AnpanoBa AcesibxaH barnaroBHaHbIH
6D060200 — «MndopmaTuKa) MaMaHABIFbI 00HbIHIIA (UI0COPUS TOKTOPHI
(PhD) mope:kecin any ymin ycbIlHFaH « KamIBIKTBIKTAH OKBITYIBIH
aKnapaTThIK Kayilnci3airin KaMmraMachI3 eTyaiH MoJeJbAepi, daicTepi :KoHe
AJIrOpUTMAEP» TAKBIPHIOBIHAAFbI JUCCEPTANUSICHIHA

AHJIATIIA

3eprreynin e3ektiairi: JXKOO-ga xaHa 1UQPIBIK TEXHOJOTHUSIIAPABI
KOJIJIAaHYIBIH YJIFAHBIN KeJIe )KaTKaH ayKbIMbI, aKITapaTThIK Tu1aTgopMaap/Ibl )KoHe
KYHenep/i, atan alTKaH/Ia KalIBIKTBIKTAH OKBITY MOCENeNepiHe Mmaianany, oKy
NPOIIECiHe WHHOBAIMSJIBIK almnapaTThiK-OaFaapiaMaiblK Kypaaaap/bl ic Ky3iHIae
KY3€re achlpy, OKy OpPBIHIAAPBIHBIH aKmapaTThIK-OUTiIM Oepy OpTachiH OJap.IbIH
YKYMBIChIHA apaJlacy IbIH YJIFAHbIN KeJle )KaTKaH KUBIHIBIKTAPhl MCH CaHbI asChIH/IA
ocall ereli. by perre, JKOFaphl OKY OPBIHJAPBIHBIH KAIIBIKTBIKTAH OKBITY
KYHeNepiHae CcaKTalaThlH JKOHE aWHaJbICTaFbl KOpPFajaThlH MAJIIMETTEpre
MBIHAJIAPABl KATKbI3yFa OO0JIaJbl: CTYIACHTTEPJIH, OKBITYIIBUIAPABIH, FBHIIBIMH
KBI3METKEPJIEPIiH JepOec IepeKTepi; OKy OPHBIHBIH HHTEJICKTYaIBIK MEHIIITiH
OurniperiH nudpiiaHFaH akKmapar; OKy IPOIECiH KaMTaMachl3 €TETIH aKMapaTThIK
MacCHUBTED (MbICAJIbI, MYJIbTUMEIUATIBIK KOHTCHT, MOJIIMETTEep 0a3achl, Ou1iM Oepy
XKoHe Oacka Ja Jkeke »xobayay Oarmapiiamanapbl kKoHe Oerne OarmapiamaiibiK
eHiMzep) jkoHe Tarbl Oackamap. JKOO-HBIH KAaIIBIKTBIKTAH OKBITY KYyHeciHzae
aTaJfaH aKnaparThlK pecypcTap ChHIPTKbI (1MIK1) KOMITBIOTEPIIK KaCKYHEMJEp
TapanblHAaH ypJiay HeMmece OypMmanay HbICaHbl peTIHIE, CTYACHTTEp MEH
KbI3METKEpJIep TapamnblHaH OY3aKbIIBIK HUETTCH 00Tybl MYMKIH.

Kemnreren  moctunaycTpusiblk  engepiae  Kaibimrackad — KOO-HBIH
KambIKThIKTaH OKbITY kyHecine (KOX) komxeTiMaumikTi »kahangauaslpy ypaici
HEFYPJBIM CEHIMII KOpFay IpoOJieMaTHKAachIH 3epjaeinieyre koHe kaambl KOO-
HBIH  KHOCPKAYINCI3AIriHIH  TEPCHEKTUBAIBIK  CTPATETHSUIAPBIH  d31pJeyre
OalIaHBICTBI MAHBI3ABI MACEICIIEPIl KapacThIPAIbI.

byn perte GipHernie peT pe3epBTeyre, KipiKTipiireH BUPyCcKa Kapchl Oakpliay
KYHeNepiH KOHEe CEHIMIUIIKTIH >KOFapbl JEeHreil 0ap sJIeMEHTTEep/i EHri3yre
Herizaenren KOXX-H Kopray KOHTYpBIH KYPYABIH ISCTYPIIi 9icTepi KoOamaHaATHIH
xoHe KonmanbicTarbl KOJXK-HIH TeXHHMKaIBIK-DKOHOMUKAIIBIK CHIATTaMalapbiH
Hamapiaraael. byman Oacka, myHmai Tocim JKOO-wpiH KOXK-meri KOHTEHTTI
Oypmarnayra HEMece aybICTBIpyFa, COHJA-aK OJapJbIH JKaJIbl >KYMBICBIHBIH
CEHIMUTIIIH KaMTaMachl3 €Tyre OailIaHBICThI KAaTepii >KarJaaiiapAblH TYBIHIAY
BIKTUMAJIIBIFBIHBIH KQ)KETTI a3af0bIHA OKET COKTHIPMAMN/IBI.

Kazipri 3amanrer )KOO-na akmapaTThIK-KOMMYHUKAIUSIIBIK TEXHOJIOTHSIIAP,
atan aWtkanga KOJXX oky mnporeciHiH Heri3ri anmemeHTTepiHiH Oipi. Kaszipri
3aMaHfbl OKY OpBIHAAPbl CasACH KOHE QJIEYMETTIK CAJlaHbIH AJIEMEHTTEpl PETiHJEe
aKMmapaTTBIK  pecypcTap JKOHE AaKMapaTThIK TEXHOJOTHUSIIAPMEH  TIKeJeu
OaiinanpicThl. Kazipri 3amanrsl KOXK >xoHE OHBIH aKmapaTThIK KEIICIHIH HET13r1
KOMIIOHEHTTEP1  KOMIBIOTEPNIIK  TEXHOJOTHsIap, OYITTHI  TEXHOJOTHUsIIAp,
MOOWJIB1 TEXHOJIOTHUSIIAP, aKMapaTThIK KayINCI3[IK TEXHOJOTHUsIaphl, IepeKTepii



OHJICY/IIH Ka3Ipri 3aMaHfbl OPTAJIBIKTAPBIHBIH TEXHOJOTUSUIApHI XKoHE T.0. Omap
e3apa ThIFbI3 OalmanbicThl  koHe ©3 KkeseriHae JKOO-upiH KOX-HiH
OarapiiaMalbIK-annaparTelK KenieHiHe ocep eteai. CoHAbIKTaH, Oip >KarbIHaH,
outiM anymbutapasiH KOX-nin  AT-pecypcrapsina, AT-uHbpakypbUIbIMbIHA
OapblIHIIA KBUIAM KOJ JKETKI3YlH KaMTaMachl3 €TeTiH TYPJl )KaHa WHHOBALIUSIIBIK
MIENNMAEPAl €Hr13y KaXeTTUIr TYybIHAAWAbl. AJ €KIHIIl >KaFblHAH, HAaKThI
yakpiTTa ~ KOJXK  KYMBICBIHBIH ~ (YHKIHMOHAIABI  TYPAKTBUIBIFBIH  JKOHE
KUOEpKayINCI3IIriH KAMTaMachl3 €Ty.

Kypneni OeninreHn ecenrtey XKemiJepiHIH akmapaTThl KOpFay >KYHelepiHiH
TUIMJIUIINIH JKOFapbLIaTy CcallachlHJAFbl  3€pTTEYJIEpIH KOIIIUIiri, oJiapra
KALIBIKTBIKTAH OKBITY KYyHelepiH, COHJali-aK KHMOepKaylirci3aiK jKoHE aKMapaTThl
KOpFay JKyHellepiHe KapKbl PECYpPCTapblH CalyAblH OHTAWIIBI CTpaTeTHsIapbiH
3716y MocesIeCiH SKOHOMUKAJIBIK TYPFhIIAH KOIOFa FaHa Haszap ayJapbulFaH OuTiM
Oepy mpolieciHe OeJICeH 1 eHI13UIeTIH BUPTYAIIbIK OYJITTHIK TEXHOJIOTHUIIAPbI Aa
KaTKbI3yFa Ooyazibl. byt skymbIcTap, of€TTe, OChIHIal Ko0amap YIIiH IIemiMaep
KaObUIIayFa KoHE Oakpuiay TpoleAypaliapblHa €H  O3BIK  aKMapaTThIK
TEXHOJIOTHSJIAP/Ibl  €HTI3yre KaThlcThl  ypaictepai eckepmeiai. KOXK-neri
KrOepKaTepyiepre Kapchbl TYpy YIIIH Kapchl IMapajapibl TaHJAayFa KYMCaJIaThIH
Kap>Kbl pecypcTapblH Oeyly OOWBIHIIIA KONTEreH MOJCNIbICPAIH KEeMIIUIri -
KrOepKayirnci3aiK jKoHE aKmapaTThl KOpFay >KyWeciHe Kap KbUIbIK WHBECTHUIUSIIAP
CTpaTerusIapblH KaJbIMTACTHIPY OOMBIHIIA HAKTHI YCHIHBIMIAPABIH OOIMAYHI.

CoHIBIKTaH MenTiMAepai KOJIIayablH KOMIBIOTEPIIK KyHenepi YIIiH oaicTep
MEH MOJENBbAEP/l AaMBITy OaFbITBIHAA >KaHa 3EepTTEYyJep KYPrizy KaKeT, oJiap
KOO-HBIH mIeKTEeyNl KapKbl pecypcTapbiH Oeny OoibiHma, sxanmsl KOXX-HiH
(GYHKIMOHANIBI TYPAKTBIIBIFBI MEH KHOEPKAYINCI3AIriH Kypy KoHE Kojjay YIIiH
OHTAMIBI CTpaTerusJIapblH TaOyFa MyMKIHIIK Oepe/i.

