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GEOLOGIYA VO GEOFiziKA
TEQJIOMMNA U TEODPU3UKA / GEOLOGY AND GEOPHYSICS

PernoHasibHble TeKTOHMUYECKUE YC10BUA POPMUPOBaAHNA
yrneBoAOpOAHbIX 3anexxen FO>xHo-Kacnunckon
HedTerasoHocHoun npoBuHLMU 1 MNMepcuackoro 3anmBa
(Ha npumepe TypaHCKOW NNTbI U eé obpam/ieHnA)

B.C. AchaHoB, A.H.3.", ®.b. AcnhaH3age, a.¢.3.H.2, LL.A. YmapoB, K.T.H.3,
M.X. Uckanpapos3, C.C. Xabubynnaes?

"HUMW “TeoTexnonorndeckue npobaembl Hepty, raza u XumMus
*DpaH11y3cKo-asepOaiiKaHCKIIT YHUBEPCUTET,

SVIHCTUTYT CTAHAAPTOB Y3beKucrana

e-mail: beyler@inbox.ru

KntoueBble cnoBa: Mepcnacknin 3anve, KOXHbIN Kacnuii, NpoBUHLIMS, reoAvHaMKKa, ceicMoreognHamumka, Gusmorpapu-

yeckas Mogenb, Anbn-FMmanaickunii MOABUXHON MOAC, CErMeHT, ApaBuinckas nauTa, KeMOPUNCKUIA GyHAAMEHT.

PacnpoctpaHeHmne rMraHTCKMX YrneBoAOPOAHbIX (YB) MeCTopoXAeHWn Ha 3emie OTMevaeTcsi MpenMyLLeCcTBEHHO
B 30HaX COUJEHEHWS KPYMHbIX TEKTOHWYECKUX 3N1eMEHTOB. [og0bHbIMU pervoHaMun sBAsOTCA BacceliHbl: Mepcmacko-
ro 3anvea, Anacku, BeHecyanbl, HOxHO-Kacnuiickolr npoBuHLMK, TypaHckon nauntel 1 gp. C no3uumm teopun rnobanb-
HOW TEKTOHWKW, Obpa3oBaHVe HepTU NPOUCXOAUT B pesy/bTaTe BO3rOHKM U TEPMOJIM3a BELLLECTB, 3aTAHYTbIX BMECTe C
OKeaHVMYecKUMK ocafkamMu B 30HY MOAABUra IMTOCHEPHbIX MAUT. BnepBble, KaUecTBEHHO U 6e3 Kakux-1mbo oLeHOoK, B
1970 r. 31a naes bblna BbickazaHa X.Xegbeprom. B ganbHelilem yxe Ha YPOBHE JOBObHO OBLUMX KOJMUYECTBEHHBIX OLie-
HOK 3TOT BO3MOXHbIVi MexaHV3M obpa3oBaHus HedTu 6611 npogoskeH O.I.CopoxTuHbiM, C.A.YwakoBbIM, B.B.OeabIHckmnM,
A.A AbugosbiM, A.B.bannu, B.N.rag-punosbim, J1.M.JlobkoBcknm, B.E.XanHbiM, M.X.ckaHaapoBbim, LLLLA.YMapoBbIM 1 Ap.,
KOTOpble MbITaANCb UCMO/b30BaTh HOBbIE TEOPETUYECK/E OOBACHEHMS, T.€. FEOANHAMIIKY B Ka4eCTBE OCHOBbI UHTEpMpe-
TaLWW reosiorM4yeckoro CTPOeHUA, MPOrH03a U MOUCKOB HedTW 1 rasa.

Mepcuackuii 3anuB, FOXHbIM Kacnuii 1 TypaHckas navTa, ABAAOTCA 061aCTAMU CKOMIEHUIA TUFaHTCKUX MEeCTOpoXe-
HWI YB 1 pacrnonioXeHbl B MecTax HaJloXeH s nepesoBbix NPOrnbos Ha ObiBLUME TOHABAHCKME OKpauHbl: B [epcnackom
3asmBe — MeconoTtamckmnin nporun6, FoxxHomM Kacnmm — Mupannaxu-Kenbkopckunia, TypaHckon naute — Fazau. Kpome 31oro,
aKTUBHble CceMcMoakTVBHbIE Mosaockl Mepcunackoro 3aavea 1 HOXHOro Kacnms pacrnosioxeHbl B CEBEPHbIX nepudepusx
NMPOBUHLIMI: 3arpocckas HaABuroBas cuctema B Mepcunackom 3anmee 1 AbLuepoH-prbanxaHckas 30Ha NoAHATUA B FOX-
HoM Kacnuu. 3TV monockl OAHOBPEMEHHO ABASAIOTCA HoraTeMlunMmMu HepTerasoHOCHbIMKU paiioHamu. MogobHoe cosna-
JeHune CnyyaiHo, Nan CBA3aHO reosIorMYecKon 3BoNtoLMel pernoHa? KakoBa npupoga 3TUX YHUKaAbHbIX MeCTOpOXKAe-
HWI? [Ae BO3HMKAA HedTb, KOTAa, OTKyAa U Kakum 0bpa3oM OHa nepemectuiach B HblHelHVe cnon? CTaTbs MocBsLLeHa
oTBeTaM Ha MojobHble BOMPOCHI HAa OCHOBE FyOOKOro aHaiu3a npeabliAyLinX UCCAef0BaHWUMA YUYeHbIX U MONYyYEHHbIX
reosoro-reoPuanyecknx MaTepmanos.

Canubi Xazar neft vo qaz ayalstinda va Fars korfazinda karbohidrogen yataqlarinin amala galmasinin regional

tektonik sartlari (Turan Plitasi va onun c¢arcivasi timsalinda)

B.S. Aslanov, y.e.d.!, F.B. Aslanzads, i.i.f.d.2 S.A. Umarov, t.e.n.3, M.X. iskandarov?, S.S. Xabibullayev?
“Neftin, gazin geotexnoloji problemlsri va Kimya" ETi,

2Fransa-Azarbaycan Universiteti,

3Ozbakistan standartlasdirma institutu

Acar sozlar: Fars korfazi, Conubi Xazar, ayalst, geodinamika, seysmogeodinamika, fiziografik model, Alp-Himalay harakatli
qursagi, segment, Srabistan plitasi, Kembri blindvrasi.

Yer kurasinda nshang karbohidrogen (HC) yataglarinin paylanmasi, asasan, boylk tektonik elementlarin qovsaq zo-
nalarinda musahida olunur. Bu bolgalara Fars korfazi, Alyaska, Venesuela, Canubi Xazar, Turan va digar hévzalar daxildir.
Qlobal tektonika nazariyyasina gors, neft okean ¢okintilari ila birlikds litosfer plitalarinin subduksiya zonasina ¢akilen
maddalarin sublimasiyasi va termolizi yolu ile amala galir. Bu ideya ilk dafe 1970-ci ilde H. Hedberq tarafindan keyfiyyatca
va avvalcadan tahlil edilmadan irali strtiimisdir. Neft amala galmasinin bu mimkiin mexanizmi sonradan O.G. Soroxtin,
S.A. Usakov, V.V. Fedinski, A.A. Abidov, A.V. Balli, V.P. Qavrilov, L.i. Lobkovski, V.E. Xain, M.X. iskandarov, S.A. Umarov va
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basqalari tarafindan kifayst gadar Umumi keamiyyst giymatlandirmalari saviyyssindas inkisaf etdirilmisdir ve onlar neft ve
gazin geoloji qurulusunun sarhi, prognozlasdirilmasi ve kasfiyyati ticlin 8sas kimi yeni nazari izahlardan, yani geodinami-
kadan istifada etmaya calismislar.

Fars korfazi, Conubi Xazar ve Turan nahang karbohidrogen yataglari bélgsleridir ve ke¢cmis Qondvana sarhadlsrinin da-
rinliklerinda yerlasir: Fars kérfazindeki Mesopotamiya hdvzasi, Canubi Xazardaki Pirallahi-Kelkor hévzssi ve Turanda Qazli
hovzasi. Bundan alavs, Fars korfazi va Canubi Xazarin seysmik cahatdan aktiv qursaglari syalatlarin simal kanarlarinda, Fars
kdrfazindaki Zaqros dartma sistemi ve Canubi Xazardski Abseron-Balxan ylksalis zonasinda yerlasir. Bu qursaqglar da an
zangin neft ve gaz bdlgaleri arasindadir. Bu uygunluq tesadifdiirmi, yoxsa bélgsnin geoloji takamiilii ils slagalidirmi? Bu
unikal yataglarin tebisti nadir? Neft haradan yaranib, ne vaxt, haradan gslib ve muasir tebagalara neca kd¢iib? Bu magals
avvalki elmi tadgigatlarin ve mdvcud geoloji va geofiziki malumatlarin darin tahlilina asaslanaraqg bu suallara cavab vermayi
hadaflayir.

Regional tectonic conditions of hydrocarbon deposits formation in the South Caspian oil and gas province and the

Persian gulf (using the Turan Plate and its framing as an example)

GEOLOGIYA VO GEOFIzZIiKA

FEQJ/1IOMNA U TEOPU3NKA / GEOLOGY AND GEOPHYSICS

B.S. Aslanov, Dr. in Soil Sc.', F.B. Aslanzade, PhD in Ec. Sc.?, Sh.A. Umarov, Cand. of Tech. Sc2?,
M.Kh. Iskandarov?, S.S. Khabibullaev?

"Geotehnological problems of oil, gas and Chemistry” SRI,

2French-Azerbaijani University,

3Uzbek Institute of Standards

Keywords: Persian Gulf, South Caspian, province, geodynamics, seismic geodynamics, physiographic model, Alpine-Him-
alayan mobile belt, segment, Arabian Plate, Cambrian basement.

The distribution of giant hydrocarbon (HC) deposits on Earth is noted primarily in the junction zones of large tectonic
elements. Such regions include the basins of the Persian Gulf, Alaska, Venezuela, the South Caspian Province, Turan, and
others. From the standpoint of global tectonics theory, oil formation occurs as a result of the sublimation and thermolysis
of substances drawn along with oceanic sediments into the zone of subduction of lithospheric plates. This idea was first
put forward qualitatively and without any estimates in 1970 by H. Hedberg. Subsequently, at the level of fairly general
quantitative estimates, this possible mechanism of oil formation was continued by O.G. Sorokhtin, S.A. Ushakov, V.V. Fe-
dynsky, A.A. Abidov, A.V. Bally, V.P. Gavrilov, L.I. Lobkovsky, V.E. Khain, M.Kh. Iskandarov, Sh.A. Umarov, and others, who
attempted to use new theoretical explanations, i.e. Geodynamics as the basis for interpreting geological structure, fore-
casting, and exploring for oil and gas.

The Persian Gulf, South Caspian, and Turan regions are areas of accumulation of giant hydrocarbon deposits and are
located where foredeep overlie former Gondwanan margins: the Mesopotamian Trough in the Persian Gulf, the Piralla-
hi-Kelkor Trough in the South Caspian, and the Turan-Gazli Trough in the Turan region. Furthermore, active seismic belts
in the Persian Gulf and South Caspian are located on the northern outskirts of these provinces: the Zagros Thrust System
in the Persian Gulf and the Absheron-Balkhan Uplift Zone in the South Caspian. These belts are also among the richest oil
and gas-bearing regions. Is this coincidence coincidental, or is it related to the geological evolution of the region? What
is the nature of these unique deposits? Where did the oil originate, when, where did it come from, and how did it migrate
to the present-day strata? This article aims to answer these questions based on an in-depth analysis of previous scientific
research and existing geological and geophysical data.

cBUTHI MecTopoxaeanii Hedtu [lepcuackoro 3a-
muBa 1 HOsxHoro Kacnus, oTBedaromnieii MoHsITHIO

Ha ocHoBe ananusa v cpaBHEHUS JaHHBIX JIH-
TepaTypHBIX MaTepHasioB, OTPAHUYEHHO OITyOIIHn-

KOBAaHHBIX B MHTEPHET-CaliTax B pa3HOE BpeMs U
pa3HBIMH aBTOpPaMH, YCTaHABIUBAJIOCH “‘TEHETH-
4yecKoe PojACTBO” (0Opa3oBaHUE 3a CUET OJHOTO U
TOTO K€ MCTOYHHKA) B YIJIEBOJOPOIHOM COCTaBE
ITepcunckoro 3anuBa u FOxuoro Kacrius [1-3].
Koraa roBopst 0o MUpOBOM ,,4epHOM 30JI0TE",
BciomuHaerca llepcuackuil 3ayiMB, B KOTOPOM
pa3MeleHbl U3BJIEKaeMble 3amachl YITIEBOIOPO-
108 mupa okosio 70 mupa. T. uedtu u 20 TpaH. M
rasza. [lojcueTsl, BBIOJIHEHHBIE PSAAOM HCCIIEI0-
Bareneil [4—6], MoKa3pIBalOT, YTO COIVIACHO MO-
NI OPTaHWYECKOTO  HedTerazoo0pa3oBaHus
OMOreHHbIe BellecTBa He(TEeMaTepUHCKUX OTIIO-
KCHHI MOTJIU J1aTh He Oostee 7.5 mupa. T HedTH,
YTO COCTaBIIICT MeHee 5 % OT reoJIoruueckux Hed-
TSHBIX 3anmacoB llepcuiackoro 3ammBa. D1oT (ak-
TOp M OTCYTCTBHE €AMHON HedTeMaTepuHCKON

AZORBAYCAN NEFT TOSORRUFATI 082026 5
A3epbatioxaHckoe HegpmsHoe Xossaticmeo / Azerbaijan Oil Industry

€IMHCTBEHHOI0 OOIIEro MCTOYHMUKA, CBHIETEIb-
CTBYIOT 00 abmoreHHOW Tpupozae HeTIHBIX 3a-
MacoB MCCIEAyeMbIX NPOBUHIMI. B HacTosiiee
BpeMsi 110 pupojie a0MOTEHHOTO TPOUCXOXKICHHS
He(TH U raza MpoBeJCHbI UCCIIEAOBAHUS U pa3pa-
0oTaHa rumoTe3a reoyioraMu-HeTIHUKaMK Y30e-
KHCTaHa, KOTOPBIC OTPAXCHBI B UX HAYYHBIX CTa-
ThX 1 MOHOTpadusx [7-9].

Hedrerazonocusie mnpoBunimn HOxno-Ka-
CIHICKOM MeraBmaauHbl U llepcuackoro 3amvBa
SABJIAIOTCS DJIEMEHTaAMU €IUHOI'O ceﬁCMoreomlea-
MHYECKOT0 OJI0Ka, KOTOpPBIE HATTISITHO WILTIOCTPU-
PYIOTCS COBPEMEHHOM CEeHCMOreoIMHaMUYEeCKON
Kaptoii (puc. 1, a) u pernonansHoOU (huznorpadu-
yeckoi Monenbto (puc. 1, 6). I'eonoro-reodusu-
YeCKHe MaTepuasibl Takhe Kak: TeKTOHHYECKHe,
Tororpado-reoae3ndeckue, pusnueckue, CTpyk-
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Regional Physiography

Puc. 1. CoBpemenHasi ceiicmoreonuHamuyeckas (a) u nogpodoHasi uugposas (3jexrponHasi) kapra (3D monen

MEeCTHOCTH) (0) uccieyeMoro peruoHa:

1 — SUHIEHTPB 3eMIICTPSCEHHH, 2 — TUCTOIPaMMBI 3eMJICTPSACCHHH (YEPHBIM MOKAa3aHO IIOJe CKATHs, OCIbIM —
pacTshkeHne), 3 — TpaHC(OPMHBIC PA3IOMBI, 4 — HAJIBUTOBBIC YYACTKH.
Pucynok e3am c catuma http://old.ifz.ru/tecton u http.//www.nationalsecurity.ru, dopaboman B.C.Acranogvim

TypHBIC KapThl IO pa3HbIM TOPH30HTaM, (pHu3HO-
rpaduyeckas 1 ceicMOreoJMHaMHYeCcKast MOJEIN
Pa3HBIX JIET, TIIyOMHHBIC T€0JIOTO-Te0(hU3NICCKIC
pa3pesbl, Katajoru 3eMJIETPSICeHU U T.A., 3aUM-
CTBOBaHBIX, B OCHOBHOM, W3 HWHTEPHET-CAUTOB,
CIIYXWJIM OCHOBOH mpu uccienoBaHuu HOxxHOro
Kacnusg u Ilepcuackoro 3anuBa.

Poab reoqunamMuku npu GopMUPOBAHUU CO-
BpPeMEHHON TEeKTOHUKH

HccnenyeMsplii peruoH, pacloloKEHHBIA MEX-
Ny KpynHbIMU EBpaszuiickuMm U ApaBUICKUM JIH-
TOC(pepHBIMH TIJIUTAMH TPUYPOYEH K CeHCMO-
AKTUBHOW 30HE. 30Ha OTHOCUTCSA K KaBKa3CKOMY
cerMeHTy Anpnuiicko-I mManaickoro moaBMXHO-
ro nosica (AI'TIIT). On xapakTtepusyercs pe3Kon
KOHTPAaCTHOCTBIO M HMHTEHCHUBHOCTBIO Marmaru-
YECKUX MPOIECCOB, HEOOBIYATHO BBICOKOM TEK-
TOHUYECKOW U F€OIMHaMUYEeCKON aKTUBHOCTBIO U
MOJIBUKHOCTBIO, OOJIBIIION CEThIO pa3HOHANpPaB-
JICHHBIX PAa3JIOMOB, SIBISIFOIIMXCS BO3MOXHBIMU
MyTSIMA MUTPALIMU TTOJIE€3HBIX UCKOMIAEMBIX, B TOM
YHCIIe U YITIEBOAOPOIOB.

O6pazoBanue AI'TIII cBsi3piBaeTCs ¢ KOIN3H-
el Apaswmiickoii u llenTpanbHo-Mpanckoi mnT.
CermeHT nosica, B KOTOpbIA BKIIOYEHBI L{eHTpas-
Helid Upan, 3arpoc, Makpan u FOxnbiii Kacnnii —
pacronokKeH K BOCTOKY OT CEBEPHOIO BBICTYIIA
Apasniickoit mutel [1, 2, 10-13]. BepositHbIM
MpoJoJiKeHueM ceBepHor BeTBU Heotetuca, siB-
ngercs  llenTpanbHO-UpaHCKUNT ~ MUKPOKOHTH-

HeHT. OH XapakTepeH IO3THETOKeMOPHUIHCKUM
MeTamop(puieckuM (GyHIaMEHTOM U BEHJ-TpHa-
COBBIM IIaT(OPMEHHBIM YeXJIoM. Ha BOCTOKE BbI-
JeNIAeTCss MEPUINOHAIBHO BBITAHYTHIM JlyTckuit
OJIOK.

l'eonunamMuyeckasi 3BOJIOLKS 3TOTO PErHMOHA,
coracHo padoram [1, 2,46, 11-19] TecHo cBs3a-
Ha CO CABUTOM ApaBUIICKOW IJIUTHI B CEBEPO-BOC-
TOYHOM HaITpaBJICHUH, KOTOPBIA HAaYaICs OT ME30-
3051 U MPOJIOJIKAJICS B TEUEHHE BCEro OJIMTOLIEHA
JI0 paHHero muorieHa. B pesynbrate oOpaszoBa-
muck Hpanckoe mnato u Dnab0ypekue ropsl. [lpu
3TOM OTAENMICS HeHTpanbHblil Upan ot Kacnuii-
CKOTO Tajieodacceiina.

JledbopmupoBaHHbIe OJIOKH, B OOJACTH MEXK-
ny FOxubiM Kacnimem m YepHsIM MoOpeM, a Tak-
JKe MPUJIETAIOIINE TEKTOHUYECKHE IIEMEHThI HU3-
Koro mnopsiika B npezaenax llepcuackoro 3anuBa
n lOxnoro Kacrus Toke SIBASIOTCS pe3yibTa-
TOM 3TOTO caBura (puc. 2, a, 6). CIBUTOBBIC JIBU-
JKEHUSI, B TOM WM WHOW CTETICHHU MPOJIOJIKAIOTCS
110 HacTosdllero Bpemenu. [lo aTum kapram xopo-
10 BUAHBI OJIOKHM pa3HbIX pa3MepoB, ITYOHMHHBIC
pa3’IoOMBbl U CIBHTH, KOTOPHIE CHITPATH OOJBIIYIO
pOJb IS TOAJCPIKKA HEOTEKTOHMYECKOH 00CTa-
HOBKH.

B Me3030iickoil HCTOpUM pa3BUTHS OCHOBHBIX
TEKTOHUYECKHUX 3JIEMEHTOB PErMOHa YCTaHOBJIE-
HBI BCE TNIaBHBIC dTambl ¢€ (opMHUpPOBaHUS B yC-
JIOBUSIX TOPU3OHTANILHOTO mepemenieHus EBpoa-
3uarckoi U AdpoapaBuiicCkol KOHTHHEHTAIBHBIX
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Puc. 2. CoBpemeHHasi CTPYKTYpHoO-reoquHamMuyeckasi cxema (a) (mo H.B.KoponoBckomy [7]) 1 npuHumMnuajibHbIe
TeKTOHHYecKHne 0cobeHHocTH (0) uccaenyemoro peruona (mo JI.C.Cmut-Pomy [2]):

1 — noxeMOpUHCKHE TUIUTHI, 2 — SMUNANCO30MCKUE MIIUTHI, 3 — MEPEOBbIe U MEXKIOPHBIC IIUTHI, 4 — MOTPYKEHHAS
4acTh ApaBUHCKOM IJIMTHI, 5 — IJIaBHbIE HAIIPABICHHSI OTHOCUTEIBHOTO JIBHIKSHUS 3EMHOM KOpBI (Te00I0KH, alIbIIUHCKHE
CKJIa[IYaThie CTPYKTYPBI: @ — MPEJIOKCHHBIA aBTOPOM JaHHOW CTaThd, 6 — MPEIJIOKCHHBIN aBTopoM pador [7]), 6 —
Y4acTOK pacrpoCTpaHEeHHs] KOJUIM3MOHHOTO BYJIKaHU3Ma (MO3IHHA MHUOIIEH-aHTPOIOTEH), 7 — HaJBUT U OCHOBHBIE
(T1aBHBIC) HANPABJICHHUS IIPOCTUPAHUS FC€OOIOKOB, § — CABHUIH U ITPOYUE PA3PhIBHI (CTPEIIKK MTOKA3BIBAIOT OTHOCUTEIBHOC
JBIDKEHUE), 9 — 0a3aJIbTOBBIN BYJIKaHH3M APaBUHCKON ITUTHI (B OCHOBHOM YeTBEPTUUHBII), /() — ArpaxaHo-Tounnccko-
JleBaHTHHCKasI JIEBOC/IBUTOBAsl 30HA, [/ — KOJUIM3MOHHBIC BYJKaHbI, /2 — OKeaHWuYecKas Kopa, /3 — ckiajuarasl 30Ha

3arpoccKoro HaJBura
Pucynok dopaboman b.C.Acranoevim

IUIUT, B XOJ€ KOTOPBIX MPOMCXOAMUIIO MOCTENEH-
HOE COKpAIlleHHE aKBaTOpHM OKeaHa maieo Te-
TUC J10 TOJIHOTO €ro ucue3HoBeHHs. OCHOBBIBA-
SICh Ha OOIIMX 3aKOHOMEPHOCTSAX TEKTOHUYECKOU
Y MarmMaTu4ecKod 3BOJIIOLIMH, YCTAaHOBJIEHO, YTO
B 9TOM peruoHe B Me3oTeTHce CylecTBOBaIN yC-
JIOBUS TIaCCUBHOM KOHTHMHEHTAJIbHOW OKpaWHBI
(ITKO). IIKO — peruon, B KOTOPOM IIeNb{} MOJI-
CTHJIaeTCSI KOHTHHEHTAJIbHOU KOopou. [Ipuypouen-
HOCTbh OOJBIIMHCTBA 3allacoB YTJIEBOJOPOJOB K
[TKO — 3akoHOMEpPHOCTH, KOTOPAsi HEOJHOKPATHO
OTMeYajach reojoraMy B HayYHbBIX TPYJaX reoso-
roB A.M.Konroxosa, JI.D.JleBuna, B.E.Xawuna,
b.A.Coxonosa, PI.T'apernkoro, C.A.YmakoBa u
np. ITo nx mannaeM, ¢ [TKO cBszano 7/8 Bcex BBI-
SIBICHHBIX 3alacoB He(TH U Tas3a, U3 KOTOPBIX
TOJIBKO 1/8 3THX 3amacoB MPUXOTUTCS Ha JOIIO aK-
TUBHBIX KOHTHHEHTalbHBIX OkpauH (AKO). AKO
BO3HUKAET TaM, IJI€ 110Jl KOHTUHEHT IOrpyKaeTcs
OKeaHHYecKas Kopa.

3akpbITHE ME30301CKOTO OKeaHa TeTuc mpuxo-
JUTCSI Ha KalHO30MCKYI0 3Py, IPUYEM B psZIE MECT
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MIPOIIECChI CYyOTyKIIMN MPOJOIDKAIOTCS JI0 HACTOS-
LIero BPEMEHH, C pa3IMYHOM CTETeHbIO BIPAKEH-
Hoctu. Hampumep, B ceBepnoit yactu HOxHOTO
Kacruss  (IlpenkaBkascko-TypkMeHCKU TpaHc-
dbopMmHBII pa3iom), Takke Ha ceBepe [lepcun-
ckoro 3anuBa (3arpocckuii Haasur). Ilepudepus
naneookeana TeTuc pernoHanabHO HedTerazoHoc-
Ha [3, 20, 21]. UmenHo B €€ mpeaenax HaXoasT-
cs1 HedTerazoHocHbIe TIpoBUHIMK FOxHOTO Kac-
nusi u Ilepcunckoro 3anmuBa. CeBepo-BOCTOUHAS
okpanHa AdpukaHo-ApaBUICKOTO KOHTHHEH-
Ta B KalfHO30MCKOE BPEMs HCIIbITalIa CTOJIKHOBE-
Hue ¢ panckoit mmToii. IHTeHCHBHOE MTpornba-
HUE 3TOM TEPPUTOPHUH 3€MHOI KOpPbI — pe3yabTar
HaQ/IBUTaHUS Ha Kpail miardopmbl OCTPOBOIYX-
HBIX CHCTEM IOro-3amajHoi nepudepun okeaHa
Teruc. HanGompIme 3amacel yriieBoIopoIoB Tak-
K€ KOHLIEHTPUPYIOTCS B T€X TOJIIIAX, KOTOPBIE CY-
LIECTBOBAJIM HAa OKpPaMHAX MAaTE€pPHKOB B NEPHUOJ
3aKpBITHSI OKEaHOB, MPEXkJE BCEro, 3TO IOPCKUE
1 MEJOBBIE OTJIOKEHUS, a TAKXKE IaJe030MCKue
(mepMckue) B HeTEra30HOCHBIX 30HaX Ilepcu-

GEOLOGIYA VO GEOFIzZIiKA

FEOQ/IOMMA U TEO®U3INKA / GEOLOGY AND GEOPHYSICS
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Puc. 3. O630pHast kapTa (a) 1 KapTa H30NaxXuT ocaaouHoro yexjaa [lepcuackoro 3ajausa (0):

1 — IMHUM MEXTOCYAapPCTBEHHBIX IPaHul], 2 — HachllIeHHas: HererazoHocHast Tepputopusi, 3 — 6oraras HedrerazoHOCHast
Teppuropusi, 4 — HyOuiicko-ApaBUHCKHI IIUT TOJ MaJOMOIIHBIM OCAJOYHBIM YEXJOM, 5 — ApaBuiicKas IIIHTA,
6 — Ilpeasarpocckuii KpaeBoil mporud, 7 — rpanuiia Oacceitna Ilepcuackoro 3amuBa, § — M30MAXUTHl OCAJT0YHOTO
yexJia, 9 — MeraHTHKIMHOPHA BocTouHoro TaBpa u 3arpoca, /0 — EpacHomopckuii pudt, // — pasiombl, pa3aeisiomniue
TeOTEeKTOHWYECKHe 00acTu B mpeaenax Oacceifna Ilepcuackoro 3anuBa.

Pucynok e3sm ¢ caimos hittp://www.ipages.ru (kapma uzonaxum) u http://www.nationalsecurity.ru, oopaboman

b.C.Acranoswim.

CKOT'O 3aJIMBa.

Hedrerazonocuniii 0acceitn Ilepcuackoro
3asuBa (HBII3)

OnHUM U3 YHHKQJIBHBIX PETHOHOB TOAOOHOTO
COYJICHEHHUS SIBIISIETCSI OCa0uHbIi Oacceiin Ilep-
CUJICKOTO 3ajuBa. 31iech cocpenoroueHo 54 %
BCEX 3aI1acoOB YIVIEBOAOPOAHOIO ChIPhS HA IUIAHE-
Te. 3/1€Ch K€ PACIOJIOKEHbI 00JIee IBYX JECSTKOB
CYNEPruraHTCKMX MECTOPOXKJIEHUH, 3arnachl Kax-
JIOTO U3 KOTOPBIX MpeBbIIAT | mMipa. T Hedrtu,
araza — | TpnH. M°. HedrerazonocHsiii Gacceiin
[Tepcuackoro 3anmBa pacroiOKEH HAa CEBEPHOM
nepudepun Apasuiickoro — HyOuiickoro mmura, B
30HE COYJICHEHHS C TOPHO-CKJIAI4aThIM aJIbIIHi-
ckuM nosicom. Ero o6pamienuem Ha ceBepe U ce-
BEPO-BOCTOKE SBIISIIOTCS CKIIAAUAThIE COOPY>KEHUS
3arpoca u Bocrounoro TaBpa, Ha tore u 1ro-3a-
nage — snupudrosbie nogHaTus FOxHoM Apa-
BHHU, U3BECTHBIE KaK IUIaTO XaapamayT, U Ipyrue,
Ha 3amaje — AJIENICKOe MOJHATHE U CKIIaq4aThle
koMmruiekchl [lanpmupun. BoctounsiM oOpamute-
HUEeM OacceliHa CIy’)KUT OOXyKIIMOHHBIN o(ronm-
TOBBIN KoMIUIEKC OMaHa.

B crpykrypHom otHOmIeHnu 6acceiin [lepeua-
CKOTO 3aJIMBa JIeJINTCA Ha MIaTPOPMEHHYIO YacTh,
OTBEYAIOILYI0 CEBEPHBIM M BOCTOUHBIM CKJIOHAM
Apasuiicko-HyOuiickoro mura u obnactu mnepe-
ToBBIX (KpaeBbix) mporuboB (puc. 3); IIpenrasp-
CKas 30Ha Auciokanui, Mecomoramckuii u FOx-
HO-OMaHCKHI KpaeBble IPOTUOBbI.

Tonmuua ocano4Horo yexya B Ipefenax ce-
BEPHOW M BOCTOUHON mepudepuitHbIx obnacteit
Apasuiickoro kparona Mensiercs ot 1-2 no 4.5—
7 xMm. B MeconoramckoM mnporue MOIIHOCTb
TOJILMA OCAZOYHBIX IOPOJ PE3KO BO3PACTACT, J0-
CTHTrasi B IOTPy’KeHHbIX ydacTkax 15 km. Ha pyGe-
K€ OJIMIOLEHA U MUOLIEHA MIPOU30LLIO 3aKPhITHE
okeaHa TeTuc, KOTOpOe COMPOBOXKAAIOCH BO3/bI-
MaHHMEM TOPHOCKJIaJuaThiX MOACOB (3arpocckue,
OnpOypckue n KaBka3zckue Topbl) U 3aJI0KEHUEM
KPYNHBIX U MEJIKMX HPEArOPHBIX U MEKTOPHBIX
porn6oB. TekToHnuecKkue CoOBITHS, IPUBEIIINE
K 3aKpbITHIO OkeaHa Tetuc, co3nanu 6aaronpust-
HBIE€ CTPYKTYPHBIE YCJIOBHSI AJISl TEHEPAlluK U aK-
kymysiiuu YB, ocobeHHo Ha psje ObiBIIei mac-
cuBHOM [oHnBaHCKOM OKpauHbl. MHTeHCHBHBIE
TEKTOHMUYECKUE AMCIOKALMM U CKy4YHMBaHHE OcCa-
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JIOYHBIX MACC Ha OTPOMHBIX ITPOCTPAHCTBAX YCKO-
pwiH Tporiecchl HeTe- W Ta3000pa3oBaHUs B
OTJIOKEHUSIX, 00pa30BaBIIMXCS HEKOT/a HAa KOHTH-
HEHTAJIBHBIX CKJIOHAX M UX MOJHOXKHUAX B riepude-
puiiHbIX oOnacTsax okeana Tetuc. [ToToku skuIKUX
¥ Ta3000pa3Heix YB mMurpupoBanmu u3 obdnactei,
3aTPOHYTHIX CKIAAYaTOCTBIO U METaMOP(PHU3MOM,
B CTOPOHY JpPEBHUX MIENb(OB, TAC 3arOIHIIN
BO3HUKIIUE Ha MPEABLAYIIMX ATarax JOBYLIKUA U
pesepByapbl. OHAKO JUIIb HAa FOKHOW OKpanHe
WCYE3HYBIIEr0 OKeaHa c(hOpMHUpPOBABIIMECS 3a-
Jexn YB cMorm cOXpaHWThCA O HAIIMX AHEN
(ITepcuackwuii 3anuB u FOxubiii Kacnuit).

bacceitn 3anumaer Ilepcuackuii 3anuB ¢ my-
OuHamu, He npebimaronumu 100 M, TpUMBIKaIO-
HIyI0 K HEMY C CeBepo-3araja oOIMpHYIO PaBHU-
Hy pek Turpa u EBdpara, a Takke npubpexHbie
paBHUHBI B 0OpamiieHnH 3aiauBa. OOmias riomnan
Oacceiina (B Thic. KM2) cocTtaBisieT 5066—5063, u3
HUX Ha cymry npuxoautcs 4853, a Ha akBaTOPHUIO
quib 213.

HBII3 orHOcuTCcs K msTH Hamborarewmmm
Oacceiinam wmupa (Hapsay c 3amagHo-Cubup-
ckuM, 3ananno-Kanaackum, Opunokckum u Ce-
Bepo-Kacnuiickum). OH yHUKaJIeH [0 HauyaJdbHbIM
M3BIIEKaeMBbIM 3amacaM Y B (Tekymue 3amachl
cebiie 150 muipa. T ycioBHOro torummBa — 92—
107 mipa. T wedtu, SO TpiH. M* rasa; HadaIbHBIC
3arnacel YB ¢ ydyerom cymmapHO#W 100bI4M Tpe-
BbImaroT 180 Mupa. T; B ToM yuciie He(Th — CBBI-
mre 130 mipa. T, ra3 — 52 mupa. m®. OrieHKa TeKy-
IIMX 3armacoB HETH W KOHJICHCaTa B Hamboliee
6oraroii CaynoBckoil ApaBuu jgocturaer 36—
42 mupa. T. YaukanabHbI 3anacel HepTH KyBeiita,
Upana, Upaka. OrpoMHbIe 3a11achl ra3a BhISIBICHBI
B Upane, a B nociennue roas! U B Karape, kak Ha
noOepekbe, TaK U B aKBATOPUU 3aJIHBA.

Bacceiin morpannyHOTO (TIEPUKPATOHHO-TIPE/I-
TOPHOTO,  IMJIaT(OPMEHHO-CKIAAYaToOro) TUMa
BO3HHMK Ha CThIKE APaBHUICKOW JpEBHEH KOHTH-
HeHTasnbHOM okpausbl ¢ AI'TIII. bacceitH ume-
eT 1aTOPMEHHOE IOTr0-3aMaJHOe U OPOTCHHOE
CEBEPO-BOCTOYHOE OOpamiieHHE, PE3KO acuMMe-
TpudyeH. OH oxBaTbIBaeT MecomoTaMcKHil Kpae-
BOM MPOTHO W TOJIOTYIO OMYIICHHYIO YacTh Apa-
BUICKOH IUIUTHI — MEPUKPATOHA, OTAECICHHYIO OT
Kpasi ApaBUICKOTrO HIUTa 30HOM, JMIIEHHOW Me-
cropoxaeHni YB.

HBII3 ¢ nayana 1940-x rr. 3aHUMaeT AUAUPY-
folIee TIOJIOKEHUE Cper HePTeMoOBIBAIOIINX pe-
rMoHOB Mupa. [IpoBHHIIMS SBISIETCS yHHKAJIb-
HOW KOHIICHTpaIe HeTH U ra3a NoKa3aHbl Ha
puc. 3, a. OHa BKiItoyaeT ApaBUiiCKuii 1-0B U Tep-
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putopuu baxpeitna, Mopnanuu, Upaka, FOro-3a-
nagHoro Upana, Karapa, Kyseiita, OAD, Owma-
Ha, CaynoBckoil ApaBuu, 6onbiieit yactu Cupuu,
foro-Bocroudol Typumwm. IlpoBuHIUS TpUypO-
YeHa K KPYNHOH acCUMMETPUYHOM IeTepOreHHOM
Braauee (puc. 3, 6), chopMupoBaBIICHcsS B TIPO-
ecce JUIMTENbHOTO MPOrudaHusi B 00JaCTH COU-
neHenns AdpukaHo-ApaBuiickoi miarGopMel ¢
AITIIT. OCHOBHBIMH TEKTOHHMYECKHMMH 3JIEMEH-
TaMH SIBISIIOTCS ApaBuiickas miauta u Mecoro-
TaMCKUI KpaeBoi porud, oopasyroine COOTBET-
CTBEHHO IJIaT(OPMEHHBIH W CKJIaT4aThiii OopTa
Oacceiina. @DyHIaMEHT apXeHCKO-MPOTEPO30H-
ckuii. OcaJ0uHbBIN Y€X0J MPEICTaBIeH OTIOKEHU-
SIMH OT BEHJICKOTO JI0 YETBEPTUYHOTO BO3pacTa,
MakcUMalIbHON TommuHoi 10—12 kM B Hanboiee
MPOTHYTOW 4YacTh OacceliHa M MHHMMAJIBHOW —
2-2.5 xM 1o ero nepudepun (paiioHbI, MTPUMBIKa-
romue Kk ApaBuiicko-HyOuiickomy mury).
ITaneo3oiickuii pazpe3 B re0JIOTHYECKOM CTPO-
enun HBII3 npenmMyniecTBEHHO NecyaHO-IJINHUC-
TeIi. [lepmckue, Me3030MCKHE, MATEOTEHOBBIE U
HUKHEMHOIIEHOBBIE OTJIOKEHHSI MPEICTABICHBI B
OCHOBHOM KapOOHAaTHBIMH MopoaaMu. B coctase
HEOTeH-YeTBEPTUYHBIX OTIOKEHUI mpeobnana-
10T TEPPUTECHHBIE PA3HOCTH, CPEAH KOTOPBIX BBI-
JIENIAETCs COJICHOCHAS TOJIIIA CPEHEro MHUOLIEHA
TommuHOM 10 1 kM. OCHOBHBIE HE(TEra30HOCHBIC
KOMIUIEKCHI — IEPMCKHUI, BEPXHEIOPCKUM, HUKHE-
MEJIOBOM, BEpXHEMEJIOBOH U OJINTOLICH-HIKHEMHUO-
11eHoBBIN. Ha Me30301cKre OTIIOKEHUS PUXOUT-
csi 3/4 pa3BemaHHBIX 3amacoB HEPTH, OCHOBHBIE
3arachkl raza CKOHLIEHTPHUPOBAHbI B MEPMCKHUX U
KallHO30MCKuX mopogax. llomaBmsromas dacth
MECTOPOXKACHUN COCPEIOTOYEHA HAa BOCTOYHOM
norpyxxennu Apasuiickoit mmthl (bacpa-Kyseitt-
CKas BMaJMHa, CTPyKTypHas Teppaca ['aza, Bmau-
Ha Py06-31p-Kamm) u B MeconoramMckoM KpaeBoM
nporude. B MeconoramckoM nporude cKorieHus
YIIIEBOAOPOIOB MTPUYPOUCHBI ITIaBHBIM 00pa3oM K
OJIUTOLICH-HM)KHE-MHUOLICHOBBIM (CBHTA acMapm)
Y BEPXHEMEJIOBBIM M3BECTHSIKaM Ha riryouHe 0.2—
2.7 kM. OCHOBHbIE pa3BEeIaHHbIE 3aI1AChl YIJIEBO-
JIOpPOZIOB B OacceliHe COCpeI0TOYECHBI B MHTEPBAJIE
m1youn 1-3 kM. Ha unTepBan 2-3 KM NpUXOAMT-
Csl MAKCHMYM 3amacoB HE(TH U ra3a, a Ha IITyOnHe
3—5 KM — MakCUMyM 3aracoB ra3za. MecTopoxe-
HUS CTPYKTYPHOTO THIIA OOJIbIIEH YacThI0 MHOTO-
mactoBeie. B MecomoramckoM Mporuoe 3aieku
MIPUYPOYEHBI K KPYIHBIM BBICOKOAMIUIMTYIHBIM
AQHTUKJIMHAJIBHBIM CKJIAJKaM, BBITSIHYTBIM BIOJIb
3arpocckoil CKJIayaTol CHUCTEMBI C CEBEpO-3a-
naja Ha I0ro-BocTok (puc. 4, 6). 3HauuTeNnbHas
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Puc. 4. Hedrerazonocuoie nposuHuuu — FO:xub1il Kacnuii (a) n lepenackmii 3ams (0):

1 —uedrerazoHocHbIe 00acTH B ipezeiax FOxxno-Kacnuiickoit npounnmu: / — ['oobicTano-Kypunckas, I/ — AduiepoHo-
[pubanxanckas, /I1 — llentpansHo-tOxuo-Kacmuiickas, [V — 3anagno-Typkmenckas; 2 — rpanuia HOxuo-Kacnuiickoit
He(hTEra30HOCHOW MPOBUHIMH, 3 — HE(PTEra30HOCHBIC CTPYKTYphI, 4 — TrpaHHlla HeTEra30HOCHBIX obiacTel, 5 —
KpynHble HedrenepepadarbiBaroIe 3aBO/Ibl, 6 — JIMHUKA MEKIOCYIapCTBEHHBIX TPAaHULL, / — IpaHulla HedTera3oHOCHOU

NIpOBUHLIMHU paiioH Ilepcuackoro 3anusa.

Pucynok ezam ¢ catimos http://www.biblioclub.ru ([lepcudckuii 3anus) u http.//www.mining-enc.ru (FOxcno-Kacnutickas

Heghmezazonocnas nposunyust), dopaboman b.C.Acranoswim.

4acTh MECTOPOXICHUH HEe()TH U raza mpuypode-
Ha K CTPYKTypaM COJSHOTO auanupusma. [Lmot-
HoCTh Hedreit 820-990 kr/m?, peobnanaroT Hed-
TH cpeaHei mioTHocTH 855-860 kr/m’.

Bonee wem 1500 TpiH. kyOuueckux ¢GyToB 3a-
MacoB raza ObUIO OTKPHITO B IEPMOTPHACOBBIX
kapOOHaTax, 3are4yaTaHHbIX MOIIHBIMH TpPHACO-
BBIMH aHTHJIPUTAMH B CKJIa4aToM Tosice 3arpoc
(roro-3amagusbiii Mpan), roxxHas yacts Ilepcuacko-
ro 3ammBa (Mpan, Karap u AOy-/la6u) u Caynos-
ckast ApaBusi. [eHepanus He(hTH Hayanach B cpe-

Heil 1ope Ha TUIOIAIIX OOIIMPHOTO TTOTPYKEHUS, B
TO BpeMsi KaK IJTaBHas (pa3a reHepaliu JOCTHTHY-
Ta JIOKaJIbHO B Havalse cpenHero mena. OrpoMHbie
o0beMbl He(TH, 3aTeM ra3a, akKyMyJIUPOBAIUChH
B HECKOJIbKUX IJIABHBIX PErHOHAIBHBIX CBOAAX M
COJISTHO-KYTIOJIBHBIX CTPYKTYPax, OTHOCSIIIIUXCS K
3arpocckoMy oporeny. YacTth raza Oblia morepsi-
Ha B TIPOIECCEe CKIIAJKO00pa30BaHusl, TOCKOIbKY
HEKOTOpbIC aHTHUKJIMHAIN ObUTH pa3pyiueHsl. py-
T'He MOPIUK Ta3a BMECTE C JIETKOi He(ThIO mepe-
MECTHJIMCh B HEpa3pyLICHHbIC aHTUKJIMHAJIbHbIC
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JIOBYIILIKH.

IOxno-Kacnuiickasi HegTerazoHocHasi mpo-
puHnus (FOKHII)

[IpoBuHLKs pacrionokeHa B mpenenax Asep-
OaiikaHa, BOCTOYHON YacTh [ py3un u 3amaHOiM
yactu Typxkmenuu. Ilo pacrnonoxeHuro U opu-
eHTaUuN HEe(TIHBIX CTPYKTYp, OHa HAIIOMHHAECT
npoBuHIuio [lepcuyckoro 3anmusa (puc. 4, a, 0).
[Tromans ceeimie 200 Teic. kM?. Brirtouaer ['a0wbI-
ppbI-AKUHOYpCKY10, EBnax-ArmkeOequHCKy1o,
I'oOycran-AbmepoHckyo,  HikHEKypHHCKYIO,
cooctBenHo HOxno-Kacnuiickyto HedTeraso-
HOCHBIE paiioHbl M 3anagHo-TypKMEHCKYI0 Ta-
30HeTeHOCHYIO O00OnacTh. Hambosee wm3BEeCTHBI
mecropoxaenus: Camropu-Ilarapmzeymu, Had-
tanan, Mypaaxauisl, Kioposnar, Hedruana, Ca-
Oynuy-banaxanpl, Pamana, bubusitbar, bunara-
v, Hedr Jlamnaper, [axnenus, Azepu, Usipar,
Ymun, Totyprene, Heour-/lar, T'orpanbnar, Oka-
pem u ap. IlepBbie HedTAHBIE MECTOPOXKICHUS
(bamaxanpi-CaOyHuy-Pamana, YenekeH) Obln
OTKPBITHI U pa3pabaTbIBAIUCh KyCTapHO C cepe-
muHbl XIX B. [11aHOMEpHBIE TOMCKOBBIE pabOTHI
Ha HePTh U ra3 crayju npoBoguThes ¢ 1920-x rr.
XX B.

B rtexkronnueckom otHomenun FOKHII 06-
paszoBajlack B pE3yibTaTe PETMOHAIBHOIO IPO-
rubanus, Oy/lyud COMPSDKEHHOW ¢ TIIaBHEHIIH-
MU T€OCTPYKTYPHBIMH 3JIEMEHTAMH 3arpOCCKOro
Hazasura, omoka Jlemre-JIyr u Typanckoil -
Thl C IOXOXHMH T'€OJAMHAMUYECKUMHU pEXKHMa-
Mu. OHa pa30uTa Ha psii IEMPECCUOHHBIX CTPYK-
Typ: KypuHckas MexropHas BaJMHa, COCTOSIILAS
u3 Bepxne-, CpenHe- 1 HuxHeKkypHHCKOTrO IMpo-
ruboB, Bmamuubel KOxxHoro Kacmus, B KOTOpyO
BxoasT KOxxHO-AOmeponckuii, [lexnesu-Iopran-
ckuit, [IpudneOypckuii Mporuokl, a Ha BOCTOKE —
3anagno-Typkmenckuii,  [Ipubanxano-Kb13bui-
KyMcKkuit 1 OrypunHO-UWKHIUIAPCKUN TIPOTHOBI.
C ceBepa K 1aHHOM cHUCTEME MPOTUOOB MPHUMbIKa-
10T ApYTUe COCTaBHbIE YyacTH MerasnaauHel [lla-
Maxbl-l'00ycTanckuii 1 AOIIEPOHCKHUN MPOTUObI
(puc. 4, a).

