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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 F;,; and
Pyroa (ij > Ppm d) 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 02 for the domain 2 the equation of the system will be in the
following form [2]:

0s .
ma—t1 +div (V1) =0
0s .
ma—; + div (VU3) =0
U= _rliep
251
Vo = _rf2op
M2

40
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.{} Injection well

G. Production well

Ficure 1 — Well Scheme

Here, m is the porosity of the reservoir, s;, so is the saturation of water and oil, s; + s9 =1,
U1, Vo — velocities, k is the absolute permeability, fi and fo is the relative phase permeabilities,
W1, po — viscosity, P — pressure. Thus, it is necessary to find the function P, the pressure, using
the following initial conditions

Pli—g = Prsv
For the boundary conditions, the symmetry condition was taken:
or| _oP| _
O |,y Oty
opr|  _or| _
Wly—o Y ly=

Differential form of the equation:

ds; 0 f1 0P 0 fioP\
m8t+ax< kwu18x>+8y< kymay)_o

882 0 f2 oP 0 f2 oP .
"ot Jr@m( kxu28m>+8y( kyu28y>_0

0 oP o) oP
o (Ma) oy (May> =0 @)

First all equations are reduced to a dimensionless form. We give dimensionless variables to the
following relations:
_ T k _ _ — P _
x:Liz;k:]?C;:U’IZ%;F@Z%;P:ﬁc;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]:

n__ pntl prtl _ pn
+1 -1
(MJJ)H—%] - h2 = - (Mx)z—%] E h2 a— +
p+1 o Pﬂ+1 Pn+1 _ pn ) (
ij ij ij ij—1
(My)ij+% h%i_ (My)ijf% h2 =0

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

prtl _ (M) 15 Py + (Ma); 1y Py (My) g 1 Py 4 (My) g1 Py )
Y (M) 1y + (M1 + (My)yy o+ (My); o
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Using the data in the n-th time layer, we find the pressures p?;rl in the given time layer. Com-
putational work is repeated according to this scheme, until the following condition is satisfied:

Nz Ny
(ZZ (Pt — Py > <e (4)

=1 1=1

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
gce) were chosen for the measurements. The calculations were made on an Intel® Xeon® 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 -O1, -02, -O3. 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
M, and M, , 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 k, and k, were calculated, which was spent a lot of time. The calculation of the
matrices M, and M, was optimized without superfluous calculation of k, and k, and substitution
of functions f; and fo. In the formula (3), Mi+§j means (M;; + M;15)/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 f; and fo mean S3°and (1 — 5)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

GCCvs ICC
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F1cUurRE 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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F1curE 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 | Run time of the | T;/ T
of the initial pro- | optimized program
gram (T1), sec (T2), sec
32x32 0,19735 0,0102 19,34804
64x64 2,3026 0,1491 15,44333
128x128 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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Ficure 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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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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Vectorization
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L Ou-Dapabu amvmdaeo, Kasax yammo Ynusepcumemi, Aamamo a3axcman
2 Xaavwapansis 6usnec yrusepcumemi, Aamamos , Kasaxcman

MymHaii bIFpICTBIPY ecebiH mienryre apHajgraH GariapiiaMacblH OHTAWIAHABIPY

Angparna: By makanaga MyHall BIFBICTBIDY ecebiH Iernry OarapiiaMachHBIH OHTANIAHIBIDY 9iCTEPl TAJIKBIIAHAIbI.
ITapasutenbni apxurekTypaJsiapipl Iaiigananbail, OarjapJ/iaMaHblH OPBIHIAJLY YaKbITBIH OIip IIPOIECCOp VIIIH KeesIeTy
KapaCThIPhLIaIhI. MyHaiiipl BIFBICTBIPY ecebi peringe fIkobu oicimen menminren eki esmemzi  Bakiieii-JleBepert
MoJlesli TaHAaJAbl.  BarmapsiaMaHbl OHTAMJIAaHIABIPY YII JIeHreiifle »Ky3ere achIpbLIajbl, OHBIH Herisrici - BeKTOpU3allus.
OwnraitytanabIpyblH  opbip JeHreilineH KeiiiH OarJapjaMaHbIH OPBIHJAJIY YaKbITBIHA TaJJay >Kyprisijeni »koHe Tiz0ekTi
BarsapiaMaMen CajibICThIPbLIaAbl. OHTalIaHBIPY/IbIH, 6apiblK yII geHreiti mamamen 89-95% >KbLIIaMIBIKTBI KOPCETTI.

