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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«Xanplk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesunenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H =19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimagacteipsuiran npogeccop, Haszapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbsHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
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Abstract. The issues of the structure of the earth's crust of the Caspian basin and the
associated deep origin of hydrocarbons are considered. The main mobilist ideas about the
role of tectonic forces in the formation of the modern appearance of the Caspian region,
which were developed in theoretical conclusions arising from the “concept of the fluid
regime in the upper crust”, based on the crustal waveguide hypothesis (Karakin, 2001),
are reviewed. It is shown that waveguides can be considered as elements of the section
structure in which accumulation of fluids migrating from deeper horizons is possible.
Based on regional seismic observation data presented by velocity levels, a non-trivial
method for constructing 3D models of the distribution of decompression zones in the
upper part of the earth's crust is proposed. The calculation results made it possible to
develop a 3D model of the distribution of density heterogeneities, in which the leading
role is given to zones of low velocity (density). It is shown that the decompaction zones
are not randomly located. Their distribution is in good qualitative agreement with the
known scheme of oil and gas potential prospects for the Caspian Sea. The preliminary
results obtained give reason to assume that the decompression zones identified from
experimental data objectively reflect the pattern of fluid flow direction and hydrocarbon
accumulation. The revealed patterns in the distribution of decompression zones, in
combination with other geophysical data, can serve as an additional criterion when
assessing the oil potential of the territory and carrying out exploration work in the
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Caspian region. And the method of identifying them can be applied when studying other
oil-promising regions
Keywords: density inhomogeneities, hydrocarbons, fluid dynamics
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AnHoramusa. Kacnuii MaHbl OWIATBIHBIH JKEP KBIPTHICBIHBIH KYPBUIBIMBI JKOHE
OHBIMEH OaMIaHBICTHI KOMIPCYTEKTEPIiH TEPEH IIBIFYB MOceNeNiepi KapacThIPbLTa kL.
Kacriuii MaHbl aliMarbIHBIH Ka3ipri KelOeTiH KaJbINTaCThIPYAaFbl TEKTOHHKAIIBIK
KYIITEPIIH Poji Typanbl HETi3ri MOOWIHCTIK HACsUIap ep KBIPTHICBIHBIH TOJIKBIH
OTKI3TIIITIK TUIMOTE3aChlHA HETI3JCIITCH <(OKOFAPFBl JKEP KBIPTHICHIHAAFbI CYHBIK
PEKUMIHIH KOHIIETIIHSCHIHAH» TYBIHIANTHIH TEOPHSUTBIK KOPBITHIHIBLIAPA 931pIICHTeH
(Karakin, 2001), xapamanel. TonKbIH OTKI3riIUTEpAl TEpEHIpeK TOPU3OHTTapAaH
aybICAThIH CYHWBIKTBHIKTAPABIH >KWHAITYBl MYMKiH OONAThIH CEKIHUS KYPBUIBIMBIHBIH
AJIEMEHTTEPI PETiH/E KapacThIpyFa OOJaThIHBI KepceTuireH. JKbpuiqaMabIK IeHrennepi
OOUBIHIIIA YCHIHBUTFAH alfMaKTHIK CEHCMHUKAIBIK OaKbUIay TepeKTEpiHiH HETi3iHIe XKep
