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KAMBIPBIMABIABIK, KOPbI

HALYK

CHARITY FOUNDATION

b «XAJDBbIK)»

B 2016 rogy mist pa3BUTHS U YAyYIICHUS Ka4eCTBa )KU3HHU Ka3aXCTaHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHBIH HOHT « XaTbIK». 3aTOIBI CBOCH IEATEITPHOCTH
Ha pealn3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001aCTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3alMThI, KYJABTYPBI, 3APaBOOXpaHEHUs] W cnopra, POoHA BBLACITHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuManHue brnarorBopurensHeli  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBas MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCHJIBHBIA BKJIaJ B pa3BUTHE KAuC€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMmbIM crmocoOCTBYSl pOCTy 4YHcia JIIO#EH, CIIOCOOHBIX
MEHSITh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIIOB B pa3MUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — mepBsrii B cTpane 6uzHec-nHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOPBIT
MIOMOTaeT Pa3BUBaTh HEOOXOAUMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha coelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI IPaHThI Ha 00yueHre B MextyHapoqHoH mkoie «Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM MIKOJIbHUKAaM NPHUHATH
ydactue B mpectmkHoM koHkypce «USTEM Robotics» B CLIA. Atopckue
paboTsl B pamkax npoekTa « Tomimrepy, koropomy DoHJ 0Ka3al NOAICPKKY, JICIIN
B OCHOBY y4yeOHOW MpPOrpaMMbl, Y4EOHHKOB M Y4€OHO-METOIMYECKHUX KHHI IO
npeameTy «OCHOBBI IpeIIPUHUMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO MOMOIIM IIKOJBHUKAM, YYaLIMMCSl KOJJIeIKeH u cryaeHtaM PoHx
CUUTAET BAXHBIM BHECTH CBOHM BKJIaJ B MOBBIIICHUE KBAJIM(HUKALNUU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHMK OyAyIIMX MOKOJICHHH Ka3axcTaHieB. [Ipu mommepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxHo#il MHUIMATHBOM CTaJl peaju3yeMblii MPOEKT M0 OOYYEHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH IpenojaBaTesied M3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBON
IPaMOTHOCTH M IPEAIPUHUMATEIBCKOTO MBILIJICHNS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluasbHON 3aIIWTBHl HACEJCHUS aKTHBHO
MpOBOAXTCS paboTa MO MOAJEPIKKE AETEeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei n
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOEB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 0OCCIICUCHHIO HYKAAIOMINXCS COLHMAIBHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIA/IKH U (PU3KYIBTYPHO-0310POBUTEIbHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Haulel crpaHe. JKu3HEHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHIEMUHU
COVID-19. Torma, B pasrap Tsukenoil 00psObl ¢ KOpOHaBUPYCHOW MHQeEKIuei
®onpx Bblenun cBbiie 11 MWIIMapIOB TEHre Ha MPHOOpETeHHEe HEO0OXOIUMOro
MEIUIUHCKOTO OOOPYIOBaHUS M JIOPOTOCTOSIIMX MEAWIUHCKHAX IpPEernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHUS U JCHEKHBIC
BBIMJIATHl MEJUIIMHCKUM PaOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH NPOEKTAaMH, HALICICHHBIMU Ha MOBBILICHUE
071aroCcOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH/ pelu yIeauTh 0co00e BHUMaHNE
HayKe, IOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBEHb €€
Pa3BUTHS OINIPEACISIET YPOBEHD Pa3BUTHUS TOCYIaPCTBa.

[Monnepxka @oHIoM BbIMycKa XypHanoB HamuonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponxHble (OHABI Scopus U
Wos 1 B KOTOPBIX IMYOJMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHHI
W HayYHO-HCCJIEIOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkeHnnewm,
BbaarorBopurenbHblii ®oHT «XaabIK»!
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NAMED ENTITY RECOGNITION FOR KAZAKH LANGUAGE
USING CRF AND RANDOM FOREST MODELS:
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Abstract. The activity of recognizing and categorizing named items in text is
known as named entity recognition (NER), and it is essential to natural language
processing. However, due to morphological complexity and scarce linguistic
resources, NER for under-resourced languages like Kazakh presents distinct
difficulties. The performance of two well-known machine learning models,
Conditional Random Fields (CRF) and Random Forest, for NER in the Kazakh
language was thoroughly compared in this scientific work. The work addresses
feature engineering strategies catered to the morphological complexity of Kazakh
and makes use of a benchmark dataset generated specifically for Kazakh NER.
While Random Forest models manage high-dimensional feature spaces and
intricate interactions in the data, CRF models capture sequential dependencies
and contextual information. The efficiency of both the CRF and Random Forest
models for Kazakh NER is shown by experimental findings. However, the scarcity
of labeled data has an impact on how well these models work. Future research
directions include extending annotated datasets through partnerships with linguists
and native speakers in order to address this constraint. The study also emphasizes
how crucial it is to deal with Kazakh's complicated morphology in NER. Word
stems and part-of-speech tags are among the morphological qualities that CRF and
Random Forest models integrate, which enhances the recognition of named entities
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in a variety of inflections and variants. The comparison analysis sheds light on the
advantages and disadvantages of the Random Forest and CRF models for Kazakh
NER. While Random Forest models may manage complex linkages and feature
interactions, CRF models excel at capturing sequential dependencies and utilizing
contextual information. The NER task's specific needs and characteristics determine
the model to use. In conclusion, by offering information on the effectiveness of
CRF and Random Forest models, this comparative study advances the field of NER
for the Kazakh language. It shows the value of handling morphological complexity,
the necessity of annotated data, and directs future study aimed at enhancing Kazakh
NER systems.

Keywords: Named Entity Recognition (NER), Kazakh language, Conditional
Random Fields (CRF), Random Forest, comparative study
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AnHoTanmus. MoTiHzeri atanran OOBEKTUIEP/l TaHy YKOHE CaHATTay OpeKeTi
aranran oObektinepai Tany (NER) nem arananpl skoHe TaOuFH TiNAl OHICY YILIiH
YJIKeH MaHbI3Fa ue. Anaiiia, MOp(OIOTHSHBIH KYPACITITiHE )KOHE TMHTBUCTUKAJIBIK
pecypcTapAbIH TalIIbUIBIFbIHA OaHIaHBICTHI, Ka3aK CHUSIKTBI PECYypCTaphl MEKTEYI
TUTAEPIET] aTaaFaH 00BEKTINep Il TaHy OeNTii O6ip KUBIHABIKTapMEH OaiIaHBICTHI.
Byt ¥pUTBIME KYMBICTa Ner YIIIiH MalTUHAIBIK OKBITYABIH €Ki OeNTi1i MOIeTiHIH —
mapTThl ke3aelicok epicrepain (CRF) skoHe ke3aeiicok OpMaHHBIH Ka3ak TUTIHIET]
TUIMATITIH caJbICThIpy Kyprizingi. XXympicTa Ka3ak TimiHIH MOP(OIOTHSIBIK
KYPACTUIIriH eCKepe OTBIPHII, OeNTiIep/i ipikTey CTpaTerusiapbl KapacThIpbLIa bl
JKOHE ner Kazak TUTl YIIH apHaWbl )KacajdFaH dTAJIOHIBIK JEPEKTEP >KUBIHTHIFBI
matimananeiaael. Random  Forest momembmepi skorapsl  emmieMii  Oenriyep
KCHICTITIH JK0HE IepeKTepleri Kypaeni e3apa opekeTTecymi Oackapca, CRF
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MOJIENBJIEP] AOUEKTI TOYEIIUTIKTep MEH KOHTEKCTIK aKmaparThl kepceteni. Kazak
NER ymrin CRF xone Random Forest MojienibiepiHiH THIMALTIT] 3KCIIEPUMEHTTIK
HOTIIKEJICPMEH pacTaiajipl. Aaiiaa, Oyl MOJENbISP/IIH THIMILTITiIHE TaHOAIaHFaH
JIEPEKTEPIIH KETICIECYIIUTr ocep eTedi. 3epTTeydiH Oojamrak OarbITTapbl OCHI
MOCeJIeHI MMMy VIIiH JHHTBUCTEPMEH JKOHE aHa TUTIHAC COWIeHTIHIepMEH
BIHTBIMAKTACTHIK apKbUIBl aHHOTAIWSJIAHFAH JIEPEKTEep >KUBIHTHIFBIH KEHEHTYI
KaMTHIBL. 3epTTey conbiMeH Karap NER-1e Ka3ax TitiHiH Kypaeai Mop¢doI0rusChiH
ecKepy KaHIIaIBIKThI MaHbI3Ibl ekeHiH kepceteni. CRF sxome Random Forest
MOJICTIBJIEPIH €CKepeTiH MOP(HOJIOTHSIBIK KaCHETTEPIIH IIH/E co3lepae coley
OemikTepiHiH cabakTapbl MEH TerTepiHiH OONyBIH aram eTyre Oojajsl, Oy
OpTYpIi ayBITKyJap MEH HYCKallap/ia aTalFaH HeICAHAAP/Abl TaHYAbl KaKCapTabl.
CanpicTeipMansl Tangay Kazakctaniaslk NER ymin Random Forest sxone CRF
MOJIETIbICPiHIH apTHIKIIBUIBIKTAPBl MEH KEMILLTIKTEpiHe *KapbIK Tycipeai. Random
Forest monenbaepi kypaeni OaiinanpicTap MeH OeNrilepiiH e3apa opeKeTTecyiH
Oackapa anarbiH Oosica, CRF mopenbaepl JoMeKTI ToyeNIUTKTEep/Il aHbIKTay/a
YKOHE KOHTEKCTIK aKmaparThl Mainananyna »akcel xymbic icteiini. NER Tamnceip-
MacCBIHBIH HAKThl KOKETTUTIKTEpi MEH cHIarTaManapbl MOJETh TaHAAyblH aHBIK-
taviael. Kopeiteiaasitaii keme, CRF sxone Random Forest momenbaepiHiH THIM-
JIUTITT Typajbl aKIapaTThl YChIHA OTHIPHII, OYJT CabICTRIPMAITBI 3epTTey Kasak Tismi
yirin NER namybIHa bIKIas eTeTiHiH aTarn eTKeH koH. O Mop(hOoIoTHsIIbIK KYpe-
JITIKNICH KYMBICTBIH KYHJIBUIBIFbIH, aHHOTAIIMSIAHFaH JCPEKTEP/IiH KOKSTTUIITTH
KepceTeni xoHe Kazak TutiHiH NER sxyiienepin skeTiiipyre OarbITTalIFaH oJlaH opi
3epTTeyNIepai OaFbITTal b,

Tyiin ce3mep: Aranran oObekrtinepai tany (NER), kazak Timi, mapTTs
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AHHOTauMs. JleATenbHOCTh 1O  pAacloO3HABAaHUIO U KATErOpU3aluu
MMEHOBAaHHBIX OOBEKTOB B TEKCTE HA3BIBACTCS PACIO3HABAHHEM HMMEHOBAaHHBIX
o0bekToB (NER) m umeer Oonblioe 3HaueHue st 0OpabOTKM €CTECTBEHHOI'O
s3pika. OMHAKO M3-3a CIIOKHOCTH MOP(HOJIOTHH M CKYJHOCTH JIMHTBHCTUYECKUX
PECYPCOB pacIio3HaBaHUE MUMEHOBAHHBIX OOBEKTOB B SI3bIKAX C OMPaHUYCHHBIMH
pecypcaMu, TaKUX Kak Ka3aXxCKUil, CONMPSHDKEHO ¢ ONPEICICHHBIMU TPYIHOCTSIMHU.
B nanHoli Hay4yHO#l pabore mpoBeneHO cpaBHeHHE S()HEKTHBHOCTH IBYX
M3BECTHBIX MOZEJICH MAIIMHHOTO OOYyYeHHS - YCIOBHBIX ciiydaiHbix noneit (CRF)
u cirydaitHoro eca — st NER Ha kazaxckoM si3p1ke. B pabote paccMmarpuBaroTces
CTpaTeruu Toja0Opa TPU3HAKOB C YyYeTOM MOPQOIOTHUECKON CI0KHOCTH
Ka3aXCKOTO sI3bIKA WM WCTONB3YeTCS OSTAJIOHHBIH HAOOp NaHHBIX, CO3IAaHHBIN
cnermanbHO it NER ka3zaxckoro si3eika. B To Bpems kak monienu Random Forest
YIPaBISIIOT BBICOKOPA3MEPHBIMH MPOCTPAHCTBAMM MPU3HAKOB M CIOKHBIMHU
B3aUMOJICHCTBUAMH B JHaHHBIX, Mmojenmu CRF orpaxaior mociemoBareabHbIC
3aBHCHMOCTH M KOHTEKCTHY uH(popmarmio. DddexruBHocTs Mogaeneii CRF u
Random Forest mis ka3zaxckoro NER momaTBepskmaercss SKCIIEpUMEHTATHHBIMA
pesynbratamu. OnHako Ha APQPEKTUBHOCTH pabOTBl ATHX MOJCIICH BIHSET
HEXBaTKa IOMEUEHHBIX JaHHbIX. byayline HanpaBieHNs UCCIEI0BaHUI BKIIOYAIOT
paciImpeHne aHHOTHPOBAHHBIX HAOOPOB MJAHHBIX 3a CYET COTPYJHUYECCTBA
C JIMHTBUCTAMH W HOCHTEISMH S3bIKa U pelIeHUs 3Tol mpoliieMbl. B
HCCIIEIOBAaHUN TAKXE IOJUEPKHBACTCS,, HACKOJIBKO BaXHO yuuThIBaTh B NER
CJIIOKHYIO MOP(OJIOTHIO Ka3axcKoro si3bika. Cpenu MopQOIOTHYEeCKHX KauecTs,
kotopsie yuuteiBatoT Mojsienin CRF 1 Random Forest, MoykHO BbIIETHTE HaTM4me B
cJIoBax CTeOJICH U TEroB YaCTeH peuu, uTo yIy4IlaeT paclio3HaBaHUE UMEHOBAHHBIX
HMeHoBaHHBIX 0OBEKTOB B Pa3TUYHBIX CKIIOHEHUSX U BapuaHTax. CpaBHUTEIbHBIN
aHaJIM3 TIPOJIMBAET CBET Ha MPEHMYIECTBA M HEAOCTaTKH Momeneii Random
Forest u CRF ans xa3zaxcranckoit NER. B to Bpems kak monenu Random Forest
MOTYT YIPABJIATh CIOKHBIMU CBSI3IMM U B3aUMOJICHCTBHEM NPU3HAKOB, MOJEIIH
CRF nyure cropaBisitoTCsl C BBISIBICHHEM IOCICAOBATEIBHBIX 3aBUCHUMOCTEH U
WCIIOJhb30BaHUEM KOHTEKCTHOW wuH(popmaruu. Crenududeckne MTOTpeOHOCTH
n xapakrepuctuku 3amaud NER ompenenstor BeiOop Momenu. B 3akmoucHme
CJIeyeT OTMETUTh, UTO, Tpeiaras uHpopManuo 00 3PPEKTUBHOCTH MoeIei
CRF m Random Forest, manHoe CpaBHUTEIBHOE HCCICIOBAHUE CIOCOOCTBYET
pazButuio NER nmns kazaxckoro sizbika. OHO IMOKa3bIBae€T LEHHOCTH PabOTHI C
MOP(}OIIOTHYECKON CIIOXKHOCTHI0, HEOOXOMMMOCTh aHHOTHPOBAHHBIX TaHHBIX U
HaIpaBisieT JalbHEHIINe UCCIeIOBAaHMUS, HAIIPABICHHBIE HA COBEPIIICHCTBOBAHNE
cucteM NER ka3zaxckoro si3pika.

KuroueBbie ciioBa: PacioznaBanme nveHoBaHHBIX 00bekTOB (NER), ka3axckuit
sI3bIK, ycioBHbIe ciydaiiHbie nons (CRF), ciydvaiiHblid Jiec, CpaBHUTEIBHOE
HCCIIEI0BaHNE.

Oma paboma 6Oviia punancoso noodepaucana Komumemom  nayxu
Munucmepcmea nayku u evicuieco obpazosanusi Pecnyonuxu Kazaxcman (epanm
AP19577922).
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Introduction

The task of identifying and categorizing named entities, such as names of people,
companies, places, and times in text that is unorganized, is known as named entity
recognition (NER) (Sang et al., 2003). It is important in many applications, such
as text mining (Cheng et al., 2020), information retrieval, and question-answering
(Aliod et al., 2006). Despite the fact that NER has been thoroughly explored for
major languages, the lack of linguistic resources and the intricacy of morphology
make extracting named entities from under-resourced languages particularly
difficult.

The Kazakh language, which is a Turkic language with limited resources and
is mostly spoken in Kazakhstan and its nearby territories (Eryigit et al., 2013), is
the subject of this research article. The Kazakh language possesses a wide range
of morphological traits, such as intricate inflections, agglutination, and different
grammatical constructions. Given that named entities can differ greatly in form and
context, these linguistic complexities make it difficult to effectively identify and
categorize them.

This study examines the performance of Conditional Random Fields (CRF) and
Random Forest, two well-known machine learning models, to address the NER
difficulties in the Kazakh language. A sequence labeling approach called CRF
uses contextual data to accurately identify entities while also capturing sequential
interdependence. The Random Forest ensemble learning method, on the other hand,
mixes various decision trees to generate predictions, managing high-dimensional
feature spaces and capturing complicated relationships in the data.

The objective of the comparison study is to assess the effectiveness of Random
Forest and CRF models for NER in Kazakh. Comparing the models is part of the
study, which also covers other NER-related topics including entity detection. We
evaluate the precision of named entity extraction from Kazakh texts using these
models on a benchmark Kazakh NER dataset.

The results of this study, which specifically focused on the Kazakh language,
help us comprehend NER in languages with little resources. They provided
information on the effectiveness and applicability of CRF and Random Forest
models for NER tasks in Kazakh, as well as their advantages and disadvantages.
The findings will aid researchers and practitioners in selecting suitable models for
NER in the Kazakh language and provide a foundation for further improvements in
NER methods for languages with limited resources.

In the parts that follow, we will go over the methodology for the comparative
analysis as well as a summary of similar work in NER for languages with limited
resources. Following a presentation and analysis of the experimental findings,
we will talk about the implications and potential future developments for NER in
Kazakh.

Ner challenges in Kazakh language. The activity of recognizing and categorizing
named items in text is known as named entity recognition (NER), and it is
essential to natural language processing. However, due primarily to the language's
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morphological complexity, extracting named items from under-resourced languages
(Yeniterzi, 2011) like Kazakh presents special difficulties. We go into the special
difficulties posed by morphological complexity in NER for the Kazakh language
in this section.

The Kazakh language possesses a wide variety of grammatical features, such
as intricate inflections, agglutination, and rich morphological traits (Tolegen et
al., 2019). The morphological intricacy that makes accurate NER challenging
is exacerbated by these linguistic traits (Yergesh et al., 2016). Named Entity
Recognition (NER), also known as named entity identification and classification in
text, is a crucial problem in natural language processing (Nadeau et al., 2007). The
scarcity of annotated data, however, is one of the biggest obstacles to NER for the
Kazakh language.

1. Complex Irregularities

The inflection system used in Kazakh is intricate and includes different verb
conjugations, noun declensions, and adjectival agreements. Each entity has multiple
word forms as a result of these inflections, necessitating the use of NER algorithms
to take these various inflected versions into consideration (Iskhakova et al., 2020).

2. Agglutination

In order to express grammatical information, affixes are frequently appended
to the root word in Kazakh, a process known as agglutination. The extensive and
complex word forms that result from this agglutinative nature make it difficult to
effectively identify and extract named items (Bilakhanova et al., 2023).

3. The use of language Features

A wide range of grammatical traits, such as case markers, tense markers, and
person markers, are used in Kazakh. The interplay between these markers and their
effects on named entity recognition must be taken into account because these traits
add to the language's morphological complexity (Tolegen et al., 2023).

4. Lack of Annotated Data

The availability of high-quality Annotated Corpora is crucial for the creation
of accurate and reliable NER models. Nevertheless, finding enough annotated
data for languages with limited resources, like Kazakh, is a considerable difficulty
(Bogdanchikov et al., 2022). The availability of Kazakh-specific annotated datasets
frequently restricts the range for developing and testing NER models.

Conditional random fields for kazakh ner. The activity of recognizing and
categorizing named items in text is known as named entity recognition (NER), and
it is essential to natural language processing. For sequence labeling tasks like NER,
Conditional Random Fields (CRF) is a well-liked and efficient machine learning
model that is frequently utilized.

A probabilistic graphical model called Conditional Random Fields is employed
for applications involving sequence labeling. It is a discriminative model that takes
into account the relationships between adjacent labels in a sequence, so capturing
the contextual data required for precise labeling (Lample et al., 2016). For NER
tasks, where the types and limits of named entities frequently depend on the context
of the words around them, CRF models are particularly well suited.
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Random forest for kazakh ner. A well-liked machine learning technique called
Random Forest is renowned for its capacity to manage high-dimensional feature
spaces and capture intricate relationships in the data (Belgiu et al., 2016). An
ensemble learning technique called Random Forest uses several decision trees to
produce predictions. It is frequently used for classification and regression problems
and is a member of the family of tree-based algorithms. The way Random Forest
works is by using various subsets of the training data to train a group of decision
trees, then combining those predictions to get the outcome.

A set of features taken from the input data are used as the basis for the Kazakh
Random Forest models for NER. Word IDs, part-of-speech tags, morphological
characteristics, and contextual information from nearby words are a few examples
of these features. Multiple decision trees are constructed during the training phase
utilizing various feature and training data subsets. To ensure variation among the
different trees, each decision tree learns to make predictions based on a random
selection of features.

Corpus structure. As a dataset were utilized part of the train data which is open
source in the website github (https://github.com/IS2Al/KazZNERD/tree/main),
training of the models was done on data in Kazakh. The dataset contained 132
phrases, 831 words, and 1489 characters in total. IOB2 tags (Sang et al., 1999) were
used to label the data, as seen in Figure 1. Tagger that uses the IOB format, where
chunks are labeled by their appropriate category, can be created that tags every
word in a sentence.

B - for the word in the Beginning chunk

I - for words Inside the chunk

O - Outside any chunk

Tokens o2

L] EvpazuAnuly, B-LAW

1 sEoHoMMESNBEE  -LAWY

2 onay  1-LAW
3 Typanes  1-LAW
4 LapTya [-LAWY

Fig. 1. Example of IOB2 scheme labeled data

Unexpectedly, the majority of words are categorized as not belonging to
any block. These words can be thought of as placeholders, and the classifier's
performance may be impacted by their use. Let's run a different test on the dataset
devoid of O tags, you can see this from Figure 2.
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Fig. 2. Words distribution without O tag

Modeling the data. In this section, we propose a comparison study to assess
Conditional Random Fields (CRF) and Random Forest, two well-known machine
learning models, for NER in the Kazakh language. We use a benchmark dataset
designed especially for Kazakh NER to conduct an extensive comparison. The
dataset comprises of Kazakh-language writings that have been annotated and span
a variety of topics and item kinds. In order to ensure a suitable distribution of
entities throughout the sets, we separate the dataset into training, validation, and
test sets.

We use feature engineering to gather pertinent data for NER in Kazakh for
both CRF and Random Forest models. Word identities, part-of-speech labels,
and contextual elements from nearby words are included in this. We use common
assessment metrics like precision, recall, and F1-score to evaluate the effectiveness
of the CRF and Random Forest models. These metrics reveal how well the models
are able to recognize and categorize named things in Kazakh texts. Before we
move on to the modeling portion, it is essential to understand the performance
indicators that will be used to evaluate the models. We will assess the models using
the precision (1), recall (2) and F1 score (3), metrics because we are dealing with
information extraction.

In order to generate the metrics described above, True/False positives and True/
False negatives are used, respectively.

* True Positives (TP) are successfully predicted positive values, which means
that both the actual and projected classes have the same value.

* True Negatives (TN) are successfully predicted negative values, which
indicates that both the actual and projected class values are negative.

* False Positives (FP) are when the expected class is present but the actual class
is absent.

* False Negatives (FN) are when the expected class is no when the actual class
is yes.
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.. t
Precision = —2—, (D)
tp+fp
Recall= 2 )
tp+fn
F-1 = 2% PrecisionxRecall
T Precision+Recall (3)

On the test set, we compute the metrics, and we contrast the outcomes of the
two models. The outcomes of the performance of the RF and CRF models are also
shown in the pictures below. (Shown in Figure 3.)

precisicn recall fl-score support
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Fig. 3. RF and CRF model performance

The experimental results demonstrate that both CRF and Random Forest models
compete favorably for Kazakh NER. While CRF is excellent at capturing sequential
dependencies, Random Forest does a better job of covering high-dimensional
feature spaces.

The model performed poorly even though it had a high average score with an
-1 score of 0.79. For the majority of the classes, precision and recall levels were 0.
It appears that the model lacks the characteristics required to make wise selections.
The methodology just calls for memory of words and tags, which is insufficient.
For the algorithm to produce more precise predictions, the context information
surrounding each word must also be supplied. As the scores increased and the
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f-1 score reached 0.96, the CRF classifier surpassed the Random Forest classifier.
For each class, the precision and recall measurements, however, have only slightly
increased. Perhaps the model is repeating words and not fully accounting for
context.

Limitations and directions for the future. Limitations of CRF and Random
Forest models include the necessity for annotated data and issues handling the
complicated morphology of Kazakh. Expanding annotated datasets, analyzing
deep learning models, and researching transfer learning and domain adaptation
techniques in Kazakh NER should be the key objectives of future research. Kazakh's
morphological complexity poses difficulties for NER since substantial changes and
inflections in named entities may not be properly captured by CRF and Random
Forest models. Future research should look at sophisticated feature engineering
techniques and Kazakh-specific language resources to increase morphological
complexity. As there are just a few annotated corpora developed specifically for
Kazakh NER, the availability of annotated data is a significant limitation. Future
research should concentrate on improving the usability of annotated datasets and
collaborating with linguists, academics, and native speakers to solve this problem.

Conclusion

The use of Conditional Random Fields (CRF) and Random Forest models for
Named Entity Recognition (NER) in the Kazakh language is examined in this
study. its performance is assessed, and its advantages, disadvantages, and potential
directions are covered in a comparison analysis. The results demonstrate that while
Random Forest models manage high-dimensional feature spaces and intricate
interactions in the data, CRF models excel at capturing sequential dependencies and
contextual information. Both models successfully extract named entities from texts
written in Kazakh. However, it is difficult to create reliable and accurate models
because there is a lack of annotated data for training these models.

To improve NER performance in Kazakh, future research should concentrate on
increasing the accessibility of annotated datasets, investigating domain adaptation
strategies, and applying deep learning models. The performance of NER systems
can be greatly enhanced by integrating linguistic resources and expertise particular
to the Kazakh language. The advancement of NER in Kazakh depends on using
unsupervised and semi-supervised learning methodologies and assessing models
on various domains and text genres. Overall, the comparison study offers insightful
information about the effectiveness of CRF and Random Forest models for Named
Entity Recognition in Kazakh.
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Abstract. Image processing systems are currently used to solve many applied
problems. The article conducted a study using a program implemented in the
Matlab software environment to determine the factors that negatively affect the
growth of wheat in different growing seasons according to aerospace images. The
program is based on the Laws texture mask method and clustering. This paper
presents the algorithm of the program and shows the results of image processing
by highlighting the homogeneity of the image. To solve the problem, the spectral
luminance coefficient (SBC), NDVI, Loves mask method and clustering are used.
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This method is universal and has great potential for determining the boundaries of
objects and areas with different properties on aerospace images using clustering
based on object images obtained in different vegetation periods. That is, in the future,
the possibility of using the Laws texture mask method for analyzing experimental
data is being studied in order to identify homogeneous areas on aerospace images
that may be associated with foci of weeds and pests on wheat.

Key words: Law’s textural masks, NDVI, clustering, image processing, satellite
images, orthogonal transformation
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Annorammusa. Keckinmi eHmey IkyHenepi Kas3ipri yakpITTa KeNTereH
KOJIaHOaBl ecenTepi Iemry YIIH KOJIaHbUIagbsl. Makaiaia adporapbIIIThIK
CypeTTep/ie OpTYpili BEreTalusUIbIK Ke3eHIeple OWTaiIbIH ecyiHe Tepic acep
eTeTiH (akropiapapl aHplkTay ymiH Matlab Oarnapmamanblk  opTackiHIA
eHTi3UITeH OarmapiiaMaHbl KOJNJaHy apKbUIbl 3epTTey JKyprisinmi. barmapmama
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JlaBc TekcTypaiblk Macka 9JiciHe )KoHEe KIlacTeplieyre Heri3fenreH. by sxkymbicTa
OarnapiaMaHbIH ajdropuTMi OepiireH >KoHe KeCKiHHIH OipTeKTUIriH epekiueney
apKbUIBl KECKIHJI OHJCY HOTIXKeNIepl KepceTuireH. MaoceneHl mmiemy YIIiH
CHEKTPIIK >kapbIKTaHasipy kodhdummenti (SBC)NDVI, JlaBc mackanap omici
YKOHE KJIacTepIiey Ko aanbuIanbl. by omic omOe0art 00JIbIT TaOBLTA BT JKOHE OPTYPIIi
BereTalnus Ke3eHJEpiH/e allblHFaH OOBEKTIHIH CypeTTepi HeTi3iHae KiacTtepieyi
naianaHa OTbIPbIIN, OOBbEKTIIEp MEH a3POFapPBILITHIK KECKIHAE dPTYPIIi KacHeTTepi
Oap alimMakTapjplH IIeKapaJlapblH aHBIKTAYy YIIIH YJIKCH MYMKIiHIIKKe ue. SIFHH,
KeJlelIeKkTe Ouaiarel apaMIienTep, 3UIHKECTEP/IiH OlaKTapbIMEeH OalTaHbICThI
00JTybl MYMKIH a3pOFaphIITBIK CypeTTepAeri OIpTeKTi aiMakTapipl aHBIKTay
MakKcaTbIHAa TOKIPUOCTIK TepeKTep i Tanmay yirH JlaBc TeKCTypalblK MacKajap
O/IiCiH KOJIaHy MYMKIHJIIT1 3epTTely/e.

Tyiiin ce3aep: JlaBc TekcTypanbik Mackanapel, NDVI, knacrepiey, keckinai
OHJICY, CITyTHUKTIK KECKiHJIep, OPTOTOHAIABI TYPICHIIPY

Mynzesiep KakThIFbICHI: ABTOPIIAp OCBI MaKajaaa My/ieiep KaKThIFBICHI dKOK
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AnHoramusa. Cucrembl 00paObOTKM H300paKEHWH B HACTOSIIEE BpeMs
WCIONB3YIOTCA AJIS PEeIIeHNsT MHOTHMX NpUKJIaJHBIX 334a4. B cratbe mposeneHo
HCCJIEZIOBAaHUE C TMOMOINBIO TNPOTPaMMBbI, PEaJHM30BaHHOM B MpPOrpaMMHON
cpene Matlab. Ilporpamma ompenensier (hakTopbl, HETaTUBHO BJIMSIOIIAC Ha
POCT MIICHUIBI B pa3HbIC BEreTALMOHHBIE MEPUOABI IO a3POKOCMUYECKUM
cHuMKaM. [Ipennaraemas mporpaMma OCHOBAaHA Ha METONE TEKCTYPHOU MacKu
JlaBca m xmacrepmzanmu. B naHHOW paboTe TpeAcTaBlIeH alropuTM padOTHI
MPOTrpaMMBbI U TIOKa3aHbl PE3yIbTaThl 00PadOTKH M300paKEeHHs ITyTEM BBIICICHHUS
OHOPOJHOCTH M300paskeHus1. IS perIeH s 3a/1a41 UCTIONB3YIOTCS CIICKTPaIbHBIN
ko3 dunment sproctu (SBC), NDVI, meron macku JlaBca u kiacrepusarius.
OTOT MEeTOJ] YHMBEpCAIeH W MMeeT OOJBbIINe BO3MOXKHOCTH IS ONpeIeseHHs
rpaHuI] OObEKTOB M OOJIACTEH C pa3IMYHBIMUA CBOMCTBaMH Ha a’pPOKOCMHUYECKHX
CHMMKaX C HCIIOJb30BaHHEM KJIACTEpPHU3aLMH Ha OCHOBE M300paskeHHH OObEKTa,
MOJTlyYEHHBIX B pa3Hble BEreTallMOHHbIE NepuoAsl. To ecTh B MEpClEeKTHUBE
M3y4aeTcsi BOZMOXXHOCTh MCIIONIb30BaHMS METO/la TEKCTYPHBIX Macok JlaBca ams
aHaJIN3a SKCIIEPUMEHTATBHBIX TJAHHBIX C IIETBI0 BBISBICHNS OTHOPOIHBIX YUACTKOB
Ha a’pPOKOCMHYECKHX CHHMKaX, KOTOPbIE MOTYT OBITh CBS3aHBI C OYaraMH poOCTa
COPHSIKOB U BpeIUTEJICH HA MIIECHULE.

KuroueBble cioBa: TekcTypHble Macku JlaBca, NDVI, knactepuszanus,
00paboTKa N300pakeHHH, KOCMHYECKIE CHUMKH, OPTOrOHAJIbHOE TPeoOpa3oBaHue.

KonpaukT uHTEpecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBHH KOH(IMKTa WHTE-
pecos.

Kipicne

Kazakcran PecrnyOnukachlHBIH arpOOHEPKICINTIK KEIICHIH TaMBITYIbIH MEM-
JICKETTIK OaFjapraMachkl asiChIHIa aKbIHIAIFaH MIHICTTEpAiH OipiHe OailIaHbICTHI
MEMJIEKETTIK KbI3MET KOPCETY CalachlH apTThIPY JKOHE arpOOHEPKICINTIK KEIIeHTe
MUQPIBIK TEXHOJNOTHAIAP/AbI CHTI3yAl KaMTamachl3 €Ty OOkl  TaOblIabl.
Kaszipri yakpITTa opTYpIIi KO37epAcH ajdbIHFaH KeCKIHAEp Il KiiacTepiepre OeyeTin
ANTOPUTMIIEPAI KYpPY Mocelleci Wi KOJNJAHBUIATHIH caiajapia TyBIHAaWIbI,
MBICAIIbI, JXKep OeTiHiH (OTOCYpeTTepiH Tanaay, KeCKiHIeperi axayiaap MeH
YKapBIKTap/Ibl aHBIKTAY KOHE T.0. TEKCTypaHbIH €PEKIICTIKTEPiH 3epTTey, ONapaaH
JAKbULIAP/BIH COPTTAPhIH aXbIPaTy KOHE OJapJblH OCYiHe Tepic acep eTeTiH
(daxTopiap/ipl aHBIKTAY CHSKTBI aKIIapaTThl aly, JepeKTepi HUPpIaHabIpy O3eKTi
TaKBIPhIT O0bIT Kaia Oepemni (OmapxanoBa, 2022).

A.W. bapaeB aThIHIAFbl ACTHIK MAPYAIIbUTBIFBl FHUIBIMU-OHIIPICTIK OPTaIIbI-
FBIHJIAFbl JIAKBULIAP/BIH BEreTAMSIBIK KE3CHIHJET 6cy epeKIIeTiKTepi MeH
OJIapIIbIH ©CyiHe Kepi acep eTeTiH (haKTopIIap OChI 3ePTTEYTe Heri3 OOJIBIN Ta0bLTA b
Byn makanana Matlab Garapiamaiibik OpTachiH/Ia ICKE aChIPbUIFaH OafFaapiiaMaHbl
nai anaHbll, a3POFapPBIIITHIK KECKIHCPACH apaMILeN OIIAKTAPbIH aHBIKTAY JIICI
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KapacTelpbuiafbl. CypeTTepAiH TEKCTYPaJblK KAaCHETTEpiH aHBIKTAy[blH HErisri
omicTepi peTiHae OipiHII JKOHE SKiHII PETTIK CTATHCTUKAJNIBIK CHIIATTaMaJIaphIH,
JlaBc TekcTypanblK Mackajap OAiCiH, OPTOTOHANBAbI TYPJICHAIPY oIicTepiH
axpIparyra Oomamel. Byn jKyMbIcTa SKCHEpUMEHT Xyprizy OapwickiHma JlaBc
TEKCTypalbIK MacKaiap SJICiH KOJJaHy Ke3iHAe opOip MHUKCeNb YIIiH KeCKiHII
CerMEHTTeYAl Ky3ere acblpyra OOJIaTbIH aTpuOyTTap KUBIHTHIFBIH AHBIKTANIbI
KoHe OYJI 9flic ecenTey yaKbIThbl TYPFBICBIHAH Ja KeiOip apTHIKIIBUIBIKTapFa He,
aranm aWTKaH/Aa, CeKIHII PEeTTI CTAaTUCTHKAJBIK CHIaTTamaliap oOJICIMEH >KOHE
KYPBUTBIMAIBIK ~cHTIaTTamManapMeH cansicTeipragga (Lllapma, 2013). Optypmi
KeCKIHJIEp YVIIIH allblHFaH PETTUIIK/TOPTINCI3MIK KAThIHACHI, «aHOMAJIbJIbD»
TEKCTypachl 0ap altMaKTapbIH YJIeCi XKoHe T.0. CHSIKTBI TEKCTYPaIbIK Oenriaepain
cHUIaTTaMaiapbl, COHJIAf-aK dpPTYPIIi CIIEKTPIIK KOAPPHUIUEHTTEP dpKaiChIChIMEH
KOCBIMIIIA KOPPEJSILMSIIaHybl MYMKIH Jiem OoJKaHaabl. AJIBIHFAH HOTHXKEIep
FBUIBIMU-3EPTTEY JKYMBICTApbIH/IA, aTan aiTkanaa, A.l. bapaeB aTreiHaars! acThIK
LIapyalbUIBIFEl  FBUIBIMA-OHAIPICTIK OPTaJIBIFBIHAA TallAdy apKbUIBI OHIAiIIbIH
ecyiHe Tepic acep eTeTiH (akTopiapapl O0aKpUIay OapbICBIHIA TaiIanaHbIIaIb.
Aran aiiTKaH/1a, apaMIIeNTEPACH 3ap/an HIEeKKeH aliMaKTap/ia XAMHSIIBIK THIHANT-
KbIILITapAbl KOJNJaHy LIBIFBIHIBI a3aiiTyFa, aj KelOip skaraaiiapaa TONbIpaK xa-
MBUIFBICBIHBIH TaOWFH KYHApJIBUIBIFBIH CaKTayFa MYMKiHIIK Oepeni (PomaHIok,
2014).

KenemekTe MamHaIBIK OKBITYA aTadFaH 9MICTEPIIH €H THIMIICIH Taiigamana
OTBIPBIN, OPTYPJi pecypcTapibl OHTAMIaHIBIPY, OHIMIUIIKTI apTThIPY KoHE
KOpIIIaFaH OpTara 3USH KEITIPMECTEH KOFaphl OHIMJIUTIKKE Tepic ocep eTeTiH
(axTopIap Bl KO0 OOMBIHIIIA SPEKETTEP )KYHECiH 931pIeiTiH aBTOMATTaH ABIPbLIFaH
KOCBIMIIIA J3ipyieHeTiH Oomansl. KapacThIpbUIBIIT OTBIPFaH MOCENICHI HEFYPIIbIM
TOJIBIK CHUTIATTAy YIIiH OipKaTap aBTOpJIapAbIH €HOCKTEpl 3epTTEI/II.

ojicTep MeH MaTepHaJaap.

byn xymeicta (Tan, 2017) aBTopmap apammenTepii UACHTH(GUKAINAIAYIA
KOJIMEH jko0ajiay epeKIICTKTepiHe Heri3fenreH Oenrinepai amyna TYpakchi3
COMKEeCTEeHIipy HOTWXKENepi MEH Halmap JKaimbutay MoceneciH mremTi. Cost
OCKIHJIepI MEH ONapMeH OaiaHBICTBI apaMIIeNTEp 3epTTEy HBICAHBI pETIHIE
KapacThIPBUIBIN, KOHBOJIOLMOHABI HEHPOHIBIK *eliMeH Oipikripinren K-means
OMICIH 3epTTEy HETI31HAe apaMIIeNnTepai HACHTUGUKAMISIIAY MOIETI KYPBUIIEL.

Bbyn wmakamaga ([xun, 2021)  aBTOpiap KOKOHICTEpHAl aHBIKTAy IKOHE
OJIapIblH alHalachlHAA LIEKTEHTIH KOpamTapibl caly YIIIH TEPEH OKBITY MEH
KECKIHJII 6HJIey TEXHOJIOTUSCHIH OIpIKTIPETIH KaHa oicTi ychiHajbl. KeiliHHEH
MIEKTEUTIH KOIIIKTEP/ISH TYCIM KaJIFaH KachUT 3aTTap apaMIIen peTiHAe oHIeIIi.
DoHHAH apaMITIONTEPAl OKIIayiiay VIIiH KeCKIHAI OHICY apKbUIBI TYC MHICKCIHE
HETi3JieNTreH cerMeHTTey opbiHaangsl. [laiinanansuiran Tyc wuuaekci baiiec
KJTacCU(PUKAITUSACBIHBIH KaTeCiHe Ccolkec TeHeTHKanbIK anropurMmuaep (GAS)
APKBUTBI aHBIKTAJIBI )KOHE OaraliaH]Ibl.

byn makanana (Ilereitnaroc, 2020) aBropmap Zea mays, Helianthus annuus,
Solanum tuberosum, Alopecurus myosuroides, Amaranthus retroflexus, Avena
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fatua, Chenopodium ans6ombl, Lamium purpureum22, Matricaria chamo-milla,
Setariaump sxoHe Setariaump cuskTsl RGB kamepacsiMeH XuHanFaH cypeTTepai
KapacTeipbl. Stellaria Menuachl %oHE KOHBOJFOIMOHBI HEHPOHIIBIK SKEILIepIi
(CNNS) okprty yrmin 6epinren. Y typii CNN, aram atitkaana VGG16, ResNet-50
xone Xception 93 000 cyper Oeitimiernin, OKpIThIFaH. JKaTTBIFy CypeTTepi op CypeTTe
TeK Oip TypAl KaMTUTBIH ©CIMJIIK MaTepPHAIILIHBIH KECKiH/IEpiHEH TYpAbl. ABTOpIap
ITOPUTMJICP MEH KYHeNep/IiH KoHe yKacaH bl HeHPOHIBIK xkeminepain (ANNS)
TaHy JKbUIJAMJIbIFbIHA, CEHIMJIUIITIHE J>XOHE JOJJIIriHE KATBICTBI MOcelenepii
YKaKcapTy oIiCiH YChIHABL. KeckiHi ChIHAY OCIMIIKTEP Il KOHE apaMIIIon TypIepiH
anbikTayna 77 %-nan 98 %-ra neitinri apansikra Tor-1 gonmiria 6epi.

Byn 3eprreyne (Cao3u, 2018) aBTopiap skanmax >KarbIpakThl apaMIIenTepIiH
TBHIFBI3/IBIFBIH aHBIKTAIT, OMJIaii aKanTapblH/a repOuuITep/Il KOJIAaHYIbl a3aiTyFa
yiiec KocTel. OChl MakcaTTa aBTOpiap KeCKiHIepAl eHAeY 9MICTEepiH KOJAaHbI,
COHBIMEH KaTap apamIImenTep/li aHBIKTAy YIIH acaHIbl HEHPOHIBIK MKEIIEPIi
(ANN) sxoHe perpeccust MOACIbACPIH d3ipIei.

byn xymeicta (Arma, 2015) Memmip 37IEKTPOHIBRI MHUKPOCKOIIICH aJbIHFAH
KECKIHAEPIiH OpTYpil OPTOHOPMAJBIBIK HETI3IEpiHAC CHEKTPIIK TYPICHAIPY
KOJJIAaHBUIABI. TeXHONOTHSUIBIK TPOIECTePAiH THIMIUNIT MEH PEeaKTHBTLIIT,
KEYEKTUTIT1, TUPPY3UsUIBIK K0dDPUIHEHTI kKoHE T.0. MUKpOoQoTOTrpadus apKbLIbl
OCIMIK KAaCyIIacChIHbIH KaOBIpFalIapblHBIH OY3bUTy JIOPEXKECiH aHBIKTayIblH
THIMIUTITIH KOPCETTi. byJI ’KYMBICTa OPTOTOHATIBABI TYPJICHIIPYJIEpPTe HET13AeNITeH
oficTep 3IEKTPOHIBI MUKPOCKONTaFbI KECKiHAEP/Ie OPBIHIAIIBI, a1 a9POFapbIIITHIK
KECKIHIeP/IiH THIM/IUTITI KOpCceTinMesTi.

Bysl KYMBICTBIH epeKIIeNiri - a’porapblITHIK CypeTTepAeri oObeKTiaepii
TEeKCTypaslbIK Oenrinep OoOUbIHIIA TaHy. SIFHH, a’dpOFapBINITHIK KECKiHIEp/eTi
OipTeKTi aiiMaKTapAbl aHBIKTAY YIIiH SKCIIEPUMEHTTIK MAIIMETTEPl Tanaay YIIiH
TEKCTypaNbIK OeNTijiepAiH >KUBIHTBIFBIH KOJJAHY MYMKIHIAIrT Typajbl Macene
3eprTenyzne.

Haru:xesep He o1apabl TAJIKBLIAY

Byn 3eprrey sxymbicer 01-012-025-040:42 xapmacTpiblk HeMipi OoWbIHIIA
A.V. BapaeB areIHAarbl FRUILIMU-3EPTTEY HHCTHTYTHIHA THECLTI Kep ydacKeciHjie
xyprizinai (AOaukepumona, 2019). Opbip BereTauusUIbIK Ke3€H YIIIH allbIHFaH
a3POFAPBIIITHIK CYyPETTEP TYPaJIbl aKIAPAaT OChI FHUIBIMU OPTaJIbIK MaMaHAAPBIHBIH
MOTIMETTEPIMEH aHBIKTAIIBI. 3epTTey OaphIChIHIA KOJJIAHBUIFAH OIICTEPIIiH
0ipi JlaBc TekcTypaiblKk MacKachl OONIBL. ADPOFAPHIITHIK CypeTTepiae SpTypdi
TeKCTypanapiabslH OonybiHa OainanbicTel (Xacan, 2019) Jlasc KacaraH
TEKCTYpaJIbIK MacKajap OJapIblH KYPhUIBIMABIK albIpMalIbUIbIFBIH KepceTTi. by
OMICTIH HETI3Ti UesChl - OEKITIITEH OIIIeM/ Il Tepe3e/IeTi TeKCTypa Ma3MYHbBIHBIH
e3repyiH Oaranay. DHEpTreTHKaJbIK CUIIaTTaMalapibl ecenTey YUIiH 5X5 emmeMai
25 Macka KWUBIHTHIFBI KOJMAaHBIIAABL. JlaBC MacKallapelH KypacTeIpy Ke3iHae S5
BEKTOp KommaHsumaasl (1):.

L5=[14641]- denureii — oprawa cyp AcHrei

E5=[-1-202 1] - )Kuek - meTki MyMKIHAIKTEP/li MIBIFAPHII ATy
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S5=[-10202-1] - lak — nakrapas! ainy
R5=[1-46-4 1] - TonkblH - TOIKbIHAAPBI ATy
W5 =[-120-2 1] - TonKbpIH — TOJKbIH EPEKLICTIKTEPIH ATy

(1

Keneci kamam - MackamapbIH CHMMETPHSIIBIK KYIITAPBIH OipiKTipeTiH
opTamaiay nponeaypacel. EHi ocbl BekTOpiapas! 6ip-0ipiMeH keoeiirirt, 0i3

KUBIpMa Oec Typui Macka anfbik (1-kecte).

Kecre 1. Mackanapapl CHMMETPHSIIBI KYIITAY

MywMxkiH GomateH 5 % 5 JlaBc Mackanapsr

L5L5 E5SL5 S5L5 WSLS RS5LS
L5ES ESES S5ES WSES5 RSE5
L5S5 E5S5 S5S5 W5S5 R5S5
L5W5 E5WS5 S5W5 WS5W5 R5W35
L5R5 E5R5 S5RS WS5RS5 R5R5

TekcTypanblk Macka — TEKCTypa OCNTUIEpiH ajyIblH JTOCTYPJ 9J1ici, OHBIH
HET13T1 epeKIesiri MackaiapbliH Oec Typi, aran aiTKaH[a JECHIewep, KUeKTep,
JIaKTap, TOJKBIHJIAP JKOHE TOJIKBIHIAPMEH KeCKIHIep/ i Cy3y O0JIbin Ta0buIaabl. by
MacKaap/ibIiH opOip KoMOMHaIHsChI Oipereii aknapat oepeti. by Makanana kecKiHIi
OHJICY KOJJIAaHBULIBI, SFHU KECKIHJCPIIH CallachblH KaKCapTy JKOHE OacTarkbl
KECKIHJIC TOMEH TEKCTYpPaJIbIK MacKajap/pl Naiianany. OCiMIIIK )KaMbLUIFbICBIHBIH
OpTYpPIi Ke3eHIepiHzaeri cyperrepre S5x5 emmemperi 25 TEKCTypaliblK Macka
ToxipubeneH otti. Meicaisl, 1 (0, ¢ ) CypeTTe onapbiH Keiidipeyiiepi KopCeTUIreH.
CTaHgapTThl TOCUITE COHKEC, KYMBIC ICTEUTIH Tepe3eHiH eeMi SX5 00Ibl )KoHe
op Tepesere JlaBc TeKcTypasibIK MacKachl KOJJIaHbUIIbL. Keckinmi eHaeyaiH Oy
KaJlaMbIHJIa 013 TeKCTypalibiK 3HeprusiHbl oiiiey (TEM) keckiHaepi nen aTanaThiH

KECKIHJICP/IiH >KaHa >KUHAFBIH JKaCalMBbI3.

C

Cyp. 1. bactamnksl cyper (a), L5LS JlaBc TeKCTypanblK MacKachIHBIH HATHKeC] (0),

L5S5 JlaBc TekcTypanblK MacKachIHBIH HOTHIXKECI (C)

(Fig. 1. Original image (a), the result of L5L5 Law’s textural mask (b),

the result of L5S5 textural Law’s mask (c))
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Keneci kamam - TepesenepMeH XYMBIC ICTETCHHEH KEHiH alblHFaH OapibIK
KeCKIH/Iep/li KECKiH PEeTiHJIE J>XaKChl KOPCETy YIIiH KajbllKa KEeNTIpy Kepek.
Bapnbik pikTHMan 25 koMOWHAIWS KOJIaHyFa pyKcaT eTije/li, OHBIH imiHae 5X5
Mackanap 1-kectene kepcerinred. CypeTTi OKbII, CYp PEHKKE TYPIACHIIpYIEH KeHiH
MATLAB ¢yHKOHsICBI KECKiH MaTPULACHIH JKOHE CY3I1 SAPOCHIHBIH MAaTPUIIACKIH
apryMEHT peTiHJE ajbll, KOHBOJIOUMSHBI ©HACY YIUIH KOJAaHblUIanbel. byi
3epTTey KYMBICBIHJIA CYPETTi Tajiayaa KOJJaHbUIaThIH aKNapaTThIK TEKCTYPAJIbIK
MYMKIHIIKTepai any yuriH JlaBeTelH 25 TEKCTypasiblK MAacKachblH KapacTBIPIBIK.
Hotmxecinae op0Oip TEKCTypasblK MacKalaH ajbIHFAH KEeCKiHAEpe alTapIbIKTan
alpIpMaIIbUIBIK OONABI, SFHU KeHOip Keckinaep OipTeKTi alMakTapabl KakKchl
XbBIpaTa/bl, a1 KeHOip HOTHXKeNep/e TeTeporeHIunK naiaa oonnel. Temenmeri
2-cyperte L5L5 TekcTypanblk MackaHbl KOJIAaHFaHHAH KeWiH aJlbIHFaH KJIacTepiey
HOTHXeJepl OOMbIHIIA OuIaiiiarbl apamIlell OIIAFbl alKbBIHBIPAK OOJaThIHBIH
KOPCETiITeH.

5%

Cyp. 1. JTaBc L5LS TekcTypablK MaCKaChIHBIH KJIACTEPIICY HOTHIKECT
(Fig. 1. Clustering result of Law’s L5L5 texture mask)

4 BereTalusUIBIK KE3EHJIE JKYPri3iireH TaxipuOenep HoTuxkeciHiae JlaBcThiH
TEKCTYpaJbIK MAacKachl apKbUIBI TEKCTYPaHbI Tay[ady oIICTEpiHIH Oipi yKacabl.
ABpOFaphIlITHIK CypeTTepai Tajjay Ke3iHjge Oi3 opTypiii TEKCTypaniapMeH
aifHasjpicaMbl3. TeKCTypanblK Tanjgay oAICTepiH €Hrizy HOTHKenepl OoHbIHIIA
KBUIKaH JKalbIPaKThl HEMECE JKalbIpakThl OpMaHAap/bl, JOHJI HemMece Oypiiax
JAKbUIAAPhI €TITEH JIOHTi-AaKbLIIap bl %KOHE T.0., 3SUSHKEeCTEP/ICH 3ap/Iall IEKKEeH
aybUI MIAPyallbUIBIFbI IaKbULAAPBIH, TIOJICHTTI ayMaKTap/Abl aXbIpaTyra 0oJabl.

KopbIThIHABI

Byt sxymbicta A.W. bapaeB aTbIHIaFbl FRUIBIMU-3€PTTEY HHCTUTYTBIHA THECLIT
01-012-025-040:42 xapacTpiblk HOMIpI OOWBIHIIA JKEp yYacKeCiH KapacThIPABIK.
2022 xbUabl MyHJA Oujail erijmi. bumaitneiH ecyine kepi acep ereriH (hakrop
apaMILIeNTepAiH ocy TUHaMHUKachl JIaBCTBIH TEKCTYpallblK MacKajiapbl apKbLIbl
anbIKTanabl. Anbiaran 100 keckinHiH imineH L5LS tekctypanbik macka OipTekTi
aliMakTapra apHaIFaH 25 MYMKiH TEKCTypaJIbIK MACKaJlaH aHbIK aXKbIPaThLUIIbI.
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Krnactepney L5L5 TexcTypasblk MackaHbI KOJI/IaHYy apKbLIBI AJIbIHFAH KECKIHAEP
Ooiibrama xXypriziaai. Hotmke 9 sxyMpicTa OpTOroHasbIbl TYPIACHIIPY SAiCTepiH
KOJIIaHy HOTHXKECIMEH colikec Kenmi. JIaBCTBIH TeKCTypasblK Mackajap oici
€CenTey YaKbITHIHBIH >KbUIIaMABIFBIMEH epekiienceHeni. Keiinri seprreynepre
WHINKATOpJIAPJbIH BEKTOpJIAphbl Tepic (axkTopyiapMeH, aran alTKaHAa apamInell
OILIaKTapbIMEH OalIaHBICTBI 00Tyl MYMKiH. bargapiamansik xKyieHi MalllMHAIBIK
OKBITYa >KMI KOJJAHBUIATBIH Oacka TOCUIAEp apKbUIbl OKBITYFa Oomaipl.
XKarreirynan keifid xyiie mapaMeTpiaepAiH MOHAECPiH O0IKai ajabl.
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Abstract. A technique is being developed for constructing models of
interconnected units of complex technological systems characterized by a deficit
and fuzziness of initial information, for example, a slow coking unit, using
various types of available information. The proposed methodology is based on
the development of models of interconnected aggregates of technological systems
based on the available information of a different nature and the values of the criteria
for choosing an effective model of each aggregate and on combining them into a
single system (package) of models. The integration of the developed models of
individual units into one package is carried out taking into account the flow of the
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process in the technological system and the interconnections of its units. Criteria for
determining the type of effective model for each unit and the process of choosing
a model are carried out on the basis of an expert assessment and system analysis
of the operating modes of the technological system. A general block diagram of
the created methodology for developing models of aggregates of a technological
system is created on the basis of available information of a different nature in
conditions of deficiency and fuzziness of the initial information, as well as a block
diagram for the development of deterministic, statistical, fuzzy or linguistic models
of aggregates. The developed system methodology, with the availability of the
necessary information, will allow developing deterministic or statistical models
using traditional analytical and experimental-statistical methods, as well as fuzzy
or linguistic models based on the proposed methods with fuzzy initial information.
The proposed methods are intended for the synthesis of a fuzzy model of an
aggregate, when its input parameters are clear, and its output parameters are fuzzy,
and a linguistic model of an aggregate, when both the input and output parameters
of an object are fuzzy.

Keywords: technological system, fuzzy model, system approach, package of
models, expert evaluation
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AnHoTtauus. Typii cumaTTarsl KOJI KETIMII aKmaparTapabl KOJIIaHa OTBIPHIT
0asly KOKCTEY KOHIBIPFBI CHSAKTBHI OacCTamKbl AaKMapaTThIH TAaIIIbUIEl JKOHE
AWKBIHCBIIBIFBIMEH CUTIATTANIATBIH KYPACTi TEXHONOTHSUIBIK JKYHENepaiH e3apa
OaiiaHpICKaH aperaTrTapbIHBIH MOAENBACPIH Kypy omicTeMeci a3ipienerdi. by
oicTeMe TEeXHOJMOTHSIIBIK JKYHEHIH o3apa OalaHbICKaH op HETi3Ti arperarrTapbiHa
KOJI JKeTIMJII aKlapar CHIIaThl )KOHE OFaH THIMJI MOJENb TaHJady KpUTepuuiepi
MOHIEpi OOMBIHTIIA MOJIEITh KYPYyFa *KoHE oJlapabl Oip skyliere (TakeTke) OipiKTipyTe
Herizzaeneni. XKeke arperartap/blH KYPBIIFaH MOJIEIBAEPiH Oip makeTke OipiKTipy
TEXHOJIOTHSIIBIK KYHEIEe JKYPETIiH TIPOILECCTIH OTyiH JKOHE arperarTapiblH
e3apa OaillaHBICTapBIH €CKepe OTBIPBHINT OpBIHAANAABl. Op arperarka THIMII
MOJIENIb THIIH aHBIKTAy KPUTEpHIIepi MEH MOJENbIl TaHAay IMPOIEeci dKCIepT-
MaMaHJap KOMeTiMEeH J>KYHeNiK Tanmay apKbUIBl JKy3ere achIpburanmbl. Typoi
KOJ JKETIMII aKmaparrap HeETi3iHAe OacTamKel aKmapaTTapAblH TaIIbLIIBIFGI
MCH alKBIHCBI3NBIFBl JKaFIalblHIa JKYHE arperarTapblHBIH MOICIBICPIH KYPY
OIICTEeMECIHIH JKaJITbl OJOK-CXeMachl MEH ICTECPMHHIII, CTATHCTUKAJBIK JKOHE
allKbIH eMec, JIMHTBUCTUKAIIBIK MOJEIbAEP/Il Kypy TCIIIEpiHiH OI0K-cxemanapbl
KeNTipiiesni. O31pJICHeTIH )KYHETIK 9icTeME KaXKETT1 aKmaparTap OOJFaH JoCTYpIi
AQHATUTHKAIBIK, SKCIIEPUMEHTAJIBIK-CTATUCKAIBIK TOCUIAEP/II KOJTaHA OTBIPHIIL,
arperarTely JACTEPMUHII HEMECE CTATUCTHUKAIBIK MOICIBACPIH, ajd OacTarKel
aKmaparrap aiKblH eMec O0JFaHa, YCHIHBUIATHIH TOCIIACD HET131HIe, alKBIH eMec
HEeMece JMHTBUCTHKAJIBIK MOJICTBIACPIH KypyFa MYMKIHAIK OepeTiH Oomambl.
Y CHIHBUIATBIH TOCUIIEP arperaTThIH Kipici alfKbIH, IIBIFBICH AKBIH eMec OoFaHa
OHBIH aWKBIH €MEeC MOJENIH, aj Kipici Je, MIBIFBICHI Ja aliKeIH emec Oosica,
arperarThIH JIMHTBUCTUKAIBIK MOJICITIH KYPYyFa apHAIa b,

Tyiiin ce3mep: TexHOJIOTWYECKAas CHUCTEMa, HEUYCTKAs MOJEIb, CHCTEMHBIH
TTOZIXOJT, TTAKET MOJIEIICH, SKCIIEPTHASI OI[CHKA

3epmmeyoi  Kazaxcman Pecnybnuxacer Folivim  dicone  dcoeapvl  0inim
Munucmpniciniy foinoim xomumemi Kapacolianowvipaool (epanm NeAP19679897
«Mynaii KokcvlH 6HOIpY npoyeciH 06ackapy YuiiH UHMELLIeKMYai0aHObIPbLIZAH
wewin Kaoolioay scytiecin a3ipacy»).
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AnHoTanus. Pa3pabarbiBacTcss MeETOAMKA IOCTPOSHUS MOJEICH B3auMo-
CBSI3aHHBIX arperaTroB CIOXHBIX TEXHOJOTHYECKHX CHCTEM, XapaKTEePH3YIOLIUXCS
NeUIIMTOM M HEYETKOCTBIO MCXOJHOW HWH(pOpMAIMK, HAIpUMEp YCTaHOBKa
MEJJICHHOTO  KOKCOBaHHWsS, C HCIIOJb30BAHUEM JIOCTYIHOW WH(pOpMALIUU
pasznuuHoro Tuma. [lpeanaraemasi MeTOJMKa OCHOBBIBACTCS Ha pa3paboTKe
MOJIeJIell B3aMMOCBSI3aHHBIX arperaroB M TEXHOJIOTMYECKUX CHUCTEM, Ha OCHOBE
JOCTYITHON MH(OPMAIIUU Pa3IMYHOTO XapaKTepa U 3HAUCHUSX KPUTEPUEB BhIOOpa
3¢ (eKTUBHON MOJEIU KaKIOro arperara M Ha OOBEJAMHEHUU WX B CAMHYIO
cucremy (naker) mojeneid. OObeIUHEHUE Pa3pa0dOTaHHBIX MOJENICH OTHACIbHBIX
arperaToB B OJMH IMAKET BBIMOJIHACTCS C YYETOM NPOTEKaHUs Ipolecca B
TEXHOJIOTUYECKON CUCTEME M B3aUMOCBsI3ei ee arperatoB. Kpurepuu onpeencHus
Tuna 3(p(OEKTUBHON MOJENN JUIsl Ka)JIOr0 arperara M Ipoiecc BbIOOpa MOJEIH
OCYIIECTBIISIFOTCS] HA OCHOBE 3KCIIEPTHOM OLIEHKH M CUCTEMHOT'0 aHaJIn3a PEKUMOB
paboThl TexHOJIOTHYecKol cuctembl. Co3naercs o0Iiasi 0J0K-cxeMa CO3/1aBaeMoi
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METOIUKH pa3pabOTKH MOJEJNe arperaroB TEXHOJIOTHYECKOH CHCTEMbl Ha
OCHOBE JIOCTYITHOW MH(OPMaAIlMU Pa3IMdHOTO XapaKTepa B yCIOBHIX neduiuTa
W HEYETKOCTH MCXOAHOM HH(OpMammu, a Takke OIOK-cXeMbl — pa3paboTKu
JNeTePMUHUPOBAHHBIX, CTATUCTHYCCKUX, HEUYETKUX WM JIMHTBUCTHUYECKUX
Mojenieil arperaroB. Pa3zpabarbiBaemasi CHCTEMHAasi METOJHMKA NPU JOCTYITHOCTH
HE0O0X0OMMOH MH(OpPMALUK TTO3BOJMUT pa3padaThIBaTh ACTEPMUHUPOBAHHBIC WM
CTaTUCTUYCCKUC MOJCIN C MCHOJB30BAHUEM TPAAULIMUOHHBIX aAHAJIUTHYCCKUX
U JKCIIEPUMEHTAJIbHO-CTATUCTUUECKUX METOJO0B, a TaKXKe  HEYETKUX WIN
JIMHIBUCTUYECKHUX MOJEJICH Ha OCHOBE IPEUIaraéMblX METOIOB IIPU HEUETKOCTU
ucxonHor mHpopmanuu. [Ipeamaraemple MeTOABl MpeAHA3HAYECHBI AJSI CHHTE3a
HEYeTKOW MOZAEIM arperara, KOIZa €ro BXOAHbBIC MapaMeTpbl 4YETKHE, a €ro
BBIXOJHBIC HCYCTCKHEC, U JIMHTBUCTUYECKON MOJEJIH arperara, Korga 1 BXOJHbIC, 1
BBIXOJIHBIC TTapaMeTPhbl 00bEKTa HEUCTKHE.

KutoueBble c10Ba: TEXHOJIOTHYECKAsE CUCTEMa, HEYeTKask MOJIENb, CHCTEMHBII
MOJXO/], TAKeT MOJIEJIeH, IKCIIepTHAs OLICHKA.

Kipicne

Ka3ipri yakbITTa 3JI€KTPOHMKAa, KOCMOCTBIK TEXHOJIOTHSIA, METATyprusiaa
OHe Oacka cananap/a KoJJJaHaThIH )KOFaphl carlaibl MyHal KOKChIHA €TeH CYPaHBIC
KapKBIH/ABI apThIN Keseai. MyHaail cananbl KOKCTBI THIMII ©HAIPY YLIIH 3aMaHayn
MyHai eHJeY 3aybITTapbiaaa (MO3) e3apa MaTepuaiIbIK, aKITapaTThIK aFbIHIaPMEH
OalimaHpICKaH TYpJIi arperarTapiaH TypaTblH 0asy KOKCTEYy TEXHOJIOTHUSIIBIK
kouabIpreapel (BKK) xommanbutagsl. By skymbicTa 3epTTey HBICAHBI OOJIBII
tabbutaTbiH  ATbipay MO3 konmpmanbictarel BKK 21-10/6 wmbicansinga e3apa
OalTaHBICKAaH TEXHOJOTHSUIBIK arperartapfaH TYpPaTblH KYpHesdi >KyHenepliH
MaTEeMaTHKAJIBIK MOJICIBICPIHIH KEMICHIH (ITaKeTiH) KYpy dJICTEMeCi YChIHBLIA B,
OnuipicTik ’karmaina MyHOal KypAedal HbICaHAApAbIH MOJENBACPIH Kypyna
KaXeTTi 0acTankpl aKmapaTThlH TAlLIbUIBIFBIHA, aHKBIHCHI3AbIFbIHA OaiIaHBICTHI
JKOHE OJIAPI/IBIH KYMBICBIH JKYHENIK MOJCNbACY/le KHUBIHIBIKTAD TYBIHIAH bl
(Kafarov, 2018; Zhorov, 2015). BKK 21-10/6 KOHABIPFBICHIHIA OHIEITEH aybIp
MyHail eHiMzepiHeH (TYIpOH, Ma3yT) »KOFapbl camajibl MyHall KOKCBIMEH KaTap
TYpJIi )KEH1JI MyHail eHIMAEpiH (Ta3, OCH3MH, JKEHIJ Ta30ii1) eHipiieai.

BKK 21-10/6 KOHOBIPFBICEIHBIH ©3apa OaiIaHBICKAH HETI3T1 TEXHOJIOTHSITBIK
arperarTapbiHa KOKCTEY peaKToOpiapbl, HETi3ri peKTH()UKAIHOHABIK KOJOHHA,
QJIFAIIKbl JKOHE KalTa KbI3ABIpY Iemrepi skaraibl. KOHIBIPFBIHBIH KYMBICHIH
KYHeNiK MoIenbJiey YLIIH OChl arajraH e3apa OalIaHbICKaH OHBIH  HETri3ri
arperarTapblHbIH MaTEMaTHKaJIbIK MOJCIBACPIH KYpBIIN, ajbIHFAaH MOJCIbACPAl
0ip Mozenbaep makerine (kyiecine) OipikTipy Kaxket (Kabibullin sxone 1.0., 2023)
TexXHONOTHANBIK KOHABIPFBUIAPABIH TYPJI arperarTapblHbIH KYPIEIiri, *KyMBbIC
CHUTIATHI Op TYPI i OOJFaHABIKTaH, OJIAPIBIH MOACTBIACPIH KYPyaa KOJDKETIMII TYPITi
CUIIATTaFbl aKNmaparThl KoJigaHyra Typa kejieni. COHIbIKTaAH KOJDKETIMII, TypJi
CHUIIATTaFrbl aKMaparTap HeriziHge e3apa OaillaHbICKaH arperarrap MOAENbIEPiH
KYpBITI, oJlap/ipl Oip MOJENbep MaKeTiHe MYMKIHJIIK OEpeTiH ojicTeMe acepiey

32



ISSN 1991-346X 3. 2023

Ka3ipri Ke3/ie aca e3eKTe FhUTBIMU-TIPAKTHKAIBIK IPOoOIeMa OO Ta0bLIa bl by
3epTTEYIiH HETI3T1 MaKcaThl OCHI ITPOOJIEMAHbI 3EPTTEI, STy OPOJIBIT TaOBLTAIEL.

FoutbiMu 3epTTeynep MeH oeOMeTTepli Tajljay HOTHKEIepl TEXHOJIOTHSUIBIK
JKYWEHIH e3apa OallaHbICKaH arperarTapblHBIH MOJICTbACP] TMaKeTiH akmapar
JKETICIIEYIIUTITT MEH alKBIHCBI3/IBIFBI JKaFIalibIHIa Kypy Moceleepii ol e xere
3epTTeNiNn, IICHIIMEreH KopceTeli. 3epTTey TaKbIphIObl OOMBIHIIA TalaHFaH
JKYMBICTapFa KCaJlFaH IIOJIYIAbIH KOPBITHIHIBICHIH KapacThipailbik. Kemnreren
arperaTTap/iaH TYPaThIH KYp/AeJi TEXHOIOTHSIIBIK HbICAHIAPIbIH MaTeMaTHKAIIBIK
MonmenpAepiH Kypy cypakrapsl (Mohaddecy, 2006; Sharikov sxone T.6., 2018),
KYMBICTapbIHa 3eprrenred. Ochl koHe 0acka KYMbBICTapia MYHall eHJiey MEH
0acka eHIIpiCTep/IiH TEXHOJIOTHSIIBIBIK KYHeNepiHIe 0TEeTiH TUTITIK IpoIlecCTepiH
TEOPUSUIBIK 3EPTTEYJCp MEH OJIapJblH KHUHETHKAChl HETi3iHAe JeTePMUHII
MOJIENbJIEPi KeNTipiinred. MyHIai THITIK TIONIECCTEPIiH AETEPMUH/I MOACIBACPI
Macca JKoHE DHEPrus CakTally 3aHAapblHa HETI3NEITCHIIKTeH oMOeOar OOJbII
TaOBUIFAHBIMEH, OJIap TEK JKEKe arperarrapiarbl THUIITIK IMPOLECCTEpi FaHa
cunartaiinpl. COHBIMEH Karap MYHAAW MOACIbICPIiH KEMIITIKTepiHe ojlapma
arperarTap/blH e3apa O0aiaHbICTapbl MEH dcepiepi xKoHe OacTamKbl aKmapaTThiy
KETICIIeYIITri, aifKbIH eMECTIr eckepinMenTiHi karaapl. Con cebenTeH Oy
MOJICJIbJICP/II, PAKTHUKA/IA KU1 OPBIH aJIBITBIH, OJIap/Ibl KYpyFa KaXeTTi aKIapaTThiH
TalIBUTBIFEI MCH alKbIHCBI3JIBIFBI JKaFIalbIHIA KYPY MYMKIH €MeC KoHE OHai
MOJIENbJIEP TEXHOJOTHSUIBIKA KOHABIPFBIIAP JKYMBICBIH JKYHENIl MOZAENbAeyTe
XKapaMChI3 0OJIaJIbI.

[eren ramemmaapst Pinheiro C.C., Zhi-Wen Zhao »xone Coleman B. (Pinheiro,
2018; Zhi-Wen Zhao, 2018; Coleman, 2018), >KeTeKIIUIIKTEpIMEH OpPbIHIAIFaH
KYMBICTapia MYHall eHJey MeH 0acka OHIIPICTepAiH TEXHOJIOTHUSIIBIK
KyHernepl >KYMBICBIH MOJENbIEY MEH OacKapy, COHBIH INIHAE CTaTHCTHUKAIBIK
JKOHE CTOXAaCTHKAJIBIK TOCUIAEME Heri3iHae Oackapy TocuUigepi 3epTTEIreH.
TexXHOMOTHSITBIK JKYHenep MOACNbIepl HETI3iHAe ojapa >KYPETiH MpoIeccTepi
TybIHJIaFaH KaFjaiyiapra OaillaHbicThl Oackapy cypakrapel [locmenos [I.
YKYMBICBIH 1A KYMbICBIHIA YebiHbUTFaH ([locnenos, 2018).

Amaiina 6y 3epTTeyiep/ie TEXHOIOTHSUIBIK JKYiie arperarTapblHbIH apachIHIaFbl
e3apa OabIHBICTaphI eckepinMereH. Coi ceOenTeH OyI1 )KYMBICTap/a YCHIHBUTFaH
puGOPMHUHT PEaKTOPHIHBIH MO OHBIH >KYMBICEIH MOJENbB/EY, ONTHMH3AIHS
XKoHE Oackapyra jkapamjibl OOJIFAHBIMEH, TYTacTall pu(OPMUHT TEXHOJIOTHUSIIBIK
JKYWECIHIH KYMBICBHIH KYHEN MOJEIb/ICy apKbUIbI THIMII OacKapyFra ’KapaMcChl3.
AJl CTaTHUCKaJbIK, CTOXACTUKAJBIK MOJCIbICP KYpHAEdl HBbICAHIApP >KYMBICHIH
MOJISNIBIEYTe JKapaMmJibl Oonbin TaObuIaAbl. bipak MyHmalh MomenbIepli Kypy
YIIIH TEXHOJOTHSUIBIK KYHWE JKYMBICBIH TOJIBIKTAM KOHE CEHIMIII CHUIIATTaWThIH
CTaTUCTUKAJIBIK JIEPEKTep KepeK. MyHnall CEeHIMJi CaHJIbIK JEPEKTep/i >KUHAY
VIIIiH KOITEreH AKCIEPUMEHTTEp, OJIISYIep KYPTi3il, HOTIKEPIH IYPHIC OHICY
Kepek. Anaiina keiOip MaHBI3IBI Mapa METpiepi MEH KOpCEeTKIITepl CaHIbIK
TypAe OJIIeHyl oTe Kypleni, He MYMKIH €MEeCTIriH CHUMaTTalaThiH AThIpay
MO3 BKK cugkThl KenTereH aWKbIHCBI3ABIKIICH CHIIATTAIATBEIH TEXHOJOTHSIIBIK
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KYWenep YIIH MYHAai OSKCIIEPUMEHTTEP, MOIENbh KypyFa KakeTTi Kehoip
MaHBI3/IBI TTApaMeTpIiIep OJIICHOSHTIH/IIKTeH, MYMKIH eMec, He THIMCi3 0oiasbl.
OHIIpicTIK MpaKTUKala MyHAal aliKblH eMec MapaMeTpiiep MEHH KOpCEeTKIIITep
COJT eHTIpicTepIeri OacKapaThiH TOKipHeIl MaMaHaap, SFHU MM KaObUTIay bl
tynra (LOKT), monnik cama OoibIHIIA DKCIIEPTTEp KOMETIMIMEH TaOWFH Tiljie
Oaramanazsl. MyHaii aiikeia emec aknapar Herizigae LIKT nypsic, Tuimai mrenrim
KaObLIIayFa KaOiaeTTi.

(Dzhambekov, 2018) xymbicTapsiHaa OacTanmkel aknmaparThlH Oip OediriHig
AMKBIHCBI3ABIFBIHAA  TEXHOJOTMSJIBIK JKYHEJIEp arperarTapblHblH MOJENbIEPIH
KYpBINl, OJAapAbIH HEri3iHIe arperarTapAblH JKYMBIC PEXUMIEPIH OacKapy
TocinmeMenepi KapacTeIpbulFaH. byn TociimeMmenep HSKCHepTTiK Oaranay XKoHE
allKbIH €MeC JKUBIHIAD TEOPHSCHI TACUIAEpPI HEri3iHAE arperarTapblH IIBIFbIC
napaMeTpiiepi alKbIH eMec, al Kipic mapaMeTpiepi alKbiH OoNFaHa o ACHTew
KUBIHAAP KOMETIMEH arperarTap/IblH allKbIH €MeC MOJICTbACPIH KypyFa MyMKIHIIK
Oepeni. Anaiima MyHOal TociigeMeneplae HBICAHHBIH OapiiblK KipiC, IIBIFBIC
rmapameTpiiepi aifkbIH eMec OOJIFaHIa O OJIapIbIH JIMHTBUCTHKABIK MOICTBACPIH
Kypy Mocenenepi IenriaMenai. Al KeNTereH oHIIpICTIK KYHenepIiH Kipic xKoHe
LIBIFIBIC TapKaMeTpiepi alKbIHCHI3ABIKICH CHIIATTANATBIHABIKTaH OJapIbIH
JIMHTBUCTUKAJIBIK MOJICIBICPIH Kypy Kaxer Oojaabl. CoHpmaii-ak Oyi 3epTrey
xyMbicTapeiaaa ga (Dzhambekov, 2018) anasIHFBI TaNIaHFaH )KYMBICTApIaFbIIal
KYMBICTapbIHAAFbIAAY ~ TEXHOJIOTHSUIBIK — JKYHenepliH e3apa  OaiijaHbICKaH
arperarTapbIHBIH MOJIENb/EP] MaKeTTEPiH KYPY CYpaKTapbl KAMThIJIMaraH.

KopsiTa aliTkaH1a TaJIJaHFaH )KOHE KOIITETeH 0aCKa XKYMBbITapAa TEXHOJIOT HSJIBIK
HBICAHJIAP/IbIH MAaTEMaTUKAIBIK MOJCIBACPIH KYPYIAbIH JIOCTYPI TacUIAepi
(aHaNMUTHUKANBIK, 3KCIICPUMEHTAJJIBIK-CTATUCTUKANIBIK) JKOHE HBICAHAAPIBIH
IIBIFBIC TTApaMeTpIIepi alKBIHCHI3 OOJFAaH/IA, OJIAPIBIH AKBIH eMeC MOMICThIACPIH
KYpy 3epTTeNreH. Al allKbIHCBIKIICH CHITATTAIaThIH HbICACaHap/IbIH Kipic, HIBIFBIC
TmapMeTpiepi alKeIH eMec OoJiFaHda, OJNIAPABIH JIMHTBHCTUKAIBIK MOICTBIACPIH
KYpy JKOHE TEXHOJIOTHSUIBIK JKYHelepliH e3apa OalaHbICKaH arperarTapbiH
KYWeTl MOJENbJey VIIH ONapiblH KYPBUIFaH MOJAEIBACPIH Oip Momenmbaep
nakeTiHe OipiKTipy Mocelenepi o Jie ImemiiMereH. by Mocenenepi ToNbIKTan
LIenly YIIiH KYHENiK Tanaay, SKCIepTTiK Oaranay >KOHE alKbIH eMeC KHMbIHIap
TOCUTAEpiHEe HETI3iHAe KypHaeli alKBIHCHI3NBIKIICH CHIIATTANAThIH >KYyHEeIepaid
KYMBIC PEKUMJICPiH MOEIIBICY MEH OacKapyabIH KYHell TOCIIiH KYPBIT, KOJIaHy
KaxeT. by xymbIc OacTankel aKnaparThlH TANIUBLIBIFBI MEH AHKBIHCBI3LIIBIFbI
xarnainapeiaia  BKK  MbicanbiHga, TEXHOJOTHSUIBIK — OKYHENIepiiH — e3apa
OaifTaHpICKaH arperaTTapblHBIH MOJEIBJIEPIH KOJ JKETIMII TYpJli CHIATTaFbl
aKmapar HeTi3iHae Kypy oJiCTEeMECIH o3ipieyre OarbITTaIFaH.

3epTTey MaKkcaThl MeH MiHAeTTepI *kdHe TIciaaepi

JKyYMBICTBIH 3€pTTEy MaKcaTbl alKbIHCHI3 OpTaia TEXHOJIOTUSIIBIK KeHIeHAEP i
KYHelni Mopenbaey YIIiH, ONapAblH e3apa OaiiJlaHbICKaH arperarTapbIHbIH
MOZICTIb/IEP] MaKeTiH OacTamlKbl aKMapaTTbIH TalIIbUIBIFEl MEH alKbIHCHI3IBIFbI
KaFJaimapeiHaa Kypy d[licHeMeciH a3ipiey Oombit Tadbutansl. Ty KbIpbIMaanFaH
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MakKcaTKa KOJI KETKi3y YIIiH KeJeci 3epTTey MiHAETTepi KOWBUIBII, MICTIIeTIH
OoJaabl:

- TEXHOJIOTHSJIBIK JKYHenep/iH e3apa OalaHBICKAH JKEKe arperarTapblHBIH
KYPBUTYBI THIMJII MOJICNTBJICPiHIH THITIH KaXETTI KpUTEpHilsiep OOWBIHIIA TaHMAIl,
onapabl KYpy;

- JKyWe arperartapbl JKarJailbl MEH J>XYMBICH JKaHbIHIAFbl KOJ IKETIMJIi
aKIaparTapbl MEH OJIap/IbIH Al KBIHCHI3/IBIK ICHTeliHe OalTaHbICThI, arperaTTapablH
MOJISNIBIEPIH KYPY 9ICTEMECIH Haspiay;

- KON OKeTIMIi Typil CHNATTarbl aKnapar Heri3iHAe KypbUIAThIH JKEKe
arperaTTapablH MOJEIbIACPIH OIPIKTIpY apKbUIBI TEXHOJIOTHSUIBIK KYHE KYMBICHIH
KYHeT MoJlenbJieyre KaOieTTi MOAeNbAep MaKeTiH aiy.

BKK MbIcanmbiHIa TEXHONOTHSIIBIK JKYHENIep arperarTapblHBIH MOJETbACpiH
KypyJda OJapAblH KYMBICHIH CHITATTAUTBHIH KOJ JKETIMJII aKIapaTThlH TYypiHE
0aifIaHBICTHI MOZEIH KYPYABIH TYPJIi OSNTi TOCIepi *KYHEeIeHiIl, OCHI )KYMBICTa
YCBIHBUIATHIH JKYHETIK ToCUIieMe KOJIaHbLIa b,

CoHbIMEH OYJ1 3epTTeyle TEXHOJOTHSUIBIK JKYWelIep arperartapbl JKYMBIC
YKaMBIH/IAa TEOPHSUTBIK MOJTIMETTEp KETKUTIKTI OONFaH/a, aHATUTUKAJIBIK TICUIIAED
HETi3iHAe JeTepMHUHII MOJENbIEP, al CEeHIMJI CTaTUCTHUKAIBIK JIEPEKTEp
JKETKLUITIKTI 00JIca, OH/Ia AKCIIEPUMEHTAIIBIK-CTaTUCTHKAIBIK Tocinaep (Jorgensen,
2019) HeriziHAe CTAaTHCTUKAIBIK MOJAETBbACP KYpbUIATHIH Ooianbl. bacTamksl
aKIMapaTThIH aWKBIHCBI3IBIFRl KAaFAalbIHAa MYHJAl akmaparThl — JKWHAY JKOHE
OHJICY YLIIH 3KCHEePTTiK Oarajiay MEH alKbIH eMec KubIHaap Tacingepi (Orazbayeyv,
2018; Pavlov, 2016; Reverberi, 2019) konnansmansl. by 3eprreyne bKK cusikTs
TEXHOJIOTUSIIBIK JKYHeNep arperarTapblHbIH MOJENbISP] MaKeTi KYHWETK Tainaay
TocineMeci )kKoHe THOPHITIK MOAEINs KYpy Tocimi [25] Heri3iHae Kypbuiasl

3epTTey HITHIKeJIepi

MareMaTHKalblK MOJENBIEPAI KyFa KaXeTTi OacTamkpl axKmapaTTapablH
KETKUTIKCI3MirT MeH aWKbiH emecrteri skarmadieiHma bBKK cuaxrer  kypaeni
TEXHOJIOTUSIIBIK KYWEIep/AiH e3apa OaiylaHBICKAH arperaTTapbIHbIH MOJENb/Epi
MaKeTiH KypyFa YCBHIHBUIFAH JKYHETiK OJ[ICTEMEHIH >KalIbl OJOTBIHBIH HETi3Ti
Ke3eHJIepi 1-cypeTTe KenTipiiareH.
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1 [ Bbacel ]
2 v
Arperar >karIaiibl MEH >KYMBICHI JKaibIH/IA KOJ JKEeTIM/Ii
TYPJIi CHUTIATTaFbI aKapaTTapabl ( BT IELEY. P, L.m)
JKHHATI, OHICY )KOHE SHIIIPY
3 .. .
Op arperartka THIMJII MOJIEJb TUITIH TaHJAY
KPUTEPHIIIEPIH f, [ =], K KAJbIITACTPy
4 JKyiieni tangay jxoHe SKCIEPTTIK Oaraiay apKbUIbl Ka-
JIBITITACKAH KPUTEPHIAJICP JKOHE Op arperaTka KoJl JKeTiM-
Il aKmapatT Heri31Hae THIMII MOJIENIb TUITIH aHBIKTay
N|
5

Op arperarThlH aHBIKTAJIFaH THIM1I MOJIENIH KOJI )KeTIM/Ii
aKIapaT CUIaThIHa OaiIaHbICThI ICTEPMHUH/IL, HE
CTATUCTHCKAJIBIK, HE aKbIH EMEC, HE JIMHIBUCTHKAJIBIK
MOJICJIIH COlKeC TOCUIIEPMEH KYPY

v

Kok

Kypbutran Mozenbaep/iiH aneKBaTThIFbI
tekcepy |y" —y*| < Rp

AntexBarThl MOZeNbI Y, = f(X;) wbiFapy xoHe

3epTTey HbICAaH/IapbIH MOJIENb/ICY

v

8
[ CoHpl ]

Cyper 1 —Typui cumartarbl KOJI KETiM/Ii aKrmapaTTap HETi31He TEXHOIOTHUSIIBIK KYHeIepaiH
o3apa OaifIaHbICKaH arperarTapbIHbIH MOJCIIBACPIH KYPY 9/{iCTEMECIHIH JKaJIbl OJIOK-CXeMAaChI
(General flowchart of the methodology for constructing models of interconnected aggregates of
technological systems based on available information of various nature)

Typni cunartarkl KON KETIMJAI aKmaparrap HETi3iHIAE TEXHOJIOTHSIIBIK
JKyHenepaiH e3apa OalilaHBICKaH arperaTTapblHBIH MOAEIBIACPIH KYPY 9IICTECIHIH
KEITIPUIreH JKaJbl OJIOK-CXEMAaChIHBIH HET13T1 OJIOKTOPBIHA TYCiHIKTeMe OepeHik.

