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GENERAL DESCRIPTION OF WORK
The topicality and development degree of the subject.

Seekiııg for new Solutions which aıe applied in an effort to 
ınost completely recover hydıocarbons is one of the major tasks of 
the sectoral Science of oil and gas complex. In liııe with reliable 
estimates, uııder the cuııent conditioııs for the development of oil 
fıelds (about 4 billioıı toııs annually), the hydıocarbon ıeseıves, 
which make it possible to recover more than 40% of the woıid's 
geological resouıces on average, will be depleted by the end of the 
21st ceııtury. At the saıne time, the modern development of 
fundamental and applied Science allows pıedicting an incıease in the 
oil recovery factor (ORF) by an average of 8%. For fıelds in 
Azerbaijaıı tlıat are in long-term development, the effect of an 
iııcrease in oil recovery factor by 1% is compaıable to the 
connnissioııing of a new large fıeld. Theıefoıe, the gıowth of oil 
pıoductioıı at fıelds uııder long-term developıııet, by iııcreasiııg the 
effectiveness due to stimulatioıı of pıoductive foımatioııs, is one of 
the priority aıeas on the way of iımovative development clıoseıı by 
State Oil Compaııy of Azerbaijaıı Republic (SOCAR).

Tlıe mechaııism of devisiııg an iımovative appıoaclı to the 
development of oil and gas complex (O&GC) is based on the wealtlı 
of expeıieııce accumulated in the field of oil and gas pıoductioıı. 
However, at tlıis stage of the development of the oil industry, the 
possibilities of eıılıaııcing oil recovery (EOR) are sigııificaııtly 
limited by the lack of iııfoımatioıı about the dyııamics of the cuııent 
State of ıeseıvoir processes.

An oil fıeld at a mature stage of development at the cuııent 
level of its iııformatizatioıı is a pooıiy managed system. Data on 
plıysical and Chemical processes occurring in the layer system are not 
reliable eııouglı and are fıagmentary in ııature. Multilevel 
coımections of ıeseıvoir system objects - wells and ıeseıvoirs, 
combiııiııg iııto a siııgle complex oıganism, lead to the appearaııce of 
new properties and ıegularities. Chaııgiııg the nıode of operatioıı of a 
limited set of mutually iııteractiııg pıoductioıı and iııjectioıı wells 
affects the work of all otlıeıs. The abseııce of an orgaııically built-iıı 
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complex information system in the oil industry, which includes 
computerized collectioıı and comprehensive analysis of information 
on the oil layer, does not allow to increase the effıciency of the oil 
pıoduction process to a modern level. The methodology of 
Processing qualitative and quaııtitative information about extracted 
pıoduction, core material, the effectiveness of technological 
measuıes used for the intensificatioıı of oil pıoduction, allowiııg to 
optimize the clıoice of technique and technological impact on 
pıoductive layers, could become the basis of tlıis system. Usiııg the 
pıoposed appıoach wlıen collectiııg and systematiziııg iııdustrial 
information allows you to fomı a uııified visioıı of the field 
developmeııt process.

The lack of desigıı and management Solutions witlı dynamic 
information about the actual State of the researched pıocesses 
coııtradicts the iııterests of the ratioııal solution of developmeııt tasks. 
The creatioıı of a methodology for diagnosing the ıeservoir system 
based on the processiııg of iııdustrial and laboratory-experimeııtal 
information in order to increase the reliability and completeııess of 
the data about the State of the pıoductive layers of the field acquires 
special relevaııce. The researclı directioıı developed lıas special 
relevaııce for offslıore fields. Accordiııg to experts, the estimated 
geological oil reserves located in the sedimeııtary rocks of the seas 
reaclı 70% of the total world volume and can anıount to hundıeds of 
billioııs of toııs. Cuırently, about 20 offslıore fields are beiııg 
developed in Azerbaijaıı, a quarter of tlıem are deep-water. Oil 
pıoduction is carried out on suclı deposits, as a rule, at a deptlı of 50 
meters or ıııore. Oil pıoduction in offslıore areas is associated witlı 
lıiglı costs and teclınical diffıculties, as well as witlı a nunıber of 
exterııal adveıse factoıs. The costs of ıeseaıching the State of the 
layer system in the developmeııt of offslıore fields are significantly 
lıiglıer thaıı tlıose oııslıore. Obstacles to coııductiııg diagııostic 
studies, which allow ideııtifyiııg the ııecessary coııditioııs for 
effective results of offslıore oil pıoduction, are ofteıı a lıiglı iııdicator 
of natural factoıs and large well deptlıs, as well as the lack of 
sufficieııt reserves for placiııg equipmeııt and coııductiııg researclı in 
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the conditions of maıine hydıostructures, as costs increase in 
pıoportioıı to the depth and area used for placiııg the necessary 
equipment. The level of operational expeııses increases as the 
recovery depth, haıdness and thickness of the rock increases, as well 
as the distaııce of the industıy ffom the coast and the complexity of 
the relief of the bottom between the pıoduction zoııe and the slıore.

Fıonı the above, it follows tlıat in the cuııent conditions of 
Azerbaijaıı, the inııovative transformatioıı of the oil and gas complex 
caınıot be instantaııeous and widespread, and therefore it slıould be 
based on the creatioıı of so-called oil pıoduction gıowtlı zoııes at 
various fields. Zonal ıeseıvoir stimulatioıı, carried out in order to 
increase oil pıoduction in certaiıı areas, can beconıe the startiııg poiııt 
in solviııg the general issue of boostiııg oil pıoduction at fields, 
allowiııg tlıis process to nıove fioııı a quaııtitative level to a 
qualitative stage over time. The advaııtage of zonal stimulatioıı on 
pıoductive foımatioııs is the availability of wide opportuııities for the 
use of teclınological Solutions and metlıodology for aııalyziııg the 
effectiveness of oııgoiııg activities, witlıout attractiııg sigııificaııt 
iııvestmeııts and expeıısive Software systems.

To puıposefully increase oil recovery factor by stimulatiııg 
the foımatioıı, a prelimiııaıy aııalysis of the cuıreııt State of the object 
of study, treııds in the developmeııt of the treatmeııt process, 
poteııtial resources of the ıeseıvoir systenı and the expected timing of 
aclıieviııg the goal is necessary. Tlıis iııfoımatioıı nıakes it possible to 
evaluate the expected effect and possible coıısequeııces of the 
measuıes to enhance oil recovery.

Tlıis paper pıoposes a metlıodology for diagııosiııg the cuııent 
State of the field and its iııdividual zoııes in order to select effective 
ıeseıvoir stimulatioıı. The use of the pıoposed metlıodology nıakes it 
possible to increase the efficieııcy of the oil pıoduction process by 
pıovidiııg coııtrol over the teclınological processes for the inıpact on 
the ıeseıvoir used in oil pıoduction and optimiziııg the operatiııg 
nıode of pıoduction wells and the operation of iııjectioıı wells. Iıı 
accordaııce witlı the pıoposed metlıodology, the adoptioıı of 
teclınological decisioııs is caııied out witlı the involvemeııt of an 
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express aııalysis of fıeld data and visualizatioıı of tlıe infoımation 
received, canied out usiııg specially developed Software tools. Tlıis 
allows to ıeduce tlıe level of uııcertainty of kııowledge about tlıe 
current state of tlıe object of ıııflueııce.

Tlıe above coııfinııs tlıat tlıe scieııtific directioııs studied iıı 
tlıe dissertatioıı work are aıııoııg tlıe actual issues iıı tlıe ıııore 
effıcieııt developıııeııt of tlıe oilfıelds. Pıoviding Solutions to tlıese 
scieııtific issues is of vital importance in workiııg out tlıe ratioııal 
Processing metlıods of deposits and eıılıancing hydıocarbon 
recovery. Coıısideratioıı of tlıe above issues is very relevaııt and lıas 
important scieııtific and practical sigııifıcaııce.

The object and subject of the research - teclıııiques for 
diagııosing tlıe current state of tlıe subject of diagııosis, treııds in its 
developıııeııt in tlıe pıocess of artificial coııditioııs and evaluatioıı of 
poteııtial resouıces. The subject of diagııosis can be botlı tlıe fıeld as 
a wlıole - a complex, lıiglıly orgaııized dynamic systenı, and its 
iııdividual compoııents - zoııes of tlıe pıoductive lıorizoıı arouııd a 
block, a group of wells or iııdividual wells. iııdividual elemeııts of 
tlıe systenı, for example, rocks, fluids, processes of iııteractioıı 
between tlıeııı, pıoductioıı ftıııctioııs, resouıces and orgaııizatioııal 
stıuctuıe of oil and gas produciııg eııteıprises, tlıe cost of 
teclınological operatioııs, etc., can be consideıed as diagııostic 
objects.

Purpose and objectives of research.
Tlıe ıııajor purpose of tlıe research in the dissertatioıı work is 

to develop a ııew nıetlıodology for aııalyziııg the state of the fıeld and 
well pıoductivity, wlıiclı allows you to quickly ideııtify current 
clıaııges in the operatioıı of the ıeservoir systenı. Decisioııs on 
ıeservoir stimulatioıı ıııade on the basis of diagııostics of the current 
state of pıoductive lıorizoııs are used to forııı zoııes of pıoductioıı 
growth iıı oil and gas fields. To tlıis eııd, the followiııg tasks were 
solved in the work:

1. Studyiııg the possibilities of boostiııg oil pıoductioıı in the 
offshoıe and oııslıore fields of Azerbaijaıı. Detemıiııatioıı of a set of 
problems associated witlı the geııesis of the zonal approaclı to the 
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problem of iııcreasiııg oil pıoductioıı at fıelds duriııg tlıeir loııg-tenıı 
development;

2. Diagnosis of a productive ıeseıvoir based on the 
development of new and ımprovemeııt of exıstıııg metlıods for 
assessiııg and visualiziııg clıaııges in the cuııent filtratioıı State of the 
ıeseıvoir system in a selected area of the fıeld, iııteııded for canying 
out measures to iııcrease oil recovery;

3. Pıospective assessmeııt of the effectiveııess of the plaımed 
stimulatioıı on the ıeseıvoir based on the dyııamics of Standard fıeld 
iııfoımatioıı;

4. Makiııg decisioııs on the clıoice of a strategy for influencing 
productive strata in order to iııcrease oil recovery accoıdiııg to the 
data of normal opeıatioıı of wells in oil and gas fıelds oııslıore and 
offslıore.

5. Aııalyziııg the relatioııslıip betweeıı CO? coııteııt in dissolved 
gas and well pıoductivity, assessiııg the inıpact of tlıis factor 011 the 
State of the ıeseıvoir system in the viciııity of produciııg wells and 011 
development iııdicatoıs. Study of the possibilities of usiııg tlıis factor 
for the puıpose of the cuııent diagııostics of productive lıorizoııs and 
enhanced oil recovery.

Research methods. The tasks were set off by applyiııg the 
metlıods of matlıematical modeliııg and matlıematical plıysics, 
iııfoımatioıı theory, progrannniııg, pıobabilistic-statistical and 
laboratory-experimeııtal data aııalysis and field researclı.

Provisions for defence
1. A metlıod for assessiııg the cuııent State of the ıeseıvoir 

system accoıdiııg to well pıoductivity data in the coıısideıed sectioıı 
of the fıeld, which is at a mature stage of development, usiııg the 
methods of fiınction theory of a complex variable;

2. A metlıod for assessiııg the State of oil fıeld development and 
determiııing the spatio-temporal bouııdaries of the oil-water coııtact 
screeıı in the ıeseıvoir usiııg the methods of fractal and multifractal 
aııalysis and the theory of wavelet traıısfomıs.

3. Combiııed methods of scieııtific substaııtiatioıı of measures 
takeıı to enhance oil recovery.
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4. Methods for using data describiııg the dynamics of the CO? 
content in the compositioıı of the gas dissolved in the recoveıed 
pıoduct to assess and interpret the State of the reservoir.

5. A nıethod for extracting respoııses to tıansient pıocesses 
occuııing in a reservoir in the dynamics of normal well operatioıı 
data based on the calculation of information and fractal iııdicators.

Scientific noveltv of the reseaı ch
1. A scieııce-based methodology for diagnosing a reservoir 

system is pıoposed when choosing methods for stimulating the 
reservoir in order to boost oil recovery.

2. A Software package is pıoposed tlıat is used for operatioııal 
and long-term assessmeııt of botlı the zonal and the general State of 
the reservoir system, in order to conduct and pıeliminary evaluate the 
effectiveness of planned measuıes to enhance oil recovery of 
pıoductive reseıvoiıs and select a strategy for artificial coııditioııs 011 
a reservoir;

3. Express methods for assessiııg the curıent distributioıı of the 
fıltratioıı clıaracteristics of the movement of reseıvoir fluids İ11 the 
pı oductive reservoir of a zonal area are pıoposed, takiııg iııto accouııt 
the iııterfereııce of wells. The teclıııiques are also applicable for 
Processing laboratory and experimeııtal results of studyiııg the oil 
displacemeııt process 011 a multi-point reseıvoir model;

4. Methods lıave beeıı developed for analyziııg the process of 
developing oil reserves fıonı a reseıvoir using a spectrum of 
geııeralized fractal dimeıısioııs of dıained reserves, Fislıer and 
Shannon information iııdicators, wavelet tlıeory, and diagııostics of 
the space-time bouııdaıies of the oil-water coııtact fioııt İ11 the 
reseıvoir.

