Oil and gas technologies and environmental safety. 2025. N. 3
ISSN 2949-2440 (Print), ISSN 2949-2467 (Online)
Petroleum engineering and project management

Hayunas crates

VK 622.279.66
https://doi.org/10.24143/1812-9498-2025-3-63-68
EDN ELEGCM

AHajm3 npuMeHenus kiaacrepHoro I'PII
B HU3KOINIPOHHMIIAeMbIX KOJLIEKTOpax

Hnemupa Pacmamosna Abymanuesa®,
Pagharne Pamunvesuu Hpzanues, Pacynoex I'anuesuu Paxumos

Acmpaxanckuil 20cyoapcmeentbill mexHu4ecKutl ynugepcumenn,
Acmpaxans, Poccus, ilmiral71279@mail.ru™

AHHOTanus. B cratbe npoBoauUTCS aHAIM3 M CpaBHEHNE MHHOBAMOHHOTO Merona kiacrepHoro I'PII ¢ Tpagummon-
ubeM. Kimactepustit I'PII npencranser co0oit 5KOHOMHUECKH BBITOAHYIO albTrepHaTHBY 00braHOMY I'PII. BMecTo co-
3[aHUS CIUIOIIHOM IPONINAHTHOM Mauky, OH (GOPMHUPYET OTJETbHBIC KJIACTePhl IPOMNIIAaHTa B TPEIINHE, YTO HPUBOIUT
K 00pa30BaHMIO JOTIOJHATEIEHBIX MPOBOJSIINX KAaHAJIOB U MOBBIICHUIO POHHIIaeMocTi. OCHOBHOE IPEUMYILECTBO
3aKJII0YAeTCs B CYIIECTBEHHOM CHIDKEHHHM 3aTpar: TPeOyeTCsl MEHbIIE MPOMIAaHTa, )KUAKOCTH U BpEMEHH Ha MPOBE/e-
HHe oneparyu. TeXHOIOrHs OCHOBaHA Ha UMITYJIbCHOM 3aKadke >KHIKOCTHU, YEePEAYIOIEeH YUCTYIO KHUIKOCTh U XKHI-
KOCTb C MPOIIIaHTOM, YTO MO3BOJIAET (JOPMHPOBATH ONTUMANIBHYIO CTPYKTYpY KiacTepoB. B oTnnune ot paBHOMEp-
HOTO pacnpenenenus nponmnanra B TpaauimonHoM I'PII, xmacrepnsiit I'PIT cozgaer «crondbi» mponmnanTa, nmoaaep-
KHBAIOIINE TPEIIUHY OTKpHITOH. [Ipm mpoekrmpoBanmm xiacrepHoro I'PII HeoOX0OMMO YUYHTHIBaTH PacCTOSHUE
MEXly KJacTepaMH ¥ IUIOTHOCTB IIPONIAHTHEIX radek. st oneHkH 3G (EeKTHBHOCTH TEXHOJIOTHU HCIIOJIB30BAJICS KO-
QUIMEHT MPOIYKTUBHOCTH, NPHUBEACHHBIH K 3(¢EeKTUBHON ToimmHe Iuacta. KoddQuimenT npomykTHBHOCTH
Ka)KI0H CKBa)XMHBI PAaCCUUTHIBAIICS HA OCHOBE €XKEIHEBHBIX JAHHBIX O J0OBIUE C IIPUMEHEHNEM Koppemsinuu Boremns
(A7t ycoBUIA HIDKE AaBJICHUS HachllleHus ). Pe3ynbraTsl eMoHCTpUpPYIOT, YTo KinacTepHslidi ['PII obecneunBaet cra-
OMIIBHYIO JOOBIYY B TEUECHHUE ABYX JIET, COMOCTABUMYIO C COCEAHUMH CKBOKHHAMH. DTOT (aKT B CBOIO O4epeab MO~
TBEPKJAeT HAIMUHE KaHAJIOB, MOCKOJIbKY PaBHOMEPHOE paclpesieleHue MPOMNNnaHTa OObIYHO MPUBOJUT K 3HAUUTEIb-
HBIM TIOTEPAM JOOBIYH.

