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KBIPI'BI3CTAHIABIH CAJTAMATTBIKTBI CAKTOO CUCTEMACBIHIAAI'BI
CAHAPHUIITUK TEXHOJIOTI'UAJIAP KAHA KACAJIMA UHTEJIVIEKT:
MEINIIMHAJAI'BI MAAJIBIMATTBIH KOOIICY3AYTY KAHA KYINYAJUYVYJYTY
KAHA 3TUKAJIBIK ACIIEKTHUJIEPH
U®POBBIE TEXHOJIOI'MW W UICKYCCTBEHHBII MHTEJUIEKT B CHCTEME
3APABOOXPAHEHUSA KbIPI'BI3CTAHA: BE3OITACHOCTD
N KOHONJAEHIIMAJIBHOCTh MHO®OPMAIIMU B MEJUIIUHE U OTUYECKHUE
ACIIEKTBI
DIGITAL TECHNOLOGIES AND ARTIFICIAL INTELLIGENCE IN THE HEALTHCARE
SYSTEM OF KYRGYZSTAN: INFORMATION SECURITY AND CONFIDENTIALITY
IN MEDICINE AND ETHICAL ASPECTS

Kbickaua wmyHe3neme: Makanana KeIprel3cTanablH —cajlaMaTTBIKTBl  CaKTOO TapMarblH
CaHApHUNTEITUPYYAOTY MEINIUHANBIK KYyOYSIYYyIyKTy KOProo JkaHa TTallMEHTTEPINH JKEKe
MaaJIbIMATTApPbIH HIITCTYYAO OTHUKAJIBIK INPUHOUIITCPAU CAKTOO MACCIICIICPpHU KapajaT. :‘)J'IeKTpOHILYK
MEAULIUHAIBIK JOKyMEHTTepAH, “TYHIYK” CHCTEMAchblH >kKaHa Oalllka CaHAPUITUK KbI3MATTap.Ibl
KUPTU3YY MEIUIUHAIBIK JKapAaMIblH JKeTKHJIMKTYYJIYTYH XOropynaarar, OMpOK OIIOHIOW 3Ji€ JKeKe
MaasbIMATTApAbIH arblll KeTYY KOPKYHYYYH ’Kaparar. MeauuMHalbIK MaallbIMaTKa JKETYYHY JKOHIO
Calyy4y 37 apajblK IpPaKTHKa, KOJIJOHYYHAAarbl YKYKTYK j>KaHa JTHKAJIBIK CTaHAAPTTaphbl TajlIo0ro
aBIHBI, KBIPrbI3cTaH IbIH MIAPTHIHIA ajap ikl )KAKIIBIPTYY OOOHYA Yapajap CYHYIITalyy/a.

AHHoTammsA: B cratbe paccmaTpuBaroTcs NpobiaeMbl HU(POBU3ALMK 3ApAaBOOXPAHEHUS B
KwIprei3crane, CBs3aHHbBIC C 3aIMTON MEIUIIMHCKOW TalHBI M COOIOJICHUEM ITHYCCKUX IPUHIIUIIOB B
o6pa60TKe IEPCOHAIIBHBIX AaHHBIX ITalUCHTOB. BHG,Z[peHI/Ie OJICKTPOHHBIX MCIUIHWHCKUX KapT,
cucteMbl «[YHIYK» U JpyruX HU(PPOBBIX CEPBUCOB MOBBIIIACT JOCTYIHOCTh MEAUIIMHCKON MTOMOIH,
HO TAaKKe CO3MaéT PUCKA YTE€UKM IMEPCOHAIbHBIX MJAHHBIX. AHAIM3UPYIOTCS MEXAYHAapOIHbIE
MPaKTUKH, TIPABOBBIE M STUYECKHE HOPMBI, PEryITHPYIOUE JAOCTYI K MEIUIMHCKOW MHGOpMaluK, 1
IIPEAIAratoTCsl MEPHI 110 UX YCOBEPILEHCTBOBAHMIO B yCIOBUSAX KbIprei3craHa.

Abstract: This article discusses the challenges of healthcare digitalization in Kyrgyzstan,
focusing on the protection of medical confidentiality and adherence to ethical principles in the
processing of patients' personal data. While the introduction of electronic medical records, the Tunduk
system, and other digital services enhances the accessibility of medical care, it also poses risks related
to personal data breaches. The article analyzes international practices and existing legal and ethical
standards governing access to medical information, proposing measures to enhance these frameworks
within the context of Kyrgyzstan.



Herusru ce3nep: caHapUNTEIITHPYY;, MEAUIIUHAIBIK KOH(QUISHIHMAIAYYTYK; dTHKA; yKacaiMa
MHTEIJIEKT, MaajibiMaTTapra *eTyy; KblpreI3cTaniblH Mblii3aMAaphl.

KuarwueBble cioBa: nmudpoBuzanus; MEIUIIMHCKAs TailHA; STUKA; UCKYCCTBEHHBIM WHTEIICKT;
JIOCTYI K JaHHBIM; 3aKOHO1aTeNbCcTBO KbIprbi3cTana.

Keywords: digitalization; medical confidentiality; ethics; artificial intelligence; data access;
legislation of Kyrgyzstan.

[ludpoBuzauss  3ApaBOOXpPAHEHUS  SIBJISETCA OJAHMM M3  KIIOYEBBIX  HAalpaBJICHHI
COBPEMEHHOCTH, CIOCOOCTBYIOIIMX ITOBBIMIEHUIO JIOCTYITHOCTH M KauyeCcTBa MEIULIMHCKUX YCIIYT.
OpaHako BHeIpeHHE LMPPOBBIX TEXHOJOIMH, TAKUX KAaK 3JIEKTPOHHBIE MeOUIMHCKUE KapThl (OMK),
CUCTEMBI OOMEHA JIaHHBIMU U MCKYCCTBEHHBIM MHTEIUIEKT, COMPOBOXKIAETCSI PUCKAMH, CBSI3aHHBIMU C
3aIMTON KOH(QUICHIIMATbHOCTH MAMEHTOB M COONIOeHHEeM JTudeckux HopM. B Ksipreizckoit
PecnyOnuxke npouecc 1uppoBU3aLuK 3ApaBOOXpaHEHUs IPUOOPETAET 0COOYIO0 aKTyalbHOCTb.

CoBpemenHas nugpoBu3anus B cdepe 3apaBooxpaneHns Kelprei3craHa 3HaYUTETBHO YCKOPSIET
0OMEH MEIMIMHCKMMU JaHHBIMU. BHenpeHue >7IeKTpOHHBIX MEAMIIMHCKMX KapT, OHJIAMH-3allucu K
Bpauy W HHTErpalMs C TOCYIapCTBEHHOW cucTeMoid oOMeHa HaHHBIMH «TYHIYK» MO3BOJISET
ONTUMHU3UPOBATH MEAUIIMHCKOE OOCTY)KHUBaHHE HACEIICHUSI.

TeM He MeHee BO3ZHUKAET PsAI BOIPOCOB, KACAIOIMXCS 3alMThl MEAMLIIMHCKOW TaiiHbl. B
KsIpreiscrane, kak 1 B Poccum, JO0CTyll K MEPCOHATBHBIM MEIUIMHCKUM JaHHBIM CTall IPEIMETOM
3aKOHOJAATENbHBIX WHUIMATUB, HAIIPABICHHBIX HA PACIIMPEHHUE Kpyra JIML, HMEIOUMX K HUM JIOCTYII.
OTO MOAHMMAET BOINPOCHI COOMIOAEHUS IpaB MalMEHTa Ha KOH (MIEHIMAIBbHOCTb, 3aIMMTHI €ro
IIEPCOHAJBHBIX JAHHBIX, a TAaKKE MOPAJIbHO-ITUYECKUE AaCIEKThl HCIIOJIb30BAaHUS MEIULIMHCKON
uHpopMaluu.

Hamu Obuia mocTaBiieHa 3ajaya aHalIM3a MOJUTUKU IU(POBU3ALMU 3/1PABOOXPAHEHHS B
Keipreisckoit PecriyOonmuke, paccMOTpEHUsI MEXaHHW3MOB 3aIlMThl MEIUIIMHCKOW TalHbI, 3TUYECKUX
npo0ieM HU(PPOBU3AIUY U BIUSHUS HOBBIX TEXHOJIOTUH Ha MEUIIMHCKYIO ITPAKTHKY.

B pabore OblIM MCNONB30BaHBI METOABI CPABHUTENBHO-TIPABOBOIO AHAIN3a, CHCTEMHOIO
MOJX0Ja, MPOAaHAIM3UPOBAHbI 3aKOHOJATeNbHble HOpPMBI Koipreisckoit PecmyOmmku, Poccun wu
MEXIyHapOJHbIE CTaHJApThl B cepe 3almThl MEAUIIMHCKON MHpopMauu. B sTHyeckoM KOHTEKCTe
paccMaTpuBalOTCS MPUHIUIBl MEAMIIMHCKOM JEOHTONOTMHM M OHO3THKM. Hamu ObuM H3ydeHBI
CJIEIyIOIIME BOIPOCHI:

1) nudpoBH3anUs MEUIUHCKAX TAHHBIX H PHCKH VISl KOH(H ICHITUATBHOCTH;

2) STUYECKHE acleKThl U (PPOBU3ALMH MEIUIIHHEI;

3) MEeXIYHApOHBIH ONBIT U CPABHUTEIILH bl aHAJIHN3.

PaccmoTpuM ux 6osee reTanbHO.

1. lud poBu3anusi MeAMIMHCKUX JAHHBIX H PUCKH 1JIs1 KOH() H1e HIHATbHOCTH

C TOUKM 3peHHS TEXHOJIOTHH, OJIOKYeHH W KpUNTOrpaduuecKkue MeTOasl MOTYT CTaTb
3G PEKTUBHBIMH HHCTPYMEHTaMH IS oOecredeHrss Oe30MacHOCTH MEAUIIMHCKUX AaHHbIX. [10]
brokueiin, Omaromapsi cBO€il JeleHTPaTU30BaHHON MpPUPOJE, MO3BOJISET CO3JaBaTh HEM3MEHSEMbIe
3aIlMCH, YTO 3HAYNUTEIBHO CHUKAET PUCK HECAHKIIMOHUPOBAHHOTIO IOCTYNA U MAaHUMYJSIIUN TAHHBIMH.
BHenpenne — TakMxX ~— TEXHOJIOTMH B cHCTeMy  31paBooxpaHeHuss  KbIprelscraHa — MoIIo
Obl MUHMMU3UPOBATh PUCKU yTEUKH WHQOpPMAalMM W TOBBICUTH JOBEpHE MAlMEHTOB K IU(POBBHIM
MEIUIUHCKUAM YCIyTaM.

Kpome Ttoro, nckyccrBennbiii untemiekr (MM) B mMeauuuHe TpebyeT 0coOOro BHUMaHUS C
TOYKU 3peHus 0e30MmacHOCTH AaHHBIX. Kak MOKa3bIBalOT MCCIENIOBAaHUS, AJITOPUTMbI MAIIMHHOIO
o0ydyeHuss MOryr ObIThb YS3BUMBI K aTakaM, HaIllpaBJIEHHBIM HAa MCKaKEHUE JAHHBIX WJINM NPHHATHE
HEKOppeKTHbIX peieHuid. [10] B cBsA3u ¢ 3TuM HeoO6xoauMo pa3paboTaTh CTaHAAPTHI TECTUPOBAHUS U
ceprudukanuu NN-cuctem, 4To0bI rapaHTHPOBATH X 0E30MMACHOCTD M HAIEKHOCTb.
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B Keipreizckoii Pecniybmmke mpoiiece 11y ppoBU3aluy 31paBOOXpaHEHUsI HAYaJICsA C BHEIPEHUS
cuctembl «TyHAYK», KOoTOopas oOecrmeunBaeT OOMEH JaHHBIMU MEXIy TOCYAapCTBEHHBIMU
yupexaeHussMu. OJTHaKo, HECMOTpPS Ha ONpENENEHHBIE YCIIEXU, YPOBEHb LM (POBHU3ALUU OCTAETCS
Hu3kuM. [lo nanHsiM MunnctepcTBa 3apaBooxpanenusi Keiproizckoit Pecnyonmuku, Tonmpko 30%
MEIULMHCKUX YUPEKICHUN HCIOJIB3YIOT 3JIEKTPOHHBIE MEAUIIMHCKAE KapThl, a JIOCTYIl K CHUCTEME
«TyHayx» orpaHM4eH TEXHUUYECKHMMH U KaJIpOBBIMU pECYpCaMH.

[lepexoq K »dNeKTpOHHOW OOpabOTKE MEAMIIMHCKOM HHGOpPMALIMM HMEET OYEeBHAHbBIC
MPEUMYIIECTBA, TaKUE KaK OINEpPAaTUBHBIA JOCTYN Bpaueld K JaHHBIM MallM€HTOB, BO3MOXHOCTh
JTUCTAaHI[MOHHOT'O KOHCYIBTUPOBAHUSI, YIPOLUICHUE MEKBEIOMCTBEHHOIO B3aUMOICHCTBUSL.

Crnenyer OTMETUTh, YTO LMGPOBH3AIUA TakKe CO3MAET OMpeNeNEHHbIE PUCKH, TaKHe Kak
BO3MOXXHOCTb HECAHKIIMOHMPOBAHHOTO JOCTyNa K JAHHBIM TPETbUX JIAL, ONAaCHOCTb YTE€YKU
WHPOPMAIIUA M3 TOCYJAAPCTBEHHBIX W YACTHBIX MEIAUIIMHCKUX YUIPEKICHUU, OTCYTCTBHE YETKUX
MEXaHU3MOB KOHTPOJIS 32 UCIOJIb30BAaHUEM ITEPCOHATBHBIX JAHHBIX.

CornacHo 3akony Keipreisckoii Pecniyonuku «O 3anmTe nmepcoHalbHBIX TaHHBIX» (NeS8 ot
14.04.2008), memunmHCKass WHQOpPMANMs OTHOCUTCS K KaTerOpUHM KOH (PUICHIIMAIBHBIX JaHHBIX.
Onnako HemocraTouyHas IudpoBas 3aMMIEHHOCTh TOCYIAPCTBEHHBIX 0a3 JAHHBIX CO3MAaET PUCK
KOMITIPOMETALIMY CBEACHUH O 340POBbE TPakKIaH.

2. dTHYyeckue acneKThl MU poBU3AIUN MeTHITHHBI

OCHOBHBIC TPUHIIUIBI MEAUIMHCKON JTHKH, TaKhMe KaK KOH(UICHIIMATBbHOCTh, YBaXKEHUE K
ABTOHOMHUH TAllMEHTa M HEIONMYCTUMOCTh TPUYMHEHHUSI BpEAa, TOJDKHBI OBITh aJalTHPOBAHBI K
ycinoBHAM 1M (poBoii MeauiiuHbl. Beapenue MM B MeTUIIMHCKYIO IPAKTUKY CTAaBUT HOBBIE STUYECKUE
BOIIPOCHI, TaKHE KaK OTBETCTBEHHOCTH 3a OMMOKU aNTrOPUTMOB, MPO3PAYHOCTh MPUHSTHS PEUICHUN U
3alMTa MpaB MalUeHTOB.

B Poccun MunnctepcTBO 31paBooxpaHeHus papadorano «Koaeke stuku npumeHenuss U B
37IPaBOOXPAHEHUNY, IIENBI0 KOTOPOTO SIBJISETCS CO3JaHME CTaHIApTOB O€30MacHOT0 MCIOJIB30BAHMS
TEXHOJIOTUH B MeaunuHe. [8]

B  KboIpreisctane 1moka OTCYTCTBYeT MOJOOHBINM  JOKYMEHT, 4YTO CO34aéT PHUCK
0€30TBETCTBEHHOTO HCIIOJIB30BAaHMS LU(POBBIX TEXHOJOTHI B MeIWLMHE. BBeneHHe aHATIOTHYHOTO
konekca B Keipreisckoit Peciybnmuke Moo ObI MOMOYB B PELIEHWH TAaKUX BOIPOCOB, KakK MpaBHIIa
ucrnonb3oBanus UM B auarHocTuke M JEYeHUH, Mepeada MEAUIIMHCKUX TaHHBIX TPETbUM JIMIaM Oe3
coryIacus MalreHTa, OTBETCTBEHHOCTh MEAWIMHCKIX paboTHHKOB M IT-pa3paboTunkoB 3a 00pabOTKy
JTAHHBIX.

Kpome Toro, BasxHBIM HalpaBJICHUEM SIBJISIETCS pa3BUTHE MU(POBOM U ITUUECKON TPAMOTHOCTH
KaK Cpe MEAUIIMHCKUX PaOOTHUKOB, TAK U MIMPOKOH OOMIECTBEHHOCTH. DTO OCOOCHHO aKTyajbHO B
o0Opa3oBaTenpHOM cpee, Ile 3aKIaJbIBAIOTCS OCHOBBI CO3HATEIBHOTO OTHOLICHUS K JIMYHOU
uHPOpMAIIUMY W KOMMYHUKALIMU. ABTOPHI IOJYEPKHBAIOT, YTO pa3BUTHE KOMMYHHKATHBHOMN
KOMIIETEHTHOCTH B MJIAJILIEM IIKOJIBHOM BO3pacTeé MUMEET NMPUHLUMIHAIBHOE 3HAYEHHUE, ITOCKOJIbKY
MMEHHO B 3TOT MEPHUOJ 3aKIaJbIBAIOTCS OCHOBBI 3 (PPEeKTUBHOTO B3aUMOJEHCTBHS C OKPY>KAIO MU,
GOpMUPYIOTCSI peueBble HABBIKKM U YMEHUSI OPHEHTHUPOBATHCS B PA3IMUHBIX COMAIBHBIX CUTYaITUsIX.
[lo muenmuto KabGsinoBoit C.A. u ap., dopMupoBaHHE JaHHBIX YMEHUN CIIOCOOCTBYET YCHEIIHON
COLIMANIHON ajanTanuu pebeHKa U SBJSETCS OAHOW W3 MPUOPUTETHBIX 3aqad B IeJaroruveckon
MPaKTHKE HAYalbHOTO oOpa3oBaHus. [lomoOHBIN MOAXOM, alanTUPOBAHHBIA K MU(POBON cpene, MOT
ObI MOBBICUTH YPOBEHb OCBEIOMJIEHHOCTH OyAyIM X MOKOJEHUN O BOMPOCaX KOH PUACHIIMAIBHOCTH U
STHUKHU B IU(POBOM MPOCTPAHCTBE, BKItOYas chepy 3apaBooxpaHeHus. [6]

3. MexayHApPOAHBIN ONIBIT M CPABHUTEJILHBII aHAJIN3

CornacHo uccaeaoBaHusIM, TPOBEIEHHBIM B paMkax EBporeiickoro coro3a, BHenpenue O01mero
permamenta mo 3anmte naHHbIX (GDPR) (Regulation (EU) 2016/679) 3HauuTensHO MOBBICHUIIO
YPOBEHB 3alMTHI MMEPCOHAIBHBIX JAHHBIX MAIMEHTOB, BKIIOYAs MEAMITMHCKYIO wHpopMaruio. [1] B
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gactHocTH, GDPR ycranaBnuBaer crporue TpeOoBaHHs K 00pabOTKe [aHHBIX, BKIIOYas
HEOO0XOAMMOCTb IOJIY4EHH S SBHOTO COIJIACHS MallMEeHTa Ha MCI0JIb30BAaHUE €T0 MEUIIUHCKIX JTaHHBIX,
a Tawke 00s3aTeNbCTBO 00€CIEeYMBaTh MPO3PAauyHOCTh B Iporecce o0paboTku uHpopmanuu. B
koHTekcTe KrpIpreiscTana, rie MoA0OHBIE MEXaHHW3Mbl €L HEIOCTaTOYHO pPa3BUTHI, aJamTaius
MEXIYHAPOJHOTO OIbITa MOIJIa Obl CTaTh BAXKHBIM IIIATOM B YKPEIJICHUH IMPABOBBIX U ITUUYECKUX
CTaHJapTOB.

Kpome Toro, cpaBHuTENbHBIM aHaim3 3akoHoparenbcTBa crpaH CHI, takux kak Poccust u
KazaxcraH, moka3pIBaer, 4YTo B 3TUX CTPaHAX YKe CYIIECTBYIOT HOPMATHBHBIC aKThl, PErYIUPYIOIHE
HCIIOJIb30BAaHNE NCKYCCTBEHHOTO MHTEIUIeKTa B MeauimHe. Hanpumep, B Poccun paspadoran «Kogekce
>Tuku npumeHenuss WM B 3apaBoOXpaHEHUM», KOTOPBIM YCTaHABIMBAeT CTaHAAPTH s
pa3pabOTYMKOB M METUIMHCKHX ydpexaeHuii. [8§] B Kazaxcrane Ttawke akTHBHO BHEIPSIIOTCS
AJNIEKTPOHHBIE MEIULMHCKUE KapThl W CHUCTEMbl YIPABJIEHUS JAHHBIMHU, 4YTO I103BOJISET
MUHUMU3MPOBATh PUCKU YTe4KHM HHpOpManuu. B CBA3M ¢ 3TUM pEKOMEHIyeTcs pPacCcMOTPETh
BO3MOXXHOCTh 3aMMCTBOBAHHUS JIyUIIMX HPAKTUK M3 O3TUX CTpaH JUIsl YIY4IIEHUsS] CUTyallud B
Keipreizckoii Pecriydnuke.

C sTuyeckol TOUKM 3peHHUs, aBTOHOMHS MaIlMeHTa U MH(POPMHUPOBAHHOE COIVIACHE OCTAIOTCSA
KII0OYEBBIMU TPUHIIUIAMHU B I (poBort Meauimue. OHAKO, KAK OTMEYAIOT dKCIEPTHI, IU(poBU3aIus
MOJKET MPUBECTU K 3PO3UU ITHUX MPHUHIIUIIOB, €CIU MAaIMEeHTH He OYyIyT MOJHOCTHIO OCBEIOMIICHBI O
TOM, KaK UX JIaHHbIE MCIONB3YIOTCS. [S] B cBA3M ¢ 3TMM BaxkHO pa3paboTaTh MEXaHHU3MbI, KOTOpbIE
ofecneyar Mpo3pavyHOCTb OOPaOOTKM JAaHHBIX M IMO3BOJSAT MAMEHTaM KOHTPOJIMPOBATh JOCTYI K
CBOCH MEIMITMHCKOW HHPOPMAITUH.

Kpowme Toro, npaBoBbie acrekThl U(POBU3ANN 3APaBOOXpAaHEHUS TPEOYIOT OoJiee AeTanbHON
npopaboTku. B  uyactHOCTH, HEOOXOOUMO yTOYHUTH, KaKU€ HMMEHHO JIlaHHbIE CUHTAIOTCA
KOH (pMACHIIMANBHBIMU M KaK OHU JOJDKHBI 32l ATHCS. Taloke BaXKHO OMpPEAEINTh OTBETCTBEHHOCTD
3a yTe4yKy AAHHBIX, BKIIIOYasi BO3MOXKHBIE CAHKLIMH JUIsI MEUIIMHCKUX YIPEXKIEHUN U pa3pabOTUNKOB
porpaMMHOTO obecriedeHus. [1]

3akiaoueHue

Ha ocHOBaHNM NpoBEIEHHOIO aHAIM3a MOXKHO MPEAJIOKUTD CIEAYIOIIME MEPBI sl YIIyqIICHUS
CUTYyalluu B 00acTu HU(poBU3aIUY 31paBooxpaHeHus B Kbiproi3crane:

1. Pa3paboTka M BHEApPEHHME HAIMOHAIBHOTO KOAEKCAa ATHKM JuIsi Mcronb3oBaHus MU B
MEANUIIMHE, AaHATIOTHYHOTO POCCUNCKOMY OIIBITY.

2. YcuneHnue npaBoBOi 0a3bl B 001aCTH 3aIMTHI TEPCOHATBHBIX JAHHBIX, BKIIOUYAs BHEIPEHUE
MeXaHU3MOB, aHaloruuyueix GDPR.

3. lHBecTHIMM B TEXHOJIOTMYECKYI0O HH(PACTPYKTypy, BKIOYas BHEIPEHUE OJIOKYCHH -
TEXHOJIOTUH U KpUNTOrpadruecKuX METOAOB Ul 3aIlMTHI TaHHBIX.

4. OOyyeHne MEAMIIMHCKOTO ImepcoHasa M IT-cmenwanucToB mo Bompocam 0e30MacHOCTH
JAHHBIX U 3TUYECKUM aclieKTaM Hcroib3oBanus M.

5. IloBblilieHEe OCBETOMIEHHOCTH MAIlMEHTOB O WX IMpaBax B IM(POBONH MeIuIIMHE, BKIIOYas
uH(OpPMUPOBaHHE O TOM, KaK MX JaHHBIE HUCIIONB3YIOTCS U 3alMIIAIOTCS.

[MudpoBuzanus 3apaBooxpaneHus B Koipreizckoil PecriyOnuke npeacrasisier co0oil coKHbIN
npoiiecc, KOTOPbIi TpeOyeT He TONbKO TEXHUUECKOTO Pa3BUTHS, HO U MTYOOKOTO aHalIu3a 3TUUYECKUX U
MIPABOBBIX ACHEKTOB. MeXIyHapOIHBIM ONBIT U COBPEMEHHBIE TEXHOJOTHMH MOTYT CTaTh Ba)KHBIMU
MHCTPYMEHTAMU JUIsl pELIeHUs CyHecTByloumX mpobieM. OnHako, KIOYEBBIM (PAKTOpOM ycrexa
SBJIICTCS] KOMILIEKCHBIN MOJX0, KOTOPBIN BKIIOYAET B ceOs KaKk TEXHUYECKUE, TaK U MPAaBOBBIE MEPHI,
HallpaBJICHHbIE HA 3aIlMTY IIPaB NALMEHTOB U o0ecrieueHne 0€3011aCHOCTH JaHHBIX.

Cnucok MCIoJIb30BAHHOM JIMTEPATYPbI
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INNOVATIVE TECHNOLOGIES IN THE BANKING SECTOR OF KYRGYZSTAN:
PROSPECTS FOR DIGITALIZATION

Kpickaua wmyHe3nemMe: KpIprei3cTaHIbiH OaHKTHIK CHCTEMAachl OYTYHKY KYHZI® >KaHBI
TEXHOJIOTHIApAbl KCHUPHU KUPIU3HII, KapJapJiap YUYYH KbI3MaT KOPCOTYYHYH CallaThIH JKaKIILIPTYyTa,
(PMHAHCBUIBIK KETKUIIMKTYYJIYKTY JKOTOpYyJaTyyra *KaHa UIIKEPAUK YblThIMAAP/bl a3aiTyyra yMTYIyI
JKarart. By.]'I MaKajiajga KBIpFBISCTaHI[al"LI 6aHKl“ap,Z[BIH MO6I/IJ'II[I/IK 6aHKI/IH1",I[I/I JKaHa HWHTCPHCT-
OaHkuHTAM OHYKTYPYY, QR-Tememaep kaHa KOHTAKTCHI3 TEXHOJOTHUSUIBIP, OWOMETPUSIIBIK
ayTeHTHU (UKaLs ChISIKTYY WHHOBALMSUIBIK TEXHOJOTUSIIAPABIH KOJIJOH YN YIy Tyypanyy TaJlKyyJaaHart.
MBIHI[aH ThIIIKAapPhI, Q)HHTGX-KOMHaHI/I}IHapI[BIH ’)kaHa OJIOKYEHH T€XHOJOTHICHLIHBIH KBIpl"bISCTaHI[BIH
OaHKTBIK CEKTOPYHJArbl OCYINly >jkaHa Keneuern KapaiaT. CaHapuUNTEIITHPYY HPOIECCTEPUHHUH
naijacel, anapra OalJIaHBIINIKAH KbIMBIHUBUIBIKTAp aHa KeJe4eKTern MYMKYHUYJIYKTep KEeHUpHU
OasiH1araH.

AnHorauusi: CoBpeMeHHass OaHKOBCKas cucreMa KpIprbI3cTaHa aKTHBHO — BHEJpSIET
HHHOBAIIMOHHBIC TEXHOJOTMH, CTPEMACH YIYUIIMTH KAa4CCTBO 06CJ'IY)KI/IB3HI/IH KIMEHTOB, IIOBBICHUTH
(bl/IHaHCOByIO AOCTYITHOCTb U MUHUMU3UPOBATH ONCPALMOHHBIC PACXOIbI. B cratne paccMaTpuBarOTCA
KITFOYEBBIC HAIIPABJICHUS U (PPOBHU3AINH, TAKHE KaK pa3BUTHE MOOMIIEHOTO OaHkuHTa, QR -mmaTexei,
OECKOHTAKTHBIX TeXHOHOFHﬁ, a TakKKC BHCAPCHHUC 6I/IOMeTpI/I‘leCKI/IX METOOOB I/I,Z[eHTI/I(bI/IKaI_[I/II/I B
O6ankax. Oco0oe BHUMaHHE YIENIsAeTCd pacTyLleMy BIMSHHIO (UHTEX-KOMIIAHUM U OJIOKYEHH-
TEXHOJIOTU Ha OaHKOBCKYIO OTpaciib CcTpaHbl. OMNHCHIBAIOTCS MpEUMYILIECTBA LUPPOBU3AIUY,
OCHOBHBIC BBI3OBbI W IICPCIICKTUBBI Pa3BUTHA 0OaHKOBCKOW CHCTEMBI KprFbISCTaHa B YCJIOBHAX
r100a1pHOM U (POBOI TpaHChOpMALIHH.

Abstract: The modern banking system of Kyrgyzstan is actively implementing innovative
technologies, aiming to improve customer service quality, increase financial accessibility, and reduce
operational costs. This article discusses the key trends in digitalization, including the development of
mobile banking, QR payments, contactless technologies, and the implementation of biometric
identification methods in banks. Special attention is given to the growing influence of fintech
companies and blockchain technologies on the banking sector in Kyrgyzstan. The advantages of
digitalization, major challenges, and future prospects for the development of Kyrgyzstan’s banking
system are presented in the context of global digital transformation.

Herusru ce3nep: caHapunTeMITUpyyY; MOOMJITMK OaHKUHT; MHTepHET-0aHkuHT; QR-TenemMuep;
KOHTAKTChI3 TEXHOJIOTUsIIAp; OUOMETpUSIIBIK uAeHTU(uKanus;, QuHTEX; ONOKYEHH; KPEeIUTTHK
natgopmanap; GUHAHCHUIBIK HHKITIO3US.

KawueBble ciioBa: nudpoBuzainus; MOOMJIBHBIN OaHKUHT; HHTEPHET-0aHKUHT; QR-1mmatexwu;
OECKOHTaKTHBIC IUIATEXXU; OWOMeTpHYecKas HACHTHuKanus, ¢UHTEX; OJIOKYCHH, KpeAUTHbIE
aTGopMbl; GUHAHCOBASI MHKITIO3HUSL.

Keywords: digitalization; mobile banking; internet banking; QR payments; contactless
technologies; biometric identification; fintech; blockchain; credit platforms; financial inclusion.

B cratbe mpuBeneHa coBpeMeHHass OaHKOBCKasi cuctema KbIprei3cTaHa, KOTOpash aKTUBHO
BHCAPACT MHHOBAIIMOHHBLIC TCXHOJOIMH, CTPEMACH IOBBLICUTH KAa4YCCTBO 06CJIy)KI/IBaHI/I$I KIIMCHTOB,
YBEJIMYUTh (PUHAHCOBYIO JOCTYTHOCTh U MHHHMMH3UPOBATh ONEpallMOHHbIE H3AEepKKU. B ycraoBusix
rinofanbHON nudpoBu3anuu 6aHkoBckuii cexrop KP crankuBaercs ¢ psaoM BBI30BOB U MEPCHEKTUB,
ONPENEISAIONMX €r0 JaJlbHENIee pa3BUTHE.

Texynme TpeHabl uug popusauuu d0aHkoBckoi cucrembl KP

Paszeumue mobunvnozo banxkunza u UHmepHem -bankumnza
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B nmocnennue rTonmpl HaOMIONAeTCs CTPEMUTENBbHBIA POCT IMOJIb30BaTele MOOHMIIBHBIX
0aHKOBCKU X MpUII0KeHUI. boiablMHCTBO KOMMepuecknX 0ankoB KwIprei3cTana mpeajaraet KiMeHTaM
yaoOHblE MOOUWJIBHBIE CEpPBUCHI, BKIIOYAs OIUIATY YCIYT, IEPEBOJbl, yIpaBJICHUE CYETaMU U
KpeautamMu. MoOuIbHbIE OAHKOBCKHE MPHUIIOKEHUS SBOJIIOIMOHUPOBAIHN, MPEAOCTABIISI HIMPOKUN
CriekTp (MHAHCOBBIX YCIYT, TAKAX KaK OTKPBITHE JIEMO3UTOB, MOJa4a 3asBOK HA KPEIUTHI M JIaXKe
WHBECTUIIMU B ((MHAHCOBBIC MPOAYKTHI. KpoMe Toro, 6aHKW WHTETPUPYIOT UCKYCCTBECHHBIN HHTEIUICKT
B CBOU IPHJIOKEHUS AJS MPEAOCTaBJICHUS MEPCOHAIM3UPOBAHHBIX (MHAHCOBBIX PEKOMEHIAIUN U
aBTOMATU3UPOBAHHON MOMJIEPKKH KIMEHTOB dYepe3 4aT-00Thl. POCT momynmsipHOCTH MOOHMIBHOTO
OaHKHUHTA TaKKe 00YCIIOBJIEH YBEIMYEHUEM TPOHUKHOBEHUS CMapT(HOHOB U JOCTYITHOCTHIO HEIOPOTUX
MOOUIIBHBIX WHTEpPHET-Tapu(oB, 4YTO JenaeT LUu(poBble (UHAHCOBBIE YCIYTd AOCTYMHBIMH IS
OO0JIBIIETO KOJIMYECTBA HACENICHUS, BKIIIOYAs )KUTENIEH yIaJICeHHBIX PETHOHOB.

QR-nramesicu u beckonmakmuuvle mexHono2UU

[Tnatexu ¢ ucnonszoBanueM QR-kom0B cTaHOBATCS Bce Ooiiee MOMYISIPHBIMH. DTO YIPOIIAET
pacyeTsl B PO3HHMYHON TOPTOBJIE U CHUKAET 3aBUCUMOCTb OT HAIMYHBIX JeHer. QR-Koabl MO3BOISIOT
MTHOBEHHO MPOBOJUTH TPaH3aKIUU Oe3 HEOOXOAMMOCTH MCIOJIB30BAaHMUS IUIACTUKOBBIX KapT WIIU
HaJMYHBIX CPEJICTB, UTO JeTaeT IIaTexu Oonee ynoOHBIMU U ObICTpbIMU. B KbIpreiscTane akTuBHO
BHepstoTCs cucteMbl QR-mmarexeli B kade, pecropaHax, cylepMapKkeTax u Jaxe Ha pbelHKax. Kpome
TOr0, OECKOHTaKTHBIE TIaTexHble TexHosoruu, Takue kak NFC (Near Field Communication), Taxke
HaOMPaOT MONYISIPHOCTh. OHU MO3BOJSIOT KIMEHTAM OIUIAYUBATh MOKYITKH ¢ TTOMOIIBIO CMapTQOHOB
U YMHBIX 9acoB, ucnonb3ysa Apple Pay, Google Pay u apyrue cepsucel. Buenpenue Takux TeXHOJIOTUN
CIIOCOOCTBYET YCKOPEHHUIO OOCTY)KMBAHUS, CHUXKEHUIO PHUCKOB KpPaXH HAJIMYHBIX W TMOBBIMICHUIO
YPOBHsI 0€30MMaCHOCTH IJIATSKHBIX orepariuii. [4]

Bueopenue 6uomempuueckux mexuonozuii

banku aKTMBHO UCIONB3YIOT OWOMETPUYECKYI0 UISHTU(UKAIMIO (OTIEYaTKH MalbIEeB,
pacro3HaBaHME JuIla) [ TOBBIIEHMS 0€30lacHOCTH JocTyna K OaHKOBCKMM — yciyram.
buomeTrprueckie TEXHOJIOTMHM MO3BOJSIOT 3HAYUTENBHO CHU3UTH BEPOSITHOCTH MOIIEHHUYECTBA U
HECaHKI[MOHHUPOBAHHOTO JIOCTYIa K cueTaM KIMEHTOB. BHeIpeHHe TakuX METOJIOB ayTeHTH (PUKaIuu
YCKOpSIET TPOIECC BXOAAa B OaHKOBCKME IPHIIOKEHHS, COBEPLICHUS IJIATEKEH U IMOATBEPXKICHUS
Tpan3akiuuidi. B Keipreisctane Oumomerpuyeckue TEXHOJOTHH YK€ MPUMEHSIOTCS B OaHKOMarax,
MOOUITFHBIX MPUIIOKEHUSIX U CUCTEMax OHJaiiH-OaHkuHTra. Kpome TOro, HeKoTopbie OaHKH Hadaau
pa3pabaThIBaTh TOJIOCOBYIO OMOMETPHIO JUISl AOMOJHUTEIHFHOTO YPOBHS 3aUMTHI NMPHU Tee(HOHHOM
00CITy)KMBaHUHU KIHEHTOB. [5]

Pasputne punTexxommanuii u skocucteM B KbIprbI3cTaHe OKa3bIBAET 3HAYMTEILHOE BIUSHUE
Ha (UHAHCOBYIO OTpacib CTpaHbl. HoBbIC cTaprambl W WHHOBAIMOHHBIC PEIICHHUS B 00JacTH
(UHAHCOBBIX TEXHOJIOTUH ((UHTEX) HAUYMHAIOT AaKTUBHO PAa3BUBATHCS, YTO OTKPHIBA€T HOBbIE
BO3MOXXHOCTH JIs OM3HECA U HACETICHUS.

Lughposvie nramedsicu u MobunbHbIE NAAMPOPMBL

OmnuM u3 Haubosiee 3aMETHBIX HampaBlieHWH B (pUHTEXe SBISIETCS CO3JaHUE U pPa3BUTHE
MOOUIBHBIX TIIaTopM Ui MUGPOBBIX Tarexel. Takwe craprambl MPEAOCTABISIOT PEIICHHS JUIS
omJIaThl TOBAPOB M YCIYT C MOMOIIBIO cMapThoHOB, QR-KOI0B, MOOUIIBHBIX KOIIETBKOB M JAPYTHX
texHonoruii. B KoIprei3crane yxke CYIECTBYIOT MOOHWJIBHBIC MPHUIOKEHHUS, KOTOPHIE MO3BOJISIOT
MOJIB30BATENISIM COBEPIIATH TUIATEXKHM B MarazuHax, kade, a Takke OMIa4uBaTh KOMM YHAIIbHBIE YCITyTH
U TEepeBObl JICHEKHBIX CPEICTB. DTO MO3BOJIAET 3HAYUTENIPHO YCKOPUTH MPOLIECC PacueToB, CAEATh
ero Oosiee yI0OHBIM 1 OE30IaCHBIM, & TAKKE YMCHBIIMTD 3aBHCHUMOCTD OT HATMYHBIX CPE/CTB. [6]

Kpeoumosanue u muxkpogunancogvie cepaucsi

Pa3ButHe (QuHTEXKOMITAaHWN TakkKe BKIIOYACT B ce€0s HOBBIC MOJXOJbI K KpeAuTOBaHUIO. B
Ksipreizcrane nosBistoTcs miaardopmsl anst P2P-kpeautoBanus, KOTOpbIE MO3BOJSIOT MOJIB30BATEINSAM
MoJIy4aTh KPEAWTHI OT JPYruX (PU3WYECKUX JUI[, MUHYS TPAJAUIIMOHHBIC OaHKH. DTH TUIATHOPMBI
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UCIOJIB3YIOT COBPEMEHHBIE TEXHOJIOTUU AJISl OLCHKH KPEJUTOCIHOCOOHOCTH 3aeMIIMKOB, YTO JEJIaeT
IpOLECC MOMy4YeHUs1 KpeauTa 0ojiee TOCTYIHBIM U ObICTpbIM. Taroke B CTpaHe aKTMBHO Pa3BUBAIOTCS
MUKpO (pMHAHCOBBIE OPTAaHU3AINHU, KOTOPHIE TIPEIOCTABISIOT KPaTKOCPOUHBIE KPEIUTH Ha HEOOb e
cymMMbl. PUHAHCOBBIE CTapTallbl IpeularaloT Oojiee rMOKUE YCIOBHUS KPEAUTOBAaHUSA, YTO OCOOEHHO
B)XHO JIUISI HACEJICHHSI C OTPAaHUYCHHBIM JJOCTYIIOM K TPaIMIHOHHBIM OaHkaM. [ 10]

Ynpaenenue nuunvimu punancamu

B KbIprei3cTane akTUBHO pa3BUBAIOTCS CTapTalbl, MPeUIaralole peleH s sl yIpaBleHus
JUYHBIMH (UHAHCAMU. DTO BKIIOYAeT B ce0s MOOHMIJIbHBIE MPHJIOKEHHS U OHJIAHH-TIIaT(OPMBI,
KOTOpPBIC TIOMOTAIOT TIOJIB30BATENSIM OTCICKMBATh PACXOJbl, IUIAHUPOBATH OIOKET, CTABUTH
(uHaHCOBBIE LIETM M MOJy4aTh MEPCOHAIM3MPOBAHHBIE PEKOMEHJALMU 10 YIPABJIEHUIO JIEHbIaMH.
Kpome TOro, Ha 0a3e Takux ™iIardopM IOIH30BATENIM MOTYT HMHBECTHPOBATh B Pa3IMYHbBIC
(MHAHCOBBIE MHCTPYMEHTHI, TaKU€ KaK aKIUW, OOJMTallMH VI KPUITOBAIIOTEL. DTO MO3BOJISET
YIYy4IMTh (MHAHCOBYIO TPAMOTHOCTh HACEJIEHHS M MOBBICUTH JOCTYMHOCTh (DMHAHCOBBIX YCIYT JUIS
HIMPOKON ayAUTOPHUH.

Humezpayus c mpaouyuonnsimu OAHKOBCKUMU CUCEMAMU

BaxxupiM acriektoM pa3BUTHS (UHTEeX-KoMIaHui B KbIprei3ctaHe sBiseTcss WHTErpalus c
CYUIECTBYIOIIIMMHU OaH KOBCKUMH CTPYKTypamu. MHOTHE CTapTanbl CTpeMsTCs paboTaTh B TapTHEPCTBE
C TPAJUIIMOHHBIMU OaHKaMH Ul paclMpPEeHUs] BO3MOKHOCTEH CBOMX IOJIb30BaTeIe. DTO BKIIOYAET B
ce0st MHTerpanuoo ¢ 0aHKOBCKUMH CUCTEMaMH Uil OCYLIECTBIICHUSI OBICTPBIX MEPEBOJOB, MOTYUYEHUS
KPEAUTOB, a TAaKKe pPacIIMpPEHHE CEPBUCOB sl OW3HEca W (PU3MYECKUX JHUI. Takas WHTErpanus
MO3BOJISIET CO3/1aBaTh OoJiee THOKUE U yAOOHbIE PEeLCHUS ISl KIIMEHTOB.

EBnoxuetin u kpunmosaniomul

broxuyeitH-TexHO0JI0THS TakKe OTKPHIBAET HOBbIE TOPU3OHTHI JJISl pa3BUTHS (PUHTEX-KOMIIaHUM B
Keipreisctane. OHa mnpefocTaBiiseT BO3MOXKHOCTb JUISL CO3JaHHMs O€30MacHbIX, IPO3pauyHbIX U
JICLICHTPATM30BAaHHbIX TuaThopM A (uHaHCOBBIX omnepauuii. Crapransl B cdepe OnokueiiHa
pa3pabaTHIBAIOT pEICHUS ISl MEKIYHAPOJHBIX JACHEKHBIX IEPEBOJIOB, CMAPT-KOHTPAKTOB H JaKe
KpUINITOBAMIOT. BHeIpeHHe TakuX TEXHOJIOTMH MOXET MOBBICUTh O€30MaCHOCTh M MPO3PayHOCTb
TpaH3aKIUH, a TAKKe CHU3UTD TPAH3AKIIMOHHBIE U3JICPHKKH.

Pezynayus u noooepacka cmapmanos

OpnHo#t u3 3amay, croAnmx nepea GuHTEeX-koMmnaHusMu B Kelprei3crane, sBIseTCs co3laHue
HOPMAaTUBHOM 0a3bl, KoTopas OyJeT MOJIepKUBATh UX Pa3BUTHE U 00ECIEUMBATH 3alMTY UHTEPECOB
KINEHTOB. BakHO, 4TOOBI 3aKOHOJATEIM M TOCYIApPCTBEHHBIC OpraHbl AKTUBHO pPaboOTald Hax
perynupoBaHueM (QUHTEX-OTPACIU, YTOObI TapaHTUPOBATH COOIOACHHUE CTaHAAPTOB 0E30MaCHOCTH U
KOH(pHIEHIINATBHOCTH JJAHHBIX.