CeBepHBIM U CEBEPO-BOCTOYHBIM OIPAaHUYECHHU-
em FOKHII cnyxxar merantuxkiunopuii boibmio-
ro KaBka3a u ero noiBoiHoe mpooJKeHue, Mpe-
craBienHoe AOmepon-IIpubanxanckold 30HOM
AQHTUKJIMHAJIBHBIX MOTHATHH, a F0KHBIM — METaH-
tuksimHopuit Manoro Kaskaza. Ha BocToke mera-
BMAJIMHA yIIUpaeTcs B J{3UPIOIbCKUM BBICTYIT KPU-
craundeckoro (ynaamenta. Kpucramimueckoe
ocHoBaHue FOKHII B €€ pa3inuHbIX yacTsix ume-

AZORBAYCAN NEFT TOSORRUFATI
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€T TeHJCHIIMIO K CTYNEHYaTOMy MOTpyxeHuto. B
3araJHON YaCTH OHO 3aJieraeT Ha ITyOuHe 4—6 KM,
B CpennekypunckoM nporude — 16 km, B Hiok-
HeKypuHCKOM Torpyxaetcst 10 20 kM, a B FOx-
Ho-Kacnuiickoil BraguHe omyckaercs: 0ojee deM
Ha 25 kM. CTyrneH4yaroe norpykeHue J0aslbIIHii-
CKOrO cyOcTpara MpOUCXOAUT U B MONEPEUYHOM
HarpasieHu oT boxbsmioro u Manoro Kaskasa k
uentpanbHoi yactu FOKHII. I'pannnamu mexay
YaCTHBIMH IIPOTHOAMU CITYKaT MOTpeOeHHBIE TTO/T-
HATUS 10ANBIUNACKOTO (GyHIAMEHTa U OrpaHUYU-
BAIOIINE MX ITyOMHHBIE PA3JIOMBI.

To, YTO HMKHETIMOLICHOBBIE OTJIOKEHHS B
IOxnom Kacnum siBASItOTCS MPOJYKTUBHOM TOJ-
meit (IIT), a takke dopMupoBaHue W Murpa-
nuss He(TH TIPOMOIDKAIOT OCTaBaThCsl OOBEK-
TOM 00CYyKIeHHs cpenu uccienonareneid. OCHOB-
HBIM He(PTEHOCHBIM KoMIulekcoM FOxHo-Kac-
MUUCKOH HEePTEra30HOCHOW TPOBHHIIMH, COJEP-
KAI[IM TTOYTH BCE Pa3BeJaHHbIC 3amachl HepTH U
rasa, sisiercs [T muoneHa u e€ ananor — Kpac-
vongetHas Ttomma (KT) B 3amamnoit Typkme-
HUU.

IIT nmpencraBneH YepegoBaHWEM TECYAHBIX
KOJUIEKTOPOB W TJIMHUCTBIX MOKPBIIIEK O0IIen
MontHOCTBIO OT 1.2 10 4 ¥xMm, KT — MOHOTOHHBEIM
YepeoBaHUEM I1€CYAHO-AJIEBPUTOBBIX M TJIMHU-
cThIX mopoja MomHocThio 0.8-3 kM. B 3anaanoi
YacTU NPOBUHLMHU Ha norpyxenuu Masnoro Kas-
ka3za (I THmKUHCKHUI HeTera30HOCHBIN pailoH) u
B BoctouHoi I'py3um IIT orcyrcrByer. 3nech 3a-
JIEKH YTIIEBOIOPOOB OOHAPYKEHBI B OTIIOKEHHUAX
MaWKOIICKOM CEpUU OJUIolleHa-HUKHETO MUOLIe-
Ha M B Iopojax BepxHero mena. OCHOBHBIE paii-
OHBI 100bIYM HE()TH U raza MpuypodeHsl kK Abiie-
pon-ITpubanxanckoii HeTEra30HOCHOH obMacTh
Azepbaiixana u k 3anagHoi Typkmenun. Koun-
nextopsl [IT Ha MecTOpOKICHHSIX AOIIIEPOHCKOTO
M-0Ba MPECTABIEHBI XOPOIIO OTCOPTUPOBAHHBI-
MU KBapLEBbIMU NIECKAMHU C BHICOKMMH 3HAYECHH-
SIMM TIOPUCTOCTH W IpOHMIIAeMOCTH. B paszpese
BeiensieTcss 10 40 HedTera3oHOCHBIX 0OBEKTOB.
3anexu IIacTOBbIE, CBOJIOBbIC, TEKTOHMYECKH U
JUTOJIOTUYECKN DKPAHUPOBAHHBIE, PEKE JINTOJIO-
TMYECKH OTpaHUYEHHBIE.

MecTtopoxieHust MpUypodeHbl K OpaxuaH-
TUKJIMHAJIAM, pa3OUThle MHOTOYMCICHHBIMU Ha-
PYLIEHUSAMH Pa3IUYHON aMILTUTY/Ibl, HEPEIKO OC-
JIOKHEHBI TPS3€BbIM BYyJIKaHM3MOM. B cocrase
ra30BOro KOHJEHCaTa MpeodIaiatoT JIErKue yrie-
BOJIOPO/IbI, KOJIMYECTBO Mapaduna, cMo, achalib-
TEHOB HE3Ha4MTeNIbHO. [lIOTHOCTH KOHAEHcaTa
729-813 kr/m’, T.e. Hedtu serye, yem B Ilepcun-
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Puc. 5. Pe3yabrarbl MHTEpPHpeTaliH I€0J0T0-Te0(h)u3M4ecKOro MaTepualia B uccjieyeMOM peruoHe:

I n III reonormueckue pa3pessl; I/ cOMOCTaBlIeHHE CTPATUTPAUICSCKUX Pa3pe30B IO CKBAKUHAM, PACIIOIIOKCHHBIX 10
00e cropons! [71aBHOTO 3arpocckoro Hansura (¢ u 0) u Ha Manmom Kasxkaze (C, CI'-1); IV) pacmonoxkenne mpoduiei.
VYen. 06.: I — obmacte He(hTH (KOHIACHCAT WM Ta3), 2 — W3BECTHIKHU, 3 — IJIMHEL, 4, 5 — BYJIIKaHOTCHHBIC TTOPOABI, 6 —
KpPYITHO3EPHHUCTHIE TIECKH, / — OOJIOMKH HHTPY3UBHBIX MOPOA, § — pa3lIOMBI W BYJIKaHBI TITyOOKOTO 3alOKeHHSA, 9 —

CKBA>XHHBI

CKOM 3aJIMBE.
3anagHo-TypkMeHCKas BIaauHa  SIBISETCS
BoctouHol yacTeio FOKHII. Ona BbinosiHEeHa rpo-
MaJHBIMU 110 MOLUTHOCTU ME3030MCKUMHU U KaltHO-
30MCKUMU OTIIOKEHUSIMU. TOJIBKO MOIIIHOCTh HEO-
reHa B npezenax 3anaaHo-TypKMeHCKON BI1aJuHbI
nocturaet 5—6 kM. HedTsaHbie 1 ra30BbIe 3a1€KU
3anagHo-TypKMEHCKOM BIaJuHbl CBSI3aHBI C MeC-
YaHO-IJIMHUCTOM TOJIIIEHN TUTHOLIEHA.

Ha ocnoBe Teopun nmutocepHbIX TUIUT OBLIH
MpOaHATM3UPOBAHBl TEOJMHAMHYECKHE TIPeod-
pa3oBaHMs T€OJOTUYECKON HBOJIOLUH, TEKTOHH-
YEeCKOe CTPOEHUE OCHOBHBIX JIUTOC(EPHBIX TUIUT
(TeoONOKOB  amBMUHCKOTO CKJIAYATOTO T0sICca)
FOKHII u HBII3. CpaBHuBas HedTerazoHOCHbIE
CTPYKTYpBI, C yY4€TOM IMEpEeHHTEpIpeTaN CY-
IIECTBYIOIIETO T€0JIOT0-Te0(hU3NIECKOro Mare-
puana, HaMU COCTaBJIEHBI MPO(UIBHBIE pa3pe3bl
B JIByX HaIlpaBJICHUsX, OTPaKarolllie reojoruye-
CKO€ CTPOEHHE UCCIIEeyeMOro peruona (puc. 5, [ u
111). 1o 3TM paspesaM HarISIHO WLTFOCTPUPYET-
Csl TEKTOHMYECKOE CTpPOEHUE 00enx MPOBHUHLUM,

KaK IIyOMHHOE, Tak U noBepxHocTHoe. [Ipu sTom
HaOMI0aeTCsl SIBHOE PACXOXKACHUE B CTPYKTYp-
HO-TEKTOHHYECKOM cTpoeHuu. Crenyer moauep-
KHYTb, 4TO 110 KacnmiickoMmy pernoHy HaMu ObLITH
UCIIOJIb30BaHbl CYLIECTBYIOIIME pa3pesbl, Ccoc-
TaBJICHHBIC TI0 MHOTOYHCICHHBIM CKBa)XKHHAM
(puc. 5, IV, xpacHbIi IBET).

[ToBepXHOCTHOE TEOJOTUYECKOE CTPOCHHE
(medrerazonocnas Tomma) Ilepcuackoro 3anu-
Ba OCIJIOKHEHO 3arpoccKuM HaaBHrom, HOxHOTO
Kacnust — Abmepon-IIpubanxanckoii 30H0M mos-
uatuid. [logoOHoe ocnoxHeHue cormacyercst 00-
pa30BaHMEM CKJIaJUaThIX CHCTEM Ha OCHOBAHUU
NPOIIECCOB CHKATHS M PACTSKEHHS, KOTOPBIE MPO-
JIOJKAIOTCS U B Hacrosiiee Bpems [4—6]. Takum
oOpa3oMm, AomepoH-IIpudanxanckuii opor, Xa-
paKkTepu3yeTcs Kak 30Ha Pa3BUTHUS AJIEOTeH-MHO-
[ICHOBOW CKJIaM4aTOCTH, OJHOBPEMEHHO B TeEK-
TOHUYECKOM OTHOILICHHUHU SIBJISETCS TUTAHTCKUM
CTPYKTYPHBIM “‘cesioM” MeXAy AJBIMHIACKON
CHUHKJIMHAJIBI0O U OIUTepUUHCKON matdopMoi,
a 3arpoccKuil HaJIBUT WJIH OPOT€HHO-COpOCOBas
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Puc. 6. CtpykTypHas kapta rpaHunbl Moxo (Toamuna 3emHoii kopsl). Kapra cocraBiena mo ceiicMoiornyeckum

naHHbIM [11]:

1 — W30THIICHI 10 KPOBJIC I'PaHUIIbL MOXO, 2- MCKTOCYAapCTBCHHAs I'paHulla

30Ha, OCJOKHEHA KOMIUIEKCOM IaJle030MCKHUX,
ME3030MCKUX M KAaWHO30MCKHMX OTJIOKEHHH, 00-
pa30BaBIIMXCS B Pe3yNbTaTe CTOJIKHOBEHHs Apa-
BUICKOM 1 EBpa3suiiCKo! IIINT B KOHLE ME30305 U
B Havasie KaiiHo304. Kpome Toro, AGmepoHckuit
mopor M 3arpocCKUi HaJIBUI' HAJIOXKEHBI HA ITy-
6okux mporubax. AOmepoHckuit mopor Ha Ilu-
pamnaxu-Kemnpkopckom mporute (IIKII), a 3a-
IrpOCCKUM HaIBUT — HA MecomnoramckoM. [Tomumo
9TOro, 3arpOCCKUI HAIBHUI MpEACTaBIEH Xpeo-
TOM, MIPOTSHKEHHOCTh KOTOporo aoxoaut 1o 1300,
mupuHa 10 250 u BeicoToi 10 4.5 kM. CrnoxeH
OH MOUIHBIM (70 8—10 KM) OCaJOYHBIM YEXJIOM,
CMSTBIM B KpYNMHBIE W BeChbMa MPOTSKEH-
Hele (mo0 350 kM) CKIaaKM MAacCHBHOM OKpa-
WHBl ApaBUHCKOW IUIMTHI, MOCTENEHHO H3Me-
HAIOIME TPOCTHPAHUE OT CeBepo-3amajza Ha
BOCTOK-CE€BepO-BocTOUHOE. [Ipn 3TOM OTMEUaroT-
Cs1 M CXOXKHE CTPOEHUS HE(PTAHBIX MECTOPOXKICHUI
Ilepcunckoro 3anusa u FOxuoro Kacnus. 9to emé
pa3 CBUJETENbCTBYET O TOM, YTO ATH HE(TSIHBIE
MIPOBUHIIMK 00pa30BalUCh B €JUHOM OacceiHe
[Taneo-Teruca, HO B mpouecce 3BONIOLUU Mera-
Gacceiin pasnennicsa Ha npoBuHIMK Ilepcuncko-
ro 3anuBa u FOxnoro Kacrnus.

Ha cxemarn4HO! CTPYKTYypHOI KapTe IO Io-
BEPXHOCTH TpaHuibl Moxo (puc. 6), cocTaBieH-

HOM 110 CeHCMOIOTUYECKUM JIAHHBIM 3a IOCIIETHNE
50 ner (xaramor 3eMIIETPSCEHHUIl HCCleayeMo-
TO PErMoHa) BBIAETSAIOTCS JBa Mporuda, pacmnosuo-
YKCHHBIE TIOYTH MIEPIICHIUKYISIPHO 10 OTHOIIICHUIO
JIpyT K JIpyry: Ha CEBEpO-BOCTOKE 3arpoCcKOro
HazBura U MpaHCKOTO HAropbs, ¢ MPOTSHKEHHO-
cThio 6onee 400 kM u ¢ rryOuHOM 6ose 56 KM U B
npenenax Jlemre-JIyTckoro 610Ka ¢ mpOTSKEHHO-
cTht0 0k0J10 200 kM 1 ¢ TiTyOounHON 48 kM [ 19]. Mex-
Iy HIMH B IEHTpaibHOM YacTu Mpana Ha TiryOnHe
40 KM BBIPHCOBBIBAECTCA paBHUHA, U3BECTHAS IO
JUTEepaTypHbIM UCTOUHHKAM Kak MpaHckoe TuiaTo.
Janee Ha cesepe, B FOxxnom Kacniuu, Ha rimyOune
36 KM BBIICNICHO MOJHSATHE C aMIUTUTYAONH 6 KM.
[Tporu6 Ha ceBepo-BOCTOKE 3arpOCCKOTO HAJIBUTa
n MpaHCKOro Haropes, 1o BCEW BEPOATHOCTH, SIB-
JSIeTCsl HEOTHEMIJIEMOM YacThi0 MeconoTaMcKoro
nepenoBoro nporuda, a B npexenax Jlemre-JIyt-
CKOTO 0JI0Ka MOYKET UMETh MHBEPCUOHHOE CTpOe-
Hue. ['eonornueckoe crpoenne FOxuoro Kacrnus
B DIIyOMHHBIX CIIOSIX MPEACTaBisieT coOoil Hajo-
KEHHYIO MYJIbIYy, TIPUYPOUCHHYIO K TIePEeXOTHO-
My TEKTOHHYECKOMY PEXHMY, T.€. OT OpPOT€HHOU
ATNBIUNACKON T€OCUHKIMHAIN U DIUTEePIUHCKOM
1aTHOpPMBI.

Jlis Toro, 94TOOB! aHATM3UPOBATh MOTYYEHHOE
MIPEJICTABICHUE O T'€OJIOTMYECKOM CTPOEHUH HC-

GEOLOGIYA VO GEOFIzZIiKA

FEQ/IOMNA U TEOPU3UKA / GEOLOGY AND GEOPHYSICS

AZORBAYCAN NEFT TOSORRUFATI '
02026 IRk



N
[
(o}
pre
O
()
>
£
O
o
=
(o}
pre
O

92
S)
L
I
Q.
(@)
e
O
Q
P4
<<
>
O
@)
~J
(@)
e
O
N
<
S
X
)
8
[y
X
N
E
S
8
=

ravi
=
~s

Puc. 7. I'paBumerpuyeckasi kapra [14] Hpana B
peaykuuu Byre ¢ = 2 300 kr/m:

1 — rpanuma, 2 — HyJNEBbIE W3OJIMHUHN; W30JUHUH
TPaBUTAIMOHHOTO TOJs: 3 — TOJIOKHUTENbHBIE, 4 —
OTpHIIATEIBHBIE U 5 — TOXKE oTpumarensusre 10 50 m am.
(pucynox dopaboman b.C.Acnanoswim.)
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Puc. 8. I'paBumeTpuyeckasi KapTa HccIaeayeMoro
peruona B penykuuu byre ¢ =2 300 kr/m*:
I — TIONMOXWTENbHBIE U 2 — OTPHUIATENIbHBIC W30JIMHUN

TPAaBUTAllMOHHOTO  MOJNs, 3 —  TPaBUTAlMOHHBIC
Makcumymsl: [ —  Cpennekacnmiicko- TypaHCKHA,
II — Myran-T'apadaxckuii, I — Cadunpynckuii,

1V — YOxuo-Kacnuiickuii u V' — Ceepo-Konernarckmii;
4 — rpaBuTannoHHele MuHHUMYMB: A — CeBepo-
Aomeponckuii u b — CeBepo-3arpoccKuii

(pucynox cocmasun b.C.Acranos.)

CJIEyeMOro peruoHa, Oblaa MpOaHaIU3UPOBaHA
rpaBuMeTpHueckas kapra Mpana, B3sTas u3 pado-
Tl [15] u nononmuenHas Hamu (puc. 7). OTta xap-
Ta OblIa CBeJeHA MOJOOHOW KapToil B Ipemerax
Oxno-Kacnuiickoit HedrerazoHocHOM MPOBHUH-
i (puc. 8).

Cyns mo rpaBumerpuueckodl kapre Hpana,
B10b 3arpocckoro Hajsura B C3-KOB nanpasie-
HUU TPOTATHBAETCS T'PAaBUTALMOHHBI MUHUMYM
¢ unreHcuBHocThi0 10 300 mlam. Teomornue-
CKO€ HMCTOJIKOBaHME TOr0 MUHUMYMa IO3BOJISET
MIPEIoaraTh, 4YTO OH CBS3aH C IIyOWHHBIM TEK-
TOHUYECKUM cTpoeHueMm. Ero mapametpsl, T.e.
pasMepsl U MHTEHCHBHOCTb, HEJb35 OOBSCHHUTH
CKJIQJIYaThIM CTPOEHHEM 3arpoCCKOro HaJBHra u
coopyxeHusiMu Mpanckoro Haropss. Kpome 3to-
ro, MUHUMYM B IIJIJaHE COOTBETCTBYET CEBEPO-BOC-
TOYHOU yacTh MecormoTaMCcKoro nepeaoBoro npo-
ruba (MIIII).

ITo muenuto A.B.3aban6apxka [22], MIIIT ume-
€T aCUMMETPUYHOE CTPOCHHE C BHYTPEHHUM Ce-
BEPO-BOCTOYHBIM JHUCIIOIMPOBAHHBIM OOPTOM H
BHEIIHUM O0o0Jjiee IMOJIOTUM I0ro-3amajHbiM Oop-
TOM, HaJOXXEHHBIM Ha KpaeBylO 4acTb ApaBHii-
CKOM Tu1aT(OpPMBbI U IPUMBIKAIOIIMNA K CKJIaq4aTo-
My coopyxeHnuto 3arpoc. Hanbonee nareHcuBHoe
(hopMupoOBaHUE TEKTOHUYECKUX CTPYKTYp (PHK-
CUpyeTcs Ha BHEIIHEM OOpTY, TJie Pa3BUTHI 0OITb-
IO MPOTSHKEHHOCTH M CPAaBHUTENBHO Yy3KHE
CKJIaJIKH, IPYHIHUPYIOIIUECS B 30HBI, apajlieib-
Hble 3arpoCcCKOMY CKJIQ4yaToOMy COOPYKEHHUIO.
Cam niporu® okoHUYaTENEHO chopMHUpOBAICS B 3a-
KIIIOUMTEIbHEH (a3e anbNuiiCKOM CKIIaq4aToCTH.
CnBHUroBbIE€ TUCIOKAIMH, JOMUHUPOBABIIIKE B 3a-
rpoce, MPUBEIM K TUCTAPMOHUYHOMY CMSTHIO
0CaJIOYHON TOJIIHN. YTIEBOAOPOIbI B Meconoram-
CKOM Mporubde conepskarcsi B 00pa3oBaHHIX BEpX-
HETO M HWKHErO MEJIa, BEpXHEU, CpeTHEN Iope U
BEPXHENEPMCKUX MOPOIAX.

MIIIT siBrsieTcsi caMbIM KPYITHBIM TTPOTHOOM
B pacCMaTpUBAaEMOM PETHMOHE, OH MPOTATUBACTCS
Ha paccTOosiHME 10 2.5 ThIC. KM C CeBepo-3amaja
Ha ro-soctok. Ero mmpuna mensiercs ot 180 1o
400 kM, a oOmiast TONIMHA OCAJI0YHOr0 Yexja B
HanOoJiee MPOTHYTOM (OCEBOM) YaCTH JOCTHTAET
14-15 kM. B mo3nHe0keMOpHICKOE U MajIe030i-
CKO€ BpeMs IpeBHIE KOHTUHEHTAJIbHBIE MACCUBBI,
CyLIECTBOBaBILME Ha TeppuTopun Mpana, coctas-
JIAIA OFHO 1EJI0€ ¢ ApaBUNCKONW KOHTUHEHTAJb-
HOM Tutatdopmoii. Ha mx pasmenenue B mepmu
WM TpUace, T.€. B MEPUOJ PACKPHITUS Me3030ii-
ckoro Tetuca, yka3piBaeT nosic 0proInTOB 3arpo-
ca, IpUypOYEeHHBIN K TuHuu [ MaBHOTO 3arpoccko-
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[ViisrpaocHoBHas macca)

TypaHckas minTa

Puc. 9. 3D moneasn, cocrasiennas B nporpamme “SURFER” no rpasumerpuyeckoii kapre B penykuuu byre

rO HaJ[BUTA.

K nogo6Homy reorekronnyeckoMy npeobdpaszo-
BaHut0 MO>kHO oTHecTH 1 [TKIT. MITIT chopmmpo-
BaH Ha CTbIke ApaBuiickoil muargopmsl ¢ Upan-
ckum tuiato, a [IKII Ha cTeike DnurepruHCKON
m1arGopMbl C CEBEpO-BOCTOKa M AJIBIIUNUCKON
CKJIa4aToOCTH ¢ oro-3amnajga. OpHako mapajok-
CaJIbHO, YTO pa3Mephl 3TUX MPOTrnOOB HE CPABHU-
MBI.

O6a nporuba okazaauch HaJT0KEHHBIMH Ha 00-
Jiee IpeBHUE 0Cal0YHbIe OAaCCeHbI. DTO CBSI3aHO
C TE€M, YTO B T'€OJMHAMHUYECKOM 3BoOJIOLMU Oac-
cerinoB Ilepcunckoro 3anuBa u FOxxnoro Kacrnust
BBIJEJISIFOTCS IBA TEKTOHMYECKHX 3Tala: CHavalia
PErvoH pa3BHBAJICS KaK 4acTh KOHTUHEHTAIHHOU
OKpauHbl [ OHIBaHbI BILUIOTH O CTOJKHOBEHHUS €€
¢ EBpazniickuM KOHTHHEHTOM. B pesynprare 3to-
ro CTOJIKHOBEHMS 00pa3oBajiach 3arpocckasi 30Ha
CKJIA4aTOCTH, 3aTeM Iepen Hell Bo3HHK MIIII,
HaJO)KEHHasi HAa CEBEpHbIE, HEKOIa TITyOOKOBO/I-
HbIE y4YacTKH 3TOH okpauHsbl. [lapamiensHo mo-
no0OHast HBOJIOLUS MPOUCXOJMJIAa HAa CEBEPHOMU
OKpamHe ceficMOoreoMHaMHUYecKoro OlloKa, B pe-
synbrare oopaszopaincs [IKII. Me1 npeanonaraem,
YTO ITUM K€ OOBSCHSACTCS TIYOMHHOE CTPOCHHWE
HBII3 u FOKHII.

CpaBHUBas TpPaBUMETPHUYECKYIO KapTy (CM.
puc. 6) U CTPYKTYpHYIO KapTy MO MOBEPXHOCTHU
Moxo, MBI TIpearoiaraeM, 4to camas TIIyOoKas

yacte MIIII pacnonoxkena ceBepHee, T.€. oA 3a-
IrpOCCKUM HaJBHUIoM. To ke camoe OTHOCUTCA K
[IKII, T.e. camass mryOokas 4acThb pacrojiokKeHa
ceBepo-BocTouHee, mnoj AOmepon-IIpubdanxan-
CKHM IIOPOTOM.

[lono6Hoe mnpencTaBIeHUE XOPOLIO WILIHO-
ctpupyetrcsi Ha 3D Mozmenu TpaBUMETPHUECKON
KapThl (puUc. 9), COCTaBIECHHON HAMHM IO MPOTpaM-
me SURFER. 3neck xoporo BUHO, KaK pacnosio-
»kenbl HBIT3 1 FOKHII. Tekronnveckoe cTpoenue
00enx TPOBUHIMHA TPEACTABISETCS WHBEPCHOH-
HBIM, T. €. OHM pa3MeIleHbl Ha ITYOOKHUX ‘“KOTJIO-
BuHax’. OmHako 00pa3oBaHWE YTIEBOIOPOIHO-
ro MOTEHIHMala CBSI3aHO, MO BCEH BEPOSITHOCTH,
¢ abCONIOTHO pa3HOM TeOTEeKTOHWYEeCKOW obcTa-
HOBKOH, TeM Oosiee TEeKTOHUYECKUMH €IUHMIIA-
mu. Ha wam B3mman, yrieBomopoas! [lepcuncko-
ro 3anuBa oOpasytorcs Bo BmaguHe MIIIL. Ha
3TOT MPOIECC BO3ACHUCTBYET THHAMUKA TPEX TEK-
TOHUYECKUX €IUHMIL: ApaBuiickas miuuta, [lem-
te-JlyTckmit 610k u Hpanckoe muiato. CormacHo
HalleMy MpeACTaBICHHUIO, MPU JIBMKEHUU Apa-
BUICKOH IUIATHI B CEBEPO-BOCTOYHOM HAIIpaBIIe-
HUH, I0TO-BOCTOUHBIN Kpail conpukocHeTcs ¢ 6710-
koM /[lemre-JlyT, a 610K, Ipu MOBOPOTE NMPOTHB
4acoBOM cTpelsku, cxxumaer Mpanckoe muaro. B
pe3yabpTaTe 3TUX CKUMAIOIINX CHJI B TITYOMHHBIX
Heapax MIIII cozpaércst OnaronpusTHOE yCIOBUE
Uil 00pa3oBaHUs YIIIEBONOPOAOB. B manmbpHel-
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mieM, BHOBBL Oyarojapsi 3TUM COKMMAIOIIUM CH-
JaM, yIJIEBOJOPOJbl MUTPUPYIOT MO CYLIECTBYIO-
LIMM DTyOMHHBIM pa3jioMaM Ha He(Tera3oHOCHbIE
cTpykTypsl Ilepcuackoro 3anuBa.

B HOxnoMm Kacnuu 3TOT mpoiiecc HOCHUT He-
CKOJIBKO HWHOW XapakTtep. Mspl mojaraeM, 4YTO
yrieBonopossl FOxuoro Kacnust oGpasyrorcs Bo
BraguHe [IKTI, Gmaromapsi BO3mMEHWCTBUIO T€OIH-
HAMUYECKUX CHJI TPEX TEKTOHUYECKUX EIUHUIL:
Wpanckoe mnaro, [emre-Jlyrckuii 6ok u Typan-
ckas ruTa. ['eomexaHnvyeckuil mpouecc 1 37ech
CB3aH C ApaBUIICKUM CHHTaKCHUCOM, T.€. IIpPHU
JIBIDKEHUW APaBHIICKOH IJIUTHI B CEBEPO-BOCTOY-
HOM HaIlpaBJIEHHUH, FOTO-BOCTOYHBIA Kpail COMpH-
KocHeTcs ¢ Onokom Jlemre-JIyr. A Onok, uepes
Komnergarckyto ropHyro CKjIaayaTocTh CTOJIKHET-
ca ¢ Typanckoit mutoi. Ilnura npu 3ToM 1OBO-
pauuBasCh IMPOTUB YACOBOM CTPENIKH, COXKMET
IOxHo-Kacnuiickyto reocuHkinHanb. Tak Kak
mryonHHOE cTpoenune FOxkuoro Kacrus npencras-
JICHO CBOJOBBIM MOJHSATHEM MO TpaHuie Moxo,
neHtp cxxkumarommx cui nomnagaet B [IKII. B pe-
synbrate B Henpax [IKII coznatores 6maronpusit-
HBIE YCJIOBUS Ui 00pa30BaHMS YIJIEBOIOPOIOB.
B nanpHeiiniem, yrieBOmOpObl, MUTPUPYIOT IO
CYIIECTBYIONTNM TIIYOMHHBIM pa3pbiBaM Ha Hed-
Tera3oHocHble CTpyKTyphl IOxHo-Kacnuiickoii
MIPOBHUHLIUY.

JIBMm>KeHUe reoJMHAMUYECKUX OJIOKOB B HCCJIe-
JlyEMOM PETHUOHE, U3YUEHHOE U aHAIIU3UPOBAHHOE
B pabore [4], XOpOIIO COIIacyercs C BBILICONHU-
CaHHBIM I'€OMEXaHU3MOM.

BrIBOaBI

Takum 00pa3oM, aHAIM3UPYSI CTPYKTYPHO-TEK-
TOHHYECKOE CTPOCHHE, CeHMMOreoAnHAMHUYECKUE
0COOCGHHOCTH Ha OCHOBE CYIIECTBYIOUIMX T€O-
JOTO-Te0PU3NIECKUX HHGOPMAIN, KaTaJIoroB

3eMJICTPSICEHU, CPAaBHUTEIILHOTO aHaiM3a yIye-
BOJIOPOJHOTO COCTaBa M MPOLECCHl IBOIIOLUU
TEOTEeKTOHUYECKOT0 00pa3oBaHUs, MOXKHO CJe-
JaTh CIEIYIOINE BbIBOIBI.

1. VmeBomopomubiii mnoreniuan HBII3 u
FOKHII cBsi3an ¢ pudToBoi cuctemoii okeana Te-
tuc u oopaszosanucs B [IKO. [TyTsmu murpanum u
reHepannu YB B uccieayemMoM peruoHe ABIISIIOT-
csi: B FOxno-Kacnmiickoil HedrerazonocHoii mpo-
BUHIMHN — [IpeakaBkascko-TypKkMeHCKHN pa3ioMm,
a B npenenax [lepcuackoro 3aiauBa — ITyOHMHHbBIE
pasiiomMbl 3arpoCCKOM HAaJIBUTOBOM CUCTEMBI.

2. Hedrerazonocuslie npoBunimu Ilepcuacko-
ro 3anuBa u HOxnoro Kacnus cymiecTBoBainm kak
[IKO Hna npoTsxkeHu# O0JbIIei YacTH CBOEH 3BO-
JIOLUH, T.€. C MO3HEr0 Naje030d U A0 MHOLEHA
BKJIIOUMTEIHHO, HO Ha ceBepe (FOsxubrii Kacnuit)
ObLT akTHBHEE, YeM Ha fore (Ilepcumckwmii 3amuB).

3. Tlocne CcTONKHOBEHUS JBYX HEKOIJa Mpo-
THUBOIIOJIOKHBIX OKpauH Tertuca, onn Tpanchop-
MHUPOBAJINCh B COBpEMEHHbIE OacCeWHBbI, THUITHY-
HBIA U 30H COWIECHEHUS APEBHUX KPAaTOHOB C
0osiee MOJIOABIMU TOPHO-CKJIAI4aThIMH COOpYKe-
HUSIMU.

4. KpynHble ckorieHus Y B B 3TUX NpOBUHITH-
AX SBISIOTCS PE3yJbTaTOM Jiera3aliu, KOTOpbIe
MPOU30IILIM HAa BTOPOM 3Tarle dBONIOLMU Oaccei-
Ha MPHU HAJIOKEHUU TiepeoBbIX mporucos (MIIIT
u AKII) Ha ObIBIIIME TOHBAHCKUE OKPAUHBI.

5. C mo3umuu Teopun ro0aTbHONH TEKTOHUKH,
oOpa3oBaHue He(TH MPOUCXOIUT B pe3yJbTaTe
BO3TOHKHU U TEPMOJIM3a BEIIECTB, 3aTSIHYTHIX BMe-
CTE C OKEAaHMYECKUMH OCAJKaMH B 30HY IOJIBUTra
TUTOC(HEPHBIX TITUT.

6. Pe3koe oTnmumMe Treosoro-TeKTOHMYECKOro
CTPOEHHUSI TPOBUHIINM, CBA3aHO C CEMCMOTEOH-
HaMUY€ECKOM 3BOJIIOLUEH.
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ABTOMaTM3aLUA CNYCKO-NMOABEMHbIX ONnepauui:
nyTb K 6€30nacHOCTU, YCKOPEHNIO
n npeackasyemoctu 6ypeHus
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cUCTeMbl yNpaB/ieHUs, MaHunynaTop, 6ypoBoe 06opyaoBaHue, 6ypoBble onepauuy, 6esonacHoCTb Nnepco-
Hana.

MpescTaBieHbl pe3yabTaTbl aHaaM3a UCMOoNb30BaHMA POBOTU3MPOBaAHHbIX CUCTEM B BYpeHUM CKBaXKWH. OnbIT
3KCMyaTaLymn 6ypoBbIX YCTaHOBOK MOKa3bIBAET, YTO aBTOMATV3aLMsA PYTUHHDBIX 1 TAXKENbIX TPYAOBbIX MPOLLECCOB
He TOJIbKO 3KOHOMUYECKU LieNecoobpasHa, HO U ABASETCS HEOBXOAMMbIM YCIOBVEM ANS PAa3BUTWS COBPEMEHHOW
6ypOBOV MHPPACTPYKTYPbI.

MNokaszaHo, UTo poboTM3aLMs BYPOBbIX MPOLIECCOB ABISETCA 3aKOHOMEPHBIM 3TarNoM Pa3BUTUS TEXHOJIOTWIA
B HedTerasofobbiye, a BHeAPEHME POBOTU3NPOBAHHBIX KOMMIEKCOB CMOCOBCTBYET Y/yULLEHUIO YCIOBUIA Tpyaa
1 6e30MacHOCTV NepcoHana, MOBbILLIEHWIO MPOV3BOANUTENBHOCTU BbINOJHEHUS BYPOBbIX PaboT 1 CHUXKEHUIO He-
NMPOAYKTVBHOTO BPEMEHM, 3aTPauMBaeMOro Ha BbIMOJIHEHWE BYPOBbIX OMepaLmii B PasNvyHbIX KIMMATUYECKMX
YCNIOBUSIX.

OTMeyaeTcs, YTo MPYMEHEHME POHOTOTEXHUYECKMX PELLEHNI 1 aaNTUBHbIX CUCTEM YMPaBAeHUs, OCHOBAHHbIX
Ha NPUHLMNax, yCneLHo anpobypoBaHHbIX B POHOTOTEXHUKE NPEACTaBASETCA CTPATENMUYECKM BaXKHbIM Harnpase-
HVEM A1 CO3AaHNs HOBOTO MOKOJIEHWS aBTOMATV3MPOBaHHbIX BYPOBbIX KOMIJIEKCOB C NMPUBAEYEHMEM annapaTa
NCKYCCTBEHHOTO VHTE/IIEKTA.

Qaldirma-endirma amaliyyatlarinin avtomatlasdiriimasi: tahliikasiz, siiratli va proqnozlasdirila bilan

gazmaya aparan yol

X.X. Fakix', R.A. Xasayey, t.e.d., TM. Cabbarov?
'FDBATM Samara Dévlat Texniki Universiteti, Samara, Rusiya,
’Bogazici Universiteti, Turkiys

Acar sozlar: galdirma-endirma amaliyyatlari, robotlasdirma, avtomatlasdirma, avtomatlasdiriimis idarsetma
sistemlari, manipulyator, gazma avadanligi, gazma amaliyyatlari, personalin tehlikasizliyi.

Magalada quyularin gazilmasi prosesinda robotlasdiriimis sistemlarin istifadasinin tahlilinin naticalari taqg-
dim olunur. Qazma qurgularinin istismar tacriibasi gostarir ki, rutin ve agir emak proseslarinin avtomatlas-
dinlmasi yalniz iqtisadi cehatdan magsadauygun olmagla yanasi deyil, ham ds eyni zamanda muasir gazma
infrastrukturunun inkisafi G¢ln zaruri sartdir.

Gostarilmisdir ki, gazma proseslarinin robotlasdiriimasi neft-qaz hasilati sahasinds texnologiyalarin inkisa-
finin ganunauygun marhalasidir va robotlasdiriimis komplekslarin tatbigi amak saraitinin va personalin tah-
|Ukasizliyinin yaxsilasdirilmasina, gazma islarinin icra mahsuldarliginin artirilmasina, hamginin muxtalif iglim
soraitlarinds gazma amaliyyatlarinin yerina yetirilmasina sarf olunan geyri-mahsuldar vaxtin azaldilmasina im-
kan yaradir.

Qeyd olunur ki, robototexnikada ugurla sinagdan kegirilmis prinsiplers asaslanan robototexniki hallarin va
adaptiv idaresetma sistemlarinin tatbiqi, stini intellekt alatlarinin calb edilmasi ila yeni nasil avtomatlasdiriimis
gazma komplekslarinin yaradilmasi baximindan strateji shamiyyatli istiqamat hesab olunur.
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Automation of tripping operations: The Path to Safer, Faster, and More Predictable Drilling

Kh.Kh. Fakikh, R.A. Hasayey, Dr. in Tech. Sc.!, T.M. Jabbarov?
'Samara State Technical University (SamGTU), Samara, Russia,

2"Boghazichi” University

Keywords: tripping operations, robotization, automation, automated control systems, manipu-lator, drilling

equipment, drilling operations, personnel safety.

The paper presents the results of an analysis of the application of robotic systems in well drilling operations.
Operational experience with drilling rigs demonstrates that the automation of routine, labor-intensive, and
hazardous processes is not only economically justified, but also a necessary prerequisite for the development

of modern drilling infrastructure.

It is shown that the robotization of drilling processes represents a natural stage in the technological evoluti-
on of the oil and gas industry. The implementation of robotic drilling systems contributes to improved working
conditions and enhanced personnel safety, increased drilling performance, and a reduction in non-productive
time associated with drilling operations under various geological and climatic conditions.

It is noted that the application of robotic technologies and adaptive control systems, based on principles
successfully validated in robotics, is a strategically important direction for the development of next-generation
automated drilling systems. In this context, the integration of artificial intelligence techniques plays a key role
in increasing the autonomy, reliability, and overall efficiency of robotic drilling complexes.

CoBpeMeHHOE pa3BUTHE TEXHOIOTHI OypeHus
1 OCBOEHUSI CKB)KUH XapaKTEPU3yeTCsl aKTUBHBIM
BHCAPCHUEM HHTCJUICKTYAJbHBIX CHCTCM YIIpaB-
JICHHSI, CTOCOOHBIX ()YHKITMOHUPOBATH B ITUPOKOM
JlMana3zoHe TEXHOJIOITMYeCKUX yclloBuil. B mocnen-
HUE TONbI B He(Tera3oBoi oTpaciiv HaOIomaeTCs
YCTOWYMBBIA TPEH/ HAa BHEAPECHUE POOOTU3UPO-
BaHHBIX CHCTEM JUIs TOBBIIIeHUs 3 (HeKTHBHOCTH
u OezonacHocTy OypoBbIX paboT. OgHUM U3 Tep-
CTIIEKTHBHBIX HAIPaBJICHUN SBISIETCS pa3padoTKa
U BHEApPEHHE pPOOOTU3MPOBAHHBIX KOMIUIEKCOB,
CHIOCOOHBIX BBIMOJHATH CIIYCKO-TIOEMHBIE OTle-
pauu (CITO) B aBTOMaTuueckom pexume [ 1-4].

B koHTekcTe aBTrOMaru3anuu OypOBBIX OIe-
panuii 0coOBI MHTEPEC MPEACTABISIIOT METOJIbI,
MIpUMEHSIeMbIe /ISl yIpaBIeHUs MaHUMYIISUOH-
HBIMH CHCTEMaMH aHJPOUIHBIX poboToB. BMecTo
HETMOCPECTBEHHOTO MPOrPaMMHUPOBAHHS TpacK-
TOPUKU JABUKXCHHUSA HCIIOJB3YCTCs KOMIIIEKCHBIA
MIOIXO/I, BKJIIOYAIONIHH IIU(PPOBYIO MOJEIH OKpPY-
KAOIIEH cpellbl U KHHEMATHUECKY MOJIENb Ca-
MOTO MaHUIYJISATOpa. DTO MO3BOJISAET CUCTEME B
ABTOHOMHOM PpCXKUME I'CHCPHUPOBATH OIITHMAJIb-
HBIE TIOCIIEIOBATEIbHOCTH NCUCTBUM UIST TOCTH-
JKEHUS LIEJIeBOro cocTostHus. [lepeHoc naHHOTO
MOIX0/1a Ha yTpaBjeHne OypoBBIM 000PYI0BaHU-
€M OTKPBIBACT BO3MOXHOCTHU JIA aBTOMATHU3allun
TaKUX CIIOKHBIX OIeEpaluid, KaK CITyCKO-TTOIbeM-
HBIC OIICpaluu, CBI/IH‘{I/IBaHI/IC/paSBI/IHIII/IBaHI/IC
OypWIBHBIX TPYO WIJIM YCTaHOBKA MPOTHUBOBBIOPO-
COBOTO O0OpYJOBaHMSI, ¢ MUHUMAJIHbHBIM BMEIIIa-
TEJILCTBOM ueJloBeKa-orneparopa [2, 3, 5].

BaxHbIM acnekToM Ipu MPOEKTUPOBAHUU Ta-
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KHUX CHUCTEM SIBJISIeTCsl 0OecrieueHrne BhICOKON Ma-
HUITYJSTUBHOCTH ¥ TOYHOCTH MTO3UIIMOHUPOBAHUS
pabouero opraHa B 3a/JIlaHHOM TOYKE MPOCTpPaH-
cTtBa. B poOoTOTEXHWKE ISl KOJWYECTBEHHOMN
OLICHKH 3TOTO CBOMCTBA MCIHOJB3YETCs MapaMmerp
“yron cepBuca” [lomxom, mpemiokeHHBIN B pado-
Tax [5—7], OCHOBaHHBIN Ha aHAJIN3€ MTHOBEHHBIX
COCTOSIHUI MeXaHu3Ma M ONpEICICHUH MaKCH-
MajbHBIX 3HAUYCHWH OOOOIIEHHBIX TMapaMeTpPOB
(manpumep, K™ — cucTemMa KOOp/IMHAT, CBA3aHHAs
CO 3BEHBSIMU MEXaHH3Ma KOTOpbIe 00eCIIeUYnBaAIOT
MaKCHMAJIbHBIA YTOJI CepBUCA Ui Pa3IHYHBIX
KOH(UTyparui), obecrneunBaronmx TpedyeMyro
TOYHOCTb, SBJISIETCS METOIOJIOTHYECKU IMepCIeK-
TUBHBIM. J[7151 OypoBOro 000pyI0BaHUS aHAJIOTOM
yIila CepBHCAa MOXKET CIIY)KUTh IOKa3aTellb, Xa-
PaKTepU3YIOMIMIA TOYHOCTh IMO3UIIMOHUPOBAHUS
OypOBOTO MHCTPYMEHTA B CTBOJIE CKBaYKUHBI MJIH
MaHHITyJIsTOpa 11 paboThl ¢ OypHIIbHBIME TpyOa-
MU TIpU OTIpeIeIEHHBIX KHHEMaTHYeCKUX KOH(DU-
rypauusx BbIIIKK U npuBoAa [8].

HccnenoBanusi, CBS3aHHBIE C BUPTYaJIbHBIM
MOJICJIMPOBAHUEM JBM)KEHUH TOKa3bIBAIOT, YTO
NPEIBAPUTEIIBHBI CHHTE3 TPaeKTOpUH B IU-
pPOBOH cpezie TMO3BOJIIET HUCKIIOYUTH HEpaIuo-
HaJIbHBIC JIBUKEHUS U MHHUMH3UPOBATH BpEMs
BBINIOJHEHUs omneparuit [8, 9]. DTo HampsMyro
KOPPETUPYET C 3aa4aMH TOBBIIICHUS YPPEKTUB-
HOCTH OypOBBIX MTPOIIECCOB, T/IE KaX/IbIH JIMITHUN
MaHEeBp NMPHUBOJIUT K MOTEPSM BPEMEHH , yBeIUYIe-
HUIO MEXaHHUYECKOT0 U3HOCA 000PYI0BAHUS U KaK
CJIE/ICTBUE K OTIEPAIIMOHHBIM PHCKaM .

Buenpenne poOOTOTEXHUYECKUX — PEIICHHIA
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npu aBromaruzauuu CIIO moxeT moBbICUTH d¢-
(eKTUBHOCTH U 0€30MMaCHOCTh — Tpy30Bas JieheI-
Ka M MEXaHU3M OTBOJIa BpalaTess MPEeACTaBISIOT
co0O0# TOTOBYIO MEXaHMYECKYIO OCHOBY JJISI CO3-
JaHusi pOOOTU3UPOBAHHOTO KOMIUIEKCA MO 3aMEHe
OypoBBIX TpyO. BHEnpeHne cucTemMbl MO3UITMOHU-
pPOBaHMSA M MAHUIYJIATOPA MO3BOJIUT UCKIIOUUTH
pyuno#t Tpyx [3, 10, 11]. Snapo cucremsl cocras-
nsieT Ha0Op B3aMMOCBS3aHHBIX POOOTOTEXHUYE-
CKHMX Mopmyneit [4, 12].

1. Bypogoii pooot (Drill-floor Robot, DFR-
1500). CemuoceBoil MaHUIYIIATOP C PY30MOIb-
eMHocTh0 1500 Kr, mpegHa3HaueHHbIN 1JIs aBTO-
MaTHYECKOTO BBIITOJHEHMSI BCETO LUK ONepanii
c TpybamMH U MHCTpPYMEHTaMu Ha OypoBOil IUIO-
maznke. KimtoueBble mpenMyIecTBa: BbICOKask CKO-
POCTb 3aMEHbI HHCTPYMEHTA (CEKYH/Ibl) U TIOJTHOE
HCKJIIOYEHUE PYyYHOIO TPy/a.

2. PoOorm3npoBaHHBIH OypoBOH KJIIOY
(Robotic Iron Roughneck, RIR-270). Ilonxo-
CTBIO aBTOMAaTUYECKUI 3JEKTPUUYECKUM KIIIOY,
o0ecreunBaroNii CBUHYMBaHNE/pa3BUHUNBAHUE
OypUJIBHBIX TPYO C TOYHBIM KOHTPOJIEM KpPyTsIie-
ro MoMeHTa. Ero npuMeHeHue HCKIIIOYaeT OHY
13 HauboJee OMACHBIX PYYHbIX OTEpaIHii.

