ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJITTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Kazaxckuii HallMOHaJIBHBIN UCCIIE0BATENbCKHM Kazakh national research technical university

texHuueckuil yausepcureT uM. K. W. CatnaeBa named after K. I. Satpayev
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

1 (433)

JANUARY - FEBRUARY 2019

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ANALYSIS OF MODELING AND DECISION-MAKING PROCESSES
FOR DRILLING WELLS UNDER UNCERTAINTY

Abstract. A review of the studies devoted to modeling and decision making in the process of drilling wells
accumulated in recent years has been performed. The review identified the range of issues on which attention should
be focused. In particular, it is noted that in order to solve optimization problems, first of all, data are required. The
next step is data processing and drilling model construction. Then variant calculations are carried out and the deci-
sion-making stage is coming.

The solution of problems of optimization of the drilling process is complicated by the uncertainty of the deci-
sion-making situation, expressed by multifactority, multicriteria, inaccuracy, ambiguity. To successfully solve prob-
lems taking into account the mentioned uncertainties, it is necessary to apply appropriate methods. These methods
should take into account uncertainty. Besides, they should be based on the results of geological and technological
studies that became widely used in recent years. Proceeding from this, ways of perfection of methods of a choice of
bits and drilling modes, as well as interpretation of the results of geological-technological researches are considered
in the present article. The models based on processing and analyzing data of geological and technological researches
have been constructed. Ways of decision-making taking into account uncertainty were shown. The decision is made
using the provisions of the theory of fuzzy sets.

Based on the data of geological and technological studies on several wells, calculations were carried out. The
appropriate program was applied for that purpose. As the result, physical and mechanical and baric characteristics of
the sections were obtained. These calculations were held on the example of some deposits of Azerbaijan and
Kazakhstan. The article shows the change in the indices of the physical and mechanical properties of the rocks of the
Karabakhli deposit. Lithological-stratigraphic characteristics of the section are given. Graphs of the change of
petrophysical (porosity, permeability), strength (hardness, abrasiveness) and elastic (Young's modulus, Poisson's
ratio) characteristics of rocks with depth were constructed. As a result of the analysis, the ways of forecasting well
drilling parameters and making optimal decisions on the data of geological and technological research in the drilling
process are shown. This allows us to find the optimum values of the regime parameters from the condition of ensu-
ring the maximum run speed and the minimum cost per 1 meter of penetration.

Key words: rate of penetration (ROP), run speed, cost per penetration meter, bit, mode parameters, member-
ship function, uncertainty.

Introduction. In the world practice of drilling and scientific research, to date, quite a rich experience
in studying the processes of rock destruction and associated bit work has been accumulated. A long time
has been spent and large funds have been released for these studies. However, as the research results
show, for today there is no scientifically grounded method of searching for the optimal combination of
rock, bit type and regime parameters, which, in our opinion, is explained, in particular by the fact that
during the management of technological processes, including drilling, the most important stage is the
decision-making process, which includes: setting goals, shaping the decision-making task, and finally,
making decisions; while decisions can be made in connection with the goals aimed at increasing the
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efficiency of the drilling process by rising rate of penetration, as well as reducing the costs of drilling,
eliminating the consequences of complications and accidents, etc., and under different kinds of uncer-
tainty; great labor intensity in carrying out bench and field experiments and their high cost and, as a result,
limited volumes of these studies; lack of a reliable theoretical and methodological basis for designing
optimal drilling regimes and choosing the types of bits for highly dissected, heterogeneous in drillability
cuts, which is typical for almost all geological sections [1, 4, 5, 10, 17].

The solving of optimization problems of a choice of bits and parameters of a drilling mode is compli-
cated by uncertainty of a situation of decision-making, expressed by multifactority, multicriteria, inaccu-
racy, ambiguity. To successfully solve the problem, taking into account the mentioned uncertainties, it is
necessary to apply appropriate methods that take into account this circumstance, as well as the results of
geological and technological research received in recent years. Based on the noted, in this article, ways of
improving the methods of selection of bits and mode parameters are considered on the basis of processing
and analysis of geological and technological research data, taking into account uncertainty.

Brief review of recent research. The development of modern technical facilities and technologies
for informational support of the drilling process and their widespread introduction allow improving the
quality of the information received and requires its corresponding analysis. Operational information ob-
tained during drilling is of great importance in drilling wells, especially in poorly studied regions with
complex mining, geological and environmental conditions.