AKmaparThl KOpray >KOHE aKMapaTTaHIBIPYABIH OPTYPJl HBICAHIAPBIHBIH
aKMmaparThIK Kayilci3miriH OacKapyablH THIMJI KYHEIepiH Kypy MocenelepiMeH
KONTETeH OTaHJBIK OHE WICTEeNIIK FalbIMAap alHANbICTBI, aTanm aWTKaHJa:
b.C. Axmeros, P.I'.busme, A.B. bapa6anos, /I.I1. 3erxna, M.H.Kamumonnaes,
C.B.Kasmupuyk, A.I'. Kopuenko, T.C.Kaprbae, B.A. Jlaxno, B.B. Mantokos,
A.C. Mapkos, Y.A. Tykees, B.JIl.Ilupmos, M. Atighetchi, R.H. Campbell, J.
Dawkins xone T.6. OmapasiH 3eptreynepi kepcetkennen, KOO-upiH KOX-HiH
PYKCATChI3 KOJDKETIMALTIIT MeH Imaldysuigapra (YHKIIMOHAIIBI TYPAKTHUIBIFBIH
KYPYIABIH MYMKIHIITIMEH >OHE OJapAblH (YHKIIMOHAIIL TYPAKTHUIBIFEI MEH
KrOepKayinci3MiriHig KaXeTTi JCHreWiH KamTamachd ete anManTeiH JKOO-HBIH
KAITBIKTBIKTAH OKBITY JKYHENIEepiH KOPFayAblH KOJIJIAHBICTaFbl JKYHEIepiHiH
THIMJIUTITIHIH )KETKUTIKCI3TIr1 apachlHia alKbIH KapaMa-KauIIbUIBIK Oap.

Xorapeina KepCeTUIreH KaUIIBIIBIKTBI MIENTy YIIiH AUCCePTAlUsla FHUIBIMU
MaKcaT KOWBUIFaH, OJ KOJIAHBICTAFbl JKOHE TEPCIEKTHBTI aKMapaTTHIK >KEIiep
Herizigae XXOO-ubiH KOX-H KopranraH xoHe (YHKUIHMOHAIIbI TYPAKTbUIBIFbIH
KYPYIBIH MOJEIBIAEPIH, OAICTEpl MEH aKMmapaTThIK TEXHOJIOTHSIAPBIH KYpYAaH
Typanel. COHIBIKTAH OCBI MOCEJCHI IIeNIyre OaFbITTANFAaH JIHCCEPTAIUSIIBIK
KYMBICTBIH TaKbIPBIOBI ©3€KTI KOHE FBHUIBIMHU JKOHE MPAKTUKAIBIK KBI3BIFYITBITBIK
TaHBITA]TBI.


http://www.mathnet.ru/php/person.phtml?option_lang=rus&personid=137664

3eprreynin Maxkcatbl: KOX ymiH kuOepkayinTepll aHbBIKTay apKbLIbI
JECTPYKTUBT1 dcepiepiAiH caHbl yHeMi ocyi kargaibiHaa KOXK-H kopray yiiiH
naijjanaHaTblH MOJAENBIAEPAl, SMICTEPAl KOHE aKMapaTThIK TEXHOJIOTUsIap/bl
JAMBITY JKOHE COMKEC KapChl IMapaiapbl TAHIAY.

3eprreynin  HbicaHbl: KOX-HIH  QyHKIMOHanAbl  TYPaKTHUIBIFBIH
KaMTaMachl3 €Ty dKoHe KHOepKaTepAl aHbIKTay MPOIeCTEPI.

3eprreynin  maHi: JKOO-upiH KOX-HIH aknapaTThlK — Kayinci3giria
KaMTaMachl3 €Ty 9/1icTepl MEH MOJEbIEPI.

3eprreynin reuibiMH Oostkambl: erep, KOO KOXK-HiH akmapatTapibl
KOpFay J>KOHE KUOEpKayimnCI3IIK JOpekKEeCiH apTThIpy Tajlam eTuIice, OHaa Oy
mingerTi memy KOX-1 ymiiH areiMaarsl jKoHE jKaHa KuOepkaTepiiepil aHbIKTay
oficTepi MEH MOJEIbACPIH KEIIeHAl KOJJaHy >XOHE OChl KaTepjepre Coukec
KEJIETIH KapChl Mapaiapabl TaHIay apKbUTBI )KY3€Te achIPbLIaIbI.

3eprreyain MiHaeTTepi:

— Kaszipri 3aMaHfbl )KOFaphl OKY OPBIHJIAPBIHBIH HUDPIBIK OLTIM 6epy opTachiH
(OKOOIIBBO) xoHe OHBIH KOMIIOHEHTTEPI-KAIIBIKTBIKTAH OKBITY JKYHECIHIH
(KOX) xkubepkopraynbiH OaszanblKk TocUTiH Tanjay, copaii-ak KOX-HiH
BUPTYAJAbl OYITTBI  PECypCTapbIHbIH ~ (YHKIIMOHAIABI TYPAKTHUIBIFBI MCH
KrOepKayirnci3airiH KaMTamachl3 eTy OOMBIHIIIA MOceJIeNep/ii Tajaay;

— KOX-HiH aknmapaTTsl KOpFay >KYHeCiH CUIIaTTay YIIiH MOACIBAEP/l KYPY;

— KOX-ne kubepkarep/ii aHbIKTAy 9JIICIH XKETUIIPY;

— KOX-nig  OarmapiaMalibIK-KOH(QUTypalysjiaHaTbIH  JKeJIulepl  YIIiH
BUPTYaNAbl OYITTBI  pecypcrapiblH  (QYHKIHMOHAIABl  TYPAKTBUIBIFBI ~ MEH
KHOepKayimnci3AiriH  KaMTamachl3 €Ty YIIH MaTeMaTHKaJIblK MOJEIbIAePal
KETUIAIPY, COHJal-aKk  OarmapiaMalibIK-KOH(PUTypalMsUTaHaTBIH — SKEJTUIepIi
KOJJaHy HETI31HJAE€ BUPTyaIIbl OYJITTBI  pecypcTapAblH  (YyHKIIMOHAIIBI
TYPAKTBUIBIFBI MEH KHOEPKAYyINCI3MIriH KaMTaMachl3 €Ty 9JICTEMECIH KypY;

— KOX-niH kubepkayinci3firid *)oHe aKmapaTThl KOpFay »XYHECIH KYPYIbIH
OHTAMIBI HYCKACBIH TaHIay dIICTEMECIH KEeTUIAIPY.

3eprreyain  omicrepi:  3eprrey  OapbichiHAAa ~— TOHIIK  alfMaKTBIH
EPEKIICNIKTePIH JKOHE TYXKBIPBIMIAIFAH MOCeJeNepAl €CKepe OTHIPHII, Keleci
omicTep KOJIAHBUIIBL: JKYHEJIK Tannay >KoHe KypAenml xyuenep teopusichl ( Oy
KOO-upiH KOX-HiIH wuepapXUsUIBIK aKMapaTThIK KENICIH KE3IEHCOK >KYMBIC
NPOIECiHIH Kyl MeH aywicy rpadwurin cumnarray yuiiH); XKOO-uasH KOX-HiH
aKMapaTThIK >KCMCIHIH (YHKIIMOHAIIL TYPAKTBIIBIFBI MEH KHOEpKAYINCi3IiriHig
teopusibiK Herizaepi (KOXK-HIH CeHIMAUTITIH MOJENbACY YIIiH); capanTaMalibiK
Oaramay omicTepi, KOMOWHATOPJBIK TEOPHS KOHE AHAJTUTHKAIBIK MOJCIBACY
(BUpTyasnibl OVITTBI PECypCTapAbIH KUOEPKAYINCI3AIriH XKoHE (DYHKIIHMOHAIIBI
TYPaKTBUIBIFBIH KaMTaMachl3 €TYMIH MAaTeMAaTHKAIBIK MOJEIIH KeTUIAIPY YIIiH);
Kanmail KbpI3MET KOpPCETy TEOPHUSIChl MEH OWBIHIAD TEOPHSICHIHBIH O KAJIIbI
epexenept (KOX-niH kubOepkayinci3AiriH »KOHE akmapaTThl KOpray KyMeciH
KYPYJbIH OHTAMJIBI KOJIBIH TaHJIAY/IBIH 9/IICTEMENIEPIH KETUIAIPY YIIIiH).

