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ABSTRACT

This article substantiates the necessity of applying a systematic approach, taking into account the
complex and multi-parameter nature of the oil field development process, and its practical
significance is scientifically analyzed. In order to overcome the local and sectoral limitations of
traditional approaches, the application of systems theory, complex systems management models
and multi-dimensional decision-making algorithms in the oil industry is discussed.

The purpose of the study is to establish a flexible management structure that takes into account
the interaction and dynamics of processes at each stage of oil field development, supported by
information technologies and mathematical modeling tools. For this purpose, a multi-level
analysis was conducted on the geological-structural structure of the field, reservoir properties,
physico-chemical indicators of oil, production technology, exploitation systems and economic-
parametric indicators.

The article explains the main components of the systematic approach - structuring, functional
analysis, feedback mechanisms and optimization algorithms - based on real field development
examples. The results obtained show that the systematic approach provides the following
advantages:

more rational management of resources;

increasing the technological and economic efficiency of production;

detecting and preventing risks at an early stage;

formulating an exploitation policy in accordance with the principles of preserving ecological
balance and sustainable development.

The integrated decision-making platform presented by the authors is enriched with real-time
monitoring and analysis of information flows, the application of predictive models working with
artificial intelligence and machine learning algorithms. This approach promises effective results,
especially for fields operating under conditions of high uncertainty.

As a result, the systematic approach model proposed in the article is considered an important
scientific and methodological basis that can contribute not only to making optimal decisions
during the exploitation of an oil field, but also to the development of energy strategies at the
regional and national levels.

During the development of oil fields, many problems arise: reduced productivity, changes in
reservoir pressure, increased water levels, as well as economic losses and environmental
problems. These problems cannot be fully solved by traditional management methods. The
application of a systems approach can provide innovative solutions for the analysis, management
and elimination of these difficulties.

The systems approach is the principle of complex analysis and management of various processes,
phenomena and objects. This approach is based on the study of the interrelationships and
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mechanisms of influence of the system as a whole, rather than individual aspects of a problem.
The main goal of the systems approach is to analyze problems, make optimal decisions and
develop appropriate strategies for the implementation of these decisions.

The study classified the main stages of field development based on systems theory, functional
structuring and modeling methods, and identified the main decision-making criteria for each
stage. At the same time, internal and external factors affecting the development process -
including productivity dynamics, pressure regime, water pressure, maintenance regime and
environmental risks - were assessed using an integrative approach.

The article shows that a systematic approach allows for more accurate and effective
implementation of strategic planning, operational management and forecasting of results during
the development of oil fields. This approach also contributes to the efficient use of energy
resources, environmental protection and optimization of operating costs.

The application of a systematic approach to oil field development provides the following
advantages:

* Process optimization: Ensures efficient use of resources at each stage of field operation.

* Complex problem solving: Enables effective solution of various problems by analyzing the
interrelationships between geological, technological and economic factors.

» Long-term planning: Develops optimal strategies to increase the field's operational life and
ensure production stability.

» Environmental sustainability: Minimizes environmental impacts and increases compliance of oil
production with environmental standards.

» Application of innovations: The quality and volume of production are increased by applying
new technologies and digital solutions.

Keywords: Oil field development, systematic approach, energy resources management,
geological-geophysical analysis, production optimization
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XULASO

Bu moqalads neft yataqlarinin iglonmasi prosesinin somarali vo optimal sokildo togkili mogsadile
sistemli yanagmanin totbiqinin elmi osaslar1 arasdirilmigdir. Neft hasilati sahosindo gorarvermo
proseslorinin miirakkabliyi vo ¢oxsayli amillorin qarsiliglt tosiri kontekstinds sistemli yanagma
miiasir dovrda vacib alst kimi ¢ixis edir. Maqalada yataglarin geoloji qurulusu, fiziki-kimyovi
xiisusiyyotlori, istismar texnologiyalari vo iqtisadi gostoricilori arasinda garsilighh olagolor
sistematik sokilds tohlil olunmusdur.

