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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP 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.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. The effectiveness of well wiring and technological decisions
made largely depend on the use of comprehensive geological, geophysical and
technological information. In order to study the section more deeply and thereby
improve the quality of decisions made on the choice of rock-crushing tools and
drilling mud, it is necessary to apply the results of geological and technological
information (GTI) in combination with geophysical well surveys (GIS). To this
end, in this article, using modern methods based on mathematical statistics and
fuzzy set theory, calculations were performed using the example of some wells in
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the Bahar (Azerbaijan) and Zhetybai (Kazakhstan) fields. This technique provides
a more accurate recognition of lithological differences in the rocks of the borehole
section. When using comprehensive information, it is possible to follow the
intervals of possible complications by comparing changes in rock properties and
drilling speed to identify homogeneous intervals in terms of rock properties and
drillability in general. The algorithm proposed in the article makes it possible to
improve the quality of information about the well section, which in turn will also
make it possible to make more correct technological decisions on the choice of rock-
crushing tools and drilling mud. As a result of the analysis of complex geophysical
and geological-technological information using modern methods based on the
principles of mathematical statistics and the theory of fuzzy sets, calculations were
performed using the example of some wells.

Keywords: homogeneous intervals, hardness, abrasiveness, geological-
technological information, rock properties
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AHHOTanuMsA. YHFBIMAJIApIAbl OTKI3YMiH THIMIUTI JKOHE KaObUITaHFaH
TEXHOJIOTUSUIBIK ~IICIIMJIEp KoOiHeCe KeIICH i TeOJIOTUSIIBIK-TeO(PU3UKAIBIK
JKOHE TEXHOJIOTHSUIBIK aKMaparThl naijanaHyra OaityanbicThl. Kecyni TepeHipek
3epTTey JKOHE OChUIAHINA Tay JKbIHBICTAPBIH OY3aThlH Kypal MeH Oyprbuiay
epITIHAICIH TaH#ay OOWBIHIIA KAOBUITAHATHIH IICHTIMICPIIH CalachklH apTTBIPY
yurie ¥HFeIManapasl reodusukansik 3eprreymMe (¥Y1'3) kemeHme reonorusiibK-
TeXHONOTUsUIBIK aknaparTeiy (I TA) HoTmxkenepin konmany kKaxer. Ockl MaKcarTa
Oyl Makamajga MaTeMaTHKAIIbIK CTAaTHCTUKA MEH aHBIK €MEC JKUBIHTBIKTAp
TEOPUSCHIHBIH EPEKEIICPIHE HETI3/IEIreH 3aMaHayd JJIICTep/l KOJiJlaHa OTBIPHIII,
baxap (Ozipbaitkan) xoHe XKeribaii (Kazakcran) keH OpBIHAAPBIHBIH KeHOip
VHFBIMaJIapPBIHBIH MBICATBIHIA €CETITEYIIep KYPTi3iiai. benrinenreH o 1ic YHFBIMaHbI
KECY KBIHBICTAPBIHBIH JIUTOJNOTHSIIBIK albIPMAIIBUTBIKTAPBIH JIONIPEK TaHY/IbI
KaMTamachi3 eteii. Kemen i akmaparTsl aianany Ke3iHae Tay JKbIHbICTAPbIHBIH
KAaCHUETTEPiHIH 03repyiH )KOHE Tay KBIHBICTAPBIHBIH KacueTTepi OOMbIHIIA OIPTEKTI
WHTEpBaJIapbl KOHE TyTacTaii anraHjga Oyprbuiayabl Oeny YIIiH YHFBIMAaHBIH
YKBUITAM/IBIFBIH CATBICTBHIPMAIIBl TaJ/Iay apKbIIbl MYMKiH OOJNaThIH aCKbIHYIAPJIbIH
WHTEpBAJIapblH  Oakpuiayra Oosaapl. Makanajga YChIHBUIFAH — allTOPUTM
YHFBIMaHBIH O6IliHyl Typajbl akKmapaTThlH CarachlH apTThIpyFa MYMKIiHJIK
Oepeni, OyJ1 3 Ke3eriHle Tay JKBIHBICTapbIH Oy3aThlH Kypal MEH OypFrbuIay
epiTiHAiciH TaHIay OOWBIHIIA IYPHIC TEXHOJOTHSJIBIK ILICIIiMIEp KaObUinayra
MYMKIiHAIK Oepezi. MareMaTuKaablK CTAaTUCTHKA MEH OVJIBIHFBIP JKUBIHTBIKTAP
TEOPHUSCHIHBIH EPEKEIICPIHEe HETI3/IEreH 3aMaHayd JJIICTepAl KOJJaHa OTBIPHII,
KEIICH I Te0(OU3UKANBIK KOHE TeOJIOTHSUIBIK-TEXHOJIOTHSUIBIK aKIMaparThl Tajiay
HOTIDKECIHe KeWOip YHFbIMaJIapAblH MBICANBIH/IA €CenTeyep KYPri3iimi.

