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GEOLOGIYA VO GEOFiziKA
TEQJIOMMNA U TEODPU3UKA / GEOLOGY AND GEOPHYSICS

UOT 550.31.550.8

Geoloji-geofiziki malumatlar asasinda Orta Kiir ¢cokakliyinin
Eosen ¢okiintiilarinin paleocografi va litofasial meyarlara
gora neftgazlihiginin giymatlandirilmasi

S.9. Olakbarova, y.e.ii.f.d.", E.F. Dlakbarov, y.e.ii.f.d.2

'Geologiya institutu,
2SOCAR

e-mail: 3-seadet@mail.ru

Acar sozlar: Orta Kiir, Eosen, litofasial, ¢okiintii, neftqazliliq, paleocografiya, litologiya, gil, tuf.

Orta Kur ¢okskliyinds Eosen ¢okiinttlarinin tahlili vulkan mahsullari, terrigen va ¢okiintl materiallarinin daxil oldugu
azalan geokimyavi mihits malik daniz hévzesinds bas vermasini gostarir. Bu da enma va galxma zonalarinin smals gal-
masing, ¢okintl hdévzasinda saraitin dayismasina, hamcinin muxtalif zaman dovrlerinds hévzays daxil olan materiallarin
tarkibinin dayismasina gatirib cixarir.

Paleocografi serait cokiintilarin litofasial xtsusiyyatlari, hdvza dibinin enib-qalxmasi ils, hamginin quru ile danizin sar-
haddinin miayyan olunmasinda mihim rol oynayir. Rayonun neftgazliliginin miayyan edilmasinda neft va qazin top-
lanmasinin slverisli saraitinin olub-olmadigini misyysnlasdirmak tctin ayri-ayri lokal strukturlarin quruluslarinin dyranil-
masinda, paleocografi saraitle yanasi paleotektonik saraitin da rolu bdyikdur. Qeyd olunan ¢okintilards karbohidrogen
yataglarinin amala galmasi ti¢ln alverisli tektonik va fasial saraitlar mévcud olmusdur. Kompleksin kasilisinds Eosen ¢okiin-
tllarinin terrigen-karbonatli rezervuarlari Boyik Qafgazin canub-sarg hissasinda yeni neft-qaz yataglarinin axtarisi ictin
daha slverisli saraitls xarakterize olunur. Bu ¢okiintilsrin rezervuarlarinda karbohidrogenlerin yataq seklinds toplanmasi
Kur ¢okakliyinin bort hissasinda alverisli geoloji saraitin mévcud olmasini gdstarir.

OueHka HepTerasoHOCHOCTY 30L,eHOBbIX OT/IOXKeHUW B CpeAHeKYHPUHCKOM BNaguHe cor/lacHO naneoreorpagpuue-

CKUM U J'II/ITOd)aI.I,VIal'IbeIM Kputepnam Ha oCcHoOBe reonoro-reoqmsuuecxux AAHHbIX

C.A. Anekbeposa, A.¢.H.3.", 2.0. Anekbepos, A.¢.H.3.2
"YIHCTUTYT reosoruu,
2SOCAR

KnioueBble cnoBa: CpegHas Kypa, 3oueH, amTodaLmanbHblv, OTA0XKEHWS, HedDTErasoHOCHOCTb, Naneoreorpadus, AMTo-
norvs, TavHa, Tyd.

AHanv3 30LIEHOBbIX OTJIOXeHUI B CpesHEKYPUHCKON BMaAvHe yKasbiBaeT Ha UX GOPMUPOBaHME B YCIOBUAX MOP-
cKoro bacceiiHa ¢ BOCCTaHOBUTE/IbHON FeOXMMUYECKOW CPesor, Kya NoCTynanun NpoayKTbl ByAKaHW3Ma, TEPPUrEHHbIE 1
0cCaf0uHble MaTepuabl. ITO NPUBENO K 06Pa30BaHMIO 30H OMYCKaHWA 1 MOAHATUSA, U3MEHEHWIO YCIOBWI B CEAUMEHTa-
LIMOHHOM 6acceliHe, a Tak>ke K BapvaLMsaM COCTaBa MaTepurana, MocTynatoLero B 6acceiiH B pasHble Meproabl BPEMEHMW.

lManeoreorpaduyeckve ycaoBUS UrParoT BaxKHYHO POJb B OMpeseneHun antodaumanbHbIX XapakTepUCTUK O0CaiKoB,
KonebaHnii fHa bacceiHa, a Tak>Ke B YCTaHOBAEHWUM FPaHuL, MeXay CyLLel U MopeM. Hapsagy ¢ naneoreorpaduyeckoin 0b-
CTaHOBKOM, 60JIbLLYIO POJIb B U3YUYEHWUMN CTPOEHWS OTAE/NbHbIX IOKaNbHbIX CTPYKTYP UIrPaeT ManeoTeKTOHUYECKUI PEXIM,
MO3BO/IAOLLMIA ONPEAENNTL HaMUMEe BAAroNpPUATHBIX YCIOBWIA ANS aKKyMYAALMU HEPTW 1 rasa. B ykasaHHbIX OTJOXKEHNAX
CYLLLECTBOBAIN MOAXOAALLME TEKTOHNYECKME U daLimanbHble YCI0BUS AN GOPMUPOBaHWA 3aneXelt YrNeBoj0poaoB. Tep-
pUreHHO-KapbOoHaTHbIe pe3epByapbl 0LIEHOBLIX OTIOXEHWI B pa3pe3e KOMIMIEKCa XapakTepumaytoTcs 6onee 6aaronpu-
ATHBIMW YCOBUAMM /151 OUCKa HOBbIX MECTOPOXXZAEHMI HEdTU 1 rasa B HOro-BOCTOYHOM YacTv bobluoro Kaskasa. Cko-
MJIEHVE YINIEBOLOPOAOB B BUZE 3a/eXel B pe3epByapax 3TUX OTIOXEHUIA CBUAETENbCTBYET O HaNNUMN B1aronpUATHbIX
reoJIorMyeckmnx ycioBuii B 6optoBoi Yactn KyprHCKOW BNaavHbl.

AZDRBAYCAN NEFT TOSORRUFATI
A3epbatioxarHckoe Hegpmsaroe Xoszaticmeo / Azerbaijan Oil Industry
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Assessment of the oil and gas potential of Eocene deposits in the Middle Kura Depression based on geological-

geophysical data, using paleogeographical and lithofacial criteria

S.A. Alakbarova, PhD in Soil Sc.", E.F. Alakbarov, PhD in Soil Sc.?
"Institute of Geology,
2SOCAR

Keywords: Middle Kura, Eocene, lithofacial, sediment, oil and gas potential, paleogeography, lithology, clay, tuff.

Analysis of the Eocene facies in the Middle Kura Basin shows that it occurred in a marine basin with a decreasing
geochemical environment, including volcanic products, terrigenous and sedimentary materials. This leads to the formation
of subsidence and uplift zones, changes in conditions in the sedimentary basin, as well as changes in the composition of
materials entering the basin at different times.

Paleogeographic conditions play an important role in determining the lithofacies characteristics of sediments, the
uplift of the basin bottom, as well as the boundary between land and sea. In determining the oil and gas potential of the
region, in studying the structures of individual local structures to determine whether there are favorable conditions for
the accumulation of oil and gas, along with paleogeographic conditions, paleotectonic conditions also play a major role.
Favorable tectonic and facies conditions existed in the mentioned sediments. The terrigenous-carbonate reservoirs of
Eocene sediments in the intersection of the complex are characterized by more favorable conditions for the search for new
oil and gas fields in the southeastern part of the Greater Caucasus. The accumulation of hydrocarbons in the reservoirs of
these sediments in the form of deposits indicates the presence of favorable geological conditions in the side part of the

GEOLOGIYA VO GEOFIzZIiKA

Kura depression.

Azorbaycanda neft-qaz hasilatt Orta Kiir
cokokliyinin Eosen ¢okiintiilorindo karbohidrogen
ehtiyatlarinin artirilmasi ¢ox aktualdir. Cokokliyin
osas neftli-qazli komplekslori olan Paleogen-Mio-
sen yaslh stixur komplekslorinin paleostruktur in-
kisafini, neft-qazin generasiyasinin baslanma-
s1 vaxtinin, miqrasiya istiqgamatlorinin miioyyan
edilmosi, neft-qaz yataqlarinin formalasmasi vo
qgorunub saxlanilmasi baximindan boyiik shomiy-
yot kosb edir. Geoloji-geofiziki todqiqatlarin vo
orazido gazilmis dorin parametrik vo kosfiyyat qu-
yularinin molumatlar1 Orta Kiir ¢okokliyinin Eo-
sen ¢okiintiilorinin yataqlarinda potensial neft-qaz
ehtiyatlarinin oldugunu gostorir [1—6].

Cokokliyin geoloji qurulusu haqqinda mo-
lumatlar boyiikk hocmdo struktur kosfiyyat, do-
rin kosfiyyat qazmasi, geoloji-geofiziki tadqiqat-
lar naticasindoa alds edilmisdir. Orta Kiir ¢okokliyi
boylik qalinligli Paleogen-Miosen yash c¢okiin-
tiilorindon toskil olunmus, iistogolma tipli qirilma-
larla miirakkoblosmisdir. Bu ¢okiintiilor Oziillari
Mezozoy yash karbonathi vo vulkanogen siixur-
lardan ibarot olan boazi saholordo Paleogen-Mio-
sen komplekslorinin ¢okiintiilori  perspektivli
neftli-qazli obyektloro malik olmusdur. Orta Kiir
cokokliyinin Eosen dovriindo ¢okiintiitoplanma
soraiti daima olverisli olmus vo bu stratigrafik in-
tervalin kosilisindo yaxsi kegiriciliyo malik vo da-
vamli slixur Ortiiklorinin olmasi, homg¢inin bozi
saholords onlardan sonaye ohomiyyatli neftin alin-
mas1 deyilonlori tosdiq edir [2, 3, 5, 6].

Cokoklikdo perspektivli hesab olunan Eo-
sen dovriinde Boyiik Qafgazin qalxmasi vo Kiir
¢okokliyinin enmasi naticasinda terrigen-karbonat

I A S

stixurlariin boyiik gqalinligda toplanmasina gora-
it yaranmisdir. Bu proses dagarasi hovzonin kon-
tinental-doniz Molass ¢dkiintiilorinin toplanma-
st dovriindo bas vermisdir. Domirtopa-Udabno,
Mommadtops, Torsdallor, Zordab, Omirarx, Murad-
xanli va s. strukturlarda qazilmig dorin kosfiyyat
quyularinin molumatlarina vo geoloji-geofiziki,
paleocografi todqgiqatlarin kompleks Oyronilmo-
si osasinda c¢okokliyin litoloji-fasial amalogolma
xtisusiyyatlorino goéro bu ¢okiintiilorin karbonat-
I1, gilli vo vulkanik-¢cokma siixurlarin korrelyasi-
yas1 naticosindo alinan yeni molumatlara osason
todqiqat orazisinin paleocografi vo litofasial me-
yarlara goro neftqazliliq perspektivliyini qiymot-
londirmok miimkiin olmusdur (sokil 1).

—— - Eosen gokiintiilorinin sorhodi

| - Eosen ¢okiintiilari tizra lokal strukturlar
[ = | - Neft yataglart
- Axtanig-kosfiyyat quyulari

Sokil 1. Orta Kiir ¢okokliyi. Strukturlarin yerlosmo
sxemi

Orta Kiir ¢okokliyinin neftqazliliq perspektiv-
liyinin qiymaotlondirilmaesi {i¢iin neftqazliligin li-
tofasial xiisusiyyatlorinin dyronilmasi hdvzo-
ni togkil edon ¢okiintli Ortiiylinds toplanmis {izvi

FEOQ/IOMMA U TEO®U3INKA / GEOLOGY AND GEOPHYSICS
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maddolorin karbohidrogenlora ¢evrilmasi, onla-
rin miqrasiyasi vo yataq omologotirmo soraitinin
miloyyon edilmosino sorait yaradir. Mévcud mate-
riallara osason qeyd etmok olar ki, bu ¢okiintiilo-
rin neftliliyi ¢Okokliyin Yevlax-Agcabodi (Mu-
radxanli, Bozqobu, Zordab vo Coforli yataqglari),
Kiir vo Qabirr ¢aylararasi (Torsdoallor, Mommaod-
topa Giirziindag vo s. yataqlar) homginin Ganco
neftli-qazli rayonlarinda moalumdur terrigen, ter-
rigen-karbonat vo effuziv kollektorlarindan gox-
sayli neft-qaz tozahiirlori geyd olunub vo onlarda
sonaye ohomiyyatli neft alinmisdir. Bu fakt osas
verir ki, geyd olunan ¢okiintiilords karbohidrogen
yataqlarinin omolo golmosi iiglin olverisli tekto-
nik, fasial vo geoloji-geokimyovi soraitlor mov-
cud olub [1-3, 7].

Cokokliyin Eosen dovr c¢okiintiilorinin lito-
stratigrafik xtlisusiyyatlorini dyronmok ti¢iin hom
indiya qador aparilmis todqiqat iglorindon, ham
gonsu rayonlarin, hom do quyu molumatlarindan
istifads edilmisdir. Geoloji-geofiziki materiallarin
dorin arasdirilmasi, Eosen ¢okiintiilorinin struk-
tur-tektonik xiisusiyyatlorinin todqiqi rayonun geo-
tektonik inkisafi, ¢okiintiitoplanmanin paleocog-
rafi vo paleotektonik soraitlorinin dyronilmasing
imkan vermisdir. Bu dévrds arazinin ¢6kmasi na-
ticosindo ¢okiintiitoplanma prosesi daha intensiv
olmus vo donizin transqressiyasi bas vermisdir. Bu
da hovzonin paleocografi inkisafinda boyiik rol

oynamis vo naticodo doniz sahasinin genislonmo-
si, qurunun iso daralmasi bag vermisdir. Orazi iizro
geyd olunan ¢okiintiilorin litofasial vo qalinhiglar
xoritosinin, homginin strukturlar {izro miiqayiso
sxemlorini oks etdiron qrafiklorin tortibi bdyiik
ohomiyyat kosb edir. Eosen dovriiniin ayri-ayri
zaman intervallarinda ¢okiintiilorin litoloji torki-
bi vo onlarin qalinliglariin paylanmasi miioyyon
edilmigdir. Tortib olunmus qalinliglar xaritasin-
don goriindiiyli kimi, geyd olunan ¢okiintiilor ra-
yonun biitiin orazisindo miisahido olunur. Kosi-
lisindo osason vulkanogen-terrigen vo karbonatl
stixurlar istirak edon Eosen ¢okiintiilorinin qalin-
11§81 arazi boyu doyisorok 400—-1200 m-o godar do-
yisir (sokil 2). Rayonun simal hissasindon ¢okiin-
titoplanma hovzosinin morkozing, conub-sorq
istigamotdo Eosenin kosilisindo qumlu-alevritli,
karbonatli-gilli horizontlarin vo qalinliglarinin art-
mas1 miisahido olunur.

Cokokliyin simal-qorbinds yerloson Kiir vo Qa-
birrt gaylararasi neftli-qazli rayonunun hévzasin-
do Eosen dovriindo ¢okiintiitoplanma soraiti daima
olverigli olmusdur. Torsdollor, Domirtopo-Udab-
no, Giirziindag vo Boyiik Palantdkon saholorindo
Orta Eosen kollektorlarindan alinmis sonaye oho-
miyyatli neft axinlar1 gostorir ki, bu ¢oklintiilor ra-
yonun digor saholori do olverisli soraitlordo neft-
li-qazli ola bilor [2, 5]. Bu baximdan ¢okokliyin
dorinds yerloson yataqlariin neft-qaz potensia-
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Sakil 2. Eosen cokiintiilorinin litofasial vo qalinhqlar xaritasi:

1 — dovlat sarhadi; 2 — Eosen ¢okiintiilorinin pazlasma zonast; 3 — izopaxitlor; 4 — li-
tofasial zonalarin sorhadi; 5 — gillor; 6 — qumdasilar; 7 — ohongdasilar; 8§ — mergellor;
9 — qumlar; /0 — tuflar; /1 — gilli mergellor; /2 — alevritlor; /3 — tuflu qumdasilar;

14 — tuflu mergellor; /5 — kobud donali siixurlar
10°'2026
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limin qiymatlondirilmasi geofiziki materiallarin
analizinin naticalori vo siixur niimunslarinin ¢o6l
va laboratoriya todqiqatlarinin molumatlarinin sis-
temlosdirilib hortorafli 6yronilmasi vacibdir.

Kiir vo Qabirri caylararasi1 vo Yevlax-Agcabo-
di neftli-qazli rayonlarinda Eosen ¢okiintiilori kar-
bonat, terrigen vo ¢okma-vulkanogen kollektor-
lar1 ilo xarakterizo olunur. Osason neftqazliligla
olagadar olan karbonat ¢okiintiilori iso daha ge-
nis yayilmigdir. Cokiintiilorin yuyulma sahoslorinin
alcaq vo diizonlik olmasi rayonun paleocografi-
yasinda vo paleotektonik qurulusunda osash do-
yisikliklorin bas vermosino sobob olmusdur (bax:
sokil 2).

Eosen dovriindo Paleosendon forgli olaraq, yu-
yulma sahalorindo qalxma, ¢okiintlii hdvzalorindo
iso enma proseslori intensivlosdiyindon daha ¢ox
¢okiintii toplanir. Boyiik galinliga malik Eosen ¢6-
kiintiilari litoloji coahatdon bir-birindon forglonan
alt, orta vo iist hissoyo boliintir.

Erkon Eosenin ovvalindo eroziyanin osas
saholorindo Kigik Qafqazin qalxmasi ilo orazinin
ayri-ayr1 bolgalorinds geyri-barabar ¢cokma prose-
si getmis vo hovzodo bas veron tektonik gorgin-
lik shomiyyatli doracads artaraq transqressiyanin
inkisafi ilo olagodar olaraq, simal saho tamamilo
su ilo ohato olunmusdur. Conub-gorq istigamatin-
do Yevlax Agcabodi ¢okokliyinin simal-qorbindo
Dalimommadli sahasinda do Erkon Eosends qalin-
11§1 100200 m olan gillor toplanir. Burada Alt Eo-
senin kosilisinds mergellorin gilli siixurlarla ovoz
olunmasi miisahido olunur. Rayonun conub-qor-
bindo Qiraq Kosomon, Qusquna saholorindo Alt
Eosen osason qumlu-gilli ¢okiintiilordon ibarot
olub, simal-gorq istigamotlorindo qumlu siixurla-
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Sakil 3. Kiir vo Qabirri caylararas: neftli-qazh rayo-
nunun Eosen cokiintiilorinin litofasial kasilislorinin
miiqayisali sxemi (sorti isaralors bax: sokil 1)
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rin artmasi ilo miisahido olunur. Karbonat siixur-
lar1 Alt vo Orta Eosenin gilli-ohongdasili tuflu vo
qumlu-gilli-karbonatli ¢okiintiilori ilo tomsil olu-
nur.

Alt Eosen ¢okiintililori Kiir vo Qabirri ¢aylara-
rasinda, Kiir ¢okokliyinin simal yamaci istigamo-
tinds ensiz zolaq soklinds uzanan sahads qalinligi
500 m-o gatan kobuddonoali karbonatli-terrigen ¢o-
kiintiilor miisahido olunur. Rayonun bir sira struk-
turlarinda qazilmis quyularda (Mommaoadtopo,
Giirziindag, Sacdag vo Torsdollor saholorindo) tam
kasilisi ilo agilmis vo asason karbonath gillorin is-
tiraki ilo tomsil olunan {ist hisso iso qumdasi vo
mergellorin ndvbologsmasindon ibaratdir (sokil 3).

Umumiyyatlo, Kiir vo Qabirri gaylararas: ra-
yonda Alt Eosen ¢okiintiilorinin galinligi do-
yisorok 50-590 m arasinda genis intervalda doyi-
sir. Cokiintiilorin gqalinlig1 zonanin qorb hissasindo
100-210 m oldugu halda, sorqo dogru 100-250 m
arasinda doyisir. Mommodtops sahasindo Alt Eo-
sen karbonatli gillordon, qumdas1 vo alevritlorin
novbolosmasindon ibaratdir. Kasilisin alt hissasi
200 m galinliga malik olub, yasilimtil boz, karbo-
nath vo tuflu-qumdasi laylarin mergel dostasi ilo
xarakterizo olunur. Torsdoallor sahasinds Alt Eo-
sen ¢okiintiilori bir sira quyularda litoloji torkib-
co osason karbonatli gillordon ibarat olub, {ist his-
sodo qumdasi vo mergellordon toskil olunmus vo
tam kosilisi ilo agilmigdir. Saho {izro conub-sorg-
do ¢okiintiilorin galinligr 50-100 m gadar todricon
azalir Torsdallor galximi rayonunda onlarin paz-
lagsmas1 miisahido olunur. Bu da Somkir galximi
zonasinda olan qalxma ilo slagodardir. Torsdal-
lor sahasindo ¢okiintiilorin litoloji torkibi sorg-co-
nub-sorq istiqgamotda terrigen-karbonat litofasiya
ilo avoz olunur.

Burada ayri-ayr1 sahalor iizro Alt Eosen ¢o-
kiinttilorinin litofasial xiisusiyyetlorinin miiqa-
yisasi gostorir ki, bu zonalarin eyniyash ¢okiin-
tillorinin kosilislori oxsardir. Tbilisiyan1 bdlgodo
coklintiilorin qalinlig1 1200 m-a godar olub, ara-
larinda ohongli qumdasi, tuflar, terrigen-karbo-
natli litofasiyadan ibarotdir [1, 3, 6]. Bu iso onu
demoyo osas verir ki, Kiir vo Qabirr caylararasi
rayonunun gimal zonasinin biitliin orazisindo Alt
Eosen ¢okiintiilori qonsu Sorqi Giirciistanda ol-
dugu kimi terrigen-karbonat litofasiyadan ibarot
olacaq vo ¢okiintiilorin galinligr simal istigamotdo
800—-1100 m-o gadar olub, ¢okiintiitoplanma hov-
zasinin miixtolif saholorinds ¢okma prosesinin in-
tensivliyinin miixtalif oldugunu gosterir (Alagiq,
Yaylaciq, Armudlu, Eldaroyugu vo s.).

Orta Kiir ¢6kokliyinin conub-gorqindo yerlogon
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Yevlax-Agcabodi hovzosindo genis yayilmis vo
Alt vo Ust Eosen ¢okiintiilorinin kesilisindo neft-
li-qazli qumlu-alevritli vo qumlu-mergelli, Orta
Eosen iso terrigen karbonat (tuflu qumdasilari,
mergellor vo shongdasilari) ¢okiintiilari ilo olage-
dardir. Qeyd olunan saholords gazilmis quyularin
bozilorindo miixtolif debitli (0.5-1 t-dan 6 t-a qo-
dor) neft alinmisdir [1, 2, 6]. Bu fakt oxsar geoloji
soraitds yerlogon Duzdag vo Bozyeri qalximlarin-
da Orta Eosenin perspektivliyini miisbat qiymaot-
londirmoya asas verir.

Orta Eosen ¢okiintiilori ¢okokliyin simal-qorb
hissasindo 300-350 m-o godor qalinliga malikdir
vo torkibco tuflu karbonat siixurlarin, gillorin vo
qumdasilarin névbologsmosindon ibarotdir. Giir-
ziindag, Keyriik-Keylan, Torsdollor strukturlari-
nin Orta Eosen kosiliglorindo tuf vo tuffitlor genis
sokildo tomsil olunur. Bu ¢okiintiilorin litofasial
doyisikliyo malik olmas1 Kiir vo Qabirr ¢aylara-
rast rayonunun simal-sorqindon Qabirr1 vo Alazan
caylar arasindaki an darin hissasindon karbohid-
rogenlorin toplanma zonalarina dogru miqrasiya-
s1 li¢lin olverisli geoloji soraitin olmasini gostorir.
Orta Eosen c¢okiintiilori Mommaodtops sahosin-
do vulkanogen-¢6kmo fasiyada tosvir olunur. C6-
kiintiilorin gqalinlig1 zonanin gorb hissasindo (Do-
mirtopa-Udabno, Mommodtopa) 200 m-o godor
toskil edarak, conub-sorqo dogru Keyriik-Keylan,
Tarsdallor sahalorinde 100-150 m-a qador azalir.
Torsdoallor sahasinin conub-sorq hissasindo 250—
300 m galinliga malikdir.

Cokokliyin Orta Eosen ¢okiintiilorini Do-
limommadli, Borsunlu, Qazanbulaq vo Tortor
saholorindo mergel vo mergeliistii lay dostosini
acan quyularda miixtolif intensivlikdo neft-qaz to-
zahiirlori gqeyd olunmusdur. Bunu nozoro alaraq,
oxsar geoloji soraitdo yerlogon Duzdag vo Boz-
yeri qalximlarinda Orta Eosen kollektorlart miis-
bot giymotlondirilo bilor. Ust Eosenin dabanin-
da yer alan mergeliistii (qumlu-alevritli-mergelli)
dosta ilo olagali neft yatagi qalximin conub-sorq
hissosindo askar edilmisdir. Zordab sahasindo
sOzli gedon stratiqrafik intervaldan sonaye oho-
miyyotli neft alinmisdir. Omirarx sahosindo 2
Ne-li quyuda Orta Eosenin 5000-5100 m dorin-
lik intervalinda yerlogon mergeliistli dostonin ¢at-
It mergelli siixurlarindan smaq prosesindo 20 t/
giin debitli neft alinmisdir [5, 6]. Qeyd olunan-
lar simal-sorq bortun morkozi hissasindo yerlogon
Muradxanli-Zordab-Omirarx qalximlar zonala-
rmin conub-gorb ganadi boyu Orta vo Ust Eosen
cokiintiilorinin neft-qaz perspektivliyi baximin-
dan miioyyon doracodo maraqlt olmasini siibut
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edir. Onu da geyd edok ki, Eosen ¢okiintiilori ilo
olagadar neft-qaz yataqlarinin axtarig perspektiv-
liyi Duzdag-Sirvanli-Sovetlor zonasinda da ytik-
sok qiymatlondirilir. Miigayiso sxemindon goriin-
diiyti kimi, Yevlax-Agcabadi ¢cokokliyinds Eosen
¢okiintiilori Orta vo Ust dovrlordo terrigen, mer-
gelli gillorin, ohongdas1 vo qumdasi siixurlarinin
novbologmoasi ilo tosvir olunmusdur (sokil 4).
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Sakil 4. Yevlax-Agcabadi neftli-qazl rayonunun Eosen
cokiintiilorinin litofasial kasilislorinin miiqayisali sxe-
mi (sorti isaralor sakil 1-dad verilmisdir)

Ust Eosen dovriindo Kiir ¢okokliyinin simal
hissosindo bas veron yuyulma Orta Eosena nis-
boton qalxma harokstlorinin intensivliyinin art-
masi ilo miisahido olunur. Reqressiya zamani Son
Eosenin qumlu-alevritli stixurlarin torkibi gismon
doyismisdir ki, bu da Erkon Eosendon aktiv tek-
tonik horakatlorin irsi olmasi vo Kigik Qafqazin
dagilmis relyefi ilo olagodardir. Kiir ¢okokliyin-
ds ikinci neftli-qazli hovzonin arazisi, Qarbi Azor-
baycan vo qismon do, Sorqi Glirciistan orazisino
aid edilon Qabirri-Acinohur depressiyasina uygun
golir [8]. Kristallik blindvra iizro aydin segilon vo
imumiqafqaz istiqgamotindos uzanan hévzonin do-
rin hissasi olan Qabirr1 vo Alazan ¢aylar arasinda-
k1 zonada qeyd olunur.

Ust Eosen dovriiniin ovvallorindo toplanan
qumlu-alevritli dasto ilo olagoedar kicik ehtiyat-
It neft yigimlar1 Qazanbulaq, Dolimommadli va
Godokboz sahalari ilo olagadardir. Qeyd olunan
yataqlarda neft kollektorlar1 az galinliqli qumda-
s1, catli mergel vo gil tobagociklorindon ibaratdir.
Umumiyyoatlo, Eosen ¢okiintiilorinds neft-qaz ax-
tarisinda ohomiyyatli natico hdvzonin simal-sorq
bortunda alds edilmisdir.

Rayonun conub-sorq hissasindo yerlogon Mu-
radxanli sahoasindo Orta vo Ust Eosen, Cofarli-
do iso Orta Eosen ¢okiintiilorindo sonaye ohomiy-
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yotli neft yataglart alinmisdir. Neft kollektorlar
miirokkob hocmli c¢atli-mosamali qumdasi, mer-
gel vo tuflu-qumdasi laylarindan ibarotdir. Ra-
yonun simal-sorqindo yerloson Muradxanli-Zor-
dab-Omirarx qalximlar zonalarinin conub-qarb
istigamotindo Orta Eosen c¢okiintiilorinin neft-
li-qazli oldugu miioyyan edilmisdir [5, 6]. Eosen
cokiintiilorinin litofasial xiisusiyyatlori vo qalin-
liglarinin tohlili gostorir ki, conub-qarb hissada
Orta Eosen ¢okiintiilori qalinligi koskin azalmus,
zaif catliliq vo neftqazliligla farglonirlor [1-3, 7].
Neftqazliligin litofasial xiisusiyyatlorinin analizi
hovzonin conub-qorb bortunda Eosen ¢okiintiilori
ilo olagodar neft-qaz yataqlarinin axtaris perspek-
tivliyi Duzdag, Sirvanli, Sovetlor zonasinda yiik-
sok giymotlondirilir.

Kiir vo Qabirr1 caylararasi rayonunda Ust Eo-
senin st hissosi osason gillordon ibarat olub, ay-
ri-ayr1 saholorin kosiliglorindo mergel vo qum-
das1 laylart istirak edir. Todqiq olunan rayonda
Ust Eosen cokiintiilori gilli litofasiyaya malik
olub, mergellor, qumdasilar1 vo tufogen siixurla-
rin névbolosmasindon ibaratdir vo galinligi 200—
400 m arasinda doyisir. Bu ¢okiintiilor rayonun
conub-qorb sahosindo qumlu-gilli litofasiyada, si-
mal-sorqindo iso 9sason terrigen-karbonat stixurla-
rin istiraki ilo tomsil olunur. Kasilisin asagi hisso-
si conub-qorbds Tovuz, Qazax, Qiraq Kosomon vo
simal-gorbdo Domirtopa-Udabno, Sacdag, Molla-
dag saholorindo qumlu-gilli litofasiya vo qalinligin
200-250 m, conub-sorq istiqgamotine dogru azalir
vo 150-200 m toskil edir (bax: sokil 3). Burada
Eosen c¢okiintiilorinin omolo golmasi tiglin paleo-
cografi soraitin daha otrafl1 6yronilmasi geoloji vo
geofiziki todqiqat iglorinin birlikds aparilmasi ilo
s1x olagadardir. Kiir vo Qabirri ¢aylararast bolgo-
do Ust Eosen ¢okiintiilori asason gilli litofasiyada
yayilmis vo bu siixurlar sopalonmis iizvi maddalor
vo karbonlagmis bitki materiali ilo nozorogarpacaq
doracados artir. Orazinin conub hissosi gilli litofa-
siya ilo, simal hissasi isa terrigen-karbonat litofa-
sial xiisusiyyatlo farglonir. Ust Eosenin qalinligi
simal-sorqdon conubi-qorb hissosi istiqgamoatindo
200—400 m togkil edir.

Ust Eosendo, transqressiyanin inkisafi ilo
olagodar olaraq, giiman etmak olar ki, simal hissa
tamamils su altinda qalib vo Somkir arazisinin ki-
¢ik bir sahasi agiq qalmisdir. Kiir ¢okokliyinin si-
mal hissosindo Ust Eosen hovzasi 6z sarhodlorini
xeyli genislondirmisdir vo qumlu-alevral siixurlar-
la xarakterizo olunur. Ust Eosen ¢okiintiilori Kiir
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va Qaburrt caylar arasinda genis yayilmis va ko-
siliginin agag1 hissosi qumlu-mergel-gilli fasiya ilo
tomsil olunur, yuxarida nazik qumdasi toboqolo-
ri ilo gil vo argillitlorin novbologsmasino ¢evrilir,
yuxarida nazik qumdasi laylar ilo gil vo argillit-
larin névbolosmasina, daha nadir hallarda iso tuflu
qumdas1 va tuflu alevrolitloro gevrilir.

Orta Kiir ¢okokliyi orazisinin neft-qaz perspek-
tivliyi, asason boyiik qalinliga va kasilisinds yax-
s1 neftgaztoradici lay dostolori vo neftqaztoplan-
ma zonalari, homg¢inin karbohidrogen potensialina
malik Paleogen-Miosen ¢okiintiilorilo olagolondi-
rilon neftli-qazli rayonlarin bir sira sahaloinds on-
larin kollektorlarinda miisahide olunmus intensiv
neft-qaz tozahiirlori vo qazilmis quyulardan alin-
mis sonaye ohomiyyatli axinlar bu ¢okiintiilorin
perspektivli olmasini demoys asas verir. Eosen
dovriindo Boyiik Qafqazin Mezozoy ¢okiintiilori-
nin yer sothino ¢ixmasi bas vermosi Kiir ¢okokli-
yindo Kaynozoy yasl siixurlarin kifayat qodor qa-
linhgla toplanmasina sorait yaratmisdir. Neft vo
qaz laylar1 ¢okokliyin simal-gorqindo olverisli ge-
oloji soraito malik, litoloji cohotdon osason Orta
Eosenin ¢okiintii-vulkanik siixurlari ilo olaqodar-
dir ki, bu da kosfiyyat qazmas1 vo kosfiyyat geo-
fizikasinin osas hocmi Yevlax-Agcabodi ¢okokliyi
daxilindo genislonmasina osaslanmigdir. Orta Kiir
cokokliyindo Mezozoy ¢okiintiilorinin bdyiik do-
rinliklords yatmasi, terrigen siixurlarin kifayst qo-
dor olmasi1 vo bu siixurlarda tizvi maddolorin ki-
fayat qodor toplanmasi, conuba dogru miqrasiya
edon karbohidrogenlorin generasiyasi {igiin alve-
rigli sorait yaratmigdir.

Eosenin kosilisini toskil edon vulkanogen-¢ok-
mo silixurlarindan psammitli-tuflar vo tuffitlor,
homginin nisbaton yaxsi rezervuar xiisusiyyotlo-
rino malik ¢atli mergel vo tuflar perspektivli hesab
olunur. Neft-qaz potensialinin litofasial vo paleo-
cografi meyarlarmin tohlilinin naticolori gostorir
ki, ¢okokliyin markozi zonasi Eosen dovriindo sa-
bit vo uzunmiiddatli ¢6kmosino va torkibindo {izvi
maddolor olan karbonat vo gil birlosmalorinin in-
tensiv toplanmas1 naticosinds karbohidrogenls-
rin toplanmasina sorait yaratmisdir. Aparilan tod-
qiqatlarin naticalari Orta Kiir ¢okokliyinin dorin
qatlarinda karbohidrogenlorin toplanmasi pers-
pektivlorinin qiymatlondirilmasinds neftqazliligin
giymatlondirilmo meyarlarindan biri kimi, homgi-
nin tadqiqat srazisinin dyranilmasindo kompleks
yanagmada axtarig-kosfiyyat islorinin somoraliyi-
nin artirilmasinda istifads oluna bilar.
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Mezokaynozoy ¢okiintii kompleksinin struktur-tektonik
xususiyyatlarinin tahlili (Ganca monoklinali timsalinda)

R.M. Hiiseynov, E.F. Xalilov, G.N. Mirzayeva
“Neftgazelmitadgiqatlayiha” Institutu

e-mail: elvin.f.khalilov@socar.az

Acar sozlor: struktur-tektonik xiisusiyyatlar, geoloji profil, qirilma, antiklinal, sinklinal, monoklinal, Eosen, Tabasir,

Maykop.

Maqalada Ganca monoklinalinda Mezokaynozoy ¢okiintl kompleksinin struktur-tektonik xususiyyatlari tahlil edilmis ve
muayyan naticalara galinmisdir. Geofiziki tadgigat va gazma malumatlarina asasen miayyan olunub ki, bélganin Tabasir ve
Eosen c¢okilntullarina gore tektonik qurulusu stratigrafik cohatca yuxarida yatan Maykop ¢okunttlarinin struktur qurulusundan
farglanir. Bu struktur uygunsuzlugu daha miifassal sakilde dyranmak Uclin Tabasir, Eosen, Maykop ¢okintulari tzra struktur
xaritalar va ¢okintl gatlarinin geoloji qurulusunu tasvir edan profillar tartib edilmisdir. Muayyan edilmisdir ki, ayriimis lokal
galximlar Ust stratigrafik vahidlars getdikca hemiformaya malik olur. Bu hal qirilmalarda da 6ziini gostarir. Bels ki, qirilmalarin
amplitudlar Ust stratigrafik vahidlara getdikce azalaraq séndr.

CprKTypHO-TEKTOHquCKMﬁ aHa/Iu3 Me30-KaliHO30MCKOro O0CaAOYHOro KomMmnJjiekca (GE) npumepe rilHA)KI/IHCKOﬁ

MOHOK/IMHaNN)

P.M. TyceitHoB, 3.®. Xanunos, IH. Mup3aeBa
HUMNHedTeras

KnroueBble cioBa: CTPYKTYPHO-TEKTOHNYECKE OCOBEHHOCTH, Fe0NIOrMYecKin NMpodusb, PasnoM, aHTUKANHANb, CUHKAN-
Ha/lb, S0LLeH, MeJi, MaiKon.

Ha ocHoBe aHanu3a CTPyKTypHO-TEKTOHMYeCKUX ocobeHHocTel Me30kalHO30MCKOro 0caouHOro Komraekca aH-
JPKUHCKOW MOHOKMHANW, B CTaTbe MOXHO cAenaTb PsAf BbIBOAOB. 10 AaHHbIM reopuanyeckmnx nccnesoBaHuii u npoby-
PEHHbIX CKBaX>XWH YCTaHOBNEHO, YTO TEKTOHMYECKOE CTPOEHME MENOBbIX U 0LLEHOBbLIX OTNIOXEHWUI OTAMYAETCA OT Mali-
KOMCKMX OTNOXEHWI. [1na 6onee AeTanbHOro M3yUYeHns 3TOro OTMUKSA Obln COCTaBAEHbI CTPYKTYPHbIE KapTbl U Mpodun,
OMKCbIBatOLLME Fre0NOrNYeckoe CTPOEHNE OCaZl0UHbIX C/I0EB MEIOBbIX, S0LIEHOBbLIX 1 MaKOMCKUX OTI0XKEHWA.

YCTaHOB/IEHO, UTO BBEPX MO paspesy OTAe/ibHble JIoKa/bHble MOAHATUA U3MEHSAIOT CBOe CTPOEHME U CTaHOBATCA MO-
NyGOPMHBIMU. ITa TEHAEHLIMA TakxKe HabtogaeTcs B passomax. [1o Mepe NpubAnKeHUs K BEPXHUM CTpaTUrpapuryeckmm
eAVHULIaM, aMIAUTYAbl Pa3/IOMOB MOCTENEHHO YMEHbLUAKOTCA U 3aTyXatoT.

Analysis of structural and tectonic features of the meso-cenozoic sedimentary complex (case study of the Ganja

monocline)

R.M. Huseynov, E.F. Khalilov, G.N. Mirzayeva
“Qil-Gas Scientific Research Project” Institute

Keywords: structural tectonic features, geological profile, fault, anticline, syncline, monoclinal, Eocene, Cretaceous, Maykop.

Based on analysis of the structural and tectonic features of the Mesozoic-Cenozoic sedimentary complex of the Ganja
monocline, several conclusions can be drawn in this article. Geophysical surveys and drilled wells revealed that the tectonic
structure of the Cretaceous and Eocene deposits differs from that of the Maikop deposits. To study this difference in
more detail, structural maps and cross-sections were created describing the geological structure of the sedimentary layers
of the Cretaceous, Eocene, and Maikop deposits. It has been established that, upwards in the section, individual local
uplifts change their structure and become hemiformed. This trend is also observed in faults. As they approach the upper
stratigraphic units, the fault amplitudes gradually decrease and fade away.
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Gonco monoklinali Orta Kiir ¢okokliyinin co-
nub-sorq hissosindo Kigik Qafgazqarsisi zonada
yerlagir. Monoklinal gorb — conub-qarb hissodon
Kigik Qafqazqarsist dorinlik qirilmasi, sorq — si-
mal-sorq hissaodon Sirvanli-Beylogan qirilmasi,
conub-sorq hissodon Asagi Araz dorinlik qirilmasi
vo simal-qorbdon Goncogay-Qanix qirilmasi ilo
sorhadlonir (sokil 1) [1]. Geoloji kasilisinda istirak
edon Mezozoy kompleksi (Yura vo Tabasir ¢okiin-
tiilori) boyiik qalinliga malik Paleogen-Déordiincii
Dovr ¢okiintiilori ilo ortiilmiisdiir. Gonco monokli-
nal1 geoloji qurulusuna gors on miirokkob tektonik
xtisusiyyatlors malik sahslordondir. Geoloji quru-
lusun miirokkobliyi asason Mezozoy (Tabasir) vo
nisboton do Paleogen c¢okiintiilorino goro geyd
olunur ki, bu da Kicik Qafgazin bu dovrlordoki
foaliyyati ilo slagadardir [2].

Monoklinalin geoloji qurulusunda ii¢ qalximlar
zonas1 ayrilir: Agdam-Giilliica-Beylagan, Sirvan-
li-Sovetlor, Godokboz-Naftalan. lk iki qalxim zo-
nasinda yerloson lokal antiklinal qalximlar Qafqaz
istigamoatli uzanmaya malikdir vo conub-sorq is-
tigamotindo Araz ¢ayima qodor, simal-qorbo dogru
iso Somkir paleogalximina ¢atdigda onlarin inki-
safi mohdudlasir. Godokboz-Naftalan qalximlar
zonasindaki lokal qalximlar iso submeridional is-
tigamatli uzanmaya malikdir [3].

