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Optimization of the program for solving oil displacement problem

Abstract: This article discusses the optimization methods of the program to solve the problem
of oil displacement. We consider the acceleration of program execution time on a single processor
without the use of parallel architectures. The two-dimensional Buckley-Leverett model, which was
solved by the Jacobi method, was chosen as the oil displacement problem. Program optimization is
performed by three levels, the main of which is vectorization. After each level of optimization, an
analysis of the program execution time is made and compared with a sequential program. All three
levels of optimization showed an acceleration of about 89-95%.

Keywords: oil displacement, optimization, optimization keys, vectorization, SIMD extensions,
SSE Intrinsics.

DOI: https://doi.org/10.32523/2616-7263-2019-127-2-40-48
Introduction. Numerical models of modern problems of industry and science work with very

large data. It takes a lot of processor time to compute. To reduce computation time, parallel
computing technologies like MPI, OpenMP, CUDA, etc. are used. But for parallel computing, we
need a system with several computational processors. But it makes sense to optimize the program
for one processor. This work is devoted to optimizing the program, using the potential of modern
processors. When optimizing programs, the compiler can play a significant role, the better the
compiler copes with the optimization, the faster your program can run. Accelerating the running
time of programs can be achieved using vector extensions of processors, such as SSE, AVX and
other versions. And there are also other optimization methods that can be implemented based
on the work and purpose of the program. Since execution time is one of the important values,
optimization plays a significant role in the development of programs.

Purpose of the work. The task in this paper was to first develop an algorithm for solving the
problem of displacement of oil and write a program of this algorithm. Then optimize the program
by runtime so that the program works as quickly as possible.
Methods

0.1. Methods of solution. To solve the problem of oil displacement, the Buckley-Leverett model
was chosen [1]. Consider the case when a certain amount of water passes through the injec-
tion well within a certain time. In the injection and production wells, the pressures Pinj and
Pprod (P inj > P

prod
) are given. Water flowing through the injection well displaces oil in the forma-

tion, which in turn moves toward the production well. It is necessary to develop a computer model
of mass-exchange processes in the reservoir. Below is the layout of the reservoir:

The mathematical model of two-phase filtration consists of the equation of the balance of water
and oil. Through the boundaries ∂Ω for the domain Ω the equation of the system will be in the
following form [2]:

m
∂s1
∂t

+ div (−→v 1) = 0

m
∂s2
∂t

+ div (−→v 2) = 0

−→v 1 = −k f1
µ1
∇P

−→v 2 = −k f2
µ2
∇P

40
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Figure 1 – Well Scheme

Here, m is the porosity of the reservoir, s1 , s2 is the saturation of water and oil, s1 + s2 =1,
−→v 1,

−→v 2 – velocities, k is the absolute permeability, f1 and f2 is the relative phase permeabilities,
µ1, µ2 – viscosity, P – pressure. Thus, it is necessary to find the function P, the pressure, using
the following initial conditions

P |t=0 = Prsv

For the boundary conditions, the symmetry condition was taken:
∂P

∂x

∣∣∣∣
x=0

=
∂P

∂x

∣∣∣∣
x=1

= 0

∂P

∂y

∣∣∣∣
y=0

=
∂P

∂y

∣∣∣∣
y=1

= 0

Differential form of the equation:

m
∂s1
∂t

+
∂

∂x

(
−kx

f1
µ1

∂P

∂x

)
+

∂

∂y

(
−ky

f1
µ1

∂P

∂y

)
= 0

m
∂s2
∂t

+
∂

∂x

(
−kx

f2
µ2

∂P

∂x

)
+

∂

∂y

(
−ky

f2
µ2

∂P

∂y

)
= 0

∂

∂x

(
Mx

∂P

∂x

)
+

∂

∂y

(
My

∂P

∂y

)
= 0 (1)