Tyiiin ce3aep: OipTeKTi apaibIKTap, KaTTHUIBIK, aOpa3UBTLIIK, T€OIOTHSIIBIK-
TEXHOJIOTUSUIBIK aKIapar, Tay >KbIHBICTAPBIHBIH KaCHeTTepi

A.I. Kacanosa?, .M. D¢denanes'’, U.A. [lupuBepaues’,
M.K. Kapaxanosa?, H.M. Axmetos’, 2025.
"Kacruiickuii T'ocynapctBeHnbiii YauBepcuteT TexHomoruit 1 MHKuHUpUHTa
umenu 1. EcenoBa, Akray, Kazaxcran;
*Uucturyt Hedru n I'aza MunucrepcrBa Hayku u O6pa3oBanus
AszepOaitmkanckoit Pecriyonuku, baky, AsepOaiimkan;
3 Atpipayckuii yauBepceuteT HedTH U ra3a umenu C. Yrebaena,
Atsipay, Kazaxcran.
E-mail: akkasanova@mail.ru

OLHEHKA XAPAKTEPUCTHUK I'EOJIOI'HYECKOTI'O PA3PE3A
CKBAJKHH HA OCHOBE KOMILJIEKCHOM TrEO®U3UYECKOM U
TEXHOJIOTHYECKOM UH®OPMAIIUH

KacanoBa AKTOTBI — JJOKTOpaHT 10 HanpaBiieHUIo moarotoBku 8D07210 — «Hedrerasosoe xemnoy,
Kacnuiickuit ynusepcuteT TexHonoruu u nmkunupunra umenu 1. Ecenosa, Akray, Kazaxcran,
E-mail: akkasanova@mail.ru; https://orcid.org/0000-0002-6604-2575;

186



ISSN 2224-5278 4.2025

O¢dengueB 'annd — IOKTOp TEXHUUECKUX HAYK, YIEH-KOppecHoHAEHT HanuoHnanbHON akagemMuu
Hayk AsepOaiipkana, mnpocdeccop, 3aBemyrommii ormenoM «TeopeTndeckne ¥ IpPHUKIATHEBIE
IpoOJIeMBI COBpEMEHHOTO OypeHus», MHcTuTyT HedTi 1 raza MuHHCTepCTBAa HAYKH M 00pa30BaHHS
Aszepbaiikanckoit Pecrryonmkn, baxy, Azepbaiimkan,

E-mail: galib_2000@yahoo.com; https://orcid.org/0000-0002-4875-5782;

Iupusepanes Uropsr — noxrop punocoduu (PhD), Unctutyt HedTH 1 raza MuHICTEpCTBA HAYKH
n obpasoBanus Azepobaiipkanckoil Pecrryomukn, baky, Azep6aiimxan,

E-mail: igorbaku@yandex.ru; https://orcid.org/0000-0002-6915-8266;

Kapa:xxanoBa Mapan — pokrop ¢unocopun (PhD), nmoment kadenpsl HepTEXUMHUECKOH
nmxeHepuu, Kacnuiickuil yHuBepcureT TexHonoruu u uHxuHupuara uMenu I, EceHoBa, Akray,
Kazaxcran,

E-mail: mikado 70@inbox.ru; https://orcid.org/0000-0002-3451-9746;

AxmeroB HypkeH — KaHIUIaT TEXHUYECKUX HayK, ATBIPAyCKHI YHUBEPCUTET HE(PTH U raza UMEHI
C. Yrebaera, Atbipay, KazaxcraH,

E-mail: akhmetov_n.m@mail.ru, https// orcid.org/0009-0008-5892-2530.

