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Baki Enerji Hoftasi

Iyunun 1-do Azorbaycan Respublikasinin
Prezidenti ITham Oliyev Baki Ekspo Morkazin-
do Baki Enerji Hoftoasi ¢orgivasinds kegirilon
31-ci Beynolxalq Xozor Neft vo Qaz Sorgisi
“Caspian Oil and Gas”, 14-cii Xozor Beynolxalq
Tomiz Enerji Sorgisi “Caspian Power” va 31-ci
“Baku Energy Forum™un rosmi agilis morasi-
mindos ¢ix1s edib:

-Sabahiniz xeyir, xanimlar vo conablar.

Mon “Baki Enerji Hoftosi’nin biitlin isti-
rak¢ilarini salamlayiram, bu ciir boytik todbira
ugurlar arzu edirom.

Artiq geyd edildiyi kimi, Xozor Neft vo Qaz
Sorgisi miiasir Azarbaycanin enerji inkisafinin
blinovrasini qoydu. Vaxt otdikkco o doyisdi,
daha boyiik viisot ald1 vo hazirda ¢oxsayli tod-
birlor vo xeyli faydali morasimlorlo yadda qa-
lan “Baki Enerji Hoftosi” adlanir. Hagli olaraq
bildirildi ki, diinyanin an iri qaz yataqlarina aid
“Sahdoniz-1” miqavilesi daqiqlikla 30 il ov-
val, 1996-c1 ilin iyununda imzalanib. Belsliklo,
say1 artan Olkalorin enerji tohliikasizliyina tohfa
veran Azarbaycanin miiasir qaz hasilatinda yeni

sohifo acildi. Bu tadbirin shomiyyaeti, ham¢inin
ABS Prezidenti Donald Trampin nazakatli mok-
tubunda oks olunub.

Bu bir daha gostorir ki, “Baki Enerji Hofto-
si” qglobal enerji sohnasinds haqigaton aparici
todbirlorden biridir. Mon nozakatli moktubuna
goro Prezident Trampa ¢ox minnotdaram vo
homginin todbiro moktub gondormis Tiirkiyo
Prezidenti Ordogana vo Birlogmis Kralligin Bag
naziri Starmera tosokkiirtimii bildirirom.

Enerji masalosini yenidon normal macraya
qaytardigina goro Prezident Trampa daha bir
togokkiir diisiir. Hamimiz bilirik ki, uzun illor
neft vo qaz hasilati ilo moggul olan 6lkolor vo
sirkotloro damg@a vurulurdu, bezon garayaxma
obyektina ¢evrilirdilar, planetin dagidilmasinda
itttham olunurdular. Hor hans1 asas olmadan, ic-
timai royls kiinco sixigdirilirdilar.

Prezident Tramp bu trendi doyisdi vo bu,
haqigoton ola hadiss oldu, ¢linki hamimiz bilirik
ki, hotta bozi iri neft sirkotlori dirnagarasi miia-
sir trends uygun olmaq xatiring 6z adlarini doayi-
sirdilor. Lakin realliq tamamils forglidir. Diinya
faydali qazinti olmadan yasaya bilmoz. Hami-
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miz daha yaxs1 iglimi, planetin qorunmasini
istayirik. Lakin bu giin biz pragmatik olmaliyiq,
enerji tohliikosizliyi vo homginin barpaolunan
enerjiyos sormays yatirmaqla yanasi, 6z goloco-
yimizi planlagdirmaliyiq. Diisiinlirom, irsliyo
dogru aparan yol belodir!

Bir s6zlo, hesab edirom ki, hazirda qglobal
enerji sohnosindo bas veron hallar ABS Pre-
zidentinin ¢ox miidrik vo pragmatik siyasoti
sayosindo orsoyos golmisdir. Hamimiz ona bir
daha minnotdariq. Olkolor neft vo qazin méov-
cud olmasina gora giinahlandirilmali deyil, ¢iin-
ki neft vo qaz digor adi omtos kimidir. Har bir
0lko torpaginin tokindo vo ya donizinin dibindo
olan1 6z inkisafi iiciin istifado edir. Oz miistoqil-
liyinin ovvsalinds Azorbaycanda mohz belo hal
idi. Neft vo qaz bizim iigiin miistoqil 6lko kimi
yasamagin yegand yolu oldu. Beloliklo, 6lkolor
neftin olub-olmamasi ilo deyil, galirlordon neco
istifado etdiklorino goro miithakimo edilmalidir.
Diqget yetirilmalidir ki, 6z 6lkesinin inkisafi,
xalqmin daha yaxs1 yasayis soraitinin tominati,
yasil giindalik masalolorino enerjinin istehsa-
lindan oldo edilon vosaitlori onlar neco sormayo
kimi yatirirlar. Diisliniirom ki, Azorbaycan ¢ox
bariz nlimunadir. Biitiin bunlar gostorir ki, 6lko-
nizi beynoalxalq sormayaslors agiq edonds, milli
maraqlara osaslanan miidrik siyasot aparanda
siz ugur qazanirsiniz.

Hormotli istirakgr vo toskilatgr torafindon
qgeyd edildi ki, Azorbaycanin enerji inkisafi
1994-cii ilds baglad1. Yeri golmiskon, togkilatci-
lara da 6z dorin tosokkiirtimiizi bildiririk. Ogor
1994-cii ilo nozor salsaq, ke¢misdo Azorbay-
canin ¢ox agir voziyyotdo oldugunu gors bilo-
rik. Olko iqtisadi baximdan tam qarisiq, siyasi
baximdan geyri-sabit idi. Orazinin toxminon 20
faizi Ermonistanin isgali altinda idi. Bir mil-
yon qag¢qin var idi vo homin vaxt, bu, ola bil-
sin, adam basina diison on yiiksok qagqin say1
idi. Bizim heg¢ bir vesaitimiz yox idi. Elektrik
enerjisini idxal edirdik. Biz hotta tobii qazi1 idxal
edirdik. Yoxsulluq saviyyasi 50 faizdon artiq idi.
Issizlik genis yayilmisdi. Miistaqil 61ko kimi ya-
samaq vo iraliyo getmokdo bizim li¢lin yegana
yol sahib oldugumuz tobii sorvatlordon istifado
idi. Azorbaycan ilk 6lko idi ki, Xozorin ehtiyat-
larin1 beynolxalq neft sirkatlorine aciq etdi. Ho-
min vaxtdan etibaran ¢ox hadisalor oldu.

Ogor bu giin biz Azorbaycana noazor salsaq
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homin transformasiyaya goldikdo, bu sorvot-
lordon neco istifado etdiyimizo, onun yenidon
sosial infrastruktura, tohsils, sshiyyays, enerji
sahasinin inkisafina yatirdigimiza osason deyo
bilarik ki, 6lkalor neca inkisaf etmalidir vo bu
yol 1990-c1 illorin avvalinds iizlosdiyimiz eyni
problemlordon miioyyon doracads aziyyat ¢okon
Olkalor tli¢lin 6rnok olmalidir.

Bu giin Azaerbaycanin iqtisadi faaliyyoti ¢ox
miisbotdir. Aparici beynolxalq reyting agentlik-
larindoki reytinqimiz ildon-ilo artir. Hazirki vo-
ziyyota gora bizim artiq investisiya doracali rey-
tinqimiz var. Yoxsulluq soviyyesi 5 faizo enib,
igsizlik do togribon eyni rogom soviyyasindadir.
Biz xarici borcumuzu ohomiyyatli dorocado
azalda bildik. Baslangicda biz borc gotiirmok
macburiyyoatindo idik, lakin sonra strategiya-
miz borc gotlirmoyi dayandirmaq vo borclari
06domak oldu ki, biz istenilon beynalxalq ma-
liyys institutundan asili olmayaq. Bu giin bizim
xarici borcumuz diinyada on asag1 xarici borc-
lardandir va o, taqribon timumi daxili mohsulun
6 faizindon ¢oxdur.

Biz ehtiyatlarimizi Dovlot Neft Fondu vo
Morkozi Bankda topladiq. Beloaliklo, ehtiyat-
larimiz xarici borcu 18 dofodon ¢ox iistoloyir.
Biitiin bunlar birinci névbada bizim tabii sorvot-
lorimizdon diizgiin istifads etdiyimizo gors bas
verdi. Biz hom investorlara, hom do ev sahibi
Olkosino gazanc gotiron voziyyaeti yaratdiq. Biz
milli maraqlar tizorinds dayanan ¢ox pragqmatik
siyasot hoyata kecirtdik vo 15imizo miidaxilo et-
mak, biza pis maslohat vermak istayanlora qulaq
asmadiq. Biz hor bir isi strategiyamiz osasinda
etdik. Biitiin taktiki gedislorimiz homin strategi-
yaya osaslanirdi. Biz demok olar ki, 30 il orzin-
do isgal altinda galmis torpaqlarimizi azad edon
giiclii ordu qurduq. Biz comi 44 giin orzindo
Ermonistan1 tamamilo moaglub etdik vo kapitul-
yasiya aktini imzalamaga macbur etdik. ©lbotto
ki, miiharibado golobo dedikds, sadaco, pul vo
hotta silahlar nozordo tutulmur. S6hbot doyiis
ruhundan gedir. Lakin golin etiraf edok, ordunu
qurmaq t¢lin pulumuz olmasaydi, yaqin ki, bu
giin holo do torpaqlarimiz iggal altinda olardi.
Beloliklo, Azarbaycanin inkisafi, - istor sosial,
iqtisadi, harbi, istorso do xarici siyasoat olsun, -
biitiin bunlar onu niimayis etdirir ki, tobii sarvat-
lordon diizgiin istifado olunan zaman onlar bir
cox ustiinliiklors yol aga bilar.

Enerji tohliikasizliyi. Biz hamimiz ondan da-
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nisiriq, xtsusilo indi Yaxin Sorqdoki bohran bir
cox Olkalarin, istehsalg1 va istehlakgilarin ener-
J1 tohliikasizliyine ciddi zarbs vurdugu vaxtda.
Biz bunun {izoerindo uzun illor ¢alismisiq. Biz
boylik sormayolor yatirmisiq vo Xozor donizini
Araliq donizi ilo ilk dofo birlogdiron Baki-Tbili-
si-Ceyhan, Xozar donizini Qara donizlo birlos-
diron Baki-Supsa neft komorlori kimi irimiqyas-
It infrastruktur layiholorino baslamisiq. Conubi
Qafgaz gqaz komori ilo gilinlimiiziin on iddiali
enerji infrastruktur layihslorindon biri olan Co-
nub Qaz Dohlizini toskil edon TANAP vo TAP,
Trans-Anadolu vo Trans-Adriatik qaz komarlori
3500 kilometr uzunlugunda birlogmis boru xatti
sistemindan ibaratdir. Layihanin bir hissasi yiik-
sok dagliq arazidon kegir, bir hissasi iso donizin
dibi ilo gedir. Bu giin bu layiho say1 artmaqda
olan 6lkalorin enerji tohliikosizliyini tomin edir.
Biz bu layihoys basladiq vo bizimle birlikde
olan torofdas 6lkalors vo sirkatlors minnotdariq.

Bu giin Avropa enerji bazarmin Conub Qaz
Dohlizi olmadan neco olacagini tosavviir etmok
cotindir. Qeyd etdiyim kimi, biz say1 artmaqda
olan 6lkalori qazla tochiz edirik. Kecon il bu-
rada — “Bak1 Enerji Hoftosi’ndo mon auditori-
yaya malumat verdim ki, Azarbaycan qazini 12
6lks alir. Bu giin onlarin say1 16-dir vo onlar-
dan 10-u Avropa Ittifaqmna iizv olan 6lkolordir.
Bu o6lkolorin say1, olbatto ki, artacaqdir. Boru
xotti 1lo qazin miixtolif 6lkolora noql edilmosi,
orazi vo cografiya kimi parametrlors baxsaniz
gorarsiniz ki, biz diinyada birinciyik. Biz qaz to-
chizatimiz1 artiracagiq. Yeri golmigkon, bu giin
bizda bir ne¢a sanadin imzalanma marasimi ola-
cag. Mon xiisusilo “Azori-Ciraq-Giinogli” dorin
qaz layihosini vurgulamaq istoyirom, biz bunu
belos adlandiririg. Bu layiho {izro Abseron yata-
g1 va bir ¢ox diger yataqlarla yanasi, slave qaz
hasil edilocokdir. Belsalikls, bizim global enerji
tohliikosizliyine tohfomiz, olbotto ki, artacag-
dir. Diizgiin enerji siyasati bizo Azarbaycandan
xarico sormayo yatirmaga imkan verdi. Otuz il
bundan ovval biz investorlar1 calb edirdik. Indi
159 0z investisiyalarimizla xarica ¢ixiriq. Bu giin
Dovlot Neft Sirkoti — SOCAR Yaxin Sorq, Afri-
ka vo Markazi Asiyaya investisiya yatirir vo bu
cografiya daha da genislonocok.

Biz Xozor donizinin sorq sahillorindo yerloson
dost va torofdaglarimiz ii¢lin miihiim tranzit im-
kanlar1 toqdim edirik. Morkozi Asiyadan hasil
olunan neft Azorbaycan orazisindon kegorok
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beynalxalq bazarlara ¢ixarilir. Umid edirom ki,
yaxin galacokda tabii qazla bagl da eyni s6zlori
deya bilacayik.

Biz emal sonayesindo yliksok doracado
saxalondirilmis imkanlar yaratmisiq. Bu giin
SOCAR-1n neft emali giicii 30 milyon tondan
artiqdir. Bu yaxinlarda “Italiana Petroli’nin sa-
tin alinmasi naticasinds Araliq donizi hovzasin-
doki emal giiclimiiz 13 milyon tondan 23 milyon
tona yiiksolmisdir. Belolikla, biz yalniz neft vo
gaz deyil, hom do neft mohsullarini tochiz edi-
rik. Bununla yanasi, elektrik enerjisi, neft-kim-
ya mohsullar1 vo borpaolunan enerji sahosindo
ds ixrac imkanlarimiz mévcuddur. Bu istiqgamat
foaliyyotimizin asas prioritetlorindon biridir. Ar-
tiq geyd etdiyim kimi, 6lkslor sahib olduglari
neft ehtiyatlarina asason deyil, homin resurslar-
dan oldo olunan golirlori neco idars etdiklorino
va barpaolunan enerjiyo neco sarmays yatirdig-
larina gora qiymatlondirilmalidirlor.

Movcud qaz ehtiyatlarimiz on azi novbeti
yiiz il arzinde hom 6lkomizin, hom do torafdas-
larimizin tolobatin1 6domoyo kifayot edocokdir.
Oslinda, bu ehtiyatlar nazars alindiqda, elektrik
enerjisinin istehsali {iclin alavo monbolors ehti-
yacimiz olmazdi. Lakin masuliyyotimiz bizden
barpaolunan enerji monbalorino sarmays yatir-
mag1 tolob edir. Biz bunu edirik. Torofdaslari-
mizla birlikds investorlar {i¢iin olduqca olverigli
sorait yaratmisiq. Bu sorait mahiyyot etibarilo
Oton osrin 90-c1 illorinin avvallorinds neft girkot-
lari ticlin yaradilmis imkanlara banzoyir. Bu giin
eyni amokdasliq ruhu vo investisiyaya aciq ya-
nasma barpaolunan enerji sektorunda foaliyyot
gostoran sirkatlors do totbiq olunur.

Artiq bir sira layihalorimiz istismar marhale-
sindadir. Goalan ilin sonunadak Giinas vo kiilok
enerjisi lizro iimumi giliclimiiz 2 giqavata ¢ata-
caq. 2032-ci ilin sonunadak iso bu gostorici 8
giqavat togkil edacok. Ogor faal sokildo inkisaf
etdirdiyimiz hidroenerji potensialin1 da nozore
alsaq, xtisusilo Qarabagda vo Sorqi Zongozurda
artiq 300 meqavatdan c¢ox giic istifadays veril-
misdir. Bu da 6lkomiz tigiin slavo enerji poten-
sial1 yaradir. Homin potensial neft vo qaz ixraci-
mizi tamamlayan bir manbaya ¢evrilocokdir.

Bu giin biz torofdasglarimizla enerji kabeli la-
yihalori tlizra six amokdaslq edirik. Texniki-iqti-
sadi asaslandirma morhalosinin artiq yekunlagmaq
izra oldugu “Qara doniz Enerji Kabeli” layihosi
Azorbaycani Giirclistan, Qara doniz vasitasilo Ru-
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miniya, Macaristan vo digor dlkolorlo birlosdire-
cok. Azarbaycan—Giirclistan—Tiirkiya—Bolqaristan
marsrutu lizra quruda ¢akilocak elektrik kabeli la-
yihasi do hazirda icra marholasindadir. Bu yaxin-
larda homin 6lkslorin hkumat niimayandalarinin
¢ox somarali goriisii kecirilmisdir.

Biz, homg¢inin Morkozi Asiyadaki torofdas-
larimizla birlikdo Xozorin sorq sahillorindon
Azorbaycana qador uzanacaq yasil enerji kabeli
layihasi tizorinds isloyirik.

Beloliklo, sohbot genis cografiyani ohato
edon boylik omokdasliq mokanindan gedir vo bu
bagliliq yalniz naqgliyyat sahasi ilo mohdudlas-
mir. Halbuki, naqliyyat sahasindos olds etdiyimiz
nailiyyatlorlo do haqli olaraq foxr eds bilorik.
Domir yolu vo avtomobil yolu infrastrukturuna
qoydugumuz sormayolor sayosindo yeni nog-
liyyat dohlizlori agmisiq va qitolori bir-biri ilo
olagolondirmisik.

Sorg-Qorb dohlizi ugurla foaliyyot gdsto-
rir. Siibhasiz ki, Sorq-Qorb dohlizinin yeni qolu
olacaq Zongozur dohlizi do insa edilocokdir. Bu,
oton il avqustun 8-do A§ Evdo Amerika Birlogmis
Statlarinin Prezidenti, Ermonistanin Bas naziri vo
monim torafimdon imzalanmis sonado osaslanir.
Biitlin bunlar hamimiz ii¢lin boyiik sorvatdir.

Xisusilo vurgulamaq istodiyim digor bir
mosalo 159 ondan ibaratdir ki, biitiin bu nailiy-
yatlor yiiksoksoviyyali diplomatik foaliyyat no-
ticosindo miimkiin olmusdur. Ciinki Azorbaycan
donizo birbasa ¢ixis1 olmayan Olkadir. Bizim
diinya okeanlarma ¢ixisimiz yoxdur. Bu sobab-
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don enerji resurslarimizi ixrac etmok tigiin digor
Olkolorin orazisindon kegmok zorurati yaranir.
Buna nail olmagq ti¢ilin iso yalniz qonsularinizla
deyil, qonsularinizin qonsulari ilo do yaxs1 mii-
nasibatlor qurmalisiniz. Biz buna nail olmusug.

Qeyd etdiyim kimi, bu giin Conub Qaz Doh-
lizi vo onun genislondirilmis marsrutlar vasito-
silo Azorbaycanin qaz1 16 6lkoys catdirilir. Bu
6lkalorin hor biri ilo danisiqlar aparmisiq, sazis-
lor imzalamisiq, fikir ayriliqlarin1 aradan qaldir-
misiq vo imzalanma morasimlori togkil etmisik.
Naticoda genis monada regional omakdasligin
coxsaxali vo ohatoli format1 meydana golmisdir.
Bu prosesds aparici qiivve yens do Azorbaycan
olmusdur. Bu, bizim resurslarimiz idi. Bu, bizim
togobbiislorimiz idi. Osas etibarilo, mohz bizim
investisiyalarimiz bu genis amokdagliq formati-
nin yaranmasini tomin etmisdir.

Ominom ki, ononovi olaraq “Baki Enerji
Hoftosi” bu dofs do ugurlu noticolor veracok-
dir. Bir ne¢o dogigodon sonra bu naticalorin
bir gqisminin sahidi olacagiq. Lakin ominom ki,
aparilan miizakirolor, tomaslar, yeni ideyalar vo
noticoyoniimlii planlar hamimiz {iclin faydal
olacaqdir. Bir daha bizimls birlikds oldugunuza
gora sizo tosokkiir edir, “Baki Enerji Hoftosi ’no
ugurlar arzulayiram.

Diqqotiniza gora tosokkiir edirom.

Xalq qazeti Ne94 (31063)
2 iyun 2026-c1 il
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Analysis and evaluation of chemical analysis results
of produced waters using statistical methods
(on the example of the Puta deposit)

V.G. Ibadova, N.N. Khalilov, PhD in Tech. Sc.
"Oil-Gas Scientific Research Project” Institute

e-mail: vafa.q.ibadova@socar.az

Keywords: statistical analysis, cluster analysis, correlation matrix, descriptive statistics,

Puta deposit, produced water, oil and gas field.

Produced waters are of great importance in geological and hydrogeological studies. The correct analysis
of their quality is of great importance for determining the hydrocarbon prospectivity of exploration areas,
reserves estimate of oil, gas, and condensate fields, monitoring field development, regulating technological
processes, and environmental protection. Statistical methods can be used to determine the physical and
chemical properties of produced waters and assess their quality. The use of these methods allows for a more
accurate and objective analysis of the results. The systematization of collected data, identification of changes,
and categorization of quality through statistical analysis enhance research credibility and contribute to sound
decision-making.

Overall, the conducted research indicates that the systematic application of statistical methods is of great
importance in the scientific assessment of the quality of produced waters. This approach not only enhances
data accuracy but also creates a robust scientific foundation for building hydrogeological models, mitigating
environmental risks, sustainable water resource management, and the exploration and development of oil, gas,
and condensate fields.

Statistik metodlarla lay sularinin kimyavi analiz naticalarinin tahlili ve qiymatlandirilmasi

(Puta sahasi timsalinda)

V.Q. ibadova, N.N. Xalilov, t.i.f.d.
“Neftgazelmitadqigatlayiha” institutu

Acar sozlar: statistik analiz, klaster analizi, korrelyasiya matrisi, deskriptiv statistika, Puta sahasi, lay suyu, neft-
gaz yatagu.

Lay sulari geoloji-hidrogeoloji tadgigatlarda mihim shamiyyste malikdir. Onlarin keyfiyyatinin dizgln
tohlili axtaris-kasfiyyat sahalarinin neft-qaz perspektivlik daracasinin misyyan edilmasi, neft, gaz-kondensat
yataglarinin ehtiyatlarinin hesablanmasi, yataglarin islonmasina nazarat ve prosesin tanzimloanmasi, straf
muhitin qorunmasi baximindan boylik 6nam dasiyir. Lay sularinin fiziki-kimyavi xisusiyyatlarinin miayyan
edilmasi va keyfiyyatinin giymatlandirilmasi statistik metodlarin tatbigine imkan yaradir. Bu metodlarin
tatbigi naticalarin daha daqiqg va obyektiv tahlil edilmasina imkan verir. Statistik analiz sayasinds toplanmis
malumatlarin sistemlasdirilmasi, dayisikliklarin askarlanmasi, keyfiyyat kateqoriyalarina bélinmasi tadgigatin
etibarligini artirir ve muivafiq gararlarin gabulunu asanlasdirir.

Umumilikds aparilmis tadgiqatlar gostarir ki, statistik metodlarin sistemli tatbiqi lay sularinin keyfiyyatinin
elmi asaslarla giymatlandirilmasinde mihim shamiyyat dasiyir. Bu yanasma takca malumatlarin daqigliyini
artirmir, ham ds hidrogeoloji modellarin qurulmasi, ekoloji risklarin azaldilmasi, su ehtiyatlarinin dayanigl idars
olunmasi, neft, gaz-kondensat yataglarinin axtaris-kasfiyyati, islanmasi tiglin etibarli elmi baza yaradir.
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B.I. M6agosa, H.H. Xanunos, 4.¢.T.H.
HUTMNHedTeras

AHannz m OLLeHKa pe3y/ibTaTOB XUMUNYECKOro aHa’s/inda nJjiaCtoBbix BOj,
C UCNOJiIb30BaHNEM CTaTUCTUUHECKUX MeToAO0B (|-|a npumMmepe MmecTopoXxaeHus HYTa)

KnroueBble cnoBa: CTaTUCTUYECKUIA aHANU3, KIACTEPHbIV aHaNN3, KOPPENALVOHHas MaTpuLa, onvcatensbHas
cTaTUCTUKa, MecTopoxaeHue MyTa, niactoBas BoAa, HepTerazoBoe MeCTOpoOXaeHue.

MnacToBble BOAbI MMEHOT BaXKHOE 3HaYeHMe B Fe0IOrMYeCcKX U TAPOreoNornyecknx nccnegoBanumsx. Mpa-
BWIbHbIN aHain3 UX KayectBa urpaet 60/bllyt0 poab NpU onpeaeneHnn HepTerasaoHOCHON MepcneKTMBHO-
CTW MOWCKOBO-Pa3BeOYHbIX MIOLLAZEN, MOACUETE 3aMacoB HEPTAHBIX U ra30KOHAEHCATHbLIX MECTOPOXAEHWI,
KOHTpOJIe 3a Pa3paboTKOV MECTOPOXAEHUM 1 PErYINPOBaHNM MPOLIECCOB, a Takxke B 0becrneyveHnr oxpaHbl
okpy>KatoLLen cpeabl. OnpeseneHvie GU3NKO-XMMUUYECKNX CBOMCTB MIACTOBbIX BOA W OLeHKa UX KadyecTBa CO3-
[At0T BO3MOXHOCTU ANA MPUMEHEHUS CTaTUCTUYECKUX MeToZoB. /cnonb3oBaHme 3TMX METOAOB MO3BO/AET
NPoOBOANTL B0JIee TOUHbIN U OOBEKTUBHbBIV aHanW3 pe3y/bTaToB. CTaTUCTUYECKUIA aHaamn3 obecrneyrBaeT Cu-
cTemMaTm3aLnio cobpaHHbIX AaHHbIX, BbIABJEHME U3MEHEHUI 1 UX KaaccudurKaLMio No nokasaTensamM KayecTsa,
YTO MOBbLILLIAET HAAEXHOCTb CCNeAOBaHMI U 0baeryaeT NPUHATE OBOCHOBaHHbIX PeLLeHNI.

B uenom npoBeséHHbIE MCCIEA0BAHNA MOKa3bIBAOT, YTO CUCTEMATMYECKOe NPUMEHEHMNEe CTaTUCTUYECKUX
METOAOB MMEEeT BaXHOe 3HaueHne AN Hay4yHO 06OCHOBaHHON OLIEHKM KayecTBa NAacToBbIX BOJ. Takon noj-
XOZ, He TONIbKO MOBbILLAET TOYHOCTb AaHHbIX, HO U GOPMUPYET HaZEXHYIO HayUHYHO OCHOBY A/ MOCTPOEHUA
TMAPOreoNorMUecknUX MoAeNner, CHUXEHNA 3KONOTMYECKUX PUCKOB, YCTOMYMBOrO yNpaBAeHUa BOAHbIMU pe-
cypcamu, a TakxKe A8 NMOoVCKOBO-pa3BeAoYHbIX PaboT 1 pa3paboTkm HePTAHBIX M ra30KOHAEHCATHbIX MEeCTO-

POXKAEHWIA.

Introduction

Since the processes of formation, migration,
accumulation, and dispersal of oil and gas in res-
ervoirs are influenced by produced waters, var-
ious forms of interaction are observed between
them. The intensity of this interaction depends
on the amount and type of organic matter from
which oil and gas were formed in the layers, the
existing thermobaric conditions, the mineralog-
ical composition of the rocks and the chemical
composition of the produced waters.

During lithogenesis (protocatagenesis, me-
socatagenesis, metamorphism) in sedimentary
complexes rich in organic matter, various gases
(CHa4, C2Hs, CsHs, CaHio, CO2, H2S, NHs, etc.),
hydrocarbons (alkanes, cycloalkanes, arenes), as
well as nitrogen, phosphorus, and oxygen com-
pounds are formed. Many of these substances
are well soluble in formation water (CHa4, NHs,
H-.S, CO., CsHs, C-/Hs, etc.). Thus, the study of
oil fields and their host produced waters reveals
high anomalous concentrations of these com-
pounds, which justifies their use as an important
indicator in the exploration and prospecting of
oil, gas, and gas condensate fields.

Thus, during geological exploration in vari-
ous regions, hydrogeological models of the re-
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gion or territories similar to it in geological and
hydrogeological terms can be created and com-
pared. Based on this comparison, the degree of
similarity between deposits can be used to deter-
mine their oil and gas potential [1-3].

It is important for studying produced waters,
monitoring oil field operations, and managing
processes. By analysing the chemical compo-
sition, pressure and temperature of water taken
from production wells, it is possible to deter-
mine the reservoir or horizon to which this wa-
ter belongs. This, in turn, helps to control the
dynamics of the oil-water contour and provides
an accurate assessment of the hydrodynamic
state during field development [4, 5].

Geology of the Puta deposit

The Puta deposit is part of the Lokbatan-Pu-
ta-Gushkhana oil and gas field. The field is ad-
ministratively located in the Garadagh district
of Baku. The field is bordered by the Yasamal
gorge to the east and south-east, the Guzdek
plateau to the north, and the Bakugulagy upland
to the south. The territory includes flat areas in
its eastern and western parts, including a massif
where the mud volcano of the same name is lo-
cated.

GEOLOGIYA VO GEOFIzZIiKA
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The relief of the Lokbatan-Puta-Gushkhana
basin consists mainly of foothill plains, low hills
and sloping slopes. Geologically, the structure
of the territory includes the Absheron and Ag-
chagil tiers, Productive layer and Miocene de-
posits.

The Puta-Gushkhana anticline structure has
an asymmetrical structure similar to the Lok-
batan anticline in terms of morphological fea-
tures. A comparison of the structures shows that
the northern wing of the anticline had a slight
slope, while the southern wing was steeper, with
a slope of about 45-60°. Based on data from
structural exploration wells, it has been estab-
lished that a breccia cover develops along the
axis of the fold. This zone, disturbed by volca-
noes, is observed in the arc-shaped part of the
Puta-Gushkhana anticline, along a narrow strip.

The first exploratory well was drilled at the
Puta deposit in 1925, and in 1926, 200 tonnes
of oil were produced daily from horizon III, and
the gas saturation of horizons I and II was deter-
mined. These results led to the discovery of the
first oil and gas field in the Western Absheron
region and the intensification of geological ex-
ploration work in this direction. During research
conducted in subsequent years, namely in 1927—
1929, the oil content of horizons VI and VIa was
also discovered.

According to the results of geological stud-
ies, the structure of the fold is asymmetrical, and
the arcuate part has varying degrees of fragmen-
tation and fragmentation. In addition, it has been
established that the field is rich in gas. Due to
the complexity of drilling in areas close to the
arch, horizon VIII was only discovered in 1935.
A year later, in 1936, the presence of oil and gas
in this horizon was established on the southern
wing of the Puta deposit.

Through well No. 21, drilled in 1937, the en-
tire section of the Productive layer and the upper
part of the Diatom algae deposits were explored.
In this well, located in the northern wing, the
Sub-Kirmanian Formation was not found, and
the Kirmanian Formation was identified as con-
sisting mainly of clay rocks.

Deposits from the Miocene period were dis-
covered in well No. 83, drilled at the Puta depos-
it. It is believed that layers of the Sarmat floor
were uncovered at a depth of 2130 metres in the
well. Well No. 221, located in the same area, was
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drilled to a depth of 1200 metres and entered the
Pliocene deposits. In this well, gas was recorded
at depths of 1208—-1212 and 1410-1446 metres,
and at a depth of 1478 metres, there was a strong
gas manifestation. In addition, the well reached
Miocene deposits at a depth of 1382 metres, and
tests resulted in oil flow from the Diatom I hori-
zon at a depth of 1456 metres. During the stud-
ies, an increase in clay content from east to west
was observed in the lithological composition of
the productive layer.

Research on statistical processing

In the oil industry, the main prerequisites are
the study of the physical properties and chem-
ical composition of produced waters extracted
from oil and gas condensate fields and explo-
ration areas [6—10]. Analysis of available data
on produced waters has shown that a compre-
hensive statistical approach is necessary for a
correct assessment of the hydrogeochemical
properties of a given site. The primary objective
of the study is to assess the quality of produced
waters in the Puta deposit, determine their phys-
ical and chemical parameters, and establish wa-
ter quality classes based on statistical analysis.

The analysis and assessment of produced wa-
ter quality using statistical methods were stud-
ied based on the results of chemical analysis of
produced water exploited at the Puta deposit
[11-13]. Produced water samples were taken
from 18 wells operated at the Puta deposit, and
the mineralisation of these waters, the amount
of ions contained in them, and rNa/rCl were de-
termined (Table 1).

The highest mineralisation index was record-
ed at well No. 1079: the mineralisation amount
was 82915 mg/l. The lowest mineralisation in-
dex was recorded at well No. 1269 and amount-
ed to 12722 mg/l. The amount of Na*™+K"* ions
ranges from 3840 to 27666 mg/l. The amount
of Ca*' ions ranges from 76 to 2204 mg/l. The
amount of Mg?" ions ranges from 61 to 1898
mg/l, and the amount of CI ions ranges from
5602 to 49288 mg/l. On the other hand, the
amount of SO,* ions ranges from 0 to 806 mg/1.
On the other hand, the amount of HCO," ions
ranges from 48 to 3355 mg/l. On the other hand,
the amount of RCOO" ions ranges from 114 to
1487 mg/l. On the other hand, the amount of
HB,O, ions ranges from 0 to 156 mg/l. rNa/rCl
ranges from 0.74 to 1.27. According to the Sulin
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Table 1

Well Amount of ions in water, mg/l

Mineralisation, mg/1 cr SO HCO, RCOO' HBO: rNa/ rCl

3

number

1 2 6 7 8 9 10 11 <3
262 19040 5212 691 | 973 | 34140 | 41 1625 117 52 0.74 =3
318 40021 13489 | 616 | 714 | 23034 | 26 1220 858 64 0.90 E T
322 26155 9050 140 | 314 [ 13819 | 411 1220 1201 0 1.01 o3
207 51821 17887 | 894 | 828 | 30858 | 806 48 446 54 0.89 5o
1232 16530 5442 83 94 | 6623 | 33 3355 744 156 1.27 o 2
1269 12722 3840 76 351 | 5602 | 352 1806 570 125 1.06 > 2
206 36344 12303 | 202 | 737 | 19665 | 263 | 2538 572 64 0.97 <5
256 48375 16945 | 775 | 510 | 27920 | 270 1232 629 94 0.94 E o
1076 14709 4793 94 191 | 6673 0 2147 686 125 1.11 oo
52 60000 20558 | 718 | 1243 | 35808 | 102 1049 458 64 0.89 3 )
84 25826 8252 194 669 13326 36 2538 686 125 0.96 w ;
167 23865 8320 259 | 158 | 12282 | 234 1976 572 64 1.05 O ¥
509 16735 6116 110 61 | 8998 | 267 975 114 94 1.05 Q
308 62158 19306 | 1458 | 1898 | 36911 | 82 952 1487 64 0.81 8
599 21511 7339 115 | 211 | 10581 | 165 | 2021 1001 78 1.07 Q
122 25301 8706 212 321 13396 31 2033 458 144 1.00 §
1079 82915 27666 | 2204 | 1385 | 49288 | 746 1042 446 137 0.87 =
572 60167 20727 | 826 | 934 | 34897 | 0 1764 983 36 0.92 §
3
E
el divamee classification, the waters of this aquifer mainly
- ‘ belong to the KX and NHK types.
] — Cluster analysis using the data in Table 1 was
| developed and groups of wells were grouped ac-
b cording to a number of similar parameters (Figu-
i—% re 1). In the cluster analysis, wells No. 318 and
iiii% 206, No. 207 and 256, No. 52 and 572, No. 122,
Loy No. 84 and No. 322, No. 1232 and No. 1076
' ! Y e were grouped according to a number of similar

Figure 1. Cluster analysis of produced waters from of ClOS§ Parameters' .
producing wells at the Puta field Statistical processing samples of water

chemical composition, characterising the main
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Figure 2. Variable distribution patterns
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ions (Na*+K*, Ca*, Mg*, Cl, SO.*, HCOs",
RCOO~, HB:O7"), mineralisation, rNa/rCl aver-
age statistical indicators were presented (Table 2).

with which the mean or other statistical indicators
calculated in the sample were calculated [14, 15].
The variable distribution patterns used in

Table 1

D‘Ii“e;i:ffl“““"’ Na*+K* Ca* Mg cr SO HCO;, RCOO° HBO, rNaiCl
Arithmetic mean price 35788.77 11997.43 537.08 644.01 21323.41 214.70 1641.16 668.23 85.57 0.97
Confidence interval -95.000 % 25576.48 8542.19 254.11 393.63 14790.95 94.89 1260.84 | 49621 64.63 0.91
Confidence interval +95.000 % 46001.07 15452.66 820.05 89438 | 2785587 33452 | 202148 | 84025 | 106.51 1.03
Median 25990.84 $878.36 235.50 589.50 16742.00 13350 | 169450 | 600.50 | 71.00 0.96
Minimum 12722.07 3840.07 76.00 61.00 5602.00 0.00 48.00 114.00 0.00 0.74
Maximum 82915.00 2766573 | 220440 | 1898.00 | 4928831 806.00 | 335500 | 1487.00 | 156.00 127
Lower quartile limit 19040.37 6115.95 115.00 211.00 10581.00 33.00 1049.00 | 45800 | 64.00 0.89
Upper quartile limit 51821.43 17887.43 775.00 934.00 | 34140.00 27000 | 2033.00 | 858.00 | 125.00 1.05
Persentile 10.00000 14709.46 4793.46 83.00 94.00 6623.00 0.00 95200 | 117.00 | 36.00 0.81
Persentile 90.00000 62158.12 20727.13 | 145800 | 1385.10 | 36911.00 74564 | 253800 | 1201.00 | 144.00 111
(Cd‘::g?r‘:l';:l;’f Easiaio 421725841 48276780 | 323793 | 253484 | 172558775 58051 584885 | 119662 1773 0
Standard deviation 20535.96 6948.15 569.03 503.47 13136.16 240.94 76478 | 34592 | 4211 0.12
Coefficient of variation 57.3810 579137 | 1059490 | 78.1783 61.6044 1122193 | 465998 | 51.7669 | 49.2073 | 12.5743
Standard error 4840373 1637.695 | 134121 | 118.670 | 3096223 56789 | 180260 | 81.535 | 9.925 0.029

For each parameter, the arithmetic mean, 95
% confidence interval, median, minimum and
maximum values, quartile limits, 10th and 90th
percentile values, as well as the coefficient of vari-
ation, standard deviation and standard error were
calculated. These indicators allow us to determine
the degree of distribution, variability, and overall
chemical stability of ions in the water composi-
tion. Arithmetic means show the average value
of this water parameter across all samples. On the
other hand, confidence intervals show how reli-
able the average price calculated from the selected
samples is. The standard error shows the accuracy

the study are shown (Figure 2). Each diagram
illustrates the general nature of the distribu-
tion, presenting a histogram, density curve, and
rectangular diagram. The diagrams show right-
skewed (positively asymmetric) distributions.
This means that most variables are concentrat-
ed around lower prices, but some higher prices
stretch the distribution to the right. Such cases
are usually explained by the presence of a small
number of very large values in the data.

Based on the results of chemical analysis of pro-
duced water from wells operated at the Puta deposit,
a correlation matrix was constructed (Figure 3).

HCO® RCOO HB,0" rNa/rCl Mineralization, mg/l

0.31155

0.051896 | 0.462598

+ + 2+ 2+ - 2-
Na+K' Ca Mg Cl SO,
Na+K'
Ca2+
Mg2+
Cr
Py
SO, 0.39874 | 0.428201 | 0.126903 | 0.304764
HCO} -0.44931
RCOO -0.177094 | -0.085753 | -0.240531 | -0.008286 | -0.20274 | 0.053373
7 20.20409 | -0.05366 | -0.24065 | -0.29333 | -0.09341 | 0.463461
HB,O
rNa/rCl -0.15075
Mineralization, mg/l 0380916

0.197986

-0.19673

Figure 3. Correlation matrix constructed based on the results of chemical analysis of produced water

from wells operated at the Puta deposit
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The indicators in the matrix express correla-
tion coefficients (r), i.e. they show the strength
of positive or negative interaction between vari-
ables. Correlation coefficients range from -1 to
+1, and these indicators reflect the degree of de-
pendence between variables [16-20].

The analysis shows that there is a positive
and high correlation between the main cations
(Na™+K*, Ca?, and Mg?*) as well as between
the main cations, Cl, and mineralisation (r =
0.76-0.87). This result shows that these ions are
associated with processes of the same origin,
especially with the dissolution of salts and the
overall mineralisation of water. These results
are important for assessing both the hydrogeo-
chemical zoning of the site and the variability of
water quality during operation.

Results

1. A multidimensional statistical analysis of
the chemical composition of produced waters
from exploited wells at the Puta deposit was
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Enhancing torque and drag modeling accuracy
through Python-based workflow

G.V. Jabbarova, PhD in Tech. Sc.'?, V.A. Iskandarov'’
'Azerbaijan State Qil and Industry University,
2"Geotechnological Problems of Qil, Gas and Chemistry” SRI

e-mail: gullu.cabbarova@asoiu.edu.az

Keywords: torque and drag modelling, friction factor, casing running,

Python-based model, drilling engineering

This paper presents a Python-based automated workflow developed to improve the accuracy of torque
and drag (T&D) modeling during casing running operations in complex, high-pressure wells. Conventional
approaches often rely on sparse, manually processed hook load measurements, resulting in limited friction
factor calibration and increased operational risk. The proposed methodology leverages continuous mud
logging data to extract pick-up (PU) and slack-off (SO) weights using advanced algorithms incorporating
thresholding, rolling median filtering, and statistical outlier detection. The workflow consolidates raw data from
multiple sources, performs automated cleaning, and generates high-resolution PU/SO profiles for interval-
specific friction factor calibration.

Model validation against actual rig measurements demonstrated strong predictive performance, with Mean
Absolute Percentage Error (MAPE) below 6 %, Root Mean Square Error (RMSE) within 11 tons, and coefficients
of determination (R?) exceeding 0.96. These metrics confirm the robustness of the automated approach in
accurately replicating field conditions. The case study highlights how calibrated friction factors significantly
enhance T&D model reliability, reducing discrepancies between modeled and observed hook loads and
mitigating risks such as overpull and stuck pipe.

By minimizing manual intervention and accelerating post-drilling analysis, this workflow enables precise
friction factor calibration, optimizes casing running strategies, and supports safer well construction. The
methodology represents a substantial advancement in T&D modeling practices and provides a foundation for
real-time applications in future drilling projects.