Qalxim zonalar1 bir sira enina vo uzununa is-
tigamatli tektonik qirilmalarla miirakkablogsmayo
moruz qalmisdir.

Sahonin struktur-tektonik xiisusiyyatlori

Tadqiq olunan arazinin struktur-tektonik quru-
lusunu aydinlagdirmaq {i¢iin burada aparilan geo-
loji vo geofiziki tadqiqatlarin materiallart va elaca
do qazilmis dorin axtarig-kosfiyyat quyularinin
molumatlar1 genis tohlil olunmusdur. Bu tohlilin
naticolori osasinda Tobasir vo Kaynozoy ¢okiin-
tillorinin ayri-ayr1 stratiqrafik vahidlorinin regi-
onal struktur xaritolori vo geoloji profillori tortib
edilmigdir. Qurulmus xaritslor aparilmis seysmik
kosfiyyat islorinin molumatlari ilo yenilonmisdir
[4, 5]. Bu molumatlar osrazinin kosilisindo qeyd
olunan ¢okiintiilorin struktur-tektonik xiisusiyyot-
larinin miirakkabliyini oyani suratdo gostarir.

Gonco monoklinalinin  struktur-tektonik xii-
susiyyatlorini Tabagirin sothino goro qurulmus
struktur xoritoyo asason izah edorkon, geyd etmok
lazimdir ki, sahods iki paralel qalximlar zonasi
miisahido edilir. Bu zonalar bir-birindon ¢ox da
dorin olmayan ensiz vo uzun (30 km-don artiq),
simal-qorb conub-sorq istiqgamotli sinklinalla ay-
rilir. Sinklinalin conub-sorq sorhodi Beylogan vo

AZORBAYCAN NEFT TOSORRUFATI
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Sovetlor galximlar1 arasinda, simal-qorb sorhodi
iso Tortor vo Sirvanli qalximlar1 arasinda yerlo-
sir. Simal-qorba dogru getdikco Hindarx-Lombo-
ran saholori yerlogon orazido sinklinalin eni artir,
Tortor vo Sirvanli qalximlar arasinda iso yenidon
eninin kigilorok 8—9 km-don 3 km-o qodor azalma-
st miisahids edilir. Darinlik iso Mezozoyun sothi
iizro qurulmus struktur xoritoys osason simal-qorb
hissada 5000—5500 m-5 ¢atir.

Yuxarida geyd edilonlordon oalavo monoklina-
lin conub-gorq hissosindo Kobirli-Agcabadi-Bey-
logan vo Aggol-Sovetlor-Sirinqum  galximlar
qrupu yerlosir. Bu qalximlar qrupu bir-birindon
miixtolif istiqgamatli qirilmalarla ayrilmigdir. Ag-
cabadi-Beylogan qalximlar qrupu iso amplitudu
1000 m-o ¢atan qirilma ilo miirokkoblogmisdir.
Agcabadi-Aggol-Sovetlor istigamatinds qurulmus
profilo asason deyo bilorik ki, seysmik moalumat-
lara asaslanaraq miioyyaon edilmis Sorqi Agcabadi
sahosindon kegon oks fay tipli qirilma profilds 6z
oksini tapmigdir. Eyni zamanda bu qirilma Sorqi
Agcabadi sahasindo qazilmig 1 Ne-li quyu ilo do 6z
tasdiqini tapmugdir (sokil 2).

Tortib edilmis xaritolora asason deys bilorik ki,
Tabagir vo Eosen ¢okiintiilorinin struktur qurulusu
Maykop cokiintiilorinin struktur qurulusuna nis-
baton forglonir. Bu forglilik xtisusilo yuxarida qeyd
edilon galxim zonalarinda daha ¢ox nazoro carpir.
Bu forq ondan ibarotdir ki, Agdam-Giilliico-Bey-
logan galximlar zonasinda Tabasir vo Eosen iizro
ayrilmis lokal qalximlar Maykop ¢okiintiilorinin
sothino goro qurulmus xoritods izlonilmir. Yalniz
kigik olctili Qomorli vo Kobirli gqalximlart istisna
togkil edir. Sirvanli-Sovetlor qalximlar zonasinda
iso Tabasir vo Eosen ¢okiintiilori {izro ayrilmis an-
tiklinal qurulusa malik olan galximlardan yalniz
Sirvanli va Agcabadi strukturlart Maykopun sothi
iizro 0z antiklinal qurulusunu saxlayir [4].

Tadqiqat sahasi olan Gonco monoklinali uzu-
nuna istigamotdo paralel kegon bir ne¢o dorinlik
girilmast ilo miirokkoblogmisdir. Tabagir ¢okiin-
tillorinin  sothino goro struktur xoritodo tosvir
edilmis 1 Ne-li dorinlik girilmas1 Agdam-Giilli-
co-Beylogan galxim zonasindan kegir vo monokli-
nalin conub-gorqinds yerloson Qomarli sahasinda
saxolonorak, iki istigamotdo ayrilir. 2 Ne-li qirilma
Sirvanli-Sovetlor galximlar zonasinda yerloson
Agcabadi vo Sirvanli strukturlarinin tagyani hisso-
sindon kegorok onlarin qurulusunu miirokkoblos-
dirorok, Beylogan vo Sovetlor qalximlari arasindan
kegib conub-sorgo dogru davam edir. Burada qiril-
ma naticosindo galximlarin conub-qorb qanadlari
simal-sorq ganadlarina nisbaton xeyli qalxib. No-
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- Pozuntularin aktivlogma vaxti

Lokal antiklinal qalximlar

- Mezozoy ¢okiintiilari iizro

- Dévlat:
a) quruda, b) denizdo

- Mezozoy ¢okiintiilorinin
yer sathing ¢ixist

- Agcagil ¢okiintiilorinin yayilmasi

- Mohsuldar Qatin yayilmast

7. ierti nomralar va profil xatti

- Cokokliklor vo qalximlar

- Tektonik qirilmalar

Gonco monoklinalt

1- Dalimammadli
2- Soyuqxanlt

3- Korgay

4- Bozyeri

5- Hazirohmadli
6- Foxroli

7- $m. Ziyadxan
8- Borsunlu

9- Oliusagi

10- Ziyadxan

20- Sm. Naftalan
21- Naftalan

22- Tortor

23- Sirvanli

24- Tozokond
25- Giilliico

26- Agcabadi
27- Kabirli

28- Eyvazli

29- Qomorli

11- Borsunlu-Kiirak¢ay30- Cabri

12- Sm. Caylt
13- Cayli

14- Qazanbulaq
15- Acidora

16- Adsiz

17- Saryaldag
18- Qizilhacili
19- Gobokboz

Q - Paleogen-Miosen ¢okiintiilori {izra

31- Borsunlu
32- Beylogan
33- Ayrim

34- Xudaforin-Bohmonli

Sakil 1. Gonco monoklinalinda strukturlarin yerlosmo sxemi

B2
o)

L
-
3

Agcabadi
6

S. Agcabodi
1

Aggol

Sovetlar
4

[ N e R

Sakil 2. Agcabadi-Aggol-Sovetlar istigamatinda geoloji profil

ticodo strukturlarin qalxmis qanadindaki ¢okiin-
tillor Agcagilgarsis1 yuyulmaya daha ¢ox moruz
qalmigdir [6]. Bu qirilma Maykopun ¢okiintiile-

rinds kigik amplitudla xarakterizo olunur. 2 Ne-li
qirilmadan simal-gorqdo yerlogon 3 Ne-li qirilma
isa Sovetlor antiklinalinin uzununa istiqgamotindo
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Sakil 3. Gonco monoklinali. Tabasir ¢okiintiilorinin sathina gors struktur xarits

S. Agcabadi

Sirvanl

Sakil 4. Tartar-Sirvanli-Bards istigamatinda geoloji profil

kecir. Bu qirilmalarin hamist demok olar ki, co-
nub-sorqdo Asagi Araz dorinlik qirilmasina birle-
sir (sokil 3).

Yuxarida geyd olunmus iki regional qalximlar
zonasinin {izorinds yerlogon ayri-ayri qalximlarin
qurulusu, tortib edilmis struktur xaritolords 6z ok-
sini tapmisdir.

Seysmik todqiqatlar tisulu ilo Tabasir ¢okiin-
tillori tizro Sirvanh antiklinalindan simal-sorqdo
Boarda qalximi miioyyan edilmisdir. Monoklinalin
sorq hissasindo iso Sirinqum sahosinds do Tabasir
va Paleogen ¢okiintiilori lizra struktur ¢ixinti qeyd
edilmisdir [6].

Tadqiqat sahosinin Agdam antiklinoriumu-
nun conub-sorq batiminda yerlogon hissosi daha
miirokkob qurulusla saciyyalonir. Conubda, bi-
lavasito Agdam antiklinoriumunun davaminda
yerloson hissodo Mezozoy c¢okiintiilorinin yer

AZORBAYCAN NEFT TOSORRUFATI
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sothino ¢ixis1 geyd olunur. Bu ¢okiintiilorin sothi
simal-sorq istigamotdo 1500 m miitloq dorinliya
gomiiliir. Simal-sorqdo yerlogson Bordo qalximi
istigamatinda iso 7000 m miitlaq derinliyos godor
gomiiliir. Aparilmis geofiziki todqiqatlarla Bardo
strukturuna qazilmis 1 vo 3 Ne-li quyular arasin-
dan kegon ki¢ik amplitudlu qirilma bu profilds 6z
oksini tapmigdir. Bu qirilma yalniz Mezozoy va
Paleosen ¢okiintiilorinds izlonilir (sokil 4).
Doalimommadli-Borsunlu-Gédokboz istiqama-
tindo qurulmus geoloji profilo asason deyo bilo-
rik ki, Naftalan-Godokboz gqalximlar zonasinin
simal-qorb ganadinin dorinlik qirtlmast ilo 1000
m-2 qadoar qirtlib diismasi ilo slagadar olaraq, bila-
vasito Godokboz-Tartor qirtlmasinin yaxinliginda
Mezozoy ¢okiintiilori 5000—5500 m-o qodor do-
rinliklora gomilmiislor. Bu qirilmadan simal-qor-
bo dogru Mezozoy ¢okiintiilorinin yatim dorinliyi

10°'2026
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Sakil 5. Dalimommadli-Borsunlu-Giédokboz istigamatinds geoloji profil

Sakil 6. Gonco monoklinali. Eosenin (a) vo Maykopun
(b) sathi iizra struktur xaritalor

azalaraq Dolimommadli antiklinalinin conub-sorq
periklinalinda 2500 m, tag hissasinds iso 200 m-2
malik olur (sokil 5).

Mezozoyu transqressiv olaraq orton Paleogen
kompleksinin struktur-tektonik qurulusunu nozor-
don kegirdikdo geyd etmok olar ki, bu kompleks
tizorini Ortdiiyli Mezozoyun qurulusunu tokrarla-
yir (sokil 6, a).

Gonca monoklinalinda Mezozoy-Paleogen
kompleksi simal-sorqo dogru timumon monoklinal
yatim qurulusuna malikdir. Burada hom lokal an-
tiklinal galximlar, hom do hemiantiklinallar saho
lizra izlonilir.

Tadqiqat sahosindo qurulmus biitiin struktur

xaritolori nozora alaraq geyd etmok lazimdir ki,
Maykop cokiintiilori Mezozoy va Eosen ¢okiin-
tiilorindoki kimi simal-gorq istigamatli monoklinal
qurulusa malikdir. Lakin bir sira strukturlar May-
kop ¢okiintiilorinin sathindo 6z struktur qurulusu-
nu saxlaya bilmomis vo hemiantiklinallarla ovoz
olunmusdur (sakil 6, b).

Gonco monoklinalinin struktur-tektonik xtisu-
siyyatlorinin timumi tohlilindon bir daha goriiniir
ki, Mezokaynozoy c¢okiintii kompleksi, xiisu-
silo Mezozoy vo Eosen cokiintiilori kifayot qo-
dor miirokkob qurulusa malikdir. Ayrilmis lokal
qalximlar ¢oxsayli enino vo uzununa istigamatli
qirilmalarla miirokkoblosmoye moruz qalmisdir.
Bir ne¢o qirilmanin amplitudu Mezozoy vo Eo-
sen ¢okiintiilari lizra, bazi arazilordo min metrlors
gadar artir. Qirtlmalarin oksariyyati iso boyiik qa-
linliga malik Maykop c¢okiintiilorinin daxilindoe
sonur.

Natico

Gonco monoklinali miirokkob tektonik inki-
saf yolu kegmisdir. Tabasir vo Eosen ¢okiintiilo-
ri lizro miisahido olunan antiklinal qalximlar,
tist stratiqrafik vahidlordo todricon hemiformali
strukturlarla avoz olunur. Eyni zamanda dorin gat-
larda miisahido olunan qirilmalar iist stratiqrafik
vahidlora getdikco todricon soniir. Bundan olave
Sorqi Agcabadi sahasindo miioyyon edilon oks fay
tipli qurilma quyu vasitosilo do tosdiq edilmis vo
profildo gosterilmisdir. Sirvanli-Sovetlor vo Ag-
dam-Giilliice-Beylagan qalximlar zonas1 v onlari
miirokkoblogdiron uzununa istigamatli qirilmalar
Yevlax-Agcabadi ¢okokliyinin oxuna nisbaton pa-
ralel istigamotdo uzanir. Bu sabobdon ¢okokliyin
morkaz hisselorindon miqrasiya etmis karbohid-
rogenlorin toplanmasi {igiin alverisli tektonik sora-
it yaranir. Bu xiisusiyyatlor regionun neftqazliliq
potensialinin giymatlondirilmasindo fundamental
ohomiyyat kasb edir.

GEOLOGIYA VO GEOFIzZIiKA

FEOQ/IOMMA U TEO®U3INKA / GEOLOGY AND GEOPHYSICS
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QUYULARIN QAZILMASI
BYPEHWE CKBAXWH / WELL DRILLING

Machine time of drill string descent for one
well drilling cycle

Yu.A. Orudjov, PhD in Tech. Sc., F.K. Mammadoy, E.N. Salimova
Azerbaijan State University of Oil and Industry

e-mail: yusif144@mail.ru

Keywords: Drill string, machine time, drill tool release, auxiliary brake, tachogram, drilling winch, well depth, sinking

curve.

The article examines the problem of determining the machine time required for lowering a drill string during a single
well-drilling cycle.

The productivity of drilling rigs during tripping operations is largely determined by the technical condition of the braking
systems, the parameters of the hoisting-and-lowering complex, and the depth and conditions of drilling.

The authors analyzed existing methods for calculating the descent time of drilling tools and identified their shortcomings,
including the assumption of a constant penetration value per bit run and the failure to account for variable influencing factors.

An improved mathematical model is proposed, based on the sinking curve relationship and accounting for the combined
operation of the mechanical and auxiliary brakes of the drilling winch. Correction coefficients are introduced to characterize
the dynamics of drill-string descent, the incompleteness coefficient of the tachogram, and the thermal-state parameters of the
braking system. The obtained expressions allow us to more accurately determine the machine descent time of the drilling tool
at various depths and drilling conditions, which is especially important in the construction of deep wells.

Improving the efficiency of deep well drilling is directly related to reducing the time spent on auxiliary operations, among
which tripping operations account for up to 40 % of the total time balance. Existing calculation models often idealize the
process, failing to account for the nonlinear increase in time consumption with increasing well depth, as well as the technical
limitations of braking equipment under extreme loads. The development of methods that allow the machine time required for
lowering the drill string to be objectively evaluated while maintaining structural reliability is therefore a priority task for the oil
and gas industry.

The object of the study is the operating cycle of the hoisting system of a drilling rig. The subject of the study is the patterns
of variation in machine time consumption depending on well depth, drill string parameters, and braking modes.

The study proposes an integrated approach to calculating lowering time, which, unlike traditional formulas, takes into ac-
count the following factors:

Variable footage per drilling cycle: The penetration curve equation is incorporated into the model, eliminating the assump-
tion of a constant number of drill pipe stands per cycle.

Two-stage braking mode: The mathematical model describes the transition from the use of only the main band-and-block
brake to the combined operation of the main brake and an auxiliary hydraulic or electrodynamic brake after reaching a critical
depth of 1000-1200 m.

Criticism of existing models: It is demonstrated that simplified calculations can result in significant errors in the design of
deep wells because they do not account for the thermal loading of the brakes and hydrodynamic resistance in the wellbore.

Analytical relationship: The final Equation (8) has been derived to determine the total machine time required for lowering
the drill string throughout the entire well construction cycle. This equation is based on the differential calculation of the lowering
time for each individual drill pipe stand.

Thermal factor: The influence of the thermal state of the mechanical brake on the selection of the maximum permissible
lowering speed is substantiated. This is a critical safety factor when operating with heavy drill strings.

Practical significance. The obtained results enable engineering and technical personnel to plan well construction schedules
more accurately and optimize the operating modes of drilling crews. Application of the proposed methodology contributes
to reducing wear of brake bands and sheaves and helps prevent lost circulation and oil and gas influxes caused by excessive
hydrodynamic loads during lowering of the drilling tool.

Qazma kamarini isa salmaq liciin talsb olunan masin vaxtinin miiayyan edilmasi

Y.9. Orucoy, t.t.f.d., FX. Memmadov, E.N. Salimova
Azarbaycan Dovlst Neft va Sanaye Universiteti

Acar sozlar: gazma kemari, masinin vaxti, gazma alati, kdmakgi aylac, taxogram, gazma bucurgadi, quyunun darinliyi, maili
kecid.

Bu maqals gazma dovri arzinda gazma kamarini ise salmaq Ugiin taleb olunan masin vaxtinin misyyan edilmasi pro-
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blemini arasdirir. Qazma amaliyyatlari zamani gazma qurgusunun mahsuldarliginin ylksaldilmasi asasan aylac sistemlarinin
texniki vaziyyati, sondirma sisteminin parametrlari, gazma darinliyi va saraiti ile miayyan edilir. Msalliflar gazma alatinin
isloma muiddatini hesablamagq t¢tin mévcud Gsullan tahlil edarak, bitin is middatinds gazma darinliyinin sabit galmasi
Ucuin bu va digar amillari nazars alarag catismamazligi aradan galdirir.

Maili gazma prosesini aparmaq Ustin bucurgadin mexaniki va kdmakgi aylacinin riyazi modelinin takmillasdirilmasi
taklif olunmusdur. Qazma dayaqglarinin isloma dinamikasini, xarakteriza edan amsallari, taxogramma natamamliq amsali,
aylac sisteminin istilik vaziyyatinin parametrlari taqdim edilmisdir. Alinan ifadslar gazma alatinin muxtalif darinliklards va
gazma saraitinda quyuya endirilmasi Gglin masin vaxtini daha dagiq muayyan etmaya imkan verir ki, bu da darin quyularin
gazilmasinda xususila vacibdir.

Darin quyularin gazilmasinin ssmaraliyinin yiksaldilmasi gazma prosesina hazirliq islerinds sarf olunan vaxtin azaldil-
masi il mihtim baglhhgi vardir. Bels ki, fasilasiz gazma butiin vaxtin 40 %-a gadarini taskil edir. Mévcud hesablama modeli
cox halda gazma prosesinin daqgiq hesablamalar altinda ardicilligini disiinse da gazma prosesina sarf olunan vaxtla, quyu
darinliyinin qeyri-xatti asili olmadigini va ylklanma prosesi apararkan aylac avadanliglarinin texniki mahdudiyyatlarinin
olmasi nazara alinir. Neft ve qaz senayesi Ugln prioritet masale gazma vaxti konstruksiyanin etibarligi G¢lin metodlarin
hesablanib hazirlanmasidir.

Tadqigatin asas obyekti gazma kompleksinda qurgunun is dévridir. Quyunun darinliyindan asili olaraq gazma vaxtinin
dayismasi gazma kamarinin parametrindan va aylac rejimindan asilidir. Baxilan model, ananavi disturlardan fargli olaraq,
asagidakilari nazars alan is vaxtinin hesablanmasina kompleks yanasma taklif edir:

1000-1200 m kritik darinlikda asas lent aylacindan kémakgi (hidravlik va ya elektrodinamik) aylaca kegmak tglin dis-
turlar verilmisdir. Stibut edilmisdir ki, hesablamalarin aparilmasi darin quyularin layihalandirilmasinda bir cox xatalara sebab
olur, clinki bu vaxt aylacda temperatur amilini ve quyunun hidravlik miigavimati nazara alinmir.

Quyunun tam qazilaraq sona catdirilmasi G¢lin masin vaxti yekun (8) dusturu ils tayin olunmusdur. Agir gazma kamar-
lari il islayarkan tahlikasizlik faktorundan biri mexaniki tormoza tasir edan qazmanin suratinin buraxilabilan giymatinin
dizgln secilmasidir.

Olda edilmis naticalar mihandis-texniki heyata quyularin tikilmasi Gclin sarf olunan vaxtin daha dagiq planlasdirmaga
va gazma brigadasinin is vaxtinin optimallasdirmaga imkan verir. Taklif olunmus metod sayasinda aylac lentlarinin ve gas-
naqglarin yeyilmasi azalir vo neft gazma alatlarinin quyuya yiksak hidrodinamik tazyigls saldiqda neft ve gaz sizintilarinin
va udulmalarinin garsisi alinir.

OnpegeneHne MalIMHHOTO BpeMeHU crycka 6ypuibHOW KONIOHHbI 3a OAVH LMK 6ypeHns cKBaXKUHbI

FO.A. Opyp>xos, A.¢.T.H., ®.X. Mamezos, 3.H. CanmmoBa
AzepbainskaHCKUi roCyAapCTBEHHDBIV YHUBEPCUTET HEDTU U MPOMBILLIEHHOCTH
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KnroueBble cnoBa: 6ypuibHas KONOHHA, MalUMHHOE BPeMS, Cryck OypuabHOro MHCTPYMEHTa, BCMOMOraTesbHbIi TOPMO3, Ta-
xorpamma, bypoBsas nebézka, rnybriHa ckBaXuHbI, KpUBas MPOXOAKM.

PaccmoTpeHa npobaema onpeaeneHns MaMHHOFO BPEMEHW Crycka 6ypUAbHOM KONIOHHbI 38 OAWH LKA BypeHus ckBa-
SKWHbI. [MoBbILLEHWE NMPOV3BOANTENBHOCTY BYPOBbIX YCTAHOBOK MPW BbIMOJHEHMWN CMYCKO-MOABEMHbIX ONepaLyii BO MHOFOM
ornpeAenserTcs TEXHUYECKUM COCTOAHNEM TOPMO3HbIX CUCTEM, MapamMeTpaMm CryCcKO-MOAbEMHOIO KOMMIEKCa, yOuHON 1 yc-
NoBUSMU BypeHus. ABTOpamu MPOBEAEH aHaNN3 CYLLECTBYHOLLMX METOAMK pacyéTa BPEMEHW Crycka 6ypuabHOrO MHCTPYMEHTa,
BbIIBNIEHbI MX HEJOCTATKM, CBA3aHHbIE C MPUHATMEM MOCTOSIHHOW BE/INUMHBI MPOXOAKN 3@ OAHO AOAO/MEHWE N OTCYTCTBMEM
yyeTa BAVAHUA NepeMeHHbIX GaKTopOB.

MNpesnoxeHa ycoBepLIEHCTBOBaHHAsA MaTemMaTyeckas MoAe/b, OCHOBaHHas Ha 3aBUCUMOCTU KPUBOW MPOXOAKN U YUNTbI-
BatOLL,Asi COBMECTHYHO paboTy MexaHNUeCKOro 1 BCNOMOraTe/lbHOro TOPMO30B 6ypoBoW 1e6éaku. BBeaeHbI KOppeKTMpyoLLme
KO3P ULMEHTbI, XapakTepusytoLLme AMHaMUKY Crycka 6ypuabHbIX cBeYen, KO3OGULMEHT HEMOIHOTbI TaXOrPamMMbl U NapamMe-
TPbl TEMNOBOIO COCTOAHWUSA TOPMO3HOM cucTEMBI. [1olyUYeHHble BbIpaXkeHWs NO3BOAAKOT 6osiee TOUYHO ONpPeAenvTb MalMHHOe
Bpems cnycka 6ypuabHOro MHCTPYMEHTa MPW PasanyHbIX rybuHax 1 ycnoBusx BypeHuns, UTO OCOBEHHO BaXXHO MpWU CTPOU-
TeNbCTBE FYyHOKNX CKBAXKMH.

MoBbiweHne 3GdEKTUBHOCTU BYpeHNs FYOOKNX CKBaXKWH Hepa3pbiBHO CBA3aHO C COKPALLEHWEM BPEMEHW Ha BCTIOMO-
rate/ibHble onepaLuu, Cpeamn KOTOpbIX CycKo-nogbeMHble ornepauum (CMNO) 3aHnmatoT go 40 % obLuero 6anaHca BpeMeHMU.
CyLecTBytOLLME pacUETHbIE MOAENN YacTO NAEANIN3UPYHOT MPOLLECC, HE YUNUTbIBAsS HEAMHENHBIN POCT BPEMEHHbIX 3aTpaT C yBe-
JINYEHVEM FYBUHbI, @ TaK)Ke TEXHUUECKME OFpaHMYeHsi TOPMO3HOrO 0B0PYAOBaHMA MPU 3KCTPEManbHbIX Harpyskax. Paspa-
60TKa METOA0B, MO3BO/ANOLLMX OOBEKTVBHO OLIEHMBATb MaLLMHHOE BPEMs CryCKa Npw COXPaHeHUN HaAeXHOCTN KOHCTPYKLINIA,
ABNAETCA NPUOPUTETHON 3aAaqen Ans HedTerasoBom OTpacIu.

O6beKTOM UCCEA0BaHNA ABASETCSA LKA PaboTbl CyCKO-NOABEMHOMO KOMMIeKca bypoBoW ycTaHOBKW. [peamMeToMm — 3a-
KOHOMEPHOCTU U3MEHEHWA 3aTPaT MaLUMHHOIO BPEMEHU B 3aBUCMMOCTY OT IyBOUHBI CKBaXKMHbI, MapamMeTpoB 6ypuabHOM KO-
JIOHHbI Y PEXXMMOB TOPMOXXEHWS.

B pabote npessiodkeH KOMMIEKCHbIN MOAXOZ K pacyeTy BPEMEHU CrycKa, KOTOPbIN, B OTAUYMNE OT TPAAULMOHHBIX GOpMYJI,
YUYNTBIBAET:

— MepeMeHHY0 MPOXOAKY 3a OAHO AoNbeHNe: B MOAENb UHTENPUPOBAHO YpaBHEHWE KPUBOW MPOXOAKM, UTO MO3BOAAET
YWTW OT AONYLLEHWNS O NMOCTOAHCTBE KOIMYECTBA CBEY B LiKJIE.

— ABYX3TaMHbIA PEXMM TOPMOXKEHWUSA: MaTeMaTUUECKM OMUCaH Mepexos OT UCMOJb30BaHWUsA TONbKO OCHOBHOIO JIEHTOY-
HO-KOJIOZ0YHOrO TOPMO3a K COBMECTHOM paboTe ¢ BCMOMOoraTebHbIM (TYAPaBANYECKUM AN S1EKTPOAUHAMUYECKUM) TOPMO-
30M MOc/e AOCTUKEHWSA KPUTUYECKOW ray6uHbl (1000-1200 m).

KpuTtrka cyLLecTByOLLMX MOAENEN: 0Ka3aHOo, UTO YMPOLLEHHbIE PacyeTbl BEAYT K 3HaUNTE/IbHBIM NOMPELLUHOCTAM MPW MPO-
€KTUPOBaHMW ryOOKMX CKBaXWMH, Tak Kak HE YYUTbIBALOT TEM/IOBOE Harpy>KeHVEe TOPMO30B U M1APOAMHAMUYECKOE COMPOTUB-
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JieHue B CTBOE.

AHannTUyeckas 3aBMCUMOCTb: BbiBefeHa UTorosas popmyna (8) ana onpegeneHns NoAHOrO MalUMHHOIO BPEMEHM CrycKa
3a BeCb LK/ CTPOUTENLCTBA CKBaXWHbI. [laHHas popmyna basvpyeTca Ha AnddepeHLimansHOM UCHUCAEHU BPEMEHM Crycka

KaXkZoli OTAE/IbHOW CBeYU.

TennoBoii pakTop: 060CHOBAHO BAVAHNE TEPMUYECKOTO COCTOAHMS MEXaHNYECKOro TOpMO3a Ha BbIBOp MakcMMaibHO A0-
MyCTUMOW CKOPOCTU CrycKa, YTO ABAAETCA KPUTUUYECKUM HaKTOPOM 6e30macHOCTM Mpu paboTe C TaKeNbIMU BypUnbHbIMU KO-

JIOHHaMW.

MpakTyeckas 3HaUMMOCTb. [lonydeHHble pe3y/bTaTbl MO3BOAAOT UHXEHEPHO-TEXHUYECKOMY MepcoHany bosiee TOUHO
MAaHVPOBaTb CPOKM CTPOUTENLCTBA CKBAXWH M OMTUMU3UPOBaTb PeXXnMbl paboTsl BypoBbix bpurag. MNprmeHeHve npeano-
SKEHHOM METOAMKIN COCOBCTBYET CHUXXEHMIO M3HOCA TOPMO3HBIX JIEHT 1 LLKMBOB, a Takke NpejoTBpaLlaeT BO3HUKHOBEHME Mo-
TNIOLLEHN 1 HedTerasonpoABAEHN, BbI3BaHHbIX Ype3MEPHbLIMU FMAPOANHAMUYECKUMM Harpy3kamum Npu Crycke MHCTPYMeHTa.

Substitution and problem solving

We know that increasing the productivity of
drilling rigs when performing operations to lower
drilling tools is determined by the following main
factors:

1. Serviceability and high controllability of the
braking system, including the main, stop and aux-
iliary brakes.

2. Sufficient strength of the main load-bearing
elements of the lowering and lifting complex - the
mast, hoisting system, drilling winch and other
structures.

3. Depth of descent of the drill string and
strength of its most loaded elements.

4. Resistance and rock-breaking ability of the
drill bit.

5. The condition of the well walls and the ab-
sence of conditions that can cause complications
arising from changes in hydrodynamic pressure
during acceleration of the drill string during de-
scent.

6. The presence of a descent mode control sys-
tem that ensures minimal time spent at the permis-
sible level of loads in the elements of the descent
and lifting complex.

7. Hydraulic parameters of drilling mud, bore-
hole curvature and other technological factors.

8. Geological conditions of drilling.

The optimal choice of drilling tool launching
modes, taking into account these factors, allows
minimizing time and material costs under specif-
ic drilling conditions. As the results of previous
studies, as well as our observations, show, with an
increase in the depth of the well, the time spent on
this auxiliary operation increases not in proportion
to the square of the depth, but to a higher degree.

Therefore, research and development of meth-
ods and tools that ensure the execution of oper-
ations of lowering drilling tools at high speeds
while maintaining the reliability of drilling equip-
ment, especially when drilling deep wells, are of
paramount practical importance [7].

Many researchers were engaged in the problem
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of determining the machine descent time.

To calculate the time (7) spent on lowering and
lifting the drilling tool during drilling, the formula
is proposed:

2
B Lyt

LK (1)
21 H,

where L _— is the well depth, m; 7 — is the average
duration of descent and ascent of one plug; / — is
the length of the drilélglug, m; H, — is the penetra-
tion for one chiseling, m

A drawback of formula (/) is that the value
of H, is assumed to be constant in its derivation.
However, in practice, as the borehole depth in-
creases, the number of drilled holes per run de-
creases, resulting in an increase in the number of
trips and, consequently, the total time required to
complete them.

To determine 7' o the proposed formula has the
form

s .

1+l

Cp — LK fcp + tmaxtcp ’ (2)
= 21
2l.am ¢
where a and m are coefficients determined by geo-
logical and technical drilling conditions.

When deriving this formula, the amount of
penetration for one chisel is taken as a variable,
the value T o included in formula (2) is the average
duration of lowering and lifting the candle for the
entire well drilling cycle, at this drop rate, depend-
ing on the length of the drill string, they fluctuate
in sufficiently deep limits, and therefore the results
of calculations using the formula (2) are approx-
imate.

Formulas (1) and (2) determine the average
time spent on lowering and lifting the drill tool,
including all operations performed during this
process. Therefore, it is not possible to use them
to assess the impact of various factors on the ef-
fectiveness of these operations.

QUYULARIN QAZILMASI
BYPEHWE CKBAXWH / WELL DRILLING
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The machine time of drilling tool descent for
the entire well construction cycle is determined by
the expression:

— A’CEZkLk

¢ (E+1yv, ~ @)

where A_— is the incompleteness coefficient of the
tachogram when lowering the drilling tool; £ —
parameter of the sinking curve equation; Z_— the
number of trips during drilling of one well; v —
maximum speed when lowering the drilling tool.

Formula (3) is derived for the case of drilling
tool descent in a rational mode with a constant
maximum speed provided only by a mechanical
brake. However, in practice, when drilling deep
wells, the descent is performed when the mechani-
cal and hydrodynamic brakes of the drilling winch
work together [8].

Based on the above, we propose a formula for
determining the machine operating time of a drill-
ing tool with both brakes on, which eliminates the
disadvantages of existing formulas. This formu-
la is based on the commonly used drilling curve
equation:

Z=BLF, 4)
where B — is a parameter of the sinking curve
equation.

According to Figure 1, the elementary number
of drill plugs ds lowered from the depth L to the
elementary depth dL is determined by the depend-
ence:

d,= 1/l (Z,— 2)dL (5)

The time dT, spent on the descent ds candles is
expressed as:

dT =t (v.\)d,, (6)
where tn(v A ) is the time spent on the descent of
the nth candle, which is a function of the steady-
state descent rate and the incompleteness coeffi-
cient of the tachogram A v_and A The determi-
nation of v_and / is a complex problem that is
solved by analyzing the dynamics of the system,
the permissible descent speeds, the thermal load-
ing of the main brake, as well as the parameters of
the drill string (pipe length /, mass of the linear
meter of pipes g and mass of weighted drill pipes
—UBT: Pm=mg.

The practice of drilling deep wells shows that
the descent of the drilling tool to a depth of about
1000—1200 m is carried out using only a mechan-
ical brake, and with a further increase in depth
— with the inclusion of an auxiliary hydraulic or
electrodynamic brake. In this case, the mechanical
brake is used only to stop the drill string, and long-
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term braking is performed by an auxiliary device.
The mechanical brake is only used to stop the drill
string at the end of the horizontal descent of the
next candle, and the kinetic energy system dur-
ing the fall is shown mainly by an auxiliary brake
(Figure).

| mZ
f A
| L
i L|
Il 77777777777
| dL
z=5 L3
i Ly
| m3 L

Drill string layout diagram and curve penetrations for
measuring the machine descent time of a drilling rig
columns per well wiring cycle

Taking into account the difficulties of determin-
ing the descent speed when working only with a
mechanical brake, for this case, the machine time
of descent of drill pipes for the length of the can-
dle was calculated, based on the rational descent
mode. Based on these data, the actual descent time
was adjusted according to the following law:

t(V,A)=® n*, (7
where Fand y_ are coefficients that characterize
the dynamics and mode of descent of the drilling
tool.

The parameters /', and y_ for each type of drill-
ing rig should be calculated and refined.

When the main and auxiliary brakes work to-
gether tachogram, the descent tachogram can have
a different shape with varying vc and A . In this
case, the total machine descent time per drilling
cycle is determined from the expression obtained
by solution (6), taking into account (4), (5) and

(7):

T=M 4 4 X
oL 1=y, - +1l-p,

t ¢
XI_J.(Zk —Z)(vclc)dL, (8)
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where n = L/L_ is the number of candles
after which the auxiliary brakeis activated; ¢, =
=Fn7;7Z =BL"

To obtain the final expression T, it is necessary
to determine the law of change of tn(v_, A ) over
the depth of the well after turning on the auxiliary
brake.

When the auxiliary brake is activated, the
weight of the drill tool is significant, which causes
an increase in the thermal load on the mechanical
brake due to intense heat generation during repeat-
ed braking. This imposes restrictions on the max-
imum allowable descent speed of a drill tool of a
certain length .

To develop a method for determining tn
(v, &) — the time of descent of drill plugs, when

changing the length of the drill string-it is neces-
sary to specify the actual braking torque of the
band-block brake of the drilling winch, taking into
account its thermal state [5].

Establishing the relationship between these pa-
rameters allows you to determine the permissible
descent speeds before applying the mechanical
brake, which ensure a safe and efficient stop of the
drill tool in the shortest possible time.

Conclusion

The results of the study are of practical sig-
nificance for optimizing the operating modes of
drilling rigs, reducing thermal loads on braking
systems, and minimizing the time required for
auxiliary operations while maintaining the relia-
bility of drilling equipment.

References

1. Olizada O.S. Qazma texnologiyasi. — Baki: Azorbaycan Dovlat Neft Akademiyasi Nosriyyati, 2005, s. 263.

2. Quliyev F.X., Mommadov R.H. Neft vo qaz quyularinin gazilmasi. — Baki: Elm, 2010, s. 263.
3. Oliyev I.A. Quyu qazilmasinin osaslar1. — Baki: ADNA, 2008, c. 250.

4. Pabunosuy B.A. Texnonorust Oypenus ckBaxkud. — M.: Heznpa, 2001, c. 674.

S. Ipucopves A.A. Bypenne He(TSHBIX U ra30BbIX ckBakuH. — M.: M31-Bo Henpa, 2008, c. 19-30.

6. Mitchell R.F., Miska S.Z. Fundamentals of Drilling Engineering // Society of Petroleum Engineers, 2011, p. 710.

7. Opyooicos FO.A., Canumosa D.H. BiausHue Temiieparypbl Ha YCTOMYMBOCTh CTE€H CKBRKHHBI. MeXTyHapOIHBIN

JKypHAaJ TyMaHUTAPHBIX U €CTeCTBEHHBIX HayK. — M.: Hexmpa, 2025, c. 105-114.

8. Peter Aird. Deepwater Driling Elsevier: 2019, p. 670.

References

1. Alizade A.Sh. Qazma texnologiyasi. — Baki: Azerbaycan Dovlet Neft Akademiyasi Nesriyyati, 2005, s. 263.
2. Quliyev FX., Mammadov R.H. Neft ve qaz quyularinin qazilmasi. — Baki: Elm, 2010, s. 263.

3. Aliyev I.A. Quyu qazilmasinin esaslari. — Baki: ADNA, 2008, s. 250.

4. Rabinovich B.A. Texnologiya bureniya skvazhin. — M.: Nedra, 2001, s. 674.

S. Grigor'yev A.A. Bureniye neftyanikh i gazovikh skvajyn. — M.: Izd-vo Nedra, 2008, s. 19-30.

6. Mitchell R.F., Miska S.Z. Fundamentals of Drilling Engineering // Society of Petroleum Engineers, 2011, p. 710.

7. Yu.A. Orudjov, E.N. Salimova. Vliyaniye temperatur na ustoycivost’ sten skvazhiny // Mejdunarodniy jurnal
gumanitarnikh i estestvenykh nauk. — M.: Nedra, 2025, s. 105-114.

8. Peter Aird. Deepwater Driling Elsevier, 2019, p. 670.

AZORBAYCAN NEFT TOSORRUFATI

A3epbatioxaHckoe HegpmsaHoe Xoszaticmeo / Azerbaijan Oil Industry

QUYULARIN QAZILMASI
BYPEHWE CKBAXWH / WELL DRILLING

102026 21



NEFT VO QAZ YATAQLARININ iSLONM®SSI VO iSTISMARI
PA3PAEOTKA U1 SKCIT/IYATALIMIA HEDTAHBIX M TA30BbIX MEC TOPO)K/IEHMVI / DEVELOPMENT AND OPERATION OF OIL AND GAS FIELDS

DOI.10.37474/0365-8554/2026-10-22-27

Neftin su ilo spasdiriimasi prosesinin galiq neftin
cixarilmasina tasirinin tadqiqi

M.9. Hiiseynova, N.A. Agayeva, f.-r.e.n., K.S. Cabbarova, t.i.f.d., X.X. Hiiseynli
"Neftqazelmitadqiqgatlayiha” institutu

e-mail: n.agayeva1975@gmail.com

Acar sozlar: fliiid, terrigen kollektor, litoloji ve tektonik zonalar, hidrodinamik model, horizont, lay, qaliq neft

Gil saxlayan terrigen kollektorlarda neftin muxtalif mineral tarkibli su ilo sixisdirilmasi zamani stixur-fltiid garsiligh tssiri
naticasinds masamalik, kegiricilik, nisbi faza keciriciliklari ve fazalararasi sathi garilma parametrlari dinamik dayisir. Bu dayisikliklar
xususile gilin sismasi, ion mubadilssi, duz sorbsiyasi va kapillyar qiivvalarin transformasiyasi ils musayist olunur ve naticeds
neftverma amsalina birbasa tasir gostarir.

Magalada gilli kollektor Gglin coxkomponentli, geyri-xatti hidrodinamik model asasinda neftin mixtslif minerallasma
daracasina malik su ila sixisdiriimasi prosesi analiz edilmisdir. Modelda kasilmazlik tanlikleri, Darsi ganunu, faza tarazligi, nisbi
kegiricilik funksiyalari, Henri izotermi va gilin sismasinin histerezis parametri nazars alinmisdir. Sengacal—-Duvanni—Xara-Zirs ada
(SDX2) yataginin V, VII va VIII horizontlarinin 1963-2024-c illar Gzrs istismar gostaricilarinin tahlili yatagda yiksak suverma
fonunda shamiyyatli qaliq neft ehtiyatlarinin saxlanildigini gésterir. SDXZ yataginin V, VII va VIII horizontlari uzunmuddatli
istismar naticasinda son islonma marhalasine ke¢mis, hasilatin azalmasi ve suvermanin artmasi misahids olunur. Geoloji va
madan malumatlarinin tahlili gosterir ki, heterogen qumlu-alevrolit kollektorlarinda, litoloji va tektonik ekranlasmis zonalarda
ahamiyyatli galiq neft ehtiyatlarn movcuddur.