KBIPTHICBIHBIH JKOFapFbl OOJIriHAErT JEKOMIPECCUSUIBIK alMaKTap/AblH TapalybIHbIH
3D MomenbAepiH KYPYIbIH TPUBHATILIABI €MeC 9lici YChIHBUTFaH. EcenTey HoTIkKeIepi
KBUIIAMIBIKTBIH (THIFBI3BIKTEIH) aiiMaKTapblHA JKETEKII PO OepiireH THIFbI3/IBIK
TeTepOTCHIUTITIHIH TapaTybIHBIH 3D MomesiH )kacayra MyMKiHIIK 6epi. JlexoMIrakarst
aliMaKTapbl Ke3/IeWCOK OpHayacmaraHbl kepceTuireH. OmapnabiH Tapanysl Kacruit
TEHI3IHIH MYHa#i-ra3 oJeyeTiHiH Kejiemeri OenTiurn CcXeMachIMEH JKaKChl Ccaraibl
coiikec Kejeli. AJIBIHFAH allJiblH ajla HOTHXKEIEp SKCIEPUMEHTTIK MOJiMeTTep
OOMbIHINIA aHBIKTAIFAH JCKOMIPECCHSITBIK aiiMaKkTap CYWBIKTHIK aFbIHBIHBIH OaFbIThl
MEH KOMIipCYTEKTEP/IiH KUHAKTAITYBIHBIH 3aHIABUIBIFBIH OOBEKTHBTI TYPIE KOpCETel
nen Oommkayra Heri3 Oepemi. JleKOMIpecCHsUTBIK aifMakTapabl OOITyaiH aHBIKTaJIFaH
3aHJIBUIBIKTAPhl 0acKa reo(U3UKaIbIK MOJIIMETTEPMEH YIleciMJie ayMaKThlH MYHal
oneyeTiH Oaranay >koHe Kacmuit aiMarsIHIAFs! Oapiiay s>KYMBICTaphIH XKYPrizy Ke3iHae
KOChIMIIIA KpUTepuil Oona anmagpl. AJl ojapjbl aHBIKTAy OJIiCiH Oacka MYHaWIIbI
aliMaKTappl 3epTTeY Ke3iHJe KoIianyFa O0abl.
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AHHOTALMS. B cratbe paccMOTpeHBI BOIPOCH CTPYKTYPBI 3€MHOM
kopel [Ipukacnuiickoil BHaJWHBI M CBSI3aHHOTO C HEH TIIyOWHHOTO IMPOWCXOXICHUS
yIIeBo0ponoB. O030pHO PacCMOTPEHBI OCHOBHBIE MOOWIJIMCTCKUE TIPEICTABICHUS O
POJH TEKTOHWYECKHX CHII B (POPMUPOBAHHUU COBpEeMEHHOTO obnuka [Ipukacnuiickoro
pEeruoHa, KOTOpbIE MOTYUYUIHN CBOE PA3BUTHE B TEOPETUUECKUX BHIBOJAX, BRITEKAIOIINX U3
«KOHIIETIINY (MTFOHTHOTO PEKMMA B BEPXHEH KOpe», 0CHOBAHHOM Ha TUIIOTE3€ KOPOBOTO
BomHoBoma (Kapakmu, 2001). IlokazaHo, 94TO BOJHOBOIBI MOTYT pacCMaTpPHBAThCS,
Kak 3JIeMEHTBI CTPYKTYpBI pa3pe3a, B KOTOPBIX BO3MOXKHO CKOIUICHHE (IIIOUJIOB,
MUTPUPYIONIMX U3 Oosiee MTyOOKHX TrOpr30HTOB. Ha OCHOBE JaHHBIX PErHOHAIBHBIX
celicMHUeCKHX HaOIIOACHNH, PEICTABICHHBIX CKOPOCTHBIMU YPOBHIMH, MPEIIOKEH
HETPUBUATLHBIN crtoco0 moctpoeHus 3D Mopeneit pactpeaeneHns 30H pa3yTIOTHEHHS
B BEpXHEH dYacTh 3eMHON KOpbl. Pe3ynbraTsl pacd€ToB MO3BOJMIN pa3padoTaTh
3D Mopmens pacmpeneneHusi MIOTHOCTHBIX HEOAHOPOIHOCTEH, B KOTOPOMl Bemymias
pPOTb OTBOIMTCS 30HAM TOHWKEHHOW CKOpocTH (TwiotHocTH). [lokazaHo, 4TO 30HBI
pa3yIIOTHEHHS PAacMOIOKEHBI HE XaOTHYHO. VX pacmpenenenne HaX0MuTCs B XOpOIIeM
KaueCTBEHHOM COOTBETCTBUH C M3BECTHOW CXEMOW MEPCIEKTUB HEe(TEra3oHOCTHOCTH
Kacnwuiickoro mops. IlomydeHHble mpeaBapUTENbHBIC PE3yAbTaThl JAal0T OCHOBAaHUE
Mpeanoararb, 4TO 30HBI PAa3yIUIOTHEHUS, BBIJCIEHHBIC IO 3KCIIEPHUMEHTaIbHBIM
JMaHHBIM, OOBEKTHBHO OTPAKAIOT KapTHHY HAIMPaBIEHHOCTH (IIIOWIHBIX TOTOKOB
M aKKyMYJILUU YTIJIEBOAOPOAOB. BBIABIECHHBIE 3aKOHOMEPHOCTH B pPAacCIIpeeIeHuH
30H pa3yIJIOTHEHHsS] B KOMIUICKCE C JPYTUMHU TeOo(DU3MUSCKUMHU JaHHBIMA MOTYT
CIIY’)KATh  JIOTIOJIHUTENILHBIM ~KPUTEPHEM TIpH OICHKE HePTEenepCIeKTHBHOCTH
TEPPUTOPHH W TIPOBEICHUU TOWCKOBBIX T'€0JIOTOpa3BeNOYHBIX pabor B Kacmmiickom
peruoHe. A caM METOJ| WX BBISBICHUS MOXXET OBITh MPUMEHEH NPU U3YUEHHUU JPYTHX
He(TenepCreKTHBHBIX PETHOHOB
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KiioueBble ¢JIOBa: IUIOTHOCTHEIC HEOAHOPOAHOCTH, YIIICBOAOPOABI, (1)J'IIOPI)_'[O-
JUHaAaMHKa

