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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, Қазақстан) H = 4

Редакциялық алқа:
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 
ғылымдарының докторы, профессор, Қ.И. Сатпаев атындағы геология ғылымдары институты-
ның директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
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 профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының 
орынбасары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) 
H = 25

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

АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, 
ҚР ҰҒА корреспондент-мүшесі, А.Б. Бектұров атындағы химия ғылымдары институты 
(Алматы, Қазақстан) H = 5

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-Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры 
(Милан, Италия) H = 28

«ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы».
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Меншіктеуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.).
Қазақстан  Республикасының  Ақпарат  және  қоғамдық  даму  министрлiгiнің  Ақпарат  комитетінде
29.07.2020 ж. берілген № KZ39VPY00025420 мерзімдік басылым тіркеуіне қойылу туралы куәлік.
Тақырыптық бағыты: геология, мұнай және газды өңдеудің химиялық технологиялары, мұнай 
химиясы, металдарды алу және олардың қосындыларының технологиясы.
Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана.
Редакцияның мекен-жайы:  050010, Алматы қ., Шевченко көш., 28, 219 бөл., тел.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2021

Типографияның мекен-жайы:  «Аруна» ЖК, Алматы қ., Мұратбаев көш., 75.
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ЖОЛТАЕВ Герой Жолтаевич, (заместитель главного редактора), доктор геолого-
минералогических наук, профессор, директор Института геологических наук им. К.И.Сатпаева 
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СНОУ Дэниел, Ph.D, ассоциированный профессор, директор Лаборатории водных наук 
университета Небраски (штат Небраска, США) H = 32 

ЗЕЛЬТМАН Реймар, Ph.D, руководитель исследований в области петрологии и 
месторождений полезных ископаемых в Отделе наук о Земле Музея естественной истории 
(Лондон, Англия) H = 37

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси 
(Нанси, Франция) Н=15

ШЕН Пин, Ph.D, заместитель директора Комитета по горной геологии Китайского 
геологического общества, член Американской ассоциации экономических геологов 
(Пекин, Китай) H = 25

ФИШЕР Аксель, ассоциированный профессор, Ph.D, технический университет Дрезден 
(Дрезден, Берлин) H = 6

КОНТОРОВИЧ Алексей Эмильевич, доктор геолого-минералогических наук, профессор, 
академик РАН, Институт нефтегазовой геологии и геофизики им. А.А. Трофимука СО РАН 
(Новосибирск, Россия) H = 19

АБСАДЫКОВ Бахыт Нарикбаевич, доктор технических наук, профессор, член-
корреспондент НАН РК, Институт химических наук им. А.Б. Бектурова (Алматы, Казахстан) 
H = 5

АГАБЕКОВ Владимир Енокович, доктор химических наук, академик НАН Беларуси, 
почетный директор Института химии новых материалов (Минск, Беларусь) H = 13

КАТАЛИН Стефан,  Ph.D, ассоциированный профессор, Технический университет
(Дрезден, Берлин)  H = 20                                                                                                                       

СЕЙТМУРАТОВА Элеонора Юсуповна, доктор геолого-минералогических наук, профессор, 
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(Novosibirsk, Russia) H = 19
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INVESTIGATION OF THE INFLUENCE OF THE MODE PARAMETERS OF THE DRILLING 
WELLS ON THE BIT SPEED INDICATORS

Abstract. As is known, the prediction of the drilling speed indicators and the determination of the 
corresponding optimal parameters can be conducted on the basis of rock properties’ indicators, and the 
classification of the geological section. In these cases, homogeneous groups are selected in turn, in each of 
which intervals are recorded in which bits of the same type are worked out. 

According to the aforementioned sequence, in this study, the analysis was conducted, and the corresponding 
program was developed and implemented using specific examples. As an example of the initial data, previously 
drilled data in Kazakhstan, Azerbaijan, as well as at one of the fields of the Volga-Ural oil and gas region of 
wells, which were grouped for a homogeneous group of rocks were used. The provided materials represent 
the results of joint work of Kazakh and Azerbaijani scientists, implemented within the framework of scientific 
international cooperation programs. 

