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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics 
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and 
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to 
researchers, authors, publishers, and institutions sets it apart from other research  databases.  
The  inclusion  of News  of  NAS  RK.  Series  of  geology  and  technical sciences in the 
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of geology and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web 
of Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
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АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
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ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
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зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
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ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
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ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
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O.G. Khayitov1*, A.A. Umirzokov1, Sh.Sh. Turdiev2, V.R. Kadirov1, 
J.R. Iskandarov1
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ON SOME RESULTS OF STUDYING THE CAUSES OF ANOMALOUSLY 
HIGH FORMATION PRESSURE ON THE HYDROCARBONS DEPOSITS 

OF THE BASHKENT DEEP

Abstract. Based on the study of the mechanism of occurrence of abnormally high 
formation pressures (AHRP), more than 20 causes have been identified to date. At the 
same time, depending on the geological conditions of the oil and gas regions and the 
characteristics of each specific field, for the studied territories, mainly no more than 3–5 
factors are distinguished that contribute to the occurrence of AHRP.

Based on the statistical generalization of the research results, it is shown that the 
occurrence of abnormally high reservoir pressure is associated with many geological 
and physical factors that are characteristic of each oil and gas region and a particular 
field. Using the example of hydrocarbon deposits in the Beshkent trough of the 
Bukhara-Khiva oil and gas region, an assessment was made of the degree of influence 
of geological and physical factors on the formation of abnormal reservoir pressure. To 
establish the geological and physical factors contributing to the occurrence of AHRP in 
the fields of the southeastern part of the Bukhara–Khiva region (BHR), the information 
content of these features was calculated using the Kullback measure. As a result, it 
was established that the magnitude of the vertical movement of the earth’s surface 
has the greatest influence on the occurrence of AHRP in the hydrocarbon fields of the 
southeastern part of the BHR. The content of condensate in the gas, the difference in the 
densities of water and oil, and open porosity also have a significant effect.

It is shown that the occurrence of objects with abnormally high formation pressures 
in the study area is mainly associated with vertical movements of the earth’s surface, 
the content of condensate in the formation gas, the difference in oil and water densities, 
as well as changes in the porosity of reservoir rocks. In this regard, when drilling 
prospecting and exploratory wells in new areas of the southeastern part of the BHR, the 
expected value of reservoir pressure should be justified taking into account the above 
factors, which are the main causes of AHRP.

mailto:o_hayitov@mail.ru
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БЕШКЕНТ ИІЛУ КӨМІРСУТЕГІ КЕН ОРЫНДАРЫНДА ҚАЛЫПТАН 
ТЫС ЖОҒАРЫ ҚАБАТ ҚЫСЫМЫНЫҢ ПАЙДА БОЛУ СЕБЕПТЕРІН 
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О НЕКОТОРЫХ РЕЗУЛЬТАТАХ ИССЛЕДОВАНИЯ ПРИЧИН 
ВОЗНИКНОВЕНИЯ АНОМАЛЬНО ВЫСОКИХ ПЛАСТОВЫХ 

ДАВЛЕНИЙ НА ЗАЛЕЖАХ УГЛЕВОДОРОДОВ БЕШКЕНТСКОГО 
ПРОГИБА

Аннотация. На основе исследования механизма возникновения аномально 
высокого пластового давления (АВПД) к настоящему времени выявлено более 
20 причин. При этом в зависимости от геологических условий нефтегазоносных 
регионов и особенностей каждого конкретного месторождения для изученных 
территорий выделяется, в основном, не более 3–5 факторов, способствующих 
возникновению АВПД.

На основе статистического обобщения результатов исследований показано, 
что возникновение аномально-высокого пластового давления связано со многими 
геолого-физическими факторами, характерными для каждого нефтегазоносного 
региона и конкретного месторождения. На примере месторождений углеводородов 
Бешкентского прогиба Бухаро-Хивинского нефтегазоносного региона проведена 
оценка степени влияния геолого-физических факторов на формирование 
аномального пластового давления. Для установления геолого-физических 
факторов, способствующих возникновению АВПД на месторождениях юго-
восточной части Бухаро–Хивинского региона (БХР, вычислена информативность 

mailto:o_hayitov@mail.ru
mailto:o_hayitov@mail.ru
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этих признаков с применением меры Кульбака. В результате установлено, что на 
возникновение АВПД на месторождениях углеводородов юго-восточной части 
БХР наибольшее влияние оказывает величина вертикального движения земной 
поверхности. Значительное влияние также оказывает содержание конденсата в 
газе, разность плотностей воды и нефти и открытой пористости. 

Показано, что возникновение объектов с аномально – высокими пластовыми 
давлениями на исследуемой территории связано, в основном, с вертикальными 
движениями земной поверхности, содержанием конденсата в пластовом газе, 
разностью плотностей нефти и воды, а также изменением пористости пород 
коллекторов. В связи с этим при бурении поисковых и разведочных скважин 
на новых площадях юго-восточной части БХР ожидаемая величина пластового 
давления должна быть обоснована с учетом вышеперечисленных факторов, 
являющихся основными причинами АВПД.

Ключевые слова: регион, нефтегазоносность, месторождение, горизонт, 
давление, температура, плотность, пористость, тектоника, глубина, информатив-
ность, фактор.

Introduction. One of the main problems in the oil and gas industry is the problem 
of abnormally high reservoir pressures (AHRP) due to complications in the process of 
drilling and developing oil and gas wells. Studies of the mechanism of occurrence of 
AHRP and its influence on the development of hydrocarbon deposits revealed positive 
and negative factors. The positive factors include the fact that objects with AHRP have 
higher porosity and reservoir properties and the energy potential of the reservoir, which 
leads to an increase in the specific gas reserves of the production rate and the life of 
wells, and also contributes to the formation of hydrocarbons (HC) in oil and gas bearing 
basins (Lin at all, 2014: 150; Makhmudov at all, 2022: 2432; Bekpolatov, at all, 2022: 
2432).