Introduction

From the standpoint of abiogenic ideas about the origin of hydrocarbons, priority
belongs to the geodynamic component of the research area and, in particular, to
the geotectonic position, features of the geodynamic regime, the deep structure and
distribution of waveguides in the Earth's crust, which are assigned the role of regional
reservoirs of fluids of endogenous origin. Fluids are understood as natural rock solutions
and melts (NRSM) formed at great depths due to the continuous transformation of matter
(Sokolov, Starostin, 1997). Under the influence of high temperatures and pressure,
fluids migrate from the lower layers of the earth's crust to the upper ones along the way,
being enriched by leaching with useful components. The fluids thus enriched form,
under certain conditions of the transition of useful components from a dispersed state
to concentrated accumulations, deposits of various minerals, including hydrocarbons.
From these positions, mineral deposits can be called products of the Earth's vital activity,
and the direction itself is called fluid dynamics. One of the main problems of fluid
dynamics is the solution of a priority applied problem — effective forecasting of oil and
gas fields hidden at depth (Zhantaev et al., 2020).

Mobilization and oil and gas potential of the Caspian region.

The Caspian region is considered today as the most complex geodynamic polygon in
which one can observe actively occurring natural seismotectonic processes manifested
in relatively high seismic activity, mud volcanism and known fluctuations in the level of
the Caspian Sea due to the geodynamic position of the region and its complex geological
structure. The latter is expressed in extremely developed fault-block and salt tectonics,
the presence of a platform cover unique in power, as well as in relatively fast-flowing
geodynamic processes associated with the boundaries of blocks and the plasticity of salt
structures.

Mobilist ideas about the role of tectonic forces in the formation of the modern
appearance of the Caspian region were "unexpectedly" developed in theoretical
conclusions arising from the "concept of fluid regime in the upper crust" (Dmitrievsky
et al., 2004), based on the hypothesis of a crustal waveguide (Karakin, 2001). One of the
most important conclusions "concerns the problem of the formation of mineral deposits
in general, as well as ecology and hydrogeology" (Dmitrievsky et al., 2004). Without
going into details, it should be shown that one of the consequences of the subduction
process in the collision zone of lithospheric plates is the feat of the ocean floor (plate)
under island arcs and active margins of continents. This process, which lasts for millions
of years, is accompanied by the tightening of sediments under the island arcs, which are
oil and gas mother material and other mineral resources. A gigantic mass of precipitation
under favorable thermodynamic conditions occurring in subduction zones can serve as
the basis for the emergence of oil and gas fields, including large ones. At the same time,
the driving force of the final stage of the formation of deposits is the autowave process,
justified in the crustal waveguide model (Karakin, 2001).
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Paleogeodynamic reconstruction of the Caspian region, performed by Bankovsky
S.Yu. and others (1990) (Kambarov, 2000), as well as the existence of a modern
subduction zone in the zone of the Cheleken-Apsheron threshold, give grounds to
assert that in the territory of the modern oil and gas basin (OGB) in the past there were
conditions for abundant and prolonged sedimentation, which can be illustrated by the
diagrams given on figure 1.

