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Abstract. The development of medical equipment and technologies in general and
medical information systems in particular is associated with changing needs of the
healthcare industry, including the steady growth of knowledge in the field of medicine,
the complication of methods of examination, diagnosis and treatment. The article
discusses the existing medical information systems and highlights the features of these
systems. The analysis of processes and analysis of the algorithm of existing information
systems is given. This article is devoted to the development of a prototype of a medical
information system that allows you to automate relationships within medical institutions.
As a result of the analysis, an optimal model of an information system for medical
institutions was formed. The description of the developed medical information system
is given.

Keywords: medical information system, information system, public health
information management system
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AnHortanus. JKannbpl MeIUUIMHANBIK TEXHUKA MEH TEXHOJOTHSIIAPIBIH >KOHE
ocipece MeTUIIMHANBIK aKMapaTThIK )KyHeIepaiH JaMybl JeHCAYIbIK CaKTay CalaChbIHBIH
KaXETTUIIKTEPiHiH e3repyiMeH, COHBIH iLIiHJe MEAMLUHA CaNachlHAarbl OUTIMHIH Ty-
PaxkTBl ©CyiMeH, TEeKCepy, AMAarHOCTUKaIay >KOHE eMJey OIICTEepiHiH KypAeneHyiMeH
OaiinmanpicTel. Makanasa KOJIJIaHBICTaFbl MEAUIUHAIIBIK aKIapaTThIK JKYHenep TaJlKbl-
JIaHbIN, OCHI JKYHeNepHiH epekienikrepi kepcerinreH. [Ipomecrepai tanmay jkoHe
KOJIIAHBICTaFbl aKMapaTThIK XYHENepAiH alropuTMiH Tangay OepinreH. byn makana
MeIMIUHAIBIK MEKeMelepAeri KapbIM-KaTblHACTapAbl aBTOMATTaHIbIpyFa MYMKIHIIK
OepeTiH MeAMLMHAIIBIK aKIapaTThIK KYHEHIH MPOTOTHUIIIH J3ipiieyre apHaiFaH. Tanaay
HOTHXKECIHJIC MEIUITUHAIIBIK MEKEMEIIEP/IiH aKIapaTThIK JKYHEeCiHIH OHTAMIbI MOei
KaJbINTaCTRIPbULABL. JKacanFaH MEIMIMHANBIK aKNaparThIK >KYWEHIH CHIaTTamMachl
OepiireH.

Tyiiin ce3gep: MenUIMHANBIK aKHapaTTHIK XKYHe, aKMapaTThlK Kyie, KOFaMIbIK
JIeHCAyJbIK CaKTay aKnaparblH 0ackapy Kyheci

Hoviexce3 ymin: ['b. Xaxceuibik, ['H. [lamenko. MenunuHaiblK MEKEMEHIH
aKmaparThlK kyheciH »xkacay xoHe 3eprrey / XAJIBIKAPAJIBIK AKITAPATTBHIK-
KOMMVYHUKAIHWAJBIK TEXHOJIOI'MAJIAP XYPHAJIBL. 2022. Tom. 3. Is. 2.
Hewipi 10. 8-18 6et (opsic Timinze). DOI: 10.54309/1JICT.2022.10.2.001.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 m

(=)

International License |y

9



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2022. Vol. 3. Is.2.

PA3PABOTKA U UCCJEJOBAHUE MTH®OPMAIIMOHHON
CUCTEMBI U1 MEJUIIUMHCKOI'O YUYPEXJAEHUSA
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E-mail: gauhario98@gmail.com;
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AHHoTauusa. Pa3BuTHe MEIMIIMHCKOM TEXHUKM M TEXHOJIOTMH B IIEJIOM H
MEMIIMHCKUX HMH(POPMAIMOHHBIX CHUCTEM B YaCTHOCTH CBS3aHO C HM3MCHEHUEM
MOTPEOHOCTEH OTpaciu 37paBOOXPAHCHMS, BKIIFOYAas HEYKJIOHHBIM POCT 3HAHUH B
00JIaCTH MEMIIMHBI, YCIIOKHEHUE METOIOB 00CIICIOBaHMSI, TUATHOCTUKH U JieueHus. B
CTaThe PACCMATPHUBAIOTCS CYIICCTBYIOIINE MEIUIIMHCKHE HH(POPMAIIMOHHBIC CUCTEMBbI
Y BBIJICJISIFOTCSI 0COOCHHOCTH JJAHHBIX cucTeM. [IprBOAMTCS aHAIN3 TPOLIECCOB U pa3oop
aJIrOpUTMa CYIISCTBYIOUIMX HH(POPMAIIMOHHBIX cHCTeM. JlaHHas cTaThsi MOCBsIEHA
pa3paboTKe HPOTOTHIIA MEIUIUHCKONH HH()OPMAI[MOHHOW CHUCTEMBI, MO3BOJISIOIICH
ABTOMATU3UPOBATh B3aUMOOTHOIIECHUS BHYTPH MEIUIUHCKUX ydpexkaeHuil. B
pe3ysbraTe aHain3a chopMUPOBAHA ONITUMAJIbHAS MOJIEITh HH(POPMAIIMOHHON CUCTEMBbI
JUTSI MEIUITMHCKUX yapexkaeHuid. [[puBoautcs onrcanue pazpaboTaHHOM MEIUITMHCKON
MH(OPMAITMOHHON CHCTEMBI.

KiroueBble cjioBa: MEIUIIMHCKAs WH(POPMAIMOHHAS CUCTeMa, MH(OpMAI[HOHHAS
CUCTEMa, CHCTeMa yIpaBiieHus nH(opMaIliei 00IIECTBEHHOTO 3IPaBOOXPaHEHUS

Jast murupoanust: 6. XKakceuisik, [ H. [Tamenko. Pa3zpaborka u uccienopanme
HHPOPMAIIOHHON CHCTEMBI TSl MEAHIMHCKOTO yupexaenus / MEXXTYHAPO/IHBIN
KYPHAJIMHOOPMAIIMOHHBIX U KOMMYHUKAITMOHHBIX TEXHOJIOT UI.
2022. Tom. 3. Is. 2. Homep 10. Ctp. 8-18 (Ha pycckom s3bike). DOI: 10.54309/
1JICT.2022.10.2.001.

Beenenue

OCOOEHHOCTBI0 OCHOBHBIX YCIYT OOIMIECTBEHHOTO 3PaBOOXPAHEHUS SBISCTCS
npeaOCTaBICHUC TOYHBIX U MOJIHBIX MEAUIIMHCKHX YCIIYT Ha MPOTAXKCHUN BCEU JKU3HU
JUISL JKUTEJNCH WJIM MUTPAHTOB B FOPUCIUKIMH, B TO BpeMs Kak WH(QOPMaIMOHHBIC
TEXHOJIOTUU MOT'YT CJeJIaTh YCIYTd OOIIECTBEHHOIO 3/IpaBooxXpaHeHus Oojee ¢ dek-
TUBHBIMU U TOJNHBIMH. C CO3JaHUEM CHUCTEMbI YIIpaBlieHUs MH(OpMaIei B o0nacTu
OOIIECTBEHHOTO 3IPABOOXPAHEHUS DIICKTPOHHBIE METUIIMHCKHE KapThl JKUTEICH H
pasNUYHbIE TOCIEAYIOINE JTaHHBIE MOTYT YIPaBIATHCA W HCIONB30BAaThCS Oolee
3¢ PEKTUBHO; TAKMM 00pa30M, CAaHUTAPHOE OOCITYKHBAHNE MEPBUIHBIX METUIIMHCKUX
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YUPEKICHHUH YAYUIIUTCS B JaIbHEHIIEM, YTO MOKET 00JIerYuTh aIMUHUCTPATUBHOMY
OT/IENy 3APABOOXPAHEHUS] BECTU CTATHUCTUKY W aHAIU3 COCTOSHHSA OOCITy>KUBaHUS
Pa3IMYHBIX MEPBUYHBIX MEIULMHCKUX YUPEKICHUMN.

MenuurHckass WH(pOpMAaNMOHHAS CHUCTEMa TPEACTaBiIsieT Cco0oil  aBTOMAaru-
3UpPOBAHHYIO0 CHCTEMY, LEJIbI0 KOTOPOW ABISETCS aBTOMAaTH3alMs BCeX 3ajad,
BBITIOJHSIEMBIX B MEIMIUHCKUX yupekaeHnd. Cuctema mo3BoJsieT aBTOMaTH3UpOBATh
LIMPOKUI CHEKTp AEWCTBUH, TaKMX KakK: 3allUCh Ha MPHEM, YBEIOMJIEHHUS O 3alllCH,
CO3JIaHUE Pa3HOr0 PO/ia OTYETOB, KOHTPOJIb 32 JIEUEHUEM MMALUEHTOB.

Hcnonp3oBaHne MEAUIMHCKUX WHPOPMAIMOHHBIX CHCTEM MO3BOJISIET:

— PammonanbpHO MCMONB30BaTh W IDIAHWPOBATH padodee BpeMs 0OCTYKHBAIOIIETO
IepcoHana.

— IlonHOCTBIO M30aBUTHCS OT OyMa)KHOW JOKYMEHTAIIUH, YTO ITO3BOJIHMIIO CHU3UTH
KOJIMYECTBO BPadeOHBIX OIINOOK.

— IloBBICUTH CKOPOCTH OKa3aHUS MEIUIIMHCKON MOMOIIM 32 CYET ONEpaTUBHOIO
JocTyna K nHGOpMaLMK O HallUeHTe.

— HckmounTs ny0nupoBaHue HHGOpMAIUK U HalpaBJIeHUH UCCICA0BaHNH.

— IlmannpoBaTh Harpy3Ky M pacrpe/eneHne NaieHToB 0 MEAUIIMHCKOMY 000py-
JIOBaHHMIO.

MeTonnb! necae10BaHUA

B cratbe wucmonb3yeTcs METOA CPaBHHUTENIBHOIO aHalW3a, NPUMEHSEMBIH K
CYIIECTBYIOIIMM MEAMLMHCKUM MH(OpMaunOHHBIM cucteMaMm. CpaBHeHHe HH(oOpMa-
LUOHHBIX CHUCTEM HPOBOIUTCS IO HECKOJIBKMM KpuUTepusM. llomyueHHble TaHHBIE
AHAJIM3UPYIOTCSI U BBIIEJISIOTCS OCOOGHHOCTH JAaHHBIX CHCTeM. KOHEUHBIM HTOroM
aHamM3a sBIsieTcs: c(OPMUPOBAHHBINA CIIMCOK HEOOXOANMBIX (PYHKIMOHAIBHBIX TpeOo-
BaHUH K pazpabaTbiBaeMoil MEIUIIMHCKON HHPOPMAIIMOHHOH CHUCTEME.

Pe3yinbTarhl ucesae10BaHus

B mepBHYHBIX MEOMLUMHCKHX YUYPEKICHHSX BEAyIIHME TEXHOJIOTHMHM B Mpoleccax
HCCIIeI0OBaHUM, pa3pab0oTKK U BHEAPEHUS CUCTEMBI YIIpaBiIeHUs HH(popMmannei iy Obl
OOIIECTBEHHOTO 3/PaBOOXPAHEHHS BKJIIOYAIOT 3JIEKTPOHHbBIE MEIULMHCKHE KapThl,
TEXHOJIOTHIO BHUPTYaJbHOM YaCTHOW CETH M TEXHOJOIUIO PE3EPBHOIO KOIMHMPOBAHUS
B pEaJbHOM BpPEMEHU JUIsl XPaHEHHUs IaHHBIX, KOTOPhIE MOIYT IOMOYb CHCTEME
peanu3oBaTh CBOM JKM3HEHHbIE (DYHKUHMH M OOECIEUMTH IUTATHYIO PadOTy CHCTEMBI
(Kymanb6aesa u nip., 2020: 25-32).

WHdopMaoHHbIE CHCTEMBI 3PAaBOOXPAHEHUS MOTYT MCIOJIb30BaThCS BCEMH
pabOTHUKAaMU 34paBOOXPAHEHHUS, OT MALIMEHTOB 10 MEICECTED, Bpaueil 1 TOKHOCTHBIX
JL OOILECTBEHHOTO 3apaBooxpaHeHuss. OHU COOMPAIOT JaHHBbIE U 00padaThIBAIOT UX
TakuM 00pa3oM, YTOOBI MX MOXKHO OBUIO HCIIONB30BaTh Uil HNPUHSITHS PELICHUH B
00J1acTH 3ApaBOOXPAHEHUSI.

Omanvet paseumus MUC u ananus

Bce stane! pazsutus MUC npuBenenst B Tabnue 1:
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Tabmuma 1 - Pa3BuTre MEAUIIMHCKAX HHPOPMAIIMOHHBIX CHCTEM B MHpE

I'onbl, aBTOp, HAy4YHOE COOOIIECTBO

Co0ObITHs

1959r. Jlennn, aMmepukaHcKuii
yuéHblit, mpodeccop HU3HONOTHH U
OHOGU3NKH

OnyGnuKoBall CTAaTbI0 O JUATHOCTHYECKOM IPOLIECCE MPUHATHS
peleHni B xypHaie Science, MpoBel aHAINU3 METOZI0B 00pabOTKH
NPUHATHS PEIIEHUH B YCIOBUAX PHCKAa M HEONPEIEIEHHOCTH,
MEPBBIM TPE/UIOKKI  BCECTOPOHHEE OOCYX/ICHHE TOMICPKKI
NPUHSATHS MEAUIMHCKUAX PENIEHHUI Ha KOMIIBIOTEPHON OCHOBE

1960-e IT.

Pa3paborans! O0TEHIYHBIE HHPOPMAIIMOHHBIE CHCTEMBI Ha
ocHoBe DOBM, KkoTOpBIE MO OBl WHTETPHUPOBATH CBEJCHUS O
MaUeHTax B 0a3y JaHHBIX

1965 1. bonpauIa Dib-KamuHo,
Kanudopuus

Co3naHne OHOI U3 MePBBIX KITHHHIECKH-OPHEHTHPOBAHHBIX
nH(OpMaIMOHHBIX cucTeM 3apaBooxpanenus: Technicon Medical
Information System (TMIS)

1967 r. Co3nanne TepBOH MEAMIMHCKOH WH(OPMAIIMOHHOH CHCTEMBI
JUISl HHTETPAIMU KIMHIUYECKNX HAKOIUICHHBIX JAQHHBIX B CHCTEMY
MOUICPIKKH TIPHHATHS KIMHIYecknX pemenui Health
Evaluation through Logical Processing (HELP)

1967 . OcHoBaHa MexIyHapomHas acCOIHMALUS MEIUIIMHCKON HH)Op-

maruku, MAMMU (International Medical Informatics Association,
IMIA) — He3zaBUCHMas OpraHU3ALHs, TECHO B3aMMOICHCTBYIOIIAs
¢ Bcemmpnoii oprammzamueir 3apaBooxpanenus (World Health
Organization, WHO). Ceiitvac MAMMU urpaer mo0anbHyI0 poib
B IPWIOKCHUN HH(POPMATHKU U TEXHOJIOTHH B 3paBOOXPAHCHUH.
Acconualiysi 0XBaTbIBaeT BCE KOHTHHEHTBI 3¢MHOTO Iapa, boiee
50 HayuHBIX opraHm3anuii, ceeime 50 000 yenoBek

1968 r. Oxto bapHeTT, npu3HaHHBIN
OCHOBATEIIb MEAUIIUHCKON HHPOP-
matuku, Jlaboparopust  kubepHe-
THKH MaccadyceTCcKoro rocrnuTas

Co3maHa cucTteMa 3JIeKTpOHHBIX uctopuilt Gonesnu COSTAR
(Computer Stored Ambulatory Record)

1970-e IT.

Ucnonp3oBanne MuHU-OBM  1M0O3BOJIWIO BBOAWUTH CBEICHUS
0 TAIMeHTaX B UCTOpUH OOJIe3HW M coxpaHsaTh ux. CosmaHue
cucrems! Decentralized Hospital Computer Program (DHCP)

1976 . Jloypenc Bun u SIn
[ynpn, MenuuuHCKUM LHEHTP B
yHuBepcuteTe B BepmonTe

Cozmana PROMIS (Problem-Oriented Medical Information
System) — KOMIIBIOTEPHU30BaHHAS CHCTEMA MPOABHHYTOTO MOIX0a
K KIIMHUYIECKOMY OOYUYEHHsI ¥ YXO/Iy 3a MalieHTaM1

1980 . OnBapn opiud,
aMEepUKAHCKUH y4eHbIi, THOHEp B
00J1aCTH HCIOIb30BaHUS HCKYC-
CTBEHHOT'O MHTEJUIEKTa B MEULIHE

Co3nan mepByro o0pa3oBaTelbHYIO IpOrpamMMmy B 001acTu
onomenuiHCcKol nHdopmarnky B CTIHI(POPICKOM YHUBEPCUTETE

1980-e IT.

[MoxcucTeMpl KPYIMHBIX MEIUIIMHCKUX MH()OPMAIMOHHBIX CHCTEM
OBUTH MHTETPUPOBAHBI B IICHTPAIBHYIO CHCTEMY yIpaBieHHs 0a3
JTAaHHBIX

1986 1. Cosznano EBporeiickoe 00IIECTBO HMCKYyCCTBEHHOT'O HMHTEIUIEKTa
B wmemauimue (European Society for Artificial Intelligence in
Medicine, AIME)

1990-e rr. Crektp yciryr yxoza 3a HalyeHTaMH ObUI pacIIupeH Mo 00beMy

U CJIIOKHOCTH, HOBbIE HH()OPMALTMOHHBIC CHCTEMBI, ITpe/iiaracMble
OonpHUIIAM, OOJAJadM JIONOJHUTEIBHBIMH  BO3MOXKHOCTSIMH.
Bmmsune  Mutepnera  pacmmpwio  DioOaibHBIE  0OMeH
KJIMHUYECKUMU JAHHBIMU U MEIMLUHCKUMU 3HAHUSIMU
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1990 r. MAMMU omyGnukoBana mepBble MEKIYHAPOAHBIC PEKOMEHIAINN
1o oOpa3oBaHUIO B OONACTH MEAMIMHCKOH MH(MOPMATHKH. DTH
pEeKOMEHIaiy OBUTH MIMPOKO HCIOJIB30BaHBI M MEPEBEICHBI Ha
MHOTHE S3bIKH. JIaHHBII JTOKyMEHT SIBISIETCS SIBHBIM IIPH3HAKOM
MEXKIyHapOIHOTO MPHUCYTCTBUSI M 3PEIOCTH  MEIHIIMHCKON
MH(OPMATHKY KaK HAyYHON TUCIIUILUIHHEI

PacnpeneneHHbie ”HGOPMAIIMOHHBIC CHCTEMBI TTO3BOJIMIIN Bpadam
2000-e rT. HCTIONIb30BaTh ABTOMATH3UPOBAaHHbIE padovne MecTa JIsl BBEACHUS
u 00paOOTKM pe3yabTaToB aHAIW30B 1O Bcell 0a3e MaHHBIX
MEIUIIMHCKOTO YUPEKIACHUS

2010-e rr. BcemupHast OecripoBofHasi CBsi3b C HPUMEHEHHEM OO0JIauHBIX
TEXHOJIOTUII MO3BOJNMIA OOBEAMHHUTH XPAaHWIMIIA JIAHHBIX
MEJUIMHCKUX [EHTPOB HAa HAIMOHAJIBLHOM YpPOBHE; IOSBHIIACH
MOOMIIbHAsT MEUIIMHCKas oMot mobile e-health care

[Tpumeps! nHGOPMAITMOHHBIX CHCTEM 3/IPABOOXPAHEHUS BKIIOUAIOT:

OJNeKTpOHHAs MEeIWIMHCKas Kapra — 3T0 nudpoBas 3amuch METUITTHCKOM
nHpopmarmu. OH comepXKUT BCIO WH(OPMAIHNIO, KOTOPYIO BBl Haiizere B OyMaKHOM
auarpaMMe, ¥ MHOTO€ Apyroe. DIEeKTPOHHAS METUITMHCKas KapTa MOXKET BKIIIOYATh
MPONITYI0 HUCTOpWI0 OOJIe3HW, >KM3HEHHbIE II0Ka3aTeNld, 3allUCH O IMporpecce,
JMAarHO3BI, JIEKapCTBA, JaThl WMMYHH3AllWH, aJUIEPTHH, J1Ta0OpaTOpHBbIE JaHHBIE WU
oT4eTHl 0 Bu3yanmm3anud. OH TaKkKe MOXKET COAEPKaTh IPYTYI0 BaXKHYIO HH(pOpMAITHIO,
HanpruMep THPOPMAIIMIO O CTPaXOBaHUH, AeMOTpauuecKkne TaHHbIC U JTaXKe TaHHbIE,
MMITOPTHPOBAHHBIE C TIEPCOHATBHBIX 037J0POBUTENBHBIX YCTPOUCTB.

[IporpammHoO€e 0becTIedeHIE NI yTIpaBIeHUATIPAKTHKOH. [ [porpaMMHOE 00ecTieueHre
JUIS YOPaBJeHHUS TPAKTUKOH TOMOTaeT paboTHUKaM cdepbl aJMUHUCTPUPOBAHUS
B MEIUIIMHCKHUX YCIyraxX YIpaBiIsATh ITOBCEIHEBHBIMH OMNEPAlUSMHU, TaKUMH Kak
IUTAaHWPOBAaHWE W BBICTaBIeHWE cueToB. CHCTEMBI yTpaBlIeHHS HEOOXoauma st
aBTOMATH3allMU MHOTHX aJIMHHUCTPATHBHBIX 33/1a4.

[IporpammHOe oOecrieueHre TNIaBHOTO ykazatens mamnueHToB (Master Patient
Index — MPI) oTHOCHTCS K OCHOBHOMY yKa3aTENI0 IMAIIMEHTOB, PEeCTPy IMalUCHTOB
W peecTpy KIMEHTOB. DTO CHCTEMa SIEKTPOHHOUW 0a3bl MAHHBIX, KOTOpPAs COAEPIKUAT
nemorpadudeckyro nHbpopMmanuio o manueHtax. [Ipenmymectsa MPI 3axmrodarorcst
B yCTpaHEHHWU IyONMPOBAaHWS PETHCTPAIMOHHBIX 3allMCed IAlMeHTOB W BEACHUU
LIEHTPAJIHLHOTO PeecTpa BCEX MAIMeHTOB.

[opransr ans mammenTtoB. llopranbl ManeHTOB MO3BONSIOT IMAIMEHTaM ITONy4aTh
JOCTYIT K CBOMM JIMYHBIM METUITMHCKUAM NaHHBIM, TAaKUM KakK HH(GOPMAIUI O TIpHeMe,
JIEKapCTBaX M pe3yJbTarax JIaOOpaTOPHBIX MCCIENOBAaHHUN, dYepe3 MOAKIIIOYEHHE K
Wuteprery. HexoTopslie mopTaitsl Ui MAEeHTOB 00ECTIEYNBAIOT aKTHBHOE OOIIIEHNE CO
CBOMMH BpavyaMH, 3aIpOCHl Ha TIONOJTHEHHE PEIeNTa i BO3MOXKHOCTh 3aITUCH Ha MTPHUEM.

VYmanenusri MoHuTOpuHT manuenta (Remote patient monitoring — RPM) — 310
MTOJIKATETOPHS TENEMEIUITMHBI UIS YXO/a Ha JOMY, KOTOpas IMO3BOJSET TMAIlMeHTaM
WCTIONIh30BaTh MOOWIIBFHBIE METUIIMHCKHE YCTPOWCTBA W TEXHONOTWH s cOopa
JMAHHBIX O COCTOSHHUH 3/0POBBS, CT€HEPHPOBAHHBIX MAIMEHTOM W OTHPAaBKH WX
MEITUITMHCKUM paboTHuKaM. OOmme (Qu3nomorndeckue IaHHBIE, KOTOPBIE MOXKHO
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cobparb ¢ momompio nporpamMMm RPM, BKIIOWaloT MmokazaTenu »KM3HEHHO BaXKHBIX
(hyHKUIMIA, BEeC, apTepuanbHOE TaBICHUE W YaCTOTY CEpIEeYHBIX cokpameHui. [locie
cOopa JaHHbBIe MaleHTa OTIPABISIOTCS B KAOMHET Bpadya ¢ MOMOIIBIO CHEeIHATbHON
KOMITBIOTEPHOIN CUCTEMBI TEJIEMEIUIIMHBI W MPOrPAMMHOTO MPHIIOKEHHSI, KOTOPOe
MOYKHO YCTaHOBUTH Ha KOMIIBIOTEP, CMapT(OH MU TIAHIIET.

ApxHUTEKTYpa HHPOPMALTUOHHON CHCTEMBI — 3TO MOHATHE, ONPEILIIAIONIEe MOJEIb,
CTPYKTYPY, BBITIOJHsIEMbIE (DYHKIIMH ¥ B3aMMOCBA3h KOMIIOHEHTOB MH(OPMAIIMOHHOM
cuctembl (Pachshenko, 2019: 29-35). B Takoii 1ieHTpain30BaHHONW apXUTEKType BCE
KOMITOHEHTBI CUCTEMBI PACIIOJI0KEHBI B IEHTPAIN30BAHHOM SIJIPE CUCTEMBI.

Pabora u nocryn ¢ npuxnagaeiv [10 ocymecTBisiercs mo mozenu SaaS. B atom
cllyyae BaM HYKHO TOJIbKO Opay3ep i paboTsI ¢ mporpaMmoii (Airoexosa u ap., 2021:
25-35). B meueOHOM yUpex)ACHUHM OyIeT MOCTpOCHA MEIUIINHCKAs CeTh, K KOTOPOM
paboure MecTa pa3TUUHBIX CIICIUATUCTOB, MOAKIIOYCHO Pa3InUHOE JHATHOCTHYECKOE
obOopynoBanue. J[aHHBIE 3arpy’KalOTCS B IEHTPAIM30BAaHHOE XPAHWIIUINE sapa. Takas
apXHUTEKTypa He oOpabarhiBaeT MEAMIUHCKHE JaHHble. BO3MOXKHO MpenocTaBiieHHe
J0CTyra U pabOThI ¢ MPOrpaMMHBIM 00ECIICUeHHEM aBTOPHU30BAHHBIX TOJIh30BATEIICH
1 depe3 MOOMIIbHBIE ycTpolcTBa. B3ammopelicTBue ¢ ApyrumMu nHGOPMAIMOHHBIMA
CHUCTEMaMHU.

[Tocie mpoBeIeHHOTO CPaBHUTENBHOTO aHAIH3A CIIeTyeT BBIICINUTD CIICAYIOTHIE
OCHOBHBIC MOIYJIM M (YHKIHMH, KOTOpPBIC CIIEAYET BHEIPHTh B pazpabaTbiBacMylo
MEAHMIMHCKYI0 HWH()OPMAIMOHHYIO CHCTEMY. ABTOMAaTH3WPOBAaHHBIE CHUCTEMBI HE00-
XOIUMBI JIJIS1 3alIUTHl JAHHBIX OT HECAaHKIMOHMPOBAHHOW Mepefavynd TPEThUM JINLAM
(Mmanranuesa u ap., 2021: 47-54).

WNndopmanmonHas cucreMa COCTOWT M3 TPeX OONBIINX MOIYNEH: MOJIMKINHUKA,
CTallOHap M JUarHoCTHYeCcKue nojpasneneHus (puc. 1). JlaHHble MOy BbIIEIEHbI
[0 TIPUHIUITY TPOXOXKJIEHUS JICUCHUS IMAlUeHTOM. bONBHOW MOXKET NPUXOIUTHh Ha
amOyraTopHOe JieueHHe B MOJUKIMHUKY, a TIPU HEOOXOAUMOCTH JIeUb B CTaIllMOHApHOE
oTAeneHue. B uTore Mpl mosyyaeM JiBa CBSI3aHHBIX, HO HEMEPECEKAIoLIUXCs dTamna
nedeHus (Tak Kak MarieHT He MOXKET OJHOBPEMEHHO HaXOAWTHCA Ha aMOyJIaTOPHOM
U CTallMOHAPHOM JICUEHHUH), YTO YAOOHO I MOJCTUPOBaHUs ABYX mojacucteM. [lpu
MEPeHOCe CHCTEMBI Ha TOJIMKIMHUKN WM K€ OONbHUIBI 0e3 aMOylIaTopHOTrO JTama
JIeYeHUs1 TONO00HOE pa3/iejieHue IMOMOXKET JIETKO OTAENUTh HEHY)KHbIE MOIYIH |
MacCIITa0UpPOBaTh CUCTEMY.

Hexoroprie amarHocTHyeckne TOApa3eNieHHus] MOTyT paboraTh 0e3 MpsMOoro
KOHTaKTa C MalMeHTaMu (HampuMep, KIMHUKO-OMOXUMHUYECKas J1a00paTopus MOMKET
paboTarh ¢ aHaIM3aMH, TIPHUILIEAIIIMHA U3 IPYTUX MEAUIUHCKUX yapexaeHnil). Jlannas
BO3MOXKHOCTh pPEaJin30BaHa C MOMOIIBIO OT/ICJIBHBIX MHTep(elcHOW yacTh u Habopa
CYITHOCTEH, B3aMMOJIEHCTBYIOIINX C OCTAIIbHOW CHUCTEMOM Kak BHENIHHN OJOK. DTa
3asiBOYHAsI CHCTEMa MOXET pa3MeIlaThCsi Kak Ha BHYTPEHHEM, TaK M Ha BHEIIHEM
cepBepe, UTO MO3BOJIAET JaTh JOCTYH K HEH MaKCUMAJIbHOMY KOJTMUYECTBY MEAUIIMHCKUAX
yupexnenuii. K ToMmy jke HeMHOrHe MEAWIWHCKHAE IEHTPHI W OONBHUIBI HMEI0
JMAarHOCTHYECKUE OJIOKH B CBOEM COCTaBE, TaK UTO BBIJICIICHHE ITUX MOAPa3/ICICHUH B
OTJENBbHBIA MOJYIIb SIBJISIETCS €CTECTBEHHBIM.
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Pucynok 1 - Ocrogrvle moOdynu cucmemvl

[Ipu paccMoTpeHHH B3aMMOAECHUCTBUS MOIYJECH MOXXHO BBIJEIUTH TAKXKE
pueMHoOe oTJeeHue (puc. 2), KOTOpo€ HE HMMEET MPSMOrO OTHOIICHUS K
JeyeOHOMY MpOIIECCY, a OCYIIECTBISET IPHUEM HACEICHUS] M PErUCTpUpYET
BCE IEpEMELICHUs MMalMEeHTOB B Xoje JieueOHoro mpouecca. Hampumep, Ha
amMOyJIaTOPHOM dTare MamyeHTa MOTYT HAlpaBUTh HAa TOCIUTAIM3ALUI0. A
[I0CJ€ TOCHUTAIU3ALMKM ITOPEKOMEHJ0BAaTh IPOLEAYPbl I CKOPEUIIEro
BOCCTAHOBJICHHUsI 3[J0POBbsl, KOTOPHIE HYKHO IIPOXOJIUTH B IOJMKIMHUKE. Bee
IIepeX0/Ibl HA3HAYCHMSI U ICHCTBUS Bpayell pErUCTPUPYIOTCS CUCTEMOM.

KoneuHo, MOIy/bHOCTh HE JIOJIKHA O3Ha4aTh pasjieleHue MH(OpMaLuu O
nanueHre. Pazaenenns Ha MOyJIM ITOAPa3yMEBAOT JIMIIb MUHUMU3ALMIO CBSI3EH
MEKy HUMH, JUUIS1 BOBMOKHOCTH OIIEPUPOBATH UMHU OTIEJIBHO.
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Pucynoxk 2 - Bzaumoodeiicmsue mooyneti
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Wnentudukanms, ayTeHTUPHUKALNSA U KOHTPOJIb JOCTYIa CyOBEKTOB:

— B cucremy.

— B xoMmnbroTepHbIE TEPMUHAIIBIL.

— B nporpammsl.

— B toma, nons, 3anucu.

Perucrpanus u yder:

— Bxon (BeIxox) B (M3) CUCTEMBI.

— Bpinaua nevatHbIX (rpauuecKkux) BBIXOTHBIX JOKYMEHTOB.

— 3amyck (3aBeplIeHne) MporpaMm U IpoIeccoB (3a1ay).

— JlocTyn mporpaMM M CyOBEKTOB JOCTyNa K 3aIlMIICHHBIM (aiinam,
BKJIIOYAs MX CO3/laHUE U yJaJIeHHUE, Iepefady BHyTPU CUCTEMBI.

— IlporpaMmsl 1ocTyna cyOBEKTOB JIOCTyNa K TEpPMUHAIaM, KOMIIbIOTEpaM,
y3J1aM KOMIIbIOTEPHOM CETH, CBSI3U, KaHAJIaM, BHELITHUM KOMIIbIOTEPHBIM YCTPOH-
CTBaM, porpaMMam, ToMam, Katajgoram, (haiiam, 3aucsm, MoJisiM 3arucu.

— Ouncrtka (oOHyIeHHe, 00e3TUYMBAHNE) OCBOOOIMBIIMXCS 00IACcTel ore-
paTUBHOM NaMATH KOMIIBIOTEPOB M BHEIIHUX HAKOMUTEIEH.

IToncucrema LETOCTHOCTH:

— ObecnieyeHne MEIOCTHOCTH MPOTPaMMHOTO obecrieueHus U 00padarhi-
BaeMoi MH(pOpMAIHH.

— @usnueckas 6e30MaCHOCTh KOMITBIOTEPHOTO 000pyAOBaHHs U HOCUTENEH
uHpOpMaLIUH.

— Ilepuoanueckoe TeCTUPOBAHHE CUCTEMBI 3aLIUTHI UH()OPMAIIMK OT HECAHK-
LIMOHUPOBAHHOI'O I0CTYTIA.

— Hanuuue cpeiacTB BOCCTAHOBJIECHUS CHUCTEMBI 3aIlUThl MH(POPMALUU OT
HECAaHKIIMOHUPOBAHHOTO JOCTYyIA.

Kpome BHeapeHMsI BBIILICONMUCAHHBIX (PYHKIUH, HEOOXOIMMO yU4eCTh TEXHO-
JIOTUH, OITMCAaHHBIE HIKE.

OnexkrponHble MeaunmHekue kapThl (EHR): DnexTponnas MeauumHcKas kapra
OTHOCHUTCS K cOOpy BCel IMYHOM MeTUIMHCKON HH(POPMALIUU U HEOOXOIUMBIX
JAUYHBIX JaHHBIX nmauueHTa. EHR ucnonw3yer coBpeMeHHbIE KOMIBIOTEPHI IS
COXpaHEHHUs W ucnonb3oBaHus MHGopMaruu. Haubonee Baxknoit nensto EHR
ABJsieTcst 0OMeH nHpopMmarein. Bo-BTOphIX, OH 3alllUIIAET JaHHbIE OT OTEPU U
COXpaHsIeT TOYHOCTb JAHHBIX, KOTOPbIE HE MOTYT OBITh JIETKO N3MEHEHBI.

TexnonorusiBupryansHoiuacTHoiiceTu (VPN): TexHonorus VPN MoxkeTierko
MOJKITIOYUTD JTI00BIe MEIUIIMHCKHIE YUPEKACHUS, YUPEKICHHUS 00IIECTBEHHOTO
3JpaBOOXPAHEHUS] U CHCTEMBbl OOILIECTBEHHOTO 3ApaBOOXPAHEHUs, K KOTO-
PBIM HEOOXOIUMO TOYYUTh JOCTYI B 3TOM pailOHE WM JIaXKe 3a ero Ipese-
namu. llonmp3oBarenu B JIOKAaJbHOW HMHTPACETH MCIOJB3YIOT HMHTPAHET IJIf
MOJKJIIOUYEHNS, a YJAJCHHBIE IOJb30BaTeNnu mojaraiorcs Ha MHTepHer s
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JI0CTYTIa K MHTPACETH, UCIONb3Ysi TexHooruio VPN st obecneuenust uHpopma-
LIUOHHOTO B3aUMOJICHCTBHSL.

XpaHeHHe JNaHHBIX U TEXHOJOTHsS CHHXPOHHU3AIMHM B PEaJbHOM BPEMEHHU:
SAIPOM OOIIEIOCTYITHOTO XPAaHWINIIIA MEAULIMHCKUX JAHHBIX SIBIISETCS CHHXPO-
Huzaus. Korga ocHOBHOMY MOIYJIO COXpaHEHHs HEOOXOAMMO W3MEHHUTh COX-
paHEHHBIE JaHHBIE CHCTEMBI, JaHHbIE OY/IyT COXpaHEHbI B KIII-MOIYJIE, a 3aTeM
u3menensl (Pachshenko, 2019: 29-35). OH He XpaHUTCS HEMOCPEACTBEHHO HA
JIMICKE; B TO YK€ BPEMsI MOIYJIb COXPAHEHHUs pe3epPBHON KOIIMH OTIIPABIISIET CO00-
IIEHUE, KOTOPOe MOKHO M3MEHUTh. [lociae u3MeHeHUs JaHHBIX B XpaHWIIHUILE
PE3epBHBIX KOMUH OCHOBHOE XPAaHWIHUILE M XPAHWJIMILE PE3EpPBHBIX KOIMHMA
OZTHOBPEMEHHO BBOJAT JaHHbIE Ha JIUCK.