First all equations are reduced to a dimensionless form. We give dimensionless variables to the
following relations:

x̄ = x
Lx

; k̄ = k
kc

; µ̄1 = µ1
µc

; µ̄2 = µ2
µc

; P̄ = P
Pc

; t̄ = t
T ;

For computer calculations, the oil displacement equation (1) was reduced to a finite-difference
form and using the iterative method obtained the following formula [3]:

(Mx)i+ 1
2
j

Pni+1j − P
n+1
ij

h21
− (Mx)i− 1

2
j

Pn+1
ij − Pni−1j

h21
+

(My)ij+ 1
2

Pnij+1 − P
n+1
ij

h22
− (My)ij− 1

2

Pn+1
ij − Pnij−1

h22
= 0

(2)

From equation (2) it is possible to obtain the following formula for calculating the pressure at
each point of the reservoir:

Pn+1
ij =

(Mx)i+ 1
2
jP

n
i+1j + (Mx)i− 1

2
jP

n
i−1j+ (My)ij+ 1

2
Pnij+1 + (My)ij− 1

2
Pnij−1

(Mx)i+ 1
2
j + (Mx)i− 1

2
j + (My)ij+ 1

2
+ (My)ij− 1

2

(3)
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Using the data in the n-th time layer, we find the pressures pn+1
ij in the given time layer. Com-

putational work is repeated according to this scheme, until the following condition is satisfied:√√√√(Nx∑
i=1

Ny∑
i=1

(Pn+1
ij − Pnij)2

)
< ε (4)

Using the algorithm described above, a program for solving the problem of oil displacement has
been developed. The next task is to optimize this program. Optimization is considered in three
ways:

1. Optimization by the compiler
2. Vectorization
3. Other details

0.2. Optimization by the compiler. For the first level of optimization, you must select the
compiler and use the optimization keys. Currently, there are many different compilers. In this
work, Intel C++ Compiler (hereinafter icc) and GNU Compiler Collection compilers (hereinafter
gcc) were chosen for the measurements. The calculations were made on an Intelr Xeonr Processor
E5-2603. It is known that icc optimizes the program well. Intel’s compiler is a commercial project,
and it generates good executable code for Intel processors. GCC is a widely known and non-
commercial open source compiler. Each compiler has its own set of optimization. We can connect
them using the keys -О1, -О2, -О3. Each level -O optimization includes various ways of optimizing
the code. For example, in the -O2 and -O3 keys, automatic code vectorization is enabled using SIMD
extensions. The -O2 key does not include runtime optimization due to the increase in the length of
the executable code. The -O3 key includes cycle loops and function substitution, and this key can
reduce the execution time of the program but increase the code size [4,5].

In the first level, optimization is also considered using statistics. When the program is compiled
with keys, the compiler cannot optimize based on the data with which the program will work. The
Profile-guided optimization (PGO) technology makes it possible to solve this optimization issue.
The algorithm for using PGO is very similar to both compilers.

1. Compile the program using the -fprofile-generate key in gcc and -prof-gen in icc.
2. Run the program several times. A file with the extension .gcda in gcc appears, and in icc

with the extension .dyn. These files collect and store statistics.
3. We compile the program using the -fprofile-use key in gcc and -prof-use in icc. We get an

optimized program.

0.3. Vectorization. In modern microprocessors there are vector extensions such as MMX, SSE,
AVX, etc. A scalar command can process only one unit of data per clock cycle, and a vector
instruction can process a vector of length n. In SSE extensions, the vector length is 128 bits, which
means that one command can simultaneously process a vector of four elements of the float type. The
length of the vector in the AVX extension is 256 bits, into which you can put 4 elements of a double
type or 8 elements of the float type. Code vectorization can be implemented automatically, semi-
automatically or manually. Automatic vectorization is realized with special keys at compile time. In
icc, auto-vectorization is included in the -O2 key, and in gcc in the -O3 key. But the compiler may
not vectorize sections of code that are interdependent or work with integer mathematics, because
the final results may not be accurate from the order of the operation [6]. The programmer can
explicitly indicate the parts of the code that need to be vectorized. Such actions can be performed
using the SIMD directive or in OpenMP 4.0 using the #pragma omp simd pragma. This method of
vectorization is called semiautomatic [7,8].