Tyiiin ce3mep: MyHall BIFBICTHIPY, OHTaMIAHILIPY, OHTANIAHABIPY KiATTepi, BekTOopm3arms, SIMD kenenrimimzaepi, SSE
Intrinsics.
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H.M. Kacemmbek ' , M.B. Mycracduu !, T.C. Umankynos !, 1.2K. Axmen-3axu 2

1 Kasazcrud nayuonasvnoiti yrueepcumem umenu Arv-DPapabu, Aamamo, Kasaxcman
2 Vnueepcumem wmescoynapoonozo busmeca, Aamamoi, Kaszaxcmarn

OIITI/IMI/ISaLII/ISI IIporpamMmmsl AJid pelleHus 3a4a4Yy BbITECHEHUSd HeCl)TI/I

AnHoTanusi: B mamHO§ cTarbe paccMaTpHUBAIOTCSI METOABI ONTHUMU3AIMK IIPOIDAMMEBL [JIsI PEIICHUS 3aJa9Hd BBITECHEHIS
HedTH. PaccmarpuBaercsi ycKOpeHWe BpEMEHM BBINIOJIHEHHSI IIPOTPAMMBbI Ha OJHOM IIPOIECCOpe 0e3 HCIOJIb30BaHUSI
napaJuIesIbHBIX apXUTEeKTyp. B KadecTBe 3amadu BeITeCHEHHsT He(pTH BhIOpaHa aByMepHas moneiab bakies-JleBeperra, KoTopast
pemasiack MerogoMm kobu. Onrumuzanusl NpOrpaMMbl BBIIOJHIETCS TPEMsl yPOBHSIMH, OCHOBHOW W3 KOTODBIX SIBJISIETCS
BekTOpH3arus. Ilocie KayKI0ro ypoBHS ONTUMHU3ANNUH [IPOM3BOLUTCS aHAJIN3 BPEMEHH BBINOJIHEHUS IPOIPAMMbBL U CDABHEHHE C
IoCJIe/I0BATENILHOIN TporpaMmMoii. Bce Tpu ypoBHSI ONTUMU3AIMY IOKA3aU yCKOpeHue npumMepHo B 89-95%.

KurroueBble cJjioBa: BblTecHeHHe HedTH, ONTUMHU3AIUsl, KJIOYHM ONTHUMHU3AIUU, BeKTopusalus, pacmmpenus SIMD, SSE

Intrinsics.
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Kafitapsuiansl. KosrkasbaHbly KafTapblIybl OHBIH 2KypHAaIAa 6acbuIyblHa Kibepityin 6inmipmeiini.

7. Pejnaknusra TyCKeH MakaJja KaOblk, (aHOHMM/JI) Tekcepyre »Kibepineni. BapJsbik perensusiiap aBrop/apra »Kibepiiei.
ABTOD (pereH3enT MaKaIaHbl Ty3eTyre YChIHBIC GepreH XKarFaaiiia) il KyH apasibIFbIHIa KaliTa Kapall, KOJKasoaHblH Ty3eTIreH
HYCKACBIH peJlaKkiiusira Kaira »Kibepyl Kepek.

PenensenT »xkapamcbI3 Jlell TaHbBIFAH MaKaJja KafiTapa KapacThIpbLIManabl. MaKajaHblH TY3€TIIreH HYCKAChl MEH aBTOD/IbIH,
peleH3eHTKe Kayabbl peakiusra Kibepiiemi.