Figure 1. Schemes of paleogeodynamic reconstruction of the Caspian region of adjacent regions in the
Middle-Late: A —Riphean; B — Cambrian (Bankov et al., 1990).

Crustal waveguides arising at depths from 10 to 20 km from the Earth's surface play
an important role in the fluid regime of geodynamic evolution of sedimentary basins. It
is the external reciprocating effects on the core waveguide that lead to the squeezing of
fluids outwards (compaction) and sucking them inwards (dilatancy). Thereby, ensuring
the transition of fluids from a dispersed state in the sedimentary column to concentrated
accumulations in limited places. On the other hand, crustal waveguides having total
propagation are not self-contained elements of the structure. They have a connection
with both the above and the underlying layers of the earth's crust. And in the subduction
zones, they act as a "lubricant” for the impending plate, which cannot but affect both
fluid and seismic regimes occurring at the level of deep processes. In particular, the
migration of fluids from deep strata, as well as the results of "dilatation embrittlement"
(Dmitrievsky et al., 2004), which can occur as a result of seismic shocks, leading to
a redistribution of pore pressure and, as a consequence, to an intensive flow of fluids,
including their upward rise.

Thus, the existence of a subduction zone (Cheleken-Absheron threshold) and an
adjacent sedimentary basin (Caspian Depression) suggests that a crustal waveguide
located at depths of 10—15 km can serve as a channel for the transport of hydrocarbons
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over long distances laterally and, with the existence of vertical migration channels,
be their source in the formation of deposits. An example of such a deposit is
Romashkinskoye. According to the authors of the concept, if a circle is drawn from
the center of the Caspian Depression, the radius of which will be equal to the distance
from this center to the Romashkinskoye field, then accumulations of oil and gas can be
predicted throughout this region, although not as large as the mentioned deposits within
the Caspian OGB" (Dmitrievsky et al., 2004). And, therefore, it can be assumed that
the entire region under consideration is rich in hydrocarbon reserves. But unlike the
marginal productive structure, where deposits have already been discovered, they are
quite deep in the central part of the depression. But their location can be predicted by
the distribution of decompression zones at appropriate depths.
Features of the geological structure and oil and gas potential of the Caspian basin

The Caspian region, where the largest hydrocarbon reserves are concentrated, is
today an extremely attractive investment object for the economies of all countries of this
region, as well as other states. The central place in this region is occupied by the Caspian
Basin, located on the southeastern edge of the East European Platform (Figure 2).
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Figure 2. Map of oil and gas provinces and deposits of Kazakhstan

A number of large hydrocarbon deposits have been discovered and are being
developed on its territory. However, according to N.Sh. Kambarov, the undiscovered
resources of the Caspian Basin account for 95% of their potential (Kambarov, 2000).
The future prospects of oil and gas exploration in the Caspian sedimentary basin today
are largely associated with studies of geo- and fluid dynamics of the Caspian region as
a whole.

The peculiarity of the Caspian depression is expressed in the thickness and structure

247



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

of the sedimentary cover, which consists of three floors of sedimentary deposits —
subsalt, salt and suprasalt. In the central part of the depression, their total capacity
ranges from 16 to 24 km, in the instrument zones about 6—7 km.
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Figure 3. Map of the distribution of modern temperatures of subsalt deposits
The Caspian Basin (Perepelichenko, Rovenskaya,1991)
Boundaries of modern temperature zones (°C): 1 — less 60, 2—60-80, 3-80-100, 4-100-120,

5-120-140, 6-140-160, 7 — more than 160. Deposits: 8 — oil, 9 — oil and gas condensate,
10 — gas condensate; I — Karachaganak, II — Kenkiyak, III — Tengiz, IV — Astrakhan

