeBepHee B 00JacTh
Kapckoro mops. OB Ha  Tepputropuu
30H He(drerasoHakoruieHuss boBaHEHKOBCKO-
HypMmuHCKOrO  HaKJIOHHOrO  MeraBaina |

PycaHnoBckoro npeodpa3oBaHO HECKOIBKO HHXKE,

o CTaIuu MKo. 3nech OTKPBITHI
He()Tera30KOHICHCATHBIC CKOTLIICHHMS.
Hamm JaHHbIE o CTEIeHU

KaTareHeTu4eckoir mpeoOpazoBanHoctH OB
FOPCKHUX HI'K KOPPECTIOHAUPYIOTCA c
WCCIIEIOBAHUAMU ApPYyrux aBTOpoB [16-18].
I[Io  gamEHBIM [16], ®©Ha  KapTe-cxeme,
OXBaTBIBAIOIIEH FOKHYIO YacTh Kapckoro mops,
MpakTHUecku Bco  Tepputopuio  HOxHo-
Kapckoro HI'b (puc. 4), Ttakxke oTMedaeTcs
3HaYUTENbHas pPa3HULIA B CTENEHH MPOTPETOCTU
KpOBEIbHOM © 0a3aJibHOM dYacTedl paspesa
opckux HI'K. Ecnu BepxHErOpcKue OTIOXKEHUS
Ha OOJNBIIEH 4YacTH TEPPUTOPUU HAXOMSITCS
B MIaBHOW 30He HedTeoOpasoBanus (I'3H),
TO B IIOJIONIBE HWKHEIOPCKUX OTIIOKEHUH
nporperocte OB 3HaunrtensHo BblLe, U OB
nomagaetr B [3[, rae dQopmupyroTcs raso-
KOHJICHCATHBbIE M Ta30KOHJICHCATHOHE(TSHBIC
CKOIUIEHHS, a 33 CUeT MpeodIagaHus TyMyCOBOU
OpraHuK{ BO3MOXHO M ()OPMHUPOBAHHE Ta30BBIX
ckomneHud. U3 puc. 3 u 4 caemyer, 4to s
BCEIO  IOPCKOIO  KOMILIEKCAa  XapaKTepHO
CYLIECTBEHHOE OCJIabJIEeHHE NPOrPETOCTH B IOT0-
3alaJHOM HAINpaBJIEHUU W TIEPEXO] B 30HY
6oee ciraboro Me3oKaTareHesa.

B pa6orax [17, 18] u3ydeHna cTaiuifHOCTh
KaTareHeTndeckux wu3MeHeHuit OB  ropckoro
KOMIUIEKCA W TPHUBOJUTCA KapTa KaTareHesa
OB c panHbpIMH mMOKa3aTeNsl OTpaXkaTelbHOMN
criocoonoctn ButpuHHTa (Ro, %) B KpoBIE

topckux otioxkenuit I0xxno-Kapckoro pernona.

382



AKTyanbHble npobnembl HedTH U rasa. T. 16, Ne 3, 2025

http://oilgasjournal.ru

—

[ ] rrasdas s vedrectpacesen [ Mnamas 30 rasoobpaceses

“1‘“ PaBHON C

0 ?0.“1& Lyl ;‘ﬁ
OTnoxeresn ve BOWETLWE B
a0 xoey weprecpascamern L & | MICTORGRaen yIee02090208
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a/a

6/b

Puc. 4. KapTbl KaTareHeTM4YecKon npeobpasoBaHHOCTM:
a— B KpoB/e; 6 — B N0oAOLIBE IOPCKOro KOMM/IEKca

Fig. 4. Maps of catagenetic transformation:
a —at the roof; b — at the base of the Jurassic complex

UcmoyHuk: [16]
Source: [16]

B unentpe Kapckoro mopst orMeueHa
HauOomblIasg CcraguiiHocTh KatarerHesa OB,
Ro
(MK3),

u oro-3amag craguitHocts OB ymeHbmaeTcs

npu 9TOM MOXKET JOCTHUT'aTh

BennuuH 1,55% a Ha ceBep, IOr
no BeamumH Ro 1,15% u Hmxke, po 0,65%
(MK>-MK))

ryOBl

Ha Tepputopun balinapankoii
u Ilpunaiixoiicko-IIpuHoBO3EMENBCKOM
MOHOKJIM3BI. [lojoOHasi TEHJEHIUSI BhISIBIICHA
W B HACTOSIIEM HCclefoBaHUU (cM. puc. 30).
Crour OTMETUTH, YTO, HWMEHHO OIUPAsAChH
Ha nmanneie [17, 18, 19], Hamu B padore [14]
BBIJIETICHBI Hanboliee MepCreKTUBHBIE 00bEKTHI-

JIOBYIIKM [UIsl TOWMCKOB 3anexed YB u naH

nporHo3  (a3oBOrO  COCTOSHUSL — OXKHMJIAeMBbIX
CKOIUIEHUI o BCEMY 0CaJIOYHOMY
nepcuekTuBHOMY — paspesy  HOxno-Kapckoit
BITAIVHBI.

Ilo nmammaemm [20] (puc. 5),

B YaCTHOCTHU IIOPOABI

BEepXHE-
IOPCKUE  OTJIOKEHHUS,
0a)KEHOBCKOM  CBHUTBI,  TakKe  OTBEYAIOT
CTaJUM Me30KaTareHesa, IMPH O3TOM CTCICHb
Ha
OB

4TO TIIOATBEPIK-

3pENIOCTH YBEIHUNBAETCS
MK; gm0 MK..

IIECTBEHHO CaIlpOIIEJIEBHIH,

ceBep

oT Tun Ipeumy-

JacCTCs TakK XKE — HpeO6J'IaI[aHI/I€M
HU3KOMOJICKYJISIDHBIX T'OMOJIOTOB Ha XpoOMaro-

rpaMMax.
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lpagaywuM kaTereHesa
(no Baccoesunuy, 1975)

MK5
MK4
MK3
MK2

MK1

MK
CHBAMMHB, BCKPHBLUWE
BEpXHEDpCEMe OTNOMEHWA

OcpeqHeHHbIe 3ameps
Tmax/Ro B cHBaNMHHAX

s 1 i

Puc. 5. KapTa KaTareHeTMYeCKOM 3pesioCTM BEPXHEIOPCKOM HedTerasomaTepmMHCKOM Tonwm bapeHuesa
KapcKkoro mopeli (npuBeaeHa YacTb KapTbl: KOxKHO-Kapckuit 6acceliH u ceBep 3anagHo-Cubupckoro HIB)

Fig. 5. Map of the catagenetic maturity of the Upper Jurassic oil and gas source strata of the Barents and Kara seas
(part of the map shown: South Kara Basin and northern West Siberian Oil and Gas Basin)

UcmouHuk: [20]
Source: [20]

Takum o0Opa3oM, IOpCKHUI KOMIUIEKC
otnoxenuil  3amagHo-Cubupckoro HIBb B
npefenax ero CEeBepHOW dYacTh M jaiee
Ha ceBep B obOmacte menbpa Kapckoro
Mops (B obmacte HOxkno-Kapckoit HIO)
obnayaer BBICOKHMH HepPCTIeKTHBAMHU
Ha OOHapyKeHHE Ta30KOH/ICHCAaTHOHE(TAHBIX,
ra3oBbIX U, BO3MOXHO, He(Tera30KOHIEH-
CaTHBIX CKOIUIGHHHM, 4YTO IOJITBEPKIAETCS

ACTAJIbHBIMU UCCIICAOBAHUSAMU TCPPUTOPHUU.

3aKknoueHue

OreHeHsl MaclITA0OHOCTL CKOILIEHUI YB
B 30HaX He(TEera3oHakOIUICHUS, a TaKxKe
CTaIUNHHOCTh  KATareHeTUYECKUX  MPOLECCOB

B JOMECJIOBBIX OTIOXCHHUAX H_IGJ'IL(I)OBLIX

tepputopuii FOxHo-Kapckorr HI'O B Kapckom
MOope W TporHo3  (a3oBOTO  COCTOSIHHSA
3aNIekKen.

[lokazaHbl pe3ynbTaThl aBTOPCKUX HCCIIE-
JIOBaHUI W TPOAHAIM3UPOBAaHBI OIYOJIMKOBaH-
HbIC JIaHHBIE MO MAaCIITA0HOCTH CKOTUICHHN
VB wmenoBeix u topckux HI'K  ceBepHBIX
tepputopuii  3anagno-Cubupckoro HI'B, a
TakKe MaTephallbl IO MIeNb()OBBIM paiioHaM
HOxno0-Kapckoit HI'O. OOocHOBaHBI  30HBI
He()TEra30HAKOIUIEHUS! B  KOHTHHEHTAILHOM
gactd (Smansckas HI'O), cBs3anHBIE CO
CTPYKTypaMHu IEPBOTO TMOpSJIKA — BaJIaMU H
MeraBajlaMd, K  KOTOPBIM  TPUypOUYEHBI
MecTopoXxaeHus YB ¢ Oonplmiumu 3amacamMu —

YHUKAJIbHbBIE U KPYITHBIE.
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Belgenena Taxke IMPOrHO3UpyeMas 30HA
He(TEera3oHaKOIUIEHUS, NPOTATHBANOLIAACA C
TEPPUTOPUI KOHTUHEHTAJIBHOM YacTh 3amaaHoi
Cubupn B  akBatopuum Kapckoro  mops
IOxno-Kapckoit ~ HI'O.

TpaCCI/IpOBaHI/Ie 30H nu nux BBIYJICHCHUC

Ha  TEepPUTOPUU

MONTBEPKIAACTCA  BBICOKOW  MAacIITaOHOCTHIO
ckomeHnit YB B 3THMX 30HaX, a Takke
SBOJIIOMOHHOA CHCTEMHOM H3MEHYHMBOCTHIO
CTaguHHOCTH KaTareHesa OB, 4YTO
o0ycnaBnuBaeT M ONpeAeicHHYI0 (Da3oByIO
30HAJBHOCTh YB CKOIUIEHUWH, uepenys 30HbI
HeTera3oKoHJIeHCATHBIE,  T'a30KOHJCHCATHO-
Heq)TﬂHI)IC, 30HbI Ta30KOHACHCAaTHbIX u
razoBbix ckorvieHuil. IlpoBeneHHble Hccaeno-
BaHUS CBHUJICTENBCTBYIOT O IPEEMCTBEHHOCTH
mporieccoB HedrerazoobpazoBaHusl Ha TeppH-
topun  Bcero 3amagHo-CuOmpckoro HI'B,
OT KOHTHHEHTAIBHOTO IMIenb(a 10 ceBepa
ApPKTHUKH.
Uccnenosanus, MpEICTaBICHHBIE B
HacTosel paboTe, OCHOBaHHBIE HA aBTOP-

CKOM MaTepuaji€c MW KpPUTHUYCCKOM aHAJIU3C

Bknap asTopoB

(aKTUIeCKNX W OIyOJUKOBAHHBIX JaHHBIX,
HanpaBjIeHHbIE HAa H3y4YCHHE IPOBOANMBIX
pabot B obnactu OoJiee CEBEpHBIX APKTUYECKUX
tepputopuii Ha 1menspe Kapckoro wmops,
rIe B TOCICIHHE TOJbl OTKPBITHI YHHKAJIbHBIC
W KpYIHBIE 10 3amacaM MecTopoxacHus YB,
SBJIAIOTCSI aKTYaJIbHBIMH U BOCTPEOOBAHHBIMH H
UMEIOT OOJBIIOE HAayYHOE W HPAKTHIECKOE
3HaYCHUE.

CHucTeMHBIIT M KOMIUIEKCHBII ITOIXOX
K TMpobieMe THMU3AUHU  YTJIEBOJOPOIHBIX
(GIIOUI0B MECTOPOXKIICHUN IOPCKUX U MEIOBOTO
HI'K ceBepHnbix peruoHoB 3amagHo-CruOupckoro
HI'B ¢ BeixogoM B 1ICHb()OBYH  30HY
N0 MacmTaOHOCTH CKOIUICHHH, BBIICICHHS
mpu 3TOM 30H mpeodpazoBanHocTH OB 1O
CTaIMHHOCTH KaTareHe3a W, COOTBETCTBEHHO,
mo  (a3oBOMYy COCTOSIHHIO, CHOCOOCTBYyeT
oonee 3ddexkTHBHON  OLEHKE MEPCICKTUB
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NEW METHODS AND TECHNOLOGIES OF STUDYING THE GEOLOGICAL ENVIRONMENT
OF OIL AND GAS BASINS

Original article

Features of the scale of hydrocarbon accumulations and oil and
gas accumulation zones in the Arctic regions of Western Siberia

Svetlana A. Punanova P4, Svetlana A. Dobrynina
Oil and Gas Research Institute, Russian Academy of Sciences, 3 Gubkina St., Moscow, 119333, Russia

Abstract. Background. The work carried out in the northern Arctic territories on the Kara Sea shelf,
where unique and large hydrocarbon deposits have been discovered in recent years, has generated the
need for research based on the authors’ personal material and a critical analysis of actual and published
data aimed at their study. Objective. To substantiate and apply an integrated systems approach to
assessing the prospects of the territory of northern Western Siberia and the Kara Sea shelf based on the
analysis of the scale of accumulations in oil and gas accumulation zones, as well as the stages of
catagenetic transformations of organic matter in rocks of Mesozoic oil and gas complexes. Materials and
methods. A database of analytical and scientific data on the geological and geochemical features of
hydrocarbon accumulations with different initial geological reserves. Analysis of the results on the
stages of catagenetic transformations of organic matter in rocks of the northern regions of Western
Siberia and the phase state of deposits. Results. The large-scale nature of hydrocarbon accumulations in
oil and gas accumulation zones extending from the continental part of Western Siberia into the Kara Sea
is confirmed, as is the uniform systemic variability of the organic matter catagenesis stages, which
dictates the specific phase zoning of hydrocarbon accumulations. Conclusions. The classification of
hydrocarbon fluids from deposits of the Jurassic and Cretaceous oil and gas complexes in the northern
regions of the West Siberian Qil and Gas Basin, with the identification of organic matter transformation
zones based on catagenesis stages and, accordingly, phase state, as well as the scale of accumulations,
facilitates a more effective assessment of the territory’s oil and gas potential and raw material quality,
as well as the improvement of separate forecasting methods, which is a prerequisite for the
development of hydrocarbon deposit development and exploitation methods.

Keywords: Arctic regions of Western Siberia, oil and gas fields, oil and gas accumulation zones, phase
state of hydrocarbon accumulations, catagenesis of organic matter, oil and gas complexes
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HOBbIE METOZbl U TEXHO/TIOMMU U3YYEHWA FTEONTIOTMYECKOM CPEADI
HE®TErA3OHOCHbIX BACCEMHOB

OpurnHanbHaA cTaTbA
YK 622.27
EDN: GTJARA

BaunaHue getannsauumm NycTOTHOro NPOCTPAHCTBA KepHa
Ha BbluMceHune GUNbTPALMOHHbBIX CBOMCTB NO TEXHOOIMMMU
«LUndppoBoit KepH»

C.B. CrenaHos P4, 0.10. AuHapues, M.A. 3aropoBckuii
000 «TtoMmeHCKn HedTAHOM Hay4HbIN LLeHTP», Poccua, 625048, TiomeHb, yi1. Makcuma FopbKoro, 4. 42

AHHOTauuA. AkmyaneHocms. TexHonorma «LuppoBoi KepH» OTKPbIBAET LUMPOKME BO3MOMKHOCTU AAA
nccnenoBaHWA CBOWMCTB TropHoOM nopogbl. OAHAKO NpaKTMYecKas 3HAYMMOCTb pPes3y/abTaToB TaKMX
nccnefoBaHUA MOXKET CyLLEeCTBEHHO 3aBMCETb OT KayecTBa UMPPOBOM MoAenu KepHa. B 3aToi cBA3M
aKTya/IbHbIM ABAAETCA NOHMMaHWE BAUAHMA Pa3/iMYHbIX GpaKTOPOB, B YAaCTHOCTU BAUAHWA AeTannsaunm
NYyCTOTHOrO MPOCTPaHCTBa KepHa Ha wuccneagyemble CcBOWCTBA. Lleab pabomei. PaccmoTpeHuve
ocobeHHoCTe TexHonorunm «UndppoBoi KepH» uUcxoaa U3 BAMAHUA AeTanusaumm  MNycTOTHOro
NPOCTPAHCTBA Ha MOAENMPOBaHME TeYeHUs B MNOpax KaK BayKHeWWero npouecca, KOTopbli
06yCNOBANBAET KOPPEKTHOCTb pacyeTa abCoNOTHOM MNPOHULAEMOCTM M OTHOCUTENLHOM (Ha3oBoOW
npoHuuaemoctTn. Mamepuasnsi U memoosl. PacyeTbl BbIMOJAHEHbI C UCNO/b30BAaHMEM MNPAMOro MeToAa
MOZe/IMPOBaHNA Mo TexHonormm «LndpoBoit KepH» NMPUMEHUTENbHO K peasbHOMy 06pasly KepHa.
Pesynsmamel. MpuBeneHbl pesynbTaTbl pPacyeToB abCOMOTHOW MPOHMLAEMOCTM U OTHOCUTESIbHOM
$a30BOM MNPOHULAEMOCTM HA UMOPOBLIX MOAENAX KepHa pasHoM paeTanusauuu. Ons BbIACHEHWA
0CODEHHOCTEWN BAUAHUA AeTanm3auun Ha MHorodasHoe TeyeHue AatTcA NpUMepbl, UANIOCTPUpPYLoLLMe
KanunnapHble 3¢deKTbl B Nopucton cpese. B yacTHOCTM nokas3aHo, YTo abcontoTHaA NPOHULAEMOCTb
ans 6onee rpyboit moaenm MoxKeT 6biTb Bbille, Yem s bonee geTanbHOM Moaenn, o4HaKO Npu 3ToM
COOTBETCTBME KPMUBLIX OTHOCUTE/IbHON (a30BOM MPOHULAEMOCTU MOMKET MMETb MPOTUBOMOJIOMKHbIM
XapaKTep, YTO CBA3AHO CO 3HAYMTE/IbHbIM BAWAHMEM AeTanum3aumy uMdpoBOM MOAEIN KepHa Ha
BbIPAXKEHHOCTb KAaNUANAPHbIX 3GPeKTOB. Bbigodbl. MoKasaHO, YTO OT KayecTBa AeTasiM3aLmmn MyCTOTHOIO
MPOCTPaAHCTBA KepPHAa CyLLECTBEHHO 3aBMUCAT pe3y/ibTaTbl PacyeToB GUALTPALLMOHHbLIX CBOWCTB FOPHOM
nopoapl. [na peweHuAa 3To npobnembl moxeT OblTb  WMCMONL30BAHO MHOromacwTabHoe
MoZeNIMpoBaHue.

Kniouesble cnoBa: umMdpoBoi KepH, AeTanmsauma umdpoBoit moaenn, abconoTHaA MPOHULAEMOCTb,
OTHOCWTENbHasA $pa3oBan MPOHULAEMOCTb

®duHaHcMpoBaHUe: paboTa BbINOJIHEHA B PaMKax LENeBOro MHHOBALMOHHOIMO MPOeKTa KOMMaHWUK
«PocHedTb».
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BeepgeHue

K HacrosmeMmy BpeMEHM TEXHOJOTHUS
«udposoii kepr» (LIK) HaxomuT Bce Oonbliee
INPUMEHEHUE U1  HCCIECNOBaHMS  CBOWCTB
TOPHBIX TIOpPOJ. YUWTBIBasg €€ BO3MOKHOCTH
[0 CPaBHEHHUIO C TPaIUIMOHHBIMU Jabopa-
TOPHBIMH METOIAMH HCCIEAOBAaHUSMHU KEpHa,
MOKHO YBEPEHHO FOBOPHUTH O TOM, YTO HIMPOTA
npuMmeneHuss TtexHoiorun LK co Bpemenem
Oyzer TONBKO YyBenWuMBaThca. [lpu  3TOM
B2)XHO OCO3HaBaTh, YTO PeE3yJbTaT HUPPOBBIX
WCCIIEIOBAaHNN KepHa, KaK W J000W pe3yIbTart,
MOJyYEHHBIN MTyTEM MaTEMAaTUYECKOTO0 MOJECIH-
pOBaHHA, UMEET MPAKTHYECKYI0 I[IEHHOCTb
TOJIBKO B TOM CIIy4ae, €CIH Ha INPUEMIIEMOM
YpOBHE YUTEHBI pazIuyHbIe aCTIeKThI
coznanus 1mdposoit moxmenu kepHa (LIMK)
Y MOJIEJIMPOBAHUS TPOIIECCOB HA YPOBHE IOP.

Ompenenenne 1o  TexHonorum  [IK
(GWIBTPAIIIOHHBIX CBOWCTB TOPHOW IMOPOJBI —
(AIT) u

MIPOHUIIAEMOCTH

a0COIIOTHOU IMPOHHUIACMOCTH

OTHOCHUTENBHOU  (ha3oBOH
(O®II), onupaetcsi, COOTBETCTBEHHO, Ha pacyeT
onmHO(a3HBIX WIH MHOTO(a3HBIX TEYCHHU
B IIyCTOTHOM IIPOCTpPaHCTBE KepHa. J[ms sToro
pa3paboTaHbl pa3HbIE METOBI, KOTOPEIE MOKHO
pa3nenuTh Ha TPYNIy METOJOB IPSMOTO
MOJCIIUPOBAHUSI W Ha TPYIITy METOMIOB IOPO-
CeTeBOro MojeiaupoBanud. llpuHnMnuanIbEHOE
paziuyue MEXIy 3THUMH TPYIIaMd B TOM, YTO
B IMEPBOM Clly4ae€ HCHOJIb3YETCS MOMAEIUPO-
BaHHME TEUEHUH B BOKCEIBHOH TI€OMETpPUU
MMyCTOTHOTO TIPOCTPAHCTBA, a BO BTOPOM —
MOJCIIMPOBAaHUE TEUYCHHU B MTOPOBOH CETH, T. €.
B CONOBOKYITHOCTH TIOp ¥ COETUHSIONINX
WX KaOWUISIPHBIX —KaHAJOB, TOMOJOTHS |
XapaKTEPUCTUKHU

KOTOPBIX OMpeaACIAOTCA

C MOMOUIbIO CIICHUAIIBHBIX MCTOLOB, UCIIOJIb3YH

W3HAYAIbHO BOKCEJIbHOE npeacTaBieHue
MYCTOTHOTO TIPOCTPAHCTBA. YYHTHIBAasA, YTO
MOPO-CETEBOE MOJICIIMPOBAHHE SBIsieTCs Ooee
NPOCTBIM, 1O  CPaBHEHHIO C  TPSIMBIM
MOJICIIUPOBAHAEM, OHO TpeOyeT MEHBIIUX
BBIYUCITUTEIBHBIX PECYpCOB, TOATOMY TaKoe
MOJICIIUPOBAHNAE MOXKHO XapaKTepU30BaTh Kak
sKcpecc-MoaenupoBanrie. C MOMOIIBIO TTOPO-
CETEBOTO MOJICIMPOBaHHUS BO3MOXKHO peIlaTh
CYHICCTBECHHO MEHBIITHMN NEpeUCHb 3ajgad,
4yeM C IIOMOIIBIO IIPAMOro MOACIUPOBAHUA,
MO3TOMY, HECMOTPSI Ha 3HAYUTEIHHYIO Pa3HUILY
B BBIYHCIUTEIBHOW PECYpCOEMKOCTH, 00a 3TH
HaMpaBJICHUs] HE BBITSCHWIHM JpYr Jpyra
B chepe mnupoBbIX UCCIEAOBAHUHN KEpHA.
MHorodasHoe TeueHHEe Ha YpPOBHE IIOp
CyILIECTBEHHO 0oJjiee CIOXKHOe, YeM oJHO(azHOoe
Te4eHne. OTO CBSI3aHO C TE€M, UTO TIpH
MHOFO(i)a?;HOM TCUYCHUHN MOT'YT pCaJIn30BbIBATHCA
pasHble pexuMbl TeueHus. DopmupoBaHue
peKMMa TeYeHHs B mMopax oOOYCIOBIHMBAETCS
pasHbIMH  (aKTOpaMH,  CBS3aHHBIMH  Kak
CO CBOMCTBaMH (DITFOHMIIOB, TaK U C TOMOJIOTHEH
W KoH}Hrypalmed TmMmop W UX CMaduBae-
MOCTBIO, CKOpPOCTBhIO mMOTOKOB. Cormacuo [1],
WCCIIE/IOBaHUs, TPOBEJCHHbIE HA YCTPOHCTBE
JUTSE TUIPOIMHAMUYECKOH (DOKYCUPOBKH TIOTOKA,
cocroAlied W3  KaMWUIIPOB  KBAJIPaTHOIO
TEYEHUS], MO3BOJMIN MONYYUTh KapTy U3 MATH
TUTNIOB TEYEHHWH, YacTh M3 KOTOPBIX MOXKHO
OTHECTH K KJIacCy CTPYHHBIX TE€UEHUH, a APYTYIO
4acTh — K KJaccy 4YeToyHbIX TeueHuil. [lon
YETOYHBIM TCUCHUEM 6YIICM IIOHUMAaTh TCUYCHUC
Yepenylomuxcsi  JJIEMEHTOB (a3,  pasmep
KOTOPBIX COIMOCTaBHM C pPa3MEpoOM IOPOBBIX
kaHayioB. IIpm TakoM Xapakrepe TEYECHMsI HeE
WCKITIOYAaeTCs M TEUEHHE NMPHUCTEHOYHBIX CIIOEB

CMavMBarOINEH (a3bl.
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Kax mpaBuio, wucciaemoBaHust OCOOEH-
HOCTed MHOTrO()a3HOTO TEYeHUs B IOPOBBIX
KaHallax, HampuMmep, MO MPOU3BOJACTBY YETOK,
MPOBOMAATCA MyTeM  (DU3MYSCKUX  SKCICPH-
MeHTOoB. Tak, B pabore [2] paccMaTpuBarOTCA
TPU BapUaHTa KaMWUISPHBIX YCTPOWMCTB IS
reHepanui  d4eTtok. lcciaemoBaHust B 3TOM
HaIPaBIEHUH TPOBOJATCS W IMyTeM YHCIICHHBIX
dKCcIIepuMeHTOB. Hampumep, B pabote [3]
JTAIOTCS PE3yIbTAThHI HCCISIOBAHIN 110 BIMSTHHIO
KaNWUISIPHOTO YHCJIa W JJIWHBI CY)KCHHS Ha
IByx(a3zHoe TeUeHUE B KaMLIAPE IEPEMEHHOTO
norepeyHoro ceueHus. OTMevaercs, 4To AJIMHA
Cy)keHus (TOpJIOBHHBI) OKa3blBaeT 3HAYH-
TenpHOE BiuAHWE Ha dddekr snap-off, T.e.
Ha pa3pbIB CTPYHKH U POPMHUPOBAHHE YETKH.

[Tpu YHCIIEHHOM MOJICJTMPOBAHHIH
3¢(deKToB, CBA3aHHBIX C (QOPMHPOBAHHEM
pEeKUMOB TEUEHHs] B TIOPUCTOM  Cpeje,
COCTOSITENIFHOCTh PEe3yJNbTaTOB MOJEIUPOBAHUS
3aBHCUT  cpead  npouux  (aKkTopoB U
ot geramm3anuu [IMK. Jerammzamus [IMK,
B CBOIO oOuepelb, BO MHOTOM CBS3aHA
C pa3pelieHneM KOMITBIOTEPHOH ToMorpadun
(KT) m ¢ KOppPEeKTHOCTHIO  TPOIETYPHI
CEerMEHTAIlMN TOMOTPapUUECKUX MaHHBIX, T. €.
¢ BeigenenueM u3 KT-nm300pakeHuil B OTTEHKAX
ceporo myctoT W TBepAod ¢aszel. CoBpeMeH-
Has KT (TouHee, KOMIIbIOTEpHAs MHKpPO-
ToMorpadusi) KepHa TIO3BOJSIET  CO3/laBaTh
Tpexmepueie  IIMK ¢ pasmepom Bokcems
nopsizka 1 MKM | BbIIIe. XapaKTepHBIE pa3Mephl
MOPOBBIX KAHAJIOB TOPHBIX IOPOJ, OCOOEHHO
HU3KOMPOHUIIAEMBIX, Ha |—2 TopsAaKa HUXKeE.
Hcnonp3oBanue coBmectHo ¢ KT gaHHBIX,
MOJy4YeHHBIX 10  PacTPOBOW  DJIEKTPOHHOU
MHUKPOCKOIIMM B TOM 4YHCJIE B KOMOWHAIMH
C TexHolorue QOKycHpyeMOoro HOHHOTO
MydYka, T[O3BOJIAET IMOJYYUTh TPEXMEpHbBIC
MOJIETT MUKPOCTPYKTYPBI TOPOJBI C IIIaroM
JMUCKpPETH3allUAd B

HECKOJIBKO JCCATKOB

HAaHOMCTPOB. KOpp CKTHOCTb CETrMCHTal K1

nmaaaeix KT moxker ObITh oOecreueHa 3a cyeT
WCITOJIB30BaHUS Pa3HBIX METOMOB [4].

YuuthiBas ~ BBIIIECKA3aHHOE,  IIENIBIO
MPOBEJICHHBIX HCCIICAOBAHUA OBUIO HM3Y4YCHHE
BIUSHUSA JETANU3AlUU ITyCTOTHOTO TPOCTpPaH-
CTBa KepHa Ha ompeneieHue mo Texuonoruu LK
(UITBTPAIMOHHBIX CBOMCTB TOPHOM ITOPOIBI —
a0COITFOTHON TIPOHUIIAEMOCTH M OTHOCHTEITEHOM
¢dazoBoii mpoHMIIaeMocTH. Ilpm 3TOM He
CTaBWJIaCh 3aJadya W3YYEeHUS OTHX CBOWCTB
C MO3WIMHU aHU30TPONHMU — OTOT BOIIPOC
IJIAHUPYETCS  UCCIENOBaTh B JalbHEUIIIEM.
BreraucnaurennsHbie OKCIICPUMCHTBI NPOBCACHBI
C HCIIOJB30BaHUEM MPOTrPaMMHOTO KOMIUIEKCa
«PH-LIU®POBOI1 KEPH» [4] (CBHzETEIBCTBO
0 perucTpauuu nporpammel  ani  OBM
Ne2023680850 ot 05.10.2023 1.).

Matepuanbl u metoabl

UccnenoBanne BIWSHUS — JIETAIA3ANNAN
MMyCTOTHOTO TPOCTPAaHCTBA Ha OIpe/eIcHHue
AIl n O®II Bemonneno Ha npumepe L[IMK
omHOTO 00pasia BBICOKOMPOHHUIIAEMOTO TEPpH-
reHHoro koyuiektopa. KT Ha mukporomorpade
caenana s oOpasia kepHa guamerpoM 10 M
u BeICOTOM 21 MM ¢ pasperniecHueM
2,77 MKM/Bokc. mpu cwie Toka 130 MKA,
Hanpspkenun 70 kB, ¢ ¢uiaetpom Al 0,5 mm.
U3 cepeaunbl  oOpasma Beimenena [[MK
oosemom 1000 Bokcenei. Jlnsg cerMeHTalMu
ToMOrpaduIecKnX M300paKEHUI HCIOIB30BaH
METOJI  CXOIAIMXCS KOHTypoB. KopoTtko,
CyTh OTOTO METONAa 3aKII0YaeTCs B TOM,
4TO  CerMeHTaluss  Habopa  JBYMEPHBIX
M300pKEHUH TTPOMCXOANUT ITyTEM PACITHPECHHS
3aJ]aHHBIX OO0JIacTe ¢ YyKa3aHHBIMH (ha3zamu
(mopa/TBepioe  BEIIECTBO) B  COOTBETCTBHHU
Cc  ompeaencHHOW  (YHKIHMEW  CKOPOCTH.
[lpu sToM is KaxaoW ¢as3bl ONPEIeNsIOTCS
MOpord, B TMpelnenax KOTOPBIX  BOKCEIb
OJTHO3HAYHO CTaBHUTCS B COOTBETCTBHE TaHHOM

dasze.
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Koaddummenter mopucroctu (0,23 m.exd.)
u raszomponmmaemoctd (2530 wm/l), ompeme-
neansle mo LMK, otBewaroT 51abopaTOpPHBIM
JaHHBIM 1751 38-MM  00pa3moB B Ipenenax
OTHOCHUTENbHOUW morpemHoctd 6% u  1,9%
COOTBETCTBEHHO, YTO SBISETCS MPUEMIIEMBIM
MOKa3aTeleM KauecTBa CerMEeHTAIHH.

Jnst u3ydeHHMs BIUSHUS —JICTaTH3AIUU
MyCTOTHOTO TpocTpancTBa Ha pacuer All u
O®II wu3 wucxomuoir IIMK Opur BeIZEICH
¢dparment pasmepom 100x100x100 Bokceneit
u  ko3¢p¢umuentom mnopuctoctu 0,21 m.em.,
KOTOpPBIA 3areM ObD1 3arpybieH nmo pas-
Mepa 20x20x20 Bokcened ¢ COXpaHEHUEM
¢usnveckoro odbemMa W TOPHCTOCTH. ITO,
coorBerctBeHHO — IIMK-1 ¢ BbIcokoit

a/a

nmeranu3anuend (pasmep Bokcens 2,77 MKM) U
HOMK-2 ¢ Hu#3kol pgeranm3arueit  (pasmep
Bokcenst 13,85 mxwm). Ilpouenypa 3arpyOeHus
I[IMK-1 3akmouanack B e¢ pa30WCHMU Ha
3aJJaHHO€ KOJMYECTBO SYEeK W IPHUCBOCHHUH
3HaueHus sdeiike 0 uiau 1 1Mo MHAEKCY BOKCEIs,
HaXOJSIETOCsl B LIEHTPE MOJMYYCHHOW SIUCHKH.
Ha puc. 1 nokaszans! ati LIMK, npudem uepHslit
IIBET COOTBETCTBYET BOKCEISIM, (DOPMHUPYIOIIIM
MyCTOTHOE  TpocTpaHcTBO. Kak  BHUIHO,
sarpyonenne LIMK mpuBeno k H3MEHEHHIO
KOH(QUTYpallMd  MyCTOTHOTO  MPOCTPAHCTBA,
MpudeM HE TOJNBKO C TIO3WIHWUA TIOTepU
CBS3HOCTH «Yy3KHX» IIOPOBBIX KaHAJIOB, HO
C  mo3uuuMu  o0pa3oBaHMsI B MOJCNH

MEepOXOBATOCTH IMTOBCPXHOCTH.

6/b

Puc. 1. TpexmepHas 6MHapHasn BoKceNbHaA mogenb GparmeHTa KepHa:
a — BblcOKas getanunsauma (LMK-1); 6 — Hu3kas getanusaums (LLMK-2)

Fig. 1. Three-dimensional binary voxel model of a core fragment:
a — high detail (Digital Core Model-1); b — low detail (Digital Core Model-2)

Pe3ynbTatbl  06CcyXaeHME

Pacuer omHOdazHoro u AByxdasHOTO
teuenuit Ha IIMK-1 u IIMK-2 BEImOMHEH
B mporpaMmHOM Komiuiekce «PH-IIU®POBOI
KEPH» mno mnpsMomMy MeTOQy Ha OCHOBE
KBa3UTHJIPOANHAMHYECKOH Moaenn ¢ «audpdys-
HOW rpaHuleiiy Mexay dasamu [5, 6]. [Ipu sTom
yucna PeliHoapaca OBUIM MEHbBIIE €IUHHUILIBI,

9TOOBl  WCKIIOYUTH  BIUSHHE  WHEPIUH.
[To pesynpTaTam MopenupoBaHus oxHO(A3HOTO
TeyeHus B HanpabjiceHuu ocu OY aOcosroTHas
nponuniaemocts [IMK-1 cocraBuna 1710 m/l,
a IMK-2 — 2507 m/l. Paznuune aOGCOMFOTHBIX
npornmaemocreit [IMK-1 u wucxomuoit 1IMK
TOM e JeTaiu3alid CBS3aHO ¢ (HaKTopoM

npeaACTABUTCIIBHOCTHU.
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Lemn wccnemoBanus »Toro (pakropa
B paMKax JaHHOW paboOTBl HE CTaBWJIOCH,
O/JIHAKO  CTOUT  OTMETUTh, YTO  B3aUMO-
CBSI3b MPEACTABUTEIBHOCTH U JETAIM3AIUU
npu  [U(GPOBOM  MOAETUPOBAHUH  KEpHA
mpencTaBiIsieT co00il BakHOE HampaBJCHHE
JUTsE U3ydeHus: ocobeHHocted TexHonoruu 11K,
B TOM YHCJIE C TIO3UIIUU 3aKOHOB PACIPEICICHUS
M C TO3UIMH CTPYKTYPHl M THUIIOB ITyCTOTHOTO
npoctpanctBa. Tor dakr, uyro AIl I[IMK-2
Beime, yem AIl [IMK-1 oOycnoBieH tem, 4To
B Ipolecce 3arpyOsieHus] HEKOTOpble OIHM3KO
pacmooKeHHbIe 001aCTH BOKCEJIEH TyCTOTHOTO
MPOCTPAHCTBA  MMONYYWIH  JTOTIOJHHUTEIHHYIO
CBSI3aHHOCTb.

st OTIPEICIICHUS OTHOCUTETHLHOM
(ha30BOIf MPOHUIIAEMOCTH UCTIOIB30BAIICS METO/T
BEIYMCIIUTEIHHOTO OJKCIIEPUMEHTa II0 HecTa-
[IMOHAPHOMY BBITECHEHUIO [7], B COOTBET-
ctBuM ¢ KoTopeiM O®II paccuuThIBaoTCA
HENPEPHIBHO, T. €. B XOJE BBITECHEHUS OHOU
¢azel mpyro# ¢aszoit. OOpaTM BHHMaHHUE, YTO
O®II, mnomywaemble 1O JaHHOMY METO.NY,
MOTYT HMMETh HEMOHOTOHHBIH BHJ, 4YTO
00yCIOBIMBAETCSI MUKPOCOOBITHSIMU Ha YPOBHE
mop. Jusg  BBINOTHEHHBIX  HCCIEIOBaHHA
5TO TNPUHIMIHAAIBHBIE MOMEHT, TIOCKOJBKY
MHUKPOCOOBITHSI, KaK Oyner MOKa3aHO
HIDKE, HANpSIMYI0 CBSI3aHBI C JeTaId3aIueit
MTyCTOTHOTO TIPOCTPAHCTBA.