KuioueBble cjioBa: MPOJYKTUBHOCTh CKBaXKMHBI, KiacTepHblii I'PII, ocnoxHeHue, HU3KOIIPOHUIIAEMBI KOJUIEKTOD,
MPOIIAHT

Jnst uurupoBanusi: Abymanuesa U. P., Hpeanueg P. P., Paxumos P. I. Anamu3 npuMenenus knacteproro I'PIT B Hus-
KOIIPOHMITAeMBIX KoJuiekTopax // HedrerasoBble TexHomornu u skonormdeckast 6esomacHocts. 2025. Ne 3. C. 63-68.
https://doi.org/10.24143/1812-9498-2025-3-63-68. EDN ELEGCM.

Original article

Analysis of the use of cluster hydraulic fracturing
in low-permeability reservoirs

Ilmira R. Abutalieva™, Raphael R. Irgaliev, Rasulbek G. Rahimov

Astrakhan State Technical University,
Astrakhan, Russia, ilmiral 71 279@mail.rug

Abstract. The article analyzes and compares the innovative method of inflow intensification with the traditional one.
Cluster hydraulic fracturing is an economically viable alternative to conventional hydraulic fracturing. Instead of cre-
ating a continuous proppant bundle, it forms separate clusters of proppant in the crack, which leads to the formation of
additional conductive channels and increased permeability. The main advantage is a significant reduction in costs: less
proppant, fluid, and surgery time are required. The technology is based on pulsed liquid injection alternating between
pure liquid and liquid with proppant, which allows the formation of an optimal cluster structure. Unlike the uniform
distribution of proppant in traditional hydraulic fracturing, cluster hydraulic fracturing creates “pillars” of proppant
that keep the crack open. When designing a cluster hydraulic fracturing, it is necessary to take into account the dis-
tance between clusters and the density of proppant bundles. To assess the effectiveness of the technology, the produc-
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tivity coefficient was used, which was reduced to the effective thickness of the reservoir. The productivity coefficient
of each well was calculated based on daily production data using the Vogel correlation (for conditions below satura-
tion pressure). The results demonstrate that the cluster hydraulic fracturing provided stable production for two years,
comparable to neighboring wells. This fact, in turn, confirms the presence of channels, since the uniform distribution
of proppant usually leads to significant production losses. Based on the analysis and the results obtained, cluster hy-
draulic fracturing appears to be a promising alternative to traditional hydraulic fracturing. It demonstrates improved
performance and ensures more efficient well completion. Its advantages include: reducing the cost of the operation by
reducing the volume of proppant used and reducing the number of process stops due to the availability of clean liquid
injection intervals.

Keywords: wells productivity, cluster hydraulic, complication, low-permeability reservoirs, proppant
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Brenenne

B ycnoBusix coBpeMEHHBIX peaiuii, Korja ¢ Kaxk-
JIBIM TOJIOM HPHUPOJHBIX 3aI1acOB IOJIE3HBIX MCKOIIae-
MBIX CTaHOBHUTCSI BCE MEHBINE, HYacTO MPHUXOINUTCS
CTAJKUBAThCA C TPYAHBIMH TOPHO-T€OJOTHYECKUMHU
YCIOBUSIMM, W3 KOTOPBIX HW3BJICUYEHHE (Ionga npu
UCTIONB30BAaHUM TPAJUIHMOHHBIX CIIOCOOOB HEpEHTa-
6enpHO. OJJHAM W3 OCHOBHBIX CIIOCOOOB YBEIUYCHHS
HedTeoTnaun ABISIETCS TPAAWIMOHHBIN THIpaBIINYE-
ckuit paspeiB iacra (I'PIT) — 3amaBnuBanue XuaKo-
CTH pa3pbiBa B IUIACT JUIS CO3/IaHMsI HOBBIX IPOHUIIAC-
MBIX TPEIIUH B IOCIEICTBUY 3aIOJHACMbIX MPOIIIaH-

TOM. DTOT METOJ UMEET PsAJ] HEJOCTATKOB, U3 KOTOPBIX
OCHOBHBIMH SIBJISIIOTCSL BBICOKas CTOMMOCTb M CIIOXK-
HOCTb BBINIOJIHEHUS OINEPALlUH, CIEJCTBHEM UEro Io-
SIBUWICSL YCOBEPIUECHCTBOBAHHBIA METOJ — KJIACTEPHBIN
I'PII. IlpunuunuansHoe oTiaumuue knacrepHoro ['PIT
OT TPAJULHUOHHOTO 3aK/II0YaeTCs B HATHETAaHUU TIPOII-
MaHTa B TPEIIMHY, KOTOPOE MPUBOIAUT K CO3AAHHIO
rpynn (KJIacTepoB) M B CBOIO O4Yepedb CIHOCOOCTBYET
MOSBIICHUIO JIOMOJTHUTEIBHBIX KAHAJIOB MEXIY HHUMH
U, KaK CIEICTBHUE, MOBBIIICHUIO IPOHULIIAEMOCTH Tpe-
LIMHBI B LiesioM (puc. 1).