As follows from the analysis of drilling experience in different conditions, the desired result can be
achieved when considering the problem in the form of a system that takes into account the interrelation-
ship between various technical, technological and geological characteristics that affect well drilling
performance. In addition, it is also necessary, in our view, to use the level of development of various ma-
thematical methods and software in the course of the classification of objects, the construction of models,
that allow to make technological decisions that are hampered in the usual conditions by the presence of
uncertainty. This indicates the urgency of the problem of improving decision-making methods when
drilling wells, taking into account the uncertainty of conditions. To date, various systems and tools for
monitoring the drilling process have been developed, which make it possible to solve a number of
geological and technological problems [2]. In all the works, the role of optimization of the drilling process
is noted, which is a very important stage during drilling operations. This is caused by the reason that opti-
mization allows to save time and money spent on drilling a well, achieve a high drilling speed and, thus,
increase profits. Optimization of the drilling process is aimed at selecting the controlled variables during
the drilling process, such as the regime parameters (weight on bit, bit speed, mud flow rate), mud
parameters, bit type, based on the desire to achieve the maximum drilling speed. For many years, so-called
basic models have been developed and used (Badalov R.A., 1958, Fedorov V.S., 1958, Cunningham,
R.A. and J.G. Eenink, 1959; Garnier, A.J. and N.H. van Lingen, 1959; Graham, J.W. and N.L. Muench,
1959; Galle E.M. and Woods H.B., 1963; Bingham M.G., 1965; Bourgoyne Jr., A.T. and F.S. Young,
1974; et al.). These works were further developed in the studies [3,4,8,11,12,13,14,16], on their basis
optimization methods have been proposed, for which patents [5-7] were obtained. For example, in [4],
based on the statistical analysis of information on the operation of bits of cutting action with the
application and development of the basic model of Bingham, a model of rate of penetration is constructed
that takes into account the influence of the rock properties (hardness and abrasiveness), the depth of their
bedding, regime parameters, mud density. Based on the generalization of the studies, the reliability of the
bits and their service life was estimated. The parameters of the model in each case were specified by the
random search method. The method [5] includes the characteristics of rocks selected from drilled wells,
the establishment of the characteristics of at least one drilling rig; iterative modeling of the borehole
wiring. The proposed method involves calculating the economic criterion at each stage of the modeling.
Based on the results of modeling at various stages, a package of proposals is created. Thus, an iterative
drilling modeling system and a corresponding computer program are created. Using the appropriate
information, scenarios of various virtual combinations of equipment, drilling rig, bits, solutions, etc. are
modeled. The company provides a virtual modeling service with logging (geophysical) information from
exploratory wells and information about the rig, and the service, in turn, develops an economic model
based on this information. The flowcharts shown in the work show the input and output (output) infor-
mation. Based on the input geological and technological information, an analysis of the working time and
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bit wear is made, a model of the rate of penetration and an economic model, according to the authors, are
constructed. The bit is selected based on the minimum cost of drilling and the minimum drilling time. The
bit selection model is built by gradual approximation (improvement) using a computer program, which,
according to the author, more accurately describes the process than previously proposed methods, and
thereby provides a more correct economic solution and recommendations for drilling contractors and
operators. In [3], the well-known Burgoyne and Yang model [2] was chosen as the base, taking into
account the influence of several parameters on the rate of penetration. The main factors, such as depth,
pore pressure, equivalent circulating density, bit speed, wear of drilling bit teeth and jet impact force, are
obtained from the drilling report. To study their correlation, a statistical analysis was performed using
multiple regression analysis, and as a result, a model of the rate of penetration for the field was construc-
ted. First, private dependences of the rate of penetration on each of the parameters including the factors
under consideration, which were subsequently generalized to the plural, were constructed. As a result,
using the results of the marked analysis, optimal values of the weight on bit are determined, which provide
the best performance. The optimum weight on bit was calculated for several data points. With the help of
the same approach, the model of the rate of penetration was constructed in the paper [8], the cost of one
foot of penetration, the specific mechanical energy taking into account the values of the weight on bit, bit
speed and rate of penetration were calculated, and expressions are obtained for determining the optimum
values of the weight on bit and bit speed providing the minimum cost. In this case, the authors tried to take
into account a large number of factors, which is the main advantage of the model. A model based on field
observations and statistical analysis of their results, takes into account rock properties for two categories
(soft and hard) at a qualitative level, whereas rocks have a wide variety of hardness and abrasivity, which
are one of the main factors. In this regard, various methods for evaluating hardness and abrasiveness have
been proposed: experimental; using core-slime material; using the results of geophysical studies, For
example, in [9], a method is proposed for using geological and geophysical information on the geological
section of wells in the assessment of rock drillability, which allows one to quantitatively take into account
these important properties of rocks when constructing a model of rate of penetration. In recent years, a
sufficient number of studies have been accumulated.