Negative factors include a decrease in the strength properties of rocks represented by 
terrigenous deposits, which are the main cause of sand intrusion in wells, as well as an 
increase in the deformation properties of rocks in the form of carbonate deposits, which 
leads to a decrease in the porosity and permeability properties of reservoirs during field 
development as reservoir pressure drops (Bekpolatov at all, 2022: 2432; Liu at all, 2022: 
2327; Нayitov at all, 2020: 2327; Nasirov at all, 2020: 2251).

Despite the rather long period of study of this problem, many different factors 
associated with mechanical, deformation, gravitational, physicochemical and other 
processes have been cited as the causes of AHRP so far. This is evidenced by the results 
of statistical processing of the causes of studying the occurrence of AHRP, given in 
more than 90 studies carried out in the period from 1995 to 2020.

Based on the analysis of the results of the study of the above works, it was established 
that, depending on the geological features of the oil and gas regions, as well as the 
geological and physical conditions of hydrocarbon deposits, there may be more than 
20 reasons for the formation of AHRP. Systematizing the causes of AHRP, we combine 
them into the following groups:
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Compaction of rocks in isolated reservoirs under the influence of geostatic pressure. 
It is shown that the absence or difficulty of hydrocarbon migration, high sedimentation 
rate, low reservoir permeability, high oil viscosity, high temperature and subsidence of 
the productive formation depth after the formation of hydrocarbon deposits increase the 
influence of this factor in the formation of AHRP. This factor in 26.5% of cases is given 
as the main cause of AHRP.

Tectonic stress and tectonic processes that cause compression and deformation of 
deep reservoirs. This factor in 19.4% of cases is given as the main cause of AHRP.

Entry of high-pressure fluids into a closed reservoir from deeper horizons along 
faults. This factor in 15.3% of cases is given as the cause of AHRP.

Physical and chemical properties of water, oil and gas (oil, gas and water saturation 
of reservoirs, physical and chemical changes in fluids associated with an increase in 
the volume of formation fluids during the transformation of high-molecular organic 
substances into lighter hydrocarbons, an increase in the difference in the densities of 
hydrocarbons and water, heat release during radioactive decay). This factor in 11.2% of 
cases is given as the cause of AHRP. 

High height of sedimentary rocks (high height of hydrocarbon deposit, presence of 
thick rock salt in the section, presence of clayey strata in the section). This factor is cited 
as the cause of AHRP in 10.2% of cases.

Reducing the depth of the productive formation with the pressure remaining after the 
formation of the deposit. Osmotic phenomena. This factor is cited as the cause of AHRP 
in 5.1% of cases.

Phenomena after the formation of the reservoir. This factor is cited as the cause of 
AHRP in 5.1% of cases.

Artesian Conditions. Contribute to a significant excess of the exit of the formation 
to the surface above the wellhead. This factor is cited as the cause of AHRP in 4.1% of 
cases.

Diagenetic transition of montmorillonite to lite and gypsum to anhydrite. This factor 
in 3.1% of cases is given as the cause of AHRP.

It should be noted that such a large number of factors for the formation of AHRP, 
in addition to the features of the geological structure and geological and physical 
conditions of oil and gas regions and each hydrocarbon field, may also depend on other 
poorly understood processes.

Since hydrocarbon deposits with AHRP are discovered in the sedimentary cover of 
many oil and gas regions of the world, practically at all stratigraphic horizons, various 
depths and types of hydrocarbon deposits, there is a need for further study of this problem 
in order to increase the efficiency of geological exploration and field development.

Materials and methods. The object of study is the Beshkent trough of the Bukhara-
Khiva region (BHR), which is the most promising for discovering new hydrocarbon 
deposits. Currently, more than half of the structures identified and prepared for 
exploratory drilling in the Bukhara-Khiva region are concentrated in the Beshkent 
trough, and the success rate of drilling exploratory and exploration wells is over 65%.

Some reasons for the occurrence of abnormally high formation pressures in the 
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fields of the Beshkent trough are considered in (Hayitov at all, 2018: 71; Abetov at 
all, 2021: 6). A common drawback of these studies is that they studied the influence 
on the formation of AHRP, basically, only one factor. For example, in the work of 
A.Kh.Nugmanov, the influence of hydrocarbon migration (Hayitov at all, 2018: 71),
U.Abdazimov - the content of condensate in the reservoir gas (Abetov at all, 2021: 6),
M.R. Khamidov the role of faults (Xayitov, 2022:46), O.G. Khayitov - modern tectonic
movements of the earth’s crust (Kozbagarov at all, 2021: 98), etc. In this regard, there is a
need for a comprehensive assessment of the influence of geological and physical factors
on the formation of AHRP. At present, to assess the influence of various geological and
physical factors on the process indicator, the calculation of the information content of
these features is widely used. We have assessed the degree of information content of
geological and physical factors using the Kulboka measure according to the formula
(Zhaparkulova at all, 2021; Khaitov at all, 2022: 253). The geological and physical
parameters of the hydrocarbon deposits of the Beshkent trough used to assess their
informative value are given in Tables 1 and 2.

Research results. It can be seen from the given data that the geological and physical 
conditions of hydrocarbon deposits vary greatly in terms of the geological structure 
and types of deposits, the parameters of productive horizons, and reservoir pressure 
anomalies.

Let there be groups of objects A and B and some feature common to them, in our 
case, the amount of subsidence of the earth’s surface. If in the differentiable states of 
objects, A and B this feature is different for each group of objects, then it is informative, 
by this feature it is possible to distinguish the objects of group A from the objects of 
group B. If the feature is not informative, such a difference cannot be made on this 
feature.

It should be noted that the information content of features can also be used in the 
problem of pattern recognition as coefficients that determine the degree of influence of 
each factor.