AnHoTanmusi. OQQPEKTHUBHOCTh MPOBOAKH CKBOXHH W NPUHUMAaEMBIX
TEXHOJIOTHYECKUX PEIIEHUII BO MHOTOM 3aBHCHUT OT UCIIOJIb30BaHUS KOMIUIEKCHOM
reoyioro-reopu3nueckodl W TexHonormueckod wuHpopmamuu. [ns  Goxee
DIyOOKOTO HM3YyYeHHsI pa3pe3a W TOBBIIICHHS] KayecTBa peIIeHWH IO BHIOOPY
MOPOAOPA3PYIIAIONIEr0 HMHCTPYMEHTa M OypOBOrO pacTBopa HEOOXOIUMO
MPUMEHSITh Teonoro-TexHonornueckyro undopmamuto (I'TU) B  xommiekce
¢ reopusnuyecknmu uccienoanusmMu ckBaxuH (I'MC). B nannoii cratee c
HCIOJb30BAHUEM METO/I0B MaTeéMaTH4ecKOHM CTAaTUCTHKHM M TEOpUM HEYETKHUX
MHOXECTB BBINIOJHEHbI pPAacy€Tbl Ha TMpUMepe CKBaXXUH MECTOPOXKACHUIN
Baxap (AsepOaiikan) u JKerpibari (Kasaxcran). [IpemnokeHHass MeTonuka
obecrieunBaeT Oojiee TOYHOE pACIO3HABAHUE JIUTOJIOTMYECKHX Ppa3HOCTEH
MOpoJ pa3pesa CKBAKUHBI. KOMIUIEKCHBIH aHanu3 M3MEHEHUH CBOWCTB TOPHBIX
MOPOJ U CKOPOCTH IMPOXOJKH TMO3BOJISIET BBLAEIATH OJHOPOAHBIE MHTEPBAJBI 110
OypUMOCTH W CBOICTBaM IOpOA, a TaKKe MPOTHO3MPOBAThH MPOOIIEMHBIE 30HBI.
Pa3zpaboTaHHbIif aaropuT™M TOBBIIIAET KAadyecTBO HMH(OpMalMU O pas3pese, uTo
CHOCOOCTBYET NPUHSITHIO 000CHOBAHHBIX TEXHOJOTHYECKUX PELICHUI IO BBIOOPY
MOPOAOPA3PYIIAIOIIEr0 HHCTPYMEHTA B OypOBOTO PacTBOPA.

KioueBble ciioBa: OnHOPOAHBIE WHTEPBAJbl, TBEPIOCTH, aOpPa3MBHOCTb,
reoJIOro-TeXHOJI0rn4YecKast HH(popMaIys, CBOMCTBA TOPHBIX TOPOA

Introduction. It is well known that the efficiency of well drilling is greatly
influenced by the quality of the obtained data. The quality of the integrated
geological-technological and geophysical information is primarily determined by
the preliminary processing of raw data, its analysis, and the applied methods. The
main task during geophysical and geological-technological studies is to ensure
operational control over the drilling well. These studies are carried out throughout
the construction and preparation phases for well commissioning. Accurate
geological section data is critical to making timely adjustments during drilling.
A well-organized research approach contributes to achieving high technical and
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economic indicators and helps meet environmental protection requirements.
Such studies are conducted throughout the well construction and commissioning
preparation process. Accurate initial data on the geological section is essential for
making sound technological decisions, which in turn leads to high technical and
economic performance. Insufficient use of modern methods for data processing and
information analysis limits the ability to obtain complete and reliable information.
This issue impedes the establishment of a reliable base for making technological
decisions since drilling data quality does not always meet the level required for
project design, directly affecting decision-making processes and complicating them,
leading to erroneous conclusions. Experience from well drilling and numerous
studies highlight the need for integrated research based on geological-geophysical
and geological-technological well data, requiring appropriate data processing
methods and information analysis.