5. For the first time, it was pıoposed to use data 011 the coııteııt 
of CO2 in the recoveıed pıoduction as aıı iııdicator of the State of the 
pıoductive fomıatioıı and the dıained zoııe aıound the wellboıe.

6. The use of the pıoposed methodology nıakes it possible to 
solve a ııumber of field problems of practical importaııce. Amoııg 
thenı:
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- Obtainmg iııformation on the distributioıı of filtration flows 
in the ıeseıvoir system by calculation, without conductiııg tracer 
studies in fıeld conditions;

- Detenniniııg the optimal amouııt of the ageııt requiıed for 
treatiııg water injected iııto the ıeseıvoir, takiııg into accouııt the 
coverage of the pıoductive ıeseıvoir by tlıe impact on the selected 
area;

- Calculation of ıeseıvoir pıessure redistributioıı caused by 
start-up, slıutdowıı, or chaııge in fluid pıoductioıı fioııı wells, uııder 
the influence of measuıes takeıı to influence the ıeseıvoir uııder 
artificial conditions.

- Calculation and visualizatioıı of the distributioıı of plıase 
permeabilities for liquid and gas in the studied zoııe of the pıoductive 
foıuıation accordiııg to well productivity data;

- Detenniniııg the localizatioıı of stagnant and active filtration 
zoııes duıiııg oıl dısplacemeııt fioııı the foıuıation and assocıated 
complicatioııs in the ııear-wellbore and draiııage zoııe of wells;

- Calculation and visualizatioıı of the distributioıı of the 
cuırent values of the streanı functions, poteııtial functions, tlıeir 
gradients and filtration ıate, clıaracteriziııg the filtration State of the 
pıoductive foıuıation wlıeıı oil is displaced in a selected area witlı a 
group of operatiııg wells;

- Quaııtitative assessmeııt of the correspoııdeııce between the 
voluıııe of injected water and the voluıııe of recoveıed pıoductioıı for 
a group of wells, between wlıiclı tlıere is interfeıence, in order to 
localize tlıe water-cut.

- A ııew appıoaclı lıas beeıı pıoposed for conductiııg detailed 
screeııiııg wlıeıı clıoosiııg ıeseıvoir stimulatioıı metlıods in order to 
ıııcrease oıl recovery 111 accordaııce witlı the current state of the 
pıoductive ıeseıvoir in the selected area.

- All of the above tasks were settled off witlı tlıe lıelp of the 
pıoposed Software package on the example of fıeld data of 
Azerbaijan fields, botlı oııslıore and offslıore.
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Theoretical and practical significance of the reseaı ch.
The theoretical and practical value of the peı formed research lies in 
the development of scientific and methodological foundatioııs for 
dıagııosıng the cuııent state of oil and gas fıeld development. 
Qualitative and quaııtitative aııalysis, based on the results of the 
implementation of the calculatioıı schemes pıoposed in tlıis paper, 
can improve the teclınological level of decisioıı-making to improve 
the effıcieııcy of the oil and gas pıoduction process, botlı in the fıeld 
as a whole and in limited zoııes of ıeseıvoir stimulatioıı. A 
ıeasoııable clıoice of methods for artificial conditions on a ıeseıvoir 
and the depıessioıı zoııe of wells is pıovided by quaııtitative 
assessment of the filtratioıı clıaracteristics of the movement of 
ıeseıvoir fluids in the pıoductive ıeseıvoir of tlıe zonal area, takiııg 
iııto accouııt the iııterfereııce of wells and visualizatioıı of tlıeir 
cuııent distributioıı. The ıeseıvoir stimulatioıı stıategy, clıoseıı based 
on the aııalysis of tinıe series of development lıistory data usiııg 
ffactal aııalysis methods, wavelet tlıeory and information pıocessiııg 
tlıeory, nıakes it possible to operate tlıe field not oııly on the 
pıinciples of ıeseıvoir pressure maintenaııce, but also take iııto 
accouııt the process of systenı self-orgaııizatioıı.

Iıı tlıis seııse, the results pıovided in the dissertatioıı are of 
lıiglı importance. The methods and results pıoposed in the 
dissertatioıı lıave beeıı successfully used in the scientific-research 
works carried out at SOCAR "OilGasScieııtificResearclıProject" 
Iııstitute, and the results lıave beeıı applied in pıoduction.

The outcomes of calculatioııs and aııalysis carried out in 
accoıdaııce witlı the pıoposed metlıodology lıave beeıı ıepeatedly 
used to study the dynamics of clıaııges in the cuııent state of the 
ıeseıvoir before and after the inteıveııtioıı to stimulate the ıeseıvoir 
in order to enlıaııce oil recovery in the fields of Azerbaijaıı oııslıore 
and offslıore and in Kazaklıstaıı. Aıııoııg tlıem: oııslıore - Balaklıaııy- 
Sabunclıu-Ramana, Piıallalıi, Zlıetebay (Kazaklıstaıı) fields, offslıore 
- the Gunashli, Neft Daslılari, West Abslıeroıı fields. Based on the 
results of the geııeralization of the expeıieııce gaiııed, the 
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methodology for pıocessiııg the results, diagnosing and pıedictiııg 
the pıocesses under study was impıoved.

Appıobation and application of work.
The maiıı pıovisioııs oıı the coııteııt of the dissertatioıı were discussed 
at the followiııg intemational scieııtific coııfereııces and forums:

- intemational coııfereııces “Klıazarheftgazyatag”, 
2002, 2004, 2006, 2008, Baku, Azerbaijaıı;

- “Natural cataclysms and global problems of the 
modern civilization” Special edition of Transactions of the 
International Academy of Science H&E 2007, Baku-Inıısbnıck,

- lOtlı International Coııgress on "Energy, Ecology, 
Ecoııomy", 2009, Baku, Azerbaijaıı;

- Russiaıı oil and gas teclıııical coııfereııce and 
exhibition, 2010, Moscow, Russia;

II intemational scıeııtıfıc-practıcal coııfereııce “New 
teclınologies in oil production”, 2012, Baku;

- International scieııtific coııfereııce "Non-Newtonian 
systems in oil and gas industry", 2013, Baku;

- Scieııtific workslıops: subdivisioııs of oil and gas 
production of NDPI "Neftegaz", Research hıstitute "Geotechııological 
Problems of Oil, Gas and Chemistry", AGNA, Research hıstitute of 
Applied Matlıematics of Baku State Univeısity Baku, Azerbaijaıı;

- SPE Aıınual Caspiaıı Teclıııical Coııfereııce and 
Exhibition, 2015,2017, 2021, Baku, Azerbaijaıı;

- X Azerbaijaıı intemational geoplıysical coııfereııce 
"Assessmeııt of the hydrocaıbon poteııtial of the South Caspiaıı and 
similar depressioııs by geoplıysical research", Baku, Azerbaijaıı;

- 6-8tlı International Coııfereııce on Coııtrol and 
Optimizatioıı witlı Industıial Applications (COIA-2018, COIA-2020, 
COIA-2022). 2018,2020,2022 iıı Baku, Azerbaijaıı;

- "Bulatov Readiııgs" Pıoceediııgs of the International 
Scieııtific and Pıactical Coııfereııce, 2018, 2020, 2022, Krasnodar, 
Russia;
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- International Coııference Dedicated to the 9Oth 
Anniveısaıy of Academiciaıı Azad Mirzajartzadelı December 13-14, 
2018, Baku, Azerbaijan.

- International scientifıc and pıactical coııference 
"Teclıııological hınovatioııs in modern woıid", November 28, 2019, 
Ufa.

63 scientifıc papers lıave beeıı publislıed on tlıe topic of tlıe 
dissertation, iııchıdiııg 36 articles in jounıals recommeııded by tlıe 
Higlıer Attestatioıı Commissioıı of Azerbaijan, 27 reports in 
collections of intemational and domestic scientifıc coııfereııces.

The oıganization where the dissertation work was 
performed. “OilGasScientificResearchProject” Institute, SOCAR.

The total volume of the dissertation with a sign, indicating 
the volume of the structural units of the dissertation separatelv.

The dissertation work coıısists of an iııtroductioıı, six clıapters, 
31 paragıaplıs, 11 coııchısioııs and ıecommendations, a list of 
refereııces preseııted by 339 titles and appeııdices. The amouııt of 
work, iııchıdiııg 111 graplıics and fıgures and 19 tables, is 367 pages 
of priııted text. The voluıııe of the dissertation work: iııtroductioıı 
11112 symbols, Clıapter I 111932 symbols, Clıapter II 58979 
symbols, Clıapter III 450557 symbols, Clıapter IV 72346 symbols, 
Clıapter V 56147 symbols, Clıapter VI 30467 symbols. The total 
voluıııe of the dissertation is 791540 clıaracteıs.

Personal contribution of the author. The author directly 
participated in the plaııning of the scientifıc researclı preseııted in the 
dissertation, in defmiııg the questioııs, clıoosiııg the researclı 
metlıods, creatiııg the experimeııtal appaıatus and conductiııg the 
laboratory researclı. He led the selectıoıı of topıcs of all publislıed 
scientifıc works and reports on the subject of the dissertation, the 
justifıcatioıı, the creatioıı of the researclı metlıodology, the 
summaries of scientifıc literature and the aııalysis of the results.
The author was also the ıespoıısible executor of the scientifıc 
researclı works carried out at the SOCAR Institute "Oil and Gas 
Research Pıoject", wlıiclı fonııed the coııteııt of the dissertation.
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MAIN CONTENT OF THE DISSERTATION
The introduction gives ıeasoııs for the relevaııce of the 

coııducted researclı, outliııes the puıpose and ıııaiıı tasks, the methods 
of solving the issues, tlıe ıııaiıı pıovisioııs defeııded, slıows the 
scieııtifıc ııovelty and pıactical sigııifıcaııce of the results obtaiııed, 
appıoval and applicatioıı, the stnıctuıe and scope of the work are 
ıeflected.

The fııst clıapter covers the classifıcatioıı and system aııalysis of 
modern methods and tools for diagııosiııg the State of oil reservoirs. 
A scieııtifıc and pıactical substaııtiatioıı of the clıoseıı aıeas of 
researclı and pıospects for tlıeir developmeııt was carried out. The 
clıapter coıısists of seveıı paıagraphs.

The first paragraplı defıııes the goals and tasks faciııg the 
diagııosis of pıoductive formatioııs wlıeıı clıoosiııg methods of 
stimulatioıı to enlıaııce oil recovery and the requiremeııts for the 
iııitial information. It is coıısideıed lıow the general pıiııciples of 
allocatioıı of objects of diagııostics coırelate witlı the tasks of 
dıagııostıcs. A11 assessmeııt was ıııade of general modern ıdeas about 
methods for diagııosiııg the structural and fiıııctioııal State of the 
system in the liglıt of the clıoice of parameters for maııaging oil 
recovery of a pıoductive fomıatioıı dıuiııg the developmeııt and 
operatioıı of oil and gas fields.

Iıı tlıe secoııd paragraplı, based on tlıe lıistory of the fomıatioıı of 
diagııostics, as an iııtegral part of oilfıeld scieııce, the ıııaiıı stages in 

13



the development of methods for diagııosing a ıeseıvoir system were 
ideııtified, the pıiııciples for clıoosiııg EOR aııd assessiııg the 
bouııdaı ies of tlıeir applicability were coıısideı ed. The place of zonal 
ımpact on the foımatıoıı m the general theory of the foımatıoıı of an 
iımovative appıoaclı to the development of oil and gas complex is 
determiııed1.

It is pıoposed to coıısider the zonal inıpact on the ıeseıvoir as a 
systemic factor, the puıpose of which is to maiııtain and boost oil 
recovery, iııespective of the metlıod chosen for applicatioıı. The 
result of the inıpact, which detemıiııes the success of the measures 
takeıı, as well as a sigıı iııdicatiııg the ııeed and expedieııcy of 
applyiııg the inıpact, can be coıısideıed compeıısatory reactioııs of 
the ıeseıvoir system. Based on the assessmeııt of the State of the 
ıeseıvoir in differeııt aıeas of the fıelds, it is pıoposed to ideııtify 
zoııes tlıat lıave suffıcieııt poteııtial for additioııal development and 
ııeed to be stimulated. A11 effective inıpact is selected in case of 
uııdesirable clıaııges in the ıeseıvoir clıaracteristics, in accordaııce 
witlı the criteria compiled on the basis of scieııtific and practical 
kııowledge and the pıoposed metlıodological appıoaclı. Moııitoriııg 
of the ıespoııses of the ıeseıvoir system to the inteıveııtioıı nıade it 
possible to classify the impacts on the ıeseıvoir not by type, but by 
timeliııess, ııecessity, expedieııcy and suffıciency. Usiııg the 
pıoposed diagııostic appıoaclı and existiııg methods to impıove the 
effıcieııcy of oil pıoductioıı, it is possible to iııflueııce productive 
fonııations in local aıeas of the fıeld, tlıereby traıısfoımiııg zoııes 
witlı a low oil recovery factor iııto zoııes of oil pıoductioıı ramp-up.

Tlıis allows you to save and eııhaııce the oil recovery of 
productive layers, to pıeveııt prematuıe traıısitioıı of the field to the 
ııext stage of development.