According to the initially proposed algorithm, through the implementation of the “LOGGING” program, 
the characteristics of the geological section were calculated: lithology, porosity, permeability, hardness, 
continuity, abrasiveness, Poisson’s ratio, pore pressure and fracture pressure gradients, optimal drilling mud 
density, and others. In order to compare the results of calculations, the results of Well Survey interpretation 
were also involved.

Due to the analysis of the change in the mechanical speed of the bit over time, a statistical model of the 
influence of mode parameters on the values of the initial speed and its rate of decline in time was built. A 
method is proposed for predicting the run speed, the cost of 1 m of penetration, as well as variant calculations 
and decision-making on the choice of optimal parameters.

Key words: mode parameters of drilling, rock properties, classification of the geological section, 
mechanical drilling speed, bit penetration.

Introduction. Currently, considerable experience has been accumulated in the application of actual 
material regarding the development of various types of drill bits in the construction of models of the drilling 
process. This is due to the fact that the performance indicators of the bit obtained during bench studies, 
as a rule, are not performed in real conditions of well drilling. Quite often, comparison of bench and field 
empirical dependencies illustrates their complete inconsistency with each other. This is due to the appearance 
of torsional vibrations, hovering of the drill string and other. Therefore, as the initial data for statistical 
analysis, the results of working bits in real conditions have recently begun to be selected, as has been done in 
numerous works of recent years [1-8]. 

The theoretical developments published in recent years have laid the scientific foundations for modeling 
the dynamic processes occurring in the drill string-bit-rock system. [9-14]. Much attention has been paid to 
the methods of artificial intelligence in optimizing drilling parameters [15, 16].

The main difficulty in constructing such models is associated with uncertainties in assessing the rock 
properties, the influence of mood parameters.

An analysis of existing work on optimization of drilling parameters illustrated that when controlling the 
mechanical process of drilling wells, criteria such as “maximum mechanical speed”, “maximum run speed”, 
“maximum penetration per bit” are often used, as well as the global criterion, which in the literature is called 
also integral, - “the minimum cost of 1 meter penetration” [11, 12, 13, 14].
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Optimization is conducted according to the mechanical penetration rate criterion, using the objective 
function Vm= k∙Gδ∙nα∙Nd

m → max. The second criterion is the “maximum run speed” criterion, for which the 
maximum possible speeds and acceleration of the drilling-tool trip for the layers are calculated. The criterion 
- “the minimum cost of 1 meter of penetration” is calculated as one of the indicators of the drilling process as 
a whole. In our opinion, in this case, it was possible to take the run speed calculated through the mechanical 
speed as one of the criteria, and the cost per meter of penetration as the second.

Materials and methods. Summarizing the above, the goal of this study was to make an attempt to plot the 
dependence of the run speed by analyzing the change in mechanical speed over time, analyzing the influence of 
various factors on the initial rate of penetration and the rate of decay of the mechanical speed, and when making 
decisions, the main provisions of the theory of fuzzy sets were applied.

For the analysis and forecasting of indicators, data was collected on the work of bits machined while 
drilling wells in the marked fields.

The following indicators were analyzed: penetration, mechanical speed, drilling time.
The penetration for other sizes of PDC type bits is in the range of 120÷2250 m, depending on the 

equipment and the drilling region [5-7].
Summarizing the data of all three samples, in accordance with the work [5], we note that the main 
reasons for the failure of PDC bits in the fields under consideration are:
- galling of teeth - 17%; 
- breakage of teeth - 30%; 
- spading of teeth -31%;
- tripping of teeth -3%, 
- no galling - in 19% cases. 
Results. To build the dependences of the rate of penetration on the mode parameters and rock properties, 

the data on the noted deposits of Kazakhstan and Azerbaijan were analyzed. For the Aktum and Kokmay 
deposits of Kazakhstan, the processing was conducted according to the usual data of working bits.

