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The proposed metaheuristic optimization algorithm based on
the two-step Adams-Bashforth scheme (MOABT) was used in this
paper for Multilayer Perceptron Training (MLP). In computer
science and mathematical examples, metaheuristic is high-level
procedures or guidelines designed to find, devise, or select algo-
rithmic research methods to obtain high-quality solutions to an
example problem, especially if the information is insufficient or
incomplete, or if computational capacity is limited. Many meta-
heuristic methods include some stochastic example operations,
which means that the resulting solution is dependent on the
random variables that are generated during the search. The use of
higher evidence can frequently find good solutions with less com-
putational effort than iterative methods and algorithms because
it searches a broad range of feasible solutions at the same time.
Therefore, metaheuristic is a useful approach to solving exam-
ple problems. There are several characteristics that distinguish
metaheuristic strategies for the research process. The goal is to
efficiently explore the search perimeter to find the best and closest
solution. The techniques that make up metaheuristic algorithms
range from simple searches to complex learning processes. Eight
model data sets are used to calculate the proposed approach, and
there are five classification data sets and three proximate job data
sets included in this set. The numerical results were compared
with those of the well-known evolutionary trainer Gray Wolf
Optimizer (GWO). The statistical study revealed that the MOABT
algorithm can outperform other algorithms in terms of avoiding
local optimum and speed of convergence to global optimum. The
results also show that the proposed problems can be classified and
approximated with high accuracy.

Keywords: algorithm, Adams-Bashforth method, approxima-
tion, classification, global, metaheuristic, multilayer, perceptron,
training, optimization.
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Optimization is now considered a branch of computational
science. This ethos seeks to answer the question «what is best?»
by looking at problems where the quality of any answer can be ex-
pressed numerically. One of the most well-known methods for solv-
ing nonlinear, unrestricted optimization problems is the conjugate
gradient (CG) method. The Hestenes and Stiefel (HS-CG) formula
is one of the century’s oldest and most effective formulas. When
using an exact line search, the HS method achieves global conver-
gence; however, this is not guaranteed when using an inexact line
search (ILS). Furthermore, the HS method does not always satisfy
the descent property. The goal of this work is to create a new (mo-
dified) formula by reformulating the classic parameter HS-CG and
adding a new term to the classic HS-CG formula. It is critical that
the proposed method generates sufficient descent property (SDP)
search direction with Wolfe-Powell line (sWPLS) search at every
iteration, and that global convergence property (GCP) for general
non-convex functions can be guaranteed. Using the inexact sSWPLS,
the modified HS-CG (mHS-CG) method has SDP property regard-
less of line search type and guarantees GCP. When using an sWPLS,

the modified formula has the advantage of keeping the modified sca-
lar non-negative sSWPLS. This paper is significant in that it quanti-
fies how much better the new modification of the HS performance is
when compared to standard HS methods. As a result, numerical ex-
periments between the mHSCG method using the sWPL search and
the standard HS optimization problem show that the CG method
with the mHSCG conjugate parameter is more robust and effective
than the CG method without the mHSCG parameter.

Keywords: conjugate gradient method, descent direction, global
property, strong Wolfe-Powell line search, unconstrained optimization.
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This paper describes a dynamic model of profit maximization for
a car-sharing system, taking into consideration the geographical and
economic characteristics of a region. To solve the model construc-
tion task, a technique to cover the region with geometric shapes has
been described. It was established that when modeling a car-sharing
system, it is rational to cover a region with a grid of equal regular
hexagons located side to side. For each subregion, quantitative pa-
rameters were calculated: the number of free cars in the subregions,
the probability of a car traveling from one sub-region to another,
the cost of maintenance and operation of the car, and the income
from the trip. This takes into consideration the dynamic nature of
the specified parameters. Based on these parameters, an objective
function is constructed including constraints for the dynamic model.
These constraints take into consideration the economic and geo-
graphical features of each subregion.