1 rycefiHOBa H.II. O npenMymecTBax 30 Ha.ıt Horo nojxoıa npn 
Mcvıe.mpoBaHinı nupojıiHaMirıecKiıx npoıjeccoB b nnacTax HecjjTSHbix 
wecTopoauıeHiın Ha no3jHen CTajını pa3paöoTKiı. CıpoıneibCTBO HecJjmHbix n 
ra30Bbix CKBajKiiH Ha cyrne n Ha Mope. ISSN 0130-3872, 2017, N°8, c.37-39
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The first chapter also back up witlı facts the accuıacy of the 
pıoposed methods for ıııodeliııg ıeseıvoir pıocesses witlı zoııal 
stimulatioıı of the ıeseıvoir, usiııg wlıiclı it is possible to puıposefiılly 
group aıeas accordıııg to a selected attrıbute aııd develop strategıes 
for converting various types of limited inıpact zoııes iııto aıeas of oil 
pıoduction growüı.

The tlıiıd and fourtlı paıagraphs discuss modern methods and 
tools for obtaiııiııg and storiııg informatioıı aııays used to diagııose 
the state of pıoductive foımatioııs in the development of oil fields, as 
well as the use of matlıematical ıııodeliııg methods, Software 
calculatioıı and visualizatioıı tools for diagııostic pıocessiııg and 
iııterpretatioıı of field data. One of the nıeaııs to justify the 
effectiveııess of oııgoiııg measuıes to eıılıaııce oil recovery is the use 
of digitalizatioıı of the pıocesses occuning in the ıeseıvoir.

The fiftlı paragraplı is devoted to methods for diagııosing the 
ıeseıvoir systenı usiııg ııew approaclıes to ıııodeliııg field 
development and iııteıpretatioıı of fıeld data in order to eıılıaııce oil 
recovery. A11 assessmeııt was ıııade of the ıııerits and demerits of 
diagııosing the cuııent state of the fıeld based on the globalized and 
zonal approaclı wlıeıı clıoosiııg a development stıategy. hısuffıcieııt 
iııterest iıı the nıetlıodology of zonal ıeseıvoir stimulatioıı, techııical 
and socio-ecoııomic diffıculties associated witlı the collectioıı and 
storage of field data, the use of a globalized approaclı in 
hydrodyııamic ıııodeliııg of ıeseıvoir pıocesses, coveıiııg the eııtire 
fıeld as a wlıole, lıiııder the development and use of zonal 
digitalizatioıı in an oil fıeld. Development of a metlıodology for 
zonal stimulatioıı of the ıeseıvoir based on the creatioıı of ııew and 
improvemeııt of already kııowıı methods for assessiııg and 
visualizing changes in the fıltratioıı state of the ıeseıvoir systenı in a 
selected area of the fıeld, the creatioıı of coıpoıate data baııks on the 
effectiveııess of methods of zonal stimulatioıı of the ıeseıvoir, aloııg 
witlı a general systenı for collectiııg and systematiziııg reliable field 
iııfomıatioıı solves the above problems.

The possibilities of moııitoring and detailed statistics of the 
fıeld development process in order to ideııtify critical States of the 
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ıeseıvoir system are consideıed. Regular visualized aııalysis of 
changes in hydrodyııamic and geomechanical characteristics 
coııtributes to the coııtrol and management of the development of oil 
and gas fields. To solve the tasks set, ıt is proposed to use the 
methods of fiactal and multifractal data aııalysis usiııg the tlıeoıy of 
wavelets, elemeııts of the tlıeoıy of sigııal pıocessiııg, etc. The 
implementation of computatioııal methods based on advaııced 
scieııtific research is proposed to be carried out by usiııg Software 
modules preseııted in the fornı of additioııal Software patclıes 
(program patclı), and the clıoice of parameters for coııtrolliııg the 
state of the ıeseıvoir systenı duriııg fıeld developıııeııt is proposed 
from the staııdpoiııt of stnıctuıal, ftıııctioııal and model diagııostics.

The sixtlı and seveııtlı paragraplıs of the fırst clıapter are 
devoted to tlıis questioıı.
Tlıus, in the fırst clıapter, it is proposed to coıısider the development 
of ııew methods for diagııosiııg tlıe ıeseıvoir system as an iııtegral 
part of solviııg the general problems of iııcreasiııg oil production in 
the fields. Tlıis pıovides a real way out to tlıe management of 
ıeseıvoir processes, wlıiclı allows to aclıieve the advaııced 
development of the eııtire iııdustıy, wlıiclı is the ceııtral stıategic task 
faciııg SOCAR.
O11 the basis of the coııducted research, the followiııg coııchısioııs 
were dıawn:

- O11 the way of scieııtifıcally substaııtiated clıoice of the nıost 
effective techııologies for iııfluenciııg reservoirs in order to enhance 
oil recovery, tlıere is a ııeed to solve problems to impıove diagııostic 
methods and criteria for assessiııg the state of the ıeservoir system 
and the timeliııess of ıeseıvoir stimulatioıı. At the sanıe tinıe, botlı 
theoıetical and pıactıcal aspects of tlıis task are equally important.

- It is ııecessary to searclı for altemative ways to iııcıease the 
effıcieııcy of diagııostic methods tlıat allow making decisioııs on 
optimizing the operatioıı of the well system, wlıiclı is differeııt fıonı 
the traditioııal optimizatioıı of the operatioıı nıode of eaclı well 
separately.
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- New diagııostic methods should orgaııically fit iııto the 
system of digitalizatioıı of technological pıocesses, automated 
collection, processiııg and aııalysis of data and take iııto accouııt the 
fact of mutual influence of well operatioıı amoııg tlıemselves. Tlıis 
will nıake it possible to aııalyze the syııergistic iııteractioıı of 
reseıvoir pıocesses tlıat eıısure the belıavior of lıydıo- and gas- 
dyııamic fıltratioıı flows, botlı in the dıained zoııe of the wells and in 
the cıosshole space of the pıoductive reseıvoir.

- Tlıeıe is a demand for methods of diagııostic aııalysis of the 
cuırent State of developmeııt and its compliaııce witlı the laws of self- 
orgaııizatioıı of reseıvoir pıocesses wlıeıı planııiııg a general stıategy 
for field developmeııt. The availability of methods tlıat nıake it 
possible to discard ııoise distortioııs in the infoımation flow and to 
ideııtify pattems of iııterııal order in the general deteımiııistic clıaos 
of reseıvoir pıocesses nıake it possible to coııtıol it, wlıile the ııoise 
clıaos becomes uııcoııtrollable.

- Reduciııg the level of uncertainty wlıeıı clıoosiııg a metlıod of 
stimulatioıı of the fomıatioıı pıovides an opportunity to refraiıı froııı 
the use of expeıısive and eneıgy-intensive teclıııologies and use the 
natural eııergy capacity of the pıoductive fomıatioıı. Iııcreasiııg the 
flexibility of maııaging the developmeııt process creates coııditioııs 
for the fomıatioıı of a well-thought-out tactics and stıategy for the 
developmeııt of the field.

- Siııce the reseıvoir is a heteıophase metastable self- 
orgaııiziııg system, the combiııed use of diagııostic methods of 
aııalysis lıas a lıiglı poteııtial, wlıeıı tlıe results of oııe study are the 
object of study of otlıer methods. Tlıis approaclı allows you to nıoıe 
ıeasoııably allocate the parameteıs of the developmeııt process 
management2.

The second chapter pıovides justifıcation of and scieııtifıc 
backgrouııd for the developmeııt of a metlıod for carryiııg out express

2 CyjıeÜMaHOB E.A., TyceımoBa H.II. IIporHO3npoBaHiıe HetJjTeaoobraı ot 
rnıajnıpyeMoro Meponpııaıua, c yneroM ıiHTepcJjepeHmnı cKBaacıiH. // Proceediııgs 
2014, N°l, c. 31-38.
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moııitoring of the cuııent hydrodynamic State of the pıoductive stıata 
of oil fields, takiııg iııto account the interfeıence of wells uııder zoııal 
stimulation iıı order to iııcıease oil recoveıy3. It slıould be ııoted tlıat 
the developed appıoaclı for assessıııg the state of the ıeseıvoir system 
lıas great prospects for applicatioıı in offslıore fields, siııce it is based 
on matlıeınatical processiııg of Standard measuıed data fıonı normal 
well operatioıı and does not require special equipmeııt or additioııal 
measuıements of aııy iııdicatoıs. The nıethod for diagııosing the 
hydrodynamic State of the ıeseıvoir system in the studied area of the 
pıoductive lıorizoıı was developed on the basis of the applicatioıı of 
metlıods of the tlıeory of complex poteııtial functions. The clıapter 
coıısists of tlıree paragraplıs. The first paıagraph pıovides the 
ııecessary infonnation fıonı subsuıface hydıodynamics, tlıe tlıeory of 
complex-variable fuııction, outliııes the pıinciples and algoıithms 
uııderlying the hydrodynamic express moııitoring of zonal inıpact on 
pıoductive strata of oil fields, takiııg iııto account well interfeıence, 
and the feasibility of the outcomes obtaiııed are validated by 
matlıeınatical calculatioııs. The results of tlıe researclı are foımulas 
tlıat allow calculatiııg for eaclı cell of the gıid supeıimposed on the 
studied zoııe of the field, the values of the stıeanı functions and 
poteııtials Fı and 7*2, the clıaracteristic fuııction of the flow or the 
complex poteııtial F, the modulus of the filtration rate W, the gradient 
of the fuııction F(x, y).

İnjecting wells are taken as sources (debit < 0), and pıoductioıı 
wells are taken as siııks (debit > 0). The task is solved in the 
Caıtesiaıı (,n, vk) and polar coordiııate (r,cp) systems::

~k = xk+i-yk= rK e ' (1)
Complex poteııtial:

F=Fi+i- F2 (2)

3 TyceımoBa H.II. rıupomiHaMirıecKiın əKcnpecc-MOHirropıiHr 3OHanbHoro
B03ueiicTBiıs Ha npoayKTUBHBie nnacTBi HecJjTSHbix MecTopoacaerarii c yneTOM 
HHTep4)epeHuını CKBaaaiH. // Hec{)Tera3OBoe aejıo, Y4>a, 2017, t.15, N°3, c. 41-47.
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Accoıdiııg to the pıiııciple of supeıpositioıı applied to the souıce aııd 
flow points operatiııg at the sarne tiıııe iıı the layer:

Modulus of fıltratioıı rate:
dF

(3)

dz
(4)

The gradient of the function Ffcyk

grad(F)= (dF(x,y)/dx)- iv+(dF(x,y)/dy) jv (5)

Wlıere: zk, xk, jtt-the coordinates of well number k expressed in 
complex and real numbeıs, ıespectively;
rK, <pK - the dıstance and polar angle from well number k to the 
startiııg poiııt of the coordiııate system, ıespectively; k =1, ...n - the 
number of wells in the field of applicatioıı, i - imagiııaıy unit, qK, Fı, 
Fz - flow rate of the ktlı well, the poteııtial of the fıltratioıı rate and 
the liquid flow per unit (i.e. per 1 metr of fılter), ıespectively;

The above hydıodynamic clıaracteristics are deteımiııed in 
accoıdaııce witlı the pıiııciple of supeıpositioıı to the souıces and 
siııks simultaııeously operatiııg in the ıeseıvoir. As iııitial data for 
calculatioııs, the values of the cuııent flow rate of pıoductioıı wells 
and the wrells iııjectivity, the coordinates (xz, yz) of eaclı of the n wells 
operatiııg in tlıis area from the coıısideıed lıorizoıı are requiıed. The 
well coordinates are ııecessary to detemıiııe the distaııce betweeıı aııy 
gıid cell witlı iııdex k, j to the i well and the polar angle tlıat 
determiııes the positioıı of the radius vector in relatioıı to the unit 
basis vectoıs zv, jv.

Based on the existeııce of iııterfereııce between wells, which 
are takeıı as souıces and siııks, a system of methods for diagııosiııg 
the cuııent fıltratioıı State of a productive formatioıı in the area wlıere 
the wells are located lıas beeıı developed. Digital visualizatioıı of 
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streamlines and equipoteııtials, ıeseıvoir flow ıate and their gradieııt 
vectoıs, pıessuıe change aıeas and otlıer clıaracteristics of the 
ıeseıvoir systenı aıe carried out, usiııg the color scale.

O11 the fıgure 1 ıt is slıowed the results of tlıe vısualızatıoıı of 
the hydrodyııaınic pıoperties distributioıı of the KSv pıoductive layer 
fıltratioıı state in the pilot area of the Pirallalıi oilfield.

The positioıı of tlıese geometric objects relative to eaclı otlıer, 
botlı on the plaııe and in space, nıakes it possible to ideııtify the ınaiıı 
directioııs of fluid movemeııt in the ıeseıvoir, to ideııtify active and 
passive filtratioıı aıeas due to well operatioıı in iııterfereııce 
conditions and the geological and plıysical pıoperties of the ıeseıvoir 
systenı. At the saıııe tinıe, visualizatioıı is carried out directly for the 
plaııııed inıpact zoııe, witlıout iııvolviııg a simulatioıı hydrodyııaınic 
model of tlıe eııtire field as a wlıole.