Python asash avtomatlasdirilmis alqoritm vasitasile burucu moment va siirtiinma

qiivvalarinin modellasdirilmasi daqiqliyinin artiriimasi

G.V. Cabbarova, t.i.f.d."?, V.A. iskendsrov'
'Azarbaycan Dévlst Neft ve Sanaye Universiteti, .
2"Neftin, gazin geotexnoloji problemlari va Kimya" ETI

Acar sozlar: burucu momentin modellasdiriimasi, stirtinma quvvalarinin modellasdirilmasi, stirtinma amsali,
kemarin endirilmasi, Python program modeli, gazma texnologiyasi.

Bu magalada mirakkab, yliksak tazyigli quyularda kamarin endirilmasi zamani burucu moment va siirtinma
gulvvalarinin (T&D) modellasdiriimasinin dagiqliyini artirmaq ctin hazirlanmis Python asash avtomatlasdiriimis
program algoritmi teqdim olunur. ©nanavi yanasmalar tez-tez alla islonmis ve perakends garmaq yukil
Ol¢gmalarina asaslanir ki, bu da sirtinma amsallarinin kalibrlonmasi imkanlarini mahdudlasdirir ve amaliyyat
risklarini artirir.
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Taklif olunan metodologiyada yuxari ¢akma (PU) va asagi salma (SO) zamani qarmaq yuki giymatlarini
alds etmak Ucln geoloji-texnoloji tadgigat (GTT) stansiyalarinin kasintisiz malumatlarindan istifads
olunur. Malumatlarin islenmasi haddin tayin edilmasi (thresholding), slriisen medianin tatbiqi ve statistik
kanarlagsmalarin askarlanmasini 6ziinds birlasdiran gabaqcil algoritmlar vasitasile hayata kecirilir. Hazirlanmis
program kompleksi mixtalif manbalardan galan ilkin malumatlari birlasdirir, onlarin avtomatlasdiriimis
tamizlanmasini yerina yetirir va quyu lllasinin miayyan intervallarinda stirtinma amsalinin kalibrlanmasi Gclin
yuksak daqiglikli PU/SO profillari yaradir.

Modelin gazma qurgusundan alinan faktiki malumatlar asasinda verifikasiyasi ylksak prognozlasdirma
daqigliyini nimayis etdirmisdir: orta mutlaq faiz xatasi (MAPE) 6 %-dan az, kdk orta kvadrat xatasi (RMSE) 11 t
daxilinda olmus, determinasiya amsali (R?) isa 0.96-ni ke¢misdir. Bu metrikalar avtomatlasdiriimis yanasmanin
etibarliligini va real madan saraitini ylksak daqiglikle takrar etmak qgabiliyyatini tasdiglayir. Modelin praktiki
tatbiqi subut edir ki, kalibrlanmis sirtinma amsallari T&D modellasdirmasinin durustliyinld shamiyyatli
daracadas artirir, hesablanmis va faktiki garmagq yiklari arasindaki farglari minimuma endirir, hamginin garilma
va tutulmalarin basverma ehtimalini azaldir.

Malumatlarin alla islonmasini minimuma endirmak va retrospektiv tahlili stiratlondirmak hesabina, bu algoritm
strtinma amsallarinin daqiq kalibrlenmasini tamin edir, kemarin endirilmasi strategiyalarini optimallasdirmada
imkan verir va quyularin tikintisinin tahlikasizliyinin artirlmasina sarait yaradir. Taklif olunan metodologiya
burucu moment va surtiinma quvvalarinin modellasdirilmasi tacriibasinds iraliys dogru mihim addimdir ve
goalacak gazma layihalarinin real vaxt rejiminda hayata kegirilmasi tiglin etibarli temal yaradir.

MoBbiWeHne TOUHOCTU MoOAe/IMPOoBaHUA KPYTALLLEro MOMeHTa u cmn

COMpPOTUBJIEHNS C MOMOLLbIO aBTOMaTM3UPOBAHHOIO anroputma Ha 6ase Python

.B. I Ba, A.¢.T.H."%, B.A. VckeH B

I.B. Axab6aposa 2 B.A. VickeHgepos'

'AzepbaiiaxxaHcKnii rocyAapCTBEHHbINA YHUBEPCUTET HEDTU U MPOMBILLNEHHOCTY,
’HUW "TeoTexHoNOrMueckme Npobiemsl HedGTH, raza u Xumus"

KntoueBble cnoBa: MosennpoBaHve KPYTALLErO MOMEHTA, MOZENNPOBaHVE CU COMPOTUB/IEHUS, KOIGDULN-
€HT TPeHwus, cnyck 06casHOM KOIOHHbI, MpOorpaMMHas mozenb Python, TexHonorus 6ypeHus.

MNpeacTaBNeH aBTOMaTU3MPOBaHHbIV MPOrpaMMHbIi anroputMm Ha 6ase Python, pa3paboTaHHbIi A1 NOBbI-
LWEHWA TOYHOCTU MOAEANPOBAHNA KPYTALLEro MOMeHTa U cui conpoTtuaaeHusa (T&D) npu cnycke obcagHbix
KONIOHH B CJOXHbIX CKBaXXWMHAaX C BbICOKMM AaBeHVEM. TpaguLMOHHbIE MOAXOAbI 3a4acTyto OMMPatoTCA Ha
pa3pOo3HeHHbIe AaHHble N3MePEeHWI Harpy3ku Ha Kptoke, obpabaTbiBaemble BPYyUYHYHO, UTO OrpaHNYMBaET BO3-
MOXHOCTW KannbpoBKN KOIPPULIMEHTOB TPEHMSA 1 MOBLILLAET OMepaLYOHHbIE PUCKMN.

B npepsioxkeHHOM MeTOA0I0MMM UCMOb3YHOTCA HeMpPepbIBHbIE AaHHbIE CTaHLIMIA Fe0A0r0-TEXHONOTNYECKNX
nccneposannia (FTW) ana n3sBneveHns 3HaueHUn Beca Ha Kproke npu nogbeme (PU) n pasrpyske (SO). Ob6pa-
60TKa AaHHbIX OCYLLLECTBIAETCA C MOMOLLbIO MEePeOBbIX aArOPUTMOB, BK/IKOUAOLLMX MOPOroByo GUALTPAaLIUIO,
NMPVYIMeHeHVe CKOb3ALLLe MeAnaHbl U CTaTUCTUYecKoe ObHapy>keHve BbIOpocoB. Pa3paboTaHHbIN Mporpamm-
HbI KOMMJIEKC KOHCONIMAMPYET UCXOAHBIE AaHHbIE U3 Pa3/NYHbIX MCTOYHWKOB, BbIMOJHAET MX aBTOMaTMYe-
CKYO 04NCTKY M reHepumpyeT npoduan PU/SO BbICOKOro paspeLleHuns 419 KanmbpoBku KoddduLmeHTa TpeHns
B 3a/laHHbIX MHTEpBasax CTBOA CKBaXKMHbI.

Bepudukauma Mogenn Ha oCHOBe GakTUYeCKMX AaHHbIX, MOJYyYEHHbIX C BypOBOM yCTaHOBKM, MPOAEMOH-
CTPUpOBana BbICOKYO MPOrHOCTUYECKYH TOUHOCTb: CpeaHss abcontoTHas owmbka B npoueHtax (MAPE) co-
cTaBuna meHee 6 %, cpesHekBagpaTuyHas owmnbka (RMSE) — B npegenax 11 1, a kKoabbULMEHT geTepMUHa-
unn (R?) npebicun 0.96. [laHHble METPUKM MOATBEPXKAAHT HAZAEXHOCTb aBTOMAaTM3MPOBAHHOTO MOAXO4a U
€ro CrnocobHOCTb C BbICOKOW TOYHOCTbIO BOCMPOU3BOANTL PeasibHble MPOMbICNOBbIE YCI0BUA. [pakTnyeckoe
NPVYIMEHEHVEe MOAENV JOKa3bIBaeT, YUTO OTKaMOPOBaHHbIe KO3PDULMEHTbI TPEHNS CYLLECTBEHHO MOBLILIAIOT
[,OCTOBEPHOCTb MOAEeNNPoBaHuna T&D, MUHUMU3MPYA PaCXOXAEHNA MEXAY PacHeTHbIMU 1 GaKTUUYECKMMU Ha-
rpy3kamm Ha Kproke, a Takxke CHUXKas BEPOATHOCTb BO3HUKHOBEHMA 3aTAXEK M NMPUXBaTOB.

3a cyeT cBeAeHMA K MUHUMYMY py4HON 06paboTKM AaHHBIX U YCKOPEHWS PeTPOCNeKTUBHOIO aHasin3a,
JaHHbIN anroputM obecrneyvmBaeT TOUHYIO KaiMbpoBKy KOIPPULIMEHTOB TPEHWSA, MO3BOAAET ONTUMU3NPOBAThL
cTpaternm crycka obcagHbIX KOJIOHH M CMOCOOCTBYET MOBbILEHNIO 6e30MacHOCTU CTPOUTENBCTBA CKBaXMH.
MNpeanoXxeHHasa METOAONOTMA NPeAcTaBaseT COBON 3HaUNTEIbHbBIN Lar Brepes B NpakTuke MOAeNNpOoBaHMA
KpYyTALLEro MOMEHTa 1 CUA COMPOTUB/EHWS, CO3/aBas HaZeXXHYH OCHOBY A4 ee BHEeAPEHWA B peXXnme peab-
HOro BpeMeHu npwv peanunsauum byayLunx NpoekToB bypeHus.

,
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Introduction

This research article shares insights about
how a Python-based workflow was used to de-
termine and calibrate friction factors (FF) used
in torque and drag (T&D) simulations for cas-
ing running operations in one of the complex
high-pressure offshore gas-condensate fields in
Caspian region. The case study involves 9 5/8”
and 9 7/8” x 10 %4 tapered casing strings in two
wells, discusses how full casing string is select-
ed over liner and tieback runs, and finally how
Python-based workflow was applied to improve
and calibrate T&D model.

Field A is one of the most technically chal-
lenging gas condensate fields in South Caspian
Basin, requiring big-bore well design with over 7
casing strings in well design, making well archi-
tecture very complex, as illustrated in Figure 1.

Description | Well Status Schematic ]

36" Casing shoe
28" Liner Shoe | | 1

22" Casing shoe

18" Liner shoe

13 3/8" x 14" Casing shoe

N —

10" x 10 3/4" Casing shoe

7 5/8" liner shoe 1

|
51/2" x 7" liner shoe 1 1
|

Figure 1. A typical well architecture in Field A

Usually, 10” x 10 % casing string was run as
liner and tieback configuration in order to man-
age ECD in reservoir sections, casing wear on
10” production casing and improve cementing
quality. 10” liner was run to isolate Reservoir
A and B which were in virgin pressure condi-
tion and long shale interval in-between the res-
ervoirs (Table 1). The Reservoir A and B were
sandstone reservoirs, being secondary target
for overall full-field development (FFD) and
therefore requiring full cement coverage for
future upper-hole re-completions (re-perfora-
tion). Having liner instead of a full casing string
supported improved cementing performance in
the field, including more favorable annular flow
conditions and enhanced displacement efficien-

cy [9]. The wells in Field A had “J-type” well
trajectories with kick-off points (KOP) locating
in the previous section. Furthermore, several
stuck pipe, loss circulation and twist-off events
happened in offset wells while drilling across
lower-most reservoir sections which lead to in-
creased drilling and rotating time, wearing 10” x
10 % casing. In one of the previous wells, mul-
ti-caliper log showed more than 30 % wear on
10 liner due to mentioned reasons. Therefore,
10” x 10 % tieback was decided to run after
running and cementing production liner string,
and 13 3/8” x 14” casing was upgraded to han-
dle increased burst load at surface.

However, drilling 12 '4” hole and running
10” liner to required depth was quite challeng-
ing due to wellbore instabilities. Multiple stuck
pipe events, erratic torque, caving in drilling and
casing held-up events occurred in this section
(see table 1). Two key causes of wellbore insta-
bilities in 12 %4 section as per comprehensive
geomechanical study was listed below:

1. Wellbore Instabilities with in-gauge
Sandstone beds intercalated with over gauged
Shale layers are experienced especially while
drilling the Reservoir A and B intervals.

2. Differential Sticking risk is high in front
of Reservoir A and B intervals, as the reservoir
pressure is significantly lower than the pressure
of the surrounding shales, and consequently sig-
nificantly lower than the mud weight.

Having outlined the operational context and
challenges in Field A, the next step is to evaluate
the design alternatives. Understanding the trade-
offs between full casing strings and liner-tieback
configurations is essential before introducing
the Python-based workflow that addresses these
challenges.

Comparison between full casing and liner
and tieback configuration string in Field A

Increasingly, operators are looking for sim-
ple and cost-effective practices to overcome
operational risks and limitations imposed by
depleted reservoirs. In subsea wells, running
long and heavy full casing string additionally in-
volves significant operational risks as excessive
drag and deteriorating wellbore conditions may
prevent the casing string from reaching total
depth (TD) [1]. Industry experience shows that
floating large casing is frequently not feasible
to deep subsea depths, and high well friction-
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Table 1

12 4 hole section
Previous casing 13 3/8” at 4800-5100 m MD
Shoe 5400-5550 m MD

e 30 m above depleted Reservoir C with uncertainty.
e Isolate Reservoir A and B with virgin pressure.

Mud 2.00 — 2.15 sg non-aqueous based mud (NABM).

TD criteria

-13.38 5120 - ¥ e
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Lithology

-9.875 5710 -

o Expectation of gas influx.

o Wellbore instabilities across in-gauge sandstone beds intercalated with overgauge shale layers.
o High differential sticking across Res A and B as reservoir pressures are significantly lower than
shale pressure, and consequently significantly lower than MW.

e Overpul, slack-off and multiple stuck pipe events in previous wells.

Geological hazards and risks

o Safe and efficient operations.

Cement objective e Provide component — firm shoe for drilling next 8 '%” section.

e Good cement across secondary target reservoirs — A and B.

al drags can stop the casing string reaching its
planned setting points, creating major non-pro-
ductive time (NPT) events [2]. For example,
inability to run full-bore casing to required TD
results in not being able to set casing hanger and
may require to pull-out-of hole of full casing
either partially or fully. Furthermore, running
full-bore casing increases the likelihood and
risk of losses during circulation and cement-
ing as reduced annular clearance created higher
surge pressures and high equivalent circulating
density (ECD), which may exceed the formation
fracture pressure and induce lost circulation [3].
Additionally, running long strings to deep wells
is fundamentally limited by static hookload ca-
pacity of drilling rigs, and this constraint is even
more restrictive on offshore platforms where
hoisting systems must support extremely heavy
casings in deep well [4]. On top of this, in sub-
sea environment, floating drilling rigs face strict
deck load capacity limitations, which limits to-
tal amount of heavy casing that can be stored
at the rig [5]. As a result, additional offshore
logistics support may be required, and in some
cases a dedicated platform support vessel (PSV)
must periodically transfer casing joints to the rig
to avoid exceeding allowable deck loads which

happened several times in Caspian Sea.
Considering these reasons, in many subsea
wells, tieback casings and liners are preferred
instead of running full heavy casings, which
was the case at Field A as well. In previous well
drilling operations at Field A, 10” liner was run
to TD with ~150 m of liner lap. Subsequent 8§
2" section was drilled and production liner was
run and cemented at required depth. Only after
this, 10” x 10 %” tieback string was usually run
and set between 10” top of liner (TOL) and well-
head (WH) without major issues. These opera-
tion sequences eventually improved the ECD
limitations on 8 '2” section and 5 2" production
liner cementing operations. On the other hand, it
had exposed the previous casing string — 13 5/8”
x 147 casing string to reservoir section loads,
heavily influencing burst and collapse rating of
the string in casing design. Moreover, running
liner and tieback strings require a lot of rig time
as the operations involve separate liner and tie-
back string runs, separate cementing operations
and a dedicated TOL cleaning (polishing) run
to clean-out TOL to land and set tieback seal
assembly. In some estimates reported by other
authors, these additional operations in liner and
tieback runs may require between 3 and 15 addi-
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tional days of rig time, depending on well depth,
location, equipment, well design and rig crew
experience [6], [2]. Considering both addition-
al rig time and additional equipment / tubular
requirements, such as liner hanger, tieback seal
assembly, contingency seal assembly, polished
mill BHA, back-up equipment and rental costs,
running liner and tieback is significantly costly
operation that must be justified in detail. These
operations often involve multiple trips, addition-
al tools, and higher risk exposure, all of which
escalate cost and extend well-construction time-
lines [7]. The comparison between full casing
and liner—tieback configurations is presented in
Table 2.

However, following recent drilling activi-
ties, formation pressure test results (RFT meas-
urements during drilling and pressure transient
analysis (PTA) results from production revealed
depleted reservoir pressure. Having lower pro-
duction rates triggered detailed engineering re-
view of well design and well architecture in order
to review the requirements of liner and tieback
given field conditions. Despite lower reservoir
pressure, tempting losses in reservoir section, it
was recommended to run full-bore casing string.
Additionally, based on the study, it was conclud-
ed that casing size may be decreased to 13 3/8”
casing string and 9 5/8” x 10 %4” tapered casing
strings due to lessened burst and collapse rating
requirements.

While the previous section highlights the op-
erational complexities of casing deployment, it
does not fully address the limitations of conven-

Long & Full Casing String

tional modeling practices. The following sec-
tion defines the core problem that motivated the
development of an automated, Python-driven
solution

Statement of problem

Conventional T&D modelling will be utilized
to model and predict mechanical loads during 9
5/8” full casing running operations. Convention-
al T&D modelling remains the industry stand-
ard for predicting loads although their reliabili-
ty hinges on accurate friction factor calibration
based on real-field measurements. Traditionally,
the FF calibration relies on manual interpreta-
tion of limited rig measurements and historical
friction factor values. Such static assumptions
often fail to reflect depth and formation-based
FF fluctuations in open-hole (OH). This is espe-
cially concerning long and heavy casing strings
in subsea environments.

Currently, in industry, drilling engineers use
rig-based actual tripping weights — slack-off
(SO) and pick-up (PU) weights, or extract PU
and SO weights from mud-logging data in order
to compare them against modelled drag values
to calibrate FF values used in the model and en-
hance modelling accuracy. This process suffers
from two major drawbacks.

1. Sparse data coverage: rig based actual
tripping weight measurements are frequently tak-
en at discrete depths which is inadequate for long
casing strings spanning multiple formations and
open-hole intervals exceeding 2.500 m.

2. Manual, time-intensive processing: Data
extraction, cleaning, and interpretation require

Table 2
Liner + Tieback Design

Structural Continuous casing string ensures consistent well | Possible failure in tieback system's metal-to-metal seal and
Integrity integrity with little chance to fail liner top packer may compromise well integrity.
Overall, less time is needed despite long time is | More rig time is needed due to separate liner and tieback
Rig time required to run the casing. Between 3 and 15 days | runs, dedicated clean-out BHA runs and separate cementing
may be saved. operations.
High capacity may be required to run long and full | Separate liner and tieback runs lessen the need to have higher
Hook Load g . . . .
casing string to desired setting depth. hook load capacity.
. . . . Sometimes, tieback may be run after long time which exposes
Pressure Isolation of previous casing string does not allow . . . . L
" . . previous casing string to deeper section loads. This triggers to
Rating exposure of load scenarios of deeper sections. . . . . .
have higher pressure rating for previous casing string.
B BIEN Full casing run requires only casing hanger On _tqp of casmg hang.er handhng_ and setting, this requires
. . . . additional liner hanger, liner cementing, clean-out run planning,
(00111 59w handling and setting operations. . :
scraper run (in some cases), dummy tieback run and etc.
ECD Tight clearance creates high ECD for this and | Do not generate high ECD, especially in case of tieback run in
BV ETS N LM sections below. later stages.
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significant effort, delaying analysis and limiting
its applicability for real-time decision-making

These limitations lead to inaccurate friction
factor calibration, increasing the risk of over-
stress, stuck pipe, and compromised cementing
performance. To overcome these challenges,
there is a clear need for automated, Python-based
workflows capable of processing continuous rig
data streams, generating high-resolution PU/
SO profiles, and performing interval-specific
friction factor calibration. Such data-driven ap-
proaches enable dynamic T&D modeling, im-
prove prediction accuracy, and support safer,
more efficient casing deployment in complex
well environments

A Python-based workflow

This study introduces an automated Python
workflow designed to streamline torque and
drag (T&D) modeling by extracting pick-up
(PU) and slack-off (SO) weights from mud log-
ging data and calibrating friction factors for cas-
ing running operations. The approach addresses
key limitations of conventional methods, which
rely on sparse, manually processed measure-
ments and are time-consuming, by leveraging
continuous data streams and advanced statistical
techniques.

The process begins with acquisition of re-
al-time hook load data from mud logging sys-
tems during casing running operations. Since
these measurements are often distributed across
multiple Excel files, the first step involves data
consolidation and cleaning to ensure only rele-
vant casing running intervals are included. This
step is critical for long casing runs that may
span several days. Next, the cleaned dataset is
uploaded into the Python-based application,
where a pre-developed script executes automat-

Figure 2. Workflow for the Python-based model
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ed analysis. The algorithm applies several key
functions, as shown in Figure 2.

— Outlier detection using Z-score filtering to
remove anomalous readings caused by sensor
errors or operational disturbances.

— Identification of PU and SO weights across
depth intervals using thresholding and rolling
median techniques, ensuring accurate detection
even in noisy datasets.

— Interval segmentation (e.g., 12 m or 36 m)
to align with casing joint or stand lengths, pro-
ducing high-resolution weight profiles.

Once the script completes, the workflow gen-
erates two outputs:

— Hook Load vs. Depth charts generated by
the workflow, visualizing PU and SO trends.

— Excel files containing cleaned data and cal-
culated weights for further analysis.

The next stage involves validation of model
outputs against actual rig measurements.

Accuracy is quantified using three statistical
metrics:

1. Mean Absolute Percentage Error (MAPE)
to measure relative error.

2. Root Mean Square Error (RMSE) to assess
absolute deviation.

3. Coefficient of Determination (R?) to evalu-
ate correlation strength.

If discrepancies are identified, the model is
retrained to improve accuracy.

Once validated, the extracted PU/SO data
1s compared against T&D model predictions to
calibrate friction factors for specific well inter-
vals. These calibrated values are then integrated
into updated T&D models, enhancing prediction
accuracy for future well planning and reducing
operational risks such as overpull or stuck pipe.

Overall, this automated workflow significant-
ly reduces manual effort, accelerates post-drill-
ing analysis, and ensures precise friction factor
calibration for complex casing operations. By
combining real-time data processing with robust
statistical validation, the methodology supports
safer, more efficient casing deployment and op-
timized well construction strategies.

Case study — Well A

Well A was the first well where 9 5/8” full
casing was run to achieve the objectives listed
out in Table 1. 13 3/8” previous casing was set
in 4900 m MD. 12 '4” section drilled to 5400
m, and 9 5/8” full casing was run to TD with-
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out much drag. Figure 3 shows actual hook load
measurements (hook load vs running depth),
together with pick-up and slack-off weights re-
corded by the rig crew.

Hook load, mT

0 100 200 300 400 500

1000

2000

3000

4000

Running depth, m MD

5000

6000

e Tripping In (0.40 - CSH; 0.40 - OH)
e Tripping In (0.25 - CSH; 0.25 - OH)
e Tripping Out (0.30 - CSH; 0.30 - OH)
Tripping Out (0.35 - CSH; 0.35 - OH)
= Actual SO

e Tripping In (0.15 - CSH; 0.15 - OH)
e Tripping In (0.35 - CSH; 0.35 - OH)
e Tripping Out (0.25 - CSH; 0.25 - OH)
4 Hook Load data
A Actual PU

Figure 3. Well A — Torque and Drag modelling results
with multiple FF sensitivities, all the hook load meas-
urements by rig sensors, and actual pick-up and slack-
off weight measurements at different intervals by rig
crew

Although all the inputs on the software were
validated before use, the model did not achieve
to match the actual T&D behaviors of 9 5/8”
casing run — this mismatch is visible as the mod-
elling curves do not follow the same trend as
“thick cloud” of hook load measurements trip-
ping operations. Therefore, as a part of engi-
neering study, it was decided to apply the Py-
thon-based workflow to carry out friction factor
calibration as well as update existing T&D mod-
el if necessary.

The extracted tripping-in and tripping-out
weights are presented in Figure 4.

| ® Raw hook load data

® Tripping-in weight extraction

1000 @® Tripping-out weight extraction

2000

3000

Running depth, m MD

4000

5000

Hook load, t

Figure 4. Tripping in and out weights extraction from
python model for 9 5/8” casing at Well A

In this example, the methodology used more
than 20.000 data points obtained from mud
logging unit. The application handled the data,

effectively analyzed and produced SO and PU
weight of 9 5/8” casing string. The workflow
generated two outputs: the chart in Figure 4 and
excel files with required outputs, such as depth
vs PU and SO weights. In order to verify the
accuracy of these outputs, MAPE, RMSE and
R? mathematical verification methods were used
to quantify the differences between SO and PU
weights determined by the workflow and rig-
based actual measurements.

Table 3 summarizes the key performance
metrics used to validate the accuracy of the Py-
thon-based application for determining pick-up
(PU) and slack-off (SO) weights from mud log-
ging data.

Table 3

Series
Slack-off
Pick-up

MAPE (%) RMSE (1)

0.961
0.976

4.85 % 10.1

The Mean Absolute Percentage Error
(MAPE) method indicated that the maximum
error was approximately 4.85 % for PU weights
and 5.42 % for SO weights, demonstrating a
high level of precision in the predictions. Fur-
thermore, the Root Mean Square Error (RMSE)
values were 10.1 tons for PU and 11.0 tons for
SO, which are well within acceptable operation-
al limits for heavy casing strings. The coefficient
of determination (R?) values of 0.976 for PU
and 0.961 for SO confirm a strong correlation
between the predicted and actual measurements.
Overall, these robust metrics validate the relia-
bility of the Python-based workflow, proving its
capability to accurately process continuous rig
data and generate interval-specific friction factor
calibrations for torque and drag modeling. This
level of accuracy significantly reduces manual
interpretation time and enhances real-time deci-
sion-making during casing running operations.

Torque and Drag model update on Well A

After validating the Python-based workflow
against actual rig-based measurements, existing
T&D model for Well A was started to be updat-
ed as the current torque and drag model cannot
decisively predict drag across open hole section.
As well architecture had recently been changed
from liner and cemented tieback to full casing
string, it was critical to understand, and model
expected torque and drags from the operations.
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Inaccurate load predictions may result in ex-
cessive hookload during tripping in, resulting
in breaking landing string down, slip crushing,
stuck pipe and premature tool failures [8]. Also,
inaccuracy in T&D model compromises cement-
ing operations since centralizer selection and
placement is heavily dependent on T&D outputs
[9]. Considering the fact that this casing string was
essential to i1solate Reservoir A and B, the success
in the cementing operations, meaning full cover-
age of circumferential cement around reservoir
units was a must to achieve. This was needed first
to prevent crossflow in-between the reservoir units
and for future upper-hole recompletions which
were the secondary objective of Well A.

Hook load, mT

360

1000

2000

3000

4000

Running depth, m MD

5000

6000

e Tripping In (0.40 - CSH; 0.40 - OH)
e Tripping In (0.25 - CSH; 0.25 - OH)
s Tripping Out (0.15 - CSH: 0.15 - OH)
e Tripping Out (0.30 - CSH; 0.30 - OH)
©  Hook Load data
A Tripping-in FF

e Tripping In (0.30 - CSH; 0.30 - OH)
s Tripping In (0.15 - CSH; 0.15 - OH)
e Tripping Out (0.25 - CSH; 0.25 - OH)
Tripping Out (0.40 - CSH; 0.40 - OH)
®  Actual PU

Figure 5. Updated Torque and Drag modelling outputs
for tripping-in and out weights with multiple friction
factor sensitivities, and its comparison against actual
hook load measurements for Well A

Figure 5 shows the final updated T&D mod-
el outputs with multiple FF sensitivities and a
similar comparison made for the initial T&D
outputs.

Table 4 shows calibrated friction factors for
T&D models for different wellbore intervals and
tripping scenarios. For tripping-in operations,
friction factors ranged between 0.25-0.30 in
cased-hole up to the kick-off point (KOP), 0.30—
0.35 in cased-hole below KOP, and 0.20-0.25 in
open-hole sections.

Table 4

Tripping-out T&D
Modelling

Tripping-in T&D Modelling

Friction

Factor Friction Factor

Interval

Cased-hole up to

KOP 0.25-0.30

0.30-0.35

Cased-hole below
KOP 0.30-0.35 0.35-0.37
Open-hole 0.20-0.25 0.25-0.30
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For tripping-out operations, slightly high-
er values were observed: 0.30-0.35 for cased-
hole up to KOP, 0.35-0.37 for cased-hole below
KOP, and 0.25-0.30 for open-hole intervals.
These calibrated values highlight the tendency
for increased friction during tripping-out com-
pared to tripping-in, particularly in cased-hole
sections below KOP.

Figure 6 illustrates T&D modelling outputs
with calibrated FFs, comparing actual rig meas-
urements with simulated hookload profiles un-
der different friction factor assumptions.

Hook load, mT
0 0.1 0.2 0.3 0.4

0.0
1000.0]

2000.0

.
. =
A\
re

Running depth, m MD

5000.0

6000.0 == Tripping - in FF | e Tripping-outFF

Figure 6. Sensitivity analysis of FF vs measured depth
while tripping-in and out for Well A

The model applies friction factors of 0.25-0.30
for cased-hole up to KOP, 0.30-0.35 for cased-
hole below KOP, and 0.20-0.25 for open-hole
during tripping-in operations, while slightly
higher values are used for tripping-out scenar-
10s. The chart demonstrates how these inter-
val-specific friction factors influence predicted
pick-up and slack-off loads across measured
depth. Higher friction factors, particularly in
cased-hole below KOP, result in increased drag
and hook load, whereas lower values in open-
hole sections produce smoother load trends. This
comparison validates the calibration approach
and emphasizes the importance of applying in-
terval-based friction factors for accurate T&D
predictions and safer casing running operations.

Case study — Well B

After finalizing the post-well drilling analy-
sis including friction factor calibration in Well
A, Well B modelling works were started with
updated WellPlan model. Well B had similar
well design to the previous well with given ge-
ological plan.

Using the updated model, T&D modelling
was carried out for 9 7/8” x 10 %4” casing run. In
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Well B, due to the change in completion equip-
ment, bigger OD casing was run in upper section
in order to accommodate 5 '4” tubing-retrieva-
ble surface controlled subsurface safety valve
(TRSCSSV) — a critical safety equipment inside
10 % casing with 9 %4” drift size. Despite this
difference in casing design, T&D model results
matched actual well dynamics and T&D behav-
iour from casing running operation. Figure 7
shows actual hook load readings from the oper-
ation, actual PU and SO measurements done by
rig crew and T&D modelled PU and SO weights
with multiple FFs.

Hook load, mT

0.0 50.0 100.0  150.0 200.0 250.0 300.0 350.0 400.0 450.0  500.0

Running dep!
o s ow
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g 2 2
g 28 B8

6000

s Tripping In (0.40 - CSH; 0.40 - OH)

@ Tripping In (0.20 - CSH; 0.20 - OH)

s Tripping Out (0.15 - CSH; 0.15 - OH)

e Tripping Out (0.30 - CSH; 0.30 - OH)
= Actual SO
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e Tripping In (0.15 - CSH; 0.15 - OH)
e Tripping Out (0.25 - CSH; 0.25 - OH)
Tripping Out (0.40 - CSH; 0.40 - OH)
A Actual PU

Figure 7. Well B — Torque and Drag modelling results
with multiple FF sensitivities, all the hook load meas-
urements by rig sensors, and actual pick-up and slack-
off weight measurements at different intervals by rig
crew

In order to confirm whether T&D modelled
matched hook load measurements or if any up-
date is required, the Python-based workflow
was again applied to extract PU and SO weights
for the casing run.

Figure 8 shows model-extracted PU and SO
weights for Well B.

Python model results were validated against
actual rig measurements on tripping weights,

® Raw hook load data
©®  Tripping-in weight extraction
® Tripping-out weight extraction

1000

2000

3000

Running depth, m MD

4000

-~
5000

b 3 >
o o8 o.v o, o‘~*‘ Y o
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Hook load, t

Figure 8. Tripping in and out weights extraction from
python model for 9 5/8” casing at Well B

confirming more than 95 % accuracy as per
MAPE, RMSE and R? methods. Here, the Py-
thon-based model was proved to be accurate and
useful tool to validate T&D models in quick and
efficient manner. Figure 9 illustrates the com-
parison between actual hook load measurements
and Python-based T&D model predictions for
Well B during casing running operations.

Hook load, mT
0.05 0.1 0.15 0.2 025 03 035 04
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2000.0
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4000.0

Running depth, m MD

5000.0

6000.0

Figure 9. Sensitivity analysis of FF vs measured depth
while tripping-in and out for Well B

The plot highlights pick-up and slack-off
trends across measured depth, showing strong
alignment between modeled and real data. This
consistency validates the calibrated friction fac-
tors applied for different intervals (as per Table
4) and confirms the robustness of the automated
workflow. Minor deviations observed at deep-
er open-hole sections are attributed to dynamic
wellbore conditions and cuttings accumulation,
which were not fully captured in static mode-
ling.

Overall, Figure 9 demonstrates that the Py-
thon-based approach significantly improves pre-
diction accuracy, enabling proactive risk man-
agement for overpull and stuck pipe scenarios
while optimizing running efficiency.

Conclusion

This study demonstrated the successful ap-
plication of a Python-based automated work-
flow for extracting pick-up (PU) and slack-off
(SO) weights from mud logging data and cal-
ibrating friction factors for torque and drag
(T&D) modeling in complex casing running op-
erations. By leveraging continuous data streams
and advanced statistical techniques, the work-
flow addressed key limitations of convention-
al post-drilling analysis, which often relies on
sparse, manually processed measurements and
lacks interval-specific accuracy.
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Validation results confirmed the robustness for both PU and SO weights. These strong met-
of the approach, with MAPE values below 6 %, rics highlight the reliability of the automated
RMSE within 11 tons, and R? exceeding 0.96 process in generating accurate
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Neft-gaz yataqlarinda anomal yiiksak
masama tazyiqinin qiymatlandirilmasi

Z.S. Musayeyv, ten, C.S. Abbasov, ye.ifd V.V. Mammadova, t.ifd.
Azarbaycan Memarliq ve insaat Universiteti
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Acar sozlar: anomal yiiksak masama tazyiqi, hidrostatik tazyiq,

anomaliya amsali, anomal garginlik, gil siixurlari, masamalik, lay rejimlari, migrasiya, istismar, islanma.

Tadgigat sahasinin siixur massivinda anomal yliksek masama tazyiqginin dayisma xtisusiyyatlari, eyni zamanda
quyustrafl zonada tabii garginlik sahasinin pozulmasi ils alagadar bas veran lokal proseslarin inkisafi, geyri-
xatti saciyyasi, onlarin qarsiligh tasir xisusiyyatlari, bu proseslari tenzimlayan parametrlarin say coxlugu ve
quyu divarlarinda yaranmis yeni geotektonik garginlik sahasi mixtalif geoloji saraitlarda fllidin migrasiyasina
v islenmasina 0z tasirini godsterir. Ona gore de anomal yilksesk masama tazyiginin karbohidrogenlarin
migrasiyasinda, toplanmasinda, formalasmasinda va islanmasinda rolunun bdyik olmasi onun neft-qaz
yataglarinin axtaris-kasfiyyatinda ve giymatlandirilmasinds, eyni zamanda orada quyu gazma islarinin ssmarali
sokilda yerina yetirilmasinds nazars alinmasini zaruri edir.

OIJ,EHKa dHOMaJIbHO BbICOKOro nopoBoro AaBJieHUA Ha He¢TerasoBb|x MecCTOpOXKAEeHUAX

3.C. Mycaes, K.T.H., Ix.C. A6bacos, a.¢.H.3., B.B. MamegoBa, 4.¢.T.H.
Asepbaig>kaHCKUIA YHUBEPCUTET apXUTEKTYPbl U CTPOUTELCTBA

KnioueBble cnioBa: aHOMaslbHO BbICOKOE MOPOBOE AaBJIEHUE, TMAPOCTATMUECKOE AaBieHWE, KOIPOULMEHT
dHOMa/IbHOCTU, aHOMaJIbHOe Hanpa>XeHne, rMMHUCTbIe NopPOoAbl, MOPUCTOCTb, PEXKMbI M1acTta, MUrpaLna, 3KC-
nayatauus, paspaboTka.

OcobeHHOCTM N3MEHEeHWs aHOMaJsIbHO BbICOKOTO MOPOBOrO AaB/EHUSI B MAaCCVBE TOPHbIX MOPOJ Ucciesy-
€MOV TEPPUTOPMY, @ TaKXKe Pa3BUTME JIOKAJIbHbIX MPOLLECCOB, OBYCNOB/IEHHbIX HAPYLLIEHNEM eCTeCTBEHHOrO
Nnosis Hampsi>XeHWUM B MPUCKBAX>KMHHOW 30HE, UX HEJNHENHbIN XapakTep, OCOBEHHOCTU UX B3aWMOAENCTBUS,
60/1bLLIOE KOJIMUYECTBO MapaMeTPOB, PErYyANPYOLLMUX 3TU NPOLLeCcChl, 1 GOPMUPYHOLLEECH HA CTEHKAX CKBaXXMH
HOBOE reOoTEKTOHNYECKOE MOJIe HaMpPsXEHU OKa3blBalOT BIVSHUE Ha MUTpaLuio U pa3paboTky daronsa B
Pa3INYHbIX TE0NOTUYECKMX YCA0BUSAX. [o3ToMy 60/bLIasi Po/ib aHOMaJIbHO BbICOKOFO MOPOBOTO AaBJ/IEHUS B
MUrpaLmy, HakorieHun, obpasoBaHMM 1 pa3paboTke yrneBOAOPOAOB 06YC/IOBANBAET HEOOXOAMMOCTb €ro
yueTa Npu pasBesKe 1 OLEeHKe MECTOPOXAEHNN HeDTU U rasa, a TakKe AN 3GGEKTUBHOIO NPOBEAEHNS Ha HUX
6ypoBbIX PaboT.
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Assessment of anomalous high pore pressure in oil and gas fields

Z.S. Musayev, Cand. in Tech. Sc., J.S. Abbasov, PhD in Earth Sc., V.V. Mamedova, PhD in Tech. Sc.

Azerbaijan University of Architecture and Construction

Keywords: anomalously high reservoir pressure, hydrostatic pressure, anomaly coefficient, anomalous stress,
clay rocks, porosity, reservoir regimes, migration, development.

The characteristics of the change in anomalously high reservoir pressure in the rock massif of the study
area, as well as the development of local processes occurring due to the disruption of the natural stress field
in the wellbore zone, their nonlinear nature, their interaction characteristics, the large number of parameters
regulating these processes, and the new geotectonic stress field formed on the well walls have their impact on
the migration and development of fluid in various geological conditions. Therefore, the great role of anomalously
high reservoir pressure in the migration, accumulation, formation and development of hydrocarbons makes it
necessary to take it into account in the exploration and evaluation of oil and gas fields, as well as in the efficient

implementation of well drilling operations there.

Neft vo gaz yataglarinda kollektor laylarin
neftli, gazli vo sulu olmasi, burada tozyiq vo
temperaturun iso miixtalif qiymatlorlo paylan-
mast, eyni zamanda yatagin struktur qurulusu,
yerlosmo dorinliyi vo basqa geoloji-geofiziki
amillar, yataqdaxili siixurlarin fiziki xtisusiyyat-
lorinin doyismosindo vo forqlonmasinds bdyiik
rol oynayir. Gostorilon amillorin arasdirilmasi
va tohlili stixurlarin fiziki xassalorinin, hom ya-
taq daxilinds, hom do konarda hansi qanunauy-
gunlugla doyisdiyini dyronmoyo imkan verir.

Neft-qaz yataqlarinda anomal yiiksok mo-
samo tozyiqi (AYMT) adoton ¢okiintiilorin uzun
miiddat orzinds ¢okmasi vo dag tozyiqinin tasi-
ri altinda onlarin sixlagmasi ilo mosamolorindo
yiiksok gorginlik altinda olan fliiidin yaratdigi
oks tasir naticasindo omolo golir [1, 2].

Stixur masamolorinde AYMT-nin amals gal-
masing digor amillor do tasir gostora bilir. Mii-
hitds bu ehtimallardan on genis yayilanlar1 aga-
gidakilardir:

— ¢okiintiilorin gravitasiya sixlagmasi prose-
sindo masamoli vo ¢ath siixurlarda omals gol-
mosi;

— tektonik gorginlik soraitindo kosilisin
miixtolif hissolorindo mosamoali rezervuarlarin
deformasiyaya ugramasi noticosindo omolo gol-
mosi;

— dorinlikds yiiksok tozyiqli fliiidlorin mig-
rasiyast vo bunun (kosilisin ayrica hissasindo)
bagli masamalorls hidrodinamik slagads olmast
prosesindo omolo golmosi.

AZORBAYCAN NEFT TOSORRUFATI

Ona goro do neftli-qazh siixur kasiliglorinin
AYLT ilo olagoli Oyronilmasi axtaris-kogfiyyat
islorinin on optimal soraitdo aparilmasina vo
quyu gazma islorinin somoroli hoyata kegiril-
masing sarait yaradir. Eyni zamanda tozyiq reji-
mi neft-qazin faza xiisusiyyatlorino boylik tosir
gostordiyindon, onun siixur kosiliglorindo kar-
bohidrogenlorin islonmosino tosirinin qiymot-
londirilmasi aktual mosalalordon biridir.

Layda maye vo gazin islonmosinin tomin
olunmasi tigiin ilk ndvbada enerji manbayi ol-
malidir. Enerji monbayini miiayyon etmak ii¢iin
isa lay rejimlorini bilmok lazimdir. Lay rejimi
dedikds, laydan quyudibino maye vo qazin yiik-
sok tozyiq altinda sixigdirilmasi prosesi va bu
prosesdo istirak edon qiivvolor nozords tutulur.
Lay rejimlorinin somarali totbiqi iiglin quyudibi
tozyiq lay tozyiqindon asagi olmalidir. Belo ol-
madiqda iso quyuda tozyiqlor diiskiisii yaratmaq
lazimdir. Tozyiqlor diiskiistinlin gqiymoti miixto-
lif amillordon, xiisuson do layda axan maye vo
gqazin sorfindon, Ozliliikdon, siixurlarin fizi-
ki-kimyavi xassalorindon va s. asilidir.