Manual code vectorization can be performed using assembler inserts, C ++ classes SSE in icc
or SSE Intrinsics. For the vectorization of the program, SSE Intrinsics instructions were used in
this paper. For the vectorization of the program, SSE Intrinsics instructions were used in this
paper. The main cycle of calculating the pressure by formula (3), the cycle of finding the matrices
Mx and My , the cycle for checking the condition (4), the cycle of copying the boundaries by the
symmetry condition was vectorized. The AVX vector expansion is installed in the processor in
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which the calculations were made. Using data types and commands, the code for this extension was
vectorized.

0.4. Other details. Optimization of the program can be done for the execution time or for the code
size. This work is devoted to reducing the execution time of the program. In the original program,
coefficients matrices kx and ky were calculated, which was spent a lot of time. The calculation of the
matrices Mx and My was optimized without superfluous calculation of kx and ky and substitution
of functions f1 and f2 . In the formula (3), Mi+ 1

2
j means (M ij + Mi+1j)/2 . By mathematical

means, you can get rid of all divisions by two, because the division takes a lot of processor time,
and the reduction in the code of such operations gives acceleration. Also, in the original program,
boundary copying occurred in two cycles, one for the upper and lower bounds, the second for the
lateral boundaries. And in the optimized version due to the vectors, the lateral boundaries are
immediately calculated from the mirror data, and only the upper and lower boundaries are copied.
The functions f1 and f2 mean S3.5 and (1− S)3.5 , respectively. But in Intrinsics there is no
command to find a degree. Initially, in the vector code, 7 degrees of the number were found and
brought into the square root, but optimized in such a way that the square root of the number is in
another variable, and in the other variable we find 3 degrees of a given number, and multiplying two
variables gives 3.5 degrees. It is assumed that the calculating of the two above-described variables
runs in parallel. When developing programs, you must always take into account the time of access
to memory. When accessed, memory is loaded by blocks, and these blocks fall into the fast cache
memory. If each time to call different blocks and each time to load them into the cache memory,
the execution time of the program can increase many times. To work around this problem, it is
advisable to work with consecutive or close memory cells. For example, it is better to treat arrays
as they are stored in memory, that is, line by line.

1. Results and discussion

Figure 2 – The execution time of programs without optimization keys. Axis Oy - time of execution, axis Ox -
dimensions of the reservoir

The second figure compares the execution time of the program compiled in the ICC and GCC
compilers. As you can see, the ICC program time is much less than the GCC program. This is
because by default ICC compiles with the -O2 key, and GCC without optimization. And in the
third figure, the execution time of programs without optimization. In Figures 4,5 and 6 you can see
the execution time with optimization keys. From these graphs we can see that the Intel compiler
optimizes the program well. But the advantage of ICC can also be explained by the processor
on which the calculations were made. In Intel processors it is better to use the ICC compiler, as
well as in AMD processors it is better to use the compiler from AMD. Because the manufacturer
is better aware of the advantages of its devices. In Figures 7 and 8 we can see the benefits of
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Figure 3 – The execution time of programs with the -00 key. Axis Oy - time of execution, axis Ox - dimensions of the
reservoir

Figure 4 – The execution time of programs with the -O1 key. Axis Oy - time of execution, axis Ox - dimensions of the
reservoir