PacueTsl mpoOBOMMIKCE TIPH OJMHAKOBBIX
HAYaJbHBIX U TPAHUYHBIX YCJIOBUSAX, CBOWCTBAX
GIIOMI0B W TPOUYMX Mapamerpax: MexdazHoe
HaTspkeHne — 4,7 MH/M; mnotHoctH HedTH,
Boabl — 800 kr/M®, 1000 kr/m3; nuHaMuueckue
Bs3koctn  HedTH, BOmel — 11,7 wlla-c,
1,3 mllac; yrom cmaguBanust — 90°. HauansHOE
HaCBIIIEHHUE MOPOJbI cooTBeTCTBOBaANO 100%-My
HachIleHHI0 HedThio. Ha OOKOBBIX TrpaHHUIaxX
o0pasma B HaNpaBJICHWHA BTCKAHWS U BBITCKAHUS
BBITECHSIONIEH (ha3bl J1OCTPOEHBbI OydepHbIe
30HEI B KoimyecTBe 30 BOKceller U 5 BOKCEJICH,
CKONHUPOBAaHHBIX M3 TEPBOTO U  MOCHEM-
HErO0 CJIO€B COOTBETCTBEHHO. lcmoyb30oBaHUE

Oy(epHBIX 30H HABISETCS YacThI0 METOIUKH
MIPOBEJICHHSI BEIYUCIUTENIHHOTO KCIIEPUMEHTA
HE00X0UMO i1 (POPMUPOBAHUSI TIOBEPXHOCTH
pasmena (a3 BHe wucciemyeMoro obOpasna u
YCTaHOBUBIIIETOCS] TE€UEHUSI BBHITECHAEMOU (hazbl
BHYTpH 00pasIia.

Ha puc. 2 u puc. 3 mnpeacraBieHbl
pacnpeneneHus BoiTecHseMoi dazsl B [IMK-1
u IMK-2 npu paBHBIX 3HAYEHUSIX
BOJIOHACHIIIIEHHOCTH (SW), COOTBETCTBYIOIINX
MOCIIECAOBATSIIBHBIM ~ 3TallaM  BBITGCHEHHUSL.

[IBeToBas rpajganus Ha pUCYHKaxX
COOTBETCTBYET 3HAYECHHUIO TUIOTHOCTH BBITECHS-
eMoii  (Qas3pl, TpHYEM OTTEHKH 3EJICHBIX
IBCTOB COOTBETCTBYIOT IIJIOTHOCTH, 6HH3KOI>'I
Kk 800 kr/mM°’, OTTEHKM CHHHMX IIBETOB —
TUIOTHOCTH  BBITECHSEMOW  (ha3bl,  ONHM3KOM
Kk 0, T.e. OTCYTCTBHIO BHITECHAEMOH (hasbl.
3aMCTI/IM, 4YTO BHIUMBIC Y3KHUEC TIICPEXOJHBIC
30HBl  COOTBETCTBYIOT TpaHHIIaM  pasjena
¢a3, mpum OSTOM UX HEHyJeBas TOJIIIMHA
ABIseTCS  (U3HYECKUM  DIPPEKTOM  HCIOIb-
3yeMOil Mojenu MHOro(azHOro TEUSHHs THIIA
«iudy3HOH TpaHMIB), a HE YHUCICHHBIM
ahdpexToM, Kak B MOJENSAX THIA «YETKOU
rpaHulel». Ha  3TuX  pHCcyHKax  BHIHO
MPOSIBIICHHE  XapaKTePHBIX  KaNWUIIPHBIX
HBJ’IGHHﬁ, a MMCHHO IIPOUICIIKMBAHUE MCHHUCKaA
BhITeCHsIOMIEH  (asel U (opmupoBaHue
YEeTOYHOTO TEeUeHUs C o0pa3oBaHUEM W
ciusiHEeM dYeTok. PaccMoTpuM HaOromaeMbie
ekt Oonee moapobHo. HHTepecyroriue
MecTa Ha pHCyHKax OOO3HA4YCHBI CTPEIKOH
u uuppamu.

B mpornecce 3akauku BHITECHSIOMIEH (a3bl
4yepe3 JIeBYI0 OOKOBYIO IOBEPXHOCTh 00pasia
IIMK-1 rpanuma paszzmena ¢a3 HpOABHracTCs
HepaBHOMepHO. Korma BeiTecHsromas —(asa
JIOCTATAeT  TOpPOBOTO  meperreiika  («1»)
MIPOUCXOANT OBICTPOE CMEIICHNE MEHUCKA («2%)
M3 Y3KOTO TOpJIa TOPHI B e¢ pacmuperue («3»).
B sTOM mporecce cKOpoCTh IBMXKEHHUS] MEHHCKa
IpU CKadKe NPEBBINIAET CPEIHIOI CKOPOCTb

BBITCCHCHUAI.

395



AKTyanbHble npobnembl HedTH U rasa. T. 16, Ne 3, 2025 http://oilgasjournal.ru

Puc. 2. KapTuHbI pacnpegeneHns BbiTecHaemom ¢asbl,
AEMOHCTPUpYLOLLMeE NPOLLESIKMBAHME MEHUCKA BbITECHAOLWEN dasbl
Npw pasHbIX 3HAaYEHUAX BOAOHACbIWeHHOCTH: a — UMK-1; 6 — LUMK-2

Fig. 2. Distribution patterns of the displacing phase
demonstrating the shearing of the displacing phase meniscus at different water saturation values:
a — Digital Core Model-1; b — Digital Core Model-2

G e

A A

Puc. 3. KapTuHbl pacnpegeneHns BbiTecHaemol ¢asbl,
AeMOHCTpupyowme GopmupoBaHme YETOHYHOTO TeHYeHUA
Npv pasHbIX 3HAYEHUAX BOZOHACbIWEHHOCTH: a — LLMK-1; 6 — LLMK-2

Fig. 3. Distribution patterns of the displaced phase
demonstrating the formation of a slug flow at different water saturation values:
a — Digital Core Model-1; b — Digital Core Model-2

W3 puc. 2a BUAHO, YTO TpH BOJO- MPOJIBMKCHUE BOJIBI B 30HE cKauka («3») u ee
HACBIIIEHHOCTH  TYCTOTHOTO  NPOCTPAaHCTBA 3aMe/JICHHOE MPOJBIKEHHE B JPYTHX TTOPOBBIX
0,2 n.en. pacmpenencHue a3 UMeeT HEOJHO- KaHaJIaX COMOCTABUMOTO JIMaMeTpa, HalpuMep
POIHBIN XapakTep: HaOII0IaeTCs ONepeKaroIee B HIOKHEW o0actu obpasma («4»).
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JlanbHeilliee pa3BUTHE TEUYEHUSI COIPO-
BOXKJIaeTcsl (pOPMHPOBAHHEM HYETOYHOTO Tede-
HUS HE(pTH W BOJABI B OOJIACTH, YKa3aHHOM
crpenkoil Ha puc. 3a. Ilepexon ot cTpyitHOTO
TE€YCHHUA K YETOYHOMY IPOHUCXOTUT BCIIEICTBHUE
CO00IIaeMOCTH TIOPOBBIX KaHAJOB W COEIUHE-
HUSl CTPYHHBIX TIOTOKOB (pa3, MpPU 3TOM JBUKE-
HUE YETOK He(PTH W BOIBI COMPOBOKIAACTCS
nedopmarsaMu MexK(da3HBIX TOBEPXHOCTEH.

OT4eTIMBO BUAHO, YTO YMEHBIICHUE
netamm3anuu [ IMK npuBeno k HckaxeHHOMY
ONMMCAaHUI0  MEK(DA3HOTO  B3aMMOCHCTBUS
U KamWUISpHBIX  3QQeKToB, HaOII0ZaeMbIX
Ha IIMK c BeICOKO# AeTanu3anpeil, a UMEHHO:
HEBOCIIPOM3BEICHUIO CKauKooOpa3HOro Ipo-

IMICJIKNBaHUs MCHHUCKaA BI)ITCCHSIIOHIGI‘/'I (1)3351

0,8 -
o
® 06
o
C 0,4
e v
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Ha HAYaIBHBIX OJTalax pa3BUTHA TEUCHUS
" HEBOCIIPOHM3BEICHUIO (bopMupoBaHUs
YETOYHOTO TEUEHHS B COOOIIAIOMINXCS TOPOBBIX
kaHanax. O0o3HaueHHbIE d()(EKTH HANPSMYIO
ONIPENEIAIOT ~ XapakTep pacrpeneieHus ¢a3
B TIOPOBOM TIIPOCTPAHCTBE M  BEIUYUHY
¢bunbTpanyy.
[TosTOMYy MX BOCHPOW3BOAMMOCTH B HUGPOBOM

IOTEPb JaBJICHUS npu

MOJETH  KOJUIGKTOpa BaXXKHA C  MO3UIHH
MmosTydeHus] (PU3NIECKH OOOCHOBAHHBIX PE3YJIh-
TaTOB YUCJIIEHHOTO MOJICINPOBAHHSI.
[IposiBnenre oOoux 3PGHEKTOB COMPO-
BOXKIIAETCSI  CKauYKOOOpa3HBIMH  M3MEHEHHSIMH
KOMIIOHEHTBI ~ CKOPOCTH  TOTOKa  Vy W,
KakK CJICICTBUC, IIPpUBOAUT K HaJIUYHUIO
HEeMOHOTOHHOCTH Ha KpuBblx ODII (puc. 4).

—— L|MK-1
LIMK-2

0 A

0 010203040506 07 0809 1

BogoHacblIlWweHHOCTb, 4. ea.

Puc. 4. TpadumKu 3aBmucMmocTei pacyeTHbix 0PN
HedTH (CnNoWHbIE IMHMMK) M BOAbI (MYHKTUPHbIE IMHWUM) OT BOAOHACHILEHHOCTH

Fig. 4. Graphs of the calculated relative phase permeability
oil (solid lines) and water (dashed lines) dependences on water saturation

Buano, yto kpussie O®II mns IMK-1 u
IIMK-2 paznuuaroTcs JOCTaTOYHO CYILECTBEH-
HO, mpudeM kpuBbie ODII obenx ¢az mist Gonee
rpyboit momenmn (IIMK-2) wHmke wu Oomee
rnagkue, yeM kpuBbie O®DII s Gonee neranb-
Hoit moxenu (LIMK-1). Ilpu 3tom oOpamiaer
Ha ce0d BHMMaHue TOT (HakT, YTO TaKoe
cootBetcTBHe KpuBBIX ODII gucconmpyer c co-
OTBETCTBUEM 3HAYCHHI aOCOJIOTHBIX TPOHHU-
naemoctedt [IMK-1 u LIMK-2. ITockonbky, Kak
OnUTO yKa3aHo paHee, To, uro All IIMK-2 Brime,
yem AIl IIMK-1, oObsicHsieTcst 00jiee BBICOKOI

CBSI3aHHOCTBIO ITYCTOTHOTO IMPOCTPAHCTBA B TPY-
0oii mozxenu, ToT Qakt, yro ODII s [IMK-1
BoIe, yeM Jijist [IMK-2, MOXKHO 0OBSICHUTD TEM,
YTO YPOBEHb BBIPAKCHHOCTH KaIlMJUIAPHBIX
a¢dhexToB s 6onee rpy0oit MOJENIN HACTOIBKO
BBIIIIE, Ye€M I JETaTbHOW MOJIENH, YTO OH
nepekpbiBaer  3dpdekr ot pazmmumsa  AIL
3aMeTHM, YTO B pPacCMaTPUBACMBIX MOJECIISAX
JMana3oHbl AByX(a3Hol (GUIbTpAIUK TPAKTH-
YECKH OJINHAKOBBIC, T. €. (PaKTOp AeTaau3aliu
oKazayl mpeuMyIiecTBeHHoe BiusHue Ha OOII,
a He Ha 00J1aCTh ONpeNeNeH s dTHX QYHKIHH.
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BosmoxcHoe peuwieHue npobaembl

demanuszayuu

IIpsimoe MonenupoBaHue Ha YpOBHE IOp
SIBJIIETCSI BBIYUCIUTENIBHO pecypcoeMKHUM. Tak,
B paccMaTpMBaeMbIX TPUMeEpPax C BBICOKO-
MPOHUIIAEMBIM KEPHOM pacdeThl aOCOIOTHBIX
NPOHULAEMOCTE M OTHOCHTENBHBIX (ha30BbIX
MIPOHUIIAEMOCTEN BBITIOJIHEHbI HAa KOMIIBIOTEpPE
¢ 24-amepHBIM TIPOIIECCOPOM W 3aHSIIH LIS
LMK-1, coorBercTBeHHO, 15 MuHYT 1 18 Hacos,
a g OUMK-2 — 12 cexkynn u 23 MHUHYTHL
IonsitHo, uro mus IIMK oO6pa3noB kepHa
C XapakTepHBIM pa3MepoM | cM, UCTIOIB3yEeMBIX
npu 1a00paTOPHBIX HCCIETOBAHMSIX, oOecrede-
HUue HeoOxoaumol paetanpHOCTH [IMK mpm
YCIIOBUH JIIUTEIBHOCTH pacyeTa 3a MpuemMiIeMoe
BpeMs MOKET OBITh B MPUHIIAIIE HEBO3MOXKHBIM.
B cBm3m ¢ oTEM  pa3pabarbIBalOTCS |
npuMeHstoTest MeroAnl  aetanuzanuu  [IMK,
YMEHBIIAIONINE  OMIMOKH  MOJEIMPOBAHHS
MOCPEACTBOM YTOYHEHHS ¥ KOPPEKTHUPOBKU
¢usngeckoro conepxkanus LIMK. Kak mpaswuio,
3TO JIOCTHUTaeTcs B pe3yjbTaTe ydeTa IOJIHOTO
KOMITJIEKCAa TpeBapUTENbHBIX —IMeTpodu3nye-
CKHX WCCIIEZIOBaHUH KEepHa H HACHIIAIONINX
¢mrounoB. Tak, naHHBIE KaNMWUIAPOMETPHU
MOTYT HCHOJIB30BaThca A BBIOOpa HEOOXOH-
MOTO pa3pelieHus] CKaHUPOBaHUS (pa3MepoB
BOKCeel), YTOOBI IONydeHHasl JeTaIn3alus
MOPOBOTO  IPOCTPAHCTBA  COOTBETCTBOBAJA
(dakTHUeCKOMY  pachpelelieHHio  TMop 10
pasmepaMm. Jlasee mpuBeaeM psii  OPaKTH-
YECKH 3HAYMMBIX TPUMEPOB YTOYHEHUS W
Momupukanmun [IMK mis  Gonee TouHOTO
OTIMCaHUs TPOIIECCOB Ha IOPOBOM ypPOBHE.

[lepBeIM  KpuTepueM  aJIeKBaTHOCTH
IIMK sdaBnseTcss cpaBHEHHE pacyeTHBIX W
9KCHEPUMEHTAJIBHBIX 3HAYEHUH aOCOMOTHON
MIPOHUIIAEMOCTH. HocraTouHo xopoliee
COOTBETCTBHE MEXAY OJOTHMH BEIWYMHAMU
SIBIISIETCSl OCHOBAaHUEM JIJISl TIPUHSATHS PEIICHHS
nmo mpuMmeHumoctu  noctpoenHorn UMK
C TOYKM 3peHHs OTOOpa)XeHUS IyCTOTHOTO

npocTpaHcTBa Mmoponsl. Haobopor, cymiect-

BEHHOE pacxoKJIeHUe MEXIY 3TUMH
BEIMYMHAMHM O3Ha4aeT HEoO0XOOUMOCTh IIepe-
cmotpa LIMK 1 HeBO3MOKHOCTH UCTIONB30BAHUSA
stoi IIMK ans mozenupoBaHHs MPOLECCOB
B mopax. IIpm pocTaTouHOM pa3peleHUH
MIOPOBOT0 MPOCTPAHCTBA MOPOABI MOTYT OBITH
JIpyrue TpPHUYMHBl PAcXOXKICHHA pacuera M
9KCIIEPUMEHTA.

Bo-neperix, IIMK MoxeT oka3aTbcs
HENPEICTABUTEIBHON IO  OTHOIICHHIO K
UCCIIEIyEMOMY  YYacTKy KOJIEKTopa. ITo
03HayaeT HeoOXOIUMOCTb BBIOOpa APYTHX
obnacrert mopomel s mocTtpoerns [IMK.
Bo-Bropeix, [IIMK moxeT comepkaTh OIIHOKH
cerMeHTanuu. Bee cymecTByomye npouesypsl
CerMEHTAllMl cojiepKaT HEONpeAeeHHOCTH,
TaK 4YTO BO3MOXHBI CIIlydal HENPaBUIBHON
KJIaccu(pUKaIMK BOKCEJIEH M0 MPU3HAKY «II0pa—
TBepaas Qaza». M3 mpakTUKKM HM3BECTHO, HYTO
MEPECMOTP PE3yJIbTaTOB CETMEHTALMU JIaXKe IO
HEOOJIBIIOMY YHCTY BOKCEIEH MOXKET U3MEHHUTH
pacuetnyro AIl B Heckoibko pa3. B-Tperbux,
BO3MOXHa cutryarus, korma [IMK mpaBuibHO
BOCTIPOM3BOJIUT KPYIHBIE TOPHI, HO TOCIIEAHNE
HE SBJIOTCS TPOTOYHBIMH, a TPOTOUYHBIMH
SBIIIIOTCA y3KHE TIOPOBBIE KaHAJbl, KOTOPBIE
HE OTOOpa@XaloTCsl NpH BBIOPAHHOM YpPOBHE
netanuzaumu. B 3TomM  ciydae  ciemyer
UCTIONIb30BaTh ~ MHOTOMAacHITaOHble — MOJEJIH,
Korza o0macTsM c HEPA3pPELICHHOM
nopuctrocteto B UMK  mpunuceiBaroTcs
(WIBTPAaIHOHHO-eMKOCTHBIE CBOWCTBA, TIOJTY-
YeHHble B pe3yJbTaTe pacueTOB Ha MOJAEIAX
¢ Oosiee BHICOKMM pa3pelIeHUEM.

[Ipr MHOrOMacmITaOHOM MOJAEIMPOBAHUH
KEepHa TMPHUHIUIHAIGHO BaXXHO 00ECneunTh
(U3UYECKYIO COJIEPIKATEITBHOCTh UCTIONIE3YEMBIX
[IMK. Jpyrumu
ObITh TONTBepXkKAcHHE anekBatHocTH MK

CJIOBaAMH, JOJDKHO

JJI1 OCYHICCTBIICHUA MOIACIHUPOBAHUA CIIOKHBIX

IIPOLIECCOB W SIBIEHMM  Ha  IOPOBOM
ypoBae. Ilpu »3TOoM MOXer TpebOoBaThCA
JajbHENIIast

JACTaJIn3anus (1)I/IBI/I‘IGCKOFO

conepxxanusa [IMK.
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Tak, mpu MomenupoBaHWH ABYX(a3HBIX

TE4YECHUH HE00X0IUMO acCOLMMPOBATh
C TpPaHMYHBIMH TPaHSIMHM YHCJICHHBIX SYEeK
Ha KOHTaKTe «mopa—TBepaas daza»

OnpeIeTICHHBIC yCJIOBUSA CMaYMBaEMOCTH.
[TockonbKy MYCTOTHOE MPOCTPAHCTBO TIPEI-
CTaBJIIETCS B BHJE HaOopa sdeeK YHCIICHHOM
CETKHU c HEpEryJIsIpHON reoMeTpHueH,
HEBO3MOYKHO HETIOCPEACTBEHHO MOCIHPOBATH
yron cmauymBaHua. [losTomy s pemieHws
9TOM  TWPOOJEMBI  HCIOJB3YETCS  IOIXOJ
Ha OCHOBE (PYHKIIMHM ITOBEPXHOCTHOW DHEPIUU
'enbmronpiia, accOUMUPOBAHHOM C TpaHHY-
HBIMH SYEHKaMHU HM 3aBUCAIICH OT COCTaBa
npuneratomero ¢monga [8]. OTor moaxon
SIBIISIETCS O0J1ee OOIITMM | TIO3BOJIIECT OITUCHIBATH
BCE BO3MOXXHBIE YCJIOBHA CMayHBaeMOCTH,
BKJIIOUAst 3aBHCUMOCTh CMAaYHBAEMOCTH
OT MHHEPAJILHOTO COCTaBa TBEPIOH (hasbl.
B mocnennem ciydae ¢ rpaHUYHBIMU TpaHIMHU
MOTYT OBITh ACCOIIMUPOBAHBI pasHbie
WHJAMBHUyaJIbHbIC (QYHKIMH TOBEPXHOCTHOU
sHepruu [ 'enpmronpia.

JanpHelias neranuzanus (GU3AIECKOTO
comepxkanuss [IMK wmoxer ObITh cBs3aHa
C Y4eTOM  BaXHBIX  (DHU3UKO-XUMHUYECKUX
SBIICHUI Ha TpaHUIaX MMOPOBOTO MPOCTPAHCTBA,
KOTOpPBIE MOTYT HMMETh MECTO Ha Maciitadax
HIKE WCIIOJIb3yeMOro Iara JUCKPETH3aIUH.
Tak npu azmcopOIMKM Ta3a Ha IOBEPXHOCTHU
«mopa—TtBepaas  ¢asza» [9, 10] Bo3HHKaeT
OTMOJIHUTEIbHBINA HENOIBUKHBIN CcJIoM,
KOTOPBI  yYMEHBIIaeT (U3NYECKHl 00BeM,
JIOCTYTHBIN HOABUKHBIM ¢azam. Hnst
MOJICJIMPOBAHMS 3TOTO SBJICHUS C TpaHUY-
HBEIMH TpaHSIMH aCCOLMUPYIOTCS  3HAYCHUS
(GU3MYECKOW IUIOIAM IOBEPXHOCTH «IIOpa—
TBepaast ¢asza», KOTOpPhIE MOTYT 3HAYUTEIHLHO
OTJIMYAThCS OT TEOMETPUYECKOW  IIIOMIAIN
sTux rpaHel. Ha ocHoBe »3TuX mowanei
MOXET OBITh BBIYUCIEH (U3NUYECKUH 00BeM

a7copOMpOBaHHOTO BEHIECTBA JUIsl  KaXJOU

rpaHuyHbIil  suediku. IlocpeAcTBOM  BbIUETa
3TOTO O0BEMa M3 TEOMETPHUECKOro o0beMa
FPaHUYHON SAYEHUKH OIpPEAEsAeTCd €€ HOBBIU
¢usnyeckuit  00beM. OTH  HOBBIE O00BEMBI
aCCOIIMUPYIOTCA C TPAaHUYHBIMH  SYCHKAMH
B [IMK u y4yuThIBaroTCS NMpU MOJACTHUPOBAHHUU
MPOIIECCOB HA TIOPOBOM YPOBHE.

Hpyrum Gornee CIIOKHBIM — MPHMEPOM
pacmperns (pU3MUECKON Ccomep KaTeIbHOCTH
MK w™oxer OBITh cilydali TPHCYTCTBHA
B KEpHE TOHKOIO >XMJKOTO CJIOS B CHCTEME
«BoJla—HEe(TH»: CIIOM BOJBI B THUAPOPHILHOM
KOJJIGKTOpe WK cJIoH HedTu B TuapodoOHOM
Koyiektope. OTinume OT aacopOUpOBaHHOTO
CJI0SI COCTOUT B TOM, YTO KUJKHUHA CIIOH MOXKET
0o0namaTe CymIeCTBEHHO OOINBIIeH TOIIIWHON
(XoTT W MeHbIle Imara JAUCKPETH3AIINH)
U OBITh TIONBWKHBIM, BIHAS Ha JIBUKCHHE
HecMauuBarolieil ¢as3pl. B aTom citydae, kpome
Moau(ukanuu (QU3NIECKOro o0beMa TrpaHUd-
HOW  sYeiiKu,  IeJeco00pa3HO  YHUCIICHHO
MOJIETTPOBAaTh TEUEHHE CJIOSI B JBYMEpPHOM
MIOCTAHOBKE Ha TIpaHM4YHBIX Tpansx [11].
B Takoif mocrtaHOBKE C TPaHWMYHBIMH TPAHSIMH
OyIyT acCOIMUPOBAHB THUAPOJAUHAMUYECKHE
MapaMeTphl JKHAIKOTO CIIOS.

st MoenupoBaHus Ha TTIOPOBOM YPOBHE
OoJiee CIOXKHBIX TIACTOBBIX CHCTEM W areHTOB
Bo3neiictBus [12—14] pazpabaTeiBatoTCs W
MPUMEHSIOTCS Pa3Hble METOJbl  yIYUIICHHUS
MK s moseimeHHs ¢ (QEKTUBHOCTH

texHomoruu LK [15].

3akntouyeHue

B pabGore paccMOTpeHBI 0COOEHHOCTH
texuosorun «lludpoBoit KepH» ¢ TO3UIUHU
BIIMSIHUSA YPOBHS JETAIM3allMM  IIyCTOTHOIO
MPOCTPAHCTBA TIOPOABI Ha pacyer (UIbTpa-
UMOHHBIX cBoMcTB. [lpuBeaeHsl mpUMEpHI
BIIMSIHUSA J€Tajv3alii Ha PE3yIbTaThl pacu€TOB
a0COITFOTHON TIPOHUIIAEMOCTH W OTHOCHTEIHLHOM

(ha30BOii MPOHUIIAEMOCTH.
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IlokazaHo, dYTO B  PacCMOTPEHHOM
npuMepe peanbHOU TOpHOM TOPOJIbI
3arpyOJicHUEe MOJICTH TMPUBEIO K YBEIUYCHUIO
aOCONMIOTHOM  MPOHUIIAEMOCTH  3a  CYEeT

TIOSIBIICHUS JIOTIOJTHUTEITLHOM CBSI3HOCTH
MyCTOTHOTO TPOCTPAHCTBAa, HO TMPH OSTOM
OTHOCUTENbHAsE (a3oBas MPOHUIAEMOCTh IS
Oonee rpyboil Momenw oKazajach HWKE, YeM
g Oojiee meTalbHOM MOIENH. DTO O3HAYaeT,
YTO 3HAYUMOCTh KANWDLILIPHBIX  d(PexToB

npyu MHOTO(p)a3HOM TEUEHHH B MOPUCTOH cpene

BEIIe, 4YeM OGGEeKT OT JOMOJHHUTEITHEHON

CBS3HOCTH  IpH  OAHOGA3HOM  TCUCHUH.
Y4uThIBas BBICOKYH) PECYPCOEMKOCTH MPSMOTO
MOJICTTUPOBAHMSI Ha YPOBHE TIOp, IOBBIIICHHE
HaJC)KHOCTH pacuera (UIBTPAIIMOHHBIX
CBOMCTB IJIsl pEIICHUs MPOOJIEMbI HEJOCTATOY-
HOM JeTamu3allid MOXET OBITh o00ecredyeHo
32 CYET MPUMEHCHHS MHOIOMACIITAOHBIX
MUPPOBBIX MOJeTed KepHa TIPU  YCIOBHU
HEOOXO0IUMOMH

obecrieueHuns (hm3uaeckom

COACPIKATCIbHOCTH HUCIIOJIB3YEMBbIX MOJCTICH.
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NEW METHODS AND TECHNOLOGIES OF STUDYING THE GEOLOGICAL ENVIRONMENT
OF OIL AND GAS BASINS

Original article

The effect of core void space detailing on the calculation of
filtration properties using Digital Core technology

Sergey V. Stepanov 4, Oleg Yu. Dinariev, Mikhail A. Zagorovskiy
Tyumen Petroleum Research Center LLC, 42 Maksima Gorkogo St., Tyumen, 625048, Russia

Abstract. Background. The Digital Core technology opens up broad opportunities for studying rock
properties. However, the practical significance of the results of such studies may depend significantly on
the quality of the digital core model. In this regard, it is important to understand the influence of various
factors, particularly the impact of the detailing of the core void space on the properties being studied.
Objective. To consider the features of the Digital Core technology from the perspective of the influence
of the void space detailing on the modeling of flow in pores as an important process that determines the
correctness of the calculation of absolute permeability and relative phase permeability. Materials and
methods. The calculations were performed using the direct method of Digital Core technology applied to
a real rock sample. Results. The results of calculations of absolute permeability and relative phase
permeability on digital models of the core of different detail are presented. To clarify the features of the
influence of detail on multiphase flow, examples illustrating capillary effects in a porous medium are
given. In particular, it is shown that the absolute permeability for a coarser model may be higher than
for a more detailed model, but the correspondence of the relative phase permeability curves may be
opposite, which is due to the significant role of the digital core model's detail in the expression of
capillary effects. Conclusions. It is shown that the results of calculations of the rock filtration properties
significantly depend on the quality of the core void space detailing. Multiscale modeling can be used to
solve this problem.
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HOBbIE METOZbl U TEXHO/TIOMMU U3YYEHWA FTEONTIOTMYECKOM CPEADI
HE®TErA3OHOCHbIX BACCEMHOB

OpurnHanbHaa cTaTbA
YK 553.262.4:552.12: 553.9
EDN: PADQJG

OcobeHHOCTU NPoABNAEHNA KOHKPELMOHHbIX 06pa3oBaHUM
B BbICOKOYI/1EPOAUCTbIX TONLAX

U.®. IOcynosa, M.E. Cenusepcrosa X
NHcTUTYT Nnpobaem HedTn 1 ra3a PAH, Poccua, 119333, MockBa, ya. Ny6kuHa, 4. 3

AHHOTauuAa. AkmyasnsbHocmes. KOHKpeuMOoHHble Tena — NPOAYKT  MNOCTCeAMMEHTALMOHHOIo
nepepacnpegeneHma Bewectsa — byayynm COCTAaBHOM YacTblo MOPOAbl, NPEACTaBAAT MHTEpec Kak
WUCTOYHUK MHPOpMaLMM NpU UCCNenoBaHMAX, B TOM YMCAE CBA3AHHbIX C MOMCKaMW 3asexkeit
yrnesogoponoB. Leab pabomel. OnpepeneHne CcBA3M KOHKPELMOHHbIX Tea C  OpraHMYecKum
BELLECTBOM BMELLAOWMX MOPOL WM BO3MOMKHOCTM UCMOJIb30BAaHUA WX B KayecTBe WHAMKATOpa
BbICOKOYI/1IEPOANCTbIX OTNOXKEHUIM Ha BONbLWNX rNybMHAX, BbIABNEHNE PON KOHKPeUuit B 06pasoBaHnm
MMKPOTPELLMHOBATOCTU B MPOCNOAX C KOHLLEHTPUPOBAHHbLIM OPraHMYeckum Bewectsom. Mamepuanel u
mMemoOsl. MpoBeaeH aHaNM3 IMTepaTypPHbIX UCTOYHUKOB, COAEPKALLUX AAaHHbIE O BbICOKOYINEepPOANUCTbIX
OT/IOXKEHMAX U KOHKPEeLMAX, WCCNeAO0BaHMAX KepHAa, COAep)Kallero KOHKpeuMOHHble Tena, u
[0CTOBEPHOCTU OMUCAHUA KEPHOBOIO MaTepuana M3BECTHbIX MECTOPOXKAEHWUI Yr1eBoAOPOAOB U pya,
meTannos 3anagHoi u BoctouHoit EBponbl n Asuun. Pesyabmamel. B pesynbTate wcciaepoBaHus
BblfIB/IEHa BO3MOXHOCTb MWCMO/Ib30BAHUA KOHKPELMOHHbIX 06pa3oBaHMIA B KauyecTBe MWHAMKaTOpa
«BbIBLINXY» BbICOKOYINepoaUCTbIX NOPOA, YTPaTUBLUMX CBOE OpraHMYecKoe BELLEeCTBO B X04€e NTOreHesa.
YCTaHOBNEHO B/MAHME KOHKpeuuih Ha o6pas3oBaHME MUKPOTPELLMHOBATOCTU, BO3HUKalOLWEN
Ha KOHTAKTe KOHKPELMOHHbIX Te/l U BMELLAWMX Nopos B xoae AedopMaLMOHHOM KaTareHHoM ycaZKu
W BHOCALWLEN onpegeneHHblid BKAaL B obecneyeHne NPOHMLLAEMOCTM M KOJIJIEKTOPCKOM EMKOCTU
ans obpasylowmxcs yrneBofoponoB Ha 6onblwmx raybuHax B YCNOBMAX BCECTOPOHHErO CXaTua W
6e3gpeHarkHocTn. Bbigodel. CBepeHma 06 06pasoBaHMKM M 3aneyaTbiBaHUM TPELWMH B KOHKPeUUsX,
0 NOSABNEHUN B HUX BUTYMOB U UX PPAKLNOHMPOBAHUN MOTYT CAYHKUTb UCTOYHUKOM AOMNOSIHUTENbHOM
MHGOPMALMM O NOCTCEAMMEHTALMOHHbIX MPOLLECCaxX B NOrpyKatoLeiica Tonwe.

KnioueBble C/I0Ba: BbICOKOYI/IEPOAMUCTbIE  OT/IOMKEHMA, OPraHMYECKoe BELLEeCTBO, KOHKpeuuw,
AOMaHMKONAbI, MUKPOTPELMHOBATOCTb, 3aKpbITble rMAPOAMHAMMYECKME cuCTEMbI, [puKacnuiicKan
BMaZMHa, MOACO/IEBbIE OT/IOKEHUA

duHaHcupoBaHMue: paboTa BbINOJSIHEHA B paMKax rocydapcTBeHHoro 3agaHua WMHI PAH (tema
Ne 125021302095-2).

Ana uutnposaHua: fOcynosa UN.®., Cenusepcmosa M.E. OcobeHHOCTU NPOABAEHUA KOHKPELMOHHbIX
06pa30BaHN B BbICOKOYINEpPOAUCTbIX ToNWwax // AKTyanbHble npobaembl HedTH 1 rasa. 2025. T. 16, No 3.
C. 405-423. EDN: PADQJG

DM Cennsepcrosa Mapraputa EsreHbeBHa, seliverstova@ipng.ru
© KOcynosa U.®., Cennsepcrosa M.E., 2025

m KoHTeHT gocTyneH nog nuueHsueit Creative Commons Attribution 4.0 License.
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BeepeHue

OTIMIuTeTEHOM yepTou BBICOKO-
YTIACPOAUCTHIX OTIOXKEHHH (TOpIOYecIaHIIeBbIX,
JIOMAHUKOBBIX, YTJIEHOCHBIX, YEPHOCIAHIIEBBIX
U APYTHX) SBISETCS MIUPOKOE PacpoCTpaHEHHE
B HHUX KOHKPELIMOHHBIX T€l — CTSDKEHUH,
COCTOALIMX W3  ayTUICHHBIX  MHHEPAJIOB
(kapOonatoB, KpemHe3ema, cynb(}paTtoB u 1p.),
OTIMYAIOIIMXCS IO COCTaBy OT BMEIIAOLIEH
nopoAsl M oOpasyrmomuxcs ~— Ha  BCexX
CTaauAX JuTOreHesa. B ydacTkax pasrpysku
YTJIEBOIOPOIHBIX ¢dronoB CKOIUIEHUS
ayTUTeHHBIX MUHEPAJOB HEPEIKO IMOKPBIBAIOT
JHO COBPEMEHHBIX AaKBaTOpUHl B  BUJE
CTSDKEHUHM M KOHKpELMH, HHOTJa  OHHU
BCTPEYAIOTCSI B acCoOOMalMu C  Taso-
THIpaTaMH.