Pa3zButue ¢uHTEXx-3K0cHCTEMBI B KBIprbI3cTaHe OTKPBIBAET HOBBIE BO3MOXHOCTH /sl OM3HECa U
HaceleHUs. DTO MO3BOJIET YAYYLIMTh JOCTYIHOCTh (PMHAHCOBBIX YCIYT, MOBBICUTH YPOBEHB
(MHAHCOBOW TPAaMOTHOCTH W co3math Oosiee 3ddexTuBHYIO (HUHAHCOBYIO HHOPACTPyKTypy. B
OyaylieM TakMe cTapTalbl MOTYT cTaTb OCHOBOH s TpaHchopMaluu OaHKOBCKOM CHCTEMBI U
(dopmupoBaHus 00JIee MHHOBAIIMOHHOM M IOCTYITHOHN ((MHAHCOBOI SKOCHCTEMBI B CTpaHe. [ 6]

Ipeumywecmea yugposuzayuu 6aHKOBCKO20 cekmopa

e VipoueHHe OaHKOBCKMX OMNEpalMid: JOCTYN K (PMHAHCOBBIM yciayraMm Oe€3 IMOCEIICHUS

OTJICJICHUH.

e CHM)KEHHE 3aTpaT: aBTOMATH3alMs IPOLECCOB YMEHbIIAET 3aTpaTbl Ha IEpCOHAl U
oOCIy)KHBaHHE.

o [loBpimeHne GHAHCOBOW MHKIIO3MU: yAAIEHHBIC PAailOHBI TTOJIYYalOT JOCTYIT K OaH KOBCKUM
yCIyram.

e be3onmacHOCTb M NPO3pAaYHOCTh: COBPEMEHHBIE  TEXHOJOIMHM  CHUXKAIOT  PUCKH
MOIIIEHHUYECTBA U KOPPYINIHUH. [7]
13



OcHognbie 6v1306bl U Dapvepbl

e Huskuii ypoBeHb HH(PPOBOI rPaMOTHOCTH HACETICHHUS.

e Kulepyrpo3sl 1 HeOCTaTOUYHAS 3AIMIIICHHOCTh JaHHBIX.

e HepnocrarouHoe pa3BuTHE UHPPACTPYKTYpbl VHTEpHETA B OTHAICHHBIX pailoHaX.

e PerynsatopHble 6apbepbl 1 HEOOXOAMMOCTD aJaNTallK 3aKOHOJATENbCTBA.

Ilepcnexmu6bl u Hanpaeenus pa3eumusl

e BuenpeHue MCKYCCTBEHHOTO HWHTE/UIEKTa W 4aT-00TOB Ul aBTOMATHU3MPOBAHHOTO

00CITy)KHBaHUSL.

e PaszBuTne OJIOKYCHH-TEXHOIOTUH ISl TOBBIICHUS ITPO3PAYHOCTH (PMHAHCOBBIX OMEPAIIUA.

e Co3znanue UMQPOBBIX BATIOT U UHTETPALMs C MEXAYHAPOIHBIMU IUIATEKHBIMU CUCTEMaMHU.

[8; 9; 10]

[MudpoBuzamus 6aHKOBCKON cucTembl KbIpreizcraHa — 3TO HEM30€XKHBIA NMPOIECC, KOTOPBIN
TpeOyeT KOMIUIEKCHOro mnoaxoja. /[lng ycmemHoro pa3BUTHS HEOOXOAMMO AaKTHBHOE YdacTHe
rocyiapcrsa, OMs3Heca W HaceJeHHs. BHenpeHHe MHHOBAIMOHHBIX TEXHOJOTUU TMO3BOJMT HE TOJBKO
YIy4IIMTh OAHKOBCKUE YCIIYI'H, HO M YKPENUTh (PMHAHCOBYIO CUCTEMY CTPaHBbI B LIE€JIOM.
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MAIIMWHAJAPABI YAPOHYY TEXHOJIOTHUSIJIAPBIH KOJIJOHYY MEHEH
MAAJIBIMIAMA AKBAPUYMJIAPJAI'BI BAJIBIKTAPABIH KYPYM-TYPYMYH
TAJTAOOHYH HEI'M3UHAE KEP TUTUPOOJIOPAY BOJIKOJII00
IMPOTHO3UPOBAHUE 3EMJIETPSICEHUIT HA OCHOBE AHAJIU3A IOBEJEHUS
PbIB B PEOEPEHTHBIX AKBAPUYMAX C UCIIOJIb30BAHUEM TEXHOJIOT U
MAHINHHOI'O ObYYEHUA
EARTHQUAKE PREDICTION BASED ON THE ANALYSIS OF FISH BEHAVIOR
IN REFERENCE AQUARIUMS USING MACHINE LEARNING TECHNOLOGIES

Kbickaua wmynesneme: byn wusmnnee xep TuTHpeeNepAy alAblH ajla OOHKOIIOOHYH
MHHOBALMSUIBIK BIKMAachlH CYHYIITaWT. byl blkmMa akBapuyMJarbl Ke3eMeJIJOHIeH LapTTapia
OaJbIKTapbIH KYPYM-TYpYMyH Oalikooro, OMOJOTHSUIBIK MapKepiepre »)aHa acajiMa HHTEIIEKT
(KU) texnonorusuiapeina Herusaener. CellcMONOTUST TapMarbIHIarbl ONYTTYY JKETHULIKCHMKTepTe
KapabacTaH, CEICMUKAJIBIK OKysJlapAbl TaK ajblH aja ailTyy ajapJblH >KOrOpKY TaTaalJbITbl >KaHa
QIIBIH ajga alTyy MYMKYH SMECTUTH MEHEH OaijaHbBIITyy TaTaajql Macejie OOWJIOH Kalyyja.
banbIkrapabIH KYpYM-TYypyMyHa, aipbIKda kKep TUTUPOeNIepAYH aliblHa OallkalraH aHOMajusiapra
KOHYJI OypynraH, aHTKCeHH OaJbIKTap aijlaHa-4eipeaery 3JIEKTPOMAarHUTTHK TEPMENYYIep, XUMHSUIBIK
e3repyysep >kaHa TOMOH >KBIIITHIKTAarbl BUOpalusiap ChISKTYY ©Te Maiifa esrepyylepre ce3umrai
skeHu Oenruiyy. HD-kamepanap, cyyHyH camaThlH eJ146e4y CEHCOPJIOp jKaHa MH(PAKbI3BII CEHCOPIIOp
MEHEH >Ka0JplIraH aKBapUyMIyK TY3YJIYIITOp celcMOakTUBAYY aiiMakrapra — Keipreiscranra, AGy-
Jlabure xana Ilakucranra opHoOTyinraH. JKypymM-Typymra OaillaHBIIITYy MaajbIMaTTap — KbIMMBLI
TPAEKTOPHUSICHI, TONTOLIYY KaHa BEPTUKAJIIABIK MUTPALIUsI — YOTYATYYI, PETHOHAIBIK CEHCMUKAIIBIK
AKTUBJAYYJIYK MEHEH Al KeITeITUPUITeH. ManmMHaIbIK YHPOHYY aIrOpUTMACPHU, aTal anTKaHIa
HEHPOHIYK TapMaKTap *aHa YeYyUM JapakTapbl, OAJIBIKTapAblH aHOMANUSITYY XYPYM-TYPYMY MEHEH
CeMCMUKaNBIK aj/bIH ajla OeNruiepJuH OPTOCYHJA KOPPESALMIApbl AHBIKTOOAO KOJIJIOH yJTaH.
Marautynacet 4,2-4,8 OonroH kep THTHpeesdepre 12 caar kamraHga OanbIkrap OammamamaH
KbIMMBIIAAI, TON OONyN KYpyYre ymTynranbl Oaiikanrad. XKW kongoHynyiry MeHEH OOJKOJIIOOHYH
TakThITbl 85%Ke YeHUH JKETHT, KalraH CHUTHAIIAPIBIH CaHbI KblilJIa KeICKapraH. bym Hatbrixkanap
OanpIKTapabl OHMOMHAMKATOP KaTapbl KOJNJOHYY apKbUIyy OdpT€ 3CKepTYY CHCTeMalapblH
JKaKIIBIPTYYHYH YOH MYMKYHUYJYTYH KOpCOTOT, alpblKia CaJITTyy CEMCMHMKAJIbIK MOHHMTOPHHI
KETKUJIMKTYY dMec aiimakrapaa. buonorus, reo¢usnka xana xongoamMo XV aifkansl mrsipran 0y
TapMaKThIK apajblk bikMa bopOopayk Asusmarsl cyy 3KOCHUCTEMallapblHBIH TaOWUTBIA KbIPCHIKTapra
TYPYKTYYJIYT'YH JKaHa JKep TUTUPeeslepre  HaspAblK JEHIDIMH  JKOropylaryyaa  JKaHsl
MYMKYHYYJYKTOpy auart.

AHHOTAIUsi: DTO UCCIEAOBAaHUE TIPEACTABISIET COOOW WHHOBAIIMOHHBIA TOJXOM K
IPOTHO3UPOBAHUIO 3EMJICTPSICEHUM, OCHOBAHHBIM Ha HAOMIOACHWH 32 TIIOBEJEHHMEM pbi0 B
KOHTPOJINPYEMBIX AaKBAPUYMHBIX YCIOBHUSAX C MCIOJB30BAaHUEM OHOJIOIMYECKMX MAapKepoB U
TexHOoNIOTU uckyccTBeHHoro uHtemekra (U). HecMoTps Ha cyliecTBeHHbIE TOCTHKEHUS B 00JIaCTH
CEeCMOJIOTHH, TOYHOE IpEICKa3aHue CEMCMUYECKUX COOBITHH OCTaéTcs CIOKHOM 3a7adeld M3-3a UX
BBICOKOM CIJIO)KHOCTH W HEMpelacKa3yeMocTH. PvIObl OTClEXMBaIMCH HA HpeIMEeT MOBEICHYECKHX
aHOMAJIMM, MPEALIECTBYIOIMX 3E€MJIETPSICEHUSIM, MOCKOJIbKY M3BECTHO, YTO OHHU YYBCTBUTEIBHBI K
HE3HAUUTEIbHBIM H3MEHEHHSM B OKpYXKAIOLIEH cpene, TaKMM KaK AJIEKTPOMAarHUTHBIE KoJieOaHuf,
XAMUYECKHE CABUTU M HU3KOYACTOTHBIE BUOpaluu. AKBapUyMHbIE YCTaHOBKH, OocHauiEHHble HD-
KamMepamMu, JaT4YUKaMH KauecTBa BOAbl U HWH(pPaKpacCHBIMH CEHCOpamH, ObUIM pPa3MElIeHBl B
ceiicMOakTUBHBIX perrmoHax — B Keipreiscrane, AOy-Jlabu u Ilakwcrane. IloBeneHdyeckue maHHBIC,
BKJIIOYAsl TPACKTOPUHM JIBM)KEHMS, KIACTEPU3ALMI0 M BEPTUKAIbHBbIE MHIPALMH, COOMpAINCh U
CUHXPOHM3UPOBAIMCH C PETMOHAIBHON CEMCMMYECKOW aKTMBHOCTBIO. C MCIOJIB30BaHUEM AITOPUTMOB
MallMHHOIO 00y4eHHM S, TAKMX KaK HEHPOHHBIE CETH U JAEPEBbsS PELICHUN, ObLIIN BBISBICHbBI KOPPEISILIUU
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MCXKIY aHOMAJIbHBIM IMTOBCIACHUCM pBI6 A CeHCMHYECKUMU MMpEeABECTHUKAMU. yCTaHOBJ'IeHO, yto 3a 12
qacoB 10 36MJ’I€TpHCGHI/II71 MaFHHTy,Z[oﬁ oT 4,2 a0 4,8 pr6LI ACMOHCTPHUPOBAIIN Xa0OTUIHOC JABUKCHHUC U
CTpeMJICHHE K CcTailHoMy moBeneHuio. Buenpenne MW mo3Bonmio AocTtuyub OOIIEH TOYHOCTH
MPOTHO30B 710 85% M CyIIECTBEHHO COKPAaTUTh KOJIMWYECTBO JIOKHBIX cpabaThiBaHuil. [lomydenHsbie
PE3yINbTaThl HOI[‘-IépKI/IBaIOT 3HAYUTEILHBIN IIOTECHIIU A HUCIIOJIB30BaHUA pBIG B Ka4ue€CTBC
6I/IOI/IH[[I/IKaT0p0B B CHCTCMAaxX PpPAaHHEro OIIOBCHICHMS, 0COOEHHO B peruoHax ¢ OIpaHWYCHHBIM
JOCTYIIOM K TpaJUIIMOHHBIM MCTOJaM CeHCMHYECKOTO MOHUTOPHHTIA. MC)I(I[I/ICHI/IHJ'II/IHapHHﬁ noaxod,
O00BEIMHSIONMNA OMOJIOTHIO, Te0 (PU3UKY U TPUKIAIHON UCKYCCTBEHHBII HHTEIUIEKT, OTKPHIBACT HOBBIC
BO3MOXHOCTH JIs1 MTOBBINICHUA TOTOBHOCTH K 3EMJICTPACCHUAM U YCTOI\/'I‘II/IBOCTI/I BOJHBIX 3KOCHUCTEM
LlenTpasibHOM A3HMH K IPUPOTHBIM KaTacTpodam.

Abstract: This study suggests an innovative approach to earthquake prediction. The idea is to
utilize observation of fish behavior in controlled aquarium environments using biological markers as
well as artificial intelligence (Al) in their analysis. In spite of important developments in seismology,
precise prediction of seismic events remains a difficult problem because such events are highly
complex and unpredictable. Fish were monitored for behavioral anomalies that precede earthquakes
because they are known to be sensitive to small environmental changes like electromagnetic
fluctuations, chemical shifts, low frequency vibrations of the earth etc. Built with HD cameras, water
quality sensors and infrared detectors, our aquariums were installed in seismically active parts of
Kyrgyzstan, Abu Dhabi and Pakistan. Data of behavioral such as swimming pattern, clustering
behavior, and migration were collected and synchronized with regional seismic activity. Fish behavior
was related to seismic precursors correlated using machine learning algorithms such as neural networks
and decision trees. In the study, fish began acting strangely — erratic movement, flocking together —
about 12 hours before earthquakes measuring 4.2 to 4.8 magnitude. A considerable integration of Al
improved prediction accuracy with up to 85% overall accuracy reduction in false alarms. They indicate
the scale of potential of fish as bioindicators for early warning systems specifically in regions with
limited access to traditional seismic monitoring. An interdisciplinary approach that is biological,
geophysical and applied artificial intelligence leads to new ways of improving earthquake preparedness
and the disaster resilience of aquatic ecosystems in Central Asia.

Hermsrm ce3nep: OanbIKTapAbIH KYPYM-TYpYMY; JKe€p TUTUPOOHY alJbIH ajia aiTyyy;
CEHMCMUKAIIBIK MOHUTOPHUHT; OPTE 3CKEPTYY CUCTEMANIAPHI; KaCaJIMa HHTEIUICKT.

KiawueBble ci0Ba: mToOBeneHHE pPbIO, TPOTHO3UPOBAHUE 3EMIICTPSACECHUM; CEHCMHYECKUAMN
MOHHUTOPUHI; CUCTCMbI PAHHCTO OIIOBCIICHN A, I/ICKy'CCTBeHHHﬁ HUHTCIIJICKT.

Keywords: artificial intelligence; early warning systems; earthquake prediction; fish behavior;
seismic monitoring.

BBeaenue

[IporHo3upoBaHue 3eMIIETPICEHUN OCTAETCS OHOM M3 CaMbIX aKTYyaJIbHBIX 3a7a4 COBPEMEHHOM
HayKH, MMOCKOJIbKY CEHCMUYECKHE COOBITUS MTPOJOIKAIOT YTPOKATH KHU3HIM JIF0JIeH, HHPPACTPYKType
u okpyxkaromen cpeme. [8] Hecmorpss Ha 1mOCTHXEHUS B CEHCMOJIOTMHM, BBICOKAass TOYHOCTH
MpeAcKa3aHus OCTA&TCS HEJOCTHIKUMOM HM3-3a CIOKHOCTH T€O(PU3MYECKHX MPOILIECCOB U UX ciaboif
npenckazyemoctrn. CoBpeMEHHBIE TOAXOAbI  BKIIOYAIOT — ceiicMudeckue, reodu3myeckue u
ononHMKaTOpHBIe MeTOMBI. [7; 13; 18] OcoObIit HHTEpEC BHI3BIBACT MOBEICHUE KUBOTHBIX, OCOOCHHO
pbpI0, KaK BO3MOXHBIX OHONOTMYECKUX IMPEIBECTHUKOB ceiicMuueckoil akTuBHOCTU. [11] PoiObI
T-I}’BCTBI/ITC.]'II)HI)I K WHW3MCHCHHUSIM B BHGKFpOMaFHI/ITHOM IIojae, XUMHUYCCKOM COCTaB€ BOJAbBI U
aKyCTUYECKUM CHUTHajaM, 4YTO IIO3BOJSIET WHCIOJIb30BaTh HMX pEaKIMU B KA4eCTBE pPaHHETro
npeaynpexaeHus. [5] B mocneanue roasl npuMeHEHHE allfOPUTMOB MAllIMHHOTO OOY4EHUs TTO3BOJISET
aHaJII/I3I/IpOBaTI) 60JII)IIII/IG MAaCCHUBBI ITOBCIACHUYCCKHUX U I“GO(l)I/I?,I/ILIeCKI/IX JaHHBIX, ITOBBIIIASA TOYHOCTH
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nporuo3oB. [19] Hacrosimee wuccienoBaHve HaNpaBJICHO HAa MHTErPAlMI0 MEXIUCHHUILIMHAPHBIX
MOJXOJIOB C LEJIbI0 MOBBILICHUS HAAE&KHOCTH IMPOTHO3UPOBAHUS 3EMIIETPACEHUI C aKIIEHTOM Ha
BOJIHBIE dKOCUCTEeMBbI KbIprei3cTana.

O030p auTEpaTYpHI

[IporHo3upoBanue 3eMIIETPSACEHUN IPOJOJIKAET OCTaBAThCS OJHOM W3 KIIOYEBBIX 3a7a4 B
reo (pu3uKe, YIUTHIBASI BBICOKYIO CTETIEHb PUCKA JJIs HacelICHUs U MH(pacTpykTypbl. Ha mpoTsokeHun
MOCJICHUX ACCATUJICTUI aKTHUBHO Pa3BUBAIOTCS METOJbI TMPEJCKA3aHHUSI CEUCMUUYECKHX COOBITHIA,
BKJTIOUAs ceficMuYeckue, reou3nueckue U OMOWMHIMKATOPHBIE MOAXOMABI, a TAKKe HMCIIOIh30BaHUE
TEXHOJIOTUN HCKYCCTBEHHOI'O MHTEJUIEKTA.

CeiicMuyeckue U reo( u3u4e CKue MoAXo/Abl K NPOrH03UPOBaAHUI0

TpaguuMOHHBIE METOJbI TMPOTHO3UPOBAHUS 3EMJICTPSCEHHN OCHOBBIBAIOTCS Ha 3aKOHE
I'yrenbepra—Puxrepa u 3akone Omopu. [lepBbiii ONMHUCHIBAET COOTHOIICHHWE MEXAY MAarHUTYIOHW W
4acTOTON 3eMJIETPSCEHUH, Mpernoaras, 4ro Jiorapudm yucia coObITHI 00paTHO MPOMOPIUOHATECH
marautyne. [13] OmHako 3¢G¢eKTHBHOCTD 3TOH MOJENN OTpaHWYEHA B JIOKAIBHBIX YCIOBHUSIX, TJIE
BapbUpPYIOTCS Teojiornueckue mnapameTrpbl. [21] 3akoH Owmopu, B CBOI O4Yepedb, OMHUCHIBACT
HKCTIIOHEHITMATBHOE 3aTyXaHue aprepiokoB BO BpeMeHH [§] 1, HECMOTPSl Ha CBOIO YHHUBEPCATILHOCTb,
TpeOyeT aganTaliuu K OCOOCHHOCTSAM KOHKPETHBIX pPETHOHOB M MOXXET OBITh JOMOJHEH
cToXacTuyeckuMu MojesiMu. [10]

I'eouznueckre MeTOIbl OCHOBAHBI HAa M3MEPEHHUU SJICKTPOMATHUTHBIX aHOMAJIHH, BHIOPOCOB
pazoHa, UBMEHEHU B YPOBHE IPYHTOBBIX BOJ U Je(POpMAIlMU 36MHOU KOPBI. [7] DIIeKTpOMarHuTHHIE
CUTHAJIBl 4acTO (PUKCUPYIOTCS 32 HECKOJNbKO IHEH 10 3eMJIETPSICeHHH, OJHAKO MX HWHTEpIpeTarus
OCJIOXKHEHA BJIMSHHEM (OHOBBIX IIYMOB. [22] PanoH, paguoakTUBHBIN Ta3, BBIACIAIOUMIICS U3 HEAp,
MOKA3bIBACT 3HAYUTEIIbHBIC KOJIeOaHMs TIepe] ceiicMUYeCKUMU COOBITHsIMHE [ 18], 0COOEHHO B YCIOBUSAX
WHTCHCUBHBIX T€OJIMHAMUYECKUX TpoiieccoB. [S] I'eonesnmdeckue meronsl, Bkiodas GPS u INSAR,
MO3BOJISIFOT B PeaibHOM BPEMEHH HaOII0aTh HAKOIJICHHE JAeopMalni TUTOCQEpPhl U BBISBJISTH 30HBI
MOTEHIIHATBHON CEHCMHUYECKO# aKTUBHOCTH. [23]

Kpome Toro, razossie smuccuu (CO2, renuit u ap.) paccMaTpUBaIOTCS KaK JOMOTHUTEIbHBIH
reoXUMUYECKU TpeaBecTHUK. [IOBBIIIIEHHbIE KOHIIEHTPAIIUK 3TUX Fa30B MOTYT CBUJIETEIBCTBOBATH O
KPUTHUYECKU X U3MEHEHUSIX B HAMPSHKEHHOM COCTOSIHUM TOPHBIX Mopoa. [2] OmHako TOCTOBEPHOCTH
ATUX TOKa3aTelled 3aBUCUT OT JOJTOCPOYHOTO MOHUTOPUHIa H Yy4éTa KIMMAaTUYECKUX U
ruaposiornueckux gaxropos. [9]

Buosiornyeckne HHAUKATOPbI B KOHTEKCTE CeiiCMUYeCKOH AKTUBHOCTH

buonHmukanus B mocieIHHUE TOJAbl CTAaHOBUTCS BCE Oojee aKTyallbHBIM HalpaBJICHHEM B
ceilicMMUYecKoM TporHozupoBanuu. (OcoOblii HWHTEpeC OHa TMpeAcTaBisieT Omarojaps CBOEH
MEXAUCIUTUIMHAPHON MPUPOJIE, OOBEIUHSIONECH OMOJIOTHIO, T€O0(U3UKY U TEXHOJIOTHH O00paboTKH
JaHHbIX. OTHUM U3 KIIOYEBBIX apryMEHTOB B TIOJIb3y OHMOMHIMKAIIUU SIBJISETCS HAIUYHE Kak
HCTOPUYECKUX CBUJCTEIBCTB, TaK M COBPEMEHHBIX SMITUPUUYECKUX JAHHBIX, MOJATBEPHKIAIO MMX
YYBCTBUTEIBHOCTh >KMBOTHBIX K MPEACEHCMHYECKUM H3MEHEHUSM B OKpyxkaroieu cpene. [14] B
qucie Hauboee N3BECTHBIX IPUMEPOB MOXKHO OTMETUTD ciydai, mpousommenumii B Xaitusne (Kurait)
B 1975 romy, xorma MaccoBoe OECIOKOMHOE MOBEICHHE >KUBOTHBIX, 3a(PMKCUPOBAHHOE MECTHBIMH
JKUTEJSIMU, TTO3BOJIMIIO BJIACTSIM BBITTYCTUTh MPEAYIPEKICHIE O HAABUTAIOIIEMCS 3eMIIETPSICEHUH. DTO
pelleHre CIacio MHOXECTBO JKMU3HEH W CTalo OCHOBOW i JaTbHEHIM X MCCIEAOBaHUI B 00nacTu
OMOJIOTHYECKOr0O MPOrHo3upoBanus. [18]

@DeHOMEH YyBCTBUTENBHOCTH XUBOTHBIX K Te0(DM3NYECKUM HM3MEHEHHSM OOBSICHSIETCS PSIOM
TeopeTHdeckux  Mojeinei. CuuTaeTcs, 4YTO IKUBOTHBIE CIOCOOHBI  YJIABIMBATh CHTHAIHI,
MPEALIECTB YIOIIME CEHCMUYECKUM COOBITUSAM, TaKue KaK MUKpOcelcMUuYecKue KojeOaHus, U3MEHEHU 5
B DJIGKTPOMAarHUTHOM (OHE, BBIOPOCHI Ta3za, MH(Pa3BYKOBBIE BOJNHBI U KOJEOAHUSI XUMUUYECKOTO
coCTaBa OKpyxkawIen cpenbl. [15; 24] Marautopeneniuus — ClnocOOHOCTh BOCIIPUHUMATh U3MEHEHUSI
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B MarHUTHOM I10JIe 3eMJIM — pacCMaTPUBAETCS KaK OMH U3 OCHOBHBIX MeXaHU3MOB. [ITHIIbI, MOpCKUE
yepenaxu, aKylibl U OCOOCHHO pbIObI, Kak oTMmedaroT Kauaxumze u np. (2021), MCmonb3yroT 3Ty
CIOCOOHOCTh JJIi HaBUTAllMU, M JIIOOble HApYIIEHHS B MAarHUTHOM (OHE MOryT BBI3BaTh
JIC30PHEHTAIHI0, CTPECC U MOBeAeHYeCKrue anomanuu. [11]

OOGoHsTEeNPHAS W XUMHYECKash YYBCTBHTEIBHOCTh — €L OAWH BaxXHBIM Qaktop. Pamow,
PaAMOAKTHBHBIM Ta3, BBIACIAIONMWUCS W3 3€MHOM KOpPBl MpPH HAapacTarOUEM TEKTOHHUYECKOM
HaIpsHKEHUH, MOKET TOMaiaTh B BO3AyX U BOJAHYIO cpeny. [loBbilieHHAs KOHIIEHTpaUMs pajioHa U
COITYTCTBYIOIIM X Ta30B OKA3bIBACT BJIMSIHHME HA OOOHATEIbHBIC PELENTOPHI KUBOTHBIX, BBI3BbIBAS Y HUX
CTPECCOBBIE pEaKUM W H3MeHEeHue moBenaeHus. [6] HexkoTopble BHUABI MPOSBIAIOT 0COOYIO
YYBCTBUTEIBHOCTh K XUMHYECKUM (UIYKTyal[usM, TaKUM Kak konebanusi ypoBHs PH u conepxaHue
pPacTBOPEHHOTIO KUCII0POia B BOJE.

Oco0oe BHMMaHME B JIJaHHOW OOJIACTH HCCIIEOBAHUI YeNseTcss BOJHOM cpene, MOCKOJIbKY
reo(u3nYECKUe CUTHAIIbI, 0OCOOCHHO MH(Pa3BYK U 3JIEKTPOMArHUTHBIE BOJHBI, PACIpPOCTPAHSIOTCS B
BOJIE C MEHBIIMMHU MOTEpsIMU, 4eM B atMmocdepe. [loBeneHue prid B 3TOM KOHTEKCTE MPEACTABISIET
co00lf 0COOEHHO IIEHHBIH WHAMKATOP. PBHIOBI HAXOMATCS B MOCTOSHHOM KOHTAKTE C OKpYKaroIen
BOJHOM CpeZoi M CIIOCOOHBI pearnpoBaTh Ha MayieHIMe U3MEHEHUs €€ (U3MUYECKHX U XUMHYECKUX
xapakrepuctuk. HaOmiomeHuss ¥ SKCIEPUMEHTAIbHBIE JAHHBIE I[OKAa3bIBAIOT, YTO  PBIOBI
JEMOHCTPUPYIOT TaKhe TMOBEJCHYECKME OTKIOHEHHS, KaK XaoTHYHOE TIUIaBaHHUe, Ydall€HHas
BOKAIM3AIlUs, CKAIIMBAaHUE Yy TOBEPXHOCTH BObl, BEPTUKAIbHBIC MHUTPAIMM M JaK€ MacCOBBIE
MepeMEIICHHS 3a MPEIebl MPUBBIYHBIX apeatioB. [3; 22]

Hukononynmoc u ap. (2024) noguépkuBaroT, 4TO MOJ00HBIC TOBEICHUYECKAE OTKIOHEHHS Y PhIO
(GuKCHpOBATUCh B Pa3IMYHBIX PETHOHAX, MPEAINECTBYS 3emieTpsiceHusM. B SAnonum, nHampumep,
HEOJHOKPAaTHO HaOII0JaIoch IMOSBJICHUE TIIYOOKOBOJHBIX BHJIOB, TaKMUX Kak peMHepbiOa, B
NpUOPEKHBIX BOJAAX 3a HECKOJIBKO JHEH N0 KPYMHBIX MOJABOAHBIX TOMYKOB [18]. Dtm ciydam
MOATBEPKAAIOT THIIOTE3Y O CIIOCOOHOCTH PhIO pearmpoBaTh Ha MpelaceiicMuYeckue reou3nuecKie
HW3MEHEHUS U TeM CaMbIM CIIYKHUTh «CKUBBIMH CEHcopaMuy» omacHOCTH. JI’Aneccanapo u np. (2020)
OTMEYAIOT, YTO BBIOPOCHI pajloHa M JPYrHX Ta30B B BOAHOM Cpele MOTYT HE TOJBKO BBI3BIBATh
dusnonornueckuii AMCKoMpopT y pbid, HO U MPUBOJUTH K U3MEHEHHUIO MX MOBEJCHHS — BILIOTH 0
MTOKHTAHHUST MECT C BHICOKMM YPOBHEM KOHIIEHTpAIlUH raza. [5]

TexHuyecknii mporpecc MOCIeAHUX JIET 3HAUUTEIBHO PacIMpUi BO3MOKHOCTH MOHUTOpPHUHIA
MOBEICHYECKUX peakuuii pri0. Cucrembl HAOMIONEHUS, BKIIOYAIONHME THAPOAKYCTUUYECKAE CEHCOPHI,
MOABOJHBIE BHUJICOKAMEPHl U aKyCTHYECKUE MHKpPO(OHBI, TIO3BOJSIOT B pEaTbHOM BpEMEHU
(U KCUPOBATh IBUKEHUS, 3BYKOBYIO aKTUBHOCTH M IJIOTHOCTD MOMYMSIUNA B OMPEAeNEHHBIX ydacTKax
Bojoéma. Kawaxumse u ap. (2021) yka3pIBaroT, 4TO MOJAOOHBIC METOJBI MO3BOJSIOT 3aUKCHPOBATH
Jake He3HAYUTeNbHbIC U3MEHEHUS B TPACKTOPHSX JBUKEHUS UM YaCTOTE 3BYKOBBIX CUTHAJIOB Y PbIO,
YTO paHee ObLIIO HEBO3MOXKHO C TAKOW CTENEHBIO TOYHOCTH. [11]

JanpHelmii aHanu3 S3TUX MJAaHHBIX TpeOyeT MWCIONb30BaHUs AJTOPUTMOB MAIMHHOTO
00y4eHus1, CHOCOOHBIX 00padaThIBaTh OObIIME MACCUBBI HHGOPMAIIUH U BBIJEIATH 3aKOHOMEPHOCTH,
yKa3blBalOllMe Ha NpuoOnmkaroueecs semierpsacenue. Ilamapomymnoc m np. (2021) momuépkuBaroT
3¢ GEKTUBHOCTh TaKUX aJTOPUTMOB B MYJIBTHCEHCOPHBIX CHCTEMaX MOHUTOPHMHIA, TJ€ JaHHBIE O
MOBEICHUN DPBIO MHTETPUPYIOTCS C Teo(Pu3n4YecKuMU M XuMUuyeckuMmH mapamerpamu. [19] Taxkoi
noaxoq obOecrieynBaeT Oojiee HAAEKHYIO NMPOTHOCTHYECKYIO MOJAETb, MUHUMHU3ZHMPYET BEPOSITHOCTD
JIO’KHBIX TPEBOT U MOBBIIIAET TOYHOCTh CUCTEM PAHHETO MPEAYIPEKICHHUSL.

Taxum 006pazom, TOBEACHHE PHIO B YCIOBUAX CEHCMUUECKON aKTUBHOCTH MPEACTABISET COOOM
NEepCIeKTUBHOE HarpaBiieHHe B cdepe Mpenckasanust 3emierpsceHuid. OHO 007amaeT BBICOKOU
YYBCTBUTEIBHOCTBIO, OTpa)kaeT M3MEHEHUs B pPEaJbHOM BpEeMEHU MU MNOAAETCs OO0bEKTUBHOMY
MOHUTOPHUHTY. [Ipy COOTBETCTBYIOIIEM T€ XHOJIOTHYECKOM O0ECIIeUeHUH U aHATTMTHYECKON MOJIEPIKKeE
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3TOT OHOMHAMKATOP MOMKET CTaTh BAXHOW YaCTbl0 HMHTETPUPOBAHHBIX CHUCTEM paHHETrO
IIPEAYNPEXKIECHUS B CEHCMOOIIACHBIX PETMOHAX.

Posib HCKYCCTBEHHOT0 MHTEJ/IJIEKTA M MAILIMHHOTO 00y4eHMs

Pa3BuTue TexHONOTMI MAalIMHHOTO O0Y4EHUs OTKPHIJIO HOBBIE TOPU30HTHI B TPOTHO3UPOBAHUH
semnerpsicennii. CoBpemenHble wmoaemu WU mnpumMeHstoTcs ans aHaim3a OONBIMX OO0BEMOB
ceiicMUYecKuX, OHOJIOTMYECKUX U TeO0(PU3NYECKUX JAaHHBIX C II€JIbI0 BBISBIEHUS CKPBITBIX
3akoHOMepHocTer. [19; 20] Metonbl myOokoro oOy4YeHHUs, TaKhe KaK HEHpPOHHBIE CETH,
00ecreynBaloT BBICOKYI0 TOYHOCTh B KIacCH(UKAIIMM M HHTEPIPETAllMd CUTHAJIOB, OCOOCHHO B
MYJBTHCEHCOPHBIX CHCTEMAX.

Anroputmbel U 1103BOJSIOT 0OBEAMHSATH JAHHBIE MOBEIECHYECKON aKTMBHOCTH >KMBOTHBIX C
U3MEPEHUSIMU W3 CEUCMHMYECKUX CTaHUMH, YTO OOECrneyuBaeT KOMIUIEKCHBIM MMOJIX0A K
NporHo3upoBanuio. [16; 17] 310 ocoOEHHO BakHO JUIsl aHAJIM3a HECTaHAAPTHBIX NPEIBECTHHUKOB,
TaKWX KaK MOBEACHHE PBIO, I7Ie BAPHATHBHOCTH CUTHAJIOB TPEOYET alanTUBHBIX Mojiesieit . [4]

CucremMbl paHHero npenynpexacHus Ha 6asze 1M Moryr aHanu3upoBaTh JaHHBIE B pEalbHOM
BPEMEHH, BBISIBJISIA OTKIOHEHUS B TOBEACHMM DPBHIO M CBS3bIBAS HMX C TeKylled reodu3ndeckon
obcranoBkoil. Takas wuHTerpanus mMoBBIIACT 3(GGEKTUBHOCTh MPOTHO30B U  MUHUMHU3UPYET
KOJIMYECTBO JIOXKHBIX cpabareiBanuii. [1] IlpumepoM NpUMEHEHHS] TaKUX TEXHOJIOTHH SBIISIOTCS
MPOEKTbl MO Pa3BEPTHIBAHUIO IMOABOAHBIX CTAHIMW MOHUTOPHHIA, BKIIOYAIOIMX AATYUKA
AIIEKTPOMArHUTHOTO TOJISL, THAPOPOHBI U XHMUYECKHE CEHCOPHI. [5]

Pernonanbubiii acnekT: Kplpreizcran

[IpumeHeHre OMOIOTMYECKUX WHIMKATOPOB B KOHTEKCTE MPOTHO3MPOBAHMS 3EMIICTPSICEHUN B
KbIpreisctane mnpenctaBiisieTcss OCOOCHHO aKTyalbHBIM. TeppuTOpusi pecnyOsMKd MOJBEp)KeHa
BBICOKOM CEWCMHUUYECKOW AaKTUBHOCTH, a €€ YHUKAJIbHBIE BOJHBIE SKOCHUCTEMBI IPEJOCTABIISAIOT
OnmarompusITHbIE YCIOBUSI JUIsi MOHUTOpPUHTra moBeaeHus pwi0. [12] AmanTanus MeXTyHapOIHBIX
METOJUK K JIOKaJbHOU cpene TpeOyeT ydéra crenu(uuecKuX YCIOBHH — COCTaBa BOJ, DKOJIOTHHU
BOJIOEMOB U BHJIOBOTO pa3zHooOpasus uxruodaynsl. MccnenoBanue nopeaeHus pel0 B TaKUX BOJOEMAX
MOJKET HE TOJIBHKO MOATBEPIUTh YHUBEPCATLHOCTh MOJIEIH OMOWHIUKAIIUK, HO U 3aJI0KUTh OCHOBY JJIst
CO3/1aHHUsI PETUOHAJIBHBIX CUCTEM PAHHETO IPeLylpeKICHUS.

MeToaosorus

Jn3aitn uccjie10BaHnst

HccnenoBanue npoBOMIIOCH B HCKYCCTBEHHO KOHTPOJIUPYEMBIX YCIOBHSAX C HCIIOJBb30BAHUEM
AKCIIEPUMEHTANIbHOTO nu3aiiHa. B Tpéx crpanax — Keipreiscrane, A0y-/labum u Ilakucrane (mis
CpaBHEHHUS JaHHBIX 30H C TIOBBINICHHONW CEWCMHUYECKOW AaKTUBHOCTBIO) — OBLIM YCTaHOBIICHBI
aKBapuyMHBIC YCTaHOBKHM, ocHamEHHbIe HD-kamepamm, mH(pakpacHbIMU JaTYNKAMH U CEHCOpPAMH
KauecTBa BOJbl. B akBapuymax colepaluch YyBCTBUTEIbHBIE BUIbI PHIO (30J0ThIE PHIOKM, JaHUO-
pepuo u xom). [loBeaeHne GUKCUPOBAIOCH KPYITIOCYTOUHO U CUHXPOHU3UPOBAJIOCH C PETHOHATBHBIMU
ceficMMYecKUMU JaHHBIMU. Bce mapameTpbl Okpykarolueld cpefpbl, BKIOYas Temieparypy u pH,
MO/JIEP>KUBAIIMCh Ha CTAaOUIILHOM ypoBHE. JlaHHBIE aHAIM3UPOBAIKCH ¢ Tomolkio U -anroputmMoB u
MoJeNieil MamMHHOTO O0OyuYeHUs JAJs BBIABICHUS IOBEIEHYECKUX OTKIOHEHWH, MOTEHIMAIbHO
CBSI3aHHBIX C ceficMuyeckoil akTUBHOCTBIO. [18; 19] Takoi nu3aiiH MO3BOJIMII BBISIBUTH KOPPENALUU
MEX]y TIOBEIEHUEM PBIO M 3eMIIETPSICEHUSIMUA B M30JIMPOBAHHBIX YCIOBHUSIX.

Y4acTHUKM HCCIeI0BAHUS

VY4yacTHUKaMU MCCIIEJOBAaHUS BBICTYIIHIJIM TPU BUJA PBIO: 30J10ThIEe PHIOKH, JTAHHO-PEPUO U KOU.
OTu BUIBI OBUTM BBIOpPAHBI 32 MX BBHICOKYIO YYBCTBUTEIBHOCTh K M3MEHEHUSIM OKPYKAIOMICH Cpe.bl.
Bce ocoOu conepxanuch B HCKYCCTBEHHBIX aKBapUyMax C KOHTPOJIMPYEMBIMU YCIOBUSIMH,
o0ecreunBaONMMU CTAOMIIBHOCTD J1J1s1 (PUKCALlUK IOCTOBEPHBIX MOBEICHYECKUX PEAKIIU.

Coop 1 00padoTKa JaHHBIX
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Jlanubpie coOupanuch C HCHOJIB30BAHUEM BHACOKAMEp BBICOKOM YETKOCTH W HHQpPaKpPaCHBIX
JaTYMKOB, YCTaHOBJIEHHBIX B akBapuymax. HaOmiogeHue BeOCh KPYIIIOCYTOYHO, (UKCUPYS
JBUKEHUSI, CKOPOCTb, INIYOUHY U TpynnupoBKy pbl0. [lokasarenu kauectBa Boasl (PH, Temmepatypa,
KUCJIOPOJ) PErucTpUpOBauCh OAHOBpeMeHHO. CelicMUuecKre AaHHbIE MOCTYNald B pealbHOM
BPEMEHU C PETMOHAJBHBIX CTAHLIHMHA U CHHXPOHU3UPOBAIHCH C IMOBEJICHUYCCKUMHU HaOIIOJCHUSMH.
OO0paboTKa JaHHBIX OCYIIECTBISUIACH C TOMOIIBIO aJTOPUTMOB HCKYCCTBEHHOTO WHTEIUICKTA,
BBISBIIAIONMX OTKJIOHEHHS OT HOPMAJIbHOTO TMOBeAeHUs. MalmMHHOEe 00ydeHue HCIOIb30BAIOCH TS
aHaJIM3a KOPPETAIUN MEXKAY MOBEACHUSCKMMHU aHOMAIUSIMA M CEHCMUYECKUMH COObITHSAMH. J[Iist
MOBBIIIEHUSI HAJAEKHOCTH OBLIM MpPUMEHEHbl (QMIBTPHI IIYyMOB W KaJUOpPOBKA IO SKOJIOTHYECKUM
napameTpam, UCKIIYAIOIMM HECeHCMUYECKHEe NCTOYHUKU OTKIIOHEHUH.

JKcnepuMeHTATbHBIN POTOKOJI

OKCIIEpUMEHT MPOBOAMIICA B KOHTPOJIUPYEMbIX aKBAPUYMHBIX YCTAHOBKAX, PACIIOJIOKEHHBIX B
TPEX CTPaHAX C PA3INYHON CEMCMMYECKON aKTMBHOCTBIO. Kaxkiast ycTaHOBKa B KJIIOYala BUACOKaMEpHI,
nH(ppakpacHble CEHCOPHI M JATUYMKA KAaduecTBa BOJBI. PHIOBI HAXOMWJIHMCHh B M30JMPOBAHHON cpene C
MOCTOSIHHBIMU YCJIOBHUSIMH: Temneparypa, PH u ocBeleHue moaiepkuBajiuch crabuibHo. B Teuenue
BCEr0  IepHoJa BEJIOCh  KPYIIOCYToyHoe  BHjeoHaOmogenue. IloBeneHueckue — aHHBbIE
CHHXPOHU3UPOBAJMCH C PETHOHATBHBIMHU CEHICMUUECKUMHU COOBITUSIMH. Perucrpanus akTHBHOCTH PBIO
OXBaThIBaJIa MMApaMETPbl CKOPOCTH, KOOPJAMHAIUK JBUKEHUH U TIIyOMHBI MyaBanus. Bece HabmoneHus
¢ukcupoBamuch B 12-4acoBOM OKHE J0 M TIOCIE CEHCMOCOOBITMH Ml BBISABICHUS BO3MOXKHOMH
koppensiuu. IlpoTokon mpenycMarpuBain MCKIIOYEHHWE BHEIIHUX CTPECCOBBIX (PAKTOpOB st
MOBBIIICHHS IOCTOBEPHOCTH PE3YIbTATOB.

AHAJIN3 JTaHHBIX

Jnst 00paboTKu COOpaHHBIX TMOBEACHYECKHX M TE€0(U3NYECKUX JaHHBIX HCIOJIB30BAIHCH
AJITOPUTMBI MAIMHHOTO 00 y4eHUsl, BKII0Yas HEHPOHHBIE CETH U IEPEBBS pEIICHUN. AHAIN3 TO3BOIUI
BBISIBUTH YCTOMUYMBBIE TIOBEIEHYECKUE TATTEPHBI pPbHIO, MPEAIIECTBYIOUME 3eMIIETPSICCHUSM.
PerpeccronHbIe M KOPPEISALMOHHBIE METO/IbI TPUMEHSUIUCH JJIS1 OIIEHKU CTaTUCTUYECKON 3HAUMMOCTHU
CBsI3el MEXIy MOBEJCHUEM U CEMCMHUYECKOW AaKTHUBHOCTHIO. MOJeNnu MpOoXOAuiIN BaluJalyio Ha
OCHOBE UCTOPUYECKUX JaHHBIX, YTO MOBBICUJIO IOCTOBEPHOCTH IIPOTHO3A.

KuaroueBbie Ha0 /1101 HUS

HccnenoBanue BBISABUIIO, YTO PBIOBI JAEMOHCTPUPYIOT aHOMAJbHOE MOBEJCHHE — XaOTHUYHOE
NJIaBaHue, U3MEHEHHE TTTYOMHBI M MacCOBBIE MHTIPAIUU — MEpel CEHCMHUYECKUMHU COOBITHUAMH. DTH
MOBEJCHUYECKUE TATTEPHbl KOPPEIUPOBAIM C TeOPU3NUYECKUMH aHOMAalHMSMHM, TaKUMH Kak
AJIEKTPOMAaTrHUTHBIE (VIYKTyalldd U BBIOPOCHI pajoHa. Mojaenu MalMHHOTO OOY4YEeHHUs YCIEIIHO
KIacCH QUIIMPOBAIM JaHHBIE, MO3BOJISSA TPEACKA3aTh 3€MJICTPSICEHHUS C MOBBIEHHON TOYHOCTBIO.
HaOnrongenus moaTBep:kaatoT NOTEHIIHAN PbIO KaKk OMOWHAUKATOPOB U 00OCHOBBIBAIOT HEOOXOIUMOCTb
UX UHTETPALMU B CUCTEMBI PAHHETO NPEAYIIPEXKACHHUSL.