Layda maye vo gazi horokot etdiron enerji
monbolori kimi asagidakilart gdstormok olar:
layda olan su vo neftin agirligindan vo anomal
gorginlik deformasiya soraitindon irali golon
hidrostatik basqi enerjisi; layda su, neft vo hall
olmus sorboast qazin vo layr togkil edon siixur
skeletinin elastik enerjisi.

Neft-qaz yataglarinda AYMT-nin olma-
st onun islonmosino miisbat tosir gostarir.
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AYMT-yo malik mohsuldar laylarin iqtisadi
gostaricilori normal hidrostatik tozyige malik
mohsuldar laylara nisboton boyiikdiir. Laylar-
dan neftin normal soraitds siiziilmosi mogsadi
ilo lay tozyiqinin saxlanilmasi prosesinin hoyata
ke¢cmasi geoloji soraitdon do asilidir.

Neft yatagi mosamali vo ¢atli kollektorlardan
ibarat oldugu halda, AYMT vo yiiksok tempe-
ratur soraitindo xeyli miqdarda neft-qazin bu
catlar vasitosilo digor saholoro miqrasiyasi no-
ticosindo yeni neft yatagi formalasa bilir. Lay-
lardan tozyiqin azalmasi neftin gatlar vasitosi ilo
horakating, o ciimlodon do mayenin quyuya ax-
masina manfi tosir géstorir. Odur ki, AYMT neft
vo gaz yataglarinin islonmo morholasine kimi 6z
formasini saxlayir. Neftin islonmasi prosesindo
bu tozyiq todricon asagi diisorak hidrostatik toz-
yigo yaxinlasir vo hotta ondan da asag1 qiymoto
malik ola bilir [3, 4].

Yuxarida qeyd olunan masalolor Asagi Kiir
cokokliyindo yerloson neft-qaz yataqlari timsa-
linda nazardon kegirilmisdir.

Asag1 Kiir ¢okokliyindo yerlogon neft-qaz
yataglarinin asas xiisusiyyatlorindon biri, onun
kasiligslorindo AYMT-nin ¢ox olmas1 vo sahalor
iizro miixtolif qiymotlorlo doyismosidir. Cokok-
liyin Pliosen ¢okiintiilorino gqazilmis c¢oxsayl
dorin quyularin molumatlar1 gdstormisdir ki,
burada lay tozyiqi hidrostatik tozyigdon xeyli
coxdur. Bu rayonda yiiksok lay tozyiqi osason
neft-qaz yataqlar1 vo gaz-pal¢iq vulkanlar ilo
genetik olagods olur vo onun kasilislorindo
mixtolif qiymaetlorlo doyisir. Burada yiiksok lay
tozyiqinin amolo golmosi zona xiisusiyyatlidir
Vo 9sasan yataq otrafinda vo onun konturlar1 xa-
ricinds daha ¢ox miisahids edilir. Masalon, Qal-
maz, Kiirovdag, Kiirsongi vo s. neft-qaz yataqla-
rinin konturlar1 xaricindo lay tozyiqi hidrostatik
tozyiqi 2-5 MPa gabaqlayir. Tokco Qarabagh
yataginda bu forq 10 MPa-ya qodor boytiyiir.
Kiirsongi yataginda iso 2500-3000 m dorinlikdo
37-45 MPa-ya catir. Misovdag yataginda Moh-
suldar Qat (MQ) cokiintiilorinin tag hissosindo
lay tozyiqi hidrostatik tozyiqdon daha coxdur.
Ogor burada AYMT-nin inkisafi Ust Pliosen ¢o-
kiintiilorinds zona xiisusiyyatlidirse vo bozi hal-
larda lay tozyiqi hidrostatik tozyige yaxin olar-
sa, onda tobii olaraq burada Pliosen ¢okiintiilori
AYMT-nin amols golmasi vo doyismasinin yiik-
sok qiymeatlori ilo xarakterizo olunacag.

Todqiqgat sahasindo Pliosen ¢okiintiilori regi-

onal paylanma vo bdyiik qalinliq xtisusiyyatlo-
ring, on osas1 da regional neftqazliliq xtlisusiy-
yotlorino malikdir. Bozi sahalords onun qalinligi
4-4.5 km-o catir. Bu ¢okiintiilordo AYMT-nin
omolo golmosino asas sobablordon biri ¢okiin-
tiitoplanma prosesi zamani dag tozyiqinin tosiri
altinda onlarin yiiklonmasi vo sixlagsmasi noti-
cosindo moasamolordo toplanmis fliiidin anomal
gorginlik deformasiya prosesloridir.

Cokiintiilorin uzun miiddot yiiklonmasi nati-
cosindo onlarin bdylik qalinliginda toplanan gil
laylar yiiksok tozyiqli fliiidin bosalmasin1 moh-
dudlagdiraraq onlar1 bu giino qodor saxlamisdir.
Bozon cokiintiilorin zoif yiiklonmasi vo sixlas-
mas1 naticasindo MQ-nin masamoalorinds top-
lanan fliiidin sixilmasinda yaranan longimolor
(gecikmolor), onlarda omolo golon yiiksok lay
tozyiqinin giymatinin dag tozyiqinin qiymatino
godor enmasinag gatirib ¢ixarir.

Karbohidrogenlorin uzunmiiddotli miqrasiya
prosesi, onun antropogendo giiclonmosina vo
artmasina gotirib ¢ixarir. Neftomologolmo saho-
sindon (Miosen-Paleogen vs s.), neftqaztoplan-
ma sahasina (Alt vo gismon Ust Pliosen ¢dkiin-
tiilor1) karbohidrogenlorin boyiik migdarda mig-
rasiyasi yliksok tozyiq vo temperatur soraitindo
miimkiindiir.

Todqigat sahasindo Pliosen ¢okiintiilori
AYMT-nin omoalo golmosino gore {i¢ intervala
ayrilmigdir: birinci interval Ust Pliosenin qey-
ri-mohsuldar hissosidir ki, burada AYMT ya zoif
olur, ya da he¢ olmur; ikinci interval kosilisin
neftli-qazli hissosini ohato edir. Burada AYMT
genis inkisaf etmisdir. Eyni zamanda ¢ox az-az
hallarda bu intervallarda lay tozyiqi zoif olur;
ticlincii interval alt hissosidir ki, burada laylan-
mis ¢okiintiilordo AYMT-nin intensiv omalo gol-
mosi vo paylanmasi tamamilo forqglonir.

Alt Pliosen c¢okiintiilori regional neft-qaz
toplanma xiisusiyyatlorino vo bodyiik galinliga
malikdir. Onun boyiik galinlig1 asason gillorlo
ortiiliir vo AYMT-nin doyison qiymatlori ilo xa-
rakterizo olunur. Burada neft vo gqazin yerlosmo
ganunauygunlugu onlarin regional yiiklonma is-
tigamotindon asilidir.

MQ kosilislorindo lay tozyiqi normal hidro-
statik tozyigo uygun golorso, onda MQ-don asa-
gida qazma islori asanligla aparila bilor. Buna
misal olaraq Neftgala sahasinin conub-qorb his-
sosindo yerloson 741 Ne-li quyunu gostormok
olar. Quyunun gazilmasi zaman1t MQ-da 1.26—
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1.45 g/sm® xiisusi ¢okiys malik qgazma mohlu-
lundan istifado olunmusdur. MQ-nin alt soboalo-
rindo is0 AYMT-nin intensiv amolo golmasi vo
intervallar iizro doyigsmosi ilo olagodar olaraq,
gil mohlulunun xiisusi ¢okisi todricon 2-2.4 g/
sm?*-3 qadar agirlasdirilmisdir [5].

Asag1 Kiir ¢okokliyinin neft-qaz yataglarin-
da AYMT-nin iist sarhadi 80280 MPa arasinda
doyisir (sokil 1). Cokokliyin 1000 m-don 6000
m-o qgodor dorinlik intervallarinda vo gillorin-
do iso anomal mosamo tozyiqi 150-144 MPa,
onun qradiyenti 0.011-0.022 MPa/m arasinda
doyisdiyi todqgiqatlarimiz zamani moalum olmus-
dur. Tokco Misovdag, Kiirovdag yataglarinin
kosiliglorindo maksimal gradiyent tozyiq bazon
0.020-don 0.023 MPa/m godor arta bilir. Qalin
kollektor laylarda iso tozyiq qradiyenti asagida
gostorilmis sokildo doyisir (codval). Ona goro
do neft- qaz yataqlarinda anomal yiiksok lay
vo mosams tozyiqinin doyismo sorhadlorinin vo
gradiyent qiymatlorinin diizgiin toyin olunmasi,
onun neft-qazin islonmosing tosir xlisusiyyatlo-
rinin Oyronilmasinda, kosilisin neftqazliliginin
giymatlondirilmosi vo istismarinda xiisusi oho-
miyyat kosb edir.

Kompleks quyu geofiziki todqiqat (QGT) ma-
teriallar1 asasinda aparilan arasdirmalar gostorir

Sokil 1. Asag Kiir ¢okokliyinin neft-qaz yataqlarinda
AYMT-nin iist sarhadinin doyismasi
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Kollektor laylarda tozyiq
gradiyenti, MPa/m

Orta Yiiksok
Kiirovdag 0.013 0.015
Qarabagl 0.013 0.016
Kirsongi 0.014 0.016
Misovdag 0.013 0.018
Qalmaz 0.011 0.016
Kigik Horami - 0.014

ki, Asag1 Kiir ¢okokliyinin Kiirsongi yataginda
kollektor tipli laylarindan forqli olaraq gillorde
masama tozyiq qradiyentinin dorinlik {lizro art-
ma siirati boyiikdiir. Eyni zamanda ¢6kma qatin
acilmis hissosindo (xiisuson do gillorinds) ano-
maliya amsalinin (K ) xarakterik olaraq doyisdi-
yi miioyyon edilmis vo struktur modellari tortib

<20
<16
<14
<12
<1

<08
<06
<04

<214
<175
I <075
<02
B <125
W<225

Sakil 2. Kiirsongi yatagimin 3000 m (a) vo 4000 m (b)
dorinlik kasilisinds anomaliya amsalinin doyismasi
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olunmusdur (sokil 2). Burada yerloson struktur-
larin dorin quyularindan alinmis ¢oxsaylt mo-
lumatlarin tohlili gostorir ki, anomaliya omsali
noinki kosilis iizro, homg¢inin quyudan-quyuya,
sahodon-sahoyo miixtolif qiymatlorlo doyisir.

Bu sxemlorin analizindon iki miihiim masalo
diqgati calb edir.

Birinci — burada yerlogson strukturlarin dorin
qatinda gillordo yiiksok mosamo tozyiq qradi-
yenti vo onun anomaliya omsali bir-birini oho-
miyyatli doracado tamamlayir.

Ikinci — bu strukturlarm 1000 m dorinliyine
kimi gillorindo AYMT qradiyenti vo anomaliya
omsal1 hidrostatik tozyiqo yaxindir.

Olverisli geoloji soraitlordo vo dag siixurla-
rinin (das duz, gil) boyiik tosiri altinda fliiidin
catlarla miqrasiyas1 yaranarsa vo bunun noti-
cosindo neft yatagi formalasarsa, onda bu neft
yataginda dag tozyiqino yaxin AYMT-nin olma
ehtimal1 yiiksok olacaq. Madon molumatlarinin
timumilosdirilmasi vo tohlili gdstorir ki, hidro-
cath laylarda tozyiqin maksimal qiymati 70—-80
MPa, tozyiq gradiyenti iss 0.017-0.018 MPa/m
arasinda doyisir. Beloliklo, konkret yataqlar
ticlin lay tozyiqi bazon hidrogatli laylarda omolo
golo bilir vo ¢dkmo qatin kasilislorindo onun
giymatlori doyisir (sokil 3) [6].

Aragdirmalardan moalum olur ki, gazma pro-
sesindo siixurlarin hocmi deformasiyaya ugra-
mast ilo olagadar quyu divarlarinda tozahiir edon
gorginliyin horizontal (radial vo azimutal) toskil-
edicilorinin dorinlik iizra doyismo intensivliyi,
stixur massivi qurulusunun geyri-bircinsliyi,
gazma gil mohlulunun sixligt AYMT-nin tosiri
ilo miirokkoblosir. Lakin AYMT zonasina goro
secilmis gazma gil mohlulunun yaratdigi qu-
yudibi tozyiq horizontal gorginliklori tonzim-
lomoklo quyu divarlarinda onlarin yaratdiglar
yan tozyiqi tarazlasdirir. AYMT-nin tosiri ilo
azimutal gorginliyin azalmasi miisahido edilir
vo naticodo mohsuldar kollektorlarin kegiricili-

1000+

2000+

3000+

4000

5000+

6000+

Sakil 3. Kiirovdag yataginda lay tazyiqinin dorinlik-
don asili olaraq doyismosi: / —lay tozyiqi ayrisi; 2 — hid-
rogatli lay tozyiqi ayrisi

yi artir, quyuatrafi sahados kegirici zonaya daxil
olmus gil hissaciklorinin yuyulmasi ils alagodar
stiziilma sahasi genislonir vo quyuya maye axini
bas verir.

Natica

Beloliklo, todgigat sahasinin siixur massivin-
do AYMT-nin doyismas xiisusiyyatlori, eyni za-
manda quyustrafi zonada tobii gorginlik saho-
sinin pozulmasi ilo olagodar bas veran lokal
proseslarin inkisafi, geyri-xatti saciyyosi, onla-
rin qarsiligh tosir xiisusiyyatlori, bu proseslori
tonzimloyon parametrlorin say ¢oxlugu va quyu
divarinda yaranmis yeni geotektonik gorginlik
sahosi miixtolif geoloji soraitlords flilidin mig-
rasiyasi vo iglonmasine 6z tosirini gdstarir. Ona
goro do AYMT-nin karbohidrogenlorin omalo
golmasindo, miqrasiyasinda, toplanmasinda, ya-
taq soklindo formalagmasinda vo iglonmosindo
rolunun boyiik olmasi onun neft-qaz yataqlari-
nin axtarig-kosfiyyatinda vo qiymotlondirilmo-
sindo, eyni zamanda orada quyu qazma islorinin
somarali sokildo yerino yetirilmoasindo nozors
alinmasini zoruri edir.
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Experimental study on magnetic field influence
in ferrofluid plugging compositions for
wellbore consolidation

J.M. Eyvazov, T.A. Aslanov
SOCAR Upstream Management International LLC

e-mail: Jabrayil.Eyvazov@socarupstream.az

Keywords: ferrofluid-based plugging system, magnetic field intensity, cement stone strength,

magnetite-modified slurry, rheological properties

Currently, over 90 % of oil is recovered through water injection into reservoir formations. However, this
technique often accelerates uneven oil distribution both vertically and laterally within the reservoir, a challenge
especially pronounced in highly heterogeneous formations. In such cases, high-permeability layers become
water-saturated more quickly, leading to a temporary increase in oil production, placing additional demands
on the reservoir pressure maintenance system, impacting oil collection and processing operations, and causing
other operational complications.

Many oil fields in Azerbaijan are now in their late stages of development, characterized by high water
content in produced fluids, largely corresponding to hard-to-recover reserves. This situation diminishes
the effectiveness of strategies aimed at enhancing oil recovery and controlling water influx. Consequently,
improving the efficiency of complex reservoir exploitation by reducing produced water and partially increasing
oil recovery has become increasingly important.

Approaches to achieve these goals include lowering water content in well production, balancing the
pressure in water-displaced zones, isolating internally flushed sections, and mobilizing unswept, oil-rich areas.
These objectives can be addressed through the use of chemical reagents or their derivatives.

Quyu liilasinin konsolidasiyasi liciin ferrofliiid tixanma kompozisiyalarinda

magqnit sahasinin tasirinin eksperimental tadqiqi

C.M. Eyvazov, T.9. Aslanov
SOCAR Upstream Management International MMC

Acar sozlar: ferrofliids asaslanan tixama sistemi, maqgnit sahasi intensivliyi, sement dasinin méhkamliyi,
magqnitit ile modifikasiya edilmis mahlul, reoloji xUsusiyyatlar.

Hazirda neftin 90 %-dan coxu neft laylarina su vurulmasi yolu ila ¢ixarilir. Lakin bu texnika ¢ox vaxt neftin
lay daxilinds ham saquli, ham da Ufliqi istigamatda barabar paylanmamasini stiratlandirir ve bu xisusils ylksak
heterogen laylarda nazara carpir. Bela hallarda yiiksak keciriciliya malik tabagalar daha tez su ila sixisdiriimis
olur ki, bu da miivaqgati olaraq neft hasilatini artirir, rezervuar tazyiginin saxlanmasi sistemina alava yiik yaradir,
neftin toplanmasi ve emali proseslarina tasir edir va digar amaliyyat problemlarina sabab olur.
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Azarbaycandaki bir cox neft yataglari artiq islenmanin son marhalasindadir va ¢ixarilan mayelards ylksak
su torkibi ilo xarakteriza olunur, bu da asasan ¢atin c¢ixarilan ehtiyatlara aiddir. Bu vaziyyat neft hasilatinin
artinlmasina va su daxilolmasinin idars olunmasina yonalmis tadbirlarin effektivliyini azaldir. Natica etibarils,
hasil olunan suyu azaltmagq va neft hasilatini gisman artirmagla kompleks lay istismarinin ssmaraliliyini artirmaq
getdikca vacib olur.

Bu magsadlara nail olmaq t¢lin quyularin hasilatinda su tarkibini azaltmag, su ils avaz olunmus zonalarda
tazyiqi tarazlasdirmagq, daxildan yuyulmus sahalari izolyasiya etmak va hasil olunmamis, neftle zangin zonalari
istifadaya calb etmak kimi yanasmalar istifads edils bilar. Bu vazifalar kimyavi reagentlar ve ya onlarin téramalari
vasitasile hayata kecirils bilar.

3Kcnepume|-rranb|-|oe nccnepgosaHve BJiIMAHNA MarHUTHOro noJifa Ha ¢eppomar|-|wr|-|b|e

TaMMOHa)>KHble COCTaBbl AJ1A YKpernJieHNA CTBOJIa CKBa)XUH

[x.M. dnBaszos, T.A. AchaHoB
SOCAR Upstream Management International LLC

KnroueBble cnoBa: cuctema 3aryweHmna Ha ocHoBe q)eppoq)mom,qa, MHTEHCMBHOCTb MAarHUTHOIro noad, npoy-
HOCTb LLIEMEHTHOIO KaMH4, MOAMq)MLI,MpOBaHHaH MarHeTuTomM CcMecb, peoaormnyeckume CBOWCTBA.

B HacTosee Bpems 60ee 90 % HedTV f0bObIBaEeTCA NyTEM 3aKauky BOAbl B MaacTbl pe3epByapa. OgHako
3TOT METOJ, 4acTo YCKOpAeT HepaBHOMEpPHOe pacnpeseneHme HedTu Kak No BepTUKaMW, Tak U MO rOPU30HTaNN
B pe3epByape, YTO OCOBEHHO 3aMeTHO B CUJIbHO FreTeporeHHbIX Gopmanmax. B Takmx cnyvasx BbICOKOMPOHU-
LLaeMble C/10U BbICTPee HacbILLaTCA BOAOW, UTO MPUBOAUT K BPEMEHHON OTAaue HedTW, CO34aeT AOMOJHU-
TENbHYHO HarpysKy Ha cUcTeMy NoAAep>KaHuA JaBNeHNa B pe3epByape, BAnAeT Ha cbop 1 nepepabotky HedpTn
1 BbI3bIBaeT ApYrue 3KCriyaTaunoHHbIE OCNOXHEHMS.

MHorve HedTAHble MecTOpoXAeHusa B A3epbaifkaHe HaxXxoAATCA Ha MO3AHWX CTaAuax pa3paboTku u
XapaKTepU3ytoTCa BbICOKMM COAep>KaHMeM BOZAbl B A0ObIBaeMbIX XUAKOCTAX, YTO B OCHOBHOM OTHOCWUTCA K
TPYyAHOM3B/IEKaeMbIM 3anacam. JTa CUTyaLma CHuXKaeT 3QdeKTMBHOCTL MeP MO YBENNYEHUIO HehTeoTAaun 1
KOHTPOItO 3a MocTyrnaeHnem Bogbl. CnesoBatesibHO, NOBbILEHNE 3GDEKTUBHOCT KOMMIEKCHOW pa3paboTku
pe3epByapoB MyTeM yMeHbLUEHNA 06beMa J06bIBAEMOLN BOAbI U YaCTUYHOTO YBEANYEHNA J0ObIUM HedTH CTa-
HOBUTCS BCe Honee akTyasbHbIM.

[na AOCTMOKEHUA 3TUX Liefell MPUMEHAROTCA NMOAXOAbI, TakMe Kak CHUXKEHME COAep>KaHUA BOAbI B A0Obive
CKBaXkvH, banaHcMpoBKa AaB/ieHUs B 30HaX 3aMeLLEHNS BOAOW, M30A5LMUS BHYTPEHHE NMPOMBITbIX Y4aCTKOB U
BOBJIeYeHVe B J06bIUYy HenpopaboTaHHbIX, HacbILLeHHbIX HePTbHO 30H. 3TW 3aa4n MOTYT ObITb peLleHbl C UC-
NoJIb30BaHMEM XMMUYECKUX PeareHTOB UAN X MPON3BOAHbIX.

Introduction

Experimental investigation of the phys-
ico-mechanical parameters of a ferroflu-
id-based plugging system exposed to magnet-
ic fields

Laboratory studies have shown that enhanc-
ing bottomhole zone consolidation with plug-
ging slurries can be achieved by creating a tur-
bulent flow regime. However, generating such

turbulence is not always practical and can lead
to increased hydrodynamic pressures. These
limitations have prompted the development of
novel technologies for bottomhole consolida-
tion, including the use of physical fields [1].
Although the macroscopic electrical conduc-
tivity and magnetic responsiveness of fluids used
in oil extraction are generally negligible, intro-
ducing magnetite particles can impart magnetic
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properties to these fluids. This modification al-
lows the rheological behavior of the fluids to be
controlled over a wide range, even under weak
magnetic fields. In the presence of an external
electric field, non-polar components acquire an
induced dipole moment aligned with the field,
resulting in polarization [2].

The use of magnetic fields to enhance in-
dustrial processes is considered a progressive
approach. Existing studies indicate that clay
particles on the surface of plugging slurries con-
tain iron compounds with magnetic properties.
Magnetic fields affect the slurry’s rheological
behavior through two mechanisms: particle
orientation and dipole-dipole interactions [3].
Orientation reduces viscosity and static shear
stress, while strong dipole interactions increase
them. At low flow rates, orientation dominates,
minimizing dipole-dipole interactions; under
static conditions, magnetic fields do not signifi-
cantly alter the properties of water or colloidal
systems [4].

From a fundamental physics and thermody-
namics perspective, changes in water’s thermo-
dynamic properties under magnetic fields are
inconsistent. In practice, reservoir waters with
varying salt content are used rather than pure
water. Consequently, observed changes in mag-
netized water-based solutions are largely due to
dissolved ionic salts. Cations such as Ca** and
Mg?" and anions like C1™ have been shown to in-
duce structural changes in water-based systems
[5].

Extensive laboratory investigations have
demonstrated that magnetic field exposure mod-
ifies the properties of plugging slurries. Key
technological characteristics—including density,
flowability, and setting time—are significantly
affected by magnetic treatment. The effective-
ness of this influence is highly dependent on
the proper selection of magnetic field strength
for specific thermobaric and hydrodynamic
conditions. This is consistent with the results
of studies on the use of magnetic fields in oil
production operations [6].

Several studies have specifically examined
the impact of magnetic fields on plugging slur-
ries prepared with M-400 grade construction ce-
ment, but their results have varied. Laboratory
experiments were carried out to investigate the
effect of magnetic field intensity on the phys-
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10-mechanical properties of both the slurry (e.g.,
spread ability, setting time) and the resulting
cement stone (e.g., compressive and flexural
strength). The main objective of these exper-
iments was to improve understanding of how
magnetic field intensity influences physio-me-
chanical behavior.

A laboratory setup used to study the effect of
magnetic field intensity on the dispersion state
of ferrofluid-based plugging compositions is il-
lustrated in Figure 1.

Figure 1. Laboratory setup for studying the effect of
magnetic field intensity on ferrofluid-based plugging
composition: / — thermometer; 2 — heated container; 3
— heat-resistant pipes; 4 — pump; 5 — magnetize4; 6 — col-
ector

In all experiments, G-I-100 grade cement
was used. The magnetic field generated by the
electromagnet was regulated within the range
of 0-50.000 A/m. When the magnetic field was
applied to the slurry, its properties changed sig-
nificantly. As illustrated in Figure 2, the opti-
mal mechanical strength was achieved at 2.5 %
magnetite content, and subsequent experiments
were conducted at this optimal concentration.

Experiments were carried out within a tem-
perature range of 20—75 °C. The results revealed
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Figure 2. Effect of magnetic field intensity on cement
stone strength
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that the strength characteristics of cement stone
varied with the intensity of the magnetic field.
Based on the empirical data, the dependency of
cement stone strength on magnetic field intensi-
ty was established.

The curves can be described by the following
equations:

Without magnetite 6 = 0.0002H? — 0.02H? +
0.834H + 28.1

With 2.5 % magnetite: ¢
0.0002H2 + 0.7H + 46.8

Where H is magnetic field strength in A/m.

As seen in the figure, when H = 25.000 A/m,
the strength of the cement stone increases sig-
nificantly (by up to 15-25 %). Further increases
in magnetic field intensity yield diminishing re-
turns and are deemed impractical.

Subsequent experiments explored the effect
of magnetic field intensity on the slurry’s spread
ability. These were also conducted at 20 °C, and
the results are presented in Table 1.

As shown, spread ability significantly de-
creases up to a magnetic field strength of 21.000
A/m, beyond which only marginal changes are
observed.

The magnetic field promotes the disintegra-
tion of slurry components, enhancing coagula-
tion and colloidal properties, which accelerates

—0.0001H* —

physio-mechanical processes. Coagulants begin
forming aggregates, thus preparing the structure
for setting. The slurry was treated with a vari-
able magnetic field for 3 minutes. The resulting
slurry showed variability at 5 % magnetite con-
tent. Experimental results are summarized in
Table 2.

Under sustained hydrodynamic conditions,
cement setting time accelerates with increas-
ing magnetic field strength up to 25.000 A/m,
beyond which no further improvements are ob-
served.

The influence of magnetic fields on the water
used to prepare plugging slurries was also inves-
tigated, using reservoir water from the Binagadi
oil field. Cement stone made with magnetized
water exhibited a 15 % higher strength com-
pared to cement prepared with untreated water.
This indicates that magnetic fields can activate
the salts present in the water, thereby enhancing
the strength of the resulting cement.

Temperature and pressure are key factors
affecting cement stone strength. At 20 °C, the
hydration process raises the temperature of the
cement during setting. At temperatures above 75
°C, while initial strength increases, both the rate
of strength gain and the final strength eventually
decrease.

Table 1
. Spreadability of Plugging Slurry, 102 m
Cl\g 2?:;::22 Magnetic Field Strength, H, A/m
15 000 25 000 35000 45 000

0 24.5 24 23.5 23 22.5 21.5
0.25 24 23.5 23 22.5 22 20.5
0.5 23 22 21.5 21 20.5 19
2.5 21.5 20.5 20 19.5 19 18.5

5 19 18 17.5 17 16.5 16

Table 2
The cement setting time hour-min.
Magnetic field t=20 °C t=75°C
A Strtime  Enadme  ThewGldratonof g gy g The total duradon of
0 2-20 2-45 25 1-55 2-20 25
5000 2-10 2-35 25 1-45 2-00 15
15 000 2-00 2-20 20 1-10 1-30 20
25000 1-45 2-00 15 1-20 1-00 20

35000 1-35

1-10 0-50

1-4

5 10 40
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Pressure, however, has little effect on the
strength of cement stones that contain magnetite
particles.

Field tests conducted at 20-75 °C showed
a 15-25 % increase in cement stone strength
prepared using the proposed formulation. The
trends are depicted in Figure 3.

120
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Figure 3. Temperature dependence of cement stone
strength

As the temperature increases, the initial set-
ting time of the mixture decreases. This may be
because, at the early stages of setting, the hydra-
tion process slows down, and the formation of
the cement stone stops at this stage.

To understand the overall behavior, setting
times were studied across different temperatures
using thermostatic samples. For mixtures made
with magnetized water and 2.5 % magnetite,
these events occurred 30-35 % faster than in
those made with regular water.

References

Conclusion

The experimental study demonstrated that
applying magnetic fields has a significant im-
pact on the physio-mechanical properties of fer-
rofluid-based plugging systems. Optimal results
were achieved with a magnetite concentration of
2.5 % and a magnetic field intensity of approx-
imately 25.000 A/m. Under these conditions,
cement stone strength increased by 15-25 %,
spread ability was reduced in a controlled man-
ner, and setting time was accelerated by 30-35
%. Exceeding this field intensity produced di-
minishing returns, indicating a threshold effect.

Magnetic treatment improved the coagula-
tion and structural formation of slurry compo-
nents, promoting faster hydration and stronger
cement stone development. Using magnetized
reservoir water further enhanced compressive
strength by roughly 15 %, underscoring the role
of activated salt in strengthening the cement
matrix. Temperature had a dual effect: strength
increased up to 75 °C, but higher temperatures
reduced hydration efficiency. Pressure had min-
imal impact on magnetite-containing systems.

Overall, the findings confirm that properly
optimized magnetic fields can effectively im-
prove the rheological properties, setting behav-
ior, and strength of plugging slurries. This pres-
ents a promising approach for enhancing bot-
tomhole consolidation and ensuring long-term
well integrity in oilfield operations.

1. Dengwu Jiao, Karel Lesage, Mert Yiicel Yardimci, Khadija El Cheikh, Caijun Shi, Geert De Schutter. “Rheologi-
cal Properties of Cement Paste with Nano-Fe;Os under Magnetic Field: Flow Curve and Nanoparticle Agglomeration”,

Materials, 2020, pp. 1-12.

2. Zainab F. Nadem, Akeel K. Alwan, Raed E. Jafar, Ali C. Khraibet, Hazim M. Majed, Nather J. Umran, Nihad R.
Shindy, Haydar J. Mohammad, Ali S. Abed-Alsada, Jafar S. Murtadha. The effect of using magnetized water on the per-
centage of cement in the Concrete mixture / Baghdad Science Journal, 2014, pp. 605-613.

3. Esfahani Amirsalar R., Reisi Mohammad, Mohr Benjamin. Magnetized water effect on compressive strength and

dosage of superplasticizers and water in self-compacting concrete // Journal of Materials in Civil Engineering, 2018.

4. Barham W., AL-Maabreh A., Latayfeh O. Effect of using magnetic water on the mechanical properties of concrete

exposed to elevated temperature // International Journal of Building Pathology and Adaptation, 2023, pp. 1086-1098.

5. Dhuha M. Hussein, Zena K. Abbas. Influence of Magnetized Mixing Water on Different Levels of Concrete
Strength using Different Curing Processes. Engineering, Technology & Applied Science Research, 2024, p. 157.

6. Gumbatov G.G., Baghirov O.T., Saryev S.K., Shikhiev M.N. Regulation of Technogenic Processes to Increase Well
Production Capacity. — Baku: MAARIF Publishing, 2002, 397 p.

AZORBAYCAN NEFT TOSORRUFATI

A3epbatidxaHckoe HegpmsaHoe Xosaticmeo / Azerbaijan Oil Industry

NEFTQAZCIXARMANIN TEXNIKA VO TEXNOLOGIYASI

TEXHUKA U TEXHO/IOTVIA HEDTETA30406bI4YY / TECHNIQUE AND TECHNOLOGY OF OIL-GAS PRODUCTION

06-07'2026 |1



NEFTIN, QAZIN HAZIRLANMASI V3 NaQLi
TPAHCITOPT M [OArOTOBKA HE®TU U TA3A / PREPARATION AND TRANSPORTATION OF OIL AND GAS

UOT 622.27:622.69 DOI.10.37474/0365-8554/2026-06-07-36-43

Xazar danizi saraitinda neft va qaz sualti boru

kamarlari lizro hidratamalagalma riski
N.E. Abdullazada

Azarbaycan Dovlat Neft va Sanaye Universiteti
e-mail: abdullazadanurlan@gmail.com

Acar so6zlar: Xazar danizi, sualti boru kamari, hidratamalagalms,

temperatur-tazyiq paylanmasi, hidrat riskinin modellasdirilmasi.

Bu maqala Xazar danizinin canub-garb sektorunda, Sengacal-Sahdaniz marsrutu izre neft ve qaz sualti boru
kamarlarinda hidratamalagalma riskinin giymatlandirilmasina hasr olunmusdur. Aparilmis struktur-mexaniki
modellasdirma marsrut tGzre boru kemarinin saquli sabitlik parametrlarini, optimal basdirilma darinliyini ve
torpaq dayanigligini miayyan etmis, naticalar gostarmisdir ki, xtsusila lil-gil ¢okiintilarinin Ustinlik taskil
etdiyi segmentlards borunun mexaniki sabitliyi hidrodinamik va termal dayiskanliklara garsi daha hassasdir.
MATLAB-OLGA-GIS inteqgrasiya olunmus modeli asasinda trass boyunca temperatur, tazyiq ve qaz tarkibi
nazara alinarag hidratemalagalma ehtimali giymatlandirilmis, naticalar xarite va grafiklarla taqdim edilmisdir.

Analiz gostarir ki, marsrutun baslangic seqmenti sabit zona olaraq giymatlandirilir, orta darinlik zonasinda
orta risk moévcuddur, Sahdaniz yatag istigamatinda isa lil-gil qatlarinin Gsttnlik taskil etdiyi darin segmentlar
yuiksak risk zonasi taskil edir. Hesablamalardan malumdur ki, hidratemalagalma riski boru kemarinin darinliyi,
torpag novi, temperatur ve tazyiq paylanmasi ilo birbasa baghdir. Hidrat riskinin azaldilmasi tglin axin
temperaturunun 15 °C-dan asagi dismamasi, izolyasiya galinhiginin 30-40 mm-dan az olmamasi, termodinamik
inhibitorlarin tatbigi ve lokal istilik nazarat sistemlarinin qurulmasi tévsiya olunur. Slave olaraqg, tadgigatda
movsimi temperatur dayismalarinin ve daniz axinlarinin hidratemalegalma ehtimalina tasiri ayrica tshlil
edilmisdir. Arasdirma naticaleri boru kamarlarinin layihalendirilmasi marhalasinds risk asasli yanasmanin
tatbiginin zaruriliyini vurgulayir. Umumilikds, alds olunan naticaler Xazar dsnizi seraitinds sualti boru
kemarlarinin tahlikasiz ve dayaniqli istismari Gclin praktik tévsiyslar taqdim edir.

Puck 06pa3oaaum| r'mapaTtoB B NoABOAHbIX Heq)TeraBOBbIX pr60nposop,ax
B YC/ZI0BUAX Kacnuiickoro MopA

H.3. Abaynnazaze
Azepbalif>kaHCKMI rocyAapCTBEHHbIV YHUBEPCUTET HEDTU U MPOMBbILLIEHHOCTH

KnroueBble cnoBa: Kacnuinickoe mMope, MoABOAHbIM TPybonpoBos, ruapatoobpasoBaHue, pacrnpeseneHue
Temnepatypbl 1 JaBNEHUs, MOAENNPOBaHME pUCKa rMapaToobpasoBaHus.

CraTba NOCBALLEHa OLiEHKE prcka 06pa3oBaHWA rMAPATOB B MOABOAHbLIX HepTErazonpoBoAax BAO b MapLL-
pyTta CaHravan-LLlaxaeHn3 B toro-3anagHom cektope Kacnuiickoro mops. CTpyKTypHO-MeXaHnYeckoe Moge-
NNPOBaHMe MO3BO/IMIO OMpPeAeUTb MapaMeTpbl BEPTUKaAbHONM YCTOMYMBOCTU, ONMTUMaNbHYHO rybuHy 3ase-
raHus 1 yCTOMUMBOCTb FPyHTa TpybomnpoBoAa BAO/b MaplupyTa. Pe3ynbTaTbl Mokasanu, YTO MexaHW4eckas
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YCTOMUMBOCTb TPYObl 6osIee UyBCTBUTEIbHA K FTMAPOANHAMUYECKUM U TEPMUYECKUM KONebaHUAM, 0COBEHHO
Ha y4acTkax, rae npeobsafatoT UIO-IIVHUCTbIE OTNOXKEHMS. Ha ocHoBe MHTErpupoBaHHon mozenn MATLAB-
OLGA-GIS 6blna oLieHeHa BEPOATHOCTb 06pa3oBaHUA rMAPaATOB BAOJb MapLUpyTa C y4eToM TeMnepaTypsbl, AaB-
JIEHVA N COCTaBa rasa, a pesy/ibTaTtbl NPeAcTaBaeHbl B BUAE KapT 1 rpadurkos.

AHann3 NokKasbIBaeT, UTO HaYa/lbHbl Yy4acTOK MapLUpyTa OLEHMBAETCS KakK yCTONUMBAs 30Ha, B 30HE Cpea-
Hen ryObuHbI PUCK CPEAHWI, @ B Hanpas/ieHW MecTopoxaeHus LLlaxaeHns rnybokue yyacTky, rae npeobiaga-
0T UNO-TNNHUCTBIE CIOWN, MPEACTaBAAIOT COOOM 30HY BbICOKOrO pucka. PacyeTbl Moka3biBatoT, UTO pUCK obpa-
30BaHWs r’MAPATOB HaNPsMYH CBsA3aH C rybuHON Npokiajku TpybonpoBoaa, TUMOM FpyHTa, TEMNEPaTYPO 1
pacnpeseneHviem gaBieHus. [na CHUXKEHUs pyucka 06pa3oBaHUsA TMAPaATOB PEKOMEHAYETCS He OMnycKaTb TeM-
nepatypy notoka Huxe 15 °C, Tonwnny n3onaumm He meHee 30-40 MM, NPUMEHATL TEPMOAMHAMNYECKME NH-
rMOUTOPBLI U YCTaHaB/AMBATb JIOKaJIbHblE CUCTEMbI TEPMOpPEryanpoBaHus. Kpome Toro, B ccies0BaHUN OTAESb-
HO MpOaHa/NM3MpPOBaHO BAWUSHWNE CE30HHbIX M3MEHEHWUM TeMMepaTypbl U MOPCKMX TEYEHWUA Ha BEPOSTHOCTb
0obpa3oBaHus rMapaToB. PesynbTaTthl CCAeAOBaHNA NOAYEPKUBAIOT HEOBXOAMMOCTb MPUMEHEHUS PUCK-OPU-
E€HTVPOBAHHOIO MOAXOZa Ha 3Tarne NMPOeKTUPOBaHMA TpybonpoBoaa. B Lenom, pesynbraTtbl NpeAoCTaBaAAOT
npakTuyeckme pekoMeHaaLmm ans 6e30nacHoOM U YyCTOMYMBOW SKCMyaTaLMu NoABOAHbIX TPyOONpoBOAOB B
Kacnuiickom mope.

Risk of hydrate formation on oil and gas submarine pipelines in the Caspian Sea conditions

N.E. Abdullazade
Azerbaijan State Oil and Industry University

Keywords: Caspian Sea, subsea pipeline, hydrate formation, temperature-pressure distribution, hydrate risk
modeling.

This article is devoted to the assessment of the risk of hydrate formation in oil and gas submarine
pipelines along the Sangachal-Shahdeniz route in the southwestern sector of the Caspian Sea. The structural-
mechanical modeling determined the vertical stability parameters, optimal burial depth and soil stability of the
pipeline along the route, and the results showed that the mechanical stability of the pipe is more sensitive to
hydrodynamic and thermal fluctuations, especially in segments dominated by silt-clay sediments. Based on
the MATLAB-OLGA-GIS integrated model, the probability of hydrate formation was assessed along the route,
considering temperature, pressure and gas composition, and the results were presented with maps and graphs.

The analysis shows that the initial segment of the route is assessed as a stable zone, there is a medium risk
in the medium-depth zone, and in the direction of the Shahdeniz field, deep segments dominated by silt-clay
layers constitute a high-risk zone. Calculations show that the risk of hydrate formation is directly related to
the depth of the pipeline, soil type, temperature and pressure distribution. To reduce the risk of hydrates, it is
recommended that the flow temperature not fall below 15 °C, the insulation thickness not less than 30-40 mm,
the application of thermodynamic inhibitors and the installation of local thermal control systems. In addition,
the study separately analyzed the impact of seasonal temperature changes and sea currents on the probability
of hydrate formation. The study results emphasize the need to apply a risk-based approach at the pipeline
design stage. Overall, the results provide practical recommendations for the safe and sustainable operation of
subsea pipelines in the Caspian Sea.
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Miiasir neft vo gaz sonayesinds sualtt boru
komorlorinin tohliikasiz vo effektiv istismari
mithiim elmi vo praktiki masoladir. Xiisusilo
dorin vo orta dorinlikdo yerlogon boru komaorlo-
rindo hidratomologolma riski, hom istehsal pro-
seslorinin dayanigqligina, hom do omoliyyat toh-
liikasizliyino birbasa tosir edon kritik amil hesab
olunur. Hidratlar — yiiksok tozyiq vo asag1 tem-
peratur soraitindo gaz vo suyun kristallagmasi
noticasinds yaranan bork strukturlar — boru daxi-
lindo axin1 mohdudlagdiraraq tozyiq forglorinin
artmasina vo naticodo blokaj vo goza riskinin
yliksolmasina gotirib ¢ixarir. Bu sobabdon, boru
komorlorinin marsrut lizro temperatur, tozyiq vo
torpaq soraitind uygun olaraq hidratomologolmo
ehtimalinin qiymatlondirilmasi vo risk zonalari-
nin miioyyanlosdirilmosi miithiim elmi vo texno-
loji vozifo kimi 6no ¢ixir.

Xozor donizinin conub-qorb sektorunda yer-
loson Songogal-Sahdoniz marsrutu  xiisusilo
mirokkob geotexniki vo hidrostatik soraitlo xa-
rakterizo olunur. Marsrut boyunca lil—gil ¢okiin-
tillori, dorinlik doyiskonliyi vo hidrostatik toz-
yiqin yiiksokliyi boru komorlorinds sabitlik vo
istilik balans1 masalalorini aktuallasdirir. Bu so-
raitdo MATLAB-OLGA-GIS inteqrasiya olun-
mus modellosdirmo yanasmasi vasitosilo trass
iizro istilik vo tozyiq paylanmasinin, qaz torki-
binin vo torpaq xiisusiyyatlorinin qiymotlondi-
rilmosi, hidratomologolmo ehtimalinin  doqiq
miloyyon olunmasi miimkiindiir.