As a result of statistical analysis, by means of appropriate transformations, linear models were built, 
for which the variables are presented in logarithms and transformed into a multiplicative form. At the 
same time, the following dependencies were obtained, the parameters of which were refined during the 
processing by the random search method: 

- for three-cone bits of Russian production, machined at the Kokmay field (Kazakhstan):

                              (1) 
and the Karamandybas deposit (Kazakhstan):

Vm=
1,13190,3391

0,2522)(
542,211

Ap
d
G

ш

                                          (2) 

- for PDC bits (Aktum field, Kazakhstan): 

                          (3) 
- for 12 “MXL-1 bits (South Koktau field, Kazakhstan): 

                 (4)
G/d - specific axial load; G - axial load on the bit, ТР (Tones Power); D - bit diameter, cm; n - bit rotation 

frequency, min.-1; Q - drilling mud flow rate, l/s; pш - rock hardness according to L.A. Schreiner, МРа; А - 
abrasiveness category; Vm - mechanical speed, m/hour.

In the above equations, the influence of factors, in particular, indicators of the rock properties, is ambiguous, 
which is due to the fact that in some cases, in general, there are no significant changes in the values of these 
indicators of properties in depth.

For the fields of Karabagly and the Volga-Ural oil and gas region, we had disposal geological and 
technological research data, which more accurately reflects the results of drilling.

The results of these studies are provided below, and the implementation of the decision-making method 
for previously drilled wells is illustrated on the basis of these results.



39

ISSN 2224-5278                                                                  Series of Geology and Technical Sciences 6. 2021

At different times, various specialists conducted observations of the change in mechanical speed over time 
[2, 4, 15, 17, 18]. These dependencies are important for analyzing the impact of drilling conditions on the 
performance of this process, forecasting for new similar penetration conditions on the bit, run speed, cost of 1 
m of penetration and selection, on this basis, of mode parameters that will provide the best drilling efficiency. 
In addition, such dependencies make it possible to track the process of bit galling over time, to analyze the 
effect on the rate of damping of rock properties, first of all, abrasiveness, as well as mode parameters.

Taking into account the need for such an analysis, we conducted research to study the influence of rock 
properties and mode parameters on the initial mechanical speed and its decay rate over time.

Data from geological and technological studies of the drilling wells’ process in the Karabagly area 
(Azerbaijan) and a well drilled in the Volga-Ural oil and gas region were used for the analysis. The calculations 
were carried out according to the sequence (algorithm) illustrated as a diagram in Figure 1.

(3) - for 12 "MXL-1 bits (South Koktau field, Kazakhstan):

Vm=

(4)
G/d - specific axial load; G - axial load on the bit, ТР (Tones Power); D - bit diameter, cm; n

- bit rotation frequency, min.-1; Q - drilling mud flow rate, l/s; pш - rock hardness according to L.A. 
Schreiner, МРа; А - abrasiveness category; Vm - mechanical speed, m/hour.

In the above equations, the influence of factors, in particular, indicators of the rock 
properties, is ambiguous, which is due to the fact that in some cases, in general, there are no 
significant changes in the values of these indicators of properties in depth.

For the fields of Karabagly and the Volga-Ural oil and gas region, we had disposal 
geological and technological research data, which more accurately reflects the results of drilling.

The results of these studies are provided below, and the implementation of the decision-
making method for previously drilled wells is illustrated on the basis of these results.

At different times, various specialists conducted observations of the change in mechanical 
speed over time [2, 4, 15, 17, 18]. These dependencies are important for analyzing the impact of 
drilling conditions on the performance of this process, forecasting for new similar penetration 
conditions on the bit, run speed, cost of 1 m of penetration and selection, on this basis, of mode
parameters that will provide the best drilling efficiency. In addition, such dependencies make it 
possible to track the process of bit galling over time, to analyze the effect on the rate of damping of 
rock properties, first of all, abrasiveness, as well as mode parameters.

Taking into account the need for such an analysis, we conducted research to study the 
influence of rock properties and mode parameters on the initial mechanical speed and its decay rate 
over time.

Data from geological and technological studies of the drilling wells’ process in the 
Karabagly area (Azerbaijan) and a well drilled in the Volga-Ural oil and gas region were used for 
the analysis. The calculations were carried out according to the sequence (algorithm) illustrated as a 
diagram in Figure 1.