Todqgigatda sistem nozoriyyosi, funksional strukturlagdirma vo modellogdirmo iisullar1 osasinda
yataq islonmasinin osas marhalalori tosniflogdirilmis, har marhalo {igiin asas gorarverms meyarlari
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miioyyonlosdirilmisdir. Eyni zamanda, islonmo prosesine tosir gostoron daxili vo xarici faktorlar —
o ciimladon mohsuldarliq dinamikasi, tozyiq rejimi, su basqisi, texniki xidmot rejimi vo ekoloji
risklor — inteqrativ yanasma ilo qiymotlondirilmisdir.

Mogalods gostorilmigdir ki, sistemli yanagma neft yataqlarinin islonmosi zamani strateji
planlasdirmani, operativ idaroetmoni vo naticolorin prognozlasdirilmasini daha doqiq vo effektiv
hoyata kecirmoyo imkan verir. Bu yanagsma eyni zamanda enerji resurslarinin somorali
istifadosing, otraf miihitin miihafizosino va istismar xorclorinin optimallasdirilmasina tohfo verir.
Acar sozlor: neft yataglarinin islonmosi, sistemli yanagma, enerji resurslarinin idars olunmasi,
geoloji-geofiziki tohlil, hasilat optimallasdirilmas.

Giris

Neft yataglarinin islonmasi miiasir enerji sonayesinin asas strateji istiqgamotlorindon biri olmaqla
yanasi, hom do coxsayli texnoloji, iqtisadi vo ekoloji faktorlarin qarsiligh tosiri ilo xarakterizo
olunan miirokkab bir prosesdir. Senayenin inkisafi, texnoloji yeniliklorin totbiqi vo global enerji
bazarindaki doyiskonliklor bu sahodo yeni yanasmalarin vo gorarvermo modellorinin totbiqini
zoruri edir. Ononovi metodlarla idaro olunan yataq islonmosi sistemlori ¢ox zaman lokal vo
fragmentar naticoloro sobob olmaqla, resurslarin qeyri-effektiv istifadosino, hasilatin azalmasina
vo otraf miihito monfi tosirlorin artmasina gatirib ¢ixarir.

Belo bir soraitdo sistemli yanagmanin totbiqi — yoni yatagin islonmosinin biitiin morhalslorinin
vahid inteqrasiya olunmus struktur ¢orgivasinda tohlili vo idars olunmasi — asas elmi-praktiki
prioritetlordon birine ¢evrilmisdir. Sistemli yanagsma vasitosilo yatagin geoloji qurulusu, istismar
texnologiyalari, mohsuldarliq dinamikasi vo iqtisadi gostericilor kimi miixtolif parametrlor
arasinda qarsiligh slagslor miioyyon edilir, proseslorin modellosdirilmasi vo optimallasdiriimasi
tomin olunur.

Bu moaqalade mogsad, neft yataginin islonmo prosesine sistemli yanagmani totbiq etmaklo istismar
somoraliliyinin artirilmasi, resurs potensialinin daha effektiv realizo olunmasi vo ekoloji
dayanigligin tomin edilmasi yollarini aragdirmaqdir. Todqiqatda riyazi modellar, texnoloji analiz
metodlar1 vo informasiya texnologiyalarinin sintezindon istifado edilorak, islonmo moarhalolorinin
har biri ti¢lin kompleks yanagma toklif olunur. Bu yanagma, hom elmi nazoriyyalorin praktiki
totbiqi baximindan, hom do miiasir neft miithondisliyinin inkisafi kontekstinds xiisusi aktualliq
kasb edir. [1-10].

Maqsad
Bu moqalonin osas mogsadi, neft yatagimin islonmo prosesino sistemli yanasmanin totbiqi
vasitosilo hasilat somaraliliyinin artirilmasi, texnoloji qorarlarin elmi osaslarla verilmasi vo
resurslarin  optimal idaro olunmasma yoOnolmis metodologiyanin islonib hazirlanmasidir.
Todgigatin mogsadi homg¢inin yatagin geoloji, texnoloji vo iqtisadi parametrlorinin qarsiligl
olagosini sistemli gokildo tohlil etmok, bu proseslora tosir gostoron osas faktorlar
miioyyonlosdirmok vo onlarin idaro olunmasinda ¢oxolgiilii gorarvermo modellorinin totbiq
imkanlarini ortaya qoymaqdir.
Bu mogsads nail olmagq iigiin asagidak: vozifolor miioyyonlosdirilmisdir:

1. Neft yataginin islonma marhalslorinin sistemli yanagsma asasinda tasnifat1 va analizi;

2. Istismar prosesins tosir edon asas geoloji, texnoloji vo ekoloji faktorlarin identifikasiyast;

3. Miirakkab texnoloji gorarlarin verilmasi {igiin analitik va riyazi modellarin qurulmast;
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4. Rogomsal texnologiyalarin islonmo prosesinin optimallagdirilmasinda totbiq imkanlarinin
qiymotlondirilmasi;

5. Inteqrasiya olunmus idaroetmo yanasmasi osasinda somorali istismar strategiyasinin
formalasdirilmasi.

Todqigat corcivosindo neft yatagimin asagidaki osas aspektlori lizro sistemli tohlil hoyata
kecirilmoasi nozords tutulur:

- Geoloji strukturun Oyronilmosi: Yatagin litoloji vo tektonik qurulusunun tohlili, kollektor
stixurlarin xiisusiyyetlorinin sistemli tosnifat1 vo neftin paylanma ganunauygunluglarinin
miuoyyonlosdirilmasi.

- Texnoloji proseslorin modellogdirilmesi: Hasilat vo tozyiq idarsetms sistemlarinin,
suvurulma vo tokrar emal texnologiyalarinin elmi modellorlo qiymotlondirilmasi.

- lIqtisadi semoralilik analizi: Yatagin islonmosi {i¢iin sorf olunan kapital vo omoaliyyat
xorclorinin hasilat hocmi vo mohsuldarligla slagesinin tohlili.

- Ekoloji vo texnogen risklorin qiymotlondirilmasi: Yataq islonmasinin otraf miihito tosiri,
tohliikosizlik meyarlar1 vo davamli inkisaf prinsiplorine uygunlugunun sistemli sokildo
aragdirilmast.

Notico etibarilo, moqalodo toklif olunan sistemli yanasma modeli neft yataqlarimin daha
mohsuldar, ekoloji cohatdon tohliikesiz vo igtisadi baximdan somorali sokilds islonmasi iiglin elmi
osasli gorarverma ¢orgivasi togdim edir [1-5].

Metodlar
Todqgigatin mogsoad vo vozifolorine uygun olarag, neft yataginin islonmo prosesino sistemli
yanagmanin totbiqi ligiin kompleks vo ¢oxsaxoli elmi-metodoloji osaslara istinad edilmisdir.
Aragdirma zamani hom nazori-praktik, hom do riyazi vo rogemsal analiz metodlar1 kombina
olunmus, interdisiplinar yanagma osasinda dorinlogdirilmis tohlil aparilmisdir.
Tadqiqatin metodoloji ¢orgivasi asagidaki asas istigamatlor {izro qurulmusdur:
Neft yataginin islonmosi miirokkob texnoloji sistem kimi qiymoatlondirilmis, onun alt sistemlori
(geoloji qurulus, istismar rejimi, texnoloji infrastruktur, otraf miihit vo s.) arasinda qarsiliql alaqe
vo funksional asililiglar sistem yanasmasi ilo tohlil olunmusdur. Bu metod vasitosilo yatagin
islonmo morhalalorinin ardicilligr vo qarsiliqh tesir modeli hazirlanmigdir.
Yatagdan hasilatin prognozlagdirilmasi, tozyiq rejiminin dinamikasimin qiymatlondirilmasi,
homginin miixtolif istismar ssenarilorinin noticelorinin miiqayisesi Ui¢lin riyazi modellor
qurulmusdur. Bu mogsadls asagidaki modellar totbiq edilmisdir:

o Diferensial tonliklor asasinda mohsuldarliq vo tozyiq doyismo modellori;

e Optimal hasilatin miioyyonlosdirilmasi {i¢lin coxkriteriyali optimallagdirma tisullar;

e Monte-Karlo simulyasiyast ilo geyri-miioyyanliklorin qiymatlondirilmasi.
Yataq strukturunun vizual vo makan tohlili iiclin GIS texnologiyalarindan istifade olunmusdur.
Geoloji xaritalor, izosaviyya xaritalori vo paylanma modellori osasinda yatagin zonalasdirilmasi
hoyata keg¢irilmisdir. Tarixi istismar molumatlar1 vo sensorlardan alinan real vaxt molumatlar
osasinda statistik vo zaman seriyali analiz aparilmigdir (sok 1).
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Sokil 1. Neft yataginin islonmo prosesinin tohliling sistemli yanagmanin totbiq edilmosi.