All objects are divided into two groups - A and B. The first group A has an anomaly 
coefficient of formation pressure Ka = 1,40 greater than 1,40 and the second B with this 
coefficient less, then the differences in the signs for these two groups are determined.
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Tаble 2
Anomaly coefficient of formation pressure of hydrocarbon fields in the south-eastern part of the 

Bukhara-Khiva region (O.G. Khayitov, 2020).

№ Name of the 
field and type of 

deposits
Horizon Depth, 

m

Reservoir 
pressure, 

MPa

Anomaly 
coefficient

 Ка

The magnitude of the 
vertical movements of 

the earth's surface, 
10-3m/year *

1. Khanabad XV-HP 2798 275 0,982 2
2. Sovligar XV-HP 3134 353 1.16 2
3. Feruza XV+XVa 3039 295 0,971 2
4. Garministon XV-HP 3020 296 0.98 2
5. Меzon XV-HP 2592 340,2 1,312 1,5
6. Каratepa XV-P+HP 2880 346,4 1,202 3
7. Yangi Karatepa XV+XV-ПР+XVa 3124 478 1,530 3,75
8. Shakarbulak XVa, XV-HP+P 3365 387 1,150 2
9. Turtsari XV-HP+P+ПР 2510 283 1,127 2
10. Kumchuk XV+XVa 1981 230 1,161 2
11. Northern Shurtan XV-HP+P 3233 387,8 1,199 2
12. Ilim XV+XVa 2766 372 1,344 3,75
13. Darakhtli XV- Р 3107 621 1,998 4,5
14. Каmаshi XV+XVa 2976 554 1,861 4
15. Beshkent XV+XVa 2947 553 1,976 3,75
16. Sherkent XV+XVa+XVI 3230 418,3 1,295 3,75
17.  Ruboyi XV+XV-ПР+XVa 3249 471 1,449 3,75
18. Aknazar XV-НР+ Р 3312 604 1,823 4,2
19. North Aknazar XV-ПР+ Р 3294 603 1,830 4
20. Mirmiron XV-НР+ Р 2576 296,3 1,162 2
21. Namazbay XV+XVa 2906 306 1,053 2
22. Aydin XV+XVa 2261 281 1,242 2
23. Chunagar XV+XVa 3165 319 0,938 2
24. Shurtan XV-HP+P+XV-ПР 2680 439 1,46 4
25. Akhirbulak XV-НР+XV-Р 2819 338 1,199 3
26. Buzakhur XV+XVa+XVI 2965 353 1,190 3,75
27. Eastern Buzakhur XV+XVa+XVI 2283 336 1,471 3
28. Tarnasoy XV+XVa 2683 355 1,323 3,25
29. Таvakkal XV-НР+XV-Р 2820 317 1,124 3,25
30. Alachagikuduk XV-НР+XV-Р 3095 360 1,163 3,75
31. Zafar XV+XVa 2630 418 1,590 3,75
32. Northern Nishan XV+XVa+XVI 2850 533 1,870 3,75
33. Nishan XV+XVa+XVI 3224 533 1,653 4
34. Northern Guzar XV-НР+XV-Р 2890 318 1,100 2,5
35. Marvarid XV 2650 353 1,332 3,75
36. Topichaksoy XV 2807 349 1,243 3
37. Girsan XV+XVa 3610 621 1,720 6,75
38. Northern Girsan XV+XVa 3610 618 1,711 6
39. Divkhana XV+XVa 3592 621 1,728 6
40. Ernazar XV+XVa 3420 621 1,815 6
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41. Chigil XV+XVa 3471 621 1,789 6,75
42. Talimarjon XV+XVa 3299 621 1,882 5,4
43. Nazarkuduk XV+XVa 3550 621 1,749 4
44 Каpali XV+XVa 3120 563 1,895 4

Note; * – According to the Institute of Seismology of the Academy of Sciences of the Republic of 
Uzbekistan (Yarmukhammedov A.A. and others)

Let’s consider one of the signs - «oil-and-gas saturated thickness», which varies 
from 2,5 to 117 m. Let’s break this ordered series into 12 intervals: from 0 to 10; 10 to 
20, etc. (it is recommended to break it into 8-12 intervals). In the next two columns, we 
place data on the frequency of hitting deposits from groups A and B, in each interval.

In the following columns, we enter the values of the relative frequencies as a 
percentage, taking as 100% the sum of the frequencies, respectively, A and B in all 
ranges. For example, for the interval 0–10 in group B, we have (7/24) 100=29,2. In 
order to minimize the influence of the choice of interval boundaries on the results, we 
determine the weighted average (smoothed) frequencies in each interval by calculating 
the weighted moving average. In this case, we take into account the frequencies of this 
feature in four neighboring ranges.

In the next column, we enter the ratios of the smoothed frequencies ȲА/ȲВ, as well 
as the diagnostic coefficient (DC), which is the logarithm of the ratios of the smoothed 
frequencies, multiplied by 10:

    

7

calculating the weighted moving average. In this case, we take into account the frequencies of this feature
in four neighboring ranges.

In the next column, we enter the ratios of the smoothed frequencies Ȳ А /Ȳ В , as well as the
diagnostic coefficient (DC), which is the logarithm of the ratios of the smoothed frequencies, multiplied
by 10:

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∙ �𝐀𝐀𝐀𝐀
�𝐑𝐑𝐑𝐑

. (1)

Expressing the smoothed frequencies in fictitious intervals (zero and minus one), the weighted
average values Ȳ19Ȳ0 and Ȳ-1 should be summarized and the resulting sum is considered the weighted 
average frequency Ȳ-1 of this feature in the extreme range

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∙ �𝐀𝐀𝐀𝐀
�𝐑𝐑𝐑𝐑

(2)

From here, for the indicator "oil-and-gas saturated thickness" in the first interval, we have

У�А𝟏𝟏𝟏𝟏
У�В𝟏𝟏𝟏𝟏

=
𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐
𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏

= 𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏; 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 = 𝟏𝟏𝟏𝟏,𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒.