Table 1 – Acceleration of optimization

Grid size The execution time
of the initial pro-
gram (T1), sec

Run time of the
optimized program
(T2), sec

T1/ T2

32х32 0,19735 0,0102 19,34804
64х64 2,3026 0,1491 15,44333
128х128 28,6307 2,007 14,26542
256x256 219,0439 23,869 9,17692

using PGO. The compilation was done with the -O2 key. As you can see, PGO in GCC gives an
acceleration of 7-30%. In the ninth figure, you can see a comparison of a scalar program with a vector
program. The compilation was performed with the -O2 key. The graph shows that the vectorization
yielded approximately 30-50% of the productivity gain. Ideally, the vectorization should speed up
the program four times, because four times less operations will be performed. But there is no such
acceleration in the graph, because the auto-vectorization is already included in the -O2 key in the
Intel compiler. Since the compiler can not vectorize some parts of the code, manual vectorization
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Figure 5 – Time for executing programs with the -O2 key. Axis Oy - time of execution, axis Ox - dimensions of the
reservoir

Figure 6 – Time for executing programs with the –O3 key. Axis Oy - time of execution, axis Ox - dimensions of the
reservoir

speeds up better. If you compare the execution time of the vectorized version of the program and the
scalar version compiled with the -O1 key, you can see a gain of 60-73%. At best, almost four times
as mentioned above. And at the end, in the table you can see the comparison of the execution time
of the initial program without any optimization methods and the program in which we used three
levels of optimization. At best, we got almost 20 times the acceleration. Based on these indications,
we can confidently say that the above three levels of optimization should be taken into account when
developing programs.
Conclusion. This work was devoted to the study of methods for optimizing programs. To study

this methods the program for solving the problem of oil displacement was chosen. A sequential algo-
rithm for solving this problem was compiled, a program was developed, and the code was optimized
with three levels. In the first level, optimizing compilers with keys were studied. In the second level,
we wrote a vectorized version of the program that accelerated the scalar version. In the third level,
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Figure 7 – Optimization using statistics on the GCC compiler. Axis Oy - time of execution, axis Ox - dimensions of the
reservoir

Figure 8 – Optimization using statistics on the Intel compiler. Axis Oy - time of execution, axis Ox - dimensions of the
reservoir

other optimization details were considered. Using the methods studied, the initial program without
optimization was accelerated by 89-95%. The set goals were achieved, and came to the conclusion
that it is possible and necessary to speed up the execution time of programs using optimization
methods.
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Figure 9 – Execution time after vectorization. Axis Oy - time of execution, axis Ox - dimensions of the reservoir
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Мұнай ығыстыру есебiн шешуге арналған бағдарламасын оңтайландыру

Аңдатпа: Бұл мақалада мұнай ығыстыру есебiн шешу бағдарламасының оңтайландыру әдiстерi талқыланады.
Параллельдi архитектураларды пайдаланбай, бағдарламаның орындалу уақытын бiр процессор үшiн жеделдету
қарастырылады. Мұнайды ығыстыру есебi ретiнде Якоби әдiсiмен шешiлген екi өлшемдi Баклей-Леверетт
моделi таңдалды. Бағдарламаны оңтайландыру үш деңгейде жүзеге асырылады, оның негiзгiсi - векторизация.
Оңтайландырудың әрбiр деңгейiнен кейiн бағдарламаның орындалу уақытына талдау жүргiзiледi және тiзбектi
бағдарламамен салыстырылады. Оңтайландырудың барлық үш деңгейi шамамен 89-95% жылдамдықты көрсеттi.

Түйiн сөздер: мұнай ығыстыру, оңтайландыру, оңтайландыру кiлттерi, векторизация, SIMD кеңейтiлiмдерi, SSE
Intrinsics.
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Оптимизация программы для решения задачи вытеснения нефти

Аннотация: В данной статье рассматриваются методы оптимизации программы для решения задачи вытеснения
нефти. Рассматривается ускорение времени выполнения программы на одном процессоре без использования
параллельных архитектур. В качестве задачи вытеснения нефти выбрана двумерная модель Баклея-Леверетта, которая
решалась методом Якоби. Оптимизация программы выполняется тремя уровнями, основной из которых является
векторизация. После каждого уровня оптимизации производится анализ времени выполнения программы и сравнение с
последовательной программой. Все три уровня оптимизации показали ускорение примерно в 89-95%.