Magqalonin  moqsadi  Songacal-Sahdoniz
marsrutu tizra boru komaorlorindoa hidrat amala-
golmo riskini qiymatlondirmok, risk zonalarini
xoritoys almaq vo boru komarinin sabitliyinin
tomin olunmasi liclin miithondislik tovsiyalori
vermokdir. Tadqiqatin naticolori yalniz Xozor
donizino xas hidrogeoloji vo termobarik sorait
ticlin deyil, hom do digor doniz saholorindo su-
alt1 boru komarlarinin idars edilmasi va tahliiko-
sizliyinin tomin olunmasi iigiin praktik shomiy-
yot kosb edir.

9dobiyyat icmal

Sualt1 neft vo qaz boru komaorlorindo metan
hidratlarinin amolo golmaosi, xiisusilo dorin su
mihitlorinds, omoliyyat tohliikosizliyi vo iqtisa-
di somoralik baximindan ciddi problemlor yara-
dir. Hidratlar yiiksok tozyiq vo asagi temperatur
soraitindo qaz molekullarinin su ilo birlogorak

kristal strukturlar omolo gotirmosi naticosindo
formalasir. Bu kristal strukturlar boru komaorin-
do axinin pozulmasina vo komarin tixanmasina
sobob olur, naticods iso sistemin foaliyyoti da-
yandirila bilor. Hidratlarin omalo golmasi tokco
omoliyyatlarin pozulmasina yol agmir, hom do
tomir vo barpa xorclorinin artmasina, enerji itkisi
vo amoliyyat gecikmolorino sobab olur [1]. Bu,
xtisusilo dorin su boru komorlorinds problemli
olur, ¢linki bu miihitds amsliyyatlar hom texniki,
hom do logistika baximindan daha miirokkobdir
vo olava resurs tolob edir. Hidratlarin amologal-
mo ehtimali nozaratsiz buraxildigda, boru komo-
rinin uzunmiiddatli dayaniglig1 vo sistemin eti-
barligina ciddi tosir gostora bilor. Bu sabobdon
sualt1 boru komarlorinds hidratomologolma riski
uzun miiddatdir ki, hom elmi todqiqatlarin, hom
do sonaye praktikalarinin diggoet morkozindo
dayanir vo onun idaro olunmasi ti¢lin miixtolif
texnoloji vo analitik yanasmalar inkisaf etdiril-
misdir [2].

Hidratomologolmonin qarsisinin  alinmasi
liclin termodinamik modellor vo eksperimen-
tal todqiqatlar genis sokilds totbiq olunur. Boru
komorinds hidratlarin sabitlik ssrhadlorinin
miioyyonlosdirilmosi va istilik-tozyiq profillori-
nin prognozlasdirilmasi miihiim shomiyyot kosb
edir. Bu modellar boru komarinin miixtalif his-
solorindo temperatur vo tozyiq doyisikliklorini
tohlil etmoya, homg¢inin hidratlarin hansi sora-
itdo amolo golocayini qabagcadan miioyyonlos-
dirmoyo imkan verir. Eyni zamanda ¢oxfazali
axin sistemlorindo hidratomologolmo mexaniz-
mi do kompleks olaraq arasdirilmigdir. Bu aras-
dirmalar naticesinds termodinamik inhibitor vo
digor kimyoavi olavalor kimi gabaglayici todbir-
lor totbiq edilmis, boru komori omoliyyatlari-
nin tohliikosizliyini artirmagla yanasi, sistemin
davamli islomosini tomin etmok {i¢lin somorali
vasitolor toqdim olunmusdur. Bu yanagmalar,
homg¢inin omoliyyat xorclorinin azaldilmasina
va boru komorinin émriiniin uzadilmasina im-
kan verir [3]. Termodinamik modellosdirmo va
real saho molumatlarinin birlosdirilmasi, hid-
ratomologolma riskinin doqiq qiymatlondirilmo-
sini tomin edorok, omoliyyat gorarlarinin opti-
mallagdirilmasina sorait yaradir vo qarsist alin-
mayan tixanmalarin yaratdig1 potensial iqtisadi
zorarlori minimuma endirir [4, 5].

Boru komorinin struktur vo geotexniki daya-
niglig1 da hidratomologolms riskinin qiymaotlon-
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dirilmasindo holledici rol oynayir. Sualti boru
komarininyerlosdiyimiihitinhidrogeolojivageo-
texniki xtlisusiyyatlori, torpaq vo dorinlik sort-
lori boru komarinin stabilliyi vo risk soviyyaosi
ilo birbasa baglidir. Dorin su miihitindo torpaq—
axin qarsiligh tosiri, boru komorinin deforma-
siya vo ayilmo meyillorini artiraraq, hidratlarin
formalasmasini siiratlondirs bilor [6, 7]. Bundan
olava, sualt1 torpaq qurulusunun geyri-borabor-
liyi vo torpaq horakotlori, boru komorinds stress
bolgolorinin yaranmasina sobab olur ki, bu da
strukturun zoiflomosi vo hidratomologolmo ris-
kinin yiiksolmosi ilo naticolonir. Buna goro do
boru komorinin layiholondirilmasi vo istismari
zamani hom geotexniki, hom do termodinamik
parametrlorin kompleks tohlili zoruridir. Struk-
tural analiz vo dayaniqliq giymotlondirmalori,
komaorin uzunmiiddatli tohliikasiz islomasini to-
min edon vacib addimlardan hesab olunur. Eyni
zamanda, boru komaorinin monitoringi vo real
vaxt molumatlarin tohlili, geotexniki vo hidro-
dinamik doyisiklikloro tez cavab verilmosino
imkan yaradaraq, potensial risklorin gabaqlayici
sokilds idars olunmasini miimkiin edir [8].
Miiasir yanagsmalarda risk asasli qiymotlon-
dirmo va gabaqlayici tohlillor, sualt1 boru komo-
rindo hidratomologolma riskinin idars olunma-
sinda osas prinsiplordon biri kimi qobul edilir.
Bu yanasma, yalniz hadiso bas verdikdon sonra
reaktiv todbirlor gérmoklo kifayatlonmir, eyni
zamanda omoliyyat planlarinin optimallasdi-
rilmas1 vo potensial risklorin 6ncodon miioy-
yonlosdirilmosi imkanlarmi toqdim edir. Geo-
molumat sistemlori (GIS) vo hesablama maye
dinamikas1 (CFD) texnologiyalarinin birlosdi-
rilmasi, boru komorinin miixtalif hissalerinda
risklorin soviyyasini vizual olaraq gostormoklo
yanagi, hidrodinamik soraitin vo torpag—axin
qarsiliglt tasirinin do tohliline imkan yaradir [9].
Bu yanagma vasitosilo, mithondislor vo amaliy-
yat menecerlori boru komorinin kritik bolgalori-
ni miioyyon edo, potensial hidratomoalogolmao zo-
nalarin1 qabaqcadan xoritolondiro vo amaliyyat
strategiyalarini ona uygun tonzimloyo bilirlor.
Dinamik soraitdo, yoni tozyiq vo temperatur do-
yigskonliyinin oldugu miihitds risk modellorinin
totbiqi, hidratomoalogolmo ehtimalinin daha real
vo doqiq prognozlasdirilmasina sorait yaradir.
Bu, homg¢inin boru komarinin istismar miidda-
tinin uzadilmasina, tomir vo barpa xorclorinin
azaldilmasina vo omoliyyatlarin dayanigliginin

artirilmasina xidmot edir. Bundan slava, GIS va
CFD modellari ekoloji tasirlorin qiymatlondiril-
mosindo do shomiyyatli rol oynayir, ¢iinki riskli
zonalarin avvalcodon miioyyon edilmasi vo qa-
baglayici todbirlorin goriilmasi doniz miihitinin
gorunmasina komok edir.

Umumilikda, sualtt boru kemarlorindo hid-
ratomologolma riskinin idars olunmasi ¢oxsaho-
li vo kompleks yanasma tolob edir. Bu yanas-
ma termodinamik modellosdirma, axin tominati
strategiyalari, struktur vo geotexniki analizlor,
eloca do risk asasli GIS vo CFD texnologiyalari-
nin birlasdirilmasini nazarda tutur. Hor bir kom-
ponent bir-birini tamamlayaraq, boru komorinin
tohliikasiz vo somorali islomoasini tomin edir [10,
11]. Xiisusilo Xazar donizi kimi hidrogeoloji vo
geotexniki soraiti miirokkob olan dorin su mar-
srutlarinda bu yanasmalarin totbiqi, omoliyyat
risklorinin minimuma endirilmasine, struktur
dayanigligimin qorunmasina vo boru komorlo-
rinin uzunmiiddatli etibarliginin tomin olun-
masina xidmot edir. Bundan olavo, gabaglayi-
c1 risk giymotlondirmo sistemlori boru komori
omoliyyatlarinin davamhiginmi artirir, planlasdi-
rilmig istismar intervallarini optimallasdirir vo
fovgolado hallara hazirligi tomin edir. Beloliklo,
omoliyyatlarin hom texniki, hom iqtisadi, hom
do ekoloji somaraliyi yiiksalir, sonaye standart-
larina uygun gabaglayici idaroetmo modeli for-
malasir.

Metodologiya va tohlil

Songogal-Sahdoniz  marsrutu  {izro  boru
komarinin saquli sabitliyi, torpaq dayaniqligi vo
optimal basdirilma dorinliyi struktur-mexaniki
tohlillor naticosindo miioyyon edilmisdir. Ana-
lizlor gostordi ki, marsrutun real dorinlik dia-
pazonu 18—40 m togkil edir vo xiisusilo lil-gil
cokiintiilorinin Ustiinliik togkil etdiyi seqment-
lordo borunun mexaniki sabitliyi hidrodinamik
vo termal doyiskonlikloro gars1 daha hossasdir.
Bu doyiskonliklor arasinda hidratomologalmasi
on kritik tohliika hesab olunur, ¢linki hidrat kris-
tallar1 axmin horokotini mohdudlasdirir, daxili
tozyiq forqlorini artirir vo noticodo boru xottin-
do blokaj vo goza riskini yiiksaldir. Dissertant
torofindon MATLAB-OLGA-GIS inteqrasiya
olunmus modeli asasinda trass boyunca tem-
peratur, tozyiq vo gaz torkibi nozors alinmagla
hidratomologolms ehtimali giymotlondirilmis
vo risk zonalar1 xaritoya alinmisdir. Istismar za-
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mani boru daxilinds temperaturun vo tozyiqin
uzunluq tlizro paylanmast MATLAB miihitinds
asagidaki diferensial tonliklor asasinda model-
losdirilmisdir:

dr __U(T-T,.) dp

g mic ) dx

pU”

=~/7D

b

burada U — axin siirati; 7 — doniz dibinin tem-
peraturu (4—7 °C); f — Darsi slirtlinma omsali;
m — kiitlo axiny; ¢, — qaz qarisiginin istilik tutu-
mudur.

Bu bélmads aparilan istilik vo tozyiq paylan-
ma modellosdirmasi Songagal-Sahdoniz mars-
rutu lizro yerina yetirilmis avvalki geotexniki vo
hidrostatik modellorin davami kimi hoyata ke-
cirilmisdir. Tohlilin magsadi trass boyunca hid-
ratomologolma ehtimalini qiymatlondirmok vo
temperatur—tozyiq (7—p) parametrlori asasinda
hidrat sabitlik zonalarinin miioyyon edilmasidir.
Modelin qurulmasi zamani1 Xozor donizinin co-
nub-qorb sektorunda, xiisusilo Sahdoniz yatagin-
dan Sangacal terminalina qodor olan real istismar
soraitino uygun hidrostatik vo termobarik gostori-
cilor osas gotiirlilmiigdiir. ©lde olunan molumat-
lar SOCAR, BP vo ETSN Hidrometeorologiya
Xidmotinin illik texniki hesabatlari, homg¢inin
miiollif torafindon aparilmiy MATLAB-GIS in-
teqrasiya modellori ilo uygunlagdirilmigdir.

Aparilan modellosdirmods baslangic noqto
kimi Sahdoniz yatagi, son noqto kimi iso Son-
gacal terminali gobul edilmigdir. Bu yanasma
qaz axminin doniz yatagindan terminala dogru
harokati ilo tam uzlasir vo real istehsalat pro-
sesinin xilisusiyyatlorini oks etdirir. Termobarik
soraito osason Songocal-Sahdoniz marsrutu iizro
temperatur vo tozyiq paylanmasi movcud hid-
rogeoloji molumatlar ssasinda marsrut boyunca
temperatur vo tozyiq sahosinin paylanmasi aga-
g1daki kimi miioyyon edilmisdir.

Sangacal sahasi (baslangic zona, 18-22 m)
Bu hisso dayaz sularla xarakterizo olunur vo
torpaq laylariin sixlig1 nisbi olaraq ytiksokdir:
temperatur: 17-20 °C, tozyiq: 95-105 bar.
Sabitlik amsal1 S = 1.8-1.85.

Orta dorinlik zonasi (25-32 m)

Bu zonada lil qatlariin pay1 artdig tigiin tor-
paq miigavimoti azalir vo sabitlik gostoricilori
orta soviyyoayo diisiir: temperatur: 8—12 °C, toz-

yiq: 103—107 bar, sabitlik omsal1 S = 1.40-1.55.

Sahdaniz zonasi (50-500 m darinlik diapa-
zonu)

Lil—gil ¢okiintiilorinin iistiinliik toskil etmasi
vo dorinliyin siirotlo artmasi hidrostatik tozyiqi
ylksoaldir vo hidratomoalogolmo riskini artirir:
temperatur: 4-10 °C (50-500 m dorinlik {i¢iin
real sualt1 qiymatlor), tozyiq: 120—-180 bar (do-
rinlik artdiqca yiiksolon diapazon), sabitlik om-
salt: S=1.10-1.25.

Bu gostoaricilor Sahdonizds dorin, lil-gil ¢6-
kiintiilii vo yiiksok hidrostatik riskli zona ol-
dugunu siibut edir. Aparilmis analiz gostorir
ki, Songocal sahosi yiiksok torpaq sixligr vo
daha dayaz dorinlik sobabindon marsrut {izro
on sabit seqment hesab olunur. Marsrutun orta
hissasindo sabitlik orta soviyyaya diisiir, Sahdo-
niz istigamoatindos iso dorinliyin artmast vo lil—
gil gatlarinin tstiinliik togkil etmasi sobabindon
sabitlik minimum hadds enir. Buna gora xattin
son seqmentlorindo beton ortiiklii balastlama vo
ankerlomo todbirlorinin giiclondirilmosi tolob
olunur. Boru komorinds gqaz axmiin torkibindo
su buxari, metan vo etan fraksiyalariin olmasi
hidrat kristallarinin omolo golmasi {i¢iin alveris-
li sorait yaradir vo bu proses dorinlik, tempera-
tur vo tozyiq paylanmasi ilo birbasa olagolidir.
MATLAB miihitindo qurulan 7-p paylanma
xotti vo Clausius—Clapeyron tonliyi osasinda
hidratomologolmo sorhadi asagidaki kimi miioy-
yon edilmisdir:

B

Inp, =4 T
burada p, — hidratomoalogalms tozyiqi, bar, 7, —
hidratomologolmo temperaturu, K, 4 vo B — em-
pirik sabitlordir (metan iiciin 4 = 24.54; B =
2040).

Hesablamalara osason, Songogal-Sahdoniz
marsrutu lizro hidratomalogolmo sarhadi (T—p
xatti) 35 °C temperaturda toxminon 110 bar,
15 °C temperaturda iso 95 bar soviyyasinds ko-
sigir. Bu natico marsrutun dorin seqmentlorindo
hidratomologalmasi ii¢iin kritik soraitin movcud
oldugunu gostorir.

Natica va tovsiyalar

Sahdoniz yatagindan ¢ixan qaz axininin ilkin
morholods yiiksok temperatur vo tozyiq soraitin-
do (To = 75 °C, po = 145 bar) olmas1 vo marsrut
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boyunca Songogal terminalina dogru horokot et-
dikco temperaturun 9—12 °C, tozyiqin i1s9 95-100
bar soviyyasino gqodor azalmasi hidratomologol-
mosi {igiin real risk soraiti yaradir. Temperatur
vo tozyiqin bu sokildo doyigmosi xiisusilo mar-
srutun dorin vo lil-gil ¢okiintiilorinin tistiinliik
toskil etdiyi seqmentlorindo hidrat sabitlik zona-
sina daxilolma ehtimalini artirir.

Qeyd etmok lazimdir ki, lil vo gilli torpaq
qatlar istilik kegciriciliyinin asag1 olmasi sobo-
bindon istilik itkisini artirmir. Boru komarlarinin
torpaga basdirilma dorinliyi = 0.7-0.8 m-don
sonra istilik rejimi baximindan stabil hesab olu-
nur va alava dorinlik artimu istilik itkisino oho-
miyyotli tosir géstormir. Buna goro istilik itkisi
borunun basdirildig1 torpaq noviindon daha ¢ox
axin parametrlori vo izolyasiya xiisusiyyotlori
ilo miioyyon olunur.

Hidratomologolmo  riskinin  azaldilmasi
mogsadilo asagidaki texniki todbirlorin hoyata
kecirilmosi tovsiyo olunur: qaz axininin tempe-
raturunun 15 °C-don asag1 diismomasinin tomin
edilmasi; komor boyunca istilik izolyasiya qati-
nin 3040 mm diapazonunda saxlanilmasi; ter-
modinamik inhibitorlarin (metanol vo ya MEG)
Sahdoniz yatagi vo platforma ¢ixis ndqtolorindo,
eloca do riskli seqmentlordo davamli vo ya mor-
halali rejimdos totbiq edilmaosi.

Sahdoniz istiqgamoatindo yerloson dorin vo
yiiksok riskli zonalarda lokal istilik nozarot
sistemlorinin (pipeline heating loop) totbiqi-
nin mogsadouygun hesab edilmosi. Metanol
vo monoetilenglikol (MEG) kimi termodina-
mik inhibitorlar boru komaring istismar zama-
n1 9sason giris noqtolorindon vo ya saho lizro
xlisusi inyeksiya ndqtolorindon dozalanmis
sokildo verilir. Bu maddslor qaz—su sistemindo
hidratlarin stabillik sahosini asag1 temperatur-
lara siirtisdiirorok kristallasmanin garsisini alir
vo xiisusilo Sahdoniz seqmentindo lokal hidrat
riskinin azaldilmasinda effektiv hesab olunur.
Noticolor gostorir ki, hidratomologoalmo ehti-
mal1 asason 30—40 m dorinlik diapazonunda,
xususilo Sahdoniz strukturunun lil gatlarinda
daha yiiksokdir.

Aparilmis modellosdirmo naticosindo miioy-
yon edilmisdir ki, Songacal-Sahdoniz marsrutu
iizro istilik vo tozyiq parametrlori hidrat sabitlik
zonalarinin yaranma mexanizmini izah etmoyo
imkan verir. Temperaturun azalmasi vo tozyiqin
yliksolmosi soraitindo hidratomoalogoalmo ehti-

mal1 qazin torkibi vo torpaq soraitindon asili
olaraq doyisir.

Beloliklo, bu bolmads aparilmis tohlil hidrat
yaranmasinin qarsisinin alinmasi strategiyasi-
n1 miloyyonlosdirmak iigiin osas marholo hesab
olunur vo ndvbati bélmads islonacok hidrat ris-
kinin idarsedilmasi vo istilik balanst modellari
ticlin ilkin parametrlor kimi totbiq edilocokdir.

Olavo olaraq, 3.4-cii bolmods miioyyon olun-
mus optimal basdirilma darinliyi (0.55-0.65 m)
totbiq olunduqda, istilik itkisi 810 % azalir vo
boru daxilinds orta temperatur 2 °C yiiksok qa-
lir. Bu fakt gostorir ki, saquli sabitlik vo hidrat
riski arasinda birbasa slago movcuddur.

T, = a+ bln(p) + c(Inp)*,

buradaa =-35.7a=-35.7a=-35.7,b=17.3b
=173h-173,c=-1.92¢=-1.92c=-1.92

OLGA simulyasiyas1 noticosindo 150 bar
tozyiqdo kritik hidrat temperaturu T h = 21 °C,
100 bar tozyiqdo iso T _h = 14 °C olaraq miioy-
yon edilmisdir. Bu, o demakdir ki, trass boyunca
T h(p) xatti ilo real axin temperaturu T(x) gra-
fiklori kosisdiyi nogtalordoe hidratomoalogolmaosi
miimkiindiir.

Model noticolorine osason: Songocal-Sah-
doniz marsrutunun baslangic seqmentindo (0—
35 km) hidrat riski miisahido olunmur — axin
temperaturu kritik hidratomalogalmo temperatu-
rundan toxminon 15-20 °C ytiiksok qalir.

— Sahdoniz istigamotinds marsrutun orta vo
son seqmentlorindo (= 55-90 km intervalinda)
dorinliyin 100—150 m-o godor artmasi naticasin-
do temperaturun azalmasi vo tozyiqin ytksal-
mosi hidratomologalmo riskini orta soviyyoya
godor artirr.

— Sahdoniz seqmenti yatagin yerlosmo xi-
susiyyatlorine uygun olaraq donizdo 50-500 m
dorinlik diapazonunda yerlosir. Bu intervalda
temperatur vo tozyiqin doyigsmosi hidratomalo-
golmo riski li¢iin osas amildir. Rosmi monbalor-
do marsrutun kilometr iizro doqiq seqmentlori
aciglanmadigindan, modellosdirmods Songo-
cal-Sahdoniz xatti iiglin gobul olunmus imumi
geoloji vo hidrostatik parametrlordon istifado
edilmisdir.

OLGA naticalari “Excel-CSV” formatinda
MATLAB-dan ixrac olunaraq ArcGIS Pro 3.2
mihitindo “Spatial Analyst” modulu ilo emal
edilmisdir. Hor noqto lizro temperatur vo tozyiq
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doyorlori interpolasiya olunmus vo hidrat risk
gostaricisi asagidaki: kimi hesablanmisdir:

_T,(p)-T(x)
HR = A0

OLGA-MATLAB-GIS inteqrasiyasi osasin-
da qurulan modeldo marsrut boyu noqtovi T—p
interpolasiyasi ilo hidrat risk gostoricisi (HRs)
hesablanmis, noticolor xorito vo qrafik forma-
sinda togdim edilmisdir. Risk xoritosi ii¢ sinfo
boliiniib vo trass lizro paylanma miivafiq olaraq
48 % (sabit), 32 % (orta risk) vo 20 % (ylik-
sok risk) kimi miioyyonlosdirilib. Yiiksok riskli
zonalar asason Sahdoniz yatagina yaxin dorin
seqmentlords, 35-50 m araliginda yerloson lil—
gil ¢okiintiilorindo miisahido olunmusdur. Apa-
rilmis istilik—tozyiq modellosdirmosi vo xarito
analizlori osasinda Songocal-Sahdoniz marsru-
tu lizro hidratomologolmo ehtimali doracolorine
goro li¢ osas risk sinfi miioyyan edilmisdir.

Bu tosnifat hom termohidrodinamik sorait,
hom do torpaq qatlarinin fiziki vo istilik xtisusiy-
yatlori nozors alinmaqla aparilmisdir. Modellos-
dirma naticalori OLGA, MATLAB va ArcGIS
Pro program miihitlorinin inteqrasiyasi osasinda
formalagdirilmis vo Xozor donizinin conub-qorb
sektorundaki real miithondis-geoloji soraito uy-
gunlasdirilmigdir.

Codvoldo hidrat risk siniflorinin magistral
lizro paylanmasi timumilogdirilmis sokildo ve-
rilmisdir.

Magistral
Risk sinfi (HR;) Sorh iizra
paylanma, %
Sabit zona
<
HR,<0.1 (hidrat yaranmir) 48
Orta risk
0.1<HR,<0.25 (monitoring telob olunur) 32
Yiiksok risk
HR, > 0.25 (hidratomalagalma 20
ehtimali)

Mbonba: OLGA — MATLAB — ArcGIS Pro inteqrasiya
simulyasiyast.

Cadvoldon goriindiiyii kimi, marsrutun tox-
minon 48 %-i sabit zona kimi giymaotlondirilir
va bu hissalords hidratomalogolms ehtimali mi-
nimaldir. Lakin orta vo yiiksok riskli zonalarin
imumi pay1 52 % toskil etdiyindon, bu seqment-
lordo daimi temperatur va tozyiq monitoringinin

aparilmasi, eloco do MEG inhibitor rejiminin
totbiqi vacib sayilir. Yiiksok riskli saholor osason
Sahdoniz yatagma yaxin dorin seqmentlordo,
35-50 m dorinlik diapazonunda lil—gilli siixur-
lar {izorindo formalasmisdir (sokil 1).

m Sabit (HRs <0.1)
Orta risk (0.1 <HRs <0.25)
B Yiiksok risk (HRs > 0.25)

Sakil 1. Hidrat riski siniflarinin paylanmasi

Sokil 1 hidrat risk siniflorinin Songacal-Sah-
doniz marsrutu iizro paylanmasini oks etdirir.
Buradan aydin olur ki, marsrutun baglangic seq-
mentindo (0-30 km) HR; gdstoricisi toxminon
0.08 soviyyasindadir vo bu hisso sabit zona kimi
giymotlondirilir. Sahdonizo dogru orta dorinlik
zonasinda (30-65 km) HR gostoricisi 0.10—
0.22 intervalinda doyisorak orta risk soviyyosi-
ni formalagdirir. Sahdoniz yatagi istiqgamotindo
marsrutun son seqmentinds (70-90 km interva-
linda) dorinliyin artmasi vo temperaturun 10—
12 °C-ya godor enmosi naticosindo HRs gdsto-
ricisi 0.25-don yuxar1 qalxir vo bu hisso yiiksok
risk zonas1 kimi qiymotlondirilir. Bu artim dorin-
liyin yiiksolmaosi, torpagin lil-gil torkibli olmasi
va istilik-tozyiq balansinin doyismaosi ilo olago-
dardir. Noticolor gostorir ki, HRs gostoricisinin
artan tendensiyasi hidratomologolmo ehtimali-
nin dorinlik, torpaq novii vo termobarik gsoraitlo
bilavasita bagli oldugunu tosdigloyir (sokil 2).

0.3

0.25 /

0.2

0.15

0.1

- _
0

0 10 20 30 40 S0 60 70 8 90 100
[ = Yiiksok risk

Orta risk ™ Sabit zona |

Sakil 2. HR; gostaricisinin marsrut iizra doyismasi
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Sokil 2-do marsrut boyunca HR, gdstoricisi-
nin doyismosi toqdim olunmusdur. Sokilds i¢
osas risk intervali ayrilmigdir: 0.20-don asagi
olan saho “Sabit zona”, 0.20—-0.25 aralig1 “Orta
risk” zonasi vo 0.25-don yuxari olan hisso “Yiik-
sok risk” kimi tosniflondirilmisdir. Bu zonalar
sokildo miivafiq olaraq yasil, sar1 vo ¢ohrayi
ronglorlo gostorilmisdir. HRs = 0.20 soviyyaesini
gostaran iifliqi yasil kosikli xatt “0.08 anilo HR,”
geydi ilo birlikds verilmisdir ki, bu da aparilmis
hesablamalarda istifads olunan diizslis paramet-
rini gostorir. HRs = 0.25 haddi iso sokildo qirmi-
71 xott kimi isarslonmis vo “0.25<0.25” geydi ilo
risk sorhadini ifado etmisdir.

Sokildon goriindiiyli kimi, marsrutun baslan-
gicinda HRg gostaricisi toxminon 0.10-0.15 in-
tervalinda doyisorok sabit zonaya uygun golir. Bu
hisso Songocal sahosino uygun olub torpaq gati-
nin daha permeabil olmasi vo hidrostatik tozyiqin
asagl olmasi ilo xarakterizo olunur. Marsrutun
40-70 km hissosina yaxinlasdigca HR gdstorici-
si 0.20 haddini kegorok orta risk zonasinda yer-
losir. Bu sahado lil—gil torkibli torpaq gatlarinin
artmasi, temperatur-paylanmanin doyismosi vo
tozyiqin yiiksolmoasi hidratomologalmo ehtimali-
n1 artirir. Marsrutun 80—100 km seqmentindos iso
HR gostaricisi 0.25 haddine yaxinlasaraq yliksok
risk sahasinog daxil olur. Bu yiiksolis Sahdoniz ya-
tag1 istiqgamotindo hidrostatik tozyiqin artmasi,
torpagin daha six vo su tutumlu olmasi, homginin
dorinlik komponentinin bdyiimasi ilo alagadardir.

Bu noticolor gostorir ki, HRs gostaricisinin
marsrut boyunca dinamik artimi torpaq novii,
dorinlik vo termobarik soraitlo birbasa baghdir

Odoabiyyat siyahisi

va sokilda verilmis 0.20 vo 0.25 sorhad xotlori
hidratomologolms riskinin zonalar iizro doyis-
mosini aydin gokilds tosvir edir.

Natica

Aparilmig todqigat Songocal-Sahdoniz mar-
srutu lizro neft vo gaz sualtt boru komorlorindo
hidratomologolms riskinin sistemli giymotlondi-
rilmasini tomin etmisdir. MATLAB-OLGA-GIS
inteqrasiya olunmus modellogdirmo yanasma-
s1 trass boyunca temperatur, tozyiq, qaz torki-
bi va torpaq xiisusiyyatlorini nozore alaraq hid-
ratomologolmo ehtimalini doqiq miioyyon etmis,
risk zonalarimi xorito vo sokillorlo gostormisdir.
Noticolor siibut edir ki, marsrutun baslangic
seqmenti sabit zona olaraq qiymatlondirilir, orta
dorinlik zonasinda orta risk movcuddur, Sah-
doniz yatagi istigamatindo iso lil-gil gatlarinin
ustiinliik togkil etdiyi dorin seqmentlor ytiksok
risk zonasmi toskil edir. Hesablamalar gdstorir
ki, hidratomalogolmao riski birbasa boru komori-
nin dorinliyi, torpaq novii, temperatur vo tozyiq
paylanmasi ilo oslagoalidir vo bu sobobdon riskin
azaldilmasi {i¢iin axin temperaturunun 15 °C-don
asag1 diismomasi, izolyasiya qalinliginin 30—
40 mm-don az olmamasi, termodinamik inhibi-
torlarn totbiqi vo lokal istilik nozarat sistemlori-
nin qurulmasi zoruridir. Todqigat hom trass tizro
hidrat sabitlik zonalarmin doqiq tosvirini tomin
edir, hom do boru komorinin sabitliyi vo omaliy-
yat tohliikasizliyinin artirilmasi li¢iin elmi-prakti-
ki osas yaradir, naticolor iso yalniz Xozor donizino
deyil, digor doniz saholorindo sualti boru komar-
lorinin idars olunmasi ii¢lin do totbiq edilo bilor.
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NMepcnekTnBbI NPUMEeHEeHUA COBPEMEHHbIX
$un3nyecknx mMeToaoB aHa/In3a
ANa uccnepaoBaHusa HePpTuU

B.M. A66acoB, s.x+, M.A. Hagxadosa, ax+, Y.0x. Nonuyesa, a.d.xH,
l0.A. Abaynnaesa, «1.H, C.®. AxmepbekoBa, M.A. baripamoB

NHCTUTYT HedTeXxnMmnYeckmnx npoLeccos
e-mail: maisa.najafova@gmail.com

KnroueBble cnoBa: K-, MNP- cnekTpockonusa, IlOMUHECLLeHLUA, apoMaTuyeckme

yrnesoaopoabl I-IV—rpynn, 3amMelleHHble apoMaTnyeckume yrnesoaopojbl, TaXKesble Hed)TﬂHble OCTaTKu.

B pabote 0606LeHbl, CMCTEMATU3MPOBaHbl AaHHble MO WCCAef0BaHMAM, MpoBoAuMble mo JMP, YO,
NK-cnekTpockonumn v AIOMUHECLIEHLMM NIETKUX, CPeAHUX U Taxenbix HedTel AsepbaligxaHa. B serkoi He-
rnybokow (685 m) CypaxaHckor HedTn meTogoM SIP 0bHapysKeHbl achanbTeHOBbIE PaAvKasbl U OKCUABI Me-
Ta/noB. ViccnesoBaHbl COCTaB 1 KEPOCMHOBbIE, AV3e/bHble PpakLy ToBapHOW HedpTn CaHravan-geHus, byn-
na-geHus, Xapa-avpa v Anat-geHus (812.4 kr/m3), B koTopbix Habatoganuce P cnektpsbl Co, Mo 1 MapraHLa.
M3yyeH cocTas, cBOWCTBa, MapamarHeT3M HedTun 3ar/bl 1 0COBEHHOCTV apoMaTUYecKmX yraeBogopoaos |-1V—
rpynmn. YcraHosneHo, yto B lll-rpynne apomatnyeckux yrnesofoposos HedTu pernctpupyetca 3P avHua ¢
AH 5, = 7.5 MT, g=2.4. Bo Bcex I-Ill rpynnax AY HepTn B HE6ONbLLIOM KOIMUYECTBE MNPUCYTCTBYHOT MPOV3BOAHbIE
6eH30/1a, HadpTannHa, eHaHTpeHa 1 aHTpaLeHa. VccnesoBaHbl KEPOCHHOBbIE GpaKLMK TAXenon 3anagHo-
AbLiepoHckomn HedT (912.5 kr/M?), B KOTOPLIX 06Hapy>xeH NP curHan ¢ AH g, =7.5 MTa, g=2.4. Moj06HbIe
pagukanbl obHapyxeHbl 1 B Il rpynne AY 3arablHckon HedTw. B amsenbHbIX dpakumax HepTv obHapyseH
cnrHan MNP ¢ AH  =1.1 MTa, g=2.0023, KoTopbI pernctpupyetcs Takxe Bo li-rpynne AY. Metogom Y®-crek-
TPOCKOMUMN 1 NFOMUHECLIEHLIMW YCTAHOBJIEHO, YTO 3TW PajuKabl MPpUHaAaexaT 3aMeLLeHHbIM apoMaTUyYeCcKum
yrneBogopogam. V3yueHbl 0cobeHHOCTM rpynn apomMaTu4eckmnx yrneBoopoaos banaxaHckon HedTun (919 kr/
M3). bonbLUOe NpakTMyeckoe 3HaYeHVe MEIOT apoMaTUYeckune YraeBog0pObl, UMetoLLMe, F1aBHbIM 06pa3om,
Tpu 1 bosee Uncen KOHAEHCMPOBaHHbIX BEH30/bHbIX KoJlel, obnajarolmx BUAMMON NFOMUHeCLeHLen Vc-
cnepoBaHa AbliepoHckas HedTb (920 kr/m?) n eé octaTtouHble 50°-Hble dpakLmK, a TakKe TaxKeble HedTAHbIe
OCTaTKN JaHHON HepTu.

Neft tadqiqati iiciin miiasir fiziki analiz metodlarinin tatbiqgi perspektivlari

V.M. Abbasov, k.e.d., M.A. Nacafova, k.e.d., U.C. Yolguyeva, k.0.f.d., Y.A. Abdullayeva, k.e.n.,
S.F. @hmadbayova, M.A. Bayramov
Neft-Kimya Proseslari institutu

Acar sozler: iQ-, EPR- spektroskopiya, lliminessensiya, I-IV gqrup aromatik karbohidrogenlsr, svaezedilmis aro-
matik karbohidrogenlar, agir neft galiglari.

Magalada Azarbaycanin yiingll, orta va agir neftlarinin EPR, UV, IR spektroskopiyasi va liminessesiyasi tizra
aparilan tadqgigatlar hagginda malumatlar Gmumilasdirilarak, sistemlasdirilib. Yingll dayaz (685 m) Suraxa-

'
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ni neftinds EPR Usulu ils asfalten radikallari va metal oksidlari askar edilmisdir. Sengacal-daniz, Bulla-daniz,
Xara-Zirs va Olat-daniz (812.4 kg/m3) amtaa neftinin EPR spektrlarinin xisusiyyatlari dyranilmisdir. Miayyan
edilmisdir ki, bu neftds Co, Mo va mangan EPR spektrlari miisahida olunur. Zagh neftinin tarkibi, xtsusiyyatlari,
paramaqnetizmi va I-IV qrup aromatik karbohidrogenlsrinin lll grupunda (AH, . =7.5 mTl, g=2.4) EPR xatti
geyd olunur. Neftin aromatik karbohidrogenlarinin I-Ill gruplarinda az migdarda benzolun, naftalinin, fenantre-
nin va antrasenin téramalari movcuddur. Agir Qarbi Abseron neftinin kerosin fraksiyalari tadqiq edilmisdir. Ab-
seron neftinds (912.5 kg/ m?) EPR signali (AH.,

Umumi eni

Zagh neftinin AK-nin lll grupunda da mévcuddur. Qarbi Abseron neftinin dizel fraksiyalarinda EPR signali (H..

Umumi

=7.5 mTl, g=2.4) askar olunmusdur. Buna banzar bir radikal

oi = 1.1, mTl, g=2.002) geyd olunur, buna banzar radikal aromatik karbohidrogenlarin Il grupunda da agkar edil-
misdir. UV spektroskopiyasi va liminessent Usullari ila bu radikallarin svez edilmis aromatik karbohidrogenlara
aid oldugu miuayyan edilmisdir. Balaxani neftinin (919 kg/m?®) aromatik karbohidrogenlarin I-IV gruplarinin
xUsusiyyatlari dyranilmisdir. 9sasan gortinan liminessensiyaya malik t¢ ve ya daha ¢ox gatilasdirilmis benzol
halgasi olan AK bdyiik praktik shamiyyata malikdir. Abseron nefti (920 kg/m?), onun qgalig 50 daracali fraksiya-
lari va neft galiglari tadqiqg edilmisdir.

Prospects of application of modern physical methods of analysis for oil research

V.M. Abbasov, Dr. in Ch. Sc., M.A. Najafova, Dr. in Ch. Sc., UJ. Yolchuyeva, PhD in Ch. Sc,,
Yu.A. Abdullayeva, Cand. in Tech. Sc., S.F. Akhmedbekova, M.A. Bayramov
Institute of Petrochemical Processes

Keywords: IR and EPR spectroscopy, luminescence, aromatic hydrocarbons of the I-IV-groups, substituted
aromatic hydrocarbons, heavy oil residues.

This paper summarizes and systematizes data on studies conducted on EPR, UV, IR spectroscopy and lumi-
nescence of light, medium and heavy oils of Azerbaijan. Asphaltene radicals and metal oxides were detected
in light shallow (685 m) Surakhani oil by EPR method. The composition and kerosene and diesel fractions of
commercial Sangachal-deniz, Bulla-deniz, Kharazira and Alat-deniz oil (812.4 kg/m3) were studied, in which
EPR spectra of Co, Mo and manganese were observed. The composition, properties, paramagnetism, miner-
als, and features of aromatic hydrocarbons of groups I-IV have been studied. It has been established that in
the Ill group of aromatic hydrocarbons of oil, the EPR line with line width AH .. =7.5 mTl, g=2.4 is recorded.
Derivatives of benzene, naphthalene, phenanthrene, and anthracene are present in small amounts in all I-lI
groups of petroleum hydrocarbons. Kerosene fractions of heavy oil have been studied. Absheron oil (912.5 kg/
m?3), in which an EPR signal with AH=7.5 mTl, g=2.4 was detected. A similar radical exists in the Ill group of the
wign=1.1mTl, g=2.0023 is
recorded in Absheron oil, a similar radical is also found in the Il group of aromatic hydrocarbons of the West
Absheron oil. It has been established by UV spectroscopy and luminescence that these radicals belong to
substituted aromatic hydrocarbons. The features of the |-V groups of aromatic hydrocarbons of Balakhani oil
(919 kg/m?3) have been studied. The presence of AU in oil indicates that the latter can act as photosensitizers
of naphthenic-paraffinic hydrocarbons. Hydrocarbons of group Il have a weak blue-blue luminescence, while
groups Il and IV have intense hydrocarbon luminescence with the formation of radicals. Of great practical
importance are AU, which mainly have three or more condensed benzene rings with visible luminescence. The
obtained results of spectroscopic studies of Absheron oil and its residual fractions >350 °C, >500 °C indicate
their rational use as a binder for asphalt concrete used in road construction.

Zaglynsky oil reserve. In diesel fractions West-Anseron EPR signal with line width AH
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CymiecTBeHHBIN BKJIAJl B OOIIMI MUPOBOM OasiaHc 10ObIYM HE(TH BHOCIT MECTOPOXKICHU AO-
HIEPOHCKOTO He(Tera3oHOCHOTO paiioHa AzepOaiimkaHna, kak Ha cymie (Cypaxanckoe, bamaxanckoe,
bubwmsiidbarckoe, ['apagarckoe, 3arnbiHCKOEe U Ap.) Tak ¥ B akBaropuu Kacmuiickoro mops (Hedt
Hanutapei, baxap, Ysipar, Azepu, [llaxnenus, Admepon, 'apbu AOGmepoH u aAp., 94T0 00yCIOBUIIO
3HAYUTETIbHBIA UHTEPEC K UX U3YUEHHI0. B CBSI3U ¢ MHTEHCHUBHBIM pPa3BUTHEM B COBPEMEHHBIH MEpH-
onl He(pTIHOW MPOMBINIUICHHOCTH A3epOaiikana, HeTera3oBoi CTpaTEruu, pOCTOM T00bIYN HEDTH
U yBeJIMYeHHEM €€ HKCIOopTa Ha MHUPOBBIE PHIHKU, BBISIBJICHHE BCE HOBBIX U HOBBIX CBOMCTB azep-
OaipkaHckor HeTH TpuoOpeTaeT HAyYHYIO M MPAKTHUYECKYH 3HAUMMOCTh. Pa3Butue HedTsHOM
MIPOMBIIIIEHHOCTH IIPEyCMaTPUBAET HE TOJIbKO yBEIMYEHUE 00bEMOB JOOBIYHU, HO B 3HAYUTEIHHOM
CTETEeHH ONPEIENIIeTCS YPOBHEM TEXHUUYECKUX PELICHUI, HallpaBIEHHBIX HA EepepaboTKy U paiuo-
HaJIbHOE UCIOJIb30BaHKE YITIEBOIOPOAHOTO ChIphs [1, 2]. HedTh ¢ mpeobnagaromeii Mmaccoit yrieBo-
JIOPOJIOB, T€TEPOATOMHBIX COCAMHEHUN, CEPHUCTHIX, 30TUCTHIX, KUCIOPOIHBIX, TAK)KE UMEET B CBO-
€M COCTaBe MeTajuIocoepKaime coenuuenus |3, 4], cmonucro-acdansreHoBbie BemecTBa (CAB)
ac¢anbTeHbl, OTBETCTBEHHBIEC 332 TapaMarHeTH3M He(TH, UTO CBUIETENLCTBYET O BaXKHON POJIU HE-
CHAPEHHBIX JIEKTPOHOB B HEPTSIHBIX CUCTEMAX, U HEOOXOIUMOCTH ITyOOKOTO MOCIEeI0BATEIHLHOIO
MOJX0/1a K MX JaOUJIbHOCTU K BO3ECHCTBUIO COJTHEYHOTO CBETA, MOJ ACHCTBHEM KOTOPOIO MPOUCXO-
JAT pazHooOpa3Hble (POTOXMMHUYECKHE MTPOLIECCHI, MPOTEKAIOIINE HEPEIKO MO PaAUKAIbHO-1IETTHOMY
mexanusMmy. [Ipucyrcrue B HedT CAB, acdanbTeHOB 1 METAJLUIOB OTPUIIATEIHLHO BO3ICHCTBYET Ha
rokasateinu e€ nepepadoTKH 1 UX 001acTu NpuMeHeHus. B cBsi3u ¢ aTuM, HccienoBaHus, HalpaBJieH-
HbI€ Ha INIyOOKO€ M3y4YE€HHE COCTaBa U CBOICTB YITIEBOAOPOAHOIO ChIPbS, SBISAIOTCA aKTyaJlbHBIMU
JUTSl HAYyYHBIX OCHOB CO3/1aHUsI 9(PPEKTUBHBIX TEXHOJIOTHH X JOOBIYH U IIEpepadOTKH.