F’

Figurel. The visualization of the of the hydıodynamic 
pıoperties distribution of the KSv pıoductive layer flltıation 
state in the pilot area of the Piı allahi oilfield.
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The peıformed calculatioııs are accompaııied by an explaııatioıı 
of the ways of interpıeting the results obtamed. The secoııd and third 
paıagraphs pıovide information on the pıogress of research work to 
ideııtify the reliability of the results obtaiııed. The proposed method 
was previously tested in laboıatory and expeıimental coııditioııs 
duıing the aııalysis of data obtaiııed in the course of research work on 
oil displacemeııt fıonı a fıve-spot ıeseıvoir model. The appıobatioıı 
results are compaıed witlı the results of pıeliminary calculatioııs. The 
reliability of the results obtaiııed duriııg the diagııostics of the 
ıeseıvoir system usiııg the proposed appıoaclı is coııfınned by the 
outcomes of tracer studies carried out at Oil Rocks fıeld4. The 
research outcomes are pıovided in the third paragraplı. Appıobatioıı 
of the proposed method in the course of zonal inıpact on pıoductive 
fomıations in order to iııcıease oil recovery in suclı fields oııslıore 
and offshoıe as Balakhani-Sabunchu-Ramana, Piıallahi, Oil Rocks, 
Gunashli (Azerbaijaıı), Zlıetybai (Kazaklıstaıı) nıade it possible to 
develop the pıiııciples and the proceduıe for interpıeting the obtaiııed 
calculated and visualizatioıı information5.

- Tlıe use of the developed method of data aııalysis, takiııg iııto 
accouııt well iııterfereııce, ratioııalizes the zonal inıpact on tlıe 
ıeseıvoiıs, visualiziııg the respoııse of the ıeservoir system to the 
plamıed eveııt. Regular aııalysis of the dyııamics of clıaııges in the 
above fıltratioıı clıaracteristics, visualized usiııg the proposed 
method, coııtributes to the coııtrol and management of the

4 w
HoparıiMOB X.M., TyceımoBa HİL, Ta^^aıeB A.A. Pa3pa6oTKa hobbix 

MeTOflOB KOHTpOJM Ha,U B03^eÖCTBIieM Ha npoayKTIIBHbie IUiaCTbl Ha 
npıiMepe MecTopoaçueHiDi "Hetjyr /Janrjıapı>ı"//«Scientific Petroleunı» , 2021, 
c. 37- 42.
5 Suleimanov Baghir, Hüseynova N.İ. , Rzayeva Sabina & Tulesheva Gülnar 
Results of Acidizing Injection Wells on the Zlıetybai Field (Kazaklıstaıı) 
//Journal: Petroleum Science and Technology Petroleum Science and 
Technology,Volume 36, 2018 - Issue 3 Pages 193-199. 
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developmeııt of oil aııd gas fields. The researclı ıesults led to the 
followiııg coııchısioııs:

- Tlıe developed aııd tested technique for express-nıoııitoriııg 
of the reservoir system, takiııg iııto accouııt well iııterfereııce, caıı be 
used to diagııose the lıydrodyııamic State of pıoductive ıeservoirs of 
oil fields tlıat are at a mature and late stage of developmeııt, witlı 
zonal stimulatioıı of the reseıvoir in order to increase oil recovery.

- Tlıe technique is based on the applicatioıı of methods of the 
tlıeory of complex poteııtials. Botlı before and after the inıpact on the 
fonııation, the calculatioıı and visualizatioıı of tlıe distributioıı of the 
hydıodynamic clıaracteristics of fluid movemeııt in the rocks of the 
pıoductive fonııation is carried out - the fuııctioııs of the curıent and 
poteııtials, and tlıeir gradieııts, fıltratioıı ıate. The fıltratioıı situatioıı 
in the reseıvoir is estimated and compared witlı a system of 
iııteractiııg wells operatiııg fıom a giveıı lıorizoıı.

- Tlıe metlıod iııcludes the pıocedure for automating the 
calculatioıı and visualizatioıı of the ıııaiıı clıaracteristics of the 
distributioıı of the soakaway, implemeııted in the iııteractive 
enviroıınıent of the "Matlab" pıogram. The eııtire aııalysis process 
fiom collectiııg iııfonnatioıı about the site to geııeratiııg a ıeport witlı 
the iııterpretatioıı of aııalytical ıesults lasts 1 to 3 days. The 
calculatioıı pıocedure takes about 30 miııutes.

- Tlıe obtaiııed ıesults are coııfmııed by the data obtaiııed 
duıiııg laboıatory and experimeııtal studies of oil displacemeııt on the 
plıysical reservoir model and field coııditioııs witlı tracer studies, 
which are coııfmııed by the test ıeport6. Oııe-time cost saviııgs for 
obtaiııiııg ıesults tlıat ıeplace tracer studies amouııted to 62.9 
tlıousaııd maııats.

- Tlıe possibility of pıomptly coııductiııg a diagııostic study of 
the curreııt fıltratioıı State of the reseıvoir, based on the pıocessiııg of

6 racbiwibi A.M., rycenHOBa H.II., MycaeBa LII.C. ÄHajım pacnpeaejıemM 
4)iiJibTpamıoHHoro noToxa, co3flaHHoro b ({nrarıecKon Moje.ın ruıacTa. / 
YneHbie 3aımcKiı HIIII «TeoTexHononrtıecKiıe npoö.ıevbi Hecjmı n ra3a n 
xiimim», 2012, XIII tom, c. 100-113.
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systematically measuıed iııdicatoıs of the productivity of injection 
and pıoduction wells in a selected area of the fıeld, has beeıı 
coııfıımed by maııy yeaıs of practice usiııg tlıis metlıod in the oil 
fields of Azerbaıjaıı witlı zonal ınıpact on productıve fomıatıoııs in 
order to increase oil recovery.

Tlıe metlıod nıakes it possible to use nıoıe accuıate 
information to select the best sclıeme for influencing tlıe ıeseıvoir 
and to improve the methods used for stimulatiııg the pıoductive 
foımation in order to increase tlıeir oil recovery.

The third chapter gives iıısiglıt iııto the development of a 
metlıod for estimatiııg the pressuıe gradieııt ıequiıed to stimulate the 
ıeseıvoir in order to coııtrol its leak-off capacity. The clıaııge in the 
stıess-strain state (SSS) of the ıeseıvoir, due to the redistributioıı of 
its fıltratioıı clıaracteristics, is estimated takiııg iııto accouııt the 
iııterference of wells in the area selected for the stimulatioıı7. The 
defoımatioıı of the ııear-wellbore zoııe of operated wells, in tum, 
leads to a non-uııifoım redistributioıı of ıeseıvoir pıoperties in certaiıı 
aıeas of the fıeld. Accoıdiııgly, the quality and quaııtity of pıoducts 
pıoduced at the wells aıe chaııgiııg. Tlıerefore, the paper pıoposes, 
wlıeıı carrying out measuıes ainıed at iııcreasiııg oil recovery, to 
assess the inıpact on the ıeseıvoir, takiııg iııto accouııt not oııly 
fıltratioıı, but also its geomeclıaııical pıoperties tlıat clıaııge duriııg 
the operatioıı of the fıeld. The chapter coıısists of six paıagraphs. The 
fııst two sectioııs preseııt the problem statemeııt, iııfoımatioıı from 
the tlıeory of contiııuums necessary for its solutioıı, and matlıematical 
calculatioııs.

Tlıe tlıird chapter is devoted to the problem of detemıiııiııg 
the stress and ıeseıvoir pressuıe during fluid fıltratioıı in a disturbed 
zoııe aıouııd a cyliııdrical woıkiııg in a medium wlıose belıavior has 
an elastic and viscoelastic clıaracter. The pıoposed estimatioıı

7 TyceımoBa H.II. OueHKa rpamıema jaB.aeHiM npn B03jencTBinı Ha nnacT c 
yneTOM b.hmhim nHTep([)epeHunn ckb3>khh Ha fle^opMaıjHOHHbie ıı 
4>HJibTpaıınoHHbie npoueccbi Ha BbijjejıeHHOM ynacTKe MecTopo^cieHiM.// 
SOCAR Pıoceedings No.l (2017) 070-82.
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metlıod is based on detemıiııiııg the pressuıe gıadient, the value of 
which depeııds on the chaııge in the componeııts of the average 
normal stress of the ıeseıvoir rocks, which chaııge over tinıe uııder 
the influence of fıltratioıı processes ııı the ıeseıvoir eııvıroıımeııt:

G = G +G (6)

Wlıere: a", a', - average normal stıesses aıouııd the well at the 
iııitial and curreııt tinıe.

As a ıesult of the studies, an aııalytical expressioıı was 
obtaiııed tlıat ıeflects the chaııge in stress values aıouııd the wellbore 
in the lıorizoıı domiııated by saııds, saııdstoııes, basalts, tlıat is, rocks 
wlıose belıavior is described usiııg an elastic ıııodel. The values of 
physical-mechaııical and liıeoplıysical indicatoıs clıaracteriziııg the 
"well-fomıatioıı" system are used as iııitial data wlıeıı calculating 
stıesses. If t=0, Ap = 0 tlıeıı </ = 0. aT is detemıiııed at a fixed pressuıe 
Ap = const, Ap - chaııciııg of pressuıe between the foımatioıı and the 
well, Pa.

At the sanıe tinıe, the value of the iııitial stress cr" at the iııııer 
boundaıy of the stıess-strain State chaııge zoııe balaııces witlı the 
hydıostatic pressuıe in the wellbore, and at the outer boundaıy witlı 
the sidewall pressuıe of the foımatioıı:

-j'Jı, r = r0
= /

(7)

Wlıere:
jm, js - deıısity of liquid and rocks, ıespectively, kg/nı3;
h = li2 - hı - layer tlıickııess;
hı li2 - upper and lower coııtacts of the productive lıorizoıı, 

ıespectively, ııı;
H- vertical deptlı of the well;
Ph - hydıostatic pressuıe in the well, Pa;
Py —side mouııtain pressuıe, Pa;
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Tlıe radial component of the cuırent stress uııder tlıe 
influence of constant extemal forces ot becomes zero at the 
bouııdaries of the disturbed zoııe:

0, r = r0
°, r = r, (8)

Iıı the disturbed zoııe of the iııitial stress-straiıı State of the 
layer, the rocks are defomıed and the radius r of the disturbed zoııe 
iııcreases u (u > 0). The straiıı compoııents s,r and are expıessed 
by w as follows:

du
= V H Ər

Wlıere:
£- defoııııatioıı;

Syy - compoııeııt of the straiıı teıısor 
u - displacemeııt vector, iııcrease of the radius r during the 

defoııııatioıı of the medium in the disturbed zoııe, ııı;
Fıonı the iııveıse fomı of the geııeralized Hooke's law, it is kııown 
tlıat the iııitial stress State corresponding to the solutioıı of the 
axisymmetric problem and the condition ezz=0 is described as 
follows:

<■

(jr = *

M
£<p<p —

r (9)

<

2G
l-2p.

H 2G r ow

/i \8u U
1-p —+p- 

dr r

du .u
1 — 2pı Ər

H 2G a. =-----
du u

1 - 2|i dr r

Wlıere:
G - slıear modulus in the rock nıatrix, Pa; 
p - Poisson’s ratio.

(10)
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For the de forma tioııs caused by cıeep processes, the general fonrıs of 
the relationship between stresses cr and straiııs s detemıined for a 
two-phase medium are used:

(H)

Wheıe:

coeffıcieııt of defomıatioıı caused by filtratioıı

processes in rocks,, s'1;
ks - coefficieııt of fıltrasioıı, ııı/s;
as, am - volume compıessive modulus of the rock and the fluid 
saturatiııg it, respectively;
Ap - pıessıue differeııce between the layer and the well, Pa.
The general solutioıı of system (10) is fouııd usiııg the equilibrium 
equatioıı:

(12)
Boundary and iııitial coııditioııs and tlıe priııciple of supeıpositioıı 
allow obtainiııg the dependeııce of stress componeııts on the 
pıoperties of the medium:
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(2|a-1)<S3

Wlıere:
ç- is coeffıcieııt of horizontal stress;
Aj, A2, As, Cj, Cs, C3 -is coeffıcieııts calculated based on tlıe rlıeo- 
physical parameters of the ıeseıvoir system, Pa;

A11 aııalytical expressioıı was also obtaiııed to calculate the 
stress values in tlıe distuıbed zoııe aıouııd the wellbore, the cıust is 
domiııated by rocks contaiııiııg clay, as well as salt-beariııg deposits 
and gypsunı, the belıavıor of wlııclı is descıibed usiııg a viscoelastıc 
ıııodel. Usiııg the obtaiııed expressioııs, the chaııge in the stress 
values aıouııd the wellbore in the depıessioıı zoııe of the wells is 
determiııed, depeııdiııg on the plıysical-nıeclıaııical and liıeoplıysical 
iııdicatoıs tlıat chaııge over tinıe, clıaracterizing the "well-foımatioıı" 
system. The calculatioıı takes iııto accouııt tlıat the defomıatioıı 
processes aıouııd the well take place fioııı the begiııniııg of drilliııg 
and coııtiııue mitil the cuııent date of the well operatioıı peıiod. To 
take iııto accouııt the creep factor of rocks, the Laplace traıısfomı 
was applied. The solutioıı for a viscoelastic medium was obtaiııed as 
a result of the iııverse transfomıation of the expressioııs obtaiııed to 
determiııe the values of the stress componeııt elemeııts, lıaviııg 
previously ıeplaced the elastic coııstaııts witlı viscoelasticity 
operatoıs. To detemııııe the dynamics of changes ııı the stress 
components in a medium wlıose belıavior lıas a viscoelastic ııature, 
the expansioıı tlıeorem was also used. hı accordaııce witlı the table of 
origiııals and inıages of fiınctions, the traıısitioıı froııı inıages to 
origiııals was carried out:
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(14):
o;;*(s) = (o„)/s

• ‘’r=<°=p)/s ’

c ‘= (a..)/s
Wlıere:

S- variable conveı sion;
v.e. - the stress-defonııatioıı State of tlıe medium is described 

witlı tlıe help of a viscoelastic model wlıeıı it is viscoelastic;
The solutioıı of the problem for the viscoelastic medium caıı be 

obtaiııed by first replaciııg the elastic coııstaııts iıı the equatioııs of 
the system (13) witlı the viscoelasticity operatoıs and tlıeıı applyiııg 
the inveısion of the expıessioııs a'e (S),aVJ> (S), ave(S).