Fig. 1 - Block diagram of the algorithm for calculating drilling indicators and selecting mode 

Bl.3
Analysis of mechanical speed values for different types of bits

Bl.1
Calculation of indicators of lithology, porosity, hardness and abrasiveness

Bl.2
Selection of homogeneous groups of rocks

Bl.4
Calculation of the parameters of V0 and λ of the dependence V = V0 e-λtб

Bl.5
Plotting the dependencies V0 =f(G/D,n,Q) and λ =f(G/D,n,Q)

Variant calculations of Vf (flight speed) and С

Bl.6
Selection of optimal drilling modes (G, n and Q), that provide the highest run speed and 

the lowest cost per meter of penetration

Fig. 1 - Block diagram of the algorithm for calculating drilling indicators and selecting mode 
parameters according to geological and technical studies of a drilled well.

As illustrated in figure, first, the characteristics of rocks are estimated according to the well drilling data. 
This is done using the appropriate program.

The analysis of bit development was conducted within the intervals (packs) of homogeneous rock 
properties, for the selection of which the fuzzy cluster analysis program was used. The noted dependencies 
were built for the same types of bits. 

The intervals of bit development identified according to the well drilling data, as noted, of the same 
standard size within the considered homogeneous group of rocks, the types of bits and the values of the initial 
mechanical speed, as well as the rate of its decay are given in Table 1.

Table 1 – Values of V0   and l

Field
Interval

Bit V0, m/h l
from to

Karabagly

0 351 CR1 77,239 0,1521
351 1003 MAX-GT1 92,843 0,0715
1003 1984 MAX-CGT1 60,965 0,0534
1984 2328 MX-C1 23,374 0,0331
2328 3303 FS-2643 68,554 0,038

Volga-Ural oil and gas region

396 521 295,3 МС3 GNU 4,1532 0,0244
536 651 295,3 МС3 GNU 3,6251 0,006
711 776 295,3 МС3 GNU 4,4557 0,0632
806 856 295,3 МС3 GNU 4,8789 0,0338
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861 886 215,9 М3 GV 3,037 0,0186
911 976 215,9 М3 GV 4,295 0,03
981 1281 215,9 М3 GAU 4,3757 0,0136
1286 1326 215,9 М3 GAU 3,443 0,0288
1376 1591 215,9 М3 GAU 4,2069 0,0055

For analytical approximation, a simple exponential function, previously proposed by various researchers, 
was chosen in the form:

parameters according to geological and technical studies of a drilled well.

As illustrated in figure, first, the characteristics of rocks are estimated according to the well 
drilling data. This is done using the appropriate program.

The analysis of bit development was conducted within the intervals (packs) of homogeneous 
rock properties, for the selection of which the fuzzy cluster analysis program was used. The noted
dependencies were built for the same types of bits. 

The intervals of bit development identified according to the well drilling data, as noted, of 
the same standard size within the considered homogeneous group of rocks, the types of bits and the 
values of the initial mechanical speed, as well as the rate of its decay are given in Table 1.

Table 1 – Values of V0 and λ, obtained for different brands of bit

Field
Interval

Bit V0, m/h λ, h-1
from to

Karabagly

0 351 CR1 77,239 0,1521
351 1003 MAX-GT1 92,843 0,0715
1003 1984 MAX-CGT1 60,965 0,0534
1984 2328 MX-C1 23,374 0,0331
2328 3303 FS-2643 68,554 0,038

Volga-Ural oil and gas region

396 521 295,3 МС3 GNU 4,1532 0,0244
536 651 295,3 МС3 GNU 3,6251 0,006
711 776 295,3 МС3 GNU 4,4557 0,0632
806 856 295,3 МС3 GNU 4,8789 0,0338
861 886 215,9 М3 GV 3,037 0,0186
911 976 215,9 М3 GV 4,295 0,03
981 1281 215,9 М3 GAU 4,3757 0,0136
1286 1326 215,9 М3 GAU 3,443 0,0288
1376 1591 215,9 М3 GAU 4,2069 0,0055

For analytical approximation, a simple exponential function, previously proposed by various 
researchers, was chosen in the form:

Vm= V0 ×е-λt (5)
where V0 – initial mechanical speed, m/h; λ - rate of decrease in mechanical speed over time, h-1.