8. Tesiemakpl. BacbuibiMFa PYKCAT €TLITeH MaKaJia aBTOPJIapbIHA TOJIEM YKacay TypaJibl eckeprisieni. Temem kenemi 4500
Tenre — EYY kpi3Merkepiiepi yirin »koHe 5500 TeHre 6acka yilbIM KbI3METKEpPJIEPiHE.

PekBusuror:

1)PT'TI IIXB "EBpasuiickuii Hanuonaubublii yausepcurer umenu JIL.H. I'ymunesa MOH PK

AO "Bank IlearpKpenut"

BUK 6anka: KCJIBKZKX

NUK: KZ978562203105747338

Ko6e 16

Kunu 859- 3a crarsro

)PT'II ITIXB "Espasuiickuii Hanponanbuelii yausepcurer uMenn JI.H. T'ymunresa MOH PK AO "Bank RBK"
Buk 6anka: KINCKZKA
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NNK: KZ498210439858161073

Ko6e 16

Kuu 859 - 3a crarbio

)PI'II IIXB "Espasuiickuil Hanponanbublii yauusepcurer umenu JI.H. 'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ké6e 16

Knn 859 - 3a crareio

)PT'II IIXB "Espasuiickuii nanponasnbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Haponusiit Bank Kazaxcran"
BUK Banka: HSBKKZKX

NNK: KZ946010111000382181

Kb6e 16

Kun 859.

"3a nybaukamuio B Becrauke EHY @O asropa"
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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 wvest 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):

PexBusutsr:

1)PT'TI IIXB "Espasuiickuii Hanponaubublii yausepcurer umenn JI.H. M'ymunesa MOH PK

AO "Bank llearp Kpeaut"

BUK 6anka: KCIBKZKX

NUK: KZ978562203105747338

K6e 16

Knnu 859- 3a crareio

2)PT'II 1IXB "Espaswuiickuit narmonanbubiii yausepcurer umenu JI.H. T'ymunesa MOH PK AO "Bank RBK"
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Buk 6anka: KINCKZKA

NUK: KZ498210439858161073

K6e 16

Kmu 859 - 3a crarsio

3)PI'II [IXB "Espasuiickuii nanmonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ko6e 16

Kuu 859 - 3a crarbio

4)PT'II IIXB "EBpaswuiickuii HannoHanbublil yausepcurer umenn JI.H. Tymunesa MOH PK AO "Hapoansiii Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ké6e 16

Kun 859.

st corpyauukoB EHY - 4500 Tenre, mjist croponaux opranu3anuii - 5500 Tenre

"3a nybaukamuio B Becrauke EHY @O asropa"
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J.Carsky, Zh. M. Kuanyshbayev, M. I. Arpabekov, T. B. Suleimenov

ITosoxkeHne 0 PyKONUCSX, IPECTABIsIeMbIX B >KypHaJ «BectHuk EBpasmuiickoro HaigmoHaJIbHOIO YHUBEPCUTETA
umenu JI.LH.I'ymuaeBa. Cepusi Texnndeckue HaAyKu UM TE€XHOJIOTHH»

1. IMenp >xypuagsa. Ilybaukanus TiiaTesbHO OTOOPAHHBIX OPUIMHAJIBHBIX HAy4YHBIX pPaboT B 0OJIACTH TEXHUKHU
U TEXHOJIOPUU: CTPOUTEJBCTBO, AapPXUTEKTypa, TIEOTEeXHUKA, DEOCHHTETHUKA, TPAHCIOPT, MAIINHOCTPOEHUE, SHEPreTUKa,
cepruduKaus ¥ CTAHAAPTH3AIMs, BEIYUCIUTEIbHAs TEXHUKA.