A dynamic profit maximization model was built for the car-shar-
ing system in the city of New York (USA) based on the TCL dataset.
To calculate the parameters of the model, data on 776,285,070 trips
over the period from January 2016 to July 2021 were used. Maps of
the beginning and completion of trips in the region and a map of trips
tied to hexagonal grid cells using the Kepler visualization service
have been built. The frameworks H3 and S2 were analyzed in terms
of determining the length of the route between the subregions. Mo-
deling was carried out according to the built unidirectional dynamic
model of profit maximization. It has been established that taking into
consideration the average economic and geographical characteristics
of a region makes it possible to increase the profit of the car-sharing
system by 12.36 %. Accounting for the dynamics of economic and
geographical features of the region of customers in the model makes
it possible to increase profits by an additional 4.18 %.

Keywords: car sharing, discrete optimization, dynamic model,
hexagonal tessellation, profit maximization, Uber H3.
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In this study, the effect on the series prediction of the financial
system of the central library has been investigated and analyzed
accordingly. Four models have been conducted to analyze the se-
ries prediction of the library as well as to investigate the monthly
income. These models included the Seasonal indexing model (STM)
and Prediction of ARIMA model (PARIMA). Furthermore, Poisson
logarithmic linear model has been applied for all suggested models
accordingly. The results based on the given models have been verified
based on Heteroskedasticity Test. Six months have been included
beginning with Jan and ending with Jun. According to the statistical
analysis, the verification method used the Heteroskedasticity test.
The results revealed that the three models have been verified and
were ready to be employed in the next step of the procedure. A cer-
tain effective model was employed to predict time series for the used
period (Jan to Jun). At these indexations, the lag value has reached
a maximum of 0.98. In April, the correlation reached 0.344. Seaso-
nal indexation values for the chosen time have been explained (six
months). The figures shifted from month to month. According to the
investigation, the highest degree of indexation occurred in April and
the lowest level occurred in June. The linear Poisson logarithmic
distribution has been explored and examined. At the SIM model, the
standard error was reported within the maximum level of 0.3. From
the beginning of the year through the end of the year, six months
have been documented (X1 to X6). The month of March was the
most deviant. In January, the residual Dif has achieved its greatest
value of 0.092.

Keywords: financial system, time series prediction, PFO, Pois-
son logarithmic, mathematical model.
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This paper presents a numerical realization of the Navier-Stokes
equations in irregular domains using the fictitious domain method
with a continuation along with the lowest coefficient. To solve nu-
merous connected issues in irregular regions, the fictitious domain

method is broadly used. The advantage of the fictitious domain
method is that the problem is solved not in the original complex
domain, but in a few other, easier domains. Using the method, com-
putation is done easily for a sufficiently wide class of problems with
arbitrary computational domains.

The problem is solved using two methods. The primary method is
based on the development of a distinct issue in variables of the stream
function and the vortex velocity using the pressure uniqueness condi-
tion. The second method is to understand the expressed issue by the
fictitious domain method with a continuation by lower coefficients.

Using the fictitious domain method, a computational algorithm
is constructed based on the explicit finite difference schemes. The fi-
nite difference scheme is stable and has high computational accuracy
and it gives the possibility to parallelize. Temperature distributions
and stream functions are presented as numerical results.

A parallel algorithm has been developed using Open Multi-Pro-
cessing (hereinafter OpenMP) and Message Passing Interface (here-
inafter MPI) technologies. Within the parallel approach, we used
OpenMP technology for parallel calculation of vorticity and stream
work, and for calculating temperature we applied MPI technology.
The performance analysis on our parallel code shows favorable
strong and weak scalability. The test results show that the code run-
ning in the parallel approach gives the expected results by comparing
our results with those obtained while running the same simulation
on the central processing unit (CPU).