KonkpenoHHable 00pa30BaHUs — 3JI€MEHT
MHOT'OKOMITOHEHTHOM (haronmonopogHOH
CUCTEMBI, MPOJYKT MOCTCEANMEHTAIIMOHHOTO
nepepacrpeiesieHus] BellecTBa IOJ BO3JEHCT-
BHUEM HIUPOKOTO CHEeKTpa MIPOIIECCOB
(COpOIIMOHHBIX,  TUPQPY3UOHHBIX,  DIIEKTPO-
FeOXMMHUYECKUX M APYTuX). byayum cocraBHOM

YaCTbO IMOPOJbI, KOHKPECHHUU TMPEACTABIAIOT

HUHTCPEC KaxK HCTOYHHK I/IH(l)OpMaI_[I/II/I
npu TCOJIOTUYCCKUX HCCICIO0BAHMUAX,
TaKHX KakKk IIOHUCKH u pa3BeiKa

HEKOTOPBIX BHUIAOB IIOJE3HBIX HCKOIIA€MBIX,

B KayecTBe WHJUKATOPA (anmanbHBIX

YCJIOBHIA BMETIAIOIIHNX opo, JUTS
PEKOHCTPYKIIMH TAIEOTEOOTHIESCKUX ¥ TaJeo-
TEKTOHMYECKUX OOCTAaHOBOK, TIPH  BBISABIIE-
HUUM KOHCEJMMEHTALMOHHBIX TEKTOHUYECKUX
CTPYKTYp TpH TPOTHO3e He(TEra30HOCHOCTH
[1,2].
Konxkpern HU3BECTHBI CBOUMU
MapareHeTUYECKUMH CBSI3IMH C OPTaHUYECCKIM
BemectBoM (OB), wurparommm BaXXHYIO pPOJb
B JINTOTCOTHIPOXUMHUYCCKUX TIpolleccax Ha

OompmMx  TayOMHAX, (OPMHPOBAHUHM  30H

HEJOYIUIOTHEHUS! W Pa3yIUIOTHEHUS W APYTUX
T€0JIOTHYECKUX COOBITHSIX.

W3yveHne oOpraHu4eckoro BeHIeCTBA U
KOHKPEIIMOHHBIX TET aKTUBHO MPOBOIMIOCH
BO BTOPOH TMIOJIOBUHE MPOIUIOTO CTOJCTHSI,
ObUTO  omucaHo B paboTax  TEOJIOrOB
CrpaxoBa H.M., FOnoBnua 10.41., Kerpuca M.I1.,
Snackypra O.B., IlpacomoBa 3.M., Jloxo-
Ba K.W., Jlorsunoit E.A., Caxubrapeesa P.C.,
Kyperimesa AL, Baxenosoii O.K.,
Kamenko C.A., Maryxunoit B.I'., Xoimo-
nosa B.H., I'aspmmmna K.B., Ozepckoro A.1O.,
Hyounsr I'.A., Mensaukoa [0.B., Bono-
)ka FO.A., Arrumoa M.IIL., Ilapacwisr B.C.,
laspunoBa IO.I'., Hectrepoa W.N., Kanmsbl-
koBa I'.A., banmymkunoit H.C., Axynosa H.U.,
Bypmunoii HO0.K., CokxonoBa b.A., Xauna B.E.,
Kamuenko JL.H., AOGyxomoit JI.A., AbGpamo-
poii O.II., TI'asmzoBa M.C., Abouelresh M.O.,
Slatt R.M., ILlserkoma JI.JI., IlBetkoma JI.JI.,
Kucenesoi H.JL, Hazapenxo B.C,,
Kuxnanze 3.P., boryma U.A., Kypranosa M.M.,
Tpydanosa B.H., JDxenuypaesoit  P.JI.,
ITak H.T., UBnesout E.A., ®umnnmosa M.M.,
Jlyuenko E.N., Hepyuesa C.I'., Huctsxosa B.b.,
Poxkosoit K.I'., Kapuesa A.A., bypskos-
ckoro JI.A., JeBanmmupa P.J., Taruera C.O.,
benononckoit  JL.I'., JImutpuerckoro A.H.,
Kemuyrooit  B.A., Makaposoii  E.IO.,
HaymueBa FO.B., IlecronepoBoii JI.B. wu
JIPYyTMX W HCIOJNB30BAJIOCH B  HACTOSIIEM
WCCJIEIOBAHNU.

Llenp paboThl — TpOBEACHHWE aHaIW3a
MOCTCEIMMEHTAIMOHHOTO ATara CyIleCTBOBAHUS
KOHKPEIMOHHBIX ~ TeJ,  BBIABICHHE  CBS3U
koHKpermii ¢ OB  BMmemaromux  mopon,
onpeie/icHUe BO3MOXKHOCTH HCIIOJIb30BAHUS HX
B KaueCTBE HHIMKATOPAa BbICOKOYIJIEPOIUCTHIX
OTJIOKEHUH, a TaKKe OIEHKA  YCIOBHIMA
COXPaHHOCTH KOHKPEIHMOHHBIX 00pa3oBaHMIA

Ha OOJIBIINX TITyOHHAX.
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Matepuanbl u metoabl
IIpoBenen aHaIu3 JITEPATYpPHBIX
HCTOYHUKOB, COJEpPXKAIIMX JaHHBIE O BBICOKO-
YIJIEPOJUCTBIX OTJOXKEHUSAX M KOHKPEIHSX,
HCCIJIEIOBAHUAX KepHa, CoJIepIKaIlero
KOHKpEIMOHHbIE  Tela, M  JIOCTOBEPHOCTH
ONMCaHUsl KEPHOBOI'O MaTepuana HW3BECTHBIX
MECTOPOXKACHUM  YIVIEBOJOPOAOB U PyAd
MeTauioB 3amagHoi u  BocTtouHo#t EBporib
n  Asum: OaXEHOBCKOW CBHUTHI  3amagHON
CubupH, TOMaHUKOBBIX OTJIOKeHHH BocTo4Ho-
Pycckoit mmaTtopmbl, JEBOHCKHX TIyOOKO-
BOJIHBIX OTJIOKeHMi [Ipukacnuiickoil BOaauHbI,
cnanneB [Ipubantuiickoro G6acceiina, OOKCUTOB
IOxnOTO VYpana, mecropoxaenuit BocTtounoro
IIpenxaBkazpsi, CesepHoro Kaskaza, Kancko-
AumHckoro Oacceitna, DepraHckod BIIAHHEI,
KeIpreizcrana;  3aTpOHYTBI ~ MEraKOHKPEIUH
OKCHOPACKUX YEepHBIX ciaHneB LleHTpanbHOi

AHrnnu.

Pe3ynbTaTbl  06CyXKAeHUE

Obwue ceedeHus (mopgonozus,

pasmepebl, nocmcedumeHmMayuoHHble

u3meHeHus, pyOOHOCHOCMb KOHKpeyuli

8 8bICOKOY2/1epOoOUCMbIX OMAOHEHUSAX)

B BBICOKOYTJIIEpOMUCTHIX  OTIOKEHHUSIX
KOHKpEIIMOHHbIE 00pa3oBaHWS MOTYT OBITh
MIPEACTABICHE  €IUHUYHBIMA  KOHKPEIHSIMH,
KOHKPEIIMOHHBIMH TOPU30HTAMH, KOHKPEIIHMOH-
HBIMH KOHIJIoMepaTaMu. Tak, B pa3pesax
OaxxeHoBcKkoM cBUTH CeBepo-CypryTckoro u
JIPYTHX paiioHoB 3amagHON Cubupu
HAXOAMUTCs OOJIBIIIOE KOJIUYECTBO KapOOHATHBIX
KOHKpeuuit TonuuHo 10-13 cM aumareneru-
YecKOoM W KarareHHoH mnpupozas! [3]. Obuiue
U3BECTKOBBIX KOHKpPELUUU — XapaKTepHas uyepTa
MOpoJT  JIOMaHWUKOBEIX  (pammii  Boctouno-
Pycckoit  mmardopmer,  HOxwuoro — VYpana,
IOxHOTO THMaHAa.

Hanaeie 00 OB B KOHKPEIMOHHBIX

O6p a30BaHUAX HCECMHOI'OYHMCIICHHBI. KOHLICHT—

pamust opranndeckoro yriaepona (Copr) MOXET
konebatecsi oT 1,6% mo 5,2% mnpu cpemHux
3HaueHusIXx  3,2%  (OakeHOBCKasi ~ CBUTA,
HeHTpalibHasgs  vacTh  3amagHoit  Culupm),
B NpUOANTUHCKUX Kykepcutax — 10 10% !
[3]. OOHapyXkeHbl KOHKpeUMH C OUTyM-

coAep KaIINMH TperTuHaMu [4].

Mopdgonocua KOHKPEYUOHHBIX men
paszHooOpasHa, qarie AJUTUTICOUIHAS,
IIapOBHIHAS, racToodpaszHasi, WHOTAA
HETPaBUIHLHOM (hopMbI (>kenmBaKoOBHIHAS,

BETBUCTAs] W Jp.). YIUIOHICHHBIE KOHKPEIUH

WHOTJAAQ  MepexoAiaT B  KOHKpEIMOHHBIE
IIPOCIIOH.
Pazuepwv KOHKpeyuu KOJIEOITFOTCS.

Breigensitorcst  MUKpo-, Makpo- (COOCTBEHHO
KOHKpPEIMM) W MerakoHkpemmu. Hampumep,

B MHOLCHOBBIX OTJIOXKCHUAX Bocrounoro

IIpenkaBkasbs JuaMeTp CYIb(QHUITHBIX
MHUKPOKOHKpPEIIMH  BappUpPylOT OT 1 MM
10  3-5cm.  KoHkpenuoHHBIE — IPOCIOH

00BIYHO UMET TONmUHY 5—10 cM, uHOrAA
Ooompmie 1 M, a TPOTSHKEHHOCTh — OOJbIIe
HECKOJIbKHX JECATKOB METpoB. B okcdopackux
yepHbix cnaHuax  (LlentpanbHas — AHrmums)
W3BECTHbl ~ MEIaKOHKPELUHH  «MEJIbHUYHBIC
JKEPHOBa» M «KWUTOBBIE KaMHH» JI0 5 M
0,3-10 m

B yrnenocuo#t Tomme KaHcko-AYHHCKOTO

B ANaMeTpe n MOITHOCTH.

Oaccelina 00OHAapyKEHBI M3BECTKOBBIC

KOHKPEIIMOHHBIC o0pa3oBaHus  TOJIIIMHOMN
0,5-1,0 M, 1o 20 M B nonepeuynuke. bokcuropsie
3aJIEKU IOxHoro VYpana, BO3HUKIIINE
Ha  KOHTaKTe pPH(OreHHBIX  H3BECTHSIKOB
¢ OUTYMHWHO3HBIMH U YIJUCTO-TIUHUCTHIMH
cimaHnamu, uHTepnperupyiorcs [.A. [lyOuHoii
KaKk  oOpa3oBaHus, (OpMHUpYIOIIMECS  Ha
y4acTKaX  CKA4KOB  3JIEKTPOTCOXUMHUYECKHUX

IOTEHITNAIIOB.

! Atnac xounkpeuuii / ITox pen. A.B. MakenoHoBa,
H.H. Ilpenreuenckoro. JI.: Henpa, 1988. 323 c.
(Tpymst BCETEU. T. 340).
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PacnpeneneHne KOHKPELUMOHHBIX TEl B
BBICOKOYTJIEPOAMCTBIX OTIOKEHUSIX OTINYACTCA
HepaBHOMEpHOCThIO.  Tak, B MEJOBBIX
otnoxxkeHusix Cesepnoro KaBkaza mmpoko
Pa3BUTHI KapOOHAaTHbIE KOHKPELUH u
MerakoHkperuu auamerpoM ot 0,2-0,3 M
B Hm3ax Tommm m 1o 1,5-2,0 M B Bepxax.
B xopomo  u3y4eHHBIX  KyKEPCHTOBBIX
CJIaHIaX KOJIMYECTBO KapOOHATHBIX KOHKPELMH
TOK€ HEPABHOMEPHO, OOBIYHO YBEJINYHUBACTCS

K BerHeﬁ 4JaCTu CJI0d, PCKE — K OCHOBAHHIO

(rabm. 1). Ilo pesymbratam  HaOIrOACHUN
B IAXTHBIX  BBIPA0OTKaxX  UIMHA  JTHX
obpazoBanmii — npo0o 40-50cM, BbicOTa H
mmpuHa — A0 10-15 cm. MHorma koHKperuu
00pa3yoT IeNble CJIOM C  M3BUJIMCTHIMU
KOHTaKTaMH. Pexxe OTMedaroTcs MPOTHIKAIOIINE
CIOM  KOHKpEIWH  HeNpaBWIBHOH  (OpPMBI
(BBICOTA TIpEBHIMIAET [UIMHY W IIUPHHY).
MecTamMu KOHKPEITMOHHBIE CTSDHKEHHSI MENIKHE H
MHOTOYHCIICHHBIE, UMEIOT YIUIOMICHHYIO (hopMYy,

3aIOJIHSIOT BECh CJIOM [5].

Tab6n. 1. CogepraHue KOHKpeLUmint B CI05X MPOMbILLIEHHOTO NJ1acTa U B /IOXKHOW KpoB/e
MpubanTuiickoro cnaHuesoro 6acceHa (/leHUHrpaackoe MecTopoXKaeHue)

Table 1. Concretion content in the layers of the industrial seam and in the false roof of

the Baltic shale basin (Leningradskoye field)

CofepyaHme KOHKpeLmit B BbipaboTKax LUaxT,
Cnon 06beMHble NPOLLeHTbI
MPOMbILWNEHHOTO
nnacta WWaxra WaxtaNe1 | WaxtaNe2 | Llaxta Ne3 Cpepnee
um. C.M. Knposa NO MECTOPOXKAEHNIO

JloxKHaAa Kposna 43,5 43,0 45,5 45,5 44,5
Mepsbii 19,2 16,9 16,9 16,7 17,0
BTopoi - 6,1 6,5 51 5,5
UcmouyHuk: [5] / Source: [5]

AHanu3  COBpEMEHHBIX  IyOIHKarmii O HeoOXOJMMOCTH OTIHYaTh KOHKPEIHUH

MoKasan, 4YTo B paboTax TOCIEeTHUX JeT
KOHKPEIIMOHHbIE 00pa30oBaHHUA YIIOMHHAIOTCS
HEYacTo. OITO  OOBSCHAECTCS  TE€M,  4TO
UCCIICJIOBaHNE OOJBIINX TIYyOMH OTrpaHHUYCHO
JIMIIIb ~ MaTepuajaMu OypeHHsT H  KEPHOM
HeOonpIioro nuamerpa. Hammuue wuHpOpMa-
TUBHOT'O U JIOCTOBEPHOI'O ONHCAaHUS KEPHOBOTO
MaTepuana — TMEPBHYHOTO HMCTOYHUKA JAHHBIX
0 COCTaBE€ BCKDBHIBaGMBIX OypeHHEeM IOpoI —
Ba)KHasI COCTaBJISIOIIAs TEOJIOTHYECKUX
WCCJIEIOBAaHNM, HO W3BECTHO, YTO BO3MOXK-
HOCTHU HCCIIEJOBAaHUS KOHKpEUUii "
JIPYTUX  HEOTHOPOMHOCTEH,  IMPEBBIMIAFOIINX
aMeTp KepHa, OTpaHUYCHBI, OHH

MOT'YT OTOXACCTBIATBCA CO  CIIOUCTOCTBIO

(puc. 1).

OT CJIOHCTOCTH B KAMEHHOM MaTepualle
NPEayNpeXIaid B CBOUX IMyOJUKALMAX aBTOPHI
MoHorpaduu [6] U Apyrue UccaeI0BaTeIIu.
HmeroTcss ¥ MOJMOXKUTENbHBIE TPUMEPHI:
B MOHOTpaduu [7] 0OTMEUEHO, YTO MPU U3YyUCHUH
KepHa u3 ckBakuHb! JleBoH-3 (IIpuxacnmiickas
BIIQJIMHA) B JEBOHCKMX H3BECTHSAKAaX Ha
rnyounax 6103 — 6109 m u 6126 — 6133 ™
0oOHapyKeHbl U 33J0KyMEHTHPOBAaHbI KapOOHAT-
HbIE KOHKPELH, a Ha Tyonne 6258 — 6264 m —
KapOOHATHO-CYNILGUIHBIC, Pa3Mep KOHKPEIIHOH-
HBIX TeJl M TUaMeTp KEpHA He YKa3aHBbI.
Bbe3zyciioBHbII Hay4HbII HHTEpEC
MPENICTAaBISIOT  paboTBl  TIO0  HCCIIEOBAHUIO
KOHKPELIHOHHBIX 00pa3oBaHUi B Oa)KEHOBCKOW

cBute 3anaanoit Cubupu [3].
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Puc. 1. ®parmeHT KepHa (aprunnnt ¢ KapboHaTHbIMKU KOHKpeuuamm, ceuta C2°, loHbacc):
a— amameTp KepHa 70 cM; 6 — 4acTb 3TOrO »Ke KepHa, «M3BJeYeHHan» KOJOHKOBOM Tpyboit aguameTtpom 12 cm

Fig. 1. Core fragment (argillite with carbonate concretions, C2° formation, Donbass):
a — core diameter of 70 cm; b — part of the same core, “extracted” by a core tube with a diameter of 12 cm

McmoYHUK: apantuposaHo 13 [6]
Source: adapted from [6]

THocmcedumenmayuonnoe cyuecmeao-
8aHUe KOHKPEYUOHHBIX mel Mallo u3ydeHo. Tem
HE MEHee, MOXXHO YIIOMSHYTh HECKOJIBKO
3Mu30/10B. Tak, HampuUMep, HCCICIOBATEIAMHU

P.C. Caxubrapeessim u A.Jl. KypbleBsiM

YCTAHOBJICHO JIOKAJIbHOC 3aMCIICHUC
HN3BCCTKOBBIX KOHerHI/Iﬁ KPpEMHUCTBIMHA
B JOMAaHHUKOBBIX OTIOXCHUAX PYCCKOﬁ

miatrGopMbl €ile B JIOKATarcHHYI CTajHio.
[loguepkuBaeTcsi,  4TO  OKPEMHEHHIO U
paspylIeHHI0 TIOJIBEPTIINCE caMble OOeTHEHHEIE
OpPTaHMYECKUM BEIIECTBOM yUaCTKH.

B  ropckux omnoxenusix CeBepHOro
KaBkaza cucremMa NpUIOHHBIX MaJCOTCUCHUIN
B OacceliHe cenmuMeHTanMy OblIa TPUYUHOU
pa3MbiBa TOJIIM OCAIKOB C AMATEHETHYECKUMHU
CUJCPUTOBBIMU  KOHKpPELHUSMH, HX CKOILIEe-
HUAS  CJIaraloT  IUIACTBI  KOHKPEITMOHHBIX
KOHTJIOMEPaTOB.

B OaxeHOBCKOI CBUTE M Ha TpaHUIE €¢
C BBILLE- U HIDKE3AICTAIONIMMU OTJIOXKEHUSIMU,
rae HEKOTOPEIE MIPOCIION AMEIOT
KOHKPEIIMOHHOE  CTPOEHHE,  CYIIEeCTBOBAJIH
HEOOXOoAMMBIE YCIOBHUS M (OopMUPOBAHWS
BBICOKHX (DMIIBTPAIIHOHHO-EMKOCTHBIX CBOWCTB
nopon. B CambiMckoM pailoHe dYacTUYHOE

BBIIICIIAYUBAHUC Kap6OHaTHOFO KOHKPCILIMOH-

HOT'O TOPU30HTa HA KOHTaKTe Oa)XKEHOBCKOW H
a0allakCKOH CBHT TIPUBENI0 K OOpPa30BaHUIO
KaBepH pa3MepoM J0 3-5cM, JApoOIeHHIO
KapOOHATOB H  (OPMHUPOBAHUIO TPEUIMHHO-
KaBEPHO3HBIX KOJJICKTOPOB [8].

OnpezneneHHbIE HWHTEpPEC INPEACTABISET
0o0pa3oBaHMEe TPEIIUH B KOHKPEIMOHHBIX TeJIaX.
B kauecTBe nmpumepa MOXKHO MPHUBECTH JaHHBIC
0 KapOOHATHBIX KOHKPEUMSIX U3  TOJIIH
TPanTOJIMTOBBIX CIaHIEB Ha 3amajge CuOupckon
miatdopmel (o0HaxkeHue Ha p. Kypetika, cumyp,
naneornyOuHsl  morpyxeHus — 2500-2600 m,
cramusi  katarene3a MKy). Ilpu packomne
KOHKpEIIM B MX MyCTOTaX W TPEHIMHAX ObLIH
oOHapy>KeHbl >KuAKHE OWTyMBl. TpemuHbl He
UMEIOT BBIXOZIAa K IIOBEPXHOCTU KOHKPELHH.
Cunraercs, yTo oOpa3oBaHre OUTYMOB B TOJIILE
HAYajoch e€Ile Ha CTaJAud JuarcHe3a; B
JlaJbHEHIIEM B TelnaxX KOHKPELHMH MPOUCXOAWIO
¢pakunoHupoBaHue OUTYMOB H  Ilepeme-
LIEHWE WX JIETKUX MHUTPalHOHHOCIOCOOHBIX
KOMIIOHEHTOB B CBOOOJIHOE€  ITyCTOTHOE
MPOCTPAHCTBO B CBOEOOPa3HbIE MHUKPOJIOBYIIIKH
¢ o0pa3oBaHHWEM MHKpPOCKOIIEHHH. Peskuii
3amax KEpPOCHMHAa TIPH pacKoie KOHKpeLHH
CBUJICTENILCTBYET O IMOMCKOBBIX BO3MOXKHOCTSIX
Takux o0pa3oBaHuii [4].
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B oxeane wnHa Ooipmmx TIyOMHaX

SPOAUNPYIOIIAs ESITEIILHOCTD TIPUIOHHBIX
TEeUEeHUH MpEeI0XpaHsIET JIeXKaIue Ha
MTOBEPXHOCTHU nHa sanpa KOHKpeUun

OT  3aXOpOHCHHSA, MONJCPKUBAS  YCIOBHSA
«HYJICBOW CETMMEHTALIANY.
B HCTOPHH hopmupoBaHUs 3

CyHIECTBOBAHNS KOHKPCHUOHHBIX TEJI BaXXHbBL

HECKOJIBKO JTaroB: CeIMMEHTAIMOHHBIH,
JTMarcHESTHUICCKHH, KaTarcHHBIH, MeTa-
MOPQPHUUECKHIA. B xoJie MIPOLIECCOB

KarareHesa ¥ MeTamopdusMa MPOHCXOAMUT
nepepacrpesicieHie  BellecTBa B CaMHX
KOHKpEIHSIX, W3MEHEHUE ux CBOWCTB
W TOSBIICHWE B HHX HOBBIX MHHEPAJIOB

(reMaTuT, MAarHeTUT, TIUPPOTHUH, CHIUKATHI

u Ip.). [Ipenmonaraercs, 49TO 3TH
xKe HPOLIECCHI MHOT/A HPUBOJSAT
K  HMCYE3HOBEHHMIO  paHee  00pa30BaHHBIX
KOHKPELUH,

Pyoonocrnocmu KOHKPEeYUOHHBIX

obpazosanuti. KOHKpEIMOHHBIC Tella HEPEIKO
coJepxar pyZIHbIE KOMIIOHEHTHI,
nproOpeTeHHblE UMM B XOJI€ TUAreHeTHYECKON
mupdy3noHHOH MOOWIM3alMM W3 JIOHHBIX
ocankoB. Tak, cpeam sieMEHTOB-IpUMecen
B CylIb(QUIHBIX KOHKpPEIMAX MHOLEHOBBIX
OTJIOKEHUI Boctounoro IIpenxaBka3zbs
YCTaHOBJICHBI ~ HHKENb, KOOAJbT,  CBUHEII
B 3aMeTHBIX KomuyectBax. Ha  mecro-
poxxaennn Tamkymblp (Pepranckas BHaaWHA)
chepocuIepUTOBBIE KOHKPELMH B OTAEIBHBIX
cnosix coctaBialoT  5-20% mopoasl  mpH
MOIIHOCTH  pynoHOcHBIX JuH3  0,3-0,4 M
U cpenHeM coxaepkaHun xkeneza  3—40%.
Ha HeKoTOphIX y4acTKax 3TOTO0 MECTOPOXKIEHUS
BCTPEYAIOTCS cynbduaHbIe KOHKpPEIHH
mo 1-1,5wm. 3mecr ke, B ciosx, oOoraiieH-

HbIX YITIMCTBIM BCHICCTBOM M PACTUTCIBHBIM

2 TaM xe.

JICTPUTOM, OTMEYEHBI KapaBaeno00HbIC
KOHKpEIMH  «OONOTHBIX  pya»  pa3MepoM
bi o) 15-20 cm.

YCTAHOBJICHBI B Ppa3JIMYHBIX YacCTAX Ppa3pe30B

Konxkperuu LeJIeCTHHA
KOHTHHECHTAIBbHO-MOPCKUX  OTJIOKCHUH  Med-
najeoreHoBoro  Bo3pacta Ha  Cy3akcKowm,
Yanreip-TanickoM U Ipyrux pynonposiBICHUAX
KeIpreiscrana. 3mech KOHKPEIIMH — pa3sMepoM
or 2-3 mo 20-30cm 3ajeraroT B BHUIE
MapauieIbHBIX  IIEMOYeK, KOTOpble HWHOTAA
CJIMBAIOTCS B €IUHbBIN MPOCIOH, OHH
MPOCIEKUBAIOTCI HA COTHH MeTpoB [9].
KpynHble pyaHble KOHKpEIUMH  CHUAECPUTOB
YCTaHOBJICHBI B JCIIBTOBBIX OTJIOKCHUAX
opckoro  Bozpacta [arecrana. Ilupur —
MUPPOTUHOBBIE KOHKPEIUH CJaraloT pyIHBIC
TeJa Ha KOJNYEHAHHBIX  MECTOPOXKIACHUIX
Kuszun-/epe, @unuszuail B npenenax ceBEpHOTO
ckioHa bompmoro Kaskaza. Copnepxanue
JKeJie3a B CUACPUTOBBIX KOHKPCHUAX
OTIIEIBHBIX MECTOPOXKICHHIH OypOyrojJbHOTO
Kancko-Aunnckoro Oacceiina mocturaer 33%.
B naugane XIX Beka xoHKperuu 3Toro Oacceitna
WCTONB30BAMCH  JUISI  BBHIIUIABKH ~ 9yTyHa
KYCTapHBIM CITOCOOOM.

Ha THE MupoBoro OKeaHa

KOHKPELIHOHHOE OpYZICHEHUE CUMTAETCs
CaMOCTOSTENIbHBIM BUJOM MUHEPAIBHOTO CHIPBS.
Pecypcbl  HuKenss B Kene30MapraHIIeBbIX
KOHKpEUHUsIX OKeaHa COIOCTaBUMBI c
Ha3eMHBIMH, PECypchl KoOaabTa MPEBHIIIAIOT

Ha3eMHEBIE 0oJiee ueM B JBa pas3sa.

BrusiHUe KOHKPeyUuoHHbIX men

Ha hopmuposaHue
MUKpompewuHoeamocmu
8bICOKOY2/1epoducmbix omsaoxceHuli

HCCJ’IC}IOB&HI/IC KEpHa FJ'Iy6OKI/IX CKBaXHH
IIO0Ka3aJjio, qTo C FHy6HHOﬁ, B CBA3U
C YBCIMYCHUCM «CTpecca» u HCpPaBHO-
MepHOfI HarpyskKu, yBCIWYUBACTCA KOJUYCCTBO

MHUKPOTPELLHH.
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MuKpOTpeIMHbBl ~ BHOCAT  3aMETHOE
pasHooOpasue B CTPYKTYpPY  IIyCTOTHOTO
MPOCTPAHCTBA JIOKAJBHBIX YYacTKOB MOPOZ,
CHIDKAIOT  JCUCTBHE  KaNWUIAPHBIX  CHIL,
CIOCOOCTBYIOT COOOINAEMOCTH KPYIHBIX TIOP.
BonbImMHCTBO W3 HUX HE BBIXOIAT AaJIeKO
3a Tpenesbl Y4acTKOB HX BO3HUKHOBEHUS,
packpeITocTh X HemoctosiHHA. Ha CanbiMckoM
Mectopoxaeanu (3amagHas CuOWph) MHKPO-
TPELINHBI, 00pa30BaBIINECT B XO/A€ KaTareHHOU
tparchopmanuu OB, (GopMHUPYIOT KOJLICKTOP,
€MKOCTHOE MPOCTPAHCTBO KOTOPOTO 3aIOJHEHO
MPOAYKTaMHU TaKOTO NMPeoOpa3oBaHHUI.

N3BecTHO, YTO oOmpeseNeHHbIH BKIaJT B
o0pa3oBaHMEe TPELIMHOBATOCTH BHOCHUT TBEPIOE
OpPraHUYECKOE BELIECTBO BMEILAIOIIMX IOPOJ,
0COOEHHO TIOBBILICHHBIE €ro0 KOHICHTPALHH.
Peanmzamuun  3TOTO CBOWCTBA CHOCOOCTBYIOT
nopoaoo0pasylomue KOHUEHTpauud (0OBIYHO
HEPaBHOMEpHBIE),  O0ObEMHAas  3HAYMMOCTb,
(ronaoreHepaoOHHbI MOTEHIMAl KOHLIEHT-
puposanHoro OB [10, 11].

Pa3sButHe IpeHUpPYIOMUX MHUKPOTPEIIUH
mo 30HaM Haubomemmx cojepxanmii OB
00ycIoBJIeHO reHepanueil yriesoaopoaos (YB)
B YCIOBHSAX MX HEPaBHOMEPHOIO pacrpe-
nenenus. IlpuumHol oOpa3zoBaHHsT MHKPO-
TPEUIMH MOXeT OBbITh W3MEHEHWE TpaJHeHTa
JaBjicHUs (DIOUIOB B MOPOBOM IPOCTPAHCTBE.
Tak MUKpOHEOTHOPOAHOCTH pacnpenenenus OB
B TOpOJIE MOXET TPUBECTH K YBEIHMUYCHHIO
MacuTada MUKPOTPEIIMHOBATOCTH.

HmenHo Ha rpaHUIax MpoCioeB, OOraTeix
OB u3-3a NMOBBILIEHHOH T'eHepauun (IFOUIO0B,
NPOUCXOIAT  (MIIOMIOPA3PBIBBI,  KOJIUYECTBO
MOCIEHUX  HapacTaeT JaBHHOOOpa3HO, U
MOpONBI  37€Ch  MPOHU3BIBAIOTCS  CHCTEMOU
MUKPOTPEIIUH,  YacTh M3  HHUX  MOTYT
BIIOCJIEICTBUM COMKHYThCS. llpu nmanpHelmem
NOTPY>KEHUN nopoJ (rona0pa3phIBBI
BO3HHMKAIOT CHOBa, TOSBISAETCS yCTOWYMBAs

cucreMa Mukporpemud. OpHOW ©3 pa3HO-

BUJIHOCTEl  HEOJHOPOJHOCTEW,  CO3JAOIIMNX
JIOKaJbHBI  KOHTAaKT MOpPOA C  Pa3HbIM
conepxxanueM OB, SBISIOTCS KOHKpPEIMOHHBIE
o0Opa3oBaHUsl.

I[lo mepudepun KOHKpEUHH MHKPO-
TPEIMHBI BO3HUKAIOT B pe3ynpTaTe
HEPAaBHOMEPHOI'O KaTar€HHOTO YIUIOTHEHUS U
pa3IMYHOM yCaJKM KOHTAaKTHPYHIOUIMX Macc,
BO3HMKHOBEHUS JOIMOJHUTEIbHBIX HANPSKECHUN
u  mukpoauciokauui. Ilpm  oTcyTrcTBUM
OTTOKa OOpa3yIOIIUXCS MPOAYKTOB MPOCIOH,
6OFaTBIe OpraHn4cCKuM BC€IICCTBOM,
B XOJ€ JNAIBHEHIIEr0 IMOIPYXKEHUS OCTaHyTCs
HCAOYIVIOTHCHHBIMH, C HHU3KMMU 3HAYCHUAMU
IJIOTHOCTA W C MOBBIIICHHBIMUA 3HAYCHUSIMHU
MIyCTOTHOCTH.

Takne 0COOEHHOCTH BHYTPHUILIACTOBOTO
HaxOXXJCHUS  KOHKPEUMHA  MNpedonpeAcsioT
cBoeoOpa3re  TPOSABICHUS  MHUKPOTPEHIMH
B I1acrax B Xoa¢e IOrpy>KCHUA Hux
Ha Oonblive TOyOMHBL. B yCIOBHAX 3aKpBITHIX
CHUCTEM MHUKPOTPEIMHOBATOCTE  (hopMupyer
KOJUIEKTOP, EMKOCTHOE MPOCTPAHCTBO KOTOPOTO

3aIoJHsIeTCs MPOAyKTaMu npeodpazosanust OB.

KoHkpeyuu — uHOukamopel
oboz2aujeHHOCMU emeuw,arouux nopoo
op2aHuUYecKuM eeuwjecmeom

MHorue wuccienoBaTeNid MOTYCPKUBAIOT
CBSI3b KOHKPEIMOHHBIX 00pa3oBanmii (0COOEHHO
KapOOHATHBIX) M MOBBIMICHHBIX COAEP)KAHUH
OB B mnepBHYHOM AaBTOXTOHHOM 3aJleTaHUU
[3, 6]. Tem Oomee WHTEpECHBI CIilyuaw,
KOTJ]a CHHTCHETUYECKHEe KOHKPEI[MOHHBIE Tela
(GUKCUpYIOTCST B TIOPOJIaX C  HEBBICOKUM
coaepxanuem OB.

B xadecTBe mpuMepa MOXHO IPHUBECTH
HENMMTH()UIUPOBAHHBIE TJIMHUCTBIE Tena,
3aKapTUpPOBaHHbIE B TOPHBIX  BBIPAOOTKax
[Tpubantuiickoro ciaHieBoro OacceiiHa, Takue
KapOOHaTHBIE

TCl1a HEPCIAKO COACpIKAT

KOHKpPCLUH.
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MHOro4YuciIeHHbIE UCCIEIOBAHUSA, B TOM
YUCJIe W HaIW, TOKa3ajd, YTO HEITUTH(UIIN-
pPOBaHHBIC TJIMHUCTBIE TeJNa B  CIAHICBBIX
IJIacTaX SBJISIOTCS SMMIeHETHICCKUMHU OCTAaTOY-
HBIMH PEJIUKTAMH KYKEPCHUTOB, «OBIBIIUMI»
TOPIOYNMH CJIAaHII[AMH, yTPATHBIIUMH B OIIpe-
JICIICHHBIX yciaoBusix ceBoe OB u kapOOHATHLI.

INocTcemuMeHTAIIMOHHAS, STTUTCHETHIECKas
TIPUPOAA TIMHHUCTHIX PEITUKTOB TOATBEPKIACTCS
pa3sHOOOpasHBEIMA JaHHBIMHA. Tak, B TJIMHAX
BCTPCYAIOTCSI  BBINICIOYEHHBIC,  W3MCHCHHBIC
octaTki  (ayHbl,  CBOWCTBEHHBIC  TOJIBKO
CJIQHIICBBIM CJIOSIM. JIuHelHO-BBITSHY ThIE
KOHKPEIIMOHHBIE CTSHKEHUSI, IMPOKO pacIpocTpa-
HCHHBIE B KYKEPCUTaX, IPOCICIKUBAIOTCS U B
rmuHax. Habmromaercst ONMM30CTh COCTaBa IJIMH U
TEpPUTEHHOW YacTW CIAHIEB, a TAaKKe OJM3KUe
COOTHOIIICHHWS KBapIla, TIOJNEBBIX IINATOB H
JPYTHX MHHEPAJIOB, HEKOTOPBIX METAIIOB U T. II.
B 9THX yd4acTkax TroOprOuYHe CJaHIIBl YTpaTHIN
CBOM ToOpomooOpasytommii  komroHenTr — OB
M TPEBpaTWIUCh B  TJIHHUCTBIE  PEITUKTHL
Konkperu SBISIFOTCS CBUICTEIBCTBOM OBIBIIICH
00O0TraIlleHHOCTH TaKUX PEIMKTOB OPraHU4YCCKUM
BEIIECTBOM. JTO  IIO3BOJIIET  HCIOJIB30BATh
KOHKPEIIMOHHBIE 00pa30BaHMs sl KAPTUPOBAHWIS
OBIBIIMX TOPIOYMX CJIAHIIEB, YTPATHBIINX CBOU
HedTera3oMaTepUHCKUN MOTEHITUA.

BosHukaer mnpoOiieMa OTJIMYMS —TaKUX
TJIMHUCTBIX ~ PEMKTOB  OT  HEW3MEHEHHBIX
He()TEra30MaTepUHCKUX TIOPOJ] B KEPHOBOM
MaTepuaie, B TOM YHCJI€ U C OOJBIIUX TIyOHH.
[IpemnaraeTcsi HMCMONB30BaTh KOHKPEIMOHHBIC
o0pa3oBaHHs B Ka4eCTBE WHAWKATOPa OBIBIIMX
BBICOKOYTJIEPOTUCTHIX TTOPOJI, YTPATUBIIHUX CBOEC
OpraHUYIECKOE BEIIECTBO.