2. ABTOpy, KeJAIEMy OIlyOJIMKOBATH CTATHIO B KypHajie HEOOXOAUMO TPEJCTABATL PYKOIUCHh B TBEPAOH KOMAU
(pacneuaraHHOM BapuaHTE) B OJHOM 9K3eMIUIApE, IOAIMCAHHOM aBropoM B Otiesn HaydHbix u3fganuii (mo agpecy: 010008,
Kazaxcran, r.Acrana, yi. Carmaesa, 2, EBpaswuiickuii HAIMOHAJILHBIA YHUBEPCUTET WM. JI.H.I'ymunesa, YuebHO-
aIMUHICTPATUBHBIA Kopiyc, kab. 408) u no e-mail vest techsci@enu.kz B popmare Tex, PDF u Word. ITpu sToM m10/12KHO GBITH
CTPOrO BBIIEP?KAHO COOTBETCTBHE MexkIy Tex-daittom, Word-daittom, PDF-daiiiom n TBepmoit konwmeit. Takxke aBropy(am)
HEOOXOIMMO MPEIOCTABUTL COIPOBOAUTENBLHOE MUCHMO B PEIAKIIMIO YKyPHAJIA.

sk myOGauKamuii: Ka3axCKuil, pyCCKuil, aHIVIMACKAN.

3. OrnopasjsieHme crareil B peJaKIUi0 O3HA4YaeT coIjlacue aBTOpoB Ha mnpaso Msnaresnsi, EBpasmuiickoro
HaluoHaJIbHOro yHuBepcurera umenu JI.H. I'ymuneBa, m3maHusi crareili B >KypHajle U Nepeu3JaHUs] UX Ha
Jgr06oM mHOCTpaHHOM #s3bike. IIpencraBisisi TeKcT paborsl ajs myGauKanuyu B >KypHaJie, aBTOpP rapaHTUpPyeT
IpaBUJIBLHOCTH BCEX CBeAEHUi 0 cebe, OTCyTCTBHE ILJIArUaTa U APYrux (popM HENPaBOMEPHOI'O 3alIMCTBOBAHUS B
pyKoImucu, HajJiexkarnee opopMJIeHE BCEX 3aMMCTBOBAaHUM TEKCTa, TaGJINI], CXeM, UJLJIIOCTPALUNA.

4. O6beM craTbu He JOJZKEH NpeBmarh 18 crpanun (ot 6 crpaHum).

5. CxeMa mOCTpPOEHUsI CTATbU

I'PHTMH http://grnti.ru/

Hnuyuans, v Pamuauto aemopa(os)

IToanoe naumenosarue opzarudayuy, 20pod, cmpara (ecau aBTOPbl paGoTAIOT B PA3HBIX OPTAHU3AIUAX, HEOOXOIUMO
[IOCTABUTH OJIMHAKOBBII 3HAYOK OKOJIO (haMHUJIMKM aBTOPA M COOTBETCTBYIONIEH OpraHn3alyn)

E-mail aBropa(os)

Hassanue cmamovbu

Annomayus (100-200 cios; He OJKHA COAEpKaTh (DOPMYJIbI, He OJIZKHA ITOBTOPSITH 110 COIEPXKAHUIO HA3BAHWUE CTATHU; He
JOJIZKHA COZIEPKATH 6UbIMorpaduyuecKue CChUIKY; TO/PKHA OTPAXKaTh KPATKOE COJIEPXKAHUE CTATbHU, COXPaHss CTPYKTYPY CTATbU
—BBeJleHHe,/ IOCTAHOBKA 3aJa4dn,/ 11ejIi,/ UCTOPHsl, METOABI UCCJIEIOBAHUS, PE3yJIbTaThl/00Cy K ICHNAE, 3aKIIOUCHUE /BBIBOJBI).

Karouesvie caosa (6-8 cios/cioBocoderanuii. Kiodyesble €10Ba JOJDKHBI OTParkaThb OCHOBHOE COJEPKAHUE CTATbH,
HCIIOJIb30BATh TEPMUHBI M3 TEKCTA CTATBHH, & TaKyK€ TEPMUHBI, OIPEIEJISIONNe IPEIMETHYIO O00IacTh U BKJIIOYAIOIINE IPyTHe
BasKHDBIE TIOHATHS, IO3BOJIAIONIME OOJErYUTh U PACIIUPUTH BO3MOXKHOCTH HAXOXKIEHWUS CTATbU CPEJICTBAMHM MHMOPMAIUOHHO-
[IOUCKOBOW CHUCTEMBI).