Keywords: Navier-Stokes equations, stream function, vorticity,
numerical methods, parallel algorithm.
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METAEBPUCTUYHUN AJITTOPUTM OIITUMIBAIIT HA OCHOBI JIBOKPOKOBOTO METO/TY AZTAMCA-BAIIIM®OPTA
ITPU HABYAHHI BATATOIIAPOBHUX ITIEPIIEIITPOHIB (c. 6-13)

Hisham M. Khudhur, Kais I. Ibraheem

Jlnst mapuanns Garatomaposux nepientporis (MLP) y naniii po6oTi 6yJ10 BUKOPUCTAHO 3aTIPOTIOHOBAHUET METAeBPUCTUIHIIT aJITOPUTM
ONTHUMI3allii Ha OCHOBI ABOKpOKOBOro Metoxy Amamca-bBamidopra (MOABT). B indopmartuili Ta mMaremaTuili METaeBPUCTHKA € BUCOKO-
PIBHEBMMH TPOTIEypaMn ab0 PEKOMEH/AISAMY 3 TMONIYKY, Po3poOKu abo BUOGOPY aJTOPUTMIYHUX METO/IB MOCJIZKEHHS /ST OTPUMAHHS
SIKICHUX pillleHb 3aj1a4, 0cOOJIMBO NPU HepocTaTHI abo HenoBHIl iHdopmaliii, a60 0OMeKeHUX 0OUNCTIOBAIBHIUX MOKJIUBOCTAX. Barato
METAeBPUCTUYHIX METOAIB BKJIOYAIOTH JEAKI CTOXACTUYHI oIlepallii, 110 03HAUA€ 3aJIC)KHICTb OTPHUMAHOTO PIIIeHHS Bijl BUIQJKOBUX Be-
JITYNH, 10 TeHePYIOThCST TIi/I Yac TOIyKyY. BuleBnKIIaene 4acTo M03BOJISIE 3HAXOANTH XOPOIII PIleHHsT 3 MEHITMMI O0YHNCIIOBATbHUMI
BUTpATaMU, Hi’K iTepaTUBHI METO/N Ta aJITOPUTMHU, OCKIJIBKI O/JHOYACHO BUKOHYETHCS MOIIYK IIMPOKOTO CHEKTPY MOKIMBUX pillleHb. Takum
YITHOM, METAeBPUCTHKA € e()eKTUBHUM METO/IOM BUPIIIEHHS 3a/[a4. [CHy€E KiJTbKa XapaKTePUCTHK, 10 BiZIPI3HSIIOTh METAEBPUCTUYHI CTpaTe-
rii AOCHIIHUIIBKOTO TIpoliecy. Meta moJisirae B ToMy, 1100 eDeKTHBHO TOCIIKYBATH MEPUMETD MOIIYKY /UIsl 3HAXOPKEHHST HAKPAIIOro Ta
HalOIMKIOTO pitieHnst. MeToju, 1o CKJIaal0Th METAeBPUCTUYHI aJITOPUTMH, BapilOIOTHCST Bi/l TIPOCTOTO TOUIYKY /10 CKJIQHUX TIPOIECiB
Hapyanist. [T po3paxyHKy 3ampoOHOBAHOTO M/IXOLY BUKOPICTOBYIOTHCS BiCiM HAOOPIB AHIX MOJIETIOBAHHSI, BKIIOYAI0YN TT'sITh HAG0PIB
fpanux Kiaacudikaiii i Tpu Habopu ganux anpokcumaitii. ducieHni pesyJibratu 6yJ114 3icTaBileHi 3 pe3y/braTaMiu BiZlOMOIO €BOJIOLIITHOrO
MeTOIy HaBuaHHS AropuTM 3rpai cipux BoBKiB (GWO). CtatncTiane 10CIiKeH s TToKa3ano, mo aaroput MOABT moske mepeBepiryBatu
iHIIN QJITOPUTMU 3 TOYKU 30Dy YHUKHEHHsI JIOKAJIBHOTO ONTUMYMY Ta IIBUAKOCTI 3615KHOCTI 0 TI06aJIbHOTO ONTUMYyMY. PesynsraTu Takox
MOKA3YI0Th MOKJIUBICTh BUCOKOTOUHOI KiIacudikaliii Ta anpokcuMariii 3aliporioHOBaHNX 33/1a4.