OKCITEPUMEHTAJIBHA S YACTD

[TapamarseTusm HedTH mM3yuanu Ha paguocrnekrpomerpe BRUKER BIO SPIN (I'epmanus) B
X-nuanazone (padouas yactora 9.85 I'm) Ammmryny BU moxyssiuu (100 kI'tr) BappupoBanu B qu-
anaszone 150-650 mTn. Hactpoiiky mo BHyTpeHHEeMY cTaHaapty noJjs onpenernsum no YJIC (ynbrpa-
nucriepcHbIid anMas) stainony ¢ g=2.0036. Crnextpsl DIIP peructpupoBanu mpu 25 °C B yCIOBUAX
MHUHHMAJIBHOTO HackImeHus (yposeHs momuoctu CBY — 0.5 MBT).

HccnenoBanue CTPYKTYPHO-TPYIIIIOBOTO COCTaBa HEKOTOPHIX (pakmuit  HedTH (DIEKTPOH-
HBIE CIEKTPHI MOMVIOIICHUS) Moy4YeHbl Ha criekTpodoromerpe “Spekord UV-Vis” B obmactu 200—
800 aM.).

KommuiekcHpie wucciemoBanus cocrtaBa Hedteidl mposenenbl Meromom HWK-cmexkTpockonum
(D®YPBE — cnexkrpomerp ALPHA, BRUKER, I'epmanus).

DNEKTPOHHBIE CIIEKTPHI MOMIOMICHHS (pakiuii HeTH 3anmuchIBAIIMCH Ha criekTpodoToMerpe UV/
Vis680 dbupmer JENNAY, pabounii nuanazon xkoroporo 190-1000 HM, onTHYECKOE MPOMYyCKaHUE
0.1 HM. DIIEKTPOHHBIC CIIEKTPHI MOTIONICHHS U3ydYaInCh B pa30baBieHHbIX pacTBopax (107?) rekcana.

Pe3yabTarhl U MX 00CyKIeHUE

B pannnx paborax oowekramu uccienoBanus obum HedTu Cypaxanckoro, bubusiibarckoro, ba-
JIAXaHCKOTO MECTOPOXKIeHN AOIIepoHCcKoro m-oBa. Mectopokaenne CypaxaHbl — OHO U3 TIEPCIICK-
THUBHBIX HEeTTyOOKHX 3anexeit Hedtu (658 M) AGmepoHckoro m-oBa. Beixog 66H3MHOBBIX (DpaKiiuit
(1.k.-200 °C) cocraBun 22.04 % wmacc. Hedtb ¢ npeobnagaromnieit Maccoil yriieBoJopo0B, FeTepo-
aTOMHBIX COEIMHEHUI — CEPHUCTHIX, KUCIOPOAHBIX, a30TUCTHIX TAK)K€ UMEET B CBOEM COCTaBE Me-
TaJUI0COJEpIKaIINe COeTMHEHUS U ac(ajIbTeHbl, IPUCYTCTBUE KOTOPHIX OTPULIATEIHLHO BO3ACHCTRYET
Ha nokaszarenu nepepaboTku. [lepBoHayanbHble UCCIEA0BAaHUS ATON HE(TH 3aKIIIOYAIIUChH B OMpe/ie-
JIeHUH €€ 3IIEMEHTHOTO COCTaBa, KOTOPOE MPOBOIMIN Ha PEHTT€HO-(DITyOPECLIEHTHOM CIIEKTPOMETPE
“Omega Handheld XRI" Analyzer” ¢ perymupyembiM HamnpspbkeHueM a0 40 kB u cumoit Toka 1o
100 MKA (¢ 5-10 punpTpamu). MUKpOIJIEMEHTHBIN cOCTaB HE(TH IIpeICTaBlIeH B Ta0. 1.

Pe3ynbrarhl aHamu3a MoKa3bIBalOT, YTO COJECP)KAHUE MHUKPOIIEMEHTOB B MCCIIEI0BaHHONW HedTH
HeBBICOKOE, 3a uckmodeHueM Fe, Cu u Ni. MeTogoM KuIKOCTHO-aCOPOITMOHHON XpomaTorpaduu
M3y4YeH KOMITIOHEHTHBIN YITIEBOIOPOAHBIN cocTaB HaTuBHOU CypaxaHckoi HedTu. M3ydeHue komrio-
HEHTHOTO YTJIEBOJIOPOIHOTO COCTaBa HATMBHOM HE(TH IOKa3ajio, YTO OHA COCTOMT U3 HapaduHO—

,
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Tabnuya 1

Iloka3zarenn Coaep:xanue 3J1eMeHTOB, % Macc.
Hedrs Cu0.16 | Ni0.12 | Fe 0.17 | Zn 0.07 | Nb 0.008 | Mo 0.008 | Pb 0.01 Bi-
Opaxmn, °C
200-250 0.01 0.02 - 0.06 0.007 0.008 0.01 -
250-300 0.12 0.14 - 0.022 0.008 0.07 0.13 0.016
300-350 0.1 0.088 - 0.006 0.07 0.007 0.011 0.003
>350 0.1 0.075 0.028 0.006 0.007 0.006 0.016 -
400-450 0.088 0.1 - 0.006 0.007 0.007 0.009 0.004
450-500 0.12 0.082 0.024 0.006 0.007 0.007 0.015 0.004

HadTeHoBbIX (75.42 % Macc.) u apomarnueckux yriaeBogopoaos (20.48 % wmacc.). Congepxanne CAB
cocrasisier 1.1 % macc. Ilo knaccuueckoil METOaUKe Pa3srOHKU HEPTH MO TeMIepaTypaM KUIECHHUs
ObUIN OTIpe/IesIeHbl 3aBUCUMOCTH 11eJI0r0 Habopa mapamMeTpoB OT TEMIIEPaTypHOro HHTEpBaja, KOTO-
pble IpuBeIeHbI B Ta0MI. 2.
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Tabruya 2
Moanekyaasipabiii  IlnoTHOCTH BsizkocTh Koa¢ppuuuent Coaepixanue Temneparypa  Kucaotnoe
IokaszaTenn 3 o 9 - ° 3aCTBIBAHHUS YHCII0
Bec Kr/cM 40°C, mm?/c n % Macc.
B mrKOH/r
Heds 202.64 0.8417 6.33 - 0.7809 -40 2.55
Dpaxuuu °C
250-300 190.2 0.8319 3.30 1.4656 0.0379 -31 0.4782
300-350 201.8 0.8410 6.65 1.4710 - -18 -
350-400 243.32 0.8679 18.64 1.4843 0.0851 0 0.3595
400-450 255.24 0.8743 26.90 1.4865 0.0878 +4 0.5257
0.5508
450-500 280.16 0.8861 71.89 1.4932 0.1103 A2

N3yuenue pu3nKo-XUMUYECKHX MOKa3aTenei HeTH BbIBIIIO, 4To CypaxaHcKas He(hTh — CepHU-
cras u napapunucrasa. Cornacno SI1P uccnenoBanusmM HeQTh COAEPKUT ac(HaabTEHOBBIE PAUKAIIBI,
a TAK)K€ METAJUICOAECPIKALLME COCIUHEHUS: OKCUJIOB XKeye3a (AHoﬁm‘=168.1 MTn, g=2.24), MUKpOKpH-
CTAJJZIOB OKCHJIIa MEJIH (AH06m'=108.9 mTn, g=2.27), OKCUI0B HUKETS AHoﬁm‘Zl 17.4 MTn, g=2.21)u
B 3HAYUTEIILHBIX KOJIMYECTBaX R’ ¢'(2X1016CHI/IH/F) (AH_;, =0.88 MTu1, g=2.0023) [5]. 3Ha4uTeRBHO-
My YMEHBUICHHIO R . MOXeT CriocoOCTBOBATE HETPATUIIMOHHOE BO3ICHCTBHE HA HE(TIHOE ChIPbE
Y®-006nyuenus. Panee Obls10 ycTaHOBIIEHO, YTO pagukaibl CAB MMEOT 3/1eKTpOHHbBIE CIIEKTPHI 110-
IVIOIIEHUS], CMEIIEHHbIE B JUITMHHOBOJIHOBYIO 00J1aCTh, YTO pacIIMpsIeT UX AUANa30H YyBCTBUTEIBHO-
cti 10 550 HM U ciocoOcTByeT 6osee 3¢ (HEeKTUBHOMY HCIIOIB30BAHNUIO UMH COITHEUHOM 3Hepruu [6].
Ecnu yuects, uto CAB sBisitorcs poToCEHCHOMIN3aTOpaMH Pa3JIoKeHHUsT OPraHUYECKUX COeINHe-
Hull (mapapuHOB, napadguH-HAPTEHOB, CIIUPTOB), TO AEKTPOHHO-BO30YKIEHHBIE COCTOSTHUS PaIu-
kajoB CAB MoOryT chIrpaTh ONpeieiIeHHY0 poib B (POTOXMMUYECKHX MPOIIECCaX paccMaTpUBaeMon
CHCTEMBI.

[lepcnexTuBHBIMU 3anexaMu Kacnuickoro mMops sIBISAIOTCS MecTopokaeHuss CaHradai-IeHus,
JlyBaHHbI-IeHN3, Xapa-3upa, bynna-nenus, Aniar-aeHns. 31ech 100bIBaeTCsi He(PTh C MIOTHOCTHIO
npu 20 °C-719.5 (u.k.) —828.4 (180-350 °C) kr/M* 1 KMHEMAaTHUYECKOH BsI3KOCThIO TIpH 20 °C—0.63
(Hx.) — 4.12 (180-350 °C) 5.7 mm?, Teneparypoii 3actbiBanust — MuHyc 65 (120-230) 1o muHyc
21 (180-350 °C). Hedrb siBnsiercs Bricokonapaduuuctoit (7.85 % macc.), manocmornucrtoit (4.25 %
Macc.), Majocepauctoil. Copepxkanue acanbreHoB 1 kokca B Hegtu HU3Koe (0.07 u 0.84 % macc.),
TeMIeparypa 3acTeiBanus -25 °C, BcrbIliKa B 3akpbiToM THIIE HIOKE — 5 °C. ComtacHo ['OCT 2177-
99, Beixoas! ppakuuii 200 °C u 300 °C umeroT, cOOTBeTCTBeHHO, 32 U 54 (% 00.). B nannoit nedtu
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cymectBytoT cepa (0.3 % macc.) u Oonee peakue npuMecH, GOPMUPYIOLIUE 30JbHYI0 COCTaBIISIO-
utyro [7].

JlJ1s palilnoHaJIbHOTO MCIOJIb30BaHUs HE()TH Ba)KHYIO POJIb UIPAET OIpe/ieleHHe KaueCTBEHHBIX
nokasaresniei. Jlis aToro ToBapHyro He()Th Ha JUCTHUIUIAIIMOHHOM amnmapare npousBojctsa CIIA mo
ASTMD 2892 paznenmunu Ha y3kue ¢ppakmuu 10 350 °C. Beixox octarka nocie 350 °C cocTaBisieT
38.86 % macc. Beixon ¢paxiuii 10 350 °C coctasnset 61.14 % macc. Ha ocHOBaHMM BBIXOOB Y3KHX
dpakmii 10 350 °C MeTo10M KOMIIAyHIUPOBAHKS TIPUTOTOBICHBI (DPAKIIMH U ONIpeIesieHbl nX (Hu3u-
KO-XMMHYECKHE XapaKTePUCTHUKH, NIPEICTaBICHHbIE B Ta0. 3.

Tabruya 3

®paknuu, °C

IMoka3arenu

H.x.-120 H.k.-200 85-180 120-230 150-250  150-280  140-320  140-350  180-350

Brixona, % macc. 36 41.86

Iokazarean n*’)

14072 | 1.4204 | 1.4217 1.4344 14443 | 14484 | 14519 | 14550 | 14614
npeJIoMJICHUsT
MounexkyJasipHbIii BeC 105 121 124 141 154 162 167 173 189
{LIOTHOCTE = 7195 | 7495 | 754.5 779.2 795.3 804.5 810.2 816.2 828.4
npu 20 °C kr/m
RUHETHCCK 0.63 0.82 0.84 1.16 1.61 1.99 2.35 273 412

Bsi3kocTh npu 20 °C

Temnepatypa

NOMYTHEHHSI B - - - - = MuHyc 25 | muHyc 14 | muHyCc 9

Kpucraniuzanus - - - ¢ 51 ¢ 38 - - -
P - Kpucranios Her MHHY MUy

Temnepatypa
3aCThIBAHMSA

- - - -65 munyc 53 | munyc 40 | munyc 32 | munyc 29 | munyc 21

[To xmaccuyeckoil METOMMKE Pa3TOHKK HE(TH 1O TeMIepaTypaM ObLTH ToydeHbl ¢ppakiuu (120—
230 °C), (150-250 °C), (150-280 °C), (140-320 °C), (140-350 °C), (180-350 °C) nedtu, umero-
ye WIoTHOCTh 719.5+828.4 kr/M® u kuHemaruueckyro Bsa3kocTh mpu 20 °C 0.63+4.12 mm?/c. Mo-
nekynspHas macca (pakmuii 105+189; Temneparypa 3acteiBanus — 65 + -21 °C; comepkaHue cepbl
0.3 % macc. ®pakunoHupoBaHue HePTH a0 BO3MOKHOCTD BbISIBUTH DIIP crieKTpbl HOHOB peiKuX
anemeHToB. B kepocuroBBIX (120-230 °C), (150-280 °C), (150-250 °C) u quzenvHo# paxiuu (140—
320 °C) uedru obHapyxeHs! criekrpsl TP penkosemensHoro kodansra (Co) ¢ AH ; =5.12 mTu,
g=4.76, B HE3HAYUTEIBHBIX KOTHUYeCTBaX MonOaeHa (Mo) ¢ g =2.2 u mapranna (Mn*?) ¢ g=2 [7].

B nacrtosiiiee Bpemst BO BCeM MHpE BO3pOC MHTEpeC K J100bIY€ M BOBJICUCHHUIO B MepepadoTKy
CPEIHUX U TOKEIBIX He(TEH ¢ MIOTHOCTHIO 847920 Kr/M>, XapaKTEpU3YIOIINUXCS MTOBBIIICHHOM BA3-
KOCTbIO, K KOTOPbIM OTHOCUTCA HE(Th U3 MPUKACITUHUCKOTO MECTOpOkaeHus ['yOuHckoro paiiona —
3arsl (¢ IIOTHOCTHIO 847 Kr/M?®). DTa HEBTh BHICOKOCMOJIMCTAs, MAJIOCEPHUCTAsI, MajonapaduHu-
CTasi U MPEJICTaBISIET COOON CIOKHYIO CMECh KHUJIKHX YIIIEBOIOPOIOB, B KOTOPHIX B PA3IUYHBIX KO-
JIMYECTBAaX PacTBOPEHbI TBepble yrieBoopoasl, CAB 1 B He3HAUUTEIbHBIX KOJIMYECTBAX METAJLIbI
[4, 5]. HedTh, moMumo mipeobiagaronieit Macchl yIieBOIOPOAOB, TETEPOATOMHBIX COCTMHEHUH — a30-
TUCTBIX, CEPHUCTBIX, KUCIOPOJIHBIX, COAECPKHUT B CBOEM COCTaBE METAJICOAEPIKAILNE COCTUHEHHS U
CAB, npucyTcTBre KOTOPBIX MOXKET OTPULIATENIbHO BO3/ICIICTBOBATh HA MOKA3aTeIH MPOLECCOB Ie-
pepaboTku 1 ux obOnacTu mpuMeHeHus. HecMoTpst Ha 60JbIIoe KOJIMYECTBO padoT MO UCCIIEAOBAHHUIO
KOMITOHEHTOB BBICOKOKHUITALIUX (Ppakiuii HeQTH, CBI3aHHBIX C IPOAYKTaMU BTOPUYHOM nepepadoT-
KM, HA OCHOBE KOTOPBIX MOJTYYeH Psi OU€Hb BaXKHBIX HE(PTENPOIYKTOB, MPOTYKTH IEPBUUHOM epe-
pabotku HedTH, a Takke Tspkenbie HedTsHbIe ocTaTku (THO) HedTH Bee eme ocTaroTcss Maaousy-
YeHHBbIMU. MexXly TeM MOJIy4YeHHbIE TsKellble HeTsIHbIE OCTATKU MEPBUYHOIN NepepadoTKU UMEIOT
OoJbllIMe MPEeuMYIECTBa: COACpKAHUE apOMaTUYECKUX YITIEBOAOPOAOB B HUX MEHbIIE; OHU Oolee
0e3BpeIHbI, SKOJIOTHYECKH YUCThI U UMEIOT OIPOMHBIE CHIPHEBBIE PECYPCHI.

CoBpeMeHHOE NMPOMBIIIIIEHHOE MPOU3BOJICTBO, B OCHOBHOM, HAlpaBJICHO Ha MOJIyYEHHUE apoMa-
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TUYECKUX YIJIEBOJOPOJOB, KaK MCXOIHOTO ChIPbs JJIS MOJYYEHUS KETOHOB, aJIbJCTHJIOB U KHUCIOT
apoMaTUYeCcKoro psifa. 3HAUUTENbHBIA MHTEPEC K PAlMOHAJILHOMY HCIOJIb30BAaHHUIO YIJIEBOAOPOJ-
HOTO CBIPbS CBSA3aH TAK)Ke C BO3MOXKHOCTBIO MCIIOJIb30BAaHUS UX B Ka4eCTBE (POTOCEHCHUOUIN3ATOPOB
Pa3IoKEHUs] OPraHMUYEeCKUX COeTUHEHUI, MHIMOUTOPOB (POTO- U TEPMUUYECKOTO OKHUCIIEHHUS, CBETO-
CTaOMIIM3aTOPOB, JIOMHUHO(DOPOB MIJIs1 pa3IMYHOTrO HazHavyeHus U ap. [Ipu sToM Gosbiioe 3HaUYeHHE
HMEIOT apOMaTUUYECKHUe YIeBonopoas! (AY), uMeroire, IIIaBHBIM 00pa3oM, TpU U 00Jiee YUCe KOH-
JICHCUPOBaHHBIX OEH30JIbHBIX KOJIEll, O0JIajatoniye JIoMUHEeCHeHIMel. B mpoaykrax nepBuyHoM me-
pepaboTku HepTH AY COCTOAT MPAKTUUECKH TOJIBKO U3 3aMELIEHHBIX YIIIEBOJIOPOJIOB, B TO BpeMsI Kak
B MPOJIYKTaX BTOPUYHOU 1epepaboTku, AY COCTOAT KaK U3 3aMEIICHHbIX, TAK U HE3aMEIEHHBIX UX
npeacraButeneu 8, 9].

[Tocne neachanpruzanuu u odeccmonubanus Hegtu ('OCT 11858-66) meTtomom aacopOITMOH-
HOM Xpomarorpadun (B KadyecTBe ajcopOeHTa HCIOIb30Baiu cuiarkarenb Mapku ACK, pactBopu-
TeJel renTtaH, OEH301 U ciupToOeH30) ,0611Hu nonydeHsl [-IV rpynmer AY HedTn 3arisl, KOTopbie
CIIEKTPOMETPHUUECKUM METOJIOM aHAJU3MPOBAIUCh Ha pedpakromerpe (Mapka MPD-23). B momny-
YEHHBIX METAHO-HA(DTEHOBBIX U B JAPYTUX OTIEIbHBIX IPyIIax apoOMaTHYECKHX YIJIEBOJOPOJOB U
CAB, 0b110 ycTaHOBIEHO, 4TO B 1aHHOM HedTH 40.5 % HachleHHbIX (MeTaHO-Ha(TeHOBBIX), 46.5
% apomaruueckux yrieponoponos u 13.2 % CAB. K I-rpynne AY otnocsres ppaxiuu n°° —1.5074;
ko Il rpynne AY n*° | —1.5480; x — Il rpynne AY n*’ - 1.5790. Bbixon ux MeHsICA: MeTaH-HaQTEHO-
BbIX (40.5 % macc.). I-rpynna AY-15.3 % macc.; [I-rpynna AY — 4.5 % wmacc.; III rpynna AY-7.8 %
Macc. MonekynspHas Macca OT MeTaH-HaQTEHOBBIX yriieBogopooB Ao III rpymmer AY yBennuunach
ot 859.7 no 972.2 [10]. ®U3MKO-XUMHUYECKHUE TTOKA3aTEIIN BhIACICHHBIX KOMIIOHEHTOB 3aribIHCKOU
HedTH 1aHbI B TAOI. 4.

Tabnuya 4
Ha3BaHue npoayKTa n’ IlnotHocts, p 2, kq/m? Bbixoa npoaykroB, % Macc.

Meran-HadTeH 1.4685 859.7 40.5
Ip.AY 1.5074 892.1 15.3
I rp.AY 1.5480 932.1 4.5
Il rp.AY 1.5790 972,2 7,8
IV rp.AY 1.6011 1043.6 18.7
CMmona - 1065.2 11.6
AcdanpTeHs - - 1.6

IIpoBenenHoe uccienoBanue nanHoil Hegptu Metonom MK-cnexrpockonuu (PYPBE —cnekrpo-
metp ALPHA, BRUKER) nokasaio, uto B K cniekrpe MeTaHO-Ha()TEHOBBIX YIJIEBOJOPOIOB UME-
FOTCS TTOJIOCHI Jie(popMaItnoHHbIX Tipu 962, 973, 1013 cm! konebanwmii, coorBeTcTByromue C—H cBsizu
CH, rpynn nagrenos. Ilokazano, 4T0 Ha CIIEKTPE OTCYTCTBYIOT MOJIOCHI MOMIOIEHHS, XapaKTEPHbIE
apomatnueckuM yrieBopoponaam. CpasuuBast MK cnekrpst [-IV rpynn AY u merano-HadTeHOBON
¢bpakuun HedTH 3ariibl, MOKHO OTMETUTh, YTO HApAIY C MEPEUUCICHHBIMH MOJI0OCAMH MOTIOLICHHUS,
B crnekrpax [-IV rpynn AY umerorcst nonocs! normoieHus nedopmannonssix npu 700, 744, 813,
868 cm! u BanenTHbIE IpH 1604 cm™! KoneOaHus, cooTBeTCTBEHHO, oTHOCsIHecs K C—H u C=C cBsi-
35IM 3aMeIEHHOT0 OeH30apHOTO KombIa [11, 12].

BuzyansHoe nHabmonenue noa prytHoi gammnoi [TPK-4 (¢unstp YOC >200 HM) 3a 11BETOM JIHO-
MUuHecLeHIMu AY, a TakKe UCCIIeJ0BaHUE CTPYKTYpHO-IpynnoBoro cocrasa [-IV rpynn AY nannoi
He(TH TIoKa3ano, 4to Bo Bcex [-1II rpynmax AY mpucyTcTBYIOT B HEOOIBIIOM KOJTMUECTBE IPOU3BO/I-
Hble OeH301a, HadTanuHa, peHanTpeHa u antpaueHa. B I-II rpynmax AY, B 0CHOBHOM, IPUCYTCTBYIOT
He3aMmeleHHble rpynmsl AY, a B [ll-rpynne AY HedTH yCcTaHOBIEHO MPUCYTCTBHE KaK He3aMellleH-
HBIX, TaK ¥ 3aMEIIEHHBIX I'PYyII apOMaTHUECKUX YIIIEBOJOPOIOB.

[IpoBeneHo Takxe BU3yalbHOE HAOIIOJEHHME 32 LIBETOM JIIOMHUHECLEHIIMM BCEX HCCIIEAYyeMbIX
¢pakuuit Hedtu mox prytHoit namnoi ITPK-4 (punerp YOC-1 >200 HM). YcTaHOBIEHO, YTO BCE
(bpakuuy JIOMUHECUUPYIOT cIa00-KEeIThIM [[BETOM, NMPHUCYIIUM CMOJIHCTO-ac(albTEHOBBIM Bellle-
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crBam. [1o-BHIMMOMY ,3TO TOT CiTy9aii, KOraa BO (ppaKimsix eme J0CTaToqHO MHOro R° ., KoTopbIe
SKPaHUPYIOT apOMaTUYECKUE YIVIEBOAOPObl U OHU HE JIIOMHUHECIHPYIOT, HO KOTJa UX CTAaHOBUTCS
3ameTHO MeHbIe, To I u Ill-rpynmer AY 3arnbiHckoit HeTH JTIOMUHECITUPYIOT CHHE-(HUOIETOBBIM
[IBETOM, ITPUCYIIIMM 3aMEIIEHHBIM apOMaTUYECKUM yIiieBoiopoaam — 6enzoy (200-215 um), Hadra-
muny (220-230 M), penanTpeny (245-260 um ) u antpaneny (272-290 am) (puc. 1).

a o ['1073]
D D
10
1.5 1.5 8 *WI"M“‘\ #‘
' 6
fl
4 f wﬂ 'W' |
2 WW M’H‘ W“ ',‘J Wl
1.0 1.0 v il f |
| ‘J(l
: | i’
0.5 0.5 -8 If ”’W)’
-10 |
-12
-14:
0.0 0.0 -16 S ——
200 250 300 A ,HM 200 250 300 A ,HM 500 1000 1500 2000 2500 3[0(;)]0 3500 4000 4500 5000 5500
Puc. 1. DjieKTpoHHBbIE CHEKTPHI MOIJIOLEHUsI apoMa- Puc. 2. Cnexkrp IIIP 3aMenieHHOro apoMaTH4yecKoro
TH4yeckux yriesogaopoaos Il u II-rpynn AY 3aribiH- yIi1eBoa0poaa
cxoii neru: g — [l-rpymma AY, ¢=0.01 %, 6 — III rpynma
AY, c=0.01 %

DJEeKTPOHHBIE CIIEKTPHI MOTJIOUICHHUS BBIIICTIEPEUUCICHHBIX (DPAKITHIA 3aITMCHIBAITUCH HAa CIIEKTPO-
¢doromerpe UV/Vis680. CrieKTphl MOTIIOMICHHS U3Y9aJIUCh B pa30aBICHHBIX PACTBOPaX.

Metonom DIIP criekTpocKomuu UCCeI0BaHbl TapaMarHUTHEIE cBoiicTBa HedTH 3arisl — e€ -1V
rpynm AY. [IpuHrMas BoO BHUMaHuE TOT (DAaKT, 4TO MapaMarHeTU3M, HEeM30€:KHO MPUCYTCTBYIOLIHHA B
TsoKenod nedru [R° ql] = 10'® criuH/T, MOXET 3KpaHHUPOBATh U HE MO3BOJUT 3a()UKCUPOBATH UMEIO-
mecs B 3HAYUTEIILHO MEHBIINX KOHIIEHTPALUSIX CBOOOIHBIC YITIEBOIOPOIHBIE apOMAaTHUECKUE pa-
JIMKAJIBI, 0 YeM OBLTO CKa3aHO BBINIE, ObLIA MPOBEICHA NPeABAPUTEIbHAS qeacanbTu3anus u odec-
cMonMBaHue HeTH.

ITo cnexrpam DIIP B Ill-rpynme AY 3armeiackoit HedTH peructpupyercs MHTEHCHBHBIH DIIP
CUTHAJI C AHUMP =7.5 mTn, g = 2.4 (puc. 2). llogoOHbIe pagrKaibl apOMaTUIECKUX YIIIEBOIOPOIOB
HedTH ObuTH 00HapyxeHbl, kak Bo [I-III-rpynmax AY manHo# 3armelHCKON HE(DTH, TaK U B CBETIIBIX
npoxykTax 3ananHo-AOmepoHcKoi HedTu.

B cBsi3u ¢ ucTOmIEHUEM TPATUIIMOHHBIX 3aIIaCOB JIETKUX M CPEIHUX He(TEH B MOCIEIHUE TONBI
pacter no0brya TSKEJBIX, TPYIHOM3BIECKAEMBIX HE(TEH, XapaKTepPHU3YIOMINXCS MOBBIIICHHON BS3-
KOCTBIO, UTO MCKJIFOYAeT BO3MOKHOCTh WX TPAHCIOPTHPOBKH OOBIYHBIMU CIIOCOOAMH, K KOTOPBIM
oTHOcHTCs 3amagHo-AbmepoHckas HedTb, qoObiBaeMast co nHa Kacnmiickoro Mopst HererazoHoc-
HOTO paiioHa A3epOaiikana. 3amagHo-AOmepoHCcKas HePTh TsSHKeIas, UMEIoIIas clieayronue Gusm-
KO-XMMHYECKHE XapaKTePUCTHKH: TIOTHOCTh mpu 20 °C — 912.5 Kr/M?; MONIEKYJISIPHYIO Maccy MpH
0-200 °C — 136; Bsazkocts mpu 20 °C — 91 mm*/c; Temneparypy 3acTbiBanusi — MuHyc 47 °C; TBep0ro
napaduna — 1.16; obmieii cepsr — 0.38 % macc. [13-16]. CoBpeMeHHOE NPOMBIIUIEHHOE TPOU3BO/I-
CTBO OCHOBAHO Ha TpoIeccax mepepadoTku HePTAHBIX (PAKIUI B LEIIX MOTYyUEHUS YIIICBOIOPO-
JIOB KaK MCXOIHOTO CHIPBS JJISl TIOYYEHHUSI KETOHOB, aJIbJCTHIOB M KUCIOT apoMaTrdeckoro psga. C
pocToM J00BIYM U MepepaboTKH TSHKEIBIX HE(TEH, K KOTOPHIM OTHOCUTCS 3aragHo-AlmepoHCKast
He(Th, BO3HHKJIIA TPOOIEMa KOMIUIEKCHOTO HCCIICAOBAHMS X TPYTIIIOBOTO YIIIEBOAOPOIHOTO COCTAaBa
1 CBOUCTB. [t 3TOTO OBUT MPUMEHEH aCOPOIMOHHBIA METO/ Pa3/IeIeHUs] HATUBHOW HE(PTH Ha CH-
mukarenie KCM. Bpumni monmy4yeHsl MeTaHo-HA(TEHOBBIE U OT/IEIBbHBIC TPYTIITBI ApOMAaTHYECKUX yIiie-
BOJIOPOJIOB, ac(abTO-CMOIUCTBIE coequHeHus. [lanHas HedTh coctout u3 42.40 % HACHIIIICHHBIX
(MeTaHO-HAPTCHOBBIX), 44.46 % apomarnyeckux yrieBogopoaoB u 13.14 % achambro-cMOIHCTHIX

,
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coemuaeHuil. C momoinpio UK u YO MeTonoB aHann3a n3ydeH CTPYKTYPHO-TPYIITIOBOM COCTaB IMOJTy-
YEHHBIX yIIIeBOI0po10B. [Tocie onpenenenus GU3NKO-XUMUYECKUX XapaKTepUCTUK 3aragHo-Aolmie-
poHckas HedTh OblIa moxBepruyTa armochepHo-BakyymMHo neperonke Ha R/R JNST Rument (ED
WARDS, USA) ¢ BeiienenueM uccieayeMbix ppakiuii (Tadam. 5).

Tabruya 5
@Dpakuuu Mouaexy- Hxornocts, Temnepatypa RUHEMATHACCRas Cepa, Beixon, HBer
npu 20 °C, BSI3KOCTB, Ipu 20 |
HeTH JApHAsA Macca 3 3acTbIBaHus, °C 5 % macc. % mace. JIIOMUHECHEHITUT
Kr/m? °C, mm?*/¢c

H.x.- 200 °C 136 773.1 — 1.4278 1.02 0.0455 8.84 TeMHO-KOPUYHEBBIN
85-180 °C 135 771.9 — 1.4256 1.03 0.0502 5.46 CBeTJIO-KENTHII
120-230 °C 167 810.0 Hwxe munyc 70 | 1.4440 1.63 0.0644 10.47 CBeTJIO-XKEeNThIN
150-280 °C 198 838.1 To xe 1.4605 2.78 0.0941 18.69 CBeTII0-XKeNThIN
140-320 °C 218 851.5 -« 1.4688 3.65 0.1239 29.65 CBeTJIO-KENTHIN
140-350 °C 232 860.6 -« 1.4740 4.95 0.1576 35.97 DHOJICTOBO-CUHHIH
180-350 °C 241 866.1 -« 1.4780 6.06 0.1601 39.93 DHOJIETOBO-CHHHIA

CocraB nonyueHHbIX ppakiuii uccnenopanu merogom MK-cnekrpockonuu Ha UK-Oypre criek-
TpoMeTpe B auana3one BoHoBbIX uncen 600—4000 cm'. OtHecenue nonoc noriomienus B UK-crnek-
Tpax MpOBOJWIM MO paHee omucanHbM Meroaukam [11, 12]. Ha UK-cnekrpax o6pasuoB 3amaj-
HO-AOmepoHCKoi HeTn HabmonaroTces nedopmarmonnsie (1376, 1456 cm') u BaneHtHbie (2852,
2920, 2950 cm') xonebanus C-H-ceasu B CH, u CH,; nedopmanuonnsie (954, 1031 cm') kone-
6anus C-H-csasu B CH, rpynnax madrenos; aedopmaunonnsie (744, 812, 873 cm') xonebanus
C-H cBs3u u BasienTHbIie KosieObanus (1603 cm') C-C cBsizu OeH30bHOTO Konblia. Bo dpakuusax (0—
200 °C), (85-180 °C), (120-230 °C) monocs! nornorienus, xapakrepusie ais C-C u C-H cBszei
OEH30JIBHOTO KOJbLIA OTCYTCTBYIOT. Ciemyer oTMeTHTh, 4To WK-CreKTphl BbIICHIEPEYHCICHHBIX
Tpex dpakiuii uaeHTHIHb. Takoe ke cxoncTBo B MK-criekrpax nHabmonaercs u anst ¢ppaxmuii (150—
280 °C), (140-320 °C), (140-350 °C), (180-350 °C). [To UK-cnekTpam MOIy4eHBI CIEAYIOUINE pe-

il it
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2
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Puc. 3. DiieKTpoHHBbIE CHIEKTPHI NorJIoeHns ¢ppakuunii 3anaaHo-A01IePOHCKOI He()TU B reITAHOBBLIX PACTBOpaXx:
a— ¢p. 120230 °C (1 - C, = 0.06 %; 2 — C, = 0.002 %); 6 — ¢p. 140-350 °C (/-C, = 0.05 %, 2 - C, = 0.03 %); 6 — Pp.
180-350 °C (/ — C' = 0.08 %, 2 — C, = 0.002 %)
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3yJabTarhl: apoMarngHocth (D, /D, ), kotopas mensiercst B nipenenax 0.46-0.34; pasBeTBICHHOCTD
(D,34¢/D46s) — A1 BCEX HCCIENYEMBIX (paKuuid npakTuyecku onaunakosa (0.59-0.56); napadunu-
ctocTh (D, D 10 01¢00) YBEIHUMBaeETCst (6.03-10.53); ocepuucrocts (D, /D ;) TaKKe yBeInunBa-
ercst B npenenax 0.01-0.08. B obmactu apomarnueckoro tpurwiera (730-900 cm') HHTEHCHBHOCTD
I10JIOC TIOIVIOLIEHUS He MeHsieTcs. i MOoATBEpKACHHUS BBIILIEOTMEUEHHOTO ObLI UCCIIEIOBAH CTPYK-
TypHO-TpynmnoBoi coctaB ¢pakuuii (120-230 °C), (140-350°C) u (180-350 °C), B DIIP-cnekrpax
KOTOpBIX HaOmoganack DIIP nuHus 3ameneHHoro apoMarnyeckoro yriaesomopozaa [13, 14].
DJeKTPOHHBIE CIEKTPHI MOMIIOIIEHHUS BhILIETIEPEUUCICHHBIX (PpaKLUii 3aMChIBATINCH Ha CIIEKTPO-
dhoromerpe UV/Vis 680 pupmbr JENNAY, pabounii auamazon koroporo 190—-1100 am, onTrdeckoe
nporyckanue 0.1 HM. B kauecTBe pacTBOpHUTENS UCIIONB30BAIN IeKCaH. DIIEKTPOHHBIE CIIEKTPBI U3Y-
Yanuch B pa3dasiacHHbIX pacTBopax (102). Ha puc. 3 mpuBeAeHbI JCKTPOHHbIE CIIEKTPHI MOTIIONIE-
HUS HCcclienyeMbIx (pakmuii. 13 nmpuBeneHHBIX CIEKTPOB BUIHO, 4TO B TpEX dpakumsx (120-230
°C), (140-350 °C), (180350 °C) nabmonarorcs YD-creKTpsl MOMIONIEHUST TPOU3BOIHBIX OCH3071a
200-215 uMm, HadTamuHoB 220-230 uM, peHanTperoB 245-260 M, anTpareHoB 272-290 HM, npo-
LIEHTHOE COZIePKaHNE KOTOPBIX MPUBOIUTCSA B Ta0. 6. Kak BUIHO U3 TPUBEICHHBIX B Ta0J. 6 TaHHBIX
BO BCeX Tpex (ppakiusx oOHApPYKEHO HaJIWYWE MPOM3BOIHBIX OCH30J1a, 3aMEIICHHBIX Ha(TaInHa,
(heHaHTpeHa, KOHIICHTPAIIHS KOTOPBIX 110 Mepe ppakIMOHUpOBaHus yBennuuBaercs [13—15].

Tabnuya 6

KosnuuecTBo ApOMATHYECKHUX YIJI€B0O/10P0O10B, % macc.

MoJiekyJIsIpHBIIi

IIpousBoannie

BEC
. Hadpraaunsl ®@enanTpeHbl AHTpanensl Cymma

120230 °C

(C,=0.06 %, C,=0.002 %) e 5.35 7.82 0.03 — 13.2

[ it M

140-350 °C

(C,=0.05 %, C,=0.003 %) 232 7.8 8.5 1.7 1.3 193

180350 °C

(C,=0.08 %, C,=0.002 %, 241 8.5 9.3 33 1.4 22.5

C,=0.0002 %)

W3 nanHBIX, TPUBENEHHBIX B TA0JI. 6, BUIHO, YTO BO BCeX (PpaKIUAX 0OHAPYKEHO HATHIHNE TIPOH3-
BOJTHBIX O€H30J1a, 3aMeIIeHHBIX HadTammHa, peHaHTpeHa U aHTpaIleHa, KOHIIEHTPAIUs KOTOPBIX 110
Mepe GPaKIMOHUPOBAHUS YBEINIHBACTCSI.

Tabnuya 7

KoaunuecTBenHoe copep:xxanne AY, %

ApOMaTI/I‘leCKHe yriiesoaopoasl B

3anaaHo-AOIepoHCcKoT

IIpousBoanbie
OeH30,1a

Hadranun

dDeHaHTpPeH

AHTpaueH

MetaH-Ha()TEHOBBIE YTIIEBOIOPOIB 0.5 0.7 0.8 Crnenpr 2

I- rpynnma AY 13.7 10.2 9.5 0,3 33.7
Il -rpymima AY 20.1 17. 12.1 1.1 50.4
III -rpynma AY 24.0 28.2 17.1 1.3 70.6

W3 nanHbIX, IpUBeIeHHBIX B Ta01. 7, BUuaHO, uTo B [-1II rpynmax AY u meran-HadTeHOBBIX yrie-
BOJIOPOAAX OOHAPYKEHO HAJIMYHE MMPOU3BOIHBIX OEH3071a, 3aMEIEHHBIX HadTannHa, (eHaHTPEeHA U
aHTpaIeHa, KOHIIEHTPAIUs KOTOPBIX 10 Mepe (PpaKIMOHUPOBAHUS YBEIUIHBACTCSI.

[Tocne neacdanpruzanuu u odbeccmonmBanus (IOCT 11858-66) meTomom ancopOIMOHHON XPo-
Marorpaduu Obutu momydensl [-IV rpynmer AY HedTH, KOTOphIE CIEKTPOMETPUYECKHIM METOIOM
aHAM3UpPOBAIKHCh Ha pedpakromerpe (MPD-23). Beuto mokazaHo, 4To MPUCYTCTBYIOIMKE B HEDTH
HACBIIIIEHHBIC METaHO-HAPTEHOBEIE yIIIeBoI0poabl (42.40 % Macc.) UMEIOT IMOKa3aTeNd peioMIie-
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nus n*’ =1.4773. Tlokasarenu octanbHbX AY (44/56 % macc.) u CAB (13 % macc.) pacnpe/ieneHsl
1o I-IV rpynmam. B I - rpynne (14.85 % macc.) n*° = 1.5375; Bo Il — rpynne AY (4.34 % macc.) n*’
= 1.5375; B III — rpymme AY (8.07 % macc.) n*) = 1.5682; B I-IV rpynme AY (17.30 % macc) us-3a
0onbIIoro conepskanus ac(aabTeHOBBIX paaukanos n*’ =0. MonekynsapHas Macca ¢ 254 (MeTaHo-Ha-
(hreHoBbIe yrieBoaoposl) yeauunBaeTcs U B I — rpynme AY pasna 1305 [16].