Pesyabrarsl

PesynbraTtl  mpOBENEHHOrO  MOHHTOPMHTA  MOATBEPXKAAIOT  THUINOTE3Y O  BBICOKOM
YyBCTBUTEIBHOCTH PbIO K MpeICeCMUYECKUM M3MEHEHUSM OKPYXKaloIiel cpeibl 1 000CHOBAHHOCTHU
X HCIHOJIb30BaHUS B KayecTBe OMOJIOTMYECKMX HWHJAWKATOPOB 3emierpsiceHuil. Ha mnpoTsoxkeHun
HaOmoleHui B pasHbIX pernoHax — AOy-/labu, Kwipreiscrane, Ilakucrane m Kazaxcrane — Oblin
3a(pMKCUPOBaHBI MOBTOPSIOIMECS IMOBEJACHYECKHE TATTEPHBI Y PBIO, MPEIIIECTB YIO e CeHCMHUYECKUM
coObITHsIM MarHuTynod ot 4,2 mo 4,8. HamOosiee XapakTepHBIMH aHOMAJUSMH CTald XaOTHYHOE
NJaBaHue, KiacTepu3amus (CKOIJICHHE Yy CTEHOK pe3epByapa), a Takke pe3Kue U3MEHEHHUs B TI1yOuHe
HaxOXJEHUs pPbI0. OTu peakuuy HaOIIOAANUCh MPEUMYIIECTBEHHO 3a 12 yacoB J0 Havaina
3apEeTUCTPUPOBAHHBIX 3EMIIETPSICEHUM, UYTO YKa3blBaeT HAa HMX NOTEHIMAJIbHYI HPOTHOCTUYECKYIO
3HAYUMOCTb.
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[ToBeneHYeckre U3MEHEHHS COMPOBOXKIAINCH YCTOMYMBBIMHA (PU3HOTIOTHUECKUMHU PEAKIIUSIMH,
0COOCGHHO y BHJIa KOH, BKIIOYas yJalEHHOE jka0epHOE NbIXaHHEe U M3MEHEHHE OKpaca KOXH, UTO
TaKKe MOXKET yKa3bIBaTh Ha BHYTPEHHUM CTPECC B OTBET HA Te0(PU3MUECKUE CTUMYIIBI. DTU CUTHAIIBI
CJIOKHO TOJJAIOTCS KOJWUYECTBEHHON (DMKCAIIMU, OJHAKO WX MOBTOPSEMOCTH JAENaeT MX IEHHBIMU
JIOTIOJIHEHUSIMU K MOJIEJISIM MTPOTHO3UPOBAHUSL.

CpaBHHUTENBHBIM aHAMM3 MEXIy pa3HbIMH pErMOHAMH TIIOKa3aJl, YTO HECMOTps Ha
T€OJIOTHYECKUE U KIMMATHYCCKUE Pa3Iuyus, MOBEACHNUE PHIO IEMOHCTPHUPOBAIIO CXOKHE OTKIOHCHUSL.
B dactHOCTH, Ha MOHUTOPUHTOBBIX CTaHIMSAX B KbIprei3cTane HEyCTOMYMBOE MIaBaHUE U CKOIJICHUS
pbIO OblH 3adukcupoBanbl 3a 01 yacoB 09 MUHYT 110 3emileTpsiceHUs] MAarHUTY 101 4,2, Torga Kak B
AOy-/labu aHaANOrMYHOE MOBEACHHUE HAOIIOAAIOCH Mepe 3eMiIeTpsicCeHHueM MarHutyaon 4,3 u 3a 03
gaca 29 MHMHYT 40 TOJNYKOB (Tabiu. 1). OTu mnoBTOpstonMecs 3aKOHOMEPHOCTH B pa3IMYHbBIX
MPUPOJHBIX YCIOBUSX YKA3bIBAalOT HA TO, YTO PbIOBI pearupyroT Ha oOumii (akTop OKpyKarouien
Cpenbl, MPEAECTBYIOIMNA CEHCMUYECKON aKTUBHOCTH.

Ta6auna 1. Pe3yabTaThl HA0M10/1€ HUS 32 PblOaMu

INULEHTP Marnuutyaa Bpems O0napyy:keHHOe
3eMJIe TPsiCe HUA o0HapyKeHust ABMIKeHHeE PbId
pb10amu
05-OkT1-2024 AOly [labu 4,30 3:29:26 YmepenHas
AKTUBHOCTh
04-OkT1-2024 ITaxucran 4,80 557:19 BrIcokast akTHBHOCTH
03-OkT1-2024 Kupruscran 4,20 1:09:15 Huskas aktuBHOCTH
01-Oxr-2024 Kazaxcran 4,50 11:49:05 YMmepeHHas
AKTUBHOCTh
01-Okt-2024 Aby [abu 4,60 4:14:25 Bbicokasi akTHUBHOCTh

Mogen MalmMHHOTO OOy4eHHS, NPUMEHEHHBIE B HCCIEJOBAHUH, ITO3BOJMIM BBHISIBUTH
YCTOMUYMBBIE 3aKOHOMEPHOCTH B MOBEJICHUM PbIO M 3HAUUTEIBHO CHU3UTH BIUSHHE BHEIIHETO LIyMa.
Hcnonp3yst KOMIJIEKCHBIE JAHHBIE — BUJICO3AIMKCH, TApaMeTPhl BOJIBI U CEHCMUYECKYI0 UH (JOpMaLIHIO,
anroputMbl UM ToyHO Kiaccu pUIIMpOBaNIM MOBEAEHUE KaK HOpMalbHOE MO0 aHOManbHOE. Tak, 1o
JaHHBIM TaOy. 2, mpU ydacTUM TPEX pPbHIO M BBICOKOM YPOBHE HUX AKTUBHOCTH, BEPOSTHOCTH
3eMJIeTpsiceHusl aocturana 6,5%, 4To COOTBETCTBOBAIO PEKOMEHJALUSM IO BO3MOXKHOMY 3allyCKY
IPOTOKOJIOB 3BaKyalluH. B nmpyrom ciydae, mpu JOBYX aKTUBHBIX OCOOSX M MEHEE BBIPAKCHHBIX
peakuusx, BEpPOATHOCTb cocTaBisia 12,8%, yka3biBas Ha BO3MOXKHBIE OIIyTMMbIE TONYKA B
Onu3nexanmx paioHax.

Tab6uuna 2. AKTUBHOCTb PbI0 10/ BJMSIHAEM CeCMUYeCKOil aKTUBHOCTH

KoinuectrBo  BeposiTHOCTH JdonotHuTE IBHBIE Bo3moxHbIe BO31eiCTBHUA
pb10 3eMJIe TpsICe HUS, npuMeYaHus

Bo3moxkHBI HesnauntenpHble HapyIeHUS
HE3HAYUTEIBHBIC TOTYKH. B MECTHOM MH(PACTPYKTYpE.
3 5 3HAYUTENBHOE ABUKEHHUE, Bo3MOXHBI CTpYKTYpHBIE
YMEPEHHBIH PHUCK. MOBPEXICHUS B palloHaX.
1 0,2 Hopmanbsnoe ciokoiiHoe 3HaYUTEIBHBIX BO3AEHCTBUI
COCTOSIHHE. HE 0XKHIACTCSI.
2 12,8 IloBEIIICHHOE NBHMIKEHUE, He3naunTenbHbIEC TOTYKH
HE3HAYUTEITBHBIA PUCK. OIIYITAFOTCS B MTPHUJICTAIOIIX
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palioHax.
3 6,5 Beicokuii puck Bo3MOKHBIE TPOTOKOJIBI
3HAYUTEIBHOTO 9BAKyalll¥ MJIA OE30MaCHOCTH.
3EMJICTPSICCHHMSL.

CratucTrueckass NpoBepka TMokazana, 4yTo B 68% 5mu3010B HAOMIOJANOCh H3MEHEHHE
MpeanodYTeHnid mo ryoune, B 42% — ycuUJIeHWE KIACTEPHOTO TOBeIeHUs, a B 35% — oOmee
MOBBIIIEHNE TOJBUKHOCTH PpbIO 3a 12 yacoB 10 ceiCMHMYECKUX COOBITHI. DTH MOKazaTeNlu JIErH B
OCHOBY IIPOTHO3HBIX MOZEJEH, 1€ MOHCTPUPOBABIIMX IOBBIILIEHHE TOUHOCTH Ha 10-15% no cpaBHeHHt0
C TpamuUMOHHBIMU Teousmueckumu MeTomamu. OcobeHHo BaxkHo, uro MM-cucremsl GukcHpoBanu
Jlake ciabble CUTHAJIbl, MPEIIIECTB YO IMEe 3eMIIETPSACEHUAM, UYTO JIENIAeT UX LIEHHBIM HHCTPYMEHTOM
JUISL PAHHETO OIIOBELICHUSI.

KinroueBbIM mpenMyIiecCTBOM MO/IeNIe Ha OCHOBE McKyccTBeHHOro nnrtemiekra (M) spasercs
UX CIIOCOOHOCTh K IMHAMUYECKOM ajanTaliy U yTOYHEHHIO IPOTHO30B B PEKUME pealbHOTO BPEMEHHU.
B omimMume OT TpPaAMLIMOHHBIX MOJAXOJOB, OCHOBAHHBIX Ha (PUKCHPOBAHHBIX CTATUCTHUYECKUX
3aKOHOMEPHOCTAX U TpeOYIOIMX NEePUOIUYECKON IepekalnOpOBKH, aJITOPUTMbl MAaIIMHHOTO
o0ydeHus: 001aa0T CIOCOOHOCTBIO K CAMOOOYYEHHIO M aBTOMATUYECKOW HACTpOHKEe B 3aBUCUMOCTH
OT MOCTYHNAIONIMX JAaHHBIX. DTO MO3BOJIET YYUTHIBATh PETHOHAIBHBIE OCOOEHHOCTU CEHCMMYECKOM
aKTUBHOCTH, BapbUPYIOIIMECS] MarHUTYAbl U BPEMEHHBIE XapaKTEPUCTHKH MPEABECTHUKOB, YTO
JIEMOHCTpHUpYeTcs Ha puc. | u 2.

Earthquake Probability vs Magnitude
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Puc. 1. Koppeasinysi TOUHOCTH MPOTHO3a ¢ AMILUIUTY/I0M celicMUYeCKUX KoJle0aHuii
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Earthquake Probability vs Time Detection

10

Earthquake Probability (%)

o

2:00:00 4:00:00 6:00:00 8:00:00 10:00:00

Time (min.)

Puc. 2. IlpornocTuyeckasi HaJé:KHOCTh B 3aBHCMMOCTH OT BpeMeHHOI0 HHTepBaJjia
10 ceiCMHUYeCKOro COObLITHSA

HuTerpanus noBeIeHYECKUX UHANKATOPOB, TAKUX KaK PEaKIHU PbI0, 3HAUUTEIBHO PACUIMPICT
pPOrHOCTHYECKHE BO3MOKHOCTH MHW-Moaeneit. AHanM3 CTaTUCTUYECKU X TAaHHBIX, BKIIIOYast TaHHBIC U3
Taba. 2, Mokaszaji, 4To HaJU4Me ONpeAeiIEHHBIX MOBEAEHUYECKUX MATTEPHOB (HANpPUMEpP, XaOTHUHOTO
IJIaBaHUsl WM CKOIUIEHUS Yy TIOBEPXHOCTH) CONPOBOXKJIAETCS MOBBIIIEHUEM BEpPOSTHOCTH
ceificmuyeckoro coobituss — 10 12,8% npu BBICOKOW akTUBHOCTH ABYX ocobeid u 1o 6,5% mpu
aKTUBHOCTH TpEX pbl0. B NpOTMBOMOIOXKHOCTE 3TOMY, CHOKOHHOE IIOBEAEHHE OJHOW phIOBI B
YCIIOBUSAX CTaOMJIBHOM Cpeibl COMPOBOXKAATIOCH KpaiiHe HU3KON BeposATHOCTHIO 3emierpsicenus (0,2%).

Oobcy:xkneHue

Pe3synprathl TpOBEAEHHOIO MCCIENOBAaHUS TOATBEPXKAAIOT BBICOKYID IPOTHOCTHUYECKYIO
LIEHHOCTh MOJIeNel ncKyccTBeHHoro nureuiekra (M) npu nHTEerpaniuy noBeieHYecKUX JaHHBIX PbIO
B KOHTEKCTE ceilicMuueckoro MoHuTopunra. [1; 4; 19] CpaBautensHbii ananu3 MU-nporHos3oB c
(aKTUYECKH 3aperMCTPUPOBAHHBIMU 3EMIICTPSACEHHMSIMU 3a IOJYrOJOBOM IEpHOJ IOKazal, 4YTO
BKJTIOYEHHE OMOJIOTMYECKMX WHIMKATOPOB MO3BOJISIET CYIIECTBEHHO MOBBICHTH YYBCTBUTEIBHOCTh U
TOYHOCTh CHCTEMBI paHHEro onoserueHus. [1; 3]

OO6mps TOYHOCTh MOAETH cocTaBuia 85% mpu padore B 12-yacoBOM BpEMEHHOM OKHE, YTO Ha
15% BBIIIIE IO CPAaBHEHHIO C PE3yNbTaTaMH, JEMOHCTPUPYEMBIMH TPAJAUIIHOHHBIMU Te0(U3nYeC KHMH
Meroaamu. [7; 13] OcobeHHO Ba)XHO, YTO AOJS MCTUHHO TOJOKUTEIBHBIX MPEJICKa3aHU JOCTHUTIIA
89%, pu 3Tom monHota Monenu (recall) cocraBuia 78%. D10 03HaYaeT, YTO HECMOTPSI HA BBICOKYIO
CHOCOOHOCTh K OOHAapyKEHHIO CEHCMHYECKOM AaKTMBHOCTH, HEKOTOpas YacThb 3eMJIETPSCCHUM
ocTaBajiach He 3a(PMKCHPOBAHHON — MPEUMYIIECTBEHHO M3-3a c1a0oi (opIIOKOBON aKTMBHOCTU MIIU
HEJOCTaTOYHO BBIPAXKECHHBIX MOBeAeHUECKUX OTKIOHeHHH. [18; 11] IlonoOHbIe orpannueHus TpeOyrOT
JaJIbHEN 1N ajanTaliyd MOJAEIH, B TOM YHUCIE IepecMOoTpa MOBEICHUYECKUX ITOPOrOB U PaCIIMPEHUS
obyuarorrieit BIOOpKH. [4; 17]

WuTerpanust JaHHBIX O MOBEACHUM PHIO C AITOPUTMAMU MAIMHHOTO OOYYEHHs MO3BOJIHIIA
cucreMe WM »ddextuBHO perucTpupoBatb HE TOJBKO aHOMAJIWU JBWKCHHUSA (Hampumep,
KIACTePU3AIUI0 WM XaOTUYHOE IUIaBaHME), HO M NIYOWHHBIC MOBeJcHUYeckue TpeHanl. [3; 11; 19]

23



[Tpumepsl yerenmHoro npeackasanus semierpsicennii B Keipreiscrane (marautyna 4,8) u A0Oy-/labu
(MarHuTyna 4,3) IEMOHCTPUPYIOT, YTO M3MEHEHUE MOjJeNel IOoBeleHUs pbl0 MOXXET BBICTYNATh B
KauecTBE HaJAEKHOTO MHIUKATOPa, OCOOCHHO B YCIOBHUSIX HEJIOCTATKA TPaIMLIMOHHBIX CEIICMOJaHHBIX.
[12; 18]

Tem He MeHee HCCIIEOBAaHUE BBISIBIIIO W psAA orpaHuueHUi. OCHOBHOW mpoOiIeMoi cranu
JIO)KHbIE cpalaTblBaHUsT — CIOydad, KOTJa MOJAENb (QUKCHUpOBaja aHOMaJlWM, HE CBSI3aHHBIE C
ceificMuyeckoil akTUBHOCTBHIO. [lpuumHamMu TakuX OUMOOK SBJSUTUCH BHEIIHHE JKOJIOTUYECKHE
(aKTOpBI: U3MEHEHUS TEMIIEpaTyphl BOJIbI, ITyMOBbIE BUOpAIIMU U KoJeOaHUs YPOBHS PacCTBOPEHHOTO
kucnopona. [6; 9] Kpome toro, Opina 3admKkcupoBaHa €CTECTBEHHAs U3MEHUYMBOCTh MOBEICHHS PBIO,
BbI3BaHHASI HE CEHCMUYECKUMHU, a OMOJOTUYECKUMHU WJIM MOBEICHUYECKUMHU MpUYMHAMU (Hampumep,
KOPMJICHHE WJTU B3aMMOJICHCTBHE MEX Ty oco0smu). [3; 11] DTo mogu€pkuBaeT He0OX0AUMOCTh OoJiee
CIIOKHOM CcHUCTEMBbl (UIbTpPAllMM, CHOCOOHOW pa3nuyarh CcelcMHYecKkd OOYCJIOBJIEHHBIE U
Hecelicmuueckue anoManuu. [4; 20]

[pomymieHHbIe COOBITHS (JIOKHOOTPHIATENFHBIC) TAKKE MPEACTABIAIOT BAKHYIO 00NaCTh JUIs
yAy4dlleHUsT MoJenu. B psje ciydaeB 3eMJIETpPSCEHUS HE BBI3BIBANIM JOCTATOYHBIX MOBEICHUYECKUX
OTKIOHEHHUH, OCOOEHHO €CIM pedb LUla O NIIYOOKO(OKYCHBIX TOMYKAX MJIM O COOBITHSX C HU3KOM
marHuTymou. [5; 22] Kpome TOro, paszmuuus B UYBCTBUTEIBHOCTH BHJIOB pPBIO BHOCHIM
JOTIOJTHUTENBHYIO BapUaTUBHOCTH, B pe3ynbTaThl. Hampumep, Kapmbl KOM JIEMOHCTPUPOBAIH
BBIPAXEHHBIEC PEAKIUH, B TO BPEMs KaK 30JI0ThI€ PHIOKH Yallle COXPaHsUIM CTAOUIIbHOE TIOBEICHUE IaXKe
B YCJIOBHSIX HAJIBUTAIOIICHCS CeiCMUYECKO# akTuBHOCTH. [11; 18]

HecmoTps Ha ykazaHHBIE OrpaHHYEHUs], TTpeacTaBieHHas Moaens U mokazana 3HaUUTETbHBIHN
NOTEHLMAJl KAK MHCTPYMEHT IIPOTHO3UpOBaHus 3emierpsiceruii. [1; 4; 19] OcoGenHo 1ieHHo TO, 4TO €€
MacIIrabupyeMOCTh U CPaBHUTEIBHO HU3KHME 3aTpaTbl Ha BHEAPEHUE JENAlOT TaKue pPEICHUS
JIOCTYITHBIMH JUISI PETHOHOB C OTpaHUYCHHOW WHPpacTpykrypoi. [12; 16] Pa3ButHe anropuTMos,
pacumMpeHue CIEKTpa MOBEAEHYECKUX HHANKATOPOB U 00Jiee NIMPOKasi HHTErpanus MyJIbTUMOIAIbHBIX
JAHHBIX MOTYT el OoJibIIe MOBBICUTh TOYHOCTh M HAAE&KHOCTH MOJOOHBIX CHCTEM, CIOCOOCTBYS
(hopMHPOBAHKIO HOBOM MapaJuTMbI B CEHCMHUYECKOM TTporao3upoBanuu. [1; 16; 20]

BriBOABI

[IpoBenénHoe wuccienoBaHWe MOATBEPANIIO BBICOKMN MOTEHIMAN MCIOJIB30BAaHUS pHIO B
KauecTBe OMOJIOTMYECKUX HHIMKATOPOB MPEACEHCMHYECKON aKTMBHOCTH, OCOOEHHO B YCIOBHSIX
BOAHBIX 23KocucteM Koipreiscrana. IlonydeHHblE pe3ynbTaThl CBUICTENBCTBYIOT O HAJIUYUU
CTaOUIIBHBIX MOBEIEHYECKUX MATTEPHOB, MPOSABIAIONMXCS IMepel 3eMIETPSICEHUSMHU, TaKUX Kak
XaOTHYHOE IIaBaHME, KIacTepu3alus, M3MEHEHHE MYOMHBI M y4YalEHHOE Ka0epHoe IblXaHue. DTH
peakiuu, 3auKCUpPOBaHHBIE 32 12 YacoB J0 CEMCMOCOOBITHH, NEMOHCTPUPYIOT MPOTHOCTUYECKYIO
3HAYUMOCTh M OTKPBIBAIOT HOBBIE€ BO3MOXXHOCTH I MOCTPOEHHUSI HAIEKHBIX CHCTEM pPaHHETO
IpEAYNPEXKICHUS.

HuTterpanus OMOMHANKATOPHBIX JAHHBIX C T€O(OU3MYECKUMU HAOMIONCHUSMH M TPUMEHEHUEM
QITOPUTMOB MAIMHHOTO OOYy4eHHUs TO3BOJIIET CYIIECTBEHHO IOBBICUTh TOYHOCTH IPOTHO30B M
MUHHMMHU3APOBATH KOJIMYECTBO JIOKHBIX TpeBOI. COBPEMEHHBIE TEXHOJOIMM, BKIKOYas MOJBOIHBIC
CEHCOPHI M BUJICOHAONIOICHUE, 00ECTICUNBAIOT OOBEKTUBHYIO (DM KCAIMIO TIOBEICHUYECKUX PEaKIui, a
MYJIBTHCEHCOPHBIE CHCTEMBI JIENIal0T BO3MOXXKHBIM KOMILICKCHBIM aHanu3 WHGOPMAIUU B pPeaTbHOM
BPEMEHU. DTO OCOOEHHO BaXKHO JUIsS TOBBIIICHUS YCTOWYMBOCTH K MPUPOAHBIM KatacTpodam B
CECMOOMACHBIX PETMOHAX.

Ocoboe 3HaueHue B KOHTekcTe KbIprel3cTaHa UMeeT ajanTainus MOJOOHBIX TOAXOIOB K
MECTHBIM YCJIOBHSIM: pazHOOOpasue HXTHO(ayHbl, XHMHYECKHI COCTaB BOJOEMOB U YpOBEHB
AHTPOIIOTEHHOTO BO3ACUCTBUS TPEeOYIOT pa3paboTKu crenu PuuecKuX MOJelield MPOTrHO3UPOBAHHMS.
[lpumeHeHHEe TakMX CHCTEM MOXET CIOCOOCTBOBAaTh HE TOJBKO 3alUTe HAaceJIeHUs U
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UH(PPACTPYKTYPhl, HO M Pa3BUTHIO MEXKIMCIUILIMHAPHBIX HAYYHBIX UCCIICIOBAHUN, OOBEIMHSIOIIMX
O6uosoruto, reou3nKy ¥ TEXHOJIOTHH UCKYCCTBEHHOTO MHTEIUIEKTA.

Taxum 00pa3oM, HCCIEAOBAHHUE 3aKIaJbIBACT MPOYHYIO OCHOBY JUISl JAbHEHINETO Pa3BUTHS
METOJIOB OMOWHJMKAMKA B ceiicMoiorui. OHO JEMOHCTPHUPYET HEOOXOJUMOCTh pPacIIMpPEHHS
MacmraboB  HAOMIOJCHWHN, TMOBBIIICHUS TOYHOCTH MOJENEed ¥ HMHTETrpalud OWOIOTHYECKHX
WHJIMKATOPOB B HAIIMOHAIBHBIC CHCTEMBI MOHHTOPHHTA, YTO OCOOCHHO aKTyaJlbHO B YCJIOBHSIX
BO3paCTAOIMX MPUPOJIHBIX PUCKOB U KTUMATHYECKON HECTAOMIBHOCTH.
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KAJIIBIJIAHI'AH MACEJIEJIEPAW UIITEII UBIT'YY
YUYH KACAJIMA UHTEJUVIEKTTU KOJIAOHYY
IMPUMEHEHHUE NCKYCCTBEHHOI'O MHTEJIJIEKTA
JJIA ITIOCTPOEHUS OBOBHIEHHBIX 3ATAY
APPLYING ARTIFICIAL INTELLIGENCE TO DEVELOP PARAMETRIZED TASKS

Kpickaua wmyHe3neme: IlapamerpiieHreH (KajlmbLIaHTaH) MaceleiepAd KOJJOHYY YYYH
aBTOPJIOPAYH KaTBILIYyCy MEHEH TY3YYUYJIYK, YHUKAUIAYYTyK, TOINYK KYIYIYyIyK KaHa
KOHKPETTYYJIYK ~ TPUHIHITEPH HILTEIHIT YBIKKAH. Maxanana napaMeTpJICIITH PUIITCH
TalbIpMATAPABIH ap KaHIal TYPJIOPYH HINTEN YbITYy YYYH JKacaiMa HWHTCIUICKTTH KOJIJOHYY
KapaJaT, aJlapJiblH HUUHJIE alreOpaiblK, TeOMETPHSUIBIK, (DM3UKAIBIK Macenenep. ABTOpaop TapObIHAH
TaOWTBIA THJIIEPIM KOMITBIOTEPJIE KO3 KapaHIBICHI3 TYPAO® YaTbULIBIPYYy CYHYINTAJITaH JKaHa
TYIIYHYKTOPJY WHTEPAKTUBIWK MacelejepJe YarbUIBIPYYHYH YCYIJIYIYH OHYKTYPYY Kapajira.
ABTOpIIOp K33 OMp ITHIN, 3aT aTO0Y, CBIH aTOOY CO3/IOPY YUYYH MAaTEMATHKAIBIK KaHa KOMIBIOTEPINK
MOJICJIJICP/IA UIITEN YBITBIN, STHIN CO3A6PY YYYH KaHBI KIACCH(UKAIUIIOO0 CyHymrarad. byn
Makajajga OIIOHJOW 3Jie TapaMEeTPJICHIeH MaceleiepAnd UIITEN YbITYy YYYH jKacaliMa MHTEJUICKTTH
KOJIZIOHYY Kapayar. byn KOMIBIOTepAMK YaTbUIIBIPyyAapasl aHAaH apbl OHYKTYPYY YIYH JKaHa THIIIU
O3JI6IITYPYY/1® KOJIOHYITYIy MYMKYH.

AnHoTaumsi: /[ uWCHONB30BaHHMS MapaMeTpU3MPOBAHHBIX (0OOOIIEHHBIX) 3adad  ObLIN
pa3paboTaHbl ¢ yJ4acTHEM aBTOPOB MPUHIMIBL  (QOPMUPYEMOCTH, YHUKAUIBHOCTH, IOJHON
KOH (pMICHITMAIBHOCTH M KOHKPETHOCTH. B cTarhe paccMaTpuBaeTcs MPUMEHEHHE HCKYCCTBEHHOTO
WHTEJUICKTa s pa3paOOTKU pPa3NWyHBIX TUIIOB MapaMeTpU30BaHHBIX 3afad. K HUM oTHOcSATCS
areOpanyecKkue, TreoMeTpuueckue, (Qu3nyeckue 3amadr. ABTOPBI TPEIIOKHUIN HE3aBUCHMOE
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KOMIIBIOTEPHOC IMPEACTABJICHUE €CTCCTBCHHBIX A3BIKOB M PasBUJIM MCTOA IIPEACTABIICHUA MMOHITHUH KaK
HHTCPAKTUBHBIX 3a/1a4. Onun pa3pa60T AJI1 MAaTEMATUYCCKUEC U KOMIIbIOTCPHBIC MOJACIIN JJIsI HCKOTOPBIX
rJ1arojioB, CymeCTBUTCIBHBIX U IIpUJIAraTtCIbHbIX, MPEIJIOKHUIINA HOBYIO KJ'IaCCI/I(l)I/IKaHI/IIO riarojios. B
CTaThe paccMaTpUBACTCA NPUMEHEHHE WMCKYCCTBEHHOTO WHTEIUICKTa W JJIA  pa3pabOTKH TaKuX
mapaMCeTpru30BaHHbIX 3aaa4. D9TO MOXKET 6BITB HUCIIOJIB30BAaHO MOJIA HaHBHeﬁmeFO Pa3BUTUSA TaKUX
KOMITBIOTCPHBIX HpeI[CTaBHCHI/Iﬁ N U3YUCHUS A3BIKOB.

Abstract: To use parametrized tasks, Generativity, Uniqueness, Full confidentiality and
Concreteness principles were developed with the authors’ participation. Applying artificial intelligence
to develop various types of parametrized tasks is considered in the paper. They include algebraic,
geometrical, physical tasks. The authors proposed independent computer presentation of natural
languages and develop a method to present notions as interactive tasks. They developed mathematical
and computer models for some verbs, nouns and adjectives, proposed new classification of verbs. Inthe
paper applying artificial intelligence to develop such parametrized tasks is considered too. It can be
used for further development of such computer presentations and learning languages.

Herusru co3/1op: KacaiMa WHTEIIJICKT,; JKaJMbLJIaHTaH Macele, KOMIIBIOTCPAC ‘laI‘LIJ'I,Z[BIpyy;
MaTCMaTUKAJIBIK MOJCIIb, KO3 KapaHAbICHI3 YarblJIABIPYY.

KaroueBrle cioBa: I/ICKyCCTBeHHHﬁ HUHTEJIIJICKT, 06061HeHHa}I 3aj1a4a, KOMITBFOTCPHOC
HpeIICTaBJ'IeHI/Ie; MaTeMaTHU4YECKasd MOAEIb, HE3aBUCUMOE MNpCACTaBJICHUC.

Keywords: artificial intelligence; parametrized task; computer presentation; mathematical
model; independent presentation.

1. Introduction

To use parametrized tasks, the following principles were developed with the authors’
participation.

Generativity: The task does not exist before the examination and is generated randomly (not only
numerical data, content of a task may vary too, but "of same difficulty level").

As a consequence, Uniqueness: all participants are given different tasks, and confidentiality is
guaranteed.

(***) If it is possible, presentation of a task in various forms: text, drawing, picture, short
videoclip, sound (earphones are necessary).

2. Arithmetical and algebraical parametrized tasks

We: Invent a parametrized task on arithmetic

chat.deepseek.com: Task-1: Arithmetic Operations with Variables

Description: Solve the following arithmetic expression by substituting the given values for the
variables. Perform the operations step by step and provide the final result.

Expression: Result=(axb)+(c+d)—e'

Parameters: a: A positive integer (e.g., 5, 10, 15); b: -“- (e.g., 3, 7, 12);

c:-“-(e.g., 20, 50, 100); d: -“-(e.g., 4, 5, 10); e: -“-(e.q., 2, 3, 5); f: -“-(e.g., 2, 3, 4)

Comments. Al tried to present all five arithmetic operations; choosing ranges for variables
demonstrates that Al tried to make the task easer for the user; comparing ¢ and d demonstrates that Al
tried to obtain an integer answer but did not make it.

We: Invent atask in algebra. The answer must be an integer number

chat.deepseek.com made many attempts with linear equations with integer initial data and at last
it found:

Task-2: 3x—7=2x+3

We. Thank you. But you cannot make tasks with surely integer solutions.
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chat.deepseek.com: Thank you for your feedback! You're absolutely correct that not all algebraic
tasks can be guaranteed to have integer solutions unless they are carefully designed. Let me explain
how to create tasks that always result in integer solutions, and then I'll provide an example.

Key Idea: To ensure that the solution to an algebraic equation is an integer, the equation must be
constructed in such a way that the operations and constants align to produce an integer result. Here's
how to do it:

Start with the solution: Choose an integer value for x, say x=k, where k is an integer.

Construct the equation: Use x=k to create an equation by performing operations on both sides
that preserve the equality.

Simplify the equation: Rearrange the equation into a standard form (e.g., linear, quadratic)
while ensuring the solution remains x=Kk.

Example Task:

Let’s create a task where the solution is X=5.

Multiply both sides by 3: 3x=15. Add 7 to both sides: 3x+7=22.

Subtract 2x from both sides: 3x+7—2x=22—2x.

Simplify: x+7=22-2x.

[chat.deepseek.com did not guess that the equation may be given in such form; it would be more
interesting]

Rearrange: x+2x+7=22. Simplify:

Task-3: 3x+7=22.

We: Invent a parametrized task in algebra. The answer must be an integer number

chat.deepseek.com began with (3x—2k)/5+(x+k)/10=k.

[After some transformations:] x=13k/7

For x to be an integer, 13k must be divisible by 7. Since 13 and 7 are coprime, k must be a
multiple of 7. Let k=7m, where m is an integer. Then: x=13-7m/7=13m.

Final Parametrized

Task-4. Let m be an integer. Solve for x:

(3x—14m)/5+(x+7m)/10=7m.

We: Write a program in pascal generating tasks randomly from the equality
(3x—14m)/5+(x+7m)/10=7m.

chat.deepseek.com: program GenerateAlgebraTask;

uses SysUtils; var m, x: Integer;

begin Randomize;

m := Random(21) - 10; x := 13 * m;
Writeln('Solve for x:%);
Writeln(* (3x-',14*m,")/5+ (x+"'7*m,")/10=",7*m);

Writeln('Solution:");  Writeln(* x =", x); end.

If we introduce x1:integer and change the last line to:

Write (* x ="); readin(x1); If x1=x then write('Yes’) else write('"No’); end;

then we obtain an efficient exam program.

3. Geometrical parametrized tasks

We: Invent a parametrized task in geometry. The answer must be an integer number

chat.deepseek.com:

Task-5: Given a regular n-sided polygon (where n>3) with side length s, calculate the number of
diagonals in the polygon. The answer must be an integer.

[chat.deepseek.com tried to deceive us. It is a well-known task.]

We: Invent a new parametrized task in geometry. The answer must be an integer number

chat.deepseek.com:
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Task-6: Given a regular polygon with nsides (where n>3) and side length s, determine the
number of lattice points (points with integer coordinates) that lie strictly inside the polygon when it is
centered at the origin (0,0) on a 2D Cartesian plane.

[The polygon is not defined completely; a condition “one of vertices is on the Ox-axis” must be
added. Thus we obtain an interesting task; for small n it can be solved by accurate growing; for
n~10..100 it can be solved by an appropriate computer program.]

Tasks on symmetry:

Task-7: We: Correct the pattern TYHFUTYHFUTYFUTYHFU

chat.deepseek.com: TYHFUTYHFUTYHFUTYHFU

Task-8: We: Correct the pattern WYHUIOIUHW

chat.deepseek.com: WYHUIOIUHYW

[Hence, such parametrized task with random generation of data may be given to students.]

4. Parametrized tasks on measuring imagery

Example:

Task-9: We: The length of the egg is 5 cm, the width of the egg is 3 cm. What is the volume of the
egg (approximately)?

chat.deepseek.com: To calculate the volume of an egg, we can approximate its shape as a prolate
spheroid. The approximate volume of the egg is 23.6 cm?.

[Hence, such parametrized task with random generation of length in 20...60 mm and width (less
than length*0.8) in 15..40 mm, may be given to students; if the student’s respond differs from the
volume of spheroid less than 10% then the mark is “excellent”.]

5. Parametrized tasks on independent presentation of notions

We proposed to develop interactive computer presentations of natural languages. By our
definition, if a computer software for presentation of any object or process does not depend on the
user’s knowledge and skills on similar objects then we call it independent. Such presentations, by our
opinion, are more convenient because the user can learn a language by its own notions, and begins
thinking in it, without translation in mind.

Using ideas [1], [2], [3] we [4-11] proposed definitions and developed sketches of such
presentations. We proposed to use random generation of objects in tasks and situations and feedback
for checking-up knowledge of a language. We described contents and forms of mathematical models.
[12], [13] We also used the methodic. [14], [15]

Existing classifications of notions in grammar are based on involved grammar forms only and are
scanty for computer presentation. For further dewveloping of such presentations we developed a
corresponding classification of notions (nouns and verbs) of languages.

We put the following hypothesis. A human's genuine understanding of a text in a natural
language can be clarified by means of observing the human's actions in real life situations
corresponding to the text.

Definition 1. If outer influences of low energy can imply sufficiently various reactions and
changing of the inner state of the object (by means of inner energy of the object or of outer energy
entering into object besides of such influences) at any time then such (permanently unstable) object is
an affectable object, or a subject, and such outer influences are commands.

A system of commands such that any subject can achieve desired efficiently various
consequences from other one is a language.

Definition 2. Simple mathematical models consist of - fixed (F;) sets;
- movable (M;) sets; - temporal sequence of conditions of types: embedding (M; < F; ?), intersection
(Mj NFi =2 ?).

Animated objects and Avatar (presentation of the person) are denoted by trembling.

Mathematical models can also include self-moving objects, sounds.
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More complex mathematical models also include objects that transform other objects (tools) and
objects to be transformed.

We proposed to construct computer interactive presentations are built on the base of
mathematical models.

Definition 3. For any notion (word of a language):

If an algorithm acting at a computer: - generates (randomly) a sufficiently large amount of
situations covering all essential aspects of the notion to the user; - forms
a command involving this notion in each situation; - perceives the user's actions and performs their
results clearly on a display; - detects whether a result fits the command

then such algorithm is said to be a computer interactive presentation of the notion.

These commands can contain other words too. But these words must not give any definitions or
explanations of the notion.

[Al can write a program in an algorithmic language to implement this definition if “situations”
consist of fixed and movable connected sets and the user’s actions are parallel shifts of movable sets by
means of computer mouse due to Definition 2].

Definition 4. If all words being used in Definition 3 are unknown to the user nevertheless s/he is
be able to fulfill the meant action (because it is the only natural one in this situation) then the notion
(word of a language) is said to be primary. If the user has to know supplementary words to complete
the action then the notion is said to be secondary. Thus, there arises a natural hierarchy of notions.

If a presentation of a verb demands some actions (denoted by other verbs) by the user then such
presentation is said to be goal setting.

There may be the following ways of guessing:
N1. The only natural action in such environment (main technique in this method).

It also includes:
N2. Well-known “Continue the sequence ...”; N3. Well-known “Fill inthe gap ...”;
N4. Completion, Perfecting (may be made by evident small addition, deletion, correction); N5.
Alternation; N6. Similarity of attributes; N7. Relation; N8. Composition of known notions; N9.
Uniqueness of attribute; N10. Life experience (in physics); N11. Goal-setting; N12. Measuring
imagination.

Task-10: We: There are an apple and a wild squirrel in a cage. What will you do?
chat.deepseek.com: If the squirrel appears healthy and the cage is a temporary enclosure, | would
provide the apple as a food source to keep the squirrel nourished while planning its release.

[This respond confirmed N1 of Al]

Hence, the following parametrized task can be implemented on a computer:

(random objects are underlined, new notions are written with capital letters)

Task-11: Environment (ET): animal, fruit apart; N1. Command:

GIVE the APPLE|JPEAIBANANA TO the SQUIRREL|HARE!

Response “Thank you” or “Thanks. You GAVE the APPLE TO the SQUIRREL”. (The task
repeats).

Al can also write programs for the following parametrized tasks:

Task-12: ET: place, thing apart; N1. Command:

PUT the BALL|BOOKI|PEN ON the TABLE|CHAIR|BOARD!

Task-13: ET: red ball, green ball, green table; N6. Command:

PUT the GREEN ball on the GREEN table!

ET: same; N5. Command:

PUT the RED ball on the GREEN table!

The task repeats some times to teach the user the main colors.

Task-14: ET: (known) places, things; N1. Command:
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TAKE the ball FROM the table AND put it on the chair!

5. Parametrized tasks on independent presentation of verbs with Avatar

Task-15: ET: colored circumferences-with-entrance (absent short arc), Avatar (trembling prickly
circle being less in size than absent arc) outside. N1. Command:

ENTER the yelow COURTYARD!

Task-16: ET: circumference with some entrances (absent short arcs), endpoints of each absent arc
are colored identically, Avatar (less in size than absent arcs) is outside. N1. Command:

ENTER the courtyard THROUGH the green ENTRANCE!

Task-17: ET: almost same but Avatar is inside. N1. Command:

EXIT the courtyard THROUGH the blue ENTRANCE!

Task-18: “river” with some colored “bridges”, Avatar. N1. Command:

PASS the red BRIDGE!

6. Conclusion

The paper demonstrates that Al can be applied to develop various parametrized tasks which are
necessary for effective teaching. The paper raises general questions on appearing, introducing and
teaching new notions with assistance of Al in various subject areas. This paper is a next contribution to
our general project of developing mathematical models of various notions for independent presentation
of natural languages. We hope that such software would be interesting and useful for people to learn
languages.

References

1. Bromrorckuii JI.C., CaxapoB JI.C. HccnenoBanue (HGOpMUPOBAHUS TMOHATHH: METOIOIOTHUS
JIBOWHOTO CTUMYJUpoBaHus // Xpectomarus 1o oOmeld mncuxojoruu. [ICMXonorusi MbINUICHUS. —
Mocksa: n3n. MI'Y, 1981.

2. Asher J. The strategy of total physical response: An application to learning Russian //
International Review of Applied Linguistics, 1965, no. 3.

3. Winograd T. Understanding Natural Language. Massachusetts Institute of Technology, New
York, 1972.

4. Pankov P.S., Aidaraliyeva J.Sh., Lopatkin V.S. Active English on computer. Conference
"Improving Content and Approach in the Teaching of English Language in the Context of Educational
Reform”, Kyrgyz State Pedagogical University, Bishkek, 1996, pp. 25-27.

5. Pankov P.S., Alimbay E. Virtual Environment for Interactive Learning Languages. Human
Language Technologies as a Challenge for Computer Science and Linguistics: Proceedings of 2nd
Language and Technology Conference, Poznan, Poland, 2005, pp. 357-360.

6. Bayachorova B.J., Pankov P. Independent Computer Presentation of a Natural Language //
Varia Informatica. — Lublin: Polish Information Processing Society, 2009, pp. 73-84.

7. TlanxoB I, basuopoBa b., Kypaes M. Krpiprel3 TUIUH KOMIBIOTEPAE YarbUIABIPYY. —
bumnkek: Typap, 2010.

8. Pankov P., Karabaeva S. Proposal to Develop Interactive Computer Presentation of Natural
Languages in Various Media // Proceedings of the 7th International Conference on Control and
Optimization with Industrial Applications. — Baku, Azerbaijan, 2020, vol. I, pp. 320-322.

9. Pankov P., Dolmatova P. Software for Complex Examination on Natural Languages //
Human Language Technologies as a Challenge for Computer Science and Linguistics: Proceedings of
4th Language and Technology Conference. — Poznan, Poland, 2009, p. 502-506.

10. Pankov P.S., Bayachorova B.J., Juraev M. Mathematical Models for Independent Computer
Presentation of Turkic Languages / TWMS Journal of Pure and Applied Mathematics, 2012, vol. 3,
No.1, pp. 92-102.

31



11. Pankov P., Karabaeva S. Proposal to Develop Interactive Computer Presentation of Natural
Languages in Various Media // Proceedings of the 7th International Conference on Control and
Optimization with Industrial Applications. — Baku, Azerbaijan, 2020, vol. I, pp. 320-322.

12. Pankov P.S., Bayachorova B.J., Karabaeva S.Zh. Mathematical models of human control,
classification and application // Herald of Institute of Mathematics of NAS of KR, 2020, No. 1, pp. 88-
95.

13. Bayachorova B.J., Pankov P.S., Murzakulov S.M. Independent computer presentation of
goal setting verbs // Bectauk KHY um. XK. banacarsina, 2022, Ne 3, 206-211-6.

14. AGppaxmanoBa ['.IIL, Yynyeea M.K. CoBepiieHCTBOBaHHE CaMOCTOSITEIEHONW pPabOThI
CTYACHTOB Ha 0a3e UCIIOJIL30BaHUSA I/IH(l)OpMaI_II/IOHHBIX U KOMMYHUKAaITUOHHBIX Texaosoruii // BectHuk
KHY uwm. XK. Banacarsiaa, 2024, Nel (117), c. 64-72.

15. [lesene A.C. Anamu3z ucnons3oBanuss CHATGPT B mnporecce oOydeHHS CTYAEHTOB
nporpammupoBanuio / Becthuk KHY um. XK. banacareina, 2024, Nel (117), c. 99-102.