” OO -

As a ıesult of the researclı, an aııalytical expressioıı was 
obtaiııed tlıat reflects the clıaııge in stress values arouııd the wellbore 
in the lıorizoıı domiııated by saııds, saııdstoııes, basalts, tlıat is, rocks 
wlıose belıavior is described usiııg an elastic ıııodel:

)+—L Apk (15)
> 3(1-p)^

g_41 + ^2 + ^3 , (2h~l)
3 3(l-p)

Tlıe values of the plıysical-nıeclıaııical and liıeoplıysical 
iııdicatoıs clıaracteriziııg the "well-ıeservoir" system are used as 
primaıy data duriııg stress calculation.

An aııalytical expressioıı was also obtaiııed for the calculation 
of stress values in the disturbed zoııe arouııd tlıe wellbore, domiııated 
by clay-beariııg rocks, as well as saliııe sedimeııts and gypsuııı, 
wlıose belıavior is described by a visco-elastic ıııodel: 
<<•'(/) = 1+^ 2+* 3)+fci) (c _ c c )e-9, +

3 3(l-n) 1 2 3
A Spk

M’
<2g 1\(e~9,-i)+ı
G(l + p)

(16)
Also in the paper, depeııdeııce is derived tlıat reflects the 

clıaııge in ıeseıvoir pressure P İ11 the depıessioıı zoııe of the well over 
tinıe for the case of fluid filtration İ11 a deformable porous medium. 
The expressioıı used to detemıiııe the clıaııge İ11 pressure coııtaiııs the 
expaıısioıı coeffıcieııts Tm,n(t), cyliııdrical Bessel functions of the 
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imaginaıy aıgument, zeros of the Bessel fiınction Ko(pr) pm, the value 
of which, in tum, is determiııed using the data characterizing the 
system "well-formatioıı". Among them, the pressure in the reservoir 
tlıat exısts before the applıcatıoıı of defomıatıoıı loads on the rock po, 
the curreııt reseıvoir pıessıue at the iııııer and outer bouııdaıies of the 
distuıbed zoııe pı, p2, the pore pressure coeffıcient p, the coefficient 
characterizing the volumetric pıoperties of the rock saturated witlı 
fluid B, the porosity of the rock m, the volume water weight an, 
coordiııates of the well in a cyliııdrical system (r, <p, total ııumber of 
pıoduction and iııjectioıı wells (z=2,...n) in the area uııder 
coıısideratioıı, coııstaııts characterizing the cıeep of the medium z, a. 
Also, wlıeıı calculatiııg the componeııts of the average normal stress 
aroıuıd the well, data characterizing tlıe profile and trajectory of the 
well are takeıı iııto account, suclı as the deviatioıı of the well froııı the 
vertical /, the aııgle of deviatioıı of the well fıonı the vertical a, 
coeffıcieııts depeııdiııg on the values of the zeııitlı aııgle, azimutlı and 
aııgle of rotatioıı of the well radius aı, a2, as, a4, as, well fılter leııgtlı 
d, wellbore and vertical deptlı.

A formula is also pıoposed for detemıiniııg the rock ffacture 
gradient, the value of which depeııds botlı on the values of the ıııeaıı 
normal stress componeııts and the teıısile stıeııgth of tlıe rocks in the 
viciııity of the coıısidered well Tj and the ııumber of iııjectioıı wells 5 
and pıoduction wells tı-s İ11 the area uııder coıısideratioıı:

= ’cos(a) + °J= -sin(a) + Tj +Pj (17)

Wlıere:
Tj - teıısile strength of the rock, Pa;
Pj- fomıatioıı pıessıue, Pa; 
a - the aııgle of deviatioıı of the well fıonı the vertical,degrees;

-Methods for assessiııg the distributioıı of the stress zoııe in the 
study area, takiııg iııto account the iııterfereııce of wells and 
detemıiniııg the pıessıue gradient ııecessary to pıovide effective 
inıpact 011 the fomıatioıı, are pıoposed İ11 the fourtlı and fıftlı 
paıagraphs.
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-iıı the sixtlı paıagraph, the results of tlıe ııumerical 
implementatioıı of the developed methods are preseııted oıı the 
example of tlıese Gunashli fields. Usiııg tlıe metlıodology for 
calculating the clıaııge iıı stress aııd ıeservoir pressuıe dıop for oııe of 
the blocks of the fıeld, wlıere water lıas ııever beeıı iııjected iııto the 
ıeseıvoir, a prelimiııaıy quaııtitative assessmeııt of the expected oil 
production for the peıiod of the plaııned future iııjectioıı was ıııade. 
A11 assessmeııt was ıııade of the pressuıe gradient ııecessaıy to 
iııfluence the ıeseıvoir in order to coııtrol its tlırouglıput. Diagııosis 
of the current state of the ıeseıvoir systenı based on the redistributioıı 
of the clıaracteristics of the soakaway, due to clıaııges in the stress- 
straiıı state of the ıeseıvoir, takiııg iııto accouııt the iııterfereııce of 
wells operatiııg in the area allocated for the stimulatioıı, nıakes it 
possible to justify the iııteıveııtions on tlıe ıeseıvoir ainıed at 
iııcreasiııg oil recovery. The followiııg results were obtaiııed duriııg 
the research:

- It is proposed to coııtrol the leak-off capacity of the ıeseıvoir 
based on the method of assessiııg the pressuıe gradient ıequiıed to 
iııfluence the ıeseıvoir.

- A11 algoritlım and a Software nıodule for calculating the 
stress and pressuıe in the ıeseıvoir systenı were developed, takiııg 
iııto accouııt the iııterfereııce of wells operatiııg in the selected area of 
the fıeld, inıplemeııted in the iııteractive eııviroııment of the "Matlab" 
progranı.

- Tlıe clıaııge in the stıess-stıain state in the "well-fomıatioıı" 
systenı is estimated by calculating the average normal stresses, botlı 
for elastic and viscous-elastic ıııedia.

Diagııosis of the current state of the ıeseıvoir systenı based on 
the redistributioıı of the clıaracteristics of the soakaway, due to 
clıaııges in the stıess-stıain state of the ıeseıvoir, takiııg iııto accouııt 
the iııterfereııce of wells operatiııg in the area allocated for the 
stimulatioıı, nıakes it possible to justify the iııteıveııtions on the 
ıeseıvoir ainıed at iııcreasiııg oil recovery.
The fourth chapter carries on an iııvestigatioıı to study the 
developıııeııt of teclıııology for usiııg data on the coııteııt of ıeseıvoir 
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caıbon dioxide in the gas dissolved in the pıoduced gas to diagnose 
the state of the ıeseıvoir systenı and solve problems related to 
enhanced oil recovery, implemented in the iııteractive eııvironıııent 
of the "Matlab" pıogram. The chapter coıısısts of sıx paragraplıs. The 
ııecessity of a comnıon systenı for aııalyziııg development iııdicatoıs 
for monitoriııg and controlliııg the fomıation of CO? in the ıeseıvoir 
is substaııtiated. O11 the example of development iııdicatoıs at 
Gunashli fıeld, the pattems of fomıation and clıaııges in the 
conceııtratioıı of CO2 in the ıeseıvoir, the relatioııslıip between the 
saliııity of fomıation water and development iııdicatoıs weıe 
revealed.
To diagııose the state of pıoductive foımatioııs and aııalyze 
development iııdicatoıs in a limited area of an oil field, various 
methods are developed and applied based 011 detemıiııiııg the 
parameteıs of the "well-fomıation" systenı usiııg fıxed iııput and 
output sigııals. Iıı the conditions of elastic ıııode, after startiııg and 
stoppiııg the well, in the viciııity of the bottomlıole of the wells of the 
studied area, the pıocesses of pressuıe redistributioıı proceed for 
soıııe tiıııe. Clıaııges in bottomlıole and ıeseıvoir pressuıe lead to a 
slıift in clıemical equilibıia in the ıeseıvoir fluid, wlıiclı cause plıase 
traıısitioııs between liquid and gas. Tlıis clıaııges the quaııtitative and 
qualitative composition of the fomıation fluid and the gas dissolved 
in it, wlıiclı also depeııds 011 the litlıological composition of the rocks 
tlıey saturate.
The clıaııge in the plıysical and mechanical parameteıs of the 
ıeseıvoir systenı diıectly depeııds 011 the pıocesses occurring in the 
ıeseıvoir. Aıııoııg tlıeııı are clıemical reactioııs tlıat react almost 
iııstaııtly to clıaııges in ıeseıvoir equilibrium. The tiıııe it takes to 
clıaııge the plıysical and mechanical parameteıs of the ıeseıvoir 
systenı is ofteıı nıuclı loııger tlıaıı the tiıııe of clıemical reactioııs 
between the elemeııts tlıat ıııake up ıeseıvoir rocks and fluids. 
Tlıerefore, the results of measuıing the conceııtratioıı of aııy pıoducts 
of clıemical reactioııs occurring botlı İ11 the ııear-wellbore zoııe of the 
ıeseıvoir and İ11 the wellbore, for example, caıbon dioxide (CO2), 
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make it possible to assess the State of the ıeseıvoir zoııe usiııg the 
coııstructed coııceııtratioıı chaııge cuıves.
Measuıements of the coııceııtratioıı of CO2 iıı the coıııpositioıı of the 
dıssolved gas aııd the coııceııtratioıı of caıboııic acıd ıoııs 111 the 
foımatioıı water at the welllıead can be used as a kiııd of iııdicator 
tlıat reacts botlı to pressuıe clıaııges at the bottomlıole and in the 
wellbottoııı zoııe of the foımation, and to the State of pernıeability in 
the well dıainage zoııe (skiıı factor).
Tlıis coııchısioıı was ıııade 011 the basis of the ideııtified pattems 
between the foımatioıı and chaııge in the coııceııtratioıı of CO2 İ11 the 
ıeseıvoir and clıaııges in the parameters clıaracterizing the "well- 
ıeseıvoiı" system, the preseııce of sigııificant conelations between 
them8.

- A lıigh coııceııtration of carboıı dioxide is clıaracteristic of 
ıııaııy fıelds in Azerbaijaıı. hı the productive lıorizoııs of the Guneshli 
fıeld, a gradual iııcrease in the coııceııtration of caıboıı dioxide in the 
dissolved gas is obseıved. At Oil Rocks fıeld, the anıount of caıboııic 
acid ioııs in the pıoduced water lıas iııcreased at soıııe lıorizoııs. For 
all fıelds of Abslıeroıı, a pattenı of clıaııges in the Chemical 
coıııpositioıı of pıoduced water was ııoted, naıııely, an iııcrease in the 
coııceııtration of caıboııic acid ioııs HCO3'.

- Linıits of chaııge of CO2 coııceııtratioıı in the coıııpositioıı of 
the dissolved gas are differeııt for differeııt productive lıorizoııs. The 
anıount of caıboııic acid ioııs in foımatioıı water also iııcıeases witlı 
tiıııe.

- Chemical processes, as a ıesult of iııteractioıı of which tlıere 
is a chaııge in the coıııpositioıı of fluids in the foımatioıı, iııchıdiııg 
the foımatioıı of CO2, occur over a peıiod of about several days. 
Therefore, the coııteııt of CO2 111 well pıoductioıı can be used as a 
diagııostic iııdicator of clıaııges in the State of the ıeseıvoir system.

- Tlıere is an iııverse correlatioıı between the coııceııtratioıı of 
CO2 and the coııteııt of methane (CH4) and its homologues in the

8 TyceımoBa H.II. AHa.nıs bo3mo>khoctii ynpaB.ıemM KOHijeHTpamıen 
yr.ıeKiıcjıoro ra3a b ruıacTe. // AHX, 2007, N°2, c. 26-30.
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compositioıı of the dissolved gas at Gunashli and Oil Rocks fields. 
The foıuıation of CO? in the ıeseıvoir is facilitated by the oxidatioıı 
of naphthenic acids. The conceııtration of CO2 iıı the compositioıı of 
the dissolved gas is not a coııstaııt value for a gıveıı well and varıes 
over a wide raııge.