In [12], in order to compile the drillability model for PDC bits, the entire array of data on the perfor-
mance of PDC bits in the Uzen field is divided into groups by the number of drillhole intervals for the
production string, in which each bit is used up to full working, i.e. before replacement. Then the resulting
variational series were processed by mathematical statistics methods to obtain the average drilling speed
and time of the interval, taking into account the previous bit wear, dispersion, standard deviation and
coefficient of variation. As a result, the technique of the approximate evaluation of the process of gage
wear of PDC bit after the penetration of each interval under the production casing, taking into account its
previous use, has been established. A mathematical model of drillability, taking into account the initial
rate of penetration of the new, unused bit, the rate of decrease in the rate of penetration in time, has been
established. The same model of drillability is also made for roller bits used earlier in the Uzen field. A
comparative evaluation of both tools showed that the PDC bit exceeds the rolling cutter bit by 7 times in
durability, and by 1.6-1.8 times in productivity. In general, the works performed can be divided into four
groups: works devoted to assessing the properties of rocks and associated intervals with complications,
matching the design features of the bit [9, 15], constructing models for rate of penetration and making
decisions. In recent years, methods that take into account the uncertainty of the decision-making con-
ditions when drilling wells, in particular, multicriteria, as well as the classification of geological objects,
have been applied in solving these problems. In this connection, the theory of fuzzy sets has been used,
which allows to make compromise decisions in conflict situations, to classify geological objects taking
into account the fuzziness of boundaries, and to correctly assess the risks of emergency situations in
drilling [2, 8, 9].

It should be noted that while being very useful in solving specific problems, existing methods and
tools for studying the sections in the drilling process due to the lack of comprehensive studies and insuf-
ficient program and methodological support still make it difficult to control the drilling process, optimize
and accurately estimate productive intervals, ecological situation, etc. This is also caused by the fact that
when setting a goal, in addition to tasks solved at one or another stage, there are also unnoticed ones, that
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should consider diversity, different kind of uncertainty of conditions for obtaining the information and
decision-making.

Analysis of geological and technological information about drilling wells. The system of obtai-
ning and using geological and technological information [14], including three main aspects (geological,
technical and technological, ecological), also provides: data collection and processing (information
retrieval); construction of models expressing the relationship between drilling performance and natural,
technical and technological characteristics, forecasting of drilling parameters and the situation of drilling
operations using that; evaluation and provision of optimal values of drilling performance indicators
(information use).

When collecting and processing data, it is necessary to strive to obtain and use the most complete
information, and this work is carried out throughout the decision-making process. As the transition from
one stage to another, if necessary, the need for information can be clarified. The results of the work
performed in the previous stages serve as initial information for the subsequent stages. Wherein, the nature
of the initial information can be different (from previously drilled wells or information coming in during
drilling). Depending on this, the approach to decision-making will be different. Therefore, the obtaining
and proper use of complex geological and technological information for the purpose of prompt decision
making while drilling wells and the problem of the performance of the bits, depending on its nature, is
actual and requires appropriate attention. Very often, there are difficulties associated with the lack of
information about the properties of rocks and its fuzzy nature. In the absence of the corresponding core
material, it is often necessary to use information that is descriptive in nature, i.e. to evaluate the mecha-
nical properties of rocks on the basis of their geological and petrographic description. Such methods exist.
In particular, the well-known technique of VNIIBT [7] allows, using the noted information, to estimate the
parameters of rock properties.

In recent years, the assessment of the properties of rocks and their impact on drilling performance, as
well as the intervals of possible complications, are carried out with the help of geological and tech-
nological studies. As can be seen from the above review, over this period, and especially over the past
20 years, researchers have accumulated considerable experience and proposed various criteria [16], taking
into account also the stressed state of the rocks composing the walls of the drilling well.

Based on the results of the assessment of the influence of these factors on the drilling performance, a
corresponding model is constructed. This model, along with parameters that take into account the pro-
perties of rocks, also includes technological factors and parameters that take into account the type of bit.
In the construction of the model, it should be noted that due to the complexity of the drilling conditions it
is impossible to construct such a universal model that could successfully describe the process in different
geological and technological conditions. The presence of a large number of factors, including factors that
are of a random nature and thus not amenable to recording, clearly demonstrates the difficulty in construc-
ting a model of rate of penetration. Taking into account that the models constructed up to the present time
were constructed for different conditions, we previously carried out their comparative analysis, during
which parameters for the same interval were determined by the random search method. When considering
the methodology for selecting bits and regime parameters, it is necessary, as already noted, to take into
account the nature of the initial information, which can be different. The choice of bits and parameters
depends on the nature of this information. If preliminary information is available from previously drilled
wells, complex information is generated based on the collection and processing of well drilling data, field
observations, and information on rock properties, which is used to identify models. The model is con-
structed within each homogeneous interval. First, private dependencies are constructed, which subse-
quently include unaccounted factors. One of the known basic models, as, for example, in [11, 13, 19], is
used as a basis. Next, the corresponding cost of 1m of penetration is calculated. The best mode parameters
and types of bits are refined (selected) by variant calculations using the provisions of the theory of fuzzy
sets. If such data on previously drilled wells are not available or if they are available in an insufficient
amount, the calculations are carried out according to the data of geological and technological studies in the
process of drilling as they are received. According to this algorithm, the decision-making process is im-
plemented depending on the nature of the initial information. The characteristics of the geological section,
estimated with the help of the above program, allow solving a number of tasks in the drilling process, in
particular, the problem of selecting bits and regime parameters, assessing complications and making
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decisions in complicated conditions. At the same time, the results of geological and technological studies
are of great importance for quick determination of the characteristics of geological sections in the process
of drilling wells [1, 4, 16-18]. Based on the data of geological and technological studies on several wells
with the application of the corresponding program, physico-mechanical and baric characteristics of the
sections of some deposits were obtained. In addition, according to geological and technological studies,
stresses are calculated around the well. Figure 1 shows the change in the indices of physico-mechanical
properties of the rocks of the Karabagly deposit. The figure shows the lithologic-stratigraphic characte-
ristics of the section, the graphs of the change of petrophysical (porosity, permeability), strength (hard-
ness, abrasiveness) and elastic (Young's modulus, Poisson's ratio) rock characteristics with the depth. As a
result of the statistical analysis of geological and technological information on drilling wells at the Kara-
baghli (Azerbaijan), Aktum, Kokmai, Karamandybas, and South Koktau (Kazakhstan), we constructed
models of rate of penetration [14]. The complex of geological-technological and geophysical studies
performed in the wells under consideration allows to have a complete picture of the conditions, technology
and indicators of the drilling process. To make decisions, first, it is necessary to create the initial array.
The approach to decision-making depends on the nature of the initial information (figure 1).
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Figure 1 — Block diagram of obtaining and using information about drilling wells