O0cykaeHne pe3yJbTaToB

PazpabatbiBaemas cucrema JUisi MEIUIIMHCKUX YUPEKICHUN YUUTBHIBAET BCE
BBIILIETIEPEUUCIIEHHBIE 0COOEHHOCTH MEAULIMHCKUX HH(OPMAIIMOHHBIX CUCTEM.
OcHOBHO¥ 1L1eNb10 pa3pabaTbIBa€MOM MEUIIMHCKON HH(POPMALTMOHHON CUCTEMBbI
SIBJISIETCS MTOBBIIIEHUE KAY€CTBA OKA3bIBAEMbIX MEIUIIMHCKHUX YCIIYT 32 CUeT:

— ABTOMAaTH3aIMH JAESITEIbHOCTH MEAULUHCKOTO MEPCOHAIA.

— IonubIil nepexon ¢ Gymaru Ha 1UQpy.

— YnpaBieH4YeCKUil Haa30p 3a AeSTETbHOCTRI0 METUIIMHCKUX YUPEXKICHUMN.

— BHenpenne coBpeMeHHBIX HH(POPMALIMOHHO-KOMMYHHUKAITMOHHBIX CUCTEM.

Kak u mo0ble ”HHOBALMHY, BHEIPsIEMbIE B TIOBCEAHEBHYIO KU3Hb, MEIUIIUH-
CKHE HH(pOPMALMOHHBIE CHCTEMBbl MMEIOT PsiJi MPEUMYIIECTB, MOMOTAIOMINX
MIPAaBUIBLHO OPraHU30BaTh pabOTy Ha Pa3HBIX YPOBHSIX MEIUIIUHBI.

Jns nepconana:

— OneparvBHOE TMOJNyYE€HHE JAHHBIX O pe3ylbTaTaXx IUArHOCTUYECKUX WU
71a00paTOPHBIX MCCIIEJOBAHUI.

— TexHudeckass MOAJEpKKA CXEM JICUYCHMs, BKIIOYas JUArHOCTUYECKHE,
neyeOHbIe U JIeueOHbIe PeKOMEHIAIINY.

— COop u 00paboTKa 3asiBOK HA JUArHOCTMYECKUE HCCIIENOBAHUSA U MEIH-
LIUHCKHE [TPUEMBI.

— KoHTpoJIb BBIMOJIHEHUS MEIUIIMHCKUAX HA3HAYeHUH MEIUIIMHCKUAM IIep-
COHAJIOM.

JIs nanneHToB:

— IloBbllIeHHe KayecTBa OOCTYXKHMBAaHUS 3a CYeT HH(POPMALMOHHOTO
B3aUMOJICHCTBUS Bpaue U CIIEIMATUCTOB, 3a/IeHICTBOBAHHBIX B JICUEHHE.

3akiaoueHune

B nanHoli paboTe npoBeAEH aHaIM3 CYLIECTBYIOIUX MEIUIIMHCKUX UH(OP-
MaIMOHHBIX cHucTeM. Takxke ObUIM JeTaJbHO pacCMOTPEHb! (DYHKIIMH, KOTO-
pble HEOOXOJMMO BHEIPUTH B MEIUIMHCKYI0 HH()OPMAIMOHHYIO CHCTEMY.
Pazpaborannas uHpOpManMoHHas cucTemMa OyJeT IMoJie3Ha Il MEIUIIUHCKUX
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COTPYAHUKOB U IAILUCHTOB. Cucrema uMmeeT npeuMynieCTBa nepea HpI/IBeIIéH-
HBIMU BbBIIIC aHaJioraMHW W HMECT OINTUMU3SUPOBAHHYIO CHUCTCMY OOCTYyIla K
JaHHBIM. Pa3pa60TaHHa51 I/IH(I)OpMaI_II/IOHHaﬂ CUCTEMA INOMOXXECT 3HAYUTCIBHO
TOBBICUTB KaYCCTBO IMMPEAOCTABIIACMBIX YCIYT B C(pepe MCIUILIMHEI.
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Abstract. This article describes how effectively a deep learning approach can be
used for the churn forecasting process in the telecommunications industry with greater
accuracy and less processing time. It is observed that data mining systems are gradually
succeeding in predicting customer churn over the previous couple of years. Developing
a powerful churn forecasting model is a critical task that involves a lot of research
directly from recognizable proof of ideal performance, from the vast amount of customer
information available to the selection of a successful information mining system that
matches the list of possibilities.
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TykenoBa I'yamupa CpIMOATKbBI3BI — XalbIKapasblK aKIapaTTHIK TEXHOJIOTHSUIAP YHHUBEPCHTETIHIH
«buzHec-aHaMMTHKa» MaMaHABIFBIHBIH €KiHII KypC MariCTPaHThI.

© I.C. Tykenosa, A.H. Monuarynosa, 2022

AnnoTanus. bys1 Makanana TeJeKoMMYHUKAIIWsS HHYCTPUSICHIH/IA YIIKESH TS IIKIICH
JKOHE a3 OHJICY YaKbITHIMEH JKYMBICCBHI3BIKTEI OOJDKAy MpOIeci YIIiH TePeH OKBITY
TOCUTIH KaHIIAJIBIKTHI THIM/II NafaaaHyFa O0JIaThIHbI CUIIATTaIFaH. Jlepekrepi i3aey
XKYHenepi COHFBI €Ki KbUI 1IIiH/Ae TYTHIHYIIBIIAP/AbIH KOFAIYbIH OoJbKayaa OipTiHe
TabbICKa JKeTKeHI Oaiikamanapl. KemimicTi OOJDKay[blH KyaTThl MOJEIH 93ipiey —
MIHCI3 OHIMIUIIKTIH TaHBUIATBIH J9JIC/IIHEH OacTar, TYThIHYIIbI aK[apaThIHbIH YJIKEH
K6JIEMIHeH MYMKIHJIIKTEp Ti3IMiHE ColiKeC KeJeTiH TaObICThI aKIaparThl i3/1ey KYyHeciH
TaHJayFa JIeHiH TiKeJel KonTereH 3epTTeyiep i KAMTUTBIH MaHbI3/Ibl MiH/ICT.

Tyiiin ce3mep: Oy3buTyAbI OOIDKAY, IEPEKTEPAl OHAIPY, MAIIMHAIBIK OKBITY, YIIKCH
JepeKTep, ACPEKTEPIi oHIeY
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WHAYCTPUACHIHAA Oy3bUTY[bl OOJDKAy YINIH MAallMHAJBIK OKBITYIBl mNaiinamnany //
XAJIBIKAPAJIBIK AKITAPATTBIK-KOMMYHUKALUAJIBIK TEXHOJIOT'USJIAP
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1JICT.2022.10.2.002

HNCITOJIB30BAHUE MAIIMHHOI'O OBYUYEHMUS JJIs1 ITPOI'HO3A
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AnHoTanuss. B 3Toif crarbe OMUCHIBACTCA HACKOIBKO AS(PQPEKTUBHO TOIXOA
IyOOKOro 0O0y4eHHs! MOKET ObITh HCHOJIB30BaH Ui Ipolecca MPOrHO3MPOBAHMS
OTTOKa B TEJIEKOMMYHHUKAIIMOHHOM oOTpaciu ¢ Ooibllell TOYHOCTBIO M MEHBLINM
BpemMeHeM 00paborku. Habmiomaercsi, 4TO CHCTEMbl HMHTEIUIEKTYaJIbHOTO aHajm3a
JAaHHBIX TIIOCTCICHHO IPCYCIICBAIOT B IPOTrHO3UPOBAHMU OTTOKAa KIMEHTOB 3a
npeapayme mnapy Jer. PaspaOoTka MOIIHOW MOJENM NPOrHO3UPOBAHUS OTTOKA
SIBIISIETCS. KPUTHYECKH Ba)KHOM 3adaded, KOoTopasi BKJIIOYaeT B ce0sl MHOXECTBO
UCCIIEOBAHUN HEMOCPEACTBEHHO OT Y3HaBaeMOTO JIOKA3aTeNIbCTBA HACAIBHBIX
MOKa3areliel, 0T OrpOMHOro 00beMa JOCTYNHON HH(OPMAIUU O KIMEHTaxX 10 BEIOOpa
YCIICIIHOW CHUCTEMBI WHTEJUICKTYaJbHOTO aHaiu3a WH(POPMAIMH, COOTBETCTBYIOIIEH
CIIUCKY BO3MOXKHOCTEM.
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KuaroueBbie cjioBa: MPOrHO3UPOBAHUE OTTOKA, MHTEIUICKTYaIbHBIN aHAJIN3 JaHHBIX,
MaIIMHHOE 00ydeHue, OOoJbIIne TaHHbIe, 00padOTKa TaHHBIX

Jass mmrupoBanmsa: [.C. TykenoBa, A.H. Mongarynosa. Hcnonb3oBanue
MaIIMHHOTO OOY4YeHHs U MPOTHO3a OTTOKA B TEJIEKOMMYHHUKAI[MOHHOW oTpaciu //
MEXJIYHAPOIHBIN XYPHAJI MH®OPMAIIMOHHBIX M KOMMYHHKA-
[TMOHHBIX TEXHOJIOTUM. 2022. Tom. 3. Is. 2. Homep 10. Ctp. 19-25 (1a pycckom
s3pike). DOI: 10.54309/1J1CT.2022.10.2.002.

BBenenne

HOCKOJ'H)Ky MOBCEAHCBHAA JKHW3Hb, IO-BUANMOMY, BCC GOHBIIIC 3aBUCUT OT
WCIIONb30BAHUS TEIIEKOMMYHHUKAIIMOHHBIX TPOIYKTOB M YCIYT, OXKHUAAETCSA, YTO B
OmKaiIIe robl MUPOBOH PHIHOK TEIEKOMMYHHKAIHNA OyJeT pacTr (heHOMEHaTbHBIMHI
TeMnamu. [T100aIbHBIH PBIHOK TEICKOMMYHUKAIUI MOCTOSHHO TPaHCHOPMUPYETCS
Onaroaps o CTOSHHBIM HHHOBAITUSAM U Pa3pad0TKaM, TPOUCXOISIIIFM ITOCIIEIOBATEIEHO
1 OBICTPBIMU TeMIaMu. TakuM 00pa3om, JJIsi pOcTa TEIEKOMMYHHKAIUOHHOTO PHIHKA
JIOSITLHOCTD KITUEHTA SBIISICTCS KITFOYeBBIM (hakTopoM. Ha BRICOKO KOHKYPEHTHOM PBIHKE
OII€PaTOPhI CBA3U MOTYT COXpPaHUTb CBOU IICHHOCTH, YCTAHOBHB OMM30CTE C a6OHeHTaMI/I,
Hapsily C 3apaHee YCTAHOBJICHHBIMH OXHIAHUSAMH JOBEPUsl, CTHMYIUPYIOIIETO
JIOSTILHOCTD. YIepKaHUe CYIIECTBYIONINX KIMEHTOB M MPUBJICYCHNE HOBBIX KIIMEHTOB
— MOIITHOE OpPY’KHE Ha COBPEMEHHOM phIHKE. OHAKO MPUBJICUCHNE HOBBIX KIUCHTOB
00XOAMTCS MTOPOXKE, YeM YIepiKaHUE CYIIECTBYIOIIHX. B TeleKOMMYHHKAIIMOHHOM
CEKTOpE E€XEITHEBHO TECHEPUPYETCS OTPOMHBI OOBEM MaHHBIX H3-3a OOIIMPHOM
KIIMEHTCKOHM 0a3bl. Ho B HacTosiiee BpeMsi B JaHHOW OTpaciu HaOIroaaeTcs OONIbIION
OTTOK KJIMEHTOB. DTO NMPUBOIUT K HEOOXOMUMOCTH JKCIIEpTa MO MPEIMETHON 00IacTH
IJIsL IPOTHO3UPOBAHUA OTTOKA KJIIMEHTOB, @ TAKKE JJI1 BBIACHCHUS OCHOBHBLIX HNPHUYUH
0TKa3a OT yCIyT TeIEKOMMYHHKAIIUH, 4TO Oy/leT OCHOBOM /isi pabOThI IO YIepKAHHIO
KJIUCHTA.

Coznanne 3((EeKTHBHON TOMUTHKU yIACpKaHHUS SBISIETCS BaKHOM 3amaucit
JUIS TIPEJOTBPAICHHS] OTTOKA KIMEHTOB. 3Has CyNIeCTBEHHBIE (AKTOPHI OTTOKA
U3 JIaHHBIX KJIUCHTOB, MOXXHO TIOBBICUTH MPOU3BOJUTEIBLHOCTh, PEKOMEH]I0BATh
COOTBETCTBYIOIIME PEKIIAMHBIE aKIIUU TPYIIE TOTEHIIHAIBHBIX KIINEHTOB C OTTOKOM Ha
OCHOBE€ aHAJIOTMYHbIX MO)Z[CHCﬁ MOBCACHUS U 3HAYUTCIIbHO YJIYUIIHUTH MAapKETUHITOBBIC
KaMITaHUM KOMIaHWH. Pa3n4Hble TEIIeKOMMYHHKAIIMOHHBIE KOMIAHWH TIPEIaraioT
MIePEIOBYI0 TAaKTHUKY, YTOOBI HAa paHHEH CTaguu CIPOTHO3HUPOBATH OTTOK KIIMEHTOB.
TpaauIMoHHO /ISt TPOTHO3UPOBAHUS OTTOKA KIIMEHTOB MPUMEHSITUCH PA3IIUYHBIC THITHI
MTOIXO/I0B K MaIuHHOMY 00ydueHunto, Takue kak Decision Tree, Random Forest u T.11.

TenekoMMyHUKAIIMOHHBIC OTPACITH COOMPAIOT OOIIMPHYO UHPOPMAIIHIO O KITUCHTAX,
HanpuMmep, NMpoQUINPOBaHNE KIMEHTOB, CIMCOK 3BOHKOB, HCIIONB3yEeMBIH Tpaduk,
AKTUBHOC BpEMA B CCTU U T.[. HpI/IHI/IMaSI BO BHUMAaHUEC I/ICTOpI/I‘IeCKI/Iﬁ (1)0H KIIMCHTOB
€CTh BO3MOXKHOCTh OTIIMYUTH YHJIET JU KIWEHT WM HeT. bbuia mcronb3oBaHa ujes
WCKYyCCTBEHHOTO MHTEJUIEKTA Ul pean3allii OKUIAHWKA OTTOKA CPEICTB MacCOBOM
uHpopmalu. B HMKeonmMcaHHON YacTh KpaTKO ONKCaHa MpojieliaHHas padora 1o
IIPOTHO3UPOBAHUIO OTTOKA.
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Pucynoxk 1 - Cmanoapmmwlil npoyecc UHmMe1eKmyaibHo20 aHaau3a OaHHbIX

MHorue  HOAXOObl  NPUMEHSUIUCH  JUIS  [IPOTHO3MPOBAaHUs ~ OTTOKa B
TEJIEKOMMYHHMKALMOHHBIX KOMIIaHUSIX. B OOJIBIIMHCTBE 3THUX MOAXOJOB HCIIOIb3YETCS
MallMHHOE OOy4YeHHWE M UWHTEJUICKTyaJbHBI aHanM3 JaHHbIX. bonbimas yactsb
CBSI3aHHOM palOThHl ObUIa COCPEAOTOYEHA Ha IMPUMEHEHHUH TOJBKO OIHOIO METOoAa
MHTEJUICKTYaJIbHOTO aHAlIM3a JaHHBIX JUIS W3BJICYCHUS 3HAHWH, a Jpyrue OblIu
COCPEJOTOUEHBI HAa CPABHEHUN HECKOJIBKUX CTpaTeruil 71l MPOrHO3MPOBAHUS OTTOKA.
Ha pucynke 1 nokasaH cTaHZapTHBIA NPOLECC MHTEIUICKTYaJIbHOTO aHAIN3a JaHHBIX.
Bbu10 yCTaHOBIEHO, YTO 3TH CUMYJISILUHM OKA3aJIHUCh YCICIIHBIMU B MOJOKUTEIBHOM
IIPYU NIPOTHO3MPOBAHUM OTTOKA YIS TEIEKOMMYHHKALIMOHHOW Mozenu cOopa AaHHBIX
(https://basegroup.ru/community/articles, 2018). Hdns orbopa IUCKPUMHUHAIIMOHHBIX
3JIEMEHTOB  HCIIOJb30BAJINCh METOAbI HaMMEHbIEro MW30bITKa U HauOolee
JKCTpeMajbHOM ymecTHOCTH. OO0pynOBaHNE Pa3IMYHBIX 0a30BBIX KilacCH(UKATOPOB
MOAKJIIOYACTCS B KAUECTBE MHAMKATOPHOH npouenypsl. s yoequrenbHbIX TPOrHO30B
ucnonp3oBanuck Rotation Forest 1 KNN, B KOTOpPBIX MCHONB30BaJIach JIbBUHAS
JI0JI TOJIOCOB. AHAJIOTMYHBIM 00pa3oM OBUIO PacCMOTPEHO MpEICKa3aHHe OTTOKa
Uil OOCITy’)KMBaHUS KIMEHTOB C HCIOJIb30BAHMEM II0/IXOJa T€HETHYECKOro pacueTa
(Makcumenko u ap., 2017: 134-136). Jlns xaxmoro kiacca ObLUTH CO3aHbI Pa3INIHbIE
IIPOEKTHI C MCIIOb30BaHHEM cTpaterun Adaboost. OTu mpoeKThl ObUIN NCIIOJIB30BAHBI
Il IPOTHO3MPOBAHMS C HCIOJIb30BaHUEM OoJiee BBICOKOH TOXOTHOCTH, HUCXOAS U3
B3BELICHHOW OOIIEH JAOXOIHOCTH MPOEKTOB. JlJIsl MPOBEPKH TOYHOCTH MPOTHO3a OBLI
HCIOJIB30BaH METOZA NEPEKPEecTHOro yTBepxkaeHus ¢ 10 mepekpwiTHsMH, U Oblia
HalIeHa TeppUTOpHs C TokazaTtenem u3ruoda 0,89.

l'aBpun u gp. (Brandusoiu wm ap., 2020: 97-100) mnpeacTtaBWiu TEpeaOBYIO
METOJIOJIOTHI0 MHTEJUICKTYAIbHOTO aHalln3a JaHHBIX Uil MPOTHO3MPOBAHHS OTTOKA
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KJIMEHTOB C MPEAOIIATON C UCIIOIb30BaHNEM HAabopa TaHHbIX JUIS CBEICHUH O 3BOHKAX
3333 ximeHToB ¢ 21 ¢pyHKIMEH 1 3aBUCUMOTO ITapamMeTpa OTTOKa C IByMs 3HAUCHUSIMU:
Ha/Het. Hexotopble QyHKIMM BKIIOYAIOT MHPOPMAIUIO O KOJMYECTBE BXOASIINX H
HCXOMSMIMX COOOLICHUH U TOJIOCOBOM MOYTHI [T KaXJI0TO KIHEHTa. ABTOp IPUMEHNI
QITOPUTM aHaimu3a TIaBHBIX KoMmoHeHT «PCA» g yMeHbIIEHHsS pa3MEepHOCTH
JaHHbIX. 715t nporHo3upoBanus kK03()GUIHEeHTa OTTOKA HCTIOJIB30BAIUCH TP aITOPUTMa
MAaIIMHHOTO 00YYEHUS: HEHPOHHbIE CETH, MAIlIMHA OIIOPHBIX BEKTOPOB U OaiiecoBCKHE
cetd. ABTop ucnonb3oBad AUC 11 nu3MepeHHs: MpOU3BOJUTENIEHOCTH alTOPUTMOB.
Buauenuss AUC cocraBisaau 99,10 %, 99,55 % u 99,70 % nna GalicCOBCKUX CeTeH,
HEHPOHHBIX CEeTell M MEeTOo/la OIMOPHBIX BEKTOPOB COOTBETCTBEHHO. Habop NaHHBIX,
HCTIOJIb30BAHHBIA B 3TOM HMCCIIECAOBAHNH, HEOOBILOW, 1 MPOMYIICHHBIX 3HAYCHUH HE
ObLT0.

Paznuunble mccenoBaHusi M3ydadw MpobneMy HecOaJaHCHPOBaHHBIX HaOOpPOB
JAHHBIX, KOTZA KJIACChl YIISAIINX KIMEHTOB MEHbIIIE, YeM KJIACChl aKTUBHBIX KIIMEHTOB,
MOCKOJIBKY 3TO Cepbe3Hasi MpobieMa B MpodieMe MPOrHO3UPOBAHUS OTTOKA. AMUH H
ap. (Amin u zp., 2020: 7940-57) cpaBHUIM WIECTh Pa3JIMUHBIX METOAOB BBIOOPKH LIS
M30BITOYHON BBIOOPKH B OTHOIIEHWH MPOOJIEMBI TPOTHO3MPOBAHMS OTTOKA KIMEHTOB
B TeJIeKOMMYHHKaMsX. Pe3ynprarel nmokazanu, uro anroputmel (MTDF u renepanus
[IPaBWI HAa OCHOBE I'€HETHYECKHUX QJITOPUTMOB) IPEB3OLUIM APYIHE CPABHUBACMbIE
AJTOPUTMBI MTepeIMCKPETU3AINH.

Xe u ap. (He u mp., 2017: 92—4) npeuioxkuinm MoJIellb IPOTHO3UPOBAHUS Ha OCHOBE
aITOPUTMa HEMPOHHOM CETH U pelIeHus] MPOOJIeMbl OTTOKA KIMEHTOB B KPYITHOI
KUTaCKOU TeIEKOMMYHHUKAIIMOHHOM KOMITAHUH, KOTOPasi HACYUTHIBAET OKOJIO 5,23 MITH
kimeHToB. CTaHZapTOM TOYHOCTH TpeACcKa3aHWs ObLT OOMIWi MOoKa3aTrellb TOYHOCTH,
kotopbiit goctur 91,1 %.

MarepuaJjibl U METOIbI

Bbutn rcnonb30BaHbl Bce METOBI B MTPEATIOKEHHON cTpaTerun beat desire Ha s3bIKe
nporpamMmmupoBanusi Python. B Python ecth HeCKOMbKO BCTPOECHHBIX OMOIMOTEK LIS
paboThl ¢ maHHBIMH, HampuMmep, scikit-learn, pandas, numpy g pa3TUdIHBIX 3a1ad
WHTEJUIEKTyalbHOTO aHanu3a. Bech paboumii mpouecc Obin BbimonHeH Ha [Python
Notebook. [l51s co3manus 3SHAYMMBIX CTPYKTYP HEHPOHHOTO KapKaca Oblia HCTIOIh30BaHA
oubnmuoreka Keros (oTkpeiTas OuONMOTEKa, OOCCICUMBAIONIAsT B3aUMOJCHUCTBUE C
HCKYCCTBEHHBIMH HEHPOHHBIMU ceTsiMu). Habop qaHHBIX ObUT MOITyYEH M3 UCTOUYHHKA
Kaggle — mamupie 00 otroke kimeHTOB Telco (https://www.kaggle.com/datasets/
blastchar/telco-customerchurn?resource=download). beum coOpanbl 18 pazaMyHBIX
(hakTOpOB 0 KIIMEHTE, Takue Kak 1) MHoromuHeHHOCTD, 2) CpoK melcTBHS KOHTPAKTa
C KIIMEHTOM, 3) €CTh JIM y KIIMEHTa TeXHUYEecKas MojJiepka U T.J. Habop maHHBIX
paszmeneH Ha oOyvarolluii U TecToBbId HaOOpbl. Habop roTOBBIX JaHHBIX COAECPIKUT
rpymmnsl oTToka cpean 7000 KIMeHToB.

Pesyabratel u 00cyKaeHue

B nabope nanubIx 2 1 6 KIMEHTOB, y KOTOPBIX OTCYTCTBYIOT IaHHBIE O0JIeE YEM 110 CEMH
¢axropam. [loaTomy 3TH KIHEHTHI OBUTH HCKIIIOYEHBI U3 Habopa aaHHbIX. KpoMe Toro,
€CTh HECKOJIbKO KJIMEHTOB, Y KOTOPBIX OTCYTCTBOBAJIM JIaHHBIE TI0 Mape MEepPEMEHHBIX.
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Hcnonp3oBanach CTpaTerdsi ONEPEKAIOIIEro 3aloJHEHUs, Co3[daBas B MPOILIOM
3aKOHHBIN CTUMYI K OTCYTCTBYIOIIEMY ITOITI0, K 3TUM (akTopam. M3 18 mHIUKATOpHBIX
(akTOpoB OBLIO HCKIIOYCHO CBOMCTBO «PETMOH KIMEHTCKOTO aJIMUHHCTPUPOBAHHUSD),
HECyIIeCTBEHHOE 17151 okuaanusi. OcraBiinecs: nepeMeHHbIe ObUIN B KaueCTBE BKJIaJa
B TIpeJyiaraeMble Mojielii Tiry0okoro oOydenusi. B kparkom nznokenun umeetcs 7000
KJIMEHTCKUX 3alMCel, KaXKaast U3 KOTOPBIX UMeeT 18 xapakTepucTuky, u3 kotopsix 1800
SBIISIOTCS OTTOUMBIIMMHECH (26 %). Mcxons n3 aHanmn3a qaHHBIX:

* % llencuonepoB — Toapko 16 % KJIMEHTOB SBISIOTCS NMEHCHOHEpaMu. Takum
00pa3zoM, OOJIBIIMHCTBO HAILIMX KIMEHTOB B JAHHBIX - MOJIOJbIC JIFOIH;

* [laptrep — okono 50 % KIMEHTOB UMEIOT apTHEPa;

 CrarycmwxauBeHa—Toiabko 30 % o1 00111ero yrcia KITMEeHTOB UMEIOT MK IMBEHIICB;

* Tenedonnas cBsa3p — oxono 90,3 Y% KIMEHTOB UMEIOT Tee(hOHHYIO CBA3D;

» be3Oymakublil OMITUHT — OKOJIO 59,2 % KIIMEHTOB BBICTABISIIOT Oe30yMaskHbIC
cuera;

» Knuentsl, y koropsix HeT [lapTHEpoB, ¢ Gobliel BEpOSTHOCTBIO YHIYT;

» Knuents! 6e3 mXIMBEHLEB TakKe ¢ OOJbILECH BEPOSITHOCTBIO YHIYT;

* YV KJIMEHTOB C HECKOJIBKUMH JIMHUSIMH MIPOIIEHT OTTOKAa HEMHOTO BBIIIIC.

Ilocmpoenue mooenu

CrenyromuM 3TanoM I0Ce U3BJICYEHUSI HEOOXOANMBIX OCHOBHBIX MOMEHTOB U3
HaOOpOB JaHHBIX SIBIsIETCS pa3paborka oToOpaxeHus. [IpobGnema mporHo3UpoOBaHHS
JNEeMOHCTpHUpYETCsl Kak mpoOsiiema TpyNIUPOBKH JIBYX KJIAccoB. Tpu cuCTeMbI UIs
00oux HAaOOPOB JIAaHHBIX OBUIM MOATOTOBICHBI. J{Jisi yTBEp:KACHUS BBIIOIHEHHS STHX
KJIacCU(UKATOPOB  MCIIONIB30BAJICS  CTPAaTHPHUUUPOBaHHBIA | 0-miepeKphIBaromuics
00x0110B NaHHBIX. bbula BeIOpaHa MOArOHKA CTPATU(UIMPOBAHHOIO XOJa, MOCKOJIbKY
00a HabOpa JaHHBIX HEPABHOMEPHBI, HAITPUMED, HEPABHOE KOJIMYECTBO COPACHIBAIOIINX
u He cOpackiBatomux. Crparterus cTpaTuGUIUPOBAHHOTO MEPEKPECTHOTO OJ00pEHUS
rapaHTHPYET, YTO YPOBEHb TECTOB I Ka)KJOTO KJIacca SIBIISETCS CPaBHUTEIHHBIM I10
crubam.

3akiIr0ueHue

B paborte Ob11H nIpeII0KEeHBI TPOCTHIE MOJIENN, OCHOBaHHBIE HA MTPABUIIAX IPHHSTHS
PELICHUH, ¥ CII0’KHBIE MOZENHN KIacCU(BHUKALINY ISl TPOTHO3UPOBAHUSI OTTOKA. XOTSI 3TH
crpareruv d(QGEKTUBHBI P BBITOTHEHUH 331241 110 TIPOTHO3WPOBAHUIO OTTOKA, OHH
TpeOyIOT py4YHOH NIpoLeayphl MPOSKTUPOBAHHS KOMIIOHEHTOB, KOTOpasi YTOMHUTEIbHA
W CKJIOHHA K OIMOKaM. B MOMEHT, Korjia pe3yibTar He TOJIyueH B Hy’)KHOE BPEMsI, MbI
HE MOYKEM HPEeANPUHATh OCHOBHBIE JEMCTBUS, YTOOBI BO3JEPKaThCs OT B30AIThIBAHUS,
[109TOMY HaM Hy>eH eliie 0oJiee JJIOTHYHbIH OTBET [UIsl BO3IEPKAHUS OT B30aiThIBanus. B
3TOH CTaThe MBI IPOAEMOHCTPUPOBAIN MPOOHOE BHIITOJHEHHE UCTIOIb30BAaHUS MoJieNei
IyOOKOro 00y4yeHHsi, YTOOBI OTKa3aThCsi OT MPOLEAYPbl PYUYHOTO MPOSKTHPOBAHMS
3IIeMEHTOB. MBI co3/1a)in ITyOOKHE MOJIENIA HEHPOHHON CUCTEMBI JUIS 33]Ja9H 110 OTTOKY
kiaueHToB. MccnenoBanust OblIM HampaBlIeHBl C HCIOIb30BaHHMEM Habopa JaHHBIX
TEJIEKOMMYHHMKALMOHHON KOMIaHUM. Pe3ynbTarhl HAIMX HCHBITAHUI I[OKa3bIBAIOT,
YTO MOJICNIU IITyOOKOTo 00yUYeHHs padOTAIOT TaK Ke B TOM XKE KJIAcCe, YTO U OObIYHbBIC
knaccugukaropsl, Hanpumep, SVM u Random Forest.
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Annotanus. OIHUM U3 BaKHEHIINX KOMIIOHEHTOB TUCTAHIIHOHHOTO O0yUeHHS JIJIsI
Pa3paboTUYUKOB MTPOTPAMMHOTO oOecriedeH s sBsieTcs npakTuka. (s apdexkruBHOrO
00y4eHMsI 1 MacIITaOMPOBaHMUS [TPETIOAABATEII0 HEOOX0ANMO aBTOMATHUECKHU IPOBEPSITH
KOJ yueHHKa. B 9Tol crarbe mpencraBieH GakTHYECKHd 0030p TEKYIETro COCTOSHHS
OHJIAWH-TIIATGOPMBI AIIEKTPOHHOTO 00yueHus, MaccoBble OTKpbIThie OHaitH-Kypcs
(MOOCs) u npyrue CepBUCHl U pEIICHHS OHJIAWH-OOYYEHHs C aBTOMATHYECKOM
MIPOBEPKOM MPAaKTUUECKUX 3a/aHui cTyneHTOB. OH TaKke MPeA0CTaBIseT OOMUPHYIO
TEOPETHYECKYI0 OCHOBY JUIsI aBTOMAaTMYECKON KOMIWISIMK, TPOBEPKH KOJa,
ApPXUTEKTYpPbl, MACIITAOMPYyEMOCTH U OTKa30yCTOWYMBOCTH.
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KuatoueBbie ciaoBa: onnaitH-kypcesl, MOOC, aBromarnueckas MpoBepKa Koja,
aBTOMaTH4ecKas OlleHKa, OHJIaiiH-00yueHHe, MPaKTUYEeCKUE 3a/1aHus TI0 KoY.

s uutupoBanus: A.A. bypasos, H.T. /ly36aeB. [logxoasl K aBTOMaTHYECKOM
IIPOBEpPKE [PAKTHYECKHX 3aJaHIH BMOoocs M oHmaiiH-06yuernn// MEXTYHAPO/IHBI
KYPHAJIUHOOPMAIIMOHHBIX 1 KOMMYHUKAITMOHHBIX TEXHOJIOI' MIA.
2022. Tom. 3. Is. 2. Homep 10. Ctp. 26-36 (Ha pycckom si3bike). DOIL: 10.54309/
JICT.2022.10.2.003.

Introduction

Online learning is an integral part of [T-industry as community needs more software
developers, architects, analysists, etc. as the foundation for future digitalization.
Online learning has gained particular relevance during the massive transition of most
industries to remote work during the COVID epidemic (Patricia, 2020). Many services
and platforms provide online education for IT-specialists. However, practice remains
one of the most important components of teaching programming. The student must
carry out and repeat all theoretical stages of learning in real programs (Keuning et
al., 2016). In addition, one important aspect of the practical classes is the familiarity
with similar solutions of other students, which encourages competition and improved
results (Shaw, 2012). In classical education formats (schools, courses, universities), this
aspect is provided by the work of teachers, manual scoring, checking and correcting the
student’s work. However, in the online format, this component becomes a real problem,
since manually checking a student’s practical assignments requires a lot of the teacher’s
resources and is pricy (Drummond et al., 2014: 785-790).

The lack of automated practice tests prevents the online learning platform from
scaling effectively, and in some cases increases student attrition before completing the
course or at its initial stage (Coussement et al., 2020). Different platforms solve this
problem in different ways — for example, on Udemy there is no possibility to create
practical assignments at all, so the quality of mastering materials on Udemy suffers
(Wrigley et al., 2018). Other platforms provide the possibility to work on practical
assignments, but with some specific types of assignments, such as JavaScript or Linux
Bash. Some information systems like Moodle can be connected to an external checking
system (Del Fatto et al., 2016).

Another important point is that for a better quality of learning, practical assignments
should be varied and have individual components for each student (Hozak, 2020). In
some areas of development, the situation is complicated by local features. For example,
when testing mobile applications, one needs to run them on a real device or emulator
and check the behavior logically ( Bruzual et al., 2020). A similar situation occurs when
checking programming assignments in distributed environments — it is necessary to
check the behavior of each node launched by students (Maicus et al., 2019).

Existing platforms and services will be analyzed and reviewed to research existing
methods and tools for organizing automated practice assignments.

Contributions are:

— areview of current approaches to automated code testing and evaluation;
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— a current review and analysis of learning platforms with the function of automatic
checking of assignments. There is no current review or analysis of those platforms. This
analysis can become a foundation for further research on this topic;

— an assessment of these platforms according to different criteria like the quality
of automatic code checking, availability of manual checking, built-in correction for
students and others. At the moment there is no current review considering solutions with
automatic code checking in the context of these criteria. This assessment also includes
a description of the features and disadvantages of the platforms in question. Further
research in this area may use this analysis as a reference and a model.

The rest of the paper is organized as follows:

Section II presents the problem identification and its significance. Section III
discusses the related work devoted to the existing methods. Section IV presents existing
approaches to checking practical code assignments. Section V presents review of existing
MOOC and open-source solutions with the feature of automatic code evaluation. Section
VI presents discussion of results and Section VII is conclusion.

Materials and methods

The main problem is to identify automatic e-learning platforms. As there is a lack
of a universal tools for automatically checking practical assignments in online coding
educational systems.

Furthermore, there is no current detailed review of existing automatic checking
methods and tools, which should also include online-services. There are many online
platforms and learning services, including open-source ones (e.g., Moodle). However,
only a small number of them have practical assignments, where a student can code after
completing a theoretical unit. Most of them contain only lecture modules and closed
multiple choice tests.

This problem has a great negative effect, which is that a student who starts learning
programming on online platforms cannot immediately check and apply the knowledge
he or she has acquired. Also, the platform and instructors cannot verify how well the
student has mastered certain theoretical modules. The problem has great importance,
because the field of education for software engineers has an accelerated tendency to
move to a distance format, which accelerated even more during the COVID-19 pandemic
(Patricia, 2020).

There are several possible suggestions for solving this problem. For example,
simplifying manual checking of practical assignments by an instructor via email
or git-hosting. It is also possible to create courses on platforms with the ability to
automatically check, however each platform has its own limitations and disadvantages.
Optimistic solution consists of some universal system which is open and understandable
to instructors and students and allow checking.