3. PoGoTH3MPOBAHHBINT MAHUIIYJSITOP TPYO
(Robotic Pipe Handler, RPH-3500). I'ubxas cu-
CTeMa C JIEBATHIO CTETIEHSIMH CBOOO/IBI, OCYIIECT-
BJISIIONIAsl aBTOMATHYECKYIO0 TMoAadyy Hu yOOpKy
TpyO M3 pajiuanbHO PACIOIOKEHHBIX BEPTHKAIIb-
HBIX MarasuHoB. CriocobeH padoTars Kak B TOpU-
30HTAJIBHOM, TaK M B BEPTUKAIBHOM IIOCKOCTH
0€3 TOMOTHUTEIbHBIX MEXaHU3MOB.

4. MyabsTupa3mepubiii djaesarop (Multi-size
Elevator, MSE 350). YcrpoiicTBo Ha 6a3ze mpo-
MBIIIEHHOTO MaHUIYJISITOPa, MpeAHA3HAYEHHOE
JUIS 3aXBaTa W yIep:KaHusl KOJIOHHBI TPyO, C BO3-
MOKHOCTBIO JIHMCTAHIIMOHHON aBTOMaTHYECKOU
3aMEHbI BCTABOK IOJ] Pa3HbIN IUAMETD.

WaTerpanuss MaHHBIX MOIYJIEd B E€IUHBIN
KOHTYp YHpaBICHHUS C HU3KOM JIATEHTHOCTHIO
MO3BOJIIET 00ECHeynTh MOJHOCTbIO 0e3.ioa-
Hoe Beaenne CIIO u cTpouTenbCcTBa CKBAXKH-
HBI.

Tak, pOCCUHCKMMHM HHXEHEpAMH W CIIelHa-
JUCTaMHU CO3[aH POOOTH3MPOBAHHBIN KOMILIEKC,
MpeIHAa3HAUYECHHBIA JUIS OCHAIIEHUs OypOBBIX
ycTaHoBOK [2]. JlaHHas cucTema MO3BOJISET aB-
TOMAaTH3UpPOBaTh IMPOLECC HapamuBaHus Oy-
pPOBOM KOJIOHHBI — OINEpaluio, TPATUIHMOHHO
TpeOYIOIIyI0 y4acTusi HECKOJIbKHX pabouux u
OTJIMYAIOLIYIOCS BBICOKOM TPyL0eMKOCThI0. Kom-
IJIEKC UMUTUPYET paboOTy omnepaTopa ¢ MOMOIIbIO
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ANIEKTPUYECKUX CEPBONPUBOIOB, KOTOPHIE MpU-
IUTA Ha CMEHY THAPABIMYECKUM MEXaHH3MaM.
D70 perieHue 0COOEHHO aKTyalbHO i pabOThI B
YCIIOBHSX HU3KHX TEMIIEPATyp, XapaKTEPHBIX IS
peruonoB Kpaiinero Cesepa, riae oOcimykKuBaHue
THJIPABIMYECKUX CHUCTEM COMNPSIKEHO CO 3HAYH-
TEJIbHBIMU TPYITHOCTSIMH.

BaxxHbIM acnekToM BHEIpEHUs: poOOTHU3UPO-
BaHHBIX CHCTEM SIBIISIETCS UX WHTErpaIys B Cy-
[IECTBYIONINE ABTOMAaTH3HMPOBAHHBIE CHCTEMBI
ynpasienust (ACY) OypoBbIMH YyCTaHOBKAMH W
TEXHOJIOTHSM, C MCIOJIb30BAHHEM AaBTOMATH3HU-
poOBaHHOIi cucTeMbl OypeHus ckBaskuH “iDrill”.
Pa3paboTka mporpaMMHOTO 0OeCTieUeHUS KaK st
camMoro poOOTHU3UPOBAHHOTO KOMIUIEKCA, TaK H
s ero B3zaumonelcTBusa ¢ ACY, BBITOIHSCTCS
OTEUECTBCHHBIMU CIICIUAUCTAMHU, YTO CIOCO0-
CTBYET TIOBBIIICHUIO TEXHOJOTHYECKON IPdek-
TUBHOCTH, aJ]allTATUBHOCTU U TUOKOCTH B MOJIEp-
HU3AIMH TIPOLIECCOB C MPHUBICUCHUEM JIEMEHTOB
HCKYCCTBEHHOTO UHTEJIIEKTA.

Kak oTmeuaroT sKCmepThl, Mmepexo] Ha 3JeK-
TPUYECKUE MTPUBOJIBI TIOBBIIIACT HAJIC)KHOCTD pa-
00TBI OypOBOTO 00OpYIOBaHMS, COKpAIIAET Bpe-
M BbinosnHeHuss CIIO u MUHUMU3HpYET PUCKH,
CBSI3aHHBIE C YeJIOBEUYeCKUM (akTopoM. OmbIT
9KCIUTyaTalru OypOBBIX YCTAHOBOK B TeueHue 80
JeT TOKAa3bIBACT, YTO AaBTOMATH3AIMS PYTHHHBIX
U TSDKEJBIX TPYIOBBIX MPOLECCOB HE TOIBKO KO-
HOMHYECKH T1eiecooOpa3Ha, HO U SBISIETCS He00-
XOJUMBIM YCJIOBUEM ISl Pa3BUTHSI COBPEMEHHOMN
OypoBoii HH(MPACTPYKTYPHI.

Takum 006pa3zoM, MOXKHO KOHCTaTUPOBATh, YTO
pobotu3ammsi OypOBBIX MPOILIECCOB SIBISICTCS 3a-
KOHOMEPHBIM JTaloM pPa3BUTUSI TEXHOJIOTUH B
Hedrerazono0bIye, a BHEIPEHUE POOOTU3UPOBAH-
HBIX KOMIUIEKCOB CITOCOOCTBYET:

— TIOBBIIICHHUIO YPOBHS aBTOMaru3anuu Oypo-
BBIX paboT;

— YAYYIIECHHUIO YCIOBUH Tpyaa u 0€301MacHOCTH
NepCoHaa,

— YBEIUYEHHUIO MPOU3BOAUTEIBHOCTH 32 CUET
COKpaIllEHHsI BpEMEHH Ha BBHITIOJTHEHUE OTIEPaIluii;

— ajanrtanuu 000pyJI0BaHUs K paboTe B CIIOK-
HBIX KIIMMATUYECKUX YCIOBHSX.

Crnenyer OTMETHUTb, YTO HpPUMEHEHHE POOO-
TOTEXHHUYECKUX PEIICHUH W aJanTHUBHBIX CHU-
CTEM YIpaBlICHHs, OCHOBAHHBIX Ha NMPHHLUMAX,
YCHENTHO anpoOUPOBaHHBIX B POOOTOTEXHHUKE
(BUpTYyasIbHOE MOJICTUPOBAHNE, aHATM3 MTHOBEH-
HBIX COCTOSTHHIA, ONITUMH3AIINST MAaHHUITY ISITUBHBIX
CBOWCTB), TPEICTABISACTCS CTPATETUUECKU BaXK-
HBIM HAIIPaBJICHUEM JUIs CO3JJaHUsI HOBOTO TOKO-
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JICHUS aBTOMAaTU3UPOBAHHBIX OYPOBBIX KOMILICK- HOTO YIIpaBJICHUS OTACIBHBIMU arperaramu K
COB C MPHUBJIEUCHHUEM afmapara WCKYCCTBEHHOTO KOMIUJIEKCHON aBTOMAaTH3allMK TEXHOJIOTMUYECKOTO
WHTEJUICKTA. DTO TO3BOJISICT IEPEUTH OT JIUCKPET- nporuecca OypeHHs B LIETIOM.
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Uzun miiddat isleanmada olan neft-qaz yataqglarinin qaliq
ehtiyatlarinin manimsanilmasi problemlari va hasilatin
kompensasiyasi tadbirlarinin geoloji-texniki asaslar
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E.H. ©hmadoy, y.e.ii.f.d.!, M.Q. Allahverdiyev?, E.V. Qurbanov'
SOCAR,
2"Azneft” iB

e-mail: elvin.ahmadov@socar.az

Moaqalanin I hissasi jurnalin, 2026-c1 il 1-ci sayinda darc olunmugdur, s. 33-37

Acar sozlor: neft-qaz yatag, lay, islanms, karbohidrogen ehtiyatlari, hesablama parametrlari, yataqglarin giymat-

landirilmasi.

Magqalanin | hissasinds, 6lkamizin neft-qaz hasilati faaliyyatini icra edan amaliyyat sirkatlari tarafindan istismar olunan
va uzun muiddast islenmada olan yataglarin ssmaraliyinin artirilmasi Gc¢lin islonmanin tahlili va yeni perspektivlerin muay-
yanlasdirilmasina baxilir. Neft-qaz sanayesinin uzunmuddatli tarixinde Azarbaycanin quru ve daniz arazisinds 81 yataq kasf
olunmus, imumilikda 700-a yaxin perspektiv struktur misyysnlasdirilmisdir.

Tarixi faktlarin statistik gostericilarine asaslanaraq qeyd etmak olar ki, uzun middat islanmadas olan yataglar davamli
olaraqg, olkamizin neft-qaz hasilatini temin etmisdir. Aktiv islonmada olan bels yataglar xususile 6lkemizin daxili neft va
gaz talebatinin 6danilmasi tctin mihim shamiyyat kasb etmisdir. Buna gora da ham dovlat neft sirkati (SOCAR), ham da
olkamizda faaliyyat gostaran 9maliyyat Sirkatlari (9S) terafindan istismar olunan neft-qaz yataglarinin galiq ehtiyatlarinin
samarali manimsanilmasi va hasilatin stabil saxlanmasi ¢ox vacib hadaflardandir. Lakin uzun muddat islenmads olan ya-
taglarin islonmasinda olan problemlar — xususils, hasilatin azalmasi ve kompensasiyasi tgtin yeni sahalarin islanmays calb
olunmasi istigamatinds geoloji va texniki tadbirlarin artirilmasini zaruri edir.

I'Ip06neMb| 3KCnJliyaTallMm OCTaTOYHbIX 3anacoB HedJTﬂHbIX U rasoBbiX MeCTOpO)KAeHI/Iﬁ, HaXoAaAauWwunxcsa B gNuTeNlib-
HOW pa3pa60‘rKe U reosioro-texHnyeckme oCHOBbl Mep No KoMmmneHcauum AO6bI|-II/I

(UKETa )

3.I. Axmepnos, 4.¢.H.3.", M.I. Annaxsepaves?, 3.B. TypbaHoB'
'SOCAR,
M0 “AsHedTb”

KnroueBble cnoBa: He¢Tera3OBoe MecTopoXxXaeHue, nnact, pa3pa60T|<a, 3anachbl yrnesoAopoAoB, nogcyeTHble NapamMe-
TPbI, OLEeHKa MeCTOpO)KAeHVII‘/’L

B nepBoI YacTu cTaTby paccMaTpUBAETCS aHaN3 PasBUTUSA U BbisBJIEHUE HOBbIX MEPCMEKTVB MOBbILLEHU 3QbeKTVB-
HOCTW pa3paboTKy 1 OCBOEHUsS MECTOPOXKAEHWI, IKCNAYaTMPYEMbIX U pa3pabaTbiBaeMblX B TEUEHWE JJIMTENbHOTO Bpe-
MeHU HebTerazofo6bIBaOLMMU KOMMAHUAMU B Hallel CTpaHe. 3a JOAryH0 WCTOPWKO HedTerasoBoW OTpaciv Ha Cylue
u wenbde AzepbarigkaHa 66110 OTKPbITO 81 MecTopoXxaeHue, a Tak>Ke BbifiBIeHO 0koo 700 NepcrekTUBHbIX CTPYKTYP.

Ha ocHoBe cTaTncTyeckmx nokasaTenel UCTOpUYeckmx GakToB MOXHO OTMETUTb, UTO MECTOPOXAEHWs, pa3pabaTbiBa-
eMble B TeUEHVEe ANVUTENbHOTO BPEMEHM, HEMpPepbIBHO obecrneunBanv Hedrerazoobbivy Hallein cTpaHbl. Takve akTVBHO
pa3pabaTbiBaeMble MeCTOPOXKAEHNS Nprobpenn ocoboe 3HaueHve ANs YAOBIETBOPEHUSs BHYTPEHHErO Cpoca Ha HedTb 1
ra3 B Hallel cTpaHe. Mo3Tomy addekTBHas pa3paboTka OCTaTOUHbIX 3aMacoB HedTerasoBblX MECTOPOXAEHWIA, IKCMNAya-
TUPYeMbIX kak FocysapcTBEHHOW HepTsAHOM KommaHmel AsepbaigkaHckon Pecnybamkmn (SOCAR), Tak U ornepaLMOHHbIMK
komnaHuamu (OK), paboTatolumu B Hallel cTpaHe, U MoAAep>KaHWe CTabuibHON A06bIUN ABAAIOTCA OYEHb BaXKHbIMM
3agavamu. OgHako NpobaemMbl B pa3paboTke MeCTOPOXKAEHNN, pa3pabaTbiBaeMbIX B TEUEHWE ANNTENBHOTO BPEMEHU, — B
YaCTHOCTU, CHUXKEHME J06bIUN M OCBOEHWE HOBbIX YYaCTKOB — TPEBYIOT YCUIEHUS T€01I0T0-TEXHUYECKUX MEp.
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NEFT VO QAZ YATAQLARININ iSLONM®OSIi VO iSTISMARI

Problems of exploitation of residual reserves of oil and gas fields under long-term development and the geological
and technical basis of measures to compensate for production
2nd Part

E.H. Ahmadov, PhD in Soil Sc.!, M.G. Allahverdiyev? E.V. Gurbanov'
'SOCAR,
2"Azneft” PU

Keywords: oil and gas field, reservoir, development, hydrocarbon reserves, calculation parameters, fields appraisal.

The first part of the article analyzes the development and identifies new prospects for improving the efficiency of field
development and exploitation at oil and gas fields operated and developed over a long period by oil and gas producing
companies in our country. Over the long history of the oil and gas industry onshore and offshore Azerbaijan, 81 fields have
been discovered, and approximately 700 prospective structures have been identified. Based on historical statistical data,
it can be noted that fields in long-term development have continuously supported our country’s oil and gas production.
Such actively developed fields have acquired particular significance for satisfying domestic demand for oil and gas in our
country. Therefore, the effective development of residual reserves at oil and gas fields operated by both the State Oil
Company (SOCAR) and operating companies (OCs) operating in our country and maintaining stable production, are crucial
tasks. However, challenges in developing long-term fields—in particular, declining production and the development of new
sites—require enhanced geological and technical measures.

Problemin tasviri —iglonmado olan yataqlarda aparilan geoloji vo

I hisssado do geyd olundugu kimi, Azorbayca-
nin miistoqillik dovriindo uzun miiddot hasilatin
stabil saxlanmasi ti¢lin goriilon tadbirlor 6z ugurlu
noticalorini gostormokdodir. Mohz bu todbirlor vo
aparilmis genismiqyash islor noticosindo hasila-
tin uzun miiddotds tominati vo artirilmasina nail
olunmusdur. Lakin neft-qaz ehtiyatlar1 ayri-ayri
yataqlar lizro tilkonmokdadir vo zaman kec¢dikca
hasilatin diismo tempi artacaqdir [1-11]. Hasilatin
barpasi iso iki asas istigamat tizra aparilan iglor ne-

texniki todbirlor, qaliq ehtiyatlarin monimsanil-
maya calb olunmasi;

— yeni yataqlarin vo ya saholorin kosf edilorak,
islonmaya calb olunmasi.

Nozors alsaq ki, hasilatin daxili tolobat1 asasen
“Azneft” IB-nin balansinda olan yataqlar hesabina
tomin olunur, bu yataglarin islonmasinin somarali-
yinin tohlili vo hasilatin kompensasiyast li¢lin im-
kanlarin tohlil olunmasi aktual masaladir.

2026-c1 ilo olan hesabata gors kosf olunmus 81

ticosindo tomin oluna bilor: yataqdan 47 yataq “Azneft” IB-nin neftqazgixar-
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Sakil 1. Yataqlarin yerlosmoa sxemi
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Perspektiv ehtiyatlar (C2 kateqoriyali ehtiyatlar)

Sakil 2. Qaliq karbohidrogen ehtiyatlarinin miiqayisasi

ma idaralari torofindon istismar olunur. Bu yataq-
lardan 31-1 aktiv islonmodadir, 16 yatagin islon-
mosi is9 dayandirilmigdir. Bunlardan 29-u quruda,
18-1 iso donizda yerlosir (sokil 1).

Qaliq karbohidrogen ehtiyatlarinin hacming
gdra “Azneft” IB-nin movcud yataqlar1 6lko mig-
yasinda halo do 6nomli yer tutur. Belo ki, 6lko
izro A, B, C1 vo C2 kateqoriyali movcud qaliq
neft-kondensat ehtiyatlarinin 22 %-don ¢oxu, qa-
liq qaz ehtiyatlarinin iso 14 %-i “Azneft” IB-nin
balansinda olan homin 47 yatagin payma diisiir
(sokil 2). “Azneft” IB yataqlarinin neft-kondensat
ehtiyatlarinin 38 %-1, qaz ehtiyatlarinin iso 14 %-1
C2 kateqoriyal1 perspektiv saholorlo olagodardir.
Homin neft-kondensat vo qaz ehtiyatlarinin boyiik
hissasi (85-88 %) doniz yataqlarinda qeyd olunur.

Goriindiiyti kimi, hasilatin artirllmasi baxi-
mindan osas potensial da mohz doniz yataglarinin
qaliq ehtiyat vo perspektiv sahalori ilo baghdir.
Diqget calb edon asas mosolalorden biri do odur
ki, bu ehtiyatlarin islonmaya calb olunmasinin
intensivlosdirilmasi vo yeni perspektiv saholo-
rin qiymatlondirilorak, islonmays calb edilmasi
prosesini siiratlondirmak yolu ilo hazirda yiiksok
templo azalan hasilatt kompensasiya etmak ii¢lin
hom geoloji, ham do texniki imkanlar aragdirilma-

lidir. Yeni texnologiyalarin tatbiqi ilo geyri-anano-
vi yanagmalar edorak, yataglarin hasilat potensi-
alina yenidon baxilmalidir. Buna gore do hor bir
yataqda hasilatin artirilmasi yaxud kompensasiya-
s1 torofimizdon fordi sokildos istismar obyektlori vo
saholor tizra tohlil olunmusdur.

Tadqiqat iisullar1 vo yanasmalar

Hasilatin kompensasiyast baximindan daha ki-
cik kapital tolob edon todbirlorin icrasi {igiin ya-
taglarin islonmasinin tohlili vo tonzimlonmasindan
baslamaq ilk strategiyadir. Azorbaycanda istismar
olunan yataqlarin oksoriyysti uzun middstdir
ki, islonmadadir vo ¢oxlayli obyektlora malikdir
[12-16]. Tarixi hasilat vo yataqlarin islonmo di-
namikasinin tohlili gdstorir ki, uzun miiddat islon-
madas olan bu ¢oxlayl yataqlarin qaliq ehtiyatlari
osason miirokkob quruluslu saholor vo daha dorin
horizontlarda toplanmisdir. Homin qaliq ehtiyat-
larin monimsanilmays calb olunmasi {igiin miia-
sir va iqtisadi baximdan samarali texnologiyalar
totbiq edilo bilor [13—18]. Lakin bir ¢ox hallarda
yataqlarin ananovi iglonma, yeni quyularin qazil-
mast vo hasilatin intensivlogdirilmasi tadbirlori ilo
miimkiin variantlar mévcuddur. Bu tadqiqat isinda
“Azneft” IB-nin istismar etdiyi yataglarda homin
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Qalig gixarilabilan
neft+kondensat ehtiyati, min
ton

K Bulla-doniz [l 14567.2
Olat-deniz | 2106.5
*8 Mart | 2180.5
*Sengagal- -3 12661.5
Gurgen deniz | 743.4
*Qarbi Abseron [ 11504.3
Abseron kiipesi | 762.2
Darvin kiipasi | 5561.3
Pirallahi | 3780.9

illik neft+kondensat
hasilati,min ton

Bulla-deniz § 173.03
Slet-deniz | 28.52
8 Mart  20.98
Sengagal- . J} 208.45
Gurgan deaniz
Qorbi Abseron [ 331.61
Abseron kipasi 0
Darvin kupasi  § 161.2
Pirallahi || 154.67
Palgiq Pilpilesi | 85.47 Sk Palciq Pilpilesi [l 7762.8
Neft Daglar [ 1075 Neft Daslari [l 17086.4
Cilov | 59.49 * Cilov | 2683.5
Giinesli  IINIE426.51 Giinesli I 49515.3

illik qaz hasilati, min m3 Qalig gixarila bilen qaz

ehtiyati, min m3
Bulla-daniz

Bulla-deniz [ 989.04
Olet-deniz  19.8
8 Mart | 67.71

Sengacal- § 112.43

Blet-deniz | 1194.7
8 Mart [ 8563.3
Sengagal-Divanni-. . Jill 13454.2

Girgen deniz 0 543.0

Gurgan deniz

Qoarbi Abseron  10.07 Qorbi Abseron | 784.6
Abseron kiipesi  15.33 Abseron kiipssi | 927.7
Darvin kiipesi  4.95 Darvin kilpesi ~ 339.5
Pirallahi  4.83 Pirallahi  296.1

Palgiq Pilpilesi  6.91
Neft Daglari | 80
Gilov  8.62
Gunasli  FN4005.92

Palciq Pilpilesi | 810.1
Neft Daglari | 1489.0
Cilov | 824.2
Giinesli [N 40110.4

iglanmae tempi, % (n+k géra)
Bulla-daniz [l 1.19
Olat-deniz [N 1.35

Qaliq ehtiyatlarin tam
manimsanilmasi tgin
miiddat, il

Bulla-deniz [N 84

Olat-deniz NN 74
8 Mart N 104
Sengacal- . N 61
Gurgan daniz
Qarbi Abseron [l 35
Abseron klpasi
Darvin kiipasi [l 34
Pirallahi [l 24
Palgiq Pilpilesi  [IEGG_» 91
Neft Daglari |l 16
Cilov [ 45
Gunssli B 14

8 Mart [ 0.96
Sengacal- N 1.65
Gurgan deniz  0.00
Qarbi Abseron [N 2.88
Abseron kiipasi  0.00
Darvin kiipasi [N 2.90
Pirallahi [ 4.09
Palgiq Pilpilesi |l 1.10
Neft Daslari [N 6.29
Gilov [ 2.22
Gunesli [N 6.92

iglanma tempi, % (qaza géra) Qaliq ehtiyatlarin tam

manimsanilmesi giin
middat, il

Bulla-deniz [N 71
Slot-doniz [N 60
8 Mart [ 126
Sengacal- . SN 120
Girgan daniz
Qarbi Abseron [N 78
Abseron kiipasi [N 61
Darvin kiipesi I 69
Pirallahi [ 61
Palgiq Pilpilesi  [EG_—_—_—_—__ 117
Neft Daslari | 19
Cilov NG 6
Gunesli § 10

Bulla-deniz | 1.41
Slat-deniz [ 1.66
8 Mart § 0.79
Sengacal- . J} 0.84
Girgan deniz  0.00
Qarbi Abseron | 1.28
Abseron kiipasi |l 1.65
Darvin kiipasi |l 1.46
Pirallahi | 1.63
Palgiq Pilpilesi |} 0.85
Neft Daslari [ 5.37
Gilov J§ 1.05
Gunasli [N 9.99

Sakil 3. Daniz yataqlarimin islonmao gostaricilarinin tahlili

qaliq ehtiyatlarin manimsaonilmaya colb olunma-
s1 li¢lin tadbirlarin hazirlanmasi tigiin horizontlar
tizra illk hasilat, islonmo tempi, qaliq ¢ixarilabilon
ehtiyatlarin saho vo kosilis lizro hocmlori, cari
neftcixarma omsallar1 vo perspektiv ehtiyatlara
malik sahalorin giymatlondirilmasi masaloalori tad-
qiq olunmusdur. Xiisuson do doniz yataglarinda
geyd edilon moasalalor aktual hesab edilir (sokil 3).
Bulla-doniz, 8 Mart, Songagal-Duvanni-Xara-Ziro
adas1 (SDXZ), Qarbi Abseron, Darvin kiipasi, Pal-
ci1q Pilpilasi vo Cilov yataqlarinda hasilatin kom-
pensasiyasi vo ehtiyatlarin ovozlonmosi baximin-
dan potensial vardir.

Qeyd olunan yataglarda islonmo tempi kigik,
islonmonin homin templo basa catdirilmasi ii¢lin
miiddot ¢ox boylk, cari neftqazgixarma omsall
kicik, qaliq vo perspektiv ehtiyatlar baximindan
potensial movcuddur. Bulla-doniz yataginda ¢ixa-
rilabilon ehtiyatlarin comi 18 %-1i istismar olun-
musdur. Hazirda dorin istismar obyektlori olan
Qirmokiiistii gilli lay dostasi (QUGLD) va VIII
horizontlar yatagin oksor saholorindo iglonmoyo
calb olunmayib. Yataq lizro orta islonma tempi ¢ox
kigikdir, 1.2 % toskil edir. Cari temp ilo qaliq ¢ixa-
rila bilon ehtiyatlarin monimsanilmasi li¢lin uzun
miiddot — minimum 71 il tolob olunacaq. Tabii ki,
bu templo islonmo ssenarisi iqtisadi baximdan da

somarali deyil.

Darvin kiipasi yataginda hasilatin artirilmasi is-
tigamotindo islor nisbaton intensivlogdirilso do cari
dovra godar ¢ixarilabilon ehtiyatlarin comi 18 %-i
istismar olunub. Yataq tizro orta iglonmo tempi ki-
cik — 2.9 %-dir. Cari temp ilo qaliq ¢ixarila bilon
ehtiyatlarin monimsonilmasi {iglin uzun miiddot
tolob olunacaq — minimum 34 il. Doniz yataqlarin-
da qurgularin eroziya va korroziyasini nozors ala-
raq, texniki problemlors goro somarali olmayacagq.

Qorbi Abseron yataginda hasilatin intensivlos-
dirilmasi istigamatindo todbirlor nisbaton artiril-
migdir. Lakin cari dovra qodor ¢ixarilabilon ehti-
yatlarin comi 5 %-i aktiv istismar olunub. Yataq
iizra orta islonma tempi kicik — 2.9 %, cari temp
ilo galiq ¢ixarilabilon ehtiyatlarin monimsonilmasi
iclin uzun miiddat tolob olunacaq ki, bu da mini-
mum 35 il hesablanmigdir.

Cilov yataginin uzun miiddoat islonmodo olma-
sina baxmayaraq, ¢ixarilabilon ehtiyatlarin comi
20 %-1 monimsonilmis, yataq tlizro orta islonmo
tempi is9 2.2 %-dir. Hazirki islonmas tempi ilo qa-
l1iq ¢ixarilabilon ehtiyatlarin monimsanilmasi ti¢lin
minimum 45 il miiddat tolab oluna bilor.

Palgiq Pilpilasi yataginin ¢ixarilabilon ehtiyat-
larinin isa 12 %-i istismar olunmusdur. Yatagin
asag1 horizontlar1 (Qirmakialt1 lay dostasi (QALD)
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Qaliq gixarilabilan

neft+kondensat ehtiyati, min t

C2 kateqoriyal qaliq ¢ixarila-
bilan neft+kondensat ehtiyati,
mint

00 10000 2000.0 3000.0 0 500 1000
QUGLD 1632 QUGLD M 59
QUQLD W 2774 QuaLp |11
QDL I 1235.8 QDL I 534.8
QALD I 2130.8 QALD M 346.2
QalD1 MM 1225.0 QalD1 I 517
QalD2 MW 4306 QalD2 W 423

QalD3 M 13204 QalD3 N 573

QalD4 NN 1099.6 QalD4 N 540

tempi (neft+kond Cari, % |
gora), %
0.0 10.0 20.0 30.0
0.0 1.0 20 3.0

. QUGLD i 12.5
QUGLD M 2.4

QUOLD I— 22 auao L&

QDL I— 1.2 CDL . 5.4

QALD i 0.8 QALD N 5.6

P —— QalD1 I 16.2

QalD? I 2.3 QalD2 N 213

QalLD3 W 0.8 QalD3 I 13.9

QalD4 W 0.7 QalD4 I 15.8

Sakil 4. Palciq Pilpilasi yataginin islonma gostaricilari

300 90
80
250
70

200

150
100
: hl
o I | | | l- m_

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

60

50
40
30
20

10

0

e Neft+ kond.,mint  mmmm Qaz, min.m’  ==@=Qazmadan daxil olan quyularin sayi

Sakil 5. Qazma va hasilat gostoricilori

Qorbi Abseron
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Karbohidrogen ehtiyatlarimn hacmi (neft ekv.), min. t
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samorali (ilkin gi irmo)

I Nagl va yigim sistemi miveud olan
I Noql vo yiim sistemi olmayan

Dvvalki giymotlondirmo noticolori

Sakil 6. Yataqlar iizro yenidon qiymoatlondirilms nati-
calori

vo Qala lay dostosi (QalLD)) iizro bu rogom comi
5-6 % toskil edir. Yatagin potensialina baxma-
yaraq, islonmo tempi ¢ox kicikdir — 1.1 %. Qa-
liq cixarilabilon ehtiyatlarin hocmi baximindan
osas potensial da mohz agag1 horizontlar — QALD
vo QaLD ilo olagadardir. Bu horizontlar {izro
C2 kateqoriyali perspektiv ehtiyatlarin da osas
hocmi homin horizontlarin payma disiir (so-
kil 4).

Gorlindiiyti kimi, yataqda islonmonin inten-
sivlosdirilmosi vo perspektiv ehtiyatlarin mo-
nimsonilmoys colb olunmasi ii¢iin geoloji, tex-
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niki imkanlar movcuddur. Lakin cari temp ilo
qaliq cixarilabilon ehtiyatlarin monimsonilmasi
iqtisadi baximdan somarali olmayacaq, islonmo-
nin somoarali basa catdirilmasi iiglin uzun miiddat
talab olunacaq (minimum 91 il).

Digor doniz yataqlarinda da (8 Mart, SDXZ vo
s.) qaliq ¢ixarilabilon ehtiyatlarin ¢ixarilmasi ligiin
uzun miiddat vo irithocmli kapital tolob olunacaq.
Bu baximdan homin yataqlarda hasilatin intensiv-
lasdirilmasi cari hasilat diismalorini kompensasiya
edo bilocok on olverisli sahoalordir.

Hasilatin artirilmast baximindan quruda yer-
loson “Azneft” IB-nin yataqlar1 arasinda asas po-
tensial iso Bibiheybat, Siyozon monoklinali, Mu-
radxanli, Tarsdallor kimi uzun miiddst islonmoda
olan yataqglar shomiyyat kosb edir.

Islonmo gdstaricilarinin statistik tohlili gdstorir
ki, “Azneft” IB-nin hasilatinin tomin olunmasin-
da vacib rolu olan yeni sahslorin islonmays calb
olunmasi tigiin gazma azalmigdir. Son onilliyin so-
nuncu (2021-ci ildon baglayaraq) 4 ilinds qazma-
dan daxil olan quyularin say1 2 dofo azalmisdir ki,
bu da miivafiq olaraq, gazmadan golon hasilatin
5 dofs azalmasi ilo naticolonmisdir (sokil 5). Xiisu-
silo, Bulla-doniz, Qarbi Abseron, Giinosli vo bazi
quru yataglarinda qazmadan daxil olan quyularin
say1 ciddi kamiyyatdo azalmisdir.

Karbohidrogen ehtiyatlarinin  ovozlonmosi
baximindan dinamika da gdstarir ki, son 5 ilds 2P
kateqoriyali1 aktiv qaliq ehtiyatlarin miqdar1 da bu-
nunla slagadar olaraq, 7-10 % azalir.

Yuxarida qeyd olunan yataglarda C2 kateqo-
riyali ehtiyatlarin potensialinin ugurluluq ehti-
malinin giymatlondirilmasi do gdstorir ki, homin
sahoalordo aparilacaq geoloji-geofiziki vo qazma
islori hasilatin vo ehtiyatlarin ovozlonmosi baxi-
mindan bdyiik rola malikdir [4, 15-17] (sokil 6).
Qeyd olunan todbirlor hasilatin qisa miiddst orzin-
do kompensasiyasi ilo borabor uzunmiiddotli da-
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yanighigint da tomin eds bilor. Ugur ehtimalinin
tohlili vo yataqglarin yenidon qiymotlondirilmasi
kapital qoyulusu vo iqtisadi somarslik baximin-
dan saholorin prioritetlogdirilmasi, aparilacaq geo-
loji-geofiziki vo qazma islorinin ndvbaliliyinin,
istigamot vo hodoflorinin miioyyanlogdirilmasindo
tatbiq oluna bilar.

Natica va takliflor

Aparilmis todqiqat islorinin tohlili tosdiq edir
ki, yataglarin qaliq ¢ixarilabilon ehtiyatlarin mo-
nimsonilmasi vo islonmosinin somaraliyini tomin
etmok {iglin yataqlarda geoloji vo texniki imkan-
lar mévcuddur [4]. Yoni, yataglarin potensialina
uygun islonmosi {igiin geoloji-texniki todbirlor,
perspektiv saholordo qazma, hasilatin intensiv-
logdirilmosi magsadila todbirlor hoyata kegirmok
lazimdir. Tahlil edilmis yataqglar tizro prioritet he-
sab edilon asagidaki tadbirlorin aparilmasi toklif
olunur.

Danizds yerloson yataqglar tizro konkret toklif-
lor:

— Bulla-doniz, Darvin kiipasi, Qarbi Abseron,
Palgiq Pilpilasi yataglarinda islonmonin intensiv-
lasdirilmasi {i¢iin yeni qurgularin tikintisi vo is-
tismar quyularinin gazilmasinin siiratlondirilmasi,
C2 kateqoriyal1 perspektiv ehtiyatlarin islonmaya
colb olunmasi ii¢lin giymaotlondirici quyularin ga-
zilmasi;

— geyd olunan yataqlarda horizontlar iizro is-

lonms tempinin yiiksaldilmasi {igiin islok quyu
fondunun artirilmasi, o climlodon faaliyyatsiz,
lagv gozlayon quyu fondunun barpa imkanlar1 vo
yeni quyularin qazilmasi;

— SDXZ va 8 Mart yataqlariin qaliq ehtiyat-
larinin yenidon operativ qiymatlondirilmasi, sonra
159 islonma planiin yenilonarak icrasinin siirot-
londirilmasi.

Quru saholorinds yerloson yataqlar iizro kon-
kret tokliflor:

— Bibiheybot yataginda QALD vo MQ-nin di-
gor alt horizontlarinin islonmaya calb olunmasinin
stiratlondirilmasi ti¢lin miistaqil quyu sobakasi ilo
istismarina baslanmasi;

— Muradxanh yataginda Eosen c¢dokiintiilori-
nin potensialinin giymotlondirilmasi {i¢iin siiziil-
mo-tutum parametrlorinin  sorhad qiymatloring
uygun yeni texnologiyalarin (hidravlik yarilma,
iifligi quyularin gazilmasi va s.) sinaq olunmast;

— Zordab, Sixbag1 yatagi vo otraf sahalordos yeni
texnologiyalar ilo quyularin qazilaraq yatagin is-
lonmaya barpasi imkanlarinin qiymotlondirilmasi;

Umumi takliflor

— Tadqiq edilon biitlin yataqlar {izro karbo-
hidrogen ehtiyatlari, o ciimlodon C2 kateqoriyalt
sahalorin yenidon giymatlondirilmasi va islonma
planlarinin bu osasda yenilonmasi;

—Horizontlar iizra birgs islonma imkanlarinin
sinaq olunmasi.
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Darvin kiipasi yataginin islonmasinin cari vaziyyatinin tahlili
va qaliq ehtiyatlarin manimsanilmasinin yollari

D.F. Hiiseynova, t.e.n., S.E. Tagiyeva, t.e.n., D.B. Kazimova
“Neftgazelmitadgigatlayiha” institutu

e-mail: dinara.huseynova@socar.az

Acar sozlar: gixarilabilan ehtiyatlar, texnoloji gostaricilar, neft hasilati, quyu, islanma obyekti, mahsuldar laylar.

Magalada Darvin kiipasi yataginin galiq ¢ixarilabilan ehtiyatlarinin ssmarsli manimsanilmasi ticlin yatagin v horizontlarin
cari vaziyysati tahlil edilmisdir. Yatagin 79 il islenmadas olmasina baxmayarag, hale da xeyli migdarda galiq ¢ixarilabilan ehtiyatlara
malik olmasi muayyan edilmisdir.

Yatagin islonmasinin avvelindan olan dévr tedqiq edilmis, galiq ¢ixarilabilen ehtiyatlarin horizontlar tzre paylanmasi
diagramlari, islenmanin texnoloji gostericilarinin dinamikasi qurulmusdur. Horizontlar Gzre Gmumi quyu fondu, islenmanin
avvalindan yatagin horizontlar Gzre cixarilmis neft hasilati tohlil edilmisdir. Aparilmis tehlil géstermisdir ki, mévcud quyu
sistemindan istifads etmakls islonma davam edarss, ehtiyatlarin boyuk bir gismi yer tekinds galacag. Bels ki, galiq ¢ixarilabilan
ehtiyatlarin manimsanilmasi ti¢lin yeni quyularin gazilmasi ve quyularin istismara gaytarilmasi taklif olunur.

AHanus TeKyLl,ero coctoaHus pa3pa60n(v| MecCTOpOXAeHUA AapBVIH Konecm u nytm oCBOE€HUA ero oCtaToYHbIX
3anacoB

[.0. TyceliHoBa, K.T.H.,, C.3. Tarnesa, K.T.H., [.b. KasbimoBa
HUMNHedTeras

KnioueBble c/ioBa: V3B/IeKaeMble 3amachl, TEXHOJOTMYECKME NMoKasaTenu, 2obbiua HedTu, CKBaXMHa, 06bEKT pazpaboTky,
NPOAYKTUBHbIE MAACTbI.

B pabote, B Lensax U3BNeUYEHNA OCTAaTOYUHBIX VM3BJEKAEMbIX 3arMacoB MeCTOpoXzaeHus [apBUH KIOMecH, NpoBOANUTCA
aHa/M3 TeKyLLEro COCTOAHNA MECTOPOXAEHWSA 1 er0 06 BEKTOB.

HecmoTps Ha To, UTo MecTopoXXaeHWe pa3pabaTtbiBaeTcs 6oee 79 JieT, B HEKOTOPbIX €r0 TOPU30HTaX B 3HAUNTE/IbHBIX
KOJIMYeCTBax OCTanCh 13BAeKaeMble 3anackl HedTH. [ 3TOro ncciepyeTcs Neprog ¢ Hayana paspaboTkiu Mo CeroAHsLL-
HWI ieHb, MOCTPOEHbI AViarpamMma pacrpesesieHns 0CTaTOUHbIX 3aMacoB Mo 06beKTaM MECTOPOXKAEHUS, AUHAMIIKA TEXHO-
NIOrMYEeCcKUX nokasatenern pa3paboTku, MpoBeseH aHann3 GoHAA CKBaXKMH Y CyMMapHOM A06blun HedTW.

[MpoBeaeHHbIe NCCNeA0BaHNA MOKa3ann, YTo ecv paspaboTka byseT BeCTUCh AEUCTBYIOLLLEN CUCTEMOW CKBaXWH, TO B
MPOAYKTUBHBIX MIACTaX OCTAHETCA 3HAUMTE/IbHOE KOJIMYECTBO 3amnacoB. Mo3Tomy Ans A06bIUM OCTAaTOUHbIX U3BJIEKAEMbIX
3aMacoB MpeJJiaraeTcsi BO3BPaT CKBaXWH Ha BEPXHME 06BEKTbI MECTOPOXKAEHUSA U BypeHMe HOBbBIX CKBaXKUH.

Analysis of the current state of development of the Darwin field and the development of its remaining reserves

D.F. Huseynova, Dr. in Tech. Sc., S.E. Taghiyeva, Dr. in Tech. Sc., D.B. Kazimova
“Oil-Gas Scientific Research Project” Institute

Keywords: recoverable reserves, technological indicators, oil production, well, development object, productive formations.

In order to extract the remaining recoverable reserves of the Darwin field, an analysis of the current state of the field
and its facilities is being carried out.

Despite the fact that the field has been developed for more than 79 years, significant quantities of recoverable oil
reserves remain in some of its horizons. To this purpose, the period from the start of development to the present day
is being studied, a diagram of the distribution of residual reserves by horizons has been constructed, the dynamics of
technological development indicators have been analysed, and an analysis of the well stock and total oil production has
been carried out. Studies have shown that if development continues using the existing well system, significant reserves will
remain in the productive formations. Therefore, to extract the remaining recoverable reserves, it is proposed to return wells
to the upper reservoirs of the field and drill new wells.
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Uzun miiddat islonmads olan neft yataglarinin
tiitkonmosi v yeni yataglarin islonmoyo calb olun-
mamasi soraitindo qaliq ehtiyatlarin monimsanil-
mosi hazirki dovrdo neft sonayesinin qarsisinda
duran osas mosololordan biridir. Istismar obyektlo-
rindo neftin geyri-bircins olmasi sobobindon onun
sixigdirilmasi ohamiyyatli doracads miirokkablo-
sir. Onanavi islonmo sistemlari vasitasi ilo istismar
davam edarso qaliq ehtiyatlarin kollektorlarda qal-
masina sobob ola bilar.

Neft hasilatin1 artirma tisullariin totbiq olun-
masima vo effektivliyino baxmayaraq, moévcud
islonma texnologiyalar1 ilo yataglarin spesifik
geoloji xiisusiyyatlorino zoruri dorocods uygun-
lagman1 homiso tomin etmir [1-3]. Bu baximdan,
olavo neft hasilatinin alinmasi {igiin yataqlarin
geoloji qurulusunun otrafli 6yronilmasi vo totbiq
olunan texnoloji hollorin effektivliyinin qiymaot-
londirilmosi miihiim ohomiyyat kosb edir.

Moqalado Darvin kiipasi yataginda qaliq ¢ixa-
rilabilon ehtiyatlar1 somarali monimsamok maqsa-
di ilo yataq vo horizontlarin cari vaziyyati tohlil
olunmusdur.

Darvin kiipasi yataginin iglonmosino 1947-
ci ildon baslanilmigdir vo hal-hazira kimi davam
edir. Yatagin 79 il islonmodo olmasina baxmaya-
raq, hals do horizontlarinda xeyli miqdarda qaliq
ehtiyatlarin oldugu miioyyon edilmisdir.

Horizontlarin neftli sahoalori doqiqlosdikco va
hidrotexniki qurgular tikilib istifadoyo verildikco
yeni saholor: 1952-ci ildo moarkozi saha, 1950—
1958-ci illords iso simal vo simal-gorq saholori is-
tismara daxil edilmisdir [4].

Yatagin biitlin saholori daban sularla ohato
olunmusdur. Buna goéra do islonmanin avvalinda
yataqdan bdyiik hocmdo maye hasil olundugun-
da kontur sularinin horakoati daha aktiv olmusdur.
Belo ki, neft-su sorhadine yaxin yerloson istismar
quyular1 2-3 ildon sonra su vermoyo baslamis vo
5-6 ildon sonra 100 % sulagsmisdir.

Darvin kiipasi yataginin asas islonmo obyek-
ti Qurmoki lay dostosi (QLD) vo Qirmokialtr lay
dostosi (QALD) neftli lay dostoloridir. QLD iki
sorbost istismar sahosino (QLDii vo QLDa ) ay-
rilir.

Islonmonin ilk illorindo orta giindalik hasilat
nisboton yiiksok olmus vo 35 t/giin toskil etmisdir.
Lakin yatagin energetik vo hidrodinamik xassolo-
rinin pis, neftin 6zliilityliniin yiiksok olmasi neftli
laylarin islonmosini daha da ¢otinlogdirmisdir.

Yataq 1955-ci ilo gadar lay enerjisinin tiikon-
masi rejimindo istismar olunmusdur.

Ilkin lay tozyigi 11-15 MPa oldugu halda

1955-1956-c1 illordo azalaraq 8.9-9.8 MPa-ya
catmigdir. Lay tozyiqini saxlamaq mogsadi ilo
1955-ci ildon laylara konturarxasi vo konturdaxi-
li suvurma prosesino baslanmigdir. 1955-1987-ci
illords aparilmis suvurmanin tohlili gdstorir ki,
konturarxasina vurulan suyun somorasi daha ¢ox
olmusdur. Bels ki, konturarxasina vurulan suyun
hesabina 1510 min t neft, konturdaxiline vurulmus
suyun hesabina iso 580 min t neft hasil edilmisdir.
Hor iki prosesin somarasi qisamiiddotli olmusdur.
Islonmonin ovvalinden Darvin kiipasi yatagi-
nin horizontlarinin conub vo morkoz saholorin-
do vurucu quyular vasitosilo laya timumilikdo
18.7 mln. m? su vurulmusdur, o ciimlodon: QLDii—
8495.7 min m?, QLDa—6402.4 min m?, QALD—
3840.1 min m?® (sokil 1).
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Vurulan suyun hacmi, min m’, neft hasilati,

QLA QLDa QLDii

‘ m Comi vurulan suyun hocmi  ® Suvurmanin tosirdon aliman neft hasilati ‘

Sakil 1. Yataq iizrs vurulan suyun hacmi vo alinan neft
hasilati

Cixarilan mayenin hocminin vurulan suya nis-
boton ¢ox olmasi sobabindon lay tozyiqi azalmus,
bu da holl olmus gaz rejimino kegmasino sabab
olmusdur. Quyularin gobuletma gabiliyyatinin
az olmas1 suvurmanin effektivliyini azaltmigdir.
1987-ci ildon 1iso yatagda suvurma prosesi da-
yandirilmigdir.

Yataq lizro 52 suvurucu quyu qazilmisdir,
miioyyan geoloji (10 quyu) vo texniki (42 quyu)
sobobloro gors istismar miiddoti orzindo bu quyu-
lar logv olunmusdur. Istismar fondundan iso 37
quyu suvurmaya calb olunmus, bu quyulardan 23
quyu — texniki, 13 quyu iss geoloji sobabdon logv
olunmusdur.

Yatagin qaliq neft ehtiyatlart Mohsuldar Qat
(MQ) cokiintiilorinin alt sébasindo comlonmisdir
(sokil 2). Sokilden goriiniir ki, qaliq ¢ixarilabilon
ehtiyatlarin 70 %-1 QLD-nin (QLD1-39 %, QLDa-
31 %), 30 %-1 iso QALD-1n payna diisiir.

01.01.2025-ci ilo QLD-nin illik neft hasilati
105.4 min t, su hasilati-43.2 min m?, mohsulun
sulasmasi 29.1 % olmusdur. Islok quyu say1 133
adad olmusdur ki, onlardan 89-u QLDii-do, 44-i
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Sokil 2. Darvin kiipasi yataginda qaliq cixarilabilon
ehtiyatlarin horizontlar iizrs paylanmasi

1s9 QLDa-ds istismardadir. Bir quyunun orta giin-
dolik neft hasilat1 2.6 t/giin toskil edir. Islonmonin
ovvalindon QLD-don 15212.4 min t neft, 6385
min m? su hasil olunmusdur.