MposaeneHue KOHKpPeyuUuoHHbIX mesn

Ha 6oabwux 2aybuHax

M3BecTHBI Kak MeTaMOp(hHU30BaHHBIC, TaK
U COOCTBEHHO MeTaMOp(hUYECKHE KOHKPEIUOH-
Hble OOpa3zoBaHus. CBeIEHU O HUX HEMHOTO,
TEM HE MEHEE CUYMUTAETCS, YTO OOJBIIMHCTBO
KOHerHHfI 0CadOYHBIX HOpOlI N3MCHAACTCA

B mpomecce MeToMopdu3Ma;  HaIpHUMeEp,
MproOpeTaroT 30HaNbHOE cTpoeHue. [locieqnee
NPEJONpPEACTICHO pa3inyieM XHUMHUKO-MUHepa-
JIOTHYECKOTO COCTaBa, WX MepuepuiHbIX H
LIEHTpaJIbHBIX 4YacTed. Tak, B mepBOHAYAIBHO
KapOOHATHBIX KOHKPEITMOHHBIX 00pa30BaHUAX B
(UHCKUX JOKEMOPHICKUX ClaHIaX IEHTPalb-
Hasg dYacTh  (CBETJIOOKpAllIeHHas) COCTOMT
W3 KBapua, AWOICHIA, TPOCCYsipa W APYTUX
MHHEpaJOB, a KpaeBble 30HBI (TEMHBIC)
CIOXKEHBl  KBaplleM, KalbLUTOM, pOTOBOM
0OMaHKOM, aH/1e3UTOM’.

WHorga MCTOYHUKOM OKCHIOB JJIST HOBBIX
MUHEPaTHHBIX KOMILIEKCOB ATFOMUHHSA,
KpeMHUs, KEJIC3a, Marnus, JId BO3HUKAIOMIUX
Ha MECTC CTapbIX KOHKPCIMOHHBIX TCJI ABJIACTCA
HEPAaCTBOPUMBIA OCTAaTOK CTAPBIX KapOOHATHBIX
KOHKPEIWA, OH COCTOMT OOBIYHO M3 TeppH-
TEHHOTO  MECYaHO-TJIIMHUCTOTO  MaTepHana.
CozepkaHue  HEpacTBOPUMOIO  OCTarka B
KapOOHAaTHBIX KOHKpeuusix npocturaer 50%,
npu 3TOM coJlepKaHue TEePPUTEHHOMN
COCTaBISIIONIE B HUX OOBIYHO K Tepudepun
00JIblIIe, YeM B IICHTPAJILHON 4acTH.

MeTtacoMaTo3 KPEMHHCTBIX KOHKpEIHH
HaunHaeTcs ¢ nupdy3uu BHYTPh HHUX KaJbIIHA
13 BMENIAIIeH mopoasl — GopMupyercs kaiima
BOJUTACTOHUTA, IICHTPAIbHAS YaCcTh KEJIBAKOB Ha
3TOM CTaJIMU COCTOMT M3 XaJIIIe/IOHA.

W3BectHO, 9TO MHOTHE MeTaMOphHUUECKHe
TIOPOJIBI COIEPKAT MHUHEPAJIbI, KOTOPBIE OCTAITUChH
HCU3MCHCHHLIMMU €€ Ha PaHHUX CTaJaudax.
[Npennonaraercsi, YT0O WMEHHO KOHKpPEIIMOHHEIC
Tenma, OCOOCHHO KpYIHBIE OSK3EMIULIPHL, B
IEHTPAILHBIX CBOMX YacTAX WMEIOT IIAHCHI
COXPaHUTh CBOM NEPBOHAYAJIBHBIN MUHEPAIBbHBII
cocTaB, TeM OoJiee WHTEPECHBI CITy4yau, KOrja
KOHKpEIUH, 00pa3oBaHHbIE B CTaJHIO JHArcHe3a,
COXpaHAIOTCS Ha Ooiiee  TO3IHHMX  3Tamnax
muroreHe3a. OcoOyio IEHHOCTh IproOpeTaeT
YIOMHUHAaHHE 00 YCTOHYMBOCTH KapOOHATHBIX

KOHKpeluH, GUKCHpYeMO B YIIIGHOCHBIX TOJMIIIAX.

3 Tam xe.
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Takum 00pa3oM, BO3HUKIIAS B CTaIHIO
IareHe3a KOHTPAcTHOCTh  (TE€TEPOTCHHOCTH)
CcOCTaBa KOHKpPEUWH M BMELIAIOIIMX WX IMOPOJ
MOTYT COXPaHATBCS B  METaMOP(PHUUECKUX
TOJIIIAX U B HOBBIX MUHEPAIbHBIX ACCOIMALINAX.
KonTypsl u pa3MmMepbl KOHKPELHOHHBIX Te€J,
WX  TPUYpOUYEHHOCTH K  OMNpPEIeIEHHBIM
JUTOJOTHYECKAM  PAa3HOBHUAHOCTSIM  TIOPOJ
00BIYHO  coXpaHAIOTCA. M3BEeCTHBI  cCiydan
MOBBIIIIEHHBIX ~ COJIEPKAHWA  KOHKpEUUd B
MeTaMOp(pHUUECKUX Topoaax. Tak, KoIW4ecTBO
KOHKpelMii B TJMHHUCTBIX CJIaHLAX IOTro-
BOCTOYHON OKkpauHbl IlaTomMckoro Haropbs
(Bocrounass  Cubupp) [OOCTUraeT  HMHOT/AA
60-70% ot oOmeir Maccel  MOPOJBI.
IIpm 3TOM pa3Mepbl KOHKPEIWi KOJIEOIIoTCS
B mupokux mnpenenax (ot 1-30 cm qo 60—80 cwm,
a B OTNENBHBIX CIIyYasx A0 MeTpa u Oonee
B TonepeuHuKke). B  KpymHBIX CTsDKEHUSIX
OTMEYAlOTCsl TMPOXKWJIKKM W THE3Jla araruTa,
CyIb(QHIOB, SBHO BTOPHUYHBIC O OTHOIICHHIO
K KOHKpenusm®,

B onucanum kepHa ckB. JleBoH-3
(Ilpukacnimiickass BoamuwHa, T 6258-6264 M)
Cpeld  MHUKPOCIOUCTBIX  apTWUIMTOB U
KapOOHATHO-TJIIMHUCTHIX TOPOJ 3a(pUKCUPOBAHO
MIPUCYTCTBHE KapOOHATHOM KOHKPEINH
C BKJIFOUCHHUSIMH THpuTa [7].

B cmanmax bapuerr (Texac, CIIA),
BCKPBITBIX B  uHTepBane 2367,4-2435,3 m,
KOHKpEIIMOHHBIE  TOPHU30HTHI B  KadyecTBe
OTHIENbHON JuTOodanmu  cocTaBimssoT  2,9%
oT paspesa; OTJIENIbHBIE KOHKPELNH
COJIepKaT TPELIUHBI, 3aIOJIHEHHBIE KaJIbIIUTOM
[12, 13].

PesynpTatel  u3ydeHHs  Cynb(QHUIHO-
KEJIe3NCThIX KOHKpennid Ha rirybmnHax 3500—
5100 m (Ap3rupckuii  mporu0)  IMMO3BOJHIH

000CHOBATh BBICHIYIO CTCIICHb OXPaHHOCTH

4 Tam xe.

BEPOATHBIX  HE(PTEra3oBBIX CKOIDICHWHA  OT
paspyuIieHus B ’TOM PETHOHE.

Ha menHoOKoM4eIaHHOM YepPHOCIAHIIEBOM
Mmectopoxkaennn Kusui-Zepe (1opa, ceBepHBIH
ckiion bonpmoro Kapkaza) nuareHeTHueckue
pyIHBIC CKOTLICHUS (B TOM qHUCIIe
cynb(UIHBIE ¥ CHIACPUTOBBIE KOHKPEIIHH)
B cTaanuu MeTareHesa u paHHETO
MetamMoppu3Ma CMEHHINCh MaJlOCEPHUCTHIMH
cynpbugamu  (THPPOTHHOM, XaITBKOIMHUPUTOM
1 ap.);
KOHKpELMH

pCHI/IKTI)I AUAr€HETUYCCKUX
HaOIIOIaf0TCs B «MeTa-
TEHETHYECKOM» pyAHOM MaTepuane. 31ech
pyI[HLIC TCJia nu BMCILIAIOIIHUC HOpOI[I)I
B PaBHOHM CTEMEHH 3aTPOHYTHI PETHOHATBHBIM
meramopdusmom. B Hacrosmmee  Bpems

BEpPXHHUE 4acTu 3anexen BBIXOJIST
Ha JHEBHYIO TIOBEPXHOCTh — TaKUM 00pa3om,
JIUATCHETUYCCKUE  KOHKPCIMU, IOTPYXkasiCh
BMECTE c BMEIAIOLIEH MOPOJIOH,
MpoOMAsl  JAOMETaMOP(OTreHHbIC TJIYyOUHBI U
CMEHY pa3HOOOpa3HbIX yCIoBUH (B  TOM
yrcne aeGUuuuT CynbPHUIHOW Ccephl W T. I.),
BHOBb OKa3aIMCh Ha OJM3MOBEPXHOCTHBIX
ryOWHaX, TPUTOM B JPYroM KadecTBe.
Hanpotus, MIPOIIECCHI KarareHesa "
pernoHamsHOTO  MeTaMopdu3mMa B ypaHO-
HOCHBIX  YIJIEPOJUCTO-KPEMHHUCTBIX  CJIAHIIAX
(mectopoxxnenne  Capwimpkas,  CpennHHBIN
Tsaup-1llanp) He TOBMHSUIA HA KOHIICHTPAIHIO
ypaHa. 3mech  aMareHeTHYEeCKoe — Iepe-
pacnpezeneHue ypaHa MO TYEPKUBAETCS

IIMPOKUM  PacHpOCTPaHEHHEM  Pa3IMYHBIX
M0 BEIIECTBEHHOMY COCTaBy W CTPYKTYpPHO-
TEKCTYPHBIM 0COOEHHOCTSIM KOHKpeIuit
(pocdarHO-KapOOHATHBIX, KPEMHHUCTHIX H JIp.)
c BBICOKHM COJIepIKaHUEM ypaHa;
ero CoJiep’KaHHWE  BO3pacTaeT B TeX
y4acTKax I[Opoj, TAE€ HUMEIOCh O0OJbIIoe
komuyectBo OB (mo  60%), a Takxke
B MPOCIOSX,

cogepkammx  (ocdaTHbie

KOHKpeuuu [ 14].
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WuTepecHBl ~ maHHBIE O  3aMETHBIX
CKOIUICHHMSAX KOHKpEIWH aHKepuUTa B AHTPaK-
COJIUTAx Hurosepckoro MECTOPOKACHUS
cmannes  (PecnmyOnmuka  Kapenms).  3xechk
OTCYTCTBHE  CYIb(GUAOB H  OCOOCHHOCTH
M30TOMHOTO COCTaBa Yriepoaa KapOOHATHBIX
KOHKpEUMi  OOBSACHSIETCS  HEe3aBEPLICHHBIM

KaTareHe30M OPraHu4eCcKOro BEILECTBA
TEpPUTEHHOTO MaTeprajia BO BPEMs OTIIOKEHHS
outryma. B Oacceitne Coruyans (Kwuraii)
«aHTPAKCOJHUTHI C INAPOBUAHBIMH 00pa3oBa-
HHUAMHAU ABJISIFOTCSL IMPOU3BOJHBIMHU HC(I)TI/I,
npouleqmeld CTaauu OKUCIeHMs, Owmoxerpa-
nanuu 1 Metamopdusma. [peamonaraercs, dro
3aexb HeTH OblIa chopMHUpOBaHA B MO3AHEM
cuinype, oOpa3oBaHHME TBEPIABIX OWUTYMOB
NPOUCXOMIIO B JIEBOHE-KapOOHe, a TepMaJIbHbIC
U3MEHEHUSI W O00pa30oBaHHE AaHTPAKCOIHUTOB —
Opyd TOTPYKEHHH OTJIOKEHWH Ha TIIyOuHy
1o 10 km mpu Temnepatype» okoio 300 °C [15].

Bce 310 cBHAETENBCTBYET O TOM, YTO
U3y4eHHe KOHKPEIIMOHHBIX 00pa30BaHUI MOXKET
MMpeaACTaBJIATh OHpeZ[eJ'IeHHLIfI HUHTCPEC TIIpU

JIUTOJIOTHYCCKHUX HCCIICAOBAHUAX.

OyeHKa cocmasa KoHKpeyulii 8
2e0/102U4eCcKUX Uccnedo8aHUAX
Pe3ynbTathl M3y4eHHs: KOHKPELHUOHHBIX
0o0pa3oBaHHMil TO3BOJIAIOT KCIIOJNB30BATh HX
MOpP(OJOrHYECKHEe, TEKCTYPHBIE, T'COXHUMHU-
YECKUE, neTpopu3nIecKue 0COOCHHOCTH
B JIMTOJIOrO-(palyaibHOM aHallu3e, CTpaTH-
rpaduuecKoM pacuieHeHUH paspesa,
KOPPEJSILIMK OCAZAOYHBIX OTJIOKEHHH U APYTHX
UCCIIEIOBAHUSX. Xopormias COXPaHHOCTh
octaTkoB (ayHel W (QUIOpsl B HEKOTOPBIX
KOHKPELHIX MOBBIIIAIOT 3HaYUMOCTh
NOCJIETHUX MPH (alHaTbHBIX HCCIICAOBAHMSAX.
Oco0bIit UHTEpeC MIPEJICTABIISIOT
KOHKPEIIMOHHBIE TeJa, CBsA3aHHBIE CO CKOILIe-
HUSIMH ~ yTJIEBOJIOPOJIOB, TIpu  OOHApyKeHHUH
IpeBHUX BOJOHE(TAHBIX KOHTAakTOB (BHK),
YCTaHOBJICHUM BPEMEHM 3allOJHEHHUS JIOBYIIEK

He(i)TLI-O, IMPOCJIC)KNBAHNN HW3MCHCHHSA KOJIJICK-

TOPCKUX  CBOWMCTB B  MPOAYKTHBHOM U
BOJOHOCHOM YACTSIX InIacTa. Y CTaHOBIICHO,
YTO JIOKaJbHas IIEMEHTAIMs TIJIaCTOB Ha
Acrpaxanckom Mecropoxkacauu ([Ipukacnmii-
CcKasg  BIaguHA) B XON€  CTaOMIM3AITIN
npesHux BHK ocymecTBisinack 0o NpUHLMITY
KOHKPELIMOHHBIX CTsDKeHui. [lpu mporuosu-
BBIKIIMHUBAHUS ~ Ha

poBaHNH JIOBYIICK

HEKOTOPBIX MECTOPOKACHUIX 3anagHoi
Cubupy BO3HHUKIIA HEOOXOAMMOCTH KapTHPOBATh
30HBI BBICOKOH KOHKPELIMOHHOM KapOOHAaTHOCTH,
HMCHHO OHH ABJIAKOTCS JIaTCPAJIbHBIM 3KpaHOM5.
U3zBecten OTIBIT [IPUMEHEHHUS
KOHKPELHMOHHOTO aHaju3a INpH HaJeornapo-
Fe0JOTHYECKUX PEKOHCTPYKLMAX B IIpeleiax
Bocrouno-IIpenkaBka3ckoii  HedTera3oHOCHOU
oOmactu. B kommiekce ¢ IpyruMu MeTOJaMH
OH HCHOJB30BAICA 1M NPEABAPUTEIILHON
OLICHKM  HeTeMaTepuHCKOro  MOTCHIHANIA
BMCIIAOIINUX OTJ'IO)KCHI/II\/'I, BBIABJICHUA YYaCTKOB
JIpeBHEHH(DUITHTPAITHOHHBIX BOJI, Oonee
000CHOBAaHHOTO BBIJICJICHUS 30H IS
MOCTAaHOBKHM TIOMCKOBO-Pa3BEJOYHBIX PAOOT.
AHaIIM3 TEONOTMYECKUX XapaKTEPUCTHK
KOHKPELIHUH, 00OTaIeHHbIX PyAHBIMU
9JIEMEHTAMH, HCIOJB30BAJICS NPU HOUCKOBBIX
paboTrax, Korga OOBIYHOE JUTOTCOXMMUYECKOE

onpoboBaHue 66110 HEdDDHEKTUBHO.

Ucnonwb3osaHue paHHEKOHKPEeYUOHHbIX
obpaszoeaHuii 8 kKayecmee uHOUKamopa
3aKpbIMocmu 2u0pPOXUMUYECKUX
cucmem

Hcnonvzosanue PAHHEKOHKPEUUOHHbIX

obpazosanuli 68  Kavecmee  UHOUKAMoOpa
3AKPLIMOCMU  2UOPOXUMUYECKUX cucmem OBLIO
npemioxkeno  O.B.  SnmackyproMm.  AHanus
pa3sHOOOpa3HOW, HEPENKO IMPOTHBOPECUMBON U
¢parMeHTapHOl  MHGOpPMAIMK  ITO3BOJIAET
cAenaTh TPEAINONONKEHUE O CYIIECTBOBAaHHU

TAaKUX MPEANOCHIIOK.

5 Tam xe.
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W3BecTHO, 9TO CYIIECTBOBAHNE 3aKPBITHIX
CHCTEM COMPOBOXAAETCA MIMPOKUM CIIEKTPOM
B3aMMOCBSI3aHHBIX M B3aUMOOOYCIOBJICHHBIX
MPOILIECCOB M SABIICHUN, TaKUX KaK TEHEpaIHs
GaroumIoB,  3aTpyIHEHHBIE  OMUTpAIUS U
MUrpanusi  00pa3ylomuxcs  yrieBOAOPOJIOB,
3aKpBITOCTh HEZAp, JIOKAbHOE BO3pacTaHHUe
JABJICHUN, TOPMOXXEHHE TIOJHOTHI pPeaTH3aIiu
He()TEra30MaTepUHCKOTO TIOTEHIIHANa  [TOPO.T
B TiaBHOW 30He HedreoOpazoarms (I'3H),
BO3HUKHOBEHHE 30H AHOMAaJbHO BBICOKHX
rtactoBelx  naBieHuit (ABIIJI) wu Tpemmun
¢duroumopaspeiBa,  CABUT  reHepanuud — YB
B CTOPOHY XHUIKHX IPOIYyKTOB, 3aTSATHBAHUC
Havasa " MaKCUMyMa o0Opa3oBaHUs
MuKpoHehTH B 007acTh OONBIIMX TIyOUWH,
cmemenue I3H B  ycmoBusax ABIIJ Ha
3HAYUTENbHBIE TITyOUHBI [16].

IIpenmonaraeMelii MeXaHU3M pPa3BUTHUS
ABIIJI B 0aXCHOBCKOH CBHUTE OOBICHSICTCS
BO3HUKHOBEHHEM JIOTIOJHUTEIBHOTO JaBJIEHUS,
00yCIIOBIEHHOTO TE€HEepalyel yrieBoJ0pOJIOB B
TaHHOU HeTeMaTepuHCKON TOJIILIE u
3aTPYAHEHHOCTBIO UX AMurpauuu [17].

[lonHTepBamBEHOE ornpoOoBaHMe
0a’KeHOBCKOM CBUTBI MOKa3ao, 4TO
Ha CanpIMCKOM MeCTOpPOXACHUH (TpuMep
3aKpBITOMN CHUCTEMBI) MOTYT UMETh
MECTO  CaMOCTOSITEJIbHBIE  3ale)KH  He(TH,
M30JINPOBAHHBIE U TIO JIaTe€paly, U [0 BEPTUKAIH,
OHM OTJIMYAIOTCS IUTACTOBBIMU JIaBIICHUSMH U
coctaBoM YB. IlpocTpaHCTBEHHOE MONOXKEHUE
TaKMX  CKOIUICHMM  HE  KOHTPOJHUPYETCS
COBPEMEHHBIM  CTPYKTYPHBIM  IUIAHOM, HE
CBSI3aHO C MOBBIIICHHON TPELUIMHOBATOCTHIO.

3aKpeIThIE (hmonoreHepupyroIe
CHUCTEMBI  BBICOKOYTJIEPOAUCTHIX  OTIOKEHHUU
MOXHO  CUHTaTh IPUMEPOM  COBMEIICHUS
remeparopa  YB u  uUX  akkymyJsaropa.
Crnenuguka CceIUMEHTOTeHe3a TaKUX TOJIII
o0ycJioBJI€HAa HMX BBICOKOW O0OOTalEHHOCTHIO

OpraHUYCCKUM BCHICCTBOM W BO3MOKHOCTBIO

o0pa3oBaHHMsS  TpEMIMH, JOCTATOYHBIX  JUIA
obecrieyeHuns MPOHUTIAEMOCTH M KOJIJIEKTOPCKOM
emkoctu. [IpuMepoM Takux TOINII SIBISIIOTCS
JIOMaHUKOU/IBI, B TOM YMCIIe Oa)KEHOBCKast CBUTA
3anagnoit Cubupu.

Hanuuue wonyenmpuposannoeo opeamnu-
yeckoeo eewgecmséa (KOB) sBiseTcsi OMHAM W3
YCIIOBUI CYIIECTBOBAaHUS 3aKPBITHIX CHCTEM.
O6nemuas 3HaunMoctb OB, HEepaBHOMEPHOCTH
€ro KOHIIEHTpAallud B TIOPOJIE TPEIAOPEIEITIOT
AHM30TPOITHOCTh TUIOTHOCTHBIX W MPOYHOCTHBIX
CBOWCTB  BBICOKOYTJIEPOAUCTOH TIOPOABI, €e
TUTH(UKAMOHHYI0 HEOTHOPOAHOCTh. Bee 310
nenaer OB BakHBIM  (akTOpoM  Kak
HEJAOYIUIOTHEHUS, TaK ®  Pa3yIUIOTHEHHSA
nopoAHeix Mace, BMewmamux KOB B ycnoBusix
3aKPBITBIX CUCTEM.

Ilo MPEICTABICHUAM MHOTHUX
COBPEMEHHBIX HCCIIE/IOBATENICH OpraHU4ecKoe
BEIIECTBO BO

MHOI'OM OonpeaciiacT

CYIIECTBOBAHHE 3aKPBITHIX CUCTEM.
CBoeoOpa3ue MHOTHX BBICOKOYTJIEPOIUCTHIX
OTJIO)KEHUH, B TOM YHUCIIE€ U JIOMaHHWKOBBIX, —
paHHee oOpazoBaHHMe OWTYMOB W paHHAA
WX Murpamus, eme B ocanke. lIpomcxomut
paHHss THAPO(GOOHU3aHS TOBEPXHOCTH MEIKHX
qacThll oOcajka (TJIMHUCTBIX, KaJbI[UTOBBIX),
U TOPMO3HWT  TMPOIECCHl  KPUCTAJLIA3AIIHI
U JUTHGUKAIMKM ~ Meprejied W TJIMH.
C «IIPEBpAICHUEM OCHOBHOM 4acTH
BBICOKOMOJIEKYJISIPHBIX ~ THAPOGOOU3UPYFOIIIIX
MOJISIPHBIX KOMITOHEHTOB 3TOr0 OB
B YTJIEBOJOPOILI M C YyHNaJCHHEM OCHOBHOMU
YacTH  TOCIICAHWX, TOPOJBI  CTAHOBSITCS
ruApoQUIBHBIMU,  HACTYMAeT  BO3MOXXHOCTH
JUTSL  TIEPEKPUCTALIM3AIMK W JIMTH(PHUKAIUH
KaJILIIATOBBIX YACTHIl, MEPIejbHBIX OCAaKOB.
butymbl, He  ycCHeBIIME  3MUTPHPOBATh,
KOHCEpBUPYIOTCS. YacTh 0cCagkoB B IUIACTE
MOXKET  OCTaBaThbCsi  JIOCTATOYHO  PBIXJIOH,
a IIacT — HEPAaBHOMEPHO JINTU(DUIIMPOBAHHBIMY

[11].
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Crnabomu T UITMPOBAHHBIHA MaTepHual
JOMaHHMKOBOIO IUIACTa B JIOKAJbHBIX MecTax
OCTaBaJICSi PHIXJIBIM W Ha 3HAYUTEIBbHBIX
rryOuHax  (OpM  TEepMETHYHOCTH  HHXKe-
u  Bplmenexammx — nopox).  Octasmmecs
HEPTEPOU3BOIAIINE BO3ZMOXKHOCTH JOMaHUKO-
BBIX OTJIOXKEHUI MOTYT Peain30BaThCsl TOJIBKO
B JKECTKHX  TepMOOapH4ecKHX  YCIOBHUSIX
Ha rryonaax 3000 M u Goree.

Kararennsle mpeoOpa3oBaHHMs CaMoOro
OB mpoTeKamT B «OTKPBITHIX» U «3aKPBITBIX)»
paspesax c Pa3NUIHOM CKOPOCTBIO,
OpU pEeXUME 3aTPyIHEHHOTO OTTOKa IIKasia
KarareHesa  pacTsATMBaeTci, M  TOPOJIBI
HHU3KOM CTETIeH! peoOpa3oBaHHOCTU
MOTPYyXaroTcs Ha Oonbple TIyOWHBI, HE
UCIBITBIBasE ~ 3aMeTHbIX  u3MeHeHuil. Tax,
B IOxno-Kacnmiickoil  BmaguHe  moponbl
NPOAYKTHBHOW TONIIM CPEIHEr0 MHOIICHA
Ha TIyOMHE OKOJIO 9 KM HE JOCTHIIIU
Jake TiaBHOM (a3l reHepauuu  HeTH,
a B BBIOpOCax TPS3EBBIX BYJIKAHOB C TITyOWHBI

8 KM 3adukcupoBaHbl OOJOMKH TOPIOYHX

CJIaHIEB. Dopmbl HIPUCYTCTBUS OB
B HedTera3oreHeprupyomux BBICOKO-
YTIAEPOIUCTHIX OTJIOXKEHUSIX CTaHOBSTCS
Oonee Pa3HOOOpa3HBIMHU. Hampumep,
B OTJIOKEHUSIX 0a)KEHOBCKOU CBUTHI
OJTHOBPEMEHHO NPUCYTCTBYIOT KEpOTeH,

YIJICBOJIOPOJIHBIC COCIMHEHUS] JIBYX BHJIOB:
(U3MYECKU  CBsI3aHHBIE C KEPOTCHOM  WIIU
MUHEpaTbHOW  MaTpuiled ¥ CBOOOJHEIC,
oOpa3ymiye TMOJBIXHBIE W 3alleyaTaHHBIC
ckoruieHus [8].

B  komeunom cuere, (anuanpHas
W3MEHYMBOCTh M TIOCJICAYIOIINE KaTareHHbIC
W3MEHEHHUS MOpoj, 00pa3oBaHHE H3OBITOYHOIO

JaBJICHUSA BHYTpHU OTACIBbHBIX Y4acCTKOB,

MIPETATCTBYIOIIEE YIUTOTHEHUIO opoJ
npu ux TUTHUKALNY, NPUBOJIAT
K TUAPOIUHAMHUYECKOM Pa3o0IIEeHHOCTH

MMPOHULIACMBIX Y4aCTKOB BHYTpH TOJIIIH.

OHa crmocoOCTBYeT COXPaHHOCTH KOJIJIEKTOPOB
W TOKpBIIIEK Ha  OONBIIKUX  TIIyOWHAX
B JIOKaIbHBIX 30Hax. [‘umapoaunHamuueckas
pa3oO0IIEeHHOCTh, BO3HUKAIOIIAsS B  HEApax,
YBEIUYUBACTCS c TJIyOMHOM, 4TO
MOATBEPKIACTCS, B YACTHOCTH, YBEIUYCHHEM
YaCTOTHI BCTPEYACMOCTH ABIIJI B
MOTPYKAFOIIUXCS TOJIIAX.

[IpumepoM THUAPOJMHAMUYECKON  pa3-
OOIIEHHOCTH BBICOKOMOPUCTHIX TPOHUIAEMBIX
Tel BHYTPU TOJIIUA  SBISETCS  HAIAYUE
JMH3 CBHIMYYHX TECKOB Ha TIyOMHE OKOJIO
5800 M B mpenmenax YMeTOBCKO-JIMBEHCKOM
nenpeccun ([Ipukacnuiickas Bnaauna). [Tpuuem
OJTHOBO3PACTHBIE MECUYaHUKH, BCKPBITEIE
Ha MEHBIINX TIyOMHaX Ha JPYTHX IUIOMIAJX,
XapaKkTepu3yrTCcsl B JIBAa paza  MEHbIIEH
nopucTocThio [18].

B YCIIOBHSIX 3aKPBITHIX CHUCTEM
BO3MOXXHA COXPAaHHOCTh U KOHKPEIMOHHBIX
oOpazoBanmii. B 3TOM acmekTe WHTepeceH
(daKT yCTOHYMBOCTH KapOOHATHBIX KOHKPEIHH
B YIJICHOCHBIX TONIAX K KAaTareHHbBIM W
paHHeMeTaMop(UIECKHM TpoIieccaM, KOTOpEIE,
TeM HE MEHee, CKa3bIBAalOTCAd Ha TIOpPOJaXx,
BMEIAIOIIMX 3T 00pa3oBaHusa’. DTO MO3BOJISET
BBICKA3aTh MPEATIONIOKEHUS, YTO WU 31eCh MBI
MMeEeM JIEJIO C 3aKPBITHIMU CUCTEMaMU. BaKHbIM
YCIIOBHEM HUX CYIIECTBOBaHHMS B 3TOM Ciyd4ae
SIBJISICTCS HaJT9ue KOHIIEHTPHUPOBAHHOTO
yromnsHoro OB.

CoXpaHHOCTh KOHKPEIMOHHBIX Tell JaeT
BO3MO>KHOCTb WCTIOJb30BAHHUS UX  Kak
WHJNKATOPOB TAKUX CUCTEM.

B cBsm3u ¢ 3TEM Bcraer mpoOiiema
pa3paboOTK  METOAMYECKHUX  TMPHUEMOB IS
MIOJIYICHHUSI COOTBETCTBYIOIIMX JTAHHBIX IS

ONPENETEHUS 3aKPBITBIX CUCTEM.

® Tam xe.
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BaxHbl crnemyromme  XapaKTEPUCTHUKA
paccMaTpUBaEMbIX TOJII]: COCTaB, MOIIHOCTb,
DIyOWHBI  3aJieTaHUs,  HaJU4ue  CUHICHe-
THYECKOTO aBTOXTOHHOTO OB, ero
KOHIICHTPHUPOBAHHBIX hopwm, XapakTep
pacmpenencHUs B TIOpojae, KadeCTBEHHOE
OMHUCaHWE U  PE3yJIbTaTOB  HCCIEIOBaHUMN
KOHKPEIMOHHBIX 00pa3oBaHuil (LBET, pas3mMep,
MOP(QOJIOTHS, COCTaB, MEPBUYHOCTH 3aJICTaHUs,
CTEeIeHb COXPAaHHOCTH H JIp.), a TaKKe HAINIHE
YYaCTKOB HEIOYINIOTHEHUS U Pa3yIJIOTHCHHUS.

Bo3MoskHOCTE BBISIBJICHUS 3aKPBIThIX
CHUCTEeM B KOHKPETHBIX PETHOHAaX B CaMOM
o0ImeM BHIE MOXHO OIEHUTh Ha TIpUMeEpe
MOJCOJIEBBIX OTJIOKCHUM ITpuxacnuiickoi
BITaAUHBI.

IloxconeBpie OTIOXKEHHUS MaJICO30MCKOTO
(Pz) BO3pacTa BCKpBHITBI B pa3HBIX paioHax
npUOOPTOBBIX 30H ITpukacnus. OnHn

«XapaKTepU3yIOTCS  CJIOXKHBIM  CTPOEHHUEM,
pPE3KOH  W3MEHYMBOCTBIO  JUTOJIOTMYECKOTO
COCTaBa, HaJINYHEM MHOTOYHCIICHHBIM,
3a4acTyIO JUINTENbHBIX, NEPEPHIBOB B OCAIKO-
HAKOIUIEHWH, HEJOCTaTOYHOH OCBOEHHOCTHIO
OypoBbIMH paboTamu, BCE€ 3TO 3aTPyAHICT
OIHO3HAYHYK  TPAKTOBKY  I'€OJOTHYECKHX»
JaHHbIx [11].

Pesynpratel  OypeHuss ceMu  mapa-
METPHUECKUX CKBAXHH TIIyOMHOH 67 KM
MOKa3aJIM, YTO CTPOEHUE AEBOHCKUX OTIONKEHHN
Ooiee ClIOXHOE, 4YeM IPEAIoJarajlioch paHee.
K ToMy ke pa3sBUBAIOTCS IpeNCTaBICHUS
O CYUIECTBOBAaHMM B HBIHEIIHUX TpaHUIAX
IIpukacnuiickoil CHHEKIN3Bl B JOKYHT'YPCKOE
BpeMsl HECKOJIBKMX CaMOCTOSITENbHBIX
0CaJIOYHBIX 0acCeHOB, KaXJbli W3 KOTOPBIX
Ipolea CBOM IyTh pa3BUTUs. llepcrieKTHUBBI
HE(PTEra30HOCHOCTH  PETHOHA  OLIEHUBAIOTCA
MOJIOKUTENIBHO, B OTHOLIEHUM  OTJIOXKEHHH
cTapuie OamIKWPCKOTO BO3pacTa CETOAHS HET
eanHoro MHeHud [19].

O «OnmarompusiTHOW Uil TEHEepaluH
VB curyauun B Ilpukacnuiickod BHaauHe

CBHUACTCIILCTBYIOT: HAJIW4YUE Ha HECKOJIbBKUX

cTpaturpapuIecKux YPOBHSX TJIMHUCTO-
KapOOHATHBIX OTJIOKEHHMM oOorameHHsXx OB,
JIOCTATOYHO BBICOKAsl CTENEHb UX KaTarcHesa,
npoxoxaeHue» [19] «HedTsHOTO OKHa» W
npyrue (hakTopEI.

Cpemun OTJIOKCHUH, 00OoTaIIeHHBIX

OB, YHOMUHAIOTCS TOpIOYHE CJIaHIIBI
c «pa3HOOOpa3HOH (hayHou CpeIHETo
JICBOHA, JIOMaHHUKOUJIBI, OUTYMHUHO3HO-
KPEMHHUCTO-KapOOHATHO-TJIMHUCTBIC  TUIACTHL.

OpHako 1eJOCTHas KapTUHA paclpeieseHus
B TMOJCONEBBIX OTIOXKEeHUsAX [Ipukacnuiickoii
BIIAINUHBL TTOPO.I» [11] C BBICOKUM
HeTera3oMaTepUHCKUM IOTEHLUAIOM OTCYT-
ctByeT [19].

s mporHoza  3aKpBITOW  CHCTEMBI
HE00X0IUMO BBISIBJICHHE Y4acTKOB
HEIOYIUIOTHEHUS-PAa3yIUIOTHEHU ~ MOPOX €
VIIyYIIEHHBIMH KOJUIEKTOPCKHMHU CBOMCTBaMH,
3TO Tpedyer pa3paboTKu KpUTEPUCB
Ul MX BBIIEJNEHHUsS, TaK KaK BO3MOXHOCTH
UX HaxXOXICHUS Ha OOnpIIMX IIIyOHHAX
OTIPEACISAIOTCS pa3HbIMU MTpruuuHaMH [ 18].

[oBbIlIEHHBIE KOJJIEKTOPCKHAE CBOWCTBA
Ha OOJBIIUX TIyOMHAX MOTYT OBITH COXPaHHUB-
LIMMUCS B PE3yNbTaTe HEOYINIOTHEHHS TIOPOJ B
y4acTKax I'MIPOAWHAMHUYECKOH pa3o0IIeHHOCTH
BBICOKOTIOPUCTHIX M MPOHUIAEMBIX TET BHYTPH
TOJIIM (3aKphITasi cucTeMa). Pa3yruioTHeHHbBIMH
(c BHOBb 00pa30BaHHOH IMMyCTOTHOCTHIO) TIOPOBI
MOTYT CTaTh B pe3yJIbTaTe pa3INYHbIX (HaKTOPOB,
B TOM 4YHCJIE€ TI0J] BO3/ICHCTBHEM BHEIPUBIINXCS
arpeccUBHBIX PacTBOPOB W OTTOKa (IIIOHIOB
C PacTBOPEHHBIMH KOMIIOHEHTaMHU 3a IpeJesibl
tonmu (OTKpbITass cucrema). llepeuncneHnsie
(m npyrume) (akTOpbl TOSBICHHS YYaCTKOB
HEJIOYTUIOTHEHUSI-Pa3yIUIOTHEHUST TPEOYIOT pas-
pabOTKH KpUTEPHEB Ul MX BBIAENCHHA. Tem
Obonee uro B [Ilpukacnwmiickoil BmaaguHe
YCTaHOBJICHBI ~ Pa3HOOOpa3Hble  MPOSBICHUS
TAKUX YYaCTKOB OT JIMH3 U CHIIyYUX IECKOB
(YmetoBcko-JIuBuHcKast nenpeccus, ri. 5800 m)
g0 OOJOMKOB  KaBEPHO3HBIX  HM3BECTHSKOB

(Tenruzckoe mectopoxaenue, rii. 4000 m) [18].
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K Ttomy e B «ckBaxkmue I'-1 (mmomanp
TacbiM, Oro-BocTO4YHas 4acth lIpukacmnuiickoit
BIIAJIVHEI, 3a00i 7050 m) BCKPBITHI
OTJIOKEHHUSI KapOOHATHO-TEPPUTEHHOTO COCTABa.
B wuntepBamax 6907-6936 M, 6943-6970 m
paHHEKaMEHHOYTOJIbHBIE ~ OTJIOXKEHHUS  Mped-
CTaBJICHBl HEPAaBHOMEPHBIM II€pECcIanBaHUEM
CpeHEeCIIEeMEHTUPOBAHHbBIX II€CUYAHUKOB, TJIHH
U TUIOTHBIX KapOOHATHU3MPOBAHHBIX Pa3HOCTEI»
[20].