Kimouosi cioBa: anroput™, Metoa Azamca-Barngopra, anpokcumartis, kiacudikaritis, rinobaibHuil, MeTaeBpUCTHKa, HaraTomapoBHii,
NEPLENTPOH, HABYAHHS, OITUMI3allis.
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HOBUI1 MOJIUPIKOBAHUN AJITOPUTM XECTEHCA-IITU®DEIA 3 TOCUJIEHAM JIHIMHUM [OIIYKOM 3A
BYJIb®OM-TTAVEJJIOM JIJIs1I HEOBMEKEHOT OIITUMIBAITIT (c. 14-21)

Ghada Moayid Al-Naemi

Onrumisaitis € posaizom obuncosanbHoi Hayku. g cdepa cripsimosana Ha Te, 111006 BIANOBICTH Ha TUTAHHS <110 KPAIe?», PO3IJIsIaloun
3a/1a4i, B IKUX SKICTh Oy/Ib-sIKOi BINMOBiAI MOKe OyTH BupaskeHa ynceabHo. OMHUM 3 HalOLIBII BIJOMUX METO/IB BUPIIEHHST HETiHIHHNX
3aj1au HeOOMesKeHOI onTuMizailii € Meroa nos’s3anux rpaaientis (CG). Oxnieio i3 HaiicTapimux ta Hail6inbi eeKTUBHUX (GOPMYJI CTOMITTS
€ dopmyna Xecrenca-IItudens (HS-CG). [Ipu BUKOpuCTaHHi TOYHOTO JTiHIHOTO TTOIIyKy Meto HS 3abesneuye rinobanbhy 361KHICTD, Ha
BizMiny Biz HeTouroro Jiniitnoro nomryky (ILS). Kpim Toro, meros HS He 3aBKan 3a10BOJIbHSIE BJIaCTUBOCTI cIycKy. MeTolo manoi poboTn
€ CTBOpeHHs1 HOBOI (MojudikoBaHoi) dhopmysn nusxom nepedopmystoBanHs kiaacuuHoro napamerpa HS-CG i gojaBanHs HOBOTO 4JieHa
B kyiacnuny dopmysry HS-CG. Baskiuso, 11106 3arporoHoBaHii METOJ FeHepyBaB HAIIPSIMOK TOIIYKY J0CTaTHbOI BAacTUBOCTI citycKy (SDP)
npu Jginifinromy nomyky 3a Bysibdom-ITayennom (sWPLS) Ha xoxniii itepaitii i 3abesneuysas BiaactusicTh riodaibioi 36ixnocti (GCP)
JUIsE 3arasibHUX Heonykinx ¢yHkitii. [Ipn Bukopucranui serounoro sWPLS, moxudikosanuit merox HS-CG (mHS-CG) mae Bractusicts
SDP nesanexno Bix Tty Jiniiinoro nmomyky Ta rapantye GCP. IlepeBara moaudikoBanoi ¢opmysan npu Bukopucrandi sSWPLS mossarae
y 36epeskenni MoaubikoBanoro ckassproro Hesix'emuoro SWPLS. BaxuiicTs ganoi po6oTH 110Jsirae y KiJibKiCHIN OIIHI TOro, HACKIJIb-
Ku Kpamte HoBa Moaudikaris HS B mopiBusmmi 3i crangapranmn Metogamu HS. B pesysbraTi uncesrbHi eKCIIepIMeNTH 3 BUKOPUCTAHHSIM
metoxy mHSCG 3a gonomoroio norryky sWPL ta crangapthoi 3agaui ontumizaitii HS mokasyioTs, 1o metox CG 3 mapamMeTpoMm CIioTyYeHHs
mHSCG ¢ 6inbm HaziitnuM Ta edektuBHIM, Hixk Metox CG 6e3 mapamerpa mHSCG.

Ki11040Bi c10Ba: MeTO/1 10B’I3aHKX MPAIi€HTIB, HAIPSAMOK CITYCKY, IJI00abHa BAACTUBICTD, TIOCUIEHWIT JiHiiHN oy 3a Byabdom-ITa-
YeITIOM, HeOOMEsKEeHa ONTUMIBAILiS.
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PO3POBKA JIMHAMIYHOI MOJIEJII MAKCUMI3AIIIT IIPUBYTKY JJII CUCTEMU KAPIIEPIHIY 3 BPAXYBAHHAM
TEOTPA®IYHUX TA EKOHOMIYHUX OCOBJHUBOCTEI PETTOHY (c. 22-29)