QLD 1947-ci ildon QLDa, conub sahasindon
islonmoys daxil olmusdur. QLDa conub, morkaoz,
simal vo simal-sorq sahalori iizro neftlidir. QLD-
yo su ilo tasir 1955-ci ildon baslanmis vo su-neft
konturundan (SNK) 200-250 m maosafada yer-
loson quyular ilo aparilmigdir. QLDa vo QLDi
horizontlar1 osason conub vo morkozi saholords
sarbast soboko vo simal, simal-sorq saholorindo
1969—-1970-ci illordon iss birgs quyu sobakasi ilo
istismar olunmuslar.

QLDa obyektinin quyular1 istismara fontan
isulu ilo 12-21 t/giin neft hasilat1 ilo daxil olmus-
lar. illor {izra neft hasilatinin maksimum qiymati
1963-cii ilo tosadiif edir. 1963—1966-c1 illor hasila-
tin maksimum qiymatinin nisbaton sabitlik dovrii-
diir. 1966—-1987-ci illords hasilatin koskin diisma-
sini miisahids edirik vo bu zaman hasilat 31.7 min
t-dan 11 min t—a qodor azalmigdir. Neft hasilatinin
azalmasi vo lay tozyiqinin yiiksok templo asagi
diismosi naticosindo, quyularin gilindslik hasilati
azalmisdir. 1955-ci ildo iso QLDa horizontunun
neftli laylarina konturstrafina suvurma prose-
sina baslanilmisdir. Suvurma doévriinds horizonta
6402.3 min m? su vurulmus vo bunun naticasin-
do slavo 716 min t neft ¢ixarilmisdir. 1987-ci il-
don horizontda suvurma prosesi dayandirilmisdir.
2013-cti ildon sonra yenidon horizontun illik ha-
silatinda artim hiss edilir ki, bu da quyu sayinin
artmas1 hesabima olmusdur. Islonmonin ovvalin-
don 01.01.2025-ci il tarixina yataqdan 5730.2 min t
neft, 2554 min m? su ¢ixartlmisdir. 2024-cii ildo
illik neft hasilat1 77 min t, su hasilat1 27 min m?,

hall olmus gaz 1.8 mln. m*, mohsulun sulagmasi
189 26 %, bir quyunun orta giindolik hasilati neft
iizro 2.2 t toskil edir.

QLDii lay dostasi 1950-ci ildon islonmodadir.
Strukturun conub, morkoz, simal vo simal-gorq
saholori neftlidir. Islonmonin ilk illerinde quyu-
lar fontan tisulu ils orta glindslik neft hasilat1 11—
20 t olmagqla istismara daxil olmuslar, fontan dov-
rli iso nisboton qisa 2—3 il ¢cokmisdir. Sonra quyu-
lar gazlift istismar iisuluna kegirilmisdir. 1956-c1
ildon istismar sobokosini tamamlamaq mogsodi
ilo quyularin kiitlovi qazilmasina baslanilmis vo
bu proses 1965-ci ilo godor davam etmisdir. Illik
neft hasilatinin maksimal soviyyasi 1966-c1 ilo
254 quyunun isladiyi vaxta tasadif etmisdir. Son-
radan islok quyularin sayinin artmasina baxmaya-
raq illik neft hasilati todricon azalmaqda davam
etmisdir. QLDii islonmosinin somaraliyini artir-
maq magsadilo 1955-ci ildon suvurma prosesing
baslanilmigsdir. Suvurma dovriindo horizonta
7490.1 m in m*® su vurulmus vo bunun naticasin-
do 945 min t olavo neft c¢ixarilmisdir. 1987-ci il-
don horizontda suvurma prosesi dayandirilmigdir.
Islonmonin ovvelindon horizontdan 9482.2 min t
neft, 13313.2 min t maye, ¢ixarilmigdir. 2024-cii
ildo horizontdan 28.4 min t neft, 16.2 min m?® su,
hasil edilmisdir, mahsulun sulasmasi 36.3 %-2 ba-
rabordir. Bir quyunun orta giindslik hasilati: neft-
1.8 t, maye-2.9 t olmusdur. Aparilan geoloji-tex-
niki todbirlor quyularin hasilatinin artmasina az
komoklik etmisdir. Hasilatin artmasima QLDa vo
QLDii laylarinin birgo istismari sobab olmusdur.
Modon molumatlarinin tohlili gostorir ki, birlog-
mis laylar1 istismar edon quyularin hasilat1 laylar
ayri-ayr1 istismar edon quyulardan yiiksok olmus-
dur (sokil 3).

QALD
17%

QLDa
31%

B QALDE QLDa B QLDii

Sakil 3. islonmonin avvelindon yatagin horizontlar
iizry alinan neft hasilati

Sokil 3-do yatagin islonmonin avvalindon ho-
rizontlar {izro alinan neft hasilatinin paylanma-
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s1 gostorilmisdir, QLDii-don tmumi hasilatin
52 %-i, QLDa-don -31 %-i, QALD-don iso 17 %
alimmigdir.

Islonmonin texnoloji gdstaricilorinin illor iizro
dinamikasinda goriindiiyii kimi, QLD-ds 1947-
ci ildon basglayaraq hasilatin artimi davam etmis,
1964-cii ildo maksimum haddo ¢atmisdir. 1964—
1966-c1 illor orzindo hasilat nisboton sabit olaraq
qalmigdir. 1966-c1 ildon baslayaraq quyu sayinin
artmasina baxmayaraq 1990-c1 ilodok hasilatin
koskin azalmas1 miisahido olunur (sokil 4, a).
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Sakil 4. QLD (a) va QALD (b) iizrs islonmanin texno-
loji gostaricilorinin dinamikasi

1991-ci ildon 2010-cu ilodok hasilatin azal-
masinda boylik doyisiklik nozors ¢arpmur. 2011-ci
ildon baslayaraq illik neft hasilatinda artim bas
vermisdir. Bunu da quyu saymimn artmasi ilo
olagolondirmak olar. Quyularin kiitlovi gqazilmasi
1983-1991-ci illords hoyata kegirilmisdir. Lakin
buna baxmayaraq hasilatin diismosi davam etmis-
dir.

QLD-nin islonmasinin I moarholasi 1947—ci il-
don1964-ciiilo kimi davam edib (neft hasilati 1.72—
762.7 min t toskil edib), II morholo 1964—
1966-c1 illora tosadiif edib (neft hasilati 762.72—
772.1 min t togkil edib), islonmonin IIT morhalasi
1967-ci ildon 1992-ci ilo kimi davam edib, 1992-
ci ildon hal-hazira kimi QLD-nin islonmasi 1V
morholodadir. 1955-ci ildon baslayaraq laya su-
vurma totbiq olunmusdur vo 32 il davam etmisdir.
Quyularin gobuletma qabiliyystinin az olmasina
goro 1987-ci ildon yatagda suvurma prosesi da-

yandirilmigdir.

QALD horizontunun islonmasina 1947-ci ilda
baslanilmisdir. 1k illordo quyular istismara fon-
tan iisulu ilo 35-41 t/giin hasilatla daxil olmus-
dur. 1965-ci ilo godor horizont qarisiq rejimdo
istismar olunmusdur. 1955-ci ildon konturarxa-
sina su vurulmasima baglanmigdir. Laydan boyiik
hocmdo maye alindigina goro kontur sularinin
quyulara dogru siiziilmosi bag vermis vo quyular
5 il arzinds sulagsmisdir. SNK-nin harokati islon-
monin baslangic dévriinds conub sahasinds, sonra
150 morkozi sahodo miisahido olunmusdur. Basqga
saholords iso SNK-nin haroakati ¢ox az olmus va
geyri-miintozom stiratlo getmisdir. Sahonin conub
sahosinin axirinda iso konturun horokoti bag ver-
momisdir. SNK-nin az horokot etmosino baxma-
yaraq vurulan su ¢ixarilan mayeni kompensasiya
etmomis vo naticods layin qalxim sahasindo istis-
mar hall olunmus gaz rejiminds aparilmigdir.

Horizont tizro maksimal hasilat -116.5 min t —
1961-ci ildo alinmigdir. Bunun asas sobabi quyu
fondunun artmasi vo laya bdyiik hocmds su vurul-
mas1 olmusdur. I1lik neft hasilatinin diismosi 1980-
ci ildon baslamis vo bir miiddot davam etmisdir.
Bunun osas sobabi hasilat quyu fondunun azalma-
s1, quyularin texniki sobabdon (kolonun defektli
olmasi, sinmasi, qum tixacinin omolo golmasi,
keyfiyyotsiz sementlonmasi vo s.) siradan ¢ixmast
olmusdur. QALD horizontu conub, morkoz, simal
vo simal-sorq saholori iizro neftlidir. Islonmonin
ovvalindon horizontdan 01.01.2025-ci il tarixino
3211.4 min t neft, 1066.4 min m? su ¢ixarilmisdir
(sokil 4, b).

01.01.2025-ci il tarixino yataq iizro 733 quyu
qazilmigdir. Hal-hazirda yatagin timumi iglok ha-
siledici fondunda 207 quyu vardir ki, bunlardan
177 quyu islok, 30 quyu iso foaliyyetsiz fonddadir
(sokil 5). Yatagin suvurucu fondunda quyu yox-
dur. Islonmonin baslangicinda quyularin giindalik
hasilatlar1 bozi hallarda 3540 t-na ¢atmuis, osason
5-15 t intervalinda doyigmisdir.
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‘ Mislok hasiledici quyu fondu Faaliyyatiz quyu fondu ‘

Sakil 5. Horizontlar iizrs iimumi quyu fondu
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QLDa horizontuna 169 hasiledici, 14 suvuru-
cu quyu gazilmigdir. QLDa horizontu iizro iimu-
mi hasiledici istismar fondunda 100 quyu var ki,
bu quyulardan 89-u islok, 11 quyu iso foaliyyatsiz
fonddadir, 6 quyu miisahids fondunda, 6 quyu isa
hidrotexniki qurgular1 gozali olan quyu fondun-
dadir. Horizontun suvurucu fondunda hal-hazirda
quyu yoxdur.

QLDii horizontuna 256 hasiledici, 24 suvuru-
cu quyu gazilmisdir. QLDii horizontu iizro imumi
hasiledici istismar fondunda 01.01.2025-ci il ta-
rixo 52 quyu vardir ki, bu quyulardan 44-ii islok,
11 quyu faaliyystsiz fonddadir, 15 quyu miisahi-
do, 23 quyu iso hidrotexniki qurgulart gozali olan
quyu fondundadir. Horizontun suvurucu fondunda
hal-hazirda quyu yoxdur.

QALD horizontuna 308 hasiledici, 14 suvuru-
cu quyu gazilmisdir. QALD horizontu {izro iimu-
mi hasiledici istismar fondunda 01.01.2025-ci il
tarixo 52 quyu var ki, onlardan 44-ii islok, 8 quyu
foaliyyotsiz fonddadir, 5 quyu miisahido, 2 quyu
iso hidrotexniki qurgular1 qozali olan quyu fon-
dundadir. Suvurucu fondunda hal-hazirda quyu

yoxdur.

Aparilmis tohlil gostormisdir ki, mévcud quyu
sistemindon istifads etmoklos islonmos davam edor-
s9, mohsuldar laylardan oshomiyyatli doeracods ga-
l1iq ehtiyatlart manimsomok miimkiin olmayacaq.

Yatagin islonmosini somorali basa ¢atdirmaq
mogsadilo prognoz illori {izro islonmonin texnolo-
ji gostaricilori hesablanmis, prognoz {i¢ variantda
toklif edilmisdir. Hesablama omoaliyyati har bir se-
¢ilmis islonmo variant1 iizro aparilmisdir.

Hor bir iglonma varianti bir-birindon miioyyon
gostoricilorlo (hasil edilon maye, neft vo qazin
miqdari, foaliyyotds olan quyu fondu, gazma-
dan alinan yeni hasilat vo vurucu quyularin sayz,
neftverms omsali va s.) forqlenir ki, bu da son
morholodo kapital qoyulusu vo istismar xorclori
soviyyosindo 6z oksini tapir. Miixtolif variantla-
rin miiqayisasi vo on somorali optimal variantin
secilmasi yuxaridaki gostaricilor sisteminin toyin
edilmosi vasitosilo hoyata kegirilmisdir. Belo ki,
galan, c¢ixarilabilon ehtiyatlarin ¢ixarilmasi iiglin
quyular1 yuxari laylarina qaytarmasi vo yeni qu-
yularin qazilmasi toklif olunur.
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Synthesis, properties and application of modern chemical reagents for increasing oil production

M.M. Asadoy, Dr. in Ch. Sc., E.N. Aliyev, PhD in Ch. Sc., A.M. Salimli
SRI “Geotechnological Problems of Oil, Gas, and Chemistry”

Keywords: oil recovery, nanofluids, hybrid nanosystems, residual oil, interfacial tension.

Extraction of residual oil from low-permeability reservoirs remains a significant technical challenge, while conventional
enhanced oil recovery (EOR) methods often demonstrate limited efficiency. One of the key strategies to increase oil recov-
ery is the development and implementation of advanced chemical agents designed to improve displacement efficiency.
Recent advances in nanotechnology have stimulated growing interest in nanofluids, nanogels and nanocomposites as
next-generation EOR agents.

Nanofluids and hybrid nanosystems, such as SAIL-Al,O; + PVP, have shown promising performance in interfacial ten-
sion reduction, wettability alteration and improvement of microscopic displacement efficiency. However, issues related to
aggregation, stability loss and reduced compatibility with reservoir conditions restrict their large-scale implementation.
Continued research is therefore required to identify optimal nanofluid formulations and injection strategies.

Based on the analysis of recent years’ experiences, for example, in y-Al,0;-based nanofluids and nanocomposites,
analyzes their stability, physicochemical behavior in reservoir environments and mechanisms of enhanced residual oil
displacement. The results highlight the importance of considering the evolution of physicochemical properties under res-

ervoir conditions and optimizing composition to achieve reliable EOR performance.

Olkolarin enerji tohliikasizliyi va global bazar-
daki movgeyi osason tosdiglonmis neft ehtiyatla-
rinin hacmi, neftin vo neft mohsullarinin istehsali,
istehlaki vo ixrac gostoricilori ilo miioyyon edilir
[1]. British Petroleum sirkotinin 2023-cii ilin so-
nuna togdim etdiyi statistikaya osason, diinya {izro
tosdigqlonmis xam neft ehtiyatlar1 =~244.6 mlrd. t
(1733.9 mlrd. bar.) soviyyesindo giymatlondirilir
[2]. Neft ehtiyatlarinin hacmins goro Venesuela,
Soudiyys Orobistan1, Kanada, Iran vo Iraq lider
6lkalor sirasina daxildir [3].

Venesuela, Kanada vo Rusiya kimi 6lkolordo
neft yataglarinin boyiik hissasi ehtiyatlar1 ¢atin
¢ixarilan yataqlardan ibaratdir vo onlarin islonmo-
si ononavi istismar tisullari ilo miiqayisodo daha
yiiksok kapital qoyulusu vo miiasir texnologiya-
larin totbiqini tolab edir [4—6]. Miirokkob geolo-
ji qurulusa, zoif kegiriciliya vo yiiksokozliiliiklii
neftloro malik yataqlar bu kateqoriyaya daxildir
[7].

Movcud barpa tisullar ilo laydaki neft ehtiyat-
larinin yalniz toxminan 30-34 %-nin ¢ixarilmasi
miimkiindiir [8]. ©Ononavi EOR {isullar1 asason ter-
mal, kimyavi vo qarisdirma tasirinog asaslanan me-
todlara ayrilir [9]. Kimyovi EOR iisullarinda su ilo
birlikds sathi aktiv maddoalor (SAM), golovilar vo
polimerlor vurularaq fazalararas: gorilmonin IFT
azaldilir vo yerdoyismo somoraliyi artirilir [10].
Lakin bu isullar reagentlorin yiliksok qiymati,
stixur sothindo adsorbsiya, mosamalorin tixanma-
s1 vo lay soraitindo deqradasiya kimi problemlorlo
mohdudlasir [11, 12].

Nanohissaciklorin yiiksok xiisusi sath sahasi,
doyiskon soth enerjisi vo kolloid davranisi nozora
alinmaqla, onlarin kimyovi EOR sistemlorino
daxil edilmosi bu c¢atismazliglarin aradan qaldi-
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rilmasi tiglin perspektivli yanagma kimi qiymat-
londirilir [13]. Miixtalif torkibli nanohissaciklor
(S102, AL2Os, TiO2 v9 s.) neftvermoni shomiyyatli
doracado artira bilmisdir [14, 15].

Isin mogsadi y-AlL.Os osasli nanomayelorin
neftvermoni artirmaq iigiin totbiqino dair mévcud
todgiqatlarin sistemli tohlilini aparmaq, onlarin
sintezi, stabilliyi, fazalararasi tosirlori vo lay so-
raitino uygun yerdoyismo mexanizmlorini qiymat-
londirmokdir.

Neftvermani artiran kimyavi torkiblorin hazir-
lanmast

Son onillikds kimyovi EOR texnologiyalarinin
inkisafinda nanohissaciklora asaslanan nanoma-
yelor xiisusi yer tutur [16]. Nanomayelor klassik
SAM vo polimer sistemlori ilo miiqayisodo daha
stabil kolloid davranis vo ¢oxsaxoli tosir mexa-
nizmlori niimayis etdirir [17].

Nanomayelarin neftvermaya tasiri mexanizm-
lari

Nanomayelorin EOR prosesinda effektivliyi
osason nomlonma gabiliyyatinin doyismasi, faza-
lararas1 gorginliyin azalmasi, kapillyar qiivvalorin
zoifladilmasi vo mikrodlciilii neft damcilarinin
mobilizasiyast ilo baghdir [5, 10]. Sakil 1-do bu
mexanizmlorin imumi sxemi gostorilmisdir.

Beloliklo nanomayelorin neftvermoyo tosir
mexanizmlori asagidakilarla baglidir: nomlonmo
gabiliyyatinin doyismasi (wettability alteration);
neft/su fazalararasi sothi gorilmonin IFT azaldil-
mast; kapillyar qiivvelorin zaiflodilmasi; neftin ot-
rafinda nazik tobaqo omolo gotirmoklo yapismanin
azalmasi (disjoining pressure effect); neft klaster-
lorinin dagilmasi vo mikrodlgiilii damcilarin mo-
bilizasiyasi; polimer PVP vo SAM sistemlori ilo

sinerji effektlori.
08'2026




Tokmillosdirilmis neft barpast

-~ Agir neft molekullar:

Sulu mohlul

Mexanizml

Agur neft molekullari/hissacik/ sath mikromexanikast

Tacriiba Simulyasiya

Hissacik/sath Agir neft molekullari/su Agir neft molekullari/su Oziiliin azalmasi

Nomlonma gabiliyyatinin  Interfasil garginliyin Strukturun ayrilma
doyismosi doyismasi tozyiqi

Metod

injekt edilmis mayelorin
harakatlilik nisbatinin azalmasi

Nano-képiik
texnologiyast

EOR iigiin
nano-emulsiyalar

Sakil 1. Nano-EOR mexanizmlorinin iimumi sxemi

Nanohissaciklorin minerallarin sathins adsorb-
siyast noticosindo su ilo daha yiiksok uygunluq
yaranir vo laym tmumi hidrofilliyi artir. Layin
hidrofil hala golmasi tomas bucaginin azalmasi ilo
miisahido olunur vo bu proses adoton neftvermo-
nin yiliksalmasina sabab olur. Bununla bels, ads-
biyyatda bozi todqiqatlar neftvermonin mineralin
namliyindon vo lay suyu torkibindan asili olaraq
miixtolif istigamoatlorde dayiso bilocoyini gostorir,
bu sobabdon, nomlonmoa doyisimi mosalasi halo do
aktiv miizakiro movzusudur.

Nanohissaciklorin fazalararasi sathi gorilmaya
IFT tasiri

Nanohissaciklorin neft/su fazalararasi sahoya
(interfeysino) adsorbsiyasi fazalararasi gorilmonin
azalmasina sobab ola bilor [4]. Bununla yanas,
bozi todqgigatlarda nanohissociklorin sothi goril-
mays tasirinin zaif vo ya qeyri-xatti oldugu bildi-
rilmisdir [13]. Bu forglor nanomayelorin kimyavi
torkibindon, hissocik 6l¢iisii vo SAM-larin kon-
sentrasiyasindan asilidir. Masalon, SiO: sothino
hidrofob zoncirlor asilamaqla amfifilik “Janus”
nanohissociklori (Janus NH) sintez olunmus vo
onlarin fazalararasi sothi gorilmaoya tosiri arasdiril-
misdir [4]. Noticolor gdstormisdir ki, Janus NH-ri
miixtolif xassoloro malik olan vo asimmetrik yer-
losmis bir hissocikda iki vo ya daha ¢ox soth sahasi
olan NH-dir. Janus NH-rinin ¢ox az konsentrasi-
yas1 (masalon, 0.05 % kiitlo [13—16]) bels neft/su
sathi gorginliyini 2.28 mN/m-9 qodar azaldir; Na-
nomayenin 100 mq/L konsentrasiyasi neftvermoni
15.74 % artira biloar.

Bu molumatlar gostorir ki, hissociklorin soth
funksionallasdirilmast EOR naticalorinin idara
olunmasinda miihiim rol oynaya bilor.

Miixtalif nanohissacikli sistemlarin effektiviiyi

Odobiyyat molumatlarina asason, SiO2, CaCOs,
ALO,, TiO,, ZnO, ZrO,. Fe,0,, CuO va basqga ok-
sid osasli nanomayelor miixtolif mexanizmlor va-
sitosilo neftvermoni 8-18 % Kkiitlo artirmaga im-
kan verir [5, 14]. Ayriligda baxdiqda asagidakilar
molumdur:

- S§i0,, CaCO,: karbonat siixurlarda hidrofilli-
yin artirilmasi sayasinds 8-9 % olave neftvermoni
tomin edir;

— AL O,, TiO,: namlonms gabiliyyatini doyis-
dirmokda Si02-don effektiv olmuslar;

— ZnO: sothi gorginliyi azaldir vo neftvermonin
yaxsilagmasina sobab olur;

— ZrO,: agag1 konsentrasiyalarda bels hidrofil-
liyi artirir;

—Fe O,, CuO: siixur mikromasamslorinds neft
damcilarinin harokatliyini artirir;

— Si0O, va TiO, osash nanomayelarin sathds
nazik, asag1 enerjili toboqa yaratmasi, onlarin neft
damcilarinin siixur sothino yapismasini azaldir.
Bu mexanizm ayrilma-tozyiqi effekti adlanir vo
mikromiqyash neft klasterlorinin mobilizasiyasini
artirir [5].

Nanomayelorin sabitliyi va layda davranis

Nanomayelarin kolloid stabilliyi onlarin EOR
totbiqindo osas mohdudlasdirict amildir [11]. Yiik-
sok duzluluqg (esason bu Ca**, Mg?*, Fe*" ionlarin
hesabina) vo temperatur aqreqasiyani siirotlondiro
bilor. Bu sobabdan PVP, SAIL va digar stabillosdi-
ricilordon istifads zoruridir [18].

Nanohissaciklor ~ arasindaki  elektrostatik
itoloma qiivvolorinin azalmasi van der Vaals ca-
zibosinin stiinliik toskil etmosino sobab olur ki,
bu da hissociklorin siirotli toplanmasi vo kolloid
sabitliyin pozulmasi ilo naticalonir. Aqreqasiyanin
stirotlonmosi naticosinda: nanomayelorin effektiv
soth sahosi azalir, siixur mosamolorindo nanoma-
yenin tixanmasina sobab ola bilor, layda mayenin
miqrasiya qabiliyyatini zaifladir, naticods gdsto-
rilonlor EOR-u asagi salir.

Bu problemlori azaltmaq iiclin miixtolif sta-
billogdiricilor — polivinil polimerlor PVP, polivi-
nil asetat (PVA), soth-aktiv ion mayelor SAIL,
anionik/kationik SAM-lar vo polisaxarid osaslh
polimerlor totbiq olunur. Stabillosdiricilor nano-
hissocik sothindo qoruyucu tobago formalasdira-
raq elektrostatik vo sterik maneo yaratmaqla, na-
nomayelorin yiiksok temperatur vo minerallagsma
soraitindo uzunmiiddotli sabitliyini tomin edir.
Real soraitdo miixtolif kapillyar radiuslar, layin
heterogenliyi, siixur mikrokanallarinin handass-
si, dinamik axin sartlori nanohissaciklarin kolloid
davranisina ohomiyyatli tosir gostorir. Bu sobab-
don nanomayelorin hortorafli todqiqinds statik sa-
bitlik testlari ilo yanast nlimunalar {izorinds dina-
mik (flood) testlorindon do istifado olunur.

y-Al:0s asasli nanomayelarin EOR tatbiqinda
tstiinliiklori

v-AlOs yiiksok sath sahasi, termal vo kimyo-
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vi stabilliyi ilo EOR {i¢tin olverigli material hesab
olunur [10]. Polimer vo ionik SAM-larla kombi-
nasiyada sinergetik effekt yaranir vo neftvermo
ohomiyyatli doracads artir [11]. AL:Os/y-Al20s na-
nomayelarinin EOR-da tatbiqinin asas tistiinliikls-
ri asagidakilardir.

— Hidrofilliyin artirtlmasi. Al:Os hissaciklori
karbonat vo silikat siixurlarin sothino adsorbsiya
olunaraq hidrofob sothlari hidrofil hala gatirir. Bu,
tomas bucaginin azalmasi ilo naticolonir vo daha
effektiv su yerdoyigmosi yaradir.

— Sathi gorilmonin azalmasi. y-Al:Os nanohis-
sociklori tokbagina zaif tosir gostorsa do, polimer-
lor PVP vo SAM-larla birlikdo sinergetik effekt
yaradir. SAIL tipli ion mayeloarlo kombinasiyada
IFT azalir.

— Neftin ayrilma tozyiqinin artirilmasi. Nano-
hissociklor neft damcilarinin otrafinda nazik to-
bogo yaradaraq mikrodlgiilii neft hissociklorinin
mobilizasiyasini artirir.

— Kolloid sabitlik artir. PVP vo SAIL ilo sta-
bilizasiya olunmus y-Al:Os nanomayelori yiiksok
temperatur vo duzlulugda bels digor nanohissocik-
lorlo miigayisodo daha davamlidir.

— Gicli sinergetik xasso verir. Al:Os nano-
hissociklori  polimerlorlo  (poliakrilamid poli-
mer-HPAM, PVP), ion mayelorlo, anionik/ka-
tionik SAM-larla kombinasiyada hom reoloji
xassalori, hom do fazalararasi gorginliyi yaxsilas-
dirir. Molumatlar gostorir ki, optimal stabilizasi-
ya olunmus Al O, nanomayelari EOR prosesinds
10-15 % olavo neftvermoni tomin eds bilor. Bu
gostarici, yiiksokozliliiklii neftlords, daha yiiksok
ola bilor.

Nanopolimer va nanokompozit sistemlar

Nanopolimer vo nanokompozit sistemlar reolo-
ji xiisusiyyatlorin optimallagdirilmasi, fazalararasi
gorginliyin azalmasi vo nomlonmonin doyisdiril-
mosi hesabina miirokkob lay soraitlorindo ytiksok
effektivlik gostorir [5, 18].

Nanopolimer sistemlori

Polimer matrisino daxil edilmis nanohissacik-
lor, masalon, HPAM + SiO,, agagidaki tsttinliiklari
tomin edir: mohlulun 6zliilityiiniin 2—-3 dofo artma-
s1, polimerin temperatur vo duzluluga qars1 sabit-
liyinin yiliksalmasi, siixur mosamolorindo tixanma
riskinin azalmasi, layda su kanallarinin qarsisinin
alimmasi. Nanopolimer sistemlor hom neftin yer-
doyismasini, hom ds siixur-maye qarsiliqli tasirini
yaxsilagsdiraraq daha homogen axin yaradir.

Nanokompozit sistemlori

Nanokompozitlor, masolon, SiO. + HPAM +
SAM va digar kombinasiyalar, EOR prosesi {li¢iin

daha ¢oxfunksiyali reaktiv miihit yaradir. Nano-
kompozit sistemlor: fazalararasi gorilmoni IFT
dofalarls azalda bilir (~ 0.85 mN/m), polimer mat-
risinin mexaniki giiclinii artirir, neft klasterlorinin
dagilma qabiliyyatini yiiksaldir, adsorbsiya qabi-
liyyatini optimallagsdiraraq nanopolimer reagen-
tin sarfini azaldir, miixtolif lay soraitlorinds alava
(=12 %) neftvermani tomin edir.

Sinergetik effekt

Nanokompozitlor EOR zamani ii¢ osas tosir
mexanizmini giiclondirir: reoloji xassalori opti-
mallasdirir — suyun axin profilini yaxsilasdirir;
IFT effektini yaxsilagdirir — fazalararas1 gorginlik
dofalorlo azalir; nomlonmo qabiliyyatini doyisdi-
rir — stixur daha hidrofil hala galir.

Bu sobobdon nanopolimer vo nanokompozit
sistemlorin totbiqi yliksokozliiliiklii neft yataqla-
rinda, zoif kegiricilikli laylarda vo heterogen geo-
loji strukturlarda effektiv naticalor gdstora bilir.

Natica vo miizakiralar

Nanohissaciklar, xtisusila y-Al O, EOR saho-
sinds genis diqqat calb edir, ¢linki AL,O, asasli NH
yiiksak istilik davamligina, kimyavi tasirlors qarst
dayanigliga malikdir vo neftin harokatliyini yax-
silagdirir [10]. y-Al O, nanohissaciklarinin asagi
temperaturda vo qisa reaksiya miiddotindo hidro-
termal tisulla sintezi, eloca do onlarin neft hasila-
tinda totbiqi bir sira todqiqatlarda arasdirilmigdir.
Bu metod ekoloji baximdan olverislidir, ¢iinki
reaksiya miihiti kimi toksik olmayan su istifado
olunur. Hidrotermal sintez tisulu Si0,, TiO,, ZnO
vo AL O, kimi metal oksidlorinin alinmasinda da
genis totbiq edilir [10]. Xiisusilo Al2Os nanohis-
sociklori fazalararasi gorilmoni IFT azaldilmasi,
stixurlarin namlonma qabiliyyatinin doyisdirilma-
si vo sort lay soraitindo stabilliyin tomin edilmosi
baximindan effektiv hesab olunur.

Masamoali struktura malik y-Al O, niimunals-
rinin alinmasi praktiki shamiyyatlidir. A1,O, na-
nohissaciklori miixtalif goraitde alinir [6, 10].
Masalan, y-AlO, 200-500 °C-ds 24 saat NaOH
vo ya KOH ilo AI(NO,), prekursorundan hidroter-
mal soraitds sintez edilmisdir [6]. ©lava olaraq
500 °C-do kalsinasiya morhalosindon kegon oxsar
morfologiyali y-AIOOH-dan y-Al O, nanohisss-
ciklori alinir. Hidrotermal sintezdo bu nanokrista-
linlori ¢okdiirmok {icilin giliclii golovi metal osas-
lar1 totbiq etmoak lazimdir. y-AlL O, yiiksok istilik
stabilliyi, kimyavi miigavimat va boylik spesifik
soth sahasi ilo segilir. Sferik vo ya ¢ubuq formali
bagqa oksid hissaciklarlo miiqayisada, y-Al O, 6z-
lilliiylin azalmast vo nomlonmonin doyisdirilmo-
sindo daha yiiksok natico gostorir. Bundan slava,
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alliminium saxlayan prekursorlariin asagi qiymo-
ti, genigsmiqyash totbiglor ii¢lin iqtisadi cohotdon
sarfalidir.

Hidrotermal reaksiya ilo Alz(SO4)s, setiltrimetil-
ammonium bromid (CTAB) [17, 18] va karbamid
qarisigindan y-Al:Os nanohissaciklori 165 °C-do
24 saatda sintez edilmisdir. Belo nanohissaciklor
ortadzliiliiklii xam neftin (API = 22) EOR-u, on-
larin siixurlarda IFT vo nomlonmasini yaxsilagdira
bilir.

Hidrotermal sintez tisulu

0.00445 mol AI(NOs);-9H20 va 0.00716 mol
karbamid 100 mL distillo olunmus suda maqnit
qarigdirict vasitosilo holl edilmisdir. Karbamid
vo aliiminium nitratin mol nisbati =1.61:1 olmus-
dur. Alinmis mahlul 100 mL hacmli PTFE o6rtiik-
lii paslanmayan polad avtoklava kogiiriilmiis vo
175 °C-do 1 saat orzindo hidrotermal reaksiyaya
moruz qoyulmusdur. Reaksiya basa catdigdan
sonra sistem otaq temperaturuna qodor soyudul-
mus, omolo golmis ¢okiintii 5500 rpm-do 10 doq.
morkozdongagma iisulu ilo ayrilmisdir. Cokiintii
distillo olunmus su ilo iki dofa yuyulmus, 80 °C-
do 10 saat qurudulmus vo daha sonra 550 °C-do
6 saat arzindo kalsinasiya edilmisdir (qizdirilma
stirati 10 °C/daq). Sintez prosesinin sxematik tos-
viri gokil 2-ds togdim olunmusdur.

— AlNO), ¢ v §
) => S = ol —> @D

10 dog. qarisdirma Hidrotermal
reaktor (175 C/1 saat)

® o

" — -
Boehmit
(AIOOH)

Yuma

v-ALO, Qurutma

Kalsinasiya

Sakil 2. y-ALOs nanohissacik sintezinin sxematik tas-
viri:

1 — prekursorlarin distillo edilmis suda holl edilmasi,
2 — magqnit qarigdirma, 3 — hidrotermal isloma (175 °C,
1 saat), 4 — yuyulma, 5 — qurudulma, 6 — (AIOOH) forma-
lasmasi, 7 — kalsinasiya, 8§ — y-Al>Os nanohissociklorinin
formalasmasi

v-Al:0s nanofliiidlorinin xassalori

Standart lay soraitinin modellogdirilmasi
magsadils 2 % KCI mohlulu asas maye kimi hazir-
lanmisdir. Al-Os nanohissaciklori 0.01 %, 0.05 %
va 0.1 % kiitlo payinda mohlula slave edilmisdir.
Qarisiglar homogen dispersiyanin tomin edilmo-
si tiglin 25 kHz tezlikdo vo 160 W giicda 15 dog.
ultrasoslo islonmisdir. Hazirliqdan dorhal sonra,
25 °C temperaturda 0.1-1000 s siiriismo siiro-
ti diapazonunda Haake Mars reometri vasitosilo

reoloji 0lgmolor aparilmigdir. Biitiin y-Al:Os na-
nofliiid niimunoslori Nyuton tipli mayelor davrani-
s1 nlimayis etdirmis vo Ozliiliik 6lgma diapazonu
iizro demoak olar ki, sabit qalmigdir. Bu da Al:Os
nanohissaciklorinin sistemdo nozoragarpacaq si-
rismo Ozliililyiiniin azalmasina sobab olmadigini
gostorir (sokil 3).
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Sakil 3. y-Al:Os nanomayelarinin siiriisma garginliyin
siiriisma siiratindan asilihg::

1 —duzlu su, 2 — torkibinds 0.01-0.1 % kiitlo y-Al2Os olan
mahlul

Nanofliiidlorin qisamiiddotli kolloid stabilli-
yinin qiymatlondirilmasi ti¢lin UV—vis spektros-
kopiyast vo vizual ¢okmo testlorindon istifado
edilmisdir. 0.01 %, 0.05 % va 0.1 % Al:Os na-
nofliiidlorinin udma spektrlori 200-900 nm dal-
ga uzunlugu intervalinda, 30 dog-lik intervallarla
2 saat arzinds 6l¢iilmiisdiir. Vizual miisahidalor bu
miiddat arzinds faza ayrilmasinin vo ya ohomiy-
yatli ¢okmonin bas vermadiyini gostormisdir.

Fazalararas1 gorilmo vo nomlonmo doyisimi.
Nanofliiidlorlo neft arasindaki fazalararasi goril-
ma va ya gorginlik (IFT) AL:Os konsentrasiyasinin
tosirini qiymatlondirmok magsadilo dl¢iilmiisdiir
[10]. 0.05 % Kkiitlo Al2Os ehtiva edon nanofliiid
IFT-ni an effektiv sokildo 15.12 + 0.18 mN/m sa-
viyyosing qodor azaltmigdir. 0.1 % kiitlo konsent-
rasiyada iso azalma nisboton zoif olmusdur (18.85
+ 0.66 mN/m), bu da konsentrasiyanin [FT-ya tosi-
rinin geyri-xatti xarakter dasidigini gostorir. Siixur
niimunolorinds aparilan nomlonma testlorinin na-
ticolori Al:Os nanofliiidlerinin kontakt bucaqlarini
ohamiyyatli doracads azaltdigini vo siixurun suya
meylli hala galdiyini gostormisdir. 24 saatliq islat-
madan sonra 0.05 % va 0.1 % Al:Os nanofliiidle-
ri tam nomlonma voziyyati yaratmisdir ki, bu da
nanohissaciklorin stixur sathine adsorbsiya oluna-
raq neftin horokotliyini artirdigini tosdigloyir (cod-
val 1).

Neftcixarilma amsali. Nanofliiidlorin totbiqi ilo
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Cadval 1

Doyma 30 daq. — Kontakt 24 saat — Kontakt
soraiti bucag bucag
Adi su 100.50 (£1.23)° 106.08 (£1.12)°
Duzlu su 94.40 (£2.28)° 109.39 (£2.80)°
NF 0.01 % 90.00 (£0.81)° 64.00 (£0.67)°
NF 0.05 % 87.2 (£2.60)° 0°
NF 0.10 % 86.6 (£1.15)° 0°

neftgixarma omsali da artir. Masolon, otaq tem-
peraturunda aparilan Core-flood tocriibalorinin
naticalori bunu siibut edir. Su ilo yuyulma zamani
neftgixarma omsalinin 26 % artdig1 miisyyon edil-
misdir. Nanofliiidlorin totbiqi iso konsentrasiya-
dan asili olaraq neftgixarma omsalinin artmasina
sobab olmusdur. 0.01 % Al:Os konsentrasiyasinda
tosir zoif olmusdur ki, bu da hissociklorin geyri-ka-
fi dispersiyasi va adsorbsiyast ilo izah olunur. 0.05 %
qatiliqda orta soviyysli artim miisahidos edilmis, oan
yiiksok natica ise 0.1 % Al.Os nanofliiidi ils aldo
edilmigdir. Bu halda neft¢ixarma omsali ilkin ge-
oloji ehtiyatlara (OOIP) nisbaton 29 %-don ¢ox
olmusdur. Alinan naticalor gostarir ki, yliksok spe-
sifik soth sahasino malik Al-Os nanofltiidlori IFT-
ni azaltmaq vo nomlonmoni doyisdirmoklo neftin
harakatliyini oshomiyyatli doeracados artirir.

SAIL ilo sabitlogdirilmis nanofitiidlor. Al.Os
nanohissaciklori ilo 1-dodesilpiridinium xlorid
([Ci2py]Cl) ionik SAM-lar (SAIL) kombinasiya-
siin sinergetik tosiri aragdirilmigdir [11]. Nano-
fliiidlor avvolca PVP (1 % kiitlo) vo NaCl ehtiva
edoan distillo olunmus suda nanohissaciklarin dis-
persiyasi yolu ilo hazirlanmig, daha sonra qarisi-
ga [Cizpy]Cl olave edilmisdir. Zeta-potensial vo
vizual stabillik testlorinin naticolori gostormisdir
ki, zeta-potensialin +£30 mV vo daha yiiksok ol-
dugu dispersiyalar 7 giin arzinds sabit qalir. EOR
naticalorinin  eksperimental qiymotlondirilmasi
ALOs + PVP + SAIL sistemlorinin 12 % OOIP
olavo neft¢ixarma omsali ilo on yiiksok effektiv-
liyo malik oldugunu géstormisdir. Miiqayisa iciin,
yalmz SAIL 3.4 %, SAIL + PVP sistemi iso 7.4 %
olava neft¢cixarma tomin etmisdir. C1ximin artmast
IFT-nin azalmasi, nanohissaciklorin siixur sothino
adsorbsiya olunaraq nomlonmaeni doyisdirmasi vo
reoloji stabilliyin yaxsilagmasi ilo izah olunur.

Nanohissaciklorin konsentrasiyast va duzlulu-
gun tasiri

ALOs nanohissaciklorinin maksimal stabillik
gostoron konsentrasiyalart SAIL miqdar1 vo duz-
luluq (NaCl) saviyyasindon asili olaraq miioyyon
edilmisdir (cadval 2 va 3) [11]. SAIL konsentrasi-
yasimin artmasi elektrostatik aqreqasiya sobabin-

don nanohissaciklorin maksimum stabil yiikiini
azaldir. NaCl iso nanofliiidlorin stabilliyini zaiflo-
dir, lakin PVP sterik stabillogdirici kimi bu manfi
tosiri qismon kompensasiya edir. Optimal torkib
1 % kiitls [Cizpy]Cl, 0.5 % kiitlo NaCl va 0.13 %
kiitlo Al2Os olaraq miioyyon edilmisdir.

Cadval 2
[C12py]Cl (% kiitle) 0.01 0.05 0.10 0.50 1
A1203 (% kiitlo) 3 1 0.05 0.02 | 0.01
Cadval 3
[C12py]Cl 0.5 % kiitlo 1.5 % kiitla 5.0 % Kkiitlo
(% Kkiitla ) NaCl NaCl NaCl
0.01 0.10 0.075 0.05
0.05 0.10 0.075 0.05
0.10 0.10 0.075 0.05
0.50 0.10 0.075 0.05
1 0.13 0.10 0.05

v-Al20s asaslt nanohissaciklarin yekun tasiri

Mixtoalif islordo aparilmis todqiqatlar gosto-
rir ki, y-Al:Os nanohissaciklori, xiisusilo PVP vo
SAIL ils kombins edildikdo, fazalararas1 gorginli-
yin azalmasi, siixurlarin nomlonma qabiliyystinin
doyismasi vo nanomayelorin stabilliyinin artmasi
hesabina neft¢ixarma omsalin1 ohamiyyatli dore-
cado yiiksaldir. 0.1 % kiitlo Al2Os ehtiva edon na-
nofliiidlor duzlu miihitlords slde olunan naticalari
SAIL ils stabillogdirilmis sistemlordo daha da yax-
silasdirmigdir. Bu naticolor Al.Os asasli nanofltiid-
lorin ortadzliiliiklii xam neft yataqlarinda praktik
EOR totbiqlori tigiin yiiksok potensiala malik ol-
dugunu gostorir.

Noatica

Hidrotermal tisulla sintez edilmis y-Al.Os na-
nogdkmolorinin vo PVP, homgininl-dodesilpiridi-
nium xlorid ([Cizpy]Cl) ionik SAM SAIL ils sta-
billosdirilmis y-Al.Os osasli nanomayelorin genis
tohlili toqdim edilir. Toadqiqatlar nanomayelorin
fiziki-kimyovi xiisusiyyatlorinin, dispersiya sta-
billiyi vo fazalararas1 aktivliyinin onlarin EOR
somaraliyini miioyyon edon asas amillor oldugunu
gostarir.

1. Hidrotermal sintez (175 °C, 1 saat) yiiksok
xiisusi sotho malik y-Al:Os nanogokmalari sintez
etmoyo imkan verir.

2. SAIL-ALOs nanomayesi 0.01 % kiitlo qa-
tiliginda yiiksok kolloid stabilliyi gdstorir; 0.05—
0.10 % kiitlo diapazonunda iso ¢okmo shomiyyatli
daracads artir.

3. SAIL-AL:Os + PVP (polivinil polimerlari)
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sistemlorindo y-Al20s miqdarinin artirilmasi ma-
yenin Ozliiliyiini yiiksaldir vo SAM-larla birlikdo
totbiq edildikds yerdoyismoni yaxsilasdirir.

4. y-Al20; osasli nanomayelor neft—su sorhe-
dindos fazalararasi gorginliyi effektiv sokildo azal-
dir.

5. Optimal torkib (0.05 % kiitlo ALOs + 1 %
kiitlo PVP + 0.5 % kiitlo [Ci2py]CI + 0.5 % kiitlo
NaCl) toxminon 12 % olava neftvermo omsalini
tomin edir.

6. 0.10 % kiitlo y-AL:Os ehtiva edon nanoma-
yelor iglonmonin ikinci vo {liglincli morhalasindo

30 %-o godor olavo artim oldo edilmasine imkan
Verir.

7. SiO2 + SAM + HPAM (poliakrilamid poli-
meri) nanokompozitin ozliiliyilinii 2-3 dofo artirir,
fazalararasi1 gorilmoni 0.85 mN/m-o qodar azaldir
va neftvermo amsalinin 12—18 % artmasina imkan
Verir.

Umumilikdo, y-Al:Os asasli nanomayelar neft
hasilatinin artirilmasit EOR tigiin perspektivli rea-
gentlordir vo onlarin genis totbiqi liglin lay soraiti
ilo uygun stabillik vo torkib optimallagdiriimasi
osasdir.
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The modern manufacturing and total waste management

P.H. Mammadov, PhD in Ec. Sc.’, V.A. Alquluyev', L.V. Khurshudov', Kh.R. Necimbeyli',
K.K. Shiraliyev', V.H. Kerimov?

'Baku Engineering University,

’Institute of Mathematics of the Ministry of Science of Azerbaijan

e-mail: vkerimov@beu.edu.az

Keywords: lean manufacturing, Just-In-Time, Al-driven, 9S.

In Japan, Toyota developed a revolutionary modern manufacturing as a lean manufacturing. This highly successful method for reduc-
ing production waste, improving production flow, reducing production time, improvement of quality and increasing production began as a
method to compete with Western automakers and soon became a revolutionary production mentality world over. The Lean manufacturing
mainly refers to elimination of waste which currently one part of waste such us hazardous gases and wastes are disposed Environment. The
most production companies dispose these type of waste to Environment and these type of wastes damage the flora and fauna. As a systematic
way to increase efficiency lean principles run counter to traditional mass-production practices. Yet, they allow small and medium businesses
to consistently increase quality while decreasing costs. They emphasize key objectives like simplicity, flow, and balance. Companies large
and small can leap over their competition by understanding and implementing this highly efficient system. The purpose of this article is the
definition of all production wastes, and their impact to production and environment and then implementation of methods to eliminate the waste
negative impact to production cost and also to the environment.

The purpose of the study — In modern times, the definition and calculation of all wastes in modern manufacturing, enterprises are to
achieve maximum efficiency with minimum waste and continuous improvement of the quality of products and services produced without
harming the environment, human health and safety. By application of the waste management the total quality cost and total production cost are
reduced. The practical application of waste managemnt are indicated on this article.Also classification of traditional tools for waste elimination
and also definition of Artificial Intellegence(Al) application for quality improvement and waste reduction.

Research methodology — Application of total waste managemnt principlesy in production for elimination of wastes, minimising of total
cost and enhancement of perfromance and quality.

The applied significance of the study — Reducing of wastes in production, improving quality and reducing quality and tptal production
costs.

Scientific innovation of the research — By definition and calculation of all waste types the quality control can be further improved, raw
material resources can be saved, quality and production costs can be reduced. Finally the proper production planning are going to be provided.

Muasir istehsalat va imumi tullantilarin idara edilmasi

P.H. Meammadoy, i.i.f.d.", V.A. Alquluyev’, I.V. Xursudov', X.R. Nacimbayli', KK. Siraliyev', V.X. Karimov?
'Baki Mihandislik Universiteti,
2Elm va Tahsil Nazirliyi Riyaziyyat institutu

Acar so6zlar: gonaatcil istehsal, Just-In-Time, stini intellektli idaraetms, 9S.