In the process of analysis, equations for the corresponding bit types in the considered rock were
obtained, expressing the dependence of the initial rate of penetration on the regime parameters and rock
properties, the parameters of which were refined in the course of processing by the random search method
[14].
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The choice of bits and parameters is made by two criteria — the rate of penetration and the cost per
meter of penetration. The solution of this problem is hindered by the presence of uncertainty. In general, t
is often needed to build models in drilling [20], make decisions under conditions of uncertainty [10]. In
the presence of models of rate of penetration, variant calculations are carried out in the same way as was
done in [1, 4, 12]. For the purpose of carrying out variant calculations, the boundaries for changing the
value of the regime parameters and their steps were set. For all these options, calculations of the run speed
and the cost per meter of penetration were made. The best regime parameters according to predictions
were determined using the above two criteria via the theory of fuzzy sets.
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Figure 2 — Changes in the indices of physical and mechanical properties of the rocks of the Karabagli deposit

According to this, the set of solutions is the intersection of sets of goals (to achieve the highest run
speed) and restrictions (with the lowest cost of 1 m penetration). For this purpose, the form of the mem-
bership function of the sets of goals and constraints was chosen. In this case, the membership function for
the run speed increases with the increase in the run speed, which expresses the desire of the person making
the decision to achieve high run speed, that is, the maximum value of the run speed of drilling corresponds
to the value of the membership function close to one, and the minimum value of the run speed corresponds
to the smallest value of the membership function, close to zero. The membership function of the cost per
meter of penetration, on the contrary, decreases with the increase in the cost of the penetration meter, since
in this case we are striving to achieve a low cost per meter of penetration. That is, in all cases, our aspira-
tion is expressed by a result corresponding to the largest value of the membership function, close to one,
and the lowest value of the membership function, close to zero, corresponds to the largest value of the
penetration meter. The membership function of the solution set according to the noted theory was esti-
mated as min (W, L). The greatest value of the membership function of the solution set in the totality of
calculated data corresponds to the best solution. In the same sequence, the algorithm was implemented for
another homogeneous group of rocks. As a result of calculations on models, the distribution surfaces of
the values of the run speed and the cost of the penetration meter depending on the mode parameters are
also constructed, [21]. As an example, figure 3 shows the surface of the change in the membership
function. Via this figure, it is possible to track the change in drilling performance in three-dimensional
space, as well as determine their optimal values.
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Figure 3 — The distribution surface of the membership function of the solution set depending on the regime parameters.

Conclusion. Over the past decades, a large number of studies and data on the interaction of the tool
with the rock have been accumulated, methods and means for determining the physico-mechanical pro-
perties and abrasiveness of rocks have been proposed. The mechanism of destruction of rocks was studied,
the influence of various factors on it, attempts of the mathematical description were made [1, 17, 19]. In
this regard, mathematical models of the drilling process are proposed, the main elements of which are the
rate of penetration, as well as the factors that influence its values; the possibility of using these models to
study the main integral indicators of the drilling process efficiency is shown: the run speed, the cost of one
meter of penetration and bit footage; an improved scheme of predictive calculations of drilling perfor-
mance and decision-making in the selection of bits and regime parameters, taking into account the rock
properties, depending on the nature of the initial information has been proposed; by analyzing and stu-
dying the drilling process, an algorithm has been proposed for predicting the parameters of drilling wells
and making optimal decisions based on data of geological and technological research in the drilling pro-
cess, the use of which makes it possible to find the optimum values of the regime parameters from the
condition of ensuring the maximum of the run speed and the minimum cost of 1 meter of penetration.
When making decisions it is very important to take into account the conditions under which the drilling
process takes place, namely: the heterogeneity, fuzziness and random nature of the factors, for which the
development of methods of control theory and decision-making with insufficient information in recent
years can serve as a reliable basis.