Beibut Amirgaliyev, I0. B. Augpamko, O. 0. Kyyancokwuii

Omnncano IUHAMIUHY MOJIE/Ib MAKCUMI3allil MPUOYTKY [l CHCTEMU KapIIePiHTy 3 BpPaXyBaHHSAM reorpadiuHuX Ta eKOHOMIYHIX 0cOO/IH-
Bocteii periony. J{uist Bupinierns 3azadi moOyI0BH MOJE OMUCAHO CIOCIO TOKPUTTS Periony reoMeTprudHuMu (irypamu. BeranosieHo, 1mo
IIPU MOJIEJIIOBAHHI CUCTEMM KapIlepiHTy pallioHaJIbHUM € TOKPUTTS PErioHy CITKOIO 3 PIBHUX IIPABUJIBHUX IIECTUKYTHUKIB, 1110 PO3TAIIOBAHL
CTOPOHA /10 CTOPOHU. J[JIsl KOAKHOTO MiIPEeriony po3paxoBaHi KiJIbKiCHI apaMeTpu: KiJIbKiCTh BIIbHUX aBTOMOOGIJIB B iiperionax, iMOBIpHICTh
MOI3KKM aBTOMOOIJISI 3 OJIHOTO MiPETiony B IHINMIL, BUTPATH Ha TeXHIUHE 00CTyTOBYBaHHS Ta eKCILIyaTalliio aBTOMOOLIIS Ta IOXi/L Bijl MOT3KH.
[Tpu 11bOMY BPaXOBYEThCS ANHAMIUHUIT XapaKTep BKa3aHUX napameTpis. Ha ocHOBI JaHux mapameTpis Oyay€eThes MiboBa GyHKILs Ta 0OMe-
JKEHHs ISt AinHamMivroi Moztedti. Il o6Meker st BpaxoByIOTh €KOHOMIUHI Ta reorpadiuti 0coOIMBOCTI KOKHOTO THAPETIOHY.

By10 mo6y10BaHO AHHAMIUHY MOJeIb MAKCHMI3alti npubyTKy juist cuctemu kapuiepinry M. Horo-Mopk (CIITA) Ha ocHOBI 1aHuX aTace-
Ty TCL. [lns o6uncieHHs mapaMeTpiB Moziesti 6y10 BUKopucTano aati npo 776 285 070 noisnox 3a nepioa 3 ciuns 2016 p. mo smmnens 2021 p.
[To6ymoBaHo Maru MOYaTKy Ta 3aBepIIeHHs MOI3I0K B PErioHi Ta Malty T0i3/10K 3 IPUB’A3KO0I0 10 KOMIPOK reKcaroHaJbHOI CITKHI 3a I0TIOMOT0I0



cepsicy Bigyauizanii Kepler. ITpoanasizosano ¢peitmBopku H3 ta S2 B yacTuni BUsHaYeHHsI TOBKMHU MapuipyTy Miz migperionamu.ITpose-
JIEHO MOJIEJTIOBAHHS 3a TTO0YI0BAHOK0 OJIHOHATIPSIMJICHOO IMHAMIYHOK MOJIEILTI0 MaKcuMizailii mpubyTKy. BcTaHoBIEHO, 1110 BpaxyBaHHs yce-
PETHEHNX EKOHOMIYHIX Ta TeorpabiyHuX 0COOIMBOCTEN PEriOHy 03BOJISIE 301TBITHTH TPHOYTOK CHCTeMH Kapinepinry Ha 12,36 %. BpaxyBsan-
HS1 B MOJIEJII IMHAMIKU €KOHOMIUHUX Ta reorpadiuHux 0COOIMBOCTEN PETIOHY KJIEHTIB 103BOJISIE 301IbIIUTH TPUOYTOK T0AATKOBO Ha 4.18 %.