2 “ An
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Puc. 4. Daextponnsbie cnekTpsl nornomenns AY B I-IV rpynnax 3anagHo-Aomeponckoii HegTH: a — MeTaHO-
HadTeHOoBbIE yriieBonopoasl; O—I rpymmna AY; ¢ — Il rpynna AY; e — 11l rpynna AY. B rekcanoBbsIx pactBopax [ — rpymist
AV (a) C,_006 %, (6) C,=0.002 %; II — rpyrmmsr AY(a I) C,=0.05 %, (6) C,=0.003 %; III — rpynmer AY, C,=0.09 %; (6)
C,=0.002 %

N3 npuBenenubix Y®-criekTpoB (puc. 4.) BUIHO, YTO B ATUX (PpaKIusx HAOIIOMAOTCS CIEKTPHI
MOTJIOMIEHUS TPou3BOAHBIX OeH3oma 200-215 um, HadTamuHoB 220-230 HM, henanTpeHoB 245-260
HM, aHTpareHoB 272—290 HM, IPOIICHTHBIC COICPKAHUS KOTOPBIX IPUBEICHBI B Ta0JI. 7.

[IpoBeneHo taxke BU3yajJbHOE HAONIOJEHHE 3a LIBETOM JIFOMUHECLEHLUU BCEX HCCIIEAYEMBbIX
¢dpakumii mox prytHo# sammoi [IPK-4 (bunetp YOC-1 >200 um). Ppakiuu (0-200 °C), (85-180
°C), (120-230 °C) umeroT clerka *eJToBaThlii OTTEHOK, T.€. B 3TUX (pakumsax mo UK-cnekrpam mo-
nocel nornonieHus: C-C u C-H-cBsi3u OEH30JbHOTO KOJIbIIA OTCYTCTBYIOT. CBeueHHue BO (hpakiusx
(140-320 °C), (150-280 °C) cnabo-xkenroe, mpucyiiee cMoiaam. LIBeT JIFOMUHECIIEHIINK B TIOCIIEI-
HUX, OYEBUIHO, O0YCIIOBJIEH 00Jiee BBICOKOMOJIEKYISIPHBIMU COEAMHEHUAMHU, BO30YKIEHIE KOTOPHIX
MPOUCXOAUT MyTEM “‘KacKaJHOM mepenadyn’” 3HEPTUU OT OTHOCUTEILHO HU3KOMOJIEKYJISIPHBIX COEIU-
HEHUI.

Cynst o OIIP ciekrpam, Bo ¢ppakumu (0-200 °C) konentpanus R° N (AHmﬂp=0.88 mTi, g=2.0023)
yMmeHbmuiack. [lpu nanpHelmem ¢pakuuoHupoBanuu, HaunHas ¢ pakmuu (85-180 °C) u nanee,
HAOIIOIAETCs MOCTENEHHOE YMEHBIICHUE KOHIEHTpauu R’ o+ 1Ip¥ 9TOM BO ¢dpakum (120-230 °C),
(150-280 °C) otvyetnuBo oOHapyx)uBaercs qunus JI1P (AHme=7.5 MTi, g=2.4), koTopas, Cyas 1o
UIMPUHE CHEKTpa HE MOXKET MPHUHAJICKATh METAIJIOKOMILIEKCHBIM COEAMHEHUSAM. DTO CHEKTp 3a-
MEIIEHHOTO apOMaTHYECKOTO YTIIEBOAOPO/Ia, KOTOPBIA ObUT OOHApYXeH B 3arIbIHCKOW HePTH (CM.
puc. 2). MoxHO yTBep»KAaTh, 4YTO OHU MPUHAJJIEKAT 3aMEIEHHBIM apOMaTHYECKUM YITIEBOAOPOAAM
[13-15].

BusyanbHoe HaOmroneHre 3a MBETOM JIIOMHUHECIICHIIMU (paKIMi 1MOKa3ajao, 4TO BO (paKIHsIX
(120-230 °C), (150-280 °C) uBeT JIOMUHECIICHIIUN CBETI0-KEITHINA, MPUCYIIIHA CMOJIUCTO-ac(ab-
TEHOBBIM BemlecTBaM. [lo-BuaMMOMY 3TO TOT cilydaid, KOorja B 3THUX (pPaKIUsIX €Ile JOCTaTOYHO

MHOTO [R® . ], KOTOpBIC 9KPAHUPYIOT APOMATHYCCKHE YIICBOAOPO/IBI M OHH HE IIOMHHECLHUPYIOT, HO
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KOT/Ia UX CTAHOBUTCS 3aMETHO MEHbIIe, To nocieanue gppaxmuu (140-350 °C), (180-350 °C) nromu-
HECLHUPYIOT CHHE-(UOJIETOBBIM [IBETOM, IPUCYIIUM 3aMEIIEHHBIM apOMaTUYECKUM YITIEBOAOPOAaM —
aHTpateny u ¢enantpeny. MK-cnekTpockonuueckuM aHajgin3oM ObUIO YCTaHOBJIEHO TakKkKe, 4TO B
3TUX (GpakiusaX HaOIIOIAeTCs UIEHTUYHOCTh KOHIIEHTPAUU OCH30JbHBIX apOMaTHUYECKUX KOJEll.
Jlst moaTBEp K ACHHS CKa3aHHOMY OBbUIT MCCIIEIOBAH CTPYKTYPHO-TPYIIIOBOM cocTaB (paxiuii (120—
230 °C), (140-350 °C), (180350 °C) B cnexrpax DIIP koTOpBIX HAOIIOMATUCH AYOJICTHBIE JTHHUN
OIIP 3aMeneHHbIX apOMAaTUYECKUX YITIEBOIOPOIOB (CM. pHC. 3).

Crnenyroumm o0ObEKTOM UCCIIE0OBaHUS sIBIIAeTCA Tshkenas banaxanckas HedTh co CleqyOMUMU
(U3UKO-XUMUYECKMMHU XapaKTePUCTUKAMHK: IIOTHOCTH pH 20 °C -919 Kr/M> MOJIEKYIIIPHON Maccou
-382, Baskocth mpu 20-50 °C -135, 0-25.8 mm*/c, Temneparypa 3acteiBanusi 37 °C, KOKCYeMOCTh
-2.88 %, xucnornoe uncio 2.5 mr KOH/t, cmon -14 %, achansrenor 0.80 %, mapadpuna — 0.62 %,
cepbl -0.30 %. [locne neachanpruzanuu u odeccmonuBanust HepTu ('OCT 11858-66) meTonom an-
copO1moHHOM Xpomarorpaduu 6s11u TtosrydeHs! [-IV rpynmner AY HedTtn banaxansl, kKoTopbie CIiek-
TPOMETPUUYECKUM METOJIOM aHAJIM3UPOBAIUCH Ha pedpakTomerpe (Mapka UPD-23). K [-rpynme AY
orHocares ppaxiuu n*) -1.5220; ko II rpynne AY »n* -1.5400; k Il-rpynne AY »n* -1.5770, k
[V-rpynme-1.5808. ILnotHocTh nx MeHsack B uHTepBajie 0.9342—1.0050, a monekynsipHasi macca
353-580.

[Ipu Bo3Oy)eHuu rpym AY Hepa3aoKeHHBIM cBeToM pTyTHOM Jiammbl (ITPK-2) ¢ ucnons3oBanu-
eM cBeTopmiibTpoB YDC-1 (obmacte npornyckanus: 240—400 HM) MPOUCXOIUT UX JTFOMHUHECIICHIINS
C Pa3JIMYHBIM IIBETOM M MHTEHCHUBHOCTHIO. | rpymma AY He o0magaeT BUAMMON JTIOMUHECIICHITUEH,
II rpymnma — cnaboii moMHHECTIEHITMEN cuHe-royooro 1Beta, I I, [V rpynmnsl nMeroT HHTEHCHBHYIO
JIOMHUHECIICHITUIO OMPIO30BOTO U JkenToro 1BeToB. Hamnuue B Heptrn AY yka3pIBaloT Ha TO, YTO
MOCJICTHIE MOTYT BBICTYIIaTh B KauecTBEe (POTOCEHCHOMIN3aTOpOB HadTEHO-MTapaHOBBIX YIJIEBO-
JIOPOJIOB ¢ 00pa30BaHUEM paJuKaioB. [[J1s BBISICHEHHUS MEXaHU3Ma CIIEKTPaIbHO-TIOMUHECIIEHTHBIX
CBOMCTB, 0OJIbIIOE 3HAUEHHUE UMEIOT HEPTSIHbIE CUCTEMBI, B COCTaBE KOTOPBIX COJIEPKATCS TOIBKO
apoMaTU4eCKHe yriaeBoaopoabl. [Ipu 3ToM 0olbIIoe MpakTUYECKOE 3HAUCHUE NUMEIOT AY, UMEIOIITHE,
IJIaBHBIM 00pa3oM, TpH U 00Jiee KOHJIEHCHPOBAHHBIX OCH30JIbHBIX KOJIEIl, 00JIaatolne, Kak U3BeCT-
HO, BUIMMOM JTIOMUHECTIeHITuEH. AY B HepTH 1 HepTenmpoayKTax copep arcs B BUAC “TOJBIX U 3a-
MeIEeHHBIX npeacTaButenei [17]. B npoaykrax nepBudHO nepepadoTku HedhTrH AY COCTOST Mpak-
TUYECKHU TOJIBKO U3 3aMEUICHHbIX.

YTspkeneHue coctaBa JoObIBaeMbIX He(Tel 3acTaBlIeT UCKATh MPUHIUIUAIBHO HOBbIE METObI
UX paloHaJIbHOIO MCMoNb30BaHuA. Co31aHNe HOBBIX TEXHOJIOTUN MOTYYEHHs] COEIMHEHUIN Ha OC-
HOBE HE(TSIHOTO CHIPhS B CBOIO OUEPE/b 3aBUCHUT OT 00beMa M ITyOWHBI MH(OPMAIIMH O COCTAaBE,
CTPOEHUU U crelupruecKrX CBOMCTBaX HE(PTAHBIX KOMIIOHEHTOB. BerencTBrue 3Toro npeacTaBiser
OOJIBITION MHTEPEC BCECTOPOHHEE M3yUeHUE cocTaBa Gpakiuii u e€ Tshkenbix octatkoB >500 °C A6-
mepoHckoi HedTu. AGrepoHckas HeTh JOOBIBAETCS ¢ MOPCKHUX ITyOWH azepOaiipKaHCKOTO CEKTO-
pa KOxnoro Kacrust. Mccnenyemas nHedts Tshxenas, (920 r/cm®) BBICOKOCMOJIMCTAs, MAJIOCEPHUCTAS,
Manonapadpunucras. Boerxon cembix npoayktoB o 'OCT 2177-99 cocrasnsier ot 200 °C — 4 % no
300 °C — 26 %.

B pa6ore uccnenopanace Admeponckas HeTh u e€ octatounbie 50°-Hble (paKIUH, TOTYICHHBIC
Ha anmapare guctwurinna HeTtu (CIIA) mo 350 °C mo ASTM 2892 u 1o 500° mo ASTM 5236 [18].
Beixon ¢pakmuit ot Havana kunerus 10 350 °C u ot 350 °C mo 500 °C cocraBwmi 36.46 u 27.62 %
macc., Berxojr octarkoB Beimie 350 °C u 500 °C cocraBui mo 63.36 u 35.86 % macc. COOTBETCTBEHHO.
DU3NKO-XUMHUYECKHE TIOKa3aTenu GPaKIHii, MOITy4eHHbIX 13 HedTH “AOIIepoH”, MpyuBeACHBI B Ta0I. 8.

HccnenoBanne KOMIOHEHTHOTO cocTaBa S0°-HbIX (pakiuii AGmepoHCcKol HeTH TPOBOAWIN HA
dypbe-cekrpometpe B auamazone 600-4000 cv!. braromapst mpuMenerno Oypbe mpeodpasoBare-
151, ucnionb3oBanue MK-criekrpoMerpun B HacTosiiiee Bpemsi SBJISIETCS] OOIMIETIPUHATHIM [TOJIX0/I0OM
IIPU BBITIOJTHEHWH KOMIUICKCHBIX MCCIIEIOBAaHUN COCTaBa HePTEH Pa3IMUHBIX MeCTOpoKaeHui [11,
12]. ITpu 3TOM moaaBistonee OOJBITUHCTBO padOT CBSI3aHO C METOJAaMHU UACHTHU(UKAIIMU U OIpe-
JICJICHUs. COZIEP KaHUS YIVICBOJOPOIHBIX COEIMHEHU, IPUCYTCTBUEM HEPa3BETBICHHBIX MapapuHu-
CTBIX CTPYKTYp, CTENICHbIO Pa3BETBICHHOCTH MapaUHUCTBIX LIeTel, apOMAaTUYHOCTBIO U T. [I.

,
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Tabnuya 8

Kucnornoe

Moaexyasipusiii  IlnorHocts, Temmepartypa KnnemaTnueckas LI YHCII0, IIBer Couep:lca- e l:a
Ioka3aTenn 3 o n* P BSI3KOCTH Hue, % HeThb, %
Bec Py KI/M®  3acThiBanus, °C BSI3KOCTb, MM?/C 40/100 mr/r JIIOMHHECHEeHIHH Mace Mace
(KOH) . .
Dpaknust o
150200 °C 161 803.3 - 1.4424 | 20°C 1.50 — 25.50 = = — 5.09
Dpaknust o Crnerka
200-260 °C 214 849.8 - 1.4670 | 20°C 3.29 = 149.87 e = = 9.28
Dpaknust o -
260-300 °C 278 885.0 = 1.4862 | 20°C 55 = 27291 Duoneroblit = = 7.26
Dpakuust 100 °C Tony6oBaro*
300-350 °C 327 904 —-62 1.4889 40 °C 2.329.43 Sl 409.37 e — - - 11.67
Dpakuus 100 °C 47.09 Tony6osaro*
400-450 °C GER Ri22 == L4950 | oo | 8443 o - e — i i
Dpakuust 40 °C 428.3 .
450500 °C 506 944.2 -12 1.5090 90 °C 16.98 0.32 - BuprozoBbiit - - 10.63
Dpaknust
> 500 °C - 986.5 22 - - - - 10.52 | 0.54 35.86

W3 npencraBnennsix MK-cieKTpoB paccunTaHHBIE CHEKTpaibHbIE KOA(MOHUIIMESHTHI IO ONTHYE-
CKOH TUTOTHOCTH TIOJIOC TIOTJIOIICHHUS YTIIEBOJJOPOIOB, CMOJ M ac(alIbTEHOB B OTPE/ICTICHHOM 00IacTh
CIIEeKTpa MPUBOIATCS B Ta0m. 9.

Tabruya 9
HaumeHoBaHue NpoayKTa . . A, % macc.
Dpaxkius 200-260 °C - 0.1 0.56 23.7 -
Dpaknus 260-300 °C 0.33 1.13 0.56 12.83 13.9
@paxkmus 300-350 °C 0.35 0.14 0.57 11.57 17.4
Dpaxkius 400-450 °C 0.4 0.1 0.61 11.0 21.1
Dpaxknus 450-500 °C 0.5 0.09 0.61 10.1 223
Cmomna 1.66 0.31 0.56 2.15 -
AcdanbTeHs 3.67 0.31 0.58 1.55 -

JU1s1 CpaBHUTEINIBHBIX COMOCTABICHUN HCCIIEA0BAaHHbBIX (PPaKIUi HCTIONB30BAIN CIIEKTPAJIbHBIE KO-
5 PUIMEHTDI, XapaKTEPU3YIOLINE UX CTPYKTYpPHO-IpynnoBoi cocras: C, (apomarn4Hocts) — D,/
D,,,; C, (okucnennocts) — D . /D C, (passerBiennocts) — D .. /D C, — (mapapuHHCTOCTD)
o (D1380 + D720)/D1600 [18].

[To ganubiM UK-cnekrpanbHOro aHanan3a BO (ppakuuax JaHHOW HEPTH MPOUCXOAUT YBETUUYECHUE
COZIEp)KaHUSI apOMAaTHUYECKUX CTPYKTYP M CHHXKEHHUsS COJEpKaHUs MapadUHOBBIX CTPYKTYp, O 4eM
CBU/IETEJICTBYET BO3pAcCTaHUE 3HAUCHMs MTOKa3aTessl apOMaTUYHOCTH (A) IpU CHU)KEHUM 3HAYECHUs
nokasares napapunucrocty (C,). UK — ciekTpel cMoi 1 achanbTeHOB XapaKTEPU3YIOTCs OONbIIH-
MU MHTEHCHBHOCTSMH IOJIOC TIOTJIONICHUSI apOMAaTHUECKUX CTPYKTyp mpu 1600 cm' u B obiactu
apomarndeckoro tpuruiera npu 730-900 cm!. PocT HHTEHCHBHOCTH COOTBETCTBYIOIIUX IOJIOC IO~
IVIOIIEHUS] HAXOJUT OTPAKEHUE M B YBEIMUYEHHUHU MOKA3aTelsl apOMaTUYHOCTH ac(allbTeHOB U CMOJI
(cm. Tabn. 9). Habmomaemoe yBennMueHHWE MHTEHCUBHOCTH Mosioc mornomeHus npu 1710, 1100-
1200, 1030, 400-500 cM™' ¢ OBBIIIIEHHEM TEMIIEPATYPbI BEPOSTHO CBHICTEIBCTBYET O MPOTCKAHUH
J€CTPYKTUBHBIX OKHUCIUTENBHBIX MPOLIECCOB, COMPOBOMKAAIOLIMXCS KOHJIEHCALMEH apoMaTHYeCcKUX
kozen. [IpucyTcTBUe Hepa3BETBICHHBIX MapaUHUCTBIX CTPYKTYP J0Ka3bIBAETCs MOJOCAMHU MOIIIO-
mennst ipu 720 u 1300 cm'. CreneHpb pa3BeTBICHHOCTH apa(UHUCTBIX LETIei YIIIEBOIOPOIOB Olle-
HHUBAETCSI 10 MoJiocaM TontonieHus B oomactu 1380 u 1465 cm!, KOTOPYIO MOKHO XapaKTEepHU30BaTh
¢ moMouIblo ko3 duimenta B, mpeacTapisioniero codoif OTHOIIEHHE WHTEHCUBHOCTEH Haunbolee
XapakrepucTuieckux nojoc nornomenus s CH, u CH, rpynm. Takum 06pasom, yeM Gosblie 310

1710 7 1465 1380° 7 1465°

7
COOTHOLIEHUE [317524 = 1464 "TeM BBIlIE CTENIEHb PA3BETBICHHOCTH MAapa(UHUCTHIX CTPYKTYP B HE-
V.
720
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TU 1 € Qppakuusax. s uccnenoBaHus apOMaTHUYECKUX CTPYKTYp Harbosiee HHPOPMATUBHBI I1OJIOCHI

1464 __ I/v1600

1600 —

nornomeHns 812-816 em™ 1 1600 em™': 3 , T.€. 4YeM OOJIbIIIE 3TO COOTHOLIEHNE, TEM BBIIIE

1464
CTENeHb apoMaTH3alui He(pTenpoIyKToB (A).

HccnenoBanue CTpyKTypHO-TPYNIIOBOIO COCTaBAa HEKOTOPBIX (hpakiuii AOIIepoHCKON HEDTH Ha
cnektpodoTtomerpe “Spekord UV-Vis” B obmactu 200-800 HM 1a710 BO3MOXKHOCTH ONPEEIUThH Ha-
nuure peHaHTPEeHOBBIX (255 HM), aHTPalLIEHOBBIX (226 HM) U 6eH3peHaHTPeHOBBIX (295 HM) rpymm.
Hanuune B HedTsaX U B €€ HppakiusIx MOTUIMKINIECKHX apoMaTHiecKkux yrieBoaoponoB (ITAY) yka-
3bIBa€T Ha TO, YTO OHM MOTYT BBICTYIATh B Ka4yecTBE (POTOCEHCHOMIN3ATOPOB Pa3I0KEHHUsI OpraHu-
YECKUX COEeMHEHUI crnupToB, napaduHoB u np. [25]. Jnst aToro He MoHAIOOUTCA CTIEIMAaTbHOE MX
oOnryueHue, Tak kak [TAY Xopolio nomomaroT BUAUMYO0 001aCTh COJIHEUHOTO U3ITy4EHHUs.

HaGmonaemoe ymensblienue curnana OIP acdanbTeHOBBIX paJuKaioB MpH (GpakIMOHUPOBAHUM
He(TU a0 BOBMOXKHOCTh BBISIBUTH CIIEKTPhl HOHOB HEKOTOPBIX OKHCJIOB METAIOB. TakuM o0pazoM
OBbLIO yCTAHOBIIEHO, uTO crieKTphl D[P Abmeponckoit HedTH u e€ ppakunu, B OCHOBHOM, COCTOST U3
OZIMHOYHOT'O Y3KOTO CHTHAJIA, XapaKTePHOTo it R o (AH;, =0.88 MTu1, g=2.0023) 1 mmpoKoit mHAN
MOHOB oKkcnzoB xenesa (AH ; =168.1mTn, g=2.24), mukpokpucramios okucn meau (AH o =108.9
mT, g=2.27), xnopucroro nukens (AH ; =117.4 mTu, g=2.2) (cm. puc. 2). K coxaneHuro, HU3Koe
MIPOLIEHTHOE COJIEpKAHUE HEKOTOPBIX MUKPORJIEMEHTOB, ColepKaluxcsi B AdmepoHckoil HedTH, Jie-
KUT HAMHOT'O HIDKE MPeJieNa UYyBCTBUTEIBHOCTH PAJMOCIIEKTPOMETpa M MOATOMY uX criekTpbl DI1P He
obHapyxwuBarotcs. Onnako yxe anst ¢p. 150-200 °C u ¢p. 200-260 °C nadmionaetcst 1P curnan ¢
AH =25 mTun, g=2.2, xotopblii 4etko obHapyxusaercst B0 ¢p. 260-300 °C. B ocrarodHbIx dpaxis
300-350 °C, 400-450 °C 1 450-500 °C xoHuenrpamus R* o, YBEIIMUMBACTCS, & MHTCHCUBHOCTb JINHUH
OIP ¢ AH_ =25mTxn ymenbiaercst, Ho He ucyuesaet. [lo ranubiv UK-criekrpaibHOro anammsa 1ist ¢pp.
260-300 °C nHabmromaeTcs yMEHbLIEHHE KOHIEHTPALMK MOJINAapOMaTHUECKUX YITIEBOJIOPOJOB H IPO-
LIEHTHOT'O COZIEPKaHUsl ApOMATHYECKHUX YIIIEBOIOPOIOB (CM. Tabu. 9).

HccnenoBanack Tarxke ToBapHasi AOmiepoHckas HeTh U e€ octatouHble 50°-Hble (pakuuu, Moiy-
4yeHHble Ha anmnapare auctuusiiuu Hegtu (CIIA) 1o 350 °C no ASTM 2892 u o 500° mo ASTM 5236.
Beixon ¢pakimit ot Hauana kunenus 10 350 °C u ot 350 °C no 500 °C coctaBui 36.46 u 27.62 % macc.,
BbIx0J1 octatkoB BhIiie 350 °C u 500 °C cocraBuin o 63.36 u 35.86 % macc. cootBeTcTBeHHO [ 18, 19].

Tabnuya 10

IToka3zarenu

YcioBHas
BSI3KOCTb, IIPH:

Copnep:xannue,
% macc.

Temneparypa
HaumeHnoBanue P y?
BCNBIMKH, °C

Beixon Ha IlinotHocts Temmepatypa

o0pa3ua

He(pTh,
% macc.

npu 20°C,
Kr/m?

3aCTbIBaHUs,
°C

KOKC

cepa

30°C 80°C 100°C

B 3aKPBITOM
THIJIe

B OTKPBITOM
THIJIE

ToBapHast HehTH - 919.4 Munyc 34 3.64 | 031 | 10.46 25 -
OCTaTOKv>350 °C u3 63.36 9590 10 6.08 0.41 _ - 240
TOBapHOU HEPTH

OCTaTOKU>500 °C u3 3586 986.5 2 10.52 | 0.54 - = 316
TOBapHOU He(TU

Crnekrpsl DI1P HeTH 1 0cTaTOUHBIX (PpaKLuii COCTOAT U3 OMUHOYHOTO curHasia JI1P ¢ H =088 MTn
(U1t HAaTUBHOM TOBapHOH He(TH AOIIEPOH) U H =0.64 MTn s ¢paxuuit >350 °C u >500 °C, xapax-
TepHOU 1151 achaibTeHOBBIX paaukanoB [20]. Paccuntannsie abcomoTHbIC KOHIIEHTpatun [19] u npyrue
XapaKTepUCTUKH NpruBesieHs! B Tabi. 10. Habmonaemoe pazniune B mmpuHax gunuit 1P o6ycnosieHo
CTPYKTYpoil. BO3MOXKHO, 3TO cBsi3aHO ¢ Ooee MIOTHOM CTPYKTYpoil ac(haJIsTeHOBBIX paIlKaioB (Moie-
Kyi), oaBepriuxcs o0padotke (okucnenue mpu >350 °C, >500 °C), KoTopble XapaKTepU3yIOTCS HU3KOM
nonei anmnparuaeckux samecrurenert (K, K,) n 6omnbiueit noneit konaencuposannoro sapa (K) [21].

[Tonmy4yeHHble pe3ysbTaThl CHEKTPOCKONMUECKUX UCCIIe0BaHNM He(TH AOLIEpoH U e€ ocTaroy-
HbIX (paxiuii >350 °C, >500 °C, yka3pIBalOT Ha UX PALMOHAIBHOE UCIOIb30BAHUE B KAaYECTBE Bsi-
XKYIIETO JUIst achabTOOETOHOB, IPUMEHIEMbIX B JOPO)KHOM CTPOUTENbCTBE U T.11. Ho a1 aToro, kak
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CUMTAIOT aBTOPHI [22, 23], HEOOXOAMMO MPOBECTHU IIPEIBAPUTEIHLHOE UCCIICJOBAaHUE MTapaMarHUTHBIX
CBOMCTB KaMHs M mnecka. Cuuraercs, 4To eciau MapamMarHeTU3M KaMeHHOIro MaTepuaia, XapakTepu-
3yeMblii KaK OCHOBHOM, B CPEIHEM COOTBETCTBYET MapaMarHeTU3My BSKYILIETr0 HEQTSIHOTO ChIPbs U
MOJIYYEHHOTO M3 HETO OMTyMa, 3TO CIIOCOOCTBYET XOPOIIEMY COBMEIIEHUIO ATUX Marepuainos [22].
Ecnu mapamarsetusMm KaMeHHOTO MaTepuaia BbICOK, TO MOTYT BOSHUKHYTh UCKa)KEHUS U3-3a HECO-
BMECTUMOCTH MaTE€pPHUAaIOB, YTO IPUBOAUT K MPEKIEBPEMEHHOMY CTapEHHIO ac(PaibToOeTOHA.

HecmoTps Ha Gosblnoe KOJIMUECTBO PaldOT MO HCCIEA0BAHUIO KOMIIOHEHTOB BBICOKOKHUIISIIIMX
(bpaxuuii He(TH, CBI3aHHBIX C MPOAYKTaMU BTOPUYHOM NepepaboTKH, Ha OCHOBE KOTOPBIX MOJyYeH
PS1 Ou4eHb BaXKHBIX HE(PTEPOAYKTOB, MPOAYKTHI IEPBUYHON NIEpepabOTKU HEPTH, a TAKKE TAKeIble
Hedtsabie octatku (THO) sTux HedTel Bce ere 0CTaroTcs MajIou3yuyeHHbBIMU. MeXIy TeM MoiTy-
YeHHbIE TsXkKellble He(TIHbIE OCTATKU MEPBUYHON MepepadOTKH MMEIOT OOJbIINE MPEeUMYIecTBa:
coJiepKaHue apoOMaTUYECKUX YITIEBOJOPOJIOB B HUX MEHbIIIE; OHU Oojiee O€3BpeIHbI, SKOJIOTHYECKU
YUCThl U UMEIOT OTPOMHBIE ChIPbEBBIE PECYPCHI.

3akioueHue

[Ton Bo3nEICTBHEM MOHU3UPYIOIIETO U3IIyUYEHUS IyTeM B3aUMOIECHCTBHS BO30YKICHHBIX MOJIEKYJI
MOJIMITUKITMIECKUX apoMaTudeckuX yrieBonopooB (ITAY) — nadranmHoBbIe, (heHAaHTPEHOBBIE, XpHU3e-
HOBbIE, OeH3(heHaHTPEHOBbIE, MUPEHOBBIE, IEPUIICHOBBIE TPYIIIbI (CYMMapHOE COIEpP/KaHUE KOTOPBIX
okoJ10 40 % Macc.), U3BECTHBIX HHUIIMATOPOB (POTOXUMHUUECKUX ITPOLIECCOB, IPUCYTCTBYIOLINX B HE(D-
TU C MOJIEKYJIaMU OpPraHMYECKUX COCJUHEHUIN — CIUPTOB, MapaduHOB B pe3yJsbrare IBYX(OTOHHOIO
noryiouieHus Mosnexynamu [TAY, BeicTynaromymu B kauecTBe (POTOCEHCUOUIN3ATOPOB, € IEPEBOJIOM UX
B BBICOKOBO30Y KIIeHHOE TpurieTHOe coctosiaue [TAY*(T*) [24]. Haxoasich Ha TpUIJIETHOM YPOBHE, U,
o0majiast GONBIION UTMTETLHOCTBIO JKU3HHM (2.5 1 3 ¢), apomMaruyeckas MoJIeKyjla UMeeT BO3MOXXHOCTh
TOIJIOTUTD €ILE OJIMH KBAHT SHEPTHMH A1V, C IEPEXOOM Ha 00JIee BHICOKOBO30YKICHHBIM TPHUILIETHBINA
ypoBenb T*. JIBykpatHo (hoToakTuBrHpoBaHHas MoJiekyia [TAY MokeT nepeaars SHEPruio MOJIEKyJIaM
CHUPTOB U NapadUHOB, HAXOASALIUXCS 110 COCEACTBY U BbI3BaTh Pa3pbiB BAJICHTHOM CBsI3U C 00pa3oBa-
HHUEM CIIUPTOBBIX, aJIKWIbHBIX pajaukaioB (R") n aromapHoro Bomopoja o peaxiuu:

MTAY(S) —25 [TAY*(S) —— ITAY*(T) —22—5 [TAY*(T*)+RH —— TTAY(S)+RH* ——>
— STIAY(S)+R+H, (1)

rae S, S*u T, T* — cOTBETCTBEHHO OCHOBHBIE U BO30YK/I€HHBIC CHHIJICTHBIC U TPUILIETHBIC COCTOSIHUS
moiiekyi [TAY. Aromel H BeTynatoT B peakuuio ¢ yriesogopogamu RH 1o peakiuun RH+H—R+H,
C 00pa3oBaHMEM PAJMKAIOB M MOJIEKYISIPHOTO Bofopoaa. Pamukansl R nerko pearupyror ¢ O, ¢ 00-
pa30BaHUEM IEPOKCUIAHBIX PAJUKAIIOB.

IIponeccsl poToceHCMOMIN3UPOBAHHOTO PA3JIOKEHUS OPraHUYECKUX COCTUHEHUH B HEPTAHOM
cucreme B npucyrctBud CAB u acdanbTeHOB MOTYT TaKXe NMPUBECTH K T€HEpalli aTOMapHOTrO
BOJIOPO/Ia 110 OJJHOKBAHTOBOMY MEXAaHM3MY [25] ¢ UCIIOJIb30BaHUEM KBAHTOB CBETA C OTHOCUTEIBHO
MaJiol PHEPrUEN OKOJIO 2 3B 10 PEAKIIUHU:

. hv % hv, * . .
R, tRH——>R" +RH—- R’ H+R—— R’ +R+tH

H, o6nanas BeICOKON peaKIIMOHHOM CIIOCOOHOCTBIO M OOJIBLION MOJBUKHOCTBIO, JIETKO MUTPUPYS
K HECITApEHHOMY 3JIEKTPOHY YIJIEPOJHOTO aTOMa, CIIOCOOCTBYET 1€3aKTUBALIUU s]Ipa ac(haabTeHOBOM
MOJIEKYJIbl CO 3HAUUTEJBHBIM BBIXOJIOM CBETIBIX HeTenpoaykroB. Hamuune cBOOOIHBIX paauKa-
noB B CAB, a takxe obpasyromuecs mpu HOoToOOTyIeHUH COTHEYHBIM CBETOM HUX AJIEKTPOHHO-BO3-
Oy’KJI€HHBIE COCTOSIHHS, MOTYT CBIFPaTh OINpPENEICHHYIO0 POib B (POTOXMMHUYECKUX Ipolieccax pac-
cMaTpuBaeMbIX HEQTIHBIX cucTeM. [Ipu GporoBo30y)aeHnHn cBOOOAHBIX panukanoB CAB (o0bruHO
SIBIISTIOIINXCS WHEPTHBIMU, HO CTaOWJIBHBIMH) TIOJ JieiicTBHEM (POTOOOIyUeHHS JITHHHOBOIHOBBIM
ONTUYECKUM H3ITyYEHHUEM MPOUCXOAUT UX aKTHUBALMS, CIIOCOOCTBYIOMIAs JECTPYKLIUN UCCIIEAYEMBIX
coenuHenmi mo C-C u C-H cBs3aM ¢ 00pa3oBaHUEM aTKUIBHBIX PAJAUKaAIOB M aTOMapHOTO BOIOPO/ia
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[25]. Ananu3 mosiyd4eHHBIX JaHHBIX 1a€T OCHOBAHUE MPEIIOI0KUTh, YTO BO3MOXKHO C 3TOM TOYKH
3peHUsI B JAHHOM CJTydae JyIsl UCCIIETyeMOM JIETKOW TOBapHOU He(TH, BEChbMa IMOJIE3HBIM U CBOEBpE-
MEHHBIM siBIIsieTCs ourcTKa HehT oT CAB 1 acanbreHoB pu €€ GppakiimoHUPOBAHHH.
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Changes in the wettability and absorption
behaviour of radiation-induced pipe line sediments

M.A. Ponyakin
Azerbaijan State Oil and Industry University
e-mail: ponyakinmaksim@gmail.com

Keywords: radiation, pipeline, sedimentation, wettability, absorption.

This study investigates changes in the flow and wetting behaviour of complex deposits such as asphaltenes,
paraffin, and corrosion products in pipeline systems under the influence of ionising radiation. lonising radiation
(gamma, neutron, etc.) fundamentally alters surface energies, creating irreversible changes in the molecular
structure of materials, such as bond breaking and the formation of cross-links. Within the scope of the study,
the effects of radiation-induced surface changes on contact angle, the effects of pore structure collapse on
capillary suction dynamics, and, in particular, the critical effects of this phenomenon on flow resistance in
nuclear facilities (such as the Akkuyu NGS) were analysed. The analyses show that radiation can transform
hydrophobic deposits into a hydrophilic structure, leading to swelling of the deposits and deterioration of
permeability. Therefore, it is emphasised that the effects of radiolysis and surface-fluid interactions at the
molecular level must be considered to ensure flow safety in pipelines containing radionuclides.

The effect of ionizing radiation on deposits accumulated in pipelines is not limited to changes in chemical
composition; it also causes transformations in surface free energy, contact angle, and the interaction equilibrium
at the solid-liquid interface. Particularly in heterogeneous deposits consisting of asphalt, paraffin, and corrosion
products, radiation-induced bond breaking, cross-linking, and accumulation of polar functional groups can
cause surfaces that were initially hydrophobic to become more hydrophilic over time. This change causes the
sediment layer to become more wetted when it comes into contact with the liquid, alters the way it adheres
to the surface, and complicates its interactions with the inner surface of the pipe. Therefore, in the analysis
of radiation-induced pipe interior deposits, not only mechanical blockage should be evaluated, but also the
surface changes caused by radiation and their effects on wettability should be considered.

Another important effect of radiation manifests in the porous structure of the sediment layer and its capillary
absorption behavior. Microstructural damage in the sediment structure can lead to narrowing or irregular
expansion of the pores, which in turn affects the rate at which the fluid advances through the sediment.
Furthermore, changes in fluid viscosity, surface tension, and interfacial equilibrium caused by radiolysis
processes cause deviations from the classical behavior of capillary suction dynamics. This process can cause the
sediment to acquire a structure that retains more moisture, swells, and becomes less permeable. As a result, the
effective cross-section of the pipe narrows, pressure losses increase, and surface roughness increases further
due to the effect of corrosion products. Therefore, sediments exposed to radiation should be considered not
only as passive accumulation material but also as an active and variable porous medium that directly affects
the flow regime.

In this context, changes in the wettability and liquid absorption properties of deposits in nuclear facilities,
and particularly in pipelines carrying radionuclides, are directly important in terms of flow safety and operational
continuity. Sediments that become increasingly hydrophilic under radiation and increase their water retention
capacity negatively affect system performance by increasing the pumping load while also reducing heat transfer
efficiency. In addition, prolonged contact between the liquid trapped in the sediment and the metal surface
can accelerate local corrosion processes. On the other hand, sediment particles that become brittle or break
off due to structural weakening can be transported along the pipeline, causing new blockages. To prevent
such complications, mechanical cleaning methods alone are not sufficient for the safe operation of pipelines;
the effects of radiolysis, changes in contact angle, increased moisture absorption tendency, and molecular
interactions at the sludge-liquid interface must all be evaluated together. This holistic approach is critical
for planning maintenance periods, selecting appropriate materials, and developing preventive monitoring
strategies, especially in systems with high radiation environments such as the Akkuyu NGS.
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Radiasiya ile alagali boru xatti ¢okiintiilarinin islanma ve absorbsiya

qabiliyyatindaki dayisikliklar

M.A. Ponyakin
Azarbaycan Dévlat Neft va Sanaye Universiteti

Acar sozlar: radiasiya, boru xatti, ¢oklntd, islanma, absorbsiya.

Bu tadgiqat, ionlasdirici stialanmanin tasiri altinda boru kemari sistemlarinds asfaltenlar, parafinlar va kor-
roziya mahsullari kimi miirakkab ¢okiintilsrin axin va islanma davranisindaki dayisikliklari arasdirir. ionlasdirici
stalanma (gamma, neytron va s.) sath enerjilarini kdkindan dayisdirarak materiallarin molekulyar strukturunda
donmaz dayisikliklar, masalan, rabitanin girilmasi va garpaz slagalarin amals galmasi yaradir. Tadqgigatin shats
dairasi daxilinds, radiasiyanin yaratdigi sath dayisikliklarinin tamas bucagina tasiri, masama strukturunun ¢ok-
masinin kapilyar smma dinamikasina tasiri va xUsusils do bu fenomenin niive qurgularinda (masalan, Akkuyu
NGS) axin miqavimatina kritik tasirlari tahlil edilmisdir. Tahlillar gostarir ki, radiasiya hidrofob ¢okintulsri hi-
drofil qurulusa cevirs biler va bu da ¢okiintilarin sismasina va kegiriciliyin pislogsmasina sabab olur. Buna gors
ds, radionuklidlar ehtiva edan boru kamarlarinda axin tahlikasizliyini tamin etmak G¢tin molekulyar saviyyada
radioliz va sath-maye qarsiligh tasirlarinin tasirlarinin nazars alinmasinin vacibliyi vurgulanir.

lonlasdirici siialanmanin boru ksmarlarinds yigilan ¢okiintilers tasiri yalniz kimyavi terkibdaki dayisik-
liklarlo mahdudlasmir; o, hamginin sath sarbast enerjisinds, temas bucaginda va bark-maye sarhadinds ga-
rsiigh tesir balansinda dayisikliklare sabab olur. Xususile asfalt, parafin va korroziya mshsullarindan ibarst
heterojen c¢okuntilsrds radiasiya ila alagali rabitanin qgirilmasi, carpaz baglanmasi va polyar funksional gru-
plarin toplanmasi avvalca hidrofob olan sathlarin zamanla daha hidrofillasmasina sabab ola bilar. Bu dayisiklik
¢oklntl tabagasinin maye il temasda oldugda daha ¢ox islanmasina, satha yapisma tarzinin dayismasina va
borunun daxili sathi ile garsiligh tasirinin ¢atinleasmasina sebab olur. Buna gora ds, radiasiya ils alagali boru
daxili ¢cokuntulsrinin tahlilinds yalniz mexaniki tixanma deyil, ham da radiasiyanin yaratdigi sath dayisikliklari ve
onlarin islanmaya tasirlari nazara alinmalidir.

Radiasiyanin digar mihim tasiri ¢okintl tabagasinin masamali strukturunda va onun kapilyar udma
davranisinda 6zinl gostarir. Cokintu strukturundaki mikrostruktur zadslenmasi masamalsrin daralmasina
va ya geyri-miintazam genislanmasina sabab ola bilar ki, bu da 6z névbasinds mayenin ¢okiintiiden kegma
stratine tasir gostarir. Bundan slavs, radioliz proseslari naticasinds mayenin 6zliltytinds, sath garginliyinda
va sathlerarasi tarazligda dayisiklikler kapillyar sorma dinamikasinin klassik davranisindan sapmalara sabsb
olur. Bu proses ¢okintiiniin daha ¢ox nam saxlayan, sisan va daha az kegirici olan bir qurulus alds etmasina
sabab ola bilar. Naticads, borunun effektiv en kasiyi daralir, tazyiq itkilsri artir ve korroziya mahsullarinin tasiri
sababindan sath kala-kotirllyl daha da artir. Buna gors ds, radiasiyaya maruz qalan ¢okiintilar yalniz passiv
yigilma materiali kimi deyil, ham ds axin rejimina birbasa tasir edan aktiv ve dayiskan masamali muhit kimi
gabul edilmalidir.

Bu kontekstds, nlive qurdularinda, xtisusan da radionuklidlar dasiyan boru kamarlarindski ¢okintdlarin
islanma va maye udma xususiyyatlarindaki dayisikliklar axin tahlikasizliyi ve emaliyyat davamliligi baximindan
birbasa vacibdir. Radiasiya altinda getdikca hidrofillasan va su saxlama gabiliyyatini artiran ¢oklintilsr, nasos
yUkunu artirmagla yanasi, istilik 6tiirma samaraliliyini da azaltmagla sistemin isine manfi tasir gostarir. Bun-
dan slavs, ¢okiintiids galan maye ile metal sathi arasinda uzun middatli tamas yerli korroziya proseslarini
stratlandira bilar. Digar tarafdan, struktur zaiflomasi sababindan kdvraklasan va ya qopan ¢okiintl hissaciklari
boru kemari boyunca dasina bilar va bu da yeni tixanmalara sabab ola bilsr. Bu clir fasadlarin garsisini almaq
Uglin boru kamarlarinin tahlikasiz istismari tclin takca mexaniki tamizlema Usullari kifayat deyil; radiolizin te-
sirlari, temas bucagindaki dayisikliklar, artan nam udma meyli va gamur-maye sarhadinds molekulyar garsiligh
tasirler hamisi birlikda giymatlendirilmalidir. Bu vahid yanasma, xtisusan da Akkuyu NGS kimi ytksak radiasiya
muhitlarina malik sistemlards texniki xidmat dovrlarinin planlasdiriimasi, miivafiq materiallarin segilmasi va
profilaktik monitoring strategiyalarinin hazirlanmasi Gctin vacibdir.