This section provides important characteristics of the relevant methods. Staubitz et
al. ( Staubitz et al., 2016). discussed the practical programming exercises and automated
assessment. The proposed work used some typical scenarios of user experience in online
courses. The authors showed the basic low-level integrations and some parts of code
checking architecture, however, they failed to provide detailed practical examples.
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Glassman, et al. ( Glassman et al., 2015: 1-35) reviewed different approaches of
code reviewing and logical tree building. This work showed examples of detailed
statistical analysis of evaluating student’s code. The authors provided detailed review
of visualization and code comparison practices in the field of automatic code checking.
However, they didn’t provide any examples of architecture of these systems.

Lowis, et al. (Lowis et al., 2015) discussed social parameters of MOOC users,
statistics of continuous learning curve and support stats.

Kiralya, et al. (Kiraly et al., 2017) described creating a platform for online courses
with automatic Java code checking using a test framework. They reviewed methods for
building an evaluation system based on test libraries and frameworks.

Nickchen and Mertsching (Nickchen et al., 2016: 482—-488) analyzed tools for
automatic checking of Octave3D tasks. They demonstrated the operation of automatic
task checking for external software. But the authors failed to analyze the architecture
of the system.

Rim (Rim, 2017) looks at a system for building online courses. He showed main
features of online learning platform for children. But he failed in description of examples
of custom practical assignments or a system for professional software developers.

English (English, 2004) described powerful solution for Graphical User Interface
(GUI) software tasks written on Java. He showed main features of this solution:
automatic checking of GUI-programs and automatic code validation. But he failed in
description of tasks on other programming languages besides Java.

Derval et al. (Derval et al., 2015: 86-91) described architecture and principle of
external grading system called INGInious. They provide analysis of main solution’s
features such as editing code in a browser, connection to edX courses as backend
checking system and support of many programming languages like Python, C++, Java,
Scala. But authors didn’t provide any examples of checking user-interface tasks.

Pieterse (Pieterse, 2013: 45-56) provided analysis of online checking system for
educational department. Author underscored important system’s features like uploading
directory of source files and using makefiles. But described system was developed only
for C language and doesn’t have any frontend editor.

Wang et al. (Wang et al., 2021) describe techniques for peer-reviewing students when
solving practical programming problems, as well as the relationship between commits
in the version control system (Git) and assessments of reviewers. Now cross-review is
often used as a main or additional technique in some Coursera courses.

Approaches to automatic code checking

This section provides our classification of methods for testing and checking program
code in general cases. All approaches below use term “grader”, referring to both the
testing system and its environment.

* Compilation and communication with result via standard in and out system
channels or console input and output. This method is one of the oldest approaches
to testing solutions written in any programming language. Advantages: simplicity.
Disadvantages: the need to configure compilation and assembly separately for each
programming language, the complexity of building complex scenarios, probability of
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breakage of the grader logic while reading diagnostic messages or logs of the invoked
code.

» File input/output. In this method grader compiles solution, uses some files as input,
also checks files with predefined names as output of code. This approach could be used
in combination of approach a. This approach allows to test work with larger amounts of
data than when working through standard input-output streams (a).

* Web requests, API-testing. With this approach, the code under test is compiled
and run as a web server. Next, the grader sequentially sends requests to this web server
via HTTP/HTTPS, TCP, WebSocket or other protocols and compares the responses
with the expected values. Advantages — simplicity, less dependence on the language.
Disadvantages — this approach is not applicable in all cases, quite often there is a need to
test the visual interface, or other code outputs. Also, student must have the skills to write
a web server, and this is usually not the initial stage of training to apply this approach.

» Testing with own tools of a language. Most programming languages have their
own tools for writing internal tests. For example, they are Jest for JavaScript, testify and
test packages for Golang, JUnit for Java, and so on. In this approach tutor should write
test cases on same programming languages as the learning language. The advantages of
using it are wide support for language functions, the ability to quickly write test cases.
Disadvantages — binding to a specific language, the need to write everything anew for
each new programming language (Akahane et al., 2015: 1-6).

» Ul/visual testing. This approach is needed when students write tasks with some
graphic results as solution. For example, webpages, desktop or mobile applications.
As part of this approach, an automated grader can check html tags in a rendered web
page, compare pixel colors at certain coordinates, emulate keystrokes and mouse clicks.
Advantages — independence from the programming language, the application is tied
much to real applications. Disadvantages — the complexity of setting up test cases, many
opportunities to deceive the grader, for example, by drawing pixels or tags specifically
for it, but not completing the rest of the assignment (Kiraly et al., 2017).

» Containerization. In this approach application is compiled and moved to container
(for example — Docker). On next steps automated grader could launch console
commands, create and read files, make web requests, check output webpages or interface,
mixing previous approaches. Advantages — universality (for example, student could
write Dockerfile and instructions to compilation), no need to modify the environment
and test logics for each programming language, and the ability to mix other approaches.
Disadvantages — increased resource consumption, and possible errors with the removal
and cleaning of containers (Maicus et al., 2019).

Mooc and open-source solutions

One of the most popular Massive Open Online Courses (MOOCs) Coursera' is an
online learning platform where the most advanced and popular universities can create
their own courses. It is possible to create both open and closed tests with variants and
tasks with automatic code checking. Of course, this is a proprietary closed system, but
some of the grading system code is open source’. This system is written in Python and
uses Docker containers to execute students’ code. Accordingly, the course infrastructure
team should write their solution in Python language and publish it using the built-in

1 https://www.coursera.org
2 https://github.com/coursera/courseraprogramming
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command-line utilities. At the same time, the Coursera’s frontend interface does not
look so advanced and, in fact, is a normal universal interface for downloading files or
archives.

Another popular platform, edX?, also has the ability to check student’s assignments
automatically. To check them the course’s instructors must connect an external grader
through a special interface — xqueue®. Your grading server must accept JSON-requests
and respond to them with messages of a special format. Unlike Coursera, it is entirely
up to you to manage resources and provide the verification itself; the platform actually
provides only an external graders interface. No interface or editor for students is
provided here either.

The next platform, Hexlet®, is a relatively young proprietary online learning platform
designed primarily for the Russian-speaking segment. At the same time, it provides
the same opportunities both for regular automatic checking of student assignments and
for manual checking of individual project assignments by selected instructors. One of
the advantages of the platform is a powerful online editor with code highlighting. A
student can write code in the selected language, view the results of a web server, Linux
container, edit any allowed files within his/her container, and call network commands.
When checking the code, the platform shows the error’s specific place and the full
test code so that the student can get familiarized with it, which almost eliminates the
cases of a student’s misunderstanding of the checking rules and the peculiarities of the
grading system (which happens on other platforms). Not the main but rather important
advantage of the platform is the code style checker’s functionality. For example, for
practical exercises in the JavaScript language, the system, after validating the code
output result, also checks the code style using the ESLint plugin. However, since the
system is proprietary, all assignments and courses are posted only by the company’s
employees, so the external tutor cannot create custom courses.

The Codio® platform is specially designed for creation of tutors’ and universities’
own computer science courses. It provides a convenient infrastructure for students and
tutors, including an online code editor. It also provides the infrastructure for creating,
editing, and running coding assignments for students. Special attention should be paid
to the specialized interface for editing such tasks by the tutor. This interface allows you
to create standard tasks and tests for Java, Python, and any other languages by executing
commands from the command line and providing output HTML code tests.

The Stepic’ platform is also designed to host and provide courses for universities
and individual instructors. Depending on the tariff plan, it provides the possibility of
manual and automatic checks, including editing tests in the Java language in a local
editor using a special library EduTools (written in Java). However, these possibilities
are rather limited and have several disadvantages. Automatic code checking is limited

3 https://www.edx.org

4 https://github.com/edx/xqueue
5 https://hexlet.io

6 https://www.codio.com

7 https://stepik.org
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to tasks for the Linux terminal and tasks in the Java language. Also, the platform does
not have a convenient interface for students to edit the code.

The INGlnious® platform is an open solution focused on self-building infrastructure
and already includes all the necessary components for developing and maintaining
online courses of a university, company or instructor. It is written in Python and uses
Docker containers to run student’s code inside a secured environment.

INGlnious provides a backend system with flexible and secure architecture which
manages running and interaction with Docker and checking code, and a frontend for
students and tutors (Derval et al., 2015: 86-91). The frontend part allows tutors to
create and modify code tasks but doesn’t have a convenient code editor. Also, a serious
advantage of the system is the ability to integrate it with other platforms, such as edX
or Moodle. Among the shortcomings, one can single out a not very clear interface and
insufficiently detailed documentation. However, these disadvantages can be eliminated
as the solution code is open source.

LearnDB?’ is also an interesting example of a specialized online learning system.
This platform is specially designed for the study of SQL, which determines its features.
The platform has a powerful command editor with syntax highlighting in the browser,
a test base, and a practical task for each passed module. The platform’s key advantage
is a well-thought-out organization for performing practical tasks with databases, which
other online platforms do not have. Since the platform is proprietary, there is no way to
integrate or create your own courses. There are also no practical assignments in other
languages or frameworks.

Codecademy'’ is a popular well-automated platform for learning programming in
various languages and frameworks. On this platform, special attention is paid to practical
assignments. After each micromodule, the student must immediately solve several tasks
with increasing difficulty. In this case, tasks have a different level of participation.
In some assignments, students only have to change a certain symbol. In other more
complicated tasks students should write full-fledged code that solves a specific task.
The built-in editor has unique functionality for highlighting the necessary sections of
the code and interactive tutorials. Simultaneously, the platform also offers projects with
manual checks for training (after the student reaches a certain level).

Codegym'' is another platform for teaching development in a specific language.
Java programming courses and assignments are well designed and integrated with
gamification. This platform is intended mainly for beginners, and middle developers,
i.e., assignments are designed to learn the syntax and principles. Another interesting
feature is the format of mini projects. The platform has mini projects where the student
must solve any small practical problem (program the movement, the ATM logic, and
SO on).

Each of the considered solutions has its own pros and cons. However, the best

8 https://github.com/UCL-INGI/INGInious
9 https://learndb.ru

10 https://www.codecademy.com

11 https://codegym.cc

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 m

(=)

International License |y

33



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2022. Vol. 3. Is.2.

solutions based on the review results are Hexlet, Codio and INGInious. Hexlet has
features built and developed with the highest quality, especially the mechanism for
creating and checking containers, various types of tasks, the ability to change and launch
almost all entities inside an isolated container (which contributes to the speed of learning
and the ability to try new techniques even outside the task). Codio and INGInious allow
the instructor to create their own courses to develop almost any practical assignment.
At the same time, INGIniousis is an open-source solution, which allows you to level its
shortcomings and adjust it to your infrastructure.

Based on the review and analysis, the main features of a solution with automatic
code checks can be merged and described as following:

* Solution should have feature of automatic code checking (by compilation and
verification). Hexlet, Codio and CodeCademy show the best support of this feature in
areview.

* Solution should have possibility of human manual checking for some tasks (for
example, for projects) for best flexibility of learning process. This will adapt e-learning
model to all cases and tasks. Hexlet, CodeCademy and Codio show best support of
human-checking feature.

* Support as many programming languages as possible. From reviewed list Coursera
and edX support almost all variants of languages but that is because these systems move
compilation logic to external graders or developers from tutor’s side.

The solutions under consideration currently support a different number of languages,
as shown at Figure 1.
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Figure 1 — Number of supporting languages for each solution

* An external editor is not such a common feature, but its presence significantly
improves user experience. The student can edit the code directly in the browser and
use additional features to explore the environment. Also, an external editor can be
made on the base of a desktop program. This feature is best represented in the Hexlet,
CodeCademy and LearnDB platforms.

* The code style checking functionality is rather optional. However, this is a good
addition if the platform provides courses for novice developers and professionals. As
the basic rules of syntax become more obvious with an in-depth study of technology, it
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becomes more important to write code according to the standards and guidelines. This
functionality is best represented on the LearnDB and Hexlet platforms.

* The backend architecture is, although externally invisible, a significant parameter
of the platform as a whole. Automatic compilation and code validation are very
resource-intensive tasks. The architecture must be flexible and scalable as needed. At
the same time, the backend must remain well protected by the responsive core of the
platform. The INGInious’s backend is organized in the best way because it is divided
into components and allows to scale containers quickly.

* It can also be concluded that the number of supported languages (L criteria)
correlates well with the functionality of practical exercises (PT criteria).

* Results and discussion

* One of the main problems of online programming education is the lack of practical
assignments. As a result, the quality of education suffers directly; students learn the
material worse and have significant problems in applying real work skills. The review
and analysis of platforms with automatic code checking function, made in this work,
brings up to date information about the current situation in this area.

* The result and quality of the online programming learning platform depend not
only on practical assignments’ functionality. There should also be some or all of the
features of manual teacher review, extended support for languages and frameworks,
built-in code editor, code style checker, and the ability to scale flexibly and quickly.

* One of the main difficulties was a large number of platforms and the difficulties
in assessing their components and functionality. Also, some platforms are known only
locally and do not work in the global market; nevertheless, having a good implementation
of automatic checks could be overlooked.

* Individual low-level components and libraries for checking and compiling the
code have not been considered. The analysis did not include separate techniques and
methods for the automatic compilation of code in an isolated environment. These topics
will be discussed and analyzed in the future works.

Conclusion

The paper introduces an overview of existing online e-learning platforms with
automatic code checking. It reviews and analyzes the existing solutions.

As a result, learning platform for programming could have one or more features
like automatic code checking, manual checking, many supported languages and
frameworks, and a convenient external editor for students, flexible and easy-scaling
backend architecture, code-style checking, and automated peer-review.

In the future, we are interested in analyzing existing low-level libraries, tools for
automatic Ul tasks evaluation and other techniques for automatic code compilation.
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STARLINK TEOCTAIIMOHAP/IBI EMEC KEPIK KEJIJIEPTHIH
KAZSAT-2 TEOCTAIIMOHAP/IBI CITYTHUKTIK JKEJICTHE OCEPTH
TAJIJIAY

H.E. ’Kymamait*, A.3. Aimmazamoemos

Kymaraii Hazepke EpkinKbI3pl — XanbIKapaiblK aKlnapaTThIK TEXHOJIOTHsIIAP yHUBEpCUTeTiHIH POT-
201M rpynnacbIHbIH MaruCTPaHThl;
AilitMaram6eToB A.3. — XaJbIKapalblK aKIMapaTThIK TEXHOJIOTUSIAD YHUBEPCUTETI.

© H.E. Xywmaraii, A.3. Aiitrmaramberos, 2022

AHHoTanus. Makanaga reocTalliOHAPIBIK eMeC JKEPCEpIKTiK opOuTana MIaFbiH
Starlink cnytauktepiniy Kasakcran PecnyomukaceinbiH GSO KazSat-2 cnyTHUKTIK
XKeJriciHe ocepi TajmaHaabsl. [eocTallMOHApPIBIK eMeC CIYTHHKTIK OpOuTaja IIaFbiH
CIYTHHUKTEP/IiH >KOCTIapIaHFaH JKoOHE 931pJIeHTeH HIOKXKYIIIBI3Aaphl 3epTTeii, SpaceX-
TeH Starlink reocTalMOHAPIBIK €MeC CIYTHHKTIK IIOKKYIIIBI3 TEXHOJIOTHSICHIHBIH
cunarramanapsl 3eprreiesi. Kasakcran Pecriyonukaceinbiy KazSat-2 GSO skenicinmeri
GSO emec Starlink OMC ecenteynepi visualyse keMeriMeH sxacaibl.

Tyiiin ce3mep: reocTalMOHAPIBIK €MeC OpPOUTANBIK KYHE, 3JICKTPOMAarHUTTIK
yinecimainik, Starlink cyTHHKTIK *Kyiieci

Hoiiekce3 ymin: H.E. Xymaraii, A.3. AiirmarambetoB. Starlink reocrairoHapiibt
eMec Kepik JKeninepiHiH kazsat-2 TeocTalMOHApNIBl CHYTHHUKTIK YKeJiCiHE 9cepiH
Tangay / XAJIBIKAPAJIBIK AKITAPATTBIK-KOMMYHUKAITUSJIBIK
TEXHOJIOTUAJIAP )KYPHAJIBIL. 2022. Tom. 3. Is. 2. Hemipi 10. 37-46 et (opbic
timinge). DOL: 10.54309/1J1CT.2022.10.2.004.

AHAJIN3 BIIUAHUA HETEOCTAHUOHAPHBIX CHIYTHHUKOBBIX
CETEM STARLINK HA TEOCTAIITMOHAPHYIO CIYTHHUKOBYIO
CETb KAZSAT-2

H.E. ’Kymamait*, A.3. Aimmazamoemos

Kymaraii Hazepke Epkinkbi3bl, Maructpant rpynnsl POT-201M, MexnyHapoqHoro yHuBepcuTera
HnH(pOPMAIIMOHHBIX TEXHOJIOTHIH;
Afitmaram6etoB A.3. — Mex1yHapoHOTO YHHBEpCHUTETa NH()OPMAMOHHBIX TEXHOJIOTHH.

© H.E. Xywmaraii, A.3. Aiitrmaramberos, 2022

AunHoTtanus. B crareke Benercs aHandM3 BIMSIHUAS MajlblX CHOyTHHKOB Starlink
HEreoCTallMOHAPHON CIYTHUKOBOM opbute Ha cmyTHHKOBYI0 ceth ['CO KazSat-2
Pecnyonuku Kazaxcran. MccienoBaHsl TuiaHUpyeMble W pa3padarbiBaeMble TPYIITH-
POBKH MallbIX CIyTHUKOB Ha HETCOCTAIMOHAPHOW CIYTHHKOBOH OpOWTE, W3y4YEHBHI
XapaKTEPUCTUKH TEXHOJIOTUU HEreOCTAllMOHAPHOW CITy THUKOBOM IpyrmupoBkH Starlink
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ot SpaceX. [Ipoussenenst pacuerst DMC HI'CO starlink na I'CO cets PK KazSat-2 mo
visualyse .

Ki1roueBble ci10Ba: HereocTalmoHapHast OpOMTaIbHAsI CHCTEMA, JIeKTPOMarHATHASI
COBMECTHMOCTb, CITyTHUKOBas rpynmnuposka Starlink.

Jdasi nutupoBanusi: H.E. Kymaraii, A.3. Aiitmaram0OeToB. AHaIW3 BIHSHUSI
HEeTeoCTallMOHAPHBIX CITyTHUKOBBIX ceTel starlink Ha reocTalmoHapHYIO CITy THUKOBYIO
cetb kazsat-2 // MEXJYHAPOJHBIM XYPHAJI MHOOPMAIIMOHHBLIX U
KOMMYHUKAIIMOHHBIX TEXHOJIOTUI. 2022. Tom. 3. Is. 2. Homep 10. Crp.
3746 (ma pycckom si3bike). DOI: 10.54309/1J1CT.2022.10.2.004.

Beenenue

PagnouacToTHBIN CHEKTP M CIyTHUKOBBIE OPOUTHI ABJIOTCS OOLIMMU U OTPaHU-
YEeHHBIMH pecypcaMu, IO3TOMY peryJupoBaHue, KOOpIAUHAIVS U YIIpaBIeHHE HCIIONb-
30BaHUEM CIIEKTPa M CITyTHHUKOBBIX OpPOUT SIBISIOTCS HEN30€KHOH HEOOXOAMMOCTBHIO
(KonTpons 3a ucnonp3oBanueM crnekrpa, 2011).

BcernencrtBrue mocTosHHO pacTyluero crpoca npobiieMa panuoHaIbHOTO MCIONb30-
BaHUS, COBMECTHOTO FWCIIOJIb30BaHMUS M 3allUTHl OTPAHWYEHHBIX OOIIHNX DPECypcoB
CTaHOBHTCS CEphE3HON MPOOIEMOil B HAIMOHATIBHOM U MEXIIyHAPOIHOM MaciuTade.

B nmnocnemHume mnapy ner Mbl CTand CBUAETENEM pAcTyLIEro HHTepeca K
MPEAOCTABICHHIO YCIIYT ITUPOKOIIOJIOCHON CBSA3U C HETreOCTAMOHAPHBIX OPOUTAIBHBIX
cucrem (HI'CO). Ilpobmema pa3BepthiBanus MHOroCcnyTHUKOBEIX HI'CO cucrem
COCTOUT B TOM, 4TO Ha CETO/IHS HET €INHON METOJI0NIOTUH 00eCIICUeHHSI COBMECTHMOCTH
mexny HI'CO cucremaMu, MMEIOIIMMHU MHOKECTBO (COTHH MJIM THICSYM) CITyTHUKOB B
CBOEH OpOUTATHLHOW TPYNMITUPOBKE H, KaK MPaBUIIO, TII00ATBEHYIO 30HY 00CITyKUBaHHS.
Takum 00pa3zom, pereHue BOIpoca AEKTPOMarHuTHoi copmectuMocTu Takux HI'CO
CHCTEM, C yYETOM HaJIM4Ms NEPEMEHHBIX BO BPEMEHU B3aUMHBIX [IOMEX, BO3JIOXKEHO
Ha 3asBISAIONINE aJMUHUCTpanud. Kpome Toro, B CBS3H ¢ 00OCTpEeHHEM IMPOOIEeMBbI
ANEKTPOMarHuTHOH coBMecTuMocTr (OMC) Bo3pacTaeT akTyalIbHOCTh pEeIeHHS 3a1ad
PanMOKOHTPOJISA U PAJUOMOHUTOPHHTA.

LenbrosBsieTcsvccaeI0BaHUEIEKTPOMArHUHON COBMECTUMOCTH Pa3BEPTHIBAEMBIX
cnytHuKoBEIX cereit HI'CO Starlink n crryrankoBoit cetn I'CO KazSat-2 Pecrybnmku
Kazaxcran B Ku-guanasone.

Jnst toCTHKEHUs! yKa3aHHOM LIeNTH B padOTe MMOCTABIICHBI CIICAYIOIIUE 3aauH:

1. HccnepmoBanue mIaHUPYyEeMbIX M pa3pabaThIBa€MBIX TPYHNIHPOBOK MaJbIX
CIIyTHHKOB Ha HETe€oCTalMOHAPHOH CITyTHUKOBOH OpOHUTE

2. H3yueHue XapaKTepUCTUK TEXHOJOIMM HEreoCTallMOHAPHON CITyTHUKOBOM
rpynmupoBkH Starlink ot SpaceX

3. Pacuer Bmustaus HI'CO starlink sa I'CO cets PK KazSat-2 no visualyse

HccnenoBanue mraHupyeMbIx U pa3padbaTbiBa€MbIX TPYITHPOBOK MAJIBIX CITy THUKOB
Ha HEreoCTallMOHApHON CITyTHUKOBOW opoOuTe.

Wnes obecrieueHns HHTEpHETa M3 KOCMOCA C IIOMOIIbIO OOJIBIIMX CO3BE3NUil
cnytarkoB LEO BHOBB 06pena momynsipHOCTh B Iociequue roasl. B mepuon ¢ 2014 o
201601 BO3HUKIIa HOBast BOJIHA IPEITIOKEHHUN O CO3AaHUH KPYTTHBIX HU3KOOPOUTAIBHBIX
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Low Earth Orbit co3Be3/11ii CIy THUKOB /17151 00€CIIeUSHUS TII00ATLHOM M POKOTIOIOCHON
cBsa3u. B obmiei cnoxxnoctn 11 xommanmii obparwmmck B depepanbHyl0 KOMUCCHIO
no cBs3u Federal Communications Commission ¢ nmpoch00ii pa3BepHYTh KPYITHBIE
CO3BE3IMs Ha HET€OCTAIMOHAPHBIX CITYTHUKOBBIX opomnTax Non-Geostationary satellite
orbits B KaueCTBe CPeACTBA IPEAOCTABICHHUS IINPOKOIIOJIOCHBIX YCIIYT.

[IporHo3upyercs, 4TO POCT CHYTHUKOBOH HWHAYCTPHHM B 3TOT Hepuoxn Oyaer
MPOMCXOJUTH B OCHOBHOM 3a CUET Pa3BUTHs W Pa3BEPTHIBAHUS CETEil TPYNMIHPOBKH
Masbix cyTHukoB HI'CO. [lefcTBUTENBHO, 0KUAAETCS, YTO B 0003pUMOM OymyIinemM
MHpPOBOH peiHOK KomMepdeckux ['CO 3aka3oB OymeT ocTaBaThCsl Ha YPOBHE IPUMEPHO
or 8 10 10 cIyTHHKOB B T0J, TOrAa KaK PHIHOK MaibiX ciryTHHKOB cBsizu HI'CO Oynet
pacTu co cpegHerofoBbIM TeMroM pocTa 15 % (Butash, 2018).

OTH HOBBIE TEXHOJIOTMH BapbUPYIOTCA OT 2 CIYTHHKOB, HPENJIOKEHHBIX Space
Norway, 1o 4 425 criyTHUKOB, IpeuIokeHHBIX SpaceX. 13-3a OOJBIIOro KOJM4ecTBa
CIIlyTHUKOB B 3THX CO3BE3AMAX OBLIO MPUIAYMAHO Ha3BaHHE ‘‘Mera-co3Be3mus’ It
0003HaueHNs 3THX HOBBIX IpennokeHni. Cucok Hanbosee N3BECTHBIX IPYIITUPOBOK
Manbix cryTHHKOB HI'CO, mumaHumpyembpIx B HacTosllee BpeMs, pa3padaThiBaeMbIX
IUIl pa3BEpPTHIBAHMS B TECUCHUE CIICAYIOIIETO ACCATHICTHS, NMPUBEACH B TaOMuIle
1. K coxanenuto, u3-3a 3alaTeHTOBAHHOTO XapaKTepa 3TUX CHUCTEM M HEBEPOSTHO
KOHKYpPEHTHOW Cpe/ibl, B KOTOPOi paboTaroT MX pa3pabOTUHKH, AETAId KOHCTPYKIUH
PEIKO paCKPBIBAIOTCSI B OTKPBITOM JIUTEPATYPE.

Tabmuna 1 — «[Inanupyemsle 1 / wiu pa3padaTsiBaeMble TPYIITHPOBKY MaJIbIX CITyTHUKOB Ha
HereocTalMoHapHoH ciryTHHKOBOI opoute (HI'CO) 32 2010 1. — anpens 2021 &y

CrytaukoBbsie | [TapameTpst KOHCTPYKINUCHCTEMBI CocrostHne
TPYIITHPOBKH
Amazon Kuiper | 3236 criytaukoB: 784, 1296 ul 156 ciyTHUKOB Ha B paszpabotke
BeIcOTES90, 610 1 630 KM, COOTB., B 98 MIOCKOCTIX
Boeing V-band | 2956 criyTHHKOB He pasrnamaercst
LeoSat 78—-108 criyTHUKOB ¢ onTryeckuMu ISL Ha BbIcOTE OTMeHeHO
1400 xm
OneWeb 648 criyrHukoB B 18 miockoctsix Ha Beicore 1200 kM | Bankpor/Pectpykrypu3zanus/
3amymieHo 182 crmyTHuUKa Ha
CErOJHSAIIHUN JeHb
03b 20 CITyTHUKOB BYKBAaTOPHAJIBHO IIIOCKOCTH HA BBICOTE | [OTOBBIN K AKCILTyaTalluu
8063 km
0O3b mPOWER | 20 criyTHHKOB B 2 IIIOCKOCTSIX Ha BbicoTe 8063 kM B pazpabotke
Samsung 4600 criyTHUKOB He pasriamaercs
SpaceX 4425 ciytHukoB contuyeckuMu ISL B 83 mnockoctsax | 1383 3amymeHo Ha
Starlink Ha BbicoTe 1000 kM + 1600 cHyTHMKOB HaBBICOTE CerofHALIHUH neHb, 1318 Ha
550 kM (A7 yCKOPEHUS Pa3BEPTHIBAHIS) opbute
SpaceX VLEO | 7518 cnytHukoB Ha Bblcore 346 kM + 30 000 B pazpabotke
(very-LEO) CITyTHHKOB

N3ydeHne xapakTepUCTUK TEXHOJIOTUH HET€OCTAIMOHAPHOW CITyTHUKOBOM TpyIIIH-
poBku Starlink ot SpaceX
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CosBesnue Starlink Kut+Ka-nmnamazona ot SpaceX (http://www.rcsc.kz/Infras-
tructure/KSat2) Brutouaer B cedsi 4425 CIyTHUKOB, KOTOpble OyayT pachpeaeseHbI
0 HECKOJIbKUM Habopam opOut. OCHOBHas TPYNIHPOBKa, KOTOpast OyleT pa3BepHyTa
nepBoii, coctouT u3 1600 CIlyTHUKOB, paABHOMEPHO paclpeAeiIeHHbIX B 32 opOUTaIbHBIX
IUIOCKOCTSIX Ha pacctosiHud 1150 kM ¢ HakimoHoM 53 © (cunwmii). OctanbHble 2825
CIYTHHKOB TMOCJEAYIOT BO BTOPMYHOM pa3BepThIBAaHMM W OydyT pacrpenesieHbl
cienayommM obpazom: Habop u3 32 tuiockocted ¢ 50 cyTHMKaMHM Ha PAacCTOSHUHU
1110 kM u HakmoHoM 53,8 © (OopaHXeBblii), HA0Op U3 8§ OPOUTANBHBIX MJIOCKOCTEH ¢
50 cnytHukaMu Ha pacctosHud 1130 kM 1 HakiioHOM 74 © (ypHypHBIit), Habop U3 5
IUIOCKOCTEH ¢ 75 CIyTHHKaMu Ha paccTostHuu 1275 kM 1 HakiioHoM 81 © (4epHsblil) u
Habop u3 6 OpPOUTATBHBIX TUIOCKOCTEW € 75 CIyTHUKaMH Ha paccTostHUM 1325 KM H
HakionoM 70 © (>kentsrit). Ha pucynke 1 nzo0pakeHa cxema mera-co3pe3nus Starlink.

Paznmuunnie Ha60pBI Op6I/IT npeaACTaBJICHbI pa3HbIMU LIBETAMU.

Pucynok 1 — Cxema coszeesdus cucmemvr Starlink [10]

SpaceX BHecna u3MeHEHHS B CBOIO 3asBKY B 2018 romy, moHn3mB pabodyio opouty
crryTHHKOB 710 550 kM (SATMOD2019083000087. — FCC, 30.08.2019). B Tabmume 2
TIPUBEICH COCTaB TPYIIIMPOBKH, cornmacHo TmocuenHeit 3asBku SpaceX B FCC or 17
anpenst 2020 roga (SATMOD2020041700037. — FCC, 17.04.2020) (3asiBka Ha TaHHBIH
MomeHT ofoopena FCC ot 27 anpens 2021 roga (https://spacenews.com/fcc-approves-
starlink-license-modification).
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Tabmuna 2 — «Coctostaue rpynnupoBku Starlink Ha 24 mapta 2021 rona v 3asiBKa Ha JAHHBIA MOMEHT

ono6pena FCC»
Bricora Haxknonenue Op6uraneubix | CriyTHHKOBB | Beero Brieznenona | CBeneHoc
OpOMTHLKM | OPOUTBI, IPayCoOB | INIOCKOCTEH IUIOCKOCTH | CITyTHHKOB | OpOHTY OpOUTHI
550 53 72 22 1584 1373 65
540 532 72 22 1584 0
570 70 36 20 720 0
560 97.5 6 58 348 0
560 97.5 4 43 172 10
Bceero 4408 1383 65

Kaxnpiii cmyTHUK OyneT HecTH Ha OOpTy YCOBEPIICHCTBOBAHHYIO HU(PPOBYIO
MOJIE3HYI0 HAarpy3Ky, COAepKallyio (a3upOBaHHYIO PpEIIETKY, KOTOpas IO3BOJUT
Ka)XJIOMY M3 JTy4el HHANBUAYaIBHO yIIPABIATh U GOpMHUPOBATh (hopMy. MUHUMAILHBIH
YTOJI BO3BBIIICHUS JIJISl TOJIH30BATENLCKOTO TepMHUHANa cocTaBiseT 40°, B To BpeMs
Kak o0Iasi MpoITycKHash cocOOHOCTh Ha CIYTHHMK Ipenmnonaraercss paBHou 17-23
['6ut / ¢, B 3aBUCUMOCTH OT XapaKTEepUCTUK MOJIb30BATEIbCKUX TEPMUHANIOB. Kpome
TOTO, CITyTHUKU OYyIyT TaKKe€ HMETh ONTHYECKUE MEKCITYTHUKOBBIC JIMHUU CBSI3U JUIS
oOecrieueHNs] HEMPEPHIBHON CBS3H, MPEAOCTABICHUS YCIYT HAJ MOPEM H CMSTUYCHUS
MOCHEACTBUM ITOMEX.

HazemHblIil cerMeHT OyfeT COCTOSATh M3 3 Pa3JIMYHBIX THUIIOB JIEMEHTOB: CTAHIUI
CIIeKEHMS, TeJIEMETPUH U KOMaH/I, aHTEHH LIUII030B U MOJIb30BaTEIbCKUX TEPMUHAIIOB.
C onHoti cToponsl, craniuu TT&C OyayT Mano4HCIeHHBI U paclpeaesIeHbl 10 BCEMY
MUpY, & UX aHTeHHBI OyayT uMeTh quaMeTp 5 M. C Apyroil CTOpOHBI, KaK LUTIO3bI, TaK
U TI0JIb30BaTENbCKIE TEPMHUHANBI OyITyT OCHOBAHbBI Ha TEXHOJOTHHU (Ha30BBIX PEILIETOK.
Starlink SpaceX maHUpyeT UMETh OUCHBb OOJBIIOE KOJIUYSCTBO IUIFO30BBIX aHTEHH,
pacmpeneneHHbIX 0 BCEMY MHpPY PSIIOM € ToukamMu oOMeHa JaHHbIMH B MHTepHeTe
WM COBMECTHO C HUMH.

Cucrema Starlink Oyner ucnosnb3oBats Ku-nuama3oH mjis CBS3H IOJIb30BaTeleH,
a [UTI030Bast CB3b OyaeT ocymecTBiAThess B Ka-muamazone. B wacTHOCTH, mOnOCH!
gacrotr 10,7-12,7 I'Tu u 14,0-14,5 T'Tu OynyT UCHONB30BATHCS ISl HUCXOASIICH U
BOCXOJISIIIIEN CBS3M I0JIb30BaTesIe COOTBETCTBEHHO, B TO BpPEMs KaK IMOJOCH 4acTOT
17,8-19,3 T u 27,5-30,0 I'T11 OyayT MCTIONB30BATHCS [t HUCXOSIICH M BOCXOISIICH
CBSI3H IIIJTI032 COOTBETCTBEHHO.

Pacuer Busnust HI'CO certetii Starlink Ha reoctaniioHapHyIO CIIyTHUKOBYIO CETh

Pecniyonuku Kazaxcran Kazsat-2

B nanHo Im1aBe npuBeieHbl pe3yibTaThl pacuera BIUsSHUA ciTyTHHKOBOM cetit HI'CO
OCC «Steam-2» Starlink Ha cnytHHKOBYIO ceTh [[CO ®CC «KAZSAT2A». Pacuers
npoBoawiuck Ha [10 Visualyse.

CrnyTHHKOBas cucteMa oreparopa SpaceX OyaeT padoTaTh B paMKax CITyTHUKOBOH
ceru Starlink. [lanHast ceTh OyAeT pa3BepThIBaThCS B HECKOJNBKO dTamnoB. Ha mepBomM
stane miaHupyercs 3amyctuth 1600 KA. Mmenno mis 1600 KA u Obiia npoBeneHa
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cumynauus BiausHUsS JuHUM DA2831 cnyTHukoBoi cetn Steam-2 Ha suHuio TKU
cnyTHUKOBOM ceTn KAZSAT2A

JIOKyMeHTBI, Ha OCHOBaHMH KOTOPBIX MPOBOAUIINCH PACUETHI:

Pernament Papnocssasu Cratbs 22 tabmuia 22-1A- Yposens O.ILILM (EPFD) mis
nonockl yactot 10.7-11.7 I'T1y He mommken npeBsimarsk -175.4 nb (B1/M2) Ha 3TanonHyo
mpuHy nosocsl 40 KI'n B reduennu 0% Bpemenu (Pernament, 2020);

Pernament Pannocszu Crares 22 tabnuua 22-1B- Yposens J.ILIL.M (EPFD) nnsa
noniockl yactot 17.8-18.6 I'T'i e gomkeH npesbimars -161.4 a1b (B1/M2) Ha 3TanonHyo
mpuHy nosocsl 1 MI'n B reduennu 0% Bpemenu (Permament, 2020);

Pernamenta Pammocssu Crates 5 (5.441, 5.484A, 5.487A, 5.516) mnacwur,
YTO B OIPENENEHHBIX [Uala3oHaX 4YacTOT: «HEreoCTallMOHAPHBIE CITyTHUKOBBIE
cucTeMbl (PMKCHPOBAHHOHN CITyTHUKOBOW CIYXOBbI HE JOJDKHBI TpeOOBaTh 3aIlIWTHI
OT TEOCTAllMOHAPHBIX CIIyTHUKOBBIX CeTel (DUKCMPOBAHHOH CIyTHHUKOBOM CITYKOBI
(YHKIMOHUPYIOUIMX B COOTBETCTBUU ¢ Pertamentom Pannoceszm» (Pernament, 2020);

CornacHo Pexomengaruun BP-MCD «Rec. ITU-R S.1323-2» (GSO/FSS; non-GSO/
FSS; non-GSO/MSS feeder links):

cootHouienue nomexa/myM (I/N) He nomkHo mpeBbimars 6 % (-12,21 n1b) gonpire
10% BpemeHu;

HI'CO ®CC nomxHBI HECTH OTBETCTBEHHOCTh He Oonee ueM 3a 10 % BpemeHu 3a
yxyaumenue otHomeHust C/N.