Then we enter the values of the information content of this feature in each interval. According to
the Kullback formula, the information value of the ί-th range of the j-th feature is equal to
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𝟏𝟏𝟏𝟏
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where DC (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) is the diagnostic coefficient of the ί-th range of the j-th sign; Р (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) - probability
(smoothed frequency) of getting into the group Ai -th range of the j -th feature, i.e., the one marked

У�А𝐢𝐢𝐢𝐢;𝐏𝐏𝐏𝐏 =
𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

В
= У�В𝐢𝐢𝐢𝐢. To compile a diagnostic table, it is necessary to calculate the information content of a

feature in all intervals and then find the information content of the entire feature (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣), which is equal to
the sum of the information content of its ranges.

𝐉𝐉𝐉𝐉�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣� = ∑ 𝐉𝐉𝐉𝐉𝐢𝐢𝐢𝐢 �𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢�. (4)
Let's calculate the informativeness of the "oil gas-saturated thickness" indicator in the first

interval (0-50):
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 − 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟒𝟒𝟒𝟒, (5)

in the second (50 - 100)
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟒𝟒𝟒𝟒𝟏𝟏𝟏𝟏 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏 − 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 (6)

and so on.
The information content of this feature as a whole is found by summing the values of information 

content in the intervals Jh = 0.190.
The informativity of the remaining nine features is determined in a similar way: the values of

vertical movements of the earth's surface, the potential content of condensate in the reservoir gas, the 
difference in the densities of water and oil (condensate), open porosity, effective oil and gas saturation of
the reservoir thickness, the depth of hydrocarbon separation - gas-water contact (GWC), water-oil contact 
(VNK), reservoir temperature, total thickness of the productive horizon, oil and gas saturation and its
area.

The calculation results are summarized in Table. 3, which shows that the occurrence of anomalous
reservoir pressure in the hydrocarbon deposits of the Beshkent trough of the Bukhara-Khiva region was
most affected by the magnitude of the vertical movement of the earth's surface (56%). The influence of
the potential content of condensate in the reservoir gas (9.8%), the difference in the densities of water and
oil (condensate) and open porosity, respectively, are also significant, 8.24 and 7.8%. At the same time, the
influence of the total and effective oil and gas saturation thickness of the horizon, the depth of
hydrocarbon separation (GWC, WOC), the temperature of the reservoir, oil and gas saturation and the
area of oil and gas content turned out to be insignificant.

                                                   (1)

Expressing the smoothed frequencies in fictitious intervals (zero and minus one), the 
weighted average values Ȳ19Ȳ0 and Ȳ-1 should be summarized and the resulting sum is 
considered the weighted average frequency Ȳ-1 of this feature in the extreme range
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calculating the weighted moving average. In this case, we take into account the frequencies of this feature
in four neighboring ranges.

In the next column, we enter the ratios of the smoothed frequencies Ȳ А /Ȳ В , as well as the
diagnostic coefficient (DC), which is the logarithm of the ratios of the smoothed frequencies, multiplied
by 10:

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∙ �𝐀𝐀𝐀𝐀
�𝐑𝐑𝐑𝐑

. (1)

Expressing the smoothed frequencies in fictitious intervals (zero and minus one), the weighted
average values Ȳ19Ȳ0 and Ȳ-1 should be summarized and the resulting sum is considered the weighted 
average frequency Ȳ-1 of this feature in the extreme range
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(2)

From here, for the indicator "oil-and-gas saturated thickness" in the first interval, we have

У�А𝟏𝟏𝟏𝟏
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=
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= 𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏; 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 = 𝟏𝟏𝟏𝟏,𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒.

Then we enter the values of the information content of this feature in each interval. According to
the Kullback formula, the information value of the ί-th range of the j-th feature is equal to
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where DC (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) is the diagnostic coefficient of the ί-th range of the j-th sign; Р (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) - probability
(smoothed frequency) of getting into the group Ai -th range of the j -th feature, i.e., the one marked

У�А𝐢𝐢𝐢𝐢;𝐏𝐏𝐏𝐏 =
𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

В
= У�В𝐢𝐢𝐢𝐢. To compile a diagnostic table, it is necessary to calculate the information content of a

feature in all intervals and then find the information content of the entire feature (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣), which is equal to
the sum of the information content of its ranges.

𝐉𝐉𝐉𝐉�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣� = ∑ 𝐉𝐉𝐉𝐉𝐢𝐢𝐢𝐢 �𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢�. (4)
Let's calculate the informativeness of the "oil gas-saturated thickness" indicator in the first

interval (0-50):
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 − 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟒𝟒𝟒𝟒, (5)

in the second (50 - 100)
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟒𝟒𝟒𝟒𝟏𝟏𝟏𝟏 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏 − 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 (6)

and so on.
The information content of this feature as a whole is found by summing the values of information 

content in the intervals Jh = 0.190.
The informativity of the remaining nine features is determined in a similar way: the values of

vertical movements of the earth's surface, the potential content of condensate in the reservoir gas, the 
difference in the densities of water and oil (condensate), open porosity, effective oil and gas saturation of
the reservoir thickness, the depth of hydrocarbon separation - gas-water contact (GWC), water-oil contact 
(VNK), reservoir temperature, total thickness of the productive horizon, oil and gas saturation and its
area.

The calculation results are summarized in Table. 3, which shows that the occurrence of anomalous
reservoir pressure in the hydrocarbon deposits of the Beshkent trough of the Bukhara-Khiva region was
most affected by the magnitude of the vertical movement of the earth's surface (56%). The influence of
the potential content of condensate in the reservoir gas (9.8%), the difference in the densities of water and
oil (condensate) and open porosity, respectively, are also significant, 8.24 and 7.8%. At the same time, the
influence of the total and effective oil and gas saturation thickness of the horizon, the depth of
hydrocarbon separation (GWC, WOC), the temperature of the reservoir, oil and gas saturation and the
area of oil and gas content turned out to be insignificant.