OcHoeHOT MeKem cmambu JT0JIZKEH COJlePKaTh BBeZieHne,/ MOCTAHOBKY 3aJiadu,/ 11eJii/ HCTOPHIO, METO/bI UCCIIE[OBAHUS,
pe3ysbTaThl/00Cy XK IeHNE, 3aKJIIOYEHUE / BBIBOJIBL.

Tabauudbt, pucyHKy HEOOXOAMMO PACIOJIAraTh IOCJIe yIOMHUHAHUS. KarkI0f W/IIOCTPAIUU JOJRKHA CJIeJ0BATh HAIINCH.
PucyHnkn nosKHBI 6BITH Y€TKUMU, YUCTHIMU, HECKAHHPOBAHHBIMU.

B crarbe mymepyiorcs b e POPMYADBL, HA KOTOPBIE 110 TEKCTY €CTh CCHLIKH.

Bce abbpesuamypvt u COKpallieHUsI, 3a HCK/IIOYEHHEM 3aBEJOMO ODOIIEM3BECTHBIX, JOJIXKHBI OBITH pacIIudpOBaHbl IIpU
[IEPBOM YIOTPEOICHUN B TEKCTE.

Ceenenust o purarcosot noddepacre paboThl yKA3bIBAIOTCS Ha MEPBOM CTPAHUIIE B BUJE CHOCKH.

Cnucox aumepamypo.

B Tekcre ccpuikm 0603HAYAIOTCS B KBaJAPATHBIX CKOOKax. CCBUIKHM JOJIXKHBI ObITH IIPOHYMEPOBAaHBI CTPOrO IO IMOPSAKY
YIOMHMHAHUS B TEKCTe. llepBasi CChUIKA B TEKCTE HA JIMTEPATYPY JO/KHA uMeTh Homep [1], Bropas - [2] u T.1. Ccbuika Ha KHHTY
B OCHOBHOM TEKCT€ CTATbH JIOJIPKHA COIPOBOXKJATHCS yKa3aHHEM HCIOJIb30BaHHbIX cTpaHul] (Hampumep, [1, 45 crp.]). Cebuikn
Ha HeONyOIMKOBaHHBIE PA0OTHI HE JOIyCKAIOTCA. HerKeslaTeabHbl CCUIKU Ha HEPEHEH3UPYyeMble U3JaHus (IPUMEpPbI OIUCAHUS
CIIMCKA JIATEPATYPbI, OIUCAHUSI CINUCKA JIATEPATYPbl Ha aHIVIMACKOM sI3bIKE CM. HUXKe B 06pasie odOpMIIEHUsI CTaThH ).

B komme craTbu, mocie cnucka JuTepaTypbl, HEOOXOOUMO yKa3aTh bubauozpapureckue daHHble Ha PYCCKOM U AHTTIHHACKOM
sa3blKaxX (ecau craTbs 0dOPMIICHA Ha KA3aXCKOM fA3bIKe), Ha KAa3aXCKOM M AHIVIMACKOM sI3bIKax (ecsiu crarbs odopMiieHa Ha
PYCCKOM sI3BIKE) W Ha PYCCKOM M Ka3aXCKOM s3bIKax (ecyu craTbs odOpMIICHa Ha AHIVIMHACKOM SI3BIKE).

Ceederuss 06 aemopax: damunus, UMs, OTYECTBO, HAyIHAs CTENEH, JOJPKHOCTb, MECTO PabOTHI, ITOJHBIA CJIyKeOHBII
azpec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIJIMHACKOM SI3bIKAX.

6. Pykonuch moszkHa ObITH TIATEJILHO BbIBEpeHa. Pykomucy, He COOTBETCTBYIOIIME TEXHUYECKUM TPeOOBaHUAM, OyIIyT
BO3BpallleHbl Ha JopaboTky. BosBpamenne Ha nopaboTKy He O3HAYAET, YTO PYKOIUCH IPUHATA K OIIyOJIMKOBAHUIO.