Neft yataqlarinin islonmasi, miirokkob vo ¢oxsayli amillarin birlosdiyi bir prosesdir. Bu prosesin
tohlilinds sistemli yanagsmanin totbiqi, yatagin istismarinin hortorafli vo koordinasiyali sokilds
hoyata kegirilmosini tomin edir. Sistemli yanasma, miixtolif elementlorin (geoloji, miithondislik,
iqtisadi, ekoloji) bir araya golorok yatagin islonmosini optimallagdirmaq mogsadini giidiir. Bu
yanasma hom iqtisadi, hom do ekoloji cohatdon davamli va effektiv bir idaroetmo prosesini tomin
edir.istismar rejiminin idaro olunmasinda gerarvermo proseslorinin avtomatlagdirilmasi iigiin
gqayda osasli ekspert sistemlorinin prototiplori hazirlanmigdir. Masin Syronmosi alqoritmlori
vasitasilo hasilatin prognozlagdirilmas: vo potensial risklorin erkon morholods identifikasiyasi
hoyata keg¢irilmisdir.

Sistemli yanasma, yataqlarin iglonmasinin har marhalosini bir-birino bagli vo qarsiligh tosir edon
elementlor kimi nozordon kegirir. Hor bir qorar, biitiin sistemo tosir edir, bu sobobdon har bir
marhalonin tohlili, tokca yeralt1 ehtiyatlarin ¢ixarilmasi ils baglh deyil, ham do ekoloji, texnoloji
va sosial aspektlorlo baglidir.

Yatagin miixtolif islonmo strategiyalarina uygun miimkiin inkisaf yollar1 ssenari modellori
soklindo qurulmus, bu ssenarilor iizro texnoloji, iqtisadi vo ekoloji naoticolor miiqayisoli sokildo
tohlil edilmisdir. Sistem dinamikasi yanasmasi ilo todrici doyisikliklorin uzunmiiddatli tosiri
qiymotlondirilmisdir.

Tatbiq edilon bu metodologiyalar birlikda, neft yataginin islonmo prosesinin yalniz statik deyil,
hom do dinamik vo prognostik aspektlordon tohlil edilmasine imkan vermis, kompleks qorarvermo
mexanizmlorinin formalagdirilmasi ii¢lin elmi baza yaratmisdir.

Neft yataginin istismarinda osas parametr olan yatagin mohsuldarhigi (Q) asagidaki timumi
diisturla ifads edils bilar:

Q:k'h'(Pl—Pz)f#'L (1)

Bu diistur asagidaki doyisonlori nozords tutur:
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Q: Yatagdan hasil olunan mayenin (neftin) hocmi (m3/s vo ya I/s).
k: Yatagin keciricilik omsali (m? vo ya darcy ils olgiiliir).
h: Neft layinin qalinligi (m).

PL— P, Quyunun daxilindoki vo yataq tozyiqi arasindaki forq (Pa vo ya atm).

u: Mayenin (neftin) 6zliiliiyii (Pa-s).

L: Yataqdan quyuyadok mosafo (m).

Bu diistur Darsi qanunu asasinda tortib edilmisdir vo yataqdan hasilat prosesini tosvir edir.

ok whPE

o Tozyiq forqi (‘P 1~ P 2) artdiqca hasilat artir.

o Kegiricilik omsali (k) yiiksok olan yataqlarda hasilat daha ¢ox olur.

e Mayenin ozliiliiyl () artdiqca, yataqdan hasilat ¢atinlogir.
Diistur, hasilat prosesini modellosdirmak vo sistemli yanagmanin somaroliliyini artirmaq {igiin
mithondisloro vo geologlara dostok ola bilor. Texnoloji vo geoloji parametrlorin
optimallagdirilmasi bu diistur asasinda hoyata kegirilir.
Neft yataginin mohsuldarligini tosvir edon otrafli diistur asagidaki kimi verils bilor:

K-h-(Py—PF;)
rA )

.1n{_3]
Q= """ )

Q: Hasil olunan neftin hocmi (m?/s vo ya I/s). Bu, quyudan ¢ixarilan neftin miqdarini gostorir.
K: Neft yataginin kegiricilik omsali (m? vo ya darsi ilo Ol¢iiliir). Yatagin siixurunun mosamaliliyi
va nefti no qadar samarali buraxa bilacayini gostarir.
h: Neft layinin qalinlig1 (m). Layin qalinligi mohsuldarligin birbasa tosir edon parametrlorindon
biridir.