Heo0XoauM0O OTMETHUTB, 4TO Yy4YacTKu/
WHTEpBaJbl  HEIOYIUIOTHEHHS-Pa3yIIOTHEHNUS
00BIYHO CIIO’KEHBI Pa3HOMPOYHBIMH
nopogamu. Mx Oypenue u ot1bop KepHa
CONPOBOKAAIOTCS TEXHUYCCKUMHU TPYIHOCTSIMHU
— W3BJEKAIOTCA Ooliee TPOYHBIE Pa3HOCTH,
UMEeT MeCTO YaCTHYHOE HCTHpaHHe U
paspylieHHe KepHa, IMPEACTaBUTEIBHOCTh €ro

B TaKUX y4aCTKax CHMKCHA.

3aknouyeHune

[IpoBeneHHBIC HCCTEAOBAHUS KOHKPEITUH
OakeHOBCKOW  cBUTHl  3amagHod  Cubwupw,
JIOMaHUKOBBIX OTJIOXeHUIl BocTouHo-Pycckoit
ITyOOKOBOJIHBIX

wIaThOpMbI,  JEBOHCKHUX

OTJIOKEHUN IIpukacnuiickoit BITQVHBI,
cnanneB [lpubanrtuiickoro OGacceiiHa, OOKCUTOB
IOxxHOrO Ypana, MectopoxaeHuii BoctouHoro
IlpenkaBka3ps, CesepHoro Kaskaza, Kancko-
Auunckoro ©Oacceiina, ®epranckoil BHAIUHBI,
Kbiprei3crana, MerakoHKpeIuii oKc(hOpIACKUX
yepHBIX  cinaHneB  llenTpanpHOW — AHTIHEM
MTOKa3aJIn BBICOKYTO HHGOPMAITHOHHYIO
3HAYUMOCTh  KOHKPEIMOHHBIX  0Opa3oBaHUI

B BBICOKOYIJTICPOAUCTBIX TOJIIIAX. VYcraHoBIEHO

HINPOKOE pacrpocTpaHeHue KOHKPETIHiA
B mopo1ax pasuyHON CTETICHH
peoOpa30BaHHOCTH.

Hanmume cMHreHeTHIeCKNX aBTOXTOHHBIX

KOHKPCIIUOHHBIX TCI CBUICTCILCTBYET 0

MOBBIIICHHBIX COJACP)KAHUSIX OPraHUYECKOro
BEIIECTBA BO BMELIAIOLINX OTIOXKCHHUSAX.
Byayun cocTtaBHOM dYacThlo TOpPOJIBL,
KOHKpEIOHHBIE Tejla MPEACTaBISAI0T HHTEpEC
Kak MCTOYHHK HMHQOpMAMU O TOCTCEIH-

MCHTAIIMOHHBIX H3MCHCHUAX, HCIIBITBIBACMBIX

BMEIIAIOIIIMHA OTJIOXKCHUSMU B XxolIe
JUTOreHe3a.
Oco0prit HHTEpEC MIPEICTABIISIOT

KOHKPCIIUMOHHBIC TCIIAa, CBA3aHHBIC co

CKOIINICHUAMH YTrieBoaopoaoB, nmpu

oOHapyKeHHN JPEBHUX BOJIOHE( TSHBIX
koHtaktoB (BHK), ycraHoBneHumn BpemeHH
3aIlOJTHEHUS JIOBYIIEK HE(THIO, IPOCIEKUBAHIH
CBOICTB B

N3MCHCHUA KOJIJICKTOPCKUX

MPOIYKTUBHOU U BOJOHOCHOM  4acTaX
wiacta. KOHKpeUMOHHOE CTpPOCHHE IOpPOJ
MOXKET co371aBaTh BO3MOXXHOCTb st
(hOpMUPOBaHUS EMKOCTHBIX U (PHIIBTPAIMOHHBIX
CBONMCTB B TOJIIE U HAa KOHTAKTE C IPYTUMHU
TUTACTaMH.

Opranndeckoe BEIIECTBO KOHKPEIUOH-
HBIX TeJl Ha JaHHOM »JTale MHCCICAOBaHUN
n3yuyeHo cnabo. Ero nepBruyHbIe KOHIEHTpALMU
B O9THX OOpa3oBaHMAX OOBIYHO HIDKE, 4YeM
BO  BMCUIAIOIIMX  MOPOAaX,  BTOPUYHBIC
MUTPALMOHHBIE  TPOSIBJICHUS —  HaIW4Me
6I/ITYMI/IHO3HI)IX u Ta30BbIX KOMIIOHEHTOB
B TPEIIMHHOM NPOCTPAHCTBE KOHKpEIMHA —
OTpaKaroT (UIIOUAOTCHEPAIIMOHHBIE  COOBITHS
B Tomme. KoHKpenuoHHbIE  00pa3oBaHHs
MOTYT TpacCHpOBAaTh YYacTKH  «OBIBIIMX»
BBICOKOYTJIEPOAMCTHIX MopoJ, yrparuBmmx OB
U CBOH He(Tera3oMaTepUHCKUN TOTEHIUAIL.

PaccmarprBaeTcss BO3MOXKHOCTH HCITOJIb-
30BaHHd KOHKPEIMOHHHBIX TE€JI B KadC€CTBE
HHAWKATOpa 3aKpPBITOCTU TUAPOXUMUYCCKUX
ABTOKJIaBHBIX CHUCTEM U MPOCTPAHCTBEHHOT'O
coBMemIeHus (JIOKaIHu3amnum) IporieccoB HedTe-

Fa3006pa30BaHI/I$I n HC(i)TCFaBOHaKOHJ'ICHI/ISI.
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NEW METHODS AND TECHNOLOGIES OF STUDYING THE GEOLOGICAL ENVIRONMENT
OF OIL AND GAS BASINS

Original article

Features of concretion formations in high-carbon strata

Iskra F. Yusupova, Margarita E. Seliverstova [*{
Oil and Gas Research Institute, Russian Academy of Sciences, 3 Gubkina St., Moscow, 119333, Russia

Abstract Background. Concretionary bodies are the product of postsedimentary redistribution of
matter; as a component of rock, they are of interest as a source of information in various studies,
including those related to oil and gas geology. Objective. To establish a connection between
concretionary bodies and the organic matter of the host rocks, to determine the possibility of using
them as an indicator of high-carbon deposits at great depths, and to reveal the role of concretions in the
formation of microfractures in interlayers with concentrated organic matter. Materials and methods.
The analysis of literature sources containing data on high-carbon deposits and concretions, studies of
the core containing concretionary bodies and the reliability of the description of core material from
known hydrocarbon deposits and metal ores in Western and Eastern Europe and Asia is carried out.
Results. The study revealed the possibility of using concretion formations as an indicator of “former”
high-carbon rocks that lost their organic matter during lithogenesis. The impact of concretions on the
formation of microfractures was established; it occurs at the contact between concretion bodies and
bodies and host rocks during deformation-induced catagenetic shrinkage, contributing to the
permeability and reservoir capacity for hydrocarbons forming at great depths under conditions of
comprehensive compression and lack of drainage. Conclusions. Information about the formation and
sealing of fractures in the concretions themselves, about the appearance of bitumens in them and their
fractionation, can serve as a source of additional information about the processes in the sinking strata.

Keywords: high-carbon deposits, organic matter, concretions, domanicoids, microfracturing, closed
hydrodynamic systems, Caspian Depression, subsalt deposits
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HOBbIE TEXHO/IOTUU N NOAXOAbl K PASPABOTKE HEGTAHbBIX U FA30BbIX
MECTOPOX/AEHUN

OpurnHanbHaA cTaTbA
YK 622.276
EDN: HRYRYQ

KomnneKcHblh noaxoa K aHannsy 3ppeKTMBHOCTU U
ONTUMM3ALUU CUCTEMbDI NOAAEPKAHUA NNACTOBOro AaB/IEHUA
Ha npumepe 3penoro rasoHePpTAHOro MecTopoXKaeHuUA

T.N. Nonynosa >4, A.I. AboHuH
000 «TtoMmeHCKn HedTAHOM Hay4YHbIN LLeHTP», Poccua, 625048, TiomeHb, yi. Makcuma FopbKoro, 4. 42

AHHOTauuA. AkmyasnbHocms. Ha nosaHel ctagmu paspaboTKy 3pesibix ra3oHedTAHbIX MECTOPOXKAEHNN
KPUTUYECKM BAXKHOM 3afayen ABAAETCA ONTUMM3AUMA CUCTEMbI NOALEPMKAHWUA MNACTOBOrO AaBieHuA
ONA MakcuMm3aummn HedTeoTaaum M BoBaeYeHMA B pPa3paboTKy TpyAHOM3BAEKAaeMblX 3anacos. Lless
pabomei. Pa3paboTka n anpobaLma KOMNAEKCHOTO NoaxoAa K aHanusy apdeKTMBHOCTU M ONTUMU3ALLUN
CUCTEMbI MOALEPMKAHUA NAACTOBOrO AaBAEHWA, HAMPAB/AEHHOINO Ha pPeLleHWe K/YeBbIX Npobnem.
Mamepuansi u memodel. Ha npumepe 3penoro rasoHedTAHOrO MECTOPOXKAEHUA PACCMOTPEHO
KOMMNIEKCHOE WCNO/Ib30BAHME METOA0B, BK/IOYAOWMX 3SKCNEpPTHbIM aHanus, CRM-moaennposaHue,
HelpoceTeBOoe MOAENMPOBaHME A/1A MPOrHO3UMPOBAHMA U ONTUMM3ALUM PEXMMOB 3aKAYKM, a TaKKe
TEXHONIOTUYECKNE PEeLUEHUA: LIMKIMYECKOEe 3aBOAHEHWE, BBOL BOL03abOOPHbLIX CKBAXKMH U LWYPOBbIX
YCTaHOBOK. Pe3ysemamel. BblaeneHol TPU HanNpasieHUA BEPOATHbIX OC/AOXKHEHWN B yMNpaBAeHUW
a¢deKTUBHbIM 3aBoAHEHMEeM Ha nnacte AB1(1-2): HanuuMe HENpPou3BOAMUTENLHOW  3aKauyKu;
HEO4HOPOAHOCTb FEO0/IOTMYECKUX YC/IOBWUM, BAMAOWAS Ha 3PPEKTUBHOCTb 3aKaUKKU; HeJOoCTUXKEHMe
TpebyemMoro p[aBneHWs 3aKauyku ANa  UeneBblx npuemucTocten. [na peweHua 3Tux npobnem
npeanoXeHbl  MeTOAbl,  KOTOpble  BK/KOYAOT  OCTAHOBKY  HArHeTaTesibHbIX  CKBa)KMH  C
HEnpPoOM3BOAUTENIbHOW 3aKauYKOM, MPUMEHEHME LIMKAMYECKOrOo 3aBOAHEHUA, yaydweHne 3pPeKTUBHOM
3aKaykM C MCNO/NIb30BAHMEM afpPECHOM 3aKaykW, a TaKkKe BBOJA, BOAO03aBOPHbIX CKBaXWH U LypdOB.
Bb1800bI. AHaNW3 pe3ynbTaToB NPUMEHEHUA NPEASIOKEHHOW CTPaTErMM NOKasaa 3HaUNTENbHbIN 3bdEKT:
peann3oBaHHble MePONPUATUA obecnednin 4oNoNHUTENbHYO A06bIby HedTH B 06beme 71,1 TbiC. T.

KnioueBble cnoBa: noagepkaHue MacTOBOro [JaBJIEHUS, 3pesioe  MeCcTOpPOXAEeHMEe, cucTema
3aBOAHEHMUSA, ra3oHedTAHOE MecTopoXKAeHME, 3PPEKTMBHAA 3aKaYKa

¢VIHaHCVIpOBaHMe: UCTOYHUKA d)MHaHCVIpOBaHVIFl OTCYyTCTBOBa/N.

Ona uutuposanusa: Monynosa T.M., AgpoHuH A.I. KomnnekcHbIM noaxoa K aHanusy 3pPpeKkTMBHOCTM U
ONTMMM3ALMMN CUCTEMbI NOAAEPKAHUA MNACTOBOrO AaB/AEHMA HA MPUMeEpEe 3Penoro rasoHedTAHOro
mMmecTopoxaeHua // AKkTyanbHble npobaemsl HedTv 1 rasa. 2025. T. 16, Ne 3. C. 424-440. EDN: HRYRYQ

< Nonynosa TaTbaHa MNasnosHa, TP_populova2@tnnc.rosneft.ru
© Nonynosa T.M., A¢oHunH A.T., 2025
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BeepeHue
3penoe  MECTOPOXKICHHE  HAXOIUTCS
Ha 4-ii CTaluu [1] pa3paboTKH.

XapakTtepusyeTrcss  c(hOPMHUPOBAHHOM  CETKOM
CKBOXHMH W [PUMEHEHUEM KOMIUIEKCHOIO

MonXoJa K  YNPaBICHWIO  3aBOJHEHHEM.
Ha  3aBepmaromeit  crammm  pa3pabOTKH
riacra HEO0X0TUMO COBEPIICHCTBOBATH

IpOLECC 3aBOAHEHUS C ILIENbI0 MaKCUMHU3ALUU
nmoObran 3amacoB. Takum 00pazoM, aKTyabHBIM
CTAaHOBUTCS  BOHpoc 00  ONTUMH3AIMHU
3aBOAHCHUA u pacinpCHUn €ro T'paHull
koddunmenrta

C O CJIbIO TIOBBIIICHUS

3aBOJJHCHHS i YBEITHMYESHUS JOOBIUH
HEe()TH TIyTEM COBEPIICHCTBOBAHHUS CHCTEMBI
noanepkanus miaactoporo gaBiaeHus (III1[])
JUIS MaKCHUMM3aIUN HedTeoTIaun i
BOBJICUEHHS B Pa3pa0OTKy TPYyIHOM3BIEKAEMBIX
3aI1aCoB.

O60wvext ABI1(1-2) sBnsiercss Hambomee

JUTOJOTMYECKH  H3MEHYMBBIM  Ha  pac-
CMaTpPUBAEMOM MECTOPOKACHUH. [Inact
IpeacTaBiIeH 4acThIM nepeciiauBaHueM
[IECUaHUKOB, aJIeBPOJIUTOB, aprUJLTUTOB

u rmmumH [2]. XapakTepHOil 0COOEHHOCTBIO
iacra SIBISIETCS  OCECIOPSI0YHOE BOJHHCTO-
JIMH30BUIHOE YepPeIOBaHKE IeCYaHO-aJIeBPOIIH-
TOBBIX nmopon C TJIMHUCTBIMHU nmopoaamMu,
KOTOpbIC OTJINYAIOTCS CBOEOOPA3HBIMU
CTPYKTYPHO-TEKCTYPHBIMH ~ TPH3HAKaMH,  a
TaK)K€  HEPaBHOMEPHBIM  pacrpeeieHHeM

TJIMHUCTOTO LIEMEHTA. ®opMupoBaHUe
OTJIOKEHUI TIacTa TPOHCXOJWIO B YCIOBHSIX
MIOCTETIEHHOT0 yIiTyOJIeHns MOPCKOro OacceiiHa,
COIIPOBOK/AABLIETOCSI CHWKEHHEM JWHAMHKH
MPOLECCOB CEIUMEHTAllUU. Takue 3acTONHBIE
yCIOBHSI W TpHBENM K  0Opa3OBaHHIO
MOpOJ C XapakTEpHOM TEKCTypoH THMa
«psAOUYMK», JaBIIed Ha3BaHWE BCEMY IUIACTY
ABI1(1-2) [3].

Ilo cooTHomeHWIO B pa3pe3e IUIacTa
TUNOB KOJUIEKTOPOB U CpeIHEH MpOBOIM-

MOCTHU (BLICOKO—, CpeaHe-, HI/I3KOHpOB0,Z[I/IMBIC)

BeiienieHo 9 3om  (puc. 1Y). IlpeoGmamaror
HU3KOIMPOBOJANMBIE AJIEBPOIUTOBEIE W TIWHH-
cThle  KOJUIeKTopel (52%) (3oHBl 3, 5 u 9);
HAWTYYIITUMA (UITBTPAIIOHHO-eMKOCTHBIMHU
cpoiicteamu (PEC) xapakrepmusyercs 30Ha 8
(BBICOKOTIPOBOJMMEIE  KOJUIEKTOPHI), HaWXY-
IIMMHA — 30Ha 2; OCHOBHAs JONA TEKYIIUX
W3BJICKAEMBIX 3allacoB MPHUXOAMTCS Ha 30HY 3
(BBICOKO- W CpEITHE-TIPOBOIHEIC KOJUIEKTOPHI),
30Hy 1 u 30HY 5 ¢ HU3KUMH (QUIBTPAMOHHO-
eMkocTHbIMU cBoiicTBamu (DEC).

Kaxnmas 3oma  oOmamaer  oOmUMH
XapaKTePHBIMH OCOOCHHOCTSIMH. XaOTHUECKOe
4YepeOBaHNe KOJUIEKTOPOB C TOHKOCIIOMCTOM
TEKCTYPOH OCJOXKHSET Tpouecc (UIbTPaUH
B IJacre U CcrnocoOCTByeT 00pa3oBaHHIO
MHOTOYHCIICHHBIX 3aCTOMHBIX U TYNHKOBBIX 30H
ckoruteHnss Hedtu. bomee crmokHBIE yCIOBHA
JUI  BBIpAaOOTKM 3alacoB M3  KOJUIEKTOPOB
C TOHKOCIIOUCTOM  TEKCTypOW  CO3Aar0TCH,
KOra B TPOXYKTHUBHOW TOJNINE O3TH KOJUIEK-
TOPHI 3alleral0T COBMECTHO C MAacCCHBHBIMH
KOJJIGKTOpaMH, B OTOM CJy4ae OHH XYXKe
OXBa4eHBI BBIPAOOTKOM.

Haunbonee maccuBHBIE BBICOKOIIOPUCTHIC
KOJUISKTOPHI 3aJIeTaloT B BOCTOYHOW YacTH
MECTOPOXICHUSA. 3AeChb OHU paclpeielieHb
Mo Bcel TOJNIIMHE IUlacTa WA TATOTEIOT
K ero kposie u cepenuHe. OJTHAKO KOJUIEKTOPHI
C MacCHUBHOW TEKCTypoil comepxar juimb 4%
He()TEHACHIIIIEHHOT0 00heMa IIacTa.

TOHKOCJIOUCTBIM THUI KOJUIEKTOpA HWIIU
«pAOYUKOBBIE» MECUYAHUKH 3aHAUMAIOT OOJIBIIYIO
yacTh wiomaan miacta ABI(1-2) B mpenenax
JUIEH3MOHHOTO  ydacTKa. B Koimiekropax
naHHoro Tuma coaepxutcs 41,6% oT o0mux
HAYaNbHBIX T'EOJOTMYECKUX 3alacoB HEQTH.
IIponeccel  ¢unpTpanuu B TIMHUCTBHIX
«pAOYMKOBBIX» TECYAHMKAX HMEIOT OYEHb

CJIOKHBIM U 10 KOHIIA HE U3YUYEHHBIA XapaKTep.

! Puc. 1 pa3spaboTaH ¢ IIOMOIIBIO KOPIIOPATUBHOTO
nporpamMHoro kommiekca «PH-KMH» komnanun
«PocHeTHY.
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1 30Ha
2 30Ha
3 20Ha
4 30Ha
5 30Ha
6 20Ha
T 30Ha
8 30Ha

9 30H3

Puc. 1. Cxema nnacta AB1(1-2) c BblaeneHHbIMM 30HaMK KosiekTopos (1-9)

Fig. 1. Reservoir section AV1(1-2) with delineated reservoir zones (1-9)

B pesynpTaTe MpOBEIEHHOTO aHaIN3a
YCTaHOBJICHO, YTO pa3linuusi B aOCONIOTHBIX
BEIMYMHAX TAaKUX [OKa3aTesJeld Kak Iecya-
HUCTOCTh, PAaCWICHEHHOCTb, IOPUCTOCTb H
MPOHHUIIAEMOCTh 3HAYUTENILHBI. JTH MMOKA3aTEeNH,
XapaKTepU3yIOUIHe CTENeHb MPEPHIBUCTOCTH H
0COOEHHOCTH BHYTPEHHETO0 CTPOCHMS MOPOI-
KOJIJIGKTOPOB, UPE3BBIYAHHO BaXKHbI, TaK Kak
B 3HAYUTEIHHOH CTENEHH BIMSAIOT HA XapakTep
3aBOJIHEHUA U BBIPAOOTKY 3aIacosB.

Takum oOpa3om, wucxons u3 pabOTHI
HAarHeTaTeNIbHBIX  CKBAXHH, T'€0JIOTHYECKOTO
CTpOEHHUSI IulacTa M HMHQPacTPyKTYPHBIX
OTpaHUYEHHUHA TIO PsIy IUIOMIAJHBIX OOBEKTOB,
BBISIBIICHBI BEPOSTHBIC TMPOOJIEMBI TMpPU YIIpaB-
neHnu 3QQPEKTUBHBIM 3aBOJAHEHHEM Ha IUIACTE
3pEJI0ro MECTOPOXKICHUS:

1. Hamnume  HEmpoW3BOAWTEIBHOW  3a-
Ka4KH.

2. HeonHOpOHOCTD T€OJIOIMYECKHX YCIIO-
BUIA, BIUSIONIAs HA 3P ()EeKTUBHOCTD 3aKaYKH.

3. Hegoctmkenne TpeOyeMbIX 3HAYCHUN
JABIICHWSI ~ HarHeTaHuss JUIsl  oOecrieueHHs

OCJICBBIX 3HAYCHUI MMPpUEMHCTOCTH.

Lenbto paboTel siBIsieTCss pa3paboTKa |

MpaKkTUYecKass  peajn3aluus  KOMIUIEKCHOTO
noaxona K aHaIM3y W ONTHMH3ALMU
cuctembl [IIIJ[ ©Ha 3pemom ra3oHedTIHOM
MECTOpPOKACHUY, HAIIPAaBIEHHOIO Ha IIPEOo-
JIEHHWE KITIOYEBBIX MPOOJeM ISl MaKCHMHU3AIH

nebnTta HeTH.

Matepuanbl u metoabl

B kadectBe 00OBEKTa HCCIICAOBAHHSA
BBICTYNIMJI ~ 3peJibld  ra30HEePTSHOW  OOBEKT
— mmact ABI1(1-2), xapakrepusyromuiicsa
CJIOXHBIM JIUTOJIOTHYECKAM cTpoeHueM. Jlis
aHanm3a w ontuMm3anuu cucrteMbl [1I1]] Owin
MPUMEHEH KOMIUIEKCHBINA TIOJXO0/:

1. Ucnonb3oBanue CRM-Mmogmenen

Ha OCHOBC ypaBHCHI/Iﬁ MaTCepUuajIbHOIO

Oammanca w  Japcm  anmg omepaTUBHOM
OIITUMHU3AITUHN HpHeMHCTOCTCﬁ HarHeTaTreJIIbHbIX
CKBaXKHH.

2. HeiipoceTeBoe MoAenupoBaHUe AN
YCTaHOBJICHHSI 3aBUCHMOCTEHl MexXIy mapa-
MEeTpamMH JIOOBIYM, 3aKadKd M MPOBEICHUS

I'T™™.
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3. I'mpmpoguHaMu4YecKue METOABl  BO3-
JEHCTBHS Ha TUIACT: IUKJINYECKOE 3aBOJIHEHHE
JUIA  CO3[aHMsl HECTAllMOHAPHBIX PEXKHUMOB
¢unpTpanuu W TepepacnpenesneHus (GpuibTpa-
ITMOHHBIX TIOTOKOB.

OCHOBHOW WHCTPYMEHT TIPH pEIICHUU
9THX 3aJa4 — DKCIEPTHBIA aHaiu3, KOTODBIH
ABJISIETCSL TPYAO3aTpaTHBIM Uil paccMaTpH-
BaeMOI0 MeCTOpOXKIeHus (OombInoi  ¢oHI),
MO3TOMY  IUJIsl  pacmupeielieHus  3aKadkKd
B TMOCIefHee BpeMsi aKTUBHO HCHOIB3YIOT
JIOTIONTHUTENbHbIE HHCTpYMeHThl: CRM-monenu-
pOBaHHE U HEUPOCETEBOE MOJICITHPOBAHHE.

CRM - wMozens Ha OCHOBE aHAlU-
TUYCCKOI'0 pCIICHUA YpaBHCHUA MAaTCPUAJILHOI'O
Oasanca u  ypaBHenus Jlapcu [8, 9].
Ucnonb3yercs Kak CaMOCTOSITENIbHBII
WHCTPYMEHT JUIA ONEpPaTHBHOTO YIPABICHUS
CUCTEMOM 3aBOJHEHUSA U KAaK BCIIOMOIaTEIbHBLIN
HHCTPYMEHT npu peueHun 3aJa4u

nmonoopa ONTUMAJIbHBIX MIPUEMUCTOCTEN
¢ wucnonp3oBanuemM I['JIM. OcHoOBHas Ieib
WHCTPYMEHTA — 3TO OIpeAeNieHne ONMTUMAaTbLHOMN
MPUEMUCTOCTH C  LEIbI0  MaKCUMM3AIUU
00bIun  KUIKOCTH. OCHOBHOE OTpaHUYCHHUE
10 HarHeTaTeJIbHBIM CKBOKUHAM — 3TO JIaBJICHHUE
aBto-I'PII. BpiGop yuactka CRM-moznenu-
pOBaHUs onpeensieTcs o HaJIMYHIO
MOTCHIIMAIA 10 YBEJIMYCHUIO 3aKaukud |
BBICOKOM IIEHHOCTH 3aKa4yKH.

HeiipoceTreBoe MopenupoBaHue — 3TO
MOJIENIb MCKYCCTBEHHBIX HEHPOHHBIX CeTel
JUISL  YOPAaBJICHHWS 3aKaukod Ha HEPTIHBIX

[10-12].
6a31/1pyeTcsI Ha MOACIW NbE30IMPOBOJHOCTH.

MECTOPOKACHUIX WNuctpyment
Hcmons3yercst uist yrpaBiaeHHS pa3paboTKoi
C TIOMOHIBIO YCTAHOBJICHUSA q)YHKHI/IOHaHBHBIX
3aBUCUMOCTEHl MEXIy CYTOYHBIMHU IIOKa3are-
JNAMU  JTOOBIYM, 3aKaukd, 3a00HHOrO JaBICHUS,
HaCTOTHI 3H6KTpOHCHTpO6e)KHI)IX HAacoCoB H
IIPOBEACHUEM T'€OJIOTO-TEXHUYCCKUX MEpO-
npusituii. OCHOBHas 1eJdb MHCTPYMEHTa — 3TO
ONpeJieJIeHUe ONTUMANbHBIX YPOBHEW 3aKaukKu

Ha KaXIOM Har"eTraTreJIbHOM CKBaXXUHE U

MIPOTHO3UPOBAHUE MOOBIYM HEPTH IO pearu-
PYIOIINM JTOOBIBAIOIINM CKBaYKHHAM.

OrnucaHHbIE UHCTPYMEHTHI IJIs1 IPUHSATHUS
pewennii no ontumuzaumu cuctemsl [T
TaK)Xe TIO03BOJSIIOT ONPENEIUTh YYacTKH, [Ie
HeoOxomumel  BBombl BJI3 wmm  mrypdos,
Ha OCHOBE aHaJIM3a MOTEHIIMAJA TI0 YBEITUUCHUIO
3aKaYKHU.

Pe3ynbTatbl U 06cyxaeHUe
Cnocobbl peweHus
I[JISI OIITUMU3alIN KOMIIJIEKCHOI'O
noaxona k ynpasieHuto IIIIJ Ha 3penom
MECTOPOXKACHUM  ObUIM  TNPEUIOKEHBl U
pear30BaHbl CICAYIOIIIEe MEPONIPHUSITHUS:

1. OcraHoBKa HEIMPOU3BOAUTEIHHBIX
CKBaKHH.

2. Iluknmyeckoe 3aBOJHECHUE.

3. AnpecHas ueneBasi 3aKauka.

4. TexHOJOrMYECKOEe YCHIIEHHE CHCTEMBI
M.

KycrtoBas nacocHas cranmms (KHC) —
OCHOBHAsl TEXHOJIOTMYECKAas 4acTb B CHCTEMeE

TaBJICHUS.

MOIJICPIKAHUS IJIaCTOBOI'O
OcHOBHasT ee 3ajlayua — OTO HarHeTaHHe
MOATOTOBIIEHHOW JKUIKOCTH B TIPOJYKTHUBHBIC
He(TsHBIe TUIacThl. JIMHEWHOe  naBleHHe
3aBHCHUT oT JaBIICHUS B KHC, a
Oy(depHOe JaBlieHME HE MOXKET IPEBBINIATH
JIHHENHOE, 9TO OKa3bIBaeT psMoe
BIUSHUE Ha YpPOBEHb 3aKa4Kd B  TUIACT.
Ha «psiOumke» Tekymmii YpOBEHb [aBJICHHS
Ha KHC 3HauMTenbHO HIKE MaKCHUMAaJlbHO
pa3peleHHOro, YTO IPHUBEJIO0 K CHHXKCHUIO
cpenHeit MIPUEMHUCTOCTH HarHeTaTeNbHBIX
ckBakuH Ha 12 mM¥/cyr. 3a  mocnenHue

mojaroaa.

2 Tlopnepxanne mactosoro nasnenuns (ITT1]T)
Ha He(TAHBIX 3anexax. URL:
https://neftegaz.ru/science/booty/331582-
podderzhanie-plastovogo-davleniya-ppd-na-
neftyanykh-zalezhakh/ (nata obpamenus:
09.09.2025).
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Ha

AaBapUIHOCTH W THUAPABIMYECKAX COMPOTHB-

yAaIeHHBIX yJacTKax n3-3a
JICHUW JaBIICHUE 3aKAYKU HIDKE MPOCKTHBIX
3HAYEHUH.

Jloist

napaMeTpoOB 3aKAYKU IMTPUMCHAIOTCA:

BOCCTaHOBJICHUA IMPOCKTHBIX

— BOA03a00pHBIC  CKBaYKHUHBI

(BI3) -

Ul yBEIMYCHHMA  JAaBICHUA B  JIMHHUHU
Ha yJaJCHHBIX y4acTKax;

— mypdoBble YCTAaHOBKM — JUISI HOJAYd
BOAblI B IUIACT IIpU aBapHﬁHOCTH BOO-
BOJA.

OTH Mepbl 00ECICYMBAIOT TIOBBIIICHUE
JaBJICHUA JUIsL OIITUMU3aAIIHU PEKUMOB
3aKauKu.

PaccmoTpum ciywair  HedhHEKTHBHOCTH
snementa IIIIJI Ha npumepe pearupyromeit
noOsiBatomiei cks. Ne 1.

11.07.2023 ckB. Ne 3 Obuia mepeBejicHa

JTTHAMHKA XapakTepHa npu MIPOpHIBE

3aKauyuBaeMOM BOJbI, I0CJIC OCTaHOBKHU

HarHeTaTeJIbHON CKBaKUHBI )1061)1‘13 He(bTI/I

Obuta  BoccraHoBieHa. (OdYeBHICH MPOPHIB
3aKayrBaeMOn BOJIBI o TpeLrHaM
rugpopaspeiBa  tacta  (IPIT). Cks. Ne3
ocranoBieHa 16.05.2024, kak pesymprar —

nebut HedTH mo ckB. Ne 1 Hadanm cTaOWMITH3H-

poBatbca  (MapaJuiebHO  CO  CHIDKEHHEM

0OBOJTHCHHOCTH).

Huzkas 3((HeKTUBHOCTH paboTsI

HarHeTaTciabHbBIX CKBa’XHH MOXKET OBITE

CBsI3aHA  C  BBICOKOM  PAaCUJICHEHHOCTHIO
U PE3KON MpPEephIBUCTOCThIO MO IUIOMIAAN H

paspe3y, YTO CBOHCTBEHHO ISl «psiOUYHKa».

Hannune TaKuX YYacTKOB HPUBOJUT
K HHM3KOH NPUEMHCTOCTH HarHEeTaTeJbHbBIX
CKBaKMH, YaCTUYHOMY WU MOJTHOMY

OTCYTCTBUIO B3aI/IMOI[€I\/'ICTBI/ISI MCKAY Harbe-

B IIIJ co cpegHecyTOUHOW  3aKayKou TaTENbHLIMUA M JOOBIBAIOIIMMM CKBa)KHHAMH,
80 M/cyr., mo ckB. Nel mHaGmomaercs YTO B pE3yJbTaTe OrPAaHUYUBAET PaCIpOCTpa-
CHW)KCHUE CYTOYHOW J0ObIYM He(TH 3a CYeT HEHUE BIIMSIHUS 3aKa4K{A Ha OTACIbHBIC YIaCTKH
pocra  obBomHeHHocTH  (puc.2). JlaHHas KoJutekTopa [4].
e peBoja cKB.3 0CTAHOBKA CKB.3
14 = 100
l'\ ________________ -
c T
5 ' : I ‘I P e e 90
512 \ J ] &
= - [ l
‘_.- _______ - d 11 l— 1 80 L e
E 10 i I 70 5
54 r 1, poct Qu =
E 60 Z s
= 8 Hikenne Qu ! - =
g I I 50 2 =
3 6 I 1 g2
=] I = X
; I I 40 ;‘ g
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= ) I ;O
= ) " 20 5
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|l "
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Puc. 2. luHamunKa nokasaTtenei no aobbiBatoweit cks. N 1 n HarHeTaTeNibHOM ckB. Ne 3

Fig. 2. Trends in performance for producing well No. 1 and injection well No. 3

HUcmoyHuk: apgantupoBaHo u3 [1]
Source: adapted from [1]
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Jost pereHus 3TOM TIPOOIIEMBI
Ha 3peJOM  MECTOPOXICHWH  IMPHUMEHSIOT
pa3iryHbIC BapyaIuy U MOIUDUKAIIUU METOJIOB
TUAPOJIMHAMUYECKOTO  Bo3zaekcTBus.  OnuH
U3 HUX — OTO IUKIMYECKOE BO3JEHCTBHE.
OHO OCHOBaHO Ha MEPHUOJUYECKOM H3MCHCHHU
YCJIOBHM BO3ACHCTBUS Ha IUIACT, NMPU KOTOPOM
CO3MaeTcs HECTAI[MOHApHOE  paclpeneieHne
IJIaCTOBOTO JIAaBJICHUS [4].

Iuknwaeckas 3akadka [5—7] TpHBOIUAT
K BO3HMKHOBCHUIO IIEPEIaJIOB JABJICHUS MEKIY
HU3KO- M BEICOKOITPOHHUIIAEMBIMH MTPOILIACTKAMHU
WM 30HaMu. Ha 93Tame OCTaHOBKM 3aKauKu
He()Th TMEpeTeKaeT M3 HU3KOIPOHHUIIAEMOU
B BBICOKOTIPOHHIIAEMYIO YacTh TIACTa, a 3aTeM
BBITECHACTCS K JIOOBIBAIOIIMM CKBaKHHAM.
[IpoBeneHre IUKIMYECKOTO 3aBOJHEHHSA IS
onTUMHU3aUuu yrpaBieHus cuctemoil IIIIJ
3((PEeKTUBHO B HEOAHOPOIHBIX IO pPa3pe3y
I1acTax, XapaKTepPU3YIONUXCs MepecIanBaHuEeM
MECYAaHbIX U aJICBPOJIMTOBBIX IPOILIACTKOB.
Ha mmacte ABI(1-2) Takoe cTpoeHHe
CBOICTBeHHO BceM (harusiM, kKpome ¢amuu 8§,
OCOOCHHOCTh KOTOPOM Takke 3aKIo4aeTcs
B HHU3KOW MPOTYKTUBHOCTH M B BRICOKHX PHCKaxX
MOTEPh OT CHIDKEHUS 3aKAYKH.

Bropoil ruapoauHamMuyeckuii Meron —
W3MEHEHHUE (UIBTPAIIMOHHBIX MOTOKOB. OCHOB-
HOE OTJINYME OT IUKIUYECKOrO BO3JCHCTBUE —
3TO  pachpeielicHue 3aKauyku [0  IJIacTy
C TIOMOMIBIO:

1) mepepacnpeneneHnss 00bEeMOB HarHETa-
HUS TI0 TPYTIIIaM HarHeTaTeIbHBIX CKBAKUH;

2) mepeBofga  JOOBIBAIOIIUX  CKBAKWH
0JT HAaTHETaHHKE;

3) yBenmuueHHS 3aKadyKd IO OTAEIHHBIM

HAarHeTaTCJIbHBIM CKBAXKHHaAMU.