W. A. Iupusepaues’, M. JI. Cap6oneesa’, I. III. AcagoBa’

' O3epGaiikaHHbIH VITTHIK FEUIBIM aKaIeMUSCHIHBIH MYHAl )KOHE I'a3 HHCTHT 161, baky, O3epOaiikaH,
2 2
1. EcenoB aTerHaarsl Kacrinit MeMJIEKETTIK TEXHOJOTHSIIAP KOHE HHXHHUPHHT YHHBEPCHUTETI,
Axkray, ManrsicTay 06mbIch, Ka3zakcTas,
303epbaiikan MeMIIEKETTIK MyHail JKoHe OHepKacin yHuBepenTeti, baky, Osepbaiikan

MOJIEJIAEY YAEPICIH TAJIIAY )KOHE YHFBLJIAPJIbI BYPEBIJIAY JA
AUKBIH EMECTIKTI ECEIIKE AJIA OTBIPBIII HHIEINIM KABBUIJAY

AnHoTanusi. Mozenney MeH YHFbUIApAbl Oyprbulay/Ja IIemliM KaObuLaayFa apHaJiFaH COHFBI JKbULIApa
JKMHAKTaJIFaH 3epTreyiepre moiy opsiHaairaH. [llomy GapeickiHna Hasapnael Oaca aynapy KaXeT Cypakrap asiChlH
aHBIKTAay MYMKiH Oonasl. COHBIH iMIiHAe, OHTAMIaHABIPY MIiHACTTEPIH MICNTy YIIiH OipiHIII Ke3eKTe KaKET MOJIIMET-
TepiH OoNysl atanm KepceTiireH. by ke3eHHEH COH MATiMeTTepAi eHxey, OypFeUIay MOJAETIH TYPFBI3Y XKacajalbl.
OmaH COH HYCKAJIBIK €cenTeyiep >Kacallblll, MemliM KaObUaay Ke3eHi Keei.
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Bypremay yaepiciH KonaimaHIBIPy MIHASTTEPIiH ISy MIeHIiM KaObUIIay >KaFJailapbIHBIH aiKbIHAaIMAYHI,
KOeI(aKTOPIBIK, KONTAJANTHUIBIK, AOIAIKTIH O0NIMaybl, OipKaKTBUIBIK O0NMaybl cebenrTepiHeH KypaeneHeni. Mace-
JIeH1 TaOBICTHI TYPJE IIENTy YIIiH aHBIKTAIFaH alKbIH €MECTIKTIKTepAl €CenKe ana OTBIPHIN COHKEC omicTep i Komaa-
Hy KaxeT. by onicrepne aiikblH €MeCTIKTI ecelke amy Kepek. bynan Gacka, onap COHFBI JKbuLIapaa OeleH ayFaH
TeOJIOTHSAJIBIK TEXHOJOTHSIIBIK 3€PTTEYJIep HOTI)KECiHEe Ae Herizmenyi Tuic. OchiFaH OalilaHBICTBI, OCHI Makaaajga
KalllayJaap/ibl ®KoOHEe PEXUMIIIK KOPCETKIIITepAl TaHIay dICTEPiH JKETUAIPY JKOJAaphl, COHBIMEH KaTap, I'€0JIOTHs-
JIBIK TE€XHOJIOTUAJIBIK 3C€PTTECYJICP HSTI/I)KeCiH HUHTEpIIpETAllAIay KapaCTbIpbliIaJbl. FCOHOFI/IH.H])IK TEXHOJIOTUAJIBIK
3epTTeyJiepl OHJIeY XKOHE Taj/lay Heri3iHAe MOJEIIep TYPFhI3bUIFaH. AUKBIH €MECTIKTI eCKepe OTBIPHIIN LISHTM Ka-
Oburnay xongapsl kepcerired. lllemiMaep A9 eMec Kolenep TEOpHsICh epeKeNepiH KOIJaHbI KaOblIIaHaIbl.

I'eonorusIbIK TEXHONOTHSUIBIK 3epTTEyep Heri3iHae OipHelle YHFbUIap OOMbIHIIA ecenTeyep Kypriziani. Oun
yLIiH THicTi Garmapiama KoianaHsuabl. HoTikecinae KuManapabiH (QU3NKaIbIK MEXaHUKAJBIK JKOHE KbICHIMIBIK CH-
narTamainapbl anbiHabl. Ecenm sxymbictapbl O3ipbaibkan MeH KasakcTaHHbBIH OipHelle KEHOPBIHAAPBI MBICATIBIMEH
opplHIaNFaH. Maxanaga KapaOaribl KeHOpPHBI KUMacChIHIAFbl Tay JKBIHBICTAPBIHBIH (U3HKAJBIK MEXaHHKAJBIK
KAaCHETTEpiHiIH e3repyl KepceTireH. KuMaHBIH JHTONOTHSIIBIK CTPAaTUTPAQUSIBIK CHUIIaTTaMachl Kenripinren. Tay
JKBIHBICTAPBIHBIH TEPEHIITiHE Kapai MeTpOoPU3UKAIBIK(KEYSKTITIK, OTKI3TIMTIK), OSpiKTIK (KATTBUIBIFBI, aOpa3uB-
tiniri), cepmimainik (FOur momyni, Ilyaccon koddduimeHTi) KacHeTTepiHiH 03repy KHUCBIK ChI3bIKTaphl CalbIHFaH.
Tannay KOpTHIHIBICBIH/IA YHFBUIAPABI OYPFbIIAY KOPCETKIITepiH OobKay koHe OypFblIay YIEpICiHAE MeOIOTHSIBIK
TEXHOJIOTHSIIBIK 3€pTTeysep MoliMeTTepi OOWBIHINA YTHIMABI LIemimiep KaObuinay >KOnmapbl KepceTinreH. by
1 MeTp Kamay Xypici KYHBIH TOMEHJIETY JXOHE PEHCTIK JKbUIIAMIBIKTHIH €H JKOFapbl MOHIH KamMTaMachl3 €Ty
HIAPTTapbl aPKbUIBI PEXKUM/IIK KOPCETKIIITEPAIH OHTAMIIBI MOHAEPIH TadyFa MyMKIHIIK Oepeti.