                                                                (2)
From here, for the indicator «oil-and-gas saturated thickness» in the first interval, 

we have
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𝟐𝟐𝟐𝟐
�𝐏𝐏𝐏𝐏 �

𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

А
� − 𝐏𝐏𝐏𝐏 �

𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

В
��, (3)

where DC (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) is the diagnostic coefficient of the ί-th range of the j-th sign; Р (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) - probability
(smoothed frequency) of getting into the group Ai -th range of the j -th feature, i.e., the one marked

У�А𝐢𝐢𝐢𝐢;𝐏𝐏𝐏𝐏 =
𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

В
= У�В𝐢𝐢𝐢𝐢. To compile a diagnostic table, it is necessary to calculate the information content of a

feature in all intervals and then find the information content of the entire feature (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣), which is equal to
the sum of the information content of its ranges.

𝐉𝐉𝐉𝐉�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣� = ∑ 𝐉𝐉𝐉𝐉𝐢𝐢𝐢𝐢 �𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢�. (4)
Let's calculate the informativeness of the "oil gas-saturated thickness" indicator in the first

interval (0-50):
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 − 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟒𝟒𝟒𝟒, (5)

in the second (50 - 100)
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟒𝟒𝟒𝟒𝟏𝟏𝟏𝟏 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏 − 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 (6)

and so on.
The information content of this feature as a whole is found by summing the values of information 

content in the intervals Jh = 0.190.
The informativity of the remaining nine features is determined in a similar way: the values of

vertical movements of the earth's surface, the potential content of condensate in the reservoir gas, the 
difference in the densities of water and oil (condensate), open porosity, effective oil and gas saturation of
the reservoir thickness, the depth of hydrocarbon separation - gas-water contact (GWC), water-oil contact 
(VNK), reservoir temperature, total thickness of the productive horizon, oil and gas saturation and its
area.

The calculation results are summarized in Table. 3, which shows that the occurrence of anomalous
reservoir pressure in the hydrocarbon deposits of the Beshkent trough of the Bukhara-Khiva region was
most affected by the magnitude of the vertical movement of the earth's surface (56%). The influence of
the potential content of condensate in the reservoir gas (9.8%), the difference in the densities of water and
oil (condensate) and open porosity, respectively, are also significant, 8.24 and 7.8%. At the same time, the
influence of the total and effective oil and gas saturation thickness of the horizon, the depth of
hydrocarbon separation (GWC, WOC), the temperature of the reservoir, oil and gas saturation and the
area of oil and gas content turned out to be insignificant.

Then we enter the values of the information content of this feature in each interval. 
According to the Kullback formula, the information value of the ί-th range of the j-th 
feature is equal to

7

calculating the weighted moving average. In this case, we take into account the frequencies of this feature
in four neighboring ranges.

In the next column, we enter the ratios of the smoothed frequencies Ȳ А /Ȳ В , as well as the
diagnostic coefficient (DC), which is the logarithm of the ratios of the smoothed frequencies, multiplied
by 10:

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∙ �𝐀𝐀𝐀𝐀
�𝐑𝐑𝐑𝐑

. (1)

Expressing the smoothed frequencies in fictitious intervals (zero and minus one), the weighted
average values Ȳ19Ȳ0 and Ȳ-1 should be summarized and the resulting sum is considered the weighted 
average frequency Ȳ-1 of this feature in the extreme range

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∙ �𝐀𝐀𝐀𝐀
�𝐑𝐑𝐑𝐑

(2)

From here, for the indicator "oil-and-gas saturated thickness" in the first interval, we have

У�А𝟏𝟏𝟏𝟏
У�В𝟏𝟏𝟏𝟏

=
𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐
𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏

= 𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏; 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 = 𝟏𝟏𝟏𝟏,𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒.

Then we enter the values of the information content of this feature in each interval. According to
the Kullback formula, the information value of the ί-th range of the j-th feature is equal to

𝐉𝐉𝐉𝐉�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢� = 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢�
𝟏𝟏𝟏𝟏
𝟐𝟐𝟐𝟐
�𝐏𝐏𝐏𝐏 �

𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

А
� − 𝐏𝐏𝐏𝐏 �

𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

В
��, (3)

where DC (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) is the diagnostic coefficient of the ί-th range of the j-th sign; Р (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) - probability
(smoothed frequency) of getting into the group Ai -th range of the j -th feature, i.e., the one marked

У�А𝐢𝐢𝐢𝐢;𝐏𝐏𝐏𝐏 =
𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

В
= У�В𝐢𝐢𝐢𝐢. To compile a diagnostic table, it is necessary to calculate the information content of a

feature in all intervals and then find the information content of the entire feature (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣), which is equal to
the sum of the information content of its ranges.

𝐉𝐉𝐉𝐉�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣� = ∑ 𝐉𝐉𝐉𝐉𝐢𝐢𝐢𝐢 �𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢�. (4)
Let's calculate the informativeness of the "oil gas-saturated thickness" indicator in the first

interval (0-50):
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 − 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟒𝟒𝟒𝟒, (5)

in the second (50 - 100)
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟒𝟒𝟒𝟒𝟏𝟏𝟏𝟏 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏 − 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 (6)

and so on.
The information content of this feature as a whole is found by summing the values of information 

content in the intervals Jh = 0.190.
The informativity of the remaining nine features is determined in a similar way: the values of

vertical movements of the earth's surface, the potential content of condensate in the reservoir gas, the 
difference in the densities of water and oil (condensate), open porosity, effective oil and gas saturation of
the reservoir thickness, the depth of hydrocarbon separation - gas-water contact (GWC), water-oil contact 
(VNK), reservoir temperature, total thickness of the productive horizon, oil and gas saturation and its
area.