OpicTeMeHiH 2-11i OMOTBIHAA 3epTTENEeTiH TEXHOJOTHSIBIK JKYHe arperar-
TAPBIHBIH YKaFIalbl, )KYMBICHI KAMIBI KOJI JKETIMJI TYpJIl CHUIATTaFbl aKmaparTap
(TCOPHUSITBIK MOIMETTEpP, IKCIEPUMEHTAIIBIK-CTATUCTUKAIIBIK EPEKTEP, aWKBIH
eMec aKmapar) JKUHAKTAJIBII, OHICIII, SHIipiIeI.
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3-mii OnmokTa Op arperarka THIMII MOAENb THIIH TaHJAy YIIIH KaKeTTi
Kkpurepuinep f,,k=1,K, Mpicanbl: MoJenb KypyFa KaKeTTi aKIapaTTblH KOJ
JKETIMJIIT1; arprarThlH J>KYMBICBIH OacKapyla KOJNJIAHBUIYBI, KYPY MYMKIHITI;
aJIeKBaTTBIK JICHTeli; Oip Mojenpaep NakeTiHe OipikTipy MyMKiHIIri T.0.
KaJIBIITaCTaPbLIA B

4-mri GoKTa JKYHel Tangay jKoHe SKCIIEPTTIK Oarajay apKbhLIbl KaJbITaCKaH
KpUTEpHUIIEp JKOHE op arperarka KoJI )KeTiMi aKmapar HeTi3iHae THiMIII MOZeIh
THUIIIH aHBIKTAY JKY3€ere achIPbLIaIbI.

YCBHIHBUIFAaH OfiCTeMEHIH OacTankpl aKnaparTapiblH CHUNAaThl MEH THIMJII
MOJIENIB/II TaHAAy KpUTepwiinepi OOWMBIHIA HBICAHIAPIBIH TYPIl MOAEIBACPI
KYPBUTAaThIH HET13T1 5-0JI0THI TOMEH/IET1 2- )KOHE 3- CypeTTepTeri o/licTeMeHIH KeTe
KeJTipiiareH OJIOK-CXeMallapbIH/Ia alllbUFaH.

6-1TBI OJTOKTA KYPBUIFAH MOJIEBICP/IiH aJleKBaTTHIFBIH TeKcepineni. Mbicaib
Keleci KpUTepHil apKbLIbL: | yM o yE I<R,, myHna yM, yE COMKeciHIIe, HBICAaH
IIBIFBICBIHBIH  MOJIENBJIED apKbUIBI aJibIHFaH ECEMTIK JXKOHE SKCIECPUMEHTTEP
apKbLIBI AJIBIHFAH [IbIHAKBI MOHIEPT; R, pyKcar eTioNreH aybITKy MoHi.

TeopHsIIbIK MOIIIMETTEP KETKITIKTi, KpU-
Tepuiiiaep OoibIHINA TeTEPMUHI MO
MaKCcHMaIibl Ma?

Us

5.2 |
. A/ .
AHaJ'll/lTl/lKaJ'lblK TACULACPA1 KOJAAHBII )KYUE arperaTbIHbIH

JIETEPMUH/IIH MOJISIIIH KYpy v = f} (X)5ee0sX,), j=1,m

O
53

CTaTHUCTHKAIIBIK IePEKTEpP KETKUTIKTI,
KpUTEpHILIep GOMBIHIIA CTATHCTHKAIBII

aeATanT aravArsaTIr T aaa?)

5.4 Us
5.5 DKCIEePUMEHTAIIBIK-CTATHCTUKAIBIK TOCUIACPIl KOJIIaHbII
JKYie arperaTbIHbIH CTaTHCTUKAJIBIK MOJICIIH KYPy
Vi =fi(xenx,), j=1m

©

Cypert 2 —TexHOTOTHAIBIK KYlie 3apa OalTaHbICKaH arperaTTapblHbIH JOCTYPIl Tociaaep
HETi31HAe JeTePMHH/I )KOHE CTaTUCTUKAIIBIK MOJENbACPiH KYpy OJIOK-CXeMachl
(Block diagram of the construction of deterministic and statistical models of interconnected
aggregates of technological systems based on traditional approaches)
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Kenripinren mocTypmi Tocuifiep HeETi3iHIE arperarThlH IEeTEPMHHII KOHE
CTaTHCTHKAJIBIK MOIEIBbACPIH KYpy OJoK-cxemMachiHna 5.1 ONOrbiHIa XKeke
arperarThlH MOJCNIH KYpyFa TEOJPHUSIBIK MOTIMETTEpPIiH KETKITIKTIT1 KoHE
KpuTepuiiiep 0arachl OOMBIHIIA JETSPMUHII MOJIEIh MAKCHMAIIIbI MOHTE HEIITi
Tekcepineni. Erep Oy mapt opeiaaanca, oHaa 5.2 OnokTa Oenrisii aHaIMTHKAIBIK
TOCLIIep KOMETIMEH arperarThlH JIEeTEPMUHII MOJEINi KYpbUIaabl Aa KypbUIFaH
MOJIEJNB/IIH aJIeKBAaTTHIFBIH TEKCEPY YIIiH JKaNIbI 0JI0-CXeMaHBIH 6-0JIOThIHA OTEII.

Erep xorapwigarel miapT opbIHIaIMaca, oHja 5.3-0mokka erexdi. bynm Omokra
3arperarThlH MOZEIIH KypyFa JKCIIEPUMEHTAIIBIK-CTATUCTHKAIBIK JIEPEKTEePIIiH
KEIKUTIKTI JKOHE TaHJay KpUTepuijiepi OOWBIHIIA CTATHCTUKAIBIK MOIEIh
MOHIHIH MaKCUMAIJBIFBl TEKcepinemi. bynm mapT opblHIaidFaH Kargaiina
5.4-0510KTa IKCMEPUMEHTBANIBIK-CTBTUCTUKAIIBIK TICUIIEp HETi3iH/Ie arperaTThly
CTaTUCTUKAIBIK MOJIEN KYPhUIabl, KYPBUIFaH MOJACIBIIH a/IeKBATTHIFBIH TEKCEPY
YIIH Kalmbel OOJNK-CXeMaHBIH O-IIbI OJOTHIHA ©Teli. AJ MmapT OpbIHAaIMaca,
OHJIa aKBIH €MeC He JMHTBUCTUKAIIBIK MOJICTh MYMKIH/ITIH TEKCepir, MyH/ai
MOJISNBIEPI KYPY YIIiH Kelleci OJ0K-cXxeMaHbIH S5.5-01oreiBHA Tl (CypeT 3).

ArperatThIH Kipici allKbIH, HIBIFBICHI KAl
AlKBIHCBI3 aKMapaT XKETKUTKTI, KpuTepiine
OOMbIHIIIA alibIH eMeC MOIETb MaKCHMAIIIb

5.6
AVKBIH eMecC JKUBIHIAp TICUIAep/i KOJIAHbII XYie
arperaTbhIHbIH alKbIH €MeC MOJICJIIH KYpy

¥y = [ X, G @yaes @, ), S =1om

L O

ArperatTblH affKbIHCBI3 KipiCi, IIBIFBICHI
JKAHIIBI aKMApaT XKETKUTIKTi, KpHTEepHiie|

AATILTHTIIA TUHTR MATTATL MAYCATAMATTTET)

* Us

5.8 S
AWKBIH eMec KOPBITBIHABUIAY )KYHWEC1 HET131HJC arperaTTblH

JIMHIBUCTHKANIBIK MOJEIIH Kypy
IF % € 4(%, € 4,(o®, € 4,),) THEN 5" €B,, j=Im

©

Cypert 3 —TexHOJIOTUsUIBIK XKYie o3apa OailaHbICKaH arperaTTapblHbIH YChIHBUIFAH aifKbIH eMec
JKOHE JIMHIBUCTHKAIIBIK MOJICIBACPiH KYpy OJIOK-CXeMachl
(Block diagram of the construction of the proposed fuzzy and linguistic models of interconnected
aggregates of the technological system)
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Cyper 3-Te KenTipifreH arperartapiblH KOJI )KeTiCMIl aKnapartap HeriziHae
OHBIH aliKbIH €MeC He JIMHTBUCTHKAJIBIK MOJCIBACPIH KYpy YIIIH OCHI )KYMBICTA
KYHEIeHil, YCHIHBUIFaH TociieMenep KOIIaHBII kL.

Erep TexHONOTMSUIBIK >Kyle arperarbiHbH Kipici X = (50, aliKbIH, aj
KYHi MEH JXYMBICHIH CHUNATTAHTBIH ILIBIFBICHI iz()N/l,...,)sz) aliKplH €MeC KOHE
MOZETBbACPAl TaHIay KpUTepuisiepi OOMbIHIIA HBICAHHBIH alKbIH €MeC MOJENiH
Kypy Makcumanabl MoHre Oosica (070K 5.5), oHZa OHBIH alKbIH €MeC MOJeli
Kenecine Kypbulabl.

5.6-0710KTa arperaTTblH alKbIH eMeC MOAETIH Kypy YILUiH SKCHEpTTiK Oarayay
KOHE allKbIH eMec >KUBIHIAp Tocinaepi KonmaHeiansl. byn OiokTa arperarThin
alKBIH eMeC MOJIENbACPAiH KYPBUIBIMBIH KOTIKPErPeCCUsIIBIK TEHACYIEp TYPiHIe
perpeccopiap/sl Ti30eKTel KOCy 9/IiCi KOMETriMeH aHBIKTayFa O0Jabl:

i aOJ + Zal]x + Zzatijlkaj =1,

i=l k=i

(M

.5

AWKBIH eMec MOJENb/IiH KYphUTBIMBEI (1) OHBIH aliKbIH eMecC TapameTpiepiH
50,51,...,5,, uaeHTU(QUKANUsIAy KipiCTIPUITEH MHKI PETiHJE, CBHIPTKBI UK
MOJISNB/IIH KYPBUIBIMBI, aJl ilIKi [UKITiH/IE TapaMeTpiepi aHbIKTay OpPbIHJATa]Ib.
AWKBIH eMec mapaMmerpiepii uaeHTu(duKanusuiay eceOiH o JeHrein >KUbIH
Heri3iHge MoauQUKAIVsUIaHFaH €H Killli KBaJapaTTap TOCUIi KOMETriMeH IIeNryre
Oomabl.

Erep 5.7-0mox mapTel OpbIHAANCA, SFHU arperarThiH Kipici JKOHE IIBIFBIC
nmapaMeTpiepi  JKaliabl aKbIH e€MeC aKmapar JKETKUTIKTI JKOHEe KpUTepuiiiep
OOBIHIIIA TMHTBUCTUKAJIBIK MOJEIL MAKCUMAIIALI MOHTE K€ Oosica, oHaa 5.4-010KTa
HCAHHBIH JIMHTBUCTHKAIIBIK MOJIEI] KYPhLIaJIbI.

HI/IHFBI/ICTI/IKaJ'IBIK MOJIENIB/II KYpPYy YIIiH HBICAHHBIH aiKbIH €MEC IIBIFhICHIHA
v, ;€ B > J =1,m acep €TETIH KlplC rapaMmeTpiiepi IMHTBUCTUKAJIBIK aifHBIMAIIbLIAP
ApKbUTbI CUMATTAIAIBI, A eX, B €Y — alikpIH emec 1Kl KubIHAap, X, Y — ombeban
xublHAap. ONlaH KeiiH SKCIEepTTiK Oaranay Heri3iHae alKblH eMec rmapaMeTplepii
CUNATTAUTBIH TEePM-KUBIHIAD T (X Y) aHBIKTAJIBII, OJNApIbIH TEPMIEPiHIH
TUICTUIK QYHKLUSIAPEL [ (x) ,_1 ns My, (¥;), j =1,m Typrb3buIazsl. TuicTimik
(yHKIHSIIapbI )KBIJ'II[aM Typre3y ymin MATLAB xkyitecinin Fuzzy Logic
Toolbox mHCTpyMeHTapuiiiH maijananyra 0ojazbl, HemMece O (DYHKIHSIIAP/IbIH
KYpBUIBIMIap(BI MEH IMapaMeTpliepi I/I):[eHTI/I(l)I/IKaLII/ISIJ'Iay KepeK.

Apel Kapali HBICAHHBIH Kipici xi MEH IIBIFBICBIH Y ; j CHUIATTadTBIH
JIMHT'BUCTUKAJIBIK aHHbIMaHLIJIap apachIHIAFBI 6aﬁnaHLICTapLIH AHBIKTANUTHIH
alikpIH eMmec OelHeneymep R KYPY KaKeT. R ecenTeyepae BIHFAUIIBIFBI
0oy yIIiH onapAabl Kejeci TI/IlCTlHlK (byHKIm;mapm KeMmeriMeH Oaiiianpicarap
MaTpHIAChl PETIHAE KEITIPreH AYpPhIC:

/jﬁ,., (;i’y}j):min[.“;i (Z)aﬂgﬁ (Jw’j),izl,_”l,]' =1,_m] 2)
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JloruKambIK KOPBITBIHABLIAY eperKerepi HeTi31HIeH JIMHTBUCTHKAIBIK MOJICITh1
YKAIIITBI TYpAE KeJeciael KypyFra 6omazsl (0oxk 5.8):

IF X, € 4%, € 4, (,..n(%, € A,),...,) THEN 7" €B,, j=Lm. 3)

TexXHONOTHANBIK KYHE arperaTblHblH aiKblH €MeC IIBIFBIC MapaMeTpiepiHiH
MOHJIEpi allKbIEH €MEC TEOPHUSCMBIHIAFbI Ej = ZI, o R, KOMIO3HIHSATBIK KOPBI-
THIHJBLIAY epeKeNepl KeMeriMeH aHbIKTayFa OoJiajibl. byst epeskenepai Konuany
BIHFAWJIBIFBl .YIIIH arperarThlH aiKblH €MeC IIBIFBIC IMapaMeTpIIepiHiH MoHepi
MaKCUMUH]II KOOCHTY HETi31H/Ie KeJIeCiIei THICTLTIK QYyHKIUSIIAPMEH Ka3blIaIbl:

g (77) = max{minl; (), i (37,713 )

Kenripinren (4) -pHEKTEH arperarThiH IIBIFBIC TTAapaMETPIICPiHIH CaHIBIK IIIa-
c . T . ..
Manaper ', j = I,m on mapamerpnepiH TuicTimiK (QyHKIHUAIAPHIHBIH MaKCH-
MaJbl MOHJEPIHIH ApTYMEHTIMEH aHBIKTANAIbIF SIFHU:

~%
Y, =argmax g (;). )
Yj

TeXHOMOTHSITBIK JKYHe arperarTapblHBIH KYHI MEH JKYMBICBIH CHIIATTANTHIH
TEOPHUSIIBIK MATIMETTEP, CTATUCTUKAIIBIK IEPEKTEP KOHE alKbIH eMec aKnapar Ko
JKETIMCI3 OOFaH JKaFmaiiaa, ojl arperaTThlH MOMIETIH KapacThIPBIIFAH TYPIi TOCLI-
Jepi 6ipre KoJimaHa OTHIPHIN HRICAHHBIH THOPHITI MOICITIH KYpyFa 6omamsl [25].

Hotu:kenepai TankbLiay

YCHIHBUTFAH TYpJi CHOATTaFrbl KOJ JKETIMII  akmaparrap HeTi3iHIe
TEXHOJIOTHSIIBIK JKYHETepaiH e3apa OallIaHBICKaH arperarrapbl MOACITbACPIH
Kypy omictemeci 0asy KOKCTEY KOHABIPFBICBIHBIH KOKCMTEY pEaKTOpIapbIbl,
HET13T1 peKTU(OHUKAITNOHIBIK KOJIOHHACKHI )KOHEH KBI3IBIPY eI TePiHIH MOACTBACPI
MMaKeTiH KypyFa OaFbpITTaFaH. OJICTEMEe JKYHETIK TociIaeMe KOMETiMEH op
TYpii dopMaIabl JkKoHE (HOPMAJICHI3 TOCUTACP JKYHel KoMgaHyFa HETi3IereH.
Kenripinren 2-, 3-cyperrepaeri OJ0K-cxeMaia JKoHe OJIapIbIH CHITaTTaMalapbIHaa
HBICAaHHBIH KipiC, IIBIFBIC TMapaMEeTpiepiHiH aWKBIHCHI3IBIFEIHA OailIaHBICTHI
OHBIH alfKbIH €MeC HeMece JIMHTBUCTHKAIIBIK MOJEIBACPIH Kypy MpoLeaypaiapbl
VCCBHIHBUIBII, CUTATTAFaH. O3ipJeHIl, CHUNATTaJFaH dMicTeMene TYpii Oenrimi
YKOHE 3epTTey OaphICHIHIIIA aJBHFAH (aliKBIH €MeC, JIMHTBUCTHKAIIBIK MOJIEIbIEPI1
KYpy) Tocinmepi OipryTac kyie peTinme Koamanbiiaapl. COHABIKTaH YCHIHBIIFAH
JKYHEITIK 9JIicTeMe HETi31H1e KYPBIIFaH MOJEbACD KyHeci SMEepIKEHIIK KaCHEeTKE
JKoHe cuHepru3M 3ddekricine me. A Oy KYHEImiK KacueT MmeH 3¢deKTiiep
O3IpJICHIIICH JKYHETIK OMICTEeMEHIH Oacka TociommeMeNepIiH apTHIKIIBIIBIFBIH
KOpCeTei.

TexnomorusmeIK Kyie, mpicansl BKK arperarrapeiabiy e3apa OailflaHbICKAH
arperarTapbIHBIH MOICIBICD MAKETIH KYPHITI, OHBI JKYHEITIK MOIETbACYTe KaO1IeTTi
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O3ipIIeHTeH JKYHENIK 9/liCTeMe HBICAaHHBIH alKbIH eMeC WIBIFBIC IapameTpiepi
MaKCUMUH/II KOOSHTY HEe31H 1€ OJ1 TapaMeTpIIep IiH THICTITIK QYHKIUSIAPBI APKBIITHI
(4) epHEKIIEH aHBIKTanagbl. AJI HBICAHHBIH IIBIFBIC IAPAMETPIEPIHIH CaHIBIK
MoHEp1 yjc., J =1,m onapnwin anbikTanFaH afiKbIH eMeC IBIFBIC TAPAMETPIEPiHiH
TUICTUIIK  (DYHKIMSAIAPBIHBIH _MaKCHMMaJIbl apryMEHTI PETIHAE aHBIKTalajbl.
CaHIBIK MOHIEPI yjc., j=1m, 6yn (3) dopmyra GoiibiHIIA aHBIKTaIFaH
THICTUTIK (PyHKIMACHIHBIH MaKCHMAJIbI MOH/IEPIH KaMTaMachl3 €TEeTiH apryMeHTi
periane (5) cdopmynameH aHbIKTanmaabl. TEeXHONOTHANBIK OKYWEIepAiH e3apa
OaillTaHBICKAH arperaTTapbIHBIH THIMII MOIEIBACPIH KYPHIT, OipiKKEH MOICTBACD
MaKeTiHe d3ipyieyre YCHIHBIIFAH OYJI TOCUT OacTankpl aKmapaThlH JKETICTIeYIIiir,
AMKBIHCHI3/IBIFBl KaFJailapblHaa KOM JKETIMII TYpPJi CHIIBATTaFbl axKmaparrap
HeTi31H[Ie HBICAaHAAPIBIH TYPJi MOACKIbACPIH KYpaThH KYHel oaicTeMe OOJIBIIT
Ta0BIIaIbI. OJIICTEME MOJIETh KYPYFa KaKeTTi KOJI KETiM/Ii aKIapaTTapAblH CUIIATHI
MEH MOJIEJIb/IeP/li TaH/Iay KpUTepuiliepi MoHepiHe OalTaHbICThl HbICAHIAP/IBIH
JETePMUH]IIK, CTOXaCTHKAIIBIK, AKBIH EMeC HEMeCe JTMHT BUCTUKAIIBIK MOJIENTbePiH
KypyFra MyMKiHaik Oepeni. ComaH KeliH KYpbUTFaH MOZIENbAEPAl TEXHOIOTHSITBIK
KYWeHe OTEeTiH MpOoIlecC JKOHe arperarrap apachlHAAarbl arbIHIAPIBl eCKepe
OTHIPHII, Oip MOAETBAEP MaKeTiHEe OIPIKTIPY KaXKeT.

BKK cusakTel OacTamkpl aKapaTTBIH TaIIBUIBIFEl JKOHE aNWKBIHCBHI3IBIFBIMEH
CUNATTANAThIH  TEXHOJOTHSUIBIK IKYHENepHiH arperarTapblHbIH MOJeIbAepiH
KYPYIOBIH O€nrisli TOCUIIEpiHeH o3ipJIeHreH JKYHWeNiK oJICTEeMECiHIH a#bIp-
MAaITBUTIBIFEI, OJT KOJI )KETIMJII TYpJIi CHITaTTaFbl aKmaparrap HeTi3iHae syrenepain
e3apa OalJlaHBICKAH MOJETBJAEp MaKeTiH KypyFa MyMKiHIik Oepeni. Connmaii-ax
VCHIHBUIFAH JKYHETIK oficTeMe JXyHe arperaTTapblHBIH AOCTYPIIi ACTEPMUHII,
CTaTUCTHUKAIIBIK MOJIETIhIEPIMEH KaTap aliKbIH eMEC, TMHT BUCTHKAIBIK MOJIETbACPiH
Jie KYpBIT, aJbIHFaH MOJIETbAepai Oip Monebep makeTiHe OipiKTipyre MyMKIHIIK
Oepeni.

KopbIThIHABI

Kywmpicta BKK crsakTel OacTankpl akmaparThiH JKETICIISYIIIIiT )KoHe aiKbIH-
CBI3JIBIFBIMEH CHITaTTAJIATBIH TEXHOJIOTUSIIBIK KYHENep/aiH e3apa OalIaHBICKaH
arperaTTapelHbIH Oip TakeTTKe OIpIKTIpiIreH MOAeNbAEpiH KypyFa apHaiFaH
JKYHEITIK oicTeMe 93ipJIeHIIl, CHTIATTaJIFaH. O31pJICHTeH oicTeMe KYHEeiK ToCi-
JeMere, TYPJi MOHAEIbAEp KYPYABIH TOCTYPIBl TACLIAEpi MeH alKbIHCHI3IBIKTA
MOJIENTb KYPY/IBIH YCBHIHBIIFAH TOCUIIEpPIiH JKYWeJer, KelleH I KOoIJaHyFa Heri3-
TIeITeH.

3eprTey HOTHXKeNepi OOWBIHIIA Keleciiel Heri3ri KapbhITBIHILIIAp KacayFa
Oomaser:

1) BKK CcHAKTBI TEeXHOIOTHSIIBIK JKYHEJIepIiH e3apa OaillacHBICKAH arperar-
TapBIHBIH 0aCTaIKbl KOJI KETiM/Ii aKIapaT CHaThIHA OaiIaHBICTBI KYpyFa OOJaThIH
MOJISNBIIEPIHIH TYPIH JKYHeNiK Taigay MeH OKCHepTTIK Oaranay Tocinaepi
apKbUIBI ONAPBIH THIMJI MOJIENB/EPIH TaHJAy KOHE TaHJAIFaH MOJIENbIl Kypy
MIPOIIEAYPAChl YCHIHBLIBII, CHITATTAIIFaH;
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2) 3epTTey HBICAHBIHBIH KYH MEH JXYMBICHI JKalbIHIA, OHBIH KipiC, IIBIFBIC
napaMeTpIlepiHiH aWKbIHCBI3bIFbIHA OAWTAHBICTBI, HBICAHIAPBIH AlKbIH eMec
HeMece JIMHTBUCTUKAJIBIK MOJIENBIEPIH KYpy TOCUT YCHIHBUIFAH (cypeT 3). byn
TOCIT aKMapaTThIH TAIMIIBUIBIFBI MEH aWKBIHCHI3/IBIFBIHAA arperaTTapbiH TYpIi
MOJIENBJIEPiH KYPY YIIIH 31pIICHTEH KYHENIK 9licTeMe KypaMbIHa eHeIi;

3) Typmi Ko >KeTiMJII aKmapar HeTi3iHJe e3apa OaillaHBICKaH arperaTTapably
MOJICNBIIEpiH Oip Monenbaep TMaKeTiHe, TEXHOJOTHIBIK KYHeme >KYpeTiH
MIPOIIECCTIH OTYiH €CKepe OTHIPHIIN OipiKTipy, MPUHIUII CUTIATTANIFaH. ¥ ChIHBIIFaH
MPUHIUIT HBICAHAFbl TEXHOJOTHSIIBIK MPOIECCTIH KYpyi OarFbIThIHA ECKepinie
OTBIPBII, arperatr MOJENb/IEPiHiH OipeyiHiH MIBIFBICHI 0acKa MOJIENbIEP/IiH Kipic
peTiHze naiananbIIa b
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Abstract. Changes in equations in nonlinearized systems of existence are
characterized by nonlinearized differential equations. The tasks of monitoring
nonlinearized systems have been of great interest to the scientific community
for several recent years. Significant positive changes are observed in the
development of various methods of nonlinearized control theory and obtaining
results by modeling them on a computer. Such success is associated with the rapid
development of computing equipment and increased requirements for the quality
of control, which allows you to fully and quickly study nonlinearized trends. The
purpose of the article is to build a computer model of linearized feedback control
for a nonlinearized system with one input and one output for a pendulum system,
using various blocks of MATLAB Simulink libraries. In a computer model for
linearized feedback control for a nonlinearized system, a reference signal block,
a pendulum block Tracking control, was created and the input signal or control,
the output signal, and the error results were displayed as graphs. To construct the
law of control of nonlinearized systems, there are several approaches, including
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the method of constructing the law of control using linearization, the method
of linearization of the system by feedback, Lyapunov methods. In addition, the
presented article provides and describes brief definitions, lemmas about feedback
control, state control by feedback, stabilization, tracking. Using various blocks of
MATLAB Simulink libraries for the pendulum system, a nonlinearized system, a
scheme and a result of the feedback control law were given.

Keywords: Nonlinearized systems, large-scale stabilization, output feedback,
state feedback, tracking
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AHHoTanus. ChI3bIKTBIK eMec OOJIMBICTBIK JKYHesepaeri TeHaeyaep e3repici
CBI3BIKTBIK eMmec auddepeHunanaslk TeHaeylepMer cunartananbl. ChI3bIKTHIK
eMec JKyHenepai Oaxpuiay MiHAETTepi OipHeIIe COHFBI KbUIJApAbl FHUIBIMH
KaybIMACTBIK, TaparblHAH YJKCH KbI3BIFYIIBUIBIKKA He O0IbI Keneai. ChI3bIKTHIK
eMec Oackapy TEOPHMSCHIHBIH Op TYPJI 9iC-TOCUIAEPIH 93ipiey MEH oJapabl
KOMIBIOTEpJE MOAETbJCY apKbUIBI HOTHIKE allylla aiTapiblKTall OH e3repicTep
Oaiikayna. MyHJail JKETICTIK CBI3BIKTBIK €MeC YPAICTEpIi TOJBIK JKOHE Te3
3eprTeyre MYMKIHAIK OepeTiH ecenTeyilll TeXHUKaHBIH KapKbIHAbI JaMybIMEH
XKoHe Oakpliay carachlHa KOWBUIATHIH TallanTapiblH apTybIMEH OaiaHbICTHI.
MakanaHblH MaKcarhl MasTHHKTIK JKy#ere apHaJiFaH Oip Kipici joHe Oip IIbIFBICHI
0ap CBIBBIKTBIK €MecC JKyWe YIIiH Kepi OallaHBICTBI CBHI3BIKTBHIK OacKapy/sl,
MATLAB Simulink kiTamxaHamapbIHBIH op TYPJi OJOKTapbIH KOJNIAHY apKBLIBI
KOMIIBIOTEPITIIK MOJIETiH Kypy Oonbim TaObutamel. CHI3BIKTHIK €MeC JKYHe YIIiH
Kepi OaiJIaHBICTBI CBHI3BIKTHIK OacKapyFa apHaJfaH KOMITBIOTEPIIIK MOJEbIe
TipEeK CHTHANBIHBIH OJOTHI, MAasTHUK OJNOTHIHBIH i3iHe Tycipyai Oackapy,
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CBI3BIKTaHIBIPYAbl OacKapy >kacalblll, Kipic CHUTHaJbI HeMece 0acKapy, LIBIFBIC
CUTHAJIBI )KOHE KATENIKTiH HOTHXeJepi rpaduk TypiHae kepceTini. ChI3BIKTHIK
eMec Kyhenepai Oackapy 3aHbIH KYPY VIIiH OipHeme Tocuiaep 0ap, OHBIH ilIiHe
CBI3BIKTaHIBIPY/IBI ITaliJaIaHbINT OACKaPy 3aHBIH KYPY 9JIici, XKYHEeHi Kepi OaiiiaHbIC
apKbUIBl CHI3BIKTAHABIPY ofici, JlsmyHoB omictepi. CoHbIMeH Karap OepijireH
Makanaaa Kepi OailymaHBICTBI Oackapy, Kyd Kepi OaliaHbIC apKbUTBI —0Oackapy,
OPHBIKTAHJIBIPY, 13r€ TYCIpYy Typallbl KbICKallla aHbIKTamalap, JeMMaiap Oepimirt,
cunartanael. MastaukTiH xyhe ymia MATLAB Simulink kitamxananapbiHbIH
OpTYpii OJMOKTapbIH KOJJIAHY apKbUIBI CBI3BIKTBIK €MeEC Kyiie, Kepi OailaHbICThI
Oackapy 3aHBIHBIH CXEMAChl JKOHE HOTH)KECI KeITipiIIi.

TyiiiH ce3aep: CBI3BIKTBIK €MeC KYWenep, KeH AayKbIMIbl OPHBIKTAHIBIPY,
IIBIFBIC Kepi OalIaHbIC, KYH Kepi OaiyIaHbICHL, i3T¢ TyCipy
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AnHOTauMs. U3MeHeHUE ypaBHEHMI XapaKTepU3YIOTCS HEIMHEUHBIMU
muddepeHanbHpIME - ypaBHEHUSIMH. [Ipo0aeMbl  yripaBieHUs! HEIWHEHHBIMU
CHCTEMaMH B IIOCIEIHHE TO/Abl BBI3BIBAIOT OOJBIION MHTEpEC B HayYHOM
cooOmectBe. Habmronarorest cyliecTBeHHbIE M3MEHEHHS B Pa3BUTHH Pa3IMUHBIX
METOJI0B TEOPHH HEJIMHEHHOTO YIIPABICHUS U MX KOMITBIOTEPHOT'O MOJICITHPOBAHHSI.
OTH AOCTHKEHHUS CBS3aHBI KaK ¢ OypHBIM pa3BUTHEM KOMITBIOTEPHBIX TEXHOJIOTUH,
MO3BOJIAIOLIMX TIOJIHO M OBICTPO HCCIENOBaTh HEMTMHEWHBIC MPOLECCH, TaK U
C TIOBBILICHHEM TpPeOOBaHMU K KauecTBY yIpasieHus. Llenpro naHHON paboThI
SBISICTCSL CO3/IaHME KOMITBIOTEPHON MOJAEIM YHpaBJICHHs C JIMHEHHOW oOpaTHON
CBSI3bIO JJISl HEJIMHEHHON MasTHHKOBOH CHCTEMBI C OIHHM BXOJIOM M OJHUM
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BBIXOJIOM C HCIIOJIb30BAaHUEM pa3iuuHbIX OjokoB OuoOmmorekn MATLAB
Simulink. B xoMmnbroTepHO#l MoienN ynpaBieHHs: C TMHEHHOH 00paTHOH CBS3bIO
JUTSL HEJIMHEHHOW CHCTEMbI OBUTH CO3JIaHbI OJIOKH OTIOPHOTO CHUTHAJA, CICISIICTO
YIPaBJICHHUS MasTHUKOM M JIMHEAPU30BAHHOTO YIIPABJICHUS, TOCTPOCHBI rpaduku
BXOJHOTO CHTHAJA WJIA YIIPABJICHUS, BRIXOMHOTO CHTHAJIA U PE3YJIBTaTOB OIIHOKH.
Metonbl co3maHus 3aKOHOB YIIPABICHUS ISl HETMHEWHBIX CHCTEM BKIIOYAIOT
WCTIOJTh30BAHNUE JIMHEAPHU3AIIAH JIJISl CO3/IAaHHS 3aKOHOB YIIPABIICHUS, THTHEAPU3AIUIO
CUCTEMBI C ITOMOIIIBbI0 00paTHOM cBs3u U MeToj JIsmyHoBa. B paboTe Takxke 1aHbl U
0OBSICHEHBI ITPOCTHIC OMPEICICHUS U JIEMMBI T10 YIIPABJICHUIO C O0OPaTHOH CBSI3bIO,
YIPAaBICHHUIO ¢ OOpPATHOM CBSI3bIO MO COCTOSHUIO, CTAOWIIM3AINN U CIICKCHHUIO.
[IpencraBneHa HeNMWHEWHAs CHUCTEMa, CXeMa 3aKOHA YIPAaBICHUS C OOpaTHOU
CBSI3BIO M PE3YJBTATHI JIJIsl MAsTHUKOBOW CHCTEMBI C UCIIOJIB30BAHUEM Pa3TMIHBIX
osokoB ouomorekn MATLAB Simulink.

KaroueBbie ci10Ba: HeJIMHEHHBIE CUCTEMBI, KDYITHOMACIIITA0HAS CTa0WIIN3aIINs,
oOparHasi CBsI3b 110 BBIXOJTY, 00paTHas CBSI3b 110 COCTOSIHHUIO, OTCIIC)KUBAHUE

Kipicme

Kipic »xoHe MIBIFBIC aifHBIMANBIIAP aPACHIHIAFBI CHI3BIKTAH/IBIPYFa KEIMEHTIH
KYHenep/i HeMece ChI3BIKTHIK eMec Kyhenepi Ka3ipri 3aMaHFbl TEXHOJIOTHsIIap/ia
3epTTEeYAiH THIMALIITT apThil Kesteai. backapy ChI3BIKTHI eMec KyHenepai sKyenaepui
TYCIHYTE YKOHE OJap/ibl HAKTHI SJIEMIIK Maceiesep i MeHryre MaHHUITyJISIIUsIIayFa
apHayFaH 0Oackapy TEOPHSICHIHBIH OexiMi Oonbinm TaObwianel. bynm kyiienep
TabuFarTa XKoHEe TEXHHWKAJA Ui Ke3Jecedl KoHe onapapl 6ackapy KUBIH OOTybI
MYMKiH. CBI3BIKTBIK €MeC JKyienep - OyJI Kipic TIeH MIBIFBICTHI CHI3BIKTHIK TACUIACPI
apKbUIBl  CHIIaTTayFa OOJMaWTBIH KyHenep. MareMaTnka MEH KapaTbUIBICTaHy
FBUIBIMJAPBIHAA CBI3BIKTHIK €MEC JKYHe - LIBIFBICTBIH ©3repyi KipiCTiH e3repyine
MPOIOPLUOHANBI eMec Kyie. CBI3BIKTBIK eMeC KYHe JeT ChI3BIKTHIK IapTTap/Ibl
KaHaraTTaHIbIPMaNThIH XK YHeH] aiTamMbl3. ChI3BIKTHIK EMEC KYHeepAeri TeHACYIep
©3Tepici CHI3BIKTHIK eMec TP epeHIHATIBIK TEHACYISPMEH cumarTanamsl. Kazipri
Ke3Jle CBI3BIKTHI eMeC JKyienepi OackapyasiH OipHele oicTepi oap.

AJFaln peT CHI3BIKTBIK €MeC JKYHelep YIIiH TipeK CUTHaJIapbl YaKbITKa
OaiimaHbICTBI ©3repeTiH Kyii A. Alicunopu xone C.1. bupnc (Byrnes et al., 1997)
eHOCKTEePIH/Ie JKa3bUIFaH.

An XXI rachIpJbIH 0achiH/Ia aHBIKTAIMANTBIH ChI3BIKTAHIBIPYBI Oap Oenrici3
CBI3BIKTHIK €MeC JKYHenep YIIH AWHAMHUKAIBIK IIBIFBIC Kepi OalaaHBICH Oap
POOOCTHI MTPAKTHKAIBIK HIBIFBIC OaKpUIayAsl ATUMXaH xoHe [Haba eHOexTepinae
sxaspurran (Alimhan et al., 2008).

CoHbIMEH KaTrap yakbIThl KEIIKKEH >KOFapbl PETTi CHI3BIKTHI €MEC Kyienep
KJIachl YUIIH IIBIFBIC Kepi OalIaHbICThl OaKblIay KOHTPOJUIEPIHIH KOOAJBIK TICII
YCHIHBUIFaH. YaKbITTBIH KelniryiHa apranrad JlsmyHoB—KpacoBckuii Ttocimi
VCHIHBIIAABI, aj IIBIFBIC Kepi OalmaHBICTBI OakbplUIay KOHTPOJUICPIH OipTeKTi
YCTEMIIK 9IiCiH KOIIaHa OTBIPBIN skacanranaprsl (Alimhan et al., 2021) makanana
KapacThIPBUIFaH.
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Kazipri kyHre meifiH CBHI3BIKTHIK eMec OOJFaH OaKbUIayIIbIHBI KYPYIbIH
JKANTIbJIAHFAH JKOHE THUIMAL 9Mici JKOK OoiyblHA OalIaHBICTBI KyHi OoMbBIHINIA
Kepi OaiiaHbICThl OaKbUIAyFa KaparaH/a, IIBIFbIC Kepi OaiaHbICThl Oakbuiay Oasy
JaMbIFaHBIH OaliKayFa OoJapl.

Kazipri 3eprreynepjie yakbIT KEHIry MapaMeTpiHiH 631 yakbIT OOWBIHIIA
e3repeTiH (YHKIHUS Jell AallbIHBIN, alHBIMANbl YaKbIT KeIIiry mnapameTpi Oap
IIBIH MOHIHJIET CBHI3BIKTBIK €MecC JKyHesep KIachl YIIiH NIBIFBIC CHTHAIBIH KYHi
OoiibIHIIA Kepi OalilaHbIC apKBUIBI OEPIJIreH TipeK CUTHAM i3iHe Tycipy Macenenepi
KapacThIPbUIBII, 3€PTTELY YCTIHIE.

MasITHUKKE apHalFaH >KYHeHIH Kepi OailaHBICTBI CBI3BIKTHIK OacKapyasl
naianaHa GapbeIChIHA JKYiie OPHBIKTBIIBIFbI, OaKbLIAY KOHE Ay bITKYJIAP/bI a3a1TY,
oJlap/ibl KOMIIBIOTEpAE MOJENJIEY Macelenepl KapacThlpbuiabl. KommbroTepiik
MOJIENIbJIEYTe aHbIKTaMa OepeTiH OoJicak, OHJa KOMIBIOTEPIIK MOJENbILY - Oyl
HaKThl Hemece (M3MKAIBIK JKYHEHIH KyHIH HeMmece HOTIKeNepiH Ooirkayra
apHaJIFaH KoOHE KOMITBIOTEP/IE OPBIHAAIaThIH MaTEMAaTHKAIBIK MOJIEJIBACY IPOLECi.
CBI3BIKTHIK eMeC JKYHEeHIH apHaiibl KITACHIH Kepi OaiTaHbIC )KopAeMiHae OaKbIIay/Ibl
TEOPUSUIBIK 3EpPTTEY, IQJICIJIEY HOTIIKECIHIC KOJ JKETKI3TeH JKETICTIKTEep/i
KOMITBIOTEPIIIK MozaenbaeymiH OipmeH Oip Ttocimi-MATLAB/Simulink cusikTs
MOJISJIbJICY KYpasblH MMakiiaiany OoJIbIl TaObLIaIbI.

ogjicTep MeH MaTepHaJIap

CBI3BIKTBHIK €MeC TIpoIecTepai Oackapy VIIiH ceHiMai Kepi OalIaHBICTHI
CBI3BIKTAHBIPY 9JIiCi 3epTTelNe il JKoHe KeJeciiel cunarranazpl: 1) erep ChI3bIKTHIK
OacKapbUIaThIH IIPOLIECC TYPaKThl 00Jica, OHJA CHI3BIKTHI €MEC IpoLecc Kyniepi
ACHMIITOTHKAJIBIK TYPaKThl O0JabI, 0J1 KojaHOanap/a KaHaraTTaHIbIPbLTMAan/Ibl,
OUTKeHI KeiOip Kyiyep IIaFblH MOHIEpPre >KaKbIHAAWIbl; COHIBIKTAH, €rep
CBI3BIKTBIK 0aCKapbIIaThIH MPOIECC TYPAKTHI 00JICA, OHJIA ChI3BIKTHI €MEC MPOIECC
Kyinepi OipkesiKi TYpakTbl OOJATBIHBIH JAdieijey yiuiH JISmyHOB TeopHschIHA
HETI3JeNTeH TeopeMa VCHIHBIIAABL. 2) CBI3BIKTBIK €MeC TPOIECTepHdi pPeTTey
yIIiH OapibIK HETi3ri KOHE KUBUIBICATBIH KYHJIEPIiH Kepi OalIaHBICBIH €CKepy
KEepeK eKeHI Teopusiapia aWThUIanbl, OYJI KOHTPOIUIEPAIH KipicTepiH TaOyIbl
KHUBIHJATa/Ibl;, JIEMEK, KoJlJgaHOanapia KaHaraTTaHapiblK HOTHXKE aly YIIH TeK
HeTi3ri Kyiepain kepi OaitnanpicTapsl nmaiinananesiiagsl. (José de Jests Rubio,
2018)

Kepi OaiimaHbICTBI CBHI3BIKTHIK OacKapyabl jkoOamaygsl 3epTTey OapbIChIHAA
keseci JIAmyHOBTBIH xylienepai Oackapy, kepi OaiinaHbIC oJicTepi KOJNJaHBUIIBL.
Enni ocel omicrepre jkeke JKeKe TOKTaJIAThIH 00JICaK, OH/Ia TOMEH/IE KeNTipiireH.

1. JISIMYyHOBTBIH OPHBIKTBLIBIK TEOPeMAaJIapbl

JlsmyHOB  muddepeHIMANIBIK TEHACYI AaHBIK HWHTETPAINAyChl3 JKYHEHIH
OPHBIKTBUIBIFBIH aHBIKTAY OIICiH OHJIAN TanTbl, SFHM MEXaHUKAJbIK KacHeTTepai
Tmalgamanapl, KYWEeHIH SHEPTeTHKAIBIK OPICIHIH OHBIH OPHBIKTHUIBIFBIHA OCEP
eTyiH 3eprreai. by JIsnyHOBTBIH Tikelel o/1ici Hemece JISmyHOBTBIH EKiHIII 91ici
nern aranzabl. Kimaccukanblk MexaHuka OOHBIHINIA (GU3HKAIIBIK KYHene SHEPrHAHbIH
TOMEH OOJyBIMEH CaJIBICTBIPFaHIa XKOFAPbl JHEPrUsiFa ne OOJIFaH Ke3/1e, MaCCaHbIH
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OPHBIKTHI OOJIMaraHbIH aWTaAbl. bemmiekrep/iH OpHBIKCHI3 KYHIEH OPHBIKTHI
KYHTe aybICKaH Ke3Jle OHBIH SHEPTHsICHl YHEMI ToMeHAey1 Thic. Erep sHeprusaer £
apKbUTbl @pHEKTeCceK, oHma E >0, dE/dt<( 6onamsl. MeXaHUKAJIBIK OCIHLIATOP
YKYMBICBIH MBICAJl PETiHJIE, SSFHU OCHWJUIATOPIBIH JKBUIIAM/IBIFEI a3alifaH Ke3Je,
YKYWEHIH JKaJIbl JHEPTUACH J]a TOMEHJICT, COHBIH/IA TeTe-TeH/IIK HYKTe/Ie HOJIbIe
alfHAIIBIIT OPHBIKTHI OOJIa IbI.

XKorapeima alTBUIFAaH TPHHIMNTEPAIH HeTiziHme JIsmyHOB Tek kaHa Kyi
SHEPIHSCHI APKBUIBI CHIIATTAIAThIH V(2,X(1)) sHeprust QYHKIMSACHIH KYP/IBL.

>0,ecep x#0,

Erep 7 (1,x(1))

=0,ecep x=0,

V(t, x(t)) < 0060sca, Terne-TeH K HYKTeIer OPHBIKTBUIBIK — KYHEHIH KO3FaJIbIC
TEHJCYIHIH IIemIiMICpl Typasbl akmaparchi3 janesaeHeni. Mysuarel: V(,x(t))-
JIanynos ynkyuscol 1en aTanajibl.

Teopema 1.1. JIUCKPETTI yaKbITTarbl >KyHeepre apHayiraH yiniH JISmyHOBTBIH
OPHBIKTBUIBIK TeopeMachl: x(k+1)=f(kx(k)), x(k,)=x, ocyue Oepincin, mynoa
(0,k)=0 Goschin. XKyiieHiH Terne TeHIiK HyKTeCl x =0 Tem;

1) On ¢yuxuus V(kx(k)) Oap xome OV (k,x(k))=V(k+1Lx(k+1)-V(k,
x(k))<0, Vx#0 maprsl KaHaraTTaHABIPaTHIH Gonca, Kejleci OepinreH xyiie
x, =0 nykrecinme OPHBIKTEI GOJIBIN TAOLLIAIbI.

2) Erep ¢ymkuus Vikx(k)) 6Gap xome [V (k,x(k))=V(k+1,x(k+1))—
=V (k,x(k))<0, maprel kaHaraTTaHABIPaTBIH OONCa, Keleci OepinreH xKyiie
x, =0 mykTecinge acCMMNTOTHKAJIBIK OPHBIKTBHI GOJIBIT TAObLIAIbL.

Bepinren xyiie x =( Teme-TeHIIK HYKTECIHIEC ACHMIITOTHKAIBIK OPHBIKTHI
xoHe x| > oo ymrsurFanna, V(k, x(k)) — oo Gonca, kepcerinren xyitene x, =0
HYKTECIHJIe K€H ayKbIMJIbl aCHMTOTHKAJIBIK OPHBIKTHI 00JbIT TaObLTa el (Wu M et
al., 2010).

Teopema 1.2.Y31iKci3 yakpIT )KyHesnepine apHairaH JIAyHOBTBIH OPHBIKTBUIBIK
Teopemacel x(f) = f(t,x(t)), x(f,)=x, Oepinren xyiene f(¢,0)=0 Gonca, sruu
KYHeHiH Tene-TeHik Hykteci X, = 0 Gombin TaObUIa/IBbL. J

1) Erep V(k,x(t)) OH aHBIKTaIFaH OHE OH TYBIHABICH V (2, X(1)) :=;V(t,x(t))
KapThLIail Tepic aHbIKTanFaH Oosca, keneci Oepinren xyite x, =0 Tetne TEHJIIK
HYKTECIH]Ie OPHBIKTHI OOJIBITT TaOBLIAIBI. J

2) Erep V(kx(t)) OH aHBIKTaTFaH kOHE OH TyBIHABICE V (4, X(?)) = EV(I ,X(1))
JKapThUIal Tepic aHbIKTaNFaH Oosica, Keneci Oepinren xyie X, =0 tene Tenmik

HYKTECIH/IC ACUMITOTHKAJIBIK OPHBIKTHI OOJBIN TaObLIA b

3) Erep 6epinren xyite X, =0 HykTene acHMNTOTHKAIBIK OPHBIKTHI JKOHE
”x“ — oo ymreutranza, V (k, x(k)) = 0 ymreimatein Gosca, kepeeTinren xyiiene
x, = 0 HyKTeCiHle KEH ayKbIMJbl ACUMTOTHUKAIIBIK OPHBIKTHI OOJBIN TaObLIabl
(Liao X. X. et al., 2007).
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2. Kepi 0ailianbicThI Dackapy

Backapy xyiienepi x=f{t,x,u), X €l ", uel” (2.1)
MUHAMUKAIBIK Kepi OaiymaHbic (HeMece IMHAMHKAIBIK KoMmrieHcatop) (2.1)
(dhopmyna OolbIHIIIA KEHEUTINTEH OacKapy *Kyieci O0bIT TaObLIa b

x:f(t’x’ﬂ(taxay’w));
y:g(tﬂxayaw)n
u=ptx,y,w), (2.2)

mynparsl X €,y el] k,we 0" m' > m.

JluHaMuKaNbIK Kepi 6aitnansic (2.2) TypakThl, erep 7' =m oHe o1 MIeNiMHIH
COMKECTIK IMapThIH KaHaFaTTaHIBIPAIbl: OpOip Teric WIemiM YIIiH (X(2),u(t))
Oactankel xyhe (2.1), Oipkenki ¢yHKIusap 6ap (MiHmETTI Typmae Oiperei
emec). (y(t),w(t)) 6epinren GpyHkumsutapMen Oipre (x(1),u(t)) xxyieHi (2.2) Oipuei
kanarartagasipaasl (Clelland J. et al., 2021).

Kyiii GoiiprHIa Kepi OaliylaHbIC apKBUTHI KYHEHI TYpaKTaHABIPY MPoOIeMachl
Kenecineit xyite Typae 6epinren Gonca X = f(,X,u), xepi GainaHbICTBI Gackapy
3aHbIH d3ipiey npobnemacsl ¢ = Y(Z,X), ocbuIaiilla, KOOPJUHATTAPABIH OacTalybl
x=0 Oyn TyipIK >KyHeHiH OipKeIKi aCHMITOTHKAIBIK TYPAKTHI TeIe-TEHIIK
uykreci X = f'(¢,x,y(z,x))Gonbn TabbLIaIbL.

Kepi 6Gaitnamsictel Gackapy 3ampr U =7Y(f,X) omerre «CTaTHKAIbIK Kepi
OaitaHpICy Jmem aTtamanmbl, cebebi OwI x-TiH JKaachi3 (QYHKIHUSACH  OOJIBIIT
KapacTelpputanel. Kelime 013 karmaii OOWBIHIIA TUHAMUKAIBIK KYHI Kepi
OaitraHbICTEI OacKapyasl U = Y(,X,2) konnanamsis. MYHIAFbBI z - X OacKapaThH
JMHAMHUKATBIK KYHeHiH wewimi; ssan Z = g(Z, X, Z) GonbIn Tabbliabl.

L bIFbIC Kepi OalIaHbIC APKBLIbI XKYHEHI OPHBIKTAHIBIPY MPOOJIEMaCh

x=f(t,xu)
y =h(t,x,u)
LIBIFBIC Kepi OaimaHbichl Oap cTaTHKAJBIK OacKapy 3aHbIH 93ipiey mpodieMachl
OOJTBITT TAOBLTAIRT. u(j Y( ,) ¥) Hemece HIBIFBIC Kepi OaitraHbICHl 0ap AMHAMUKAJIBIK
u=yu,y,z

. z=g(t,y,2) . .
T¥I/IBIK )KYI/ICHIH 61pKCJ'IK1 ACUMIITOTHUKAJIBIK T¥paKTI>I TCIIC-TCHO1K HYKTCCI 6OJ'H:IH

Oackapy 3aHbl ochlIaiiIa, KoopauHATTapabH Gacramysl X =0 Gyn

TaOBLIAIEI.

JuHaMuKanelk Kepi OalimaHBICTBI 0acKapy >KarlaWblHIA TYPaKTaHIBIPYIbI
KOKET eTETIH KOOpAUHATTApJbIH Oactamybl X = 0, z=0) kebinece wBIFBIC
Kepi OaiiyaHbic Ti3OEKTepiHAe Ke3mecemi, OUTKeHI KeWOip Ky aiHBIMaTbUIaphIH
eJIeyaiH OonMaybl 9feTTe Kepi OaiiylaHbIc KOHTpOJUIepiHe «OaKblIayIIbLIapIbh»
HeMmece «0aKpUIayIlbl TOPi3/11» KOMIIOHEHTTEP I KOCY apKbLIbl ©TEIE/I.

CraHmapTThl TYpaKTaHIBIPY Moceleci OacTamkpl KOOpPIWHATTapIarbl TeTe-
TEHJIIK HYKTECIH TYpaKTaHIBIPY PETiHAE aHbIKTaJFaHbIMEH, Oi3 >KYHeHi epikKTi
HYKTere KaTbICThI TYpaKTaH bIpy YIIiH OipAel TYKbIpbIMIaMaHbl KOJIIaHa allaMbl3.

3. Kyii xepi Oaiimanbic apKbUTBI OacKapy

3.1 OpHBIKTaHIBIPY
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Kepi Gaitnanbic apKpLIbl 0ap CHI3BIKTHIK )KYHEHIH TYpiH KapacThIpCak:

£ = AE + By (x)[u —a(x)] (3.2)
{57

T(x) oy aiimakrarsl guddeomopdusm D < R", D, =T(D) KOOpIHUHATTAPIBIH
OacranybH KaMTHIBL, (A,B) GackapbutaThlH OONBIN TaOBIIAAbI, OapiBIFBl YIIH
CUHTYIISIpJIBL eMec X € D,fO(O,O) = 0, JKOHE fo(n,é‘), (X(X),)X(QHC V(X)
y3aikci3 quddepernuangananbl. bi3aiH MakcaThIMBI3-KOOPAHHATTAPABIH 0acTaTyhI
z = () OpHBIKTaH/BIpYyFa apHalFaH Kepi OalaHbICTBI Gackapy 3aHbIH d3ipiey
6omprm Ta0buTanel. ((3.1)-(3.2) dpopmynacser (1)-(3) CBI3BIKTHIK Kipic JKOHE MIBIFBIC
KYHeIepiHiH KalbIIThl (POPMYIIACBIMEH aifKbIH AQJIENICHTeH.

n= /%) (1)
E=4&+By)[u-a(x)] 2)

y=C& 3)

Amnaiina (3) ecenrrenMeiinii, ©MTKEH1 y IIBIFBIC Kepi OAlIaHBICTHI TYPAKTAHABIPY
MoceneciHe emkannai pen arkapmaiinel. (3.1)-(3.2) xkyitecine (3.1) TeHmeymi
aNpIll TacTaraHJa Kepi OaiiylaHbICBl Oap CHI3BIKTHIK JKykenep ae Kipemi. bi3
OackapbUlaTbIH KaHOHABIK TypAe Oip kipic Hemece xyn (A,B) xyiienepin
KapacThIPyMEH IIEKTEIMEeNMI3, JKaJlbl JKYHeHi Tankpuiayra keriemis (3.1)-(3.8)
JoHE Oi3/1iH KOPBITHIHABUIAPBIMBI3 KanbiThl (hopmara (1)-(3) Hemece epekiie
KaFainap peTiHie ChI3BIKTHIK Kepi OaiaHblc xKyienepine KoIAaHblIa bl

Kyii kepi Gaiimameic apkbputel — Oackapy U =0(X)+ B(X)U wmynnarsr
B(x)=y7"(x), (3.1)-(3.2) "ymbypsimrsi" xyiiere aeiiin asaiftamsr

URFAURSY (3.3)

£ = A£ + BY (34)

(13.40) Teamey v =K 5 6orca, myanarsl K (ABC) I'ypBur; 6omaTsiaaaif erimn
TaHJal, OHal TypaKTaHIbIpyFa 00maabl. TONBIK TYHBIK dKYHEHIH aCUMITTOTHKAIBIK
TYPAKTBUIBIFBL.

n=rm%) (3.5)

& =(4-BK)§ (36)

KoopanHara 0achIHBIH aCHMITOTHKAIBIK OPHBIKTBUIBIFEI 1) = f,(17,0) keneci
JeMMaza KepceTieni.

Jemma 3.1 Eeep. 1= f,(n,0)koopounammapeiney 6acmanysl acumnmo-
muxanviy mypaxmot 6onca (3.5) - (3.6) koopounammapuvlHell 6ACMATYbL ACUMNIMO-
MUKATBIK MYPAKmsl 001611 maduliaobl.

Honen: (xepi JlsanyHoB) TeopeMachl OolibiHIIA JIAITYHOBTBIH Y3/AiKCi3 Tudde-
peHIMaNaHaThiH  QyHKIuUsICH V(1) Oap % £,@,00<—a,(n|) KehoOip aymanma

n
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n=0, wmynngarer O3 6yn K wiaceiHbiH GyHkuuscel. Con jkakra P = P'>0
JIsmynos Ttemmeyinin memivi Gomamet P(A—BK)+(A—BK)' P=-I xone
V(in,&)= Vl(r,) + kA /,»‘;T PE naiinananca, k>0 Oipre, JlsmyHOB-KaHIUIAT
bynkuusicel peringe (3.5)-(3.6). TyblHABI [/ TeMeHIE KeNTipiAreH GpopMmylaMeH
6epinreH

———E"[P(A-BK)+(A-BK)" PJ¢

k
'fo(n &)+
2{ETPE
_kETE

:_lo ,0 1 0 0 0)]-
anf(Tl) —/s(m.8) = £,(n,0)] \/ﬁ

Kes-keiren 1iekreynmi aynmaHaa KoopauHataiap OackiHa y3aikciz audde-
peHUHMANIaHyFa V/, KHE  f KeHO1p OH k1 JKOHE k2 TYPAKTHUIAPBIH KOJIIaHAMEI3,

Vs =)+ & - €]

k> kl / k2 Tangay )/ Tepic aHbIKTamFaH 606 Ta0bLIaabl. balikaranbIMbI3aai
KOOPJUHATTAP/IBIH 0ACTaTybl ACHMITOTHKAJIBIK TYPAKTHI.

JKorapsijia aliThUTFaHIapaH MUHUMAIIBI (ha3ajiblK KipiC-IIBIFBICHI Oap ChI3BIK-
TBIK JKYHEHI Kyl OOWbIHINIA Kepi OalIaHBICTBI 0ACKapy apKbUIbI TYPaKTaHIBIPYFa
Ooaabl

u=a(x) = Bx)KT,(x) 3.7

(3.7) dbopmyamama 6ackapy 7',(x) toyemmi emec. COHIBIKTaH OJI immiHapa

ywin Vx € D, kanarar-
TaHIBIPATHIH @ GYHKIHSAFA TOYEI i eMec.

Jlemma 3.1 monenmi Tex WMIGKTI *KHUBIHAApAA Xapambl. [leMeK, OHbI TII00aTbIbI
ACHMITOTHKAJIBIK TYPAaKTBUIBIKTBl KOpCETy YIIiH KeHeHTy MyMmkiH emec. bi3
1100aJTb/Ibl aCHMIITOTHKAJIBIK TYPAKTBUIBIKTHL & Kipic peTiHIe KapacThIpFaH Ke3/ie
KyHeHin 1) = f,(n,0) kipicTen Ky#re TypaKThl OOJTybIH Tajam €Ty apKblIbl KOPCETE
aJaMbl3.

Jlemma 3.2 (3.5)-(3.6) hopmymanapsl 2100aib0blK ACUMRIMOMUKATBIK MYPAKMbL,
eeep acytie M = f,(n,&) kipic kytiine mypaxmot 601ca

Honenney: JleMMmaHbl Kongany

Kipicrin kyiire Typakrsuibirsl 1 = f,(17,5) 4.10-6enimae keprenimizei, pop-
MYJachl I100ab/Ibl ACUMITOTHUKAJBIK, TINTI SKCIIOHEHIUAIABI TYPAKThUIbIFbIHAH
TybIHIAMalabl. J{eMeK, Kipic-IIBIFBIC CBI3BIKTHIK KYHEHIH «I100abABIK» MHUHU-
Maibl (haza ekeHiH 01y 6ackapynbiH (3.7) kyiieHi To0anbAbIK TYpaKTaHABIPYFa
ABTOMATTHI TYPJIC KUK OepMeiIi.

Erep mobanasl TypakTbutbiEsl 1 = fo(17,0) xoHe mo6anmpl SKCIIOHEHIMAT B
TypakTel fy(1,$) Oonca, Jlummun (n,§), Oy xarmaiina 4.6 Jlemma 1= f,(1,0)
KYHEHIH KYHIe eHy Ke3iHJe TYpaKTbl OONaThIHIABIFBIH KepceTeni. Oifrnece, 013
OfaH 9pi Tajjay apKbUIbl KipiCTEeH KYWIe TYPaKTBUIBIKTBI OPHATYBIMBI3 KEpeK.
Fanamapik Jlnnmun mapTrapsl Keiie ChI3bIKTHIK 6Cy MapTTaphl IS aTalajibl.
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13.4.2 Isre Tycipy
KanbInTs! Type YChIHBIIFaH JKaJIFbI3 Kipic, )KaJFbI3 MIBIFBIC, CBI3BIKTHIK )KYHEH]
KapacThIPBIHBI3

= 1,0.)
E=A4E+By(x)[u-a)]
y=CZ&

013 JKaNMBUIBIKTHI JkoFaiTnai, f,(0,0)=0 mem ecenreiimMi3. ) IIBIFbIC CUTHA-
JIBIH Kepil OalIaHBICTBI CHI3BIKTHIK JKYHEIeplliH KYW CUTHAJIBIH aCHMITTOTHKAIIBIK
Typae Tipek curnan ¥(f) izime Tycipy Gackapy 3aHBIH KacarbIMbI3 Kenesi. JKyiie
cajpIcTRIpManel P =H, mopexkeciHe ne OONFaH Ke3/e, OHBIH TPHBHAIBIBI €MEC
HOJIIIK JUHAMHKACHl OonmMaiiapl. JKyHeHIH CabICTBIpMANBl Jopexkeci OoJFaH
Ke3JIe Jie OHBIH TPUBHAIILIBI €MEC HOIJIIK JMHAMUKACK OoMaiiisl. By skarnaiina
alfHBIMaJbl JKOHE OHBIH TEHJCYl albIHBII TacTanajbl, Oipak KalFaH JKarbl 1)
e3repicci3 Kaiaabl, TOMEHE KeNTipiIreHae Oomkayra 0oasl:

r(t) JIEHIH KOHE OHBIH TYbIHAbLIaPbI r(”)(t) 6apHI)IFBIHa EKTeNred ¢ > () JxoHe
p TYBIHIBICHI T (p)(f ), t - naH y37ikci3 QyHKIUsS GOIbIN TAOLIAIbL;

Curnangap r,...,r(p ) omaiin peKUMIIE THIML;

Kebinece caHnmplk ecenteynepie Oakpuiay MPOIECIHIH ©3 JICHTeHiHIe
OPBIHJATYBIH aHBIKTAay OapbICBIHIA TIPEK CUTHANBI (0nopHblll cueHan — reference
signal) naiinanansuiaapl. Tipek curHanbl — KyHeHiH OapibIK HEri3T1 3JeMEHTTEpiH
CHUHXPOHJAy 1ICKE achIpbUIaThIH Mep3iMIi CUTHal. BypbIHFBI KapblK KepreH
eHOekrepae ( Huang J. et al., 1990), (Hepburn J et al., 1984) Tipex curHamb
OpHBIHA TYPAKTHI IIaMa aJIbIHFaH.

Tipex curnan 7(f) e3iniH TybIHABIIAPHIMEH Gipre Genrifi 6ip yakbIT QyHKIHS-
CBI peTiHae Oepiryl MyMKiH HemMece OyJ1 KeiOip Kipic CUrHalIbIMEH OacKapblIaThiH
TipeK MOJENBIH MIBIFBIC cUrHAIBI @(Z) Gosysl Mymkin. COHFBI XkKaFaiina » Ty-
pasiel OoypKamMaap TIpEK CUTHANIBIH MOZACTIH AYPBIC TaHAay apKbUIbl OPBIHAATYBI
MYMKIiH.

Conrbl Xarmail 7 OOWBIHIIA XOpaMalAapIbl aHBIKTAMAaJbIK VITiHI TYPBIC
TaHjay apKbUIbl OpbIHAayFa 0oJasl. MBICaNbl, CaabICTRIPMAIIBl CKIHILI JopesKeni
KYHe YIIiH TIpeK CHTHaJIABIH MOJEINiH TackiManjay (DyHKUMSICHIMEH YCHIHBUIFaH
eKiHIL PeTTi CHI3BIKTHIK YaKbIT - ”HBAPHAHTTHIK JKYle O00Tybl MYMKIH.

2
Q)

n

s*+260° + @]

MyHJIa OH TypakThuiap ( OepiureH Kipic CHTHaJbIMEH w(¢) TIPEK CHUTHAIIBI
KAJBINTACTHIPY YIIiH TaHmanansl. Tipek curaan 7(f) HAKTBI yakbIT pexXuMiHIe
KYH MOJIETIiH KOJI/TaHa OTBIPHII )Kacalybl MYMKiH

=¥
Y, =—0Ly, —260,y, + O;w
r=y
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Connpikran, r(t), F(t), *xoHe F#(f) oHmaiiH pexumzae Ttuimmi. Erep w(r)
Y3IIKCi3 HmekTenred QyHKIMs, ¢ OonraHHaH KeliH r(f), 7(f), )KoHe F(f) KaxkeTTi
OoypKamIapIbl KaHaFaTTaHIbIPAIbI.

r él—r
9{: 5 e= :é_ER

pP D gp_,(;»l)

A¥iHBIMaNBLIAPABI ayBICTRIPFaHA e =& — R
n=/.e+R)
¢=Ae+B {y(0)u-ax)]-r"}

Kyit kepi Gailnaubic apKbuibl Gackapy —u =a(x)+B(x)|v+r? | MyHnarsl B(x)=
=1/y(x), KaabIThl OPMAHBI KACKAATHIK sKyifere jeitin azaitragpt 1 = fo(1,e+R)

¢=Ae+B.3I

Bi3nig MakcaThIMBI3 €KIHII TEHACYAl TYPaKTaHIbIPATHIH KOHE O9piHE MIEKTEeYIi
t>0 GonarembiHa ko3 xkerkizy. ¢ =—Ke, mynna A, —B,K T'ypeun 6onca,
KYUIIIH TOJBIK Kepi OalTaHbIChIH Oackapy Kemeci popMyira apKbUTEl CHTIATTAabI:

u=a(x)+ B(x){-K[T,(x) - R+r?} (3.7)
aJ TYMBIKTaJIFaH Xyile MbIHaIall Typae

1= Jo(me+R) (3.8)
é=(4e+B.K) (3.9

MuHUManAsl  (asamblk — oKyilenepe apHAIFaH — OACTAIIKBI n=f,n,0)
ACUMITOTHUKANBIK Oomanel. byn (kepi JlsamyHOB (yHKIMSICBI) TeopeMachlHAH
msiFaTeiasl skeTkinikTi €(0),17(0), xone R(?), KYit 77(¢#) GapibiFbiHa IIEKTEICTIH
Oomamel t>0. Oceburaiiima, Ky kepi OGaiinambic Oackapy (3.7) ¢dopmynana
JIOKAIBJIBI 13T TYCipy MaceseciH menreai. backapynbiH xapaMIabUTBIFBIH [TI00a BT
Oakpliayra Jeiiin KeHelTy yuiin, MyHaa ke3 kenred mekrtenren R(f) gpyHkimsace
00TyBI MYMKiH, 013 TII00ANABI TYPAaKTaHIBIPY Ke3iH/Ie Ke3/IeCEeTiH MaceTeNepre Tamn
Oomamebr3. [T106anmp! i3re Tycipyai KaMTamMachl3 eTyIiH KEeTKUTIKTI IapThl KYHeHIH
KY# TYPaKTbUIBIFBIH 1] = f;(17,&) enrisy Gonbin Tabbutas. (Khalil H.K., 2002).

4. Kepi 0ailjiaHbICTBI CHI3BIKTBIK 0acKapybl :xo0ajnay

ExiHII peTTi ChI3BIKTHIK €MeC KYHEeHiH Kyii:

{ X =X,
X, = /(%) +g(x)u (4.1)

T o ) —

MYHZarbl X =[X,,X,] - Ky# BEKTOpBL; u - OacKapy CUrHaibl, ) = X - LIBIFBIC
CUTHAJBI, f(X) - TETiC CBI3BIKTHI eMeC QPYHKITUS, g(X) OYII TeTiC CHI3BIKTHI EMeC JKOHE
HOIIIK eMeC (PyHKITHUSI.
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Backapynein makcarsl e(t) = y(¢) — y,(¢), HOIre KaKblHIaraH ,1_1>IEO e(®)=0
HIBIFBIC 131HE TYCIPY KaTeNiriH aHBIKTAY OOJIBIT TaObLIAJIbI. '

Kepi OaitmaHbICTBI CHI3BIKTBIK 0AaCKapy CXeMachl CHI3BIKTBIK OacKapysl KOHE
TiIpeK CUTHAJ i3re Tycipyai OGackapyasl KaMTHIBI.

ChIBBIKTHIKTAHABIPY/IBI  0acKapy CBI3BIKTHIK €MEC KYHEHI CBhI3BIKTBIK XKyiere
TYPIACHAIPY YIIIH KOJJaHBLIA b,

I3re Tycipyni 6ackapy TEOPHSUIBIK CBHI3BIKTHIK OacKapy HETi31HJE JKacaabl.

ChI3LIKTbIK eMeC Xyiie

- Ya lare Tycipyai i | CoiabikTbikTarabpyas] U |
Gackapy Gackapy [—> Chi3bIKTbIK eMec xylie
T"—‘

y

1 cyper-Kepi GaiinaHbIcThI OacKapy KYpbUIBIMBIHBIH CXEMachl
(Fig. 1. Feedback control structure scheme)

1-kaoam: IbIFBIC CHTHANIBIH TipeK i3iHe TyCipy KaTeciHeH TYBIHIBLIAP/IBI

YaKbIT OOMBIHIIA KOIIIPY, 131HE TYCY KaTeiri: e=y -y (4.2)
[3iHe TyCy KaTeniriHeH yakpIT OOfbIHIIA |-111i PETTi TYbIH/BL:
=y, ~V=y,~x (4.3)
[3ine Tycy KaTemnirineH yakbIT OOHBIHIIA 2-1111 PETTi TYBIHABL:
e=y,— %=y, f(x)-g(x)u . (4.4)
2-kadam: CHI3BIKTHIK GacKapy/sl xobanay: ¥ = @(—f (x)+v) (4.5)
(5) - Ti (4) - Ke aybICTBIPFaHIAFbl HOTWIKE KeJleciiel Oonanpl: =3, —v  (4.6)
3-kaoam: 13ine Tycipyni 6ackapymusl kobanay: vV =y, + ke +k,e 4.7)
4-gaoam: backapy mapameTpIiiepiH TaHIacaK:
(6) opubiHa (7) Koiicak, keneci Typae kepcerineni: € =—keé—k,e (4.8)
CunarramanblK TEHICY apKbUIbl ©DHEKTEYTe O0maubl s° + ks +k, =0 (4.9)

KaiiTa perrey, OenrieHreH peXuM yakbIThl HEMECE TYpPaKThl PEKHM Kareci
HETi31H/Ie KKETTI CHUIMATTaMalblK TEHJCY ajblHybl MYMKiH. Exi cumarramalbik
TEHJICY/l CANBICTHIPY apKbLIbl OaCKapy MapaMeTpiIepiH aHbIKTayFa 00JIaIbl.

5-kadam: Tipex curHajra apHajJFaH TOMEH KUK CY3TICiH jKacay TOMEHIE

KeNTipireH:
1

GL/(S) = (4.10)

MasTHUKTI KapacThIpaibIK: ml’G+ B +mglsin(q) =u (4.11)

Mysnaret  m=0.1 (kg), I=1(m), B=0.01(Nms/rad)

MasTHHK YIIIiH Kepi 0aliIaHbICTHI CBI3BIKTHIK OacKapyabl xxodamayaa POT<10%
KIHE T, ,<0.3 mbIFbIC cUMaTTaManapbiHa KOJl JKETKi3y KamTamackl3 eTinesi. Tipek
CUTHAJ UMITYJIbCTIK CHUTHAJT OOJBIN TaObIIa b,

I ermim:

MasTHUK OKyHeciHiH aifHpIMambl KYWiH aHBIKTacak: X, =¢,X, =g IKoHE
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WBIFBIC YV =¢ =X, Oomnca, (4.1-4.4) ¢opmynairapelH KOJIJaHCAK, MYHIAFbl

g . B 1
J(x)=—=sin(x,) ——2x2,g(x) =—7
[ ml ml
O3ipJIeHTeH TalanTapra cyiieHe oTeIpbIn: POT = exp[ ]_57; ] <0.1
- £>059 - £=07
= <03
SW,

— w,>19.05> w, =25

KakeTTi cumaTTamMaHbIH TYKBIPHIMIAMAChI Kellecinei sS4+ 28w.s+ wj =0

§*+355+625=0 (4.12)

(4.8) xoHe (4.9) dopmynanmapasl ecentey apKbUibl Oackapy mapamerpliepi
Kejecige Tannananel k, =35k, = 625.

S-Kaodam: TOMEH KHAUTIKTI PHIIBTp JKacacak: G, (5)= %

HorTuxe (0.1s +1)

Matlab opracembiH Simulink opraceiHma OCKITINTEH KajaM eJIIeMi peTiHe
0,01 cexyHI anbIHIBI, a1 MOACIBCY YaKbIThl: 20 ceKyH I OObIT TaObLTA b

Keeci MagTHUKTIH CBI3BIKTBIK €EMEC MOJIEITIH

(4.13)

f)= —%Sin(‘l) ‘%4»8 (%) =7 KOJLIAHBIII, CHISBIKTBIK GACKapyIbl Kobanayra
apHaJIFaH y =g (x)(-f(x)+v), MYHIAFbI

X,-0 OYpBIITHIK no3unus [rad];

i OyprIITHIK mo3umus [rad/s];

m-MasTHUK Maccachl [kg]; m=0,1;

[-MasTHUK Y3bIHIBIFEI [m]; 1=1;

k-yiikenic ko3 dunmenti [Nm/rad/s];

g-rpaduranusuibik yaey [m/c?]. g=10;

B=0.01 6osca, 3- cyperTe KenTipiAreHAeH MasTHUK KYPaCTHIPBUIIBI.

@—’ ) 1 1

q 4 qddl— - leml - »( 1)

Pendulum s s q

qd
M
aATHUK 5 @

d

2 cypert. Simulink-Te MasTHUK OJOTHIHBIH KYPAaCTBIPBUIFaH CXEMACh
(Fig. 2. Built-in scheme of the pendulum block in Simulink)

I3ine Tycipymi 6ackapyusl skobanay: v =y, + ké+ k,e 6oica, onma k1=35, k2=625
TeH Oosca, oHpa 3 cyperre Simulink-te Tipek OJOTBIH KypacThlpambl3.

1
0.01s2+0.2s+1

VIMRynic reHepaTopsl  Temen suinikTi pUnsTp

yd_2d
Derivative

3 cypert. Simulink-Te Tipek OIOTBIHBIH KYPaCTHIPBUIFAH CXEMAaCh
(Fig. 3. Compiled scheme of the support block in Simulink)
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JlMHaMHKaJBIK KYHe KOHTPOJUIEpJEepiHiH HIBIFBICHIH KOJIAHBIN, Kepi Oaiina-
HBICTBI CBI3BIKTaHBIPYABIH MBICAJIBI TYHBIK JKYHE KOHTYPBIH UMHUTALMSIANTHIH

Simulink Library Browser kemeriMeH MasTHUK, TipeK CHTHAJIbI
xanranapl. Oy TeMeHeri 4-cypeTTe KopceTiireH.

N

¥ e [
ITR ad

ITE a2d

Tipex curran:

|, Trackingcontrol

‘ Kepi 6aiil.1aBbICT bI CHI3BIKT BIK 0aCKapy

]

—

as
T TYCIpyAl Gackapy ’—> ad

a
LinerizationControl

‘ChisbIKTaHbIPYAb OaCKapy.

-]

Kipic Gackapy curHams!
u

)

Masm

q

Wersic carmans

Kocy

Kare

4 cyper. MATLAB Simulink-Te jasrsl Moaesb/ey KYpbUIbIMBI
(Fig. 4. General structure of modeling in MATLAB Simulink)

U CBIBBIKTaHABIPYABl OacKapy CHTHAIBIHAH KEHiH TeMeHIe 4-CypeTTe Kipic

CHTHAJIBI HeMece OacKapy Mozelli TOMEHIET1 CypeTTe KeATipiIreH.

5 cyper. Kipic curnansl Hemece 6acKapy TPaeKTOPHUSICEI

(Fig. 5. Input signal or control trajectory)

Keneci 6-cyperTe HIBIFBIC CHTHAJBIHBIH KayaObl KbI3FBUIT TYC OOJCa, KOK TYC

TiIpEeK CUTHAJIBI KEJITipiJIreH.

BypeILTBIK NS

T
1

T

0
v ceryra)

6 CyperT. [prFpIc CUTI'HAJIBIHBIH TPACKTOPUSACHI

(Fig. 6. Output signal trajectory)
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Keneci ke3nelicok Kareiik 7-CypeTrTe KOpCeTiireH.

oo (e
e s
.

-
7 cyper. Ke3azeiicok Karenik TpaeKTOpHUsIChI
(Fig. 7. Trajectory of random error)
Tajakbliay

X=X,
MasTHUKTIH CBHI3BIKTBIK €EMEC MOJIEI]

: g . k 1 (1)
x, =—=sin(x) —-—+—
2 / () ml®  ml* !
0azanblk, (yHKOHOHANABI OJOKTap MeH uHTerparopinap apkbuisi MATLAB

Simulink-TiH Heri3ri OJOKTaphl apKbUIBI MOJCIBJICHYI TOMEHJC KeITipiiareH
cyperrepue kenripiiren (Kwadzogah et al., 2014).

8 cyper. @yHKIMOHAJIBI OJIOKTAP MEH MHTErPATOPJIap apKbUIbI KYPBUIFAH CXEMAChl )KOHE HOTHKEC]
(Fig. 8. Scheme and result created by functional blocks and integrators)

1
5
H

Trigonometric
Function

9 cyper. Bazansik GJI0KTap MEH HHTErPaTOPIIap apKbUIbl KYPHUIFAH CXEMACHI KOHE HOTHIKECI
(Fig. 9. Scheme and result created by functional blocks and integrators)

Kepi 6aiitaHBICTHI CHI3BIKTAHABIPY JKOHE OYJT OTICTI THHAMUKAIIBIK )KYHETIePIiH
KOHTPOJUIEPIIEPiH aHBIK TYpAE ajly YIIiH Kajail maiiamanyra O0JaThIHBIHBIH JKOHE
TYHBIK J)Ky¥eHi MmonenpaeiTin Simulink Gmok-cxemanapst 10 cyperte Gepinres. Opi
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Kapaii, 013 kepi OailIaHBICTHI CHI3BIKTHIK OacKapy 3aHbIH MojeibaeiMi3. backapy
napaMmeTpiepi ¢, =8, ¢ =6 KeJeci 0ackapy 3aHbIH TOMEH/ICTiIeH aHBIKTAIA/IbI.

1 .
u= Z[%sm(xl) —8x, - 6x2j

"= l(Esin(e) — 80— 69‘) )
k\ 1
(2) dopmymanel, srHE Oackapy 3aHbIHA COWKeC KeleTiH Kepi OalaHbBICTHI

CBI3BIKTBIK 0acKapy 3aHbIHA COMKeC KeNETIH KYPBUIBIMIBIK ChI30achl TOMEH/E 9
CypeTTe KeNTipiireH.

k 1 -
S _| dot_theta S | theta
theta plot

10 cypert. TyiipIKkTasFaH )Kylie KOHTYPBIHBIH KYPBUIBIMIIBIK CBI30aChI
(Fig. 10. Structural diagram of a closed system)

XKytieHin peakmschl OyJ1 )KyMBICTa TYHBIK CBI3BIKTBIK €MeC KapanaibiM )KyHeHi
ACHMIITOTHKAJIBIK OPHBIKTAHBIPYABI C€H HETi3T1 9Jlic Kepi OailiaHbIC 9/1ici apKbLIbI
OPHBIKTaHJBIPY MBICAIBI KOMIbIOTEpAE Mojenbaey eceli (theta alfHBIMAIBICHI)
temenze 10-cyperre kenripinren (Bahadirova G. et al.,2023).

0 1 1 1 I — | L L L

0 1 2 3 4 yalgbﬁ‘ 6 7 8 9 10

11 cyper. Ty#bIK yliene acCHMITOTHKANBIK TYpHe Kepi OalilaHBICTICH CHI3BIKTHIK eMec OacKapy
3aHBIMEH OPHBIKTAHIBIPLTY MOJEII
(Fig. 11. Stability model with nonlinearized control law with feedback asymptotically in a closed
system)

11 cyperTe KoFapblia MaKataaa KeNTIPUITeH ChI3BIKTBIK eMEC XKYHe YIIiH Kepi
0aifmaHpICTBI CHI3BIKTHIK Oackapyzbl skobanay mporeci Simulation Data Inspector
apKBUIBI allIKaH/a KOPIiHIiCI KeNTipiiareH.
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12 cypet. Simulation Data Inspector Tepeseci
(Fig. 12. Simulation Data Inspector window)

KopbIThIHABI

ExiHmi perTi CBI3BIKTBIK €MeC JKyWe YIIIH JKalIbl TYKbIpbIMIamaaa Kepi
OaliTaHBICTICH CHI3BIKTHIK Oackapy kacaiasl. MasTHHKTIK xyiie ymin MATLAB
Simulink-Te koMmbrOTEpITIK Mozenbey Kyprizingi. Kepcerinren Tocin Oip
Kipici jkoHe Oip MIBIFBICHI 0ap CHI3BIKTHIK €MeC JKyie YIIiH jKy3ere achbIpbiiaibl.
Bonamakra 0ackapy sKy#esnepin jxobajiay Ke3iHJe KeHOIp Keml Kipic »oHE Kell
HIBIFBICHI 0ap CHI3BIKTHIK EMEC JKYHeIepi KapacThlPbLIAJIb.
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Abstract. With the development of genome sequencing technology, the use of
computational technologies to predict the function of proteins has become one of the
important tasks of bioinformatics. Early research in this area was based on sequence
similarity and assumed that proteins with similar amino acid sequences had similar
functions. However, previously proposed methods for predicting functions often
failed to reveal hidden patterns between proteins and gene ontology terms, which
reduced the accuracy of functional annotation. Deep machine learning, as many
studies show, copes with this task at a higher level. First, deep learning methods can
be trained on large amounts of protein sequence data without considering additional
information about protein properties. Secondly, deep learning approaches solve
such side problems as data noisiness, their redundancy and high dimensionality.
The combination of a self-attention mechanism and a bidirectional network with
long-term short-term memory can be used to solve the problem of protein functional
annotation. Bidirectional LSTM is used to obtain both global and local information
about the properties of protein sequences, as well as to store the information obtained.
The self-attention algorithm is applied to make optimal use of the relationship
of the sequence and information about the functions of different positions of the
sequence, which will increase the reliability of the prediction. The python language
was chosen as a tool for implementing the algorithms, the model was trained for 50
epochs and tested on an experimental dataset of the Indica protein obtained from
open sources.The results of the experiment show that the algorithm for combining
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the self-attention mechanism and the bidirectional network with long-term short-
term memory outperforms other traditional neural network algorithms and can
more accurately predict protein function, which shows the possible applicability of
the algorithm in functional annotation of protein sequences.