Hcnonszosana Metonuka u3 Pexomenpgamuu MCD-R S.1503-3, omnmcheIBaromnmit
peanuzanmio pacuera Ha nporpaMmmHoM cpeactse [10 Visualyse.

1O Visualyse npoaykr komnanuu Transfinite Systems Limited, pacnonoxeHHOM
B Jlonpone, Anrmus. Transfinite Systems Limited npuaumaer ywactue ¢ 1994 rona
B pa3paboTKe TEXHWYECKHUX, HOPMATUBHBIX U TOJIUTHYECKUX BOIPOCOB, CBSI3aHHBIX C
pannMovYacTOTHBIM CIEKTPOM, B OCHOBHOM B pamkax MCD-R. Visualyse npumensercs
JUIS MCCIIEZIOBAaHUI U MOJENMPOBAaHUS CIIyTHUKOBBIX CHCTEM M Ha3eMHBIX CETeH BCcex
BH/JIOB 1 BO BCEX IMAIa30HAX 4acToT. B kadecTBe MHCTpyMEHTA JUIsl U3yUEHUS CLIEHApHEB.
HesaBucumo ot Toro, siBisitorcss nu ciytHukn GSO, NGSO, HEO wunu Ha mobom
IPYTOM THUIIE OKOJIO3eMHOM OpOMTHI, Visualyse MOXXET MOAEIMPOBATh UX MOBEICHUE.
On mpezncraBigeT co00il MexaHW3M JIsl pacueTa ypOBHEH Hecyllel, ypoBHEH momex
u ypoBHe# myma B pamuonunusax. On Beigaet uncia C/I, C/N, C/N+I, pfd, EPFD u
I/N u cratucTuKy mpakTHUECKH JUIsl JF000T0 CIIeHapUsi COBMECTHOTO HCIIOIb30BAHHS
CIIEKTpa WM aHAJIN3a [TOMEX.

[Ipu monenupoBanuu Ha [10 Visualyse Ha pucyHnke 2 3emuas cranuus ['CO ®CC
«KAZSAT2A» 6p11a pazmeniena B ropone Hyp-Cynran.

Ha ceromusmamii geHs ObLIO TPOU3BEACHO 26 3aITyCKOB KOCMHYECKHX allaparoB
cucremsl Starlink, Ha opbute Haxomutcst 1553 cmyTHHKOB. UacTOTHBIE MPHCBOCHUS
cetd STEAM-2 nng aucxomsieit nuanu c¢Bsa3u 10 700—-13 250 MI' u gig Bocxoasiieit
nuHuK cBa3u 13 750-14 500 MI' ans cBsi3u ¢ TepMHUHATIAMHU MOJIb30BaTENEH.

[TapameTpsl CIyTHHUKOBBIX CETEH, HCIOJIb3yeMble B pacueTe IpeACTaBICHbl B
tabnuue 3. PaccmarpuBaemslit nepuoxa 150 gueit.
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Tabmuua 3 — «IlapamMeTpbl CITyTHUKOBBIX CETEH, HCIONIb3yEeMbIE B PACUETE)

STEAM-2

ITapametp 3HA4YCHUE
Ko11-BO CILyTHUKOB B c€TH 4408
Koi-Bo crmyTHHKOB, paccMaTprBaeMble B pacueTe 1584
Haxnonenne 53¢
Beicora 550 kM
Jlyu DA2831]
Hecymas 11,1825 T
ITonoca 250 MI'g
KoaddunmeHT ycunenus aHTeHHbI Ha OOPTY CITyTHUKOB 28,3 nb
IlogBoguMast MOIITHOCTH 17 nb

KAZSAT2A
[Tapamerp 3HAYCHHE
OpOuraibHast MO3UIHS 86,5°
Jlyu TKU|
Hecymas 11,125 T
ITonoca 35 MI'n
KoadduumeHT ycunenus aHTeHHbI Ha OOPTY CIIyTHUKOB 34,5 nb
ITogBoguMast MOIITHOCTH -8,4 nb

A WEDTRETSES A AL = Gneaew @
AdEaas i m g EFRFELa R REa

iy

Pucynok 2 — Cxpunwom c I10 Visualyse npu cumynsiyuu cemu «STEAM-2» Starlink u KazSat-2

Pesynwrarer pacueroB BiamstHua Jlyua STEAM-2 DA2831 E ¢ mmpuHONH 1OJ0CH
nporyckaang 250 MI'n 1 mogBoguMon BRIXOAHOM MomHOCThIO 17 ab mist onmoit 3C
KAZSAT2A npencrapiieHbl B Tabiuie 4.
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Tabnuna 4 — «Pe3ynsrarel pacuera piausuusi cetn STEAM-2 nnst onuoit 3C KAZSAT2A»

STEAM-1 (11,1825 I'm) nra KAZSAT2A (11,1251 Tn)
[Tapamerp Hauxynmmii Cpenuuit [Toporossiit Bpewms, B TeueHue KoToporo
YPOBEHb YPOBEHb YPOBEHb MIMEETCsI IPEBBILICHHE
I/N 50,8 -28,1 -12,2 nb 54,17 %
EPFD 24,69 -134,5 -161.4 0b (B1t/™m?) 54,17 %

WnTepnperaius pe3ynbraToB CUMYISLUH.

BBuay 3HAUNTENBHOrO NPEBBIMICHUS AOMYCTHMOTO 3HAUEHHS OJITOBPEMEHHBIX
noMex BiaustHHEe ceTh HI'CO ®CC STEAM-2 nHa I'CO ®CC KAZSAT2A sBnsercs
HETNpUEMJIEMbIM, 3JICKTPOMAarHUTHasi COBMECTUMOCTb HE 00eCIeYBaeTCsl.

3akiaouenune

Takum oOpazoM, B HacTosell pabdoTe McciaeqoBaHbl IIAaHUPYEeMble U pa3padaTbl-
BacMble TPYNIUPOBKUK MaJlbIX CIIyTHUKOB Ha HEreOCTAlMOHAPHOW CITyTHHKOBOM
opbuTe, W3y4eHbl XapaKTEPUCTUKU TEXHOJOIMHM HEreOCTAlMOHAPHON CITyTHUKOBON
rpynnupoBku Starlink ot SpaceX. bsuto mpoBeneHO MOAEIMPOBAHHUE CITYTHHUKOBBIX
cereit HI'CO OneWeb u Starlink ¢ 'CO ®@CC KazSat-2 Pecnyonuku Kaszaxcran Ha
I1O Visualyse Ha ocHOBe aHalM3a HOPMAaTUBHBIX AOKyMeHTOB MCD-R, kacaromuecs
cocymectBoBanust cucteM HI'CO/T'CO ®CC B mmamazone Ku wm Ka, cormmacho
Pexomenmauuu ITU-R «Rec. S.1503» u Meromonmoruu pacyera Juisl peaidu3alud B
nmporpaMMHoM cpenctse. [IpoBenennoe monenuposanue cet «STEAM-2» Starlink u3
1584 ciyTHUKOB C MOLTHOCTBIO U3TydeHus 7 Ab u mupuHoii nmonocsl 250 MI' nokazano
3HaveHus /N ¢ nanxynmmmM yposaem 50,8 nb u ycpenHeHHBIM YpOBHEM paBHBINA — 28,1
ab, ¢ 54,17 % BpeMeHU NpEBBILIEHNS TOPOTroBoro 3HadeHus. 3HaueHuss EPFD paBHEI ¢
Hauxyamum ypoBHeM 24,69 nb (B1/M2) u ycpenneHnsM ypoBHeM -134,51b6 (B1/M2), ¢
54,17 % BpeMeHH NPEBBIIEHNS TIOPOTOBOTO 3HAYECHHUS.

[lomy4yeHHBI pe3ynbTaT MCCIEAOBAHUS M MPOBEACHHBIE pACUeThl 3HAYCHHUH
I/N, EPFD meronmoM reoMeTpuu HaWXyAINIETO CIIy4as TOKa3bIBAIOT 3HAYUTEIHHOE
MPEBBILICHNUE JOMYCTUMOTO 3HAYECHHUS JONTOBPEMEHHBIX MoMeX, BiusHue cetu HI'CO
®CC Starlink na 'CO ®CC KazSat-2 sBnsieTcss HepreMIIEMbIM. DIIEKTPOMarHUTHAS
COBMECTHMOCTB 3TUX CHCTEM HE 00ecreunBacTcsl.

REFERENCES

Butash T. (2018). Industry disruption, transformation continue into fourth year. — AIAA Aerospace
America, December 2018.

Information about the technical characteristics of KazSat-2. Website address: http://www.rcsc.kz/
Infrastructure/KSat2. ITU-R Report SM.2257-2 (06/2014).Handbook "Control over the use of Spectrum"
/2011 edition of the ITU Radio Bureau.

Information about the approval of SpaceX's application to change the working height. Website address:
https://spacenews.com/fcc-approves-starlink-license-modification/ Date of application: 27.04.2021.

ITU. Radio Regulations. — Article 22 "Space services". — Geneva, 2020.

ITU. Radio Regulations. — Article 5 "Frequency allocation". — Geneva 2020.

ITU-R. Recommendation ITU-R S.1323-2. Maximum permissible levels of interference in a satellite
network (GSO/FSS; non-GSO/FSS; non-GSO/MSS feeder links)* in the fixed-satellite service caused by
other codirectional FSS networks below 30 GHz. — 2002.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License

45



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2022. Vol. 3. Is.2.

SpaceX. Application for Fixed Satellite Service by Space Exploration Holdings, LLC SAT-
MOD-20190830-00087 / SATMOD2019083000087. — FCC, 30.08.2019.

SpaceX. Application for Fixed Satellite Service by Space Exploration Holdings, LLC SAT-
MOD-20200417-00037 / SATMOD2020041700037. — FCC, 17.04.2020.

Pekhterev S. Low-orbit satellite groupings: StarLink. Website address: https://www.cableman.ru/
article/nizkoorbitalnye-sputnikovye-gruppirovki-starlink .

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

o £ International License

46



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2022. Vol. 3. Is.2.

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES
ISSN 27082032 (print)

ISSN 2708-2040 (online)

Vol. 3. Is. 2. Number 10 (2022). Pp. 47-58

Journal homepage: https://journal.iitu.edu.kz

https://doi.org/10.54309/IJICT.2022.10.2.005

YK 004.42
UDK 004.72

TRANSITION FROM 4G LTE TO 5G. INNOVATIVE POTENTIAL
OF THE 5G ECOSYSTEM

A.S. Abdullayeva, A.K. Aitim*, A.V. Tyan

Asel S. Abdullayeva — master of technical sciences, senior lecturer of the "Information Systems"
department, International Information Technology University

ORCID: 0000-0001-5188-3008;

Aigerim K. Aitim — master of technical sciences, senior lecturer of the "Information Systems" department,
International Information Technology University

ORCID: 0000-0003-2982-214X. E-mail: a.aitim@jiitu.edu.kz;

Alexandra V. Tyan — master of economical sciences, lecturer of the "Information Systems" department,
International Information Technology University.

© A.S. Abdullayeva, A.K. Aitim, A.V. Tyan, 2022

Abstract. This article is based on an analysis of the new generation of 5G network.
The smooth transition from the fourth generation to the fifth and the need for a 5G
network for connection and data transmission are considered. Also, the impact of the
new generation network on the global economy. Transition problems and technical needs
for network implementation are analyzed. Everyday products and communications,
whether images, audio, or video, are increasingly dependent on high-speed, 24/7
Internet connections. To keep up with the ever-increasing demand, the 5th generation
of wireless network technology was introduced; better known as 5G. Perseverance in
technological innovation contributes to a timely economic recovery and will continue
to promote prosperity in the post-pandemic era. 5G advances mobile communications
from connecting people to people and people to information to a single communication
network connecting everyone and everything. This paper examines the evolution and rise
of wireless technologies of all generations, highlights the importance of revolutionary
5G networks, examines the main technologies that make it possible to apply them,
explores their trends and challenges, explores their applications in various industrial
sectors.
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AnHoramusa. byn makana 5G kenmiciHiH jkaHa OybIHBIH TajjayFa HETi3JIeJTeH.
TepriHmwi ypnakran OeciHmiire OIpKaJBINTH OTY >KOHE KOCBULY, JOepeKTepli Oepy
ywid 5G sxeniciHiH KaKeTTiniri Kapactelpeiiansl. CoHOali-ax, kaHa OybIH JKeIiCiHiH
xahaHIBIK JKOHOMHUKaFa ocepi KapacThIpbUIFaH. OTHENi Mocelenep MEH KemiHi
SHTI3YIIH TEXHUKAIBIK KAKCTTUIIKTepI TanmaHanbl. KyHIENKTI eHiMaep MeH
KOMMYHUKaLUsIap, KeCKiHAep, ayAno HeMece OeiHe JKOFaphl JKbUIAaMABIKTBI, TOYIIK
0O0MBI )KYMBIC ICTEHTIH HHTEPHET KOCBUIBIMIAPbIHA KOOipeK Toyenai. YHeMi ecim Keie
KaTKaH CYpaHBICKA 1JIeCy YILIiH CHIMCHI3 JKeJli TEXHOMOTUSICHIHBIH 5-1111 OyBIHBI €HT 131111,
TexHOTOTHUsIBIK WHHOBAMSATIAPAAFbl TaOaHIBIIBIK SKOHOMUKAHbBI YaKThUIbI KaJIlbIHA
KEeNTipyre bIKIaJl eTe i XKoHe MaHAeMUsIaH KeHiHT1 Joyipae epKeHaeyl )KaJFacTbIpyFa
cenTirin turizeni. SG ysuibl OalIaHBICTHI alaMAapAbl ajamiapra JXKoHe aJamaapabl
aKnaparka OipikTipeTiH Oip Oaitnmanbic xenicine neifin xeringipeni. Coran Koca, Oy
MakKajia ChIMCBI3 TEXHOJOTHSIAPABIH OapiblK OybIHIAPBIHBIH 3BOIIOLHICH MEH OCYiH
KapacThIpabl, PEBONMIOIISIIBIK SG KenminepiHiH MaHBI3ABUIBIFBIH KOPCETe i, oJapabl
KOJIJaHyFa MYMKIHIIK OepeTiH HeTi3ri TeXHOJIOTHsUIApAbl CajbICTHIPHII, OJapAbIH
TEHACHIMATIAphl MEH KHBIHIBIKTAPBIH KapacTBIPBIN, OJAapAbIH OPTYPJi ©HEepKacil
caslanapbIHIa KONJaHBUTYBIH 3€PTTeHI.
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AHHOTanMs. DTa CTaThsl OCHOBaHAa HAa aHAJIW3€ HOBOTO MOKojeHUs cetu S5G.
PaccMoTpeHs! mIaBHOCTH Mepexo/ia ¢ YETBEPTOTO TTOKOJICHHS Ha TISTYIO M HAJOOHOCTh
cetu 5G 1S MOAKITIOUEHUS U TIEpeiadun NaHHbIX. Takke, BIUSHUE CETH HOBOTO TIOKO-
JICHUSI HA MUPOBYIO SKOHOMHUKY. AHAIU3UPYIOTCS MPOOJIEMBI MIEPEX0/ia U TEXHUUECKHE
MOTPEOHOCTH JIJIi MMIUIEMEHTAIlMK CceTh. [loBCemHEBHBbIC MPOAYKTHI M CPEACTBA
KOMMYHHKAIIMH, Oy[b TO H300pa)KCHHs, aylu0 WM BHJIEO, BCe OOJBIIE U OOJbIiie
3aBUCSAT OT BEICOKOCKOPOCTHOTO KPYIJIOCYTOYHOTO TOAKITIoueHMsI K MHTepHeTY. UTOOHI
HE OTCTaBaTh OT MOCTOSHHO PACTYILIEro Crpoca, ObLJIO MPEACTABICHO S5-€¢ MOKOJICHUE
OeCIpOBOIHOM CEeTeBOM TexHOJOrMM;, Ooyiee W3BecTHhIM kak 5G. HacroiuuBoCTh B
TEXHOJIOTUYECKUX HWHHOBAIUSAX CIOCOOCTBYET CBOEBPEMEHHOMY BOCCTAaHOBIICHHUIO
SKOHOMUKH 1 OyI€T IPOA0IIKATE CIIOCOOCTBOBATH IPOIIBETAHUIO B TOCTIAHACMHUIECKY IO
anoxy. 5G npoaBUraeT MOOWIIBHYIO CBSI3b OT COCIUHEHMSI JIFOJCH C JIFOABMHU U JIIOIEH
K UHpOpPMAIUK K €IMHON CETH CBSA3M, COSIMHSIONICH BCeX M Bce. B 3Toi crarbhe
paccMaTpHuBaeTCs JBONIONUS U POCT OCSCIPOBOTHBIX TEXHOJIOTMM BCEX IOKOJICHUMH,
MIOMYEPKUBACTCS BAXKHOCTh PEBONIOIMOHHBIX ceTel 5G, HCCIemyroTcss OCHOBHEIE
TEXHOJOTUH, KOTOpPHIE TO3BOJIAIOT HX MPUMEHSTh, UCCIEAYIOTCA WX TEHICHIIMH U
poOIEMBI, UCCIIEAYETCS UX IPUMEHEHHE B PA3TNIHBIX MPOMBIIUICHHBIX CEKTOPaX.

KuaroueBble ciaoBa: skocuctema, 5G, CKOpOCTh, mepefada NaHHBIX, WHTEPHET,
3¢ EKTUBHOCTD

Jast umrupoBanus: A.C. A6aymnaesa, A.K. Aiitum, A.B. Tsan. [lepexon cetu 4g Ha
5g. MHHOBALIMOHHbII TOTEHIHAT SKocHcTeMbl 5g / MEXKTYHAPO/IHbBIN XXYPHAJI
MHO®OPMAILIMOHHBIX U KOMMYHHKAIIMOHHBIX TEXHOJIOI'MI1. 2022.
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Introduction
Over the years, technology has revolutionized our world and everyday life. Other
than that, technology has made amazing tools and resources for people who have the
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information we need at our fingertips whenever we need it. Modern technologies have
paved the way for functional devices such as smart watches and telephones. Comps are
being made faster, more portable, and stronger than ever before. Thanks to all these
revolutions, technology has also made our life easier, faster than any other and more
joyful. Thus, with every passing year, fresh technologies frame us more and more and
make life comfortable. One of these technologies is the new generation 5G network.

5G is the 5th generation mobile network. This is a fresh mass stereotype of wireless
communication later 1G, 2G, 3G and 4G networks. At this moment, the 4G network is
used all over the world. 4G has contributed to the ingenious development of interdependent
economic sectors of the industry. 4G movement is centered around 3 leading pillars. The
Ist pillar focuses on owning a phone in either hand, or the buyers taking control of their
own lives with the support of a five-inch screen. In the given figure 1 the second concerns
the rethinking of providers of mobile communications offerings, redesigning their
networks from voice to data-focused communications offerings with universal coverage
and capacity, essentially allowing the pace to keep pace with increasing demand for traffic
(Eric Dahlmann et al., 2016: 210-218). After all, centralized, hyperscale data centers host
the applications and content used on our phones.

Figure 1 - Transition from 4G to 5G

Now there are 7 billion devices connected to the Online in the world, and by 2025
there will be within 21 billion of them. Almost all of these fresh devices will power
and control our homes, urban infrastructure, vehicles and almost everything else; this
network is widely popular as the Online of Things (IoT). This is touted as one of the
proper big digital revolutions, and due to the fundamental need to keep power on to the
critical devices that control our security, network resonance time or latency will need
to be improved.

Compared to 4G, 5G promises to increase the data transfer rate from 1 Gb/s to 20 Gb/s
thanks to this improvement, users will have access to information and information in
much more short resonance time, in fact, which is considered a necessary improvement,
especially for critical support services, combat and critical response teams. In the future,
the development of 5G will be applied in many ways, using its superior data rate. For
example, open-source video games are predicted to become obsolete as consoles because
users rely on cloud technology to access games and software. Due to the reduction in
waiting time and ease of access, and thanks to the fact that any remote impact has
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become softer and clearer thanks to 5G technology, video games and video consoles that
are popular now will disappear, in fact, potentially changing the entire financial structure
of the world. industry. Beyond the social domain, the possibilities of 5G technology are
limitless. From autonomous cars to smarter communities, remote medicine and surgery,
or Industry 4.0, all sectors of the economy have the potential to see big changes with the
introduction of 5G technology.

Materials and methods

Analysis of the impact of the 5G network on the global economy in the future

An actual study of the 5G economy has found that the absolute financial impact
of 5G is likely to be sold globally by 2035, supporting a sweeping range of economic
sectors and potentially providing up to $13.1 trillion worth of products and offerings.

This impact is much greater than that of past generations of grids. Requests for the
development of a fresh 5G network still apply not only to the classic players of mobile
networks, but also to these branches, like the auto industry.

The study also demonstrated that the 5G value chain itself (including OEMs, carriers,
content developers, app creators, and consumers) has the capacity to support up to 22.8
million workspaces on its own, or more than one job per Beijing resident China. And
there are many emerging and fresh applications that will be included in the future.

In the defense industry illustrated in Figure 2, 5G will be the best answer to military
needs; looking for advanced instrumentation, hybrid meshes, active comparability,
cyber security, and resiliency, 5G can offer it all, moving from one system for every
need to one system for all your needs (Eric Dahlmann et al., 2018: 29-35). Rapid data
delivery will result in reduced latency, unrivaled situational awareness during your most
significant missions, and improved communication between who, who is in the spaces
and at headquarters. The remote control will be improved with the shortest waiting
period, drone control will be clearer, and the integrated association for the fighter will

be improved.
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Figure 2 - Benefits of 5G sustainability
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Technical difficulties with the implementation of the 5G network

5G wireless development increases performance improves efficiency which most
guarantees fresh user extensions and merges fresh branches. Devices running with
the inclusion of 5G will experience high battery drain, leading to the need for more
ideal battery technologies. Increasing the speed is still associated with other trade-offs.
Speed ups and latency reductions have been achieved through changes to 5G radio; one
of the changes is related to the introduction of more high frequency bands. However,
these high-frequency bands are not bad only at relatively short distances and are simply
blocked by houses. Very well suited for manufacturing automation, but in towns,
operators will need significantly more 5G radios to cover a particular area, and in real
time it does not work at all in rural areas. While 5G will increase the adoption of IoT
devices, the faster 5G turn-on rates are likely to carry a greater risk of cyberattacks,
leaving hackers more likely to target more devices through loose links between devices
connected to the Internet. As the number of IoT devices grows, security challenges
grow; devices connected to 5G networks pose a threat to hackers downloading and
extracting information, including personal data, at a much faster rate than ever before.

Monitoring the demand for traffic in the next 10 years illustrates the increase of 1000
scales and more than 100 billion inclusions to the Online of things.

This poses gigantic challenges for future mobile communication technologies after
2020, vision given in Figure 3 (Henrik Asplund et al., 2020: 115-120). Buyers are
strongly asking for high-speed data transmission at low rates. 5G aims to conclude
these conflicting claims by 2020. 5G was named by the State Infrastructure Commission
in the report "5G Infrastructure Requirements in the UK" as "ultra-fast, ultra-reliable,
ultra-high throughput capacity transmitting with ultra-low latency". (2016). The objects
that can be seen with 5G technology include significantly better inclusion and coverage
values.
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Figure 3 - Visions for the Fifth Generation
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Implementation of fresh service values for 5G network implementation

Just during the introduction of 4G, telecommunications firms realized that they
needed different infrastructure values to support different classes of service. With the
absolute adoption of the first perfect set of 5G specifications in June 2018, 5G has
begun to provide 3 service values, any of which can be customized to suit the specific
requirements of customer business models (Vlasios Tsiatsis et al., 2018: 178—-189):

The Enhanced Mobile Broadband Association (¢eMBB) aims to serve more dense
urban centers with downlink speeds approaching 1 Gbps (gigabits per second) indoors
and 300 Mbps (megabits per second) outdoors. This will be achieved by installing
very high frequency millimeter wave (mmWave) antennas throughout the landscape
- on lampposts, the sides of houses, tree branches, where electrical towers are and,
in one new application, elite city buses. Because any of these antennas, if used in the
subway, will cover an area, probably no more than a baseball, a hundred square meters,
but it has the opportunity to be, and thousands of these antennas are needed for the
painstaking service of any densely populated center of a metropolis. And because
most of them would not be omnidirectional -their maximum beamwidth would be only
within 4 degrees - mm-wave antennas would display signals from buddy-buddy mirrors
until they eventually reached their own intended customers. For the largest number of
suburban and rural areas, eMBB will aim to replace the current 4G LTE system with a
fresh network of lowest power omnidirectional antennas providing a 50 Mbps downlink
(Panagiota et al., 2015).

Massive Machine Type Communications (mMTC) enables machine-to-machine
(M2M) and Internet of Things (IoT) applications that a new wave of wireless users
can expect from their own network without burdening other classes. suggestions. loT
is a relatively recent developing engineering. Over the past few years, devices using
IoT have become more extensive, deeper and more accessible. Detectors and markers
are rapidly getting cheaper. Readers and detectors consume less energy, become more
and more mental, work faster and at greater distances and are ready to overcome with
interference. This means more superior system performance, more extensive capabilities
for the use of sensors and tags with a huge data size, and even more simple integration
into existing systems without reprogramming. Experts in M2M and logistics say that
2@ proposals are actually perfect for the narrow bandwidths required by their signaling
devices, and in fact that later generations have actually worsened this proposal by
introducing fresh delay informants. MMTC will look to restore this level of service by
implementing a broken level of service for devices that require downlink throughput
of up to 100 Kbps (kilobits per second, right there with phone modems), but with low
latency in the range of 10 milliseconds (ms) (Akyildiz et al., 2014: 201-210).

Ultra Reliable Low Latency Communication (URLLC) will serve mission-critical
communication needs where throughput capability is not, for example, as important as
the speed, in particular, the end-to-end hitch is 1 ms or less. This will become a degree
relevant to the category of autonomous vehicles, where there is literally no time to reach
a conclusion to react to a likely tragedy. URLLC has the ability to practically make
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5G competitive with satellite, revealing the possibility - still under discussion between
telcos of 5G to replace GPS for geolocation.

In July 2020, in the heat of the pandemic, the 3GPP organization completed Release
16, which includes provisions for:

Vehicle-to-Everything (V2X) communications, which will connect low-latency
communication links between moving vehicles (especially with independent driving
systems) and cloudy data centers, in fact, which will allow most of the software for
managing and servicing moving vehicles to work from stationary mode, data centers are
completed and serviced. Satellite access, which has the ability to plug in the possibility
of satellite transmission to fill gaps in underserved or geographically remote areas.

Virtualization in 5G networks

Network Virtualization (NFV) and Software Defined Networking (SND) are separate
technologies, but they are best considered together as one complements the other.

Software-Defined Networks (SDN) can become an effective technology to reduce the
amount of equipment and simplify the maintenance of infrastructure. This technology
contributes to digital transformation and the transfer of services to cloud technologies.
The basis of the principle is the remote control of the network and data transmission
devices, in other words, programmatically.

Theprinciple ofnetwork managementimplies separation by management functionality
and separation by packet forwarding, and network planning and traffic coordination is
carried out programmatically. It is this approach that transfers the intelligent leaving of
devices to a dedicated server, and as a result, simplifies and reduces the cost of using
network elements (routers and switches).

The idea behind SDN is:

- separating the management of network equipment from the management of data
transmission through the creation of special software;

- transition from managing individual instances of network equipment to managing
the network as a whole;

- creation of an intelligent program-controlled interface between network applications
and the transport environment of the network.

The SDN architecture consists of three layers:

- the lower level is the infrastructure level, which is a set of network devices (switches
and a data transmission channel);

- the middle layer is the control layer, which includes the network operating system,
which provides applications with network services and a software interface for managing
network devices and the network;

- the upper level is the level of network applications, this level is necessary for
flexible and efficient network management.

Software-defined networks have a number of advantages:

- by accelerating the movement of traffic, network performance increases;

- logical centralization of management functions;

- replacement of complex and specific hardware with virtualization solutions and
software;
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- independence of software and hardware development of the network.

However, as with any technology, not everything is perfect. Software-defined
networks have their perceived disadvantages:

- channel of interaction between the controller and switches;

- docking with the traditional network;

- SDN security;

- ensuring the protection of the main elements of the SDN network;

- controllers and interaction between them;

- ensuring the safety of controller-switch protocols;

- ensuring the security of the SDN-network software and controller applications.

Virtualization of network functions NFV (Network Functions Virtualization) allows
you to virtualize the functions of network elements of mobile operators, at the same
time it allows you to implement a "network on demand". NFV involves the separation of
hardware and computing parts. Private hardware is responsible for network functions.
This technology makes it possible to virtualize these functions, i.e. takes you to the
software level. Thus, if in the traditional model each network function requires its
own equipment, then in the NFV model, one physical foundation is enough. All data
will be processed and stored in a virtual environment ("Cloud"). And the function of
transmitting user traffic will remain with the classic equipment.

This approach to the organization of fifth generation networks is in line with the
emerging trend in wireless communication, namely convergence. Convergence implies
the integration of separate network objects into a single computing complex. This is also
important for "smart" devices in order to exchange information online.

Network Functions Virtualization has a number of advantages:

- improves network performance while optimizing operators' costs by reducing
the cost of purchasing and maintaining equipment, as well as lower network power
consumption;

- Based on NFV, it is easier to create and launch new services.

First of all, this technology will be in demand among telecom operators who are
preparing to launch a high-speed generation of 5G mobile communications. With NFV,
operators will be able to enjoy rich multimedia content and new services.

An important role is played by the Cloud RAN cloud infrastructure, which is part
of the NG-RAN radio access network, replacing the traditional radio access network
(RAN) in fifth generation networks. This network is based on the implementation of
base station models for 5G networks - gNB using NFV virtualization technology and
has a number of advantages:

- ensuring the implementation of software-defined multi-standard base stations NR/
E-UTRA;

- flexibility and scalability of virtual solutions;

- placement of base station equipment in a data center with a high degree of reliability
and security.

In addition, Cloud RAN manages a large number of radio modules and covers a
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large area of radio coverage, thereby ensuring optimal use of the frequency resource,
the effective operation of interference compensation algorithms ICIC (Inter-Cell
Interference Coordination), CoMP (Coordination of reception and transmission
for servicing a subscriber by several cells), and Intra-RAT-handovers (ensures the
preservation of communication when the subscriber moves between cells).

SDN and NFV technologies aim to optimize network performance, but use different
methods to achieve the goal. SDN involves separating the network management and
transport plane to provide centralized network management for more efficient use of
network resources. NFV, in turn, moves network functions (such as DNS, DHCP, etc.)
into a virtual environment to optimize the network, separating them from the hardware.

These technologies can be implemented both separately and together with each other.

The main advantages of SDN and NFV technologies for telecom operators are:

- simplification and centralization of management, increasing business efficiency,
reducing operating costs;

- rapid deployment of new services;

- Creation of new markets through the transition to cloud services:

1) shift of the operator business from providing communication channels to providing
cloud services;

2) operators can provide data center infrastructure as a service (IaaS) with the
integration of communication channel resources and cloud IT resources.

- efficient use of telecommunications network resources by centralizing resource
management, virtualization of data center resources.

OpenFlow technology OpenFlow is a protocol for managing the process of
processing data transmitted over a data transmission network by routers and switches,
which implements the technology of a software-defined network. Its development began
as part of a research project, the purpose of which was to develop network architectures
and protocols in a real environment.

The basic idea of OpenFlow is simple, based on the observation that, despite the
differences between hundreds of switch and router models, they all contain a transfer
table that defines the basic function of data transfer - for each incoming packet, forward
it as quickly as possible to a specific outgoing interface.

Each entry in such an OpenFlow transmission table is a "rule" and is associated
with a "flow" of data (flow). A stream is defined by a packet header — for example, a
combination of source and destination MAC addresses, IP addresses, and port numbers.
Not all elements of this combination need to be defined - for example, a flow can be
defined as all traffic to some host.

The next element of the table is the "action" (action), which determines the required
processing of stream packets:

- Forward the packet to the switch port.

- Send the packet to the controller over a secure channel. The controller is the control
center of the network, so if the flow has just been formed and the controller does not yet
know what to do with it, the first packet of the unknown flow is sent to the controller to
determine the rules and actions for this flow.
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- Drop the package. As a rule, this action is configured manually, but can also be
automatically configured, for example, in the fight against hacker attacks.

- Sending the packet to standard processing.

Each OpenFlow switch contains several flow tables, each such table contains several
flow entries. This model opens up unique possibilities. An OpenFlow switch can be
anything from a simple switch to a firewall and router.

Using the protocol, the controller exchanges information with the OpenFlow switch
controlled by it. The main task of such a switch is to transfer a packet from one port to
another without delay, with some processing in accordance with the rules. At the same
time, the switch informs the controller about its capabilities and configuration, and also
informs about changes in its state. The controller, or rather the application that uses it,
is tasked with determining the overall picture and configuring the switches. They define
the network topology and optimal routes. With the help of the controller, the necessary
rules are set, the status of devices is monitored, traffic is monitored and statistical data
is collected.

When a package is received, metadata and other fields of the package are extracted
from it. Then the fields are compared with the entries in the flow table according to
the corresponding “protocol” field. The result with the highest priority is the best and
processing of such a packet starts first. Each entry in the table has its own priority, and
its level determines how the packet will be processed further. Once a rule is selected,
a specific action is applied to the packet. Possible action can be send to port, send to
controller, or drop.

While OpenFlow is not capable of handling the SDN software side, it does an
excellent job of providing simple basic hardware management functions - switches.
Manufacturers of network equipment, and primarily manufacturers of switches, declare
their support for OpenFlow, the software interface from the controller to applications is
either not available at all, or is the manufacturer's own development.

Conclusion

In the beginning, the whole meaning of the "G" in wireless standards was to highlight
the ease of transition between one wireless delivery system and a newer one - or at least
make the transition painless. 5G is bringing with it several simultaneous revolutions,
and all of them must pass without further hitches.

A converged service can lead to converged carriers. In much of the continental part
of the world, an online broadband provider is still considered an Internet cable TV
provider. And these cases are protected by state-regulated monopolies. The 5G Wireless
Association aims to level the playing field by putting competition between operators
both in the field of broadband access to the Internet, for example, and in the field of
cable TV.

Small cell infrastructure could change the scenery. To lower costs for 5G operators,
5G allows for the smallest volume transmitters that consume less power but cover
significantly smaller service areas than conventional 4G towers. The carrier will need
more of them-by one estimate, four hundred and one more tower than is deployed in
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real time, but it is likely that they are more than any other included with the landscape.
It is assumed that a small 5G cell can freeze with the same simple appearance in urban
areas as lampposts and graffiti.

The global technology economy has the potential to be reconstructed. Once completed,
the 5G transition project will represent a major overhaul of the communications
infrastructure like no other in the situation. The magnitude of the transition from 4G to
5G could be described as history if the telegraph industry merged at the end of the 19th
century to agree on a phased transition to fax. The true root cause of this shift is not so
much to freeze sooner, but to make the wireless industry sustainable in the long term,
because the 4G transmission pattern is approaching instability sooner than industry
experts predicted.
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AHHoOTamus. FhRUIBIMM MakamaHbIH HETI3r MakcaTthl - KHOepKayilci3IiKTe
3aMaHayu TCOPHSUIBIK JKOHE MPAKTHKAJBIK OUTIMAEPAl KOJJaHy JKoHE IuiaTdopmaja
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aTgopma Kacaliibl.

TyiiiH ce31ep: CCHTUMECHHTI Tanay, KHOepKayiIci3miK, OKy, BeOCaHT, co3 KaObI, JIoT-
(hatinbl, SQL-HBEKINS, caiiTapalibIK CKPUIITHHT, TEHETHKAIBIK aJITOPUTM, TEPEKKOP

Hoviexce3s ymin: A.E. Hamwusner, b.b. BammeB, A.O. CarsimOexoBa, A.XK.
Onin. KubepkayincizaikTi 3epTrey YLIIH CEHTUMEHTAJIBl Taifaynbl Koigany//
XAJIBIKAPAJIBIK AKITAPATTBIK-KOMMYHUKAILIUAJIBIK TEXHOJOT'USJIAP
JKYPHAUJIBL. 2022. Tom. 3. Is. 2. Hemipi 10. 59-66 et (opsic Tininae). DOI: 10.54309/
1JICT.2022.10.2.006.