Tyiiinai ce3mep: MEXaHHKAIBIK >KbUIAAMIBIK, PEHC KbUIIAMABIFBI, CHY KOPCETKIIIiHIH KYHbI, P&KHM Mapa-
MeTpiiepi, Mymeik QyHKuus, 6enrici3uik.

W. A. Iupusepaues', M. JI. Cap6oneesa’, I. III. Acagosa’

'MucturyT HeTH 1 Taza HammoHansHO# AKkanemun Hayk Asepbaiikana, baky, Asep6aiimkan,
? Kacrmiickuit rOCyIapCTBEHHBII YHHBEPCUTET TeXHONOTHI 1 ukuHupuHra uM. 111. EcenoBa, Akray,
Masnrucrayckas obaacts, Kazaxcran,
3 AsepbaiiKaHCKHMiT FOCY 1aPCTBEHHbIH YHHBEPCHTET He(hTH U MPOMbIILICHHOCTH, Baky, Asepbaiimkan

AHAJIN3 TPOIIECCOB MOJIEJIMPOBAHUSA M IPUHATHA PEIIEHANA
ITPU BYPEHUU CKBA’KUH C YYETOM HEOIIPEAEJIEHHOCTH

AnHoTanus. BrmoigHeH 0030p MccaenoBaHui, TOCBAIICHHBIX MOJICIIMPOBAHHUIO U MPUHSATHIO PEIICHUH B IIPO-
mecce OypeHUs CKBa)KMH, HAKOIMBIIMXCS 3a mocieqaue roabl. O030p MO3BONHI ONpEAeTHTh KPYyr BOIPOCOB, Ha
KOTOPBIX HEOOXOAUMO COCPEIOTOUYNTh BHIMAHHE. B 9acTHOCTH, OTMEUYaeTCs, YTO IS pEIICHUs 3a/1a9 ONTHMHU3AITUI
B TIEPBYIO OdYepenb HEOOXOIMMEI NaHHBIE. 32 ATHM 3TalloM clieayeT oOpaboTKa MaHHBIX, MOCTPOCHHWE MOIEIH
OypeHus. 3aTeM IpOBOJATCA BapHaHTHBIE PACUETHI U HACTYIIAeT STAll IPUHATHS PEIICHIH.

Peuienne 3amau onTUMH3ALMK Tpoliecca OypeHHsl YCIOKHSAETCS HEONPEIEICHHOCThIO CUTYalUH TPHHSATHS
PEIICHH, BBIPAYKEHHOW MHOI0()aKTOPHOCTHIO, MHOTOKPUTEPUATBHOCTHIO, HETOYHOCTHIO, HEOJHO3HAYHOCThIO. J[J1st
YCHEIHOTO PEIICHUA np06neM1>1 C YUCTOM OTMCYCHHBIX HeOHpe}IeﬂeHHOCTeﬂ HCO6XO,Z[I/IMO MMPUMEHATL COOTBETCT-
BYHOI[UEC METOABI. 3TI/I METOABI JOJKHBI YUUTBIBATH HEONPECIACICHHOCTD. KpOMe TOTO, OHH JOJIXKHBI OCHOBLIBATHCA
TaKXKE Ha pe3yibTaTax, MOJIYYUBIIMX B TOCIEIHHE TOABI IMUPOKOE PACIPOCTPAHCHUE TEOJIOTO-TEXHOIOTHYCCKIX
uccienoBanuii.  Mcxons U3 3TOr0, B HACTOSIICH CTaThe PACCMATPHBAIOTCS ITYTH COBEPIICHCTBOBAHUS METO/IOB BBI-
0opa IOJOT M PEeKUMHEIX TTApaMETPOB, a TAKXKE WHTEPIPETAUU PE3yIbTATOB I'€0JIOr0-TEXHOIOTHICCKUX HCCIIE0-
BaHUii. [locTpoeHBI MOJENH HA OCHOBE 0OpaOOTKHM M aHalM3a JaHHBIX T'e0JOTO-TEXHOJIOTHYECKUX HCCIICIOBAHHM.
[ToxazaHbI IyTH TPUHATHS PEIICHUN C YIETOM HEONpeAeJIeHHOCTH. Pemenre mpuHIMaeTcs ¢ IPUMEHEHUEM T10JI0-
JKSHUH TEOPUH HEYSTKIX MHOJKECTB.

