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K 70-neTuio rimaBHoro pegakropa ;KypHaJja
«BecTHnk HanmonasbHol nHkeHepHO# akagemun Pecnydiaukn Kazaxcran»,
npe3ugenta Hanuonanannoii nn:kenepuoii akagemuu PK,
aaypeara locynapcrBenHoii npemun Pecny6anku Kasaxcran B o01actu Hayku,
TeXHUKHU U o0pa3oBaHus, 3acay:keHHoro aesarenas Kazaxcrana,
JAOKTOpPA TEXHHUYECKHX HAYK, podeccopa,
akagemuka HannonaabHo# akagemun Hayk PecnyOaukn Ka3zaxcran,
HannonaabHol uH:keHepHO# akaaemun Pecnydauku Ka3zaxcran,
Me:x1yHAPOHOI HH:KEHEPHOH aKaJAeMHUu

KYMAI'YJIOBA
BAKBIT/KAHA TYPCBIHOBHUYA

18 aBrycra 2023 r. — 1o6uneil bakbiTkana TypceiHoBHYa JXymarynoBa, TiaBHOTO
penaxtopa xxypHana «Bectauk HUA PKy, Beinaromierocs yaeHoro, BUAHOTO Tocyaap-
CTBEHHOTO, MOJUTHYECKOTO U o01IecTBeHHOTO AesTens Kazaxcrana, KpymHOro opraHu-
3atopa Hayku U oOpa3oBanusi KazaxcraHa, nmpesujneHra HamuoHanbHOW HWHKEHEPHOU
akanemuu PecnyOnukn Kaszaxcran, mpesujeHTa MareMaTH4ecKoro oOmecTBa TIOPK-
ckoro mupa (TWMS) u Kazaxcranckoro MaremaTu4eckoro o0iiecTsa, Jaypeara [ocy-
napctBeHHoM npemun Peciyonuku Kazaxcran B 001acTé HayKH, TEXHUKH B 00pa3oBa-
Husl, 3acnyxeHHoro aestens KazaxcraHa, IOKTOpa TEXHHYECKHX HAyK, mpodeccopa,
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akanemuka HamnuonanbpHoOW akajgemun Hayk PecnyOnuku Kaszaxcran, HarmonamnbHO
HWH)KeHepHOU akajemuu Pecnyonuku Kazaxcran, MexyHapOIHON MH)KCHEPHOU aKajie-
MUH, TOYETHOTO Mpodeccopa psana 3apyOeKHBIX YHUBEPCUTETOB, aKaleMUKa aKaJleMHUH
CTpaH OJIMKHETO U JaJbHETr0 3apy0esKbsi, YiIeHa MEXyHapOAHBIX HAyYHO-HHKCHEPHBIX
co00IIeCTB.

TpynoBasi 1esiTENLHOCTD BBITYCKHHUKA (haKyJIbTeTa MEXaHUKH W TPUKIAJHON Marema-
tukn Kazaxckoro rocynapcrsenHoro ynusepcurera uMm. C.M. Kuposa (usiHe Kazaxckoro
HaI[MOHAJBHOTO YHHMBEpcHTeTa UM. ajb-Dapadu), npodeccopa b.T.)Kymarymnosa cesizana
CO CITy’)KCHHEM HayKe U 00pa3oBaHuIo. POJHOMY YHHUBEPCHTETY OH MOCBSITHII MHOTHE TOJIbI
IJIOJIOTBOPHOM JICATEIBHOCTH, PO B HEM MyTh OT aCCUCTEHTA JIO mpodeccopa, 3aBe-
nyroiero kadeapoit u pekropa. B roael yueOsl B yHuBepcutere Ha pyoexe 1970-1980-x
IT. OTIpeJIeNUIICS KPYT OCHOBHBIX HayuHbIX HHTepecoB b.T. Xymarymnosa, cBsI3aHHBIX C BO-
pocamMH MaTeMaTHYeCKOTO MOJETUPOBAaHUS U Pa3pabOTKH MH(OPMALUOHHBIX CHCTEM.
HMeHHO B yHHBEpCUTETE CIOKMIICS KOJJIEKTUB YUEHUKOB U €IMHOMBILIUIEHHUKOB, BMECTE
¢ xotopbimu BriocaeacTBuu b.T. )Kymarynos nmosnydns BecoMmble HayuHbIEe PEe3YJIbTaThI.

BriOpanHoe HayyHOe HampaplieHHE MONYyYWIIO MHTEHCHBHOE pa3BuTHe B HHkeHep-
Hoii akamemuu PecnyOnmkm Kazaxcran, rme B.T. XKymarynoB Bo3miaBui uccienoBaHHs
[0 MaTeMaTHYECKOMY MOAEIMPOBAHUIO NporeccoB HedTenoObuu. IMeHHO UM, Hapsay ¢
oOmienpuHsATeIMU MozesiMu Jlapcu, Mackera-JleBepeTTa U TEIUIOBOW MOJIeNb0 Mackera-
JleBepetTa, noapoOHO u3yudeHbl Mojiesin HaBbe-CTokca n JKyKOBCKOTO, a TAKKE PsiJi HOBBIX
MoJIeTIel JUTsi ONTHMHU3AIMH MPOLECCOB PEryIUPOBaHUS U MPOTHO30B HePTeA00bIUN He-
¢TsiHBIX MecTopoxaeHni. Co3naHa KiaccupUKalus 1 BHIIIOIHEH aHaJM3 PaCCMOTPEHHBIX
MoJzenen.

Pe3ynbraToM MHOTOMETHUX HCCIEIOBAaHUNA B 3TOM HANpaBICHHUU SIBUJIACH JOKTOPCKas
auccepranys Ha TeMy «MarteMaTndeckre MoJiesin (GUIIbTpaliii HEOAHOPOJHOM YKUAKOCTH
U WX TPUIOKEHNE B KOMITBIOTEPHBIX TEXHOJIOTHSIX Uil HE(QTIHBIX MECTOPOXKICHUIN, BbI-
noiHeHHast B MHcTHTyTe TMapoanHamuku Cubupckoro otaenenus PAH (r. HoBocnbupck)
n 3anmiménHas b.T. XKymarynossim B 1997 rony. HayuHbIME KOHCYIBTaHTaMH SIBJISUTUCH
akagemuk PAH B.H. Monaxog u podeccop I1.C. Cmarymos.

Ero nuccepranus onpenenuiia HOBO€ Hay4YHOE HaIpaBiIeHUE €ro JeATeIbHOCTH U TO0-
JIOKHJIa OCHOBY LIS LIEJIOTO psiia pa3pabOTOK B JAHHOW OTpPaciiu.

B nactosimee Bpemst akagemuk b.T. XKymaryinoB — KpynHbIi y4eHbId B 00IacTH BbI-
YHUCIUTENbHOW MaTeMaTHKH, pa3pabOTKU M MPUMEHEHUS] HH(POPMAIMOHHBIX TEXHOJIOTHH,
MaTeMaTHYeCKOro MOJEJIIMPOBAHUS U MaTeMaTH4eCcKUX METOJIOB MPH PEeIIeHNUU 3a]a4 TH-
JOPOJMHAMUKH U MPAKTHYECKHX 3a/1a4 He(hTerazoBoil oTpaci.

Ero Tanant maremaruka-npuKIagHUKA SPKO MPOSBUIICS B TaKOW CIIOXKHOH mpobieme,
KaK MaTeMaTH4ecKOe MOJEIIMPOBAHNE TEXHOJIOTMUECKUX MPOLECCOB He(PTeN0O0bIYH, CO3-
JaHWEe KOMITBIOTEPHOH CHCTEMbl aBTOMAaTH3MPOBAHHOTO aHaln3a pa3padOTKH HEe(TSIHBIX
MecTopoXkaeHni. M 3a/i0’keHbl OCHOBBI M CO3/1aHa Ka3axCTaHCKas HayyHas ILIKoJa I10
BBIYHCIUTEIBHON THAPOJUHAMHMKE,MAaTEMAaTUYECKOTO MOJAETHPOBAHUS TEXHOJOTHUYECKHUX
MIPOIIECCOB Pa3BEIKH, AOOBIUM W TPAHCIOPTUPOBAHUS YIJIEBOAOPOIOB, KOTOpasi CETOAHS
YCIELIHO pa3BUBAETCS €r0 yUeHUKaMH U MOCIIeI0BaTesIMHI, aKTUBHO COTPYIHHUYAIOIIUE C
Beayuumu rpodeccopamu u3 Poccun, I'epmannu, Kuras, CLA, ®@paniyu. YueHsie nuMe-
IOT COBMECTHBIC MYOJIMKALMH, BEAYT MOJArOTOBKY MOJIOJBIX YUEHBIX Ha 0a3e MEXIyHapo-
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HBIX HAay4HBIX IEHTPOB U BY30B, aKTUBHO 00OTalasi HAy4HBIH OMBIT pa3HbIX cTpaH. Cpean
ero y4eHukoB Oojiee 20 KaHIAMIATOB U IOKTOPOB HayK.

HO6unsp asnsiercst aBropom O6onee 400 HaydHBIX paboT u 12 MoHOTpaduid, omyoIuKo-
BaHHBIX B KazaxcraHe u 3apy0eHBIX CTpaHax, 8 yueOHUKOB.

Pe3ynbraTsl uccnenoBaHmii 1 pa3paboTOK 110 TEOPETUUECKOMY U YHCICHHOMY U3yUYEHHIO
OCHOBHBIX MOJIEJICH IMOI36MHOM THIPOAMHAMUKH ObLIM 000011IeHbI B MOHOTpaduu «[ umpo-
JUHaMUKa He(pTenoObIdm». DTOT TPy CTall HACTOJIBHOM KHUTOH CHEIMATHCTOB U YUCHBIX,
3aHUMAIOLIUXCS MPOOJIeMaMy TIOA3EMHON THIPOIMHAMUKY He Tonbko B Kazaxcrane, HO n
3a py0ekoM 1 OBbLI epen3/iaH Ha aHIITUICKOM sI3bIKe 1Mo 3aka3y komnanuu AgipKCO B 2003
rony B Munane (Uramust) «The Fluiddynamicsofoilproduction», a 8 2013 1. nepen3nana Ha
annmiickoM sizbike (Elsevier, Hunepnanpr).

[Mpodeccop B.T. XKymarynoB — aBTop Hay4HOTO OTKPBITHS «SIBIIeHHE HU3KOTEMIIepa-
TYPHOH BaKyyMHO-BOJIHOBOH T'MJPOKOHBEPCHU HE(DTSHOTO CHIPHSI».

Brraromuiicst yueHslil 1 TanaHTAUBBIA opranu3arop Hayku b.T. XKymarysos sBnsercs
OJTHUM M3 ocHoBareyel HarponanbHO#M nH)eHepHOU akaaemun Pecnyonmukn Kasaxcraw,
Coro3a umxenepoB Kazaxcrana.

Nwmenno B Hantmonanbuol unxkeHepHoit akagemuu PKe 90-e rogsr npomioro Beka ba-
KbIToKaH JKyMarynoB Kak pyKOBOAMTENb, YUEHBIH M MaTPUOT Ka3aXCTAaHCKOM HAayKH BHEC
OOJIBIIION BKIIA]] B peanu3aiuio peopM 1 HayYHO-TEXHUUECKON MOJTUTUKH CTpaHbl. JlecsaTh
JIeT OH BO3MIIABIISUT MeKOTpaciieBol HayYHO-TEXHUYECKUI COBET 10 MpodieMaM pa3BUTHS
MAaIIMHOCTPOEHHUSI, SHEPTeTUKH, CTPOUTEILCTBA, TPAHCIIOPTAa U KOMMYHMKAIIUN, KOTOPBII
Ob11 co3nan B 1993 rony no npemnoxenuto [IpesupenTa crpanbl, npu nonaepxke MuHu-
CTepCTBa HAyKU M HOBBIX TexHoJoruit u MmkenepHoii akagemuu PK. lestensnocts MHTC
TMOJ] er0 PyKOBOJICTBOM MO3BOJIMJIA COXPAHUTh MPUKIAAHYIO HAyKy, IOMOYb YUEHbIM, HH-
JKEeHEpaM, HayYHO-HCCIIEA0BATEIIbCKUM HHCTUTYTaM M KOHCTPYKTOPCKUM OIOpO BBDKUTH B
TPYAHOE BpeMsi SKOHOMHUYECKUX pedopM u nmpeobpazoBaHmii B Kazaxcrane.

[Mox pykoBoactBoM Akagemun 1 MHTC B 1993-2000 rossi 06110 BhINOHEHO 16 pecmy-
OJMKaHCKUX HayYHO-TEXHUUYECKHX MTporpamMm 1 Oosee 400 mpoeKkToB B 001aCTH MaIMHOCTPO-
€HHMs1, SHEPTeTUKH, TPAHCIIOPTa M KOMMYHHUKAIIWH, TOPHOAOOBIBAIOIICH MPOMBIIIUICHHOCTH 1
METaJUTypIr'uu, TEOJIOTUH U OXpaHbl HEJP, IKOJIOTHH, JIETKOM U MUIIEBOM MPOMBIIIIIEHHOCTH,
XUMHYECKHX U He(DTera3oBbIX TEXHOIOTHIA, THPOPMAIIMOHHBIX TEXHOIOTHIA, YJKOHOMHUKH, ap-
XUTEKTYpbI, CTPOUTENHCTBA, TEXHOJIOTUI CTPOUTENIBHBIX MaTepHaoB.

B ampene 2008 rona pacriopsbkerueM [Ipesunenra PK B.T. JKymarysnoB Obut HazHaueH
pekropoM Kazaxckoro HalMoHaNBHOTO YHHBEpCUTeTa nMeHH aib-Papadu. [lox ero pyxo-
BOJICTBOM ObLi1a cpopMHUpOBaHa M peann3oBaHa MPUHIHUNUAIEHO HOBas CTparerust pa3Bu-
TUSl YHHBEPCUTETA 10 KaY€CTBEHHOMY M3MEHEHHIO MOATOTOBKH CHEIHAIUCTOB, POCTY MX
KOHKYPEHTOCIIOCOOHOCTH, MPUOJIKEHUsT Ka3aXCTAaHCKOTO 00pa3oBaHUsl K €BPOIEHCKUM
cTaHaapraM u uHTerpanuu B bosoHckuil mpouecc.Co3naHa yHUKaldbHas CUCTEMa JJIeK-
TPOHHOTO YHHMBEpCUTETa « YHUBEp» Ha 0aze moprana yHUBEPCHTETa, KOTOpas MO3BOJIMIIA
Ha KaueCTBEHHO HOBOM YpPOBHE OCYLIECTBUTH MEPEXOJ HA HOBBIE TEXHOJOTHU OOyUEHHS,
00ecrneunTs MPO3pavyHOCTh YUEOHOTO Mpolecca, HCKOPEHUTh CyObEeKTHBHBIC MPOSIBICHHUS
MIPU MIPOBEACHUN IK3aMEHOB.

B 2010 rogy 6b1 Ha3HaueH MuHECTpOM 00pa3oBaHust 1 Hayku PecnyOnuku KazaxcraH.
PykoBoann nmpuHIUNHMATBHOM MOJAEpHHU3alMEd Bcell Hay4YHO-00pa3oBaTeNbHON CQepsl,
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paspaboTkoii HoBol ['ocynapcTBeHHOI TporpaMmbl pa3BuTHs oopazoBanust Ha 2011-2020
IT., KOPEHHBIM coBepieHcTBoBaHUeM 3akoHa PK «O0 oOpazoBaHum», CO3AaHUEM HOBOTO
3akona PK «O nayke», BHeZJpeHHEM MPUHIHUITHAIEHO HOBOW MOJIETH YIIpaBJICHUS U (pUHAH-
CUpPOBaHMsI HayKH.

B 2017 rony Yxazom [maBel rocymapcta HazHaueH nemyTtarom Cenara [lapmamenta
Pecny6nuku Kazaxcras.

bakbiTkan TypcblHOBUY — aKTHBHBIM YYaCTHUK MEKIYHAPOIHOIO HAy4HOIO CO-
obmectBa. Ero TecHble CBS3M C POCCHUICKMMH YUYEHBIMH CIIOCOOCTBYIOT DPa3BHTHIO
Hay4YHO-TeXHHYEeCKoro corpynnuuectsa Kazaxcrana m Poccun. SIBnsercss mepBbIM BHIlE-
npe3ugeaToM MexayHaponHoW HHKEHEPHOH akaaemuu (1uTad-kBapTupa B T. Mockse, PO).
B 2011 rogy u3bpan npe3ugentom Depepanu HHKEHEPHBIX akageMui ViciaMcKux cTpan
(FEIIC). Ilpe3unent Kazaxcranckoro maremaruyeckoro odmectsa (¢ 2009 r.). [Ipesunent
Marematrueckoro o0miectBa Tiopkckoro mupa (c. 2009 r.). C 1999 rozaa siBisieTcst 4ieHOM
Bricmieii HayuHO-TexHHYeckol komuccuu nipu [IpaBurenscrBe Pecnyonuku Kazaxcras.

Caoii 1o6uneit bakpimkan TypceiHOBHY JKymarynoB BcTpedaeT MOJNHBIM DHEPTUH H
TBOpueckux cuil. OT Bcell Iymn skenaeM IOMIsIpy 100pOTo 310pPOBbS, HOBBIX OOJBIINX
YCIIEXOB B €r0 Pa3HOCTOPOHHEW HAayYHOW M OPraHU3alMOHHOMN NESITENIbHOCTH, HEYTOMMU-
MOTO MY’KECTBa B peajM3al[ii HOBBIX TBOPUYECKHX IMPOEKTOB M, KOHEUHO, CUACThsI U BCEX
Omar!

Peokonnezus sxcypnana
«Becmuux HUA PK»
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ZH. M. ALIMZHANOVA', N. P. AZANOV", G. Z. ZIYATBEKOVA'?¥,
ZH. N. ABILKHANOVAY, S. ZH. ZHUNUSBAYEVA', B. M. TURGAMBAY*

YAl-Farabi Kazakh National University, Almaty, Kazakhstan
2RSE Institute of Information and Computational Technologies MSHE RK CS,
Almaty, Kazakhstan

DEVELOPMENT AND RESEARCH OF RELIABILITY ASSESSMENT
OF LINEAR WIRELESS SENSOR NETWORKS

The article is devoted to the issue of estimating the reliability of linear wireless sensor networks. Sci-
entific research in the field of forecasting is given. This article discusses the Internet of Things (IoT) tech-
nology, which is growing by 15-20%, actively developing in all directions and its principles of operation.
The area with the greatest potential for the application of the Internet of Things in Kazakhstan is smart
control of resource consumption, including in the sphere of housing and communal services. Hcnonvsosa-
Hbl MemoObl NOCMPOeHUs U ynpasienus cmapm-cucmenm. Also describes the increase in comfort, thanks to
1oT technology. User-friendly interface is used. Mainly considered the system of automation of business
structures depending on the scale. All currently available methods have been suggested, which are key
factors in optimizing all processes. Also considered options for modeling and system development, taking
into account all the relevant problems of technology automation. The importance of the scientific topic
affects the high potential for the development of IoT technology and the lack of uniform standards for de-
vices included in these systems. The system is scalable, allowing it to be used for almost any purpose. This
paper proposes an approach to solving a number of problems arising in the monitoring of long pipelines
using wireless sensor networks. In order to take full advantage of the potential of IoT technologies, the
architectural basis of which is formed by wireless sensor networks, it is necessary to develop tools to as-
sess and ensure the reliability of these networks. Thus, the focus of the study is on the application-specific
formalized reliability criteria for wireless sensor networks.

Key words: [oT sensors, internet of things technology, wireless sensor network, network evaluation
and reliability.

Introduction. Internet of Things (IoT) technologies are in the focus of not only leading
commercial companies, research centers, but also the governments of many countries. [oT-sensors
can already effectively analyze water, heat, electricity, gas consumption, monitor emergency
situations in real time, remotely control a huge number of city functions - from streetlights

* E-mail xoppecnionnupyromero apropa: ziyatbekova@mail.ru
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and skylights to security cameras with face recognition function. With the development of
10T, ensuring the safety and comfort of urban residents is becoming much easier. It is safe to
say that the digitalization of urban services and infrastructure is of strategic importance for the
development of a civilized society. Many IoT architecture solutions are based on the results
of wireless sensor network research, in particular the proposals within the Internet of Things-
Architecture (IoT-A) project of the European Union’s 7th Framework Programme for the
Development of Research and Technology [1-2]. Vital infrastructure monitoring systems based
on wireless sensor networks (WSNs) are one of the most popular loT technologies, since proper
monitoring will reduce damage from natural and man-made disasters, timely respond to the
consequences of infrastructure deterioration, reduce environmental and economic risks.

Corporations and government agencies, especially in the U.S., Europe and the Middle
East, are currently making major efforts to research, develop and patent wireless sensor
network-based technologies for monitoring long pipelines of various applications.
Specifically, research on the use of WSNs for pipeline monitoring was conducted as part of
joint research projects between Stanford University, the University of Southern California,
and Chevron Corporation. The competition for pipeline monitoring solutions was run by a
U.S. federal government agency (Bureau of Reclamation) on the crowdsourcing platform
Innocentive. According to a GlobeNewswire analysis report, even for a private task such as
monitoring water pipes for leak detection, the solution market reaches a billion dollars and
is growing at 5% per year. WSNs can continuously monitor critical infrastructure, detect
and report any anomalies, but there are a number of challenges to overcome, such as node
placement, energy optimization, efficient data flow, etc., which require reliability and life-
time assessment techniques for WSNs.

It should be noted that experts in the field of information put forward reasonable
doubts about the reliability of IoT technologies, in general, and the ultimate benefit to
society from their implementation. It is noted that companies specializing in IoT tech-
nologies, seeking to occupy as much of the market as possible and prioritize the earliest
release of products, without paying enough attention to issues of reliability and safety.
In order to fully exploit the potential of 10T technologies, it is necessary to develop ap-
propriate tools to assess and ensure their reliability. Particularly applicable to pipeline
monitoring systems using WSNs, since these networks may operate in harsh climatic
conditions and network nodes may be located in places that are not readily accessible
for routine inspections. The main role of sensor nodes in WSNs used for monitoring is to
periodically collect and transmit data to an intelligent central base station (sink), where
the collected data is processed to detect a variety of anomalous events. In large-scale
WSNs used to monitor long sites, such as pipelines, most sensor nodes are geographi-
cally remote from the base station and are usually equipped with relatively low-capacity,
low-cost self-contained batteries. This fact largely determines the main disadvantages of
long-haul WSNs, since the periodic transmission of raw data over long distances through
several transitions to the base station leads to a rapid drain on the battery of sensor nodes
and reduces the service life of the network. Other disadvantages include low reliability of
wireless channels, high cost of bandwidth, low level of data security [3-4]. Thus, there is
a need to solve the optimization problems of extended WSNs, where the target function
or constraints include the reliability indicator.
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Experimental. A typical scenario used in a number of recent publications on the subject is
discussed [6-8]. A WSNSs consists of several () sensor nodes placed on the surface of the pipe,
the topology is a simple chain at the end of which is a base station. Sensors are responsible for
collecting data, periodically sending packets to the base station. All nodes play an important
role in data forwarding, the node closest to the base station transmits data to the stock directly,
intermediate nodes are used to transmit packets from other nodes, i.e., the data sent by the sender
to the stock is retransmitted by nodes located between the sender and the stock. The main power
consumption is caused by transmitting traffic. Obviously, this leads to excessive waste of en-
ergy of sensor nodes located closer to the base station because of the high asymmetric load on
these nodes. Each sensor node performs periodic monitoring within its sensitivity range. All
sensor nodes are initially in the same environment, have similar communication capabilities,
power consumption, and their behavior is described by the same conceptual models. Each node
transmits its packet to its neighbor node in the direction of the base station. Distances between
neighboring nodes differ slightly. The appropriate software module deployed in the base station
receives data from all sensor nodes, decides whether or not there is a problem on its own, or
transmits the data via a highly reliable IP network to a decision-making center.

Results and Discussion. The load generated by the sensor node will be modeled by a
Poisson process, which is also not only a commonly used assumption, but has also been
repeatedly verified experimentally. We denote the intensity of the flow given from sensor
j by Aj. For homogeneous nodes: Aj = 4 Vj =1 ...n. The current node battery capacity (C)
is conveniently measured in the number of potentially possible packet transmissions. Thus,
the lifetime of a node is modeled by a Markov chain with continuous time:

C(t), t>0.

Initial battery capacity is sufficient to transmit C, packets. Let us introduce the
probabilities of states,
P.(f)<P[C(f)<k], k=01.C,.

Then the Kolmogorov equations for this system:

% =-AC, (t)+AC,,(t), 0<k<C,,
dCc (t)
¢~ =—AP. (1),
ot e, ()
Lk=C
P(0) = %k < CO
0

The normalization condition must also be met:
>R @®)=1

This process is a variation of the process of death and reproduction, contains an absorptive
state, transitions from state to state are possible only in the direction of population decrease.
The solution of the system of Kolmogorov equations in this case takes the form:
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Co—k
P.(t)= Me‘“, 0<k<C,.
(G, - k)

Hence, )
B X Co-1 (M)
Pk(t)—l—e zk:O ?

The obtained function describes the probability that the sensor battery will be discharged
by time ¢, i.e. P (7) allows to calculate the sensor lifetime and formalize various criteria of
network reliability.

Using the results of the previous section for the sensor with energy reserve C we obtain
the average lifetime of the sensor: ¢/2; Taking into account the properties of the Poisson
process we obtain that for a homogeneous WSNs the average lifetime of the sensors (from
the far sensor to the near sensor to the drain) will be:

c C C

A20T A
because the intermediate sensor needs to transmit packets of all sensors that are further
away from the rack. The network will become unconnected for a time # times shorter than
the lifetime of the far node. To balance the lifetime of the nodes it is necessary to abandon
the use of nodes that are homogeneous in energy reserve, i.e. for a node that is separated
from the drain by j hops the battery capacity should be: (N — j+1)C .

Also, based on the criterion of average node lifetime, it can be concluded that the ap-
proach to optimization and balancing of power consumption of linear WSNs proposed in the
article [5], according to which nodes are divided into clusters of 3 nodes, one of the nodes
aggregates traffic and forwards it to a symmetric node in the next cluster. If the middle node
is taken as the cluster head, indeed, the average lifetime of the other two nodes in the cluster

will be — . However, the head node must transmit data over a distance increased threefold.

A
Taking into account the fact that the growth of power consumption for data transmission
increases in proportion to the square of the distance, the capacity of this node will no longer

C
be C, but 9 respectively, the average lifetime of the head node without regard to retrans-
C

mission of cross-traffic will decrease to m .

Even if we take total energy cost as a criterion rather than reliability in some way, the
clustering from [5] is still of limited use. Let e, be the energy cost of transmitting a packet
at 1-hop distance, and e, be the energy cost of transmitting a packet between cluster head
nodes, and

e, =ag, a<l
Then we get the following condition of benefit of the considered method of clustering:
7 6

a<—-——.
3 n+3
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As noted above, in many applications @ <9 | i.e., degradation of signal-to-noise ratio is
inevitable.

The formula P (f) can be applied to formalize other reliability criteria, for exam-
ple, the probability of failure-free operation during the prescribed time. Also, using
sub-models for A and C, one can evaluate different approaches to traffic aggregation
[9-11].

Conclusions. An approach to the formalization of the reliability criterion of extended
wireless sensor networks is proposed. It is shown that homogeneous wireless sensor networks
are structurally imbalanced in the energy consumption of nodes. The recently proposed
approach to energy conservation of linear wireless sensor networks using clustering [5],
generally speaking, is not tenable and entails degradation of network reliability. To ensure
the required level of reliability of linear wireless sensor networks, it seems promising to use
base stations on an unmanned aerial vehicle, and it is predicted that the total system energy
costs will increase. Also, good prospects are seen in the application of traffic aggregation
schemes using noise coding.
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Yon-@apabu ameinoasvr Kazax ynmmeix ynusepcumemi, Aamamel, Kazaxcman
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CBI3bIKTbI CbIMCbBI3 CEHCOPJBIK KEJIJIEPAIH
CEHIMJAIJIIT'TH BAFAJIAY/IbI 93IPJIEY KOHE 3EPTTEY

Makana cvl3blKmbl CbIMCbL3 CEHCOPABIK HCENNEPOiy CeHiMOLNicin Oaganay Macenecine apHanian.
Mynoa 6ondicay canaceinoagel eulivimu sepmmeynep kenmipineen. byn maxanada s3ammapouviy unmepremi
(IoT) mexnonocusicol Kapacmuipslidaobl, OHbIY HCYMbLC NPUHYURmMepi 0e 6apivlx bazeimmapoa dencenol
damuowt api on 15-20%-2a oeilin oce anaovl. Kazakcmanoa sammap unmepremin KonOaHyOblH eH YiKeH
aneyemi 6ap cana mypevii Yi-KOMMYHAIObIK WAPYAUBLILIK CATACHIHOA KOLOAHLLIAMbIH pecypcmap-
Obl MYMbIHYObl MYKUsm 6axwvliay Ooavin mabdwvliaovl. Feuibimu oscymeicma cmapm scytienepdi Kypy
Jicone backapy adicmepi Konoanvliovl. 10T mexHono2UACbIHbIY apKACLIHOA JICAUILLILIKMbIY, apmybl 0d
cunammanzan. Taioananyulea vigeatiivl unmepg@eic Kondanvliovl. Heeizinen macumabka bainanvl-
Cmbl OUZHEC-KYPbIIbIMOAPObl A8MOMAMMAaHObIpy xeylieci kapacmuipuliaovl. Kazipei yakeimma 6apnvix
npoyecmepoi OHMAULAHObIPYObIH He2i32l hakmoprapsl 606N MAOLLIAMbBIH 6APIbIK KO Hcemimdi 20icmep
yevinwinowl. Texnonocuanvlx npoyecmepoi agmomMammanouipyobly 0apivlk 03eKmi Mmacenenepin eckepe
omuipuin, ACyleni MoOenboey Jcane azipiey HYCKaiapvl 0a Kapacmulpbliadvl. Feliblmu maxkblpbinmoly
Manbi30uLIbIebl 10T MexHON0UACHIHbIY HCO2apbl 0amy dlleyemine HaHne OCbl cylenepee eHeizineeH
KYpolLIgbLIapObly OipblHeati cmaHoapmmapbiHuly 0oamaysvina acep emedi. XKannwl scyiie macwmadbma-
a0bl, OY1 OHbL Ke3-KelleeH Makcamma nauoaiany2a MyMKiHOIK 6epedi. JKymblcma cblMCbl3 CeHCOPbIK
Jiceninepoi Konoana omuipbln, KeHeumineen Kyobipaapovl 6aKwbliay Ke3inoe myblHOAUmbIH OipKamap
Macenenepoi weutyee oy KO3Kapac YCblHbIaA0bl. APXUumexkmypanvix He2i3in CbLMCbl3 CEHCOPIbIK Jicelinep
Kanelnmacmulpameln. 3ammap uHmepHemi MexHON0UANAPbIHGIY dNeyemin MOAblK NAUOANIaHy Yulin
amanzaw dkceninepoiy ceHIMOIICIH Oaanay JHcaHe KAMMamMacyl3 emy Kypanoapuvit asipiey Kasxcem. Ocvl-
aatiua sepmmeyoiy POoKyCobl KONOAHOAHBIH epeKuenicii eckepe OmbIpbll PACIMOEN2eH CLLMCbI3 CEHCOPIbIK
JHceninepoiy CeHiMOLIIK Kpumeputiiepi 601bln madwliaobl.

Tyiiin co30ep: IoT cencopnapel, unmepuem 3ammapbl MEXHONOLUACHL, CHIMCbI3 CEHCOPIbIK JICeli,
Jicenini basanay sHcane ceHiMOLNIK.

K. M. AJIHMKAHOBA®, H. II. A3AHOB", I. 3. 3SHATFEKOBA*?,
JK. H. AGHJIXAHOBA', C. JK. )KYHYCBAEBA', 5. M. TYPTAMBAH"

'Kasaxckuti nayuonanvuviil ynusepcumem umenu ano-Papabu, Aamamet, Kazaxcman
2fnemumym ungopmayuonnvix u svuucaumensrolx mexruonoeuti KH MHBO PK,
Anmamul, Kazaxcman

PASPABOTKA U NCCIIEJOBAHUE OINEHKHW HAJJEKHOCTH
JUHEWHBIX BECITPOBOJHBIX CEHCOPHBIX CETEN

Cmambvs noceswena 6onpocy OYeHKu HAOEHCHOCU TUHEUHbIX OeCnpPOBOOHBIX CEHCOPHLIX cemell.
Tlpugedennvl nayunvie ucciedo8ans 6 ooracmu npocHo3uposanus. B oannoti cmamve paccmampugaemcs
mexnonozus Mumepuema eeweti (loT), komopas pacmem na 15-20%, axmuero pazeusascs 6o 6cex Ha-
npagnenusax u eé npunyunsvt pabomel. Cehepoul ¢ HaubonbUUM NOMeHYUATOM npumerenus Unmepuema ge-
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wetl 6 Kasaxcmane siensemcest YMHbIU KOHMPOLb NOMPEOIEHUsL PECYPCO8, NPUMEHSIEMbLIL 6 MOM YUCIe U 6
cghepe HCUNUUHO-KOMMYHATbHO20 X03Aticmed. Mcnonb306anbl Memoobl ROCMPOEHUs. U YAPABIEHUs. CMAPHI-
cucmem. Taxoice onucvieaemcs nosvluteHue kKompopmuocmu, 6razodaps mexvonoeuu loT. Hcnonvzosan
YOOOHbLIL unmepgbeiic 0ns nonvzoeamens. 11agHbiM 06paA30M pACCMAMpPUBAEMCcs CUCMeMd A8MOMAmu3a-
yuu OuzHec-cmpykmyp 6 3asucumocmu om macumada. Beuiu npeonodicenvl 6ce 0ocmyntvle Memoobl Ha
OaHHbIL MOMEHM, KOMOpble SGISIOMCS KIIOYeBbIMU (hakmopamu ¢ Onmumuzayuu 6cex npoyeccos. Taxoice
paccmompersl 8apuarnbl MOOEIUPOBAHUS U PA3PADOMKU CUCEMbL, YHUMbLEAs 6Ce AKMYAIbHbIE NPOOIeMbl
asmomamuzayuu mexHoio2uu. Basicnocme Hayuno membvl 61usem Ha 6bICOKULL ROMEHYUAT PA3EUMUS MeX-
Honozuu [oT u Ha omcymemeue eOUHbIX CMAHOAPMO8 YCMPOLICIS, 8KIIOUEHHbIX 6 smu cucmemsl. Cucmema
AGIACMCIL MACUMAOUPYEMOL, YUMo NO360JI5IeN UCHONIb3068AMb €€ NPAKMuYecKu 0is 1o0bx yeiell. B pabome
npeonazaemcsi N00X00 K peuteHuro paoa 3a0ay, 603HUKAIOWUX NPU MOHUMOPUHEE NPOMSMCEHHBIX mpyoo-
npo600086 ¢ UCNONB308AHUEM OECNPOBOOHBIX CEHCOPHBLIX cemetl. [lisi mo2o umobbl 6 NONHOU Mepe 80CNOb-
3068amMbCsl ROMEHYUAIOM mexHono2ull Inmeprema sewetl, apXumexkmypHy 0CHOBY KOMOpo2o (opmupyiom
becnposodnble ceHcopHble cemu, HeodXOOUMO paspabomams cpeocmed OYeHKU U 00eCneyeHus HA0eNCHO-
cmu ykazauHvlx cemeti. Takum obpasom, 6 (hoKyce ucciedo8anus Haxo0sames QopmMantu308aHHble C yUemom
CneyugUKY NPULOJNCEHUS KPUMeEPUL HA0EHCHOCMU 6eCnPOBOOHbIX CEHCOPHBIX CEMell.

Knroueswie cnosa: loT-oamuuku, mexnonoeus Mnmeprema eeujetl, 6ecnpoBoOHAs: CEHCOPHAS Cemb,
OYEHKA U HAOeHCHOCMb cemil.
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A COMPARATIVE ANALYSIS OF NEURAL NETWORK MODELS FOR
HAND GESTURE RECOGNITION METHODS

In recent years, gesture recognition methods have undergone major changes. Because the very
demand for it has reached a different level. Humans have increasingly begun using various areas of
human activity. The purpose of gesture recognition is to record gestures formed in a certain way and then
tracked by a device such as a camera. Hand gestures can be used as a form of communication within many
different applications. It can be used by people with various disabilities, including those with hearing
and speech impairments, to communicate and interact socially with others. Our research demonstrates
various methods for implementing hand gesture recognition based on Hidden Markov Model (HMM),
Convolutional Neural Network (CNN), Diffractive Deep Neural Network (D*NN) and other neural
networks. This research reviews previous approaches and results of hand gesture recognition methods,
hypotheses, diagrams, as well as a comparative review between various gesture recognition methods are
given in this paper.

Key words: Hand gesture recognition, gesture recognition video-chat, neural networks, dynamic
gestures.

Introduction. Nowadays in Kazakhstan there are more than 200 thousand mute people,
80 thousand deaf people, and in the world more than 430 million people suffer from hearing
loss, and the number of mute people exceeds more than 70 million [1]. For many of them,
this is a problem they face every day. Many of these people suffer in terms of communication
and are often forced to use the services of an interpreter for normal communication. And
the solution to this problem is too expensive for many. The average price of a hearing aid
is 300,000 tenge and more, not to mention how often they must be changed. This problem
covers a huge contingent of people, so we decided to take on the solution to this problem.
We thought of different ways to help the deaf and mute people. The key problem for mute
and deaf people was communicating with ordinary people and being unable to support or
understand them.

We have considered different solutions to this problem:

1. Online site for learning sign language

2. Gesture recognition and translation

3. Platform for finding people as sign language interpreters

4. Video chat with gesture recognition

After much deliberation, our choice fell on the fourth option. Since quite a few people
today use chat roulette for fun, we decided to use a fun learning method. We plan to embed
gesture recognition into online chat, where the user will be able to communicate with mute
or deaf people. Thus, users can learn sign language in a playful and conversational way. In

* E-mail xoppecionaupytomero apropa: kvant.sam@gmail.com
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addition, it is also useful for - most mute or deaf people, they will be able to learn various
sign languages such as Kazakh, world and Russian and even those who do not know sign
language themselves.

Goal: Development of a convenient platform for real-time hand gesture recognition.

Hypothesis:

1. The topic of research is the recognition of sign language or dactyl alphabet based on
the training of neural networks.

2. Analysis of analogues and recognition systems in different sign languages.

3. Selection and training of various neural network architecture models, as well as a
comparative analysis of gesture recognition methods.

4. Designing an application for sign language recognition.

An Overview of Gesture Capture and Recognition Techniques And Methods. In
our research, the Python pipeline library was used directly to capture hand gestures. The
remaining methods, and the methodology of further work itself, were used based on the
works of other authors. Because a lot of work has been done on gesture recognition.
Maria Abastillas in Real Time Hand Gesture Recognition and Classification Technique
(June 17, 2011) this work is discussed, a way to recognize and classify hand movements
performed by healthy subjects in real time. In addition, the analysis of the choice of the
simplest features and the best classifier for the indicated hand movements is discussed.
2 hand movement modes: relaxed hand and closing hand are classified on the Lab View
platform. The classifier model was trained using 75% of the data as the training set and the
remaining 25% as model test/validation data. The results show that the proposed model
is an efficient and accurate method for classifying hand movements with approximately
96.58% accuracy for offline classification. The classified model was also implemented
in the LabView software by pairing it with Python. Thomas Bravenek, Thomas Friza in
“Multiplatform Hand Gesture Recognition System” (2019). This article collects available
gestures and finger detection in still images and video snapshots. The document also
contains a quick test of various approaches to convenient gesture detection, including
because the platform implementation is an application written in Python using the
OpenCV and PyTorch libraries that will display a specific image or play a video sequence
with highlighted recognized gestures.

Google company’s project GoogleAl shows an approach to accurate and effective hand
and finger tracking using machine learning on the MediaPipe cross-platform framework,
which in turn builds data processing pipelines (video, audio, and time series) [2]. The authors
use models such as a palm detector (blazePalm), a model for determining key points on the
hand, and a gesture recognition algorithm. These models form a single basis of the above
structure. Every model is unique and defines the key points for identifying special elements
in gesture recognition.

The authors of the Russian Sign Language Dactyl Recognition article compared several
real-time sign language recognition systems and presented a new model based on deep
convolutional neural networks. These systems are capable of recognizing letters of the
Russian alphabet represented as static characters in Russian Sign Language used by people
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from the deaf community. In this approach, they recognize Russian natural language words
represented by successive gestures of each letter. The authors evaluate their approach to
Russian Sign Language (RSL), for which they collected their own dataset and evaluated
dactyl recognition [3].

A. Dhawan et al [5] focus on only one camera as an input source, while H.S. Yeo et al
[4] compare image recognition results with a single camera and a depth camera. In H.S. Yeo
et al [4] have proven that a user can interact with a computer without using any physical
controllers. Another discovery of H.S. Yeo et al [4], the single camera performs poorly in
low light conditions. To solve this problem, there is a wide range of - YCbCr thresholds. be
used. However, this limitation does not occur when using the Kinect Depth Camera due to
its robustness to preserve the contours of the hand by applying a fixed depth threshold. Table
1 summarizes of some hand gesture recognition systems: a comparison of methods in which
hand gesture recognition methods are used.

Table 1 — Results of Hand Gesture Recognition Systems Using Different

Types of Cameras.
Research Method Detection Feature Extraction Recognition (%)
M.M. Hassan, | Vision-based | HSV color Classical normalization: Classical
P.K. Mishra using single Threshold Divide the hand image into | normalization
camera method blocks of intensity features, | 91%
which is then being extract
by using edge information
technique
M.M. Hassan | Vision-based | HSV color Comparison between Classical
& PK. Mishra | using single Threshold classical normalization normalization
camera method technique and block scaling | 83.3%
using center of mass -
normalization technique Block scaling
normalization
using center of
mass 96.6%
Ginus Thomas | Vision-based | RGB color Image captured are being Pixel by pixel
using single Otsu threshold | tested in few methods: method 86%,
camera method a) Pixel by pixel
comparison Edges method
b) Edges method 92%
Orientation

Based on the table above, we can conclude that applying different image processing
techniques, the results of recognition success will be different, according to this the best
option can be chosen for your system.

Table illustrates number of researchers, recognition methods of a system that used
other tracking devices such as gloves, detection, feature extraction and percentage of
recognition.
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Table 2 — Summary of Hand Gesture Recognition Systems Using Tracking Devices.

Research Method Detection Feature Extraction Recognition (%)
Y. Yao, Y. Fu | 14-patches RGB-D Database indexing technique | 51.87%
color glove using Kinect | is used by collecting training
sensor samples. Similarity between
training samples and gesture
are tested
J. Nagi, A. Colored HSV color | Support Vector Machine Spatial gesture
Giusti, L. Glove space (SVM) is trained in a recognition is
Gambardella, cascaded multi-binary- robust and scales
G.A.Caro class configuration, where | well with swarm
the spatial gestures are sizes of up to 20
effectively learned and robots
recognized by a swarm of
UAVs.
Kiliboz, Six-degree- | Collected Finite State Machine Recognition rate:
Nurettin Cagr1 | of-freedom motion data | (FSM) is used as a gesture | 73%. The outcome
Giidiikbay, (DOF) is converted | recognizer method. can be improved
Ugur Magnetic into relative | Needleman-Wunsch by using a more
motion position sequence matching powerful tracking
tracking data in algorithm is applied in approach which
device gradient order to produce similarity | has better sensor
form (x-y scores between two capability
axis) sequences.

Convolutional neural network, hidden markov model and diffractive deep neural
network architectures. Based on the data of these tables and to obtain our own results, we
have studied some models and types of Neural Network (NN). So, Convolutional Neural
Network (CNN) is a neural network consisting of several layers that perform convolutional
calculations based on mathematical algorithms. The CNN consists of convolutional layers,
pooling layers, and fully connected layers. These layers create feature maps, after which
they use special operations and rules to reduce the sample size of these features step by step.
Further, information about the objects remaining after the previous operations is collected
in the layers of the union. The CNN has good learning abilities, qualitatively extracting
convolutional features and classifying related layers [6].

Benefits of Using CNN for Deep Learning:

* For image recognition applications, CNNs are especially useful as they provide highly
accurate results, especially when a large amount of input data is used. Such training removes
the need for self-extraction of features.

* CNN can be retrained for completely different recognition goals and built based on
existing networks. Thanks to this, you can use this type of network, and it will not be very
resource intensive.

* CNNs are more computationally efficient than regular neural networks because they
share parameters. These models are easy to deploy and able to run on any device.

The Hidden Markov Model (HMM) is a model in which the system being modeled is
treated as a Markov process with hidden states. The HMM gives us the ability to consider
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observable and hidden events that are contained in our model. One of the main applications
of this model is gesture recognition.

Benefits of HMM model:

* HMM has a strong statistical foundation and efficient learning algorithms where
learning can be done from the raw sequence data.

* [t provides the ability to sequentially handle insertion and deletion penalties as locally
trained methods and can handle variable length inputs.

* It can also perform a large number of operations, including multiple alignment, data
analysis and classification, structural analysis, and pattern detection.

* [t is also easy to combine this model into libraries.

An Optical Neural Network (ONN) is a physical implementation of an artificial neural
network with optical components.

In the ONN architecture, the neural network is physically formed by multiple diffractive
surfaces working together to perform an arbitrary function. The ONN takes characteristics
of input information with amplitude, phase and light intensity based on optical modulation.
Although the inference and prediction of a physical network is entirely optical, the part of
the training that determines its design can be performed by computers.

Meanwhile, different The ONN models have emerged, among them, Diffractive Deep
Neural Network (D*NN), based on the all-optical structure of machine learning, provides an
extremely high degree of freedom for model training, and facilitates important applications
in a wide range of fields.

The Diffractive Deep Neural Network (D*NN) has demonstrated its importance in
performing various all-optical machine learning tasks, such as classification, segmentation,
etc, the operation algorithm of this network is shown in Figure 1.

Figure 1 — Flow chart of the algorithm for the proposed D2 NN model
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In D®NN framework, each neuron has a complex transmission coefficient, i.e.,

(% p2) = & (Xo,2) exp (105 (X, v, 2)), (1)

. : . . [ [
where i and / denote the neuron and diffractive layer number, respectively. & and ¢ are
represented during the network training as functions of two latent variables, o and 3, de-
fined in the following form:

a = sigmoid (a: ) 2)
0! =2p x sigmoid (B ), ®)

X

where, sigmoid (x) = is a non-linear, differentiable function. In fact, the trainable

eX +1 b
parameters of a D’NN are these latent variables, o and B; , and eq. (1) defines how they

are related to the physical parameters (ail and ¢; ) of a diffractive optical network. When
we combine D?NN training related changes reported in the earlier sub-section on the pa-
rametrization of neuron modulation (eq. (2)), with the cross-entropy loss outlined above, a
significant improvement in the classification performance of an all-optical diffractive neural
network is achieved [7, 8].