Ключевые слова: вытеснение нефти, оптимизация, ключи оптимизации, векторизация, расширения SIMD, SSE

Intrinsics.
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iздестiру жүйелерiнде мақаланы жеңiл табуға мүмкiндiк беретiн ғылым салаларының терминдерiн қолдану қажет).

Негiзгi мәтiн мақаланың мақсаты/ мiндеттерi/ қарастырылып отырған сұрақтың тарихы, зерттеу
әдiстерi,нәтижелер/талқылау, қорытынды бөлiмдерiн қамтуы қажет.

Таблица, суреттер – аталғаннан кейiн орналастырылады. Әр таблица, сурет қасында оның аталуы болуы қажет.
Сурет айқын, сканерден өтпеген болуы керек.

Мақаладағы формулалар тек мәтiнде оларға сiлтеме берiлсе ғана номерленедi.
Жалпы қолданыста бар аббревиатуралар мен қысқартулардан басқалары мiндеттi түрде алғаш қолданғанда

түсiндiрiлуi берiлуi қажет. Қаржылай көмек туралы ақпарат бiрiншi бетте көрсетiледi.
Әдебиеттер тiзiмi
Мәтiнде әдiбиеттерге сiлтемелер тiкжақшаға алынады. Мәтiндегi әдебиеттер тiзiмiне сiлтемелердiң номерленуi мәтiнде

қолданылуына қатысты жүргiзiлiде: мәтiнде кездескен әдебиетке алғашқы сiлтеме [1] арқылы, екiншi сiлтеме [2] арқылы
т.с.с. жүргiзiледi.

Кiтапқа жасалатын сiлтемелерде қолданылған бетттерi де көрсетiлуi керек (мысалы, [1, 45 бет]). Жарияланбаған
еңбектерге сiлтемелер жасалмайды. Сонымен қатар, рецензиядан өтпейтiн басылымдарға да сiлтемелер жасалмайды
(әдебиеттер тiзiмiн, әдебиеттер тiзiмiнiң ағылшынша әзiрлеу үлгiлерiн төмендегi мақаланы рәсiмдеу үлгiсiнен қараңыз).

Мақала соңындағы әдебиеттер тiзiмiнен кейiн библиографиялық мәлiметтер орыс және ағылшын тiлiнде (егер
мақала қазақ тiлiнде жазылса), қазақ және ағылшын тiлiнде (егер мақала орыс тiлiнде жазылса), орыс және қазақ
тiлiнде (егер мақала ағылшын тiлiнде жазылған болса) берiледi.

Авторлар туралы мәлiмет: автордың аты-жөнi, ғылыми атағы, қызметi, жұмыс орны, жұмыс орнының мекен-
жайы, теелфон, e-mail – қазақ, орыс және ағылшын тiлдерiнде толтырылады.

6. Қолжазба мұқият тексерiлген болуы қажет. Техникалық талаптарға сай келмеген қолжазбалар қайта өңдеуге
қайтарылады. Қолжазбаның қайтарылуы оның журналда басылуына жiберiлуiн бiлдiрмейдi.

7. Редакцияға түскен мақала жабық (анонимдi) тексеруге жiберiледi. Барлық рецензиялар авторларға жiберiледi.
Автор (рецензент мақаланы түзетуге ұсыныс берген жағдайда) үш күн аралығында қайта қарап, қолжазбаның түзетiлген
нұсқасын редакцияға қайта жiберуi керек.

Рецензент жарамсыз деп таныған мақала қайтара қарастырылмайды. Мақаланың түзетiлген нұсқасы мен автордың
рецензентке жауабы редакцияға жiберiледi.