P1, Yataq tozyiqi (Pa vo ya atm). Yatagin nefti ¢ixarmagq iiciin verdiyi tobii enerji.

Pa. Quyunun daxilindoki tozyiq (Pa vo ya atm). Bu tozyiq, hasilat prosesindo yaranan
miiqavimatlo baghdir.

u: Neftin dzliiliiyii (Pa-s). Ozliiliik na goder yiiksokdirsa, neftin axicilig1 bir o qodor azdir
va hasilat ¢otinlosir.

Te: Yatagin effektiv radiusu (m). Bu, yatagin hasilata calb olunan sahasini ifads edir.

"w: Quyunun radiusu (m). Quyunun &l¢iisiinii tosvir edir.
A: Neft laymin axin sahosi (m?). Bu, yatagin mohsuldarligini artiran digor miihiim
parametrdir.

Ta
In (;)
Tozyiq forqi (P 1~ P 2): Yataq tozyiqi ilo quyunun tozyiqi arasindaki forq mohsuldarligin osas
harakatverici qiivvesidir. Tozyiq forqi no qador boylikdiirss, hasilat bir o godar ¢ox olar.
Kegiricilik oamsali (K): Siixurun masamoli strukturu vo kegiricilik qabiliyyati mohsuldarlig artirir.
Daha yiiksak kegiricilik daha ¢ox hasilata imkan yaradir.
Lay qalinligi (h): Yatagin qalinlig1 artdiqca, hasilata calb olunan neft ehtiyati artir.

Mayenin ozliliyii (p): Neftin ozliililyli asag1 olduqda, yataqdan quyuya dogru axin daha asan bag
Verir.

Logaritmik funksiya. Yataqdan quyuya neftin axin yolu ils bagl itkini tasvir edir.
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Bu diistur yatagin mohsuldarligin1 artirmaq TUgiin istifado olunan texniki vo texnoloji
doyisikliklorin effektivliyini tohlil etmok {igiin istifado edilir (sok 2). Sistemli yanasma, diisturun
hor bir doyisoninin optimallasdirilmasini nozards tutur. Masalon:

o Tozyiqin artirilmasi {igiin tozyiq vurma tisullarinin totbiqi.

o Kegiricilik omsalini artirmagq ti¢lin laylarin hidravlik ¢atlamasi (fracking).

o  Ozliilityii azaltmagq ii¢iin termiki iisullarin vo ya kimyovi maddalarin tatbigi.
Bu diistur yatagin istismar xiisusiyyatlorinin modellosdirilmasindo asash vasitolordon biridir.

- - e - g o v " - v -

— Mahsuldarliq (Q)

(8}

Mahsuldariig (\(Q\), m¥/s)

1 2 3 4 5 6 7 8 9
Quyudaki tazyiq (\(P_2\), atm)

Sakil 2. Mohsuldarligin quyudaki tozyiqden asililigt.

Yuxaridaki grafik, neft yataginin mohsuldarliginin (Q) quyudaki tozyiqden (P 2) asililigin1 gostarir.

o Yatay ox (F2): Quyudaki tozyiq (atm ilo).
e Saquli ox (Q): Hasil olunan neftin hacmi (m?/s il9).

Qrafikdon goriindiiyli kimi, quyudak: tozyiq (‘D 2) artdiqca, mohsuldarliq (Q) azalir. Bu, tozyiq

forqinin Pr = P2 pasilati idars edon asas faktor olmasindan qaynaqlanir. Tozyiq forqi azaldiqca,
yatagdan ¢ixarilan neft hocmi do azalir.

Notica

Moaqalodo neft yataginin islonmo prosesinin tohlilino sistemli yanasmanin totbiginin shomiyyati
vurgulanmigdir. Sistemli yanagma, yataqlarin istismarimi daha somarali vo davamli sokilde hoyata
kegirmoyo imkan verir. Bu yanagma sayasindo, yataqlarin istismariin miixtolif aspektlori bir-biri
ilo alagoalondirilorak, daha doqiq prognozlar vo diizgiin gorarlar alinir.