Authors in the research [9] used real-time tracking and hidden Markov models to track
the moving hand and extract the region of the hand. They then used the Fourier descriptor
to characterize the spatial features.

A scheme for extracting and classifying 2D motion in an image sequence based on
motion trajectories was presented by the authors in the paper [10]. They used multi-scale
segmentation, affine transformations, and a time-delayed neural network to show that
hand gesture motion patterns can be extracted and accurately recognized using motion
trajectories.

The authors [11] presented an algorithm for extracting and classifying 2D motion in an
image sequence based on a motion trajectory. First, multi-scale segmentation is performed
to create homogeneous regions in each frame. Regions between, then consecutive frames
are matched to obtain two kinds of matches. Affine transforms are computed for each pair
of matching regions to determine pixel matches. The pixel hits in successive pairs of images
are combined to obtain the pixel level of the motion path through the sequence of images.
Motion patterns are learned from the extracted trajectories using a neural network with a
time delay. They applied the proposed method to recognize 40 American Sign Language
hand gestures. Experimental results show that hand gesture motion patterns can be extracted
and accurately recognized using motion trajectories.

The authors used the glove in [12] to create a hand-machine interface. The glove is
supposed to be equipped with sophisticated sensors capable of detecting bending movements,
measuring finger flexion, etc. The position and orientation of the hand are measured either
by ultrasound, which provides five degrees of freedom, or by magnetic flux sensors, which
provide six degrees of freedom. Thus, the glove owner will have an interface to the visual
programming language.
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In research [13] the authors proposed a two-level approach to solving the problem
of classifying hand gestures based on real-time vision. The bottom layer of the approach
implements pose recognition with Haar-like features and the AdaBoost learning algorithm.
The top layer implements linguistic hand gesture recognition using grammar-based context-
free parsing. Given an input gesture based on the extracted poses, composite gestures can be
parsed and recognized using a set of primitives and production rules.

Paul S. Heckbert has presented a seed-fill algorithm in the paper [14]. Authors in the
research [15] have presented a modified new seed-fill algorithm. Authors of this research
proposes a two-level approach to solving Hand gesture classification problems based on real-
time vision The lower level of the approach implements posture recognition with Haar-like
features and the AdaBoost learning algorithm. With this algorithm, real-time performance,
and high recognition accuracy it might work. The top level implements linguistic hand
gesture recognition using a context-free syntax based on grammar parsing. Given an input
gesture based on the extracted poses, composite gestures can be parsed and recognized
using a set of primitives and production rules [14].

Authors proposed various methodologies for detecting and finding out whether pixels
are aligned in a straight line or not [16, 17, 18]. Our method uses a very cheap device that
includes LEDs and a glove to implement a hand gesture recognition library. These gestures
can be used to simulate various mouse operations. The methods used are simple, efficient
and easy to implement as they do not require too many complicated operations.

Results. Based on the research of other authors and the literature review, as well as through
our experiments, we have determined the approximate architecture of our application. For
clarity, various types of UML diagrams were created, they are shown below. These schemes
do not describe the methods and ways of recognition of gestures, they describe the main
functions, components, and principles of interaction of these components with each other.
Those, in the future, regardless of the chosen method of working with gestures, according
to these schemes, it will be possible to create a fully functioning application.

Figure 2 shows the class diagram of our video-chat application with gesture recognition.
It describes the main classes and the types of relationships between them, as well as the
methods that these classes implement.

So, we have defined our main class - User. The user can have different roles, be it a
regular user, an admin, or a moderator. He directly sets all the chat settings himself, selects
the type of chat, and other functions appear depending on the type he has chosen, such as
random or closed chat.

Figure 3 is a deployment diagram that describes the system execution architecture,
including nodes and the interfaces that link them.

In our case, there are 4 blocks:

1. User interface

— Renders to the user all information, and interaction tools.

2. Main server

— Processes the data sent by the user and sends the results of queries back to the user and
receives data from the database and ML servers for further processing.

3. Database server

— Stores all the necessary information, such as user data and gesture datasets.
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Figure 2 — UML class diagram

4. ML server
— Dynamically processes data from the webcam, translating gestures from images into
the selected language
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Figure 3 — Deployment architecture

This diagram illustrates software development application for gesture recognition of
sign language. This picture describes solution architecture and logical structure of frontend
and backend side interaction.

In addition to describing the architecture, we also conducted test experiments on the
recognition of the Kazakh sign language, using the dataset collected for the paper [19]. To
implement this experiment, we used the YOLOVS model.

The YOLO (You Only Look Once) model works based on KNN, used for high
performance object detection. The model divides the target image into a system of grids, and
these, in turn, detect objects within themselves. They are used for real-time object detection
based on so-called data streams. They do not require a lot of computing resources.

After that, the trained model was tested on the same images. Figure 5 shows examples
of gesture recognition results from an image from the dataset.

Figure 4 — The result of gesture recognition by the YOLO model
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The numbers above the border of the object’s rectangle indicate the probability of the
correctness of the prediction made by the gesture, and the letters next to it are the symbols
themselves that these gestures represent.

As you can see from Figure 5, in general the model did a good job but in the fourth
image, an erroneous choice was made with a low probability, most likely this was due to the
small amount of data on which the model was trained. The solution to the problem is simple
- we need to expand the database of gesture images to train the model.

After that, tests of the model with a webcam were also carried out, which showed a
certain result, but due to the inadequate quality of the camera, it was decided to repeat this
experiment on an already better trained model, and with better equipment.

Conclusion. This overview paper discusses various methods of gesture recognition,
including neural network, HMM, CNN, etc. For dynamic gestures, HMM tools are excellent
and have proven their effectiveness, especially for robot control. CNNs are used as a
classifier and to capture the shape of the hand. Some techniques and algorithms are required
for feature extraction, even for capturing the shape of a hand, as in a 2D Gaussian function
to match the segmented hand, which was used to minimize the effect of rotation. The choice
of a specific recognition algorithm depends on the required application. This article presents
the areas of application of the gesture system. An explanation of the problems of gesture
recognition is also given, a detailed discussion of the latest recognition systems. Some
selected systems are also listed.

We noticed that Convolutional neural network will be effective in recognizing the
Kazakh sign language, an example of the work of CNN and a learning model based on the
Kazakh language dataset. HMM also having its advantages in the form of a high speed of
the algorithm, as well as the presence of many studies by other authors, is a good option to
consider. And D?NN, due to its novelty, has great advantages in the form of the ability to
give a good percentage of accuracy with relatively small volumes of the dataset used, as
well as the ability to recognize even very low-quality images. In connection with the above,
the choice of our main model for the project fell on D*NN, so its advantages seemed to us
more significant.

Also, based on the experiment with the YOLO model, we concluded that the Kazakh
language dataset we have can be used as a training for our models, with the prospect of
expanding it in the future.

In future work, we plan to create our own workable application based on the research
and materials studied, capable of recognizing several different sign languages, including
Kazakh, as well as able to recognize gestures like swiping, pointing, and clicking and testing
it on real people.

Acknowledgment. This research has been funded by the Science Committee of
the Ministry of Science and Higher Education of the Republic of Kazakhstan, Grant
AP14871625.

REFERENCES
1 Anna Vidyanova, “In the USA, they are interested in the development of Kazakhs for the

deaf”, Capital, 2022 | https:/kapital.kz/business/105455/v-ssha-zainteresovalis-razrabotkoy-
kazakhstantsev-dlya-glukhikh.html.



26 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 2 (88)

2 Bazarevsky, V., Fan, Zh. (2019). On-device, real-time hand tracking with mediapipe. Google Al
Blog. Available at: https://ai.googleblog.com/2019/08/on-device-real-time-hand-tracking-with.html.

3 Russian Sign Language Dactyl Recognition, Ilya Makarov, Nikolay Veldyaykin, Maxim
Chertkov, and Aleksei PokoevNational Research University Higher School of Economics, Moscow,
Russia.

4 H.-S. Yeo, B.-G. Lee, and H. Lim, “Hand tracking and gesture recognition system for
humancomputer interaction using low-cost hardware,” Multimed. Tools Appl., May 2013.

5 A. Dhawan and V. Honrao, “Implementation of Hand Detection based Techniques for Human
Computer Interaction,” Int. J. Comput. Appl., vol. 72, no. 17, pp. 6—13, 2013.

6 J.0. Pinzdén-arenas, R. Jiménez-moreno, J.E. Herrera-benavides, Convolutional neural network
for hand gesture recognition using 8 different emg signals[C]//2019 XXII Symposium on Image,
Signal Processing and Artificial Vision (STSIVA) IEEE, Bucaramanga, Colombia (2019), pp. 1-5.

7 Deniz Mengu, Yi Luo, Yair Rivenson, and Aydogan Ozcan “Analysis of Diffractive Optical
Neural Networks and Their Integration with Electronic Neural Networks”, University of California.

8 Buribayev, Z., Merembayev, T., Amirgaliyev, Y., & Miyachi, T. (2021, April). The Optimized
Distance Calculation Method with Stereo Camera for an Autonomous Tomato Harvesting. In 2021
IEEE International Conference on Smart Information Systems and Technologies (SIST) (pp. 1-5).
IEEE.

9 Bretzner. L, Laptev. I, Lindeberg. T, Hand gesture recognition using multi-scale colour fea-
tures, hierarchical models and particle filtering, Proceedings of Fifth IEEE International Conference
on Automatic Face Gesture Recognition, Pages 423-428, 2002.

10 Feng-Sheng Chen, Chih-Ming Fu, Chung-Lin Huang, Hand gesture recognition using a real-
time tracking method and hidden Markov models, Image, and Vision Computing, Volume 21, Issue
8, Pages 745-758, 1 August 2003.

11 Ming-Hsuan Yang, Ahuja, N. Tabb, Extraction of 2D motion trajectories and its applica-
tion to hand gesture recognition, Pattern Analysis and Machine Intelligence, IEEE Transactions on
(Volume:24 , Issue: 8), Page(s):1061 - 1074, 2002.

12 Arnaud Lemoine, Sean Mcgrath, Anthony Vernon Walker Smith, Alistair lan Sutherland,
Hand gesture recognition system and method, Patent US 6128003 A, 2000.

13 Thomas G. Zimmerman, Jaron Lanier, Chuck Blanchard, Steve Bryson, Young Harvill, A
hand gesture interface device, CHI ‘87 Proceedings of the SIGCHI/GI Conference on Human Factors
in Computing Systems and Graphics Interface, ACM, Pages 189-192, 2000.

14 Qing Chen, Georganas, Nicolas D., Petriu E.M., Real-time Vision-based Hand Gesture Rec-
ognition Using Haar-like Features, Instrumentation and Measurement Technology, Conference Pro-
ceedings, IMTC 2007, IEEE, Pages 1-6, 2007.

15 Paul S Heckbert, A seed fill algorithm, Graphics gems, Pages 275-277, Academic Press Pro-
fessional, Inc. San Diego, CA, USA ©1990, ISBN:0-12-286169-5.

16 Malik Sikandar Hayat Khayal, Aihab Khan, Saba Bashir, Farhan Hassan Khan, Salma Aslam,
Modified new Algorithm for Seed Filling, Publication of Little Lion Scientific, Journal of Theoretical
and Applied Information Technology, Vol. 26 No. 1, 2011, ISSN 1992-8645.

17 Rafael Grompone von Gioi- Jérémie Jakubowicz, Jean-Michel Morel-Gregory Randall, On
Straight Line Segment Detection, Journal of Mathematical Imaging  and Vision, DOI 10.1007/
s10851-008-0102-5, Springer Science and Business Media, LLC 2008.

18 Agnes Desolneux, Lionel Moisan, Jean-Michel Morel, Meaningful Alignments, International
Journal of Computer Vision 40(1), 7-23, 2000.

19 Kenshimov, C., Mukhanov, S., Merembayev, T., Yedilkhan, D. (2021). A comparison of
convolutional neural networks for Kazakh sign language recognition. Eastern-European Journal of
Enterprise Technologies, 5 (2 (113)), 44-54.



Amirgaliyev Y. N. e. a. A comparative analysis of neural network models for hand gesture ... 27

E. H. OMIPFATHEB'? C. b. MYKAHOB?, JI. b. .KEKCEHOB?",
H. K. KAJUKITITOB', A. CJIH.Y /1. /1. EBJOKHMOB', III. KEHIIIIMOB?

Xanvikapanvix Axknapammerx, Texnonoausanap Yuueepcumemi, Aimamet, Kazaxcman
2Axknapammuix, sicone Ecenmeyiw Texnonozusnap Hunemumymor, Anmamot, Kazaxeman

KOJI J)KEJILIEPTH TAHY 9 AICTEPIHIH HEHPIIK JKEJILJIEPIIH,
CAJIBICTBIPMAJIBI TAJIIAY bI

Conevl JcbLdapuvl bIM-unlapanvl mamy 20icmepi yaKen o3eepicmepee yublpaovl. Oumkeni o2an oecet
cypanvicmuly 631 backa deyeetiee scemmi. Adamoap adam Kel3Meminiy apmypii canlaiapbin Kooipek nati-
danana 6acmaodvl. Kumbiioapovl many maxcamol 6eneini Oip HcolMeH KalblNmAackKaH, cOOan Kellin Kame-
Pa cusikmul KYpblizbl apKblibl OAKbIIAHAMBIH KUMBLIOAPObL Hea3y 001bln madbliadsl. Kon Kumslioapbin
Konmezen apmypiai Koroanbaiapoa 6aiianvic Huicanvl peminde naidananyza oonadvl. Onvl apmypui
MyeedeKkmep, COHbIH [UWiHOe ecmy dicoHe colliey Kabinemi Oy3vliaH adamoap O6AcKaiapmeH Kapvlm-
KamblHAC JHCACAY AHCIHE dLEeYMEeMMIK KAPbLM-KAMbIHAC dcacay Yuin natioanana aiaosl. bizoiy sepmmeyiniz
arcacvipoin Mapkoe mooeni (HMM), koneontoyuonowvl Hetiponowix sceni (CNN), ouppaxyusiviy mepen
netiponowik diceni (D2NN) sicone 6acka HetipoHObIK diceninep He2i3iHoe KON KUMbLIbIH MAaHyObl JHCy3e2e
acwvlpyovly apmypii adicmepin kepcemeoi. bByn 3epmmeyoe KON KUMbBLILIH MAHY 20iCMepPIiHiH aloblHebl
macindepi Men Hamuoicenepl, 2Unomes3anap, OUaAePAMMAIAp Kapacmulpulidobl, COHOAU-AK bIM-ULLADAHb
Manyovly apmypii 20icmepi apacblHOA&bl CAbICIMBIPMALbL WLOTY 0CbL MAKANA0A KeNMIPineeH.

Tyiiin co30ep: Kon KUMbLIbIH MAHY, bIM-UWAPAHLL MAHY GUOE0-4ambl, HEeUpOHObIK Jiceninep,
OUHAMUKATBIK, KUMBLILOAP.

E. H. AMHPTAJIHEB'? C. b. MYKAHOBY, /1. b. )kEKCEHOB?,
H. K. KAJUKHTHTOB, A. C.JIH, /1. /1. EBIOKHMOB', III. KEHIIIHMOB?

Meowcoynapoounwiii Yuusepcumem Hugopmayuonnvix Texnonoautl, Aamamel, Kazaxcman
2fnemumym uHgpOpMayuoHHbIX U BLIYUCTUMETbHBIX mexHono2ull, Armamel, Kazaxcman

CPABHUTEJIbHBIN AHAJIN3 HEMPOCETEBBIX MOJEJEM JUIS
METO/10B PACIIO3HABAHMUS ’)KECTOB PYK

B nocneonue 200v1 memoovl pacnosnasanus i#cecmos npemepneny cepbe3nble UMEHEeHUsl, NOMOoMY
umo cam cnpoc Ha Hee @vluiell Ha Opyeoll ypogeHs. Henosex ace wiupe cmain UCHOIb308AMb PA3TUUHbIE
chepol uenoseueckoll dessmenvrHocmu. Lenvlo pacnosnasanust Jcecmos a6iaemcs 3anucs JHcecnos, chop-
MUPOBAHHBIX ONPEOENICHHIM 00PA30M, a4 3amemM OMCAeHCUBAEMBIX MAKUM YCIPOUCIEOM, KaK Kamepd.
JKecmul pyk Mo2ym ucnonwb308amucst Kak popma ooujenust 60 MHOUX PA3IUYHBIX npunodcenusx. Eeo mo-
2YM UCNONBb306aMb 00U C PASTUYHBIMU 0SPAHUYEHHBIMU 03MONACHOCTIAMU, 8 MOM YUCTE C HAPYUWEHUAMU
cyxa u peuu, 01 00ueHust U COYUAILHO20 63aUMOOeUCmeust ¢ opyeumu nodvmu. Hawe uccneoosanue
O0eMoHCmpupyem paziuiHvie Memoobl peanu3ayu pacno3HaaHus Jdcecmos pyK HaA OCHO8E CKPbIMOl
maprosckou modenu (HMM), ceéepmounoii neuponnoii cemu (CNN), oughpaxyuonnoii eny6okou Hetpon-
Houl cemu (D2NN) u Opyaux HetlpouHbix cemell. B smom ucciedosanuu paccmampugaromes npedvloyujue
100X00bl U Pe3yIbManivl MEMoo08 PACNO3HABAHUS JHCECTOE8 PVK, 2UNOMe3bl, OUACPAMMBL, d MAKIce CPas-
HUMENbHLI 0030 PA3IULHBIX MEMO008 PACHOZHABAHUSL IHCECHOB.

Kniwouesvie cnosa: pacnosnasanue jcecmog pyk, 6u0eouan ¢ pacno3Ha6aHuem Jcecmos, HelpoHHble
cemu, OUHAMUYECKUE HCeCTbl.
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SURVEY AND ANALYSIS OF COMPUTER EMERGENCY RESPONSE
TEAM SERVICES

This article discusses the functions and services of CERTs. First CERT was created with the goal to
have more organized and structured approach to the computer security incident handling process. The
creation of such CERTS contributes to an increase in the country’s global cybersecurity index. Services that
KZ-CERT provide to protect people using the Internet from malicious activity of intruders are analyzed.
KZ-CERT is the center for users of national information systems and the Internet segment, which provides
the collection and analysis of information on computer incidents, advisory and technical support to users
in preventing computer security threats. The competence of the service includes the processing of the
computer incidents in order to identify and neutralize them.

Key words: Information Security, Global Cyber Security Index, CERT, CSIRT

Introduction. Information processes occurring throughout the world bring to the fore,
along with the tasks of efficient processing and transmission of information, the most im-
portant task of ensuring information security. This is explained by the special importance
for the development of the state of its information resources, the growing cost of informa-
tion in the market, its high vulnerability and often-significant damage as a result of its
unauthorized use. There are many studies on security and reliability in various information
systems [1]-[12].

The growth of cybercrime is the most urgent problem of our time. External influence
can directly or indirectly harm the interests of the state, jeopardizing information security.
The concept of “Cyber Shield” was created in the country to prevent such a phenomenon.

One of the expected results of the implementation of the concept is the constant growth
of the global cybersecurity index of Kazakhstan, which includes a set of measures aimed at
improving the country’s cybersecurity. So, with the goal to increase the global cybersecurity
index CERTs are being created as one of the technical measures to build a global cyberse-
curity program [13].

CERT - Computer Emergency Response Team. First malware (computer worm) influ-
enced society as a wake-up call, after which people suddenly realized a strong need for co-
operation and coordination of joint actions between system administrators and I'T managers
to further dealing with such incidents. Considering the fact, that downtime is the main criti-
cal factor in this situation, it is necessary to have more organized and structured approach
to the computer security incident handling process. Thus, first CERT was created. There are
several types of CERTs: academic, commercial, National and etc.

According to the FIRST [14] there are 635 CERT teams.

National CERTs (nCERTs) help with incident prevention and response, but they are
not the only actors involved in computer incident response and prevention at the national
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level. The growing centralization of nCERT National Services structures under government
control raises important questions about the nCERT’s responsibilities and how they interact
with other stakeholders that play a role in cybersecurity.

National CERTs are mostly embedded in government bodies (ministries).

For example, the German National Service CERT-Bund is part of the Federal Office for
Information Security (BSI), which reports to the Ministry of the Interior. CERT-Hungary
operates as part of the Special National Security Service, under the Ministry of the Interior;
The Mexican CERT-MX is hosted by the National Security Commission, which is part of
the Mexican Ministry of the Interior that deals with internal security.

In addition to operating within government departments, some nCERTs are part of na-
tional cybersecurity centers, such as US-CERT, which is located at the National Cyber-
security and Communications Integration Center (NCCIC), or CERT Australia, which is
co-located with the cybersecurity centers of other Australian government organizations in
Australian National Cyber Security Centre. Other government nCERTSs are part of a pub-
lic institution but have public-private structures, such as NCSC.nl in the Netherlands and
CERT.at in Austria.

The Australian Cyber Security Center (ACSC) leads the Australian Government's ef-
forts to improve cyber security. Monitor cyber threats around the world 24 hours a day,
seven days a week to give Australians advance warning of what to do. Provide advice and
information on how to protect people and their business online. When a cybersecurity inci-
dent occurs, provides clear and timely advice to individuals, companies and critical infra-
structure operators. There are National Cybersecurity Centers where they collaborate with
nearly 2,000 partners from business, government and academia on current cybersecurity
issues.

CERT of Kazakhstan KZ-CERT is the center for users of national information systems
and the Internet segment, which provides the collection and analysis of information about
computer incidents, consultations and technical support users in preventing computer secu-
rity threats. The competence of the service includes the processing of the following com-
puter incidents in order to identify and neutralize them: brute forcing of passwords or other
authentication data, hacking security systems, hostile scanning of national information net-
works and hosts, unauthorized access to information resources, spreading the malware and
unsolicited mail (spam), attacks on network infrastructure and server resources.

Analysis and results. According to the Law of the Republic of Kazakhstan “On
informatization” CERT is a legal entity or a structural subdivision of a legal entity, carrying
out activities in accordance with the competence established by this Law. And it implements
next functions:

1) collects and analyzes information about information security incidents and current
information security threats, and provides recommendations for their elimination

2) develop recommendations aimed at countering information security threats

3) informs owners of informatization objects, as well as the National Information
Security Coordination Center about information security incidents and threats that have
become known.

The main tool that is used by CERTs for incident response are SIEM systems. SIEM
is an advanced detection system for malicious activity and various system anomalies. The
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operation of SIEM allows to see a more complete picture of network activity and
security events. By help of SIEM system CERT detect some malicious activity and
investigate it. Other tools according to [15] which are used by CERTs in incident
response process are OSINT tools and other free tools. Author says that the choice
of these tools depends on the type of incident, role and expertise of CERT member.
Most used OSINT tools are free, while some are commercial tools for very specific
areas of investigation such as digital forensics. Table 1 describes some tools that are
used in CERTSs’ processes.

Table 1 — Tools that are used in processes of CERTs [15]

Tool Tool
VirusTotal OSINT, freeware without open-source, malware intelligence and analysis
AlienVault OTX OSINT, freeware without open-source, online threat indicators
Shodan OSINT, freeware without open-source, for searching into the [oT
InteIMQ OSINT, OS, for collecting and processing security feeds
REMnux FW, malware analysis
Wireshark 0OS, network protocol analyser
Apache Flink OS, for netflow analysis
Kali Linux FW+0S, security-enhanced Linux distribution with many useful tools
Nmap OS, for network discovery and security auditing

To provide services of CERT in Kazakhstan it is necessary to obtain the license. For this
purpose, CERT should meet some qualification requirements: requirements for employees,
requirements for search tools.

Requirements for employees:

The list of specialists with higher or professional technical education who have undergone
retraining, advanced training in the area of information security:

1) at least three specialists with diplomas of higher and (or) professional technical
education in the profile of information security (information protection);

2) at least two specialists with certificates in the field of auditing the requirements of the
international standard ISO 27001;

3) at least one specialist in computer forensics (for example, EC-Council Certified
Security Analyst, GIAC Certified Forensic Analyst and others);

4) at least one specialist in reverse engineering and (or) malware analysis (for example,
GIAC Reverse Engineering Malware and others);

5) at least one specialist in ethical hacking and (or) penetration testing (for example,
Offensive Security Certified Professional, EC-Council Certified Ethical Hacker, GIAC
Penetration Tester and others)

Requirements for search tools:

CERT should have at least minimal set of search tools which consist of IRP (Incident
response platform), Threat Intelligence Platform, Static Malware Static Analysis Tool,
Sandbox Dynamic Malware Analysis Tool.
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Incident response process. In different sources, the phases of the process of incident
response are separated in different ways. For example, NIST 800-61 R2 distinguishes 4
response phases (Preparation, Detection & Analysis, Containment & Eradication & Recovery,
Post-Incident Activity). The ISO/IEC 27035:2016 standard has 5 phases, while the SANS
institute divides the process into 6 phases, but they all come down to the following points:
preparation, analysis, containment, eradication, recovery, post-incident activity.

Preparation. The Preparation phase consists of planning, building a team, preparing
tools, places, compiling documentation and materials for the response, etc.

Identification. Incident response begins with the detection of a cyberattack or data
breach. At this stage, an incident is notified, experts assess the threat and collect data about
it. Usually, the process of identification comes down to the study of logs.

Analysis. Then a purely analytical phase begins: it is necessary to figure out what
happened and how it could happen, assess the level of danger of what happened and, based
on the received data, decide on further actions. Several attack vectors are being tested. The
indicators of compromise found during the check (hash sums, file names, IP addresses,
URLs) must then be checked against reputation databases. The analysis phase will determine
whether the infection was successful, search for related and previous events on the infected
host, determine the extent of distribution and determine the severity of the incident, and
classify the malware.

The response team takes action to stop the spread of the threat. These may include
isolating affected devices, isolating affected network segments, temporarily shutting down
the Internet, and so on. One of the additional goals of this stage is to prevent the destruction
of traces of the attack, which will be required during the investigation.

Containment. The response team takes action to stop the spread of the threat.
These may include isolating affected devices, isolating affected network segments,
temporarily shutting down the Internet, and so on. One of the additional goals of this
stage is to prevent the destruction of traces of the attack, which will be required during
the investigation.

Eradication. The response team takes action to stop the spread of the threat. These
may include isolating affected devices, isolating affected network segments, temporarily
shutting down the Internet, and so on. One of the additional goals of this stage is to prevent
the destruction of traces of the attack, which will be required during the investigation.

Recovery. Once the incident is isolated and its further spread is excluded, it is necessary
to “cure” the affected assets.

The result of the actions taken at this stage should be, for example, confirmation that
the affected assets are no longer malware and that they do not pose a threat to the rest of the
network. Sometimes response team travels to the customer to take the necessary remedial
action. In most cases, it can be done remotely. All actions are documented in detail, the
information in the incident card is supplemented.

Post-incident activity. After completing all the steps in the processing of the incident,
you need to conduct a Lesson learned.

Based on the information collected and documented in the incident card, CERT can:

develop recommendations for strengthening security for the identified attack vector;

adjust the settings of protection tools and rules for detecting incidents;
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adjust regulatory and reference documentation for responding to information security
incidents;

apply administrative measures to increase the awareness of employees in the field of
information security or disciplinary sanctions.

After analyzing several CERTs’ webpages and the services they provide, it is proposed
to divide the functions into the categories, which are presented in Table 2:

Table 2 — Functions of CERT

CERT Functions
Reactive Proactive Quality management
Handling information security | Monitoring and detection of Increasing the awareness of
incidents information security events | employees in the field of infor-
mation security
Computer forensics Providing regular reporting Conducting trainings and
studying for colleagues
Field and remote response Audit of information system Information security
assets consulting
Coordination of internal and Security Management Publication of information
external departments security bulletins and other
materials
Fixing vulnerabilities Proactive Threat Hunting Development and adjustment
of regulations and information
security policies
Operation of protective Computer systems security | Participation in building infor-
equipment assessment mation security architecture
and choosing specific solutions
Accumulation of experience | Support for information secu- Assessment and analysis of
and recommendations for rity tools information security risks for
strengthening security the organization

There is a huge number of services that CERTSs can provide to its clients, but so far, none
of the existing CERTs provides all these services taken together. Therefore, choosing the
appropriate list of provided services is extremely important task.

These services can be classified as reactive services, proactive services, and quality
management services.

On a specific example, we can consider the services provided by KZ-CERT. According
to the KZ-CERT’s website, they provide the following services:

* Gathering computer incident reports and assistance regarding the issues of prevention
and investigation of computer incidents in the Internet

* Delivery of consulting assistance and instruction on prevention computer legal
violations (hacking attempts or virus attacks etc.)

* Cooperation with public or private organizations on computer security issues as well
as with computer security solutions vendors and distributors

* Providing information exchange with users through KZ-CERT’s call-center.
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In this study, KZ-CERT was chosen to analyze the services provided by Computer
Emergency Response Team.

Information about number of handled cybersecurity incidents [16] was analyzed. Total
number of security incidents in the first half of 2022 is presented on figure 1:

Figure 1 — Number of information security incidents that were processed
in first half of 2022[16]

The largest number of incidents that occurred in 2022 related to malware. Malware is
malicious software that can cause harm in a variety of ways, including:

* blocking or inability to use the device

» theft, deletion or encryption of data

» taking control of your devices to attack other organizations

* Obtaining credentials that allow you to access organization’s systems or services that
you use

* “mining” of cryptocurrencies.

* using services that may cost you money (such as premium phone calls).

To protect against malware, KZ-CERT suggests the following recommendations: make
regular backups, prevent the delivery and distribution of malware to devices, and prevent
malware from running on devices.

The next two most spread types of incident that occurred in the first half of 2022 were
botnets and website unavailability. KZ-CERT monitors and detects suspicious activity on the
network that is associated with botnets by means of information security tools. After botnet
identification, they take measures to mitigate the effects of botnet activity. For example,
they give recommendations to those whose computers have become part of the botnet.

KZ-CERT services also include tracking websites for availability. Unstable work or
complete unavailability of websites can be caused by numerous reasons. Most common are
technical malfunctions on servers, high attendance, website problems, actions of hackers.
To avoid the outflow of customers, lower positions when ranking by search engines, you
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need to monitor constantly the operation of the resource, receive information about the
availability of the site in time and troubleshoot.

Figure 2 below provides information about the number of handled information security
incidents related to botnets in different years.

Figure 2 — The number of handled incidents related to botnets depending on the year [16]

Exactly 17724 botnet-related information security incidents were registered by KZ-
CERT in 2018. During next few years (17300 in 2019, 12670 in 2020, 4304 in 2021) this
number is decreased, which most likely connected with optimization processes conducted
by KZ-CERT. After detecting botnets cybersecurity experts inform owners [17] of internet
resources with recommendations for elimination and send notifications to foreign providers
from whose address space attacks have been detected.

Figure 3 below provides information about the number of handled information security
incidents related to websites unavailability in different years.

Figure 3 — The number of handled incidents related to websites inaccessibility depending
on the year[16]
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According to the figure 3 the largest number (2937) of websites’ unavailability was
in 2020. This is apparently because big amount of people who began to use online
services during COVID. This could lead to freezing and slow operation of online
services or to a complete stop of the functioning of Internet resources. This may also
be due to markedly increased number of DDoS attacks in 2020. Compared to 2019,
the number of DDoS attacks increased by 42% [18]. In case when some DDoS attack
occurs and websites stop working, they send notification with recommendations to an
owner of sites. After the owner of the information system is notified, he can take further
steps to restore the site. At the next stage, if the owner has difficulties, he can request
assistance from the CERT.

Conclusions. Security incident response depends on a type of incident and demand
different approaches to handle them. For example, KZ-CERT for each type of information
security incident make specific recommendations and send them to users who suffered from
malicious activity. The services provided by the CERT to Internet users play an important
role in ensuring information security locally and globally. There are many types of CERTs
from commercial to government. Every day CERTSs mitigate and process a large number of
security incidents. And their responsibilities (incident response, reporting, user notification)
is aimed at reducing or preventing the consequences of cyberattacks on different information
systems. The creation of such CERTs contributes to an increase in the country’s global
cybersecurity index.
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A. K. AMPEHOBY, A. M. HYPYIIIEBAY
JLH. I'ymunee amvinoaewt Eypazus ynmmoix ynueepcumemi, Acmana, Kazaxcman

KOMIIBIOTEPIIK MTHHUAEHTTEPI'E OPEKET ETY TOBbBI
KBIBMETTEPIHE LIOJIY KOHE TAJIIAY

Bynmaxanaoa CERT mymkindikmepi men Koizmemmepi manxviianaovl. Bipinui CERT komnsromepiix
Kayincizoik unyuoenmmepin oyoey npoyecine He2ypiviM YUblMOACKAH JICIHE KYPblLIbIMObIK KO3Kapac
maxcamoimen scacanzan. Mynoaii CERT Kypy enoin scananobik KubepKayincizoik uHOeKcin jcaxcapnyad
viknan emeoi. Mumepuemmi naildaianamold adamoapovl 3usiHkecmepoiy apekemineH Kopaay YUl
KZ-CERT ycovinamoin gbvizmemmepi mandanovl. KZ-CERT — ynmmuix aknapammsi scyienepoi dHcoHe
unmepHem cezmenmin NAUOAIAHYUILIIAPEA APHANZAH OPMATLIK, O] KOMNLIOMEPNIK UHYUuOeHmmep niy-
PATbL AKNApammsl HCUHAYObL JHCIHE MANOaAyObl, KOMRLIOMEPIIK KayIncizoikke meHemin Kamepiepoiy
anoviH anyoa NauoalaHyubLIap2a KeHec Oepy dHCcoHe MEeXHUKAIbIK KOoaday Kepcemyoi Kammamacsl3
emedi. Kvizmemmiy Ky3vipemine KOMNbIOMepuiK uHyuoenmmepoi aHblKmay dcone oeiumapanmanovipy
MaKcamuvlHoa 6Hoey Kipeoi.

Tyitin co30ep: aknapammulx Kayincizoik, skcananovik kubepxayincizoix unoexci, CERT, CSIRT.
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A. K. AMPEHOB', A. M. HYPYIITEBAY
'Eepasuiickuil ynusepcumem umenu JI.H. I'vmunesa, Acmana, Kasaxcman

OB30P U AHAJIM3 YCJIYT CJIIYKBbl PEAT'NPOBAHUS
HA KOMIIBIOTEPHBIE UTHIIUJAEHTbI

B cmamuve obcyacoaiomen gynkyuu u cepsucvt CERT. [lepsviii CERT 0vin co3dan ¢ yenvio 6onee
OP2AHU308AHHO20 U CINPYKIMYPUPOBAHHO20 NOOX00d K Npoyeccy odpabomxu UHYuOeHmos KoMnovlomep-
nou 6ezonacnocmu. Cosoanue maxux CERT cnocobcmeyem nosvluienuio 2nobanbhozo unoexca Kubep-
bezonacnocmu cmpausl. [lpoananusuposarul yciyeu, komopvie KZ-CERT npedocmasnsem 0ns 3auumsi
mooetl, ucnonv3yowux Humepnem, om deamenvrocmu 3noymviunennuxos. KZ-CERT — yenmp 015 nono-
306ameneti HAYUOHATLHBIX UHPOPMAYUOHHBIX CUCIEM U UHMEPHEM-ce2Menma, obecneuugaiowutl coop u
ananuz uHPoOpMayul 0 KOMILIOMEPHBIX UHYUOCHMAX, KOHCYTbMAYUOHHYIO U MEXHUYECKVIO NO00EPAHCKY
nonvzosameineti 8 NPeOOMBPAYeHUU Y2PO3 KOMNbIOMepPHOU besonachocmu. B komnemenyuto ciyicovl 6xo-
oum 06pabomKa KOMRLIOMEPHLIX UHYUOEHINOS C YEbIO UX GbIAGLEHUS U HEUMPATU3AYUU.

Knrouesvle cnosa: uungopmayuonnas 6e30nacHocmo, 2100aNbHbINL UHOEKC KUbepOe30nacHocmu,
CERT, CSIRT.
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ETL PROCESS FOR WATER RESOURCES AND DEMOGRAPHICS DATA:
AN OPEN SOURCE DATA PROCESSING TOOLS AND VISUALIZATIONS

Open data portals have become increasingly popular in recent years as more and more governments,
organizations, and businesses recognize the benefits of making data publicly available for researchers,
analysts and decision-making platforms. Many governments have launched their portal at the national,
regional, and local levels. In addition to traditional government datasets such as demographics, finance,
and transportation, open data portals are increasingly providing access to a broader range of data types,
including environmental data, health data, and social media data. Many open data portals are offering
improved tools for data analysis and visualization, making it easier for users to extract insights from
the data. Increased collaboration and engagement between government, businesses, and the public, with
features such as forums and hackathons. The purpose of this research is to find a way to automate data
collecting and visualization processes by using different open source technologies and promoting Open
Data Portal by using environmental data, especially water resources and pollution data from the Agency
for Strategic Planning and Reforms of the Republic of Kazakhstan, Bureau of National Statistics.

Key words: data package, data portal, water pollution index, open data, csv.

Introduction. Open data portals are online platforms that provide access to government
data in a structured, standardized, and machine-readable format. Here are some of the key
reasons why open data portals are important for countries:

— Transparency and Accountability: Open data portals increase transparency and
accountability by making government data available to the public. Citizens can use this
information to hold government officials accountable for their actions and decisions [1].

— Economic Development: Open data portals can stimulate economic development by
providing businesses with access to valuable data that can inform their decisions. This can
lead to the creation of new businesses and job opportunities [2].

— Improved Service Delivery: Open data portals can improve service delivery by
making government data available to service providers and other stakeholders. This can
help service providers to better understand the needs of their clients and to design more
effective programs and services [1].

— Innovation: Open data portals can stimulate innovation by providing entrepreneurs,
researchers, and developers with access to data that can be used to create new products and
services. This can lead to new business opportunities, increased competitiveness, and eco-
nomic growth [3].

— Better Decision Making: Open data portals can enable better decision making by pro-
viding policymakers with access to data and analytics. This can help them to design more
effective policies and programs that meet the needs of citizens [1].

* E-mail xoppecnonaupyroiiero aBropa: mansurova.madina@gmail.com
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Overall, open data portals are important tools for countries that want to promote trans-
parency, accountability, economic development, innovation, and better decision making.
By making government data available to the public in a structured and accessible format,
open data portals can help to drive positive change and improve the lives of citizens. Figure
1 depicts the open data portals by Open Knowledge Foundation https://okfn.org/, there are
597 open data portals from around the world. Unfortunately, in Kazakhstan, we have only
few portals compared to other countries. More open portals in the Republic of Kazakhstan
will allow us to make more informed data-driven decisions.

Figure 1 — Open Data Portals by Open Knowledge Foundation (dataportals.org [4])

For the water resources of Kazakhstan, there are also open data portals, which
collect socio-economic indicators, data on Kazakhstan’s water resources, air pollution
and surface water pollution, and data on industries. But despite the fact that all data is in
the public domain, all information is stored in unstructured or semi-structured sources,
such as text documents, excel files or PDF documents. Storing data in such formats
makes it difficult to understand the situation and complicates readability. To do this, this
paper presents dashboards for visualizing data on the water resources of Kazakhstan
and their relationship with socio-economic indicators. Since water resources are an
important part of the country’s economy and agro-industry, 8§ main water intake basins
with hydro-energy resources, as well as rivers and water pollution indices, were selected
for visualization. (Figure 2). Architecture and electronic graphics are built on the basis
of these data.

ETL Design and Architecture. This paper takes you through the entire ETL process,
as shown in Figure 3, data management and visualization. ETL is the process of extracting
data from one or more sources, transforming it to fit the target schema, and loading it into a
target data warechouse. ETL is a complex and time-consuming process that requires careful
planning and execution [5]. First part of this process we explain the tools and packages to
make data powerful and readable, in addition, we provide you schema for processing data
from the source to the structured form with publicly available tools. When our data is clean
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Figure 2 — 8 water basins of Kazakhstan: 1. Aral-Syrdarya, 2. Ile-Balkhash, 3. Irtysh, 4 Ishim, 5.
Nura-Sarysu, 6. Tobol-Turgay, 7. Ural-Caspian, 8. Shu-Talas

and structured in commonly used data format, as an example we came up with comma
separated values(CSV) files. There are huge advantages using CSV file format:

—easy to read and write - CSV is an easy-to-read and - write file format for data exchange
between systems and applications [6];

— lightweight - CSV files are lightweight, and their small file size makes them easy to
share and transfer over the internet [7];

— compatible with a wide range of applications - CSV is a universal format that can
be easily imported and exported by a wide range of applications, including databases,
programming languages, and spreadsheet software [8];

— preserves data structure - CSV format preserves the data structure, including column
headers and data types, making it easy for users to understand and work with the data [9].

— open standard - CSV is an open standard format that is widely used for data exchange
because it is simple, widely supported, and platform-independent [10].

ETL process for generation structured datasets is built using Python programming
language with automation of some open source technologies. During the cleaning process,
the major role is played by the dataflows [11] library which has all necessary methods to
clean, parse, pivot data. The source data comes from the Agency for Strategic planning
and reforms of the Republic of Kazakhstan, Bureau of National Statistics https://stat.
gov.kz/. Analyzing the documents, they are not standardized and structured, mainly in
excel format with different structure and data formats which are not structured to use in
building dashboards and doing some analytics. So our goal is to build a data pipeline which
has collecting, cleaning, formatting and packaging steps which are fully automated and
scheduled depending on the source published dates.
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Figure 3 — ETL process for water resources and demographics data

When building our dataset, we use lightweight yet comprehensive data standards as
Data Package [12]. Basic container format for describing a collection of data in a single
“package”. It provides a basis for convenient delivery, installation and management of
datasets. A Data Package can contain any kind of data. At the same time, Data Packages can
be specialized and enriched for specific types of data so there are, for example, Tabular Data
Packages for tabular data, Geo Data Packages for geo data etc. Figure 4 shows metadata
json file, you can find all necessary information about the data such as author, license,
published date, total of rows, profile, hash and metadata about each resource with format,
encoding, name, title schema describing each field, as shown in Figure 5. The Data Package
is supported also by Open Knowledge Foundation and its specification is updated and posted
in channels, posts [13].

Figure 4 — This is the sample generated metadata about the package.
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Figure 5 — This is the sample generated metadata about the resources
(github.com/open-data-kazakhstan/water-resources-and-demographics[14])

Data storage and management. Second part of the process is to keep the data up to
date and publicly available. In order to accomplish this step, we are using and enhancing
Open Data Kazakhstan organization [15] in the GitHub platform which collects, cleans,
structures and keeps data from different formats. Currently, this organization has several
core datasets such as “Decent work indicators”, “Gross domestic product per capita
using production method by regions”, “Average per capita nominal cash income of the
population”, “Demographics in Kazakhstan by region, age and sex.”, “Covid statistics” and
so on. In addition, this organization develops a “School of Data” portal where students and
enthusiasts about the data can join and solve real world issues by helping our country to
prepare Data Engineers. For these reasons we came up with the solution to keep data in Open
Data Kazakhstan organization in Github repository since all our sources are public and open
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[16]. For this paper, we are using the “Water resources and Demographics” repository under
the organization and make it public so everyone can access it and get some insight from our
dashboards and use it for their papers and future works. Lastly, the reason behind publishing
datasets into Open Data Kazakhstan is to promote open data portals in our country, to help
researchers, analysts, and students to do some analysis with structured and clean datasets.

In order to keep data up to date we added Github Actions [17] which runs periodically
depending on the data, the configuration file as shown in Figure 6. GitHub Actions is a
powerful tool that allows developers to automate their workflows and streamline their
development processes. Here are some advantages of using GitHub Actions for updating
data such as automated data updates, version control, collaboration, integration with other
tools and open-source community [18].

Figure 6 — This is the generated actions.yml for Github actions (workflows/actions.yml [15])
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Data visualization. In addition, we build some graphs out of data, so it can be useful
to see some trends in water consumption and resources. Dashboard [19] is built by using
the Vercel [20] platform which provides the speed and reliability during the inspiration of
our researchers to quickly build frontend applications. Vercel is a platform that provides
a serverless development environment for building web applications, including data
visualizations. Here are some benefits of using Vercel for building visualizations such
as high performance by loading visualizations quickly,since it is based on serverless
architecture, your visualizations can scale automatically to handle large amounts of data,
a simple deployment process that allows you to easily deploy your visualizations to the
web, also supports collaboration features which allow to work with other developers
on your visualizations, making it easy to collaborate on projects and share code. The
codebase is also available publicly on Github [21]. In addition, the reason we are building
visualization on Vercel, it integrates with popular data visualization libraries such as
D3.js and Plotly [22]. It is publicly available on the web so researchers, analysts, data
enthusiasts can take a look at the water resources and consumptions by basins, rivers and
water pollution indicators.

Dashboard and processed dataset are synchronized together so it will be updated
automatically when changes will be applied to the dataset repository, so it will be updated.
During the implementation of this project, we proposed only open source tools and libraries,
so anyone can create data pipelines and dashboards freely by enriching our publicly open
organization. Additionally, there are some graphs on average annual water consumption,
water and energy resources. These are some samples taken from the dashboard such as
water resources in cure meters by basins, as shown in Figure 7, share of river (Figure 8) and
water pollution index (Figure 9).

Figure 7 — Water resources in m3 by basins - Republic of Kazakhstan
(https://water-resources-and-demographics-dashboard.vercel.app/[19])
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Figure 8 — Share of the river in kilometers - Republic of Kazakhstan
(https://water-resources-and-demographics-dashboard.vercel.app/[19])

Figure 9 — Complex water pollution index(WPI) - Republic of Kazakhstan
(https://water-resources-and-demographics-dashboard.vercel.app/[ 19])

Results. To visualize data on water intake basins, rivers and the water pollution index,
the following steps were performed:

1. Collection of data on socio-economic indicators from open sources, such as the
Bureau of National Statistics of the Republic of Kazakhstan (stat.gov), 8 water intake basins
and rivers, surface water pollution index (kazhydromet.kz);

2. Data conversion from unstructured and semi-structured data to a structured format
(CSV);
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3. Placement of data on Open Data Kazakhstan on the GitHub platform, which collects,
cleans, structures and stores data from different formats;

4. Graphing for better understanding and data analysis.

Further, based on the constructed graphs, the user can do a comparative analysis. In our
research area, we see that the largest water intake basin is the Ile Balkhash basin, which
is located in Almaty, Zhambyl and Karaganda regions. Also, these regions are the most
densely populated regions, also the Karaganda region is the most industrial region. All this
leads to the fact that it is from the Ile-Balkhash basin that there will be the most water intake
for the agricultural and household needs of the population, for industries and agriculture.

On the basis of the 3rd graph (Fig. 8) it is possible to trace the pollution of water bodies.
Here we can conclude that the largest WPI of water falls on those water bodies that are
closer to industrial plants, and the growth of the population of the region also has a direct
impact on the WPI.