This article focuses on analyzing drilling data, evaluating rock drillability,
classifying strata, and preparing higher-quality information using modern methods
that account for uncertainty in decision-making during various stages of drilling.

Materials and methods of research. In recent years, a significant amount
of research has been devoted to understanding the interaction between rock-
breaking tools and rock formations, with methods proposed for determining the
physicochemical properties and abrasiveness of rocks and their use in assessing
drillability. These include experimental studies conducted on core and cuttings
material students (Sementsov et al, 1986: 79; Khismetov et al, 2006: 42), as well
as research based on geological-geophysical, technological information analysis,
and classification methods. (Brown et al, 2000: 119; Cuddy et al, 2002: 219;
Efendiyev et al, 2019: 503; Efendiyev et al, 2021: 1828; Dmitrievsky et al, 2020:
31; Mirzadzhanzade et al, 1981: 148). Notable works include theoretical and
experimental studies on the mechanism of rock destruction, the effects of various
factors on the efficiency of rock breaking and attempts at mathematical descriptions
of the corresponding patterns.

As shown by previous studies, the use of integrated geological-geophysical and
technological information is essential for making technological decisions. Obtaining
and utilizing such data requires the parallel use of modern data processing and
analysis methods. It is important to consider the conditions under which drilling
occurs, particularly the heterogeneity, fuzziness, and random nature of factors.
Reliable decision-making can be supported by methods from control theory and
decision-making under uncertainty, which have been widely developed in recent
years. Methods for studying geological sections during drilling are also of great
importance. Using GTI in combination with geophysical surveys provides a deeper
understanding of the strata and improves decision-making quality.

Results and discussion. When analyzing geological-technological drilling
data, including measurements, one encounters errors, uncertainty, and unstable
correlations between the studied parameters. These challenges are inherent in
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technical, technological, geological, and geophysical studies due to the difficulties
involved in creating and using more accurate drilling measurement tools, as well
as characterizing complex geological formations, regime parameters, and more.
Comparative analysis of the same parameter measured by different methods
becomes complex due to a variety of influencing factors, such as fluctuations in
drill bit load, mineralogical composition, lithology, pore fluids, and the penetration
of drilling fluid filtrate.

Unlike traditional methods aimed at minimizing errors, error evaluation and
analysis reveal that useful information can be hidden within the errors themselves
(Sementsov et al, 1986: 79; Khismetov et al, 2006: 42; Mirzadzhanzade et al, 1981:
148). This information can be used to create a reliable tool that complements
traditional methods and aids technologists, geologists, and geophysicists in
forecasting tasks.

When analyzing drill bit performance, it is useful to divide the strata into
homogeneous intervals and examine the patterns of drilling indicators within these
intervals. Several classification methods have been proposed for this purpose.
One simple method, based on D.A. Rodionov's geological approach, assumes
homogeneity across the entire depth of the section and calculates the Rodionov
criterion for each interval as per the author's formula:

m
prn Ty Mg¥n—l (Mt Xy~ Ereas ¥y (1)
¥ [?D'I 1 | v L

M+ R, - Eeer X Beer Xl

j=

Where 4, and 4, are subsets dividing the space T; n, and n, are the number of
observations in these sets.

According to analysis (Rodionov, 1981), the values of Rodionov's criterion
follow Pearson’s chi-squared distribution. The program is designed for interval-
wise comparison of each calculated value with a table value for a given significance
level. Intervals where the calculated criterion exceeds the table value of Pearson’s
chi-squared distribution represent boundaries between two heterogeneous sections.
Using this criterion, the Zhetybay field well section was divided into homogeneous
intervals based on hardness, abrasiveness, density, and Poisson's ratio of the rocks.
A comparative analysis of drilling indicators within these intervals was conducted.
The results of this division are presented in Table 1. Rock hardness and abrasiveness
significantly influence drilling performance. Various factors, including grain shape,
mineralization, and saturating fluids, affect these properties.