3epTTeyaiH FHUILIMU KAHAJIBIFbI:

— MapkoBTHIK Ti30ekTep Herizinae KOXK-HiH kubepkaTepiH cumarray yIIiH
Mojzenb anbiHabl, o JKOOLBBO xone KOJXK-we malybul KaTepiHiH HaKTBI



MapKOBTBIK  MOJENbAEPIH KypyFa MYMKIHIIK Oepeni xoHe KOX-HiH
KHOEpKAYINCI3AIrH WHBECTULUSAIAYIBIH pPallMOHAJIbAbl CTPATErHACHIH TaHJAY
anroputMmaepi MeH mozensaepiMmer 6ipre KOX kopranran xoHe (QPYHKIIMOHAIIBI
TYPAKTBUIBIFBIH KYPY 9/1ICHAMACHIH KETUIAIPYre MYMKIHAIK Oepei;

— KOX-ge xubepkarepnai aHbIKTay oici >KETULAIPUIAL, O KOJIJAHBICTAFbI
oficTep/ieH albIpMalllbUIbIFBl YJIECTIPUITEH S>KEJHI ©3/IrHEeH OKyFa apHalfaH
PEKYPCHUBTI alIrOpuUTMJIEpAl >KoHEe KuOepkarep TypiHe OallaHbICTBI Kapchl
mapanapabl  (ctparerusuiapael, aran aitkanga KO- kopray KarblHaH
Kap KbIIBIK HEMECE TCXHUKAJIBIK) TAH/AY;

— KOX-niy O6arnapnamanbiK-KOHGUrypanusiiaHaTeiH keniiepl ymin BBP-
IbIH (PYHKIIMOHANIABl TYPAKTHUIBIFBI MEH KHOEpKAYINCI3AIriH KaMTaMachl3 €Ty
YIIIH MaTeMaTUKJIBIK MOJACIb KETUIAIpULIl. byl MoaenbaiH KOJdaHBICTaFbl
MOJIENbAEPICH Al BIPMaITBIIBIFbI OargapiaMabIK-KOHPUTypaIisiIaHAThIH
JKEJIep YIIIH KeIIeH 1 KOpCeTKIll HETi31HJe MYMKIH Kapchl IapajiapAbl TaHAay
KOHE BUPTyaIAbl OYITTBI PECYpPCTApABIH JKarmallblH €CKepeadi, COHAai-aK
BUPTYaJAbl OYJITTHI OpTara madybul rpadTapabl KOJJIaHy MpoLeaypackl eceOiHeH
KYHEHIH OapibIK OenTili OCaJABIKTaphl Typalibl akmapar ajlyFa MYMKIHAIK Oepe/l,
COHJIali-aK HAKThI YaKbIT pexkuMinae BBP-1bIH GyHKIIMOHAN Bl TYPAKTHUIBIFBI MCH
KrOepKayirnci3iri xaraaibiH KopceTe/l;

— KOX-HiH kubepKayincizaik >KoHE aKmapaTThl KOpFay >KYMEeCiH KYpPY/IbIH
OHTAWJIBI KOJBIH TaHAAy OJIiCTeMeCi JaMBITBUIIbI, OMICTEMEHIH KOJJAHBICTAFbI
omicTeMeniepAieH  albIpMalIbUIBIFBI, — akmapaTThlK —kemine koHe KOX-me
KkuOepKaTep/il aHBIKTAyJIbIH SKETULIIPUIreH OJICIMEH, JKaIlllail KbI3MET KOPCETY
xyieci OKKKIXK) peringe KOX-HiH aknapaTThIK Kayinci3airin 6ackapy >kyheciHig
MOJICNTi, OKy OpHBIHBIH HIEKTeYyJi OF/KETI JKaFmalblHAa aKmapaTThl KOpFay
KypaJiapblH THIM1 JKOHE YTBIMJIBI 137Iey YIIIH aHTarOHWUCTIK OWBIH MOJEIIMEH
TOJIBIKTBIPBLUIFaH.

3epTTeyiH TeOPHUSJIBIK MAaHBI3ABLILIFBI: KoMmbloTepiik KacKyHeMzep
TapamnblHaH OJIAPJBIH >KYMBICHIHA JECTPYKTHUBTI apajiacy KypAeHUIiriHiH ecyil
xarmaieiaaa KOXK-H KopFayaslH MOACBACP] MEH 9ICTEPi OaH 9pi TaMBITBUIIHIL.
byn perre amram per MapkoB Ti3oektepine Herizmenren KOX-HiH
KuOepKaTepliepiH CHUMaTTayFa apHairaH Mojenb aibiHabl, ol KOXK-ne mraGysin
’Kacay KaTepiHIH HAKThl MapKOBTHIK MOJCNBIAEPIH KypyFa MYMKIHIIK Oepei.
Conpaii-ak, KOX-meri xuOepkatepiepAl aHBIKTAy oMici JKETUIMIPUIAL, O
KOJITAHBICTAFBI 9JIICTEPJICH albIPMAIIBUIBIFBI YICCTIPIITeH KEIIiHI 63/IIrHeH OKyFa
apHaJFaH PEeKypCUBTI aaroputMepaeH Typabl xone KOX-uiy OarmapiaManbIk-
KOH(UTYpalUsIaHATBIH JKETIJepl YIIiH BUPTYyaIAslK OYITTHIK optanbiH (BBO)
(GYHKIIMOHANIBI TYPAKTBUIBIFBI MEH KHOEPKAyiNCi3iriH KamMTamachl3 €Tyre
apHAJIFaH MOJIENb KETUTTIPUIIL, 0JI KOJITaHBICTAFbI MOJICIBACPICH
aitpipMambUIbIFbl  JKOO-HBIH OYATTBI  OPTACBHIHBIH JKAl-KYHiH eCKepel KoHe
OarmapiaMalbIK-KOH(PUTypalMsUIaHATBIH ~ JKEJIUIEp YIIIH KEIIeHAl KOpCeTKIll
HET131HJI€ BIKTUMaJl KapChl Iapajapibl TaHAAYyJbl Ky3€re achblpyFa MYMKIHJIIK
oepei.

3epTTeyAiH NMpaKkTUKAJBIK MaHbI3AbLILIFBI: Rad Studio 10.3 opracwkiHga
KonjanOanel Oarpapiamanblk eHiMaepal (BO) kypy. Ozipiaenren bO KOXK-HiH



aKmaparThlK Kayinci3Airin 0Oackapy KyHeciH jxo0ajlay MpOLECIHIH KOFaphbl
TUIMIUINH KamTamachli3 ereni xkoHe KOXK yiniH Komainbl Toyeken AeHreuiH
UHTEPIPETANUSATIAY  HOTIKEIEPIHIH  IYPBICTBIFBIH  apTTHIPAAbl.  O3ipJeHTCH
OarjapiaMaliblK  OHIMAEpP HETI3IHAE JKYPri3UINeH €ecenTey 3KCIEepUMEHTTEpI
JTUCCEPTALMSIIBIK JKYMBICTBIH HETI3T1 TEOPHSUTBIK MaHBI3AbLIBIFBIHBIH TYPBICTHIFBIH
pactanbl. ¥cbiHbUIFAH miemiMaep kannbl anranga KOXK-u xone BBO-HBIH
(YHKIMOHANIABI TYPAKTBUIBIFBI MEH KHOEpKAyINCI3AIK KOpCeTKiliH  Oenrim
miemiMaepMer  caibicThipranga 12-17%-ra  apTThipyFa MYMKIHAIK OepeTiHi
AKCTIEPUMEHTAIBI KOPCETUII].

¥ ChIHBUTFaH 9MICTEP, MOJICINIBJICP JKOHE d31pJieHreH OargapiiamMalblK OHIMIEP
KOO-upiy KOX-HiH kuOepkoprany IopeXeciH apTThIpy YUIIH MaiialaHbUTybI
MYMKIH.

Koprayra yChIHBLIATBIH Heri3ri Karugajiaap:

— MAapKOBTBIK Ti30€KTE€p HETi3IHAE KAIIBIKTBIKTaH OKBITY IKYHeCiHIH
KuOepKaTepiH cUnaTTay YIliH MOJIEIb;

— kubepkaTepiep TypiHEe OailIaHBICTBI KapcChl LIapajapAbl TaHJAy >KOHE
YJIECTIpUIT€H JKENiHI ©3[IrHEeH OKyFa apHaJfaH PEeKYpPCUBTI alrOpUTMAEPIl
KaMTHUTBIH KalIBIKTBIKTaH OKBITY KYHeNepiHaAe KnOepKaTepep i aHbIKTay dJIiCi;

— KaIIBIKTBIKTaH OKBITY XYHMECIHIH OaraapiamMaiblK-KOHPUTypausiaHaThIH
XKeIepl YIIiH BUPTYaIAbl OVITTEI pecypcTapablH (PYHKIIMOHAIBI TYPAKTHLIBIFBI
MEH KHOEpKayIICci3AiriH KaMTaMachl3 €Ty MOJIeTi;

— KaIlIBIKTBIKTaH OKBITY JKyHelepiHiH KUOepKayiNncCi3IiriH oHe aKmapaTThl
KOpFay >KYHeciH KYPY/IbIH OHTAMIIBI KOJIBIH TaHIAy dJIICTEMECI.

I3nenywinin :kexe yaeci. Koprayra mbIFapbulaThiH —AMCCEPTALUSIHBIH
OapJIBIK HETi3r1 HOTHXKEJIepl 137eHYIIIMEH jKacajFaH, OJapJblH IMIIHJE: >KOFaphl
OKY OpPBIHJAPBIHBIH  KAaIIBIKTBIKTAH  OKBITY OKYHeCiHIH  OarmapiaMaibiK-
KOH(UTYpalusiaHaTeIH JKEJIUIepl YIIIH BHPTYyalIaAbl OYITTBI pecCypCcTapibiH
(GYHKIMOHANIBI  TYPAKTBUIBIFBI MEH KHOEpKAyilci3airiH  KamMTamachl3 €Ty
ANTOPUTMIEPI MEH MOJIENbepl; Kalmail KbI3MET KOepCceTy JKyHeci peTiHze
KAIIBIKTBIKTaH OKBITY JKYHECIHIH aKmapaTThIK Kayilnci3IiKTi Oackapy >KyHeciHiH
KOMITBIOTEPITIK MOJICTI.