HNCITIOJIB3OBAHUE AHAJIN3A TOHAJIBHOCTH J1JIAA N3YUYEHUSA
KHUBEPBE3OITACHOCTH

A.E. Hamusanor*, b.b. Banues, A.O. Cazvimoexoea, A.72K. Ooin

Hamusinet Azamar EpkanoBuu — wmaructpant kadeapsl «HGOPMALMOHHBIE CHCTEMBD»,
MexayHaponHBIi YHHBEPCUTET HH(GOPMAIIOHHBIX TEXHOIOTHH;

BammeB BaxbiT:kan Bayp:kanoBmu — wMarucrpant kadenpsl «KoMmbloTepHas HHXEHEPHS»,
MexayHapoqHbll YHHBEPCUTET HHPOPMAIIMOHHBIX TEXHOJIOT U,

CarpiM0exkoBa Axap OpsbIHrajimeBHa — ceHHOp JeKkTop Kadenpsl «Kubepbe3omacHOCTHY,
MexyHapoqHBI YHHBEPCUTET HHPOPMAIIMOHHBIX TEXHOJIOTHf;

Onin  AarbiHaii ’KaHapOekkbI3bl — MaructpanT Kadeapbl «KommbioTepHas HHKSHEPHUS»,

MexayHapogHBIH YHHBEPCUTET HH(POPMAIIMOHHBIX TEXHOJIOTHH.

© A.E. Hamusiel, B.B. Baanes, A.O. CareimbexoBa, A.JK. Omin, 2022

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
B

International License

60



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2022. Vol. 3. Is.2.

Annoranusi. OCHOBHasI LIeJIb HAYYHOU CTaTbU - IPUMEHUTH COBPEMEHHBIE TEOPETHU-
YecKHe M MPAKTHIEeCKHE 3HAHHUSA B 00JaCTH KHOEepOe30IMacHOCTH M pa3padoTaTh BeO-
CaliT ¢ MCMOJB30BAaHUEM aHAIHM3a HACTPOSHHH ISl M3y4eHHsI KuOepOe30macHOCTH Ha
mwiatgopme. DICKTPOHHBIE 00pa30BaTeNIbHBIE PECYPCHI, TEXHOIOTUHU 3aLUThl HHPOP-
MaIlM1 U COXPaHEHHUsI [IEJI0 CTHOCTH JAHHBIX OBLITU CCIIEI0BAHBI JIJISl CO3IaHUS KOHEYHOTO
nponykra. B pesynsrare Bceil pabothl Oblia pazpaboTtana 6e3onacHas miargopma s
YBEJIMYEHHsI BO3ACHCTBYS HA [10JIb30BaTeeil B 001acTH HH(GOPMALIMOHHBIX TEXHOIOTUI
C HCIOJIb30BaHUEM CaMBIX KITIOUEBBIX MOZEJCH MAallMHHOTO O0yYeHHs M alrOpPUTMOB
XEIIMPOBaHMUS.

KiroueBble cjioBa: aHaIN3 TOHATBHOCTH, KHOEPOE30MIacHOCTh, U3yUCHUE, BEOCANT,
MEIIOK CIIOB, JIOT-(aiibl, SQL-UHBEKINH, MEXKCANTOBBI CKPUNITHHT, T€HETHYECKUN
JIrOpUTM, 0a3bl JaHHBIX

Jass murupoBanusi: A.E. Hamusier, B.b. Bamues, A.O. CarbimOekoBa, A.XK.
Onin. Vcnons3oBaHWe aHajw3a TOHAIBHOCTH IS M3y4eHHUs KubepOesomacHOCTH //
MEXJIYHAPOJHbIA JXYPHAJT MHO®OPMAILIMOHHBIX U KOMMYHMKA-
LIMOHHBIX TEXHOJIOI'MIA. 2022. Towm. 3. Is. 2. Homep 10. Ctp. 5966 (Ha pycckom
s3bike). DOI: 10.54309/1J1CT.2022.10.2.006.

Introduction

Nowadays, the ability and knowledge of securing information technologies from
intruders are highly priced. The ongoing epidemics forced many individuals to move
away from classic real-world services and switch to online analogues (https://www.
nytimes.com/interactive/2020/04/07/technology/coronavirus-internet-use.html).
The increase in online activity has led to frequent encounters with criminals, such
as scammers (https://www.cmu.edu/iso/aware/coronavirus-alerts/coronavirus-scam-
awareness.html). Computer-aided learning development, which was conducted by our
team, appears to be an effective measure in enhancing the awareness of citizens striving
for security.

The replacement of all human activity by information technology requires readiness
against intruder attacks. The awareness-raising safety training aims to help avoid any
malicious attack on an information system by providing the information needed. The
main goal is to develop a web portal to raise citizen awareness and help prepare for
information security. Citizens looking for information technology security will be able
to use awareness-raising safety training.

Materials and methods

Temporal sentiment analysis. Sentiment time series have been widely used for event
prediction, such as political election prediction (Bermingham, 2011), and disaster event
detection (Sakaki, 2010). Similarly, in cyberattack scenarios, the goal is to predict the
sentiment score of individual messages as well as temporal sentiment changes over
time. The goal is to provide insight into how social media users reverse the polarity
of sentiment towards public events. Second, understand how sentiment can indicate
upcoming attack events. Third, assess the consequences of an attack after its occurrence.
To answer these questions, data ‘D about relevant social media posts are collected by
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querying relevant keywords. It occurs on social media during a specific time range
T, which covers the time interval before, during, and after the attack event. Our team
plots the sentiment time series S = (“yl, y"2, ..., y"m) in chronological order using
a previously learned sentiment predictor. We can also group and average sentiments
at varying granular levels over time, such as on a per-day basis, to study sentiment
variation.

Sentiment analysis is a type of textual order that manages emotional explanations.
It is also known as assessment mining because it measures feelings to learn about open
recognition. Opinion exploration and assessment mining are similar and are used in
reverse throughout the process. It uses Natural Language Processing (NLP) to collect
and validate assessment or conclusion words. SA is refined as recognizing people's views
on a subject and its main points. The justification for the fame of assessment mining
is that people like to consult with others to make intelligent contributions. Revealing
emotional points of view in a large amount of useful information is an area of interest
in information mining and NLP.

Enterprise systems generate many communication logs. They are used to track
Internet traffic directed to a specific source. They create many logs, which are then
collected and stored. System-generated logs show running system states and contain
important information generated by the system to support diagnostics. Therefore, log
analysis is a vital technique for detecting vulnerability scans, XSS, and SQLI attacks.

However, manually analysing a huge number of logs is unrealistic and impractical.
Therefore, it is important to use machine learning to automate log analysis.

The objectives of this study can be summarized as follows:

- Analyse log data and detect scanning vulnerabilities.

- Detect XSS and SQLI attacks and check access log files for detection.

Sentiment trends predict cyberattacks before they happen. To study the behaviour of
cyberattacks, historical data from the Apache log files is considered to develop a logistic
regression classifier for each type of event. The data is divided into a training set and
a test set. The training set includes the first 80 % of the time covered by the data, and
the test set includes the remaining 20 %. In each test, logistic regression models predict
whether each type of attack will occur. The results are shown in Figure 1. The model
is much better at predicting XSS attacks or SQL injection attacks. It contrasts with the
regular traffic type, with very high accuracy and recall scores for both.

TER S SRR R SRR S ACCATACY SCOrETTIIIIR IR IR R RR e
0.8984

D S e PP PP
[[556 18 4]

[ 15 258 53]
[ 18 27 317]]
sesssssnnnssnnc|assification reportssssssssssasuny
precision recall fl-score support
Normal 8.94 0.98 8.96 578
SOL Injection .87 8.79 8.83 318
x55 attack a.85 8. 88 B.86 362
accuracy B.98 1258
BACTD Avg 6.89 8.88 B.88 1258
welghted avg 8.98 8.98 0,98 1258

Figure I - Results for predicting attacks using sentiment sensor
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The logical design for using sentiment analysis for cybersecurity education
is illustrated in Figure 2. The presented flowchart describes the entire process
of the system, starting from the starting point and ending with the completion
process.

Figure 2 - Block-scheme of article adding process

The user starts the application process by rendering it. The system uploads
articles and courses to the system. If the user is authorized, several functions are
available: adding materials to favorites; participating in a discussion on a forum;
and adding the user's article. Adding user materials is filtered and, provided that
the material is suitable, the article is sent to the administrator for re-checking. If
these processes are correct, the article is accepted, and the process ends. If the
user is not authorized, the system displays only course materials and articles.

Figure 2 shows the article checking process by the system. First, a response to
auser adding an article is sent to the system. If the article has known keywords and
if the category of the keyword is known, the event is classified successfully. This
process takes place during the filtering process. If there are no known keywords,
the process starts to check for the presence of other components in the incident
article and tries to categorize them. In case of failure, the learning process of the
algorithm is started, which includes requesting additional information, viewing
similar incidents, and sending them to the administrator. The learning process is
then documented and stored.

The three main components that make up the system are the user interface
or front-end, the server, and the database, as shown in the UML of the system
in Figure 3. The user sends a request to the server through the interface to add a
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new article. The request is processed and then saved in the database. After this
stage, the server sends the result of the request to the user. The further extraction
process is carried out by optimizing the user query using a genetic algorithm,
which is extremely useful for rapidly growing databases.

X o O

User Frontend Server Data Base
H H H H

LAdding an article g

Processing
request

Sending articl
9 Saving article

Give a response

Sending result

Output
content

Figure 3 — UML diagram of the system

Structuring data. Analysing data requires it be in certain formats. In our case,
the web logs were converted to data frames for easy analysis as shown in Figure
4. Dataframe columns refer to a host IP address, the date including day, month,
year and time information, date offset, location in file system, status of success,
and size.

Hest Client 10 User Wase Bate Offset Hethed Lot HITPver Statws Code Size
o 207.46.13.214 18R 00D ARES 700 GET moboiskd HTTRILL 200 anr
1 117.207.147.153 1Ay 003533 700 GET I HTTPILL 200 13883
F] 117.007.147.153 1B 00023534 700 GET fcssshylecss HTTRILL a0 s
3 1T245.278.28 15 Ay M0 0 3550 700 GE I HTTRILY 200 1285
4 1T 5.208.28 180y 200 03500 700 GET Mlatasets S pOdescrphanpe_mahsge shrusshang, HTTRIL] 200 187

Figure 4 — Data converted to a data frame

Results and discussion

Attacks launched on servers. XSS attacks work by embedding script tags in URLs/
HTTP requests and tricking unsuspecting users into clicking on them. It ensures that
malicious JavaScript is executed on the victim's machine (https://www.sans.org/reading-
room/whitepapers/logging/detecting-attacks-web-applications-log-files-2074).

These attacks exploit the trust between the user and the server and the fact that
there is no I/O validation on the server. Since it may reject JavaScript or other active
code characters. Here we focus on the most common injection, SQL injection. For
SQL injections to work, the attacker must go beyond the original SQL statement. This
is usually done with a single quote (') or double dash (//). The single quote acts as a
delimiter for the SQL query; double dash is a comment character in Oracle and MS
SQL.
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Feature building. Once the attacks were identified using regular expression patterns,
they were compared against the corresponding data frames, resulting in a new column
"State". Itidentifies the attack as "Xss_attack" OR "Sqli_attack" and normal as "Normal".

After creating new functions, i.e., URL Length and number of parameters, the
DataFrame was coded using Pandas layouts for method and state code columns. The
logs were analysed in different ways and the results are reported according to the logs.
We have applied a set of common algorithms, such as linear regression, support vector
machine, etc and tested their performance.

It was observed that the Gradient Boosting and Random Forest Classifier performed
the best algorithm for log attack classification.

Multiple accuracy metrics can be generated from the confusion matrix:

TP — True Positive; TN — True Negative; FP — False Positive; FN — False Negative.

* Accuracy = (all correct / all) = TP+ TN /TP + TN + FP + FN. This is the general
accuracy of the model. It is not useful, particularly when the classes are not equally
represented i.e., the data is imbalanced in terms of the target classes.

* Precision = (true positives / predicted positives) = TP / TP + FP. Precision can be
interpreted as the proportion of objects called positive by the classifier. At the same
time, real positive, and recall shows what proportion of objects from all objects of a
positive class the algorithm found.

* Recall = (true positives / all actual positives) = TP / TP + FN. Sensitivity states,
out of all the actual malignant cases, how many cases were correctly identified as
malignant. This is a class-level metric. Precision and Recall are critical class-level
metrics. However, maximizing precision can pull down the value of recall, and vice
versa (Shabbir, 2020).

Results according to the partially shown list in Figure 5 are: Normal — 90.6 %; SQL
injection — 4.3 %; XSS attack — 5.1 %. It indicates that majority of the traffic belongs
to the normal class, i.e. has no harm. However, remaining 9.4 % contain SQL injection
and cross scripting patterns.

dama HTTPver Xocm a0u xemoo Pasep Cmamyc x00 URL_Length Pexpavmam

Figure 5 - Plot of the score of attacks in log files
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Conclusion

The main aim of the project was to utilize sentiment analysis for cyber
security learning. It is done to enhance the awareness of the citizens who attain
to be secured. The educational platform was created, and it contains articles
and video demonstrations about how to be protected from the various type of
network attacks. The authorized users are able to share their own articles, which
are controlled by the sentiment analysis model and automating this process, thus
it became reachable to find out suitable information.

The application can be used to improve efficiency in analysing cybersecurity
in everyday situations. For example, to find the latest cybersecurity news and
analyse log files for containing any attacks, such as SQL injection or XSS attack.

The web platforms become important avenues for social communication.
Thus, the study can serve as an indicator for measuring the extent to which a
consumer is truly concerned about the cybersecurity issues and an identifier of
the online behaviour effect. These results can help cybersecurity researchers plan
and use web platforms to increase user awareness of cybersecurity issues in the
future.
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Abstract. This article deals with the analysis of the necessity of the development
of the logistics system and analyzes the problems of disorder in the development of
logistics enterprises, information platform needs and logistics information standard
lag. Today it is impossible to imagine a production or trading company that is not
engaged in solving logistics problems. The logistics system is a relatively stable set of
links (structural / functional divisions of the company, as well as suppliers, consumers,
and logistics intermediaries) interconnected and united by a single management of the
corporate strategy of business organization. Logistics systems allow to optimize the
functioning of commodity, information, and financial flows, significantly reducing the
time interval between the acquisition of raw materials and semi-finished products and
the delivery of the finished product to the consumer, contributes to a sharp reduction
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in inventories. In the context of globalization, given the vastness of the territory of
Kazakhstan, the competitiveness of the economy and the state will largely depend on
the efficient operation of the transport and communications complex. The key to the
competitiveness of domestic goods, services, and the economy as a whole is a high-tech
transport infrastructure corresponding to the state transport and transit policy. Thus, the
solution to the problem of improving the efficiency of the transport sector is impossible
without the research to determine the future directions for the development of motor
vehicles based on a systematic analysis of its state at the present stage.

Keywords: transportation, logistics, system, transport, supply chain, cargo, drivers,
scheduling, accounting
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AHHOTamusl. By €HOEK IOTHCTHKANBIK JKYWEHI NaMbITy KaXKETTUINH TaljayFra
HerizaenreH. JIOrnCTHKaIBIKKOCITOPBIHAAPIBIH AaAMYbIHIAF bl TpOOIeMaap, aknaparThIK,
aTopMara CypaHbIChl MEH JIOTUCTUKAJIBIK aKIapaTTapblH CTAHAAPTTHI Kelleyinaeyi
Oaiikanansl. Kaszipri Tanga JOrMCTHKAJIBIK MoceJeNepAl LICHIyMEH aifHaJbIcaThlH
OH/IIPICTI HEMece caya KOMIIAHUSICBIHETIECTETY MYMKIH eMec. JIOTHCTUKABIK KYHe oI
OM3HECTIH KOPIOPATUBTIK CTPATETHICHIHBIH OipTyTacOackapybIMEH OipiKTipUIreH KoHe
OipikTipinren OaiIaHbICTAPABIH CANBICTHIPMAJbl TYPAKThI YKUBIHTHIFBI (KOMIIAHUSHBIH
KYPBUTBIMABIK-(QYyHKIMOHAIIBIK O6IiMIepi, COHIall-aK KeTKi3yLIiiep, TYThIHYIIbUIAp
KOHE JIOTUCTUKANBIK Aenjangap). OcelHAal Kyienep TayapiblH, aKNapaTTbIH >KOHE
KapKbl aFbIHAAPBIHBIH JKYMBICBIH OHTAWJIaHABIPyFa MYMKIHIIK Oepeli, «IIuKi3ar
NeH KapTbulail padpuKaTTapAbl caThll ally MEH JaiblH OHIMAI TYTHIHYIIBIFA KETKi3y
apachIHAAFbl yaKbIT apalbIFblH €I0yip asalTaabl, MaTepHalAbIK KOpJapAblH KYpT
KbICKapyblHa bIKHan ereni». JKahanmany skarnmaiibiana KazakcTan ayMmarblHBIH KeH
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ayKbIMBIH €CKEPE OTBIPBII, YKOHOMHKAHBIH KOHE MEMIICKETTIH Oocekere KaOileTTimir
KOJTIKTIK-KOMMYHHUKAIUSUTBIK KEIICHHIH THIMJII )KYMBICBIHA TOyeJ I Ooabl. OTaHIbIK
TayapiapiblH, KbI3METTEpIiH J>KOHE TYyTacTail ajfaHIa AKOHOMHUKaHBIH Oacekere
KaOIIeTTLIITHIH KUITI — MEMJICKETTIK KOJIKTIK OHE TPAH3UTTIK casicaTka ColKec
JKOFapbl TEXHOJOTUSUIBIK KONIK WHPpaKypbUIbIMbL. OcCbUTaiilia, KONiK CEKTOPHIHBIH
TUIMALTITIH apTThIPy MOCEJECiH HIenTy Ka3ipri Ke3eHAe OHbIH KaraalbIH KYHem Typae
Tajay HeTi3iHAe aBTOKeJK KypalJapblH JaMbITyAbIH Oonamak 0arbITTapbiH alKbIHIAY
YLLIiH 3epTTeyaepAl HbIFalTy €H 03€KTi MaceneepaiH Oipi ekeHiHe K3 KETKI3IiK.

Tyiiin ce3mep: TackiMangay, JOTHUCTHKA, >KYHe, KONIK, KETKi3y Ti30eri, YK,
KYprizyurinep, iucneryepiey, OyxraaTepilik ecen
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AHHOTamus. DTa CTarbs OCHOBaHA Ha aHaJIW3e HEOOXOIMMOCTH pa3pabOTKH
JIOTUCTHYECKOW CHCTEMbI. AHAIU3UPYIOTCS MPOOJIEMBbI B Pa3BUTHU JIOTHUCTHYECKHX
MPEINPUATHH, TOTPEOHOCTH MH(OPMAIIMOHHON TIATQOPMBI, CTAHJIAPTHOE OTCTaBaHUE
noructuyeckor nHpopmaruu. CeroHs HEBO3MOXKHO MPEJICTABUTH TPOU3BOJICTBEHHYIO
WM KOMMEPYECKYI0 KOMIIAHHIO, KOTOpas HE 3aHUMAETCsl PEIICHUEM JIOTUCTHYECKHIX
3amau. Jlormcruyeckas cucTemMa MPEICTABISET COOOH OTHOCHUTEIIBHO CTAOWMIbHBIN
Ha0oOp oTHoUIeHUH (On3Hec/PyHKIIMOHAIBHBIC TIOAPA3CIICHUS, @ TAKIKE TTOCTABIIUKH,
MOTPEOUTENH ¥ JIOTUCTUYCCKHE TIOCPEIIHUKH ), KOTOPBIE B3aMOCBSI3aHbI U 00BhEINHEHBI
OOIIMM yTpaBICHUEM OU3HEC-CTPATETUEH KOMIIAHUU. DTH CHUCTEMbl ONTUMHU3UPYIOT
paboTy TOBapHBIX, WH(GOPMAIMOHHBIX M (PUHAHCOBBIX IOTOKOB, «3HAYUTEIHHO
COKpAIIA0T BPEeMs MEX/Iy 3aKyIKOH ChIPbsl U MOITy(PaObpUKATOB U TOCTABKOW TOTOBOI
MPOAYKIUHU MOTPEOUTENI0, IOMUMO TOTO, YTO CIHOCOOCTBYIOT PE3KOMY COKpPAILEHUIO
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TOBapHO-MaTepUANbHBIX 3allacoB». YUUTHIBas OOMIMPHOCTH Tepputopun KazaxcraHa,
B YCJIOBHSIX DIOOANM3aluy, KOHKYPEHTOCIOCOOHOCTh 3KOHOMUKH M CTPaHbl BO
MHOTOM OyZleT 3aBHCETh OT J(PPEKTUBHOTO (QYHKIMOHUPOBAHUS TPAHCIIOPTHO-
KOMMYHHUKAIMOHHOTO KOMILJIEKCA. 3aJI0TOM KOHKYPEHTOCIIOCOOHOCTH HAalMOHAJIBHBIX
TOBAPOB M YCIIYT U SKOHOMHUKH B LIEJIOM SIBJISIETCS] BLICOKOTEXHOJIOTMYHASI TPAHCTIOPTHAS
HHPPACTPYKTYpa, YBS3aHHAS C TPAHCIIOPTHO-TPAH3UTHON MOJUTUKON CTpaHbl. TakuM
obpasom, pemieHue MPOOIIeMbI TTOBBIIIECHUS d(H(DEKTUBHOCTH TPAHCIIOPTHOTO CEKTOPA
HEBO3MOXXHO 0€3 YCHJICHHUSI MCCIICJOBAHHI MO ONpeesIeHHI0 OyayIUX HanpaBICHUH
pa3BUTHS ABTOTPAHCIIOPTHBIX CPEICTB HA OCHOBE CHUCTEMAaTHYECKOI0 aHajlM3a €ro
COCTOSTHHSI HA COBPEMEHHOM JTarle.

Ki1roueBble ci1oBa: TpaHCIOPTHPOBKA, JIOTUCTHKA, CHCTEMa, TPAHCIIOPT, LIETIOYKa
[IOCTABOK, I'PY3, BOAUTEIH, JUCHIETUCPU3ALMS, YIET

Jass uurupoBanusi: A.C. AOnymmaesa, A.B. Tan, A.K. AituMm. Ananms
HEOOXOOUMOCTH JIOTUCTHYECKOM CHCTEMbl M IIOCTAHOBKA 3aJad IIOBBILICHHE
s¢dexruroctu // MEXIYHAPOIHbBINA XYPHAJI MTHOOPMALIMOHHBIX U
KOMMYHUKALIMOHHBIX TEXHOJIOIUIA. 2022. Tom. 3. Is. 2. Homep 10. Crp.
67-81 (ma pycckom s3pike). DOI: 10.54309/1J1CT.2022.10.2.007.

Beenenue

ABTOMOOWJIBHBIN TPAHCHOPT UTPaeT BaXHYIO POJb B TPAHCIIOPTHOM KOMILIEKCE
CTpaHbl, OOCIy)XHBasi B IEPBYIO OUepeAb MPEANPHUATHS C PAa3IMYHON CTPYKTYypOn
COOCTBEHHOCTH, a Takke NmoTpeOHOCTH HaceneHus ctpanbl. boree 80 % rpy3oBbIxX
MEPEBO30K E€KETOAHO OCYILECTBISICTCS aBTOMOOMIIBHBIM TPaHCIOPTOM, a Oomnee 75 %
[ACCAKHUPCKUX IEPEBO30K OCYIIECTBIAETCS O0IECTBEHHBIM TPAHCIIOPTOM.

ABTOMOOWJIBHBIA TPaHCIOPT SBJSIETCS KPYMHEHIINM MOTpeOHTEeNeM pecypcoB,
noTpedIsieMbIX TPAHCIIOPTHBIM KOMIUIEKCOM: 66 % nedrenponykros, 70 % pabdoueii
CHJIBI ¥ OKOJIO TIOJIOBHHBI BCeX MHBECTHIMH. OTHON M3 OCHOBHBIX 3aJ1a4 YIPaBICHHS
LEMsIMA TIOCTaBOK sIBJIsIeTCsl oOecrieuenne OecnepeboitHoil n 3¢pdextuBHOi padoThI
Ha IPOM3BOACTBEHHOW cTOpoHe 1enu. 1lo Mepe yclOXHEHHsI NPOU3BOICTBEHHBIX
MPOIIECCOB, BKIIOYAIOIIMX, HampuMmep, OoJblee KOJMYECTBO MPOAYKTOB H
pacnpeneneHHbIX MPOU3BOJACTBEHHBIX IUIOLIAJ0K, IPOCKTUPOBAHUE W YIIPABJICHUE
JIOTUCTHYECKOU HHPPACTPYKTYPOI CTAHOBUTCS BCe 00JIee BaXKHBIM IS 3 (DEKTUBHOCTH
BCell memu moctaBok. Jlumam, MPUHUMAIOLIMM pPELICHUS, HEOOXOOUMO OLCHHUTh H
CPaBHHUTH AJbTEPHATHBHBIC JOTHCTHYECKUE DPEIICHHUs, NMPUHUMAas BO BHUMAHUE HE
TOJIBKO WX TPSIMBIE 3aTPaThbl M BBITOJBI, HO M, B YaCTHOCTH, UX U, MPEXKIE BCEro, Ux
BIUsHAC Ha 3(()EKTHBHOCTh OW3Heca. Hampmmep, OCHOBHOW IENBIO TPAHCIIOPTHOM
JIOTHCTHUKH SIBIISIETCS1 00ecIieueHe CBOCBPEMEHHOM TOCTABKHU ChIPbS M TPOMEIKY TOUHBIX
TOBApOB Ha IIPON3BOJICTBEHHBIE TUIOMIA/IKY C LIEJIbI0 MUHUMH3ALUH IPON3BOJCTBEHHBIX
MOTEPh M3-32 OTCYTCTBHSI/M30BITKA 3aM1aCOB Ha PA3IUYHBIX MPETPHSITUSX.

Korna TpancmopTHble pecypchl 3alllaHUPOBAaHBI M PACHHUCAHBI C TOYKH 3PEHHS
KOJIMYeCTBa, TpeOyeMOH MOIIHOCTH W MaplIPyTOB, OTHOCHTENIBHO JIETKO OLIEHHUTH
MpsMble TPAHCIIOPTHBIE 3aTPaThl C TOYKU 3PEHUsSI CTOMMOCTH PECYPCOB B Yac/IeHb H
(akTHYECKOr0 BpeMEHH TPaHCHOPTUPOBKH. OnHAKO ropa3ao 0osiee BaXKHBIM C TOUKU

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
o £ International License

70



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2022. Vol. 3. Is.2.

3peHus] LENOYKH IOCTABOK SIBISETCS OLIEHKAa MOTEHLHAIbHBIX MPOU3BOACTBEHHBIX
[I0TEPb, KOTOPbIE ONPEAEIIAIOTCS] CTOXaCTUUECKOH U3MEHYMBOCTBIO TEMIIOB IIPOU3BOI-
CTBa Ha 3aBOJIC U BPEMEHEM NPHUOBITHSI KAKIOr0 pecypca Ha KOHKPETHBIE MPOU3BOI-
CTBEHHBIE YYACTKH B 3aBUCHMOCTHU OT UMEIOLIMXCS Ha KaXKJIOM Y4aCTKE CKIaJCKHX MO-
IIHOCTEeH. B HEKOTOPBIX CiTydasx CTOMMOCTB TAKUX MTPOU3BOICTBEHHBIX ITOTEPH MOKET
3HAUUTEIIBHO MPEBBIILIATH NPsIMble TpaHCoOpTHBIE pacxons! (bpyuuone u ap., 2003).

B macrosimee BpeMmsi Ha (OHE CTPYKTypHOH peQOpMBbl NPEIUIOKECHUS, PA3BUTHE
TPaJAULIMOHHON JIOTUCTUYECKOM OTpaciu sBiIseTcs HeycTOWYuBBIM. CHUXKEHHE
JIOTHCTUYECKUX 3aTPaT CTaJI0 BAYKHBIM BOIIPOCOM 3KOHOMUYECKOTO pa3BUTHsL. UTOObI
oOecrieunTh OoJiee 370pOBOE, CTAOMIBHOE M YCTOMUMBOE Pa3BUTHE JIOTUCTUYECCKOM
0Tpaciy B UH(GOPMALMOHHYO 3TIOXY U 3HAYUTEIBHO NOBBICUTH KOHKYPEHTOCIIOCOOHOCTD
JIOTHCTUYECKUX NPEIPUATAN Ha PhIHKE, HEOOXOIUMO YCKOPUTH CO3/IaHHUE U BHEIPEHUE
MEePeIOBON TEXHUKH W TEXHOJOTHH, YBEINYNUTh OOHOBICHHE MOJBMKHOTO COCTaBa H
IOPYTHX TEXHUYECKHX CPEACTB, YKPEIIUTh MaTepPHaJIbHO-TEXHUUECKYI0 0a3y, pa3BUBaTh
TPaHCIOPTHYIO HHPPACTPYKTYPY U CEPBUCHBIE OOBEKTHI.

WuTencudukanuss Npou3BOACTBA, SKOHOMHS BCEX BHIOB PECYPCOB M IOBBILICHHUE
MIPOM3BOIUTENBHOCTH TpyZAa - 3a/a4d, HANpsMYyIO CBSI3aHHBIE C aBTOMOOWIILHBIM
TPAHCIIOPTOM M €ro MOACHCTEMOW — TEXHUYECKOHM JKCIUTyaTaled TPaHCIOPTHBIX
cpenctB (TOT), xotopast obecrieunBaeT pabOTOCIIOCOOHOCTHh aBTOMOOMIIBHOTO TIapKa.
Ero pa3ButHe U cOBEpIIEHCTBOBAHHUE JUKTYETCS MWHTEHCHBHOCTBIO Pa3BUTHS CaMOIo
aBTOMOOWJIBHOTO TPAHCIIOPTa M €ro poOJbi0 B TPAHCIIOPTHOM KOMIUIEKCE CTPaHBI,
HEOOXOMMOCTBIO KOHOMHUH TPYJIOBBIX, MAaTepUAIBHBIX, YHEPTETUYCCKUX H JIPYTUX
pECYpcoB NpH TEpeBO3KaX, TEXHUYECKOM OOCITYy)KMBaHWH, PEMOHTE W XpaHCHUHU
TPAHCIOPTHBIX CPEICTB, HEOOXOAMMOCTBIO 00ECIIEUEHHUS HaIe)KHOCTH TPAHCIIOPTHOTO
mporecca MOJABMUKHBIM COCTaBOM, 3alUTHI HAceJIEHHUs, MEepcoHalla U OKpyXkKarolen
cpensl (bexkep u ap., 2010).

Heo0xomuMocTh KOMIUIEKCHOTO CHCTEMHOTO TO/IX0/a K mpobieme GopMupoBaHust
TPaHCIIOPTHO-IOTUCTUYECKUX CTPYKTYP Y IPUHATHS MHBECTHULIMOHHBIX PELIEHUH B LIETTH
[IOCTaBOK TOBApOB C Y4aCTHEM aBTOMOOMJIBHOIO TPAHCIIOPTA, a TAKKE IOTPEOHOCTH
B HOBBIX TEOPETHUECKUX W MPAKTHUECKUX OOOOIIEHHSX M ONTHUMHU3AIMU TPY30BBIX
[IEPEBO30K B PETHOHAIBHOM acleKTe OOYCIOBHIM aKTyaJbHOCTb IIPOBEIECHHOTO
noucka. PekoMeHaanuy, BBITEKAIONIME U3 IPOBEJEHHOTO HAayYHO-TEOPETHYECKOTO
U TIPaKTUYECKOTO HCCIICAOBAHUSI, MOTYT OBITH HCIIOJIB30BaHBl TOCYAAPCTBEHHBIMH
W OKOHOMHYECKHMH OpraHaMd Ui  pa3paboTKH  METONOB  PETYIHPOBAHUS
MHBECTUIMOHHBIX MPOLECCOB, PEryJINPOBAaHUs JEATEIbHOCTH U COBEPILIEHCTBOBAHUS
paboThl TPAaHCIOPTHO-JOIMCTUYECKUX CTPYKTYp IO YIPaBJICHHIO LEMbIO MOCTABOK
TOBapoB, pedopMUpoBaHUs aBTOMOOMIILHOTO TPAHCIIOPTa C yYETOM PETHOHATBHBIX
0COOEHHOCTEH CTpaHbl, pa3pabOTKH U COBEPIICHCTBOBAHUS 3aKOHOATENILCTBA O
TPaAHCTIOPTHO-IOTUCTUYECKOH JIeATEIIbHOCTH.

MarepuaJjibl 1 METOAbI

Heobxooumocms nocucmuueckoii ungpopmayuonou cucmemsl. B 1eH MOCTaBOK
TOBapOB C YYacTHEM AaBTOMOOMJIBHOIO TPAHCIOPTA B3aMMOICWCTBYIOT pa3IMUHbIE
CTPYKTYPBbI TPAHCIIOPTHO-JIOTUCTUYECKON cUCTeMBI. Jloructiuueckast nHpOpMaIMOHHAs
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1aTGopMa—>aTONPEI0CTABIISIONIAS yCITYTHIIO 0OMEHY M COBMECTHOMY HCIIOIb30BaHHIO
nHpOpPMAMK AT BCEX TUIOB IOJNb30BaTesIell OTKpBITasi cereBas MH(GOpPMAaLUOHHAS
cucrema. B mpouecce pa3BUTHs TIOTHCTUKH TOCTPOCHUE HH(DOpMaMOHHON TU1aT()opMBbl
CTaJ10 HeOGXOMMMBIM BOILIONIEHHEM KITIoueBoii komneTenmuu (Moxanccon u zip., 2010).

CornacHO aHanmu3y, B HACTOALIEEC BpPEMSI HEKOTOPbIE BEIyIIHE JIOTUCTHYECCKHE
MPEANPHUATHS B HAILICH CTpaHe H3HAYaJIbHO CO3/1aJI HHTEIUIEKTYalbHY 0 JOTHCTHYECKYIO
CHCTEMY ITOCPEICTBOM HHHOBALMH HHPOPMAIIMOHHBIX TEXHOIOTHH, HO JOTUCTHYECKUX
MPEANPHUITHH, TOJIHOCTHIO BHEAPUBIINX HH(POPMAIOHHBIE TEXHOJIOTHH, OTHOCHTEIIEHO
HemHoro. llpexxne Bcero, MaabiM M CPEJHMM JIOTUCTUYECKMM HPEANPUATHIM
CIIOKHEE TIONYyYUTh OSPQPEKTUBHBIE NPOAYKTHI M TEXHHYECKYIO TOAJCPHKKY, OHHU
OCTaIOTCsI TOJIBKO Ha dTale BBIMTYCKa M MOJTY4YeHHUs] HHPOPMALMH, POJIb MOHUTOPHUHTA
U aynuTa MH(pOpManuu HE ChIrpaHa, a posib IJIar(opMbl OrpaHUuEHa, B pPe3yJbrare
Yero JIOTHCTHYecKas WHQpopManus pazOpocaHa, (parMEeHTHpOBaHA. 3aTpyIHEHHOE
COBMECTHOE HCIIOJIb30BaHUE WH(POPMALIMOHHBIX PECYPCOB, MPEANPUATHS HE MOTYT
CBOEBPEMEHHO MOJYYHTh BAKHYI0 MH(OPMALUIO Ui CBOETO Pa3BUTHs, HE MOTYT B
MOJTHOM Mepe MCIOJIb30BaTh MPEUMYIIEeCTBa HHPOPMAIMU B JIOTUCTUYECKON OTpaciy,
YTO MPUBOIUT K YBEITHMUYECHUIO OOIIMX JTOTUCTHYECKHX 3aTPar.

Bo-BTOpBIX, yMHAS JTOTMCTHKA B OCHOBHOM OCHOBaHa Ha HH(OPMAIIHOHHOH cucTeMe,
U TpEeAnpusATHs HE MOTYT MOJY4YHTh MH(OpManHio 0 cOOCTBEHHOW OIarompHUsITHOM
MOJMTUKE, YTO MPHUBEIACT K TPYAHOCTAM B peajHM3alldd CBA3aHHBIX CBs3CH, H
TPYAHO CHOPMHUPOBATH MHTErpanuio pecypcoB. C TOYKH 3peHHUS] OOILEro pa3BUTHS
JIOTHCTUYECKON OTpaciu, OONBLUIMHCTBY NPEANPHATHI BCe elle He XBaraeT oOIuei
ONTUMH3AaLUHI HH)OPMALIMOHHON CUCTEMBbI KOMITAHUH, U 4aCTh (DYHKIMH HE TIOITHOCTHIO
peanu3oBaHa, HAIpUMeED, 10 JaHHBIM, B3STHIM U3 )KypHana "Transportation on Systems
Engineering and Information Technology" Oomblioe KOIMYECTBO JIOTHCTHYECKUX
pecypcoB npocTtauBaeT, B Kutae gactoTa mycThIX Ipy30BbIX aBTOMOOMIICH TPEBBIIIACT
30 %, mons BakaHTHBIX MECT Ha CKJIaae COCTaBisieT okoio 15 %. MHKkpeMeHTHbIe
pecypchl OrpaHHYEeHbl ACHMMETPUYHOW HH(OpMauuei, ¥ TPyAHO CO3[aTh HOBBIE
tpedoBanus (Bait Kywn).