The subsalt complex of the Riphean age lies inconsistently on the rocks of the
crystalline basement. Its characteristic feature is the presence in it of an extensive
carbonate massif containing organogenic limestones with good reservoir properties. In
the subsalt deposits, oil and gas deposits are controlled by domed and brachianticlinal
uplifts with an amplitude of about hundreds of meters, as well as riphogenic protrusions.
The leading type of deposits of subsalt deposits are massive, rarely formation-massive
and formation-arch deposits located in the depth range from 2700-3600 (Zhanazhol)
to 3800-5500 and more (Tengiz, Karashyganak). Harsh thermobaric conditions were
found at these depths. In particular, it was found that at a depth of 5.5 km, the reservoir
pressure in the deposits can exceed the hydrostatic pressure by 1.95 times and range
from 65 to 105 MPa, and temperatures on average reach 110-120 °C (Figure 3).

The salt and above-salt floors are a rock salt thickness with layers of anhedrites,
terrigenous and carbonate rocks. Salt deposits have formed more than 1,200 domes,
diapirs, salt ridges and salt pillows (Gabrielants et al., 1991). All of them are a salt
regional fluid barrier for hydrocarbons of the subsalt complex and can be considered as
potential traps.

Actually, the suprasalt complex of rocks is represented by terrigenous sandy-clay
deposits with the subordinate presence of carbonate rocks of the Jurassic and Cretaceous
periods. Its power varies from 2—4 km in the instrument zone of the depression to 5-6
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km in its center. There are several dozen mainly oil and, in a smaller number, gas-
oil and gas fields discovered here. The main type of deposits of the above-salt floor
are the deposits of salt dome uplifts, which are complexly constructed and broken up
by numerous discontinuities, the distribution of oil and gas content in which is also
uncertain.

The foundation, according to seismic data, has an asymmetric step-block structure
with numerous faults of a fault nature. The depths of its occurrence are consistent with
the thickness of the sedimentary cover and range from 7-9 km at the periphery with an
increase towards the center to 16—-19 and 24-26 km (Kambarov, 2000).

The thickness of the consolidated crust here, on the contrary, has a convex shape.
Its thickness increases from the center (15-20 km) to the sides (30-35 km). Similarly,
the depth to the base of the earth's crust varies from 30-32 km in the center of the
depression to 4043 km to its sides (Seismic models,1980).

1 /////;/7 _____________ -
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Figure 4. Seismic section of the Earth's crust and upper mantle of the Caspian depression
according to the profile of Elista-Buzuluk (Seismic models ...,1980)
1 — foundation and Moho surfaces constructed by refracted and exchanged seismic waves;
2 — boundaries in the crust; 3 — velocity isolines, km/s; 4 — reservoir velocities, km/s; 5 — areas of
reduced velocities (waveguides); 6 — saline deposits; 7 — discontinuous disturbances.

An important feature of the section of the Caspian basin is the discovered crustal (at
a depth of 25 km) and upper mantle (at a depth of 65 km) waveguides (Figure 4). The
capacity of the first is about 5 km, and the second is 10 km. And the speed difference is
from 0.2 to 0.9 km/s. Waveguides are also isolated at depths of 5-7 km .

The porosity of waveguides can reach 10%. From the standpoint of fluid dynamics,
waveguides can play the role of "giant collectors for various kinds of fluids" (Kambarov,
2000), which in the pulsating mode (Karakin et al., 1996) are squeezed into the layers
above and accumulated in the collectors.

249



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

The established zones of oil and gas accumulation associated with the subsalt complex
are concentrated in the form of two concentric bands encircling the sedimentary basin
along the periphery (Golov et al., 1987). The outer strip unites the well-known large
operating deposits of Astrakhan, Orenburg, Karachaganak, Tengiz, etc. Oil-promising
zones have been found in the inner strip. All of them are associated with massifs of
carbonate rocks with good reservoir properties.

Methodology of identification and formation of a three-dimensional image of a
decompressed section of the upper part of the earth's crust of the Caspian region.