YK 372.851
JxxymaryioB J.K., KaosiioBa C.A.
D1 apaJIbIK KOTOPKY MEAMITMHA MEKTEOH,
Kycyn banacarein ateingarsl KYY
Jaxymaryaos J.K., Kaob1i1oBa C.A.
MesxtyHapoHas BbICIIasl 1IKOJIAa MEAUIUHBI,
KHY umenu XKycyna banacareina
Dzhumagulov E.K., Kabylova S.A.
International Higher School of Medicine,
KNU Jusup Balasagyn

ORCID: 0009-0005-0234-2738°

BPAYTBIH HUPAPAJIBIK KOMIIETEHIIAACBIHBIH KOMIIOHEHTTEPA
KOMIIOHEHTBI IU®POBOU KOMIIETEHIIMN BPAYA
COMPONENTS OF DIGITAL COMPETENCE OF A DOCTOR

Kbickaya myHe3aeMe: Makanajga KOMIIETEHUIMS TYIIYHYTYHYH TEOPHUSIIBIK HETM3AEPH >KaHa
OounuM O6epyy KOHTEKCTHHE aHbIH SBOJIIOIUACKHI Kapasar, OLIOHI0HN 3Jie KeJICUeKTeTH AaphirepiaepInH
CaHAPUNTHK KOMIICTCHTTYYJIYTYH KaJIBIITaHABIPYY OOIOHYA YeT SJAMK TaXpbliiOa TaigaHaT. EBpomna,
AKIII >xana Asusina KOJAOHYJITaH CAHAPUINTHUK KOMIETEHTTYYJYK MOJEIACpPUHE >KaHa allapbIH
MEIUITUHAJBIK OMJIUM OepYyyre bLIaNBIKTAIITHIPBUIBIIIBEIHA 63T0Ue KOHYN Oypynar. CallblmTepManyy
TaNA00 HETH3WHJEC HETW3Td TEeHACHIUsUIAp OOJYHYN YbITapbUIBbII, MEIUIMHAIBIK YKOTOPKY OKYY
JKallmapelHBIH OUIMM Oepyy MpPOIECCMHE CAHAPUINTHUK TEXHOJIOTHSUIApAbl WHTETpalusioo OOroHYa
cynymmrap Oepuier. Makanajga OWIOHIOM 3Ji€ CaHAPUNTHUK KOMIIETEHTTYYIYKTYH KOHKPETTYY
KOMIIOHEHTTEPH, AIapbIH CYPOTTONYIIY JKaHa ajapJbl KAPTU3YYHYH TapTHOW HETH3/160 MEHEH KOIIO
KEJITUPUIITEH.

AHHOTanus : B crarbe paccMarpuBarOTCs TEOPETUUECKUE OCHOBBI MOHATUSI KOMIETCHIUU U
€ro HBOJIONMSA B 00pa30BaTEIbHOM KOHTEKCTE, a TAaKKe AaHAIM3UPYETCS 3apyOCKHBIA OIBIT
dopmupoBanus HHGPOBONH KOMIETEHTHOCTH Oynyumx Bpauei. Ocoboe BHUMaHUE yAENEHO MOJEIAM
nu@poBOl KOMIETEHTHOCTH, mpuMmeHsieMbiM B EBpome, CIIA w A3wm, W uX ajantainuu K
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MCIUIHUHCKOMY 06pa303aH1/110. Ha ocHoBe CPaBHUTCIBHOI'O0 aHajlM3a BBIJACICHBI KIHOYCBbLIC TCHACHIINN
" NPCMIOKCHBI PCKOMCHAAINN JIsT UHTCTPALlUA LII/I(I)[)OBBIX TEXHOJIOTUH B O6paSOBaTeIILHLII71 nponecce
MCINTWUHCKHUX BY30B. B crarere Takxke OpEeACTaBJICHbI KOHKPCTHBIC KOMITOHCHTBI IIPI(l)pOBOfI
KOMIICTCHTHOCTH, UX OIIMCAHHUE U o0ocHOBaHHUE IopsaaKa UX BKIIFOYCHUA.

Abstract: The article examines the theoretical foundations of the concept of competence and
its evolution in the educational context, as well as analyzes foreign experience in developing digital
competence among future medical professionals. Special attention is paid to digital competence models
used in Europe, the USA, and Asia, and their adaptation to medical education. Based on a comparative
analysis, key trends are identified, and recommendations are proposed for integrating digital
technologies into the educational process of medical universities. The article also presents specific
components of digital competence, their descriptions, and the rationale for their inclusion.

Herusru ce3gep: caHapuNTHUK KOMIETEHTTYYJIYK; MEIULMHAIBIK OUIIUM Oepyy; YeT 3JAUK
Ta>1<p511716a; CaHApPUIITUK TGXHOJIOH/IHJIap; KOMITCTCHTTYYJIYKKO OarnITTaJIral MaMMUIJIC, CaHApUIITUK
KOMIIETEHTTYYJIYKTYH KOMIIOHEHTTEPU.

KuaroueBnle cioBa: I.II/I(I)I)OBEUI KOMIIETECHTHOCTDb, MEIUITMHCKOE O6p330BaHI/Ie; 3apy66>1<H511"4
OIIBIT, L[I/I(prBHe TEXHOJIOTHUH, KOMIIETEHTHOCTHBIM MMOAXO, KOMIIOHEHTHI umprBoﬁ
KOMIICTCHTHOCTH.

Keywords: digital competence; medical education; foreign experience; digital technologies;
competency-based approach; components of digital competence.

BBeaenue. B ycnoBusSX CTPEMUTEIBHOTO PAa3BUTHS IU(POBBIX TEXHOJIOTUH U UX UHTETPALlU
B paiuuHble cdepbl KU3HM, BKIOYas MEOULUHY, (opMHUpOBaHHE IHM(POBONW KOMIIETEHTHOCTH
OyayumX Bpaded CTAaHOBHUTCS OJHOM M3 KIIOUEBBIX 33/a4 COBpeMeHHoro oOpaszoBanus. L{udposas
KOMIIETEHTHOCTb, IIOHMMaeMasi KaK WHTEIPaTUBHOE KauyecTBO, BKIIOUAIOUIEE TEXHUYECKUE,
KOTHUTUBHBIE, KOMMYHUKATUBHbIE M STUYECKHE AaCMEKThl HCIIOIb30BaHUS LU(POBBIX TEXHOJOTUMH,
BBIXOJUT 3a pPaMKd TPaJULMOHHBIX MpEACTaBIEHUH O KommbioTepHOH rpamotHoct u MKT-
KOMIIETEHTHOCTH. B NaHHON cTaThe NpENNpUHSTA IONBITKA PACCMOTPETh TEOPETHMUYECKHE OCHOBBI
MOHATHS KOMIIETEHIMH, TMPOaHAINW3UPOBATh 3apyOeKHBIH ONBIT (GOopMUpOBaHUS LUPPOBOI
KOMIIETEHTHOCTH Bpauei, a TakKe BBIJCIUTh U O0OCHOBATh KOHKPETHBIE KOMIIOHEHTHI LU(pPOBOMH
KOMIIETeHTHOCTH, KOTOPBIE MOTYT OBITh MOJE3HBI JUIS pa3paboTKu 00pa3oBaTENbHBIX CTpATeruil B
MEIULUHCKUX By3aX.

TeopeTnyeckne 0CHOBBI IIOHATHSI KOMITETEe HIMH

[lpexxne dYeM mepedTH K pacCMOTpPeHHIO IU(POBOKW KOMIIETEHTHOCTH, HEOOXOIUMO
oInpeienuTh 60a30BOE MOHATHE KOMIETEHLIMHU, KOTOPOE SABJISAETCS (PyHIAMEHTAIbHBIM Il TOHUMAHHUS
Ooslee y3KMX KaTeropwii, Takux Kak wLu@poBas, mnpodeccHoHanbHAs WIM  MEAUIIMHCKAs
KOMIIETEHTHOCTb. B HaydyHOH nuTepaType IMOHATHE KOMIETEHIUU TPAKTYeTCs HEOAHO3HAUHO, YTO
00YCIIOBJIEHO pa3UYMsAMHU B MOAX0/aX M KOHTEKCTaX €ro UCIOJIb30BaHUs.

OnHUM M3 IEpBbIX HCCIIEI0BATENEH, KTO BBEJ NMOHATHE KOMIIETEHIIMN B HAYYHBIN TUCKYPC,
oot Hoam Xomckmit (Noam Chomsky), xoropsiii B 1960-x romax HCHOAB30Bad TEPMUH
«KOMITETEHIIUSD Ul OMHCAaHUs CIIOCOOHOCTH YElIOBEKa K HCIIOJIb30BAHUIO S3bIKA B COOTBETCTBUM C
npaBuiaMu rpamMatiki. [1] OnHako B KOHTEKCTe oOpa3oBaHHs U MPO(ECCHOHATIBHON MOITOTOBKU
3TO MOHSTHUE OJIYYUIIO O0JIee HIMPOKOE TOJKOBAHHUE.

Jlxxon Pasen (John Raven) ompesenser KOMIETEHIIMIO KaK COBOKYITHOCTb 3HAHHI{, HAaBBIKOB,
CIOoCcOOHOCTEH W MOTHBAIMH, KOTOpBIE IIO3BOJIAIOT 4YeNoBEeKYy 3(P(EeKTMBHO pemmaTh 3ajaud B
ompeneneHHoil obmactu. [7] OH moOgYEepKMBAeT, YTO KOMIETCHIIMS HE CBOJUTCSA TOJBKO K
TEOPETUYECKUM 3HAHUSIM, HO BKIIOYAET TAKKE MPAKTUYECKUE YMEHUS U JINUHOCTHBIE KAYECTBA.
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B oTedecTBeHHOI Hayke 3HAYUTENBHBINA BKIAJ B pa3padOTKy TEOPUH KOMIIETEHIIMH BHeC A.B.
XyTOpCKOM, KOTOpBIM paccMaTpUBAaeT KOMIIETEHIUIO KAaK HMHTETPATUBHOE KAuyeCTBO JIMYHOCTH,
BKIIIOYAIOINEEe 3HAHUS, YMEHUs, HAaBBIKM, a TaKKe CIOCOOHOCTh MPUMEHSTh WX B KOHKPETHBIX
cutyanusx. [10] M.A. 3umHss mnpemraraer Oojiee JETATU3UPOBAHHOE OIpEAETIeHHEe, COTIACHO
KOTOPOMY KOMIIETEHIIUS — 3TO «CMOCOOHOCTh YeNOBEKa MOOWMIJIM30BATh B OMPENEICHHON CUTYyaIluu
MOJTYYCHHBbIC 3HAHWS, YMCHUS W HABBIKHM, a TAKOKE JUYHOCTHBIE KAa4eCTBa JJIs YCHEIIHOTO PEIICHUS
npoeCCHOHANBHBIX WM KU3HEHHBIX 3amauy». [9] IlpeactaBuM B TaOMMYHOM BHUAE CPaBHEHHE
MOJIXOJIOB K OIPEICIICHUIO KOMITeTeHITNH (Tabm. 1).

Ta6auua 1. CpaBHeHUE MOAX0/0B K OIpe/ieJie HUI0 KOMIIe Te HIIUM

ABTOp Onpenenenue OcobenHoctu
CriocoOHOCTh MCTI0IB30BATh SA3BIK B AKIIEHT Ha INHTBUCTUYECKOU
Hoam Xomckuii | COOTBETCTBHM C IPaBUIIAMH KOMIIETEHIINH.
IPAMMaTHKH.
Jikon Pape COBOKYIIHOCTb 3HaHU, HABBIKOB, Bxirouaer npakruueckue yMEeHHUs U
CIOCOOHOCTEN 1 MOTHBALIM. JMYHOCTHBIE KaueCTBa.
HHTerpatnBHOE Ka4eCTBO JIMYHOCTH, AKIIEHT Ha IPUMEHEHUY 3HAaHUH B
A.B. Xyropckoil | BKIIOYarolliee 3HaHUS, YMEHUS U KOHKPETHBIX CUTYallHsX.
HaBbIKH.
CnocoOHOCTb MOOMIIN30BATh 3HAHUS, BxirodyaeT KOTHUTUBHEIC,
N.A. 3umHss YMEHUS U JMYHOCTHBIE KAUeCTBA IS HMOLMOHAJIbHBIE U BOJIEBBIE ACIIEKTHI.

PCUICHUA 3a1a4.

JBOJIIOIMSA MOHATHA KOMIIETEHIIMM B 00pPa30BaHUM

C pa3BUTHEM KOMIIETEHTHOCTHOTO IOJAX0Ja B O0Opa30BaHUU MOHSTHE KOMIIETEHIIMH CTajo
KIIIOYEBBIM JJIEMEHTOM 00pa30oBaTebHBIX cTaHAapToB u nporpamm. JKak [enop (Jacques Delors) B
noknmane IOHECKO «OO6pa3oBanue: cokpeiToe cokpoBuie» (1996) BhiaenseT dYeThIpe CTOJIa
00pa30BaHUs: KYUUTHCS 3HATBHY», KYUUTHCS JENAThY», KyUYUTHCS KUTh BMECTE» H «YU4UTHCS OBITHY. [2]
OTOT MOAXOA MOJYEPKUBAET, YTO KOMIETEHIHUH JOJDKHBI (OPMHpPOBATHCS HE TOJIBKO B
aKaJIeMHUYeCKOi, HO M B COI[MATIbHON U INYHOCTHOU cepax.

B pamkax BomoHckoro mporecca KOMIIETEHIIMM CTajll pPacCMaTpUBAThCA KaK pe3yabTar
o0pa3oBaHUs, YTO HAIUIO OTpakeHWe B EBpomeiickoii pamke kBanmduranuii (EQF). A.I'. Bepmyc
OTMEYAaeT, YTO KOMIIETEHIINU B COBPEMEHHOM O0pa30BaHUU — 3TO «CIMOCOOHOCTH MPUMEHSTH 3HAHUS,
YMEHUS ¥ IMYHOCTHBIE KAUeCTBA JJISl YCIEUIHOM JEsITebHOCTH B OIIPEAEICHHOM 001acTu».

3apyOexHbIi ONBIT (GopMUpPOBaHHS MU(POBON KOMIIETCHTHOCTH OyAYIIMX Bpauei sIBISCTCS
r100aabHOM 3a/laueli, KoTopas aKTMBHO pelaeTcss B pa3aMuHbIX cTpaHaX. B EBpomeiickom corose
dopmupoBaHre HUPPOBOH KOMIIETEHTHOCTH B MEAWIIMHCKOM 00pa3oBaHMM Oa3upyeTcs Ha MOJETH
DigComp, paspaborannoii EBpomeiickoit komuccueit. A. Ferrari u ero KoJulerd BBIACISIOT IATH
KII0YEeBBIX oOnacTel 1uQpoBol KOMIETEHTHOCTH: MH(POPMALIMOHHAs TPaMOTHOCTh, KOMM YHUKaIU4,
CO37IaHue KOHTEHTa, 0e30MacHOCTh M pelieHue mpodieM. [3] B pamkax 3Toil Mozeln B €BpOMEHCKIX
MEIMIIMHCKUX BY3aX AKTUBHO BHEAPSIOTCS MPOTPaMMBbl, HAIpaBJICHHbIE Ha pa3BUTHE LU(POBBIX
HaBbIKOB y cTyAeHTOB. B CIIIA dopmupoBanue nudpoBoil KOMIIETEHTHOCTH Bpadeil TECHO CBSI3aHO C
MHTETpanuei uckyccTBeHHoro nHTeiiekra (M) n 6onbmmx JaHHBIX B METUIIMHCKOE 00pazoBaHue. E.
Topol ormeyaer, 4To aMepHUKAHCKHE MEIMIIMHCKAE BY3bl AKTHBHO BHEIPSIOT KypChl IO aHAIU3y
JaHHBIX W MalMHHOMY OOYy4eHHIO0, YTOObI MOArOTOBUTH Bpauell K paboTe ¢ COBPEMEHHBIMH
TEXHOJIOTUSIMU. [8] B Aszun aKIICHT Ha WHHOBAIIHSIX " TEXHOJIOTUSIX
B asuarckux crpanax, Ttakux kak Anonus u IOxkuas Kopes, dopmupoBanue undpoBoi
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KOMIIETEHTHOCTH Bpauel CBSI3aHO C AaKTUBHBIM HCIIOJb30BAHMEM HMHHOBAIMOHHBIX TexHojoruil. K.
Kim u H. Lee ormeuarot, uro B FOxHoi1 Kopee MenmuIinHCKUE By3bl HHTETPUPYIOT B 00pa30BaTEIIbHBIH
nporecc poOOTOoTeXHUKY U MHTepHET Bemel (10T), 4ro mo3BossieT cTy/ieHTaM OcBauBaTh MEPEIOBHIC
METO/IbI THATHOCTUKHU U JieueHus. [6]

Ha ocHoBe aHanmm3a 3apyOeKHOTO OMBITA W TEOPETUYECKUX HCCICIOBAHUU MpeiiaraeM
BBIJIC/IUTE CIICAYIONME KIIOYEBbIE KOMIIOHCHTH ITU(POBOW KOMIETECHTHOCTH OyIynmX Bpadei,
KOTOpbIE, Ha HAl B3IJIs1, HEOOXOUMBI MEUIIMHCKOMY PAaO0OTHHUKY. DTO KOMIBIOTEpHAsI TPAMOTHOCTD,
I_II/I(prBaSI TpaMOTHOCTD, I/IKT-KOMHGTGHHI/IH, COBOKYINTHOCTb OAHHBIX KOMIIOHCHTOB MBI OIIPCACIISICM
KaK 1[U(pOBYIO KOMIIETEHTHOCTb.

B namem wuccnemoBaHuu 1udpoBas KOMIETEHTHOCTh IOHUMAETCsl KakK MHTETpaTHBHOE
Ka4eCcTBO OyAyIMX Bpadeld, KOTOpPOE BKIIOYAET TEXHUYECKUE, KOTHUTHBHBIC, KOMMYHUKATHBHbBIC U
ATUYECKUE aCIEKThl UCIOJIb30BAHUS LIM(POBBIX TEXHOIOTUN B PO (PECCUOHATBHON 1eATENbHOCTU. DTO
noHsTue mmpe, yeM MKT-koMmeTeHTHOCTh Uin mu(poBasi TpaMOTHOCTh, TaK KaK MpeIoyiaraeT He
TOJIBKO BJIAJICHUC TCXHOJIOTUAMHU, HO H CIIOCOOHOCTH NpUMCHATL HUX I PCHICHUSA CIOXHBIX
MEIUIIMHCKUX 3a/1a4.

Tadauna 2. CpaBHeHue onpeaesie HUH

HaszBanue Ornpenenenue OcobenHOCTH [Tpumep
ba3oBbie HaBBIKU OrpanunumnBaercs YMmenue Bpaua
paboThI ¢ YMEHHEM HCIO0JIB30BaTh | paboTaTh C
KowmmnbrotepHas KOMITBIOTEPOM U KOMITBIOTEP ISt TEKCTOBBIMU
TPaMOTHOCTb IPOrPaMMHBIM peIeHHS pemakropamMu H
o0ecrieueHreM. MOBCEHEBHBIX 33/1a4. 3JI€KTPOHHBIMU
TaOIUIIAMH.
ba3oBble HaBbBIKH, YMeHue HaXOAUTh U YMeHue cryneHTa-
HE0OXOIUMBIE IS aHAIM3UPOBATH Me/IMKa HaXOJUTh
Hudposas U CIIOJI30BAHUS uHQOpMAITUIO B MEIUITMHCKUE CTaThH B
IPaMOTHOCTh nu@poBbIx TexHonorui. | urepuere, Hurtepnere n
UCII0JIb30BAaTh UCIIOJIb30BATh UX JJIS
DJICKTPOHHBIC PECYPCHI. | 0OydeHMUSI.
Croco0OHOCTh AxueHT Ha YmMmenue Bpaua
UCIIOJIb30BATh TEXHUYECKUX HABBIKAX | MCIOIB30BaTh
uH(OpMaIIMOHHBIE U paboTsI ¢ MEIULIMHCKUE
UK T-xommerentiocrs | KOMMYHAKAMOHHbIE KOMITBIOTEPOM U UH(QOpMaLlMOHHBIE
TEXHOJIOTUH JJIsI POrpaMMHBIM CUCTEMBI U 0a3bl
IMOMCKA, aHaJIn3a, oOecreYeHHEM. JaHHbIX.
00paboTKH W mepenadn
uHdopMaIuu.
CnocoOHOCTB Bxitouaer YMeHnue Bpaua
s¢dexTuBHO U TEXHUYECKHUE, paboTatsb ¢
Oe3omacHo KOTHUTUBHBIC, JIEKTPOHHBIMU
U CII0JIb30BATh KOMMYHUKATUBHBIE U MEAUITUHCKUMU
Hudposas U (QPOBBIE TEXHOJIOTUH | ITHYECKUE ACTICKTHI. KapTamy,
KOMITCTCHTHOCTh JUTSL PeIICHU ST aHAM3UPOBATH
podeCCHOHATBHBIX, OOJIBIIIE TAHHBIC U
00pa3oBaTeIbHBIX U UCII0JIb30BATh
MOBCETHEBHBIX 3a/1a4. TEJIEMEIUITUHCKIE
I1aTHOPMBI.
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Tadiauna 3. CpaBHeHHE NOHATHI

YpoBeHb N

[lonsarue CHOKHOCTH OcHoBHO# (pokyc [Ipumep B Menuiuue

Tudposas 5 Texauueckue, KOrHUTUBHEIE,|PaboTa c 3JIEKTPOHHBIMU
Beicokuit KOMMYHUKATUBHbBIE U 3THYECKUE|MEIUIIMHCKUMHU KapTaMH, aHAJIU3

KOMICTEHTHOCTD ACIIEKTHI. OOJBIIIMX JAHHBIX.
MKT- Cpemaui Texnuyeckue HaBbIKH paboThl c|lcmonbp3oBanmne MEIUIIMHCKHUX
KOMIIETCHTHOCTh HKT. H(OPMAIIMOHHBIX CHCTEM.
[udpoBas EasoBLii HaBriku 1omcka u  aHamuzalllouck MeOMIUHCKUX cTaTeil B
rPaMOTHOCTh WHPOPMAITUH. WNurepuere.
KommnbrorepHas BasoBbIi Hasbixu paboTsI c|Mcrons3oBanue TEKCTOBBIX]
[PaMOTHOCTh KOMITBIOTEPOM. PEIAKTOPOB U TAOJHII.

KaroueBslie pazinuns
1. YpoBeHb CI10KHOCTH:
o lludpoBas KOMIETEHTHOCTb — CAMBIi CIIOKHBIN U KOMILIEKCHBIM YPOBEHB, BKIIFOUAIO I HE
TOJILKO TEXHUYECKHE, HO K KOTHUTUBHBIE, KOMMYHUKATUBHBIE U STUYECKUE aCIEKThI.
o HUKT-koMIeTeHTHOCTh — CpeAHUH YPOBEHB, (POKYCHPYETCsT Ha TEXHUUYECKUX HaBBIKaX.

o IludpoBass u KOMIIBIOTEpPHAs TPAMOTHOCTh —

0a30BBIC YPOBHH,

CBA3aHHBIC C

HCITI0IB30BAaHHEM TEXHOJIOTHH IS IIOBCCIHEBHBIX 3a1a4.

2. ObJacTb MpUMeHEeHHS

o LudpoBas KOMIETEHTHOCTD — MPOdecCHOHANbHAS IESITENbHOCTD, BKIIOYAs MEUITUHY.
o HUKT-komnereHTHOCTH — paboTa ¢ UH(GOPMAIIMOHHBIMU CHCTEMAMHU.

o HudpoBas wu

TEXHOJIOTHH.

3. Cnenuduka B MeUIMHE

o lludpoBas KOMIIETEHTHOCTh Bpada BKIIOYAET PabOTy € AJIEKTPOHHBIMH MEIULIMHCKUMHU
KapTaMu, TGHCMGHHHHHOﬁ 7 OOJIBIIIMMHA JaHHBIMU.

KOMITBKOTCPpHAA

I'PpaMOTHOCTb  —

INOBCCAHECBHOEC M CIIOJB30BAHHUC

o HWKT-KOMIIETEHTHOCTh, Bpadya — HCIOIb30BAaHUE MEAMIIMHCKUX HWH(POPMAIIMOHHBIX
CHCTEM.

o HudpoBas TpaMOTHOCTH CTyICHTa-MEAWMKA — TIOMCK ¥ aHAU3 MEIUIMHCKOU
nH(popmaruu B HTEpHETE.

o KowmmproTepHas rpamMOTHOCTh Bpaua — paboTa ¢ TEKCTOBBIMH PEIAKTOpPAMU U
TaOJIMIIaMH.

3akiarouyeHue. CpaBHUTENBHBIA aHANINU3 3apyOEKHOIO OIbITA MO3BOJSET BBIJCIUTH HECKOJIBKO
KIIOYEBBIX TEHICHIIMH: HHTErpanus MU(PPOBLIX TEXHOJOTHUH B 00pa3oBaTeIbHBIN MpOIlece, aKIeHT Ha
MPAKTUYECKUX HAaBBIKAX M Yy4eT ATHYECKUX M TMPaBOBBIX acmnekroB. dopmupoBaHue IUPPOBOI
KOMIIETEHTHOCTH OynyunmXx Bpaued TpeOyeT KOMIUIEKCHOTO IOJXO0Ja, BKIIOYAIOIIEr0 HE TOJBKO
TEXHUYECKUE HABBIKU, HO U Pa3BUTHE KOTHUTUBHBIX, KOMMYHUKATUBHBIX U ITUYECKH X KOMIIETCHIIH.
BHenpeHue qydnmx NpakTUK 3apyOeKHOTO ONBITA B HalMOHAIbHbIE 00pa30BaTENIbHBIE MPOTPaMMBbI
MOYET CIOCOOCTBOBATh IOBBIIICHUIO KAauyecTBa IOATOTOBKM MEIUIIMHCKMX KaJpoB B YCIOBHSX

1 dpoBoi TpaHCcHopMAITUH.
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YEKTOOJI0p CHIIKTYY OJYTTYY KOOIICY3IYK KOWTeWJIepyHe TyII KeleT. byl M3ninee 3JIMITHKAIBIK
uiipn cbi3bik KpunrtorpadusHsiH (ECC) xaHa OUHAMMKAJIbIK auyKbld TU3METMHUH MEXaHU3MHUHUH
HETU3MH/E 63 apa ayTeHTHU (P1 KallMSIHBI allKaJbl IITHIPraH THOPUIMK KOONICY31yK TYTYMYH CYHYIITANT.
blxraitnamreipeiiran Koomui uitpu cei3bikrapeid (K-163) konmonyy menen ECC mapamerpiiepuH
ONTUMAIIAIITHIPYY kaHa MDS Herusunzae Me3ruii-Me3riyidi MEHEH KaHbIpTyylap MEHEH all[bIH ana
Ty3yJareH AES a4kpld4 THU3MENEpUH MIIKE allbIpyy MEHEH, CHUCTeMa CaJITTyy bIKMajapra
CaJIBIIUTBIPMAIIYy ayTeHTU (UKAILIUSHBIH KEYUTYY MOOHOTYH 58% rkaHa HErM3rd MakylJallyyHyH
Komrymua 4bIreiMaapeiH 89% keickaprar. T1 CC2530 muatdopmacsingarsl katyy tectupiee 0,01 cex
kytyy MeHeH 102,4 Kb/cex nmgpnee eTkepyy XKeHIeMIyYIyIyH kepceter, an smu FIPS 140-1
BUIAMBIK Keyydy KOKYCTYK TECTTEpPH auKbIUTBIH KOOICY3 OonyuryH kamcei3pailT. Yeuum NIST SP
800-131A TanmanTapeiHan ammbin, 2,2x10' MIPS-xeuigapra yeiinH jkapakanapra TYPYKTYYITYKTY
xKoropynarar. AKeUILYyy yilne xaHa eHep xail [oT cuenapuiinepunaeru npakTUKaiIbIK KOJIJIOH yylap
aHbIH HaTBIKANYynyryH, MacumaOnyynyryH sxaHa IEC 62443 crangapTrapblHa IIalKeITUTHH
TacThIKTalT. Kenedekrern wuIrep anmaparTblK Te3/100 >KaHAa IOCTKBAHTTBIK KPUITOrpaQUsSHBI
OMPUKTUPYY OOIOHYA U3HIIJIOOTe OarbITTajaT.

AunHoTamus: ZigBee «kpacyrompHBIH KaMeHb KOMMYHHKanuii 0T cramkumBaercs co
3HAaYUTCIbHBIMU HpO6JICMaMI/I 0e30IMacHOCTH B OTKPBITBIX 6€CHp0BOIIHbIX cpcaax, BKIrO4Yad
NOJCITYIIMBAaHUE JaHHBIX, [OJAMEHY HACHTH(HKATOPOB U HEXBAaTKy pecypcoB. B manHOM
UCCIEOBAHUM IIpejiaracTcsi ruOpuaHas cuUcTeMa O€30IacHOCTH, OOBEIUHSIONAs B3aUMHYIO
ayreHTH QUKanuio Ha ocHoBe Kpunrtorpadum smmuntudeckux kpuBbix (ECC) m  mexanmsma
JUHAMUYECKOTO CIHMCKa KII0YeH Uil YCTpaHEHHs 3THX ysa3BUMocTed. bnaromaps omrummzamuu
napamerpoB ECC ¢ ucnonb3oBanueM mnoinb3oBarenbckux KpuBbix KoOmuna (K-163) u peanuzanum
IpeABApUTEIbHO CICHEPHPOBAHHBIX CIHCKOB Kioued AES ¢ mepuommdeckuMm OOHOBIEHHEM Ha
ocHoBe MDS5, cucrema mocturaer 58% CHUIKEHHS 3aJCpKKH ayreHTHPUKAuu U 89% CHUKEHUS
HaKIagAHbIX pacXxoJ0B Ha COIIaCOBAHHC KITI0OUer T10 CpaBHCHHUIO C TpaJUIIUOHHBIMU MCTOAAMH.
Ctporoe TectupoBanue Ha miardopme T1 CC2530 mokazano mpon3BoAUTEIbHOCT M (ppoBanus 102,4
Kb/c mpu 3anmepxkke 0,01 c/komaHma, a TECThl Ha CIy4allHOCTh, COOTBETCTBYIommMe cranmapty FIPS
140-1, rapaHTUPYIOT HAAEKHYIO TEHEpAalHIO KIo4yel. PelieHrne MOBBIIAET CTOHKOCTH K B3JIOMY 0
2,2x10" MIPS-roup1, uro npebimaet TpedoBanus NIST SP 800-131A. IIpakrrdeckoe mpuMeHEHHE B
CLIEHapUsSX «YMHOro Joma» M mpomsiinieHHoro 10T mnoarsepxknaer ero 3(QeKTUBHOCTS,
MacrrabupyemMocTsh U cooTBercTBue cranmapram |IEC 62443, Bynymas pabota Oyner HampaBiieHa Ha
M3yYeHHE alnapaTHOTO YCKOPEHHUsS U MHTETPalliy OCTKBAHTOBOM KpUIITOrpaduu.

Abstract: ZigBee, a cornerstone of IoT communication, faces significant security
challenges in open wireless environments, including data eavesdropping, identity
spoofing, and resource constraints. This study proposes a hybrid security framework
integrating Elliptic Curve Cryptography (ECC) mutual authentication and a dynamic key
list mechanism to address these vulnerabilities. By optimizing ECC parameters using
custom Koblitz curves (K-163) and implementing pre-generated AES key lists with
MD5-based periodic updates, the framework achieves a 58% reduction in authentication
latency and 89% lower key negotiation overhead compared to traditional methods.
Rigorous testing on the TI CC2530 platform demonstrates encryption throughput of
102.4 KB/s with 0.01s/command latency, while FIPS 140-1-compliant randomness tests
ensure robust key generation. The solution elevates crack resistance to 2.2x10'* MIPS -
Years, exceeding NIST SP 800-131A requirements. Practical applications in smart home
and industrial 10T scenarios validate its efficiency, scalability, and compliance with IEC
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62443 standards. Future work will explore hardware acceleration and post-quantum
cryptographic integration.

Herm3rm ce3mep: ZigBee KOOICY3yK; OJUIMITUKAIBIK HHUPU  CHI3BIK
Kpuntorpadusi; auKbIYThl JUHAMUKAIBIK Oalikapyy; ©pKYHIOTYJIeH mHmdpiee
CTaHJAPTHIH onTuMaaamTeipyy; 140-1 deaepanablk MaalbIMaTThl  HUINTETYY
CTaHIAPTHIHA bUIAUBIKTALUTBIPYY.

KmoueBble cJjioBa: Oe3omacHocTh ZigBee;, xpunrorpaduss Ha OCHOBE
AIUTMNTUYECKUX KPUBBIX; JUHAMUYECKOE YIMPABJICHUWE KIIOYAMH; ONTUMM3AIUS
PacCUIMPEHHOTO CTaHAapTa Im@poBaHus; cooTBeTcTBUE DenepalbHOMY CTaHAAPTY
06paboTku naopmarnmu 140-1.

Keywords: ZigBee security; Elliptic Curve Cryptography; Dynamic key
management; Advanced Encryption Standard optimization; Federal Information
Processing Standard 140-1 compliance.

1. Introduction

1.1 Research Background and Motivation

The proliferation of ZigBee-enabled devices in smart homes, industrial
automation, and healthcare systems has revolutionized 10T connectivity. According to
the Market Intelligence Center (MIC), ZigBee device deployments surpassed 2.1 billion
units in 2023, with a projected compound annual growth rate (CAGR) of 14.7% through
2030. [1] ZigBee’s default AES-128 encryption relies on static keys, making long-term
deployments vulnerable to brute-force attacks. A 2023 study by RSA Security revealed
that 68% of ZigBee smart locks could be compromised within 72 hours using off-the-
shelf hardware. [2] Centralized key distribution models create single points of failure.
CERT/CC documented a 112% year-over-year increase in ZigBee coordinator-targeted
attacks in 2022, including sophisticated Man-in-the-Middle (MITM) and replay attacks.
[3] Typical ZigBee endpoints (e.g., TI CC2530 sensors) operate with 8-32KB RAM,
rendering traditional public-key infrastructures (PKI) like RSA-2048 impractical due to
excessive memory and computational demands. [4]

Table 1-1: Comparative Analysis of 10T Protocol Security

Protocol |Encryption Key Management Flaws  |Attack Surface
ZigBee  |AES-128 Static key persistence MITM, brute-force
BLE 5.2 |ECDH + AES-256|Passive eavesdropping Pairing interception
LoRaWANAES-128 (OTAA) [Network key reuse Replay, jamming
Thread  |[DTLS + PSK Complex key synchronization [Session hijacking

1.2 Limitations of Existing Solutions
Current ZigBee security enhancements exhibit three critical shortcomings:
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1. ECC Implementation Overheads: Standard NIST P-256 curves require
1,280ms for mutual authentication, exceeding real-time control thresholds for industrial
loT applications. [5]

2. Inefficient Key Cycling: Frequent key rotations (e.g., hourly updates) increase
network traffic by 210% in dense node environments (Figure 1-2). [6]

3. Non-Compliant Randomness: 41% of commercial ZigBee modules fail FIPS
140-2 randomness tests, enabling key pattern prediction attacks. [7]

E
= jg School host GUpload the key Ilstto other JE

generates key list hosts connected to ZigBee

Figure 1-2: Network Load Under Different Key Update Frequencies

1.3 Research Objectives and Innovations

This study addresses these gaps through a multi-layered security architecture
featuring:

1. Optimized ECC Authentication: Custom Koblitz curves (K-163) reduce
point multiplication latency to 580ms, achieving a 54.7% improvement over NIST P-
256.

2. Hierarchical Key Management: A pre-generated 15-key AES list with
MD5-based cyclic updates (Figure 1-3) minimizes negotiation overhead while
maintaining freshness.

3. Hardware-Assisted Randomness: Integrated HRNG modules pass FIPS 140-
1 single-bit (X=10,071) and poker tests (19.55), eliminating key predictability.

Use the key number to
’ find out which set of
ZigBee data HL// keys is used to decrypt
receiver — ‘\ ~and obtain the plaintext

Figure 1-3: Dynamic Key List Generation and Update Workflow

1.4 Sociotechnical Impact

The proposed framework delivers significant advantages: 2.2x10'* MIPS-Years
crack resistance (15x stronger than AES-128), 40% latency reduction enabling real-time
smart home automation, and compliance with IEC 62443-3-3 for industrial systems and
NIST SP 800-90B for entropy validation, ensuring technical robustness, economic
efficiency, and regulatory alignment.
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2. Related Work

2.1 ZigBee Security Mechanisms: Evolution and Gaps

ZigBee’s security evolution spans three generations: ZigBee 2006 used AES -128
with network-wide key sharing, vulnerable to node capture [8]; ZigBee PRO 2012
decentralized key management via distributed trust centers but retained static link keys,
risking eavesdropping [9]; ZigBee 3.0 (2015) adopted ECC-based certificates but
suffered 2.1s handshake delays. [10] Recent hybrid approaches include TinyECC’s 28%
smaller ECDSA signatures (33% latency trade-off)[11] and Chen et al.’s dynamic hash-
based key rotation, which caused 19% packet loss in dense networks [12], reflecting
ongoing challenges in balancing efficiency, scalability, and quantum resistance.

Table 2-1: Comparative Analysis of ZigBee Security Protocols

Authentication Latency .
Protocol Method Key Management (ms) Security Flaws
ZigBee 3.0 ECC-256 Centralized trust 2,100 Smglg—pomt
center failure
Thread 1.3 DTLS-PSK Distributed keying 890 PSK leakage
Proposed i by Pre-generated +
Solution ECC-163 + AES-List MD5 582 N/A

3. System Design and Implementation

3.1 Architectural Overview
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Figure 3-1: Layered Security Architecture

The framework integrates four modular layers: a Device Authentication Layer
leveraging ECC mutual authentication (Koblitz K-163), a Key Management Layer for
dynamic AES key generation/sync, a Data Encryption Layer using AES-128-CTR for
low-latency encryption, and an Integrity Verification Layer employing HMAC-SHA256
to ensure tamper detection and message authenticity, collectively balancing robust
security with computational efficiency.

3.2 ECC Mutual Authentication Protocol

3.2.1 Parameter Configuration

The Koblitz curve K-163 is defined over GF(2163) with equation:

E: y*+xy=x3+ax? +b,

where a=1, b follows NIST-recommended parameters for K-163 13].

Key advantages include:
.  Faster Arithmetic: Binary field operations avoid modular reduction overhead.
. CompactKeys: 163-bit keys provide 80-bit security equivalent to RSA-1024.
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3.2.2 Authentication Workflow
Initiation: Device A sends challenge R, = k, - G, where kA is a nonce.
Response: Device B computes RB = kB - G and shared secret S=kz-R,
Verification: Both parties derive session key Ksession = SHA — 256(S || R4 |l
Rp)

Ksession=H(k, - kg - G)

Equation 1: ECDH Key Exchange
3.3 Dynamic AES Key List Management
3.3.1 Key Generation
The controller pre-computes 15 AES-128 keys using:
K;= SHA256 (MK || Topyprens |11) for i=1,2,...,15,

where MK is a master secret, and Tcurrent is a 64-bit timestamp.
3.3.2 Key Rotation
Every 24 hours, the controller:
Generates new list via K/ = MD5(K; | | Tpew )
Broadcasts encrypted update: Ex_ (K., Kis)

def update keys(master key, timestamp):
new keys = ||
for 1 m .15;

seed = master key + timestamp.to bytes(8, 'big) + 1to_bytes(l, 'big)

new_kevs.append(sha236(seed).digest()[:16])
refurn md3(new_keys)

Algorithm 1: Key List Update

4. Experimental Validation
4.1Hardware and Software Configuration

Testbed: 100-node ZigBee mesh (TI CC2530, 128KB Flash, 8KB RAM,
2.4GHz).

Software Stack:

Z-Stack 3.0.2 with TinyECC 2.0 integration.
Contiki-NG for network simulation.

FIPS 140-1 test suite (NIST STS 2.1.2).

4.2 Performance Metrics
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The optimized K-163 ECC implementation demonstrated enhanced authentication
efficiency with signature generation in 580ms (vs. P-256’s 1,280ms) and verification in
620ms (vs. 1,340ms for P-256), while AES-CTR with pre-loaded keys achieved 102.4
KB/s throughput (surpassing static AES’s 98.7 KB/s) and 0.01s latency per 128-bit
block, balancing speed and cryptographic performance.

Table 4-1: Encryption Performance Comparison

Metric  [Proposed AES-Static RSA-1024
Throughput | 102.4 98.7 N/A
Latency (ms) 10 12 2,100
Memory (KB)| 5.3 4.8 15.2
4.3 Security Analysis

The HRNG module demonstrated robust randomness by passing all FIPS 140-1
tests: Monobit (10,071 ones in 9,654—10,346 range), Poker (X=19.55 within 1.03-57.4
threshold), and full Runs test compliance. Attack resistance was validated through three
mechanisms: brute-force complexity elevated to 2 1920 via 15-key dynamic lists, 100%
rejection of replayed packets through timestamp validation, and complete MITM
prevention using ECDH mutual authentication.
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Figure 4-2: FIPS 140-1 Single-Bit Test Results

5. Discussion and Future Directions

5.1 Practical Implications

The deployment of the proposed system in a smart factory demonstrated
significant practical implications, achieving 18% lower power consumption compared to
RSA-based systems while supporting 500-node networks with an average handshake
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latency of 92ms, highlighting its energy efficiency and scalability. However, limitations
persist: the 15-key storage requirement consumes 240B of RAM, posing challenges for
devices with constrained 8KB memory capacity, and the ECDH protocol remains
vulnerable to quantum attacks via Shor's algorithm. To address these challenges, future
work will focus on three key directions: (1) developing a hybrid ECC-NTRU quantum-
resistant key exchange mechanism to mitigate quantum vulnerabilities, [14] (2)
optimizing resource efficiency through ASIC-based hardware acceleration for K-163
elliptic curve point multiplication, and (3) pursuing standardization efforts with the
ZigBee Alliance to enable broader industrial adoption of the protocol. Deployment in a
smart factory demonstrated.

Conclusion. This study successfully bridges the gap between security and
efficiency in ZigBee networks through innovative ECC optimization and dynamic key
management. Experimental validation confirms compliance with industrial standards
while maintaining sub-second latency, positioning the framework as a viable solution for
next-generation 10T deployments.
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BWJINM BEPYY CUCTEMACBIHIA KACAJIMA UHTEJUIEKTTUH OHYI'YY POJIY
POJIb PA3BBUTHUA UCKYCCTBEHHOI'O MHTEJ/IJIEKTA B CUCTEME OBPA3OBAHUSA
THE ROLE OF ARTIFICIAL INTELLIGENCE DEVELOPMENT
IN THE EDUCATION SYSTEM

Kbickaua myHe3neme: JKacaiMa HWHTEUIEKT OWiaMM Oepyy TapMarbiHa YOH
e3repyyJepay aneim kenyyae. An OwmM Oepyy TPONECCHUHIE CTYASHTTEPIUH
MYKTOKIBIKTAPBIH 3CKE alyy MEHEH OKYyY BIKMAaJapblH JKaKIIBIPTyyra MYMKYHIYK
Oeper. bynm wMakamaga kacaiMa MHTCUIEKTTHH OwmimM Oepyy TapMarbIHIarel
KOJIOHYJIYIILy, aHbIH OKyYy TIPOLIECCTEPUHACTH J>KaHAa  MYTaJluMIep MEHEH
CTYACHTTEPINH OKYYCYHa OOJTOH OaiiylaHbIIIbI KapaiaT. AHBIH CallaThblH KOTOPYJaTyy
MYMKYHUYYJIYKTOPY >XKaHa aHbIH Macelleliepy, OILIOHAON 3Jie MeAaroTHKajarbl KaHbI
auplIbIIITapra OOJITOH TaacWpW Aarkl TaijmaHaT. JKacanma WMHTEUIEKT OmimmM Oepyy
CHCTEMACHIH/IA YOH POJIb OMHOMT KaHa KEJICYEKTE aHbIH TaaCUPU Aarbl Aa Ky4deuT. by
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cucreMa OwimuMm Oepyy HPOUECCHMH >KEHWIIETUI, aHbl JKEKeue TYPA® YIOUITYpYY
MYMKYHUYJIYTYH Oeper. MpeiHmalh TexHoJorusuiap OmimM OEpyYHYH camaThiH
KOoropysaraT ’kaHa CTyneHTTepre d((eKTUBIYyy OKyy bIKMaJapblH CYHYILITAMWT.
OIJ.IOHI[OI71 9JIC, MYTAIMMJICD YYYH MNCAArOorukajiblK UIMMEPAYYIYKTY KCHUWIACTCT KaHa
’KaHbl JKOJIOPAY CYHyIITauT. bupok, jkacaima WHTEIUIEKTUHMH OmiuM  Oepyy
TapMarbliHa KOJJIOHYJYIIYH KEHEWTYY YYYH aHblH KOOINCY3IYry, JTHKAJIbIK
Maceneepy jkaHa MbIH3aMJIbIK YeHeMJepy OOIOHYA Jla MILI-apakeTTep >KYPry3YJIyLry
KEPEK.

AHHOTAalUA: VICKyCCTBEHHBIM MHTEJUIEKT CTal BaXKHBIM 3JIEMEHTOM B CUCTEME
oOpazoBaHus. DTOW TEXHOJOTHUU TIO3BOJMIIOT CJCNaTh TMpoIlecc oO0ydeHus Oolree
NEPCOHATM3UPOBAHHBIM U 3()PPEKTUBHBIM, ananTUPYysd €ro IMOoJ HHIUBUAYATbHbIE
NOTPEOHOCTU CTYACHTOB. AJANTHUBHbIE OOYYAIOIIME CHUCTEMBIL, HHTEIJIEKTYyaJbHBbIE
YPOKM W AaBTOMATU3HWPOBAHHAA OLCHKAa — BCC OTH TCXHOJIOTHUH CHOCO6CTBYIOT
TpancopManuu oOpa3oBaHMs. B TaHHOW cTaThbe pacCMaTPHBACTCS HCTIOJIL30BAHUE
HMCKYCTBEHHOTO HHTEIUIEKTa B  oOpa3zoBarelibHOM cdepe, €ro BIUSHUE Ha
Ne1aroruiecKre IpoLecchl U BO3MOXKHOCTH ISl Oyayiero pa3putusi. VICKyccTBEHHBIN
MHTEJUIEKT UTPAET BAXHYIO POJIb B CHCTEME 00pa3oBaHus, U B OyAyIIEM €ro BIUSHUE
OyJleT TOJBKO YCHIMBATHCSA. ITa CHCTEMA 00JIerdaeT mpoIecc 00ydeHus, TPeI0CTaBIIsIsA
BO3MOJKHOCTb Opranu3anunun 06yquI/1;1 B HHOAWBUAYAJIbHOM ITOPAIKCE. Takue TexHosoruu
IHOBBIMIAKOT Ka4eCTBO O6p330BaHI/I}I " npcajiararor CTyadCcHTaM S(I)(beKTI/IBHBIG METO bl
oOyuenus. Takxke, 11 npenogaBaresniei, 3To 00Jeryaer ne1aroruieckKyro AesiTeaIbHOCTh
N OTKPbIBACT HOBBLIC ITYTH. OI[H&KO AJi1 paCHIMpPCHUA KMCIIOJIB30BaHUA HCKYCCTBCHHOI'O
WHTEIUICKTa B o0Opa3oBareibHON cdepe HEeoOXOAMMO Takke pabdoTaTh HaJ €ro
0e30IacHo CTbIO, STHYCCKHUMU BOIIPOCAMHU U IIPABOBLIMU HOPMaMHU.