06-07'2026

EKOLOGIYA VO SONAYE TOHLUKSSIZLiYi

IKO/IOMMYECKAA U MPOMBILL/IEHHASA BE3OMACHOCTb / ECOLOGY AND INDUSTRIAL SAFETY

61



EKOLOGIYA VO SONAYE TOHLUKSSIZLiYi

SKOJIOMTMHECKAA U TTPOMBbILLUJTIEHHAA BE3OMNACHOCTL / ECOLOGY AND INDUSTRIAL SAFETY

62

N3meHeHUA cmaumBaemMocT U abcopbLMOHHOM CMOCOBHOCTU OT/I0XKEHU
B Tpy6onpoBoaax, CBA3aHHbIe C paguaumein

M.A. ToHSKWH
A3epbaia>kaHCKNN roCyAapCTBEHHbIN YHUBEPCUTET HEDTU U MPOMBILLIEHHOCTM

KntoueBble cnoBa: pajgnaLms, Tpybonposog, ocaxieHne, CMavmBaeMocCTb, abcopbums.

B fgaHHOM uvccnefoBaHUMM M3yYatoTCa M3MEHEHUS B TEKYyYeCTU M CMauMBaEeMOCTU COXKHbIX OTIOXEHWUW,
Takux Kak acdasbTeHbl, NapaduH M NPOAYKTbl KOPPO3UW, B TPYOOMPOBOAHbIX CUCTEMAaX MOA BO3AENCTBUEM
MOHU3UPYHOLLErOo M3nyyeHus. VloHn3vpyrolee u3nydeHne (ramMma-usnyyeHue, HeWTPOHbl U Ap.) KOPEHHbIM
06pa3oM M3MEHSET NMOBEPXHOCTHYHD SHEPTUHO, Bbi3biBasi HEOHPATMMbIE UBMEHEHWS B MOIEKY/IIPHO CTPYKTYpe
MaTepuasioB, Takme Kak pa3pbiB CBA3ei M obpa3oBaHMe monepeyHbix cBA3eil. B pamkax mccregoBaHma Gbiav
npoaHanv3npoBaHbl 3QdeKTbI BbI3BaHHbIX N3/1yYeHMEM U3MEHEHWNI MOBEPXHOCTM Ha KPAaeBOW Yrol CMaunBaHus,
B/IMAHME paspyLleHVs MOPUCTON CTPYKTYpbl Ha AMHAMUWKY KanWASPHOTrO BCacblBaHWA W, B YacTHOCTW,
KpUTUYEeCKOe BVSIHWE 3TOTO ABJIEHMS Ha COMPOTUBAEHNME MOTOKY B AAEPHbIX yCTaHOBKaXx (Takmx kak ASC Akkyto).
AHanv3bl MOKa3bIBaLOT, UTO MU3NYUEHNE MOXET TPaHCHOPMMPOBaTb MMAPOGO6HbIE OTNOXKEHMS B TMAPODUNBHYHD
CTPYKTYPY, UTO MPUBOAMUT K HAbyXaHWIO OTJIOXKEHUW W YXyALLEHWIO MPOHMLaemMocTL. [TosTomy noguepkrBaetcs
HEeobXOAMMOCTb yueTa 3GPEKTOB pasMoan3a 1 B3aUMOAENCTBUS MOBEPXHOCTM C XMUAKOCTHHO Ha MONEKYISPHOM
YypPOBHe A5 obecneyeHns 6e30nacHoCTV MOToKa B TPY6OMpPOBOAaX, CoAep>KaLLMX PajNOHYKANAbI.

Bo3zeNcTBrEe MOHM3MPYHOLLErO M3NYyYEHWs Ha OTIOXKEHWs, HakanavBatolwyecs B TpybonpoBogax, He
OrpaHNYMBaETC M3MEHEHMEM XUMUYECKOrO COCTaBa; OHO TakXe Bbi3blBaeT Mpeobpa3oBaHMs MOBEPXHOCTHOM
CBOOOZHOWM 3HEpruv, KPaeBoro yria CMauvBaHUA UM PaBHOBECWUS B3aVMMOAENCTBUS Ha rpaHULLe pasjena TBepAoe
TENIO-XKMAKOCTb. B UYacTHOCTW, B reTepOreHHbIX OT/IOXKEHMSX, COCTOALIMX M3 acdasbra, mapadviHa M MPOAyKTOB
KOPPO3WK, BbI3BaHHOE V3/TyYeHVEM Pa3pbIB CBSA3EN, CLUIMBAHWUE Y HAKOMJIEHWE MOASPHBIX GYHKLMOHAIBHBIX FPYM
MOTYT MPUBECTA K TOMY, YTO NMOBEPXHOCTY, 3HaYa bHO rMAPOdOOHbIE, CO BpeMeHeM CTaHyT 6osiee rnapoduabHBIMMU.
STO M3MEHEHVE NMPUBOAMUT K TOMY, UTO CJION OCaAka CTaHOBUTCA 6osee cMaumMBaeMbIM MPU KOHTaKTE C XXMAKOCTbHO,
V3MEHSET Criocob ero CLEnNeHns C MOBEPXHOCTLIO M YCIOXKHAET €ro B3aMMOZENCTBME C BHYTPEHHEN NMOBEPXHOCTHHO
TpyObl. [03TOMY NpUY aHanM3e OTIOXKEHWUI BHYTPY TPYD, BbI3BAHHbIX U3/YYEHUEM, CIEAYeT OLeHUBaTb HE TOJIbKO
MeXaHNYeCKyH 3aKyrOpKy, HO U M3MEHEHWS TOBEPXHOCTY, BbI3BaHHbIE U3/lyYeHNEM, U UX BAVSIHWE Ha CMaYlMBaeMOCTb.

Ewe ogHMM BaxKHbIM 3QDEKTOM pasmauuy SBASETCS U3MEHEHWE MOPUCTON CTPYKTYPbl OCaZOUYHOMO CI0S U
€ro KanuanapHoro abcopbLMoHHOro NoBeaeHNA. MMKPOCTPYKTYPHbIE MOBPEXAEHNA B CTPYKTYpe Ocagka MoryT
MPUBECTU K CY>KEHWUIO UM HEPABHOMEPHOMY PaCLUMPEHUIO MOP, YTO, B CBOK OYepesb, BAUAET Ha CKOPOCTb
MPOABMXEHUA XUAKOCTU Yepe3 ocafok. Kpome TOro, M3MEHEHWs BA3KOCTM >KUAKOCTM, MOBEPXHOCTHOrO
HaTAXEHWs 1 MeXda3HOro paBHOBECMS, Bbl3BaHHblE MPOLLECCAMU PajMoan3a, MPUBOAAT K OTKIOHEHUAM OT
K/1IaCCUYECKOTO MOBEAEHNS AUHAMMKI KanWIISPHOrO BCacbiBaHUSA. 3TOT MPOLLECC MOXET NPUBECTU K TOMY, UTO
0CafoK MPUOBPETET CTPYKTYPY, KOTOpas yaep>KMBaeT 6obLue Baary, HabyxaeTt 1 CTaHOBUTCA MEHEE MPOHMLLAEMbIM.
B pe3ynbtate 3ddekTMBHOE MomnepevHoe ceyeHune TPpyDbl Cy>KaeTcsd, MOTepu AaBieHWs YBEeJMYMBALOTCH, a
LLIepOXOBaTOCTb MOBEPXHOCTM ellle Oosblue BO3pacTaeT M3-3a BO3AENCTBMA MPOAYKTOB KOppo3uu. MMostomy
0Cajku, MOABEepriunecs 0b/ydeHnto, ciesyeT paccMaTpvBaTbh HE TOMbKO KaK MAacCUBHBIA akKyMy/VPYHOLLUIA
MaTepuai, HO 1 Kak aKTUBHYHO 1 M3MEHUMBYHO MOPUCTYHO CPEAY, HEMOCPEACTBEHHO BAUSIOLLYHO Ha PEXKMM MOTOKa.

B 3TOM KOHTEKCTE M3MEHEHWSA CMauMBaEMOCTU U aBCOPOLMOHHbIX CBOMCTB OTNIOXEHUI Ha SAEPHbIX OOBbEKTaX,
M 0COBEeHHO B TPYOOMPOBOAAX, TPAHCMOPTUPYHOLLMX PAaAUOHYKANABI, UMEHT HEMOCPEACTBEHHOE 3HAYEHUE C
TOYKM 3peHna 6e30MmacHOCTV NoToKa M HEMPEPBLIBHOCTM 3KCnyaTaummn. OTI0XEHWUS, KOTOpble CTaHOBATCA BCe
6onee rnapoPUABHBIMUN NOZ BO3AENCTBMEM PaAMaLIMm N YBENNYMBAKOT CBOHD BOAOYAEPIKMBALOLLLYHO CMOCOBHOCTb,
HeraTMBHO BAUAOT Ha NMPOW3BOAUTEILHOCTb CUCTEMbI, YBENNUYMBASA HArpy3Ky Ha HAacoC 1 CHmKas 3bdeKTUBHOCTb
Tennonepesaun. Kpome Toro, AUTENbHBIA KOHTAKT >KWAKOCTY, 3aXBaUYEHHON B OT/IOXKEHUSX, C METaINYECKOW
MOBEPXHOCTbHO MOXET YCKOPUTb JIOKasIbHble MpoLiecchl Koppo3un. C ApPyror CTOPOHbI, YacTULLbl OTJIOXKEHWH,
KOTOpble CTAHOBSATCA XPYMKMMMW WAW OT/IaMbIBAOTCS M3-3a CTPYKTYPHOTO OC/MabieHus, MOryT MepeHOCUTbCs
BAOJIb TPYbOMpPOBOAA, Bbi3biBasg HOBble 3acopbl. [nd MpeoTBpalLeHUs TakuX OCAOXHEHWUA OAHMX TOJIbKO
MeXaHWYEeCKNX METOA0B OUMUCTKM HEAOCTAaTOUYHO A/s 6e30nacHOM sKcnyaTaLmm TpybornpoBoA0B; HEOBXOANMO
OLEeHVBaTb B COBOKYMHOCTU 3bdeKTbl paAnosnza, W3MEHEHWS KPAeBOro Yraa CMauvvMBaHWs, MOBbILLIEHHYHD
CKNOHHOCTb K MOMOLLEHMIO BAIAr U MOJIEKYISIPHbIE B3aMMOZAENCTBIS Ha rpaHuLLe pa3zena LiaM->XMAKOCTb. Takol
KOMTIEKCHBIN MOAXOA MMEET peLLatoLLiee 3HaYEeHVe /15 MAaHVPOBaHWSA NEPUOAOB TEXHUUYECKOTO 0BCTY>KNBaHWS,
BblbOpa COOTBETCTBYHOLLMX MaTepranoB 1 pa3paboTku cTpaTernii NpopuaakTM4eckoro MOHMTOPUHIa, 0COBeHHO
B CMCTEMaX C BbICOKOV pajMaLMOHHOM 06CTaHOBKOW, Takmx kak ASC AKKYto.
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Introduction

One of the most significant factors jeopardi-
sing the efficiency of pipeline transportation is
the accumulation of oil layers on the inner wal-
Is of pipes, which eventually obstruct the flow.
The wettability properties of these oils are fun-
damental parameters that determine their intera-
ction with liquids and their adhesion strength to
the pipe surface.

Ionising radiation causes radical formation
in the organic and inorganic chains that make
up the sediment structure and leads to the ac-
cumulation of oxygen-containing polar groups
(carboxyl, hydroxyl, etc.) on the surface. This
process directly affects the capillary seepage
rate (absorption behaviour) of the liquid into the
sediment layer by altering the micro-roughness
and pore structure of the surface. In particular,
in radioactive environments, the ‘petrification’
or increased surface energy of petroleum-based
deposits such as asphaltene and paraffin renders
them hydrophilic, increasing the system’s hyd-
raulic resistance and triggering operational ris-
ks.

This study aims to investigate the effects of
radiation on surface changes in pipeline depo-
sits across a wide range, from the molecular
level to macroscopic flow dynamics. The data
used in the study is supported by various techni-
cal literature, ranging from the stabilisation ef-
fects of nanofluids to the behaviour of corrosion
products in nuclear reactor cooling circuits. In
this context, understanding the wettability chan-
ges caused by radiation is of vital importance,
particularly for the development of pipeline ma-
intenance and flow safety strategies in new ge-
neration nuclear facilities.

1. Radiation-Induced Surface Modificati-
on: Wettability Dynamics of Precipitates

The wettability properties of complex aggre-
gates such as asphaltenes, paraffin, or corrosion
products accumulated on pipe walls directly de-
termine the adhesion force of these deposits to
the pipe surface and their interaction with liqu-
ids. Ionizing radiation (gamma rays, neutron
activation, etc.) causes irreversible changes in
the molecular structure of these solids, funda-
mentally altering their surface energies and thus
changing their wettability dynamics.

Figure 1 illustrates the basic mechanism of
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Figure 1. Basic mechanism of X-ray formation

X-ray formation and helps explain how ionising
radiation may initiate surface changes in pipeli-
ne deposits.

The most fundamental effect of radiation on
surfaces is that it triggers chain breaking and
cross-linking reactions in polymeric or organic
chains. Long-chain hydrocarbons, especially
those found in petroleum-based fuels, can be
converted into more reactive radicals under the
influence of radiation [1].

Exposure to radiation can cause the forma-
tion of oxygen-containing functional groups
(carboxyl, hydroxyl, etc.) on the surface of ma-
terials. This causes asphaltenes, which are initi-
ally hydrophobic (water-repellent), to gradually
transform into a hydrophilic (water-attracting)
structure over time. This change in solubility al-
ters the capillary absorption rate within the po-
rous structure of the asphalt. When investigating
the role of nanofluids in asphaltene stabilization,
it was found that surface modification reduces
the agglomeration tendency of sediments and
optimizes the internal interactions of the envi-
ronment [2].

Figure 2 shows how surface modification
changes the outer structure of a material and af-
fects its interaction with liquids.

Not only chemical changes but also physical
changes can affect wettability. Radiation can

Molten particles Oxide film

Mechanical film /

Unmelted particle

Oxide film

Particles impacting the material

Figure 2. Surface modification changes
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increase the micro-roughness of a solid surfa-
ce. According to the Wenzel and Cassie-Baxter
models, an increase in surface roughness pushes
the existing wettability property toward more
extreme conditions [3]. Studies on activated car-
bon and similar carbon-based adsorbents show
that changes in surface and pore structure play
a critical role in both wettability and capacitive
performance [4].

At facilities with VVER-1200 type reactors,
such as Akkuyu NGS, piping systems are expo-
sed to high radiation doses and severe tempe-
rature fluctuations [5]. Under these conditions,
the wettability properties of deposits formed on
the inner surface of the pipe differ from those in
traditional industrial systems [6].

2. The Effect of Ionizing Radiation on
Capillary Absorption and Pore Structure in
Iron Pipe Sediments

Oil and sediment deposits in pipeline sys-
tems are not static masses, but dynamic porous
media. The effect of ionizing radiation on these
structures directly impacts pipeline operational
performance by altering the microarchitecture
of the winding and consequently affecting fluid
flow (capillary suction) within these structures.

Sediments, especially clay, sand, and hydra-
te-based deposits, affect the movement paths of
fluids through their pore structure [7]. Such stru-
ctural deformation develops more intensely un-
der radiation, determining whether the sediment
layer will become an “impermeable barrier” or
a “spongy absorber.”

Radium
Tube-Type Radiator

Figure 3. Tube-type pipe system

Figure 3 represents a tube-type pipe system
and visually supports the discussion of radiati-
on-related effects in pipeline structures.

Capillary absorption is the phenomenon
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whereby liquids spontaneously penetrate small
voids within sediments due to the effect of sur-
face tension. Radiation alters the sediment sur-
face while simultaneously causing radiolysis
(the dissociation of liquids by ionising radiati-
on) within the pore fluids. This alters the absorp-
tion rate calculated using the Lucas-Washburn
equation by changing the viscosity and surface
tension of the liquid [4].

The moisture content in the pipe wall is one
of the most critical parameters affecting the
swelling and absorption capacity of cakes. Pre-
cision moisture measurement devices (hygro-
meters and psychrometers) used in industry are
employed to monitor changes in water vapour in
this environment [8]. If the water retention ca-
pacity (hygroscopic properties) of the cake inc-
reases in the radiation environment, the cake la-
yer may swell, the pore surface area of the pipe
may decrease, and the flow resistance (pressure
drop) may increase significantly.

Paper Aluminium  Aluminium Lead

Alpha, Tube-Type Radiator penetration through different materials

Figure 4. Penetration capacity of different types of ra-
diation

Figure 4 shows the penetration capacity of
different types of radiation through various ma-
terials and explains why radiation intensity is
important for pipe deposits.

The pore structure of the shell layer affects
not only the liquid but also the metallic surface
of the pipeline. The microstructural properties
(hardness, grain size, etc.) of the welded areas
of the pipeline exhibit different resistances to
scale formation and under-scale corrosion [9].
Abrasive liquids trapped within the porous la-
yer by radiation can accelerate localised corro-
sion by remaining in prolonged contact with the
metal surface. This situation makes monitoring
the porosity of the coating particularly impor-
tant during the cooling periods of VVER-1200
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type reactors in nuclear facilities such as Akku-
yu NGS [5].

3. Changes in the Wettability of Asphalt
and Paraffin Deposits in Radioactive Envi-
ronments

Asphalt and paraffin stones, which are the
most fundamental elements threatening the ope-
rational efficiency of oil pipelines, undergo stru-
ctural and thermodynamic development under
radioactive radiation. These changes directly
affect ‘flow safety’ strategies by altering the ad-
hesion energy of the rock on the pipe wall and
the interfacial tension with the liquid.

Asphalts are complex polyaromatic molecu-
les naturally found in crude oil and stabilised
with resins. lonising radiation can disrupt the
weak hydrogen bonds and van der Waals forces
that maintain this equilibrium. Asphalt fractions
whose surface energy changes due to radiation
exhibit a tendency to agglomerate. Studies show
that external interventions, such as the use of
nanofluids, can reduce these stability losses th-
rough surface modification and control asphalt
sedimentation [2].

HLUDX:6 x50 2mm

Figure 5. Fractured surface morphology of bitu-
men-based material

Figure 5 shows the fractured surface morpho-
logy of bitumen-based material and helps illust-
rate structural changes in asphalt-like deposits.

Paraffin is a high molecular weight long al-
kane chain that crystallises when cooled. In a
radioactive environment, these long chains can
be broken down by radiolysis or cross-linked
by free radicals, resulting in a harder, ‘petrified’
structure [1].

Irradiation-modified asphaltene and paraffin
layers also alter their capacity to adsorb other
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particles or liquid components within the pore.
In particular, the exchange mechanisms of bi-
ological sorbents with petroleum-based subs-
tances indicate that surface functional groups
dominate wettability [10]. Oxygenated groups
formed on the surface due to radiation cause the
precipitate to absorb more water, which leads to
a deterioration in the stability of the emulsion
within the pore and an increased risk of clog-

ging.

Figure 6. Surface appearance of modified bitumen
material

Figure 6 presents the surface appearance of
modified bitumen material and supports the
explanation of changes in asphalt and paraffin
deposits.

This situation, which occurs particularly in
the auxiliary systems of nuclear power plants
or in pipes carrying radioactive waste, increases
the hydraulic resistance of the system. In faci-
lities equipped with VVER-1200 technology,
such as Akkuyu NGS, the microstructural chan-
ges and surface resistances exhibited by system
components under irradiation provide critical
data for determining maintenance intervals [5].
Adjusting surface hardness and edge wettability
through modification methods can facilitate the-
ir removal from the pipe surface, as is the case
with Pickering emulsions and similar colloidal
systems [3].

4. The Effect of Changes in Moisture Ab-
sorption on the Flow Resistance of Radiati-
on-Induced Corrosion Products

Over time, iron oxides, calcium carbonate
and other inorganic corrosion products formed
on the inner surfaces of pipeline walls undergo
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structural and chemical transformations in radi-
ation environments. These changes directly af-
fect the fluid dynamics and energy loss (pressure
drop) within the pipeline by altering the permea-
bility of the rock layer.

In the cooling circuits of nuclear facilities or
industrial lines exposed to radiation, corrosion
products are continuously bombarded by ioni-
sing particles [6]. Radiation can act as a natural
surface modifier, increasing the surface energy
of the corrosion layer and making the surface
more ‘water-loving’ (hydrophilic).

021
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-14 3
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Corrosion current density (A/cm’)

1.00E+02

Figure 7. Corrosion behaviour through electrochemi-
cal curves

Figure 7 shows corrosion behaviour through
electrochemical curves and explains how corrosi-
on products may affect flow resistance in pipelines.

The wettability properties of corrosion pro-
ducts determine the ‘sliding’ conditions betwe-
en the pipe wall and the fluid. If the sediment
surface becomes more wettable due to radiation
effects (the contact angle decreases), the fluid
penetrates deeper into the sediment pores. This
situation triggers turbulence by increasing the
hydraulic roughness of the deposit layer. The
microscopic absorption behaviour of the fluid
within the deposit layer is closely related to sur-
face and microstructural properties, as observed
in activated carbon materials [4].

Corrosion products with variable wettability
and increased water retention capacity tend to
form a thicker and more uneven layer inside the
pipeline [5]. Furthermore, in systems operating
in humid environments, the hygroscopic (mois-
ture-attracting) behaviour of corrosion products
can accelerate scale swelling depending on the
environmental conditions monitored by sensiti-
ve humidity sensors [8].
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Figure 8. Corrosion formation on an underwater me-
tal surface

Figure 8 shows corrosion formation on an
underwater metal surface and visually supports
the discussion of local corrosion risks in pipeli-
ne systems.

Radiation affects not only the chemical stru-
cture but also the mechanical strength of corro-
sion products and the underlying metallic struc-
ture. Hardness and microstructure examinations
conducted on welded areas of pipelines de-
monstrate that robotic welding methods provide
structural integrity to a certain degree of preci-
sion [9]. However, corrosion layers that harden
or become brittle under radiation can fracture
more easily due to the abrasive effect of the flu-
id (erosion-corrosion). These fractured particles
can cause new blockages downstream and per-
meability damage in porous structures [7].

5. Comparative analysis of radiation dis-
sociation at the molecular level and sedi-
ment-liquid interface interactions

Macroscopic observations alone are insuffi-
cient to understand the behaviour of deposits in
pipelines; it is necessary to examine the chemi-
cal changes triggered by radiation (radiolysis)
at the liquid phase and deposit interface at the
molecular level. These interactions redefine the
wettability and liquid absorption capacity of the
deposit at the molecular scale.

When ionising radiation interacts with the
liquid (water, oil or emulsion) inside the pipe-
line, it initiates a decomposition process called
‘radiolysis’. Particularly in water-containing
systems, free radicals (SOH"\bullet$, $H™\bul-
let$) and ionised species are formed under the
influence of radiation [5].

Figure 9 illustrates radioactive decay at the
atomic level and helps explain the molecular ba-
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Figure 9. Radioactive decay at the atomic level

sis of radiation-induced changes in sediments.

At the solid-liquid interface, molecular
changes caused by radiation can either reduce
or increase the interfacial tension. Technical
studies on plasma polymerisation have shown
that high-energy particles create polar groups
on the surface, making wettability ‘adjustable’
[1]. At the molecular level, the polymerisation
of an asphaltene molecule under radiation alters
the liquid contact angle, thereby changing the
capillary absorption rate of the liquid into the
precipitate. This exhibits a mechanism similar
to the stability changes achieved in Pickering
emulsions through surface roughness and collo-
idal particle modification [3].

Radiolysis products adhere to active sites on
the surface when they penetrate the microporous
structure of the sediment. As with other porous
materials such as activated carbon, surface mo-
dification significantly alters this material’s pore
structure and its ability to interact with liquids
[4]. Particle mobility and permeability damage
observed in sediments containing natural gas
hydrates may increase under the influence of ra-
diation, as radical attacks loosen the sediment
matrix, leading to the release of micro-particles
(e.g., clay) [7].

These molecular-level changes also affect the
performance of biologically based sorbents used
in pipeline cleaning and intervention operations.
The sorption efficiency of radiation-modified oil
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sludge by modified biological sorbents depends
on surface molecular attraction forces (Van der
Waals, hydrogen bonds) [10]. This highlights
how critical molecular-level ‘wettability com-
patibility’ is in cleaning up spills in nuclear or
high-radiation environments.

The first concrete finding presented at the
end of the article is that ionizing radiation ori-
ginates not only from the chemical composition
of the stones inside the pipe but also from their
surface energy; it significantly alters their conta-
ct angle and their interaction with the liquid. Ac-
cording to the study, materials such as asphalt,
paraffin, and corrosion products, which are ini-
tially hydrophobic, can gradually transform into
a more hydrophilic structure under the influence
of radiation. This transformation causes the de-
posits to absorb more moisture, swell, and redu-
ces permeability within their porous structures.
Consequently, the effective flow cross-sectional
area within the pipe decreases, pressure losses
increase, and flow resistance rises significantly.
The text specifically emphasizes that this situa-
tion poses a direct risk to the safety of flows in
nuclear facilities and pipelines carrying radio-
nuclides.

The second important observation is that se-
diments exposed to radiation should be consi-
dered not as passive deposits but as a dynamic
and variable environment that actively alters the
flow regime. Research indicates that radiolysis
processes alter the balance of molecular interac-
tions at the solid-liquid interface, affecting liqu-
1d viscosity and surface tension, and that this de-
viates capillary absorption behavior from classi-
cal models. Consequently, mechanical cleaning
alone is insufficient, and maintenance planning
must also account for changes in contact angle,
increased liquid-holding capacity, the risk of lo-
calized corrosion, and the likelihood of cracking
and re-clogging in the rocks.
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Katalitik krekinq prosesinin kimyavi mexanizmlari

va miiasir neft emali sanayesinda rolu
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Acar sozlar: katalitik kreking, kimyavi mexanizm, karbokation reaksiyalari

seolit katalizatorlari, neft emali sanayesi.

Bu magalads katalitik kreking prosesinin kimyavi mexanizmlari, texnoloji xtisusiyyatlari va muasir neft emal
sanayesinda rolu kompleks sakilda tadqiq edilmisdir. Tadgigatin asas maqgsadi agir karbohidrogenlarin daha
ylngul va yuksak dayarli mahsullara cevrilmasini temin edan bu prosesin elmi asaslarini sistemli sakilds tahlil
etmak va onun sanaye tatbiglarinds semaraliyini artiran amillari miayyan etmakdir.

Gostarilmisdir ki, katalitik kreking prosesinin asasini tursu xtsusiyyatli katalizatorlarin, xisusils seolitlarin
istiraki il bas veran karbokation mexanizmi taskil edir. Bu mexanizm ¢arcivasinda ytiksak molekullu birlasmalar
ardicil olarag protonlasma, izomerlasms, B-parcalanma va hidrogenin 6tiiriilmasi reaksiyalarina maruz galaraq
benzin fraksiyasi, olefinlar va digar ylingll mahsullara gevrilir. Proses li¢c asas marhalads — aktiv karbokationlarin
yaranmasl, zancirvari reaksiyalar va stabillosma marhalalarinds hayata kegirilir.

Maqalada seolit katalizatorlarinin masama qurulusunun va tursuluqg xdsusiyyatlarinin mahsul selektivliyina
va ¢iximina tasiri xtsusi vurgulanmisdir. Miayyan edilmisdir ki, katalizatorun aktivliyi ils yanasi onun struktur
xUsusiyyatlori da prosesin effektivliyini miayysn edan asas amillardendir. Bununla yanasi, temperatur,
tozyiqg, kontakt vaxti va katalizator dovriyyssi kimi texnoloji parametrlarin optimallasdirilmasi mahsuldarhigin
artirlmasina va enerji sarfinin azaldilmasina imkan verir. Tadgigatda hamcinin FCC (Fluid Catalytic Cracking)
texnologiyasinin is prinsipi, istilik va kitle ottrilma proseslari, mahsul paylanmasi ve enerji balansi masalalari
tahlil edilmisdir. Miasir yanasmalar ¢argivasinda ragamsal texnologiyalarin — stni intellekt va boyuk verilanlar
analitikasinin — prosesin optimallasdiriimasinda rolu asaslandiriimisdir.

Naticalar gostarir ki, katalitik kreking yalniz kimyavi ¢evrilma prosesi deyil, ham da ¢oxfaktorlu idars olunan
kompleks kimyavi-texnoloji sistemdir. Bu proses yliksak oktanli yanacaq va olefinlarin istehsalinda mihim rol
oynamagla yanasi, resurslardan semarali istifadani tamin edir va ekoloji tasirlarin azaldilmasina sarait yaradir.
Taklif olunan sistemli yanasma katalitik krekingin galacak inkisafi lclin — yeni katalizatorlarin yaradilmasi,
ragamsal idarsetma sistemlarinin tatbigi va alternativ xammal manbalarina uygunlasma istigamatlarinda —
elmi asas yaradir.

'
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Xumunueckue MexaHU3Mbl NPOLLEcca KaTaJIMTUUECKOro KPpeKUHra u ero poJib
B cOBpeMeHHOW HedTenepepabatbiBatoLLeli NPOMbILLIEHHOCTU

I.C. lapawoB
Azepbalig>KaCcHKMI rocyAapCTBEHHbIV YHUBEPCUTET HEDTU U MPOMBbILLIEHHOCTH

KnroueBble cnioBa: KaTaNUTUUYECKUN KPEKMHT, XMMUUECKUA MeXaHU3M, peakLiMy KapboKaTMOHOB, LLEeONNTHbIE
KaTanmsatopsbl, HedbTenepepabatbiBaroLLas MPOMBbILLIEHHOCTb.

MNpeacTaBNEHO KOMMIEKCHOE NCCeA0BaHME XMMUYECKNX MEXaHM3MOB, TEXHOJIOrMYECKX 0OCODeHHOCTeN 1
poav npoLecca KaTalUTUYeCcKoro KpekuHra B COBPeMeHHON HedTenepepabaTbiBatoLLeli MPOMbILLAEHHOCTY.
OCHOBHOW LieNblo ABAAETCA CUCTEMHBIV aHaIM3 HayUYHbIX OCHOB MpoLiecca npeBpaLLeHns TAXENbIX Yr1eBOJ0-
pofoB B bosee NErkme 1 LieHHble NPOAYKTbI, @ Takxe BblfiBJeHWE PaKTOPOB, OnpesestoLmx ero 3GPpeKTvB-
HOCTb.

Moka3aHo, YTO B OCHOBE KaTa/JIMTUYECKOrO KPEKMHra NeXNT KapbOoKaTVOHHBIM MexaHU3M peakLuii, Npo-
TeKatoLMX B MPUCYTCTBUM KUCNOTHBIX KaTann3aTopoB, MpexJie BCero LeonToB. B xoge mpouecca BbICOKO-
MOJIeKyIApHble COeAVNHEHWS MOCe0BaTe/IbHO MOABEPratoTCs MPOTOHUMPOBaHWIO, M30Mepu3aLuy, B-pacLie-
MNEHUIO 1 MepPeHOCy BOAOPOAA, UTO MPUBOAUT K 06pa3oBaHUIO 6EH3NHOBBIX GpaKLmi, 0ONedUHOB 1N APYyrmxX
NErkMx NPoAykToB. MexaHn3m peanvsyeTca B TpU CTaAuun: 0bpasoBaHve aKTUBHbIX KapboKaTMOHOB, LieMHble
peakLun 1 cTagmsa ctabuamsanu.

Ocoboe BHVMMaHWe yzeneHO BAUAHWIO CTPYKTYPbl U KUCIOTHbIX CBOMCTB LIEONMUTHBIX KaTaslM3aToOpoB Ha
CeNIeKTVBHOCTb U BbIXOZA MPOAYKTOB. YCTaHOBJ/IEHO, YTO HapsAdy C aKTMBHOCTLIO KaTa/iM3aTopa ero nopucras
CTPYKTypa UrpaeT KAtYeBYO posib B GopMMpoBaHmmM 3dpdekTMBHOCTU npoLlecca. Kpome Toro, ontrmMmsaLms
TEXHOIOTNUYECKMX MapaMeTPoB — TeMmnepaTypsbl, AaB/leHWS, BPDEMEHW KOHTaKTa U LIMPKYAALUN KaTaaum3aTopa —
Mo3BOJIAET MOBbICUTb NMPOU3BOANTENBHOCTb U CHU3WTL SHEPro3aTparsbl.

PaccmoTpeHbl Takke npuHLmMnbl TexHosorumn FCC, mpouecchl Tenio- 1 MaccoobMeHa, pacrnpeseneHve npo-
[YKTOB W 9HepreTnyeckmin banaHc. OTgebHO NoAgYepKHYTa POJib COBPEMEHHbIX LMGPOBbLIX TEXHONOMMIA, BKIIKO-
Yyaf NCKYCCTBEHHbIV MHTENEKT U aHann3 60NbLUNX JaHHBIX, B MOBbILWEHUM 3PPEKTUBHOCTM 1 YNPaBASEMOCTA
npovecca.

MonyyeHHble pe3ynbTaTbl MOKa3bIBAOT, YTO KaTaNUTUYECKNIN KPEKMHT ClefyeT paccMaTpuBaTh Kak CI0XK-
HY0 MHOTOdaKTOPHYH YNpaBaseMyr XMMUKO-TEXHOOrMYeckyro cuctemy. OH UrpaeT KAHYEBYHO POJib B MPO-
N3BOACTBE BbICOKOOKTaHOBBIX TOMAMNB 1 01ePUHOB, CMOCODBCTBYET 3PPEKTUBHOMY MCMOJb30BAHNIO ChIPbEBbLIX
PecypcoB 1 CHUXKEHUIO 3KONOTMYECKON Harpy3ku. MNpesnodKeHHbIi CUCTEMHBIV NOAXOA GOPMUPYET HayUHYHO
OCHOBY A1 Ja/IbHelLLero pa3BmTMA NPoLecca, BKAOYas CO3jaHne HOBbIX KaTaNn3aTopoB, BHeApeHVe Lndpo-
BbIX CUCTEM YMpaB/IEHUA U UCMOJIb30BaHWE afbTePHATVBHbBIX BUAOB CbIPbS.

,
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Chemical mechanisms of the catalytic cracking process and its role

in the modern oil refining industry

G.S. Garashov
Azerbaijan State University of Oil and Industry

Keywords: catalytic cracking, chemical mechanism, carbocation reactions, zeolite catalysts, oil refining industry.

This paper presents a comprehensive study of the chemical mechanisms, technological features, and industrial
significance of the catalytic cracking process in modern oil refining. The main objective is to systematically
analyze the fundamental principles governing the conversion of heavy hydrocarbons into lighter, high-value
products and to identify key factors influencing process efficiency.

It is shown that the catalytic cracking process is primarily governed by carbocation reaction mechanisms
occurring in the presence of acidic catalysts, particularly zeolites. Within this framework, high-molecular-weight
hydrocarbons undergo a sequence of reactions including protonation, isomerization, 3-scission, and hydrogen
transfer, leading to the formation of gasoline fractions, olefins, and other light products. The overall mechanism
proceeds through three main stages: formation of active carbocations, chain reactions, and final stabilization.

Special attention is given to the role of zeolite catalysts, whose pore structure and acidity significantly
influence product selectivity and yield. It is demonstrated that not only catalyst activity but also its structural
characteristics are critical determinants of process performance. In addition, optimization of operating
parameters such as temperature, pressure, contact time, and catalyst circulation enhances productivity while
reducing energy consumption.

The study also examines the principles of Fluid Catalytic Cracking (FCC) technology, including heat and mass
transfer phenomena, product distribution, and energy balance considerations. Modern approaches involving
digital technologies, such as artificial intelligence and big data analytics, are highlighted as effective tools for
process optimization and real-time control.

The results indicate that catalytic cracking should be regarded not merely as a chemical transformation
process but as a complex, multi-factor, and highly controlled chemical-technological system. It plays a crucial
role in the production of high-octane fuels and olefins, ensures efficient utilization of hydrocarbon resources,
and contributes to emission reduction. The proposed integrated approach provides a scientific basis for future
advancements, including the development of advanced catalysts, implementation of digital control systems,
and adaptation to alternative feedstocks.
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Son illordo global enerji talobatinin artmasi
vo neft mohsullarina olan ehtiyacin genislonmo-
si neft emal1 sahasindo daha somorali vo inno-
vativ texnologiyalarin totbiqini zoruri etmisdir.
Xam neftin torkibindo movcud olan agir karbo-
hidrogenlorin birbasa istifadosinin mohdudlugu
onlarin daha yiingiil vo yiiksok doyarli mohsul-
lara ¢evrilmosini tolob edir. Bu kontekstdo kata-
litik kreking prosesi neft emalinin osas vo genis
yayilmis texnologiyalarindan biri kimi ¢ixis edir
[1-9]. Bu proses agir fraksiyalarin katalizator
istirak1 ilo pargalanaraq benzin, dizel vo ole-
finlor kimi mohsullara ¢evrilmasini tomin edir.
Onun osas tistlinliiklori yiiksok selektivlik, nis-
baton asag1 enerji sorfi va yiiksok mohsuldarlig-

dir. Xiisusilo seolit asasli katalizatorlarin totbiqi
bu prosesin somoaraliyini ohomiyyatli deracado
artirmis vo onun sanayeds genis totbiqine sorait
yaratmigdir [10-12]. Bununla yanasi, katalitik
kreking yalniz texnoloji baximdan deyil, hom do
iqtisadi vo ekoloji aspektlordon miihiim shomiy-
yot dasiyir. Bu proses vasitosilo yiiksokkeyfiy-
yatli yanacaq istehsali artir, neft-kimya sonayesi
ticlin doyarli xammal olds edilir vo resurslardan
daha effektiv istifade olunur. Miiasir texnologi-
yalarin totbiqi iso otraf miihito monfi tosirlorin
azaldilmasina komok edir [11-15]. Belaliklo,
katalitik krekingin kimyovi mexanizmlorinin
Oyronilmosi vo sonaye totbiglorinin tohlili hom
nazari, ham da praktik baximdan aktualdir vo bu

,
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sahodo aparilan todqigatlar texnologiyanin inki-
safina tohfo verir.

Katalik krekinq prossesinin (FCC)
texnoloji sxemi

Rektifikasiya tigiin
krekino mohsullart

ﬁ: —
. Yanma qazlari

Reaktor

I t Regenerator

Katalizatorla tomasda
olan qazoyl

Hava .. J I
—

C16H34 - C8H18 + C8H16

Katalitik krekinq prosesinin (FCC) texnoloji sxemi

Sokilds katalitik kreking prosesinin asas tex-
noloji morhalalori tosvir edilmigdir. Xammal
(qazoyl) reaktora daxil olaraq burada kataliza-
torun istiraki ilo yiiksok temperaturda pargalanir
va yiingiil karbohidrogenlor — asason benzin va
qaz fraksiyalar1 amolo golir. Proses zamani ka-
talizator koks ilo Ortiildiiylindon aktivliyini iti-

prosesi daha asagi1 temperaturda vo katalizator
istiraki ilo hoyata kecirildiyi ti¢lin enerji baxi-
mindan daha gonastlidir vo yiiksokkeyfiyyatli
mohsul verir. Termik kreking iso yiliksok tem-
peratur tolob etdiyindon enerji sorfi ¢oxdur vo
prosesin selektivliyi agagidir.

Katalitik krekinq prosesinin elmi osaslarini
daha dolgun toqdim etmok ii¢iin onun tarixi in-
kisaf morhalalorinin izahi vacibdir. Bu ¢ar¢ivada
termik krekinqdon katalitik krekings kecidin so-
bobloari, ilk sonaye totbiglori vo FCC texnologi-
yasinin formalasmasi ardicilliqla gostorilmali-
dir. Eyni zamanda diinya tocriibasi vo Azorbay-
canin neft emali sonayesinds bu texnologiyanin
totbiqi qisa sokilds tohlil olunmalidir.

Xammal bazasinin xiisusiyyatlori ayrica izah
edilmoalidir. Agir neft fraksiyalarinin ndvlori, on-
larin kimyavi torkibi, xiisusilo parafin, aromatik
va naften komponentlarinin pay1 prosesin gedi-
sino tosiri baximindan sorh olunmalidir. Kiikiird
vo metal torkibli birlosmoalorin katalizatorun ak-
tivliyino tosiri do burada geyd edilmalidir.

Reaksiya kinetikasi prosesin elmi osaslari-
n1 toskil etdiyi {iclin reaksiyalarin siiroti, ak-

Gostarici Katalitik krekinq Termik krekinq
Temperatur 450-550 °C (nisboton agagi) 600-750 °C (ytiksok)
Tazyiq Asagi (0.1-0.3 MPa) Yiiksak va ya orta
Katalizatorun méveudlugu Var (seolit asasli katalizatorlar) Yoxdur

Kimyovi mexanizm

Karbokation mexanizmi

Radikal mexanizm

Mohsul ¢iximi

Yiiksok (benzin vo olefinlor iistiinliik togkil edir)

Nisboton asagi, qeyri-selektiv

Mahsul keyfiyyati Yiiksak oktanlt benzin Asag keyfiyyatli mohsullar
Enerji sorfi Az Cox
Koks amala golmosi Az (regenerasiya ilo idara olunur) Cox
Prosesin selektivliyi Yiiksok Asagi
Sonaye totbiqi Genis yayilmis (FCC qurgular) Mohdud istifado

rir vo regeneratora Otiiriilorak hava ilo tomasda
yanma prosesi naticosindo tomizlonir vo yeni-
don aktiv hala gatirilir.

Regenerasiya olunmus katalizator yenidon
reaktora qaytarilir vo belsliklo proses fasilo-
siz dovri sokildo davam edir. Sokildo homginin
buxar vo hava axinlari, yanma qazlarinin ¢ixist
va kreking mohsullarimin rektifikasiyaya yonal-
dilmasi aydin oks olunmusdur. Bu sxem katali-
tik kreking prosesinin sanayeda tatbiq olunan an
genis yayilmis formasi olan FCC texnologiyasi-
nin i§ prinsipini ayani sokildo izah edir.

Cadvoaldon goriindiiyii kimi, katalitik kreking

AZORBAYCAN NEFT TOSORRUFATI

tivlosmo enerjisi vo paralel-ardicil reaksiyalar
haqqinda molumat verilmolidir. Karbokation
mexanizmi ¢or¢ivoasinda bag veran ¢evrilmolorin
kinetik modellorlo izah1 moqalonin elmi soviy-
yasini artirir.