Yaponiyada Toyota sirkati muasir istehsalati yani ganastcil istehsalat kimi taninan inqgilabi istehsalat prosesini yaratd.
istehsalat tullantilarinin azaldilmasi, istehsal axininin yaxsilasdinlmasi, istehsal muddatinin azaldilmasi, keyfiyystin
yaxsilasdirilmasi va istehsalin artirilmasi Gctin bu ytksak ugurlu metod Qarb avtomobil istehsalcilari ils ragabat aparmagq
Gcln bir Gsul kimi baslamis va tezlikla btlin diinyada ingilabi istehsal diistincasine cevrilmisdir. Qanaatcil istehsal asasan
tullantilarin atilmasini da nazarda tutur, hazirda tullantilarin bir hissasi, masalen, tahliiksli gazlar ve tullantilar straf muhits
atilir. Istehsalatla masgul olan bazi sirkatlar bu tip tullantilari straf miihits atir ve bu tip tullantilar flora ve faunaya zerar verir.
Samaraliyi artirmagin sistemli bir yolu olaraq Qanasatcil prinsiplar ananavi kitlavi istehsal tacriibalarina ziddir. Bununla bels,
bu istehsalat prinsipi kicik vo orta miassisalara xarclari azaltmagla keyfiyyati ardicil olaraq artirmaga imkan verir. Burada
sadalik, axiciliq va balans kimi asas magsadlari vurgulayirlar. Béyuk va kicik sirkatlar bu yiiksak samarali olan sistemi basa
dismak va tatbiq etmakls ragabati artira bilarler. Bu magalanin magsadi biitln istehsal tullantilarinin tarifini va onlarin
istehsalata va atraf muhits tasirini, hamginin tullantilarin istehsal xarclarina va atraf miihits manfi tasirini aradan galdirmag
metodlarinin tatbigini géstarmakdir.

Tadgigatin maqgsadi — muasir dévrds istehsalatda buttn tullantilarin miiayyan edilmasi va hesablanmasi muiassisalarin
minimum tullanti ilo maksimum samaraliys nail olmasi ve atraf mihits, insan saglamligina va tahlikasizliyina zsrar vermadan
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istehsal olunan mahsul va xidmatlarin keyfiyyatini davamli olaraq yaxsilasdirmasidir. Tullantilarin idare edilmasinin tatbigi il
Umumi keyfiyyat dayari ve Umumi istehsal dayari azalir. Tullantilarin idars edilmasinin praktik tatbigi bu magaladas gostarilib.
Bu maqalads tullantilarin idare olunmasinin praktik tatbigi géstarilmisdir. Homginin tullantilarin aradan galdiriimasi tigiin
ananavi vasitslarin tasnifati ve keyfiyystin yaxsilasdinimasi ve tullantilarin azaldilmasi Giciin Stini intellekt (Si) tatbiginin

ahamiyyati da gostarilmisdir.

Tadgigat metodologiyasi — tullantilarin aradan qaldirilmasi, Gmumi dayari minimuma endirmak, mahsuldarligi ve
keyfiyyati artirmaq Uclin istehsalatda Gmumi tullantilarin idars edilmasi prinsiplarinin tatbigqi.
Tadgigatin tatbiqi shamiyyati — istehsalatda tullantilarin azaldilmasi, keyfiyyatin yaxsilasdirilmasi, keyfiyyatin va

Umumi istehsal xarclarinin azaldilmasi.

Tadqigatin elmi yeniliyi — bitiin tullanti névlsrinin miisyysn edilmasi va hesablanmasi ile keyfiyyats nazarst daha da
tekmillasdirils, xammal ehtiyatlarina genast edils, keyfiyyat va istehsal xarclari azaldila bilar. Nahayat, diizgln istehsalat

planlamasini tamin etmakdir.

COBPEMEHHOG npoun3BOACTBO U KOMIJIEKCHOE yrnpaBJ/ieHne oTxoaamMu

M.X. Mamegos, a.0.3.H.", B.A. Anrynyes', U.B. Xypuygos', X.P. Hegxumbennn', KK. Lnpanves!, B.X. Kepumos?

"BaKMHCKMIN MHXXEHEPHDBIV YHUBEPCUTET,

2HCTUTYT MaTeMaTukM MuHUCTEpCTBa Hayku AsepbaiigykaHa

KnroueBble cnoBa: 6epexxaviBoe nponssoactao, Just-In-Time, ynpaBneHve Ha ocHoBe WA, 9S.

B AinoHunn komnaHusa Toyota pa3paboTana peBO/IOLIMOHHBIA MPON3BOACTBEHHBIN MPOLLECC, U3BECTHBIN Kak bepexan-
BOE MPOU3BOACTBO. DTOT YPEe3BblYAHO YCMELLHbIA METOZ COKPALLEHWS MPOU3BOACTBEHHBIX OTXOZOB, YAYYLUEHWUS MPO-
M3BOACTBEHHOIO MOTOKA, COKPALLEHWS BPEMeHV MPOU3BOACTBA, MOBbILLEHNSA KAauyecTBa U yBEMUYEHUSI 06bEMOB NMPOU3-
BOZCTBAa HauMHaACsA Kak Cnocob KOHKYPEHLMW C 3anafHbiMy aBTOMPOW3BOAUTENSAMY U BCKOPE CTal PEBOFOLMOHHBIM
NMPOU3BOACTBEHHBIM MOAXOAOM BO BCEM MUpe. bepexnnBoe NMpou3BOACTBO B OCHOBHOM MOAPa3yMeBaeT yCTpaHeHve
OTXOZOB, YacTb KOTOPbIX, TaKMX KaK OMacHble rasbl 1 OTXOAbI, B HACTOsLLLEE BPEMS YTUAN3UPYETCA B OKPY>KatoLLEN cpese.
BO/IbLIMHCTBO NMPOU3BOACTBEHHBIX KOMMaHWUI YTUAMU3VPYIOT TakMe OTXOAbI, HaHoCALMeE Bpes dnope u dayHe. Kak cucre-
MaTUYECKMIA CNocob MoBbIWEHNUs 3GDEKTUBHOCTY, NMPUHLMMbI BEPEXIVBOrO NPOW3BOACTBA NMPOTUBOPEYAT TPaANLIMOH-
HbIM MeTOZaM MaccoOBOrO MPOW3BOACTBA. TEM He MeHee, OHU MO3BOJISAIOT MaJbIM U CPEAHVM NMPEANPUATUAM MOCTOSHHO
MOBbILLIATL KAYECTBO MPU OAHOBPEMEHHOM CHUXEHWM 3aTpaT. OHW NMOAYEPKMBAOT KIHOYEBBIE LiE/IW, TaKMe Kak MpoCToTa,
noToK 1 6anaHc. KpynHbie v Manble KOMMaHUM MOTYT 060MTN CBOMX KOHKYPEHTOB, MOHUMAas U BHEAPSS 3Ty BbICOKO3Gd-
bekTnBHYyto cuctemy. Llenb 3Tow cTaTby — onpegeneHne BCeX MPOU3BOACTBEHHbIX OTXOAOB, MX BAUSAHUA Ha MPOU3BOACTBO
N OKPY>KatoLLLyHo Cpegy, a 3aTeM BHeApeHVE METOAOB YCTPaHEeHWs HEraTUBHOTO BVSHWS OTXOA0B Ha Ce6eCTOMMOCTb Npo-

M3BOACTBA M OKPY>KatOLLYO CPEAY.

Llenb nccnepoBaHms — B COBPEMEHHYH 3MOXY OMpeAeNeHre N pacyeT BCEX BUAOB OTXOZLO0B B NMPOW3BOACTBE MO3BO-
NAOT NPEANPUATUAM AOCTUraTb MakcMManbHOM 3GbEKTUBHOCTY MPY MUHMMU3ALMM OTXOAOB ¥ MOCTOSAHHOM YJyuULUEeHWM
KayecTBa NMPOV3BOAMMON NPOAYKLIMM 1 ycayr 6e3 Bpesa AN OKPY>KatoLLen Cpesbl, 340P0BbA 1 6€30MacHOCTM YesoBeKa.
lNpVYMeHEeHNe METOAOB YrNpaBAeHWs OTXOAaMWN MO3BOJSET CHU3WTL OBLLME N3AEPKKM Ha MPOU3BOACTBO M OBLLME NPOoun3-
BOZCTBEHHbIE 3aTpaThl. [1pakTMyeckoe NpMMEHEHVE METOA0B YrpaBaeHWs OTXO4aMM NOKa3aHo B JaHHON cTaTbe. B cTaTbe
paccMaTpuBaloTCA MPakTMUeCKne acnekTbl YNpaBaeHVs OTXOAaMy, a TakxKe Knaccubukaumsa TpagnuLMOHHbIX MHCTPYMEH-
TOB YTUAM3ALMN OTXOA0B U OMpeAeneHve NPUMEHEHWS NCKYCCTBEHHOTO UHTeanekTa (W) ana noBbilweHns KayecTBa U

COKpALLEHNS OTXOLOB.

MeTtoaonorusa uccnepaoBaHusa — NPUMeHEHWE MPUHLIMIMOB KOMIIEKCHOTO YrpaBieHUsl OTXO4aMU B MPOU3BOACTBE
[N YCTPAHEHWs OTXOA0B, MUHUMU3aLMMN OBLLMX M34EPXKEK U MOBbILIEHWS MPOV3BOAUTENBHOCTM U KayecTBa.

MpuknagHoe 3HaUeHNe UCCNIe0BaHNsA — COKPALLEHNE OTXOAOB B MPOU3BOACTBE, YNyULLEHNE KAUECTBA U CHUXKEHNE
N34ep>KeK Ha NMPOV3BOACTBO N O6LLME NPON3BOACTBEHHbIE 3aTPaThI.

HayuHaa MHHOBaLMOHHOCTb UCC/IEA0BaHNUs — OMpPeJesieHNe 1 pacyeT BCEX BUAOB OTXOAOB MO3BOJAIOT AOMOAHU-
TeNbHO Y/IyULWUTb KOHTPOJIb KaYeCTBa, CAKOHOMUTL ChIPbEBbIE PECYPCbI, CHU3UTb U3AEPXKKM Ha MPOM3BOACTBO U KauecTBo.
B KOHEUHOM MTOTe 3TO 0becneumnT Hagnexallee NaaHMpoBaHVe MPON3BOACTBA.

Introduction

In short, lean manufacturing is a continuous
improvement philosophy promoting system-wide
efficiency. Indeed, this system values balanced
productivity that harmonizes across the entire
value chain. If a particular line is more productive
than the other parts in the value chain, it does not
benefit the efficiency of production. Therefore, lean
manufacturing principles adjust for overall efficiency
rather than settling for individual productivity [1].
Lean management in manufacturing provides a
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sustainable competitive advantage by streamlining
the production process from raw material to customer.
And reduction of total waste and non-value-added
activity increases total system efficiency. Whereas
the mass production method developed by Henry
Ford might increase total output to increase profits,
Toyota-inspired lean focuses on smaller batches to
smooth production flow in the plant. So the result
is a reduction of non-value-added activity and a
subsequent increase in value-added activity. Without
increasing the number of employees or adding new
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equipment, meaningful output is increased as a
ratio to busy work. Built on the Japanese model of
efficiency, lean manufacturing seeks to continuously
reduce muda or waste. And the power of lean
manufacturing lies within its ability to find processes
and actions to reduce or eliminate the total waste
from production process so this increases quality,
and enhances customer satisfaction [2].

The Importance of Reducing Cycle Time

There are numerous reasons to reduce cycle time
and waste, some of which are less obvious than
others. Cycle time refers to the length of time it takes
to convert raw materials into finished goods. And the
length of this cycle determines the company’s ability
to convert assets into profits [9]. A company able to
reduce cycle times more than their competitors will
be able to respond more quickly to market demands
and thus gain a larger market share. Some of the
many benefits of reducing cycle times include:

— innovation opportunities

— better distribution positioning

— increased productivity

— higher customer satisfactio

— advantaged profitability potential

The Lean production and Total Wastes

Lean production does not focus exclusively on
total waste reduction, but total waste is minimized or
eliminated more as an inevitable byproduct of better
production flow. It may seem obvious that total
waste hurts productivity and profitability, increase
production cost and additionally has the negative
impact to enviroment. The one part of genearted
waste are disposed to Environment which then cause
the killing of flora and fauna. But the importance of
reducing total waste is often underappreciated. There
are numerous areas of waste that go overlooked.
Lean manufacturing typically focuses on below
waste typess: The below all waste types genearte
Management of Total Waste [3].

1. Received Raw material Defects: A defective
part caused by poor quality inputs, user error, or
other problems is costly and easily avoided.

2. Received defects supplementary materials
(Grease, Oil, chemical and other used ones): the
recived defective supplementary materials cause the
cost.

3. The poor storage of supplementary materials
such chemiclas or olis cause the cost.

4. Adjustment Defects: This type of waste are
generated by while changing of different size of
product with each others. Example the 500 mm

diemeter piping production are finished and then
another piping with size of 720 mm are fixed to the
production line. So the 500 mm piping mold removed
and 720 mm piping mold are fixed. While start up
for 720 mm piping production the adjustment piping
defect are occurreda as a adjustment waste. The zero
defect are not possible but the elimination it to zero
are possible.

5. Overproduction: Overproducing irrespective
of demand or capacity is wasteful and not considerate
of the customer.

6. Waiting: Bottlenecks occur due to oversupply
orundersupply and should be handled by better supply
chain management and personnel management.

7. Not Utilizing Talent: Waste occurs when
the skills of the workforce are underutilized or
misappropriated. Human talent is a highly valuable
and often overlooked commodity.

8. Transportation: Movement to and from
docks and warehouses is an area for potential waste
reduced by better layout and better aligned process
flow.

9. Inventory Excess: Numerous factors can lead
to excessive inventory, which, in a mass production
paradigm, might appear as productivity, yet does not
benefit the overall process.

10. Motion waste: Even the repetitive motions
of employees on the assembly line can diminish
productivity and contribute to waste.

11. Excess Processing: Avoid redundancy and
unnecessary steps.

12. Poor packaging of product causing defects.

13. Poor transportation of produced product
to customer (Sometimes the damaged products
were disposed to Environment which may cause
negative impact to Environment).

14. Poor storage of final product in company
storage causing defects.

15. Poor storage of final product in customer
storage causing defects (Considering the lack of
raw materials the poor storage of product may cause
additional production which may lead to much more
use of raw materials.

16. Defects raised by eduipment failure.

17. Defects raised by in proper replacement of
any parts in equipment.

18. Hazardous liquid and gases as a waste
raised form equipment operation.

This type of waste must be considered as a
waste not to be disposed to environment and to be
minimised and to be treated. The total cost of waste
include this waste. The increased waste may cause
environmental pollution If no any treatment by
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company. Currently most of companies in the world
dispose these type waste to the envionment. The cost
of penalty for disposal of waste to the environment
are linked directly to the cost of product produced
from the equipment [4]. The all production wastes
must be defined prior to start up production. Each
product and services has their owned defects prior
production and servies. For example metal piping
and boxes production has possible defects: Surface
Defects (poor welding), Dimensional Defects, cracks
and others). Also the while production the cooling oil
(for cooling of product and prevention of corrosion)
mixed with coal (for welding) are produced as a waste
and must be treated for separation of oil and coal.
But this waste waste are disposed to Environment
by companies and cause negative affect on flora and
fauna.

Total Waste calculation = RMW + RW + SW +
+PPW + AW + FPW + PTW + HW.

Total Waste = (RMW + AMW + PPWW +
+ AWW + SPW + FPWW + PTWW + HWW).

Raw material waste — RMW, Auxuilary ma-
terial waste - AMW.

In process product waste — PPWW, Adjust-
ment waste — AWW,

Equipment spare parts waste — SPW, Final
prioduct waste — FPWW,

Waste generated while packaging or while
tightening — PTWW.

Hazardous waste and gases produced from pro-
duction — HWW. This waste are called the *hidden
waste* and must be calculated as a waste cost and
to be considered in total waste cost. The produc-
tion cost must include the total waste cost cocver-
ing *hidden cost*.

Example: Company produce metal piping.
The total waste cost were calculated

Raw material waste — RMW = 300$, Auxuilary
material waste — AMW = 7008$.

In process product waste — PPWW = 2003, Ad-
justment waste — AWW = 808.

Equipment spare parts waste — SPW = 1508,
Final prioduct waste — FPWW = 2508.

Waste generated while packaging or while
tightening — PTWW = 2308$.

The total waste cost were = 1910 $.

But after consideration of the HWW the Total
waste cost were 2710 $.

Hazardous waste and gases produced from pro-
duction — HWW = 800 § (The utilization cost).
The HWW waste include: disposed oily water
while production process (oily water used for
cooling and preventing of produced pipe against
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corrosion) and used coal and welding rod.

The Powerful Benefits of Lean Manufactur-
ing for reducing total waste.

While many assume lean manufacturing only
benefits large, repetitive, mass-production opera-
tions, the fact is small-medium sized manufactur-
ers can also benefit. Lean manufacturing princi-
ples can impact the average producer in a powerful
way that extends beyond just financial gains [5].
Here are some of the many powerful benefits of
adopting lean manufacturing for maangement of
total waste and reducing it:

— lean identifies value as defined by customer
demand, thus leading to more satisfied customers.
This lead also to minimise the product and service
waste from customers.

— lean removes wastes like inventory, transpor-
tation, and others.

— lean shortens cycle time and increases pro-
duction leading waste reduce in process.

— lean brings about greater employee morale
and buy-in. Greater morale cause waste reduce
generated by employee mistake.

— lean causes raw materials waste reduce in in-
ventory management. The Lean lead to effective
inventory management.

— lean reduces the amount of space needed for
production.

— lean increases cash on hand.

— lean focuses on pull — or demand-based flow
manufacturing — rather than push.

— lean reduces equipment failure to prevent
product waste.

Lean Manufacturing Principles which lead to
minimising of total waste [6].

Lean manufacturing is more than just a way
to make products. Essentially, it is a school of
thought. And while there are many lean manu-
facturing principles that make up this school of
thought, much of the power for this system is con-
tained in just five primary concepts. These five
leading principles or values were most famously
articulated in the 1990 book, “The Machine That
Changed the World,” by James Womack, Daniel T.
Jones, and Daniel Roos. And understanding these
five lean manufacturing principles will enable you
to transform your business into a lean production
machine [7]:

1. Specify value as perceived by the custom-
er: Value must be perceived through the custom-
er’s eyes — not merely based on the product you
can provide, but the end solution they actually
want.
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2. Identify the value stream: Rather than
thinking in terms of departments, companies using
lean principles will visualize the value stream as
an interconnected flow of processes that provide
value; this does not include any processes or steps
that do not directly contribute to the value.

3. Make the value flow through the value
stream: The focus must be on value-adding steps;
if non-value-adding steps are necessary, perform
them simultaneous to the value-adding steps, but
never put them before.

4. Pull the value from the value stream:
Avoid inventory management waste by shifting to
a single-piece flow that produces products on de-
mand as needed.

5. Strive for perfection: The goal is not to
improve beyond your competitors but continuous
improvement and perfection in every way — from
order processing to logistics to customer ser-
vice.

4. Lean Manufacturing Tools leading to
waste management and waste reduce.

Lean production is all about getting the most
out of every resource and finding better and better
ways to do things. In this pursuit, numerous lean
manufacturing tools have been developed and
refined. And here are some of the most powerful
tools to use in your lean manufacturing operations
[8]. The 8S in quality management refers to a sys-
tem that enhances workplace organization and ef-
ficiency, focusing on seven key elements: Sort, Set
in order, Shine, Standardize, Sustain, Safety, and
Spirit. This approach aims to improve quality and
reduce waste by promoting a clean and organized
work environment [9]. 9S is a system emphasizing
cleanliness and organization in the workplace by
following seven essential standards:

1. Sort: keep workplace free of all unnecessary
items.

2. Set: all things should be in order for each
unique workplace to ensure maximum ease and
efficiency.

3. Shine: everyone should be a janitor; every-
one is responsible for keeping their workspace
clean and tidy.

4. Standardize: all roles and tasks should be
standardized in lists and schedules to promote
good habits.

5. Sustain: ensure everyone is committed to
the long-term goal.

6. Safety: The safety is a tool for effective safe-
ty management, including the prevention of haz-
ards, fatal accidents, injuries, and deaths. A safe

working environment is established by integrating
9S with the occupational health and safety assess-
ment series (OHSAS) [10].

7. Spirit: The impact of organisational culture
and the crucial element of respect for employees,
choosing to include “spirit or morale or rising de-
sire on each employee” as the seventh step of the
methodology highlights support for the people
factor in the workplace

8S: (Saving): Saving total production and qual-
ity cost. This stage is one of the critical stage for
elimination waste, management of quality control,
management of inventory and another activities.

9S Satisfaction: Customer and employee sati-
staction. This stage is the criical stage for achiev-
ing target in local and external markets.

Just-In-Time (JIT) Just-In-Time or Just-In-
Sequence (JIS) is a form of lean manufacturing
and a logistics method for inventory control. JIT
is a system of manufacturing what the customer
wants, in the quanity the customer wants, when
the customer wants it. This allows the reduction
or elimination of buffers or inventory, and means
the use of delivered components within minutes of
their delivery [11].

Value Stream Mapping This tool involves
creation of a flow diagram depicting each and
every step in the value process. Such a map allows
for evaluation of all steps to identify waste and in-
efficiency and to reduce manufacturing time [10].

5. Applhication of Artificial Intellegence for
elimination of waste

Al-driven tools are transforming how indus-
tries manage production waste. By leveraging ad-
vanced technologies, these tools enhance efficien-
cy and minimize waste throughout the production
process.Al-driven tools carry out the:

1. Real-Time Monitoring for Waste Track-
ing: Al systems monitor waste generation and re-
cycling rates in real time, allowing for immediate
adjustments and

2. Pattern Recognition: Tools can identify
waste categories and detect abnormal patterns
linked to specific trades.

3. Quality Control Enhancements;Automat-
ed Checks: Al-enabled cameras and sensors can
flag defects early, reducing material loss associat-
ed with rework.

4. Predictive Maintenance; Equipment Mo-
ni-toring: Sensors collect data on machinery per-
formance, allowing Al to predict failures before
they occur, thus minimizing downtime.

Al-driven tools are essential for industries aim-
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ing to reduce production waste, enhance opera-
tional efficiency, and improve overall quality. By
integrating these technologies, organizations can
achieve significant waste reduction and cost sav-
ings [12]. The last best Al-driven machine tools
for eliminating production waste include Fabrico,
Leading2Lean (L2L), Tulip, Redzone, and Trello.
These tools help streamline processes and enhance
operational efficiency.

Conclusion

With ever increasingly evolving business en-
vironment, intensified awareness and concerns
of Health, Safety and work environmental issues,
additionally the lack of raw materials and spare

parts, geopolitical and economical issues has
prompted organizations to use various efficiency
improvement tools for elimination of waste. It is
clear that one of the lean methodology tools does
have significant positive impacts on organizations
performance when effectively implemented. The
new 9S Methodology can have positive outcome
the organization performance. It is noticeable that
the goal of 9S function is broad and diverse. But
nowadays, application of Al-driven tools for elim-
ination of waste started to play great importance
for management of material resources. Consider-
ing that we have scarcity of raw materials, we has
to eliminate the waste in order to save cost, protect
environment and increase the efficiency.
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olunan enerji, hibrid sistemlar.

Daniz gaz-kondesat yataglarinin islonmasinda ciddi problemlsrdan biri axinlarin coxfazali ve ¢coxkomponentli tebisti ilo
baglidir. Bununla slagadar olaraq, quyu mahsullarinin madandaxili yigimi ve naqli sistemlarinda yiiksak enerji istehlaki bas verir.
Toplanmis istismar tacriibasi gostarir ki, qazin quruma darinliyi toekca boru kemari marsrutu boyunca denizdibinin temperaturu
ila deyil, ham da boru kemarinin uzunlugu, diametri, girisindaki tazyig, axin strati va marsrut boyunca hidravlik itkilarls misyyan
edilir.

Daniz saraitinds qaz-kondensat yataglarinin islonmasinds movcud olan bels problemlsr quyu hasilati ve nagli sistemlarinda
ylksak enerji istehlakina sabab olur. Bu, ham da daniz boru kemari sistemlari daxilinds saquli asagi va yuxari axin hissalsrinin
movcudlugu ilo slagadardir. Bels axinlarda maye fazanin borunun Gftigi hissalerinds toplanmasi naticesinds kamarin canli
kasiyinin daralmasi hesabina tazyiq déylntullarinin yaranmasi enerji sarfinin daha da artmasina sabab olur. Xisusils, multifazali
quyu mahsulunun (gaz-kondensat qgarisigi) bir boru kamari ilo yigilmasi va nagl edilmasi hidravlik migavimatin artmasina,
naticada axinlarin idars olunmasinda boyiik ¢atinliklar yaranir.

Daniz platformalarinin sahildan olan masafasindan asili olaraq, qaz ve qaz-kondensat yataglarinin imumiisloanma xarclari, elaca
da enerji sarfi shamiyyatli deracads arta bilar. Ona gora ds, daniz gqaz-kondensat yataglarinin islenmasinds iqtisadi mdlahizslar
daniz boru kemarlarinin layihalendirilmasinds bazi middsalarin shamiyystli deracads yenidan nazardan kegcirilmasini talab edir.

Maqalada daniz gqaz-kondensat yataglarinda hasil olunan quyu mahsulunun nagls hazirlanmasi prosesinds alternativ enerji
manbalarinin tatbiqi perspektivleri genis sakilda tadqiq edilmisdir. Snanavi enerji manbalarinin mahdudlugu, onlarin igtisadi ve
ekoloji problemlari nazars alinaraq, glinas, kiilak ve dalga enerjisinin texnoloji proseslara integrasiyasi imkanlari arasdiriimisdir.
Qazin qurudulmasi, separasiya va sixilma proseslarinin enerji talabati tahlil olunmus, alternativ enerji sistemlarinin tatbiginin
igtisadi va ekoloji Ustuinliiklari asaslandiriimisdir. Hibrid enerji sistemlarinin yaradilmasi ve enerji effektivliyinin artinimasi
istigamatinda praktiki takliflar verilmisdir.

nepCﬂeKTMBbl UCNoJib30BaHUA aJibTepHAaTUBHbIX UCTOYHUKOB SHeprum Npu NoAroToBke K TpaHCNopTupoBkKe nNpo-
AYKTa U3 CKBa)XKUH Ha MOPCKUX ra30KOHAEHCATHbIX MeCTOPOXKAeHUAX

3.X. VickeHaepoB, M.3. Xapbusage
Azepbaiig>KaHCKUA ToCcyAapCTBEHHbIN YHUBEPCUTET HEDTU U MPOMBILLAEHHOCTY

KnroueBble cnoBa: ra3okoHAEHCAaTHOE MEeCTOPOXXAEHWE, MOArOTOBKAa K TPAaHCMOPTMPOBKE, KOAOTMS, ajbTepHaTUBHas
3Heprus, Mopckas naathopma, 3HeprodbbeKTMBHOCTb, BO30OHOBASEMAs SHEPrUS, TMOPUAHbIE CUCTEMBI.

OpfHOWM 13 cepbesHbIX NPobiem Npu pa3paboTke MOPCKUX ra30KOHAEHCATHbIX MECTOPOXKAEHWI ABAAETCA MHOrO)asHbIN
1N MHOTOKOMMOHEHTHBIN XapakTep NMOTOKOB. B CBA3M ¢ 3TMM B cMCTeMax BHYTPUMPOMbICIOBOFO cbopa 1 TPaHCMOPTUPOBKHX
CKBaXXWMHHbIX MPOAYKTOB HabNtoZaeTcs BbICOKOE 3HepronoTpebaeHne. HakonaeHHbIN OnbIT 3KCMyaTaL My NoKasbiBaeT, YTo
rnybuHa OCyLLKW rasa onpeAensiertcs He TOIbKO TeMMepaTyport MOPCKOro AHa BAOJb TPacchl TPyHONpoBoAa, HO U f/INHOM
TpybonpoBoja, ero AMaMeTPOM, AABJEHMEM Ha BXOZAE, PACXOAOM U TMAPaBANYECKUMW MOTEPSMU BAOAb Tpacchl. Takme
npobiembl Npy pa3paboTke MOPCKMX Fra30KOHAEHCATHLIX MECTOPOXKAEHWI NMPUBOAAT K BbICOKOMY SHEPronoTpebaeHnto B
cucTeMax f06bIUN U TPAHCMOPTUPOBKM CKBaXMH. ITO TakXKe 06YCNOBIEHO HANMYNEM BEPTUKANBbHBIX YUYACTKOB - HUCXOAALLMX
N BOCXOZSLLUMX MOTOKOB BHYTPU MOPCKUX TPYOOMPOBOAHbIX CUCTEM. B Takmx noTokax obpa3oBaHve My/ibCaLluin JaBaeHnUs
13-3a Cy>KeHWs paboyero NonepeyHoro ceveHns TpybonpoBosa B pesysibTate HaKOMIEHWA XXNAKON da3bl B FOPU3OHTasIb-
HbIX y4acTKax Tpybbl MPUBOAUT K AasibHENLLEMY YBENNUEHWIO 3HEpronoTpebaeHus. B yacTHoCTH, cbop 1 TpaHCNOpPTUPOBKa
MHOFo®asHbIX CKBaXXMHHbIX MPOAYKTOB (ra30KOHAEHCATHOM CMecH) No TpybonpoBoAy MPUBOAMUT K YBEJIMYEHWUIO TNAPaB-
INYECKOro COMPOTUBAEHUS, B Pe3y/ibTaTe Yero BO3HMKAOT 60JbLUME TPYAHOCTY B YNpPaB/eHUN NOTOKaMMU.

B 3aBMCMMOCTM OT paccTosiHUA MOPCKMX NiaTtdopM OT nobepexkbs, 0bLme 3aTpaThl Ha Pa3paboTKy rasoBbIX U raso-
KOHAEHCATHbIX MECTOPOXAEHWI, a TakKe 3HepronoTpebsieHne MOryT 3HauYMTENbHO BO3PacTu. NT03TOMY 3KOHOMMUYeCKme
coobpakeHus Npu pa3paboTke MOPCKMX ra30KOHAEHCATHbLIX MECTOPOXAEHUIA TPEBYOT CYLLIECTBEHHOIO NepecMoTpa He-
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KOTOPbIX MOOXEHWIN B MPOEKTMPOBaHMN MOPCKMX TPYOOMNpPOBOAOB.

B ctaTbe MoApobHO paccmaTprBatoTCA NepCnekTUBbLl MPUMEHEHWS anbTepHATUBHBIX MCTOYHUKOB SHEPTUW B MpoLec-
Ce NoAroToBKM K TPaHCMOPTUPOBKE J0ObLIBAEMON Ha MOPCKUX Fa30KOHAEHCATHbIX MeCTOPOXAeHUAX npoaykumn. C yue-
TOM OrpaHUYeHU TPaAWLIMOHHBIX UCTOYHMKOB SHEPTUM, MX SKOHOMMUYECKUX U SKONOTMYEeCcKMX npobaem, nccnesyrorcs
BO3MOXHOCTU UHTErpaLuy CONHEYHOW, BETPOBOW 1 BONHOBOM 3HEPTUM B TEXHONOTUYECKME MPOoLLecChl. AHaIN3MPYOTCS
3HepreTMyeckme NOTPebHOCTN MPOLIECCOB OCYLLIEHNS, CenapaLMm 1 oKaTvs rasa, 0060CHOBbIBAOTCA 3KOHOMUYECKME U 3KO-
JNormyeckune NpenMyLLecTBa NPYMEHeHNs anbTePHATUBHbIX dHepreTMyecknx cucteM. JlatoTca npakTmyeckme npesioxeHuns
Mo CO3JaHMI0 TMBPUAHBIX IHEPreTUYEeCKUX CUCTEM U MOBLILLEHNIO SHEPTOIPPEKTUBHOCTU.

Prospects of using alternative energy sources in preparation for transportation of well product in offshore gas-con-

densate fields

EKh. Iskandarov, M.E. Harbizade
Azerbaijan State Oil and Industry University

Keywords: gas-condensate field, transportation preparation, ecology, alternative energy, offshore platform, energy efficiency,
renewable energy, hybrid systems.

One of the serious problems in the development of offshore gas-condensate fields is associated with the multiphase
and multicomponent nature of the flows. In this regard, high energy consumption occurs in the systems of intra-field col-
lection and transportation of well products. The collected operating experience shows that the depth of gas penetration
is determined not only by the temperature of the seabed along the pipeline route, but also by the length of the pipeline,
its diameter, pressure at the inlet, flow rate and hydraulic losses along the route. Such problems in the development of
offshore gas-condensate fields lead to high energy consumption in well production and transportation systems. This is also
due to the presence of vertical downstream and upstream sections within offshore pipeline systems. In such flows, the for-
mation of pressure pulsations due to the narrowing of the live cross-section of the pipeline as a result of the accumulation
of the liquid phase in the horizontal sections of the pipe leads to a further increase in energy consumption. In particular,
the accumulation and transportation of multiphase well products (gas-condensate mixture) through a pipeline leads to an
increase in hydraulic resistance, as a result of which great difficulties arise in controlling flows.

Depending on the distance of offshore platforms from the coast, the total development costs of gas and gas conden-
sate fields, as well as energy consumption, can increase significantly. Therefore, economic considerations in the develop-
ment of offshore gas-condensate fields require a significant revision of some provisions in the design of offshore pipelines.

The article extensively studies the prospects for the application of alternative energy sources in the process of preparing
well products produced in offshore gas-condensate fields for transportation. Taking into account the limitations of tradi-
tional energy sources, their economic and environmental problems, the possibilities of integrating solar, wind and wave
energy into technological processes are investigated. The energy requirements of gas drying, separation and compression
processes are analyzed, and the economic and environmental advantages of the application of alternative energy systems
are substantiated. Practical proposals are given for the creation of hybrid energy systems and increasing energy efficiency.

Doniz qaz-kondensat yataqlarmin islonmasi
milasir neft-qaz sonayesinin strateji istigamotlo-
rindon biridir. Bu yataqlardan hasil olunan quyu
mohsulu ¢oxfazali sistem olub, qaz, kondensat
vo su qarisigindan ibarotdir. Onun magistral qaz
komorlorino nagli ii¢lin avvalcadon xiisusi texno-
loji proseslordon kecirilmasi tolab olunur.

Bu proseslora asagidakilar daxildir: qazin
mexaniki qarisiqlardan tomizlonmasi, kondensatin
ayrilmasi, qazin qurudulmasi, sixilmasi va stabil-
logdirilmasi.

Bu omoliyyatlar yliksok enerji sorfi tolob edir
Vo 9sason qaz-turbin qurgulari vo dizel generator-
lar1 vasitasilo tomin olunur. Lakin yanacaq xorc-
lorinin artmasi, karbon emissiyalarinin ytiksalmo-
si, ekoloji toloblorin saortlosmasi, alternativ enerji
maonboalarinin totbiqini aktuallasdirir.

Qaz-kondensat mohsulunun naqlo hazirlanma-
sinin texnoloji xiisusiyyatlori agagida izah olunan
aspektlori ohato edir [1, 2]. Qaz-kondensat yataq-
larinda hasil olunan mohsulun noqls hazirlanmasi
miirokkob ¢oxmorhoalali prosesdir. Bu prosesds
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osas magsad qazin keyfiyyot gostaricilorini stan-
dartlara uygunlasdirmaqdir [3].

Separasiya prosesi. Quyu mohsulu ilkin sepa-
ratorlarda fazalara ayrilir: qaz fazasi; maye kon-
densat; lay suyu. Bu morhaladas tozyiq vo tempera-
tur rejimlori mithiim rol oynayar.

Qazin qurudulmasi. Qazin naqli zamani hidrat-
larin amalo golmasinin garsisini almagq ti¢lin onun
torkibindoki su buxari ¢ixarilmalidir. Bunun ii¢lin
qlikol qurudulmasi vo adsorbsiya tisullari istifado
olunur.

Kompressiya prosesi. Qazin magistral komor-
lors 6tiirtilmasi {iciin onun tozyiqi artirilir. Bu pro-
ses an ¢ox enerji tolob edon morhalslordon biridir
[4, 5].

Enerji sorfiyyatinin tohlili. Noglo hazirliq pro-
seslorindo enerji sorfiyyatinin strukturu asagi-
daki kimidir: kompressorlar 50-60 %; nasoslar
10-15 %, istilik sistemlari 15-20 %; komokgi sis-
temlor 10 %.

Bu struktur gostorir ki, enerji optimallasdiril-
mas1 osason kompressor vo istilik proseslorinda
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aparilmalidir. ©nonavi enerji manbalorinin mah-
dudlugu soraitindo onlardan istifado edilmosinin
iqtisadi cohatdon olverigli olmamasi vo otraf mii-
hitin ekoloji durumuna monfi tosirlori nozors ali-
naraq, giinas, kiilok vo dalga enerjisinin texnoloji
proseslors inteqrasiyasi imkanlar1 aragdirilmisdir.
Alternativ enerji monbolori xiisusiyyatlori asagi-
daki kimi izah olunur.

Glinos enerjisi. Daniz platformalarinda giinos
enerjisindon istifado avtomatika sistemlori; olgii
cihazlari; asag1 giiclii nasoslar {igiin effektivdir.
Ustiinliiklori: ekoloji tomizdir vo istismar xarclari
azdir. Catismazliglari: hava soraitindon asilidir.

Kiilok enerjisi. Doniz orazilorindo kiilok ener-
jisi yiiksok potensiala malikdir. Ustiinliiklori: yiik-
sok enerji istehsali vo fasilosiz is rejimi. Totbiq
sahalari: kompressor stansiyalar1 vo enerji tomina-
t1 sistemlori.

Dalga enerjisi. Dalga enerjisi sabit vo proqnoz-
lasdirila bilon enerji monboyidir. Ustiinliiklori: fa-
silosiz enerji monboyi vo yliksok somoralilik.

Alternativ enerji sistemlorinin inteqrasiyasi.
Alternativ enerji monbalorinin totbiqi asagidaki
istigamotlordo hoyata kegirilo bilar.

Hibrid enerji sistemlori. ©n optimal yanasma
asagidaki kombinasiyalardir: qaz-turbin + kiilok;
giinos + akkumulyator; dalga + generator.

Enerji saxlama texnologiyalari. Bu qisimdo
batareyalar, hidrogen texnologiyalari, mexaniki
enerji akkumulyatorlar istifado olunur.

Riyazi modellogdirmo vo optimallagdirma.
Enerji sistemlorinin optimallagdirilmasi ii¢lin
asagidaki modellor istifado olunur: enerji balansi
tonliklori; coxmeyarli optimallagdirma tisullari;
kompiiter simulyasiyas1 [6]. Bu modellor vasito-
silo enerji itkisi minimuma endirilir vo sistemin
etibarliligi artirilir.

Iqtisadi somorolilik. Alternativ enerji sistem-
larinin totbiqinin iqtisadi naticalari: yanacaq sor-
fiyyatinin 2040 % azalmasi; istismar xorclorinin
azalmasi; investisiyanin geri doniis miiddoti: 5—
8il.

Ekoloji tosirin giymatlondirilmasi. Alternativ
enerji manbalarinin totbiqi naticasinda: CO: emis-
siyalar1 azalir; otraf miihito tosir minimuma enir;
ekoloji standartlara uygunluq tomin olunur.

Praktiki totbiq perspektivlori. Xozor donizi so-
raitinda: kiilok enerjisi yiiksok potensiala malik-
dir; gilinos enerjisi olavo monbo kimi istifado oluna
bilor; hibrid sistemlor daha effektivdir.

Azorbaycan Respublikast Dovlot  Statistika
Komitasinin 2025-ci il statistik mocmuasino goro,
2024-cti ildo Azaorbaycanda timumi elektrik ener-

jisi istehsali 28412.6 mln. kVt/saat (2023-cii ilo
nisbaton 893.3 mlin. kVt/saat, yaxud 3 % azal-
ma), o climlodon su elektrik stansiyalarinda —
3008.3 min. kVt/saat (1244.9 min. kVt/saat,
yaxud 70.6 % artim, pay1 10.6 %), kiilok elekt-
rik stansiyalarinda — 50.9 mln kVt/saat (4.5 min.
kVt/saat, yaxud 8.1 % azalma, pay1 0.2 %), gilinos
fotoelektrik  stansiyalarinda — 556.4 min.
kVt/saat(475.7miIn. kVt/saat, yaxud 5.9 dofoartim,
payt 2 %), tullantilarin yandirilmasi hesabina —
223 232.5 mIn. kVt/saat (9.5 mln. kVt/tsaat, yaxud
4.3 % artim, pay1 0.8 %) olmusdur.

Statistik molumatlarin tohlilinden belo natico
¢ixarmaq olar ki, alternativ barpa olunan enerji
(BOE) sistemlorinin istifadasi giinag enerjisi vo
kiilok turbinlori ilo mohdudlagib. Doniz yataqla-
rinda totbiq baximindan daha ¢ox maraq dogura
bilon soth vo dib axinlarindan enerjinin alinmasi,
dalga turbinlorinin konstruksiyalarinin yaradilma-
st masaloalori 6z hoallini tapmamisdir.

Zongin potensialina baxmayaraq, rasmi me-
lumatlar BOE istehsalinin hoals ilkin inkisaf mor-
halasinds oldugunu gostorir [7]. Bununla yanasi,
Xozor donizindo mdvcud olan dalga vo axinlar
kimi boyiik enerji potensialina malik manbalordon
hazirda istifado edilmir. Danizdo yerloson neft vo
qaz yataqlarinda BOE texnologiyalarinin tatbiqi
maosalosi xilisusi maraq dogurur. Todgiqatlara bas-
lamazdan 6nca, doniz neft vo qaz yataqlarinin yer-
lasdiyi sahalorda, eloco do hidrotexniki qurgularda
miixtolif BOE monbalorindan istifado imkanlari-
nin vo onlarin totbiqinin miimkiinliiyliniin asaslt
sokildo aragdirilmasi vacibdir.

Doniz miihitindo giinos enerjisinin totbiqi ilk
novbado qurgularin yerlogdirilmasi liglin genis
sahoyo ehtiyacin olmasi ilo mohdudlasir. Nozori
olaraq, doniz neft vo qaz yataqlarinda giinas panel-
lorinin mévcud hidrotexniki infrastruktur izorindo
o ciimlodon stasionar hasilat platformalarinda vo
estakadalarda yerlosdirilmosi miimkiindiir. Bu-
nunla belo, praktikada bir sira ¢otinliklor meydana
cixir. Masalan, stasionar platformalarin yuxart his-
sosi artiq texnoloji avadanlhiglarla six yiiklondiyin-
don olave giinog qurgularn tiglin bos saho tapmaq
¢otin olur. Asagi soviyyolor iso giinos siialarinin
birbasa diismomosi sobobindon bu maqgsad ii¢lin
yararsiz hesab edilir.

Doniz yataqlarinda xiisusilo Neft Daglari, Son-
gocal vo Pirallah1 kimi orazilordo genis estakada
sistemlori mdvcud olsa da onlarin ¢oxu uzun illor
ovval insa edildiyindon hazirki texniki voziyyati
tam qonaotboxs deyil. Bu sobabdon estakadanin
har hansi bir hissasinds yaranacaq nasazliq biitiin
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Sath axinin siirati,

orta, sm/s

Cadval 1

Sath axinin siirati, sm/s, kiilok siiratindon
(m/s) asili olaraq

15 15

Dib axin
siirati, sm/s

Qorbi Abseron va Abseron kiipasi 15-20 10-16 20-30 40-50 10-15
Giirgan-doniz 8-12 3-5 8-13 18-23 3-8
Palgiq Pilpilosi 20-25 10-15 20-28 30-40 -
Neft Daglar1 25-30 10-15 17-23 35-40 10-15
Giinosli 20-25 10-20 20-25 30-40 10-15
Z13-Hovsan sahil su zolagi 10-15 8-14 15-20 30-35 5-8
8 Mart 20-25 8-13 15-20 25-30 8-13
Bahar 22-27 10-15 15-20 30-35 4-9
Sangagal-Duvanni-Xara-Zira

sahil zonas1 7-12 4-7 12-17 25-30 3-7
aciq doniz 15-20 10-15
Bulla-doniz 6-10 3-6 10-15 20-30 4-7
Olot-doniz 13-18 8-13 13-18 25-30 5-10

giinos enerji sisteminin foaliyyotino monfi tosir
gostora bilor. Sahilyanm1 zonalarda giinos enerjisi
sistemlorinin qurasdirilmasi iso prinsipco miim-
kiin gorlinso do, burada gomigilik marsrutlari,
tohliikasizlik toloblori vo yataqlarin istismar pro-
seslori ilo uygunluq masalslari diggatle qiymaot-
londirilmalidir.

Kiilok enerjisi sistemlorino goldikds isa, on-
larin geyri-stabil enerji istehsali, enerji yigimina
ehtiyac, sas-kily va genis saha tolobi kimi xiisusiy-
yatlori onlarin doniz neft vo gaz platformalarinda
va ya onlarin yaxmlhiginda totbiqini miirakkablos-
dirir. Bu sobobdon hom giinas, hom do kiilok ener-
jisinin deniz yataqlarimin sahilyant bolgslorindo
istifadosi genis vo kompleks elmi arasdirmalar
talob edon bir sahos olaraq qalir.

Xozor donizi on firtinali denizlorden biridir.
Doniz tizorindo tez-tez oson kiiloklor donizds
kiilok dalgalar1 yaradir vo kiilok dayandigdan son-
ra tez yox olur. Xozordo omoalo golon kiilok dalga-
lar1 ohomiyyatli giico malikdir vo oksor hallarda
suyun yuxarl qatinin amolo golmosi sortlorini vo
axinlarin dorinliyini miioyyon edir. Biz Xozor do-
nizinin Azorbaycan sektorundaki neft-qaz yatag-
lar1 orazilorindo kiilok vo axinlarin dyronilmosina
hasr olunmus miixtolif todqiqatlarin naticolorini
sistemlosdirmisik.

Miixtolif yataqglarin orazilorinds yaranan axin-
lar barado malumat codval 1-ds oks olunmusdur.

Axin enerjisini ¢eviran turbinlorin effektivliyi
corayanin siirati ilo alagolidir. Masalon, Gulf Stre-
am vo Kuroshio kimi giiclii corayanlar 2 m/s siirot-
1o harokoat edirlor. Codval 1-in tohlilindon goriiniir
ki, Xozorin Azorbaycana aid hissosindo islonilon

neft-qaz yataqlarinin yerlosdiyi orazilorindo kiilo-
yin tasirindon yaranan saoth axinlarin orta siirati 20—
30 sm/s, zaif kiilloklords 10-20 sm/s, orta kiiloklor-
do 15-30 sm/s, qasirga kiiloklordo 40—50 sm/s tos-
kil edir, yoni tolob olunan siirotdon 2—3 dofo azdir.
Doanizin dibinds axin siirati daha asagidir.

Miistosna hal olaraq, Neft Daslar1 vo Cilov ada-
lararas1 akvatoriyada soth axinlarinin stirsti 70—
90 sm/s-yo catir.