8. Төлемақы. Басылымға рұқсат етiлген мақала авторларына төлем жасау туралы ескертiледi. Төлем көлемi 4500
тенге – ЕҰУ қызметкерлерi үшiн және 5500 тенге басқа ұйым қызметкерлерiне.
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National University.
Technical Science and Technology series"

1. Purpose of the journal. Publication of carefully selected original scientific works devoted to scientific issues in all areas
of engineering and technology: construction, architecture, geotechnics, geosynthesis, transport, engineering, energy, certification
and standardization, computer technology.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version) in one copy,
signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan, Astana, Satpayev St.,
2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail vest_techsci@enu.kz in Word, PDF
and Tex format. At the same time, the correspondence between Tex-version, Word-version, PDF-version and the hard copy
must be strictly maintained. And authors also need to provide the cover letter of the author(s).

Language of publications: Kazakh, Russian, English.
3. Submission of articles to the scientific publication office means the authors’ consent to the right of the

Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and the re-publication
of it in any foreign language. Submitting the text of the work for publication in the journal, the author
guarantees the correctness of all information about himself, the lack of plagiarism and other forms of improper
borrowing in the article, the proper formulation of all borrowings of text, tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).
5. Structure of the article
IRSTI http://grnti.ru/
Initials and Surname of the author (s)
Full name of the organization, city, country (if the authors work in different organizations, you need to put the same

icon next to the name of the author and the corresponding organization)
Author’s e-mail (s)
Article title
Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it should not

contain bibliographic references, it should reflect the summary of the article, preserving the structure of the article - introduction/
problem statement/ goals/ history, research methods, results /discussion, conclusion).

Key words (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from the article,
as well as terms that define the subject area and include other important concepts that make it easier and more convenient to
find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research methods,
results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should be followed by an
inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.
All abbreviations, with the exception of those known to be generally known, must be deciphered when first used in the

text.
Information on the financial support of the article is indicated on the first page in the form of a footnote.
References
In the text references are indicated in square brackets. References should be numbered strictly in the order of the mention

in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc. The reference to
the book in the main text of the article should be accompanied by an indication of the pages used (for example, [1, 45 p.]).
References to unpublished works are not allowed.

Unreasonable references to unreviewed publications (examples of the description of the list of literature, descriptions of the
list of literature in English, see below in the sample of article design).

At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and English
(if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh languages (if the
article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work address,
telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for revision.
Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial office)
are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the proof of the article
within three days.

Articles that receive a negative review for a second review are not accepted. Corrected versions of articles and the author’s
response to the reviewer are sent to the editorial office. Articles that have positive reviews are submitted to the editorial boards
of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.
8. Payment. Authors who have received a positive conclusion for publication should make payment on the following

requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):
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J.Carsky, Zh. M. Kuanyshbayev, M. I. Arpabekov, T. B. Suleimenov

Положение о рукописях, представляемых в журнал «Вестник Евразийского национального университета
имени Л.Н.Гумилева. Серия Технические науки и технологии»

1. Цель журнала. Публикация тщательно отобранных оригинальных научных работ в области техники
и технологий: строительство, архитектура, геотехника, геосинтетика, транспорт, машиностроение, энергетика,
сертификация и стандартизация, вычислительная техника.

2. Автору, желающему опубликовать статью в журнале необходимо представить рукопись в твердой копии
(распечатанном варианте) в одном экземпляре, подписанном автором в Отдел научных изданий (по адресу: 010008,
Казахстан, г.Астана, ул. Сатпаева, 2, Евразийский национальный университет им. Л.Н.Гумилева, Учебно-
административный корпус, каб. 408) и по e-mail vest_techsci@enu.kz в формате Tex, PDF и Word. При этом должно быть
строго выдержано соответствие между Тex-файлом, Word-файлом, PDF-файлом и твердой копией. Также автору(ам)
необходимо предоставить сопроводительное письмо в редакцию журнала.

Язык публикаций: казахский, русский, английский.
3. Отправление статей в редакцию означает согласие авторов на право Издателя, Евразийского

национального университета имени Л.Н. Гумилева, издания статей в журнале и переиздания их на
любом иностранном языке. Представляя текст работы для публикации в журнале, автор гарантирует
правильность всех сведений о себе, отсутствие плагиата и других форм неправомерного заимствования в
рукописи, надлежащее оформление всех заимствований текста, таблиц, схем, иллюстраций.