As a result of statistical processing of the mechanical speed dependences on time, the values 
V0 and  λ were obtained (Table 1). 

Each pair of parameter values given in the table, that is, the initial mechanical rate of drilling 
and the rate of its decay in time, is a function of the mode parameters, therefore, for the most correct 
description of the process, it is necessary to conduct a statistical analysis with the construction of 
models that most fully reflect the influence of the mode parameters.

Using the obtained values of υ0 and λ, as well as drilling data in the rock under consideration, 
we conducted a statistical analysis in order to establish dependencies of the form

V0 = f( , n, Q) and λ = f( , n, Q) ,                                (6)

where – specific axial load (G – axial load, d – bit diameter), n – rotation frequency, Q – drilling 

fluid consumption.
The analysis was conducted by the random search method [19] by estimating the parameters 

of the models in the form:

V0 = а( )bncQd exp(-е( )-f×n-g×Q) .                       (7)

          (5)

where V0 – initial mechanical speed, m/h;  λ-rate of decrease in mechanical speed over time, h-1.
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rock properties, for the selection of which the fuzzy cluster analysis program was used. The noted
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The intervals of bit development identified according to the well drilling data, as noted, of 
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For analytical approximation, a simple exponential function, previously proposed by various 
researchers, was chosen in the form:

Vm= V0 ×е-λt (5)
where V0 – initial mechanical speed, m/h; λ - rate of decrease in mechanical speed over time, h-1.

As a result of statistical processing of the mechanical speed dependences on time, the values 
V0 and  λ were obtained (Table 1). 

Each pair of parameter values given in the table, that is, the initial mechanical rate of drilling 
and the rate of its decay in time, is a function of the mode parameters, therefore, for the most correct 
description of the process, it is necessary to conduct a statistical analysis with the construction of 
models that most fully reflect the influence of the mode parameters.

Using the obtained values of υ0 and λ, as well as drilling data in the rock under consideration, 
we conducted a statistical analysis in order to establish dependencies of the form

V0 = f( , n, Q) and λ = f( , n, Q) ,                                (6)

where – specific axial load (G – axial load, d – bit diameter), n – rotation frequency, Q – drilling 

fluid consumption.
The analysis was conducted by the random search method [19] by estimating the parameters 

of the models in the form:
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in the form:

parameters according to geological and technical studies of a drilled well.

As illustrated in figure, first, the characteristics of rocks are estimated according to the well 
drilling data. This is done using the appropriate program.

The analysis of bit development was conducted within the intervals (packs) of homogeneous 
rock properties, for the selection of which the fuzzy cluster analysis program was used. The noted
dependencies were built for the same types of bits. 

The intervals of bit development identified according to the well drilling data, as noted, of 
the same standard size within the considered homogeneous group of rocks, the types of bits and the 
values of the initial mechanical speed, as well as the rate of its decay are given in Table 1.
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from to
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1003 1984 MAX-CGT1 60,965 0,0534
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For analytical approximation, a simple exponential function, previously proposed by various 
researchers, was chosen in the form:

Vm= V0 ×е-λt (5)
where V0 – initial mechanical speed, m/h; λ - rate of decrease in mechanical speed over time, h-1.

As a result of statistical processing of the mechanical speed dependences on time, the values 
V0 and  λ were obtained (Table 1). 

Each pair of parameter values given in the table, that is, the initial mechanical rate of drilling 
and the rate of its decay in time, is a function of the mode parameters, therefore, for the most correct 
description of the process, it is necessary to conduct a statistical analysis with the construction of 
models that most fully reflect the influence of the mode parameters.