7. Pabora ¢ 251eKTpOHHOM KoppeKTypoii. Crarbu, nocrynusiue B OTies HaydHBIX n3aHui (pelakiys), OTIPABIISIOTCS
Ha aHOHMMHOE DeleH3MpOBaHHe. DBce pelneH3uHu [0 CTaThbsM OTIPABJISIOTCS aBTOPy. ABTOpaM B TedeHHe Tpex JHei
HEOOXO/IMMO OTIPABUTH KOPPEKTYpy craTbu. CTaThby, MOJIyYUBIINE OTPULIATEIBHYIO PEIEH3UIO, K MOBTOPHOMY DaCCMOTPEHUIO
He IPUHUMAIOTCs. VcmpaBiieHHbIEe BAPUAHTHL CTaTell U OTBET aBTOPA PELEH3EHTY MIPUCHIIAIOTCA B pegaknuio. CTaTbu, MMEIOe
[IOJIOYKUTEJILHBIE PEIEH3UHY, [IPEICTABIISIOTCS PEIKOJUIETUN YKYPHAJIA JIJIsl OOCYKI€HUsI U YTBEPXKICHUS JJIsl IIyOJIMKAIIH.

ITepuomuyHOCTh >KypHaJia: 4 pa3a B TOI.

8. Omuiara. ABropaM, IOJYYHBIIUM TOJIOXKUTEIBHOE 3aKJIIOUEHUE K OIyOIMKOBAHUIO, HEOOXOAMMO MIPOM3BECTH OILIATY IO
caemyomuM pexpusuTaM (s corpyaaukos EHY — 4500 Tenre, misa cropoHHnx opranusanuii — 5500 Tenre).

PexBusutsr:

1)PT'II IIXB "Espasuiickuii Hanuonaubublii yausepcurer umenn JI.H. D'ymunesa MOH PK

AO "Bank LenrpKpemur"

BUK 6anka: KCJIBKZKX

NHNK: KZ978562203105747338

Koe 16

Kmn 859- 3a crarsio

2)PT'II 1IXB "Espaswuiickuit nHarmonanbueiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "Bank RBK"
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Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

K6e 16

Knn 859 - 3a crareio

3)PI'II [IXB "Espasuiickuii nanmonanbubiii yausepcurer umenu JI.H. I'ymunesa MOH PK AO "ForteBank"
BUK Banka: IRTYKZKA

NNK: KZ599650000040502847

Ko6e 16

Kuu 859 - 3a crarbio

4)PT'II IIXB "EBpaswuiickuii HannoHanbublil yausepcurer umenn JI.H. Tymunesa MOH PK AO "Hapoansiii Bank Kaszaxcran"
BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ké6e 16

Kun 859.

"3a my6aukanuio B Becrauke EHY ®UNO asropa"
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J.Carsky, Zh. M. Kuanyshbayev, M. I. Arpabekov, T. B. Suleimenov

MakaJjiaHbI paciMaey YJIrici
MPHTMU 27.25.19
A K. XKy6ansmmesa ', H. Temupranues?, A.B. Yrecos 3

L Hnemumym meopemuneckoti mamemamury u nayunuix evucienuti Eepasutickozo
HAYUOHAALHO20 YHhusepcumema umenu JI. H. lymunesa, Acmana, Kazaxcman
2 Axmiobuncruti pezuonasvnwid 2ocydapemeennoiti ynusepcumem umenu K. XKybanosa,
Axmobe, Kazaxcman
(Email:azaulezh@mail.ru, ntmathl0@mail.ru,adilzhan_ 71 @mail.ru)

Yucnennoe nuddepenimpoBanne pyHKINiT B KOHTeKcTe KoMnbioTepHOTO
(BBIYMCIINTENHBHOIO) IIOMEPEYHNKA

AnHHOTaIINSA: B pamMKax KOMIBIOTEDHOIO (BBIYMCJIUTENHHOIO) IOHEPEYHUKA  IIOJHOCTHIO
pertena  3azada npubmkenHoro guddepeHnupoBanud QYHKINWN, TPUHAIIEKAITX KJIACCaM
CoboJsieBa 110 HETOYHOH WHQOPMAIIUM, IOJYyYEHHOH OT IIPOM3BOJILHOIO KOHEYHOI'O MHOXKECTBA,

tTpuronomerpudeckux Koaddunuentos Pypwe-Jledera muddepennupyemoii dynknunu... [100-200
CJIOB].