The calculation results are summarized in Table. 3, which shows that the occurrence of anomalous
reservoir pressure in the hydrocarbon deposits of the Beshkent trough of the Bukhara-Khiva region was
most affected by the magnitude of the vertical movement of the earth's surface (56%). The influence of
the potential content of condensate in the reservoir gas (9.8%), the difference in the densities of water and
oil (condensate) and open porosity, respectively, are also significant, 8.24 and 7.8%. At the same time, the
influence of the total and effective oil and gas saturation thickness of the horizon, the depth of
hydrocarbon separation (GWC, WOC), the temperature of the reservoir, oil and gas saturation and the
area of oil and gas content turned out to be insignificant.

                                               (3)

where DC () is the diagnostic coefficient of the ί-th range of the j-th sign; Р () - 
probability (smoothed frequency) of getting into the group Ai -th range of the j -th 
feature, i.e., the one marked  To compile a diagnostic table, it is necessary to calculate 
the information content of a feature in all intervals and then find the information content 
of the entire feature (), which is equal to the sum of the information content of its ranges.
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7

calculating the weighted moving average. In this case, we take into account the frequencies of this feature
in four neighboring ranges.

In the next column, we enter the ratios of the smoothed frequencies Ȳ А /Ȳ В , as well as the
diagnostic coefficient (DC), which is the logarithm of the ratios of the smoothed frequencies, multiplied
by 10:

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∙ �𝐀𝐀𝐀𝐀
�𝐑𝐑𝐑𝐑

. (1)

Expressing the smoothed frequencies in fictitious intervals (zero and minus one), the weighted
average values Ȳ19Ȳ0 and Ȳ-1 should be summarized and the resulting sum is considered the weighted 
average frequency Ȳ-1 of this feature in the extreme range

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∙ �𝐀𝐀𝐀𝐀
�𝐑𝐑𝐑𝐑

(2)

From here, for the indicator "oil-and-gas saturated thickness" in the first interval, we have

У�А𝟏𝟏𝟏𝟏
У�В𝟏𝟏𝟏𝟏

=
𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐
𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏

= 𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏; 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 = 𝟏𝟏𝟏𝟏,𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒.

Then we enter the values of the information content of this feature in each interval. According to
the Kullback formula, the information value of the ί-th range of the j-th feature is equal to

𝐉𝐉𝐉𝐉�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢� = 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢�
𝟏𝟏𝟏𝟏
𝟐𝟐𝟐𝟐
�𝐏𝐏𝐏𝐏 �

𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

А
� − 𝐏𝐏𝐏𝐏 �

𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

В
��, (3)

where DC (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) is the diagnostic coefficient of the ί-th range of the j-th sign; Р (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) - probability
(smoothed frequency) of getting into the group Ai -th range of the j -th feature, i.e., the one marked

У�А𝐢𝐢𝐢𝐢;𝐏𝐏𝐏𝐏 =
𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

В
= У�В𝐢𝐢𝐢𝐢. To compile a diagnostic table, it is necessary to calculate the information content of a

feature in all intervals and then find the information content of the entire feature (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣), which is equal to
the sum of the information content of its ranges.

𝐉𝐉𝐉𝐉�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣� = ∑ 𝐉𝐉𝐉𝐉𝐢𝐢𝐢𝐢 �𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢�. (4)
Let's calculate the informativeness of the "oil gas-saturated thickness" indicator in the first

interval (0-50):
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 − 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟒𝟒𝟒𝟒, (5)

in the second (50 - 100)
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟒𝟒𝟒𝟒𝟏𝟏𝟏𝟏 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏 − 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 (6)

and so on.
The information content of this feature as a whole is found by summing the values of information 

content in the intervals Jh = 0.190.
The informativity of the remaining nine features is determined in a similar way: the values of

vertical movements of the earth's surface, the potential content of condensate in the reservoir gas, the 
difference in the densities of water and oil (condensate), open porosity, effective oil and gas saturation of
the reservoir thickness, the depth of hydrocarbon separation - gas-water contact (GWC), water-oil contact 
(VNK), reservoir temperature, total thickness of the productive horizon, oil and gas saturation and its
area.

The calculation results are summarized in Table. 3, which shows that the occurrence of anomalous
reservoir pressure in the hydrocarbon deposits of the Beshkent trough of the Bukhara-Khiva region was
most affected by the magnitude of the vertical movement of the earth's surface (56%). The influence of
the potential content of condensate in the reservoir gas (9.8%), the difference in the densities of water and
oil (condensate) and open porosity, respectively, are also significant, 8.24 and 7.8%. At the same time, the
influence of the total and effective oil and gas saturation thickness of the horizon, the depth of
hydrocarbon separation (GWC, WOC), the temperature of the reservoir, oil and gas saturation and the
area of oil and gas content turned out to be insignificant.

            (4)
Let’s calculate the informativeness of the «oil gas-saturated thickness» indicator in 

the first interval (0-50):

 

7

calculating the weighted moving average. In this case, we take into account the frequencies of this feature
in four neighboring ranges.

In the next column, we enter the ratios of the smoothed frequencies Ȳ А /Ȳ В , as well as the
diagnostic coefficient (DC), which is the logarithm of the ratios of the smoothed frequencies, multiplied
by 10:

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 = 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 ∙ �𝐀𝐀𝐀𝐀
�𝐑𝐑𝐑𝐑

. (1)

Expressing the smoothed frequencies in fictitious intervals (zero and minus one), the weighted
average values Ȳ19Ȳ0 and Ȳ-1 should be summarized and the resulting sum is considered the weighted 
average frequency Ȳ-1 of this feature in the extreme range
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From here, for the indicator "oil-and-gas saturated thickness" in the first interval, we have
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where DC (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) is the diagnostic coefficient of the ί-th range of the j-th sign; Р (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) - probability
(smoothed frequency) of getting into the group Ai -th range of the j -th feature, i.e., the one marked

У�А𝐢𝐢𝐢𝐢;𝐏𝐏𝐏𝐏 =
𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣
𝐢𝐢𝐢𝐢

В
= У�В𝐢𝐢𝐢𝐢. To compile a diagnostic table, it is necessary to calculate the information content of a

feature in all intervals and then find the information content of the entire feature (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣), which is equal to
the sum of the information content of its ranges.