Figures 1. (a,b) show the variation in hardness and abrasiveness with depth,
compared with drilling speed for two wells drilled in one of Azerbaijan’s fields.
Homogeneous intervals, drilled with the same type of bits, are also indicated. The
data was processed using a "moving average" method to reduce amplitude and more
accurately establish the trend of the parameters being considered. This information
can be used in well design planning.
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Figure 1. Variation of geological section characteristics with depth compared to rate of penetration

for two wells drilled at one of Azerbaijan's fields.

Itis known that the selection and refinement of well design is based on parameters
necessary to construct a combined chart, which includes gradients of formation
pressure, fracture pressure, and drilling fluid density, all expressed in equivalent
units. Using the aforementioned method, intervals homogeneous in formation
pressure gradients, fracture pressure gradients, and drilling fluid density can be
identified to refine well design (Efendiyev et al, 2024: 003). This information is
also compared with the results of geophysical surveys, as shown in the referenced
study (Efendiyev et al, 2024: 003).

Table 1. Results of dividing the section of one well into homogeneous intervals based on a set of
attributes using the Rodionov method

No nizf[ir Interval, km De/nsit}y, Ha;/([i;ess, Po;?slzn's Abrasiveness,
from to H g/iem a ratio cat.

1 0.46 0.5 0.04 1.82 10 0.27 6.5

2 0.5 0.55 0.04 1.89 20 0.3

3 0.55 0.73 0.19 2.04 30 0.42

4 1 0.73 0.92 0.19 1.86 10 0.27 6.5

5 0.92 1.11 0.19 1.96 20 0.3 6

6 1.11 1.14 0.03 2.12 30 0.42 1.5

7 1.14 1.17 0.03 2.15 20 0.42 1.5
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8 1.17 1.21 0.03 1.97 25 0.27 6.5
9 1.21 1.23 0.03 2.07 30 0.3 6

10 1.23 1.26 0.03 1.98 31 0.27 6.5
11 1.26 1.29 0.03 2.18 32 0.3

12 2 1.29 1.29 0.01 2.09 32 0.3 6

13 1.29 1.3 0.01 2.49 33 0.25 3

14 1.3 1.3 0.01 2 33 0.27 6.5
15 1.3 1.35 0.04 2.18 34 0.42 3

16 1.35 1.38 0.04 2 35 0.27 6.5
17 1.38 1.42 0.04 2.49 35 0.25

18 1.42 1.46 0.04 2.49 150 0.25 4

19 3 1.46 1.49 0.04 2.49 155 0.36 2.5
20 1.49 1.57 0.08 2.21 160 0.42 4

21 1.57 1.66 0.08 2.49 40 0.25 4

22 1.66 1.74 0.08 2.23 42 0.42 4

23 1.74 1.75 0.01 2.5 45 0.36 4

24 1.75 1.77 0.01 2.26 30 0.42 4

25 1.77 1.78 0.01 2.1 45 0.27 6

26 1.78 1.85 0.07 2.21 60 0.3 6

27 1.85 1.91 0.07 2.11 35 0.27 6

28 4 1.91 1.98 0.07 2.29 37 0.42 3

29 1.98 2.08 0.1 2.25 40 0.3 6

30 2.08 2.18 0.1 2.1 44 0.27 6

31 2.18 2.28 0.1 2.28 49 0.42 1.5
32 2.28 231 0.04 2.11 54 0.3 6

33 231 2.35 0.04 2.23 45 0.27 6

34 2.35 2.39 0.04 2.39 50 0.42 1.5

The fuzzy logic proposed in the work (Zadeh, 1965: 338), which has been
developed in recent years by various researchers, particularly in works (Fang et al,
1997: 185; Freund et al 1980; Aliev et al, 2014; Turksen et al, 2013: 21), has played
a significant role in solving geological and technological problems in the theory
and practice of oilfield development.