Abstract: Artificial Intelligence (Al) has become a significant element in the
education system. Al technologies make the learning process more personalized and
efficient by adapting to the individual needs of students. Adaptive learning systems,
intelligent lessons, and automated assessments are some of the technologies
transforming education. This article explores the use of Al in the education sector, its
impact on pedagogy, and the potential future opportunities. Artificial intelligence plays
an important role in the education system, and in the future, its impact will only
increase. This system makes the learning process easier and provides the opportunity to
organize education in an individualized way. Such technologies improve the quality of
education and offer students effective learning methods. Additionally, for teachers, it
simplifies pedagogical activities and suggests new approaches. However, to expand the
use of artificial intelligence in the educational sector, efforts must also be made
regarding its security, ethical issues, and legal regulations.

Herusru ce3mep: kacaima HMHTEIEKT; OuWianM Oepyy CHUCTEMachl, aJalTUBIYY
OKyy;  MHTCIUIGKTYyaJJIbIK  cal0akTap;  aBTOMATTAIITHIpbUIraH  0aanoo;  OKyy
TEXHOJIOTUsJIaphl; IEAaroruka.
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KimoueBble ¢j10Ba: KCKYCCTBEHHBIM MHTEUIEKT, CHCTEMa 0Opa3oBaHUS;
aJanTHBHOE OOYYCHHE, HWHTCIUICKTyalIbHBIC YPOKH, aBTOMATH3HMPOBAaHHAS OIICHKA;
00pa3zoBaTe/IbHBIEC TEXHOJIOTHH; TIEarOTUKa.

Keywords: Artificial Intelligence (Al); education system; adaptive learning;
intelligent lessons; automated assessment; learning technologies; pedagog.

Kacanma wunTennekT OwimMM Oepyy TapMarbiHAa akbIpKbl OH KBUIIABIKTA YOH
e3repyyJiepay skaparyyna. buimmm Gepyy cuctemachl Myralumiaep jkaHa CTYACHTTEP
YUYH KONTereH MYMKYHUYIYKTOPAY CYHYIITAl, »aHbl TEXHOJOTHUSIAPIAbl KOJIOHYY
apKbpUTyy OWJIMM allyy TPOILIECCHH >KAKIIBIPTyyra OarbiTTairaH. JKacaiMa HHTEIICKT
ommumM Oepyyzery OapbIK MpOIeCCTepae ©3YHYH OpayH Tabyymaa, ajl CTYACHTTEpIUH
OKyy TaXpbIHOAaChIlH >KEKede TY3YYre jKaHa OKYTyyHy ONTHUMAaIJAIITHIPyyra YOH
MYMKYHUYYJIYKTOpAY Ty30T. MbIHIal MHHOBauusiiap OwiuMm Oepyy CHUCTEMachiH
KCHWJICTET, MyTaJMMJIepre KaHa CTyJIEHTTepre »kaHpl dopmarrapia OWiIuM amyyra

MYMKYHJIYK TY3OT.
Kacanma wuHTENIEKT OmiaMM Oepyy CHUCTEMAachlHAAa TOMOHKY OarbiTrapaa
KOJIIOHYJIaT:

1. /KexkedeelITUPUJITeH OMJIUM Oepyy:

« Okyy MaTepuaiblH aJanTanMsuioo: MbIHIA OKYYYYHYH JKEKE >KOHIIOMYHe,
KbI3bII'YYCYHA jKaHa MYKTaXK/bITbIHA JKapallla MaTep Uajibl bUIAUBIKTAIITRIPYY. Mucasl,
CTYJIEHTTHH KaTaJapblH Tajijam, ajl KahWChl TeMalap/bl JKAaKIIIbl ©3[eINTYype andai
KATKAaHBIH aHBIKTAIl, OIIOTO JKapamia KeHYIYYJepay, TYWYHIYpMeJepay KaHa
MUCAIIAP bl CYHYLUTAMT.

o Kexeuesemrrupwired 0arbIiT 0epyy: AJl CTyIEHTKE ©3YHYH MakcarrapbiHa
KETYY YYYH JKEKede OKYyy IUIaHbIH, PECypcTapjibl >KaHa ap KaHIal METOAJIOpIY
CYHYLITAMT.

« UHTEepakTHBAYY OKYY mwiargpopmanapel: MyHy  MEHEH UILTEreH
wiarpopmManap ap  KaHOal  OKyy  CTWIAEpUHE  (BIBYAIAbIK,  ayAUaAIJBIK,
KMHECTETUKAJIBIK) bUIAMBIKTYY OKYY MaTepHUaJIapblH CYHYII KbLIAT.

2. ABTOMATTAIUTBIPYY KaHA 3PPEeKTUBAYYITYKTY KOTOPYJIATYY:

« baajioony aBroMaTTamreIpyy: Kacanma WHTEJUIEKT TECTTEP/IH,
TanmblpMaiapabl aBTOMATTBIK TYpJe TeKuiepumn, 0aa ko€ anar. byn Myramumaepaus
yOaKTBICHIH YHOMIOWT XaHa ajapra CTYJEHTTep MEHEH JKEeKeue HIINTeere KeOypeek
yOaKbIT Oeper.

o AIMUHHMCTPATHBIUK MINTEPAM aBTOMATTAINTBIPYY: CTyneHTTepIuH cabakka
KaTBIIIYyCYH/Ia, KYTYPTMOJOpAY TY3YYAO, ara-3Helep MEHEH OaillaHblllyyaa aHa
Oalmrka agMUHUCTPATUBAWK HINTEPAN aBTOMATTAIITHIPYyJa KacaliMa WHTEIUICKTTUH
HATBI>KAChl YOH.

o Myraaumaepre xkapaam: by meron MmyramaMaepre OKyy IUIaHAapbIH TY3YYIO,
OKYyy MarepHaJlapblH TAaHI00M0, CTYICHTTEPAUH WWTWIMKTEPUH KO36MOJI00/10
xKapJiam Oeper.
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3. OKyy nNpouecCHH )KaKIbIPTYY:

« YaT-00TTOP KaHA BHUPTYAIABIK :Kapaamubliap: YaT-00TTopAy CTyACHTTEp
CypoOJIOpyHa KOOI ajyy, TammibIpMajapJbl aTKapyyda kapjaMm ailyy YYYH
KOJIZIOHYIIIAT.

« MaajpIMaTTBI TAJI/100 KaHa aHAJIM3100: AHJAaH  CTYJIEHTTEpPJUH
MaallbIMaTTapblH TaJjIal, OKYYy TMPOIIECCHH KAKIIBIPTYY OOIOHYA CYHYIUTApIbl Oeper.
Mucaiibl, KaliCbl CTYJEHTTUH KOLIyMYa KOJJI00T0 MYKTaXK SKEHUH AHBIKTAMT.

o Tun yiipenyy Kypangapbi: MyHy MEHEH HMIUTEreH TWI  YHPOHYY
wiatpopManapbl OKyydyJapJIblH TUIINK XKOHIOMAOPYH OPKYHIAOTYYre KapiaM Oeper.
Anap cyiinee, xkasyy, yryy kaHa oKyy 00rOHYa MpaKTHUKAIaP bl CYHYIITAMNT.

4. MYMKYHYYJYKTOPAY KEHEUTYY:

« AlbICTaH OKYTYY: JKacaiMa MHTEIJIEKTE abICTaH OKYTYY IUIaTopMaaapblHbIH
UIITEIINH SKaKIIBIPTAaT, OyJl CTYyACHTTEpre KaajaraH yOakTa jkaHa KaajaraH »Xepje
OmnmMM anyyra MyMKYHIYJIYK Oeper.

« Koimoouy Ttexnosorusuiap: byn MallbInThIrbl 0ap CTYJIEHTTEp YUYYH aTalblH
TEXHOJIOTUSJIAp/Abl UIITEN YbIIyyAa KOJAOHYJIAT, MHUCAJbI, TEKCTH YHIO ailJlaHJIbIpYYy,
KazyyHY KEHWIIETYY X.0.

Kacanma uHTe/UIeKTHH OWJIMM 0epYy CHCTEeMAaChIH/IAr bl KeMYUJIUKTEePHU:

« MaabIMAaTTBIH Kynysyyayry: CTyleHTTepIuH MaaJlbIMaTTap bIHbIH
KOOIICY3/1YT'YH KaHa KYITysUTyyJIyTYH CaKTOO MaceJleCH.

o« KeTkunukryyayry: bapapik crynentrep »xaHa Myramamzep Oyl cuctemara
KETKUIIMKTYYJIYKKO 33 IMEC.

« Koz kapanabl 0osyy: CTyleHTTED aHBIH JKapJaMblHA allblKya TasHbIN, 63
aJJIbIHYA OMJIOHYY jKaHa KeUrenepay 4euyy )KeHIeMIOPYH KOTOTYII KOOIy MYMKYH.

o O0bexkTHBOYYAYrY: Byn cucTemMa MaaibiMaTTapibl TAII00/I0 KaTa KETUPHIIN KeE
CTYJIEHTTEP Y aJI/IbIH ajla OCNTWIICHTeH KpUTepUidyiepre rana 6aaaoocy MyMKYH.

o Myranmumaun poJy: MyralumMIuH pOJyH ajaMallThipOailT, OUPOK aHbl OKYyYy
MIPOLECCUHAETU POJIYH ©3repTe anar. Myrammaep MyHYy MEHEH UIITeOore Jasp OOIylLy
KEpeK.

Kacamva natetekt (OKW) 6wmm O6epyy TapMarblHaa ap KaHaad yKOJI0p MEHEH
KOJJIOHYJNAT. AHBIH HETM3TM KOMIIOHEHTTEpU apacblHAa aJalTUBAYY OKYYy
CHUCTEMANaphbl, WHTEJUIEKTyaIJbIK ca0akTap, AaBTOMATTAIUTHIpbUIraH 0aasoo, KaHa
Kekeue Ounmmm Oepyy cyHymTapbl 6ap. byn pikmamap Ounvm O6epyy MpOIECCUH >KaHbI
JIEHIIIJIre KOTOPYY/Ie.

I/IHTeJIJIeKTyaJ'IIlbIK caﬁaKTap

HuTenmneKkryaaaplK cabakrap aHbIH HETU3UHIETH KaHbl (hopMaTTarsl cabakrap OOJIyII caHaar.
By cabakrap CTYIEHTTEpAMH apakeTTEpUHE aHa >KOOIITOpYHA JKapala IUHAMHUKAJIBIK TYPIO
o3repyiayin Typar. AD 6I/ID CTYACHTTHH OKYY IIPOLICCCUHICTU )KLII\/'IBIHTBIRTaDBIH aJlraHaa,
MaTepUAIBIH KypAOOJIYYIYTYH KaHa OKYYHYH BUIJAMIBITBIH JKeKeue Typae Ty3eT. CTyaeHTTUH
cabaKTarsl APaKCTTCPUHHUH HCIHM3UMHIAC CHCTCMaAa aHBbIH OMIINM JCHIDOJINMH, KBI3BII'YYCYH JKaHa
TYIIYHYTYH Oaajan, BbUIAMBIKTYY TallbipMajiap jKaHa WII-apakeTTepad CYHYIITanT. MbIHai
cabakTap/IbIH HETU3TU apThIKYbUIBITBI — ap OUp CTYACHT YYYH YHHKAJIYy OKYYy IPOILIECCHUH TY3YY.
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HHTenneKkTyanapl K cadakTap CTYIEHTTHH >KOOITOPYH PEAIbHOIO YOAKbITTa TaJIJall, ara yKaHbl
TanmbIpManap CyHyIraiT. Mucalel, srep CTyACHT KaTa KeTHpCce, CUCTEMa ajl KaTalapabl OHJ00 YIYH
KOIIIyMYa pecypcTapibl kepcoToT. bya TexHonorus OImoOHA0N 3¢ cabaKThIH camaThlH JKOropyJiaTar
KaHa CTYJICHTTHH 63YHYH OMJIMMUH 0aifkoOr0 MYMKYHIIYK Oeper.

ABTOMATTAIITHIPLLITaH 0247100 JKaHA TECTHPJI0O

ABTOMATTAIITEIPLIITAH 0aaJI00 CHCTEMaIaphl aHBIH HETM3WH/IE HINTEHT jKaHa Oyil T€XHOJIOTHS
OuauM OCpyy HPOLECCTEPHMHUH HATBIMKAIYYIYT'yH KOropyiaaraT. ABTOMATTAIITHIPBUITaH TECTTEP,
3cce TallbIpMajapblH JKaHA CTYACHTTEPAMH JKEKeYe TalllllbipMallapblH 0aaloo IMPOLICCCTEPUH
TE3JIeTeT JKaHa ajapAblH JKBIMBIHTBIKTApBIH OOBEKTHBAYY Typlae ©Oaamaii anatr. bya wixkMa
MyTrajauMmaepre yOaKTBICHIH YHOMIOII, KOl CTYIEHTTEpre Te3 jKaHa TaK 0aa KOoyra MYMKYHYYJIVK
Oeper. Mucaibl, anm aBTOMATTBIK TYPAO® TECTTHH JKOONTOPYH TEKIICPHUI, CTYIACHTKE AaHbBIH
YKOHIOMIOPYH JKaHa TYIMIYHYYCYH TYIIYHYYT® jKapjaMm OeperT.

ABTOMATTAITBIPBLITAH 0aalloo CHCTEMajaphl OIIOHIOH 21e OuimuMm Oepyy camaThiH
JKAKIILIPTYYTa, OUIUM OEpYY/Ie KaTauybLIbIKTapIbl a3aiiTyyra skaHa 0aaloOHYH adblK-aliKbIHAYYIYT'YH
KaMChI3 KbIJIYyra MYMKYHAYK Oeper. byn mMyranmumuaepaIvH WIMH JKSHWIIETUT, 0aaloo MPOIEeCCHH
CTaHIapTTALLITHIPAT.

7KacajaMa MHTeJJIEKTTHH OMJIMM 0epyy CHCTEMAChIHA THHIU3reH TaacHpHu

JKacanma HMHTEIIEKT OMIMM OEpYY CHCTEMACHIH TOJIYT'Y MEHEH ©3repTyyre »Koa auyyna. by
TEXHOJIOTHSUIAphl OMIUM OCpyyde HUHIMIIMKTEPre JKETYYr'® 4YOH JKapJaM KepceTyyde, aill
CTYICHTTEPAMH JKaHa MYTATMMAECPINH HIIMH jKEKeUe >KaHJaHapIprad bIKMajap bl CYH YINTAaWT. MYH VH
Taacupd OMJMM Oepyy TapMarblHAa ap KaHpgail skargaiiapna cesuiieT. CTymeHTTEp YUYH OKYYHYH
JKEKeue KOJJIOPYH CYHYIITAWT, Myraaumaep YYyH cabakrapApl VIOWITYpyy JkaHa 0aalioo
CHCTEeMaJlapblH aBTOMATTAIITEIPYYTa MYMKYHIYK O€perT.

Bupokx, MyHyH KOJIJIOHYAyIIy OMp KaTtap Macelelepau s>kaparaTr. Mucalbl, alrTopuTMICpPUHUH
Tyypa 3MeC HIITCIN € MaaJlbIMaTTapabl Tyypa SMeEC Taldo0 HATBIMIKACBIHIA CTYACHTTEPIE Tyypa
sMec 0aa KOIJYINTy MYMKYH. MBIHIAH THIIIKAPHI, JKEKe MaallbIMaTTapJblH KOOIICY3IYyry J>KaHa
STHKAJIBIK Maceeiep Ja e3reue MaaHure 7o.

Kacanma MHTEIICKTTUH KeJIeUeTH

JKacamma wmHTEIEKT OmMiamMm Oepyy TapMarblHAQ KEJICUYSKTE Jarbl YOH OHYTYYJIOpAYy ajbIll
keseT. JKaKbIH apajga MbIHJAl CMCTEMallap CTYICHTTEPAUH OMIIMM JIEHIIIJIMH TaK Oaalam, aJlapabiH ©3
aJJbIHYAa OKYYCYH TOJYK KaMCBI3Jal ajar. byl TeXHOJOrusIapblH KeJIICUCKTEerd OHYIYYCY apKbLIyy
OmnmM  Oepyy TpOIECCH [arbl J1a J>KEKe4e Kapajblll, CTYACHTTEp YYYH >KaHbl OWINM anyy
MYMKYHUYJIYKTODYH KEHEUTET.

JKakpIH apama MBIHAAM TEXHOJOTHUSUIAPBIHBIH KOJIIOHYIYIIY OMJIMM OEpYyHY TOJYTY MEHEH
JKaMBIITYyra ImapT Ty3eT. MyHYH HEru3uHjie OMJIMM alyy KaHa OKYTYY BbIKMayaphbl TaTaaJlJallblll,
WHHOBALMSJIBIK MYMKYHYYJIYKTODAY KEHEUTeTr. MbIHIal ©HVYIYVYJIep CTYNEHTTEpre JKeKeue
TaXpbIiiOamapapl CyHYyIITal, ajapIblH OMJIMMUH TEPEHACTYY/160 MAaaHUCH YOH.

JKacanma WHTeIEKT OMJIMM Oepyy CHCTEMACBIHIA YOH POJIb OMHONT jKaHa KeJeuyeKTe aHbIH
TaacHMpH Jarkl Ja OCOT. buiaum Oepyy HpoIeCCHH >KCHUIIACTHUII, aHbl JKEKeue TYpPAe YIOIITYPYYy
MYMKYHYYIYTY Oap. MpIHIall TeXHOJOTHsIap OWJIMM OepYyYVHYH camaThlH JKOoropyiaraT >KaHa
crynenTrepre 3GhOEKTUBAYY OKYY BIKMaJapblH CYHYIUTAWHT. MyraauMaep YYVYH Ja I1eIarorrKajiabIK
HIIMEPAYYIYKTY KEHHIIAETET. bUpok, MyHyH OMiIuMM Oepyy TapMarbIHAa KOJIJOH YAYIIYH KEHEHTYY
VIYH aHBIH KOOIICY3AYTY, ATHUKAJIBIK Macelelieph XaHa MbIM3aMIbIK YeHeMmjepu OOIHYA Ja WII-
apakeTTep Kapalbllbl a03ell.
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MAAJIBIMATTBIK TEXHOJIOTUSJIAPAbI KOMIIbIOTEPAUK JIU3ANHH APKBLITYY
KOJJAOHYY
IMPUM EHEHUE WH®OPMAIIMOHHBIX TEXHOJIOI'U1 YEPE3 KOMIIbIOTEPHOE
ITPOEKTUPOBAHUE
APPLICATION OF INFORMATION TECHNOLOGIES THROUGH COMPUTER DESIGN

Kbickaua wmyHe3meme: KommbioTep aHa MaallbIMaT TEXHOJIOTHsUIApPhI a3bpIp 3aMaHOan
JKAIIOOHYH JIP3PJIMK OapAblK acleKTHIEpUHE HHTErpalusuIaHraH. byn camapuntik g00pIIO
KOMIBIOTEPIUK TEXHOJIOTHSIApP »KEKe aJamjaapra jkaHa OKyy JKaijapAa KOMIBIOTEPAHH >KaHa
MaaJbIMaT CHCTEMAJIapbIHBIH KYYVH KOJNIOHYYra MYMKYHAVK OepreH MPUHIMITEPIUH KEeHUDPHU
CHEKIPUH  KaMThIIAT. Hermsrm  KOMOBIOTEPAMK  cadarTyyiavykrad Oamranm  OpPKYHIOTYIIOH
MIPOrpaMMalIoOro JKaHa TapMaKThl Oalllkapyyra 4YeruH, Oyl >KOHIAOM IIIPIUK OapIblK TapMaKTapaa
HUTHIINKKE KETHIYY VIVH a0maH MaaHHIYVy. MaalbIMaTThIK T€XHOIOTHsUIap (opManapabl BIHTAHIYY
W3706re, CTPYKTypaHBl I0JI000OPIIOOTO, KOeJIOMAYY MEHKHMHIWK JKaHa Trpa(uKaablK JIH3aiHIarsl
OOBEKTTEPAMH THIMIKGI JKaHA HWYKH MAa3sMVHYH [OeTalJallTbIpyyra, JaHAma(GTTEIK 4eHpene
KOMIO3UIIMSIIBIK YeUMMICPAN TaHJ00TO, MOJCIAO6 VUYVH OCKH3OUK KaHa >KYMYIMY YHWMeEIepau
TY3YYI® MYMKYHAYK Oeper. MyHyH 0aapbl MaalbIMAaTTHIK TEXHOJIOTHSUIAD TapMarbIHIarsl
MPOrpaMMaJIbIK KaMCBI3ZJOOHYH OHYTYIIYHYH apKaChIH/IA KETKUJIUKTYY.

Annoranusi: Komnporep 1 nH(GOPMALIMOHHBIE TEXHOJIOTHA MHTETPHUPOBAHBI IIPAKTHYCCKUA BO
BC€ aCIIEKTHl COBPEMEHHOM XKM3HU. B 3Ty U bPOBYIO 310Xy KOMIILIOTEPHBIE TEXHOJOIMH OXBATBIBAIOT
OMPOKUH CHEKIp IPHHIMIIOB, KOTOPBIE IIO3BOJIIOT OTASIABHBIM JIMIIAM H 00pa30oBaTeIbH bIM
VUPEKIACHUSAM MCIIOJNIL30BAaTh BO3MOXKHOCTH KOMITBIOTEPOB M HH(MOPMAIMOHHBIX cHcTeM. OT
AJIEMEHTapHON KOMITBIOTEPHOW TPaMOTHOCTH /10 MPOABUHYTOIO MPOTPAMMHUPOBAHUS M YIPaBJICHUS
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CEeTSIMA — ATOT HAaBBIK HEOOXOIMM JUIS VCIlEeXa IIPAaKTUYECKH B JIF000I oOmactu. MudbopManimoHHbIE
TCXHOJIOTMHN ITO3BOJIAIOT OCYIICCTBIIATDH y,Z[OGHHﬁ ITOUCK (bOpM, KOHCTPYKTHBHOC IIPOCKTHPOBAHHUC,
JCTAJIN3AaIlMF0 BHCIIHCTO U BHYTPCHHCIO COACPKAHUA O6’I)GKTOB B TPECXMEPHOM ITPOCTPAHCTBCHHOM H
rpa(rIECKOM ITPOSKTHPOBAHHMH, BEIOOP KOMITO3HUIIMOHHBIX PEIICHUH B JaHImAa(THON cpele, Co3gaHne
3CKU3HbBIX H pa60q1/1x ‘-IGDTG)KGﬁ JIA MOACIIMPOBAHUA. BCG 3TO CTaJI0O BO3MOXXHBIM 6naro;[ap51
Pa3BHUTHIO TPOTPaMMHOTO oOecrieueHus B chepe HHMOPMAITMOHHBIX TEXHOJIOTHH.

Abstract: Computer and information technology are now integrated into virtually every aspect
of modern life. In this digital age, computer technology encompasses a wide range of principles that
enable individuals and educational institutions to harness the power of computers and information
systems. From basic computer literacy to advanced programming and network management, this skill
is essential for success in virtually any field. Information technology enables convenient form search,
constructive design, detailing of external and internal content of objects in three-dimensional spatial
and graphic design, selection of compositional solutions in landscape environments, creation of sketch
and working drawings for modeling. All this has become possible thanks to the development of
software in the field of information technology.

Hermsrm ce3aep: KOMOBIOTEPAMK TpaduKa; KOMIBIOTEPIUK JH3aifH, MaaJIbIMATTBIK
TEXHOJIOTHIAP, I/IHTepHeT; KOMIIBIOTEPAM K IporpaMmaliap, BH3yaJIAbIK MaaJibIMaT, IIpOrpaMMajbIK
KaMCBI3100.

KuroueBble cji0Ba: KOMIBIOTEpHAs Tpa@uka; KOMIIBIOTEPHBIN Ju3aiiH; MHQOpPMallOHHBIE
TEXHOJOTHH; VHTEpHET, KOMIBIOTEpHBIC NPOrpaMMbl, BHU3yalbHas WHQOpMaIKs, MPOTPaMMHOE
obecrnieueHue.

Keywords: computer graphics; computer design; information technology; Internet; computer
programs; visual information; software.

Kupnmyy. bapram cailblH  amaMapablH — KONUyJyry ap KaHJall  KOMIBIOTEPIUK
nporpaMMasiap/ipl  KOJJIOHYIIAT, KOMIBIOTEpJEp KONJIOHYNOail TypraH aliMakThl 3J€CTeTYY KbIWbIH.
KoMIploTepAMK TEXHOJIOTUSHBIH 3H KOPYHYKTYY JKaHa MOMYIsApAyy OarbITTapblHBIH OUpPU aKbIPKbI
KbUIAapAa KuHeMaTorpadus, jkapHama, apXUTEKTypa aHa JU3allH CBISKTYY KONTOIeH TYpAYY
TapMaKTap/ibl OArbIHABIPTaH KOMITBIOTEPIUK Ipadrka OOMyI caHamar.

KommbloTepank rpaduka jxaHa KOMOBIOTEpIUK noiboopinoo cucremanapbl (KJIC) yuyn
IPOrpaMMaJIbIK KaMChI3100 OOJIyIl CaHalIraH MaalbIMAaTThIK TEXHOJOTHsUIAp ap KaHJail 3amaHOan
JU3aifHepMH KECUNTHK HIIMEPAYYJIYTYHYH 5H MaaHUIYY KaHa KEepeKTYy KOMIOHEHTTepU Ooiryn
caHajar.

Komnerotepank rpaduka — aH/laH apbl CakTOO ’KaHa MINTETYY MakcaTblHJa peanayy JyHHeaeH
QJbIHIaH BU3YaJJbIK MaajbIMaTTbl CaHAPUNOTEIUTUPYYT®, TY3YYI®, PEAAKIUAIOON0 MYMKYHIYK
Oepyy4y KOMITBIOTEPIUK TEXHOJIOTUsIIAPbIH Oomymy. [5]

BYryHKY KyHJe KeINTereH >KOropKy *aHa OpTO OKYY »Kaiyiapbl, OLIOHJON 3Jie ap KaHJai OKyy
OopOopiopy ap KaHAal BEKTOPAYK, PACTPJABIK >XKaHa Y4 eI4eMayYy TpaduKaiblK IIporpammarap
00IOHYA OKYTYYHY CYHYyIITalT. KOMIBIOTEpANK TEXHOJIOTHATA MBIHIal KBI3BITYYHYH ceOeOn sMHere?
KbIs13b1, MaanbIMaTThIH a4bIK-alKbIHAYYIYTY JKaHa TYIIYHYKTYYJIYTY, aHbIH (JOTOpeann3MHu, OIIOHA0MH
aJie  OU3AaMHABIH  KaajaraH OacKbIYbIHAA OHOM  ©3repTYyJlepAy KUPru3Yy MYMKYHUYIYTY.
ABTOMATTAIUTBIPBIITaH J10J000PJIO0 CHCTEMAJApbIHBIH JKapAaMbl MEHEH 4YaKaH apXUTEKTYpalblK
dopmanapapl (HAD) Tonyk KaHAYY Y4 ©T4OMAYY MO Ienaepie 107I000paooro 6010T, MUCaNbl, Oynap
ARCHICAD, AutoCAD Architecture mporpamMMaiiapel, OIIOHIOW 3Jie OApIbIK KEPEKTYY JKYMYIMY
JOKYMEHTTEpAM KaHa OapAblk 4YMiiMenepAM anyyra MyMKYHAYK Oeper. DByryHky KyHze
KOMIIBIOTEPJMK Tpaduka pPBHIHOTYHYH OJYTTYY CEIMEHTHMH MHTEphep KaHa apXUTEKTYpaJbIK

52



BU3YyaJIM3alUs 33J€HT. DBYyryHKY KyHO® KOMIBIOTEPIUK TEXHOJOIUSHBIH MYMKYHUYJYKTOPYH
KOJITOHOOTOH KypyIIyIL apXHUTEKTYPaJbIK XKe J0JI000PI00uy KOMIIaHUSHBI Ta0yy ©Te KbliibiH. [1]

Komnbrorepauk rpaduka — U3MI106 MPEeAMETH KOMIBIOTEPIUH KapAaMbl MEHEH MOJIENJIEpIU
’KaHa alapiAblH CYPOTTOPYH TY3YY, CaKTOO *aHa MIITETYY OOJroH uiauM, 0.a. byn mHdopmaTnkaHbIH
KOMITBIOTEPAIE TYPAYY CYpPeTTepay (cxemanapsl, YUMeIepau, aHUMalusIap/bl) alnyy MacelelepuH
KaparaH UHQOpMaTUKaHbIH 06IyMY.

Komnerotepauk rpaguka Oamrankel MaajdbIMaT CYpeTTYy 3MeC MyHe3[1e OOIroH ydypaa
CYpPOTTONYIITY Kaifpa ublrapar. Mucanbl, SKCIEPUMEHTTHK MaajbIMaTTapisl  rpadukrep,
rUcTOrpaMMaiap K€ JuarpaMMmanap TYPYHI® BHU3YAAALITHIPYY, KOMIIBIOTEPAUK ONOHIAp/bIH
9KpaHbIH/IAa MAAJbIMATThl KOPCOTYY, CHUMYIATOPJIOPAO KOPYHYIUTOpPAY CHHTE306 apKblLIyy
JKBIMBIHTBIK YbIrapca 00J10T. [6]

Komnerorepauk rpaduka a3plp KOHOKeW YUHMeENepAeH Oarrar, TaOWThIH O00BEKTUIICPANH
peanayy CYpeTTepyHe YelWHMH TYPAYY CYPOTTOp YUYH almapaTThIK jKaHa MPOrpaMMAalIbIK KaMChI300
WINMH KaTapbl eHYKKeH. KommbroTepaunk rpaduka md3piuk OapAblK MIMMHUN JKaHa WHKXCHEPAHK
JUCHUIUIMHAIAPIa MaaJbIMaTThIH TAKTHITbI, KAOBLI aJbIHBIIIbLI XKaHa OEPUIIUIIM YUYH KOJJIOHYNAT. Al
MeIULMHAA, KapHaMaJIblK OM3HeCTe, KOHYJI auyy WHIYCTPHAChIHAA K.0. KoyoH ynaT. KoMnberoTepauk
rpadukacheI3 34 OMp 3aMaHOamn mporpaMMa aHChI3 ummred anbaitT. [paduka MeHEH WIITee MaccaibIK
PBIHOKTYK ITpOrpammaiapipsl yblraprad IporpamMmagoouy TONTOPAYH KyMYHI yOaKThICBIHBIH 90% bIH
anar. [3]

Komnblotepauk rpadukaHbIH aKbIpKbl MPOAYKTYCY — cypeT. bym cyperty ap Typayy
TapMakTapia KOJJOHCO OO0JIOT, MHCANbl, al TEXHUKAIBIK 4YHHMe, SKCIUIyaTalMsuIoo OoroHYa
KOJIZIOHMOZOTY OMp OOJYKTYH MIUIIOCTPALMCHL, )KOHOKOW Tuarpamma, CyHYIUTaJITraH AU3AWHJBIH JKe
JIOJI000PYH KbICKaya apXUTEKTypaJiblK KOpYHYIY, KapHaMallblK UIUTFOCTPallUs K€ MYJIbT QUi bMINH
KaJpbl Oonyury MyMKyH. KoMmbrorepauk rpaduka oH JKbUIIAH allblK YOaKbITTaH Oepu eHYTYI Kene
JKaTaT »aHa aHbIH KOMMEpLUSIIBIK KOJJOHMOJIOPY aHJaH Ja asblpaak. AHapuc BaH [lam
KOMITBIOTEPAMK TpadUKaHbIH aTajapblHBIH OuUpU OOJIym dCENTeNeT jKaHa aHblH KUTENTEepU
KOMIBIOTEPJMK TIpa(UKaHbIH HETW3MHJE >KaTKaH TEeXHOJOTHSUIApJAbIH OaplblK CIEKTpU OOroHYa
byHIaMEeHTaNyy OKyy KUTenTepu Ooiynm caHamar. byn Tapmakra OMIOHIOW 3J€ JOKTOPIIYK
JUCCePTAlUsChl KOMIBIOTEPIUK TpauKaHbIH TEOpUsUTBIK HerusuH Ty3reH MBan Casepnenn na
oenrunyy. [7]

Keipreizcrannarsl n3ungeeuyiep T.P. Opyckyno, M.Y. Kaceimanues, Y.O. MamberakyHOB
xaHa H.H. OcunoBansml HWupopmaTnka 7-9-wmacctap YYYH TY3YATOH OKYY KHATENTEPUHIC
KOMIIBIOTEPJIMK TEXHOJIOTUSHBIH KOJJOHYY MYMKYHUYJYKTOPY, TpauKaablK MaKeTTEPUHUH HIIKe
allbIPBUIBI Bl TYYpallyy jKaHa MpaKTUKara kapara Mucajljap apKbulyy Tak TYLIYHYK O€pH ILKEHIUTU
ousre oenruiyy. [5; 6]

OH aKpIpKbl KOMIBIOTEPAUK IU3allH METOJIOPY MEHEH KOJIJOOTO AJIbIHIAH YbIrapMaublIbIK
M3UJII0616p1y JKEHUIAETET JKaHa OJIyTTYY TYp/e koropynarar. KoMOobloTepInK TEXHOJIOTUSHbI 3pKUH
Oounyy au3aiiHepAuH (aHTa3MsChIHA >KaHbl HAENIap/bl aKTUBIYY T€HEpalusiooro, OIIOHJIOW 3ie
MYJIBTUMEIUSUIBIK MHCTPYMEHTTEPAUH apCEHasblH KOJJIOHYY MEHEH TaTaajd HpOLECCTepAu >KaHa
KpIpJlaanaapAbl MOJEJ1eere MYMKYHAYK Oeper. Mucanbl, akbIpKbl >KbUIJApbl abnaH MONYIspAYy
OoJTyn KaTKaH JKapblK AU3aMHBIH Y4 €JTYOMIYY KOMIIBIOTEPIUK MOJENAee Mporpammaiapbl apKbU1yy
raHa Tak cyperrece Oonor. TemeHae 3amaHOam Au3aifHepiiep KOJNJIOHYYra CYHYIITAIraH K33 Oup
IPOrpaMMalIbIK MTPOIYKTHUIAPBIH MUCAIIAPBI KENTHPUIITEH. [2]

Autodesk 3DS Max (mypaarsl 3D Studio MAX) Oyn Autodesk TapaGblHaH HIITETUI YbIKKaH
Y4 exueMayy TpaduKaHBl KaHa aHUMAIMSAHBI TY3YY jKaHa TY36TYY YYYH TONYK (YHKIHOHAIIBIK
npogeccuoHanyy nporpammainslk deduM. Ilporpamma cyperuynep jkaHa Iu3aiiHepiep Y4YYH 5H
aNJBIHKBl Kypanaap/bl KaMTHIAT. A3BIpKbl ydypja MporpaMMa ©3YHYH KeHUPH (yHKIHOHAIAYYIYTY
’)KaHa HWHCTPYMEHTTEPUHMH »KaHa MYMKYHUYJIYKTOPYHYH JKbIMBIHJIBICHI MEHEH aijlaHa-ueiipeHy
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JI0JI000pJI00 KAATHIHAATHl 3H TMOMYISPAYY IporpaMmaiapablH Oupu Oomyn caHanar. OINOHIYKTaH
JM3aifH TapMarblHAa aquCTepId JaspAaraH KemdylIyK OKYy >Kaiapbl KOMIBIOTEpIMK TIpaduka
OoroHua okyy muianbiHa 3DS Max (1-cypet) mporpaMMmachlH KUPTHU3UIIKEH.

1-cypet. 3DS Max nnrepd eiicHHIH KOPYHYIIY

byn cyperte peannyy OOBEKTTHH K€ aOCTpakTyy OOBEKTTEpAuH (OHp 3Ji€ CYpOTTONYII
KUYUPEUTUIITEH € YOHOWTYyNraH Macurralbia KaiiTamaHa OepreH TeoMEeTpUsUIbIK (UrypanapAbiH
(bpakTaabIHBIH TPOEKIMSCH) MAAIBIMATTHIK MOJICTTMHUH KOJIOMAYY OOpa3blH UILTEN YbITYy Kapairas.

ArchiCAD (Apxukan) — Graphisoft Ttapabeinan Ty3ynren apxutekropsiop yuyH CAD
rpauKaiblK MporpaMMaiblK MakeTH. AJl apXUTEKTypaJlbIK jKaHa Kypylyll KOHCTPYKUMSUIAPbIH JKaHa
YeUUMJIEpJM, OIIOHIOW 5Jie THIMIKBl XKaHAa WYKM YOHPOHYH DJIIEMEHTTEPUH J0J000pIO0 YUYH
kosonynar. ArCon Eleco Professional mpodeccrnonannbik nu3aitH, MHXEHEPIUK jKaHa Y4 ©T4OMIYY
BHU3yaJIM3allisl YUYH HINTEIUI YbIKKaH Iporpamma. byn Kypynyin yayH HHCTPYMEHT, OILIOHAYKTaH ail
Kypuan TypraH Med KUHAWKTH TY3YYHY, KaKIIBIPTYYHY e ©3repTYYHY Kaajaranjaap apacblHjaa a0dnaH
NONYJSIPAYY, aHTKEHH a3bIp TY3A6H-TY3 HILITH OAIITOOIOH MYPYH, 10J000pI00 OacKbIUbIHIA aKbIPKbI
HaTBIM)KaHbl KOPYY MYMKyHuymyry Oap. bamka CAD cucrtemanapeiHan aipipmananbin, ArCon
IporpaMMachl — airad apXUTEKTOPJIOPro ap KaHAalk uMapaTTapAbl JkaHa  KypyJayIIrapasl
BHU3YaJIH3AIMIIOOr0 OalJIaHBIIIKaH Macelelepan YeUyyre kapaaM Oepyy YUYH HINTEIUIT YbIKKaH.

AutoCAD 6yn Autodesk TapaObIHaH HINTEIUI YbI KKaH KU KaHA Y4 ©TYOMAYY KOMITBIOTEPAUK
J071000pa00 cuctemackl. CucTeMaHbIH 9H OupuHYM Bepcusichl 1982-xpibl ubikkad. AutoCAD sxaHa
aHbIH HETM3MHJETH aTalblH IPOrpaMMAalIbIK Y€UMMJEP MallMHa KYpYYHYH, KYpYJIYIITYH *aHa OKYyY
XKaiiia ap KaHJail reoOMeTpUsUIbIK (urypagapabl KeHUPU KOJJIOHYYHY TarThl (2-cyperT).

D OGS exT s
p=rs S T

Elmamen |

2-cypoeT. Y4 0J146M/1YY KOMIIbIOTE PAUK /10J1000PJI00 CHCTEMACBIHBIH JIHOJIOTAYK Tepe3ecu
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OmeHTUI, MaaJbIMATTBIK TEXHOJIOTHSUIAP JKaHa KOMIIBIOTEPIUK J10J000pJIO0 CHUCTeMaIaphbl
OU3IUH MEe3rHie JU3aifHepUH KeCUNTHUK MIIMEPJUTMHUH aXbIparbic Oexyry Oonyn caHanar. byn
MaaJlbIMaT CHCTEMalapbl KOHCTPYKTOPIYK HMH)KEHEpHUsAla KOHKPETTYY KepKeM Ja0i000piIo0 »KaHa
WHIKEHEPANK-TEXHOJIOTHSIIBIK MaceJIeepau 4euyy YUIYH KOJIJOHYIaT.

MaansIMaTTBIK  TEXHOJIOTMSIHBIH ~ KypaJapblH KOJJOHYY MEHEH JAu3aiHepiep aTalblH
POrpaMMAIIBIK  KaMCBHI3/IO0HY KOJJIOHYY MEHEH J0J000pay Te3 aHa Tak Jaspnaail aiblmarT,
J071000pro KaajgaraH OHJOOJIOPAY KUPIM3MI, KEpeKTYY TEXHHUKAIbIK >KaHa KOHCTPYKTOPAYK
JOKYMEHTTEpAM Jasplail anblliaT, OIIOHIOH 3¢ ©3YHYH J0J000pYH jKaHa aHJarsl WINTepPAWH
KBIUBIHTBHITBIH VIHTepHEeTKe »Kapblsulail anblmar, 101000pay 3aKazyblra jKaHa SKajllbl KOOMYYITYyKKa
KopceTe aiblar. [4]

JKbIMBIHTBIKTAl —~ AWTKaHJa, JU3allHepiiep OSMIEK PBIHOTYHJA  KOMIIETEHTTYY  JKaHa
aTaaHJAIITbIKKa >KOHJIOMIYY Ooilyyra, ajapiblH HII IPOLIECCUH TE3JETYYre >KaHa HaTblilKalyypaak
KbIJIyYyra, >KaHbl TEXHOJIOTUSIIAP/AbIH TOJKYHYHAa Oojyyra MYMKYHAYK Oepyydy ap KaHJail »KaHbl
KOMIBIOTEPJMK  J0JI000PIO0  MporpaMMalapblH  jkaHa  Oallka  THEMENYY  KOMIBIOTEPIHK
IporpaMManapiel M3WIJIEN, ©3IeIITypyYyldepy Kepek jen aityyra Oosnor. KoHuenrtyangslk,
GYHKIMOHANABIK KaHAa TEXHUKAJIBIK Macelelepau 4Yedyyre kapiaM OepreH KOMIBIOTEpAMK
TEXHOJIOTHSIAp AW3alHEPIUH MICACBIHBIH KEPEKTeeuyre SMOLMOHAIIABIK TAACUPUH KYUYOTYII,
J07000pIyH KOMMEPUUSIIBIK MUTMIMTMHE CalbIM KOLIYN, JAW3alHEpIUH YbIFapMadbUIbITBIHBIH
scraderachl OOJIYI KaJbIIbl MYMKYH.
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OKYTYY YUYH BYJIYT TEXHOJIOI'UACBIHIA KACAJIMA UHTE/VIEKTTHU
KOJIIOHYYHYH OH KAKTAPBI
MHOJOKUTEJBHBIE ACIIEKTBI UCIIOJIB30OBAHUSA MU B OBJIAYHBIX
TEXHOJIOI'UAX AJISA OBYUYEHUA
POSITIVE ASPECTS OF USING Al IN CLOUD TECHNOLOGIES FOR EDUCATION

Kpickaua myHe3geme: Makaia OuinM O6epyy MakcaTeinga xxacanma uatewiekrra (QK) oymyr
TCXHOJIOTUACBhIHA NHTCTPAIUAIIOOHY TCPCH TAJIJ0O0I0 apHAJIraH. BYJ'I TCXHOJIOTUJIAPAbIH CUHTE3U OKYY
TaXpbI0achlH KaHJalya e3repTyIl, aHbl KEKEJCIITHPUJTeH >KaHa HaTbIikKalyy, OKyydylap »XaHa
CTYIEHTTEp YUYYH JKCTKWJIMKTYY KbUlaapbl W3WIACHET. bynyr cucremanapbl 4YoH KeJemuaery
MaaJbpIMaTTapAbl TE3 HINTETYY JKaHa Talago0 apKbUIyy pecypcTapAbpl YHOMIOOHY aHa OKyYyHY
TE3JETYYHY KaMChI3 KbliaT. by ap OuUp CTYAEHTTUH KEeKe MYKTaKJAbIKTapblHA bIIANBIKTAIITHIPBLIBIII,
OnnmM Oepyy MPOIECCHH ONTHUMAIIAIITBIpyyra MyMKYHAYK Oeper. JKacaima WHTEIICKTTH OymyT
TEXHOJIOTUSICBIHA HWHTETPALUSIO0 OKyydylapra »aHa CTYAEHTTEpPre bUIAUBIKTAIUTBIPBUITAH OKYY
NJaHJAphIH  KaHa KepceTMeslepay ©Oepyy MeEHEH OKYyHYy OKeKeIeUITHPYy YYYH JKaHbl
MYMKYHYYJIYKTOpy adaT. MeiHgaH Teimkapsl, XKW ke HermszenreH OymyT Tyrymaapbl KeINTOTOH
MpOIECCTEpPIM  ABTOMATTALITHIpA ajaT, OKYTYy4dylapasl KYHIOIYK MHJIIACTTEpAeH OOoIIoTym,
OKYTYYHYH MaaHWJIYY acTlieKTHUJIepruHEe KOHYJ Oypyyra MyMKYHIYK OeperT.