I/Iccnep,onarme B/INAHNA MnpoLiecca BbiTeCHeHUA HquTI/I BOAOI7I Ha U3BJIeYeHMEe OCTaTOUHOMN Heq)TI/I

M.A. TyceinHoBa, H.A. AraeBa, K.¢.-M.H., K.LLI. [I>xa66apoBa, 4.¢.T.H., X.X. [ycenHam
HUMNHedTeras

KntoueBble cnoBa: bnrons, TEppUreHHbIV pesepByap, IMTONOrMUYECKME U TEKTOHUYECKME 30HbI, TMAPOAMHaMMUYecKas Mo-
Ae/lb, TOPU3OHT, CJIOW, OCTaTouHast HEPTb.

B npouecce BbiTeCHeHMs HedTV BOAON PasNMUHOrO MUHEpPaNbHOrO COCTaBa B TEPPUrEHHbIX Miactax, coAepkaliux
TNVHY, B pe3y/ibTaTe B3auMOZAENCTBMA NMOPOAbl U XXUAKOCTU MOPUCTOCTb, MPOHMLL@EMOCTb, OTHOCUTEIbHasA da3oBas Npo-
HMLL@eMOCTb 1 NapamMeTpbl MeXX$a3HOro HaTAXKEHUA AMHAMUYECKM U3MEHAITCA. DTU M3MEHEHNA CONPOBOXAAtOTCA 0CO-
6eHHO HabyxaHWeM NHbI, NOHHBIM 06MeHOM, copbLmeit conet n TpaHchopMaLent KanuaaspPHbIX CUJI, YTO B KOHEYHOM
nTore HanpPAMY BAMSET Ha KO3QPULMEHT HedTeoTaaun.

B cTaTbe Ha OCHOBE MHOFOKOMMOHEHTHOW HEJIMHENHOW rMAPOAMHAMUYECKON MOAEIN aHaNN3NpPyeTCa NpoLLecc BbiTec-
HeHWs HepTV BOAOW C pa3IvyHON CTENEHbIO MUHepanv3aLmMmn A8 FVMHUCTOrO Maacta. B Mogenn yuntbiBatoTca ypaBHEHUS
HenpepbIBHOCTK, 3akoH [lapcn, da3oBoe paBHOBecUe, GYHKLIMM OTHOCUTENbHON NMPOHMLLE@EMOCTH, U3oTepmMa l'eHpu 1 na-
pameTp rucrepesmca HabyxaHus FavHBbI.

AHanus aKcrnayaTaLMoHHbIx nokasateneit ropusoHTtoB V, VII u VIII mectopoxxaeHus CaHravan—/yBaHHbl—Xapa-3upa
agacbl 3a 1963-2024 rogbl NoKasbiBaeT, YTO Ha POHE BbICOKOTO YPOBHA 3aBOAHEHMA MECTOPOXKAEHNA COXPaHAITCA 3Ha-
yMTesIbHble OCTaTOUHbIe 3anachkl HepTW. B pesynbTate AnutensHow akcnayaTauum ropusoHtsl V, VI n VIl mectopoxaeHus
CaHravan—/lyBaHHbl—Xapa-31pa agacbl BCTyMaloT B 3aBepLUatoLlyto CTaAuto pa3paboTky, HabitoAatoTcs yMeHbLUeHne
J06bIUN U yBeNMYeHWe 3aBOAHEHWA. AHaNN3 reoorMYecknX U ropHOA00bIBaOLLMX JaHHbIX MOKa3biBaeT, YTO B HEOA-
HOPOAHbIX MeCYaHO-MANCTbIX NAacTaX, JIMTONOrMYECKN U TEKTOHMYECKN 3aLUVLLEHHbIX 30HaxX CyLLeCTBYOT 3HaUnTe/NbHble
OCTaTOYHble 3anacbl HepTL.
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Investigation of the influence of the process of oil displacement by water on the recovery of residual oil

M.A. Huseynova, N.A. Aghayeva, PhD in Phys.-Math. Sc. K.Sh. Jabbarova, PhD in Tech. Sc., Kh.Kh. Huseynli
“Oil-Gas Scientific Research Project” Institute

Keywords: fluid, terrigenous reservoir, lithological and tectonic zones, hydrodynamic model, horizon, layer, recoverable
oil.

During the compression of oil in terrigenous formations containing clay, porosity, permeability, relative phase
permeability, and interfacial tension parameters dynamically change as a result of the interaction of rock and liquid during
compression of oil by water of varying mineral composition. These changes are accompanied, in particular, by clay swelling,
ion exchange, salt sorption and transformation of capillary forces, which ultimately directly affects the oil recovery factor.
The article analyzes the process of oil displacement by water with varying degrees of mineralization for a clay formation
based on a multicomponent nonlinear hydrodynamic model. The model takes into account the continuity equation,
Darcy's law, phase equilibrium, relative permeability function, Henry isotherm and clay swelling hysteresis parameter.
Analysis of the performance of horizons V, VIl and VIII of the SDXZ field for 1963-2024 shows that significant residual oil
reserves remain despite the high flooding level of the field. Horizons V, VIl and VIII of the SDXZ field have entered a mature
stage of development as a result of long-term production, with declining production and increasing flooding. Analysis
of geological and mining data shows that significant residual oil reserves exist in heterogeneous sand-silt formations,

lithologically and tectonically protected zones.

Neft yataqlarinin istismarinda osas tisullardan
biri neftin su ilo sixisdirilmasidir. Lakin vurulan
suyun minerallagmasinin kollektorun mineral tor-
kibi ilo uygunlasdiritlmamasi stixur—liiid sistemin-
do kompleks fiziki-kimyovi proseslora sobab olur:
gilin sismasi vo dispersiyasi, masamaliyin azal-
mast, keciriciliyin doyismosi, nisbi kegiriciliklorin
transformasiyasi, fazalararasi sothi gorilmonin do-
yismasi.

Bu proseslor xiisusilo gil saxlayan terrigen kol-
lektorlarda daha koskin xarakter dasiyir.

Songocal-Duvanni—Xara-Ziro adasi (SDXZ)
yataginin V, VII vo VIII horizontlart uzunmiiddatli
istismar noticosindo yliksok sulasma morholosino
ke¢misdir. Hasilatin azalmasi vo suvermanin art-
mast yeni texnoloji yanasma tolob edir.

Neft yataglarmin istismarinda osason neftin
miixtolif mineral torkibli su ilo sixigdirilmasi {isu-
lu totbiq olunur. Laya vurulan suyun secilmosi za-
mani onun torkibinin siixur-kollektorun mineral
torkibi ila olagolondirilmasi vacib mosalalordondir
[1,2].

Laya mineral torkibine gors lay suyundan forg-
li su daxil olduqda gilli layda kegiricilik, mosamo-
lik, su vo neftin xassalorinin doyismasi, homginin
gil sementinin kiitlo miibadilasi bas verir. Bu za-
man layda karbohidrogen vo geyri-karbohidrogen
vo su komponentindon togkil edilmis ¢oxkompo-
nentli su-neft qarisiginin siiziilmasi bas verir. Bu
halda tosir gostoran sath qiivvalari sahasi fliiidin
yalniz xassasing deyil, hamginin kiitlo miibadilasi
proseslorinin kinetikasina da tosir edir. Oz nov-
basinds masamali miihitin hissalori arasinda tosir
edon qiivvaler fliiidin faza voziyyatindon asili ola-
raq kogiirmo prosesi zamani mosamaliyin struktu-
runu doyisir. Bununla slagadar olaraq, gil saxla-

yan kollektorlarda neftin miixtolif mineral torkibli
su ilo sixisdirilmasi zamani gilin sismosinin vo fa-
zalarin ayrilma sorhadindo gedon molekulyar-soth
hadisalarinin texnoloji gostaricilora tasirinin proq-
nozlasdirilmasi vacib vo aktual masolo olaraq qa-
lir [3-9].

Masalonin halli. Forz olunur ki, gilli layda neft
miixtolif mineral torkibli su ilo sixigdirilir. Qobul
edilir ki, vurucu vo hasilat quyular1 layin istonilon
hissolorindo yerloso bilor. Laym xarici sorhodi
kecirmoz hesab olunur vo vurucu quyulara vuru-
lan miixtolif mineral torkibli suyun hacmi verilir.
Layda neftin su ilo sixigdirilmasi prosesinds gilin
sismosinin texnoloji gostaricilors tasirinin qiymaot-
landirilmasi talob olunur [1, 2].

Neftin miixtalif mineral torkibli su ilo sixisdi-
rilmasinda gilin sismasi nozors alinmaqla su-neft
sisteminin siiziilmo prosesinin texnoloji gostori-
cilorinin tayini har bir komponents gors kasilmoz-
lik tonliyi, siiziilmo qanunu, fazalarin hal tonliyi,
fazalar arasinda doyumluluq tonliyi, su fazasinda
duzun konsentrasiya tonliyinin birgo kombinasi-
yas1 osasinda alinan vo fazalarin lokal termodina-
mik tarazliq halin1 6ziinds saxlayan hidrodinamik
modeli bazasinda modellasdirilir [1, 2]:

div< kh /oy X+ JiP, X, |gradp, :+

ni si

HM, pM,
YO (1)8 (x=x) y =] )=

:i mh M+% Zi ’Zi:
ot M, M

n S

=x, +x,(1-V,),i=1,N, (1)
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burada i — karbohidrogen va geyri-karbohidrogen
komponentlorin say1; (N+1) — su komponenti;
0*,(t) — hasilat quyusunun i-ci komponento goro
debiti; Q" | — vurucu quyunun (N+1)-ci su
komponentina géra hacm sorfi; p vo p, — uygun
olaraq neft vo qaz fazasinin tozyiqi; p, — kapillyar
tozyiq; k, m — laym miitloq kegiricilik vo masamo-
lik amsali; x , x ., z, — neft, su fazasinda va qgari-
siqda i-ci komponentin uygun olaraq mol miqdart;
Jf, va f, —neft va suya gors faza kegiriciliklari; p, —
suyun minerallagmasi vo suda hall olan qazin miq-
darindan asili olan suyun sixhigi; p  — soffaf su-
yun sixligi; p — suyun ozliliyi; M , M — neft vo
suyun molekulyar kiitlasi; M, — i-ci komponentin
molekulyar kiitlasi; p_ — neftin sixhigi; p— neftin
ozliliyi; s — neftlodoyma; s+ s = 1; ¢ — duzun
konsentrasiyasi; ® — gilin suyu udma omsali; m —
mosamolik; a — udulan duzun miqdart; D — diffu-
ziya omsali; T — fazalarin ayrilma sothindo effektiv
sathi garilms; J — Laveret funksiyast; /, ly — laym
uzunlugu v eni; 4 — lay ortalasdirilmis qalinligy;
(o, ) va (x", y) —j — hasilat quyusu vo / - vuru-
cu quyunun koordinatlari; # — zamandir.

(1) — (4) sistemindo asili olmayan axtarilan
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funksiya su fazasinin tozyiqi, qarisigin molyar tor-
kibi vo lay tizro duzun konsentrasiyasidir [2].
Neftin miixtolif torkibli su ilo sixigdirilmasi fa-
zalararasi sothi gorilmonin, siixurun kegiricilik vo
masamoliyin doyismasine gatirib ¢ixarir. Laya vu-
rulan suyun mineral torkibi lay suyunun mineral
torkibindon forqli oldugqda slagoli suyun miqdari

doyisir. Bu halda slagsli suyun miqdart w_  asa-
g1daki miinasibatlo toyin edilir:

Weal.su = mssal.su + (Dee 2 (5)
burada w_ — olagali su; ms_, — hidrodinamik

vo o_ — fiziki-kimyavi alagali suyun (gils adsorb-
siya olunmus su) comi ilo identifikasiya edilir.

Lay suyunun minerallagmasindan foarqli mine-
rallagmis su ilo gil saxlayan kollektorlardan neftin
sixisdirilma prosesindo mosamolik vo kegirici-
lik kollektorun mosamolor fozasinda suyun cari
vo baslangic mineralligindan, faza keciriciliklori
150 sudoyma vo suda duzun konsentrasiyasindan
asil1 sokilds toyin edilmoalidir [3]. Bu o demokdir
ki, masamalik, kegiriciliyin cari vo baslangic qiy-
moatlori forqli, sudoyumlulugun eyni qiymati iiglin
minerallasmis suyun faza kegiriciliyi tomiz suyun
faza kegiriciliyindon miiayyan tortibdon kicik qo-
bul edilmalidir.

Homginin moasamali miihitin vahid hacmindo
duzun sorbsiyasi (¢6kmosi) lay suyundan sirin
suya godor minerallasmanin doyismosindos Henri
izotermi ilo daxil edilmalidir.

Gil torofindon udulan suyun miqdart sixigdiri-
c1 agentin minerallagsmasinin artma morhalasindo
asagidaki formul ilo daxil edilir.

w=bwo*+ (1 -p) ws, (6)
burada o* — gilo birlogsmis suyun geriyo qaytaril-
mayan miqdart; B — gilin sigmasinin histerizis pa-
rametridir.

Neftin terrigen kollektorda su ilo sixigdirilmasi
prosesinin tasvir edilon real mexanizmini 6ziinds
oks etdiron hidrodinamik model bazasinda hipo-
tetik gilli lay elementi timsalinda neftvermo om-
salina tosir edon geoloji va texnoloji amillorin to-
sirini vo hasilatin optimallagdirilmas1 imkanlarini
giymoatlondirmoys imkan veran test hesablamalari
apartlmis vo onlarin noticosinin timumilosmasi
osasinda asagidaki naticolor alinmisdir [2]:

— neftin su ilo sixigdirilmasi zamani gilin sis-
masi hesabina quyunun nefts gors debiti azalir, is-
lonmo miiddati artir, hasil olunan maye qarisiqda
su vo neftin debiti az forqlonir;

— kollektora vurulan suyun minerallig1 vo qu-
yudibi zonada gil minerallariin aktivliyinin ton-
zimlonmosi layin effektiv neft hasilatinin koskin

artimini tomin eds bilar;
10’2026



— yiiksok kegiricilikli sulagsmis zonalarda gil
aktivliyinin tonzimlonmasi hesabina gilin sismo-
si vo parcalanmasi ilo homin zonalarin bloklan-
masini tomin etmak va kollektorun az islonilmis
hissolorine su axinini yonaltmokle neft hasilatinin
artimini identifikasiya etmok olar.

Bu mogsadlo gilstabillosdiricinin tocriibi-mo-
don sinaglarmin  N.Norimanov ad. NQCI-nin
SDXZ ada yataginin bazi quyularinda aparilmasi-
nin mimkiinliiyii variantlarina baxilmigdir.

SDXZ ada yatagi sahosindo sonaye ohomiyyot-
li ilk neft fontan1 6 may 1963-cii ildo Duvanni—
Doniz qirisigmin simal-sorq ganadinda yerloson
24 Ne-1i quyunun smagt zamant aldo olunmusdur.
Quyu giinds 250 t neft hasilati ilo istismara veril-
misdir.

Sonraki geoloji-kosfiyyat islori noticosindo
Mohsuldar Qat (MQ) ¢okiintiilorinin V, VII vo VIII
horizontlarinda neft vo qaz-kondensat tipli y1§im-
lar agkar edilmis, onlarin bloklar {izro sarhadlari
miloyyonlosdirilmis vo ehtiyatlar1 hesablanmisdir.
Yatagin osas sonaye ohomiyyatli obyektlori mohz
bu ti¢ horizontla baglidir.

V horizontun timumi qalinligi 85-100 m in-
tervalinda dayisir. Qumluluq gostaricisi saha lizra
qeyri-borabor paylanmigdir vo maksimum 40—
45 %-o gatir. Horizont litoloji baximdan qalinlig1
asason 2—7 m (boazon 10—12 m) olan bir ne¢a kol-
lektor layindan ibaratdir. Bu laylar ii¢ osas qum-
lu-alevrolit packasinda comlogmis vo gil araqatlari
ilo ayrilmigdir.

Qumluluq simal-qorbdon conub-gorq istigamo-
tindo artir. Songogal-doniz sahasindo horizont
osason gilli xarakter dasiyir vo sonaye shomiyyatli
deyil. Duvanni—doniz vo xiisusilo Xara—Ziro ada
sahasindo kollektor xiisusiyyatlori yaxsilagir vo
sonaye ohomiyyotli neftqazliliq miisahido olunur.

Struktur daxilinds V horizont Va (alt), Vo (orta)
vo Vi (st) hissoloring ayrilir. Bu hissolor osason
litoloji vo tektonik ekranlasmis tipli tololor ilo xa-
rakterizo olunur vo muxtalif dorinliklordo neft-su,
qaz-neft vo qaz-su kontaktlar1 ilo saciyyslonir.

Sonaye hasilat1 1974-ciiildo 361 Ne-li quyuda V
horizontun monimsanilmasi ilo genislonmis (200
t/glin), sonraki illordo digor quyular iizra 70—160
t/glin intervalinda stabil hasilatlar oldo edilmisdir.

VII horizontun timumi qalinligr 70-130 m ara-
sinda doyisir. Kosilisinds ii¢ qumlu-alevrolit lay
tiping ayrilir. Songacal sahasindon Duvanni—daoniz
istigamatinds yeni kollektorlarin yaranmasi he-
sabina horizontun qalinlig1 vo effektiv neft-qazla
doyma qalinlig: artr.

Xara—Ziro istiqgamotinds siixurlarin litoloji-fa-
sial xiisusiyyatlori yaxsilasir, donslorin 6l¢iisii bo-

yiyiir va kollektor xiisusiyyatlori ytiksalir.

VII horizontun neft-qaz y1gimi genis sahoni —
Songacal, Duvanni, Xara—Zirs vo qisman Koniz-
dag saholorini ohato edir. Neftlilik sorhodi hori-
zontun alt hissasinin pazlasma xatti ilo miioyyen
edilir (sokil 1).
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Sakil 1. SDXZ ada yatagimin VII horizontu iizrs islon-
manin texnoloji gostaricilorinin dinamikasi:

a — illik hasilat ayrileri; b — islonmonin ovvealinds alinan
hasilat ayrilari
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Sakil 2. SDXZ ada yataginin VIII horizontu iizrs islon-
manin texnoloji gostaricilorinin dinamikas:

a — illik hasilat ayrileri; b — islonmonin avvalinds alinan
hasilat ayrilari
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Strukturun miixtolif ganadlarinda yataqlarin
tipi vo faza torkibi doyiskondir ki, bu da tektonik
pozulmalar vo litoloji doyiskonliklo olagodardir.

VIII horizont asason qaz-kondensat xarakterli-
dir. Bazi bloklarda gilli litofasiya iistiinliik toskil
etdiyindon sonaye ohomiyyoti mohduddur. Qaz
yigimlarinin paylanmasinda xarakterik xiisusiyyot
tag otrafi saholordo kollektor qalinliginin azalmasi

va su ilo doymus zonalarin mdévcudlugudur (so-
kil 2).

= {Ikin balans ehtiyat, mln t
= {Ikin gixarilabilon ehtiyat, min t

® [slonmonin avvalindon
¢ixarilmig ehtiyat, min t

® Cixarilabilon qahq ehtiyat,
min t

Sokil 3. SDXZ ada yatag iizra hesablanmis qaliq neft
ehtiyatlarinin naticasi

m ilkin balans ehtiyat, mln m*

‘ = flkin gixarila bilon ehtiyat, mln m*
= islonmanin avvalindon rxarilmis
ehtiyat,mln m’

® Cixarila bilon galiq ehtiyat, mln
m

oV

Sokil 4. SDXZ ada yatag iizro hesablanmis qaz ehti-
yatinin naticasi

Son illorin illik hasilat gostericilari ilo islon-
monin avvalindan toplanmis hasilatin miiqayisasi
gostorir ki, biitlin horizontlar iizrs hasilatin azalma
tendensiyas1 miisahido olunur. Bu, yatagin islon-
mo marhalasinds olmasini tasdiq edir.

Madon-geoloji malumatlar vo faktiki hasilatin
miiqayisali tohlili gostarir ki, yatagda ohomiyyatli
qaliq neft ehtiyatlar1 mévcuddur.

Quyularin asagi mohsuldarligla istismari asa-
g1daki todbirlorin aktualligini gostorir: neft axini-
nin intensivlagdirilmasi tisullarinin totbiqi; laylara
asag1 mineralli suyun vurulmasi; sonraki morhalo-
do lay suyu vurulmasi ilo galiq neftin sixigdirilma-
sinin artirilmast; dorin vo perspektivli Oligosen—
Miosen vo digar stratiqrafik komplekslorin olave

Oyronilmasi.

Bu todbirlorin totbigi yatagin son hasilat om-
salin artirtlmasia vo qaliq ehtiyatlarin sonaye
dovriyyasing colb edilmasing imkan vera bilar.

Aparilmis geoloji-kosfiyyat vo istismar islori
naticasindo SDXZ ada yataginda MQ c¢okiintiilo-
rinin V, VII vo VIII horizontlarinda sonaye oho-
miyyotli neft vo qaz-kondensat yigimlar1 askar
edilmis, onlarin bloklar iizro sorhadlori miioyyan-
losdirilmis vo ehtiyatlar hesablanmisdir (sokil 3, 4).

Hazirda yataq islonmo morhslasindadir vo ha-
silatin azalmasi tendensiyasi miisahido olunur.
Bununla bela, geoloji qurulugun miirokkobliyi vo
litoloji doyiskanliklor yataqda olave qaliq ehtiyat-
larin movcudlugunu gostorir. Miiasir intensivlos-
dirmo vo tosir tisullarinin totbiqi yatagin golocok
islonmo perspektivlorini artirir.

Natico

Aparilan  aragdirmalar  gostormisdir ki,
1963—2024-cii illor {izro hor bir horizontda neft
hasilatinin asagi diismosi miisahido edilir.

Sahonin madon melumatlarina géra hesablan-
mis ehtiyatlarin miqdar ils ¢ixarilan neftin nati-
cosinin miigayisosi osason orada kifayat qodor qa-
liq neft ehtiyatlariin moévcudlugunu tosdiq edir.
Quyularin kifayat qodor asagi mohsuldarhigla is-
tismar olunmasi onlara neft axininin intensifikasi-
yasi todbirlarinin aparilmasini, o ctimlodon vurucu
quyu ilo sahoys lay suyundan forqli asagi mine-
ralli suyun vurulmasini vo sonradan lay suyunun
vurulmasi ilo galiq neftin iglonmaya colb oluna
bilma imkanlarinin perspektivliyinin qiymatlondi-
rilmasini zoruri edir.

Bels ki V, VII vo VIII horizontlarda shomiy-
yatli qaliq neft ehtiyati mévcuddur. ©nanavi su-
vurmanin effektivliyi mohduddur. Biitiin bunlar
nozora alaraq, asagidaki noticolori qeyd etmok
olar: asag1 mineralli su vurulmas: heterogen kol-
lektorlar tiglin perspektivli lisuldur; riyazi model
3—-5 % olava ¢ixarilmani prognozlasdirir; risk ana-
lizi texnologiyanin totbiqini mogsadouygun hesab
etmoyo imkan verir.

Bu yanagsma SDXZ ada yataginin islonmasinin
yeni morhoalosi iiglin innovativ konsepsiya kimi
qiymatlondirila bilar.
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New conceptual approaches to the mechanism of action
of Janus nanoparticles for enhanced oil recovery
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The development of advanced nanomaterials for enhanced oil recovery (EOR) requires not only improved efficiency
but also a clear mechanistic understanding of particle—fluid-rock interactions at multiple length scales. In this work, a
comprehensive and conceptually driven study of Janus nanoparticles is presented, focusing on the integration of con-
trolled synthesis, interfacial catalysis, and mechanistic interpretation of their action in multiphase oil-water systems. Unlike
conventional nanoparticles and surfactants, Janus nanoparticles possess an intrinsic asymmetry that enables directional
interactions with immiscible phases and porous media, providing a fundamentally different mode of action.

A multistage synthetic strategy was developed to fabricate Janus colloidosomes with well-defined hydrophilic and
hydrophobic domains. The approach combines emulsion-based size control, selective polymerization, and phase-specific
surface functionalization. Catalytically active components, including gold nanoparticles and heteropolyanions (PW1,040°"),
were immobilized exclusively on the hydrophilic side of the particles, while the hydrophobic side was modified with
nonpolar functional groups to control wettability. Structural and compositional asymmetry was confirmed by scanning
and transmission electron microscopy, elemental analysis, MAS NMR spectroscopy, and laser diffraction measurements,
demonstrating the formation of monodisperse Janus nanoparticles with sizes in the range of 200-500 nm.

The interfacial behavior and dynamics of Janus nanoparticles were investigated experimentally and supported by
GPU-based molecular simulations and density functional theory (DFT) calculations. The modeling results revealed stable
self-orienting configurations of Janus particles at the oil-water interface, driven by asymmetric surface energies and local-
ized intermolecular interactions. These findings provide a molecular-level explanation for the enhanced interfacial activity
and stability of Pickering emulsions formed in the presence of Janus nanoparticles.

Based on the obtained results, several original conceptual mechanisms governing the action of Janus nanoparticles
in porous media are proposed. The asymmetric wettability mechanism describes the ability of Janus particles to local-
ly rearrange surface energies at the oil-water-rock interface, facilitating selective adsorption and oil displacement. The
self-orienting behavior mechanism explains the directional alignment of particles under pressure, flow, and compositional
gradients, which improves capillary control and emulsion stability. In addition, a dynamic interfacial activity mechanism
is introduced, highlighting the adaptive response of Janus nanoparticles to changes in salinity, temperature, and shear
conditions commonly encountered in reservoir environments.

A key conceptual contribution of this work is the “nano-anchor” micromechanism. According to this concept, Janus na-
noparticles temporarily anchor at oil-rock interfaces due to their asymmetric surface chemistry, reducing water channeling
and recirculation while increasing microscopic sweep efficiency. This mechanism provides a new perspective on how nan-
oparticles can actively participate in flow redistribution within porous media rather than acting solely as passive stabilizers.

Comparative studies demonstrate that Janus nanoparticles significantly outperform conventional nanoparticles and
surfactants in biphasic catalytic and oil displacement systems. Phase-transfer reaction conversions increased from approx-
imately 68 % for conventional systems to up to 97 % in the presence of Janus nanoparticles. At the same time, emulsion
stability and residual oil recovery were substantially enhanced, confirming the synergistic effect of structural asymmetry,
localized catalysis, and interfacial dynamics.

Overall, this work establishes a unified conceptual framework linking the synthesis, structure, and mechanism of action
of Janus nanoparticles in enhanced oil recovery. The proposed mechanisms extend beyond traditional surfactant-based
models and provide a universal platform for the rational design of smart interfacial nanomaterials applicable not only to
EOR but also to a wide range of multiphase catalytic and separation processes.
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Yanus nanohissaciklarinin neft hasilatini artirmagq iigiin tasir mexanizmina yeni konseptual yanagsmalar

M.M. Ssadoy, k.e.d.’?, E.N. Sliyey, t.e.n.’, A.M. Salimli
“Neftin, gazin geotexnoloji problemlari va Kimya" ETI,
2Kimya Institutu

Acar sozlar: Yanus nanohissaciklari, satharasi katalizatorlar, coxfazali reaksiyalar, artan neft hasilati, Pickering emulsiyalari,
funksional inteqgrasiya, neft artirilmasi.

Neft hasilatinin artirilmasi ticlin miiasir nanomateriallarin yaradilmasi yalniz texnoloji ssmarsliyin yiksaldilmasini deyil,
eyni zamanda nanohissaciklarin ¢oxfazali maye sistemlari vo masamali muhitle garsiligh tesir mexanizmlarinin darindsn
anlasiimasini talab edir. Bu isda Yanus nanohissaciklarinin kompleks va konseptual asasli tadqiqi taqdim olunur; burada
sintez, struktur qurulusu, interfeys katalizi va tasir mexanizmlari vahid funksional sistem kimi nazardan kecirilir. 9nanavi
nanohissaciklar va sathi aktiv maddaslardan fargli olarag, Yanus nanohissaciklari daxili asimmetriyaya malikdir ve bu xiisu-
siyyat onlarin neft, su va stixur sathlari ila istiqgamatlanmis garsiligh tasirini tamin edir.

Hidrofil va hidrofob sahsleri aydin sakilds ayrilmis Yanus kolloidosomlarinin alinmasi lglin goxmarhalsli sintez strate-
giyasi islanmisdir. Bu strategiya emulsiyaya asaslanan dl¢ii nazarstini, selektiv polimerlasmani ve faza-secici sath funksio-
nallasdinimasini birlasdirir. Katalitik aktiv komponentlar — qizil nanohissaciklsri va heteropolianionlar (PW-,040>") — yalniz
hidrofil sahada immobiliza edilmis, hidrofob sath isa islanma xususiyyatlarinin tanzimlanmasi G¢lin geyri-polyar funksional
gruplarla modifikasiya olunmusdur. Yanus nanohissaciklarinin asimmetrik qurulusu ve morfologiyasi SEM va TEM, element
analizi, MAS NMR spektroskopiyasi ve lazer difraksiyasi tsullari ils tasdiglenmisdir. Alinan hissaciklar 200-500 nm &l
diapazonunda monodisperslik niimayis etdirir.

Yanus nanohissaciklarinin interfeys davranisi eksperimental olaraq dyranilmis va GPU asasl molekulyar modellasdirma
va sixliq funksional nazariyyasi (DFT) hesablamalari ila destaklonmisdir. Modellasdirma naticalari neft—su interfeysinds
Yanus hissaciklarinin asimmetrik sath enerjisi va lokal molekulyar garsiligh tasirlar naticasinda sabit 6z-6zilina oriyentasiya
konfiqurasiyalari formalasdirdigini géstarmisdir. Bu naticalar Yanus nanohissaciklarinin ylksak interfeys aktivliyini va Pike-
ring emulsiyalarinin sabitliyini molekulyar saviyyadas izah edir.

Olda olunan eksperimental va nazari malumatlar asasinda Yanus nanohissaciklarinin masamali mihitds tasirini izah
edan bir sira orijinal konseptual mexanizmlar taklif edilmisdir. Asimmetrik islanma mexanizmi neft-su—siixur interfeysinda
sath enerjisinin lokal sakilds yenidan paylanmasini va neftin secici sakilda yer dayismasini tamin edir. Oz-6ziins oriyenta-
siya mexanizmi isa tazyiq, axin ve tarkib gradiyentleri altinda hissaciklarin istiqgamatlanmis diiziilmasini izah edir v bu da
kapillyar nazarati ve emulsiyalarin stabilliyini artirir. Bundan slavs, Yanus nanohissaciklarinin minerallasma, temperatur v
stirisma seraitinds adaptiv davranisini aks etdiran dinamik interfeys aktivliyi anlayisi taqdim olunur.

Bu isin asas konseptual téhfalerindan biri “nano-anker” mikromexanizmidir. Bu mexanizma gors, Yanus nanohissaciklari
sath asimmetriyasi hesabina neft-siixur interfeysinde mivaqqati olarag barkiyir, suyun kanallasmasini azaldir ve masamali
muhitds axinlarin yenidan paylanmasina sabab olur. Naticads mikroskopik stiptirma samaraliliyi ylksalir ve nanohissaciklar
passiv stabillasdiricilar deyil, aktiv axin tanzimlayicilari kimi ¢ixis edir.

Mugayisali tadgigatlar gostarmisdir ki, Yanus nanohissaciklari iki fazali katalitik va neft ¢ixarilmasi sistemlarinda ananavi
nanohissaciklar va sathi aktiv maddalarle miqayisads shamiyyatli Gstinlikler nimayis etdirir. Fazalararasi reaksiyalarin
cevrilma daracasi taxminan 68 %-dan 97 %-a qgadar artir, eyni zamanda emulsiyalarin stabilliyi va galiq neftin cixariima
samaraliyi yiksalir. Taklif olunan konseptual ¢arcive Yanus nanohissaciklarinin qurulusu, xtsusiyyatlari va tasir mexanizmi
arasinda alagani sistemli sakilda izah edir va EOR ila yanasi digar ¢oxfazali katalitik proseslar tigtin da “agilli” interfeys na-
nomateriallarinin dizaynina universal asas yaradir.

HoBble KoHUenTyaJ/ibHbleé N0OAX0A4bl K Mé€XaHU3My AeﬁCTBMﬂ AAHyC-HaHOYacTuy A4 NoBblleHusn Heq)TEOTAa‘-WI

M.M. Acagos, a.x.H."?, 3.H. Annes, k.T.H.", AM. Caauman’
"HW “TeotexHonormyeckve npobaemMbl Hedtn, raza n Xmumms",
2AHCTUTYT XMUK

KnioueBble cioBa: fAHyc-HaHOYaCTULLbI, MHTepdasHble KaTaanM3aTopbl, MHOrodasHble peakuuu, HegTeoTAaua, SMyabCUM
MukepurHra, GyHKLMOHaIbHAA HTErpaLms, yBeinyeHne Hepreotgaun.

Pa3paboTka 3pPeKTMBHbIX HAHOMAaTEPUANOB A/ MOBbILLEHUA HePTEOTAAUMN MNAACTOB TPebyeT He TONbKO YBEANUYEHMS
TexHosorn4eckor 3GPeKTMBHOCTA, HO 1 FyBOKOro MOHVMaHUA MeXaHW3MOB B3aUMOAENCTBMSA HAaHOYACTUL, C MHOrOas-
HbIMU GAIOMAHBIMU CUCTEMAMWU U MOPUCTOW cpefol. B gaHHON paboTe MpeACTaBNEHO KOMMIEKCHOE U KOHLIeNTyasbHO
OPWEHTUPOBaHHOE UCCNef0BaHNE SHYC-HAaHOYACTULL, B KOTOPOM CUHTE3, CTPYKTYpHas opraHu3saLus, MexxdasHblii kaTaamns
1 MexaHV3Mbl JeNCTBMSA pacCMaTpUBatOTCA Kak eAvHan GyHKLMOHaAbHas cucteMa. B otanume ot TpagmuLIMOHHbBIX HaHOYa-
CTWL, N MOBEPXHOCTHO-aKTUBHbIX BELLLECTB, AHYC-HaHOYaCTULbl 0baAatoT BHYTPEHHEN acMMMeTpueit, obecrneumnBatoLLein
HarnpaB/JieHHOe B3anMOZAENCTBUE C HEDTbIO, BOLOWN 1 MOBEPXHOCTLIO MOPOZb.

Pa3paboTaH MHOroCTafUHbIA METOZ CUHTE3a AHYC-KOMNOUAOCOM C YETKO Pas3feNéHHbIMU TMAPOPUILHOM U TMAPO-
$obHOW cTopoHamu. MeTog BK/IOUYaET 3MY/IbCUOHHbIV KOHTPOJIb Pa3MepPOB YacTuL, CeNEKTUBHYIO MOIMMepU3aLImIo U da-
3ocneunduyeckyto GyHKLMOHaNM3aLM0 NOBEPXHOCTU. KaTaiuTnueckm akTMBHbIE KOMMOHEHTbI — HaHOUaCTWLbl 3010Ta
v retepononnaHnoHbl (PW,0407) — bW T0KaIN30BaHbI UCKNOUUTENLHO Ha MMAPOGUABLHON CTOPOHE YacTUL, TOrAa Kak
rnapopobHasn NoBepxXHOCTb MOAVGULIMPOBaNach HEMOAAPHLIMU GYHKLIMOHAAbHBIMU FpynnamMu A5 ynpaBaeHUs cMaun-
BaeMOCTbO. ACMMMETPUUHasA CTPYKTypa M MOPGONOrnsa fHYC-HaHOUaCTUL, MOATBEPXKAEHbI MEeTOAaMU CKaHUPYHOLLEl 1
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NpocBeYMBatOLLEN INEKTPOHHOW MUKPOCKOMUK, 3N1eMeHTHOro aHanausa, MAS AMP-cnekTpockonuu n nasepHoi agndpak-
uum. NMonyyeHHble YacTULbl XapaKTepU3YHTCA BbICOKOW OAHOPOAHOCTLIO U pa3mepamu B gnanazoHe 200-500 Hm.

MexdazHoe noBeseHMe AHYC-HaHOYaCTUL, UCCAeJ0BaHO IKCMEPUMEHTaNbHO 1 JOMONHEHO pe3yabTaTaMi MOaeKynap-
HOro MOZENNpPOoBaHuA C ucnonb3osaHnem GPU-nnatdopm (Ha rpapuuecknx npoLieccopax) 1 MeTofoB Teopun GyHKLK-
OHana naoTHocTu (DFT). PacuéTbl nokasanun Haauume YCTOMUMBBIX CAMOPUEHTUPYHOLWMXCA KOHGUIypaLmMiA YacTumL, Ha rpa-
HuLe pa3gena HedTb—BOAA, OBYCNOBAEHHbIX aCUMMETPUEV MOBEPXHOCTHOM SHEPTUM U NOKabHBIMU MEXMONEKYNAPHBIMU
B3aMMOZENCTBUAMUN. DTN pe3y/ibTaTbl AatOT MOJIEKYAAPHOe OBBbACHEHWE MOBbILIEHHON MeX®da3HON akKTUBHOCTU AHYC-Ha-
HOYacT1L, 1 BbICOKOW CTabUIbHOCTU 3MybCuid MnkepurHra.

Ha ocHoBe COBOKYMHOCTM 3KCNEPUMEHTa/IbHbIX U PACHETHBIX AaHHbIX MPEANOXKEH PAJ OPUTMHAIbHbIX KOHLLENTyalbHbIX
MeXaHW3MOB JieCTBUA AHYC-HaHOYacT1L, B MOPUCTON cpee. MexaHW3M acCMMMETPUYHON CMayMBaeMOCTU ONUChIBAET J10-
KanbHOe nepepacrnpeseneHe MOBEPXHOCTHbIX SHEPTMI Ha rpaHuLLe HepTb—BOAa—MOPOAA, CNOCOBCTBYIOLLIEE CENEKTUBHOM
aAcopbLuun 1 BbITECHEHMIO HedTW. MeXxaHU3M caMOOpUEHTaLMM OBBACHAET HamnpaBAeHHOe BbICTpaMBaHWe YacTuL, Noj
[eNCTBYEM FPaZVEHTOB JaBeHWs, MOTOKa MU COCTaBa, YTo yay4llaeT KanuaasapHbIi KOHTPOb U YCTORYMBOCTb IMYIbCUNA.
[lononHnTeNnbHO BBEAEHO MOHATUE AMHAMUUYECKON MeX(a3HOM aKTUBHOCTW, OTpaxkatoliee CMoCOBHOCTb fHYC-HaHOYa-
CTUL, a4anTUMPOBaTbCA K U3MEHSAOLWMMCA YCN0BUAM MUHEPaan3aLnm, TemmnepaTtypbl U CABUTOBbIX Harpy3ok.

KntoueBbIM KOHLIEMTyaNbHbIM BKAaAOM pPaboTbl ABAAETCA MUKPOMEXaHU3M «HaHO-fIKOpEn», COrNacHO KOTOPOMY
AHYC-HaHOYaCTULIbl BPEMEHHO GUKCMPYHOTCA Ha rpaHunLe HedpTb—Nopoaa 3a CHET aCMMMETPUMN NMOBEPXHOCTU. TO NPUBO-
VT K CHYXXEHWIO PeLIMpKyAsaLMn BOAbI, MepepacnpeAesieHNto MOTOKOB B MOPOBOM MPOCTPAHCTBE M MOBbILIEHNIO KO3(dM-
LiMeHTa MUKPOCKOMMYECKOro OXBaTa BbITECHEHUSA. TakMM 06pa3oM, HaHOUaCTULbI BbICTYMaOT He Kak MacCuBHbIe CTabuiu-
3aTOPbl, @ KaK aKTUBHbIE 3/1eMeHTbl yNpaBAeHNa TeYeHeM.

CpaBHUWTeNbHblE NCCNeA0BaHMA NOKa3aaW, YTO AHYC-HaHOYaCTMLbl 3HAYMTE/IbHO MPEBOCXOAAT TPAAMLIMOHHbIE HAaHO-
Yyactuubl 1 MAB B ABYXda3HbIX KaTalUTUUECKMUX U BbITECHAIOLMX cucTeMax. KoHBepcusa MmexkdasHbIX peakLiMin Bo3pacTaet ¢
~68 % 80 97 %, OAHOBPEMEHHO MOBBILIALOTCA YCTONUMBOCTb 3MY/IbCUIA U CTEMNEHD U3BEUEHUs OCTaTOUYHON HedTw. Mpes-
NOXEHHas KOHLenTyasbHasa MOJesb CBA3bIBAET CTPYKTYPY, CBOMCTBA U MEXaHWU3M AeNCTBUS AHYC-HaHOYacTUL, 1 GopMUpY-
€T YHV1BepCcanbHyo NaatGopmy AN CO34aHNA <YMHbIX» MeXda3HbIX HAHOMaTeprnanoBs, NepcrnekTMBHbIX kak A48 EOR, Tak n
A9 LUMPOKOTO Kpyra MHOTrodasHbliX KaTaMTU4eCKmx NpoL,eccos.

Introduction

Janus interfacial catalysts and Janus nanopar-
ticles represent a promising class of materials ca-
pable of significantly enhancing interfacial mass
transfer and reaction kinetics due to their asym-
metric structure [1-4]. Unlike conventional na-
noparticles and surfactants, Janus nanoparticles
allow the integration of hydrophilic and hydro-
phobic properties within a single particle, creating
unique opportunities for controlling multiphase
processes [5—7].

Despite extensive research on classical Janus
systems, there is a lack of a comprehensive ap-
proach that simultaneously integrates:

— multistage synthesis and morphological con-
trol;

— localized placement of catalytic centers;

— dynamic adaptation of interfacial activity;

— conceptual mechanisms for residual oil dis-
placement in porous media.