The analysis has established that the variance around the mean value is one
of the main factors that create fuzziness. As a result, in works (Freund et al 1980;
Efendiyev et al, 2024: 003), the authors attempted to justify why this parameter
characterizes fuzziness and necessitates the application of fuzzy logic. This
circumstance must be considered due to the various types of uncertainties present in
modeling and decision-making. The presence of uncertainty, associated with both
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random and fuzzy variables, significantly complicates the successful resolution
of technological process modeling tasks. According to interpretation, random
variables can take different values with varying probabilities. In contrast, fuzzy
variables describe the approximation in determining the values of these variables.
Furthermore, fuzzy variables may be preferable in cases where there is insufficient
information (statistical data) and, consequently, the need for more reliable and
accurate estimates. For instance, such estimates of mechanical properties of rocks
can be made based on their physical properties, evaluated using geophysical well
logging data and probabilistic-statistical methods, as well as fuzzy set theory.

The study of these dependencies has allowed the development of a well-
grounded calculation scheme for evaluating the characteristics of a geological
section (Efendiyev et al, 2024: 003).

In order to outline a unified approach that includes both probabilistic and fuzzy
modeling as special cases, the concept of fuzzy-random quantities is discussed in
the literature (Cuddy et al, 2002: 219; Zadeh, 1965. In this case, a fuzzy-random
quantity is a random variable whose values are not ordinary real numbers, but fuzzy
numbers.

This paper considers the possibility of applying these principles in the case of
predicting the lithology of rocks in one of the drilled wells at the Zhetibai field
based on a set of features (hardness, abrasiveness, Poisson’s ratio, density of the
rock), obtained from geological-geophysical and technological studies conducted
during drilling, as well as the joint use of geophysical and geological-technological
research results to calculate the gradients of formation pressure, fracture pressure,
and drilling fluid density. The distribution analysis showed that each of the listed
parameters follows a normal distribution. In this case, the probability density
function for any observation (denoted as x) measured in the dataset, with an
arithmetic mean p\mup and a standard deviation c\sigmac, is expressed by the
formula given in Table 2. As shown in the subsequent expressions, the variables
used are the values of hardness, abrasiveness, Poisson's ratio, density of the rock,
and their respective arithmetic means and standard deviations.

If a rock type exhibits a distribution of hardness values (or/and abrasiveness,
Poisson's ratio, rock density), with a mean p\mup and a standard deviation &\
sigmagc, the fuzzy probability of each of these characteristics for a given rock can
be calculated using the first formula given in Table 2. The mean value and standard
deviation are obtained from the data of geological-technological and geophysical
research during drilling, as well as core samples for each lithotype of the rock
according to (Efendiyev et al, 2024: 003). Without repeating the sequence of
further analysis and calculations, which are detailed in publications (Brown et al,
2000: 119; Cuddy et al, 2002: 219; Efendiyev et al, 2019: 503; Efendiyev et al,
2019: 503), we note that the subsequent calculations were performed using the
expressions presented in the aforementioned table, and the results in graphical form
are shown in Figure 1. A brief description follows.
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Let us assume that we have a set of characteristics describing the rock type—
these are the values of hardness, abrasiveness, Poisson's ratio, and rock density.
Based on these values, it is necessary to classify the identified rock into one of the
lithological types. As an example, data from several wells of the Zhetibai field are
used. Table 2 presents the necessary mathematical expressions for calculations,
allowing us to assess the relationship between fuzzy probability for each rock type
and the fuzzy probability of the mean or most probable value. This is achieved by
denormalizing the first equation, yielding the following results. In works (Brown et
al, 2000: 119; Cuddy et al, 2002: 219), formulas are provided for the calculations
necessary for geomechanical predictions of geological section characteristics,
which are utilized in works (Efendiyev et al, 2019: 503; Efendiyev et al, 2021:
1828; Efendiyev et al, 2024: 003).Based on these works, we have developed and
implemented a calculation scheme for the predictive assessment of geological
section characteristics of wells in the Zhetibai field. Since these works provide
detailed explanations and there is no need to repeat them in this article, the
expressions used for calculations are summarized in Table 2

Table 2. Computational Formulas for Estimating Rock Properties and Dividing the Geological
Section into Homogeneous Intervals