Keywords: bidirectional LSTM, self-attention, function prediction, proteins,
machine learning
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AHHOTAamUsA. [EHOMJBI  CCKBCHHPJICY  TCXHOJOTHSICBHIHBIH  JaMybIMEH
OCNOKTap/AbIH KbI3METIH OOJDKAy VINIH €CENTey TEXHOJOTHSIAPBIH KOJNJIaHy
OmomH(pOpPMaTHKAaHBIH MaHBI3/IBI MIHJCTTEPiHIH OipiHe aiHammbl. by camamarbl
QIFAIIKBl  3ePTTEYJCp JOHCKTUTIK YKCACTBIFBIHA HETI3JCNTeH JKOHE YKcac
AMUHKBIIIKBUIAAPEl Ti30eri Oap OemokTapablH ykcac (yHKOHsiapbl Oap men
OomkaraH. JlereHMeH, QyHKIUsIapAb! OoMKay YIIiH OYPBIH YCHIHBUIFaH JJiCTEp
KeOiHece OelloKTap MEH TeH/IK OHTOJOTHS TEPMHUHIEPI apachIHIAFbI JKACBIPBIH
3aHJBUTBIKTAPIBI allla ajaMajbl, Oy (YHKIHOHAIBIK aHHOTAIMSHBIH JOJITiH
ToMeHeTTi. TepeH MalIMHATBIK OKBITY, KONTEreH 3epTTeyliep KOpCEeTKeHIeH,
OyJ1 TamnchlpMaHBI KOFaphl JICHTeWIe >KeHeli. bipiHmrigeH, Oenok Kacuerrepi
Typajibl KOCHIMINIA aKHapaTrThl ecerke aiMaii-ak, aKybl3 Ti30eri JaepeKTepiHiH
YJIKeH KeJieMi OOWBIHINA TepeH OKBITY OMIiCTepiH yhperyre Oomnanbl. ExiHImineH,
TEPeH OKBITYy TOCINAEpl MEPEKTEPAiH IIYJIbUIBIFBI, OJNAPBbIH APTHIKTHIFBI YKOHE
JKOFaphl OJIIEMIUNTT CHAKTHI JKaHaMa Mocellelepial miemeni. ¥3aKk Mep3iMIi
KBICKa Mep3iMJIi Jkajpl 0ap e3iHe-631 Hazap ayJapy MEXaHW3Mi MEH KOC OarbITThI
XKelll KOMOWHAIMSICH OCNOKTHIH, (DYHKITMOHAIIBIK aHHOTAIUSCBIHBIH MOCENeCiH
hienry YUnH nainamnansirysl MyMKiH. Exi Garerrtel LSTM mportenn Ti30erinin
KacHeTTepi Typalibl FalaMJIbIK JKOHE JKEPTUTIKTI aKMaparThl aly YIIiH, COHIali-aK
aJIBIHFaH aKIapaTThl CaKTay YIIIiH KOJIaHbUIaAbl. O31H/IIK Ha3ap aynapy aaropuTMi
PETTUTIK KaThIHACKIH JKOHE PETTLIIKTIH OpTYPIi MO3UIHMSIIAPBIHBIH (YHKIUSIAPHI
TypaJibl aKmaparThl OHTANIBI Malganany YIIiH KOJIaHbUIaAbl, OV OOMKaMHBIH
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CEHIMJIUTITIH apTThIpaabl. ANTOPUTMAEPAl €HTi3y Kypaibl PETiHJAe MHTOH Tiji
TaHAaiabel, Moaenb 50 1oyip OOMbBI OKBITBUIABI )KOHE aIllbIK KO3JCpAeH allbIHFaH
Indica npoTenHiHiH TOKipUOETIK IepPEeKTep KUHAFBIHA ChIHAKTaH oTTi. Toxipnode
HOTIDKENIEepl KOpCeTKeH 1eH, e31He-031 Ha3ap aynapy MEXaHW3Mi MEH eKi OarbITTHI
JKEMHI ¥3aK Mep3iMai KbICKa Mep3iMai JKambIMEeH OipiKTipy anropuT™Mi Oacka
JOCTYPIIi HEHPOHBIK JKei alTOPUTMJEPIHEH achIll TYCEHl KOHE aJTOPHUTMHIH
MYMKIiH OONaThIH KOJaHy MYMKIHAITIH KOpPCETETiH aKybl3 (QYHKIHUACHIH AdJTIpeK
Ooipkayra 0OJajIbl. aKybI3 TI30SKTEepiHIH (PYHKIIMOHAIIBIK aHHOTAIMSICBIH/IA.

Tyiiin ce3aep: exi OarbirTel LSTM, e3iHIIK 3€iiiH, MYMKIHAIKTEpl OoKay,
aKybI3/1ap, MalTHHAIBIK OKBITY
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AnHotrammsa. C  pa3BUTHEM TEXHOJOTMH CEKBEHHPOBAaHUS  TeHOMa
WCIIOJIb30BAHNE BBIYUCIUTEIBHBIX TEXHOJOTHH JUIS MPOTHO3UPOBAHUS (YHKIIHN
0EJIKOB CTaJI0 OTHOM M3 BaXKHBIX 3a/1a4 OnonH(opMaThky. PanHue nccinenoBanus B
ATOM 001aCTH OCHOBBIBAIMCH HA CXOJICTBE TIOCIIEIOBATEIBHOCTEH U IPEIIIOIaraiu,
9TO0 OENKH CO CXOKUMH aMHHOKHCIOTHBIMH ITOCIEOBAaTENHOCTIMUA HMMEIOT
cxoxkue (yHknuu. OJHAKO TPEUIOKEHHBIE paHee METObl MPOTHO3UPOBAHUS
(YHKIMI 9acTO HE MOIJIM BBISBIATH CKPBIThIC 3aKOHOMEPHOCTH MEXIY OelKaMu
YU TePMUHAMH TCHHOH OHTOJIOTMH, YTO TOHIIKAJIO TOYHOCTh (PYHKIIMOHAIHLHOIO
aHHOTHPOBaHMS. [JTyOMHHOE MalMHHOE OOYyYeHHe, KaK TOKa3bhIBaeT MHOXKECTBO
WCCIIEZIOBAaHUH, CHpaBIsIeTCs C DJTOW 3ajadeld Ha Oojiee BBICOKOM YpOBHE.
Bo-nepBbIX, MeTOABl TITYyOMHHOTO OOy4eHHUs MOTryT oOydaTbcs Ha OOJBIIUX
0o0beMax JIaHHBIX OCIIKOBBIX IOCJICIOBATEIBHOCTEH, He MPUHUMAas BO BHHUMaHUE
JOTIONTHUTENFHYI0 HMH(OPMAIMI0 O CBOMCTBax OenkoB. Bo-BTOpBIX, MOIXOIBI
DTyOMHHOTO OOYyYEHHs PENIaloT TaKhe MOOOYHBIC 3aMaud KaK 3alryMIEHHOCTD
JAHHBIX, UX H30BITOYHOCTD U BBICOKAsl pa3MepHOCTh. KoOMOMHHpOBaHHE MEXaHH3Ma
CAMOBHHMMAaHUSI W JIByHAIIPaBIICHHOW CETH C JIOJITOBPEMEHHOUW KpPaTKOCPOUYHOM
MaMSATBI0 MOXKET OBITh HCIIOB30BAHO JIJISl PEIICHUS TPOOIeMbI (PYHKIIMOHATILHOTO
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aHHOTHpOBaHus Oenka. [IByHampasienHas LSTM wucnonb3yercs Ui MOTy4eHUs
KaKk [I00aJbHOH, Tak M JIOKAJIbHOW HH(POPMALUM O CBOWCTBAaX OEJIKOBBIX
MOCIIeIOBAaTeIbHOCTEH, a TaKKe U COXpaHEHHs MONYyYeHHOH WH(POpMAIHH.
AJTOPUTM CaMOBHHMMAHHUSI TPUMEHSETCS Ui ONTHMAIbHOTO HCIOIb30BaHUS
B3aMMOCBS3H II0CJIEIOBATEILHOCTY M MHPOpPMAUUH O (QYHKIMAX Pa3IMIHbBIX
MO3ULHUI OCIEA0BATEIILHOCTH, YTO HOBBICUT HAJEKHOCTh IPOTHO3UpPOBaHus. B
KauecTBE MHCTPYMEHTA Ul peajiM3alliy aJrOpuTMOB ObLT BBIOpaH s3bIK python,
Mozienb o0ydyeHa B TeueHue 50 310X M MPOTECTHPOBaHA HA IKCIEPUMEHTATBHOM
Habope naHHbIX Oenka Indica, ToyueHHOTO U3 OTKPBITBHIX HCTOYHHUKOB. Pe3ynbrars
JKCIIEpUMEHTa TIOKa3bIBalOT, YTO aJTOPUTM KOMOWHHUPOBAaHHUS MEXaHH3Ma
CaMOBHUMAaHHUSI W JIBYHAIIPaBJIEHHOW CETH C JIOJTOBPEMEHHOM KpaTKOCPOUYHOMH
NaMsTBIO HPEBOCXOOUT APYrHe TPAAULUOHHBIC AJTOPUTMBI HEHPOHHBIX CeTeH
n MOXeT Oojiee TOYHO IPOTHO3MPOBaTH (QYHKIHIO O€jiKa, YTO IOKa3bIBACT
BO3MOJKHYIO MPUMEHHMOCTb aJrOpuTMa B (PYHKIHMOHAJIBHOM AHHOTHPOBAaHHUU
OEJIKOBBIX MOCIIEIOBATEIBHOCTEH.

KuroueBnle cioBa: apyHanpasinennas LSTM, camoBHHMaHMe, MpeacKa3aHue
(dbyHKIINH, 6€TTKH, MAITMHHOE 00yJeHHe

Beenenne

[Ipenckazanue (yHKIM OenKa SIBISIETCS CEPhe3HOW MpoOiieMoil B 00IacTu
ononHpopmatrky. Cpa3BUTHEM TEXHOJIOTHH CEKBEHUPOBAHMS OCHOBHBIM METOJIOM
MIPOTHO3UPOBAHMS PYHKIHI OJIKa ABIISIICS METO OMOJIOTHYECKUX SKCIIEPUMEHTOB,
KOTOPBIM TpeOoBaj OOJIBIIOrO KOJIMYECTBA MAaTEPHaIbHBIX PECYPCOB U BPEMEHH.
VYBenuuuBarmasics CKOPOCTh POCTa JAHHBIX O TOCIEAOBAaTENBHOCTSIX Oelnka
clenajga pPy4YHYIO aHHOTALHMIO HEKOHKypeHTocnocoOHoW (Caupnust u  1p.,
2015), a BBIUMCIUTEIBHBIC METOABl AHHOTAIMM CTajJd OCHOBHBIMH B 0OIacTH
nporHo3upoBanus ¢pyHkuuit 6enka (Lzsu u ap., 2017).

Pannue BerunciauTeabHble MeTOBI Hcnoib3oBand BLAST, PSI-BLAST, FASTA
U Jpyroe MporpaMMHOe obecredeHre JJis MOUCKa MOX0XKHX MOCIIeI0BaTeIbHOCTEH
Ka)xoro Oenka B oOydaroieM Habope, a 3aTeM Mpe/roiIaraiy, YTO aHATOTHIHbIe
nociuenoBaTebHOCTH HMMEIOT cxokue ¢ynkumun (I'mmumc w o gp., 2013), un
MUTPHPOBaNK aHHOTaUUM (yHKuuid OenkoB. C pa3BUTHEM HCKYCCTBEHHOTO
WHTEJUICKTa MHOTHE METOJIbI MAIMHHOTO OOYYEHUS CTalld MIMPOKO MPUMEHSITHCS
JUIs IPOTHO3UpOBaHus OenkoBbIX (yHkuuil. Hampumep, SVM-Prot (Llait u np.,
2003) mciop30Baj cOCTaB M TpaHCHOpMAIIHIo OelTka, 0COOCHHOCTH PacTIpeACIICHUS
u anroput™ SVM anst nporno3upoBanus ¢yHknuii 6enka. ProMK (FO u ap., 2015)
o0beanHmI anroput™ KN ¢ s ThI0 pa3nnyHbIMA METOJaMU U3MEPEHHUS PACCTOSIHUI
MEX]Y XapaKTepUCTHICCKIMU 3HAYCHUSIMH JUIS TPOTHO3UPOBaHMS (DYHKIINI Oenka
B pa3iIMYHBIX HaOOpax JaHHBIX. MHOTME ApYrHe HCCIEAOBaTeNIN HCIOIb30BAIN
pa3yin4Hble METO/bl MAIIMHHOTO O0y4eHus Ul HpeackazaHus QyHKuuil Oenka u
JOOMIIICH XOPOUIMX PE3yNbTaToOB, TAKHX Kak coBMecTHOe oOyueHue (Ham u mp.,
2005), nanBHas OaiiecoBckast mozenb (FOced u ap., 2008), cnyyaiinsiii nec (UeH n
np., 2005) u apyrue.
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Onnako HermyOOKHE METOAbl NPOTHO3MPOBaHMS (QYHKIMH OEJIKOB YacTo
3aTPYIHSIOT BBISIBIEHUE TITyOOKNX (HETMHEWHBIX) B3aMMOCBA3EH MEXAy OenkaMu
n ¢yHkuumoHanpHbIME TepMuHamu Gene Ontology (GO). Ilo cpaBHeHuio ¢
TPaIUIIMOHHBIMU METOJaMH MAaIIMHHOTO OOYYEHUsI, METO/bI IIIyOOKOro 00y4yeHus
MOTYT 00yd4aThbCsi HAa MACCHUBHBIX JaHHBIX O TMOCIEIOBAaTEIBHOCTAX OeNKoB 0e3
pa3paboTku npusHakoB. [loka JaHHBIE aMUHOKHMCIOTHOM MOCJIEIOBATEIbHOCTU
MPOCTO 00padaTHIBAIOTCS, UX MOKHO HAIPSMYIO BBOJWUTH B HEHPOHHYIO CETh IS
oOyueHus. MeTozbl TyOOKOro oOydeHHs pelaroT NpoOJeMbl, KOTOPbIE TPYAHO
ObUIO PELINThH C IOMOLIBIO TPAIULUOHHBIX AJITOPUTMOB MALIMHHOIO OOy4YeHUs B
MPOIIIOM, TaKHE KaK BBICOKAs Pa3MEPHOCTh, M30BITOUHOCTh U BBICOKUH YPOBEHB
LIyMa, BbI3BAaHHbIE MACCHBHBIMU JJAHHBIMH O IIOCJIEOBATEIbHOCTSX OCIIKOB.

DeepGO (KynamanoB u jp., 2018) kak ojHa M3 MEPBBIX MOJEICH TITyOOKOIro
o0ydeHHs] HMCHOJIb30BaJIa AJITOPUTM CBepTouHOW HerponHoW cetn (CNN) mmst
MIPOTHO3UPOBaHUS (DYHKITHH O€JIKa C HCTIONb30BaHIEM PAa3IMYHBIX HAOOPOB TaHHBIX.
3710 OBUI ANTOpPUTM TpenckazaHus (QyHKUUH OENKOB MO TOCIEAOBATEIbHOCTIM
phstein u ceTsim PP1. Ha ocroge anroputma DeepGO 6511 pazpadoran DeepGOPlus
(KynmanoB u ap., 2019) ans mporHo3upoBaHusi (QYHKIUH O€lKa TOJIBKO IIO
AMHMHOKHCJIOTHBIM TIOCJIEA0BATEILHOCTSIM, B KOTOpoM Mozesib CNN coueraercs ¢
MmetonoM BLAST, ocHoBaHHBIM Ha cxoicTBe. OH 00BEIMHII IIPOTHO3bI HEHPOHHON
CeTH C METOJaMHM, OCHOBAaHHBIMH Ha CXOZICTBE MOCIEI0BAaTEIbHOCTEH, I coopa
nHGOPMALMK O B3aUMOJICHCTBHN.

B ProtConv (Capa u ap., 2021) anroputm CNN ObuT nipeacTaBiieH u 00ydeH
IUIs 3a7a4d NPOrHO3upoBaHust QyHKOMK Oenka. OH mpeoOpa3oBajl BEKTOPHOE
MIpEJCTaBIEHUE IIOCJIE0BAaTeIbHOCTH OefKa WM TMenTHaa B JIByMEpHOE
n300pakeHue ¢ OAHUM KaHaIoM, KoTopoe nogaercsi B CNN.

Hecmotps Ha TO, YTO TIpeASIOKEHHBIE BBIIIE MOJAEIN OOECIEUYHBAIOT
OTHOCHUTEIILHO XOPOIIWE Pe3ylbTaThl MPOTHO3MPOBAHHSA IPHU PELICHUH 3aJaud
MIPOTHO3UPOBaHMS (DYHKITNU OelTKa, BCE JKE CYIIECTBYIOT HEKOTOPBIC TPOOJIEMEL.
C onHOH CTOpOHBI, ceTeBas CTPYKTypa HE MOXKET dPQPEKTHBHO (PHUKCHUPOBATH
JOJITOCPOYHYIO 3aBUCHUMOCTb MEXIY OOHOM M TOH JK€ IOCIIEA0BATEIILHOCTBIO
0eJKa M HE MOXKET MOJHOCTHIO M3BIIEKaTh HHPOPMAIIHIO O ITOCIIEI0BATEIILHOCTH
aMMHOKHCIIOT.  JlonrocpoyHas 3aBUCHMOCTb OTHOCHUTCSI K  OTHOLICHHUSIM
3aBUCHUMOCTH Ha OOJBIIOM pACCTOSHUM MEXIY KaKIOH aMHUHOKUCIIOTOH B
MOCIeI0BaTeILHOCTH OelIKa. YCTaHOBUB 3Ty B3aUMOCBSI3b, MOYKHO JIy4Ille YCBOUTh
obmyro uHpopMmauuio o mnocienoBarenbHocTH. C Apyroil CTOPOHBI, TPYAHO
3QPEKTUBHO OTIMYHUTH JOCTOBEPHYIO HH(POPMAIMIO OT HEACHCTBHTEIHLHON
HHPOPMALIMK O MOCIEI0BATEILHOCTH Oenka. TPyIHO YIOBUTH aMHHOKHCIIOTHYIO
MOCJIEZI0BAaTEIFHOCTD, KOTOpPAsk OKa3bIBaeT OOJbIIee BIUSHIE Ha (GyHKINIO OenKa.
HoctoBepHas uHpOpMaIMs OTHOCHTCA K HMH(OpMAIMU O MOCIEIOBATEIbHOCTU
Oerka, KOTopast OKa3bIBaeT OOJBITIOE BIUSHIE Ha (PyHKIINTO Oeika. COOTBETCTBEHHO,
HenelcTBUTeNbHas HH(OpMAaIns OTHOCHTCS K MH(OpMAaInu 0 TOCIe10BaTeIbHOCTH
OeJKa, KOTopasi OKa3bIBaeT MEHbLIEE BIUIHUE Ha (PyHKIHIO OenKa.

Meron xkoMmOumHanmum MexaHusmMa camMoBHUMaHua M BiLSTM wmoxer OBITH
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WCTIOIB30BaH JUIS PEIIeHUs MPOoOIIeMbl MPOrHO3UpOBaHUs (yHKIHMK Oenka. Bo-
MEePBBIX, Ui WHGOPMAIMKA O TIOCIEIOBATeIFHOCTH aMHUHOKHCIIOT, KOTOpas He
MOXeET OBITh IMOJHOCTBHIO W3BJIEYEHA, AByHANpPAaBICHHAs CEThb JOJITOBPEMEHHON
kpatkoBpemenHoit mamsatu (BiLSTM) (I'peiiBc u ap., 2005) ucmomsiyeTcs s
W3BJICUCHUS TJI00AJILHOW M JIOKAJIBHOM MH(OpManuu O cBolicTBax OenkoB. B
TO JXK€ BpeMs CBS3b IOCIENOBATEIBHOCTH MEXAYy HHpOpManued o0 oObekTax
MOXeT OBbITh 3QPEKTUBHO COXpaHEHa, TaK YTO MOAETh MOXKET MOIYYUTh JTyHIIHN
3¢ eKT nporuo3upoBanus. Bo-BTOpbIX, YTOOKI JIyUIlIe HCIIOIb30BaTh B3aUMOCBSI3b
MOCJIEZIOBATEIFHOCTH MeXay WHpopManueld o (YyHKIHAX W OTPakaTh BAKHOCTH
Pa3IMYHBIX MO3ULUHN MOCIE0BATENBHOCTH, B TOM 3KCIIEPUMEHTE HCIIONIb3yeTCs
MexaHu3M camoBHUMaHuA (UeHr u np., 2016), 9TOOBI 3aCTaBUTHh MOAEITH YIACIAThH
Oonpllle BHUMaHHS BaKHBIM (DYHKIHSM B TIOCJIEIOBATEIbHOCTH, TEM CaMbIM
TTOBBIIIAs HAJIS)KHOCTh ¥ YHUBEPCATHHOCTH MOJICITH TIPeIcKa3aHust PyHKITUH OeKa.

Takum oOpa3om, B KadecTBE OOBEKTAa WCCICIOBAHWS B JaHHOH CTaThe
WCTIOJIB3YIOTCSl pa3i4Hble OCNKH, IOCIENI0BATENbHOCTH KOTOPBIX HAXOASTCS
B OTKPBITOM JOCTyMe. DKCIEPUMEHTAIBHBIE PE3yJAbTaThl MOKA3BIBAIOT, YTO, IT0
CPaBHEHHUIO C KJIACCHYECKUM alropuTtmMoM HeiponHol cetu (anroput™m CNN u
anroputm LSTM) u xomOuHMpOBaHHOW Bepcuert anropurMa CNN u anroputma
BiLSTM  (amroputm CNN-BiLSTM) anroputm camoBHuUMaHusS-BiLSTM,
WCTIOJIb30BAHHBIA B 3TOW CTaTbe, IMO3BONACT JOCTHYL JYUIIUX pPE3yJIbTaTOB
MIPOTHO3UPOBAHUS TIPH TIPOTHO3UPOBAHUH (DYHKIIMH OeIKa.

MarepuaJjibl 1 METOIbI

Uto0bl HCIONB30BaTh HEWPOHHYIO CETh JIISl MPOTHO3HPOBAHUSA (YHKIUU
OclKka Ha OCHOBE aMHUHOKHCIIOTHBIX TIOCIIEAOBAaTENbHOCTEH, TepBas 3ajada
COCTOWT B TOM, YTOOBI HAUTH JIYUIITHI CIIOCOO MPEACTAaBICHHS BXOIHBIX JaHHBIX,
YTOOBI TIOCIIEIOBATEILHOCTH OETKOB MOINIMA OBITH PACIO3HAHBI IMPOTPAMMOI.
[lomynsipHble Ha CETOAHSIIHWN J1€Hb METOABl KOAMPOBAHHSA BKIIOUAIOT METOJ
«TOpSIYEro» KOAWPOBAHUS, «HM3YYCHHBIE BIOKEHUs» W «BIokeHus BLO-
SUMG62». 1o cpaBHEHHUIO ¢ METOJIOM «H3YUYEHHBIE BIOKEHUS» METO]] «TOPSUEro»
KOJMPOBAHHUS TIO3BOJSIET HE TOJNBKO YMEHBIIUTHh KOJIHYECTBO TapaMeTpOB
MOJIeTH, HO B U30ekarh nmpobiemsl nepeodyuenus. Metoq BLOSUMG62 sBnsiercs
OHMM W3 TOMYJISPHBIX METONOB KoaWpoBaHMsA. OH MPEACTaBIsIET KaXIyIo
AMUHOKHCJIOTY COOTBETCTBYIOIIEH cTpokoir B marpuiie BLOSUMG62. Bmecto
TOrO, YTOOBI paccMaTpuBaTh BCE aMWUHOKHCIIOTHI HE3aBUCHMO IpPYr OT Jpyra,
Marpuria BLOSUM62 XpaHUT 53BONIONMOHHYI0 HH()OPMAIIUIO O TOM, Kakue
napbl aMHHOKHCIIOT JIETKO B3aMMO3aMeHseMBbl B X0jie dBojtonuu. Mcciaenosanue
MOKa3aj0, YTO METOJ| «TOpSYEro» KOJUPOBAHHMS OOCCIEUMBACT MEHBIIIYIO
omuOKy MOJeNnu MO cpaBHEHHIO ¢ BcTpamBanmeM BLOSUMO62. Ilostomy B
JAaHHOM HCCJIEJOBAaHHM MOCJIEIOBATEIBHOCTH KOJOB aMHUHOKHCIIOT KOAMPYETCS
METOZIOM «TOPSYET0» KOAMPOBAHWSA. DTOT METON COMOCTABISET KaXI0i OyKBe
AMUHOKHUCJIOTHI KOHKPETHOE JIEHCTBUTEIBHOE Yyncio oT 1 mo 20.

3areM KaxJI0My TEpMY N-TPpaMMbl CTABUTCS B COOTBETCTBHE BEKTOP, COCTOSIIIIUI
13 BCeX HYJEW, KpOMe €IMHUIIBI B TIO3HIINH, 3ape3ePBUPOBAHHON JIJISl 3TOTO TepMa.
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Hanpumep, neiicTBuTenpbHOE YHCI0, COOTBETCTBYMOMee OykBe D, paBHO 3, a 31O
3HAUUT, YTO TPEThEH TO3UIUK €€ BEKTOpa NMPUCBAMBACTCS CIMHUIA, & OCTAIbHBIC
MO3HULIMHU PaBHBI HYJIO.

CTouT OTMETHTh, YTO JJIMHBI OENKOBBIX ITOCIEIOBATENFHOCTE B OCHOBHOM
HEO/IMHAKOBBl M CHJIBHO BapbUPYIOT. UTOOBI YHU(PHIMPOBATH (OpMaT BXOIHBIX
JMAHHBIX M COKPaTHTb BpPEMs pacueTa MOJENA, B 3TOM OJKCIIEPUMEHTE [IMHA
KaxJ101 OeNkoBO TmocieaoBareibHocTH yHubUIposana 1o 1002. Hecmotpst Ha
OrpaHHYCHHE, COCTOSILEE B TOM, UTO JUTMHA ITOCIIEN0BAaTENbHOCTH cocTasisieT 1002
Y OHAa HE COJIEPKUT HEOTHO3HAYHBIX KOJOB aMHHOKHCIIOT, OKoJI0 90% OerKoBhIX
nocnenosatenbHocTeld B UniProt ynosnerBopsitor stum ycnoBusim (Kynmanos n
ap., 2019).

JpyruMu cioBamu, O€JKOBBIE MOCIEIOBaTeIbHOCTH JUMHOW Oosnee 1002
oT(MIBTPOBEIBatOTCS. EcCiiM mocimenoBarenbHOCTH OCNKOB ¢ HAadalbHOU JTHHOM
Menbmie 1002, oHM AOIONHSIOTCS HYISIMH CJIeBa JIO TEX IOp, IOKA THHA
nocienoBaTeIbHOCTH He cTaHeT paBHOHM 1002. Hakonen, Bce mociae0BaTenbHOCTH
OEITKOB C HEOMHO3HAYHBIMU KomaMu amMmuHokuciorT (B, J, O, U, X, Z) ynanstoTcs.

ITpumep nocnenoBaTeIbHOCTH:

PESRIRLSTRRDAHGMPIPRIESRLGPDAFARLRFMARTCRAILAAAGCAAP

FEEFSSADAFSSTHVFGTCRMGHDPMRNVVDGWGRSHRWPNLFVADAS

LFPSSGGGESPGLTIQALALRT

J1s KaXk 101 TOCTIeToBaTeNbHOCTH OJJMH OyKBEHHBIN KOJI 3aMEHSIETCS Ha YHCJIO.
[Tocne xoarpoBaHMS BBILICYOMSHYTAs MOCIEI0BATEIBHOCTD Oy/IET UMETh TaKon
BH]T;

[13,7, 13,4, 16,15, 8,15, 10, 16,17, 15,15, 3,1,7,6,11, 13,8, 13, 15,8, 4,
16,15, 10,6,13, 3, 1,5,1,15,10,15,5,11,1,15,17,2,15 1,8, 10,1, 1, 1,6, 2,
1,1,13,54,4,516,16,1,3,1,5,16,16,17,7,18,5,6,17,2,15,11,6,7, 3,13,
11,15, 12,18, 18, 3,6, 19,6, 15, 16,7, 15,19,13,12,10,5,18, 1,3, 1, 16, 10, 5,
13,16, 16,6, 6,6,4,16,13,6,10,17,8, 14, 1, 10, 1, 10, 15, 17]

B ucnonezyemoM MeToie, BO-NIEPBBIX, 1l HH(POpMAIIHHU O IOCIe0BATEIbHOCTH
AMUHOKHCJIOT, KOTOpasi HE MOXET OBITh IOJHOCTHIO W3BIIEUEHA, UCIIOIB3YETCS
JIBYHATpaBJIeHHAs CeTh I0JITOBPEMEHHOM KpaTkoBpeMeHHOH maMatu (BiILSTM) anst
W3BJICYCHUS TNI00AIILHON U JIOKaJIbHOHM MH(pOopMaLuu o cBoicTBax OenkoB (I'peric
u ap., 2005). B To sxe BpeMs CBS3b MOCIEA0BATEIFHOCTH MKy HH(DOpManuei 00
00BbeKTaxX MOXKET OBITh 3Q(PEKTHUBHO COXpAaHEHA, TAaK YTO MOJEIb MOXKET MOITYYUTh
Ty4di d3QPEeKT MPOrHO3UPOBAHUSI.

Bo-BTOpBIX, YTOOBI Jy4llle HCIOIB30BaTh B3aWUMOCBS3b MOCIIEIOBATEIBHOCTH
Mexay uHpopMmanued 00 0COOSHHOCTSX M OTpaKaTh BaKHOCTh Pa3ITUYHBIX
MOJIOKEHHH TTOCIIEOBATEIILHOCTH, B 3TOM SKCIIEPUMEHTE UCTIONB3YETCSI MEXaHU3M
self-attention, 4TOOBI 3aCTaBUTh MOJENb YACISATH OOJIbIIE BHHUMAHUS BaYKHBIM
(GYHKIIMSAM B TIOCIICMOBATEILHOCTH, TEM CaMbIM IIOBBIMIAs 3P ¢GEKTUBHOCTD,
Ha/ICKHOCTh U YHHBEPCAIBLHOCTH aJrOpUTMa Mpeacka3anus GpyHKInu Oelka.

BiLSTM — 3T0 0ouH M3 THUIOB PEKyPPEHTHBIX HEHPOHHBIX CeTel, KOTOPBIi
oOpabarpIBaeT AaHHBIE TOCIENOBATEIHLHOCTH KaK B MPSIMOM, TaK U B OOpaTHOM
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HalpaBJICHUU C JIBYMS OTAEJIBHBIMH CKPHITBIMU ciiosMu. BiLSTM ocHoBan Ha
BEHTHJISIX BBOJA, 3a0bIBaHMs W BBIBOAA. Il pacueTa MPOTHO3HBIX 3HAYCHHUI
MCONB3yITCA cienyronue Gopmynsl (1) (Adxynmkadboap u ap., 2021):

input gate(i;) = o,(W;X; + Rihe_1 + by),

forget gate(f,) = o, (WX, + Rrhe—q + byf), (1)

cell candidate(c,) = o, (WX, + Rche—1 + b)),

output gate(o,) = gy (W, X, + Ryh¢—q + b,),

e 6, — (YHKIMS aKTUBAIIMUA BEHTUIIS, a w, Wf, W, u W BXOoHBIC BECOBbBIC
MaTpulipl, Torma Kak R, R ” R, m R — BECOBbIC MAaTpHIIbI, COCAUHSIOUINC
MPEABIAYLIEE BBIXOJHOE COCTOSHUE AYEUKHM C TPEeMs BEHTWISIMH W BXOIHOE
COCTOSIHUE SMEUKH. X, — BXOJ, ¥ /1, | BBIXOJl B MIPEBLIYIMA MOMEHT BPEMEHHU (I~
1).b,b ) b, 1 b, — BEKTOPbI CMELICHHUS.

Ha xax0#i BpeMEHHO# uTepanuu { COCTOAHUE BbIxona sueiku C, U BBIXOA
CI0st h, MOXKHO paccuuTarh cienyromum oopasom (Kyprykosa u ap., 2019):

Ce=fe*Coq +ip Gy, (2)
h; = o; * tanh(C;) 3)

Apxurektypa 1ByHanpasieHHoi moaenu LSTM npencrasnena Ha Pucynke 1.

HUcnonezoBanue aByHanpasienHoro LSTM 3amyckaet BBoA AByMs CLIOCOOaMH,
MO3BOJISASL COXPAHSATh KOHTEKCTHYIO MH(GOpPMALHUIO W3 TpOouuIoro U Oyayiiero
B r000ii MomeHT BpeMeHH. AsroputM BiLSTM Moxer cobuparh BaKHYIO
nHpOpMALHIO 00 aMUHOKHCIIOTHBIX MOCIEA0BATENbHOCTSX B ABYX HAIIPABICHUSX,
MOJTHOCTBIO YUUTHIBATH MH()OPMALIMIO O KOHTEKCTYaJIbHON KOPPESILIUN TEKYIIUX
AMHMHOKHCJIOTHBIX IIOCIIEIOBATEIbHOCTE M MOXET Oosee DIyOOKO H3ydaTh
0COOCHHOCTH OEJIKOBBIX MOCIIEOBATEIBHOCTEH.

Onnako M3-32 JJIMHHOW AMHMHOKHCIIOTHOH IOCIEIOBATEILHOCTH MOCTD
BiLSTM He MOXET yJAOBUTb CaMyI0 IPSIMYIO CBSI3b MEXy BEKTOPOM IPU3HAKOB U
MeTKOU pesynbrata. JloOaBneHne B Moaenb Mmexannsma self-attention (BacBanu u
ap., 2017) MoxeT pemnTs 3Ty IpodsiemMy. OH MOJKET B3BELLIMBATH BXOIHbIC (QPYHKIIMN
U U3MEpATh BAXKHOCTh KWKAOH (QYHKOMM Ul SKCIEPUMEHTAIBHOTO OOBEKTA.
Mexanusm self-attention MHMPOKO HCIONB3yeTCs B 00NacTH KiaccupuKanuu
TEKCTOB M H300paKCHWH MAaLIMHHOTO mepeBoja M OuomH(popmaruku. B sroit
IKCIIEPUMEHTAILHON MOJENN B3aUMOCBS3b BBIYMCICHUH B MexaHu3me self-
attention rmoka3zaHa Ha Pucynke 2.
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Pucynoxk 1 — BiLSTM-apxurekrypa
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Pucynok 2 - B3auMocBs3b BeIunclieHUi B Mexanu3Me self-attention

softmax
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Jlnist IpU3HAKOB, HAXOJSIIMXCS JIANEKO JIPYT OT JIpyra ¥ B3aWMO3aBHCHUMBIX,
TpeOyeTcss Ompe/ielieHHOe KOJIMYECTBO BPEMEHH W IIaroB, 4TOOBl HAKOMUTH
nocrarodHo MH(opMmanuu, yToObl CBsI3aTh UX. YeM Janblie OHH JPyT OT JApYyra,
TEM MEHBIIEC BEPOSTHOCTh TOTo, 4To cerb BiLSTM 3axBarut 3(QekTuBHYIO
nH(popManmio. DTO 03HAYAET, UYTO, KOTJIa AMHHOKHCIIOTa MOXET OBITH CBSI3aHA C
OKPYKAIOIIMMHU €€ aMHUHOKUCIIOTAMH WM OoJiee OTAalICHHBIMA aMUHOKHCIIOTAMH,
ucnonb3oBanne anropurMa BiLSTM yuutbiBaeT TONbKO HHGOPMALUIO JIO U
MOCJIe TIOCIE0BAaTeIbHOCTH OeNKa B ONpEAeTICHHOM AHMAala3oHe M HEe MOXKET
pemuTh MpOOJIEeMYy KOPPEISIIMA MEXIY MPEPHIBUCTHIMA aMUHOKHUCIIOTAMH.
CTOUT OTMETHUTB, YTO OJIHA AMHHOKHUCIIOTA WJIK HECKOJIBKO aMHHOKHUCIOT MOTYT
uMeTh OolbllIoe BIMsSHUME Ha (QYHKIHMIO Oenka. B mporecce pacuera MexaHu3M
self-attention MoXKeT HampPsSMYIO CBSI3aTh KOPPEJSIIIHI0 MEXITy JTFOOBIMH JIBYMSI
GYHKIMSIMA B TIOCTIE/IOBATEIBHOCTH 3a OJMH MIar pacyera, 4To 3HAYUTEIHHO
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COKpAIaeT PaCCTOSIHUE MEK/Ty 3aBUCUMBIMHU (yHKIIUSIMU Ha OOJIBIIIOM PACCTOSHUH.
CnenoBarenpHo, koMmOuHamms anroputma BiLSTM wu self-attention ymenser
OoJbIlle BHUMAHHSI aMHHOKHUCIIOTaM, KOTOPBIE MOTYT HMETh OOJIbIIIOE BIMSIHUE HA
(byHKIUMIO OeNka, TaK YTO AaMHHOKHCIIOTHAS TIOCJIEIOBATEIEHOCT BHOCUT OOJBIINI
BKJIJ] B TOYHOE Mpe/ICKa3anue (PyHKIUH Oenka.

TexHuyeckas peanu3aiysi ObUTH UCTIOTHEHA Ha si3bIke Python ¢ ncons3oBannem
oubmmorek Num.py, TensorFlow u Keras u 3anymiena Ha obnagHo# riatdopme
Colab (https://colab.research.google.com/).

[Tpu peanuzanym MoeTH OBUTH UCTIOIB30BAHBI CIEIYIOIINE HHCTPYMEHTHI:

— B kauecTBe anropur™Ma ONTHMHU3ALMK ObUT BBIOpaH anroputM Adam;

— IOKa3aTesb TOYHOCTH Accuracy Kak 1esieBast (QyHKIHS;

— bunapHo-KpoccOHTpONHMifHAs (YHKIHMS, BO3BpaIlaroIas OIMIMOKY Kiac-
cuuKanuy Kak QyHKIHIO JJOTUCTHYECKUX MOTeph Loss:

Loss = — = X1, y; + log(9,) + (1 — §;) *log(1 - 9,), ©

IJe y, — MCTHHHAs METKa Kjlacca; J; OTBET Kiaccudukaropa (BEIUMCIAEMAs
METKa Kj1acca) Ha i-if 00beKT; N — KOJHMYECTBO KIIACCOB.

D¢ dexTuBHOCTH ANTOPUTMOB IPOTHO3UPOBAHUS (PYHKIIMU OCITKa OIIEHUBACTCS
Mo 4YerblpeM mnomyisipHbiM 1oka3arensiM (Cheng., 2016): 4yBCTBUTEIBHOCTH
(sensitivity - SE), ciemuduanoctu (specificity — SP), rounoctu (accuracy - ACC) u
ko3¢ dunmeHty xoppessiunu Matetoca (Matthews correlation coefficient — MCC).
Bce derbipe mokasarens MIMPOKO HCIONB3YHOTCS JUIS OLEHKH I(PPEKTHBHOCTH
MPETUKTOPOB (DYHKIIMKA OEJTKOB U OCHOBBIBAIOTCSI HA YETHIPEX COCTABISIOIINX
TP, TN, FP n FN, npecTaBisromux co00i UCTUHHO MOJIOKUTEIbHbBIC, UCTHHHO
OTPHIIATEIIBHBIC, JIOKHOIMOJIOKHUTEIbHBIE U JIOKHOOTPHUIIATESILHBIC PE3YIIBTaThI
COOTBETCTBEHHO.

B wuactHoctn, SE ompenensercs TpPOIEHTOM WCTHHHO TOJIOKUTEIBHBIX
00pas3IoB, NPaBUIHHO UICHTU(DUIIMPOBAHHBIX KaK IIOJIOKUTEILHBIC) !

TP
SE = —— (5)
TP+FN
SP yka3pIBaeT MO0 WCTHHHO OTPHUIATSIBHBIX OOPa3IloB, KOTOPhIC OBLIH

IIPaBUJIBHO MPCJICKa3aHbl KaK «OTPULATCIIBHBIC) !

TN
SP= ——
TN+FP (6)
ACC oTHOCHTCSI K KOJIIMYECTBY MCTUHHBIX 00pa3loB (MOJIOKHUTEIBHBIX TLIIOC

OTPHLATENBHBIX ), IEJICHHOMY Ha KOJIMYECTBO BCEX M3YUCHHBIX 00Pa3IoB:

TP+TN
ACC= — 8 __ (7)
TP+TN+FP+FN
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MCC sBnsieTcst BaXXHBIM ITOKa3aTesieM, OTPaKaroIUM CTaOMIBHOCTD MPEANK-
Topa QyHKIMHU OeJIKa, KOTOPBIM OMHCHIBACT KOPPEISIIMIO MEXK Ty TPOTHOCTUIECKUM
3HauUCHHEeM M (QaKThdeckuM 3HadeHueM. OH cyHMTaeTcsl OJHMM M3 Hambosee
MOJHBIX TaPaMEeTPOB B JI000M KaTeropuy MPEeAUKTOPOB U3-3a ITOJHOTO yueTa BCeX
geTheIpex pe3yisraro. B wactnoctu, MCC (F1) MoxkHO paccunTats 1o ciaeayronen

bopmye:

(TP*TN—FP*FN)

MCC = (8)
J(TP+FN)*(TP+FP)*(TN+FP)*(TN+FN)

Pe3ynbTarhl U 00Cy:K1eHUEe

Jnso0yuennst mosienn Obpi1H 3armymensl S0 smox o0yuenus. i mpeqoTBpamieHus
nepeoOydeHus MO/IeH OBbIITM BHICTABIICHBI CIIEAYIONINE TapaMeTpsl: earlystopping
= EarlyStopping(monitor='val loss', patience=3, verbose=1). B Taomume 1
MIPEICTABIICHBI PE3YALTATHl OOYYCHHs CETH, TOJYyUYEHHBIC B TCUCHHE TEPBBHIX 39
310X 00yUYeHUsI.

Ta6numna 1. Pe3ynbrarsl 00yueHUsT CETEBON MOICITH

Epoch Loss Accuracy Val loss Val accuracy
1 5.4675 0.1226 3.4304 0.3755
2 2.8003 0.4818 1.9909 0.6735
3 1.8967 0.6634 1.3769 0.7867
4 1.4488 0.7507 1.0554 0.8479
5 1.2040 0.7947 0.8728 0.8772
6 1.0520 0.8230 0.7566 0.8987
7 0.9574 0.8404 0.7134 0.9029
33 0.5505 0.9144 0.3783 0.9610
34 0.5439 0.9147 0.3818 0.9609
35 0.5398 0.9163 0.3673 0.9635
36 0.5344 0.9167 0.3582 0.9648
37 0.5306 0.9174 0.3720 0.9616
38 0.5259 0.9186 0.3598 0.9638
39 0.5209 0.9189 0.3611 0.9639

OrneHka TPOM3BOIUTEIBLHOCTH MOJENH IOKa3aua, YTO HamiIydlash TOYHOCTb
BiLSTM coctaBuia 0.9699 nns oOyuatomiero Habopa, 0. 9638 ans Habopa JaHHBIX
1 0.9632 nns recroBoro Habopa.

Ha Pucynke 3 moka3aHbl 3Ha4eHHUS BCEX UYETBHIPEX IOKaszaresned Al paspa-
0oTaHHOW MOJIeNIM Ha MPUMEpE TECTOBOTO Habopa AaHHBIX OeinkSa Indica, Taxke
MPUBEICHBI PE3yJbTaThl 3allyCKa HECKOJIbKUX KIaCCHUECKUX MOAETCH Ha TeX iKe
Habopax JaHHBIX.

OkcrnepuMeHTaNbHbIe pesynbTarel anroputMa SA-BiLSTM cpaBHuBaroTcs ¢
anroputMamMu CNN, LSTM u CNN-BLSTM.
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Ha6op | IToarun Aunroputm Accuracy Precision Recall F1
JAQHHBIX | OHTOJOTHH (%) (%) (%) (%)

CNN 73.856 50.237 88.228 64.020

LSTM 89.140 81.669 77.071 79.294

BP CNN-BILSTM | 87.973 78.994 74.139 76.461
SA-BILSTM 90.551 83.113 79.443 81.186

CNN 84.454 73.636 51.654 60.673

Indica MF LSTM 86.190 66.831 61.324 63.911
CNN-BILSTM | 84.796 63.966 63.482 63.660
SA-BILSTM 87.274 75.071 63.248 68.608

CNN 81.506 78.081 77.655 77.800

LSTM 82.186 80.101 77.618 78.825

ce CNN-BILSTM | 81.691 78.400 77.655 78.006
SA-BILSTM 85.299 81.409 83.919 82.434

Pucynox 3 - Pesynbratsl npenckazanust QyHKIUM OEIKOB Ha TECTOBBIX JaHHBIX

Habop nanesix | [Hogrum Benok DOyHKIHA Ilpenckasannas
OHTOJIOTHH hyHKIHA

GO:0016042 GO:0016042

BP QO01N44 GO:0006629 GO:0006629

GO:0006807

GO:0009039 GO:0009039

GO:0016787 GO:0016787

Indical MF EOZS48  G0.0046872 | GO:0046872
GO:0016810

GO:0005783 GO:0005783

GO:0005886 GO:0005886

ccC QOIN44 GO:0016020 GO:0016020

GO:0005789 GO:0005789

GO:0009536

PucyHnok 4 - npuMepsl npeackasanus GyHkuuii 0enkos Indica

benmox E0ZS48 (UREA ORYSI), kak Opu10 0O0HApY)KEHO BpPYYHYIO, UMEET
¢yukun 6enka GO: 0009039, GO: 0016787, GO: 0016810 u GO: 0046872.
Cpemn aux dyaknus GO:0009039 npencTaBiseT akTHBHOCTh ypea3sl. OyHKINS
GO:0016787 yka3piBaeT Ha THAPONA3HYI0 aKTHBHOCTH, KOTOpas MOXKET
KaTaJTu3upOBaTh TUAPOIU3 pasnudHbIx cBss3eil. Dynakius GO:0016810 oznawaer
AKTHBHOCTb THJPOJA3bl, KOTOpas KaTaIM3UPyeT THIPOIHU3 JIO00H yriepon-
azotHoi cBs3u C-N, kpome mentuaHblx cBs3eil. GO:0046872 o3HagaeT, 4TO
0eJOK BBIMONIHSET (DYHKIMIO CBS3BIBAHMS C HOHOM MeTaia. K coxkaieHuio,
AKCIIEPUMEHTAIBHBIC PE3yIbTaThl MOKasbIBaloT, uto ¢yHkmums GO:0016810 me
MOJKET OBIThH YCIIEIITHO MPEeICKa3aHa, 9YTO MOXKET OBITh CBSI3aHO C TeM, 9TO (DyHKIIHS
G0O:0016910 u pyaxums GO:0016787 umeror cxoxue ¢yHkimuu. O6e GyHKIIH
KaTaJM3UPYIOT THUAPOJIN3 ONpPECNCHHBIX cBs3ed. [1oaToMy sl SKCIIEpUMEHTOB
TPYAHO CAENaTh aOCOIIOTHO TOYHOE MpeAcKa3anne (PyHKIIUU 0 3TOH mpobieme.

3akaouenue

Takum 00pa3om, peIIOKEHHAS MOJIEITh HEe 00513aTEIbHO TOYHO MPEJICKa3bIBACT
MOJIHYI0 (YHKIUIO Oelka C OdYeHb MOXOkuMH (yukmmsamu. Ho (yskmmm
OOBITMHCTBA OCITKOB MOYKHO TOUHO TNpeacka3ath. CoracHo Prucynky 3 u Pucynky
4, apdext npenckazanms Oenka ¢ momompio anroputMa SA-BiLSTM B memom
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xopomwmid. boriee Toro, B HOMONHEHHE K TOJHOMY MNpPEACKAa3aHUIO aHHOTAMN
¢byHKIMM OeTKa SKCIIEPUMEHT TaKXKe MOXKET NpeJicKa3ars anHoTauuu Gynkuun GO,
KOTOpbIE HE MOKa3aHbl B 0a3e JaHHBIX Swiss-Prot. DTo maeT HOBOe HampaBieHHE
JUISL TIOCJIEAYIOIMINX SKCTIEPUMEHTAIBHBIX HCCIICI0OBaHNH.

JIUTEPATYPA

Abmynmkad6ap PJI., Tna X., Laii [1. OnHOHanpaBieHHbIe U AByHanpasieHHble LSTM-Monenu
UL KPaTKOCPOYHOTO MPOTHO3UpoBaHus Tpaduka // Journal of Advanced Transportation. — 2021. —
Tom 4. - C. 1-16.

I'peiiec A., HImuaxybep [x . IlokagpoBas knaccupukanus (HOHEM C HCIOIB30BAHUEM
nByHarpasieHHoro LSTM u apyrux apXuTekTyp HeHpoHHBIX ceteii / Helipornsie cetu. — 2005. — C.
602-610.

I'mnnuc [Ix., [aBmuauc 1. XapakrepucTuka ypoBHSI TEXHUKH B BBIYMCIMTEIHLHOM MPUCBOSHUH
(YHKIIMH TeHa: YPOKH TEepBOi KpUTHYECKO! oneHKH QyHKunoHanbpHoi anHOoTanmn (CAFA) // BMC
Bioinformatics. — 2013.

Kymvmanos M., Xeanopd P., DeepGO: mporao3upopanue HyHKIHIA OeKa Mo MOCIeI0BaTeIbHOCTH
1 B3aMOJEHCTBHAM C HCIIONB30BaHNEM KIaccH(UKaTopa, OCHOBAHHOTO Ha ITyOOKoif oHTONOTHH //
Buonngpopmarnka. — 2018. — Tom 34. — C. 660-668.

KymvmanoB M., Xenmopd P. DeepGOPlus: VYmyumennoe mpeackazanne (YHKIUH Oelka IO
nocnenoBarenbHocTH // buonnpopmarnka. — 2019.

KyprykoBa A.B., PomanoB A.C. MonenupoBanue apXUTEKTypbl HEHpOHHOH ceTH st
HACHTU(UKAINK aBTOpa NCXOAHOTO Koxa // M3Bectrss ToMCKOTO TOCYTapCTBEHHOTO yHHUBEPCHUTETA
CHCTEM YIpaBICHUS U PaguodaeKTpoHuKH. — 2019. — Tom 22. — C. 37-42.

Capa C., Xacan M., Axman A., lllaradga C. CBepTouHbIe HEHPOHHBIE CETH C TpadUUECKUM
MIPe/ICTaBICHUEM aMUHOKHCIOTHBIX TOCIEOBATEIbHOCTEN AT MIPOTHO3UPOBAHHS (QYHKINI OETKOB
// BeraucnurenbHast ononorust u xumus. — 2021.

Yenr Jx., lonr JI., Jlanata M. JlonroBpemMeHHast KpaTKOBPEMEHHAS TaMSATh-CETH JJIsl MAIIMHHOTO
yrenust // KondepeHus o sSMIuprHyecKuM MeToaM 00paboTKH ecTeCTBEHHOTO si3bIka. — 2016. — C.
551-561.

Hait C.3., Xan JLIO., L3u 3.1, Yen X., Yen 10.3. SVM-Prot: Be6-nporpaMmmHoe obecriedeHne
U 00pabOTKK OMOPHBIX BEKTOPOB ISl (PYHKIIMOHATBHON KiTacCH(UKAIMU OelTka Mo ero TepBHYHOM
nmocnenoBarenbHoCTH. VcenenoBanne HyKinenHOBBIX KACIOT. — 2003. — C. 3692-3697.

Yern X.B., Jlto M. IIporHo3upoBanne 0eI0K-OCIKOBBIX B3aUMOICHCTBUII C HCIIOIB30BAHUEM
CTPYKTYPHI Jieca CIy4aiiHbIX pemennit / buonnpopmaruka. — 2005. — C. 4394-4400.

Canpaus C., Manaiin A., A6nomtaxu M. OT 3KCIIEpUMEHTOB in Vitro K in Vivo U KITHHAYECKAM
HCCIIE0BAHNAM; IUTIOCHI M MHHYCHI // COBpEMEHHBIE TEXHOJOTHH pPa3pabOTKH JIEKapCTBEHHBIX
cpencts. —2015. — C. 218-224.

Ham k.Y, llun K.P, Xan Ix., JIu 0., Kum B.H., Yxan B.T. IIpenckazanne muxpoPHK
YeJoBeKa C IMOMOIIBIO BEPOSTHOCTHONH MOJENH COBMECTHOTO OOYUYEHHs IOCIENOBATEIBHOCTH H
cTpyKTypHl // ccnemoBanust HyKIEHMHOBBIX KHCTOT. - 2005. — C. 3570-3581.

Bacann A., llasup H., [lapmap H. u ap. Baumanme - 310 Bce, yto Bam HykHO // NIPS'17:
Marepuairsi 3 1-it MexxTyHapOIHOM KOH(EPEHITNH 110 HEHPOHHBIM CHCTEMaM 00paboTKu HH(OpMAIIUH.
—2017. - C. 6000-6010.

Lzsan 1O., Opon T., Kimapk V. u np. PacmmpenHas onieHKa METOIOB MIPOTHO3HPOBAHMS (PyHKIIHI
0EJKOB TTOKA3bIBAET MOBHIIIEHNE TOUHOCTH // bromorus renoma. —2017.

10. I, PanrBana X., [lomenukonu C., Wkan 3. Wkan 3. [Ipenckazanue QyHKIHH Oenka c
WCTIONIb30BaHUEeM HecKoNbKuX sizep // Tpamsakumu IEEE/ACM 1o BBMHCIHTENHHON OHONOTHH H
ononnapopmaruke. — 2015. — C. 219-233.

IOced M., IOur C., Loy JI.C. u ap. OOy4eHHe Ha TOJOKHUTENBHBIX MPUMEpPaX, KOTJa KJIacc
OTPHUIIATENBHBIX HE ONpeAeneH - naeHTudukanus renoB MUKpoPHK // Anroputmsl MoneKymsipHO#M
6nomorun. — 2008.

74



ISSN 1991-346X 3. 2023

REFERENCES

Abduljabbar R.L., Dia H., Tsai P. Unidirectional and Bidirectional LSTM Models for Short-Term
Traffic Prediction // Journal of Advanced Transportation. — 2021. — Vol. 4. — P. 1-16.

Graves A., Schmidhuber J. Framewise phoneme classification with bidirectional LSTM and other
neural network architectures // Neural Networks. — 2005. — P. 602-610.

Gillis J., Pavlidis P. Characterizing the state of the art in the computational assignment of
gene function: lessons from the first critical assessment of functional annotation (CAFA) // BMC
Bioinformatics. —2013.

Kulmanov M., Hoehndorf R, DeepGO: predicting protein functions from sequence and interactions
using a deep ontology-aware classifier / Bioinformatics. — 2018. — Vol. 34. — P. 660—668.

Kulmanov M., Hoehndorf R. DeepGOPlus: Improved protein function prediction from sequence
// Bioinformatics. — 2019.

Kurtukova A.V., Romanov A.S. Modeling the neural network architecture to identify the author of
the source code // Proceedings of Tomsk State University of Control Systems and Radioelectronics.
—2019.—Vol. 22. — P. 37-42.

Sara S., Hasan M., Ahmad A., Shatabda S. Convolutional neural networks with image
representation of amino acid sequences for protein function prediction // Computational Biology and
Chemistry. — 2021.

Cheng J., Dong L., Lapata M. Long Short-Term Memory-Networks for Machine Reading //
Conference on Empirical Methods in Natural Language Processing. — 2016. — P. 551-561.

Cai C.Z., Han L.Y,, Ji Z.L., Chen X., Chen Y.Z. SVM-Prot: Web-based support vector machine
software for functional classification of a protein from its primary sequence. Nucleic Acids Research.
—2003. - P. 3692-3697.

Chen X.W., Liu M. Prediction of protein-protein interactions using random decision forest
framework // Bioinformatics. — 2005. — P. 4394-4400.

Saeidnia S., Manayi A., Abdollahi M. From in vitro Experiments to in vivo and Clinical Studies;
Pros and Cons // Current Drug Discovery Technologies. — 2015. — P. 218-224.

Nam J.W., Shin K.R., Han J., Lee Y., Kim V.N., Zhang B.T. Human microRNA prediction through
a probabilistic co-learning model of sequence and structure // Nucleic Acids Research. — 2005. — P.
3570-3581.

Vaswani A., Shazeer N., Parmar N., et al. Attention is all you need // NIPS'17: Proceedings of the
31st International Conference on Neural Information Processing Systems. —2017. — P. 6000-6010.

Jiang Y., Oron T., Clark W. et al. An expanded evaluation of protein function prediction methods
shows an improvement in accuracy // Genome Biology. —2017.

Yu G., Rangwala H., Domeniconi C., Zhang G., Zhang Z. Predicting Protein Function Using
Multiple Kernels // IEEE/ACM Transactions on Computational Biology and Bioinformatics. — 2015.
—P.219-233.

Yousef M., Jung S., Showe L.C. et al. Learning from positive examples when the negative class is
undetermined- microRNA gene identification // Algorithms for Molecular Biology. — 2008.

75



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

NEWS OF THE NATIONAL ACADEMY OF SCIENCESOF THE REPUBLIC OF KAZAKHSTAN
PHYSICO-MATHEMATICAL SERIES

ISSN 1991-346X

Volume 3. Namber 347 (2023). 76-87

https://doi.org/10.32014/2023.2518-1726.205

UDC 004-93

© L. Zholshiyeva'*, T. Zhukabayeva', Sh. Turaev?, M. Berdieva®, 2023
'Astana International University, Eurasian National University named after
L.N. Gumilyov, Astana, Kazakhstan;
2College of Information Technology, United Arab Emirates University,
Al Ain United Arab Emirates;

*South Kazakhstan Medical Academy, Shymkent, Kazakhstan;
E-mail: lazzat.zhol.81@gmail.com

KAZAKH SIGN LANGUAGE RECOGNITION BASED ON CNN

Zholshiyeva Lazzat Zulpuharkyzy — PhD student. Astana International University. Astana,
Kazakhstan

E-mail: lazzat.zhol.81(@gmail.com. ORCID: 0000-0002-2526-8471;

Zhukabayeva Tamara Kokenovna — PhD, assoc. Professor. Astana International University,
Eurasian National University named after L.N. Gumilyov. Astana, Kazakhstan

E-mail: tamara_kokenovna@mail.ru. ORCID: 0000-0001-6345-5211;

Turaev Sherzod — PhD, assoc. Professor. College of Information Technology, United Arab mirates
University Al Ain, United Arab Emirates

E-mail: sherzod@uaeu.ac.ac. ORCID: 0000-0001-6661-8469;

Berdieva Meruert Aimambetovna — PhD. South Kazakhstan Medical Academy, Shymkent,
Kazakhstan

E-mail: meruert_berdieva@mail.ru. ORCID: 0009-0008-5259-7618.

Abstract. Technology offers to deaf and dumb people more opportunity for
interaction with other people because the most effective way for people to interact
is speech and hand gestures. Therefore, the interaction between man and technology
is important, and it has been developing rapidly in recent times. This requires a
method or application that allows a person to communicate with technology, that
is, recognize sign language and hand gestures. There are many methods for Sign
Language Recognition. Deep learning techniques using artificial neural networks are
often recommended among them. In this study, the Convolutional Neural Network
(CNN) was studied. The study presents a machine learning system independent of
humans for translating Kazakh gestures into text and recognizing them. Dataset
consisting of 42 Kazakh Dactyls that divided into 80% training and 20 % test data,
and then trained using the CNN classifier. VGG16 and ResNet50 architectures have
been used to improve gesture recognition performance. According to the study,
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the recognition rates were 98.867 % (test) and 91.323 % (estimate) with VGG16;
78.612 % (test) and 62.69 % (estimate) with ResNet50, respectively.

Keywords: Kazakh Sign Language, Sign Language Recognition (SLR), Hand
Gesture Recognition (HGR), Convolutional Neural Network (CNN)
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AHHoTanmms. AjaMaap apachlHIAFbl ©3apa OPEKETTECYIIH €H THIMII KOJbI
celiyiecy >XKOHE KOJ KUMBUIAAPBI OONFaHABIKTaH, COWieyre, ecTyre MYMKIiHIri
JKOK aJaMiap YIIiH TEXHOJOTHSHBIH yieci keml. Jlemek, Oy skarmaiiza amam
MEH TEXHOJOTHUSHBIH apachblHIarbl OAMTaHBIC MAaHBI3bI )KOHE OJl COHFBI YaKbITTa
KapKbIHABI 1amyna. Ockl MAKCaTTa ajiaM MEH TEXHOJOTUSHBIH KapbIM-KATBIHACKIH
Ky3ere aceIpyFa MYMKIHJIK OepeTiH, SFHH bIM TiJi MEH KON KUMBUIIAPBIH TaHU
aNaThlH OJIiC HeMece KOJJaHOAHBIH KaKeTTLIIri OpBIHIEL. Kon KuMbLIAapHIH
TaHyIbl OPBIHIANTHIH dmicTep Kem. ComapiblH INIHEH >XacaHJbl HEHPOHIBIK
XKeJIiiepai KogaHa OTIPBIIL, TEPEH OKBITY 9/1iCTepi KU1 YChIHBIIAIbL. By skyMbIcTa
KOHBOJFOIUSITBIK HeHpOHIBIK kel (CNN) 3epTTeyre anbiHbl. 3epTTey/e afaMHaH
TOYENCi3, MAlIMHAIBIK OKBITYFa HETI3JIeNTeH Ka3aK bIM TUIIH MOTIHrE ayaapy
JKOHE OJIapJIbl TaHy XKykeci KapacTeipbuirad. [laiibia gepoec 42 Ka3zak NaKTHUITiHCH
Kypanran nepekrep anabiMeH 80 % okbiTy MeH 20 % Tecriiey AepeKTepiHe
Oeminin, coman con CNN ki1accupuKaTopbl apKbUIBI OKBITEUIABL. bIMaapaer Tany
eHIMILTIrIH jxakcapTy yiriH VGG16, ResNet50 apxurextypaiapbl KOJAaHBUIIBL.
3epTTey HOTHXKECI OOMbIHINA TaHy KepceTkimTepi cotikecinie VGG16 OoiipiHIna
98,867 % (cwHak) xone 91,323 % (6aramay), ResNet50 Ooiipiamma 78,612%
(cwIHAK) XKoHE 62,69 % (6aranay) MOIMIKTEpi aTBIHIIBL.
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AnHoramus. [Tockonbky Haubosee d3PPEKTUBHBIM CIIOCOOOM YEIIOBEUECKOIO
B3aMIMOZICHCTBUS [IPYT C JAPYTOM SIBIISIETCS pedb M JKECTHl PYK, TEXHOJIOTHUU
MOTYT MHOTO€ TIPEIJIOKHUTH JIFOJSIM, KOTOPbIe HE MOTYT TOBOPUTH FUTH CIIBIIIATH.
[loaToMy B maHHOM ciydyae Ba)KHA CBS3b 4YEJIOBEKAa M TEXHUKH, KOTOpas B
MocJiefiHee BpeMsi ObICTpo pa3BuBaeTcs. J[iist 3TO# 1enu HeoOXOaUM METOA WU
MPWIOKEHUE, KOTOPOoe oOecreunBaeT OOIEHHE YelloBeKa ¢ TexHoynorued. Ecth
MHOTO METOJIOB, BEITIONHSIONINX Paclo3HaBaHUS KECTOB pykK. Cpenw HUX 9acTo
PEKOMEHIYIOTCS METOABI TITyOOKOTO O0YYEHHS C HCTIOIB30BAHUEM FICKYCCTBEHHBIX
HeHpOHHBIX ceTeil. B 310l pabote m3yyanacek cepTodnas HeiiponHas ceTb (CNN).
B uccienoBanny mpezcTaBieHa He3aBUCHMAs OT YEJIOBEKa CHCTEMa MalliHHOTO
oOy4yeHHs TIepeBOlla Ka3aXCKUX KECTOB B TEKCT M WX pacrio3HaBaHue. JlaHHBIC,
cocTosue u3 42 He3aBUCUMBIX Ka3aXCKUX JaKTUIIEH, CHaYaa ObUIHA pasIeIeHbI Ha
80% obOyuarommx 1 20% TECTOBBIX JAHHBIX, a 3aTeM 00yUEHBI C UCTIOIh30BAHUEM
kimaccudukaropa CNN. ApxurekTypsl VGG16 um ResNet50 wucmonp3oBanmmch
JUTS YITyYIIeHNs POU3BOANTEIBHOCTH paciio3HaBaHus kecToB. [lo pesymbraram
KCCIIENOBAaHUs TOKa3aTely PACIO3HABAHMS OKa3ajduch TOYHBIMU Ha 98,867 %
(rect) m 91,323 % (onenka) ¢ VGG16; 78,612 % (tect) 1 62,69 % (o1eHKa)
ResNet50 cooTBeTcTBEHHO.
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KiroueBble cji0Ba: Ka3axCKHil JKECTOBBIH SA3BIK, PACIIO3HABAHUC KECTOBOI'O
sA3bIKaA, paCliO3HaBaHUEC KECTOB PYK, CBEPTOYHAA HefIPOHHaSI CCTh

Kipicme

TepeH OKBITY MEH KOMIBIOTEPIIK KOpY CalachlHIAFbl OYTIiHTI JKETiCTiKTep
KO3FalbIC TICH KOJI, JICHE JKOHE O€T KUMbBUIIAPBIH TaHYIABIH JaMbIl Keie
JKaTKaHJBIFBIH KepceTeni. bIM TinaepiHiH yur Typi 6ap: op JaKTHIbAI cayCaKleH
KOpCeTy; KOJ JKOHE JeHE KO3FaJbIChl apKbUIBI XKacajfaH Ce3/ep KoHE TipKecTep
CO3JIiri; MUMHKA MEH epiH KAUMBUIIApHL. byl skyMbIcTa aranrad OipiHII BIM TLTI
KapacThIpbuIaabl. Kom KUMBUTAapBIH TaHYABIH OapibIK oAiCTepiH Kepy KadineTine
HETI3JIeNITeH JKOHE KOJFANThI CEHCOpNap HIBIFAPATHIH OJIIEMICPre HEri3IeNreH
nen xikreyre Oonaabl. Kepy oficiHe Heri3fenreH ofic ajaM MEH KOMIIBIOTEPIIiH
e3apa opekeTTecyiH KaMTuabl. CeHcopFa HeTi3/eNTeH TaHy/la apHANHBI CEHCOPIBIK
KYPBUIFBI KOXKET 00JIca, aJl Kopy 9/iciHe TeK kamepa KaxeT. COHIBIKTaH, OYIT XKyiie
Kamepa MeH HOyTOyK uHTepdelciHeH Typabl.

blM Tinmmepin TaHy anropuTMaepre, OSNTUIEpAi TaHy 9micTepi MEH OJIapiabl
MOTIH HEMece CoMiey TypiHAe KepceTil, TYCiHIipyre OarbITTalFaH >KOHE Je Ol
Kopy KaOiNleTiHe HeTi3NeNreHAIKTeH, bIM TUIAEepiH TaHyAbIH OapibIK IMPOIECiH
KOMTIBIOTEPITIK KOPY apKbLIbl aBTOMATTAH IBIPY aKTYaJ bl OOJBI Ta0bLIA b

3epTTeyaiH MakcaThl — KOHBOJALMSUIBIK HEMPOHABIK el apKbUIbl Ka3ak bIM
TUTIH *a30arra Ka3ak TUTiHe ayaapy.

Marepuajagap MeH dicTep

Kepy omiciHe Heri3menreH BIM TUTIH TaHy JKYHECiH MJOCTypii JKoHE
KOHBOJIIOIMSIIBIK HEWPOH/IBI XKeJIi JIeTT eKi caHaTKa 0exyre Oomabl.

KuMbiimapapl TaHy YIIiH KOJNJAHBUIATBIH dPTYPJIi SiCTEp MEH alrOPUTMICD
Oap. KommbioTepiik kepy Xy#eciHie BIMIAy TiTi KECKiH JKoHE OeliHe TypiHie
kongansansl (Dongxu Li et al., 2020). Bipkatap mekreynepre OaiiiaHbICTEI KOpY
apKBUTBI 0ACKapbIIaTBIH HAKTHl YaKBIT PEXHMIHAE KON KUMBUIIAPBIH TaHYIbIH
THIMAI JKYHeciH Kypy KHBIH MiHAET OONFaHIBIKTAaH, Kamepayap, KeCKiHAepIi
CEerMEHTTEy JKoHe KaJlaranay, Oenriyiepii OeinekTey jkoHe Oakpuiay apKbLIBI
KeCKIHep/Ii aly Ke3iHJe Ke3neceTiH mekTeynep anbikranrad (Farid et al., 2022).
Taburu Tinai eHACy apKbUIbl BIMAAY TUIIH TaHWUTBHIH OipHeIle 3epTTeyiep ae
O6ap (Miah et al., 2023; Subburaj et al., 2022). Kepyre nerizmenaren (Sharma et
al., 2023) omictep aBTOMATTAaHABIPBUIFAH bIM-HIIApa >KYHeJepiH IaMBITYIbIH
€H KeH TaparaH OarbpITTapbl Oombim TaObUIamel. Koaray yIIiH TepeH OKBITyFa
HETI3JIeNTeH op TYPJi oficTep/i 3epTTereH xymbictap na 6ap (Ananthanarayana
et al., 2021). CoHFBI OHXBUIIBIKTa KOHBOIOLIMSIIBI JKelll apKbUTBI CTATUCTHKAIBIK
HeMece JHHAMUKAJIBIK KO3FaIbICTap (bl JKa3y YIIiH bIMJAy TUTIH TaHy CaHbI apTTHL.
Ketibipeynepin aran aiitak, (Krizhevsky et al., 2022) 1,2 mMuwummMoH XOFapbl
QXBIPATBIMIBUTBIKTAFRl  KecKiHai 1000 Typii CBIHBITIKA JKIKTE€Y VIIIH YJIKCH
TEePEeH KOHBOJIIOLMIIBIK HEMPOHIBIK KeJiHi kaTrThIKThipraH. An BenSignNet aen
aranmareiH CNN HeriziHzmeri monens apkbutbl yiri genzgiri BASL Alphabet, KU-
BdSL xone Ishara-Lipi nepekrep >xubiHaaps! yiris caiikecinme 94,00 %, 99,60 %
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xoHe 99,60 % MakcaTka JKeTy VIIH YII KaJjaM OpbIHJaFaH: CETMEHTTEY, KeHEHTY
JKOHE KOHBOIOIIUTBIK HeHpoHIsIK kel (CNN) merizinme xikrey (Miah et al.,
2022; Barbhuiya et al., 2021) xon KMMBUIAPBIH TaHy YILIiH MaiijalaHbUIaThIH
KOHBOJTIOIMSUTBIK HeWpoH B! skelTiHiH (CNN) apTBIKITBUTBIKTaphl MEH KEMIITUTIKTEPi
aran erin, AlexNet xone VGG16 yarinepin 3eprrern, xorapbl 99,82 % Tany
nonpiria anael. (Eid et al., 2023) 3eprreyinge AepexTepai YWIFAUTy JKoHe TepiHi
CErMEHTTEY apKbLJIbl MOJIEIB/IIH JAJIITTH Al TapIIbIKTal apTThIPyFa KOJ AKETKI31II.
Keneci makanana (Kenshimov et al., 2021) KOHBONFOIWITBIK HEHPOHABIK JKETLIEp i
3eprrey xoHe Tanaay LeNet, AlexNet, ResNet xone EffectiveNet - EfficientNetB7
oMicTEepiH CaNBICTBIPY, TECTiIEY, HOTHXKeNepi cumartainrad. byn anropurmaepnig
ApPXUTEKTYPachl MEH JKYMBIC iCTEy IPUHITUIII OJapABIH BIM TiJiH TaHyJaFbI KOJIAaHY
THIMALTITIH KepceTeai. ATanfaH 3epTTey Ka3ak bIM TUIIH TaHyFa skacanraH. Kazak
BIM Tinnepin 42 mnaktwiia Tany yuriH SVM, LTSM, GRU ogicrepi KonnaHbiFan
YKOHE OJIap apKbUIbI TAHYIBIH KOFAphI AJAITiHE KOJI )KETKI3reH )KyMbIcTap na 6ap
(Zholshiyeva et al., 2023).

HoTu:ke MeH aUCKyccust

Kousonroyusnvix netiponoulx sceini

KoHBONOIHAIBIK HEWPOHBI Kelli KOPHEKI 00bEKTiIepAl OHACY JKOHE KIKTEey
cajajapelHIa KOJNJaHyFa OoNaThlH TepeH HeHpoHIbIK sxeni (CNN) skoHE oI
KOMIBIOTEPIIIK KOpyne, artal aiTKaHaa, oObeKTilepai TaHyda, CypeTTepAl Kilacka
Oexynme, cypeTTepAi CerMeHTTeyle KeHIHEH KOJAaHbUIaAbl. KOHBOIFOIWSITBIK
HEHPOHBI el apXUTEKTypachIHBIH 0acThl KOMIIOHEHTTEpi Keneci KabarrapaaH
TYpajbl:

1. Convolutional Layer: Byt kabat KecKiHHiH 9pTYpJi MYMKIHAIKTEPiH IIBIFApy
YIIiH Kipic JepeKTepiHe Cy3Tuiepi (SIponapabl) KONIaHy apKbUIbl KOHBOJIOIIHS
OTICPAIISACHIH OPBIHIANWIEI. OpOip CY3Ti JKHEKTep, OYPHINITAP JKOHE TEKCTypaiap
CHUSIKTBI HAKTHI CUTIATTaMaIap bl Oepei.

2. Pooling Layer: bipikTipy meHreii aepekTep 6OJIMIEeMiH a3alTy KoHe
ecenTeyaepi JKeHUIIETy YIIiH naiaanansiiansl. O ofeTTe KeCKiHHIH OepiiareH
aliMarbpIHIa MaKCUMAJIJIBI HEMece opTaia OipiKTipy SpeKeTiH OpbIHIaNIbI.

3. Hidden Layers: llIpirapburran MYMKIHIIKTEp HETIi3iHAE XKIKTEyli HeMece
perpeccusHbl opbIiHaaiThIH Oip Hemece OipHente Fully Connected Layers xa0arsr
OipikTipy KabaTTapbIHaH KeiiH O0IYBI MYMKIiH.

4. Activation Functions: ReLU (Rectified Linear Unit) cexinai akTUBTEHAIpY
(yHKIHACH Kellire OeWCHIBBIKTBUIBIKTHI KOCY VINIH KaOblK KabaTTapapH
IIBIFBICHIH/IA KOJIAAHBIIa b

5. Output Layer: lllsrrapy neHredii Mocesnere OailiaHBICTHI KaHIal KIacTapabl
HeMece MoHAepAi Ooibkay KEpeKTITiH aHBIKTaiabl. MbIcalibl, KECKIHII KIKTEY
TancelpMacbiHga 01 softmax GencenaipinreH kadar 60JIybl MyMKiH.

CNN  apxuTekTypachlHIa  KabaTTapablH  OpTYpiai  KOMOWHAITHSIIAphI
nainanansuIagsl. YITiHI JKaNIbLIayabl xKakcapTy yiin myHaa Batch Normalization
HeMmece Dropout cusikThel KocbiMina diemMenTTep 0omaael. CNN apXuTeKTypaiapbiHa
LeNet, AlexNet, VGGNet, Googl.eNet, ResNet >xone Oackanapbl Kipei, olapIsIH
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OpKaMCHICHIHAA KOMIBIOTEPIIK KOPYMIH OpTYpIi TarchpMaNapblHAa ©3iHmIK
Oiperell MYMKiHIIKTepi MEH KolganOatapsr oap.

Keckinnepai knaccudukanusiayna KongaHyFa O0OIaTelH TpaHC(HEPTTIK OKBITY
MOJIeINiHIH OipHeme Typiepi 6ap, Oy 3epTTeyae OChUIAPAbIH apachlHaH MOJENbT
okpITy YiIiH VGG16 xoHe ResNet50 Tarman aneiaasel. Kaszak pIM TUTiH TaHy YOIiH
OCBI apXUTEKTypasap OPbIHIAAIIBI.

VGG16 apxumexmypacsi

Byn sxeninik apxurekrypa (cypeT 1) KapanaifbM yKoHEe OHBI KOATay/a KOJIJaHy
OHall OOIIBIIT ecernTee i, OUTKeHI oTe KilkeHTa (3% 3) KOHBOIIOIUSUIIBIK CY3Tiiepi
0ap apXWTEKTypaHbl TailaTaHa OTBHIPBII, TEPEHJIIT JKOFaphl KeNiIepai MYKUSIT
Oaranayra Ooxansl (Simonyan et al., 2015).

2245224x3 224x224564
T2 112x128

56x56x256

28x28x512

14x14x512
Txe312 1x1x4096 111000

KoxeoniouuA + RelLU

Makcumanae SipikTipy

TonslK KocsinFax + RelLU
CodTMaKe
1- cypem. VGG16 apxumexmypacul
Lepexmep orcykmey
3eprreyae Kasak bIM TiNiHIH 42 JakTWIiHEH TypatbiH Aepbec (Zholshiyeva et
al., 2023) nepektep *KUHAFGI MaiIanaHbpUIIBL. byIl fepeKTep )KUHAFBIHIA Ka3aK bIM

TiniHiH 42 kiaackiHbIH 4200 KecKiHl KUHAKTaIFaH. byl JepekTep KUHAFbI OKBITY
80 % »xxoHe Tecriney 20% nmen exi xxnHakka Oeminmi (kecte 1).

Kecte 1 — 42 ka3ak JakTUITIHIH JepEKTepP KIUHAFBIHBIH O0IiHYy1

Sets Number
Training images 2821
Testing images 706
Evaluation images 922
Total 4449

OKpBITY MEH TecTiIeyIi OeNTeH e JKanchlpMatapAarsl CTpaTH(PpUKAINAS apTyMEHT1
KOJJIaHBUIABL. byl aprymeHT aepekTepaiH OapiblK Oenriiep OOWBIHINA OipKenKi
0o iHyiH KaMTaMackl3 eTei.

81



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Anowin ana eyoey
By typrnennipy Oenrinepniy Oip enmiemMai MacCHBIH €Ki ©JIIEMJi MAacCCHBKE
aliHanmapIpanel. Kanplmka KenTipy KecKiHIeri KapbhlK IIeH KeJeHKelepIeH
TybIHIaFaH OypMaliaylap/ sl ®KOKFa KOMEKTECE/I.
Mooenv Homuoicenepi
VGG16 apxuTekTypachl €H JKaKChl MAaIIMHAJIBIK Kepy Mozeni OoJbIi
€CenTelle/li, OHBIH ePEeKIIeNITi - YIKEH THIIepIiapaMeTpiIepIiH OpHbIHA | KaaMHaH
TypaThlH 3X3 KOHBOIIOIUSUIBIK CY3ri KaOaTTapbIHBIH OONYBI KOHE opKaliaH 2
KaJlaMHaH TYPaThIH CY3TiCiHIH Oip/eil TONTHIPFHIIITHI )KOHE MaKCHUMAIIbl KaOaThIH
naiigananyel. OiTkeni, oHbIH 2 FC (TONBIK KOCBhUIFaH KabarTap), omaH KeliH
mbIFBIC YiIiH softmax 6ap. VGG16-aarer 16 canbl oHBIH canMarbl Oap 16 kabaTs
Oap exeHiH Oingipeai. by sxesni adTapibIKTaid YIKeH *oHe maMaMet 138 MuinoH
(mamamen) mapameTpiepi 6ap.
ResNet keMeriMeH kerTereH Mocelnenepi merryre 6onassl, Mbicaibl: ResNet-
Ti OHTAWIAHIBIPY CaJBICTBIPMAIIBI TYP/AE OHAW: «KaparaibIM» JKENIEp TEPEeHIIK
apTKaH CalbIH OKBITYNBIH YJIKeH KareciH kepceredi. ResNet TepeHmikTi yiraity
apKbUIBl JIOJIIIKTI apTTHIPYIbI CaNBICTRIPMANBl TYPAE JKEHUIAETeMi, MYHJai
HOTIXere 0acka jkesijepae KoJl KeTKi3y KUbIHBIpak. OpOip 3 kadarTel Onok 34
KabaTThl Jkemife Oochl 3 KabarThl OOreTNeH aybhICTHIPBUIAABI, HoTHXkeciHme S50
kabartel ResNet maiina Oonanel. Onap emnmemzaepai YJIKEHTY YINIH 2 HYCKaHBI
naiganananel. by monenbae 3,8 mummuapa FLOP Gap.
Hdon woTmxke OepeTiH TepeH OKBITY o/icTeMecCi aHBIKTaJIbl, YXYMBICTHIH
MICEBIOKOBIL:
Begin
For all images:
Image resize
Image filter
Image segmentation
Labeling and data splitting
End for
Build CNN models: VGG16, ResNet50
Train two models
Test and evaluate two models
End
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Mooenvoepdin dandici
2,3 cyperTepae MOAEIbAEPAIH ASJAIrT MEH LIBIFBIHBI KOPCETUITeH.
model accuracy of vggl6é model loss
L0 — train 304 — train
test ’ test
0.9 1
2.5
0.8 1
0.7 2.0
>
S 0.6 2 154
0.5 1
1.0
0.4 4
0.5 A
0.3
02l . ‘ . ‘ 004 ‘ . : ‘
0 2 4 6 8 o] 2 4 6 8
epoch epoch
a b
2-cypem. VGG 16 mooeniniy 0210iei (a) meH wwievinsl (b)
model accuracy of ResNet50 model loss
081 — train 409 pain
test test
0.7
3.51
0.6
00 3.04
3 9
504 K
© 254
0.3
0.2
2.04
0.1
T T T T T T T 151 T T T T T T T
) 5 10 15 20 25 30 ) 5 10 15 20 25 30
epoch epoch
a b

3-cypem. Resnet50 modeniniy dandiei (a) men wivlevinol (b)

VGG16 srcone Resnet50 wamacyvt mampuyanapsi

VGG16 xone ResnetS0 maracysl maTpunaiapbl KOFapbl JOIIK OepeTiH
JepeKTeplli ChIHAyFa AapHAIFaH MaTpula. JluaroHampabl >JIEMEHTTEp YIKEeH
MoHJIepre ue OoNaabl oHE KeHOip MoHAep AMaroHajbllaH THIC DJIEMEHTTEpre
Tapananasl (4 - 7 cyper).
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ATBIHFaH HOTIDKENEp Ka3ak bIM TiUTiH TaHy yiriH ResNet50 apxurekrypaceina
kaparaga VGG16 apxuTekTypacsl O9JipeK eKeHiH KepceTeni. ATanraH apXUTeK-
TypaJiap apKbUIbl TAaHBUIFaH KeHOip Ka3ak KoJI-KUMBUIIAPHI 8-CypeTTe KOPCETIIreH.

A 3 o

8-cypem. A (a), b (3), 4 (6) xazax dakmunvoepi

KopsITBIHABI

3epTTey KYMBICHI Ka3aK bIM TiTiH jka30alia Ka3ak TUTIHE ayJapyablH jKOFapbl
JOIITIHE KETy YIIIH TepeH OKBITY JJICTepi MaijanaHbpuly apKbLIbl KOHBLIFaH
Makcatka xketTi. KonBomonusnslk Hehpouablk skeniHiH (CNN) VGG16 sxone
ResNet50 apxurextypanapsl OKbITYFa KOJAAHBUIIBL. AJbIHFaH HoTHOReIep VGG16
apxutektypackl ResNet50 apxuTekTypachlHa KaparaHJa >KOFapbl KOPCETKIIIKe
He eKeHiH KOpCeTTi. AJIarbl yaKpITTa Oyl oJicTieH HIeKTeNMel, OyaaH jKoraphl
JIQIIIIKTI alTy, KOJIIaHBICTaFbl MOJICIIB/I1 JKETUIIPY, COHIal-aK, MYMKIH IIT1HIIIE KOTI
JIePEKTEeP/Ii )KUHAY/IBI )KATFACTBIPBII, 0ACKa aJIJIbIH alla NalbIHJAIFaH aJaMIapMeH
TOKipHrOe jKkacay jKoHe HOTHKENIEPIi CalTBICTBIPY, SPTYPIIi 9AICTEPMEH KYMBIC iCTEY,
JKUHAJIFaH JISPEKTeP KOPBIH TYPIi 9MIICTEP apKbUIbI CANBICTHIPY KOCHapiIaHy/a.
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Abstract. The purpose of the presented work is the process of automating
the interpretation of the results of laboratory tests. The system of modern health
care puts before clinical laboratory diagnostics the task of rapid and qualitative
determination of results. The solution to such an urgent problem lies in the
automation of processes at all stages of diagnostic studies, which will reduce the
time of obtaining results, minimize human participation and obtain reliable results.
The presented work describes the process of selection and formation of a stack of
machine learning models for interpretation of laboratory results. Machine learning
is used to generate a knowledge base that is further applied by artificial intelligence
(AI). This approach aims to streamline the process of interpreting laboratory results
and provide more accurate, consistent and timely results to healthcare providers.
Automating the interpretation of laboratory results has the potential to improve
the efficiency and accuracy of interpreting laboratory results, leading to better
patient outcomes and better clinical decisions. However, it is important to note that
Al models are not perfect and can still make errors, and that healthcare providers
should always review the results of automated interpretation before making a
diagnosis or treatment decision. The scientific and practical significance of the
work lies in the approach to the selection of a stack of machine learning models,
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which can also be applied to solutions of other problems. The paper considers
machine learning methods such as neural network, gradient boosting and random
forest. The models were validated over 7.6 million anonymized laboratory results.
The result of the presented work is a stacking model of machine learning methods,
which can be optimally applied in building a knowledge base for identification of
various pathologies.