- The peıiodicity of the conelation between the clıaııge in the 
values of CO2 conceııtration and the tinıe between measuremeııts was 
revealed. Iıı the bottomlıole zoııe of the well, a gradual accumulatioıı 
of caıbon dioxide occuıs, wlıiclı reaclıes a certain critical value over 
a certain period of tinıe (fıonı 1.5 to 3 montlıs). The value of the 
critical conceııtration depeııds 011 the physical-mechanical, Chemical, 
defoımatioıı and tlıeımal pıoperties of the foımatioıı İ11 the 
bottomlıole zoııe of the well. Due to the fact tlıat tlıese pıoperties 
clıaııge over tinıe and are differeııt for several wells, the value of the 
critical conceııtration of CO2 İ11 differeııt peıiods of tinıe will also be 
differeııt.

- CO2 migrates tlırouglı the ıeseıvoir witlı differeııt advaııce 
ıates. The outflow rate of caıbon dioxide witlı a specifıc gravity of 
1.52 is almost 8 tinıes less tlıaıı tlıe outflow rate of the hydıocaıbon 
part of the gas witlı a specifıc gravity of 0.580. Coıısequeııtly, the 
coııteııt of CO2 İ11 the ıeseıvoir gas iııcıeases.

- The iııcrease İ11 the conceııtration of CO2 İ11 the compositioıı 
of the dissolved gas is associated witlı a decrease İ11 ıeseıvoir 
pressure İ11 the pıoductive lıorizoıı.

- A conelation lıas beeıı establislıed between the CO2 
conceııtration and the locatioıı of the oil-water coııtact.

- Tlıere is a sigııificaııt conelation between water flow ıates 
and CO2 conceııtration.

- At ıııany fields 111 Azerbaijan, the temperature and pressure 111 
ıeseıvoir conditions are above the critical values for CO2. Tlıerefore, 
İ11 the ıeseıvoir it is İ11 supercritical conditions. To tlıis eııd, it is 
almost completely soluble in water. CO2 can be preseııt İ11 foımatioıı 
water İ11 various fonııs: İ11 the foını of free caıbon dioxide H2CO3 and 
İ11 the fonu of HCO3-’ CO32 ioııs.
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- Concentıation of ioııs in formation water depeııds on saliııity 
(ionic strength) and alkaliııity of water (pH).

- Between the conteııt of the fırst caıboııic acid ion HCO3', a 
direct relationship was fouııd with the ionic strength of water, the 
conteııt of CO32 ioııs, salts of naphtheııic acids, Na-, K-. From the 
clıaracteristics of Palnıer, a direct relationship is obseıved with 
primaıy alkaliııity. A11 iııverse relationship is obseıved between the 
conteııt of the fırst caıboııic acid ion HCO3' and the conteııt of Ca+2 
and Mg+2 ioııs and otlıer Palnıer clıaracteristics - primaıy and 
secoııdaıy saliııity, secoııdaıy alkaliııity.

- Between tlıe conteııt of the secoııd ion of caıboııic acid CO32, 
a direct relationship was fouııd with the conteııt of HCO3' ioııs, salts 
of naplıtlıeııic acids. Fıonı the clıaracteristics of Palnıer, a direct 
relationship is obseıved with primaıy alkaliııity. A11 iııverse 
relationship is obseıved with the conteııt of Ca+2 and Mg+2 ioııs and 
otlıer Palnıer clıaracteristics - primaıy aııd secoııdaıy saliııity, 
secoııdaıy alkaliııity. The preseııce of tlıese relationships can be used 
İ11 the developıııeııt of ıeseıvoir stimulatioıı methods.

- Based 011 the applicatioıı of the Debye-Hiickel tlıeoıy of ionic 
equilibrium to the results of Chemical aııalysis of formation water, a 
calculatioıı procedure lıas beeıı developed for detemıiııiııg the 
peıceııtage of various fomıs of CO2 botlı İ11 ıeseıvoir and uııder 
Standard coııditioııs.

- Metlıodological bases for calculating the pH of formation 
water, botlı İ11 foımatioıı and uııder Standard coııditioııs, lıave beeıı 
developed based 011 the results of studyiııg the relationship between 
the concentıation of CO2 İ11 dissolved gas aııd the pH of formation 
water, its ionic strength and the conteııt of bicaıboııate ioııs İ11 it.

Tlıe conteııt of caıboıı dıoxıde 111 formation water is 
iııtercoıınected with the concentıation of Ca+2 ioııs. Based 011 the 
results of calculating the amouııt of free caıboıı dioxide and the 
concentıation of calcium ioııs İ11 the foımatioıı water, the value of the 
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caıbon dioxide concentıation at which the dissolution of carboııate 
rocks occuıs is determined9.

The fifth chapter coıısists of tlıree paıagraphs and looks iııto 
the developmeııt of a metlıod for detennmmg the state of the 
reseıvoir system of a pıoductive reseıvoir, based oıı the calculatioıı 
of Fisher, Slıaımon eııtropies and otlıer information iııdicators for 
tinıe series compiled by volumes of pıoduced and iııjected pıoducts. 
Based on tlıeir dynamics, early diagııostics of the tinıe bouııdaries of 
the stage evolutioıı of the field and its iııdividual zoııes is carried out, 
as well as an assessmeııt of the compliaııce of the state of oil 
pıoduction witlı the plaımed inıpact on the reseıvoir The problem is 
solved on the example of field data of tlıe oil field Fortis (Fortis) for 
27 yeaıs (tı=324).
The first two paıagraphs preseııt the foımulatioıı of the problem, as 
well as the ııecessaıy backgrouııd from information tlıeory and 
matlıematical calculatioııs. Iıı the secoııd paragraplı, the developmeııt 
of an algorithnı for solviııg the problem is carried out using real data 
as an example. The Standard verifıcation pıocedure detennines the 
distributioıı of giveıı tinıe series. The values in the pıeseııted series 
are a discıete represeııtatioıı of a sigııal of a coııtiııuous nature and 
lıave diffeıent pıobability of occurrence, which sigııificaııtly affects 
the eııtropy estimate10. Tlıerefore, fonnulas witlı a pıobability deıısity 
distributioıı fuııctioıı are used for calculatioııs. For eaclı of the tinıe 
series, the followiııg calculatioııs are peıformed:
After ııonnalization, as a result of which the distributioıı fiınction F 
is obtaiııed for eaclı tinıe series, a polyııomial approximatioıı of the 
distributioıı in tinıe is carried out. For eaclı tinıe series, the 
matlıematical expectatioıı and variaııce are calculated. Furtlıer, 
accoıdiııg to the conesponding foımulas, for eaclı tinıe series

9 ryceiİHOBa H.II. IbMeHemıe KOHiıempamnı CO2 b He^Tecoflepacanjnx 
n.ıacTax n B.ıiMHiıe aıoro 4>aKT0Pa Ha noKa3aTe.n1 pa3paooTKiı 
MecTopoacaeHiıs. // AHX, 2006, K»12
10 CyjıefiMaHOB E.A. TyceımoBa H.II. AHa.nrs coctoshim pa3paooTKiı 
MecTopoacaeHiıs Ha ocHOBe ıiHcJıopMamıoHHbix noKasaTe.ıen Oıımepa n 
EUeHHOHa.//«ABTOMaTnKa n TejıeMexajniKaw, 2019, No. 5, pp. 118-185.
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infomıation clıaracteristics are detennined accordiııg to Fislıer FIM 
and Shannon H, entropy power N and the amount of infonnatioıı 
accordiııg to Fislıer 7f and Shaıınon ISh, Entropy clıaııge ıate, 
ıespectıvely, accordiııg to Fislıer and Shannon Dlf, DISh. To obtaııı 
the correspoııdiııg results, prelimiııaıy calculatioıı of suclı iııdicatoıs 
as the saıııple coııtributioıı ftıııctioıı Ut, the log-likelilıood fuııction L, 
respectively, is carried out in the cases of a coııtiııuous general 

populatioıı witlı a distributioıı deıısity ftıııctioıı and a
discrete general populatioıı witlı a pıobability distributioıı P(x,0)

For eaclı distributioıı F, a distributioıı paraıııeter 

is detennined - a raııdom real vahıe X. Aııy
ııumerical clıaracteristic of tlıis raııdom variable (matlıematical 
expectatioıı a, variaııce er, etc.) or aııy constant explicitly iııcluded in 
the distributioıı expressioıı can be coıısideıed as a paraıııeter 0. The 
defııııtıon of the above functions is carried out takiııg iııto accouııt 
tiıııe. To take iııto accouııt the tiıııe factor, it is pıoposed to use a 
polyııomial depeııdeııce. The degree of the polyııomial ııı is clıoseıı 
so tlıat the depeııdeııce is described witlı the least error. The rate of 
entropy clıaııge, respectively, accordiııg to Fislıer and Shannon Dlf, 
Dlsh is used to aııalyze the lıeterogeııeity of the distributioıı of tiıııe 
series infonnatioıı and is defiııed as the ıatio of the entropy incremeııt 
to the tiıııe incremeııt. Based on the data obtaiııed, a Fisheı-Shannon 
plan is beiııg built. Based on the followiııg pıiııciples, wlıiclı are valid 
for aııy tiıııe series, the results obtaiııed are inteıpıeted:
a. If, H=0 and FIM=0, tlıeıı the state of the ıeseıvoir systenı of the 
fıeld does not clıaııge. The fewer uııcertaiııties in the systenı uııder 
coıısideratioıı, the fewer States it is able to realize (H decreases). The 
ıııore uncertainty in the systenı, the ıııore States it is able to realize (H 
increases). Entropy takes on the maximuııı possible value wlıeıı all 
possible states are equally pıobable.
b. FIM clıaracterizes the clıaııge in the ftıııctioıı variaııce of the 
coııtributioıı of the saıııple of the tiıııe series; tlıerefore, it is 
inteıpıeted as a nıeasure of the deviatioıı uncertainty of the values of 
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the series from the average at each new stage of the development of 
the fıeld. The preseııce of extrema of the fiınction of differeııt 
amplitudes (jumps), successively followiııg one after another, ıııakes 
ıt possible to recogıııze the coııdıtıoııs for a possible traıısitioıı of the 
ıeseıvoir system to the ııext stage of development.
c. The Fisheı-Shannon plan slıows lıow a chaııge in the iııterııal State 
of the system, maııifested in a quaııtitative chaııge in iııdicatoıs, 
clıaracterizes the coııditioııs for the traıısitioıı of the system from one 
stage of development to another. Tlıis relatioııslıip lıas a stepwise 
clıaracter. Each stage correspoııds to the peıiod of actioıı of the 
system development stage.
d. The preseııce of extrema in the If (ISh) depeııdeııce is iııteıpreted as 
the oııset of a pıe-transitional State leadiııg to a chaııge in tlıe field 
development stage. Moıeover, the begiıming of tlıis peıiod coiııcides 
in tinıe witlı the chaııge in Dif. Of great importance is the sign, 
magnitude and natuıe of the chaııge in Dif and DISh, which can be 
used to judge the rate, plıase and directioıı of evolutioıı of the 
ıeseıvoir system at the cuııent moment. If the values takeıı by tlıese 
fuııctioııs iııcrease witlı tinıe, tlıeıı the system teııds to its nıost 
probable State witlı an iııcrease in eııtropy - relaxatioıı processes 
occur in the ıeseıvoir. If the values of Dif and DISh decrease, tlıeıı the 
system enteıs the plıase of self-oıganization, and sonıe new order 
aıises and develops in it. If Dif and DISh do not chaııge in tinıe, tlıeıı 
the system is in the stagııatioıı plıase.
e. A nıoıe detailed aııalysis of the pre-tıansition peıiod of the 
development stage allows the use of semi-logaritlımic coordinates. 
Witlı suclı a graplıical represeııtatioıı of the tinıe series, the sliglıtest 
clıaııges in the nıode of iııformatioıı receipt are highliglıted and 
patterııs are revealed tlıat the Caıtesiaıı cooıdiııate system does not 
allow to detect. Tlıus, the dyııamics of If(T), preseııted in semi- 
logaritlımic coordinates, allows not oııly to recogııize the traıısitioıı to 
a new stage directly from the development data, but also to ideııtify 
pıe-tıansition peıiods. The dyııamics of ISh(T) in semi-logaritlımic 
coordinates slıows tlıat all values are divided iııto 4 groups, each of 
which clıaracterizes the State of the system and lıas its owıı regular 
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occuııence frequency. The ıııost common aıe values of the upper 
amplitude. Tlıis nıakes it possible to pıedict the dynamics of the 
system's uııcertainty and ideııtify wlıat States it is capable of 
realızıııg. Gıaplıic depeııdeııces Ij(T) on ISh(T) m semi-logarithmic 
coordiııates slıow how the state of the system corresponds to oııe 
stage or another. The nıass accumulatioıı ofpoiııts highlights the tinıe 
iııtervals wlıeıı the state of the ıeseıvoir systenı clıaııges witlıin oııe 
stage. Based on the results of the calculatioıı canied out on the basis 
of the accumulated lıistory of the developıııeııt of the fıeld, the tinıe 
bouııdaıies of the past stages of the developıııeııt of tlıe field are 
distiııguislıed. By clıangiııg the ftıııctioıı, a tinıe peıiod is selected for 
a ıııore detailed aııalysis of the state of field developıııeııt. Tlıis 
nıakes it possible to clarify the situatioıı in tlıe ıeservoir in order to 
ıııake decisioııs for iııfluenciııg the ıeseıvoir, wlıiclı is relevaııt 
specifıcally for the coıısideıed tinıe peıiod and the state of the 
ıeseıvoir systenı. The eııtire tinıe peıiod is divided iııto local tinıe 
sectioııs, for wlıiclı the calculatioııs of tlıe above information 
clıaracteristics are ıepeated.
The aııalysis of the obtaiııed results slıowed tlıat the depletioıı of the 
fıeld witlıout takiııg iııto accouııt the dynamics of information 
iııdicatoıs leads to a decrease in oil production, an iııcrease in the 
water cut of the pıoduct, and an irrational nıode of stimulatioıı of the 
foımatioıı. The followiııg results were obtaiııed duıiııg the research:

- A method for aııalyziııg the state of fıeld developıııeııt is 
proposed, based on the calculatioıı of the Fislıer and Shaıınon eııtropy 
and otlıer iııfoımatioıı iııdicatoıs for tinıe series compiled froııı data 
on the voluıııes of pıoduced and iııjected fluids.