KuaroueBbie cioBa npubsimkennoe auddepeHnupoBane, BOCCTAHOBJEHUE IO HETOYHOM
urdOpMAIH, TPe/Ie/IbHAsT OIPENTHOCTD, KOMIBLIOTEPHBIN (BBIUUCIUTE/BHBIN) HOIepedHnK. [6-8
CJIOB/ CJIOBOCOYETAHMIA|.

Bsenenue

TekcT BBEIEHUSI. ..

Asropam He ciiejlyeT MCHOJIB30BaTh HecTaHjgapTHble nakerbl LaTeX (ucrosb3yiiTe ux JMnib B
cilydae KpaitHeit HeoOX0MMOCTH )

3aroJjioBokK ceKnumn

1.1 3aro/ioBOK MOJCEKIIU
Okpy:keHwusl.

Teopema 1. ...

Jlemma 1. ...

IIpennoxenue 1.

Onpejnenenune 1. ...

Caencrsue 1. ...

3ameuanwue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.

,H oKas3aTeJabcTBsBo. Tekcr JO0Ka3aTeJIbCTBa.

2. ®opmyibl, TAOJIUIBI, PUCYHKH

dn(en; DN)y = n(en; T F; D)y = inf N (€N; (l(N),SON>> , (1)
(19 o) D v

e On (en; (1M, on))y = Sn(en; T; F; (1) on ) )y =

= s [0 e (WO () )|

<1(r=1,...N)

B
K

Tabymrbl, pUCYHKH HEOOXOINMO pACIoJiaraTh mocje yrnoMmuHanus. C KaxKJio# WLTIOCTpanueil J0KHa
cJ1e10BaTh HAJIINACh.

3. Ccbuiku u 6ubaunorpadus
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TABLE 3 — HazBauue Tabiuiibi

IIpoctrie He mpocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

PucyHok 22 — Haspanue pucyHka

Jtst cChITOK Ha yTBEp2KJeHusi, (DOPMYJIbI U T. 1. MOYKHO HCIOJIHL30BAaTh MeTKn. Hampumep, Teopema 2,
Dopmyana (1)

s pykosojcra o IATEX u B KadecTBe mpuMepa opopMIeHusT CCBLIOK, CM., HanpuMmep, JIpBockuii C.M.
Ha6op u Bepcrka B makere KTEX. Mocksa: Kocmocuadopm, 1994.

Crurcok jurepaTypbl OQOPMIISIETCS CJIELYTONUM 0OPA30M.

Crmcok janreparypbl

1 Jlokymuesckuit O.M., 'aspukos M.B. Hauasia uncnennoro ananuza. -M.: TOO "duyc", 1995. —581 c. - kuura
Temuprasues H. KoMnopioTepHbIil (BBIYUCIUTEILHBL) IONEPEUHIK KaK CHHTE3 M3BECTHOIO M HOBOIO B UHCJIEHHOM
anammse // Becrank Eppaswmiickoro manmonanpaoro yaumsepcurera umenn JI.H. Tymmnesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (upu HANIMYNK) - CTATHS

3 2Kybanbrmesa A.2K., A6ukenosa 1. O Hopmax npon3BoaHbIX DYHKIMN C HYJIEBBIMY 3HAYEHUSIMI 3aJaHHOIO HAbOpa
JIMHEHHBIX (DYHKIMOHAJIOB W WX MPUMEHEHHs] K TONEPEIHUKOBBIM 3agadaM // PyHKIMOHAJIBHBIE MPOCTPAHCTBA
u Teopus npubsmxkenus oyaknuit: Tesucsl moxmamoB Mexaynaponuoit KondepeHun, nocssmenaoit 110-geTuio
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