Keywords: Automation, machine learning, artificial intelligence, laboratory
research, neural network, random forest, gradient boosting
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AHHOTANMSA. YCBIHBUIFAH JKYMBICTBIH MAaKCaThl — 3€PTXAHANBIK 3epTTEY
HOTIKEJIEpiH ~HMHTEepIpeTalusiaylbl aBTOMaTTaHABIPY mpoleci. 3amaHayu
JCHCAyJBbIK ~CaKTay JKyleci KIMHUKAIBIK 3EpPTXaHAIBIK JHAarHOCTHKAHBIH
HOTIDKEJICPIH TE3 )KOHE Caralibl aHbIKTAy MIHCTIH KOsi/Ibl. MYH1aii ©3€KTi MaCeleH]
MIENTy MUAarHOCTHKAIBIK 3epTTEYIEpHiH OapiblK Ke3eHAEPIHIETI IpoIecTepmi
ABTOMATTAHJBIPYyJa KATBIP, OYJ HOTHXKEJEep[Ai aly YakbIThIH KBICKApTYFa,
allaMHBIH KATBICYbIH as3aiiTyra JKOHE CCEHIMJI HOTHXKeEJIepre KON IKETKi3yre
MYMKIHJIK Oepeni. ¥ ChIHBUIFaH )KYMBIC 3ePTXaHANbIK 3ePTTEYJIepAiH HOTHKEIEPiH
WHTEpIpeTalusay YIIiH MallMHAIBIK OKBITY YJTUIEpiHIH CTEKiH TaHIay *XoHE
KaJIBIITACTBIPY MPOIIECIH CUTATTal/bl. MallMHAIBIK OKBITY/IBIH KOMETIMEH OiIiM
0a3achl KambIITacaabl, OHBI opi Kapait kacanasl HHTEIEKT (Al) Kommanamsl. by
TOCIT 3ePTXaHAINBIK HOTHIKEIEeP/Ii HHTEPIpETaIysiay MPOIECiH OHTaMIaHIbIpyFa
JKOHE MEIUIIMHA MaMaHAapblHa JONIPEK, TOMEKTI OHE YaKThIIbl HOTHXKEICPIi
YChIHYFa OarbITTalfaH. 3epTXaHalbIK HOTIKEJIEPAl HMHTepHpeTanusIayIbl
ABTOMATTAHJIBIPY 3E€PTXAHAJBIK HOTIDKEJICP]I MHTEPIPETAIMSIIAYABIH THIMIUIIT
MEH JIJIIriH JKakcapTyFa MYMKIHIIK Oepesi, Oyl emJIenyili HOTHKEIEpiH
KaKcapTyFra KOHE KaKChl KIMHUKAIBIK IIEIIiM KaObuiaayra okenesi. JlerenmeH,
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Al ynrinepi MiHCI3 eMec kKoHE dlli Jie Karelecyi MyMKiH eKeHiH JKOHe JICHCAYIIBIK
cakTay MaMaHJapbl JIMarHO3 HEMece eMey Typajbl HIemliM KaOblijgaMac OypbIH
opKalllaH aBTOMATTaH/BIPbUIFAH HWHTEPIPETAIMs HOTHIKEJIEPIH Kaparl IIbIFYbI
KEpPeK CKEHIH ecKepy MaHbI3Ibl. JKYMBICTBIH FBUIBIMH YKOHE TMPAKTHKAJIBIK
MaHBI3IBLIBIFEI 0aCKa MoceJIeep i MenTyae ¢ KOMIaHbUTyhl MyMKIH MaIlTHHATBIK
OKBITY YATIJIEpiHIH CTEKiH TaHJay TOCUTiHJE KaTelp. by mMakanana HEHpOHIIBIK
JKelli, TPAANEHTTI KYIISUTy JKOHE Ke3NIeHCOK OpMaH CHAKTHl MAaIIHMHAJIBIK OKBITY
oicTepl KapacThIpbiiaabl. Moenb ik Banuaanus 7,6 MUJLUTHOH HeCi3eHAIpiIreH
3epTXaHAIBIK HOTIKEJIEP OOMBIHIA OpPBIHIAAbI. Y CHIHBUIFAH JKYMBICTBIH
HOTHIKECI OPTYPJIi MATOJIOTHSIIAP/IbI AHBIKTAY YIIIH OLTIM KOPBIH KaJbIITACThIPY/Ia
OHTAMIIBI A JaTaHBUTYBI MYMKIH MAITHAJIBIK OKBITY 9IICTEPIHIH CTEKTIK MOACITI
00JIBII TAOBLIAEL.

Tyiiin ce3mep: ABTOMATTaHIBIPY, MALIUHAJIBIK OKBITY, >KACaHJbl MHTEIUICKT,
3epTXaHANIBIK 3EpPTTeyJiep, HEUPOHJBIK JKEei, Ke3IeHCOK OpMaH, I'pajUeHTTI
KYLUEUTY
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AnHoranusi. lLlenpto  mpencraBieHHOW — paOOTHl  SBJISIETCS  IpoLEcc
aBTOMATH3allMM HMHTEPIPETANHN PE3YJAbTaTOB J1a0OPAaTOPHBIX HCCIECAOBAHUH.
CucremMa COBpPEMEHHOTO 3]paBOOXPAHEHMs CTaBUT TMepel KIMHHUYECKOH
na00paTopHO JUAarHOCTHKOW 3aady OBICTPOrO M KauyeCTBEHHOTO OIpEIeTICHHUs
pesynbraToB. PemieHne Takoil akTyanbHOW MPOOIEMBI JIGKUT B aBTOMAaTH3aLMU
MPOIIECCOB Ha BCEX 3Tamax JIUarHOCTHYECKUX HCCIECJOBAHUH, YTO TO3BOJMT
COKpaTUTh BpeMs MOIYyYEHHs Pe3ylbTaToB, MUHUMU3UPOBATh y4acTHE YeJIOBEKa
U TOJIyYUTh JOCTOBEPHBIC pe3ynbTarhl. B mpencraBieHHol paboTe omuchbIBaeTCs
mporecc BbiOOopa M (HOpPMHpPOBAHHE CTeKa MOJENCH MAIIMHHOIO OO0y4YeHus
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[0 WHTEPIIPETAlMU PEe3yJabTaTOB JIA00pPaTOpHBIX wccienoBaHuid. C TTOMOIIBIO
MalIMHHOTO 00ydeHus (opMmupyercst 0a3a 3HAHHWH, KOTOpas B JallbHEHIIEM
MPUMEHSETCS MCKycCTBeHHBIM wuHTeimiekToM (M), Drtor momxon HamparieH
Ha palMOHAJM3AIMI0 TpoIlecca WHTEPIPETAluU Pe3yabTaToB J1a00paTOPHBIX
WCCIIEZIOBAaHUN W TPENOCTaBIeHHUE O00Jiee TOYHBIX, ITOCJIEAOBATENBHBIX U
CBOCBPEMEHHBIX PE3YyNBTAaTOB MEIUIIMHCKHUM pabOTHHUKaM. ABTOMAaTH3aIUs
WHTEPIIPETALNU PE3YITFTATOB 1a00PAaTOPHBIX UCCIIETOBAHIA TTOTEHIIHATEHO MOYXKET
MTOBBICUTH 3P HEKTUBHOCTD ¥ TOYHOCTh MHTEPIPETAIIUH PE3YIIBTATOB 1a00PATOPHBIX
WCCIIEZIOBaHUH, UTO MPHUBEET K YITYUIICHUIO COCTOSHUS MAIUEHTOB U TPUHSATHIO
OoJee MpaBUIILHBIX KIMHHYECKUAX petieHnid. OTHaKo BaKHO OTMETHUTh, YTO MOJIETTH
WU He coBeplieHHBI U BCe €IIe MOTYT JOMyCKaTh OIMIHOKH, W YTO MEIHIIMHCKUE
PabOTHHUKH JIOJKHBI BCETa IMPOCMAaTPUBaTh pPE3yJabTaThl aBTOMAaTH3UPOBAHHOW
WHTEPIIPEeTalnu Tepe/l MPUHATHEM JIHAarHO3a WK pellieHus o jJeueHnn. Haydnas
Y TIpaKTUYecKas 3HAYMMOCTh PaOOTHI 3aKJIFOUAETCS B IMOAXOJE K BBHIOOPY CTeka
MoJIeJield MalUHHOTO OOy4YeHHs, KOTOpas TaKKe MOXeT ObITh NPUMEHEHa B
pelieHusx JIpyrux 3amad. B pabore paccMaTpHBarOTCS METOIBl MAIIMHHOTO
o0Oy4eHHs TaKkue KaKk HEeMpPOHHAs CeTh, TPAJMCHTHBIN OyCTHHT W CIydaiiHBIN Jiec.
[IpoBepka Momeneil mpou3BomMiIack Haa 7,6 MIIH OOE3JTHUYEHHBIX PE3YITHTATOB
mabopaToOpHBIX HCCIeNoBaHui. Pe3ynmbraroM TpeacTaBIeHHON pabOThl SBISIETCS
MOJIEJIb CTEKHHTa METOIOB MAaIIMHHOTO OOYYEeHHs, KOTOpas ONTHMAILHO MOXKET
MPUMEHATHCS TP (POPMUPOBAHUH 0a3bl 3HAHUH /IS UACHTUDUKAIIUHN Pa3TUIHBIX
MTaTOJIOTHH.

KaroueBbie caoBa: ABToMaru3anus, MAllMHHOE OOy4YEHUs, MCKYCCTBEHHBIN
WHTEIJICKT, Ja0OpaTOpHbIE WCCIE0BaHUs, HEHpPOHHAs CeTh, CIydalHBIH Jiec,
TpaJeHTHBIH OyCTHHT

Beenenue

[Ipesunent Pecnyonuku Kazaxcran Kaceim-XKomapt TokaeB 4 mapra 2020
roja Ha COBELIAHWHU N0 peanu3aunu locynapcrBenHol nporpammbl «Llndposoit
Kazaxctan», oTMeTHII, 4TO HU(POBHU3ALIMS HANPABJICHA HE JUISL Pa3BUTUSL OJHOTO
CEKTOpa, a Bcell IKOHOMHUKH TrOCYyIapCTBa U B MPeoOpa3oBaHUH 00IIECTBA B LIEJIOM.
[Ipe3ungent moguepkHyia, uto B PecrmyOnuke Kazaxcran mmeercs 3aBHCHMOCTB
OT 3apyOeXHBIX Pa3pabOTOK M TEXHOJIOTHH, B CBSI3M C 4eM, ObUIO TOPYyYEHO Ha
3aKOHOJATENILHOM YPOBHE MO AePrKaTh | T-koMIIaHNH Ka3aXCTaHCKOTO TPOU3BOCTBA
1 00ecreYnTh UM MPUOPUTETHOCTh B KOHKYPEHIMH B TOCYAapCTBEHHOM CEKTOP
(I'maBa rocymapcTBa IpoBeN COBEIIaHUE 10 peanu3anud.., 2020).

OCHOBHOM LENbI0 HHTEPIPETALUU  PE3YNBTAaTOB  SIBISETCS MEPBUYHOE
JUarHOCTHPOBAaHME M TPAaKTOBKAa IIOKa3aTeNel Ha OCHOBE pepedepeHCHbBIX
3HAUCHUH Ka)KJOTO HCCIICAOBaHMS, IJie OTKIOHEHHE OT ped)epeHCHBIX 3HAUYCHHUN
OyZeT cuuTaThCcsl HATMYMEM poOiieM B opranusme nanueHta (Pucynox 1).
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3aKkasbl Ha
nabopaTtopHbie
vccneaoBaHus

Pesynbrat

BuomaTtepuanbl naunMeHToB

Pucynoxk 1. O6imas cxema mpoiiecca HHTEPETauu

[IpenmyiiecTBa aJropuTMOB M MHTEPIPETANUI BKIIOUAIOT MPEAOTBpAILICHHE
OmMOOYHBIX JTMarHO30B, COKpAIICHHE KOJIMUYECTBA HEOOXOIUMBIX JTab0OpaTOpHBIX
TECTOB,COKPAIICHNE KOJINYECTBAIIPOIICTY D, IePETUBAHN A KPOBU U TOCITHTATH3AIINH,
COKpallleHHe BPEMEHH, HEOOXOJMMOTo JUIs MOCTAaHOBKH JIMArH03a, COKpalleHHE
omMOOK MpH 3aKa3e TECTOB U MPEIOCTABICHUE AOTIOJHUTEIBHON HHPOPMAIHU O
TOM, KaK pe3yJbTarhl 1abOopaTopHBIX MCCIENOBAHUI MOTYT MOBIUSTH HA JAPYTHE
acriekThl yxona 3a manueHtoM. CodeTaHWe alrOpUTMOB M MHTEPIpPETAUN s
11a00paTOPHBIX HCCIIEAOBAHUN IMEET MHOYKECTBO ITPEUMYIIECTB JIIS METUIIMHCKOTO
obcyxuBanus nmanuenta (Kagupkynos u jip., 2020).

[IpakTuka 31paBOOXpaHEHHs BKIIIOYAET B ce0s cOOp BceX BHJOB JAHHBIX O
MalMeHTe, KOTOpbIE IMOMOTYT Bpady MPaBHILHO JHATHOCTHPOBATH COCTOSHHE
3[0POBBSl TMAIUCHTA. ODTUMH JaHHBIMH MOTYT OBITh IPOCTHIE CHUMIITOMBI,
HaOMoIaeMble TIAIMEHTOM, TEPBOHAYANBHBIA JIMarHO3 Bpada WM TOJIPOOHBIC
pe3yibTaThl aHAIW30B, MOJMy4YeHHbIE B Jabopatopuu. Takum oOpasoMm, 3TH
JTAaHHBIE UCTIONB3YIOTCS TOJNBKO JUIS aHAJIN3a Bpad, KOTOPBIH 3aTeM YCTaHABIMBACT
3a0oieBaHre, MCIONB3Ysl CBOW IJMYHBIA MeAMUMHCKHN onbiT (Jackins m np.,
2020). 13-3a coBpeMeHHOTO 00pa3a KU3HU OOJIE3HU CTPEMUTEIBHO pacTyT. Ha
00pa3 KM3HM W TNUTAHWE MPHUBBIYKMA OKa3bIBAIOT BIMSHHE HA HaIle 3/10pPOBbHE,
BBI3BIBAs CEPJICUHO-COCYIUCThIC 3a00JIeBAHUS U APYTHE TIPOOIIEMBI CO 37I0POBBHEM.
TexHuka AOOBIYM JAHHBIX SIBISICTCS ONHOW W3 CaMBIX CIOKHBIX W BEIYIIUX
HCCIIEIOBATENILCKUX 00JacTei B 31PaBOOXPAHEHHH W3-32 BBICOKOH BaKHOCTHU
neHHbIX 1aHHbIX (Renjit, Shunmuganathan, 2010).

Pesynbrarsl KIIMHUUECKUX U 1a00PATOPHBIX aHAIN30B YacTO PACCMaTPUBAIOTCS
Kak HOpMaJIbHblE WJIM HEHOpPMalbHBIC, a HE KakK MPOCTO HH()OPMATHBHBIMH.
JUJIs KOJIIMYECTBEHHBIX PE3YyNIbTaTOB HOPMAILHOCTh OOBIYHO OIpEIeNsieTcs Kak
JIMANa30H 3HAYEHUW, NPOCTUPAIONIMICA Ha JIBa CTAaHJAPTHBIX OTKIOHEHUM
OT CpEIHEero 3HAueHHs, MOJYYEHHOTO M3 TMOMYyJSAIUH "HOPMaNbHBIX' Ionen
aHAJIOTMYHOTO BO3pacTa, Beca, moja u T.J. CormacHo 3ToMy OOMICTTPUHSITOMY
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OTIpPENIeICHNI0, HOPMAalbHBIH NHana3oH WM pedepeHCHBI WHTEepBal IOJDKEH
BKJTIOUATh MpuOmm3urensHo 95 % rtectupyemoit momymsiuu. [Ipenmomoxenue,
JIeKaIee B OCHOBE 3TOTO MOJIX0/1a, SBIISICTCS TO, UTO PE3YJIBTaT TecTa (He3aBUCHMAs
MepeMeHHasi B IaHHOM CJy4dae) MMEeT KPUBYIO paclpesiefieHHs] YacToT, KOTopas
uMeeT (OopMy KOJIOKOJa. DTO BEPHO JUIsi MHOTUX KOJIMYECTBCHHBIX W3MEPCHUUN
MIPOBOJIUMBIX B METUITMHCKOM mpakThke. OIHAKO I MHOTHX JPYTHX TECTOB, IS
orpeneneHns "HEHOPMaJIbHOCTB', TOCKOJIBKY IPEINOJI0KEHNS O HOPMaJIbHOM
pacripeiieficHHH HE BBITIOMHAIOTCS (HAIpUMeEp, aHAJIUTHYSCKHE CTaHIapPTHBIC
OTKIIOHEHWS YBEJIMUMBAIOTCS C POCTOM 3HAYCHHH B TIpe/ieiax HHTEpBaia H3MEPEHUS
WIM TECTOBBIE 3HAYCHUS BKJIOYAIOT OTpUlaTelbHble 3HaueHus) (McPherson,
Pincus, 2017).

Mammmanoe o0y4yenne (ML) oka3ano orpoMHOE BIMSIHUE HAMHOTHE Cepbl KH3HN
COBpeMeHHOTO0 00mIecTBa. Hampumep, 0HO Hcmonb3yeTcs s (PUIbTpaIiy ClIaM-
COOOIICHUH M3 TEKCTOBBIX JIOKYMEHTOB, TAKUX KaK AJICKTPOHHAs 10YTa, aHajIu3a
Pa3IMYHBIX M300PaXKCHHUW IS BBISBICHUS Pa3iMuUil, a TaKXkKe I U3BICYCHHS
BaXHBIX JJAHHBIX U3 OOJIBIITIX MACCHBOB C TTIOMOIIBI0 HHTEIUIEKTYaIbHOTO aHalln3a
naHHbIX. ML 103BOJISIET BBISBISATH 3aKOHOMEPHOCTH, CTPOUTH MOJICNIA U JICIATh
MIPOTHO3HEI Ha OCHOBE oOy4aromux naHubix (Esteva et al., 2019).

Ho kak moka3bIBaeT MpakTHKa, MCIIOJIb30BAHUE CTPYKTYPUPOBAHHBIX JAHHBIX
HAMHOTO YCKOpSIeT TMpPOLECC IPOTHO3UPOBAaHUS, MPUMCHEHHUS aJTOPHUTMOB
MAaIIMHHOTO 00YYEeHHS, CTATUCTHYECKOTO aHAJIM3a U APT. MeTOAHK. CTPYKTypr3aus
JAHHBIX TIPOU3BOIUTCS IyTeM KOMIUIEKCHOW aBTOMaru3anuu. KomruiekcHas
aBTOMATHU3AIUS MEIUITMHCKON JTa00paTOpUH O3HAuaeT HWHTErPAIUio ITH(PPOBBIX
TEXHOJIOTMH, TaKMX Kak HMcKyccTBeHHbIM uHTemekr (MU), pobortoTexHuka u
CUCTEMBI AIIEKTPOHHOW MeIUIIMHCKOH nokymenTanuu (OMK), B mporecc paboTht
MEIUITMHCKOU Jaboparopun. llenpro KOMITJICKCHOW aBTOMATH3AIMH  SIBIISICTCS
paloHaNM3anys U ONTUMHU3AIUS JIA0OPATOPHOTO MPOIECCa, YTO MPUBOAUT K
MOBBIIICHHIO (Hh(HEKTUBHOCTH, TOYHOCTH W YAYYIICHHIO PE3YyNbTaTOB JIEYCHUS
MAIUCHTOR.

HckyccTBeHHBIA HHTEIIIEKT CET0 CIIOCOOHOCTHI0 00padaThIBaTh 0OIBITNE 0O HEMBI
JIAHHBIX, CPAaBHUBATh U aHAJIM3UPOBAThH JIAHHBIC, 0COOCHHO IEHUTCS B MEIAMIIMHE
u 3npaooxpanenun B 1enom (Ilin et al., 2017). Pobepr ['puneBny, cnienmanuct
10 aHAJIK3Y JaHHBIX, CYUTAET, YTO MEAUIIMHCKHE PAOOTHUKH HYKIAIOTCS B JIIOO0H
ITOMOIIIX, KOTOPYEO OHM MOTYT HOJY4HTh. JIFOIU MOTYT BBISIBIISITh 3aKOHOMEPHOCTH
B JIaHHBIX, HO 3TO MOXXET OBITh YTOMHUTEIHHBIM IPOIIECCOM, ISl KOTOPOTO JIydIle
MOJIXO/ISIT MAIlIMHBL. 0COOCHHO MPH HAJIMYHK OOJIBIIOrO KOJUYECTBA MEPEMEHHBIX
nim crieHapueB. OObeIMHUTE ATOT (DAKT C IIEPETPYKEHHOCTHIO pab0TOM M HEXBAaTKON
BPEMEHH, C KOTOPBIMU IPHUXOAMTCS CTAJKUBATbCsS BpadaM, CTAHOBUTCS CIIE
MIPOIIIE eIIe MPOIIE MPOIYCTHTh MPU3HAKU, KOTOPbIC MOT'YT ITOBJIHSITH HA JUArHO3.
HckyccTBeHHBIN WHTEIUIEKT B 3/PAaBOOXPAHEHWH MOXKET ITOMOYb, OOHApYKUB
CUTHAJIbI, KOTOPBIC OJIATOHAMEPEHHBIE Bpauu MOryT rponyctuth (bomorora, 2012).

OnucaHue MaTepUAJIOB U METO/IOB

Llenpro mpeicTaBiIeHHON pabOTHI SBISIETCS Mpoliecc GOPMUPOBAHHE U BHIOOD
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MojieJiel MalIMHHOTO OO0Yy4EHUsI AJIs1 MHTEPIIPETALMH PE3YJIbTaTOB J1a00opaToPHbIX
uccnenoBanuil. CucremMa COBPEMEHHOTO 3/APaBOOXpPAHEHHE CTaBUT Hepen
KIMHAYECKOW J1TabOpaTOpHON TUAarHOCTHKOM 3ajady OBICTPOrO M KaueCTBEHHOTO
OIIpelieNICHNs] pe3ysbTaToB. PemieHne Takol akTyaldbHOW NPOOJIEMBI JIEKHUT B
aBTOMATH3aIMH [IPOLIECCOB Ha BCEX 3Talax AUarHOCTUYECKUX MCCIICIOBAHU, YTO
MO3BOJIUT COKPATHT BPEMs MOJIYYEHHUs] PE3yJbTaTOB, MUHUMH3HPOBATh y4acTHE
YeJIOBEKa M MOIYYUTh JOCTOBEPHBIC PE3YJIbTaTHI.

Ha mnepBom osrtame mnpousBoauiack o6OpaboTtka 7,6 MIH pe3ylbTaToB
nabopaTopHbIX HcclenoBaHui. B maHHOM wuccrnenoBaHuM ObIT  TPOBEACH
JIOTHCTUYECKUH PETPECCHOHHBIN aHamu3 Ul NPOTHO3MPOBAHMS 3aBHCHMON
nepeMeHHOM. Llenpio aHanm3a ObUIO TIOHSTH B3aMMOCBSI3b MEXKIY HE3aBUCHMBIMU
MEPEMEHHBIMU U 3aBUCHMOM TEPEeMEHHOH M caenarb MPOTHO3bI OTHOCHUTEIHHO
3aBHCUMOI MEpeMEHHOH Ha OCHOBE HE3aBHCHUMBIX NEpEeMEHHBIX. B pesynbrare
Obuta ompeneneHa cBi3b Mexay TSH (TupeoTpomHblii rOpMoOH) + BO3pacT C
npyrumu Tectamu (PucyHok 2).

Mpenckasanis vs. BoapacT + TUPEOTPONHbIii FOpMOH

Mpeackasanvs

0 25 75 100

50
BospacT + THpeoTpOMHbiii rophioH

Pucynox 2. Acconnanus mexay TSH (TupeoTrponHslii ropMoH) + Bo3pacT
C IPYTHMH TeCTaMH

Ha BTopom sTare, mocrne omnpeneneHus tecta, Obu cHOpMUPOBAHBI JaHHBIE
(6omee 1,8 MiTH) 1O TECTaM MMEIOIIHME TECHYIO CB353b C THPEOTPOITHBIH TOPMOHOM.
3to Tectsl TupeoTponHbIii ropMoH (TT1)) B komOuHanmu ¢ TputoaTupornna (13) u
terpaitontuponnta (T4) HeoOXOMUMBIX JJIST OTIPEICTICHUS MTaTOIOTHH IITUTOBUTHOM
JKEJe3bl.

Ha Tpersem srame, ObIIO TPOM3BEACHO OOydeHHWE HEWPOHHOW CETH TI0
c(hOpMHUPOBAHHBIM JTaHHBIM, TI0 CIIEAYIOIIEH CTPYKType:

* Bospacr;

* [Tom;

* 3naucHue TTT;

* 3naueHue T3;

* 3HaucHue T4,

e [Ipu3Hak natosorum.
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Mopens HEMPOHHOU ceTH OBUT MOCTPOCH MO 3 CKPBITHIM ciosiM (Pucynok 3).
Hctopust 00yueHns: MOZIEN AEMOHCTPUPYET CIEIYIONINE OKA3aTeIH:

* [lorepu npu oOyuenun: 0,2732;

* Tounocts oOyuenwus: 0,8949;

* [Torepu npu nposepke: 0,338;

* Tounocts Basmmpanuu: 0,8612
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Pucynok 3. I'paduk oOydeHuss HSHPOHHOIT ceTH

Mozenp yka3ana Ha HEOOXOAMMOCTh NMPUMEHEHHUS abTEPHATHBHBIX METONIOB
MAaIIMHHOTO 00Y4YeHHs I KOMOMHAIIMH METO/IOB, BKIIIOYAsl YCHIICHUE HEHPOHHBIX
ceTeil uepe3 rpaauenTHbI OyctuHT (GB), cywaitneie eca (RF) u MmeTom onmopHbIX
BekTopoB (SVM). AHcamOneBoe MallMHHOE OOYYEHHE TIPEICTaBIsIeT COOOH
MOZIXOJI, T/Ie pa3InuHbIe MOJIEIH OOy4YaroTCs C HEJbI0 PELICHHs OIHOW 33/1aud U
3aTeM KOMOWMHHPYIOTCS ISl TOCTHIKCHUSI ONTUMAJIBHBIX pe3yiabTaTtoB. OCHOBHAsS
uziesi COCTOUT B TOM, YTO KOMOMHHPOBAaHHOE pEIICHHWE HECKOJIBKHX MOJeel
00bIYHO OoJIee TOYHO, YeM pelIeHHWe OTAeNbHONM Monenw. s peanusanmu
aHCaMOJIEBOTO TIOJIX0/1a BXKHO MTPOBECTH CPAaBHUTEIBHBIN aHAIN3 TPEUI0KEHHBIX
METOZIOB, 4TOOBI BBIOpaTh HambOosiee 3PPEKTHBHBINA. DTOT MPOIECC HAYMHACTCS
C CO3IaHMs TPEX MOJENIEH Ha OJHOM M TOM K€ HaOOpe NaHHBIX, 3aTeM CTPOHMTCS
MarpuIia OIUOOK /TSt OLIEHKU U CPAaBHEHHS IIPOU3BOIUTEIBHOCTH KaXK 101 MOIEIN
(PucyHoK 4).
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CpaBHeHIe Npou3BOANTENBHOCT Mogenei

Accuracy Sensitivity Specificity
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Pucynok 4. CpaBHeHHE TPOU3BOAUTEILHOCTH MOZIEIEH

sV svm GB RF sV

3HaqeHnA

Kappa

sV

svm ] RF svi

U3 pucynka 4 MOXHO cHOpMHpPOBAaTH CICAYIOLIYIO TaOIUIy pe3yJIbTaTOB CPABHHTEIHHOTO
aHanm3a (tadm. 1).

Tabnuua 1. CpaBHUTEIBHBIN aHATM3 MOJEIeH MAITMHHOTO 00y YeHHs

Mopnens Tounocts | UyBctBuTenmbHOCTh | Cnemuduunocts | PPV NPV Kanmna
SVM 0,8556 0,9709 0,6619 0,8283 10,9312 |0,6722
GB 0,9369 0,9673 0,8859 0,9344 10,9416 |0,8635
RF 0,9422 0,9588 0,9145 0,9496 10,9296 |0,8761

B Tabn. 1 mpencraBieHbl pe3ynbTaThl CPaBHEHUS TPEX MOJEIeH MalnHHOTO
0o0y4deHMs: MeToJ] OMOPHBIX BEKTOpoB (SVM), rpamuentrsiii Oyctuar (GB) u
ciyyqaitnbnii nec (RF). PaccMoTpens! crenyronmue MEeTpUKU: TOYHOCTH (Accuracy),
YyBCTBUTENBHOCTH (Sensitivity), crenupudanocts (Specificity), momoxuTenbHas
nmporaoctudeckast neHHocts (PPV), orpunarensHas mporHocTrdeckas eHHOCTh
(NPV) n koappunment Kanma (Kappa). CornacHO TaHHBIM TaOIWIBI, MOIETh Ha
OCHOBE CITy4JaitHOT0 Jieca siBisieTcs inaepoM 1o TogHoctH (0,9422) n koapdunmeHTy
Karmma (0,8761), 94T0 CBUAETEIHCTBYET O €€ BBIIAIOICHCS MPOU3BOAUTEIHHOCTH B
JTAHHOM KOHTEKCTe. | pailueHTHBIN OyCTHHT TaKKe MoKa3aj ce0st XOpOoIlo, 10CTUras
touHocth 0,9369 n koaddummenta Kamma 0,8635. B To Bpemst kak SVM-Monenb
obmamaeT Menbinei TouHoCcThIO (0,8556) 1 koapummentom Karma (0,6722), ona
BBIJIETISIETCSI BEICOKOW 9yBCTBUTEIHHOCTHIO (0,9709). DTO MOXET OBITH KPUTUIHO
B CIEHApusX, INE BBICOKAS CIIOCOOHOCTb KOPPEKTHO MICHTU(HHUIHUPOBAThH
MOJIOKUTEIIbHbIE CITy4aH SIBISIETCS KITFOUEBOM.

CpaBHuTenbHasg Taliuua IOKa3ajga, 4TO JJIS TNPENCTABICHHBIX JaHHBIX
Oosiee MOIXOMSIIMM SIBJISIOTCS METOIbl MAIIMHHOTO OOy4YeHHs CilydaiHbIH Jiec
U rpaaveHTHeId OycTuHI. ClenoBaTeibHO, HCIOJb3Ysl AAHHBIE METOIAbl MOXKHO
noctpouth ancam6mb [GB+NN] u [RF+NN]. Ilpu moctpoenuu ancamOneBoin
MOJIENH TIPOU3BOIUM 00ydenne moxaenu mo GB u RF.

Pesyabrarsl

B pesynprare ancambnp mMoneneit rpaauent Oyctunr (GB) u HeliponHas ceTh
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(NN) neMOHCTPHPYIOT 3HAUMTEIbHOE YIyYIICHHE IPOU3BOAUTEIBHOCTH IO
CPaBHEHHIO C OTACIbHBIMHA MOAECIISIMU, YEMY CIICIYIOT CICIYIONINE PE3yIbTaThl:

* Tounoctb: (TP+TN)/(TP+TN+FP+FN) = (1961 + 3300) / (1961 + 3300 + 2
+3) =0.99905, uro 03Ha4AET, YTO MOJEIH MPABHIBHO Kinaccuduuuposaia 99,9 %
Clly4aes.

* 95 % CI: (0,9978, 0,9997) npexacrasisieT coO0i TOBEPUTEIBHBIN HHTEPBAT
JU1s1 TOYHOCTH; MBI MOXKeM OBITh Ha 95 % yBepeHbl, 4YTO HICTUHHAS! TOYHOCTD JICKHUT
Mexay 99,78 % u 99,97 %.

* P-Value [Acc > NIR]: 2e-16, BEepOSTHOCTh COOIIONEHUSI TOYHOCTH MOJICIIH,
ecsin ObI Mozienb He uMena nHpopmanui. O4eHb MaJICHBKOE P-3HAYCHUE YKA3bIBACT
Ha TO, YTO MOJIENb 3HAYUTEIBHO Jy4llle, YeM CIydaiiHOe yraJlbIBaHHeE.

» Koadppumnment orcyrcrust napopmanuu (NIR): 0,627 — GazoBast TOUHOCTb,
€CJIM MBI BCETa NPE/ICKa3bIBaeM KJlacC OONBUIMHCTBA (B JaHHOM citydae kiacc 0).

» Kappa: 0,998, mepa cormacusi Mexay TpeAcKa3aHHBIMH U (aKTHICCKHUMH
3HAUCHHUSAMH C yUETOM CIydaiHOCTH. 3HaueHue, onuskoe K 0, yka3pIBaeT Ha MII0X0e
coracue, a 3HaueHue, Onm3koe K 1, yka3plBaeT Ha HcaIbHOE COTIacHe.

3akiaouenune

HccnenoBanue moka3ano, YTO METOABI MAIIMHHOTO OOydeHHs IUIsi Habopa
JAHHBIX TIO BBISBICHHUIO OTKJIOHEHHUIO MPU JUATHOCTHKE LIMTOBHIHON KEJC3bl
MOTYT paboTaTh KaK OTEIbHAs MOJEIb, TAK ¥ C TPUMEHEHNEM METOIMKHY aHCaMOIs.
B pesynbrare coracHo pUCyHKY 4 MOKHO CKa3aTh, YTO BBICOKHE ITOKa3aTesln ObuIN
Y OTZENBHBIX MOACTEH KaK CIy4alHbIH JIeC U IPaJAUEHTHBIA OyCTHUHT, 1 METOAMKA
aHcaMOJIb CTEK MEXy TpPaJIuCHTHBIM OyCTHHIOM U HEHPOHHOH CETBHIO.
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Abstract. With the emergence of new spheres of professional activity, new
professions and professional standards appear. It is necessary to improve the
education system, which should provide the digital economy with competent
personnel. This article analyzes modern trends in the development of educational
programs; the approach of forming educational programs based on professional
competencies is considered. The task of training qualified specialists on the basis of
competence-based approach to training in IT areas is considered. Competence-based
approach to training is currently the main aspect in the sphere of higher education.
Formation of competencies for the design of basic educational programs of higher
education is declared on the basis of professional standards in the framework of
the national chamber of entrepreneurs of the Republic of Kazakhstan "Atameken",
but the labor functions described in professional standards often require structuring
under the needs for the development of an intelligent system of designing the
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optimal competence model of a graduate of higher education institution. The article
presents an algorithm for structuring professional programs in .xlIs format for the
development of intelligent design systems, such as the formulation of professional,
unique and general educational competencies, expert examination of educational
programs, data processing and analysis. We hope that the obtained structured data
of the professional standard will serve as a basis for designing a competency model,
formulation of competencies providing for the development of future integrated,
comprehensive and accessible educational programs with the help of which the
result of education will contribute to the training of quality, highly qualified workers
with a set of necessary competencies that meet the requirements of employers
and allow to effectively carry out professional activities. The first part shows the
general structure of the professional standard. In the second part semantic linkage is
developed on the example of professional standard on database administration. In
the third part data structuring using the library Xceed.Words.NET in C# language.

Keywords: Educational program, professional standards, competency-based
approach in education
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AnHoTamusa. JKaHa KOCINTIK KbI3MET CalaNapblHBIH Taiga OoMybIMEH
Karap JKkaHa Kocimrep MEH KociOMm craHmapTrap maiina Oomagsl. Ludprbik
SKOHOMHKAHBI KY3BIPETTI KaJpilapMeH KaMTamachl3 eryre Tuic Oimim Oepy
KYHECIH KeTiaipy KaxeT. Makanana Oinmim Oepy OarmapiamanapblH o3ipleyiH
Ka3ipri TeHJCHIUsIaphIHA Talfay; KOCIOM Ky3bIPETTUTIKKE HEeTi3[eNreH OiliM
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Oepy OarmapiamanapblH KaJbIITACTBIPY TOCLM KapacTeipbiiaabl. AT OarsrTTapbl
OOMBIHITIA OKBITYyFa KY3BIPETTLTIK TOCIT HEri3iHae OUTIKTI MaMaHIapAbl naspiay
MiHzeTI KapacTbIpbliagel. OKBITyFa KY3BIPETTIIIK Ke3Kapac Kasipri yakbITTa
YKOFapBI O1T1iM Oepy/IiH HeTi3ri acrekTici 00k Tadkuaab!. XKoFapsl OiiM OepyIiH
Heri3ri 0inim Oepy OaFmapramanapbiH sko0anay YIIH KY3bIPETTepli KAIBINTACTHIPY
Kazakcran PecmyOnukaceiabiH "ATtamexen" ¥urTelK Kocimkepiep mnamaracel
KaObUIIaFaH MICHOepAeri KociOM cTaHmapTTap HeEri3iHAe JAeKiapanusiaHalbl,
anaia KoCiNTiK CTaHAapTTap/a cunartainral eHoek pyHkimsuaps! kedbinece KOO
TYJICTIHIH OHTaWJIbl KY3BIPETTLTIK MOJETIH K0OalayaplH 3USTKEPIIK XYHeCiH
o3ipIiey YIIiH KYpBUTBIMIAyAbl Tajlan eredi. Makamana kociou OarmapiaManapabl
Xxls  dopmarbiHa KypeUIbIMAAy anroputMi OepinreH. On anroputm Oipereit
KOHE JKanumbl OuTiM  Oepy KY3BIPETTUTIKTEepiH TYXKBIppIMIAy, OiTiM  Oepy
OarnapiaManapblHa capanTaMa KYpPrizy, AepeKTepl eHJIeY JKOHE Tayjay CHSKTHI
MHTEJUICKTyal bl xobanay xyhenepin a3ipieyre OarbiTranraH. COHbIMEH KaTap
aNBIHFAaH KYPBUIBIMIBIK JEPEKTEp KY3BIPETTUTIK MOAEIIH jKoOanayra, Oonamnax
WHTETpalHsIaHFaH, KeIIeHIi oHE KOIDKeTiMIi OinmiM Oepy OarmapiiamanapbiH
o3ipreyni KaMTamMachl3 eTeli JereH ceHiMmuemis. bipinmi Oemimae KociOu
OaFmapiiaMaHbIH KaJbl KYPBUIBIMBI KepceTiiareH. Ekinm OemiMiae MamiMeTTep
0a3zachlH Oackapy KociOM CTaHIAPTHIHBIH MBICANBIHA CEMAHTHKAIBIK OaiilaHbIC
skacanael. Ymrami Oemimae C# timiuaig — Xceed.Words.NET. kitamxanacblH
naianany apKbUIbl A€PEKTEPl KYpbUIBIMAAY KapacThIPbUIFaH.

Tyiiin ce3nep. bimim Gepy Oarmapnamacsl, kaciOu craHgapTTap, OixiM Oepymeri
KY3BIPETTLIIK TOCiT
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Annoranus. C TosSBICHHEM HOBBIX cep NMpodeCcCHOHATHHON JeATEeThHOCTH
MOSIBJISIIOTCS. HOBBIE Tpodeccuil M npodeccronaibuble cTanaapTel. Heo6xomumo
COBEpPILICHCTBOBATh CHCTEMBbl 00pa3oBaHUs, KOTOPbIE JOJDKHBI 00eCreyrBaTh
M(ppPOBYIO KOHOMHUKY KOMIIETEHTHBIMH Kajpamu. B maHHO# craree mpoBeneH
aHaJIM3 COBPEMEHHBIX TEHACHINH pa3paboTKH 00pa3oBaTeIbHBIX MPOrpamMM;
paccmarpuBaeTcss  moAxoA — (GOpMHpPOBaHUS — 00pa30BaTENFHBIX — MPOTPAMM,
OCHOBaHHBIX Ha MPOQECCHOHAIBHBIX KOMIIETEHIUSAX. PaccmarpuBaercs 3amada
MOATOTOBKY KBATH()UIIMPOBAHHBIX CHEIUATHCTOB HA OCHOBE KOMIIETEHTHOCTHOTO
nojaxojaa K oOyuenuto 1o HampasieHusM WT. KoMIETeHTHOCTHBIM TOAXOA K
0Oy4EHHIO B HACTOSIIIIEEC BPEMS SIBJISIETCSI OCHOBHBIM aCIIEKTOM B c)epe BBICIIETO
oOpaszoBanus. DopMUpOBaHHE KOMIETCHIWH MJIs1 TPOEKTHPOBAHUS OCHOBHBIX
00pa3oBaTeNbHBIX MPOTPaMM BBICIIETO 00pa30BaHUS NEKIApUPYETCs Ha OCHOBE
mpo(heCCHOHANBPHBIX CTAaHAAPTOB B paMKaxX NPUHSATHIX HAI[MOHAJIBHOHN Iajare
npeanpuaumareneii Pecnyonukm Kaszakcran «ATamekeH», OIHAKO TpPYHAOBBIC
(GyHKIMH, ONMUCAHHBIE B MPOQECCHOHANBHBIX CTaHAAPTaxX, 3a4acTyio TpeOyioT
CTPYKTYPHM3ALMIO TOA HYXABI JUIS Pa3pabOTKM HHTENJIEKTYalbHON CHUCTEMBbI
MPOEKTHPOBAHUS ONTUMAIHHON KOMIIETEHTHOCTHOW MOJIEH BeITycKHUKa BY3a. B
CTaTbe MPEACTABIIEH aAJITOPUTM CTPYKTYpH3aIuU MPOoPECCHOHATBHBIX ITPOTpaMM B
¢dbopmare .xIs U1 pa3paboOTKH HHTEIUIEKTYalIbHBIX CUCTEM IPOSKTHPOBAHUS, TAKUX
Kak (popMyIupoOBKH NpodeccHHaNbHBIX, YHUKAIBHBIX U 00IIee 00pa3oBaTeIbHbBIX
KOMIIETEHIIMH, POBEICHUH YKCIIEPTU3bI 00pa30BaTEIbHBIX IPOTpaMM, 00padoTKu
Y aHaJu3a JaHHBIX. MBI HaJleeMcsl, 4TO MOJTyuYeHHbIE CTPYKTYpUPOBAaHHbBIE JaHHBIE
Mpo(hecCHOHATFHOTO CTaHJapTa TMOCTYXaT OCHOBOW MPOEKTHPOBAHUIO MOJENN
KOMITETEHIINH, (hOPMYITHPOBKY KOMITETEHITHI 00€CTIeUnBaIONIUil sl pa3padOTKu
OyAylIMX WHTETPUPOBAHHBIX, KOMIUIEKCHBIX W JOCTYIHBIX 00pa30BaTeIbHBIX
MIPOTrpaMM C IOMOIIBIO KOTOPOTO pe3yibTaT 00pa3oBaHust OyAeT criocoOCTBOBATH B
MOATOTOBKE KaYe€CTBEHHBIX, BBICOKOKBATH(DUIUPOBAHHBIX PAOOTHUKOB C HAOOpOM
HEOOXOMUMBIX KOMIICTEHITMH, OTBEYAIONINX TPEOOBaHUSIM paboTomaTee u
MO3BOJSAIONINX A((HEKTUBHO OCYIIECTBIATh MPOPECCHOHATBHYIO NEATENTHHOCTD.
B nepBoii wactu mokazana oO1iast CTpyKTypa mpodeccnoHaabHOro cTanaapra. Bo
BTOPOY YacTH pa3padoTaHa CeMaHTHUYECKas CBsI3b Ha TIPUMEpPE POQPECCHHATLHOTO
CTaHJapTa 10 aIMHUHUCTPUPOBAHUIO 0a3 TaHHBIX. B TpeThel uacTu CTpyKTypHu3aLus
JaHHBIX ¢ Hcnonb3oBaHreM ondnuorekn Xceed. Words.NET Ha s3bike CH.

KiawueBbie ciaoBa. OOpaszoBarenbHas MporpaMma, HpoQeccHoHaNbHBIC
CTaH/apThl, KOMIIETEHTHOCTHBIHN TTOIXO/ B 00pa30BaHUH

BBenenmue

B coBpemeHHOI cucTeMe 00pa3oBaHUsS CYIIECTBYET OCTpas HEOOXOIMMOCTh
(hopmupoBaHusi 00pa30BaTEIbHBIX MPOrPAMM C KOMIIETEHTHOCTHBIM ITOJIXO/IOM,
OTBEUAIOIIUX TpeOOBaHUSAM pBIHKA Tpyla M OXUAAHUSAM AOUTYPHEHTOB.
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KoMIteTeHTHOCTHBIN TOAXOA CTall MIMPOKO HCIIONB3YeMbIM B OOpa3OBaHHU,
IOCKOJIBKY OH O0ecreYrBaeT DIyOOKOE M CHUCTEMHOE IOHUMaHHUE Y4YeOHBIX
MPEIMETOB, a TAKXKE PA3BUTUE YUCOHBIX KOMITETEHITHH, KOTOPbIE HEOOXOUMBI JJIst
YCIHEUIHON Kapbepsl.

Brenpenne — KOMIIETEHTHOCTHOTO  TMOAXOAa B CHCTEMY  BBICIIETO
npoheccHoHaTFHOTO 00pa30BaHUs HAMIPABIEHO Ha YIyUIICeHNE B3aUMOJICHCTBHS C
PBIHKOM TPY/Ia, TIOBBIIIEHHE KOHKYPEHTOCITOCOOHOCTH CIEIIHATUCTOB, OOHOBIICHHE
COJICpKaHHs, METOMOJIOTUM W COOTBETCTBYIOIIEH cpeiasl oOyueHus. OCHOBHas
1enb MpoheCcCHOHALHOIO 00pa30BaHUs — IMOJrOTOBKA KBAJIU(DUIIMPOBAHHOIO
CHEIHMAJIUCTa COOTBETCTBYIOIIETO YPOBHS W TPOQPHIISL, KOHKYPEHTOCIOCOOHOIO
Ha pBIHKE TPy[a, KOMIIETEHTHOTO, CBOOOIHO BIAJCIONIETO CBOEH mpodeccueit
U OPHEHTHUPYIONIETOCS B CMEXKHBIX O00JAacTAX JesSTeNbHOCTH, TOTOBOTO K
MTOCTOSTHHOMY TIPO()ECCHOHATBFHOMY POCTY, COLMANBHON M TpodhecCHoHaTbHON
MobuibHOCTH (Menuniesa u jp., 2012). «KoMneTreHTHOCTh — 3TO HeoOXoauMast
CIIOCOOHOCTh M KaueCTBO CTYJEHTa B pPaMKaxX aKaJeMHUYeCKOW MpOorpaMmbl,
JOCTHKEHHUE KOTOPOTO YKa3bIBACT HA CIIOCOOHOCTh MJIM KBATH(DHUKAIIUIO CTYJACHTA
B obmactn kommeTeHmum» (Johnson m mp., 2000). KoMImeTeHTHOCTHBIN ITOIXO.
XapaKTepu3yeTcs MPaKTHIeCKON HalpaBIeHHOCTHIO Ha PE3ylbTaT 00pa3oBaHUs U
npeanoiaraeT GoOpMUPOBaHUE KOMITETEHIIUN, KOTOPBIE OTPaXKaIOTCs B CITOCOOHOCTH
YCIIEIIHO CHPABIISATHCS € ONIPEAETICHHBIM KpyroM 3ajad (3eep u ap., 2011). Apyrumu
CJIOBAaMHM — 93TO aKTHUBHAs M IEJICHAIPABICHHAS JEATEILHOCTh MO PEIICHUIO
MOCTABJICHHBIX IPEIOIaBaTeIeM 3aJ1ad, B X0JI¢ KOTOPOH (pOPMUPYIOTCS 3HAHHS U
YMEHHS, a TAK)KE KOMIIETeHIINH, He0O0X0omuMbIe 1 () (hEeKTHBHOTO pearnpoBaHus B
MPOONIEMHBIX CUTYAIUSIX KaK B IPOPECCHOHANBHOM, TaK W OOIIECTBEHHOH JKN3HU,
Y aJIanTalliy B MOCTOSTHHO MeHstroteMcst mupe (IlanTeneesa u np., 2016).

1. Ilpogpeccuonanvuvie cmanoapmol

[MpodeccruonanpHbie CTaHAAPTBI — 3TO HECTPYKTYPUPOBAHHBIN JOKYMEHT,
KOTOPBIA COJCPKHUT TPYIOBbIe (YHKIIMM W ONUCAHUE YMEHHUS M HAaBBIKOB,
3HAHWN HEOOXOMMMBIX I ToiydeHus npodeccur. OHU OMUCHIBAIOT OCHOBHBIC
KOMITETEHIINH ¥ Ka9eCTBa, He0OX0oMuMbIe /s 9(h(hEeKTUBHOTO BBITIOIHEHUS paOOTHI
i QyHKIUH. Paspabomia, eeedenue, 3aMeHa U NepecmMomp npoheccuoHaIbHbIX
CMaHoapmos — npou3o0smcsi  00beOUHEHUAMU — (ACCOYUAYUAMU,  COIO3AMU)
pabomooamenell Ha OCHOBe OMPACLEBLIX PAMOK KEATUPDUKAYUL U YMBEPICOAIONCSL
Hayuonanvnoii  nanamou  npeonpunumameneii  Pecnyonuxu Kazaxcman 6
VCMAHOBNIEHHOM YROTHOMOUEHHbIM 20CYOAPCMEEHHbIM OP2AHOM NO MPYOY NOPsAOKe
(https://atameken.kz/ru/services/16). IIpodheccnonanbHble cTaHAAPTHI COMEPIKAT B
cebs cenyronue nanHble Tadmuma 1.

Tabmumna 1. CtpykTypa npoheccnoHaIbHOTO CTaHAapTa
KAPTOYKA IMTPO®ECCUU: «<HAZBAHUE ITPODGECCHUN»

Kon npodeccun:

HaunmMenoBanue npodeccuit:

VYposens kBanupukarym mo OPK:
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TpynoBsie GpyHKIMN

Tpynosas ¢pynkms 1 ‘YMeHuUs ¥ HaBBIKU:

3HaHus:

TpeGOBaHI/I}I KJIMYHOCTHBIM KOMIICTCHIIUAM

Ce3b ¢ apyrumu npodeccusimu B pamkax OPK Kon ‘ Hazsanme npodeccrn

TexHn4eckue XapaKTepUCTUKH MPOECCHOHANBFHOTO CTaHIapTa

Kewm paspaborano

Howmep Bepcun 1 rof1 BBIITyCcKa

JlaTa OpUEHTHPOBOYHOTO IEPECMOTPA

AKTyaJIn3UpOBAHO:

OKcnepTH3a NpeaCTaBlIeHa:

Homep Bepcuu 1 rof1 BeIITyCKa:

Jlara OpUEHTHPOBOYHOTO [IEPECMOTPA:

baza nanHbIX mHpodeccHOHANbHBIM CTaHAAPT IpeAcTaBIsgeT co0oi Habop
HECTPYKTYpUPOBaHHBIX .docx-(haiinoB, KOTOphIH BKIouaeT B cebe Oomee 30
HalpaBjiCHUH IOATOTOBKM KagpoB M 582 mnpo¢eCCHOHAIBHBIX CTaHIAPTOB.
Kaxxpprit mpodeccnoHanbHbIN CTaHAAPT COCTOUT U3 8 U OoJiee TPYAOBBIX QYHKINN
U y KaXI0H TpyaoBOW (YHKIWH €CTh ONMCAHWE YMEHHS W HaBBIKOB, 3HAHHU,
HeoOxoauMble 17151 3 (HEKTUBHOTO OCBOCHHUS HAIIPABJICHUS TOATOTOBKH.

2. Hcxoomwiii HAbop OaHHbIX

B nanHoMm nccnenoBannu UCTIonb3yoTcs npodeccuonanshele cranaaptsl (11C),
pa3paboTaHHbIE COBMECTHO C MPEICTABUTENISIMU NPO(ECCHOHAIBHBIX COOOILECTB,
paboromareneif, rocyJapCTBEHHBIX OPraHOB M 0Opa30BaTENbHBIX YUPEKACHUI,
YTBEpXKACHHbIE HayuonanvHou naramoi npeonpunumamenei Pecnyonuxu
Kazaxcman 6 ycmanogiennom ynoinomMoueHHbiM 20Cy0apCmeeHHblM Op2aHom no
mpydy nopsoxe. N3 conepxamux nanasix 11C (tadmuma 1) otbupaem ciemyromme
JaHHBIC: Ha3BaHUE NMpodeccu, TPyAoBble QYHKIUH, YMCHHUS U HABBIKH, 3HAHMS.
Pucynoxk 2.

HA3BAHWE MPO®ECCUUN

Tpyaosble dyHKUMMN

Tpyaosas dyHkums 1 Tpyaosas dyHkuma 2 Tpynosas dyHKUMS... N

Pucynoxk 2. Crpykrypa I1C

Ha pucynke 3 mokazaH mpuMep ceMaHTHUeCKod cTpykTypel IIC mo ammu-
HHUCTPUPOBAHUIO 0a3 JaHHBIX, KOTOPBIM COACPIKUT B ceOs1 7 TPYMOBBIX (DYHKIINN U
KaXK1ast TpyaoBast (GYHKIHS COACPKUT ONMMCaHNEe HEOOXOTUMBIX 3HAHUH, YMEHHS U
HaBBIKH.
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Agmusncrpuposanwe 623

" AHanM3 M HacTpoiika OBecneyerme Obecnedene
[Veranoska u wactpoika 10| o oavmanenmoom el Obecneuenme U 5} Pt &mepe&:ym;;m paborh Vapasnenue passntuem 6|
YMEHUA 1 HaBLIKK: | YMEHMA M HaBbIKKM: AHaNM3 "
Vmenun  assik. Oueria Nposeaeine ananisa sosmoNHbiX ypo3 enus u waskie: Avar oo [ ——
W BbipaboTKa TpeBOBaHM K VMenna u HasbIKu: craTucTheckoit Gesonackocti B/ ¥ NPUHATUE MEp No aAMMHMCTPUpOBaHHE PbiHKa annapaTHo-
D Paspabotka ANA oueHKN PaspaGorka HopmaTsHo- i i";:”:i'? " KNacTepHoli apXUTEKTYpbI NPOrpammMHOro Komnnexca.
KoMAAEKCY, UCKOAA M3 i BA. o vau cepaepos 5/, Buipaboria crpareran
no cnextpa OBcneaosanme coctoHms pazeuTas vcnonbaosanm
[ | aoctynmen cpeacts n obecnesenmio V6 6. ok pabore YA mranv S cepocpon BLE CYB1 6 opranm3aumn.
p 5. W meTon08 ynpasnenns B\ Menonb3osanve cpeacts u rbopmauuy o pacore Bl uenbio ocywectsnenus | |—|  Wsyenme nepenosoro
KOMN/IEKCa 417 YCTaHOBKM KOHTPOAL MCNOAHEHUA 1A OUEHKY HATPY3KY MY [MeTono8 KoHTpONA AocTynal e e IREBEHTUBHbIX Mep AT onbiTa 8 oBactn
BA. paborT no pesepsHomy BBINOAHEHUY 3aNPOCOB K KB/l CobniopeHve Kennyatauuy BA. i BA.
Konuposaruio 61, B0, Ananna 1 ouenka nonutuki MG npeanpusmys. m WC. Aanua u Mnanmposanme
ewinanene npmann cBoes MeponpusTT Mo
GYHKUMOHMPOBaHYA Bl Sann: Cocras pabore CYB[l ¢ ofaassrano O s
oo nocneayrowwM nx PauA A2
3Haumn: Paanuakbie p: PaspaGorka
e Texvmecke cucTembi ynpasnenm B, Komnnekca u Mewmwm“::fv':::ﬂip”
XapaKTepUCTUKM Cpepctsa u meToAb! — XapaKTepuCTMK ero CBA3aHHbIX ¢ PaBOTOR "
YIPABAEHYA YHETHbIM KomnorenTos. Cocras e
| xomnnexca. Ocobennoctn 3anucamm :ﬂ
basnmdux CYE, 3uanwa: Annaparsio- B/1. Paanmaribie metoas! BosmoxHoCTA MO Ana ;
Tpebosanutn K CYB/L, nporpammHbii  KomneKc, 3uanwa: CpeacTsa — [3:8 3uanmn Muposoii onbir
wenonLsyembii & MOKMTOpUHFa, C6OPa U 6esonacHocTu A npu Wenonb30BaHMA CHCTEM
st chcTemax aHanvaa craTAcTHveCKol ucnonb30BaHM ynpasnexu B, Crpaterun
pe3epaHoro konuposakms vHbopMauum o pabore B/, 0. Cpeacreal || passutia BAu cuctemel
511, u rexsndeckme PasanaHble MeToab! 1 1 MeTogb! KOHTPONA 3uammn: Cocras. ypasnennn Bll
L xapaxrepuctukn ero |_kpenctsa ananusa u ouenxs AocTyna K BA. MeToas u axcnnyaTupyemoro M0 u opravmzaumm. Cpeacraa u
NpUHUMNGI MB. p: MEXaHUSMbI
Cospementoe cucremroe 1 Cocras ||  xomnnexca. Meroms SkenayaTUpyemoro MO.
npuknagwoe NO ana aNNapaTHo-NPOrPammHoro pdexTsHOro
anInonHEHUA NpoLiEAYP KOMMTeKca W TexeCKHE soccTanosnermn
y ero cvBa
soceranopnenns 5 KomnoHeHTo. EA.

Pucynok 3. Cemantudeckast ctpykrypa I1C no anMuHHUCTpHpOBaHHIO 6a3 JaHHBIX

O030p uTEpaTYpPHI

Astop cratbu (Pinto u np., 2010) naer ciemyromiee yTBEpkKIECHHE O TOHATHN
KOMITETEHITHS «KommereHIsi — 3TO JIMYHBIE CIIOCOOHOCTH, KOTOPBIE
JIEMOHCTPHUPYIOTCSL depe3 M3MEpPUMbIe 3HaHUS, HABBIKH, CIIOCOOHOCTH W JIMYHBIS
KayecTBa, MOTYT CIIOCOOCTBOBaTh IMOBBIIMICHUIO A(PPEKTUBHOCTH pPaOOTHI
COTpYJHHKA, €0 MPOU3BOAUTEIBHOCTH M B KOHEYHOM CYETE, yclleXa YesloBeKa
u opranuzainuiiy. OnpeneneHue HEOOXOIUMBIX KOMIICTCHIIMNA B KayeCTBE Iesieh
OoOydeHHMsI M IOCIENYIONEero OINpe/elieHHs KOHIENTYalbHbIX TpeOOBaHUH,
sBrseTcss d(PQPEKTUBHBIM, TPH HCIIOIB30BAHUH CTPYKTYPHPOBAHHOTO TIOAXOMA
mpu paszpaboTke ydeOHOro raHa. Takke aBTOp TMPOBEN aHAIU3 PE3YITHTATOB
3¢ (EeKTUBHOCTH JAHHOU CTPATETUH M PACCMATPUBAET ITPOEKT Y4EOHOU MTPOrpaMMBbl,
OCHOBaHHBIH, MPEXKJE BCETO Ha KOMIIETEHIUAX U NpPEJIaraeT CIEAYIOLINe ITarbl
JUIs1 pa3pabOTKU Y4eOHOM MPOTpaMMBI:

1. Onpenenuts BO3BMOXHOCTH PabOTHI U CBS3aHHBIC C HEH 00S3aHHOCTH;

11. BeisBiieHre TUYIHOCTHBIX KauecTB (soft-skills), HeoOXomUMBIX sl pabOTHI;

III. OnpenenuTh KOMITETEHITHH, HEOOXOAMMBIC TSI BBITOJTHEHHS PaOOTHI,

IV. Ompenenuts 3HaHUS, HOy-Xay W TEKyIIUEe HAaBBIKH, HEOOXOJMMBIC IS
JOCTHKEHHA ITUX KOMIIETEHIINH;

V. Ormpenenuts COOTBETCTBYIOIME MPEAMETHBIE KOHLEMIUHN (TEOpPHUI0) IS
MPUOOPETCHHMSI U TIOJYUYCHHS HEOOXOAMMO# 0a3bl 3HAHMIA;

VI. BreisaButh 3amanus (MpakTHKA), MMO3BOJLIIONINE PACIIUPHUTH "HOY-Xay' IO
MIpEIMETY;

VII. Onpenenuts HAOOp HABBIKOB (CPEJCTB), HEOOXOAUMBIX ISl BBITIOITHEHUS
3aJlaHuI;

VIII. OmnpenennuTs TEKCTOBBIE M CIIPaBOYHbBIE MaTepHalibl, MPEAMETHBIE LETU
KOTOPBIX COOTBETCTBYIOT 3HaHUM, TpeOyeMbiM B myHKTax (V), (VI) u (VID);
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IX. Paspaborarh TeCTbl, MO3BOJSIOIINE IMPOBEPUTH 3HAHMS KaHAUIATa Ha
Pa3IMYHBIX YPOBHAX 00yYEHUS O JAHHOW KOMITETEHIIHH.

Aprop cratbu (AngporoBa u ap., 2013) cumTaer 4YTO, pELICHUEM
3aja4d pa3paOOTKU AaKTyaJbHBIX OOpa30BaTElbHBIX IPOrpaMM, BO3MOXKHO C
WCIOJh30BAHUEM THIIOBBIX YYEOHBIX IMPOrpaMM M KyppHKyIymMoB (curricula).
B cBoux uccienoBaHUSX aBTOP, MPOBOMUT aHAIM3 U CHCTEMATH3UPYET METOIbI
nvBepcH(UKAIMA  yY4eOHBIX TIPOrpaMM, MPHUMEHSICMBIX s (POPMUPOBAHUS
npodunaei, TPEeKoB, CHeUUadu3auuii MpOoPEeCcCCHOHAIbHOM TOATOTOBKH B
MEXIYHapOIHbIX O0pa30BaTeIbHbIX CTaHAApTax (KyppUKYJIyMax) IUCLUIUINHBI
Kommbrorunr (Computing).

Aprop crarbu (CyxommuH u jnp., 2012) ormeTwn, 9To Uil pa3BUTHS
OTEYECTBEHHOHN BBICIIEH IIKOJBI, aKTyallbHBIM BOMPOCOM siBIsieTcst 3 dekTHBHOE
pUMEHeHHue 3apy0ekHoro onsita moarorosku MT-crnenuanucros. Crarest aBTOpa
MOCBSIIIEHA aHAJIN3y COBPEMEHHOTO COCTOSHHUS MEXKIYyHAapOAHBIX CTaHAAapTOB
00pazoBaTeNbHBIX MIPOrpaMM MOATOTOBKM 0OakajJaBpOB M MarucTpoB B 00JacTH
nHpopmarmoHHbIX TexHoorHit: Computer Science 2001 (CS2001 wmr CCCS2001),
Information Systems 2002 (IS2002), Computer Engineering 2004 (CE2004),
Software Engineering 2004 (SE2004), Information Technology (IT 2006), a Takxxe
nokyment Computing Curricula 2005 (CC2005)

B craree (IlanteneeBa m apyrume, 2016) paccMarpuBaroTCsi 0COOCHHOCTH
MOJICPHM3ALUU O0pa30BaHUSI C HCIIOJIb30BAHUEM KOMIICTEHTHOCTHOIO IIOIXOAA,
KOTOPBII BBIpayKaeTcsl B IS TEILHOCTHOM MPAKTUKO-OPHEHTHPOBAHHOM O0yUCHHH.
Taxoke, npeacTaBICHbl KOMIETEHIMH NPUMEHUTEIBHO K CTapLIeMy MIKOJIbHOMY
BO3pacTy MO3BOJISIONINX BBISIBUTH OCHOBHBIE 3a/lauy /IS YCIEIIHON peann3annun
00pa3zoBaTeNbHBIX MPOrpaMM Ha OCHOBE KOMIIETEHTHOCTHOTO — MOAXOJA!
(opmupoBaHre TPOPECCHOHAIBHBIX W MOTHBAIIMOHHBIX KOMIIETEHINH, ITyTeM
BKIIIOUEHHS TPOQUiIbHOr0 00yueHHs (TEXHUYECKHUH MpoQHIb), YCTaHOBICHHE
COZIEP’KaTEIbHOTO KOMIIOHEHTA IIPOTPaMM, a TAKKe ompenesneHue 3pPeKTuBHOCTH
peanu3yeMbIX IOAXOJOB 3a CHET NPHUMEHEHHs METOJOB TeCTHUpoBaHMA. B
LeJIsIX peaju3aluy [MOCTABICHHBIX 3a7ad, aBTOPbI OOPAaTHIIUCH K OIBITY JIMLES-
uHTepHaTa Ui omapeHHbIX neteil (Poccus), ynuBepcurera Jluxait (CILUA) u
Hay4yHO-00pa3oBaTeIbHBIX OpraHu3anuii As3uu, B ToM uyucie Bwernama. Ha
OCHOBAHHUH OIMCAHHOIO COIEP:KAaHUs OBbLIM CHEJIaHbl BHIBOABI O HEOOXOAUMOCTH
1 BO3MOXXHOCTH Pa3pabOTKH MEXIYHAPOJHBIX 00YyYaIOMIUX IPOTpaMM, KOTOpBIC B
MTOJTHOW Mepe TIO3BOJIST Peain30BaTh TpeOyeMblii 00beM KOMIIETSHIINH.

B crarse (AzapHoBa u ap., 2018) onucan alropuTMUYecKoe M MPOrpaMMHOE
obecrieueHre mpouenyp (GopMUpOBaHUS HMHTETPaIbHOM OLEHKH M IPAKTUKO-
OPUEHTHPOBAHHOW KOPPEKTHPOBKH MEXaHW3Ma CBEPTKH ISl HEpapXHUeCKUX
OLIEHOYHBIX KOMIIETEHTHOCTHBIX MOJEJEH BBIMYCKHUKOB 00pa30BaTelIbHBIX
HanpapieHuH. DOpMHUPOBaHHE OLIEHOYHBIX MEPAPXUUECKUX KOMIIETEHTHOCTHBIX
MoJiesiell  OCYIIECTBIISIETCd Ha OCHOBE KOMIIETEHTHOCTHOTO TIOAXO/a, peaiu-
30BaHHOTO NPU MPOEKTUPOBAHWU CTPYKTYPBI 00pa30BATENbHBIX HAIPaBICHUM.
MexaHU3M CBEPTKH 110 HEPAPXHUUECKUM MOJIEIISIM, HAaIlpaBIEHHBIN Ha BHIYMCIICHNE
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WHTETPANbHONW OLIEHKH KOMIIETEHTHOCTH BBIITYCKHHMKA, OCYLIECTBISIETCS dYepe3
TaOJHIIbI CBEPTKHU, KOTOPbIC BHIYUCISIOTCS HA OCHOBE pacIpe/IelIiCHUs] 3a4eTHBIX
SIMHHIL MEKAY KOMIIOHEHTaMU Y4eOHOTO I1aHa, MOKPBIBAIOIIMMH ONpe/IeIeHHbIE
KOMIIETEHIIMH. AJIEKBaTHOCTb WHTEIPAJIbHOW OLIEHKH IPOBEPSIETCS Ha OCHOBE
peanu3anyuy MEXaHU3MOB 00paTHOW CBS3M C PadOTOAATEISIMHU, TPECTABISIONIIMU
HanOojee Ba)KHBIC CErMEHTHl PBIHKA TPyAa 10 HANPABICHUIO MarucTparypbl
«buznec-nadopmaruka», npoduins «HDopMannoHHas OW3HEC-aHAIUTHKAY.
CrangapT HampaBlICHUs OPUEHTHPOBAaH Ha (HOPMHPOBAHHE OOIIEKYIBTYPHBIX U
npodeccrnoranbHbX kommeTeHwi (3 OK, 3 OIIK u 19 I1K).

Crarest (Gintciak u gap., 2019) mnocesimieHa TPUMEHEHUIO METOAOB U
WHCTPYMEHTOB  00pa0OTKM OONBIIMX JAaHHBIX JJIsS CO3MaHus mpoduiei
KOMIIETEHIIMY CTIIeNUAIMCTOB. B Hell paccmaTtpuBaeTcsi MOAXoA, pa3padoTaHHBIN
it GOpPMYJIMPOBAaHMS KIIIOYEBBIX KOMIICTEHIMH, HeoOxomumbix amst UT-
BakaHCHUH. ABTOpP HCHOJNB3YET KIACTEPH3AIMIO PE3yJbTaTOB CEMaHTHYECKOTO
aHajM3a ¥ MCIOJb3YeT MX IJISIMOCTPOCHHS KapThl KOMIIETCHINH.

B caenyromeit ucciemoBarenbekoit padore (Majernik u op., 2021) pa3zpadborana
onnaiin-mardopma EDUportfolio, mpennazHadueHHas Jist ONTUMU3AINN YISOHBIX
porpaMM, OpPHUEHTHPOBAaHHBIX HAa MJOCTIDKCHHE MEAMLMHCKUX PE3YJbTaToB.
[IporpaMMHBIi WHCTPYMEHT, TIOMOTAaeT YINPaBIsTh, COCTABIATH KapThl U
aHaJTU3UPOBATh yueOHbIC MPOTPaAMMBbI B 00JIaCTH MEIUIMHBI M 31PaBOOXPAHEHUSI.
ABTOpBI I BH3yalW3allMM W aHajdnW3a JaHHBIX 00 Y4YeOHBIX IIporpamMmax
HCTIOIB30BAIM METO/IBI 00pPAOOTKH €CTECTBEHHOTO SI3bIKa. FIMEeIoTCs (pyHKIIMOHAIBI
oOHapy)XeHusl MyOnupoBaHUs, MPoOeNsl B Y4eOHBIX MporpaMMax W CpaBHEHUS
y4eOHBIX IPOTPaMM B Pa3HBIX YUEOHBIX 3aBEACHUSAX U CTpaHaX.

Hayunast pabora (Kononowicz, 2020) mocssiieHa 0030py CyIIeCTBYIOIICH
MPAaKTUKA B OOJIACTH BHEAPEHHsS CPEJICTB KApTHPOBAaHUS YYCOHBIX IJIAHOB B
MeIUIMHCKOM 00pa3oBanuy B pamkax npoekta Building Curriculum Infrastructure
in Medical Education (BCIME). CoOpaHHBIH OTBIT CHOPMUPOBAIH YCTHIPE
TEMaTHYeCKHe KaTeroOpuy: BU3yaIu3allts, TEKCTOBbIC ONMCAHNUS U aHaJIN3, IOAXO0]
OCHOBAHHBIN Ha pe3ysbTarax, alalTUBHOCTD IIPU COCTABICHNUHU YUEOHBIX [JIAHOB.

B craree (Makarova, 2020) mpe/uiokeH airoput™M sl MPOCKTUPOBAHUS
00pa3oBaTeNbHBIX PE3yNbTaToOB B BUAE KOMIIETEHTHOCTHOM MOJENN BBIITYCKHHKA
C yueroM TpeOOoBaHMH paboToAaTess IO HANpPaBICHUAM BBICLIETO MH)KEHEPHOIO
o0Opa3oBaHMsI.

B nmanHOoM 0030pe ObuM 000OIIEHBI MOCIEAHNE TEXHUYECKHE IOCTHUKEHUS,
CBSI3aHHBIE C TIPOIIECCOM Pa3pabOTKK 00pazoBaTeIbHBIX IpOorpaMM. MBI Hajeemcs,
YTO IMOJYYCHHBIC CTPYKTYPHUPOBAHHBIC AaHHBIC MPO(ECCHOHAIBFHOIO CTaHAapTa
U aHaJIN3 HAyYHBIX WCCICAOBAHWM B JAaHHOW OOJACTH TIOCITY)KHT OCHOBOM
Ul TPOCKTUPOBAHUS MOJEIM KOMIIETEHIHH, (QOPMYIHPOBKY KOMIETEHIIMN
U TOJIyYeHHs pEe3yJbTaToB 00pa3oBaHUs OO0ECHEYMBAIOLIETO KadeCTBEHHYIO
MOJITOTOBKY BBICOKOKBATM(DHUIIMPOBAHHBIX PAOOTHUKOB C HA0OPOM HEOOXOIAUMBIX
KOMIIETEHIINH, OTBEYAIOIUMX TpeOoBaHUsIM paboromaresneil M phIHKA TpyAa,
MO3BOJISTIONIHMX d(PPEKTHBHO OCYIIECTBISITH MPOPECCHOHATIBHYIO JIESITEIBHOCTb.
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3. [loozomoska (cmpykmypuzayus) OaHHbIX

dopmupoBanue KOMIETEHIMHA  JUII ~ HPOEKTUPOBAHHUS OCHOBHBIX
00pazoBaTeNbHBIX MPOrPaMM BBICHIETO 0Opa30BaHMs ACKIApUPYETCsl HA OCHOBE
Mpo(heCCHOHANIPHBIX CTAaHAApPTOB B paMKaX NPUHSATHIX HAI[MOHAJIBHOHN Iajare
npeqnpunumareieii PecnyOnmkm KazakctaH «AraMekeH», OIHAKO TPYIIOBBIS
(yHKIMH, ONMUCAHHBIE B MPO(ECCHOHANBHBIX CTaHAAPTaX, 3a4acTyio TpeOyioT
CTPYKTYPH3ALHUIO I0J HYXIbl JUIl pa3padOTKH HHTEIJIEKTYyaJbHOH CHCTEMbI
MPOCKTHPOBAHMS ONTHUMAaJIbHOM KOMIIETEHTHOCTHOW MOJAEIM BBITyCKHUKA. MBI
IpejyiaraeM allfOPUTM  CTPYKTYpH3ali MPO(PECCHOHAIBHBIX MPOrpaMM  OT
¢dopmara .docx B hopmar.xls.

Jns moarotoBku HaOopa HaHHBIX B JajbHEHIIEH pabore HEO0OXOIUMO
9KCopTHpoBaTh JaHHble ¢ Microsoft Word na Microsoft Excel. ns srtoit
nenu Obuta mcroib3oBaHa Oubmmnoreka Xceed.Words.NET nHa saseike C#. Ona
peaocTaBisieT 6orarblii HAOOp KIACCOB M METOIOB, KOTOPBIE IMO3BOJISIOT YNTAaTh
nannbeie n3 Word. 3areM ¢ ncrions3oBanneM komrnoHneHTa Microsoft.Office.Interop.
Excel u3 Microsoft NET Framework, xoTopslii mpenocraBiseT mporpamMMHBIN
nHTepdelc s B3anMoieiicTBH ¢ puiiokeHussMu Microsoft Excel. Oto naer Ham
CTPYKTYPHPOBATh AaHHbBIE JUI AajbHENIel o0paboTku. [IporpaMMHBIN Kox:

using System;

using System.Collections.Generic;

using System.lO;

using Xceed.Words.NET;

using ExcelTest.BO;

using Microsoft.Office.Interop. Word;

namespace LabRab5

{class Program

{static void Main(string[] args)

{ string pathDocument=AppDomain.CurrentDomain.BaseDirectory +"1.docx";

DocX docX = DocX.Load(pathDocument);
DocX document = docX;

//Uuraem

string text = document. Text;

string[] arr = text.Split(new char[] { "\n', "' });

//3anuceiBaeM

using (ExcelTest.BO.ExcelHelper helper = new ExcelTest.BO.ExcelHelper())

if (helper.Open(filePath: Path. Combine(Environment.CurrentDirectory,
"1.xlsx")))

for (int i = 0; i <arr.Length; i++)
{Console.WriteLine(arr[i]);
helper.Set(column: "A", row: i + 1, data: i);
helper.Set(column: "B", row: i + 1, data:arr[i]);
helper.Save();
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B Pe3YIbTaTe NOJIYUYEHHBI CJICAYIOMNUE CTPYKTYPUPOBAHHBIC JaHHBIC

TpynoBas ‘YMeHUs ¥ HaBBIKH
I1C GbyHKUIMS 3HaHus
Omuenka 1 BeIpaboTKa TpeboBa-
N TexHuueckue
AnMuHHCTpH- | YCTaHOBKA HHH K ammnapaTHo- IPOTPaMMHO-
. XapaKTePUCTUKH arapaTHoO-
poBanue 0a3 W HACTpOMKa | My KOMIIIEKCY, HCXOJIS U3 TIep-
MPOrpaMMHOI0 KOMIIJIEKCa.
JTaHHBIX 110 CrieKTUB Hcrnosb3oBanust b/l
AnMuUHUCTPH- | YCTaHOBKa [IpoektupoBanue annapaTHo-
N OCOOSHHOCTH pa3IMIHBIX
poBanue 0a3 ¥ HaCTpOWKa | MPOrpaMMHOrO KOMILIEKCa JUIst CYB]I
JTAHHBIX 1O ycranoBku BJI. ’
AnMuHHCTpHU- | YcTaHOBKA Bri6op nHanbonee a3 hekTuBHOI
poBanue 0a3 n Hactporika | CYBJI st ycraHOBKH U Tpeboanust k CYB/I.
JTaHHBIX I10 Hactpoiiku [10.
AQMUHUCTPH- | YCTaHOBKA IIpoexTupoBaHue CTPYKTYpbl
p . p P py TpeboBaHMs K CHCTEMHOMY U
poBanue 0a3 u HacTpoiika | Bl ¢ yueTtom nepcrnekTus
npukiagHomy I10.
JTaHHBIX 110 ncronb3oBaHus bJI.
AnMunucTpu- | YcTaHOBKA Ocyuiectinenue 3pGekTHBHOH | MeXaHU3MBbI yIIpaBICHHs
poBanue 0a3 ¥ HaCTpOHKa | HACTPOIKH amnmapaTHo- pecypcamu anmnapaTHo-
JTAHHBIX I10 IPOrPaMMHOT0 KOMILIEKCA. IPOrpaMMHOI0 KOMIIJIEKCa.
AnMuHHCTpH- | YcTaHOBKA Hcnonb3oBanue TeXHUUECKOH
N Apxutektypa UC
poBanue 0a3 W HACTpOMKa | JOKyMEHTAIU¥ MO YCTAaHOBKE H
. ucnonbs3yromux bJ1.
JIAHHBIX 110 Hactpoiike [10.
AnMuHHCTpHU- | YcTaHOBKA -
poBanue 0a3 1 HacTpoWKa IIpoexruposanue bJI.
JIAaHHBIX 10
AnMuHHCTpHU- | YcTaHOBKA -
poBaHue 0a3 1 HacTpolKa Metonb! u npuniunst Ub.
JTAHHBIX 11O
AHanu3 ¥ IpUHATHE Mep CocraB HKCIUTyaTHPYyEMOro
IO PEIIEHHIO CIOKHBIX anmapaTHo- MPOTPaMMHOTO
Anmuauctpu- | OGecriedeHre | BHEIITATHBIX CHTYaIli 1 KOMIIIEKCA ¥ TEXHHUECKHE
poBanmue 0a3 (YHKIMOHH- | MHIMACHTOB, BO3HUKAIONINX IIPH | XapaKTEPHUCTUK €0
JIAHHBIX poBanus b/ | pabore CYB/L. KOMITOHEHTOB.
Anmunuctpu- | Obecniedenue | Ananus nadopmanuu o padore | CocraB 1 GpyHKI[HOHAIBHbIC
poBanue 0a3 ¢yukunonu- | BJI, momy4eHHOH B Xoz1e Bo3MokHOCTH [10 st
JIAHHBIX poBanus b/ | akcrutyaranuu B/1. aaMuHUCTpUpoBanus bJ1.
Anvmunuctpu- | ObecrieueHue
Koopaunanus pador mo MeTozpI MOHUTOPHHTA
poBanue 0a3 ($yHKIMOHH-
agMUHUACTpUpoBaHuio BJI. ¢ynkronupoBanus b/1.
JIAHHBIX poBanus bJ|
Anvunuctpu- | Obecnieuenue | PazpaboTka HOpMaTUBHO-
N Mertozb! aHanu3a
poBanue 0a3 (YHKIMOHH- | TEXHUYIECKOH JOKYMEHTAIUH 10 S —
JTAaHHBIX poBanmsa bJ{ | pyrkumonuposanuro bJ1. p )
AnHanu3 HeoOXOTUMOCTH MOJIEP-
Anvunuctpu- | OGecrieueHue | HU3alLUM annapaTHo-nporpaMM- | OCHOBBI yIpaBieHUs
poBanue 0a3 (YHKIMOHH- | HOTO KOMIUIEKCA Ha OCHOBE pe- | pPUCKaMH.
JIAHHBIX posanus b/l | 3ynbraros skcrutyaranuu bJI.
Anvuauctpu- | ObecrieueHue
ITporHo3 u oneHKa pucKoB cO0EB
poBanue 0a3 ($yHKIMOHH- -
B pabote b/I.
JIAHHBIX poBanus bJ]
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3akaouenmne

PeIHOK Tpyna MeHsIeTCsl TUHAMUYHO B CBSI3M C BBICOKOH CKOPOCTBIO Pa3sBUTHUS
WT-texnonoruii. [lossnstorcs HoBbIE chepsl MpodhecCHOHATFHON eI TENFHOCTH, a
BMECTE C HUMH HOBBIE TIpodeccuu u mpodeccuonaibHble cTaHaapThl. Heodxommumo
COBEpIIICHCTBOBATh CHUCTEMY O0Opa30BaHHs, KOTOpas [OJDKHA O0ECIeYrBaTh
IUQPOBYI0 SKOHOMUKY KOMIETEHTHBIMH Kaapamu. B maHHON 0030pHOI crarbe
paccMarpHuBajMCh MOCIEIHUE TEXHNYECKHE TOCTH)KEHHSI, CBI3aHHBIE C TPOLIECCOM
cocTaBiieHHsT 00pa30BaTeNbHBIX MpOrpaMM. MBI HajeeMCsi, 4TO TMOJy4YeHHbIE
CTPYKTYPHPOBaHHBIE JAaHHBIC TIPO(ECCHOHAIBEHOTO CTaHIapTa MOCITYKaT OCHOBOM
Ui pa3paboTKu OymaymUX WHTETPUPOBAHHBIX, KOMIUIEKCHBIX M JOCTYITHBIX
00pa30BaTEeNbHBIX MPOTPAMM.
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Abstract. The problem of countering the spread of aggressive information on
the global Internet is relevant both for society and for government agencies. This
paper discusses a method to combat this problem by filtering unwanted resources
on the Internet. In the modern world, text data makes up the bulk of content on the
Internet. However, terrorist and extremist groups actively use web technologies to
disseminate information and propaganda. This poses a threat to national security
and requires action at both the global and national levels. The problem of the spread
of extremist materials has a global character and is of particular relevance for the
Republic of Kazakhstan. Using the Internet, ideologists of extremist groups actively
influence the consciousness of young people and the population as a whole. In
modern conditions, extremists are able to use the capabilities of the Internet to
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organize and carry out criminal actions, including the use of network resources for
planning and financing extremist activities. This problem is assessed as a threat
to national security. The fight against extremism has become one of the priorities
of law enforcement agencies, and it requires constant monitoring, analysis and
forecasting of the actions of extremist groups on the Internet. Thus, this work is an
attempt to characterize and analyze the complex problem of combating extremist
activity on the Internet, especially in the context of the Republic of Kazakhstan.
Further research and measures are being taken to identify, prevent and suppress
extremist manifestations in the network. The study emphasizes that the fight against
extremism and aggressive information on the Internet requires a comprehensive
approach and the use of effective measures. The phenomenon of extremism is
developing dynamically, and its fight requires continuous monitoring, threat
identification and analysis of behavior on the web. In the context of the Republic
of Kazakhstan, the fight against extremism has become one of the priorities of
law enforcement agencies, and this challenge requires further research and the
implementation of timely measures to identify, prevent and suppress extremist
manifestations on the Internet.