4. Объем статьи не должен превышать 18 страниц (от 6 страниц).
5. Схема построения статьи
ГРНТИ http://grnti.ru/
Инициалы и Фамилию автора(ов)
Полное наименование организации, город, страна (если авторы работают в разных организациях, необходимо

поставить одинаковый значок около фамилии автора и соответствующей организации)
Е-mail автора(ов)
Название статьи
Аннотация (100-200 слов; не должна содержать формулы, не должна повторять по содержанию название статьи; не

должна содержать библиографические ссылки; должна отражать краткое содержание статьи, сохраняя структуру статьи
–введение/ постановка задачи/ цели/ история, методы исследования, результаты/обсуждение, заключение/выводы).

Ключевые слова (6-8 слов/словосочетаний. Ключевые слова должны отражать основное содержание статьи,
использовать термины из текста статьи, а также термины, определяющие предметную область и включающие другие
важные понятия, позволяющие облегчить и расширить возможности нахождения статьи средствами информационно-
поисковой системы).

Основной текст статьи должен содержать введение/ постановку задачи/ цели/ историю, методы исследования,
результаты/обсуждение, заключение/выводы.

Таблицы, рисунки необходимо располагать после упоминания. Каждой иллюстрации должна следовать надпись.
Рисунки должны быть четкими, чистыми, несканированными.

В статье нумеруются лишь те формулы , на которые по тексту есть ссылки.
Все аббревиатуры и сокращения, за исключением заведомо общеизвестных, должны быть расшифрованы при

первом употреблении в тексте.
Сведения о финансовой поддержке работы указываются на первой странице в виде сноски.
Список литературы
В тексте ссылки обозначаются в квадратных скобках. Ссылки должны быть пронумерованы строго по порядку

упоминания в тексте. Первая ссылка в тексте на литературу должна иметь номер [1], вторая - [2] и т.д. Ссылка на книгу
в основном тексте статьи должна сопровождаться указанием использованных страниц (например, [1, 45 стр.]). Ссылки
на неопубликованные работы не допускаются. Нежелательны ссылки на нерецензируемые издания (примеры описания
списка литературы, описания списка литературы на английском языке см. ниже в образце оформления статьи).

В конце статьи, после списка литературы, необходимо указать библиографические данные на русском и английском
языках (если статья оформлена на казахском языке), на казахском и английском языках (если статья оформлена на
русском языке) и на русском и казахском языках (если статья оформлена на английском языке).

Сведения об авторах: фамилия, имя, отчество, научная степен, должность, место работы, полный служебный
адрес, телефон, e-mail – на казахском, русском и английском языках.

6. Рукопись должна быть тщательно выверена. Рукописи, не соответствующие техническим требованиям, будут
возвращены на доработку. Возвращение на доработку не означает, что рукопись принята к опубликованию.

7. Работа с электронной корректурой. Статьи, поступившие в Отдел научных изданий (редакция), отправляются
на анонимное рецензирование. Все рецензии по статьям отправляются автору. Авторам в течение трех дней
необходимо отправить корректуру статьи. Статьи, получившие отрицательную рецензию, к повторному рассмотрению
не принимаются. Исправленные варианты статей и ответ автора рецензенту присылаются в редакцию. Статьи, имеющие
положительные рецензии, представляются редколлегии журнала для обсуждения и утверждения для публикации.