Based on the results of this work, we can conclude that by building dashboards for
data on water resources and socio-economic indicators, it is possible to better analyze the
data and identify correlations between these indicators. Further on this work, it is planned
to add data on the level and flow of water, on the incidence of the population living close
to the water intake populations, on industries using hydro-energy resources and changes in
WPI over time intervals. All this in the future will show us a clearer picture of the impact of
water resources in general on the overall social and economic indicators of the country. All
the datasets which are used for the analysis are published on “Open Data Kazakhstan open
data portal [23] which provides enhanced open data systems for public use.

Conclusion. We demonstrated the power of open data and tools where we can create a
data pipeline and dashboards using open source projects. Contributing to open data portal
would help other researchers to make a quality data analysis and decision making based
on structured and clean data. As we discussed in this paper, increasing data portals at the
national, regional and local levels could help the public to get more insights from the data.
In addition, we are not only providing access to environmental data which plays a key role
nowadays when we have a water shortage. This paper would trigger other researchers to
collect and do analysis on other parts of data such as media, health, transportation.
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M. M. )KHEHBAEB, O. . OCIIAH, M. E. MAHCYPOBA

JKacanow unmennexm dscane Big Data, Axnapammulx mexunono2usniap axyivmeni,
an-Dapabdbu ameindazvl Kazax ynmmolx ynueepcumemi
Aamamul ., Kazaxcman

CY PECYPCTAPBIHA KOHE JEMOT PA®USLIBIK JEPEKTEPIEPTE
OHJIEYTE APHAJIFAH ETL IPOLECI: JEPEKTEPII OHJIEVIETT
OPEN SOURCE KYPAJIJIAP MEH BU3YAJTU3ALIMSLIAP

Awblk Oepexmep nOpmanodapvl COHbL HCHLIOAPLL KOOIPEK ManvbiMan 600bl, olmKeHi Kobipek
YKiMemmep, YuslmMoap caHe OuzHec 3epmmeyuiiniep, manioayuibliap icaHe wlewliM  Kaowulioay
niam@opmanapvl Yuin Heainvled Koicemimoi 0epexmepoit KOiCemimOinieiniy apmulKuLbLiblKmMAapblH
MotbiHOaObl. Kenmeeen ykimemmep YimmuvlK, auMAaKmulk OJiCoHe Jicepeinikmi OeHeeliiepoe 63
nopmandapuin icke Kocmol. [lemozpagus, Kapaicol Jicane KoK CUsKmovl 02CMypii MeMaeKemmik oepexmep
JHCUBLIHOAPBIHA KOCA, QWbIK OepeKmep Nopmanodapvl KOpuiazan opmd, OeHCAYTblK JICIHEe dneyMemmiK
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Mmedua Oepexmepin Koca anganod, 0epekmep mypiepiniy Key ayKbIMblHa KOI JcemKizy0i KAMmMamacyl3
emyoe. Konmezen awwlx Oepexmep nopmanodapvl naudaiaHyuibliapea OepekmepoeH MyCiHiK anyobl
JHCEHIIOEMEMIH  JHCAKCAPMBLIEAH O0epeKmepoi manday JHCoHe GU3YANU3AYUs KYpaioapblH YCbIHAOL.
Dopymoap men XakamoHoap CUAKMbL MYMKIHOIKMEp apKulibl YKiMem, OU3HeC JHCIHe IICYPMULbLIbIK
apacvbiH0azel bIHMBIMAKMACMuIK NeH 03apa apekemmecyoi apmmuipuiyblz. byn zepmmeyoiy maxcamor
apmypni  auwiblk 06acmankbl MexXHONOUANAPObl NAUOANAHA OMbIPLIN, OepeKmepoi JHCUHAY IHCIHe
BUZVATUZAYUANLAY NPOYECMEPIH ABMOMAMMAHObIPY JHCOTbIH MAOY JHCIHE KOpULaean opma Oepekmepin,
acipece Pecnyonuxanviyy Cmpame2usnli #coCRapaay jdcamne pepopmanay azeHmmiciniy cy Jcamne 1acmany
Odepexmepin navidarana omvipin, Kazaxcmannviy, ¥nmmolx cmamucmura 010poCbIHbIY AulblK 0epexmep
nopmanvit ineepiiemy.

Tyitin co30ep: depexmep naxemi, oepekmep NOPMaAbl, CyObly IACMAHY UHOEKCI, auiblK oepekmep,
CcsV.

M. M. KHEHBAEB, A. I. OCIIAH, M. E. MAHCYPOBA

HUckyccmeennuiii unmennexm u Big Data, paxynemem unghopmayuonnvix mexnonozuil,
Kaszaxcxuii nayuonanvhulil ynugepcumem umenu anib-Papadu, e. Aimamot

ETL NIPOLHECC JJIs1 BOAHBIX PECYPCOB U JEMOI' PAONUYECKHUX
JAHHBIX: HTHCTPYMEHTbBI ObPABOTKHU JAHHBIX C OTKPbITBIM
NCTOYHUKOM U BU3YAJIMZALIUSA

Topmanst omKpbLIMbIX OGHHBIX CMAHOBAMCS BCe OONIee NONYIAPHBIMU 68 NOCLEOHUEe 200bl, HOCKOTbKY
6ce bonvuie 1 bonbule NPAGUMENbCME, OPLAHU3AYUL U NPEONPUATNULL NPUSHATOM NpeuMyuecmea oouyedo-
CmMynRHOCIU OauHbIX 07151 UCCredosamenetl, aHATUMUKO8 1 naiamgopm 01 npunsamus pewenui. Muocue
npasumenbCmea 3anyCmu C60u NOPManbl Ha HAYUOHANLHOM, PESUOHATLHOM U MECHOM YPOGHAX. B
dononnenue Kk mpaouyuoHHbIM 20CYOapCMEEHHbIM HADOPAM OAHHBIX, MAKUM KAK 0eMocpaus, PUHAHCH
U Mpancnopm, NOPMansl OMKPLIMLIX OAHHLIX 6ce dauje npedocmagnam 00Cmyn Kk boiee WupoKomy
oUanasony munoe OAHHwIX, 6KII0UAs OaHHble 00 OKpYdIcaowell cpede, OanHble 0 300p08be U OAHHbLE CO-
yuanvHuix cemeil. Muozue nopmanst OmMKpuLIMbIX OAHHLIX NPeONacaom yiyuuieHHvle UHCTPYMeHmbl 0
AHANU3A U BU3YATU3AYUU OAHHBIX, YIPOWAowue NoIb306ameisimM U3eieueHue UHGopmayuy u3 OaHHbIX.
Pacwupenue compyonuuecmaa u 63aumo0eticCmeus Mexicoy npasumenscmeom, npeonpusmusamu u oouje-
CMBEHHOCTBIO NPOUCXO0UM O1A200aps MAKUM QYHKYUAM, KaKk hopymul u xakamonul. Llenvio dannoeo
uccne008anus AGIAEMcs NOUCK Cnocoda agmomMamusayuu npoyeccos coopa u GU3yamu3ayuu OAHHbIX ¢
UCNONL30BAHUEM PASTUUHBIX MEXHOL02UL ¢ OMKPBIMBIM UCXOOHBLM KOOOM U hpodsudicenust [lopmana om-
KPbIMbIX OAHHBIX C UCNONIb30BAHUEM OAHHBIX 00 OKpYdHcaloujeli cpede, 0COOEHHO OAHHBIX O BOOHBIX pecyp-
cax u 3azpsizHeHull om Aeenmemea cmpame2uyecko2o niaHuposanus u pegpopm Pecnyonuru Kazaxcman,
bBropo nayuonanvroti cmamucmuxu.

Knrwouesvle cnosa: naxem 0annvlx, nopman OaHHbIX, UHOEKC 3A2PA3HEHUS. B00bl, OMKPbIMble OaH-
Hole, CSV.
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MAPLE KOMITBIOTEPIIK MATEMATHUKA KYWECIHJIE
JISITYHOB ®YHKIUACBIH KYPY

Komnwvromepnix mamemamuxanviy 0amybiHbly Kasipel Kezeninoe bacmovl Kypai - KOMIbIOMepuiK ma-
memamuxka sxcytienepi bonvin madwviiadvl. Ocvl Oagblmmyly KAPKbIHObL 0AMYbl MAMEMAMUKALbIK 3P~
meynep JHcypeizy MeH MamemMamukaivlk ecenmepoi ueuyoiy Jeaya MymMKiHoikmepin awaovl. Makanrada
Maple opmacvinoa ougghepenyuandviy menoeyiepoiy Col3blKmul JCYUECIHIY MYPAKMbLIbIEbIH JIANYHO8
DyHKYUsACHL 20iCiMeH 3epmmeyOiH MAMeMAmuKaIblK, dgMoMammsl OA20ApIAMACHIHbIY KYPbLLY 20ICi Cu-
nammanaovl, 03 A10bIHA OHbIY YAKLIM YHeMiOiNi2i MeH 0an Hamuoice bepemin apmulKublIbiKmapul 0ap.

Tyiiin co30ep: OpHLIKMBLILIK, MAMPUYAHBIY MEHUIKMI MaHOePI, O AHLIKMAAH QYHKYUA, mepic
anvikmanean Qyuxyus, JIanynos ynkyuscol.

Kipicne. Kenreren mibiHaiibl JHHAMUKAIBIK 00beKTUIEp U DepeHIManIbIK TEHACYIep
KYHECIHIH TEPMUHAEPIMEH CHIATTAIybl MYMKIH: €H aJIbIMEH — OJ TaOWFaThl dPTYpIIi
MEXaHWKaIBIK JKyihemep. COHIBIKTAH OPHBIKTBUIBIK TCOPHSACHIHAA 3EpTTEY OOBEKTICI
KaparaibiM quddepeHInanIbK TeHAeyIep 00k Ta0buTa bl. OpHBIKTHUIBIK TEOPUSICHIHBIH
Heri3ri MmiHzaeri, OepinreH nuddepeHnnanIblK TeHIeyaep JKYHeCiHIH MemiMiH Tarmai
TYpPBIT, OEpifireH MICHIIMHIH TYPaKTBUIBIFBI JKalbIHIA Tanay jkacayFa OOJIaThIH oiCcTepi
oitsian a0y OOJIbIN TaObLIA b,

OPpHBIKTBUTBIK TEOPUSCHIHBIH TaMyhl €Ki )KOJIMEH iCKe acapl: OipiHIIIICH, ecenTepain
TYpIEpiHiH meHOEepiH KOOCHTY, CKIHIIIACH, Oap omicTep Al KYMIECHTY jKoHE KaHa dIiCTepIi
Kypy. JlsimyHOB (QyHKIMSICHIHBIH 9oici (JISTyHOBTBIH TiK 971ici HEMece eKiHIII dAici peTiHe
TaHBIMAaJ1) OPHBIKTBUIBIKTHI 3€PTTEYAIH THIMAL 91icTepiHiH Oipi O0bIN TaObUIaAbI, COHBICHI-
MEH 0JI 0acKapy TEOPHSICHIH/IA KeH KOJIaHbICKa ue 00iibl. OHBIH MOHI 3€PTTEINIIl KaTKaH
JKYHEHIH OPHBIKTHI HEMECE OPHBIKTBI €MeC €KEHIriMeH mekrenMenai. benrini Oip xytie
VIIiH COTTI KypbUTFaH JIAIyHOB (QYHKIESCHL, KOJJAaHOAIBI MAarblHACHl Oap, peTTeNeTiH
[IaMaHBIH e3repic Oaranaybl, PeTTEY[iH YakKbIT Oarajaybl, peTTe€y camachlH Oaraiay,
TapTBIMJIBUTBIK aliMarbIH Oaranay (yakpIT OOWMBIHINA >KOWBUIATHIH OapibIK OacTarKsl
KYH3enicTepIiH KUBIHTBIFBI), TYPAKThl TOJNKYJIapIbIH dcepiH Oaranay jkoHe T.0. OipHerie
MaceeNepAiH KeIIeHIH MIenyre MyMKiH K oepeni. [1]

JIsinyHOB (yHKIIMSITAPBI yaKbITKA OaliIaHBICThI OEPUITeH aiiMaKTaH aclialThiH OACTaIKbI
TOJIKYJTApABIH aliMarblH Oaranmayra MYMKIHIIK Oepeni. JISTyHOB (QyHKIHUSICH apKBUIBI TIe-
PHOATHI TIenTiMaepIiH 6ap 00ybl HeMece YKOKTHIFBIHBIH MAceJIeci MIeTiiesi, KapamnaibiM
muddepeHInaNbIK TeHACYICPIiH ChI3BIKTBI eMec JKyHenepiHiH OapJblK MeIiMAepiHiH
HIEKTEYJi HeMece HIEKTeIMEereH/ir aHbIKTataasl. [2]

Ocbl opaiina, JIssmyHOB (DyHKUIHMSICHIHBIH KeH KOJJAHBICKA Me OOonyblHA OalIaHBICTHI,
Oy omicTiH oMOeOanThUIBIFEI JKaWbIHAA Mocene kerepinmi. byn ecenti memrymen S.IL
[epcunckuii, H.H. Kpacosckwuii, E.A. bap6ammn, 5. Kypuseiins, XK.JI. Maccepa xane T.0.

* E-mail xoppecnonnupytomero apropa: zhakash58@mai.ru
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MaTeMaTUKTep alHaIBICThl. OPHBIKTBUIBIK TEOPHSCHIH/A OCHI 9JICTIH KOMETriMEH KOINTEereH
ecenTepi mbFapyra 00iaTbiHbl aHBIKTabl. COHABIKTAH JIAmyHOB (O)YHKUIUSICHIH KYPYIBIH
o/licTepl KAl Mocelie KOWBUIbI. AWTa KETETIH KAUT, KETKUIIKTI TYPAKThUIBIK IIapTTa-
PBIH Ty YIIiH o3ipieHreH JIAmyHoB QyHKIMSIapbIH KYPYABIH OeNrii omicTepi eTKITIKTI
THIMJI eMec, OUTKEH1 OJIap/IbIH dPKANCHIChI HAKTHI XKYHenepi 3epTreyre Ocitimaenrex. [1]

Herisri ©OemimM. OpHBIKTBUIBIK TeopeusicblHaH AuddepeHIranablK TeHACYIepAiH
CBI3BIKTHIK JKYHeciH JISmyHOB (QyHKIUSICHIMEH eIy TOCiI Oenrini:

dx

prinla UAR (1)
mynrnarsl A(t) € C([0,+e0)) . (1)-xkyifenin Hemmik MmemiMiHIH ACHMMITOTHKANBIK TypaK-
TBUIBIFBI KaFIalbIH/IA: A MaTPUIIACIHBIH MEHIIIKTI MOHJIEP1 COJI )KaK KOMILIEKCTIK )KapThI
JKa3bIKTHIKTA JKaTajibl. [3]

Benrini Gonranmai, A MaTpHUIIACKIHBIH MEHIIIKTI MOHJEp] KapamaiibiM 0osica, OHJa
MEHIIIKTI BEKTOPJap/AblH CaHbIHA MEHILIIKTI MOHJIEpiHIH eceniri coiikec keneni. P epek-
e eMec TYpJeHIipy OOJICBIH, 011 A MaTpUIACBIHBIH MEHIIIKTI MOHAEpiHeH Typassl. Erep
MEHIIIKTI MOHJIEp KOMIUIEKC TYHiHJec Oosica, oHaa P epekiiie emMec TypieHIipyl KOMILIEKC
TYHiHAEC MEHIIIKTI BEKTOPJIAPBIHBIH OipiHIH HAKTHI KOHE KOpamMall OeIIKTEepiHEH TYpalbl.
by xarnaiina matpuna

J=PAP | ©)

1) Gac nuaroHanbia OpHANAcKaH HAKThl MEHINIKTI MOHAEpl 0ap MUaroHalbIiK Typre
HeMmece 2) KOMIUIEKC MEHIIIKTI MoHAepi yrin O £ Bi2x2 TYpIeTri OJIOKTiK-THarOHAAbIIK

Typre ue 0onaapl:
o B
B o)

(1)- me x = P - z anMacTHIPYbIH KacalbIK, COHA KaHa alHbIMaJIbUIAP YIIIiH:
1=J-z, 3)
0omaapl, MyHIAFbI J — MaTPHUIIACKIHBIH JKopaaH (Gopmackl. (3) ecebi ymin JlsmyHoB (hyHK-
[HSICBIH KYPY TPUBHAIILI 00JIasl, ceOedi
V()= +z;+..+ 7, =(2,2)

COJI J)KYHMEHI TYPaKThUIBIKKA 3EPTTEyTe JIAWBIK €KeHI aHBIK. V(z) TYBIHABICHI (3)-)KYHeHiH
oCepiHeH MbIHAH/aW Type Ooajbl:

V(2)=22,-2,+22, 2, +..+22,-2,=2> Re(r;)- 2} |
=1

V(z) - Tepic aHbIKTainFaH, cebebi A MaTPUIACHIHBIH MCHIIIKTI MOHICPIHIH HAKThI
Gemikrepi Tepic. [3]
ATFamksl afHBIMANBUIapFa Kemnry apKeUtel (1) - skyie ymrie JISmyHOB (GyHKIIUSICHIH
anamei3 [4]:
V(x)=(P'x,P'x). @)
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Cunarranran ojicke colikec, auddepeHIMaANIBIK TEHICYICPAIH aCUMITOTHKAIBIK
TYPaKTBI ChI3BIKTBIK XKYHeci yiiH JISmyHOB QyHKIMSICBIH KypaibIK:

dx 34 -2

a B 1

JKyiteHin OepiiareHaepiH €HTI3IN KOHE ChI3BIKTHIK ajireopa MeH auddepeHIInaiIbiK
TeHIEYIePAiH apHANbI MAKeTTePiH KOcaMbI3 [S5]:

restart,

with(linalg);

with(PDEtools);

all =-4;al2 :=-2;a2l := 3;a22 = 1;

A = matrix(2,2, [all,al2,a2l,a22]);

X = matrix(2, 1, [xI(1),x2(1)]) :

sysl == matrlx(2 1, [diff (x1(2), t), diff (x2(¢), t)]) = multiply(4, X);

<]

A:

3 1

)

a0 [—4x1(t) - 2x2(t)}

sysl:=
dEXZ(t) 3xA(t) + x2(t)

A MaTpHLIACBIHBIH XapaKTEPUCTHKAJIBIK KOMIMYIIECIH KypaMbl3 )KOHE MEHIIIKTI MOHAEPI
MEH OJIapFa COMKeC MEHIIIKTI BEKTOpIapbIH TabaMbI3 [5]:

al = charpoly(4,lambda); a2 := eigenvectors(A);
ali=A*+3\+2

L1 [h-3radl
2=t (7 e {1

Ei[]

a2 OipiHII YIITIri YIIiH MaTPHUIIAHBIH MEHIIIKTI BEKTOPBIH OO ajwll, P TypieH-
nipynep Marpunacel yuris V1 : V11, V12 BeKTOpBIHBIH KYPayIIbICHl OOJAaThIH AIEMEHTTEP 1
opHekTeiiK. JIamyHOB (QYHKIUSACHIH Kypy KOMIUIEKC MEHIIKTI MOHJEp VIIH [e
KapacThIPBUIATBIHBIH €CKepceK, OHJa J'1 MEHIIIKTI BEKTOPBIHBIH KYpayllbLIapbl HAKTHI
YKOHE KopamMaJ OelikTepin Oein amy kepek [5]:

a3 = a2[1]; laml = a3[1]; rlaml = Re(laml); ilaml = Im(laml); kI = a3[2]; vI
= a3[3];

VI =vI[1]; V1] :== VI[1]; VI2 = VI[2]; VIm = matrix(2,1,[ V11, VI2]);

V11 == Re(V11);iVI1l := Im(V11); rVI2 := Re(VI12);iVI2 := Im(V12);
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=[5

laml = -1
rlaml = -1
ilaml =0
kl:=1

f]
ol

Vil1:=1
V12:=—E
2

1

Vim:—| 3
2

rV1l1=1
iVil=0
rV12:=—E
2

iV12=0

a2 eKiHII YIITIri YIIiH e 1071 conai [5]:

a4 = 2[2] lam2 = a4[1]; rlaml = Re(laml); ilam?2 = Im(lam2); k2 := a4[2]; v2
ad4[3];

V2 = v2[1] V21 := V2[1]; V22 := V2[2]; V2m = matrix(2, 1, [V21, V22]);

rV21 == Re(V21);iV21 = Im(V21); rV22 := Re(V22); iV22 = Im(V22),

a=[-21{-1 1]}]
lam2.=-2
rlaml = -1
ilam2:=0

k2:=1

v2={[-1 1]}

v2=[-1 1]
V21=-1
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V22:=1
-1
V2m :=|: :|
1
rV21=-1
iV21=0
rV22:=1
iV22:=0

Luxna 613110 xaraai yiid JISimyHOB pyHKIMSCHIH KYpaMbl3 (MaTpUIIaHbIH KapanaibiM
MEHIIIKTI MoHAepi). MyHJa ylie MaTpUIAChIHBIH MEHIIIKTI BEKTOpJAapblH KYpPaWThIH
HOJJIIK KopaMai O6JIIKTEepiHIH MIapThl JKa3bUIaJbl, OChUIAHIIA TEK HAKThl MEHIIIKTI
MOHJIEpAiH *aFaaibl KapacTeipbuiaabl. Conna P TyprneHaipy MaTpUIachIHBIH OaraHapbl
OacTankbl MaTPUIIAHBIH MEHIIIKTI BEKTOPIapbl O0JIBIT Ta0bUIaabL. [6]

bi3 OP xepi Marpunansl Taysll, X Marpulara keoentemis. AnsiaFad OPX MaTpUIachlH
tpancnonepnen, OPXT matpunacein anambiz. OPXT sxone OPX matpunianapblH KoOSHTY
HoTIXecinze 013 JIsmyHoB GyHKIMSICBIH anamb3 [5]:

ifiVi1=0andiVI12=0and V21 =0and V22 = O then P = matrix(2,2, [ Vi1, V21, VI2,
V22]);

OP := inverse(P);

OPX = multiply(OP, X);

OPXT = transpose(OPX);

FL1 = multiply(OPXT, OPX);

FL :=FLI[1,1];

fi;

P.=
3
2
-2 2
OP =

OPX = |:—2x1(t) - 2x2(t)]

S3X1(t) — 2x2(7)
OPXT :=[-2x1(t) — 2x2() — 3x1(¢) — 2x2(1)]
FL1:= [(—2xl(t) —2x2(t))’ +(=3x1(r) — 2x2(t))2]
FL = (=2x1(1) = 2x2(t)) +(=3x1(¢) — 2x2(1))°

Kepin oTeipranbiMb3iail, JIamyHoB QyHKIUACH MbIHA TYpIe Ooiabl:
FL = (=2x%, = 2X,)* + (=3x, — 2x,)° .
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MarpunianblH MEHIITIKTI MOHJIEP1 KOMILJICKC CaHjap OOJIFaH yKaFaiibl KapacThIPabIK;
dx 31 2 %}(
dt  H2 -1H -

XKoraprina Oasuganrangail, 6epinrenaepai 6araapiaMaHbiH OAChIHIA €HT13eMi3!

all :=-1;al2 = 2; a2l :=-2;a22 :=-1;
A := matrix(2, 2, [all, al2, a21, a22]);
X = matrix(2, 1, [x1(t), x2(t)]) :
sysl = matrix (2, 1, [diff(x1(t), t), diff(x2(t), t) ]) = multiply(A, X);
al = charpoly(A, lambda);
-1 2
A=

a2 = eigenvectors(A);
d
Exl(t) |:—x1(t)+2x2(l‘):|

sysl:= 4 =
4 20 =2x1(¢) — x2(t)
dt

al=A*+2A+5

az=[-1+20.L{[1 I]}].[-1-20..{1 -1]}]

Barmapnamara MaTpuIaHblH KOMIUIEKC MEHINIKTI MoHAepi ymniH JIAmyHOB GyHKInsA-

CBIH KYPYy HUKIIH eHrizemi3. On ymiiH mukiae 613 Kypaeai MEHIIIKTI MOHACPIIH HOJICH
e3relie opamali OesikTepiHiH mapTeiH Oenrineimiz. Conna P Typnenaipysiep MaTpumacel
V1 MEHIIIKTI BEKTOPBIHBIH KYpayIIbUIapbl HAKTHI KOHE KopaMall OeliKTepiHeH Kypaiaibl.
[7,8] JIsamyHOB (hyHKIMSCHIHBIH KeJleCi KYpPBUTYhl KaparmaibM MEHIIIKTI MOHJIEP IUKITiHIH
aJToOpuUTMi OOMBIHITIA ICKE acabl:

ifilaml # Oandilam2 # 0 then P := matrix(2, 2, [rV11,iV11,1V12,iV12]);
OP := inverse(P);

OPX := multiply(OP, X);

OPXT := transpose(OPX);

FL1 = multiply(OPXT, OPX);

FL := FLI[1, 1];

fi;
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OPX = [xm) ]
X2(1)

OPXT =[x1(t) x2(t)]
FLU:=[ x1() +x2(t)’ |
FL = x1(¢)" + x2(t)°
I{ukmtiH icke acybIHBIH HOTHKECIHIC
FL=(x)* + (x)*

JIsimyHOB (YHKIUSICHIH aJIaMbl3.

by nmuknm MaTpuiiaHblH MEHIIIKTI MOHJEpl HOINJIK HAKThI Oeiiri 6ap KOMIUIEKC caH-
nap OoyiFaH *karaal yiniH ae Konaanbuiaabl. Oceiiaiiia, Mpicasl, JISTyHOB (GYHKIUSICHIH
CBI3BIKTHI U (hepeHIINANIBIK TEHIEYIEp KYHec YIIiH Kypaibik [9]:

dx_ G -2
it H 1

barapiiaMaHbIH KYMBICBIHA COMKEC:

al:=A"+1

a2:=[11{[-1+1 1]}]. [-L.L{[-1-1 1]}]
1)
OP = |:(1) 1:|

[ x2(t) :|
OPX =
x1(2) + x2(¢)

OPXT =[x2(¢) x1(t)+x2(1)]
FL1:= [x2(t)2 +(x1(r) + x2(t))2]

FL = x2(t)* +(x1() + x2(t))’

JIsmyHOB (yHKIHSCH MBbIHA TYpAE O0NaabL:
FL= ()" + (X +X%,)° .

Bapnbik komanmanapael Oip TOMKa JKUHAH OTBIPHIN, KYHEHIH MaTpUIACBIHBIH 9P
TYpPJII MEHIIIKTI MoHJepi Oap auddepeHInaIIbIK TCHACYISPAiH ChI3BIKTHIK XKylenepi
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ywia JlsnyHOB (QyHKUMSCHIH KYpYIAbIH aBTOMATTaHIBIpBUIFaH OarjapiamachiH ajia-
MBI3.

Kopsitbinabl. Kazipri 3aManfbl HHTEPAKTHBTI JKYHelIepiH laMybl MaTeMaTHKaJIbIK
ecenTepi THIMAI 9JiCTIeH WIEHIYAiH XKOJIAapbIH KapacThIpyFa TYpTKi 60mabl. Komnbrotrepik
MaTeMaTuKa >KyWenepiHje ecenTepiH IIemiMiH Taly HEeFypibIM THIMII €KeHIH ecKepe
oteipbinl (Maple, Mathematics, MATLAB. MatCad, 1.6.), tuddepeHunanaslk TeHaeyaep
KYHECIHIH OPHBIKTBUIBIFBIH JISTIyHOB (YHKUMSCHI apKbUIBI 3€pTTEY OJiCi paruoHal-
Ibl onicTepiy Oipi exkeHiHe Ke3 KeTkizyre Oonanbl. JIAmyHOB (DYyHKUMSCBHIHBIH SPTYpIi
KOJIJIaHOAJTBI €CeNTeP i ISHIy/IE Mali1ajiaHyFa 00JIaThIHBIH €CKEPE OTHIPHII, OaFapiiaMaHbIH
naiganaHy asichl KeH €KeHIH HaKThI aiiTyra 0omajiel. [10]
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Tapa3zckuii pecuonanvhwili ynusepcumem umenu M.X [ynamu,
Tapas, Kazaxcman

IHOCTPOEHUME ®YHKLUUMU JIAITYHOBA B CUCTEME
KOMIBIOTEPHONH MATEMATUKH MAPLE

I naenvim uHCMPYMEHMOM KOMNLIOMEPHOU MAMEMAMUKU HA COBPEMEHHOM IMane A8IAI0NCs Cucme-
Mbl KOMnbIOmepHou mamemamuxu. Juuamuynoe pasgumue 0AHHO20 HANPAGIEHUs OMKPbIGAem HOGble
B03MONCHOCIU Ol MAMEMAMUYECKUX UCCIe008aHUU U peuleHus MameMamuieckux 3aoay. B cmamve
onucwvleaemcs paspadomra MamemMamuieckoll agmoMamusupo8aHHo NPOSPAMMbL UCCLEO08AHUS YCIOU-
YUBOCMU TUHETHOU cUCTeMbl OUPDEPeHYUATLHBIX YPAGHEHUTE Memooom Gyukyull JIanynosa 6 cucmeme
Komnviomepnou mamemamuxu Maple, komopas obnadaem maxumu 0OCIMOUHCINEAMU, KAK MUHUMU3AYU
epemenU peuteHus, 00CMOBEPHbII pe3yIbmam, asmoMamu3ayus peuleHus.

Knioueswvie cnosa: ycmotiuugocms, coocmeenuvle YUCIa Mampuybl, NOA0OHCUMETLHO ONpedeenHas
@yHryus , ompuyamenvro onpedenennas Qyuxyus, Qyuxkyus Jlanynosa.

Y. R. KRAKHMALEVA, A. T. ZHAKASH, G. K. DUISEBAYEVA

Taraz regional university named after M.Kh.Dulaty,
Taraz, Kazakhstan

CONSTRUCTION OF THE LYAPUNOYV FUNCTION IN THE MAPLE
COMPUTER MATHEMATICS SYSTEM

The computer mathematics main tool at the present stage are computer mathematics systems. The
dynamic development of this direction opens up new opportunities for mathematical research and solving
mathematical problems. The article describes the mathematical development automated program for
studying the stability of a differential equations linear system by the Lyapunov function method in the
Maple computer mathematics system, which has such advantages as minimizing the solution time, reliable
result, automation of the solution.

Key words: stability, matrix eigenvalues, positive definite function, negative definite function,
Lyapunov function.
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TAKBIPBIIITBIK MHTEPHET-PECYPCTAPIAH JEPEKTEPII
AJIY AJITOPUTMIH 93IPJIEY

Fanammop acenici KapkblHObL OaMybIMEH KA3ipel manoa KonmezeH aieymMemmix apHaiapoda naod-
JAHYWbLIAD O3IHe KAMmblCMbl Jceke 0epekmepmeH, backa da aknapammapmer beiceHdi mypoe beoicyoe.
Kenioezi axknapam cenimoi dicone Kozamaa Kayin menoipmelminine KO3 JHCemkizy yutin Ombl manoay
Kaoicem. OcvilblH He2i3iHOe OVl AKnapammul HCUHAY, OAKbLLAY HCIHE MANOAY KAACemminiel myblHOauobl.
Axnapammul dsicunay apoip 6e6-6emmiy KypoliblMblHA OAULAHLICIbL KYPOELi HCYMbIC OONbIN MAObLIAO.
bapnvik pecypcmap aknapam scunayea MyMKiHOIK 6epmeumindikmen, konmezen 20icmepoi Konoamyea
mypa keneoi.

Ycvinvinzan maxanaoa axnapammapoel any yuiH napcuHemi KOAOAHYObIH MUIMOI  HCON0aApbl
Kepcemineodi. BeO-Oemmepoiy MasmMyHblH CeMAHMUKANLIK MAnoay (napcune) apkwlivl 20icin Python
mininde BeatifulSoup kimanxanacel bazaceinoa srcasviizan 6agoapiama apxulivl mycindipineen. CoHbiMeH
Kamap, aknapammsl #cuHayoviy backa 0a API apxviisl, Opaysepoe natldanianyubiHbly MiHe3-KYIKbIH SMy-
JAYUANAY KYPAA0apuvl apybulivl 20icmepine mokmanaowsl. BeatifulSoup + Requests kimanxanacwvl apKvlibl
MAKApLINMbIK, UHMEPHen pecypcmapoan aknapammapobsl any aneopummi xeaimipineen. Homuowcecinoe
A2bLIUBIH MINOT JCIHE OPbIC MINOT XAKEPIIK JHCIHe KapOepliK hopymoapoan mManimemmep AaiblHObL.

Tyiiin co3oep: beautifulsoup, requests, Oepexmepmen Jcymuic, napcune, python, xaxepuix gpopymoap.

Kipicme. Kazipri TaHma akmaparTaHiplpy 3aMaHbl OOIFaHIIBIKTaH, aKIapaTThIH
JKaHapybIHa Ke3 inmecTipy MyMkiH emec. CoraH Koca, akmapar OapraH CalWblH KYHBI
6oma tycyme. Ocblman OipHelle OHIAFaH JKbUIAAH alfIbIH FAJIaMTOP IIAFbIH FaHa JKei
Oonran. bipak OyTiHri TaHIa OV YIIKeH aKnapaTThIK KYPBUIBIM, OHJIA TapajaThblH aKmapaT
arbIH/IapBIH OaKblIay MYMKIH eMec O0bIn Oapaapl. FamamTop kemiciH KonaaHyIbLuIapabiy
OeJTiceTiH aKmaparThl 1M OJIIEeMiH allTyFa MYMKIHIIK *OK. OFaH MBICAJIBI PETiHIE JUTimi
QJIeyMeTTIK KeJiepieH | MHUHYT imiHAe TyceTiH xabapiamanapisl KenTipyre Oonaibl.
Facebook omeymerTik sxemiciame 3 mwmmnonHaH [1] actam jxaHa xabapnamanap, Twitter-
ne 300 mMprHHAH [2] acTaM TBHTTEp TaparbUIaAbl. byl akmaparThlH OapIIbIFBIH SPTYPIi
yibIMIap ©3 KbI3METIHIH THIMILUTITIH apTTRIPY YIIiH OeiiceHAl Typae maimanaHaabl. Ocel
aKmaparneH THIMI KYMBIC iCTey, OJIaH Taifia ary oHE dPTYPIi TanchlpMaapAbl OpPbIH-
Jay YIIiH OyJ1 IepeKTepi airy, oHAeYy KoHe KYPBUIBIMIAY KaKeT. AKIaparTapsl JoCTYpiIi
o/IiCcTIeH JKMHAY KOTl YakbIT TIeH ajamMu (akTtopra OaimaHbeicThl. Erep me Gapnbik caitrap
KaH[ai na Oip OipbIHFall CTaHIApTKa COMKeC yKacayca FalaMTop KeJTliCiHeH aKIapar >KHHay
KHUBIH/IBIK TyabIpMac ei. bipak, exiHilke opaii, Ka3ipri yakbITTa MyH/Iail CTaHAAPTTAP KOK.
By e3 keserinze aknmaparTel aily MEH OHJICY/IiH TEXHUKAJBIK TOCUIIEpiHiH OeiceHi ma-

* E-mail koppecnionaupyroiero apropa: mambetov.saken@gmail.com
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MybIHA bIKHaN eteqi. Kasipri yakpITta MyHAal TOCUIAEp, FAIaMTOp KelliCiHeH JepeKTepi
JKUHAay/Ibl )KOHE aBTOMAaTTaH IbIPBIIIFaH OH/EY, “TIapCHHI” Jen aTanajsl [3].

[MTapcuHr Ka3ipri Ke3-KeJireH caniaja dJKOHOMUKA, MAPKETHHT, ICHXOJIOTHsI, KpHMUHAIIHU-
CTHKa KeHIHEH KOJIaHbUTyJa. bapiblk cananapiaH aknapartap/bl )KHHAI, OHOCY apKbUIbI
OoykaM Kacayra KoMeKTecei. TakpIphINTHIK HHTEPHET pecypcTap peTiHae UHTEpHET ¢o-
pymzap anblHIbl. Xakepiik HHTepHeT GopyMaapnaa Kocbuly yuriH apHaiiel TOR Opaysepi
nanajTaHbUIIbL.

Kazipri ke3zie Terid xoHe aKbUIbI Tapcep KenTen ke3necei. Jlerenmen oxaii mapcep-
Jiep HaKTHI Oip TarnceipMara Herizaenmeret. [lapcep/in 1eCKTONTHIK KoHe OWITTHIK TYpIiepi
Ke3iremul.

AWBIPMAIIBUTBIFB] OIPIHILIICIH JKYMBIC KOMIIBIOTEpiHE OPHATY apKbUIbI, SKIHIIICIHJe
CIITeHE OPHATYIBIH Ka)XeTi JKOK, TeK HOTHXKECi JMaiiblH OOJIFaH Ke37Ie KYKTEI allybIHJIA.
CoHJIIBIKTaH ©31HJIIK TalchlpMara OalIaHBICTBl MAPCEPITIK AITOPUTM Ka3y ©3€KTi OOJIBII
TaObUIAAbl. ATaJIMBIII alTOPUTM KXKETT1 JepeKTeplli )KUHayFa JKOHe OHJeyre MYyMKIiHIIIK
Oepeni.

Oneduerrepre moJy. Makanaza [4] Python Garmapnamanay TidiH/e )KYMBIC )KaCaUThIH
Kazipri Tanaay Kypangapsl, Beautiful Soup kiranxanacel, Scrapy gpeiiMBopki xoHe Seleni-
um TECTiH aBTOMAaTTaHABIpyFa apHaJiFaH KypaJiJap >KUBIHTBIFBI Typalbl akmapar OepijreH.
Coran Koca BeO-Tanaay npoueciH TonbslkKan sl kepcetetin UML auarpammanapsl, atan
alTKaH/a FAJIaMTOP JKEJTICIHeH MOTIHJII 13/Iey MeH mibiFapy moeni Activity xone Use-case
Juarpamanapsl TYpiHIe KOPCETUIreH.

By Makanana [5] MHTEpHETTEH IEPEKTEP/Ii ATy IbIH Ka3ipri skali-KyHiHe dKoHE OHBIH OChI
TEXHOJIOTUsIIAP bl MPAKTUKAIBIK KOJITaHyMeH OaiTaHbIChIHA KBICKALIA IOy YKacabIHFaH.
Byn [6] makanaga Tek BeO-CaWTTBIH BU3yalljibl KOPiHICIHE HEri3/ieireH BeO-0eTrepi Ta-
3apTy TOCUIl YCHIHBUIAABL. MyHAa KY)KaTTbIH OpHAJIACYBIH Tayjay >XoHE TaHOamapsl
ontukaiblk TaHy (OCR) cayachiHIaFbl KOJIJIAHBICTAFbl TOCULACP €CKepiiieal. AKnapaTThl
aly TeXHUKAchlHA, SFHU BeO-TIapakTapbl TalfayFa, BeO-mapakTapIsl TalaayablH dpTypii
oJlicTepiHe XKOHE BeO-IapaKTap bl TalIay YUIIH KOJIaHbUIATBIH KeHOIp COHFbI Kypaliaapra
IOy JKacayFa OarbITTasFaH.

Byn makaiaja [7] aBTopiiap akmaparThiK KYHEHIH KayilTepi MeH OCaslIbIKTapblH MOHU-
TOPHHT XYPri3y MakcaTbIHJIa FalaMTOp KEJICIH/e KOJIBIFAThIH aKapaTTapbl )KUHAKTAI,
COHBI OHJICY KaxeTTiuniriH kepcerkeH. CoraH Koca Tayijay OariapiamMachbiHbIH OpEKET
AITOPUTMI KENTIpiJireH.

Keneci aBropmap [8] BeOG-popyMaapnaH KypbUIBIMIBIK JACPEKTEpIl ajlyFa apHaJFaH
vigi4dmed Scraper om06e6an ambiK 0acTankbl KOAThl (HpelMBOPKTHI YChIHAABL. By gpeiim-
BOpK KoHGurypauus (aiyiblH naiganaHy apKbUIbL, MaiJalaHyIIBIHBIH Ke3-KeJIreH BeO-
(opyMHaH MIbIFapy YIIIH JCPEKTepAl CpKiH TaHIal ajajbl KOHE ¢ OHAll perTeNe.
AJBIHFaH JIepeKTep aHOHUMII 0okl Tabbuiaasl skoHe Resource Description framework
(RDF) 6aranaapsid KongaHa OTBIPBIN, CEMaHTHKAJIBIK KYPBUIBIM/IA YCHIHBLIA B

Artanmpln Makaianga [9] oneyMeTTiK JKeJisiepAe KeNTipeTiH AepeKTepil Taijayra
HETI3JIeNTeH Ka3ipri Tarnarbl €H ©3€KTi 3aMaHayM aKMaparThIK KyhenepmiH 14 Typine
KbICKalla MIONY >KacalblHbIN, KazakcTaHIarbl jkacTap apachlHAArbl TaHbIMall, HAKTHI
YaKbITTaFbl KiIT CO3Jep apKbUIbl ACPEKTEp JKHMHAyFa MYMKIHIIK OepeTiH StreamingAPI
KypaJibl 0ap BKOHTaKTe jKeJici TaHIaJIbII aJbIHFaH.
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Mynpaa [10] >xorapblaarbl aBTOpJap CEKiNAl BeO-MapakTapabl TalgayAblH SpTYpIi
aCIIeKTiIepiHe TOKTaNaabl )KOHE aBTOpJap BeO-MapakTapAbl TaujayFa apHajFraH JpTypii
OarmapiaManap MEH Kypalaapisl KbicKamia cunartaiigsl. CoHmaii-ak BeO-mapakTap/bl
Tajiay MpOIECiH OPTYPII 9JICTEPIH 93ipiiey apKbLIbl TYCIHIIPEl KoHE BeO-mapaKTapbl
TaJ/Iay/IbIH apTHIKIIBUIBIKTAPbl MEH KeMIIIUIIKTEPiHEe TOKTAJIBIIN, OHbI KOJIJAHYyFa OOJIaThIH
OPTYPIIi cajlaJiap/IbIH ErKEH-TErKeiIIi cuarTaMachl KeJTipuie/i.

By xymeicta [11] dark web ¢opymmapbiHbIH Ma3MyHBIH XKHHAyFa apHaJFaH jKaHa
CKaHepliey JKyHeciH YChIHAAbl. ¥ ChIHBUIFAH Kyhere Tokrancak, dark web ¢opymumapeina
KOJI JKETKI3y YIIIH aJlaMHBIH KOJI XKEeTIMIUTIK ToculiH KoynaHaael. URL mMekenxainapbin
YHBIMAACTBIPYABIH OipHelIe MYMKIHAIKTEpi MeH a1icTepi popym xabapiaManapblH THIM/I
HIbIFapyra MYMKIHIIK Oepeni. JKylie cOHbIMEH Karap KEHEHTIUNIreH i3Ziey MEH >KHHAIFaH
Ma3MYH/Ibl JKaHApTYAbl KEHUIIETyre apHalFaH €CKe TYCIpyIi KakcapTy MeXaHU3MiMeH
OIpIKTIPUIreH KOCHIMINA i37iey pOOOTHIH KaMTHUJbL. AJIAMHBIH KOJI KETIMIUTIK TOCUTIHIH
TUIMIUTITH OaFanay YIIiH KYPri3iIreH 3KCIEpUMEHTTEp JKoHe Kepi KaWTaphlll any MeH
JKaKcapTyFa HEri3jielreH OIpTiHAeN >KaHApTy MPOIeAypachkl OH HOTHXKE Oepiai. Anamra
KaTbICTBl Tocinm Darknet dopymumapbiHa Koi KETIMALTIKTI €19yip KakcapTThbl, all €cKe
TYCIpyAl )KaKcapTaThblH KOChIMIIIA CKaHEeP MEP3iM/Ii dKoHE KOChIMIIIA KaHAPTY/IbIH CTaHIapT-
TBI TOCUIAEPIHEH achin TYCTI. JKyleHiH KoMeriMeH kanrbl anranaa ym aiimaktad 100-gexn
actram dark web hopymaapbIH XaTTapbliH KUHAJIIBL.

Byn skymeicra [12] kubepkayincizmik MakcarbiHga Darknet skemiciHeH akmapar
JKMHAyFa KaThICThI MAceJeliep TajaaHa  bl. AKIapaTThl JKUHAY/Ib! )KOHE KYPbUTbIMAaIMaraH
JICPEKTEP/IiH YJIKEH KeJIeMiH Tanjmayasl skeHuiaery yuuiH, Dark Web kbismerTepin
OaKbUIANTBIH JKOHE JKUHAJFaH JAepeKTepAl Oip aHaIMTHKAIBIK KYpbUIBIMFa OipiKTipeTiH
BlackWidow - »oFapbl aBTOMaTTaHABIPBUIFAH MOAYJIBIIK JKyiieciH ycbiHaasl. Black Wid-
OW Kyiieci OypbIHHAH Oap jKoHE TEHILIENETiH MallMHAIBIK OKBITY KYpalaapbiH OipiKTipyre
MYMKiHIiK 6epetin Docker HeriziHaeri MUKpOCEpPBUCTIK apXuTeKTypara cyieneni. Black-
Widow xabapiamasiap/ias aJibIHFaH OapiIbIK aTbIHFaH MAJIIMETTEP MEH THICTI KAThIHACTAPIBI
KayiMci3miKTi Tanaaylibl naiananymbuiapra i3/1ey )koHe HHTEPaKTUBTI BU3yallIbl 3epTTey
YILITH KOJI )KeTIMJIi YJIKeH rpaduK peTiHie YChIHABI.

Bbyn makanama [13] Quora caiiteiHan nepekrep skuHay yuriH Python API Quoris-
Ti yceiHanbl. Atanmbiml APl ambik  Oacrankel web-aBTOMATTaHIBIPYIBIH KpOCC-
mnargopmanblk oprackl Selenium-re HerizgenreH. byn APl caiitka apnaiitet HTTPS
cypayJapblH )acay apKblIbl )KOHE OJ[aH KeJITeH jKayanTap/abl Talaay apKblIbl )KYMBIC JKa-
campl.

By makanana [ 14] KuOepKbUIMBICTBI aHBIKTAY JKoHE OaKbllIay MaKcaThlH/1a HHTEPHETTET1
OpTYPIIi KO31epCH, COHBIH ilIiHe XaKepilik popyMaapiaH AepeKTepl )KuHay 9JicTepi MeH
TEXHOJIOTUSUIAphI CUIIAaTTaNFaH. Makamnaia MOTIHAIK IepeKTep/i Talay KoHe aybITKYIap bl
aHBIKTAy 9JIICTEPl KapacThIPbLIaIbl, COHBIMEH KaTap MPaKTHKAJbIK KOJJIaHy MBICAIAAPhI
KeJTipiIreH.