TexHonoauyeckue peweHus

3a epuon ¢ 2022 1. mo 2024 r. naBneHue
Ha KHC Owsuto cHmkeHno Ha 21 atM, mostoMmy
JUTSE JIOCTHKCHHS

oeJIeBoro JaBJICHUA

¢dhopmupytoT momonauTensHbIe B/I3 mim BBOIAT
Iy p§BsL.

Jns  BeIsABICHUST O0NAcTedl YCTaHOBKH
B3 u mypdoB ObUIO MpPOBENEHO CpaBHEHHE
TEeKyLIeHd KapTbl JABICHUA B JMHUM U KapTbl
LEJIEBBIX JaBJICHUH B JIMHUU.

Ha psine ynaneHHBIX y4aCTKOB COCTOSTHUE
BOJIOBOJIOB HE MO3BOJISIET YBEIUYUTH JABJICHUC
3aKa4KW M3-3a aBapUMHOCTH M HaJu4Ms
TUJpaBIuyYecKuX compotuBieHuit. Ilo artoi
npuunHe Ha yactu Qouma I[II1J] naBiaeHme
3aKa4KM HIKE MPOEKTHBIX Moka3arene. Ha
TakuX 00beKTaxX BBOIAT BJI3, T. €. CKBaXKUHEI,
MpenHa3HAaYeHHbIE [UIsi  OTOOpa BOABI U3
BOJIOHAIIOPHOTO TOPU30HTA C LIEIbI0 HATHETaHUS
€¢ B NPOIYKTHUBHBIC TUIACTHI M HCIIOJIb30BAHUS
JUTSL IPYTHUX HYXJ Tipu pa3padotke [13].

[Ipu wcnonmp3oBaHMM mIypda 3aKadu-
BaeMas JKHMJIKOCTh IIOJAaeTCsi OT BBICOKO-
HAIOPHOTO BOZOBOJA B 3aTpyOHOE MPOCTpaH-
cTBO mypda — CHadajga oOHa IIOCTyMaer
Ha IpPUEM Hacoca, Jajgee MoJ [aBJICHUEM Ha
BXO/I BOJIOPACIIPEICIIUTEIIbHOM IpeOeHKH [ 14].

AHanu3 pe3ynbmamos u nosay4YeHHslii

agppekm

IIpu cosepueHcTBoBaHuu cuctemsl TIT1/]
3a ampenb-maii 2024 1. OBLJIO OCTAHOBJIEHO 35
HarHeTaTeNIbHBIX ~ CKBAXHH C  CyMMapHOH
IPUEMHUCTOCTBIO 15382 M*/cyT. mo mpuuuHe
MpOpHIBa K JOOBIBAIOIIUM CKBa)KMHaM (27 CKB.)
u  Hu3KodpPekTuBHOW 3akaduku (8 CKB.).
JononuurensHast 100bda He(TH COCTaBUIA
B pe3yJbTaTe OCTAHOBKHM CKBaXWH 17,4 THIC. T
(+7%) o 93 HarHeTaTeNbHBIM CKBOKUHAM.

Taxoke i moBbIeHUsT 3()HEKTUBHOCTH
paboter  cucrembr IIIIJI wu  BkIrOYeHUS
B pa3pabOTKy BCeX NPOIJIACTKOB «PAOYMKa»
BBIOpaHO TpU yuacTka (puc. 3%) co CI0NKHBIM
CTPOEHHEM II0 CIEeITYIOIINM KPUTEPHUSIM:

3 Puc. 3 pa3paboTaH ¢ NOMOMILIO KOPIIOPATHBHOTO
nporpamMHoro kommiekca «PH-KMH» komnanun
«PocHeTHY.
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1. HeoqHOpPOOHOCTE  KOJUIEKTOpa IO
MIPOHUITAEMOCTH: HYeM OoJbIe KodDPHUITHEHT
HEOJTHOPOJTHOCTH, TEM IPHUOPUTETHEE BHIOOD
KaHU1aTa.

2. [110THOCTh OCTATOYHBIX H3BIEKAEMBIX

3aacoB IO sSYEHWKe: 4eM OOJblle IIIOTHOCTH

OCTaTOYHBIX 3aIIacOB IPUXOIUTCS Ha SUYCHKY,
TeM NPUOPUTETHEH BHIOOP KaHAWAATA.

3. KonnyecTBo pearupyromux CKBaXXHH U
CYMMAapHbIii 1eOUT 1O KHUAKOCTH: BBICOKAsl MPO-
JOYKTUBHOCTb PEarupyroliuX CKBaXUH YBEINYH-

BacT NNOTCHIHAJI HOHOHHHTCHLHOﬁ I[O6I>I‘II/I HC(I)TI/I.

Puc. 3. Cxema pasmelLeHNA y4aCTKOB 414 NpoBeAeHMA HeCTauMOHApPHOro 3aBOAHEHNA

Fig. 3. Schematic of pilot block placement for conducting cyclic waterflooding

Omnpenenenne JTUTETBHOCTH MOTYIIUKIIOB
CHIDKEHHS  pacxoja  HarHeTaeMmoil  BOJBI
ocymectsisuioch o gopmyne M.JL. Cyprydesa
[15]. Ilo pacueram cpegHee 3HAUCHUE
MHUHHMMAJIBHOTO BPEMEHH OCTAHOBKM HarHeTa-
TEJIBHOM CKBAaXXUHBI COCTaBUIIO 6,5 CYT.

CyMMapHbIit OKUAEeMBIi appexT
3a Maii—okTs0ps 2024 r. — 1,5 ThIC. T HEdTH.
[lo pesynapraTaMm  OMBITHO-IIPOMBINUIEHHBIX
padot (OIIP) momosHuTenbHAs A00bIYa HETH
(IJH) 3a stor mepumon coctaBmia 2,9 THIC. T
(+16%), cMm. puc. 4.

Jns MOBBIIICHUS 3¢ PeKTUBHOCTH
3aKauykd C IIOMOIIBIO 3KCIEPTHOIO aHajIu3a
NPOU3BOJAUTCS MOHUTOPHHI BIHMSHHUS OTAEIb-
HBIX HArHETaTeNbHBIX CKBWKWUH Ha JOOBI-
Baromue. B cBs3uM ¢ OOJBIINM JICHCTBYIOIIMM

¢doHIOM Takol aHaNM3 He Bceraa dPQPeKTHBEH

W TPyAO3aTpaTreH, MOTOMY I ONTHUMH3ALNU
YIpaBiIeHUs 3aBOJHEHHEM MPHUMEHSIOT OMOJI-
HUTEJbHbIE  WHCTPYMEHTHI,  HalpaBJiCHHbIE
Ha aJpecHyl0 MLEJEBYI0 3aKauKy, HampuMmep,
CRM-MoenupoBaHue.

IIpu BeiOOpe yuactka OIIP mms CRM-
MOJIETTHPOBAHHUS

MpOBENH  paHKHPOBaHUE

TCOJIOTUYECKUX  30H, TJIe  BBINOIHSIIOCH
CpaBHEHHME JIByX OCHOBHBIX KpPUTEPHEB JUIs
BbIOOpa ywacTka: T[OTEHIMAajbHAas 3aKauka
(06beM 3aKkayku, KOTOPBIA MOXET HaXOAWUTHCS
B IUIACTE M OT KOTOPOTO OXHIAETCs MOJIe3Has
paboTa) W IICHHOCTh 3aKaykud (OTHOIIEHHUE
o0beMa 3aKayMBaeMOW B IJIACT KUIKOCTU
32  ONpeAe]CHHBIH  mepuoj K  o0beMmy
BBITECHEHHOW He(TH 32 3TOT MEepHOa — 4YeM
HWXKE JIaHHBIA Koddduiment, Tem 3 dexkruBHee
pabora cucremsr [111J]), cm. Tabm. 1.
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Puc. 4. CymmapHble NoKasaTe/iM 3a Mai—OKTABPb Mo pesy/ibTaTam LMKIMYECKOro 3aBOAHEHNSA

Fig. 4. Total performance indicators for May—October following cyclic flooding

Tab6n. 1. MoKkasaTtenu cucTemsl MNMA no yyacTkam ¢ pasnnYHbIMKU reoN0rMyYecKMMKM YCA0BUAMM

Table 1. Pressure maintenance system performance metrics for areas with different geological settings

Konnyectso HarHeTaTeNbHbIX
CKBa*MH C oNnTMMU3NPO-

YyacToK
BaHHbIMM NoOKa3aTenamm
no 3aKayke BoApl
N2 30HbI en.
1 30Ha 624
2 30Ha 12
3 30Ha 528
4 30Ha 345
5 30Ha 290
6 30Ha 143
7 30Ha 47
8 30Ha 81
9 30Ha 33
TloteHnuanpHasg 3aKayka — 3TO 00bEM
BOJBI, 3aKayaHHOM B  IIACT, KOTOPBIA
HCIIOJIB3YETCS Jinig: BBITCCHEHUS He(TH

(He yXOOWUT B TEPETOKH B JApyrue 30HBI
macTa).
IlenHocTs  3akauku —  IOKa3aTelb,
XapaKkTepu3yrIuid 3PPEKTUBHOCTh CUCTEMBI
HIL,

00beMa 3aKauaHHOW B ILIACT XKHUAKOCTU (B M)

(B

paCC‘{I/ITBIBaeMBIﬁ KakK OTHOILICHUEC

K o0beMy moObITOH HedTH TOHHAX)

Tekywue MoTeHUManbHble
3aKF;i;X:a\AeI:\:\oﬁ 3aKF;i;X:a\AeI:\:\oﬁ LenHocTb 3akauky

KUAKOCTU KUAKOCTU
m3/cyT m3/cyT m3/T
54 666 89 487 8

754 828 15

38453 52 835 16
37 304 44 570 18
15615 24 154 19
19 607 24 635 23
3425 4104 23
43204 44 011 23
1651 1978 28

3a ONpeeNIeHHbIH neproa. UeM HIbKe 3HaueHHE
TOoro Koddp¢unmeHta, Tem Bbime 3pdek-
TUBHOCTh 3aKa4yKH, TaK KaK MEHBINUH 00beM
XKUIKOCTH TpeOyeTcsl A JOOBIYH OOMBIIETO
KOJINYECTBA HEPTH.
OnTuMalbHBId  y4aCTOK 10  peryiu-
poBaHUIO 3aKauku — 30Ha 1. OH oOnagaer camoii
8™M/1) wm

3aKauyKOU

BBLICOKOH IIEHHOCTBIO 3aKauKH
HauOOoJIbIIIET MOTEHINAILHON

(89487 m*/cyT), cm. Tabu. 1.
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[To pe3ynbTaraM pacuera peKOMEHIOBAHO

YBENMYUTHh 3aKkadyky 1o 206 HarHeraTellbHBIM
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3a nepuog 26.03.2023-31.12.2023

Fig. 5. Cumulative injection volume for 206 injection wells during the field pilot from
26 March 2023 to 31 December 2023

B pesynprare yBenMUYeHHS ~ 3aKauKH

nmo wuroraMm pacueta CRM-monennpoBanus

JIOMIOJIHUTENbHAS JO0OBIYA JKUAKOCTH COCTaBUIIA
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Puc. 6. CymmapHble NoKasatenu gobbium KuaKocTu U HedTH B pe3ybTaTe yBENMYEHUA 3aKAUYKK
no pesynbTatam pacyetra CRM-mozennposBoHuA

Fig. 6. Total liquid and oil production resulting from increased injection, based on CRM modeling results
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DxoHOMHYECKas 3PHEKTUBHOCTH JaHHOTO

MOAX04a JIOJDKHA OLIEHUBATHLCS gepes

COOTHOLIICHHUEC u

JIOTIOJTHUTENILHBIX ~ 3aTpaT
noxonoB. Ecmu oOmme 3arparbl Ha 3aKadyky
MIPEBBIMIAIOT TOXOJ OT MPOIAXKH 4 ThIC. T HEPTH,
to OIIP HememecooOpa3HO ¢ 3KOHOMHUYECKOM
TOYKH 3peHus. B JgaHHOM ciy4ae uducTas

npuObUTE  OT  TPOBEACHUS  MEPONPHUSITHSA
100 mma  pyo.,

CBUACTCIBCTBYET O peHTa6eJ'II>HOCTI/I JaHHBIX

coctaBuina  Oonee 49TO
MEPONPUATUH O YBETUYECHHUIO 3aKauKH.

IIpu ompenenenun yuactka OIIP s
HEHPOCETEeBOr0 MOJEIUPOBAHUSI OCHOBHBIMHU
KPUTEPHUAMHU BBIOOpa SIBISIOTCS: IOCTOBEpHAs
3aMepsIeMOCTh JTOOBIBAIOIIETO M HarHeTaTelb-
Horo (hoHJa (3aMephI ¢ AATYUKOB U MPOCTABIICH-
HBIE 3aMepbl MPOMBICIOBBIX TI€O0JIOTOB IO
geOutaM M 3aKadke paBHBl C JOIMYCTHMOM
pasuuneit B 10%), chopmupoBaHHas cucrema
pa3pabOTKH, yYacTOK, OTHOCSIIUICSI K OJHOM
KHC, u Hanuume noTeHUMANa OT peEryiu-
poBanus III1/] no yyactky.

ITo

BBITIOJTHEH aHajlu3 Ha JOCTOBEPHYIO 3aMepsie-

«psAOYMKY» TEPBBIM  JICJIOM  OBLI

MOCTb HarHeTaTeJIbHOTO oHa. 1)1 KauecTBeH-
HOTO TPOTHO3a HEHPOHHBIX CeTed HEeoO0XOoauM

UCTOPUYECKUN TIepHoA B JBa rojma Juis

oOydeHus. Uem jydilie JaHHbIC IJi1 OOydYEHHUS,
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ObUT BBIOpaH YYacTOK, XapaKTepU3YHOLIUcs
HaJIMYUEM BBICOKOIIPOHUIIAEMBIX TPOILIACTKOB
U MOTEHIMAIOM sl YJIyYLIEHHS XapakTepH-
CTHKHM BBIpDa0OTKM 3amacoB. Takxe OLIEHEH
MOTEHIHAN 0 YBEJIWYCHUIO 3aKa4KH (PacIiTy-
LHEPUPOBAHNIO)  HArHETATENbHBIX  CKBAXKHH.
ITo pe3ynpraTaM pydYHOrO aHalM3a OTMEYAETCs
XOpoIIasi THIPOAWHAMUYECKas CBA3b HarHeTa-
TENBHBIX W JO0OBIBAIOIIMX CKBAXHH. B pe3ynb-
TaTe pacucra 1o 6 HarHeTaTrelIbLHLIM CKBaKHMHAM
n3 11 pekoMeHIOBaHO YBEIMYEHUE 3aKAUKU
B cymme Ha 549 M/cyT. ¢ yBenuueHHEM
TUTMIOpa3Mepa IITyllepa U MO OJHON Haruera-
TEJIbHON CKBaXMHE PEKOMEHIOBAHO YMEHbILIE-
HHE 3aKauku Ha 65 M/CyT. ¢ yMeHbIIEHHEM
TUIIOpa3Mepa WTyLepa.

B

YecTBO pEarupyrolnux CKBaXMH OCTaBaJOCh

X0Je peanu3aluu  pabdoT  KOJIH-
HEM3MEHHBIM Ha YpOBHE § [OOBIBAIOIIUX.
Peamuzaums OIIP mo pe3ynbraram Heilpo-
CETEBOTO MOJICIMPOBaHMS Hadanach 15 mapra
2024 r. Ha uctopuueckux JaHHBIX ¢ 1 sSHBapd
2024 TPEHI,

3aKOHOMEPHOC IMMOBCACHUC ILO6LI‘1PI. Ha ocHoBe

I. TOCTPOEH OIKCHIBAIOLIUI
TpeH/la TIOCYWTaHA JIOTIONHUTENbHAS J00bIYa

He()TH 1 KUIKOCTH (puc. 7).
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Puc. 7. CymmapHble nokasatenm A4obbium 1 3aKauku Bo Bpems nposegeHuns OMP no pesynbTatam
HelpoceTeBoro mogennposaHus ¢ 15.03.2024 no 15.06.2024

Fig. 7. Cumulative production and injection volumes achieved during the pilot operation, as predicted by
neural network modeling from 15 March 2024 to 15 June 2024
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OnruManbHas IPHEMHUCTOCTE (CM. puc. 7)

3TO  NPHEMHUCTOCTH,  KOTOpas  JacT
MaKCHMAJIBHBIAH MPUPOCT TO J00bIYe HEPTH,
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nepuoa Mo ydactky cocrasmsier 0,9 ThIC. T
(+12%).
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U3 puc. 8§ BuAHO, YTO TIpH BBEACHUU
mryppoB TMPHEMHCTOCTh MO HarHETaTeNbHBIM
ckBakMHaM  pacteT. OIEHOYHO  CpemHHH
CyYMMAapHBId POCT CYTOYHON 3akauku 1o 11
HarHeTaTeNIbHBIM
543 m3/cyT.

IOOBIBAIOIIUM

CKBa)XKHHAM COCTaBHII
Oddexr Habmomaercs mno 29
CKBXMHAM C  [PUPOCTOM
cyrouHoil mobOeram Hedtm 8,1 T/cyr, AJH —
0,43 TBIC. T (+11%). OTMEHaeTcsi yBenMueHHE
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Fig. 8. Cumulative daily production and injection volumes achieved after installing beam pumping units

IIpu B3  obecneuen

CYTOUYHOM

BBEJIEHUN

CyMMapHBIH  TIPHPOCT 3aKa4KH
Ha mnacte ABI1(1-2) mo 67 HarHeraTenbHBIM
1300 m*/cyr.
NPUPOCT CYTOUHOW JOOBIYM HE(PTH COCTABMII
102

CKBa’>XHMHaM.

CKBaXMHAM  Ha CymMmapHBIi

110 t/cyr, »ddexkr nHabmomaercss 1O

pearupyrommM  T0OBIBAIOIINM

JomnonuuTenbHas 100b4a HeTH Ha Mait 2023 T.
uroans 2024 .
(+32%),

TIOJIOKHUTECIIBHO

cocraBmiia 54,5 ThIC.
Brox BJ/I3
CKazajcs

T

cM.  pwuc. 9. TaKxe
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Puc. 9. CymmapHble CyTO4YHbIe NOKasaTenu ,CI,O6bIHVI M 3aKa4yku
B pe3ynbTaTe BBeAeHNA BO,D,O3a60prIX CKBa*XWH

Fig. 9. Cumulative daily production and injection volumes achieved after installing water intake wells

B pesynbpTaTe mpoBeaeHUST MEPONPUSTHI

JUIST  yIOydlleHus  KOMIUIEKCHOTO  TMOIXOfa
K ynpaeineHuto cuctemord IIIIJ[ momydeHsl
CIIeTyFOIINE Pe3yNbTaThL:

1. OcraHoBka 35 HEOPOU3BOAUTEIBHBIX
HarHeTaTeNbHBIX CKBAXHWH oOecrieunia dddekt
mo 93 pearupyronmmMm CKBaXKuHaM. JlomomHuU-
TebHas J00bYa HedTH cocraBwia 17,4 Thic. T
(+7%);
B pazMmepe 46 mitH py0. 3a nepuoj ¢ 15.04.2024
mo 14.06.2024 (30 gn.).

2. lluknudeckoe 3aBOJHEHHE MPOBEICHO
OIIP.

nobbrua cocrasmwia 2,9 Teic. T HeprH (+16%));

COKpallleHHe 3aTpaT Ha 3aKadKy

Ha 3  y4acTka JononHuTEIRHAS
COKpalleHHe 3aTpaT Ha 3aKadykKy B pasMepe
18,7 wmu py06. 3a mepuom 22.05.2024
o 22.09.2024 (123 an.).

3.3a cyeT ONTUMH3ALHUU TEXHOJOTH-
YECKHX PEXUMOB IO 126 HarHeTaTelbHBIM
CRM-

J100BI4a

CKBa>XMHaAM C HCIIOJIb30BaAHHEM

MOJICTIMPOBAHHS  JIOTIOJIHUTEIbHAS
HeTu coctaBwina 4 TeIC. T (+2%) 3a mepuon
€26.03.2024 o 31.12.2024 (280 gueii).

4.3a cyerT ONTUMHU3ALUUA TEXHOJOTH-

11

CKBa)XMHaM C HCIIOJIb30BaHHUEM HeﬁpOCﬁTCBOFO

YECKUX PEXKUMOB II0 HarHeTaTCiIbHbBIM

MOACIIUPOBAHUA JOIIOJIHHUTCJIbHAsA ,Z[06BI‘Ia

veptu — 0,9 TthIC.T (+12%) 3a mepuon
¢ 15.03.2024 no 15.06.2024 (92 an.).

5.BBog 3  mypdoBEIX  HACOCHBIX
YCTaHOBOK  ofecmedwsn  mpupoct 1o 29
pearupyomuM  JOOBIBAIOIIMM  CKBaKMHAM

Ha 0,43 ThIC. T (+11%) 32 mepuox ¢ 22.05.2024
no 19.06.2024 (28 nn.).

6. Beegenne 10 Bog03a00pHBIX CKBaXKHH
obecrieunnio mpupoct mo 102 pearupyronmm
JOOBbIBarOIIMM CKBakuHaMm 45,5 Thic. T (+32%)

3a nepuox c¢ 26.04.2024 mno 18.06.2024
(53 mn.).
7. Utoro B cpeoHEeM KOMIUIEKC MeEpo-

JAJTH

o 379 noOBIBAIOIUM CKBaKMHAM U COKPATHUTh

OpUATHH  TMO3BOJIMA  TOMy4uuTh +13%

9% 3arpaT Ha Hed(pPEeKTUBHYIO 3aKauKy.

3aknioueHune

IIpy KOMIJIEKCHOM NOAXOAE K aHaIHU3y
cucrembl IIITJ[ Ha 3penbIXx MECTOPOKIACHUAX
MOXHO KJIFOUEBBIE

BBIJICIINTH CICOYIOIINE

(dakTopbl, BIUsSIOIMIME HAa €€ IPPEKTHBHOCTH:

HaJIM4Yue HerOI/I?:BO)II/ITeJ'II)HOﬁ 3aKa4dKH,
HCOAHOPOAHOCTD T'€OJIOTHYCCKUX YCHOBHﬁ,
BJIMAIOIIAsA Ha 3(1)(1)6KTI/IBHOCTB 3aKa4KH,

HCOOCTHXKCHUE NAaBJICHUSA 3aKadKW JJIA LEJICBBIX

MIPUEMHUCTOCTEH.
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OCHOBHBIMU HHCTPYMCHTaAMHU n

MEPOIPHUATUIMU JUISE pelieHus 3a1a4
ONTUMH3ALMK TPU KOMIUIEKCHOM IOAXOAE K
yrpasiienuto cucremoit 11111, MoryT ciyXuTh:

1. OctanoBKa HarHeTaTENbHEIX CKBa)KUH
C HETIPOM3BOAUTENBHOMN 3aKauKOM.

2. Ilukinmdeckoe 3aBOTHCHHE.

3. IloBeimenne 3¢GHEKTUBHOCTH 3aKa4YKH
MyTEM aJpECHOM LIETIEBOM 3aKauKu, B TOM YHCIIE
c IIOMOIIBIO CRM-monennpoBaHms u

HEHPOCETEBOr0 MOACINPOBAHMSL.

4. Bron B3 u mrypdos.

Peamuzanmst chopMupOBaHHO#N CTpaTeruu
onTuMu3auuu ympasieHuss cucremoin I
MO3BOJIMJIA ONTUMHU3UPOBATh OOBEMBI 33aKauKH
paccMaTpuBacMoOro y4acTKa, 4YTO OOECIICUIIO
71,1 TBIC. T. JONOJHHUTEIBHOH  JOOBIYH
meptm Ha  Qomme 379  moOwIBarommx
CKBOXWH WM CHIDKCHHE TOTeph IO 0a30BOU
moberue Ha 2% 3a 5 wMecsmeB 2024 T
(14%) otHOCcHTENBPHO 5 wMecsueB 2023 T.

(16%).

Bknap aBTOopoB
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NEW TECHNOLOGIES AND APPROACHES TO OIL AND GAS FIELD DEVELOPMENT

Original article

An integrated approach to analyzing the effectiveness and
optimization of the reservoir pressure maintenance system using
the case of a mature gas and oil field

Tatyana P. Populova <, Denis G. Afonin
Tyumen Petroleum Research Center LLC, 42 Maksima Gorkogo St., Tyumen, 625048, Russia

Abstract. Background. At the late stage of development of mature gas and oil fields, optimizing the
reservoir pressure maintenance system is a critical task for maximizing oil recovery and involving hard-
to-recover reserves in development. Objective. To develop and test a comprehensive approach to
analyzing the effectiveness and optimizing the reservoir pressure maintenance system, aimed at solving
key problems. Materials and methods. By the case study of a mature gas and oil field, an integrated use
of methods is considered, including expert analysis, CRM modeling and neural network modeling for
predicting and optimizing injection rates, as well as technological solutions: cyclic flooding, the
introduction of water intake wells and beam pumping units. Results. Three potential complications in
managing effective flooding in reservoir AV1(1-2) were identified: nonproductive injection;
heterogeneity of geological conditions affecting injection efficiency; and failure to achieve the required
injection pressure for target injection rates. To solve these problems, methods are proposed that
include shutting down injection wells with nonproductive injection, applying cyclic flooding, improving
effective injection using targeted injection, as well as introducing water intake wells and beam pumps.
Conclusions. The analysis of the results of applying the proposed strategy showed a significant effect:
the implemented measures ensured additional oil production of 71.1 thousand t.

Keywords: reservoir pressure maintenance, mature field, flooding system, oil and gas field, efficient
injection
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Demonstration of the importance of preprocessing the text fields
of bibliometric records to identify promising research tasks: Case
study of Scopus data on Petroleum Reservoir Engineering
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Abstract. Background. Nowadays, bibliometric analysis of data from abstract databases is often used to
identify relevant research tasks in order to rationalize the use of financial and other resources.
Objective. To demonstrate the importance of preprocessing the text fields of bibliometric records to
build a network of co-occurrence of terms and the possibility of subsequent use of Scimago Graphica for
detailed study of different slices of clustering results in order to identify relevant research topics.
Materials and methods. A total of 8,051 records exported from Scopus and matching the filter: (LIMIT-
TO (EXACTKEYWORD, “Petroleum Reservoir Engineering”)) for the last ten years were used. VOSviewer
and Scimago Graphica programs have been applied for bibliometric analysis. Results. The study showed
the relevance of using the filter “LIMIT-TO EXACTKEYWORD” in the query to Scopus; the expediency of
disclosing abbreviations in the text fields of records and preliminary clarification of texts; the
effectiveness of using filters in the program Scimago Graphica to build a network of conjugation of
terms in order to identify promising research topics. Conclusions. The promising research topics
identified by the analysis can be described by the following terms: 1) nanopores, shale oil, pore size,
molecular; 2) nanoparticles and nanofluids; 3) methane hydrate, hydrate saturation, hydrate bearing
sediments. It is observed that in some cases, terms occurring in the same cluster are not the best choice
for querying to expand the collection of publications on a given topic. Therefore, a separate study is
proposed for this purpose using Apriori class algorithms.
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Introduction

Assessment of the significance of tasks
within a given theme can contribute to the
rational use of financial, human and other
resources necessary for scientific research.
Bibliometric analysis of data from abstract
databases can serve as a basis for such
assessments.

As an example of publications that reflect
the above, the following works can be cited.

The paper [1] argues that peer review
decisions provide >95% of the funding for
academic medical research, so it is important to
understand the effectiveness of peer review and
how it can be improved.

The allocation of research funding relies
on peer review, which can be biased. A study [2]
analyzes interventions in peer review and
decision-making to improve research funding
practices.

Recently, funding agencies have begun to
call for more research into improving funding
allocation processes and seeking effective
mechanisms for allocating research funds [3].

Currently, VOSviewer is the most widely
used program for bibliometric research [4]. For
example, according to a query to The Lens open
abstract database, for the period from 1 January
2020 to 4 January 2025, the number of
scholarly works in which the term VOSviewer
appears in the “Title”, “Abstract”, “Keyword” or
“Field of Study” fields was 15,526, while
CiteSpace appears in 8,105 and Bibliometrix in
3,122 works.

However, the number of publications
dealing with preprocessing of text fields, such as
“Author Keywords” or “Abstracts”, is quite rare.

For example, if we add the term
“lemmatization” to the previous query about
VOSviewer, we find only one book chapter [5]
and one article [6], in which the authors analyze
bibliometric data from Scopus and Web of

Science on digital transformation, cleaned by
lemmatization and stemming, and the article by
the author of the present paper [7].

This is not to say that a more detailed
search in more abstract databases will not find
such publications, but only to point out that the
use of VOSviewer in combination with text field
preprocessing is rare and can be considered an
underappreciated but important task. On the
other hand, the preprocessing of texts is a classic
task in text analysis [8].

In this paper, bibliometric data are
sequentially analyzed using VOSviewer and
Scimago Graphica to identify relevant research
problems. No publications by other authors were
found in which the parameters obtained from
VOSviewer were used to filter the data and
construct coordinate axes in Scimago Graphica
program.

The above has defined the objectives of
this study related to using VOSviewer for
bibliometric analysis, which are to:

—Analyze some features of the fields
“Author Keywords” and “Index Keywords”,
which are valuable for clustering of terms based
on their co-occurrence.

—Show the importance of disclosing
abbreviations in text preparation before keyword
clustering.

—Show the importance of preprocessing
the text fields of bibliometric records.

—Provide an example of the usefulness
and benefits of using abstract texts to identify
topical issues through the case study of
Petroleum Reservoir Engineering research in
comparison to the Author keywords.

—Demonstrate the possibilities of using
the Scimago Graphica program for detailed
examination in the coordinates “average time of
publication” — “average citation” of different
slices of clustering results in order to identify

relevant research topics.
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Materials and methods

The Scopus data (8,051 records)
corresponding to the query:
(SUBJAREA(ENER) AND PUBYEAR > 2013
AND PUBYEAR < 2025 AND (LIMIT-TO
(EXACTKEYWORD, “Petroleum Reservoir
Engineering”)) AND (LIMIT-TO (DOCTYPE,
“ar”)) AND (LIMIT-TO (LANGUAGE,
“English™))) current as of 16 November 2024,
was used as a basis for the analysis to identify
relevant research challenges and to demonstrate
some features of the bibliometric records that
are useful to consider in doing so'.

Key characteristics of the sample

If we use the field “Author Keywords” for
term clustering, it should be noted that in the
sample under consideration this field is not filled
in 1,470 cases out of a total of 8,051 records.

At the same time, all records of the “Index
Keywords” field are filled, and each record is
assigned from 20 to 30 tags.

In the query used, the term ‘“Petroleum
Reservoir Engineering” was specified in the
“Keywords” field. A direct search in the data
exported from Scopus showed that this term
occurs in all entries of the “Index Keywords”
field, once in the “Author Keywords” field and
5 times in the “Abstract” field.

According to Scopus Support Center,
“Indexed keywords are chosen by Scopus and
are standardized to vocabularies derived from
thesauri that Elsevier owns or licenses. Unlike
author keywords, indexed keywords take into
account synonyms, various spellings, and

plurals”?.

! Supplementary materials for this article are
available via Figshare:
https://doi.org/10.6084/m9.figshare.28524263.v1

2 Scopus Support Center. URL:
https://service.elsevier.com/app/answers/detail/a_id/2
1730/supporthub/scopus/kw/index+keywords+field/
(accessed 20 February 2025).

“Standardized  vocabularies” actually
determines what labels Scopus assigns to
a given bibliometric record in the “Index
Keywords” field.

Thus, by using LIMIT-TO
(EXACTKEYWORD, “Petroleum Reservoir
Engineering”) in the query, we significantly
expand the output of records classified by
Scopus on the topic of interest. This is important
when there is an interest in enhancing the
context of the topic of interest, allowing us to
analyze what knowledge can be used to extend
the topic under study. A promising topic should
have a broad research area that can be exploited
as a resource.

However, while expanding the sample, it
is desirable to ensure that it remains relevant to
the topic under study, so below are some
characteristics of the sample used in the paper to
demonstrate its appropriateness to the stated
topic “Petroleum Reservoir Engineering”.

The most frequent values of the
SUBJECT AREA field from the file
Scopus_exported refine values.csv  are  the
following: Energy (8,051), Earth and Planetary
Sciences (4,475), Chemical Engineering (1,854),
Engineering  (1,375), Chemistry (1,043),
Mathematics (779), Environmental Science
(463).

The most frequent values of the SOURCE
TITLE field from the file
Scopus_exported refine values.csv  are  the
following: Journal of Petroleum Science and
Engineering (1,627), Energy and Fuels (669),
Fuel (588), Energies (581), Journal of Natural
Gas Science and Engineering (475), Journal of
Petroleum  Exploration and  Production
Technology (358), Petroleum Science and
Technology (283), Geoenergy Science and
Engineering (254), SPE Journal (238), Energy
(173), International Journal of Greenhouse Gas
Control (150), Energy Sources Part A Recovery
Utilization and Environmental Effects (148).
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The most frequent values of the
KEYWORD field from the file
Scopus_exported refine values.csv  are  the
following: Petroleum Reservoir Engineering
(8,051), Petroleum  Reservoirs  (3,941),
Hydrocarbon Reservoir (1,965), Oil Well
Flooding (1,588), Permeability (1,536), Fracture
(1,485), Enhanced Recovery (1,379), Carbon
Dioxide (1,266), Crude Oil (1,252), Enhanced
Oil Recovery (1,237), Gases (1,180), Low
Permeability Reservoirs  (1,139), Porosity
(1,084), Reservoirs (water) (1,070).

The above field values are in good
agreement with the Petroleum Reservoir
Engineering theme. This indicates the adequacy
of the sample used for the analysis.

Although the term “Petroleum Reservoir
Engineering” rarely appears in the text fields of
the articles themselves (Title, Abstract, Author
Keywords), the tags (Index Keywords) assigned
to the articles by Scopus can be used to create
queries to the database.

The most frequent values of the
COUNTRY field from the file
Scopus_exported refine values.csv  are  the
following: China (4,359), United States (1496),
Iran (754), Canada (593), United Kingdom
(358), Australia (348), Saudi Arabia (226),
Russian Federation (191), Brazil (169), India
(150), Norway (131), France (121), Germany
(117).

The publications of Russian researchers
are underrepresented in international journals;
for example, Iran has been under sanctions for
a long time, but has much more international
publications. Certainly, Russia has many
high-quality journals on oil and gas, but
English-language publications also fulfill
a marketing role to promote the interests of
research groups. For example, China, with 4,359
publications, is comparable to the sum of the
publications of the other countries in this list —
4,654.

To participate in international projects,
not only scientific but also industrial, it is crucial
to promote the country’s technologies and
competencies and to establish contacts. The
identification of technological capabilities of
advanced competencies is largely based on the
analysis of scientific literature [9], which
determines the importance of publications in
international journals.

Scientific publications play a vital role in
promoting and ensuring energy security by
providing critical insights, frameworks and data
that inform policy decisions [10].

This study is limited by the use of author
keywords and text abstracts to identify relevant
research tasks related to the topic “Petroleum
Reservoir Engineering” and the importance of
preprocessing the text fields.

Methods and programs in use

The following programs were used for
bibliometric analysis: VOSviewer [4] and
Scimago Graphica [11].

In preparing the data for analysis, a list of
abbreviations occurring in the author keywords
was compiled. The 80 most frequent
abbreviations were expanded to their full names.

When creating a list of abbreviations,
there may be ambiguous abbreviations that were
not considered in our case, e.g., ES — effective
stress, effective simulation.

Identified author keywords differing only
in plural or singular are reduced to singular.
Keywords distinguished by the presence or
absence of a hyphen or short dash were reduced
to the form containing only spaces. Some
spellings have been replaced, such as “huff
n’ puff’ to “huff and puff’. Bracketed terms,
including markup tags, have been removed. All
terms have been lower-cased in the preparatory
materials and figures. For brevity, we will use
the term ‘“normalization” to refer to such
preprocessing of terms.
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The importance of normalization can be
seen by the fact that the total number of unique
author keywords reduced to lowercase only was
16,102 and 15,215 after the normalization
procedure.

Examples of meaningful substitutions are
the abbreviations EOR — enhanced oil
recovery, CO2 — carbon dioxide, CBM —
coalbed methane, the plural reservoirs —
reservoir, storages — storage, a term containing
a hyphen two-phase flow — two phase flow,
a keyword containing an abbreviation in
parentheses enhanced oil recovery (EOR) —
enhanced oil recovery.

Without normalization of the abstract
texts and taking all 16,102 unique author
keywords in their original spelling, only 9,502
of them occur in 8,051 abstract texts
(9,502*100/16,102=59%).

This means that only 59% of the author
keywords occur at least once in the abstract texts
in their original spelling.

This can be an issue when selecting
keywords to build queries for literature searches
— experts select the articles they are looking for
by their titles and abstracts. Also, the “Author
Keyword” field may be less populated than the
“Abstract” field in abstract databases.

Indexed keywords are not used in this
paper, but for reference we note that despite the
fact that there are more such words in each entry
than author keywords and all entries are
populated, unlike author keywords, their
occurrence in the abstract texts is somewhat
lower, amounting to about 51%.