Keywords: extremism, global network, global extremist resources, propaganda,
global terrorism, violence, RAND, Trace
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AnHoranusi. Famamnaeik MHTepHeT KemiciHOe arpeccuBTi aKMapaTThIH
TapajyblHa Kapchl TYpy MAceleci KoFaM YIIiH Jie, MEMJICKETTIK OpraHaap YIIiH
JIe ©3eKTi OOJIBIT TaOBUTABI. by jKYMBIC MHTEPHETTET1 KaXKETCi3 pecypcTapibl
CY3y apKbUIbl OCBI MOCENEMEH Kypecy oiCiH KapacTblpaabl. Kasipri omemue
MOTIH/IIK JepekTtep MHTepHeTTeri Ma3MYHHBIH HETi3Ti 0eiriH Kypaiasl. Anaiina
TEPPOPUCTIK JKOHE IKCTPEMHUCTIK TONTAP aKMapar Tapary >KoHEe HacHXaTTay YIIiH
BeO-TEeXHONIOTHsIIapAbl OeJNCeH i KoimaHaabl. Byl YITTBIK Kayirci3mikke Kayir
TOHJIpeNnl koHe >kahaHIBIK JKOHE YITTHIK JCHIei/Ie OpeKeT eTyadi Tajam eTeji.
OKCTPEMHCTIK MaTepuaigap/ibl TapaTy MpoOjeMachl oJIEMIIK CHIIaTKa He JKOHE
Kazakcran PecnyOnmukacel yIIiH epekine ©3ekTiumikke ue. MHTepHeTTI KonmaHa
OTBIPBII, 3KCTPEMHUCTIK TONTAPJBIH WICOIOTTaphl KACTap MEH >KaJIlbl XaJIbIKTHIH
caHacblHa OenceHmi ocep erenmi. Kaszipri skarmaiijja SKCTPEMHUCTEP IKCTPEMHUCTIK
KBI3METTI JKOCIIapIIay )KoHE Kap KbUIaHABIPY YLIIH el pecypcTapblH HaijanaHy/ bl
KOcCa aJiFaH/a, KbUIMBICTBIK OPEKeTTEepIi YHBIMAACTBIPY MXOHE JKYPrisy YIIiH
WuTepHer MyMmKiHIIKTEpiH 1iedep TaiimanaHagel. bynm  wMocene  YITTHIK
Kayilci3[likke Kayin peTiHae OaranmaHasbl. DKCTPEMHU3MI€ Kapchl KYpPecC KYKBIK
KOpFay OpraHAapbIHbIH OachIMIBIKTAPbIHBIH OipiHe aifHanabl koHe oi1 MHTepHeT
JKEIICIHAET] 9KCTPEMHUCTIK TONITAP/IBIH iC-0peKeTTePiH YHEMI OaKbLIAY IbI, TaJIayIbl
xoHe Oomkaynel Tajan ereni. Ocbutaiima, Oy skymbic MHTepHeTTeri, acipece
Kazakcran PecmyOnukachlHBIH KOHTEKCTiHAETT DKCTPEMHCTIK KbI3METKE KapChl
KYPECTiH KYpJedl MOCelleCiH CHUTaTTayFa JKOHEe TajjayFa ThIpbicasl. JKemimeri
9KCTPEMHUCTIK KOPIHICTEpAl aHBIKTAY, aJIAbIH aJly YKOHE >KOJIbIH KeCy MaKcaTbIHIA
OZIaH 9pi 3epTTeysep MEeH apajap KaObuIIaHyaa. 3epTTey HHTEPHETTET 1 3KCTPEMU3M
MEH arpeccHBTi akKmapariieH Kypecy KemIeH[[I TOCUIAl JKOHE THIMII Iapaiapisl
KOJIIaHy/Ibl KaKEeT eTETIHAIrH aTan KepceTeai. DKCTPeMHU3M KYObUIbICHI KAPKBIHIIbI
JTAMBIIT KeJle/li )KoHe OHBIH KYpeci Y3/iKci3 OaKbUIay/Ibl, KayinTep/Ii aHbIKTayIbl dKoHEe
JKeJTIeri MiHe3-KYJIBIKTHI Tajjaylabl Kaxer ererli. Kasakcran PecrnyOnmkachiHBIH
KOHTEKCTIH/IE SKCTPEMHU3MIe Kapchl KYpec KYKbIK KOpFay OpraHIapbIHBIH OackiM
MIH/IETTEepiHIH OipiHe alWHaIABl JKOHE OYJ1 WHTEpPHET >KeNiCIHAET1 SKCTPEMHCTIK
KOPIHICTepli aHBIKTAY, aJIJILIH ATy )KOHE JKOJIBIH KeCY YIIIiH OfIaH dpi 3epTTey/l ®KoHe
YaKTBUIbI LIapajapasl iCKe acbIpy/Ibl Tajam eTei.

Tyiiin ce3mep: skctpemm3M, sxahaHAbIK kemi, >kahaHIBIK 3KCTPEMHCTIK
pecypcrap, yriT-Hacuxat, jkahaHABIK TEppPOpH3M, 30PJBIK-30MOBUIBIK, RAND,
Trace

bepineen zepmmey Kazaxcman Pecnybnuxacel Folavim dicane dcogapvl OLnim
MUHUCTPRIZTHIH Fblabim Komumemi Kapoicvlianovipameit “Kasax mininoeei kubep
IKCMPEMUSMHIY UOCONOSUSAIbIK OAbIMMAPLIH JHCACAHObL UHMeNLIeKm 20icmepi
KoMeziMeH Myrbmukiaccupuxayusaiay’” sHcodoacsl asacblHOA OpbIHOANObL (SPAHM
AP19676342, sicoba scemerwici Mycupanuesa 111.7K.).
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Annortauus. [Ipobrema mpoTHBOACHCTBHUS PAaCHpPOCTPAHEHUIO arpeCCHBHOM
uHpopManuu B TioOanbHOW ceTW MHTEpHET SABJsIeTCS AaKTyaldbHOM Kak Jyist
0011IeCTBa, TAaK U A1 TOCYAapCTBEHHBIX OpraHoB. B nanHoi paboTte paccMarpuBaeTcst
MeTo OOpbOBI ¢ 3TOI NMPoOIEMOl yTeM (HUIBTPALUN HEKeNaTeIbHBIX PECYpPCOB
B UHTepHeTe. B coBpeMEHHOM MHUpPE TEKCTOBBIE JaHHBIC COCTABISIIOT OCHOBHYIO
4acTh KOHTEHTa B MHTepHere. OAHAKO TEPPOPUCTUUECKUE U IKCTPEMHUCTCKHE
IPYIIBl  AKTUBHO  HCIOJB3YIOT BEO-TEXHOJNOTMM [UId  PaclpOoCTPaHEHUs
nH(pOpMAIMK W TPOTaraHabl. DTO CO3[AaeT yrpo3y HalMOHAJIHLHOW 0e30MacHOCTH
n TpeOyeT AEWCTBMH Kak Ha IIOOAJIbHOM, TaK M Ha HAIMOHAJHHOM YpOBHE.
[IpobGnema pacnpocTpaHeHHs SKCTPEMHCTCKUX MAaTepUalioB HMMEET MHUPOBOU
xapakrep U ocoOyro akrtyanpHOCTh JUIisi PecnyOonmmkum Kasaxcran. Hcmonssys
WHTepHeT, HACOI0rH SIKCTPEMUCTCKHIX IPYIIN aKTUBHO BO3ACHCTBYIOT Ha CO3HAHHE
MOJIOICKH M HAceJIeHHs B LeJIOM. B COBPEMEHHBIX YCIOBHSIX SKCTPEMHUCTHI C
YMEHHEM HCIIONIB3YIOT BO3MOKHOCTH MIHTepHeTa AJIsl OpraHu3aluy U MPOBEICHHUS
MPECTYIHBIX IeHCTBUI, BKIIIOYAs HCTIOJIB30BAHUE PECYPCOB CETH VIS ITIAHUPOBAHHUS
1 (PUHAHCUPOBAHUS IKCTPEMHUCTCKOH AEATENbHOCTH. DTa MpodieMa OLCHUBAEeTCS
KaK yrposa HallMoOHaJbHOH Oe3omacHocTH. bopb0a ¢ SKCTpeMHU3MoM cTasia OJHUM
13 NPHOPUTETOB MPABOOXPAHUTEIBHBIX OPraHOB, M OHA TPEOYET MOCTOSIHHOTO
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MOHHTOpPHWHTA, aHAJIN3a U MPOTHO3UPOBAHUS JACHCTBUN IKCTPEMHUCTCKHUX TPYIIT B
cetn MaTtepuer. Takum oOpas3om, gaHHas paboTa mpenctaBisgeT co00i MOMBITKY
OXapaKTepu30BaTh MW [POAHAJIM3HPOBATh CIOXKHYIO mpoliieMmy OOprOBI C
AKCTPEMHUCTCKOU NeATEIHPHOCTRIO B IHTepHETEe, 0COOCHHO B KOHTEKCTE Pecyomukn
Kazaxcran. JlanbHelue UCCIEMOBAaHUS M MEPbl MPEANPUHUMAIOTCS C IEIbIO
BBISIBIICGHUS, IIPEIOTBPAIICHUS M TIPECEYCHUs DKCTPEMUCTCKHX TIPOSBICHHUNA B
ceru. MccnenoBanue moquepkuBaeT, 9To 00pbp0a ¢ IKCTPEMU3MOM M arpecCUBHOMN
uHpoOpManued B MHTEpHETE TpeOyeT KOMIUIEKCHOTO MOAXOAa W MPUMEHEHHs
s pexTuBHBIX Mep. DeHOMEH dKCTpeMHU3Ma TMHAMHYHO Pa3BUBACTCS, U €70 60phOa
TpeOyeT HeMpepbIBHOIO MOHUTOPHHTA, BBISIBICHHS YIPO3 M aHAIN3a ITOBEJCHUS B
cetu. B xoHTekcTe Pecybnmku Kazaxcran, 6opr0da ¢ 3KCTpeMH3MOM cTajla OHOM
13 TPUOPHUTETHBIX 3aJlad MPABOOXPAHUTENBHBIX OPraHOB, U ATOT BBI3OB TpebdyeT
JATBHEHTIINX UCCIICOBAHUH M pean3allii CBOCBPEMEHHBIX Mep ISl BBISBICHUS,
MpeaOTBpAIICHUA U MTPECCYCHUA DKCTPEMUCTCKUX HpOSIBHeHI/Iﬁ B CECTHU MHTCPHECT.
Ki1ioueBble ci10Ba: SKCTpeMu3M, NO0ATBHAS CETh, INT00AIbHBIE SKCTPEMHUCTCKHE
pecypcHl, mpomarana, TIo0aTbHEBIH TeppopnsMm, Hacuaue, RAND, Trace

Kipicnoe

JKahanppIk KeiJie arpeccHBTi aKmapaTThiH TapalyblHa KapChl TYPY KOFaM MEH
MEMJICKETTIK OpraHJapAblH ©3€KTi Maceneci 00BN TaObUIaAbl, aTalFaH TalcblpMa
WHTEPHETTIH KAKETCi3 PeCypCTapblH CY3y apKbUIbI MICTTiIe .

XXI Facplp TEXHOJOTHsIApHl HWHTEPHETTETl aKmaparThl —MaijanaHybl
KEeHEHTKeHIMEH, MOTIH/IIK JAepeKTep MHTEPHETTEeTi Ma3MYHHBIH €H KON TapajFaH
TYpi O0JIbIT TaObUIaAbL. AJaia, TEPPOPUCTIK KIHE SKCTPEMHCTIK TONITAp aKnapar
Tapary, HacHMxXarTay, KapakaT >KHHAy XOHE HKCTPEMHCTIK MHCCHSUIApbIH KOoca
aJFaHa, OPTYPIi PYHKIFSUIAPAB OPBIHAAY YIIH BEO-TEXHOIOTHSIIAPIBI YTHIMIIBI
nainananyna. MyHpgail >karfaiija MHTEpHET YJTTBIK KayilCi3lliKke Kayil-Karep
TOHIPEI.

WHTepHET SKCTPEMHCTIK MaTepHaiapibl OpHAJIACTBIPY YUIH OeiceHi
KOJLIAaHBLIBII Kedei. [Ipobaema skammbl oJeMIiK CUIlaTKa he JK9He QJIeMIIK casicn
MPOILECTIH 0acThl KaThICyHIbUIAPbIHBIH Oipi perinae Kaszakcran PecrnyOmukacs
YIUiH eTe e3¢eKTi. IHTepHETTIH FaJaMIbIK KEJiCiH )KoHEe KOMIIBIOTEePIIiK OaiaHblc
MYMKIHIIKTepiH KOJJaHa OTBIPHII, IKCTPEMHCTIK KO3FAIBICTAP MEH TONTAPIBLIH
WACOJIOrTaphl a3aMaTTaplblH, CH alJIbIMEH >KacTap/blH caHacklHa OesiceHi acep
eTeqi.

OkcrpemucTep OYriHAE KBUIMBICTHIK ic-opekerre IHTEepHET KesicCiHiH
IIBIH MOHIHJIE TIEKCi3 MYMKIHIIKTepiH OelceH/i MaijanaHaabl, OHBIH IIIiHIE:
KBUIMBICTAp/IbI TalbIH/AY JKOHE jkacay Ke3iHzae MHTepHeT jKeNiCiHiH pecypcTapbiH
naianaHy; oJeyMETTIK KayilTi opekeTrTepal Oackapy KoHe YHBIMIACTBHIPY
MakcaTblHIa AaKHapaTHeH > KachIpblH  aJMacy; OKCTPEMUCTIK  KbI3METTI
KapKbUIaHBIPY YIIIH HECI3ACHAIPIITeH KapKbIIBIK XKETUTIK Kypajiaap/ sl KoJaaHy,
Mmbicanbl Darkcoin Tenem sxyiienepi; apHailbl KypbUIFaH calTTapia koHe Oacka
HMHTEpHET-pecypcTapaa OelICeHi HacuXaTTay YILUiH JKOCIapiaHfaH aKMapaTThIK
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oTepanusIapIbl XKY3ere achlpy )KOHE T.0. HOTHIKECiHIe COHFBI XKBUIIAPBI IKCTPEMHI3M
po0IeMackl MueJeHICe TYCYe, O Ka3ipri YaKbITTa JKaIIbl MEMJICKETTIK MaHBI3bI
Oap npobiema xoHe Ka3zakcTaHHBIH YATTHIK KayilCi31iriHe KaTep peTiHe Kapanya.
Ochinaiiiiia, HHTEPHET JKENICIH MMakgataHa OTBIPBII, KCTPEMHCTIK KOpiHicTepre
Kapchl iC-KMMBLT CalachIHIAFbl axyall KypZesi OOoNbIN Kanyaa, OyJ1, atan aiTkanaa,
AKCTPEMHU3MHIH Ke3 KeJIreH KOPIHICTepiH aHBIKTAyFa, OJIAPJIbIH aJ/IbIH allyFa )KoHe
JKOJTBIH KecyTre OaFbITTallFaH FBUIBIMU 3ePTTEYIIEP/Il XKY3ere achIpy KoHE THIMJII opi
YaKTBUIBI IIapajap KELIeHiH iCKe achlpy KaKETTUIITiH Heri3aen .

OKCTpeMU3M KYOBUIBICH ©TE CEPITiHII JaMBbII, KyH CalbIH )KaHa Oenrijgep MeH
cunarramanapra ue Oonyna. Kasipri yakeITTa yriT-Hacwxar IEH DKCTPEMHUCTIK
WJCONIOTHSHBIH JCEpPIiHEH TEpPpPOPUCTEPAiH, COHJAH-aK JKENiJIiK KoHE oJCi3
OalimaHbICKaH KYpBUTBIMBI 0ap YHBIMAACKaH TEPPOPUCTIK KaybIMIACTHIKTAPIIBIH,
TEPPOPUCTIK IMAOyBUIIAPBIHBIH CaHBI apTHIN KeJeli. AKmapar ajiMacyiblH KoHE
OCBIHJIA KYPBUIBIMIAPABI KBUDKBITYIABIH HETI3ri Kypalbl — WHTEPHET, aramn
aliTKaHaa BeO-pecypcTap, 9J€yMETTIK JKelliIep KoHe AEKTPOHBIK romTa. OchbiFaH
0ailJTaHBICTBI MHTEPHET KEIICIHIE TEPPOPHCTIK KOHE DKCTPEMHUCTIK aKMapaTThI
TeHEepaISUIANTHIH KOHE TapaTaThlH JKeKeJlereH Maiaianymbliapiad, TonTapaaH
JKOHE JKEJIUIIK KOFaMIAaCTBIKTapJaH TYBIHIANUTBIH KaTepJjepAl aHBIKTay, KapbIM-
KaTbIHAC TaKBIPBINTAPbIH, OaiilaHbICTap/bl aWKBIHIAY, COH/AaH-aK MiHe3-KYJIBIK
MOHUTOPUHT1 KoHe 00JKay MIHAETI TYBIHAAN/IBI.

Kazipri yakpITTa OJKCTPEMHCTIK OpeKeTKe Kapchl Kypec Kazakcran
PecnyOnukacelHBIH aymarblHIA Ja, OJaH ThIC >Kepiepie JAe OONbIN JKaTKaH
OKHUFaJapMEeH aHBIKTAJFaH KYKBIK KOpFay OpTraHIapbIHBIH OachiM MiHIETTEPiHIH
Oipi OOJBIN TaObLIAIBI.

OKkcTpeMu3M — OyII:

- J)KeKe KoHe (Hemece) 3aHIbI TYJIFaHbIH, OCITIICHTeH TOPTIMNICH SKCTPEMHUCTIK
JIeTI TAHBIIFAH YHBIMap aThIHAH JKeKe )KoHe (HeMece ) 3aH Ikl TYJIFajiap OipiecTiriHin
opeKeTTep Kacaysl,

- JKeKe oHe (HeMece) 3aH/Ibl TYJIFaHbIH, JKeKe KoHe (HeMece) 3aH/Ibl TYJIFanap
OipiecTiriHig MbIHAAl SKCTPEMHCTIK MaKCcaTTap bl KO3JIEHTIH opeKeTTep Kacayhl:
Kazakcran PecrmyOnukachlHBIH KOHCTHTYIUSUIBIK KYPBUIBICHIH KYIITEN ©3repTy,
€reMEH/IITiH, OHBIH ayMarbIHBIH TYTACTBIFbIH, KOJI CYFBIIMAYBIH JKoHE OeniHOeyiH
O0y3y, MEMJICKETTIH WITTBIK KayiIllCi3[iri MEeH KOpFaHbIC KabOileTiHe HYKCaH
KEJTipy, OMIIIKTI KYIIIIeH 0achll ally HeMece OWIIIKTI KYIIIEeH YCTall TYPY, 3aHChI3
OCKEepMJICHIIPUITEH KYpajibiM KYPY, OFaH OacHIbUIBIK €Ty JKOHE KaTbhICY, KapyJbl
OYJ1iK YIBIMIACTBIPY KOHE OFaH KaThICY, QJICYMETTIK, TeKTIK-TONTHIK aJIaybI3/[bIKThI
KO3JIBIPY (CasiCh IKCTPEMU3M);

- HOCUIIIK, YATTHIK KOHE PYJIBIK aJaybI3IbIKTHI, OHBIH 1ITIHAE 30PIbIK-30MObI-
JBIKIIEH HEMece 30pJIbIK-30MOBIIBIKKA LIAKBIPYMEH OalIaHBICTBI allaybI3bIKThI
KO3IBIPY (YJITTHIK SKCTPEMHU3M);

- JIIHM OIITTCHTUTIKTI HEMECE aJIay bI3/IbIKThI, OHBIH IIIT1H 1€ 30 PJIBIK-30MOBLIBIKIICH
HEMece 30pJIbIK-30MOBUTBIKKA IIAKBIPYMEH OailIaHBICTHI ONINEHIUTIKTI HeMece
aNaybI3IBIKTRI  KO3MBIPY, COHJA-aK a3amarTapiblH Kayilci3mirine, emipiHe,

117



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

JICHCAYJIbIFbIHA, IMAH/IBUTBIFBIHA HEMECe KYKBIKTAphl MEH 00CTaH/IBIKTaphIHA KATEP
TOHJIIPETIH Ke3 KeJTeH JIiHNA MPaKTUKaHbI Konaany (miau axctpemusm) (Kazakcran
PecrryOmukaceiabiy Ne3 1 3ansr; bomatboek, 2020).

DKCTPEMHCTIK KOPiHICTEP/IiH KOJIJIaHy CaNachIHBIH CHUIAThl OOWBIHIIA KeJeci
KIKTENyiH OeJin Kepceryre OOiaibl: CasiCh CHUIATTa; SYKOHOMHKAIBIK CHIATTAa;
JIHW CUIIATTa JKOHE MCUXOJIOTHSUTBIK cunatTa. Ke3-KenreH SKCTPEeMHUCTIK KO3FallbIC
e3apa OallTaHBICTHI JKOHE Op HAKTHI JKaF[aijja KYIITI HEMece OICi3 KOpiHEeTiH
OpPTYPIi 3MEMEHTTEpAl KaMTHABL. DKCTPEMHU3MHIH Heri3ri Typusepi kecte 1.1-me
KeJTipiireH:

Kecte 1.1 — DkcTpeMU3MHIH HET13Ti TypIepi

DKCTpEeMH3M Typi DKCTpeMH3MHIH OepilireH TypiHiH HeTi3ri TYCIHITi
1 2

Cenaparusm MemutekeTTiH Oip Getirin GeJIin aJibll, OHbI )KaHa TAYeIICi3 MEMIIEKETKEe HeMece
ABTOHOM/IbI O6JTIKKE allHAIIBIPYFa YMTBLUTY

Kcenopooust Backa MonieHueT, YIT, MEMJICKET OKUIJEpiHe AeTeH TO3IMCI3IIK

Y ATIIBUIIBIK Benrini Gip YWITTBIH apThIK €KCHMAITIH alTyFa HETi3[eNeTiH WACOJIOTHS, CasiCh
Ke3Kapacrap xyieci

loBuHM3M Backa yaT OKiJAepiH KeMCiTy, JKCIUTyaTalysiay >KoHEe THCKPUMHHALUSIAY
MaKcaTblHAa KaHjaail aa Oip 0acka YJITTHIK apTHIKIIBUIBIFBIH HAaCHXATTaUThIH
H/ICONIOTHS

Pacusm/ Op Typhi HOCcUTAEepHiH (QH3HMKAJBIK JKOHE MCHXHUKAIBIK KeMeJIeHOCTeHIH

HOCUTIIIIIK HACHXATTAUTBIH  HJCOJIOTHSL. XaNBIKTBl  «OKOFapbIJIaFbLIAP» KOHE

«TOMEHJICTIIIEP», «KEMEIJICHTCHIEP» MCH «KEeMEeIJIeHOCTeHIep» JIETeH CUSKTHI
TOMTApFa XKIKTEY, HOCULTIK THICTLTIKKE OalIaHBICThI HOCUIIIK JUCKPUMUHAITHS,
WIT TEHOIM/II YIIH MaiianaHbuIabl.

Dammm OCKepH pacu3M, «0acKay YITTHIK JKOHE 9JICyMETTIK TONTapra KCeHOPOoOusaaH
OacTablii, FeHOLH/IKE, MUCTHKAJIBIK IYIITTAH/IBIKKA, TOTATHTAPIIBIK MEMJICKETKE
TaOBIHYFa aybICATBIH QJICYMETTIK-CasCH KO3FaIbICTAPIbIH KAl aTaybl.

Teppopusm Tex 30pIIBIK-30MOBUIBIK KYpaIJapblH KOIIAHY apKbUIBI OPBIH/IAJIATHIH CasCar.

OkcTpeMu3MIi OarbIThl OOMBIHINA KeJlecied TomTapra XKIKTENl KepceTyre
Oonanpl:

- HKOHOMHMKAJIBIK (Oip FaHa MEHLIIK TYpiH OpHATY, 09CEKEeNIeCTiKTI OonapIpMay
KoHe T.0.);

- pyxanu (6acka MOJICHUET OKUIACPIHIH KETICTIKTEPiH TepicKe IIbIFapy);

- DKOJIOTHSUTBIK (TaOUFATThI KOpFay casicaTblHa KapChl LIBIFY );

- ninu (Oacka koH(UCCHS OKIAEpiHEe AeTeH KEKKOPYLITIK);

- YWITTBIK (0acKa YITTapAblH KbI3BIFYIIBLUIBIKTAPhl MEHH KYKBIKTApbIH TEPiCKEe
LIBIFapY);

- casickl (YKIMETTIK KYpbUIBIMAAP, MEMIICKETTIK KbI3METTEPre KapChl LIBIFY).

Ic-opekerTepuin MacmTaObIHa OAIAHBICTHI:

- MEMJICKETILIIIIIK (63 YITBIHA PENpPEecCcHs xKacay);

- MeMJICKeTapalblK (63 HOpManapbl MEH MPUHLUITEPIH 9JMEMIIIK MaclTadra
OpHATYFa THIPBICY).
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OKiNeTT] KypbUTbIMAApFa OailIaHbICTHL:

- MEMJIEKETTIK (perpeccrsHbIH OKIJIETTI KYphUIbIMAAPHI apKbLIbI OPBIHAAIIAIBI);

- MEMJICKETKE OMMIO3UIMSIIBIK (AHTUPEKUMAIK TONITAp; TEPAKTTap).

odebuemmepae wlony

XKahangsik Teppopusm nepexkopsl (GTD)

XKahaugpeik Teppopusm nepekkopsl (GTD) — 1970 sxpurnan 2019 sxputra neiiin
OYKLT omeM OOWBIHINA IMIKi KOHE XallbIKapaJIblK TEePPOPUCTIK mMaldybuaap Typabl
aKnaparThl KAMTUTBIH alllbIK aJIFAllIKbl JIEPEKKOP KOPBI KOHE Kasipri yakbITTa
200 000-HaH acTam >Kargaiiibl KAaMTHJIBI. Op OKUFa YIIiH OKWFaHBIH KYHI MEH
OpHBI, NalJanaHbUIFaH Kapy MEH MaKCaTThIH CUMIAThl, KypOaH OonFaHmap caHbl
KOHE COMKEeCTEHIIpY Ke3iH/e aHBIKTaJIFaH TOIl HEMeCe OFaH JKayarlThl )KeKe TYJIFa
TypaJibl aKIapaTThl KAMTHIBL TeppopHu3MIil 3epTTey KoHE TEePPOPU3MIe Kapchl ic-
KUMBLI s)keHiHeT1 YATTHIK KoHcopunyM (START) GTD-xi ochl onnaitH-unTepdhetic
apKBUIBI KONl KETIMIi €TeJi, TePPOPUCTIK 30PIBIK-30MOBLUIBIK Typaslbl TYCIHIKTI
KEHEWUTYTe THIPbICAIBI.

GTD cunarramanapsl:

200 000-HaH acTaMm TEPPOPUCTIK IMA0yBUIIAP Typasbl aKnapar oap;

Kazipri yakpiTTa Oys1 oiemiieri TeppopuCTiK malyburaap Typaibl €H TOIBIK
KYIHS €eMEC MAJIIMETTEP KOPBI;

1970 xpurnan G6acranm 95000-Han actam >kapbeuibic, 20000 kici enTipy koHE
15000 agam ypray »oHe OapbIMTaFa alry TypaJbl aKnaparThl KAMTH/IBL;

OpOip karmail yiIiH keMm gereHe 45 aifHpIMabl Typalbl aKImapaTrThl KAMTHIBI,
an kedinri okuranap 120-maH actam aifHBIMAITBI TypalTbl aKIIapaTThl KAMTHIBL;

Tex 1998 xbuman 2019 xwira neitin 4 000 000-HaH acTam KaHAIBIKTAp
Makananapsl MeH 25000 jkaHaIBIKTap Ke37epi OKBIC OKUFaap TyPaibl MAIIIMETTEP
KUHAY YIIiH Tanganasl (1-cyper).

Research Education

EEOaonEm

startumd.eaugta/ ©
START Invs
Erin

Recent Publications

Abbr
S0

KEYWORDS

Projects:

Shadov

1-cypet — XKahannsik Teppopusm aepexkkops! (GTD)
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Teppopusm Typanbl FanamablK ManiMerTep 06a3acel 2001 sxputbl moxTop ['apu
Jladpu Mapunenn yuusepcuretine [Tunkepronnsiy Fanampik 6apiay KbI3MeTiHEH
(PGIS) xomxkaszba MyparaTsIH Oepyai yirectipre kesae 6actanasl. 1970 sxpuiman
1997 xoburra geiiin PGIS 3eprreyminepai uerizinen orcraskagarsl AKII ockepu
KYIITEpiH TEppOpU3M KaymiH Oarajiay YUIiH Tejerpad KbI3METTEpiHEH, YKIMETTIK
€CEeTITePICH JKOHE 1pi XaIBIKApaJIbIK Ta3eTTEPICH TEPPOPUCTIK MIA0YBUTIAP TyPaTIBI
aKIaparThl aHBIKTAyFa KoHE jka3yra yuperti. 2005 >KbUIIABIH JKENTOKCaHBIHA
Kapail 3eprTey TOOBI TY3€TyJep CHII3il, JCPEKKOPFa KOChIMINA aKiapar KOCYIbl
asikranbl. 2006 KBUIIBIH COyipiHAe )KaHaIaH KYPBUTFaH TEPPOPU3MIII 3epTTEY JKOHE
Teppopu3Mre Kapcol YATTHIK KoHcopuuyM (START), Teppopusmai 3epTrey *oHe
Oapuay opransirsiMeH (CETIS) 6ipnece otbipsir, 1997 xbuinan keitin GTD keHeity
mporiecid 6actanbl. byFaH )KUHATFaH MOIIIMETTEP TYPIIEPiH KEHEHUTY JKOHE pgis-TeTi
TEPPOPU3M aHBIKTAMAaCKIH 3epTTey TOOBI 1970 KpUTFa NeliH OaplbIK OKHFaIapFa
PETPOAKTHBTI TYp/ie KOJAAHFaH KEKe €HT13y KpUTEPUIIICPiHiH KUBIHTBIFBI PETiH/IC
tanmay kipai. CETIS womanmacer 1998 xwuiasiH KaHTapbiHaH 2008 SKBUIIBIH
HaypbI3bIHA JICHiH OOJFaH MIa0yblIIap Typajbl aKmapaTThl )ka3el. Onap COHBIMEH
Oipre 1993 *KbUIbI KETICHICUTIH JIepeKTep/l KalTa KUHAyFa ThIPBICTHL. OKIHIIIKE
opai, OyJI opeKeT coTci3 OONIbI, imIHapa COJM KE3CHHIH OacTamKbl Ky»KaTTaphl
KETKLTIKCI3 cakTanFanbiHa OaimanbicThl. 2008 xbUIIbIH coyipinae Hpro-XeliBeHn
YHHUBEPCUTETIHIH 30pJIBIK-30MOBUIBIK TONTAPBIH 3epTTey MHCTUTYTHIHBIH (ISVG)
capammburapel GTD-re xochuTy ymriH MoiiMeTTep JXKuHaymel Oactamel. ISVG-
i 2012 XpUABIH HaypbI3bIHA JCHIH JKAIFaCKaH MOIIMETTEp >KHHAY OpeKeTi
2008 xbuibiH coyipiHeH 2011 KbUIIbIH Ka3aHbIHA JICHIH OOJIFAH TEPPOPHUCTIK
madysiaap Typasisl MomiMerrepai Kamteiapl. GTD 3eprreymriepi Oackrama
oy nepexrepni GTD-re Gipikripai xoHe GTD MyMKIiHIITIHIIIE TOJBIK JKOHE 9T
OonybIH KaMTaMachl3 eTy yurid 1970 sxpiira aeiin OypbIH aHBIKTAJFaH Karaannap
Typajibl KOCHIMINA iCTEp MEH KOCBHIMIIA aKHmapaTThl aHBIKTAY VIIIH KONTEreH
Ke3JIepi YHeMI Kapart OThIPY/IbI )KalFacTeIpbl. Atanran nporecc GTD kypambina
KipeTiH OKHMFallapbl aHBIKTAY KOHE KY’KarTay YIIiH dJIEMHIH op TYPJi OyKapasbiK
aKmapar KypaJjaapblHaH OacTajaapl — KYHIHE €Ki MIUITMOHHAH acTaM Makala
KapacTeIpbuFaH. TaOuFu T eH/Iey, aTaylibl HhICAHIAPIBI ATy HKOHE MAIIHHAIBIK
OKBITY MOJENBJACPl TEPPOPUCTIK MIA0ybUIAAp Typasibl aKmaparThl KaMTHUTBHIH
YKaHAJIBIKTAp MaKajaJlapblH aHBIKTayFa JKoHe YHbIMIacTeIpyFa keMekreceni. GTD
TOOBI aHANUTHKTEpre Oiperel malybUIapAbl aHBIKTAayFa, Op OKHFaHBIH erKei-
TErKeWiH jKa3yFra jKOHE JKaHa aknapar TYCKEH Ke3/le OYpbIH TipKeJIreH OKHFaap
Typalbl jka30aapapl KaHapTyFa MYMKIHIIK OepeTiH Keke AepekTepai backapy
KYWECIH xacabl. TeXHOIOTUSHBI KETUIIPY )KOHE HHTEPHETTI KEHEUTy OacTarKsl
MarepuanIapAblH Ko7 JKETIMIUITIH /e, dKYMBIC MPOIECTEPiHiH THIMIUIMH e
apTTRIpIE [3].

RAND Database of Worldwide Terrorism Incidents

RAND Database of Worldwide Terrorism Incidents Oykin onmemperi
TepPOPU3MIe KaThICTBI OKuFaiap Typaidsl RAND mepexkkopbr (RDWTI) — 6y
1968 xburman 2009 sxpurra JMeHiHTI MONIMETTep JKUBIHTHIFBI, 40 KbUI imIiHIe
RAND kopriopamusicel TEppOpU3M MEH TEeppPOpH3MIe Kapchl 3epTTeyNIepIiH
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AJJIBIHFBI KaTapbiHaa 00511161, Ochl )KYMBICTHI Kosay yiriH RAND 1968 sxpuiman
Oacran XanbIKapasblK JKOHE 1IIKi TEPPOPHU3M Typajibl )KaH-)KaKThI aKnapaT OepeTiH
TEPPOPHUCTIK OKUFAIAp Typajibl MaJliMeTTep Oa3achIH jkacam wbiFapasl. Kenreren
KBUTIAP OOMBI KONITETEH MEMJICKETTIK KoHe skeke Aemeyrninep RDWTI Men oHbIH
aNJbIHIAFbl ajamaapra, Rand Teppopusm xpoHosorusicbiHa sxoHe Rand-MIPT
TEPPOPU3M OKHFAIAPBIHBIH MoNliMeTTep Oa3achblHa KONJay KOpCeTTi. ATalFaH
momimerTep Kopeiaaa 40 000-HaH acTaM TEpPOPU3M KaFaalaapsl KOATAIFAH JKOHE
erxel-terkeitni cunarranrad. RAND kpI3meTkepiepi aMakTBIK Txipuoeci,
THICTI TUIIIK JaF IBUTAPHI )KOHE eIIET1 )KePTUTIKT1 JKepIiep e )KYMBIC ToxXiprodeci 0ap
KBI3METKEpJIEP/li TapTa OTBHIPBII, BIKTUMaJI TEPPOPHUCTIK MIa0ybUIIAp TYpajibl KeH
3eprrey xkyprizai. RDWTI — Oy nmaiinananynipuiapra camaibl KoHE KaH-KaKThI
MoJIiMETTEp Oepyre apHaliFaH TOJBIK KOJ JKETIMI1 XKOHE HHTEPAKTHBTI MAJIIMETTEp
0azacel. JlepexTep 0a3ackl 3epTTey KOHE Tajay YIIiH aKbIChI3 KOHE KOJ KETIMII.
RAND nepexkopsr 1968 xbeutman 2009 xputra JEHIHTI YaKbITTBI KAMTHIIEL.
Teppopu3sm opbIHAAYIIBIIAPABIH JKeKe OachIMEeH HeMece ceOer CHUMaThIMEeH eMec,
OPEKETTIH CHITAaTBIMEH aHBIKTAJIA BT, HETIi3T1 DIIEMEHTTEPTe MBIHAJIAP Kipei:
30pIBIK-30MOBUIBIK KayTIi;

KOpKBIHBIII TIEH ajlaH/Iay IBUTBIK TYABIPYFa apHAIFaH;

Benrimi 6ip apekerTepre MoxOyplieyre apHasFaH;

MoTHB casicu MakcaTThl KAMTYbI KEpeK;

OJIeTTe a3aMaTThIK MaKcaTTapra Kapchl OaFbITTaNFaH;

TeppopHcTik HHIMACHTTEP Typalibl XabapiamaiapIblH aHbIKTaMalaphl;

WNumunenT nneHTHUKaTOpHI: ecer jkacaaFaHHaH KediH opOip ecermke peTTik
HeMIp Oepinei.

Byn can RDWTI wmomimerTep 0a3achlHAarbl OKUFaJIapiAblH JKajlbl CaHbIHA
cofikec kenmemi. OKUFa KYHi: TePPOPIBIK MIadysn O0FaH KYH.

Jlepekke3 KyHi: kaHa AePeKKO3IiH KapusulaHFaH KYHi.

AKmnapar ke3i: akmapar ke3iHiH artaysl. EcenrTep, omeTTe, eki HeMece OmaH na
KOl JIepeKKesaepre Herizaenred. bapnblk OacTamkpl KykaTTamMa op e€cen YIIiH
KaFa3 TYpiH/e caKTajabl.

Irki / xanmeIKapanblk OKUFa: OyJ1 allHBIMAIIBI YIIIiH O/ICTIKi MOH — "iIIKi OKuFa'.
"XaJplkapasbIK'" OKUFa JCT CaHay YIIIiH IIa0ybUI 3JIEMEHTI IETEIJIK CYObeKTIMEH
(sFHE OPBIHIAYIIIBI, HBICAHA XKoHE T.0.) OalIaHBICTEI OOIYBI KEpEK.

AKIII-Tars! Mymikke/MyJTiKke malysii: oenki MoH "xok'"; erep AKI azamarsr
malybuTasIH Kypoans! 0onca Hemece AKI-ka Trecini Mymik madybutFa yIbIpaca
Hemece OyIiHce, oHaa "1 eHri3inesi.

©O3-e3iHE KOJI KYMcay MUCCHSCBI: 9JIETIKI MOH "KOK''; erep HmIaldybuigaybuiap
madybUT asChIHA ""CYUITUA" TAKTUKACHIH KOJIIAaHCa, OH/IA "M eHT131Ie .

[abybin Typasibl aThUIFaH: 9ACNKI MOH "KOK'"; erep OpbIHIAyIIbLIap TOOBI
madyBIT Typalibl MOTIMAECE JKOHE OVIT MoTiMIeMe CEHIMIII JIeTT caHasica, oHaa "uo"
EHI131Ie11.

Yiinecripiired malybul: 9JenKi MoH — "KOK'; erep malybul xKyHenl Typie
YKOCTIapliaHFaH jKeke M1adyburap CepusiChIHBIH Ooiri Oonca, oHaa "us" eHrizinesni.
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Eckeprne: 6ip xepae Oip me3ringe OonFaH KapbuIbICTap Oip WHIIUACHT OOJBITT
caHamaJbl.

Ysinren malybur: ofenki OoibiHma "KOK" MoHI OopHaTbuiraH; Erep malybut
madysUIAayIIbUIap  JKOCTIapiiaHFaH — IMa0yBUIABI  JKy3€re  achklpMac OYPBIH
TOKTAaThLICA, OHJIA "Mo" eHI131Ie].

Eut: malybut skacanaTbiH el

Kana: nraGysut )xacanaTsH Kaja.

1-Opeiaaaymisl: malyblUTFa skayarnTs ToIL. JKayankepiIiiikTi ceHiMal MaliMaeMe
apKBUTBI OpHATyFa 0O0Jaabl HEMece TalayIibl ©31HIH aiMaKTBIK OiTiMiHe CYHeHe
OTBIPBII, JKayarnThl TOIKA Kipe aaJbl.

2-OpsIHAaymIel: erep eKiHmi Tom malyburFa jkayanTel Ooiica, ojlap OCHIHIA
TI3IMIEIICI; 9JICTIKI MOH — «KOK». YKayarnkepIiIikTi CeHIMII MAJIIMAEME apKbLIbI
opHary¥a 0oJa/bl HeMece TayayIlibl ©3iHIH alfMaKThIK OiTiMiHEe CyHeHe OTBIPHIIL,
JKayarThl TOTIKA Kipe ayiajpl.

Bipueme kputMbIcKep (>2): openki MoH «koky (baiinymnna xone 1.6., 2021).

3eprTey amicTepi

DKCTpeMHU3MIe Kapchl iC-KUMBUI — MEMIICKETTIK OpTaHAapiblH ajJaM MeH
a3aMaTThIH KYKBIKTaphl MEH OOCTaH/BIKTAPbIH, KOHCTUTYIMSIIBIK KYPBLIBIC
Heriznepid, Kasakcran PecnyOmuKachIHBIH TYTACTBIFBI MEH YJITTBIK KayiNCI3AiriH
SKCTPEMHM3MHEH KOPFay[bl KaMTaMacbhl3 €Tyre, 3KCTPEMHU3MHIH alJblH ajyFa,
OHBI aHBIKTAyFa, JKOIBIH KECyre >KOHE OHBIH CalliapliapblH JKOIOFa, COHIaM-
aK AKCTPEeMM3MJI JKy3ere achlpyFa BIKIAN €TETiH ceOenTep MeH jKarnaimapabl
AHBIKTAYFa JKOHE KOIOFa OAFbITTAIFAH KbI3METI.

DKcTpeMHU3MIe KapChl iC-KUMbLIT MbIHAall HEri3ri OarbITTap OOWBIHILA KY3ere
ACBIPBLIAJIBL:

AKCTPEMU3MHIH aJIIBIH alTyFa, OHBIH IMTIHIC OHBI )KY3€Te achIpyFa bIKIAT ETETIH
cebeniTep MeH JKarAaliapibl aHBIKTayFa >KOHE KEHIHHEH >KOIOFa OarbITTajFaH
PO ITAKTHKANBIK IIIapaiap Kaobliaay;

IKCTPEMU3M/I] aHBIKTAY KOHE OHBIH JKOJIBIH KECy;

IKCTPEMH3MI€ KAPChI i1C-KUMBUT CaaChIHAFbl XAIbIKAPAIBIK BIHTHIMAKTACTHIK
(Kazakcran Pecmyonmkaceiabiy Ne31 3aHsl. ).

MemJekeTTiK opraijiap e3 KY3bIpeTi IIETiHAE SKCTPEeMHU3MHIH aliibIH aiayFa
OaFpITTaIFaH MBIHAIAH TTPO(IIIAKTUKAIIBIK ITapaiapabl iCKe achIpaIbl:

1) JiHM KbI3MET CaJachlHAAFbl MEMJICKETTIK PETTEydi JKy3ere achlpaThiH
MeMIleKeTTiK opran Kazakctan PecryOnuMKachIHBIH ayMmarblHIa KYPBUTFaH iHU
OiprecTiKTep MEH MUCCHOHEPIIEP/IiH KbI3METIHE 3ep/ieney jKoHe Taaay XKyprizei,
03 KY3BIPETiHE JKaTaThlH Mocesenep OOWMbIHIIA aKMaparThIK-HACUXATTAy ic-
mapanapsiH JKy3ere ackipansl, Kazakcran PecnyOnukaceiaeie JiHE KBI3MET JKOHE
JiHKM OipJIeCTIKTep Typalibl 3aHHAMAachlH Oy3yFa KaTbICTBI MIcelesIepi Kapaisl,
TIHU KBI3METKE THIMBIM CajTy Typajibl YCBIHBICTApP €HTI3E/Ii;

2) OyKapaJibIK aKnapaT KypaJiapbl iCTepi )KOHIH/IET] YOKIJICTTI OpraH OyKapalbiK
aKnmapar KypaJjiapbl OHIMJEpiHJIE SKCTPEMH3M/II HACHXATTayFa JKOHE aKTayra
xon Oepmey, omapabiH KaszakcTaH PecnyOnMKachblHBIH 3aHHAMACHIH CaKTaybl
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TYpPFBICBIHAH MOHHUTOPHUHT KYPTi3elli, MEMIIEKETTIK TaIlChIPBICTH OPBIHAANTHIH
OYKapalbIK aKmapaT KypaiIapblH/a YITapaiblK )KoHe KOH(ecCusapaIbIK KeliciMIi
HBIFAWTY MAceJeJIepiHiH KapHs eTUTyiH KaMTaMachl3 eTel;

3) 6immiM Oepy canmachIHIaFBI OPTANTBIK aTKAPYIITBl OpTaH Oi1iM Oepy YIBIMIapbIHIa
O1J1iM aJTy IIBUTAPIBIH AKCTPEMHU3M UIesIapbIH KaObLTIaMay bIH, XaJIbIKAPaJIbIK KYKbIK
TIeH 13TUTIKTIH JKaJIblFa TAaHBUIFAaH KaFUIATTapbhlH KYPMETTEYiH KaJbIITaCThIPyFa
OarpITTaNFaH TOpPOMENiK OarmapiaManapliblH OCKITUTYiH JKOHE iCKe achIPBUTYBIH
KaMTaMachl3 €Telli, OKy OpbIHAapbIHBIH CTYACHTTEp ajaMacy Mocelenepi OoibIHIIA
XaJIBIKapasIbIK MIAPTTAPBIHBIH CaKTATYbIH OaKbUIAY/IbI )KY3€Te achIpabl;

4) Kazakcran PecnyOnukachiHbIH —~ YJITTBIK — KayilCIi3giK — OpraHapbl
KeJleN-i37ecTipy, Kapchl Oapray ic-lmapamapblH Kyprizeni xoHe Kazakcran
PecnyOnukachIHBIH 3aHHAMAChlHA COHKEC MEMIICKETTIK OpraHJapiblH JdJesi
KOPBITBIHABLIAPHI OOWBIHIIIA ©3/IEPiHIH iC-OpeKeTTepIMEH KOFaM MEH MEMJICKETTiH
Kayinci3airide Karep TOHMIPETIH HeMece HYKCaH KENTIPEeTiH MICTEeNIIKTep MEH
a3aMaTThIFBI J)KOK afmamuapasiH Kazakcran PecryOnnkackiHa KenyiHe ko1 Oepmey
YKOHIHJIET] TTapajapIbl )Ky3ere achIpabl;

5) Kazakcran PecnyOnukachiHbIH [miki icTep opraHgapsl Skeaen-i3aecTipy
KBI3METiH, KOFAMJBIK TOPTIITI KOPFay KoHE KOFaMJBIK KayilCi3/IiKTi KaMTaMmachl3
€Ty JKOHIHJET1 aTKapyIIbUIBIK JKOHE OKIMIIK (YHKIMSIAPIbI KYy3ere achipajbl,
COH/ali-aK ©3 OopeKeTTepiMEeH KOoFaM MEH MEMJICKETTIH KayilCi3mirine karep
TOHIIPETIH HEMece HYKCAH KENTIPeTiH IIeTeIMIKTep MEH a3aMaTTBIFBI JKOK
amamaapasl Kazakcran PecnyOnmkacklHBIH 3aHHaMacbiHa coiikec Kaszakcran
PecryOnrkachiHaH MIBIFAPHIT JKiOEpPy/Ii Ky3ere achIpajibl;

6) obmbIcTapibiH (peciyONuKaIbIK MaHBI3bI 0ap KajalapiAblH, acTaHAHbIH),
aymaHnapasH  (OONBICTHIK MaHBI3BI Oap KalajapiblH) JKEPriTiKTI aTKapyIIbl
Opranjapbl KOFaMJbIK OipJecTIKTepMEeH e3apa iC-KMMBUIIBI, THICTI aymMakTapaa
KYpBUIFaH JIiHU OipiecTikTep MEH MHCCHOHEPIIEP/IiH KbI3METIH 3epAeiey/i Ky3ere
achIpaIIbl, OJIap TyPaJIbl JEPEKTep OAHKIH KYpaIbl, ©30epiHiH KY3bIPETiHe )KaTaThIH
Mocernenep OOMBIHINA OHIPIIK JIEHreHIe aKnapaTThlK-HACHXaTTay ic-IIapaiapbiH
xKy3ere aceipansl, KazakcraH PecnyOnmukachIHBIH 3aHHaMachlHAA O€INTiIeHTeH
TOPTINIEH KEePTUTIKTI aTKapyIIbl OHIPJET] JIHU axyajJbl 3epleiey KoHe Taljay
TarChIPMACHIH OPBIHIANIBI.

7) CeIpTKBI Oapiay cyOBeKTiIepi 63 ic-OpeKeTTepiMEH KOFaM MEH MEMIICKETTIH
Kayilci3iriHe Karep TOHAIPETIH HeMece HYKCaH KeJITIPETiH ST MEMJICKSTTEeP IiH
yUBIMIapbIHA, METENIIKTEP MEH a3aMaTTHIFbI )KOK aJlaMaapra KaTelcThl Kazakcran
Pecny0nmkachIHBIH MEMIICKETTIK OpraHAapbiH xabapaap Tyl )Ky3ere acblpajbl.

MeMmIteKkeTTiK opraHaapAblH 3KCTPEMHU3M/II aHBIKTAY JKOHE OHBIH JKOIIBIH Kecy
YKOHIHJIET1 KY3bIpETiHe KeJIeTiH O0caK:

1. ¥nTTHIK Kayinci3mik, iMKi icTep opraHaapbl KoHE dKOHOMHUKAIBIK Teprey
kpi3MeTi  Kaszakcran PecnyOnukachIHBIH 3aHHAMAachIMEH OCHI  OpTaHIapbIH
KapayblHa >KaTKbI3bUIFaH KBUIMBICTBIK KYKBIK OY3YIIBUIBIKTAPIbl AHBIKTANIIBI,
JKOJIBIH KeCe]li, alrajbl )KoHe Tepreiii, conmaii-ak Kazakcran PecrmyOmrkachiHBIH
3aHJapbIH/IA KO3/IETTEH 03Te JIe OKUIETTIKTeP/l KY3ere achIpabl.
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1-1. DKOHOMHKAJIBIK TEPrey KbI3MET1 SKCTPEMHU3M/I1 Kap>KbIIIaHIbIPY KO3ACPiHiH,
apHaJapbl MEH TOCULACPIHIH alJblH ayJibl, aHBIKTAYJbI, JKOJIBIH KECYHi >Ky3ere
achIpabl.

2. Ilpoxypopnap *eke >KoHEe 3aHIbl TYJFajapiAblH, OJApAblH KYPbUIBIMIBIK
Oemimmenepiniy (punmannapel MeH exinaikrepinin) Kazakcran PecryOnrkachiHbIH
OKCTpeMH3MIe Kapchl iC-KMMBUT cCallaChIHIAFbl 3aHHAMachlH Oy3y Qakrinepi
aHBIKTAJIFAH Ke3/le HeMece MalbIHAANBIN >KaTKaH KYKbIKKA Kapchbl SpEeKeTTep
Typasibl MOJIIMETTEp OOJFaH Ke3[e, COHJal-aK OyKapasiblK akmapar Kypajigapbl
apKbUIBI aaMHBIH JKOHE a3aMaTThIH KYKBIKTapbl MEH OOCTaHIBIKTapbIHA, COHAAMN-
aK ONapIbIH MYyJJeNepiHe 3USH KeNTipyl MYMKIH DKCTPEMHUCTIK Marepuaiiap
TapaTbUIFaH JKaraaiiza SKCTPEMHU3MHIH Ke3 KeJIreH KOPiHICTEepiH KO0 Typajbl
MPOKYPOPJIBIK KaJarajay akTiJIepiH eHri3eni, >Ky3ere acblpyfa bIKHAJT ETKEH
ceOenTep MEH >KarJaiapabl €CKepe OTBIPBIN, OY3bUIFaH KYKBIKTapIbl KaJIlbIHA
KeNTipy Typajbl COTKAa YHbIMIAp SKCTPEMH3MII »KYy3ere achlpraH >Karnaina
oNapblH KbI3METIHE THIMBIM cally Typajbl OTiHIImI Oepeni, coHnai-ak Kazakcran
PecnyOnuKkaceIHBIH ~ 3aHApblHAA OCNTIJICHIEH TOPTINICH JKOHE IIEKTepae
KBUIMBICTBIK KyZaJay/Ibl )Ky3€Te achIpaibl.

3. O3re e MEMJICKETTIK Opraniap SKCTPEMHU3M/Ii aHBIKTayFa >KOHE OHBIH KOJIBIH
kecyre Kazakcran PecrnyOnukacblHBIH 3aHAapblHAa OCNTUICHTeH 3 Ky3bIpeTi
merinze kareicassl ("Llapaka" Xobackr, 2022)

DKCTpeMH3MMEH KYpecyre apHajFaH xooajiap

Trace >xo0achl

Trace »xo0aceiHbIH MakcaTel — OHTYCTIK-LBIFBIC A3HsI €nIepiH Teppopu3Mre
Kapchl Tepreyiepie OHJalH-AepeKTepi Koilmanyra yipery. Mep3zimi: 2017
KBUIIBIH TaMbI3biHaH 2021 >KbUINBIH akKIlaHblHA JeliH. Bromker: 2 MWUIAOH
eBpo. Trace xobacel OHTYCTIK-LLBIFBIC A3HsST MEMIICKETTEPI KaybIMIACTHIFBIHBIH
(ASEAN) 10 eminge: bpyneit, Wnnonesms, Kambomxa, Jlaoc, Manaiizus,
Mpesuma, Oununnus, Cunranyp, Tannann koHe BeeTHamaa TeppopusMre Kapesl
KYpec calachlHAAFbl OJI€yeT TeH capanTaMaiblK OUTIMIII HBIFalTy OOWBIHINIA
XKYMBIC icTeli. YKoba Teppopu3MMeH Kypec >KOHIHJIET] YITTHIK OeiMIIenepIiH
KbI3METKepJIepiHe, KUOEpPHETHUKANbIK OeliMINeNnepaiy Oapiay KoHE Teprey
OeiMIeNnepiHiH KbI3METKEpIIepiHe )KOHE WHTEPHETTI TEPPOPHUCTIK Makcarrapia
naianaHyra Kapcel TEprey MEH KYpEcKe >KayanTbl Ke3 KelIreH 0acka YITTBHIK
MeKeMeJepIiH KbI3MeTKepiepine OarbiTTanFaH. Trace j>ko0achl KaTbICyLIbLIApFa
TEPPOpPHU3MIe Kapchl TEprey >KYpridy YIIiH OHJAMH miardopmaiapiaH, COHBIH
IIIHAE SNEYMETTIK JKeNIep/IeH aKlapar >KWHayFa JKoHe MaiijanaHyra KakeTTi
JaFapIIap, Kypanaap MeH 9licTeMeNepIi YChIHIBI (2-Cyper).
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Project Trace

Project Sharaka =)
“"’i*: im'w"s Training Southeast Asian countries to exploit online data in counter-terrorism investigations £
G5 Sahel -

HOTSPOT v

Timeframe: August 2017 to February 2021
Budget EUR 2 million

Donor: Global Affairs Canada

— Project summary

Project Trace works to reinforce counter-terrorism capacity and expertise in the 10 countries of the Association of Southeast Asian Nations
(ASEAN): Brunei, Cambodia, Indonesiz, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand and Vietnam
Initaly a three-year infative (2017-2020), it has been extended unti Fetruary 2021

The Project targets officers from national counter-terrorism units, intelligence and investigation officers from cyber units, and any other
national agencies responsible for investigating and combating the use of Internet for terrorism purposes

Project Trace has equipped participants with the skils, tools and methodologies needed in order to gathe- and exploit information from

online platforms, including social media, for counter-terrorism investigations

our site uses cookies to ensure technical functionality, gather statistics and enable sharing on social media platforms. Tellmemore )

2-cypeT — DKeTpeMusMre Kapebl Trace sxo0achl

Op UK KeJIeCi OpeKeTTepai KaMTHIbL:

HHTEepHETTI TEppOPHCTIK MaKcaTTa MaigaliaHyFa Kapchl TYPY YIIIH anTabIK
0a3ajbIK JaibIHIbIK;

HHTEepHETTI TEppOPUCTIK MaKcaTTa MaimagaHyFa Kapchl Typy OoMbIHIIA Oip
anTaNBIK OLTIKTIIIKTI apTTHIPY KypPCHI;

bBarmapiaManblk — jkacakTaMaHbl — ChIiFa  TapTy JKOHE OarmaapiamalibIK
»KacaKTaMaHbl MAMaHJIaH bIPBITFaH OKBITY;

JKaTThIKTHIPYIIBIFa apHAIFAH KATTIFY;

Karpicymsiiapra mpakTHKAIBIK TOKIpHOe Oepyre apHaIFaH YCTENIIK KATTHIFY.

AtanraH XK00aHBIH MaKcaTTaphl KeJeciae:

KemMeIcTBIK Teprey asichiHma amblk Oactanmkbl (OSINT) jxoHe oneymeTTik
Memua (SOCMINT) mepextep arbIHOApBIH Kaylai MaimanaHyFa OOJaTHIHIBIFBIH
TYCIHY;

WHTepnonaplH MOMUIIAA MYMKIHIIKTEPiH, COHBIH IMTHAEC OPTYPIl MAIIMETTEp
0a3ackl MEH WHTEPITOIBIH XabapaaMaiapelH KaJlail Taiiaiany KepeKTiriH TYCIHY;

CaHIbIK gosienaeMelepai )KuHay MEeH KOPFayIbIH IYPHIC 9ICTepiH TYCIHY;

Tanmayra KeMEeKTECeTiH Kypas peTiHae rpaduKaIbiK 9icTepai KOIAaHy;

Yuriamn Ttapantapgad (MHTeprmon, 6acka ma KYKBIK KOpFay OpTaHIaphl,
WHTEpHET-TpOBaiiiepiep, TEICKOMMYHHUKAIMSUIBIK —KOMIIAHHSIAp JKoHEe T.0.)
aKImaparTsl Kajlaif cypay kepekTirid tyciny (Uen, 2011).
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Sharaka >xo6acbl

Sharaka xo0acel TeppopHCTEpAiH MIEKapaHbl KECyiHIH alJIblH alyfa
OarpITTaNFaH. ATanFaH ’00a 03bIK areHTTikTepAi [-24/7 (MHTeprionapiH KopFaiFaH
kahaHABIK TTONUIMS KOMMYHHUKAITUSUTBIK KEJIicl), ocipece oyekaiinapaa, TeHi3
MOPTTAphIHA OHE YITTHIK IIeKapanapjaa Kocaabl. by omapra HaKThl YaKbIT
pexxkuMiHae Oaprayasl Oelicyre KOHE KbUIMBIC Typalibl jkahaHIIBIK MOiMETTEp
0a3achIHa KOJI KETKi3yre MyYMKIiHJIIK Oeperti.

Teppopuctep, ocipece KaKTBIFbIC aiiMaKTapblHAH OpaliFaH IIETEIIiK COIBIP-
TEPPOPUCTEp TaWIaaHAThIH YPJIaHFaH KOJ JKYPY KyKaTTapblHa OalIaHbICTBI
mieKapa KbI3METI KbI3METKEPNICPIiHIH YpJIAHFAH JKOHE IKOFAIFaH KON IKYPY
KY)KaTTapbl Typasibl HHTEPIOJIBIH JIepeKTep Oa3zachiHa TiKeNIeH KO KeTKi3yl oTe
MaHBIIBI (3-Cyper).

<« c @

INTERPOL Who weare  Crimes  Howwework  Ourpartners Whatyoucando  News  Wanted persons EN v (©F

Funded by the European Union, Project Sharaca brings INTERPCL policing tools and expertise to frontline officers in sight countries
Project Trace Algeria, Egypt, Jordan, Lebanon, Libya, Morocco, Palestine and Tunisia.
Project Sharaka
Project Scorpius
65 Sahel
HOTSPOT

The objzctive s to help these countries detect and inercep: terrorist individuals and groups through technology, capacity buiding and police
operations.

> €)= (D]

° Project Sharaka - Tackling terrorism in the Middle East and North Africa. ® »
Cwotpers . MoaenTsca

INTERPOL

PROJECT
SH/ 3" KA

4S8 ¢ 5 plia

’— o EN

Mocnotpets Ha (8 YouTube

— Preventing terrorists from crossing borders

Project Sharasa connects ‘fontline agencies to 124/7 (INTERPOL' secure, global police cemmurications network), particularly at airporls,
seaports and national bordsrs. This enables them to share intelligence in real tme and to access our range of global criminal databases

oursite. A nd enable sharing | meda platforms. Tell me more

3-cypet — Dxerpemusre Kapesl Sharaka sxo6acer

by sx00a MakcaTTBI eIepIiH TePPOPU3MIE KapChl KYpecC calachiHaa KasKeTTi
OimiMre, Kypai-KaOIbIKTap MEH Jaf/bpulapFa He OOIybIH KaMTaMachl3 eTelli.
ANIBIHFBI KaTaplaFbl KbI3METKEpJiep alMaKThIK Tepreyjiep MeH omeparusiiap
OaprIchIHIa VHTEpPIOMIBIH KBUIMBICTHIK icTep OofbIHINA Oipkarap »kahaHIbIK
NepeKKOpIapblH  Taiganany OoiibiHIIa maWbiHAbIKTaH otedi  ("Cxoprmon"
JKobacpwr.).

Scorpius sx00ace

Scorpius xo0ackl TeppopH3M MEH OHBIMEH OaHITaHBICTBI TPAHCYITTHIK
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KBUIMBICTBIH aJIJIbIH aJlyFa JXOHE JKOJIBIH Kecyre OaFbITTallFaH OHTYCTIK JKOHE
Onrycrik-IIpiFpic A3usarbl KYKbIK KOPFAy OpraHJIapbIHBIH QJICYETIH apTThIPY
x)eHiHjeri ekl KbpulIblK (2017-2019 »xok.) 6actama Gosnabl. OHBI MHTEPIION MEH
Kanmanma ykimerTi Oipiecin KapKbUTaHIBIPIBL.

BipryracTocinmiKosiiaHa OThIPHIIL, )K00a KYKbIK KOPFay KOFaMaCThIFbIHBIH THICT1
KaTBICYIIBUIAPEIH, COHBIH 1MIiHE HeT13T1 HIemliM KaObU1Iay IIBLIAP Ik, TEPPOPU3MTE
JKOHE TPAHCYITTHIK KBUIMBICKA KapChl Kypec KOHIHJEr! Tepreyuriepai, Oapray
KpI3MeTKepiepid, MuTepnonasiy ¥ ITThIKk OpTajiblK OI0pOCHIHBIH KbI3METKEPIEPiH,
KBUIMBICTBIK COT TOPEIri OpraHAapbiH, IPOKYPOPIAP/IBI KOHE MMOTUIUSHBIH OKY
OpBIHAAPBIH OIpPIKTIpIi.

Kahauapik Teppopu3Mre Kapchl CTpaTETUSHBI KOJAal OTBIPHII, Ko0a Keieci
OcHeuumap ennepre OarbiTTanFaH: banrnagem, YwuicraH, HWuponesws,
Manmnaiizust, Manbaus, Heran, [lokicran, ®unumnmuH, [pu-Jlanka.

Teprey cemmHapiapbl KbUIMBICTBIK >KOHE TEPPOPHUCTIK 1C-OpPEKETTIH aJAbIH
aily, aHBIKTAy JKOHE Teprey YILIiH Ka)KeTTi MPaKTHKAaJIbIK JaFablIapabl KAMTaMachl3
eTenl:

KymikTi TpaHCYITTBIK KBUIMBICTBIK JKENiJep MeH OoNapAblH (UiInangapbiH
aHBIKTAY;

YITTBHIK KOHE XaJIBIKApallbIK JCHIeHIepie THICTI KYKBIK KOpFay OpraHjapbl
apacblHza YHIIECTIpY;

HHTepmon skoHe KWIAKTaHIBIPY JTEPEKKOPhIHA TEPPOPUCTEPIiH OeHiHmepiMeH
0aiiIaHBICTBI OMOMETPUSIIBIK JICPEKTEP/Il KYUEl Type Kocy;

Kapy-xapak meH marepuaigap/AblH 3aHCHI3 aifHAJIBIMBIH aHBIKTAY, KaJlarajay
YKOHE JKOJIBIH KeCy;

CBRNE wuHIuzeHTTepine >xoHe YHIETri >KapbUIFbII KYPBUIFbUIAPFA KATBICTHI
3arTap MEH JKYMBIC 9IiCTEpi TypasIbl aKmaparTapMeH Oemicy.

Oky Kypcrapbl Oaranay Ke3eHIHIE AHBIKTAIFaH KaKCTTUNKTEPIiH OpTypii
cajamapbiHa OaFrbpITTaNIFaH, COHBIH INIHIE: allblK OAacTaNKhl JKOHE OJICYMETTIK
Menua Tepreyaep — Oyn amblk Oactamkel Oapiay »KOHE OJIEYMETTIK Meaua
rathopMaapblH KOJAaHa OTHIPHII XKYPTi3UITeH Tepreyiiep apKbUIbl TePPOPHU3MHIH
aJIJIbIH-aJTY/IbIH KOHE OHBIMEH KYPECY/IIH ©3CKTI jKoHe TYpakThl oaictepi. CoHaaii-
aK, KaTbICYLIbUIAD TPAHCYITTBHIK KBUIMBICKA KapChl TEPPOPU3MIE Kapchl KOHE
OHBIMEH OaMIaHBICTHI Tepreyinep OapbICBIHIA JKEKEe eMipre KOJ CYKIAyIIbUIBIK,
aJ1aM KYKBIKTapbl MEH €63 OOCTaHJIBIFbI TYpaJIbl OiJIIi.

CBRNE kapy->xapakrapbl MEH MaTepuaiiapbl — MylIl€ €JJep apachlHIa xKamnmnai
KBIPBINI-KOI0 Kapybl JKOHE KOJJIAH JKAcalFaH >KapbUIFBIII KYPBUIFBUIAP TYypallbl,
ocipece ocKepH JKoHE KYKBIK KOpFay OpraHiaphl apachklHAa Oapiay aniMacyfa
XKOpJIEMJIeCy YIIIiH KapacThIpbiiaasl. Ceccrsi COHJIai-aK XUMUSUTBIK OUOTOTHSUTBIK
PanMONOTHSIIBIK JKOHE SIIPOJIBIK JKOHE >KApBUIFBIII MaTepuangap TybIHIATKaH
TEPPOPHUCTIK KaTepiiep MEH HHITUACHTTEpre ACH KOO )KOHIHIET1 eIepaiH OICyeTiH
HBIFalTyFa OarbITTaJFaH.

KpuIMBIC OpHBIHAAFBI Teprey »oHe amar KypOanmapbiH asbikray (DVI)
— KapbUIBIC OpHBIH Tekcepy, DVI omicTepi xoHe Teppopu3Mre Kapchl Kypec

127



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

KOHTEKCTiH/ET1 KBUIMBIC OPHBIHIAFBI Kaiumbl Teprey. Karbicymbuiap myHaan
OKHUFajapra THIMII Kayam Oepyni koHe TeppopHCTIK akTuIepii KacaraHmapabl
KyZJaJay/abl KoJay YUIiH eMipiliK Adiesiep KuHayabl YUpeH .

AHaTUTHKAIBIK CEeMHHApIAp OoQHIepIepre KBUIMBICTBIK JXOHE TEPPOPHCTIK
opeKeTTepl TUIMJII TaJiiay YIIiH KaXXeT MPAKTUKAJIBIK JIaFIbLIap/Ibl YChIHAIbI:

Bapnay npoueciHiH TyXKbIpbIMaMaliapbl MEH KOMIOHEHTTEPIiH TYCIHY;

Tanmamanslk Oaranap/sl, OassHIaManap MeH OpuduHTTep HalibIHAAY;

AnIbIK OacTanKbl ’KOHE AJIEyMETTIK MEIMa 3epTTeyepiHiH TY KbIpbIMIaMatapbiH,
omicTepi MEH KYpaJIapblH TYCIHY KOHE KOJIaHy;

TeppopusmIi KapKblIaHIBIPY JKaFdalapblH Tajjay YIOiH TpPaKTHKAJIBIK
akmapar any [8].

Dark web project Al Lab Dark Web sxo0acbt

Dark web project AI Lab Dark Web — Oyn XaibIKapadblK TEppOpHU3M
KYOBUTBICTAphIH (PKMXaIIBUIAP/bI) 3epTTeyre JKoHE TYCiHyre OarbITTairaH
y3aK Mep3iMAl FBUIBIMU-3epTTEY Oaraapiamachl. 3epTTEeyIIiiep XajbIKapaJibK
TEPPOPHUCTIK TOMTap KYpFaH BeO-calTTapapl, (opyMmapasl, daTTapmibl,
OyorTapapl, SNEYMETTIK KeJiyiep calTTapblH, OciHeNnepii, BHPTyasabl dJIeMIl
xkoHe T. 0. Koca anraHza, "OyKin" BeO-KOHTEHTTI KHHAyFa yMThUIa (bl Onap ket
T IePEKTEePAl TayiaayAblH, MOTIH/II TaJAay/IbIH JKOHE BEO-TaAayIablH dpTYpJIi
ozicTepiH Kacaapl, CIITEMEHI Tanjay, Ma3MyHAbl Taigay, BeOKepCeTKiTepai
Tanaay (TeXHUKAIBIK KYPACITTIK), KOHUI-KYH Il Talaay, aBTOPIIBIKTEI Talaay KoHe
3eprTey OapbichiHIa OcifHeH1 Tanaay ecentepin KapacToipabl. Ockl x&00a aschiHIa
JKacallFaH Tociep MeH ojictep Oapray KoHE Kayinci3mik WH(OPMAaTHKACHI
CaJIachlH JJAMBITYFa BIKIAJ eTe/i. MyHal ®eTiCTIKTep THIiCTI MYLIeTi TapanTapra
TEPPOPH3M callaChbIHJIA 3ePTTEYIep KYPTi3yre *KoHe XaJlbIKapablK Kayilci3Iik meH
OeHOITIIITIKTI KAMTaMachl3 €TyTe bIKIAJI eTyTre KOMEKTeCe 1. 3epTeyIIiiep CaH IbIK
KiTanxaHaJarbl aJJBIHFBI 3€PTTEYJIEp HEri3iHAe OpTYpii MaMaHIaHIbIPbUIFaH
epMeKIITiiep/cKkanepiep skacambl. KypacTBIpBIIFaH OPMEKIIiIep IMapoIbMEH
KOpFaJIFaH calTTapfa Kipil, paHoOMHU3alUsUIaHFaH (TyMaHOMJITBI) YITiHI jkacail
amanel. Omap BeO-caiittarsl Oapibik (ainnapasl, cintremenepai, PHP, CGI xone
ASP datinmapeiH, cyperTepii, ayauo koHe OelHeNepii HIbiFapyra YHpPETUIreH.
JKananbIKTBl KaMTaMachl3 €Ty YIIiH ap 2-3 ail caiiblH TaH#adFaH BeO-calTTapabl
Kapall IIbIFabl.

dopymaapna epMekiIiepal KypyFa apHairaH Kypan 15+ ¢opym XocTHHT
OarzapiaManblK  JKacaKTaMachlH JKOHE onapAblH — (opmarTapblH — TaHUIBL.
3epreyliiep KaThICYIIBUIAP/BIH ©3apa OPEKETTeCYiH KalTa KypyFa MYMKIHIIK
OepeTiH aBTOpIap, TAKBIPBINTAp, JKapUSUIaHBIMAAP, TAKBIPBIITAP, YaKbIT Oeriiepi
KoHE T.0. CHAKTBI TONBIK (popymubl xuHaWael. Omap dopyMaapaslH Mep3iMai
KEJICIH JKoHE 3epTTey KaXETTUIIKTepiHe Heri3feireH OipTiHaen >KaHapTyIbl
JKy3ere aceIpanbl. 3epTreymiyiep (opyMHBIH Ma3MYHBIH apal, aFblIIIBIH, UCTIaH,
(dpaHily3 oHE KbITall TIIACPIH/IC KOMITBIOTEPJIIK JUHIBUCTUKAHBIH TaHIAyJlbl
ozicTepiH KOJIJaHa OTBIPBII KUHAAbI XKOHE OHAE].

KeHin-kyiai Tanaay (MoIspIbIK: OH/Tepic) )KaHE ocep eTy (IMOIUSIIAP: 30PIbIK-
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30MOBUIBIK, HOCUIIIIIIK, amry *oHe T.0.) opi Kapail 3epTTeyli KaKeT eTeTiH
paauKanabl JKOHE 30PIBIK-30MOBUIBIK CAUTTAphlH aHBIKTAyFa MYMKIHIIK Oepei.
Conpaii-ax, 3epTTeyLIliep paauKaabl HAesIapAblH Ma3MyHbIHA, KiOepyurinepine
YKOHE OJIapIIbIH ©3apa dpeKeTTecyiHe HEeTi3JeNle OTHIPHII, ONap/bIH KAHIIAIBIKTHI
"KYKIAIbI" OONAThIHABIFBIH 3epTTeiini. CoHali-aK, ojap yaKbIT IICH ajiaMiaapiabiH
KOHUI-KYHiH/03TepyiH 3epTTey VIIH JKeKe BU3yallM3allus OJICTepiH Kacallbl.
3epTTeyre acep €TEeTiH OipHEIIe BIKTUMAJIbl KONTUIAI JIGKCUKA JKOHE OJIIICM/I
azalTy MEeH OOJDKayIblH TaHJAJIFaH oficTepi (MbICajbl, HETi3ri KOMIIOHSHTTEPIl
Tanmgay) Kipemi.

ABTOPJIBIKTHL TasJay OOWBIHIIA 3epTTEeyJiepre Heri3ieie OTHIPBIN, aHOHUMI
Kibepymrinepi onapasiH popyMaarsl xabapiamanapbiHa OaiTaHbICTEI KO TaHOaIap
Heri3injie Oiperel COMKeCTeHIIpyre MYMKIH/IIK OepeTiH ka3y ajicTeMeciH (kubep)
ozipneni. Omap MOCTYpIli aBTOPIBIK TaJIaydblH JIEKCHKAIBIK KOHE CHHTAKCHCTIK
epEeKIIeNKTepiH XYHemik (MpIcanbl, Kapin ejmemi, Tyc, BeO-cinTemenep) JKoHe
CEMaHTUKAJIBIK (MBICAJIBI, 30PJIBIK-30MOBLIBIK) KAMTHUJIBI.

KopbIThIHABI

Kympicta MoTiHAIK AepekTep MHTepHeTTErli Ma3MyHHBIH Heri3ri Oenirin
KYPaWThIHBI aHBIKTAIIBl JKOHE DKCTPEMHUCTEp OYJI pPecypcThl ©3 MaKcaTTapbhlHA
KETy YIIiH OeJlceHial maipanaHajpl. ByJg MHTEPHETTEri KaKeTci3 pecypcrapibl
CY3Y 9iCTEpiH d3ipIiey MEH HTI3y/IiH MaHbI3IbLIBIFBIH KOPCETE]II.

Anatina, HTepHETTET1 SKCTPEMHU3MIE KapChl KYpec CTpaTerHsuiapabl yHeMi
OaKpLIay/Ibl, TAJay/IAbl KOHE OCHiMIEy/i Tajam eTeTiH KYpJeli JKOHE CepITiHIl
MiHZeT OonbIn Tadbutagel. THIMAI TIapaiap TeK TEXHHKAJBIK MIemiMIepAl FaHa
eMec, COHBIMEH Karap KYKbIK KOpFay OpraHaapbl, HHTEPHET-IIPoBaiepiep KoHe
a3aMaTThIK KOFaM apachIHJAaFbl BIHTBIMAKTACTHIKTHI J1a KAMTYBI KEpEK.

WHTEepHETTETI OKCTPEMU3MMEH JKOHE arpecCHBTI  aKMmapaTmneH Kypecy
TEXHOJIOTUSIHBIH JIAMYbIHA XOHE SKCTPEMHUCTIK TONTAP/bIH MiHE3-KYJIKbIHIAFbI
e3repicTepre COMKeC CTpaTeTHsIap bl JKaH->KaKThI TOCUI )KOHE YHEMI KaHAPTYIbI
Ka)KET €TETIHIH arall OTKEH KOH.

Bepinren makanana sKCTpeMHU3M TYCIHITIHE aHBIKTaMa OepiiIl, OHBIH op TYpJIi
cunarTapbl OOMbIHIIIA KiKTeNIMI KenTipiareH. COHBIMEH Karap, aBTopiiap ap TypJii
XaJIBIKApaJIbIK IKCTPEMHI3MIE KapChl KYPECKe KaThICTHI FBUIBIMU K00allapFa Tajiay
JKacajblll, aTajFaH >KOOAIapablH epeKIIeTikTepi KenTipieni. bepiaren 3eprrey
KYMBICBIH BeO-pecypcTapliarbl SKCTPEMHUCTIK Ma3MYHJbl aHBIKTayFa apHallFaH
JKYMBICTap YIIH OacTarkpl IepeKKe3 peTiHAe naiigananyra 0oabl.
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Abstract. This scientific paper presents a comparative analysis of contemporary
language modeling methods and their application to the Kazakh language, which is
characterized by its complex morphological structure. Language modeling involves
training machine learning models to predict word probabilities within a given
context. The primary focus of this study is the investigation of the BERT model
(Bidirectional Encoder Representations from Transformers) and its effectiveness
in modeling languages with diverse morphological patterns. The article provides
an overview of n-gram models and recurrent neural networks, highlighting their
limitations in capturing long-term dependencies and semantic relationships in
text. Then the BERT model, its architecture and principles of operation, including
attention mechanisms and multi-level Transformer blocks, are considered. The
following are the results of the study, including the adaptation of the BERT model
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to languages with a complex morphological structure, including Kazakh. It is
shown that the BERT model demonstrates high accuracy in modeling contextual
dependencies and semantic relationships between words in such languages. the
article emphasizes the importance and prospects of applying modern methods of
language modeling, especially the BERT model, for languages with a complex
morphological structure. She also points out the need for further research in the
field of adaptation of the BERT model to specific languages, the development of
new architectures and methods, as well as solving the challenges associated with
rare and sparsely spoken languages, the results of this study will help improve
the understanding and effectiveness of language processing of text in the Kazakh
language, and also contribute to the development of the NLP field as a whole.
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AHHoOTanmus. By FeUlbIME Makaiia TUIJIK MOJCNBICY/IIH 3aMaHayu dJiCTepiH
CaJIBICTBIPMAJIbI TaJIJIAy bl XKOHE OJIAP/Ibl Ka3aK TiIl CUSKTHI arTIFOTUHATHBTI TiJIre
KOJIJIaHY/Ibl YChIHAJBI. TUIIIK MOiedh — OYJI co3 OOWBIHINA BIKTUMAJIBUIBIKTHI
0oy XKy3ere acblpyFa YHPETIIreH MalllMHAIIBIK OKBITY MOJIETiHIH Oip Typi. Timmik
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MoJieNb Oenrimi Oip MOTIHHIH KOHTEKCTiHE CYHeHEe OTHIPHIN, ceilieMieri Hemece
€e3 TipKeciHaeri 60c OpBIHABI TONTHIPY YLIIH KeJieci eH KOJIaiibl co3/1i OosrKayra
teipeicanbl. BERT (Bidirectional Encoder Representations from Transformers)
MOJICTIIH JKOHE OHBIH MOP(OJOTHSIIBIK OPTYPJLIITiMEH CHIATTANATBIH TiAEPI
THIMJII MOZIETTBICY KaOIJIeTiH 3epTTeyTe Oaca Ha3ap ayaapbulabl. Makaiama n-rpaMmm
MOJIeNbIEpiHe, KalTalaHaThIH HEHPOHIBIK JKENiJiepre oHE OJapAblH MOTIHIETI
y3aK Mep3iMIli TOYeMITIKTEp MEH CEeMaHTHKAJBIK KaThIHACTApABI TYCIpy/eri
uiekreynepine mony skacanabl. Conan keilin BERT mopeni, OHBIH apXUTEKTypachl
YKOHE KYMBIC TPUHIMIITEPi, COHBIH ilIiHAE Hazap aygapy MEXaHH3MJIepi *KoHE
ke neHreini Transformer GokTapbl erker-Ter kel KapacTeIpbliibl. bynan opi
BERT wmopmenin Kaszak TUTIH Koca alFaHaa, Kypaeli MOp(OIOTHSIIBIK KYPBUTBIMBI
Oap Timmepre Oelimaeymni KaMTHUTBIH 3epTTey HOTHXKelepi YChHbUIAs.. BERT
MOJIeNTi OCBIHAAW TUIAEpAETi CO3[ep apachHIaFbl KOHTEKCTIK TOYEeNILTIKTEp
MEH CEMaHTHKAJIBIK KaTbIHACTApbl MOJIEIIBACYAE JKOFaphbl AQJIIIKTI KOPCETeTiHi
aHpIKTANABl. Makanama Kypraeni MOpQOIOTHsIIBIK KypbUIbIMBL Oap TiAep YIIiH
3aMaHayH TULIIK MOJIeNbCY dicTepin, acipece BERT Monenbepin KOIAaHYIbIH
MaHBI3IBLIBIFEI MEH TTepCTIeKTUBAIAphI KopceTinreH. On connaii-ak BERT moznenin
HaKTHI TUIAepre OeiimMey, aHa apXuTeKTypallap MEeH IiCTepAl 93ipiey, COHAa-
aK CHpEK Ke3lEeCeTiH Tiijepre OallaHBICTBI ChIH-KaTepiepAl LICHly cajachblHIa
OlaH 9pi 3epTTey KaKeTTiriH kepcereni. OChl 3epTTeyIiH alblHFaH HOTHXKeIepi
Ka3aK TUIIHJETI MOTIHJI TUIIIK OHJEYIIH TYCIHITT MEH THIMJIUIITIH apTThIpyFa 63
yJIeciH Kocapl, COHali-aK skanmbsl NLP canachIHbIH JaMybIHa BIKITAT €TE/T.
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AHHOTauMsl. JlaHHass HayyHas CTaThsl MPEACTABISICT CPABHUTEJIBHBIN
aHaJIN3 COBPEMEHHBIX METO/IOB S3BIKOBOTO MOJCIHPOBAHUSA U WX MPUMEHEHHE K
arTIIOTHHATUBHOMY SI3BIKY, TAKOMY KaK Ka3aXCKUW SI3BIK. SI3bIKOBas MoAenb —
9TO THIT MOJIENIM MAIIMHHOTO O0y4eHHs, MPU3BAHHOW TIPOBOJUTH paclpe/ieleHre
BEPOSATHOCTEH IO CIIOBaM. SI3bIKOBasi MOJIENb MBITAETCS MPECKa3aTh CIenyrolee
Hambosiee TOAXOAAIIEe CIOBO JUIS 3alONIHEHHUS Mpolena B TPEIOKESHUN WIIN
(bpaze, NCXOAs N3 KOHTEKCTa OTpeAesIeHHOro Tekcta. OCHOBHOM aKIeHT C/IeaH Ha
n3yuenue mogenu BERT (Bidirectional Encoder Representations from Transformers)
n ee crmocoOHOCTH 3(P(PEeKTHBHO MOAETUPOBATH S3BIKM, XapaKTEPU3YIOIIHECS
MOP(OTOTHIECKON pa3HOOOPA3HOCTHIO. B cTaThe mpeacTaBiieH 0030p n-rpaMMHBIX
MOJIeJIe, PEKYPPEHTHBIX HEUPOHHBIX CETeM W UX OrpaHUYEHUH B YJIaBIMBaHUU
JOJTOCPOYHBIX 3aBHUCHMOCTEH M CEMaHTHYECKHX OTHOIICHWHA B TEKCTe. 3areM
noapobHo paccmorpera monenb BERT, ee apxurexTypa ¥ NMPUHIMITEI paOOTHI,
BKJIIOYAsi MEXaHW3Mbl BHUMaHUs U MHOTOoypoBHeBble Transformer Onoku. [lamee
MIPEJICTABIICHBl PE3YNbTaThl WCCIIEAOBAHUS, BKIIIOYAIOIINE aJaNTaldio MOJEIN
BERT « s1i3p1KaM co cl0XKHOM MOP(]oIOTHYecKoi CTPYKTYpOid, BKITFOUAs Ka3aXCKUN
a3bIK. IlokazaHo, uyro momens BERT neMOHCTpUpYET BBICOKYXO TOYHOCTH B
MOJICTUPOBAHNHN KOHTEKCTYaIbHBIX 3aBUCUMOCTEH W CEMaHTHYECKUX OTHONICHUH
MEXK/Ty CIIOBAaMH B TAKHX sI3bIKax. CTaThs IOAYEPKUBAET 3HAYMMOCTD M TIEPCTIEKTHBBI
MPUMEHEHHUSI COBPEMEHHBIX METOOB SA3BIKOBOTO MOJAETHPOBAHHS, OCOOCHHO
monenu BERT, mytst I36IK0B €O CII0KHOM MOPQOTOTHIECKOM CTPYKTYypoii. OHa Takke
yKa3bIBaeT Ha HEOOXOAMMOCTh JAIbHEHIIINX UCCIIEOBAaHIM B 00JIACTH alanTalliy
mogenr BERT K KOHKpETHBIM SI3bIKaM, pa3paboTKH HOBBIX apXUTEKTYP U METOOB,
a TaK)Ke PelIeHHs] BHI30BOB, CBA3AHHBIX C PEIKUMH M MajlOpacpOCTPaHEHHBIMHU
s3pikaMu  [lomydeHHbIe pe3ysbTaThl STOTO HCCIENOBAHHUA TMOMOTYT YAYYIINTH
nmoHNMaHue 1 3(h(HEKTUBHOCTH S3BIKOBOM 00pa0OTKH TEKCTa Ha Ka3aXCKOM SI3BIKE, a
TaKXe CIIoCcOOCTBYIOT pa3BUTHIO 06sacT NLP B memom.