3epTTeyAiH HOTH:KeJepPiH CBHIHAKTAH OTKi3y: AOail arteiHAarel Kazak
VITTBIK ~ TI€JarorukanblK  yHHBepcuTeTiHIH «MHdbopmaTtuka xoHe OLTIMII
aKmapaTTaHablpy» KadeapachlHblH «bUTIMAl aKmapaTTaHObIPy MKOHE OKBITY
Mocesenepl»  FhUIBIMU-OJICTEMENIK CEeMHHAphIHAa, buopecypcrapapl  KoHE
TAaOWFATTHl TMailaTaHy YJITTHIK yHUBEpCcUTETIHIH (YKpanHa) «AKIapaTThIK
TEXHOJOTUsATIAp» (aKyIbTeTTepiHAE, COHBIMEH Oipre XaabIKapasbIK FHUIBIMU-
omicremenik koH(pepeHmmsuiapaa: «bimim Oepyneri FBUIBIM MEH MPaKTHUKAIaFbI
3aMaHayy aKnapaTThIK-KOMMYHHUKAIUSUTBIK TEXHOJIOTHSIIAP» aTThl PECITYOIMKAIIBIK
FBUTBIMH-TIPAKTUKAIBIK KOHBepeHus, (Anmatsl, 2018); «OnepkacinTeri nudpiabik
TEXHOJIOTHUSATIAP» AaTThl PECMyOJUKANbIK FHUIBIMU-TIPAKTUKAIBIK KOH(MEpPEHIHS,
(Axray, 2019); «MHHOBaUMAIBIK TexHOJOTHUsIap — KP-Chl SKOHOMUKACHIHBIH KEH
XOHE MYHail-ra3 CeKTOpJapbIHAAFbl Ipreji KoHe KOJJAaHOaIbl Macenenep/il
TaOBICTHI IELTYA1H KUITD aTThl XalblKapanblK CordaeB okynapsl, (AnMatsl, 2019);
«MatemaTuKanblK MOJENbACY MEH aKMNapaTThIK TEXHOJIOTHsap OUliMAe >KOHE



FeUTbIMIA» aTThl [X XanbiKkapaniblK FEUIBIMU-9AICTEMENIK KOHGepeHuus (AJIMaThl,
2020); «be3neka pecypciB 1H(GOpMALIIHUX CHCTEM» aTThl | XaJbIKapasbIK
FBUIBIMU-TIPAKTUKANIBIK KOHPepeHusiceiaa (Yepuuros, 2020) 6asHaanabl.

ConbiMeHn katap, AOail arbiHgarel  Kazak  YITTBIK — [EeIarorukKaibIk
YHUBEPCUTETIHIH «OUTIKTUIIKTI apTThIPy JKOHE KAIIBIKTBIKTaH OutiM Oepy»
OpTaJbIFbiHA, AJIMaThl PHEPreTHKA >KOHE OaillaHbic YHUBEpCHUTETIHIH «backapy
Kylenepl >KoHE aKMapaTThIK TEXHOJIOTHsUIap» HMHCTUTYTBIHIA, buopecypcrapbl
KoHE TaOMFaTThl MaijlajJaHy YITTBIK YHUBEpPCUTETIHIH (YKpamHa) «AKNapaTTbIK
TexHojorusnap» Qakynbrerinae (akt Nel6-34, 12.03.2020xk.) oKy mnporeciHe
SHIPUIIL.

Kapusnansimaap: Juccepranus TakbIpblObl OolibIHIIA 14 KapusyiaHbIM Oap,
oHblH 6 - KP BFM buniM ’koHE FBUIBIM cajlachlHJa cammaHbl KaMTamachl3 €Ty
KOMUTETI YChIHFaH OachUIbIMIapAa, 3 Makajia Scopus MaJiMETTep KOpbIHA KIPETiH
OachlibiMa, 1 Makana >KakblH ILIETENAIK FbUIBIMU KOH(epeHuusaa, 4 makana
XaJIbIKapaJbIK FHUIBIMU-TOKIpUOETIK KOHPEPEHIIMS )KUHAKTApbIHA JKapUsIaHFaH.

JuccepTauMsiHbIH KYPBLIBIMBbI: J{HCcCepTAlUSIIBIK KYMBIC, KIpICTIEEH, YII
TapaylaH, KOPBITHIHIBIAH, TNaiilaJlaHbUlFaH  oe0ueTTep TI3IMIHEH JKOHE
KOCBIMILIAJIap/IaH TYPaJIbl.



AHHOTAIUSA
AUCCEPTALMOHHON padoThl AAPaHOBOiIl AceibXxaH barqaTtoBHbI
«Mopnesin, METOBI H AJTOPUTMbI 00ecriedeHns] HH(POPMATMOHHOIH
0e30MacHOCTH JUCTAHIMOHHOIO 00y4YeHHsD) NMPeICTABJIEHHOI HA COUCKAHUe
creneHu JokTopa ¢puiocopun (PhD) mo cnenmaabHocTH
6D060200 — «u¢popmaTuKa)

AKTYaJIbHOCTh HCCJIEJOBAHUS: YBEIMYMBAIOLIMECS MacIITaObl TPUMEHEHUS
HOBBIX  UM(PPOBBIX  TEXHOJOTMA B  YHHBEPCUTETaX,  HCIOJIb30BAHHE
UH(GOPMAIIMOHHBIX TUIATGOPM W CHUCTEM, B YAaCTHOCTH OOJAYHBIX, B 3aJlayax
JUCTAaHIIMOHHOTO  O0pa3oBaHUs, HUMIUIEMEHTalus B  Yy4eOHBIA  Mpoliecc
MHHOBAI[MOHHBIX aNNapaTHO-MPOTrPAMMHBIX CPEACTB, JAENal0T HH(POPMALMOHHO-
o0Opa3oBaTeIbHYyI0 Cpely YUeOHBIX 3aBeICHUI Yys3BUMOM Ha (pOHE BO3pacTarolieH
CJIOHOCTH M KOJIMYECTBA JECTPYKTUBHBIX MOMBITOK BMEIIATEIbCTBA B UX padoTy.
[Ipu sTOoM mojaraem, 4TO K 3alIUIIAEMBIM CBEJICHUSM, KOTOpPBIE XpaHATCS U
UPKYJIUPYIOT B CUCTEMax AUCTaHIIMOHHOro oOpazoBanusi (C/1O) By30B MOXKHO
OTHECTU: TIEPCOHANIbHbIE JAHHbIE Y4YalMXCS, MpernojaBaTesie, Hay4YHbIX
COTPYIHUKOB; OLIM(PPOBAHHYIO uH(pOpMaIuIo, MPEICTABIISIOUTY IO
UHTEJJICKTYalbHYI0 COOCTBEHHOCTh Y4e€OHOTO 3aBeJeHUs; HHPOpPMALMOHHBIE
MAacCUBBI,  KOTOpble, oOOecrmeuMBarOT  y4eOHBbIM  mpouecc,  (Hampumep,
MYJbTUMEIUNWHBIA KOHTEHT, 0a3bl JaHHBIX, OOydalollie U HHbIE MPOTPaMMBI
COOCTBEHHOM pa3pabOTKM U CTOPOHHHE MPOTPaMMHBIE TPOIAYKTHI) U MHOIOE
npyroe. Ilepeuncinennbie uHpopmanmonnsie pecypcbl B CIO By3za wmoryt
BBICTYIIUTh KaK OOBEKT XMWIIECHUS WM MCKKEHHs CO CTOPOHBI BHEIIHUX
(BHYTPEHHUX) KOMIBIOTEPHBIX 3JIOYMBIIUIEHHUKOB WJIH U3  XYJIUTAHCKUX
noOyKI€HUI CO CTOPOHBI YUALTUXCS UIIA COTPYIHUKOB.

CdopmupoBaHHBIi BO MHOTHX IOCTHHIYCTPUAIBHBIX CTpaHax TPEHHI Ha
rinobanmuzanuio gocryna Kk CJIO By30B nenaeT pejeBaHTHBIMH 3aJa4M, CBSI3aHHBIC
C HU3y4YeHHEeM IpobOJieMaTHKU HX Oojee HaJASKHOM 3allUThl W Ppa3pabOTKOM
MEPCIIEKTUBHBIX cTpaTeruii kubepoezonacuocT (Kb) By30B B 11emom.

[Ipu 5TOM TpaguUIMOHHBIE METOABI K MOCTPOEHUIO KOHTYpOB 3amuTel CIO,
OCHOBAHHbIE HA MHOT'OKPaTHOM PE3€pPBHPOBAHUU, BBEICHUU CUCTEM BCTPOECHHOTO
AHTUBUPYCHOT'O KOHTPOJISI U 3JIEMEHTOB C MOBBIIIEHHBIM YPOBHEM HA/I€KHOCTH
YXYAIAT TEXHUKO-3KOHOMUYECKHE  XapaKTEPUCTUKH MPOCKTUPYEMBIX U
CYLIECTBYIOLIIMX CHUCTEM JHCTaHUMOHHOIO oOyueHus. Kpome Toro, wyacto
NOJO0OHBIM MOJIX0A HE MPUBOJUT K HEOOXOIMMOMY YMEHBIICHHIO BEPOSITHOCTH
BO3HMKHOBEHUSI OMACHBIX CUTYAllMM, CBS3aHHBIX C MCKaKEHUEM WM TOJIMEHOM
konTeHTa B CJ[O By30B, a Takke c obOecrmeueHHeM HaJS)KHOCTH WX pabOTHI B
LEJIOM.