WnTepHeT-pecypcrapaan nepeKTepai sKuHayblH Tarsl 6ip Tocini - API (application
programming interface) maitnanany. API-0yn nepexrepai any ymiiH BeO-cailTrieH He-
Mece BeO-KbI3METIIEH 03apa 9peKeTTecyre MyMKIH/IIK OepeTiH OaraapiaMaliblk HHTEp-
¢elictep XUBIHTBIFBI. Makanaaa [15] aBTopiap BeO-CKpEIHMHT MEH JAEPEKTEpAl KUHAY
ywia APl KongaHyablH apTHIKIIBUIBIKTaphl MEH KeMIIiTIKTEepiH caiblcThipaabl. Omap
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JIEPEeKTep/Ii JKUHAY KYHBI, Callachl )KOHE KbULAAMIIBIFBI CUSKTBI dPTYPJI acleKTiepi
TaJIKbLIAUIBI.

WuTepHeT-pecypcTapiaan  OepeKTepli JKUHAYAbIH Tarbl Oip ToCUIi-MallnHAIBIK
OKBITYZBI KOJaHy. [16] Makanaia aBTOpjap MAaIIMHAJIBIK OKBITYFa HETI3JeNIreH BeO-
OeTTep/icH JEpeKTep/l KMHAy HIeHOepiH o3ipieymi cumartaiael. Omap BeO-OeTTepiiH
KYPBUIBIMBIH aHBIKTAy oHE OerTeri Oenrini Oip »IeMEHTTEpIAeH AepeKTepii amy YIIiH
MAIIMHAJIBIK OKBITY aJITOPUTMAEPIH MaijanaHabl.

Marepuanaap MeH aaictep. TakbIpBINTHIK HHTEPHET-pECYpCTapAaH ACPEKTEpIl amy
AJITOPUTMIH d3ipJiey YIIiH KeJieci KaJamMIap bl OpbIHIAY KaXeT:

1. ANrOpuUTMHIH MaKcaTbl MEH MIHJCTTEPiH aHBIKTaHbI3. MpIcalibl, erep Makcar
TaKBIPBINTHIK CAlTTap/aH MiKipJiep XuHay 0o0Jica, OHJIA TallChipMasap KeJiecifiel 0oyl
MYMKIiH:

* Jlepektepi *KHHAyFa apHaJIFaH TAKbIPBINTHIK CAUTTAP/IbIH Ti3IMiH aHBIKTAY;

e CaiiTTarsl MiKipJaepai TaHJlay KpUTEPHATIepiH aHbIKTay (MbICAJIbI, KYHI, alAapbl, KUIT
ce3epi OoibIHIIA);

* CaiiTrapJas JepekTepal any djicid anbikray (Mbicanbl, HTML mapakrapbid Tanay,
API naiinanany, RSS apranapsin xxykrey)

2. Jlepekrep Ke3aepiHIH MYMKIHAIKTEpPI MEH IMIEKTEYIepiH 3epTTeHi3. Mpicasbl,
Oapnbik caiitrap amblk APl Hemece RSS apnanapwin ycbiHOalabl, KeiOip calTTap ThIM
KU1 cypaHbIcTapAbl OyFartail anansl (Mpicansl, [P-MekeH-kaiiFa THIBIM cajly), COHBIMEH
KaTap KeiOip caiiTTap AepeKkTepai aBToMarThl TypAe kuHaygan Kopray ymin CAPTCHA
KOATapbIH KOJIAaHa ajlaJibl.

3. Fanmamrop sxemicinmeri xakepiyik QopyMmaapaaH AEpeKTepli KHHAY aJTOPUTMiH
JKacaHbI3. MbIcalibl, airTOPUTM Kelleci KaJamaapaaH TYpybl MyMKiH:

* ApHaiibl aHOHUM/JIIKTI KAMTaMachl3 €TETiH OarapiamMa apKbLIbl )KYMBIC Kacay;

* Xaxkepuik hopymaap Ti3iMiH xkacay;

* DopyM calTTapbIH 3€pTey;

* Tizimzeri opOip popyMHAH TaKbIpbINTAp CLITEMEEPiH amy;

¢ Bepinren kputepwuiiiep OolbIHIIA TiKipaepai ipiKkTey;

e [Tikipiep MOTiHIH koHE OacKa Jla KaXKeTTi JIePeKTep/l IIbIFapy;

* AJIBIHFaH JICPEKTEP/Ii KAXKETTI JopMaTTa caKray.

AnropuTMIi TEKCEPiHi3 koHe Ty3eTiHi3. O YIIIiH OHBI 9PTYPJIi TAKBIPBINITHIK CATTap/Ia
CBIHAI, OHBIH THIMJILIITT MEH JOJIIIrH Oaraiay KaKer.

ANTOPUTMIII KYMBIC KYHiHJE YCTaHbI3. MpIcalbl, erep AepeKTeplli *KUHAy IapTTa-
pst @3repce (mbicansl, HTML naparblHBIH KYPBUIBIMBI ©3repce), OHAa aIrOpUTMIe THICTi
e3repicrep eHrizy kaxer. CoHpaii-ak, caiiTrapra CypaHbICTap OCJTIJICHTEH IIEKTeyJep-
JIeH acralThIHbIHA XKoHE |P-MexeH-xKaibIH OyFaTTamyblHa OKEJIMEHTIHIHE KO3 KETKi3y
KEpeK.

TakpIpBINTHIK HHTEPHET pecypcTap peTiHAe 0i3 XakKepiiK jKoHe KapAepilik MHTepHET
¢dopymuapasl anapik. EH angsiMen napkHeT ¢opymaapeiHa kipy ymin TOR Opaysepin
naiinananabik. TOR Opay3epi oHslaliH aHOHUMJIIKTI KaMTaMachl3 eTill KaHa Koimaii, Opay-
3epre KOChUIATBIH KYpbUIFbLIapAblH [P-MexeHkaillapel MEH pecypcTapblH CaKTaMaibl
[17]. ConmpikTan ockl Opay3epai maidigananibik. Ockl Opay3ep mnaiiianaHy apKbUibl 013
03iMi311i KnubepmalybU1iaH KOpFaybIMbI3 MYMKIiH.
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Cypem I — TOR Opay3zepinze Xss.iS pOpyMBIHBIH 0acThl MTapaKIIaChI

Fanamrop Oetin ama KancaHpI3, Henle Typii gopyMaapra Tam Oonacei3. bisre keperi
XaKepIiK XoHe Kapuepiik ¢popymaap. Popymuapsly imriHeH Kazipri Ke3aeri eH TaHbIMall
JieTeH OipHeIIeyiH TaHIam albIK:

* Probiv.one

* XSs.18

* KOROVKA.CC

* Exploit.in

* crdclub.su

Atanmpl popyMIapAbH TaHAAyAbIH OacThl ceb6ebi OapibIFbl AEPIIiK TEriH UHTEPHET
¢dbopymaap koHe imIKi KypbUIbIMAApH! Oip-Oipine ykcac. @opym caiittapel CMS naiibin
JBIDKOKTAphl apKbUIBI JKacaslblHFaH. MyHIal YKCacThIK Oi3re mapcep alropuTMiH jKazyaa
KEHLUIIIK Oeperti.

Probiv.one - byn ¢popymubIH 6acka popyMaapaaH epeKIesiri — TONbIFBIMEH MOIIMETTI
anpin Oepyre OarbITTanFaH. SIFHM Oenrini Oip comara cisre Oenrimi Oip azam Typajbl
aKnaparThl TOJIBIKTal Oijie anacei3. XKeke MoniMeTTep, TOIKYKAT JepeKTepi ®KoHE HECHE Ta-
pHUXbIHA AeHiH anmyra Oonaasl. MyHpa ci3 OipaeH “Tabbic cynbanapsl” caynachklH Taba ana-
chI3: afaM (opyM caliThl OKIMIIUIIriHE FaramMTop *kemdicinae Hemece oduaiin pexxuminge
TabbIc Taly HYCKAyNBbIFbl 0ap KY)KaTTbl YCBIHAJBI, MaTepHAIABl OKIMIIUIIK TEKCEepreHHEH
KeHiH, on (opyMHBIH Oenrimi Oip TapMarblHIa >KapHsUIaHAAbl J)KOHE TalalaHyllblIapra
carpianel. MyHpaii “Tadbic cynbanapsl” yiniH OaraHbIH Tapaybl - 09pi bBIKTHMAI Haigara
OaiiaHpICTBI, SFHU OipHEIle MbIHHAH OipHelle MWJUIMOHFA JeiiH Oapansl. Tarbl na
0ip apreikmbeLIbFbl Exploit, WWH sxone Verified ceinapl popymaapna asropaap TMJL
eJJiepiHie JKYMBIC KacarbIChl KeJIMEUTIHIH aiiTca, Probiv-te kepecinme TM/I ennepinne
YKYMBIC JKaCalThIH KnOepasasKrap apachlHa TaHbIMAIl.

Exploitin - Bymn ¢opym HeriziHeH XakepiiK TakblpbliTapFa apHairaH. Araj-
MBIl (hOPYMFa TipKedy TeriH, JereHMeH (hopymFa HOCTYN aily YLIiH, KOJJaHYIIbl CalT
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oKIMIIIITiHE Oacka Jna (opymMmIapliarbl aKKayHTTapblHA CiiTeMe Oepyre Typa Keleii.
AxxkayHT Oenriii Oip Oejienre e *oHe TIpKEIreHiHe KeM JiereH/ e Oip ®bUIAaH acybl Ke-
pex. Onaii 6onmaca, SKIMILITIK KOJNJaHylIbFa GopyMra 1ocTyn OepynaeH Oac TapTabl.
Exploit.in TM/] enaepiHiH JapKHETiHJIE FaHA TaHbIMAJI eMeC, OaThIC CJIJICPIHECH JIe Xa-
KepJiep Kajaralyiarn oTbipajibl. Dopymia OThIpaThiH HETi3TI1 KOHTUHTCHT, 63 KbI3METTEPiH
YCBIHATBIH Kaplepiep, cailT KypynaH OacTar, OOTHET KbI3METiHE JIeHiH YCHIHBIC TacTay-
1IbLIap OOJIBIN TaObLIA b,

KOROVKA.CC - by ¢popymra TipkeyaiH exi skonbl 6ap. bipinmrici light canatsl, MyHaa
TipKedy TeriH, Oipak ci3miH GopymIarbl MYMKIHIIKTEpiHi3 mekreyni Oonansl. Exinrmici
member caHaTbl, MyHJa popyMFa TipKeTy akKbLIbl, OYJI Ke3/ie ci3ne GOpyMHBIH Ke3-KelreH
OeJliMiHe pyKcaT eTiiemi. ATalnMbIll caHaTKa TEK KYHBIH TOJelN KaHa TipKesle alMaichI3,
cofraH Koca (popyMmFa eKi ©3eKT1 TaKbIPBINITa MaKajia ka3yra Typa kenesi. Makanaja ci3 aB-
TOp OOJTYBIHBI3 KEPEK, CKPUHJICPMEH 9CEPIJICHI'eH OO0JIYBI IAPT, JKoHE Jie 0acka Gpopymaapaa
KapusuiapOaran 0onmybl KakeT. Erep makana xemripMme, KaidTa a3y OONFaHbl aHBIKTajca
ci3ai emip OOHBI THIHBIM CaNBIHFAH Ti3iMIe KOCYbl MyYMKiH. Member caHaThIHBIH 031 YIIKe
Oeuineni: member, old member, premium member. Op caHaTTBIH O31HAIK epeKUIeTiKTepi
Oap. JKanmel popymIa aknapaTThiK Kayilci3Iik TaKbIPIObIHAA POPYM KaThICYIIAIBIPBIHBIH
JKa3zFaH MaKasajgapblHa, SpTYpIi OarbITTarbl KbI3METTEp TYpJiepiHe Ko keTKizeci3. Dopym-
Jla TeK oH Oeeni Oap ajgamap raHa KaThica ajajbl.

xss.is (DaMaGeLaB.IN) - AfrpulmblH TiTiHAETT JapKHET Xakapiik (opyMaapbIHBIH
apaceiaaa xss.is (0ypeiaFel DaMaGeLaB.IN) Tanbivan G6ounbin Tadbutagsl. MyHaa gopym
KOJIJITaHYIIbLIAPhI aKIMAPATTHIK KAyIICi3/IIKKe KaTICThI, XaKWHT, KOJIMHI, MaJIBapH JKoHE T.0.
TaKBIPBINTAP/bl 3€PTTEY KOHE TAIKbUIAYMEH alHaibIcabl. ATanMbIll (GopyMFa TipKemy
teriH. Tex ¢popymra Kipy YIIiH alngsIMeH aBTOpu3aus skacay mapt. Coran Koca popyMIaars
TaKBIPBINITAp 9p TYpJi OeniMaepre OOmiHiN Typabl.

crdclub.su - Byn kapaepiiep TakbIpblObIHA apHajdfaH ¢H KeHe (opymuapibiH Oipi.
Tipkeny Terin, OapiblKk Oeximaepre Ko keTiMai. Dopymaarsl MakanazapIsl OKy YLIiH,
cisre MIHZETTI TypJe aBTOpH3allusl *kacayra Typa kejieni. DopyMHbiH Oacka dopymaap-
nan epekmeniri Exploit.in cekinni exi yikeH Oejikke Oenyre 0omajbl: OpbIC TUIAL KOHE
aFbUTIIBIH TUI. ATanaMblnl GopymIa TeK KapIUHTKe FaHa eMeC, COHbIMEH Karap CKamFa
(anmasiKTBIKKa), XaKepIiKKe KOHE OJIEyMETTiK MH)KEHEepHsl 9JIiCTepiHe apHajFaH >Ky3AereH
Makajanap oap.

[MapcuHr xy#eci xanmsl I HeTi3ri 0emikTeH Typaisl. Web-uHTepdeiic, mapCuHT MOy
JKOHE OKCIOPT MOIYNiHEH Typajabl. ATajMblll OeikTepAiH Oip-OipiMeH apakaTbIHACHI
2-CcyperTe KeCKiHJeTeH.

[Mapcunr anropurmi Python tini BeautifulSoup4 + Requests kiTanxaizapsiHia xa3bli-
nel. Kanmer 613114 apcep atanMeli GopyMmaapra cypayiap xioepim, COHbIH HOTHKECIH/Ie
KeJIreH jkayanTap OOHBIHIIIA KYMBIC jKkacaiiabl. Mbicansl peTinae xss.is Darknet ¢popymsbt
anbiHAbl. DOPYMHBIH CHUIIATTAMAaChl JKOFapblia KOpCeTiareH. AJIBIMEH CaliTKa aBTopr3a-
sl KaKeT OOJFaHAbIKTaH, popyMFa TipKeNreH JOTHH JKOHE Mapojibai ka3bll, Gopymra
noctyn anambi3. OnaH KeliH, Heris3ri OeTTeri TakplpblnTapra cypaynap xidepineai. by
cypayra kenreH skayanthl global topics.csv daiinibia xuHalimbi3. ColikeciHie Keneci
opekeTTep A€ ochUIail jkacaiblHaAbl. SIFHU, cypay xiOepimim, cofaH KelreH j>KayamnTbl
JKa3y apKbLIbL.
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Cypem 2 — [1apcuHT KyMBIC ’Kacay CyJ10achl

BeautifulSoup4 — HTML xone XML daiinnapbiHan 1epekTepai WblFapyFa apHalIFaH
Python kitanxanacel. byn kitanxana HTML nemece XML ananu3aTopbIHBIH YCTiHJE,
Tanjay arallblH HTEpalysiay, i31ey skoHe e3repTy yuIid Pythonic unnomanapbein ycelHa B
[18]

Requests — Python Oarpmapnamanay tinmine apnanran HTTP kitanmxanacel Oombim
tabbiaabl. by xitanxana Herizinen HTTP cypaynapein KapanaifbIM skoHE KOJIaHYLIBIFa
TYCIHIKTI TypAe bIHFaiinacTeipassl. [19]

Cypem 3 — xss.is BeO-hopymeraeiH HTML Getiniy y3iHmici
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®dopymra aBTOpH3alUsl JKAacalbIHFaH COH, |-CypeTTe KOpCETUIreH ajfallkbl OeTke
etemi3. Ocbl OeTTeri 6acThl TakbIpbinTapabiH (3kahan bk TakeipeinTap) URL Mekenxkaitnia-
pbiH 4-cyperte kopcetinren collect global topics() dyHKumsicel apkbuibl xuHam, global
topics.txt ¢aiiabiHa xKa3zambl3.

Cypem 4 — bactbl 6erten xahansik TakpipeinTapasiy URL mexenskaiibia global topics.txt
(aiinra KUHAUTHIH QyHKIHAS

Keneci opeker Oizne >KWHANBIHFAH OacThl TaKBIPBIITAp HETI3iHIE, OpPKaWCHICHIHBIH
URL wmexenxainapbiHa Kipim, itterate topics() (GYHKUOMSCHI apKbUIbl OapiblK —1MIKi
takplpeinTapasiH URL mekemxkaiinapoin all topics.txt daiinbsiHa *UHAN anaMbl3. itterate
topics() GYHKIHUACH S-CypeTTe KOPCEeTUITeH.

Cypem 5 — Iiki TakpIpeIITap 6! ams, all _topics.txt daiinra
KUHAUTBIH (QYHKITHS

XabapramaHbl KUHAYJIBIH COHFBI 9pekeTi perinae all topics.txt ¢aiinbiHa KuHaTFaH
URL wmexemkaiimapapH OapibIFbIHA JKEKe-)KeKe Kipe OTBIPHII, OApIbIK Xabapiamaiap/sl
get comments from thread() ¢yHkmmsacer apkpiisl, all comments.csv daiinpiHa Ka3bIT
ajambI3. ATanMbII QYHKIHS 6-CypeTTe KeNTipijreH.



66

Becmnux Hayuonanvhoti unsceneprou akademuu Pecnyonruxu Kazaxcman. 2023. Ne 2 (88)

Cypem 6 — Ik TaKBIPBIITAP/IB! AlIBI, OapiIbIK Xabapnamanapas! all comments.csv

(aiieIHA JKUHAUTEIH QYHKIAS

Hotmxkecinae ockl mapcuHT anropuTtmi ke3-kenreH Darknet ¢opymaapeinan xabapia-
MaJjap )KHHayFa MYMKiHIIK Oeperti.

Xaxepiep jkoHe KapJepiep GopyMbIHaH XxabapiaMaliap aryra apHaJFaH CEMaHTHKAIIBIK
Oenrinepain Tizimi 2 epicteH Typanpl. Onap: message info (xabapmamanap aepexrepi)
xkoHe user info (malimamanHymiel jaepekTepi). Xabaprama JepeKkTepiHe: message text,
message date, thread name, anm maiimamanymisl gepekrepine: username link, username,
user _title, user join date, user msg number, user reputation, user reactions »aTajbl.
CeMaHTHKaNIBIK Oenrijep Ti3iMiHIH CHITaTTamachl 1-KecTee KOpCeTUIreH.

Kecme I — CemanTHKaNbIK Oenrinepaiy TiziMi

Ne Benrinep Cunarramacsl

1 message text dopymaa xa3blIFaH XxadbapiaaMa/mikip

2 message date dopymaarel xabapiaaMaHbIH/TIKIPIiH jKa3bUTFaH YaKbIThI

3 thread name DopyMIaFsl iITKi TAKBIPBIITHIH aThI

4 username_link [MafimananymeHEH GOpyMIaFsl )keke KaOWHETiHe cilTeMe

5 username [TaiiananyIbIHBIH aThl

6 user _title [MaiinananymbIHBIH HUKHEHMI

7 user_join date [MaiinananymbiHbIH (GOPYyMFa TIPKEY YaKbIThI

8 user_msg_number [MafimananymbsHbH GopyMaarsl Xabapiamanap CaHbl

9 user_reputation [MatinananymsiHbH GopyMaarsl 0acka 1a naiganaHynIbuIapMeH
CaJBICTBIPFaHIAFBI Oemeni

10 user_reactions [TafimanaHyIGIHBIH hopymmarst xabapramara Oacka
naiiaranymsDIapAbH OUTIIpreH peakuusiap CaHbl
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Hoarukenep. Python tininig BeautifulSoup4 sxoHe Requests kiTanxaHajgapblH naiina-
JIaHBII TAPCUHT aJITOPUTMI sKa3buiasl. HoTmkecinae dopymaapaan 1500000 - xybIk xabap-
Jamanap XUHaIABL. Op GOPYMHBIH KOPCETKIMTepl 2-KecTene KOpCeTIIre .

Kecme 2 — ®opymaapnan sxuHaJIFaH XxadapiaManap/bH

KepceTkimrepi
Ne ®dopym athbl Cinremeci global_topics all_topics message number
1 | Probiv Probiv.one 82 50538 624983
2 | XSS XS8S.18 47 58170 758211
3 | KOROVKA | korovka.cc 32 4890 31111
4 | crdclub.su crdclub.su 19 15308 54129
5 | DkerutoiT Exploit.in 8 727 5159

ATBIHFaH HOTIDKEJIEP KOMETIMEH aTaJIMBIIT (GOopyMIapaaH aKmapaTrThIK Kayilmci3miKTiH
Karepyiepi MEH OCAIIBIKTAphIH aHBIKTayFa MYMKIiHAIK Oepemi. BeautifulSoup4 xome
Requests kiTamxaHamapbl KOMETIMEH Ke3-KEJIIT€H WHTEPHET (POPYMBIHAH CTAaTHUKAJIBIK
MOJIIMETTED JKUHAyFa Oepe/i.

Taakpuiay. Famamrop 6eTTepinmeri calTTapaan IepeKTep alyablH €Ki ofici 0ap, cat
oetinig HTML kogsiHaH mepekTep/ai mbirapy skoHe ca Tty API matinamany. Ocel omicTepai

CaJTBICTBIPHITT KapanbIK.

Kecme 3 — TlapcuHr oficTepiH CalbICTBIPY

MMapcep oamici / HTML xox apKpIis! API apKpisI
KpUTEpUii
APTHIKIIBUTBIKTAPBI Oy omic ere KapamaiibiM >koHe | HTML kom apkpuiel jgepekrtep
OpKallaH XYMBIC iCTeHIi, OUTKEHI | alyFa KaparaHAa IKbUIIAMBIPAK
caiit Oetinig html xoxer opkaman | xoHe html 0eT KypBUIBIMBIHBIH
naigananymbFa Kol KeTiMIi e3repyiHe 0ailyIaHbICTHI eMeC
Kemmrimikrepi Oyn omic OipHemie CeKyHHI Y3ak | Oapiblk caifrTapma amsik API xoxk,

YaKBIT )KYMBIC iCTeH I

acipece MapKHET CaUTTaphl OOJBITI
CaHaJIaThIH XaKepiik ¢popymuapua.

Jepexrep aily yaxbITbl
(tex 1 Gerri)

5-6 cexyH[

0,3-0,4 cexynn

HTML xon apxbuibl gepexrep any yuris python Tininae BeautifulSoup4 xone Scrapy
KiTanxaHajapblH naiigananyra 0Oonaasl. bi3 ockl sxkymbicTa BS4 KonganabIk.

KopbiTbinabl. Tyracrail anranja, TaKbIPBINTHIK HHTEPHET-PECYpCTapAaH aepeKTepi
aly aJrOPUTMIH Kacay ©Te Kyplesi MiHAeT O0Mybl MYMKIH, OJ MYKHUST >KOCIapiay/bl
JKOHE KOINTereH KaJamJIapAbl OpbIHIAAyAbl KaxeT ererdi. JlereHMeH, Aypbic 93ipieHreH
JKOHE TY3ETUITeH aJITOPUTM dPTYPIIi KO3AepACH ACPEKTEPAl *KUHAY IPOLECiH alTapIbIKTal
JKSHIJIIETE 1 )KOHEe aBTOMATTaHIbIPaIbI.
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AnropuTmai 93ipiey Ke3iHAe JEepPeKTep KO3IEpiHIH OpTYpJi IIeKTeyJiepl MeH
MYMKIHJIKTEpiH eCKepy, COHJIali-aK »K0OaHbIH MaKCaTTapbl MEH MIHJETTEpiHE OalIaHbICThI
JICpEKTEeP/Il )KUHAY/IbIH €H THIM/II 9JIICTEPIH TaHJIay KaXKeT.

CoHbIMEH Karap, alrOpUTMJl d3ipiiey JepeKTep/i KUHAy KOHE Tajsay »KOOAaChIHBIH
Ke3eHepiHiH 0ipi FaHA eKeHIH TYCiHYy MaHBI3IBI KOHE COTTI JaMbIFaHHAH KCHiH allbIHFaH
JEPEKTEPIl OHAECY JKOHE Tajiay OOMBIHIIA )KYMBICTBI KaJIFaCThIPY KaXkKET.

KopsiTa Kenrene TakbIpbINTHIK HHTEPHET-PecypeTapiaH AepekTepi any yuuiH Python
timiageri BeautifulSoup4 sxone Requests kitamxaHamapbl apKbUIBI 93ipJCHTEH aJTOPUTM
CUTATTANBL. 3epTTey Oec TYypili XakepiiK XoHe KapAepiik (opyMIaapblH AepeKTepi
3epTTel, KUHAABI )KOHE OChl ACPEKTEPICH ajbIHFAH >KaJIIbl aKlapaT IeH CEMAaHTHKAJIbIK
MYMKIHIIKTepi KaMTUTBIH Kectesepai ycbiHapl. COHBIMEH Karap, 0acka Ja akmaparThl
371ey alNropuTMAEpi TaJKbUIAHBIM, AJJBIHFBI ABTOPIAPIbIH JKYMBICHIHA IIOJY >Kacasfbl.
Bonamakra anslHFaH AepeKTepre ce3iMIiK Tanaay KYprizy KoHe KJIaCCUKAJIbIK MalllMHAIBIK
OKBITY 9/1iCTepiH KOJIaHa OTHIPHII, aKIapaTTHIK KayiNci3AiK KaTepiiepi MeH OCalAbIKTapbIH
aHBIKTAy MOJICTIH Kypy KOCHapiaHy/a.
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PABPABOTKA AJI'OPUTMA ITOJYUYEHUSA JAHHBIX
C TEMATUYECKUX UHTEPHET-PECYPCOB

C Oypnvim pazeumuem Hnmepnema nonv3oeament akmueHo 0esmces CGOUMU JUYHbIMU OAHHIMU U
opyeou ungopmayuei 60 MHO2UX coyuanvhuix cemsax. MUnpopmayus ¢ Hnmepueme oondicna oOvims npo-
AHATUBUPOBAHA, YMOObL YOEOUMbC s, YUMo OHA HAOENCHA U He NPedcmasisem yepo3vl Os 00U ecmeeHHO-
cmu. Hcxoos uz 9mo2o, 603HuKaem Heobxooumocms coopa, MOHUMOpUN2a u ananusa dmoil uHgopmayuu.
Chop dannvix — COJACHASL 3a0a4a, 3A8UCAUASL OM CIPYKMYPbL Kadicooll 6eb-cmpanuybl. Tax kax ne ece
pecypcul no3gonsA0m cooupams UHGOpMayuio, nPUXoOUMcs UCNOIb3068AMb MHOICECTEO MEMOO08.

B npeonazaemori cmamve noxazamnsl a¢pgpexmugnuvie cnocodbl UCNOTb308AHUS CUHINAKCUYECKO20 AHAIU3A
ona nonyuenus ungopmayuu. OOvACHAEMCS MEMOO CEMAHMUYECKO20 AHAU3A (NAPCUH2A) COOEPHCUMOO BeD-
CMPAaHUY ¢ NOMOUWbIO NPOSPAMMBL, HANUCAHHOU Ha si3bike Python na ocnose bubiuomexu BeatifulSoup. Kpome
mMo20, OCHOBHOE BHUMAHUE YOelaemcs. Mmemooam coopa ungopmayuu yepes opyeue API, ¢ ucnonvzosanuem
UHCIMPYMEHMO8 07151 IMYTAYUU NOBEOCHUs NOTb308amens 6 bpaysepe. Ilpedcmagien ancopumm u3enedeHus, ut-
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opmayuu u3z memamuyeckux UHMepHem-pecypcos ¢ UCnomb3oeanuem oubnuomexu BeatifulSoup + Requests.
B pezynvmame 6vina nonyuena uHgopmayus ¢ aneio- u pyccKosA3bI4HbIX XaKepCKUX U KapOUH208bIX POPYMO8.
Knrouesvie cnosa: beautifulsoup, requests, paboma ¢ dannvimu, napcune, python, xaxepckue gopymol
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DEVELOPMENT OF AN ALGORITHM FOR OBTAINING DATA
FROM THEMATIC INTERNET RESOURCES

With the rapid development of the Internet, users are actively sharing their personal data and other
information on many social networks. Information on the Internet should be analyzed to make sure that it
is reliable and does not pose a threat to the public. Based on this, there is a need to collect, monitor and
analyze this information. Data collection is a complex task, depending on the structure of each web page.
Since not all resources allow you to collect information, you have to use many methods.

The proposed article shows effective ways of using syntactic analysis to obtain information. The
method of semantic analysis (parsing) of the contents of web pages is explained using a program written
in Python based on the BeatifulSoup library. In addition, the focus is on methods of collecting information
through other APIs, using tools to emulate user behavior in the browser. An algorithm for extracting
information from thematic Internet resources using the BeatifulSoup + Requests library is presented. As a
result, information was obtained from English- and Russian-speaking hacker and carding forums.

Key words: beautifulsoup, requests, working with data, parsing, python, hacker forums
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HEJUHEWHASI OBPATHAS 3ATAYA HAXOXKJIEHU S
TEINVMIO®U3NYECKUX XAPAKTEPUCTHUK

B oannoii pabome pazpabomar memoo onpedeneHust HeUHEUHRbIX Meni1oNPO8OOHbIX XAPAKMEPUCTIUK
epynma. bvinu cozdanst 08yxciolinbie KOMNIEKCbl KOHMeUHepos, DOKOBbIe 2PANU KOMOPbIX MeNI0U30IUPO-
8aHbl, NOIMOMY UCNOJIb3YEMCs ypasHeHie menionpogoonocmu 1D. Jamuux memnepamypsi nomeujaemcs
Ha cmblKe 08YX Cped U 6 KaxcOOU o0nacmu peuaemcs cMmeuwantas kpaeeas 3zaoava. /[na moeo umoowt
obecneyums 3a0auy ¢ 06PAMHBIM KO3IPDUYUESHMOM UCXOOHBIMU OAHHBIMU, UCTONb3VIOMCL 084 0AMYUKA
memnepantypbl. 00un 0amyux Obll pasmeujer Ha OMKPLIMOU 2panuye KonmeunHepa u pecucmpuposal
memnepantypy nousbl Ha Mot epanuye, a 6mopou 0amyux Ovil pasmeujer Ha HebOTbLUIOM PACCIMOAHUU
Om 2panuybl, KOMOPLIIL pecUCmpuposan memnepamypy 6030yxa. Msmepenus npogoounucs 8 unmepeaaie
epemenu (0,4t, ). Chauana navarpho-Kpaesasn 3a0aua menionposoOHOCHIU ¢ HeUHEHbIMU KOIpPuyu-
eHmamu ucciedyemcs Memooom KoHeunvix pasiocmeii. [locmpoenst 08a muna pasHoCmuuvIx cxem: 1uHed-
pusosannbvle u HenuneliHvle. Jluneapuzoeannas pasHOCMHAA CXeMAd Peanu3yemcs YUCLeHHO CKALAPHbIM
memodom Tomaca, a neruneiinas pasnocmuas 3aoaua peuiaemcsi memooom Heiomona. B kavecmse na-
uanbHo20 npubaudicenus memooa Hotomona 0vino 63amo peutenue NuHeapu308aHHOl pasHOCMHOL 3a0a-
yy. Ymodel natimu mennoghuzuyeckue napamempyvl, COOMEEmcmayiowutl YHKYUOHaN MUHUMUSUPYEMCS
C UCNONb306aHUEM MemoOa epaduenmnozo cnycka. Kpome mozo, 6ce mennogusuieckue xapakmepucmu-
Ku (8 k0aphuyuenmos) 6vLiu Halldenwvl 051 AGYXCAOUNH020 KOHMEUHEPA C NECKOM U YePHOZEMOM.

Knrouegvie cnosa: menionpo8ooHocmy, HENUHENIHOCHb, PASHOCNHAA 3A0add, CXOOUMOCHb, 06pan-
Has 3adava, ouggepenyuposanue no napamempy.

Beenenue. Onpenenenue napaMeTpoB CUCTEM TEIUIOBOM 3alllUThI U MOTYyUYEHHE pellle-
HUS 33J]a4¥ TEIUIOBOTO MPOEKTUPOBAHMSI HAIIPSIMYIO CBSI3aHBI C PACUETOM TEIUIOBBIX MOJIEH
B rpyHTe. B cBOIO 0uepens, 3To TpedyeT 3HaHUS TeIIOPU3NUECKUX XaPAKTEPUCTHK ITOYBBI
[1]. OnTuMu3anus ¥ aHaJIW3 TEIUIOBBIX U BIIAXKHOCTHBIX XapaKTEPHUCTUK CTPOUTEIBHBIX
KOMITOHEHTOB SIBJISIETCS Ba)KHBIM MH)KEHEPHBIM HHCTPYMEHTOM [2]. B HacTos11ee BpeMs Te-
OpeTHYeCKHEe MOJEIH AJIsl OTIpeIesIeHHS TeIUIOPU3NUECKUX XapaKTEPHUCTUK HEOAHOPOIHBIX
KOMIIO3UTHBIX cpejl He 00JalaroT J0CTaTOYHOH TOYHOCTHIO. CleqoBaTeilbHO, OCHOBHBIM
HCTOYHHKOM HMH(POPMALUK O TEIIO(U3NIECKHX CBOWCTBAX SIBISETCS MpOBeAeHUE (HU3M-
Yyeckoro skcrepuMenTa [4]. [l TeopeTHuecKoil OCHOBBI METO/Ia HaXOXKACHUS TEIIO(pH-
3MUYECKHX XapaKTePUCTHUK CPelbl UCIOIb3YETCs 3aKOH COXPAHEHUsS! SHEPTUH, CIEACTBUEM
KOTOPOTO SIBIISIETCSI HEMMHEHHOE MU PepeHInanbHOe ypaBHEHHE TEIUIONPOBOHOCTH [ 1, 5,
6, 7]. YcTaHOBIIEHO, YTO XapakTep BIMSHUS TEMIIEPATyphl HA TEIUIOPHU3HYECKHE apame-
TPBI IOYBHI SIBJISIETCS HEMMHEWHBIM [8, 9, 10]. B cBsI3U ¢ 3TMM BO3HUKAET OCTpasi HEOOXOIH-
MOCTB pelIeHUs] 00paTHOH 3a/1a4l HEIMHEHHOTO YpaBHEHHS TETJIONPOBOAHOCTH.

Lenpro nccnenoBaHus sBISACTCS MPOBEIECHHE TEMIOPU3UIECKOTO IKCIEPUMEHTa
U pa3paboTKa METOAMYECKOTO0 00ecledeHusl OnpeaeeHuss TeIoPpU3nIecKux Kodgh-

* E-mail xoppecmonaupytomero apropa: b.rysbaiuly@mail.ru
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(UMLIMEHTOB Ha OCHOBE PEIICHHS HEJIUHEHHOW 0OpaTHOHN 3ajayu TEMIOMPOBOAHOCTH
[5, 11, 12, 13]. ®uszuko-maTreMaTuyeckas MOJEIb U IKCIEPUMEHTAIbHBIC 3HAYCHUS
TeMIreparypsl Ha JAOCTYMHOW I'paHUIE TPyHTa MO3BOJSIOT HAXOJUTh TeIIopu3nye-
CKHE XapaKTePHUCTHUKH B 0OpaTHBIX KOdPPULIHNEHTHBIX 3a1avyax Teronepeaaun [14].
B nanHoM MccieqoBaHMM Ha OCHOBE HEJIMHEHHOIO ypaBHEHHUS TEIJIONPOBOJHOCTH U
9KCMEPUMEHTAIbHBIX JAaHHBIX NPEIJIOKEH METOJ] peuieHus oOpaTHON HeNWHEWHOU
K0d(pHUIMEHTHOH 3aJa4M, B OCHOBE KOTOPOIO JEKHUT MUHUMHU3AIUS KBAJPATHYHOT'O
(GyHKIHOHAA PACXOXKACHUS MEXy YUCICHHBIMHU U SKCIIEPUMEHTAIbHBIMH 3HAYCHU-
MU TeMnepaTrypbl. DyHKIIMOHAT MUHUMHU3UPYETCA METOJIOM TPaJIMEHTHOTO CIIyCKa, a
IUIs1 ompeienieHns KodpuuuenTa neMnGpupoBaHus UCIOIb3YETCSI METO CaMOTO Kpy-
TOTO CIyCKa.
MareMaTu4eckasi MOJeJIb.

Pucynox 1 — [IByXCIOWHBINH KOHTEHHED.

IMocranoBka 3agauu. Ha puc. 1 nmokazan AByXCIOHHBIN KOHTEHHEP, OOKOBBIE TOBEPX-
HOCTH KOTOPOTO TEIUIOM30JIMPOBAHbI, a TOPLEBBIE MOBEPXHOCTH HAXOAATCS B KOHTAKTE C
OKpyXaromei cpenoil (Bosmyxom). IIpuHruMas Bo BHMUMaHHME 3TH OTpaHMYECHHS, BMECTO
TPEXMEPHOTO YpaBHEHMSI TETIIONPOBOTHOCTH MOXKHO PaCCMOTPETH OTHOMEPHOE HECTAINO-
HapHOE yYpaBHEHHUE:!

cWp) 3 =5 (k@) 52), x € (0,9 X (51, t € (04tmay) (1)

e u(X, £) — pacrpesescHUe TeMITEPaTypbl BHYTPH KOHTEHHEPA, X — KOOPIHHATA KOMITICKCa
o ocu Ox, t — TeKylee BpeMs. B HauanbHBIH MOMEHT HAOIIOMCHUS TeMIlepaTypa 000oux
cinoes Tena pasHa: ¢ = 0, u(X, 0) = u (X), X € (0, l). Temneparypa okpysatomen cpesbl Ha
JeBoi TpanuIe obnactu npu X = 0 obo3HauaeTcs uepes u, (), a Ha IPaBoOl TPaHUIIE MPU
X =1 obosnauaercs uepes u, (7).

['paHuYHBIC yCIOBHSI, OMPEICSIISIONINE OCOOCHHOCTH MPOIEcca Ha MOBEPXHOCTH CTCH-
KH, 3a/1a10TCsl CIIEYIONMM 00pas3oM: JieBas | IpaBas TpaHHIbI obnacTy 2= 0,8)x(EN
HAaxOHATCsl B KOHTAKTE C ra30BOM cpefoi (BO3AYXOM), CIEIOBATEIbHO, HA STUX FPAHUIIAX
OHa 1erecoodpa3Ho chopMyTHUpOBaTh TPAaHUYHOE YCIoBUE POOMHA — 3aBUCUMOCTD MEXTY
TETUIOBBIM TIOTOKOM, OOYCIJIOBJICHHBIM TEIUIONPOBOJHOCTHIO OT TBEPOWM CTCHKH, H TEILIO-
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BBIM [IOTOKOM OT T'a30BO#i cpe/ibl. TakuM 00pa3oM, TpaHUYHBIC YCIOBHS Ha JICBOW M MTPABOMH
IpaHMLaX 3aIHChIBAIOTCS CIACAYIOUIMM 00pa3oM:

x =0: kg (U)% = hins(u)(u - uins(t))l 2

x = 1 kp(W) 52 = ~hou(W (= oue (1)), 3)

rne u, (¢), u, (f) — TeMneparypa okpysxatouiei cpensy; i, (1), h, () — xo>puimenTs Te-
mnootaaun; k,(u), k(1) — xod3GUIMEnTH TEMIOMPOBOAHOCTH «1» U «2» cpenbl.

OGBIYHO HA KOHTAKTHOM MOBEPXHOCTH CJI0EB X = & 3a1aeTCs TPAHUYHOE YCIOBHE, OIpe-
JICIISTTOIIEE PABEHCTBO TEMITEPATYP M TETUIOBBIX ITOTOKOB HA CTHIKE MaTEePUANIOB:

Uy (§' ) =u, (G 0), R
K100 25 6 0) = k()22 (5,0, @)

3neck u (X, £) 1 u,(X, £) — TeMIepaTypbl KOHTAKTUPYIOLIUX CIOeB MaTepuana. Ilpu pe-
[ICHUU 33124 C KOHTAKTHBIMU YCIOBHUSIMU BHJIa (4) CKOPOCTH CXOIUMOCTH OTHOPOAHOMN pa3-
HOCTHOMW CXEMbI CTAHOBUTCS OUeHb HU3KOH. [loaTOMy, 4TOOBI M30€kKaTh STON MPOOIEMEI, a
TaKXKe ISl PelieHns: oOpaTHOM 3a/1a4u, B TOUKe X = & MBI pa3MeCTUIIH OT/ENbHBIN TaTUHK,
KOTOPBII U3MepsieT M3MEHEHHE TeMIIepaTyphl MOYBBI B TOUKE CONPUKOCHOBEHHUS IBYX CPE/I.
3a cueT 3TOro MCXOJHas 3ajaya pa3OMBaeTCs Ha JBE 3aJlaudl, T.€. C UCIIOIb30BAHUEM H3-
MEpEHHBIX JIaHHBIX B KaKIOM KOHTEWHepe pelraeTcst cBos oOparHas 3aj1a4a HelTWHEeHHON
TETUIONPOBOAHOCTU. B crienyromem aaropurMe ecTh OlMCaHue OOpaTHOW 3ajavyd TOJIBKO
JUIS JIEBOTO KOHTeHHepa, MOKa3aHHOTo Ha pUCyHKe 1

B nononnenue x u, (¢), u () ©3MePsIOTC HaYaIbHbIC 3HAYEHUS TEMIIEPATYPbI

out

Tins(t)' TE(t): Tout(t)' te [0'4tmax]: (5)

rne I, , T,, T, — M3MEpEHHas TeMIIEpaTypa MaTepHAoB B TOUKAX X = 0,x=Eux=1 s
ynobcTpa BBesieM obo3Hauenue h, (1) = h (u).

3anava. Mcnonb3ys usmepennsie snadenus . (¢), T, (1), Tg(t), t€[0,4¢ 1, Heobxomumo
paspaboTarh METOM [T HAXOKIEHUS TapaMeTpoB cpeabl P (u), ¢ (u), k (u), h (u).

Ha ocnoge (1) — (5) oOparnast 3aga94a OnpenensseTcs CIeIyONIM 00pa3oM:

B o6mactu Q, = (0, £) x (0,47, ) uccrnemyercs cenyiomas CucTeMa

max:

a2 =2 (k) (©)
u(x,0) = uy(x), (7
Ky () 35 = hy (W) (U = Ugns (1), x =0, ®)
uEt) = Ty(b), ©)

e c(u) = ¢o + c1u, p(w) = po + P11,
k(w) = ko + kqu + kyu? + kgud, h(u) = hg + hyu + hyu?,
U3MEpEHHBIC 3HAYEHMS HA JICBOM IpaHHMIle 00IacTH:

Tins(t): te [0r4tmax]- (10)
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Pa3paboTka nTepannoHHBIX MeTOA0B. MTepaunonHblii MeTon onpeaeneHus kodhhu-
LIMEHTa TEeMIONPOBOAHOCTH k (1). B 06nacTu ceTKu Mbl M3y4aeM HUTEpalMOHHBINA METOJ
Pa3HOCTHOM CXEMBI 1715l HAXOXKACHUS KO PHILIMEHTa TETIONPOBOAHOCTH. B obnacTu ceTkn
U3y4aeTCs Pa3HOCTHAsA cxema L .

Cxema L
. j+1_ 1+1 1+1 . j+1 41
j+1 j+1 Ty 1 JHL | iy 7Y DR e i
o (37) e () 57 = 2 (7 ) i (w0725
i=12..,1—-1; ]—01 ., m—
u = uO(X,) =01,..,1
W =Te(t41),  j=01,..,m—1; (11)
u]+1 u]+1
j+1) U1 0 j+1 j+1 j+1Y) .
ke (w72) = = () (7 - i)
e
1, j+1
u;, . + u;
ui+1/2=mTl,i=O,1,...,I—1.

3arem, npumenss meton HetotoHa st cuctemsl (11) u mpuBOIs K TpeXAHaroHaIbHON
CUCTeMe, JIUISl PeIIeHHs 3a]]a4y HCIIONb3yeTCs CKaISIpHBIA MeTox ToMaca.

WreparnmonHabie METOABI 711 TPEOYyEMbIX BETMYHUH.

B o6mactu (0, &) x (0,¢ ) penrena auckpernas 3agada (11). [Ipeamonaraercs, 4to Ko-

max-

s urmert kl(u) MIPEJICTaBIICH B BUJIE
kl(u) = k10 + k11u + k12u2 + k13u3

[Ipeanonaras, 4To pelieHHE 3aJja4u HEMPEPBIBHO 3aBUCHT OT k (1) 1 UMeeT IPou3BO-
aHy0 10 k (1), Mbl uddepeHpyeM CUCTeMyY 110 HapamMeTpy

kis(uw),s = 0,1,2,3

Bgenem cJIeayrouiee 0003HaYCHHE

j+1
du; j+1

=y*(s),i=01,..,;j=01,..,m—1;5 = 0,1,2,3
ok, O

3aTeM

Kl ]:+1
% 1(U]+1)y]+1(s),s ~ 0123
1s
9 ]:+1
% = C1( ]+1)y]+1(s),s — 0123
akl(u]ﬁl

T ) = (W) + K (W)Y (s),s = 0,1,23

ahl(u’+1

— 1 ]+1 j+1 —
T hi(u)) v i (s),s =0,1,2,3
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[ocne nupdepennmposanus cucremsl (11) ornocutensuo &, s = 0,1,2,3, B 3aBuCUMO-
CTH OT S BO3HUKAIOT pa3IM4yHbIe MPOOIEMBI. DTH 3aa4l MOTYT OBITh 3allMCaHbl B YHH(HU-
IIUPOBaHHOH (hopMe ceayromuM 00pa3oMm:

[e1 (" )pa (™) + o5 (W™ )er (W )] v ] F + ca (W™ )ps (W )yl ()

- [ ()

+ ([t ’ T K 1+1 yzj++11(5) + )’Hl(s) Wt
+% ! +5 2 i
X
i=12..,1-1;j=0,1,. —1;
y2=0,i=01,..,[ ’*1_0]_01 -1

N ]+1 Jj+1
; s)+ S ;
k, (u’“) y]1+x1(s) + (<u11+1> +ki(u ( ’+1> ( ) 5 Yo ( )) ull?
2 2

=h] ]H)( i+l _ ]H) + hy ]H) y]+1(s),j =01,..,m—-1

1ns

B 3anmaue 2 mapamertp s mpuauMaet 3Hadenus 0, 1, 2, 3.
3navyenus koddpuunentos k , s = 0,1,2,3 kosdpurmenra TerIONPOBOAHOCTH TPYHTA
k(1) GynyT HaiiieHbl U3 yCI0BUs MUHMMYMa (QyHKIMOHANA

J(aw) = Z ()™ o) = T3 "ot

j=0

[Ipsimoe muddepeHnupoBaHne TOCIEAHEr0 PABEHCTBA OTHOCUHTENBHO k,, s = 0,1,2,3
JlaeT HaM TPaJUCHT MOCTPOCHHOTO (YHKIIMOHATA, 3alIMCAHHBIN B BUJIC

V) (kys) = 230w (k) — TS )yd T ()AL s = 0,1,2,3 (12)

DTO 3HAYUT

3
Ja@) = ) JCkas)

s=0

3Has ABHOE BBIPOKEHHE U IpajueHTa (yHKIHOHANA, mapameTpbl (ynkimii k(1)
OTIPEJICIISIOTCS CIICAYIOIIUM 00pa3oM

kis(n+ 1) = kys(n) + iy ($)V) (kys(m)),s = 0,1,2,3

AHAJIOrHYHO HaAEeHB! GOPMYIIBI IS OCTAIBHBIX TEMIOPHU3NYECKUX KOIPPUIIMEHTOB.