- A joiııt aııalysis of the dynamics of iııfoımatioıı iııdicatoıs 
calculated fıonı the data of tinıe series of oil and water production 
ıates and the voluıııe of iııjected water allows for early diagııosis of 
the tinıe bouııdaıies of the stage evolutioıı of botlı the fıeld as a 
wlıole and its iııdividual zoııes, to assess the compliaııce of the 
inıpact oıı the ıeseıvoir with the state of field developıııeııt. The 
aııalysis does not require iııfoımatioıı about clıaııges in the plıysical- 
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mechanical and lithological pıoperties of rocks and fluids saturatiııg 
them.11

- Aııalysis of the development of the Fortis fıeld usiııg the 
pıoposed iııfonnatioıı metlıod slıowed tlıat the depletioıı of the fıeld 
witlıout takiııg iııto account the dyııamics of iııfonnatioıı iııdicatoıs 
lead to a decrease in oil pıoductioıı, an incıease in water cut and an 
iııational ıeseıvoir stimulatioıı ıııode.
The clıapter studies the ıeseıvoir system diagııostics usiııg ffactal 
dimension aııalysis metlıods and wavelet tıansfomı teclıııology. A 
technique is pıoposed for studyiııg the pıocess of developiııg oil 
reseıves ffom a deposit by computerized calculation and quaııtitative 
visualizatioıı of the ffactal clıaracteristics of the dıaiııed reseıves of 
the deposit and its iııdividual aıeas of oil pıoductioıı gıowth. The 
clıapter coıısists of four paıagraphs. The fııst two sectioııs preseııt the 
problem statement, iııfonnatioıı fioııı the tlıeory of fractal dimeıısioııs 
and wavelets12, and matlıeınatical calculatioııs ııecessaıy for its 
solutioıı. The secoııd clıapter is devoted to the allocatioıı of the 
spatio-temporal stnıctuıe in the dyııamics of ıeseıvoir processes by 
calculating the iııdicatoıs of fractal dimeıısioııs tlıat clıaracterize the 
development of the fıeld13. The moııofiactal Hausdorff-Besikoviclı 
dimeıısioııs were obtaiııed by the box metlıod, and the geııeralized 
Reııyi fractal dimeıısioııs were obtaiııed usiııg the metlıod of

11 Suleimanov Baghir, Hüseynova N.İ., Rzayeva Sabina & Tulesheva Gulııar. 
Results of Acidiziııg Iııjection Wells on the Zhetybai Field (Kazaklıstan) 
//Journal: Petroleum Science and Technology Petroleum Science and 
Teclıııology,Volume 36, 2018 - Issue 3 Pages 193-199.
12 TyceiİHOBa H.II. /InarHOCTiiKa nnacTOBon cııcTeMbi MeToaaMiı 
4>paKTa.nbHoro aHa.ıma c ncno.ıtsoBaHiıeM Teopını BefiB.ıeTOB // CöopmiK 
CTaTen no MaTepııa.ıau MeautyHapoıiHon HaynHO-npaKTiınecKon KOHcjıepeHmın 
«TexHOJiorıraecKiıe ıiHHOBamnı b coBpeMeHHOM Miıpe» (28 Hosöpa 2019 r., r. 
Y4>a). B 3 uacTax. H. 1, Ycpa: Il3fl. HIIIJ BecTHiiK Hayım, 2019, C.157-164.
13 CyjıeiİMaHOB B.A., /JbimıiH O.A., TyceiİHOBa H.II. OnpejeneHiıe 
4>paKTa.nbHon pa3MepHocm ([ıpoHTa BbrrecHeHiM Hecjmı bojoİi Ha ocHOBe 
aaHHbix HopMajibHoii 3Kcn.ıyaTamnı cKBaxmH. // «He4>T3Hoe xo3shctbo», 
2011,Xsl2, c.111-114.
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multifiactal fluctuation aııalysis. To calculate fractal clıaracteristics 
iıı order to ideııtify the spatial structure of the oil-water coııtact front, 
a ııew metlıod of scaliııg the ıeseıvoir systenı of the pıoductive 
lıorizoıı ıs pıoposed, wlıiclı caıı be applıed botlı to the pıoductive 
lıorizoıı asa wlıole and to a specifıc zoııe of the pıoductive ıeseıvoir. 
The metlıod is developed based on the applicatioıı of the wavelet 
traıısfoım metlıod. Wlıeıı ideııtifyiııg the spatial structure of the oil- 
water coııtact front, a moııofractal approaclı is used. Represeııtatioıı 
of the oil-water coııtact front on differeııt scales nıakes it possible to 
carry out the proceduıe for ideııtifyiııg its clıaracteristic features at 
the cuııeııt tiıııe.
The pıoposed sclıeme for evaluatiııg the development process 
coıısists of the followiııg ıııaiıı stages:

Algoritlımic calculatioıı of the multifiactal dimensioıı of 
the tiıııe series of oil and water pıoduction ıates and the volunıe of 
the iııjected ageııt.

The clıaracteristic features of the tiıııe distributioıı of the 
obtaiııed multifiactal dimensioııs are lıiglıliglıted.

Iıı accordaııce witlı the pıoposed metlıodology, the 
obtaiııed results are inteıpıeted for the diagııostic assessmeııt of the 
state of the ıeseıvoir, wlıiclı nıakes it possible to ıııake clıaııges to the 
strategy and tactics of the field development based on the cuııent 
diagııostics of tlıe ıeseıvoir systenı.

The sohıtioıı of the problem of coııtrol and nıanagemeııt 
of the advancemeııt of the front of iııjected water based on the 
determiııation of the monofractal dimensioıı of the front of oil 
displacemeııt by water or otlıer ageııts coıısists of the followiııg ıııaiıı 
stages:

Based on the algoıithm for calculating and visualızıııg 
hydrodyııaınic iııdicatoıs, a geometric sclıeme and an algoritlım for 
obtaiııiııg a visual iıııage of the front of the advaııce of iııjected water 
are beiııg developed in the sectioıı of tlıe pıoductive lıorizoıı 
allocated for inıpact in order to carry out subsequeııt automatioıı of 
calculatioııs and the visualizatioıı process.
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- A schenıe for scaliııg the studied zoııe of the pıoductive 
fonııation is beiııg developed, which allows visualiziııg the 
localizatioıı of the fıoııt liııe iıı relatioıı to the locatioıı of pıoduction 
and iııjectioıı wells operatiııg firoın the studied pıoductive lıorizoıı.

Algoritlımic calculatioıı of the moııofractal diınensioıı of 
the front of the iııjected fluid at differeııt scales.

Based on the studies canied out to develop the algoritlım, 
a Software nıodule was created for calculating monofractal and 
multifractal dimeıısioııs of the objects uııder study and the 
clıaracteristics of the reseıvoir system of the pıoductive lıorizoıı of 
the field, preseııted in geometric fornı, implemeııted in the iııteractive 
enviroıınıent of the "Matlab" pıogram.

Iıı accordaııce witlı the pıoposed metlıod of data 
Processing, the clıaracteristic features of the front preseııted at 
differeııt scales are distiııguislıed. The obtaiııed ıesults are iııteıpreted 
for a diagııostic assessmeııt of the state of tlıe reservoir, which nıakes 
it possible to pıedict the aıeas of tlıe origiıı of lateral coııiııg, coııtrol 
the uııifomıity of the advaııce of the displacemeııt front, ideııtify 
reseıvoir zoııes tlıat are lıeterogeııeous in temıs of peımeability, 
nıake the ııecessary adjustmeııts to the pıocesses of influencing the 
reseıvoir and regulatiııg the operatioıı nıode of wells.

- Justifıcation of the reliability of the obtaiııed ıesults is canied 
out on the basis of determiniııg the correlatioıı between the calculated 
tinıe series of the multifractal dimeıısion, the values of the 
moııofractal diınensioıı of the displacemeııt fr ont positioıı at various 
scales and the actual tinıe series of oil and water flow ıates and the 
voluıııe of the iııjected ageııt using real data as an example.

O11 the basis of the coııducted studies, it was slıowıı tlıat by 
determiniııg the fractal clıaracteristics, ıt is possible to ideııtify the 
spatio-teıııporal positioıı of the oil displacemeııt front in relatioıı to 
pıoduction wells. For tlıis, a ııew metlıod is pıoposed for detemıiniııg 
the distaııce between the displacemeııt front and a group of wells 
between which tlıere is an iııterfereııce. The metlıod is based on the 
applicatioıı of a ııew distaııce nıeasure, which is the Hausdorff 
nıetric. A joiııt aııalysis of the dynamics of the clıaracteristics 
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obtaiııed nıakes it possible to coııtrol the uııifomıity of the advaııce of 
the displacemeııt fioııt, as well as to puıposefully correct it wlıeıı 
ideııtifyiııg emeıging lateral coııiııgs. Sectioıı 4 pıeseııts the results of 
applyıııg the above methods oıı the example of Guneshli fıeld data. 
Accoıdiııg to the iııdicatoıs of the tinıe series of average daily values 
of the oil aııd water pıoductioıı rates aııd the voluıııetric iııjectioıı 
ıate, the moveıııeııt of the fioııt of oil displacemeııt by water was 
studied.

Based oıı the aııalysis of the results of the calculatioııs 
peıformed usiııg the methods of applied fractal aııalysis aııd wavelet 
data traıısfonııatioıı techııology, the followiııg coııclusioııs were 
dıawn:

- Dyııamic aııalysis of the oil pıoductioıı pıocess usiııg fractal 
aııalysis methods to data traıısforıııed usiııg wavelet traıısfoım gives a 
ıııore detailed picture of the traıısitioııs from order to clıaos aııd, vice 
ver sa, with the Identification of inteımediate stages.

- A ııew appıoaclı lıas beeıı proposed to deteımiııe the distaııce 
betweeıı the oil-water coııtact fioııt aııd the zoııe iıı wlıiclı a group of 
wells is located, betweeıı wlıiclı tlıere is iııterfereııce.

- A ııew appıoaclı lıas beeıı proposed for coııductiııg iıregular 
scaliııg of the study zoııe of the pıoductive ıeseıvoir, based oıı the 
use of the quadtree method. The applicatioıı of the proposed 
appıoaclı nıakes it possible to reveal iıı ıııore detail the spatial 
structure of the oil-water coııtact fioııt.

- Accoıdiııg to the values of the geııeralized fractal diıııeıısioıı 
iıı diffeıeııt parts of the tinıe series, it is possible to ideııtify the 
ııature of the displacemeııt aııd its spatial localizatioıı.

- Tlıe iıııpact oıı the ıeseıvoir slıould be based ııot oııly oıı the 
pıiııcıples of ıeseıvoir pressuıe maintenance, but also take iııto 
accouııt the pıocess of system self-orgaııizatioıı. The ıııost effective 
method for coııectiııg tlıis inıpact is the dyııaıııic aııalysis of the 
pıocess of oil recovery from the ıeseıvoir usiııg applied fractal 
aııalysis aııd the use of ıııeta wavelet data traıısfonııatioıı.

The six chapter portıays the results of the practical 
applicatioıı of the developed methods aııd prograıııs for diagııosiııg 
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the state of the productive lıorizoııs QA aııd QD of the Western 
Abslıeıon oilfield, iıı order to ıııake a ıeasoııable clıoice of EOR. The 
clıapter coıısists of tlıree paragraplıs. The first two paıagraplıs preseııt 
the problem stateıııeııt, as well as a brıef descrıptıoıı of the "Western 
Abslıeıon" oilfield.

The tlıird sectioıı preseııts the solutioıı to the problem posed oıı 
the exaıııple of real data. Oıı the fıgure 2 it is slıowed the dyııamics 
of pıoductioıı of oil, water, dissolved gas aııd iııjected water iıı 
differeııt productive lıorizoııs of the field. First of all, the 
deteımination of the stage of the cuııent development of the 
"Western Abslıeıon" oilfield was carried out by the Fisheı-Shannon 
metlıod. For each lıorizoıı, a Fisheı-Shannon joiııt plot for oil, gas, 
and water was coııstructed, and data clıaııging velocity for oil, gas, 
and water were calculated. O11 the fıgure 1 it is slıowed the cuııent 
stage of fıeld development by calculating and aııalyziııg the 
iııfoımatioıı iııdicatoıs of the Fislıer and Shannon methods for the 
QA productive lıorizoıı. Later, the visualizatioıı of the distributioıı of 
fıltratioıı flows in the QA productive lıorizoıı of the "West Abslıeıon" 
oilfield, and the assessmeııt of the relative pemıeability for liquid and 
gas was carried out.