Aim of the Study: To develop a universal Janus
nanoparticle platform combining catalytic and oil
recovery functions, and to propose novel concep-
tual mechanisms of particle—phase interaction un-
der varying reservoir conditions.

Materials and Methods

1. Synthesis of Janus Nanoparticles

A multistage approach was applied, combining
[1]:

1. Emulsion-based particle size control;
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2. Polymerization on the hydrophobic side;

3. Localized immobilization of catalysts (gold,
PW1203-40) on the hydrophilic side [4-6];

4. Functionalization to create hydrophilic and
hydrophobic domains for wettability control [8].

The multi-step synthesis of Janus nanoparti-
cles includes: (@) Formation of emulsion droplets;
(b) Polymerization on the hydrophobic side; (¢)
Selective immobilization of catalytic nanoparti-
cles on the hydrophilic side; () Final structure of
Janus particles.

2. Characterization Techniques

Table 1 presents the characterization metods
and the results obtained from the use of Janus na-
noparticles for enhanced oil recovery.

Results and discussion

1. Structure and Morphology

— Homogeneous Janus colloidosomes with
clearly separated hydrophilic and hydrophobic
sides were obtained.

— SEM analysis showed smooth morphology
on the hydrophobic side, while the hydrophilic
side contained immobilized Fe,O, and PW120*
particles with increased roughness [1].

2. Catalytic activity

— Localized immobilization of gold nanoparti-
cles and polyionic liquids enhanced phase-transfer
reaction rates.

— Application in biphasic systems increased
conversion from 68 % (conventional system) to
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Technique

Purpose

Conventional NP
(Single surface)
—> Phase transfer
Limited interface contact
Slow mass transfer

Conversion: 68%

VS
Janus NP (Dual surface)

Hydrophilic / Hydrophobic domains
Orienten at oil-water interface

Enhaced interfacial interaction &
diffusion

Enhanced mass transfer

Conversion: 97%

Figure 1. Comparison of catalytic activity: conventio-
nal nanoparticles vs Janus nanoparticles

97 % [4, 5].

Figure 1 demonstrates the experimental [4-9]
advantage of Janus nanoparticles.

A comparison of the catalytic activity of con-
ventional nanoparticles and Janus nanoparticles in
two-phase systems shows an increase in the rate
of interphase reactions and an increase in the ef-
ficiency of phase transfer. This is consistent with
data from studies [4-9].

3. Conceptual mechanisms in oil recovery

This study proposes original mechanisms be-
yond standard surfactant effects.

1. Asymmetric Wettability Mechanism

— Janus particles create local hydrophilic/hy-
drophobic domains in the porous medium, en-
hancing oil displacement.

2. Self-Orienting Behavior

— Under pressure gradients, particles ori-
ent specific sides toward oil or water, increasing
emulsion stability and capillary control.

3. Dynamic Interfacial Activity

— Particles adaptively change interfacial behav-

Table 1

Result

ior over time, crucial under varying salinity, tem-
perature, and shear conditions.

4. Micromechanism of “Nano-Anchors”

— Particles temporarily anchor at the oil-rock
interface, reducing water recirculation and im-
proving sweep efficiency.

5. Comparative Concept

— Structural comparison of conventional nano-
particles, surfactants, and Janus nanoparticles by
mechanism of action, not just effect.

Janus NP at oil - water interface

| |

Self-orientation in
pores (aligns with
oil/water)

Asymmetric wettability
(Hydrophilic / Hydrophobic)

! !

Dynamic interfacial
activity (adapts to
salinity, 7, shear)

! !

Improved oil sweep
efficiency

Temporary anchoring
(Nano-anchor - temporary
fixed at oil-rock interface)

Figure 2. Conceptual mechanisms of Janus nanopar-
ticles

Figure 2 explains the advantage of using Janus
nanoparticles conceptually through asymme-
try, self-orientation, dynamic interfacial activity,
and “nanoanchors”. A conceptual diagram of the
mechanisms of Janus nanoparticles in reservoir
conditions is shown in Figure 2. It includes asym-
metric wettability, self-orientation at the oil-water
interface, dynamic interfacial activity and tempo-
rary anchoring, which together enhance the effi-
ciency of oil displacement and sweep [4-9].

The enhanced catalytic performance of Janus
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Conver-
sion (%)

Sample

Conventional

nanoparticles | 68 4
Surfactants 75 6
Janus nanopar-

ticles 97 12

Residual Oil
Recovery

(%) used to alter their physicochemical properties and

Emulsion
Stability
(h)

Table 2 Taking into account the above, the following
schemes for visualization can be proposed. Sur-

face functionalization of the nanoparticles was

improve their stability in oil solutions. A sequence
of reactions was used to modify the nanoparticle
properties, producing effective Janus colloido-
somes.

Parameter

Homogenizer speed

Paraffin template

Polymerization

Placement of heteropolyanions
Immobilization of gold nanoparticles

Table 3

Morphological stability, emulsion stability

Symmetry control, interfacial oil movement

Catalytic activity and improved emulsion on a hydrophobic surface
Improved mass transfer and interfacial catalysis

Accelerates reactions, increases conversion
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nanoparticles illustrated in Figure 1 can be ex-
plained by the conceptual mechanisms depicted
in Figure 2. Unlike conventional nanoparticles,
Janus nanoparticles exhibit asymmetric wettabili-
ty, which locally rearranges surface energies at the
oil-water interface, promotes selective adsorption,
and facilitates phase transfer. Their self-orienting
behavior under pressure and compositional gradi-
ents further stabilizes emulsions and enhances mi-
croscopic oil displacement. Dynamic interfacial
activity and temporary anchoring at pore surfaces
contribute to improved sweep efficiency, provid-
ing a mechanistic basis for the superior catalytic
and oil recovery performance [4—18].

4. Application in Oil Recovery

The results of the evaluation of the effective-
ness of Janus nanoparticles on the extraction of
residual oil and emulsion stability are presented
in Table 2.

The results of the influence of Janus nanoparti-
cles on the extraction of residual oil and emulsion
stability showed the following.

— Janus particles enhance oil-water emulsion
stability, increase residual oil displacement, and
reduce produced water volume.

— Phase-selective placement of catalytic and
polymeric components optimizes interfacial mass
transfer.

— Recyclability after centrifugation preserves
particle activity over multiple cycles.

The parameters of synthesis, functionalization
and the results of the action of Janus particles to
enhance oil recovery are given in Table 3.

The novelty of this study lies in the systematic
integration of synthesis, functionalization, and un-
derstanding of the mechanism of action of Janus
particles, including their application to enhanced
oil recovery.

The stages of synthesis and functionalization
of Janus particles are shown in Figure 3. The
main stages of synthesis and functionalization of
Au-containing nanoparticles are as follows: Silica
— template — hydrophobic/hydrophilic surface
— Au NP immobilization — Janus colloidosome.

Silicon (Si)-based particles

Paraffin template / Polymer template

Surface functinalization:

Hydrophobic (phenyl, hexadecyl)

Hydrophilic / Catalic (amine, ionic liquid, PW ,0,,")

Immobilization of gold nanoparticles (Phase-Selective)

Multi-stage Janus colloidosome

Figure 3. Synthesis and functionalization of Janus
particles

Aqueous phase (hydrophilic) Janus particle Organic phase (hydrophobic)

Substrate adsorption Phase transition
interact toluene transition

Hydrophobic products

v

Catalysis (gold nanoparticles, PW,,0,,”) -> Emulsion stabilization >
Efficient oil extraction

Figure 4. Phase transition and reaction mechanism of
the Janus catalyst

The above scheme of synthesis and functional-
ization of Janus particles significantly changes the
interfacial properties. This scheme demonstrates
phase-selective catalytic activity and the separa-
tion of hydrophilic and hydrophobic surfaces.

The mechanism of interphase transition taking
into account the aqueous phase — Janus particle —

cy Q) AZORBAYCAN NEFT TOSORRUFATI 102026
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Carbixylate (A) - Electrostatic/Hydrogen/Van der Waal interactions -Amine (B)

Energy ofr complexation: E,,,.=E,+E,-E

Interfacial mass transfer and liquid microstructure formation

Figure 5. Molecular interactions of nanoparticles

organic phase; catalytic reaction, emulsion stabi-
lization, selective product transfer is presented in
Figure 4. The oil-water interface is stabilized by
phase-selective catalysis and the Pickering princi-
ple [4, 5, 8].

The molecular interactions analyzed by mod-
eling and molecular analysis of the carboxy-
late-amine complex, as well as by taking into
account the optimized DFT data of the configu-
rations [17], are shown in Figure 5. The simula-
tion was performed on a GPU-based system with
large-scale simulations of 179.600 particles. DFT
(density functional theory) optimization of the
equilibrium configuration of functional groups
was performed in an aqueous medium.

Thus, we can conclude the following. Compar-
ison of conventional nanoparticles and Janus na-
noparticles (Figure 1) shows that the asymmetric
surface of Janus particles simultaneously enhanc-
es catalytic activity and phase-selective interac-
tions with oil and water. The conceptual mecha-

nisms (Figure 2) explain this behavior through a
combination of directed surface energy rearrange-
ment, self-orientation in the pore space, and dy-
namic interfacial activity. Consequently, Janus na-
noparticles improve interfacial mass transfer and
residual oil displacement efficiency, making them
more promising for enhanced oil recovery (EOR)
applications compared to conventional nanoparti-
cles [4-9].

Conclusion

— A comprehensive method for Janus nanopar-
ticle synthesis with controlled morphology and
functional integration was developed.

— Novel conceptual mechanisms were pro-
posed, including asymmetric wettability control,
self-orienting behavior, and the ‘“nano-anchor”
micromechanism.

— High efficiency in interfacial processes and
potential for enhanced oil recovery (EOR) were
demonstrated.

— The study provides a methodological foun-
dation for future research on multiphase catalytic
systems and “smart” functional materials.
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ISTEHSALAT PROSESLORININ AVTOMATLASDIRILMASI

ABTOMATU3ALINA NMPON3BOACTBEHHBIX MPOLIECCOB / AUTOMATION OF INDUSTRIAL PROCESSES

Environmental monitoring system and gas chromatography integration in a new approach

Intellektual binalarda daxili hava keyfiyyatinin
davamli monitoringi insanlarin saglamligi, toh-
liikasizliyi vo komfort soraitinin tomin olunmasi
baximimdan miithiim ohomiyyat dasiyir. Tempe-
ratur vo nisbi riitubatlo yanasi, karbonmonoksid,
karbon qaz1, azot oksidlari vo miixtalif ugucu iizvi
birlosmalorin (VOC) konsentrasiyas1t da daxili
miihitin keyfiyyatini miioyyon edon asas gostori-
cilor sirasindadir. VOC-larin tikinti materiallari,
mebel, maisot kimyovi vasitolori, yanma proses-
lori vo digor daxili monbolordon yarana bildiyi
gostarilir [1].

Intellektual bina sistemlorindo hava keyfiyyati-
nin monitoringi ti¢lin elektrokimyavi, yarimkeciri-
ci vo optik qaz sensorlarindan genis istifads edilir.
Bu sensorlar operativ 6l¢gmo vo Osyalarin Interneti
(IoT) sobokalorine inteqrasiya baximindan slve-
risli olsa da, miirokkab qaz qarisiglarinda carpaz
hassasliq vo asagi selektivlik kimi mohdudiyyatlor
yarana bilor. Xiisusilo eyni vaxtda mdvcud olan
bir ne¢o VOC komponentinin daqiq miioyyonlos-
dirilmasi daha selektiv analiz tisullarinin tatbiqini
tolab edir [2].

Qaz xromatoqrafiyasi coxkomponentli qaz qa-
risiglarinin ayrilmasi vo ayri-ayr1 kimyoavi kom-
ponentlarin identifikasiyas1 tiglin effektiv analitik
isuldur. Xromatoqramda formalagan piklorin sax-

lanma miiddati, amplitudu, sahasi vo eni analiz
olunan maddslor haqqinda informativ slamatlor
kimi istifado olunur. Mikro-qaz xromatoqrafiyasi
sistemlorinin inkisafi iso bu metodun kompakt vo
avtomatlasdirilmis monitoring sistemlorine inteq-
rasiyasi liglin yeni imkanlar yaradir [3].

Son illords on-line qaz xromatoqrafiyasi sis-
temlori VOC-larin uzunmiiddstli monitoringinda
istifado edilmis vo xromatoqrafik molumatlarin
avtomatlasdirilmis emali igiin alqoritmlor hazir-
lanmigdir [4]. Bununla yanasi, masin dyronmasi
metodlarinin xromatoqrafik mslumatlarin analizi
va tosnifatinda totbiqi geniglonmisdir [5]. Siini in-
tellekt qaz sensor sistemlorinds signallarin inter-
pretasiyasi, gazlarin taninmasi, konsentrasiyanin
qiymatlondirilmasi va ¢arpaz hassasligin tosirinin
azaldilmasi ii¢lin perspektivli yanagsma hesab olu-
nur [6]. Xromatoqrafik zaman siralarmin dorin
Oyronma tsullart ilo emali vo VOC komponent-
lorinin avtomatik identifikasiyas1 tizra do ugurlu
naticalor olda edilmisdir [7].

Bu baximdan qaz xromatoqrafiyasi, IoT va siini
intellekt texnologiyalarinin vahid intellektual bina
sistemindo birlosdirilmasi xiisusi maraq dogurur.
Toklif olunan yanasmada qaz xromatoqrafindan
alinan molumatlarin siini intellekt vasitasilo emali,
gaz komponentlorinin identifikasiyas1 vo konsent-
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rasiyalarinin qiymatlondirilmasi, naticalorin IoT
sensor malumatlart ilo birlogdirilmasi vo miioyyon
edilmis risk saviyyasine uygun HVAC sisteminin
adaptiv idaro olunmasi nozordo tutulur. Sistem
modelinin MATLAB miihitindo simulyasiyasi iso
xromatoqrafik signallarin formalasdirilmasi, pik-
lorin agkarlanmasi, tosnifat vo idaraetms alqoritm-
lorinin yoxlanilmasina imkan verir.

Mbsalonin qoyulusu vo taklif olunan yanasma

Intellektual binalarda zororli qazlarin monito-
rinqgi ticlin totbiq edilon adi IoT sensorlart ytliksok
6lemo tezliyi tomin etso do, miirokkob qaz qarisiqg-
larinda ayri-ayr1t VOC komponentlarinin selektiv
miloyyonlosdirilmosi mohdud ola bilor [3]. Digor
torofdon, qaz xromatoqrafiyast qaz qarisiginin
komponentlors ayrilmasina vo onlarin identifika-
siyasina imkan verir, lakin xromatoqrafik analiz
miloyyon dlgma dovrii tolob etdiyindon onun no-
ticalorinin birbasa fasilosiz idarsetma signali kimi
istifadosi mogsodouygun deyildir [4].

Bu sobabdon maqgalads IoT sensorlart vo qaz
xromatoqrafiyasinin molumat soviyyasindo birlos-
dirilmasino osaslanan hibrid monitoring sistemi
toklif olunur. Sistemdo CO, CO-, temperatur, nisbi
rlitubat vo timumi VOC saviyyasi kimi parametr-
lor ToT sensorlar1 vasitosilo yiiksok tezliklo 6l¢ii-
lir. Qaz xromatoqrafindan alinan xromatoqram
150 miioyyon zaman intervallarinda analiz edilorok
ayri-ayr1 VOC komponentlorinin identifikasiyasi
vo konsentrasiyalarinin qiymatlondirilmosi ii¢lin
istifads edilir.

Sistemin giris molumatlar1 imumi sokildo asa-
g1da toqdim edilir

X(k) = X (k), X (k) , (D
burada
X (k)=[CO,CO, T, H, TVOC, ...]. )

IoT sensorlarindan daxil olan operativ malu-
matlari.

X o)=[t,4,8W,..], 3)
iso xromatoqrafik piklorin saxlanma muddati (z),
amplitudu (4), sahasi (S), eni (W) va digor infor-
mativ olamatlori ifads edir.

Xromatogqramdan ¢ixarilan olamoatlor siini in-
tellekt moduluna 6tiiriiliir

Vi = Jo (Xee) 4)
burada (9, ) miioyyaon edilmis qaz sinfini, f{0}c iso
Oyrodilmis tosnifat modelini gostorir.

Miioyyon edilmis qaz komponentinin konsen-
trasiyasi iso ayrica qiymatlondirmo modeli ilo to-
yin edilir

éi = f¢r (X6e)s &)

burada C’i— i-ci qaz komponentinin qiymaotlondi-
rilmis konsentrasiyasini, f¢r iso reqressiya modeli-
ni ifads edir. Xromatoqrafik molumatlarin masin
vo dorin dyronmo tsullart ilo avtomatik emalinin
miimkiinliiyli miiasir todqiqatlarda gostorilmisdir
[5,7].

Toklif olunan sistemds siini intellekt (SI) mo-
dulunun vazifssi yalniz qazin identifikasiyasi ilo
mohdudlagmir. 10T vo GC molumatlarinin birgs
tohlili osasinda daxili hava miihitinin cari voziy-
yati qiymatlondirilir va risk gostaricisi formalas-
dirtlir. Si-nin qaz sensorlarindan alman ¢oxpara-
metrli molumatlarin interpretasiyasinda totbiqi bu
tip inteqrasiya t¢iin perspektivli yanasma hesab
olunur [6].

Sakil 1. Intellektual binalarda hava keyfiyyatinin mo-
nitorinqi vo adaptiv idars olunmasi iiciin inteqrasiya
olunmus informasiya axim sxemi

Beloliklo, toklif olunan sistemin iimumi infor-
masiya axini sokil 1-do gostorilon struktur sxemi
izra formalasdirilir. Bu strukturda monitoring iki
miixtolif zaman miqyasinda hoyata kegirilir: IoT
sensorlar1 fasilosiz operativ nozarsti, qaz xro-
matoqrafi iso periodik vo daha selektiv kimyavi
analizi tomin edir. Molumatlarin siini intellekt
vasitasilo birlogdirilmasi monitoring naticalorinin
adaptiv HVAC idarsetmasindo effektiv istifado
edilmesine imkan verir.

Qaz xromatoqrafik signalinin riyazi modeli
vd MATLAB-da formalasdirilmasi

Qaz xromatoqrafinda analiz olunan garisigin
ayri-ayr1 komponentlari kolondan miixtslif zaman
anlarinda ¢ixaraq detektorda xarakterik piklor for-
malasdirir. Xromatoqramin osas informativ pa-
rametrlori saxlanma miiddati, pik amplitudu, pik
sahasi va pik enidir. Bu parametrlor qaz kompo-
nentlorinin identifikasiyas1 vo konsentrasiyasinin
giymotlondirilmasi {i¢iin istifado edilir [3, 4].

MATLAB miihitindo xromatoqrafik signa-
lin ilkin modeli ayri-ayr1 komponentlora uygun
Qauss tipli piklorin comi kimi togdim edilo bi-
lor:

x(t) = zn: A exp {— (t;#;)} +b(t)+¢(1),(6)
i=1 (o

1
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burada @, — i-ci komponentin pik amplitudu;
ty; — homin komponentin xarakterik saxlanma

miiddati; o’ — pikin enini miioyyon edon disper-
siya parametri; b(f) — xromatoqramin baza xotti;
() — 6lgmo prosesindo yaranan tosadiifi kiiydiir.

Bu modelds har bir qgaz komponentino uygun
fordi analitik pik asagidak: ifads ilo formalagdiri-
lir.

@—ag} -

(1) = A exp| —
pi(®) 11{ o7

i

Pikin maksimal qiymeti funksiyanin ekstre-
mum ndqtasinds tayin olunur:

pt,) =4, (8)

Pik sahasi komponentin komiyyat miqdart ilo
diiz miitonasib olan asas gostoricidir vo nazari ola-
raq sonsuz zaman intervalinda inteqrasiya formasi
ilo ifado edilir:

S, = [ pyt. ©)

Qauss modelinin analitik halli {i¢iin bu ifads
asagidaki forman alir:

S. = Ado~2r. (10)

Sistemin kalibrlonmosi tamamlandigdan son-
ra konkret komponentin konsentrasiyasi tapilmis
pik sahosi ilo xotti reqressiya modeli asasinda
olagolondirilir:

C=kS +b, (11)
burada C, — i-ci komponentin konsentrasiyasi, ki
vo bi iso eksperimental kalibrlomo asasinda miioy-
yon edilon omsallardir.

MATLAB simulyasiyasinda ilkin morhslods
bir ne¢o gaz komponentino uygun forqli saxlanma
miiddotlori segilir:
foy < gy <o <l (12)
vo onlarin har biri li¢iin 4, vo o, parametrlari veri-
lir. Noticodo ¢oxkomponentli xromatoqgramin su-
perpozisiya modeli formalasdirilir:

x(t) =p,(0) + p(O) + ... T p () + b(2) + &(2). (13)

Real cihaz vo 6lgma soraitini imitasiya etmok
maqsadilo modelo determinik baza siirligmosi vo
stoxastik kiiy komponentlori olava edilir:

b(t)= b, + at, (14)

&(t) ~ N0, 6.2), (15)
burada b, baslangic baza soviyyssini, o baza xatti-
nin doyismo omsalini, ¢ * is9 kiiyiin dispersiyasini
gostorir.

Belalikls, yaradilan sintetik xromatoqram real
analitik sistemlordo miisahido olunan fluktuasi-

yalar1 vo 6lgmo kiiylorini tam imitasiya etmoyo
imkan verir. Simulyasiya naticosindo generasiya
olunmus signal névboti morhoalodo ilkin emaldan
kecirilir vo har bir askarlanmis pik {i¢iin agagidaki
informativ slamatlor vektoru tortib edilir:

7=l A, S, W), (16)
burada W. — pikin enini ifads edir. Bu vektor siini
intellekt modelinin giris parametrlori massivini
formalasdiraraq qaz komponentlorinin avtomatik
tosnifatina vo konsentrasiyasinin hesablanmasina
imkan yaradir [4, 6].

MATLAB miihitindo simulyasiya prosesinin
timumi funksional ardicillig1t marhslsli zoncir lizra
hoyata kegirilir (sokil 2).

M L Lk || 5

Sintetik | | Pikorin | | informativ
sromatogramn | | agkarlanmasi | | slamotiorin
.....................

Ea

Sokil 2. Sintetik xromatoqramlarin generasiyasi vo
piklorin askarlanmasi modelinin strukturu

Toqdim olunan bu yanasma real eksperimental
verilonlora ke¢gmozdan avval signal emali vo ma-
sin Oyronmasi alqoritmlorinin MATLAB miihitin-
do verifikasiyasi li¢lin baza riyazi model rolunu
oynayir.

MATLAB-da sintetik xromatoqramin for-
malasdirilmasi vo piklarin agskarlanmasi

Toklif olunan modelin praktik verifikasiyasi
mogsadilo MATLAB miihitindo ¢oxkomponent-
li qaz qarisiin1 imitasiya edon stoxastik sintetik
xromatoqram formalagdirilmisdir.  Simulyasiya
prosesindo hor bir qaz komponentine uygun sax-
lanma miiddati (z,), pik amplitudu (4) va pikin ya-
yilma dispersiyasi () ovvalcadon toyin edilir. Bu
parametrlor asasinda ayri-ayr1 Qauss tipli analitik
funksiyalar yaradilir vo superpozisiya prinsipine
uygun olaraq vahid xromatoqrafik signalda birlos-
dirilir.

Modelin ilkin test marhoalasinds dord sarti ugu-
cu iizvi birlosma (UUB) komponentinin istifadasi
nozordo tutulmusdur. Onlarm parametrlori alqo-
ritmin i§ prinsipinin vo selektivlik dayaniqligi-
nin yoxlanilmasi tigiin gqabul edilmis simulyasiya
gostoriciloridir (cadval 1).

MATLAB miihitindo sintetik xromatoqram
signalinin yaradilmasi vo vizuallasdirilmasi {i¢iin
cadval 1-in parametrloring osaslanan proqram
kodu realizo edilmisdir (sokil 3).

Bu programin icrasi noticosindo miixtolif sax-
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Cadval 1

Saxlanma miiddati
Komponent

Amplitud Pik eni

(), daq
Qaz 1 2.1 0.65 0.12
Qaz 2 4 1.00 0.18
Qaz 3 6.2 0.78 0.15
Qaz 4 8.1 0.52 0.20

(saniys ve ya degigs)
(0, 10, 4000):

PR

% Qaz komponentlerinin parametrls:
tR = [2.1, 4.0, 6.2, 8.1); %
A = [0.65, 1.00, 0.78, 0.521; %
sigma = [0.12, 0.18, 0.15, 0.20]; %

B
Fowww
000

i) .* exp(-(t - TR(i))."2 ./ (2 * sigma(i)~2));

17 % Baza xsttinin slavs edilmssi (Dreyf)
18 — baseline = 0.015 + 0.004 * t;

itiv kuy (Normal paylanmis kuy)
* randn(size(t)):

ysds vizuallagdirma
xe, (1 1.13);

28—  plot(t, xGC, 'Color’, (0.1 0.4 0.7], 'Linewidth', 1.2, ‘DisplayName', ‘Sinte
29—  hold on:

Sakil 3. MATLAB-da xromatoqrafik signalin genera-
siyas1 vo additiv komponentlorin daxil edilmasi proq-
ram kodu

MATLAB-da simulyasiya ol ¢oxkomy tli xr toqrami

Sintetik xromatoqram
— - - ‘Baza xatti (drift)

Signalin amplitudasi (V va ya pA)

Zaman, t (s)

Sakil 4. MATLAB miihitindo simulyasiya olunmus
coxkomponentli sintetik qaz xromatoqrami vo baza
xattinin dreyfi

lanma miiddotlorindo dord xarakterik pikdon
ibarat sintetik xromatoqram alinir. Miioyyan edil-
mis determinik baza xattinin vo normal paylanmis
additiv kiiyiin £(t) ~ N(0, c ?) olavo edilmasi model
signalin1 ideal Qauss ayrilorindon forglondirarak
real 6lgma soraitino tam yaxinlasdirir (sokil 4).

Novbati morholods xromatoqramdaki piklorin
avtomatik lokallagdirilmast vo askarlanmasi ho-
yata kecirilir. MATLAB miihitindo bunun ii¢lin
findpeaks operatorundan istifado edilmoklo, pik
amplitudu, relyef yiiksokliyi (prominence) vo mi-
nimum piklor aras1t mosafo meyarlar1 optimallas-
dirtllmigdir.

Piklorin ugurlu askarlanmasindan sonra har bir
kimyovi komponent {i¢iin SI moduluna étiiriilocok
osas informativ olamatlor vektoru formalasdirilir:

Zi - [tR,i’ Ai’ Si’ in’ Pi] > (17)
burada 7, ; — saxlanma miiddati; 4, — pik amplitu-
du; S, — pik sahasi; W, — pik eni; P, — pikin pro-
minence gostaricisidir. Pikin tomizlonmis inteqral
sahasi S, rogamsal verilonlar lizarinds Trapezoid
iisulu asasinda proqram tominati soviyyasindo in-
teqrasiya edilir (sokil 5).

% Sahalar iiciin matrisin teyini
§ = zeros(size(locs));
for i = 1:length(locs)
idx = abs(t - locs(i)) <= (2 * widths(i));
signal pure = X6C(idx) - baseline(idx);
§(i) = trapz(t(idx), signal pure);
end

Xromatografik signalin emali va alamotlarin ¢ixarilmasi alqoritmi
1.2
Pig2 Sintetik xromatogram signalt
S= .
= = = Baza xatti dreyfi
1 @ _ AskarlananUUB komponentlori

—~
>

<08
<
Ll
=

= 06
=
=
@

Z 04
£
=<

202
o3
a

0

-0.2

0 1 2 3 4 5 6 7 8 9 10
Saxlama miiddati, t (d)

Sakil 5. Kiiy miihitinds xromatoqrafik piklorin av-
tomatik agkarlanmasi, baza korreksiyasi va inteqral
sahalorin hesablanmasi naticalori

Belaliklo, MATLAB simulyasiyasi naticasinda
xromatoqramin siqnal analizi tamamlanir vo nov-
boti morholoda SI (tosnifat) modelinin girisindo
istifado edilocok imumi olamatlor matrisi (Z) for-
malagdirilir:

_tR,l Al S1 Wl Pl
tR,Z A2 SZ WZ P2

tR,n An Sn Wn Pn

Alqoritmin ¢ixiginda formalasan vo masin dy-
ronmosi blokuna birbasa inteqrasiya olunan yekun
informativ olamatlor matrisinin (Dataset) odadi
qiymatlori sokil 6-da toqdim edilmisdir.

Formalasdirilmis bu struktur miirokkob qaz
qarisiqlarinin Si osasli masin dyronmosi (SVM,
Neyron Sobokalori) metodlart ilo yiiksok selek-
tivlikls tosniflondirilmasi vo intellektual binalarda

ISTEHSALAT PROSESLORININ AVTOMATLASDIRILMASI
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--- Siini Intellekt Modulu iiglin Gixarilan Informativ ®lamstlsr Matrisi (Dataset)
Retention Time tR Amplitude A Integral Area S Peak_Width W

2113 0.69941
3.9835 1.0487
6.199 0.83123
8.092 0.58909

0.19615 0.2856
0.45048 0.42636
0.29385 0.35871
0.26065 0.46671

Sokil 6. Siini intellekt Modulu iiciin ¢ixarilan informa-
tiv alamatlor matrisinin (Dataset) strukturu

hava keyfiyyatino uygun adaptiv gorarlarin qobul
edilmosi tigiin etibarli ilkin verilanlar bazasi rolu-
nu oynayir.

Siini intellekt asasinda qaz komponentlari-
nin identifikasiyas1 vo konsentrasiyasimin qiy-
matlondirilmasi

Qaz xromatoqrafik signalin ilkin emalindan
va piklorin avtomatik askarlanmasindan sonra hor
bir pik {i¢iin saxlanma miiddati, amplitud, saho,
en va relyef (prominence) gostaricilorindon ibarat
coxparametrli olamotlor toplusu formalasdirilir.
Bu olamatlor qaz komponentlorinin avtomatlas-
dirilmis identifikasiyasi vo onlarin konsentrasiya-
sinin qiymotlondirilmasi {i¢iin SI modelinin giris
verilonlori massivi kimi istifade edilir. Xroma-
tografik verilonlorin masin Gyronmosi metodlari
vasitosilo emalinin miirokkob qaz qarisiglarinin
tohlilindo effektiv totbiq oluna bilmasi miiasir to-
dqgiqatlarda riyazi olaraq osaslandirilmisdir [8].
Qaz analizindo SI alqoritmlarinin totbiqi analitik
sistemlorin selektivliyinin artirilmasi vo komiyyat
qiymatlondirilmasinin intellektual avtomatlasdi-
rilmasi {ligiin an perspektivli yanagma hesab olu-
nur [9]. Hor bir agkarlanmis pik {igiin informativ
olamatlor vektoru 17 ifadasindo gostorilmisdir .

Qaz komponentlorinin identifikasiyasi

Qazin identifikasiyasi tosnifat mosolosi kimi
qoyulur. SI modeli giris olamotlorino osason as-
karlanmis pikin hans1 qaz komponentins aid oldu-
gunu miioyyon edir:

¥ =152, a8

burada (§,) - model torafindon prognozlasdirilmig
gaz sinfi (komponentin novil); f,° —optimal dyro-
dilmis tosnifat funksiyasidir.

Ilkin MATLAB simulyasiyasinda ¢oxsinifli
Doastok Vektor Masinlart (Support Vector Machi-
ne — SVM) yanasmasi totbiq edilmisdir. Bu halda
forqli gaz komponentlori miistoqil siniflor kimi to-
yin edilir vo model yalniz saxlanma miiddetini de-
yil, xromatoqram pikin digor invariant geometrik
parametrlorini do nazars alir. MATLAB miihitinds

AZORBAYCAN NEFT TOSORRUFATI

fitcecoc funksiyast SVM asasli binar dyronanlo-
ri (Error-Correcting Output Codes) birlogdirorok
robust coxsinifli tosnifat modelinin qurulmasina
imkan verir. Modelin tosnifat keyfiyyotinin vo
siniflor arast qarisiqliq xotalarinin vizual qiymaot-
londirilmasi magsadilo xota matrisi codvolindon
(confusionchart) istifads edilir. Modelin program
tominatt soviyyosindo realizasiyasinin imumi
operator formasi sokil 7-do verilmisgdir.

il % ZTrain - xromatografik slamstlar matrisi
2 % YTrain - gaz komponentlarinin hagigi siniflsri
3

4 SVM = templateSVM('KernelFunction', 'rbf’,
5 'Standardize', true);

6

7 MdlClass = fitcecoc(zTrain,YTrain, ...

8 'Learners',SVM) ;

a2

10 YPred = predict (MdlClass, 2Test);

il confusionchart (YTest, YPred) ;

Sakil 7. Modelin proqram taminati saviyyasindo reali-
zasiyasinin iimumi operator formasi

Xromatoqrafik verilonlords SI vasitesilo ucucu
tizvi birlogmolorin avtomatik miioyyanlosdirilma-
si lizro daha miirokkob rekurrent neyron soboko
yanasmalarinin totbiqi do gostorilmisdir [10]. Bu
sobabdon, real eksperimental molumatlarin hac-
mi artdiqda toklif olunan SVM modelinin GRU
(Gated Recurrent Unit) vo ya digor dorin yronmo
modellori ilo miiqayisali analizi aparila biloar.

Konsentrasiyanin qiymotlondirilmasi

Qaz komponentinin névii identifikasiya olun-
dugdan sonra, ikinci iyerarxik merhalods onun
komiyyot konsentrasiyasi qiymotlondirilir. Bu
masala riyazi olaraq reqressiya problemi kimi tog-
dim edilir:

C = [1(Z),

burada é’i — i-ci qaz komponentinin model torafin-
don hesablanmus ¢ixis konsentrasiyasi; f," — qey-
ri-xatti reqressiya funksiyasidir.

Konsentrasiyanin qiymatlondirilmasinde pik
sahosi S, fundamental komiyyat gostaricisi olsa
da, toklif olunan intellektual yanasmada amplitu-
du, pik eni vo saxlanma miiddsti do modelo giris
parametrlori kimi daxil edilir. Bununla konsentra-
siyanin yalniz bir xatti gostoricidon deyil, xroma-
tografik pikin coxparametrli hibrid xarakteristika-
sindan qiymotlondirilmasi tomin edilir vo dlgma
doqiqliyi artirilir.

MATLAB miihitindo bu magsadlIo siini neyron
soboko asasli reqressiya modelindan (fitrnet) isti-
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fado edilmisdir (sokil 8).

Qaz komponentlarinin SVM tasnifati matrisi

1 10

N~

True Class

“w

Predicted Class

Sakil 8. MATLAB miihitindo siini neyron sobaka asash
reqressiya modelinin naticasi

Reqressiya modelinin adekvatliginin vo prog-
nozlagsdirma doqiqliyinin giymotlondirilmosi ii¢iin
orta miitloq xota (MAE) vo orta kvadratik xotanin
kvadrat kokii (RMSE) meyarlar1 hesablanir:

A

Ci - Ci

b

1 N
MAE—N;

1 Y
RMSE = ﬁz(q—q).

i=1

Hesablanmis MAE vo RMSE qiymatlorinin
minimuma enmosi, modelin real eksperimental
verilonlar ilo prognozlasdirilmis konsentrasiyalar
arasinda yiiksok konvergensiya yaratdigini anali-
tik olaraq siibut edir (sokil 9).

Command Window
--- stini Intellekt Modulu tglin Gixarilan Ilkin 8lamstlsr Cadvali ---

Retention Time tR  Amplitude A  Integral Area S  Width W  Prominence P

2.1105 0.70067 0.19375 0.2868 0.72533
4.0185 1.0537 0.45269 0.41894 1.0616
6.2216 0.84619 0.29328 0.35783 0.84489

8.112 0.61598 0.26248 0.45072 0.60354

--- Regressiya Modelinin (Neyron §absks) Qiymstlsndirms Meyarlari ---
Orta Mitlsg Xata (MAE): 0.5658
oOrta Kvadratik Xstanin Kvadrat Kok (RMSE): 0.7488

fx >

Saokil 9. Modelin real eksperimental verilonlor ild
prognozlasdirilmis konsentrasiyalar arasinda yiiksok
konvergensiya

SI modulunun iimumi strukturu

Toklif olunan siini intellekt modulunda xro-
matoqrafik melumatlarin ¢oxsaviyyali emali vo
informasiya transformasiyasi sokil 2-do gostorilon
funksional ardicilliq tizrs hoyata kecirilir.

Beloliklo, siini intellekt modulunun ¢ixigin-
da hor bir agkarlanmis kimyavi komponent ii¢iin
iki fundamental informasiya vektoru formalasdi-
rilir:

AZORBAYCAN NEFT TOSORRUFATI

Zi %(yiﬂci)a

yani hadof gazin novii vo onun giymatlondirilmis
komiyyat konsentrasiyasi. Alinmis naticolor son-
raki morhalado real vaxtli digor IoT sensor malu-
matlart ilo molumat soviyyesindo birlosdirilorak
daxili hava keyfiyyati lizro iimumi ekoloji risk
gostaricisinin hesablanmasinda istifads olunur.

Toklif olunan intellektual yanagmanin asas iis-
tiinliiyli qaz xromatoqrafik piklorin yalniz saxlan-
ma miiddotino osaslanan klassik laborator miiqa-
yisosi ilo mohdudlagsmamasi, bir ne¢o informativ
parametrin SI modeli vasitosilo kompleks vo di-
namik sokildo emal edilmosidir. Bu iso real cihaz
molumatlar1 osasinda adaptiv vo tam avtomatlas-
dirilmis gaz monitoring sisteminin formalagdiril-
masina imkan yaradir.

IoT vo GC molumatlarmin birlasdirilmosi
v risk indeksinin formalasdirilmasi

Toklif olunan sistemin yekun marhoalosinds [oT
sensorlarindan alinan operativ 6lgmalor qaz xro-
matoqrafik analiz noticolori ilo verilonlor soviy-
yosindo birlosdirilorok daxili hava keyfiyystinin
imumi voziyyati kompleks sokildo qiymatlondi-
rilir. ToT sensor sobokasi CO, CO., temperatur,
nisbi riitubat vo timumi ugucu tizvi birlogsmalorin
(TVOC) saviyyasi kimi parametrlori yiliksok dl¢-
mo tezliyi ilo geydo alir. Qaz xromatoqrafiyasi
modulu iso fordi UUB komponentlorinin daha
selektiv identifikasiyasini vo komiyyatco qiymaot-
londirilmasini tomin edir. Beloalikla, forqli zaman
miqyasina malik iki heterogen informasiya mon-
boyinin semantik sintezi monitoring sisteminin
hom dinamik operativliyini, hom do analitik infor-
mativliyini shomiyyatli doracads artirir.

X,(0) = [X, (), X (R)]
burada X, (k) — 10T sensor malumatlarini, X (k)
iso siini intellekt vasitosilo emal edilmis qaz xro-
matoqrafik molumatlar1 gostorir.

SI modulunun ¢ixisinda hor bir gaz komponen-
ti liglin identifikasiya noticosi vo qiymatlondiril-
mis konsentrasiya aldo edilir:

XGC,i =|:yi’Ci:|’

burada y, — miioyyon edilmis gaz ndvii; C, —homin
gazin qiymatlondirilmis konsentrasiyasidir.

Miixtalif gazlarin konsentrasiya vahidlori vo
tohliikalilik saviyyalori forqli oldugundan onlarin
birbasa miiqayisasi mogsadouygun deyildir. Buna
g0ra hor bir qaz ticlin normallagdirilmis fordi risk
gostaricisi formalagdirilir:
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Cadval 2

Risk indeksi Voaziyyat Idaraetmo reaksiyasi
(0\leq RI<0.25) Normal Standart ventilyasiya
_ Hava miibadilesinin
(0.25\leq RI<0.50) | Asagi risk artirilmast
(0.50\leq RI<0.75) | Orta risk Sitoninliany
ventilyasiya
. . Maksimal ventilyasiya
(0.75\leq RI\leq1) | Yiiksok risk e
O > Ci S T;,norm
Ci B 7: norm
l’i = T ’T H Tiv,norm <(:i < 7—i',danger b
i,danger - i,norm
1 , C.2T

i = “i,danger

burada 7, - i-ci qaz lgiin qabul edilon normal
saviﬂyya; Tl danger iso tohliikali hoddir.

Umumi risk indeksi ayri-ayr1 qazlarin g¢okili
risk gostaricilorinin comi kimi hesablanir:

n
RI=Y or,
i=1

burada ®, — i-ci qaz komponentinin tohliikalilik
daracasini oks etdiron ¢oki omsalidir vo agagidaki
sorti 6donilir:

ia)i=1.
i=1

Risk indeksinin qiymotindon asili olaraq sis-
temin is rejimi sorti olaraq codval 2-doki kimi
miioyyan edilo bilor.

Bu hadlor universal normativ gostaricilor kimi
deyil, MATLAB simulyasiyasinda idaroetmo
alqoritminin yoxlanilmasi {igiin gobul edilon para-
metrik bolgii kimi nozords tutulur. Real sistemdo
hadlor analiz olunan maddalar tizra qiivvads olan
sanitariya vo tohliikesizlik normalarina uygun ka-
librlonmalidir.

Adaptiv idaroetma signali risk indeksinin funk-
siyas1 kimi toqdim edilo bilor:

u(k) = fIRI(K)),
burada u(k) — HVAC va ya ventilyasiya sistemina
verilon idaroetms tosiridir. Risk soviyyasi artdiqca
hava miibadilosinin intensivliyi yiiksaldilir, toh-
liikali soviyye askar edildikdo iso xabordarliq vo
fovqolado ventilyasiya rejimi aktivlosdirilir.

Beloliklo, sistemin yekun informasiya vo
idaraetma zonciri formalasir (sokil 10).