11epeioMbl

Puc. 1. Cxemarnueckoe npeaACTaBICHUC KaHAJIOB

Fig. 1. Schematic representation of channels

[IpeumyiecTBOM MeTONA SIBISETCS 3HAYUTEIBHOE
VICIICBIICHHUE OICPAIUU 33 CUCT MOHIKCHUS KOJIHYe-
CTBa 3a/IaBJMBACMOro mpormnanra (B cpexHeM Ha 43 %
MEHBIIIe TI0 CpaBHEHHUIO ¢ TpaguuuoHHbM I'PIT), xomm-
gecTBa XuAKocTH 10 20 % U, B pe3ynbTaTe, COKpalie-
HHE BPEMEHH, 3aTPAaue€HHOTO Ha Oneparuio, Ha 25 %.
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TexnoJsorns knacreproro I'PII

Juist Toro, 4ToOBl TOOUTHCS HY)KHOTO PE3ylbTara,
HCTIOJNIB3YETCsl LENbI KOMILUIEKC TEXHOJIOTHM, CBSI3aH-
HBIX C 3aKaYKOM >KUAKOCTH B IUIACT. B oTinuuue ot tpa-
qunuonHoro I'PIT sxuaxocTs pa3pbiBa N0AAETCs B IJIACT
uMmIyiscHo (puc. 2 [1]).
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Puc. 2. I'paduk 3akauku npu kaactepuom ['PII

Fig. 2. Injection schedule for cluster hydraulic fracturing

CyTb MMITyJIbCOB 3aKIIFOUACTCS B YEPEAOBAHUH UH-
CTOH JKUAKOCTH (KaHaJdbl B TIPOIMIIAHTHOH TadkKe)
1 KHUIKOCTH C TPOIIAHTOM — HPOIIAHTHBIX MPOCIIOCK,
MOA/ICP)KUBAIOIINX KaHaJIbl B OTKPBITOM COCTOSHHU.
OpHako, KaK BUAHO U3 pHUC. 2, NEPBbIA M MOCIEAHUM
9Tan 00pabOTKU TPHU TUIPOpa3pbiBe TpeOyeT Hermpe-
PBIBHOI MO/1a4H MPOTIIaHTa B TpeuHy. CMBICI TaKOTO
peuieHus 3aKII0YaeTcsi B HEOOXOIMMOCTH CO3aHMs
HaJIe)KHOH M PaBHOMEPHOW CBS3M TPEIIMHBI M CTBOJA
B 30He nepdopanyn. Takke Ba)KHO OTMETUTb, YTO ClIe-
IyeT TPeAyCMOTPETh MOCIEOHION (a3y OIpeaeIeHHOMH

IIpuckBakuHHAs 30HA

ITauka IpomnmnanTa

a

JUTHTETEHOCTH — JIOCTaTOYHO KOPOTKOM, 4TOOBI HEe Ha-
pymuTh  (UIBTPAIIMOHHBIE CBOWCTBA Pa3pyIICHHS,
7 B TO K€ BpPeMs JOCTATOYHOM IS TIOJAEPKaHUSI Tpe-
ITMHBI PacKphITOi [1].

Cxema pacnpefieficHHs TMPOINIAaHTa B TPEIIMHE
TaKke oTiauydaercss oT tpaauuuonHoro I'PII — B mep-
BOM CJIy4ae pa3MEIICHHE MPOUCXOIUT, KaK IPaBUIIO,
[0 BCEH 30HE BO3ACHCTBHS, B CBOIO OUYepellb B Kia-
CTEpHOM (HOPMHUPYIOTCS KCTOJOBI», ITOAICPKUBAIOIIHIEC
pa3pylICHUE OTKPHITHIM K CO3JAIOIIAE MPOBOISIIUC
KaHaJs (puc. 3).