Beloliklo, malum olan miasir turbinlorlo baxi-
lan regionda axinlardan enerjinin gotiiriilmasi
miimkiin hesab edilmir. Lakin golocokds asagi
stiratlo isloyo bilocok turbinlor yaradilacagi tog-
dirdo axin enerjisinin ¢evrilmasi masaloasi yenidon
aktuallasa bilor. Bu masoalonin halline 6lkomizin

Cadval 2

Dalganin hiindiirliiyii, m

Tufan
soraitindo

Miilayim
kiilokda

S?rbl Abseron vo Abseron 1.5-2.5 3.5
iipasi

Giirgan-doniz 0.5-1 1-1.5
Palgiq Pilpilosi 1.5-2 5-11
Neft Daglar1 1.5-2 5-11
Glinagli 1.5-2 5-11
Z1g-Hovsan sahil su zolagi 1-1.5 2-2.5
8 Mart 1-1.5 2-2.5
Bahar 0.5-1 2.5-3
Sgngagal-Duvanm-Xara- 1.0-15 225
Zira

Bulla-daniz 1-1.5 2-2.5
Olot-doniz 0.8-1 2-3
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alim vo miitoxassislori do 6z tohfasini vers bilar.

Enerji ¢evirmosi baximimdan maraq kosb edon
kiiloyin yaratdig1 digor fenomen dalgadir. Miixts-
lif doniz neft-qaz yataqlarinin orazilorindo forma-
lagan dalgalar barodo sistemlosdirilmis molumat
cadval 2-da aks olunmusdur.

Xazor donizi tolatlimlii donizlor sirasindadir.
Giclii dalgalanma, xiisusilo payiz vo qis aylarin-
da ason giiclii simal vo conub istiqgamatli kiiloklor
zamani yaranir. Todqiq olunan rayonlardan qisda
uistiinliik toskil edon simal vo simal-sorq kiiloklori
conuba dogru yonolmis dalgalar, yayda iso conub
va conub-sarq kiiloklori simal istiqamaotli dalgalar
yaradir. Dalgalarin hiindiirliiyi kiiloyin stiroti, da-
vamiyyati, qa¢is mosafosi vo donizin dorinliyi ilo
yiiksalir.

Cadval 2-nin tohlilindon goriiniir ki, Xozo-
rin Azorbaycana aid hissasindo islonilon neft-
qaz yataglarinin yerlosdiyi orazilorinds miilayim
kiiloklords dalganin hiindiirliiyii 0.5-2.5 m, tufan
soraitindo 1-11 m arasinda doyisir. Miistosna hal
olaraq, Neft Daslari, Palgiq Pilpilosi vo Giinosli
yataqlar1 akvatoriyasinda tufanl soraitds dalganin
hiindiirliyti 5-11 m-o ¢atir.

Dalga enerjisinin ¢evrilmosi iiglin dalga axi-
ninin birbasa turbin porlorino tosirino osaslanan
qurgular daha somarali ola bilar, ¢linki araliq ele-
mentlor olmadiginda enerji itkilorinin azalmasi
hesabina faydali ig amsali arta bilor.

Dalga elektrik stansiyalar1 {iigiin ¢ox perspek-
tivli enerji dasiyicisi, barpa olunan monbalor si-
rasinda on yliksok xiisusi giicii formalagdirmaga
qadir olan doniz dalgalaridir. Dalga enerjisi kiilo-
yin vo son naticodo giinos enerjisinin comlonmis
enerjisidir. Planetin biitiin okeanlarinin dalgalan-
masindan alinan giic giinasdon alinan giicdon ¢ox
ola bilmoz. Lakin dalgalarla isloyon elektrik ge-
neratorlarmin xiisusi giicli digor alternativ enerji
manbalarindan xeyli yliksak ola bilar.

Oxsar tobiotino baxmayaraq, dalga enerji-
si adoton gabarma-c¢okilmo vo okean axinlarinin
enerjisindon forqlonir.

Belalikls, dalgalarin amplitudundan vo tezli-
yindon asili olaraq, 7-10 s miiddstindo vo dalga
cobhasinin 1 m-9 nisbaton hiindiirliiyii 2 m olan
bir dalganin enerji aximinin giiciiniin orta doyori
40-50 kVt-dir. Yerin hor iki yarimkiirasinin orta
enliklorindo ayri-ayr1 su orazilorindo dalga aktiv-
liyi 70—100 kVt/m-lik xiisusi axinlarla xarakterizo
olunur [8]. Dalga elektrik stansiyalarin tortibat-
cilarmin garsilasmali olduglar oasas ¢otinliklor
dalgalarin yayilmasiin amplitudlar, fazalari vo
istiqgamotlorindo doyigkonlik soraitindo somorali

islomok iiclin uygun dalga enerjisi ceviricilori-
nin yaradilmasi zorurati ilo olagodardir. Bununla
bela, qurgular miikommol konstruktiv vo istismar
xtisusiyyatlorino malik olmali, etibarli vo iqtisadi
cohatdon magbul olmalidir.

Yerlosdiyi yero goro dalga enerjisi ¢eviricilo-
ri (DEC) sistemlori sahil, sahilo yaxin vo agiq
doniz kimi ii¢ yera boliintir. Doniz vo okean dal-
galariin nohong enerjisindon istifado ideyasi
diinya godor godimdir, lakin prognozlagdirilmasi
miimkiin olmadigindan vo dalga intensivliyinin
genis diapazonu sobobindon hoyata kegirilmasi
oldugca miirokkob mosolodir. Dalgalanma gey-
ri-miintozomdir. Kicik doniz dalgasi 10 kVt/m,
firtina iso 10 MVt/m gilico malikdir [9]. Buna
gora do, amplitud va tezliyin genis diapazonunda
somoarali enerji ¢ixarilmasi ii¢lin qurgunu yarat-
maq miioyyan doracads ¢otindir.

Yalniz boyiik dalgalar iiclin nazords tutulmus
elektrik stansiyasi zoif dalgalarda islomoyacok vo
yalmz zoif dalgalar {i¢iin nozordo tutulmus qurgu
firtina dalgalarinin tosirindon asanligla mohv edilo
bilor. Hoddindon artiq dalgalarin olma ehtimali
homigo var, adaton 50 il arzindo orta soviyyodon
10 dofs yiiksok dalga olur [10]. Belsliklo, konst-
ruksiya orta dalgadan yiizlorlo dofs giiclii dalgaya
davam gotirmalidir. Buna gors do, dalga elektrik
stansiyasini layiholondirorkon, adi konstruksiya-
larla miiqayisodo mohkomlik ehtiyati omsalinin
normativlordon xeyli boyiikk qobul olunmasi zo-
rurati yaranir ki, bu da DEC-lorin konstruksiyasi-
nin yliksok doyarini vo normal soraitds ¢eviricilo-
rin effektivliyinin azalmasini sortlondirir.

Doniz dalgalarinin dovrlori bir ne¢o saniyo tos-
kil edir. Nominal siirati yiizlorls herts olan elektrik
generatorlarinin somorali islomasi ii¢lin belo gey-
ri-miintozom va yavas harokatlori yiiksok tezlikli
giico ¢evirmok ¢otindir [3]. Olbatto ki, dalga gii-
cliniin yalniz bir hissasi mexaniki va elektrik ener-
jisinds istifado edils bilor, lakin su ii¢lin ¢evrilmo
omsali1 havadan daha yiiksokdir — 85 %-o qodor
[11-14].

Naticalarin miizakirasi

Dalga ¢eviricilori barado movcud patent ma-
teriallarinin tohlili vo nazari arasdirmalar natico-
sindon miioyyan olunmusdur ki, doniz dalgasinin
bilavasito turbin parloring tosiretmo mexanizmind
osaslanan dalga enerjisinin ¢eviricisi movcud de-
yil. Bu sobobdon doniz dalgasinin geviricisinin
yeni modeli toklif olunur. Qurgunun osas goriiniis-
lii cizgisi sokildo oks olunmusdur.

Bu model asasinda yaradilacaq DEC doniz
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1 — qayislt otiirmo; 2 — generator; 3 — estakadayani mey-
danca; 4 — firlanma Gtiirticiisii; 5 — dalga istiqgamotlondiri-
ci; 6 — dalga turbini; 7 — turbin dégsomasi; § — kiplosdirici;
9 — yastiqlar

neft-qaz sisteminin stasionar doniz o6ziillorindo,
estakadayan1 meydancalarda vo digor hidrotexni-
ki qurgularinda dalga elektrik stansiyalarinin asas
elementi kimi elektrik enerjisinin oldo olunmasi
tiglin istifads edilo bilar.

DEC iki hissadon ibaratdir: meydanca tizorinda
yerlagon hissalori — qayish otlirma vo generator,
meydanganin altinda yerloson hissalori — dalga
turbini, dalga istigamatlondiricisi, kiplosdirici,
yastiq vo firlanma harokatini estakada tistii qurgu-
lara 6tlirmok ti¢lin sistem.

DEC osas elementi olan dalga istigamatlondi-
ricisinin konstruksiyas1 asagidaki xilisusiyyotloro
malikdir: istigamatlondirici dalganin turbinin por-
larina 90° bucaq altinda tasir etmasini tomin edon
sokildo islonmisdir; istigamotlondiricinin foza
qurulusu hom zoif dalgalarin, hom do hiindiirli-

ylii 5 m-o catan dal@alarin axin enerjisinin tam
sokildo turbin parlorino yonlonmasini tomin edir;
istigamatlondirici dalganin istonilon istigamatindo
eyni effektivliyo malikdir.

Naticd

1. Deoniz neft-qaz yataqlarinin xiisusiyyotlo-
11, stasionar doniz neftqaz¢ixarma 6ziillorinin tex-
noloji qurulusu va estakadalarin texniki voziyyati
ilo bagli giinas vo kiilok enerji sistemlorinin genis
totbigi licin miioyyon mohdudiyyatlorin olmasi
geyd edilmisdir.

2. Xozorin Azorbaycana aid hissosindo islo-
nilon neft-qaz yataqlarmin yerlosdiyi orazilorinds
axin siiratlori zoif oldugundan, molum olan miiasir
turbinlorlo baxilan regionda axinlardan enerjinin
gotiiriilmosi miimkiin hesab edilmir, lakin, golo-
cokdo asagi stiratls isloya bilocak turbinlor yaradi-
lacagi toqdirdo axin enerjisinin ¢evrilmasi mosalo-
si yenidon aktuallasa bilor.

3. Aparilmis tohlillor noticosindo dalga enerjisi-
nin digor alternativ enerji manbalarindon daha ¢ox
enerji sixligina malik oldugu, bu enerjidon istifado
etmok Tli¢lin miixtalif név DEC layihalondirildiyi
va enerji istehsalinda dalga enerjisinin prognozla-
ra 9sason golocok dovrlordos asas enerji monboyino
cevrilocayi gostorilmisdir.

4. Islonmis yeni DEC sonaye modelinin digor-
lorindon forglondiron asas 6zolliyi, dalga axini-
nin bilavasito turbun porlorine diiz bucaq altinda
yonoldilmoasindon, dalganin hiindiirliilyiindon vo
istigamatindon asili olmamasindan, istonilon do-
niz neft-qaz hidrotexniki qurgularinda istifado
edilo bilocoyindon ibaratdir.

5. Daniz hidrotexniki qurgularinda hibrid ener-
ji sistemlari an optimal hall yoludur, ekoloji vo
iqtisadi tstlinliiklor bu texnologiyalarin totbiqini
zaruri edir.
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KORROZIYADAN MUHAFizd
SALLUNTA OT KOPPO3WK / CORROSION PROTECTION

UOT 622.197 DOI.10.37474/0365-8554/2026-08-57-65

Neft-gaz-madan avadanhiqglarinda bas veran korroziya
va duz¢okma proseslarina qgarsi fiziki va kimyavi
usullarin birgs tasirinin tadqiqi
K.9. Mammadoy, t.i.f.d."?, H.R. Qurbanov, k.e.d? $S.R. Kazimoy, t.ii.f.d.?,
A.V. Sultanova? N.K. Mammadova?®

"Neftgazelmitadgiqgatlayiha” institutu,
’Azarbaycan Dovlat Neft va Sanaye Universiteti

e-mail: k.a.mammedov@gmail.com

Acar sozlar: fiziki iisul, kimyavi tisul, quyu, inhibitor, lay suyu, aqressiv miihit, korroziya

Magals neft-qaz-madan avadanliglarinda bas veran korroziya va duz¢okma prosesina qgarsi fiziki va kimyavi Gsullarin
birgs tasirinin tadqigina hasr olunmusdur.

Neft-qaz-madan avadanliglarinda korroziya va duz¢okmsa proseslarinin qarsisini almag magsadils muxtalif fiziki ve
kimyavi mibariza Gsullarinin birgs tasirinin tatbignin ssmaraliyinin dyranilmasinin aktualligini nazars alarag, mixtslif gar-
ginlikli sabit magnit induktorlarinin daniz va lay sulari mihitinds poladin korroziya ve duz¢dkmsa intensivliyina tasirini
Oyranmak Ugiin laboratoriya seraitinds tadgiqatlar apariimis va miayyan edilmisdir ki, 280 kA/m garginlikli sabit maqgnit
sahasinda poladin islenilmasi zamani korroziya ve duz¢ékma intensivliyina maksimal tasir effekti alda edilir. Belalikls, sabit
magqnit muftalarinin tasiri sayasinda tadqiq olunan lay suyunun tarkibinds bas veran dayisiklik hesabina mihitin agressivliyi
da dayisir. Magnit sahasinin tasiri altinda hall olmus duzlar 6z strukturlarini dayismakla bark ¢oklntiler, quyudan kristallik
kigik dispers slam kimi cixarilir.

Bu baximdan 280 kA/m garginlikli sabit magnit sahasinds “KDi" ve “"KDCQ" markali inhibitorlarin birgs tasirinin éyranil-
masi Uclin tadgigatlar apariimis. 280 kA/m garginlikli sabit ve bu muhitds sinergetik effektin mévcudlugu tayin edilmisdir.

Laboratoriya tadgigatlarinin naticalarindan gériindiyi kimi, “KDI" ve “KDCQ" markali inhibitorlarin sabit magnit sahasi
ilo birge mihitds sarfinin 150 mqg/l olmasi miayyan edilmisdir. Bu halda korroziyadan mihafizs effekti 94-95 %, duz¢okma-
dan muhafizs effektivliyi iso 85-86 % taskil etmisdir. Alinan naticalarin miigayisali tahlilinden gortindiyd kimi, sabit magnit
sahasi il inhibitorlarin birgs tatbigi zamani inhibitorlarin sarfina 25 % ganaat olunur.

Bu da sabit magnit sahasinin inhibitorlarla birgs tatbiginin igtisadi baximdan daha sesmarali oldugunu gostarir.

WccnepoBaHue KOMNIEKCHOTO BOBAeﬁCTBIMI ¢M3MKO-XMMMH€CKMX MeTOAO0B Ha npoueccbl KOppo3nn U CcosleoTNo-
)XeHuA, npoucxoasauive B He(pTeI‘a3OI1pOMbICIIOBOM oGoponaaHuu

K.A. Mamegos, A.¢.T.H."?, T.P. TypbaHos, a.x.H.?, LL.P. Ka3umos, 4.¢.1.H.2, A.B. CyntaHoBa? H.K. MamezoBa?
"HMWHedTeras,
2A3epbalif>KaHCKMUIA ToCyAapCTBEHHbIV YHUBEPCUTET HEDTU U MPOMbILLIEHHOCTH

KntoueBble ciioBa: GU3NUECKMI METOZ, XMMUYECKNIA METOZ, CKBaXMHa, MHIMBUTOP, NiacToBas BOAA, arpeccrBHas cpesa,
Koppo3us.

CraTbsl NOCBALLEHA UCCAEAO0BAHNIO KOMMIEKCHOTO BO3AEVCTBUA GUINKO-XUMUYECKMX METOA0B Ha MPOLECcChl KOPPO-
3UM U CONEOTNOXKEHMS, MPOUCXoasLLMe B HepTerasonpombICIOBOM 060pyA0BaHUM.

OpfHoM 13 aKTyasbHbIX 3aay ABASETCA UcCNefoBaHne 3PGEKTUBHOCTU MPUMEHEHUS KOMMJIEKCHOTO BO3AENCTBUSA pa3-
JNINYHBIX PUBNKO-XMMUNYECKMX METOAOB KOHTPOA B HEPTAHBIX CKBaXKMHAX C Lie/blo NpeAoTBpaLLeHNA NPoLLecCcoB KOPPO-
3UM U CONEOTNIOXKEHMWS B HEDTEra3onpoMbICIOBOM 060PYAOBaHNN.

YunTbiBas akTyasbHOCTb AaHHOW MpobaemMbl, B 1abOPaTOPHbIX YCAOBUAX OblIN NPOBEAEHbI UCCAeA0BaHMSA MO U3yYe-
HWIO BJIMAAHUA MOCTOAHHbLIX MarHUTHbIX MHAYKTOPOB Pa3NMYHOIO HampsXXeHWs Ha MHTEHCMBHOCTb KOPPO3MW U CONEOT-
NOXEHWSA CTaau B MOPCKMX W MAAcTOBbIX BOAax. B pe3ysbtate n1abopaTopHbIX UCCAef0BaHNI YCTaHOBAEHO, YTO MaKCu-
ManbHbIVi 3GGEKT Ha MHTEHCUBHOCTb KOPPO3UW U CONEOTNOXKEHWS JOCTUIaeTcs npu pabote B MOCTOSHHOM MarHUTHOM
nose c HampskeHHocTblo 280 KA/M. TaknuM 06pa3oM, BCAEACTBME M3MEHEHUA COCTaBa MCCIeAyeMOol MAacToBON BOAbI
NoA AeVCTBUEM MOCTOAHHbIX MarHUTHbIX MyT U3MEHSAETCS 1 arpeccMBHOCTb Cpesbl. Moz BO3AeNCTBMEM MArHUTHOrO Mos
pacTBOPEHHbIE COIM UBMEHSIOT CBOKO CTPYKTYPY M He BbiMaAatoT B BUAE TBEPAbIX OTNOXKEHUN, @ BbIHOCATCA U3 CKBaXWMHbI
B BUAE KPUCTaNZINYeCKOro MeaKoAMCNePCHOro LWaama.

B cBAi3u € 3TMM BblAN NPOBeAEHbl NCCAEA0BAHUSA MO N3YUYEHUIO COBMECTHOFO AEMCTBUA MHIMBUTOPOB Mapok “KDI" 1
“KDCQ" B NOCTOAHHOM MarHMTHOM MoJie C HanpsXXeHHOCTbIo 280 KA/M. YCTaHOB/IEHO Hanume cuHepreTnyeckoro adpdek-
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Ta MNPV COBMECTHOM AENCTBUN UHTMOUTOPOB B MOCTOAHHOM MarHUTHOM MoJe C HanpsaXKeHHOCTbo 280 KA/M.

Mo pe3ynbTataM NabopaTopHbIX UCCAeL0BaHWI onpeaeneH pacxod nHrnbutopos mapok “KDI” n “KDCQ" B MOCTOSAH-
HOM MarHuTHOM nose Hanps>xeHnem 150 mr/a. Mpu 3ToM 3HEKTUBHOCTL 3aLLMTbl OT KOPPO3uK coctaBuaa 94-95 %, a ot
CONEOTNOXEHUN — 85-86 %. CpaBHUTENbHBIV @aHaNN3 MOJYYEHHbIX Pe3Yy/IbTaTOB NOKa3bIBAET, YTO SKOHOMUS Pacxosa UHIM-
6utopos coctaBaset 25 % Npu COBMECTHOM UCMOJIb30BaHNN UHTMBUTOPOB C MOCTOAHHBIM MarHUTHbIM MONEM.

CpaBHUTENbHbIV aHaU3 pPe3yNbTaToB NMPUMEHEHWS MHIMBUTOPOB 6e3 BO3AeiCTBMA NOCTOAHHOIO MarHUTHOTO MOASA U C
BO3/e/CTBMEM MOCTOSAHHOIO MarHUTHOTrO MOAA NOKa3blBaeT, YTO NMPUMEHeHME NMOCTOAHHOrO MarHUTHOIO MO COBMECTHO
C HrMbuTopamm 6oaee SKOHOMUYHO.

Study of the combined effect of physical and chemical methods against the corrosion and salt deposition processes

occurring in oil and gas field equipment

K.A. Mammadov, PhD in Tech. Sc."?, G.R. Gurbanov, Dr. in Tech. Sc.?, Sh.P. Kazimov, PhD in Tech. Sc.?,
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The article is devoted to the study of the combined effect of physical and chemical methods against the corrosion and
salt

deposition processes occurring in oil and gas field equipment.

One of the topical issues is the study of the effectiveness of the application of the combined effect of various physical
and chemical control methods in oil wells in order to prevent corrosion and salt deposition processes in oil and gas field
equipment.

Taking into account the relevance of the current problem, studies were conducted in laboratory conditions to study
the effect of permanent magnetic inductors of different voltages on the corrosion and salt deposition intensity of steel
in sea and reservoir water environments. As a result of laboratory studies, it was determined that the maximum effect on
the intensity of corrosion and salt deposition is achieved when working in a constant magnetic field with a voltage of 280
kA/m. Thus, due to the change in the composition of the studied formation water due to the effect of constant magnetic
couplings, the aggressiveness of the environment also changes. Under the influence of the magnetic field, dissolved salts
change their structure and do not precipitate as solid deposits, but are removed from the well as crystalline small dispersed
sludge.

In this regard, studies were conducted to study the joint effect of “KDI” and “KDCQ" brand inhibitors in a constant
magnetic field with a voltage of 280 kA/m. The presence of a synergistic effect was determined as a result of the joint effect
of inhibitors in a constant magnetic field with a voltage of 280 kA/m.

As can be seen from the results of laboratory studies, the consumption of “KDI” and "KDCQ" brand inhibitors in a
constant magnetic field with a voltage of 150 mg/| was determined. In this case, the corrosion protection effect was 94-95
%, and the salt deposition protection efficiency was 85-86 %. As can be seen from the comparative analysis of the results
obtained, the consumption of inhibitors is saved by 25 % when using inhibitors together with a constant magnetic field.

As can be seen from the comparative analysis of the results obtained from the use of inhibitors without the influence of
a constant magnetic field and with the influence of a constant magnetic field, the use of a constant magnetic field together

with inhibitors is more economical.

Neft sonayesinin siiratli inkisafi, neft-modon
avadanliglarinin istismar miiddstinin artmasi-
n1 tolob edir. Molumdur ki, korroziya noql sis-
temindo borularin, neft-moadon avadanliglarinin
vo hidrotexniki qurgularin vaxtindan tez siradan
cixmasina, miixtalif qoza, partlayis vo yangin ha-
disalarinin bas vermasinag sabab olur [1, 2].

Neft-madon avadanliglarinin korroziyaya ug-
rama sobablori miixtolif oldugundan, korrozi-
yadan miihafizo isullar1 da forqlidir [2—-8]. Son
zamanlar korroziyadan miihafizo iglin fiziki vo
kimyavi tsullarin birgs tosirinin dyronilmosi ak-
tual masalslordon biridir.

Mikroorqanizmlarin hoyat foaliyyatinin mohv
edilmoasinin fiziki metodlarina rentgen vo ultra-
bondvsoyi isiqlandirma, ultrasaslo tosir, termik
tosir, radiasiya siialanmasi, yliksok tezlikli coro-
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yan vasitasilo tosir va s. aiddir [9]. Mikroorqa-
nizmlorin hayat foaliyyetini mohv etmok {iglin
totbiq edilon fiziki metodlarin totbiqi vasitasilo
suyun sterilizasiyasi qurgunun quruldugu yerds
bas verir. Bu vasitalor boru komorlarinin daxili
sothino vo hidrogen-sulfidin monbayi olan laya
ohomiyyatli doracads tesir etmir. Sulfat reduksi-
yaedici bakteriyalar (SRB) vo hidrogen-sulfidls
cirklonmis yataqlarda yuxarida sadalanan fiziki
metodlarin totbiqi biitiin sistemin sterilizasiyasini
hoyata kecirmir. Bu soraitdo biitiin sistemin tam
sterilizasiyasi liglin fiziki vo kimyovi metodlarin
birga totbiqi, yoni avvalco kimyavi reagentlor va-
sitosilo boru komarlorinin daxili sathi vo mohsul
veran laylarin sterilizisiyasi aparilmali, sonra fizi-
ki metodlar vasitasilo laya vurulacaq su steriliza-
siya olunmalidir. Fiziki metodlarla aparilmis islor
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zamani kimyavi reagentlorls sterilizasiya vaxtasiri
olaraq aparilmalidir.

Avadanliglarda korroziya vo duz¢dkmo pro-
seslorinin qarsisin1 almaq mogsadi ilo miixtolif
fiziki vo kimyovi miibarize lisullarindan istifado
edilir. Neft-qaz sonayesinin miixtalif saholorindo
totbiq olunan fiziki tosir tisullarinda sabit vo do-
yison maqnit saholorinin istifadosi akademik A.X.
Mirzacanzads tarafindon toklif olunmus vo onun
moktobinin yetirmolorinin istiraki ilo inkisaf etdi-
rilmisdir [10]. Akademik A.X.Mirzacanzadonin
rohborliyi ilo hoyata kegirilon ¢oxsayli todqiqat-
larda maqnit sahosi vasitasilo neftlorin reotexno-
loji gostaricilorinin tonzimlonmasi masalalori dy-
ronilmisdir [11]. Aparilan todqiqat islori asasinda
miloyyon edilmisdir ki, maqgnit qurgularin vurucu
quyularda totbiq olunmasi suyun qgobuletmo qa-
biliyyatini 15 % artirir. Maqgnit saholorinin tosiri
hesabina boru xotlorindo neftlorin naql olunma
proseslorindo axinit zamani hidravlik itkilor kos-
kin azalir. Laya vurulan suyun impulslu maqnitli
saho ilo islonmasinin hesabina iqtisadi cohotdon
genaatli texnologiyanin yaradilmasinin miimkiin-
Iyt stibut olunmusdur. Sabit maqnit saholorinin
sonayenin miixtolif sahoalorinds istifads edilon
texniki sularin tomizlonmoasi vo hazirlanmasinda,
miixtolif toyinath soyudulma sistemlorinds vo na-
hayot neftcixarmada da totbiq tapmasi haqqinda
coxsayli molumatlar mévcuddur [12—-15]. Bu tod-
qigatlar asason maqnit sahasi ilo laya tosir edorok
neft quyularinin hasilatinin, suvurucu quyularin
gobuletmo imkanlarinin artirilmasina, neftin ¢ixa-
rilmasi, eloco do nogli zamani bag veron parafin
vo duzgdkmalorinin, homginin avadanliglarin kor-
roziyaya ugramasinin qarsisinin alinmasina hosr
olunmusdur [16—19].

Magqnit sahasi ilo tasir metodunun sado olma-
st onun istiin cohatlorindon biri hesab olunur. Bu
metodun catigmayan cohoti maqnit sahosini ya-
radan qurgunun qurasdirilmasi zamani yaranan
cotinliklori, nasos-kompressor borularinin (NKB)
daxili diametrlorinin kigildilmasini, miihitdon asi-
I1 olaraq naticolorin doyismo effektivliyinin proq-
nozlagdirilmasinin miirokkobliyini vo quyudibi
zonada duz¢dkmo zamani maqnit qurgusunun tat-
biq olunmasinin geyri-miimkiinliiyiinii géstormok
olar. Son illor neft sonayesi ti¢lin geyd edilon maq-
nit qurgularindan tamamilo forqli qurulusa ma-
lik, yeni sabit maqnit muftalarin totbiqi do hoyata
kegirilir. Bu muftalar borunun daxili divarlarinda
yerlosdirilmis kigik hocmli sabit magnitlordon
ibaratdir. Sabit maqgnit kimi neodium-domir-bor,
samarium-kobalt kimi nadir metallar1 arintisindon

hazirlanmis niimunslordon istifads edilir [20, 21].
Sabit maqnit muftalarinin Azorbaycanda neft
quyularinda totbiqinin somarsliyinin dyronilmo-
si aktual masalolordon biridir. Mévcud problemin
aktualligin1 nozoro alaraq, mixtolif gorginlikli
sabit maqnit induktorlarinin doniz vo lay sular
miihitindo poladin korroziya vo duz¢dkmo inten-
sivliyina tosirini dyronmok ti¢iin 24; 100; 200 vo
480 saat miiddotindo vo 25 °C temperaturda, 0.5—
1.0 m/s siiratlo horokot edon maqnitlogdirilmis vo
magnitlosdirilmomis doniz vo lay sularinda labo-
ratoriya soraitindo todqiqatlar aparilmigdir.

Tadqiqatlarin aparilmasi ligiin yiikksok moh-
komlikli P-105 markali poladdan hazirlanmis
40x25x3 mm 0Olcilii nimunsalardon vo  40; 120;
200; 280; 360 vo 400 kA/m gorginlikli sabit
magqnit induktorlarindan istifade edilmisdir.

Aparilan todqgiqatlarin mahiyyati secilmis re-
jimda daniz va lay suyu miihitlorinds harokat edon
magqnitlosdirilmis vo magqnitlosdirilmomis metal
niimunoalordo bas veran kiitlo itkisinin toyini vo
miihitdo bas veron korroziyanin gostaricilorini he-
sablamaqdan ibarotdir.

Sabit maqnit sahosindo duz¢dkmoya garst mii-
hafizo effektivliyini 6yronmok {i¢iin todqigatin me-
todikas1 asas etibari ilo laboratoriya soraitindo kal-
sium karbonat duzlarinin ¢dkmao prosesina nazarat
olunmasindan ibaratdir. Sabit maqgnit sahasinin
korroziya vo duzg¢Okmoya qarst miihafizo effek-
tivliyini 6yronmok li¢iin laboratoriya todqiqatlari
24 saat miiddotindo, miivafiq olaraq 25 vo 65 °C
temperaturlarinda, 0.5 m/s siirotlo horokot edon
magnitlosdirilmis vo maqnitlosdirilmomis doniz
vo lay sularinda aparilmisdir. Todqgiqatlarda 40;
120; 200; 280; 360 vo 400 kA/m gorginlikli sabit
magqnit induktorlarindan istifads edilmisdir. Kalsi-
um ionunun konsentrasiyasi titrlonmo metodu ilo
mioyyon edilir. Aqressiv miihit kimi yiiksokmine-
rall1 lay suyundan istifado edilmisdir. Sabit maqnit
sahosinin metalin korroziya vo duz¢okmo prose-
sina tosir effekti metalin istismar olundugu miihi-
tin statik rejimi, maqnit sahosinin tosir miiddoti vo
sahonin intensivliyindon asili olaraq dayiso bilir.
Lay suyunda korroziya siiratinin vo duz¢dkma in-
tensivliyinin maqgnit sahasinin gorginliyindon asi-
liliginin naticalori sokil 1-do verilmisdir.

Sokildon goriindiiyii kimi, 0.5 m/s siirotlo
horokot edon maqnitlogdirilmomis lay suyunda
24 saat sinaq arzinds 20 markali poladin korrozi-
ya siirati 0.73 g/m?-saat, duz¢okmao intesivliyi iso
0.0127 mq/sm?-saat togkil etmisdir. Miihito miixto-
lif gorginlikli sabit maqgnit sahasi ilo tosir etdikdo
lay suyunda korroziya vo duz¢dkmo prosesinin
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Sakil 1. Korroziya siiratinin (a) vo duz¢okmo intensiv-
liyinin (b) maqnit sahasinin garginliyindon asilihig:
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Sakil 2. 105 markal poladin lay va doniz suyunda kor-
roziya gostariciloarina sabit maqnit sahasinin tasiri

miiayyan doracads azalmast malum olmusdur.

Korroziya vo duz¢dkmoyo qarsi maksimal to-
sir effekti lay sularinin 280 kA/m gorginlikli sabit
magqnit sahasinds islonilmasi zamani oldo edilir.
Belo ki, 0.5 m/s siiratlo horakat etmoklo 280 kA/m
gorginliyo malik sabit maqgnit sahosindon keci-
rilmis lay suyunda korroziya siirsti azalaraq
0.59 g/m?*-saat va sabit maqnit sahosinin miiha-
fizo effekti 19 % olmusdur. Duz¢okmao intensivliyi
0.0097 mg/saat, miihafizo effekti iso 24 % olmus-
dur.

Tadqiqatlar naticosindo miioyyon edilmisdir ki,
280 kA/m gorginlikli sabit maqnit sahasinin aq-
ressiv mithito 24 saat tosiri zamani korroziya vo
duz¢okmadon miihafize effektivliyi 19-24 % ol-
musdur.

AZORBAYCAN NEFT TOSORRUFATI

Sabit maqnit sahasinin optimal tosir sortlorini
miioyyonlosdirmok maqsadi ilo lay vo doniz suyu-
nun harakat siirati (0.5 va 1 m/s) vo maqnitlosdiril-
mo miiddati 200 saat olmagla totqiqatlar aparilmis
vo alman naticolor sokil 2-do verilmisdir.

Sokildon goriindiiyii kimi, 0.5 m/s siirotlo
horokot edon magqnitlogdirilmomis lay suyunda
200 saat sinaq orzindo P-105 markali poladin kor-
roziya stiroti 0.3206 g/m?*-saat olmusdur. Miihito
sabit maqnit sahosi ilo tosir etdikdo doniz suyunda
korroziya prosesinin miioyyon doracodo azaldigi
toyin edilmisdir. Belo ki, 0.5 m/s siirotlo horokot
etmaklo 280 kA/m gorginliys malik sabit maqnit
sahosindon kegirilmis doniz suyunda korroziya
slirati azalaraq 0.2028 g/m?*-saat vo sabit maqnit
sahosinin miihafiza effekti 36.7 % olmusdur.

1 m/s stiratlo harokot edon maqnitlosdirilme-
mis doniz suyunda 200 saat sinaq orzindo P-105
markali poladin korroziya siirati 0.2208 g/m?saat
togkil etmigdir. Miihito sabit maqnit sahosi ilo tosir
etdikdo doniz suyunda korroziya prosesinin miioy-
yon doracado azaltmasi agkar edilmisdir. Belo ki, 1
m/s stiratlo harokat etmoklo 280 kA/m gorginliys
malik sabit maqgnit sahasindon kegirilmis doniz su-
yunda korroziya siiroti azalaraq 0.1417 g/m?-saat
vo sabit maqnit sahasinin miihafizo effekti 35.8 %
olmusdur. Goriindiiyt kimi, uzunmiiddotli maqnit
sahosinin tosiri ilo korroziyadan maksimal miiha-
fizo effekti 35.8-36.7 % toskil etmisdir.

Laboratoriya todgigatlar1 naticosindo miioyyon
edilmigdir ki, 280 kA/m gorginlikli sabit maqnit
sahosinin aqressiv miihito tosiri zamani korroziya
va duz¢okma intensivliyindo maksimal effekt aldo
edilir.

Sabit maqgnit sahosinin lay suyuna kimyavi vo
mikrobioloji tosirinin dyronilmosi {igiin Giinasli
yataginda istismar olunan 117 Ne-li sulagmis qu-
yudan niimuno gotiiriilmiisdiir. Todqiq olunan su
nlimunasini yiiksok minerallasmis natrium-hidro-
karbonatli lay suyu tipino aid etmok olar. Suyun
sixligr 1022 kg/m? togkil edir, miihit gostoricisi
pH-7.6 olmagqla ¢ox zaif qolovi xassosino malik-
dir. Aparilan todqiqatlar gostormisdir ki, tadqiq
olunan lay suyu kifayot godor korroziya aqres-
sivliyino malikdir vo miixtalif qrup bakteriyalarla
yoluxmusdur. 117 Ne-li quyunun lay suyu maqnit
sahasinds islonilmomisdon vo miioyyon miiddot
280 kA/m gorginlikli sabit maqnit sahasindo islo-
nildikdon sonra analiz edilmisdir.

Suyun torkibindo aqressiv ionlarin miqdari ki-
fayot godor yiiksokdir. Suda Fe*+Fe*", Ca’" va
Mg?*" ionlarmin miqdari, miivafiq olaraq 102; 60
vo 40, 46 mq/l toskil edir. Homin su 0.5 m/s siirati
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ilo dairovi horokoat etdirilorok 280 kA/m gorgin-
liyo malik sabit maqnit sahoasindo 400 saat orzin-
do magqnitlosdirdikdon sonra bu gdstoricilor hiss
edilocok dorocods doyisorok lay suyunun torki-
bindoki, Fe**+ Fe¥*, Ca’" vo Mg*" ionlariin mig-
dar1, uygun olaraq 70; 10.04 vo 10.32 mq/I toskil
etmisdir.

Tadqiq olunan lay suyunda sabit maqnit saho-
sinin tasirindon ionlarin miqdarinin  azalmasi,
onlarin mohlulda g¢evrilorak ¢okmasi ehtimali ilo
izah edils bilor. Bu miihitdo duzlar imumi halda
asan hidrolizo ugrayaraq osas miihitin goloviliyi-
nin giiclonmasina sabab olur vo bu da hidrogen
gostoricisilo tosdiq edilir. Biitiin bunlarin sayasin-
do miihitin aqressivliyi vo metalin korroziyasinin
azalmasi miisahido olunur.

Agressiv lay sularina maqnit sahasinin tasiri
naticosindo miihitin aqressivliyi gismon azaldigin-
dan metalin korroziya prosesi longiyir vo mohlula
kecon domir ionlarinin miqdari da azalir. Belolik-
19, 280 kA/m gorginliys malik sabit maqnit saho-
sinin tasiri sayasindo todqiq olunan lay suyunun
torkibinds bas veron doyisiklik hesabina miihitin
aqressivliyi do doyisir. Magnit sahasinin tosiri
altinda holl olmus duzlar 6z strukturlarini doyis-
moklo bark ¢okiintiilor halinda ¢ékmaoyorok quyu-
dan kristallik kigik dispers slam kimi ¢ixarilir. Bu
metodun sado olmasi onun istiin cohotindon biri
hesab olunur.

“KDI” vo “KDCQ” markali inhibitorlarin mag-
nitlogdirilmomis lay sularinda korroziyaya qarst
miithafizo effektivliyi vo optimal sorfinin miioyyon
edilmasi ti¢lin aparilmis todqigatin naticolori sokil
3-do gostorilmisdir.
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Sokil 3. Miihitlords korroziya siiratinin inhibitorlarin
miqdarindan asilihigi

Sokildon gorilindiiyii kimi, inhibitorsuz lay
suyunda niimunalorin korroziya siiroti 0.4311 va
0.7300 g/m*saat olmusdur. “KDI” markali inhi-
bitordan miihito 50; 100; 150; 200 vo 250 mgq/l

miqdarda olavo edildikds, metalin korroziya siirs-
ti azalaraq uygun olaraq 0.2973-0.0253 g/m?saat,
miihitds inhibitorun sorf miqdarindan asili olaraq
mithafizo effektivliyi iso 31-94 % toskil etmis-
dir. “KDCQ” markali inhibitordan diger miihito
50-250 mq/l miqdarda olavo edildikdos iso metalin
korroziya siirati azalaraq 0.5172-0.0392 g/m?-saat
vo miihitds inhibitorun sorf miqdarindan asili ola-
raq korroziyadan miihafizo effektivliyi 29-95 %
intervalinda olmusdur.

Tadgiqatlarin noticalori gdstorir ki, “KDI” vo
“KDCQ” markali inhibitorlarin mihitdo sarfi-
nin 200 mgqg/l-don yuxar1 qiymatlorinds korrozi-
ya siirotinin qiymatindo ciddi azalma miisahido
olunmayib. Ona goéra do korroziyadan miihafizo
moqsadilo haor iki inhibitorun miihitdo sorfinin
200 mq/1 gotiiriilmosi toklif olunur. Bu zaman kor-
roziyadan miihafizo effekti 94-95 % toskil etmis-
dir.

“KDI” vo “KDCQ” markali inhibitorlarin ag-
ressiv mithitds duz¢okmaya qarsi optimal sarfinin
miloyyon edilmasi ticlin do todqiqatlar aparilmis
vo naticalor sokil 4-do oks olunmusdur.
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Sakil 4. Duz¢okma intensivliyinin inhibitorlarin qati-
higindan asililig:

Sokildon gorilindiiyli kimi, inhibitorsuz lay
suyu mihitinds niimunalorin  duz¢dékms inten-
sivliyi 0.0096 va 0.0127 mgq/sm*saat olmusdur.
“KDI” markal1 inhibitordan miihits 50-250 mgq/1
miqdarda olavo edildikdo duz¢dkmo intensivli-
yi uygun olaraq 0.0065-0.0011 mgqg/sm*saat vo
duz¢dkmodon miihafizo effektivliyi 32-88 %
intervalinda olmugdur. “KDCQ” markali inhi-
bitordan miihito 50-250 mq/l miqdarda slava et-
dikds iso duz¢dkma intensivliyi azalaraq 0.0096—
0.0016 mqg/sm*saat vo miihafizo effektivliyi 24—
87 % intervalinda olmusdur.

Sokilds togdim olunmus todqigat naticalorinin
tohlili gostorir ki, “KDI” vo “KDCQ” markali in-
hibitorlarin miihitds sarfinin 200 mq/1 gotiiriilmo-
si daha mogsadouygundur. Bu halda duz¢dkma
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Sokil 5. “KDIi” va “KDCQ” markal inhibitorlarin
280 kA/m gorginlikli sabit maqnit sahasi ils birgs kor-
roziya siirating (@) vo duz¢cokmo intensivliyina (b) tasiri

intensivliyi azalaraq 0.0012-0.0018 mgq/sm?'saat
vo effektivliyi iso 86—87 % intervalinda olmasi
miioyyan edilmisdir.

“KDI” vo “KDCQ” markali inhibitorlarin mag-
nitlogdirilmomis lay sularinda 200 mq/1 sarf miq-
darinda korroziyadan miihafizs effekti 94-95 %,
duz¢okmodon miihafizo effektivliyi iso 86-87 %
toskil etmisdir.

Tadgqiqatlarin naticalorindon miioyyaon edilmis-
dir ki, 280 kA/m gorginlikli sabit maqnit sahasin-
do duz¢okma vo korroziyadan miihafizo effekti
yaranir. Bu baximdan 280 kA/m gorginlikli sabit
magnit sahosindo islonmis inhibitorlarin birgo
tosirinin - dyronilmasi ii¢lin miiqayisoli todqiqat-
lar aparilmisdir. Aqressiv miihitdo sabit maqnit
sahosilo “KDI” vo “KDCQ” markali inhibitorlarin
birlikds korroziya siirating tasirinin miioyyan edil-
masi {ligiin aparilmis todqiqatin naticalori sokil 5,
a-da gostorilmisdir.

Sokildon goriindiiyii kimi, sabit maqnit sahasi
ilo birgo “KDI” vo “KDCQ” markal1 inhibitorlar
totbiq edilmigdir. Belo ki, inhibitorsuz miihitdo
metalin korroziya siirati 0.4311 g/m?'saat olmus-
dur. “KDI” markali inhibitor aqressiv miihito 50—
250 mq/l intervalda olavo edildikdo metalin kor-
roziya siirati azalaraq 0.2084—0.0198 g/m?*-saat vo
miihafizs effekti 51-95 % intervalinda olmusdur.

Inhibitorsuz miihitds metaln korroziya siirati
0.7300 g/m?*saat toskil etmisdir. Aqressiv miihito
“KDCQ” markal1 inhibitor miqdar1 50-250 mq/1
intervalinda olavo edildikdo metalin korroziya
stiroti uygun olaraq 0.4963-0.0360 g/m?*saat va
miihafizo effektivliyi 32-95 % intervalinda olmus-
dur. Todgigatlar naticesinde “KDI” va “KDCQ”
markali inhibitorlarla 280 kA/m gorginlikli sabit
maqnit sahasinin birgs tosiri ilo miihitds inhibi-
torlarin sorfi azalaraq 150 mq/l olmas1 miioyyon
edilmigdir. Bu halda korroziyadan miihafizo ef-
fekti uygun olaraq 93 % toskil etmisdir. Basqa
so0zlo korroziya siiroti uygun olaraq 0.0285 vo
0.0477 mq/sm?*-saat azalmigdir.

“KDI” vo “KDCQ” markali inhibitorlarin
280 kA/m gorginlikli sabit maqnit sahasindo
duz¢okma intensivliyina tosiri Oyronilmis vo ali-
nan naticalor sokil 5, b-do verilmisdir.

Sokildoki ayrilordon goriindiiyli kimi, inhibi-
torsuz miithitdo duz¢dkmo intensivliyi 0.096 mq/
sm*saat olmusdur. 280 kA/m gorginlikli sabit
maqnit sahosi ilo birgo “KDI” markali inhibitor-
lardan miihits 50-250 mq/l miqdarda slavs edil-
dikdo duz¢okmo intensivliyi azalaraq 0.0050—
0.0011 mgq/sm?saat intervalinda olmusdur. “KDI”
markali inhibitorlarin mithitdoki migdarindan asil
olaraq duz¢okmoyo qars1 miihafizo effekti uygun
olaraq 48—88 % intervalinda olmusdur.

Sokildon goriindiiyti kimi, miihitds duzgdk-
mo intensivliyi 0.0127 mgq/sm*saat olmusdur.
280 kA/m gorginlikli sabit maqnit sahosi ilo bir-
g0 “KDCQ” markali inhibitorlardan miihito 50—
250 mg/l miqdarda olava edildikdo duz¢bkmo
intensivliyi azalaraq 0.0076-0.0015 mgq/sm?sa-
at intervalinda olmusdur. “KDCQ” markali in-
hibitorlarin miihitdoki miqdarindan asili olaraq
duz¢okmays qarst miihafizo effekti uygun olaraq
40-88 % intervalinda olmusdur. Sokildoki ayrilor-
don gorlindiiyti kimi, 280 kA/m gorginlikli sabit
maqnit sahasindo inhibitorlarin birgs tasiri natico-
sinda sinergetik effektin mdévcudlugu toyin edil-
misdir.

Laboratoriya todqigatlarindan alinan naticolor-
don goriindiiyii kimi, “KDI” vo “KDCQ” markali
inhibitorlarin sabit maqnit sahasi ilo birgo mii-
hitdo sorfinin 150 mq/l olmas1 miioyyon edilmis-
dir. Bu halda korroziyadan miihafizo effekti 94—
95 % vo duz¢dkmodon miihafizo effektivliyi 85—
86 % toskil etmisdir. Alinan naticalorin miiqayiso-
li tohlilindon goriindiiyli kimi, sabit maqnit sahasi
ilo kompozisiyanin birgs totbiqi zamani reagentin
sorfino 25 % qonaat olunur. Bu da sabit maqnit
sahasi ilo kompozisiyanin birgs totbiqinin iqtisadi
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baximdan daha somarali oldugunu gostorir. Belo
ki, kompozisiyanin sorfine 25 % qonaot olunur.

Bundan basqa fiziki vo kimyavi lisullarin bir-
go tosirinin Oyronilmosi iiglin “Bibiheybotneft”
NQCI-do istismarda olan 3268 Ne-li hasilat quyu-
sunda “KDI” markali korroziya vo duz¢okmo in-
hibitoru va sabit maqnit muftalar birgs totbiq edil-
misdir. Modon sinaqglarini aparmagq {igiin daxilindo
sabit maqnit yerlosdirilmis 3 adod MMOH-CM
73 markali muftalardan istifads edilmisdir. Sabit
magqnit sahasinin neft-qaz-modon avadanliqlarina
tosirini todqiq etmok iiclin magnitsiz vo maqnit
muftalarin totbiqi ilo hasilat quyusunun atqi xat-
tindo Ct-20 markal1 poladdan hazirlanmis “sahid”
niimunslor yerlosdirilorok 30 giindon sonra “sa-
hid” niimunoalor gotiiriildiikkdon sonra onlarda bas
veran kiitls itkilori toyin edilmis vo onun asasin-
da orta korroziya siiroti hesablanmisdir. Bundan
basqa sabit maqnit induktorlarinin neft-qaz-me-
don avadanliglarina tosirinin dyronilmasi ti¢lin ha-
silat quyusunun lay suyu niimunalori gotiirilmiis-
diir. Daha sonra onlarin kimyovi vo mikrobio-
loji todqiqatlar1 aparilaraq miihitin korroziya
vo mikrobioloji aqressivliyi miioyyonlosdirilmis-
dir.