Islonilmis bu konseptual yanasmada qaz xro-
matoqrafiyast yiiksok selektiv analitik informa-
siya niivosi, loT sensor arxitekturasi real vaxth

AZORBAYCAN NEFT TOSORRUFATI
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Sakil 10. Heterogen sensor verilanlorinin birlosdiril-
masi va risk-asash adaptiv BMS idarsetms zancirinin
iimumi arxitekturasi

operativ monitoring aloti, ST modulu isa heterogen
molumatlari interpretasiya edarok optimal idaroet-
mao qgorarini dostokloyon universal kibernetik apa-
rat funksiyasini yering yetirir [5-7].

Natica

Aparilmis sistemli analiz, riyazi modellogdir-
mo vo MATLAB miihitinds yerina yetirilmis si-
mulyasiya siagqlar1 naticasinds asagidaki elmi vo
praktiki naticolor aldo edilmisdir:

1. intellektual binalarda toksik va zararli qazla-
rm, eloco do UUB-lorin yiiksok selektivliklo mo-
nitorinqi magsadilo mikro-qaz xromatoqrafiyasi,
IoT sensor infrastrukturu vo Si texnologiyalarinin
verilonlar soviyyesinds sintezina asaslanan ¢oxso-
viyyali hibrid informasiya-idaroetmo arxitekturasi
islonilmisdir.

2.Qaz xromatoqrafik signalin Qauss paylan-
mas1 osasinda formal riyazi-kibernetik modeli
formalasdirilmis, diskret zaman oblastinda sinte-
tik xromatoqramlarin yaradilmasi, baza xottinin
dreyfi vo additiv aparat kiiylorinin korreksiyasi,
hamginin piklorin avtomatik askarlanaraq ¢oxpa-
rametrli invariant slamotlor matrisinin (Z) ¢ixa-
rilmasi alqoritmlori MATLAB miihitinde ugurla
realizo edilmisdir.

3. Cixarilan olamotlor massivi osasinda hodof
qaz komponentlorinin avtomatik identifikasiyasi
coxsinifli Dastok Vektor Masinlar1 (SVM), komiy-
yat konsentrasiyalarinin qiymatlondirilmasi 1so
coxlayli siini neyron sobokolori vasitasilo tosnifat
va reqressiya masololori kimi formal olaraq qoyul-
mus vo hall edilmisdir.

4. Coxkomponentli gaz miihitlorinds forg-
li toksiklik doracalorino malik heterogen sensor
verilonlorinin birlogdirilmasi mogsadils normal-
lagdirilmis fordi risk funksiyalar1 vo inteqral Risk
Indeksi (RI) sintez edilmisdir. Toklif olunan struk-
tur askarlanan ¢irklonmo daracasine uygun olaraq
HVAC (isitmo, havalandirma vo kondisiyalasdir-
ma) sisteminin is rejimlorini adaptiv idaro edon
qapali kibernetik kontur formalagdirmaga imkan
Verir.

Toklif olunan intellektual informasiya sistemi-
nin real is¢i miihitlordo tam verifikasiyasi ii¢lin
kalibrlonmis laboratoriya IoT sensor dlgmalori vo
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real qaz xromatoqrafindan oldo edilocok eksperi- tonzimlonmasi tadqigatin ndvbati marhalosini tog-
mental verilonlor bazasi osasinda modelin adaptiv kil edir.
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Neft-madan avadanhiglarinda plastik kiitladan olan
detallarin keyfiyyatinin giymatlandirilmasinin tadqiqi

N.A. Hasanova, t.ii.f.d.
Azarbaycan Dovlst Neft va Sanaye Universiteti

e-mail: haciyevanailab4@gmail.com

Acar sozlar: plastik kiitls, divar galinligi, termoreaktiv materiallar, presloms, press-galib.

Neft avadanliglarinin plastik kiitledan olan detallarina goyulan talabler olduqca yiiksakdir. Har konkret halda yiklanmalarin
xarakterindan va giymatindan, istismar saraitindan ve avadanligin konstruktiv xtsusiyyatlarindan asili olarag avadanliglarin plas-
tik kiitladan olan detallarina miixtslif taleblar tatbiq olunur. Ssas taleblars yiiksak mexaniki méhkamlik, 6lgti daqigliyi, yiiksak
yeyilmaya va aqressiv muhitin tasirlarine davamligi aiddir. Nazars almaq lazimdir ki, neft avadanliginin istismari Ggtin iglim saraiti
cox muxtalifdir. Atmosfer temperaturu —50 °C-dan +50 °C-ya gadar hiidudlarda dayisir.

Bir cox hallarda istismarin atmosfer saraiti havanin tozlanmasina sabab olan firtina kilaklari ila ¢atinlasir. Bununla slagadar
olarag muxtalif plastik kiitledan hazirlanan mamulatlarin konstruksiyalarinda divar galinligi, hiindarltyd ve desik uzunlugu para-
metrlarinin alagali asililiglar ve muayysnedilma ganunauygunlugunun tadgiqi vacib masalalardan biri sayilir.

MCCIIeAOBaHVIe no oueHKe KayecTBa NJIaCTUKOBbIX p,e'raneﬁ B He(I)TenpOMI:ICIIOBOM OGOPyAOBaHMM

H.A. lacaHoBa, A4.¢.T.H.
Azepbaiig>KaHCKUA ToCcyapCTBEHHbIN YHUBEPCUTET HEDTU U MPOMBbILLAEHHOCTM

KnroueBble cnoBa: naactvk, TO/LMHA CTEHKM, TEPMOPEAKTVBHbIE MaTepuasbl, IPeccoBaHve, npecc-Gopma.

TpeboBaHWsA K MAACTUKOBBLIM AeTansdM HehTENPOMbICIOBOrO 060PYAOBaHUA AOCTAaTOMHO BbICOKW. B KaXzom KOH-
KPETHOM C/lyyae, B 3aBUCUMOCTM OT XapakTepa W BeJIMUMHbI Harpy3oK, YCIOBUI 3KCMayaTaLlUmM N KOHCTPYKTUBHBIX OCO-
6eHHOCTe 060pYyAOBaHUSA, K MAACTUKOBBLIM AeTaNfdM NPeAbABASOTCA pa3/vyHble TpeboBaHUAa. OCHOBHbIe TpeboBaHMs
BK/IFOYAIOT: BbICOKYH) MeXaHWYEeCKyH MPOYHOCTb, TOUHOCTb PAa3MEPOB, BbICOKYHD M3HOCOCTOMKOCTb W YCTOMUYMBOCTH K
arpeccvBHbIM cpegam. Cnegyet Takxke YUnTblBaTh, UTO KIMMATUUECKME YC0BUA SKCMyaTaLmMm HedhTenpomMbICI0BOro 060-
pysoBaHWA BeCbMa pa3HoobpasHbl. TeMnepaTypa Bo3ayxa kosebaercs ot —50 °C go + 50 °C.

Bo MHOrMx cayvasx ycioBuUS SKCyaTaLMm OCIOXKHSAITCA LUTOPMOBbIMU BETPaMM, Bbi3blBaOLWMMU 3arblNEHHOCTb.

A study to assess the quality of plastic parts in oilfield equipment

N.A. Gasanova, PhD in Tech. Sc.
Azerbaijan State University Oil and Industry

Keywords: plastic, wall thickness, thermosetting materials, molding, mold.

The requirements for plastic parts in oilfield equipment are quite high. Each specific application requires different
requirements, depending on the nature and magnitude of loads, operating conditions, and design features of the
equipment. Key requirements include high mechanical strength, dimensional accuracy, wear resistance, and resistance to
aggressive environments. It should also be noted that the climatic conditions of oilfield equipment operation are quite
varied. Air temperatures range from -50 °C to + 50 °C. In many cases, operating conditions are complicated by storm
winds, which cause dust.
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Istismarin asag1 vo yiiksok temperatur soraitinda
materiallarin tez dagilmasi vo xassolorin doyismosi
tohliikosi yaramir. Homginin havanin tozlanmasinin
yiiksolmosi ilo olagodar detallarin siirtiinon sothlori-
nin intensiv yeyilmasi bag vera bilar. Bels ki, Abse-
ron yarimadasinda ¢ox vaxt firtina kiiloklorin oldu-
guna goro havada boyiik migdarda toz vo qum olur.
Detallara tosir edon miihitin xiisusiyyati, onun yiik-
sok abrazivliyi (masalon, gazma proseslorinds totbiq
edilon yuyucu mohlullar) vo aqgressivliyi (quyularin
quyudibi zonalarinin xlorid tursusu ilo emali) neft
avadanhig {glin tipikdir. Konstruktiv xiisusiyyot-
lori baximindan, neft avadanlig: torkib hissalorinin
harakati iizro, birlogmalorin biitdvliyii vo detallarin
sathlorinin formasi tizro xarakterizo etmok olar [1].

Totqiqatlardan goriiniir ki, miixtolif plastik kiit-
lodon hazirlanan momulatlarm konstruksiyalarinda
divar galinligi, hiindiirliiyli vo desik uzunlugu para-
metrlarinin slagoli asililiglar vo miioyyonedilms qa-
nunauygunlugunun todqiqi vacib mosalolordon biri
sayilir. Osas parametr kimi divar gqalinliginin hiin-
diirliiyiiniin onun qalinlhiga tosir doracosi ilo xarak-
terizo olunan bir asililiq yarandigin xarakterizs edir.

Divarlarin qalinhigr divarm (hiindiirlitytindon)
uzunlugundan, plastik kiitlolorin axiciligindan, ma-
terialin mexaniki mohkomliyindan vo hissonin ele-
mentlorinin konfiqurasiyasindan asilidir. Materialin
axma tosiri on ¢ox termoreaktiv plastik kiitlolordon
istifado etdikdo 6ziinli gostorir. Ona gors ki, termo-
reaktiv plastik kiitlolorin axicilig1 termoplastlara nis-
baton ¢ox asagidir. Asagr axiciligh plastik kiitlolor-

{iclin daha cox faaliyyot gdstorir. Islonmis termore-
aktiv material, doyisiklikloro moruz qalmadan sokil-
londirilo bilor vo daha sonra toyin olunmus soraitdo
(masaloan, istilik vo tozyiq altinda) sortlosdirilo bilor.
Termoreaktiv materiallarin bu gostericilori, materi-
alin istifads saholori vo toloblorino cavab verib ver-
modiyini qiymoatlondirmoys komok edir. Miivafiq
laboratoriya tocriibalori va testlor vasitosilo bu gosto-
ricilorin doqiqliyi vo materialin mohsul talobloring
cavab verib vermadiyi qiymatlondirilir (codval).

Plastik kiitlodon hazirlanan detallarin isteh-
sal doqigliyinin artirilmasi masololori hom plas-
tik kiitlodoan olan detallarin, hom onlarin istehsal
metodlarinin vo soraitin spesifik xiisusiyyatlorini
nozora alaraq hor konkret halda holl olunmalidir.
fIk névbodo {imumi xotanin on ohomiyyatli hisse-
sini togkil edon xotani toyin etmok lazimdir [3].

Beloliklo, tozyiq altinda tokmo prosesindo
imumi xotanin oan boyiik payr formalasma za-
mani oturtmanin doyismasi ilo yaranan xotanin
vo press-golibdon onun ¢ixarilmasi zamani deta-
lin temperaturunun doyiskonliyi ilo baglh xotanin
tizorino diisiir. Termoreaktiv plastik kiitlodon olan
detallarin preslonmosi zamani iimumi xotanin an
boyiik pay1 oturtmanin doyismasidir.

Bununla olagadar olaraq plastik kiitlodon olan
detallarin hazirlanmasi zamani detallarin 6lciilo-
rinin  vo oturtmanin doyismesinin azalmasina

yonalmis miioyyon qaydalara riayot etmok lazim-
dir. Preslomodo osason oturtma press-goliblordon
detallarin ¢ixarilmasi zamani yaranir, tozyiq altin-

Materiallar Sixliq, kg/m®*  Temperatur, °C Bﬁkﬁl{:[nl)aagﬁcii, Slell\flll;g;iCﬁ’ m](f(lia:lsltlitd(i}li’a . .ifolf;::il)lf(a .
xiisusiyyatlori
Epoksi Qatran 1100—1400 50-150 70—-150 80—-150 2-4 Ola
Fenol Qatran 1300—1500 120-180 80—-200 100—400 2-6 Ola
Poliuretan 900—-1400 -30-120 20-60 20—60 01-10 Yaxs1
Polyester 1200—1400 60—-80 60—-120 60—120 2—4 Yaxs1

don galin divarli algaq momulatlar, yiiksok axiciligh
plastik kiitlolordon iso nazik divarli hiindiir konst-
ruksiyalt momulatlar almaq olar. Plastik kiitlolordon
yiiksak mexaniki mohkamliys malik daha nazik di-
varlt hissalor almaq olar.Bels ki, bork termoreaktiv
plastik kiitlolor konstruktiv noqteyi-nozorindon sii-
rismo deformasiyasi nozars alinmazsa, lazimi hesa-
batlar hissonin qorxulu ndqtosinds asas gorginliklo-
rin taptlmasina vo Morun méhkomlik nozariyyasine
gora ekvivalent garginliklorin toyin olunmasina goti-
rib ¢ixarir [2].

Analizlor gostorir ki, termoreaktiv materiallar,
kimyavi reaksiya ilo aktivlesdirildiyi veo islodikde
gabarma va sortlosma proseslorine moruz qaldigi

AZORBAYCAN NEFT TOSORRUFATI
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da tokmodo iso detallarin press-goliblorde saxla-
ma zamani yaranir. Bir ¢ox hallarda ¢otin vo baha-
11 birlosmalorin avazing bilavasita press-qgaliblordo
detallarin ¢ox miirokkob konfiqurasiyalarinin alin-
mas1 imkani yaranir.

Neft avadanliginin detallarinin konstruksiya-
larinin tohlili asasinda, onlarin funksional xiisu-
siyyatlorini nozors alaraq, onlar1 plastik kiitlodon
hazirlamaq imkan1 mosolasini hall etmak ticiin de-
tallar1 asagidaki kimi qruplasdirmaq maqsodouy-
gundur:

— magsinlarda horokotli vo yiiklonmis hissolor
iiclin dayaq olan, harokatin vo giiclin bilavasito
Otlirtiilmasi tiglin xidmot edoan detallar;
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— korpus, gabiq, ortiik va s. tipli detallar, onla-
rin funksiyasi ovvalki qrupun detallarinin qarsilig-
11 lazimi yerlogmasini tomin etmakdir;

— komokei funksiyalar1 (yaglama, soyuma,
isiqlandirma, idaroetmo vo s.) yerino yetiron de-
tallar;

— konstruksiyalarda kiplondirmani vo germeti-
zasiyani tomin etmok ii¢lin nozordo tutulmus de-
tallar.

Birinci qrupun detallari, adoton, ohomiyyatli
ylklonmolors moruz galir vo bunun noticosindo
daha c¢ox basgalarina nisbaton yeyilmoyo vo ya
dagilmaya meyillidir. ikinci qrupun detallar1 daha
kicik yiiklonmolora vo yeyilmoys moruz qalir.
Uciincii qrupun detallar1 praktiki olaraq yeyilmir
vo ohomiyyatsiz yliklonmolora moruz qalir. Dor-
diincti qrupun detallar1 istismar prosesindo asason
sixilmig yliklonmolorin tosirine moruz qalir [4, 5].

Neft avadanliginin detallarin vo diiyiinlorinin
konstruksiyalarinin tohlili osasinda detallarin siya-
his1 toyin edilmigdir, onlarin plastik kiitlolordon is-
tehsal1 boytik igtisadi somaraliyin tomin edilmasi
ilo konstruksiyalarin uzunomiirliiliiylinii yiiksolt-
moyo imkan verir [6].

Plastik kiitlodon detallarin konstruksiyalarinin
hazirlamasi zamani osas masaloalordon biri kons-
truksiyanin divarimin galinligmi toyin etmok vo
konstruksiyanin sortliyini artirmaq lazimdir. flk
novbado, plastik kiitlodon olan detallarin kons-
truksiyasinin divarlari toxminon eyni qalinliga

malik olmalidir, ¢linki istehsalin texnoloji rejimi-
ni, osason do preslomo rejimini, konstruksiyanin
elementlorinin galinligma osaslanarag miioyyan
edirlor.

Ogor divart geyri-barabar olan konstruksiya
ticlin rejimi segorkon qalin divarlar nozordo tutu-
lursa, onda nazik divarlar yanmaga baslayir. ©Ogor
nazik divarlar nozords tutulursa, onda qalin divar-
lar yaxs1 baglanmir. Divarlarin qalinligr miimkiin
godor kicik olmalidir. Termoreaktiv plastik kiit-
lodon olan detallar iigiin divarlarin qalinliginin
azaldilmasi boylik ohomiyyat kasb edir, ¢linki na-
zik divarlarda oturtmanin vo daxili gorginliklorin
azalmasi ilo yanasi, materialin keyfiyyati yaxsila-
sir, clinki divarlar nazik olduqda, presloma prose-
sindo material yaxs1 bitisdirilir [7-9].

Sortlik plastik detallarin formasini va dlgiilori-
ni saxlamaq {igiin lazimdir, ¢iinki press-qolibdon
¢ixarilmasi zamani, golocokdo formasi va ol¢iilori
hotta kigik daxili gorginliklorin vo ya xarici qiiv-
volorin tosiri altinda doyise bilor [10]. Bundan
basqa, konstruksiyada sortliyin elementlori detalin
mohkamliyini artirir.

Notico olaraq geyd etmok lazimdir ki, neft ava-
danliginin plastik kiitladon olan detallarinin key-
fiyyotinin qiymotlondirilmasi miirokkob maosalo-
dir. Neft avadanligmin plastik kiitlodon olan
detallarinin xassolorinin, istismar gostoricilorinin
tohlili onlarin konstruktiv doqiqliyi baximindan
daha genis totbiq edilmosino imkan verir.
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Neft hasilatinda lay sularinin radionuklidlardan
nanotexnologiyanin tatbigqi ils tamizlanmasi prosesinin
elmi asaslarinin islanmasina dair

E.Q. Sahbazoy, t.e.d.!, C.9. Nagiyev, k.ii.f.d.2, A.M. Hasanova, t.i.f.d.?
"Azarbaycan neft tasarriifat” jurnal,

2innovasiya va Ragamsal inkisaf Agentliyinin Niive Tadgigatlari Departamenti,
3Riyaziyyat institutu

e-mail: Eldar.Shahbazov@socar.az

Acar sozlar: nanotexnologiya, siixurlar, duzlar, radioaktiv materiallar, avadanliq, arp, korroziya, parafin.

Lay sularinda duz ve radionuklidlarin toplanmasi borularda arplasmaya ve texnoloji dayanigligin azalmasina sebab olur.
Duzlasma prosesi borular, nasoslar va istilik dayisdiricilarinda ¢okiintli va korroziya emals gatirir. Naticada neft senayesinda
radiasiya saviyyasi ylksalir, avadanligin istismar middati azalir ve hasilat semarasi zsiflayir.

Aparilmis tadgigatda, neft ssnayesinin cox kohna bir problemindan bahs edilir. Bu kéhna problemi miasir nanotexnologiyanin
tatbiqi ile hall etmak mimkindur.

Bu maqals neft hasilati prosesinda lay sularinin tarkibindaki tebii mansali radionuklidlerin (**Ra ve 2%®Ra) yaratdigi radioaktiv
¢oklintl (NORM), texnoloji dayanighgin azalmasi ve borularda arp smalagalma problemlarinin miasir nanotexnoloji Gsullarla
hallinin elmi asaslarinin islonmasina hasr olunmusdur. Lay sularinda yiiksak duzlulug va ragabsatli ion muhiti (Ca?*, Ba** va s.)
seraitinds radionuklidlerin selektiv olaraq kenarlasdinlmas Ggiin funksionallasdinlmis superparamagnit nanohissaciklsr (Fe,O,)
arasdirlmisdir.

Alinan naticalar neft senayesinda ekoloji tahliikssizliyin temini, avadanliglarin istismar middastinin uzadilmasi ve hasilat
samaraliyinin artirilmasi t¢tin fundamental baza rolunu oynayir.

O pa3paboTke HayuHbIX OCHOB NMPOLIECCa OUMCTKU MJIAaCTOBbIX BOJ, OT PagUOHYK/IUAOB Npu Ao6biue HedTH C Npu-
MeHeHMeM HaHOTEXHOOoTui

3.I. Wax6azo. A.T.H.", Ox.A. Harves, a.¢.x.H.2, A.M. FacaHoBa, A..T.H.2

DXypHan “AsepbarigxkaHckoe HebTAHOE X0351CTBO”,

2[lenapTaMeHT AAEPHbIX MCCNeA0BaHNA AreHTCTBa MO MHHOBALMAM U LIMGPOBOMY PasBUTUIO,
3NHCTUTYT MaTEMaTUKM

KnioueBble cnoBa: HaHOTEXHONOTMSA, TOPHbIE MOPOAbI, COM, PafMOaKTVIBHbIE MaTepuanbl, 060pysoBaHME, KOPPO3WnH,
napaduH.

HakonneHue conen n pagnoHykanaos B J06bIBaEMON BOAE NPVBOAUT K 06pa3oBaHNIO HAKUMW B TPyHax U CHUXKEHWIO
TEXHONIOrMYEeCKON cTabunbHOCTU. MpoLIecC 3aCoNeHNs Bbi3biBaET 06Pa30BaHMNE OTNOXKEHU U KOPPO3UIO B TPybax, Haco-
cax 1 TennoobMeHHvKax. B pesynbTate noBbIWaeTCA ypoBeHb pagnaLvn B HedTes00biBatOLLEN MPOMBILLIEHHOCTH, CO-
KpallaeTcs cpok cy>6bl 060pyA0BaHNA 1 CHMKaeTCa 3PGEKTUBHOCTL MPOM3BOACTBA. B uccnepgoBaHnm paccmatpusaetca
OYeHb faBHAA Npobiema HedTeA00bIBAIOLLEHA MPOMbILLNEHHOCTU. Ty AABHIOK NMPO6AEMY MOXHO PellnTb C NMOMOLLIbIO
COBPEMEHHbIX HaHOTEXHOIOTUIA.

[laHHas cTaTba NocBsLLeHa pa3paboTke HayUYHbIX OCHOB peLleHus NpobaemM pagnoakTnBHbIx ocagkoB (NORM), cHuxe-
HWA TEXHOJIOTUYECKOW CTabuNbHOCTU U 06Pa30BaHNA HakvMnu B TPy6ax, BbI3BaHHbIX MPUPOAHBIMU PaAVOHYKANAaMM (*°Ra
n 2?®Ra) B cocTaBe f0b6bIBaeMol B npoLiecce HedpTes00bIUn BOAbl, C UCMONb30BaHNEM COBPEMEHHbIX HAHOTEXHOOTMYe-
CKNX METOZOB. VccnesoBaHbl MPUHLMIBI CUHTE3a GYHKLMOHAIN3MPOBAHHbIX CyrmeprnapamMarHuTHbix HaHodactvy, (Fe,O,)
[/ CeNeKTVBHOTO yAaNeHns PagnuoHYKINAOB U3 A06bIBaEMON BOZbl B YCIOBUAX BbICOKOW COJIEHOCTU U KOHKYPEHTHOW
WOHHOW cpeabl (Ca®*, Ba** n ap.).

MonyyeHHble pe3y/ibTaTbl UrpatoT GyHAAMEHTAIbHYHO POJib B 0becrneyeHn 3K00rMyeckon 6e3onacHocTv B HedTes0-
6bIBatOLLEN MPOMBILLIEHHOCTU, MPOAJIEHNN CPOKa CY>K6bl 060PYAO0BaHMSA U MOBbILLEHUN 3PGEKTUBHOCTN NMPOU3BOACTBA.
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On the development of the scientific basis of the process of radionuclides in produced water in oil production

through the application of nanotechnolog

E.G. Shakhbazov, Dr. in Tech. Sc.!, J.A. Nagiyev, PhD in Chem. Sc.?, A.M. Hasanova, PhD in Tech. Sc.?

'Azerbaijan Oil Industry journal,

2Nuclear research of the Innovation and Digital Development Agency,

3Institute of Mathematics

Keywords: nanotechnology, rocks, salts, radioactive materials, equipment, corrosion, paraffin.

The accumulation of salts and radionuclides in produced water leads to scale formation in pipes and reduced process
stability. Salinization causes deposits and corrosion in pipes, pumps, and heat exchangers. This increases radiation levels
in the oil production industry, shortens equipment life, and reduces production efficiency. This study examines a long-
standing problem in the oil production industry, which can be solved using modern nanotechnology.

This article focuses on the development of a scientific framework for addressing the problems of radioactive fallout
(NORM), reduced process stability, and scale formation in pipes caused by naturally occurring radionuclides (226Ra and
228Ra) in produced water during oil production, using modern nanotechnology methods. The principles of synthesizing
functionalized superparamagnetic nanoparticles (Fe304) for the selective removal of radionuclides from produced water
under high salinity conditions and a competitive ionic environment (Ca2+, Ba2+, etc.) are explored.

These results are fundamental to ensuring environmental safety in the oil production industry, extending equipment

service life, and improving production efficiency.

Aparilmis todqiqatda, neft sonayesinin uzun miid-
datdir hallini tapmamus bir problemindon bahs edilir.
Bu problemi miiasir nanotexnologiyanin tatbiqi ilo
hall etmok miimkiindiir [ 1-5]. Tadqigatda 40—70 nm
Olgiilii AP, Fe** vo Cu?* asash metal nanohissaciklo-
rindan istifads edilib.

Osas problem borularin i¢ini yeyon vo hasilati
asag1 salan siixurlardan golon ekonuklidlordir. S6h-
bat sonayenin, onilliklordir hall edo bilmadiyi do-
rinliklordo gizlonon ¢ox miirokkob bir problemdon
gedir. Bildiyimiz kimi neftlo birlikdo yeraltindan
milyonlarla ton su da ¢ixarilir. Bu su min illor boyu
yiiksok tozyiq vo temperatur altinda siixurlarla to-
masda olub, duzlarla vo an asasi tobii radioaktiv ma-
teriallarla zonginlosib. Osl problem do mohz homin
suyun sotha ¢ixdig1 andan baglayir. Su sotha ¢ixanda
tozyiq vo temperatur koskin diisiir. Noticodo suyun
icindo holl olmus minerallar avadanliglarin, borula-
rin {izoring ¢okiib bark bir tobaga—orp, duzlasma vo
korroziya yaratmaga baslayir (sokil 1) [6, 7].

Korroziya RIS
Avadanhqlarin g8
siradan ¢ixmast

Radiasiya
Isgilor tiglin
hayati tohliika

Parafin
Borularin tutulmasi

Sakil 1. Avadanhqlarin, borularin iizarina ¢okiib bark
bir tabaqos yaradan arp, duzlasma vo korroziya

Amma bu sadoco borulart daraldan adi bir arp
deyil, o hom do yiiksok doracods radioaktivdir. Belo
ki, bu arp hom avadanliglar siiratlo korroziyaya ug-
radir, hom do parafin vo qumla birlogorok hasilati
asag1 salaraq biitiin sistemi demok olar ki, iflic edir.
Naticada birbaga hasilat itkisi vo yuxarida sadalanan
problemlor 6z hallini mohz molekulyar soviyyado
tapir. Sohbat problemin yaranmasimnin qarsisint ko-
kiindon almaqdan gedir. Bu aparilmis totqiqatda ki-
¢ik magnitloro banzadilon korroziyadan bohs olunur.
Texniki dildo buna sorbsiya vo koaqulyasiya deyi-
lir.

Nanotexnologiya vasitasi ilo stimullasma — na-
nohissacikli reagentlor radionuklidlori sorbsiya vo
koaqulyasiya mexanizmlori ilo neytrallagdirir. Na-
nohissaciklor vo mogsadyonlii reagentlorin totbiqi
ilo radionuklid dasinmas1 30—40 % azalir. Bu ya-
nagma ham ekoloji, hom da istehsalat tohliikasizli-
yini artirir. Homin hissociklorin lay suyundaki 40—
70 nm 6l¢iilii Fe** hissociklarinin magnit xassaloring
malik oldugunun nozors alimmasi o zararli radioak-
tiv elementlori parafin molekullarina, basqa zororli
maddolari bir ndv 6zlorina ¢okir, onlart birlasdirib
daha asan idars olunan qruplar halina gatirir.

Ovvallor problem yaranirdi, sonra da onu ay-
ri-ayriligda hall etmays calisirdilar. Bu nanotexno-
logiya platformasi iso proaktivdir. O, radiasiya, qum,
korroziya, parafin hamisini eyni anda hadof alir vo
onlarin yaranmasinin qarsisini elo molekulyar so-
viyyado alan vahid bir sistem toklif edir. Amma bels
inca, belo zarif bilik texnologiyani real neft quyusu-
nun o sart soraiting totbiq etmozdon ovval, tobii ki,
o ciddi bir elmi sinaq zoncirindon ke¢malidir. To-
dqiqatlar gostorir ki, har bir addim ytiksok doqiqlikli
laboratoriya analizlorine asaslanib vo bu elmi todqi-
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gatin morkazinds dayanan ilk vo on vacib cihaz
HPGE Qamma spektrometridir (sokil 2). Sonadlor-
do o, bu sahodo beynolxalq qizil standart adlandiri-
lir.

Radium-226 Radium-228
Aktivliyin lay
suyunda azalmasi

Neft yataqlarindan hasil olunan lay sularinda radionuklidlarin

(asasan Ra-226, Ra-228 va K-40) miqdart ila lay suyunun

iimumi duzlulugu arasinda miiayyan korrelyasiya miveud olmast agagidak
cihazlar vasitisila miiayyan olunmugdur.

Actinium-228  Qurgusun Pb-214

Sakil 2. HPGE Qamma Spektrometr

Radiasiyan1 6lgmok iiciin bundan daha daqiq,
daha etibarli bir tisul demok olar ki, yoxdur. Bu cihaz
lay suyunda hans1 radioaktiv izotoplarn oldugunu vo
onlarin konsentrasiyasinin, yoni migdarmin no godor
oldugunu atom soviyyasindo doqiq sokildo Olgiir.
Cihazin kdmayi ilo biz nanoreagentlari totbiq etmo-
misdon oavval Olciiriik, sonra nanoreagentlori totbiq
etmoklo yenidon 6lgma aparirig. Yoni bir tomal xatt
formalasir. Bu da hamin o spektrometrin miioyyon
etdiyi bazi osas izotoplardir.

Indi insan orqanizmino tohliikali tosir edon alfa
stialarim1 Ol¢an cihazdan istifads edok. Alfa hisse-
ciklori doriys o godar tosir etmir, amma organizmo
daxil olanda inanilmaz deracads tohliikalidir vo on-
lar1 agkar etmok xiisusi hassasliq tolob edir. Bu cihaz
da mohz bunu edir (sokil 3).

N ]

cilorin hoyatin1 daha tohliikesiz etmok demokdir.
Nanotosirdon avval vo sonra radionuklidlorin x{isu-
si aktivliklori miiqayise edilmisdir. Hor radionuklid
lizra azalma faizi hesablanmis vo noticalor tsullarla
(donut diagramina) vizuallagdirilmigdir. Miixtolif na-
nokompozisiyalarin effektivliyi miigayisoli sokildo
qiymatlondirilmisdir.

Alinmis naticalar
20 neft quyularinin lay suyu iizrs statistik tohlili

Lay sularin am alfa aktiviiyi Lay sularin com beta aktivliyi

»200 Bl
s

100-200 B/l
™

>2.0 kBgiL
%

0.01-0.1 kBg/L |
54% i

Sakil 4. Neft quyularinin lay suyu iizra statistik tahlili

0.51 kB/L
"%

Belolikla, biitiin bu doqiq laboratoriya sinaqlarin-
dan sonra on hayacanl va riskli marhals galir. Texno-
logiyani real soraitdo vo real quyularda totbiq edirik.
Tadgiqat obyekti kimi 20 forgli quyudan gotiiriilmiis
lay sulari, eloco do quyuotrafi torpaq, bark tullant1 vo
dib¢okiintiisii niimunolori iizorinds todqiqgatlar apa-
rilmisdir (bax: sokil 4). Lay suyu niimunalori texno-
loji prosesin fasilosiz rejimindo, standart sanitar-radi-
oloji qaydalara uygun olaraq gétiiriilmiisdiir. Torpaq
va bark ¢okiintii niimunalori quyustrafinin miixtolif
noqtolorindon, fon vo cirklonmis saholor iizro segil-
misdir. Nlimunolor homogenlogdirilmis, qurudulmus
vo gamma-spektrometrik analiz ti¢iin hazirlanmisdir.
Amma naticalar, daha da tasirlidir. Bu diaqramlar har
seyi ¢ox aydin gostorir (sokil 5).

Neftin va lay suyunun raionuklid tarkibina nanoélgiilii reagentlorin tasiri
iizra asas statistik gostoricilor

2B _ioxminon 75% azalma Naticalordan goriindiiyii kimi, nanokompozisiya
25TI -toxminan 70% azalma tatbiqi radi idlorin iimumi aktivliyini 40-75%
228A¢ -toxminon 51% azalma araliginda azahib

K -toxminon 43% azalma
214p} -toxminon 54% azalma

214Bi 2(]8'1'1 ZZXAC 4(]K 2!4Pb

74.6% azalma 70.4% azalma  50.6% azalma  43.0% azalma  54.2% azalma

‘ 75%' ‘ 70% ‘ 51% ‘ 43% ‘ 54%

Lay sularinda radionuklidlorin aktivlik azalma faizi

Sakil 3. Alfa siialarimi 6l¢on cihaz

O, nanotexnologiyanin totbigindon avval vo son-
ra bu real daxili stialanma riskinin no qodor azaldigi-
n1 elmi sokildo tokzibedilmoaz ragomlorls siibut edir.
Bu o demokdir ki, bu texnologiya sadoco sonaye
avadanliglarmi deyil, hom do orada ¢alisan insanlart
qoruyur. Vo bu da alfa stialanmani1 hodof aldig1 bazi
izotoplardir. Homin elementlorin soviyyasing nozarat
etmok, birbasa olaraq neft moadonlorinds ¢aligan is-
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Sakil S. Neftin va lay suyunun radionuklid torkibina
nanoolciilii reagentlorin tasiri iizro statistik gostari-
cilor

Niimunalorin radionuklid torkibli yiiksok ayirdet-
ma gabiliyystli HPGe gamma —spektrometriya me-
todu ils toyin edilmisdir. Analiz zaman1 osason **Ra,
28Ra, onlarin parcalanma mohsullar1 32U, #?Th,
26Ra, 225Ra, 214Bi, 214Pb, 28Ac, 2TI vo “K miioyyen

edilmisdir.
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Biz bazi izotoplarin aktivliyinds, masslon, Bis-
mut 214-do toxminon 75 %, Tallium 208-do iso 70 %
yaxmn azalma miisahido edirik. Umumilikdo radi-
onuklidlorin aktivliyinin 40—75 % azalmasi bu so-
naye li¢lin haqgigaton nshang bir gostaricidir. Amma
faydalar bununla bitmir. Homin texnologiya boru-
lar1 tomizloyarak va neftin axiciligini tomin edorok
birbasa neft hasilatim1 10—18 % artirib. Bu birbasa
golir artim1 demokdir va balks do an vacib iqtisadi
gostoricilordon biridir. Orp vo korroziyanin azalmasi
avadanliglarm 6mriinii 20 % uzadir. Bu o demokdir
ki, avvallar bes ildon bir doyisdirilon milyonlarla dol-
larliq bir boru va ya nasos indi alt1 il iglayacok. Bunu
yiizlorlo quyu miqyasinda tosovviir edin. Bu tokco
yeni avadanliq xorclorino deyil, hom do tomir {igiin
quyunun dayandirilmasi ilo itirilon hasilata nohong
bir gonast demokdir.

Lakin biitiin bu rogomlori bir konara qoysaq,
totqiqatlar gostorir ki, hamin layihanin arxasinda sa-
daco daxili bir problemi holl etmokdon daha boytik
bir gériintii var. Bu, bir-birini giiclondiran bir fayda-
lar zonciri yaradaraq iqtisadiyyat tiglin birbaga golir
artimi, iscilor liglin daha tohliikosiz is soraiti, otraf
miihit tigiin su ehtiyatlarina gonast olunmasi vo CO,

emissiyalarinin azaldilmasmi tomin edir. On osasi
6lko tiglin bu sadoco xaricdon hazir texnologiya al-
maq deyil, texnologiyan1 6lka daxilinds inkisaf etdir-
mok vo Azorbaycanin beynolxalq soviyyado elmi vo
texnoloji niifuzunu artirmaq demakdir.

Todqgigat zamam radiasiya tohliikosizliyi iizro
milli vo beynolxalq normalara (I mZv/il) riayst
olunmusdur. TRM-Is isloma zamam fordi miihafizo
vasitolorindon istifado edilmis vo radionuklidlorin
yayilma risklori minimuma endirilmisdir.

Neft hasilatinda roqomsal texnologiyalarin totbiqi
genislondirilmis, SOCAR va IRIA arasinda birgs
elmi totqiqatlar aparilmisdir. Radioloji totbiglar tizra
xiisusi icazd vo beynolxalq standartlara uygun labo-
rator infrastruktur xidmatlorin keyfiyyati va sektorla-
rarasi raqabat qabiliyyoti artirilmigdir.

Notico

SOCAR v» IRIA arasinda birga elmi totgigatlar
aparilmigdir vo nanokompozisiya totbiqi naticosindo
radionuklidlorin timumi aktivliyi 40—75 % araligim-
da azalmisdir. Lay sularinda radionuklidlorin aktivli-
yinin Bismut 214-ds toxminon 75 %, Tallium 208-da
isa 70 %-o yaxin azalma miisahido edirik.
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UccnepoBaHme npouecca oKUCNIeHNA HepTAHOro ryapoHa
B NPUCYTCTBUU KaTa/Iu3aTOPOB, CUHTE3UPOBaHHbIX Ha

OCHOBE NPUPOAHbIX HePTAHBIX KNCNOT

B.M. A66acoB, a.x.H., J/1.M. 9¢peHaueBa, a.x.H., FO.lN. YepenHoBa, a.¢.X.H.,
b.A. babaeBa, H.X. d¢eHguneBa

VHCTUTYT HedTexmMmnyeckmnx npoLeccos

e-mail: uta1980@inbox.ru

KnroueBble cnoBa: Heq)TﬂHOI‘;I FYAPOH, aapoGHoe OKucJieHue, MeTasiicojepikalliue KataJsmsaTtopbl, rOMOreHHble OKMC-

JINTeJIbHbIE KaTa/im3aTopbl, HePTeNPOAYKTbI, AOPOXKHbIN 6UTYM.

PaccmoTpeHo BavsiHWE 406aBOK, OKa3biBarOLLMX KaTaiUTUUECKoe AeNCTBME Ha MPOLLECC OKUCAEHUS HedTAHOrO ryApoHa.
B kauecTBe f06aBOK 6blM U3yUeHbl CUHTE3UPOBaHHbIE Fe- 1 Mn-cozepkalle conm NpUpPoaHbIX HeDTAHBIX KACAOT. KOHLIEH-
TpaLmsa AaHHbIX COEANHEHUI B HePTAHOM ryapoHe coctasisia 0.1 n 0.3 % macc. Ha 100 r. cbipbs. YCTaHOBAEHO, YTO J06aBKa,
coAep>Kallas co/lb METaNNOB NEePEMEHHOW BaJIEHTHOCTM OKa3blBa€eT Ha MPOLLECC OKUCNEHUs pa3HOe KaTainTUYeckoe AeicTBme
B 3aBUCUMOCTMN OT KOHLIEHTPALLMN UX B HEPTAHOM Chipbe.

B pabote npeacTtaBneHO CpaBHEHWE OKUCIEHHbIX BUTYMOB, MOJTyYEHHbIX B MPOLIECCE OKMCAEeHWs “6e3” 1 “c” sobaBieHneM
nccaenyeMbix COeAMHEHUI B ONTUMAIbHbIX KOHLEHTpaLwmsx. MposeMOoHCTPUpPOBaHo, UTo BBEAEHWE B HEDTAHOW ryapoH Fe- 1
Mn-cozep>KaLLMx conein NPUPOAHbIX HePTAHbIX KUCIOT, Kak B OTAEbHOCTY, Tak U B CMECH, OKa3bIBAET BAUSHWNE Ha MPOAOIXKM-
TeNbHOCTb MPOLIECCa OKUCIEHNS Y HA KaYeCTBEHHbIE XapaKTePUCTUKM OKUCIEHHbIX GUTYMOB.

Tabii neft tursularinin asasinda sintez edilmis katalizarotlarin istiraki ils neft qudronunun oksidlasdirilmasi prose-

sinin tadqiqi

V.M. Abbasov, k.e.d., L.M. Sfandiyeva, k.e.d., Y.P. Cerepnova, k.0.f.d., B.S. Babayeva, N.X. 9fandiyeva
Neft-Kimya Proseslari institutu

Acar sozlar: neft qudronu, aerob oksidlasma, metalsaxlayan katalizatorlar, homogen katalizatorlar, neft mahsullari, yol
bitumu.

Tagdim edilmis magalada neft qudronunun katalitik oksidlasma prosesinds metalsaxlayan katalizator — alavalarin tasiri
tadqiq edilmisdir. Katalizator — alava kimi tabii neft tursularinin Fe- va Mn duzlari istifads edilmisdir. Bu birlasmalarin neft
qudronunda qatiligi 100 g xammala gors 0.1, 0.3 % kitls taskil etmisdir. Miayyan edilmisdir ki, dayiskan valentli metal
duzlar xammalda miqdarindan asili olaraq, oksidlasma prosesina fargli katalitik tasir gdstara bilar.

Tadgigat isinda oksidlasma prosesi zamani katalizatorsuz ve optimal qatiliglarda katalizatorun istiraki ile alinan oksid-
lasmis bitumun miqgayisali tahlili verilmisdir. Stibut edilmisdir ki, neft qudronuna tebii neft tursularinin Fe- vo Mn duzlarinin
ayri-ayriliqda va qarisiq sakilds alava edilmasi oksidlasma prosesinin aparilma muddatina va oksidlasmis bitumun keyfiyyat
gOstaricilarina ahamiyyatli daracads tasir gostarir.