Kommenrapuii. Besne npennonaraercs, uro napametpst P, (u), ¢,(u), k,(u) n h (u), n
3aBHCAT OT u B BUJIE ToarHOMa. OJHAKO PaCCMOTPEHHBINA METOJI IIPUMEHKM B JIpyToii (op-
M€ 3aBHCHMOCTH OT U.

DKCnepuMeHT. DKCIIepUMEHTaIbHas paboTa Oblia mpoBeeHa B MeKTyHApOIHOM YHH-
Bepcurete nHpopmannoHHbIX TexHomorui (IITU) B paMkax HCCIEI0BATEILCKOTO MIPOEKTA.
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B xoze akcriepruMenTa ObLUTH MOTYYEHBI JaHHBIE TI0 OTHOMEPHOMY TEIIIOMacCOOOMEHY ISt
Pa3IMYHBIX 1TOYB U TpyHTOB. Jlaboparopus Haxoautcs B Anmarsl, Kazaxcran. CTeHKH KOH-
TEHHEPOB COCTOAT U3 2 CM TEIUIOM3O0JIALMOHHOIO MarepHaa, a TOpIeBble CTOPOHBI COMPH-
KacaroTCsl ¢ OKpYy>KaroIiei cpenoit (Bozayxom). B kaxkaoM oTceke KoHTelHepa IIUHOU 15
CM HaXOASTCs pa3IMYHbIe TOYBEHHbIE MaTepuaibl. OfKMH Topel HarpeBaeTcs ammnamu. Ha
BTOPYIO BHEIIHIOIO CTOPOHY BJIHSET KJIIMMAT OKPYKAIOMICH CpPeIbl.

3 matuuka (C2, C3, C4) paBHOMEpHO pacipeneseHbl BHYTPH MaTepHraa, Kak ImoKa3aHo
Ha pucyHke 1. OHM U3MepsIoT Temmeparypy ¢ norpentHoctsio 0,3 rpagyca Llenscus B co-
OTBETCTBUH C TEXHUYECKUM ITaCIIOPTOM JaTuuKa. B 1omoaHeHne K 9THM JaT4uKaM, psiioM
¢ Topramu pacrnosoxesl eme 2 naryuka (C1, C5) muig usmepeHus Temrneparypbl OKpysKaro-
miedd cpenpl. OmMMOKK B JaHHBIX JTATYMKOB TAKUE JKe, KaK M JJISl MPEAbIAYIINX JaTYNKOB.
W3mepenus gaHHBIX O TEMIIEpaType MPOU3BOISATCS ¢ HHTEPBAIOM B 10 MUHYT.

Jns pacueToB paccMaTpUBaIICS IByXKAMEPHBII KOHTEHHEP C ABYMSI MaTE€pHAJIAMU: I1€-
CKOM M 4epHO3eMoM. /laHHbIe U3MEPSUINCH B TEUEHHE TPEX MECALEB, U (PU3NUECKasl IIHHA
BCETO0 KOHTEiHepa onpeensiach ¢ uarepsaiamu x € (0,1), tae | =30 cm. I'panuria aByx cpen
HaXOJIUTCS HA PACCTOSTHUM X = 15 cM., aHaIOTMYHO IaTUYUKY U3MEPEHUs TeMieparypsl. 13-
MepeHus B Toukax X = 0 u X = 30 cM. onpenenure TeMieparypy Ha KOHEUHBIX TPAaHHIIAX.

Pe3ynbTarsl. M3mMepennsie JanHbie 0 TeMIeparype (puc. 2) ObUIM UCTIONB30BaHBI IS
peLIeHHs YMCIIeHHOH 33124 TI0 HAXOXKACHUIO BCEX TeIUIOPU3NUECKUX KO PHUINEHTOB (Te-
TUTOPOBOHOCTb, YIIeJIbHAs TEIMJIOEMKOCTb, YelbHas TUIOTHOCTh U K03 dUIMeHT Temo-
nepenaun). biaaronapst MeTony HaucKopeHiero crnycka, QyHKIIHOHAIbI JOCTUTAIOT CBOETO
MUHUMYMa 32 6 u 7 urepanuuii. Munnmusaius (yHKIIMOHAJIA MPOJOJKAIach 10 TeX Top,
MOKa OTHOCHTENbHASI OTPEITHOCTh MEX/Iy HEIMHEHHBIM PEICHUEM U IKCIIEPUMEHTaNb-
HBIMH JIAHHBIMH He tocTuria ~ 4,3% ans uepHoszeMa u ~ 3,12% ans necka. ['paduxu (puc.
3 ¥ puc. 4) OKa3bIBAIOT, YTO C MOBBIIICHUEM TEMIIEpaTyphl 3HAYCHUS TEITO(PU3HIECKIX
napamMeTpoB YBEINYHBAIOTCS. B 3TOM cilydae MOKHO OLEHHUTH MOBeJeHNE K03 (DUITHEHTOB
TEIUIONPOBOAHOCTH M TEIIOEMKOCTH. [ paMiki MOKa3bIBAIOT BBICOKYIO 3aBHCUMOCTH OT
TEMIIePaTypbl, YTO, B CBOIO OUEPEb, TIOATBEPKIACTCS TEOPETHUECKOM 6a30i.

Hapwuc. 5 upuc. 6 nokazanbl 3Ha4eHHS TEIUIOPU3NYECKUX KOA((HULIMEHTOB BIOIb KOHTEHHE-
pa. Ha rpadrkax 4eTko BUITHBI CKaYKHU-Pa3pbIBbI 3HAYCHUH TEMIOPH3NUeCcKUX KOd(DPHIIEHTOB
Ha IpaHuLe KOHTAKTa JABYX Cpell, 3a UCKIIOUueHHEeM Ko QuIeHTa 00beMHOM TETIIOEMKOCTH.
CrenoBarenbHO, 00bEMHAs! TEINIOEMKOCTb ITOKA3bIBACT HEMPEPHIBHBIA XapakTep 3HaYCHHH.

Pucyuox 2- 3KCH€pI/IM€HTaJ'II)HLIG JaHHBIC.
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Pucynok 3 — I'padux dpyHkuun xodduimenta Pucynox 4 — I'paduix 3aBUCUMOCTH
TEIJIONPOBOJHOCTH TE€CKa B 3aBHCUMOCTH OT KOI((HIMEHTA TEIUIONPOBOAHOCTH YEpHO3EMa
TEMIIEpaTypbl Ha KaXKI0H UTEPALIUH. OT TEMIIEpaTypbl Ha KaXKI0H UTEPALHH.
Pucynok 5 — I'padhux 00beMHO# TEINIOEMKOCTH Pucynoxk 6 — I'paduk xo3ddunmenra
JIBYXCJIOUHOTO KOHTEWHEPA. TEIUIONPOBOJAHOCTH B/IOJIb JBYXCIOMHOTO
KOHTEHHepa.

3akuouenne. B KOHTEKCTE IPOTHO3UPOBAHMS U HAXOXKACHHUS BCEX TEILIOPU3UUECKUX
K09(PUIHEHTOB (TEIIONPOBOIHOCTH, TEINIOEMKOCTH, TNIOTHOCTH U TEILIONEpeIadn ) pe-
naraetcst 3QEKTUBHBINA YUCICHHBII METOA, B OTIINYHE OT PaHee MPEIIOKEHHBIX METOJI0B
B suTeparype. Takoil moaxo/ Mo3BOISIET OJHOBPEMEHHO HAaXOAUTh BCe TeIo(ru3ndecKue
K09(UIHMEHTHI B IBYX Cpelax ¢ KOHTaKTHOW rpanuneidl. OTMedaercs, 4To mpejjaraeMoe
peleHre HEIMHEHHOro ypaBHEHHS TEIUIONPOBOTHOCTH UMeeT KO3(D(HUIMEHT TerIonpo-
BOJHOCTH B BHJE KyOmueckod GyHKIHMH, a KOI(DOUIHEHTH TEIUIOEMKOCTH, TNIOTHOCTH H
TEIUIONIEPEAauu - B BUJIE TUHEHHBIX (DYHKLUI.

B 3akirouenue ciemyer OTMETUTB, YTO UCCIISA0BaHMs B 00nacTr Ko OUIMEHTHBIX oOpar-
HBIX 3a/1a4 JJI1 HeMHEHHBIX YPaBHEHHUH CIelyeT IIPOABHUIaTh C HOMOLIBIO TIOAPOOHBIX IKCIIE-
PHMEHTAJIbHBIX U3MEPEHNUH, BKIII0Uasl, HAIIPUMED, BIAKHOCTh, 3aMEP3aHHE, TIOPHCTOCTH U T.1.

Baarogapuaoctu. Pabora BbInonHeHa IpH OAIEPKKE IPAHTOBOTO (PMHAHCHPOBAHUS IPOEK-
TOoB MuHHCTEpCTBOM 00pazoBanus U Hayku Pecryonmuku Kazaxcran (rpant No AP08855955).
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TEPMO®U3UKAJIBIK CUITIATTAMAJIAPbI TABYFA
CBbI3BIKTbI EMEC KEPI MOCEJIE

Byn oicympicma monvipagmoiy cul3vlKmvl eMec JHCbLLYy OMKIZCIUMIK CUnammamaniapbii aHblKmay
a0ici azipneneen. Exi Kabammul KOHMeEUHePNIK KeuleHOep KYpbliovl, 01apobly Oyuip Gemmepi Hcbliy
oxwaynanean, conovikman 1D oicvlny emxizeiwmix menoeyi Konoanviiaowl. Temnepamypa cencopul exi
opmanbviy myuicken Jcepine OPpHAIACMBIPLINIAOLL JCIHE P AUMAKMA APANAC WeKapanvlk ecen ueuineol.
Kepi kooppuyuenm ecebin 6acmankpi depexmepmen Kammamacwl3 eny yuin exi memnepamypa 0amuuei
natoananvliadsl: Oip 0amuuK KOHMeUHEPOiH auiblK WEeKAPACbIHA KOUbLIObL JHCIHE OCbl UeKapaoazvl
MONbIPAK, MeMnepamypacsvii mipkeoi, an eKiHwi 0amyux wekapaoan KpiCKa KaulblKmvlKma OpHAIACIbl-
polIobL. , 01 aya memnepamypacwii mipkeoi. Onuemoep yaxvim unmepsarvinoa (0,4t ) sicypeisinoi.
Bipinwioen, col3blkmol emec ko3 @uyuenmmepi 6ap HColiyomKizeiumikmiy Oacmankbl-uleKapaiblk eceoi
wekmi aublpMawublivl, 20icimen 3epmmenedi. AUbIpMAbLIbIK cXemManapobiy eKi mypi Kypacmuipuliaovl:
CHIZLIKMBIK, JicaHe Col3blKmblK emec. Cul3bIKmblK aublpblm cxemacwl ckaaapavik Tomac adicimen canoviy
mypoe dicyseze acbipbliadbl, all CbI3bIKMbL eMec aublpMaublivlk maceneci Hoiomon adicivmen wiewineoi.
Hviomon 20iciniy bacmankpl JHCyblKmaybl peminoe Col3blKMblK AlblpbiM eceOinily wewimi KabbLi0aHObl.
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Tepmodghuzukanvik napamempiepoi mady yulin 2paoueHmmix mycipy a0ici apKblibl CaUKec YHKYUOHALObLK
munumuzayusaianadvl. ConviMer Kamap, Kym dicone Kapa monvipar KOCbIIan exi Kabammul blobiC YiliH
bapnvlk mepmogusuxanviy cunammamanap (8 kosgppuyuenm) mabwoliobi.

Tyitin ce30ep: JHcvliyomKI32iumiK, Cbl3bIKMbIK eMec, aublpMalubliblK ecedl, HCUHAKMBLIbIK, Kepi
ecen, napamempee Kamuvlcmul Ough@epenyuanoay.

B. RYSBAIULY, S. D. ALPAR

International Information Technology University
Almaty, Kazakhstan
e-mail b.rysbaiuly@mail.ru, rapla.natlus@gmail.com

NONLINEAR INVERSE PROBLEM OF FINDING
THERMOPHYSICAL CHARACTERISTICS

In this paper, a method has been developed for determining the nonlinear heat-conducting charac-
teristics of the soil. Two-layer container complexes were created, the side faces of which are thermally
insulated, so the 1D thermal conductivity equation is used. The temperature sensor is placed at the junc-
tion of two media, and a mixed boundary value problem is solved in each region. In order to provide the
inverse coefficient problem with initial data, two temperature sensors are used: one sensor was placed at
the open boundary of the container and recorded the soil temperature at this boundary, and the second
sensor was placed a short distance from the boundary, which recorded the air temperature. The measure-
ments were carried out in the time interval (0,4t ). First, the initial-boundary problem of heat conduction
with nonlinear coefficients is studied by the finite difference method. Two types of difference schemes are
constructed: linearized and nonlinear. The linearized difference scheme is implemented numerically by
the scalar Thomas method, and the nonlinear difference problem is solved by the Newton method. The
solution of a linearized difference problem was taken as the initial approximation of Newton's method. To
find the thermophysical parameters, the corresponding functional is minimized using the gradient descent
method. In addition, all thermophysical characteristics (8 coefficients) were found for a two-layer con-
tainer with sand and chernozem.

Key words: thermal conductivity, nonlinearity, difference problem, convergence, inverse problem,
differentiation with respect to a parameter.
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DYNAMICS OF MOBILE ROBOTS BASED ON THE PRINCIPLE
OF LEAST GAUSS COORDINATION TAKING INTO ACCOUNT
RANDOM DISTURBING FORCES

Abstract. In this paper, the derivation of the equations of dynamics of a four-wheeled mobile robot is
carried out using the variational principle of least constraint, known as the Gauss principle. Equations
of nonholonomic constraints are obtained. The function of the measure of coercion of the four-wheeled
mobile robot is composed. Dynamic equations based on the Gauss principle are obtained taking into ac-
count the dynamic characteristics of two DC motors. Methods for taking into account the friction forces
on the wheels and random perturbations due to the unevenness of the canvas are proposed. On the Maple
platform, an algorithm and a program for modeling the dynamics of a mobile robot based on the Gauss
principle were developed the correctness of the obtained equations of robot motion were proved.

Key words: mobile wheeled robot, Gauss principle, equations of dynamics, motion modeling, disturb-
ing forces.

Introduction. The subject of the proposed study is a mobile four-wheeled GMTR. Such
robots are used in the machine-building complex for flexible automated production tasks[ 1],
warehouse terminals, and are gaining an increasing sector in the mining industry [2].

The research begins with modeling the dynamics of MR. A lot of works are devoted to
solving this problem[1]. Algorithms for implementing dynamic calculations can be built
using traditional Lagrange-Euler or Newton-Euler methods [3]. In many works, other forms
of robot motion equations are used. These include the Wicker equations [4], or the recurrent
Hollerbach equations [5], obtained using the Lagrange-Euler method; the Lu equations [6]
based on the Newton-Euler method; the Lee equations [7] using the generalized Dalembert
equations. All these equations are different in form, since they are obtained for different
purposes [1,3]. Some of them provide the minimum time for calculating control moments
and reactions in the joints of the manipulator, others are used in the synthesis and analysis
of control laws, the third is used to simulate manipulator movements [8].

In the dynamics of wheeled MR, the main issue of modeling is the interaction of the
wheel with the surface (relief), which is characterized as a non-holonomic bond [9] or the
friction force based on the Coulomb-Amonton law [10,11,12], with liquid friction accord-
ing to the Newton formula [12]. In [11], four possible cases of wheel-terrain interaction
were noted. The first case is a rigid wheel moving over rough terrain. The second case is
a rigid wheel moving over deformable terrain. The third case is a deformable wheel mov-
ing over a deformable terrain. The fourth case is a deformable wheel moving over rough
terrain. Although many different types of models (i.e. finite elements, discrete elements,
empirical) have been developed for each of these four cases, the focus here is on analytical
models [12]. At the same time, in these works, the random nature of friction associated with

* E-mail xoppecionaupyromero apropa: Chingiz_kopa@mail.ru
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the change of sign and the consideration of abrupt changes in the load were ignored. For
highly loaded robots, dynamic performance indicators become essential because they have
a significant impact on the modes of movement of the system.

In this regard, the practical application of a mobile transport robot requires extensive
research of the dynamics and evaluation of the accuracy of the quality of movement in order
to optimize the developed control system, while not changing the developed concept and
hierarchical structure of the intelligent control system MR [13,14,15].

The robot's reaction to stochastic external disturbances (abrupt changes in the gravity
of the load) and non-holonomic connections (wheel slippage) is investigated. The deriva-
tion of differential equations is carried out using the variational principle of least coercion,
known as the Gauss principle. Algorithms and numerical programs have been developed for
analyzing and deriving calculated formulas of disturbing forces, including stochastic ones,
due to random obstacles under the wheels, abrupt changes in the load and its movement on
the upper platform, sudden changes in the directions of movement, acceleration and braking
of the robot in a short period of time.

Derivation of dynamic equations. The universal platform of the mobile robot consists
of a frame on which four wheels and two electric motors are attached (Figure 1). The two
rear wheels are driving. The robot platform is a frame of variable length on which various
mechanisms can be installed.

Figure 1 — Calculation scheme of a mobile robot for deriving equations of motion

We introduce the following coordinate systems: a fixed coordinate system Oxyz , the
plane of which Oxy coincides with the horizontal rough plane on which the wheels of the
robot roll, and the movable system AX y z, starting at point 4, rigidly connected to its plat-
form (Figure 1). At the same time, the axis Ay, directed along the line C,C,, and the center of
gravity of the robot C, lies on the axis AX,, being the axis of symmetry of the chassis.
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When modeling the movement of a mobile robot, we introduce a number of conditions: a)
the robot is considered as a system of absolutely rigid bodies; ¢) the movement is carried out
without slipping; d) the masses of the front wheels, gears of reduction gears are considered
equal to zero; c¢) the robot moves with the driven wheel forward.

Communication equations. The position of the bodies of the mobile robot in the coordinate
system Oxyz is determined by the vector of generalized coordinates g, =|x,y,1, 91, ¢|",
where x, y — koopaunatsl Touku A — the midpoints of the segment connecting the centers
C,C, rear wheels 3,4; \ - angle of rotation around the vertical platform 1, measured from
the axis Ox; @,, @, - angles of rotation of the driving wheels relative to the horizontal axes.
Accordingly, the vector of generalized robot velocities has the form ¢ = |, ¥, ¥, ¢1, ¢,|".

The platform angular velocity vector is defined as 2 = ]0,0,vy |7, where vector Q given
by projections on the axes Axyz. The vectors of the angular velocities of the drive wheels
are determined by the relations: 2; = [0,¢1, 9" |7, 2, = |0,¢,, 9" |7, where 04, 0,, given as
projections on the axes AX y z,.

The speeds of the points of contact of the driving wheels with the surface can be
determined from the equations:

Vp, =V + [2,1] + [024,7], 1)
Vp, =V +[02,1] + [2;,7],
where V - linear velocity vector of point A of the platform; sz - contact point velocity vector
P, left wheel; V', - contact point velocity vector P, right wheel; / = AC, = AC, — half the
distance between the driving wheels; » = C,P, = C,P, — drive wheel radius.

Since the movement of the drive wheels occurs without slipping, it means Vp4= Vp3= 0.
Taking into account this condition, based on the projection of equation (1) on the axis AX y z,
we obtain three independent equations of non-integrable (non-holonomic) constraints:

Vpsy1 = Vpayr = —xsiny + ycosyp =0,
Vpsx1 = Xcosyp +ysiny + lp —rep; =0, (2)
Vpaxy = Xcosp +ysiny —lp —r¢, =0,
Vectorofpseudovelocities (i = [V Q]) includestwo elements: velocity V' = Xcos i + ysiny

points A, angular velocity of platform £2 =\ . The relationship between the generalized and
pseudovelocities of the system in this case has the form

g =Hn (3)
Let’s write down the matrix H:

rcosy 07
siny 0
0 1

H=|1 1

ror

1 l
- r - ‘r' A

Dependence (3) between generalized velocities and pseudovelocities can be rewritten
in scalar form:
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x =Vcosy, y="Vsiny, 4)
v+l V-0
Y=0Q, ¢y =—) ¢, = )

r

Dynamic equations. The derivation of dlfferential equations will be carried out using
the variational principle of least constraint, known as the Gauss principle. As a measure of
coercion, a value Z is taken in the form of the following functional

1

Z =% [mi (xz - %’:)2 +m; (yl - %)2 +Ji ((Pl - 7—;)2] (5)

Here F_, Fl,y - projections of external forces reduced to the center of mass, M, - moment
of external forces, m,, J. - mass and moment of inertia relative to the center of mass of
the i-th link, 8%;,8¥;, 6¢; - variations of projections of the acceleration vector and angular
acceleration.

The equations of dynamics of a mechanical system are obtained from the stationarity condition

in variational form and the necessary conditions for the minimum of the functional (5)
oz
8Z=0, ==0. (6)
The moving parts of the mobile robot are the platform and wheels, which, relative to
the plane of their location, make flat movements. The following designations are accepted:
m, — cymMapHas Macca riardopmel, j, - the moment of inertia of the robot about the vertical
axis passing through its center of mass C,, a = AC, — distance from point A to the center of
gravity of the robot C, m, — total weight of the driving wheel, jy — moment of inertia of the
wheel about the horizontal axis.

Then functional (5) for the considered mobile robot can be written in the form

2
. Me —M
Z=%[m1(v‘m%) +(]1+m1a)(1p—]+nfa) +(]y+mkr)<<p1 ]f-i-lTkTil) +
(7)
Mgr,—Mg, 2
+(Jy + myr?) (¢, — Tyrmer? ) |

where M, .»M,,— moments of rolling friction on the driving wheels; Md,, Md, — driving
moments; F — projection of the main force on the direction of velocity V, brought to point 4
platform, M, — main moment of forces acting on the platform.

In equation (7) from system (4), we substitute the last two equations, which are presented

in the form
(pl == blV + bz.Q, 8
@, = b1V - bzfz, ®)

where by, = 1/r , by = l/r
Then

MR
]1+m1a

- 2 . . - 2
u) £ (J, +mr?) (b1V . u) ]

Jy+myr? Jy+myr?

2)2 + (]y + kaZ) (blv + bzﬂ -

Z=%[m1(V—mi1)2+(]1+m1a2)(!?—

. 9)
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From conditions (6) one can obtain four equations. The first condition satisfies the
equation
SZ = Bl(ﬁ-l' 77.’2)677.’1 + Bz(ﬁ-l, 7T2)57T2 = 0. (10)

Note that synchronous variation takes place here, in which only the acceleration remains
Vil =Vvi2, Wi # wi2, which is called Gaussian variation:

- 1 —
o1 ==Sw (A1),
=3 w,(Ar) (11)

where At - short time, OT, - displacement vector variation, 5, - acceleration vector variation.

Taking into account the independence of pseudoaccelerations 7t; = V u 8it, = 2 to
fulfill equation (10), it is necessary that

B, (ity,7t;) = 0, By (i1, ;) = 0. (12)

Equation (12) is used to determine the driving forces M, M .

The equations of motion of the mobile robot will be obtained from the equations

0z 0z
97 0, P 0 (13)
Let us assume that DC motors are installed on the driving wheels [13,17]. Then, based
on equations (12) and (13), we obtain the equations of the dynamics of a mobile robot in
the following form:

. o 1
mV = % (ih + 1) = paV + = (Mprq + Mpyp) + mya?

ncl l

].Q = T (il - iz) - .UB-Q + ;(Mfrl - Mfrz) - mlaV'Q

: 14
L2+ R+ 2V +1) = U, (14
di .
l L=2+Riy+—=(V —10) = U,

where L - inductance; i , i, - currents in the armature circuits; R — armature circuit resistance;
U,, U, — circuit voltage (control parameters); n - gear ratio.
The coefficient of electromechanical interaction with is determined as follows:
_ M1—M3)Uy
YHM1

(15)

where M| - motor starting torque; M, - rated motor torque; yy, Uy - respectively, the rated
angular velocity and the rated voltage of the electric motor.
Values M, (k = 1,2) from equations (14) we define as follows:

—6Nysign(@x), 9 # 0,
Mfrk = —nCik,(pk = 0, |TlCik| < SNk, (16)
—6Ngsign(ix), @ = 0, [nciy| > SNy
where 6 — koadduiment Tpenus kadenus; N, — normal reaction force of the horizontal
reference plane acting on £ - driving wheel.
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Discussion of results and conclusion. As a result, based on the Gauss principle of least
constraints, the equations of dynamics of a four-wheeled mobile robot with two driving
wheels are obtained. Equations (14) take into account the moments of friction force that
occur between the wheels and the web, as well as the dynamic characteristics of DC motors.
The unevenness of the web when modeling the dynamics of a mobile robot is carried out by
adding to the system (14) the following equation

mZ=—c(z—h) — a(z‘ — fl), (17)

where the functions h(z) of the road roughness and has the form of a function with a random
amplitude.

a) b)

Figure 2 — Graphs of the movement of a mobile robot: a) the trajectory of movement;
b) animation of moving the robot platform

In the Maple analytical computing system, a program was compiled for simulating the
movement of a mobile robot based on equations (14) and calculating the transverse vibra-
tions of the robot body when moving along a road with bumps based on equation (17).
Figure 2 shows the simulation results. Figure 2a shows the trajectory of the center of gravity
of the mobile robot with the speed V and the angular velocity of rotation Q of the platform
relative to this center. The turn can be clearly seen in Figure 2b, which shows the animation
of platform movements along the center trajectory. Figure 3 shows a plot of the speed V of
the platform along the trajectory. The movement speed is controlled by changing the control
parameters U, U,.

Figure 3 — Graph of the change in the speed V of the platform along the trajectory
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The segments of the piecewise linear characteristic determine the number of segments
that are involved in the fitting procedure. The fitting method is an exact method for solving
a particular equation.

In the Maple system, a program was compiled for solving the differential equation of a
mobile robot, taking into account (17). Let's take the coefficient of road resistance y = 0.15
for a compacted dirt road. The mass of the mobile robot is 1140 kg, the mass of the mobile
robot with a load is 1640 kg.

The web roughness function in equation (17) as a function of time during the movement
of the mobile robot. Figure 4a shows that the mass changes in a abrupt at =2 c.

a) b)

Figure 4 — Simulation of the dynamics of the robot, taking into account the unevenness of the web:
a) a graph of the change in the function /(z); b) the graph of the speed during the acceleration of the
mobile robot for Ssec and the abrupt change in the load att=2 ¢

Graph 4b shows the acceleration rate of the mobile robot for 5 seconds. As can be seen
from the graph, after the mass was added (¢ = 2s), the acceleration speed became slow.

In addition, the value of the functional is indirectly related to the reactions in kinematic
pairs according to the equality obtained from the Gauss principle

Z=23 . (18)

The condition that the quantity is minimal for actual motion leads to an extreme property
of constraint reactions: for actual motion, constraint reactions are minimal.

For example, in order to estimate the main vector of force and the main moment of
forces reduced to the center of gravity of the platform, we have:

7 = 1[R12 My, ]
21Lm,y ]1+m1a2 >

(19)

where R | — the reaction of the connection between the platform and the wheels, reduced to
a point A, M, - moment of coupling reactions between the platform and wheels, relative to
the point A.

To find R , u M, needs to (7) be shaped for (19).

Thus, the Gaussian principle of no less compulsion made it possible to simplify the
procedure for deriving the equations of the dynamics of a mobile robot, taking into account



Tuleshov A. K. e. a. Dynamics of mobile robots based on the principle of least gauss... 89

the perturbing forces, and to evaluate the reactions between individual moving parts (links)
of the robot. The equations of dynamics obtained on the basis of the Gauss principle are
correct and make it possible to simulate the motion of the MR taking into account random
perturbing forces.

Hcrounux ¢uHaHcupoBaHusi ucciaenoBanuii. Pabora BhmonHeHa B paMKax
rpantoBoro npoekra AP14870662, ¢unancupyemoro Komurerom Haykun MwuHHCTEpCTBa
HayKH U BbIcIero oOpazoBanusi Pecryonuku Kazaxcran.
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TAHAMHUKA MOBWJIBHBIX POBOTOB HA OCHOBE ITPUHIIAIIA
HAUMEHBIIETO MPUHYKIEHUS TAYCCA C YYETOM CJOYYANHBIX
BO3MYIIAIOIAX CHJT

B pabome 661600 ypasHeHuil OUHAMUKU YEMbIPEXKOLECHO20 MOOUTbHO2O0 PODOMA OCYWeCMBIAemcs C
UCNONb308AHUEM BAPUAYUOHHO20 NPUHYUNA HAUMEHBUUE20 NPUHYICOCHUS, U38eCHO020 Kak npunyun I a-
yeea. Honyuenvl ypagnenus He2ononomuuix cesizeti. Cocmagiena QyHKYyus Mepol NPUHYHCOCHUSL Hemblpex-
KONLECHO20 MOOUIbHO20 poboma. YpagHeHuss OUHAMUKY Ha ochoge npunyuna I aycca nonyuensl ¢ yuemom
OUHAMUYECKOU XAPAKMepUCmuKy 08yx osueamenetl NOCMoaHHbIM MoKkom. IIpednodcena memoouku yuema
CUL MPEeHUsl Ha KONecax u CLyYauHblX 603MYyujeHull 3a cuem Hepognocmu notomua. Ha nnamgpopme Maple
paspabomar aneopumm u npoepamMma MoOeIUpoOBaHUs OUHAMUKU MOOUIbHOZ0 poOoma HA OCHO8e NPUH-
yuna I'aycca u 00KA3aHA KOPPEKMHOCHb U NPAGUILHOCb NOLYYUEHHBIX YPAGHEHUL OBUdICEHUs: pOOOMA.

Kntouesvie cnosa: mobunvhwlil Konechwlili pobom, npunyun I aycca, ypasHenust OUHAMUKU, MOOEIUPO-
8aHUE OBUINCCHUSL, BOIMYULAIOUIUEC CUITbL.

A. K. TOJIELIIOB, H. C. T'PHIIEHKO, I1I. A. AJIUMBAEB,
. KEPIMKY/IOB, M. KAHAIIHA

Axaoemux O.4. JKondacbexoe amuindagsbl MEXAHUKA HCIHE MAUUHANANY UHCIMUMYTNGL,
Aamamul ., Kazaxcman,
Chingiz_kopa@mail.ru

KE3JIENCOK KO3IbIPFBIII KYIITEPII ECKEPE OTBIPBIII EH
A3 IIEKTEY TAYCC NPUHIMUIII HET'I3IHJIE
KBLIIZKBIMAJIBI POBOTTAPABIH JMHAMUKACBHI

Byn oicymvicma mepm OOHEANAKMbL JHCHLIHCLIMALbL POOOMMbIY OUHAMUKACHIHIY MeHOeYIepiH
wotzapy Tayce npunyuni 0en amaiameii ey a3 wWeKmeyoiy 8apuayusiiblk NPUHYUNIH KOTOAHY APKbLILbL
Jicyzeee  acvipvinadvl. TonoHoMObIK emec wekmeynepdiy menoeynepi anviHovl. Tepm Ooneaiakmuol
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MOOUNLOI  pobommbiy MadHcOypAeYy (QYHKYUACHIH KYpacmuipsiiobl. layce npunyunine He2izoenzen
OUHAMUKAILIK MeHOeyLIep MYPAKNbl MOKMbIY eKi KO32ANMKbIUbIHbIY OUHAMUKALLIK CUNAMMAMAIAPbIH
eckepe omulpbin AlbIHAObL. [oneerekmepoel YilKelic Kywmepin Jicane KeHenmiy Kedip-0yobipibleblHd
batlnanvicmel ke30etcok Oy3vlaynapovl ecenke any a0icmepi ycviuviazan. Maple nnamgopmacwinoa I'aycc
NPUHYURT GOTULLHULA HCLIHCLLMATLL POOOMMbLY OUHAMUKACHLH MOOEIbOEY AN20PUMMI MeH Oa20apaamacyl
arcacanvin, poobommuly KO32aublc meHOeyNepiHiy ANbIHeaAH OYPbICHbIK MeH OYPblChblebl 021€10eHOL.

Tyiiin co30ep: Koszaimanvl Ooneanakmel pobom, laycc npunyuni, Ounamuxa menoeyiepi,
KO032a161CMbl MOOeNboey, kedepai Kyuimepi.
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Kooca Axmem Hcayu amoinoasel Xanvikapanvix Kazax — Typix Ynusepcumemi,
Typxicman, Kazaxcman

anv-Dapabu amvinoazer Kazax ¥immuix ynusepcumemi, Aimamoi, Kazaxcman

3C. JK. Acghenouspos amvinoazer Kazax yimmolk MeOuyuna ynusepcumeni,
Anmamul, Kazaxcman
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Typxicman, Kazaxcman

KEJIT KOJLJAHY LIBIJTAPBIHBIH «9MOLUUAJBI» ITIKIPI APKbIJIbI
ABTOMATTAHABIPBIJIFAH FAJTAYAT CO3JEP KIIACCUPUKALINUACHI

Kes keneen oHnaiin-nixipoi aneymemmik sicenioe OHall eHeize anyobll HAMUNCECIHOE COHEbL HCHLIOAPLL
Jicenioe ewnenoinik 0in0ipy keyinen mapaovl. byn menoenyus nezizinen MoounvOi KYpuligeliap, KOMRbIO-
mepnep men Mnmepnemmiy Kapxuinowl ocyine daiinanvicmul. faoayam coesoepin agmomammul mypoe
anvblkmay OOoUbIHWA 3epmmeyiepae YAKeH Kbl3bleYWbLIbIK NMybln omulp. [lecenmen, aneymemmix diceiui
cavmmapbl belladen nikipaepoeH myamuit KolAMbICTNAPEA HCIHE CONAPEA KAMbICHbL KAYbIMOACMbIKMAPObl
AHLIKMAYea KOMeKMecemini mypansl eblIbIMU 3epmmeynep JHCYMbICIMAapblubly a30blebl 0auKaniaoul.
Faoayam nixiprep Ke3 KejeeH a0amHbly NCUXUKATBIK OeHeelinine Kkepi acep Oepedi. [lecenmen Kellbip
aoamoap backanapea Kapasanoa oetiooen co30epoen Kelemin dSMOYUOHATbOIK MYPAKCI30bIKKA Detlim
xeneoi. Con cebenmi, oHaAQUH KOHMeHmMMmMez2i KOpaAay co30ep KOPRycvl JCIHe OHbl AHLIKMAYOA ASbLIUIbIH,
@panyys scone m.0. Kondamuvic Oeyeelil Ho2apvl mindep yulin 3epmmeyiep Hcemepiuix ekeHin oauxayea
001a0bl. An, KONOawy mini MAaubIMAl emec HICLIOIK Hemece SMHUKAnblK monmap yulin Humepnem-
me Jkcacanzan Mominoepoi agmomammol mypoe JHCuHay dcone oazanay Kuwvln. byn maxanada mominoi
oHOeyOe dcane madbuzu mindi 6HOeyoe HcACAHObL UHMeEIeKm d0ICMeEPIH KOIOAHY aPKbLIbL d1EYMemmiK
Jiceninepoe eaoayam co30epoi AHbIKMAy YuliH, an0blMeH, Jpmypii Kinmmik co30epoi natidanansin 0epex-
mep KopblH JHcunanovl. Exinwioen, mominoepoi OipHeuie caHammapaa Jeikmey yulii MAuUHAIbIK OKbINy
aneopummoepi Ko10aHblIObL.

Tyitin co30ep: 2adayam co30ep, MAUUHATBIK, OKbIMY, Meper OKblMY, a120pUumm, KOpnyc, akkayum

Kipicne. MluTepHETTIH apKachlHAa aKmapaTKa KO KETKi3y KoHE OHBI Tapary OyphIH-
COHJIBI OOJIMaFaH >KbULIaMIBIKIICH XKYPIIl )KaThIp. Bys1 coHaii-aK OHJIaiiH KOHTEHTTE TYJIFa
©31H TaHBIMAJI €TyTe MYMKIH/IIK aTyMeH Karap , COHBIMEH KaTap, >KeJi KOJIaHyIIbIFa 3UsSH
KENTIPEeTiH HeMece Kopiay, KeMCITy Ma3MyHIac MiKipaep i e Tapary YIIiH aKChl opTa
6ombit oTeIp [1]. OckiFan OalmaHBICTHI OipIIaMa FEUTBIMHU 3ePTTEYIIiIep OV KYOBUTBICTHI
ABTOMATTBI TYPJIC AHBIKTAYIbIH KUBIHIBIFBIH 3epTTeli [ 1], COHBIMEH KaTap OChIMEH Callbl-
CTBIPBUIATBIH MOCEIICTIEPIi MENIyTe apHajFaH ic — opeKeTTep i OipmraMa KiraccTapsl 6ap
eKCHIIT1 aHBIKTaIABl (MBICANBI, arpeccus [2] HeMmece OIMEeHAUTIK/Kopiay Ma3MYHIAC
iKipIep).

Herisri ynrinepai Hemece KT co3aep i maianany OyJ1 MocesIeHi ey e iCKe achIpyFa
0OJaThIH CTpaTerwsuIapAbiH Oipi OombIim TaObuTambl. HoTmkere JKeTy ic - opeKeTTepiH

* E-mail xoppecmonaupytomero apropa: toktar.aigerim@list.ru



Toxmaposa A. b. dcane m.0. XKeni Konoanyuvliapinvlly «3MOYUSALLLY RIKIPI APKLLILL ... 93

KJIACCUKAIIBIK JKACaH (bl MHTEJUIEKT TICUIAepiMEH OIpIKTIpy TYKBIPbIMIaMachl KeH TapasiFaHn
tacinre aiiHanyna. Ce3 kanmbirsl (Bag of Words, BoW) — Kwok nmen Wang konnanran ajtic
JKOHE OJIap OHBI K&KETTI HOTIDKEJIEpre KOl kKeTKi3y yiuiH anran baitec (Naive Bayes) kiac-
cuduKaTopbIiMeH OipikTipai. [3]

Backa 3eprreymrinep KepiciHIle, MallMHAJBIK OKBITY aJTOPUTMIEpl YIIiH (QYyHK-
LUSUTAP/Ibl YCBIHYIBIH KypJeli 9JicTepiH KoimaHasl (Mbicaiibl SVM, anran baiiec xoHe
JIOTUCTHKAJIBIK perpeccusi) [4]. By xanFaH HOTHKEIISPIIH KOFaphI MaibI3bl OOJIFaH/IBIKTaH
JKacall/ibl, JeTeH KOPBITBIHIBIFA OKEeNIl. DKCIIEPUMEHTTEPAl 3epTTEYLIJiep KEMCITY JKoHE
KEMCITYIIIIK CaHAaTKa JKaTMalThIH 0acKa KONTEreH Typii KiacCu(UKausiiap/pl Kojl1aHa
OTBIPBIT, (MBICAJIBI, AbINTAY, KOpJiay JK9HE T.0.) CBI3BIKTBIK SIAPOCHI Oap TipeK BEKTOPIBIK
MamuHaHel (SVM) naiinananyasl YChIHIBL.

OJIEYMETTIK JKelli CaHTTapbIHBIH TpaHCQOPMAIMSIIBIK IMOTEHIUANbl ©3IMeH Oipre
KONTEereH KHUBIHJBIKTAP/bI OKEJIe/l, OJapiAblH KeuOipeynepl amamaap jxoHe Oenriii Oip
TOIITap YUIiH 3USHIABI 00Mybl MYMKIH [5]. Bysl KublH araaid e3iH jKaH-KaKThl KepceTel,
COHBIH 0ipi — MHTEpHETTE OLINMEHAUIIK CO3ICpAiH Tapalybl YJIKEH alaHIayIIbUIbIK TeH
apaHaTyIIbUIBIK TYFBI3aThIHBIH Oaiikayra Oonaabl. TYPFBUIBIKTBL Kepi, YCTaHBIMBI, TiHU
CEHIMI JKOHE PKOHOMUKAJIBIK JKaFIaliblHa KapaMacTaH Ke3 - KeJIreH ajaM KeMCITYIITIKTIH
OipHewie TypiHe YIIbIpaybl MyMKiH. [1]

CoHBIMEH Karap, FajiayaT TUIII CO3Jep/iH He eKeHIH aHbIKTay YUIiH OipKarap 3epTrey
JKYMBICTapBI KYPTi3ii xoHe Oacra OeTTepine KapusuiaHabl. THiCTi KopirycTap oHail Kot
JKeTIMIII OOJIFaHJIBIKTAH, Fajayar TULAlL CO3Jep/i 3epTTeyaiH OachiM KOIIIUIIr aFbUIIIBIH
TUTIHJET JepeKTepli naiifanana oThIPBIN XKYPri3ingi. JlereHMeH, COHFBI KbUIIaphl Ka3ak,
TOJUTaH/ KOHE WMHAOHE3Ms TULAEpIHIeri OIITCHIUIIK COo3lepiH aHbIKTay YLIiH OipHerie
3epTTeyNep Kypri3isii.

Keiibip xarnaiiapaa KiIT co3re HEri3ieireH oicTep/i nanaaiaHylbliapiaH HeMe-
ce YKEKKOPIHILITI JIeN caHalaThlH OSTTEp/CH, SFHH KOpJiay HeMece KeMCITy dJIeMEeHTTepi
Taby MYMKIHJITI OONFaH Ke3[e HeMece ayibl TaKbIpBIITapAarsl MmiKipTanac GpopyMaapsl
OeTTepiHeH Fajayar TN Ma3MYHJBI CO3 TipKecTepiH Taly BIKTUMAIABIFBI KOFaphl JEM
OepiireH.

backama aliTkanzia, Fajayar TULII Ma3MYH/IbI MIKipiepi Ta0y bIKTUMAJIBIFBI apTaIbl.
Byn oprypni agamapap ToObIHAH MaTepuall KMHAyMEH OaillaHBICTHI IIEKTEyJIepli ecKepe
OTBIPBIN JKacanaipl. 3epTTeylIiyiep KOpIalThIH )KOHE KEMCITy €03 TipKecTepi Ke3IeceTiH
miKipaepai ’KuHay YIIiH OipiKTipiireH cTpaTerusiHbl KolaaHasl. by omic ragayar cesnep
JKa3aThlH aKKayHTTapAbl OaKpLIaylbl, aHBIKTAFaH aKKAyHT HEJEPIHIH TapUXbIH KYKTEIl
aTy/bl )KOHE OHJIAHH KOHTEHTTErl MOCTTapAbl KT cO3AepMEH Cy3yli KaMTH bl TaObuiran
miKipJep OChl TOCUT apKbUIbl KMHAIIBI. Kelbip >xarmaiinapna, Oip akkayHTTaH OapIibIK
MOIIMETTEp KOPbI KHHAJJBI JICTEH OO/DKaM KenTipreH. MyHpjal caHartay MiKipiepre
Oenrini Oip JAEPEKKO3/CH KUHAJFAH OapiblK 3JIEMEHTTEp/l Fajayar TUIIl xabapiamalap
JIe caHayra 00J1aJibl JIereH 0oJKaMFa HeTi3/elreH. [6]

3eprrey aaicTepi. BeG-pecypcrapaarsl Fajayar Tinai miKipaepai aHbIKTay YIOiH eH ajl-
JIBIMEH MalllMHAJIBIK 9/IICTEP/Ii OKBITY )KOHE ChIHAY YIIIIH Ka3aK TUIIHJE KOPITYC KYpY.

3epTTeyaiH OacTanKbl Ke3eHIH/IE Faiayar T MOTIHACPMEH KaTap OINeH UK Oerici
JKOK MOTIHJIEP/Ii KOPITyCKa KHHAKTAY JKOCIapianrad. Famgayar T Ma3MyHIaFbl MOTIHTE
ouckpumunayus (anam KYKbIFbIH IIaMaJaH ThiC Oeiiofien co3/1ep apKbUIbl WEKTEY), KOpiay
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mini (2cazeiMcbl3 co30ep apKblibl Kemcimy, Kopavlk Kepcemy), KubepOyiiune (AHTEPHET
JKEJTICIHAC ajaMJibl Kopiiay HeMece Kynanay), skcmpemusm (CasCU JKOHE JIIHA OarbITTaFbl
IICKTEH IIBIKKAH KaFbIMCBI3 IMKIpMEH 06JIiCy) %oHe paduxanuzm (6Mip Cypill OThIPFaH casi-
CH OpTaHbI CO30CH ChIHFA ajly) KipeTiHiH Kepyre 00Jabl.

OmreH Tk OelNrici Ke3/IeCIeHTIH caHaTKa JKaTaThlH MATIHAEPTe TYPJIi KYTThIKTAyJIap,
JKaH — JKaHyapliap aTrayblH jKaHyapiiapFa KaTbICThl KOJIJIJaHY, KOPKBITY HEMECe KeMCITy
Oenriyiepi Ke3/ICENEeUTIH MiKipJiep MeH XabapiaMaiap Ti30eri, Typ:i JKapHaMaJbIK criamiap
JKOHE T.0.