Tohlil edilon metodlar, yataq islonmosinin optimallasdirilmasini, qazancin artirilmasini vo eyni
zamanda otraf miihito manfi tesirin azaldilmasini tomin edir. Ayrica, sistemli yanasma nazarat vo
idaroetmo sistemlorini giiclondirir, resurslarin daha optimal sokildo istifado olunmasina imkan
VErir.
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Notico etibarilo, neft yataglarinin islonmosindo sistemli yanasmanin totbiqi, hom iqtisadi
somaraliliyi artirir, hom do ekoloji tohliikasizlik baximindan miihiim rol oynayir. Golocokds, bu
yanasmanin daha genis totbiqi neft sonayesinin daha dayaniqli vo mosuliyystli inkisafina gsorait
yaradacaqdir.
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PE3IOME

B cratbe paccMarpuBarOTCs Hay4HBIE OCHOBBI TPUMEHEHHUS CHCTEMHOIO IOJX0Ja JJis
3¢ (heKTUBHON U ONTUMAIBHON OpraHMU3AIMH IMpoliecca pa3padOTKH HEPTIHBIX MECTOPOKICHUM.
B ycnoBusX CHOXKHOCTH TIPOIIECCOB MPHUHATHS pemeHuid B cdepe 00bdM HEPTH U
B3aMMOJICHCTBUSI MHOTOYHCIEHHBIX (DAaKTOPOB CHCTEMHBIN MOAXOA BBICTYMAET BaKHBIM
WHCTPYMEHTOM B COBPEMEHHYIO 3MO0Xy. B cTarbe CHCTEMHO MPOAHAIM3UPOBAHBI B3aWMOCBS3U
MEXJy TEOJOTHYECKUM CTpPOEHUEM, (PU3UKO-XMUMUYECKUMHU CBOWCTBAMHU, TEXHOJOTHUSIMU
pa3pabOTKU ¥ YKOHOMUYECKUMH MOKA3aTEIIMU MECTOPOKICHHIA.

B xonme wuccnenmoBanusi Obuta mTpoBeleHa KiacCU(UKAIMs OCHOBHBIX JTaloB pPa3pabOTKU
MECTOPOXKICHHI HAa OCHOBE METOJOB TCOPUHU CHUCTEM, (DYHKIMOHAIBLHOW CTPYKTYypHU3AHH W
MOJICTIMPOBAHUS, a TaKXKe OMPEJCIICHbl OCHOBHBIE KPUTEPUH MPHUHATHS PEIICHUN IS KaXKI0TO
srana. [Ipm 3TOM BHyTpeHHWE W BHEIIHWE (DAKTOPHI, BIMSIONIME HA TMPOIECC pa3pabOTKH,
BKJIFOYAsl JUHAMUKY MPOU3BOJIUTEIbHOCTH, PEKUM JIABJICHHUS, HAIOP BOJbI, PEXKUM TEXHUYECKOTO
00CITy)KMBaHUS ¥ JKOJOTHYECKHE PHUCKH, OICHUBAINCH C HCIOIB30BAHUEM KOMIUJIEKCHOTO
noaxoja.

B crathe moOKazaHO, YTO CHCTEMHBIM TOAXOJ TMO3BOJIAET Oonee TOYHO U IPPEKTUBHO
OCYILECTBIISITh CTPATErMYECKOE IUIAHUPOBAHME, ONEPATUBHOE YIPAaBJICHHE U MPOTHO3UPOBAHUE
pe3yabTaToOB MpU pa3paboTke HEPTIHBIX MECTOPOXKIACHUN. Takoi MOAXO0a TakKe CIIOCOOCTBYET
3¢ (HEeKTUBHOMY HCIIOJIB30BAHUIO SHEPTOPECYPCOB, 3AIIUTE OKPYKAIOLIEH CPeIbl U ONTHMH3AIUN
AKCIUTyaTaI[MOHHBIX PACXO/IOB.

KuroueBble cjioBa: pa3paboTka HEPTSHBIX MECTOPOKICHUH, CUCTEMHBIA MOJXOJ, YIPaBICHUE
YHEPTETUUECKUMH PECypCamu, reosioro-reopu3ndaecKuii aHau3, ONTUMH3AINS TOOBIYH.
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