[Iponmnant

0

Puc. 3. Cxema pa3mernenus nponmnanTa: a — kactepusiit ['PIT; 6 — tpagunmonnsrit ['PIT

Fig. 3. Proppant placement scheme: a — cluster hydraulic fracturing; 6 — traditional hydraulic fracturing
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BceneactBre Takoro pasMeleHus MpormanTa Hyx-
HO YYHUTBIBATh PACCTOSIHUE MEX/y IPYIIAMH, a TAKIKE
IUTOTHOCTH Madek. O4eBUIHO, UTO MpH OoJIee IUIOTHOM
pacrupeneiieHud  MaTepuana  OymeT — IOBBIIIATHCS
YCTOWYHMBOCTh TPEHIMHBI U B TO K€ BPEMS YMEHb-
[IAThCS TIPOBOJUMOCTh KAHAJIOB 33 CUET YMEHBIICHUS
PacCTOSTHUS MEXy MadkaMu. Takoi e IPUHIUI pa-
0oTaeT U B 0OpaTHYIO CTOPOHY.

TMoMHUMO UMITYJIBCHOTO HATHETAHUSI XUJAKOCTH B Tpe-
LIMHY CTaOWIILHOCTD MPOMIMAHTHBIX KJIACTEPOB, U COOT-

BETCTBEHHO, KaHAJIOB, MOAICPIKUBACTCS 3a CUET Olpe-
JeICHHBIX J00aBOK: BOJIOKOHHOTO MaTepHala W pas-
JIMYHBIX COCAMHEHUH, 3aIIOJHSIOIUX MYCTOTHI B IaUKe
(cuHTETHMUYECKUE TIOJIMMEpBI, OpPraHWYEeCKHUEe MarepHa-
ab1). TlepBrle 00pa3yloT CETKy, CBA3BIBAIOLIYIO IPOII-
MaHTHYIO nauky (puc. 4 [2]), KOTOpBIE B CBOIO OYepellb
YBEJINYUBAIOT IJIOIIA/(b KOHTAKTOB «IIPOMIAHT — IPOTI-
MaHT» W «IPOIIIAHT — MOpPOJa», YTO CIOCOOCTBYET
YKPEILUICHUIO KJIacTepa.

Puc. 4. Buzyanuzanus cTaOWIM3upyrONIux 100aBOK

Fig. 4. Visualization of stabilizing additives

IIpakTHyeckHii ONBIT NPUMEHEHHS KJIACTEPHO-
ro I'PII na IO:xHo-IIpno0ckoM MecTOpPOKIeHHH

Amnanmza > peKTHBHOCTH NMPUMEHEHHsT OCHOBAaH Ha
BBIYHCIICHUH KO3((HIMEHTa NPOAYKTUBHOCTH, IPHBE-
JIeHHoro K a¢dexTuBHOI TonumHe wiacta. s atoro

0=0, +(Onax — )

rae P, — 3a00MHOE TUHAMHYECKOE JaBIEHUE, aT™; P), —
JABJICHWE HACHIIEHWSA, at™M; (O, — ACOHT CKBaXXIHEI
npu nasienuu P, = Py, M3/CYT; Omax — TEOPETUICCKUN
MAaKCHMAIbHBII 1e0HT IpHu P, M*/CyT:

0, =J4(P.—Py), (2)

P P
1-0,22L _0,8] 2L

JUISL KKIOM CKBaKUHBI KOA(Q(UIMEHT MPOIYKTUBHOCTH
ObUI paccuMTaH U3 JAHHBIX 110 €XKEJIHEBHOMY JIeOUTY
C UCIONb30BaHUEM Borenbckoil koppemsiuuu npu 1as-
JIGHWH, HIDKE JaBiieHusl HacelieHus. [TonHas moGbrua
MOXET OBITh BBIpa)KEHA CIICAYIONIMM YPaBHEHUEM:

2

) M

b b

JaPp
1,8’

Qmax = Qb + (3)

rie P, — cpeaHee JaBlIeHUE B ILUIACTE.
Paccunra ¢opmynst (2) u (3), MOXKHO BBIPa3UThH
ypaBHEHHE uepe3 KOd(PHUIUEHT ITPOLyKTUBHOCTH:

1,80

sz

1L8(Pr =B, )+ B | 1-0,2 -

Koaddunuent npoayktuBHOCTH J; — MONE3HBIH
MHCTPYMEHT IJIsl CPABHEHHS HE(TAHBIX CKBaXKHUH, JO-
OBIBAIOLIMX U3 IUIACTOB C Pa3HOM NMPOHULIAEMOCTBIO U
YUCTOW NPOAYKTHBHOCTBIO TMPU Pa3HBIX 3HAYCHHUAX
JIETIPECCHM, YTO HMEET MECTO sl OOJBIIMHCTBA

2

Pwr Pwr

-0,8
b b

CKBaXXMH B M3y4acMbIX pailoHaX H3-3a HEOIHOPOIHO-
CTH TIJJACTOB M HMCKYCCTBEHHOT'O IIOJBEMa KaK Mexa-
HU3Ma obecrieueHus 1o0brdu [3].