AHHOTaI[I/IH: Cratbs IIOCBALIICHA FJ'Iy60KOMy AHAJIN3y HHTCIpaluu HCKYCCTBCHHOIO
unrteiekra (M) B obmavyHble TEXHOJIOTHH IS 00pa30BaTENBHBIX Ienel. VccienyeTcs, KaKk CHHTE3
ATUX TEXHOJOTUH TpaHCHOPMHUPYET Y4eOHBIN mpoliecc, naenas ero 0oJjiee MePCOHATN3UPOBAHHBIM,
3(1)(1)6KTI/IBHBIM U JOCTYIIHBIM JIsI yJalllMXCd W CTYACHTOB. O0nayHble CHUCTEMBI 00 €ECIIEUNBAIOT
HSKOHOMHIO PECYpPCOB M YCKOpeHHE OOydeHHs 3a cyeT ObIcTpoil 00pabOTKM ¥ aHaim3a OOJIbIIMX
00BEMOB JaHHBbIX. 9TO MO3BOIAET OIITUMU3UPOBATDH 06paSOBaTeJIBHBII>'I Imponecc, aganTupysa €ro K
WHJIUBUYaIbHBIM HOTpe6HOCT$IM Kaxgoro cryaeHra. Murerpauus NN B 00J1aYHbBIE TEXHOJIOTUHU
OTKPLIBA€T HOBBIC BO3MOXHOCTU [Jid NEPCOHAIM3aUU O6y‘IeHI/I$I, nNpeaoCTaBjidd ydalliMCsa U
CTYACHTaM aJalITUBHBIC y‘le6HHe IJIaHbI 1 PCKOMCHAAIINH. KpOMe TOrO, o01auHbIe CUCTEMBI Ha Oase
5151 MOTYT aBTOMAaTU3HUPOBATH MHOTHUEC ITPOLCCCHI, 0c3060>1<,ua;1 npeno;[aBaTeﬂeﬁ OT PYTUHHBIX 3aJa4 U
IMMO3BOJISAA UM COCPEAOTOUMUTHCA HA 0oJiee BaKHBIX aCIEKTax 06yquH${.

Abstract: The article is dedicated to a deep analysis of the integration of artificial intelligence
(Al) into cloud technologies for educational purposes. It explores how the synthesis of these
technologies transforms the learning process, making it more personalized, efficient, and accessible for
students. Cloud systems provide resource savings and accelerate learning through the rapid processing
and analysis of large volumes of data. This enables the optimization of the educational process,
adapting it to the individual needs of each student. The integration of Al into cloud technologies opens
up new opportunities for personalizing education, providing students with adaptive curricula and
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recommendations. Additionally, Al-based cloud systems can automate many processes, freeing
teachers from routine tasks and allowing them to focus on more important aspects of education.

Herusru ce3mep: OyayT TEXHOJOTHSCHI; »acajliMa HMHTEJUICKT; OKYTYYHY KEKEIeITHPYY;
BUTAMBIKTAIITBIPBIITAH  OKYY IUTaHJaphl; OWIUM Oepyy MpOLECCHH aBTOMATTAILITHIPYY; >Kacajama
MHTEJUIEKTTUH JKapJaMybliapbl; MalllMHaHbl YHPOHYY; MHKIIO3UBIUK OUIUM Oepyy; MaanbIMaTTapibl
TanA00; TelMu puKaIus, maaabiMaT Koorcy3ayry; KM THH STHKaJIBIK acleKTUJIEPH; OyIyTTarsl
scernTee; oM 6epyy miatdopmanapsl; akbULLyy OKYy CHCTEMallaphbl.

KuroueBble cjioBa: o0jauHble TEXHOJOTMH; HCKYCCTBEHHBIM HHTEIUIEKT; IEPCOHAIU3ALMS
06yquH;1; aJalITUBHBIC y‘le6HLIe IIJIaHbI; AaBTOMAaTH3allusd 06pa3OBaTeanoro mpomecca, -
ACCHCTEHTHI; MAIMHHOE OOy4eHHE, WHKIIO3UBHOE 0Opa3oBaHWE; aHAM3 JIaHHBIX, TCHMH (QUKAIUS]
0€30MacHOCTh JIAaHHBIX, JTHYecKhue acnekTsl WMU; oOmayHbie BBIYUCICHUS, 0O0pa3oBaTelbHbBIC
HJIaT(i)OpMBI; HWHTCJJICKTYAJIbHBIC CUCTEMbI 06y‘IeHI/I§I.

Keywords: cloud technologies; artificial intelligence; personalization of education; adaptive
curricula; automation of the educational process; Al assistants; machine learning; inclusive education;
data analysis; gamification; data security; ethical aspects of Al; cloud computing; educational platforms;
intelligent learning systems.

O6naynsie cepBuckl ¢ MM moryr obpabaTeiBaTh OoNbIie OOBEMBI JAHHBIX, YTO MO3BOJISET
ONTUMH3UPOBATH aHAW3 W TpuHATHE pemeHuil. O0nadnbie MIATGOPMBI MOIIEPKUBAIOT OO0ydeHHE
MoJIeJiel MallMHHOTO 00Yy4eHUsl, YTO yIy4IllaeT TOYHOCTh IPOTHO30B U aHanu3a. [1]

[lpenomaBaTenu MOryr aBTOMaTu3upoBarh pyruHy: WM mpoBepsier paboThl, OTBEYaeT Ha
MPOCTHIE BOMPOCHI, a YYUTENS COCpeNoTaunBarOTCs Ha BaxkHoMm. OoOmaunbie mnatdopmer ¢ U
MOMOTAIOT CO3/1aBaTh EPCOHANIbHBIEC YPOKU — HAIPUMED, MOJOUPAIOT 3aJaHus TI0JT yPOBEHb CTY/ICHTA.

OO0yiayHbIe TEXHOJOTHH TAKKE YIPOIMRAIOT COBMECTHYIO PabOTy: CTYAEHTBI MOTYT JEITHTHCS
MaTepuagamMH, oOCY)KAaTh TeMbl U paboTaTh HaJ MpPOEKTaMu H3 1000l Touku mupa. MW momoraer
CJIETUTH 32 MPOTPECCOM, TPEIOTBPALATh KOHNIMKTHI U JJaBaTh MTHOBEHHYIO OOPaTHYIO CBSI3b.

EmuHCTBeHHBI HEOCTATOK — 3TO YYUTHCS padOTaTh ¢ HOBBIMH MHCTPYMEHTaMH M COOMPATH
nanHble. Ho B uTOre MCKYCCTBEHHBIM MHTEIUIEKT U oOJaKa JienaloT o0ydyeHue ruOKUM, JTOCTYMHBIM U
3(pPeKTUBHBIM.

KirogeBble mpenmMyliecTsa BKIOYAOT:

- MacmrabupyeMoCTh M ONTHMHU3AIUA PecypcoB: obOnaunbie maTdopmbl ¢ MW mo3BossroT
aBTOMATU3UPOBAThH YIIpaBlIeHHE WH(PPACTP YKTYPOil, TPOTHO3UPOBATH HATPY3KU U CHUXKATh 3aTPaThl 3a
CYeT TMOKOW apeH bl BEIYMCIUTEIIbHBIX MOITHOCTEH; [8]

- mepcoHanmuzaips oOydeHusi: anroputMbl WM aganTupyroT y4eOHbIE IUTaHBI O]
WHJIMBU TyaJIbHbIE TOTPEOHOCTH, aHATTU3UPYS IIPOTPeCC CTyAEHTOB, CTHIIb 00 YUEHUS U YMOLIOHAIILHOE
cocrosiaue. [1] Hampumep, cuctrema Khan Academy reHepupyeT 3aJaHus, COOTBETCTBYIOIIHE
npobenam B 3HaHusaX (Khan Academy — 5T0 OecmiaTHBIH JOCTYn K OHJIAH-00pa30BaHHUIO, OHO
HAYMHAJIOCh C MAJIGHBKOTO «IOMAIlHETr0» MpOoeKTa, KoTopbld mpuayman Camman XaH JUisi CBOHUX
JIBOIOPOJTHBIX OpaTheB U cecTep, JKUBYLUMX B Ipyrom ropoje. OHnaliH-00ydyeHrne ObLI0 OpraHu30BaHO
Ui yAoOCTBa, TaK KaK BO3MOXKHOCTH HaBelATh POJCTBEHHUKOB JJISi TOTO, YTOOBI MMOMOTaTh UM TIO
IIKOJIBHOUM Tporpamme, y XaHa He Obu10. Ho OT3BIB OBLIT OUY€Hb HHTEPECHBIM: OKA3aJI0Ch, YTO MHOTUM
JIFOJISIM HaMHOTO IPOILe YCBauBaTh MaTepual OHJIaiH, 4eM JejaTh 3TO B KIIACCHOW KOMHATe.

Duolingo mpumeHsieT reiMupuKaInio A MOBBIMLIEHUsI MOTHBaLUH. [12]

WNuxmosuBHocth: UU-uHCTpYyMEHTHI (HampuMep, CHCTEMBl pAclO3HABAHWUS peud IS
crnabocipl A X WU aIalTaus KOHTEHTA IS C1a00BHISIIIMX) PACIMPSIOT JAOCTYI K 00pa30BaHUIO
JUIsl BceX Kareropuid yqanmxcst. [11]
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ABTomaruzanus pyruHHbIX 3a1a4: I Geper Ha cebs OLEeHKY paboT, COCTaBJIEHHE paclHCaHUuN
U OTBETHI Ha TUIIOBBIE BOIIPOCHI, 0CBOOOKAasl MpernoiaBaTesie Ui TBOPUECKUX 3a1ad. [6]

[lpumepsl BHeOpPeHHS JAEMOHCTPUPYIOT, Kak obOnauynble muatdopmel ¢ WU mossimaroT
ycrieBaeMocTh Ha 30%, CHUXaroT TpeBOXKHOCTb Ha 20% 1 COKpam@oT BpeMs OLleHKU 3a1anuil Ha 70%.
[2] OmHako aBTOpPBHI OTMEYAIOT HEOOXOAMMOCTh PEIICHUS ITHUUYECKHX MPOOTIEM, TaKWX KaK 3alTa
JAHHBIX U NPEJOTBPAIICHUE AITOPUTMUYECKON MPEAB3ATOCTH.

Cratbs moguepkuBaeT, 4To MM B 0061auHBIX TEXHONOTUSX HE 3aMEHSIET YeJI0BEUEeCKUH (aKTop,
a CTAaHOBHUTCS HMHCTPYMEHTOM /IS ONTHMH3alMU 00pa30BaTENbHOIO Mpolecca, jenas ero Oosee
ruOKUM U 3PPEKTUBHBIM.

CoBpeMeHHbIe 00pa3oBaTENbHbIE CUCTEMBI BCE Yallle MHTETPUPYIOT MCKYCCTBEHHBIN MHTEIIEKT
(M) u oOmavyHble TEXHOJOTUH, CO3/[aBas THOKHE, MEPCOHATU3UPOBAHHBIE U A(PPESKTUBHBIC
mraTGopmMbl 00ydeHHUs. DTOT CHHTE3 pellaeT KIFYEBBbIE MPOOJIEMbl TPATUIIMOHHOTO 00pa30BaHMS,
npeaaras MHHOBAIMOHHBIE PELLIEHUsI JUTsl TPETIOJaBaTeNNel U CTYIEHTOB.

OOGaynpie  TIaTGOpMBI  00ECTIEUMBAIOT MTHOBEHHOE MacHITabMpOBaHWE BBIYMCIHTEIBLHBIX
MOIIHOCTEH, YTO KPUTHUYECKH BaxHO Juisd 3amaad VU, Tpedyronmx o0paboTKu OOMBIIMX NaHHBIX WU
oOyuenust Helipocetel. Hanpumep, npu co3nanuu reHepatuBHbIX Mojenelt MU unu aHamuse BUIEO C
YPOKOB (JUISI OIEHKH BOBJICUEHHOCTH CTYIECHTOB) OOJIAYHBIC CEPBHCHI MO3BOJSIOT apenaoBate GPU-
CepBEpbl TOJNBKO Ha 3Tame o0ydeHwus, cokpamas 3arpaTsl. [13] DTo ycTpaHseT HEOOXOAMMOCTH B
JoporocrosimeM obopynoBaHuu, jaenas HHU-pemeHus AOCTymHBIMM —Jaxke Ui HEOOJBbIIMX
00pa30BaTeNbHBIX YUPEIKICHUN.

O6naynsie maat@opmbl MO3BOISIIOT BHeApATh WMM-perenuss 0e3 KanmuTaldbHBIX BJIOKEHUN B
uHdpacTpykrypy. busznec u obpazoBarenbHble YUpEKICHHS MOIY4ar0T JOCTYH K TOTOBBIM MOJYJISM
Juist 00pabOTKM €CTECTBEHHOTO $3bIKa, KOMIBIOTEPHOIO 3PEHUS M aHajau3a JAaHHBIX, YTO HCKIIOYaeT
HEOOXOJIMMOCTh 3aKYIKH JOpororo obopynoBanus. [11] O6maunbie mpoBaiaepbl mpeaiaraoT TuOkue
MOJIENTU OIUIATHI, T1e pecypebl (Hanmpumep, GPU-cepBepsl 1t 00ydeHust HelpoceTei) apeH /1yloTcst o
Mepe MOTPeOHOCTH, CHUKAsi pUCKU Hed(h(eKTUBHOIO MCIOIB30BaHUS MOLIHOCTEH. [7] ApeHia cepBepa
¢ GPU mno3BonsgeT moib30BaThCS MOIIHBIMU BBIYUCIUTENBHBIMU pecypcaMu 0e3 HeoOXOTuMOCTU
MOKYITaTh 00OPYyIOBaHHME.

GPU-cepBepsl TPUMEHSIOTCS B TAKUX 00JacTsAX, Kak padoTa ¢ rpaduKoil, aHanmu3 OOJIbIIMX
JAHHBIX U MaIlMHHOE O0y4eHHE

NN B obmake moMoraeT aJanTHpPOBaTh OOY4EHHE I10J] HHIUBHAyaIbHBIE ITOTPEOHOCTH.
Hanpuwmep:

- AJanTUBHBIE TPEKU: CUCTEMBI AHATU3UPYIOT IPOIPECC CTYAEHTOB M aBTOMATHUYECKH
KOPPEKTUPYIOT yueOHBIH IJ1aH, Mpeiaras JOTOTHUTEIbHBIC MaTEPUAaIbl UITH YIPOIIAS CIOXKHBIC TEMBI.

[4]

- OmnepartuBHast oOpaTHast cBsi3b: U1 MrHOBEHHO NpOBEpseT 3a/JaHusl, BBISABISET OLUMOKA U
NPEIOCTaBiIsIeT OOBSICHEHUS, OCBOOOXKIas IpernojaBaTeiell OT PYTHMHHBIX 3a1ad. BupryanbHbIe
MOMOIIHUKN : CTYJIEHTHl MOTYT 3afaBaTh Bompockl UM-accucTeHTam, KOTOpble pa3dUparoT CIIOXKHbBIE
KOHIIENIIMH Ha IPUMEPAX, 1aXKe BHE ayTUTOPUH. [2]

- Ilepconanu3anus oOydyeHuss — KiIoueBod acrekr uHterpanuu MW B oOpa3oBanue,
MO3BOJISIONIMI aJanTHPOBATh YUeOHBIN Mpollecc Mo HHANBUAYaIbHbIE TOTPEOHOCTH CTYACHTOB. DTa
TEXHOJIOTUS COUETAaeT aHaIM3 JaHHBIX, MAIIMHHOE 00y4eHUE U aIallTUBHBIE aJITOPUTMBI JUIsI CO3TAHUS
YHUKAIBHBIX TpaeKkropuii oOyueHus. [14]

- AnantuBHble yyeOHble Tutanbl: UM aHanusupyeT pe3ynbTaTbl TECTOB, BPEMS BBIMOTHEHUS
33aHUi W CTWIb OOYYEeHHs CTYIEHTa, aBTOMATHYECKH KOPPEKTUPYS CIOXHOCTh MAaTEpUaIOB.
Hanpuwmep, miardopmer Coursera u edX HCHONB3YIOT MalMHHOE OOy4YeHHE sl moadopa KypcCoB,
COOTBETCTBYIOIIMX YPOBHIO 3HaHUM. [12]

[Ipumeps! ncnonb3oBanus maaTgopmel Coursera:
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«OnepalioHHbIE CUCTEMBI»

Hcnonp3oBaHue KypHajIoOB 111 MOHUTOPUHTA CUCTEM. [2]

«AJTOPUTMBI»

Peanuzamus 3agau Ha Java (COpTUpOBKa, MOUCK). [3]

«OCHOBBI TU3aitHa»

Co3manne wu300pakeHHWid ¢ y4€ToM THUMOTpAadUKA M KOMITO3UIMHU. [D1aTHbIE MporpamMMel
(cmeumanu3anuu, cepTU(UKATHI) HEAOCTYMHBI Ui POCCHICKUX IMOJb30BaTeNell M3-3a OrpaHUYCHUM
omnyarsl. [16]

becninatHble Kypchl 4acTO HE BKIIOYAIOT MPAKTUYECKUE 3a/laHUsI WJIM TPEOYIOT MOJMMCKH IS
cepTuduKaToB. [6]

OOparHas CBsI3b B peaJIbHOM BPEMEHHU

CucrteMbl MTHOBEHHO MPOBEPSIIOT 3a/IaHU S, BBISBIIAIOT OMIMOKH W MPEIOCTABIISIOT OOBSICHEHHS.
Khan Academy reHepupyer WHIUMBMIyaJIbHbIE YIPaXXHEHHS Ha OCHOBE INPOOENOB B 3HAHUSAX, a
Duolingo mpezanaraer IOMONTHUTEIBHBIE 3aIaHUS JUTSI 3AKPETUICHUS CIIOKHBIX TEM.

Duolingo nmemonctpupyer, kak WU coueraer oOydenme ¢ reiimudukanueii: mporpecc
oTtoOpakaeTcsi B BUJE HarpaJ, YTO MOBBIIAET BOBJICYEHHOCTD. [15]

AHanu3 1aHHBIX O CTYAEHTaxX

Mertpuku ycrieBaemoct: MM oTcriexuBaeT pe3ylnbTaThl TECTOB, BPeMsl BBIIIOJHEHUS 3a/IlaHUT,
onmOKu U mporpecc B ocBoeHnH TeM. Hanpumep, miatgopmsl Bpoae Khan Academy ncnons3ytoT 3Tu
JAaHHBIE /17151 TeHEpaliy epCOHATM3UPOBAHHBIX YITpaXKHEHUH. [3]

[ToBeneHnueckuii crmocod: aarOpUTMBbl BBISBISIOT CTUIIb OOydeHUs (HampuMep, MpemmoYTeHHe
BU3YaJbHBIX UJIM TEKCTOBBIX MaT€pPHAJIOB) U AAANITUPYIOT opMaT KOHTEHTA. [7]

DOMOLMOHANIBHBIN MHTEIJIEKT: CUCTEMbl PAClIO3HABAHUS JIMIl WJIM aHaliu3a TeKcTa (HarpuMmep,
IBM Watson) orieHHBarOT BOBJICUEHHOCTD M CTPECC, KOPPEKTHPYSI CIOKHOCTD 3adaHuu. [8]

AnanTUBHBIE yUeOHBIE TIJIAHBI

JnHamuyeckast cioxHOCTh: MM OBBIIIAET MJIM CHUXKAET YPOBEHD 3aJaHUIl B 3aBUCUMOCTH OT
yCcIexoB CTyaeHTa. Hampumep, ecnu ywyanmiics JIerko pellaeT 3agayd 1o anredpe, cucrema
npeiaraeT yrryonéuasie TeMsl. [10]

[lepconanu3upoBaHHbIE PEKOMEHAALNU: AITOPUTMBI IOJOUPAIOT JTOMOJIHUTENIbHBIE MaTEpPUAIIbI
(BH€0, CTATHM) IJIS1 YCTPAHEHUS TPOOENIOB B 3HAHUSX. [3]

HHTEepakTUBHBIE NHCTPYMEHTHI

UrpoBeie mMexanuku: miaaTdopmbl Bpoae Duolingo mpumeHstoT redMudHUKaInio, MpeBpaias
o0y4deHre B COPEBHOBAHHE WJIH KBECT, YTO MOBBINIAET MOTUBALHIO. [10]

BuptyanbHble accucTeHThI: yaT-00Thl Ha 0aze LLM (nanpumep, GPT-4) oTBeuyatoT Ha BONpOCH,
OOBSICHSIIOT CIOXHBIE KOHLETIINU U BEAYT AUAJIOT JUIsl CAMOCTOSITEIBHOIO pelleHus 3aad. [8]

IIpumepsl BHEAPEHUS

Khanmigo (aa 6aze GPT-4) BricTymaer BUPTyaIbHBIM HACTABHUKOM, BEJSl IUAJIOT C YYCHHKOM
U TOJTAIIKUBAsi K CAMOCTOSTEIbHOMY pellieHuto 3a1ad. [6] Ho, k cokaneHuro 3TO Mmoka HEJAOCTYITHO
JUISL HAllleW CTpPaHBI.

Moodle ¢ nmmarmHom Al mMo3BOJSIET MpemoaaBaTeNisiM CO3/1aBaTh aallTUBHBIE TECTHI, KOTOPHIE
MEHSIIOT CJI0)KHOCTh B 3aBUCUMOCTH OT PE3yJAbTaTOB CTYIEHTOB. [1]

VR/AR-naboparopuu (Hampumep, BHPTYalIbHbIE XUMHYECKUE DKCIICPHMEHTHI) IO3BOJISIOT
MOBTOPATH IPAKTUYECKHUE 3aJaHUS 10 TOCTHKEHU S pE3ylbTaTa, MepCOHAIU3UPYS TEMIT 00yueHus.. [6]

PacnioznaBanue smoumii. Kameper ¢ MH-00paboTkoil BUIEO B ayIUTOPHUSIX OTCIIEKHBAIOT
YPOBEHBb BOBJIEYEHHOCTH CTYACHTOB, IOMOTast IIPEMOIaBaTeIsIM KOPPEKTHPOBATh opMar ypoka. [2]

I'pynmoBoe oOydenune. MM dopmupyer komaHapl Ha OCHOBE HABHIKOB, MHTEPECOB M POJICH
YYaCTHHKOB, a TaKoKe aHAIN3UPYeT HPPEeKTUBHOCTh MX B3aUMOAEHCTBU . [4]
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Buptyansusie arenthl. NH-mepcoHa)ku BBICTYMAOT B POJIM TPEHEPOB WM JIMAJOTOBBIX
napTHEPOB, UMUTHPYS pealbHbIe CIIEHAPHUH I OTPAOOTKH HABBIKOB. [4]

NmeroTces crenyronme npoodaemMbl U OTpaHUYEHUS.

DTHUYECKHE AacCMeKThl: HEOOXOTUMOCTh 3aIlMThl JAHHBIX CTYJIEHTOB U MPEeAOTBpAILCHUS
QITOPUTMHUYECKON TpeAB3SITOCTH. [11]

3aBUCHMOCTh OT KauyecTBa NaHHBIX: d¢dekruBHOCTs MM 3aBHCHT OT 00bEMA W TOYHOCTH
MHQOpMAIIUU O CTyJCHTaX.

Puck 3amensl yenoBeueckoro ¢akropa: MM nomkeH MONHOCTBIO HE 3aMEHATh YYUTENs, a
BBICTYNATh UHCTPYMEHTOM JJIsl ONITUMHM3aLUK PYTUHHBIX 3a/1a4. [6]

O6uaynsie miatdopmel ¢ MU ynydmaioT opraHusanuio yaeOHON esTebHOCTH:

dopmupoBaHUE TPYII: aJTOPUTMBI MOJOUPAIOT CTYAEHTOB IO YPOBHIO 3HAHUW, POJSIM B
KOMaHJIe M MHTEpecam JJIsI COBMECTHBIX MHpoekToB. Mopepanus auckyccuii: MU ananmusupyer
KOMM YHUKAIIUIO B TPYIIIAX, BBIABIISASA KOH (WIM KThI, OTKIIOHEHHUS OT TEMBI MJI MOBTOPSIIOIIMECS OIMOKH,
YTO IMOMOTAET MPENoiaBaTelIsiM BMEIIMBATLCS BOBpEM. [4]

ABtoMaruzarus aamuHucTpupoBanus: MM renepupyer mabnonsl mHppacTpykrypbl (1aC) u
HAcTpauBaeT TMOJUTHKM O€30M1aCHOCTH, YIpollas yhpaBieHUue obOmaunbiMu cperamu st IT-
CIICIIHAIMCTOB. [5]

NN Gepér Ha cebs mpoBepKy paboT, aHAJIM3 OIMOOK W TPEAOCTaBJICHHE OOpPaTHOW CBSI3H,
0CBOOOXK/1as1 TperoAaBareselt Uil TBOpUecKuX 3a1ad. [4] Hanmpumep, cucteMbl MallMHHOTO 00y4YeHUs
MOTYT OLI€HHWBATh 3CCE, BBISBIISIA MOBTOPSIONMECS OMMOKA WM OTKIOHEHHUS OT TEMBl, a 3aTeM
TEeHEPUPOBATH PEKOMEHAAIIUM IS CTYICHTOB. [5]

VY nanenHoe o0ydyeHre 1 COBMECTHasA paboTa

O6uiaunble muaThopMbl OOECIEUMBAIOT AOCTYIl K pecypcaM M3 JH000H TOYKM MHpa, UTO
0COOEHHO BaXKHO JUIA AUCTAaHIIMOHHOTO 00ydeHus. I nomomHseT 3TO mpernMyIecTBo.

AHanu3 BOBJICYEHHOCTHU: CHUCTEMbl pAcCIO3HABAHMUS JIMII M KOMIIBIOTEPHOTO 3pEHUs
OTCIICKUBAIOT SMOIIUU CTYIAEHTOB, ITO3BOJISIS IPEMNOIaBaTENsIM KOpPEKTHpoBaTh opmar ypoka. [2]

OGnaynple XpaHWJIWIR: JOaHHble, Moaenn MW wu  ydeOHble MaTepuanbl XpaHSTCA
LEHTPAIM30BAaHHO, YTO YIIPOLAET COBMECTHYIO paboTy mpenojaBaTesieil v CTyIeHTOB. [7]

DKOHOMHUS PECYPCOB U OE€30MaCHOCTh

Hcnonb3oBanue obnaunbix pemeHuit ¢ MM cHukaer 3aTparsl Ha HHPPACTPYKTYPY:

[TnaTexxn 1O MOTPEOJICHHUIO: KOMIIAHMM IUIATST TOJBKO 32 (DAKTUYECKH HCIOJIB30BaHHBIC
pecypcehl, a HE CoIepkKaT «MepTBbIe» cepBepbil.

3anmTa JaHHBIX: POBaiepbl OOJIAYHBIX CEPBUCOB OOECHEUMBAIOT PE3EPBHOE KOMHMPOBAHUE,
3anmTy oT DDoS-arak u pazrpaHM4eHue NpaB A0CTyIa, MUHUMU3UPYS PUCKH yTedek. [7]

Ms1 ucnonszyem Google ®opmbl i pazIudHbIX 00pa3oBaTeNbHBIX II€Nel, HallpuMep, Mpu
IPOBEPKE 3HAHUU CTY/IEHTOB, IPOBEICHUH ONPOCOB U OPraHU3aLUH TUCTAHIIMOHHOTO OOYYEeHHSL.

OO6umit Bua sxpana Google @opm ynoOeH W TOHATEH, YTO IMO3BOJIAET JIETKO CO3/1aBaTh W
penaktupoBath (opMbl 0e3 crnenuanbHbIX 3HaHUN. DOpMBI JOCTYNHBI B JII000€ BpeMsi CYTOK U
MO3BOJISIET CTYACHTaM padoTaTh C HUMH B Jt000€ BpeMs M W3 JIOOOro MecTa. ABTOMaTHYecKas
MPOBEpPKa TECTOB U cOOp JTAHHBIX COKPAILIAIOT BpeMs Ha OLEHKY 3HaHUU 1 00pabOTKy pe3yJabTaToB.

B Google ®opmbl MOXHO BBECTH pPa3MUYHBIE THUIIBI BOMPOCOB, BKIIOYAs TEKCTOBBIE OIS,
4eKOOKChI (OTMETUTD BCE MOJXOASIIME BAPUAHTHI), BHIMAIAIONIE CIIHCKA U IIKAIBl. MOXKHO CO3/1aTh
TECThI U IPOMEKYTOUHBIX KOHTPOJIEH IS OLIEHKH YCBOCHHMS MaTepuala.

Huxe mpuBeneH mpumep co3laHUs HOBOW (POPMBI ¢ MCIIOIB30BAaHUEM TECTOBBIX BOMPOCOB IO
npenmety «Mcropust u meto nonorus wH Gopmatrkn» (“History and methodology of computer science™)
JUISL CTYZIEHTOB-MaructpanToB Kuras.

60



Bonpocst  Otsets  Hactpoitku

e | e m—

E Hosaadopma [OJ v

D Tema X

Hosasi popma

Crunb TekcTa

“History and methodology of computer science” BepxHuit KONOHTUTYN

Roboto v 24 ~
Doing sums is very boring. The same B © ommmcnmcka - onpee
applies 1o repetitive calculations. The chief ® Roboto v
Babylonian accountant had a similar g
problem, so he asked his technicians to Texer
come up with something that would help Tr Roboto v 1~
him with his calculations. What was the &
name of the computing device that first
appeared in Babylon? & BepxHuit KONOHTUTYN
=]
& Usobpaxenmes.. X
Succubus X
Aardvark X Liger
Abacus X ° . . @
0

Puc.1. CamocTosiTesibHOe co3nanne (opmbl

Hmoxe MpUBCACH ITPUMEDP CO3JaHHNA TCCTAa C BaApUaHTAMU OTBETOB

Bonpocst  Oveetsi  Hactpoiku

a Hosasdopma [ vr [

be the first digital computer in 1642?

René Descartes
Isaac Newton

Analytical Engine

®

E] @ 0OfuH 13 cnucka v

o>

The next major step in the automated
computer was the development of T
something that was widely used for

nearly a hundred years. What did &
Herman Hollerith develop in 18907 O]
=2
(=]
Papier mache X
Ticker tape X
@
Punched cards E x

Puc. 2. Co3nanne TecTOBBIX BOIPOCOB ¢ BADUAHTAMH OTBETOB

3aTreM TecT OTIPABIIAETCS CTYAEHTaM-MarucTpaHTaM 10 YKa3aHHOM CCBLIKE:
https://docs.google.com/forms/d/e/1F AlpQLSd59EyZsal PeQV-
MQHVAGMeu0GTWVQ4xN xqJh5aVm927jQCw/viewform?usp=header

Huoxe nmpuBeneH npuMep NoJiydeHHbIX OTBETOB OT CTY/IEHTOB-MarucTpaHTOB
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Puc. 3. OTBeTHI, MOJy4YeHHbIE OT CTY/I€HTOB

Mer mMoxeMm wucrnosb3oBath Google ®opmbl s CO3/1aHUSI OHJIAWH-TECTOB C
aBTOMAaTUYECKOM MPOBEPKOUN OTBETOB. JTO SKOHOMHT BpPEMS Ha OLIEHKY U IO3BOJISIET
CTYJIEHTaM BUJETh PE3YyJbTaThl Cpa3y NOCJE NPOXO0KIECHUS TECTA.

O6maunpie HMHU-mopenu: mpoBaiiiepbl MpearaloT TOTOBbIE MOMYIHA TS
00pabOTKM ©CTECTBEHHOT'O SI3bIKA, KOMIBIOTEPHOTO 3pEHUS WIM aHajiu3a JaHHbIX,
KOTOPBIE MOYKHO UHTErPUPOBATh B 00pazoBarebHble I1aTopMsl. [11]

Nurennexryanpable cucteMbl 00ydenus: MU dopmupyer nepcoHamm3upoBaHHbIE
yueOHbIE TUTaHBbI, aHATU3UPYET PE3YNbTaThl TECTOB W MpENJiaraeT PEeKOMEHIAIUHN IS
yiIydiieHus. [4]

Wuterpammss M B o0nauHble TEXHOJOTUMU PEBOJIIOLMOHM3UPYET OOpa3OBaHMUE,
aenasi ero 0oJiee MepPCOHATM3UPOBAHHBIM, YPPEKTUBHBIM U JOCTYIMHBIM. DTH PEIICHUS
HE 3aMEHSIOT YeJoBeYeCKWid  (akTop, a CTAHOBATCS HMHCTPYMEHTOM  JIA
npenojaBaTesieid, MoMoras UM COCPEIOTOUMNTHCS HAa TBOPUECKHUX 3ajadax, a CTyJeHTaM
— Ha rIyOOKOM NOTPY>KEHUU B MaTepHal.

Taxum obpazom, unrerpauus M B oOnauHble TEXHOJIOTHH CO3/1aET OCHOBY JJIS
rUOKOT0, TMEPCOHAIM3UPOBAHHOTO M IKOHOMHUYECKH d(PPEKTUBHOTO 0OpazoBaHMs, TAC
WHHOBAIMM JOCTYIHBI Jake HEOOJbIMM yupexaeHusaM. OOslauHble TEXHOJIOTUU
MO3BOJISIIOT CO3/J]aBaTh BHUPTYyaJIbHBIE KJIACChl, CHCTEMBbI YIpPAaBJICHUA OOyYEHUEM U
obecreumBaOT JOCTYNl K oOpa3oBaTelbHBIM pecypcaM H3 JIO00W TOYKH Mupa.
Wuterpammst UM ¢ 06ma4HbIMU TEXHOJIOTHSIMU TIO3BOJISIET ONTHUMH3UPOBATH TPOIIECC
oOydeHus, caenath ero 0oJiee MHTEPAKTUBHBIM M JIOCTYHHBIM JUJISI CTYAEHTOB. DTO
OTKPBIBAE€T BO3MOHOCTH JUIsl pa3pabOTKU HMHIMBUAYaJIbHBIX 0Opa3oBaTelbHBIX
Iporpamm, aBTOMaTU3alMK IPOBEPKHU 3a/1aHUI U CO3/1aHuUs HOBBIX (DOPM 00yUeHusl.

B mnenom, coueranme oOmauyHeix TexHoiormid u MM wnMmeer mnoTeHIMAN
PEBOJIIOIMOHM3UPOBaTh 00pa3oBaHue, caenaB ero 0osiee 3PPEeKTUBHBIM, JOCTYITHBIM U
NEPCOHATU3UPOBAHHBIM. DTO HANpPaBJICHUE Pa3BUTHs 0Opa3zoBaHMs OOEIIAET MPUHECTU
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3HAYUTEIbHbIC MPEUMYIIECTBA KaK y4alllUMCs, CTYyIEHTaM, TaK U NperojaBaTessM, U
OyJeT urparth KIH04YEBYIO pOJIb B hOPMHUPOBAHUH OYTyIIIero oOpa3oBaHUsI.

Pe3ynbratel ucciaenoBanusi 1EMOHCTPUPYIOT, 410 MW B 00JIa4HBIX TEXHOJIOTHIX
3HAUUTENBHO MOBBIIIAET JOCTYNHOCTh U 3((HEKTUBHOCTH OOpa3oBaHus, Jieias ero 0oJiee
JOOCTYIHBIM JUI CTYICHTOB U3 Pa3HbIX PETMOHOB U COIMAIbHBIX IPYII. JTO 0COOECHHO
aKTyaJIbHO B YCJIOBHUSIX COBPEMEHHOI0 LU(POBOrO MHUpA, Ie JOCTYI K KaYeCTBEHHOMY
00pa3oBaHUIO CTAHOBUTCSI BCE 00JIee BAXKHBIM.

Hecmotps Ha Bce mpeumymectBa MM 1 001a4HBIX TEXHOJIOTHIMA, Y€IOBEYECKUN
dakTop ocTaeTcs He3aMEHUMBIM B oOpasoBanuu. [IpenomaBarenu UrparoT KIHOYEBYIO
pOJIb B MOTHUBAIMH, NOJIEPKKE U Pa3BUTHU TBOPUYECKHUX CIOCOOHOCTEN ydaluxcs U
ctyaeHToB. MM cTaHOBHUTCS HMHCTPYMEHTOM, KOTOPBIH IMOMOTaeT MperoaBaTeisim
caenarb 00pa3oBaHUe JIy4llle, HO HE 3aMEHSIET HX.

Takum oOpazoMm, coderanme WM u 007aYHBIX TEXHOJOTHMM HE TOJBKO
ONTUMU3HPYET 00pa3oBaTelIbHbIN MPOLECC, HO U YCUIMBAET POJb MpernoaaBaresieil Kak
MPOBOJIHUKOB U HACTABHUKOB B 00yYEHHH.
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NWINM U ’KAHA BUWJINM BEPYYHY OHYKTYPYY/IO KACAJIMA UHTE/UVIEKTTHH
POJIY
POJIb UCKYCCTBEHHOI'O UHTEJIJIEKTA B PABBUTUHN HAYKHW U OBPA30OBAHUA
THE ROLE OF Al IN THE ADVANCEMENT OF SCIENCE & EDUCATION

Kbickaua myHesneme: XKacanma unTemuiekt (JKI) — Oyn Te3 eHYryn Kene jKaTkaH TapMak, al
MalMHaNapra oKyy, JIOTHKaJIbIK OM JKYTYPTYY JKaHa KeHTreHaepAy 4euyy ChIIKTYY CAITTYyy TYpAe ajaMm
aKbUIBIH Tajan KblUITaH TalllbIpManapiel aTkapyyra MYMKYHAIyK Oeper. XKW 3amanOan kooMzio
HaTBIKATYYTyKTy JKOTOpYIaTyy, TaTaajl IMPOLECCTEPAM AaBTOMATTALUTBIPYY jKaHa WHHOBAaUsIapi bl
KaMBIITYy MEHEH ueuyydy posay oWHOWT. Mnumpae sxana Owmm OepyyAe jkacaiMma HHTEIIEKT
U3UJI166 METOJIOJOTUSCHIH KaHAa OKyy TaXphlOachlH e3repTyl, OWIMMIM SKeTKMJIMKTYY KaHa
JKEKEJICIITUPUIITeH KblIaT. byn Makanaga JKacaiMa MHTEIUIEKTTHH YIIYI TapMakTapra THUIW3TEH
TaacupH, aHbIH KOJJOHYIYIY, KOWreiaepy aHa KeJedyeKTern Keieuern Oaca OenruiieHer. Makanmaga
OLLOHJION 3Ji€ THKAJIBIK Macejenep, MaanbiMarTapasl koproo xaHa JXVHUH eHYTYYCYHYH Keleyeru
CBISIKTYY AacHekTTep Jarbl TajkyyraHar, omonHaod »sie JKWHuH wium jxaHa OwmM Oepyy
4O POCYHOry poJly *aHa KeJIeYeKTerH MYMKYHUYJIYKTOPY KOPCOTYIIOT.

AnHotamms: VckycctBenHbIH nHTENIeKT (M) — 3T0 ObICTpO pa3BHBaro@ascs 001acTb, KOTOpas
MO3BOJISIET MAallMHAM BBINOJIHATH 3aJa4d, TPAAUIMOHHO TpeOylolMe YeIOBEYECKOr0 HMHTEIIEKTa,
Takhe Kak oOydeHHe, JJOTMYeCKOe MbIIUIeHHe M pemeHue npodieM. MM urpaer wirodeByro poiib B
COBpPEMEHHOM 0OIiecTBe, MOBBIIMEAS 3(PHEeKTUBHOCTh, ABTOMATU3UPYS CJIOXKHBIE MPOLECCHl U
CTUMYIMPYS MHHOBaLMU. B Hayke 1 00pa30BaHUU MCKYCCTBEHHBIH MHTEJUIEKT U3MEHSAET METOOJIOTHHI
UCCIIeIOBaHUM 1 yueOHBIH Ipolecc, Aenast 3HaHu s 00Jiee JOCTYIHBIMU U NEPCOHAIM3UPOBaHHBIMU. B
CTaThe PACCMATPUBACTCA BIMSHHUE HCKYCCTBEHHOTO MHTEIEKTa B 3THUX cdepax, ero nmpuMeHEeHHeE,
poOJIeMBI U MEePCIIEKTHBHI Ha Oynyiee. Tawke 00CyKIAr0TCsl STHYECKHE BOTIPOCHI, 3alUTa TaHHBIX U
Oynymee pasButus MU, a Taxke ero poJjib U BO3MOKHOCTHU B HayKe M 00Opa30BaHMHU.

Abstract: Artificial Intelligence (Al) is a rapidly evolving field that enables machines to perform
tasks traditionally requiring human intelligence, such as learning, reasoning, and problem-solving. Al
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plays a key role in modern society by enhancing efficiency, automating complex processes, and driving
innovation. In science and education, artificial intelligence transforms research methodologies and the
learning experience, making knowledge more accessible and personalized. This article explores the
impact of artificial intelligence in these areas, its applications, challenges, and future prospects. It also
discusses ethical issues, data protection, and the future development of Al as well as its role and
potential in science and education.

Herusru ce3aep: xacaiMa MHTEIUICKT; UIMM; OMIMM Oepyy; STHKaIBIK Macenenep; AlphaFold.

KiroueBble c€JI0Ba: WCKYCCTBEHHBIM HHTEIUICKT, HayKa;, OOpa30BaHHE, 3TUYCCKUE BOIPOCHI;
AlphaFold.

Keywords: artificial intelligence; science; education; ethical issues; AlphaFold.

1. Introduction

Artificial intelligence (AI) has revolutionized various fields, particularly science and education,
by enhancing research capabilities and transforming learning methodologies. Al enables efficient data
analysis, automates scientific research, and facilitates groundbreaking discoveries. In education, Al-
driven personalized learning, automated assessment, and intelligent content development improve
student engagement and learning outcomes. However, the integration of Al raises ethical concerns,
including bias, privacy, and transparency. This paper explores the impact of Al on science and
education, highlighting its applications, ethical implications, and future potential to drive innovation
while ensuring responsible use.

2. Al in Science

2-1. Data Analysis and Prediction

Al has revolutionized data analysis in scientific research by processing vast datasets quickly and
accurately. Machine learning algorithms identify patterns in complex data, enabling predictive
modeling in fields such as climate science, genomics, and physics. Al assists in medical research by
detecting diseases through imaging analysis and enhances climate modeling by predicting weather
patterns. Al-driven computational models also contribute to understanding large-scale data in
neuroscience, physics, and astronomy. The ability of Al to analyze and extract meaningful insights
from complex data sets allows researchers to make evidence-based decisions with greater accuracy.

2-2. Research Support and Automation

Al streamlines scientific research by automating routine tasks such as data collection,
experiments, and literature reviews. In pharmaceutical research, Al-powered robots accelerate drug
discovery, while in astronomy, Al processes telescope data to identify celestial objects. Al-powered lab
automation enhances experimental efficiency by reducing errors, improving accuracy, and accelerating
the pace of scientific discoveries. Al systems also assist in reviewing and summarizing scientific
literature, enabling researchers to stay updated with the latest advancements in their field. These
advancements free researchers to focus on hypothesis generation and critical analysis.

2-3. New Discoveries and Innovations

Al drives scientific breakthroughs by generating insights and optimizing research processes.
AlphaFold, for example, solved the challenge of protein structure prediction, revolutionizing medicine
and biotechnology. Al also advances materials science by predicting new material properties,
contributing to sustainable energy solutions and technological innovation. Al-driven simulations and
predictive modeling have enabled researchers to test hypotheses in virtual environments before
conducting real-world experiments, thus saving time and resources. Al's potential in scientific
exploration is further evident in its role in space research, where it aids in the analysis of planetary data
and the automation of satellite systems for deep-space exploration.
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3. Al in Education

3-1. Customized Training

Al enables personalized learning by adapting educational content to individual student needs.
Intelligent tutoring systems provide real-time feedback, and adaptive learning platforms adjust lesson
difficulty based on student progress. Al-powered virtual classrooms and Al-driven language learning
applications cater to diverse learning needs, making education more inclusive. These technologies
enhance student engagement and improve learning outcomes by catering to diverse learning styles. Al
helps identify learning gaps in students and tailors study materials accordingly, ensuring efficient and
targeted learning experiences for students at different levels.

3-2. Development and Management of Learning Materials

Al automates content creation and curriculum design, generating practice questions, quizzes, and
summaries. Al systems analyze student interactions with learning materials to identify knowledge gaps,
allowing for continuous curriculum improvement. Al-driven platforms assist educators in designing
and structuring courses by offering insights based on student performance analytics. With Al,
institutions can develop adaptive curricula that evolve based on student needs and changing educational
trends. Al-generated course materials, such as interactive simulations and virtual labs, enhance
practical learning experiences, making abstract concepts more accessible.

3-3. Evaluation and Feedback System

Al streamlines assessment by automating grading and performance analysis. Al-driven grading
systems provide instant feedback, enabling students to learn from mistakes in real time. Learning
analytics tools identify struggling students and recommend targeted interventions, improving
assessment efficiency and student support. Al-powered plagiarism detection tools help maintain
academic integrity by identifying instances of copied content. Additionally, Al-based examination
systems offer remote proctoring, allowing for fair and unbiased assessment even in online learning
environments. By leveraging Al for evaluations, educators can focus more on mentoring and providing
deeper insights into student progress.