Parameter Mathematical Expression Input Variables
Density of normal e-(x—,u)2 1207
distribution P(x)=—r—
o2rx
Fuzzy probability of the I | M — mean (arithmetic average)
measured mean value p P(u) = E - 6 — standard deviation

o421 _0'1/275

Relative fuzzy probability
R(xf) that x belongs to type
in comparison with the fuzzy R(x,)=c¢e" (x-pp)?207
probability of measuring the 4

mean value pf

Fuzzy probability that rock x (vt Y2126 n — frequency of occurrence
F(x ; )= [ ' i

belongs to type f of each rock type in the well
section.
Cumulative fuzzy probability - 4 Py Rock hardness:
r=_1 L '_ _1 | 4 - Abrasiveness;
F{P.,,.]I Fid :' Fiv) F{ M v — Poisson's ratio;

p — Rock density.

Thus, to refine the lithological differentiation of the rock, it is necessary to:

* Calculate the arithmetic meaning p and the standard deviation o;

* Determine the probability density P(x);

» Compute the relative fuzzy probability R(x);

* Calculate the fuzzy probability F(x) by multiplying R(x) by the relative
frequency;
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* Find the inverse values and the harmonic meaning Cf.

This process is repeated for each lithotype f. The lithotype associated with the
highest cumulative fuzzy probability is considered the most likely for the given
set of characteristics. The corresponding fuzzy probability Cf(max) increases the
reliability of the lithological forecast.

An example of the stratigraphy of the examined well, drilled at the Zhetybai
field, is presented.

The calculations were performed according to the outlined scheme, and the
results are shown in Figures 2, 3, and 4.
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Figure 2. Results of the calculation and the refined lithological column of the well (conditionally
X1) at the Zhetybai field
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Figure 3. Results of the calculation and the refined lithological column of the well (conditionally
X2) at the Zhetybai field
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Figure 4. Results of the calculation and the refined lithological column of the well (conditionally
X3) at the Zhetybai field
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The figures display two lithological columns: the one provided in the well design
and the refined one based on the calculation scheme described. The comparison
shows a good agreement between the lithological columns. The methodology
discussed in this article was implemented through the analysis of a large volume of
data collected from well-logging (GIS) and well-test (GTI) results. This approach
differs from traditional methods in that fuzzy logic combines fuzzy probabilities
harmonically by comparing multiple feature evaluations, which is particularly
effective when dealing with heterogeneous data. Furthermore, when comparing
lithologies that are equally likely and have similar probabilities, harmonic averaging
provides more reliable results.

1. In the case discussed, the lithological forecast using the probabilistic-
statistical method and fuzzy logic is based on the assertion that a specific lithology
type may cause any reading from the raw data, such as a logging diagram,
though some readings are more probable than others. This is determined through
calculations. For example, it is most likely that clean sandstones will be highly
porous, permeable, abrasive, and have a higher sigma-logging value. However,
there is a finite probability that geophysical surveys could have recorded values
that differ from the typical values for the considered rock type. Comprehensive
geological-geophysical and technological research results are necessary. In this
case, using the method based on the combined probabilistic-statistical and fuzzy
approach will ensure high-quality forecasting information (Turksen et al, 2013: 21;
Shvedov, 2013).

2. The development and wide implementation of modern technical means
and technologies for providing information during the well-drilling process, as
well as the use of contemporary mathematical methods, allow for higher-quality
data, which is crucial for future decision-making. Real-time data obtained during
drilling plays a significant role, especially in poorly studied regions with complex
geological, mining, and environmental conditions. As illustrated in Figure 1, by
comparing changes in rock properties and drilling speed, it is possible to identify
homogeneous intervals based on rock properties and drilling efficiency, track
potential complications, and so on (Turksen et al, 2013: 21; Shvedov, 2013).

Conclusion

The probabilistic-fuzzy approach proposed in this article improves the quality
of information about the well section, which will, in turn, allow for more accurate
technological decisions regarding the selection of rock-breaking tools and drilling
fluids. As a result of the analysis of integrated geophysical and geological-
technological information using modern methods based on the principles of
mathematical statistics and fuzzy set theory, calculations were performed using
data from several wells at the Bahar (Azerbaijan) and Zhetybai (Kazakhstan) fields.
The proposed methodology ensures more precise identification of lithological
differences in the well section.
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