Ha puc. 5 npencraeneno cpaBHeHue 3P deKTUBHO-
CTH KJacTepHoro u TpaguuuonHoro I'PII [4].
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Puc. 5. I'padux Ge3pa3MepHOl IPOTYKTUBHOCTH MEXIY KJIACTEPHBIM M TpaguiioHHbM ['PIT

Fig. 5. Graph of dimensionless productivity between cluster and traditional hydraulic fracturing

W3 puc. 5 MOXHO clienaTb BBIBOJ, YTO KIACTEPHBIH
I'PIT npuBouT K cTabMiIbHON paboTe CKBaKUH B Tede-
HUE IBYX JieT. TeHaeHIus J100bYM O4YeHb IO0X0Xka Ha
JMHAMUKY ONMKaHIINX COCEAHUX CKBKHH. DTOT pe-
3yJIbTaT A0OBIYM TMOATBEPAMII HAIMYME KaHAJIOB, IIO-
CKOJIBKY OKHMJAJI0Ch, YTO PABHOMEPHOE PacIIpe/ie/iCHUE
MPOIIIIaHTa MPUBEIET K 3HAYUTENBHBIM, €CIH HE 00-
MM, TOTepsAM A00bMU. B coceqHmMX CKBaXXMHAxX NpH-
MeHsuTh TipornmanT 12/18 1o 0OBIYHONW TEXHOJIOTHH,
Macca KOTOpPOTo MOYTH B 2 pa3a 0oJbIlle TI0 CPAaBHEHUIO
¢ knactepubiM ['PIT.

K 2013 r. nepBble CKBaXXMHBI, padoTaromye yxe 5

JIET, MPOJOJDKAIU CTAOMIIBHO NOOBIBaTh He()Th Oyaro-
Japsi YCTOMYMBOMY KaHAITy WM MOIJCPKAHUIO TABICHUS
B ILIACTE.

3akJiouenune

B pesynerare anammsa pe3yabTaTOB HNPHUMEHEHHUS
kinacreproro ['PI1 moxHO crenaTh BBIBOJ, YTO Kia-
crepubiii I'PII mpencraBnsiercss mepcrieKTUBHOM alib-
tepHaTHBOH TpamuimonHomy I'PII. On memonCcTpHpY-
eT yNmyd4IIeHHBIC TMOKa3aTeldn M obecledmBaeT Oojee
s exTrBHOE 3aBepIICHHE CKBAKHH.

CImcok NCTOYHHKOB

1. Baryshnikov A., Sidorenko V., Tychinski A. et al. Im-
plementation of Real Time Monitoring System for Priobskoye
Field // Paper SPE 136375 Presented at the 2010 SPE Russian
Oil & Gas Technical Conference and Exhibition Held, Moscow,
26-28 October 2010. Moscow, 2010. P. 940-951.

2. Kayumov R., Klyubin A., Enkababian P. et al. First
Channel Fracturing Applied in Mature Wells Increases Produc-
tion from Talinskoe Oilfield in Western Siberia (Russian) //
Paper SPE-159347 Presented SPE Russian Oil and Gas Explo-
ration and Production Technical Conference and Exhibition,
Moscow, 16—18 October 2012. Moscow, 2012. P. 213-235.

3. Doctor S., Tolmachev A., Chebykin N. et al. Use of

Channel Fracturing Technology Increases Production and
Reduces Risks in Horizontal Wellbore Completions — First
Experience in Russia, South-Priobskoe Oil Field // Paper SPE
171221 Presented at the SPE Russian Oil and Gas Exploration
& Production Technical Conference and Exhibition, Moscow,
14-16 October 2014. Moscow, 2014. P. 669-682.

4. Nikurova L., Surtaev V., Yamilov R. et al. Enhancing
Well Productivity after Hydraulic Fracturing in the Priobskoe
Oilfield // Paper SPE 102194 Presented at the 2006 SPE Rus-
sian Oil and Gas Technical Conference and Exhibition Held,
Moscow, 3—6 October 2006. Moscow, 2014. P. 424-433.