In modern ideas about the structure of the earth's crust, an important place is given to
zones of decompression (waveguides). The reason for this, as already noted, may be the
established connection of oil-prospective structures, as well as seismogenerating zones
with the position of decompression zones. Therefore, the identification of the latter
today seems to be the most urgent task, the solution of which will allow for targeted
prospecting and exploration work aimed at expanding the mineral resource base and,
in particular, to identify places of possible localization of hydrocarbon deposits. On the
Earth's surface, many elements of fault tectonics are associated with decompression
zones, which can serve as channels for fluid migration from intracore waveguides to
near-surface reservoirs bounded from above by fluid barriers. The presence of the latter
is a necessary condition for the accumulation of hydrocarbons on an industrial scale. As
an example, we can cite a number of works in which these provisions are developed and
justified (Karakin, 2001; Dmitrievsky et al., 2004; Sokolov et al., 1997; Bagdasarova,
2011; Kissin, 1985) and others . That is why, the allocation of zones of decompression
for today seems to be the most urgent task, the solution of which will help to narrow
the area of searches for hydrocarbon deposits and expand the understanding of their
location.

To solve this problem, the simplest and most expedient is the use of experimental data
on the distribution of the velocity values of longitudinal seismic waves in the Earth's crust.
Since velocity is an integral characteristic of the physical properties of the geological
environment, it is quite appropriate to assume that the maps of the distribution of its
values carry direct information about the objects of study that interest us, which should
manifest themselves in the form of areas of relatively reduced velocity distributed in
the volume of the Earth's crust under study. Therefore, the task in general is reduced to
identifying these areas and establishing the physical meaning of the discovered patterns
by analyzing and comparing with actual geological and geophysical data and performed
model calculations on the distribution of stress-strain state parameters for individual
local territories, including established hydrocarbon deposits.

The object of this study was selected a layer of the Earth's crust with a thickness of 7
km, which includes the known hydrocarbon-producing horizons of the Caspian region.
The methodology for identifying velocity inhomogeneities was based on well-known
methods of statistical analysis of data presented on the plane in order to identify trend
and random patterns (Crambane et al., 1969). It is an established fact that residual value
maps can play a significant role in the exploration of deposits and the study of local
impacts on the factors controlling the deposits. The Grant also showed that the residual
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map, based on non-anomalous gravity values, carries geological information about ore
bodies (Grant, 1957). In contrast to the data of potential fields having a two-dimensional
representation and the results obtained at the initial stage of research (Zhantaev et al.,
2009), this problem was solved in a three-dimensional version.

If we denote the results of a single determination of the velocity V' at a point with
coordinates (X, Y. Z)as VX, Y. Z), then the model of the observed velocity field
can be represented as

V,(X,, Y. Z)=v, (x,y,z,)+Av . where

v, (x,y,z,)— systematic component (trend);
Av. ., is a random component.

A necessary condition for the successful solution of this type of tasks is the exclusion
of abnormal upstarts from the created array of source data. The latter allows us to assume
that the calculated residual values of Av are carriers of some information about the
relative variability of the density characterlstlcs of the geological environment.

For the practical implementation of the task by software, it took:

1. Form an array of initial data corresponding to the studied volume of the
geological environment;

2. To separate the initial field with the allocation of normal and abnormal
components;

3. To analyze and interpret the results obtained in order to identify the physical
meaning of the discovered patterns of distribution of velocity inhomogeneities.

As practice has shown, the optimal filter can be a volume-sliding "averaging cube",
the dimensions of which are selected based on considerations of minimizing deviations
of the observed values and obtained as a result of filtration, as well as taking into account
the estimated sizes of the inhomogeneities allocated.

The construction of three-dimensional images of decompression zones was carried
out by subtracting the trend values of the velocity field from those observed for each
point of the volume of the medium under consideration. It should be noted that decisions
of this type cannot be considered formal, since they are based on the results of field
observations.

The discussion of the results

The result of the calculations was a 3D distribution of velocity inhomogeneities in a
layer of the Earth's crust with a thickness of 7 km (from the Earth's surface to a depth of
7 km), in which the main hydrocarbon-producing horizons corresponding to the subsalt
deposits of the Caspian depression are concentrated.
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Figure 5. Maps of the residual values of the P-wave velocity for different levels of the section:
5 km (A) and 6 km (B). The well-known hydrocarbon deposits are shown.