NudopmarimoHHO-KOMMYHUKAITMOHHBIE TEXHOJIOTHH B By3aX, B YaCTHOCTHU
CHO, sBIAIOTCS OMHUMU U3 KIIOYEBBIX 3JIEMEHTOB y4eOHOIO MpoIlecca. 3aMeTUM,
YTO COBPEMEHHbBIE Y4YeOHbIE 3aBEJICHUS, KaK »dJEMEHTbl MOJUTUYECKOU U
ColMaIbHON cdephl, HANPAMYIO CBSI3aHbI C HMH(POPMAIMOHHBIMH pecypcaMu H
MH(QOPMAIIMOHHBIMU TEXHOJOTUSIMU. OCHOBHBIMU KOMIIOHEHTAMHU COBPEMEHHOMN
CHO u ee undopmanuonnoit cetu (MHC) sABISAIOTCA KOMIBIOTEPHBIE TEXHOJIOTHH,



00JlayHbIE€ TEXHOJIOTUU, MOOUJIbHBIE TE€XHOJOTHH, TEXHOJIOTUU UH(POPMAIMOHHOMN
0€30MacHOCTH, TEXHOJOTHH COBPEMEHHBIX LEHTPOB 00pabOTKH AaHHBIX U Ap. OHU
TECHO B3aMMOCBSI3aHbI MEXAY COOOM U, B CBOIO OYEpE/Ib, BIUSIOT HA MPOTPAMMHO-
annapatHbiii komiuieke CJ{O By3a mo3TOMY BO3HHMKAET HEOOXOJUMOCTh BHEAPATH
HOBBIE  pa3HOOOpa3Hble WHHOBALMOHHBIE pEIICHUSA, KOTOpble obecreyaT
J0CTaTOYHO OBbICTpbIM noctyn yuamuxcss k UT-undpactpykrype, UT-pecypcam
CHO c onHOM CTOpOHBI, @ C JAPYroM CTOPOHBI, obecrnedar (QPYHKIMOHAIbHYIO
yctorunBocTh paboTel(DPY) CO u ee Kb B peasibHOM BpeMeHHU.

BonpmmMHCTBO HMccnenoBaHuil B 00JacTH MOBBIIEHUS 3(P(HEKTUBHOCTH
cucteM  3amuthl  uHpopmammu  (C3M)  CIOXHBIX — pacnpeiereHHbIX
BBIUHCITUTENBHBIX CETEH, K KOTOPbIM MOXHO Oe3ycnoBHO oTHecTu U CJ1O, a Takxke
BUPTyalbHBIX  oOsaunbix  cucteM (BOC), axkTuBHO  BHEApPSIEMBIX B
oOpa3oBaTeibHBI  MPOIECC, AKUEHTUPOBAHBI JIMIIb HAa HSKOHOMHUYECKOM
MOCTAaHOBKE 3aJayM TMOHMCKAa ONTUMAJIBHBIX CTPATETUM BIJIOXKEHUs] (PUHAHCOBBIX
pecypcoB B cpeactBa Kb u C3U. DTtu paboThl, Kak NpaBUIO0, HE YUYUTHIBAIOT
TEHJICHIINM, Kacalollhecsl BHEJIPEHUS CaMbIX TEePEOBBIX HWH()OPMAIIMOHHBIX
TEXHOJIOTUH B TPOIEAYPhl KOHTPOJIS M TPUHATHS PEIMICHUH IS TMOJ00HBIX
npoekTtoB. HemoctaTkoM MHOTMX MoJeiell Mo pachpeneneHuio (PUHAHCOBBIX
pEeCypcoB, 3aTpayMBaeMbIX Ha BBIOOp KOHTpMEp JUIsI  TPOTHUBOCTOSIHHS
kubepyrpozam B CJIO, sBisieTCs OTCYTCTBHE KOHKPETHBIX PEKOMEHIAIUMN TI0
dbopmupoBanuto crpareruii punancosbix naBecturuii B C3U1 u Kb.

[ToaTOMy HEOOXOAWMBI HOBBIE HCCIEAOBAHUS B HANPABICHUH Pa3BUTHS
METOJIOB U MOJieNiel JJii KOMIBIOTEPHBIX CUCTEM MOIEPKKH pElICHUM, KOTOPhIE
MO3BOJIAT HAWTH ONTHMAJIbHBIE CTPATErMu MO pPacHpee’IeHUI0 OTrpaHUYEeHHBIX
(MHAHCOBBIX PECYpCOB YHHMBEPCUTETOB Ha CO3JaHUE U MOJJEp>KaHue
(GYHKIIMOHAIBHO YCTOWYUBBIX U kKubepOezonacubix CO B miemnom.

Bomnpocamu 3amutbl uHGOpMAMu U TOCTPOSHUS] A(HPEKTUBHBIX CHUCTEM
ynpaBieHuss  WHQOpMAMOHHOW  0€30MacHOCTH  Pa3IMYHBIX  OOBEKTOB
uH(pOpMATH3AIUY 3aHUMAJINCh MHOTHE OTEUECTBEHHBIE U 3apyOeKHbIC yYCHBIC, B
gactHocTH: b.C. Axwmero, P.I'.busmer, A.B. bapa6anos, JI.Il. 3erxkna,
M.H.Kamumonnaes, C.B.Kasmupuyk, A.I'. Kopuenko, T.C.Kapr6aes, B.A. Jlaxno,
B.B. Mamrokos, A.C. Mapkos, V.A. Tykees, B.JI.Llupnos, M. Atighetchi, R.H.
Campbell, J. Dawkins. Kak moka3piBaloT uX HCCIEAOBAHUS, CYIIECTBYET SBHOE
OPOTUBOPEUNE  MEXKAY  NPUHIUIUAIBHOW  BO3MOXKHOCTBIO  Pa3paboTKH
(GYHKIIMOHAIPHO YCTOWYMBBIX K aTakaM M HECAHKIMOHMPOBAHHOMY JIOCTYIY K
CJ1O By30B M HETOCTaTOYHOM 3(P(HEKTUBHOCTHIO CYIMIECTBYIOIINX CUCTEM 3aIIUThHI
CHO By30B, KOTOphle He oOOecneuyuBalOT 3aJaHHBIA  ypOBEHb  HUX
knOep6e30macHOCT! U (PYHKIIMOHATIBHOW YCTOMYUBOCTH.

Jlns  paspenieHus, YyKa3aHHOTO BBIIIE MPOTUBOPEUUS] B AHCCEPTAIUU
MOCTaBJIE€HA HOBAsl HAy4YHas 3a/iaya, KOTopas 3aKiIo4yaeTcsa B pa3paboTke MoJeieH,
METOJ0OB U HMH(POPMAIMOHHBIX TEXHOJOTHI MOCTPOCHHS (PYHKIMOHATBHO
yctounBoil u 3amuiménHoit C/1O By3a Ha 0a3e MMEIOIMIMXCA U MEPCHEKTUBHBIX
nHopMamoHHbIX ceteil. [loaToMy TemaTuka auccepTalmoHHOM paboThI, KOTOpast
HalpaBJieHa Ha pElIeHUuEe ATON 3aJaud, SIBISETCS aKTyaJbHOM M TPEACTaBISET
HAYYHbBI U NPAKTUYECKUN UHTEPEC.


http://www.mathnet.ru/php/person.phtml?option_lang=rus&personid=137664

Henb uccaenoBanusi: PazButue Mopenei, METOJ0B U MH(POPMALMOHHBIX
TEXHOJOTUH, ucnonb3dyemblx g 3amuTel CHO B yCIOBHSX MOCTOSIHHOTO
YBEIUYECHUS KOJIMYECTBA JECTAOMIM3UPYIONIUX BO3JICUCTBUMN, MyTEM BBISIBICHUS
kuOepyrpo3 aiia CO u BbIOOpa COOTBETCTBYIOIIMX KOHTPMED.

O0bekT nccaenopanusi: [Iporeccsl BbIsIBIEHUS KHOEPYrpo3 U oOecrieyeHue
¢ynkumonanbHoi yctounoctu CJO.

IIpeamer  wuccaemoBanmsi:  Mogenu U MeToAbl  oOecreyeHus
uHpopmarronnoi 6ezonacHoctu CO By30B.

I'unore3a wucciegoBaHusi: eciid, TpeOyeTCs MOBBICUTh CTENEHb 3alllUTh
uHbopMalKi U KubepOe30nacHOCTH cucTeMbl AucTaHimoHHoro odyuyenus (CHO)
YHUBEPCHUTETA, TO pEIICHHWE AAHHOW 3aJayd HAaXOJMUTCA MYTEM KOMILUIEKCHOTO
MPUMEHEHHS] METOJ0OB M MOJICJICH BBISIBJICHUS TEKYIIUX U HOBBIX KHOEPYrpo3 i
CHO u mnoxgdbopa COOTBETCTBYIOLIMX KOHTPMEpP IO MPOTUBOJAEHCTBUIO 3THUM
yrpo3am.