3eprreynin OacklHIa OHJIAMH pecypcTapan Fajayar TUI MOTIHISPAI i371ey dKYMBICTapbl
xyprizinmi. Kaszak Ttiminzmeri Oeiiomen Tinai mikipimep TizOeri Instgram onmeymerTik
JKEJTICIHACTI Ka3aK Tl ayJIuTOPHUsCHl Oap Ojorepliep, QHIIIEP, TaHBIMAJ TYJIFaiap ak-
KayHTTapbIHAH €PIKTI aHHOTATOP SFHU, HAKTHI O1p MaKcaTTa OHJIAWH — 13/eyIli Ka3akK Tl
Fajiayat Ce3/Iep/ICH TYPaThIH MOTIHICP KUHAJbI. [lereHMeH, )KUHaIIFaH JIEPEeKTep KOPbI TEK
Oip HeMece €Ki — YIII CO3/ICH TYPaThIH MATIHJEP Ti30eri peTiHJie KuHAKTaiFaH. MbIcajbl,
«MaJy, «IIOIIKA CUSKTBI», «CIIaK SKSH» JIETCH CO3 TIPKeCTepl MaIIMHAIBIK OKBITY JKYHECIH
yHpeTy >KeTKiikci3 Oonabl. MbIcanbl, «Mam» CO3iHIH MarblHACKI op TYpJi Ma3MyHza
KOJIJIAHBLTYbI MYMKIH, OJT «MaJl a3bIFbl KOpaFa JKETKI3UI» KOHE «MaJl CKeHI alTnai —ax
KOPIHII TYp» JIETCH COMIeMICp/Ie «Mall» CO3IH Fajlayar ce3Jep KarapbhlHa KOocyJla HeMece
KOCIal KaJJIbIpy/ia MallliHAJIBIK OKBITY/IA KaTTeIiKKe YpbhiHaAbl. COHJIBIKTAH, OHJIAMH Tap-
CHHT JKOHE epIKTI aHHOTATOp apKbuibl Facebook- Teri ka3ak Tijjii KaybIMIAaCTBHIKTAP MCH aK-
KayHTTap *oHe Youtube ruiargopmaiapblHaH YIII HEMECE OZIaH Jia Koll CO3Jep/ICH TYPaThlH
Oetionen MasmyH bl 10224 celineMep KHUHAKTAIIBI.

Cypem 1 — Fanayar tinai mikipiep yarici
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O3ipJeHIeH KOopIycTa FajayaT TUIAl MOTiHIep Oap Kykar 3 OaraHHaH TYpaJbl:
XxabapnaMaHbIH HEMece MIKIpAiH PeTTiK HeMipi, xabapiama HeMece MIKIpAiH e31 *KoHe
xabaplaMaHbIH HeMece MIKIpAiH FajayaT TUIAl ekeHiH OinaiperiH «1» atpubyTter Cyper 1-
JIe KOPCETUITeH. AJIIaFbl yaKbITTa KOPITyCThI Fajayar TUIl MOTIHIEPMEH opi Kapal TONThI-
Py JKocIapiaHyna.

Co30ix bynm. Jlepektepii KopHEKi TYp/ie KeOpCceTy YIiH CO3/iK OyITTap naianaHbUlIbL.
blkTuman keMciTy HeMece OIINeH IUTIK uaessiapsl 0ap naiaananyis xa3oanapel Cyper 2
—ne Oesek kopceTtinreH. Kepin oTbIpraHbIMBI3Ial, Fagayar xkaz0anap naijanaHynbuiapabiH
KEMCITIN, KOopjay HeMece KOPKBITY MaKCaTblH/la €KCHIH TIKeJieH KOPCETETIH (OKoJer,
«MaKTabac KyJ1», «aThlll TaCTay KePEeK» CUSAKThI CO3ICP/l KUl MaijaiaHa bl

a) Fajiayar ces3/iep CO3/iK OyJIThI 9) KaJIBINTHI CO3/IEP CO3/IIK OYJITHI

Cypem 2 — Fanayart ce3ziep oHE KaJbIIThI CO3ICP CO3MIK OVIITHI

faoayam cesoep epexwenixmepi:

Kazak Timiazmeri FamayaT TUTII MOTIHAEPAl TAJIIAy OJIApABIH ©31HE TOH ePEKIICITIKTepre
Y€ eKCHIIT1H KOPCEeTTi:

1) Ka3aK TiJiHIH SpiNTepiH KUPHUILTUIA SpINTEepiMEH aybICTHIPY (MBICAIBI, «CYMBIpai -
«CYMBIpai», «OIIIT KAy - «OJTHUII Ka» XKoHE «OHOAaFram» - «OHOaramy),

2) Ka3ak TUTIHIH SpINTepiH JaThIH SpiNTepiMEeH aybICTHIPY (MBICAIBI, «IIIOIIKA» -
«wowkay, «kaHIBIKY - «kanwyk» xkoHe «Xxaityan» - «xaiyan»),

3) TeHey ce3lep apKbUIBI HeMece MeTadpa apKbUIBI KeMCITy (MBICANIBI, «MaKTadacy,
«OPBICKYID) JKOHE «OmaKdacy),

4) TYPFBUIBIKTHI JKepiHe OaiIaHBICTBI FajayaT KeMCITY CO3[epiH KOJAaHy (MBICAIIBI,
IOKAH/IAPY, KTEXACH, KOPBICTAPY, KKAPTOMOACH ),

5) opdorpadusIIbIK KaTerep HeMece dpill OpHBIHA CUMBOJT KOJIJAHBII jkKa3y (MBICAIIBI,
«K.T €KCHCIHY, «IIIeIIeH (MBI ),

6) opBIC TUTIHEH €HreH CO3IepAl KOChIMINA )KYPHAKTAp apKbUIBI Ka3aKmianay (MbICAbI,
«Imambanmapy, «CyKachlHy, «IepTTapy).

Famayar cesmepmeH TypaThlH MOIIMETTEP KOPBI TOMEHIETI THITETI Ma3MYHIIBI
TEKCTTEP/Ii KaMTHIBI:
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1) adammuviy 6otivl OolbIHWA, TEMEK OOMBIHBIH Y3BIHIBIFBIH HEMECE KbICKAJIBIFbIH
0acIIbIIBIKKA ajla «OTBIPBIT, CO3 aPKbUIBI %K0IP KOPCETY, MBICAIIBI, «MBIPTUFAH KOPTHIKY,
«OOWBI cCOpaliFaH Kepik» JeTeH CHSIKTHI CO3 TIpKeCcTepi Ke3Aece/l.

2) sicacwl boubiHua (3U0HCU3M) — AJIAMHBIH JKaChIHA O0aMJIaHBICTHI aJiajay, erye )KacTarbl
ajaMJap/pl, KilIKeHTal Oajaiap/bl KeMCITy/Ie KUl KOJIaHbUIATBIHBIH OaliKayra OO0Jajbl.
MBpicaiibl, «Kapi KEMIIp», «KIp1 Kapray, «a/DKbIFaH KaKMacy, «Kapiirajail 0oJbin 0aJiecin
Kapaibh JIeTeH CHAKTBI Co3 TipKecTepi Ke3/IeCceIi.

3) kacmanvixy Ouckpumunayus — Oenrimi Oip TYPFBUIBIKTBI KepIeri agaMIapibl,
IIBIFY TETiHE HEMECe CaHBIHBIH a3 0OJyblHAa Kapal KOFaMJIbIK TONTAapibl KYKBIFbIH IIEK-
Tey HeMece 001y, MbICAJIbI, COITYCTIK TYPFBIHJIAPBIH «OPBICTAPY, KMOHTYPTTEP», OHTYCTIK
TYPHBIHJIAPBIH «EKHUKTEP» JETeH CUSKTHI CO3 TIPKECTEPiH Ke3AecTipyre Oomabl.

4) MamanObleblHa Hemece HCYMbLC chepachl DOUbIHWA QUCKPUMUHAYUsL, KaHTal J1a Oip
MaMaHJIbIK UECIH KEMCITY, MbICAJIbI QHIIIEP]I «CEKSHJIETeH CIIKi» HeMece Japirepiepai
«KOJIbIHA aKIlla 0CPMECEH OJITeHIHMEH JKYMBICHI )KOK», COHBIMEH KaTap «Toracrap Fou, Jiu-
IJIOMBIH CaThIN aJIFaH» JIETCH MaFbIHAJaFbl CO3 TIPKECTEPIH Ke3eCTipyre 00JIabl.

S) aunuzm Hemece Oducabiuszm — amaMAapAbl MYTeleKTiK CHIaTbIHA HeMece
(pusukanbiKk epexkmeTikTepi OOWBIHIIA aJiajaylbl KATKbI3yFa 00JaJbl, MbICAJbI
«KEMIC», «GKbIHYPFaAH», «TONMACY, KKYOBIKBIK» JIET€H CO3/IeP TONTAMACHIH OChI 06JIiMre
JKATKbI3yFa 00J1a/1b1.

6) pacuzm — STHUKAIIBIK LIBIFY TETiHE KOHE HOCUTIHE Kapai ajamaap/sl Oerin Kapay.
Hocinminaep agaMHbIH TYp — TYCiHE, ©31H -031 YCTay epeKUIeNir MeH Kypill-Typy oae0ine
Kapaii OHbI ©3resIepIcH 06l KepceTyre, OacKaiia eKeHIH KEMCITY apKbUIbI JIQJICIICYTE Thi-
PBICAJIBI, MBICAJIBI «O30€K», «CAPT», KKIMIPY», KOPBICKYID , KIIOMIKAKYJD), «aparnKyyn» JIereH
€63 TIPKECTEPIHEH TYPAThIH COUIEMIEP/II Ke3eCTipyre 0oabl.

7) Oinu cenimi 60ULIHUA OUCKPUMUHAYUAOA ATlaM ©31 CEHETIH KOHE YCTaHAThIH JiHIH
OackaJyiap/iaH KOFapbl KOSJIbI, SFHU ©3T¢ JIIH/I YCTaHaThIHIAP bl TOMCHJICTII, aajiayFa Thl-
PBICAJIBI, KUCIAMUCTEPY, «apaOKyJiapy», «KIIMipiep» JIETeH Co3 TipKeCTepiHeH Oailikayra
Oonanpl.

8) cexcuzm — ajam il JKbIHBIChIHA OAMIAHBICTHI O6Til, OIPIHeH EKIHIIIICIH apThIK Koto. [ eH-
JIep TEHCI3/IIrIMeH OalilaHbICThIpyFa Oosa ibl. CEeKCH3M — oMelT MEH ep aJiaMJIap/ibl KBIHBIChI-
Ha Kapail ayajay, Kyl MeH KYKbIFbIH TEH €Till KaObU1amay, MbICAJIbI «TeHiIepy, «IecOuiepy,
«KaTBIH €KCHCIH JISTCH FaJiayar Tl co3zep 0ap ce3 TipkecTepiH Oalikayra 0oJabl.

9) eemepocexcuzm Hemece 2omopobus — KBIHBIC OPUCHTAIMSICBIHA Kapail KOFaMHHaH
KOpJIaHy, Ma3aKKa YIITbIpay KOHE KYKBIFBI IIEKTEIYI.

10) cettney mini 6otivinwa kemcimy Oip TiJjIe FaHA COWICHTIH HEMece KaHai na Oip
TUIJIC COMJICH aIMalThIH aJaMJIbl KeMCITY MeH ajanay. [7]

3eprrey HoTHKeEPi. XKOFapbiIarkl )KYMBICTBIH HOTHIXKECIHJIE a) OHJIAIH MapCUHTTED
KOMETIMEH JKOHE aHHOTaTop KeMeriMeH «Instagramy oneyMeTTiK skeliciHeH, «Youtube»
xoHe Facebook anmeymerTik skeminep/eri Ka3ak T el KOJJaHylbliap napakiianapsl
MEH TONTapPbIHAH MOTIH/IIK JICPEKTEP KUHAIJIBI; 0) MOTIHICP/II «Fajlayar T KOHE «HEH-
TPaJIbJIbl TEKCTTEPY JICTI €Ki CHIHBITKA KOJIMEH JKIKTEY KacallJIbl; B) MOJICIIbI1 OJIaH 9pi OKBITY
YIIIiH KOPITYC KYPBULIIBL; T') FajayaT TUI1 )KOHE SIIKAH/Iak OIIMeH UK CUITaThl Ke3/ICCIICHTIH
MOTIHJICP/IiH, CO3MIEP/IH OYJITTApPBIHBIH TapajybIH MMalijjajiaHa OTBIPBIN, KOPIYCKA Tajay
JKYPTi3UIiI, Fajayat TUIAl Ma3MYH/IaFbl MOTIHJIEP/IIH ePEKIICTIKTEP] aHbIKTAJI/IBI.
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Faoayam mindi nikipnepdi anvlkmayoa meper oKbimyobl Koadany. TepeH OKBITY 3U0-
USUTApABI Taaay, MOTIH/I KIKTEY jKOHE aBTOMATThI ayJlapMa CHSKTBI TaOWUFU TN OHJIEY
(NLP) rarceipmaniapbl VIIH ©Te¢ KoJaiibl. MOTIHJII JKIKTEY YIIiH 0i3 TEPEH OKBITYIbIH
Keseci ofictepin Konganambiz: KonBomonuonasl Herpouablk xeni (CNN) xone LSTM
KalTalaHaThlH HEHpOHIBIK Kelli. TepeH OKBITY IMOIMSHBI Tajjiay, MOTIHAL JKIKTEY YKOHE
MaIlIMHAJIBIK ayiapMa CUSIKThI TaOUFH Tini exyey (NLP) Tarceipmanapsl YTz €Te KOJIaHIIbI.
MoTiHai KiKTey YIIiH 013 TepeH OKBITYIBIH KeJleci 9MIiCTepiH KongaHnaMbi3: Koueonioyuon-
0wt Hetiponowik anceni (CNN) xone LSTM xavumananamoli HetpOHObIK JHCell.

JKunakranraH qepeKTTop KOPBIH CY3Y YUIIH Kelleci alrOpuT™ KOJIIAHBUI/IbL:

* GapJibIK TaHOaIapAbl Oip PErUCTpPre KEITipy )KOHE KOChIMIIA TaHOAIapbl allbIl Ta-
cTay,

® TOKTATy CO37ep/i ajblll TacTay (CTOI - CJIOBA),

* MITPUXTAY MCH JIEMMATH3AIHUSHBI OPBIH/IAY;

* JieKceMasiay YITiCiH (MOTiHAI ce3lepre — JeKkcemanapra 0eiy) »oHE Ce3AepliH
N-rpaMMa’bIK YIITICIH (JIEKCeMaaFbl MyMKIH CO3JIEP/IiH CaHbIH) KOPCETY.

HeiiponapIk skeminep TeK CaHIBIK AEpeKTeperi yiriiepai TaOyasl yipeHe anajbl,
COHJIBIKTaH HEHPOHJBIK KeJire eHri3y peTiHiae MOTIHII eHrizdoec OypbIH, 613 opOip ce3ni
CaHJIBIK MOHTE TYpJICHIIpIiK. Byl npomecc co3/i konray HeMece TOKSHH3alus JIeT araja-
JTBL.

TokeHM3aUs YIIIIH CO3ACP/Il SHAIPY/II KOJIAAHBUIBI, OVII 9J1iC CO3EP/Il THIFbI3 CO3 BEK-
TOpJapkl peTiHe KopceTel (CoHai-ak co3/1i eHIIpy Jen arajasbl). By «eHri3y» cesi ke
aKnaparThl a3 eJIeMIepre JKHHAUTBIHBIH Olngipeni. OnapaplH MakcaTbl — FeOMETPHUSIIBIK
KEHICTIKTE CEMaHTUKAJIBIK MaFbIHAHBl KOPCETY. Byl TeoMeTpHsuIbIK KEHICTIK KipicTipy
KEHICTIT1 Jien arajajabl. bysl caHmap HeMece TYCTEp CHUSKThI YSIIBIK KEHICTITIHE JKaKbIH
MarbIHAJIBIK YKCAC CO3JIEP/Il KOPCETEI.

Hepexrepui Tanbanay yurin Kepacrarsl Tokenizer yTuianTachl KOJIJTaHBLIIbL, OJ MOTIHIIK
KOPITYCTBI OYTiH caHaap Ti3iMiHEe BEKTOpJai anajpl.
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Tokenuzaropna exi mapameTp KOJJaHBULABL: CO3/IK OJIIIEMiH OpHATyFa xKayan OepeTiH
num_words oHe ce3/ep Ti30eriH HOJIMEH TONTBHIPAThIH pad sequence(), 0N mapaMeTpi
MOTIH Ti30€TiH/IeT1 OpTY Pl Y3bIHABIKTAFbI CO3/IEPAIH MOCEECIH LIy YIIiH KOJIJaHbLIa IbI.
Ce3zik emeMiH OpHaTyFa »ayanThl num_words mapamerpi Kocbuiabl. Ce3 CaHbIHBIH
MoHiH 2000 MoHIHE OpHATBUIIBL. 3epTTey MaceneciHiy Oipi opOip MOTiH Ti3OeriHiH Ko
Karaaiaa ce3 Y3bIHABIFBIHBIH OPTYPJi OOMybl. ANl PETTUTIKTEpHiH KaHIIAIBIKTHI y3aK
0O0JTyBI KepPEKTITiH KepceTy YIIiH maxlen mapaMeTpi KOCbULIbL. Bysl OChl CaHHaH acaTbiH
Ti30eKTePi KbICKApTa b, [8]

Mominoi acikmey yuiin mepen okoimy mooenin Kypy. HeMpoHIbIK *kemiie Kipic Kabarsl,
JKACBIPBIH Ka0aT jKOHE IIBIFBIC KA0AThl CHSKTHI OipHEIIe TEPMUHAEPAl Ke3aecTipyre 00-
nanel. COHBIMEH, TEPEH OKBITY apXHTEKTYpachl MEH HEHPOHBIK JKEJIiHIH apXUTEKTYyPachl
apachbIHIaFbl ailbIPMAIIBLIBIK KACBIPBIH Ka0aTTapAbIH CaHbl 00JbIN Tabbu1aabl. Kapamaiibim
HEHUPOHJIBIK JKellijie TeK | xachIpblH Kabar Ooinca, Deep Learning-te 1-1eH Kell achIpblH
kabart Oap exenairid temeneri Cyper 3 — TeH Oalikayra OoJaibl.

Cypem 3 — TepeH OKBITY MOJICTIHIH apXUTEKTYPachl

En annmeiMeH kipic HeHpOHAapBIHBIH KabaThlHAH Oacraianbl, OHAa (DYyHKIUS BEK-
TOpJIApBIH €HT13iM, colaH KeiiH MOHJEp >KachIpblH KaOaTTTapra aybICTHIPbUIAJBI. OpOip
KOCBUTBIMJIa MOH aiiFa KiOepilie[l ajd MoH callMakka KeOeHTileml »oHe MOHTe BIFBICY
KOChUIa bl byl opOip KOCBUTBIMIA OPBIH allajibl )KOHE COHBIH/IA MIBIFBIC KAOATHIHBIH MOHI
anprHaabl. LbIFeic feHredi Oip Hemece OipHelle MIBIFBIC TYWIHAEpiHEH Typajsl. bizmig
XKarjaina, Oip TyiiH, ce0eli eximik Kiaccu(huKalusChl OPBIHIATATBL.

Hetiponapik xeni gopmynacel: opOip MIBIFBIC TYHIHIHIH MOHAEPIH ecenTey YIIiH 0i3
opOip kipic p TyHiHiH W casmarbiHa KeOeiTin, b KUFaTHIFRIH Kocy KaxeT. ConaH KeliH
MYHBIH OapJIbIFbIH KOPBITHIHBLIA, T pyHKIIMsACkIHA Oepy Kepek. by ¢yHkms Oencenmipy
(GyHKIUSICBI OOMBIN caHaja bl )KoHe opTYpii GyHKuMsnap 6ap. OnerTe )KackIpblH KabarTap
YIIIiH Ty3eTireH chI3bIKTHIK 010K (ReLU), exinik knaccudukanms ecemineri mbiFbIic Kadar
YIIH curMa Tapi3ai (PyHKIHMsSI HEMece KOIl KJIACTHl XKIKTeY €CENTepiHiH MIBIFBIC KabaThl
yiriH softmax ¢yHKIHsch KommgaHbuiafsl. CurMa Topi3ai GPyHKIUSHBI KOJJaHaMBbI3. AJl-
TOPUTM CaJIMaKTap/bl Ke3/IeHCOK MOHICPMEH WHHIIMAU3AIMsIIayiaH OacTaiasl, COJAaH
KeHiH or1ap Kepi Tapaiy Jier arajiaThiH /IiCTICH OKBITBUIAIbI. Byl ecenTenreH skoHe KaKeTTi
HOTIXKE (COHBIMEH Oipre MaKcaTThl HOTYKE JIST aTallafbl) apachblHIaFbl KATeHi a3aiTy yIIiH
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TPaIueHTTIH TYCYl CHSIKTBI OHTAMIAaHABIPY dicTepl (OHTaWIaHIBIPYIIBI IEN TE aTaabl)
apKbUIbl OpbIHAananel. Kare sxoranty (YHKUMSCBIMEH aHBIKTANAIbl, OHBIH >KOFaTybIH
KeJeci 3eprreyieple ONTHMU3aTOPAbIH KOMETIMEH a3alTyra OOJIaThIHIBIFBIH KOPCETyre
6omanpl. [9]

Taakeriayaap. Ocbuiaiiiina, Oy 3epTTey/e dJICYMETTIK JKeNUIep/Ieri Fajlayar co3iepre
KATBICTBI MOTIHJI AHBIKTAYJIbIH YCBIHBUIATBIH OMICI TYCIHAIPUIII, OHIA JCPEKTEp/i aiy,
N-rpaMJibl aHBIKTAy, MOTIHII TOKEHHW3AIMsUIay, TOKTAy CO3JEPIi KOK CHSKTHI OPTYpIIi
o/licTep/li KOJNJIaHy apKbUIbI JEPEKTEpIi Tazajaay CHUSKTBI OPTYPIIi KajaMiaapabl nakiaanaHa
OTBIPBII, HOTHIXKECIHJIC aJIJIbIH ajla OHJICITSH MATIHCP/IL amy.

Keneci kamam pertiHfe, Fajayar TUIAI Ka3akiia ceuIeMJiep KOPIYChIH OKY JIEpeKTep
JKUHAFBI )KOHE ChIHAK (TECT) KMHAFbI peTiHAe eKi Oeikke OomiHeni. ¥ CHIHBUIFaH IEPEeKTep
skuHarbl 10224 ceiinemueH typaabl. Onapnabie 7683-1 (75%) ynrinepai okbiTyFa, 2556-1
(25%) ynrini Tekcepyre apHaFaH.

CoHBIMEH Karap, 63 ajlIblHa 3USHbI )KOK KONITETeH HnoManap 6ap; JereHMeH, erep ojiap-
JIbl THICTI KOHTEKCTE KOJIAaHbLICa, OJap Kopiay, KEMCITY TiJiep KaTapblHa KaTybl MYMKiH
[10]. lerenmeH, Fagayar TiIepAl KOJAaHY KarAalbIHAA 1a 9PTYPIIi el KoJAaHy IbUIapaaH
op TYpIi ASpekKeeri KYKbIK Oy3yIIbUIBIKTaphl O0Maybl MyMKiH emec [11], conpiMen Oipre
ic — opekeTTep , CoHai-ak Oip TepMHUHHIH TYPJIi ACHIrei1e KONJaHbUTybIHa OailIaHBICTHI Op
YaKbITTa ©3repyi MYMKIH.

KopbIThIHABLIAK KeJle, FajayaT ce3lepiH KOMMYHHUKAIMSHBIH Oacka TypJepiHeH
epeKLICNeHIIPETIH caHaTTay YITICIH 93ipieyre KoJi JKeTKi3mik. byran Koca,
KJIACCU(DUKAIMSIIBIK MOJCIBACPIMI3l OKBITYFa EHTI3IITeH MOTIHIIK MYMKIHIIKTEpPIl
JKacaJblK. Bi3iH COHFBI KIKTEY YATIMI3 QJIEyMETTiK Meiia CalTTapblHIa FajayaT co3/1epiH
aHBIKTAy YIIiH MallMHAJBIK OKBITY/IBI KOJJaHyFa 0ojla Ma JIereH Cypakka jkayar Oepi.
KonmansicTarbl 3epTTeyliepre KaTbICThI OSIT1Ti Oip TEpMHUHICPIH FaaayaT T co3ep I MeH
Oelfosien MarbIHACKHI )KOK COMJIey KOMMYHUKAIMSIIAPBIH aKbIPaTy YIIiH MaHbI3/Ibl €KeHIIr1
TaHBUIABL. KeMciTy XdITeriMeH OeNTijieHreH TBUTTEpAEC TOMOGOOMSIIBIK, HOCUIIIIIIIK
JKOHE CEKCHCTIK miKipiep Oap. bys kemciTy MeH KOpiIaiThiH Xabapiamanapabl aHbIKTay bl
JKEHIJIIETCe e, erep oJlap CTaHIAPTTHI KEK KOPETiH Cco3lepAl KaMThIMaca, alropuTM ¢pa-
3ajap/bl Kare Kikreyi MyMKiH. OChl IepeKTepACH IBbIFaThIH TaFbl O1p KOPBITHIH/IBL: Faayar
Tinai ce3aep Oenrim Oip agamra, Oenrini Oip Tonka OarbITTanFaH OOJybl MYMKIH HeMece
eIIKaHAal MaKCcaTChI3 KOJINAHBUTYbl MYMKIiH.
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ABTOMATHU3UPOBAHHAS KJIACCUDPUKALUA
OCKOPBHUTEJIbBHBIX CJIOB I10 «39MOIINOHAJIBHBIM»
KOMMEHTAPHUSIM ITOJIB30BATEJIEN CETH

B nocneonue 200v1 azvix nenasucmu ¢ Hnmephneme noayuun wupokoe pacnpocmpanerue @ pesyib-
mame ne2kocmil, ¢ KOMopoli 110060e OHAAH-MHeHUe MOodicem Oblmb NPeoCmasieno 8 COYUANbHBIX CEMSIX.
Dma menoenyust @ OCHOGHOM C8A3AHA C OLICMPBLIM POCTNOM MOOUTLHBIX YCMPOUCME, KOMILIOMEPOs U
Humepnema. Cywecmeyem 601vuioll unmepec K UCCie008aHUAM NO AGMOMAMUYECKOMY 0OHAPYICeHUIO
HenopmamueHol nexkcuku. Tem ne menee, cyujecmeyem ewe Mauo UCCie008anULl 0 Mom, Mo2ym Ju cail-
Mbl COYUATLHBIX Cemeli NOMOYb 6 6blAGIeHUU NPECMYNIEeHUL HA NOY6e HeHABUCTNU U CEA3AHHbIX C HUMU
coobwjecms. Ilnoxue muenus He2amueHo CKA3bIBAIOMCA HA NCUXUYECKOM YpogHe 1100020 denogeka. O0-
HAKO HeKomopble 100U bosee CKIOHHbL K IMOYUOHANbHOU HecmadunbHocmu, yem opyeue. Pacogvim unu
DMHUYECKUM 2DYINAM, A3bIK KOMOPLIX He NONb3Yemcs NONYIAPHOCIBIO, CLONCHO A8MOMAMUYECKU CO-
oupamv u oyenueamsv mekcmol, cozoannvie ¢ Mumepueme. B amoii cmamoe ¢ UCHOIb308aHUEM MEMOO08
UCKYCCMBEHH020 UHMELTEKMA 6 06pabomKe mekcma u 00pabomKu ecmecmeenio2o A3vika enepsavle Ovlid
cobpana 6aza OaHHBIX ¢ UCNONL306AHUECM PASIUYHBIX KIIOUEBbIX CNI06 OISl 6bIAGNICHUS. OCKOPOUMENbHBIX
ClI06 8 COYUATLHBIX cemsx. Bo-6mopbix, anzopummbl MAWUHHO20 0OYUeHUsI UCNONb308AUCH OJis KAACCU-
@ukayuy mexcmog no HeCKONbKUM KAMe2OpUsM.

Kniwoueewie cnosa: ockopoumenvhuie cio6a, mawuna ooyuenue, 2nyboxkoe odyyenue, aiecopumm, Kop-
nyc, akKayHm.
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AUTOMATED OFFENSIVE LANGUAGE CLASSIFICATION
THROUGH “EMOTIONAL” COMMENTS FROM NETWORK USERS

In recent years, online hate speech has become widespread as a result of the ease with which any
online opinion can be presented on social media. This trend is mainly due to the rapid growth of mobile
devices, computers and the Internet. There is a lot of interest in research on automatic hate speech detec-
tion. However, there is not a lot research on whether social networking sites can help identify hate crimes
and related communities. Hate speech has a negative impact on the mental level of any person. However,
some people are more prone to emotional instability than others. It is difficult for racial or ethnic groups
whose language is not popular automatically collecting and evaluate texts created on the Internet. In this
article, using artificial intelligence techniques in text processing and natural language processing, for the
first time, a database was collected using various keywords to identify offensive words in social networks.
Second, machine learning algorithms have been used to classify texts into multiple categories

Key words: offensive language, machine learning, deep learning, algorithm, corpus, account
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KOPFAHBIC )KAFBIHJAFBI KATEPIEP MEH PECYPCTAPIBIH
BYJIIBIP )KUBIHTBIF BIMEH KUBEPKAYITICI3AIKTI
KAPKBLIAH/IBIPYIBIH AJJATITUBTI MOAEJI

Maxanaoa wabyvindaywvl mapanmuly KapiCbliblK pecypcmapvl mypansl MOablK aknapamol JHcok
AKnapammanovlpy 00beKmiciHiy KubepKayincizoik KypanoapblH KapiCbUIAHObIPY CMpamecusiapbii
Manoayovly adanmusmi mooeni ycvlnvliean. JKagoail KOpeaHvic mapanviibly KaApIICLLIbIK pecypcma-
pbl OYI0bIp  JHCUBLIHMBIKKA dHcamKanoa Kapanaovl. Modens axnapammulk Kayincizoik cylienepine
UHBECMUYUSLAYOLIY YMbIMObL HYCKANAPbIH Mayoay Minoemmepinoe wewimoepoi Koaoay icylecine
apHanean. Llewim Oipnewe mepmunandvi Oemketinepi Oap KonKaoamowvl OULIHOAD MeOPUACHIHbIY
KYpanoapvli Kondawy HeliziHoe anvinobl. [llewimoepdi iz0ey ywin OipHeule mepmunanl Oemkeiiepi
bap Oelimapan cypicmepmeH  Cbi3bIKMbl  eMec KONKAOamMObl OUbIH annapamosl  KOAOAHbLIObL.
Axnapammanovipy 00vekmiciniy Kayincizoiel Ke30elicox cunammasgsl Kubepkayinmepoi dcyzeze dcul-
PYMeH Oaunanblcmul 3UusH He2i3iH0e aHbIKManaosl. Aknapammuel odbexminep Kayincizoik uHOuKamopbl
Kayinmep #CublHMblebIHbIY KAYINMILIK KOI(DGuyuenmi MeH aknapammauii 00bekmi Kayincizoix dapexiceci
apacelHOaebl AHbIK eMec KAMbIHACMAap Mampuyacsl apKulisl AHbIKMAanaosl. Modens Kopeanwvlc HcagbiHOa
WAabysblI0ay bl Mapanmsily KApACbLIbIK CHPAMeSusAIapbl mypansl 0d, OHblY AKNapammol KOpeayowiy we-
Kapanapwii eycepyee 0a2blmmanean OHbIH KAPHCHUILIK PECYPCMAPbIHbIY HCA0alibl Mypansl 0a moiblK
anapam ok, 0ezen bondicammen epexuenenedi. Kopzanvic sicagvl 03iHiK KApIICHLIbIK, pecypCmapblibly
Oip Oenici ecebinen KoCbIMWA aKknapam anya MymKinoiei oap oen oonxcanyoa. Mooenvoiy oHimOiniei
ecenmey 3KCHePUMEHMIHIH KOMe2IMeH MeKCcepiiol, HCaHe OHbIY HamuUdIcenepl MaKaiadd KopCcemisieeH.

Tyiiin ce30ep: aknapammol Kopeay, aknapammanoblpy 0O0beKmici, OUblH Meopuscyl, KAPHCHLIbIK
cmpamezusi, MyCIHIKCI3 HCUBIHMBIKMAP, KOCLLMWA aknapam aiy mapmioi, wewimoepoi Konoay icyueci.

Kipicme. byrinri TaHma Ke3-KenreH aknaparTaHaslpy o0bekTi (AO) e3iHiH aKImapaTThIK
peCypCTaphIH KOpFaymbl KakeT eTeni. Ka3ipin e3iHae 0apibIk aknmapaTTeik oobekTinep (AO)
MEH OJIApIBIH aKMapaTThIK xkyienepin (AXK) skobanay ke3eHiH e OIOKEeTKE THICTI aKITapaTThIK
kopray xkyienepin (AKXK) sxone KpK kypy Hemece sxaHapTy yiriH kapaxkar oesinesni. COHBI-
MeH KaTap, 013 aKIaparTaHabIpy 00bEKTI HEFYPIIBIM KYP/IeTi OOJIFaHbIH aTall 6TeMi3, MBICAITBI,
YHUBEPCUTETTIK aKMaparThIK kyiecid [1] 6aHkTi [2] KopFayabl CaBICTBIPCAK, COMKeCIHIIe
KHOepKayiIci3aik KOHTYPBI KOpFay JKaFbIHIa O0ITysI Kepek [3, 4].

Kaszipri 3amanrer AKX xone KpK — Oyi1 aHTHBHPYCTHIK OaFmapiaMalibIK JKacaKTaMaHbl,
(atipBonmap, Jkeigeri madyburmap MEH aybITKYJIapabl aHBIKTAayFa apHaJIFaH JKyHeraepi,
KpUTITOTpadUsITBIK KOCHIMIIIATIAP I J)KoHE T.0. KaMTHTHIH Kerneraep [1, 3, 4].

AKnaparTeIK 00BEKTIIEpTre HEMece aca MaHBI3IbI CBIHA KOMIIBIOTEPITIK JKyHenepre Ku-
Oep madysIIAAPBIH CIICHAPHUIUIepl KypaeaeHe TYCKeHIIKTCH, KHOSPKAYIICi3 MK Kypaiaapsl
MEH JKYHelepiH TaHaay YIIiH KOPFAaHBIC JKaFbIHAA MOCTYPIIl CTpaTeTHsUIapFa HETi3IeIreH
aKmapaTThIK Kayilci3miK >KYHeJepiHiH KemIeHIepi MEH KOHTYpJIapbIHBIH aIllapaTThIK-

* E-mail xoppecronnupyromero aBropa: bagdat.yagaliyeva@yu.edu.kz
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OarmapiaManblK  KypaMblH —ajJblH-ajla KaJbIITACThIPy KWBIHFA COFBINl  JKaTKaHBIH
eckepemi3. KopraHbIc jkarbl KuOepKayinTep/AiH JaHAMAaQTHHBIH 03repyiH AWHAMHUKAaIBIK
TYpIE ecKepyi KayKeT OONaThlH HAaKThI JKaraai OOJBIN IIBIFYbl MYMKiH, OYJ1 aKmaparThbIK
OOBEKTIHIH KOpPFaHBIC KOHTYpJapblH KaiTa Kapay HeMmece KaiTa KoHQHrypauusiay
KaXeTTuliriHe okeneni. by, o3 keserinne, xaHa QpaipBoybl, Kipyi aHBIKTAy >KYHelepiH
JKOHE COJI CHAKTBUIAPABI CaThII alyFa KOChIMINIA KAPKbIIBIK IIBIFBIHAAPMEH OaiJIaHbICTHI.
Bynasip KayinTi Kayinrep MeH jkaHa Kayintep MeH malybll clieHapuiiiepiHiy naiaa 6oy
TEHJICHIUSICBIH €CKEePE OTHIPBII, KHOCPKBIIMBICKEpIIEpTre KapChl CTPAaTETHSIHBIH Kap KbLIBIK
KYpaMblH TaHJay MOCENIeCiH HIelly JTUHAMHUKAIBIK MiHAET Jemn aita anambl3. COHbIMEH
Oipre HaKTBHI araainapaa KOPFaHBIC YKarbIHBIH KOINTETeH pecypcTapbl OYJIIBIPIBIKTHIH
Oenriii Oip mapameTpIiepiHe colKec Keliedl en aiTyra 0oJabl.

Os71epiHi3 OlIeTiHACH, KOTI XKaF/[aii1a HaKThl (PU3UKAJIBIK dJIEMJIC Ke3/IeCETIH 00BEKTLIIEp
KJIACTapbIHJIa MYIIEIIK KpUTepuii Non aHbikTaimaraH. COHbIMEH Oipre, oy OChIHAAN
aHBIKTAJIMaFaH «CHIHBIITAP» aJaMHBIH OMJIaybIHAA, aTal aliTKaH1a, nHpOopMaTHKa, Kuoep-
HETHKa, KacaH bl MHTEJUIEKT, 3aHIbIIBIKTHI TaHy, aKiapaT 0epy ’oHe adCTpaKIusIay KoHe
Oacka /1a cananap/a MaHbI3/Ibl POJT aTKAPaThIHABIFEI AayChI3 (DaKT.

Bybuiniplp  JKUBIHHBIH — TY)KBIPbIMJIaMachl ~ KONTETeH JKUBIHTBIKTA  KapamnaibiM
KUBIHTHIKTAp/a KOJAaHbIIAThIHAAPFa apajielb O0NaThIH, OipaK COHFbUIAPbIHA KaparaHaa
JKaJbl, aJl KEHipeK OOIybl MYMKIH TY)KbIPbIMJaMAaIIbIK HETi3Aepai KypyFa bIHFailibl Oa-
craMa OOJaTBIHABIFBIH €CKepy KakeT. ATam aiiTKaHma, OyJl Keieci caianapra KaTbICTHI:
CypeTTepi )KiKTey; MAJIMETTEep Il OHACY; OWBIH TEOPHUSICHI JKIHE T.O.

MaHpbI3/1bICHL, MYHJIAH KYPBUIBIMIAP Ke3eHCOK IamManapAbH O0TybIHA eMEC, CHIHBIIKA
KIpY/IiH HAKThI aHBIKTAJIFaH KPUTCPUIIIEPIHIH O0iIMaybIHa OAIaHBICTHI OOJIATHIH AJICI3AIK
KO31 ecenTepii WENyaiH TaOuru 9iciH ychiHaabl. COHABIKTaH, OChl Makajiaga Kapama-
KaWIIBUTBIKTBI CUITATTaFbl MOCEIIENEPIi LIy e ThIPhICAbl )KOHEe OHAA aKIapaTThIH TOIBIK
€MECTIll CTOXaCTHUKAJBIK CHIIATTa OONMMaijbl, Oipak OYJIBIHFBIP KHUbIHIAP OEpreH aHbIK
eMec aknapar CHIaTblHa ue 0oiajbl.

[4-6]-ne xemenni KpK nen AKXK kypynarsl Herisri macenenepain 0ipi AO ymin KpK
nen AKXK uHBecTHUUMsUIAy[bIH YTBIMABI CTPATETHSICHIH TaHIAy EKEHHIrl KOpCETiIreH.
Akmapartanibplpy OOBEKTICI YIIIH KHOEpKAyilci3ik MIiHAETTepl callachlHIarbl [0,
7] wemiMaepai KaObULAAayasl KOJAAy HWHTEIICKTYa H3alUsIChIHBIH COHFBI KBUIAAPHI
KaJIBINTACKAH TCHJCHIMACHI OCBIHJAAW JKYHelep VINH oji IMISHIUIMEreH Maceleliepre
JKaHalla Ke3KapaclieH Kapayra MYMKiHmik Oepzi. Aram aiitkanma, AKX sxone KpK
KapKbUIAHIBIPYABIH YTHIMIBl CTpAaTETUsUIapblH TaHAAyIbIH JKaHa MOJAENbICPIH J3ipiey
MiH/IeTi ©3€KT1 O0JIbIN Kasia Oepesi. Mbicalibl, OyJ1 KOpFaHBIC JKaFbl )KaHa 0y3y TEXHOJIOTHSI-
napMeH OeTrie-0eT Kelyi MYMKIiH Karaaiinapia KaxeT. by e3 ke3erinae aknapaTTanabipy
00BeKTICl YIIIH KHOepIiK Toyekeln JeHreinepin o3repreni. COHIBIKTAH, CalbI KeJITreH e,
KOpFraHbIc TapaObl YThIMIBI cTparerusinbl TaHnay ymin KpK nen AKXK xapkeuiannsipy
CTpaTerusIapbliH KaiiTa Kapay KakeT OOJIFaH/aa )Karail TybIHJaybl MYMKIH.

MakajaHblH MakKcaTbl — aKmaparTaHjblpy OOBEKTICIHIH KUOEPKOPFaHBICHIH
KapKbUIAHIBIPYABIH YTHIMIIBI CTpaTerHsjapblH TaHJay OOWBIHIIA IIEHIIMICPAl KOJaay
KYHeNepiHiH MOJIEITiH JKacay.

MakasianblH Herisri marepuajbl. AKHaparTaHablpy OOBEKTICiHIH Kayimlci3miri
Ke3JIeHCOK CHIaTTarbl KHOEpPKayinTepl JKy3ere achblpyMeH OailJIaHBICThI 3UsSH HETI31HJIe
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aHbIKTaNanpl. byn skarmaiiga KayinTinik Kod(QOUIMEHTTEpl akmapaTThlK KayircizIik
JKYHECIHIH HaKThl NapameTpliepiMeH KoppensuusuiaHansl. byn mapamerpnepain 0ipi -
aKIaparThIK Kayilci3mik sxyieciHiy Oara-cana karbiHachkl. COHBIMEH Mapamerpliep HeMe-
Ce OJIapHbIH KUBIHTHIFBI aHBIK €MEC MOHJIEPMEH YChIHBUIAbI, al AO Kayilci3maiK HHIUKa-
TOPBI KayinTep KHUBIHTHIFBIHBIH KayinTimik kodhdumuenti meH AO Kayinci3mik Iopexkeci
apachIHAaFbl aHBIK EMEC KaTblHACTap MaTPHLIACH apKbLIbl aHBIKTAJIa bl

AKnapaTTaHablpy OOBEKTICIHAE aKMapaTThl TEXHUKAIBIK KOpFay KypajJapblHbIH
(ATKK) tuimminirin Oaranayra ke3kapac ATKK kosnmanOaii Kayirci3iik KepceTKilTepin
canbpIcThIpMaibl Tangayra HerizgenreH. CoHbIMeH, 0i3 akmaparTaHiblpy OOBEKTIiCiHe
AHTPOIIOTEH/IIK KOHE TEXHOT'CHIIK KayiNTiH KayiNTiliK J9PEKECIH aHbIK eMeC YChIHY IapT-
Tapbl TypaJibl aiThIN OTBIPMBI3. Tangay oOBEKTUIEpiHIH, Kayil-KaTepiepaiH KypaMbl MEH
CUMaTTaMaNapbIHBIH KYPIENUTIriHIH KOFapbuiayblHa OaiiianbicThl (OipiHII Ke3ekTe, 0i3
KaIlIBIKTaH PYKCAaT €TIJIMETeH KaTepiiep Typajibl ailTaMbl3), aKlaparTaHablpy 00beKTiCi MEeH
aca MaHbI3JIbl KOMIBIOTEPITIK Kyienepaid (AMKIK) kayincisairin canpik Oaranay MiHJIETI
o3ekTi 0onbin Tadbanel. ATKK Trimainirin 6aranay keneci Tocinjep HeriziHge MyMKiH: 1)
KayiIci3lik KOpCEeTKIlIiHIH MOHIH HOpMaTuBIeH (11eKTi) canbicThipy; 2) ATKK [7-15] xone
aKnaparThl TEXHUKAJIBIK KOPFay KYPaJAapbIHChI3 CaIbICTHIPY.

Exi Tocinm ge Oenriimi Oip MOAENbICp MEH OJIICTEp JCHICHIHIE KOJIJIaHBLIAIBI.
TuimMainikTi KemeHai Oaranay YyIIiH OIpIHIIN TOCLI ©TE€ KOJNAWbl eMecC, OMTKeHI Ka3ipri
3aMaHFbl KHOepKayinTep KelleHiHeH akapaTTanablpy oobexTici Men AMKIK kayinciznirin
TOMEHJICTY/IIH KOJaiIbl JCHIeiepin aHbikTay KublH. Exinmi tocin ATKK mrapamaps
MEH KypaJJIapbIHbIH THIMJIUIITIH CaJBICTBIPMAbl Tajijayaa Kojaanbuiaisl xkoHe ATKK
JKETKUTIKTUIITTH aHBIKTayFa MYMKIHJIIK OepMeii.

AO kypuenene TycyimeH, AK nen KpK TeHeTiH KaTepiiep >KUbIHTHIFbI MEH CUITATBIHBIH
e3repyimeH, acipece AMKIK pecypcrap MeH nporectepre KallbIKTBIKTaH PYKCATChI3 KOJI
JKETIMAUTIK KarepiepiMeH, Kayinci3aiKTi caHbIK Oarayiay MiHAETi ©3eKTi 0oJbIn Tadbuia-
1. AO Mmen AMKXK ymin AMKXK kayinci3niria skoHe KHOepKOpFaHBIC CTPATETHACHIHBIH
Kap KbUIBIK KOMITOHEHTIH 93ipJey/i qyphic Oarajiay MaKCcaTKa yKoHE KypJCNiIiK JIeHrerHine
yKcac Ky#enep/i calbICThIpy HemMece Oakbliay YIIiH KaXeT YaKbIT OOWbIHIIA Oeyriii Oip
aKIaparTaHIblpy OOBEKTICIHIH KayilCi3IiK JeHIeHiHIH JUHAMUKACHI.

[IpakTuKaIbIK ecentepi ey Ke3iH/e KapacThIPbLIAThIH €CENTIH MOJEIIH HAKThIFa
JIOMEKT] IKaKbIHIATy MPOLEAYpPachl KOJJAaHbUIAAbL. THICIHILIE, KapamahbiM MOJICIb
IeHOEPIH/Ie MOCEICHI ISy HETi31HJIe HAKThI MPOoOJIeMaHbIH IIEHIMiH TaOyra Oosaabl —
AOQ KopraHbIC )KyHeepiH KapKbUIaHIbIPYAbIH YTHIMIIbI CTPATETUsCHIH aHBIKTAY.

Mpicansl, [13]-1¢ OipiHIII ONBIHIIBIHBIH TAHAAYJIbl JKUBIHTBHIKTAPBI TaOBUIFaH JKOHE
OHBIH OHTAWJIBI CTpaTerHsUIapbl TAOBUTFAH JKaFainap KapacTeIpbulIbl. byt nereHimis, erep
OWBIHIIBUIAPBIH KYHiIepl OipiHINI OWBIHIIBIHBIH APTHIKIIBUIBIKTAPBIHBIH >KUBIHTHIFBIHA
JKaTraTblH 00Jica, OHJIA OHBIH CTPATEerHsCHl 0ap, OHBI JKY3ere achlpy MaKcaThIHA KETyre
MYMKiHAIK Oepeni. Ocbuiaiiiia, OeplIreH bIKTUMAJJIBIKIICH | OWBIHIIGI (SIFHU, aKIapaTThl
Kopraymibl - AK) xylieHi e31 YIIIiH OH HOTHKE KOPCETETiH KyHre KenTipeai. Anaiiaa, sxaraan
KOpFaylIllbIIaH OWBIH epeKeJIePiHIH CTaHIapTThl OCNTUICYiH jKacall alIMalThIH MEMJICKET-
TEpJCH OFaH OH HOTHKE ally KayKeT OOJIFaH jKaraiiia MyMKiH Oonaasl. Mbicaibl, o e3apa
opekeTTecy yakbIThiHIA mIekTeyai. ComaH KeiliH onap/pl anyablH ©31HIIK pecypcTapblHbIH
Oip Oeumiri ecebiHEH KOCHIMIIA akKmapaTr ajy HpPOLEAYPaChIH €HTi3y OPBIHIBI CHSKTHI.