𝐉𝐉𝐉𝐉�𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣� = ∑ 𝐉𝐉𝐉𝐉𝐢𝐢𝐢𝐢 �𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢�. (4)
Let's calculate the informativeness of the "oil gas-saturated thickness" indicator in the first

interval (0-50):
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
∙ (𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐 − 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏) = 𝟏𝟏𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟒𝟒𝟒𝟒, (5)

in the second (50 - 100)
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟒𝟒𝟒𝟒𝟏𝟏𝟏𝟏 ∙ 𝟏𝟏𝟏𝟏

𝟐𝟐𝟐𝟐
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and so on.
The information content of this feature as a whole is found by summing the values of information 

content in the intervals Jh = 0.190.
The informativity of the remaining nine features is determined in a similar way: the values of

vertical movements of the earth's surface, the potential content of condensate in the reservoir gas, the 
difference in the densities of water and oil (condensate), open porosity, effective oil and gas saturation of
the reservoir thickness, the depth of hydrocarbon separation - gas-water contact (GWC), water-oil contact 
(VNK), reservoir temperature, total thickness of the productive horizon, oil and gas saturation and its
area.

The calculation results are summarized in Table. 3, which shows that the occurrence of anomalous
reservoir pressure in the hydrocarbon deposits of the Beshkent trough of the Bukhara-Khiva region was
most affected by the magnitude of the vertical movement of the earth's surface (56%). The influence of
the potential content of condensate in the reservoir gas (9.8%), the difference in the densities of water and
oil (condensate) and open porosity, respectively, are also significant, 8.24 and 7.8%. At the same time, the
influence of the total and effective oil and gas saturation thickness of the horizon, the depth of
hydrocarbon separation (GWC, WOC), the temperature of the reservoir, oil and gas saturation and the
area of oil and gas content turned out to be insignificant.
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Then we enter the values of the information content of this feature in each interval. According to
the Kullback formula, the information value of the ί-th range of the j-th feature is equal to
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where DC (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) is the diagnostic coefficient of the ί-th range of the j-th sign; Р (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣𝐢𝐢𝐢𝐢) - probability
(smoothed frequency) of getting into the group Ai -th range of the j -th feature, i.e., the one marked
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= У�В𝐢𝐢𝐢𝐢. To compile a diagnostic table, it is necessary to calculate the information content of a

feature in all intervals and then find the information content of the entire feature (𝐱𝐱𝐱𝐱𝐣𝐣𝐣𝐣), which is equal to
the sum of the information content of its ranges.
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Let's calculate the informativeness of the "oil gas-saturated thickness" indicator in the first

interval (0-50):
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒 ∙ 𝟏𝟏𝟏𝟏
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in the second (50 - 100)
𝐉𝐉𝐉𝐉 = 𝟏𝟏𝟏𝟏.𝟐𝟐𝟐𝟐𝟒𝟒𝟒𝟒𝟏𝟏𝟏𝟏 ∙ 𝟏𝟏𝟏𝟏
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and so on.
The information content of this feature as a whole is found by summing the values of information 

content in the intervals Jh = 0.190.
The informativity of the remaining nine features is determined in a similar way: the values of

vertical movements of the earth's surface, the potential content of condensate in the reservoir gas, the 
difference in the densities of water and oil (condensate), open porosity, effective oil and gas saturation of
the reservoir thickness, the depth of hydrocarbon separation - gas-water contact (GWC), water-oil contact 
(VNK), reservoir temperature, total thickness of the productive horizon, oil and gas saturation and its
area.

The calculation results are summarized in Table. 3, which shows that the occurrence of anomalous
reservoir pressure in the hydrocarbon deposits of the Beshkent trough of the Bukhara-Khiva region was
most affected by the magnitude of the vertical movement of the earth's surface (56%). The influence of
the potential content of condensate in the reservoir gas (9.8%), the difference in the densities of water and
oil (condensate) and open porosity, respectively, are also significant, 8.24 and 7.8%. At the same time, the
influence of the total and effective oil and gas saturation thickness of the horizon, the depth of
hydrocarbon separation (GWC, WOC), the temperature of the reservoir, oil and gas saturation and the
area of oil and gas content turned out to be insignificant.

                 (6)
and so on.
The information content of this feature as a whole is found by summing the values 

of information content in the intervals Jh = 0.190.
The informativity of the remaining nine features is determined in a similar way: the 

values of vertical movements of the earth’s surface, the potential content of condensate 
in the reservoir gas, the difference in the densities of water and oil (condensate), 
open porosity, effective oil and gas saturation of the reservoir thickness, the depth of 
hydrocarbon separation - gas-water contact (GWC), water-oil contact (VNK), reservoir 
temperature, total thickness of the productive horizon, oil and gas saturation and its area.

The calculation results are summarized in Table. 3, which shows that the occurrence 
of anomalous reservoir pressure in the hydrocarbon deposits of the Beshkent trough of 
the Bukhara-Khiva region was most affected by the magnitude of the vertical movement 
of the earth’s surface (56%). The influence of the potential content of condensate in the 
reservoir gas (9.8%), the difference in the densities of water and oil (condensate) and 
open porosity, respectively, are also significant, 8.24 and 7.8%. At the same time, the 
influence of the total and effective oil and gas saturation thickness of the horizon, the 
depth of hydrocarbon separation (GWC, WOC), the temperature of the reservoir, oil and 
gas saturation and the area of   oil and gas content turned out to be insignificant.