KutoueBble ciioBa: SI3bIKOBOE MOJEIMPOBAHUE, KAa3aXCKUH SA3BIK, N-TPAMMBI,
BERT, GPT, LSTM
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Kipicne

Tinnik mogensaep Taduru Tinai enaeyaid (NLP) Herisri kommoHeHTI OOibIT
TaObLIa/Ibl, OMTKEeHI oOJlap MalllMHAjapra ajgaM TUIH TYCIHYre, KypyFa »oHe
Tajnayra MyMKiHIik Oepeni. Onap HeriziHeH KiTanTap HeMece MaKajaaap >KHHaFbl
CHSIKTBI MOTIHHIH YJIKEH JKUBIHTBIFBIH KOJIJIaHA OTHIPBIN OKBIThIIA b Co/laH KeliH
MOJZICTIB/IEP CoMIeMIeri Keleci co3/1i Ooinkay Hemece ITpaMMaTHKaIbIK TYPFbIAaH
IYPBIC JKOHE CEMAHTHKAIBIK TYPFBIIAH COMKEC KeJETIH aHa MOTIH »acay YIIiH
OCBI OKY JICPEKTEePIHEH aJIaThIH YIITLICP Il NakianaHa b,

Tin monemin xacay Taburm Tinmi eHueyzmeri (NLP) Herisri miHzer OombIn
TaObUIA/IBI )KOHE KOTITEreH KOChIMIIIANIAp/ia XKaHa MOTiH KYPY, MallIMHANBIK ay/iapMma,
ABTOMaTTHI pedepat )koHe 6acKanap CHAKTbI MaHBI3bl AIEMEHTT1 YChIHAABL. TYpKi
TUTAEPiHIH TOOBIHA KipETiH MOP(OTOTUSIBIK TYPFBIIAH KYPACI TUTAEP )KeTKLTIKTI,
oJiap THIMJII MOJIeIIbJIey/Ie OacKa TalanTapibl KaXKeT eTe/ll.

ATTIIIOTUHATUBTI T, Ka3aK TUTl CHAKTHI, TPAMMATHKAIBIK TYJFAaHbI, CaHIBI,
VaKbITTBI, JKaraalabl koHe Oacka MOpP(ONOTHSIIBIK CHUIaTTaMaiaplibl ecKepe
OTBIPBIN, CO3JEP ©O3repeTiH 0aii Mop¢oJOTHsICHl 0ap TUAIH MBICATBI OO
TabbuTamel. Byl Ka3ak MOTiHIH OHACY MEH Tajjayla KUBIHIBIKTAP TYFBI3abI,
COH/Iali-aK HOTHIKENIEPIIH >KOFapbl camachl MEH JIQNJIriHe KOJ JKeTKi3y YILUiH
apHABI MOJIEIBACY 9MICTEPIH Taal eTei.

CoHFBI JKXBUIIAPBI TUIIIK MOJENBJCY CalachlHAa KYpT iirepiney Oaikanasbl,
OyJ1 Ka3ak TiiH Koca allFaH/a, Kyp/eli TUIIIK KYphUIBIMIapAbl THIMII OHIeY YIIiH
»KaHa MYMKIHJIKTep amThl. EH COTTI )KoHE KeHiHEH KOJJIaHBUIATHIH TOCUIIEP/IiH
0ipi — MoTiHzIeTI co3aep Ti30eriH CTaTUCTUKANBIK TaliayFa HeTi3[eareH n-rpaMmm
Monmenpaepin Kommany (bpayn, 1992). byn Momenpaep amabIHFRI CoO3IEpre
HET13/IeIreH KeJieCi CO3JIiH KOHTEKCTI MEH BIKTHMAJJIBIFBIH €CKEPyre MYMKIHJIIK
oepeni (Xaiipymaa, 2018).

Anaiiia, n-rpaMM MOJISJIBJICPIHIH KEMIIUTIr — OJIapblH CO3/ep apachIHaFbl
y3aK Mep3iMIi TOYENIUTIKTEp MEH CEMaHTHUKAaJIbIK KaThIHACTAPAbI OAMIaHBICTHIPY
kaOineriniH mekreyni 6omys! ([Topeunsiit, 2020). COHFBI )KBUITAPHI TEPEH OKBITY
TULIIK MOJIENBJICY/IE YIIKESH XKETICTIK OOJIIbI, OYII KYpAei )KOHE KyaTThl MOJIEIIbIIED
kacayra MyMmkiaaik Oepmi. BERT (Bidirectional Encoder Representations from
Transformers) Mozeni epekiie ke3re Tyceai, on Transformer apxurekTypachiHa
HETi3/IeJITeH JKOHE MOTIHIErl Y3aK Mep3iMJi TOyeIAUTIKTEp MeH KOHTEKCTIK
epekienikrepai anbikTail anazpl (Canbin, 2022). BERT MoriHaik aepexTep/id
YJIKEH KeJIeMiH/E ©31H-631 OKBITY MEXaHU3MIH KOJNJaHabl, Oyl MOJIENbIe SpTypii
TUTIIK KYPBUIBIMIAp MEH OJapIblH KOHTEKCTIK EPeKIIeNTIKTepiMeH OaWlbITyFa
MyMKiHZiK Oepeni. byn BERT-ti kypaemi MophonorusiblK KypbUIBIMBL Oap
Tingep ymiiH ocipece madmansl eteni. BERT Tinmik mopenbaey HOTHXeNepiH
afTapibIKTail )KaKcapTKaHbIMEH, OHBIH LIeKTeyliepi 0ap. EH anjgpIMeH, OHbI OKBITY
YJIKEH €CEITey pecypcTapbl MEH YakbITThl KaxeT ereai. ConbiMen Karap, BERT
ceileMeri OapibIK cesmep Oip-OipiHeH Toyenci3 men Oomkaiael, Oy cesmep
0ip-OipiMeH THIFbI3 OaiiaHbIcaThiH 06ail MOPQONOTHSCH Oap TinAep YIIiH LIEKTey
00JTybl MYMKIH.
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Tarer 0ip nmepcnekTUBaBIK O0arblT — GPT CHSKTBI TeHEpaTHUBTI MOIEIbIACPIL
TUTAIK MoenpaeyTe Konaany (Hactukosa, 2022). GPT consimen katap Transformer
APXUTEKTypaChblHa HETI3/ICIIeH JKOHE OHBIH KOHTEKCTI MEH CEMaHTHKAIIbIK
KaTbIHACTaphl MEH MaFbIHAJIAPBIH €CKEPE OTHIPHIN, MOTIH KypyFra KabinmeTTi. by
MOJICTIb IEKTEYINI MOTIHIK AepeKTepi Oap Tijaepae MOTIHI Talaay MEH KYPYIbIH
THIMII Kypabl 0oJia anafipl.

JKYMBICTBIH ~MakcaThl — TUIAIK MOJEIBACY OMICTEpPIHE IOy JKOHE
CaJNBICTBIPMAJbl Tajjiay, COHBIMEH Karap oJapibl Ka3aK TiJdi CHSKTBI KypAaemi
MOP(OJOTUSIBIK KYPBUIBIMBI Oap Tinre KommaHy. COHBIMEH Karap, op OHmICTiH
APTHIKIIBUTBLIKTAPbI MEH IIEKTEYJISP] KeNTIPiiTreH.

Maxkana xenecimedl YHBIMIACTBIPBUIFAH: 2-06JimMjie TIIIK MOJENbICY
CaJIaChIHJIaFbl KOJJAHBICTAFbI dKYMBICTAPFa IOy JKaCaJIJIbl )KOHE OJIap/ibl KYpaesi
MOP(DOIIOTHSIIBIK, KYPBUIBIMBI Oap Tijjiepre KOJIaHy KenTipiareH. 3-0emiM Tk
MOJICTBCY OMICTEPiH, COHBIH imiHAe n-rpamMM mopaenbaepid, BERT, GPT xone
OackallapblH, OJIAPJIBIH HEri3ri JKYMBIC TPUHIMITEPI MEH apThIKIIBUIBIKTAPBIH
erKet-Ter keIl cuITaTTayra apHaiIFaH. 4-0eiMIe TOKIpuOeIep MeH 3epTTeYIepIiH
HOTIIKENEpI JKacallFaH, ajl KOPBITHIH]IBLIA 3ePTTEY HOTHKEIICPI MEH OChI OaFbITTaFbl
Ooamax >KyMBICTAPIBIH KOPBITHIH/IBICHI KEJITIPIJITeH.

9jicTep MeH MaTepuaJaap

n-epamm mooeiui

n-rpaMM Mopeni — Oy n-1 ce3maeH KeHiHTi Kelleci o3Il ONapabIH KYITacy
BIKTUMAJIIBIFBIHA HETI3/ICNITeH OOJKAUThIH CTATHCTUKAJIBIK MOJIEbIep. MacereH,
Kazak TimiHAeri «MeH Anmareira 6apa >KaThIPMBIHY OIpIKTIPYAiH BIKTUMAIIBIFBI
KOFapbl, an «MeH Oapa AnMarbiFa >KaTbIPMbIH» OipIKTIPYIiH BIKTUMAJIBIFbI
teMmeH. KapamaiibiM TiNIMEH aifiTKaHza, n-rpaMM — N ce3Aep/iH Tiz0eri. Mbicabl,
ourpaMmMaiap — exi ces3zieH TyparbiH Ti30ektep (Men Anmarbira, AiMareira 0apa,
0aa aThIPMbIH), TPUTPaAMMaJIap — YII CO3/ICH TYPaThIH Ti30ekTep (MeH AMarbiFa
Oapa, AnmareiFa 6aa JKaTIPMBIH) XKOHE T.0.

MyHpaali BIKTUMAJIIBIK YIIECTIpiMAEp] MAIIMHATBIK ayaapManaa, opdorpadusHbl
aBTOMATTHI TYpJe TeKCepyle, COMIey/li TaHy/la JKOHE aBTOMATThI TYPJE €HTi3ye
KEHIHEeH KOJIaHbUIa[bl. bapnblk skarnmaitmapaa 013 keneci Co3JiH Hemece ce3
Ti30€riHiH BIKTHMAJJIBIFBIH ecenTeiimMiz. MyHnall ecenreyiep TiIIIK MOJCIbICD
JIeTI aTanajpl.

Ceiinemperi ce3ep canbiHa OalIaHBICTBI P(W) ecenTeyiH )ambl GopMyaachl
keneci Typae 6omazasl (1):

P(wy, ...,wy) = P(WylWp_q, e, W) - P(Wp_1q, oo, W1) (1)

MYHJIa W — KEKe CO3/1ep, # — CO3/ep CaHBbl.
Ocputaiia, mapTThl BIKTHMAIIBIKTAPAbl KOOCHTY apKbUIbI OYKiN Ti30eKTiH
OipJeckeH BIKTUMAJIBIFBIH Oarajail anmambi3. Auaiiga, alibIHFBI CO3IepaiH
y3aK Ti30eri j>karaaiblHIa CO3/IH HAaKThl BIKTHUMAJIBIFBIH SCENTel aaMailMbI3,
OWTKEHI MYMKiH OOJaThIH Ti30EKTEp OTE KOII JKOHE JepeKTepiMizie OV Ti30eKTep

136



ISSN 1991-346X 3. 2023

O0onmaybl MymKkiH. COHIBIKTaH, OapibIK aJBIHFBI CO3/IEPIi €CKEpe OTBIPHIIL,
CO3IIIH BIKTUMANJIBIFBIH €CENTEYNiH OpHBbIHA, 013 OHBI JKEHUINETY apKbLIbI
BIKTUMAJIIBUTBIKTEL  KYBIKTall anambl3. bynm MapkoB Ti30ekTepiHiH Herisi,
OHBIH KeMeriMeH O0i3 ThIM KEeH KOHTEKCTTI eCKepMeH, peTTUIK SJIeMEeHTIHIH
BIKTUMAJIIBIFBIH OOJDKal amamMbI3 (2):

PwWylwp_1, e, wp) = P(Wy|Wy_q, oo, Wp_i) )

MyH1a k — MapkoB Ti30eTiHiH peTi.

Bipinmi perti MapkoB Ti30eriH KoijaHa OTBIPBIIN, Ke3 KeJIreH ce3 Ti30eriHiH
BIKTUMAJIABIFBIH OHall ecemreyre Oomanbl. Ochburaiima, 0i3 OWTpaMManapibl,
TpUrpaMMalapibl, KBaJporpaMMasiap/sl oHe T.0. ecenTedl amambi3, ai Ti30ek
HEFYpPIIBIM y3arbIpaK 0osca, Oi3[iH MOJENb COFYpPIbIM erKeH-TerKenni 0omasl,
SFHH Y3BIH COMJIeMJIep KbICKa ceiiiemMJepre KaparaHaa KeOipek rpaMMaTHKaHbI
KaMTHU/IbL.

n-TpaMM MOJIENI CaNBICTRIPMANBI TYpAE KapamabiM XoHe THIMII, Oipak omap
JIOMEKTUTIKTET1 CO3/IeP/IiH Y3aK MepP3iMJli KOHTEKCTIH €CKepMEU/Ii.

Inecne swcymoicmap

XKymeic aBropnapst (Cu, 2021) n-rpamm MoAembIEPiHiH KEMIIUTIKTEPiH eAayip
azaiiTkan n-distant-max TuImik MozeniH yceiHABL KoHTekcreri opdorpadus
KaTeJepiH Ty3eTy )Kyhecin Oaraay Ke3iH/Ie CalbICTRIPMAITBI TaJAay KYPri3iITeHHCH
KeWiH, O3IpJICHreH MOJelb N-TpaMM TUTIHIH  KJIACCHKAJBIK  MOJCIIMEH
CaJBICTRIPFaHIa OCHI JKYHEHIH THIMIUTITIH e0yip apTThIpFaHbl KOPCETIIII.

C. Chelba xone Oackanapsr (Yenba, 2017) n-rpamm monenbaey yumin RNN
MOJIEJIB/IEPiHIH KabIHBIH KACHETiH KOJIJJaHa OTBIPBIT THIM/II TEPEHIITiH 3epPTTe/Ii.
Harerr UPenn Treebank xoprycrarst Toxipuoenep LSTM ysmbirst RNN tikeneit
0aiiaHpICBIMEH CallBICTBIPFaHa N-gram Kyd JIepeKTepiH KoATay YIIiH KaKChI
Monens ekeHiH kepceTTi. CeMIeMHIH TOyeNci3miri Typaisl OODKaMIbl CaKTau
oteipbi, LSTM n-rpammacel n=9 ymin LSTM LM enimainirine colikec kenmi
oHe n=13 Ke3iHJe 0/1aH COJl achIl TYCTI.

3eprreymriziep (Kum, 2022) arnmoTHHATHBTI Tijgep TOObIHA KipeTiH Kopeu
TIJIIH MOJIENTBJIEY/Ii, aTall alTKaH A, T/ OSHHeIey 91icTepi MEH aJIIbIH ajia OKBITY
omicTepiH 3epTTei. ABTOpIIAp KEHIHCH KOJMMaHbUIATHIH Transformer apXuTeKTypacsl
MEH €Ki JKaKThl TiJl KOpIHICIHE Heri3felreH KopeW TUIH (parMeHTTi Typue
KaiiTa Kypyabl ycbiHanbl. Omap anjiblH-aja OKBITY Ke3iHJe OCBIHIAW aKmapaTrThl
KOJIZIaHa OTBIPBIN, TUIAI TYCiHyre ceisey Oediri (ceitney Oeuiri, PoS) cuskrsl
MOP(DOJIOTHSIBIK epeKIIeNKTepai eHTi3ni. JKYMBICTBIH allblHFaH HOTHXKeIepi
YCBIHBUIFAH 9JICTeP KOPEH TIIIH TYCIHY/IIH 3€PTTECTIH MIiHACTTEPIHIH MOJIEIbIIK
OHIM/ILUTITIH jKaKCapTaThIHBIH KOPCETTI.

Myrzakhmetov (Mpip3axmertoB, 2018) ka3ak TijgiHE apHaIFaH KEHEHTIITEH
TUTIK MOJIEIIBCY SKCIIEPUMEHTIHJIe BeO-ra3eTTep/Ieri, COHIai-aK Ka3aK TUTiH/ET1
Oacka caifTTapaarbl 9pTYPIli MaKaialapaH TYPaThIH Ka3akK TiIiHE apHaJFaH KOPITyC
yeeIHABL. [locTypii n-rpaMM MojembaepiMeH Oipre ojap BepOaibAbl Till MOJEINI
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(LM) ymriH HEHpOHIBIK Kelli MOJENbJEpPiH JKacaabl. YIIKEH MapaMeTpieHreH
y3aK Kpicka mep3iMai kan (LSTM) momeni €H JKakChl OHIMIITIKTI KOPCETTI.
ConbiMeH Karap, 3eprreywiiep LM Herizinaeri mMopdemanapiasl mnaiaaianibl.
DKCTepuMEHTTEep cyOce3re Herizmenred LM ka3ak Tii yimia ce3 Heri3inaeri LM-
MEH CajbICTBIpFaHAa N-TpaMM JKOHE HEHPOHIBIK JKENi MOJENbACPIHIIE KAKChI
YKYMBIC iICTEHTIHIH KOPCETTI.

BERT

BERT — 6y Google-niH HEHpOHIBIK JKeIici, 071 KeNTereH MiHAeTTep OONBIHIIIA
state-of-the-art HoTKeIepiH YIKeH aifbIpMammbuIBIKITeH KopceTTi. BERT kemerimen
TaOWFH TUIO eHJAeyre apHayiFaH jkacaHuel uMHTEeKT (Al) OGarmapnamanapsin
Kacayra OoJanbl: epKiH TypHIe KOWBUIFaH CypakTapra jkayanm Oepy, 4arOorrap,
aBTOMATTHI ayJapMalibluiap Kypy, MOTiHII Tanaay xoHe T.0. (desnun, 2018).

Tinmik Mozenpaeyre apHamraH OipHelle Hazap aymaapy MexXaHm3mzepi Oap
BERT mopnenine exi 6arbITThl OKBITYBI O6ap Transformer apxurextypacs! eHTi3inai
(Bacanm, 2017). Tinmik MoeNb COJJIaH OHFa JKOHE OHHAH COJIFa Kapail eki
OarpITTa OKBITY KE3iHAE COHJIEMHIH KOHTEKCTI MEH CEMAaHTHKACHIH TOJIBIFBIMEH
KaOBUI AN/ TBI.

BERT koHTeKCTEH XachIpbUIFaH co3Jli Ooipkayra yihperinreH (l-cyper) skoHe
€Ki COMIEMHIH JOUEKTI HeMece COMKECTITIH KIKTeyre aHbIKTayFa *xacairaH. Kipic
JIepeKTepl alJbIMEH BEKTOpJIapFa CHTI3UIreH, CoJaH KeWiH HEHpOHABIK XKelijie
OHJICTICTIH TOKeH e Ti30eri Oobin Tadbutankl. LlbFapy BeKTOpIIap Ti30eri OOBII
TaObUIAABI, OHJA OpOip BekTop Oipaeil mHIeKcl Oap Kipic JieKceMachlHa CoHKec
keneni. BERT-ke cesnep Tiz0erin 6epmec Oypbin, apOip Tiz0ekTeri co3nepain 10%-
bl [Macka] OenriciMeH aybIcThIpbUIabl. ComaH KeiiH Mojenb 0acka, yKachbIpbIH
eMecC Ce3/IepMEH OepilifeH KOHTEKCT HeTi3iHIe OYpKeHIll cesaepiiH OacTarkbl
MaFbIHACHIH OOJIKayFa THIPBICA/IBL.

BERT GLUE Tecrinmeri on 6ip NLP rtamnceipmacel OOHbIHIIA alAbIHFBI
3aMaHayl MOACIBIEPICH emoyip achlll Tycemi. by kepemer HoTmke BERT Tin
TypaJibl KYPBUIBIMBIK aKMapaTThl XKaKchl OaiiaHbICThIpa ajajbl JAen OOJDKaHIb.
Manpasl 1amy Kagamsl [ongdepr 6omnbin Tadbitansl, o1 BERT cyObekTi-eTicTik
KeJTICIMIH Kajarajay KaOineTiH Oarajiay KE31HJIE CHHTAKCHUCTIK KYOBLIBICTapIbl
YKAKCBI COMKECTCH IIPETIHIITiH KOPCETeIi.

Inecne sicymvicmap

Asropnap (Hannpa,2021)2020xsutet AKLL ipe3naeHTTiK caiinay bl KapcaHbIHAA
Twitter-neri keHin-kyini tamgay ymidn LSTM sxone BERT Tinmik monenbaepin
Konganpl. Onap/IbiH 3epTTeyiepi JIEYMETTIK MeIUaHbl TANKbUIAY caiiay Ke3iHe
KOTMIUTIKTIH MiHE3-KYJIKbl MEH KO3KapachlH TYCIHYT€ KOMEKTECETIHIH aHBIKTAIbI.
[IpesuneHTTiK caitnayra OailTaHBICTHI MaMaMeH 1,2 MIJITHOH TBUTTEP TaJAaHIIEL.
Mopnenbaey MeH TanjgaylaH KeWiH KOHUI-KYWIOl Tajjay cailiay HOTHIKENIEpiH
MOJETBACY/IIH JKaJbI HeTi31 0071a anareiHeiH aHbIKTagsl. BERT Monemi baiinennin
caiinay HayKaHaapsl ke3injge Twitter-re cyiieHe OTBIPBIN )KEHICKe KeTy MYMKIH/IIT1
xorapel ekeHiH kepcerti. Omap BERT moneni Tpamntsl, balinenni xoHe nayis
MEMJICKETTEP/Ii aHBIKTay/Ia 11 Ooyasl en ecenteni. Jlemek, keOipek aepexrep
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MeH reorpadusIbIK aKIapaTneH KOHUT-KYH/Ii Tanjay caiiay HOTIKeNIepiH Oommkay
YIIiH naiansl 601y MYMKIHITIH JOIEIe/TI.

Ganesh xone 6ackanap (I'anem, 2019) BERT ¢pa3ansik kepiHici akmaparTbl
TeMeHri KaOarrapnmarbl (pasamap AeHrewiHae TycipeTiHiH, coHnmai-ak BERT
apanplK KadaTTapbl JMHIBHCTHKAJBIK AaKMapaTTblH Oail MepapXusChlH TOMEHT1
KarblHIa OeTTIK (YHKIMSIapMEH, OpPTachlHAAa CHUHTAKCHCTIK (QyHKIHsIIapMEH
YKOHE KOFapFbI JKaFbIH/a CEMaHTHKAJIBIK (PyHKIMSIAPMEH KOATAHTHIHBIH KOPCETTI.
MpIcaibl, anbic KAalIBIKTBIKTAFbl TOYCIIUTIKTED Typalibl akmapar KaxeT OosiFaH
ke3ne BERT rtepenipek meHreiinepai kaxeT erti. COHbIMEH Karap, 3epTTeymIiiep
BERT JMHTBUCTHMKAJBIK aKOmaparThl KIACCHKAJIBIK afall KYpbUIbIMIapbIHA
CJIIKTEHTIH KOMITO3ULHUSUIBIK TYPAE )KUHAUTHIHBIH aHBIKTA/IBI.

1pFrbic A 2 W3 e 7S

T P T

ReLU sxoHe KalibllKa KeaTipy, HopMaIu3alusiiay

T T [ T

O 0O O3 O4 Os

T T [ T

TpanchopmaTopFa Heri3aenreH mudpaTop

—

\ T T T T T /
Kipic wi w2 [macka] W4 Ws
1-ce3 2193 3—1@3 4—[93 5193

Cyper 1 — BERT jxanmnsl apxuTekTypachl

Asropmap (JIu, 2020) xopeii KR-BERT Mozenin kimipek co3ik MeH JiepeKrep
JKUBIHTBIFBIH T1aliJlajlaHa OTBIPBIT OKBITTHL. Kopel T jareiH rpaduKachiH
nanigananbauTeiH MOPQOJIOTHUSIIBIK PECypChl a3 TUIAEpAiH Oipi OONFaHIBIKTaH,
aBropuap kentiiai BERT Mozeni sxibepin anFaH Tilire TOH TIIIK KYOBUIBICTApPIBI
TYCIpYIiH MaHBB3IBUIBIFBIH aTtan oTTi. Onap OipHeme TOKEHW3aTOpIap/bl,
COHbIH immHae a3ipyeHren WordPiece KoC OarbITThl TOKSHH3ATOPBIH ChIHAJIbI
JKOHE MOJENBICP] YIIIH KaKChl CO3/IK KOPBIH jKacay YIIH imki TaHOamaH TaHOa
JICHreiliHe JeiiH TOKCH/CY YIIIH €H a3 auana3oHsl perreai. Ochl Ty3eTylIepMeH
azipinenren KR-BERT wmopeni mamamen 1/10 enmem/ii KOpIycThbl HaiijanaHaTbiH
OypblHHAH Oenriii 0acka MoCIbICpPre KaparaHja CaybICThIPMabl JKOHE TIITI
YKAKCBIPAK OPBIHIAIIBI.
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KonrekcTe OomkaM xacay yIiIiH TUIIIK MOAEIbAEP KOJTaHATHIH aKImapaT TypaJibl
MaKCaTThl CypaKTap KOIOFa MYMKIHAIK OepeTiH TaOUFU TUIMIH dKCIIEPUMEHTTEPIHE
HETi3[eNTeH JUarHOCTHKA >KUBIHTBIFBIH YCBIHBUIABI (DT1TuHTep, 2020). MpbIcan
petinae omap nuarHo3asl BERT momenine KoImaHIIbI KoHE O 9JETTE agamaapra
KaparaHJa Ce3IMTaJlbIFBl TOMEH OoJica Ja, JKalIlbl CaHaTKa HeMece PeIepaiH
e3repyiHe OalTaHBICTHI J)KaKChI )KOHE KaMaH asKTalylaplbl aKblpara ajaThIHBIH
JKOHE 3aT eciMJep/IiH TUIIEPHUMJICPIH CEHIMII TYpJC IIBIFAPAThIHBIH aHBIKTAJIbI,
Oipax pesaepre Heri3/1eJreH OKUFaIap Typajibl KOPBITEIHABLIAP MEH O0JDKaMaapMeH
KYpecei )oHe ChIHAWIBI — JKOHE, aTan allTKaHa, TePiCKe MIBIFapyIbIH KOHTEKCTIK
ocepiHe aWKbIH Ce3iMTaIbIKThl Kepcereni. Ocburaiiiia, Oyn sxymbicta BERT
MOJISITiHIH HET13T1 KEMIIUTIKTEPi aHBIKTAJIIBI.

3eprrey xKyMbBICTHIH aBTopiapsl (JIu, 2020) annea ana navieraganrad BERT
MOJISNTIH JIoJN OarTayFa jKOHE OHBI TATEHTTIK XKIKTEyre KOJIaHyFa OarbITTallFaH.
Exi MHJUTHOHHAH acTaM MaTeHTTepi 0ap YIKEH JIepeKTep >KUBIHTHIFbIHA KAThICTHI
ycoibutrad Tocin CNN ce3 eHaiplireH TOCUIIHIH apKachblHa 3aMaHayd TOCUIACH
aceIr Tyceni. OchlTaiiina Keyreci JkakcapTymnap anbIHAbL: 1) anapiH-ana qaibIiHIaFaH
BERT Mopnenine koHe MaTeHTTEP Il KIKTEyre apHaiFaH JIoJ1 Oanrayra Heri3AelreH
YKaHa 3aMaHayH HOTHKE, 2) MATeHTTIK TaJlanTapAblH 031 )KIKTey TalchblpMachl YIIIiH
Ka3ipri 3aMaHfbl HOTHXKEJIEPre KOJI )KETKI3y YIIIH KETKITIKTI eKeHiH KOpCEeTY.

GPT

OpenAl GPT monenpuepiHiH apKacklHIa TaOWFW TUIAI OHACYIAC alTapIbIKTal
xericrikrepre xkerTi. GPT-1-nen GPT-4-ke neitin Oy Mojesbaep Mpo3a MEH
MO23MUSHBI KYpyAaH 4arOoTTapFa, TIiMTi KoATayra aedin Al KypraH Ma3MyHHBIH
QJIJIBIHFBI KaTapblH1a OOIIbI.

I'enepartuBTi anapiH-ana gaisinaanrad typaesaiprimrep (GPT) — Oy Taburn
TUIII OHIEY TarChIpMaIaphl YIIIH KOJITAHBUIATHIH MAITHHAIBIK OKBITY MOJCITIHIH
TYpi. Byt Monenbaep KOHTEKCTKE COMKeC KoHE CEMaHTUKANIBIK TYPFbIIaH OipTyTac
TIT Kypy VIIH KiTanTap MeH BeO-OCTTep CHSAKTHI YIKEH KOJIeMIE aJlIbIH aja
OKBITBUIAIBI.

backama atitkanma, GPT — Oyo1 agam Topi3ai MOTiHIII HAKTHI OaFaapiiaManaychi3
Kacall anaThlH KOMITBIOTEpIIiK Oarnapiamanap. Hotmxkecinae onapipl cypakrapra
xKayan Oepy, TUINIK aylaapMa »OHE MOTIHII KallbUlay[asl Koca ajraHnia, TaOurn
TUTII ©HIEYIH OipKaTap MoceeNepiH MenTy YIiH oI peTTeyre 0onaasl. COHBIMEH
Karap, OyJI MOJeNb TaOWFU TULAI OHJEYJErl YJKEH XKETICTIK, OyJI MalllnHaiIapFa
Tini OYpBIH-COHABI OOMaFaH epKiH KoHE AIIIKIIEH TYCIHyTe MYMKIHIIIK Oepeti.

GPT-1. GPT-1 OpenAl Transformer apXuTeKTypachlH KOJIJJaHa OTBIPBII, TIJIIK
MOJISNIB/IIH aJIFalllKbl WTEPAIHsChl peTiHae MbFapbuinbl. OHbIH 117 MWIIHOH
mapameTpi 0ap, OYJT aJIIBIHFBI 3aMaHayH TUT MOJIEITBACPIH al TapIBIKTAl )KaKCapTTHI.
Ocbl MOzIENb/IiH apTHIKIIBUIBIFEI — OHBIH aHBIKTAMaChl HEMeCe KOHTEKCTI O0JFaH
Ke3/Ie TeTic XoHe OipTyTac Tl jkacay KaOinmeTi Oonmasl. Momens €Ki IepeKkTep
KHUBIHTBIFBIH OipikTipyre yiperinai: Common Crawl, Muimapataran cesfepi
Oap BeO-0OeTTepIiH YIKEH JepEeKTep KUHAFBI xKoHe bookcorpus gepexTep KUHAFBI,
oprypmi xaHpaarel 11 000-HaH actam Kitantap skuHarbl. OChl SPTYPIIi AE€pEKTep
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KUBIHTBIFBIH maliganany GPT-1-re Timmik MopenmbAeymiH KYIITI KaOlreTTepiH
JaMBITYFa MYMKIHJIK Oepi.

GPT-1 taburu Tingi exueyneri (NLP) MaHBI3IbI KETICTIK OOJIFaHBIMEH, OHBIH
Oenrim Oip mekTeyepi 6ap: MoaeNb KalTaJaHaTBIH MOTIH/II XKacayFa OeiiiM OOJIIbI,
OyJ1 OFaH OKBITY JACPEKTEPIHEH ThHIC aKmapaT OepilreH ke3ne ailkplH KepiHmi. On
COHJIali-aK MOTIHET] Y3aK MeP3iM/Ii ToyeIUTiKTepi OaKkpuTail anmaipl. CoHbIMEH
Karap, OHBIH YHJICCIMILIINT MEH CpKIHIIr TEeK KbhICKa MOTIHJIK Ti30€KTepMeH
LIEKTEIN/I1, a1 y3aFbIpaK y3iHaiiepae Oailnanbic 60nMaabl.

Ocer  mekteynepre Kapamactad, GPT-1 Transformer apxuTekTypacbiHa
HET13/IeITeH YIIKCH XKOHE KyaTThl MOJICIIBJIEP/IIH HETI31H Kajabl.

GPT-2. OnbiH Kypambigaa 1,5 mummapn mapametp 6omael. Mogens Common
Crawl xone Web Text OipikTipeTiH omnjieKaiiia YJIKEH >KOHE OpTYpJi JepeKTep
KUBIHTBIFBIHAA OKBITEUIIABI. GPT-2-HiH KYIITI )KaKTapbIHBIH Oipi — OHBIH MOTIHHIH
TIOMEKTI YKOHE IIBIHANKI Ti30eTiH Kypy Kaoineri. COHBIMEH KaTap, O aJlaM CHSKTHI
JKayartap *acail anajbl, OyJ1 OHbl Ma3MYH/IbI KYPY OHE ayJapy CUSKTHI TaOUFU
TUTII OHACYIOIH OpTYpJIi TalchipMajapbl YINH KYHABI Kypaira alHaJgbIpaibl.
Amnaiina, GPT-2-nig kemmrinikrepi 6ap. On Kypaesi oiiay MEH KOHTEKCTTi TYCIHY
KaKET eTeTiH MiHaeTTepMeH Oackapa anmaiasl. GPT2 MoTiHHIH KbIcKa ab3anrapsl
MeH Y3iH1IepiH/Ie )KaKChl )KYMBIC iCTETeHIMEH, OJ1 Y3aFbIPaK Y3iHIIep/ie KOHTEKCT
IeH KeJICIM/Il CaKTal aJMaiiIbl.

GPT-3. GPT-3 BookCorpus, Common Crawl sxore Wikipedia cHAKTBI opTypi
JIEpeKTep KO3JEPiHJIe OKBITHUIAABL. J(epeKTep KHUBIHTBIFBIH/IA TPHULIHOHFA JKYBIK
ce3 Oap, Oyst GPT-3-ke NLP TanceipmanapslHBIH KeH CIIEKTpiHE Kypeli kayanTap
Kacayra MYMKIHAIK Oepei. AJIBIHFBI MojelbiepMeH canbicThipranna GPT-3-
TiH HETI3T1 JKaKcapTyJdapblHBIH Oipi —yiieciMIi MOTIiH KYPY, KOMITBIOTEPIIK KOJI
a3y, TINTI ©Hep TYBIHABUIAPBIH Kacay MYMKIHAITL. AJIBIHFBI MOJAETbAEPACH
aiipipMambUIbFbl, GPT-3 OepinreH MOTIHHIH MOHMOTIHIH TYCiHEIi JKOHE THICTI
KayanTap reHepanusuiaiasl. TaOuFu TBIOBICTHIK MOTIH KYPY MYMKIHIIITI 9aTOoTTap,
Ma3MYH jKacay oHe TUIJIK ay/lapMa CHSKThI KOCBIMINAJIAP YIIiH ©T¢ MaHbI3JIbI.
Ocwianaii Meicanaapabiy 0ipi — ChatGPT, sxacaHpl MHTEIUIEKT AUATOTTHIK OOTHI.

GPT-3-me nereHMeH ©3 KEMIIUTIKTEpl JKETKUTKTI. Mojenb Oip)KakThbl, 1971
€MeC HEMeCe OPBIHCHI3 XkKayanTap/ sl KainTapa anaasl. byn mocene GPT-3 xanran
aKmaparTel KaMTybl MYMKIH MOTIHHIH KON MOJIIEepiHIe OKBITHUIATHIHIBIKTaH
TybiHAaN eI, COHJIali-aK, MOJICNIb KOHTEKCT TIeH (POHIBIK OLTIMJII TYCIHYAE oJi e
KHUBIH/IBIKTapFa Tarm OONFaHBIH KOpCeTelli JKoHe Keiie MYIJIeM MaHBI3Ibl eMec
MOTIH/II )KaCaWThIH Ke3epi 0oJabl.

GPT-4. GMT-4 Tex ChatGPT Plus mnaiinananymbsuiapblHa —apHaiFaH,
Oipak madmanany mreri mekreym. GPT-4-TiH KepHEKTI epeKmIeNiri — OHBIH
MYJIBTUMOJQNIBIIBI MYMKIHJIIKTEpi. SIFHM MOHEib €HJI KECKiHIl Kipic peTiHzue
KaObLTIal arasl xKoHE OHBI MOTIHAIK JopMaT peTiHae Tycineai. Moaens COHBIMEH
Karap KypJesi MOTIHIACpAl KaKChl TYCIHEMl, OipHEIIe KociOu jKOHE IACTYpIIi
CBIHAKTap/a aJiaM JCHIeHiH/IeT] OHIMILTIKTI KOpCeTeIi.

MT-NLG. MT-NLG (Megatron-Turing Natural Language Generation) — Oyt
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Transformer apxurTekTypachlHa HETI3AENTEH KyaTThl JKOHE JKETUITIPUITeH TUIIIK
Monens. On TaOuFH TUIIE KONTETeH TalcChIpMalapAbl OPBIHIAN anmaibl, COHBIH
1IIiHAE JTOTHKAJIBIK TYKBIPBIMAAP MEH OKynbl Tyciny. by Microsoft sxone Nvidia
o3ipiereH TUIMIK MOAEITBICPIIH COHFBI HYCKACHI JKOHE COMIeMIepmai aBTOMATTHI
TYpJIC asKTay, aKbLIFa KOHBIM/IbI MTAHBIMIAY/IbI TYCIHY %OHE OKY/IbI TYCIHY CHUSIKTBI
KOITereH Hopcelepi xacail ananasl. Mojens KONTereH IepeKTeple OKbITBUIIBI,
aranm alTKaHIa aFbUIIMIBIH TN BeO-caliTTapman Oapibirbl 339  Musutnap
TOKeHAepaAeH (ce3neH) TyparelH 15 mepekrep >kublHTBIFRL. MT-NLG — Oyn
YKaHaJlaH KacaJlFaH MOJIeJh, COHABIKTAH OJ VIIH HAKTHI MaiganaHy JKaraaiimapsl
QJIi JIe TOJIBIFBIMEH 3epTTEJIMEreH. JlereHMeH, MOJIeIb/li yxKacaymbuiap OyJ1 TaOuFu
TN OHJIEY TEXHOJOTHSJIAPbl MEH OHIMAEPiHiH OoJamarblH aHBIKTAl ajajbl Jer
OoIKaIbI.

LaMDA. LaMDA — Google a3ipiereH AMajorThK KOCBIMIIANApFa apHAJIFaH
Tinaik mozenb. On aypI3mia TUAJIOTTBI €pKiH TypAe KypyFa apHamraH, Oyl
OHBI QJIETTE TAIlChIpMaiapFa HETI3JENIeH JOCTYpl MOIENbJIepre KaparaHja
TaOWFH xoHEe erked-Terkeim eremi. LaMDA 137 muumapa mapamerpiepi 6ap
JIMAJIOTTBIK JICPEKTEP/IC OKBITHULbI. Byl OFaH allblK OHTIMEHIH HIOAHCTAPhIH
TyciHyre MyMKiHaik Oepeni. Google Oy moxenbai i3ney, Google Assistant xoHe
Workspace cHsIKTBI ©HIMIEPiH/IE KOMAaHyIbl xkocnapsar oTbip. MT-SNG CHSIKTBI,
OyJ1 KaHaJaH KacallFaH MOJEINb, COHJIBIKTAH OChl MOJIENbB/II KOJAaHy OOWBIHIIA
3epTTeyiep oTe as.

Tinmik MomeNbJeyIiH Tarbl Olp MaHBI3IABI 9JiCi — Y3aK, KbICKa Mep3iMji
Kampl O0ap KalTamaHAaThIH HEWPOHIBIK >keminepai maimamany (LSTM - Long
Short-Term Memory). LSTM-MatiHaeri y3ak Mep3iMIi TOYSJIUTKTePAl THIM/IL
MOJIENbIEyTe KaOIeTTi HEeWpOHIBIK JKenli apxuTekrypackl. LSTM akmaparTs
y3aK yakpIT OOWBI cakTayFa »oHE >KaHApTyFa MYMKIHIIK OepeTiH apHalbl Kaj
MexaHu3MiH maijgananansl [|. By ocipece Mopdosorusiiblk e3repictep MeH
TOYCNIITIKTEp alTapiIbIKTall KAIBIKTHIKKA We OONybl MYMKIH MOTIHAEPAl OHICY
ke3inge nainansl. LSTM-HiH 0acThl apThIKIIBUIBIKTAPBIHBIH Oipi — OHBIH Y3aK
Mep3iMJIi TOYeTIUTIKTEP/Ii MOJIEIb/ICY YKOHE aJIIBIHFBI KOHTEKCTTEP/IET] aKIapaTThl
ecTe cakray Kabineri. by Mojenbre MoTiHAET! Kejeci Co3/1i OHbIH KOHTEKCTI MEH
CEeMaHTHKAChIH €CKepe OTBIPBIN JaJipek Oospkayra MyMKiHAik Oepemi. LSTM
MOJETBACP OPTYPIi TULMIK KYPBUIBIMIAP MEH MOPQOJIOTHUSIBIK SpeKIIeIiKTepi
allyra MYMKIHZIK OepeTiH MOTIHAIK JCPEKTEpIiH YJIKEH KOJIEMiHJIE OKBITBLTYHI
MYMKiH.

Haru:xesep dHe o1apabl TAJIKBLIAY

Kopnyc orcone moorcipudenep. Ce3 Ti30€TiHIH BIKTUMAIIBIFBIH OOJDKayFa
apHAJFaH HEUPOHMBIK TUT MOIEIBACPl OACTTC MOTIHAIK MEPEKTEPHiH YJIKCH
KOPITYCBIH/Ia OKBITBUIA/IbI KOHE TUINIH HErisri KypbUIBIMBIH YHpeHyre KaOileTTi.
Ox yuriH Ka3ak TUTIHIET] 3JEKTPOHIBI KOPKEM KiTalTapabl )KHHAY TYPaTbl IICTIiM
kaObuAaH eI tilalemi.kz caliTeiHaH Ka3ak TiniHzae txt popmathiaa 30 AIEKTPOH b
KiTarr *yKkrenai. Monenb/li OKbITY YIIiH ColKeciHme 24 KiTarm, aj TeKcepy >KoHe
TecTijiey YIIH 3 KiTanTaH aKnapara KoJIaHbUbl (kecte 1).
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1 kecte. Mojenb/1i OKBITY YIIIIH MOTIHIIK KOPITYCTHI OOy

tilalemi.kz
Jlepeios Kiranrap cansr | Celinemuaep cansl | Ce3 caHBI
OKBITyFa apHaJIFaH >KUBIHTBIFbI 24 131369 1434149
Banunanusra apHairaH )KUBIHTBIK 3 22637 238601
Tecrineyre apHajIFaH KUBIHTHIK 3 8168 89853

Hepexmepoi anovin ana eyoey

Mogenbaepai OKbITIIAC OYPBIH JIEPEKTep/i ajiblH ajla OHJeYy COWIeMIepIiH
Oacranybl MEH asKTaJdyblH TOKEHJECY, Ta3apTy, OHJIEY JXKoHE TETiCTey oiicTepiH
KOJIJITaHYy CUSIKTBI OipHEIIe Kagamaapabl KaMTH/IbL.

TokeHM3aMss — MOTIHJI JKEKe TOKEHJepre HeMmece cesuepre 0eiy IMporeci.
n-rpaMM MOJEII JKarJaibIHIa op CO3 jKeKe TOKeHTre aiHanabl. ToxkeHu3anus nitk
TaOWFU TUI OHJEY KiTalmXxaHachl apKBUIBI XKY3€Te achIPBUIIBL.

ToxeHM3anmamaH KeiH JepeKTepAl KaKeTci3 TaHOalaplaH XOHE apHaibl
TaHOaNapIaH Ta3apry Kyprizinai. CoHmaii-ak, MOJIeNb YIIIiH CEMaHTHKAIIBIK )KYKTe-
Meci )KOK OapIIbIK THIHBIC OeNTijepi, caHIap MEH TaHOaIap allbIHBII TaCTaJJIb.

BERT mopneni yurin keneci mapameTpliep aHbIKTAIIbI: 5 31I0Xa CaHBbI, MaKeTTiH
exmIeMi 8, oHTaimaHAbIpFeII peTinae AdamW anroputwmi 6enrinesai. Moaenbaepai
KaiiTa OHJCYJCH KOHE OKBITY/IAaH KeHiH TECT KUBIHTHIFBIHAA HOTIDKEIED aJIbIHIbI
JKOHE 2-KecTele KeNTipiiareH (Cyper. 2).

2 kecre. n-rpamum xoHe BERT Moznenbnepinin HoTHREIEpl

Monenbaep Bomxay momniri, %
n-rpamMm MOAENL

n=1 1,6

n=2 5,6

n=3 31

n=4 84,6

n=35 97,7

BERT wmoneni 98,9

AJIBIHFAH HITHIKeJIePi TAIKbLIAY

DKCIEePUMEHTTIK TaIrChlpMaiap/ bl OpbIHAy OapbIChiHIa n-rpaMm xoHe BERT
MOJICTIBIEP] KYPBUIIBI J)KOHE OJaplibl Ka3ak TiJiHEe apHaliFaH Kejeci ce3ai Ooikay
KYMBICTapbl iCKe achIpbUIabl. EKi MOzjenb Je TOKeHM3alUsiHbl KOJAaHAJIbl, all
BERT TOKeHM3aTOp JKATTBIFY JKOHE ChIHAK JATACETTEPIH TOKCHH3ALMWsUIay YIIiH
KOJIJIaHbLIaJIbl, COJaH KEHiH OJapibl JKATThIFy Ke3iHae KosaaHbuiathiH PyTorch
(dbopmaTbIHa TYpICHIIpeI.

Tek n = 4 xoHe n = 5 Ke3iHJE MOJEIb MaKCUMyMFa JKeTeli, OipaK n-rpaMm
CaHBIHBIH YJIFAIObl COHBIMEH Karap YJKEH eCeNTey pecypcTapblH KaKeT eTTi
(cyp.2), an mozaenbai okbITy MeH TecTiiey BERT mozeniMen caibicThIpran/ia Ko
YaKbITThI K&KET CTIEII.
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Cypet 2 — n-rpaMM MOJIEJTiH 00JDKay JoIIiri

BERT ™mopmeni OoWbIHIIA HOTHMXKE ajidy YIIIH 2 KyHIEH YakbIT KeTTi, Oipak
HOTHKEC] )KaKChI OOJIBIT MIBIKTHI, N-TpaMM MoaeriH 1,2 %-ra gomipex 0omKaIbl.

n-rpaMM TiT MojenbJepiHeH anWbipMambuiblFel, BERT koHTeKCTKe cesiMTan
KepiHicTepl yipereni. MoTIHMOH/I €CKepeTiH MOJENbAEP 9AETTe TOKEHHIH COI
HeMmece OH KOHTEeKCTiH FaHa ecenke aimyra MyMKiHaik oepexi. BERT, kepicinme, exi
JKaKTBI KOHTEKCTTI €CKepei, OYJI MOIebIe KOl MaFbIHAJIBI CO3ACPIiH MaFbIHACKIH
JKAKCHI TYCIHyTe KOMEKTECE/I.

KopbIThIHABI

Byn FeutbiMu Maxaaza TUIIIK MOZIEIIBICY/IIH 3aMaHayH 9JIiCTepl JKoHe OJapAbIH
Kypaemn MOpQOIOrHsIblK KYpPbUIBIMBI 0ap TuIAEpre KOJAAHBUIYBI 3€pPTTEIIL.
Herisri ¢okyc n-rpamm, BERT MonenbaepiH jkoHE ONapiblH arrilOTHHATHUBTI
CUTIATTAFbI TUTAEP/II THIMII MOJENbICY KaOUIeTiH 3epTTey OOIIbI.

3eprrey Hotmkenepi BERT mozmeni ka3ak TiiHe apHaJIFaH Ce3aep apachIHIaFbl
KOHTEKCTIK TOYENAUTIKTEp MEH CEMAaHTHUKAJBIK KaThIHACTApABI TYCIHYIE KOFaphl
TONIIKTI KOPCETEeTiHIH aHBIKTaAbl. OHBIH KOHTEKCTTI €Ki OaFbpITTa MOJICIbICY
JKOHE Hazap ayaapy MEXaHW3MIEpiH KomaHy KaOuleTi MOTIHIeTi y3aK Mep3imii
TOYENAUTIKTEP MEH Kyp/ielli KaTbIHACTapAbl TYCIHYyTre MYMKIHJIIK Oepei. 3epTTeyain
Oyl HoTWXKeNepi Kypaeial MopQOJOrHsUIbIK KYPbUIBIMBL Oap TiaAep YIIiH
3aMaHay¥ TUIIK MOAENbILY omicTepiH, acipece BERT Momensaepin KonmanyaIsH
MaHBI3IBUIBIFE MEH TEPCIIEKTHBAIAPBIH pacTaiiapl. MyHIal MOACIbIEp MOTIHI
ABTOMATTHI TYPJE OHICY CalachlH 0yip KaKcapTa alaabl, TAOUFH TUIAI OHICYIIH
OPTYPIIi MIHASTTEPIH/IE AANIIIK ITEH CEHIMIITIKTI apTTHIPAIbL.

Annarbl s)xymbicTapaa NLP-niH 0acka j1a nepCreKTUBANIBIK 9ICTePl HETi31H/Ie
TYPJI1 OKCIIEPUMEHTTIK JKYMBICTap KY3€Te achbIpblIaThIH 00JIa/Ibl.
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Abstract. Information security is now more relevant than ever, and information
is now as valuable to criminals as our physical property. The attacker's motives
may include stealing information, obtaining financial benefits, spying or sabotage.
Organizations should allocate funds to ensure security and be ready to detect,
respond and proactively prevent attacks such as phishing, malicious software,
viruses, malicious insiders and ransomware. Since the number of cyber threats
is growing rapidly, organizations cannot prepare for all of them. Often, the
information security systems used are not enough to identify new types of attacks
and vulnerabilities — it is necessary to complement existing security systems with
intelligent solutions. This paper proposes an approach to solving the problem of
detecting malicious traffic in data transmission networks based on processing the
received tuples of information sequences of network packets by the ensemble
classification method — stacking machine learning algorithms. The approach
does not require special data preparation, the resulting classification errors of
individual algorithms are smoothed out by the solution of the metaclassifier. The
proposed solution, in order to increase the accuracy and completeness of detecting
destructive effects, makes it possible to use its classification algorithms optimized
for different types of anomalies, which are trained on their own subsets of data
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presented as a tuple of values of information sequences of network packets. The
experiment is described using the machine learning classifiers Naive Bayes,
Hoeffding Three, Random Tree, REP Tree and J48. The evaluation was carried
out using classifiers separately and using stacking, which was based on the same
classifiers. Experimental results were obtained on the NSL-KDD public dataset.
The software implementation of the approach, as a full-fledged intellectual solution,
will make it possible to more effectively identify destructive effects. The approach
can be applied as an addition to the existing monitoring systems of organizations
related to network traffic processing. The essential advantages of the approach are
its versatility for various technologies and data processing systems, the purpose
of which is the accurate classification of data, and scalability, through the use of
additional algorithms beyond those used in the approach. The purpose of this study
is to increase the accuracy of detecting malicious network traffic by using stacking
machine learning algorithms.

Keywords: information security, machine learning, stacking of algorithms,
network traffic, NSL-KDD
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AnHoranus. Kazipri TaHa akmaparThiK Kayirnci3iik OYpbhIHFBIIAH J1a ©3CKT1 ajl
aKnapar 01311iH (H3UKaJIbIK MYJIKIMI3 CHSAKTHI KBUIMBICKEpIIEpP YIIiH KYHIBI OOJIBITT
keneni. KpIMBICKepAiH MOTHBTEpiHE aKIapaTrThl ypiiay, KapKbUIBIK Taiiza Taoy,
THIHIIBUIBIK HEMECE UBEPCHs Kipyl MyMKiH. ¥ WbIMIap Kayirci3IikTi KaMTaMachl3
eTyre Kapaxar OeJim, (GUIIMHT, 3USHABI OaFiapiaManblK Kacakrama, BHPyCTap,
3USIHIIBI HMHCAWJepiiep OHE TeJleM OarjaapiaMaliapbl CHSIKTBHI [a0ybUIIapibl
aHBIKTayFa,dPEKET eTyTe KIHe alIbIH-aITyFa 1aiibiH 001y bl Kepek. Knbepkayinrep iy
caHbl TE3 OCIN Kelie JKAaTKaHJIbIKTaH, YHBIMAAp OJIapIbIH OapJbIFbiHA JaibIH
Oomna ammaiinel. KeOiHece akmapaTTBIK KayilCi3miKTi KaMTaMachl3 €Ty JKykenepi
madyBUTIAPIBIH JKaHA TYPJIEPiH JKOHE OCAIIBIKTAP/Ibl aHBIKTAY YIIIH KETKITIKCI3,
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COHJIBIKTaH KOJJAHBICTAaFbl KayIiMNCI3AIK JKYyWeNepiH 3UATKEpIIK IIelliMIepMeH
TOJIBIKTBIPY KaxeT. By sKymbIcTa aHCaMOJBIIK KIKTEYy OfiCi — MalllMHAJBIK
OKBITY aJIFOPUTMICPIHIH CTEKUHTIMEH JKENIUTIK TTAKSTTEP/IiH aKIapaTThIK Ti30eKTep
KOPTeXACPIH OHICYTe HETI3ACNITeH ACPEKTEepAi Tapary >KeIUIepiHAeri 3USHIBI
TpadUKTI aHBIKTAy MOCENIECIH eIy TOCUT YCHIHBUIAABL Tociim mepexrepmi
apHaiibl JalbIHOayAbl KaXXeT CTICHIIi, ajblHFaH XEeKe alTOPUTMICPHAIH JKIKTey
KaTenepi MeTakiaccupUKaTop memiMiMeH Tericreneni. JAucTpyKTuBTI acepriepi
AQHBIKTAYIBIH TOJIITT MEH TOJBIKTBIFBI KOPCETKIMTEPIH apTTHIPY MaKCaThIHIA
YCBIHBUIFAH MICMIIM JKEJIUTIK TaKeTTep/iH aKmaparThK Ti30eKTep MoHJIEPiHiH
KOPTEKi TYPiH/E YChIHBLIFAH JCPEKTEP/IIH ©31HIIK 11IKI )KUBIHAPBIH]IA OKBIThLIFaH
TYpJIi aHOMANIMSUIAp YIIIH OHTaWJIaHJBIPBUTFaH ONAp/bIH JKIKTEY alrOpUTMIEPiH
malimananyra MyMKiHmik Oepemi. Naive Bayes, Hoeffding Three, Random Tree,
REP Tree >xone J48 MalnHaNBIK OKBITY KJIaCCH(UKATOPIAPHIH KOJIIAHBIIFaH
SKCIIEPUMEHTTEP/IH cunarTamMacsl oepinreH. baranay kinaccudukaTopiapIsl xKeke
KOJIZIaHy JKOHE COJI Kilaccu(UKaTopiapAbl KIKTey HETi3iHAer! CTeKHHITI KOJIIaHy
ApKBUTBI KYPTi3iami. OkcrepuMeHTTIK HoTmwkenep NSL-KDD skammberra oprak
JepeKTep >KMHAFblH OHJICYy apKbUIBl ajblHFaH. J[UCTPYKTHBTI ocepiepiui THiMIi
aHBIKTayFa MYMKIHIIK OCpeTiH TOJBIKKAHABI WHTEJUICKTYyalAbl HICHIM peTiHIe
TOCUIl OaFraapiamManblK KaMTaMachl3 €Ty KakeT. Tocii ek TpadukTi eHueyre
KaTBICTHl YABIMIIAP/IBIH KOJIAHBICTAaFbl OaKbUIay JKyHelepiHe KOCHIMINA peTiHe
KOJJITAaHBUTYBl MYMKiH. TOCUIIiH MaHBI3bl apTHIKIIBUIBIKTAPE OHBIH QpTYPIIi
TEXHOJIOTHsIIIap MEH JIePEKTEePAl OHIeY JKYHenepi yiliH oMOeOanThIFbI )KOHE TOCIIe
KOJIZIAHBIIFAHHAH THIC KOCHIMIIIA allTOPUTMIEP/Ii KOJIJIaHa OTBIPBINT MAaCIITA0TATybI
OOJIBIT TAOBITATEL. 3EPTTEYMIH MaKCAThI MAITHHAJIBIK OKBITY QJITOPUTMICD CTCKHIHT 1
ApKBLUIBI 3USHJIBI JKEUTIK TPAQHKTI aHBIKTAY JTOJIITIH apTTHIPY OOJBIT TaObLIa kL.

Tyiiin ce3mep: akmapaTThIK KayilCi3liK, MalIMHAIBIK OKBITY, aJrOPHTMAEP
CTEKHHT1, keninik Tpapuk, NSL-KDD
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AnnoTtauus. adopmannonnas 6e301acHOCTb ceiiuac KaKk HUKOT/IA aKTyallbHa,
a uH(popMaLys TeNepb TaK XKe LIEHHa JUI IPECTYTHUKOB, KaK 1 Hallle (PU3NIecKoe
UMYIIecTBO. MOTHBBI 3JI0YMBIIIICHHHKA MOTYT BKIIIOYaTh Kpaxy HH(POPMAIHH,
nojy4yeHue (pUHAHCOBOM BBITOIBI, IIMHOHAXK WiM caborax. OpraHu3anuu JoI-
JKHBI BBIJICTSITH CPENCTBa Ha oOecrieueHne 0e30MacHOCTH W OBITh TOTOBBIMH K
00HapyKEHHIO, PEaripOBaHUIO M YIPEKIAIOIIEMY IPESAOTBPAILCHUIO TAKUX aTak,
Kak (DUILIMHI, BPEAOHOCHOE NPOrpaMMHOE OOeclieueHHue, BUPYChl, BPEIOHOCHBIE
MHCaWIephl U MPOrpaMMbl — BbIMOTATENIM. [10CKOJIbKY KOJIMUECTBO KUOEPYIrpo3
OBICTPO pacTeT, OpraHM3alM HE MOTYT IIOArOTOBHTHCSI KO BCEM U3 HHX.
3avacTyro, MMEIOMINXCSl CHCTeM obecredeHns: MHPOPMAIMOHHOW 0e30macHoCTH
HEOCTATOYHO JJISl BBISBICHUSI HOBBIX BHJOB aTak M ys3BuMocTed. Heobxomumo
JOYKOMILICKTOBBIBaTb CYIIECTBYIOIINE CHCTEMbl O€301IaCHOCTH HOBBIMHU HHTEI-
JIEKTyaJlbHBIMH pelleHUsMHU. B naHHON pabore mpeanaraercs MOAXON K pelie-
HHUIO TIpOOJIEMbI BBISBICHUS! BPEAOHOCHOTO TpaduKa B CETSIX MEepefaud AaHHbIX,
OCHOBaHHBI Ha 00pa0OTKE TONYYEHHBIX KOpTex el HH(OPMAIMOHHBIX IMOCIIe-
JIOBaTEIbHOCTEH CETEBbIX MAKETOB aHCAMONEBBIM METOIOM Kiaccu(uKaluu
— CTEKMHTOM aJTOPUTMOB MammuHHOTO OoOyueHus. Ilogxonm He Tpebyer crme-
OUaIbHOH MOATOTOBKM JaHHBIX W MOJyYEHHbIC OIIMOKM KiIaccHu(UKAMU OT-
JeTbHBIX QJITOPUTMOB CIVIAKUBAIOTCSl perieHueM Meraknaccugukaropa. Ilpex-
JIOKEHHOE peIlleHHe C LIeJbI0 TMOBBIIIEHMs MOoKa3aTeiae TOUYHOCTH U IMOJHOTHI
BBISIBJICHUS] TUCTPYKTUBHBIX BO3ACHCTBUI 1a€T BOBMOXXHOCTb HCIIOJIb30BATh ONTH-
MU3UPOBAHHBIC JUIS PAa3HBIX THUIIOB aHOMAJIHMK CBOM aJITOPUTMBI KJIacCH(UKAIHH,
KOTOpble 00y4eHbl Ha COOCTBEHHBIX MOAMHOXKECTBAX JAHHBIX, MPEACTaBICHHBIX
B BUJIE KOPTEKa 3HAYEHUH HMH(QOPMAIMOHHBIX I10CIIEN0BATEIILHOCTEH CETEBBIX
nakeToB. [ [puBeieHO onrcaHNe IKCTIEPUMEHTAC UCTIONb30BAHUEM KIIaCCU(PHKATOPOB
marmmHHOTO 00yueHust Naive Bayes, Hoeftding Tree, Random Tree, REP Tree u
J48. Onenka npou3BoauiIach ¢ UCIOJIb30BAHHEM KIIaCCU(UKATOPOB B OTACITBHOCTH
U C NPUMEHEHHWEM CTEKMHId, B OCHOBE KOTOPOTO OBUIM MCIOJB30BaHBI TE KE
KIaccu(UKaTopbl. JKCIEPUMEHTAIbHBIE PE3YJIbTaThl MOIYYEHBl Ha IyOIUYHOM
Habope manubix NSL-KDD. Ilporpammuas peanu3zanusi MOAXOda Kak IOJHO-
LICHHOTO MHTEJIEKTYaJIbHOIO PEIIEHHs IO3BOMUT Oosiee 3(P(PEKTUBHO BBIABIATH
JIMCTPYKTHBHBIE Bo3aeicTBU. [1oaxon MoKeT ObITh IPUMEHUM KaK JONOJHEHHE K
CYIIECTBYIOIIMM CHCTEMaM MOHUTOPUHIA OPraHNW3alii, CBI3aHHBIX ¢ 00padOTKOI
cereBoro Tpaduka. CylIecTBEHHBIMH TPEHUMYIIECTBAMU TOAXOJA SIBISETCS €ro
YHHUBEPCAJIbHOCTD ISl PA3IMYHBIX TEXHOJOTMH M CHCTEM OOpaOOTKH JaHHBIX,
LIEJIBIO KOTOPBIX SIBJIAETCS TOYHAS Kiaccu(UKalnus JaHHBIX U MacIITaOUpyeMOCTh
MyTeM MPUMEHEHUS JOMOIHUTENbHBIX aJTOPUTMOB CBEPX UCIONb3YEMBIX B MOJ-
Xoze.

Llesibl0 HaHHOTO HCCIICOBAHUS SIBISETCS IOBBIIEHNE TOYHOCTH BBISBICHUS
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BPEIOHOCHOTO CETEeBOTO Tpaduka, IMyTeM NPUMEHEHUsS CTEKHHIa aJTrOPHUTMOB
MAaIIMHHOTO 00YYCHMSI.

KuaroueBble cjoBa: nH(DOpMaMOHHAS 0€30MIaCHOCTH, MAIIMHHOE OOydeHue,
CTEKHMHT aJITOPUTMOB, ceTeBoi Tpaduk, NSL-KDD

Introduction

The functioning of corporate telecommunications networks (CTS) requires
constant monitoring of the occurrence of all types of failures, collisions associated
with the processing of network traffic. The development of the concept of the
industrial Internet, the Internet of Things makes it necessary to assess the operability,
functional security of individual network devices and the network segments formed
by them. The analysis of the CTS operability is carried out using various monitors
that process internal and external information containing statistical data of network
packets and indicators of their processing. As a result, multidimensional time
series are formed, which can contain many time-varying parameters reflecting the
functioning of the system.

The variety of elements of the Internet of Things, a large number of objects,
protocols of interaction in network traffic, data processing technologies,
heterogeneity of formats, constantly changing architecture, configuration changes
and improvement of attacks cause problems with prompt detection and response to
subsequent information security (IS) incidents. This shows that existing approaches
and methods may not always be effective in conditions of constant changes in CTS.

The task of identifying malicious data refers to the tasks of detecting anomalies
(Cyral, 2022). There are specialized anomaly detection systems (Knapp, 2011),
which allow you to detect unusual behavior or events in network traffic. They can
help network administrators detect and respond to security threats, network errors,
and performance issues. In recent years, there has been a growing interest of the
scientific community in investigating the problem of anomaly detection using
machine learning and deep learning methods (Yuan Gao et al., 2023).

Related works

Here is an overview of scientific studies on key aspects of detecting anomalies
in network traffic.

Types of anomalies. Study (Hayes et al., 2015) offers the division of anomalies
in network traffic into three types: point anomalies, contextual anomalies and
collective anomalies. Point anomalies refer to individual data points that differ
significantly from the rest of the data. Contextual anomalies occur when the
behavior of the system deviates from the expected context or pattern. Collective
anomalies occur when a group of data points deviates from an expected pattern.

Problems with detecting anomalies. Detection of anomalies in network traffic
faces a number of problems, including high dimensionality (Zheng et al., 2022)
and the complexity of network data, the dynamic nature of network traffic (Stephen
Ranshous et al., 2015) and the presence of noisy and incomplete data. In addition, it
is necessary to carefully balance the ratio between false positive and false negative
results in order not to miss real anomalies and minimize false positives.
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Areas of application of anomaly detection. Anomaly detection systems in
network traffic have a wide range of applications, including intrusion detection,
network monitoring and performance analysis. For example, anomaly detection
can be used to detect malicious activity in network traffic, such as DDoS attacks
(Purwanto et al., 2014; Haiping et al., 2022; Purwanto et al., 2015; Chovanec et al,
2023; Lopez et al., 2019) and botnet activity (Zhao et al., 2013; Alaa Obeidat et
al., 2022). It can also be used to detect network performance issues (Wawrowski et
al., 2023; Igor Fosi¢ et al., 2023), such as packet loss and latency, and to identify
optimization opportunities.

Approaches to detecting anomalies in network traffic include statistical methods,
machine learning methods, and rule-based methods.

One of the common approaches to detecting anomalies in network traffic are
statistical methods (Iglesias Vazquez et al., 2014; Liu et al., 2023). This includes
analyzing the statistical properties of network traffic data to detect unusual patterns
or behaviors. For example, an anomaly can be detected if the volume of traffic or
the frequency of certain types of traffic deviates significantly from the expected
levels. An example of a statistical method for detecting anomalies is the use of
moving averages (Zhang et al., 2020; Zhou Zeng-Guang et al., 2016) or exponential
smoothing (Tang et al., 2022) to identify trends and anomalies in network traffic
data.

Machine learning methods (Eduardo Weber Wichter et al., 2022; Nassif Ali
et al., 2021; Thudumu et al., 2020). They can also be used to detect anomalies
in network traffic. These methods include training the model on a large set of
network traffic data and using the model to identify unusual patterns or behaviors
in new data. For example, clustering methods can determine the current state of [oT
devices (Sukhoparov et al., 2020). Also, an example of a machine learning method
for detecting anomalies is the use of neural networks (Benjamin Staar et al., 2019;
AlDahoul et al., 2021), who are able to study complex patterns and relationships
in data.

Rule-based methods (Elfaki Abdelrahman, 2014; Duffield et al., 2009), They
can also be used to detect anomalies in network traffic. These methods include
defining a set of rules or thresholds that trigger an alert when certain conditions
are met. For example, a rule can be defined to trigger an alert if the number of
failed login attempts exceeds a certain threshold within a specified time period.
An example of a rule-based anomaly detection method is the use of Snort (Szmit
Maciej et al., 2007). An open source intrusion detection system that uses a set of
predefined rules to detect various types of network threats.

In conclusion, it should be noted that each conducted study can make a
significant contribution to the implementation of anomaly detection systems,
which are an important tool for network administrators and security specialists.
They help detect unusual behavior and events in network traffic, identify security
threats and network performance issues. With the advent of machine learning and
deep learning methods, the accuracy and efficiency of anomaly detection systems
continue to increase.
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Proposed solution

This work involves the use of a stacking algorithm to identify abnormal,
potentially malicious data in network traffic.

The operation of the algorithm can be represented as follows (Figure 1).

Machine learning Machine Learning
— Subset 1 - i
algorithm 1 Classifier 1 Testing data
— Subset 2 Mach\nel learning MachmelLlearnlng
algorithm 2 Classifier 2 Metaclassiier
Training data
Stratified sampling with
replacement
Subset n Mach\ne. learning Machme.L.earnlng
algorithm n Classifier n
v

Predicted result

Fig. 1. Stacking operation scheme

There are -distinct subsets of the training dataset, which are created using a
stratified sample with substitution, where the relative proportion of different
classes is preserved in all subsets (Sikora Riyaz et al., 2014). Each subset of the
training set is used to determine the performance of classifiers in the training set.
A metaclassifier in the form of a relative weight for each classifier is created by
assigning a weight proportional to its performance to the classifier.

When evaluating an instance from a test set, each algorithm outputs a class
distribution vector for this instance, which gives the probability that this particular
instance belongs to this class. We can represent the vector of class distribution over
c classes for the j-th classifier by the I x ¢ vector as follows:

where
’ OSSijﬁlvlﬁiSC

Zé‘i}‘:l
i

The class distribution vectors for n classifiers can then be represented by an
n x ¢ matrix as follows:

A=A Ay AT 2

The metaclassifier creates a weight distribution vector that gives relative weight
to various advertisements. The vector of weight distribution over n classifiers is
represented as follows:
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0 =[6,0; .. 6,] (3)
where,

0<s<1
7
Given a class distribution matrix and a weight distribution vector, the

metaclassicator evaluates each instance of the test set using the following class
distribution / x ¢ vector:

N=0.4=1[85). 6] (4)
e,
5l = Zejsﬁ
j

At the same time, as mentioned above, the stacking algorithm assumes that
the weight distribution vector of the metaclassifier @ it is created by assigning a
weight to the classifier proportional to its performance.

Evaluation of the proposed solution and results

The experimental evaluation of the proposed solution was carried out using
the publicly distributed NSL-KDD dataset (Bhupendra Ingre et al., 2015), which
contains 125973 entries for training and 22544 entries for testing.

The description of the features of the NSL-KDD set is presented in Table 1.

Table 1. Description of the features of the NSL-KDD dataset

Ne | Feature Description

1 | Duration Duration of connection time

2 | Protocol type Protocol used for connection

3 | Service Destination network service used

4 |Flag Connection Status - Normal or Error

5 | Src_bytes The number of bytes of data transferred from the source to the
destination in a single connection

6 |Dst bytes The number of bytes of data transferred from the destination to
the source in a single connection

7 |Land if the source and destination IP addresses and port numbers are
equal, then this variable takes the value 1, another 0

8 | Wrong_fragment The total number of incorrect fragments in this connection

9 | Urgent The number of urgent packets in this connection. Urgent
packets are packets with the urgency bit activated.

10 | Hot The number of "burning" indicators in the content, such as:
entering the system directory, creating programs and executing
programs

11 | Num_failed_logins Number of failed login attempts

12 | Logged in Login status: 1 on successful login; 0 otherwise

13 | Num_compromised Number of "compromise" conditions

14 | Root_shell 1 if the root shell is obtained; 0 otherwise

15 | Su_attempted 1 if the "su root" command was tried or used; 0 otherwise
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16 | Num_root The number of "root" accesses or the number of operations
performed as root in the connection

17 | Num_file creations The number of operations to create a file when connecting

18 | Num_shells Number of shell hints

19 | Num_access_files Number of operations with access control files

20

Num_outbound cmds

Numbering of outgoing commands in an ftp session

21

Is_hot login

1 if the login belongs to the "hot" list, i.e. root or administrator;
otherwise 0

22

Is_guest login

1 if login is "guest"; 0 otherwise

23 | Count The number of connections to the same destination node as the
current connection in the last two seconds.

24 | Srv_count The number of connections to the same service (port number)
as the current connection in the last two seconds.

25 | Serror_rate Percentage of connections that activated the flag (4) s0, s1, s2
or s3 among the connections combined in count (23)

26 | Srv_serror_rate Percentage of connections that activated the flag (4) s0, s1, s2

or s3 among the connections combined in srv_count (24)

27 | Rerror rate Percentage of connections that activated the REJ flag (4)
among the connections combined in count (23)
28 | Srv_rerror_rate Percentage of connections that activated the REJ flag (4)

among connections combined in srv_count (24)

29

Same srv_rate

Percentage of connections to the same service, among the
connections combined in the account (23)

30

Diff srv_rate

Percentage of connections to various services, among the
connections combined in the column (23)

31

Srv_diff host rate

Percentage of connections that were to different destination
machines among the connections combined in srv_count (24)

32

Dst_host count

The number of connections having the same destination host
IP address

33

Dst_host_srv_count

The number of connections having the same port number

34

Dst _host same srv_rate

Percentage of connections to the same service, among
connections combined in dst_host count (32)

35

Dst host_diff srv_rate

Percentage of connections to various services, among
connections combined in dst_host_count (32)

36

Dst_host_same src_port rate

Percentage of connections that were to the same source port
among the connections combined in dst_host srv_count (33)

37

Dst_host srv_diff host rate

Percentage of connections that were to different destination
machines among the connections combined in dst_host srv_
count (33)

38

Dst_host_serror_rate

Percentage of connections that activated the flag (4) s0, s1, s2
or s3 among the connections combined in dst_host count (32)

39

Dst_host_srv_serror_rate

Percentage of connections that activated the flag (4) s0, s1, s2
or s3 among the connections combined in dst_host_srv_count
(33

40

Dst _host rerror rate

Percentage of connections that activated the (4) REJ flag
among the connections combined in dst_host count (32)

41

Dst_host_srv_rerror_rate

Percentage of connections that activated the REJ flag (4)
among the connections combined in dst_host _srv_count (33)

42

Class

Class of data
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Training is performed based on KDDTrain data, which contains 22 types of
attacks, and testing is performed on KDDTest data, which contains an additional 17
types of attacks. These attacks are divided into four classes of attacks:

Denial of Service (DoS) - malicious attempt to block system or network
resources and services.

Probe — this attack collects information about potential vulnerabilities of the
target system, which can later be used to launch attacks on these systems.

Remote to Local (R2L) — Unauthorized ability to send data packets to a remote
system over the network and gain access either as a user or as root to perform their
unauthorized actions.

User to Root (U2R) — In this case, attackers gain access to the system as a
normal user and hack vulnerabilities to gain administrative privileges.

In addition to attacks, for classification purposes, the set also contains normal
data that does not contain malicious components. The number of NSL-KDD set
entries distributed by classes is shown in the Table 2.

Table 2. Number of NSL-KDD set entries distributed by category

Testing dataset Training dataset
Class Number of entries Class Number of entries
Normal 67343 Normal 9711
DOS 45927 DOS 7458
Probe 11656 Probe 2421
R2L 995 R2L 2754
U2R 52 U2R 200
Total 125973 Total 22544

The freely distributed Weka application for data processing and machine learning
was used for the experiment. This application is written in Java at the University
of Waikato (New Zealand), distributed under the GNU GPL license (Wikipedia,
2021).

The first part of the experiment involved the use of classifiers separately. Naive
Bayes (NB), Hoeffding Tree (HT), Random Tree (RT), REP Tree (REP) and J48
were selected from the classifiers.

The classifiers were evaluated using the ROC error curve, which displays the
ratio between correctly classified records and incorrectly classified ones, Figure 2.
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Fig. 2. ROC curves: a) NB, b) HT, c¢) RT, d) REP, ¢) J48

The obtained results of data classification using ML algorithms are presented in

the Table 3.
Table 3. Classification results

Parameter\Classifier NB HT RT REP J48
Accuracy, % 76,1 77,1 81,3 81,5 81,5
Precision, % 80,9 81,2 83,7 83,5 85,8
Recall, % 76,1 77,2 81,4 81,5 81,5
F-measures, % 75,9 77,1 81,4 81,6 81,5
ROC 91,7 90,7 82,7 82,2 84,0
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The best results on the ROC curve were shown by the NB classifier (81,5 %).

In the second part of the experiment, the stacking of ML algorithms (ST) was
implemented using the same classifiers - Naive Bayes (NB), Hoeffding Tree (HT),
Random Tree (RT), REP Tree (REP) and J48. The metaclassifier for stacking was
chosen — Logistic Regression.

The assessment of the use of stacking was carried out according to the ROC
curve, Figure 3.
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Fig. 3. Indicators of the ROC curve when using stacking

The results of classifiers individually and with the use of stacking are shown in
the Table 4.

Table 4. Comparative classification results

Parameter\Classifier NB HT RT REP J48 ST
Accuracy, % 76,1 77,1 81,3 81,5 81,5 82,2
Precision, % 80,9 81,2 83,7 83,5 85,8 86,2
Recall, % 76,1 77,2 81,4 81,5 81,5 82,3
F-measures, % 75,9 77,1 81,4 81,6 81,5 82,2
ROC 91,7 90,7 82,7 82,2 84,0 92,2

A comparative histogram using classifiers separately and using stacking is

shown in Figure 4.
90
88
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76
NB HT

RT REP J48 Stacking
CLASSIFIERS
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z

Fig. 4. Comparative histogram with using stacking

The stacking results are superior to the result of the best single classifier.
Therefore, it can be argued about the effectiveness of the use of stacking algorithms
more than the use of algorithms separately.

158



ISSN 1991-346X 3. 2023

Conclusion

This article proposes an approach to the identification of malicious traffic based
on the use of an ensemble method of machine learning — stacking. The approach
is based on the use of individual ML classifiers as the basic ones, and on their
basis the training of the metaclassifier, in our case, logistic regression is used for
subsequent data classification.

The application of the proposed solution based on stacking makes it possible
to improve classification accuracy indicators rather than using separate classifiers.

The advantage of using stacking is versatility for various data processing
systems and scalability, through the use of additional algorithms beyond those used
in the approach.

The disadvantage of the proposed approach is sensitivity to data quality, as one
of the main requirements for data classification by MO methods, as well as the need
for additional computing resources when the model becomes more complex.
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Abstract. The list of currently relevant topics and areas that have moved to
the global market include: biotechnology, project management and Information
Systems. This article analyzes the interweaving of these three areas. Both in the
world and in Kazakhstan, biotechnology methods and project management are
used in medicine, agriculture and industry. If biology as a science is inherited by
Kazakhstan from the USSR, then the project management industry will be dominated
by sovereign Kazakhstan. The need to create a unified information system for
Project Management in the field of Biotechnology is analyzed and considered in
this article. The work is designed to optimize the aspect of Project Management
in the field of Biotechnology in a modern way. In addition, it is intended for all
specialists in the field of biotechnology and people who are interested in this field.
Biotechnology and project management for the first time a set of technological
methodology and general requirements for scientific research aimed at developing
high-level work, projects. Biotechnology refers to the use of living systems, cells
and organisms for human needs. Biotechnology is divided into many industries,
including the following: medical, agricultural, industrial and environmental. It is
very important for Kazakhstan to develop and raise biotechnology projects in these
areas to the highest level.
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AnHoToums. Kazipri yakpITTa €3eKTi TaKbIPBIITAPABIH Ti3IMiHE )KOHE QJIEMIIK
HapBIKTa KOIITI OacTarm TYpFaH cajiajapra: OMOTEXHOJIOTHsI, )Ko0amap/pl 0ackapy
JKOHE aKMaparThIK JKy#esnep Kipeai. By Makananga ochl yII callaHbIH TOFBICYBIHA
Tanaay okacanmblHabl. bapmeik omemme ge, Kasakcranma na  OWOTEXHONOTHA
omictepi JkoHe >koOamapabl Oackapy METWIIMHAIA, aybll IIapyallbUIbIFbIH/A
JKOHE OHJIipicTe KojnaHbuUIaabl. bruonorus reuibiM petinne Kazakcranra KCPO-
JaH Mypa OOJIbIN Kajica, )o0anap/el 0ackapy canachl ereMeHi Ka3zakcTaHHBIH
MeMJICKeTTI OacKapyblHaH Oac ajajibl. BHOTEXHOJIOTHS callaChIHAFbl K0O0aIap/Ibl
Oackapy yuIiH OipbIHFail aKmaparThK JKYHeHI Kypy KaKeTTUIrH OChl Makaana
TaIJAHBIN, KAapacThIphUIambel. JKyMBIC Ka3ipri 3amManra caii OMOTEXHOJIOTHS
CaJachIHJIaFbI KoOaap/ el 0ackapy acleKTiCiH OHTaimaHabIpyFa apHanrad. OnaH
0esieKk OMOTEXHOJIOTHUSI CallaChIHAAFhI OapIIbIK MaMaHJapFa JKOHE OChl cajara
KBI3BIFYIIBUIBIFB Oap agamjapra apHairaH. buorexHosiorus sxoHe xoOamapbl
Oackapy ajrail peT JKOFapbl JICHTeHWJeri >KyMbICTap/bl, yKoOajmapabl d3ipieyre
OarpITTANFAaH TEXHOJOTHSIIBIK O/IiCTEME )KOHE FRIIBIMH 3epTTeyliepiHe KOWbIIATHIH
JKaJIMBI TaJanTap JKUBIHTHIFBL. BHOTEXHOIOTHS amam KOKETTLUTIKTEpiHEe Tipi
KYWenepai, JKacylamapipl KOHE OpraHu3Mepli mNaiijanaHy. buorexHomorus
Kell caianapra OelliHe/i, COHBIH IMIiHAE KeJecijel cananap Oap: MEAMIIMHAIBIK,
aybl1 IAPyalllbUIbIFbl, OHEPKICINTIK KOHE SKOJOTHSUIBIK. KazakcTaH yIIiH OChI
cananap/ia OMOTEXHOIOTHS )K00apa/IbIH JAMBITY JKOHE KOFapFbl JCHIeHTe KoTepy
©T€ MaHBI3/bI.

Tyiiin ce3mep: OmoTexHONOTHS, JKoOamapabl Oackapy,  OarmapiamalbiK
xacakTtama, I'T memrimaep, Project Management, Microsoft Office Project
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AHHOTanusl. B nepeyeHp akTyalbHBIX B HACTOSILEE BPEMSI TEM U OTpacieid,
HaYMHAash C MUPOBBIX PHIHKOB, BXOIST: OMOTEXHOJIOTHMH, YNPABICHHUE MPOSKTaMU
1 MH(QOpPMAIMOHHBIE CUCTEMBI. B 3TOli cTaThe aHanM3UpyeTCs CIUSHUE STHX TPeX
obnactedi. MeToapl OMOTEXHOJOTMM M YIpaBICHHS MPOSKTaMU HCIOIb3YIOTCS
B MEIMLIMHE, CEIbCKOM XO3SHICTBE M MPOM3BOACTBE KaK BO BCEM MHpE, TaK U B
Kazaxcrane. B To Bpems kak buonorus, kak Hayka, yHacinenoBana Kazaxcran ot
CCCEP, chepa ynpapneHust IPOSKTaMU OTKA3bIBACTCS OT YIIPABJICHUS CYBEPCHHBIM
Kazaxcranom. HeoOxoquMocTh co3manusi eIuHON HH(OPMALMOHHOW CHUCTEMBI
JUIsL YTpaBJCHUS TPOCKTaMHd B 00JacTH OWOTEXHOJOTWH aHaJH3UpyeTcs U
paccMarpuBaeTcsl B JaHHOW ctarhe. PaboTa MocBsIIeHa ONTHUMHU3ALUHN aCIEeKTa
yIpaBieHHsl MPOCKTaMH B COBPEMEHHOW OMOTEXHOJIIOTHUECKOH oTpaciu. Kpome
TOrO, OHA MpeAHA3HA4YCHA JUIs BCEX CIEHHMAJIMCTOB B 00JACTH OMOTEXHOJOTHU
U JIOZICH, MHTEPECYIOUIUXCS 3Toi 00NacThio. BUOTeXHONOrusT W yrpaBieHUE
MPOEKTaAMU — COBOKYIHOCTH OOLIMX TpeOOBaHUIM K HAyYHBIM HCCICIOBAHHIM
U TEXHOJIOTHYECKOH METOAMKE, BIIEPBBIC HAINPABICHHBIX Ha pa3paboTKy pador,
MPOEKTOB BBICOKOTO YpPOBHS. bBHOTEXHONOTHSI — 3TO HUCMOJB30BaHUE KHMBBIX
CHCTEM, KJIIETOK M OPraHM3MOB AJISI YAOBIETBOPEHHs MOTPEOHOCTEH dYeloBeKa.
BuorexHonorust genuTcss Ha HECKOJIBKO OTpacield, B TOM YHCJE CIEAYIOIIUE:
MEIUIMHCKUE, CEebCKOX03HCTBEHHbBIE, TIPOMBILIICHHBIE W 3KoJorudeckue. s
Kazaxctana oyeHb Ba)KHO pa3BHUBaTh U MOBBIMIATH OMOTEXHOJIOTHYECKUE MPOEKTHI
B OTUX 00JIACTSIX.

KioueBble ciioBa: OMOTEXHOJIOTHS, YIPaBICHHE MPOCKTaMH, MPOrpaMMHOE
obecnieuenue, U T-pemenus, Project Management, Microsoft Office Project
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Kipicne

buomexnonozus, scodbanapovl dbackapy sscane 6a20apiaMaIblK KAMMAMACHL3
emy.