106 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 2 (88)

By npouenypa, erep akmaparTblH TOJBIK €MECTIl1 CTOXAaCTHKAaJbIK HEMECe aHbBIK eMec
CHIIaTTaFbl CUTIaTKa ne 0ojca, eTe MaHbI3abl. COHBIMEH Oipre OYJIBIHFBIP aKMapar IbIHANBI
eMipre TOH eKeHiH eckepy KakeT. COHBIMEH, capamiubuIapiblH Oaranaybl >KarIaibIHIa
capaniubUIapIblH TYKBIPBIMIAPBIHBIH CKIYIITHUIBIFBI €O3Ci3, Oy YIIiH MyHAal mpooie-
Majapbl ey KypajiJapblH 93ipiey KaxkeT, acipece *KaHKalJibl JKaraiiFa OaiaHbICThI
Oenricizaik Kockuica. Toxipnde kepceTKeHAe!, MyHIal JKaFqaiaapaa THIMI KypaaaapIbiH
Oipi OMBIH TEOPHUSCHIH KOJIJIAHY OOJIBII TAOBLIA b

MingeTTin KOHBLIYbI. AKMNapaTTBIK KOPFAyIIbIHBl KapXKbUIAHABIPY NPOOIeMachl
OHBIH 1MIKI TalCBIPMaHbI KOHE KOCBHIMINIA aKIapar alyAblH THICTI TOPTIOiH €HI13€ OTHIPHII,
XaKepJIiK Taparka Kapchl 9peKeTi meHOepinie KapacTeipbiiaabl. Kockimina aknapartsl AK
aJly YIIiH pecypcTapbiHbIH Oip OeliriH xxymcay eceOiHeH ana anajsl. OChIFaH YKcac 3epT-
TeyJep/eH alblpMAIlbIIBIFbI, JKaFJail KOPFaHBICTBIH KapKbUIBIK PEeCypcTapbiHa KaThICTHI
TYCIHIKCI3 aKnapar 0oJIFaH Ke3/1e KapacThIPbUIAIbL.

Ecenrin memimi. benrini 6ip yakeiT apansireinga {0,1,...,7} (T — nHarypan can),
aKnaparThiK Kayircizaikke X(0) KapKbUIBIK pecypcrap OejiiHreH Jen ecenteiiMis. Exinm
OMbIHIIIBL, colikecinie — 15(0).

Byt pecyperap ¢ = 0 yakpITbIHIa OOJKaHFaH, OMBIHIIBUIAP/BIH 63 MaKCaTTapbIHA KETY1
KEpeK KapiKbUIBIK PECYpCTapbIHBIH KOJEMiH aHbIKTaiabl. OWBIHIIBUIAD apachlHIa e3apa
Oaitnanbic Oap. byJt @3apa opekeTTecy aHbIK eMeC aKIapaTIieH Ke3eKTeCil )KYpPETiH eKi ca-
TBUIBI OWBIH PETiHJIE CHIIATTAIaThIH O0Nanbl. AKNaparThl KOPFay Typajibl TOJIBIK aKIapaThl
0ap oibIHHAH alibIPMAIBUIBIFBI, €KIHII OMBIHIIBIHBIH OacTanKbl Kyii HAKTHI OeNTici3.

Amnaiinia, aknapaTThIK Kay1TICi13/1iK €KiHIII OWHATKBIIITHIH KYHJIEP1 aHBIK €MEeC JKUBIHTBIKKA
XKararbIHABIFBI Oenrim {X, m(.)}. MyHIaFbl aHBIK eMEC KHUBIHTHIKTBIH TachIMaJ1ayIbIChI
[ar, b + r] kecinmici, a, b, r — oy canmap, b >a,a>r,b—a>2 X r; xxone m (.) Mymenik
(GYHKIMSCHI KeJlecie aHbIKTanabl:

m(x)={0, xSa—r,(i)x(x—a+r),a—rSxSa+r,1,a+erSb—

r,(—z—ir)x(x—b—r),O,x2b+r;}; €))

Conpaii-ax, OipiHIIT OWBIHIIBI O1TE:

1) TapanTapablH ©3apa ic-KMMBUIBIH aHBIKTAUTHIH 0acTaIKbl KYH KOHE apaMeTpiep;

2) X(t) s T < t. YIIiH OHBIH OapIibIK Kyiisaepi X(T).

Bipinmi ofisraIs! (AK) €3iHiH KapKbUTBIK peCypCTapbIHbIH Oip 6erriri ecebiHeH KOChIMINa
aKmapar ajia anaJbl AeT caHamaabl. byt 6ipiHITi OWBIHIBIHBIH PECYPCHIHBIH OOJTITH AaHBIKTAUTHIH
k(k e [0,1]) mapameTpiH eHTi3y HOTHKeCIHIE TTaiia 6omabl. Kap Kbl pecypcTapbIHbIH Oyt 0esTir
(1-k) - z Ten. Z — Oyt akmapar ay YIIiH KOJIaHbUIaThIH pecypcThiH MoHi (AK) ner oitnaiiMbI3.
AKmapar aiy YIIiH MaiilalaHbUIaThIH Z — pecypcTapabia MaH1 (AK) ner oitnaiiMebIs.

Byl KochIMIa akmapar exiHili OMBIHIIBIHBIH (XaKepiiH) }* KyiiHe KaTbICThlI KOHE
{Y, m(.)}, alikbIH eMec KUBIHTBIKKA JKaTajbl, MyHaarel ¥ = [a — k’r, b + k*r], @, b, r — o
camap,b>a,a>r,b—a>2 xr m(.) — Tvecini QyHKIUACH KeJECiIeil aHBIKTaIFaH:

m(x) ={0, x < a = k?r, (5

be—er,(—

)x(x—a+k2r),a—k2erSa+k2r,1,a+k2rS

L )X(x—b—kzr),O,x2b+k2r;}. )

2xk2r
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Honenney OipiHII OWBIHIIBIHBIH NO3ULMACHIHAH >Ky3ere achlpbiiagsl (srHH AK).
CoHJIIBIKTaH €KIHII OMBIHIIBIHBIH (XaKep/iH) caHa-ce3iMi Typajbl emKaHaail oomkamaap
ykacanmanapl. OWBIHIIBUIAPABIH KaJaMaapbl Ke3eK-Ke3eK OpbIH anajbl. JKyn MOMEHTTe
OIpiHIII OMBIHIIIBI KaJIaM Kacal/bl, TAK MOMEHTTE SKIHIIII.

t = 2n xoue X(¢), X(¢ + 1) OipiHII OWBIHIIBIHGIH #, ¢ + 1 YaKBITHIHBIH MOMEHTTEPIH/IET]
Kyinepi 6onceiH. CoHpaii-ax ¢, ¢ + 1 yakpITTarbl MOMEHTTE €KIHII OWBIHIIBIHBIH KYHIIEPI.
Conman KeiiiH OWBIHIIBUIAPIABIH ¢ + 1, ¢ + 2 yakbITBIHAAFBI KYyWJepi KaTblHacTaplaH
AHBIKTATAIbL:

X(t+1)=k(r)- oo x(1)—ule)-k(e)- - x(e), y* (e +1)= = (¢)—s, -ule)-k(t)-a-x(}  3)

V(e +2)= 8-yt +1)=v(t)- B-y (e +1} x(t +2)=x(t +1)=s, - V(t)- B-y° (e +1), (D
MyHnna u(t), v(t), k(t) : u(t) € [0,1], v(t) € [0,1], k(t) € [O,l]; s, >0,s, >0.

y<x} ywin F():R - R, F(x) = {sup sup m(y) QpyHKUMACHIH aHBIKTANHbBIK (5)

{X:, m:(.)}, (t = 0,1, ..) — eKiHIIi ONBIHIIBIHBIH KYHJIEPI OChUTAN aHBIKTAIFAH OUBIH-
MIBUTAp KYHIHIH JUHAMAKACHIHA JKaTaThIH OVIIBIHFBIP KUBIHTBIKTaApMEH Oenrineitik; y < X}
apksuiel: Fr(():R = R, Fy(x) = {sup sup m(y).

OWBIHHBIH TOJBIK cUTIaTTaMachlH 013 [12, 13] mKyMBICBIH/IA KENTIPIIK.

CoH/IPIKTaH, OChI Makalia aschIHAa 0i3 Ia0ybUIIaylibl (XaKep) KUMbLI JKacaraHHAH
Kkeifin X(¢ + 2) > 0 maptel < p,, (0 < p, < 1) ceHiMALIriMEH KaHaraTTaHATBIH JKar a1l
KapacThIpyFa Hasap ayiapablK. SIruu, mabysuiiaymsl (1 — p,) TEH )KOFapbl CEHIMILTIKKE He
aKIaparThIK Kyienepal OyIaipAl fen aiTyra Oonaibl.

Srnn, malysuinaymsl ceHiMaimiri (1 — p )-leH KOFapel aKHnaparThlK JKyHesepii
Oynuipai nen aiira anambiz. ComaH KeHiH OChl KOPFaHBIC KeJeprijiepiH KOH(UTypanus-
Jay YIIiH KMOepKayilnci3aiKTi KapKbUIaHABIPY Mpoueaypackl askrainabl. ConaH KeiiH oChl
KOpFaHBIC KeJleprijiepiH KOHPUrypauusuiay YIIiH KHOepKayilcCi3iKTi KapKbUIaHABIPY HpPo-
ey pachl asKTalIbl.

ONTHece, MpoLeaypa Karracyia.

[12, 15]-nmerineit, OipiHII OHBIHIIBI KeJIECi KACHETKE Me 0acTarKbl KYHJIepiHiH KUbI-
HeiH (KXK) TaOyra ymTeinansl. Kacuer: erep oiiblH Oactamnksl KyiiaepaeH Oacranca, oHIa
OipiHII OWbIHINGI ©3iHIH 0ackapy apekerTepin u(0), k(0),..., u(?), k(¢)(t = 2n) Tannmai
OTBIPBIT, O31HIH aKMapaTThIK KYWeIepiHiH CEeHIMIUIIriH D,~1aH  JKOFaphbl KOpFayJIbl
KaMTaMachl3 €Te ajajbl.

ConbIMeH Oipre, aKmapaTThIK KOPFayIbl XaKepIiH 3UsiH KeNTipyiHe YIKEeH CEHIMAITIKICH
TOCKAybIIT KOsl anaabl. MyHiall Kyiiep *KHUBIHTHIFBI OIpiHIII ONBIHIIBIHBIH KaJlay >KUBbIHBI
JICTI aTasabl.

ConbiMeH Oipre, aKmaparTbIK KOPFAyIIBIHBIH CTPATETHACHl OFAaH Kojiga Oap akmapar
HeTi3iHAe KUOepKayilCi3mik KyHeciH AaMbITyFa OarbITTalFaH KapXKbUIBIK PECypCTapiblH
KOJIEMiH aHBIKTayFa MYMKIiHJIIK OepeTiH epexxe Oonbin Tadbutaabl. CoHmal-aK, KapakaTThlH
Oip Oeuiri exiHIII OMBIHIIBI (XaKep) Typajibl KOChIMINA aKnapar ainyra Oarbirtanra. Exinmi
OMBIHIIIBI Ke3-KEJITeH aKnapaT HeTi3iH/e 03iHiH V(.) CTpaTerusiChlH TaH Al IbI.

BipiHIni ofBIHIIBIHBIH MaKCaThI - OHBIH KaJIaybIH Ta0y.
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CoHnpaii-ak, aKnmaparThl KOpFaylIblFa CTpaTerusulap aHbIKTaJJIbl, OHBIH KOMeriMeH
071 KuOep KOpPFaHBICTHl Kap KbUIAHIBIPY MPOLEIYpachblH asKTayFa MYMKIHAIK OepeTiH
apTTapAblH OPBIHIAIYBIH ajajibl. KepceTuireH kacuertepi Oap OipiHINI ONBIHIIBIHBIH
CTpaTerusiiapbl OHbIH OHTAWJIBI CTPATETUsIIAPhI JeTI aTajabl.

OWBIHHBIH TYKBIPBIMJAIFaH MOJENi, MIeIIiM KaObUiaay TEOpUSCHIHBIH JKIKTEIyiHe
colikec, TYCIHIKCI3 aKnapar »arJaiblHa MeiM Kaobuiaay npoOiieMackiHa COUKeC Keei.
MyHali MOJIelib — Ke3€K-Ke3eK JKYpeTiH OipHelie TepMHHal OeTkeisepi Oap camachi3
KOTICaThUIbI OMbIH EKECHIH eCKepiHi3.

Bipinmi otisiHmbira (AK) apHanFan apThIKIIBUIBIK YKHUBIHBIH KOHE OHBIH OHTAWJIBI CTpa-
TETUsUIapbIH Taly napameTpiiep JKUbIHTHIFbIHA OalIaHBICTBI €KEHIH eCKepy KakKerT.

Kopranbic Tapanbinaa OybUIIbIP )KUBIHTBIKIIEH CHIIATTAJIaThIH pecypcTap OOFaH Ke3-
JIe YKOHE 0J1 OIpiHIII Kajam/ia akmapar ajay MpoLeaypachiH KOJJIaHFaH Ke3/1¢ ONBIHIIBIHBIH
KaFaaiabl TaHAaraH )KYMBICHIH [ 13,15] eckepe OTBIPBII, Keleci OpHEKTEp albIH/bI.

P, = D, KarnaibiH Gepemis.

T xanambIHAaFbl OIpiHINI OWBIHIIBIHBIH OIpiHINI KaJaMJarbl KOCBIMINA aKMapaTThIK
MpoIeaypaHbl KOJJAaHAThIH iC YIIiH apThIKIIBUIBIKTAPBIHBIH JKUBIHTHIFbI VlT‘ k)P0, Po) -
MeH OenrijeHei.

[13,15]-a¢ OMBIHIITBIIAPIBIH OHTAMIIBI CTPATET USUTAPIHBIH OHTAUTBLIBIK YKUBIHIAPBIHBIH
Oenrici KenTipiireH, Ockl MaKaylaaa XUbIHIAP/AbIH KOHE KapanalbiM Karjaifa apHalFaH
OHTAMIIBI CTpaTerusuIapIbiH OeNTiiepiH YChIHAMBI3.

=1

P :0< p, £0,5 kesinne V1T_ k(1) (Po, Do) anammiz.

Do - 0,5< p, <1 Ke3inze, anampis:

Erep a<2-p,-r—r, onga
Vlfk(l)(po,po)z{x(o):z a2-p,-r-r)<s,-a-x(0)<a+2-p, 'r—r},

AKXnaparThl KOpFayIIbl YIiH OHTAHIbl cTparerus [u(.,.,.)k(..,.)] QyHKUMSICHIHBIH jKyObI

Oomaapl:
(k). < (x(0), F() < (k(1)),

_ si-a-X(0)£ (s, -@-x(0)f —4-a(2- p,-r—r)

(k(l))l,z = 2_(2.1)0 _r_r) P 5 (6)
1" (x(0), F())=1; kesinge X(O): 2-,/a~(2~pO r— r) <s, -a-X(O). (7)
u"(x(0), F()=0; kesinge X(0): s, a-x(0)<2-\/a-(2-p,-r-r). (8)

a22-p,-T =T xesinge Vi) (Po Do) = @ anamsis.

AWKBIH eMeC )KUBIHTHIKTBIH OPTACHIH CETMEHT TYPiHZE aHBIKTay KOCBIMIIIA aKIapar amy
MIPOIIEYPAChIH €HTi3y Ke3iH/e YJKeH IIeKTey eMec eKeHIH ecKepy KakeT. O3iHi3al mek-
Tey JKETKLTIKTi, MBICAJIBI, CETMEHTTIH «COJI JKaFbIH/1a», OYJ1 OMBIHIIBUIAP/IBIH OHTANIIBIIBIK
JKUBIHTBIFBI MEH OHTAMIIBI CTPATETrMsACHIH aHBIKTayFa 3cep eTHenIi.
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JKymbicTa  jkacanFaH — MOJCNBJIIH ~ THIMIUNINT MEH  COMKECTIri  IKYpri3uireH
TOKiprbenepmen pactanisl. ToxipuOenepae oWbIHIIBUIAPBIH KOPFayIbl 1a, alybliiay-
IIBI J]a CTpaTeT usUTapbIHBIH KUBIHTHIFBIH aHBIKTAyFa XKOHE COHBIMEH KaTap MaTeMaTHKaJIbIK
MOJIETIbJIIH COUKECTIriH TeKCepyre MiHIeTTep KOUBUIIBI.

Temenne 1-3 cyperTepie KeNTipUIreH YII €cenTey dKCIepHUMEHTIHIH HOTHXKeNepi
Kenripiared. 1-3 skarnaiiyiapsl OChl TOKIprOeepre colikec Kesemi. Y1 xKafaai KeJTipiIreH.
Anaiina, wemimiep OHWbIH TMapaMeTpiepiHiH OapiblK JKarjaiaapbl YIIiH ajbIHFaHbIH
aran OoTKeH oH. JKyMmbIcTa KapacTBIPbUIFaH MOJCIbJIH KOMErIMEH albIHFaH HOTHKENep
aKnaparTaHaslpy 0ObeKTic KOpFayIIBICEIHBIH ©3apa 9PEKETTECY MapaMeTpiiepiHiH Ke3-KeIreH
apaKaTbIHACKI YIIIH OHTAMIIBI KAPJKBUIBIK CTpaTerHsyIapblH Tabyra MYMKIHIIIK Oepi.

(2,%(0), @) - yur emrem/1i KEHiCTIKTET] YIII ©JIIEM/Ti OH OPTAHTThI KAPACTHIPAMBI3. ¢ YAKBIT
ocCi «TOMEHHEH JKOFapblFa, HOIACH OTe/Ii». ¢ mapaMeTpl OMBIHIIBUIAPBIH KaJaMIapbIHbIH
CaHbIH OUIIpesi.

Cypem 1 — XKarpaii 1 Cypem 2 — XKarnaii 2

Cypem 3 — Xarnaii 3
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VYaxbITTBIH 9p COTIHJE JKYHEHIH Kyiii 1-cyperTe «capbl gonmen» cunarranrad. OibIH-
LIbLIAP OHTAMIIBI CTPATETUSIIAP bl KOJITAaHFaH A )KYHEHIH KYH1 Tere-TeHIIK ChI3bIFbI OOMbI-
MEH «KO3FayaJib».

Aarbic. 3eprreynep MeH Makananap Kazakcran PecnyOnmukacel binmim skone Friabim
MUHHCTPIIT1, FbUTBIM KOMUTETIHIHKapKbUTBIK Ko IaybiIMeHA PO88 55887 « KubepHeTrkaibIK
Kayilnci3ik JKyHelepiHe WHBECTULUSIAY TPOIECIHIE MHTSIUICKTYaJIbl IIEHIMIEPIl
KaObUIAay/IbI KOJIJIAY KYHECIH 93ipiey» ko0achkl asiChIHIa KYPri3iii.

KopbiThinabl.  AKnaparTaniuslpy  OOBEKTILIEpiHIH  KMOEpKayilcCi3mik — KyHeciH
KapKbUTAHJIBIPY POCIMJIEPIH CHUMATTANUTBIH MOJIENIBJEPIe TOJBIKTBIPYJIAP YCHIHBUIAIBL.
KonnmanbicTarbl MENIMISPIACH albIPMAIIBLIIBIFBI, 1C KOPFAHBIC JKAFbIH/A I1a0YbLIIAYIIIBI
TaparThiH KaPKbUIBIK CTPaTervsIaphbl TypaJIbl J1a, OHBIH aKITapaTTaHbIPy OOBEKTICIH KOPFay
HIeKapajJapblH CHCepyre OaFbITTAIFaH OHBIH KapKbUIBIK PECYPCTAPbIHBIH YKaFJaibl Typasibl
Jla TOJIBIK aKIapar OoJIMaFaH JKariaiiia KapacTeIpbuiaabl. by xkaFaaiiia KOpFaHbIC TapaObl
©31H1H Kap KbUIBIK pEeCypCTapbIHBIH Oip O6iri ece0iHeH KOChIMIIA aKapar aryFa MyMKIHIIT
0ap. KopraHbIC TapanbIHbIH KapXKbLIBIK PECYPCTaphbl OYJIBIHFBIP KUBIHTHIKTHIH KOMETIMEH
CUNATTAJIFaH JKaFjaija IenniM IbiFapbutaael. LlemivM auHaMuKanbK Oaraapiamanay
onicine HerizaenreH. lemimaepai i3aey yurin OipHerie TepMuHai OeTkeiiepi 6ap Oelita-
par )KypICTEepMEH ChI3bIKThI €MEC KOIKaIaM/Ibl OMbIH araparbl KOJIaHbLIIbL.
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2HayuonansHwiil ynugepcumem ouopecypcos u npupodonoivbzosanus, 2.Kues, Yrpauna

AJAIITUBHAA MOJAEJIb ®PUHAHCUPOBAHUSA KUBEPBE3OITACHOCTH
INPU HEYETKUX MHOXECTBAX YI'PO3 U PECYPCOB
Y CTOPOHBI 3BAIIIUTHI

B cmamve npeonazaemces aoanmueras mooens vloopa cmpamezutl PUHAHCUPOBAHUSL CPedCmE Kubep-
bezonacnocmu 06veKma uH@opmMamuzayuy npu HenoIHOU UHGOPMayUL 0 GUHAHCOBBIX PECYPCAX AMAKYIO-
wetl cmoponwl. Paccmompen ciyuail, Koeoa unancosvle pecypebl ChopoHbl 3auunibl RPUHAOTENCAMm He-
KOmopomy Heyemxomy muodcecmasy. Mooenv npednaznavena 0ns paspadamuléaemMol CUcmemsbl NoOOepIiCKi
NPUHAMUA peuienull 8 3a0a4ax 8bl00pa PAYUOHATLHLIX BAPUAHTNOE UHBECTNUPOBAHUS 6 CUCTEMbL 3AUUNbl
unghopmayuu. Pewienue 6b110 nomyueHo Ha 0CHOB8e NPUMEHEHUS UHCIPYMEHMAPUs Meopuu MHO2OUA20BbIX
uep ¢ HeCKONbKUMU TMEPMUHANLHBIMY NOGEPXHOCMAMU. [[Isl nOUCKA peuleHull npumMeHeH annapam HeluHel-
HOU MHO20UIA2060U USPbl KAYECHEA C HECKOIbKUMU MEPMUHATTbHBIMU NOBEPXHOCMAMIU C NOOYEPEOHbIMU XO-
damu. 3awuwennocms O6H onpedensiiom ucxoos us yujepoa, Komopulii CeA3aH ¢ peanusayueti Kubepyepos,
HOCAWUX CyyYainblil xapakmep. Modens omauuaem 0onyujenue, 4mo CmopoHa 3awumyl He umeen noIHol
unghopmayuu Kax 0 PUHAHCOBLIX CMpame2usx amaxyloujell Cmoponbvl, Max U 0 COCMOAHUAX €20 PUHAHCO-
8bIX PECypCos, HaNPAGIeHHbIX Ha npeodonerue pybedcetl 3auumot ungopmayuu. Coenano oonyuenue, Ymo
CMOPOHA 3aWUMblL UMEen 603MOICHOCHIL NOTYHUeHUs OONOTHUMENbHOU UHGOpMaYyUY 3a cuem 3ampamul 4a-
cmu ceoux gunancosvix pecypcos. Ilposepka pabomocnocobnocmu mooenu 6blia blNOIHEHA ¢ HOMOUfbIO
BLIYUCTUMETLHO20 IKCNEPUMEHINA, De3VIbMambl KOMOopo2o Makice npuseoeHsl 6 Cmambye.

Kniouesvie cnosa: zawuma ungopmayuu, obvexm ungopmamusayuu, meopus uep, GuHancosas
cmpamezus, Heuemkue MHONCeCcmsd, npoyedypa NoayyeHus OONOIHUMENbHOU UH@opmMayul, cucmemd
N000EPIHCKU NPUHSAMUS PEULEHUI.

B. E. YAGALIYEVA', B. B. AKHMETOV, V. A. LAKHNQO?

Yessenov University, Aktau, Kazakhstan
2National University of Life and Environmental Sciences of Ukraine, Kiev, Ukraine
e-mail: bagdat.yagaliyeva@yu.edu.kz

ADAPTIVE MODEL OF CYBER SECURITY FINANCING WITH FUZZY SET OF
THREATS AND RESOURCES AT THE SIDE OF PROTECTION

The article proposes an adaptive model for choosing strategies for financing cybersecurity means of
an informatization object with incomplete information about the financial resources of the attacking party.
The case is considered when the financial resources of the side of the defense belong to some fuzzy set. The
model is intended for the developed decision support system in the tasks of choosing rational options for
investing in information security systems. The solution was obtained based on the use of the tools of the
theory of multistage games with several terminal surfaces. The model is distinguished by the assumption
that the protection side does not have complete information about both the financial strategies of the
attacking side and the state of its financial resources aimed at overcoming the boundaries of information
protection. It is assumed that the defense side has the ability to obtain additional information at the
expense of part of its financial resources. The performance of the model was checked using a computational
experiment, the results of which are also presented in the article.

Key words: information security, object of informatization, game theory, financial strategy, fuzzy sets,
procedure for obtaining additional information, decision support system.
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O TOYHBIX PEINEHUAX YPABHEHUS HEPA3PBIBHOCTHU

B cmamve packpwieaemcs, kak Hanioen KOHMUHYYM MOYHBIX peuleHUutl 08YMepPHO20 YPAGHEHUS He-
PA3PLIBHOCMU NPU CIMAYUOHAPHOM, NIOCKO — NAPALEIbHOM MmedeHuu scuokocmu. B knaccuueckoi nu-
mepamype OnuUCbIBAOMCsl MOILKO Cheyuhuueckue peuenus Mmoo ypasHeHus, coomeemcmayuue 6e3-
BUXPEBOMY MeUeHUI0 HCUOKOCmU. TIpu 5mom ucnonb3ymes KOMNOHEHMbl NPOU3EONbHOU AHATUMUYECKOU
@DYHKYUU KOMAIEKCHO20 NepeMeHH020, uepaiowjue poib NOMEHYUaild CKOpocmu u QyHKyuu moxa. B oan-
HoUl pabome Mol 0aem 0600ujeHUe SMOo20 Memooa, darujee Makice GUXpesble PeuleHUs. YPAGHEeHUs He-
Pa3pIBHOCTU.

Knroueswie cnosa: ypasnenue HepaspbleHOCMU, NIOCKO -NAPATIEIbHOE MeueHue, KOHMUHYYM Mod-
HbIX peuleHull, 8UXpesoe meyerue, 6e38uxpesvle meueHus, HeCHCUMAeMAas HCUOKOCHb.

BBenenue. PaccmoTpuM miiockonapaiienbHOe, CTAIIMOHAPHOE TEUCHUE HECKUMAEMOM
JKUJIKOCTH B HeKOTOpo# obmactu G C R? (em.[1] -[4]). Kak u3BeCcTHO, B 3TOM ClTydae UMeeT
MECTO YpaBHEHHUE HEPA3PHIBHOCTU BUA

aVv, dV,
14,7729
oX " ay (1.1

e Vi(X ¥), Vo (X, Y) — uckomble kommoHeHTbI CKOPOCTH YACTHIL YKUIKOCTH.

OO011en3BECTHO, YTO CYIIECTBYET IBYXIIArOBhIA MEeTO perieHust ypasuenust (1.1), moa-
poOHO onmcaHHEIH B padote [1] .

[MTar 1. bepercs npou3BosbHAs, aHATUTHYECKAs B oonmacTi G C R? pyHKIHA KOMIUTEKC-
Horo nepemenHoro (z = X +iy) suma f(z) =u(x,y) +iv(x,y) .

[MTar 2. Tumrercst TouHoe perienue ypaBHeHus (1.1), cOOTBETCTByOIIECE BHIOPAHHON
AHATUTHYECKOM (DYHKITUH B CIIeAyomIeH hopme:

) .,
= ~v(x.y) 42

* E-mail xoppecmonnupytomiero aBropa: abenovo0@gmail.com
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OueBupHO, uTo Qopmyna (1.2) maeT KOHTHHYYM TOYHBIX PEIICHUH ypaBHEHHUs Hepas-
priBHOCTH. [IpH 3TOM BCe pelIeHus] COOTBETCTBYIOT TOJILKO OE3BUXPEBOMY TEUEHHUIO KU/I-

kocTH. JlelicTBUTENBHO, 17t Beex pernenuii u3 (1.2) Ml umeeM rotV/ =0 [1]
Jaiee, 11 MPUKIAIHBIX [EJIeH BAYKHO OMMMCAHUE TAKKe BUXPEBBIX TEUSHHH )KHUIKOCTH,

Korja rotV/ Z0 . DTo 00CTOATENHLCTBO MPUBOAUT HAC K HEOOXOAMMOCTH MOUCKA BO3MOXK-
HBIX ITyTel 0000IIEHUS BBIIICH3IOKEHHOTO METO/IA, NAIOIUX TAK)KE BUXPEBBIC PEIICHHS
YpaBHEHUS HEPA3PhIBHOCTH.

MeTtonosiorusi 4 pe3yJbTaThbl HccaenoBaHus. V3BecTHO, uTo B pabote [2] ObLT MmO-
Jy4eH METOJ| IMOJyYeHUs] TOUHBIX pelieHni Ooliee 0oOIIero ypaBHEHHs HEPa3phIBHOCTH B
THJIPOJIMHAMUKE. 3716Ch MBI CYIIIECTBEHHO UCIIONIb3YEM JIBYMEPHBIN aHAJIOT 3TOTO TOIXO/IA.

Omnpenenenne. Yervipe ckamspa (ACHCTBUTENBHBIE JMOO KOMIUICKCHBIE YHCTIA)
0,,0,,B,,B, HaseBatoTCs paspemaromumu napamerpamu ypapsenus (1.1), ecau BbIo-
Hsiercs ycaosue: 043 + 0,3, =0

W3 sToro onpenenenus cneayert, uto ypaBHenue (1.1) mmeet 6ecuncieHHOE MHOKECTBO
Ha0OpOB pa3pemanImux mapaMmeTpoB. OnpeeeHHbIi Habop MBI OyZieM 0003HaYaTh TaK:

SP=(a,,0,,B4,8,) (1.3)

Teopema. IlycTs f(z)=u(x,y)+iv(x,y) — MPOU3BOJIbHAS (DYHKIIUS KOMILJICKCHOTO

nepemennoro, SP = (a,,0,,0,,8,) mnponssonbHeIi HaGOp pa3pelIarONMX MapaMeTpPOB.
Torna ypaBHeHne Hepa3pbIBHOCTH (1.1) nMeeT TouHOe peleHne BUa:

(X, y) =Byu(a,x,a,y)

1.4
(%,Y) = Bv(cx, 1) (4
Joka3zaTeabcTBO:
BBenem HOBbIe mepeMenHble X, = O, X; Y, = A, Y . Torga u3 (1.4) nomyuum:
v, av ov ou
aX lBl +0.,, a_yl = (o,p, + asz)a_ =

Beimre mbl ncrione3oBanu ycnosne Komm — Puvana E)_u + N , CIPaBEAJINBOE AJIST KOM-
a9y,
MIOHEHT MIPOM3BOJIbHON aHaTUTHUYeCKOH QyHKIMH. Teopema qoKazaHa.

OueBuiHO, uTO Popmyrnoit (1.4) maeTcst KOHTUHYYM (OeCUHCIEHHOE MHOMKECTBO) TOU-
HBIX PELICHUH ypaBHEHUs Hepa3pbIBHOCTH. CyILIECTBEHHBIM ABISIETCS TO, YTO 3TA (hopMyIa
JlaeT TaKkXKe BUXPEBbIE pemeHus. JIerko moHsTh, 4To oduienssectHas popMyia Oe3Buxpe-
BbIX pemreHuii (1.2) sBusercs 4acTHBIM cirydaeMm ¢opmyisl (1.4), 3anmucaHHbIM JUIS TIPO-
cTeiimero HaGopa pa3pemaroIuxX mapamerpos: 0 =0, =1 B,=1B,=-1

To ectb opmyma (1.4) comepkuT perieHus ¢ pazTUdHbIMH JuddepeHnnaILHBIMU
cBoiictBaMu. OHU MOT'YT OBITh O'paHMYEHHBIMH, IEPUOJNYECKUMH, BUXPEBBIMH U TaK Aa-
nee. Huke MIIOCTPUPYIOTCS 1Ba TOYHBIX PEILICHUS YPaBHEHUS] HEPA3PBIBHOCTH.

Ipumep 1. Hanz[eM TOYHOE PeLICHHE YPaBHEHUS HEPa3PbIBHOCTH, O'PAaHUIEHHOE BCIO-
ny B o0nacTtu G R? . Paccmotpum pemenue Buaa (1.4), oTBevaroliee CleayomuM napa-

MeTpaM:W_e ’ 1_1’a2_|’B1_1!BZ_
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Nmeewm:
_52 _ )2 (2 _\2 B —y2 2 i —y2 2 . .
w=e? =g W 2 gn (YT o T @A = oY [6og(2xy) — isin(2xy)].

Takum oOpazom:
u(x,y) = g XY cos(2xy); v(x,y) = —e Y sin(2xy)

Terreps popmyna (1.4) 3anmumiercs Tax:
%(X, y)=e ™™ cos(2ixy) = e ch2xy
7 (x,y) = ie™ ¥ sin(2ixy) = e " sh2xy

MBbI mOJTy4rIId OrpaHrdeHHOe BO BceM R? pertrerne. OHO SIBIISIETCS BUXPEBBIM.

Ipumep 2. Haiinem MEPHOJIMYECKOE PEIICHHE YPABHCHUS HEPA3PHIBHOCTH, OTPAHH-
ueHHOE BCiony B obnactu G = R?

PaccMOTpuM pellieHne BUaa (1.4), oTBevarolee cieayromuM mapamerpam: W = COSZ, |

o, =la,=i,pB,=LpB,=
Nmeem:
W = C0S z = c0s xchy + isin xshy
®opmyna (1.4) 3anumeTcs Tak:

(X, y) = cos xchiy = cos xcos y
(x,y) = isin xshiy =sin xsin y

HaitnenHnoe pemienne nepuonudeckoe u BuxpeBoe. OHO OrpaHHYCHO BO BCEH IIJIO-
CKOCTH.

Jlerko MOHSTB, UTO TAKUM ITyTEM MBI MOYKEM 3aIUCHIBATH TOUHBIEC PEIICHUS YPaBHEHUS
HEpa3pBIBHOCTH ¢ TpeOyeMbIMU Aud hepeHITHATbHBIMA CBOHCTBAMHU.

3akiarouenne. B HacTosmeli paboTe HaliicH KOHTHHYYM TOYHBIX PEIICHHHA TBYMEPHO-
TO YpaBHEHHs HEPa3phIBHOCTU IMPH BUXPEBOM TEYEHHH. DTO TO3BOJISET OMKCATH KIIACCHI
TOYHBIX PEIICHUH YpaBHEHUU MBIDKeHUS Ditniepa 1 HaBbe — CTOKCa, KOTOPHIE OIMHUCHIBAIOT
MIPOIECCHI CTAIMOHAPHOTO, IBYMEPHOTO TEUCHHS KUAKOCTEH. MOXHO moKas3arb, 4to ¢op-
Mmyna (1.4) comepxuT B ceOe BCe M3BECTHBIC pEIICHU, YKa3aHHbIe B padote [5]. Janee, u3
pe3ynbTaToB padoThl [2] cieayerT, 4To ModydeHHe KOHTHHYYMa TOYHBIX PEUIeHuH ypaBHe-
HUS HEPa3pBIBHOCTH CYIIECTBEHHO OOJIETdaeT MCCIeOBaHue 00JIee CIIOKHBIX YpaBHEHUH
JIBUKEHUS THIIPOANHAMUKH.
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Maxkanaoa exi enwemoi y30iKCi30iK meyoeyiniy Cmayuonap, Hea3vlKk-napaiieib a2y Yulih HaKmbl
wewimoepiniy KoHmunyymsvl maowvinovl. bysan Oetlin ocvl menoeydiy mex KYUbIHCHI3 AbIHRA CAll
wewimoepin ary macini oeneini 6oramoin. biz 0cbl AHCYMbICMA OCbL MACILOIH HCATNBLIAYBIH MAYbIN, COTl
apKbLIbL KYUBIHObL WetiMOepoi anambls.

Tyitin co30ep: y30ikciz30ik meHOeyi, Hca3blKMblK-Napaiienb KO3AiblC, HAKMbl Weuimoepoily Konmu-
HYYMbl, KYUbIHObL A2blH, KYUbIHCHI3 ALIHOAD, CHIZLIIMAUMbIH CYUbIKMbIK.
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M. M. ABENOV; N. A. BOLAT
Al-Farabi Kazakh National University, Almaty, Kazakhstan
ON EXACT SOLUTIONS OF THE EQUATION OF CONTINUITY

The continuum of exact solutions of the two-dimensional continuity equation for stationary, plane-
parallel fluid flow is found in the article. Only specific solutions of this equation corresponding to a
vortex-free fluid flow are described in the classical literature. At the same time, components of an arbitrary
analytical function of a complex variable are used, playing the role of a velocity potential and a current
function. In this paper we give a generalization of this method, which also gives vortex-free solutions to
the continuity equation.

Key words: continuity equation, plane-parallel motion, continuum of exact solutions, vortex flow,
vortex-free flows, incompressible fluid.
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GENERALIZED (G'/G) _ EXPANSION METHOD FOR THE LOADED
SHALLOW WATER WAVE EQUATION

This article is devoted to finding solutions for the traveling wave of the loaded wave equation in
shallow water. One of the approaches to finding solutions by the expansion method (G’1G) is given,
which is one of the most effective ways to obtain solutions. When parameters are taken as special values,
solitary waves are also derived from traveling waves. Solutions for the traveling wave are expressed by
hyperbolic and trigonometric functions. This method is easy to implement using well-known software
packages that allow solving complex nonlinear evolutionary equations of mathematical physics.

Key words: expansion method, evolution equations, continuous function, loaded equation, shallow
water wave equation.

Introduction. The work [1] presents the use of the — expansion method (G'/G) for
integrating nonlinear evolutionary equations. The expansion method (G'/G) is also often
used in finding solutions to nonlinear evolutionary traveling wave equations [2-12].

There are well-known works [13-14], where this method was effectively applied to
solutions of the loaded Korteweg-de Vries equation (KdV) and the modified Korteweg-de
Vries equation.

This research shows one of the options for solving a loaded wave equation using a
generalized extension method.

Let us turn to the loaded equation of a traveling wave in shallow water

qxxxt + quqxt + Bqqux - qxt - yqxx + f(t)q(o’t)qxx = 0 s (1)

where q(X,t) —unknown function, xe R ,t>0,f(t) — given continuous function

Algorithm of the generalized (G'/G) expansion method. Let us consider the
following non-linear equation
F(q’qt'qx’qtt’qxxqut“"):0 s (2’)

here 4 = d(X,t) unknown function of independent variables x and . F is a polynomial of ¢
and its partial derivatives of higher- order and non-linear terms. By stages, the main steps of
the expansion method are as follows [2]:

Step 1. We are looking for a business trip form:

q(xt) =09 ,&=x-Q(t), 3)

where Q(t) continuous parameter is a function of a variable ¢. Now we transform equation
(2) to the following nonlinear ODE:

* E-mail xoppecionaupytomero apropa: bat_S6@mail.ru, hmuzaffar@mail.ru
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P(q.9".9”.9”,..)=0, 4)

where P - expresses a polynomial depending on 4(§) and 9" =dq(€)/d& q”=d ?q(€)/d&’ .
Step 2. We assume that the solution of equation (4) can be represented as

m G/ J
q&) =Y 3 (—) , (5)
i \G
where G = G(&) satisfies the following second- order ordinary differential equation
G”"+AG" +uG =0, (6)

here G'=dG(§)/d§ , G” = d*G(€)/d&* and A, W, aj(j =12,..,m) are constants whose
values will be determined later, assuming a_# 0.

Step 3. Such an integer is determined m1, to balance the higher-order nonlinear terms and
higher-order partial derivatives from (4).

Step 4. Using (5) and (6) we transform (4) and group all terms with the same order

’ G'
(((33 ((s))J . Then the left side of expression (4) is transformed into a polynomial % .
Now, equating to zero each coefficient of this polynomial, we obtain overdetermined partial
differential equations for aj(j =12,..,.,m) and E.

Step 5. Substituting the solutions of equation (6) into (5), as well as the values a and &,
we will come to an exact solution of the equation (2).

Exact solutions of a loaded nonlinear equation. This section provides an exact solution
to a loaded nonlinear equation using (G'1G) expansion method. To this end, we perform
the above steps for equation (1). Using a traveling wave variable

q(x,t)=q(€) ,E=x-Q(t) , (7)

Let us transform equation (1) into an ordinary differential equation with respect to

q=4q(0)
-Q/(1)g" —oQ/(t)a’q” — B/ ()a’'q” +Q/(t)a” —yq” + f ()q(0,t)g”" =0,  (8)

integrating it over & we get

C-Q/(t)g” —%Q{(t)(a +B)@) +( Q) -1a'+ Fa0.g =0, (9

where C- integration constant, the value of which can be determined in the future. The
solution of equation (9) in the form of a polynomial can be expressed as

m G/ J
Q(§)=§6aj (E) : (10)

where G = G() satisfies a second-order ordinary differential equation of the form
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G”"+AG" +uG=0. (11)

Using (10) and (11), 9 and9” can be easily obtained

2\ 2(m+1)
q'z(é)=m2a;( G) e (12)

o G, m+3
q”(E)=m(m+1)(m+2)a, (E) +.n (13)
When the condition m = 1 and taking into account a homogeneous balance between

q*(€) and9”(€) in equation (9), based on (12) and (13), the expression for g will take as
follows

Q(§)=%(%)+ao, (14)

then the following relation holds
2 2
(8T vra(T ) - (E) e (2)
= — A =a | — A
9" (€) (%(G) + A8, G tal| =q G tA8 G +

o B o

(15)

After simple transformations based on (14) and (11), we obtain an expression for

q”(€)
y B G’ 4 G’ 3 , G’ 2
q (&)——Gal(G) —12@%(6) - (7aA +8a1u)(G) -
(16)
—(a,\’ +8a17»u)((é )— (aA’n+2au®)

Further, after substituting relations (15)-(16) into equation (9) and grouping all terms
with the same degree (G’/G) , on the left side of equation (9) we obtain a polynomial

(6900~ 3200+ B30 S | + 1289000 - 20 +Ba| S | +
2 vy _ LA 232 200 (A — oY [G' [
L7300+ B3RO0 ~ 0L+ XA + 224) - Q1) 1)~ T0a(0.02) b [+
o (17
@R S0 - Qe - a0 1) - 050
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+(C+ QIO+ 28,7) QI + B - ({0 ~y) - k! (DIO.D) %% 0

If each coefficient of expression (17) is equated to zero, we obtain a system of
homogeneous equations for a , Q(t) and C:

4

((3_:,, : 62,0 (t) —%Q{(t)(oc +B)a; =0,

((33' 3 : 128,00/ (t) - Q{(t)(ou +B)ajr =0,

(é, 2 : Ta, M Q[ (t) +8a,uQ(t) —%9( (O +B)@A” +2am) - (/1) - v)a, - f ()q(0.)a, =0,
<(33’ 1 a,\°Q; (t) +8a,uAQ; (t) — Q (t) (o + B)ai A — a, L (Q (1) - v) — a,Mf ()q(0,t) =0 ,
(é' 0 L C+ Q)N A+ 2a,%) - % Q/(t)(a+B)au® —apu(Q(t) - y) - auf (1)a(0,t) =0 .

The solution of the system will be

_ 12 c=0
&= g C=0;

__ ¥ 0
Q(t) = 7&—4u—1 o jf(r)q(Or)dHQ (18)

A, wand Q" are arbitrary constants.
Using the relation (18), the expression (14) can be represented as an equality

(&)——B(G')w , (19)

where

§=x+k2_zu_lt o jf(x)q(Oc)d«; Q-

Function (19) will express the solution of equation (9) in the case when the integration
constant in equation (9) corresponds to similar conditions (18). When substituting the
general solution of equation (11) into (19), three types of solutions of the loaded traveling
wave equation (1) for shallow water are obtained when A?—4u> 0,
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2
(/2 — A —c,0) + (¢, — 4 — ) tanh 7‘;4%]

q€)=a,+6 2 .
(o +B)(c, + ¢, tanh ;4“@
where
_ Y 1 ¢ O
E=x+ X —4M—lt_ 2 —4M—lj f(1)q(0,7)dT - Q° |

0

c,, ¢,and Q" are arbitrary constants. It is clear that finding a function ¢(0, ¢) will not cause
difficulties based on expression (20).
For example, let the function f{¢) be given in the form

f(t) =(yt —(\? —4u—l)i jocjtlex

2 _ n .
o+ B)tanh WZ%V
X =

2 n 2 n - s
a, (o +p) tanh k;%Zocjt" —6(yJA? — 4 + Ltanh wzajtl)
=1 j=1

where &; (j=1,2,...,n) ,if¢, #0 ,¢, =0 and A* —41>0 that 4(X,t) can be expressed

2 _ n ) 2 _ n .
a,(a +p)tanh ’m'l(x—zajtl)+6( )\2—4p—Atanh m(x_zaw»
1=1
2

q(x,t) = . ) .(21)
(0(+B)tanh1/)\;4“(x— ]Z:lajtj)

Then the last relation (21) will be the solution of the equation of a loaded wave in
shallow water

O, oo, O
qxxxt + cquqxt + Bqthx - qxt - yqxx - g\ - 4“‘ _1)2 qut - yt%xx = 0 ‘ (2’2)
1=l
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Figure 1 — Solution (21) of the loaded wave equation in shallow water (22) for
A=2{2,u=La =L a=LB=Ln=10,=-1te[L2], xe[1,10]

Figure 2 — Solution (21) of the loaded wave equation in shallow water (22) for
A=2J2,u=1a=La=-1B=Ln=1 0 =1te[L2], xe[L10]
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A. T. BAHMAHKYJIOB!, M. M. XACAHOB?,
A. 0. HCMAHJIOBS, O. IO. TAHKAEB?