Study of the process of oxidation of oil tar in the presence of catalysts synthesized based on natural petroleum acids

V.M. Abbasov, Dr. in Ch. Sc., L.M. Afandiyeva, Dr. in Ch. Sc., Yu.P. Cherepnova, PhD in Ch. Sc.,
B.A. Babayeva, N.H. Afandiyeva
Institute of Petrochemical Processes

Keywords: petroleum tar, aerobic oxidation, metal-containing catalysts, homogeneous oxidation catalysts, petroleum pro-
ducts, road bitumen.

This article examines the effect of additives that have a catalytic effect on the oxidation of petroleum tar. Synthesized
Fe- and Mn-containing salts of natural petroleum acids were studied as additives. The concentration of these compounds
in petroleum tar was 0.1 and 0.3 wt. % per 100 g of raw material. It has been established that an additive containing a salt
of variable valence metals has a different catalytic effect on the oxidation process depending on their concentration in the
petroleum row material. The paper presents a comparison of oxidized bitumens obtained in oxidation processes “without”
and “with” the addition of the studied compounds at optimal concentrations. It is demonstrated that the introduction of
Fe- and Mn-containing salts of natural petroleum acids into petroleum tar, both individually and in combination, affects the
duration of the oxidation process and the quality characteristics of the oxidized bitumens.
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OcHoBHas 3a1a4a, cTosALIast epesi COBPEMEHHON
HedTenepepadoTKOW — 3TO MoBbIIeHNE YPdeKTHB-
HOCTH TepepaboTKu He(TH M KauecTBa BBITYCKa-
eMbIX He(TENPOIYKTOB, K KOTOPBHIM OTHOCSITCSI U
HedTsaHble OuTymbl. [lo3TOMY, BaKHOE 3HAUYEHHE
MMEIOT MCCIIEI0OBAaHMs, Hal[PaBJICHHBIE HA pa3padoT-
Ky palMOHaJbHBIX METOJOB COBEPIICHCTBOBAHMUS
TEXHOJIOTHH TIPOW3BOJICTBA HEPTSIHOTO OMTyMa, KaK
OJIHOTO M3 HauboJIee PacpOCTPAHEHHBIX HHKEHEP-
HO-CTPOMTENILHBIX MaTepualioB [1, 2]. B coBpemen-
HOW HEe(TSIHON TPOMBIIIIICHHOCTH JJIsi PETYIUpO-
BaHUs KaY€CTBEHHBIX CBOWCTB OMTyMa MPUMEHSIOT
pa3IUyYHbIE TEXHOJIOTUUECKUE IPHEMBI, CPEIU KOTO-
PBIX MOKHO BBIJICTIUTH CIICAYIOLIHE:

— NPUMEHEHUE B KaUeCTBE KOMIIOHEHTOB CBIPbS
WM T00ABOK K CHIPBIO MPOIYKTOB, KOTOPBIE COEP-
KaT CMOJICTO-ac(halIbTEHOBbIE BELIECTBA, MOIUIH-
KIIMYECKHE apOMaTUIeCKre yIIIeBoAOpOIb [3];

— HCIIOJNIb30BaHUE BEUIECTB, CIOCOOHBIX KaTallu-
3UpOBaTh WM MHTHOMPOBATH MPOLECC OKHUCIICHUS
TyIpOHa, U COOTBETCTBEHHO, HE TOJBKO YCKOPSTH
MPOLIECC OKUCIICHUsI, HO M OKa3bIBaTh BIMSHUE HA
CBOICTBa NOTy4aeMbIX OUTYMOB [4];

— MomMQUKAIUS OUTYMOB TIOJTAMEPAMH, aJIIe3H-
OHHBIMH J00aBKaMU JUIsl KOPPEKIHU (PHU3UKO-XUMU-
YEeCKUX CBOWCTB M AKCIUIyaTAlIOHHBIX XapaKTepH-
CTHK TOBapHOU MPOIYKLUH [5].

[Ipu momy4yennn Ha NPOU3BOACTBE OMTYMHBIX
MarepuaoB U3 TSHKENbIX HEPTAHBIX OCTATKOB He-
00xoMMa pea3ariss MHOTOCTaIuHOTO Tporiecca
TIOTY4EHHUs1, KOTOPBIM BKIIIOYAET HE TOJIBKO OKHUCIIE-
HHE TYIPOHA, HO ¥ MOIU(UKALIUIO ChIPbS U TIPU-
oOpereHust TpeOyemMoro kadecrsa marepuayia [6].
Hecmotpst Ha 1O, 9TO MOMUQHUKATOPHI M JOOABKU
YIyUIIAIOT XapakTepUCTUKu Outyma [7], TexHoIo-
TMYECKHI MPOLIECC UX BBEJCHHS JOCTATOYHO TPYIIO-
eMKHI 1 TpeOyeT JOMOIHUTEILHOTO 000pY/I0BaHHS,
a TAKKe OTIENIBHOW CTaIuM B IIPOM3BOACTBE. Pemie-
HUEM JTUX MpoOJIeM MOXET ObITh BBECHUE J100a-
BOK, YJYYIIAIOIINX Ka4eCTBO OMTYMOB, B TPOIIECC
oKHcTeHUs TyApoHa [8]. Bo-miepBbIx, 3T0 MO3BOIIS-
€T SKOHOMHEE PacxooBaTh J00aBKy, TaK KakK IpH
OKHCIICHUU TPOUCXOIUT OoJee MOHOoe €€ pacTBO-
peHue B T'yIpOHE M PaBHOMEPHOE pacrpe/esieHHe
B Outyme. Bo-BTOpBIX, MPOUCXOAUT COKpAIlEHHE
MPOW3BOJICTBEHHOM IIEMOYKH BBHUAY HCKIIOUCHUS
CTaJMy KOMIAyHIMpOBaHHs OuTyMa ¢ MoauduKaro-
pom. CrenoBarenibHO, Ha BBIXOJIE MONTydaeTcs bomnee
KaueCTBEHHBI Marepuall ¢ 3a/IaHHbIMU XapaKTepH-
CTUKaMH, [0 CPABHEHUIO C OUTYMOM, MOTyYeHHBIM
13 HeMOAM(HULIMPOBAHHOTO T'YJIPOHA.

B pamkax nccnemoBaHusi ObUIM POBEIEHBI Pa-
0O0TBbI, CBS3aHHBIE C MPOIIECCOM OKUCIICHUS TYJpOHa

¢ nobaBkamu (B mpucyrctBun Fe- u Mn-conepixa-
IUX KaTaJIM3aToOpPOB) U 0€3 HUX, C TIEIIhI0 CPABHEHHUS
CBOWCTB TOJIYYECHHBIX MPOYKTOB U BBISIBICHHS d(-
(hexTHBHOCTH TOOABOK.

HcxomHbIM ChIpbEM B HUCCIIEIOBAHUU TpoLiecca
OKHUCIICHUS CITYXWI He(TSHOW TyapoH, MoiydYa-
embiii Ha HedrenepepabarbiBaroieM 3aBoje HM.
I. AnueBa (AzepOaiimKkan) B TIpoIiecce MepBUIHON
nepepa®otku HepTH. PUHKO-XUMHUYECKUE TIOKa3a-
TEJIH, TPYIIIOBOM COCTAaB IyJPOHA JIaHbI B TA0M. 1.

Taonuya 1

IToka3zarein 3HaueHue

ITnotrocts mpu 20 °C, Kkr/m’ 965.5
Temneparypa H.K., °C He e
450

I'pynmosoii coctas, % macc.

AcanbTeHsr 16.6
CmMornel 18.8
Macna 64.6
Temneparypa pazmsraenns no Kulll, °C 28.5
TemmepaTypa BCIBIIIKH B OTKPLITOM THIIE, °C >286
Koxcyemocts, % Mmacc. 11.48
Copeprkanue cepbl, % Macc. 0.48

B kagectBe 100aBOK OBUIH HCCIIEN0BAHbBI 0Opa3-
LBl JKEJIe30- W MapraHercojiepKaiieil coam Mpu-
ponubix HedTsHbIX Kucnor (Fe-ITHK, Mn-ITHK),
CHHTE3MPOBAHHBIX TI0 CIIEAYIOLIEH METOJUKE: B Ue-
TBIPEXTOPIIYIO PEAKIIMOHHYIO KOJIOY, CHAOXKEHHYIO
TEPMOMETPOM, XOJOJUIBHUKOM, JEIUTEILHOW BO-
POHKOM 1 MEIIaJIKOMH, 3aJIMBAIOT PACUETHOE KOJINYe-
ctBo rekcana (99 %, Sigma Aldrich) 1 npupomHsIX
HEPTAHBIX KUCIIOT (BBIIENICHBI U3 CBETIIBIX AUCTUI-
JSITOB CMecH OaKWHCKHUX He(Tel) B MaCCOBOM CO-
oTHomeHuu 5:1, 3areM kosily HarpeBaroT Ipu MOo-
crosHHOM niepeMermBanu 10 40 °C. I[Tocpenctsom
JETTUTENIbHOM BOPOHKM, B PEAKLHOHHYIO KOJIOY
mo Karutsim 1o0aBistiorT 20 %-Heiii pactBop NaOH
(90 %, Sigma Aldrich), coorBeTcTBYyIOIIMII KHC-
JIOTHOMY YHCIY BBIIEJICHHOW HE(TSIHOW KHCIIOTHI
Ilocne noGaBneHust pacTBOpa ILEIOYH, CMECH Ie-
PEMEIIMBAIOT TIPH TOH K& TEeMITeparype B TCUCHHE
1 4. 1 3aTeM K peakLIMOHHOM cMecHu T00aBIISIOT CTe-
XHOMETPUYECKH PACCUUTAHHOE KOJIMYECTBO HEOp-
TAaHUYECKOM WM OPraHMYECKOM COJM MEePEXOIHOTO
anementa (FeSO* - 7H O, MnSO, - 5H,0) (99 %,
Sigma Aldrich) u peakito mpoJoKaloT B TEUEHUE
3 4. [locne OKOHYAHMS PEAKIMH, CMECH Pa3IEIISIOT C
MIOMOILBIO IEJIUTENIbHON BOPOHKU. BonHyto (asy u3
HIDKHEH 9acTH BOPOHKHU YIAJISAIOT, @ PACTBOP COJH C
pacTBOpUTENIEM B OpraHMYECcKol (pa3e MPOMBIBAIOT
BOJIOM, Harpetoi 710 50—60 °C st ynaneHus: Heop-
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HaumeHoBaHue moka3areJst

TaHMYECKUX aHWOHOB [9].

MeTtonuka TPOBEACHUS IPOLECCa OKUCICHUS
MpeJICTaBIIeHa HIKeE!

— TEpPMOOKHUCIICHHE HE(PTIHOTO I'yApoHa Ha J1a00-
paropHo# ycTaHOBKE [4] B OKUCIUTENIBHOM KOJIOHHE
npu Temneparype 260 + 2 °C u ckopocTH BO3IyILI-
Horo moroka 0.5 u 0.6 11/ mus (5 1 6 M*/(M? * MuH));

— noAroToBKa cbipbs (BBeaenue Fe-, Mn-ITHK u
cmecu Fe:Mn-ITHK B ryapon B xonnentpaiun 0.1;
0.3 % macc.), nepeMeIIMBaHue 10 OIXHOPOJHOCTH,
TEPMOOKHCIICHHE B OKHCIUTEIBbHON KOJIOHHE IIpU
temneparype 260 + 2 °C 1 cKOpOCTH BO3/IYIIHOIO
notoka — 0.5 u 0.6 /muH (5 1 6 M*/(M? - MuH));

— 0TOOp MPOO KaK/IbIe 3—5 U C IENIBI0 H3MEPEHUS
TeMIeparypsl pazmsrdeHus mo merony “Kombiio u
[Hap” (Kulll) moixyuaemoro Guryma;

— OmpezieieHNe MoKa3aTeNeil KadecTna MoTyyeH-
HBIX OUTYMOB (TeMIIeparypa pa3MsrdaeHus, ryonHa

AZORBAYCAN NEFT TOSORRUFATI

A3sepbatioxaHckoe Hegpmsaroe Xozsilicmeo / Azerbaijan Oil Industry

Taonuya 2

CKOpOCTh BO3IYIIHOI0 MOTOKA,
JI/MHH.

0.5 0.6

Hopma nass BH/{
50/70

npoHuKanusi urbl auamerpom 0.1 MM npu 25 °C
(meHeTpanys), TeMIeparypa Xpynkocts o ®dpaacy,
pacTsDKUMOCTh  (IyKTHIIBHOCTB) Tipu 25 °C, anre-
3us1 K MUHepanbHbIM HanonHuresiM) no 'OCT AZ
3536601.242-2015 npu AOCTHKEHUW 3HAYEHHS TIO
Kulll 46—49 °C.

3areM BBINOIHEHBl CPABHUTEIbHBIC AHAIN3BI
MoKazareseil kauyecTBa OWTyMa, IMONYYEHHOTO W3
T'yApOHA C HU3KUMHU MOKa3aTeNsIMH KadecTBa, U Ou-
TyMa, IIOJy4EHHOIO U3 TOro ke o0paslia I'yApoHa ¢
nooasienneM Fe-ITHK, Mn-ITHK u cmecu Fe:Mn-
[THK (3:1). [IpoBeneHHbIe UCCIEA0BAHUS TOKA3AIIH,
910 00pa3Ibl ONTYMOB, IIOTYYECHHBIX B IPUCYTCTBHN
0.1 % macc. ucnonb3yeMblx 100aBOK UMENU XyJl-
IIM€ TI0KA3aTeIN KauyeCTBA U MPOLECC MX MOTydIeHHUS
MPOXOIMII B Oojiee UTUTEIbHbIA MEepUO BPEMEHH.
Onnaxo nipu ucnonb3oBaanu 0.3 % macc. 106aBok
HaOmoaeTcst ycToluuBbIN 3¢ eKT nporecca OKUc-
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nenust. Pe3ynbrarel aHanm3a OUTYMOB, ITOTYYSHHBIX
u3 ryapona “6e3” u “c” nobasnenuem 0.3 % macc.
Fe-IITHK, Mn-ITHK u cmecu Fe:Mn-ITHK mnpen-
CTaBIICHBI B Ta0M. 2.

AHanM3 XapakTepPUCTHK MOJY4YEHHOTO OuTyma
MOKa3aj, YTO MPH OKHCICHUH HE(TSHOTO TyIpoHa
(6e3 ucCIoNb30BaHUs KaTalu3aTOpoOB) HE YIAETCs
JOCTHYh TpeOyeMbIX TOKa3aTesel KaduecTBa OWTy-
Ma B OoJiee KOPOTKHUN BPEMEHHOM auana3oH: 25 4
TIPU CKOPOCTH BO3MyNIHOTO TIoToKa 0.5 /MuH 1 15 4
MIPY CKOPOCTH BO3AYIIHOTO motoka 0.6 j1/MuH (cM.
tabm. 2). B ciydae okuciieHus TyapoHa B MIPUCYT-
ctBun Fe-ITHK, Mn-IIHK u cmecu Fe:Mn-ITHK
MIPOSIBISIETCS.  COOTBETCTBHE BCEM  TPEOOBAHMSAM
I'OCT AZ3536601.242-2015 B Gonee KOpPOTKHIA
BPEMEHHOW HMHTEpBAl TPOJOJDKUTEIBHOCTH  pe-
akimu (89 1) mpu CKOPOCTU BO3AYIIHOIO IOTO-
ka — 0.6 /muH. Ha prucyHke npeacTaBieHsl rpadu-
YeCKHE 3aBUCUMOCTH MPOIOKUTEIBHOCTH MPOLEeC-
ca OKHCIICHUSI OT KOJIMYECTBA BBOJMMOTO KaTaJln3a-
TOpa P CKOPOCTH BO3LYIIHOTO 1MoToka — 0.6 J1/MuUH.

m Fe-ITHK
H Mn-TTHK
Fe:Mn-ITHK

TeJBHOCTH P

0.1 0.3

KosnyectBo karaiuzaropa, % macc.

3aBuCHMOCTH MNPOIO/IKUTECJIbHOCTH PEAKIHUU OKHUCIEC-
HUSA 0T KOJIMYECTBA BBOIUMOI'0 KaTajam3aropa

Takum oOpa3om, BBeJieHHE JOOABOK MO3BOJISET
JIOCTUYb COOTBETCTBHUSI OMTyMa MPAKTUUECKA BCEM

HopmaMm ['OCT 1 npuBOIUT K M3MEHEHUIO CKOPOCTU
nporiecca okucieHus. CHHTE3NMpOBaHHBIE KaTajId-
3aTOpbl MOTYT OKa3bIBaTh Ha IMPOIECC KaK KaTaju-
THYECKOe, TaK M WHIHOMpYIOIIee BO3JCHCTBHE B
3aBUCHMOCTH OT KOHIIEHTPALIMH B UCXOJJHOM HE(TsI-
HOM cbIpbe. OnTUMaIbHOE cojiep)kaHue (B JAHHOM
ciydae — 0.3 % Macc.) Karajau3aTopoB M YCIIOBUE
TpoLiecca OKUCIEHHS CIIOCOOCTBYIOT MPEBPAILICHUIO
KOMITIOHEHTOB HE(TSHOTO T'yIpOHA B COCIUHEHHS,
TIOJIOKUTENNBHO BIUSIONIME HAa HKCIUTyaTallMOHHBIC
CBOMCTBa OMTYMHOTO Marepuaiga — IJIACTUYHOCTD,
CTaOMJIBHOCTh, CLEIJICHHE C MHHEpaJbHBIMHU Ha-
nonHuTensIMU. KauecTBeHHbIE TOKa3aTesi U Mpo-
JIOJDKUTEIIBHOCTh  TIPOLIECCa OKHCIICHHUSI TYIpOHA
0 OuTyma, MOJTYYEHHOTO B IPUCYTCTBUH CMECU
Fe:Mn-ITHK cBuzaerenscTByeT 0 NpOSIBJICHUU CH-
HepreTudeckoro 3pdexra B TaHHOM IpoIiecce.

BroiBoabl

YcTaHOBIICHO, YTO BBENICHNE B HE(DTSIHOM TYIPOH
N00aBOK — Karaln3aropoB, MOMYyYEHHBIX Ha 0aze
YIJICBOZIOPOJTHOTO CHIPhsi A3epOaiikaHa, BO3IEH-
CTBYeT Ha CTPYKTYPHYIO OPraHU3alMi0 HEe(TSIHBIX
cucTeM. BBenieHue B cucteMy ONTHMAJIBHOTO KOJHU-
yectBa karanmmzaropa — 0.3 % macc., B 0coOeHHO-
ctu cmecu Fe:Mn-ITHK, mpuBomur k yckopenuto
MPOLIECCA OKUCIIEHUS] U U3MEHEHUIO KaueCTBEHHBIX
MOKa3aTesieil KOHEYHBIX IPOXYKTOB OKHCIICHHUS
MIpU OJJMHAKOBBIX YCJIOBHUSIX IPOBEIEHUS Ipolecca
OKHUCJICHHS, YTO MOXET OBbITh HCIIONB30BAHO IS
TOTY4EHHsI OKUCIICHHBIX OMTYMOB C yITy4IlIEHHBIMU
Ka4eCTBEHHBIMH TTOKa3aTeIsIMU O€3 BHECEHHS H3Me-
HEHUU B TEXHOJIOTHIO MTPOIIECCa OKUCTICHMUS.

Hannaa paboma evinonnena npu @QuHaHCOBOT
noooepoicke Ponoa nayku Azepoaiioxcarna — I panm
Ne AEF-MGC-2025-1(54)-20/16/4-M-16
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Construction and application of supply chain
performance evaluation system for petroleum
enterprises

X.M. Zhao, I.Sh. Rustamoy, Dr. in Ec. Sc.
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Keywords: oil supply chain, performance evaluation, AHP-Entropy Weight Method, supply chain resilience, SOCAR,

Caspian Energy.

Driven by both the global energy transition and the integration of Caspian energy trade, the oil and gas supply chain
is facing multiple pressures, including cost control, low-carbon and green transformation, cross-border logistics risks, and
insufficient supply resilience. To address this, this study constructs a performance evaluation system for cross-border oil
companies across five dimensions based on the triple bottom line theory and the characteristics of the entire industry
chain. The weights of the indicators are calculated using the analytic hierarchy process (AHP)-entropy combination weight-
ing method. Empirical verification and sensitivity analysis are conducted using publicly available official data from the Azer-
baijan National Oil Company (SOCAR) from 2022 to 2025. The results show that SOCAR's overall supply chain performance
score steadily improved from 62.37 in 2022 to 75.19 in 2025. Logistics resilience and the ability to reduce carbon emissions
across the entire supply chain are the two core bottlenecks restricting overall performance. Sensitivity analysis confirms
the robustness of the evaluation results. The study indicates that this evaluation system is well-suited for oil companies in
the Caspian region and can serve as a quantitative decision-making tool for supply chain optimization, cost reduction and
efficiency improvement, and carbon neutrality transformation. Based on this, corresponding optimization strategies are
proposed to address the existing shortcomings of SOCAR's supply chain.

Neft miiassisalarinin tadariik zancirinin fealiyyatinin giymatlandirilmasi sisteminin qurulmasi va tatbiqi

S.M. Gjao, I.S. Riistamoy, i.e.d.
Azarbaycan Dévlat Neft va Sanaye Universiteti

Acar sozlar: neft tachizat zanciri, performansin giymatlandirilmasi, AHP-Entropiya Caki Metodu, tachizat zancirinin da-
vamligi, SOCAR, Xazar energetikasi.

Ham global enerji kegidi, ham da Xazar enerji ticaratinin inteqrasiyasi ils idars olunan neft ve qaz tachizat zanciri bir
cox tazyiglarle Uzlasir, o climladan xarclars nazarst, asagi karbonlu va yasil transformasiya, serhadyani logistika risklari va
tachizat dayanighginin geyri-kafi olmasi.

Bunu hall etmak Gc¢lin bu tadgiqat G¢gat manfaat nazariyyasina va biitlin senaye zancirinin xususiyyatlarina asaslana-
raq sarhadyani neft sirkatlari tclin bes dlglids faaliyyat giymatlondirma sistemi qurur. Gostaricilarin ¢akilari analitik iye-
rarxiya prosesi (AHP)-entropiya kombinasiyasinin ¢aki metodu ils hesablanir. Empirik yoxlama va hassasliq tahlili 2022-ci
ildean 2025-ci ila gadar Azarbaycan Respublikasi Dovlat Neft Sirkatinin (SOCAR) ictimaiyyata agiq rasmi malumatlarindan
istifade etmakla aparilir. Naticalar gostarir ki, SOCAR-In imumi tachizat zancirinin faaliyyst bali 2022-ci ildski 62.37-
dan 2025-ci ilds 75.19-a gadar davamli olaraq yaxsilasib. Logistika dayanigligi va butiin tachizat zanciri boyunca karbon
emissiyalarini azaltmaq qabiliyyati Umumi faaliyyati mahdudlasdiran iki esas maneadir. Hassaslig tahlili giymatlondirma
naticalarinin moéhkamliyini tesdiglayir.

Tadqigat gostarir ki, bu giymatlandirma sistemi Xozar regionundaki neft sirkatlori Gclin cox uygundur va tachizat
zancirinin optimallasdiriimasi, xarclarin azaldilmasi va ssmarsliyin artirilmasi, elaca da karbon neytralliginin transformasi-
yasi Gclin kemiyyat garar gabuletma vasitasi kimi xidmat eds bilar. Buna asasan, SOCAR-in tachizat zancirindsaki mévcud
catismazliglari aradan galdirmaq t¢lin muvafiq optimallasdirma strategiyalari taklif olunur.
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C.M. Yxao, W.LLU. Pyctamos, 4.3.H.

PaspaboTka 1 npMmeHeHue cucteMbl oLeHKU 3¢pPEeKTUBHOCTU Liesieid MOCTaBOK A/A HedTerasoBbiX NpeanpuUaTUin

Azepbanig>kaHCKUA TocyapCTBEHHbIN YHUBEPCUTET HEDTU M MPOMBILLIEHHOCTY

KnioueBble cnoBa: HedTAHas Lienoyka MOCTaBOK, OLeHKa 3bdekTnBHOCTM, MeTog AHP-3HTPOMMINHOIO B3BELLUMBAHWS,
YCTOMUMBOCTb Lienoykun noctaBok, SOCAR, Kacnuiickas aHepreTuka.

B ycnoBusx rno6anbHOro sSHePreTMYeckoro nepexosa v MHTerpaLmm Kacnuiickor sHepreTMyeckon TOprosan Liernoyka
NMocTaBok HedTU U rasa CTaAKMBaAETCA C MHOrOUYMCAEHHbIMY NpobaemMamy, BK/ItOYas KOHTPO/b 3aTpaT, HU3KOYrNepOoAHYH
1 “3eNeHyro” TpaHCchopMaLMio, PUCKM TPAHCrPaHWYHOM IOTUCTUKI U HEAOCTAaTOYHYHO YCTONYMBOCTb MOCTaBOK.

[ns pelweHns aTux NpobseM B JaHHOM MCCaeAOBaHMM pa3paboTaHa cucteMa oLeHKN 3QHEKTUBHOCTU TPaHCrPaHmy-
HbIX HeDTAHBIX KOMMaHWIM MO MATWM MapameTpamM, OCHOBaHHas Ha TEOPWUW TPOMHOM HUXKHEN NVMHUM U XapaKTepUCTMKax
BCeW OTpacneBOV Liernoyky. Beca nokasatesnen paccumntbiBatoTCsA C UCMONb30BaHNEM METOZA B3BELUMBAHWA KOMOUHALMN
aHaNNTMYECKOro nepapxmyeckoro npouecca (AHP) 1 aHTponmu. SMnvpuyeckas NpoBepKa U aHain3 YyBCTBUTEbHOCTU
NMpoBe/eHbl C UCMOJIb30BaHMEM OBLLEAOCTYMHbIX ObULIMaNbHBIX AaHHbIX [OCysapcTBEHHOW HedTAHOM KoMMNaHun Asep-
6angxkaHckon Pecnybankm (SOCAR) 3a nepuog ¢ 2022 no 2025 rr. Pe3y/sbTaTbl NOKa3blBatoT, UTO O6LUMI MoKasaTenb
adpdekTMBHOCTU Lienouku noctaBok SOCAR HeykIOHHO yaydwancs ¢ 62.37 B 2022 r. go 75.19 B 2025 r. YcTOMUNBOCTb
JIOTUCTVKN U CMOCOBHOCTb COKpallaTh BbIGPOCH! yraepoda Mo BCENM LENnoyke NocTaBok ABAAOTCA ABYMS OCHOBHbIMM
Y3KMMW MeCTamMu, OrpaHMUMBatoLL MMM O6LLY0 3PGEKTUBHOCTb. AHaAN3 YYBCTBUTENbHOCTU MOATBEPXKAAET HAZEXHOCTb

Pe3ynbTaToB OLLEHKN.

WccnepoBaHve nokasbiBaeT, YTo faHHas CUCTEMA OLIEHKU XOPOLLO MOAXOAUT AN HedTAHbIX KOMMaHUi Kacnuiickoro
pervioHa 1 MOXeT C/Ty>KUTb KOJIMYECTBEHHbIM MHCTPYMEHTOM MPUHATUS PELLEeHN ANs ONTUMM3ALIMM LIEMOYKM MOCTaBOK,
CHV>KEHWS 3aTpaT M MoBblleHUs 3GDEKTUBHOCTY, a TakxKe A/ AOCTUKEHWUS YIIEPOAHOW HerTpanbHoOCTU. Ha ocHoBe
3TOro MpeAaarakoTcs COOTBETCTBYHOLLME CTPATErMUN ONTUMU3ALMUY /19 YCTPAHEHUS CYLLIECTBYHOLLMX HEAOCTATKOB LIEMOYKM

noctaBok SOCAR.

Introduction

The Caspian Sea is one of the world’s pivotal oil
and gas production bases. The petroleum industry
contributes 18.5 % of Azerbaijan’s total GDP and
35 % of its total export volume [1]. As the core na-
tional energy enterprise, SOCAR undertakes over
90 % of domestic oil and gas exploitation, refining,
cross-border storage and transportation businesses.
Its supply chain covers onshore oilfields, offshore
platforms, Baku refineries, Kulevi Black Sea oil
terminal, trans-Caspian pipelines and 564 overseas
filling stations across Europe. The industrial chain
is featured with long operation links, numerous
cross-border nodes, as well as prominent geopoliti-
cal and logistics risks [2].

Against the global energy transition and low-car-
bon development trend, oil and gas supply chains
worldwide are facing mounting challenges in cost
control, green transformation and risk resistance [3].
Existing studies on oil supply chain performance
mainly focus on petrochemical enterprises in the
Middle East and China, while localized research
targeting state-owned oil companies in the Caspian
region remains inadequate [4].

Three critical research gaps exist in current liter-
ature. First, few evaluation frameworks are tailored
for Azerbaijan’s cross-border oil industrial chain,
ignoring the unique characteristics of multi-coun-
try pipeline transportation and regional geopoliti-
cal risks [5]. Second, most empirical analyses rely
on simulated data or questionnaire surveys, lacking

AZORBAYCAN NEFT TOSORRUFATI

long-term verification based on consecutive official
operational data of real enterprises [6]. Third, pre-
vious studies rarely integrate operational efficiency,
economic benefits, green sustainability, digital in-
telligence and supply chain resilience into a unified
evaluation system to identify segment-specific oper-
ational bottlenecks [7].

To fill these research gaps, this paper constructs a
multi-dimensional supply chain performance evalua-
tion system adapted to the Caspian oil and gas indus-
try. Combined with triple bottom line theory and the
AHP-entropy combined weighting method, we con-
duct empirical analysis using SOCAR’s real opera-
tional data from 2022 to 2025. This research expands
the theoretical boundary of sustainable supply chain
evaluation and provides practical references for Cas-
pian regional oil enterprises. The remainder of this
paper is organized as follows: Literature Review,
Research Methodology, Construction of Evaluation
System, Empirical Analysis, Optimization Counter-
measures, Conclusions and Research Prospects.

Literature Review

With the advancement of global energy transition,
quantitative evaluation of oil and gas supply chain
performance has become a hot research topic in en-
ergy management. Early evaluation systems mainly
took economic benefits as the core indicator and only
focused on production and operational efficiency of
domestic industrial chains, while ignoring cross-bor-
der logistics, low-carbon constraints and geopolitical

10°'2026




risks [8]. In recent years, scholars have gradually in-
corporated ecological and environmental indicators
into evaluation frameworks, forming sustainable
supply chain evaluation logic based on triple bottom
line theory [3]. Nevertheless, most studies still fail
to add digitalization and geopolitical resilience indi-
cators, which cannot adapt to the operation mode of
modern cross-border oil enterprises.

The Analytic Hierarchy Process (AHP) is widely
used to build efficiency measurement frameworks
for oil and gas supply chains covering exploitation,
transportation and distribution links [9]. To make up
for the subjectivity of AHP, scholars have introduced
entropy weight method, rough set and other objec-
tive weighting tools to optimize evaluation models
[6]. Some studies adopted combined algorithms such
as AHP-BP to construct risk assessment models, but
their empirical samples are limited to domestic pet-
rochemical enterprises and lack regional adaptabil-
ity [7]. In addition, several literatures only deduced
mathematical models for crude oil supply chain opti-
mization without forming a complete implementable
indicator system [10].

International research on energy supply chain
resilience mostly focuses on European imported oil
and gas markets, and the relevant evaluation para-
digms are designed for European and American
trade scenarios, which cannot match the character-
istics of multi-country pipeline transportation in the
Caspian region [5]. Local research on Azerbaijan’s
petroleum industry mostly analyzes industrial effi-
ciency from the macro cluster perspective, lacking
micro decomposition of performance in upstream
and downstream supply chain links [2]. Some stud-
ies have explored the digital transformation path and
production efficiency benchmark of SOCAR, but
they have not established a comprehensive multi-di-
mensional performance diagnosis system [4]. Exist-
ing domestic and foreign research is difficult to be
directly applied to cross-border integrated oil com-
panies like SOCAR.

The triple bottom line theory advocates the coor-
dinated development of economy, society and envi-
ronment, which lays the core theoretical foundation
for sustainable supply chain evaluation [3]. Differ-
ent from traditional evaluation systems that merely
emphasize economic benefits, this theory expands
evaluation perspectives to ecological protection and
social operation. Considering the special cross-bor-
der operation and complex geopolitical environment
of Caspian oil enterprises, this study further adds
digital intelligence and supply chain resilience to the
theoretical framework, forming a five-dimensional

evaluation system with regional characteristics.

Research Methodology and Data Sourcebr

This study adopts four research methods: litera-
ture induction, AHP-entropy combined weighting
method, comprehensive scoring model and empiri-
cal analysis. A complete set of mathematical models
and calculation processes are presented as follows.

1. Min-Max Standardization

Original indicators are standardized to eliminate
dimension differences. Two types of indicators are
classified: positive indicators (higher value means
better performance) and negative indicators (lower
value means better performance).

Xij—min(X.)

J

max(X.)—min(Xj)'

]

Positiveindicators: X; =

max (X i ) - X
Negative indicators: X; = - (X )_ e (X ),
J J

where X, refers to the original value of indicator ;

in year i; Xij is the standardized value; max(Xj) and

min(Xj) represent the maximum and minimum val-

ues of indicator j during the research period.
2.Analytic Hierarchy Process (AHP)

We invited 3 senior managers from SOCAR Sup-
ply Chain Department and 2 professors from Azer-
baijan State Oil and Industry University to construct
judgment matrices for subjective weighting. A total of
5 expert questionnaires were distributed and all were
recovered with a 100 % valid rate. The consistency
ratio is calculated as CR = 0.072 < 0.1, which means
the judgment matrix passes the consistency test and
the AHP weights are valid [9].

3. Entropy Weight Method

Calculate the proportion of each standardized in-

ij
- .
21:1 Xij

Calculate the entropy value of each indicator:
1 n
¢=—1—2, Ak,

Calculate the objective weight of each indicator:
I—e
J

WEntropy,j = Zm 1 *
j:I( ej)

4. Combined Weight Model

To balance subjective expert experience and ob-
jective data characteristics, the combined weight for-
mula is set as:

Wi = aWAHPi T (1 o a’)WEnlropy,i’

dicator: F; =

a=0.5,
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where a = 0.5 indicates equal weight distribution
for AHP subjective weight and entropy objective
weight.
5. Comprehensive Performance Scoring Model
The final supply chain performance score is cal-
culated by weighted summation:

S= ; wX,.

The total score ranges from 0 to 100, and a higher
score represents better supply chain performance.

All data in this paper are publicly available offi-
cial statistics covering 2022-2025, divided into four
categories:

1. Enterprise official reports: SOCAR quarterly
and annual operational bulletins, SOCAR Sustaina-
ble Development Reports (https://socar.az/en).

2. Government statistics: Annual Energy Statis-
tical Yearbook issued by the Ministry of Azerbai-
jan[1].

3. International institutional data: IEA Caspian
Oil and Gas Trade Database.

4. Other public data: Industrial data from the Eco-
nomic and Commercial Office of Chinese Embassy
in Azerbaijan and published papers in Azerbaijan Oil
Industry.

Construction of petroleum enterprise supply
chain performance evaluation system

Construction Principles

Industrial Pertinence: The system covers the full
oil industrial chain including offshore exploitation,
cross-border pipeline transportation, deep refining
and global distribution.

Data Accessibility: All indicators adopt quanti-
tative public statistical data, without unmeasurable
qualitative indicators.

Multi-dimensional Balance: Coordinate opera-
tional performance, economic profit, environmental
protection, digital development and risk resilience
comprehensively.

Regional Adaptability: Add characteristic indi-
cators targeting Caspian cross-border logistics and
geopolitical supply interruption risks.

Hierarchical Framework and Indicator Weights

This study designs 5 primary dimensions, 16 sec-
ondary indicators and 32 quantifiable tertiary indica-
tors. The combined weight of each primary dimen-
sion is shown below:

Operational Efficiency (Weight: 0.268): Includes
exploitation efficiency, refining efficiency, logistics
& storage efficiency and terminal distribution effi-
ciency. All indicators are annotated with definition

AZORBAYCAN NEFT TOSORRUFATI
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and attribute (positive/negative).

Economic Benefits (Weight: 0.234): Includes
supply chain cost control, profit indicators and asset
turnover efficiency.

Green Sustainability (Weight: 0.186): Includes
low-carbon emission reduction, ecological protec-
tion and green investment.

Digital Intelligence (Weight: 0.142): Includes
digital coverage rate, data operation efficiency and
digital cost reduction.

Supply Chain Resilience (Weight: 0.170): An in-
novative dimension adapted to Caspian geopolitical
characteristics, covering supply stability, logistics
anti-interruption capacity and risk emergency capac-

1ty.

Interpretation of weight distribution

Operational efficiency has the highest weight be-
cause production, refining and logistics are the core
business links of oil enterprises. Economic benefits
rank the second, reflecting the profit-oriented oper-
ation of SOCAR. As a typical cross-border energy
enterprise facing complex regional situations, supply
chain resilience is set as a characteristic dimension.
Green sustainability and digital intelligence are de-
fined as key transformation directions for long-term
development.

Interpretation of supply chain resilience di-
mension

Different from traditional evaluation systems,
this dimension is specially designed for the Caspian
region. Considering multi-country pipeline transit,
Black Sea terminal logistics and frequent geopolit-
ical fluctuations, it focuses on supply stability, an-
ti-interruption capacity and risk emergency capabil-
ity, which fully fits the actual operation of regional
national oil companies.

Empirical analysis based on SOCAR’s real
data

Core raw data we can see in the Table 1.

Annual Scores of Primary Dimensions we can
see in Table 2.

Comprehensive Performance Scores

The annual comprehensive supply chain perfor-
mance scores are as follows:

2022: 62.37

2023: 65.91

2024: 69.85

2025:75.19
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Table 1

Indicator Category 2022 2023 2024 2025
SOCAR Total Crude Output (10.000 tons) 726.1 738.5 750.0 762.4
Crude Refining Volume (10.000 tons) 543.2 561.7 580.9 622.6
Total Crude Export Volume (10.000 tons) 1482 1547 1660 1593
Annual Throughput of Kulevi Oil Terminal (10.000 tons) 860 945 1072 1316
Full-chain Carbon Emission per Thousand Tons Oil (tons) 12.7 12.1 11.5 10.8
Total Number of Overseas Filling Stations 521 536 552 564

Notes: Data sourced from SOCAR official bulletins, sustainable development reports and public statistics of relevant
institutions.

IQTiISADIYYAT, IDARDETMS, HUQUQ

Table 2
Dimension 2022 2023 2024 2025 Weight
Operational Efficiency 64.22 67.58 71.35 78.64 0.268
Economic Benefits 66.75 68.14 70.92 74.36 0.234
Green Sustainability 55.10 59.63 65.27 71.85 0.186
Digital Intelligence 53.68 58.21 64.73 72.09 0.142
Supply Chain Resilience 56.41 59.07 62.45 67.32 0.170

Notes: Scores are calculated after min-max standardization and weighted summation

Table 3

throughput of the Black Sea terminal, storage and
transportation efficiency was significantly opti-

a Value 1\}; :ifirglnc% 2025 Cosncl E::hemive mized, becoming the core driving force for overall
0.3 Objective-leaning 74.52 perf(?rmance grOWth: . .
Y — oD First, supply cham res'lhence is always at a lgw
07 Subjoctive leaning T level. SOCAR relies heavily on single trans-Caspian

Notes: The maximum score deviation is 1.36 points
(1.8 %). Pearson correlation coeflicient between AHP
weights and entropy weights is 7 = 0.68 (p < 0.01)

Sensitivity Analysis

Sensitivity analysis of 2025 comprehensive score
we can see in Table 3.

The results show that the evaluation score is
not sensitive to the change of o within a reasonable
range. The consistency between expert judgment
and objective data verifies the robustness of the eval-
uation system, so 0=0.5is adopted for all calculations
in this paper.

Empirical Result Analysis

SOCAR'’s supply chain comprehensive perfor-
mance maintained steady growth from 2022 to 2025,
with an average annual growth of 3.20 points. The
growth is mainly driven by the expansion of refining
capacity, full-capacity operation of Kulevi Black Sea
oil terminal, continuous low-carbon investment and
supply chain digital transformation.

Operational efficiency achieved the most promi-
nent improvement. Driven by a 7.2 % year-on-year
growth of refining capacity and expanded logistics

AZORBAYCAN NEFT TOSORRUFATI '
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pipelines, with insufficient standby logistics chan-
nels and weak capacity to resist geopolitical trade
shocks. Second, the foundation of green sustainabil-
ity is relatively weak. Offshore platforms lack suf-
ficient methane recovery facilities, and the carbon
reduction progress lags behind EU benchmark oil
and gas enterprises. Third, the digital transformation
of overseas distribution terminals is lagging, and the
online coverage of intelligent inventory scheduling
for European filling stations is less than 60 %.

This evaluation system is verified by four consec-
utive years of official quantitative data of SOCAR.
All indicators are traceable and calculation results are
reproducible. It can accurately identify weak links in
each supply chain segment and adapt to regular per-
formance diagnosis of state-owned oil enterprises in
the Caspian region.

Combined with the bottlenecks identified in em-
pirical analysis, targeted optimization strategies are
proposed.

Enhance cross-border supply chain resilience.

Expand the scale of standby trans-Caspian pipe-
lines, develop multi-port shunting transportation in
Georgia and Romania, and establish a 3-month stra-
tegic crude oil reserve to cope with geopolitical sup-
ply risks.

SKOHOMUKA, YIPABJIEHUE, MPABO / ECONOMY, MANAGEMENT AND LAW
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Accelerate full industrial chain low-carbon trans-
formation.