Ha ocHOBe maHHBIX T'€0JIOTO-TEXHOJOTHYECKUX HCCICIOBAHUI 10 HECKOJIBKUM CKBaKMHAM HPOBOIIIINCH pac-
geThl. [IJI1 3TOro mpuMeHsIach COOTBETCTBYIOIIAs MporpaMMa. B pesynbraTe moirydeHs! (HU3UKO-MEXaHHIeCKHue 1
OGapudeckre XapakTepUCTUKH pa3pe3oB. PacdeTsl BHINIONHEHBI HA MPUMEpPE HEKOTOPBIX MECTOPOXIeHHH A3epOaii-
JoxaHa u Kazaxcrana. B crarhe mokasaHo M3MEHEHHUE MOKa3aTeel (PU3MKO-MEXaHUYECKUX CBOMCTB MOPOJ pa3pesa
MectopokaeHus Kapabariel. [IpuBeneHbl JTUTONOTrO-cTpaTUrpaduyeckre XapaKTepPUCTHKU paspesa. IlocTpoeHb
rpaduky M3MeHeHHs ¢ TIyOMHOH neTpodu3nyueckux (MOPUCTOCTH, MPOHUIAEMOCTH), MPOYHOCTHBIX (TBEPIOCTH,
abpasuBHOCTH) 1 ynpyrux (Moxyns KOHra, koaddunuent Ilyaccona) xapakTepuCTHK OpoJ. B pesyiprate aHamm3a
MOKa3aHbI IyTH MPOTHO3UPOBAHMUS ITOKa3aTelei OypeHHs CKBaXKUH ¥ MPUHSATHS ONITUMAIIBHBIX PEIICHHH MO TAHHBIM
Te0JIOrO-TEXHOJIIOTHYECKAX WCCICIOBAHUN B Tpolecce OypeHHs. DTO MO3BOJSCT HAWTH ONTUMAIbHBIC 3HAYCHUS
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PEKHUMHBIX TAapaMETPOB U3 YCIOBHUS 0OeCIIeYeH st MaKCHMyMa PeHcoBOM CKOPOCTH U MHHIMYyMa CTOMMOCTH | MeTpa
TIPOXOJIKH.

Ki1roueBble cii0Ba: MexaHMUYECKash CKOPOCTb, PEHCOBasi CKOPOCTh, CTOMMOCTb METpa MPOXOJKH, JI0JO0TO, pe-
KHMMHBIE TapaMeTpsl, (PyHKINS NPUHAUIEKHOCTH, HEOTIPEIECICHHOCTb.

Information about authors:

Piriverdiyev Igor, Institute of Oil and Gas of Azerbaijan National Academy of Sciences, Baku, Azerbaijan;
igorbaku@yandex.ru; https://orcid.org/0000-0002-6915-8266

Sarbopeyeva Manshuk, Caspian State University of Technology and Engineering named after Sh. Yessenov,
Aktau, Mangystau region, Kazakhstan; manshyk84@mail.ru; https://orcid.org/0000-0003-1721-119X

Asadova Gulshan, Azerbaijan State Oil and Industry University, Baku, Azerbaijan; gjulshan-
asadova@rambler.ru; https://orcid.org/0000-0001-5965-7240

REFERENCES

[1] Ocenka pokazatelej burenija i prinjatie reshenij na osnove kompleksnoj geologo-tehnologicheskoj informacii. Neftjanoe
hozjajstvo / T.V. Hismetov, G.M. Jefendiev, O.G. Kirisenko, 2006(10): 42-5.

[2] Bourgoyne Jr., Young A.T. and F.S., 1974. A Multiple Regression Approach to Optimal Drilling and Abnormal Pressure
Detection. SPE 4238.

[3] Irawan S., Mahfuz A., Rahman A., Tunio S.Q. Optimization of Weight on Bit During Drilling Operation Based on Rate
of Penetration Model. Research Journal of Applied Sciences // Engineering and Technology 4(12): 1690-1695, 2012.

[4] Efendiyev G.M, Djafarova N.M., Djevanshir R.D. The optimum decision in cutting-type drilling bits selection with
regard to their operating conditions and the vagueness of the task posed // Energy Sources 13.2 (1991): 243-250.

[5] King, William W. Iterative drilling simulation process for enhanced economic decision making // U.S. Patent No.
7,085,696. 1 Aug. 2006.

[6] Goldman, William A., et al. "Method and system for predicting performance of a drilling system for a given formation."
U.S. Patent No. 7,261,167. 28 Aug. 2007.