KiiouoBi cioBa: kapiiepinr, IMCKpeTHA ONTUMI3AIis, IMHAMIYHA MOJIEIb, TeKCArOHaIbHa TecesIsIist, Makcnmizartis npuodyTky, Uber H3.
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BILJIMNB IPOTHO3YBAHHS YACOBUX PS/IIB B CUCTEMI OHJIAITH-BPOHIOBAHHS (IHTEPHET) HA BIBJIIOTEKU
3 BUKOPUCTAHHSM JIOTAPU®MIYHOI JITHITHOI MOJIEJII ITYACCOHA (c. 30-37)

Asmaa Mohammed Nasir

V naniit po6oTi 6yJ10 KOCTIKEHO Ta TTPOAHATIZ0BAHO BILIUB Ha TPOTHO3YBAHHS YaCOBHX PsIiB (DiHAHCOBOI CHCTEMU IEHTPAIbHOI 6i0-
gioreku. [l aHasiy MPOrHO3YBaHHS YaCOBUX PsA/iB GiOIIOTEKH, a TaKOXK [Jis JOCJIKEHHS MIOMICSIYHOIO J0XOAY OYyJI0 BUKOPUCTAHO
yotupu Mozedi. Jlani Mozesi BKIIOYaoTh MOjiesib ce30HHOI inekcanii (SIM) ta mozens nporuosdysanas ARIMA (PARIMA). Kpim Toro,
JUTST BCIX 3aMpOTIOHOBAHMX Mojeneil OyJa 3acrocoBana Joraprdmivna miniitna mozmens [Iyaccona. Pesysbrati, 3acHOBaHi Ha JaHUX MOJe-
Jigx, Oysu epeBiperi Ha reTepoCKeacTUYHICTb, By i BUKOpUCTaHi ImicTh MicsIliB, 3 CiuHs M0 YepBeHb. 3TifHO 31 CTATUCTHYHUM aHAJI30M,
B SIKOCTI METOJY TI€PEBIPKI BUKOPUCTOBYBABCS TECT HA T€TEPOCKEMACTHYHICTh. Pe3ysibraTit moKasasiy, 1o TPU MOJIeJIi TPONIIIN TIEPEBIPKY
Ta rOTOBI 10 BUKOPUCTaHHS Ha HACTYITHOMY eTari mpouexyp. /st Iporno3yBaHHs 4YaCOBUX PSA/IB 32 BUKOPUCTOBYBAHMIT Iepios (3 ciyHs 1O
YepBeHb) 3aCTOCOBYBAJIACH IeBHA eheKTHBHA MOJIeb. 3a JAHUX iHJEKCalliil 3HaYeHHs J1ara JIOCsrI0 MakcuMasibHoro 3HadenHs 0,98. ¥ kBiTHi
Kopessist nocsiraa 0,344. Brazani sHaueHHst ce30HHOT iHAeKcalil ayis obpanoro yacy (imictb Micstiis). Iludpu smiHoBagucs Bigx Micsais 10
Micsr. 3TifiHO 3 I0CJIJIKeHHSM, HallBUINA CTYIIHD iH/[eKcallil IIpuIlaia Ha KBiTeHb, HaliMEHIIa — Ha YepBeHb. DyJio BUBYeHO JIiHINHWIT J10-
rapudmivnnii posnozia [yaccona. Y momeni SIM cepearbokBagpaTidta moxubka Oysia 3apeecTpoBaa B MeKaxX MaKCUMaabHoro pisus 0,3.
Bia nouatky 10 Kitus poky OyJi0 3a0KyMeHTOBaHO Hiicth Micsiis (Bix X1 1o X6). Bepeserpb Micstib OyB HailzeBianTHimmm. Y ciuni sagui-
xoBa Dif nocsiria maiibinpmoro suagenns 0,092.

KumrouoBi ciioBa: dinancoBa crcremMa, MporHo3yBanHs yacoux psiztis, PFO, norapudwmiuna mozens [lyaccona, MaremMaTinaHa MOJIEID.
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PO3POBKA TAPAJIEJIbHOI PEAJII3AIII PIBHAHHS HAB’E-CTOKCA ¥V IBO3B’sI3HUX OBJIACTSX 3
BUKOPUCTAHHAM METO/IY ®IKTUBHUX OBJIACTEM (c. 38-46)