When constructing the overall landscape
of term co-occurrence using the VOSviewer
program, the difference between the network of
key terms in the original spelling and the
normalized one is visually not very striking and
requires a more detailed examination of the json

files (available in supplementary materials) at

app.vosviewer.com. When analyzing particular
network slices with the Scimago Graphica
program, the difference is more noticeable.

Results and discussion

Comparison of author keywords

clustering with and without term

normalization

The easiest way to compare the clustering
of author keywords with and without term
normalization is to use the VOSviewer program
and construct a co-occurrence network of author
keywords for both cases.

The co-occurrence network of author
keywords using the original values of the
“Author Keywords” field and constructed using
the following parameters: the total number of
author keywords defined by the program is
16,102, of which 966 occur five or more times.
Using 400 keywords with the highest overall
strength of connections and a minimum
cluster size of 50, five clusters were obtained,
a fragment of which is shown in Fig. 1.

The issue of lack of keyword
normalization is visible, for example, “enhanced
oil recovery” and “EOR” are both found in the
blue cluster, while “coalbed methane” and
“CMB?” are found in the green cluster.

For detailed review of this network, the
file AuKWsGrt4Top400Min50.json placed in
supplementary materials can be used at
https://app.vosviewer.com/.

The network of co-occurrence of author
keywords during normalization of terms of the
“Author Keywords” field is constructed under
the following parameters: the total number of
normalized author keywords defined by the
program is 15,215, of which 969 occur five or
more times. Using 400 keywords with the
greatest total link strength and minimum
cluster size = 50, five clusters were obtained,
a fragment of which is shown in Fig. 2.
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There are notable similarities between
Figs. 1 and 2. For example, the most commonly
used terms  “enhanced oil  recovery”,
“permeability” could still serve as the names of
their clusters, but the term “heavy oil” got into
the red cluster during normalization, while in the

first figure it is in the purple cluster.

For detailed review of this network, the
file AuKWsGrt4Top400Min50norm.json placed
in supplementary materials can be used at
https://app.vosviewer.com/.

Table 1 presents the terms in closely
related clusters of author keywords obtained by
the above two methods.

Table 1. Comparison of two clusters, conventionally labeled as “permeability”

Tabn. 1. CpaBHeHMe ABYX K/1acTepoB, YCNOBHO 0603HaYeHHbIX KaKk «permeability»

Normalized author keywords Occurrence
permeability 392
numerical simulation 250
hydraulic fracturing 187
coalbed methane 125
porous media 80
enhanced geothermal system 71
shale 69
fracture 66
natural gas hydrate 51
two phase flow 44
natural fracture 42
tight gas reservoir 42
depressurization 41
effective stress 40
gas hydrate 38
geothermal energy 35
temperature 32
mathematical model 31
stimulated reservoir volume 30
fines migration 29
fracture propagation 29
gas production 28
methane hydrate 28
fracturing fluid 27
pore network model 27
coalbed methane reservoir 26
modeling 26
supercritical carbon dioxide 26
finite element method 25
permeability anisotropy 24

The terms “permeability”, ‘“numerical
simulation”, “hydraulic fracturing” having the
same spelling occur in both columns with the
same frequency. But already “coalbed methane”

Original author keywords Occurrence
permeability 392
numerical simulation 245
hydraulic fracturing 187
shale gas 104
coalbed methane 99
horizontal well 88
porous media 80
shale 63
stress sensitivity 63
fracture 48
natural gas hydrate 48
adsorption 45
tight oil reservoirs 45
depressurization 41
effective stress 40
hydraulic fracture 40
two-phase flow 37
geothermal energy 35
enhanced geothermal 34
system
temperature 32
mathematical model 31
apparent permeability 29
fines migration 29
tight gas reservoir 29
fracture propagation 28
gas hydrate 28
gas production 28
stimulated reservoir volume 28
low permeability reservoir 27
methane hydrate 26

occurs 125 times in the left column and 99 times
in the right column. Similarly, “two-phase flow”
— 44 and “two-phase flow” — 37 times and
so on.
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Table 2 presents the terms “reservoir

b T3

simulation,” “relative permeability”, “machine
learning” and “heterogeneity,” which

consistently  reflect a  specific  topic.

Normalization led to a change in the
frequency of occurrence of the terms,
but the topic they describe remained
unchanged.

Table 2. Comparison of two clusters, conventionally labeled as “reservoir simulation”

Tabn. 2. CpaBHeHMe ABYX KacTepoB, yC/I0BHO 0603HAUYEHHbIX KakK «reservoir simulation»

Normalized author keywords Occurrence
reservoir simulation 120
relative permeability 116
carbon dioxide storage 96
machine learning 91
heterogeneity 79
carbon dioxide sequestration 72
petroleum engineering 65
carbon dioxide injection 61
oil/gas reservoir 58
sensitivity analysis 57
artificial neural network 55
capillary pressure 55
carbon dioxide enhanced oil recovery 52
viscosity 52
waterflooding 52
optimization 50
asphaltene 45
in situ combustion 43
reservoir characterization 43
history matching 40
deep learning 38
recovery factor 29
artificial intelligence 28
genetic algorithm 28
minimum miscibility pressure 28
bitumen 27
carbon capture utilization storage 27
numerical modeling 27
unconventional petroleum 27
crude oil 26

In the original records, the term “reservoir
simulation” was referred to in both singular and
plural, which caused the observed difference in
the data columns; even more frequently, the
term “artificial neural network™ appears in both
singular and plural.

On the other hand, terms with the single
spelling “heterogeneity”, “viscosity”, “deep

Original author keywords Occurrence
relative permeability 116
reservoir simulation 115
machine learning 90
CO2 storage 85
heterogeneity 79
CO2 sequestration 66
petroleum engineering 65
oil/gas reservoirs 58
sensitivity analysis 57
capillary pressure 55
viscosity 52
waterflooding 52
CO2 injection 50
optimization 50
asphaltene 44
gas injection 43
reservoir characterization 43
artificial neural network 41
carbon dioxide 40
deep learning 38
history matching 35
Cco2 32
asphaltene precipitation 31
unconventional reservoir 31
tight reservoirs 28
bitumen 27
CCus 27
numerical modeling 27
oil recovery factor 27
unconventional petroleum 27

LN

learning”, “numerical modeling” and “bitumen”
occur the same number of times in both
columns.

An  example of a  significant
difference in occurrence is the term “gas
injection”, which appears on the right
side of Table 2 and on the left side of
Table 4.
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The term  “tight reservoir” does
not appear in the cluster of normalized
keywords, but it appears in  the
right-hand column in the plural “tight

reservoirs”.

The term “waterflooding” appears 52
times in both columns of this table and in the
spelling “water flooding” in Table 3. This term
was not normalized in the process of preparing
the author keywords.

Table 3. Comparison of two clusters, conventionally labeled as “enhanced oil recovery”

Tab6n. 3. CpaBHeHMe ABYX KNacTepoB, yC0BHO 0603Ha4YeHHbIX Kak «enhanced oil recovery»

Normalized author keywords Occurrence
enhanced oil recovery 563
heavy oil 194
carbonate reservoir 139
interfacial tension 115
low permeability reservoir 114

wettability 112
wettability alteration 109
oil recovery 89
steam assisted gravity drainage 78
surfactant 78
carbon dioxide 77
formation damage 73
heavy oil reservoir 68
carbon dioxide flooding 54
nanoparticle 54
polymer flooding 52
water flooding 50
imbibition 49
microbial enhanced oil recovery 47
simulation 41
naturally fractured reservoir 37
heterogeneous reservoir 36
foam 35
oil reservoir 35
carbonate rock 34
conformance control 34
contact angle 34
core flooding 34
air injection 32
asphaltene precipitation 31

In the right part of the table there are
different spellings of the term: “enhanced oil
recovery”, “EOR”, and “enhanced oil recovery
(EOR)”, which can significantly affect the
clustering results due to the wide use of this
term.

Original author keywords Occurrence
enhanced oil recovery 384
EOR 147
wettability 112
wettability alteration 108
carbonate reservoir 99

interfacial tension 92
oil recovery 89
formation damage 73
surfactant 68
polymer flooding 52
low permeability 50
water flooding 47
carbonate reservoirs 40
enhanced oil recovery (eor) 39
nanoparticles 36
foam 35
conformance control 34
contact angle 34
improved oil recovery 32
sweep efficiency 31
core flooding 30
low-permeability reservoirs 29
recovery factor 29
microbial enhanced oil 25
recovery

asphaltene deposition 23
heavy oil reservoirs 22
carbonate rock 21
permeability reduction 21
nanofluid 20
salinity 20

The importance of writing the term with and
without hyphen can be seen in this table. “low-
permeability reservoir” occurs 114 times in the left
column and “low-permeability reservoirs” occurs 29
times in the right column, while ‘low-permeability
reservoir’ occurs 27 times but already in Table 1.
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The term “heavy oil reservoir” appears 68
times in the left column of Table 3 and 44 times
in the right column of Table 4. In the right
column of Table 3, this term appears 22 times in
the plural form. This is an example of how
refusing to normalize terms can lead to the same
term appearing in different clusters in singular
or plural form. The importance of normalization

to the singular is also shown by the fact that
“nanoparticle” occurs 54 times on the left side,
and “nanoparticles” 36 times on the right side of
the Table 3.

The normalized and original terms
presented in Table 4 differ slightly in their
frequency of occurrence, similarly describing
the topic of “tight oil reservoir”.

Table 4. Comparison of two clusters, conventionally labeled as “tight oil reservoir”

Tabn. 4. CpaBHeHMe ABYX K/1aCTEPOB, YCI0BHO 0603HaYyeHHbIX Kak «tight oil reservoir»

Normalized author keywords Occurrence Original author keywords Occurrence
tight oil reservoir 116 heavy oil 192
horizontal well 107 tight oil reservoir 69
shale gas 107 CO2 flooding 52
fractured reservoir 81 imbibition 49
unconventional reservoir 69 heavy oil reservoir 44
stress sensitivity 66 simulation 41
low permeability 58 low-permeability reservoir 40
shale reservoir 52 unconventional reservoirs 38
hydraulic fracture 48 SAGD 34
adsorption 45 air injection 32
gas injection 43 geomechanics 32
improved oil recovery 33 fractured reservoirs 30
geomechanic 32 reservoir heterogeneity 30
fracture network 31 threshold pressure gradient 30
threshold pressure gradient 31 multiphase flow 29
shale gas reservoir 30 oil reservoir 28
apparent permeability 29 recovery 26
multiphase flow 29 steam injection 25
carbon dioxide huff n puff 27 water injection 24
diffusion 25 fractal theory 23
pressure transient analysis 25 analytical model 22
fractal theory 23 pressure transient analysis 22
huff n puff 23 heat transfer 20
flowback 19 steam flooding 20
production performance 19 flowback 19
dual porosity 18 numerical model 19
gas condensate 18 production performance 19
non darcy flow 18 thermal recovery 19
flow regime 16 water cut 19
rate transient analysis 16 water saturation 19

The most important thing to note in this
table is that the term “heavy oil” is the most
frequent term in the right column, but it appears
in the left column in Table 3.

The terms “fractured reservoir” and
“unconventional reservoir” occur in the singular
in the left column, but in the plural in the right

column.
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The term “‘shale gas reservoir” does not
appear in the right column.
In Table 5, the terms “shale oil” and

“porosity’ occur with equal frequency in the left

and right columns. However, the normalized
value “nuclear magnetic resonance” occurs more
frequently than the original, where it may appear
as the abbreviation NMR.

Table 5. Comparison of two clusters, conventionally labeled as “shale oil” and “porosity”

Ta6n. 5. CpaBHeHMe ABYX KacTepoB, yCNOBHO 0603Ha4YeHHbIX KaK «shale oil» and «porosity»

Normalized author keywords Occurrence Original author keywords Occurrence
nuclear magnetic resonance 156 shale oil 137
shale oil 137 porosity 114
porosity 114 Ordos Basin 113
Ordos Basin 113 pore structure 101
pore structure 101 tight oil 92
tight oil 94 NMR 74
tight sandstone 77 tight sandstone 70
tight reservoir 70 nuclear magnetic resonance 69
diagenesis 66 diagenesis 66
spontaneous imbibition 62 spontaneous imbibition 61
reservoir quality 58 reservoir quality 58
reservoir 56 fractured reservoir 51
shale oil reservoir 41 reservoir 50
Junggar Basin 40 tight reservoir 42
tight sandstone reservoir 37 Junggar Basin 40
sandstone 34 sandstone 33
biomarker 33 pore size distribution 31
pore size distribution 33 Sichuan Basin 31
Sichuan Basin 31 Tarim Basin 28
Tarim Basin 28 Yanchang Formation 28
Yanchang Formation 28 shale reservoir 27
controlling factor 27 carbonate 26
source rock 26 shale oil reservoir 24
oil shale 23 tight sandstone reservoir 24
lithofacy 22 controlling factors 23
reservoir rock 22 oil shale 22
fractal dimension 21 fractal dimension 21
reservoir characteristic 21 lithofacies 21
sandstone reservoir 21 reservoir characteristics 21
Songliao Basin 20 reservoir rock 20

This table is interesting because the lack
of disclosure of abbreviations (NMR—nuclear
magnetic resonance) can cause that the most
frequently occurring term is different on the left
and right side of the table.

This table lists the names of the basins
“Ordos Basin”, “Junggar Basin”, “Sichuan
Basin”, “Tarim Basin”, “Songliao Basin” — all

these basins are located in China. This is
consistent with the large number of Chinese
publications in the studied sample of
bibliometric records.

It should be noted that the above tables
only summarize the 30 most frequent terms from
the full keyword occurrence tables, so the term

occurrence amounts may not match.
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The comparison of the terms in the tables
above helped to illustrate the importance of term
normalization on the results of term clustering.

The importance of term normalization
will become even more evident in the next

section.

Using the Scimago Graphica program to

identify promising research tasks

Within the framework of this article, the
promising research tasks are assumed to be
described by the author keywords that occur
more often in new publications that have a high
citation rate and connection with other terms.
Technically, this can be visualized as a slice of
the network of co-occurrence of terms
represented in the coordinates “Average
publication year of the documents in which a
keyword occurs” (avg. pub. year) and “Average
normalized number of citations” (avg. norm.
citations).

Let’s explain the concepts used by
quoting from the VOSviewer manual: “Avg.
norm. citations. The average normalized number
of citations received by the documents in which
a keyword or a term occurs... The normalized
number of citations of a document equals the
number of citations of the document divided by
the average number of citations of all documents
published in the same year and included in the
data that is provided to VOSviewer”?.

For a better understanding of the content
of the publications selected as examples, their
titles and my abbreviated version of the abstract
are given in the body of the paper; they are
enclosed in quotation marks to emphasize that
this is not plagiarism but citation.

3 van Eck N.J., Waltman L. Manual for VOSviewer
version 1.6.20. URL:
https://www.vosviewer.com/documentation/Manual
VOSviewer 1.6.20.pdf (accessed 20 February2025).

Fig. 3 shows the graph of the
term co-occurrence network constructed for
author keywords taking into account their
normalization. The following constraints
were used to construct the graph in Scimago
Graphica software: clusters 1, 2, 3 out
of five obtained for normalized author
keywords by VOSviewer software; total link
strength > 44; avg. norm. citations > 1;

degree > 25. Degree was calculated for the
prebuilt network, then the data from this
network was exported, the co-occurrence
network was re-built using the exported
data, and then the degree > 25 filter was
implemented to limit the number of terms
displayed in the graph. This filter leaves
only terms that are well related to other
terms in the graph, which is important for
identifying a local topic described by
a number of co-occurring terms. An analogous
result can be obtained by applying the
“link strength” and “total link strength”
filters to the original graph, but all
these parameters are calculated for the network
in question, so the resulting values may differ.
In this case, the capabilities of Scimago
Graphica were demonstrated. Filters are
used to display only the terms most relevant
to the analysis being performed to
improve the readability of the graph in the
publication.

The degree of a node is defined as the
number of links it has with other nodes in the
network.

According to the VOSviewer manual,
“Total link strength attribute indicates the
/total strength of the links of an item with

other items™.

4 Ibid.
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Fig. 3. Co-occurrence network of the normalized author keywords with respect to the constraints:
clusters 1, 2, 3; total link strength >= 44; avg. norm. citations >= 1; degree >= 25

Puc. 3. CeTb COBMECTHOM BCTPEYAEMOCTN HOPMAIM30BAHHbIX aBTOPCKMX K/IOYEBbIX C/I0B C YYETOM OFpaHUYEHUN:
KnacTepbl 1, 2, 3; o6wwan cuna ceasu = 44; cpeaHAs HOpMaM30BaHHaA LUTUPYEMOCTb > 1;
cTeneHb ceAsHocT = 25

Let us consider examples of identifying
publications revealing the topics of two clusters
(3 and 1) with terms having a high value of the
average normalized number of citations.

Third cluster. The results of a sequential
search (search in found) for terms appearing in
the text fields of all records: methane hydrate —
49 records AND gas production — 33 records
AND depressurization — 20 AND fracture — 4.
Of the four papers, the most cited is
“Enhancement of gas production from methane
hydrate reservoirs by the combination of
hydraulic fracturing and depressurization
method” [12]. According to ScienceDirect, this
publication has been cited 171 times as of
February 12, 2025. Short summary of the
abstract: “A fracturing and depressurisation
method is proposed to improve the efficiency of
gas production from methane hydrate (MH)

reservoirs. A model of a fractured MH reservoir
was created and the gas production behaviour
under different temperature conditions was
studied. The effect of increasing fracture zone
size and permeability on gas production rate was
more prominent in the early stage of
depressurisation for the high-temperature
reservoir, while the increase in overall gas
production was minimal in the low-temperature
reservoirs.”

First cluster. The results of a sequential
search (search in found) for terms appearing in the
text fields of all records: nanofluid — 120
nanoparticle — 93 carbonate — 33 — enhanced oil
recovery — 24 — wettability alteration — 16. The
most cited paper “Comparative study of using
nanoparticles for enhanced oil recovery: Wettability
alteration of carbonate rocks” [13], this publication
has been cited 261 times as of 12 February 2025.
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Short summary of the abstract: “Exposure of
various nanofluids from zirconium dioxide
(Zr02), calcium carbonate (CaCO3), titanium
dioxide (TiO2), silicon dioxide (SiO2),
magnesium oxide (MgO), aluminium oxide
(Al1203), cerium oxide (CeO2) and carbon
nanotubes (CNT) on the wettability of carbonate
rocks were investigated for enhanced oil
recovery from oil reservoirs. The results of

Average normalized number of citations
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Fig. 4. Co-occurrence network of the original author keywords
with respect to the constraints presented in Fig. 3

Puc. 4. CeTb COBMECTHOI BCTPEYAEMOCTU UCXOAHbIX aBTOPCKMX K/HOUEBbIX C/I0B
C Y4ETOM OTrpaHUYEHU, MPeaCTaBNeHHbIX Ha puc. 3

The lack of normalization of term spelling
affected the clustering. This is particularly
noticeable for the second cluster in this figure.
The term “methane hydrate” is not reflected
on it, and it is found in articles with high
citations according to the previous figure. In the
third cluster, the terms ‘“nanoparticles” and
“nanofluids” are present, but the term
“carbonates”, as in the previous figure, is not

present, and it is found in more recent

publications. The first cluster in this figure does
not contain the term “deep learning”, which is
found in newer publications with good citations.
If we refer to the interactive web page provided
in supplementary materials, we can see those
two spellings “enhanced oil recovery” and
“enhanced oil recovery (EOR)” are presented in
the graph. This example illustrates well the
importance of preprocessing of the text fields on
the obtained results.
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Co-occurrence network analysis of terms

in the text of abstracts

The VOSviewer program allows to build
a co-occurrence network not only for author and
index keywords, but also for terms presented in
abstract texts. VOSviewer generates a list of
noun phrases and brings the terms to the singular
number, more details can be found in the manual
of the program.

This approach to defining key terms
works well, but in the text of abstracts of
scientific papers it is quite often found
abbreviations of the most commonly used terms
in the given research area, e.g., EOR —
enhanced oil recovery.

Therefore, the previously compiled list of
abbreviations (thesaurus_terms.txt file) was used
to construct a network of co-occurrence of terms
in the abstract texts. It should be noted that
VOSviewer performs whole term replacement,
i.e. if in file thesaurus terms.txt we specified
that “EOR — enhanced oil recovery”, the term
“CO2 EOR process” will not be replaced, but
the individual term “EOR” will be replaced by
“enhanced oil recovery”. Going beyond this
example, it is possible to perform an additional
iteration of term normalization by analyzing the
terms used to build the network and expanding
the list of replacements in thesaurus_terms.txt.
Another way is to perform term substitution in
the original abstract text (or titles).

A private observation of the author of this
paper shows that the use of textual fields of titles
and abstracts is underestimated in many
publications, the construction of a network of
keywords is significantly more frequent. At the
same time, the use of title and abstract fields to
build a network of terms co-occurrence, in my
opinion, gives more coherent clusters and their
number is smaller.

The point is that subject matter experts
assess the need for further study of an article not

by its keywords, but by its title and abstract. The
abstract and title fields in the dataset we studied
were filled in completely, while the author
keywords had 1,470 blank fields out of 8,051
total fields.

Another example, exporting from
OnePetro downloads titles and abstracts, but not
keywords.

The situation is even worse for The Lens
database: the query Filters: Year Published =
(2024-2024) Subject = (Geochemistry and
Petrology) received Scholarly Works (12,482).
In 12,482 records a little more than half (6,851)
of the abstracts are missing and almost all
Keywords fields are empty (11,911).

Another example is using the “Publish or
Perish” program, which can query a large
number of resources, including OpenAlex, and
the saved files have Title and Abstract fields, but
no keywords.

Also, RSS feeds from topical sites have
header and body fields, but not keyword
fields.

For example, on the old Springer site
(link.springer.com/search), you can use RSS
with the fields: title and description (which
includes an abstract), but not keywords.

According to the text fields of the given
examples, it is possible to build a network of
term co-occurrence and evaluate the topicality of
the collected materials using VOSviewer.

In accordance with the above, Fig. 5
presents the network of co-currencies of the
terms contained in the texts of the abstracts,
taking into account the disclosure of
abbreviations.

First cluster (red)

Most  frequently  appearing  terms
(Occurrences score): accuracy (499), stress
(461), algorithm (384), horizontal well (326),
hydraulic fracture (292), reservoir model (288),
coal (280).
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Fig. 5. Co-occurrence network of key terms used in the abstract texts, taking into account the disclosure of
abbreviations

Puc. 5. CeTb COBMECTHOW BCTPEYAEMOCTH K/HOUEBbIX TEPMUHOB, COAEPKALLMXCA B TEKCTAX aHHOTAL MM,
C YYETOM PACKPbITMA COKpPaLLEHMI

Terms most frequently used in new
publications (Avg. pub. year score): marine
hydrate reservoir (2023.1), extreme gradient
(2022.6429), seepage field (2022.6), test set
(2022.5455), extreme gradient boosting
(2022.5), long short term memory (2022.4375),
HBS (2022.4).

Here: HBS — hydrate-bearing sediment;
in abstracts this term for the first time can meet
with the decoding. and further used only as an
abbreviation. it was not included in the list of
exceptions. made from the author keywords.

Terms most frequently used in highly
cited publications (Avg. norm. citations score):
rock strength (3.1761), slip length (2.8046),
CO2 ECBM process (2.5662), gas property
(2.5647), UGS (2.4861), hydrate bearing layer
(2.4357), water permeability (2.4206)

Here: UGS — underground gas storage;
in abstracts this term for the first time
can meet with the decoding, and further used
only as an abbreviation, it was not included in
the list of exceptions, made from the author
keywords.

Here: ECBM — enhanced coalbed
methane, this term is present in the dictionary
of abbreviations compiled using the author
keywords, but it is part of a compound
term, so it has not been modified. This feature
should be taken into account when
compiling the thesaurus terms.txt file when
performing term clustering based on title and
abstract texts.

The abbreviations in the following
clusters are similar and are not explained
further.
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Second cluster (green)

Most  frequently  appearing  terms
(Occurrences score): oil recovery (1,269),
enhanced oil recovery (878), concentration
(670), crude oil (630), viscosity (560),
wettability (422), interfacial tension (410).

Terms most frequently used in new
publications (Avg. pub. year score): dispersion
stability (2022.6667), promising alternative
(2022.4), microfluidic experiment (2022.25),
imbibition efficiency (2022.2308), oilwater
interfacial tension (2022.1818), MD simulation
(2022.0833), experimental finding (2022). Here:
MD — molecular dynamics.

Terms most frequently used in highly
cited publications (Avg. norm. citations score):
potential solution (2.9926), disjoining pressure
(2.8678), viscoelastic property (2.5119), PAM
(2.4066), nanotechnology (2.1721), early
breakthrough (2.1437), CO2 foam (2.1364).
Here: PAM — polyacrylamide.

Third cluster (blue)

Most  frequently  appearing  terms
(Occurrences score): pore (749), content (487),
sandstone (460), basin (450), hydrocarbon (434),
dissolution (410), pore structure (348).

Terms most frequently used in new
publications  (Avg. pub. year score):
development efficiency (2022.7857), shale
(2022.7727),  Qingshankou
Formation (2022.3333), seepage capacity
(2022.3214), basalt (2022.2308), movable
oil  (2022.1579), Baikouquan Formation
(2022.125).

Terms most frequently used in highly

oil  resource

cited publications (Avg. norm. citations score):
macro pore (2.324), Winland (2.2597), pore
geometry (2.198), pore distribution (2.185),
burial history (2.1773), CT scanning (2.1137),
host rock (2.1036). Here: CT — computed
tomography.

Fourth cluster (khaki)

Most  frequently  appearing  terms
(Occurrences score): heavy oil reservoir (394),
heavy oil (326), steam (246), oil recovery factor
(197), oil viscosity (188), CO2 flooding (158),
solvent (154).

Terms most frequently used in new
publications  (Avg. pub. year score):
underground hydrogen storage (2023.2609),
hydrogen production (2023.1333), formation
energy  (2022.6429),  nuclear
resonance technology (2022.6), recovery degree
(2022.5882), CcO2 storage
(2022.4615), cushion gas (2022.4545).

Terms most frequently used in highly

magnetic

efficiency

cited publications (Avg. norm. citations score):
cushion gas (3.6855), underground hydrogen
storage (3.5665), hydrogen storage (3.5626),
hydrogen production (2.897), good potential
(2.7012), CO2 geological storage (2.317),
residual trapping (2.2258).

The term  “underground hydrogen
storage” is more common in new highly cited
publications, but the publications themselves are
still few, so this term is not reflected in Figs. 6
and 7, where the term occurrence restriction

1s used.

Application of the Scimago Graphica

program to identify promising research

tasks using different restrictive filters

Below are the graphs plotted with
Scimago Graphica software in the coordinates
“Average normalized number of citations” and
“Average publication year of the documents in
which a keyword occurs” using different
restriction filters.

Fig. 6 is plotted using the following
sampling constraints: clusters 1, 2, 3; total link
strength > 100; occurrences > 100; avg. norm.

citations > 1.

457



Actual Problems of Oil and Gas. Vol. 16, No. 3, 2025

http://oilgasjournal.ru

Average normalized number of citations

1.8

occurrences

173 nanoparticle y  N4N0POre
1.65 . . cluster
’ core flooding experiment sediment
coal reservoir g I
158 coal seam :
. (o}
effective stress
15 wettability alteration
coal I |
8 surfactant ple
AN contact angle
enhanced oil recoyery ) > g
135 coalbed methane A s )
quartz e neural network Sy
calcive / pore size stability Sze-g
128 i Mo 2 2
P salinity pore imbibition
scapmingyetelron gficraScapy
12 v Uy i/ pore structure
- hosical },ﬂ. v/
petrophysical property ,Sltméb‘{'&‘", throat micropore
L. oil recoverys {
ermeability_medel 4 ),
113 P ) U agenty pore type

] ) S

brifie carbonate’ fock [

1.05 fracture network R\ g

oy minerg!
concentrafion

098

2019 20192 20194 2019.6 20198 2020 2020.2

20204

gel

electron microscopy

2020.6 20208 2021 20212 20214 2021.6

Average publication year of the documents in which a keyword occurs

Fig. 6. Co-occurrence network of key terms used in the abstract texts, with respect to the constraints:
clusters 1, 2, 3; total link strength > 100; occurrences = 100; avg. norm. citations > 1

Puc. 6. CeTb coBMecTHOM BCTPe4YaeMOCTN KNo4eBbIX TEPMUHOB, coaepXKallnXCA B TEKCTAX aHHOTaLI,Ml71,
C y4eToM orpaHuyeHuit: Knactepsbl 1, 2, 3; obwan cuna cesasm 2 100; scTpevaemocts 2 100;
cpeaHAA HOPMaN30BaHHaA LUTUPYEMOCTb = 1

The term of the first cluster “nanopore”
has the highest number of links with the terms
“shale o0il” and “pore size” of the third cluster
and the term “molecula” of the second cluster.
A sequential search for the occurrence of terms
in the text fields of all records yields: nanopore
— 178, shale oil — 49, pore size — 14,
molecula — 4. Of the four articles, the most
relevant is “Molecular dynamics simulations of
oil transport through inorganic nanopores in
shale” [14], which has been cited 390 times (as
of 14 February 2025). Short summary of the
abstract: “The transport of liquid hydrocarbon
through nanopores of inorganic minerals is
crucial for the development of fluid-rich shale
reservoirs and for understanding oil migration
from deep-seated source rocks with extremely
low permeability. The authors used non-
equilibrium molecular dynamics to study the

flow of octane in quartz slits under pressure
based on the Navier—Stokes equation with slip
boundary and viscosity corrections”.

It should be noted that the Leiden
algorithm attempts to optimize modularity in
extracting communities from networks [15].
“The modularity is, up to a multiplicative
constant, the number of edges falling within
groups minus the expected number in an
equivalent network with edges placed at
random” [16]. Based on the above, the current
example is interesting because well-connected
terms can belong to different clusters, since the
membership of a cluster is determined by the set
of links in it.

The fact that the terms ‘“nanopore” and
“nanoparticle” belong to different clusters is also
interesting; they are close in spelling but have

different contexts.
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The term “nanoparticle” often occurs with
the terms “enhanced oil recovery”, “interfacial
tension”, “wettability”, referring already to the
same cluster.

A sequential search for the occurrence of
terms in the text fields of all records yields:
nanoparticle — 248, enhanced oil recovery —
145, interfacial tension — 69, wettability — 53,
rock surface — 9.

The fact that a sequential search for the
five terms yielded 9 results indicates the stability
of the topic they are describing.

Of the nine articles, the most relevant is
of natural anionic

“Adsorption analysis

surfactant for enhanced oil recovery: The role of

Short summary of the abstract: “Anionic

surfactants are widely used as effective
chemical reagents for enhanced oil recovery.
This with  the

adsorption and kinetics of anionic surfactant

study deals equilibrium
synthesised from soapnut fruit on sandstone,

carbonate and bentonite clay, which are
reservoir rocks. The presence of alkali and
nanoparticles reduces the loss of surfactant
during adsorption and has a synergistic effect
which

is favourable for the application of surfactant in

in reducing the interfacial tension,
oil recovery”.

Fig. 7 is plotted using the following
sampling constraints: clusters 1 and 3; total link

mineralogy, salinity, alkalinity and strength > 100; occurrences > 20; avg. norm.
nanoparticles” [17] which has 228 citations. citations > 1.5.
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Fig. 7. Co-occurrence network of key terms used in the abstract texts, with respect to the constraints:
clusters 1 and 3; total link strength > 100; occurrences > 20; avg. norm. citations > 1.5

Puc. 7. CeTb COBMECTHOM BCTPEYAEMOCTM KJIHOYEBbIX TEPMUHOB, COAEPKALLMXCA B TEKCTAX aHHOTALMN,
C Y4ETOM OrpaHunyeHnin: knactepbl 1 u 3; obwan cuna ceasm = 100; occurrences = 20;
cpeAHAAa HOPMaM30BaHHAA LUTMPYemMOoCTb = 1,5
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This graph shows only the two clusters
shown in Fig. 5 — the first and the third.
A significant difference with Fig. 6 is that this
data slice includes more rarely occurring terms
(occurrences > 20 vs. occurrences > 100) and the
threshold for the average normalized citation is
raised (avg. norm. citations > 1.5 vs. avg. norm.
citations > 1). Also note the slight shift of the
right-most value on the average publication time
axis (2022.8 vs. 2921.6).

Thus, this slice can be seen as a reflection
of the more promising topics: there are not many
publications yet, but they are more cited and
published more recently.

For the sake of brevity, let us consider
only one new topic that appeared in the first
cluster and is described by the terms: methane
hydrate, hydrate saturation, hydrate bearing
sediment.

A sequential search for the occurrence of
terms in the text fields of all records yields:
methane hydrate — 49, hydrate saturation — 24,
hydrate bearing sediment — 5. Note that the
number of publications is lower than in the
examples in the previous figure.

Publication “Experimental study on the
gas phase permeability of methane hydrate-
bearing clayey sediments” [18] has been cited
74 times. Short summary of the abstract:
“The permeability of hydrate-bearing sediments
is one of the important parameters affecting the
rate of gas production in hydrate reservoirs.
In this paper, a series of experiments were
conducted to investigate the gas-phase
permeability of kaolin clay under different
hydrate saturation. The results showed
that the gas-phase permeability of kaolin clay
firstly decreases and then increases with
increasing hydrate saturation. The gas-phase
permeability of hydrate-saturated clay samples
at high effective axial stress is lower than
that at low stress, which is due to pore space
compaction.”

It was interesting to find the area of
application of the method “extreme gradient
boosting”; such publications turned out to be 18
such publications.

It was interesting to find the area of
application of the “extreme gradient boosting”
method. 18 such publications were found.

The most interesting article [19] has been
cited 86 times. However, none of the 18
publication abstracts contained the term
“hydrate”, suggesting that the inclusion of the
term “extreme gradient boosting” in this cluster
1s due to co-occurrence with other terms, such as
“permeability”, but not ‘“hydrate”. The term
“permeability” may be relevant in the context of
records relating to “CBM recovery”, which in
turn has a relationship to the term “methane
hydrate”.

This example shows that a terms co-
occurrence network, although a clear method for
identifying relevant or promising research tasks,
is not always convenient for extending literature
collection by composing queries from co-
occurring terms. For query generation, the direct
method of determining the co-occurrence of
terms (by algorithms like Apriori) may be more
promising than assigning terms to a single
cluster.

Conclusions

Despite the fact that the index keywords
used in a query to Scopus is rarely found in
author keywords and abstracts, bibliometric
records exported by such a query are relevant to
the given topic.

The given examples show the importance
of preprocessing text fields before performing
term clustering.

The expediency of disclosing the
abbreviations of key terms when constructing
the terms co-occurrence network encountered in
the abstracts of publications by the VOSviewer
program is shown.
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The effectiveness of using filters in the
Scimago Graphica program to construct a term
co-occurrence network to identify promising
research topics is demonstrated.

It has been observed that in some cases
terms occurring in the same cluster are
not the best choice for querying to expand
the collection of publications on a given topic.
It is proposed to conduct a separate study

on the use of Apriori class algorithms for this
purpose.