Increase investment in methane capture equip-
ment for offshore platforms, popularize waste gas
recycling technology in refineries, and steadily im-
plement SOCAR’s 2030 carbon emission reduction
strategic targets.

Promote digital upgrading of global distribution
terminals.

Unify the intelligent inventory management sys-
tem for 564 overseas filling stations, and build an in-
tegrated digital scheduling platform for cross-border
oil and gas supply chains.

Establish a regular performance evaluation mech-
anism.

Apply the five-dimensional evaluation system to
SOCAR’s annual supply chain assessment, and dy-
namically allocate resources for exploitation, logis-
tics and distribution links according to evaluation
results.

Conclusions, Managerial Implications and
Research Prospects

This paper constructs a five-dimensional supply
chain performance evaluation system suitable for
Caspian regional petroleum enterprises. Empirical
results prove that SOCAR’s supply performance in-
creased year by year from 2022 to 2025. Logistics
resilience, full-chain carbon reduction capacity and
digitalization of overseas terminals are three long-
term restrictive bottlenecks.

Based on triple bottom line theory, this study in-
novatively adds the supply chain resilience dimen-

sion adapting to regional geopolitical characteristics,
which expands the theoretical framework of sustain-
able oil supply chain evaluation. The AHP-entropy
combined weighting method guarantees the objec-
tivity and robustness of evaluation results.

The evaluation system can be directly applied
to national oil companies in the Caspian region. It
provides quantifiable decision-making support for
regional oil enterprises to optimize supply chains,
reduce operating costs and realize carbon-neutral
transformation.

For Caspian regional oil enterprises, it is essential
to balance operational efficiency, economic benefits
and sustainable development. Enterprises should pri-
oritize building diversified logistics channels to im-
prove supply resilience, and take low-carbon invest-
ment and digital transformation as core strategies to
cultivate long-term competitive advantages. For re-
gional energy regulators, this evaluation system can
be used to formulate industrial policies and promote
the sustainable development of the Caspian energy
industry.

Future research can be expanded in three direc-
tions: First, carry out horizontal comparative analysis
of multiple oil and gas enterprises in Central Asia to
improve regional performance benchmarks. Second,
introduce the system dynamics model to simulate the
long-term impact of geopolitical conflicts and inter-
national crude oil price fluctuations on supply chain
performance. Third, expand evaluation indicators
to adapt to new energy integration combined with
SOCAR’s green hydrogen transformation busi-
ness.
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This paper examines the relationship between exchange rate policy, currency risk, and economic resilience in Azer-
baijan — a resource-rich open economy whose macroeconomic performance is deeply intertwined with hydrocarbon rev-
enue cycles. Using a qualitative, descriptive research design grounded in secondary data from official governmental and
international institutional sources, the study analyses four key indicators over the 2015-2024 period: the Real Effective
Exchange Rate (REER), the trade balance, lending interest rates, and the Non-Performing Loan (NPL) ratio. These dynamics
are interpreted through the conceptual lenses of “Dutch Disease” and “Original Sin”, which link resource dependence and
foreign-currency balance-sheet mismatches to systemic financial fragility. The twin devaluations of 2015 exposed these
fragilities dramatically: the manat depreciated by approximately 50 % over the year, triggering a surge in NPLs to 21 %, a
contraction in the banking sector, and a sharp deterioration in real household incomes. The paper traces how currency risk
transmitted into interest rate and credit risk through the risk premium and balance sheet channels, creating reinforcing
feedback loops that undermined financial sector stability. In the post-crisis period, macroprudential reforms, the accumu-
lation of combined official reserves of approximately USD 71 billion by end-2024 - equivalent to about 41 months of im-
ports — and the decline of deposit dollarisation from above 70 % to below 40 % have measurably strengthened the econ-
omy's capacity to absorb external shocks. The findings suggest that genuine economic resilience in Azerbaijan requires
not only adequate foreign exchange buffers but also structural economic diversification, expansion of non-oil exports, and
the progressive development of domestic capital markets. Accordingly, the paper identifies the development of domestic
currency-hedging instruments, the pursuit of an explicitly counter-cyclical fiscal policy drawing on sovereign wealth fund
resources, and the strengthening of domestic productive capacity as the key policy priorities for durable macroeconomic
resilience.

Azarbaycanda mazanna siyasati va valyuta riski - iqtisadi dayaniqliq kontekstinda

AN. Mahmudov
Azarbaycan Dovlst Igtisad Universiteti

Acar sozlar: valyuta mazannasi siyasati, valyuta riski, igtisadi dayaniqliq, Azarbaycan, Holland xastaliyi, Orijinal Glnah,
valyuta ehtiyatlari, problemli kreditlar.

Magalada makroiqtisadi gostaricilari karbohidrogen galir dévrlari ils six bagh olan, resurslarla zengin aciq igtisadiyyata
malik Azarbaycanda valyuta mazannasi siyasati, valyuta riski va iqtisadi dayaniqgliq arasindaki alags arasdirilir. Rasmi ho-
kumsat va beynalxalq institusional manbalardan alda edilan ikincili malumatlara asaslanan keyfiyyat xarakterli, tasviri tad-
gigat dizaynindan istifads edilmakla 2015-2024-c illar Gzrs doérd asas gostarici tahlil olunur: real effektiv valyuta mazan-
nasi (REER), ticarat balansi, kredit faiz daracalari ve problemli kreditlarin (NPL) nisbati. Bu dinamikalar resurs asiliigini va
xarici valyutada yaranan balans uygunsuzluglarini sistem xarakterli maliyya kovrakliyi ile alagalandiran “Holland xastaliyi”
va "Orijinal glinah” konsepsiyalari ¢arcivasinda sarh olunur. 2015-ci ilin ikili devalvasiyasi bu kévrakliklari kaskin sakilda
Uza ¢ixardi: manat il arzinds taxminan 50 % dayardan disdi, bu iss problemli kreditlarin 21 %-s gadar artmasina, bank
sektorunda daralmaya ve ev tasarrifatlarinin real galirlarinda kaskin pislasmaya sabab oldu.

Maqalada valyuta riskinin risk mikafati ve balans hesabati kanallari vasitasile faiz dsracasi ve kredit riskine neca
oturulduyd, maliyys sektorunun sabitliyini sarsidan, bir-birini gliclendiran aks-slaga ddvralarinin neca yarandig izlanilir.
Bbéhrandan sonraki dévrds makroprudensial islahatlar, macmu rasmi ehtiyatlarin 2024-ci ilin sonuna gadar texminan 71
mlird. ABS dollarina (tagriben 41 ayliq idxala ekvivalent) catmasi va depozitlerin dollarlasmasinin 70 %-dan yuxari savi-
yyadan 40 %-dan asagiya dismsasi iqgtisadiyyatin xarici soklari absorbsiya etmak qabiliyystini nazaracarpacaq daracads
glclendirmisdir. Naticalar gostarir ki, Azarbaycanda haqiqi igtisadi dayanigliq yalniz adekvat valyuta buferlarini deyil, ham
da struktur igtisadi diversifikasiyani, geyri-neft ixracinin genislandirilmasini va daxili kapital bazarlarinin marhalali inkisafini
talab edir.

Bundan slavs, tadgiqat davamli makroiqtisadi dayanighgin tamin edilmasi Gc¢lin valyuta risklsrindsn qorunma (hed-
cing) Ucln daxili alatlarin inkisafini, dévlst neft fondunun resurslarina asaslanan, aydin ifads olunmus aks-tsiklik fiskal
siyasatin hayata kecirilmasini va daxili istehsal potensialinin gliclandirilmasini asas siyasst prioritetlari kimi misyyan edir.
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BantoTHas nonvTukKa v BantoTHble pUcku B AsepbaiifpikaHe — B KOHTEKCTe IKOHOMUYECKOI YCTOMUMBOCTH

A.H. Maxmyzos
A3zepbaliZ>kaHCKUI TocyAapCTBEHHbIV SKOHOMMWYECKMI YHUBEPCUTET

KnroueBble cnoBa: MoAWTVKa BaAtOTHOFO Kypca, BatOTHbIA PUCK, SKOHOMMUYEcKas YCTOMUMBOCTb, AsepbaligcaH,
rosinaHackas 601e3Hb, MePBOPOAHLIN FPeX, BaltOTHbIE Pe3epBbl, HepaboTatoLme KpeamnThbl.

B cratbe mccnepyetcs B3aMMOCBA3b MeXAY MOJUTUKOW BaNtOTHOTO Kypca, BajtOTHbIM PUCKOM Y 3KOHOMMUYECKOW
ycTonumBocTbto B A3sepbaiigykaHe — 6orato pecypcaMu OTKPbITOW 3KOHOMMUKE, MaKpO3KOHOMMUYECKMEe MoKasaTenu
KOTOPOW TECHO CBA3aHbl C LiMKAaMy AOXOA0B OT YrNeBOAOPOAOB. Ha ocHOBe KauecTBEeHHOro OnucaTesbHOro Au3anHa
NCCNeAO0BaHMS, OMMPAOLLEroca Ha BTOPUYHbIE JAaHHble M3 OQULMANbHbIX MPaBUTENbCTBEHHBIX U MEXAYHAPOAHbIX
WHCTUTYLIMOHANbHBIX UCTOYHWKOB, B pPaboTe aHa/NM3MPYHOTCA YeTblpe K/KOYEBbIX MokasaTens 3a nepuog 2015-2024
Ir.. peanbHbli 3GGEKTUBHBIM BantoTHbIM Kypc (REER), ToproBbili 6anaHc, MPOLEHTHblE CTaBKM MO KpeautaMm W AOAs
HepaboTatowwmx kpeamTtoB (NPL). 3Tv mpoLecchl MHTEPMNPETUPYOTCA B PaMKax KOHLUENUUA “ronnaHackon 6onesHm” u
“NepBOPOAHOroO rpexa’, CBA3bIBAOLLMX PECYPCHYHO 3aBUCMMOCTb U Ba/tOTHble HECOOTBETCTBUA HGanaHCOB C CUCTEMHOW
bUrHaHCOBOM yA3BMMOCTbIO. [BoMHas AesanbBaumsa 2015 roja pesko BbiBWAA 3TW YA3BMMOCTU: MaHaT obecLeHucs
npvMepHo Ha 50 % 3a rog, uto npueeno k peakomMy pocty NPL go 21 %, cokpalleHuto 6aHKOBCKOrO CeKTopa U pe3KoMmy
YXYALLUEHWIO peasbHbIX JOXOA0B JOMOXO3ANCTB.

B cTaThe MpPOCNEXMBAETCS, KaK BatOTHbIA PUCK TPAHCAMPOBAJICS B MPOLEHTHbIA U KPEAWUTHbIA PUCKU Yepes
KaHa/bl MPeMUM 3a PUCK W BanaHCoBbIX 3PdEKTOB, cO3A4aBas CaMOyCUAMBAIOLLMECH METAN OBPaTHONM CBA3W, KOTOPble
nojopsanu CTabuibHOCTb GUHAHCOBOTO CekTopa. B MOCTKPM3UCHBIM Mepuos MakpomnpyAeHumanbHble pedopmsbl,
HaKorJ/IeHNe COBOKYMHbIX OdULIMaNbHbIX PE3EPBOB, AOCTUTLLMX NpUMepHO 71 mapa. sonnapos CLUA k koHuy 2024 r. (4TO
3KBVBaJIEHTHO NpVMepHO 41 mMecaLy MMMOopTa), U CHUXXEHWE AoNapu3aLnm 4eno3ntos ¢ ypoBHSA Bbilwe 70 % [0 ypoBHSA
HuxXke 40 % 3aMeTHO YKpenuau CMocObHOCTb 3KOHOMWKM abcopbrpoBaTh BHELLIHWE LOKW. Pe3ynbTaThl Mccaes0BaHUSA
MOKa3bIBatOT, YTO A/ AOCTUKEHMUSA NMOAJINHHOM SKOHOMUYECKON YCTONUMBOCTU B A3epbaiigkaHe HEOBXOAMMbI He TOIbKO
aZlekBaTHble BaatoTHble Bydepbl, HO U CTPYKTYpHas AnBepcndurKaL s SKOHOMUKM, paclUMpPeHe HECbIPbEBOTO 3KCMOpPTa U
nocTynatesbHOe Pa3BUTUE BHYTPEHHMX PbIHKOB Kanurtana.

Kpome TOro, B KauyecTBe NMPUOPUTETHbIX HanpaBJeHUI MOAUTUKKN, HEOOXOAUMBIX A/ OBecrneyeHus LOArOCPOYHOM
MaKpPO3KOHOMWYECKON YCTOMUMBOCTY, B paboTe OnpeAensitoTcs pPa3BUTME BHYTPEHHWUX WUHCTPYMEHTOB XeAXXWPOBaHUS
Ba/ItOTHbIX PUCKOB, MPOBeEHNE ABHO BbIPaXKEHHOW KOHTPLMKANYECKON BIOAXKETHOW MONNTUKU C OMOPOK Ha pecypcbl

rocyAapCcTBeHHOro HedTaHOro GoHAa 1 yKpenaeHne BHyTPEHHEro Npou3BOACTBEHHOIO MNOTEHLMaa.

Introduction

In the modern global economy, exchange rate
policy, foreign exchange risk management, and
the maintenance of adequate foreign exchange
reserves are considered among the key macroe-
conomic instruments for ensuring economic resil-
ience. Particularly in small open economies, exter-
nal shocks, fluctuations in energy prices, volatility
of capital flows, and global financial uncertainty
can significantly affect currency stability and the
overall financial system. In this context, the effec-
tiveness of exchange rate policy and the role of
foreign exchange reserves as a “shock absorber”
are of critical importance for maintaining macroe-
conomic and financial stability.

The Azerbaijan economy is highly depend-
ent on oil revenues and foreign currency inflows;
therefore, exchange rate fluctuations and foreign
exchange risk directly influence the country’s mac-
roeconomic stability. In particular, the 2015 deval-
uations and the global uncertainty caused by the
COVID-19 pandemic demonstrated the strategic
importance of exchange rate and reserve policies
for economic resilience. For this reason, examining
the relationship between exchange rate policy, for-
eign exchange risk, foreign exchange reserves, and
economic resilience represents both a theoretically
and practically significant area of research.

Literature Review

Resource-rich economies often face a distinct
macroeconomic dilemma: how to absorb large,
volatile commodity-driven foreign exchange in-
flows without destabilizing the broader economy.
A foundational concern in the literature is “Dutch
Disease”, where a booming resource sector induc-
es a real exchange rate appreciation, effectively
pricing the manufacturing and tradable sectors out
of international markets [1]. While not necessar-
ily slowing long-term growth, this phenomenon
necessitates active management to ensure the
domestic economy does not become overly reli-
ant on a single, volatile export [1]. Because com-
modity prices are highly volatile, resource-rich
countries are prone to pro-cyclicality—where they
spend more during boom times and are forced to
cut back during busts, as capital flows in these
economies often reinforce rather than mitigate the
commodity price cycle, exacerbating business cy-
cle volatility.

The literature suggests that resource-rich coun-
tries exhibit unique preferences for exchange rate
regimes, often favoring more managed or fixed ar-
rangements to provide stability against turbulent
capital inflows. While flexible regimes are gen-
erally praised as shock absorbers, resource-rich
countries in practice frequently opt for fixed or
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managed regimes. This choice often functions as
a “policy crutch” to provide nominal stability and
reduce the perceived risk of currency volatility for
international investors, although it may sacrifice
independent monetary policy.

The transmission of currency risk into inter-
est rate and credit risk is a foundational concern
for economic resilience, particularly in emerging
economies where currency mismatches—often
termed “Original Sin” — are prevalent. The fol-
lowing review delineates the mechanics of these
transmission channels.

1. The Interest Rate Transmission Channel:
The transmission of currency risk to domestic
interest rates typically operates through the Risk
Premium Channel and the Defensive Monetary
Policy Channel.

— The Risk Premium Channel: In open econo-
mies, investors demand a “risk premium” to hold
assets denominated in a currency subject to high
volatility [2]. When currency risk increases, this
premium rises, forcing domestic interest rates
upward even if the base policy rate remains un-
changed. This effectively tightens financial condi-
tions and increases the cost of borrowing for the
entire economy.

— The Defensive Monetary Policy Channel:
Central banks in emerging markets may adopt
a defensive monetary policy stance when sharp
currency depreciation, capital outflows, or spec-
ulative pressure threaten exchange-rate stability.
In such episodes, monetary authorities may raise
nominal interest rates in order to reduce depre-
ciation pressure, limit exchange-rate overshoot-
ing, and contain inflation pass-through. However,
this defensive response creates a macroeconomic
trade-off: while higher interest rates may support
the currency in the short run, they also increase
borrowing costs through the cost-of-capital chan-
nel, thereby weakening investment, credit growth,
and aggregate demand [3].

2. The Credit Risk Transmission Channel: The
transmission to credit risk is primarily governed
by the Balance Sheet Effect (or Valuation Effect),
which bridges the gap between exchange rate
movements and the solvency of domestic borrow-
ers.

— Balance Sheet Mismatch: When firms or
households hold debt denominated in foreign
currency (e.g., USD or EUR) but derive their pri-
mary revenue in local currency, they are directly
exposed to exchange rate fluctuations. A domes-
tic currency depreciation instantly inflates the lo-

cal-currency value of this debt, deteriorating bor-
rower balance sheets [2].

— Default and Non-Performing Loans (NPLs):
As the debt-servicing burden increases due to de-
preciation, the probability of default for firms and
households rises. This leads to a spike in Non-Per-
forming Loans (NPLs) within the banking sector.
This “credit risk” channel can trigger a systemic
contraction in lending, as banks become more
risk-averse and tighten credit standards to pre-
serve their own capital ratios.

3. Amplification: The “Doom Loop” Interac-
tion: These risks rarely act in isolation; they often
converge into a feedback loop that undermines
economic resilience:

1. Shock: An external shock (e.g., commodity
price drop) induces currency depreciation.

2. Valuation Effect: Unhedged foreign debt
burdens rise, increasing credit risk and NPLs.

3. Risk Assessment: Market participants per-
ceive the economy as having higher sovereign and
default risk, pushing risk premia (and thus interest
rates) higher.

4. Contraction: Higher interest rates further
depress economic activity, leading to lower tax
revenues and further deteriorating the sovereign
balance sheet, which in turn fuels further depre-
ciation [2].

Utilizing Azerbaijan as a primary case study—
particularly the macroeconomic volatility ob-
served between 2015 and 2017—this paper exam-
ines how commodity-dependent revenue streams,
institutional credibility, and structural financial
mismatches (“Original Sin”) determine the sus-
tainability of domestic capital markets. The find-
ings emphasize that resilience is less a function
of the nominal exchange rate regime and more a
product of robust fiscal buffers and the mitigation
of foreign currency exposure in the banking sec-
tor.

Azerbaijan’s exchange rate policy has long
been shaped by its structural dependence on hy-
drocarbon revenues, a characteristic that positions
it alongside other resource-rich small open econo-
mies in which the choice between fixed and flex-
ible regimes carries exceptional macroeconomic
stakes. Hasanov and Huseynov [4] found through
cointegration-based equilibrium exchange rate
analysis that the Azerbaijani manat was over-
valued relative to its estimated equilibrium lev-
el, with oil prices and government expenditu-
res among the main determinants of the misalign-
ment — a pattern consistent with Dutch disease
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dynamics. This early diagnosis prefigured the cur-
rency crises of 2015.

The suitability of a fixed exchange rate under
external shocks was formally tested by Samedova
et al. [5], who applied regression analysis, prin-
cipal component analysis, and Granger causality
tests to Azerbaijani macroeconomic data. Their
study concluded that a fixed rate was structural-
ly inadvisable given weak monetary transmis-
sion, limited integration with the US economy,
persistent public distrust of the manat, and the
near-total absence of domestic currency-hedg-
ing instruments. The authors argued that artificial
maintenance of the peg would inevitably produce
devaluation accompanied by inflation, real income
contraction, and rising unemployment — a progno-
sis borne out by the events of 2015. The twin de-
valuations of 2015 represent the defining episode
in the modern literature on Azerbaijani currency
risk. In February 2015, the manat was devalued by
roughly one-third against the US dollar, while the
December 2015 adjustment moved the exchange
rate from about 1.05 to 1.55 AZN/USD; measured
in terms of the dollar value of the manat, the two
adjustments implied a cumulative loss of approx-
imately one-half of the currency’s value. Gupta et
al. [6], whose cross-country analysis of 195 cur-
rency-crisis episodes found that about 60 % were
contractionary, provide a useful theoretical back-
drop for interpreting the Azerbaijani case. Azer-
baijan’s post-devaluation experience was broadly
consistent with this contractionary pattern: real
GDP and non-oil output contracted in 2016, do-
mestic demand and household purchasing power
came under pressure, and banking-sector asset
quality deteriorated sharply, with the NPL ratio
later reaching a peak of around 21 % at end —2016.

The financial sector consequences were severe.
The number of operating banks contracted from 45
in 2014 to 30 by 2018, and the International Bank
of Azerbaijan — the country’s largest — defaulted
on its external obligations in May 2017. Deposit
dollarisation, which the IMF attributes to volatile
inflation, asymmetric exchange rate policies, and
shallow financial markets [7], surged above 70 %
of total deposits by 2016, creating acute currency
mismatches between banks’ manat-denominated
liabilities and their foreign-currency loan books.
The non-performing loan ratio peaked at 21 % at
end — 2016 before a prolonged recovery.

The empirical relationship between global oil
prices and the manat exchange rate has been ex-
amined through several econometric frameworks.
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Using vector autoregressive (VAR) models for the
period 2002Q1-2018Q4, Zulfigarov and Neuen-
kirch [8] identified a pronounced asymmetry in
oil price transmission: exchange rate responses
are concentrated on the downside, with oil price
declines triggering sharp depreciation pressure,
while price increases lead to appreciation through
the monetary policy tightening channel.

Czech and Niftiyev [9], employing structural
VAR (SVAR) models to compare Azerbaijan and
Kazakhstan, confirmed that rising crude prices are
associated with manat appreciation and reserve
accumulation, while the reverse holds during price
declines. Critically, the oil-exchange rate relation-
ship remained statistically significant across both
pre-crisis and COVID-19 crisis periods, under-
scoring its structural — rather than episodic — char-
acter. These findings are compounded by fiscal
transmission: as oil revenues fall, governments
reduce public expenditure, depressing non-oil
sector activity and amplifying the macroeconomic
impact of currency depreciation [8]. Since the sta-
bilisation of the manat at approximately AZN 1.70
per US dollar following the 2015-2016 crisis, the
Central Bank of Azerbaijan (CBA) has maintained
a de facto peg sustained through regular foreign
exchange interventions. Combined CBA and SO-
FAZ reserves reached approximately USD 71
billion by end-2024 — equivalent to 41 months of
projected imports — providing a substantial buffer
[7]. Deposit dollarisation has declined markedly
from its 2016 peak, driven by higher manat de-
posit rates and sustained exchange rate stability
[7]. The IMF’s 2024 Financial Sector Assessment
Programme (FSAP) nonetheless identified persis-
tent vulnerabilities: reliance on volatile wholesale
corporate deposits, credit concentration in the
hydrocarbon sector, and residual dollarisation in
business loans [7].

Data and methodology

This study adopts a qualitative, descriptive re-
search design to examine the relationship between
exchange rate policy and economic resilience in
Azerbaijan. This research utilizes a comparative
and interpretative approach. The methodology
focuses on the longitudinal observation of macro-
economic trends, allowing for a structured com-
parison of financial performance across distinct
economic phases—specifically the period preced-
ing the 2015 devaluation and the subsequent years
of managed adjustment. By synthesizing existing
academic literature with official statistical reports,
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this paper seeks to provide a nuanced description
of how monetary and fiscal policies have shaped
the domestic financial landscape.

The analysis is grounded in secondary data ob-
tained from official governmental and institutional
bodies to ensure accuracy and historical consist-
ency. The selection of data focuses on four key
variables that serve as qualitative indicators of
economic resilience:

— Real Effective Exchange Rate (REER): Used
to describe Azerbaijan’s external competitiveness.
Rather than modeling misalignment, the study
uses REER trends to illustrate the divergence be-
tween internal and external prices and to detect
symptoms of the “Dutch Disease” phenomenon.

— Trade Balance: This variable is analyzed to
describe the country’s exposure to commodity
price shocks. The study uses trade balance figures
to demonstrate the shifting reliance on hydrocar-
bon exports and the subsequent pressures exerted
on the national currency.

— Interest Rates: These are tracked to provide a
descriptive account of the monetary policy stance.
The study examines shifts in interest rate corridors
to illustrate the central bank’s efforts to balance
liquidity management with inflationary pressures.

— Non-Performing Loans (NPLs): The NPL ra-
tio is utilized as a descriptive proxy for banking
sector health. By observing the trajectory of NPLs
alongside periods of exchange rate depreciation,
the research illustrates the transmission of curren-
cy risk into the domestic credit market.

Methodological framework

The analytical process is structured around de-
scriptive synthesis and trend comparison. The re-
search does not employ quantitative modelling to
establish statistical causation; instead, it provides
an interpretative evaluation of how these variables
moved in relation to one another during the 2015—
2024 timeframe.

The study is organized into three analytical lay-
ers:

1. Contextual Analysis: A literature review es-
tablishes the theoretical framework regarding ex-
change rate regimes and “Original Sin” in emerg-
ing markets.

2. Trend Observation: A descriptive analysis of
the selected variables over time, identifying key
inflection points (e.g., 2015-2017 devaluation,
post-pandemic recovery).

3. Synthesis: The descriptive data is integrat-
ed with theoretical concepts to explain the evo-
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lution of economic resilience in Azerbaijan. This
approach allows for a holistic view of policy
outcomes, highlighting the effectiveness of mac-
ro-prudential measures in mitigating currency risk
without the need for predictive modeling.

Analysis

The long-term formation of Azerbaijan’s real
effective exchange rate (REER) above the base in-
dex level of 100 reflects (Figure 1) the real appre-
ciation of the Azerbaijani manat.

150.0

140.0 A

130.0 //\J\\

120.0 A —\

/V \ / N\

110.0 / \ j

100.0 \ / \/_'

90.0

80.0 \, ,/

70.0

GOOL v
S A NFTUVULOT-TXXDIOSD —~—AINFT VN O>W0AND —~A o0
SO — — o — aagaaaaaaaqa
S OO OO OO OO OO OO oo OO
[ oS I oS I o I o IS IS N o I o IR o I o N o IR o I o I I o I oS IS IS I o K S IS IS I o I o I o8 |

Figure 1. Real effective exchange rate of Azerbaijan
manat (AZN). Source: prepared by the author based on
data from the Central Bank of the Republic of Azerbaijan

This dynamic can primarily be associated with
high foreign exchange revenues generated from oil
exports, substantial foreign currency inflows into
the country, and the implementation of a fixed ex-
change rate policy. In particular, the large volume
of foreign exchange revenues originating from the
energy sector enabled the nominal exchange rate
of the manat to remain stable over an extended
period, resulting in an appreciation of the real ex-
change rate.

Although maintaining a high REER level may
positively contribute to short-term macroeconom-
ic stability and import capacity, it also creates cer-
tain long-term risks regarding the competitiveness
of the non-oil sector. The appreciation of the real
exchange rate causes domestic goods and servic-
es to become relatively more expensive in foreign
markets, potentially constraining the development
of non-oil exports. At the same time, imported
goods become more accessible in the domestic
market, creating additional competitive pressure
on local producers. This process is commonly ex-
plained within the framework of the “Dutch Dis-
ease” approach in international economic litera-
ture and is considered characteristic of economies
heavily dependent on natural resource revenues.

In the case of Azerbaijan, the persistently high
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REER can be interpreted as an indicator of the
economy’s dependence on oil revenues and the
exchange-rate-oriented nature of monetary policy.
However, such a structure increases the economy’s
vulnerability to external shocks. In particular, the
sharp decline in global oil prices after 2014 and
the devaluations experienced in 2015 demonstrat-
ed that maintaining an overvalued real exchange
rate for an extended period may lead to the accu-
mulation of pressure in the foreign exchange mar-
ket. From this perspective, the REER indicator is
important not only for evaluating exchange rate
dynamics, but also for assessing the level of eco-
nomic resilience, the capacity to adapt to external
shocks, and the effectiveness of monetary policy.
The decline in Azerbaijan’s trade balance (Figure
2) in recent years reflects structural changes in
external trade revenues and the impact of global
economic shocks. In particular, increasing volatil-
ity in global energy prices, changing energy de-
mand in European markets, and the expansion of
imports have contributed to the weakening of the
trade balance compared to previous years. Since
Azerbaijan’s external trade balance has tradition-
ally been shaped by oil and gas exports, declining
revenues in the energy sector have directly affect-
ed the size of the trade surplus.
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Figure 2. Azerbaijan’s trade balance (thousand AZN).
Source: prepared by the author based on data from the
Central Bank of the Republic of Azerbaijan

The deterioration of the trade balance is also
significant from the perspective of macroeconom-
ic stability and the foreign exchange market. The
weakening of the external trade surplus reduces
net foreign currency inflows into the country, po-
tentially creating additional pressure on the foreign
exchange market in the long run. This constitutes
an important risk factor, particularly in economies
implementing fixed or managed exchange rate re-
gimes, in terms of maintaining the effectiveness of
monetary policy and preserving foreign exchange
reserves.
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At the same time, the faster growth of imports
relative to exports highlights issues related to the
competitiveness of the non-oil sector. The persis-
tently high level of the real effective exchange rate
(REER) makes imported products more accessible
in the domestic market and may constrain the de-
velopment of local production. Under such con-
ditions, the weak development of non-oil exports
further deepens the economy’s dependence on oil
revenues in external trade.

From this perspective, the declining trend in
the trade balance can be regarded as one of the
factors increasing the economy’s vulnerability to
external shocks. Especially under conditions of
declining oil prices and global economic uncer-
tainty, the weakening of the external trade bal-
ance demonstrates the growing interrelationship
between foreign exchange reserves, exchange rate
stability, and economic resilience. Therefore, ex-
panding non-oil exports, diversifying exports, and
strengthening domestic production capacity are
considered among the key priorities for ensuring
long-term economic resilience.

Although Azerbaijan’s foreign exchange re-
serves have demonstrated a certain recovery trend
in recent years, the indicators still remain rela-
tively more vulnerable compared to the strong
accumulation period observed before 2014. Prior
to 2014, high global oil prices generated substan-
tial export revenues, enabling the rapid growth of
the country’s strategic foreign exchange reserves.
However, as shown in Figure 3., after 2014, the
sharp decline in global energy prices, weakening
foreign currency inflows, and increasing pressure
on the exchange rate led to a reduction in reserves.
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Figure 3. Foreign exchange reserves of the Central
Bank of Azerbaijan (million AZN). Source: prepared by
the author based on data from the Central Bank of the
Republic of Azerbaijan

This process became particularly evident dur-
ing the devaluations of 2015. During that period,
intensive interventions were carried out in the
foreign exchange market to protect the value of
the national currency, contributing to the decline
in reserves. Although subsequent years witnessed
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some recovery in reserves due to partial improve-
ments in energy prices and stronger fiscal-mone-
tary coordination, the structural vulnerabilities of
the foreign exchange market have not been fully
eliminated.

The fact that foreign exchange reserves have
not fully returned to the high resilience levels ob-
served before 2014 indicates that the economy re-
mains vulnerable to external shocks and changes
in global energy markets. Particularly under fixed
or managed exchange rate regimes, foreign ex-
change reserves are considered one of the primary
pillars of monetary policy. In this regard, reserve
dynamics serve not only as an external sector in-
dicator but also as an important measure for evalu-
ating exchange rate stability, investor confidence,
and economic resilience.

Furthermore, the weakening trade balance, the
limited share of non-oil exports, and the persis-
tently high REER can be regarded as structural
factors constraining the sustainable strengthening
of foreign exchange reserves. Therefore, ensur-
ing long-term macroeconomic resilience requires
economic diversification, the expansion of non-oil
exports, and the establishment of a more balanced
structure of foreign currency inflows.

The persistently high lending interest rates in
Azerbaijan reflect the limited effectiveness of the
monetary transmission mechanism and the exist-
ence of structural risks within the financial sector.
In Figure 4, according to IMF data, the lending
interest rate in the country has averaged around
14-15 % in recent years, which is considered rel-
atively high compared to many developing econ-
omies.
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Figure 4. Lending interest rates in Azerbaijan. Source:
prepared by the author based on data from the
International Monetary Fund

The devaluation of the manat in 2015 demon-
strated that sharp changes in the national curren-
cy’s exchange rate directly affect the financial
position of economic agents borrowing in for-
eign currency. The debt burden of households and
businesses with foreign currency loans increased
significantly in manat terms, leading to a rise in
non-performing loans. This process can be con-

sidered a classic example of the transformation of
currency risk into credit risk.

At the same time, devaluation expectations and
uncertainty in the foreign exchange market con-
tribute to an increase in the risk premium within
the banking sector. Banks tend to raise lending
interest rates in order to compensate for the poten-
tial risks arising from exchange rate fluctuations.
Consequently, currency risk gradually transforms
into interest rate risk, increasing the cost of credit
resources. This weakens the effectiveness of the
monetary transmission mechanism and constrains
financing opportunities for the real sector.

Moreover, high interest rates themselves fur-
ther increase credit risk. Rising borrowing costs
weaken the ability of businesses and households to
fulfill their debt obligations, potentially leading to
an increase in overdue and non-performing loans.
Thus, an interaction emerges between currency
risk, interest rate risk, and credit risk, with these
risks reinforcing one another and creating system-
ic vulnerabilities within the financial sector.

In the context of Azerbaijan’s economy, these
processes become even more relevant due to oil
price volatility, the implementation of a fixed ex-
change rate policy, and the economy’s high de-
pendence on foreign currency revenues. Exter-
nal shocks that generate pressure in the foreign
exchange market affect not only exchange rate
stability but also the asset quality of the banking
sector, lending dynamics, and overall economic
resilience. Therefore, the transformation of cur-
rency risk into interest rate and credit risk can be
considered one of the key theoretical and practical
issues in evaluating monetary policy and financial
stability policy in Azerbaijan.

Conclusion

This paper set out to examine how exchange
rate policy shapes currency risk and, by extension,
the broader economic resilience of Azerbaijan.
The descriptive analysis of four macroeconomic
indicators — the Real Effective Exchange Rate, the
trade balance, lending interest rates, and the NPL
ratio — across the 2015-2024 period yields sever-
al coherent conclusions that carry both theoretical
and policy relevance.

First, the evidence confirms that Azerbaijan’s
prolonged maintenance of a fixed or tightly man-
aged exchange rate, underpinned by hydrocarbon
revenues, produced a sustained real appreciation
of the manat that is consistent with classic Dutch
Disease dynamics. While this arrangement deliv-
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ered nominal stability and supported import ca-
pacity over the medium term, it simultaneously
eroded the competitiveness of the non-oil trada-
ble sector and created structural dependence on a
single, volatile revenue source. The persistently
elevated REER, viewed alongside the deteriorat-
ing trade balance, illustrates that the exchange rate
regime functioned as a policy crutch rather than
a reflection of genuine external competitiveness.

Second, the twin devaluations of 2015 serve as
the defining empirical episode for understanding
how suppressed currency risk materialises when
external conditions shift. The approximate 50 %
depreciation of the manat over the year triggered
a textbook cascade through the financial system:
balance sheet mismatches inflated the local-cur-
rency burden of foreign-currency debt, NPLs
surged to 21 % of total loans, the banking sector
contracted sharply, and real household incomes
declined. These dynamics confirm the theoreti-
cal framework developed in the literature review,
whereby currency risk transmits into credit risk
through the valuation channel and into interest
rate risk through the risk premium and defensive
monetary policy channels. The high lending inter-
est rates that have persisted since 2015 — averag-
ing approximately 14—15 % — reflect not only the
aftermath of the devaluation shock but also the
structural weakness of monetary transmission in
an economy where fiscal policy remains the dom-
inant macroeconomic stabiliser.

Third, the post-2016 stabilisation period
demonstrates that macroprudential reforms and
reserve accumulation can measurably improve
financial sector resilience. The decline in deposit
dollarisation from above 70 % in 2016 to below
40 % by 2025 indicates that a combination of ex-
change rate stability, higher manat deposit rates,
and regulatory tightening can reduce the currency
mismatches that amplify systemic risk. Combined
CBA and SOFAZ reserves reaching approximate-
ly USD 71 billion by end-2024 — equivalent to 41
months of projected imports — represent a substan-
tial external buffer. However, this buffer is con-
tingent on continued hydrocarbon revenues; the
structural sources of reserve accumulation have
not fundamentally changed.

Fourth, several residual vulnerabilities identi-
fied by the IMF’s 2024 FSAP — reliance on vol-
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atile wholesale corporate deposits, credit con-
centration in the hydrocarbon sector, and the
underdevelopment of domestic currency-hedging
instruments — indicate that financial sector resil-
ience remains incomplete. The deteriorating trade
balance, driven by slower export revenue growth
relative to import expansion, adds further medi-
um-term pressure on the foreign exchange market
and reserve adequacy. These findings reinforce the
conclusion of Samedova et al. [5] that a sustaina-
ble exchange rate framework for Azerbaijan must
be accompanied by a structural transformation of
the economy, rather than relying indefinitely on
the protective capacity of reserves.

Taken together, these findings support a central
thesis: economic resilience in Azerbaijan is less a
function of the nominal exchange rate regime it-
self and more a product of the structural condi-
tions that regime must accommodate. A managed
peg can deliver short-term stability, but only if it
is supported by robust fiscal buffers, limited for-
eign-currency balance sheet mismatches, and a di-
versified export base. Where these conditions are
absent — as was the case in 2015 — the accumulat-
ed tensions release through disorderly adjustment
that imposes disproportionate costs on the finan-
cial sector and households.

From a policy perspective, this analysis points
to three priorities. First, the development of do-
mestic currency-hedging instruments — including
foreign exchange derivatives and local-currency
bond markets — would reduce the “Original Sin”
exposure that makes Azerbaijan’s financial system
vulnerable to depreciation shocks. Second, fiscal
policy should be explicitly counter-cyclical, draw-
ing on SOFAZ resources during commodity price
downturns to cushion the economy without forcing
abrupt exchange rate adjustment. Third, and most
fundamentally, sustainable resilience requires
progress on economic diversification: expanding
the non-oil export base, strengthening domestic
productive capacity, and reducing the structural
feedback between global hydrocarbon prices and
domestic monetary and financial conditions. Un-
til such diversification is achieved, Azerbaijan’s
exchange rate policy will remain constrained by
the very revenues that currently sustain it — a de-
pendence that constitutes both its greatest source
of stability and its most significant systemic risk.
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Qeyri-bircins neft layinin islanmasinda suyun selektiv
tacridi prosesini tanzimlamakla cari neftverma amsalinin
giymatloandirilmasi

K.S. Meammeadov
Baki Ali Neft Maktabi

e-mail: kanan.mammadov@bhos.edu.az

Acar sozlar: geyri-bircins neft layi, cari neftverma amsali, quyu mahsulunun sulasma daracasi, neftin su ila sixisdiriimasi

rejimi, silikat gelasasli tarkibin yuyulma muddati.

Maqalada neft yataglarinin islonmasinin miayyan marhalasinds muxtalif tip sular (o cimladan, laya vurulan su ve
yuxari hissadan stiziilon kanar su) yuksak keciricilikli sahalers daxil olaraq istismar quyularina catir va onun mahsulunda
suyun miqdari artir. Bu baximdan nefta gora hasilatin artirilmasi va ya sabit saxlanmasi t¢tin quyuya daxil olan suyun tacrid
edilmasi asas problem kimi zarurat tagkil edir. Problemin halli Gg¢lin layin su ile doymus darinliyina asanlgla daxil olan, su
buraxan kanallar effektiv sakilda baglayan, nefta géra faza keciriciliyini dayismayan silikat gel tarkibi kompozisiya asas kimi
secilmisdir.

Qeyri-bircins ikitabagali konkret layin layciglari arasinda axin oldugda ve olmadigda neftin su ils sixisdirilmasi rejimi va
hamcinin geltarkibli kompozisiyanin tatbigi ila istismar quyusuna daxil olan suyun ytksak keciricilikli lay hissasindan vurucu
va hasilat quyusu atrafindan tacridi prosesi sulasmanin miayyan tartibin uygun tanzimlanmakla neftin su ils sixisdirma re-
jiminda layin istismara buraxilmasi ikifazali (su, neft) va ickomponentli (su, neft, tacridedici komponent) hesablama modeli
bazasinda tadqiq edilmisdir.

Hasilat quyusunun sulasma faizinin artmasina uygun suyun yuksak kegiricilikli lay hissasinda vurucu va hasilat quyusu
atrafindan tacridinda laylararasi axin oldugda ve olmadiqda layin cari neftin ¢ixarilma amsali adi suvurma rejiminin uygun
naticalari ila miiqayisasi apariimis va tacrid prosesinin tanzimlanma samaraliyi daracasi giymatlondirilmisdir. Homginin layin
tobagalari arasi axin oldugda va olmadigda yiksak kegiricilikli lay hissasindan vurucu ve hasilat quyusu atrafindan suyun
tacridinin yuyulma vaxti prognozlasdiriimsdir.

OueHka Tekyuiero ko3 duumeHTa HepTeoTaaum NYTEM peryMpoBaHUA npouecca ce/IeKTUBHOW U30AALMN BOAbI
npu paspaborke HeoAHOPOAHOro HepTAHOrO NJiacTa

K.C. MameaoB
BbakunHckas BbicLIas Wwkosa HedTn

KntoueBble cnoBa: HEOAHOPOAHbIN HEPTAHON MAACT, TEKYLWMA KOIGDULMEHT HedTeoTaauN, CTeNEHb OBBOAHEHHOCTH
NPOAYKLNM CKBaXXMHbI, PEXUM BbITECHEHUS HEDTU BOAOW, CPOK BbIMbIBaHWS COCTaBa Ha OCHOBE CUANKATHOFO ress.