By direct comparison of the locations of hydrocarbon deposits, both known and
less significant, with the position of the decompression zones, their good qualitative
correspondence was revealed (Figure 5). Practically, the contours of all large deposits
are located within zones of relatively reduced velocity with some gravitation to the
boundaries of areas of decompressed and relatively denser geological formations,
possibly being fluid-resistant. The intensity of the selected decompression zones is
mainly within the range of — (0,1-0.2) km/s and more, which is an objectively significant
value.

Moreover, it was found that the zones of relatively reduced velocity (decompression
zones) are not located randomly. They form an outer ring productive structure within
the boundaries of the Caspian Basin, identified by the authors of earlier studies. All
the largest deposits — Tengiz, Karachaganak, as well as Astrakhan and Orenburg — are
connected with this structure. The authors of the concept explain their formation by the
existence of conducting channels connecting the crustal waveguide located at depths
of 10-15 km and being a receptacle of hydrocarbon-containing fluids squeezed into the
upper part of the section and accumulating in the locations of reefs, which are good
collectors.
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Figure 6. Distribution of velocity inhomogeneities in the Earth's crust of the Caspian Sea
region: A — taking into account the relief of the Earth's surface and the level h = 6 km;
B — only with level h=6 km.

The obtained 3D distribution confirms the idea of fluid permeability of the selected
layer, both in vertical and horizontal directions. The morphological features of the
resulting mapping include two fundamental points:

1. Flattening (degeneration) of decompression zones in the direction of the Earth's
surface.

2. There are obvious signs of the connection of the revealed fragments of the
structure of the decompressed substance with waveguides, the presence of which in the
earth's crust of the Caspian region has been established by geophysical, in particular,
seismic data.

On this basis, it can be assumed that the latter can be collectors and have a
connection with the overlying near-surface horizons through migration channels,
fragments of which are shown in Figure 6. And, as you know, industrial concentrations
of hydrocarbons or other types of mineral raw materials can be formed only if there are
conditions conducive to their accumulation.

The obtained results of experimental data processing confirm the main provisions
of the fluid regime concept proposed in (Dmitrievsky et al., 2004), including the main
regularities of the location of already identified hydrocarbon deposits.

Finally, the comparison of the constructed maps with the scheme of the prospects
of the oil and gas potential of the Caspian Sea (Glumov et al., 2004) showed a good
qualitative correspondence in the distribution of oil-promising areas, concentrations
of oil occurrences of varying degrees of density, known deposits and velocity
inhomogeneities (Figure 7).
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Figure 7 Diagram of the prospects of oil and gas potential of the Caspian Sea (Glumov et al., 2004) (A)
and map of distributions of velocity inhomogeneities (In), where:

1 — areas of ultra—concentration of hydrocarbons in the areas of giant deposits; Intervals of specific
densities of localized hydrocarbon resources: 2 — more than 100 thousand tons/km %; 3 — 10-100 thousand
tons/km 2; 4 — 1-10 thousand tons/km ; 5 — 0,1-1 thousand tons/km 2; 6 — unpromising areas of orogens
and shallow (less than 0.5 km) basement occurrence; 7 — focal areas enriched with dispersed organic
matter with partial or complete absence of hydrocarbon traps; 8 — hydrocarbon deposits; 9 — promising
structures.

Conclusion

The obtained preliminary results suggest that the decompression zones identified
according to experimental data objectively reflect the picture of the direction of fluid
flows and the accumulation of hydrocarbons.

The revealed patterns in the distribution of decompression zones in combination with
other geophysical data can serve as an additional criterion for assessing the oil potential
of'the territory and conducting exploratory geological exploration in the Caspian region.

It can be assumed that the spatial solution of the problem with the coverage
of deep zones will allow us to get new ideas about the horizontal stratification and
vertical permeability of the Earth's crust and to establish the main migration routes of
hydrocarbon fluids.
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