Using the obtained values of υ0 and λ, as well as drilling data in the rock under consideration, 
we conducted a statistical analysis in order to establish dependencies of the form

V0 = f( , n, Q) and λ = f( , n, Q) ,                                (6)

where – specific axial load (G – axial load, d – bit diameter), n – rotation frequency, Q – drilling 

fluid consumption.
The analysis was conducted by the random search method [19] by estimating the parameters 

of the models in the form:

V0 = а( )bncQd exp(-е( )-f×n-g×Q) .                       (7)   (7)

According to this method, to estimate the parameters of the model (5), another model of the form (7) was 
adopted; based on the preliminary analysis, as well as generalization of the data of previously performed 
studies, [2, 3], the following boundaries of their change were set with the corresponding steps:

- for data on wells of the Karabagly field:

    (8)
- for wells in the Volga-Ural oil and gas region:      

       (9)
The unknown parameters of the models for u0 and  λ were found using the implementation of a random 

search program based on the conditions:

        (10)
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The parameter values are given in Table 2.
Table 2 – Model parameter values by expression (7)
                                                                                                          

Field 
      Parameters 
Model а b c d e f g

Karabagaly V0 0,629 0,367 0,892 0,054 0,01 0,0001 0,0079
l 0,042 0,437 0,206 0,677 0,0092 0,0005 0,0232

Volga-Ural oil and gas region V0 1,42 0,13 0,31 0,12 0,0047 0,0034 0,0091

The dependence of λ on the mood parameters for the Volga-Ural oil and gas region is best described using 
a linear expression: 

 λ=а0+а1 d
G+а2n+а3Q,      (11)

where а0=0,114; а1=-0,009; а2=-0,00167; а3=0,00023.
To calculate the run speed and the cost of 1 m of penetration, according to the results of regression analysis, 

equations were obtained for the corresponding types of bits in a given rock, expressing the dependence of the 
drilling time on the mood parameters in the following form [2]:

- for bits 295,3 МСЗ-GNU:        

           (12)
- for bits 215,9 МЗ-GV, 215,9 МЗ-GAU, 215,9 СЗ-GV:

          

(13)
The above expressions make it possible to predict the bit operation time depending on the mode parameters 

for the conditions under consideration.
To predict the run speed based on the values of the initial mechanical speed of penetration (v0) and the rate 

of decay of mechanical speed over time (λ), first, according to a well – known expression, the penetration is 
calculated:

       (14) 
Further, the run speed is calculated according to the well-known expression, taking into account the time 

spent on the drilling-tool trip operations.
In order to conduct variant calculations, the boundaries of the change in the value of the mode parameters 

and their steps were set. For all these options, the calculations of the run speed and the cost of 1 m of 
penetration were conducted, the results of which were summarized in a table, which, due to its large volume, 
is given here. The best predicted mode parameters were determined with the help of two noted criteria using 
the theory of fuzzy sets [20, 21]. 

According to this, the set of solutions is the intersection of the sets of goals (to achieve the highest run 
speed) and restrictions (at the lowest cost of 1 meter of penetration). The form of the membership function of 
the goal sets and the constraints in the form were chosen for this purpose 

,          (15)
where x – in one case is the cost of 1 m of penetration and in the other – the run speed. 
Taking into account the parameters for evaluating the value of the membership function of the run speed, 

expression (15) takes the form: 

         (16)
and to assess the membership function of the cost of 1 m of penetration, this expression will look like as following:

         (17)
Discussion. For all the design options (with different combinations of mode parameters), the values of the 

run speeds and the corresponding values of the cost per meter of penetration were calculated; functions of 
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membership of the target and restrictions were calculated using expressions (16) and (17). The membership 
function of the set of decisions according to [20, 21] was estimated as min (m).

The largest value of the membership function of the set of solutions in the set of calculated data corresponds 
to the best solution.

As a result of calculations based on the models, the surface of distribution of the values of the run speed 
and the cost per meter of penetration was also constructed depending on the mode parameters at constant 
values of the flow rate of the drilling fluid. These surfaces are illustrated as an example in Figures 2 and 3. 
With the help of the figures, one can track the change in drilling performance in three-dimensional space, and 
also establish their optimal values. The surfaces were built using the SURFER program.

In order to conduct variant calculations, the boundaries of the change in the value of the mode 
parameters and their steps were set. For all these options, the calculations of the run speed and the 
cost of 1 m of penetration were conducted, the results of which were summarized in a table, which, 
due to its large volume, is given here. The best predicted mode parameters were determined with 
the help of two noted criteria using the theory of fuzzy sets [20, 21]. 