Istilik vo kiitlo 6tiiriilmasi proseslori do mii-
hiim ohomiyyst dasiyir. Reaktorda istilik balan-
sinin necd tomin olundugu, katalizator vo xam-
mal arasinda istilik miibadilosi, diffuziya pro-
seslori vo bunlarin mohsul ¢iximina tasiri izah
olunmalidir. FCC qurgularinda texnoloji para-
metrlorin idaro olunmasi mosalasing do toxu-
nulmalidir. Temperatur, tozyiq, katalizator dov-
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riyyosi vo kontakt vaxtinin real vaxt rejimindo
tonzimlonmasi, avtomatlasdirilmis sistemlorin
rolu ilo birlikds toqdim edilmalidir.

Mohsul paylanmasinin analizi bdlmasindo
alinan mohsullarin faiz nisbatlori, miixtalif re-
jimlards benzin, qaz vo koks ¢iximinin neco do-
yisdiyi tohlil olunmalidir. Bu, prosesin somorali-
yinin giymatlondirilmasi {igiin vacibdir.

Enerji balans1 vo somaoralik mosalalori do ge-
nis sokilds izah edilmolidir. Prosesin enerji sorfi,
istilik geri gazanma sistemlori vo enerji itkilorinin
azaldilmasi yollar1 gosterilmalidir. Ekoloji tosir-
lor ayrica diqget tolob edir. Proses zamani yara-
nan emissiyalar, katalizator tullantilar1 vo onlarin
otraf miihita tosiri, hamginin bu tasirlorin azaldil-
masi {iglin totbiq olunan texnologiyalar izah olun-
malidir. Iqtisadi somoralilik baximindan katalitik
kreking prosesinin rentabelliyi tohlil edilmalidir.
Istehsal xarclori, katalizatorun istifadasi, mohsul-
larin bazar doyari va investisiya geri doniisii kimi
masalolor burada qeyd olunmalidir.

Miiasir rogomsal texnologiyalarin totbiqi do
vacib movzulardan biridir. Siini intellekt, boyiik
verilonlor analitikas1 vo rogomsal modellor va-
sitosilo prosesin optimallasdirilmasi imkanlari
izah olunmalidir [6—15].

Beynolxalq tocriibonin miiqayisasi aparilaraq
miixtolif 6lkslords totbiq olunan texnologiyalar
vo onlarin effektivliyi gostorilmalidir. Bu, yerli
sonaye licilin faydali naticolor ¢ixarmaga imkan
verir. Risklarin idara olunmasi masalasi gargivo-
sinda texnogen risklor, avadanliq nasazliglari vo
tohliikasizlik tadbirlori izah edilmalidir. Fovqgal-
ado hallar iiclin planlagsdirma vo dayaniqliliq
prinsiplori do geyd olunmalidir. Alternativ vo
golacok texnologiyalar barodo moalumat verilmo-
lidir. Biokiitlo osasli xammal, hidrogen texno-
logiyalar1 va karbon emissiyalarinin azaldilmasi
istigamatlori bu kontekstds taqdim olunmalidir.

Elmi yeniliklor vo tadqigat istigamatlori bol-
mosindo yeni katalizatorlarin hazirlanmasi, na-
notexnologiyalarin totbiqi vo miiasir laboratori-
ya tadqiqatlar1 haqqinda molumat verilmalidir.

Sonda iso praktiki totbiglor vo real sonaye
niimunalori gostorilmalidir. Konkret zavod toc-
rlibosi, texnoloji gostaricilor vo mdvcud prob-
lemlorin halli yollar1 togdim olunaraq mdvzu
praktik baximdan tamamlanmalidir [15-19].

Umumi naticolor
Aparilmis tohlillor gostorir ki, katalitik kre-

king miiasir neft emali sonayesindo miihiim yer
tutan va strateji ohamiyyato malik proseslordon
biridir. Bu proses agir karbohidrogenlorin daha
yiingiil vo yliksok doyarli mohsullara ¢evrilmo-
sini tomin etmokls resurslardan daha somorali
istifadoyo imkan yaradir. Xiisusilo yiiksok ok-
tanli benzin va olefinlorin istehsalinda onun rolu
boyiikdiir.

Prosesin kimyovi osas1 karbokation mexaniz-
mi ilo baglidir vo bu mexanizmin dorindon dyra-
nilmosi texnoloji parametrlorin optimallasdiril-
mast baximidan mithiim ohomiyyat dasiyir. Re-
aksiya morholalori — protonlagma, izomerlosma,
parg¢alanma vo hidrogen transferi — mohsulun
keyfiyyatino birbasa tasir gdstorir. Bu baximdan
katalizatorun xiisusiyyatlori, xiisusila seolitlorin
aktivliyi vo selektivliyi, prosesin effektivliyini
miioyyon edon osas amillordondir.

Eyni zamanda miioyyaen edilmisdir ki, prose-
sin somaraliyi yalniz kimyavi mexanizmlordon
deyil, hom do texnoloji parametrlorin diizgiin
secilmoasindon asilidir. Temperatur, tozyiq vo
kontakt miiddstinin optimallagdirilmasi mohsul-
darligin artmasina vo enerji sorfinin azalmasina
sorait yaradir.

Miiasir morholodo katalitik kreking texno-
logiyalar1 rogamsal hallarls daha da inkisaf edir.
Siini intellekt vo bdyiik verilonlordon istifade
prosesin idaro olunmasini daha doqiq va effektiv
edir. Bununla yanasi, yeni katalizatorlarin hazir-
lanmas1 va enerji qonast edon texnologiyalarin
totbigi hom iqtisadi, hom do ekoloji baximdan
miisbat noticalor verir.

Notico olaraq qeyd etmok olar ki, katalitik
kreking yalniz texnoloji proses deyil, hom do
enerji tohliikasizliyi, iqtisadi inkisaf vo ekoloji
dayaniqlilig baximindan miihiim rol oynayan
kompleks sistemdir vo golocokdo onun inkisafi
innovativ yanasmalarla davam edocokdir:

— neft emali miisssisalorinds yiiksok oktanli
benzin vo olefin ¢iximinin artirilmasi {ligiin op-
timal soraitin miioyyon edilmosino imkan verir;

— katalizator se¢imi vo istifadosinin somoro-
liyini artiraraq istehsal xarclorinin azaldilmasina
komok edir;

— temperatur, tozyiq vo kontakt vaxtinin op-
timallasdirilmasi ilo enerji sorfinin minimuma
endirilmosi {iglin osas yaradir;

— emissiyalarin azaldilmasi istigamotindo
ekoloji baximdan daha tomiz texnologiyalarin
totbigino dastok verir;
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— rogomsal idaroetmo vo analitik modello-
rin totbiqi ilo prosesin real vaxt rejimindo idaro
olunmasini va prognozlasdirilmasimi miimkiin
edir.

Bu naticalor hom méveud FCC qurgularinin
modernizasiyasi, hom do yeni texnoloji sistem-
lorin layiholondirilmasi {igiin istifads oluna bilar.

Elmi yenilik

Bu toadqiqatin elmi yeniliyi katalitik kreking
prosesinin yalniz klassik karbokation mexaniz-
mi c¢or¢ivasindo izahi ilo mohdudlagmayaraq,
onun miiasir sonaye soraitindo ¢oxfaktorlu op-
timallagdirma problemi kimi kompleks sokildo
tohlil edilmasindon ibaratdir. Magalado ilk dofa
olaraq kimyovi mexanizmlor, texnoloji para-
metrlor vo katalizator xiisusiyyatlori vahid sis-
tem yanasmasi osasinda qarsiliqlt alaqodo aras-
dirtlmigdir. Bundan slava:

— seolit osasl katalizatorlarin mosama quru-
lusunun mohsul selektivliyina tasiri sistemlogdi-
rilmis sokildo togdim edilmisdir;

— karbokation reaksiyalarinin kinetik xiisu-
siyyatlori sonaye parametrlori ilo olagalondiril-
misdir;

— FCC prosesinin enerji vo ekoloji gostori-
cilori inteqrativ yanasma ilo qiymotlondirilmis-
dir;

— rogomsal texnologiyalarin (siini intellekt
vo boylik verilonlor) katalitik kreking prosesino
totbiqi perspektiv istigamaot kimi elmi asaslandi-
rilmisdir.

Bu yanasma katalitik krekingin ononavi tos-
virindon forqli olaraq onu kimyovi—texnoloji—
rogomsal inteqrasiya olunmus sistem kimi tog-
dim edir.

AZORBAYCAN NEFT TOSORRUFATI

Praktiki ahomiyyat

Tadqiqatin praktiki ohomiyyati katalitik kre-
kinq prosesinin sonaye miqyasinda optimallas-
dirilmas1 tigiin totbiq oluna bilon konkret elmi
vo texnoloji naticolorin taqdim edilmasindon
ibaratdir.

Yekun naticalor

Aparilan todqiqat gostorir ki, katalitik kre-
kinq prosesi miiasir neft emal1 sanayesindas yal-
niz xammalin par¢alanmasi prosesi deyil, hom
do yiiksok soviyyado idaro olunan kompleks
kimyavi-texnoloji sistemdir.

Miioyyon edilmisdir ki:

— prosesin asasini toskil edon karbokation
mexanizmi moahsul paylanmasinin formalagma-
sinda holledici rol oynayir;

— seolit katalizatorlarinin struktur xiisusiy-
yatlori selektivlik vo mohsuldarligin osas deter-
minantidir;

— texnoloji parametrlorin optimallagdirilmasi
enerji somoraliyi vo iqtisadi rentabelliys birbasa
tosir edir;

— miiasir rogomsal yanasmalar prosesin idaro
olunmasinda keyfiyyatca yeni imkanlar yaradir;

— ekoloji toloblora uygunlasdirilmis katalitik
kreking texnologiyalar1 davamli inkigaf strategi-
yalarinin miithiim torkib hissasidir.

Natico etibarilos, katalitik krekingin galocok
inkigafi onun innovativ katalizatorlarla tokmil-
lasdirilmasi, rogomsal texnologiyalarla inteqra-
siyasi, alternativ xammal monbalorino uygun-
lagdirilmasi istigamatlorinds davam edocokdir.

Bu iso prosesi yalniz neft emalinin bir mor-
halasi kimi deyil, enerji, igtisadiyyat vo ekoloji
tohliikosizliyin kosismosindo yerlogon strateji
texnologiya kimi xarakterizo etmoya asas verir.
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Neft-qaz kompleksinin dayaniqli
inkisafinda insan amili
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Acar sozlar: dayaniql inkisaf, neft-qaz kompleksi, neft hasilati, kadrlarin say,

insan amili, korrelyasiya-reqressiya modellasdirilmasi.

Dayaniqliq problemi XX asrin baslangicindan elmi tadgiqgatlarin obyektina cevrilmisdir. “Dayaniqgli inkisaf”
mafhumu ilk dafs olaraq 1980-ci ilds Tabistin Qorunmasi Beynslxalq ittifaginin (IUCN) maruzasinds 6z aksini
tapmisdir. Bu taskilat dayanigligi ekosistemin gorunmasi ve mihafiza edilmasi, resurslardan agilli istifadaya
integrasiya yanasmasi kimi miayyan etmisdir.

Neft-qaz kompleksi 6lks igtisadiyyatinin mihiim sahasidir va onun faaliyyati tmumi daxili mahsulun, elaca
da budcanin formalasmasinda mihim rol oynayir.

Tahlil gostarir ki, dayanigliq barads tadgiqgatgilar arasinda fikir ayriligi mévcuddur. Maqalada bir sira
tadgiqatcilarin dayaniqgligla slagadar fikirlari va onlarin farglari gostarilmisdir.

Neft-qaz kompleksi Azarbaycanin snsnavi sanaye sahalarindandir ve burada dayaniqliga nail olmaq
bitovlikds olks igtisadiyyatinin dayaniqli inkisafini xarakterize eds bilsr. Magalada SOCAR-da iscilarin says,
axicilig amsali arasdiriimis, Gmumi mahsul istehsali ila asas kapital, iscilarin sayi va yeni texnikaya c¢akilan xarclar
arasinda reqressiya alagasi qurulmus, alinan modelin igtisadi interpretasiyasi verilmisdir.

Ponb uenoBeueckoro ¢paktopa B 06ecneueHum ycroiiumBoro
pa3BuTUA HedTerazoBoro KOMmMaeKca

IA. Cadapos, a.3.H., C.C. CagpbiroBa, 4.¢.3.H.
A3zepbalif>kaHCKWI rocyAapCTBEHHbIV YHUBEPCUTET HEDTU U MPOMBbILLIEHHOCTH

KnioueBble cnoBa: ycTouMBOE pa3BuTME, HedTErasoBblli KOMMEKC, Jo6blYa HedTW, KOJMYECTBO Kaapos,
YenoBeyeckunii GakTop, KOPPeNALMOHHO-PErPECCMOHHOE MOAENNPOBaHNE.

C Hayana XX Beka nNpobsieMa YCTONUMBOCTU ABASETCA OOBEKTOM HayUHbIX UCCAEA0BAHWUIA. TepMuH “YcToin-
UMBOE pa3BMTME” BMepBble Hallen CBOe OTpaXkeHue B Aokiage MeXayHapOAHOro Coro3a OXpaHbl MPUPOAbI
(IUCN) B 1980-x rr. 3Ta opraHu3aLus onpejennna KOHLENLM YCTOMUYMBOCTM Kak KOMIMIEKC Mep, Hamnpas-
JIEHHBIX Ha COXPaHEHWE Y BCECTOPOHHIOK 3aLUMTY 3KOCUCTEMbI, KOMMIEKCHBIA NHTETPALMOHHbIA MOAXOZ MO
pa3yMHOMY MCMOb30BaHWIO PECYPCOB.

HedTerazoBblin KOMMNAEKC ABASETCSA BaXKHOW OTPAC/Ibi 3KOHOMMWKM CTPaHbl U €€ AesTeNIbHOCTb UTPaeT Bax-
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HYt0 pOJib B GOPMUPOBaHMM BrogyKeTa CTpaHbl U BHYTPEHHEW BaNoBON MPOAYKLIN.
AHanv3 nokasblBaeT, YTO MO OMNpejesIeHNIO YCTONUYMBOCTY CPeAN UCCaeAoBaTeNel CyLLeCTBYeT pa3Horaa-
cue. B cTaTbe faHO MHEHME HEKOTOPbIX UCCAef0BaTeNel B CBA3W C ONpeaeseHNEM YCTONYMBOCTA U Pa3inyms

MeXay HUMW.

HedTerazoBblii komnaekc ABAAETCA TPAAWLMOHHON OTpacabto Asepbalig>kaHa U YCTOMYMBOCTb B 3TOW OT-
pac/uv, roBopuT 06 yCTONUYMBOCTM SKOHOMMKM B LIEIOM MO CTpaHe. B cTaTbe aHasM3MpoBaHO KOANYeCTBO paboT-
HWKOB 1 KO3pPurLMeHT TekydecTn B SOCAR, mOCTpoeHa perpeccroHHas Mogeb MeXay 06beMoM NpoayKLuu,
OCHOBHbIMM KanuTasamu, KOJMYeCcTBOM PaboTHMKOB, 3aTpaTaMy Ha HOBYHO TEXHUKY U AaHa SKOHOMMUYeckas

WHTeprpeTaLusa Nosy4YeHHON MOAEeNw.

The human factor in the sustainable
development of the oil and gas complex

G.A. Safarov, Dr. in Ec. Sc., S.S. Sadigova, PhD in Ec. Sc.

Azerbaijan State Oil and Industry University

Keywords: sustainable development, oil and gas complex, oil production, number of personnel, human factor,

correlation-regression modeling.

The problem of sustainability has become an object of scientific research since the beginning of the twentieth
century. The concept of “sustainable development” was first reflected in the report of the International Union
for Conservation of Nature (IUCN) in 1980. This organization defined sustainability as an integrated approach
to the protection and conservation of ecosystems and the rational use of resources.

The oil and gas complex is an important sector of the country’s economy, and its activities play an important
role in the formation of the Gross Domestic Product and the republican budget.

The analysis shows that there are differences of opinion among researchers about sustainability. The article
presents the views of a number of researchers on sustainability and their differences.

The oil and gas complex is one of the traditional industries of Azerbaijan, and achieving sustainability here
can characterize the sustainable development of the country’s economy as a whole. The article examines the
number of employees and the turnover coefficient in SOCAR, establishes a regression relationship between
total product production and fixed capital, the number of employees and expenditures on new equipment, and
provides an economic interpretation of the obtained model.

Dayaniqli inkisafla bagli, Tobiotin Qorunma-
s1 Beynolxalq ittifaqinin (IUCN) verdiyi torifdon
sonra Otraf Miihit vo Inkisaf {izro Beynolxalg
Komissiya, bu toskilatin sodri Brutlandin “Bi-
zim timumi galocoyimiz” adli maruzasini dorc
etdi.

Bu moruzods geyd olunmus “dayaniql in-
kisaf” mothumu todqiqatcilar arasinda fikir ay-
riligma sobob oldu. Belo ki, dayanigl inkisafa
verilmig torifdo dayaniqli comiyyastin neco qu-
rulmasi1 mosalosi haqqinda heg¢ no deyilmir. Ho-

AZORBAYCAN NEFT TOSORRUFATI

min maruzads dayaniqli inkisafa asagidaki torif
verilmisdir: “bu elo prosesdir ki, burada resurs-
larin istifado olunmasi, innovasiya foaliyyatinin
vo texnoloji inkisafin hoyata kegirilmasi noinki
indiki, hatta golocok nasillors algatan olmalidir”.
Bunun osasinda dayaniqli inkisaf universal torif-
lordon birins ¢evrilmis, yoni “bu inkisaf indiki
vaxtin tolablorino cavab vermoklo 6z moqsad-
lorino ¢atmagq iiglin golocok nasillorin imkan-
larin1 azaltmamaq” kimi toyin edilmisdir [1].
Bu konsepsiyanin miisllifi beynslxalq miqyas-
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da dayanigl inkisaf ideyasini elmi dovriyyayo
daxil edir ki, bunun da miizakirasi sonralar ge-
nis viisot almisdir. Bu torifdo dayanigh inkisafin
osas strateji istigamatlori geyd olunmusdur, bels
ki, inkigaf istigamoti {igiin elo bir foaliyyat vo
holl mocmusu segmok vacibliyi yaranir ki, bu da
ham indiki, hom da galocok naslin talabatlarinin
vahidliyini 6ziinds birlosdirs bilsin. Bu, ilk nov-
bads yenidon omalo golmoyon tobii-xammal, o
climlodon neft-qaz resurslarina aiddir.

Tadqiqatin metodologiyasi

Neft-qaz ehtiyatlarina malik sonayelosmis
sivilizasiya, belo qonaato golmisdir ki, yenidon
omolo golmoyon enerji resurslart vo xammalina
uzunmiiddatli tolabat 6ziiniin obyektiv hadding
malikdir. Biitlin bunlar iso getdikco geyri-hoyati
xarakter alir, oks prosesloro, basqa sozlo “ge-
rilomo strategiyasina” gotirib ¢ixarir.

Qloballagsma goraitindo miixtolif tosorriifat
subyektlori miinasibotlorinin inkisafi ytliksok
doracodo geyri-miioyyonlik vo risk soraitindo
dinamik miihitdo bag verir. Ona goro do Azor-
baycan Respublikasi Dovlot Neft Sirkotindo
(SOCAR) dayaniqlt inkisaf tempino daha ¢ox
diqgat yetirirlor.

Moshur fizik Eynsteyna goro “problemlar,
onlar1 doguran molumatliliq soviyyasindo hall
edilo bilmoaz”. Ona gors do, aydindir ki, texno-
logiyanin doyismaosi, yeni informasiyanin dyro-
nilmasi vo manimsanilmasinda tokamiil olaraq
dayaniqli inkisaf hagqinda fikirlor do doyisocok-
dir.

Neft-qaz kompleksinin dayaniqli inkisafinin
oldo edilmasi problemi iqtisadiyyat, sosiologiya,
ekologiya vo menecmentin (istehsal, maliyyo,
investisiya va s.) xlisusi novlori kompleksinin
qovsagindan ibarotdir. Milli neft-qaz kompani-
yalar1 va biitovliikds iqtisadiyyatin dayaniqli in-
kisafinin tolab vo prinsiplori oksar diinya 6lkolo-
ri birliyinin hom iqtisadi-siyasi aspektlori, hom
do milli tohliikesizlik kontekstindon on aktual
problemlarindondir.

Uzun illor orzinds neft-qaz kompleksi diinya
va o ciimladan 6lks iqtisadiyyati inkisafinin mii-
hiim komponentlorindon biri olmus vo hal-ha-
zirda da vardir. XX vo XXI osrlordo neft-qaz
kompleksinin inkisafi noticosinds sahibkarligin,
strateji menecmentin, texnoloji toraqqinin, mar-
ketingin vo biitovlikkde diinya iqtisadiyyatinin
tokamdilii bag vermisdir.
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Sozstiz ki, bu giin do neft-qaz kompleksi on
giiclii, boyiik omoyo malik sonaye sahasi va to-
siredici siyasi qiivvadir. Neft-qaz kompleksinin
roqabotqabiliyysti, biitovlikde o6lkonin milli
tohliikasizliyinin asas komponentidir. Malum-
dur ki, bazar iqtisadi miinasibotlori sistemindo
milli raqabatqabiliyyatlilik konsepsiyasi, basqa
Olkalords istehsal edilon amtoo vo xidmatlorin
rogabat miibarizasi sortinde, milli igtisadiyyatin
qabiliyyati ilo miioyyen edilir. Bu zaman roqa-
botgabiliyyatliliyin noticosi kimi, beynolxalq
ekoloji standartlara omol edilmoklo ohalinin ho-
yat soviyyasinin artmasi ola bilor.

Raqgabotqabiliyyatli neft-qaz biznes-miihi-
tin yaradilmasi, Azorbaycanin yanacaqg-enerji
kompleksinin strateji inkisaf istiqgamatlorine aid
olan, 6z 6l¢ii vo neft-qaz ixtisaslagsma istiqgamot-
lori ilo forqlonon miixtalif biznes-istirak¢ilarin
foaliyyati ilo olagadardir. Rogabastqabiliyyatli
olmaq lgciin neft-qaz kompaniyalar1 innovasi-
yada liderlik saviyyesinde durmali, yeni texno-
logiyanin islonmasinin aktiv igtirak¢ilart olmals,
homg¢inin alternativ enerji monboyinin axtaril-
mas1 va karbohidrogen resurslarindan yeni is-
tifado istigamatlorini miioyyon etmolidir. Biitiin
bunlar iso o demokdir ki, idarsetmads ilk yero
todricon strategiyanin qurulmasi problemi ¢ixir
va bu da neft-qaz kompaniyalariin dayaniqligi,
xarici mithitin daimi doyison soraitinds inkisaf
tempinin asag1 diismomaosini tomin etmalidir.

Neft-qaz kompleksinin dayaniqhi artim vo
inkisaf strategiyalarina kompleks yanasmanin
mogsadouygunlugu ilo olagodar, strateji daya-
nigligin tomin edilmasinin va ya saxlanilmasinin
miimkiin yollarinin slavo dyronilmasi zoruriyyo-
ti yaranir. Kompaniya soviyyasinde dayanigliq
problemi, fasilosiz doyison xarici miihit goraitindo
inkisafin dayaniqligiin gostaricilorini tominetmo
qabiliyysti olan strategiyanin qurulmasi proble-
minin hallinds xiisusi aktualliq kosb edir. Bunun-
la yanasi, “dayaniqli kompaniya” neco olmalidir
sualina cavablarda miiossisalorin fikir ayrilig
movcuddur. Bels ki, tadqiqatlarda bazilori daya-
niqligin istehsal torkibinin qiymatlondirilmasins,
digorlori isa kompaniyanin maliyys sabitliyino
daha cox aksent edirlor. Bununla olagodar olaraq
kompaniyanin imkanlarinin uzunmiiddotli inki-
safi mosolosi ¢ox sort mithakimoloro rovac ver-
misdir ki, naticodo o gonasto golinir ki, qoyulan
maqsad vo vazifalora dogru horokot etmok tiglin
na etmak lazimdir.
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Gostormok lazimdir ki, transmilli BP kom-
paniyas1 dayaniqhigir asagidaki kimi miioyyon
edir: “bu BP-ys aid qrupun aktivlorinin yenilon-
masi, comiyyatin artan tolobatina uygun daha
keyfiyyatli mohsul vo xidmatlorin yaradilmasi
vo toklif edilmasi, sohmdarlarinin golirinin to-
min edilmasi, amokdaslarin yeni naslinin calb
edilmosi, ekoloji soraitin yaxsilasdirilmasi tizra
islor, inamin saxlanilmasi,bizim miistorilorin vo
i gordilylimiiz regionlarin sakinlorino dayaq
durmaq hesabina zamanin sinagina dézmok qa-
biliyyeatidir” [2] .

S.P.Baranenko vo B.B.Semetova goro daya-
niqliga tobii resurslarla artan problemlar va siirat-
lonon elmi-texniki toraqqi, hamginin ekologiya
antropogen tosirlor soraitinds istehlak¢inin ba-
zarinda rogabotlik stiinlilyii yaratmaq qabiliy-
yatinin noticasi kimi torif verilir [3]. 1.Y.Balaban

Gostaricilor

Cari ilda is¢ilorin say1

[5]. Bu konsepsiyanin asas ideyasi toskilatin isi-
nin naticaloring anonavi maliyye baxisina yeni-
don nozar yetirmays osaslanirdi.

Kompaniyanin dayaniqligini qiymatlondir-
moyin bir ne¢o metodu var: maliyyo-toskilati
gostaricilar; ekoloji gostaricilor; sonaye-istehsal
potensialini saciyyalondiran gostaricilorin mac-
musu; ragabat mihiti vo bir sira bagqa gostori-
cilor osaslanir.

Neft-qaz  kompaniyasinin  dayaniqliginin
miioyyan edilmosi, basqa sortlorlo yanasi hom-
¢inin orada calisgan kadrlarin potensialindan
cox asilidir. Neft-qaz kompleksi Azorbaycanin
ononavi sahoalorindondir va hom kegmis ttifaq,
hom do miiasir dovrdo biidconin moadaxil his-
sosinin formalagsmasinda miihiim rol oynayir.
Cadvoldo SOCAR miisssisalorindo ¢alisan is-
cilorin say1 vo axiciliq gostoricilori verilmisdir.

illor

2019 2020 2021 2022 2023

Isdon azad olunmus iscilor

Kadrlarin axicihgl

va Y.M.Kostyukovski strateji dayaniqliq proble-
mino “miiossisonin aktivlorinin rentabelliyinin
dayaniglig1” kimi meyarin komoyi ilo baxirlar
[4]. Dayanigliq kompaniyanin xarici mibhitin to-
sirino qars1 dayanma qabiliyyatini gostorir. Bu
miiolliflorin fikrino gbra, dayaniqliq keyfiyyati
miossisonin “0zlinii hamarlamagi”-nin daxili
qabiliyyatidir ki, bu da miiossisoya idaroetmo
obyekti baximindan yanagilmasini tolab edir.
Iqtisadi odobiyyatin qisa tohlili gdstordi
ki, dayaniqliq barods miitoxassislorin fikirlori
miixtolifdir. Dayaniqliq eyni bir kompaniya-
nin miixtalif saviyyalorini 6zlinds oks etdirir vo
coxlu sayda miixtolif soviyyalori birlosdirir ki,
bunlara da asagidakilar aiddir: omaliyyat foa-
liyyotinda, maliyys dayaniqligi (6donis qabiliy-
yati) vo likvidliyi lazimi soviyyods saxlamagla
kicik dovrli dayanigligin tomin edilmasi; renta-
bellik foaliyyaoti soviyyosinin lazimi soviyyodo
saxlanmasinin orta vaxtli, innovasiyali vo kadr
siyasati ilo strateji dayanigligin tomin edilmasi.
David Norton va Robert Kaplan balanslasdiril-
mig gostaricilor sistemi Konsepsiyasi yaratdilar

Cadvoaldon goriindiiyii kimi, 2018-2022-ci il-
lords iscilorin say1 2383 vo ya 4.73 % artmisdir.
Kadrlarin axiciligt isa 1.12 % artmisdir ki, bu
da idarsetmado, kompaniyanin dayanigliginda
miisbot hal sayila bilor.

Tadgiqatin naticasi

Cadvolin molumatlarindan istifado edorak,
hom biitdvliikde iscilorin sayi, kadr axiciligi
omsalinin zamana goro doyismosi (trend) mo-
dellorino nozor yetirok. Sokil 1-do SOCAR-1n
miiassisalorinda calisan is¢ilorin sayinin trend
modeli verilmisdir. Trend modelini xarakterizo
edon yegano gostorici determinasiya omsalidir
(R?). Sokildon goriiniir ki, bu amsal kifayat qo-
dor yiiksokdir. R*=0.8771. Modelin 6zii ilo po-
linominaldir. Kadr axiciligina aid belo bir trend
modeli gokil 2-do verilmisdir. Sokildon goriiniir
ki, model polinominaldir, determinasiya omsali
R?>=0.8333.

Bununla belo, SOCAR-da mohsul istehsali
ilo bir ne¢o doyison arasinda reqressiya mode-
li qurulmusdur. Masslonin halli ii¢lin asagidaki
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Sokil 1. Tsci sayr

verilonlar tadgiqata calb edilmigdir; ¥, — mohsul
hacmi, min t; L — neftqaz¢ixarma idarslorinds
caligan isgilorin say1, nofor; K — osas istehsal
fondlari, min man.; N, — yeni texnika va texno-
logiyaya ¢okilon xorc, min man.

Burada bir mogami1 qeyd edok. Magsadimiz
SOCAR-da dayanigligin tomin edilmosinds in-
san amilinin rolunun gostorilmosidir. Ona goro
doyison is¢ilor sayr models daxil edilib. Digor
torafdon yeni texnika vo texnologiyaya ¢okilon
xarclor dolayisi ilo insan kapitali ilo slagodar-
dir (hom onu yaradan, hom do istifads edon).
Nohayaot osas fondlarin idaro edilmosini do in-
san hoayata kecirir. Odur ki, modelin biitiin do-
yisonlori bu vo ya digor doracads insan amili ilo
olagodardir. Bu gostaricilor arasindaki slagoni
asagidaki diisturla ifado edok:

Y=dA KLV -N°, (1)

burada 4 — proporsionalliq amsalidir, ¥, vo do-
yisonlor (K*, LF, N°) bir &l¢liyo gotirir. Onu da
geyd edok ki, bu gostarici ilo artimin identifika-
siya olunmamis amillorin geyri-bircinsliyi ele-
mentlorinin funkskiyaya tosiri toyin edilir.

Mosaloni hall etmak tigiin verilonlor excel-do
yigilir vo “Statistika” programa ilo yerino yetiri-
lir. Onun ii¢lin avvalcs (1) tonliyini logarifmlo-
yib xotti formaya gotiririk.

5
[ 4.53

4;’ y=046393x1-3.8287x+7.334
Iy 384 $5_ R2=0.8333 V4
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Sakil 2. Axiciliq amsah
1Y=1A+alK+BLL+8IN . 2)
nt n n ot nt u 't

“Statistika” programi ilo masalonin halli asa-
g1daki naticoni vermisdir.

1Y, = — 846 + 115K + 0.045/L +
+0.07 LN, 3)

(3) tonliyini potensiallayaraq aliriq:

l“Yt — e—8.46 . [(’t 1.15 . Lt—0.045 . ]\ft0.07. (4)
Buradan
Yt — 000021 th 1.15 . Lt4).045 . Nt0.07. (5)

95 %-lik ehtimalla alinan model statistik ohoa-
miyyato malikdir. Belo ki, F-in qiymoti F =5 -
67E — 11 <0.05, determinasiya amsali R*=0.89,
com korrelyasiya omsali R=0.94-diir.

Bu da o demakdir ki, ¥-nin doyismasi 89 %
models daxil olan doyisonlorden asilidir.

Yuxaridakilar1 yekunlasdiraraq qeyd edirik
ki, neft-qaz kompleksindo dayanighigin tomin
edilmosindo insan amilinin rolu ¢ox boytkdiir.
Ogor bura rogamsal iqtisadiyyatda transforma-
siyani olava etsok, golocokdo insan amilinin rolu
dayaniqli inkisafda daha boyiik olacagq.
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MO34PAB/IAEM KOBN/IAPA / CONGRATULATIONS TO ANNIVERSARY CELEBRANT

Idhmod Mayis oglu Salmanov — 65 il!

SOCAR-m “Neftqazelmitodgiqgatlayiho™ Institutunun geologiya
va yataqlarin islonmasi {izro direktor miiavini, geologiya-minera-
logiya elmlori doktoru, ©hmad Mayis oglu Salmanovun 2026-c1 il
iyun aymin 3-do 65 yas1 tamam olur.

Salmanov ©hmoad Mayis oglu 1961-ci ildo Baki soharindo ziyali
ailasinds anadan olmusdur. 1979-cu ilde Azarbaycan Neft vo Kimya
Institutuna (indiki Azorbaycan Dévlot Neft vo Sonaye Universiteti)
daxil olub, 1984-cii ilds institutun “Geoloji-kosfiyyat” fakiiltasini
forqlonmo diplomu ilo bitirorak, toyinatla Azorbaycan EA-nin keg-
mis Darin Neft vo Qaz Yataglarinin Problemlori Institutunda omok

foaliyyotino baglamigdir.

1991-ci 1lds namizadlik dissertasiyasi miidafio edorak texnika elmlori namizadi alimlik doracasing
layiq goriilmiisdiir.

1992-ci ildo Azorbaycan Dovlot Neft Akademiyasina (indiki Azorbaycan Dovlot Neft vo Sonaye
Universiteti) miisabigo yolu ilo iso gotiiriilmiis vo 2007-ci ilin may ayinadok “Neft-qaz modon geo-
logiyas1” kafedrasinda dosent vozifosindo caligmisdir. 1998-ci ildo Azorbaycan Prezidenti yaninda
AAK torofindon dosent elmi adina layiq goriilmiis, 2007-ci ilin may aymdan 2009-cu ilin iyul ayi-
nadok Azarbaycan Respublikasi Dovlat Neft Sirkotinin Elmi Tadgiqatlar Institutunda “Geologiya vo
yataglarin iglonmosi” iizro direktorun elmi islor iizro miiavini vozifosindo ¢aligsmigdir. Homin ilds
geologiya-mineralogiya elmlori doktoru doracasine layiq goriilmiisdiir. 2009-cu ildon Azorbaycan
Respublikasi Dovlot Neft Sirkotinds aparilan struktur doyisikliklori naticasinda yeni togkil olunmus
“Neftqazelmitadqiqatlayiho” Institutunda “Geologiya vo yataqlarin islonmosi” iizro direktorun miia-
vini vozifasindo ¢alisir. 2011-ci ilin sentyabr ayinda “Toraqqi” medali ilo toltif olunmusdur.

Neft yataqlarinin somorali monimsonilmasi, islonmonin son morholosinds neft hasilatinin di-
namikasinin prognozu, geoloji-riyazi modellosdirmo, laylarin neftvermasinin artirilmasi tisullar
O.M. Salmanovun mosgul oldugu osas elmi istiqgamatlordir.

©Ohmod miisllimin ¢oxsaxali todqigatlarinin naticolori 130 elmi noasrds, o climlodon 104 maqalo,
4 monogqrafiya, 8 dors vosaiti, 3 dorslik, 6 sorgu kitabi, 5 metodik rohborlik, 1 xaritodo 6z oksini tap-
migdir.

O.M. Salmanov 2012-ci ildo “Azorbaycan Neft¢ci Geologlart Comiyyati”nin Prezidenti, 2013-cii
ilin mart aymdan isa Azorbaycan Respublikasi Prezidenti yaninda Ali Attestasiya Komissiyasinin
eksperti se¢ilmisdir. 2007-ci ildon “Neft-qaz yataqlarinin geologiyasi, geofizikasi, axtarist vo kosfiy-
yat1”elmi-texniki Sura bdlmosinin sodri se¢ilmisdir. 2014-cii ildon “Azneft” IB-do “Axtaris-kosfiy-
yat, neft vo gaz ehtiyatlari, neft vo qaz yataqlarinin islonmasi lizro daimi foaliyyot géstoron komissi-
ya’nin iizviidiir.

Hormoatli ©hmad miisllim!

Sizi yubileyiniz miinasibatilo somimi golbdon tobrik edir, Sizo méhkom cansagligi, uzun omiir,
xosbaxtlik, soxsi hoyatinizda vo elmi foaliyyotinizds yeni-yeni ugurlar arzulayiriq!

“Azorbaycan neft tosarriifat’” jurnalinin redaksiya heyati vo kollektivi
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Hiimbat Pasa oglu Hiiseynov — 100 il
(1926 - 19953,

2026-c1 il iyun ayimnin 21-ds taninmis alim, texnika elmlori doktoru, pro-
fessor Hiimbot Paga oglu Hiiseynovun anadan olmasinin 100 ili tamam oldu.

H.Pasayev 1939-cu ildo Goygay Pedaqoji texnikumuna daxil olmus vo
orani ala qiymatlorlo bitirib miisllimlik foaliyystine baslamisdir. 1945-ci
ilda tohsilini davam etdirmak {i¢iin Azarbaycan Dovlat Universitetinin fizi-
ka-riyaziyyat fakiiltosino gqobul olunmusdur. Universiteti forqlonma diplo-
mu ilo bitirdikdon sonra 1950-ci ildo miiallimlorinin maslohati ilo sonadlo-
rini aspiranturaya vermisdir.

1950-1953-cii illordo I.M.Qubkin adina Moskva Neft-Kimya vo Qaz Sonayesi institutunun as-
piranturasinda tohsil almis vo 1954-cii ildo taninmis alim V.N. Selkagovun rohborliyi ilo “Qazli ma-
yelorin masamali miihitds harokati masalalorinin hidrodinamik tadqiqatlart” mévzusunda namizadlik
dissertasiyasint miidafio etmisdir.

1954-cii ildo Azorbaycan Neft-Qaz Sonayesi Dovlot Elmi-Todqiqat vo Layiho Institutunda
(AzZNQSDETLI) béyiik elmi is¢i kimi foaliyyoto baslamisdir. Respublikada ilk dofo olaraq onun
tosobbiisii vo rohborliyi ilo 1955-ci ildo “Yeralt1 hidrodinamika” laboratoriyast mohz isladiyi institut-
da yaradilmisdir.

1961-ci ilin iyun ayinda Hiimbat Hiiseynov “Neft layinin hidrodinamik masslslori” mévzusunda
doktorluq dissertasiyasin1 miivoffoqiyyatlo miidafio edorok, texnika elmlori doktoru elmi doracosi,
1964-cii ildo iso professor elmi ad1 almisdir.

Onun uzun miiddat rohbarlik etdiyi “Yeralt: hidrodinamika™ laboratoriyasinda lay hidrodinamika-
sinin va neft yataglarinin islonmasinin bir ¢ox istiqamatlori lizro neft sonayesinin problemlorino aid
aktual elmi-tadqiqat islori aparilmisdir. Laboratoriyada aparilmis genismiqyash elmi-tadqiqat islori
osason iki boylik istigamoati ohato etmisdir:

— miixtalif soraitde lay mayelorinin mosamali miihitds siiziilmasi proseslorinin hidrodinamik tad-
qiqi va tadqiqat tisullariin inkisaf etdirilmasi;

— konkret neft vo qaz yataqlarinin islonma layihalorinin hazirlanmasi, islonma prosesinin tahlili vo
islonmayo miiallif nazaratinin hayata kecirilmasi.

0, dofalorlo beynalxalq, SSRI voa respublika miqyasli konfrans vo seminarlarin istirak¢is1 olmus-
dur. Hiimbat miiallim 3 monoqrafiya, 300-o yaxin elmi maqalonin miiallifidir. Onun rahbarliyi ilo
respublikamizda vo ondan konarda 20-don ¢ox aspirant namizadlik dissertasiyast miidafio etmisdir.
O, onlarla dissertasiya islorinin opponenti olmusdur.

H.Hiiseynov miixtolif vaxtlarda indiki Baki Ddvlot Universiteti vo Azarbaycan Ddvlat Neft vo
Sonaye Universitetindo miihazirolor oxumusdur. Miidafio {izrs ii¢ ixtisaslagsmis — Azorbaycan Dovlot
Neft vo Sonaye Universitetinin, AZNQSDETLI vo Texniki Universitetin Elmi Suralarmin vo Elmlor
Akademiyasinin “Maye vo qaz mexanikas1” lizra elmi-metodik Suranin, uzun miiddst “Azarbaycan
neft tosorriifatr” jurnalinin redaksiya heyatinin tizvii olmusdur.

1982-ci ildon 6z alimlik vo pedaqoji foaliyyatini Azarbaycan Texniki Universiteti ilo baglamis
vo uzun miiddot “Hidravlika vo hidravlik masinlar” kafedrasina rohborlik etmisdir. O, tolobkar vo
qaygikes miiollim, universitetin “Elmi asorlor tematik mocmua”sinin redaksiya heyotinin iizvii kimi
foaliyyat gostormisdir.
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Universitetds islomasina baxmayaraq, Hiimbat miiollim AzZNQSDETLI ilo do six slagesini davam
etdirmis vo elmi-todqiqat islorinin yerina yetirilmosinds yaxindan istirak etmigdir.

Hiimbot miisllimin uzun illor apardig1 elmi-tadqiqat islorinin naticalori 6lkomizds vo onun hii-
dudlarindan ¢ox-¢ox konarlarda elmi miitoxassislor tarafindon yiiksok giymaotlondirilir vo praktikada
genis totbiq edilir. Kegmis SSRI arazisindo iimumi neft hasilatinin prognozlasdirilmasi iisulu da pro-
fessor H.P.Hiiseynovun rahbarliyi ilo tadqiq edilmis vo yiiksok giymotlondirilmisdir.

Alim 0mrii sadaca illorlo Olglilmiir. O gordiiyii islorla, yetisdirdiyi tolobalorls, qoydugu izlorlo
homigo yadda galir. Elo 6miir var ki, zamanin i¢inds yasasa da zamanin fovqiinde dayanir. Onlar tog-
vimin sohifalorinds deyil, yaddasin tarixinds yasayir. H.Hiiseynov ¢oxlarina niimuns ola bilacok, ol-
dugca mohsuldar va sorafli hoyat yolu kegmis, diinyanin taninmis neftgi alimlori siralarina yiiksalorak
moktab yaratmis vo bu moktobin isini davam etdiron miitoxassislor yetisdirmisdir.

Professor H.Hiiseynov 1995-ci ilda diinyasini doyisib.

Onun xatirasi yaxinlari, ozizlori, dostlari, davamg¢ilari torafindon homiso yad edilir vo golblords
yasayir.

Allah rohmat elosin!

Q.I. Calalov, AMEA-nin miixbir iizvii, t.e.d.,
N.N. Homidov, t.e.d.
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