YA. Baumypcwinos ameinoazer Kocmanail oHipaix ynueepcumeni,
2V peenu memnexemmik ynusepcumemi (Ozbexcman,),
M. Jlynamoeé amwindazel Kocmanaii unscenepuik-s5koHOMUKAIbIK, YHUSEPCUMeni

JKAJDBLIAHFAH TASI3 CYAbIH )KYKTEJITEH TOJKbIH/IBIK
TEHJEYIHE APHAJIFAH (G'/G) KEHEHNTY 9IICI

Byn maxana masz cynapoa ds’cykmen2eH moikblHOblK mMeHOeyOiy uemimoepin mabyea apHaiean.
Iewindepdi anyowiy ey muimdi adicmepiniy 6ipi 6onin mabvuamomn (G'1G)  keneiimy 2diciven
wewimdepoi iz0ey macinoepinin Oipi kenmipineen. [lapamempnep apHnaiivl Monoep peminoe anblHaH Ke3oe,
JCANIZBLZ MONKLIHOAD 0a KO32ALAMbIH MOIKLIHOAPOAH Wbleapbliaobl. JKyeipy monkvlHbiHbiy wewimoepi
2UNepoONaNbIK HCIHE MPUSOHOMEMPUATBIK (PYHKYUsIapmer KepcemineeH. Byn a0ic mamemamuxansik
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QusuKanvly Kypoeni Col3bIKMblK eMec 360IIOYUSIbIK MeHOeYIepin ueulyee MyMKIHOIK 6epemin Oenini
bazoapramanvix nakemmepoi KOIOAHY ApKblibl OHAU HCY3e2e ACbIPblidob.

Tyiiin co30ep: reneimy 20ici, 80mOYUATBIK menoeyiep, Y30iKCi3 QYHKYuUs, JCyKmenzen meyoey,
mass cyoazvl MoaKbIHObIK meHoey.

A. T. BAHUMAHKYJIOB, M. M. XACAHOB?, A. 0. HCMAHJIOB?, O.F0. TAHKAEB?

Kocmanatickuii pecuonanviuwiil ynugepcumem um. A.baiimypcoinosa,
2V peenuckuil 2ocyoapcmeennvlil ynusepcumem (Yzoexucman,),
SKocmanaiickuil unsicenepno-skonomudeckutl yuusepcumem umenu M. Jlynamosa

OBOBIUIEHHBIN (G'/G) METOJ PACIUMPEHMSI )15 HATPYJKEHHOT'O
BOJIHOBOI'O YPABHEHMSI MEJIKOBO/IbSI

Hannas cmamos nocesuyena HaxoHcOeHUI0 peueruti HaZpyICeHHO20 60IHOB020 YPaGHeHUs becyuyel
gonnbl Ha Menkogoove. ITpusodumes 0dun uz nodxodos noucka pewenuii (G’ 1G) yemooom pacuupenus,
KOMOPbLIL AGIIAEMCs OOHUM U3 Hauboee 0elcmeeHHbIX Cnocobos noayuenus peutenui. Kozoa napamempul
bepymcs 6 kKauecmee CneyudIbHbIX 3HAYEHUT, YeOUHEeHHbLE BONIHbL MAKHCe 8bl8OOSIMCA U3 OE2YUUX BOJIH.
Pewenus 0ns 6ecywjeii 60HbL GbIPANCAIOMCI CUNEPOOTULECKUMU U MPULOHOMEMPULECKUMU QYHKYUAMU.
Omom memoo nezko peanuzo8ams ¢ UCHOTb308AHUEM U3BECHIHBIX NPOSPAMMHbIX NAKEMOS, KOmopble no-
360IAI0M PEULAnb CILOAHCHBIE HETUHEHbLE IBOTIOYUOHHBLE YPAGHEHUS MAMEMAMULECKOU (QUIUKU.

Knrouegvie cnosa. memoo pacuiupeniis, 360110YUOHHbIE YPAGHEHUA, HENPEPLIBHA (YHKYUS, HAZPY-
JIceHHoe ypagHenue, 60IH0B0E YPAGHEHUE HA METKOBOObe.
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CUHI'VIISIPIABI AYBITKBIFAH UHTETI' PAJIABI- AU ®OEPEHITUAJIIBIK
TEHJAEYJIEP )KYWECI YIIIH IIETTIK ECEN INEIIIMIHIH
ACUMIITOTHUKAJIBIK BAFAJIAYbI

Maxkanaoa cuneynisapivl ayblmkblean UHmMezpaiovl-Ou@epeHyuanovly meyoeyiep icyieci yulin
wemmik ecen Kapacmuipuliadsl. Kymeicmeiy maxcamol wiemmik ecen wewliMiniy aHatumuxansly gop-
MYIACHIH, ACUMNINOMUKANBIK OARANAYIH ALY, WeWiMHIY 6acmankel Hykmeoeel Kiui napamvemp 00ubit-
Wa acuMnmomuKaniblK, CUNAMslH AublKkmay 6oein maowiiaovl. JKymvicma bepineen wemmik ecen Jcbli-
0am aUHbLIMALLICHL OOULIHWA ApAac MUnmi CUHSYISAPIbL AYbIMKbIEAH UHMeZPaniobl-Ougddepenyuandsl
menoeyae Kotibliean wemmik ecenke kenmipindi. Cunzynapivl ayeimgwi2an oipmexmi oug@epenyuanovix
menOeydiy Kowu @ynrkyuscel, wexkapaivik Qyukyusiapsl scone I pun GyHKyuacsl Kypolivin, onapoblH
acuMnmomuKanvlK, 6azanaynapel anbinovl. Ocel Kypuliean QyHKyuanapovly Komeimen bepineen wemmix
ecen WewiMiHiy aHaTuMuKanblK QopMynacsl Jdcone acuMnmomuKansly 6a2aiaysl anvinovl. Llewimniy
Kiwi napamemp OOUbIHWUA ACUMAMOMUKANILIK CUNAMbL AHLIKIMANBIN, OHbIY MYbIHOLLIAPLIHLIY OepineeH
KeCIHOIHIK CONl dicax HykmecinOezi ocy pemi kepcemindi. Kapacmoipvlivin omuipan wemmik ecen
wewimMiniy bacmankbl Hykmeoe HONHW pemmi 6acmanKbl ceKipiciniy 6ap 601ambviHbl AHLIKMAIOLL.

Tyitin ce30ep: cuHeyIsapivl ayblmky, Kiwi napamemp, unmezpaiovl-oug@epenyuanovi meyoey,
ACUMIMOMUKANLIK 6aganay, 6acmankbl cexipic.

Kipicne. FruibiMHBIH (u3uKa, XUMHs, OHONOTHS, MEXaHWKA, TEXHHKA OHE T.0.
CHSIKTBI CanajapblHAarbl KONTEreH MpoLecCTepiH MaTeMaTHKaJIbIK MOJIeNIbaepl Kobinece
JKOFapFbl TYBIHABUIAPBIHAA Killi mapamerpiepi Oap auddepeHnuanapk xoHe HHTETPO-
muddepeHnnanapK TeHAeynep Oonbln Tadbuiaabl. MyHmail TeHaeynep Kasipri yakbITTa
CHHTYIISIPIIBI ayBITKBIFAH TEHJEYep Aem aranansl. COHIBIKTaH MYHAAl TeHIAeyAepai 3epT-
TEy ©3€KTI Macese OObII TaObLUIAIbI.

Schlesinger L., Birkhoff G.D., Noaillon P enOexrepineH OacTam acHMIITOTHKAIBIK
WHTETpaigay TEOpUsCHl MakcaTrThl TypAe AaMu Oactaapl. CHHTYIAPIBIK aybITKyJap
TEOPUSICHIHBIH KyHeni gamybsl A.H. TuxoHoBTHIH [1], [2] ipremi 3epTTeyiepiHeH KeliH
Oactangbl. TeopusiHbIH Heri3ri OarbiTTapelH omaH opi Aambityra JI.C.Ilontpsirun [3],
E.®.Mumenko, H.X.Po3zos [4], HM.Kpsinos, H.H.Murpononsckuii [5], M.W. Bumuk,
JLA. JIroctepuuk [6], A.b. BacunbeBa, B.®. byty3os [7], C.A. JlomoB [8], UMmananuen
M.U. [9], Wasow W. [10], Van Dyke M. [11], Chang K. W., Howes F. A. [12] xoHne T.0.
ey yJiec KOCTHI.

M.U. Bumuk, JI.A.Jlrocreprauk [13] sxone K.A. KacbimoB [14] eHOekTepinae Kimri ma-
paMeTp Hesire YMTBUIFaHAa OacTamKbl MOHJAEpI IIEHEJIMEreH OacTamkbl ecentep OipiHIi
Oomnbin 3eprrengi. Mynpaail ecentep O6actankel cekipicTi Ko ecentepi aen aranaasl. by
€CenTepliH CUMATThI ePEeKILENIri CHHTYIISPIIbI Ay BITKbIFaH OACTAIKbI €CEMNTiH IIeiMi Kili na-
paMeTp HeJre YMThUIFaH 4, aybITKbIMaFaH TeHACY/IH HIeUliMiHe YMThIIa bl Oipak OacTarkel
mapTTapsl e3repeni. by skaraaiina 6acTankel cexipic KyObLIBICHI OPBIH alla/ibl ACHMI3.
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Keiibip mieTTik ecenrep/i 3epTTey OapbIChIHIa MYH/Ial ecenTepAiH 0acTanKbl CeKipicTi
Komm ecentepine napa-map ekeHi aHbIKTaIAbl. [ 15] dKYMBICBIHAA CHHTYISIPIBI Ay BITKBIFAH
T depeHInanIbpIK TeHACYIep KYHeci YIlliH MHTerpajiibl HIETTIK €cell 3epTTEIiHreH.

A OyJ1 )KYMBICTa CHHTYJISIPIIBI ayBITKBIFAH HHTETPasabl-1u(hepeHIraIbIK TeHACYIep
JKy#eci YIIH MIETTIK €Cell KapacCThIPbUIBIN, OHBIH IIEHIIMIHIH aCHMIITOTHKAJIBIK CHITAThI
AHBIKTAJIFaH.

Ecentin Ko#ibuibIMbI. CHHTYISAPIBl ayBITKBIFAH WHTErpAIbl-IUPPepeHINATIBIK
TEHJeYJIep KyHeciH

e2” + A(t)z’+B,(t)z+C,(t)y = Fl(t)+'l[(H0(t,x)z(x,e)+ H, (t,%)z'(x,€) + H, (t, X) y(x,€) ) dx

1 (1)
Y +A ()2 +B,(t)z+C,(t)y= Fz(t)+j(L0(t,x)z(x,e)+ L (t,X)z'(x,€) + L, (t, X) y(x,€) ) dx

KeJecl

hz(t,e)=2(0,e)=a, hz(t,e)=z(Le)=P, hy(te)=y(0.e)=7 )

IIEeKapabIK MapTTapMeH KapacThIpaiblK, MyHarbl, € > 0-kimi napamerp, o.B,Y — 6enrini
TYpaKThLIAP.
(1), (2) merTik ecern YIIiH KeJeci mapTTap OpbIHIAICHIH:

L AM,B1).C{t),FR®),i=L2 _ [0,1] kecimmicinme, am H, (t,x),L(t,x),i=0,1,2 -
D=(0<t,x<1) o6nbicbiHIa y3imiccei3 quddepeHnmanganaTeiH GyHKIUIAD
I. A(t)=d=const>0,A,(t)#0,0<t<1

1 X
L A=1 cammr J(t,5) :_[Lz (t,x) exp(—jCz(p)ddex ©3€TiHiH MEHIIKTI MoHi 60JI-
MAaChIH. s s

Iv. hzzlo (t) 70 .

V. A=1 caum € mapamerpinin xeTkimikTi a3 moninge H(t,S,€) eserinin Menmikri
MOHI OOJIMaCBHIH.

Bepinren Tenmeyre colikec CHHTYIAPIBI AybITKbIFAaH OIpTeKTi AndepeHInaIIbK

TEHJIeY/li KapacTbIpambl3:
Lz=ez"+AM)2’+B,(t)z=0 (3)

Jlemma. Erep 1, Il maprraps! opeinanca, oaaa (3) TeHaeyain ipredi memimiaep xyieci
yiiH € — 0 OonFaHza MbIHAJal aCUMIITOTHKAJIBIK (POPMYIa OpBIHAATA bI:

20(t,e)=2) (M) +0(), =01 4

11)()( .
20 (t0) = e e W o0 40, =01

myrzars, H() = =A () <0 | anz,(),i =1,2 pysxumsuiaps! keneci ecenTepIeH aHbIKTaab!:
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A(t) Z1,0 (t)+By(t) Zy t)=0, Zjg (0)=1 ,

Ai(t) Zéo (t) + (A1 l(t) - B1 (t)zzo (t) =0, Zy (O) =1

K(t,s,e), 0<s<t<l o¢yuknusacein Komm (yHKOUSICH IeiMi3, erep on Keieci
€CenTiH memiMi boca:

L.K(t,s,€)=0,
K(s,s,e)=0,K’(s,s,€) =1 Q)

Erep I, Il maprrapsl opeinjanca, onga K(t,s,€) Komm ¢pynkumscrO<s<t<l
o0JBICBIHIA Oap, JKaJFbI3 00JIabl )KOHE TOMEH IETT (popMyJiaMeH OpHEKTEIeIi:

W, (t,s,€)

K(t,s,e) = W)

(6)

mynnarsl W (s,€) # 0 - ipreni mermimaep xyitecinen kypanran Bponckuan, an W, (t,S,€) -
BpoHCKHUaH W (S, €) -TiH 2-IIi KaThIK KOJbIH Z; (t,€), z,(t,€) ipremi menrmaep xyieciMeH
aJIMaCThIPFaHHAH aJIbIHATHIH aHBIKTAYbIII.

(6) dhopmynanman (4) kemerimeH Komm (pyHKIUSACHIHBIH aCHMITOTHKAIBIK CHTIATHIH
TOMEHJIET1/IeH alaMbI3:

t s

%Ju(x)dx % r(x)dx
K(t,s,€) = e’ (210(8)2250('[)+O(8))—e ° (Z50(8) 7, (1) + O(g)) _
1 %Ju(x)dx
Ee ° (1(8)23(8) 25 () + O(e))
- [ 06 1OnLe° O(E)J
u 10 M 20 , (7)
\ 1 (X dx 1 w(x)dx
K'(t,s,€) = EPS IV ® + eS! Zn OV +0(e? + eesl )
1(s)zy(s) 1(S)Z5(S)
Anpixrama. D, (t,€),1=1,2 (yHKUMATAPEI TOMEH/IET] ECENTIH
L.®,(t,e)=0, i=12
h@,(t.e)=5,, k=172 ®)

menrimi Gosca, OH/Ia oNap Mekapanbik GYHKIHSIAP ACT aTanaisl, MyHIaFsl O — Kpome-
KEp CUMBOJIbBI.
[exapaiiblK (GyHKLIHSIAP KeJIECl TYPIE OPHEKTEIEII:

® (t,e) = AA((S)’ =12, ©)
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MYH/Iarbl

hz(t,e) hz,(te)

AR=l 2 o) e

2

an A, (t,€) — A(e) QHBIKTAYBIIIBIHAH OHBIH I—II1i )KaThIK KOJIBIH L.z=0 teneyinin Z, (t,€) ,

2,(t,€) ipreni memimzep xyiieciMeH aTMACTEIPFAHHAH AJTBIHFAH AHBIKTAYBIILL,
9) dpopmynanan (4) keMeriMeH IeKapaablK QYHKIHMIAPABIH aCHMITOTUKAIIBIK CHIIA-
PMY. p y p
TBIH aJaMBI3:
t

Huooax X

€ 5 7J”(X)dx
e (h,2,4 (1) 20 (t) + O(e)) _at

D, (t,e)= hz, (1) + O(e) e’ (2,(t)+0O(e)) ,

O 0% 020 1o
Zy _ 2% 2y (1) Zy
PO 0 ° na, @) O

Enni (6), (9) dopmynanapmen anbikranaTeiH Ko sxoHe niekapaiblk QyHKIHSIapIbIH
KOMeTiMeH OepisireH MeTTiK ecenTiH [ puH QyHKIMACHIH KYpaMbI3:

_KESBg 1), ostss,
G(t,s,e) = ‘ "
_@$ 2(ty€)+%K(tvS'8)’ sst<l

Heri3ri HoTnxkesnep.

Teopema 1. Erep -V maprrap opsinaanarsia 6osica, onaa oepinren (1), (2) mekapaibik
ecentin memimi [0,1] kecinmicinge Oap, KaiFbI3 JXKoHE Kelieci (QoOpMyna apKbUIbI
OpHEKTEIe/Ii:

z(t,e) = ad, (t,€) + PD, (t,€) +J1'G(t,s,e)F(s,a)ds , (12)

y(t,e) = ad, (t,e) + PP, (t,€) + F,(t) +_1[C_5(t,s,e)F(s,e)ds ,

myngarst 9 1(,€),$,(t,€) xome G(t,s,€) - mekapaiblk koHe [pyuH QyHKIMSTIAPHL,

B,(t:2) = [ G (6 0%, (0,6) + Lt 0, (x, ek +

+j‘(l§2 (t, X)D, (X,€) + A, (t, )" (x,£))dx, i=1,2,
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G(t,s,e) = _1[([0 (t, X)G(x,s,€)+ L, (t, X)G.(x,5,€))dx +

+j.(l§2 (t,X)G(x,s,€) + A, (t,X)G.(X,s,€))dX,

t

X t
2 (p =[C2(p)dp EI-J'Cz(p)dp
X8 ds

—J’c ydp tl:] 1
FO=ye* +_[§z(8)+v_|’iz(s,><)e° d é

_jCZ(P)dP

LX) = [(L(s,)—R(s,x)B,(x))e = ds,
’ t (13)

~[e:(prep

Ltx)=[(L(s.)-R(s)AMX))e = ds,

—jcz(mdp —jcz(mdp

A (t,x) = —A, (X)e ~ . By(t,x)=-B,(x)e *

F,(s)=F,(s)+ j’ R(s, X)F, (x)dx,

I:i (S,X) = I-i (va) +‘1[R(Sv p)L|(p1X)dp1| = (ﬁy

an F(t,e) ¢ynkumsacel kemeci exiHmi TekTi PpearonbM MHTErPajAblK TEHICYIHEH
AHBIKTAJIAIBI:

F(t.e)=g(t.e)+ [H(tse)F(se)ds (14)
MYHJarbl

H(t,s,e)= j(MO(t, X)G(X,s,€)+ M, (t,X)G; (X,s,€))dx +
’ . (15)
+ [(N (£, 0)G (x,5,8) + N, (1, X)G} (%, 5,€)) d X,

gt,e)=F()+a j(MO(t,x)QJl(x,e) + M., (t,x)®", (X, €))dx +

+j.(NO(t, X)®, (x,€)+ N, (t, x)D" (X, €))dx |+
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+BU(M o (L,X)D, (x,€) + M, (t, x)D", (x,€))dX + j‘(No(t, X)®D, (x,€) + N,(t, x)d)‘z(x,e))de

Teopema 2. Erep I-V maprrap opsiHganatein 6osica, onga 0<t<1 kecinzicinae
oepinren (1), (2) werrik ecentin Z(t,€), y(t,€) memimi ymin € -0 xesinme keneci

ACHMITTOTHKAJIBIK OaFaay Jaypbic 0Omabl:
F.(t) —(oc— B JHl(t,O) +

|z(t,e)|sc((oc— P )A2(0)+Y +[B|+ max 2,(1)

z,,(1)

+Mmax
ost<1

B B
R0- ( 0(1)JL1( )‘ +C“"‘zm(l)e

|z’(t,£)|sc[[ lf()JAZ(O)ﬂ( |B|+max F(t)- ( mﬁ(l))Hl(t,O)+
(16)
B B | -oc
”3193“0( 10(1))““0)] “ o

|y(t,s)|sc(( lf(l)JAz(O)ﬂ( |B|+r31a<x F(t)- ( lf(l)JHl(t,O) +
B B | st
0" ( zm(l))“(t’o)‘ i e

mynzarsl, C >0, 8>0 — - nan Toyescis TypakThLIap.

TeopemansbiH nanenzaeyi (12) dopmymnanan (7), (10), (11). byn 6aranaynapaas (1), (2)
nretTik ecen memiMiHig t =0 HyKTeciHAeri KeJeci ecy peTiH KopeMis:

2(0,e) =0(), z'(O,e):O(%), y(0,e)=0(2), y’(O,s-:):O(%), e—0,

arHU 1 =0 HyKTeciHAe OepiireH MIETTIK ecem IIelIiMi YIIiH HOJIHIN peTTi OacTamKsl
CeKipic KYOBUTBICHI OPBIH aJTaIIbl.

OJIEBMET

1 TuxonoB A.H. O 3aBucumMocty penreHuii tuddepeHnuanbHbIX ypaBHEHUI OT MaJloro napame-
Tpa // Marem. ¢0. 1948, 22 (64), Ne 2. C. 193 - 204.

2 TuxonoB A.H. Cucremsl quddepeHnnaibHbIX YpaBHEHUH, coepiKalliie Malible apameTpbl
npy Mpou3BoaHbIX // Marem. c6. 1952, 31 (73), Ne 3. C. 575 - 586.



132 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 2 (88)

3 TlonTpsirun JI.C. ACUMITOTHYECKOE ITOBE/ICHUE peleHHi crucTeM An(epeHInaibHbIX ypaBHe-
HUI ¢ MaJIbIM MapaMeTpoM IpH Bbicunx npousBoausixX. // M3s. AH CCCP, 1957, 21:3, ¢.605-626.

4 Muinenko E.®., Po3os H.X. JTuddepeHnmanbabie ypaBHEHUS ¢ MAJIBIM TTAPAMETPOM U PeiaK-
carrioHHbIe kosieOanus. M.: Hayka, 1975. 248 c.

5 KpsuioB H.M., boronto6os H.H. Beenenue B nenuueitnyro mexanuky. M.: Uzn. AH CCCP. —
1937. - 112 c.

6 Bumuk M.J., JTIroctepuuk JI.A. PerynspHoe BeIpOXKIeHHE U MOTPAaHUYHBIN CIIOM JUIS TUHEH-
HBIX AU PepeHInalbHbIX YpaBHEHUH ¢ ManbiM tapamerpom // YMH. 1957. T.12, Ne 5. C. 3 — 122.

7 BacunbeBa A.b., byty3oB B.®. ACUMNTOTHYECKHE PA3NIOKEHUS PEIICHUM CUHTYISIPHO BO3-
MyIIEHHbIX ypaBHeHuil. — M.: Hayka, 1973, 272 c.

8 Jlomos C.A. Beenienue B 00IIyI0 TEOPHIO CHHTYIISIPHBIX Bo3MyIieHuid. — M.: Hayka, 1981, 400 c.

9 NUmananmie M.M. AcumMnroTHyeckre METO/Ibl B TEOPUU CHHTYJISIPHO BO3MYIICHHBIX HHTETPO-
muddepenunansabix cucteM. Opynsze: Mium, 1972, 356 c.

10 Wasow W. Asymptotic expansions for ordinary differential equations, Wileylnterscience,
New York, 1965.

11 Van Dyke M. Perturbation methods in fluid mechanics, The Parabolic Press, Stanford, Calif., 1975.

12 Chang K. W., Howes F. A. Nonlinear Singular Perturbation Phenomena: Theory and Applica-
tions, Berlin: Springer-Verlag, 1984.

13 Bumuk M.U., JTltocrepuuk JI.A. O HayambHOM CKauKe JUIs HelMMHEWHBIX TuddepeHIanbHbIX
ypaBHEHHUI, cofeprkainux mManbiid napamerp. / JJAH CCCP, 1960, 132 6, 251-253.

14 KacbimoB K.A. O0 acumnroruke pemenus 3a1a4u Komu ¢ 001brMy HauaJlbHBIMH YCIIOBUSI-
MU JUIS HEJTMHEHHBIX OOBIKHOBEHHBIX T depeHnaibHbIX ypaBHEHHH, CoepKallluX Majlblil napa-
metp. // YMH, 1962, 17 B 5, c.187-188.

15 M.K. Dauylbaev, K.T. Konisbayeva, N.R. Tortbay Integral BVP for singularly perturbed sys-
tem of differential equations. // International Journal of Mathematics and Physics 12, Nel, 25(2021).
C. 25-33.

REFERENCES

1 Tihonov A.N. O zavisimosti reshenij differencial'nyh uravnenij ot malogo parametra / Matem.
sb. 1948, 22 (64), Ne 2. S. 193 - 204.

2 Tihonov A.N. Sistemy differencial'nyh uravnenij, soderzhashchie malye parametry pri proiz-
vodnyh // Matem. sb. 1952, 31 (73), Ne 3. S. 575 - 586.

3 Pontryagin L.S. Asimptoticheskoe povedenie reshenij sistem differencial'nyh uravnenij s malym
parametrom pri vysshih proizvodnyh. // Izv. AN SSSR, 1957, 21:3, 5.605-626.

4 Mishchenko E.F., Rozov N.H. Differencial'nye uravneniya s malym parametrom i relaksa-
cionnye kolebaniya. M.: Nauka, 1975. 248 s.

5 Krylov N.M., Bogolyubov N.N. Vvedenie v nelinejnuyu mekhaniku. M.: Izd. AN SSSR. —
1937. - 112s.

6 Vishik M.I., Lyusternik L.A. Regulyarnoe vyrozhdenie i pogranichnyj sloj dlya linejnyh
differencial'nyh uravnenij s malym parametrom // UMN. 1957. T.12, Ne 5. S. 3 — 122.

7 Vasil'eva A.B., Butuzov V.F. Asimptoticheskie razlozheniya reshenij singulyarno vozmush-
chennyh uravnenij. — M.: Nauka, 1973, 272 s.

8 Lomov S.A. Vvedenie v obshchuyu teoriyu singulyarnyh vozmushchenij. — M.: Nauka, 1981, 400 s.

9 Imanaliev M.I. Asimptoticheskie metody v teorii singulyarno vozmushchennyh integro-
differencial'nyh sistem. Frunze: [lim, 1972, 356 s.

10 Wasow W. Asymptotic expansions for ordinary differential equations, WileyInterscience,
New York, 1965.



Mypamosa A. K. Cuneynsipnol ayvimgpiean unmezpanobl-ou@@epenyuandvls meyoeyiep ... 133

11 Van Dyke M. Perturbation methods in fluid mechanics, The Parabolic Press, Stanford, Calif., 1975.

12 Chang K. W., Howes F. A. Nonlinear Singular Perturbation Phenomena: Theory and Applica-
tions, Berlin: Springer-Verlag, 1984.

13 Vishik M.I., Lyusternik L.A. O nachal'nom skachke dlya nelinejnyh differencial'nyh ura-
vnenij, soderzhashchih malyj parametr. / DAN SSSR, 1960, 132 6, 251-253.

14 Kasymov K.A. Ob asimptotike resheniya zadachi Koshi s bol'shimi nachal'nymi usloviyami
dlya nelinejnyh obyknovennyh differencial'nyh uravnenij, soderzhashchih malyj parametr. / UMN,
1962, 17V 5, s.187-188.

15 M.K. Dauylbaev, K.T. Konisbayeva, N.R. Tortbay Integral BVP for singularly perturbed sys-
tem of differential equations. // International Journal of Mathematics and Physics 12, Nel, 25(2021).
S. 25-33.

A. K. MYPATOBA

Kazaxcxuii nayuonanvhuiil ynusepcumem umenu anv-Papadu, e. Aimamel, Kazaxcman

ACUMIOTOTHYECKHUE OLIEHKH PEIIEHUI KPAEBOI 3ATAUYHU JJISI
CHUHTYJISIPHO BO3MYIIEHHBIX CHCTEM
WHTEIPO-TUO®®EPEHIMAJIBHBLIX YPABHEHMIT

B cmamwe paccmampusaemes acumnmomuueckoe nogeoeHue peuweHutl Kpaeeou 3a0auu OJisk CUHZY-
JIAPHO 803MYUJEHHBIX CUCMeM UHmeepo-ouggepenyuanvrvix ypasuenuil. Llenvto pabomul sensiemcs no-
JIVUeHUe AHATUMUYECKOU (PopMYIbl, ACUMNIMOMUYECKOU OYEHKU PeuleHlsl KpAegoll 3a0auu, onpedeieHue
ACUMNMOMUYECKO20 NOBEOEHUE PEUeHUs N0 MATIOMY NAPAMempy 8 Ha4aIbHOU mouKe. 3a0aHHas 8 pabome
Kpaesast 3a0aud npueeoeHd K Kpaegoil 3a0aie, NOCMAGLEHHOU 8 CUHSYISAPHO BO3MYIYEeHHOE UHMEZPATIbHO-
oughpepenyuanvroe ypasnenue cmeuianHozo muna no ovicmpoil nepementot. Ilonyyenor pynxyus Kowiu,
epanuunble QyHkyuu u @Qyukyus I puna cuHSYIapHo 803MYUWEHHO20 00HOPOOHO20 OUPPepeHyuarbHo20
YPasHeHus1, makice onpeoenensvl ux acumnmomuieckue oyerku. C nOMOWbI0 SMuUX NOCMPOEHHBIX QYHK-
Yutl NOIYYEHA AHAIUMUYECKAst hOPMYIA U ACUMRMOMUYECKAs: OYeHKA OAHHO20 PeUleHUs KPAeGoll 3a0ayu.
Onpedeneno acumnmomuueckoe nosedeHue peuleHus o Maiomy napamempy u noKa3aH nopsiook pocma
€20 NPOU3BOOHBIX 6 JLeGOIl MOUKe 3A0AHHO20 OMPE3KA. YCmaHo8ieHo, Ymo peuleHue paccmampueaemo
Kpaegoti 3a0auu umeem Ha4aibHblll CKAYOK HY1e8020 NOPAOKA 8 HAUAIbHOU MOYKe.

Kniouesvie cnosa: cunzynsinoe o3myujenue, Mauviil NApamemp, UHmezpaibHo-oupgepenyuanvhoe
YpasHeHue, ACUMRMOMUYECKAs, OYEeHKA, HAYAbHbIU CKAYOK.

A. K. MURATOVA
Al-Farabi Kazakh National University, Almaty, Kazakhstan

ASYMPTOTIC BEHAVIOR OF THE SOLUTION OF THE BOUNDARY
VALUE PROBLEM FOR A SINGULARLY PERTURBED SYSTEM
OF THE INTEGRO-DIFFERENTIAL EQUATIONS

In this paper, we study the asymptotic behavior of solutions to the boundary value problem for singularly
perturbed systems of integro-differential equations. The aim of the work is to obtain an analytical formula,
an asymptotic estimate of the solution of a boundary value problem, and to determine the asymptotic
behavior of the solution by a smaller parameter at the starting point. The boundary value problem given
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in the paper is reduced to a boundary value problem posed in a singularly perturbed integral-differential
equation of mixed type with respect to a fast variable. The Cauchy function, boundary functions and Green's
function of a singularly perturbed homogeneous differential equation are obtained, and their asymptotic
estimates are also determined. With the help of these constructed functions, an analytical formula and an
asymptotic estimate of this solution of the boundary value problem are obtained. The asymptotic behavior
of the solution with respect to a small parameter is determined and the order of growth of its derivatives at
the left point of a given segment is shown. It is established that the solution of the boundary value problem
under consideration has an initial jump of zero order at the initial point.

Key words: singular perturbation, small parameter, integral-differential equation, asymptotic
estimation, initial jump.
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CONSTRUCTION OF EFFECTIVE COMPUTATIONAL ALGORITHMS
FOR SOLVING FREE BOUNDARY PROBLEMS

An efficient method for numerically solving the one-dimensional Stefan problem is proposed herein.
A computational algorithm for solving free boundary problems has been developed. This provides a
means of solving problems with an arbitrary and variable number of phases, both in terms of thermal
conductivity and diffusion. The solution algorithm is based on the application of the finite element method.
The calculations are performed according to a homogeneous scheme. This makes the method universal
and renders it possible to be referred to the class of shock-capturing methods. Accurate tracking of the
position of the boundaries is carried out, in the same manner as in the methods with edge detection, which
makes it possible to solve problems with high accuracy, inherent in methods of this type.

Key words: free (unknown) boundaries, finite element method, Stefan’s problem, heat conduction
equation, diffusion equation, approximation order, shock-capturing scheme.

Introduction. The relevance of free (indeterminate) boundary problems is due to
numerous applications. The construction of computational algorithms for solving free
boundary problems has long attracted the attention of many scientists.

At present, the methods for the numerical solution of moving boundary problems can be
conditionally divided into two groups: shock-capturing methods and explicit edge detection
methods. It should be noted that shock-capturing methods provide a means of solving
problems of a multiphase and multidimensional problem of thermal conductivity, but they
are not suitable for solving practical problems and have a low accuracy in determining
the position of free boundaries. Edge detection schemes usually have good accuracy, but
are algorithmically cumbersome and unsuitable for solving free (indeterminate) boundary
problems [1].

One of the most accurate shock-capturing schemes is built using the finite element
method (FEM). It is known that such a scheme has a low order of approximation near free
(indeterminate) boundaries. On the other hand, not only the gradient and the solution itself
have discontinuities at the phase boundaries in multiphase diffusion problems. A simple
change of variables often makes it possible to remove the solution gaps and use some of the
shock-capturing methods. However, for problems of non-isothermal diffusion, none of the
known methods of this type is applicable.

Research methodology and results. Let the number of phases changes k times at
some, unknown in advance, moments of time 7, <7, <... < l, within the time range from
OtoT.

* E-mail xoppecnionnupyromero apropa: mukhambetzhanov_(@mail.ru
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Define #,= 0, t, + 1 = T. There are M = M(j) interphase boundaries on the segment 0 <

x<1att<t<tjﬂ

0<g, () <...<§, (1) =1

Assume that

£ =0,&,,,=1 (1.1)

Assume that inside each phase: & (t) <X <&, (t)
The solution u(x, ) is smooth enough in x and ¢ and satisfies the equation:

au 0 ( auj
° 5t ox (1.2)
Where, for simplicity of presentation, the coefficients a, b are considered constant in
each phase a=a, b = b, at X & (§;(t).&;,, (1)) .

The solution values are given on both sides of the moving boundaries

u(&, () -0,t)=u;(t)

. 1.
ug, (t)+0,t) =u/ (t), i=12,..M, (1.3)
and boundary conditions
ou
-—=0,(u,t); x=0 .
LW @, (ust) (1.4)
ou
-y —= u,t); x=1
M ax (pM ( )
The movement of the edges is described by Stefan’s law:
dé ou
Y (1) a_, ax‘g 0-0"& '&‘gi(mo (1.5)

u(x,0) = uy(x) and the position of the boundaries existing at the initial moment of time

are defined at 7 = 0.

At t = ¢ the following situations are possible:

1) The solution has reached a critical value at point X =0 or x = 1. A new boundary of a
new phase appears(emergence);

2) The boundary leaves the segment [0, 1] (resorption of the extreme phase);

3) Two boundaries merge and disappear (resorption of the internal phase).

In thermal conductivity problems b is a heat capacity, a is a thermal conductivity
coefficient; ¥l is a latent heat of fusion. Temperature u to the right and to the left of the
phase boundary is equal to the melting temperature [2].

In diffusion problems b = 1, a is a diffusion coefficient.

The number of possible types of phases and the concentration values to the right and to
the left of the phase boundary are determined from the phase diagram of the state and can
change with time with a change in temperature,
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¥, () =uf (t) —u; (t)

and the flows of matter (1.4) are usually taken proportional to the difference in the activities
of the diffusing matter at the interface between the media; in the general case, the flows of
matter nonlinearly depend on concentration.

Let n(x) be the arbitrary function from H'(0,1). Multiply the equation (1.2) by n(X),
integrate over X inside each phase and sum up the resulting integrals:

M i (1) M Gl
3 du 3 a(. ou
=i éf[t) Jt e =0 &i'[t) v ax( ax) " (1.6)

Instead of using spatio-temporal finite elements, let us apply FEM only with respect
to X, while using the below formula prior to difference approximation of derivatives with
respect to time:

i (1) i (D)
i+1 au d i+l d a N d a
—oMdx=—t foumdX = Um0t U Mg a0 (1.7)

Integrating (1.6) by parts and taking into account relations (1.1), (1.4), (1.5) and (1.7),
we obtain that the solution of problem (1.2) - (1.5) satisfies the integral identity for any
functionne H*(0,1) :

M Sist
—jb u- ndx+2ja ou, ndx+(p0(u(0 £),t)-1(0) + @, (UL t),t)-n(D) +

=04 ; (1.8)
3 @) (- b, 1) 45 =

The formulation of the problem in the form of an identity makes it possible to reduce the
requirements for the smoothness of the solution.

Introduce a discrete grid 0= X, <...<Xy =1 on the segment [0, 1]. Find an approximate
solution u(X, ¢) at a fixed ¢ in the space of piecewise linear and continuous inside each phase
(with breaks at the grid nodes) functions depending on X, taking given values Ui, U to the
left and right of the borders &, [3].

Approximate the trial function space /'(0,1) with finite-dimensional space ¥, func-
tions continuous on [0, 1] and linear in each of the intervals (X, X.. ). The set of functlons
{n,,..,n,} from V,, such that k(xj) 6kj, forms a basis in V.

Substitute n =1, into the integral identity (1.11) and perform an implicit difference ap-
proximation in time:

i il

I —I M Gia
X [a & it gy, + 0, +
=0 & R (1.9)
. r_ I éi_&i
+an(§i)'(bi'ui b Yi)' T
i=1
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Here 7 is the time step of the time difference scheme I = _[b -u-m,dx
And f mean f |H . 0

Obtain the FEM equations after calculating and summing the contributions of the finite
elements in (1.9). Bearing in mind the solution of problems with narrow phases that often
arise during diffusion, as well as problems with phase degeneracy, assume that there can be

several interphase boundaries between neighboring grid nodes:

Xi < inl <..< §n1+m—1 < Xi+1

dividing (x X g
Introduce the notation ¢ = e, r = y for any function f.

The contributions of finite elements can be calculated according to the formulas:

thlb~u~nkdx: N,-u' +N,-u™+F,

ij —rkdx—K U +K, U+ G,
!
where r, = 3% g (x %) .
N, =2 g2, (yo) + i (3,)) '
N, = wt@ D (Vo) + N (V) B
:é ,i‘{ (Z'W(yi)*“k(yi+1))'(yi+1‘yj)*'
Pu by (2 () (via)) (v - v}
K,=-r-a, K,=r-a™, i(a Uy —al-uj)

j=1

) into intervals, in each of which the approximate solution is linear in X.

(1.10)

The values of U,-i are known from (1.3). The coefficients in the formulas (1.10) depend
on the position of the boundaries, so the FEM equations obtained at each time layer can be

written as:

where £=(&,,....&,), U :(ul,...,uN)T :

(1.11)
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In the case of quasilinear equations and nonlinear boundary conditions the elements of
the tridiagonal matrix A and vectorcan B also depend on u.

Note that for grid nodes, near which there are no interphase boundaries, in system (1.11)
we obtain the usual FEM relations approximating (1.2).

Joint computation of values at grid nodes from (1.11) and determination of the position
of boundaries £ by integrating equations (1.5) at each time step is carried out as a result of
an iterative process. Let us set a small number 0, 0<d<<1 Let u® and EJ(S) are known
after the-th iteration.

Denote by ¢, = min(é, gfs)), B, = max(é, gfs)) .

Choose the smallest segment [X,l, X|2] with ends at grid nodes such that
©) 7! )i
[o;, =8, B, +8]N[0, 1] =[xy, X, ]. 1 e [% € ],assume that X =X, U =u®1
otherwise X = &4, U =ul,

Similarly, introduce the values X » U to the right of &Y Foralli=2,3,...M -1 ,and

fori=1(i=M) , provided that o, > S(BM <1-— 8) , find the value of &i(s+l) after solving the
difference equation:

z ¢ =l =r —=r
’Yi'g_gi:ai—l - _u—l _ai'U_r—LE (1.12)
v -
Approximating (2.5), and averaging:
ECY =y -E+(1-x) &Y (1.13)

where 7 is the iteration averaging parameter.
Consider in more detail on the solution of equation (1.12). This equation is reduced to

cubic with respect to g :

E-X)(E-8)-(E-X)=7-(p-E+q) (1.14)

It is convenient to find its roots using trigonometric formulas, without explicitly using

the Cardano formula. For small t the equation has three real roots, the middle of which
tends to j at T — 0 . The equation has three real roots, the middle of which tends to T equa-
tion (1.14) has three real roots the average of which should serve as é . In the case of one

real root & define the point X X , which is on the side of the root opposite to & .
=l —=r

Then, at subsequent iterations, the segment [X » X ] will “expand” in the direction of

the movement of the border &; (t) .
ou

When 0, <8 or By = (1-38) , the flows - x © the left of & or to the right of §  when
approximating equations (1.5) are determined using the boundary conditions (1.4).

Let us describe the algorithm for switching to a new time layer.
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When s =0 the zero approximation u®=u, £9=% is chosen. At the step (s +1)
of iterations, construct a difference approximation of equations (1.5) first and then find the
values of £ according to (1.13). If for some i, 1<i<M +1, o) > g+ , consider that
one of the phases has resolved. In this case, one or two boundaries are discarded from con-

sideration, and the remaining ones are renumbered. Then calculate A(g(ﬁl)) and B(g(“l))
(s+1)

solve the system of equations (1.11) with respecttoU™ .

After the convergence of the iterations, check the correspondence of the resulting val-
ues u' and the phases at the ends of the segment [0, 1]. If the match is violated, then a new
boundary is established at the point X =0 or x = 1.

To study the effectiveness of the described method, several problems of multiphase
diffusion and thermal conductivity were solved. The most accurate one made it possible
to calculate the movement of the boundary with good accuracy (about three correct digits)
using 40 finite elements by x. The solution began when both phases existed. In the present
work, a solution is obtained with a higher accuracy on only five elements. When carrying
out the numerical results, technological indicators of a particular field were used with real
data from the Embamunaigas Joint Stock Company of the Atyrau region of the Republic
of Kazakhstan. The results obtained were tested with process data for analysis, control and
predictive calculations of the Botakan oil field. The main mathematical model represents a
complicated version of the Stefan-type problem in the case of non-isothermal filtration (tak-
ing into account the thermal conductivity of the medium), and Verigin-type problems in the
case of isothermal filtration (with respect to the diffusion equation). In the one-dimensional
case, the results of works [1-2] were used. Moreover, in the case of well systems, the graph
method and the results of works were used [3-4].

Conclusion. As a summary, this paper presented a computational algorithm for solving
free boundary problems with the objective of better understanding how for describing the
processes of fluid filtration in the near-well zone of the formation. The results obtained
correspond to the purpose of the study.

The research tasks have been solved. It was proved that the method universal and renders
it possible to be referred to the class of shock-capturing methods. Using terms of thermal
conductivity and diffusion, we investigated solving problems with an arbitrary and variable
number of phases.

Practical significance of the study: this study is motivated by the need to obtain features
that can help in choosing the correct mathematical models of fluid motion in porous media
for predicting the development of oil fields in Western Kazakhstan.

Overall, our theoretical study suggests that mathematical modeling and computer
modeling are important functions for predicting the development of oil fields.

Acknowledgement. The authors are grateful to the referee whose detailed comments
greatly improve the presentation of the paper. This research has been/was/is funded by the
Science Committee of the Ministry of Science and Higher Education of the Republic of
Kazakhstan (Grant No. AP09260564 High-performance computer simulation of multiphase
fluid motion in a porous medium under conditions of uncertainty”)
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C. T. MYXAMBETKAHOB', A. A. MYCHHA? K. Il. AMAH?

10n-Dapabu amoinoazer Kazax ¥immolx Yuusepcumemi, Aamamelr Kanacol
23 Axkmebe onipnix ynusepcumemi, K. XKybanoe ameindasol, Akmebe Kanracuol

EPKIH HHIEKAPAJIAPBI BAP ECENITEPAI IHEITY YIINIH TUIM/I
ECENTEY AJITOPUTM/IEPIH K¥PY

Maxanaoa Cmegannviy 6ip enuemoi ecebin canOblK wieutyoiy muimoi 20ici ycviHvligaH. Epkin
wiekapanapsl bap ecenmepoi wieulyoiy ecenmey anreopummi sxcacanovl. Byn owcvlny emkiseiwmikme Oe,
oughysusoda oa ke30elicok KHcane ozeepmeni gazanapmen ecenmepoi ueutyee Mymkinoix 6epeoi. [llewim
aneopummi CoHevl dnemenmmep 30iCiH Konoanyza Hezizoencen. Ecenmeynep Oipmexmi cxema O0UbIHUA
arcypeizinedi. Byn a0icmi ambeban emeoi sHcaHe OHbL CAHay 20ICMeEPIHIY KIACBIHA HCAMKbIZYEA MYMKIHOIK
obepeoi. Llexkapanapouviy scazoaiiblh MYKusm oaxpiaay gpponmmapont 6oy adicmepimen Oipoell xcyseze
aAcuIPLLIAObL, OV MACENEHI 0Cbl munmezi 20icmepee ma Hco2apvl 0INOIKNeH uleuryee MyMKIiHOIK Oepeoi.

Tyiiin co30ep: 60c (benziciz) wekapanap, akeipivl snemenmmep a0ici, Cmepar ecebi, dcwiiy OmKizeiuumix
menoeyi, oughgysus menoeyi, HcyblKmay pemi, CaHay cxemacsyl, GpoHmmapobl HaKmsl 66y 20ici.

C. T. MYXAMBETKAHOB', A. A. MYCHHA? K. Il. AMAH®

‘Kasaxcruti nayuonanvusiil ynueepcumem umenu Ano-@apabu, 2. Anmamol
23 Akmiobunckutl pecuonanvhoiil ynusepcumem um. K. JKybanosa, 2.Axkmobe

HOCTPOEHMUE DOP®EKTUBHBIX BBIYUCIUTEJIBHBIX AJITOPUTMOB
JJIs1 PELHEHUSA 3A1AY CO CBOBOJAHBIMU 'PAHULIAMMU

B pabome npeonosicen s¢pghexmusnwiti memoo yuciennoz2o pewenus ooHomeprotl 3adayu Cmegana.
Paspaboman evruuciumenvhulii aneopumm peutenuss 3a0a4 co c60600nvimu epanuyamu. On nosgoasiem
pewams 3a0a4u ¢ NPOU3BOIbHbIM U NePEMEHHbIM YUCTIOM (a3, KaK Mmenionpo8ooOHOCmu, Max u 6 Ougp@y-
3uu. Aneopumm pewenus 0CHO8aH Ha NPUMEHEHUU Memooa KOHeUHbIX dnemenmos. Pacuemul 6edymcs no
00HOPOOHOTL cxeme. Dmo denaem Memoo YHUBEPCANbHbIM U NO36OIAEm OMHECMU €20 K KIACCy Memooos
CKBO3HO20 cuema. AKKypamHoe ciedcenue 3a NOT0ACCHUEM SPAHUY OCYWeCMEIAemcs Makum dce oopa-
30M, KAK U 6 Memooax ¢ evloeneHuem Gponmos, 4umo 0enaem G03MONCHbIM peuleHie 3a0aiu ¢ 8blCOKOU
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