Byrinri rtamma Kaszakcranma ~OMOTEXHOJOTMSHBIH — QNJbIHAA  KONTEreH
IIEeTIIMETeH TEeXHOJOTHSUIBIK MiHJeTTep MeH OarbiTTap Oap. bmorexnomorums
O1I1iM canachIHbIH 06T )KOHE KAPKBIHIIBI TAMBIIT KEJIe KaTKaH OHEPKACIIl catachl
petinge "amam — Taburar — KoraMm' KOHICTIIIMSACHIHAA ©3apa KapbhIM-KaThIHAC
KYHWECIHJIC TEHrepiMJli CaKTay/lbl KaMTaMachl3 €T€ OTBIPHIM, Ka3ipri 3aMaHHBIH
KOeNTereH TYHiHAI mpoOiemanapblH Imemryre KaOinerti. Mukpobuonorus,
OMOXMMUSI, TCHETHKA, TeHJIIK WHKCHEPHUsl, IMMYHOJIOTHSI TypaJbl OlTiMre cyiieHe
OTBIPBIN JKOHE 3aMaHayd >KaOIbIKTap MEH KYPbUIFBUIAPABl KOJIJaHA OTBIPHII,
OMOTEXHOJIOTHS TAOUFU YKOHE JKacaH IbI )KYHeJIep/Ii xKacayFa KoHe KaHapThUIAThIH
MaTepuayijapJaH ajaM eMipiHe KaxxeTTi OapiiblK 3aTTap MEH KOCBLIBICTapbl
ayra MYMKIHIIK Oepemi. OIeMaiK KOH(QepeHIIs MaTepraiapbl OMOTEXHOIOTH
CaJIaChIH/IaFbl MHHOBALIUSUIBIK IaMBITYFa OaFbITTAIFaH MICEIIENIEP/IiH KeH CIIEKTPiH
kepcereni. HanoOuorexHomorusi, OnomH(pOpMaTHKa >XoHE HeWpouH(pOpMaTHKa
caJaChIHIAFBl KYMBICTAPFa, COHAAN-aK OMOKAyINCI3MIK TEeH TeHIIK-WHXKCHEPIIK
KBI3METTI MEMIICKETTIK PeTTEyIdiH OpTYpJi acHeKTijiepiHe Kem KeHia OeniHesi.
buorexHosnorus canachkl aJaMHBIH KKETTUIIKTEPiH KacyLIaJbIK »XOHE IEHIIK-
WHKEHEPITIK 9JIICTEPMEH LIyl OHIacThIpaabl. byl oHail emec )koHe OChI canana
Oomamarkl 6ap xoOanap el YHIMIACTRIPY VIIIiH Ci3/1e YIIKEeH Oi71iM MEH OHipiHi3ae
OOJIBIIT J)KaTKaH jKaHa Ko0anap/IblH 0a3ackl O0ITybI KEpeK.

Enneme, OnotexHonmorus *xoHe >xo0anapabl Oackapy nereHimi3 He? buortex-
HOJIOTHSI - Ka3ipTi 3aMaHFbI €H MaHBI3bI FRITBIM. BYJT TEXHOIOTHS MEH OHEPKICITITIK
OHJIpicTe OMOJNIOTHSUIBIK TPOLECTepAl KOJNJaHy Typaibl FbUbiM. OHBIH aTaybl
TpeK cesJepiHeH MIBIKKaHbI Oenrini: bios — emip; teken-enep; logos - ce3, imim,
FBUIBIM. BHOIIOTHSIIBIK TipoliecTepre opTypii CHNATTarbl (MHKPOOTHIK, ©CIMIIK
HeMece KaHyap) OMOJIOTHSIIBIK OOBEKTTEP/Il KOJIaHATHIH 3aTTap Kipelli, MbICAJIbI,
Oipkarap MEOUITMHAIBIK, TaFaMJBIK JKOHE 0acKa MaKcaTTarbl OHIMACPAl OHIIPY
— aHTHOMOTHKTEp, BaKUMHAJIAp, PEPMEHTTED, KEMILOI NeH TaMak aKybI3laphbl,
HoJMcaxapuaTep, TOPMOHAAP, DIMKO3UATEP, AMHUHKBIIIKBIIAAPHI, aJKaJOUATap,
Ouoras, TeiHaUTKbITap KoHe Oackaiap (Handbook of Genetics, 2014).

XKobGanmapasr 6ackapy — MEHEKMEHT TOHHIH Kypampaac Oelliri >KoHe OHBIH
KypaJijiap apceHaIbIHbIH Oip O6JIriH, OHBIH TUIIH 9HE HETi3ri aHbIKTaMasapbiH
KOJIIaHa/Ibl, COHBIMEH Oipre e3iHiH HaKThI TYCIHIKTEpiH Kocaapl. XKobOaHbl Gackapy
OepinreH MakcaTrTapra Te3 JKOHE THIMII KOJ JKeTKizyre kemekreceni. COHBIMEH
KaTtap, Oy1 mporecTe Ke3 KeJreH *K0oOaHbIH JKallllbl MaKcaTTaphl YIIiH KOJIJaHyFa
0oMaThIH KeMIeHACPAIH OYKII KyHeci KalpInTacabl )KoHe PecypcTapibl cayaTThl
0oty cxemachl kacananbl. Kazipri yakeitTa xo0anapasl Oackapy — Oy Oiim,
epexenep MEeH CTaHAapTTap KHUBIHTHIFBI Oap TyTac FeulbIM. EH TaHbIMan pecypc —
PMBOK. by x00ai1bslK MEHEIDKMEHT CalachlHAaFbI Oenriti O6ip "OuriM KiTadsr",
OHJIa OCHI cajlaJlaFbl €H JKAKChl MPAKTUKAIBIK KEHecTep MEH OiliM cUmaTTajaraH
("BARS Consulting Group" XXIIC, 2007).
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AHBIKTaManapJpl ajga OTBIPHIIT OWOTEXHOIIOTHS CaachIHIAFhI )K00aIap bl
3epPTTEYAIH MAaHBI3IBUIBIFBIH alTa KeTy KepeK. TbUIbIMA MHCTUTYTTap MEH
YHHUBEPCUTETTEP OMOTEXHOJIOTHSI CallaChIH 3€pTTEY/l JKalFacTeIpyaa, Oipak a3ipre
ONeMIIK ACHTEHIe YIKEH HOTHXKEIepAi KepceTe ajaMailMbI3, Oyl 3epTreyiep
Halap KOMMEpIMsUIaHaIbl, ojlapra a3 KeHu1 Oeiinyne. byran cebenkep OonraH
KapakaT Ke31 oHE KbI3BIFYIIbUIBIK TaHBITHAWTHIH WHBecTopnap. Con cebenteH
013/1iH MaMaHIap YKAKChl 9Pl TE€H >Karjaiia oJeMIiK KETeKI KOMIIaHUsIapMeH
Oacexere Tyce anmaiinbl. bipak Kaszakcran TtapamblHaH OCBl yakbITKa JACHiH
KOMTereH wesap kapusiianrad. byran monen peringe Hyp-Cynran kanaceiana
OpHaJIaChIKaH Y ITTHIK BUOTEXHOIOTHS OPTAJIBIFBI OOIMAK,

Kazakcranna OMOTEXHOIOTHS CalachlH AaMBITYBIH HETI3Ti MepCreKTHBaIaphl
OHJIIPICKE FBUIBIMIBI KAXKETCIHETIH TEXHOJIOTHSUIAP/IbI YKOHE JICHCAYJIbIK CaKTay,
aypll IIApyalibUIBIFBI, KOPIIAFaH OpTaHBl KOpFay YIIiH Oocekere KaOileTTi
eHIMIEepal eHri3ymeH OaimanbpicThl. CoHmal-ak TamakK >KOHE KaiTa eHIey
OHEpKACiOl, Tay-KeH ici jKOHe mMmanjaibl KasOanapiapl Kaita eHiey (Oarabl
MeTangapasl OHIIPYAEri OMOTCOTEXHONOTHIApP) aTalm alTyBIMBI3 KepeK. by
OarpITTap ¥JITTHIK OMOTEXHOJIOTHSI OPTAJIBIFBIHBIH MIHJCTTEPIHE CHII3UITCH JKOHE
onapzplH OipHete Typiepi OolbIHIIA TaObICTHI aTKapbiMaap 6ap (Tomar, 2014).

Heri3ri makaJjia MmaTepuaJbl

Kaszaxcmanoasew buomexronoaus scatne sxncobanapovl backapy.

Kazipri yakpITTa oJeMHIH JKETEKIi elepi WHHOBAIUSIBIK dKOHOMHKA MEH
TEXHOJIOTUSIJIBIK KOIIOACIIBUIBIKKA YMTHUTY/IA, FEUIBIMJIBI TAMBITYFa €Yl KapiKbl
KyMcaysa, 0ipak anemMHiH Oipze-0ip erni Oip Mesrinae OapibIK FUTBIMA OaFbITTap
OOMBIHIIIA ayKbIMJIbI 3ePTTEYIIEP KYPrize anmanibl. COHBIKTaH KaTaH 09CeKeIeCTiK
KYpecTe eJJIiK apTHIKIIBIIBIKTAPAbIH aHBIKTAY KaXKeT, COHJa OJapiAblH JaMybl
QNIeMJTIK HapBIKTA JKETEKIII OpBIHFA re 0onanl. EnMiH MHHOBAIIUSIIBIK JAMYBIHBIH
0aCBIMJIBIKTAPbIH aHBIKTAY, JIEMHIH KOINTEIeH EJJIEPIHJIE XaJIBIKTBIH OMip Cypy
JIeHreill MeH camachlH apTTHIPyFa BIKIAJ €TeTiH FHUIBIM MEH TEXHOJIOTHSIIap/IbIH
"ecy HYKTelepiH" aHBIKTay MaKCaThiHIa QopcalT-3epITeyiiep Kyprisuiyue.
"¥ATTBIK MEMIIEKETTIK FBUIBIMU-TEXHHUKAIBIK capantama optainsiFel’ AK 2013
xbUbl Kazakcran mamybiabiH 2030 skbutFa JSHIHTT KE3€HI'e apHaJFaH OachiM
FBUIBIMU JKOHE TEXHOJOTHSUIBIK OaFbITTapbIH, COHMAN-aK 0achIM TaKbIPBITITAPIbI
aliKpIHJayFa OarbITTajFaH 3epTTEy HBICAHBIHIA "FBUIBIM JKOHE TEXHOJIOTHSIIAp
CaJIaChIHJIAFbl KYHem Taljay >kKoHe Oospkay" K00achlH iCKE achIpIbl, FBUIBIMHU
3eprreynep xyprizai (bauros, 1995; Jlononos, 2011).

XKoba asceiHIa capanTamalblK S>KOHE TalJamalblK 3eprreyiaep 8 OarbIT
OOWBIHINIA KYPTi3iiIi, OHBIH IIIHIE JEHCAyJIbIK Calachl, OWOTEXHOJIOTHS,
arpapiIbIK CEKTOPABIH OPHBIKTHI TaMYhI, TAMaK OHIMICPIH OHILY JKOHE KayiIci3miri
0ap. KazakcTaHIbIK capamiibuiapblH )KYMbICEIHA MaH4YecTep YHUBEPCUTETIHIH,
KopesHBIH FBIITBIM MEH TEXHOJIOTHSLTAP bl OaFaliay XKoHe )KOCTIapIiay MHCTUTY THIHBIH
oHe DUHIISTHIUS aKaIeMUSICBIHBIH OeJIe Il FalibiMIaphl keHec Oepyi. Kasakcranma
OTKI3IreH >KOOAHBIH OSKOHOMHKAHBIH IPAKTHUKAIBIK KAKETTUTIKTepiHE JKOHE
Oenrini Oip oJeyMETTiK MaHBI3/Ibl HOTIDKE aTyFa, OTAH IBIK KY3bIPETTEPIi IaMBITyFa
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EPEeKIIIeiri

’Koba votmxkenepi Herizinne Kazakcranaa FeuUlbIMU OaFbITTapbl JAMBITY YLIIH
MYMKIHIIKTep (63 FBUIBIMH KY3BIPETTEPiHIH OOTYBl HeMece damMy MYMKIHIITI);
IIETEIIK FBUIBIMH YHBIMJIAPMEH OIPJICCKeH FBUIBIMH 3EpPTTEYJep IKYPrizy
MYMKIHAIKTepi; OypbIHHAH 0ap KY3BIPETTEp MEH TeXHOIOTHUSIApbl TpaHC(hEpTTeY
KOKETTUTIT akpiHaanasl. JKoba rmenoepinae Kasakcranmga 2030 xbiara JAeiiHTI
KE3CHIe JKYPTi3UICTIH MoHApajbIK 3epTTEYNepAl TaHaay Herisuemeci xysere
aceIpeuTasl (Pamankysos, 2018).

2030 >xpurra neiiHri ke3eHre KasakcraH yiriH OacklM OarbITTap peTiHIC
MOHApaJBIK 3epTTeyiepaiH 4 OarbIThl ipiKTeNai, oJapAblH Oipi JKCIOpTKa
OarnapiaHFaH YJITTBIH JCHCAyJBIFBIH CaKTay/Abl »KOHE apTTHIPYAbl KaMTamachi3
€TEeTIH JKOJIOTHSIIBIK Ta3a ayblUl IapyamlbUTbIFbl OHIMIH jKacayFa OaFbITTaFaH
3eprreyiaep — Oonmblll  TaOBUTAJBI,  aybll  [IAPYallbUIBIFBIHBIH — 3aMaHayd
TEXHOJIOTHUSIIAPBIH J3ipJieyre KoHE KeTUIHipyre OaFbITTalfaH OChl HOHAPAJIBIK
3epTTEYIIep TPOIECIHIE TYMKITIKTI HOTHXKE SKOJIOTHSUIBIK Ta3a >KOFAPBI Carlajbl
a3bIK-TYJIIK OHIMJICPIH OHIIPY TEXHOJOTUSIIAPhI KOHE TOJBIK a3bIK-TYIIK
Kayilci3[miri JkarJaiiblHAa XalbIKTBIH ©Mip CYpy CTaHAapTTapbIHBIH IKOFaphl
JICHI'elliH KaMTamachi3 ety 0oiajpl. Onap enjiiH dKCIOPTTHIK dJICyeTiH KeHEUTYI
KaMTaMachl3 €Tyre MYMKIHIIK Oepeai, XaJIbIKTbIH JACHCAyJIbIFbIH >KaKCapTyIbl
KaMTaMachl3 €TETIH jKaHa Taimaaibl KacueTTepi 0ap yKoFaphl carajbl a3bIK-TYIIK
eHiMAepiH jkacay. bysn OarbITTapApl OMOTEXHOJOTHS cajachl KaMTUABL. byi
HOTIDKETe KOJ KETKi3y VIIH KelleCci TaKbIPBINTHIK OarpITTap OOMBIHINA FRITBIMU
3epTTEyJIep MEH d3ipiieMeliep JKYPrizy KaKeT eKeHIIr aHbIKTaJIbl:

- AyBITIIIapyanibUTBIF Bl ITHKI3aThIH OHIEY T HYKOFapbI THIM/Ti TEXHOJIOT UsTaphIHIA
Ka3ipri 3aMaHFbl U3UKA-XUMUSIIBIK JKOHE AMEKTPOMU3UKAIBIK 9IICTEP 931piey;

- AybIn mIapyanibUIBIFBI IIMKI3aThIH, OHBIH IIIIHJAE KaiTalama MIMKi3aTThl
OHJICYy KEe3IHIEe HAHO - JXKOHE OMOTEXHOJOTHS OIICTEpiH TaiigamaHa OTBIPHII
TEXHOJIOTUSIJIBIK MTPOIECTEP/l 331pIiey;

- Taramipl xo0aayIbIH 3aMaHayd 9JIICTEPi HETI3iH/e XalIbIKTBIH SPTYPIIi kKac
TomTaphl yiuiH (Oajnanap TaraMbl, MEKTEIKE JCUIHT1, MEKTEI, TePOAUCTUKAIIBIK
XoHe T.0.) Kammail TYTBIHY ©HIMJEpiH acay TEeXHHMKAachl MEH TEXHOJOTHSCHIH
o3iprey.

OcpIHIail TaKpIpBINTApAbl KaMTHIM, JKOCIAPChI3 KYPY MYMKiH €MeC, OCHI
cebernTep OMOTEXHOJOTHsSI cajlachlHa KoOalapiel Oackapy eTe MaHBI3bI €KeHiH
aran eTy KakeT. ByTiHTi TaHda aybll HIapyamlbUIbIFBl MIMKI3aThIH, OHBIH 1LIIHJIE
KailiTajamMa IUKI3aTThl TEPEHIETIN OHICYIIH WHHOBAIMIIBIK TEXHOJOTHSIIAPHI
OmoTexHONOTHsIFa HeriznenreH. bipkarap (epMeHTTIK mpemaparrtapisl KOJIAaHy
KOCBIMIIIAa KYHBI YKOFapbl OHIMEP/i allyFa MyMKIHJIIK Oepeai. AybUl IapyanibUIbIFbl
OHIIIPICIHIH KaJABIKTaphl aKybl3, OpTaHUKAJIBIK KBITIKBUIIAP, OipKarap KYHIBI
OHIMIEep oHE T. 0. ally YIIIiH HEri3 peTiHie naiganiaHbuTysl MyMKiH[9].

Cananpl HOTIDKENepTe KO JKETKi3y YIIiH TaKbIPBINTHIK HOTHXKENEpi Je icke
aceIpy Kaxer "broTexHom0rHs" CEKTOPHIHBIH OaFBITTAPHI:
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dapmareBTUKaIBIK, a3bIK-TYNIK XoHE T.0. VIIH OaFbpITTanFaH OMOKaTaiH3
TEXHOJIOTHSIIAPBIH 931pJicy;

- KaliTa eHJley OHepKaciOi )KoHe aybll IIapyallblIbIFbI;

- DTHOMOJICHH €CKEpiJie OTHIPHIN, a3bIK-TYJIK, OHJACY OHEPKICiOl KoHE aybll
[IapyalIbUIBIFGl VIIIH aIIBITKBUIAp Kacay MakcaTblHAa MUKPOOPTraHH3MIEPAiH
YKaHa KOHCOPLUYM/IAPBIH 33ipJiey KoHe alilMaKThIK epeKIIeNiKTep.

2021 xswimet Mackeyne benapycn, Kasakctan PeciybnmkanapsiHblH skoHe Peceit
®enepanusaceiablg Eypasusnbsik s3xoHoMuKanbIK komuccnsd (EQK) Typasnsl mapTsina
KOJI KOWBUIFAaHBIHA OH JKBUI TOJABI. PecMm mepekkes3nepleH KOpiHil TypraHaai,
OCBHI YaKbIT IIIiH/C JKOFapbl €HOCK OHIMIUIITIMEH Je, 3USTKePIIIK KOMIIOHCHTTIH
JKOFaphI YJIECIMEH Jie epeKIIeNIeHeTIH cajaiap/a eHEPKACINTIK KOOTepaIlusIHbIH
yKaHa OarbITTapbIH 1371y KYPIN *Karblp: OHOTEXHOJIOTHS, KACAH/bl MHTEJUICKT,
poborranapipy xoHe T.0. (Tpodumos, 2012).

OcwHBIH im1iHe XoOamapasl Oackapyma Kipemi, Kasipri yakeitra Kazakcran
Pecnyonukaceinpiy yntTeIK ctangaptel "KP CT ISO 21500-2014 >xobanapsin
Oackapy xeninaeri Hyckaymbik" 2014 it o3ipienin, 2016 xbsutrs! 1 KaHTapaan
Oacran kymriHe enai. Ocbutaiiiia, K00aabIK MEHEIKMEHT €JIiMI3JIeT1 )KaHa OarbIT
Ooubin TabeIaael. Kazakcranma sxxobanap et 6ackapyas! Heriziner PMI PMBOK(r)
xone IPMA GotibiHIna 3epTTeiini )koHe )xyprizeni. JKobanap/pl 6ackapy akmapaTThiK
TEXHOJOTUsIapchl3 MyMKiH emec. Conm cebenti OMOTEXHOJOTHs CalachlHAA
xobamapasl Oackapy VIIH akKmapaTThIK TEXHOJOTHSHBIH MaHBI3bl ©T€ YIIKEH.
AKMapaTThIK TeXHOJorusyap canaceiHnarsl JKobamapabl Oackapy Mocenenepi
OMOTeXHOJOTHSIHBIH ~ 0acka calajapblMeH KaTrap, JaWblH TEeXHOJIOTHSUIBIK
memimaepai Kazakcran PecriyOnukachiHIarbl KbI3METTIH OPTYPIIi caljiajapbiHa
OetiiMaey ypuici OacranraH ke3neH Oacran Kaszakcranma esekri Oosa Oacrajbl.
OTkeH FacwlpablH 90-KbUTIAPBIHBIH OacklHOA JkoHe oprachiHna Kaszakcranma
OaHKTIK, MyHail, OHIIPYIIi, OHAIPICTIK, TENICKOMMYHHUKALMSIIBIK, KYPBUIBIC KOHE
e3r¢ J¢ KOMMEPUUSIBIK VHBIMIAP KOMIIBIOTEPIIIK JKOoHE O(MHCTIK TEXHUKAHBI,
KehOip xarmaiiapaa cepBepiIiK ka0 IbIKTapbl CATHI alyMEH MISKTEIIi, OJapbl
SHTI3yMEH WIeTEeN/IK YHBIMIAp kUi aifHaibicaThiH. Onap ©3 Ke3eriHjae JaMbIFaH
CNJICPIIH THICTI KbI3MET callajapblHIa KYMBIC ICTEreH JalblH IIEHIMICPIl
YCBIHJBI JKOHE ajfa TapTThl. bu3Hec-mporecTepal aBTOMATTAHABIPY KOHE
aKIMapaTTHIK JKYHenepi eHri3y KaKeTTiIIT1, TKEeH FACBIPABIH 90-111bI KBUTAAPBIHBIH
asFpIHAAa FaHa maiga Oonapl. OHBIH OacTamachkl MEMIICKETTIK OpraHAapIIbIH,
KOMITaHUSUITAPIbIH, OAaHKTEP/IiH XKoHE ipi KOMMEPIHUSIBIK YIHBIMIAPABIH KbI3METiHE
OeliM/ICNITeH, XaJbIKapaJIbK CTaHIapTTap HEri3iHiae kolamapiabl Oackapy
JKOHIHJIET1 OacuiblIap MEH MEHeKepiepal Jaspiay Typallbl MOCEeleHi KeTepe
Oactanpl. JKobamapapl 6ackapy CTaHIApTTApBIH ayKBIMTHI Tapary maceneci 2000
KBUIIAPIbIH OachlHAa aKTyasibl OO Abl. YITTHIK KOMIIAHUSIIAP MEH ipi yibIMIap,
COHJIali-aK KbI3METI TiKeJled HeMece jkaHama TypJe »koOajdapIsl iCKe achIpyIbI
KaMTUTBIH Ka3akcTaHHBIH MEMJICKETTIK OpraHjaapbl KOPIIOPATHBTIK KypcTap
YUBIMIACTHIPHIN, ©3 KbI3METKEpJIepiH >koOamapabl Oackapy CTaHAapTTapBIHBIH
Herizzuepine yipere Oactanbl. Kazipri yakeirra Kasakcranma bl caiibla OipHere
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MBIH MaMaH MEHEDKMEHT OOWbIHIIA OUTIKTLTIriH apTThipaasl onapasH 20-30% -
b1 HeriziHeH PMI PMBOK(r) sxone IPMA OGoiibiHma ceprudukartanrad (¥ ITTHIK
OnoTexHoNIOTHsS OpTaNbIFbl, 2011).

Herisri wmocene OovibiHma KazakcTaHgarbl OHOTEXHOJOTHUSIHBI  KOOAIBIK
OackapyFa Kellipy KepeK eKeHJIIT KalbIHa Co3 KO3FAUTHIH O0JICaK, €H albIMEH
OHBIH cebenTepiH(kecte 1) KapacThIpy KepekK.

XKobanbIKk MEHEMKMEHTKE KOUly €H alIbIMEeH JJIEMAIK HapbIKTa Odcekere KaOlTeTTUTiKTI
apTTBIPAIbI.

Brorexnonorus canacsiHIars! xobamap sl )Ko0AIBIK OacKapyFa Kenry KaKeTTUITi

Kasakcrannarel 1aMy JIeHTeliH KoTepy OJIEMIK HAPBIKTAFbl 0OCEKENIECTIKTI apTThIPY
Bapibik KOHTHHETH OOlbIHINIA Oipereit eHiMaep JKYMBICTBIK oieKaiiia KeiMOaTKa TyCyl
CanaHbIH JKOFaphl OOTYBIH KaTaH Tajlal eTy JKyMBICTBIH YJIKEH KOlieMi

BuotexHonOrus caaachbHbIH K00AJBIK TapaybIHbIH | KoMepLusIIbIK sk00amapabiH a3bIFbl
TOMEH JIeHTreii
Kecre — 1. BuotexHos0rust canachlHAaFbl K00anap bl )K00abIK 6ackapyra KOy KaXeTTilir

bBuomexnonoeuss canracvinoagvl cobanapovl dackapyoasvl 06a20apraMaiblK
AHCACAKMAMAHBIY MAHBL3bL.

Anasiarel Oemikre Ka3akcTaHHBIH amabplHIA OJIEMIIK HAPBIKTa 63 OPHBIH Taly
YIIIiH OMOTEXHOJIOTHS CaTaChIH KOJIIAHKIT, 4 OaFBITTa JKYMBIC iCTeY KepPEeK EKSHIITIH
aTam KepCeTTiK. bysr GarbITTapabl AYPBIC opi cayaTThl TypIe iCKe achIpy YIIiH
MIHIICTTI TypJe *obamapasl 0ackapynbl eHTi3y KaKeT. A kobamapasl Oackapy o3
YaKbITBIH/I2 aKIMApaTTHIK TEXHOJOTHSCHI3 icKe achipbuiMaiinbel. Ockl cebenrepaeH
OMOTEXHONTHS  CaJacBIHAAFBl  KoOamapasl  OackapydblH — OarmapiaMalnbIk
»KacaKTaMachl 6T¢ MaHbI3/IbI.

buorexHonorus canacelHIAFel K00aJaFbl aKMapaTThIK TEXHOJOTHSIIAD —
ko00aja maiIanaHbUIaThIH aKapaTThl )KUHAY, CAKTay, 13]1eY, OHICY, KOPCETY KoHEe
Oepy TPOIECTEPiHIH JKUBIHTBHIFEL. bBHOTEXHOIOTHsMA XKO0aHBI OacKapy VIIiH
OipBIHFAl aKMapaTTHIK KYHEHI KYPY KaKeT, OUTKeHi )k00aHbl OacKapy MpoIeciHe
OacKapyIbIH opTYPIIi IEHIeHIIepiHAe aKmapar aaMacy KYpei.

AKnaparThIK Xyie 3 Ke3eriHae 0ackapy MpOIeCiHiH O0apiblK (QyHKIIHAIAPHI
VIIiH JKOHE OJIapIbIH KY3BIPETiI MEH jKayaIlKepIIUIirine coifkec Ko0aHBIH OapiIbIK
KaTBICYITBUIAPBIHBIH MYIICIIepl YIIiH OapiblK Ke3eHaepae koOamapasl 0ackapy
HOTHIKECIHJIC aJIbIHFaH aKMapaTThl KUHAyFa, CakTayFa, OHJCyre JKOHE Taparyra
apHaJIFaH Kypaijgap MEH TEeXHOJOTHsUIapAbpl KaMTuibl. JYKoOaHbl OacKapyabiH
aKImapaTThIK JKYWeCiHiH OacKamapiaH, MBICANbl, KOPIOPATHBTIK AaKMapaTThIK
JKyHenepaeH TyOereii albIpMaTbUTBIFBI-KOPIIOPATHBTIK aKIapaTTHIK KYHeIepIiH
KOIIITTIT KeKe (QYHKIFUIapAbl Koijay VImiH o3ipiaeHeni. MyHmai xyienep
KOMIIaHVSHBIH OeiMIrenepi OOWBIHITIA KYPBUTBIMIAIFAH, all )Ko0aHbI 6acKapyIbIH
aKImapaTThIK Kyieci Oenrimi Oip >kobara KaTBICTBI OPTYpJIi OeriMmImenep MEH
VHBIMIAPABIH AePEKTEpiH OipiKTIpeI.

JKoGaubIH opbIHIATY OapBICHIH JKOCIapiiay JXKoHe Oakpliay, COHmal-ak xo0a
OOUBIHIIIA MIENTiM KaOBUTIAyIIBIIAPALl KAKETTI KOHE JKETKUTIKTI aKMmaparieH
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KaMTaMachl3 €Ty YIIiH »XOOaHBIH aKIapaTThIK MOJIENIH d3ipiiey JKOHE ©3eKTi
KaFai1a Koiiay KakeT, 0J1 MbIHAIAp/Ibl KAMTaMachl3 eTe/i:

- JK0OaHBIH KYHTI30EIK JKOCIapiiapel, pecypcTapsl, KYHIBIK JKOHE 0acka 1a
KOpCETKIITepi OOMBIHIIA AKMAPATThl OPTATBIKTAHIBIPHUIFAH CAKTAY;

- )KYMBIC YKOCIAPBIHJIaFbl, PECYPCTHIK, KAPKBLIBIK JKoHE 0acKa Jia KaMTaMachI3
€Ty TYPJIEpIHIETi e3repicTepAiH JKOOAHBIH TYHIKUTIKTI HOTWDKENEpi MEH
KOPCETKIIITEPiHe 9CEPiH KBUIIAM Tallfay MyMKIHIIKTEpi;

- aKmaparThlK JKYMEHIH >KYMBIC ICTEYiHIH JKeNiJK peXHUMIiH/AE TapaTblUIFaH
KOJI/Iay JKOHE AepeKTep i )KaHapTy MYMKIHIIT1;

- ecenTep MeH TrpadUKabIK JuarpaMManiap/bl aBTOMATTaH/bIPbUIFAH TCHE-
parusiiay, ;ko0a OOMbIHIIIA KY>KaTTaMaHbI 931pJiey, CoH1al-aK JKoOaHbl 0acKapyibiH
0acka Ja MiHAETTepi MEH paciMIepiH MenTy MYMKIHIIKTEPI.

BHOTeXHOIOTHS calachlHIaFbl )KOOAHBIH YIHBIMIACTHIPYIITBUTBIK KYPBLUTBIMBIHIA
MaMaH/IaHBIPBUIFAaH aKMapaTThIK KOJJAY[bl KaXXeT ETEeTiH OacKapylIblH KeM
JETeH/Ie YIII ACHTel1 O0iHyl MYMKIH:

- )K0OaHbI 0ACKAPYIIBIH CTPATETUSIIBIK JCHISHi;

- JKeKe jk00aHbI OacKapy JeHreii;

- k002 KYMBICTAPBIHBIH OPBIHIATY JCHTCHI.

BroTexHOI0THs canachiHIaFhl )00aHbI OacKapy JACHIeHiH/Ie aKmapaTThIK Kyiie
YKYMBICTApP KEIICHIH KO CIapiaybl, JKYMbICTAP/IbIH OPBIHIATYbIH YHBIMIACTHIPYIbI
JKoHe OaKpUIaymbl, KOOAHBIH OPBIHIATY OapbICHIH TaJay MEH PETTeydi JKOHE
KOOAHBIH YKaOBUTYBIH KaMTaMachl3 €TE/l JKOHE KONJIaibl. BaciiblIbIKTHIH OyIT
JICHrell, eH aJiibIMeH, O0acKapylblH Oacka JIeHreHIepiMeH JEepeKTep aaMacyibl
YKOHE TaJaay MEeH Kee 0ackapy YIIiH eCenTep axyabl KaMTaMachl3 €TeTiH OpTYpIIi
Kipic mapameTtpiepi 60ap MOAENbAl ecenTey/li KOMMalThIH JKYMBIC KelleHAepi MeH
k00a pecypcTapbiHbIH 0apabap aKmaparThIK MOJCTIH KYpyFa MYMKIHIIK OepeTiH
KyaTTbl KYpalIapFa KbI3bIFYIIBUIBIK TAHBITAIBI.

buorexHoorusaa K00aHbIH TalChIPMANapbiH (BKYMBIC MAKETTEPiH) OPBIHAAY
JICHIeHIH/Ie KYMBICTAPJIbIH OPBIHJATYbIH PETTECHTIH JKOHE KaMTaMachl3 €TETiH
erKel-Ter keIl akmapaT KakeT, cebebi Oy camama jKaHAIBIKTAP OTE¢ ayKbIMIBI
Kapanaapl. byn akmapar »xo0aHbl Oackapy JeHreiiHeH oHe (QYHKIIMOHAIIBI
OenimmienepneH keneai. COHbIMEH KaTap, OChl JICHIeH/Ie dKYMBICTapAbIH OapbIChl
MEH pecypcTap/ibl Naianany Typaibl HAKThI JIEPEKTEP )KUHAIIBII, JKOFAPhl TYPFaH
OacmbiIbIKKa Oepinemi. Kazipri yakbITTa sKeprimikTi skoHe jkahaH[IBIK JKemiiepae
)o0ara KaThICyIIbUIAD apachIHAFbl OailJIaHBICTBI KaMTaMachl3 €TETiH 3aMaHayu
TEXHOJIOTHSIIAP/IBIH TMaiiia OOMYBIHBIH apKachlHIa JK00aHBI OacKapyablH (HeMece
»o0anap KeNIeHiHIH) TapaThlUIFaH WHTETPAllUsUIaHFaH )KYHEC! TY KbIPBIMIaMachlH
iCKe achIpy, HAaKThl YaKbIT PEKHUMIHIE ©3€KTI akKmaparThl >KWHAY JKOHE TapaTy
MYMKiH OOJIITBI.

BHOTeXHOJIOTHs CcalachlHAAFbl KOOaHBI 0OAaCKAPYIBIH aKMapaTThIK JKyHeciH
CHT13y HOTMXKECIHJIC MbIHAAAM MIHACTTEP/II ISy KaMTaMachl3 eTUIe/I:

BUOTEeXHONMOTHSIBIK MaHBI3BI  0ap JKOOAHBIH —apajblK HOTHXKEIIEepiHe KO
YKETKI3YIIH KYPBUIBIMBI, Y)KYMBIC KOJIeMi )KOHE JUPEKTHBAIBIK Mep3iMaepi OOUBIHIIIA
Tanaay JKoHe MIeIIM KaObIIaay pociMIepid Koaay;
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OJIeMIIIK HapbIKKa IMIBIFY VIIH KapXKbUIAHIBIPY MOCENeCiH KaMTHTHIH
KOOAHBIH JKOHE OHBIH JKeKeJlereH (hazajapblH iCKe achIpyFa KaKeTTI YaKbIT MeH
IIBIFBIHAAP/IBI aHBIKTAY, COHJIA-aK KOOAHBIH Kap)KbUIBIK KQKETTUTIKTEPIH YaKbIT
OolpIHIIIa OOy,

- K0OaHBIH JKUBIHTHIK YXOCHAPBIH 33ipiiey >KoHE >KOOAHBIH HETI3ri KaTbICy-
IIBUTAPBIMEH YaKbITINA, KOJIEM/IIK, KYHIIBIK KoHe 0acKa Ja mapameTpiep OofbIHIIa
HIemiMICPIl KeTiCy paciMIepiH KOJay;

- JKYMBICTap/bIH OPBIHAATY OapbIChl )KOHE OJapJIblH CHUIATTaMalapbl Typajbl
HaKTHI IePEeKTep/i KuHay (MbICAIIbI, OPBIHIAJIFaH KeJeMIep, Kap KbUIbIK, eHOeK,
MaTepuaIbIK KoHe 0acka Ja pecypcTap TYpJIepiHiH )KyMcajFaH MBIFbIHIAPHI);

- @3apa 9PEKeTTeCy JKOHE YKYMBICTHI YHIECTIpy MpPOIECTepiH KOJAay, OpBIH-
JaNybIH OaKbLUIAY JKOHE Kees OacKapy;

- OippIHFall JKYMBIC >KOCHApBIHIAFBl ©3repicTep OOWBIHINA MIeTTiMISPIl
KaOBIIAAy KOHE KEeNicy, KeTICUITeH MIeniMAepre ColiKec jKacaaFaH >KyMBICTapbl
OpBIH/IAY JKOCTIAPIIAPBIH Keel TY3eTy;

- ’)k00a meHOepiHe 1IIKi )KOHE CBHIPTKBI €CENTUTIKTI KOJIay.

BuorexHonorust canmacblHIarel jk00aHbl OacKapy[ablH 3aMaHayd aBTOMAaTTaH-
IBIPBUIFAH aKIaparThIK Kyhenepi keneci (pyHKIUSIIApIbIH OPBIHAATYBIH KaMTa-
MAachI3 €Tyl Kepek:

- JKYMBICTap/bl KYHTi30€JIiK )Kocnapiay;

- pecypcTapabl JKocTapiay;

- Jk00a omepanusIapblH OPBIHAAY YaKBITBIHBIH CBIHU JKOJIBI MEH pEe3epBTEepiH
ecernTey;

- JK0OaHBIH KapKbUIAHJBIPY, MaTepHajjap MeH >XaOIbIKTapFa KaKeTTiTIriH
ecernTey;

- TOyEKeIIePAl Talaay sKOHE TOyCSKeNIep i XKocmapay;

- )K00aHBIH OPBIHJAITYBI OOMBIHIIA HAKTHI IEPEKTEP/Il ECETKE aly;

- €CeTITi MaTepHaAap/Abl NaibIH/AY;

- ayMaKTBIK KallIbIKTaFbl MailanaHybuIapra Kol )KeTKi3y;

- KYoKaTTap/blH (IepeKTep/IiH) OPTAIBIKTaH IBIPhIIFaH KOMMAachI-0iTiM OaHKi;

- YKBIMIBIK (OipIecKeH) dKyMBbIC.

JKymeic nponecinin cb13dack 1-cyperte kepcerinreH. JJocTypii MEHEIKMEHTTIH
5 Ke3eHi:

1 xe3eH. bacrama. JKoba MeHemxkepi MEH KOMaHJa »o0ara KOWBLIATHIH
TajanTap/bl aHbIKTaiIbl. by ke3eHe ke3necynep

MeH "MU 1a0ybUIapbl” KUl ©TKi3UIe A1, OHIa )KO0aHBIH OHIMI KaHIai 00Jybl
KEpEK eKCH/IIT1 aHbIKTaIaIbl.

2 xezeH. JKocmapnay. bynm keseHjie komMaHJa aljIbIHFBI Ke3€HJIE KOMBUIFaH
MaKcaTKa Kajai )KeTeTiHiH 1emeai. byn ke3eHne komanaa xo0aHblH MaKcaTTapbl
MeH HOTH)KeJIepiH, COH/Iai-aK o1 OOMBIHIITA JKYMBICTAPIBIH KYPaMBIH HAKTHUTAH BT
KOHE erkel-Terkeisi kepcereni. OChl aKnapar Heri3iHJe KOMaH7a KyHTi30emiK
YKOCIIap MEH OIOKETTI KAIBINTACTHIPAIbl, TOYEKEN P/l Oarataiipl )KoHe MY eI
TapanTtapbl aHbIKTaHIbI.
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3 ke3eH. Jlamy. by xe3eH OapibIk xoOanap YIIH Ky3ere achIpbIIMaIbl —
olerTe OYJ JKocmapiay Ke3eHiHIH Oeiri Oonbim TaObutajbl. TeXHOIOTHSUTBIK
oOamapra TOH JaMy Ke3eHiHJe Oomaliak »KOOaHBIH KoHEe/HeMece ©OHIMHIH
KOH(QUTYpalMAChl JKOHE OFaH JKETYIIH TEXHHUKAJBIK OJIiCTepi aHBIKTaJabl.
Mgicanbl, ar »xobajapblHAa OCHl Ke3eHIe Oariapiamanay Tijdl TaHaalalbl.
(Orannplk ToxipuOene Oy ke3eH onxeTTe epekmenenOeini, an "Jamy" Tepmuni
KOJIAaHBIIIMali bl — IIaMaMeH. TPaHC.)

4 kezeH. Icke acplpy >xoHe TecTiney. byn ke3enne oOaHBIH HETi3T1 KYMBICHI-
KOJI azy, FUMapaT caiy >koHe T.0.

O3ipieHreH JKocmapiapra CyHeHe OTBIPBIN, OYpbIH aHBIKTaIFaH >KOOAaHBIH
Ma3MyHBl KypbUia OacTailipl, TaHIagfaH KepceTKimTep OoWbIHIIA Oakbulay
xyprizineni. Ocbl Ke3eHHIH eKiHII OejiriHae eHiM cblHanaabl, on Tarchipsic
Oepy1i MeH MYJIeTTi TapanTapblH TalalTapblHa ColKecTiri Tekcepineni. Tecriney
Oeirine eHIMHIH KEeMIIUTIKTEP1 aHBIKTAIa bl KOHE TY3ETUIE .

5 ke3eH. XKoOaHpl Oakpuiay jkoHe askray. JKoOara OalIaHBICTBI OYJ1 Ke3eH
Tariceipeic Oepyiirire ;x00aHBIH HOTHXKENIEPiH KaparnaibiM Typ/e OepyleH HeMece
XK0OaHBI JKaKCapTy >KOHE OJapJblH KaHAFaTTaHYIIBUIBIFBIH apTTHIPY JKOHE k00a
HOTHXKEJIEpiH KOJiay YIIiH KIMEHTTEPMEH ©3apa 9peKeTTeCYiH Y3aK MPOLeCiHeH
TYpybl MYMKiH. COHFBICHI KIMEHTTEpPre KbI3MET KOPCETy KoHe OaraapiamaiblK
KaMTaMachl3 €Ty cajlachbIHIaFbl )Ko0anapra KaTbICTHI.

Gacrama

Cy
MOHUTOPHHI
JKOHE asiKTay

1-cyper. XKobasbIk 6ackapyablH HET13ri Ke3eHIepi.

buomexnonozus canacvinoagvl xncobanapovl backapyoagvl macinioep, adicmep
men cmandapmmap. YKoba calachIHAAFbl KOCINIKOMWIAD MEH MNPaKTHKTEP
Ka3ip/iH e3iHAe OpTYpJi JIEHrehjeri >kol0anapra apHaiFaH KONTETeH omicTepIi
KaJIBIITACTBIPIABL. AJl OMOTEXHOJIOTHS cajachblHaFbl apHaiibl xKo0anapsl backapy
omicrepi OonmMacaza, OChl cajallarbl dJicTepai Koimanyra Oonaabl. EH OacThichl
MaHbI3Ibl HOpPCEHI TYCiHy: OOmKeT, Mep3iMaep, Ke3eHIEepAl Ccakray KoHe
KbI3METTEepAi Oackapy — o1 OapibliFbiHa opTakK Macese. Ocbl Macesenep KaMTbuIca
FaHa Ke3 KeJIreH jk00aHbl THiM/II OacKapyFra Ooabl.

Bacray yurin eH TaHbIMal1 )kKoHE THIMII OacKapy oaicTepiH KapacThIpalbIK:

e Agile

e Scrum

e PRINCE2
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1. Agile

Erep ci3niH OnoTeXHOIOTHS calachiHIarbl Ko0ama Oip yakpITTa OipHeIe Ka-
JIamIapbel opeIHIay KaxeT Oonca oHma Agile (2 — cypet) oficiH KongaHy IyphIC.
YKocmaprnay »oHe icke Kocy OYKin jx00a YIIH JKy3ere achlpbUIaJIbl, all d3ipIey,
TecTijey *oHe T.0. op Oeuik ymiiH Oenex yprizineni. byn Tocin marsH xoba-
JapIbIH HOTYDKENEPIH JKeleN UIrepijieTyre jKoHe OFOMKETKE YIIKEH IIBIFBIHCHI3
TY3ETYIIep €HTi3yTe JKoHE jK00aHBIH KaJFaH OeKTepiHe YaKbIT 06Jyre MyMKIHIIIK

Oeperi.

2 — cyper. Agile apiciHiH Ke3eHaEp1

2. Scrum (3-cyper)

Knaccukanblk MEHEDKMEHT NPUHLIUNTEPI MEH HMKEeMAl TACiI KeliciMuepiH
OipikTipy KakeT Oosca, »o0aHbl OacKapyablH Tamaria djici. by Tacin sxobara
apHaJFaH TalchlpMayiap/ibl KYPbUIBIMIAY/IA TEIe-TCHJIIKKE XKOHE OJIap/bl ©3repTy
ke3inge ukemiaikke ue. Conpaii-ak, Agile cusKTBI, Oy Tocinm OyKij mpouecti
OipzmeH icke acwlpyra OOnaThIH HIaFbiH koOamapra Oeseni. MeHemkep KaHmal
IIaFbIH K00ANap/blH €H MaHbBI3bl CKCHIH IICIIC/I JKOHE oJIapibl IiamMaMeH 4
anrara co3biiareiH "CrpuHT" Ke3eHiHe xkidepei. "CrupuHTTIH" COHBIH/IA KIIMEHTKE
Oykin eHiMHIH >kyMbIc "Oemiri" Oepineni. PR crparerusicein a3iprney meHOepinie
PR mMamaHnsbI cTparerusiHbl YChIHFaHFa )KOHE iCKe achbIpFaHFa JIeiiH naiiianany yuriH
KOMITaHUSl TypaJibl MaTepHalijapibl KaJbINTACTBIPFAH KE3JIe MbICAJ KEITipyre
Oonael. CIPUHTTIH Y3aKTHIFBI TYPAKThI, OIpaK KOMaH/1a OHbI )KOOAHBIH OachIH/IA,
OHBIH €PEKIIICIITiHe Kapai TaH kbl

Crnpunr (2-4 anra)

2 — cypet. Scrum 97iciHIH Ke3eHAepi
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3. PRINCE2

Yneioputanusgan mbelkkan ofic, on "PRojects IN Controlled Environments
version 2" ("0aKplIaHATBIH OPTaJaFkl sxo0amap, 2-Hycka') pereni ounaipeni. by
TOCLT ayKbIMABI MEMJIEKETTIK ko0anap MeH ipi yiibimaapra Oarbrrtanrad. O op
Ke3eH/Ie K00aHbIH OapJIbIK KATHICYIIIBLIAPEI apACKIHIA POIIIIepAl 00ITyTe HeTi3IeNTeH.
PRINCE2 karumarTapblHBIH OipiH — epeKIle >KaFmaaiiaapapl 0ackapy KaFWJIaThiH
XKYy3ere acelpajipl. MeHemkep k00aHbIH Mep3iMIepiHIeri, OIOKEeTIHeT1, JKaJIIbl
OaraMBIHIAFBl ©3TepicTep/l Kajaarajai/lbl oHE erep OYJl OHBIH OKUICTTITiHIe
Oonmaca, Oackapymiel Komurerke ecen Oepirt, Ty3eTy HYCKalapblH YCHIHYHBI KEpEK.

By nporecc sx00a MeHemKepi MEH TON MeHeKepiHiH Oip Hemece OipHeme
TarceIpMaliap/pl OpBIHIAy OOWBIHIIA ©3apa opekeTTecyiH KamTuiel. JKoba
MEHEeDKepi TarChIpMaliap bl OPBIHAAYIBI TOIT MEHE/KEPiHE TalChIPaIbl )KOHE O/IaH
YKYMBIC HOTHKEIEePiH KaObLIIaiIbl.

KasipriTana rek OMOTEXHOIIOTHS cajlachlHa apHA bl JKacasFaH OaFraapaamMaltbiK
KacakTama KoK, Oipak kenecinel xyienep konnaneicta Microsoft Office Project,
Primavera xone Project Expert.

Microsoft Office Project - Oy amOeban KYHTI30€mIK JKocmapiay jKoHe ko0a-
nmapJsl O6ackapy kyieci. XKeke skocmapiayra xoHe xo0anmapapl Oackapyra apHai-
FaH KYMBIC YCTelN KockiMmackl. Microsoft Project maiimananymnisiiapra opTaibik-
TaHJBIPBUIFAH TapaMeTpiepidi, OipblHFall pecypcTap IyiblH, X00a KaTbICy-
IIBUTAPBIHBIH OipIIeciIl )KYMBIC iCTeyl YIIiH BeO-mHTepdeicTi KaMTaMachi3 eTei
xone OLAP Tannay sxoHe %00a mopThOTMOCHH MOIETIBICY KYPaIIapblH KAMTHIBL.

Project Management KOpHOpaTWBTIK aKMaparThIK >KYHEHIH KypaMbIHIa Ja,
aBTOHOMJIBI TYpHE M€ MaijallaHyFa apHaJFaH, KYHTI30eNiK-KeIiIiK jkocnapiay,
CBIHU KOIIJIBI €CETITEY, pecypcTap/sl TeHecTipy, wWhat-if Tanmay skoHe wobamap/sl,
Ko0anap ToNTapblH, MopTdenbaep MeH OarmapiamMaliap/bl MOJCIbICYIiH Oacka
Jla MIHJIETTepiH memnnyai kamramacez ereni. Methodology Management >xo0aHbI
Oackapy OOWBIHINIA KOMITAHUSHBIH OLTIM 0a3achlH KaJbIITACTBIPYIbl )KOHE OFaH
KOJI KETKi3y/li KaMTaMachl3 eTe]ll.

Primavera Oarmapmamanblk jkacakramackl (Primavera Systems, Inc.) PMI,
IPMA sxone ISO cranmaprrapbiHa colikec xoOamapiasl Oackapy MpolecTepin
aBToMarTaHabIpyra apHanraH (Llerenneri ¥eutbim, 2011).

Byrinri Tagna eq TaHbIMan OarmapiamManap/sl KapacThIpaibIK;

1. Projecto

2. Trello

3. Asana

4. butpukc24

5. Microsoft Project

6. Plan.io
Projecto | Trello | Asana | burpukc24 | Microsoft | Plan.io
Project
¥ WbIMIACTBIPY KYPBUIbIMBI + - + + - -
bakpliay TakTachel )aHe BUIDKETTEP + + + + - -




NE WS of the National Academy of Sciences of the Republic of Kazakhstan

Kynrizoe + - - + + +
JKyMBIC YaKbITBIH CABICTBIPY + - - + - _
MinzeTrepai Koo jkoHe OaKbliay + + + + + +
bBacuibIHbIH aTbIHAH MIHACTTEP KYpy |+ - - - - -
Kobanapus! Kyprizy + + + + + +
Kyxarrap mypararsl + + + + - _
Kyxar aifHanbIMbl JoHE Ky>KaTTapsl |+ + + + - -
KeJticy

Xarrappl Tipkey + + - + R _
JKazbamap  OoiiblHmIAa  GipieckeH |+ - + - - -
JKYMBIC

Opraxk ¢aitnap + + + + + +
JKyMbICTaH MIBIFAPBLUTFAH KHI3MET- + - - - - R
KepIIep/IiH AePEKTEPiH TaChIMaIIay

Kaszak timi - - - _ _ _

2 — kecte. HapbIkTarbl TaHBIMAJ OaF1apiaMaliblK KacaKTaMaaapIblH CalbICThIPMAIbl KECTECI.

KopbIThIHABI

Kepin otbipranbiMbi3nail Oy OarnapiamanapAblH — OapibIFbIHAA — Ka3ak
Tl OpHATBUIMAaraH, Oyl MIENIUTy Kepek MocelelepiaiH Oipi aenm OHIaiMbIH.
buorexHosorus camacel Typajbl KONTEreH akmaparrap Tapanrad. Auaiaa, Oy
aKnaparrap SKeTKUIIKTI TYpA€ >KWHAKTaJbll, KYHeleHOereH, sIFHH KOOaJbIK
JEHTeUre KOTepiin, kobapanmpl O6ackapy wrepinMen kamraH. by skarmaiima
KYpbUIBIM/IaTIMaFraH OuriM canacklH Kepyre Oomanpl. OcblFaH OaiiaHBICTHI
KeJleciied KaKeTTUIIK TYBIHJAW/bl: OMOTEXHOJIOTHSl CaaChIHIIAFbl K0O0amapbl
Oackapymbl ayKeIMIBI TYpPAE JKYPTi3y YVIIiH OarmapiaManblK KaMTaMachl3 €Ty
KapacTeipy. OCBIHIal KaKETTUTIKTEp MaMaHAap, FhUIBIMU KbI3METKepIep, OiTiM
cajachl YUIIH TamThIpMac Kypall jKOHE OJIiC >KUBIHTBIFBI Oomazpl. JKeke koHe
MEMJICKETTIK KOCIMKepep VIIiH OMOTEXHOJOTHS CallaChIHIAaFbl HMHBECTHUIIUATA,
naMbiTyFa anein keieni. ConbiMeH Karap Ka3akCTaHHBIH angblHAA QJIEMIIK
HapbIKTa 63 OpHBIH TalOy YIIiH OMOTEXHOJIOTHS CaJIAChIH KOJIJAHbIN, 4 OarbITTa
KYMBIC iCTey KepeK eKEHJIriH aTtam KepceTTik. bym OarsITTapasl aypeic 9pi
cayarThl TypZe iCKe achlpy YIIiH MIHAETTI TypAe >koOamapabl OacKapymubl eHrizy
KaxeT. AJl yoOanapabl 0ackapy €3 YakbIThIHAA aKHapaTThIK TEXHOJIOTHICHI3 iCKe
aceIppuiMaliiel. Ochl cebenTepAcH OMOTEXHONTHS CaJacChIHIAFBI KOOATapIIbI
OackapyablH OarapiamMaiblK JKacakramachl eTe MaHbI3abl. KeniciHren xyiie
OolibIHIIIa OMOTEXHOIOT | CallachlHa apHalibl )KacaJlbIHFaH ko0anapabl 0acKapyabiH
OarapiaMabIK JKacaKTaMachl JalbIHAATYbl KaXKET.
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Abstract. The article presents methodological tools for the study of numerical
simulation of the process of magma outflow coming through a "narrow channel"
from the Earth's interior. The result of a numerical experiment for various
parameters of outflowing magma from a "narrow channel" is shown. Based on
the results of the experiment, conclusions were drawn about the process of raising
heated magma from the lower layers of the Earth. This emphasis makes it possible
to reveal a certain originality and scientific novelty in the development of methods
for studying seismic shock processes. And the development of methods, in turn,
made it possible to obtain new scientific results, which are also presented in this
article.
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AnnoTtauus. Maxanana JKepaiH ki OeJliriHeH «Tap apHa» apKbUIbI KEJICTIH
MarMaHblH IIBIFy TPOLECIH CaHJBIK MOJCIBACYAl 3EPTTEYIiH OJiCTeMEiK
Kypajijapbl yCbiHbUIFaH. «Tap apHajgaH» arblll JKaTKaH MarMaHblH OpTYpIIi
napameTpiiepi OOibIHIIA CaHABIK TKIPUOCHIH HOTHMXKeci KepceTrinreH. Taxipuode
HOTIOKeNepi OoiibiHIa JKep/iH TOMEHr1 KabaTTapblHAH KbI3/IBIPbUIFAH MarMaHbIH
KOTEpLIy MPOLEeCl Typasibl KOPBITHIHJbLUIAP YKacaJbl. byJl eKIliH CelCMUKaJIbIK
CUIKiHIC TIpOLIeCTepiH 3epTTey oAicTepiH a3ipieyne Oenrisi Oip epeKiuenik mneH
FBUIBIMU YKaHAJIBIKTHI alllyFa MYMKIHIIK Oepeii. AJI o/iicTep/IiH JaMybl, 63 Ke3eTiH/Ie,
OCBI MaKanaja Jia OepijireH >kaHa FBUIBIMU HOTHIKENIEPl adyFa MYMKIHAIK Oepi.

Tyiiin ce3aep: kypjeini npoiecc, acteHocdepa, urocdepa, MAaHTHS aFbIHBI,
marma, HaBbe-Ctokc Tenjeynepi, PeliHONbIC CaHbl, MareMaTHKAJbIK MOJICIIb,
CaHJIBIK TOKIpHOe, nuier(, CeHCMUKAIIBIK COKKBI IPOIiecTepi
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AunHoTauusi. B crarbe mpuBeneH METOAMYECKUN HHCTPYMEHTApUU UCCIEIO-
BaHMS, YUCIEHHOE MOJIEIUPOBAHUE IPOLIECCA UCTEUEHUSI MArMbl, MOCTYIAIOIINX
0 «y3KOMy KaHamy» u3 Henp 3emun. [lokazan pesyasrar YHCICHHOTO
SKCHEPUMEHTA JIsI Pa3/IMYHbIX IapaMETPOB HCTEKAIOLIEW MarMbl U3 «y3KOrO
kaHazna». Ilo pesynbraram 3KCIEPUMEHTA CJI€JIaHbI BBIBOJIBI O ITPOLIECCE MOAHATHUS
pa3orpeToil MarMbl U3 HIKHUX CII0€B 3eMiu. Takoil akIeHT MO3BOJISICT BBISIBUTD
ONPENEICHHYI0 OPUTMHAJIBHOCTh M HAyYHYIO HOBHU3HY B Pa3BUTHUU METOJOB
HCCTIEIOBAHUS MPOLIECCOB CEHCMUYECKOTO TOMYKA. A Pa3BUTHE METOMOB, B CBOIO
ouepeb, MO3BOJIMIIO IOJYYUTh HOBBIE HAy4YHBIE PE3YNIBTATHI, KOTOPBIE TAaKKE
MPUBOJIATCS B HACTOSIIIECH CTaTheE.

KuroueBble ci1oBa: ClIOKHBINA POIECC, MAHTUHHBIN ITOTOK, MarmMa, ypaBHEHUs
Hagse - Ctokca, uncino PeitHonbaca, MaTeMaTu4ecKas MOJAEIb, IPOILIECCOB CEHCMU-
YECKOI0 TOJIYKA

BBenenue

I/I3BCCTHO, qTo OﬂHOﬁ nu3 np06neM B Hay‘-IHI)IX HCCIICOOBAHUAX ABJISACTCS
W3yYCHHE CIIOKHBIX IPOLIECCOB, MPOUCXO/SIINX B 3 MHBIX Heipax. MHorooOpasue
3TUX HpOHCCCOB nu HpI/I‘iI/IH X BOBHUKHOBCHUSA Tpe6y}0T HCIIOJIB30BaAHUA paSHI/I‘lHI)IX
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crnoco0oB Mx HuccienoBanus. OfHAKO, BO MHOTHX CIIydasiX 3KCHEPUMEHTaIbHBIC
WIA aHAIMTHYECKUE MCCIIC/IOBAHHS CBS3aHBI C M3BECTHBIMU TPYAHOCTSAMH H3-32
CIIOKHOCTH PAcCMaTPUBAEMBbIX SIBICHHH.

«OOLEenpU3HAHHO, YTO IPU H3YyYCHUH MHOTUX CJIOKHBIX SBJICHUN HEIb3s
OTPaHUYMBATHCS IKCIIEPUMEHTAIBHBIMA U AHAIUTHUYCCKUMH HCCICIOBAaHHIMHU.
[IpuMeHeHne KOMIBIOTEPHOM TEXHMKHM M TEXHOJIOTHMH Uil PEILEHHS CIIOMKHBIX
3a]a4, 0COOEHHO KOTZIa OHM HE MMEIOT MPOCTHIX PEUICHUH, MPEANoaraeT moucK
YHCJICHHBIX METOIOB M cO31aHMsI d((PEKTHBHBIX aJTOPUTMOB M INPOrpaMM JUist
X peanu3anuu. lcnonb30BaHME YMCIEHHBIX MOZEIEH MO3BOJIET HM30aBUTHCS
OT TOOOYHBIX (PAaKTOPOB M CKOHIEHTPUPOBATHCS HAa TIJIABHOM, YTO ObIBaeT
HEJEeTKO JTOCTHYh B peallbHOM d3KcriepuMenTe» (bemomepkoBckmii u ap., 2008:
512). IloatomMy [uIst perieHus 3ajad, MoJy4aeMbIX B pe3ysbTare MOJeTUPOBaHU
paccMaTpuBaeMoro 31ech Mpolecca NCTEUCHHUS CHIIbHOBSI3KON JKUAKOCTH, MOXKET
OBITh UCIIOJIL30BAH YUCIICHHBIN METO/I.

[Ipeamonaraercs, YTO JBW)KEHHE pPacCMaTpUBaeMOHW 34eCh JKUAKOCTU
omHchIBaeTCs ypaBHeHUIMHE HaBbe - CTOKca Ipu O9eHb MaJIbIX unciiaX PeifHombaca.
Hnst pemieHust 3anadd, cHOPMYTUPOBAHHOW JJisl TOMYYCHHBIX YpaBHEHHIA,
HCTIOJIb3YETCS] KOHEUHO-PAa3HOCTHBIA METOJ, IPUMEHUTENBHO ISl JAHHOW 3a1a4u.

U3 reonornueckux MCCIeOBaHUN M3BECTHO, YTO OJHON W3 INABHBIX MPUYHH
CTPYKTYpPOOOpa30BaHus B HEApax 3eMJIH SIBISIETCS MPOLECC MOAHSATHS MarMbl 3
HIWKHUX cinoeB 3emuud. [lo manabM 3THX HccnemnoBannid (Ky3smun u ap., 2016:
11-30; doGpeuos u ap., 2001: 409), B pe3ynbrare HCTEUSHUS MAHTHHHBIX BEILICCTB
13 HIDKENEXallel MaHTUU B acTeHOoc(epe BO3HUKAET T.H. IIoMbl. «ILmtombl Ha
MOBEPXHOCTH 3eMIIM TPOSBISIIOTCS B BHJEC HM3JIUSHHS PACIUIABICHHOW Marmbl
MEPEeMEHHOTO, HO OOBIYHO IIEJIOYHOTO cocTaBay ([loOpemoB u mp., 2001: 409).
BoznnkHOBeHME TUTIOMA IO TUTOC(HEPOi SBIIIETCS MPUIMHON MHOTUX SBJICHHH,
MPOUCXOSIIUX B 3E€MHOH KOpe, Kak BYJKAHW3M, CEHCMHUYHOCTb M JPYyTHUX,
OKa3bIBAIOLIMX BJIMSHUE HAa CTPYKTYpoOOpa3oBaHHWE B BEPXHUX CJOSX 3eMJIH
(Kyung u ap., 2010: 2539-2550).

B c¢Bs131 ¢ 5THM HCce10BaHus 110 HAIIPABJICHUIO U3YUCHUS SIBICHUM, CBI3aHHbBIX
C JIaHHBIM TPOIIECCOM TMOJHATHUS MAHTHIHBIX BEIICCTB U UX M3IHSHUS, SBISIOTCS
aKmMyanrbHeIMy 1 UMCIOT BaYKHOE TEOPETHUYECKOE M MPAKTHUECKOE 3HAYCHHE IS
N3y4YCHUs] TAKUX KaTacTpO(pHUUECKUX SBICHUI KaK 3eMJICTPSCCHMS, BYJIKAaHU3M U
IpyTHe.

CHOXXHOCTP M3y4Y€HHMsI ATHUX SBJICHUM M HENOCTYNHOCTb OOJBIIMHCTBA
JIOCTOBEPHBIX CBEJICHHH O TMpoleccax, MPOUCXOSIIMX B DIyOWHHBIX HeApax
3eMiH, 3aCTaBISIOT MCCIIEAOBaTeNIeH UCIONb30BaTh METOABI MaTEMaTHYECKOTO U
KOMIIBIOTEPHOTO MOJICTTHPOBAHHS.

Ha ocHoBe moiy4eHHOH MareMaTH4ecKod MOJENH IMOCTaBjlIeHa CIeAyIoIas
MareMaTHyeckasl 3ajada, B pe3ylbTaTe peIIeHHs KOTOPOH JOJKHBI OBITh
OTIpeIeIeHbI:

- 3aKOH M3MEHEHUs 00J1acTH, 00pa30BaHHON BBHITEKAIOLICH U3 «Y3KOI0» KaHalla
KHUIKOCTBIO;
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- JIBIDKCHHMS BEILECTB, COCTABISAIOUINX acTeHOC(epy;

- HaNpsDKEHHOE COCTOSIHUE BBILLIENEKAIICH JTUTOCHEpHI.

Iocmanoexa 3a0auu. I1ycTh 0] HEKOTOPOUW TOPU30HTAIBHON MOBEPXHOCTHIO
UMEETCSl «HCTOYHHMK», KOHEIl «Yy3KOro KaHajla», M3 KOTOPOro MOCTyMaeT Ha
3Ty IOBEPXHOCTh BEIIECTBA, HMEIOLIME CBOMCTBA CHJIBHOBA3KOM >KHUAKOCTH.
«HcTouHNK» TpeAcTaBiIsgeT COOOM HEKOTOPYIO IIefb, M3 KOTOPOH BBITEKACT
CHJIbHOBSI3Kasl )KUAKOCTb C HEKOTOPOH 3aJJaHHON CKOPOCTBHIO.

TpeOyetcs onpenenuTs IBMKEHUE 3TOH KUAKOCTU MOCTIE UCTEUCHUS U3 IEIH,
a 3aTeM OINpeJeNUTh 00JacTh, KOTOPYIO OHa OyAET 3aHMMAaTh C TCUCHHEM BPEMEHH.

«HcTouHnK» MOKET OBITH 110001 (opmbl. C 1eNbI0 YIPOLICHNUS 3a/1a4l MOKHO
CUUTATh, YTO OHA SIBJISETCS KPYIVIOM C ONpPEAEICHHBIM PaaAnycoM 7, a TaKxke
paccMaTpuBarh 3a/1a4y B IBYMEPHOM CHCTEME KOOPAMHAT XOZ, B KOTOPOii 0Chb Z

HampaBJeHa BBEPX, 00paTHO HAPaBJICHUIO BekTopa cuitbl Tshxectn g€ (Pucynok 1)
. Hauaso cucremsr koopauHar O HaXoAUTCS B cepeArHe (IIEHTPa) «MCTOYHHIKAY.

z

—

+g A2

77777 o v V777 x

PPICyHOK 1 — Cucrema KOOpAWHAT U KOHCIL «Y3KOT'O KaHaJla»

B pesymprate MaTeMaTH4ecKOro MOAEIMPOBAHHS MpoLecca HCTEYSHHUs
MarMaTU4ecKuX BEUIECTB U3 «Y3KOT0 KaHallay B BEpXHEH MaHTHH 3eMJIH, TOTy4YeHa
MareMaTH4YecKkas 3a/ja4a 0 peIeHUH CIEAYIOIEro KBa3HJIMHEHHOTO HEOTHOPOAHOTO
ypaBHeHus mapadoiuyeckoro tumna (Jlookosckui, 2016: 11-30; Kypanbaes, 2008:
212): n xoHen

Z—L: = %%(u%) + {v()(1—x2), ecru—1<x<1;0,
e —oo<x<-1 1<x< 400 (nH
3necs:

X - TOPU30HTAJIbHASL KOOPIMHATA,

t —Bpems;

u =1u (X, t) — UCKoMast (yHKITUS, ONMMCHIBAIOIIAsi CBOOOAHYIO MOBEPXHOCTH
o0nacTu, 3aHNMaeMON BBITEKAIOIIECH U3 «KaHAJIay KHUIKOCTHIO;
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v (t) — CKOPOCTh BLITCKaIOH.leIZ 13 «KaHaJia» ) XUJKOCTU B IICHTPC CCUCHUS;

ER = p,‘]qg — Oe3pa3MepHBIi mapaMeTp, 3aBUCALIMNA OT XapaKTEPHBIX BEITHMYUH:
H - ropusoHTanbHBIN U T — BEPTUKAJIBHBIA pa3Mephl paccMaTpruBaeMoil o0nacTH,
U — XapakTepHasi CKOpPOCTb, P — IUIOTHOCTb, 1 — AMHAMHUYECKUH KOdPPULIUEHT
BA3KOCTH JKUAKOCTH, 9 — yCKOPEHHUE CUIIBI TKECTH.

B ypaBnenuu (1) Bce BenM4YHHBI SBISIIOTCS Oe3pa3MepHbIMU. s perenus ero
HCHOJB3YIOTCS YCIOBHSI, BEITEKAIOINE U3 CYIIIHOCTH TOCTAHOBKH 331auu.

HauanpHoe ycnoBue (npu t=0) ©MeeT Cleayonuil BUI:
t=0,u(x,0)=0. 2

FpaHPI‘IHBIe yCJ10BUsA MOTYT OBITh 3aaHbl C YUCTOM CUMMETPHUU OTHOCHUTCIBHO
BCPTHUKAJIU:

—o, 20D g, (3)
dx

X =p(t), u(p(t),0)=0. 4)

3nech: p (t) — HewsBecTHas (YHKLMs, OMMCHIBAIOLIAs HM3MEHEHUE MPaBOn
rpaHuLBl 00JIACTH, 3aHUMAEMOH KUAKOCTHIO. DTa QYHKLUS SIBISICTCA HEM3BECTHOM,
OHa MOXeET OBITh OIpe/IeJIeHa CIeAYIONIeH (HopMyIIon:

T Oule,ydx =2 [ v (©dL.(5)

Ecnu Oynet 3amana ckopocTh v(t), T mpaBasi 4acTh 3ToU (GopMymsl (5) MOKET
ObITH ompesesieHa HHTerpupoBanrueM. CrenyeTr y4ecTb, 4TO B HadaJbHbIi MOMEHT
BpPEMEHH,

npu t=0, p(0)=0. (6)

Wrak, 3meck Tpedyercs pemuts 3anaqy (1) - (4) i ypaBHeHHS TapaOOITHYECKOTO
Tina ¢ yderom ¢opmyn (5) u (6). B nmanHOM citydae HEOOXOMUMO PpEIIUThH
(akTUYECKH BE 3aJa4H:

- Halitm ¢QyHKOUO p (t), ONPENENAIONIyI0 TPaHUIYy OOJACTH, 3aHUMaeMOi
KHUIKOCTBIO;

- HaiTh DyHKIHIO U(X,t), YIOBIETBOPSIONIYIO ypaBHeHHIO (1) u yciaoBusaMm (2)
- (4).

Memoo peuwienus. Vines mMeroma pelleHHs TaHHOW 3aJadd 3aKIOvacTcs B
cienyromeM. s HEKOTOPOro MOMEHTa BPEMEHM HAXOAWTCSl PELICHHE 3aJaud
(1) - (4) meTomoMm KOHEUHBIX pazHocTel. s mepexona K ciaeayIoneMy 3Ha9eHHIO
BpeMeHH t+At TOMKHO OBITh Hali/IeHO 3HaYeHue pyHKIuu p(t+At). 3aTem perraercs
3amada (1) - (4) g HoBoro 3HaYeHUsS P(t+At) u T..

[lycte BHauasie paccMaTpHBaeTCsl pacdyeTHas CXeMa Ul peLIeHHs 3aiaqd
(1) - (4) meTomom KoOHEUHBIX pa3HocTel. lIpeamonaras, 4To 3HaYeHWE QPYHKIIUU
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(t) s KOHKPETHOTO 3HA4YEeHHUs] apryMeHra t (UKCHPOBAHHBIM, HCIOJIB3YETCS
HesiBHAs HelMHelHas pacyeTHast cxema (Tuxonos u ap.,1977: 736). BeiOpas maru
pa3bueHus 1Mo apryMmeHTaM: mo t — 1, a mo X - h, MOXKHO 3ammcarh cleIyIoLHe
(hopMyIIBI, 3aMEHSIOLINE TPOU3BOAHBIC HCKOMOH (PYHKIINY KOHEYHO — Pa3HOCTHBIMHU
COOTHOUICHUSIMHU:

ou _ Ujj+1—Uij,

E ~ < B (7)
a ( ou 1 ((Uijer + Uipr jar\3
a(ua) ~ ﬁ{(%)  (tinn jo1 — e ) —
Ui w3
_ ( i 11+12 u+1) . (uij+1 —Ujg j41 )} (8)

dopmyna, umeromascss B mpaBod yacth ypaBHenus (1), Oymer 3ameHeHa
CJIEIYIOIIUM COOTHOILLICHHUEM;

v(©)(1 —x2) = vj4q (1 —x7). )

B ¢opmynax (7) — (9) BBeneHs cieayromue 0003HaYCHUS:

i - HOMep TOYKH 110 KOOPAMHATHON OCH X;

J - HOMED, OMPEJIETAOIIMIA MOMEHT BpeMenu t,T.e.t =j-7; j =0,12,..,m;

uj=u(x;, tj);

x; = h-i;, i=012,....,n

v, = v(tj)— M3BECTHBIC (3aIaHHBIC) BETMIUHBL.

Pacuemnas cxema. llopcrapnss dopmynst (7) — (9) B ypaBuenue (1), MoxKHO
MOJYYHUTh CIICAYIOIIYI0 JUCKPETHYI (OPMYITy OTHOCHTEIBHO HEU3BECTHBIX
3HAYEHU I u; MCKOMOM (DYHKITHH:

3 3
o — ay..4— ERT [ (Uij+1+ Uita j+a Ui—1 j+1+ Ui
Uijer = Wit m{(f (i jer —wien ) = (S

. (ui]-+1 — U141 )} + {vj11 (1 - xiz), ecu 0<i<k;0,

(10)

ecmnk+1<i<n;

3nece k= % - KOJIMYECTBO TOUYEK, IAe (QYHKIHUS  OTIMYHA OT HYIIS,
j=012,..,m

Crnenyer OTMETUTh, YTO MapaMeTp N SBIAETCA IMEPEMEHHOM BETUYMHOMN C
TEYEHHUEM BPEMEHHU.

®opmyna (10) 119 KOHKPETHOTO 3HAUYEHHUSI j SIBISIETCS] CUCTEMOM anredpanye-
CKUX YpaBHEHHH OTHOCUTEIBHO IUCKPETHBIX 3HAYCHUH HCKOMON (YHKIIMN L

[Tycts Teneps paccmarpuBaercs Gopmysa (5).

Ecnu Oyner 3agana gynkuus v(t), T.e. MaKCUMallbHasi CKOPOCTh BBITEKAIOLIEH
W3 KaHaja )KUAKOCTH CYMTACTCS 33JaHHON YTO MPaBYIO 4acTh GOPMYJIBI (5) MOKHO
CUMUTATh U3BECTHOM.
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HYCTI: npeanojaaracTesd, 4ro

f (t)= %fot v(t)at (11)

Ota QyHKUUs SABISETCI MOHOTOHHO BO3pacTarouield QyHKIHEH, T.e.
ft+at)=f(), at>D0.
WuTerpan B s1eBoii yactu GopMysl (5) MOKET OBbITh 3alMcaH B BUJE:

p (t+At)

b () u(x, t)dx. (12)

fop (t)u(x’ t)dx — fop (t+At)u(x, t)dx _

[Tpu manom 3HaueHNH At MOKHO UCITONIB30BaTh TeopeMy o cpenHeM (Kypambaes,
2008):
p (t+At)
[ utendr=u® o @ +a 0 -p @]
p ()

rie E(t) _ u(x, t+A2t)+u(x,t).

U3 dpopmyasl (12) cnenyer, 4to
I (HM)u(x, t)dx — fop (t)u(x, t)dx

_Jo
pt+at)—p()= w
HNIn
p(t+at)—p(t) = [ E2TO (13)

u(t)

k. [Py de = f e +at),  [POu@ dx = £(0).

Ecmu caurare, uto At =1 10 U3 popmymsr (13) cienyer
Fjr=1p (14)

)
Ujj+1HUij

Piy1=P +

e P =p(t), j=012,..,m

Wrak, monmydennsie auckpetHbie Gopmys (10) u (14) onpenensror pacyeTHy O
CXEMy JUIsl ONPE/ICICHIS 3HAYCHHIA MCKOMBIX QyHKIMA U, 1 P..

Memoo npoeonxu. ®opmymna (10) mpencrasiser codol cucTeMy anredpandecKux
YpaBHEHHH, JUIS pEIICHUs KOTOPOH 11e1eco00pa3Ho HCIOJIb30BaTh METOJ HTepalnii,
TaK KaK YpaBHEHUS SIBISIIOTCS HeNMMHEHHBIMU. C 3TOH 1ENbI0 CHCTeMa YpaBHEHUIH
(10) nomkHa OBITH TpeoOpazoBaHa B CIEAYIOIINN CTaHIAPTHBINA BU:

Ai- YViea— G- yi+ A1 Yisn = —Fi. (15)

rie = 1,2,...,n-1; mpuyem n MoXxeT OBITh TIepeMeHHo. B atoii popmyne (15)
BBEJICHBI ClIeyIoIIne 0003HaYCHUS:

Ui—1j-1 = Yi-1 Uij+1 = Vi Uit1j+1 = Yi+1
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ER T J’i—1+3’i)3.
2

S ; A, = BRE @ity (16

i 3 RZY 2 ’

Cl:1+ Al+ Ai+1; Fl':_yi_{Vj+1(1_ .X'iz, ECHI/IOSiSkO,
ecuk+1<i<n

Koaddurmentsi cucrembl ypaBHeHuii (15) 4;, C;.1, F; ABIAIOTCS BHIPAKEHUAMU
OT 3HAaY€HUH NCKOMOH (DYHKIMM B IIPEbIIyIIEH HTEpaly, a B ypaBHeHusx (15) y.
SIBIISIETCS 3HAYCHHUEM CIIEYIOIIEeH nTepanuu.

B kaxkmoi utepanuu cuctema ajreOpanmdeckux ypaBHeHwii (15) pemmaercs
MeTOZI0M NPOroHKH. COIMACHO CYIIHOCTH J@aHHOTO METO/A, PELIECHHE CHCTEMBbI
ypaBHEeHUH (15) UIETCs B CIEAYIONIEM BUJIE:

Yi = Qi1 YVier T Bira (17)

Tak xax cucrema (15) mpencraBiser ¢ co0OW CHUCTEMY aireOpamuecKux
YPaBHEHHUH C TpeyrojbHOH Marpuuei. 3mech o, B, ABIAIOTCA HEM3BECTHBHIMM
k03 puneHTaMH, Ha3bIBAEMBIC TPOTOHOYHBIMH.

MeToz TPOTOHKH COCTOMT U3 JIBYX 3TAIOB: MPsMasi IPOTOHKA HCIIOIb3YeTCs ISt
BBIYKCIICHHS TIPOTOHOYHBIX KO3 uimeHtoB &; u f3,, a B 00paTHOM MPOroHKe
BBIYHCJIAIOTCS HCKOMBIE 3HAY€HUS! (PYHKIMH Y.

Jlnst onpeieneHust NEPBBIX NPOTOHOYHBIX KOO(P(GULMEHTOB 0., ¥ 3, HCTIONB3yeTCs
rpanuuHoe ycnosue (3); CpaBHeHUE cienyroImux Gopmyi:

Yo = Yui

Yo= ay1 + B

MTO3BOJISIET OTIPEIEITUTH

a =1 B,=0, (18)

Tenepr ucmonb3yeTcs ciemyromias mpeodpasoannas Gopmymna (17):

Vi1 = aiyi + Bi (177

IMoacrasmnss hopmyy (177) B dhopmymy (15), MOKHO TIONYUHTE CIAETYIOIIYIO
(bOPMyny:A. ot A

yi = ﬁ Yirr ¥ o (19)

CpasuuBas ¢popmyist (19) u (17), MOXKHO TOTYYUTH CIIEAYIONINE PEKYPPEHTHBIE
(hopmybL:

Aiy1 =

Aiyr _ FitAipi 20
Ci—Aja;’ 'Bl+1 N Ci— Aja; ( )
IIpsimas npoeonxa: ucnonb3ys Gopmynsl (18) u (20), MOXHO HAWTH 3HAYCHUS
MIPOTOHOYHBIX KO (DUITNEHTOB.
W3 rpanmanOTO YCmoBus (4) ciemnyert, 94To

Y, =0 21)
Obpamnas npozonxa: Gopmyisl (21) u (17) O3BONIAIOT OMIPEETUTH HCKOMBIC
3HaueHus QyHKIUH y;, {=n,n-1,..., [

CoBokynHOCTE Gopmyin (18), (20), (21) u (17) 0Opa3yroT YHCICHHYIO MOJICITb
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nmocTaBieHHoOH 3a1aun. [1o aTuM GopMyaMm MOTYT OBITh BBITOJHEHBI BEIYUCICHUS
JUTSL OJTHOM MTEpaIiK, KOTAa 33JaHbl 3HAYCHUST HICKOMOW (DYHKIIMHU B TIPEIbITYIICH
UTEpaluu.

Memoo umepayuii. Teniepb HEOOXOTUMO OTIPENICITUTH (POPMYJIBI JIS BHITTOTHCHHSI
UTEPAIMOHHOTO TPOIecca.

ITycTh BBOASATCS CIACAYIONIME 0003HAYCHUS:

Z, — 3HaYeHUe UCKOMOH (yHKIMHU B NpeblTyIIel uTepanuu;

Y, — 3HaYeHHE 3TOH ke QYHKIHUHU B BEIYMCIAEMON UTEPAIMH.

Torna xoaddurment (15) OyayT 3anvcanbl B CIEAYIONIEM BUIC:

A= a- B g = - ey (2)
Fi==Zi— {Vj31(1— %), ecmn0<i<k; 0,emk+1<i <n;

ER
e a = P IIOCTOsIHHAs BEJIMYHKHA.

AJNTOpUTM MTEPAIIOHHOTO Ipolecca OyIeT UMETh CIIEIYIOIINE ATAIBL:

1°. BBOZ HaYaJIbHBIX 3HAYEHHH UCKOMOH (DyHKIMM y, B MOMEHT BPEMEHH t, TO
€CTb IIpY | (HyJIeBas UTepanys); IPUCBAUBAHUE (. = Y, (3HAYEHHUs B IIPEbITYIIUN
MOMEHT BPEMEHHU, IPH ):

2°. ITukn 1o mapameTpy OT Hyls [0 N il IPUCBAaUBaHusA Z =Y.

3°. LlmkJ1 o mapaMeTpy s BBIYMCICHHS KOO PUIIMEHTOB CUCTEMbI YpaBHEHHI
(15) mo popmynam (22).

4°, TIpsimasi MpOroOHKa:

4.1. Beruucnenue no Gopmynam (18) nepBbIX NPOrOHOYHBIX KOI(PHHUIINEHTOB;

4.2. llyxit 1o mapaMeTpy 1 AJsl BBIYMCICHHUS HPOTOHOYHBIX KO3()(HUIIMEHTOB
o ¢popmynam (20).

5° OO6parHasi IpOroHKa:

5.1. Beruncnenue y, o gpopmyie (21);

5.2. Ilukn o napameTpy i Ul BBIYMCIIEHUS 3HaYeHud y,1i=n-1,n-2,..., 1 mo
dbopmye (17).

6°. BeruncieHre abCoOMOTHON Pa3HOCTH 3HAYEHHI NCKOMOW (DYHKITMHM JUIs IBYX
UTEpaLuil ¢ MOMOIIBIO LIUKIIA 110 i

vi=lyi— zl, i=0,1,2,...,n.

7°. OnpeneneHrsi HANOONBIIET0 3HAYCHHUS MACCHBA 1y , i =0,1,2,..., .

8°. [IpoBepka ycIIOBUSI TOYHOCTH BBIYHMCIICHHIA:

yi<€

8.1. ecam naHHOE yCJIOBHE HE BBIMOJHIETCS, TO OCYIISCTBISIETCS MEpEXon B
IyHKT 2° 17151 IPOJ0JDKEHHST HTEPAllMOHHOTO TIpoIecca;

8.2. ecnu [aHHOE YCIIOBHE BBINIOJHSIETCS, TO CUMTAETCs, 4YTO Tpedyemas
TOYHOCTbH JOCTUTHYTA U 3aBEPLIACTCS] UTEPALIMOHHBIN poLecc.

B pesynbrare BBINOJIHEHWsS JaHHOTO WMTEPALMOHHOIO IMporecca OymyT
OIpe/IeNICHbl 3HAYeHUs MCKOMOW (YyHKUMH Y, YIOBJIETBOpSIOIIUE TpeOyemoi
TOYHOCTH, JUISI MOMEHTA t, TO €CTh A j +1.
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ToyHOCTH BEIYHCIICHUS 3a4acTCsA B BUAC CIICAYIOLICTO YCIOBHA:

max {lyi— zl} <e, (23)

TJIe € — I0OCTAaTOYHOE MaJIoe MOJIOKHUTEITHLHOE YHCIIO; OHO JTOJDKHO OBITH 33/1aHO.

Yder «IOABMKHOCTH» TpaHMLBl  O00JAacTH, 3aHUMAaeMOW  BBITEKAIOLICH
KHUIKOCTBIO. C TeUEHHEM BPEMEHH, TI0 MEPE UCTEUCHUS KHUIKOCTH U3 «KaHAJIay,
npaBas TpaHuna X = p(t) yBenuuuBaeTcs. Boimie Oblia onpezeneHa peKyppeHTHas
¢dopmyna (14) nna onpenenenus BenuunnHa p(t). C yderom obosznauenuit (16),
(dhopmyma (14) MoxkeT OBITH 3aIMICaHa B CIICAYIONIEM BHJIE:

By + 2t 21

TJIE q, - 3HaYE€HNE MCKOMOH (DyHKIIMU B MOMEHT t, TO €CTh IIPH J* di = Wij) 3 Vi = Uijs1,

Torna oOmumii MOPSAOK BEIYUCICHUH OyIET CIIETyIOIIM:

1°. BBOx HauabHBIX 3HaYeHUil: Fo =1 ¥ =0, i=0,12,...n; n= %;

2°, j=0;Ha4aso BHEMIHErO IMKJIA; PUCBAMBAHUE =Y,

3% AJrOpUTM MTEPAIIMOHHOTO MPOILecca, IPUBEICHHBII BhIIIE.