Promising research tasks can be described
by the following terms according to the
bibliometric data used: 1) nanopore, shale oil,
pore size, molecular; 2) nanoparticle, enhanced
oil recovery, interfacial tension, wettability,
rock surface; 3) methane hydrate, hydrate
saturation, hydrate bearing sediments.
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SHEPTETUYECKMUE PECYPCbl 3EMHOM KOPbI: BbI30Bbl COBPEMEHHOW 9KOHOMMWKMU

OpurnHanbHaa cTaTbA
YK [303.6+303.7]:001.8
EDN: HFRXGE

D eMoHCTpauua 3HaUMMOCTU NpeaBapuTeNbHOU 06paboTKu
TEKCTOBbIX Nosei bubanomerpruueckux sanuceun ana BbiABAEHUA
NnepcneKTUBHbIX UCCIeA0BaTe/IbCKMX 33434 Ha Npumepe AaHHbIX
Scopus no Petroleum Reservoir Engineering

B.H. Yurapes D4
UHcTUTYT Nnpobaem HedTn 1 rasa PAH, Poccua, 119333, MockBa, ya. N'y6KuHa, 4. 3

AHHOTaumuAa. AkmyaneHocme. B HactosAwee Bpema 6MBAMOMETPUYECKMIA aHAAW3  [AHHbIX U3
pedepaTnBHbIX 6a3 4acTo MCNOMb3yeTcA ANA BbIABMEHUS aKTyasllbHbIX WMCCNEA0BaTENbCKUX 3ajad
C Uenbl pPaLMOHANbHOTO MCMOb30BaHMA GUHAHCOBLIX W APYrUX pecypcos. Lleas pabomel.
MpoAeMOHCTPMPOBATL BaXKHOCTb NpeaBapuTeibHON 06paboTKM TEKCTOBbIX NoNen BUBANOMETPUYECKUX
3anucen AnA NOCTPOEHMA CETU COBMECTHOM BCTPeYaeMOCT TEPMMHOB U BO3MOMKHOCTb MOC/eyoLLero
ncnonb3oBaHWa Scimago Graphica gns [eTanbHOro WM3ydeHWA pPas/IMYHBIX CPE30B  pes3y/bTaToB
Knactepusauum C Le/blo BbiABJAEHUA aKTyalbHbIX TeM wuccnefoBaHuii. Mamepuansl u memoobi.
Ucnonb3osaHa 8051 3anucb, 3KCNOPTUPOBAHHAA M3 Scopus M cooTBeTcTBylowWwas ¢unbTpy: (LIMIT-TO
(EXACTKEYWORD, “Petroleum Reservoir Engineering”)) 3a nocnegHue pgecatb neT. [Ona
6ubnMomeTpUYECcKOro aHanmMsa npuMeHAnncb nporpammbl  VOSviewer u  Scimago Graphica.
Pe3ynemamel. loKa3aHa peneBaHTHOCTb WMcNonb3oBaHMA ¢unbtpa «LIMIT-TO EXACTKEYWORD» B
3anpoce K Scopus; LenecoobpasHOCTb PACKPbITUA COKPALLEHUI B TEKCTOBbIX MOAAX 3anucenr U
npesBapuUTeNbHOTO YTOYHEHUA TEKCTOB; 3PPEKTUBHOCTb WMCMO/Ib30BaHUA (GUABTPOB B Nporpamme
Scimago Graphica Ans nocTpoeHnA ceTu CONpPAXKEHUA TEPMUHOB C LE/biO0 BbiABAEHUA NEPCNEKTUBHbIX
TEM UCCnen0BaHNN. Bbigodsl. BbiaBneHHble B pe3y/bTaTe aHaAn3a nepcrnekTuBHble TeEMbl UCCIef0BaHNIA
MOryT ObITb OMWCaHbl CAeaylWwumMK TepMmuHamu: 1) HaHonopbl, cnaHuesas HedTb, pasmep Mop,
MOJIEKYNIAIPHBIN; 2) HaHo4acTUubl M HaHodbouabl; 3) ruapaT MeTaHa, MAPaTOHACbIWEHHOCTb U
r’MAPATOHOCHbIE OT/IOXKEHMUA. 3aMeyeHO, YTO B HEKOTOPbLIX C/TyYaAx TEPMUHbI, BCTpeYatowmecs B 04HOM
Knactepe, He ABAAIOTCA Niy4lWMM BblIBOpPOM AR 3aMpoca C Le/Iblo PaclUMPeHUA KOANEKUMK nybankauni
no gaHHol Teme. MosTomy ANA 3TON Lenn npeanaraeTca oTaeNbHOe UCCaef0BaHUE C UCMONb30BAHNEM
anropuTMos Knacca Apriori.

KnioueBble cnoBa: coBMeCTHasi BCTPEYAEMOCTb TEPMMHOB, NpeaBapuTenbHas 06paboTKa TeKcTa,
abbpeBunaTypbl, NepcneKkTUBHbIE UcCneaoBaTeNbCKMe 3aaaun, VOSviewer, Scimago Graphica

duHaHcMpoBaHMe: paboTa BbINOMHEHA B pamKax rocygapctBeHHoro 3aaaHua WMMHE PAH (tema
Ne 125021302095-2).
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npumepe AaHHbIX Scopus no Petroleum Reservoir Engineering // AkTyanbHble npobaembl HedTU U rasa.
2025.T. 16, Ne 3. C. 441-465. (Ha aHrn. a3.). EDN: HFRXGE
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MuKkpopeonornyeckoe uccnesoBaHne U3oAUpPYOLWUX CBOACTB
6ypoBbIX pacTBOPOB

0.9. Konapauwes <
YPUMcKUit rocyfapcTBeHHbl HeTAHOM TEXHMYECKNI YHUBEpCUTET, Poccuna, 450064, Yda,
yn. KocmoHaBsTos, 4. 1

AHHOTaumAa. AkmyansHocms. MoguduKauma aHTUUNBLTPAUMOHHBIX WAW  U30JMPYIOLUMX CBOMCTB
OypoBbIX PacTBOPOB, ONpeaesnAlWMX CNOCOOHOCTbL 3KPaHMPOBaTb NPU3aboMHY0 30HY, ABAAETCA
Hanbosnee pauMoHasbHbIM CNOCOOOM COXpPaHEHUSA MPOAYKTUBHbLIX CBOMCTB MAACTOB NPU UX BCKPLITUMN.
O4HaKo MX MoJlydeHMe OrpaHWYMBAETCA ycTapeBllel OypoBOM peomeTpuel, He Jatoliel
[O0CTAaTOYHOM KOIMYECTBEHHON MHPOPMALMN O CUCTEME «MOAMMEP—NOPOAa», B KOTOPON pu3myeckme
XapPaKTEPUCTUKMU XKUAKOCTU PAAMKANbHO OT/IMYAlOTCA OT 0b6beMHbIX. Lleas pabomel. WccnepoBaHue
$baKkTopoB, onpeaenstowmnx GuUsnYeckoe COCTOAHME U MOABUMKHOCTL B MNOPUCTON cpese ¢unbTpaTta
6ypoBOro pactsopa Ha ocHose [K-gpunna u CalinaHa. Mamepuansi u memodsl. O6beKTaMMN U3yYeHUs
CNYXWAKM BOAHble pacTBopbl AK-apuana u CaitnaHa, 06pasLbl KEPHOB C AOCTATOMHO WMPOKUM CNEKTPOM
NPOHULLAEMOCTM U3 Pa3BEAOYHbIX CKBAXMH HedTAHbIX MeCTopoXAeHWA BalwKkopTocTaHa M 3anagHoi
Cnbupun. B paboTe NpMMeEHSAUCb CTAHAAPTHblE M ABTOPCKME METOAMKWU WUCCAefOBaHMA PacTBOPOB.
Pe3ynabmamel. AHann3 MaKpo- M MUKPOCKOMMYECKMX MCCAEeLOBaHUI CUCTEMbI «NOAMMEpP—Moposa»
nokasan onpeensaoliee BAMAHME KOHTAKTHOIO B3aMMOAENCTBUA Ha dU3MYecKMe CBOMCTBA uabTpaTa U
ero rmgpoanHamMMKy, Mo3BOAMA OOBACHUTL PUALTPALMOHHbLIE AHOMAANMM MNOJAMMEPHbLIX PACTBOPOB
paanKanbHbIM M3MEHEHMEM CTPYKTYPHO-MEXaHUYECKMUX CBOMCTB ¢GMNbTpPaATa B CMIOBOM Noae TBepaoi
¢dasbl. BbigoObl. M3n0xKeHHOe YyKasblBaeT Ha HeobXOAMMOCTb yyeTa MONEKYNAPHO-MOBEPXHOCTHbIX
B3aMMOLENCTBUI Ha MeXKdasHbIX rpaHMLAx Npu paspaboTke TEXHONOTMYECKUX HKUAKOCTEN HOBOFO
MOKONEHUAA, B TUAPOAMHAMMYECKUX pPacyeTax, CyLLecTBEHHOM OOHOB/AeHMM MeTodoB OypoBoW
peomeTpum.

KnioueBble cnoBa: ¢uabTpaT, aHTUPUABTPALMOHHbBIE MAM U30AUPYHOLIME CBOMCTBA, Y3KMA 3a30p,
MWKPOPEOD/IOTUA, KOHTAKTHOE B3aMMOENCTBME, HAAMONERYIAPHAA CTPYKTYPa, Pa3pbiB C/IOWHOCTM

®uHaHcupoBaHMe: paboTa BbINOSIHEHA B paMKax Aorosopa ¢ 3anCnbbypHUMNA.

Ona uutnposaHua: KoHOpawes O.®. MuUKpopeosiormyeckoe UcciefoBaHUE W30AMPYHOLLMX CBOWCTB
6ypoBbix pacTBopos // AKTyanbHble npobaembl HedTH 1 rasa. 2025. T. 16, Ne 3. C. 466—477. EDN: VIBLCE
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BeepeHue

CoxpaHeHre TPOAYKTUBHBIX  CBOWCTB
IUIACTOB ~ MpPU WX  BCKPBITUM  SIBISIETCSA
ONTHOW HM3  OCHOBHBIX  3amady  OypoBoi
TEXHOJIOTHH, aKTyaJlbHOCTh KOTOPOW TOJBKO
BO3pPAcTaeT B CBS3U C YCIOXHEHHEM OOBEKTOB
OypeHwms, BHEJAPEHHEM HOBBIX TEXHOJIOTUH H
MaTepraoB.

Oganv w3 Hambonee JeHCTBEHHBIX
c1rroco0oB perIeHIs 3TOM TIPOOITIEMBI
SBJSICTCS. MOJIEPHU3AIMS  JKCIUTyaTalluOHHBIX
XapaKTepUCTUK  OypOBBIX  PacTBOPOB,  Kak
HanOoJiee  TMOABIKHOTO  DJIEMEHTa  BCe
TexHojoruu [1].

[Tpumenenue BBICOKOMOJIEKYIISIPHBIX
CHHTETHYECKUX COCTUHEHHH M OCOOEHHO WUX
OmopasmaraeMpIx 00pas3IOB BO MHOTOM peIIaeT
Ty mpobiemy [2, 3]. OgHAKO TPOMBICIOBBIC
OIICHKM pe3ylbTaTa WX MPUMEHEHUS YacTo
pacxoaTcs ¢ OXHIACMBIMHU, Oa3UpPYIOIIUMUCS
Ha  JaHHBIX  J1aOOpaTOpHBIX  MCIBITAHUH
[4-6].

OnHoit u3 NPUYHH SIBTISIETCS
HEKOPPEKTHOE  MOJAETUPOBAHHME  IUIACTOBBIX
yCIIOBUIT eme Ha Ia0OpaTOpHON  cTamuwy,
MPUMEHEHUE YCTapeBIINX METOJ0B OypoBOM
pEOMETpHH, IUIIb KOCBEHHO VYHUTHIBAFOIIAX
MHOT000pasue MOBEPXHOCTHBIX  SIBJICHUH
B CHCTEME «pPacTBOp MOJIMMepa—HePTb—TI0POIa»
[7, 8]. B mepByio ouepenp 3TO OTHOCHUTCS
K KOHTaKTHOMY B3aMMOJICHCTBUIO TIOIHMEpa
C TOpPOAOH, KOTOPOE, YUYHTHIBas €€ OTPOMHYIO
VAENbHYI0  TOBEPXHOCTb,  JIOJDKHO  OBITH
JIOBOJIFHO 3HAYUTEIbHBIM.

Bnusiaue storo daxrtopa Ha ¢uIbTpa-
[MUOHHBIE TIPOIIECCHl OBUIO YCTAHOBIICHO e€IlIe
B MPOIILIIOM BEKe u CBSI3BIBAJIOCH
C TPHUCTCHHBIMH WJIH TPaHUYHBIMU CIIOSIMH
HE(TH, BBICTHIAIOIUMH MTOBEPXHOCTH IMOPOBBIX
KaHAJOB W YMCHBINAIOUMX HX 3PHEKTUBHOES

ceuenue [9].

W3BecTHBI dKCIIEpUMEHTANBHBIC TaHHBIC
0 TPAaHWYHBIX CJIOSIX HEKOTOPBIX ITOJIMMEPOB
tommuHor 1o 30 wmxM. g mOIMMEpHBIX
OYpOBBIX pPacTBOPOB pa3Mepbl HX Topaszo
MCHBIIIE, HO TeM HE MEHee OHU
COU3MEPUMBI c MacITaboM mnop u
CYIIECTBEHHO BIHUSIIOT Ha THAPOIUHAMUKY
¢bunsTpara [10-12].

B cB3M ¢ 3TUM 1IENBIO HACTOSIICH
paboTHI OBLIIO

M3y4eHue cneruduKu

KOHTaKTHOTO  B3aUMOJCHUCTBHsS  (QuibTpara
C IIOpOAOH U BO3MOXKHOCTU PpEryJIMPOBaHUS

€ro U30JUPYIOIINX CBOMCTB.

Matepuanbl u metoabl

Jns  pemieHuss NOCTAaBICHHOM 3amayu
OPUMEHSUIUCh MAakpo- M MHKPOCKOIIMYECKHE
METOABl HCCIENOBAHUS IIJIACTOBOM CHCTEMBI
«pacTBOp MOIUMEPA—TIOPOTA».

OuIbTpallUOHHBIE HCCIEIOBaHMs  IPO-
BOAMJIUCH  TI0 CTaHJIApTHOM  MeToJuKe
B peXHUME MOCTOSIHHOTO Pacxoja Ha YCTaHOBKE
YUIIK-1M [1].

MHUKpPOpEOIOrnieckue H3MEpEeHUs] BbI-
NOJHSJIMCh ~HAa  OPUTMHAJIBHOH  yCTAHOBKE
YI'HTY, pabouas  sueiika KOTOpoH  —
Y3KUi 3a30p MpENCTaBIAET co0oif
IUIOCKUH Kamwuisip H3 TOpOoJ000pa3yromero
MuHepajga. Ero  KOHCTPyKIHS  TO3BOJISIET
BappbUpOBaTh pa3Mepsl 3a3opa OT Jojei
JI0 JECATKOB MHKPOMETPOB U  CKOPOCTH
TEYEHUs] B XapaKTEPHOM Uil  HE(TIHBIX
KOJJIGKTOpOB ~ Auamna3oHe. TepmoOapokamepa
YCTaHOBKH MOJJIEPKUBAET 3aJaHHBIE YCIOBUSI.

OObexTaMyu HM3y4YEeHHUS CIYXKHUIU BOAHBIC
pactBopel JIk-npwna wu  Caiinana, o0Opasisl
MTOPOJIBI c JIOCTaTOYHO IIIPOKUM
CIIEKTPOM  TPOHHUIIAEMOCTH U3  Pa3BelOY-
HBIX CKB@XHWH HE(PTAHBIX MECTOPOKIACHHUN
Bamkoprocrana "u 3amagHoit

(tabm. 1).

Cubupu
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Taba. 1. XapakTepuctuKa o6pasL,0oB KepHa U pacTBOPOB

Table 1. Characteristics of the core and solutions

n - K -
Cocras ponrmuae MpoHMLaemocTb 03y
Ne BA3KOCTb, MOCTb [Lasnexue, UMeHT
Ne pacrsopa, mMa-c N5 BOAbI AJIA IonMMepa, MnMa nsonaunm
KepHa 9% macc A, MKM.?. , MKM2 (yU. ’
(]
1 10541 CaiinaH (0,2) 14,04 1,67-10° 0,1110° 220 93,2
2 21751 | Ok-apunn (0,1) 1,27 6,34-10° - 22,0 100
3 105 | Ax-apnan (01) 29,86 8,41.10°3 3,99-10°3 00,55 52,6
n Caiinan (0,2)
4 sp18 | AP (025) 145 09 | 437005 0,2810° 16,0 93,7
n Caiinan (0,2)
NcTouHuK: [7] / Source:[7]
Pe3ynbTathl U 06CyKaeHUE pa3Mepa  HMHTEHCUBHOCTH  B3aUMOJICHCTBHS

B [1] ycranoBneHo, 4To:

1) KOMpMaTHUpYIOIIHE CBOWCTBA PacTBO-
POB YCHIIUBAIOTCA B MAJIONPOHUIIACMBIX CPEAAX;

2) JAx-ppumn
B OOBEMHBIX YCIIOBUSX) B MOPUCTOH cpene

(3aryctutenb-(hIoKyIsSHT

MPEBOCXOANT aHTU(PWIBTPAIIMOHHBIE XapakTe-
MPUMEHSEMOT0  OOBIYHO
CTPYKTYpHO-
MEXaHUYECKUX CBOMCTB (Tro3uruu 1, 2);

puctuku Caiinana,
B KauecTBe peryisropa

3) B yCTaHOBHBIIEMCS peXuMe (QUIbTpa-
UM HAOMIONAIOTCA TEPUOANYECKHE CKauKd
JIABJICHUS.

st BBIACHEHMWS TPUPOABI OTMEUYEHHBIX
aHOMaJIMi OBUIM MPOBEIEHB! MapauleibHbIC
MUKPOPEOJOTHUECKHE HCCIeI0OBaHus Ha ycTa-
HoBke YIHTY mnpu ycnoBusix ¢GuiIbTpanyioH-
HOT'O 3KCIIEPHMEHTA.

ConocraBieHHE TOJYYEHHBIX JaHHBIX B
y3kux 3a3opax (puc. 1, kpuBeie 3,4) u
€CTECTBEHHBIX 00pasnax mopoasl (Kpussie 1, 2),
UX CHHXPOHHOCTb OJHO3HAYHO YKa3bIBaIOT Ha
MOBEPXHOCTHYIO NpPUPOAY  (MIBTPALIMOHHBIX
aHOMalHi, Ha KOHTAKTHOE B3aMMOJICHCTBHC
¢buIIbTpaTa ¢ MOpPOJIOH, KaK OCHOBHYIO TPUYHHY
3aTyXaHus QUIbTPALIH.

C oTux mno3unuid, OoTMeueHHoe B [1]
YCHJICHHE 3aTyXaHWs Tmpolecca (UIbTPAIH
B MaJIOTIPOHUIIAEMBIX

cpemax  SIBISIETCS

CJICACTBUCM YBCIMYCHHA B TIOpax MaJIoro

(¢uIbpTpaTa C MOPOION.

JuHaMuKa MHUKPOPEOJOrMYEeCKHX Mapa-
MeTpoB (KpuBble 3,4) oOTpaxkaeT TIIyOOKYIO
MOTU(PHUKALNNIO HAIAMOJEKYJISIPHOH CTPYKTYpHI
¢wipTpaTa OpPHM  KOHTakTe C  IOPOJIOH,
B pe3yjibTaTe KOTOPOH KpaTHO BO3pacTacT
BA3KOCTb u BO3HUKAET CABUTOBast
YIPYrocTh, He GUKCHpyeMas CTaHJapTHBIMH
METOAAaMH, HO OIpEIeNsIomas IuAPOAMHAMUKY
¢unpTpara.

Takue ke BbIBOJIBI BBHITEKAIOT M3 aHAIN3a
KOHIIEHTPAI[MOHHBIX 3aBHCHMOCTEH MHKpPOPEO-
JIOTUYECKUX CBOWCTB (puc. 2, kpuBble 1,2, 3)
Y TIOBEPXHOCTHOTO HaTsDKeHUs (KpuBble 4, 5, 6)
pacTBOpOB Ha pa3HBIX Mex(a3HbIX TpaHHIAX:
COBM3JICHWE WX TOYEK Teperuda TaKxke
CBUJICTENICTBYET O IIOBEPXHOCTHOW MpPHUPOAE
paccMaTpUBaeMBbIX SIBICHUH.

[IpuBeneHHble  NaHHBIE BO  MHOTOM
MPOTHUBOPEYAT YCTOSBIINMCSA TPEACTABICHUIM
0 (QYHKUMAX BBICOKOMOJEKYJISIPHBIX KOMIIO-
HEHTOB OypoBoro pactBopa: BuaHo, uto 0,5%
pactBop Hdx-mpuina (kpuBast 4), mpuUMeHSIEMBbIi
00BIYHO B KayecTBE 3arycTUTENs-(PIOKYIISIHTA,
B NPUCTCHHOW 00JAaCTH BBICTYNAaeT B KauecTBE
YCHJINTENS HEHBIOTOHOBCKMX aHOMAJIUI, KPaTHO
yBENMYUBAs KaK CBOM CTPYyKTYypHO-MEXaHH-
YecKHe XapaKTEepUCTHUKH, TaK M pacTBOpa

¢ Caiinanom (kpuBas 3).
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Puc. 1. iluHamuka ¢mnbTpaumm pactsopos [K-apunna B kepHe (Kpusble 1, 2) n
CTPYKTYpOoObpasoBaHuA B 3a30pe 1,5 MKM (KpuBasa 3 — MoAyAb YNPYyrocTu; Kpmusas 4 — BA3KOCTb)
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Fig. 1. Dynamics of filtration of DK-drill solutions in the core (curves 1, 2) and
structure formation in the 1.5 um gap (curve 3 — modulus of elasticity; curve 4 — viscosity)
of 0.1% (curve 1), 0.5% (curve 2) and 0.2% (curves 3 and 4) concentrations

UcmoyHuK: apanTuposaHo 13 [7]
Source: adapted from [7]
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Puc. 2. KOHUEHTPaLMOHHbIE 3aBUCMMOCTM MOay s casura (Kpusble 1, 2, 3) 1 NOBEPXHOCTHOTO HaTAMKEHUA
(kpuBble 4, 5, 6) pactBopos CainaHa (1, 4), Ok-gpunna (2, 5) u OKk-apunna c CainaHom (3, 6)

Fig. 2. Concentration dependencies of the shear modulus (curves 1, 2, 3) and surface tension (curves 4, 5, 6) of
solutions of Saipan (1, 4), DK-drill (2, 5) and DK-drill with Saipan (3, 6)
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KonmmyecTBeHHass oIleHKa IOABMKHOCTH crtpykrypam (puc. 3). Ilocmemnee mpuHIM-
MOJUMEPHBIX pPAacTBOPOB B TIOpax pa3HOU MAaJbHO  OTJIMYAeT COCTOsIHME  (prutbTpaTa
BCJIUYHMHBI MPOBOANIIACH 1o KPUBBIM MoJiuMepa B TOPUCTOW Cpele M CBOOOTHOM
TEUEHHs, COOTBETCTBYIOIIMM B  JAHHBIX o0beme, rjae OH BEJIET cebs Kak
YCIIOBUSIX TBEPIOOOPA3HBIM HAIMOJICKYISPHBIM BSI3KOILJIACTUYHAS KUIKOCTb.
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Puc. 3. KpuBble TeueHua B 3a3ope 1,5 MKm pactBopos: 1 — [ik-apwnn (0,3%) + CainaH (0,2%);
2 — Ok-gpunn (0,1%) + Cainan (0,2%); 3 — CatinaH (0,2%); 4 — OK-apwnn (0,5%)
Fig. 3. Flow curves in a 1.5 um gap of solutions: 1 — DK-drill (0.3%) + Saipan (0.2%);
2 — DK-drill (0.1%) + Saipan (0.2%); 3 — Saipan (0.2%); 4 — DK-drill (0.5%)

U3 MOCJIETHETO cienyer ee BAIOIIEr0 M30LITOYHOE [aBJIEHHE U TEM
OJAWH BaXHBIM BBIBOJ O PE3KOM ycCuie- caMbIM (dakTHIeCcKH YBEIUYNBAIOIIETO
HUU  aHTUQUIBTPAI[MOHHBIX  XaPaKTCPUCTHK, JIMana3oH KPUTHYECKUX AABJIEHUW A CTPYK-
MOCKOJIBKY  pa3pylIE€HHE TaKOW CTPYKTYpHI TYPUPOBAHHOM >KHUJKOCTH M COOTBETCTBEHHO
NPUHLMIOUAIBHO  OTJIMYaeTcs  OT  BSI3KO- €€ U30JINPYIOIME KaueCTBa.

IUIACTUYHOM. Pa3pblB CIUIOMIHOCTH B 3THX pacTBOpax

KpOMe TOro, HaJINMYUC Ha MPUBCACHHBIX

rpa¢puKkax  y4acTKOB  C  OTPHULATEIbHBIM

yIJIOM  HakjoOHa yKas3blBaeT Ha  Pa3phiB
CIUIOITHOCTH ~ (uibTpaTa TIPU KPHUTUYECKUX
HanpspkeHusix (Oonee T4, kpuBas 4). B coot-
[13, 14]

JIOKaJIU3y€TCd BO BXOJIHOﬁ YaCTH IOPOBBIX

BCTCTBUU C pa3pblB  KOHTUHUYMaA

KaHaJoOB W  W30BITOYHOE  JABJIEHHE  HE

pacnpocTpaHsieTcsi Jajee B IMOPOBBI 00beM,

KOTOpBIﬁ OCTacTCA B JAOKPUTHUYCCKUX
YCIIOBUSIX. SIBneHne pa3pbiBa  CINUIOIIHOCTH
34€Ch BBICTYIIACT B Ka4e€CTBEC CBO€TO

poda MnpeAOXpaHUTCIILHOI'O KilallaHa, c6pacm—

OOBSICHSET nu JaHHBbIC (I)I/IJ'IBTpaLII/IOHHBIX

ad ekt

BUIC

HCCIIEI0BaHUM, rIe STOT

MaKpOCKOIINYCCKHN MPOSABIIAIICA B

CKa4YKOB JaBJICHUSA Ipu

[1]. Dro

U3 TMPUBCACHHBIX BBINIC MOaHHBIX, HIEPEBOIAOM

YCTaHOBUBILIEUCS

bunbTpanyn BBI3BAHO, HCXOJS
B PEXUM pas3pblBa Bce Oosiee MEIKUX I10p
10 Mepe TMOBBIMECHNUS JIABICHUS (UIbTPALIUH.

O,I[HaKO 9TO HC IMPUBOAUT K YBCINYCHUIO

OoXBarTa (bHJ'IBTpa].IHCfI HOBBIX KaHaJIOB H
COOTBCTCTBYIOIIICTO pacxona, IMOCKOJIbKY
mopoBasg XKHUAKOCTb OCTa€TCd B IPECKHEM
COCTOSTHHH.
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JlaHHBIE MHKpPOpPEOIOTUYECKUX HCCIe-

JIOBaHHH  TIO3BOJISIFOT ~ OOBSICHUTH  PAacCMOT-
peHHble (WIBTPALIMOHHBIE M PEOJOTMYECKHE
s dexTom

AHOMAJINH CTPYKTypHO-MEXaHH-

YeCKOM  KoJbMaTalMud  TOPUCTOM  Cpelibl,
KOTOpasi, B OTJIMYME OT OOBIYHON TPaKTOBKU

3TOr0 TEepPMHUHA, OOYCIIOBIIEHAa OJOKHUPOBKOM

MPOCBETa IMOPOBBIX KAHAJIOB CTPYKTYPHPO-
BaHHBIM (DPHITETPATOM.
JIJis KOHCTPYUPOBAHUSI PAacTBOPOB C Tpe-

6yeMI>IMI/I aHTI/I(l) WIbTpallMOHHBIMU CBOMCTBaMH

M0 JaHHBIM MHKPOPEOJOTHYECKUX H3MEPEeHHH

OBLITIO YTOYHCHO  BJIHUAHHUE  BBICOKOMOJICKY-

JSPHBIX J00aBOK Ha MOAUDUIMPOBAHHYIO
HaJMOJICKYJISIPHYIO CTPYKTYPY (HIbTpara.
AHanmu3, TIpOBENCHHBIH Ha  OCHOBE
W3BECTHOM Mozenu MakcBenna, mokasaj, YTo
Mo 3TOMY KpUTEepuio JIK-IpUiul CyIIeCTBEHHO
npepocxoautr CaiinaH, a UX KOMIIO3UIIHSA
maeT cuHepreTHdeckuii 3(ddexT, BcIeaCcTBHE
HAJIO)KEHUS KOT€3MOHHOTO W aare3MOHHOIO

B3aMMO/ICHCTBUH (TalII. 2).

Tabn. 2. BavaHuMe ynpyrux 1 BI3KMX CBOMCTB PacTBOPOB MNOJIMMEPOB Ha TeYEHUE B y3KoM 3a30pe 1,5 MKkm

Table 2. Influence of elastic and viscous properties of polymer solutions on the flow in a narrow gap

1.5 um
T -1 i i
CoaepKaHune noaMmepa B pactesope /,7, C T/G' ¢!
CaiinaH, 0,2% 27,8 16,8
Ok-opnnn, 0,1% 120 4,22
OKk-apnnn 0,1% + Caiinan 0,2% 135 1,28

MpumeyaHue: nT, T — COOTBETCTBEHHO BA3KOCTb B Y3KOM 3a30pe, HanpAaxXeHune casura n ero CKOpocCTb;

G — mogynb ynpyroctu.

[IpyHIMOWATBHO OTIWYAETCA U XapaKTep
BJIMAHUA OTUX TMOJIMMCPOB Ha BA3KUC CBOMCTBa
¢unpTpara: mis Jk-apuiia XxapakTepHa MOHO-
TOHHas KOHIIEHTPAllMOHHAS 3aBUCHMOCTH, a
Caitmana — skcrpemanbHas. [locnemnee mon-
TBEPXk/JaeT paHee OIUCaHHbIE OCOOEHHOCTH
CTPYKTYpHUPYIOIIETO AEWCTBUS TBEPIOTO Teia
Ha JKUJKOCTH C MEXMOJEKYJISPHBIM B3aUMO-

ekt

CUJIBHEC TIPOSABIACTCA B 00IaCTH MalbIX M

JICHCTBHEM PA3HOM WHTEHCUBHOCTH:

BBICOKMX  KOHIGHTpallWii, Korma  OanaHc

KOT'€3HMOHHOI'0 U aJre3MOHHOT0 B3aUMOIECHCTBUA
CMeIIaeTcsl B CTOpoHy nocnensero [8, 10].
[lomydeHHBIE MHKPOPEOIOTUYECKHE HaH-

HBIC TIO3BOJINIA JaJice KOJIMYECTBCHHO

OIICHUTh BJIHMSHUE KOMIIOHEHTOB OypoBOTO

pacTBopa Ha THIPOAMHAMHUKY  (uibTpaTta

U ero  aHTUQWIbTPAIIOHHBIE  KadyecTBa
0e3 MpOoBeJCHUS TPYJOEMKUX (DHIIBTPAIMOHHBIX

JKCIIEPUMEHTOB (TabJ1. 3).

Ta6n. 3. BavaHMe KOMMNOHEHTOB Ha BA3KOCTb PacTBOPOB NOJIMMEPOB B Y3KMX 3a30pax

Table 3. Effect of components on the viscosity of polymer solutions in narrow gaps

CopepXaHve KOMNoHeHTa, % Y3Kui1 3a30p
MpuBeneHHan BA3KOCTb 01 02 03 MKM '
Ua/n 0,25 0,53 1,11 1,5
My /TI 0,2 0,23 1,0 6,0
nC/T) 1,25 5 7 1,5
Uc/n 10 2,5 10 6,0

MpumeyaHue: Ny McNNT— COOTBETCTBEHHO BA3KOCTU KOMMNOHEHTOB N UX CMECH.
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PaccmatpuBas BS3KOCTh, MOJYJb CIBHUTA,

KPUTHYECKOEe HANpsHKeHHEe B BUAE (YHKITHA

paSMepOB HOpOBI)IX KaHaJIoOB, FpaILI/IeHTa
JaBJICHUA nu TeMHepaTypr B N3BCCTHOM
yPaBHEHMH (UIBTPALIMH
op 9
i GkU(|19|)m,
ol k(AP—Gp

At o 1e N1lET0
mn(l+ ry) ln—r0

AHanu3 TONy4YeHHBIX NaHHBIX (Talum. 4)

MOKa3bIBAaCT, 4YTO MPEHEOPEIKCHHE MOJIEKY-

JSIPHO-TIOBEPXHOCTHRIMU  3ddekramu  (aHOMa-

JUM  BS3KOCTH,  CABHUIOBOM  YIPYroCTH,
pasphlB  CIUIOIIHOCTH) MOXXET  HPUBOIHUTH
K HeaJleKBaTHbIM TUIPOANHAMUYECKAM

OLIEHKaM, TIJe BpeMs NPOIABIDKEHHUS (poHTa

3aHMKACTCA B mnmpeaeiaax nopsaka, a

kGy
n
peaACIbHBIM

rne UQW) = kLGk(ﬁ + )— byukms Guibt-

G,

Y — ckopocTh (UIBTpAIH, kK — IPOHUIIAEMOCT,

pannn C rpaiuC€HTOM

MOKHO Jajee paccunuTaThb CKOpOCThb

MPOJABIKECHUSI (POHTA I Pa3HBIX 00pa3loB

pacTBopa B cllydae  IUIOCKOPaJIHATBHOTO

mpuToka [15]:

l+719

mn 1 (l+ To) In o

AP—Ggl

k “0

MOTPENIHOCTh B OMpPEAETICHUH CKOPOCTH (pOHTA
npesblaer 100%.

Crnenmyer mMOMYEpPKHYTh, YTO JAWHAMHKA
paccMaTpuBaeMbIX ITAaHHBIX TaKXKE ITOJTBEPK-
npupony  dddexra,
NPOSBIAIONIYIOCS B YCHJICHUH HEHBIOTOHOBCKUX

JaeT TOBEPXHOCTHYIO

aHOMa&JIMI B Ipolecce CTPYKTYpooOpa3oBaHHUs

IIPpU KOHTAaKTHOM B3aI/IMOIleI‘/’ICTBI/H/I.

Tabn. 4. 3aBMcMMOCTb He3pasmepHOro BpemeHu (to) M cKopocTu (Vo) oT rybMHbI NPOHUKHOBEHMA (L)

ANA PacTBOPOB NOANMEPOB

Table 4. Dependence of dimensionless time (to) and velocity (vo) on penetration depth (L) for polymer

solutions
L=0,05m L=0,01m L=0,4m
CocraB pacTBopa,
% macc
to Vo to Vo to Vo

0,015% Ak-apunn + 0,1% Cainan 2,40 0,46-101 2,64 0,40-10% 7,62 0,08-10
0,1% Ak-apwunn + 0,2% CannaH 2,30 0,39 2,46 0,38 3,75 0,19
0,3% Ak-apunn + 0,3% CainaH 2,40 0,15 2,77 0,13 12,9 0,12

3aknoueHue

IIpoBenenHbie Uccien0BaHUS TOKA3aJIH:
1. [IpumeHeHHE  MHUKPOPEOIOTHIECKOTO
METOJla TIO3BOJIUJIO OJIHO3HAYHO YCTAHOBHUTb,
4T0 (WIBTPAIIOHHBIE aHOMAaJIHU PacTBOPOB
MOJIMMEPOB O0YCIIOBICHBI KOHTAKTHBIM B3aUMO-

neiictBueM (QuIIbTpaTa ¢ IMOpOIOH.

2. B mopucroii cpene BSI3KOIUIACTUYHAS
CTpyKTypa Gumonaa npeoOpasyercsi B TBEpJIO-

obpazHyro ¢
W30JIMPYIOIINX CBOMCTB.

COOTBETCTBYIOIIIMM  YCUJICHUEM

3. Kputnueckune HaIPsHKCHUS HE
YXyIIAlOT aHTU(QWIBTPAHOHHbBIE IT0Ka3aTelx

pacTBOpPOB.
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4. TIpOYHOCTh  CTPYKTYPHO-MEXaHHUYESCKHIX 6. [IponeMoHCTpUPOBAaHA ~ BO3MOXKHOCTh
npoOoOK  GuIbTpaTa OMpemeNseTcss OaaHCcoM pa3paboTku OYpOBBIX PAacTBOPOB C 3aJaHHBIMH
a/Ir€3MOHHOTO ¥ KOT€3HOHHOTO B3aUMO/ICHCTBYSI. W30JIUPYIOIIUMU CBOMCTBAMU Ha OCHOBE HOBBIX

5. B mpucteHHoli 001acCTH UMEET MECTO METOJIOB HMCCJICJIOBAHUS KOHTAaKTHOTO B3aHMO-
UHBepCcHs (DYHKIIMOHATIBHBIX CBOHCTB ITOJIUMEPOB. JIEHACTBYSL.

Bknap aBTopa
0.0. KOHz[paLHeB — KOHLENTYyaJIM3auus, aIMUHUCTPUPOBAHUE JaHHBIX, MECTOJ0JIOI s, IIPOBEACHUC
uccieoBanus, HopMaIbHBIN aHaTN3, TPOTPaMMHOE obecTiedeHre, Bepu(uKanys JaHHBIX, BU3yaTH3allvsl,

CO3JIaHNE PYKOTIMCH H €€ PEeJaKTUPOBAHHE.
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NOTES IN ENGINEERING

Original article

Microrheological study of insulating properties of drilling fluids

Oleg F. Kondrashev D4
Ufa State Petroleum Technological University, 1 Kosmonavtov St., Ufa, 450064, Russia

Abstract. Background. Modification of the antifiltration or isolating properties of drilling fluids, which
determine their ability to screen the near-wellbore zone, is the most rational way to preserve the
productive properties of reservoirs during their opening. However, their acquisition is limited by
outdated drilling rheometry, which does not provide sufficient quantitative information about the
polymer—-rock system, where the physical characteristics of the fluid are radically different from the
volumetric ones. Objective. To study the factors determining the physical state and mobility in the
porous medium of the drilling mud filtrate based on DK-drill and Saipan. Materials and methods. The
objects of study were aqueous solutions of DK-drill and Saipan and the core samples with a sufficiently
wide range of permeability from exploration wells of oil fields of Bashkortostan and Western Siberia.
The work used standard and the author’s methods of solution research. Results. The analysis of macro-
and microscopic studies of the polymer—rock system revealed the decisive influence of contact
interaction on the physical properties of the filtrate and its hydrodynamics, allowing us to explain the
filtration anomalies of polymer solutions by a radical change in the structural and mechanical properties
of the filtrate in the force field of the solid phase. Conclusions. The above indicates the need to take into
account molecule—surface interactions at interfacial boundaries in the development of new generation
process fluids, in hydrodynamic calculations, a significant update of drilling rheometry methods.

Keywords: filtrate, antifiltration or insulating properties, narrow gap, microrheology, contact
interaction, supramolecular structure, discontinuity
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