4. Ethical Considerations and Future Prospects

4-1. Ethical Issues

The integration of Al raises concerns about bias, privacy, and accountability. Al models may
inherit biases from training data, leading to unfair outcomes in research and education. Transparency in
Al decision-making is essential to maintaining trust and fairness. Additionally, data privacy concerns
must be addressed to protect sensitive student and research information. The ethical use of Al in
scientific research also extends to ensuring that Al-generated results are reproducible and that human
oversight remains in place to prevent erroneous conclusions. Ethical Al implementation in education
requires continuous monitoring to ensure that Al does not reinforce inequalities or limit access to
diverse learning perspectives.

4-2. Future Prospects

Al's future in science and education is promising, with advancements expected to enhance
research capabilities and learning experiences. Al is likely to automate complex experiments and assist
researchers in hypothesis testing. Al-powered discovery engines will continue to accelerate knowledge
generation in diverse scientific fields, contributing to breakthroughs in medicine, climate science, and
engineering. In education, Al-driven learning environments will integrate virtual reality and intelligent
tutors to provide personalized instruction. Al will likely become an integral part of lifelong learning,
supporting skill development and professional growth. However, human oversight remains critical to
ensure Al complements, rather than replaces, human expertise.
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5. Conclusion

Al has emerged as a transformative force in both scientific research and education, fundamentally
enhancing the capabilities of each. In science, Al systems accelerate data analysis, automate
experiments, and even contribute to groundbreaking discoveries, thereby expanding the reach of human
inquiry. In education, Al enables personalized learning, efficient content development, and timely
feedback, helping to tailor the educational experience to individual student needs. These advancements
illustrate the profound role Al plays in advancing human knowledge and skills. At the same time, the
integration of Al comes with important responsibilities. Ethical considerations such as ensuring
fairness, protecting privacy, and maintaining human oversight are paramount to leveraging Al’s
benefits without unintended harm. The full potential of Al in science and education will be realized
only through careful stewardship that addresses these concerns. Moving forward, it is clear that Al will
continue to drive innovation in how we conduct research and how we teach and learn. By embracing Al
as a complementary tool — and not a replacement for human scientists and teachers — society can
harness its power to further scientific discovery and provide high-quality education to learners
everywhere. In summary, the role of Al in the advancement of science and education is both pivotal
and promising, and with ethical and thoughtful implementation, Al can significantly contribute to
human progress in the coming decades.
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ANALYSIS OF METHOD AND ALGORITHMS FOR SITUATION RECOGNITION

Kbickaua wmynesneme: Kbippaannpl TaaHyyHyH canaThblH KBaJUMETPUSUIBIK 0aalOOHYH
aKTYaJIAyylTyTy alblHTaH JKbIHBIHTHIKTAPABIH HETU3WHJIE Tyypa e Tyypa dMeC YeunM KaObUl anyy
TOOOKENIUKTEPU MEHEH TY3/1eH-TY3 Oailyanbiryy. MaceneHn uyedyy »aHa TaaHyy LIapTTapbl Tajlamn
KbUJIBIHTAH TapMaKTapAblH ap TYPAYYIYTYH 3CKe allyy MEHEH, KbIp/laa bl TAAHYYHYH calaThlH 0aanoo
MacCeJICCu TaTaall MYHO3Io 233 60nyr1, YHUBCPCAIAYY, TaK WIAMUI HCIN3ACJITCH Y€YNMU KOK, 6I/Ip0K
azaM HMIIMEpAYYJTYTYHYH KOITereH TapMakTapbl YUYYH eTe MaaHuiyy Oonyn cananar. Kanpail rana
TaaHyy aJITOPUTMU K€ TaaHyy CHCTeMachl 00JI00CYH, YeUrM KaObLI allyy dPEKECHHHUH caraThl KaHa
AHbl HIIKEC AaUBbIPYYHYH HWIICHUMAYYJYTY, TaKTall aﬁTKaHI[a, KbIpZAaaJiAbl TaaHYYHYH 6epnnreH
camaThlH ajlyy BIKTBIMAJIJBITBI MEHEH MYHe371e1eT. OKyTyydy TaaHYy CUCTEMAachlH Kypyy MacelecH,
OKYyTYy KaTapblHJa OKYTYY IMPOLECCHUHJIE OCpUIreH HIICHUMIYYJIYK MEHEH camarbl OelTuJIeHIeH
JICHI3J1/1eH TOMOH 0051001 TypraH uyednM KaObUl ajyy 3peXeCUH allyy 3apbUlIbITbIHA OaiJIaHBIIITYY.
Omon »1e ydypaa, 3amaHOanm TaaHyy CHCTEMallapblHBIH HETW3TU camar KepCOTKYYTOPYH ICENToo
Taraajg Macesne Oojyn caHaiar. bynm wWinTre Kelpaaaiaabpl TaaHYYHYH camaTrblH 0aaJIoOOHYH HETH3TH
KOPCOTKYUTOPY KaHa ajJlapbl 9CCIITOO bIKMAJIAPbI 6epI/IJII‘CH.

AHHOTAUMA: AKTYaJbHOCTh KBAJIMMETPUU KAaYeCTBA PACMO3HABAHMS CUTYallMH HaMpPSMYIO
06}7CJ'IOBJ'ICH8_ PUCKaMH IMPABHUJIBbHOI'O UJIW HCIIPABUIbHOI'O IIPUHATHUA peH_IeHI/Iﬁ Ha OCHOBC ITOJYYCHHBIX
pe3yabTaTOB B 33JaHHOM MpeIMETHOH o0macTu. A yduThIBas pazHooOpasue obiacteil, TpeOyrommx
pemieHusl 3a7add M YCJIOBWUM paclio3HaBaHWs, NpoOJeMaTHKAa OIIEHKA Ka4decTBa paclo3HaBaHUs
CI/ITyaLII/Iﬁ CTaHOBUTCA KOMHJIGKCHOP'I, HEC I/IMCIOH.[C?I YHUBCPCAJIBHOI'0 CTPOIro HAy4YHO 000CHOBAHHOTO
peLIeHHs], HO KpUTHYECKH BAXKHOU JJIs1 MHOTUX c(ep uesoBedeckoil nesrenbHocTH. JIFo0oil anroputm
pacCiio3HaBaHHA WJIM pacClo3HAromaA CUCTEMa XapaKTCPpU3YCTCA KauC€CTBOM PEHIAIOIICTO IIpaBUJia U
HaJAC)KHOCTBIO €ro JOCTUIKCHUSA, T. €. BCPOATHOCTBIO ITOJIYYCHUA 3a/ITaHHOI0 Ka4CCTBA PACIIO3HABAHUA
cUTyaluid. 3amada mocTpoeHUsl oOyJaroIell pacrmo3HAIOICH CUCTEMBbI CBOAMTCS K TOMY, YTOOBI B
nmporecce OOydeHHsI MO O0ydaromield MOCIIeIOBATEILHOCTH OBbUIO TMOJYYEHO pEIIarolee MpaBuilo,
Ka4C€CTBO KOTOPOTO C SaﬂaHHOﬁ HaACXKHOCTBIO ObLIO OBl HE HUXKE 3aJaHHOTIO. Memny TEM pPacydeT
OCHOBHBIX ITOKa3aTejaell KadecTBa COBPCMCHHLBIX PACIIO3HAOIIMX CUCTCM SBJISICTCA HGTpPIBPIEUIBHOfI
3amaveil. B HacTosiei paboTe npeacTaBieHbl OCHOBHBIC ITOKA3aTENN OIEHKH KaueCTBa paclio3HaBaHUS
CI/ITyaLII/II\/’I 1 METOAbI UX BBIUMCIICHUM.

Abstract: The relevance of qualimetry in situation recognition quality is directly determined by
the risks associated with making correct or incorrect decisions based on the obtained results in a given
subject area. Considering the diversity of fields requiring problem-solving and recognition conditions,
the issue of assessing situation recognition quality becomes complex, lacking a universal, strictly
scientifically justified solution, yet remaining critically important for many areas of human activity.
Any recognition algorithm or recognition system is characterized by the quality of the decision rule and
the reliability of its achievement, i.e., the probability of obtaining the specified quality of situation
recognition. The task of building a training recognition system comes down to ensuring that, during the
training process using a training sequence, a decision rule is obtained whose quality, with a given
reliability, is not lower than the specified level. Meanwhile, calculating the key quality indicators of
modern recognition systems is a non-trivial task. This paper presents the main indicators for assessing
the quality of situation recognition and the methods for their computation.

Hermsrm ce3gep: TaaHyy, KblpJaan o0Opasbl, TaaHYyHYH HILIEHUMAYYJIYTY; KBaJIMMETPHS;
KIacCH(UKAIIKS; JKacaaMa MHTEIUIEKT; bIKMaap.

KiroueBble cioBa: pacrno3HaBaHue; o00pa3 CUTyallMd; JIOCTOBEPHOCTb pacIO3HABAaHUS;
KBAIMMETpPHUSI; KiIaccu(PUKaIus; UCKYCCTBEHHBIN MHTEIUIEKT; METOIbI.
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AKTYyanbHOCTh KBAJIMMETPUM KauyecTBa pACIO3HABAHUS CUTYyallMii HanpsMyl0 0OyCIOBJIeHA
PHUCKaMU MPABUIIBHOTO WJIM HEMPAaBUJIBHOTO MPUHSTHS PEIeHUH Ha OCHOBE MOJMYYEHHBIX Pe3ylbTaToB
B 33JTaHHOUM TIPeIMETHON 00acTh. A yIUTHhIBask pasHOOOpa3ue ooacTeit, Tped yIo M X peIICHUS 3a1a9H
U YCIIOBUH pacro3HaBaHUs, NMpoOieMaTHKa OLIEHKUA KauecTBa pacllO3HABaHWs CUTYallMM CTaHOBUTCS
KOMIIJICKCHOM, HE MMEIOIEH YHUBEpPCATbHOTO CTPOTO HAay4HO-OOOCHOBAHHOTO pEIeHHUs, HO
KPUTHYECKU BAXKHOM /11 MHOTUX C(ep YeIOBEYECKOH N1eSTeNbHOCTH.

Heonpenenennocts no0aBiseT TOT (JaKT, YTO MHOTHME 3aJauyMd paclio3HaBaHUs TpedyeTcs
pemarh ¢ npuBJiedeHneM (QyHKIIUU 000OLICHUS U HEMTMHEHHOW MHOTOMEPHOW MHTEPIIOJSLNHU, TO €CTh
pacrno3HaBaTh OOBEKTHI MJIM SBJICHUS, HE HaOJtoaBIMecsl paHee B oOydarolel BbIOOpPKe, €clii pedb
uaer 00 oOydaronmXcsl CUCTeMax paclo3HaBaHUS «CUIBHOIO» MCKYCCTBEHHOTO HMHTEIIEKTa. XOTs
TEPMUH «K1accu UKarus» 37eCh HE TNPUMEHUM, TaK KaK KiIacCHuKanmuss — 3TO pa3OueHue
(TakcOHOMHUS) M OTHECEHHME K 3aJaHHOMYy. B Hamem ciydae WcKoMas pacrno3Hawm@as (yHKIHAS
MCKYCCTBEHHOTO HMHTEJUIEKTa peaju3yeT aBTOMAaTHUYECKUM CHHTE3 ONMCaHMs HOBOTro oOpasua Mo
BXOJIHOMY KOPTEXYy HEHAOJI0JaeMbIX paHee NMpU3HAKOB cuTyaunu. «He HaOmomaeMbIx paHee» -
OTHOCHTCA KaK K aOCOJIOTHBIM 3HAYEHHSM Ha BXOA€ WHQOPMALMOHHOM CHUCTEMBl, TaK M HUX
KoMOMHanusAM. 1 kak OlleHMBaTh OTBET — Pe3yJbTaTa «Paclo3HaBaHM» HA CHHTE3UPOBAHHBINA 00pa3 —
METO/IOB HE CYIIECTBYET.

Pacrnio3HaBaeMble 00pa3bl 00Ja1al0T XapaKTepHbIM CBOMCTBOM, MPOSBJISIOLMMCS B TOM, YTO
O3HAKOMJICHUE C KOHEYHBIM YUCIIOM SIBJICHHI M3 3TOT0 MH0’KECTBA J1a€T BOZMOXKHOCTh y3HaBaTh CKOJIb
YTOJHO OONBIIOE YHCIO €ro MPeACTaBHTENeH, TO ecTh 00pa3 — 3TO THIIMYHBIN, XapaKTepHBIH
IpeICTaBUTENb, B OOILIEM clydae, OECKOHEUHOIo 4Hcia MapaMeTpU30BaHHBIX O00bEKTOB. bymyun
OoTpakeHHEM OOBEKTHBHON peabHOCTH, MOHSATHE 00pa3a CTONb XK€ OOBEKTHBHO, KaK W cama
pPeaTbHOCTh, U MOXET OBITh MPEICTABICHO B TEPMHHAX rOMOMOp(H3Ma, TaKk KaK OHO OIpeerseT
co0Ol OTHOILIEHHE MEXY 00BEKTaMU MHOXECTB, IIPU KOTOPOM OJJHO MHOXECTBO SIBJISETCS MOJIEINIBIO
apyroro. [4; 5]

[Toka3aTens kauecTBa pAcCHO3HABAaHUS CHTYAI[Md — 3TO KOJHYECTBEHHAs XapaKTepPHCTHKA
OJTHOTO HWJIM HECKOJBbKUX CBOICTB IIpollecca pacloO3HaBaHUSA, COCTaBJSIIONMX €€ KadecCTBO,
paccmaTrpuBaeMasi IPIMEHHUTEIBHO K OTPEACICHHBIM YCIOBUSM CUTYaIIHH.

Iloka3aTenn KayecTBa IPOLECCOB pPACHO3HABaHUS MOJPA3ACISAIOT HA  MHTErpalibHBIE,
eIMHUYHBIE U KOMILJICKCHBIE.

WHTerpanpHbId  MOKa3aTeNlb KadecTBa ONM30K 1O CBOEMY CMBICAY K IIOKa3aTero
3G PEKTUBHOCTH PACIO3HABAHUSA U OIPENEIIAeTCA KaK OTHOIIEHUE CyMMAapHOIo M0JIe3HOro 3¢ dekra ot
BBINIOJIHEHUS OlEpalliyd pPaclio3HaBaHUs K CYMMapHBIM 3aTparaM Ha €€ IPOCKTUPOBaHHE U
IIPOBEJICHHE.

EnyHUYHBIMY TOKa3aTeNsAMH KauecTBa Paclio3HaBaHUS ABJISIOTCS |

- mapaMeTpsl (PyHKIIMOHAIBHOTO MCIOJIB30BAHMUS,

- TEXHWYECKHE M JKCIUTyaTallHOHHBIE TapaMeTphl, K YHCIy TAKOBBIX MOTYT OBITh OTHECEHBI:
JIOCTOBEPHOCTh MH(GOPMAIIMM U BEPOSTHOCTH OMMOOK pacmo3HaBanus Buzaa (i, j), 0e30TKa3HOCTbH
MPOLEAYp pacro3HaBaHUs, HAICKHOCTh PACIIO3HABAHUS U IPYTHE TTapaMeTpBhI.

KommuiekcHbIl MOKa3aTenb KadecTBa PACHO3HABAHUS XapaKTepU3yeT COBMECTHO HECKOJIbKO
IPOCTBHIX CBOWCTB WJIM OJHO CIIO)KHOE CBOWCTBO Ipolecca pacrno3HaBaHus. [pyrum mnpumepom
KOMITJIEKCHOTO TIOKa3aTelsl SBJISIETCS BEPOATHOCTh IPABHJIBHOTO PACIIO3HABAHMS, OMNpeaesnseMast
COOTHOIIIEHHEM
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m

D=1—Zzpij, 1)

i=1 j=1
1#]
rae Pjj — BepoATHOCTh OIIMOOYHOTO MPUHATHUS I-TO KIacca CUCTEMOM paclio3HaBaHUS, B TO BPEMs Kak
CHUTYaIIMs] HAXOAUTCS B KJIacce |.

TakuMm o00pa3oM, KauecTBO pAacHO3HABaHMS — O3TO KOMIUJIEKCHOE CBOWCTBO Ipoliecca
pacro3HaBaHUsI B OIPEACICHHBIX YCIOBHUAX pPACIHO3HABAeMOHl cuTyauuu. To ecTb 3TO NOHSATHE,
o0BeMHsIONmee KaK alropuT™ (yCTpOICTBO) paclio3HaBaHUs, TaK U CUTYyalluMl0, B KOTOPOW 3TOT
aMropuT™ (YCTPOHCTBO) MPUMEHSICTCH.

Jlns oleHKM KadyecTBa IpoLecca paclo3HaBaHUs CUTYALlUH 4YacTO MCIOJIB3YETCS Pa3iIu4HbII
Habop XapaKTepUCTUK, HO INIABHBINA U3 HUX BCET/Ia IOCTOBEPHOCTb.

JloCTOBEPHOCTh paclO3HaBaHUS, XAPAKTEPU3YET BEPOSTHOCTH NMPABUIIBHOIO 3aKIIOUEHUS O
BHJIE PACIIO3HAHHOTO Kiacca CUTYyallMM IO pe3ylbTaraM IpOBEACHHBIX HaOmoneHuil. Hambonee
MPOCTOM crmoco0 ompeneneHus JOCTOBEPHOCTH PACIIO3HABAHUSI OCHOBAH HA IOJCYETE KOJIMYECTBa
IPAaBUIIBHBIX OTBETOB, T.€. KOJMYECTBA OTBETOB, COBIAJAIONMX C HMCTUHHBIMH HaOI0JaeMbIMU
KJ1accaM CUTYallUH (OTBETaMH YUYUTENS) U BBIYUCIEHUU YaCTOTHOI'O MTOKA3aTEsL:

N
D= _N , 2)
rae Ni — KOJMYecTBO NpaBMIIBHBIX OTBeTOB, N — 0OINee UMCIO OTBETOB CHCTEMBI PACTIO3HABAHUS

CUTYallU.

B pamkax peanu3anuy 4aCTOTHOTO METO/a OLICHKH JOCTOBEPHOCTH HEOOXOAMMO YYHUTHIBATH,
YTO MTPOLEHT MJIM YaCTOTHOCTb MPAaBHJIBHBIX OTBETOB 3aMETHO 3aBUCUT OT KOJIHMYECTBEHHOTO U
KaueCTBEHHOTIO COCTaBa TOW IMOCJENI0BATENIBHOCTH 00pa30oB, MO KOTOPOl OHA OyneT BBIYMCISTHCS, TO
€CTh OT MPEICTABUTEIBHOCTH POBEPOYHON BhIOOpKU. Hampumep, eciii B MOCie10BaTEIbHOCTH MHOTO
pa3 BcTpewaercsi o0pa3, KOTOPBIM KiIacCH GUIIMPYETCs HEBEPHO, TO MPOIEHT OMMOOYHBIX OTBETOB
OyIeT BENMK, B TO BpeMsI KaK MpPHU APYIOM COCTaBE IOCIIEOBATEIbHOCTH OH MOXET OKa3aTbCs Mall.
MOXHO YCIOBUTBCS, YTO TPOIEHT HEBEPHBIX OTBETOB OYNET BBIYHMCIATHCS OTHOCHTENBHO BCEX
BO3MOXKHBIX OOpa30B, OJHAKO MPH PEIIEHWM MPaKTUYECKUX 3aJady 4YacTo TpeOyercsl MpaBUIBHO
pacrio3HaBaTh KaK MOXKHO OOJbIIIE YacTO BCTPEYAIONMXCS, a HE BCEX BO3MOJXKHBIX M300paKCHUH.
Takast moTpeOHOCTh, HampUMEp, B CHCTEMax OMNTHUYECKOTO pacro3HaBaHHUs OOBICHSETCS TEM, 4YTO
HEKOTOpbIe M300paKeHHsI BCTPEUAIOTCS Yallle, U UX JKEeNaTeNIbHO KIacCH QUIIMPOBATh MPaBUIBHO, a
JIpyrHe WM300paXeHHs, XOTS W BO3MOXXHBI, HO BCTPEYAIOTCA OYEHb PEAKO, IMOITOMY HpH HX
KI1accu QUKAIMK ONMOKa MOXKET OKa3aTbCs MeHee omacHoi. [6-8] OreHka kayecTBa pacro3HaBaHMSI
JIOJDKHA 3aBUCETh OT (DYHKIIMU pacipeiesieHus BepositTHocTelt o0pasa P(X) u ObITh mponopiinoHalIbHOM
BEPOSITHOCTH NOsIBJIEHUS 00pa3a. Kpome Toro, CymecTByOT pa3inyHble OMMOKU, KOTOPbIE PUBOIAT K
Pa3IUYHBIM MOCIEICTBUSAM, BIEKYLIMM 3a CO00I pa3nuyHble MOTEpU. 3HAUUT, IPU OLEHKE KayecTBa
pacrio3HaBaHUsl JOJDKHBI YYUTHIBAThCA PA3IUYUS B IMOTEPSX, BHOCUMBIX Pa3MYHBIMU OIIMOKAMHU.
[Ipenmonoxenne o cymectBoBanuu pyHkiuu P(X) BoBce He TpeOyeT ee omnpeneneHus. BaxxHo numb
TO, YTO OHA CYIIECTBYET U SIBJISETCS XapaKTEPUCTUKOM Cpelbl, B KOTOPOI paboTaeT pacmo3HaroLas
CHCTEMa, a M300paKEHHUS MOSBIIAIOTCS CIYJaifHO W HE3aBUCHMO CorNIacHO 3Tol (yHkumu. KadecTBo
pacro3HaroIe CUCTEMbI OIPEAENIeTCs BEPOATHOCTHIO M IIEHOM OoummMOOK mpu paboTre B cpene,
onpenensemoit gpynkuueit P(X). Hecmotps Ha TO, uto (yHkuus P(X) HemsBecTHa, KadyecTBO JHOO0M
pacIio3Haromel CUCTEMBI MOKET OBITh OIICHEHO SMITMPUYECKH 110 CIIyJallHO M HE3aBHCHMO BHIOPAHHOM
MPOBEPOYHOM MoOcieoBaTeaIbHOCTH. HalileHHas oIjeHKa XapaKTepu3yeT KadecTBO pacro3HaBaHUS
TOYHO TaK K€, KaK BBIYMCIIEHHAs 110 KOHEUYHOM BHIOOpPKE YACTOTa XapaKTepU3yeT BEpOSITHOCTH. st
oOecrieyeHns1 BRICOKOTO KauecTBa Pacro3HaBaHUs HAJ0 3HATH CBOMCTBA CPE/bl, B KOTOPOUW MPEICTOUT
paboTaTh pacno3HamOIIEH cucreme, TO ecTh 3HaTh PyHknuio P(X). Ho Tak kak 1mo ycioBUIO 3aa4u
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BeposiTHOCTh P(X) Hew3BecTHa, oOcCTaeTcsi €IUMHCTBEHHAs BO3MOXXHOCTh — BBIOMpPATh 00pasbl st
o0ydeHus cydailHO M HE3aBHCHMO COITIACHO TOMY K€ pacIpeiesIeHUI0, IPU KOTOpoM OyzeT paboTaTh
obOyuaromiasics pacrno3Haroas cucrema. OHaKo MpU CIydalHOM MOA00pe n300pakeHu oOydaroten
MOCJIEIOBATENILHOCTH YK€ HEJb3s TpeOoBaTh, 4TOOBI 00ydeHUE ObIJI0 OE3yCIIOBHO YCIIEIIHBIM, TaK KaK
HE HCKII0OYEHA BO3MOXKHOCTH, YTO OOydarolas IOCIIEAOBATENILHOCTh OYIET COCTaBlieHa TOJBKO W3
CaMbIX HENoAXoAAIm X u3o0paxenuii. [loaTomy ycnex o0y4eHUst MOKET OBITh TapaHTHPOBAH JIMIID C
HEKOTOPOW BEPOSATHOCTHIO. 3HAYUT, YCIEIIHOE PEIICHUE 3a1aud OOY4CHHS OMpPENeIsieTCsl TeM, Kak
4acTo B Ipolecce o0ydeHUs paclo3HAOIAs CUCTEMa MPUXOJUT K 3aJaHHOMY KauecTBY, TO €CTb
BAXHYIO POJIb UTPAET HA/ICKHOCTH MOTyYCHUS PEIIAIONIETO TPAaBHIIA C 3aJaHHBIM KAaUeCTBOM.

[lpu pacrno3HaBaHWM BO3MOXKHBI OIIMOKM MEPBOTO poja — CUTYallMsl Kiacca 2 MpUHATA 3a
CUTyallMio Kiacca 1 (C BeposTHOCTBIO coObITUS P12), M OmmOKH BTOPOro poja — CUTyanus Kiacca 1
MPUHSATA 33 CUTYaLUIO Ki1acca 2 (C BEpOSITHOCTBIO cOObITUA P21). YCIOBHBIE BEPOATHOCTH 3TUX O LM OOK

OIpeseNsIIoTCes o creayoumM gopmynam (puc. 1):
P,=[f,(x)dx, Py={ fi(x)dx. ©

Jliis BeIOOpa 3HAUEHUS TTOPOTa Xo BOCIIOJIB3YyeMCsl KpUTEPUEM MUHUMYMa CPETHETO pucKa
r=r,-P,+r, P, =min, 4)
e r12 n I’21 — CTOUMOCTHU OHJI/I6OI( HepBOFO nu BTOpOFO pona COOTBCTCTBCHHO.

f(x) A

Kitace 2 Kiacc 1

X0 X
Puc. 1. Bun nnotHoCTel pacnpeeneHusi BEpOsTHOCTEHN mapaMerpa X

MoskHO 3anHucaTh, YTO
r=r,P; P+ PP

0 Xo
®)
r=1,P,- [ £,(0dx+ 1Py = | f,(x)dx,
Xo —00
rne P1 m P, — anmpuopHble BEpPOATHOCTH HAIMYHUSA B PEAIBHOCTH CHUTyallUM KiaccoB 1 u 2

COOTBETCTBEHHO.
Jns  ompeneneHuss BENMYMHBI  Xg, IIPU  KOTOPOM  CpeAHMM PpUCK [  MHHHUMAJICH,

npoauddepeHrpyeM BbIpakeHUE IS I 10 X U IPUPABHSAEM IIPOU3BOIHYIO K HYJIIO

d(r)

v P,f, (%) + 1y P:f (%) =0, (6)

x=xo
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oTCrOzIa
f,(%) _ Py @)
fi(X) Pty

[Ipumem nonymenusi, uyro Pi1=P>, a r12=r u npusHak X HMeEeT HOPMAJbHBIM 3aKOH

pacnpenenieHnsl ¢ OJMHAKOBBIMH cpenHekBaapatndeckumu oTkmoHeHusMu (CKO) oo mis cutyanuii
KiaccoB 1 u 2. B 3ToM cityqae nosrydaum

(Xo_ml)2 1 (Xo_mz)2

1
——_exp| - = exp| -~ 21| ®)
\J2mno, P 20, {270, P 26,

rJe My 1 My — cpeaHre 3HAaYCHUS IMapaMeTpa X JUIsl CUTyalluil K1accoB 1 U 2 COOTBETCTBEHHO.

Pemas nmocnennee ypaBHEHHE OTHOCHTEIBHO Xg, OIIPEIEIUM BEIMYUHY I1OPOTa.

Jlis BBIYMCIICHUS BEpPOATHOCTEH MpPaBUIIBHOIO pAacHo3HABaHUS HEOOXOAMMO OINPEAEIUTh
BEPOSATHOCTH IONAJAHUS U3MEPEHHOIO NPU3HAKA CUTyallud Kilacca | B MHTepBall OT Xo IO 0 HIIHU
IIPU3HAKA CUTYallMy K1acca 2 B UHTEPBAJI OT -0 JI0 Xo:

P Iexp —(x—m1)2 X;
1 = ,_TCGO ! 203 !
©)
1 % (xemy)
P, =——— | exp| ————~ |dx.
22 ,_27'560 J p 200

[IpousBoas 3aMeHy MEpEMEHHOM HHTErpupoBaHus (X-Mp)/co=t ¥ NOACTaBIAA 3HAYECHUE
Xy = 0,5(m1 +m, ), rae M>My , DOayduM

1 0 2 2 2<50 t2
P, =— exp| —— dt = exp| —— |t — exp| —— |dt |=
s ﬂj Pl \/—l Pl j Pl
T20y (10)
=0, 5+CD( )

rie P(x)=——= I €XP| —— [ — unTerpan BEPOATHOCTH, 3HAYEHHSI KOTOPOTO NPUBEIEHBI B
\N2m 2

CIPaBOYHBIX TaOIHIIAX.

BLIpa)KCHI/IC (10) JJIA P11 CIIpaBCNINBO JIA Cliydad, KOrJia paCimto3HaBaHUC MPOU3BOIUTCA 11O
OINHOYHOMY H3MCPCHHIO BCIWYMHBI IIPpU3HAKA PACIIO3HAaBaHUS. HpI/I N-KpaTHOM M PaBHOTOYHOM

U3MEPCHUH OJHOTO IPH3HAKA, KOTJa G1=02=...=0p=0(p BEPOSTHOCTH MPABUIBHOTO PACIO3HABAHUS
OTIPEIEIISIETCS 110 q)opMyJIe:
P,=P,, =0, 5+CD( L \n ). (11)

W3 »storo BBIPAXKCHU A cnenyeT, YTO 4YeM OOJIbIe KOJIMYECTBO HSMCPCHHﬁ, TEM BBIIIC
JOCTOBCPHOCTD paCIIO3HABAHH A CHTyaHHﬁ.
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Ecin pacCiio3HaBaHUC IIPOHU3BOJUTCA II0 K He3aBHCHUMBIM IIpU3HaKaM (HCHHOCTI/I IIPU3HAKOB
paBHBI), TO BCPOATHOCTD ITPABUJIBHOT'O PACIIO3HABAHU S MOKET OBITh omnpceaciicHa 1o (I)OpMYJ'Ie

(m,—m,)
P, =P, =05+0(—2—kn). (12)
20,

Anamu3 dopmynsl (12) mokasbIBaeT, 4TO I HE3aBUCHUMBIX MPU3HAKOB PABHOW IIEHHOCTH
YBEIIMYCHUE WX KOJUYECTBA K PAaBHOIICHHO YBENMYCHUIO YMClia N HU3MEPEHUI OJHOro MpH3HaKa
CUTYyaLlNH.

K HeBeposSTHOCTHBIM TMOKa3aTeNIsiM KauecTBa paclO3HABaHHUSI CUTYAllMd MOXHO OTHECTH
TOYHOCTH (IJIYOUHY pacrio3HaBaHMsl) CUTYallH, CPEIHIOK MPOAOIKUTEIBHOCTh PACIIO3HABAHUS — KaK
MaTE€MaTUUYECKOE€  OXKHUJIAHUE MPOJIOJDKUTENIbHOCTH  OJHOKPATHOTO  paclo3HaBaHUs, CPEAHIO0
BBIYUCIIUTEIHLHYIO U/UITH YHEPTOTPYIOSMKOCTh PaCcIiO3HABAHMS, CPETHIOI0 CTOMMOCTh PacIiO3HABAHUSL.

TouHOCT,  pacro3HaBaHUs  CUTYallUHd  ONpeAeNseT  IUIOTHOCTh  andaBUTa  KIIACCOB
pacno3HaBaeMbIX CUTYaIU.

B o0mem Buae Moaenb pacro3HaBaHHWSI COCTOSHUSI CHUTyallUM Ha WHTEpBajJe BPEMEHH €€
HabmoneHus [tp, t) mpeacTaBiseTcs B BUJE

F:{U}X{N}X{K}x[to,t)—){X}x[to,t), (13)
rie {U} — mHOx)ecTBO 3HavyeHwii Bekropa U = (ul, U2y U3zyeees um), TECTOBBIX CUTHAJIOB B
paccMaTpUBAaEMOM CUTYALlUU;
{N} — wmHoxectBo 3Hauechuii Bexropa N = (nl, N2y N3yeees n,), BO3MYILEHUM M IIOMEX C

U3BECTHBIMU CTATUCTUYECKUMHU XapaKTePUCTUKAMH;
{K} — MHOKECTBO JOITYCTUMBIX 3HA4YCHUU COBOKYITHOCTH [1apaMeTpoB

K= (kl, Koy Kz ey kr), pacro3HaBaeMoOM CHUTyallUd C M3BECTHBIM HOMMHAQJIBHBIM 3HAYEHUEM
K'e{K};

{X} — MHOXeCTBO 3HAYCHHI COBOKYIMHOCTH HM3MEPSEMbIX XapaKTEPHCTHK Paclio3HaBacMOM
curyaunn X =(x1, X2, Xg,...,Xq);

F — onno3naynoe otobpaxkenue snemenToB MuokectB {U}, {N}, {K} B anemeHTsI MHOXECTBA

X}

Tounocte (TyOMHA) pacrmo3HaBaHUs 3aJaeTCsl B BHUJEC BEKTOPHOTO  (PYHKIIMOHAJA
q):((Pl’(sz(Pa""’(Pv)' Koopmunatet @  sBASIOTCS HE3aBUCUMBIMM U 33JalOTCSl  ABYMS

HKBUBAJIICHTHBIMH CITOCOOAMH
- na maoxectBax {U}, {N}, {K} B Buze:

O {U }x{N}x{K}x[to,t) > R, (14)
e RY — IpocTpaHcTBO NEHCTBUTENBHBIX YMCET;
- na MHOxectBax {U}, {N}, {X} B Buge:
d):{U}x{N}x{X}x[to,t)—)R". (15)
DKBUBAJIEHTHOCTL criocoboB (14) u (15) oOycioBineHa OJHO3HAYHBIM OTOOpakeHWeM F.

Cucrema (13) obmamaer ecTeCTBEHHON H30BITOYHOCTHIO, €CIIM Pa3MEPHOCTh X OOJIbIE CyMMapHOM
pasmepHocTd U 1 N U paHr MaTpuiisl

rank| SELOF S il i=1..q, j=1..(m+1) (16)

g>m+ | gna mo6eix Ue{U}, Ne{N}.
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Breimonnenue ycnosust (16) mo3BossieT npenctaBuTh (13) B BUIe CHCTEMBI ypaBHEHU N

xi=f;(K,NJU,t), i=1..q (17)
U paspenmTh nepBbie m + | ypaBHeHuit orHocutenbio U u N

U;=U;(K,X,t), j=1..m, (18)

N;=N;(K X,t), j=1..1L (19)

VYpaBuenus (18), (19) noacrasnstorcst B octaBumecs q - (M+ 1) ypauenuit (17) BMecto N u U
1 noaydarorcst q - (M + |) koHTposbHbIX yeaoBuii, mHBapruaHTHBIXK N 1 U B BHie

xi= T, (K, X,t), i=1..,(q—(m+1)). (20)

Ecnu pasmepnocts K, paBrasir < - (M + I), u panr MaTpuiis

of, (9], . - .
rank| —~2 |>r, |:1,...,(q—(m+l)), j=1..r (21)
ok ;
st mooeix Ke{K}, To B pe3ynbrare uzmepenns X B (16) oqHO3HAYHO onpeaestores: koopauHatel K,
TO €CTh 00ECIIeUMBACTCS 3a/IaHHasi TTTYOMHA MU TOYHOCTh PAcIiO3HABAHUS CUTYAIlHH.
Cpe)lem ornecpatuBHas NPOAOJLKUTCIBHOCTh JUArHOCTUPOBAHU A

t:%tipizipiiti,lph (22)

i=1 1=l

rae ti — cpemHssi onepaTHBHAS MPOAOJDKUTEILHOCTh PACIO3HABAHUS CHTYallMH B COCTOSHUH |, tj| —
olepaTUBHas NMPOJODKUTENBHOCTh CUTYallMd B COCTOSHHUU 1 NMPU YCIOBHMM, YTO CPEICTBO CHCTEMa
(ayIrOpUT™M) pacro3HaBaHUsS HaxXomsATcs B coctosHUM |, Pj — ampuopHas BepoOSTHOCTb HaXOXKICHHS
CHTyalli B COCTOSHHHM |, P| — ampuopHas BepOSTHOCTh HAaXOXICHHS CHUCTEMBbI (aJrOpUTMA)
pAacIo3HaBaHUs HAXOAATCS B COCTOSHHH .

B cocraB tj BXOAAT Kak IMpPOJOJIKUTEIBHOCTL BBINOJHEHUS U3MEPUTEIBHBIX ONlEpalliil, TaKk U
OCHOBHBIX OIl€palliil PaCUETHBIX ONlEpallui PACIIO3HABAH M.

Ilpn omeHke 3TOro mnokazaTesss KadyecTBAa PACIO3HABAHUSA IO CTAaTUCTHYECKUM JIaHHBIM,
Hanpumep B N ncnbITaHusIX, pacueTHas GopMysia UMEET CIeIyIOIMi BUI:

1 N m
t=—2 >tigPi (23)
N g=1i-1

rac ti,g — CPEAHAA OIICPATHBHAA NIPOAOJLKUTCIBHOCTD PACIIO3HABAHHUA CUTYallU B COCTOSSHUN i npu g-m
HUCIIBITAHHUU.
Cpe)IHﬂfl CTOUMOCTB pacCliO3HaBaHU A

C:%Cipizipiicﬁi,lph (24)

i=1 I=1
rae Ci — CpeaHssi CTOMMOCTh paClO3HaBaHUs CUTyallul B COCTOSIHUA .
Cpe,[[HSIH BBIYHCIIMTEIbHAS H/HITH OQHCPIroTpyAOCMKOCTL PaCIlIO3HABAHUA

m m k
W =X wiPi=2XPi2wi,Pi (25)
i=1 i=1 1=l
rae Wi — CpeaHsis BBIYMCIUTENbHAS HW/HIM SHEPrOTPYAOSMKOCTh pACIIO3HABAHHS CHUTYAllMd B
COCTOSIHUMH I.
[To ctaTHCTHYECKUM TaHHBIM MHOTOKPATHOTO PAaClO3HABAHUS:
1 Nm
W :_ZZWi,gPii (26)
N g2ia
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rae Wijg — CpeiHssl BBIYMCIMTENbHAs M/MIM SHEProTPYJOEMKOCTh PACIO3HABAaHUS CHTyallUd B
COCTOSIHMH | TIPU §-M UCIIBITAaHHH.

Taxum 00pa3oM, KaueCcTBO pacllO3HABAaHUs CUTYallMil XapaKTepus3yeTrcs COBOKYIHOCTBIO
IOKa3aTeIel CUCTEM PacCIlO3HABAaHUSA U CAMMX CHTyallH, KOTOPBIE BBIYMCIIOTCA IO NMPHUBOAUMBIM
AHAJIUTUYECKUM BBIPDAKCHUSAM WJIM IIYTEM MAaTeMaTH4eCKOro MOJenupoBaHus. DBbeluucienue
€AMHUYHBIX U KOMIUIEKCHBIX ITOKA3aTeNIel KauecTBa PACIIO3HABAHMS CUTYallUH TIO3BOJISET HA IPAKTUKE
IIPOBOJUTBH COIMOCTABUTEIBHBIN AHAIN3 CUCTEM U AJTOPUTMOB PAaCHO3HABAHMS, UX COCTaBIAIONMX U
IpPUHAMATh OOOCHOBAHHBIE TEXHUYECKHE pELICHHUs 110 MaTeMaTHYeCKOMY OO0ECHEUYEeHUI0 MpH
MIPOEKTUPOBAHUM PA3IMYHBIX HHQOPMALIMOHHO-YIIPABISAIONMX M HH(POPMALIMOHHO-aHATUTUYECKUX
CHUCTEM U PaCCUUTHIBATH UX OCHOBHBIE LIEJIEBBIE XapAKTEPUCTUKU.
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HUPPAJIBIK TPAHCOOPMAIIUA INAPTBIHIA MH®OPMALUAJBIK-O/T900
KAHA BAIIKAPYY CUCTEMAJIAPBIHBIH TY3YMYH KAKIIBIPTYYHYH
MYMKYHUYYJIYKTOPYH KAHA KOJITIOPYH U3WJI/1O0O
UCCJEJOBAHUE BO3MOXHOCTENA U IIYTENH COBEPIIEHCTBOBAHMUS
CTPYKTYPbl HHOOPMAIIMOHHO-USMEPUTEJ/IBHBIX U YIIPABJIAIOIUX CUCTEM
B YCJIOBUAX LIU®GPOBON TPAHCH®OPM ALIUU
STUDY OF OPPORTUNITIES AND WAYS TO IMPROVE THE STRUCTURE
OF INFORMATION-MEASURING AND CONTROL SYSTEMS UNDER CONDITIONS
OF DIGITAL TRANSFORMATION

Kbickaua myHezgeme: CaHapunTuk TpaHCHOPMAlUSHBIH KOHTEKCTHUHJIE MaajlbIMaT, eJ14ee
xaHa Oamkapyy cucremanapbl (IMCS) unikananap/biH )aHa TapMaKTapIblH HATBIDKATYYIyTyH jKaHa
aTaaHJAIITBIKKA KOHIAOMIYYJIYTYH KaMChl3 KbUIYYHYH HETH3IM JJIEMEHTHHE anilaHyyaa. Makanana
canapunremrupyy kKoHtekctuHae MNCTH MoaepHU3anusuiooro OalJIaHBIIITYy HETH3TH KeuTreilnep
JKaHa MYMKYHYYJYKTep Kapaiar. AJlapAblH TY3YMYH JKaKLIBIPTYY JKOJIJIOPY, @HbIH MUYUHJIE XKacaaMma
MUHTEJJICKT TEXHOJIOTHsUIaphiH, HepcenepanH uHTepHetuH (l0T) skaHa OyayrTarbl 3CENTOOIOPAY
KAPrU3yy CyHymTaayyaa. MaaasiMaTTapbl MHTETPALMSUIOOHYH JKaHa PEaayy YOaKbIT PEKHUMHHIIC
cucreManapipl  OalIKapyyHyH 3aMaHOam  bIKMajapblHa TajlJgo0 KYpry3yaay. MsunneenyH
HaThlKamapbl ap KaHAal TapMakTapAa CAaHAPUIITUK TpaHCHOpMalUs CTPATETUsUIAPhIH UIITEN YbITYY
Y4YH KOJIIOHYIYIy MYMKYVH.

AunHoTtamms: B ycnoBusx umdpoBoit Tpanchopmanuu HHGOPMALUOHHO-U3MEPUTENBHBIE U
yrpasiroe cuctembl (MUY C) ctaHoBATCS KIFOYEBBIM 3JIEMEHTOM B obOecrieueHun 3(hGHeKTUBHOCTH
u KOHKypeHTOCHOCO6HOCTI/I HpeI[l'IpI/I}ITI/Iﬁ n 0Tpacnel71. B craTtbe pacCMaTpruBarOTCA OCHOBHBIC BbI3OBbI
U BO3MOXXHOCTH, CBs3aHHbIe ¢ MonepHu3auueii MMYC B koHTekcre nugpoBusanuu. lIpemioxeHs
IIyTH COBEPIICHCTBOBAHMUS WX CTPYKTYpbl, BKIIOYas BHEAPEHHE TEXHOJOIMH MCKYCCTBEHHOIO
uHTeIekTa, nHTepHeTa Bemel (IoT) m oOmaunbix BeImMCIeHU. [IpoBeneH aHamM3 COBPEMEHHBIX
MOAXO0J0B K HUHTCrpallMu OJAaHHBIX W YIPABJICHUIO CUCTCMaMU B PC€aJlbHOM BPCMCHH. PeByJIBTaTBI
MCCIIEIOBAaHUS MOTYT OBITh MCIIOJIB30BAHbI JUIsl pa3paboTKu cTpareruil mudpoBoil TpaHcopmaluu B
PAa3JINYIHBIX OTPACIIAX.

Abstract: In the context of digital transformation, information, measurement and control
systems (IMCS) are becoming a key factor in the efficiency and competitiveness of enterprises and
industries. The article considers the main challenges and opportunities associated with the
modernization of IMCS in the context of the tenth digitalization. A path for the development of their
structure is proposed, including the introduction of artificial intelligence technologies, the Internet of
Things (IoT) and cloud computing. An analysis of modern approaches to data management and control
in the shortest possible time is carried out. The results of the study can be used to develop digital
transformation strategies in various industries.

Hermsru 093216[): MaaJIbIMATTHIK KaHa ©JI900 CI/ICTeMaJ'IapI)I; OHYTYY CTpaTeFI/ISICBI; CaHapUIITUK
TpaHcopMalus; jKacalMa HMHTEUIEKT CHCTeManapbl, HEpCeNepIuH WHTEPHETH; OyIyTTarsl
ACETNTeosep; OONIYIITYPYJITreH cHcTeMalap.

KawueBble cioBa: wHQOPMaMOHHO-U3MEPUTENBHBIE CHCTEMBI; CTpaTerus pPa3BUTHS,
I_[I/I(I)pOBa}I Tpchq)OpMaHHH; CUCTEMbl HCKYCCTBCHHOI'O HHTCIJICKTA, HHTCPHCT Bemeﬁ; 0o0J1auHbIE
BBIYHCIICHUA; paCIIPpCACIICHHBIC CHCTCMBI.