3apaum ucciaeq0BaHMSA:

— MpoaHAIU3UPOBATH 0a30BBIM  TOAXOJ K KuOep3amure HUPPOBOMH
oOpa3oBarenbHOM cpefpl  coBpeMeHHbIX yHHBepcuteToB (LIOCY) wu ee
KOMIIOHGHTBl — CHCTEMBbI JUCTaHIIMOHHOTO oOpaszoBanus (CO), a Taxxke
IpOaHaJIN3UPOBATh BOIMPOCH! MO o0ecrneueHui0 (QyHKIMOHATBHOM YyCTOWYHMBOCTH
(®VY) u Kb o6maunbsix BupTyansHbix pecypcoB (BOP) CHO;

— pa3paboTaTb MOAENH sl onucanus cucteM 3amuTsl nHpopmarmu CHO;

— YCOBEPILIEHCTBOBATh METOJ BhIsiBIeHUS Kubepyrpo3 B CJ1O;

— YCOBEPILIEHCTBOBATh MaTeMaTndyeckue mojenu st oobecrneuenus OY u Kb
BOP nns mporpammuo-koHpurypupyemsix cereit CIIO, a Takxke paszpaboTaTh
metonuky obecnieueruss @Y u Kb BOC Ha ocHOBe mpuMEHEHHUsS MPOTPaMMHO-
KOH(pUTYPUPYEMBIX CETEeH;

— YCOBEpILIEHCTBOBATh METOAHMKY BBIOOpa  ONTUMAJIBHOTO  BapUaHTa
MOCTPOCHHMS CUCTEMBI 3aIuThl HHGopManmu u kubepoezonacuoctu CIO.

MeToabl HCCJI€10BAHUIN .

B xonme wuccnenoBaHus, y4uThIBasS OCOOCHHOCTH MPEIMETHON OOJIacTH u
c(hOpMyIHpPOBAHHBIX 3a/]a4, HCIMOJIb30BAIIUCh METOJBI: CHCTEMHOTO aHalnu3a H
TEOPUU CIOKHBIX CHUCTEM (IJIsI ONTUCAHUS HepapXuuecKo HH(OPMAIIMOHHON CeTH
CHAOY  rpadom  cocTosHMII W  TEPEXOAOB  CIy4allHOTO  Mpoliecca
(GYHKIIMOHUPOBAHMS ); TEOPETHUECKHE OCHOBBI (DYHKITMOHAIBHONW YCTOWYMBOCTH U
3anuieHHocTH nHpopmarmonHout cetu CHOY (a1t MoaenupoBaHus HaI€KHOCTH
C0O); MeToapl SKCTIEPTHBIX OIEHOK, KOMOMHATOPHOW TEOPUU U aHATUTHYECKOTO
MOAENUPOBaHUS ()T  yCOBEPILIEHCTBOBAHUS MaTeMaTU4eCKOH  MOJeinu
obecrieuenuss @Y wu Kb BOP); o0mme mMoOMOXEHUS TEOPUHM MAacCOBOTO
oOCImy)KWBaHHsI W TEOPUU WTp (IS COBEPIICHCTBOBAHUS METOAMK BBIOOpA
onTUMaiabHOro Bapuanta noctpoenus cucremsl 31 u Kb CJ1O).

Hay4ynasi HOBU3Ha MCCJIeIOBAHNS .

— pazpabotana Mozenb AJsl onucaHus kuobepyrpo3 CJIO Ha 6a3e MapKOBCKUX
LIETeH, YTO MO3BOJSIET CTPOUTh KOHKPETHBIE MAapKOBCKHE MOJIENIA yrpo3 aTak Ha
HOCY u CHO u B COBOKYNHOCTH C MOJIENSAMH, U alrOpuTMaMmH BbIOOpa
paunoHansHOM cTparerueii mHBectupoBaHuss B Kb CJIO, maer BO3MOXKHOCTH



YCOBEPUIEHCTBOBAaTh METOOJIOTUIO MOCTPOEHUS (PYHKIMOHAIBHO YCTOMYMBOU U
amuiénno C1O;

— YCOBEpIIEHCTBOBAH METOJl BbIsABIeHUs KuOepyrpo3d B CJIO, xoTophiii B
OTJIMYME  OT  CYIIECTBYIOIIMX,  COJEPKUT  PEKYpPCUBHBIE  AITOPUTMBI
pacnpesieIEeHHOr0 CETeBOro caMOO0Oy4YeHUs W BbIOOpa KOHTpMEp (CTpaTeruid, B
YaCTHOCTH (PUHAHCOBBIX WJIM TEXHUYECKUX Uil cropoHbl 3ammuTtel CJIO) B
3aBUCUMOCTH OT BUJa KUOEPYrpos;

— YCOBEpIIIEHCTBOBaHAa MaTteMaTtndeckas Mozenb s odecneuenus Y u Kb
BOP nns nporpammuo-koHpurypupyembsix cereit CIIO, koTopas B OTJIMYKE OT
CYIIECTBYIOIIUX, YUUTHIBAET cocTosiHue BOP u BBIOOp BO3MOXKHBIX KOHTPMEDP Ha
OCHOBE KOMILIEKCHOT'O MOKAa3aTeJsl Il MPOrpaMMHO-KOH(PUTYPUPYEMBIX CETeH, a
TaKKe€ 3a cueT mpoieaypbl mnpuMeHeHus rpadoB atak Ha BOC, koTopbrit
MO3BOJISIET MOJy4aTh MHPOPMALIMIO 000 BCEX U3BECTHBIX YA3BUMOCTSIX CUCTEMBI, a
TaKXe MOKa3bIBAET B pekUMe pealibHOTO BpeMeHu coctosinne @Y u Kb BOP;

— MoJy4ywia JajibHeWIlee pa3BUTHE METOJWKAa BBHIOOpA ONTHUMAIBLHOTO
Bapuanta noctpoeHuss cucrembl 3 u Kb CJIO, kotopas B OTJIMYHME OT
CYLIECTBYIOUIMX, JONOJHEHAa YCOBEPIIECHCTBOBAHHBIM METOJOM  BBISBICHUS
kubepyrpo3 B UHC u CJIO, mMonenbio cucTteMbl yrpaBiieHUss UHPOPMALMOHHOM
6e3onacHocthio CJIO Kak CHCTEMBI MacCOBOTO OOCITY)KMBaHUSI U MOJIEIBIO
AHTarOHUCTUYECKON Wrpbl 17l moucka 3¢ dexTuBHBIX U AeiicTBeHHBIX C3U B
YCIOBUSAX OTPAaHUYEHHOTO OOJIKETa y4eOHOT0 3aBE/ICHUS.

Teoperuuyeckass 3HAYMMOCTH HcciaeaoBanusa. [lonyunnn npanpHeniee
pa3BHUTHE MOJIETTH U METO/IbI 3aIIUTHI CUCTEM aucTaHmoHHOro ooyuenus (CHO) B
YCIOBUSAX POCTA CJIOXKHOCTH JIECTPYKTUBHOTIO BMEIIATEIbCTBA B HUX pabOTy cO
CTOPOHBI KOMITBIOTEPHBIX 3JI0YMBINIIIECHHUKOB. [Ipy 3TOM BriepBbie ObLIA MOTy4YeHA
Mozaenb i omucanus kubepyrpo3 CJIO Ha 0a3ze MapKOBCKHUX IIEIICH, YTO
MO3BOJISIET CTPOUTH KOHKPETHBIE MapKOBCKUE Mojienu yrpo3 arak Ha CJO. Takxke
YCOBEPIICHCTBOBAHbI METOJ| BhIsBICHUS Kubepyrpo3 B CJIO, KOTOpbIi B OTIMYHE
OT CYUIECTBYIOIIHMX, COJEPKUT PEKYPCUBHBIE aJTOPUTMbI PACIPEACICHHOTO
CEeTEeBOT0 caMOOOyYeHHs W MOJeNb s oOecriedeHus  (DyHKIIMOHATBHOM
YCTOWYMBOCTH W KHOEpOE30MacHOCTH BUPTYyaJbHOW OOJAYHOW Cpeabl s
nporpaMmmHo-KoH(purypupyemeix cereit CJIO, koTtopas B OTIMYHE OT
CYIIECTBYIONINX, YUYUTHIBAET COCTOSIHUE OOJIAYHON Cpeapl YHHBEPCHTETa U
MO3BOJISIET  PEAIM30BBIBATH  BHIOOP  BO3MOXKHBIX KOHTPMEpP Ha  OCHOBE
KOMIUJIEKCHOTO TIOKa3aTes ISl MPOrpPaMMHO-KOH(DHUTYPHPYEMBIX CETEH.

IIpakTuyeckoe 3HavYeHHe TOJYYEHHbIX pe3yabTaToB. Pazpaborka
npukiIagHeix  nporpammubeix npoayktoB (IIIT) B cpeme Rad Studio 10.3.
PazpaGorannsie III1 oOecneunmBaroT Ooybmyr0 3GPEKTHBHOCTL  Iporiecca
npoektupoBanuss CYHWUB CJIO u NOBBIIAIOT JTOCTOBEPHOCTh PpPE3YyJbTATOB
UHTEepOpeTauuu ypoBHa npuemiuemoro pucka gt CJO. IIpoBeneHHbie
BBIYMCIIMTENbHBIE OJKCIEPUMEHTHl Ha 0a3e pa3pabOTaHHBIX MPOTrPaMMHBIX
MPOAYKTOB MOATBEPIWIN JOCTOBEPHOCTh OCHOBHBIX TEOPETHUYECKUX IMOJOKECHUU
JUCCEPTAlMOHHON pabOThl. DKCIEPUMEHTAIBHO MOKA3aHO, YTO MPEHJIOKEHHbIC
pelieHus mo3BoJisitoT MoBeIcHTh Nokazatenb @Y u Kb BOC, u CIO B nenom Ha
12—17 % 1o cpaBHEHHUIO C U3BECTHBIMHU PEIICHUSIMH.