Almas Temirbekov, Arshyn Altybay, Laura Temirbekova, Syrym Kasenov

VY pawniii poboti mpecraBieHa yrceabHa peasizariis pisHsaub Hap'e-CTokca B HeperyasipHUX 00JIacTsX 3 BUKOPUCTAHHSAM MeTOMy (hik-
TUBHUX 00JIaCTell 3 TIPOJIOBKEHHIM 32 HallMeHIM Koediriearom. Meroa hikTuBHUX 061acTell IMMPOKO BUKOPUCTOBYETHCSI /ISl BUPIIICHHS
YHUCJICHHNX MOB’SI3aHUX 3a/1a4 y HeperyaspHux obmactax. [lepeara merony (piktuBHUX 06J1acTeil MOJISITaE y TOMY, 10 3ajladya BUPINIYETHCS
He B BUXIAHIH ckmaHiil 06/1acTi, a B AEKIJIbKOX IHIIUX, IPOCTIIIX 061acTaAX. 3a J0IOMOT0I0 JAHOI0 METO/LY JIEFKO BUKOHYIOTHCSA 00YHCIEHHS
JUIST IOCUTD TITMPOKOTO KJIACY 3a/1a4 3 IOBLILHUME PO3PAXyHKOBUMU OOJIACTSIMH.

3ajiaua BUpiNIyeThest ABoMa criocobamut. OCHOBHUIT METO 3aCHOBaHMI Ha PO3POOIT OKpeMoi 3ajiaui B 3MiHHUX (DYHKIIT TOTOKY Ta NIBU/I-
KOCTI BUXOPY 3 BUKOPUCTAHHSIM YMOBH YHIKaIbHOCTI THCKY. JIpyruii MeTo/ 1oJsirae y po3yMiHHi BupakeHol npobieMn MeToioM (HiKTHBHUX
obJracTeil 3 IPOIOBKEHHSM 32 HIKYUMU KoedillieHTamu.

3a gomomoroio Metony (biKTUBHUX o6JacTeil moOyAoBaHUil 0GUNCIIOBATILHUIT AITOPUTM Ha OCHOBI SIBHUX KiHIIEBO-DI3HUIIEBUX CXEM.
KinieBo-pisuurieBa cxema CTiiika, Ma€ BUCOKY OOUMCTIOBAIBHY TOYHICTD i JIA€ MOXKJIMBICTD PO3MApasesioBaHHs1. PO3Mozi teMepaTypy ta
(QYHKITT MOTOKY TIpeCTaBIeHi Y BUTJISIII YNCETBbHIX Pe3yIBTaTIiB.

Po3po6JieHo mapasiebHuil anroOpuT™ 3 BUKOPUCTAHHAM TEXHOJIOTIH BiAKpuToi Garatomporecopuoi o6podku (gani OpenMP) ta inrep-
(eiicy mepemaui mosizomiens (mani MPI). B pamkax mapasenbroro miaxoay 6yso Bukopucrano Texuosoriio OpenMP s napasieabHoro
PO3PaxyHKY 3aBUXOPEHOCTI Ta POGOTU MOTOKY, a JIJIsk PO3PAXYHKY TeMIepaTypu 6yJI0 3aCTOCOBaHO TexHotorito MPI. AHasti3 mpoayKTHBHOCTI
HAIOTO MapaebHOTO KOy TTOKAa3y€e CIPUATINBY CUIIbHY Ta caabKy MacmraboBaHicTh. PesynsraTn BUIpoOyBaHb MOKa3yIOTh, IO KOJ, SIKMH
BUKOHYETHCS IIPU TApaIeIbHOMY ITXO/, /Ia€ O4iKyBaHi pe3yJIbraTi, IOPiBHIOIOYN OTPUMaHI pe3yJIbTaTH 3 pe3yJbraTaMi, OTPUMAHIMU i/
yac BUKOHAHHS TOTO JK MOJICJIIOBAHHS Ha IleHTpasibHOoMY 1poriecopi (LIIT).

Kumouosi cioBa: pisusinmst Has’e-Crokca, (hyHKILisI TOTOKY, 3aBUXOPEHICTD, YNCEIbHI METO/IU, TTAPAJIEJIBHUN aJITOPUTM.