According to this, the set of solutions is the intersection of the sets of goals (to achieve the 
highest run speed) and restrictions (at the lowest cost of 1 meter of penetration). The form of the 
membership function of the goal sets and the constraints in the form were chosen for this purpose 

, (15)
where x – in one case is the cost of 1 m of penetration and in the other – the run speed.

Taking into account the parameters for evaluating the value of the membership function of the run 
speed, expression (15) takes the form:

                                                                  ,                                                           (16)
and to assess the membership function of the cost of 1 m of penetration, this expression will look like as 
following:

                                                                                                                           (17)
Discussion. For all the design options (with different combinations of mode parameters), the 

values of the run speeds and the corresponding values of the cost per meter of penetration were 
calculated; functions of membership of the target and restrictions were calculated using expressions 
(16) and (17). The membership function of the set of decisions according to [20, 21] was estimated 
as min (µν, µc). 

The largest value of the membership function of the set of solutions in the set of calculated 
data corresponds to the best solution.

As a result of calculations based on the models, the surface of distribution of the values of the 
run speed and the cost per meter of penetration was also constructed depending on the mode 
parameters at constant values of the flow rate of the drilling fluid. These surfaces are illustrated as 
an example in Figures 2 and 3. With the help of the figures, one can track the change in drilling 
performance in three-dimensional space, and also establish their optimal values. The surfaces were 
built using the SURFER program. 

a)

б)

Fig. 2 – The surface of the distribution of the run speed (a) and the cost of 1 m of penetration (b), 
depending on the mode parameters (The vertical coordinate on the left shows the values of the 

drilling fluid flow Q in the range of 10-20 l/s)

Fig. 3 – Generalized mechanical speed distribution model (The vertical coordinate on the left shows 
the values of the drilling fluid flow Q in the range of 10÷20 l/s)

Conclusion. Based on the above results, we can conclude the following:
1. The analysis of the change in mechanical speed in time is conducted, estimates are given 
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Conclusion. Based on the above results, we can conclude the following:
1. The analysis of the change in mechanical speed in time is conducted, estimates are given to the parameters 

of this dependence – the initial mechanical speed and the rate of decay of the mechanical speed in time by 
considering them as functions of mode parameters. The dependences of the initial mechanical speed and the 
rate of decay of the mechanical speed in time on the mode parameters – axial load on the bit, the frequency 
of rotation of the tool and the flow rate of the drilling fluid are built.

2. Based on the results of statistical analysis, models have been built that allow predicting the mechanical 
speed, run speed and the cost per meter of penetration when drilling with this type of bit in the rock under 
consideration.

3. An algorithm has been developed and implemented for evaluating the optimal mode parameters based 
on two criteria – run speed and cost per meter of penetration based on information about drilled wells.

4. Surfaces have been obtained that enable to trace the change in drilling performance in three-dimensional 
space.
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ҰҢҒЫМАЛАРДЫ БҰРҒЫЛАУДЫҢ РЕЖІМДІК ПАРАМЕТРЛЕРІНІҢ ҚАШАУДЫҢ 
ЖЫЛДАМДЫҚ КӨРСЕТКІШТЕРІНЕ ТИГІЗЕТІН ӘСЕРІН ЗЕРТТЕУ

Аннотация. Бұрғылаудың жылдамдық көрсеткіштерін болжау және оларға сәйкес оңтайлы 
параметрлерді анықтау тау жыныстарының қасиеттері мен геологиялық қиманың жіктелуі негізінде 
жүзеге асырылуы мүмкін.  Мұндай жағдайларда жыныстардың кезектесіп біртекті топтары таңдалады, 
олардың шегінде бір типті қашау өңделген аралықтар белгіленеді. 