Sinaq islorini hoyata kegirmok {i¢iin Cr-20
markali poladdan 50x25x5 mm 6l¢iido “sahid”
niimunolor hazirlanaraq ebonit ¢orgivolor iizorin-
do qurasdirilmisdir. Homin ¢orgivoni quyunun
atq1 xottindo yerlogdirmok iiclin 73 mm diametrli
0.5 m uzunlugunda boru hissalari gotiiriilorak on-
larin hor ikisinin bir ucuna miivafiq 6l¢tilordo flons
gaynaq edilmisdir. Bu boru hissalori igorisine ebo-
nit ¢ar¢ivo tizorinds y1gilmis “sahid” niimunali ka-
setlor yerlosdirilorok hor iki ucdan flansli boruya
qaynaq edilmisdir. Sonra homin boru 3268 Ne-li
quyunun atqi xottino flons vasitosilo baglanaraq
“sahid” niimunolorin hasilat aximinda korroziya
sinaglarina baslanilmisdir.  “Sahid” ntimunolor

30 giin arzindo homin quyunun hasilat aximinda
istismarda olmusdur.

Magqnitsiz madon sinaqlarmin 30 giinii tamam
oldugdan sonra NKB-lorin muftalari magqnitli
muftalarla doyisdirilmis, yenidon borular quyuya
endirilmis vo quyunun atqi xottinds yeni “sahid”
niimunolor yerlosdirilmisdir. Borulara sabit maq-

nit muftalar baglandiqgdan 30 giin sonra “sahid”
niimunolords orta korroziya siiratinin doyismasi
miayyanlosdirilmisdir.

Magqnit muftalar yerlosdirilmozdon avval apa-
rilmig biitiin  sinaglar, maqgnit qurasdirildigdan
sonra yenidon tokrar edilorok alinan noticolor
miiqayiso edilmis vo bu yolla madon soraitinds
maqnitin metalin korroziyasina tosir effekti miioy-
yonlosdirilmisdir.

Sinaglar zamani quyudan gotiiriilmiis ni-
munolordon ayrilmis lay sularinin kimyavi tadqiqi
aparilarkon miioyyon edilmisdir ki, todqiq olunan
magqnitlosdirilmamis suda xlorid ionlarmin miq-
dar1 24.1 g/1, sulfat ionlar1 0.46 g/1, hidrokarbonat
ionlar1 0.73 g/1, domir ionlarinin migdar1 0.43 mq/1
togkil etmisdir. Quyuda sabit maqnit induktorlari
tatbigindon sonra gotiiriilmiis niimunads iss onla-
rin xlorid ionlarinin miqdar1 5.16 g/1, sulfat ionla-
1 2.936 g/, hidrokarbonat ionlar1 0.49 g/l, domir
ionlarinin miqdart 0.35 mq/1 togkil etmisdir.

Bu todqiqatlarla yanast smagmn 30-cu gilini
atq1 xottino qoyulmus niimunalor gotiiriilorok on-
larin korroziyaya ugrama vaziyyati vo bu miiddot
orzindo metalda bas vermis kiitlo itkilori miioyyon
edilmigdir. Alinan naoticoyo osason onlarin orta
korroziyaya ugrama siiratlori hesablanmis vo cod-
voldo verilmisdir.

Codvoldon goriiniir ki, sabit maqgnit miiftasi-
nin inhibitorsuz totbiqi zamani yeralt1 vo yeriisti
avadanliglarin korroziya vo duz¢dkmasino qarsi
effektivliyinin uygun olaraq 58 % vo 61 % olma-
st miioyyon edilmigdir. Homg¢inin quyunun giin-
dolik mohsulunun hacmino gora “KDI” markali
inhbitorun (sorfi 150 mq/l olmagla) sabit maqnit
muftalarla birgs totbiqi naticasinds quyunun atqi
xottindo smaga qoyulmus Ct-20 markali polad-
dan hazirlanan niimunslorin orta korroziya siirati
0.6814-dan 0.0598 @/m?-saata-dok azalmis, in-
hibitorun miihafizo effektivliyi 90 % olmusdur.
Duz¢okmo intensivliyi 0.0117-don 0.0031 mgq/
sm*'saata qodor azalmis, diizg6kmodon miihafizo
effektivliyi 74 % olmusdur.

Magqnit induktorlariin quyuda yerlosdirilme-
sinin texnoloji proseso he¢ bir monfi tosiri mii-
sahido edilmomisdir. Madon sinaglarindan alinan
naticalori tohlil edorak belo naticoya golmok olar
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Totbiq miihiti Korrozigfa siirati, Miihaﬁzaoeﬁ“ektivliyi, Duz¢okmo izntensivliyi Miihaﬁzeoeﬁ'ektivliyi,
q/m*-saat ) mgq/sm*-saat )
Inhibitorsuz 0.6814 - 0.0117 -
S D 0.2875 58 0.0046 61
inhibitorsuz
Sabit maqnit muftast 0.0598 90 0.0031 74
inhibitorla birga
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ki, totbiq edilon maqgnit muftalarin korroziyaya
qarst miihafizo effektino malik olmasi, qurasdiril-
masi va istismarinin sads va tohliikasiz olmasi, az
maliyya sorfi ilo uzunmiiddatli mithafizonin tomin
edilmasini vo s. nozors alinaraq neft¢ixarmada
genis totbiq olunmasi tovsiyo edilmigdir.
Laboratoriya vo madan todqiqatlarindan alinan
naticalar fiziki iisullarla birgs inhibitorlarin totbiqi
miihafizo somaraliyinin artiritlmasina miisbat tosir

etdiyini gostarir.

Noatico

Neft-qaz-madon  avadanliglarinda korroziya
vo duz¢dkmo prosesino qarsi fiziki vo kimyo-
vi Usullarin birgs tosirinin daha effektiv oldu-
gu miioyyon edilmisdir. Todgigatlar naticosindo
miloyyon edilmisdir ki, hor iki tisulun birgo tosiri
zamani inhibitorlarin miihitdos sorfi 20-25 % azal-
migdir.
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konturu, ANSYS Fluent.

Magalada katalitik riforming qurgularinda istifads olunan gévds-borulu tipli istilik dayisdiricisinin is gabiliyyatinin artirilmasi
masalasi kompleks sakilds tadqiq edilmisdir. Tadgigatin asas magsadi istilik ve kitle mibadilasi proseslarinin optimallasdiriimasi
vasitasila enerji ssmaraliyinin ytksaldilmasi ve aparatin texnoloji gostaricilarinin yaxsilasdirimasidir.

is carcivesinds miiasir hesablama mayelar dinamikasi (CFD) metodlarindan istifads edilsrak istilik dayisdiricisinin Gcolcili
riyazi modeli qurulmusdur. Modellasdirma ANSYS Fluent program muhitinds hayata kecirilmis va burada istilik 6ttrtlmasi, axin-
larin hidrodinamikasi, hamcinin temperatur va siirat sahalarinin paylanmasi nazars alinmisdir. Taklif olunan algoritm sadaliyi ve
ylksak dagigliyi ils farglanir va ham analitik, ham da adadi yanasmalarin integrasiyasina asaslanir.

Tadgigat zamani dordgalisli aks-axinli istilik dayisdiricisi modeli secilmis v onun konstruktiv parametrlari asasinda hesab-
lama toru yaradilmisdir. Hesablama naticasinds temperatur va sirat konturlar slds edilmis, hamginin giris va ¢ixis parametrlari
(temperatur, tazyiq, sarfiyyat) misyyan edilmisdir. 9lda olunan naticalar analitik hallarla miigayiss edilarak verifikasiya edilmis va
modellasdirmanin etibarliigi tasdig olunmusdur.

Aparilan analiz géstarmisdir ki, optimal handasi parametrlarin secilmasi va axinlarin diizgiin taskil edilmasi naticasinds istilik
dayisdiricisinin enerji ssmaraliyi shamiyyatli daracads artirila bilsr. Modellasdirma naticalari har iki axinin minimal enerji sarfi il
talab olunan temperatur saviyyalarina catmasini tamin etdiyini gdstarmisdir.

Taklif olunan metodika universalligr ils secilir va muxtalif tipli istilik mubadile aparatlarinin layihalendirilmasi ve optimallas-
dinlmasi Ggiin tatbiq oluna bilar. Natica olarag, teqdim olunan yanasma sanaye saraitinda katalitik riforming proseslarinin enerji
effektivliyinin artirilmasi va istilik dayisdiricilarinin is gabiliyyatinin ylksaldilmasi t¢lin effektiv alat kimi giymatlandirila bilar.

MoBbiweHne 3¢pPeKTUBHOCTU NpoLecca KaTa/IMTUUeckoro pupopmMuHra u NPoOuU3BOANTE/IbHOCTU TEMJIO0OMEeHHU-
Ka YyCTaHOBKM

C.M. Acagos, 4.¢.T.H., M./. Kapakoy, C.HO. AnveBa, 4.0.T.H.
AzepbaiigKaHCKUA ToCyapCTBEHHbIN YHUBEPCUTET HEDTU U MPOMBbILLAEHHOCTM

KnioueBble cnoBa: KOXyxoTpybuaTblli TENN006MEHHMK, TEMNI00OMEHHBbIN anmnapat, YNCNEHHOE MOAEINPOBaHNE, KOHTYP
Temnepatypbl, KOHTYp ckopoctu, ANSYS Fluent.

MpoBeaeHoO KOMMAEKCHOE UCCNeA0BaHMNe, HarnpaBieHHOe Ha NMoBbIleHWe 3GHEKTUBHOCTU PaboTbl KOXKYXOTpybyaToro
Ten1006MeHHMKa, NCMOb3yeMOro B yCTaHOBKaX KaTaiuTnyeckoro pudopmrHra. OCHOBHOW Lie/ibto ABAAETCS NOBbILLeHWe
3HeproadPeKTVBHOCTM U SKCMNyaTaLMOHHbIX XapakKTePUCTMK 3a CYET ONTUMM3aLMKU NPOLIECCOB TEMIO- U MaccoobmeHa.

B pamkax nccnegoBaHus paspaboTtaHa TpEXMepHas YNCAEHHas MOAEb TEeNN006MeHHMKa C UCMO/Ib30BaHNEM METOA0B
BblUMCAUTENbHON rugpoanHamukn (CFD). MogenvpoBaHue BbinosiHeHO B nporpammHon cpege ANSYS Fluent ¢ yuértom
MpOLLEeCcCcoB Tenaonepesayy, rmapoAvHaMmnKN MOTOKOB, a TakxXe pacrnpeeneHns TeMnepaTypHbIX U CKOPOCTHbLIX MOEN.
MpeaNoXKeHHbIV anropuTM OT/IMYaeTCs NPOCTOTONV peann3aunn U BbICOKOW TOYHOCTbIO, OOBEAMHAS aHaNUTUUYECKNA U
UYMCNEHHDBIN MOAXOAbI.

B kauectBe obbekTa MccnefOBaHMA BbIOpaH YeTbIPEXXOL0BOM MPOTMBOTOUHBIA KOXYXOTPYbUaThll TENN00OMEHHMK.
Ha ocHoBe ero reomeTtpuyecknx mapaMeTpoB MOCTPOeHa pacyéTHas ceTka BbICOKOM MIOTHOCTU. B pesysnbTate Mope-
NIMPOBAHWUA MONYYEHbl KOHTYPbl TEMMepaTyp M CKOPOCTEN, a TakxKe OrnpejesieHbl OCHOBHbIE dKCMyaTaLMOHHbIe napa-
MEeTpbl — TeMMepaTypbl Ha BXOAE W BbIXOAE, Mepenajbl AaBaAeHNA U pacxobl. Pe3yabTaTbl YNCNEHHOTO MOAENNPOBaHNA
66111 BepUOULIMPOBaHbI MYTEM CPABHEHWA C aHANIUTUYECKMMU pacyéTamMu, UTO MNOATBEPAWIO JOCTOBEPHOCTb MOAEMN.

MpoBeAEHHbIN aHaNn3 nokasas, YTo OMTVMAasIbHbI BbIBOP reoMeTpUYecKkx napaMeTpoB 1 OpraHM3aLMsa NOTOKOB Mo-
3BOJIAOT CYLLIECTBEHHO MOBBICUTL TEMNOBYO 3PDEKTUBHOCTb TEMIOOOMEHHNKA. YCTaHOBNAEHO, YTO 0b6a MOTOKa AOCTUratoT
TpebyembIx TemriepaTypHbIX 3HAUYEHWUI NMPU MUHUMaJbHBIX S3HEPreTMYECKUX 3aTpaTtax.

MpeanoxeHHas MeToAMKa ABAAETCA YHUBEPCAJbHOW U MOXET NMPUMEHATLCA MPU MPOEKTUPOBAHMM 1 OMTUMMU3ALUM
pa3/IMYHbIX TUMOB Ten1006MeHHbIX annapaTtoB. B Lenom pabota geMOHCTPUpPYeT 3PPEKTUBHbIA MOAXOZ K MOBbILLIEHNIO
3HeproapPeKTMBHOCTM MPOLLECCOB KaTaIUTUYECKOro PUGOPMUHTa M YYULLEHUIO SKCMayaTaLMOHHbIX XapaKTepUCTmK Te-
na006MeHHOro 06opysoBaHNA.
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Improving the efficiency of the catalytic reforming process and the heat exchanger of the unit

S.M. Asadov, PhD in Tech. Sc., M.I. Karakoch, S.Y. Aliyeva, PhD in Tech. Sc.
Azerbaijan State University of Oil and Industry

Keywords: shell-and-tube heat exchanger, heat exchange apparatus, numerical modeling, temperature contour, velocity
contour, ANSYS Fluent.

This study presents a comprehensive investigation aimed at improving the performance of shell-and-tube heat
exchangers used in catalytic reforming units. The primary objective is to enhance energy efficiency and operational
effectiveness by optimizing heat and mass transfer processes within the apparatus.

A three-dimensional numerical model of the heat exchanger was developed using computational fluid dynamics
(CFD) techniques. The simulations were performed in the ANSYS Fluent environment, incorporating heat transfer, flow
hydrodynamics, and the distribution of temperature and velocity fields. The proposed computational algorithm is
distinguished by its simplicity, robustness, and high accuracy, combining both analytical and numerical approaches.

A four-pass counterflow shell-and-tube heat exchanger configuration was selected for the study. Based on its geometric
parameters, a high-resolution computational mesh was generated. The simulation results provided detailed temperature
and velocity contours, as well as key operating parameters such as inlet/outlet temperatures, pressure drops, and flow
rates. The numerical results were validated against analytical solutions, confirming the reliability of the developed model.

The analysis demonstrates that appropriate selection of geometric parameters and proper flow organization significantly
improve the thermal efficiency of the heat exchanger. The results indicate that both hot and cold streams can achieve their
target temperatures with minimal energy consumption.

The proposed methodology is versatile and can be applied to the design and optimization of various types of heat
exchangers. Overall, the study provides an effective framework for enhancing the performance of heat exchange equipment

NEFT EMALI VO NEFT KiMYASI

and improving the energy efficiency of catalytic reforming processes in industrial applications.

Istilik enerjisinin istehsali ii¢iin gazanxanalar-
da, istilik sobokolori vo montogolorindo, sonaye-
doki miixtolif istilik istehlaki sistemlorinde miia-
sir avadanlglarin totbiqi tolob olunur. Hazirda,
istilik sobokalorindos isti suyun hazirlanmasi ti¢iin
istilik enerjisinin paylanmasinda govdo-boru tipli
istilik doyisdiricisi aparatlarindan istifado olunur.
Istilikdoyismo aparatinin bu ciir konstruksiyasi
uzunmiiddatli istismar zamani 6zlinli yaxs1 torof-
don siibut etmisdir [1-5]. Hazirda istehsalin osas
istifado olunan texnoloji avadanliglarin somoarali-
yinin artirilmasidir, gdvdo-boru tipli istilik doyis-
diricilorin aparatlari tokco energetikada deyil, hom
do neft, kimya sonayesindo vo s. genis yayilmis is-
tilik doyisdiricilorindon biridir. Gévda-borulu tipli
istilik doyisdiricilorin yayilmast konstruksiyanin
etibarlilig1 vo temperatur, tozyiq, eloco do miihitin
korroziya faalliginin genis diapazonunda istismar
ticlin miixtolif tiplorin v icra variantlarinin mov-
cudlugu ils slagadardir.

Empirik metodlarla yeni konstruksiyalarin si-
naqdan kegirilmosi kifayot qodor baha vo omok tu-
tumlu oldugundan, istilik doyisdiricilorinin xarak-
teristikalarint miioyyon etmok ii¢lin yeni metodlar
totbiq olunur. Miiasir metodlardan biri, CFD hesab-
lamalar1 vasitasilo yeni istilik doyisdiricisi konst-
ruksiyalarint simaqdan kegirmoyo imkan veron
kompiiter modellosdirmosidir [6—9]. Hal-hazirda
hidrodinamika vo istilik Gtiiriilmasi proseslorinin
todgiqatinin on somoarali metodu sonlu elementlor
analizinin proqram sistemlorindo reallasdiriimis
hesablama hidrodinamikas1 metodudur. Hesabla-
ma hidrodinamikasinin tstiinliiklori yiiksok he-

sablama stirati, oldo edilon molumatlarin doqiqliyi
va tamligidir ki, bu da aparatda axinlarin siirati vo
paylanmasinin, biitévliikds daxili fozanin vo onun
ayri-ayr1 hissalorinin hidravlik miigavimati barado
tosovviir yaradir [10, 11].

Bu isin mogsadi, Gévde-boru tipli istilik do-
yisdiricisinin fozasinda istilik va kiitlo miibadilo-
si prosesinin kompiiter modelini yaratmaqdir ki,
golocokdo miixtalif konstruksiyalar kompiiter mo-
dellosdirmasi vasitasilo todqiq oluna vo bu model
analitik hall yolu ils edils bilsin.

Istilikdoyismo aparatiin on yiiksok enerji
somaraliyino nail olmagq {igiin handasi parametrlo-
rin optimal nisbatinin se¢imi axinlarin istilik-hid-
ravlik xarakteristikalarinin todqiqi osasinda hoyata
kegirilmalidir.

istilik dayisdiricisi iiciin modelin tasviri

Istilik doyisdiricisinin dizayn tanliyi istilik k&-
¢lirmasi nozars alonaraq asagida gostorilmisdir

O =UAAT,,,. (1)

Bu tonlikda istilik kdgiirmo amsalinin, istilik
kogiirmo sahasinin vo temperatur forqinin (istilik
kogiirmosinin harokatverici qlivvasi) mdvcudlu-
gunu goriiriik. Q[C/saat] HXer-don axan iki pro-
ses axii arasinda istilik koclirmo siiratidir. Bu
tonlikdo U[C/(h - m? - K)] timumi istilik 6tiirmo
omsalini, 4 [m?] iso istilik Gtiirma sahasini gosto-
rir. AT, [K] har iki axinin giris vo ¢ixis tempera-
turlart arasinda orta (homginin logarifmik ortala-
ma kimi taninir) temperatur forqini tomsil edir vo
hesablana bilor.

Miiasir morkozlogdirilmis istilik tochizati sis-
temlorinin tonzimlonmasi hesabati, miixtolif tipli
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istilikdoyigsmo aparatlarinin hesabatdan konar so-
raitdoki isini tosvir edon tonliklor osasinda aparilir

[1].

T

H,in

- TC,out ) (TH,out - TC,in )

. (2)
ln TH,in - TC,out
TH TC,in

,out

AT\ :(

burada T i T., — HXer-s daxil olan isti vo

soyuq axinlarn giris temperaturu; 7, - 7o, —
HXer-don ¢ixan isti vo soyuq axinlarin ¢ixis tem-
peraturdur.

Istilik doyisdiricisi {i¢iin dizayn tonliyi (HXer)
liclin asagidaki sxemdon istifado edilmisdir (so-
kil 1). Belo soraitdo, adoton, istilik dasiyicilarinin
istilik istehlak edon qurgularin girisindaki tempe-
raturlar1 molumdur, lakin ¢ixisdaki temperaturlari,
bir qayda olaraq, malum deyil.

Ty T4,

Tk
N N /"l s/
m Hot Stream
0, Heat \\—/
transfer
Cold Slrcam/4—Q / \ \
Td e T,

T, Td,,.

Tiduree

Sokil 1. istilik dayisdiricisi (HXer) iiciin dizayn tanli-
yind uygun sxem

Analitik vo odadi hollori miigayiso etmak {igiin
asagidaki sortlor toyin edilmisdir: isidon istilik da-
styicisinin giris temperaturu 63 °C, isidilon istilik
dastyicisinin giris temperaturu 12 °C, homginin
hom analitik, hom do adadi hall tigiin verilon boru-
cuglara girisda siirat 1 m/s. Istilik doyisdiricisinin
imumi Ol¢iilori molumdur: boru sayr vo Slgiist,
gedislorin sayi, korpusun oOlgiilori. Bu parametr-
lor asasinda qizdiricinin {i¢dl¢iilii modeli qurul-
musdur. Cixisda gozlonilon temperaturlar analitik
olaraq hesablanmis vo modellosdirmo naticosindo
alinan temperaturlarla miiqayiss edilmisdir. Hom-
¢inin ilkin molumatlara asason istilik miibadilasi
sahasi analitik olaraq yenidon hesablanmisdir.

Tadqiq olunan mosalo ¢orgivasindo, isti su-
yun borulararasi fozaya verilmosi ilo dordgolis-
li oks-axinli gévdo-boru tipli istilik doyisdiricisi
sec¢ilmigdir. Konstruktiv vo toyin edilmis hondosi
parametrlordon bozilori asagida verilmisdir: kor-
pusun 6lgiisii (D) — 2 m; borunun daxili diametri
(d,) — 0.1 m; borularin say1 (H ) — 12; istilik do-
yisdiricisinin uzunlugu (/) — 5 m; korpusa giris
temperaturu (7) — 285 K; borularin divar qalinligi
(8) — 0.5 mm; isidon vo isidilon istilik dasiyicisinin
giris vo ¢ixis borucuglart — 0.5 m. ilkin morhalo-

AZORBAYCAN NEFT TOSORRUFATI

do govdo-boru tipli istilik doyisdiricisi modelinin
hondosasi ANSYS-o inteqrasiya olunmus Design
Modeler modulunda qurulmusdur. Bu model iki
hissodon ibaratdir: isidilon istilik dasiyicisinin fo-
zas1 (coldwater) vo isidon istilik dastyicisinin fo-
zas1 (hotwater).

Ododi eksperimenti hoyata kegirmok tigiin
ANSYS Meshing modulunda hesablama torunun
generasiyasi vo adaptasiyasi aparilmisdir. Gov-
do-boru tipli istilik doyisdiricisinin hondasasi sokil
2-do gostorilmisdir. Hesablama torunun strukturu
secilmisdir. Torun elementlorinin imumi say1:
6,265,630.

a c

12°S% & 63°S

dasasi:
a — govdo (hot water); b — boru dastasi (cold water), ¢ —
temperaturun paylanma konturu, d — siirat konturu

Odadi eksperimentin naticalorine gora, istilik
dasiyicisinin sorfiyyati, giris va ¢ixis temperatur-
lar1, tozyiq forqlori alinmisdir. Asagida gdvde-bo-
ru tipli istilik doyisdiricisi aparatlarmin kosikloe-
rindo temperatur va siirat konturlar1 gostorilmisdir
(bax: sokil 2). Modellasdirmonin naticalori, hor iki
axmin minimum enerji xarclori ilo hadof tempe-
raturlarina catmasina imkan veracok. Yuxaridaki
diagramda istifado olunan simvollarin tosvirlori
standartdir vo timumi qobul edilmisdir [1]. Mo-
dellosdirma ticiin gotiiriilmis istilik doyisdiricisi
(HXer) diagrami vo hesablama tonliyi yuxari-
da toqdim olunur vo tochizat temperaturu, hodof
temperaturu, h vo hodof istilik axin1 stirati nozors
alinmigdir. Sokil 1-do gosterildiyi kimi, iki axim
olan sado HXer qurgusu nozordon kecirilmisdir:
isti vo soyuq axin. Bu diagram HXer-1 hesablamaq
tiglin istifads edilmisdir ki, bu da axinlar arasinda
optimal istilik inteqrasiyasini vo enerji barpasini
tomin etmoalidir (bax: sokil 2).

Hor iki axin HXer istilik doyisdiricisindon oks
coroyanla kegdiyi tigiin axin 1 soyudulur vo axin 2
quzdirilir. HXer istilik doyisdiricisinden ¢ixan hor
iki axinin tolob olunan hadof temperaturlara yaxin
temperaturlara ¢atmasi nozords tutulmusdur. ©Ogor
axinlarin bu proses vasitasilo hadof temperaturla-
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rina nail olunmusdursa, slavo resurs tolob edilmir.
Lakin isitmo vo ya soyutma ilo hodof temperatur-
lara nail olunmasa, slave istilik vo ya soyutma
resurslar totbiq edilir. Bu, sistemin tolob olunan
istilik vo soyutma ehtiyaclarini tam 6domak ticlin
lazim idi. Bu oalavo vo ya xarici resurslar yuxarida-
k1 diagramdan miioyyan edilmisdir.

Notico

Bu isdo boru tipli istilik doyisdiricisinin kons-
truksiyasinin optimallagdirilmasi ticlin kompiiter
maye dinamikasi (CFD) modellorindon istifado
etmoklo optimallagsdirma masolalorinin halli {i¢lin
tipik hesab edilo bilon metodika totbiq edilmis-
dir. Katalitik riforming prosesi va istilik miibadilo
aparatinin somoraliyini artirmaq ti¢lin hesablama
mayelorinin dinamikas1 modelini uygunlagdirmaq
maoqsadilo proseslorin modellosdirilmasi metodo-
logiyasinin asagidaki xiisusiyyatlori yronilmisdir.

Metodika asagidaki osas morhololori ohato edir:
parametrlosdirilmis hondasi modelin yaradilmasi,

avtomatik hesablama toru generatoru ssasinda tor
modelinin qurulmasi, hesablama CFD modelinin
formalagdirilmast (tonliklorin seg¢ilmasi, turbu-
lentlik modelinin se¢ilmoasi, sorhad sortlorinin
qoyulmasi, verifikasiya vo identifikasiya), opti-
mallasdirma meyarlariin parametrlori kimi ¢ixist
olan parametrlosdirilmis hesablama blokunun ya-
radilmasi, optimallagsdirma axtarig sahosinin toyin
edilmasi, cavab sothinin qurulmasi, cavab sathi
iizro geyri-xoatti optimallagdirma. Bu metodika ki-
fayat qodor universaldir vo bir ¢cox digar hallarda
totbiq oluna bilor, ¢linki layiholondirmo zamani
¢ox vaxt optimallasdirma masoalolorini holl etmoak
lazim golir. Bu isdo tosvir edilon yol verilon sohv
nazora alimmaqla, hall alqoritmi hesablama ii¢lin
vaxti vo giicli azaltmaq baximindan optimal hesab
oluna bilar.

Maraqlarin toqqusmasi
Bu maqalanin miialliflori he¢ bir maraq toqqus-
masi olmadigini bayan edirlor.
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Acar sozlar: insan kapitali, performansin qiymatlandirilmasi, neft va qaz sektoru, SOCAR, amak mahsuldarhgi.

Son onillikda diinya Gizrs déviste maxsus neft va qaz sirkatlari insan kapitalinin idars edilmasini strateji prioritets ceviribler. Bu-
nunla bels, neft sirkatlari kadr inkisafina boyiik sermaya qoysalar da, insan kapitalinin istifadasinin ssmaraliyini giymatlandirmak
Uglin hartarafli sistemlara malik deyillor. Bu magalada Azarbaycan Respublikasinin enerji sirkati olan SOCAR-in unikal sartlerine
uygunlasdiriimis insan kapitalinin giymatlendirilmasina dair yeni yanasma taklif olunur. Sirkatin 2009-2023-cdi illsr t¢in illik ma-
liyye hesabatlarina va davamli inkisaf hesabatlarina asasan, tadqgiqat insan kapitalinin galirlilik amsali, insan kapitalinin investisiya
galirliliyi, insan kapitalinin alava dayari ve emak mahsuldarligi dinamikasi kimi kemiyyat gostaricilari hesablanir.

Tahlil artan amak xarclari ilo sirkat galirlerinin artmasi arasinda guicli musbat korrelyasiya oldugunu gostarir: insan kapita-
linin galirlilik amsali 2018-2022-ci illards zirvaya catir ki, bu da ylksak neft giymatlerina uygun galir ve 2020-ci ilds COVID-19
pandemiyasi ssbabindan, 2023-cli ilds giymatlarin normallasmasi fonunda azalir. isci sayi sistematik olaraq azalir — 2010-cu ildaki
75.000-dan cox iscidan 2023-ci ilds 48320-ys gadar azalma oldugu halda har isciya diisen xarclar (emakhaqq, talim va s.) isa
6.9 dafadan cox artib. Tadgigatin naticalari gostarir ki, SOCAR-da insan kapitalinin inkisafi sirkatin davamli inkisaf planina uygun
olarag davam edir, lakin shamiyyatli bir catismazliq idareaetma hesabatinda resmi inteqrasiya olunmus insan kapitalinin monito-
ringi alt sisteminin olmamasidir. Tadgiqat naticesinda neft sirkati tG¢lin insan kapitalinin istifads ssmaraliyinin 6l¢tilmasini tamin
edan model teqdim edilir.

OueHka 3¢ ¢PeKTUBHOCTU UCNOJIb30BaHUA Ye/lIoBeyeckoro kanurasa B HedprerasoBom cektope: Ha npumepe SOCAR

J1.T. NckeHpepoBa
A3epbali>kaHCKUIA TOCyAapCTBEHHbIV SKOHOMUYECKUI YHUBEPCUTET

KnroueBble cnioBa: YenoBeYECKUA KanuTan, oueHKa 3bdpekTMBHOCTY, HedTerazosbili cektop, SOCAR, npon3BoaunTesb-
HOCTb TpyAa.

B TeyeHme nocnesHero AecATUAETUA rocyAapCTBeHHble HedTerazoBble KOMMaHUM MO BCEMY MUPY CAeNaNN ynpaBaeHne
YeNOBEYECKUM Kanutasiom cTpaTternyeckmm npuoputetom. OfHaKo, HECMOTPSA Ha 3HauuTebHble MHBECTULMW HEPTAHBIX
KOMMaHWi B pa3BUTME MepPCoHana, y HUX OTCYTCTBYHOT KOMMJIEKCHbIE CUCTEMbI OLIEHKN 3OGEKTUBHOCTM MCMO/Ib30BaHUA
YeNoBEYECKOro KanuTana. B gaHHOW cTaTbe MpesnaraeTcsi HOBbIN MOAXOA K OLLeHKE YeNoBeYeCKOro KanvTasna, afantu-
POBaHHbIA K yHUKanbHbIM ycnoBuaM SOCAR (SOCAR), aHepreTuyeckor komnaHuu AsepbarigxaHckor Pecnybavkun. Ha
OCHOBe roZl0BOV GUHAHCOBOW OTYETHOCTM KOMMAAHUKN U OTYETOB 06 YCTOMUYMBOM pa3BuTumM 3a 2009-2023 rr. B Uccies0Ba-
HWUW PaccUmnTbIBAKOTCA KONMYECTBEHHbIE MOKa3aTenu, Takme Kak KoadduLmneHT peHTabenbHOCTM YeNoBeYeCKoro Kanurana,
peHTabebHOCTb MHBECTULUIA B YeIOBEYECKUIA KanwuTasl, JobaBNeHHas CTOMMOCTb YeI0BEYECKOro Kanutana u guHaMmuka
NPOV3BOAUNTENBHOCTY TPYAa.

AHann3 NokasblBaeT CUIbHYHO MONOXKNTENbHYO KOPPENALMIO MEXAY POCTOM 3aTpaT Ha pabouyro Cuy U pOCTOM A0XO0-
Jl0B KOMMaHUN: KO3QPULIMEHT peHTabeNbHOCTN YeIoBEYECKOro Kanutana gocturaet nuka B 2018 1 2022 rr., UTo COOTBET-
CTBYET BbICOKMM LieHaM Ha HedTb, 1 cHuxkaetcs B 2020 r. n3-3a naHgemun COVID-19 n B 2023 r. Ha doHe HOpMannsauum
LeH. Yncno coTpyaHUKOB cMcTeMaTMyeckn cokpatiaetca — ¢ 6onee yem 75 000 B 2010 r. go 48 320 B 2023 r., B TO Bpems
KaK 3aTpaTbl Ha OLHOro COTPYAHWKa (3apaboTHas naaTa, obyyeHve 1 T. 4.) yBennunnmce bonee yem B 6.9 pasa. PesybtaTthbl
nccaeAoBaHMA MoOKasbiBakoT, YTO pa3BuTMe Yenoseyeckoro kanutasa B SOCAR npogokaetca B COOTBETCTBUN C MAaHOM
YCTOMUMBOrO pPa3BUTUA KOMMaHWK, OfHAKO CyLLECTBEHHbIM HEJ0CTaTKOM BJSETCS OTCYTCTBUE GOPManbHON UHTErPUPO-
BaHHOW MOACMCTEMbl MOHUTOPUMHIA Ye/0BEYECKOrO KanuTana B YNpaBAeHYeCKol OTYETHOCTU. B pesysibTaTe nccnesoBa-
HWA NpeAcTaBNeHa MOZeb, MO3BOIAOLLAA N3MePATb 3PDEKTUBHOCTb NCMONb30BaHVA YeJI0BEYECKOrO KanuTana B HedTA-
HOW KOMMaHWK.
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Assessment of the efficiency of human capital utilization in the oil and gas sector: based on the example of SOCAR

L.G. Isgandarova
Azerbaijan State University of Economics

Keywords: human capital, performance evaluation, oil and gas sector, SOCAR, labor productivity.

Over the past decade, state-owned oil and gas companies around the world have made human capital management a
strategic priority. However, despite the large investments made by oil companies in personnel development, they do not
have comprehensive systems for assessing the effectiveness of human capital use. This article proposes a new approach to
human capital assessment adapted to the unique conditions of SOCAR (SOCAR), the energy company of the Republic of
Azerbaijan. Based on the company’s annual financial statements and sustainable development reports for 2009-2023, the
study calculates quantitative indicators such as the human capital profitability ratio, human capital investment profitability,
human capital added value, and labor productivity dynamics.

The analysis shows that there is a strong positive correlation between increasing labor costs and increasing company
revenues: the human capital profitability coefficient peaks in 2018 and 2022, which corresponds to high oil prices, and
decreases in 2020 due to the COVID-19 pandemic and in 2023 against the background of price normalization. The number
of employees is systematically decreasing — from more than 75.000 employees in 2010 to 48.320 in 2023, while the costs per
employee (salary, training, etc.) have increased by more than 6.9 times. The results of the study show that the development
of human capital at SOCAR continues in accordance with the company’s sustainable development plan, but a significant
drawback is the lack of a formal integrated human capital monitoring subsystem in management reporting. As a result of

the study, a model is presented that provides for measuring the efficiency of human capital use for an oil company.

Insan kapitali miiasir bilik iqtisadiyyatinda
togkilati roqabet qabiliyyatinin vo uzunmiiddatli
doyor yaratmagin osas horokotverici qiivvosidir.
Bu, xiisusilo ixtisaslasmis biliklorin, oamaliyyat
tohliikasizliyi vo texnoloji uygunlagsmanin isci
qiivvesinin keyfiyyati ilo ayrilmaz sokildo slaqo-
li oldugu enerji sektoru sirkotlori tigiin aktualdir
[1-16]. Iscilorin bilik, bacariq, saristo, saglamliq
vo motivasiyasinin iimumi ehtiyatini tomsil edon
insan kapitalinin idare olunmasi tokca strateji in-
vestisiyalar1 deyil, hom ds bu ciir investisiyalarin
effektivliyini tosdiq edon ciddi komiyyat qiymaot-
londirma sistemlorini talab edir [1, 9].

SOCAR, Azarbaycanin yegana dovloto mox-
sus inteqrasiya olunmus neft-qaz sirkotidir vo neft
mohsullarinin istehsalini, dasinmasini, emalini
vo beynolxalq ticarotini idaro edir. 2022-ci ildo
SOCAR-1n galiri 119 228 mlIn. man., is¢i qiivvasi
150 48 042 nofor toskil etmisdirse, 01.01.2025-ci
il tarixo SOCAR-da iscilorin faktiki say1 48 069
nofor, SOCAR-1n goliri iso 84 689 min. man.
olmusdur ki, bu da amok xarclori vo amaliyyat
somoaraliyinin balanslasdirilmas: kimi miirokkab
idaraetmo problemi yaradir [15]. SOCAR-1n insan
kapitalina genismiqyaslt vo strateji investisiyala-
rina baxmayaraq (iimumi amak xarclori 2009-cu
ildoki 456 mIn. man-dan 2023-cii ildo 2444 min.
man-a, 01.01.2025-ci ildo 2711 mIn. man-a godor
artmigdir), sirkot inteqrasiya olunmus insan ka-
pitalinin qiymaotlondirilmasi gostaricilori barads
molumatlar1 sistematik sokildo dorc etmir. GRI
(Qlobal Hesabat Togabbiisii) standartlarina uygun
olaraq hazirlanmis Davamli Inkisaf Hesabatlarin-
da tolim proqramlari, sosial miiavinatlor, miixto-

AZORBAYCAN NEFT TOSORRUFATI

liflik, saglamliq vo tohliikesizlik iizro keyfiyyatli
molumatlar var, lakin zamanla insan kapitalinin
gostaricilorinin  dinamik monitoringine imkan
veran komiyyat gostoricilori yoxdur [15].

Tadqgiqat bu boslugu aradan qaldirmaga yo-
nalmisdir. Biz todqiqatimizda O.Yu. Migurina,
N.A. Dubinina vo E.P. Karlina torofindon “Qaz-
prom Pererabotka” MMC igiin toklif etdiklori
metodoloji bazadan istifado edorok, SOCAR-1n 15
illik molumatlarina asaslanan tohlil apaririq [12].
Tadgiqatin mogsadi neft vo gqaz sektorunda insan
kapitalinin istifade somoraliyinin qiymatlondiril-
mosidir. Todgigat zamani qarsiya qoydugumuz
suallar asagidakilardir:

— SOCAR-da insan kapitalinin doyerinin dina-
mikasini komiyyat gostariciloring asason miioyyan
etmok;

— insan kapitalina qoyulan investisiyanin galir-
liliyini miioyyon etmok;

— amok mohsuldarligi, omak xorclori va sirko-
tin maliyyo gostoricilori arasinda korrelyasiyani
miloyyan etmak;

— insan kapitalinin  qiymatlondirilmasini
SOCAR-1n korporativ idaroetmosino daxil etmok
tictin metodoloji tovsiyalar toklif etmok.

9dabiyyatin icmah

Insan kapitalmin iqgtisadi kateqoriya kimi kon-
sepsiyasinin nozari asast Sults qoyulmus vo Bek-
ker torofindon sistemlosdirilmisdir [1, 9]. O, is-
cilora tohsil, tolim vo sohiyys vasitasilo qoyulan
investisiyalarin fiziki kapitala qoyulan investisi-
yalara bonzar 6l¢iilo bilon golir tomin etdiyini nii-
mayis etdirmisdir. Bu nozari ideyalar insan kapita-
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linin qiymatlondirilmasi tiglin kamiyyat modellari
hazirlamaq moagsadilo biznes miihitinds genis isti-
fads olunur.

iqtisadi odobiyyatlarda, sonaye miiossisolori
kontekstinda insan kapitalinin qiymatlondirilmasi
iiclin ii¢ osas metod miioyyon edilmisdir: inves-
tisiya yanasmasi, xorc yanasmasi vo golir (aktiv
osasl) yanasma [12]. Investisiya yanasmas1 amok
xarclorini maliyys goliri yaradan mohsuldar re-
surslar kimi nozordon kegirir vo bu resurslar Fit-
zenz [3] vo sonradan bir ¢ox digor todqiqatgi-
lar [11] torofindon hazirlanmis insan kapitalinin
golirlilik faktorlar1 (HCRF), insan kapitalinin in-
vestisiya golirliliyi (HCROI), insan kapitalinin
olava doyari (HCVA) va insanin iqtisadi slava
doyori (HEVA) konsepsiyalarindan istifado etmis-
dir.

Xarclarin ugotu metodu (xorc yanagmasi) insan
kapitalin1 heyatin inkisafinin imumi xarclarinin
(emokhaqqi, tolim, sohiyya vo sosial proqramlar)
iscilorin sayina boliinmosi kimi 6lgmoyo imkan
verir. Qeyd edok ki, galir yanagmasi iso oksino ola-
raq, insan kapitalin1 adoton idaraetmo olava doyor
metodlar1 vo ya golocok golirin kapitallagdirilmast
vasitosilo miiassisa doyarinin yaradilmasina tohfs
veran istehsal amili kimi giymotlondirir [12].

Neft vo qaz sonayesinds insan kapitalinin idara
edilmosinin spesifik tobioti bir sira struktur amil-
larlo miioyyon edilir: yiiksok ixtisaslagmis baca-
riglar tolob edon istehdalarin kapital tutumlu vo
riskli tabiati; oksar istehsal saha vo miiassisalarinin
cografi baximdan uzaq yerlogsmosi; omayin miiha-
fizasi va tohliikasizliyi sahasinds yiiksok tonzim-
layici toloblor omtos qiymatlorinin doyiskonliyinin
investisiya potensialina va 1s¢i qlivvasinin sabitli-
yino ikili tozyiqi [5]. Milli neft sirkotlorinds insan
kapital1 iizro aparilan todqgiqgatlar onanavi mohsul-
darliq dlgiilorindon konara ¢ixan inteqrasiya olun-
mus 6lgma sistemlorinin shomiyyatini vurgulayir
[6, 10]. Postsovet neft vo qaz sektoruna goldikdo
is9, empirik todqgiqatlar mohduddur. ©dobiyyatda
osason Qazprom, Rosneft vo Lukoil kimi sirkot-
lords insan resurslar1 siyasstinin inkisafi tosvir
olunur, lakin uzunmuddatli moalumatlara osasla-
nan miiasir insan kapitali gostaricilorindon istifads
edorok effektivliyin komiyyat tohlili az saydadir
[12]. Xiisusilo Azorbaycan vo SOCAR-a goldik-
do, movcud adobiyyat demok olar ki, yalniz tos-
viri xarakter dasiyir vo rosmi davamli inkisaf {izro
hesabatlarinda oks olundugu kimi strateji Insan
Resurslarinin Idars Edilmasi programlarina, tolim
programlarina vo sosial mosuliyyat ¢orgivoloring
yonalmisdir [15].

AZORBAYCAN NEFT TOSORRUFATI
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Tadqgigat metodologiyasi

Bu todgiqatda istifado edilon metodologiya
dovlat neft vo qaz sirkotinin sortloring uygunlas-
dirilmis alt1 ardicil morholoys uygun olaraq qurul-
musdur [7, 12]:

I morhoalo — SOCAR-1n idaroetmo funksiyala-
11 sisteminds insan kapitalinin qiymaotlondirilma-
sinin yerinin miioyyon edilmosi idaroetmo ¢orgi-
vosinda: mogsad qoyulusu — planlagdirma —
togkilatlanma — nozarot — korreksiyaedici todbir-
lar.

IT morhalo — insan kapitalinin mévcud soviy-
yosinin  qiymatlondirilmosi metodologiyasinin
miioyyon edilmasi: birbasa xorc metodunun, in-
vestisiya yanasmasinin va indeks metodunun bir-
2o totbiqi.

III morhalo — imumi personal xorclorinin
(emokhaqq, tolim, saglamliq vo tohliikasizlik, so-
sial programlar) comlagdirilmasi yolu ilo birbasa
xorc metodundan istifado edorok insan kapitalinin
doyerinin miioyyan edilmasi.

IV morhalo — insan kapitalinin somaraliyinin in-
vestisiya gostoricilorinin (HCRF, HCROI, HCVA,
personal xarclorinin golirliliyi) hesablanmasi.

V marhals — omoak mohsuldarliginin dinamika-
siin vo onun golirlorin vo amokhaqqi fondunun
artimi ilo korrelyasiyasinin qiymatlondirilmasi.

VI morhalo — omok mohsuldarliginin, omok-
haqq1 fondunun vs insan kapitalinin gostoricilori-
nin artim templorinin miiqayisali tohlili.

Tadqiqatda istifado edilon komiyyot gostori-
cilori asagidaki kimi miioyyon edilir:

Insan Kapitalimin Galirlilik Faktoru (HCRF)=
= Umumi Galir / Umumi IK Xorci

Insan Kapitahmin Investisiva Rentabelliyi
(HCROI) = (Galir — Satis Xorci — Omak Xoarcla-
ri) / Omak Xorclari

Insan Kapitalimn Olava Dayari (HCVA) =
=(Galir - Xorc + Omak Xorclori) / Iscilarin Say

Imak mahsuldarligy (E:) = Xalis manfaat /
Orta isci sayt

Insan Resurslarina investisiva qoyulusunun
rentabelliyi (Ez2) = Xalis manfat / Umumi kadr
xarclari x 100%

Molumat monbolori kimi asagidakilar istifado
edilir: SOCAR-1n 2009-2024-cii illar li¢tin konso-
lidasiya edilmis maliyy9, dayanigh inkisaf va illik
hesabatlar1 (socar.az saytinda ictimaiyyoto aciq-
dir) [15]; Azarbaycan Respublikast Dovlat Statis-
tika Komitosinin rosmi statistikasi [16].

Biitiin vosait gostaricilori cari qiymatlorlo mil-
yon Azorbaycan manati (AZN) ilo togdim olu-

nur.
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Cadval 1

Géstorici 2009 2010 2012 2014 2016 2018 2020 2022 2023 2024
Golir (mln. man.) 4196 | 5527 | 17139 | 39674 [ 51905 | 107762 | 49607 | 119228 | 85201 | 84689
Satis doyari (mln. man.) 2078 | 3293 | 13877 | 35844 | 47384 | 102032 | 44552 | 104526 | 76639 | 77296
llik monfaot (mln. man.) 894 | 656 | 955 | 1274 | 350 | 1224 | 1734 | 9424 | 2073 | 2927
Omok xarclori (mln. man.) 456 | ss5 | 771 | 908 | 12907 | 1510 | 2017 | 2352 | 2444 | 2711
Orta isi say1 (nofar) 69568 | 75502 | 66234 | 54714 [ 50735 | 51125 | 50861 | 48042 | 48320 | 48069
gzgr/;‘g;; §m°k mohsuldarligt (min. o 660 1 0073 | 0259 | 0.725 | 1023 | 2108 | 0975 | 2482 | 1763 | 1762
Neft hasilati (min t) — | 8460 | 8315 | 8161 | 7522 | 7683 | 7407 | 7785 | 7736 | 7485.6
Qaz istehsali (mln. m?) — | 7179 | 7140 | 7223 | 6267 | 6819 | 7344 | 8070 | 8390.7 | 7718.1

Moanba: miialliflor torafindan SOCAR-n hesabatlarinin (2009—2024) malumatlar: asasinda tortib edilib.