[7] Strachan Michael, Martin Paulk. Method and system for predicting performance of a drilling system having multiple
cutting structures // U.S. Patent No. 8,274,399. 25 Sep. 2012.

[8] Maulana D.T., Marbun B.T.H. ROP Modeling for Volcanic Geothermal Drilling Optimization. Proceedings World
Geothermal Congress 2015 Melbourne, Australia, 19-25 April 2015

[9] Spravochnik po mehanicheskim i abrazivnym svojstvam gornyh porod neftjanyh i gazovyh mestorozhdenij / M.G. Ab-
ramson, B.V. Bajdjuk, V.S. Zareckij i dr. M.: Nedra, 1984. 207 p.

[10] Mysljuk M.A., Bliznjukov V.Ju., Mysljuk N.M. Nauchno-metodicheskie osnovy proektirovanija racional'nyh kon-
strukcij skvazhin v uslovijah informacionnoj neopredeljonnosti. Obz. inform. Ser. Burenie gazovyh i gazokondensatnyh skvazhin.
M.: IRC Gazprom, 1996. 55 p.

[11] Kompleksnyj mehaniko-statisticheskij metod ocenki burimosti gornyh porod s cel'ju prognozirovanija i optimizacii
processa obrabotki sharoshechnyh dolot / B.V. Bajdjuk, M.G. Abramson, A.M. Matveeva i dr. V sb. «Processy razrushenija gor-
nyh porod i puti uskorenija burenija skvazhin». Ufa, 1978. P. 264-267.

[12] Fedorov B.V., Ratov B.T., Sharauova A.B. Model' burimosti dolotami PDC dlja prohodki skvazhin na neftegazovom
mestorozhdenii Uzen' // Izvestija Nacional'noj Akademii nauk Respubliki Kazahstan. Serija geologii i tehnicheskih nauk. 2017.
4(424). P. 170-177.

[13] Pogarskij A.A., Chefranov K.A., Shishkin O.P. Optimizacija processov glubokogo burenija. M.: Nedra, 1981. 296 p.

[14] Piriverdiyev I.A., Sarbopeyeva M.D. Selection of the best combination of bit types and technological parameters during
drilling, taking into account uncertainty // 9th International Conference on Theory and Application of Soft Computing, Computing
with Words and Perception, ICSCCW 2017, Budapest, Hungary, August 22-23, 2017. Procedia Computer Science (ELSEVIER).
P. 67-74.

[15] Kershenbaum V.Ja., Torgashov A.V., Messer A.G. Burovoj porodorazrushajushhij instrument. Vol. I. Sharoshechnye
dolota. M.: Rinko-Al'jans, 2003. 253 p.

[16] Svincickij S.B. Prognozirovanie gorno-geologicheskih uslovij provodki skvazhin v solenosnyh i glinistyh otlozhenijah
s anomal'no vysokimi davlenijami fljuidov: Avtor. dokt. diss. Stavropol', 2006. 47 p.

[17] Levickij A.Z. Ispol'zovanie dannyh geologo-tehnologicheskogo kontrolja dlja optimizacii burenija // Obzornaja
informacija. Ser. "Burenie". VNIIOJeNG, 1987. Vyp. 5. 52 p.

[18] Tehnologija provodki podsolevyh skvazhin v Prikaspijskoj vpadine / Min-vo geol. SSSR, Kazahskij nauch.-issled.
geol.-razved. in-t. Sost.: U.S. Karabalin, M.A.Tankibaev, B.D. Al'seitov i dr. M.: Nedra, 1989. 160 p.

[19] Hairov G.B. Jekologicheski bezopasnaja tehnologija stroitel'stva glubokih razvedochnyh skvazhin: monografija. M.:
VNIIOJeNG, 1996. 203 p.

[20] Litvinov M.A. Sistema kompleksnogo modelirovanija processov pri burenii neftjanyh skvazhin na osnove nechetkih
mnozhestv: Avtor. kand. diss. Orenburg, 2005. 24 p.

[21] Jefendiev G.M., Dzhanzakov LI., Kirisenko O.G., Piriverdiev [.A., Gurbanov V.Sh., Buktybaeva S.K. Analiz i ocenka
jeffektivnosti prinimaemyh reshenij pri burenii skvazhin / XX Mezhdunarodnaja konferencija «Porodorazrushajushhij i metallo-
obrabatyvajushhij instrument — tehnika, tehnologija ego izgotovlenija i primenenija», g. Truskavec, Ukraina. 17-22 sentjabrja
2017.




ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2019

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBumna opopmiieHUs cTaThU I My OJIMKALUK B )KypHaJle CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://www.geolog-technical.kz/index.php/en/

Bepctka /. H. Kankabexogoi

IToxmwucano B meuats 06.02.2019.
®dopmar 70x881/8. Bymara odcernas. [leuats — pusorpad.
16,7 .. Tupax 300. 3aka3z 1.

Hayuonanvnas akademus nayx PK
050010, Armamur, ya. [llesuenko 28, m. 272-13-19, 272-13-18