Периодичность журнала: 4 раза в год.
8. Оплата. Авторам, получившим положительное заключение к опубликованию, необходимо произвести оплату по

следующим реквизитам (для сотрудников ЕНУ – 4500 тенге, для сторонних организаций – 5500 тенге).
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Мақаланы рәсiмдеу үлгiсi
МРНТИ 27.25.19

А.Ж. Жубанышева 1 , Н. Темиргалиев 2 , А.Б. Утесов 3

1 Институт теоретической математики и научных вычислений Евразийского
национального университета имени Л.Н.Гумилева, Астана, Казахстан

2 Актюбинский региональный государственный университет имени К. Жубанова,
Актобе, Казахстан

(Email:axaulezh@mail.ru, ntmath10@mail.ru,adilzhan_71@mail.ru)
Численное дифференцирование функций в контексте Компьютерного

(вычислительного) поперечника
Аннотация: В рамках компьютерного (вычислительного) поперечника полностью
решена задача приближенного дифференцирования функций, принадлежащих классам
Соболева по неточной информации, полученной от произвольного конечного множества
тригонометрических коэффициентов Фурье-Лебега дифференцируемой функции... [100-200
слов].
Ключевые слова приближенное дифференцирование, восстановление по неточной

информации, предельная погрешность, компьютерный (вычислительный) поперечник. [6-8
слов/словосочетаний].

Введение

Текст введения...
Авторам не следует использовать нестандартные пакеты LaTeX (используйте их лишь в

случае крайней необходимости)

Заголовок секции

1.1 Заголовок подсекции
Окружения.

Теорема 1. ...

Лемма 1. ...

Предложение 1. ...

Определение 1. ...

Следствие 1. ...

Замечание 1. ...

Теорема 2 (Темиргалиев Н. [2]). Текст теоремы.

Д о к а з а т е л ь с т в о. Текст доказательства.

2. Формулы, таблицы, рисунки

δN (εN ;DN )Y ≡ δN (εN ;T ;F ;DN )Y ≡ inf
(l(N),ϕN)∈DN

δN

(
εN ;

(
l(N), ϕN

))
Y
, (1)

где δN
(
εN ;

(
l(N), ϕN

))
Y
≡ δN (εN ;T ;F ;

(
l(N), ϕN

)
)Y ≡

≡ sup
f∈F∣∣∣γ(τ)

N

∣∣∣≤1(τ=1,...,N)

∥∥∥Tf (·)− ϕN
(
l
(1)
N (f) + γ

(1)
N ε

(1)
N , ..., l

(N)
N (f) + γ

(N)
N ε

(N)
N ; ·

)∥∥∥
Y
.

Таблицы, рисунки необходимо располагать после упоминания. С каждой иллюстрацией должна
следовать надпись.

3. Ссылки и библиография
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Table 3 – Название таблицы

Простые Не простые
2, 3, 5, 7, 11, 13, 17, 19, 23, 29 4, 6, 8, 9, 10, 12, 14

Рисунок 22 – Название рисунка

Для ссылок на утверждения, формулы и т. п. можно использовать метки. Например, теорема 2,
Формула (1)

Для руководства по LATEX и в качестве примера оформления ссылок, см., например, Львовский С.М.
Набор и верстка в пакете LATEX. Москва: Космосинформ, 1994.

Список литературы оформляется следующим образом.
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2 Темиргалиев Н. Компьютерный (вычислительный) поперечник как синтез известного и нового в численном
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16-33. doi: . . . (при наличии) - статья

3 Жубанышева А.Ж., АбикеноваШ. О нормах производных функций с нулевыми значениями заданного набора
линейных функционалов и их применения к поперечниковым задачам // Функциональные пространства
и теория приближения функций: Тезисы докладов Международной конференции, посвященной 110-летию
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Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде функцияларды сандық дифференциалдау

Аннотация: Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде Соболев класында жататын функцияларды олардың
тригонометриялық Фурье-Лебег коэффициенттерiнiң ақырлы жиынынан алынған дәл емес ақпарат бойынша жуықтау
есебi толығымен шешiлдi [100-200 cөздер].

Түйiн сөздер: жуықтап дифференциалдау, дәл емес ақпарат бойынша жуықтау, шектiк қателiк, Компьютерлiк
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1 Institute of theoretical mathematics and scientific computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan

2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words]

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) di-
ameter, massive limiting error. [6-8 words/word combinations]
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