SOCAR-1n insan kapitalinin istifado somoaras-
liyinin qiymatlondirilmasi

SOCAR-n asas maliyya va kadr gostoricila-
rinin timumi xiisusiyyatlori: 2009-2023-cii illor
tizra tohlil

Cadval 1-da tohlil edilon dovriin se¢ilmis illori
ticiin SOCAR-1n konsolidasiya edilmis maliyys
hesabatlarindan c¢ixarilan osas maliyys vo kadr
molumatlari toqdim olunur.

Cadval 1-doki molumatlar bir ne¢o osas ten-
densiyani oks etdirir. Birincisi, tohlil edilon dovr-
do SOCAR-1n golir artim1 agiq-aydin, lakin dovri
xarakter dasiyir vo asason qlobal neft qiymatlori-
nin dinamikasindan asilidir: golir 2009-cu ildaki
4196 mln. man-dan 2022-ci ildo rekord hodde —
28.4 dofo artimla — 119228 min. man-a yiiksolmis
va sonra neft qiymatlori normallasdiqca 2024-cii
ildo 84689 miIn. man-a diismisdiir. Satis xarclori
ardicil olaraq golirin toxminan 87-95 %-1 soviy-
yosindo galmisdir ki, bu da inteqrasiya olunmus
neft-qaz oamoliyyatlarinin kapital tutumlu tobistini
oks etdirir.

Balans monfooti ohomiyyotli dorocodo doyis-
konlik niimayis etdirir: 2010-2020-ci illorde 656—
1785 mln. man. arasinda sabit diapazondan sonra,
2022-ci ilde — biitiin tohlil edilon dovr orzinds on

golirli il olan — koskin gokildo artaraq 9424 min.
man-a catib vo 2023-cii ildo 2073 min. man-a
diisiib. Bu dalgalanmalar asason daxili somaralik
artimlarindan daha ¢ox global amtoo bazarinin di-
namikast ilo idars olunur vo bu da miitloq mon-
footdon daha c¢ox golira nisbaton insan kapitalinin
somoaralik gostaricilorinin normallasdirilmasinin
zoruriliyini vurgulayir.

Isci saymim dinamikas1 ziddiyyetli, daha
magsadyonlii bir tendensiyani tomsil edir. Iscilo-
rin say1 sistematik olaraq azalir — on pik gdsto-
rici olan 2010-cu ildoki 75502-don 2023-cii ilds
48069-a qador azalir ki, bu toxminan 36 % azalma
demokdir. Bu proses an intensiv sokildo 2010—
2015-ci illords bas vermis va 2017-ci ildon bari
sabitlogsmisdir. Eyni zamanda, imumi kadr xarclo-
ri 2009-cu ildoki 456 mIn. man-dan 2023-cii ildo
2444 mln. man-a qadoar, yoni 5.4 dofs artmisdir ki,
bu da har is¢iya diison vahid xarclorin hadoflonmis
artimini vo sosial investisiyalarin genislondiyini
gostorir. Hor ig¢iyo diigon amok mohsuldarhig (go-
lira asason) 2009-cu ildoki 0.060 mIn. man-dan on
pik hadd olan 2022-ci ildo 2482 mln. man-a qodor
artmisdir ki, bu da hom real somaralik artimlarini,
hom do artan amtoa giymatlorinin multiplikator ef-
fektini oks etdirir.

Cadval 2
Gostorici 2009 2010 2012 2014 2016 2018 2020 2022 2023 2024
Insan kapitalinn golidilik faktoru | g 56 | 996 | 2223 | 4360 | 40.02 | 71.37 | 24.50 | 5069 | 34.86 | 3123
(HCRF)
Insan kapitalmin investisiya
rentabelliyt (HCROT) 364 | 303 | 323 | 322 | 249 | 279 | 151 | 525 | 250 | 1.72
Insan kapitalmn slave doysri 370 | 369 | 609 | 866 | 1147 | 1416 | 139 355 | 227.8 | 2102
(HCVA), min man.
emeicmehisuldarhgil(Ex)umin 12.9 8.7 144 | 233 6.9 239 | 341 | 1962 | 429 | 60.9
nofar/adam.
Insan resurslarina investisiya | 195 1 [ 185 | 1230 | 1403 | 270 | 811 | 860 | 4007 | 848 |107.9
goyulusunun rentabelliyi (E2), %

Moanba: miiallifin SOCAR-in Konsolidasiya Edilmis Maliyys Hesabatlarindan (2009-2023) alda etdiklori malumatlara

asaslanan hesablamalar:
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insan kapitalimn géstaricilori: investisiya
yanasmasi

Cadval 2-da tohlil edilon dovr tiglin SOCAR-1n
insan kapitali gostoricilorinin hesablanmis gosto-
ricilori tagdim olunur. Biitiin gostaricilor 3-cii bol-
mado miioyyan edilmis diisturlar istifado edilorak
cadval 1-doki malumatlardan oldo edilmisdir.

Insan kapitalinin golirlilik faktoru (HCRF) —
personal xorclorinin hor manatina diison golir —
2009-cu ildoki 9.20-don an pik hadd olan 2022-ci
ildo 50.69-a yiiksalib ki, bu da asason yliksok neft
qiymatlori dovriindo golirlorin artmasi ilo baglh-
dir. Sonradan 2024-cii ilde 31.23-0 godor enmo
neft qiymaotlorinin azalmasi ilo uygun golir. Tohlil
oxsar gostarici ilo miiqayisodo SOCAR-1n amtoa
bazarinin doyiskonliyinoe daha ¢ox moruz qaldigi-
ni1, vahid personal xorclorinin iso miitloq baxim-
dan daha asag1 qaldigini gostarir ki, bu da regional
omak bazarlarindaki forqlori oks etdirir [12].

Satis xarclori ¢ixildigdan sonra 1 manatlq is¢i
xarclorine diigon xalis maliyys golirini dlgon on
analitik cohatdon informativ metrik olan insan ka-
pitalina investisiya rentabelliyi (HCROI) 2009-cu
ildoki 3.64-don tadricon 2020-ci ildo 1.51-5 diis-
miis, 2022-ci ildo maksimum 5.25-5 ¢catmis, daha
sonra isd 2024-cii ildo 1.72-ya diismiisdiir. 2016-c1
ilin asag1 soviyyasi 2014-2016-c1 illords neft qiy-
matinin sokunun SOCAR-1n galirlorinag ikili tosiri-
ni vo amakhaqqinin artirilmasi, sosial proqramlar
iizro miigavilo 6hdoliklori sobabindon ig¢i xorc-
lorinin davamli arttmin1 oks etdirir. 2020-ci ildo
HCROI-nin keskin pislosmasi (1.51) COVID-19
pandemiyasinin agir amaliyyat tozyiqini tosdigle-
yir: galir 2018-ci illo miiqayisads 58.4 % azalib.

Hor is¢iyo diison insan kapitali slave doyari
(HCVA) iimumilikds miisbat tendensiyalar gdsto-
rib: 2009-cu ildoki 37000 man-dan 2022-ci ildo
354981 man-a qodor pik hadds ¢atib, 2023-cii ildo
1so 227773 man-a, 2024-cii ildo 210198 man-a
godor ohomiyyatli korreksiya miisahido olunub.
2020-ci il bohran1 zamani1 139046 manata qodor
ohomiyyatli bir azalma geydo alinib ki, bu da bir

is¢ciyo diison insan kapitali olavo doyarinin makro-
iqtisadi sortloro yiiksok hossashigini tosdigloyir.
Dovri dalgalanmalara baxmayaraq, HCVA ten-
densiyasi hor bir is¢inin girkot doyarinin yaradil-
masina xlisusi tohfosinin artdigini gostorir — qis-
mon is¢i sayimin optimallagdirilmasi vo gisman do
neft qiymaotlorinin artmasi ilo alagodardir.

Insan kapitalina investisiya qoyulusunun renta-
belliyi (E2) — balans manfaatinin iimumi personal
xorclorinin faizi kimi — on doyiskon gostoricidir:
onun doyorlori 2010-cu ildo 8.7 %-don 2022-ci
ilds 196.2 %-o, 2024-cii ildo 60.9 %-o gador do-
yisir. Bu gostaricinin SOCAR-a nisbaton bu qo-
dor yiiksok doyiskonliyi SOCAR-1n konsolidasiya
edilmis monfastinin neft ixraci1 golirlorindon vo
qlobal bazar sortlorindon daha ¢ox asililigin1 oks
etdirir.

Kadr xarclorinin dinamikasi va iscilorin sa-
yinin optimallasdirilmasi

Cadval 3-do ayri-ayri illor {izro timumi kadr
xorclorinin, is¢ilorin sayinin vo SOCAR-1n hor bir
is¢cisino diison vahid xorclorin dinamikasi togdim
olunur.

Cadval 3-doki molumatlar iki paralel tendensi-
yani tosdigloyir: is¢ilorin imumi sayinda davamli
azalma vo is¢i basma diison vahid xorclorin da-
vamli artmasi. Bir is¢i basina orta xarclar 2010-
cu ilds ilds toxminon 7351 man-dan 2024-cii ildo
56398 man-a qodor artmisdir ki, bu da SOCAR-1n
Davamli Inkisaf Hesabatlarinda qeyd edildiyi kimi
hom artan omokhaqqini, hom do sosial miiavinot-
larin, tolim programlarinin vo amayin tohliikasiz-
liyino qoyulan investisiyalarin genislonmosini oks
etdirir [15].

SOCAR-1n is¢i qlivvesinin ixtisariin yalniz
texnoloji avazetms ilo alagali olmadigini vurgula-
magq vacibdir. Bu proseso toromo miiossisalorin ye-
nidon qurulmasi, osas olmayan aktivlorin satig1 vo
2023-cii ildo SOCAR-1n Miisahida Surasi toroafin-
don tosdiq edilmis “Hadof amoliyyat modeli” ¢or-
civosindo toskilati strukturun optimallagdiriimasi

Cadval 3
Gostarici 2010 2013 2015 2017 2019 2021 2023 2024
Omok xarclori, mln. man. 555 844 1016 1317 1740 1824 2444 2711
©mokhaqq: fondunun artim tempi, % — 52.1 20.4 29.6 32.1 4.8 34 10.9
Orta is¢i say1, nafor 75502 61088 52104 50424 51696 48870 48320 48069
Isgilarin sayinin artim tempi, % = -19.1 -14.7 -3.2 2.5 -5.5 -1.1 -0.51
Bir is¢iya diison xarclor, man./il 7 351 13816 19499 26119 33658 37324 50579 56398

Monba: miialliflarin SOCAR-in Konsolidasiya Edilmis Maliyya Hesabatlart va Davamli Inkisaf Hesabatlarindan (2010~

2024) alds etdiklori malumatlara asaslanan hesablamalari
08'2026
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daxil idi. Bu yenidonqurma, Tiirkiyonin Bogazici
Universiteti vo SOCAR-1n Baki Ali Neft Moktobi ilo
birgs layihs olan Liderlik Akademiyas: vasitasilo
kadr inkisafina davam edon investisiyalarla birlik-
do, komiyyot baximindan is¢i heyatinin ixtisarlar
fonunda insan kapitalinin keyfiyyotco artirilmasi
tictin hodoflonmis strategiyani oks etdirir [13, 15].

Omok mohsuldarhgmmin artim templori,
amokhaqqi fondu vo insan kapitalinin istifads-
sinin somaraliyi arasindaki slagonin tahlili

Insan kapitalmin idaro edilmosindo standart
analitik tolob omok mohsuldarligmnin vo omok-
haqqmnin artim templorini miiqayiso etmokdir. Tod-
qiqatlarda gostorildiyi kimi, amok maohsuldarligi
artiminin omokhaqqi artimindan artiq olmasi ge-
nislonmis tokrar istehsalatin miisbot gostoricisidir
(8, 12].

SOCAR-da golirin faizi kimi omok mohsuldar-
1181 2024-cii ilin 2009-cu illo miigayisosi toxminon
29.3 dofa, 2016-c1 illo miiqayisodo 1.7 dofo artib;
imumi omok xorclori 2010-cu illo miigayisodo
2024-cii ildo 4.9 dofo artib (555-dan 2711 min.
man-a); is¢ilorin sayr 2010-cu il soviyyosindon
toxminon 36.3 % azalib. Bu nisbatlor tasdigloyir
ki, tohlil edilon biitiin dovr arzindo SOCAR-da
omak mohsuldarliginin artim tempi amokhaqqi
fondunun artimini ohomiyyatli dorocado iistolo-
yib. Lakin bu notico vacib bir geyd tolob edir:
SOCAR-in  omok mohsuldarhigi gostoricilori
osason global neft qiymatlori ilo miioyyon edilir
vo yalniz daxili somoralik artimlart ilo deyil.

On nlimunavi miiqayisali dovrii — 2020-2024-
cli illori (qiymotlorin normallagdirilmast mor-
hololori) tohlil edorkon, hor is¢iyo diigon moh-
suldarliq 975.3 min man-dan 1761.8 min man-a,
omok xorclori iso toxminon 1.34 dofo artmisdir.
Bu olago rohborliyin diggeti ii¢lin bir signaldir:
qiymatlorin normallasdirilmasi dovrlorinds vahid
omok xorclorinin artimi mohsuldarligin artimin
ohomiyyatli doracado iistaloyir, HCROI-ni azaldir
vo golirliliys tozyiq gostorir.

Bu model Migurina va digarlarinin [12] tapin-
tilarini ¢ox tokrarlayir: omok xarclorinin artmasina
baxmayaraq, insan kapitali indeksi 2022-ci ildoki
50.69-doan 2024-cii ildo 31.32-0 diisiib, ¢iinki in-
san kapitalinin geyri-maddi komponentlari (talim
xorclorinin pay1, saglamliq indeksi) omok mohsul-
darligindan daha yavas boyiiyiib. SOCAR iiclin
do oxsar problem insan kapitalinin keyfiyyotco
inkigafin1 siiraotlondirmok ehtiyacidir — talimo,
saristolorin idaro edilmosino vo innovasiyani sti-
mullagdirmaqla — moahsuldarliq artimlariin sads-

AZORBAYCAN NEFT TOSORRUFATI
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co fiirsot¢i deyil, struktur xarakter dagimasi tiglin
zaruridir.

Naticalorin miizakirasi

SOCAR-1n 2009-2023-cii illor iiglin molumat
bazasina uygunlasdirilmig insan kapitalinin qiy-
motlondirilmasi metodologiyasinin totbigi ham
analitik, hom do praktik ochomiyyoto malik bir sira
asas naticalor ¢ixarmaga imkan verir.

1. SOCAR-1n investisiya gostoricilori ilo 6l-
clilon insan kapitali miitloq sokildo artir; lakin
onun effektivliyi ekzogen omtos bazari sortlorino
cox hossasdir. Bu tapint1 neft vo qaz sirkatlorinin
foaliyyati ilo bagli genis adobiyyatla uygundur vo
endogen somoralik meyllori ilo qiymat tosirlori
arasinda forq qoyan insan kapitalinin qiymotlondi-
rilmasi metodlarinin hazirlanmasimin zoruriliyini
vurgulayir — masalon, HCROI vo HCVA-nin neft
qiymatina uygunlasdirilmis versiyalarint qurmag-
la [6, 12].

2. 14 il orzinds isgilorin saymnin 75 502 nofor-
don 48069 nofora qodar sistematik sokildo azaldil-
mast, eyni zamanda vahid amokhaqqinin davamli
olaraq artirilmasi, neft sirkotlorinin idaro edilmo-
si lizro beynolxalq odobiyyatda sonadlosdirilmis
“komiyyotdon iistiin keyfiyyot” yanagmasina uy-
gun hodoflonmis insan kapitali strategiyasini tom-
sil edir [3]. Lakin, SOCAR-1n daxili hesabatinda
rosmilosdirilmis insan kapitali monitoring alt sis-
teminin olmamasi bu investisiyalarin naticolorinin
sistematik sokilds izlonilmomasi vo ya komiyyat
baximindan agiglanmamasi demokdir.

3. Insan kapitali géstoricilorinin SOCAR-1n
GRI Standartlarina uygun olaraq tortib edilmis
Davamli Inkisaf Hesabatlarina inteqrasiyasi bu
sonadlarin investorlar, institusional torofdaslar vo
dovlat qurumlart {i¢lin informasiya doyarini oho-
miyyotli dorocodo artiracaq. Caras vo Lupushor
[2] tarafindon qeyd edildiyi kimi, insan kapitalinin
aciqlanmasi getdikco investisiya qorarlart ii¢lin
ohamiyyatli doracados vacib hesab olunur va genis-
londirilmis insan kapitali hesabati toloblori (2020-
ci ildo qilivvays minib) SOCAR-1n beynalxalq
istiqrazlar buraxarkon vo torofdasliqlar inkisaf et-
dirarkon getdikca daha ¢ox riayst edocayi yeni bir
qlobal standart yaratmisdir.

4. Digor neft vo qaz sirkatlori ilo miigayiso [6,
12] ohomiyyatli struktur forglorini ortaya qoyur:
SOCAR-1n goliri xeyli boyiikdiir va beynalxalq ti-
carato daha ¢ox inteqrasiya olunub, monfoot doyis-
konliyi daha yiiksokdir vo golirdo kadr xorclorinin
pay1 (toxminon 2-3 %) yuxarida adi1 ¢okilon Ru-
siya sirkatinin payindan (toxminan 7-9 %) xeyli
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asagidir. Bu o demokdir ki, SOCAR-1n golirliliyo
ohomiyyatli dorocodo tosir etmodon, xiisuson do
neft gqiymotlorinin yiiksok oldugu doévrlordo, golir
strukturunda insan kapitalina investisiya qoyulu-
sunun payini artirmagq tigiin shamiyyatli potensiali
var.

5. SOCAR-1n 2023-cii il iizro Davamli inki-
saf Hesabatinda yiiksokkeyfiyyatli insan kapitali
togobbiislori miioyyon edilmisdir: Liderlik Aka-
demiyasi, Gonc istedadlar programi, Performans
Madoniyyatinin Inkisafi layihesi vo HR Al chat-
botu, bozilori 2025-ci ildo Brandon Hall Group
torofindon qabaqcil insan kapitalinin idars edil-
masino goro qizil miikafatlara layiq goriilmiisdiir
[14]. Bu tosobbiislor anonovi amokhaqqi va tolim
xorclorindon konara ¢ixan insan kapitalina inves-
tisiya qoyulusu iiclin perspektivli sahalori tomsil
edir; onlarin toklif olunan metodologiyaya komiy-
yat inteqrasiyast galocokds analitikan1 shomiyyat-
li doracads zonginlosdiracokdir.

Natico

Bu todgigatda, SOCAR-1n 15 illik konsolida-
siya edilmis maliyyo molumatlarina (2009—2023-
cli) insan kapitalinin qiymatlondirilmasi ii¢lin
uygunlasdirilmis hortorofli metodologiya totbiq
olunur. Osas naticalor asagidakilardir.

1. Birbasa xorc metodu ilo hesablanan
SOCAR-1n insan kapital1 2009-cu ildoki 456 mln.
man-dan 2024-cii ildo 2711 mln. man-a gador ar-
taraq 5.4 dofo artib, eyni dovrdo iscilorin say1 iso
75502 nafardon 48069 nofars diisiib.

2. Insan kapitalinin somoraliyinin investisiya

gostaricilori (HCRF, HCROI, HCVA) qglobal neft
qiymatlori ilo bagli aydin tsiklik horokot niimayis
etdirir: pik hadlor 2014 vo 2022-ci illordo, mini-
mum hadlar isa 2016 va 2020-ci illords bas verir.
Qiymat amilini nazara almaq {igiin gostaricilorin
tonzimlonmasi insan kapitalinin mohsuldarliginin
artiminda daha miilayim osas trendi ortaya qoyur.

3. Tahlil edilon dovr orzindo omoak mohsuldar-
liginin artim tempi amokhaqq1 xarclorinin artimini
ohomiyyatli doracads iistaloyib ki, bu da genislon-
mig tokrar istehsal iiglin miisbot signaldir. Lakin,
2019-cu ildon 2023-cii ilo godor giymatlorin nor-
mallagmas1 dovriindo vahid omok xorclori vahid
mohsuldarligdan daha siiratli artib ki, bu da insan
kapitalinin istifadasinin somaraliying struktur toz-
yiq gostorir.

4. SOCAR-mn rosmilogdirilmis inteqrasiya
olunmus insan kapitalinin monitoringi altsiste-
mind malik deyil. Toklif olunan metodologiyanin
totbiqi — birbasa xarclordon istifado etmoklo xorc-
lorin giymatlondirilmasi, investisiya gostaricilari
vo dinamik tohlil daxil olmaqla — insan kapitalinin
gostaricilorinin sistemli monitoringini tomin edas-
cok vo insan resurslarinin idars edilmasi {izro stra-
teji gorarlarin gobul edilmosi iiglin daha analitik
cohotdon ciddi osas yaradacaq.

5. Komiyyat insan kapitali gdstoricilorinin
SOCAR-1n dayaniqliliq hesabatlarina inteqrasi-
yast GRI standartlarina uygunlugu giiclondiracok,
beynolxalq neft sirkotlori ilo miiqayisoni yaxsilas-
diracaq vo maragli torofloro girkotin on vacib stra-
teji aktiv kateqoriyalarindan biri haqqinda oho-
miyyatli malumatlar toqdim edacaok.
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Elcin Arif oglu Kazimov - 60 il!

2026-c1 il avqust ayinin 9-da samimi va qaygikes insan, t.e.d, cag-
das qazma elminin layiqli nlimayandasi El¢in Arif oglu Kazimovun
60 yas1 tamam olur.

Elgin Arif oglu Kazimov 1966-c1 ildo Baki sohorindo miiollim ailo-
sindo anadan olmugsdur. 1983-cii ildo 176 Ne-li orta moktobi ala qiy-
matlaorle bitirdikdon sonra hamin ildo M.9zizboyov adina Azorbay-
can Neft vo Kimya Institutunun (indiki Azorbaycan Dovlot Neft vo
Sonaye Universiteti) “Qaz-Neft-Modon” fakiiltosine daxil olmusdur.

1985-ci ildo ordu siralarinda horbi xidmoto gonderilmisdir. 1987-ci

ildo harbi xidmati basa vurub, institutda tohsilini davam etdirmisdir.

1990-c1 ilds institutu forqlonms diplomu ilo bitirdikden sonra toyinatla ADNSU-nun “Neft vo qaz
quyulariin gazilmast” kafedrasinda elmi is¢i kimi omok foaliyystino baglamis, daha sonra iso aka-
demik A.X Mirzocanzadonin tosobbiisii ilo Moskva sohorindo Umumrusiya Elmi-Todgiqat Qazma
Texnikas1 Institutunun (BHUMBT) oyani aspiranturasinda tohsilini davam etdirmisdir.

1992-1993-cii illordo akademik A.P.Krilov adina Umumrusiya Elmi-Todgiqat Neft Institutunda
(BHUUHedTh) elmi is¢i vozifasindo calisdigi miiddotds dissertasiya isini basa ¢atdirmis vo 1993-cii
ildo Umumrusiya Elmi-Todgiaqt Qazma Texnikas: Institutunun Elmi Surasinda namizadlik disserta-
siya isini miivoffaqiyyatlo miidafio etmisdir.

1994-cii ildon 2014-cii ilodok SOCAR-1n “Neftqazelmitodgiqatlayihs” Institutunun “Qazma moh-
lullar1” laboratoriyasinin aparici elmi is¢isi vo miidiri, 2014-cii ildon iso “Qazma vo sement mohlul-
lar1” laboratoriyasinin miidiri vozifasinds ¢alisir. Elmi faaliyysti dovriinde onun rahbarliyi vo bila-
vasita istiraki ilo qazmada texnoloji mohlullar sahasinda islonilmis miitaraqqi texnologiyalar 6lkenin
quru va doniz yataqlarinda qazilan quyularda miivaffaqiyyatls totbiq olunmusdur.

2010-cu ilds doktorluq dissertasiya isini miivaffoqiyystlo miidafio etmisdir.

2011-ci ildo qazmada nanostrukturlu sistemlorin islonilmosi vo todqiqi iizro nailiyyatlorine
gora E.A.Kazimov Fransanin paytaxti Paris soharinds “Nanoelm vo nanotexnologiyalar” sahasinda
UNESCO miikafatina layiq goriilmiisdiir.

2012-ci ildon Azorbaycan Respublikasi Prezidenti yaninda Ali Attestasiya Komissiyasinin “Yer
elmlori”, hal-hazirda ise “Texnika elmlori” bdlmasinin ekspertidir.

2018-ci ildo Rusiya Tobii Elmlor Akademiyasinin lizvii se¢ilmisdir.

Quyularin gazilmasi vo méhkomlondirilmasi sahasinds 150 elmi asorin, o climlodon 6 monogqrafi-
yanin, 15 Azarbaycan vo Rusiya Federasiyasi patentinin misllifidir.

Elmi nailiyyatlorini Yaponiyada (Tokio, 2003), Cinds (Sanxay, 2010), Vyetnamda (Xanoy, Vung-
tau, Xosimin 2011), iranda (Tehran 2014, 2016), Almaniyada (Dortmund, Diisseldorf, Aaxen 2012,
2013, 2014), Tataristanda (Kazan, Almetyevsk 2016, 2017), Basqirdistanda (Ufa 2016), Ozbokistan-

AZORBAYCAN NEFT TOSORRUFATI 082026
7 8 A3zepbatioxarckoe HegpmsHoe Xoszsticmeo / Azerbaijan Oil Industry



da (Daskond 2015), Qazaxistanda (Aktau, 2017), Moskvada (2013) toskil olunmus beynolxalq kon-
franslarda, simpoziumlarda, sorgilordo vo seminarlarda yiiksok soviyyado niimayis etdirmis, osorlori
bu 6lkalorin niifuzlu elmi nasrlorinds dorc olunmusdur.

Gonc elmi kadrlarin elmi biliklors yiyslonmasindo, texnika elmlori tizra folsofo doktorlariin ye-
tisdirilmoasinds Elgin miisllim 6z amoyini, bilik vo bacariini asirgomir.

Elg¢in miisllim Azarbaycan Dovlot Neft vo Sonaye Universitetinin “Neft-qaz miihondisliyi” kafed-
rasinda toskil olunan magistr dissertasiya islorinin miidafiosindo Dovlot Attestasiya Komissiyasinin
sadridir.

E.Kazimov “Azorbaycan neft tosorriifat”, “CtpouTenbcTBO HE(PTSIHBIX U Ta30BBIX CKBAXXWH HA
cyme u Ha Mope” vo “Scientific Israel — Technological Advantages” jurnallarinin redaksiya heyatlo-
rinin lizvidr.

2025-ci ildo Rusiya Tobii Elmlor Akademiyasinin tosis etdiyi “Akademik Azad Mirzocanzads adi-
na” Beynolxalq miikafatla, giimiis medalla toltif olunmusdur.

Ad giinii miinasibatilo oziz El¢in miisllimi somimi golbdon tobrik edir, ona méhkom cansagligi,

elmi axtariglarinda yeni nailiyystlor arzulayiriq.

“Azarbaycan neft tasarriifat1” jurnalimin

redaksiya heyati va kollektivi

AZORBAYCAN NEFT TOSORRUFATI
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Ismayil Qadir oglu Hiiseynov — 70 il!

Azorbaycan Milli Elmlor Akademiyasi nozdindo Respublika Seysmolo-
Ji Xidmot Morkozinin Bas elmi is¢isi, texnika elmlori namizadi, omokdar
miihondis Hiiseynov Ismayil Qadir oglunun 2026-c1 il avqust aymin 27-do
70 yas1 tamam olur.

I.Q. Hiiseynov 1956-c1 ildo neftci ailosindo anadan olub. ©mok foaliyyo-
tino 1973-cii ildon “Donizneftqazlayiho” Ddvlot Elmi-Todqiqat vo Layiha

Institutunda laborant vozifasindon baslamisdir. 1974-cii ildo M.Bzizbayov

adma Azorbaycan Neft vo Kimya Institutunun (indiki Azorbaycan Dévlot
Neft vo Sonaye Universiteti) Neft-mexanika fakiiltosino daxil olmusdur.
1982-ci ilda tohsilini bitirib, “Danizneftqazlayiho” DETLI-do miihondis, sonralar bdyiik miihondis,
elmi is¢i vo boylk elmi is¢i vozifalorinds ¢alismigdir.

1985-ci ildo 1.Q. Hiiseynov Leninqrad (indiki Sankt-Peterburq) insaat Miithondisleri institutunun
“Ingaat mexanikas1” ixtisas1 iizra aspiranturanin qiyabi bdlmasine qabul olunmus vo 1989-cu ilda toh-
silini miivoffaqiyyatlo baga vurub “Doniz stasionar platformalarinin dayaq bloklariin 6ziiliiniin qrunt
¢okiintiilorino nozoron doyismasi” movzusunda dissertasiya isini miidafio edorok, texnika elmlori na-
mizadi alimlik darocasi almisdir. 1989-cu ilden 1992-ci ilo godar o, “Danizneftqazlayiha” DETLIi-do
“Daniz qurgularinin tadqigati” laboratoriyasinin miidiri vozifasinds islomisdir.

[.Q.Hiiseynov Giinosli, Neft Daslar1 vo digor doniz yataqlariin monimsanilmosini hoyata kegir-
mok mogsadilo doniz stasionar platformalari, estakadalar vo yan meydancgalarin dayanigligiin tod-
giqatina istigamatlondirilmis masaloalorin halli ilo moasgul olmusdur. Onun bu sahodo miivoffoqiyyat-
lor qazanmasinda illor arzindos olds etdiyi bilik vo tocriibonin boylik komoyi olmusdur.

I.Q. Hiiseynov ilk dafa donizdo stasionar platforma &ziillorinin qurasdirilmasinda istirak edon az-
sayl1 miitoxassislordon biridir. O, 1982-ci ildon SOCAR-1n Neft vo Qaz¢ixarma iizro Bas idarasinin
$0ba roisi, 1994-cii ildon “Quruda Neft vo Qaz¢ixarma” Istehsalat Birliyinin, 2003-cii ildon iso “Az-
neft” Istehsalat Birliyinin Bas mexaniki vozifalorindo ¢alismisdir. Bu miiddotdo Ismayil Hiiseynov
“Urenqoy” qaz komaorinin sualti hissosinin tikintisi zamani sinaq islorino, Giinosli yataginda dorin
doniz 6ziillorinin tikintisindon sonra naqli, qurasdirilma vo istismarinin sinaq islorine, “Quruda Neft
vo Qazcixarma” Idaralorinin orazilorindo qurasdirilmis irihocmli kompressor stansiyalarmin, eloco
do “Oksigen” zavodunun rekonstruksiyasi zamani irthocmli oksigen hasil edon qurgunun istismara
verilmasino vo s. miithiim isloro bacariqla rohbarlik edorak yiiksok naticolors nail olmusdur.

I. Hiiseynov 2004-cii ildon Geofizika vo Geologiya Idaresindo miixtolif vozifolords islomisdir, o
ctimlodon 2011-ci ildon 2021-ci ilo godor idaronin oamoyin miihafizasi iizro rois miiavini vozifosindo
caligib. Onun rohborliyi ilo quru va doniz soraitindo neft-qaz yataglarinda aparilan geoloji vo geofiziki
todgiqatlar beynolxalq standartlara vo SOTOM qaydalaria uygun sokilds toskil olunmaqla miisbot
noticalor oldo edilmisdir. 2021-ci ildon 2024-cii ilo godar “Neftqazelmitodqiqatlayiho” Institutunda

direktorun miisaviri vozifasindo isloyib. Hazirda AMEA-nin nozdindo Respublika Seysmoloji Xid-
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moat Markozinin Bas elmi is¢isi vozifasinda ¢alisir.

Ismay1l miiollimin apardig1 elmi todqigatlarin naticalori 50-don artiq elmi isdo, o ciimlodon Azor-
baycan vo digor 6lkalords dorc olunmus 45-don artiq maqals vo iki monoqratiyada 6z oksini tapmisdir.
O, bir ne¢o ixtira vo somaralogdirici toklifin miiollifi vo hommiisllifidir. Yazilmis maqalolor vo hor iki
monoqrafiya doniz stasionar platformalarin gorginlik-deformasiya hali va yiikgotiirmo gabiliyyastinin
todqiqi masolalorine hosr edilib. Hal-hazirda Ismay1l Hiiseynov kompleks geofiziki todqiqatlarda siini
intellektin totbiqi lizro masalalorin halli ilo mosgul olur.

Ismay1l Hiiseynov dofalorlo Baki, Moskva, Sankt-Peterburq, Nyu-York, Berlin, Varsava, Istanbul,
Dubay, Riqa, Yalta vo diinyanin digor sohorlorinds beynolxalq konfranslarda moruzslarls ¢ixis etmis,
isgilizar soforlor vo beynolxalq todbirlordo miitoxassis kimi istirak etmisdir.

I.Q. Hiiseynov 2005-ci ildo Respublikanin neft vo qaz sonayesinin inkisafinda xiisusi xidmatlarino
goro SOCAR-1n Foxri formani ilo toltif olunmusdur. 7 noyabr 2017-ci il tarixinds 2 milyardinci ton
Azorbaycan neftinin hasil olunmasi miinasibatilo neft vo qaz sonayesinin inkisafinda xidmaotlorino
gora Ismayil miiollimo Azorbaycan Respublikasi Prezidentinin sorancami ilo “Omokdar miihondis”
faxri ad1 verilmisdir. 2021-ci ildo Azorbaycan Neft vo Qaz Sonayesi Iscilorinin Homkarlar ttifaq:
Respublika Komitosi torofindon neft vo qaz sonayesinin inksafinda xiisusi xidmotlorino goro Foxri
Farmanla vo SOCAR torofindon “Foxri Neft¢i” dos nisani ilo taltif olunmusdur.

Ismay1l miiollim gdzal ailo baseisi, yaxsi ata, sevimli baba vo cox mehriban, qaygikes insandur.

Hormotli ismayil miiallim!
Sizi 70 illik yubileyiniz miinasibatils tobrik edir, Sizo méhkom cansagligi, uzun 6miir vo isloriniz-

do miivoffoqiyyatlor arzulayiriq.

“Azarbaycan neft tasarriifat1” jurnalimin

redaksiya heyati va kollektivi

AZORBAYCAN NEFT TOSORRUFATI
AsepbatioxarHckoe HecpmsaHoe Xozslicmeo / Azerbaijan Oil Industry
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Qonimat Isad oglu Safarov — 75 il!

Azorbaycanin gorkomli iqtisad¢r alimi, iqtisad elmlori doktoru, pro-

fessor Qonimoat Osad oglu Soforovun 75 yasi tamam olur.

Qonimat Osad oglu Soforov 11 avqust 1951-ci ilde Cabrayil rayonunun

Qaracalli kondinds miisllim ailosinds anadan olmusdur. Atasi1 Allahvedi-

yev Osad Cobrayil rayonu N.Norimanov adina (indi iso 9sad miisllimin
oglu Hikmat Allahverdiyev adina) Balyand kond orta maktobinds miial-
lim, dors hisso miidiri va direktor vozifalorinds ¢alismis, sayilib-secilon
fizika-riyaziyyat misllimi idi. Anas1 Cofsrova Manzer Umud qiz1 evdar
qadin olmusdur.

Qonimat Saoforov 1958-ci ildo N.Narimanov adina Balyand kond orta maktabinin birinci sinfina
daxil olmus, 1968-ci ildo hamin moktobi sla giymatlorle bitirmis v elo hamin ilde M.9zizboyov
adina Azorbaycan Neft vo Kimya Institutunun (indiki Azorbaycan Dovlot Neft vo Sonaye Universi-
teti) Miihondis-igtisad fakiiltosino qobul olunmusdur. 1973-cii ildo institutu “Neft vo qaz sonayesinin
iqtisadiyyat1 vo toskili” ixtisasi lizro miivaffoqiyyatlo bitirmisdir.

Omok foaliyyatine 1974-cii ilin aprel ayinda baglamis vo 1975-ci ilin may ayina qodor Azorbaycan
SSR-i Morkazi Statistika idarasinin (indiki Dévlot Statistika Komitosinin) Cobrayil rayon Hesablama
idarasinin Bag miihondisi vozifasinds, 1975-1977-ci illords B.Sardarov adina Neftmasinqayirma
zavodunda boylik miihendis vazifasinds ¢alismig, 1977-ci ilin may ayindan M.Ozizboyov adina Azar-
baycan Neft vo Kimya Institutunun “Molumat, 6l¢ma va hesablama texnikas1” kafedrasinda islomok
ticiin dovat almis vo burada 1980-ci ilin axirina kimi foaliyyat gdstormisdir.

Elma olan boyiik havasi onu 1981-ci ilin yanvar ayindan Azarbaycan Neft vo Qaz Sonayesi El-
mi-Tadqiqat vo Layihs Institutuna gotirmis vo homin institutda “Iqtisadi Todgiqatlar” s6basinin oyani
aspiranturasina gobul olunmusdur. Aspiranturada tohsil aldigi miiddotds institutda mithondis, kigik
elmi is¢i vozifalorindo ¢alismisdir. Elmi isini bir il yarima basa ¢atdirsa da ondan asili olmayan miioy-
yon saboblordan miidafissi gecikmisdir. Q.Sofarov 1986-c1 ilin oktyabrinda Ufa Neft Institutunun
Ixtisaslagdirilmis Surasinda dissertasiya isini ugurla miidafio etmis vo ona iqtisad elmlori namizadi
alimlik doracasi verilmisdir.

Qonimat Soforov sonralar adi ¢okilon sobads elmi is¢i, boyiik elmi is¢i, 1990—-1996-c1 illords “Neft
yataglarinin islonmesinin iqtisadiyyati” laboratoriyasinin miidiri, 1996-2003-cii illor homin institu-
tun direktorunun Iqtisadiyyat sahesinda elmi islor iizro miiavini vozifalorinde ¢alismis, 2003-cii il-
don 2006-c1 ilin may ayma qader Qobustan Kosfiyyat Qazma Islori idarasi vo Abseron Qazma Islori
idaralorinds boylik miithandis kimi faaliyyet gostormisdir.

Q. Sofarov 2005-ci ilin iyun ayinda Azarbaycan Dovlat Neft Akademiyasinda “Neftqazgixarma-
da istehsal somaraliyinin iqtisadi problemlori va onlarin halli yollar1” mdvzusunda iqtisad elmlori
doktoru alimlik deracasi almagq {igiin dissertasiya igini miidafio etmis vo bu deracays layiq goriilmiis,

2006-2014-cii illordo ADNA vo Sumgqayit Dovlot Universitetinin professoru vozifasindo ¢aligmisdir.
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Q.Soforov 2006-c1 ilin may ayindan 2007-ci ilin aprel ayina qodor Azorbaycan Dovlot Neft vo Qaz
Sonayesi Elmi-Tadgiqat vo Layiho Institutunun “Iqtisadi Todqiqatlar” sébesindo Bas elmi isci, 2007-
ci ilin aprel ayindan iso “Neft-qaz kompleksinin iqtisadi vo sosial problemlori” sébasinin miidiri
vozifasinda ¢alismisdir.

2009-cu ildo Neft Sonayesindo mdvcud olan iki Tadqiqat institutunun birlogsmasi ilo “Neftqazel-
mitodgiqatlayiho” Institutu yaradilmis va professor Qonimat Safarov “Layiholorin iqtisadi qiymotlon-
dirilmasi” sobasinin miidiri vozifasing toyin olunmusdur. Bu vozifodo 2014-cii ilin avqust ayma kimi
foaliyyot gostormisdir.

Professor Q.Soforov 2014-2021-ci illordo Azorbaycan Dovlot Neft vo Sonaye Universitetindo “So-
naye iqtisadiyyati vo menecment” kafedrasinin miidiri, 2022-ci ilin aprel ayindan sentyabr ayima
godor kafedranin professoru kimi foaliyyot gostormisdir.

2020-ci ildo Azorbaycan Dovlot Neft vo Sonaye Universitetinin 100 illik yubileyi miinasibatilo
Respublika Prezidentinin soroncami ilo Qanimat miisllim “Toraqqi” medal ilo taltif olunmusdur.

Qonimat Soforov 2022-2024-cii illor orzindo Azorbaycan ©Omok vo Sosial Miinasibotlor Akademi-
yasinda kafedra miidiri vozifasinds ¢aligmisdir.

Q.Soforov 2024-cii ilin sentyabrindan bu giino kimi ADNSU-nun “Sonayenin iqtisadiyyati” (indiki
“Iqtisadiyyat”) kafedrasinin professorudur.

Professor Q.Soforov 1998-ci ildo Amerika Insan Hiiquqlar1 Departamenti Institutunun toskil etdiyi
bir illik kursu bitirmis vo ona “Layihalorin idars edilmosi” iizro Beynolxalq Sertifikat verilmis, 1999-
cu ilds iso “Tasis” Proqramina aid kursu bitirmis vo Boyiik Britaniyanin Oksford Universitetindo Xii-
susi kurs kegmis, ona “Layihalords gorarlarin gobulu”, “Layiho menecmenti”, “Kapital qoyulusunun
idars edilmosi” ixtisaslari lizro Beynolxalq Sertifikatlar verilmisdir.

Yataglarin birgs islonmosinds Cin Xalq Respublikasi vo Azarbaycan Respublikasi arasindaki razi-
l1ga asason Qonimat Soforov 2001-ci ildo homin Dovlatin dovati ilo Pekino ezam olunmus vo “Sen-Li
LTD” Sirkati ilo sazisin hazirlanmasinda Ekspert kimi istirak etmisdir.

Professor Qanimat Soforov miixtolif illorde Baki Dovlat Universitetindo “Iqtisadi tedqiqatlarda ig-
tisadi-riyazi {isullarin totbiqi” ixtisas1 iizra faaliyyot gdstoron ixtisaslasdirilmis Dissertasiya Surasinin
iizvii olmusdur. Azorbaycan Respublikasi1 Prezidenti yaninda Ali Attestasiya Komissiyasinda (AAK)
Igtisadiyyat sahosi iizro Ekspert surasinin sadr miiavini vo sadri kimi calismis, ADNA-da foaliyyot
gostaron Dissertasiya Surasinin homsadri, daha sonra ADNSU-nun nozdindos foaliyyat gdstoron Dis-
sertasiya Surasinin sodr miiavini vo Elmi Seminarin sodri kimi foaliyyot gostormisdir. Hazirda AR
Prezidenti yaninda AAK-1n Iqtisadiyyat sahosindo Ekspert Surasinin Eksperti kimi calisir.

Q. Soforovun todqiqat sahasi ¢oxtoraflidir. O, layiholondirmado neft yataqlarinin islonmasinin la-
yiholondirilmasinin iqtisadi osaslandirilmasi; optimal islonmo variantinin iqtisadi osaslandirilmasi;
yatagin istismarinin rentabellik hoddinin miioyyon edilmosi; kapital qoyulusu vo istismar xorclori-
nin hesablanmasi alqoritmi; material resurslariin sorfinin normalasdirilmasi vo ehtiyatlarinin osas-
landirilmasi; avadanliglarin istismar miiddatinin miioyyon edilmasi; quyularin foaliyyeotsiz fonddan
istismara daxil edilmosinin ranglasdirilmasi; quyularin istismariin rentabellik haddinin miioyyon
edilmasi; neft-qaz hasilatinda mohsul vahidinin maya doyarinin toyin edilmoasi; neft-qaz sonayesindo
gostaricilorin modellosdirilmasi; neft-qaz sonayesinds investisiyanin idars edilmaosi, investisiya vari-

antlarinin islonilmasi vo iqtisadi osaslandirilmasi; layihalorin otraf miihit amillorine hassasliginin toh-
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lili; neftqazgixarmada osas kapitaldan istifadonin somoralilik gostoricilori; quyularin osasli tomirinin
igtisadi somaraliyinin toyini; mohsulun keyfiyyati, istehsal xarclori vo qiymat arasindaki alagonin y-
ronilmasi; dalma nasoslar1 istismar tisulunda istehsal xorclorinin toyini; hasilatin intensivlogdirilmasi
tisullarinin mohsul vahidi xarcloring tasirinin todqiqi; neft veriminin artirilmasinin iqgtisadi somors-
liyinin toyini; istismar quyularinin gazilmasi somoarsliyinin todqiqi; neft hasilatina ¢okilon xorclorin
quyu debitindon asililigimin todqiqi; neftqaz¢ixarmada Kobb-Duglas istehsal funksiyasinin totbiqi
imkanlarinin tadqiqi; neft-qaz sonayesinin somaraliyinin tohlili modellorinin islonilmasi; yataqlar-
da “agill’” texnologiyanin totbiginin iqtisadi somoraliyinin tohlili; ¢otin ¢ixarila bilon neft ehtiyat-
lariin islonilmasinin iqtisadi masalalori; neft sonayesindo foaliyyatin somarsliyinin sistemli tohlili;
neft kompaniyasinin foaliyyati vo potensial imkanlariin modellosdirmas asasinda qiymotlondirilmasi;
dayaniqli inkisaf konsepsiyasina istigamotlonon neft-qaz layiholorinin idars edilmosi; neft hasilati,
giymat vo onlari digor amillorle garsiligli alagosi; insan kapitali vo onun dayaniqli iqtisadiyyatin for-
malagmasinda rolu; sonayenin investisiya-texnoloji inkisafi; insan kapitalinin qiymotlondirilmasin-
do 6l¢ii sistemlorinin todqiqi; neft hasilati hocminin kompaniyanin osas gostoricilorindon asililiginin
modellosdirilmasi; neft-kimya miiossisolorinds insan kapitali vo ondan istifadonin yaxsilagdirilmasi
imkanlar1 vo s. kimi mosaloalorin hallinds 6ziinomoxsus yanasmalar toklif etmis vo naticolor oldo et-
misdir.

Qonimat Soforov 9 monoqrafiya, 2 dorslik, 5 dors vasaiti, 250-don ¢ox moqalonin miisllifidir vo
diinyanin bir sira 6lkslorindo elmi moruzaloarlo ¢ixis etmisdir. Onun elmi rohbarliyi ilo 25 nafordon
cox falsofa doktoru, o ciimlodon 1 nafar Yomon Respublikasi, 4 nofor Qazaxistan vo 2 nofar Ozboe-
kistan Respublikalarinin votondasi ugurla miidafio edorok falsofo doktoru alimlik doracasini almislar.

Qonimot Soforov “Azorbaycan neft tasorriifat1” vo Ukraynanin Ivano-Frankovsk Neft institutunda
foaliyyot gostoron Elmi jurnallarin redaksiya heyatinin tizviidiir.

Hazirda Qoanimot miiallimin elmi rohborliyi ilo 4 nofor elmlor doktoru dissertasiya isi iizorindo
calisir.

Professor Qonimot Soforovun elmi iglori Scopus vo WoS platformalarina daxil olan elmmetrik
jurnallarda dorc edilmisdir.

Qonimot miiallimin iki 6vladi vo bes novosi vardir.

Hormatli Qonimot miiallim!
Sizi 75 illik yubileyiniz miinasibatilo somimi galbdon tobrik edir, Sizo méhkom cansagligi, vo ho-

miso oldugu kimi, elmi-pedaqoji foaliyystinizds ugurlar arzulayiriq.

Hormaotlo,
“Azarbaycan neft tasarriifat1” jurnalimin

redaksiya heyati va kollektivi
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