Based on the study of the causes of AHRP by the method of assessing the information 
content of geological and physical factors, it can be concluded that anomalously high 
reservoir pressures in the hydrocarbon deposits of the southeastern part of the BCR 
were formed due to tectonic stresses and tectonic processes that cause compression and 
deformation of deep reservoirs, as well as due to physical chemical changes in reservoir 
hydrocarbons and compaction of rocks under the influence of geostatic pressure.

Taking into account these factors, we have compiled a map of the distribution of 
AHRP in the study area. Based on the general patterns’ characteristic of each region, 
zones with varying degrees of their manifestation have been identified.

Tаble 3
The results of assessing the information content of geological and physical parameters.

№ Parameters
Limits 

of 
change

Infor-
mati-

ve

Share in total 
infor mati-

veness
Note

1 The magnitude of the vertical movements 
of the earth's surface, 10-3m / year

1,50–
6,75 2,038 56,5 main factor

2 Potential content of condensate in 
reservoir gas, 10-3kg/m³ 5–250 0,354 9,80 Significant factor
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3 Density difference between water and oil 
(condensate), кг/м³

252–
518 0,298 8,24 Significant factor

4 Open porosity, % 2-20 0,283 7,80 Significant factor

5 Oil and gas pay thickness 0,190 5,26 Non-significant 
factor

6 Depth of hydrocarbon separation, m 2261-
3461 0,166 4,68 Non-significant 

factor

7 Reservoir temperature, K 349,4-
405,5 0,140 3,87 Non-significant 

factor

8 Total thickness of the productive horizon, 
m 8-550 0,106 2,93 Non-significant 

factor

9 Oil and gas saturation, shares of units 0,610-
0,932 0,037 1,02 Non-significant 

factor

10 Area of oil and gas saturation, thousand 
m3

2167-
178200 0,001 0,00 Non-significant 

factor

As can be seen from the figure, in the northeastern part of the study area, there are 
mainly oil fields with a formation pressure anomaly coefficient equal to Ka=1, in the 
middle part there are mainly gas condensate fields with a formation pressure anomaly 
coefficient within Ka=1, 2–1,6. In the southeastern part, gas fields were formed, in which 
the reservoir pressure anomaly coefficient reaches 2.

In this regard, when drilling exploratory and exploration wells in new areas, the 
expected value of reservoir pressure should be justified taking into account the above 
factors, which are the main causes of AHRP.

Map of reservoir pressure anomaly distribution in the Beshkent trough of the Bukhara-Khiva region

The discussion of the results. Based on the generalization of the results of the study 
of the causes of AHRP, it has been established that this process can be predetermined 
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associated with many geological and physical factors. Specific to a specific oil and gas 
region.

Using the method of assessing the information content of geological and physical 
factors, it was established that in the hydrocarbon deposits of the Beshkent trough of the 
Bukhara-Khiva region, the occurrence of AHRP is also associated with many factors. 
However, due to the different degree of influence of these factors, different zones of 
manifestation of AHRP are distinguished.

Thus, we can say the following, fields with abnormally high formation pressures 
are quite widespread in the sedimentary cover of the oil and gas regions of the world, 
in various stratigraphic horizons and depths, in various types of hydrocarbon deposits 
and their reserves. As a result of the analysis of the mechanism, more than 20 causes of 
AHRP have been identified. At the same time, depending on the geological conditions 
of the oil and gas regions and the characteristics of each specific field, no more than 3–5 
factors are distinguished for the studied territories that contribute to the occurrence of 
AHRP.

2. Based on the systematization of the mechanism of occurrence of AHRP, the
following groups of causes are identified, related to:

- compaction of rocks of isolated layers under the influence of geostatic pressure;
- tectonic direction and tectonic processes causing compression and deformation of

deep reservoirs;
- the entry of high-pressure fluids into a closed reservoir from deeper horizons along

faults;
- physical and chemical properties of water, oil and gas;
- high height of sedimentary rocks;
- a decrease in the depth of the productive horizon with the pressure remaining after

the formation of the deposit;
- osmotic phenomena;
- a significant excess of the exit of the formation to the surface above the wellhead;
- diagenetic transition of montmorillonite to ilite and gypsum to anhydrite.
3. On the basis of statistical processing of data on initial reservoir pressures and

potential condensate content in the produced gas of oil and gas condensate and gas 
condensate fields of the Beshkent trough, their close relationship was established with 
a correlation coefficient of 0.957. The revealed dependence shows that in the fields of 
the Beshkent trough, the presence of condensate content in gas can only be predicted in 
deposits with an initial formation pressure above 20 MPa.

4. To establish the geological and physical factors contributing to the occurrence
of AHRP in the fields of the Beshkent trough, the information content of these signs 
was calculated using the Kullback measure. As a result, it was established that the 
magnitude of the vertical movement of the earth’s surface has the greatest influence on 
the occurrence of AHRP in the hydrocarbon fields of the Beshkent trough. The content 
of condensate in the gas, the difference in the densities of water and oil, and open 
porosity also have a significant effect.

In this regard, when drilling exploratory and exploration wells in new areas of the 
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Beshkent trough, the expected value of reservoir pressure should be justified taking into 
account the above factors, which are the main causes of AHRP.

Conclusion. The geological and physical factors that are the main reasons for 
the occurrence of AHRP in the fields of the Beshkent trough have been determined. 
It is substantiated that in the study area, AHRPs were formed due to a complex of 
reasons associated with tectonic stresses and tectonic processes that cause compression 
and deformation of deep reservoirs, as well as physicochemical changes in reservoir 
hydrocarbons and rock compaction under the influence of geostatic pressure. A map of 
the distribution of AHRP was compiled for use in justifying the design of prospecting 
and exploration wells and methods for their development.
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