References

1. Baryshnikov A., Sidorenko V., Tychinski A. et al. Im-
plementation of Real Time Monitoring System for Priobskoye
Field. Paper SPE 136375 Presented at the 2010 SPE Russian
Oil & Gas Technical Conference and Exhibition Held, Moscow,
2628 October 2010. Moscow, 2010. Pp. 940-951.

2. Kayumov R., Klyubin A., Enkababian P. et al. First
Channel Fracturing Applied in Mature Wells Increases Produc-
tion from Talinskoe Oilfield in Western Siberia (Russian). Pa-
per SPE-159347 Presented SPE Russian Oil and Gas Explora-
tion and Production Technical Conference and Exhibition,
Moscow, 16—18 October 2012. Moscow, 2012. Pp. 213-235.

3. Doctor S., Tolmachev A., Chebykin N. et al. Use of

Channel Fracturing Technology Increases Production and
Reduces Risks in Horizontal Wellbore Completions — First
Experience in Russia, South-Priobskoe Oil Field. Paper SPE
171221 Presented at the SPE Russian Oil and Gas Explora-
tion & Production Technical Conference and Exhibition,
Moscow, 14—16 October 2014. Moscow, 2014. Pp. 669-682.

4. Nikurova L., Surtaev V., Yamilov R. et al. Enhancing
Well Productivity after Hydraulic Fracturing in the Priobskoe
Oilfield. Paper SPE 102194 Presented at the 2006 SPE Russian
Oil and Gas Technical Conference and Exhibition Held, Mos-
cow, 3—6 October 2006. Moscow, 2014. Pp. 424-433.

Cratbs noctynmia B pepakuuro 25.04.2025; onobpena nocie penensuposanus 29.05.2025; npunsita k myomikamuu 18.09.2025
The article was submitted 25.04.2025; approved after reviewing 29.05.2025; accepted for publication 18.09.2025

SI10AIaSAI AjIqeauiod-mo] ur SuLniorly JIneIpAy J9)SN[d JO SN dY) JO SISA[eUY D) Y AoWIyey “y "y AdI[SI] “y | eAdI[eINgy



Aoyranuesa U. P., Upranues P. P., Paxumos P. I'. Ananu3 npumeHenus kiaacreproro I'PIT B HU3KOIIPOHHUIIAEMBIX KOJUIEKTOPAX

Hegpmezazosvie mexnonozuu u ykonozuyeckas dezonacnocms. 2025. Ne 3

ISSN 2949-2440 (Print), ISSN 2949-2467 (Online)
Hegmezazosoe deno u ynpaenenue npoexmamu

Hudopmanus o6 aBropax / Information about the authors

Hnvmuna Pacmamosna Abymanuesa — xanauuar reo-
JIOTO-MHHEPaJIOTUUECKUX HayK; NOLEHT Kadenphl pa3paboT-
K{ M JKCIUTyaTanuy He(TSIHBIX U Ia30BBIX MECTOPOXKACHUI;
AcTpaxaHCKUil rOCYIAapCTBEHHBIM TEXHUYECKUH YHHBEPCHU-
teT; ilmiral 71279@mail.ru

Pagparne Pamunvesuu Hpeanues — crynent xadenps
pa3pabOTKH ¥ SKCIUIyaTaluy HEe(TSIHBIX M Ta30BBIX MECTO-
poXaeHU; ACTpaXaHCKUI IOCYJapCTBEHHBIM TEXHUYECKUI
yHuBepcuteT; jabgarkov@gmail.com

Pacynoex I'anueeuu Paxumoe — cryneHr kapeapsl pas-
pabOTKH U SKCILTyaTanuy HE(TSIHBIX U Ta30BBIX MECTOPOXK-
JeHul; ACTpaxaHCKHUH TOCYIApCTBEHHBIM TEXHUYECKUI
yausepcutet; djsmkelsk@gmail.com

Ilmira R. Abutalieva — Candidate of Geologo-Mine-
ralogical Sciences; Assistant Professor of the Department
of Development and Operation of Oil and Gas Fields; Astra-
khan State Technical University; ilmiral 71279@mail.ru

Raphael R. Irgaliev — Student of the Department of De-
velopment and Operation of Oil and Gas Fields; Astrakhan
State Technical University; jabgarkov@gmail.com

Rasulbek G. Rahimov — Student of the Department of
Development and Operation of Oil and Gas Fields; Astra-
khan State Technical University; djsmkelsk@gmail.com

——
— e S—

68