[Iponiecc TpaHCHIOPTUPOBKM - OYEHBb CIOXKHAs M OTBETCTBEHHAs omepauus. Tak
Kak B JTOT MPOLECC BKIAABIBAIOTCS OONbLIME ACHBIM M 3aJCWCTBOBAHO OOJbILIOE
KOJMYeCcTBO Jofeil. TexHojorndeckas cxema mpolecca MEepeBO3KH TPY30B OIHUM
BHJIOM TpaHcmopTa (puc.l).

war 1 war 5
MoaroTosxKa rpy3a K Cxnaacyoe XpaHeHue
TPAaHCNOPTHPOSKe MPY308
Wwar 2 | War 3 llar 4
3arpyaka 7| TpascnopTWposxa Mepezarpyaxa

r Y

War 4
Mocrasxa B
noasw«HONo cocrasa

Pucynok 1- ITponiecc TpaHCIOpTUPOBKHU Tpy3a
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VYuuThiBas 3HaYMTENBHBIE OOBEMBI IMEPEBO3UMOM MPOAYKLHMH, MEPEBO3KH
OCYIIECTBISIOTCS B OCHOBHOM Ha aBTOMOOWIISAX: HEOOXOIWMO YIPABIATH IENBIM
KOMILIEKCOM, ONPEAECIISIsi KOJIMYECTBO aBTOMOOMIICH, UX WHIUBHyaIbHbIE MOIIHOCTH,
MapmipyThl, IUIAHUPYS HMX MOE3JAKH B COOTBETCTBHUA C OOBEMaMH MPOAYKIHU W
TpeOOBaHUSIMHU K TIEPEBO3KaM (COBMECTHMMOCTh M T.J.). B 3TOM KOHTEKcTe IepBOW
LETbI0 TPAHCIOPTHOM  JIOTMCTUKU  SIBJISIETCS  MAaKCHUMM3alUsl  HCIIOJIb30BAHMS
MOIIHOCTEW aBTOTPAHCTIOPTA ITyTEM OTPEAETEHIS 3a/ad aBTOTPAHCIIOPTA, CBA3aHHBIX
C OTHOBPEMEHHOM TPaHCIIOPTUPOBKON HECKOJIBKUX MPOILYKTOB, IJIe MOTYT UMETh MECTO
KaK IOTPY304YHbIC, TAK ¥ Pa3rpy304HbIE OTIEPAIIH.

Bropoii 3a1a4eii siBiisieTCS MUHUMU3AIUS M3MEHYMBOCTH BPEMEHH JI0OCTaBKH/3a00pa
rpy3a MpU COXPAaHEHWH TPAHCIOPTHBHIX PACXOJ0B B paMKax 3aJaHHOrO Oropkera. B
njeaie, o Mepe yBeJINIeHHUs KOIMYeCTBa aBTOMOOMIIEH, 3a/1eiCTBOBAaHHBIX HA TAHHOM
MapuipyTe, Ipu HEM3MEHHOU 00IIeH MPOIyCKHOM CTOCOOHOCTH, BIMSHIE BPEMEHHBIX
3aJIeprKeK JJIsl OTHOTO KOHKPETHOTO TPAHCIIOPTA CTAHOBHUTCS BCE MEHEE 3HAYUTEIHHBIM
C TOYKH 3pEeHHS MPOU3BOIUTENHHOCTH BCEH NPOM3BOACTBEHHOW cucTeMbl. OaHAKO
COOTBETCTBYIOIIME TPAHCIOPTHBIE PACXOJbl 3HAYUTEIHHO BO3PACTAIOT, MOCKOJIBKY
SKOHOMHSI OT MacmrTaba OOMEHWBaeTCS Ha MCEHBIIYI0O BapHaTHMBHOCTH IIpollecca
JOCTaBKK/3a00pa: HEOOXOOMMO MOMHHTH, YTO CTOMMOCTH apeHIbl aBTOMOOMIIEH,
KaK U CTOMMOCTH TOILIMBA, HE M3MEHSETCS JMHEWHO B 3aBUCUMOCTH OT MOIIHOCTH.
Cn0XHOCTh KOMIIPOMHUCCA MEXKY 3arpy3K0il MOIIHOCTEH, TPAHCIIOPTHBIMU PACX0JaMH
U M3MEHUYMBOCTBIO IPOIEcCa TMPUBOIUT K BBHISBICHHUIO MHOXKECTBA JIOTHUCTHYECKHX
pelIeHnii, KOTOpble MOYKHO OIEHWTh C TOYKM 3peHHUs OOIIMX 3arpar, BKIIOYAs Kak
(aKTHYECKUE JIOTUCTHYECKHE PAcXOAbl, TaK W OXKHUAAEMbIC MPOM3BOACTBCHHBIC
notepu. {7t Toro 94T00BI paccYUTaTh BECH ATOT MPOIIECC, HaM HyXHa cuctema. OgHaKo
CYUIECTBYIOIIME pElIeHUs A IUIAHUPOBaHMS M IUIAHWPOBAHUS JIOTMCTHKH, JIMIIb
YaCTUYHO TIOKPHIBAIOIINE COBPEMEHHBIE MOTPEOHOCTH KoMItaHui (Hanmpumep, SAP
u Oracle), caumkoM goporu (s MOKYNKH U 0OCTYKMBaHHUS) JUUISl MaJIbIX U CPETHUX
komnaHui. [1o3ToMy BaXHO CO37aTh OTAENbHBIE MOAYJIH, KOTOPBIE OyIyT paboTarh Mo
HazHaueHUIo (MexayHapoaHas kKoHGepeHIus o HTEepHETY U 3JIEKTPOHHOMY OM3HECY
2018).

Heoocmamxku nosucmuueckoul cucmemovl Kazaxcmana. JKCnepT KOHCATTHHTOBOH
komnanuu Logistics Systems oTmedaer, 4Tto "HEPa3BUTOCTb JIOTUCTHYECCKOM
MH(GPACTPYKTYpPhl OKa3bIBa€T 3HAUMTEIILHOE BIUSHHE Ha JKOHOMHYECKOE pa3BHTHE
Kazaxcrana ceromusi. B Hacrosimiee BpeMs CEKTOp JIOTUCTHKM CTAaJIKMBAETCS C
OYEeHb BaXXHBIMH TNpOOJIEMaMH, TaKUMH Kak: — oOecleyeHne MAOCTYHNHOCTH U
KOHKYPEHTOCTIOCOOHOCTH YCIIYT, YBEIHUEHIE MOIITHOCTEH 1 YCTpaHeHHE AUCOATaHCOB;
— CO3/1aHHEe HUHTETPUPOBAHHOM CHCTEMBI JIOTUCTHMYECKHX IIEHTPOB M oOecredeHue
nH(popMarmoHHOW moxnepxkku. Jloructudeckne 3atpathl B KaszaxcraHe oueHb
BBICOKH M 3a4acTyIlO BBIIIE, YeM B Pa3BHUTHIX cTpaHax. /[0y morucTuyeckux 3arpar B
ce0eCTOMMOCTH POAYKIUH T0CTUTACT 25 %, UTO 3HAYUTEIIFHO BBIIIE CPEAHEMUPOBOTO
mokazarens B 11 % u 10 % B Kaname m CIIIA. Jl[nHaMuka 3KOHOMHYECKOTO POCTa
TpeOyeT pa3BUTUSI TPAHCIIOPTHOW CHUCTEMBI JJISl YAOBJICTBOPECHUSI JIOTUCTUYECKHX
noTpeOHOCTel HOBOW OSKOHOMHUKHM. KazaxcTaH oCTpo HyXIaercs B pa3BUTOM
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TPaHCIOPTHO-JIOTUCTUYECKON CHUCTEME, CITIOCOOHOI 00CITyKUBAaTh SKOHOMHKY CTPaHBI.
B norucTuke xopo1o u3BeCTHO, 4TO 3(PPEKTHBHOCTH TIEPEBO30OK OTPEACISAETCS TPEeMs
¢daxropamu: CTOMMOCTb, CKOPOCTh W HENPEpPBIBHOCTh. Bce 3TH KpUTEpHH ILIOXO
TTOJIXOJIAT JUTS JKelle3HOIopoXkHOTo Tpancnoprta (I'oponerkuii u ap., 2012).

Huskast 3(h¢GeKTHBHOCTh HAIMOHAIBHOTO OIleparopa B BUJIC HEXBAaTKH MMapKa H
HEPEryJsIpHBIX MOCTABOK, a TaKKe MOCTOSIHHBIA POCT Tapu(OB SBISIOTCS PeajbHbIM
MIPETISITCTBAEM ISl Pa3BUTHS MPOU3BOAMTENEH W HKOHOMHUKH B 1ienoM. Ecim panbpie
HEeXBaTKa BaroHOB ObLIa CE30HHOH MPOOJIEMOM, TO CErOgHsI TO MOYTH EKeIHEBHAS
mpobnema. 3a 3ToT mepuo 00beM Ka3aXCTaHCKUX IPOU3BOIUTENEH BEIPOC B HECKOIBKO
pa3, Kak W OXHIAHHWS TOTpeOuTeNel, KOTOphle MBI TepsieM H3-32 HEperyJspHBIX
[IOCTAaBOK B I10JIb3y HHOCTPAHHBIX MPOU3BOIAUTEIEH.

Tpan3utHbli  moreHnuan Kazaxcrtana criemyer paccMmarpuBarb Kak —TOYKY
SKOHOMHYECKOTO pocta crpasbl. [loaTroMy HeoOxomumo mpo0uthes toro, ytoosl CHIT
cTano Ooree TMpHUBIEKATETFHBIM W HWMENO CaMyK COBPEMEHHYI0 U 3 (EeKTHBHYIO
TpaHcnopTHO-oructuueckyro cucremy B CHIL HeoOxomumo Takke yiaydIlIUTh
TPAHCIIOPTHYIO JICATEIBHOCTh Ha BCEX BHUJAX TPAHCIOPTA C IENBIO0 MPEIOCTABICHUS
IIMPOKOTO  CIEKTpa yCIAyr TO KOHKYPEeHTOCIIOCOOHBIM IIeHaM; JaiibHeilmee
COBEpIIEHCTBOBAHNE KOPUJIOPOB I TPAaH3UTHBIX MOTOKOB TOBAapOB HA MOCTOSIHHOM
JIMHEHHOH 0CHOBE, YETKO OTIPEIEIISis TPAH3UTHOE BPEMsl, CTONMOCTD U CUCTEMaTHYECKOe
HCIOJIb30BAHNE ITUX KOPUJIOPOB; OpraHU3aius u

B memom, coBpemenHas joructuka B KazaxcraHe JOMKHA TPEACTaBIATH COOOi
WHTETPUPOBAHHBIN KOMIUIEKC, TPU3BAaHHBIA O0ECIEYUTh HEOOXOMUMBIA 00beM
KOJIMYECTBEHHBIX U KAUECTBEHHBIX YCIYT jsi OecriepeOoiHON TPaHCTIOPTHPOBKH BCEX
TOBApOB M YCITYT BO BCEX HAIPABICHUAX U HA BCe paccTosHusA. Kpome Toro, Kak u qpyrue
HHPPACTPYKTYPHBIE CHUCTEMBI, JIOTHCTHYECKasi CHUCTEMa JIOJDKHA CIOCOOCTBOBATH
MTOBBIIICHUIO KOHKYPEHTOCIIOCOOHOCTH OTEUECTBEHHOH MTPOTYKIIUH 33 CYET COKPAIICHHUS
BpPEMEHH JIOCTABKH, CHIDKCHHUS 3aTpPaT, TUBEpCUPHKALINN HAMIPaBIeHUH 1 T.1. B TO ke
BpeMsI JIOTUCTHKA JOJDKHA OCTaBaThCSI MPUOBUIBHONW M CAMOAOCTATOYHON, C BHICOKHM
YpOBHEM PEHMHBECTHPOBAHUS B €€ PAa3BUTHE.

Tpubwvinw u pacxodsl Ha nepegos3Ky epy306. YCKOpEHHE HCCICA0BaHUN U pa3paboTKu
JIOTUCTHYECKUX NH(OPMAITMOHHBIX TEXHOJIOTHIA, CTAHJapTOB0E30MIaCHOCTH, YIIPABICHHUS
U OOCIyXHMBaHHA, a TakKe NPOJBMKEHHE CTAaHAAPTU3AIMH COOTBETCTBYIOIINX
MH(OPMAIIMOHHBIX TEXHOJIOTUH, YIPABICHUS U YCIYT SBISETCS BAKHOH MEpOW st
MIPOABIKEHUS JIOTUCTUKY. CTaHAapTH3anys W CTaHJapTU3aIusa UHTepdeiica JaHHBIX
JeNatoT 0OMEH U COTPYAHUYIECTBO MEXKTY IPEANPHUITUSIME 00Jiee yIOOHBIM U OBICTPBIM.
Hampumep, co3manne Takux MOAyJIeH, Kak yIeT paboThl BOTUTEIICH, 1aCT BO3MOYKHOCTh
paccuuTaTth 3aTpaThl, KOTOPHIE KOMITAHUS JOJKHA PaCIPeIeIUTh.

C yd4eroM KOHTEKCTa TIPUMEHEHHs, ONMUCAHHOTO B TMPEABIAYIIEM pasiede,
TaKTUYECKasi MHUCCHS OIpeaeNaeTcss Kak TPAaHCIOPTHBIA MapIIpyT, COCTOSIINH M3
OIpENIEIICHHON TMOCIeI0BaTeIbHOCTH IyHKTOB M 33JaHHBIX TPYNI COBMECTHUMBIX
KOJTMYECTB TPOIYKITIH, KOTOPBIE TOJKHBI OBITH 3aTPYKEHBI U Pa3TPyKEHBI B KaKIOM
MyHKTE TocieaoBarenbHocTH. Jloructudeckast 9QGEKTUBHOCTD KaX0W TaKTHYECKOH
MHCCHH MOXET OBITh OLICHEHa KaK COBOKYNHas 3()()EKTHBHOCTh KaKIOH OTAEIBHOM
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aBTO MHUCCHH I BCEX aBTO, BBIJIETIEHHBIX Ha 3TOT MapuipyT. PakTHueckas CTOUMOCTb
KKIIOH aBTO 3a/1a49H OIPEIEIACTCS MPOITyCKHOM CITOCOOHOCTRIO aBTOMOOMIICH, BpeMe-
HEM HaBWIallHu, OXMIAaHHEM M BpeMeHeM BblnonHeHus onepauuil (Knzgapbexosa,
2013).

Hpyrum peneBaHTHBIM TOKazatesneM 3((eKTrnBHOCTH sBIseTcs (hakTHIecKast
3arpy3Ka MOIIHOCTEH, KOTOpasi MOXKeET OBbITh BbIpak€Ha B BUJE 3aTpar Kak CTOMMOCTb
HEUCIIOJIb30BAHHBIX MOIIHOCTEH. IIOCKONBKY KOHEYHOM LENbK TPAHCIOPTHOM
JIOTUCTUKY SIBJIIETCSL 00ECIICUCHHE MHOXKECTBA IIPOM3BOJCTBEHHBIX IIPOLIECCOB,
reorpa)uyecky pacrpeleseHHbIX M0 HECKOJbKUM IPOMU3BOJICTBEHHBIM IUIOLIA/IKAM,
OTIpENIETICHHBIM KOJIMYECTBOM CBIPbSI M NPOMEKYTOUHBIX TPOAYKTOB, TPEThsI Mepa
3(h(PEeKTUBHOCTH MOXKET OBITH TTOCTPOCHA Ha OCHOBE TaK Ha3bIBAEMOTO PHCKA MUCCHH,
KOTOPBIN OIpeeNsIeTcss Kak COBOKYITHAsl BEPOSTHOCTD TOTO, UTO OIPEIEIIEHHAs MUCCUS
MPUBEIET K BOBHUKHOBEHHIO CHTYAIMii HEXBATKH MJIM M30bITKA 3allacoB Ha JIIO0OOM U3
3aJefiCTBOBAaHHBIX CKJIa[I0B, C COOTBETCTBYIOLIMMHU [IPOU3BOACTBCHHBIMU MOTEPSIMH H/
WJIM TOTIOJTHUTENBHBIMY 3aTpaTaMy M3-3a HEYYTEHHBIX 33JIEpKEK U BPEMEHU O’KUAHHS.

Pacnpenenenne pecypcoB — 3TO HENPEPBIBHBIM IPOLECC NPUHATHUSI PELICHUN
B pEaJlbHOM BPEMEHH, B KOTOPOM KpHTEepHH MeHsSIoTcs "Ha yety". UTtoObl mMeTh
BO3MOJKHOCTB [TPAaBUIIBHO PACCYUTATh BPEMsl, IPHOBLIIb, 3aTPAThl, a TAKXKE CHOPMHUPOBATDH
MIPaBUJIbHOE paclyCaHne AJsl KIMEHTOB U BOJUTENCH.

D¢ dexTrBHBIN MIaHUPOBIINK aBTOMOOHMIIFHBIX TTEPEBO30K JIOHKEH 00pabaThiBaTh
TpancnoptHele MHCTpyKuuu (TH) oT MHOXECTBa pa3iUYHBIX TOYEK MOTPY3KH O
MHOXKECTBA pPAa3NUYHBIX ITyHKTOB Ha3Ha4eHHA (HAIPUMEp, MECT pacHOIOKEHUS
KJIMEHTOB U KPOCC-IOKOB, TI€ IPY3bl Pa3rpyKatoTcsl U KOHCOIUIUPYIOTCS ) © MHOXKECTBO
Pa3NUYHBIX MapIIPyTOB, MO KOTOPBIM MOTYT OBITH JOCTaBJIEHBI 3aKa3bl. BbIOOp
HaWJIy4IIIeT0 MapuipyTa Ha OCHOBE KOHCOHIAINH WIH JPYTUX KPUTEPUEB HA3bIBACTCS
JUHAMHYECKON MapmpyTuzanueil. [ITaHupoBIIUK TakKe JOIKEH YMETh PaclpeacssTh
Ipy3bl pa3HbIX pa3MepPOB U Beca M0 pa3HbIM TUIIaM IPY30BHKOB U NIPHUIIETIOB; YUUTHIBATH
IIPEANIOYTEHUS BIIAJEIIbIIEB, OINEPATOPOB M BONUTEIECH M BIUCHIBATH PACIUCAHUE B
MHOTOUYHCIICHHBIE OTPaHNUCHHS, HaKJIaJAbIBaEMblE YacaMH paOOThI CKJIaAa, IpaBUIaMH
paboThl BoAMTENEH, TPaBUIIaMHU OE30MACHOCTH M MTOJTUTUKON MPEANPUSITHS, HATIPUMED,
[0 BBIOOPY MEXIy COOCTBEHHBIM NApPKOM U CTOPOHHUMH II€peBO3uYMKamH. Pa3Hble
KOMIIAHUM HMEIOT pa3Hble KPUTHUYECKHE OrpPAHWYEHMs, HalpUMep pas3pelieHne
OTMEHHUTh BPEMEHHBIC WITH IPYyTUE OTPAaHUICHUS JUTS OCTHKEHHS Oosiee 3 (HeKTHBHOTO
pacniucanus. CocTaBIeHHOE PaclCaHUE TOJDKHO OBITh HE TOJBKO BBIIOJIHUMBIM, HO U
3G PEKTUBHBIM, T.€. JOJKHBI OBITH HAlIEHBI BOBMOKHOCTH JAJIs1 0OpAaTHBIX EPEBO30OK U
KOHCOJIUAIINH.

CJ0XXHOCTB TaKKe OIPEAEISIETCS] KOJIMYECTBOM U pa3HO00pa3ueM 3aKka3oB (U IpyTrux
COOBITHH, BIUSIOIIUX HAa COCTABICHUE PACHHUCAHUS) B JACHb, a TAKXKE KOJMUYECTBOM U
pa3zHooOpazneM TPaHCIOPTHHIX PECYPCOB, TAKMX KaK I'PY30BUKH.

Kpome Toro, ot niuaHnpoBIINKa 0XKHUIAETCS, YTO OH OyAeT OBICTPO U3MEHSTH Ipaduk
BBITIOJIHEHUST 3aKa30B M TPAHCIOPTHBIX PECYPCOB, MOCTPAJABIIMX OT HEOKUAAHHBIX
COOBITHH, TAKUX KaK MOCTYIUIEHHE HOBBIX 3aKa30B, OTMEHBI, COOM, TIIOXHME MOTOIHbIE
YCIIOBHSI, IOPOKHBIE pabOTHI U HEesIBKA BoJuTeNel min rnorpy3ounsix opuran (Coyle n
ap., 2013).
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Ha »srane mnnanupoBaHMs 3aKa3bl Ha3HAYAIOTCS TPY30BUKY M CTPOHUTCS €ro
MapuipyT. Ha sTom sTame 3aka3el MOTYT OBITh JOOABICHBI WM yIAJEHBI, & MapLIpyT,
3aIIaHUPOBAHHBIN IS IPY30BUKa, MOXKET ObITh U3MEHEH B PE3yJbTare MOCICAYIOMNX
COOBITHIA.

B ompeneneHHblii MOMEHT TUIAHMPOBLIMK JOJKEH 3a(MKCHPOBATh TPY30BHK.
OTO WHULMUPYET CBs3b CO CKJIaJaMM, IUIAHUPOBIUMKAMHU i CMEHBI BOAUTENEH,
00CITy)KMBaHUS TPY30BHKOB U T.J., YTOOBI MOATOTOBUTH TPY30BHK K moe3zake. Ha atom
JTane M3MEHEHHs B PACIHCAaHUM TPY30BHKOB HEXKENATEIbHbI, TaK KaK 3TO MOXKET
MOBJIHUATH HAa Pa0bOTy CKJa/a, HA3HAYCHNUE BOAUTENS U T.1I.

Ortan BEIMOJHEHUS] HAUMHAETCS C BBIITOTHEHUS BOTUTEIIEM IPOBEPOK Mepe Tl TOE3AKOM
U IPOJOJDKAeTCs 0 MOABEACHUS UTOTOB B KOHLIE cMeHBI. Ha 3ToM aTamne motpedyercs
BBICOKHI ypPOBEHB CJIOKHOCTH JIJIsl ©3BMEHEH U rpaduKa JBIKECHHS TPY30BHKOB BO BpeMsI
nepeBo3kd. CTOUT MOMHHUTB, YTO TPU TEPEBO3KE TPY30B BOAUTEIb MIPaeT OOJBIIYIO
pOJb, TaK KaK paclHuCaHHe COCTaBIsEeTCs HAa OCHOBE BoauTenei. COOTBETCTBEHHO,
pacder 3apa0OTHOM IIaThl BOIUTENICH OCHOBBIBAETCSl HA TpaduKe.

[locne oOmmpHOrOo oOMeHa wuH(pOpMaLueil BO3HUKAECT (PUHAHCOBBIH MOTOK:
KIIMEHT TUIATUT 3a TOBAp U €ro J0CTaBKy. MH(popManuoHHas cucTeMa A0JKHA CBSI3aTh
WHPOPMAIIMOHHBIE TTOTOKM BOEAMHO, HAYWHAsl C 3asBKH HA JIOCTaBKYy M 3aKaHUUBAs
pacdeToM 3apabOTHOM TUIaThl BonuTeel. (puc.2).

[ 3anpoc Ha JoCTaBky

¥

[:K:rl:lqan PerHcTpaUMH 33AB0N I—
,l. | CRpaBodHMI ]

PasmeleHie TREHCNOPTHRI |
CPeACTE B WypHans

!

l‘:—-| VBT HEMOMs308aHWA

nM. LN} L "

[ Crucox MapLpyTos aEToMOBIUNSRA & foHL ]
Jq——p[ PacueT 2apafoTHoR nNaTs ]

[ YuaT onepalMoHHBI 3aTpar
PI/ICyHOK 2- (DparMeHT CXEMbI B3aUMOCBS3U JTOKYMEHTOB PIH(bOpMaHI/IOHHOﬁ CUCTEMbI

B COBPEMCHHBLIX YCJIOBUAX BO3PACTACT BAXKHOCTH O6CCH€'-ICHI/ISI JAUCTAaHIIUMOHHOI'O
00CITy)KMBaHUSI KJIMEHTOB, MEPEX0o/l Ha aBTOMATU3UPOBAHHYIO CHCTEMY DIIEKTPOHHON
00pabOTKKM pa3IMYHBIX BHUJOB JIOKYMEHTOB, HEOOXOIMMBIX I OCYIIECCTBICHUS
niepeBo3ok (Jx. Xumodd u ap., 2006).

Mesxaynapoanoe cornamenue "EBporeiickoe cornaiieHue, Kacaroieecs padoThl
9KHMAaXKeW TPAHCHOPTHBIX CPENCTB, OCYLIECTBIIIONIUX MEXK/yHapOaAHbIE MepeBO3KH"
(ECTP), x xoropomy Pecnybnuka Kazaxcran npucoeaunuiack Ykazom Ilpesunenta
PecriyOnuku Kazaxcram Ne 2272 or 12 mas 1995 roma, 3akpenwyio IIMPOKOE
pacmpocTpaHeHne TaxorpadoB, ¢ MOMOLIBIO KOTOPBIX (UKCHpyeTcs pabouee Bpems
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BoguTens. sl TpaHCIIOPTHBIX CPENCTB cTpaH, He sBisonuxcs wieHamu ECTP, Boe3n
B EBpomny 6e3 Taxorpados 0wt 3anpemien (Ixeitn I'peit, 2012).

Cpasnumenvuelli ananus anano2os. bbul MPOBENEH MOIHBIM aHANIU3 U H3yueHa
pabora koHKypeHTOB. EcTb nBe Tabmuupl. B Tabmuume 1 mpuBeneHbl TEXHHUUYECKHUE
XapaKTEPUCTHKH MPOTrPaMMHOTO oOecrieueHus, a B Tabauue 2 — (QyHKIHOHAJIbHBIE
XapaKTEPUCTHKH CUCTEMBI.

Tabmuma 1- TexHn4eckue XapakKTePHCTHKU IPOTPAMMHOTO 00eCIIeueHNUS

HasBanue [IpousBonutens | [ara mepsoit | Ilocnen- | Croumocts Jnnensus
MIPOrpaMMHOI0 yOIMYHON HUM penu3
obecrieyeHust BEpCUH
1C VYnpasnenue | Dopect nexabps 2015 [TnarHo Ge3 GPL
TPaHCIIOPTOM L. 8.4 JIOTIOJIHUTEIILHOM
oruiare! mwiatuit 6008
ABTOZIOCTaBKa | DKCmpecc mapt 2011 . 4 ITnarso 1508 GPL
Komnanus
Tpancnoprsiii | Komnanus utonb 2017 ITnatxo 508-125% GPL
MEHEeIKep Tpanc 6.1 3aBHUCUT OT KJlacca
MEHEIKEp (oOneryeHHsIH,
CTaH/IapPTHBIH,
podecCHOHANTBHBII)
Cwmapr- 000 «Cmapr ®espains 2014 7.2 ITnaruo 58$-169% CoOCTBEeHHBIH
Jlorucruka Jlorucrukey»
Oracle J[xei Opaxi CeHTSIOph 9.4 IInarxo 10003 CoOCTBeHHBIIH
Jlu DnBapac 2010
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VYdyeTHas HakJIagHas 03HAYAeT MPOIecC OPOPMIICHUSI aBTOMOOMIISI U YCTAaHOBOK. B
ITyTEBOM JICTE yKa3aH MPOOET, KOJMYECTBO YacoB, 3alpaBKa U OCTAaTOK TOILUIMBA TPH
Bo3Bpare. C OMOIILI0 ATOH (PYHKIIMHU PacXo]] TOTUIMBA PACCUUTHIBACTCS aBTOMATHICCKHU
Ha OCHOBE Mpo0era U 4acoB padoThI, a TAKXKe HOPM pacxoja TOILIHBA.

Y4eT BOIUTENHCKAX YaCOB O3HAYAeT (PUKCAINI0 pabOdero BPEMEHH BOMUTENS, TO
€CTh TOTO, CKOJIBKO BPEMEHH OH TOTPATHII Ha TIEPEBO3KY.

[InarnpoBaHne TEXHUYECKOTO OOCTYKHUBAHUA — 3TO TUTAHUPOBAHUE TEXHUYECKOTO
00CITy’)KMBaHHUsI KaXJIOTO TPAHCIIOPTa, TO €CTh KOINa M KAaKOM TPAHCHOPT JOJDKEH
MIPOUTH TEXOCMOTD.

Pacuer 3apaboTHOH miarel MO0 OTPaOOTAHHOMY BPEMEHH - JaHHBIH (QyHKIIMOHAT
OCHOBaH Ha yueTe paborel BoautTenei. OH yYHTHIBAaET, CKOJBKO YacOB OTpadoTai
BOJIUTENIb U CKOJIBKO paboTo/aTens MIATHT 3a KaXIbli 4ac. M 1o coOTBETCTBYIOMNM
(hopMyiiaM pacCUMTHIBACTCS MECSYHASI 3apIUIaTa BOAUTEIISL.

Apromarm3upoBars 3anonHerune 1 o MHH — 3710 o3nawaer, uto mHbOpMarms
MOKET OBITh JI00aBJicHa aBTOMATUYECKH, eciiu B Oa3e maHHbix Obu1 MHH pabotHuka.
Takum 00pa3oM, BaM He HYXKHO 3aIlOJHATh BCE BPYUHYIO

VYder paboThl yCTAaHOBKH O3HAYAET yUET arperaros, 3arlaCHbIX YacTeH, BhIPAKCHHBII
B mpobere win 4acax. [Ipu mpuOImKeHnn K 3aBEpPIICHHUI0 CPOKa CITYKOBI IIporpaMmma
CUTHAJIM3UPYET 0 HEOOXOAMMOCTH 3aMEHBI YCTaHOBOK, arperaTroB, 3aIlaCHBIX YacTeH.

Co3aHre OTYETOB O3HAYACT (PYHKIMIO aBTOMATHYECKOTO (DOPMUPOBAHUSI OTUETOB
[0 BCeM BHAaM ydeTa. B oTueTax OTpaykalOTCs OCTAaTKH Ha CKiIalaX, pPecypchl U
MIPOM3BOMICTBO 3allaCHBIX YACTEH W KOMIUICKTYIOMMX. TakKe pealn30BaH OTYET O
pacxozme ToruMBa 1Mo HopMme U 1o (akrty. PeanmsoBaH xypHan HakimaaHbix. OT4er o
HaJMYUU aBTOMOOMIIeH B mapke. OTUET 1O TallOHaM B pa3pese JUTPOB U MITYK.

CpaBHuBasi Bce MpOrpaMMmbl, MOXKHO caenarh BbiBoA, uto 1C dopec: Ywuer
aBTOTPaHCIIOPTA ABJSIETCS Hanboee 3P PEeKTUBHBIM HHCTPYMEHTOM JUIS JIOTHCTHYECKOI
orpaciu. tak, eCTh OTYSTHI U aBTOMATU3UPOBAHHBIHN MPOLIECC MOICYEeTa pa0OThL. DTOT
coT yno0eH A KPYIMHBIX JIOTUCTHYECKAX KOMITAHUH ¢ OOJBIIIMMU TaHHBIMHU.

Ecam cmotpers Ha meHy, To Or0mkeTHRIM BapuanTtoM Oymetr AUTOsis, HO B 3TOM
coTe HET MHOTHX (PYHKIIUH, KOTOPBIC HAM ITOHAIO0MIIUCH ObI ITPH OOJIBIIIOM KOJIMYESCTBE
naHHBIX. [lo3TOMY KpyITHBIE KOMITAaHUH HE MOTYT C HUM padoTars.

B kadyecTBe Hay4HO! 0a3bl, AKTUBHO Pa3BUBAOILCHCS B TIOCIICTHUE FObI, IIOCBSIICHO
0OJBIIIOE KONWYECTBO ITyONHMKANMA: OT TE3MCOB KOH(EpPEHIMHA /10 Y4eOHHKOB U
MoHorpapuii. M3BeCTHO, YTO BHEAPEHHE MPHUHIIMIIOB JIOTUCTHUKH B YIpaBJICHUE
MaTepUaJIbHBIMU TTOTOKAaMHU MO3BOJSIET CHU3UTH ypoBeHb 3amacoB Ha 30-50 % u
COKpAaTHUTh BpEMsI IBIKCHHS MTPOAYKINHU Ha 2545 %.

OCHOBHBIMU MIPUYUHAME OBICTPOTO POCTa AaBTOMOOMWIIBHBIX MEPEBO30K SIBIISIOTCS
mpucylas THOKOCTh JIOCTABKA «OT JBEPU [0 JIBEPH» U BBICOKOCKOPOCTHBIE
MEKIyTOpOIHUE TIEPeBO3KU. FIMEHHO TI09TOMY COBpeMeHHas JIoTHCcTHKA B KazaxcTane
JIOJDKHA TIPENICTABIATh COOOH MHTETPUPOBAHHBIN KOMIUICKC, ITPU3BAHHBINA OKa3bIBATh
HEOOXOAMMBIIT 00bEM KOJMYECTBEHHBIX M KA4eCTBEHHBIX YCIYT, O0ECIeYnBaTh
OECIPENsITCTBEHHYIO TPAHCIIOPTHUPOBKY B JIFOOOM HalpaBJIeHUW, Ha Jito0oe pac-
CTOSTHUE JIFOOBIX TOBapoB U yciyr. Kpome Toro, kak W Apyrue MH(PPaCTPyKTYpHBIC
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CHCTEMBbI, JIOTHCTHYECKash CHCTEeMa JOJDKHa  CHOCOOCTBOBaTh  MOBBIIICHHIO
KOHKYpPEHTOCIIOCOOHOCTH OTEYECTBEHHOH MPOAYKIMH 3a CUET COKPAILEHHS CPOKOB
JOCTaBKH, CHIDKEHHs CeOeCTOMMOCTH, NUBepCHU(UKALUKM HampapieHud u T.0. [lpu
9TOM JIOTHCTHKA JIOJDKHA OCTaBaThCsl MPHOBLIBHOM, CaMOOKYHNaeMOW C BBICOKHM
YPOBHEM PEHMHBECTUPOBAHHUS B COOCTBEHHOE pa3BHTHE. [l JOCTIKEHMS TOH LeIH
MBI IOCTABUIIM 3a/1a4y pa3paboTaTh MOAY/b, KOTOPBIA MO3BOJISET:

— CoxpaHuTh WH(DOPMAIIHIO O BOAUTEIIIX

—IIpenBapuTenbHO paccunTaTh PacCTOSHUS

—Paccunrarp 3apaboTHYIO MJIaTy Ha OCHOBE HH(POPMAIMH O PACCTOSIHUS 1 YaCOB.

310 OyzeT TeOpeTUIECKU M AKCIIEPUMEHTAIIbHO 000CHOBAaHHASI CHCTEMA.

3akaouenue

O030p MPaKkTUKU M TEOPHU TPY30BBIX aBTOMOOMJIBHBIX TEPEBO30K ITOKAa3all, 4TO
[IOCTAaHOBKA, YCJIOBUS M KPHUTEPUH, METONbl DELICHHs 3aJa4ydl yCTAHaBIMBAJINCH
COOCTBEHHMKOM — TOCYIapCTBOM, a TIOTOMY pEaJM30BBIBAIUCH B YCIOBHUSAX
LIEHTPAIN30BAHHOTO YIIPABIEHHS HAPOJHBIM X03HCTBOM U B €r0 HHTepeckl. [lepeBo3ka
IPY30B BEIOMCTBEHHBIM TPAHCIIOPTOM ObUIa OpraHW30BaHa aHAJIOIMYHO padoTe
OO0IIIECTBEHHOTO TPAHCIIOPTA.