[IpennoxxenHsle MeToabl, Monaenu U paszpaboranHbie IIII moryr OBITH
WCIOJB30BaHbl  JUIsl  TOBBINIEHUS  cTeneHu  kuOepsamuinenHoctu  CJIO
YHUBEPCUTETOB.

Ha 3amuTy BbIHOCATCSH cJieyI0lIne MoJI0KeHHs :

— MOJIeJIb JJIsl OMHUCAHUs KMOEPyrpo3 CUCTEM AUCTAHIIMOHHOTO OOy4YeHHs Ha
0a3ze MapKOBCKUX IIeTICH;

— METOJ BBISBJICHUS KHOEPYrpo3 B CHUCTEMAaX AMCTAHIIMOHHOTO OOYy4YeHHS,
colepKallluii ~ PEeKypCUBHBIE  AJITOPUTMbl  PACHPENEICHHOTO  CETEBOrO
caM000y4YeHUs U BbIOOpa KOHTPMEDP B 3aBUCUMOCTH OT BHJIa KUOEpYyTpo3;

— Mojenb s oOecnedeHUss  (PYHKIIMOHAJIBHOW  yCTOWYMBOCTH |
KnOepOe30MacHOCTH BUPTYAJIbHBIX OOJIAUHBIX PECYpPCOB JUIsi TIPOrpaMMHO-
KOH(DUTYpUPYEMBIX CETe CUCTEM TUCTAHIIMOHHOTO O0OYUYCHUS;

— METOJIMKa BhIOOpA ONMTUMAILHOTO BapHaHTa MOCTPOCHUSI CUCTEMBI 3aIUThI
uHopManuu U KuOepOe30MacHOCTU CUCTEM JUCTAHIIMOHHOTO O0YyUEHHUS.

JInuHbli BKJIAA couckaresisi: Bce OCHOBHBIE pe3ynbTaThl JUCCEPTAIMOHHOMN
paboThI, BHIHOCUMBIE Ha 3aIHUTY, MOJYYCHHBIE COMCKATENIeM JIMYHO, CPEIU HUX:
MOJICJIM U aJITOPUTMBI OOecTieueHHs] KnOepOe30MmacHOCTH BUPTYATbHBIX 00JIauHbBIX
PECYpPCOB ISl IPOTPAMMHO-KOH(DUTYPUPYEMBIX CETEH CHUCTEMbl TUCTAHIIMOHHOTO
0o0ydeHUs By3a; KOMIIBIOTEPHAsI MOJIeNIb CUCTEMBbI YIPaBICHUS WHPOPMAITTOHHOM
0€30MacHOCTbIO JAMCTAHIIMOHHOTO O00pa30BaHUS YHUBEPCUTETAa KaK CHUCTEMBI
MacCOBOTO OOCTYKUBAHHUS.

Anpobamusi  pe3yjabraroB auccepramuu: OcBelleHa B HAyYHOM-
MeTonuyeckoM cemuHape «MHpopmaruzamus oOpazoBaHUST U TPOOJIEMBI
o0ydenus» kadenpsl nHpopMaTuku U nHGOpMaTHU3aIUU 00pa3zoBanus Kazaxckoro
HAIMOHAJILHOTO  TEJarori4ecKoro yHHUBEpcUTeTa HMeHH Abas, HWHCTUTYTE
«CHUCTEMBl yIpaBleHUsT W WHGOPMAIIMOHHBIE TEXHOJIOTHH» AJIMATHHCKOTO
YHUBEPCUTETa DHEPreTKH U  CBsi3H, (akynprete  «MHbDOpManmonHbie
TEXHOJIOTU HarmonanbHoro YHUBEPCHUTETA onopecypcoB u
IpPUPOAOIIONB30BaHus (YKpanHa), a Takke Ha MEXIYHAPOJHBIX HAYYHO —
METOJIUYECKUX, TMPAKTUYECKUX KOH(PEPEHIMAX: peCcrnyOirKaHcKash Hay4dHO-
npakThYecKas KoH(pepeH1us «CoBpeMeHHbIE uH(GOPMAIOHHO-
KOMMYHUKAIIHOHHBIE TEXHOJIOTMM B HAyKe M MpaKTHUKE B oOpa3oBaHum»  (T.
Anmater, 2018); pecmyOnmKaHckas — Hay4YyHO-TIpaKTHYecKas  KOH(EpEeHITUs
«lIudpoBbie  TexHOMOTMM B  TpoMbIIUIEHHOCTH»  (T.  Akrtay, 2019);
MexxayHapoaHble CarbaeBckue uteHus: «/IHHOBallMOHHBIE TEXHOJOTHUU — KIIOY K
YCIICIITHOMY penieHN0 (QyHAAMEHTAIBHBIX M MPUKIATHBIX TPOOJIEeM B TOPHOM U
HedTerazoBoMm cekropax skoHomuku PK» (r. Anmmarter, 2019); IX MexayHapoaHas
HAay4YHO-METOJuYecKass KOoH(epeHIuss " MaTeMaTU4eCKOe€ MOJIETMPOBAHUE H
WH(GOPMAIIMOHHBIE TEXHOJIOTHU B oOpa3oBanuu W Hayke» (Anmater, 2020); I
MexnayHnapoaHas HaydHO-TIpakTHueckass KoHdepeHmus «besneka pecypcis
iH(popMaiiitHux cuctem» (Yepuuros, 2020).

Tak>xe BHEPEHBI B yUeOHBIN MPOIECC B IEHTPE «IOBBIIICHUE KBATU(DUKAIUU
U JIUCTAaHIIMOHHOE 00pa3oBaHMe» Ka3axCKOro HalMOHAJIBLHOTO MEAAroruyecKoro
yHUBEpCcUTETa UMEHU Abas, B HUHCTUTYTE€ «CHCTEM YINpPABJICHUS U
MH(QOPMAIIMOHHBIX TEXHOJOTHI» AJIMATUHCKOIO YHUBEPCUTETA HSHEPIeTHKU U



CBsA3M, Ha (akynpreTe «MH(OPMAIIMOHHBIX TeXHOJorui» HanuonansHOrO
YHUBEpPCUTETA OMOPECYPCOB U MPUPOIOIIOIB30BaHUs (YKpanHa).

Iyoaukanuu mo pesyiabTatam uccjeloBaHuss: OCHOBHBIE pe3ylbTaThl
JUCCEPTALIMOHHON paboThl OMyONIMKOBaHbI B 14 HayyHBIX CTaThbel, B TOM UYHUCIE, B
KypHaiax BXOASIMMX B 0azy SCOpPUS — 3, B KypHalIaX pPEKOMEHIOBaHHBIX
KOKCOH MOH PK — 6, B cOopHHKax MaTepuaioB 3apyOeKHbIX KOH(PEpEeHIIH —
1, B MaTepuaiax MeXI1yHapOIHBIX KOH(pepeHuui — 4.

Crpykrypa amccepramum: Jlucceprauuss COCTOMT U3 BBEACHHS, TpeX
pa3aenos, 3aKII0YEHUs, CIIMCKA UCIIOJIb30BAHHOM JIUTEPATYPhl U NIPUIIOKEHUM.



Adranova Asselkhan Bagdatovna
Dissertation for the degree of Doctor of Philosophy (PhD) in the specialty
60060200 — «Informatics» on the theme «Models, methods and algorithms for
information security of distance learning»

ANNOTATION

The relevance of research: The increasing scale of the use of new digital
technologies in universities, the use of information platforms and systems, in
particular cloud ones, in the tasks of distance education, the implementation of
innovative hardware and software into the educational process, make the
information and educational environment of educational institutions vulnerable
against the increasing complexity and the number of destructive attempts of
interference in their work. At the same time, we assume that the protected
information that is stored and circulated in distance learning systems (DLS) of
universities includes: personal data of students, teachers, researchers; digitized
information representing the intellectual property of the educational institution;
information arrays that provide the educational process (for example, multimedia
content, databases, training and other proprietary programs and third-party
software products) and etc. The listed information resources in the DLS of the
university can act as an object of theft or distortion by external (internal) computer
intruders or by hooligan motives of the students or employees.

The formed trend in many post-industrial countries towards the globalization
of access to DLS of universities makes relevant the tasks associated with the study
of the problems of their more reliable protection and the development of promising
cybersecurity strategies (CB) of universities in general.

At the same time, traditional methods for creating DLS protection circuits
based on multiple redundancy, the introduction of built-in anti-virus control
systems and elements with an increased level of reliability worsen the technical
and economic characteristics of the designed and existing distance learning
systems. In addition, this approach often does not lead to the necessary reduction in
the probability of situations associated with distortion or substitution of content in
the DLS of universities, as well as with ensuring the reliability of their work in
general.