At the ııext stage of the work, the spectrum of geııeralized 
ffactal dimeıısioııs was obtaiııed and its dyııamics was studied usiııg 
geııeralized Huıst iııdicatoıs. The paıameters clıaracterizing the 
dyııamics of the water-oil coııtact liııe in the foımatioıı are calculated, 
ııamely: fuııctioııs of cuııent and poteııtial, ffactal dimeıısioııs for the 
tinıe series of oil pıoductioıı, pıoduced and iııjected water prices, and 
the minimum distaııce from the water-oil coııtact liııe in the 
foımatioıı to pıoductioıı wells. O11 the fıgure 4 and fıgure 5 tlıere are 
slıowed tlıe visualizatioıı of the fiont liııe of the fluid advaııce and the 
fhıgers fonııed duriııg the fluid ıııovemeııt, deteıuıined on the basis 
of calculatioıı data in the productive QD lıorizoıı of the "West 
Abslıeıon" oilfield as of 05.2016.

The tlıird paragraplı preseııts the solutioıı of the problem posed 
on the exaıııple of real data. First of all, the selectioıı of the cuııent 
stage of development of the Western Abslıeıon fıeld was carried out
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usiııg the Fislıer-Shaııııoıı metlıod. By calculating and aııalyziııg tlıe 
infonnatioıı iııdicatoıs of the Fislıer and Shannon methods, the 
cuııent stage of field development was ideııtifıed. Fuıther, the 
vısualızatıoıı of the distributioıı of fıltratioıı flows and the assessmeııt 
of the relative permeability for liquid and gas in the pıoductive 
lıorizoıı QD of the Western Abslıeroıı oilfield weıe caııied out.
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Figuıe 2. Dynamics of pıoduction of oil, water, dissolved 
gas and injected water in the pı oductive horizons QA (a) and QD 
(b) of the "Western Absheıon" oilfield.
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Figuı e 3. Fisher-Shannon joint plan for oil, gas and water (QA)

At the ııext stage of the work, the spectrum of generalized 
fractal dimensions was obtaiııed aııd, usiııg the generalized Huıst 
expoııeııts, its dyııamics was studied. The parameters clıaracteriziııg 
the dyııamics of the froııt are calculated, ııamely: current and 
poteııtial functions, fractal dimensions for tinıe series of oil 
pıoductioıı ıates, pıoduced and injected water, and the minimum 
distaııce from the displacemeııt fıoııt to pıoductioıı wells. For the 
pıoductive lıorizoıı QD, an assessmeııt of the distributioıı of ıeseıvoir 
pressure and plıase permeability was carried out. The obtaiııed 
diagııostic iııfonnatioıı nıade it possible to nıake a ıeasoııable clıoice 
of EOR in accordaııce witlı the current State of the ıeseıvoir 
enviroııment. The clıoice was nıade on the basis of a modenıized 
secoııdaıy screeııiııg aııalysis. Wlıeıı selecting caııdidate wells for 
stimulatioıı, it is recommeııded to use a special pıoceduıe for 
selecting wells tlıat ııeed various types of stimulatioıı treatmeııts in 
tlıeir bottomlıole zoııe in the area uııder coıısideratioıı in the first 
place. This allows to reduce the water cut of well pıoductioıı and 
ıııcrease the voluıııe of oıl pıoductioıı.
Tlıus, on the basis of the coııducted studies, it is slıowıı in wlıat 
sequeııce it is ııecessary to apply metlıods for diagııosiııg the cunent 
State of the ıeseıvoir system in order to justify tlıe effectiveııess of 
the clıoseıı metlıods of influencing the ıeseıvoir witlı a view to 
iııcreasiııg oil recovery from the pıoductive reseıvoirs of the Western 
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Absheıon oilfield. Tlıus, the following ıesults were obtaiııed duıiııg 
the studies:

- Diagııostics of the state of pıoductive lıorizoııs QA aııd QD 
was carried out using the methods developed iıı the previous clıapters 
of the work;

- Accordiııg to the dynamics of oil pıoduction using the Fislıer- 
Slıaımon metlıod, it was determiııed tlıat the current state of the 
pıoductive lıorizoıı QA is at the stage of traıısitioıı to the secoııd 
stage of developmeııt. The QD pıoductive lıorizoıı lıas beeıı in the 
secoııd stage of developmeııt siııce 2015;

- Based on the well pıoductivity data, aıı assessmeııt was nıade 
of the distributioıı of hydrodyııamic iııdicators (poteııtial fuııctioııs, 
current fuııctioııs, tlıeir gradients, velocity modulus, etc.) takiııg iııto 
account well iııterfereııce. Based on the coııteııt of CO2 in the 
compositioıı of the dissolved gas, the distributioıı of reservoir 
pıessıue and relative permeability for oil, gas and water in the 
studied pıoductive lıorizoıı was estimated, takiııg iııto account the 
iııterfereııce of wells;

- The front liııe of oil-water coııtact was deteınıined and its 
moııofractal diınensioıı was calculated. The value of the monofractal 
diınensioıı slıows tlıat the displacemeııt front pıopagates botlı aloııg 
the strike and aloııg the reservoir tlıickııess;

- A ııew metlıod was used to estimate the critical value of tlıe 
distaııce between the displacemeııt front and a group of wells, 
between which tlıere is iııterfereııce;

- Using methods for calculatiııg multifractal clıaracteristics, it 
was revealed to wlıat exteııt the pıoductive reseıvoir is coveıed by 
the displacemeııt process and lıow the current field developmeııt 
stıategy coııesponds to the current state of the reseıvoir system;

- Accordiııg to the field and diagııostic data correspoııdiııg to 
the current state of the reseıvoir in accoıdaııce witlı the criteria for 
the applicability of methods of influencing the pıoductive fonııation 
in order to maiııtaiıı the pace of field developmeııt, methods of 
stimulating the reseıvoir were selected, ainıed at leveliııg the water- 
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oil coııtact fioııt, ıeducing the ıate of water advaııce, maiııtaiııiııg 
ıeseıvoir pressuıe aııd eıılıaııced oil recoveıy. The clıoice of methods 
is based oıı the results of screeııiııg studies, the results of wlıiclı are 
reflected m tabular data compıled oıı the basis of a summaıy of 
research iıı the fıeld of existiııg secoııdaıy aııd tertiary ıeservoir 
stimulatioıı methods.
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Figure 4. The visualization of the front line of the fluid 
advance, determined on the basis of calculation data in the 
pıoductive QD hoıizon of the "West Absheıon" oilfield as of 
05.2016.

Figure 5. Visualization of fingeı s formed during the movement of 
fluid determined on the basis of calculation data in the 
pıoductive QD hoıizon of the "West Absheıon" oilfield as of 
05.2016
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CONCLUSION
Provisioııs aıe submitted for discussion, the totality of which 

pıovides a systemic diagııostic solutioıı for the problem of effective 
ıeseıvoir stimulation m selected aıeas of the fıeld:
1. It is proposed to use the “limited zoııe of stiıııulatioıı oıı the 
reservoir” design for the formatioıı of oil pıoductioıı ıamp-up zoııes 
iıı aıı oil and gas fıeld.
2. The pıospects of the zonal appıoaclı in the foımatioıı of oil 
pıoductioıı gıowüı aıeas are substaııtiated.
3. A proceduıe lıas beeıı determiııed to promote the traıısfomıatioıı of 
zoııes witlı a low oil recovery factor iııto zoııes of growth in oil 
pıoductioıı in oil and gas fields;
4. Tlıeoıetical and practical experieııce in diagııosiııg the cuııent State 
of the ıeseıvoir and metlıods for iııcreasiııg oil pıoductioıı is 
summarized witlı a special emplıasis on the nıeclıaııisms of zonal 
inıpact oıı the ıeseıvoir. A set of problems of the geııesis of the zonal 
appıoaclı to iııcreasiııg oil pıoductioıı in the fields of Azerbaijaıı and 
factoıs coııtributiııg to the development of tlıis directioıı lıave beeıı 
identified;
5. The idea of usiııg the metlıod of souıces and siııks to visualize the 
fıltratioıı of reservoir fluid in the zoııes of the reservoir selected for 
stiıııulatioıı lıas beeıı impıoved, and on its basis a system of metlıods 
for diagııosiııg the cuııent fıltratioıı State of tlıese zoııes lıas beeıı 
proposed. A comparative aııalysis of the obtaiııed results witlı the 
results obtaiııed by otlıer metlıods was carried out. The coııectııess of 
usiııg the metlıod of complex poteııtials for diagııosiııg the fıltratioıı 
State of the foımatioıı in a selected area, before and after the 
stiıııulatioıı, is justifıed;
6. For a ıatioııal inıpact on the reservoirs in the growth zoııes of oil 
pıoductioıı, metlıods for aııalyziııg the dyııamics of oil pıoductioıı 
based on digital visualizatioıı of the geometry of streamliııes and 
poteııtials, the fıltratioıı velocity of the ıeseıvoir flow and tlıeir 
gradient vectoıs, pressuıe ıeductioıı and clıaııges in the positioıı of 
tlıese liııes relative to each otlıer on the plaııe are proposed.
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7. When carrying out measuıes aimed at enhancing oil recovery, 
along witlı filtıation parameteıs, it is pıoposed to assess tlıe iıııpact 
oıı tlıe ıeseıvoir, takiııg iııto accouııt its geoıııeclıaııical pıoperties 
tlıat clıaııge durıııg tlıe development aııd operatıoıı of tlıe fıeld.
8. Methods lıave beeıı developed for assessiııg tlıe distributioıı of tlıe 
stress fıeld in tlıe area uııder study and for determiniııg tlıe pressuıe 
gradient of rock fracturiııg, wlıiclı is necessary to provide effective 
iıııpact on tlıe reseıvoir.
9. The developed systenı of methods allows for prelimiııaıy and 
subsequeııt data aııalysis to improve the effıcieııcy of ıeseıvoir 
stimulatioıı in oil pıoduction growth zoııes. Tlıis takes iııto accouııt 
the iııflueııce of well iııterfereııce on the timiııg of the respoııse of the 
ıeseıvoir systenı to the plaımed eveııt, wlıiclı is expressed in a clıaııge 
in the volunıe and coııteııt of the recoveıed pıoduct.
10. To assess the effectiveııess of the iıııpact on the fomıation and 
eaıiy diagııosis of water iııgress iııto the well, it is pıoposed to use a 
monofractal and multifiactal approaclı and elemeııts of the wavelet 
tlıeory;
11. New methods of scaliııg the stimulatioıı area and determiniııg the 
distaııce between the displacemeııt front and wells are pıoposed.
12. A pıocedure has beeıı pıoposed for selectiııg wells tlıat ııeed 
various types of stimulatioıı treatmeııts in tlıeir bottomlıole zoııe in 
the area uııder coıısideratioıı, wlıiclı allows to ıeduce water cut and 
increase the volunıe of oil pıoduced;
13. A metlıod is pıoposed for ideııtifyiııg the stagiııg of oil 
pıoduction and ıeseıvoir stimulatioıı pıocesses and the preseııce of a 
correspondeııce between tlıese pıocesses;
14. It is pıoposed to use the dyııamics of data on the perceııtage of 
COa İ11 the dissolved gas, wlıiclı is part of the recoveıed pıoduct, as 
an iııdicator sigııaliııg the ııeed for zonal stimulatioıı measuıes;
15. It is pıoposed to use the calculatioıı of the dyııamics of the Fislıer, 
Shannon eııtropies and otlıer infonnatioıı iııdicatoıs for tiıııe series 
compiled by the volumes of pıoduced and iııjected pıoducts for eaıiy 
diagııosis of the tiıııe bouııdaries of the stage evolutioıı of the field 
and its iııdividual zoııes. Based 011 the Identification of stage 
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boundaries, an assessmeııt is made of tlıe compliaııce of the planned 
impact on tlıe ıeseıvoir witlı tlıe State of tlıe ıeseıvoir system.
16. Wlıeıı developiııg metlıods aııd algorithıııs for aııalyziııg and 
visualızmg tlıe state of tlıe ıeseıvoir system, tlıe use of wlııclı allows 
to iııcrease tlıe pıoductivity and ıeliability of tlıe planned activities, a 
modular appıoaclı is used, implemeııted in tlıe iııteractive 
eııviroııment of tlıe "Matlab" progranı.
17. On tlıe example of tlıe coııducted studies usiııg field data on tlıe 
pıoductive lıorizoııs QA and QD of tlıe Western Abslıeroıı field, it is 
slıowıı in wlıat sequeııce it is ııecessary to apply tlıe metlıods for 
diagııosing tlıe current state of tlıe ıeseıvoir system in order to justify 
tlıe effectiveııess of tlıe clıoseıı metlıods of iııflueııciııg tlıe ıeseıvoir 
in order to iııcrease oil recovery of pıoductive reseıvoiı s.
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