Ha onpegenéHHol ctaanm pa3paboTku HeGTAHBIX MECTOPOXKAEHWI BOAbI Pa3IvUHbIX TUMOB (B TOM YMC/Ie 3aKaunBaemas
B MJIaCT BOZA ¥ MOCTynatoLLas CBepXy 3aKOHTYpHas BOAA) MPOHMKAIOT B BbICOKOMPOHMLL@eMble 30HbI MiacTa, AOCTUratoT
[06bIBAOLNX CKBaXXMH W YBENNUMBAIOT COAEp>KaHWe BOAbl B WX MPOAYKUMW. B 3TON CBA3M AN1f MOBbLILLEHWA WAN
NoAJEeP>KaHNs YPOBHSA J0ObIUN HEDTN OLHOM M3 OCHOBHBIX 3aZay ABASETCS M30/ALMA BOAbI, MOCTYNarOLWER B CKBaXKMHY.
[na pelleHns JaHHON NPobaemMbl B KaUeCcTBe OCHOBbI Hblia BbibpaHa KOMMO3ULIMA Ha OCHOBE CUMKATHOrO resis, Kotopas
NIerko MPOHWKAET B BOAOHACHILEHHbIE TYBUHHbIE 30HbI MAacTa, 3PPeKTUBHO BAOKMPYET BOAOMPOBOAALLME KaHabl U
He n3MeHsieT $a3oByt0 MPOHULAEMOCTb MO HedTW. DPPEKTUBHOCTL €€ MPMMeEHeHUs Oblia MccnegoBaHa Ha npumepe
KOHKPETHOro HEOZHOPOAHOrO ABYXCJIOMHOTO Maacta Kak Mpv Haav4mMuy, Tak U MPpU OTCYTCTBUM MEXKCNOEBbIX NMepeToKoB
B PEXVME BbITECHEHWA HEDTN BOZOMN.

Pexunm BbITeCHEHWSA HEDTU BOAOW B KOHKPETHOM HEOAHOPOAHOM ABYXCNOMHOM MAacTe Kak Mpu Haiu4um, Tak v npu
OTCYTCTBUW MEXC/IOEBbIX MEPETOKOB, a TakXXe MPOLLeCcC M30AALMN BOAbl, MOCTyMNatoLLel B JOObIBAOLLYIO CKBaXUHY U3
BbICOKOMPOHULLAEMOWN YacTU Macta, C NMPUMEHEHVEM reneobpa3Hol KOMMO3WLMM B OKPECTHOCTAX HarHeTaTesbHOW
W JobbiBalleli CKBaXWH, MNPV PeryavpoBaHVMW B COOTBETCTBMM C OMPEeAEeNEHHON MOCAef0BaTENbHOCTbIO POCTa
06BOAHEHHOCTY, @ TakXe MPOoLLecc BBOAA MNaacTa B 3KCMayaTaLMo B peXXume BbITECHEHUA HeDTU BOAON UCCNef0BaHbl Ha
OoCHoBe AByXda3HoW (Boga—HedTb) N TPEXKOMMOHEHTHON (BOAa—HEDTb—M30ANPYIOLLUIA KOMIMOHEHT) PACUYETHbLIX MOZENeN.

lMpoBeaeHO cpaBHEHME TeKyLlero KoadpduLmMeHTa n3BnedeHns HedTv NP M30AALUN BOAbl B BbICOKOMPOHULLAEMOM
YacTu Miacta BOKPYr HarHetaTesNbHOM U J0ObIBatOLLEV CKBaXKWH B 3aBUCMMOCTU OT pocTa 0B6BOAHEHHOCTU MPOAYKLIMM
CKBaXWHbI KakK MPW HaauyuW, Tak U MPWU OTCYTCTBUM MEXKC/IIOEBbLIX MEPETOKOB C COOTBETCTBYHOLWMUMW pe3yabTaTamMu
06bIYHOrO pexunma 3aBofHeHUA. Ha ocHoBe 3TOro oueHeHa 3PpPeKTUBHOCTb peryanpoBaHus npoLecca U3onsaLmm Boabl.
Kpome Toro, cnporHo3vipoBaHo BpeMs BbIMbIBAHWUSA M30/IMPYIOLLLErO COCTaBa M3 BbICOKOMPOHWULIAEMO YacTu naacta npu
Ha/NMYMKM N OTCYTCTBUM MEXCNOEBbIX MEPETOKOB.
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Evaluation of the current oil recovery factor by regulating the selective water shut-off process in the development

of a heterogeneous reservoir

K.S. Mammadov
Baku Higher Oil School

Keywords: heterogeneous reservoir, current oil recovery factor, water cut of well production, waterflooding regime, wash-
out time of silicate gel-based composition.

The article considers that at a certain stage of oil field development, different types of water (including injected water
and external water influx from upper formations) enter high-permeability zones and reach production wells, resulting in an
increase in water content in the produced fluids. In this regard, isolating the water entering the well is a key and necessary
challenge in order to increase or maintain oil production rates. To address this problem, a silicate gel-based composition
was selected as the base material, which can easily penetrate water-saturated deep zones of the reservoir, effectively block
water-conducting channels, and does not alter the phase permeability with respect to oil. The displacement of oil by water
in a specific heterogeneous two-layer reservoir, both in the presence and absence of interlayer crossflow, as well as the
process of isolating water entering the production well from the high-permeability zone of the reservoir using a gel-based
composition around injection and production wells, was investigated by regulating the process according to a certain or-
der of water cut increase during waterflooding. The study was carried out based on two-phase (water—oil) and three-com-
ponent (water—oil-isolation agent) computational models during reservoir development. A comparison of the current oil
recovery factor was performed between cases with and without interlayer crossflow, depending on the increase in water
cut, and compared with conventional waterflooding results. Based on this, the efficiency of regulating the water shut-off
process was evaluated. In addition, the plugging (washing-out) time of the isolating composition from the high-permea-

bility zone was predicted for both cases-with and without interlayer crossflow.

Neft yataglarinda lay tozyiqinin saxlanilmasi
tisullarindan on genis totbiq olunani siini suvurma-
dir. Bu halda prosesin samaraliyi asason yataqlarin
geoloji qurulusundan vo kollektorluq xiisusiyyat-
lorindon asili olur. Qeyri-bircins laylardan ibarot
olan yataqlarda iso yliksok somaranin olds edilmo-
si liglin suvurmanin daha miitoraqqi tisullarindan
istifado etmok lazim golir. Adi suvurma prosesin-
da iso su yiiksok keciricilikli saholors daxil olaraq
istismar quyularina ¢atir, zoif kegiricilikli neftli
saholor iso suvurmanin tosiri ilo ohato olunmur.
Belo hallarda istismar quyusunun mohsulunda su-
yun miqdart artir vo son naticods layin neftvermo
omsal1 asag1 gostarici ilo xarakterizo edilir.

Neft quyularinin vaxtindan avval sulagmasinin
qarsisinin almmmasi ii¢lin maneonin yaradilmasi
izro fiziki-kimyovi lisullar vo quyunun optimal
is rejiminin vo mohsuldar horizontun sulagmis
hissolorine minimal tosir yaratmaga hesablanmis
hidrodinamik iisullar praktiki ochomiyyatliliyi ilo
secilir [1-3].

Tacridetmonin fiziki-kimyavi {isullar1 daban,
tavan sularinin vo laya vurulan suyun quyuya
daxil olmasinin mohdudlasdirilmasit ii¢iin layin
istonilon yerindon vo lazimi anlarda suya goro
kecilmoz sorhadin yaradilmasma osaslanir. Bu-
nun li¢iin vurucu quyulara vo istismar quyularinin
sulagsmis sahasino miixtolif tamponaj (yapisdirict)
materiallar, o climlodon emulsiyalar, polimer sis-
temlori, sement qarisiqlari, gel yaradan torkiblor
daxil edilir.

Tacridetmonin hidrodinamik iisullar1 ilo laya
lokal tesir edilmosi yolu ilo su vo neft axininin is-
tigamotini doyismoklo (idara etmoklo) neftverimi-

nin artirilmasi imkanlari todqiq edilir.

Mosamoli miihitdo terrigen kollektorlu qey-
ri-bircins neft yataqlarmin sulasmis quyularinin
tocridi tiglin optimal variant kimi silikat gel asaslt
torkibin (kiitlo paymnin 4 %-i maye siiso, 0.6 %-i
xlorid tursusu vo 0.063 %-i metal nanohissocik
olan) totbiqi se¢ilmis, qeyri-bircins {ifiiqi yatimh
layda selektiv tocridde onun layin dorinliyina nii-
fuz etmosi, tocrid doracasi, miiddati, optimal ani-
nin secilmasi xarakteristikalarinin tonzimlonmasi-
ni nazars alan riyazi modellogsdirmonin hesablama
naticalori ilizra cari neftvermo omsalinin qiymot-
londirilmesi vo onun osasinda texnoloji hollin
somoraliyi analizi apartlmisdir [1, 4].

Masalonin qoyulusu vo hesablama sxemi. Ke-
giriciliya nozaran qeyri-bircins iifiigi tobagoli layin
layciglart aralarinda axin olduqda vo olmadiqda
neftin su ilo sixigdirilmast masalasi todqiq edilir.
Qobul edilir ki, vurucu vo hasilat quyusu noqto-
vi monba soklindo laym sorhadlorinin morkozi
hissosinde yerlosir. Forz edilir ki, layin xarici sor-
hadi kegirmazdir. Vurucu quyuda vurulan suyun
hacmi miqdart verilir. Neft layinin islonmosinin
miloyyon miiddstindon sonra hasilat quyusunun
sulagmasi bas verir va natica etibari ilo neft hasi-
lat1 azalmaga baslayir. Bundan sonra sulagmuis is-
tismar quyusunun vo ya vurucu quyunun otrafinda
yiiksok kegiricilikli lay hissasindon tocrid yerinin
yaradilmas1 vo yenidon suvurma prosesi aparilir.

Qeyri-bircins iifiiqi tobagali layda neftin su ilo
sixigdirilmasinda hasilat quyusunun sulagsmasin-
dan sonra istismar vo ya vurucu quyu otrafinda
yiiksok kegiricilikli lay hissasindon tocrid yerinin
yaradilmas1 vo tocrid edilmoadon sonra suvurma
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prosesi ikifazali (su vo neft) lickomponentli (su,
neft, gel) siiziilmo modeli ilo tosvir edilir vo onun
halli iiclin tozyiq va silikat gelin konsentrasiyaya
gora iterasiyali — ndqtovi Yakobi iisulu, su ilo doy-
maya gora iso Eyler iisulundan istifads olunur [4, 5].

Quyulart nazars alan Q. (1), (f = n, s) funksi-
yast (r, z™) va (r,, z,™) silindrlori ilo mahdud-
lasmis daxili oblastlarda tozyiqlori uygun olaraq
PoX o Vip Zip D VO P(O) = P (X, ¥, 2, 1) oOlan
axinin ikifazali kvazigorarlagmis olmasi osasinda
modellosdirilir. Quyuda su vo nefto géro debit aga-
gidaki kimi hesablanir [6, 7]:

0. () =0, (p,,5,0)0. (1),
¢n1(p31’sl’ 1)

Ay (psiosi’ci)
A '(psiasiaci)‘i'}‘si (psi’SDci),
0, (Py>5:¢) =1=0,(Py»5,,€),

¢f(ps>S c)= zq)ﬁ(pspsla )

si(t)

Q (t)— 21h 2 J‘ %

ln— =1 (X ¥ jy oD
rW
X{}\’ni (psi’si’ci ) +}\’si (psi7Si’ci )}dpsi’
g = Llet) g Sulbive)
U (psisci) Mo (psi’ci)

burada k. — masamoli miihitin miitloq kegiricilik
amsali; f.(s,, ¢) va f (s, c¢) — miihitdo su vo neft
fazalarinin nazari faza kegiriciliklori; p (p_, c),
u.(p., ¢,) — su va neft fazalarinin ozliliiklari; p,
p,, — su va neft fazalarinin tozyiglori; , — quyu-
nun drenaj radiusu; 7, — quyunun radiusu; i = 1,

— indeksi uygun olaraq birinci va ikinci lay: ifa-
do edir.

Hesablama naticalari. Qeyri-bircins ikito-
bagoli neft layinda laylararast axin oldugda va ol-
madiqda ytiksak kegiricilikli lay hissasindon istis-
mar quyusuna daxil olan suyun vurucu va hasilat
quyusu otrafindan tocrid yerinin laymn cari neft-
verma omsalina tosirinin test hesablamalari aparil-
mugdir. Tocrid prosesi 60 m* hacmli su tacridedici
agentin hasilat vo ya vurucu quyuya vurulmasi ilo
aparilir. Su axininin tocridi prosesi quyu mohsulu-
nun sulagmast — 38 % (zoaif sulagma), 50 % (orta
sulagsma), 96 % (yliksok sulasma) olduqda yerina
yetirilmigdir. Tocrid doracalorinin (qaliq miiqa-
vimat amilinin) 30 halina baxilmisdir.

Hesablamalarda lay parametrlorinin qiymatlori

AZORBAYCAN NEFT TOSORRUFATI
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vo homginin mayelorin xassoalori liglin asagidaki
verilonlordan istifado edilmisdir.

[, =500 m; [ =250 m;/ =50m; Q" (t)=
= 320 m*/glin;

k, = 10" m* (0 <z<225m), k, = 10" m’
(22.5<2<27.5m),

k,=0.5:-10"” m* (2.75 <z <50 m),

9,(c)=c/2;s5,(x,y,2)=0.2; ¢, (x,1,2) =0; a(s,
c)=0;i=12,

u(p,, c)=1+0.55¢,—0.3¢*, mPas;

n(p,c)=14.6 — 14.7c. + 5.5¢*, mPas, i =
=1.2.

Hesablamalar iki islonma variant1 tigiin aparil-
musdir.

Baza variant1 (I variant): geyri-bircins ikito-
bagoli layin layciglart arasinda axin olduqda vo
olmadigda neftin su ilo sixigdirilmasi rejimindo
islonmosinin texnoloji gostaricilori prognozlasdi-
rilmigdir.

Su axiniin yiiksok kegiricilikli lay hissosindon
tacridi variant1 (I variant): geyri-bircins tabagoli
layin layciqglar1 arasinda axin oldugda vo olmadig-
da istismar quyusuna daxil olan suyun ytiksak ke-
ciricilikli lay hissasindon vurucu vo hasilat quyusu
otrafindan tocridi prosesindon sonra su ilo sixisdir-
ma rejimindo layin istismara buraxilmasina baxil-
migdir.

Baza variantinin hesablama naticolori codval
-9, su axminin yiiksak kegiricilikli lay hissosin-
don tocridi variantinin naticalori isa cadval 2, 3 vo
4-9 daxil edilmisdir.

Hasilat quyusunun sulagsma faizinin artmasina
uygun suyun yiiksok keciricilikli lay hissasindo
vurucu quyu atrafindan tocridindo laylararast axin
olduqda layin cari neftin ¢ixarilma omsali adi su-
vurmanin uygun naticalori ilo miiqayisads 0.0317;
0.0298 vo 0.0026 tortibinds artir. Laylararasi axin
olmadiqda iso uygun artim forqi 0.3874; 0.3727
va 0.0657 toskil edir. Yoni laylararast axin olma-
digda sulagmanin istonilon aninda tocridin effek-
tivliyi yliksok olur vo hasilat quyusunun zaif, orta
sulagsmasinda iso homin gostaricinin qiymati daha
kaskin artir.

Hasilat quyusunun sulagsma faizinin artmasina
uygun suyun yiiksok keciricilikli lay hissasindo
hasilat quyusu otrafindan tocridindo laylararasi
axin olduqda laym cari neftin ¢ixarilma omsali
adi suvurmanin uygun naticalori ilo miiqayisodo
0.3551; 0.3365 va 0.0455 tortibindo artir. Laylar-
arasi axin olmadiqda iso uygun artim forqi 0.3792;
0.3655 va 0.0665 toskil edir. Yoni laylararas1 axin
oldugda vo olmadigda sulagsmanin istonilon aninda
tacridin effektivliyi yliksak olur va hasilat quyusu-
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Cadval 1

Ax1n nazar?s alindiqda

Ax1n nazars alinmadiqda

Neftvermo amsah Neftvermo amsah

Sulasma, %

Tacrida godar Lay iizra orta Tacrida godar Lay iizra orta

I lay II lay qiymati I lay II lay qiymoti
96 0.4723 0.6131 0.5427 0.4937 0.5893 0.5415
50 0.1206 0.3896 0.2551 0.1103 0.3740 0.2421
38 0.1093 0.3726 0.2409 0.0998 0.3567 0.2282
Cadval 2

Axin nazars alindiqda Axin nazars ahnmadiqda

Neftvermos amsah Neftvermos amsah

Sulasma,

GONC ALIM VO MUTSXD9SSISLOR

o, Tacriddon sonra (motarizodo . Tacriddan sonra (métarizadas .
tacridin doaracasi gostarilib) Lay LvARY (Trta tacridin daracasi gostarilib) Lay LYAg (?rta
qiymoti qiymati
I lay II lay I lay II lay

96 0.4502(30) 0.6404(30) 0.5453 0.5741(30) 0.6405(30) 0.6073

50 0.139(30) 0.4308(30) 0.2849 0.5745(30) 0.6551(30) 0.6148

38 0.1306(30) 0.4146(30) 0.2726 0.5746(30) 0.6567(30) 0.6156

Cadval 3

Axin ndzars alinmadiqda

Axin ndzaras alindiqgda

Neftverma smsal

Neftverma amsal

MO/I0AbIE YHEHBIE 1N CIIELMAINCTEI / YOUNG SCIENTISTS AND PROFESSIONALS

Ikitobagali layda yiiksok keciricilikli lay hissasindon

vurucu quyu dtrafindan suyun tacridi

Sulasma,
"/i Tacriddan sonra (métarizads . Tacriddan sonra (motarizods tacridin .
tacridin daracasi gostarilib) Lay L t(?rta doaracasi gostarilib) Lay L t(?rta
mJ md

I lay II lay SRR I lay II lay AR
96 0.5053(30) 0.6711(30) 0.5882 0.5745(30) 0.6416(30) 0.6080
50 0.4582(30) 0.725(30) 0.5916 0.5745(30) 0.6407(30) 0.6076
38 0.456(30) 0.7359(30) 0.5960 0.5745(30) 0.6404(30) 0.6074

Cadval 4

Ikitobaqali layda yiiksok keciricilikli lay hissasindon
hasilat quyusu atrafindan suyun tocridi

Sulasma,

% Axin nazars alindiqda

Yuyulma vaxt, (giin)

Axin ndzars alinmadiqda

Yuyulma vaxt, (giin)

Axin nazars alindiqda Axin nazors alinmadiqda

Yuyulma vaxt, (giin)

Yuyulma vaxt, (giin)

96 134 217 169 218
50 78 294 141 298
38 76 324 135 299

nun zoif, orta sulagmasinda iss homin gostaricinin
qiymati daha koskin artir. Laylararasi axin olma-
digda hasilat quyusunun sulagmasinin istonilon
aninda tocridin effektivliyi laylararasi axin oldugu
halin uygun naticalari ilo miiqayisads 2—3 % torti-
binda yiiksak olur.

Hasilat quyusunun sulagma faizinin artmasina
uygun laylararast axin olduqda suyun yiiksok ke-
ciricilikli lay hissesindon hasilat quyusu atrafin-
dan tocridinds layin cari neftin ¢ixarilma omsali
vurucu quyu otrafindan tocridin uygun noticalori
ilo miiqayisado 0.3254; 0.3067 vo 0.0429 torti-
bindo artir. Laylararast axin olmadiqda iso hasi-
lat quyusunun zoif vo orta sulagsmasinda azalma,

yiiksok sulagsmada iso artma forqi 6ziinii gosterir,
uygun olaraq azalma 0.0082 vo 0.0072, artma iso
0.007 toskil edir. Yoni laylararasit axin olduqda
sulasmanin istonilon aninda hasilat quyusu toro-
findon tocridin effektivliyi vurucu quyu otrafindan
tacridin effektivliyi ilo miiqayisado daha yiiksok
olur. Laylararas1 axin olmadiqda iso hasilat vo ya
vurucu quyu atrafindan tocridin effektivlik dorace-
si sulagmanin istonilon ani {i¢lin toxminon eyni
olur.

Hasilat quyusunun sulagsma faizinin artmasi-
na uygun laylararasi axin oldugda suyun yiiksok
kegiricilikli lay hissesindon vurucu quyu otrafin-
dan tocridinds silikat gel asash torkibin yuyulma
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miiddoti hasilat quyusu otrafinda tocridin eyniadli
gostoricisindon kifayot qodor asagi (=1.24—1.81
dofd) olur. Laylararasi axin olmadiqda hasilat qu-
yusunun orta vo yiiksok sulagsma faizindo uygun
hallar {iciin yuyulma miiddati asag1 olmagqla ki-
fayot qodor az forqlonir, lakin hasilat quyusunun
asagl sulasma faizindo uygun hal ii¢lin yuyulma
miiddoti (=1.084 dofo) artir.

Notica

1. Hasilat quyusunun zaif vo orta sulagsmasina
uygun suyun yliksok kegiricilikli lay hissosindon
laylararast axin oldugda vo olmadigda hasilat
quyusu otrafindan tocriddo layin cari neftin ¢ixa-
rilma omsali adi suvurmanin uygun noticalori ilo
miiqayisodo koskin artir.

2. Hasilat quyusunun zaif vo orta sulasmasina uy-
gun suyun yiiksok kegiricilikli lay hissosindon layla-
rarasi axin olmadigda vurucu quyu atrafindan tocrid-
do layin cari neftin ¢ixarilma omsali adi suvurmanin
uygun naticalari ilo miiqayisads kaskin artir.

3. Hasilat quyusunun zoif vo orta sulagsmasina
uygun laylararasi axin oldugda suyun ytiksok ke-
ciricilikli lay hissasindon hasilat quyusu otrafin-
dan tocridindo layin cari neftin ¢ixarilma omsali
vurucu quyu atrafindan tacridin uygun naticalori
ilo miiqayisodo koskin artir.

4. Laylararas1 axin oldugda sulagmanin isto-
nilon aninda suyun yiiksok kegiricilikli lay hisso-
sindon hasilat quyusu torafindon tocridin effektiv-
liyi vurucu quyu otrafindan tocridin effektivliyi ilo
miiqayisodo daha yiiksok olur. Laylararasi axin ol-
madiqda iso hasilat vo ya vurucu quyu otrafindan
tocridin effektivlik doracosi sulagmanin istonilon
an1 ticlin toxminan eyni olur.

5. Hasilat quyusunun sulasma faizinin artma-
sina uygun laylararasi axin oldugda suyun yiiksok
keciricilikli lay hissasindon vurucu quyu otrafin-
dan tocridindo silikat gelosasl torkibin yuyulma
miiddati hasilat quyusu atrafinda tocridin yuyul-
ma miiddatindon kifayot qodor asagi (=1.24—1.81
dofo) olur.
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Sahin Xosrov oglu Axundov — 65 il !

Sahin Xosrov oglu Axundov 1961-ci il oktyabr aymin 2-do Baki soharindo ana-
dan olmugdur. 1978-ci ildo orta moktobi bitirdikdon sonra M.9zizbayov adina Azor-
baycan Neft vo Kimya Institutunun (indiki Azarbaycan Dévlot Neft vo Sonaye Uni-
versiteti) “Geoloji-kosfiyyat” fakiiltasine daxil olub.

1984-cii ilds institutu “Neft vo qaz yataqlarinin geologiyasi, axtarist vo kogfiy-
yat1” ixtisas1 iizro bitirib “Azneft” Istehsalat Birliyinin Qobustan kosfiyyat qazma
idarasine toyinat almigdir. S.Axundovun ilk isi Pirsaat sahosinds qazilan kosfiyyat
quyusunda gqazma ustasinin kdmaokgisi vozifasi olub. Sonraki pesokar karyerasini
homin idaranin tabeliyinds olan Ceyrangdl dorin kesfiyyat qazma ekspedisiyasinin
Tarsdasllar, Zordab, Kiirsengi vo Glirziindag kosfiyyat sahalarinds saha geoloqu kimi
davam etdirmisdir.

S.Axundovun elmo olan maragi onu 1988-ci ildo Azorbaycan Dovlot Neft So-
nayesinin Elmi-Todqiqat vo Layiho Institutuna (hazirda SOCAR-1n “Neftqazelmitodqiqatlayihs™ Institutu)
gatirdi. Burada o, bdyiik geolog-miihondis, elmi is¢i vozifasindon “Geoloji-geofiziki timumilagdirma” labora-
toriyasinin miidiri vozifasino godor yol kegmisdir.

1992-ci ilds Sahin Axundov koniillii olaraq Azarbaycan Respublikasiin orazi biitovliiyiiniin qorunmasi
ugrunda ddyiislorde, Birinci Qarabag miiharibasinda istirak etmis, iki dofo yaralanmigdir.

2002-ci ilds o, Yaponiya Milli Neft Korporasiyasi (Japan National Oil Corporation) ilo elmi-texniki omok-
dashq cor¢ivasinds neft vo qazin axtaris vo kasfiyyati (Exploration geology) istiqamati {izro ligayliq ixtisasar-
tirma kursunda igtirak etmok ti¢iin Tokio gohorino ezam olunmusdur.

2005-ci ilda “Kiir vo Qabirri gaylararasi rayonunun Ust Tabasir vo Eosen ¢okiintiilorindo neft vo qaz ya-
taglarinin omoalagolmo soraitlori vo onlari axtaris perspektivliyi” movzusunda dissertasiyasini ugurla miidafis
edib geologiya-mineralogiya elmlori namizadi alimlik doracasi almigdir.

S.Axundov Azarbaycan Respublikasi Prezidenti yaninda Ali Attestasiya Komissiyasinin 26 iyul 2016-c1 il
tarixli qorari ilo "Neft vo qaz yataglarinin geologiyasi, axtarist vo kosfiyyat1" ixtisasi izro dosent elmi adina
layiq goriilmiisdiir.

Pesokar foaliyyatinin ilkin morhoalesinds istedadlr alim, geologiya-mineralogiya elmlari namizadi K.Q.Qu-
liyev ilo bir kollektivde is imkani1 onun geoloji bilik, bacariq vo diinyagdriisiine shomiyyastli deracads teo-
sir etmisdir. $.X.Axundovun bir alim kimi formalagsmas1 Azorbaycan neft elminin gérkomli niimayondslori,
geologiya-mineralogiya elmlori doktoru R.1.Riistamov vo geologiya-mineralogiya elmlori namizadi M.9.Rza-
yevlo six omokdasliq soraitindo vo onlarin bilavasito maslohoatlori ilo bas vermisdir. Elmi rohbori Rahid Isma-
y1l oglu Riistomovun rahborliyi altinda onlarin Azorbaycanin miixtalif bolgslorinin neftqazliliq problemlarino
hasr olunmus ¢oxsayli maqalalori dorc edilmisdir. EImi rahbari ilo apardigi toedqiqatlarda 6lkemizin ¢okma
hovzalarinin paleotektonik tokamiilii, litofasial xiisusiyyastlori, hamginin paleo- vo miiasir geotermik soraiti
kimi miixtolif aspektlor aragdirilmigdir.

Bu yaxinlarda Sahin miisllimin hommiisllifi oldugu yeni monogqrafiyasi nosr edilmisdir. Kitabda miosllif
Orta Kiir ¢okokliyinin dyrenilmasine hasr edilmis uzun illerin todqgiqatlarini timumilagdirmis, Azsrbaycanin
Ust Tabasir vo Eosen komplekslarinin geoloji tokamiilii hagqinda toplanmis molumatlar sistemlosdirilmis, ¢6-
kiintli qatinin qurulusunun kompleks tektonik, geoloji-geokimyavi va hidrokimyavi tshlili toqdim edilmisdir.
Azarbaycan geoloji moktabinin layigli davamgisi olaraq, Sahin Axundov burada elmi miilahizs vo naticolorini
taqdim etmis, geoloji elmin bu sahasinds tesovviirlarin geniglonmosing tohfs vermisdir.

2018-ci ildo Azorbaycan Respublikasi Dovlot Neft Sirkotinin (SOCAR) formani ilo Sahin Axundov neft-
gaz senayesinin inkisafinda gostordiyi xtlisusi xidmaotlors gora "Foxri neft¢i" dos nisani ilo toltif edilib.

0, 50-don ¢ox elmi asorin muoallifidir.

Sahin miiollim yaxs1 ailo bascisi, qaygikes ata, hom do babadir.

SOCAR-1n "Neftqazelmitodgiqatlayihs™ Institutunun “Neft vo qaz yataqlarmnin geologiyast vo islonilmasi”
sObasinin omokdaglart adindan Sahin miiallimi yubiley miinasibatilo somimi-golbdon tobrik edir, ona méhkom
cansagligi vo uzun dmir arzulayiriq.

A
)
%

NQETLIi-nin “Neft va qaz yataqlarimin geologiyasi
va islonilmasi” s6basinin amakdaslari
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Azdrbaycanin neft-qaz sonayesind v geologiya
elming hasr olunmus omiir

Akif Oli oglu Norimanov — Azarbaycan neft-qaz sonayesinin va
geologiya elminin inkisafina miithiim tohfalor vermis, 6lkonin zongin
neft-qaz potensialinin dyronilmasi vo menimsonilmasi istigamatinde
uzun illor somarali elmi vo istehsalat foaliyyati ilo taninmig gorkomli
alim, geologiya-mineralogiya elmlori doktoru, professor Respublika-
nin omokdar miihondisi, yliksok ixtisaslt neft geoloqu vo tocriibali is-
tehsalat miitoxassisidir.

O, Azorbaycan neft-qaz geologiyasinin on miihiim istiqamatlo-
rindon biri olan Conubi Xozor hovzosinin todqiqi sahosindo xiisusi
xidmeotlori ilo secilmigdir. Alimin g¢oxillik istehsalat vo elmi foaliy-
yati neft-qaz yataglarinin axtarigi vo kosfiyyati, karbohidrogen ehti-
yatlarinin elmi osaslarla qiymotlondirilmosi, perspektiv strukturlarin
mioyyonlosdirilmasi vo yataqlarin somarali islonmasi masolalorinin
halline yonalmisdir. Onun bu istigamoatds apardigi tadqgigatlar Conubi Xozorin miirakkab geoloji qurulugsunun
vo neftqazliliq potensialinin daha dorindon 6yronilmosine, eloco do Azorbaycanin neft sonayesinin elmi-texniki
bazasimin moéhkomlondirilmoesina, geoloji biliklorin zonginlesdirilmasi vo milli neft geologiyast maktobinin
formalagmasina miihiim t6hfs vermisdir.

Akif Norimanov 10 oktyabr 1946-c1 il tarixinds Gonce soharinde anadan olub. 1970-ci ilde Azarbaycan
Neft vo Kimya Institutunun (indiki Azerbaycan Dovlot Neft vo Sonaye Universiteti), geoloji-kasfiyyat fakiilto-
sini dag-modon miihondis-geoloqu ixtisasi lizra bitirib.

Onun omok foaliyyati holo tohsil aldig1 dovrdo, 1968-ci ildon baslayib. O, neft sonayesindos foaliyyatino neft
hasilati izrs operator kimi ofsanovi Neft Daglar1 yataginda baslamis, qazma sahasinds qazmagi komokgisi kimi
davam etmis vo sonraki onilliklor oarzindo miixtoalif istehsalat vo rohbor vozifalordo ¢aligmisdir.

Akif Norimanovun pesakar foaliyyotinin boylik hissaesi Azarbaycan Respublikast Dovlat Neft Sirkoti
(SOCAR) ilo bagli olub. Miixtalif illoards qazma, neft hasilat1 vo geoloji-kasfiyyat sahalorinds islayib.

0O,“Kaspmorneft” vo “Azneft” istehsalat birliklorinds geologiya {izra rohbar vazifolords ¢aligib, daha sonra
“Azneft” Istehsalat Birliyinin bas geoloqu va bas direktorun geologiya iizro miiavini olub. Sonraki morholado
SOCAR-1n Strateji Inkisaf iizro vitse-prezidentinin miisaviri vozifosindoe ¢alisib.

Onun foaaliyystinin mithiim istigamatlorindon biri Azarbaycanin ham quruda, ham do donizds neft-qaz po-
tensialinin qiymatlondirilmasi va yeni yataqlarin axtarisi olub.

Akif Norimanovun istiraki ilo Xozar donizinds bir sira yataqlar, o siradan Giinssli, Ciraq, Azori, 8 Mart,
Olot-doniz va s. kosf olunub.

Akif Norimanov miixtalif dovrlarda Azarbaycanin neft-qaz ehtiyatlarinin dyronilmasi vo yataqlarin qiy-
motlondirilmasi lizra beynolxalq sirkatlarlo, o siradan AMOCO, Mobil, BP, Exxon, Statoil, Chevron, Conoco,
Unocal va Total sirkatlori ilo birgs layihalords qrup rohberi kimi istirak edib. Bu layihoalor ¢argivasindo neft-qaz
ehtiyatlarinin qiymotlondirilmesi, Azori, Ciraq, Giinosli, Sahdoniz kimi yataqlarin geoloji modellosdirilmosi vo
islonma perspektivlorinin arasdirilmasi aparilib.

Onun istehsalat foaliyyatindo basqa miihiim istiqgamot Azarbaycanda uzun miiddot istismar olunan kéhno
neft yataglarinin borpasi vo hasilatin artirilmasi olub. 1992-ci ildo onun rohborliyi ilo quruda kéhno neft yataq-
larinin barpasina yonolmis xiisusi proqram hazirlanib. Bu proqram, uzun miiddat istismar olunan yataqlarda
hasilatin yenidon artirilmasi {igiin geoloji va texniki todbirlorin sistemlogdirilmasini nazords tuturdu. O, hom-
¢inin qaz hasilatinin artirilmasi programinin hazirlanmasinda da istirak edib. Bels ki, 2006-c1 ilds onun hazir-
ladig: ikiillik tadbirler programinin magsadi SOCAR-1n qaz hasilatinin shomiyyatli deracads artirilmasi idi.
Program ¢ar¢ivasinds Giinosli, Bulla-doniz, 8 Mart vo Bahar kimi yataqlarda yeni qaz quyularinin qazilmasi
vo digor todbirlor nozordo tutulmusdur ki, noticodo 6lkomiz xaricdon tobii qaz idxalindan imtina edo bilmisdir.

Istehsalat foaliyyatindo qazandig1 zengin praktiki tocriibeni dorin elmi biliklorlo vehdotds inkisaf etdiron
Akif Norimanov uzun illor orzinde yorulmaz vo mohsuldar elmi faaliyyat gostorarok Azarbaycan neft-qaz
geologiyasi elminin inkisafina misilsiz tohfolor vermis, 6z fundamental arasdirmalari, elmi osorlori vo zongin

pesaokar irsi ilo milli geologiya elminin tarixinds layiqli vo motebar yer tutmusdur.
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Onun elmi foaliyyetinin on miithiim mdvzularindan biri Conubi Xazor hdvzasinin neft-qaz yataqlarinin for-
malagmasi1 masalasidir. 1980-ci illorden baslayaraq bu istiqgamatds sistemli tadqiqatlar aparib. Onun hazirladig
konsepsiyada neft-qaz yataqlarinin yaranma mexanizmlori, miixtolif tipli geoloji tolalorin formalagma vaxti,
neftin yaranmasi vo miqrasiyast kimi mosalolor arasdirilib.

Conubi Xazor hovzasinds dorinds yatan horizontlarin neftqazliliq perspektivlerinin elmi osaslandirilmasi
istigamatinda Akif Norimanovun xidmatlorini xiisusi qeyd etmok lazimdir. Onun bu todqiqatlarinin naticalori
1984-cii ildo XXVII Diinya Geoloji Konqresinde moruzs olunub, genis miizakirolor dogurub vo SSRi Elmlor
Akademiyas1 sisteminds homin ilin on yaxs1 elmi islori siyahisina daxil edilib.

Bu dorin aragdirmalarin naticasi olaraq o, 1983-cii ilds geologiya-mineralogiya iizro “Conubi Xozorin qorb
selfindo neft vo qaz yataqlarinin formalagmasi (axtaris islorinin perspektivli istiqamatlorinin miisyyanlosdiril-
masi ilo slagadar)” mévzusunda elmlor namizadliyi dissertasiyasini, 1990-c1 ilds “Darin ¢okiintiilorin neftqaz-
liliginin geoloji asaslar1 (Conubi Xazor ¢okokliyi timsalinda)” mévzusunda doktorluq dissertasiyasini miidafio
etmisdir.

Onun elmi ssarlori Azorbaycanla yanasi beynslxalq elmi nosrlords do dorc olunub. O, AAPG va EAGE
kimi beynslxalq toskilatlarin todbirlorinds ¢oxsaylt moruzslarlo ¢ixis edib. 2014-cii ildo Akif Norimanovun
hommiisllifliyi ilo Azarbaycanin neft geologiyasinin tarixina hasr olunmus “Prometeyden bu giine qodor: Azor-
baycanda neft geologiyasmin yaranmasi vo inkisafi tarixi” adli kitab1 nasr etdirib. Bu foaliyyati naticesinds o,
Conubi Xozar hovzasinin neft-qaz geologiyasi tizra miitoxassis kimi dlkamizds vo beynalxalq elmi dairalorde
ds taninib. O, uzun illordir ki, Azarbaycan Respublikasinin Prezidenti yaninda Ali Attestasiya Komissiyasinin
eksperti olaraq pesokar elmi kadrlarin hazirlanmasinda istirak edir.

Akif Norimanovun elm sahasindoki faaliyyatinin basqa bir istiqgamati “Azarbaycan Geoloqu” elmi biilleteni
ilo baghdir. O, 2014-cii ildon nasrin bas redaktorudur.

Coxsaxali istehsalat vo elmi foaliyyati ilo yanasi, Akif Norimanov 18 il arzinds avazgilik osasinda Azor-
baycan Dovlot Neft vo Sonaye Universitetindoa professor kimi pedaqoji foaliyyst gdstormis, zongin elmi vo
istehsalat tocriibasini ganc naslo dtiirarok miixtslif geoloji fonlari todris etmisdir.

Akif Norimanovun pesokar, elmi vo ictimai foaliyysti yalniz 6lke miqyasi ilo mohdudlagmamis, onun tosob-
biislori Azarbaycanin neft-qaz geologiyasi sahasinds beynolxalq omokdagligin inkisafina da xidmot etmisdir.
AAPG toskilatinin faal {izvii olaraq o, 1990-c1 illords Azarbaycanda neft geologlarinin pesokar toskilatlanma-
sinda mithiim rol oynayib va Azorbaycan Neftci Geologlar1 Comiyyatinin yaradilmasinin tosobbiiskarlarin-
dan vo qurucularindan biri olub vo uzun miiddot togkilata rohborlik edib. Eyni zamanda Avropa Yer Elmlori
Alimlori vo Miihondislori Assosiasiyast (EAGE) ils do foal amokdasliq edib ve onun Azarbaycan bdlmasinin
inkisafinda istirak edib.

Akif Norimanovun foaliyyati yalniz elm vo dovlat neft sirkati ilo mohdudlagsmayib. O, Azarbaycanin neft
xidmeotlori sektorunda beynolxalq sirkotlorlo miistorok miiossisalorin yaradilmasinda da istirak edib. Onun
tagabbiisii ilo 1995-ci ildo SOCAR vo Hollandiyanin Fugro sirkati ilo “Azari-Fuqro”; 1999-cu ilds Schlumber-
ger ilo “Azlab”; 2005-ci ildo ABS-nin Target sirkati vo Siemens ilo “Oil & Gas ProServ’” miistorak miiossisalori
yaradilmisdir. Akif Norimanov bu miisssiselorin direktorlar suralarina rohbarlik edib.

Zongin istehsalat, elmi vo ictimai foaliyyatine gore Akif Norimanov miixtalif elmi vo pesakar toltiflors layiq
goriiliib, o climlodon Azarbaycan Respublikasinin “Omaokdar Miihandisi” foxri adina va Prezident togatidiine;
Ukrayna Geologlar Komitasinin qizil medalina, AAPG Special Award miikafatina. AAPG-nin xiisusi miikafati
onun neft geologiyasina, xiisusilo Conubi Xozor hdvzosinin dyronilmasine, Azorbaycan Neft¢i Geologlar1 Co-
miyyatinin yaradilmasina vo gonc geologlarin inkigafina tohfalori ilo slagalidir.

O, homginin Rusiya Tobii Elmlor Akademiyasinin vo Avropa Akademiyasinin tizviidiir.

Zongin elmi irsini va ¢oxillik pesokar tocriibasini boyiik ozmlo davam etdiron Akif Norimanov elmi va icti-
mai faaliyyatini ugurla siirdiiriir, Azorbaycan neft geologiyasi elminin va neft sonayesinin inkisafina 6z doyarli
tohfalorini vermokdo davam edir. Azorbaycan Neftci Geologlar: Comiyyatinin Idaro Heyatinin sadri kimi o,
ganc geologlarin pesokar inkisafina, onlarin miiasir elmi biliklore yiyalonmasine vo milli geologiya maktabinin
onanalarinin layiqince davam etdirilmasine xiisusi digqot vo qaygi gostarir.

Akif musllimin zongin hayat yolu, ¢oxillik elmi va istehsalat foaliyyati, Azorbaycan neft geologiyasinin
inkisafina verdiyi tohfalor vo gonc naslin yetigdirilmosinde gostordiyi fodakar xidmatlor bdyiik ehtiram va
minnoatdarliq dogurur.

Akif Oli oglu Naorimanovu 80 illik yubileyi miinasibatilo samimi-galbden tobrik edir, ona méhkom can-
saglig1, uzun Omiir, tiikonmaz enerji, galacok faaliyyotinds ugurlar vo dogma Azsrbaycan neft geologiyasinin
inkisafi namina qarsidaki illords do ugurlar arzulayiriq!

SOCAR-1n vitse-prezidenti
Arzu Cavadova
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