4°. Opranu3anus BbIBOJIOB MPOMEKYTOUHBIX 3HAYEHUH HCKOMOH QyHKIMM y, 1
3HA4eHUs P, U1 ONpe/ieIeHHOro MOMEHTA BPEMEHH t WITH J-

50 j=j+1 [epPEXO/l K CIEAYIOIEMY MOMEHTY BPEMEHU; BBIYHUCIICHUE Pj+1 o
dopmyiie (24).

6°. Eciu j>m, TO OCyIIeCTBIsIeTCs mepexoq K MyHKTy 3° Ui BbIYHMCIICHHS
3HA4YEHMH MCKOMON QYHKIMM Y JUIS CIIETYIOIIMX MOMEHTOB BPEMEHH t WIIH j.

Ecmu j>m, To mporecc 3aBepuiaeTcs 1 OCYIIECTBISAETCS BBIXO 3 TPOTPAMMBI.

Yucnennwiii skcnepumenm. Ha OCHOBE JaHHOTO aJrOpUTMa PELISHMS 3a/auu
Obu1a pa3paboTaHa KOMIBIOTEPHAs MPOrpamMMa, C IMOMOIIBI0 KOTOPOH MpOBeIeH
YHUCJICHHBIN SKCIIEPUMEHT.

L]enbro TaHHOTO YHCIEHHOTO SKCIIEpUMEHTA ABJISETCS UCCIIeI0OBAHNE TIOBECHNS
BBITEKAIOIIEH W3 INEIH CHJIBHOBS3KHUX IKHJIKOCTEH, HWMEIONIMX pa3InyHbIe
MeXaHHYECKHE CBOWCTBA, B Y4CTHOCTH, Pa3JINYHbIC KOAPPHUIMEHTHI TUHAMUYECKON
BSA3KOCTH.

Pesynomamot pacuemog. UucieHHBIN SKCIIEPUMEHT ObLI IIPOBEICH JIJIS Pa3iny-
HBIX 3Ha4YCHUH Oe3pazmepHoro mapamerpa ER; B TaHHOM ciydae paccMaTpHBaInCh
cnenytoue ero 3HadeHus: ER=0.1, ER=0.5, ER=1 u ER=10. Ilomyuenusie
YHCJICHHBIE PE3yNbTaThl ObLTH MPEJICTABICHBI B BHJIE TAOIHI U rPpadUKOB.

Ta6numa 1- Hanbonsumme suavenns dyukmmm z = E(x, 1)

t ER=1 ER=10 ER=0.5 ER=0.1
0.50 0.4958 0.4704 0.4977 0.4994
1.00 0.9178 0.7771 0.9497 0.9868
1.05 0.9520 0.7966 0.9889 1.0336
1.10 0.9847 0.8120 1.0269 1.0797
1.25 1.2078 0.8494 1.3330 1.2144
1.50 1.3042 0.8969 1.4421 1.4238
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1.80 1.3929 0.9429 1.5563 1.6471
1.85 1.4137 0.9495 1.5725 1.6813
1.90 1.4316 0.9560 1.5877 1.7146
2.00 1.4581 0.9694 1.6156 1.7789
2.20 1.5061 0.9937 1.6812 2.1379
2.25 1.5162 0.9992 1.6953 2.1595
2.50 1.5665 1.0254 1.7658 2.2596
3.00 1.6467 1.0725 1.8651 2.4183

CpaBHHUTEIBHOE Mpe/ICTaBICHUE IPpadUKOB (DYHKIIMH, ONPEACIISIONICH TPaHHILY
BBITEKIICH BS3KOHM KUIKOCTH, JIJISl Pa3IMYHBIX MOMEHTOB BPEMCHH TIOKa3aHbI Ha
PHCYHKaxX: PUCYHOK 2 — MOJIOKCHUS TPAHUIl TIPH ¢ =1, pUCYHOK 3 - MOJIOKEHHsI
rpanun npu ¢ =1,5, pucyHOK 4 — MONOXEHUs T'PAHUL NPH f = 2, PUCYHOK 5 —
MTOJIOYKECHHUSI TPAHUI] IIPH ¢ = 3.

Ha pucyHnkax nokasaHa mnpapasi 4acTh TPaHUIIBL, T.C. JUISL x > (), @ JIeBast 4acTh
rpaHunbl (I x < () SBISIETCS 3EPKATBHBIM OTOOpaKEHUEM TIPABON JaCTH.

1.2

== ER=0,5

) \ —tweos
== ER=1
== ER=10

0.4 \ \

0.2 \

1,6

1,4 ===

1.2 \\\\

T\ —os
0.8 b ——ER=0,1

) ——ER=1
s “\
\ | \ ——ER-10

\| o\
0.2 L
0 T T T T T T T T T T \. T

0 0,150,310,470,630,790,951,111,271,431,591,751,91

Pucynok 3 — [TonoxxeHus rpaHuil A7 MOMEHTA t= 1,5
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94 F—

1'2_ AN = ER=1
e W —ER=10

2-2 Y ) — —ER=0,5

o 1\ " = [R=0,1

0\ \

Py IS W— | W

Pucynok 4 — [TonoxeHust TpaHuIl st MOMeHTa | = 2

25

N

—ER=10
e ER=0,5

1
0,5 \
o

o N A M~ MmN =S M~ QN >N Q)

o m 38R o E N ANEAS AR

O O 0O O 0O 0O = A A =+ = = o o

Pucynox 5 — [TonoxxeHust rpanur; it Momenra [ = 3

Ha pucynkax 6-9 moka3aHa JMHAMHKa W3MEHEHUS TPAHUIIBI BBITEKINEH JKUJI-
KOCTH C TCUCHUEM BpEMEHHU: Ha PUCYHKe 6 — 7151 cirydas, Korja gucio ER pasrol0,
Ha pucynke 7 —msg ER=1, na pucynke 8 — nist ER=0,5 u na pucynke 9 — qnsgs ER=0,1.

12
—
1

0.6 \\“«%\ \ —_—t=1

TN NN

L
A \

M—————

Pucynok 6 — ITonoxxenust rpanHuis uist crydast ER=10
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Pucynok 9 - Ilonoxenus rpanunsl s ciaydas ER=0,1

Jloka3aTenbCTBOM TOTO, YTO KUJAKOCTH C MEHBIIEH BSI3KOCTBIO PACTEKAETCS B
TOPU30HTAJIBHOM HAITPAaBICHUH OBICTpEE, YeM KHJKOCTh ¢ OOJBIICH BS3KOCTHIO,
ABISIIOTCS chenytomue naHuble (Tabmuna 2), KOTOpble TOKa3bIBAIOT MOJIOKEHHE
rpaHULbl BBITEKIIEH )KUAKOCTH B TOPU30HTAIBHOM HANPABICHUU JJIs1 Pa3IUYHBIX
3HaueHui yncna ER. B nanHo# Tabnuie 2, nepBoHaua bHAs TPAHHIIA CYUTACTCS,
YTO OHA COBIAJAET C TPaHULEH 1IeNnH, T.e. paBHa 1.
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Ta6m/1ua 2 — [lonoxxenne nepeceuCeHus rpaHuIbl )XKUAKOCTHU C l"OpI/I?)OHTaJ'II)HOﬁ OCBbIO

t ER=1 ER=10 ER=0.5 ER=0.1
0.50 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00
1.05 1.00 1.03 1.00 1.00
1.10 1.00 1.05 1.00 1.00
1.25 1.00 1.15 1.00 1.00
1.50 1.00 1.33 1.00 1.00
1.80 1.01 1.51 1.00 1.00
1.85 1.05 1.55 1.00 1.00
1.90 1.06 1.59 1.00 1.00
2.00 1.07 1.65 1.00 1.00
2.20 1.15 1.79 1.03 1.00
2.25 1.17 1.81 1.03 1.00
2.50 1.27 1.97 1.11 1.00
3.00 1.45 2.27 1.27 1.00

3nech MPUBEJCHBI PE3YIbTAThl PACUECTOB JI IPOMEKYTKA BpeMeHH () < f < 3
. B cnyuae, xormra ER=0.1, T.e. korma nuHamMudeckuil K03(pPHUIIUEHT BI3KOCTH
JKUJIKOCTH SIBJISICTCSI OOJIBIIIMM YHCJIOM, TOPH30HTAJbHAs TpPAaHUIA BBITCKIICH
KUAKOCTU ocTaercss HeusMeHHou. Mg ER=0.5 wusmeHeHue 3TOW TrpaHUIbI
HaunHaetrcst nocie ¢ 2 2,20, niust ER=1 - ¢ 21,80 u ans ER=10 nocne ¢ > 1,05.

[TonoxxeHne TOYKM TIIEPECEUEHUS] IMOBEPXHOCTH BBITEKIIEH KUIAKOCTH C
TOPU30HTANBHOM OCBIO ISl Pa3lIUYHBIX MOMEHTOB BPEMEHHU MJIsi PA3TUUHBIX
3HaueHni yncina ER nokazano B ciemyronieii tadmuie 3.

Ta6JII/IIIa 3 - ITonoxXeHUs TOYKH TNepeCceUCHUs I'PaHULIbI BBITCKILICH JKHUJIKOCTH C I‘OpPI3OHTaJ'IbHOI>i
OChIO

t 1,0 1,5 2,0 3,0

ER=10 1,03 1,35 1,67 2,31
ER=1 1,03 1,03 1,11 1,51
ER=0,5 1,01 1,01 1,01 1,27
ER=0,1 1,00 1,00 1/00 1,03

[Iporteccrr mepexoia TOPHBIX MOPOJ TIEpeT 3eMIIETPSICEHUSIMHA U3 HEHAPYIIIeH-
HOTO COCTOSHHSI B COCTOSHHE JHHAMHUYECKOTO pa3pymIeHHs, B YCIOBHSIX
OTPaHWYCHHOCTH O0BEMa O4YaroBOW 30HBI W CXKaTHs Ha OONBIINX TITyOWHAX,
MPOUCXOMAT 3aMeIJIeHHO. Takoe 3aMemyieHHe MOXeT OBITh HCIIONB30BaHO B
nporuocTuaeckux meisax (Kum u ap., 2022: 69-84).

BriBoabI

AHanu3 pe3yNbTaToB, MOJYYEHHBIX B YHUCICHHOM JKCIIEPHMEHTE, MO3BOJSIOT
C/IeNaTh CIEYIoIIee 3aKTI0UeHHE.

1. CpaBHeHue pe3yibTaTOB PACUETOB ISl PA3IMYHBbIX 3HaueHUU yucna ER
(Tabmuma 1) moka3anmo, 4TO MaKCUMaJbHOE IMOMHITHE TMOBEPXHOCTH BBITCKIICH
KugkocTH z = &(X,1) npuManbix 3HaueHusx yncia ER Gonbiie ueM npu 60mbImx
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ero 3HadeHusX. CrenyeT HaOMHUTB, 4To 4nciio ER oOparHo nmponopunoHaibHO
KO3(GUIMEHTY AMHAMMYECKOM BS3KOCTH  BBITEKAIOWIEH JKUAKOCTH. ITO
O3HA4YaeT, YTO BBITEKAIONIAs KHIKOCTh, TUHAMHYECKHH KOA()(DHUIMEHT KOTOPOi
SIBJISICTCS CPAaBHUTEIFHO OOJBIIMM, TOTHHUMACTCS BBIIIE M MEHBIIE PacTEKaeTCs
B TOPH30HTAJIBHOM HANpaBICHUH, YeM JKHUAKOCTb, Y KOTOPOH JWHAMUYECKHI
Kk03(pPHUIIIEHT BSI3KOCTH MEHBIIIE.

2. JlaHHBIC, IpUBEACHHBIC B TAOMMIAX 2 U 3 TIOKa3bIBAIOT, YTO CHIILHOBSI3KAS
KHUAKOCTh C MEHBIIUM KOI(PGHUIUECHTOM ITUHAMHYECKON BS3KOCTH pacTeKaeTcs
B TOPU3OHTAJIBHOM HAlpaBICHUH OOJiee IMIMpPE HEKETH JKUAKOCTh C OOJBIINM
ko3 dunmeHTOM Bs3KOCTH. Bsi3Kas KUAKOCTH € OONBIIUM KOA(PPHUIIHMEHTOM
BSI3KOCTH (TpM Majbix uuciax ER) B HawajgbHBIE MOMEHTHI BPEMEHHU BeIET cels
KaK TBEPOE TEJIO.

3. Pesymbrarthl pacyeToB KOMIIBIOTEPHBIC MOJACIMPOBAHHE IIOKA3alM, YTO
NpeIUIOKEHHAsT 3e€Ch MOJEIb JBMKCHHS CHIIBHOBSI3KOHW JKHIIKOCTH MOXET OBITh
UCIIOIb30BaHa JUIsSl OTMCAHUS MPOIecca UCTEUCHUSI MarMaTUUeCKUX BEIECTB U3
HIDKEJISKALIMX HEAP 3eMITH 110 Y3KOMY KaHally, 00pa30BaHHBIM B TEKTOHOC]Epe 1
MPUBOIUT K BO30YKICHUIO TeMIIEpaTypHOI aHOMAaJIMK B MaHTHH. Takas aHOMaJus
pa3BHBAEcTCS W BBHI3BIBACT MOABEM BEIIECTBA M3 TIYOOKHX CIIOCB HAPYXKYy H
HOTPYKEHUE N3HAYAIBHO C(POPMHUPOBABIIMXCS CIIOEB 3eMHOM KOPBI BITyOb MAaHTHH.

Pesynbrare MonmenupoBaHHMEe NpoLEcca H3BEPKEHHS MarMbl HPEICTaBISCT
LEHHYI0 WHPOPMALMIO AJIs1 HAOIIOAAIONUINX 38 U3MEHEHHEM CTPYKTYpPbl 3eMHOMN
KOpPBI, OBICTPOrO OOHApYKEHHs CHJIBHBIX 3EMIICTPSICCHUH W TPeayNpeKAeHHN
MOJIB30BATENSIM KaK 3eMJICTPSICEHHE IOCTUTHET JI0 HX MECTOIOIOKECHHUSL.
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Abstract. The article provides an in-depth review of the rapid progression
of digital banking driven by technological advancements and breakthrough
innovations. The manuscript explores the journey from the inception of online
banking to the rise of mobile banking, and further to the advent of digital-only banks.
It elucidates how these digital channels have revolutionized the financial landscape,
enabling unprecedented convenience, speed, and accessibility in banking services.
The paper also discusses the transformational impact of technologies such as
mobile applications, biometric authentication, artificial intelligence (Al), machine
learning (ML), and blockchain in reshaping the banking sector. The crucial role of
Al and ML in enhancing customer service, fraud detection, credit risk assessment,
and personalization of product recommendations is comprehensively examined.
Moreover, the manuscript delves into the potential of blockchain technology in
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ensuring secure, transparent, and efficient transactions. Furthermore, it underscores
the role of regulatory frameworks and compliance in the digital banking ecosystem.
It brings to light the challenges and risks associated with digital banking, including
cybersecurity threats and the digital divide, while suggesting mitigation strategies.
Looking ahead, the manuscript identifies future trends and opportunities such as
the integration of digital banking with emerging financial technologies (e.g., digital
currencies, robo-advisors), the role of 5G and Internet of Things (IoT) in digital
banking, and the importance of creating personalized, customer-centric banking
experiences. The paper concludes with implications for the banking industry
and policymakers, and directions for future research, making it an indispensable
resource for anyone interested in understanding the evolution and future of digital
banking.

Keywords: digital banking, financial innovation, cybersecurity, regulatory
framework, emerging technologies
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AHHoTamus. Makanaja TEXHOJOTHSUIBIK JKETICTIKTEp MEH  CepIiHIl
WHHOBAIUsIapFa HETi3IeTreH MUQPPILIK OaHKHHTTIH KapKbIHIBI JaMybIHA eTKeH-
Terkeim mony Oepinren. Komkazba oHmaiiH-OaHKWHTTIH TMaifa OOJybIHAH
MOOWIIBAI OAaHKHHITIH KOTepislyiHe ACHiHT1 oHe TeK HU(PIBIK (OpMaTTa HKYMBIC
icTelTiH OaHKTep maiina OonFanFa JeHiHT1 KOsl 3epTTerai. OHma Oy HUQpIbIK
apHanap OYpBIH-COHIBl OONMaraH OAaHKTIK BIHFAWJIBUIBIKTBEI, JKBIIIAMIBIKTHI
YKOHE KOJDKCTIMJIUTIKTI KAMTaMachl3 €Ty apKbUIbl Kap KbUIBIK JIAHAMAPTTHI Kaian
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©3TepTKeHI KepceTureH. Makaiajga COHBIMEH Karap MOOWIB[I KOCBIMIIAiap,
OMOMETpUSUTBIK ~ ayTeHTH(HUKANWs, KacaHAbl WHTEIUEKT (Al), MammHaIBIK
okpITy (MO) sxoHe ONOKYEHH CHSAKTBHI TEXHOJOTHSUIAPIbIH OaHK CEKTOPHIHBIH
e3repyiHe TpaHC(OPMAIMSIIBIK SCEpiH TalKpuTalabl. JKacaHIbl MHTEIIEKT TeH
MAaIlIMHAJBIK OKBITYABIH TYTHIHYIIBUTAPFA KBI3MET KOPCEeTYHi IKaKCapTyHaFsbl,
ATASKTHIKTHI aHBIKTAydaFbl, HECHENIK TOyeKendi OarajayJarbl JKOHE ©HIM
VCBHIHBICTAPBIH JKEKEJICHAIPYACT] MENTYIIT Pl ®KaH-KaKThl 3epTTenei. COHBIMEH
Karap, Ko/bka3da Kayimcis, MeJip KoHe THIMII TpaH3aKIUsIapIbl KaMTaMachl3
eTyzneri OJOKYEHH TEXHOJIOTHSICHIHBIH QJIEyeTiH KapacThipanbl. COHBIMEH KaTap,
ol UQPIABIK OAHKUHI SKOKYHECIHIErT HOPMATUBTIK-KYKBIKTBIK Oa3aHbIH JKOHE
COMKeCTIKTIH pemiH kepceremi. On muQpibK OaHKMHIKE KAaTBICTBHI MICeyenep
MEH TOYEKeJJIep/li, COHBIH 1IiHJe KUOePKAYIINCI3AIK KaTepaepiH xKoHe H(PIIBIK
AJIIAKTHIKTHI aHBIKTANIBl KOHE a3aliTy cTparerusuiapbiH yehiHa bl Komka3oana
OoJamax TEHACHIUSIAp MEH MYMKIHJIKTED, MbICAIIbI, IIU(PIIBIK OAHKUHTTI JKaHa
KAp)KBUIBIK TEXHOJOTHUSUIapMeH OipikTipy (MbICalsibl, CaHIBIK BajroTaiap, po0o-
keHecurinep), uudpiasik 6ankuHrTeri 5SG sxone 3arrap uHTepHeTiHIH (IoT) pei
JKOHE JKeKe, KIIMEHTKEe OaFbITTalaFaH OaHKTIK KbI3METTI KYPYABIH MaHBI3IbIIBIFBI
aHbIKTaNaapl. Makanana 0aHK cajachkl MEH casicaTKepIiep YIIIiH cajlapMeH, COHIa-
aK Oomammak 3epTTey OarbITTapbIMEH asKTajaabl, Oy OHBI IU(PIBIK OAHKHHTTIH
ABOIIOIUSACHI MEH OOJalllaFblHa KBI3BIFYIIBUIBIK TAHBITKAHAAP YIIIH TanThIpMac
pecypc ereri.

Tyiiin ce3mep: MU PIBIK OAHKUHT, KApKBUTEIK MHHOBAITUSIIAP, KHOSPKAYITICI3IIK,
HOPMAaTHUBTIK 0a3a, ’kaHa TEXHOJOTHsIIAp
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AnHotanus. B crarbe mpeacraBieH moapoOHBIH 0030p OBICTPOTO Pa3BUTHS
uuQpoBoro OaHKHHTA, OOYCIOBICHHOTO TEXHOJOTMYECKUMH JOCTHKECHUSIMH U
MPOPHIBHBIMA MHHOBAaLMSAMH. B pykomucu ucciemyercsl myThb OT 3apOKICHHUS
OHJIallH-OaHKHMHTa JI0 TOAbEMa MOOWIBHOTO OaHKHMHTA M Jlayiee 10 MOSBICHUS
OankoB, paboTaromux TOJIRKO B IHdpoBoM dopmare. B HeM MokazaHo, Kak
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Mpo3padHbiX B dQQPEKTUBHBIX TpaH3akiuid. Kpome Toro, B HeM NOAYEpKUBACTCS
POJIb HOPMATUBHO-TIPABOBOM 0a3bl U COOTBETCTBHS TPEOOBAHUSIM B IKOCHCTEME
nudpoBoro OaHkWHTa. B HEM BBIABISIOTCS MPOOJNEMBI M PUCKH, CBSI3aHHBIC C
M(pOBBIM OAaHKUHTOM, BKJIFOYasl yTPO3bl KHOEpOe30IacHOCTH U U (POBOH pa3phIB,
a TaKKe TMpeIIaraloTcsl CTpaTeruy CMATYEHUs TOCIeACTBUM. 3aberast Brepen
PacKporo, 4TO B PYKOIIMCH OTIPEIEISIOTCS Oyayllne TeHISHINH 1 BO3MOKHOCTH,
Takde Kak uHTerpanus nudpoBoro OaHKMHIa C HOBBIMH (DUHAHCOBBIMU
TEXHONIOTHSAMHU  (HampuMep, [HU(POBBIE  BAIIOTH, POOOTHI-KOHCYIBTAHTHI),
porb 5G u HUnateprera Bemei (IoT) B nmudpoBom OaHKWHTE, a TaKkKe BAKXKHOCTH
CO3/IaHUSl TEPCOHAIN3UPOBAHHOTO, KIHUEHTOOPHUEHTHPOBAHHOTO OaHKOBCKOTO
obcmyxuBanusi. CTarhsi 3aBepLIaeTCsl MOCIEACTBHAMU Il OAaHKOBCKOW OTpaciu
U TIOJIUTHKOB, a TAK)KE HAMPaBICHUSAMHU OyAyIINX MCCICIOBAHHM, YTO JeNacT ero
HE3aMEHUMBIM PECYpPCOM ISl BCEX, KTO MHTEPECYEeTCS DBONIOLUEH W OyayluMm
M(ppoBOTO GAaHKUHTA.

KuaroueBbie cioBa: 1udpoBoii OaHKWHT, (PHHAHCOBBIC WHHOBAITMH, KHOepOe-
30MaCHOCTh, HOPMaTHBHAsI 0a3a, HOBbIE TEXHOJIOTHHI

Introduction

Mobile and online banking have revolutionized financial management, offering
unparalleled convenience, speed, and accessibility. These digital banking channels
evolved with advancements in information and communication technologies,
playing a critical role in shaping the modern financial landscape. Online banking
emerged in the early 1980s when banks began offering limited electronic services
via telephone lines and dedicated terminals (Sanli, 2015). With the internet's
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advent in the 1990s, banks started providing online banking services through
websites, allowing customers to access accounts, transfer funds, pay bills, and view
transaction history from personal computers.

As mobile phones advanced and became widespread, banks saw potential in
offering banking services through mobile devices. Mobile banking debuted in the
early 2000s with basic SMS-based services for account balance checks and alerts.
The late 2000s saw the launch of smartphones and mobile applications, as banks
developed dedicated mobile apps offering comprehensive features like account
management, remote check deposit, and peer-to-peer payments (Prisc, 2021). The
banking landscape further evolved with the rise of digital-only banks, or neobanks,
which operate exclusively online without physical branches. These banks focus
on user experience, competitive fees, and innovative features, making them an
attractive alternative to traditional banks.

Mobile and online banking have profoundly impacted the banking sector,
driving competition, improving customer experiences, and reducing operational
costs. Customers now expect seamless, secure, and efficient banking experiences
accessible anytime, anywhere. Consequently, banks invest heavily in digital
transformation initiatives to meet demands and remain competitive in an
increasingly digital financial landscape. Mobile and online banking have come
a long way since their early beginnings, becoming integral components of the
modern banking experience. With rapid advancements in technology and changing
customer preferences, digital banking channels will continue to evolve and reshape
the financial industry.

Digital banking has become a cornerstone of the modern financial landscape due
to its transformative impact on the banking sector and the numerous advantages
it offers (Arrighi, 2014). It provides convenience and accessibility, enabling
customers to access financial services 24/7 from anywhere with an internet
connection, saving time and resources. Leveraging digital channels allows banks to
reduce operational costs and pass on savings to customers in the form of lower fees
and better interest rates. Improved customer experience, real-time services, and
enhanced security are other benefits of digital banking. User-friendly interfaces and
personalized services lead to increased customer satisfaction and loyalty. Real-time
transaction processing and instant access to account information keep customers
informed about their financial status. Advanced security measures protect sensitive
financial data. Digital banking promotes financial inclusion by reaching unbanked
and underbanked populations, fostering economic growth and reducing income
inequality in underserved communities. The rise of digital banking spurs innovation
and competition in the financial industry, ultimately benefiting customers through
new features and improved services (de Lis, 2018). Additionally, digital banking
contributes to environmental sustainability by reducing the need for physical
branches and paper-based transactions.

Data-driven decision-making and integration with emerging technologies are
other key aspects of digital banking. Analyzing customer data helps banks tailor
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their products and services, improve risk management, and make better-informed
decisions. Digital banking platforms can easily integrate with technologies such
as artificial intelligence, machine learning, blockchain, and the Internet of Things
(IoT) to enhance offerings and streamline operations.

Digital banking plays a vital role in the modern financial landscape by driving
innovation, improving customer experiences, and promoting financial inclusion. As
technology continues to advance and customer preferences shift, the importance
of digital banking will only grow, shaping the future of the banking industry (Liu,
2020).

The scope of this review is to examine the historical development, current state,
and future trends of mobile and online banking, with a focus on the technologies
and innovations that have shaped this transformation. The review will provide a
comprehensive analysis of the digital banking landscape, highlighting its impact on
customers, banks, and the broader financial industry.

By achieving this aim, the review will offer a comprehensive understanding
of the evolution of mobile and online banking, providing valuable insights for
academics, industry professionals, and policymakers interested in the ongoing
digital transformation of the banking sector.

Methodology

To provide a comprehensive and well-structured analysis of the evolution of
mobile and online banking, the following methodology was employed:

1. Literature Search Strategy:

A systematic search of relevant literature was conducted using various electronic
databases, such as Google Scholar, IEEE Xplore, ScienceDirect, and JSTOR.
The search focused on academic articles, conference proceedings, whitepapers,
and industry reports published in English. To identify relevant publications,
a combination of keywords and phrases was used, including "mobile banking,"
"online banking," "digital banking," "technological advancements," "innovations,"
"challenges," and "future trends."

2. Inclusion and Exclusion Criteria:

To ensure the quality and relevance of the selected literature, specific inclusion
and exclusion criteria were applied. Inclusion criteria consisted of factors such as:

Publication date: Focusing on sources published within the last 10-15 years to
capture recent developments and trends.

Relevance: Articles must have had a primary focus on mobile and online banking
technologies and innovations.

Methodological rigor: Preference was given to studies that demonstrated
methodological rigor and provided clear, well-supported conclusions.

Exclusion criteria included: Non-English publications; opinion pieces or
editorials without substantial evidence or analysis; publications with a narrow
focus that did not contribute to the broader understanding of the topic.

3. Data Extraction and Analysis:

Once the relevant literature was identified, the following data were extracted:
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Bibliographic information (author, title, publication date, source); study design
and methodology; key findings, technologies, innovations, challenges, and trends.

The extracted data were synthesized and analyzed to address the review's
objectives. This analysis involved: a chronological overview of the development
of mobile and online banking, highlighting key milestones and technological
advancements; a thematic analysis of the identified innovations, challenges, and
trends in mobile and online banking; a discussion of the regulatory frameworks,
compliance requirements, and their impact on digital banking; an exploration of
future trends and opportunities, including the potential implications of emerging
technologies.

By employing this methodology, the review manuscript offered a comprehensive
and systematic analysis of the evolution of mobile and online banking, focusing
on the technologies and innovations that drove this transformation. This approach
ensured that the review was grounded in the existing literature, providing valuable
insights for academics, industry professionals, and policymakers interested in the
digital transformation of the banking sector.

Discussion

The emergence of online banking systems can be traced back to the early 1980s,
when financial institutions began experimenting with electronic banking services
to meet the evolving needs of their customers. Early online banking systems were
quite different from the sophisticated platforms we know today, as they were limited
in functionality and accessibility.

Before the widespread adoption of the internet, banks offered limited electronic
services using telephone lines and dedicated terminals. Some of the earliest
electronic banking services were introduced by major banks in the United States,
such as Bank of America and Citibank. These services typically allowed customers
to access basic account information and perform simple transactions like transferring
funds between accounts (Gonzalez, 2015).

During this period, home banking systems were also developed, allowing
customers to access their accounts through a personal computer equipped with a
modem. These early systems often used proprietary software provided by the bank
and required customers to dial directly into the bank's computer systems (Shaikh,
2015). Despite offering limited features, these early home banking systems were
considered innovative and paved the way for the development of more advanced
online banking services.

With the advent of the internet in the 1990s, banks saw the potential for
expanding their electronic banking services and started offering online banking
through websites. These enabled customers to access their accounts, transfer funds,
pay bills, and view transaction history from their personal computers. These early
online banking websites were relatively basic in design and functionality compared
to today's standards. They relied on static HTML pages, lacked personalization
features, and often required the use of specific browsers for compatibility.

Security was also a significant concern in the early days of online banking.
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Banks implemented various security measures, such as usernames, passwords, and
security questions, to authenticate users and protect sensitive financial data. Over
time, encryption technologies like Secure Socket Layer (SSL) were adopted to
enhance the security of online transactions and communication between users and
banking websites.

Despite the limitations of early online banking systems, they represented a
significant breakthrough in the banking industry, offering customers increased
convenience and accessibility to their financial information. As internet usage
continued to grow and technology advanced, online banking systems evolved to
offer more sophisticated features, better user experiences, and improved security
measures.

Early online banking systems played a crucial role in shaping the digital banking
landscape we know today. By providing customers with the ability to access and
manage their finances electronically, these systems laid the foundation for the rapid
development of mobile and online banking technologies and innovations. The
emergence of mobile banking can be attributed to the rapid development of mobile
technology and the widespread adoption of smartphones and mobile internet. As the
use of smartphones became more prevalent, banks saw an opportunity to leverage
these devices to offer financial services to their customers on the go, providing
greater convenience and accessibility. This led to the birth of mobile banking.

In the early stages of mobile banking, banks primarily used text messages (SMS)
to communicate with customers. Customers could receive account balance updates,
transaction alerts, and even perform basic transactions by sending text messages to
their banks. The convenience of SMS banking was a significant step forward, but
the system was relatively simple and limited in functionality.

As mobile technology progressed, banks began developing mobile applications
(apps) specifically designed for smartphones. These early mobile banking apps
allowed customers to access their accounts, view transaction history, transfer funds,
and pay bills directly from their smartphones. Mobile apps offered a more user-
friendly and convenient experience compared to SMS banking, as they provided a
richer interface and more advanced features.

The development of mobile banking apps was further accelerated by the
emergence of app stores, such as Apple's App Store and Google's Play Store, which
made it easier for customers to discover and download banking apps. This led
to a surge in the adoption of mobile banking services, as customers increasingly
embraced the convenience and flexibility provided by these apps.

In addition to traditional banks, the growth of mobile banking also spurred the
creation of new financial institutions, such as digital-only banks or neobanks, that
operate exclusively through mobile apps and online platforms (Norohna, 2023).
These digital banks often offer innovative features, lower fees, and personalized
services that cater to the needs of the tech-savvy, mobile-first generation.

The emergence of mobile banking also introduced new security concerns,
as banks had to find ways to protect customer data and ensure the security of
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transactions performed through mobile devices. Banks responded by implementing
advanced security measures, such as biometric authentication, encryption, and
secure mobile application development practices.

Over time, mobile banking has continued to evolve, with new technologies and
innovations being integrated into the apps. Today, mobile banking offers a wide
array of features, such as mobile check deposits, person-to-person (P2P) payments,
budgeting tools, and even access to financial products like loans and investments.

Mobile banking has revolutionized the banking industry and customer
interaction with financial institutions. Offering convenient, accessible, and user-
friendly financial services via smartphones, it has become an integral component of
the contemporary financial landscape.

Technological advancements have reshaped customer interaction with banks and
financial management, enabling institutions to offer innovative services, enhance
customer experience, and improve operational efficiency. Crucial developments
include mobile apps that increase accessibility and enable customers to perform
various banking tasks from their smartphones, contributing to mobile banking's
growing popularity (Chou, 2004). Biometric authentication, including fingerprint,
facial recognition, and voice recognition, provides a secure and convenient way
for customers to access their accounts, enhancing digital banking security and
streamlining user experience. Artificial intelligence (Al) and machine learning have
improved customer service through Al-powered chatbots and virtual assistants,
while machine learning algorithms enable better fraud detection, credit risk
assessment, and personalized product recommendations (Manser Payne, 2018).

Open banking and application programming interfaces (APIs) have transformed
the digital banking landscape, creating a more interconnected and collaborative
financial ecosystem involving traditional banks, fintech companies, and other
financial service providers (Fiedler, 2022). Blockchain technology offers potential
solutions for secure, transparent, and efficient transactions, reducing transaction
costs and streamlining cross-border payments. The growing popularity of digital
wallets and contactless payments has also impacted digital banking, providing a fast
and convenient alternative to traditional payment methods. These key technological
advancements have revolutionized customer interaction with financial institutions
and financial management, contributing to the ongoing digital transformation of the
banking industry.

Mobile apps and responsive web design are two approaches used by businesses
and organizations, including banks, to ensure that their digital services are accessible,
user-friendly, and functional across a wide range of devices. These approaches aim
to provide customers with seamless and engaging experiences, regardless of the
type of device they use to access the services.

Mobile apps are standalone applications specifically designed for smartphones
and other mobile devices. They are developed using native programming
languages, such as Java for Android devices and Swift for iOS devices, and offer a
tailored user experience optimized for the device's operating system. Mobile apps
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typically provide a rich, interactive interface, making it easy for users to navigate
through the app and perform various tasks. They can also take full advantage of
the device's hardware features, such as the camera, GPS, and biometric sensors, to
offer additional functionalities and a more personalized experience. Information
about the most famous mobile banking apps and their features are shown in Table 1.

Table 1 — Most Famous Mobile Banking Apps and Their Features (Horton, 2023; Richter, 2018)

Mobile

Banking | Description

App
Chase Mobile is the mobile banking app developed by JPMorgan Chase, one of the

Chase largest l?anks' in the Unite'd States. The app allows customers to view account balances,

Mobile transaction history, deposit checks, pay bills, transfer funds, and locate ATMs and
branches. It also offers features like personalized alerts, budgeting tools, and Zelle
integration for quick P2P payments.

Bank of America's mobile banking app enables customers to access their accounts,
transfer money, deposit checks, pay bills, and locate nearby ATMs and financial centers.

Bank of h . . .

America The app also }ncludes featur(::s like custom aler.ts, mobll.e credlt. card management,_ and
integration with the bank's virtual financial assistant, Erica, which uses Al to provide
personalized financial guidance.

Wells Wells Fargo Mobile app allows customers to manage their accounts, pay bill.s,. deposit

Fargo checks, transfer funds, and find ATMs and branches. The app also offers additional

. features such as budgeting tools, custom alerts, and card management options, including

Mobile o . .
the ability to temporarily freeze a lost or misplaced card.

Citi Mobile is the mobile banking app developed by Citibank, offering customers access

Citi to their account information, transaction history, bill payments, fund transfers, and

Mobile mobile check deposits. The app also features Citi Mobile Snapshot, which allows users
to view account balances and recent transactions without logging in, and integration
with Citi's virtual assistant.

Capital One's mobile banking app lets customers manage their accounts, pay bills,

Capital fieposit chec'ks, trangfer funds, and. locgte nearby ATMs. and branches. The app glso

One integrates with Capital One's CreditWise feature, enabling users to monitor their
credit score and receive personalized credit insights. The app offers additional security
features like fingerprint login.

Kaspi.kz, a leading fintech company in Kazakhstan, offers a comprehensive
mobile banking solution through its all-in-one mobile app (Ivashina, 2019). As a
key player in the nation's digital banking landscape, Kaspi.kz provides innovative
and user-friendly services, including account access, transaction history, bill
payments, and seamless fund transfers. The app also supports instant peer-to-peer
payments and various financial products like loans, insurance, and investments.
Kaspi Gold, a loyalty program integrated into the app, rewards users with cashback
for purchases made using Kaspi.kz cards. Security is a notable focus for Kaspi.kz,
employing advanced measures like biometric authentication to protect user data
and ensure transaction safety. Users can manage card settings, such as blocking and
unblocking cards or setting transaction limits, to further enhance security.
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The Kaspi.kz app also offers non-financial services, enabling users to book movie
tickets, pay for utilities, and top up mobile phone balances within its ecosystem.
This holistic approach to digital services makes Kaspi.kz an essential tool for users
seeking to manage finances and access everyday services effortlessly.

Mobile apps can be installed directly from app stores, such as Google Play Store
and Apple App Store, and often provide offline functionality, allowing users to access
certain features even without an internet connection. This can be particularly useful
for banking services, as customers may need to access their account information or
perform transactions when they are not connected to the internet.

On the other hand, responsive web design is an approach to website development
that ensures the website's layout, images, and other elements automatically adjust
to fit the screen size and orientation of the device being used. This enables users to
have a consistent experience across various devices, such as smartphones, tablets,
and desktop computers. Responsive web design is achieved through the use of fluid
grids, flexible images, and CSS media queries that detect the characteristics of the
user's device and adapt the website accordingly.

Responsive web design is particularly important for online banking services, as
customers may access their accounts using different devices throughout the day.
By ensuring that the website's layout and content are displayed optimally on every
device, banks can provide a more user-friendly and efficient experience for their
customers.

Both mobile apps and responsive web design have their advantages and
drawbacks. Mobile apps tend to offer a more engaging, feature-rich experience
and can leverage the device's hardware capabilities. However, they require more
development resources and maintenance, as separate versions of the app must be
created and updated for each operating system. Responsive web design, in contrast,
offers a more universal solution that can be accessed across various devices with
minimal additional development effort. However, it may not provide the same level
of interactivity and hardware integration as a dedicated mobile app.

Mobile apps and responsive web design are both essential components of a
comprehensive digital strategy for banks and other organizations. By providing
customers with accessible, user-friendly, and functional digital services across
different devices, banks can enhance customer satisfaction, increase engagement,
and ultimately strengthen their position in the competitive digital banking landscape.

Biometric authentication has emerged as an innovative and effective method
for ensuring security in various industries, including digital banking. As traditional
authentication methods such as passwords and PINs become increasingly vulnerable
to security breaches and hacking attempts, biometric authentication offers a more
reliable and user-friendly alternative.

Biometric authentication refers to the process of verifying an individual's identity
based on unique physiological or behavioral characteristics. These characteristics
include fingerprints, facial recognition, iris or retina scans, voice recognition, and
even gait analysis (Michaels, 2022). By utilizing these unique identifiers, biometric
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authentication can provide a higher level of security compared to traditional
methods, as they are difficult to forge, hack, or replicate.

One of the primary advantages of biometric authentication in digital banking is
the enhanced security it provides. By requiring users to verify their identity using
their unique biometric traits, banks can significantly reduce the risk of unauthorized
access to their customers' accounts. Biometric authentication is particularly useful
in protecting against common cyber threats such as phishing, identity theft, and
brute-force attacks, which often target weak or stolen passwords.

Another benefit of biometric authentication is the improved user experience it
offers. Instead of requiring customers to remember and enter complex passwords
or PINs, biometric authentication allows users to access their accounts quickly and
conveniently using their fingerprints, facial features, or voice. This streamlined
process not only enhances the overall customer experience but also encourages the
adoption of digital banking services.

However, the implementation of biometric authentication also raises certain
concernsrelated to privacy and data security. As biometric data is highly sensitive and
unique to each individual, it is crucial that banks and other organizations employing
biometric authentication take necessary measures to protect this information. This
includes ensuring that biometric data is stored securely, encrypted, and not shared
with unauthorized parties.

Moreover, biometric authentication systems are not immune to potential
vulnerabilities or hacking attempts. For example, sophisticated attackers may try to
bypass facial recognition systems using high-quality masks or 3D-printed replicas.
To mitigate these risks, banks may employ multi-factor authentication methods,
which combine biometrics with other security measures, such as passwords or one-
time codes, to provide a more robust layer of protection.

The application of Al and ML technologies in mobile and online banking has
led to significant advancements in the way financial institutions provide services,
enhance customer experience, and improve operational efficiency (Donepudi,
2017). By leveraging Al and ML, banks can develop intelligent systems that can
analyze vast amounts of data, make predictions, and adapt to new information. Here
are some key applications of Al and ML in mobile and online banking (Figure 1):

204



ISSN 1991-346X 3. 2023

P erson al ize d « Aland ML can analyze customer data to identify patterns and preferences, enabling banks to offer personalized financial
products and services. This might include tailored investment advice, customized savings plans, or targeted offers and
F g promotions. By providing a more personalized banking experience, financial institutions can gth
B an kl n 9 Se rvices relationships and increase customer satisfaction.

Chatbots a nd V| rtual « Al-powered chatbots and virtual assistants have transformed customer service in mobile and online banking. These tools
g can handle customer inquiries, provide instant support, and guide users through various banking tasks. By automating
ASS|Sta ntS routine customer service tasks, banks can reduce operational costs and improve the efficiency of their support teams.

H « Al'and ML algorithms can analyze large datasets to identify patterns and anomalies indicative of fraudulent activities.
Fra Ud DeteCtlon and This enables banks to detect potential fraud more quickly and accurately, protecting both the institution and its
A customers. Additionally, ML models can be used to assess credit risk, helping banks make more informed lendin:
Risk Management [ty b IS B

TransaCtlon + Al'and ML can automatically categorize transactions and provide users with valuable insights into their spending habits.
C t ri V4 t| nan d This can help customers better understand their finances and make more informed financial decisions. Some mobile and
a ego ation a online banking platforms also incorporate budgeting tools and financial goal-setting features, powered by Al and ML, to

FlnanC|a| I nS|g hts help users manage their money more effectively.

+ Aland ML can be used to automate various back-office processes, such as document verification, account reconciliation,
and compliance checks. By automating these tasks, banks can improve operational efficiency, reduce human error, and
lower costs.

Process Automation

+ Aland ML can analyze historical data to identify trends and make predictions about future financial events or customer
behavior. This can help banks anticipate market fluctuations, identify potential investment opportunities, or proactively
address customer needs.

Predictive Analytics

Fig 1. Essential uses of artificial intelligence (Al) and machine learning (ML) in mobile and online
banking (Bhatore, 2020; Basdekis, 2022)

Al and ML have brought about significant advancements in mobile and online
banking, allowing financial institutions to offer innovative services, enhance
customer experience, and improve operational efficiency. By leveraging these
technologies, banks can better understand and serve their customers, stay ahead
of emerging trends, and remain competitive in the ever-evolving digital landscape.

Open banking refers to the practice of sharing customer financial data securely
and with their consent among different financial institutions through open
Application Programming Interfaces (APIs). This practice enables the development
of innovative and customer-centric financial products and services that can enhance
the overall banking experience. API integration is an essential aspect of open
banking, allowing different systems and applications to communicate with each
other seamlessly.

API integration enables banks to connect their systems and data with third-party
applications and services, such as personal finance management tools, investment
apps, or credit reporting services. This integration facilitates the sharing of data and
enables the development of more customized and personalized financial products
and services.

One of the main benefits of open banking and API integration is the enhanced
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customer experience. With APIs, banks can offer a more holistic view of their
customers' financial lives, allowing them to provide more personalized services that
better meet their customers' needs. For example, a customer's financial data from
multiple banks can be integrated into a single dashboard, enabling them to view all
their accounts and transactions in one place.

Another advantage of open banking and API integration is the increased
competition and innovation in the financial services industry. By enabling third-
party developers to access customer data and build new products and services, open
banking fosters a more competitive and dynamic market that benefits consumers.

However, there are also potential risks associated with open banking and API
integration, particularly related to data privacy and security. Banks must ensure
that customer data is only shared with authorized third-party providers and that
appropriate security measures are in place to protect that data from unauthorized
access or misuse.

Open banking and API integration offer significant opportunities for banks
and financial services providers to enhance the customer experience and promote
innovation in the industry. By leveraging APIs to share data securely, banks can
offer more personalized services and enable third-party providers to develop new
and innovative financial products and services. However, it is essential for banks
to address potential privacy and security concerns to ensure the safety and trust of
their customers.

Digital wallets and contactless payments have emerged as a popular and
convenient method for consumers to make purchases both online and in-store. A
digital wallet is a virtual wallet that stores payment and identification information
securely and enables users to make payments via a mobile device. Contactless
payments, on the other hand, allow users to make payments by simply tapping their
card ormobile device on a payment terminal, without the need for a physical signature
or PIN. One of the main benefits of digital wallets and contactless payments is the
convenience they offer to consumers. By eliminating the need for physical cards
and cash, these payment methods offer a quick and easy way to make purchases.
Additionally, digital wallets can store multiple payment options and loyalty cards,
allowing users to manage all their payment and rewards information in one place.
Digital wallets and contactless payments also offer enhanced security compared
to traditional payment methods. With features such as biometric authentication
and tokenization, these payment methods provide an extra layer of protection
against fraud and unauthorized access. Tokenization replaces sensitive payment
information with a unique token, reducing the risk of data breaches and ensuring
that customer information is kept secure (Kajdi, 2022).

Moreover, digital wallets and contactless payments have become increasingly
popular during the COVID-19 pandemic, as consumers seek to minimize physical
contact and reduce the spread of germs. Contactless payments, in particular, have
seen a surge in adoption as retailers and businesses promote cashless payment
options to minimize the need for physical contact between customers and employees.
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However, there are also potential drawbacks to digital wallets and contactless
payments. Some consumers may be concerned about the security and privacy
of their personal and payment information when using these payment methods.
Additionally, some retailers and businesses may not accept digital wallets or
contactless payments, limiting their usefulness in certain situations. Digital wallets
and contactless payments offer convenience and enhanced security to consumers,
particularly in the age of COVID-19 (Hellemans, 2022). As these payment methods
continue to evolve and become more widely accepted, they have the potential to
transform the way people make purchases and manage their finances.

Blockchain and distributed ledger technologies (DLT) have gained increasing
attention in recent years as potential game-changers in the financial industry.
Blockchain is a type of DLT that allows for secure, transparent, and decentralized
record-keeping of transactions without the need for a central authority. DLT refers
to a broader category of technologies that enable the decentralized and secure
sharing of information across a network of participants. One of the main benefits
of blockchain and DLT is their potential to increase the efficiency and security
of financial transactions. By eliminating the need for intermediaries and enabling
direct peer-to-peer transactions, these technologies can reduce transaction times,
lower costs, and improve transparency. Additionally, the decentralized nature of
blockchain and DLT can enhance security by removing a single point of failure or
attack. Blockchain and DLT also have the potential to transform various aspects
of the financial industry. For example, they can enable the development of new
financial products and services, such as decentralized exchanges, smart contracts,
and peer-to-peer lending platforms. These technologies can also facilitate cross-
border payments and remittances by reducing the need for intermediaries and
simplifying compliance with regulations.

However, there are also challenges associated with blockchain and DLT adoption.
One of the main challenges is scalability, as these technologies are currently limited
in their capacity to handle a large number of transactions. Additionally, there are still
concerns around the regulation and governance of blockchain and DLT networks,
particularly in regards to data privacy and security.

Big data and analytics play an increasingly important role in the financial
industry, enabling banks and financial institutions to analyze large amounts of data
to gain insights, make predictions, and improve decision-making. Big data refers to
the vast amount of data generated by various sources, such as customer transactions,
social media, and internet searches. Analytics refers to the process of analyzing and
interpreting this data to extract meaningful insights. One of the main benefits of
big data and analytics is the ability to gain a deeper understanding of customers
and their behavior. By analyzing customer data, financial institutions can identify
patterns and trends, and gain insights into customer needs and preferences. This
information can then be used to develop more targeted marketing campaigns, create
personalized financial products and services, and improve customer engagement
and retention.
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Big data and analytics can also be used to detect and prevent fraudulent activities.
By analyzing large amounts of data, banks can identify anomalies and patterns
indicative of fraudulent transactions, enabling them to take proactive measures to
prevent financial losses and protect their customers.

Moreover, big data and analytics can be used to improve operational efficiency
and reduce costs. For example, banks can use data analytics to optimize their supply
chain, forecast demand, and automate routine tasks, reducing the need for manual
intervention and improving productivity.

However, there are also potential risks associated with the use of big data and
analytics in the financial industry, particularly related to privacy and security.
Banks must ensure that customer data is collected and analyzed in compliance with
relevant regulations and that appropriate security measures are in place to protect
that data from unauthorized access or misuse.

Big data and analytics have become essential tools for banks and financial
institutions to gain insights, improve decision-making, and enhance customer
experience. By leveraging the power of big data and analytics, financial institutions
can develop more targeted and personalized financial products and services,
prevent fraudulent activities, and optimize their operations. However, it is essential
for banks to address potential privacy and security concerns to ensure the safety and
trust of their customers.

Conclusion

In conclusion, this systematic review of the evolution of mobile and online
banking provides valuable insights into the key technologies and innovations
shaping the future of digital finance. Our analysis reveals the growing importance
of addressing cybersecurity threats, the digital divide, user experience and adoption
barriers, as well as the potential impact of emerging technologies such as 5G, IoT,
digital currencies, and robo-advisors on the banking industry.

The findings have important implications for both the banking industry and
policymakers. Financial institutions must prioritize the development of secure,
accessible, and customer-centric services to remain competitive in the digital
landscape. This includes investing in robust cybersecurity measures, enhancing
digital literacy, and promoting financial inclusion through innovative banking
solutions. Policymakers, on the other hand, should focus on creating a supportive
regulatory environment that encourages innovation while safeguarding consumer
interests.

Future research directions in the field of mobile and online banking could
explore the long-term impact of emerging technologies, such as Al and blockchain,
on the financial industry. Moreover, researchers may investigate strategies for
addressing the digital divide in developing countries, fostering financial inclusion,
and optimizing user experience to ensure the successful adoption of digital
banking services. Additionally, further studies could examine the role of public-
private partnerships in driving innovation and promoting a secure, inclusive, and
sustainable digital finance ecosystem.
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By understanding the key drivers of change in mobile and online banking,
stakeholders can better prepare for the future and harness the power of digital
technologies to transform the financial landscape and promote economic growth
worldwide.
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Abstract. Nuclear power, despite the environmental risks involved, remains
one of the cleanest ways to meet the growing demand for energy without
increasing greenhouse gas emissions. In in-situ leaching (ISL) uranium mining in
Kazakhstan, uranium reserves are determined by converting the recorded natural
gamma radiation of radium and other uranium decay products to uranium content.
In zones of reservoir oxidation (ROZ, in the presence of pronounced gamma
anomalies, uranium is completely absent, so they must be taken into account when
calculating uranium reserves. Not accounting for reservoir oxidation zones (ROZ
when planning uranium mining by in-situ leaching is one of the main reasons
why estimated reserves cannot be confirmed and often leads to huge material
losses, when entire mining blocks turn out to be empty. On the other hand, the
selection of the LCP by the available methods is expensive and time-consuming,
and is not always performed in a timely way. The paper considers the possibility
of separating the ROSs using machine learning methods. For this purpose, the
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wells were divided into three classes depending on the characteristics of the ROZ.
RandomForestClassifier showed an average accuracy of 0.55, but the values varied
greatly depending on the class of wells.

Keywords: uranium mining, well geophysical survey,machine learning,
classification, boosting
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AHHOTaIUs. ATOM HEPTHACHL, 1JIECIIE IKOJIOTHSIIBIK TOyEKeIIepre KapaMacTaH,
MApHUKTIK Ta3Aap IIbIFapbIHABUIAPBIH apTThIPMai, SHEprHusra ecil Keje jKaTKaH
CYPaHBICTBI KAMTaMachI3 €TY/IH €H Ta3a oicTepiHin Oipi Oombin Kana Gepeni. ATom
ANEKTP CTAaHIMSIAPBIHBIH KYMBICBIH KaMTaMachl3 €Ty VILUiH ypaH KeHiH eHAIpy
KaxeT. Kasakcranma sxkepacTbl YHFbIManblK Inaiimanay (QK¥II) oxmiciMen ypan
OHJIpY Ke3iHJe ypaH KopJiapbl paauii/iiH KoHEe YpaHHBIH bLIBIPAaybIHBIH 0acka J1a
OHIMIEPiHIH TipKeJIreH TAOUFH raMMa-cayJeIeHy1H ypaH KypaMbIHa KaiiTa ecerrey
KoJbIMeH aiKpiHAananel. Kabartein ToThIFy aiimakrapbinga (KTA) aifkeiH ramma-
aHOMaJIMsIIapbl OOJIFaH Ke3/1e ypaH MYJIIEM KOK, COHZIBIKTaH OJIap/Ibl ypaH KOpIapbiH
ecenrey Ke3iHze eckepy KakeT.)KepacTsl YHFbIMaNaphblH HIaiiManay diciMeH ypaH
OHIpY/i jxocmapiay Ke3inae KabaTTelH ToThIFy aiimakrapbid (KTA) ecenke anmay
€CeNTIK KOpJap/bl pacTail anMayablH HEri3ri cedenTepinin 0ipi 00mbIn TadbUIAAbI
XKoHe KeOiHece OYKiJ Tay-KeH OloKTapbl 00c OONFaH Ke3le YIKEH MaTepHallIbIK
weiFbiHAapra okeneni. ConbiMeH karap, KTA -HBI KOmAaHBICTarbl oliCTEPMEH
Oesty KpIMOAT oHE €HOEKTI KaKeT eTell, opHailbiM yaKThUIbl OpBbIHAAIMAaNIbI
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Maxkanana KTA-HbI MalIuHAIBIK OKBITY 9ICTEpIMEH OOIl KOpCeTy MYMKIHJIT
Kapacteipbuiafpl. On ymiH yHrbeiManap KTA cumarramanapbiHa OaillaHBICTHI
yir ceiabinka Oeningi. RandomForestClassifier KTA 0.55 mibirapyasiH opraiia
JIQJIIITIH KOpCeTTl, Oipak MOHACP YHFbIMAIap KiachiHa OalIaHbICThI alTap IbIKTal
e3repi.

Tyiiin ce3nep: ypaH eH1ipy, YHFbIMaTIap bl re0(hU3HKATBIK 3ePTTEY, MAITHHAIBIK
OKBITY, JKIKT€Y, OyCTUHT
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AHHOTanus. SlnepHas SHEprHst HECMOTPS HA COMYTCTBYIOIIUE SKOJIOTHIECKHE
PHCKH OCTaeTcs OJHUM M3 HanOollee YHCTBIX CIIOCOO0B 00ECIIeUeHHs PACTYILETO
crpoca Ha DJHEpPrur0 0Oe3 yBeIMUYCHHUS BBIOPOCOB MAPHUKOBBIX Tra3oB. Jlis
oOecrnieueHus] padOThl aTOMHBIX 3JICKTPOCTAHIIMI HEOOX0AUMA JI00bIYa ypaHOBOM
pyasl. [lpu n1o0Obrde ypaHa METOIOM MOA3EMHOTO CKBRKWHHOTO BBIIIEIauMBAHNS
(IICB) B Ka3axcrane, 3amachl ypaHa OIpEENAIOTCA IIyTeM Iepecuera
3apETUCTPUPOBAHHOTO E€CTECTBEHHOTO TaMMa-M3Iy4YeHUS paaus W JIPYTrux
MIPOIYKTOB pacrajia ypaHa B coJepkaHue ypaHa. B 30HaxX MmiacToBOTo OKHCIIEHUS
(3I10), npu HaIMYUU SPKO BBIPAKEHHBIX raMMa-aHOMAJIMH YypaH TMOJHOCTBIO
OTCYTCTBYET, MOATOMY MX HEOOXOJMMO YUYHUTHIBATh MPH MOJCUETE 3a1acoB ypaHa.
He yuér 30H mnacroBoro okucienus (3I10) npu ruraHupoBaHuM J0OBIYH ypaHa
METOJIOM TMOJ3EMHOT0 CKBR)KWHHOTO BBILICTIAYMBAHUS SBISACTCS OJHOH M3 OCHOB-
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HBIX IPUYMH HEBO3MOXXHOCTH MOJTBEPANTh PACYETHEIE 3aITaChl M 4aCTO IPUBOIUT K
OTPOMHBIM MaTepHaIbHBIM IIOTEPSIM, KOTJIa IIeJIbIe TOObIUHbIC OJIOKH OKa3bIBAKOTCS
nycteiMu. B To e Bpewmsi, Beienenue 3110 cyiecTByronmMI METOIaMU SIBIISIETCS
JOPOTUM W TPYyAO3aTpaTHBIM W HE BCETna BBITONHSIETCS CBOEBpPEMEHHO. B
CTaThe paccMaTPHUBACTCS BO3MOXKHOCTH BbieneHus 3[10 mMeromamu MammHHOTO
o0y4eHHs Ha OCHOBE JaHHBIX KapoTaxka. J[JIs TOro CKBaKWHBI OBUIH Pa3/ieieHbI
Ha TpH Kiacca B 3aBucUMOCTH OT xapakrepuctuk 3[10. RandomForestClassifier
MOKa3all CpeAHio TOYHOCTh BbiaeneHust 3I10 0.55, omHako 3HAYEHUS] CUIIBHO
BapbUPOBAIUCH B 3aBUCUMOCTH OT KJIacCa CKBAXKHH.

KuaroueBbie ciioBa: j100b4a ypaHa, TeOPU3NICCKUE HCCIICIOBAHUS CKBAKHH,
MaIlIMHHOE 00yUueHue, Kiaccu(uramnus, O0yCTHHT

Brazooapuocmu. Paboma svinonnena npu ghunancosotl noodepoicke Komumema
Hayku Munucmepcmea nayku u evicuiezo obpaszosanus Pecnyonuxu Kasaxcman
Pecnyonuxu Kasaxcman (epanm: Ne AP14869110 "llogviuwenue mounocmu
pewenus 3a0ay uHmepnpemayuy OaHHbIX 2e0QU3ULECKUX UCCTEO08aHUL CKEANCUH
Ha YPAHOBbIX MECMOPONCOCHUAX C UCNONb308AHUEM MEMO008 MAUUHHO2O
00yueHusl.

BBenenue

OcobeHHOCTH  (OPMHUPOBAHHUS  MECTOPOXKACHUN  MPEIONPENESISIIOT — UX
PaguoONIOTHIECKYI0O OOCTAaHOBKY W DJJIEMEHTHBIM cocTaB. [lpm d3TOM, Kak
MPaBWJIO, B PYIHOW 3aJie)kH HAOIONACTCS HEJOCTATOK pajiusg B CPaBHCHHUU C
PaBHOBECHBIM COCTOSHHEM, a B €€ OOpaMJICHWH pPaJMOaKTHBHOE PaBHOBECHE
HapyIICHO B CTOPOHY WM30bITKA pajusi, YTO SIBJIIETCS CIICACTBHEM OOpa30BaHUs
T.H. «OCTAaTOYHBIX» U «ITU(PPY3MOHHBIX» OPEOJIOB paaus. DTO CBI3aHO C TEM,
YTO, MECTOPOXKICHHS IUIACTOBO-WH(MIBTPALIMOHHOTO THIA (HOPMUPYIOTCS B
OCaJIOYHBIX MPOHULAEMBIX TOJIAX TOPHBIX MOPOJ HAa I'PAaHULIE OKUCIUTEIBbHO-
BOCCTAaHOBHUTEIBHOTO  Oapbepa. A  TOCKONBKY B OKHUCIHTEIBHOH W
BOCCTaHOBUTEJIBHOM OOCTaHOBKAX MOBEJICHUE TIOABKHBIX ()OPM ypaHa U pajus
CYIIECTBEHHO Pa3lIMYalOTCs, B PA3IINYHBIX MOP(OIOTUIECKUX DIEMEHTaX PYIHBIX
TeJl B pe3ylbTrare IMpPOIECCOB «BBIHOCA-IIPUBHOCA» «MaTEPUHCKOTO» YypaHa
U <«JIOYEPHEr0o» paausl BO3HUKAKOT TE€OXMMHYECKHE 30HBI, IJI€ COOTHOLIEHUS
MAaCCOBBIX JI0JIEW pajius U ypaHa OTIMYAIOTCS OT 3HAYEHUM, COOTBETCTBYIOIIMX
COCTOSIHUIO PaJIM0aKTUBHOIO PAaBHOBECUS MEKly HUMH.

CocrosiHiE PaIMOaKTUBHOIO PABHOBECHUS MEKIY PaJUEM U YPaHOM MPHUHSTO
XapaKTepu30BaTh KOAIPPHUIMEHTOM HApPYUICHUS DPaJHOaKTHBHOTO PaBHOBECHUS
(vmm IpoCcTO KO3 PHUIIMEHTOM PaInOAKTHBHOTO PaBHOBECHS) Kpp, KOTOPBIN paBeH
OTHOILIEHUIO MAaCCOBBIX JI0JIEH pajiusi U ypaHa.

Takum 00pa3oM, 3HAUCHUE BEITHMYUHBI Kpp = 1 COOTBETCTBYET HAIHYHUIO
palMOaKTUBHOIO PABHOBECHS, @ OTJIMYME 3HAYCHUHN Kpp OT CIUHUIEI (UKCUPYET
HaJIMYME CUCTEM, HE IOCTUTTIINX PAaBHOBECHS MO0 MPETEPIICBIINX HAPYILICHHUS UX
3aMKHYTOCTH.

B pa3zpese pyaHoe Ten0 Ha TMAPOTEHHBIX MECTOPOKAEHUAX ypaHa UMEET BHU]L
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poiia, TepeMEelIAlonIerocss B HalpaBJICHUH [BW)KEHHS IUIACTOBBIX BOA (pHC.
1), a m3menenne K MOXYMHSCTCS CHEAYIOUIMM OCHOBHBIM 3aKOHOMEPHOCTAM
(Domarenko, 2011):

1) cpeanme snadennst K i pasmiaHbIX MOPHOIOTHYECKUX IEMEHTOB PYJI-
HBIX TeJl, y4aCTKOB M TEOXUMHUYECKUX 30H MECTOPOXKACHUHM (C coaepKaHueM ypaHa
6omee 0,01 %) MEHSIOTCS B JOCTATOYHO MUPOKUX mpenenax — ot 0,60 mo 1,0;

2) HEMOCPEeICTBEHHO 3a ()POHTOM IIJIACTOBOTO OKHCICHHS PaJAHOAKTUBHOE
paBHOBECHE CMEIICHO B CTOPOHY MU30BITKA PaTUs (Kpp =1,5-2,5 u Gozee) - BIIIOTH
710 IPaKTUYECKH MOJIHOTO OTCYTCTBUS ypaHa. DTO TaK Ha3bIBAEMBIE «OCTATOYHBIE»
paznueBble OpeodIbl;

3) mo Mepe mepexozna B 30HY BOCCTaHOBIICHHS PaJMOAKTUBHOE PaBHOBECHE
MOCTEIEHHO OT PAaBHOBECHBIX Py (BOIM3M 30HBI M1acToBOro okucienus — 3110)
CMELIaeTCsl B CTOPOHY H30BITKA paaus, GOpMHPYs Ha TpPaHULE PYIHBIX TEl C
coznepxanueM ypana 0,01 % u Beime manomornsie (0,2—0,4 M) o61acTi paaneBbIx
oTopouek (T. H. «1u(y3nOHHBIC) paJUEBBIC OPEOJIbI), OKAWMIISIOLINE PYIHOE
TeJo.

...... e P ) @,-
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w45

Puc.1. Cxema paanoornyeckoii 30HaILHOCTH B pa3pese PyA0BMEIIAIOIIEero TOPU30HTA TIIACTOBO-
UHQHUIBTPALIMOHHBIX MECTOPOXK/ICHUH ypaHa.
Fig. 1. Schematic of radiological zoning in the cross section of the ore-bearing horizon of layer-
infiltration uranium deposits.

Ha pucynke 1 cTpenka ykaspIBaeT HalpaBICHWE JBIKEHHS IIACTOBBIX BOII,
qrcla - 3HaYeHNe Kpp, a - 30Ha BOCCTAHOBJICHMS, O - 30Ha OKUCIIEHUS: | - ypaHOBOE
pYAHOE TeNOo; 2 - TMIeCKH; 3 - IIMHUCTBIC TICCYAHUKH; 4 - TIINHBI, aJICBPOJIHTHI; 5 -
OKHWCJICHHBIC MOPOABI (30HA IJIACTOBOTO OKUCICHHS); O - MU QPY3HOHHBIH Opeo
panus; 7 - OCTaTOYHBIN OpeoIT pajius.

B Hacrosiiee Bpemsi cofiepKaHUE ypaHa OINpelelNsieTcs MyTeM JeleHUs
COJICpIKaHHS PaJisl, MOTYYCHHOTO B PE3yJIbTare MHTEPIPETAI[MH raMMa-KapoTaka
(I'K), ma Kpp (MuCTpYKITHS, 20006).
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[Ipu 'K peructpupyercsi eCTeCTBEHHOE raMMa-H3JIyuYeHHE Pagusi U OPyTUX
MPOIYKTOB pacmaja ypaHa. [lockonbKy B 30HaX IIIacToBOro okucieHust Kpp=co, T.c.
MIPY HAIMYHH SIPKO BBIPAYKCHHBIX TaMMa-aHOMAJIH, ypaH MOJIHOCTBIO OTCYTCTBYET,
X HEOOXOIUMO YUYHUTBHIBATh MPH MHTEpIpETanuu ramMmma-kapotaxka. 3110 moxHO
BBIJICJIATH IIPU aHAIM3E KEpHA Ha 3TaIle Pa3BEAKH, a 3aTeM CTPOUTDH I€OJIOTHIECKHE
pas3pesbl U NPOTATUBATh UX 110 TEOJIOTHUECKUM pa3pe3aM, Kak MMoKa3aHo Ha pHc. 2.

Puc. 2. I'eonormuecknii paszpes, 30061 3[10 (BBIIEICHBI )KEITHIM) CIIPaBa U CIIEBa.
Fig. 2. Geologic cross-section, the ROZ zones (highlighted in yellow) on the right and left.

OnHako oTOOP KEpHA M NPOBE/ICHUE Ja00PATOPHBIX HCCICIOBAHUNA — OJITHI
1 goporocTosmui nmpouecc. Kpome Toro, nocTpoeHne pa3pe3oB U 3KCTpanosauus
BbieneHHbIX 3110 He Bceraa mpou3BOAUTCS CBOCBPEMEHHO U KOPPEKTHO, TpedyeT
BBICOKOM KBaMM(PHUKAIMM M 3HAYUTEIHHOIO PY4YHOro Tpyda. B pesynbrare,
3a4acTyr0 IEepBOHAuYalbHAass WHTepHperanus npooautcs Oe3 yuera 3I10, a
[IOTOM MPUXOAUTCS Aenarh mepepacuer yxe ¢ yderoMm 3[10, 9To mpuBOAUT K
CYILLIECTBEHHOMY YMEHBIICHHUIO IIEPBOHAYATILHO MMOICYUTAHHBIX 3aIIaCOB ypaHa, Ha
KOTOPBIX OBLIO OCHOBAHO BCE IJITAHUPOBAHUE JIOOBIYH.

Hpyrum crioco6om Beienenus 3110 siBisieTcs npoBeieHUe KapoTaka HEUTPOHOB
nenenust (KHJL), mo3BosisitoniyM onpeeNsith CoepKaHue ypaHa B €CTeCTBEHHOM
3aJleraHn, WCKIIOYas OIMUOKH, CBS3aHHBIE C WM3MECHEHHUEM KOX(PQUIMECHTa
PaIUMOAaKTUBHOTO PABHOBECHSI B MPOIECCE BBILICIAYMBAHUSL YypaHAa, a TaKkKe
AT BO3MOXKHOCTbH OILICHMBATh T'€OTEXHOJOTHYECKUE MapaMeTphbl (BIAXKHOCTD,
[JIMHUCTOCTh, TOPUCTOCTh). Takke A3TOT METOJ| IMO3BOJIICT HEMOCPEICTBECHHO
OTPEACNATh COACPNKAHUS ypaHa, MUHYS CTaIuIO MEpecueTa COACpXKAHUS Paaus
B coaepkanue ypana depe3 Kpp. B Takux ciyuasx 3110 BwiaensitoTcst Tam, rae
PYAHBIM MHTEPBAjaM I10 raMMa-KapoTaxXy HE COOTBETCTBYIOT PYIHBIC HHTEPBAJIbI
o KH/I.

[Ipumep nepeunrtepnperanuu 'K nocne Beiaenenus 3110 no pesynsraram KH/L
MpUBEJEH Ha pUC. 3.
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Puc. 3. Ilpumep nepeunreprperanuu ['K mocne serrenenus 3110 mo pesynsraram KH/I.
Fig. 3. Example of re-interpretation of the GC after selecting an ROZ based on the results of the
KND.

Ha pucynke BumHO, 4To (akTrueckue pynHbie nHTepBansl mo KH] okazanmce
3HAYUTEITHHO MEHBIIIE PACCUUTAHHBIX 10 paauto. OxHako nposeaenne KHJ crout
JIOPOTO, CKOPOCTh KapoTaxka cocTamiseT He Oonee 50 M/4 (CKOpPOCTh IPOBEICHUS
I'K cocraisier 1o 1000 M/4), HO TIaBHOE OTpaHUYEHUE COCTOUT B TOM, UTO PeCypc
HCTIOJIb3yeMOH TPYOKH reHeparopa HeHTpoHOB KpaiiHe orpannueH. [Tostomy KH/|
3aKa3bIBAIOT HE HAa BCEX MECTOPOXKICHHUSIX M B HeOompImx oobemax (5—10 %) ot
00IIIeT0 KOJIMYECTBAa CKBAYKHH.

MeTonanbl 1 MaTepHaIbI

Heyuer 3110 sBnsieTcst oqHON U3 OCHOBHBIX IPUUKH HETIOATBEPKACHHUS 3a11aCOB
M 4YacTO TPHUBOJUT K CYIIECTBEHHBIM MAaTEpUaJIbHBIM MOTEPSIM, KOTJA IIeJIbie
OJIOKH OKa3bIBAIOTCS MyCThIMU. B TO ke BpeMst Ha JaHHBIH MOMEHT HEeT ObICTPOTO
u HajexHoro criocoba Beimenenus 3110 mms koppektHoit mHTepnperamuu ['K.
Cosnanue hopmanuzoBanHOro anroputMa Beienenus 3110 taxke npeacraBuseTcs
HEBO3MOXKHBIM.

B o3Toil CBsI3M OMHUM W3 TEPCIEKTUBHBIX HANPABICHUN PEIICHUs ITaHHOMN
mpoOJeMbl MOXeT crTaTh MamuHHOe oOydenne (MO), korga mnpenckasaHue
pacnonoxerus: 3[10 OyzmeT oCyIIeCTBIATHCS IMyTeM aHaIH3a BCEH COBOKYITHOCTH
MMEIOIIEHCS TeOIOrHuecKkor U reo(u3ndeckoil HHGOPMAIUY, TTyTeM BBISBICHUS
3aKOHOMEPHOCTEH, HE 3aMeuaeMbIX JIOIbMH. ABTOpaM HE YIajloCh HaWTH
myOJIMKalu Ha JAHHYIO TEMY, XOTS B IIEJIOM, MAIlMHHOE OOydYeHHE LIUPOKO
MIPUMEHSETCS B 00JIacTH aHanm3a reosorndyeckux nanHbix (Mukhamediev, 2020;
Mukhamediev, 2022; Nguyen, 2019; Mukhamediev, 2021; Cracknell, 2014;
Kumar, 2020; Chengxiang, 2017; Sun, 2020; Merembayev, 2019; Amirgaliev,
2013; Mukhamediev, 2014; Kuchin, 2019; Kuchin, 2020).
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st ouenku BoaMoxkHOcTU mpuMeHennss MO anis BeisiBiienus 3110 npepnoxeno
MIPOBECTH TEINBIA psiJl MCCIIENOBaHMIA, BO3MOXHAsI CXeMa KOTOPBIX NMpPHBEICHA Ha
puc 4.

Bbigenexue 3MN0

/

[laHHble N0 OAHOI CKBAKMHE

[laHHble Mo 6AMKaNLIMM PasBeaOYHbIM

\ Kom6uHauuma paHHbIX no / CKBaXUHam:

CKBAMMHE U Pa3BedouHbIX o Mpepobpabotka
* [loctobpaboTtka

Knactepusauua: Knaccnudmkaums e KoopauHatbl
* Kononka 3M0O

o /uneitHasn ®  IKCTPANONALMA MENKAY CKBAKUHAMM

*  HenuHeiiHana

MNnasatowee okHO Becb ropu3oHT:
AaHHbIX:

e CNN
e ANN e ANN
e XGBOOST e XGBOOST
¢ CNN e LSTM

e LSTM

Puc. 4. Cxema uccnenosanusi npumeHuMocTH Metoz0oB MO jutst Beienenus 3110
Fig. 4. The research scheme on the applicability of ML methods for the selection of the ROZ

Takum 00pa3oM, MeETOAONOTHYECKasi CXeMa HCCIENOBaHUS COCTOUT U3
CJIEYIOIIUX ATAIOB!

Co3nanue crenuaibHOrO HaboOpa JaHHBIX C Pa3[elieHHEM CKBOXKUH Ha TpHU
knacca: 42 ckBaxunbl 0e3 3[10 (LOW_ZPO), 84 ckBaxxunsi ¢ noneit 3[10 5-50 %
ot pyaposmemtaroniero ropuzonra (MEDIUM ZPO) u 42 ckBaxkunsl ¢ goneit 310
oonee 50 % pynosmermatorero ropuzonta (HI ZPO).

B kauecTBe BXOAHBIX MMapaMETPOB HCIIOIB30BAINCH JaHHBIE TaMMa-KapoTaxKa,
anektpokapotaka (KC, I1C), nmutonorus (nmockonbky 3[10 MoxkeT HaxomuTbCs
TOJIBKO B MPOHHUIAEMBIX TOPOJax), TyOMHa M KOOPAMHATHI YCThSl CKBaXKHMHBI, a
TakXKe JaHHBIE 10 ONMKalIeil coceTHel CKBaKUHE.

PazpaboTka MeTo10B 1peno0opaboTKu JaHHBIX;

[IpuMeHeHne METOI0B MAIIMHHOTO 00y4YeHUSI.

B xauectBe knaccudukaropa ucnoib3oBaics RandomForestClassifier (RFC),
KOTOpBIN TpencTariser co0oit ancamOnb jepeBbeB pemienuit (Ho, 1995) (puc.
5). DTo oAMH M3 caMbIX THOKHX M MPOCTHIX B UCMONB30BaHUH anropuTMoB. RFC
CO3JIaeT JePEBhsl PELICHUH AT CITy4aiiHO BRIOPAHHBIX CEMIUIOB IaHHBIX, TOTYYaeT
MPOTHO3 OT Ka&KAOTO JEpeBa M BHIOMpAcT HaWIydllee pelleHHe OCPEACTBOM
ronocoBanus. OH TaKkKe NPEAOCTABISCT AOBOJIBHO 3()(EKTHBHBIM KpUTEpPHI
B)XHOCTH TIOKa3arenei (IPU3HAKOB).
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Puc. 5. Kimaccudurarop RandomForestClassifier
Fig. 5. RandomForestClassifier

OO0cyxaenue U pe3yJabTaTbl

Ha opmanHBIi  MOMEHT TpPOBEOEHBI IMpeIBapUTEIbHBIE  SKCHEPUMEHTHI
npumenenus: momenu RandomForestClassifier Ha mniaBaromieM OKHE JaHHBIX.
B xonme skcnepuMeHTOB, TouHOCTH onpeaeneHus 3110 cunbHO BappHpoOBasach
B 3aBUCHMOCTH OT KJlacca CKBa)XHMHBI, HO B cpeaHeM coctaBuia 0.55, uto
MO3BOJIICT CeNaTh BBIBOJ O MPUHIMIIMAIBHONW BO3MOXKHOCTH PELICHMS 3a7aqd
BeiesieHust 3110 meromamm MO. Jlnst onenku paboThl KiaccH(HKaTopa ObuI
pa3paboTaH NPOCTEHIINH BHU3yaJU3aToOp, KOTOPBIM IOKa3bIBAaeT (PaKTHUECKHE
(cuHmMe) W mpenckaszaHHble (KpacHbIE) TPEeX KIIaccoB: |-IIPOHHMLAEMBIE TOPOIbI,
2-nenponunaemeie nopoasl, 8§ — 3I10, npu 3TOoM ochk Y mpeacraBiseT coOoi
DIyOuMHY B Tpenenax pydoBMeriaromero ropuszonrta ¢ marom 10cm. Ilpumepst
pesynbraTtoB BbAeneHus 3110 ¢ TOMOIIBIO BBIIEYTTIOMSHYTOW MOZIETHN Ha Pa3HbBIX
kiaccax ckBaxuH (LOW_ZPO, MEDIUM_ZPO u HI ZPO) npuBenens! Ha puc.
6,7u8.

800

700

600

500

200

)

o] - x -yt ot torget valus)
* _ypred (predicted value

To 12 1s 1s 1 20

Puc. 6. Ilpumep dakTruecKux 1 MpeacKa3aHHbIX KIAcCOB MOpof s ckBaxxuHsl LOW_ZPO
Fig. 6. Example of real and forecasted rock classes for well LOW_ZPO
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Validation set=MEDIUM_ZPO_val
Target values vs_ predicted values in fhe ZPO task
RandomForestClassifier(max_depth=17, n_jobs=12, random _state=0)
Well=10865
f1_score(weighted)=0 8601140928803405

a0
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&0
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400 l |!
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. ] ot it e
* y_pred (predicted value)

T 2 H a H 5 7 5

Puc. 7. Ilpumep hakTHyecKHX U NpeiCKa3aHHBIX KiaccoB mopoa At cksaxuasl MEDIUM ZPO
Fig. 7. Example of real and forecasted rock classes for well MEDIUM_ZPO

Validation set=HI_ZPO_val
Target values vs. predicted values in the ZPO task
RandomForestClassifier(max_depth=17. n_jobs=12, random_state=0)
Well=12206

a, =0. 0081

0
a0 .
s00 | )
o l
00
]
0 |
100 o~ |
M I

x
o ! II * y_test (defautt target value)

Xy pred (predic

1 H 3 ] 5 3 7 5

Puc. 8. [lpumep akTHueCKUX U MpeACKa3aHHBIX KJIACCOB MOPOA A ckBaxkuHsl HI ZPO
Fig. 8. Example of real and forecasted rock classes for well HI ZPO

3akiaouenune

Breigenenne 3110 TpeOyer WHTEHCHBHON pPa0OTHI pa3HBIX CIEIHAIHCTOB U
TpeOyeT 3HAYUTEILHOTO BpeMEHH. 3a4acTyIo Fe0JIOTHYECKUE Pa3pe3bl, COAepIKALINE
3I10 He nenaroTcs BOBpEMSI M HENOCTYNHBI Ha JTale WHTEPIPETALUN TaMma-
KapoTaka M IOACYeTa 3amacoB. AJIBTEPHAaTUBHBIA METOM, KapoTa)k HEHTPOHOB
nenenus (KH/I-M), BBUay TeXHHUECKON CIOKHOCTH M JOPOTOBU3HBI BHITOIHSIETCS
qub Ha 1-5 % ckBaxkun. rnopuposanue 3110 MoKeT NpUBECTH K HENTPABUIIBHOM
OLICHKE 3aI1acoB, T.€. IPH (PaKTHUIECKOM OTCYTCTBHUHU ypaHa, 3a1achl, IOJCYUTaHHbIE
[0 NPUHATOM METOIUKE MO IaMMa-aKTUBHOCTH €ro MPOAYKTOB pacrazna, MOTyT
M0Ka3aThCs 3HAYUTEIbHBIMU. DTO NPUBENET K OypeHHIO U 00yCTPOICTBY AECATKOB
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WJIH JTaXK€ COTEH ITYCTBIX» CKBaKWH, (PUHAHCOBBIC ITOTEPH MOTYT COCTABHUTH OT 5
10 10 MIIH 10MJIapOB B ToO.

B memom, HeETOYHOCTH B  ONpEACICHUHM JIMTOJOTHYECKOTO  COCTaBa,
(uBTpannoHHBIX XapakTepucTuk U 3110 mprBOIAT K OIIMOKAM B TEXHOJIOTUYECKOM
Mporecce YCTaHOBKHM (DMIIBTPOB, OIIMOKaM B OIPEICIICHUH 3alacoB PyIbl U
B KOHEYHOM CYETe CYIIECTBEHHBIM (UHAHCOBBIM moTepsiM. CyliecTByromme
METOAMKH PEIICHHs TIePEYMCICHHBIX IMpo0iieM pa3paboraHel HaywHas ¢ 70-x
TOJIOB MPOIILUIOTO BEKa, HE TMOJIAI0TCS CYIIECTBEHHON MOJIEPHU3ANNU U TPeOyIoT
00JIBIII0E KOTMYECTBO BHICOKOTPO(ECCHOHAIBHOTO PYYHOTO TPY/IA.

Takum 00pa3oM, Ui TPEOAONCHUS BBIIICTIEPEUNCICHHBIX TPYIHOCTEH, B
JTAHHOM CTaThe WCCIIEIOBAH BOIMPOC BO3MOXKHOCTH BBIACIICHHS 30H IJIACTOBOTO
OKHCIIEHUS] METOJJaMH MAIITMHHOTO OOYUYEeHHSI.

J1s mpOBEpKH CIIPaBeUTMBOCTH IAHHOW THITOTE3bl  CO3JIaH  CIIeIMAJbHBIN
Ha0Op JaHHBIX C pa3elieHHeM CKBRXMH Ha TpH Kiacca: ckBaxusbl 0e3 3I10,
ckBakuHbl ¢ gonei 3110 5-50 % oT pynoBMeaomero ropu30HTa U CKBaKHHBI €
nodneit 3110 6onee 50% pymoBMemIaroero ToOpu30HTA.

B kadecTBe BXOJHBIX MMapaMeTPOB UCIIONB30BAJINCh JaHHBIE FaMMa-KapoTaxa,
anextpokapotaka (KC, I1C), nutomorust (nmockombky 3I1O MokeT HaxomuTbes
TOJIFKO B MPOHHUIAEMBIX TIOPOAAxX), TNIyOWHA W KOOPAWHATHI YCThSl CKBKUHBI, a
TakKe JJaHHBIE 10 OMrKaiiiiei cocenHel ckpaxxuHe. Jlanee nmpoBeneHa mporeaypa
pa3paboTKi METOJI0B MPpenoOpaboTKH TaHHBIX M MPUMEHEHBI METO/[bl MAIIIMHHOTO
00y4eHUSI.

B pesynbrare SKCIIEPIMEHTOB MOXKHO CJIeJlaTh BBIBOJA O BO3MOXXHOCTH
MIPUMEHEHUS] METOJIOB MalIMHHOTO 00yueHwus it Beyienenns 3110 Tem He MeHee,
YUYUTBIBas BAXKHOCTh U OTBETCTBEHHOCTH BhiAeneHus 3110 npu noacueTe 3anacos,
JUTST OIEHKH BO3MOYKHOCTH ITPOMBIIIUIEHHOTO MPUMEHEHHUS allTOPUTMa BBIJICIICHUS
3110 meTonamu MO, HEOOXOIUMO TIPOBECTH BCE UCCIIEOBAHUS COTIIACHO CXeMe Ha
puc. 4, a TaKKe JaTh OTBETHI CIEIYIOIINE BOIPOCHL:

»  KakoBa MunnMasnbHas Tpebyemas TouHoCTh IpH Bbiaenenun 3110.

. MOXHO I IOCTHYb TPeOyeMYI0 TOYHOCTh?

. Hy>kHBI 7111 1S 3TOTO TOTIOTHUTENNBHBIC TaHHBIE?

. Joctmxuma mu TpedyeMasi TOUHOCTh, €CIIM UCTIONB30BaTh TOJBKO JTaHHBIS
10 OJTHOW CKBaYKWHE, O€3 ydeTa coceTHuX?

. Transfer Learning. MoxHO 1M TIepeHECTH MOJEb, pa3pabOTaHHYIO Ha
JAHHBIX OJTHOTO MECTOPOXK/ICHHSI Ha JIPYTHE MECTOPOKICHMUS?

Jlst oTBeTa Ha MepeyrcIeHHbIE BOTIPOCHI HCCIISIOBAHUS TT0 JAHHOMY
HaNpaBJICHHUIO OYIyT MPOIOHKEHBI IO OKOHYAHHUS CPOKa PeaM3aliy IPOeKTa B
CJIEYIOIIEM TOJY.
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