Аталған жұмыста, талдау жүргізіліп, компьютерлік есептеулерге арналған тиісті бағдарлама 
әзірленіп, олар нақты мысалдармен іске асырылды. Бастапқы деректердің мысалы ретінде Қазақстанда, 
Әзірбайжанда, сондай-ақ тау жыныстарының біртекті тобы үшін топтастырылған Еділ-Орал мұнай-
газ ауданының кен орындарының бірінде бұрын бұрғыланған ұңғымалардың деректері пайдаланылды. 
Ұсынылған материалдар халықаралық ғылыми ынтымақтастық бағдарламалары шеңберінде іске 
асырылған қазақстандық және әзірбайжандық ғалымдардың бірлескен жұмысының нәтижелері болып 
табылады.

Ұсынылған алгоритмге сәйкес алдымен “КАРОТАЖ” бағдарламасын жүзеге асыру арқылы 
геологиялық бөлімнің сипаттамалары, яғни: литологиясы, кеуектілігі, өткізгіштігі, қаттылығы,  
абразивтілігі, Пуассон коэффициенті, кеуек қысымы мен гидравликалық сыну қысымының 
градиенттері, бұрғылау ерітіндісінің оңтайлы тығыздығы және т.б. қажетті параметрлер есептеліп 
көрсетілді. Есептеу нәтижелерін салыстыру мақсатында және тұжырымдар келтіру кезінде ГАЖ 
интерпретациясының қортындылары қолданылды.

Қашаудың механикалық жылдамдығының уақыт аралығында өзгеруіне жүргізілген талдаудың 
арқасында режімдік параметрлердің бастапқы жылдамдық мәндеріне және оның уақыт бойынша 
төмендеу қарқынына әсер етуінің статистикалық моделі жасалды. Рейстік жылдамдық пен 1 м 
ұңғыманың құнын болжау әдістемесі, сонымен қатар оңтайлы параметрлерді таңдаудың нұсқаулық 
есептеулері мен олар жөніндегі шешімдер қабылдау ұсынылды.

Түйінді сөздер: бұрғылаудың режімдік параметрлері, тау жыныстарының қасиеттері, геологиялық 
қиманың жіктелуі, бұрғылаудың механикалық жылдамдығы, қашаудың ұңғылауы. 
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ИССЛЕДОВАНИЕ ВЛИЯНИЯ РЕЖИМНЫХ ПАРАМЕТРОВ БУРЕНИЯ СКВАЖИН НА 
СКОРОСТНЫЕ ПОКАЗАТЕЛИ ДОЛОТА

Аннотация. Как известно, прогнозирование скоростных показателей бурения и определение 
соответствующих им оптимальные параметры можно осуществлять на основании показателей свойств 
горных пород и классификации геологического разреза.  В этих случаях выбираются поочередно 
однородные группы пород, в пределах которых фиксируются интервалы, в которых отрабатывались 
долота одного типа. 

В данной работе проведён соответствующий анализ, разработана и реализована на конкретных 
примерах программа для расчета и компьютерных вычислений. В качестве примера исходных 
данных использованы данные ранее пробуренных в Казахстане, Азербайджане, а также на одном 
из скважин месторождений Волго-Уральского нефтегазового района, которые были сгруппированы 
для однородной группы пород. Представленные материалы представляют результаты совместной 
работы казахстанских и азербайджанских ученых, реализованных в рамках программ научного 
международного сотрудничества.   

Согласно предложенному алгоритму вначале путем реализации программы  «КАРОТАЖ» 
были рассчитаны характеристики геологического разреза: литология, пористость, проницаемость, 
твердость, сплошность, абразивность, коэффициент Пуассона, градиенты порового давления и 
давления гидроразрыва, оптимальная плотность бурового раствора, а также другие параметры. Для 
сравнения результатов расчетов, а также для обоснования выводов были привлечены также результаты 
интерпретации ГИС.

Благодаря проведенному анализу изменения механической скорости долота во времени построена 
статистическая модель влияния режимных параметров на значения начальной скорости и ее темп 
снижения во времени. Предложена методика прогнозирования рейсовой скорости, стоимости 1 м 
проходки, а также вариантные расчеты и принятие решений по выбору оптимальных параметров.

Ключевые слова: режимные параметры бурения, свойства горной породы, классификации 
геологического разреза, механическая скорость бурения, проходка долота.
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