AHanu3 uccie10BaHmi MoKa3ajl, 4To ONlepaTHBHOE TUIAaHUPOBAaHHUE TAKUX MEPEBO3OK,
OCHOBAaHHBIH Ha yueTe OONBIIOr0 Koju4yecTBa (PAKTOPOB TEXHOJOTHMYECKOTO H
OpraHM3aLMOHHOTO TOPSIKa, TAKKE 0CTaeTCs MaJION3yYeHHBIM. TpaH3UTHBIN MOTeHIIHAT
Kazaxcrana cnenyer paccmarpuBarh Kak TOYKY SKOHOMHYECKOTO pOocTa cTpaHbl. J{is
3TOTO HEOOXOIMMO OOECTICYHTH TMOBBIIICHHE MPHUBICKATEILHOCTH H CO3/IaHHE CaMOM
coBpeMeHHOH 3(h(PeKTUBHOM TpaHCIOPTHO-JIOTUCTHYecKoi cuctembl B CHI. A Takke
COBEpIIIEHCTBOBAHNE TPAHCIIOPTHBIX ONEpaluii Ha JI0O00M BUJE TPAHCIOPTA C YYETOM
OKa3aHUs IIMPOKOTO CHEKTpa yCIyT, Mpejyiaras KOHKypeHTocnocoOHble Tapudsr. s
JOCTIKEHHS ATOM 1IeNTH ObLTH C(OPMUPOBAHBI TAKUE 3aJ1a4K KaK;

— (hopmupoBanue 3PPEKTUBHON CHCTEMBI aHAIIN3A, PETYINPOBAHIS 1 MOHUTOPHHTA
pBIHKA TPAaHCHOPTHO-JIOTUCTUYECKUX YCIYT, TOBBIIICHHE KauecTBa OOCITYXKHBaHUS
KIIMEHTOB TPAHCIOPTHO-JIOTUCTHYECKON chepsl;

— IOCTHXKCHHE MHPOBBIX CTaHJApTOB TPAHCIOPTHOH HMHQPACTPYKTyphl H
COTJIaCOBaHME HOPMATHBHO-TIPABOBOM 0a3bl 1 CHCTEM KOHTPOJIS B chepe JIOTUCTHKH;

— VKpEIUICHHE  €IMHOI0  SKOHOMHUYECKOIO  MPOCTPAHCTBA U pa3BUTHUE
MEXPErMoHaIbHbIX CBA3EH;

—peanuzanus €AWHOM WHBECTHIIMOHHO-DKOHOMHYECKOW TIONUTUKA B cdepe
TPaHCHOPTHO-JIOTUCTUYECKUX YCIYyT, pa3BUTHE HH(QPACTPYKTYpbl TpPaHCIOPTHOMH
CUCTEMBI CTPaHBI M OT/ICIbHOTO PETHOHA.

[loBpimenne 3¢p¢GEeKTUBHOCTH TPAHCIOPTHOH CHCTEMBI CIENaeT €€ KOH-
KYPEHTOCTIOCOOHBIM 3JIEMEHTOM Ka3aXCTaHCKOW AKOHOMHUKH. 3HAYUTENHHO BO3PACTYT
MacCaXUPCKUE U TPY30BHIE TIEPEBO3KH.

Kpowme toro, kak n npyrue nHppacTpyKTypHbIE CHCTEMBI, IOTUCTHYECKask CUCTEMa
JIOJDKHA  CITOCOOCTBOBATh TOBBIINIEHUIO KOHKYPEHTOCTIOCOOHOCTH OTEYECTBEHHON
MPOAYKIIMU 32 CUYET COKPAIIEHHS CPOKOB M CTOMMOCTH JIOCTaBKH, JWBepcHupurannm
HampaBIeHWd W T. O. llpuw STOM JOTHCTHMKA MODKHA OCTaBaThCS TPHOBUILHOM,
CaMOOKYTIaeMO} C BBICOKMM YPOBHEM PEHHBECTHPOBAHHE B COOCTBEHHOE pPa3BHTHE.
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CerosHa NpaBUTENbCTBA MHOTMX CTpaH J€Nal0T CTaBKy Ha pa3BUTHE JIOTHCTHUKH,
KOTOpast SIBJSIETCS OCHOBHBIM (PAKTOPOM CTUMYIUPOBAHHUS IKOHOMUYECKOTO PA3BHTHSL.
[ToaToMy pa3sBUTHE JIOTUCTHUECKHX CUCTEM SIBIISIETCS BaKHEWIIEW 3amaded Uit Bcex
CTpaH Mupa.
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Abstract. Most people rely on search engines to get and share information from
all sorts of resources. All totals returned by search engines are not always important
because they are drawn from heterogeneous data sources. Moreover, it is not easy for
a user to prove that the acquired results are relevant for the request. As a result, the
semantic network plays a significant role in interpreting the relevance of search results.
This paper proposes a new method for searching for appropriate documents using
the semantic web, based on the concept of natural language processing (NLP). In the
proposed system, NLP is used to analyze a user request in terms of parts of speech. The
extracted definitions are compared with a domain dictionary to identify the appropriate
domain of the user's interest. The retrieved user request papers are examined with
natural language processing support to identify the respective domain.
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Annoranus. KernrereH anamaap opTypili pecypcrap/iaH akImaparThl ay )kKoHe Oelricy
YIIiH i37ey KyienepiHe cyieneni. I3aey skyienepi kadTapraH OapiiblK HOTHXKENIEp
YKaHAPTHUIMANIbI, OUTKEHI OJlap SpTYpil JIepeKTep Ke3jiepiHeH anbiHraH. COHbIMEH
Karap, aJbIHFaH HOTHXKEJICP/IiH Nai 1alaHy bl CYPaHBICHI YIIIIH MAHbI3/Ibl KEHIH pacTay
KubIH. COHIBIKTAH CEMaHTHKAJIBIK BEO 137y HOTIDKEICPIHIH ©3CKTUTITIH TYCIHIIpyae
MaHBI3IBI POJ aTKapanbl. bynm Makanmaga TaOWFH TUTAI ©HAEY TYXKbIphIMIIaMachlHA
HeTi3/IeJITeH CEMaHTUKAJIBIK BeOTi Maii/1aiaHa OTHIPHIIL, COMKeC KY>KaTTap bl i3/1ey Yrici
YCBIHBLIAABI. Byt s)Kyiieie KoJIqaHyIIbl CYPaHBICHIH COMIey OOTKTepi OOMBIHIA Tal1ay
YIIiH KoyimaHbutaael. llIbFapbuiraH TEpMUHACP TaiJlaaHyIIbIHBI KbI3BIKTBIPATHIH
Colikec JJOMEH/II aHBIKTAY VIIIiH JOMEH CO3/ITIMEH CaNBICTRIPhUIAAGI. EXiHIII )KaFbIHAH,
aJBIHFAH TAWmaNaHyIIbl CYPAyBIHBIH KYKATTaphl COWKEC ITOMEHII aHBIKTAy VIIiH
TaOWFH T OHACY apKBUTBI 3ePTTEIe]I.

Tyiiin ce3mep: ceMaHTUKAIBIK 13]1IeY KYHec, TAOUFH TUI1 OHJIeY, KOHTEKCTIK TaJJay,
aKIaparThl 137Iey Ky#enepi, rpad)eMaTuKaIbIK Tal1ay, OHTOJIOTUs

Moiiexkco3 ymin: O.K. OiriM. CeMaHTHKANBIK 137y HOTHXKEICPiH KETUIIipy
ymin Tabwru Tingepai enHmey momenaepi / XAJIBIKAPAJIBIK AKITAPATTBIK-
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AHHOTanMA. BOIBIIMHCTBO NIONEH ITOJIAaralOTCS Ha ITOMCKOBBIE CHCTEMBI IS
monydeHus U oOMeHa WH(opManueld W3 pasjIHMYHBIX pecypcoB. Bce pesynbrarsl,
BO3BpalllaéMble MOWCKOBHIMH CHCTEMaMH, HE BCErla AakKTyalbHbI, MOCKOJBKY OHHU
W3BIIEKAIOTCS W3 pa3HOPOTHBIX HMCTOYHUKOB JaHHBIX. bojee Toro, oOBYHOMY

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 m

(=)

International License |y

83



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2022. Vol. 3. Is.2.

MOJIL30BATEIII0 TPYAHO TIOATBEPAUTh, YTO TIOJYYCHHBIC PE3YJIbTaThl BaXKHBI IS
0JIL30BATEIBCKOTO 3ampoca. [loaToMy ceMaHTHYeCKasi CETh UTPACT BaXKHYIO POJIb B
HMHTEPIIPETALMK PEJICBAHTHOCTH PE3YJIbTAaTOB MoucKka. B aToi pabore mpemiaraercs
MOJIEJNb /TS TOUCKA COOTBETCTBYIOIINX TOKYMEHTOB C HCITOIB30BAaHUEM CEMaHTHYECKON
CETH, OCHOBAHHBIM Ha KOHIENIHH 0O0paboTKM ectecTBeHHOro si3bika (ES). B atoit
npeiaraeMoi cucteme ESI ucronb3yercs sl aHaIM3a MoJIb30BaTeIbCKOTO 3ampoca ¢
TOYKH 3peHUS YacTel peun. M3BIeueHHbIC TEPMUHBI CPABHUBAFOTCS CO CJIOBAPEM JIOMEHA,
yToObl MJIEHTU(UIIMPOBATh COOTBETCTBYIONIMK JIOMEH HWHTepeca mosb3zoBarens. C
JIPYTOM CTOPOHBI, U3BJICUEHHBIC JIOKYMEHTHI TI0JIb30BaTE/ILCKOIO 3aIpOca HCCIICAYIOTCS
C TIOMOIITBI0 00PabOTKH €CTECTBEHHOTO SI3bIKA IS MACHTU(UKAIINU COOTBETCTBYIOIIETO
JIOMEHa.

KuaroueBbie cjioBa: ceMaHTHYECKasl TOMCKOBAsi CUCTEMa, 00paboTKa eCTECTBEHHOTO
SI3bIKA, KOHTEKCTHBIN aHAITN3, TH()OPMAaLMOHHO-TIOMCKOBBIE CHCTEMBI, rpad)eMaTHueCKUi
aHaJIN3, OHTOJIOTHUS

Jast mutupoBanus: A.K. Aiitum. Monenn o0paboTKH €CTECTBEHHOTO S3bIKA TSI
YIIyUIIeHNs CeMAaHTHYECKUX pe3ynbTaros noncka / MEXIYHAPOIHbBIN XKYPHAJI
MHOOPMAIIMOHHBIX M KOMMYHUKALIMOHHBIX TEXHOJIOI'MIA. 2022.
Tom. 3. Is. 2. Homep 10. Ctp. 82-91 (Ha pycckom sizbike). DOIL: 10.54309/1JICT.2022.
10.2. 008.

Introduction

One of the leading functions of advanced information systems (IS) is the exploration
of data components that satisfy some parameters. The specificity of the methodological
and technological tasks in a search arises due to several reasons. First, it is due to the
nature of the content of the information resources included in the system. Textual content
still dominates in advanced information systems, however, multi-format resources that
have multimedia content and use all kinds of forms of content structuring to increase
performance are becoming more widespread. The result of structurization is the division
of information into precisely structured data, metadata that describe their structure,
including "metadata" that define all kinds of data structures.

These features of the content, in an obvious or implicit form, determine the layout
for the organization of an effective search for information within the framework of
an appropriate set of resources. Another necessary circumstance that has a significant
impact on the effectiveness of information retrieval devices is the distributed and,
therefore, heterogeneous nature of advanced information resources and systems. Search
mechanisms aimed at implementation in the criteria of homogeneous information
systems and resources quickly lose their effectiveness when used in distributed
heterogeneous systems, where data presentation formats and, in accordance with this,
metadata are allocated from resource to resource or from system to system. This event
forces prospectors and creators to find ways to create universal methods and technologies
for information search, adequate to the claims of advanced information systems (Aitim
etal., 2020: 118-124).

The word is considered one of the leading forms of information exchange in society.
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Textual information in various formats is an important part of the information resources
of information systems. As a result, the creation and development of word processing
technologies attracted great concern at all stages of the formation of information
systems. The most common systems of this category are text search systems, the task
of which is to search for a given collection of documents in natural language that meet
the information needs of users. This work presents the main foundations of text search,
natural language processing methods and their implementation in search models.

Materials and methods

Information retrieval methods and natural language text processing. An important
place in the development of text search is occupied by the processing of NL. Under the
processing of NLP (Natural Language Processing) is understood the conclusion of tasks
related to awareness, analysis, performance of various operations on words, and for
example, their generation. Examples of similar tasks: classification, clustering of stored
collections of documents, deep word test, translation of documents from one language
to another, etc.

All the variety of information search methods is based on the processing and analysis
of the words of indexed documents. The bulk of information retrieval systems (IRS) are
the systems with preprocessing - preparatory processing (indexing) of all documents
available in the system. Exceptions are made for metasearch engines. Here is the list of
the main problems that arise when processing words in NL (Aitim et al., 2020: 1-4):

- the problem of synonymy;

- the problem of homonymy;

- stable combinations of words;

- morphological variations.

The problem of synonyms. One concept can be expressed by different texts. As a
result, relevant papers that use synonyms for the opinions indicated by the user in the
request have every chance of not being detected by the system.

The problem of homonymy and phenomena "adjacent to the homonymy".
Grammatical homonyms are the words different in meaning of the text, but coinciding
in spelling in separate grammatical forms. It has every chance of being the text of one or
different parts of speech. Lexical homonyms are texts of the same part of speech, similar
in sound and spelling, but different in lexical meaning.

Stable combinations of texts. Phrases have every chance of owning a remarkable
meaning from the meaning that the texts have separately. Morphological options in
many natural languages, texts have several morphological forms that differ in spelling.

The IRS that uses all kinds of ways to process the words of the NL. In the advanced
text search, not only the installation of linguistics for the analysis of words is used, but
also statistical methods, mathematical logic and the doctrine of possibilities, a cluster
test, methods of artificial origin of the mind, and for example, control technologies data.
Let us consider two leading scenarios for the processing and analysis of NL words —
statistical and linguistic.

An effective layout based on statistical analysis is latent semantic indexing. Latent
Semantic Testing is a doctrine and method for extracting the context-dependent
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meanings of texts while supporting statistical processing of large text datasets. The
latent semantic test is based on the idea that the totality of all contexts in which a given
text collides and does not collide sets many mutual restrictions, which to a large extent
make it possible to qualify the similarity of the semantic meanings of texts and sets of
texts among themselves.

The key defect of statistical methods is the impossibility of considering the coherence
of a word, and the presentation of a word as an unpretentious large number of texts is
not enough to reflect its content. The word gives a set of texts arranged in a specific
given sequence. To overcome this defect allows the introduction of linguistic methods
of word analysis.

Infigure 1 proper meanings of linguistic analysis such as graphematic, morphological,
syntactic, semantic are given. The output of each value is used by the next level of
analysis as input. The purpose of graphematic analysis is to highlight the components
of the word structure: paragraphs, services, individual texts, etc (Karpagam et al., 2015:
5679-5688).

Graphematic analysis
(separate words)

Morphological
analysis
{morphological verbal
characteristics)

|

Syntactic analysis
(verbal dependencies in
a Jenience)

!

Semantic analysis

Figure 1 - Levels of linguistic analysis

The purpose of morphological analysis is to determine the morphological data of the
text and its leading word form. The features of analysis strongly depend on the chosen
natural language.

The purpose of syntactic analysis is to determine the syntactic dependence of
texts in a sentence. Due to the presence in the Kazakh language of many syntactically
homonymous systems, the presence of a close connection between semantics and
syntax, the procedure for automatic parsing of a word is considered labor-intensive. The
complexity of the method increases exponentially as the number of texts in a sentence
and the number of applied rules increase (Madhu et al., 2016: 34-42).

Developments in the field of semantic analysis of the word are associated with the
field of artificial origin of the mind, reprimanding the semantic awareness of the word.
In real time, success in this direction is rather limited. The created semantic analyzers
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have the highest computational complexity and ambiguity of the output results.

Information retrieval models

During the formation of information retrieval systems, many models of information
search were proposed, then we will consider the main ones.

The model is a cobweb of proper elements:

1. Format of submission of documents.

2. Format of submission of requests. A request is a formalized method for expressing
the information needs of an IRS user. For this, a search query language is used, the
syntax of which varies from system to system.

3. The function of the ratio of the document to the request. The level of correlation
between the query and the found document (relevance) is a personal concept because
the results of the search, suitable for 1 user, have every chance of being unsuitable for
another.

In all possible IRS models, the picture of the relevance aspect of documents depends
on the appearance of the information search model, for example, in semantic search
models, a clear entry of query texts into the document is not considered the main aspect,
as, for example, in set-theoretic models (Dou et al., 2018: 59-68).

Variants of these elements define many implementations of search systems. Let's
look at the more well-known search models. These models of conventional information
search given in Figure 2 are usually divided into 3 types: set-theoretic (Boolean, fuzzy
sets, extended Boolean), algebraic (vector, generalized vector, latent-semantic, neural
network), probabilistic.

Models of traditional information retrieval

p | ™~

Ser-theoretic Algebraic Probabilistic
Vector Latent y Boolean Expanded
semantic Boolean
w
Neural network Fuzzy sets

Figure 2 - Models of traditional information retrieval

Boolean model is a search model based on the operations of crossing, joining,
and subtracting sets. Requirements are presented in the form of Boolean expressions
from texts and regular operators. Relevant securities are those that satisfy the Boolean
expression in the query. The leading defect of the Boolean model is its unsuitability for
ranking search results.

A vector model is a representation of a collection of documents by vectors from the
Ist common vector place for the entire collection. Papers and claims are represented
as vectors in n-dimensional Euclidean space. The authority of a term in a document
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can be qualified in different ways. For example, it is possible to count the number of
occurrences of a term in a document, for example, the named frequency of the term - the
more often the text collides in the document, the greater its weight will become. If the
term does not collide in the document, then its authority in this document is equal to
zero. All definitions that are seen in the documents of the collection being processed can
be ordered. If now for some documents write out by covering those that are not in this
document, a vector will come out, which will become a representation of the provided
document in the vector place (Deng et al., 2018: 75-96).

Results and discussion

Semantic search. One of the promising directions in the formation of information
retrieval systems is the construction of models of "semantic" search. Semantic intelligence
is a picture of automatic full-text information search, considering the semantic content
of texts and phrases of the user's request and services of words of indexed information
resources. Semantic intelligence, for example, allows you to find papers that do not have
texts from the search query, but are related to it.

Ontologies have personal methods of processing (logical inference), corresponding
to the tasks of semantic processing of information. As a result, ontologies have become
widespread in the conclusion of problems of knowledge representation and knowledge
engineering, semantic integration of information resources, information search, etc.

Ontology defines a vocabulary for scientists who need to apply information together
in the subject area. It incorporates machine-interpretable formulations of the domain's
leading opinions and the dealings between them.

The main problem in the implementation of the use of the ontological layout is the
inaccessibility of quite large and high-quality ontologies of subject areas, especially in
the Kazakh language.

The main idea of communicative grammar is that, in fact, syntax must investigate
just reasonable speech, and syntactic criteria must consider the categorical meanings of
texts to be able to predetermine the generalized meanings of any syntactic system - from
a text to a phrase and an unpretentious sentence. There is no doubt that 1 morphological
data is not enough for the text to become a constructive unit of syntax. The word-
lexeme is not yet considered a syntactic unit, the text is not a collection, and in its
various forms, various aspects of its joint meaning have every chance to be realized
or actualized. Thus, the decisive role here is played by the generalized meaning, that
is, the categorical-semantic class of the text. The generalized meaning determines the
syntactic abilities of the text and the methods of its functioning. Creating and exploring
coherent speech, syntax deals with reasonable units that carry personal, not individually
lexical, but generalized, categorical meaning in systems of varying degrees of difficulty.
These units are characterized each time by the interaction of morphological, semantic,
and active symptoms. These units are called syntaxes. It is important to emphasize that
the semantic meaning is formed because of the combination of the categorical meaning
and the morphological form and is realized in a specific syntactic position. Discussing
the text in isolation, in isolation from the word, does not allow the introduction of a
syntactic meaning, and therefore - to bring to life semantic intelligence.
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The need for ontologization is associated with the inability of existing methods to
process texts adequately automatically in the native language. For high-quality text
processing, it is necessary to have a detailed description of the problem area with many
logical connections that show the connections between terms. The use of ontologies
makes it possible to process text in the native language in such a way that it becomes
available for automatic processing (Deng et al., 2018: 75-96).

Automatic division Automatic query Automatic Automatic
by topie/section expanzion Tubrication annetation
A

Divizion by word formation meaning:
[ Lineuistic ontolosy ] Synonic series - connection of words
- - Different meanings - stripped apart
Walue taking into account thematic features

[ Thematic presentation - defining the main topics

Figure 3 - Block diagram of automatic text processing based on the linguistic method

Based on the results of the study, the following stages of automatic text analysis are
performed:

— automatic resolution of lexical ambiguity,

— building a thematic representation of the text,

— division of words according to the structure of the structure,

— formation of a block of words,
based on the built thematic presentation
automatic division of words into sections / topics
— automatic categorization,
automatic annotation (Fig.3)

Many words processing models in the field of information retrieval assume the
independent use of words in a connected text. Meanwhile it is known that the text
contains many related words and has an internal hierarchical structure. There are quite a
few different applications of automatic text processing that could produce better results
if it were possible to automatically identify the content structure of a coherent text.
Among them are applications such as automatic segmentation of texts, resolution of
polysemy, proper information search, better definition of term weights in a document,
text categorization, automatic annotation of texts, etc. The concept of text connectivity
can be considered in several aspects.

Structural coherence and coherence of the text are distinguished. In fact, we are
talking about internal (structural) and external (pragmatic) connectivity. Cohesion is the
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relationship of text elements, in which the interpretation of some text elements depends
on others. Coherence is the connectedness introduced by something external to the
text, first by the knowledge of its addressee. Based on this knowledge, the addressee
can construct a certain list and complete the links that are not explicitly present in the
text. From another point of view, the global and local connectedness of the text are
distinguished. The global coherence of the text is ensured by the fact that the text has a
single theme. The local connectedness of discourse manifests itself in the relationship
between adjacent minimal units of the text.

Determining the main topic of a text is an important step for many information
retrieval applications. The concept of the main (or global) theme of the text is associated
with such properties of the text as thematic coherence and thematic structure. A text can
be formally connected through various types of connectivity, but if it does not have a
single theme, then it cannot be considered as a text. The topic of a whole text can be
characterized in terms of subtopics, and subtopics in terms of even more local subtopics.
Each sentence of the text corresponds to one or another subtopic of the hierarchical
structure of the text. The macrostructure of a text determines its global connectivity.
"Without such global connectivity, it would be impossible to control local connections.
sentences can be well connected according to local connectivity criteria, but they might
deviate if there were no global restrictions on their content".

Semantic networks are one of the artificial intelligence methods for representing
knowledge in natural language. The semantic network is an information model of the
subject area, which has the form of a directed graph, the vertices of which correspond to
the objects of the subject area, and the edges determine the relationship between them.
Objects can be concepts, events, properties, processes. Thus, semantic networks are one
of the ways to represent knowledge in natural language. In recent years, in the works
of many scientists, it is proposed to use graphodynamic systems as a formal basis for
projected intelligent systems, abstract logical-semantic models of intelligent systems.

Conclusion

The described classical search engine models at the beginning hoped to
discuss documents as many separate texts that do not depend on each other.
The probabilistic model is characterized by low computational scalability, the
need to constantly study the system. Algebraic set-theoretic models are more
widespread, since their practical effectiveness is usually higher. It follows in the
footsteps to indicate that the recent implementations of information search plans
proposed recently are often considered hybrid models and have the qualities
of models of various classes. One of the promising directions in the formation
of information retrieval systems is the construction of semantic search models,
the main task of which is to analyze the word, i.e., extracting meaning from a
word and reflecting it into a formal model that allows you to find the semantic
proximity of two words. It is worth accepting that the potential of these systems
is indeed enormous, however, not all possible semantic technologies have been
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sold far away in real time. In essence, now they can only help to mark the main
texts from tirades built in natural language and select auxiliary word forms for
making a correct search query. This purpose of search methods urgently asks for
formation.
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Abstract. A linear boundary value problem for systems of essentially loaded ordinary
differential equations with a three-point condition is considered. The considering
problem is reduced to a boundary value problem for loaded ordinary differential
equations with a three-point condition. Based on D.S. Dzhumabaev's parameterization
method, a numerical method for solving a boundary value problem for loaded ordinary
differential equations with a three-point condition is developed and an algorithm for
its implementation is proposed. By partitioning the interval and introducing additional
parameters, the boundary value problem for loaded ordinary differential equations is
reduced to an equivalent boundary value problem with a parameter. An equivalent
boundary value problem with parameters consists of the Cauchy problem for a system
of ordinary differential equations with parameters, a three-point condition, and a gluing
condition. The solution of the Cauchy problem for a system of ordinary differential
equations with parameters is constructed using the fundamental matrix of the differential
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equation. Substituting the values at the corresponding points of the constructed solution
into the three-point condition and the gluing condition, a system of linear algebraic
equations with respect to the parameters is compiled. A numerical method for solving a
boundary value problem for essentially ordinary differential equations with a three-point
condition based on the solving of the constructed system is proposed. The proposed
numerical method is illustrated by an example.

Keywords: boundary value problem, loaded differential equation, multipoint
condition, numerical method, parametrization method
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AuHoTamus. YU HYKTeNdi MapTel Oap eneynmi TypAe KYKTenreH jxoi audde-
PEHIMAIIBIK TEHJACYICp JKYHECl YIIIH CBI3BIKTHIK IISTTIK €CEeN KapacCThIPbLIaJIbI.
KapacThIpbUIblll OTBIpFaH ecenl YII HYKTelll MIapThl Oap >KYKTeNreH kol auddepen-
IHAATABIK TCHACYIIEp VITiH ChI3BIKTHIK MIETTIK ecenke kentipineni. J.C. XXymabaeBThIH
rapaMeTpJiiey 9JIiCi HeTi31H e YIIl HYKTelli IapThl 0ap )KYKTEITeH xoi nudhepeHrna bk
TEHJIeyJep YILUiH MIeKTi €CenTi LISHIyiH CaHIBIK 9MICi 93IpJIeH[l oHE OHBI KY3ere
achIpy aITOPUTMI YCBIHBUIIBI. APaIbIKThI 0OITy JKOHE KOCBIMILIA TapaMeTpiepi CHI13y
ApPKBUIBI KYKTEITeH Ko au(depeHnaiIblK TeHaeyliep YIIiH MeTTiK ecen mapaMeTpi
0ap SKBUBAJIEHTTI MIETTIK ecenke Kenrtipinexi. [lapameTprepi 6ap S5KBUBAIEHTTI MIETTIK
ecen mapamerpiepi Oap kol muddepeHanIbK TeHaeynep xyieci ymin Komm
eceOiHeH, YII HYKTENl IIapThIHAH JKOHE jKanfay LIapTbliHaH Typaznbl. [lapamerpnepi
O0ap kol muddepenumanaplk Tenaeyaep kyieci ymin Komm eceOiHiH Imemimi
muddepeHIuanapK TeHACYNIH (QYHIAMEHTAIIBIK MaTpPULACHIH KOJIJaHa OTBIPBII
Kypblaael. KypbutFan menriMHiH THICTI HYKTeNepiHAeri MoHASpAl YII HYKTeNi apTKa
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JKOHE KaJIFay IIapTTapblHa KOWBII, HapameTpiiepre KaTbICThI ChI3BIKTBIK aareOpasbik,
TeHJIeyaep Kyheci Kypbuiansl. Kypbuiran kylieHi mienryre Heri3genreH yII HYKTemi
LIapThl Oap eneyii TypAe KYKTeNreH Kol quddepeHunanapK TeHACyIep YIliH MeTTiK
€CeNTl WICHIyIiH CAHABIK OJIiCi YCHIHBUIFaH. YCHIHBUIFAH CaHJIBIK OJIiC MBICAIMEH
KOPKEM/ICIITEH.

Tyiiin ce3aep: mweTTik ecen, XYKTelAreH TudQepeHInanablK TeHaeY, KOMHYKTem
LIapT, CaHIBIK 9JIiC, MapaMeTpIiey d.ici

Hoiiexceo3 ymin: XK.M. Kaneip6aera, J1.C. Adunkaup, b.C. MacanumoB. Y1 HyKTei
mIapThl Oap eneyni Typae xKykrenareH auddepeHunanabik TeHaeyaep sKyHeciniH CaHIbIK,
memimMi typansl // XAJIBIKAPAJIBIK AKITAPATTBIK-KOMMYHUKAILUAJIBIK
TEXHOJIOT'UAJIAP XXYPHAJIBI. 2022. Tom. 3. Is. 2. Hemipi 10. 92—102 et (opsic
timinzge). DOL: 10.54309/1J1CT.2022.10.2.009.
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AHHoTanms. PaccMaTrprBaeTcs TnHeliHas KpaeBas 3a/1a4a 1J1sl CHCTEM CYLIECTBEHHO
Harpy’>KeHHbIX OOBIKHOBEHHBIX AW (EpEeHIHANTBHBIX YPaBHEHUH C TPEXTOYCUHBIM
ycnoBueM. PaccmarpuBaemast 3ajjaqa CBOIUTCS K KpaeBOW 3ajjade Julsd HarpyKEHHBIX
OOBIKHOBEHHBIX T PepeHINANTbHBIX yPaBHEHHI C TPEXTOUEUHBIM yciaoBueM. HaocHoBe
Metona napamerpuszauun J[.C.J[xymabaeBa pa3paboTaH YHCIEHHBI METOA pEIICHHS
KpaeBo# 3a/auul Ui Harpy>KeHHbIX OOBIKHOBEHHBIX AM(depeHHaIbHbIX YpaBHEHUH
C TPEXTOUCYHBIM YCJIOBHEM W TPEIJIOKEH allTOPUTM €ro peanusanuu. PazoneHuem
HWHTEpBaJIav BBEACHUEM AOTIOJIHUTEIbHBIX TapaMeTPOBKpaeBasizagaqa st Harpy>KeHHBIX
OOBIKHOBEHHBIX JU(depeHINaNbHbIX YPAaBHEHU CBOJUTCS K 9KBUBAJICHTHON KpaeBon
3ajlaueé ¢ MapaMeTpoM. OKBHBAaJIeHTHas KpaeBas 3ajadya C MapaMeTpaMH COCTOUT
u3 3amaun Kommm it cucteMbl OOBIKHOBEHHBIX AW (epeHINaTbHBIX YPAaBHEHUH ¢
napaMeTpamMM, TPEXTOUEYHOTO YCJIOBUS M YCIIOBHUS CKJIeuBaHMA. Pernenue 3anaun
Komm st cucteMbl 0OBIKHOBEHHBIX An((epeHINaIbHbIX YPaBHEHUH ¢ mapaMeTpamMmu
CTPOUTCS C TIOMOIIBIO (PyHIaMEHTaIbHON MaTpulbl JuddepeHInanTbHOro ypaBHEHHS.
[loncraBnag 3Ha4eHHs B COOTBETCTBYIOIIMX TOYKaX TIMOCTPOEHHOIO pELICHHUS B
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TPEXTOYEYHOE YCJIOBUE W YCIOBHE CKICHBAHUS, COCTABIISETCS CHCTEMa JIMHEHHBIX
anreOpanvecKkux ypaBHEHHH OTHOCHUTENBHO mapaMeTpoB. llpeanokeH YuCICHHBIN
METOJl PEUICHUS] KPaeBOH 3ajaud AJsl CYIIECTBEHHO HArpy>KEHHBIX OOBIKHOBEHHBIX
muddepeHInanbHbBIX ypaBHEHUH C TPEXTOUYEUHBIM YCJIOBHEM, OCHOBAHHBIH Ha
peLIeHnH TOCTPOESHHOM crcTeMbl. [IpennaraeMplii YUCICHHBIA METO HILTIOCTPUPYETCS
MIPUMEPOM.

KiroueBble ciioBa: kpaeBas 3a1a4a, Harpy)xeHHoe quddepeHnuansHoe ypaBHeHUE,
MHOTOTOYEYHOE YCIIOBHE, YUCICHHBI METO, METO TapaMeTpU3aun

Jast nurtupoBanns: XK.M. Kamupbaesa, J[.C. Abwikaup, b.C. Macamumos. O
YHCJICHHOM PEUICHUH CHCTEM CYIIECTBEHHO HarpyXeHHbIX Iu(QepeHIrnanIbHbIX
ypaBHEHHii ¢ TpexToueuHsM ycaosueM // MEXJTYHAPOIHBIN XXYPHAJI UHDOOP-
MAIIMOHHBIX I KOMMYHUKAITMOHHBIX TEXHOJIOI'MIA. 2022. Towm. 3. Is.
2. Homep 10. Ctp. 92—-102 (na pycckom sizbike). DOIL: 10.54309/1JICT.2022.10.2.009.

BBenenue

UccnenoBanne HarpykeHHbIX auddepeHInanbHbIX YpPaBHCHUN NPEICTABISET
WHTEpEC KaK C TOYKH 3PEHHS IOCTPOSHUs oOImiei Teopuu IaudQepeHIuaIbHbIX
ypaBHEHUH, TaK W C TOYKW 3pPEHUS MPUIOKECHUH, NPUYEM NPUIOKECHUH Kak B
MaTeMaTHYeCKOM MOJISIMPOBAaHUU, TaK U B COOCTBEHHO MareMaTrke. Pa3Hbie KpaeBble
3aJlauu JiJIsl Harpy>KeHHbIX MU (hepeHIInaIbHbIX YPaBHEHUN H METOBI HAXOXKISHUS HX
peurenuii paccmotpensl B (Haxymes, 2012: 232; Haxymies,1995: 301; Jl»xenanues u
ap., 2010: 334; Abdullaev u np., 2014:1096-1109; Assanova u ap., 2018: 508-516;
Assanova u 1p., 2018: 4966—4976; Bakirova u np., 2020: 77-86).

TepMHH CyIIECTBEHHO HArpyKeHHOe AUQQepeHIalbHOe YpaBHCHUE O3HAUYAeT,
4TO mpaBas 4acTb AuddepeHInanTbHOr0 YpaBHEHUST 3aBUCUT OT 3HAYCHHS MCKOMOTO
PEIICHUs U ero MPOU3BOIHBIX B 3aJJaHHBIX ToukaX. KpaeBble 3a1a4u JIsl CyIIeCTBEHHO
Harpy»eHHbIX Jud(epeHInaIbHbIX YPaBHEHHUH Pa3IUYHOTO THIA HWCCIICAOBaHbI B
(xenanues u np., 2010: 334; Krall, 1975: 493-542; Kadirbayeva u np., 2020: 47—
57; Kadirbayeva u np., 2021: 6-14; Kadirbayeva, 2021: 551-559). Tak kak Hanuuue
ITPOW3BOIHOM PEILICHHSI B HATPYKEHHON TOYKE CUJIBHO BIUSET HA CBOMCTBA YPaBHECHUH,
B HacTosIIeld paboTe HCcienyeTcs JIMHEWHas KpaeBas 3afadya Juis CYIISCTBCHHO
Harpy»eHHbIX Au(QepeHINaTbHBIX YPABHEHUN C TPEXTOUCUYHBIM YCIIOBHEM.

Ha [0, T| paccmaTpuBaeTcs JIMHEHHas TpeXToYeyHasl KpaeBas 3ajiada Jyis CyIec-
TBEHHO HArpy»KCHHBIX O0OBIKHOBEHHBIX (D (epeHIINaTbHBIX YPaBHEHUI

dx

= = Ao(Ox + A1 ()x(8o) + Ax(0)x(61) + A3(D)%(6p) + f(2), t € (0, T), (1)

Box(eo) + le(gl) + Bzx(ez) = d, de Rn, X € Rn, (2)

re (n X n)-marpuipl 4 (1), (i = 0,3), n n-sexrop-pynxuus f () Henpepsisasl Ha [0, T,
Bj, (j = 0,2), mOCTOSTHHBIE (1 X 11)-MaTPHITBI, d — IOCTOSTHHBIN 7-BeKTOp, M 0 = Oy < 0; <
6, = T, lxll = max|x].
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Yepes C([0, T], R") o603HaunM mpocTpaHCTBO HenpephIBHBIX GpyHkuui X: [0, T] —
R" ¢ mopmoii l1xll: = trél[(ZiFT(]||x(t)||.

Henpeprisao nuddepenmupyema Ha (0, T) pynkius x (t) € C ([0,T], R") na3siBaetcs
pemenuem 3amaund (1), (2), ecam OHA YIOBJIETBOPSICT CHUCTEME CYIIECCTBEHHO
Harpy>XeHHbIX Au(epeHITnanbHbIX YpaBHeHNH (1) U TpexToueyHOMY YCIIOBHIO (2).

B ypasnenuu (1) npu t = 0, u monyunm

[I = A3(00)]%(8y) = Ag(60)x(0,) + A1(00)x(6y) + A, (8)x(6,) + f(6,), (3)

rae / — equHIYHAS MaTpuIla pasMepHocTty (n X n). lpeamonoxum marpuna [1 — A
(0,)]o6patnma, Torna us ypaBHeHus (3) momyIum

3

x(0) = [I = A3(00)] 7 {A(00)x(8y) + A1(80)x(6y) + A2(05)x(01) + f(6)}.