Information and communication technologies in universities, in particular,
DLS, are one of the key elements of the educational process. It should be noted
that modern educational institutions, as elements of the political and social sphere,
are directly related to information resources and information technologies. The
main components of a modern DLS and its information network (InN) are
computer technologies, cloud technologies, mobile technologies, information
security technologies, technologies of modern data processing centers, etc. They
are closely interconnected and, in turn, affect the software and hardware complex
Therefore, it becomes necessary to introduce a variety of new innovative solutions
that will provide students with a fairly quick access to the IT infrastructure, IT
resources of the DLS, on the one hand, and on the other hand, will ensure the
functional stability of the work (FS) of the DLS and its CS in real time.



Most of the research in the field of financing information protection systems
(IPS) of complex distributed computing networks, which can certainly include
DLS, as well as virtual cloud systems (VCS), actively implemented in the
educational process, are focused only on the economic problem statement of
finding optimal strategies for investing financial resources in the means of CS and
IPS. These works, as a rule, do not take into account the trends regarding the
introduction of the most advanced information technologies in the control and
decision-making procedures for such projects. The disadvantage of many models
for the allocation of financial resources spent on the choice of countermeasures for
cyber threats in the DLS is the lack of specific recommendations for the formation
of strategies of financial investments in the IPS and CS.

Therefore, there is a need for a new research in the direction of the
development of methods and models for computer decision support systems, which
will make it possible to find optimal strategies for the allocation of limited
financial resources of universities to create and maintain functionally stable and
cybersecure DLS as a whole.

Many domestic and foreign scientists, in particular: B.S.Akhmetov, R.G.
Biyashev, A.B.Barabanov, D.P.Zegzhda, M.N. Kalimoldaev, S.V. Kazmirchuk,
A.G. Korchenko, T.S.Kartbaev, V.A. Lakhno, V.V. Malyukov, A.S.Markov, U.A.
Tukeyev, M. Atighetchi, R.H. Campbell, J. Dawkins and many others were
involved in information protection tasks and in the process of creation of effective
information security control systems for various informatization objects. As their
studies show, there is a clear contradiction between the fundamental possibility of
developing cyber-protected, functionally resistant to attacks and unauthorized
access (UAA) DLS of universities, based on the use of information technologies,
and the insufficient effectiveness of existing systems for protecting information
networks of universities, which do not provide a given level of cybersecurity and
functional stability of DLS.

In order to resolve the above contradiction, the dissertation posed a new
scientific task, which consists in developing models, methods and information
technologies for creating a functionally stable and protected DLS of a university
based on existing and promising information networks. Therefore, the topic of the
dissertation work, which is aimed at solving this problem, is relevant and is of
scientific and practical interest.

The aim of the research: The aim of the dissertation work is to develop
models, methods and information technologies used for protecting distance
learning systems in conditions of a constant increase in the number of destabilizing
effects based on identifying cyber threats and choosing appropriate
countermeasures.

The object of the research: The processes of identifying cyber threats and
ensuring the functional stability of the DLS.

The subject of the research: The methods and models of ensuring the
information security of the DLS of universities.

Research hypothesis: If it is necessary to increase the degree of information
protection and cybersecurity of the University's distance learning system, the



solution to this problem is through the integrated application of methods and
models for identifying current and new cyber threats to the distance learning
system and selecting appropriate countermeasures to counter these threats.

Research objectives:

- to analyze the basic approach to cyber protection of the digital educational
environment of modern universities (DEEU) and its components - distance
learning systems (DLS), as well as to analyze the tasks of ensuring the functional
stability (FS) and CS of virtual cloud resources (VCR) of the DLS;

- to develop models for describing the information security systems of the
DLS;

- improve the method for identifying cyber threats in the DLS;

- to improve mathematical models for providing FS and CS of VCR for
software-configurable network of the DLS, as well as to develop a methodology
for providing FS and CS of VCR based on the use of software- configurable
networks;

- to improve the methodology for choosing the optimal variant for creating an
information security and cybersecurity system for DLS.

Research methods:

During the research, taking into account the peculiarities of the subject area
and the formulated tasks, the following methods were used: system analysis and
the theory of complex systems (to describe the hierarchical information network of
the DLSU by a graph of states and transitions of a random functioning process);
theoretical foundations of the functional stability and security of information
network of the DLSU (for modeling the reliability of the DLS); methods of expert
assessments, combinatorial theory and analytical modeling (to improve the
mathematical model for ensuring FS and CS of VCR); general provisions of the
queuing theory and game theory (to improve the methods for choosing the optimal
variant for creating a system of IP and CS of the DLS).

Scientific novelty of the research:

— there was obtained a model for describing the cyber threats of the DLS
based on Markov chains, which allows creating specific Markov models of attacks
on DEEU and DLS, and in conjunction with models and algorithms for choosing a
rational strategy for investing of CS of the DLS, makes it possible to improve the
methodology for creating a functionally stable and secure DLS;

— there was improved the method for identifying cyber threats in the DLS,
which, in contrast to the existing ones, contains recursive algorithms for distributed
network self-learning and the choice of countermeasures (strategies, in particular
financial or technical for the DLS protection), depending on the type of cyber
threats;

— there was improved a mathematical model for ensuring FS and CS of VCR
for software-configurable networks of DLS, which, unlike the existing ones, takes
Into account the state of VCR and the choice of possible countermeasures based on
a complex indicator for software- configurable networks, as well as through the
procedure for applying attack graphs on VCS, which allows to receive information



about all known vulnerabilities of the system, and also shows the state of the FS
and CS of VCR in real time;

— there was further developed the methodology for choosing the optimal
variant for creating a system of IP and CS of the DLS, which, in contrast to the
existing ones, was supplemented with an improved method for identifying cyber
threats in InN and DLS, with a model of an information security control system of
the DLS as a queuing system and with an antagonistic game model for finding
effective and efficient IPS in conditions of a limited budget of the educational
Institution.

The theoretical significance of the research: Fact that models and methods
for protecting distance learning systems have been further developed in the context
of increasing complexity of destructive interference in their work by computer
attackers. At the same time, for the first time, a model was obtained for describing
cyber threats of a distance learning system based on Markov chains, which allows
us to build specific Markov models of threats of attacks on distance learning
systems. Also improved method of detecting cyberthreats in distance learning
systems, which in contrast to existing, contains, recursive algorithms for
distributed network of self-learning and model to ensure the functional stability
and cybersecurity virtual cloud environment for software defined networks of the
distance learning system, which, unlike existing ones, takes into account the cloud
environment of the University and enables the selection of possible
countermeasures on the basis of a complex indicator for software defined
networking.

The practical significance of the results obtained: Development of applied
software products in the Rad Studio 10.3 environment. The developed software
programs ensure greater efficiency of the creating of ISCS of the DLS and increase
the reliability of the results of interpreting the level of acceptable risk for the DLS.
The computational experiments carried out on the basis of the developed software
products confirmed the reliability of the main theoretical provisions of the
dissertation work. It has been shown experimentally that the proposed solutions
make it possible to increase the FS and CS of VCS, and the DLS in general by 12—
17% in comparison with the known solutions.

The proposed methods, models and developed software programs can be used
to increase the degree of cyber security of the DLS of universities.

The following provisions are brought to the defense:

- a model for describing cyber threats in the distance learning systems based
on Markov chains;

- a method for identifying cyber threats in the distance learning systems,
containing recursive algorithms for distributed network self-learning and the
choice of countermeasures depending on the type of cyber threats;

- a model for ensuring the functional stability and cybersecurity of virtual
cloud resources for software-configurable networks of distance learning systems;

- @ methodology for choosing the optimal variant for creating an information
security and cybersecurity system for the distance learning systems.



Personal contribution: All the main results of the dissertation work for the
defense, received by the doctoral student personally, among them: models and
algorithms for ensuring cybersecurity of virtual cloud resources for software-
configurable networks of the university's distance learning system; computer
model of the information security control system of the distance learning of the
university as a queuing system.

Approbation of the dissertation results: Presented of the scientific and
methodical seminar «Informatization of education and the problem of education»
of the Kazakh National Pedagogical University named after Abay (Kazakhstan),
the Department "Control Systems and Information Technologies™ of the Almaty
University of Energy and Communications (Kazakhstan), the Faculty of
"Information Technologies™ of the National University of Bioresources and Nature
Management (Ukraine), and also at international scientific — methodical, practical
conferences: republican scientific and practical conference "Modern information
and communication technologies in science and in practice in education™ (Almaty,
2018); republican scientific and practical conference "Digital technologies in
industry” (Aktau, 2019); international Satpayev readings "Innovative technologies
are the key to successfully solving fundamental and applied problems in the
mining and oil and gas sectors of the economy of the Republic of Kazakhstan"
(Almaty, 2019); IX international scientific and methodical conference
"Mathematical modeling and information technologies in education and science"
(Almaty, 2020); | international scientific and practical conference "Security of
information systems resources™ (Chernihiv, 2020).

They are also implemented in the educational process at the center ™
Excellence and Distance Education” of the Abay Kazakh national pedagogical
University, at the Institute of "management systems and information technologies™
of the Almaty University of energy and communications, at the faculty of
"information technologies” of the National University of bioresources and
environmental management (Ukraine).

Research publications: The main results of the dissertation work were
published in 14 printed works, including 3 articles in journals included in the
Scopus database, 6 articles in journals recommended by the CQAES MES RK; 1
publications in materials of foreign conferences, 4 publications in materials of
international conferences.

Dissertation work structure: The dissertation consists of an introduction,
three chapters, a conclusion, a list of references and appendices.