[loncrasnsas 3nauenune x(6,) B ypaBHeHHe (1) MOTYUM CIEIYIONIYIO TPEXTOUECUHYIO
KpaeBylo 3ajady IJisi CUCTEM Harpy>KeHHbIX OOBIKHOBEHHBIX IU(QepeHIHaTbHBIX
yYpaBHEHUI

% = Aog(O)x + K1 (£)x(8y) + K, (£)x(6,) + F(t), t € (0,T), “4)
Box(0,) + B1x(61) + B,x(6;) =d, d€R", x€R", )

e Kq(t) = Ay (t) + As (D)1 — A3(80)] {4 (6o) + A1(60)}
K (t) = Az () + A3 (D)1 — A3(6,)] 7" A,(6,),
F(t) = As(O)[I — A3(60)]7*f(8o) + f (D).

MarepuaJibl 1 METOIBI HCCIETOBAHUS

Kpaesas 3anaua (4), (5) uccienyercs meromom napamerpusanuu J1.C. Ixymabaesa
(Dzhumabayev, 1989: 34—46). Uuteprai [0, T] pa3dbuBaeM Ha JIBE 4aCTH:

[0: T) = [90' Ql)U [01' 92)

Beenem mnpoctpanctso C([0,T],6,R?™) cucreM ¢yukumii x[t] = (x,(t), x,(t)),
e  x,:[6,_1,60,) > R™ HemnpepslBHBI Ha [0,_1,0,), r =12, UMECIOT KOHCUHBIM
JICBOCTOpOHHHUE mpeensl  lim x;(¢) m  lim x,(¢t), ¢ Hopmotit ||x[]ll, = max{ sup

£=61-0 20270 £€160,61)
ey (ONl, sup ez (Ol -
t€[61,62)

Cyxenue Qynkuun x (¢) Ha [6,_4,6,) r= 1,2, 0003Ha4nM UYepes x (1), T.€. X (1) = x (1)
mus Beex t € [0,_1,6,), r=1,2. BBeieM A0MOIHHUTENBHBIE TapaMeTphl 41 = Xx1(60;), 4, =
x2(01). U na xaxaoM unrepaie [6,_1,0,), r=1,2, npousseaeM 3ameny QyHKIUH x (1)
=u,(t) + 4,, r = 1,2. Torna 3amaua (4), (5) nepeiiier Kk ciaenymomei SKBUBAICHTHOM
3ajgaqe:

duy,
dt

u(0,-1) =0, =12 (7)

= Ao Our + 4] + K1 (DA + K, (D)2, + F(O), t€[6,-4,6,), r =12, (6)
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BOAI + Bll’lz + Bz/’{z + Bz t_l)igrzn_o uZ(t) = d, (8)

A+ t_l)ierln_o u () = 5, )

Pemrenniem  3amaun  (6)-(9) sBmsercs mapa  (u'[t],A") ¢ omemeHTamMu
(wi(®),uz3(®) € C([0,T],6,R*™),  A* = (A, 4;) €R?™ e dymxmmn  up(), = 1,2,
HenpepbiBHO Audepenuupyemsl Ha [0r-1,6r) unpu 4 =4}, j = 1,2 ynosneropstor
cucreme auddepeHanbHpIX ypaBaeHui (6) u ycnousiM (7)—(9).

3amaun (4), (5) m (6)—(9) »xBuBanentHel. Ecimm x*(t) sBmsgerca pemeHuEM
samaun (4), (5), Torma mapa (W[t} A7), rme u*[t] = (x* () — x*(6,), x*(t) — x*(6,)),
and A" = (x7(6y),x"(681)), Oymer pemrenunem 3amaun (6)-(9). U Haobopor, eciau mapa
(@lt], 2) ¢ omementamu @[t] = (T (1), % (t)) € C([0,T),6,R*™), A= (14,1,) € R?"
- pemenue 3amaun (6)-(9) , Torma ¢ynxims mapa X(t) ompenmensemas paBeHCTBAMHU

x(t) = u(t) + Ay, t € [6,_4,6,), r = 1,2, Gyner pemeHneM ucxoaHoii 3amadn (4), (5).
d
ITycts @ () — GpynnamenTanbHas MaTpuna AM(PepeHIranIbHOTO ypaBHEHHUS d_f =

Ao(t)x Ha [0,_4,6,), r = 1,2. Torna pemenue 3anaun Komm (6), (7) MOXKHO 3amnucarh
B BUJE
t t
ur(t) = . (t) f P @A (DA + @ () | P O[K (DA + Ko (D)Ap]dT +
Or—1 ) Or-1

+0,() fgr_l O (0)F(D)dr, tE€[0,_1,6,), r=12 (10)

[MoncraBuB mpaByro wacte (10) B ycmoBusi (8), (9) mpu COOTBETCTBYIOIIUX
MPeAETIbHBIX 3HAYCHHUSX, TOTYUHUM CIIEAYIONIIYI0 CUCTEMY anreOpandecKux ypaBHEHUH
OTHOCHTEIILHO MapaMeTpoB 4y U A;:

02
BoAy + BiA; + By, + B, ®,(6,) f O3 (D)[Ag (1) Ay + K1 (DA + Ky (D) A,]dT =

o 6 (11)
=d — B,®,(6,) f91 &5 (T)F(1)dr,

01
A+%wajm%m%mh+&mm+&mmm—
6o

61 « _
-, = —d,(6;) feol ®d7I(1)F (1)dr. (12)
Jlanee paccMOTpUM clefyromue 3agaun Komm s 0ObIKHOBEHHBIX u(pdepeH-
[MAJILHBIX YPaBHEHHUH Ha MOJUHTEPBAIAX

% =AWy +P@), y(0,-1) =0, t€[6,4,6] r= 1'2, (13)

rie P (t) — uenpepoiBHbie Ha [0r-1,60:], r = 1,2, (n X n) marpumna, 1u60 1 BEKTOD.
CrenosarenbHo, pemienne 3a1auu (13) npencrapisier co0oi KBaJpaTHYIO MaTPUILy WITH
BekTop. O6o3Haunm 4epes o, (P, t) pemenne 3anaan Komm (13). OueBnano, uT0
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ar(P,0) = &, (1) [, 7 (OP@dr, t€[6,,6,] r=12, (14)

[Tepesanumiem cuctemy anredpandeckux ypasuenu (11), (12) ucmonssys (14):
+B,a;(Ky, 05)21 + Byay (K3, 02)4; = d — Bya,(F, 0,), (15)

A1+ ay (Ao, 01)21 + a1 (K1, 01) 24 + a1 (K3, 01)2; — A, = —ay(F, 04), (16)

Marpuiry, COOTBETCTBYIOIIYIO JIEBOM 4acTU CUCTeMbl ypaBHeHul (15), (16), 0003-
HauuM depe3 Q,(0) u 3anuiem cucremy B BHJIE

0.(0)A = F.(8), 1€ R™™, (17)
rae
Q.(0) = By + Bya, (K1, 6) By + Byl + a,(Ao, 02) + ay (K, 92)]]
' I+ ay(Ap, 6,) + ay(Ky,6,) a,(K;,01) — 1 ’
_ d - Bzaz(F, 02)
0=t

HeTpynHo yCTaHOBHTH, YTO pa3pelimMOCTh KpaeBoi 3agauun (4), (5) sKBUBaJCHTHA
paszpemumoctu  cuctembl  (17). Pemenmem cuctembr (17) sBIsieTcs  BEKTOp
A" = (21,43) ER®™ COCTOMT W3 3HA4YeHMil pelneHui ucxomHod s3amaun (4), (5) B
Ha4yaJbHbIX TOUYKAX MOJUHTEPBAJIIOB, T.€. A1 = x™(0y) u A5 = x*(0,).

MBI nipe/iiaraeM CIIe Ty LYo YHCICHHYIO PeaH3aliio METOa MapaMeTpH3aiiu
J.C.JIxymabaeBa.

1. Bepem pasouenne 0=060<6, <6, =T,  Paggenum nepBbIii HHTEPBAI
[65,6,] Ha N, uacreii ¢ marom hi =(0:—60)/Ni, a Bropoii mHTepBan [6y,6;]
Ha N, uacreft ¢ marom hy = (62 —61)/N,. IlpeanonokuM, YTO Ha KakKIOM
unrepsane [0r--1,6:], r = 1,2, mepeMenHas { nNpuUHMMaET JUCKPETHBIE 3HAYEHUS:
6=6,1,0=0,_1+h,.., 6=6,_1+ (N, —Dh,, 6 =6, y 0Go3HauUM uepe3 {6,_1,6,}
MHOYKECTBO TAKHX TOYECK.

2.Pemast crnenyromue 3agaun Komu it OOBIKHOBEHHBIX TU(P(EpPEHIIHATBEHBIX
YpaBHEHUI

Y - 4Oy + Ma(0), Y6, ) =0, LE[6,16,]
Y @Y+ KO, YO =0, tE[,,0,]
Y - 4Oy + Ka0), Y6, =0, LE[6,10,]
Y 4Oy + PO, Y6, =0, tel8, 16 r=12

HaxonuM 3HadeHus (n X n) Marpuil 4 (Ao, 1), a,(Ky, 1), a-(Kz,©) u n Bextop a,(F,f)
Ha {er—lﬂ gr} » T = 1,2

3. ITocTtpouM cucTeMy JHMHEHHBIX anreOpanvdecKux YpaBHEHWH OTHOCHTEIBLHO
rapaMeTpoB
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Qo)1 = —E"(6), 1€ R?", (18)

R. R Y R _ gk
Pewas cucremy (18), maxomum A x"(0p) = A7 n x"2(6,) = 13,
4. UTo0OBI ompenenuTh 3HAUYCHUS MPUOTMKCHHOTO PEIICHUS B OCTABIIUXCS TOYKAX

MHOXECTBaA {67«_1, gr}, HYXKHO pCHIUTD 3aJa4un Komm

d _ _
2 2 ApOx + Ky (ONF + Ko (ONE + F(0),

dt
x(@r_l) = }L‘i«l, t e [Qr_l, Qr], r= 1,2

Taxum 00pa3om, MPeAIOKEHHBIN alTOPUTM MO3BOJISET HAUTH YHCICHHOE pPelIeHUe
3amaun (4), (5). Msl BuauM, 4TO pelieHne KpaeBoil 3amaqn (4), (5) Taxxke sBiIseTcs
pemenreM kpaeBoi 3aaauu (1), (2), korna Marpuna [1 — A3(6)] oOparuma.

YT1oOBl MPOMIUTIOCTPUPOBATH MPEUIOKCHHBINH aJTOPUTM U1l YUCICHHOTO PEIICHHS
JUHEHHOM KpaeBOW 3aJaud JUIsl CYLIECTBEHHO HArpyXEHHBIX OOBIKHOBEHHBIX
nuddepeHInanbHbIX YpaBHEHHH ¢ TPEXTOUEYHBIM yciaoBueM (1), (2) Ha ocHOBe MeTona
napamerpuszanuu [.C. IrxymabaeBa, pacCMOTPUM CICAYIOLUINN TTPUMED.

PesyabTar nccaenoBaHus

Ha otpeske [0, 1] paccMaTpuBaeTcst TMHEHas KpaeBas 3ajada AJisl CyLIIECTBEHHO
Harpy’>K€HHbIX OOBIKHOBEHHBIX AU (EpEeHINANTBHBIX YPAaBHEHUH C C TPEXTOYCUHBIM
YCIIOBUEM

2 = Ag(O)x + A1 (Ox(0) + Az (Dx (5) + A3 (0)%(0) + F(©), £ € (01), (19)

Box(0) + Byx (3) + Bpx(1) =d, d€R? x€R? (20)
B _1 o _(t t?
B 6,=0, =3 6,=T=1 A®=(} )
2 5 _ (3 t _(t?+6 4t
A0 = (Zt t3)’ Az (1) = (51: tz)’ 45(6) = ( -2 t- 5)’

=3 ) m=(5 Dr=G 1) a=(5)

—12t3 — 3t? — 31t — 8)
t) = )
f® <2t3 —18t% — 14t + 30

3nauanne X(0) maxomum u3 (19):

1
-~ 0 1

s = | {4@x0 + 4,00 + 4,02 (3) + F©}
T
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Honcrasusist 3nauenne X(0) B ypaBHeHue (19) monyuMm Cleyroyr0 KpaeByro
3a/lady JUIsi CUCTEM Harpy>KEeHHBIX OOBIKHOBEHHBIX JH(QepeHInaIbHbIX YpaBHEHUN
C TPEXTOUCUYHBIM YCIOBUEM

2 = A()x + Ky (Dx(0) + K(0x (3) + F (D), t € (O.1), (21)
Byx(0) + Byx G) +B,x(1)=d, de€R? x€R2 (22)
e
242t —t2-Zt—1
Ki(t) = A1 (6) + A3 () [I — A3(0)] 1 {A4,(0) + 4, (0)} = 7 5 s t 11
373 —3t3
it—étz _3 t
K(®) = 0 + O = 40140 = * 5> )
5 5
STz BT q2¢3
5 15

F(O) = 40U =4O O +fO=(",° " o
15 15

g pemenust kpaeBod 3amaun (21), (22) ucnonb3yeM UYWCIEHHYIO peau3alifio
Merona mnapamerpuzauun  J[.C. JxkymabaeBa. MbI mpenocTaBisieM pe3yJbTarhl
YUCIICHHOW peasu3aliiy ajropuTMa myrteM pasoueHus nogunrepsaios [0, 0,5], [0,5, 1]
¢ marom h = 0,05.

TounbiM perrenuem 3agaun (19), (20) sisiercst pyHkus x*(t) = (4t2 + 5),
Pe3y.IIBTaTLI pacy€ToOB YMCICHHBIX peHIeHI/IP'I B TOYKax p336I/IeHI/I$I HpeECTaBHeHI)I B

tabnuie 1. DT pe3ynbraThl MOMyYeHbI ¢ TOMOIbIo cructeMbl MathCad.

Ta6nuna 1 — YucnenHoe pemenue 3anayau (19), (20)

t x1(t) % (1) t x.(0) % (t)

0 5.000001235 -1.999998855 0.5 6.000000851 1.999998545
0.05 5.010001158 -1.599999601 0.55 6.210000854 2.399998592
0.1 5.04000109 -1.200000173 0.6 6.440000865 2.79999866
0.15 5.090001031 -0.800000606 0.65 6.690000882 3.199998746
0.2 5.160000981 -0.400000927 0.7 6.960000905 3.599998847
0.25 5.25000094 -0.000001158 0.75 7.250000936 3.999998961
0.3 5.360000907 0.399998685 0.8 7.560000973 4.399999086
0.35 5.490000882 0.799998586 0.85 7.890001018 4.79999922
0.4 5.640000864 1.199998536 0.9 8.240001071 5.199999363
0.45 5.810000854 1.599998524 0.95 8.610001132 5.599999514
0.5 6.000000851 1.999998545 1 9.000001202 5.999999671

7] This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License

100



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2022. Vol. 3. Is.2.

JIiisi pa3sHOCTH COOTBETCTBYIOIIMX 3HAYEHUM TOYHBIX M IIOCTPOEHHBIX pELIEHHI
3aj1a4y CIpaBe/JINBa CJIEAyIOIas OlEHKa: jrjloa%”x “(tj) — %(t))|| < 0.000002.

3akiIo4eHne

B nanHO# paboTe mpennokeHa YMCIIEHHAs pealn3alys METoAa MapaMeTpu3aliu
H.C. JlxxymabaeBa IJisi pelICHUs JHUHEHHOH TPEXTOYEYHOH KpaeBOM 3ajaud Juis
CHCTEMBI CYIIECTBEHHO HArPYXEHHBIX OOBIKHOBEHHBIX MU(QepeHIHaNbHbIX YpaBHe-
Hui. [lpuBeneH npumep, WIUIFOCTPUPYIOLIUMI YMCIEHHBIE aITOPUTMbI  METOAA
napamerpusanuu J.C. Irxymabaesa.
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AHHoTamus. Makajana Kap>KbUIbIK WHAYCTPHUS KOHTEKCTIHJE KOCIHOPBIHAAPIABIH
nedoint (0aHKPOT) BIKTUMAJIBIFBIH TAJ /1Ay 9/IICTEPi KapacThIpbUIabl. 3epTTey HeTi3iHae
oi eOoNT BIKTUMAJIBIFBIH Oarajiay TocuepiH ychiHaAbl. KemnTereH Mmouesbaep
HECHENIK TOyeKeNJepAl Tajjayra KOMEKTecell, MbICalibl, JNeHONT BIKTUMAJIIBIFHI,
KOIIIi-KOH TOyeKeli oHe IIbIFBIHIAp OovbIHmAa nedont. Ochl YATLIEpIiH dpKaiChIChI
HECHENIK TAyeKesIi Oaranay YIIiH ©Te MaHbI3/bl, IETCHMEH HETi3rl KOHE MaHbI3IbI
yJIriiepiH Oipi 9JIeTKi YITIHIH bBIKTUMAJIABIFBI OOJIBIN TaObLIabI, SIFHU OCHl MaKaiaja
naiananbiiaael. by MaceneHi ey yIniH CTaHAapTThl MaTeMaTUKAJIbIK armapar
KOJIJIAaHBLIAJbl: CBI3BIKTBIK PErPECCHs, MAaTPHUIAJIBIK TEOPHUS JKOHE ChI3BIKTBI €MEC
OarmapramMaray.

Tyiiin ce3mep: Ae(OiT BIKTUMAJIBIFBI, HECUE Calachl CaHAThl, HECHE OOMWBIHIIA
BIKTHUMAJI IIbIFbIHIAPFa apHAJIFaH Pe3epBTEp, EKUIIK perpeccus
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AunHoTanus. B crarbe paccMaTpuBaroTCs BOIIPOCHI METOJIOB aHAIIN32a BEPOSTHOCTH
nedonta (0aHKPOTCTBA) MPEANPHUATHIA B pa3pe3e (GuHaHCOBOW oTpaciau. Ha ocHoBe
WCCIIIOBAHUS TIPEUIAraloTCsl MOAXOAbI K OICHKE BEpOSTHOCTH Jedonra. MHorue
MOJICTT TIOMOTAl0T aHAJIM3HPOBaTh KPEAWTHBIE PHCKH, HAIpUMeEp BEPOSTHOCTD
nedonTa, MUTPAMOHHBIN pucK U JedonT no yoObiTkam. Kaxkmas w3 3Tux Mojenei
JKU3HEHHO HEOOXOMMa JIJIsl OLICHKU KPEIIMTHOTO PUCKA, OJIHAKO OJIHOM M3 OCHOBHBIX U
CYIIECTBEHHBIX MOJICIICH SIBIISIETCSI MOJIEIb BEPOSTHOCTH AedoiiTa, T.e. NCIOIb3yeMasi B
JIaHHOM cTarbe. [[j1s pelieHns 3T 3a/1a41 UCIIONIb3YETCsl CTAH IaPTHBIN MaTEMaTUYECKUI
anmnapar: JMHENHAasi perpeccusi, TEOpHsl MATPUL] U HEJIMHEHHOE IPOrPaMMUPOBAHUE.

KiroueBble cioBa: BEpOSITHOCTh Je(ONITa, KATETOpHUs KauecTBa KPeInuTa, pe3epBhI
Ha BO3MOXKHBIE TIOTEPH T10 cCyJaM, OWHapHast perpeccHst

Jdass nutupoBanmsa: MonnarynoBa A.H., CyneiimenoBa A.P., Casbaea A.XK.
HccnenoBanue MeTOJOB aHaIM3a PUCKA C WCIOJIL30BAHUEM MOJEIel BEPOSTHOCTH
nedonra B dunancosoit orpacin / MEXIYHAPOJHbBIN XXYPHAJI UHOOPMA-
IUOHHBIX 1 KOMMYHUKALIMOHHBIX TEXHOJIOI'MIA. 2022. Tom. 3. Is. 2.
Homep 10. Ctp. 103—113 (Ha pycckom s3bike). DOIL: 10.54309/1J1CT.2022.10.2.010.

Introduction

To date, commercial banks in the developed countries have designed and tested
many mathematical models for assessing borrowers' credit risk. Many of them have
stood the test of time and are now used in world practice. Thus, the Basel Committee on
Banking Supervision proposes a standardized approach for assessing credit risk, based
on the assessment of external rating agencies, and an approach based on internal ratings
(Internal Rating Based approach, IRB) (http://www.bis.org/publ/bcbsc111.htm).

The problem of solving issues related to default in the financial sphere is considered
by us based on constructing a mathematical integral model that evaluates the individual
risk of the borrower and acts as a basis for assessing the aggregate risk. The main
disadvantage of this approach is the unaccounted fact that over the life of the loan there
is a change in the individual probability of going into default. The actual assessment of
the loan is investigated not only for the first year of the loan's life but also for the entire
term of its life. According to the IFRS standard, the volume of reserves formed should
depend on the dynamics of the risk level, which is determined by assessing the risk of
default throughout the life of the loan (lifetime PD). A model is proposed for obtaining
a dynamic estimate of the probability of default based on its data on the quality of
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fulfillment of obligations under the loan agreement (future engineering) and the phase
of the macroeconomic cycle. The model is based on the method of logistic regression
with regularization, the quality of which is determined through the calculation of the
Gini coefficient. Building a model for estimating the probability of going into default.

Methods

An essential class is market models that are based on information available to stock
market players. Firstly, it is the market data of the borrower's listed securities. Such
models can be divided into structural and abbreviated models.

At the center of the structure is the idea that the value of the company's shares is
an option on the company's assets with a transaction price equal to its liabilities. The
founders of this class of models are BLACK and Shoals, Merton. Merton considered the
company's accounts payable as a claim that could be changed in its value and used the
BLACK — S choles option pricing formula to assess the probability of the company's
default (Black et al., 1973: 637—654). Within the framework of this model, the provision
of a loan is interpreted as the purchase of company assets from shareholders and the
transfer of an option on these assets with an exercise price equal to the cost of the loan
and an execution time equal to the repayment of the loan. VT represents the value of the
company's assets at time t, and after the payment expires at time T, creditors demand the
nominal amount of debt D. the model uses a simplified description of the debt structure:
it is assumed that the company has one debt in the amount of D in the form of a zero-
coupon bond, that is, a zero-coupon debt. the total amount of debt must be paid in a
lump sum at the time of T. Suppose that the amount of debt is fully secured by the assets
of the company, that is, VT > D, then the shareholders receive the difference VT-D. If
the debt is not secured by the assets of the enterprise, that is, the creditors receive what
is available to them, the shareholders do not receive anything (this follows from the
priority of fulfilling creditors' claims to shareholders in the event of bankruptcy of the
enterprise).

With increasing uncertainty in financial markets, credit risk management is a
priority in banking risk management. By the Basel Agreement, the basis of credit risk
management is the formation of a reserve capitalization corresponding to the expected
losses calculated for the portfolio (Karminsky et al., 2005). Therefore, the correctness
of the assessment of expected losses becomes more relevant.

Models that are based on financial and accounting data of corporate borrowers of
the bank are quite common. Depending on the statistical method used, they can be
divided into scoring models, linear discriminant analysis models (among which, in
turn, discriminant analysis models with one and several variables differ), and binary
choice models. A credit score is a statistical method proposed by the American
scientist David Durand in 1941, which was originally used to rank retail borrowers.
When using the scoring model, each borrower is assigned a rating that characterizes
his financial condition and ability to repay his obligations to the lender promptly. In
the future, the entire range of possible values is divided into intervals, rating groups.
By calibrating the model based on historical data, each rating score is adjusted to take
into account the probability of default, which for the most part is a determination of
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the proportion of companies in this group that have defaulted during the year. Now,
credit-scoring models are quite common in banking practice, especially for assessing
the probability of default on single retail loan portfolios. However, Durand's original
scoring model was quite simplistic. The author took into account certain characteristics
of each retail borrower (such as gender, age, living in the place, profession, place and
work experience, financial condition), and depending on their cost, he assigned each
client a certain point. If the total score for all characteristics exceeded 1.25 points, the
client was considered solvent. Modern credit rating systems of Moderna have become
much more complex and universal, but their disadvantage is discretion, as well as a
prerequisite for having a wide base of credit histories. Since valuation models need a
lot of background information about loans and borrowers' credit histories to determine
dependencies, it is necessary to regularly update the reference data and, consequently,
the identified dependencies. In the group of discriminant analysis models, discriminant
analysis models with one variable, the ancestor of which is Beaver, are the simplest for
assessing the borrower's default.

According to Basel II and IFRS, the assessment of the expected losses of the loan
portfolio is based on the IRB approach to credit risk, which, if the bank complies with
certain minimum conditions and disclosure requirements, allows it to rely on its internal
assessments of risk components when calculating capital coverage of a certain risk [4].
According to the Basel Il agreement, the calculation of expected losses EL (Expected
Loss) on the loan is made according to the following formula:

EL [1 PD [1 EAD 11 LGD, (1)
Where PD (Probability of Default) — the probability of default.
EAD (Exposure at Default) — exposure to credit risk, which is an economic

assessment of the value of assets at risk at the time of default exposure to credit risk,
which is an economic assessment of the value of assets at risk at the time of default;

LGD (Loss Given Default) — losses in case of default, reflecting the share of
irretrievable loss in case of default. losses in case of default, reflecting the share of
irretrievable loss in case of default.

At the same time, most often, like PD, an individual assessment of the probability
of default is used, which is calculated based on a scoring model. According to the
recommendations of the Basel I Agreement, overdue principal debt or interest for 90
days or more during the first year of the loan term is considered unpaid, and the probability
of overdue principal debt or interest for more than 90 days during the first year of the
loan term is defined as overdue (in the future, the the year will be equal to 365 calendar
days). The main problem when using the current definition is the unregistered fact that
over the life of the loan there is a change in the individual probability of default. In this
regard, the issue of credit assessment not only for the first year of the loan term but also
for its entire life is becoming more and more relevant. This provision is enshrined in
the standard IFRS 9, according to which the number of reserves created should depend
on the dynamics of the risk level, which is determined by the assessment of the risk of
default on the loan during the entire loan term (lifetime estimation).

Loan portfolio data for the last month for a certain period (for example, 2012—-01—
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31, 2012-02-29, 2012-03-31, ...). For each cutting date t, a loan portfolio of assets is
formed: loans opened for which there was no violation event and for which the actual
values above the output violation indicator in the interval are known. Loan portfolios for
each cut-off point t in one sample. The division into a training sample and a validation
sample is based on a random selection of credits relative to 70/30 so that each credit
falls only in the training sample or validation sample. It is worth noting that when
using a simple random selection of observations, we will get an obvious retrain of the
model: the coefficient in the test sample may be greater than in the training sample.
The correct construction of training and validation samples will allow obtaining more
stable estimates of models, which after the implementation of the model will exclude
the occurrence of unpredictable situations when assessing the probability of default of
the loan portfolio in any segment (provided that the portfolio structure will not change,
and the macroeconomic situation will be stable).

The variables that will be used to build a behavior assessment model are based on
the credit history of each loan. The raised issue of choosing variables that will correctly
reflect the quality of fulfillment of obligations under the loan agreement (future
engineering) is relevant. Let's introduce the following notation: let PR be a set of values
for the number of days of delay that the client allows, and M is a set of values for the
number of months during which the presence of a delay is estimated.

Then it is proposed to use the following quantitative estimates as variables:

- the number of exits for overdue PR in the first m months of the loan term -these
variables allow you to assess the quality of loan servicing in the first year of the loan
term;

- the number of exits on overdue PR in the last m months of the loan term (the
countdown of months begins with the court date, timer) — allows you to assess the
quality of credit service in the last year of the loan life before the court date, thus, the
credit history of the last loan is evaluated;

- the ratio of the total number of outflows of overdue public relations for the entire
loan term to the loan term in months;

- the ratio of the total number of exits from PR delinquencies for the entire term of
the loan to the number of months that the loan has lived on the cut-off date;

- the proportion of the maximum number of months during which the loan was in
permanent public relations debt, from the number of months during which the loan lived
until the cut-off date.

Similarly, variables are calculated based on the overdue amount of loans:

- the ratio of the overdue PR amount in the first m months of the loan's life to the
total loan amount;

- the ratio of the overdue amount of PR for the last m months of the life of the loan,
to the total amount of the loan, the months are counted from the countdown cut-off date;

- the ratio between the total amount of overdue public relations debt during the
entire term of the loan, divided into months, and the total amount of the loan;

- the ratio of the total amount of overdue PR for the entire term of the loan, divided
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by the number of months during which the loan exists at the cut-off date, to the total
amount of the loan;

- the ratio between the average amount overdue when the loan was in permanent
public relations debt and the total amount of the loan.

The described variables can be attributed to a block of variables that change over
the life of the loan. In addition, it is worth taking into account the fact that the historical
sample of the loan portfolio from some segment T contains loans with different useful
lives. Using the credit history of loans as variables, we get that there is incomplete
and time-limited data for building the model, i.e. censored data on the right, i.e. there
is some history of the customer's behavior on the loan before the cutoff, but there is
no information about how the customer's behavior will look in the next period [t, T],
where T is the cutoff time, T is the loan term. Because of this, an additional variable is
introduced: the fact that the loan is valid until a certain point in time.

In addition to the block of variables that change over the life of the loan, it is possible
to allocate a block of variables that are fixed at the time of loan issuance, namely:

- part of the initial payment of the amount of the loan issued;

- advance payment of the cost of the goods;

- PDO score, which determines the probability of default during the first year of
the loan's life and is calculated at the time of loan issuance based on the characteristics
of the borrower's questionnaire. At the same time, most often, like PD, an individual
assessment of the probability of default is used, which is calculated based on a scoring
model. By the recommendations of the Basel II Agreement, overdue principal debt or
interest for 90 days or more during the first year of the loan term is considered unpaid,
and the probability of overdue principal debt or interest for more than 90 days during
the first year of the loan term is defined as overdue (in the future, the year will be
equal to 365 calendar days). The main problem when using the current definition is
the unregistered fact that over the life of the loan there is a change in the individual
probability of default. In this regard, the issue of credit assessment not only for the first
year of the loan term but also for its entire life is becoming more and more relevant.
This provision is enshrined in the standard IFRS 9, according to which the number of
reserves created should depend on the dynamics of the risk level, which is determined
by the assessment of the risk of default on the loan during the entire loan term (lifetime
estimation).

Loan portfolio data for the last month for a certain period (for example, 2012—-01—
31, 2012-02-29, 2012-03-31, ...). For each cutting date t, a loan portfolio of assets is
formed: loans opened for which there was no violation event and for which the actual
values above the output violation indicator in the interval are known. Loan portfolios for
each cut-off point t in one sample. The division into a training sample and a validation
sample is based on a random selection of credits relative to 70/30 so that each credit
falls only in the training sample or validation sample. It is worth noting that when using
a simple random selection of observations, we will get an obvious retrain of the model:
the coefficient in the test sample may be greater than in the training sample (Altman,
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2003: 201-214). The correct construction of training and validation samples will allow
obtaining more stable estimates of models, which after the implementation of the model
will exclude the occurrence of unpredictable situations when assessing the probability
of default of the loan portfolio in any segment (provided that the portfolio structure will
not change and the macroeconomic situation will be stable).

Result

The variables that will be used to build a behavior assessment model are based on
the credit history of each loan. The raised issue of choosing variables that will correctly
reflect the quality of fulfillment of obligations under the loan agreement (future
engineering) is relevant. Let us introduce the following notation: let PR be a set of
values for the number of days of delay that the client allows, and M is a set of values for
the number of months during which the presence of a delay is estimated.

Then it is proposed to use the following quantitative estimates as variables:

- the number of exits for overdue PR in the first m months of the loan term -these
variables allow you to assess the quality of loan servicing in the first year of the loan
term;

- the number of exits on overdue PR in the last m months of the loan term (the
countdown of months begins with the court date, timer) - allows you to assess the
quality of credit service in the last year of the loan life before the court date, thus, the
credit history of the last loan is evaluated;

- the ratio of the total number of outflows of overdue public relations for the entire
loan term to the loan term in months;

- the ratio of the total number of exits from PR delinquencies for the entire term of
the loan to the number of months that the loan has lived on the cut-off date;

- the proportion of the maximum number of months during which the loan was in
permanent public relations debt, from the number of months during which the loan lived
until the cut-off date.

Similarly, variables are calculated based on the overdue amount of loans:

- the ratio of the overdue PR amount in the first m months of the loan's life to the
total loan amount;

- the ratio of the overdue amount of PR for the last m months of the life of the loan,
to the total amount of the loan, the months are counted from the countdown cut-off date;

- the ratio between the total amount of overdue public relations debt during the entire
term of the loan, divided into months, and the total amount of the loan;

- the ratio of the total amount of overdue PR for the entire term of the loan, divided
by the number of months during which the loan exists at the cut-off date, to the total
amount of the loan;

- the ratio between the average amount overdue when the loan was in permanent
public relations debt and the total amount of the loan.

The described variables can be attributed to a block of variables that change over
the life of the loan. In addition, it is worth taking into account the fact that the historical
sample of the loan portfolio from some segment T contains loans with different useful
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lives. Using the credit history of loans as variables, we get that there is incomplete
and time-limited data for building the model, i.e. censored data on the right, i.e. there
is some history of the customer's behavior on the loan before the cutoff, but there is
no information about how the customer's behavior will look in the next period [t, T],
where T is the cutoff time, T is the loan term. Because of this, an additional variable is
introduced: the fact that the loan is valid until a certain point in time.

In addition to the block of variables that change over the life of the loan, it is possible
to allocate a block of variables that are fixed at the time of loan issuance, namely:

- part of the initial payment of the amount of the loan issued;

- advance payment of the cost of the goods;

- PDO score, which determines the probability of default during the first year of the
loan's life and is calculated at the time of loan issuance based on the characteristics of
the borrower's questionnaire.

Analysis

Thus, variables are calculated for each contract, based on which a behavioral scoring
model for assessing the default is built. From the available variety of model construction
methods in the current example, the method of logistic regression with regularization
was used as a method of model construction. The formula for calculating the scoring
score PD:

PD D wlll
Je” 2)

where z is calculated as the sum of the constant and the points corresponding to the
characteristics of the borrower and their combinations:

zOby Ox1 Dby Oxp O...0 by Dxy b,

X1,X2,..., X5 —, values of variables

b1,b2,...,b;; — coefficients for variables,

b, —, some constant

w — correction factor for the macroeconomic cycle.

The z value is determined by the calculated variables, which are the characteristics of
the borrower. Additional constraints are applied to the vector of weights in the model by
regularizing the model. This approach consists in choosing small weights in the absolute
value on average, which leads to less instability of the model, that is, dependence on
training data. The elastic network method is used as a regularization scheme, which
combines loop and ridge, regression models (Altman, 1968).

Discussion

Let us consider the construction of a model for estimating the probability of PDT
default at the moment (slice) t on the example of a regional retail bank. The data of the
loan portfolio for the last month, taking into account the fact of the "survival" of the
loan to each segment understudy, serve as reference data for constructing a model for
estimating the PDT score. The model is built in the recent segment of the portfolio. For
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each cut-off date, a portfolio of current loans was formed-loans opened from the cut-off
date and with a current default on principal or interest of no more than 15 days. The
portfolios obtained for each cut-off point were combined into one training sample by the
described method. The volume of the study sample amounted to 151586 loans, the share
of overdue loans in which 0.04146 by 31-10-2017. The volume of the validation sample
is 66310, the share of overdue loans is 0.04340. The sample size is 22038, the share of
overdue loans is 0.03825. The division of the sample into formation and validation is
based on the rule described above. For each of the samples, the above variables were
calculated, assuming PR 1, 15, 30, 90, and M {1, 3, 6, 9, 12}, and based on it, a logistic
regression model with regularization was built. The coefficient in the training sample
was 0.7163, in the validation sample - 0.7024, in the test sample - the actual score
according to the state (Figure 1). The z value is determined by the calculated variables,
which are the characteristics of the borrower. Additional constraints are applied to the
vector of weights in the model by regularizing the model. This approach consists in
choosing small weights in the absolute value on average, which leads to less instability
of the model, that is, dependence on training data. The elastic network method is used as
a regularization scheme, which combines loop and ridge, regression models.
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Figure 1 - ROC curve graph
Conclusion

In this paper, a solution to the problem was presented not only for the first year of
the loan "life", but also for the entire lifetime (life, assessment). Based on the behavioral
model of architecture evaluation. For instance, the regional retail bank used a car
as an example of how to build a PDt default probability model to estimate at some
point (slice) t, taking into account the terms of the loan agreement of fulfillment of
obligations, the quality estimated by the described variable sizes (future engineering)
and the macroeconomic phase of the cycle. The obtained quality indicators from the
model indicate its high-power prediction. This credit risk assessment of the credit risk
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during the action complies with the requirements of the standard and allows to create a
reserve volume of the portfolio based on the level of risk in dynamics.
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