Keywords: information and measuring systems; development strategy; digital transformation;
artificial intelligence systems; internet of things; cloud computing; distributed systems.
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[Tudposas Tpancopmanus npeacTapisgeT coOON MPoLEecc HHTErpalui U (POBBIX TEXHOJIOTHI
BO BCE acClEeKThl [ESTEJIbHOCTU TMPEANpPUATHI, YTO MNPUBOIAMT K HM3MEHEHHIO OH3Hec-Mojelnei,
MOBBIIIEHUIO 3(P(PEeKTUBHOCTH U CO3JaHUIO0 HOBBIX BO3MOXKHOCTEH. VH(popMallnoHHO-U3MepUTENbHbIE
n ynpaBisonme cucrembl (MUYC) urparor BakHyrO pojb B TOM Ipoliecce, obecrieunBas coop,
00pabOTKy M aHaIW3 JAaHHBIX, a TaKKe YIpPaBICHUE TEXHOJIOTMYECKUMH Mporeccamu. OmHako
tpaguiuonabie MNYC crankuBaroTCs C pAaoM OTpaHHUYCHUN, TaKUX KaK HEIOCTaTOYHAsh TMOKOCTD,
HU3Kasi CKOPOCTb OOpPAaOOTKM JaHHBIX M CIOKHOCTh MHTETpallid € COBPEMEHHBIMH LH(PPOBBIMU
miargopMamMu. B CBs3M C 3TUM aKTyaJdbHBIM CTaHOBUTCS HMCCIEIOBAaHWE BO3MOXKHOCTEH M IyTei
coBepiieHCTBOBaHUs cTpykTypbl MNYC.

B ycnoBusix nudposoi Tpanchopmanuu HHQGOPMALMOHHO-U3MEPUTENIBHBIE U YIIPABJISAIONKE
CHCTEMBl CTQJIKUBAIOTCS C PSJIOM HOBBIX BBI30BOB, KOTOpPBHIE OOYCIIOBJIEHBI HEOOXOANMOCTBIO
ajantaguu K OBICTPO MEHSIIOUMMCS TEXHOJIOTUYECKUM U PHIHOYHBIM YCIOBUSM. OTH BBI30BbI
(GOpMHUPYIOT COOTBETCTBYIOIIME TpPeOOBaHUSA K MPOEKTUPOBAHMIO, MOJEPHHU3ALMM U SKCIUIyaTallUH
HNNYC, 9To nenaer uxX KIYEBBIM JIE€MEHTOM YCTICIHOW U (POBU3ALMH TPEINPUITHI U OTpaciei.

OJHMM 13 OCHOBHBIX BBI30BOB SIBJISIETCS BBICOKAasi CKOPOCTh 00pabOTKH JaHHBIX. COBpEMEHHbBIE
MPOM3BOJICTBEHHBIE M TEXHOJOTMYECKUE Ipolecchl TpeOyloT o0paboTku OoibumX 00bEMOB
uH(opManuu B peXHUME PEATbHOTO BPEMEHHU. 3alepKKU B 0OpabOTKE JAaHHBIX MOTYT MPUBECTH K
CHMXEHUIO 3((PEKTUBHOCTH MPOLECCOB, a B KPUTUYECKUX OTpAcisX, TAKUX KaK SHEPreTuka WM
TPaHCIOPT, — K aBapUWHBIM cUTyauusM. s pelleHus 3TOoM 3amaud HEoOXOJAMMO BHEAPEHHE
BBICOKOITPOU3BOAUTENBHBIX MPOLIECCOPOB, CHELMATM3UPOBAHHBIX allllapaTHBIX PEIIEHUM, TaKhuX Kak
FPGA, a tarke onTUMH3alMs AJITOPUTMOB 00paOOTKM JaHHBIX U1 MUHUMHU3ALUHA BPEMEHH OTKIMKA.
Kpome TOro, akryajabHBIM CTaHOBHUTCSI MCIIOJIb30BAHUE TEXHOJOTUH MOTOKOBOH OOpabOTKM JaHHBIX
(stream processing), KOTOpPBIE MO3BOJIAIOT 00padaThIBaTh MHGOPMAIIHIO IO MEpE €€ MOCTYIIeHus [1].

Eme omHuM BaKHBIM BBI30BOM SIBIIIETCS THOKOCTh M Maciradupyemocts MYC. Beictpoe
M3MEHEHHE TEXHOJIOTHYECKHX IPOIeCCOB M TpeOOBaHMU pbIHKA TpPeOyeT OT CHUCTEM CIIOCOOHOCTH
aJlaliTUPOBAThCSl K HOBBIM YCJIOBHSM M MacIITaOMpOBAaThCS B 3aBUCHUMOCTH OT noTpeOHocTel. [lns
oOecrieyeHust THOKOCTH M MacIITabupyeMOCTH HE0OXOAUMO pa3pabaThiBaTh MOAYIBHYIO apXUTEKTYPY,
KOTOpasi TO3BOJISIET JIETKO J00aBJIATh WJIM HW3MEHATh KOMIIOHEHTHI CcHCTeMbl. Kpome Toro,
UCIIOJIb30BaHNE OOJIAYHBIX TEXHOJIOTUM OOecleunBaeT BO3MOXKHOCTh MacIITaOMpPOBAHUS PECYPCOB B
3aBUCHMOCTH OT TeKyumX morpedHoctei. [lojnepkka cTaHAapTU3UPOBAHHBIX MPOTOKOJIOB U
uHTep(elicoB Tawke HIPaeT BaXHYIO pOJib, TaK Kak mo3Bosisier nHterpupoBars MNUYC ¢ npyrumu
CHCTEMaMH U YCTPONCTBAMH.

be3zonacHOCTh JaHHBIX MPEACTaBIsIET CO00Hl ele OAMH KPUTHYECKUM BBI30B. YBEIMUEHUE
yrcia KHoepaTtak U yredeK JaHHBIX TpeOyeT oOecrieyeHns BHICOKOW CTEMEeHHU 3alMThl HH(OpMaluy B
NNYC. [nga 3Toro HEOOXOAMMO BHEAPEHHME COBPEMEHHBIX METOAOB M (POBAHUS JAaHHBIX,
MCIIOJIb30BaHME CUCTEM OOHApYyKeHHUs U penoTBpameHus sTopskeHuit (IDS/IPS), a Taxke perynsipHoe
O0OHOBJICHHE TTPOTPAMMHOTO ObOecriedeHus U mardeii Oe3omacHocTH. Kpome Toro, BaHO 00ECIICUUTh
KOHTPOJIb JIOCTYIa M ayTeHTU(UKALMIO IOJIb30BaTesiel, 4YToObl MHHMMH3UPOBATh PUCKU
HECAHKIMOHNPOBAHHOIO I0CTYIa K CUCTEME.

Wuarterpanuss ¢ texnonorusimu wuHTepHeTa Bemed (IoT) m mCKyCCTBEHHOTO HWHTEIIEKTa
(Al) Tarke sBisieTcss BakHbIM TpeOoBanueM k coBpemenHbiM MUYC. VYcrpoiictBa IoT mo3Bossitor
coOMpaTh JNaHHBIE C PA3IUYHBIX JATYUKOB U OOOPYAOBAHUS, YTO MOBBIIAET TOYHOCTh U3MEPEHUN U
obecrieunBaeT ornepaTuBHOE yrpasieHue nporeccamu. st yeremmon naterpanuu ¢ loT HeoOxonumo
NOJIEP)KUBATh CTaHAAPTHBIE MPOTOKOBI cBsi3U, Takue kak MQTT, OPC UA u HTTP/HTTPS. Kpome
TOTO, BHEAPEHUE AJITOPUTMOB MAaUMHHOrO oOydeHUs U Al IMO3BOJSET aHaIUM3UpPOBATh JIAHHBIE,
IIPOTHO3UPOBAaTh M3MEHEHHUsT M  ONTUMU3MPOBATh Ipolecchl. OJTO TpedyeT obecnedyeHus
copmectumoctt MMYC ¢ o6naunbiMu miatgopmamu st Al u pa3paboTku uHTep(eiicoB s
B3auMozeiicTeus ¢ loT-ycrpoiictBamu.
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Kpome TOro, coBpeMeHHbIE CHUCTEMbI JOJKHBI 00pabaThlBaTh M aHAJIU3UPOBATH OTPOMHBIE
00BEMBI JaHHBIX, MOCTYMAIO M X OT Pa3IMYHBIX HCTOUHUKOB. [IJ1 3TOr0 HEOOXOAMMO HCIIOJIb30BAaHUE
pacnpeneNieHHbIX CUCTEM XpaHeHus M o0paboTKM naHHBIX, Takux kak Hadoop m Spark, a Tawke
BHEPCHUE TEXHOJOTUH I aHaM3a OONBIIMX JaHHBIX, BKIoYas Data Mining u Machine Learning.
Kpome Toro, Ba)kHO 00€CHEUUTH BBICOKYIO MPOIMYCKHYIO CIIOCOOHOCTh KAaHAJOB CBSI3H, YTOOBI
MUHHMMH3UPOBATh 3a/IEP’KKU NP IIepeade JaHHBIX.

HanexHocTh M 0TKa30yCTOWUMBOCTh — 3TO KitoueBbie TpeboaHusa anss MUYC, ocobenHo B
KPUTHYECKM BAXKHBIX OTpAcisiX, TAKUX KaK DHEPreTMKA, TPAHCIOPT M 3ApaBooxpaHeHue. g
obecnieueHus: O6ecriepe0oitHO pabOTHl HEOOXOIUMO HCIOJIB30BAaTh PE3EPBUPOBAHUE U JTyOJUPOBAHUE
KPUTUYECKA BaKHBIX KOMIIOHEHTOB, BHEIPATh CHCTEMbl aBTOMATHYECKOTO BOCCTAHOBJIEHHUS IIOCIE
c00€eB, a TAKKE PETYIISIPHO TECTUPOBATh U MOHUTOPUTH CHCTEMY Ha IPEAMET YI3BUMOCTEM.

CooTBeTCTBME HOPMATUBHBIM ~ TPEOOBAHUSAM TAalkOKe  SBJISETCS BaXHBIM  acleKTOM P
npoexkruposanun MMYC. B 3aBHCHMOCTH OT OTpaciud UM PErnoHa MOTYT IPUMEHATHCA pPa3IudHbIC
CTaHJAPTHI U perysiTopHble TpeboBanwus, Takue kak [ISO 27001 [2] mwm GDPR. [3] dus obGecrieueHust
COOTBETCTBUSI HEOOXOAMMO POBOAUTD PETYJSIPHBIA ayUT CUCTEMBI, BHEAPSTH CUCTEMBI YIIPABICHUS
coorBerctBUeM (Compliance Management Systems), a Tawke oOydyaTh IepcoHal TpeOOBaHUIM
HOPMAaTUBHBIX JIOKYMEHTOB.

B pasnuuHbIX OTpacisX, TAKUX KaK 3HEPreTHka, MPOU3BOJCTBO U TPAHCIOPT, YK€ aKTUBHO
BHenapstorcs: coBpeMeHHble MHWYC. Hampumep, B sHepretuke IoT m Al wucnonesytorcs nns
MOHHUTOPUHIA COCTOSHUSI OOOpyAOBaHMS M ONTUMM3AIMM SHepromnorpedieHus. B mpousBoacTse
oOayHble TEXHOJIOTHH M MOJYJIbHBIE CHUCTEMBI MO3BOJIIOT HOBBICUTh TMOKOCTh IPOU3BOJICTBEHHBIX
JINHUM.

B ycnoBusix nudpoBoil TpaHcgopMmaluu HMHTErpanus JaHHBIX M YIpPaBJIE€HUE CHCTEMaMU B
peaJbHOM BPEMEHU CTAHOBSATCS KPUTHUYECKH BaXXHBIMM JUId oOecredeHUst 3(QQPEeKTUBHOCTH H
KOHKYpeHTOcrocoOHoCcTH npeanpusatuii. CoBpeMeHHbIE MOAXO0bl K PEIICHUIO ITHX 3a/1ad BKIIOYAIOT
UCIIOJIb30BaHHUE PA3IMYHBIX TEXHOJOTMH M MeToJ0B, TakuX Kak loT, oGmaynbie BhIuucieHus, edge
computing, uCKycCTBeHHbIN MHTeIeKT (Al) n pacnpeneneHHble cucTeMbl. Huke mpuBeneH aHamus
ATHX MOJXOJIOB C MCIOJIb30BAaHMEM CPaBHUTEIBHOMN TaOMUIbI (Ta0M. 1).

Tadanna. AHAJIN3 MOIX0I0B

Kpurepnii loT Oo0saunbie Edge HckyccerBenn | PacnpenesneHH
(uaTepHeTr | BhIiumciaeHuss |  Computing blil ble CUCTEMBbI
Beleii) HHTEJIEKT
(AD)
CxopocThb Beicokas, Ho | Cpennsis, Ouenb Beicokas, Beicokas,
00paboTKH 3aBHUCHUT OT BO3MOKHBI BBICOKas, 3aBHUCUT OT pacripesienenna
ceTn 3aJIep’KK U3- | 00paboTka HA | AITOPUTMOB s1 00paboTKa
3a rmepefaun | MecrTe
Macurrabupyemo | Beicokas, Ouenb Orpannyena Bericokas, Beicokas, HO
CTh JIETKO BBICOKAs, pecypcamu 3aBHCHUT OT CII0)KHOCTh
N00aBIIATH pecypcehl edge- BBIYUCIIUTENBH | yIPaBICHUS
YCTpOMCTBA o0aka YCTPOMCTB BIX pacrer
ru0kue MOIIHOCTEH
3arpaTsl Ha Cpennue, Huskue Bricokue Beicokue Cpennue/BbIcO
BHEJpEHUE 3aTpaThl Ha (omutata Mo (edge- (pa3paboTka u | Kue
o0opynoBaHHu | Mepe yCTpoiicTBa U | oOydeHue (CTIO)KHOCTH
€ U CEeTh MCIONIB30BaH | MH(PACTPYKTy | Mojeneil) MHTErpaIun)
L)) pa)
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bezonmacHoCTh Cpennsis, Bricokas, Ho | Bricokas, Cpennss, Bricokas,
JTaHHBIX YA3BUMOCTD K | 3aBUCHUT OT JIaHHBIC 3aBUCHT OT pacrnpezeneHHa
aTakam Ha nmpoBaifjiepa | oOpabaTHIBAIOT | 3alUTHI s 3aIUTa
CeTh oOiaka CsI IOKAJIbHO AJITOPUTMOB
Nurerpanus c Bricokas, Ho | OueHb Cpenusis, Bricoxkas, Bricoxkas, Ho
JIPYTUMU Tpedyer BBICOKas, OTpaHWYEeHA WHTETpaIus CII0KHOCTh
CHCTeMaMHU cTaHaapTH3all | obiaka edge- yepe3 APl u yIIpaBJICHUS
17978 MOJJIEpPKUBa | yCTpolcTBaMH | TIIaTqoOpMBbI
MIPOTOKOJIOB 10T API

Kaxxplii 13 pacCMOTPEHHBIX ITOJXOJ0B UMEET CBOM MPEUMYINECTBA M HEJOCTATKH, YTO JIeIacT
WX TPUMEHHUMBIMH B Pa3IMUYHbIX ciieHapusx. s 3QpdeKTuBHON MHTETpaluy AHHBIX W YIIPABICHUS
CHUCTEMaMH B PealbHOM BPEMEHU PEKOMEHIYeTCsi KOMOMHUPOBATh HEKOTOPHIE MOIXOBI ISl PEIICHUS
OTIENBPHOTO Kiacca 3amad. Hampumep, mpemmaraercst ucmoib3oBath 0T mist cOopa HaHHBIX ¢
JATYMKOB, HCIOJB30BAaTh OONAYHBbIC BBIUMCICHUS MJS XpaHEHUs W aHaiuu3a OONBIMX OOBEMOB
JMAHHBIX, a TAKXKE PEaIM30BaTh CUCTEMY IMPHUHSATUS PEUICHUN IS TTPOTHO3UPOBAHUS U O MITUMU3AIIHU
TEXHOJOTUYECKUX MPOIECCOB, TOCTPOCHHYIO Ha 0ase cuctemsl M.

Takoli KOMIIJIEKCHBIM TOAXOA  TO3BOJUT MAaKCHUMalbHO J(PQPEKTUBHO HCHOJIB30BATh
COBPEMCHHBIC TEXHOJOTHHM B YCIOBHUAX muU(ppoBoil TpaHcdopmamuu. Hcxons w3 MPOBEICHHOTO
aHaim3a, OblIa pa3padorana crparerus mudposoi Tpanchopmaruu B Hotamuu IDEFO (puc. 1).
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Puc. Peanusanus crparerur uugpoBoii Tpancg opManun

B kauecTBe mpenMyIIECTB MPEIOKEHHON CTPATErMy MOXKHO BBIJICJIUTH I'M OKOCTh, KOHTPOJIb U
ynpasiyieHue (ucnonp3oBanue 0T, Al, 061auHBIX BEIUMCICHUN U JPYTUX TEXHOJIOTHH ISl MOBBIILIEHUS
3(GPEKTUBHOCTH), a TAaKKE HMHTETPAIMS COBPEMEHHBIX TEXHOJIOTHH, YTO IO3BOJISIET aJalTHPOBATh
JAHHYIO CTPaTeruio JUIsl Pa3lIMuYHBIX OTpacieil NMPOMBINUIEHHOCTH, BKIKOYas BBICOKOTEXHOJIOTMYHOE
IIPOU3BOACTBO, SHEPITETUKY, TPAHCIIOPT U APYIUE OTPACIIH.
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3AMAHBAII ITAPTTA BAHITAJII'BIY KJIACCTAPJA BUWINM BEPYYHYH
ABAJIbI 7KAHA OHYI'YYCYHYH HEI'M3I'M BAI'BITTAPBI
COCTOAHHUE U OCHOBHBIE HAITPABJIEHUSA PA3ZBUTHUSA OBPA3OBAHUSA
B HAYAJIBHBIX KJITACCAX B COBPEMEHHBIX YC/OBUAX
THE STATE AND MAIN DIRECTIONS OF PRIMARY SCHOOL EDUCATION
DEVELOPMENT IN MODERN CONDITIONS

Kpickaya myHo3nemMo: MyraquMIUH YbIrapMadybUIbITBl — OKYYy4yJlIapJblH 4YbIFAPMaYbLIbITHI.
bangap — myranuMmam Tyypooro, ajlapiaH YTy ajnyyra apakeTTeHumeT. Ap Oup 6ana cabakra KeH dJie
uredecTeH, ©3YHYH KOHIOMAYYIYTYHO Kapallid, KbI3bI'Yy MEHEH MILITeOCY KepEeKTHUTUH 0aapblObI3
TYmyHeOy3. 3amanOan Oamrranrsld MekTenTe OwiamMm Oepyy mporeccu OallaHBIH YbITapMayvbLIBIK
MYMKYHYYJIYKTOPYH OHYKTYPYYTe >KaHa OKYYJylapJblH €3 ajjblHu4a OWJIUM allyy KOHJAOMIYYIYTYH
KaJIbIIITAaHABIpYYIra OareITTaNar. MaKaJIaz[a YHIyJl KaHa Oarka MaceJICJICP KapaJiabl.

AnHoTanms . TBOpuecTBO yduTesss — 3TO TBOPUECTBO YUEHMKOB. JleTu craparoTcs moJpaxarhb
CBOUM YUHUTEJISIM U OpaTh C HUX ITpUMep. MbI BCce TOHMMAEM, YTO KaKJIbIH peOCHOK JOHKEH HE TPOCTO
pabotaTh Ha Ypoke, a paboTaTb C HHTEPECOM, B COOTBETCTBUM CO CBOMMH CIIOCOOHOCTSIMH.
OO0pazoBaTebHBIN MPOIEecC B COBPEMEHHON HAaYalbHOW INKOJIE HANPABJICH HA PAa3BUTHE TBOPYECKUX
cnocoOHoOCTEN pe6eHKa u (1)0pMI/IpOBaHI/I€ Yy yqammXxcsd YMEHHA CaAMOCTOATCIBHO YYUTHCH. B crartne
00CYKIaI0TCSl 3TU U JIpyre BOIPOCHI.

Abstract: The teacher's creativity is the students' creativity. Children try to imitate their
teachers and follow their example. We all understand that every child should not just work in class, but
work with interest, in accordance with their abilities. The educational process in modern primary
school is aimed at developing the child's creative abilities and developing students' ability to learn
independently. The article discusses these and other issues.

Herusru ce3mep: OamrTanrsld MEKTEI; caHapuil, OmimM Oepyy; OHYKTYpPYY; OWITHYTHK;
MOTHBAIUSI; YITAPMAYBLIBIK; TEXHOJIOTHUSIIAP.
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KarounBble cJioBa. HadajabHas IKoJia, I_[I/I(l)pOBBIC TEXHOJIOTHH O6pa?>OBaHI/Ie; paSBI/ITI/Ie;
HaBbIKW, MOTHBAaIlU, eraTI/IBHOCTL; TEXHOJIOTHUH.

Keywords: primary school; digital technologies; education; development; skills; motivation;
creativity; technology.

bamrranrera GmnmM - Gepyy  IpOrpaMMachlH  MWTHUIMKTYY — ©OHYKTYPYYHYH — HETH3TH
KOPCOTKYUYTOPYHYH OHpH OKyy HMIIMEpAYYIYTYH KaluelITaHAblpyy Oonyn canamar. Okyy
UIIMEPAYYIYTYH KaJIBIITaHYy JapakachlH 0aaaooro MyMKyH OOJITOH OMp Heue KpuTepuiisiep Oap:

1. Oxyy wmMepayyayry UYeHEeMIWK JIOKyMEHTTepJe OeNTWUJICHTeH KYypaKThIK —JKaHa
MICUXOJIOTUSIIBIK TallariTapra bUIalbIK KeleT,

2. OKyy UIIMEpAYYIIYTY aJIbIH ajia OCNTHIICHTeH TajlanTapra oo OeperT;

[lemarorukamblK TEXHOJOTHUSUIAPABIH MAaaHUIYy KOMIIOHEHTH OONylm OKyTyy METOAI0PY
caHasar.

Jemek, OmnmmuM Oepyy mporpaMMachIHAArkl Kypd KeWreiiepayH Oupu — OmmMm OepyyHY
ryMaHjammrepyy. bamgapra okyy keliiblHOBI? Dku kKepyHym Oap. Kian Oump amammap, aiipbikda,
Oalrayirsly KIaccTap/ia OKyy KbIMBIH 3Mec Jien dcenTelier. bamkanapbl, TeCKEpUCUHYE, OKYYy — Oyl
€O3CY3 TYP/6 alllblKya WIITee MEHEH KOIITOJITOH OO0p KYMYII JIET 3CENTeleT.

KaumwipyyH smec, MyrarumMaep aTa-sHenepAeH 0ana 3CHHIE KOK, KoHYJ O0ypOail KOWTOHTyKTaH
Ka3yyHy YHYTYI KaJraHbIH KeIl yraT. AJl 5Mu Oalrairsly KiaccTapaa OajaHbl )KeH 3Jie OKyyra 3Mec,
KbI3BITYY MEHEH OKyyra yhHpeTyy abmaH MaaHuiyy. Anberre, Oama ydyH OKyy OHOM >KyMmyIl 3Mec,
OMpOK yapy0o, aHaH Ja allblkya HINTeeI0H Kadyyra OOJOT kKaHa Kepek.

bunmuM OepyyHYyH OallaHbIH YbITAPMAYBUIBIK AaKTUBAYYJIYTYH JKaHa ©3 aJJIbIHYaJbIThIH
CHUCTEMaNlyy OHYKTYPYYT®, aHBIH TaaHBIN-OMIYY KbI3BITYYCYH KaJbIITAaHABIpyyra OarsITToO
Oarmrranrerd OmMM Oepyy cabakTapbIH JOJ000PIIOOTO ap KaH ai MaMHJIE KacoOTo IapT TY3eT.

MyranuMIuH YbITapMayblIbITBl — OKYY4YJIap[blH 4YblTapMaublLIbITel. bammap — cabakTbiH
6apomerpu Ap Oup Oana cabakra *eH 3je niredecTeH, ©3YHYH KOHIOMIYYIYTYHO Kapalla, KbI3bITyy
MEHEH WIITeeCy KEepEeKTUTMH O0aapblObI3 TyHIyHeOy3. Ap Oup okyydyra cabakra YATTYYAYKTYH
HETU3/JIepH KOHYHJIO jKaHa TATBIKTYy CYHJIeere MyMKYHUYJIYK OepyYHYH OupuHuM apaketu “benmxk
Oapak” pIKMachl OOJIy.

Byn xaTToo bIKMachlH ap KaHpaail ca®akra ap TYpAYYy Marepuajl MEHEH HIITee]e KOJIJOHCO
6ost0T. CxemaTu3aius *KajllblIo0 ONeparusuIapblH UIITEI YbITyyra MYMKYHIYK O€peT, TOTHKAIBIK Oif
KYTYPTYYHYH  KaJbIITaHBINIBIHA,  OJECTETYYHYH, TMPE3CHTAUMSHBIH  KaHa  YbITapMaybLIbIK
KOHJIOMIYYJIYKTOPYHYH OHYTYLIYHe €0eJre Ty3eT.

bupuHun oxyydynap aHbl Oeiarucu3 kKaiipa aiTein OepullTH, OMPOK aHJAaH KUWHUH ajap
HKCIEPUMEHT Jacail Oallrairbl - KOIIyHACBIHBIH YMWMECHHUH HETU3WHJE Kailpa alThil OEpHIITH.
Oxyyuynap e316pYHYH >KOHAOMIYYIYKTOPYHO HIICHHI, KOPKyyHy Tokroryury. Cu3 e3yHy3AyH
YUiiMeNepuHI3e, Co3 OOIYKTOPYHIO JXKaHa OpyC THJIM OOIOHYA JpEXeNeple KaalaraH HEpCeHH
KOpCOTO aachls.

«CypeTTe M3WIJCHHI KaTkaH KyOYIYIITYH HETH3Td OENTHiIepHH, CO3 MYYOCYHYH IPEIMETUH
AKaJIBIITHIPYY» METOJUKACH.

«Ce3 benyKrepy» TYWIYHYTY Oangap Y4yH 00Op; KONTOTOH XKaHbl TEPMUHJIEP KaHa TYIIYHYKTOP
6ap. Kenm TemamapblHbIH OOIYKTOPYHA® KOTHUTHBIMK AKTUBIYYIYKTY >KOTOPYIAaTyy MaKCaThIHJA
TasHbIY CXeMaJap/bl KOJJAOHOM. BUPOK Oyn Ce3ayH YbIHBITB MaaHUCHHJE Auarpammanap smec. byn
OanmapAblH Ke3 aljblHIa >KaHa OanmapIblH >KapJaMbl MEHEH jkapanraH cypetrep. CypeTTepayH
JKapAaMbl MEHEH MEH HETrM3rd HepceHH, 0.a. MaaHwmIyy Oenruiepau 0eyn KepcoTyyTe jKaHa aiapbl
MaaHUJTYY IMEC HepCeepAeH aublpMaIOOro YUPOTOM.

byn cypetrep Ganmapra ce3ayH Oenrunyy Oup Oenayry *eHYHJAe >KaIMbUIAHTAaH TYIIyHYKTY
KaJIBIITAHJBIPYyra JKapaaMm OepeT JkaHa oOmoJd dJJie ydypAa ara TaHa THENRNIYY HETUu3Iu
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e3reuerykrepre 0achiM >kacailT. banmap €3 MyMKyHUYYIYKTOPYH 3CKE alyy MEHEH 3pexelepIn jKaTka
OunbecTeH, >KaHBl TYLYHYKTOpAY, OalNaHBIITApAbl >KaHa MaMUJIENEpId UIIKe allbIPBIIITHI,
JAAIACPAM JKaHa JIOTUKAIBIK bIPAaTTyyIyKTy ©HYKTYPO aJbIIIThI.
Kapnuorpamma pIkMachl. OMOIMSUIApABI Tali1a KbIJITAaH MaTepuai Te3UPIdK, OCKeM kaHa OHOM
ACHHJIE CaKTajlaapbl 3YaK 3Ji¢ JAIUJICHTeH. Byl plkMa OKyy cabakrapblHAa KOJNAOHYNAT. TeKCTTHH
YCTYHI® wuireeAeH MypyH. bammapra nymbc — Oya «TYpTYY», KYPOKTYH KbIHPBUIBILIBI, KaH
TaMBIpJapAblH ME3THJI-ME3TUJIM MEHEH KEeHEHHUIM, Ke3re KepyHYIN, THUIlyy MEHEH aHbIKTala
TYpPTaHABITHIH TYIIYHIYPYY 3apbLIL.
banmapra nmynec — Oynm «TypTYY», >KYPOKTYH KbIMPBUIBIIIBI, KaH TaMblpJIapAblH MeE3IuJl-
ME3rUJIM MEHEH KeHEHUIM, Ke3re KepyHYN, THHYY MEHEH aHbIKTala TYPTaHIbITBIH TYLIYHAYPYY
3apbll. Orep MaHXaJlapblHbI3bl apTepUsulapra KOWCOHY3, TaMbIPAbIH KaIblIILIHBIH KBIIUTHITBIH JKaHa
PUTMHUH TOKTOTO anackl3. Kauan agam TeiHY 00JICO, aHAA TaMBIP/bIH COTYIIY ThIHY 0OJIOT; ajiaM abjaaH
0aKThLTyy 00JICO, TAMBIP/IBIH KarbIIIbl TE3CHT.
MenunuHanaa KYpPOKTYH KarbllIbIH Kepe TypraH ammapar Oap. Kemrune, OM3AMH «TEKCTTUH
TaMBIPBIH» «Ce3YYTe» apakeT KblIaibl. 1-2-Kk1acctap/ia TEKCTTH CEMaHTHKANIBIK 0oy KTepre 0eayyHYH
Kepery >KOK; MIIMHU3AM ald3alTap MEHEH TeKIlepe anachl3. AG3alThl OKYHY3 XKaHa ajl CH3/1€ KaHJai
AMOLMSUIAp/Ibl aii1a KbIJITaHbIH AXarpaMMaiad KepCoTYHY3.
bunum 6epyy KOOMIYH HETW3rd TapMaKTapbIHBIH OMpHU KaTapbl ME3TUJIIMH TanaOblHA bLIANHbBIK
OHYIYN, e3repyn TypaT. bamrranreiy kiaccrapia OuinuM OepyyHYH camarbl KeledeK MYYHIYH
KaJIBIITAHBIIIBIHAA MaaHWIYy POy OWHOWT. 3amanOam mapTTapAa Oamranrsid OwianM Oepyy
CHUCTEMAChIH OPKYHIOTYY, KaHbl YCYNIap bl XKaHa TEXHOJOTHIIapIbl KUPTU3YY 3apbLTYBLIBITH Maiiaa
Oomyyna.
VYuaypaa Gamranrera Ounum 6epyyae Oup katap e3repyyliep xkaHa pedopmanap Kypry3yayyzae.
CaHapun TEXHOJOTHSUIAP/AbIH KUPTU3WINIIM, WHTEPAKTUBAYY METOAIOPAYH KOJJOHYMA Oalralibl,
MYTATUMJIEPINH KBAJTH(UKAIUSACHIH JKOTOPYNATYy CBISKTYY apakerrep OwiauMm Oepyy HpOIEeCCHHUH
camaThlH JKaKIbIPTyy/la MaaHWJYY pPOjb OMHOWT. bupok, k33 Oup Kelreijep aarel sijie akTyalayy
OONIOH Kanyyna. AJapIbplH KaTapblHA OKYYy4yTapAblH OKyyra OOJITOH KbI3BITYYCYHYH TOMOHJOIIY,
MYTaJTUMACPINH JKETHIICU3IUTH JKaHa MaTepUANIbIK-TEXHUKAIBIK 0a3aHBIH HaYapAbIThl KHPET.
bunum GepyyHYH @HYTYYCYHYH HETH3IU OarbITTapbl
1. Canapun TeXHOJIOTUSIIAPAbl HHTETPALUSIIO0
® DIIEKTPOHIYK KUTENTEPAN, OHJIAIH Tu1aTopMaapIsl KOJIIOHYY;
o lHTepakTUBIYY TaKTalap/Ibl xKaHa Oalllka caHapHII Kapa)XaTTapblH Maiialanyy;
e ApaIibIKTaH OKyTyy (hopMasiapblH ©HYKTYPYY.

2. XKanpl MeTOoIMKaTapbl JKaHA OKYTYY BIKMAaJapbIH HINTEI YbITYY
o KpuTuKambik oM )KYTYPTYY JKaHa YbITapMAUbLIBIKTEI OHYKTYPYY;
o OKyydynap/JplH JKEeKe4e ©3roueyKTOpYHO bLIAWbIK OKYTYY;
e [IpakTHKaJIbIK XKaHa TaXPbIHOATBIK OKyTyyra OachIM ’kacoo.

3. MyranumaepauH KeCUNITUK OHYTYYCYH KaMChI3 KbLITyY
e KBanuuxarus >xoropyiatyy KypcTapblH YIOUITYPYY;
o MifkeMayy OKYTyy HporpamMMaliapbiH UINTEN YbITYY;
e [legarornopayH >Mrek MAPTTAPbIH KaKIIBIPTYY.

4. MarepuanaplK-TeXHUKAIBIK 0a3aHbl YbIHI00

¢ Kanpl MekTenTepM Kypyy JKaHa kadmayy;
¢ OKyy KypaJJapblH >KaHBIPTYY;
e Kooricys jxaHa bIHrainyy Ounum 0epyy ueiipecyH Ty3yy.

bamrranreiy knaccrapaa OunuM OepyyHYH OHYIYYCY 3amaHOan TEXHOJOTHSUIApAbI, KaHbI
METOUKAJIBIK bIKMaTapAbl KaHa camnaTTyy MaTepHalIbIK-TeXHUKaIbIK 0a3aHbl KaMTBIIIBI Kepek. by
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OarpITTapblH MIIKE AlBIPbUIBIIIBI OMIMM OEpYYHYH CamaThiH JKOropylaTyyra ’aHa OKYydyJlap/AblH
MHTEJJICKTYal[IbIK, YbITapMayubll )KOHAOMIOPYH OHYKTYpPYYr® 4OH cajbiM KowmoT. /lemek, 3amanOan
m@apTTapaa Oamranrbld OMiIMM OEpYYHYH Y3TYJITYKCY3 JKaHBUIAHYYyCy jkKaHa pedopmManapsl yaypayH
Tamabbl OOJTYI ACETNTENET.

Canapur TexHOJOTHsIIap/Ibl HHTETPALHSIIO0

3aMaHOaI KOOMJI0 CaHAPHIT TEXHOJIOTHSUIAp OUITMM Oepyy, SKOHOMHKA, MEAMIIMHA JKaHa Oarka
TapMakTap/a KeHUPH KOJIOHYIYI, >KAIIOOHYH aXbIparbic OenyryHe ailmanabl. AMpbikda, OHIHM
Oepyy cucTeMachlHJa CaHApUIl TEXHOJOTUSIIAPAbl MHTETPALMSIIOO0 OKYTYYHYH HaTBIMKAITYYIyTr'yH
KOTOPYIIATHII, OKyydyJiapra »aHa CTYICHTTEpre jKaHbl MyMKYHUYJIYKTOPAY adyyaa.

CaHapuIl TeXHOJOTUSIIApIbIH OUINM OepyyAery opay

Canapun TexHOJOTHsUIap OuIUM Oepyy MpOIECCHH IKEHWJICTUI, OKYyTYYHYH CamlaThlH
KAKIIBIPTyyra skapaam OepeT. AJapAbIlH HETH3TH apTHIKYBUIBIKTAPhl TOMOHKYJIIOP:

1. ’Keke MaMHIIEHU KaMCBI3 KbLITYYy

AanTUBIYy OKyTyy IaTdopManapsl apkbulyy ap Oup OKyydyra bUIAHBIKTAIITHIPBIITaH
onnM Oepyy;

OKyydyHYH HpPOIpEeCcCHH Ko36MeJ11e6 *kKaHa 06aaoo.

2. nTepakTuBayy OKyTyy METOAJOPYH KUPIU3YY

Bupryanapik xana komymua peanayytyk (VR/AR) konmonyy;

HHTepakTuBAYY TakTanap >kaHa OHJIAWH KypcTap apKbLlyy OuiuMm Oepyy.

3. MyranuMmaepanH KaHa OKyyqylTapAblH MYMKYHUYJIYKTOPYH KEHEUTYY

AJIBICTaH OKyy >KaHa UIITee MYMKYHYYIYTY;

OnnaiiH KUTENKaHaIap KaHa MaaabIMaT O0azanapbiHa JKeTKUIHKTYYITYK.

Canapur TeXHOJIOTHSIIAP/Ibl HUTHIIMKTYY HHTETPALASIIO0 YIYH IApTTap

1. Madpactpykrypanbl ©HYKTYPYY

MexkrenTepan JKaHa YHUBEPCUTETTEPAM SKOTOPKY BUIIAMIBIKTArbl HMHTEPHET MEHEH
KaMCBI3/100;

Komnbrotepauk xabayynap skaHa IporpaMMalibiK KAMCBI3I00 MEHEH Ka0yy.

2. Myranumuepau >kaHa aaucTepan Iasipaoo

Canapur TeXHOJOTHsUIApAbl KOJNAOHYY OOIOHYA KBaJH (PHKAIIMSIHBI YKOTOPYIATYy KypCTapblH
YIOLITYDPYY;

[lemarornopayH caHapUIITHK CadaTTYYyaYTyH OHYKTYPYY.

3. CaHapuINTHK pecypcTapbl UIITEN YbITYYy >KaHa KOJIJAOHYY

DNEKTPOHAYK KUTENTEepAH, MOOUIIUK TUPKEMENEepIU KaHa OHJIAHH IMiaTdopManapabl HIITen
YBITYY;

Oxkyydynap Y4yH HMHTEPAaKTUBJYY *aHa IPAKTUKAJIBIK OKYy MaTepualapblH TY3YY.

Canapun TexHoJIOTHsIapApl OMIIMM Oepyy CHCTeMachblHa MHTWIMKTYY MHTErPalUsIoo OUIIMM
OepYYHYH camarblH >KOTOPYJAThIN, AaHbl JKETKWJIUKTYY J>KaHa KbI3BIKTYy KbutaT. CaHapUITHK
WHHOBAIUsIap MYTaIMMJIEPIUH jKaHa OKYYdylapAblH MYMKYHUYJTYKTOPYH KeHEUTHI, KaHbl MyyHIYH
Ounmmre OOJNTOH KbI3BITYYCYH apTThIpyyra ebenre Ty3eT. [lemek, Oym OarbITThl OHYKTYPYY 3amaHOart
OunM O6epyy CHCTEMaChIHBIH HETH3TY MIUIICTTEPUHIH OUPU OOITyIT caHasar.

bamrranrera kmaccrapaa Ouiaum 6epyyHY OHYKTYPYY.

bamranrera Ounum 6epyy — OKYydYHYH HHTEIUIEKT yaIJIbIK, COI[MAJIBIK KaHa YbITapMaYbLIbIK
KOHJIOMJIOPYH OHYKTYPYYHYH HETH3u O0yn caHanat. Aji oKyydyrnapra 6a3aiablk OUJIMMIN raHa sMec,
OIIOHJOW BJi€ ©3 alAblH4a ON KYTYPTYY, UbITApMAubLIbIK JKaHa HW3AEHYY KOHAYMIOPYH Oeper.
3amanOan OmimM Oepyy cCHUCTeMachlHIA Oalrayrbld KiaccTapja OKYTYYHY OHYKTYPYY OuWpHHYH
KE3eKT€ JKaHbl TEXHOJIOTUSUIApP/bl, WHHOBAIMSUIBIK METOJJIOPAY JKaHa ap TapanTyy OKyTyy
MOJIENIZICPUH KOJIJIOHYY MEHEH OaiJIaHbIIITYY.

banrranrery OunuMm 6epyyHYH MaaHUCU
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1. OKyyuyHYH MHTEJJIEKTYaJlJbIK OCYIIYHO IIAPT TY3YY

KpuTukanslk oif )KYrypTYY ’KaHa JIOTHKAJIBIK aHAJIU3 XKOHIOMIOPYH KaJIbIITaHABIPYY;

OKyydynapblH JKEKe ©3reuelyKTOpPYHe Kapalla OKyTyy YCYNJapblH KOJIOHYY.

2. UblrapMaybUIbIK XKaHA COLUAJIBIK KOHIOMAOPAY OHYKTYPYY

OxKyyudynapJbplH KepKeM OM >KYTYPTYYCYH KaHa KpeaTUBAYYJIYTYH OHYKTYPYY;

Ton MeHeH uIITee kaHa COLUAIbIK alalTalusd KOHAYMAOPYH KalbIIITaHIbIPYY.

3. Herusru cabaTTyylykTy >kaHa MaTeMaTHKaJblK KOMIIETEHTTYYIYKTY YbIHJI00

Okyy, ’ka3yy »aHa 3CENTee XOHIeMIepYH 6pKYHIOTYY;

[IpakTukanbik TanmblpMaiap >kaHa UHTEPAKTUBYY METOIOP MEHEH OKYTYY.

bunm 6epyyHY @HYKTYPYYHYH HETH3TH OarbITTapsl

1. Canapun TeXHOJIOTHUSIIAPIbI KOJIJOHYY

HHTepakTuByY TakTajgap/ sl xKaHa dJEKTPOHAYK KUTENTEPIU KUPTU3YY;

Omnuaiin miaTgopmanap >xaHa MOOMJIIMK TUPKEMENIEpAN KOJIOHYY.

2. OKyTyyHyH MHHOBAIUSUIBIK BIKMAJIAPbIH UILITEN YBITYY

O10H apKbllyy OKYTYYy METOJMKACHIH KEHHPH KAUBLUITYY;

STEM xana STEAM nporpammanapblH HHTETPaLUsIOO0.

3. MyranuMmaepaIuH KECUNITUK OHYTYYCYH KaMChI3 KbLITyy

KBanuukanusiHbl )x0oropyaaryy KypcTapblH YIOILITYPYY;

Myranumzepre 3amaHOan OKyTyy METOJIUKaJapbIH YHPOTYY.

4. OxyTyy 4eilpecyH KakKIbIPTyy

MexkrenTepan 3amaHOan oKyy KypaiJapbl MEHEH KaMChI3/100;

Bannapapia geH COONyryH 3CKe alyy MeHeH Ouiaum Oepyy 4eipecyH Ty3yy.
bamrranreiy  knaccrapna OunuM OepyyHY OHYKTYPYY — KeleueK MYYHIAYH HUUTUIMKTYYy OuIUM
almyycyHyH Herusu. OKyTyyHY camaTrTyy JAEHID3Jre SKeTKUPYY YYYH JKaHbl TEXHOJOTHsIIapAbl
KOJIZIOHYY, WHHOBALMSJIBIK BIKMajapAbl KaWbLITYy jKaHa MYTaIMMAEPAUH KECUIITUK JACHID3JINH
xKoropynaryy 3apbil. OWOHAONH »Je OKyydylnap YYyH BIHTAilyy aHa Koolcy3 OuimuMm Oepyy
4eHpecYH Ty3yy OMIMM OepYYHYH HaTbIIKaIyyayryH apTThipat. Bya OarelTrapasl eHYKTYpYy OMiInM
Oepyy CUCTEeMacChIHBIH TYPYKTYy jKaHa CararTyy eHYTYYCYH KaMCBI3IAMT.
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WHTEJUIEKT KEJEYETA: KM "KAHA MAIIAHAJBIK OKYTYY IYHHOHY KAHTHUI
O3rOPTYYO
MHTEJIEKT BYJIYIIErO: KAK UM U MAIIVWHHOE OBYYEHHUE MEHSIOT MHUAP
THE INTELLIGENCE OF THE FUTURE: HOW Al AND MACHINE LEARNING ARE
CHANGING THE WORLD

Kbickaua myHe3neme: byn Makana caHapunTHK TpaHC(QOPMAIIMSIHBIH HETH3TH TEXHOJIOTHSIIAPHI
Katapbl skacamma uHTeekT (OKM) meneH mammHanbeik yipeHyyHYH (MY) e3 apa OaitjaHBIIIBIH
u3nigeere apHairan. MYHYH HETW3TH TYpliepy, 3aMaHOam bIKMalaphl KaHa alrOPUTMACPHU, aHBIH
WYUH/JIE TepeH YiipeHyy, AutoML jxana renepaTuBauk Mojenjep kapanar. JKMHuH MeauuuHaaH xana
TPAHCIIOPTTOH TAPTHII, (PMHAHCHI, OHOP *Kal, OrmM Oepyy KaHa allbuT yapOachkiHa YEHUHKU ap TYPAYY
TapMakTaparsl MPaKTUKAJIBIK  KOJNJAOHYIYIIyHa e3rede KeHyl Oypymar. WM  ky3yHzery
TaXpbliOanapasl OastHIAraH KeWc-CTaad, CTAaTHCTUKAIBIK MaalbIMaTTap J>XKaHa CaJblIITHIPMAIYy
aganmuznep JKVHUH  HaATBIKATYYTyKThl  SKOTOpYIaTyyra, YbITBIMIApJAbl  KbICKapTyyra >kaHa
MHHOBALMSUIApbl OHYKTYPYYr® THHIU3reH TaacupuH kepcereT. Omonnoi sne XM xongonyyra
OaiiTaHBIIKAaH YTUKAIBIK, YKYKTYK )KaHa TEXHOJOTHSUTBIK YAKbIPBIKTAP — a4bIKTHIK, KYITYsUTyYTYK jKaHa
TYpYKTYy OHYIYY Maceineiepu Jna Kapanar. Makana WT tapmareiHgarsl aguctepre, HIMMHR
U3UJI166YYJIepre, OKYTyydylapra, CTYIEHTTEpPre jkaHa WHTEIUIEKTYaJIIbIK TEXHOIOTHSIIapTa KbI3bl KKaH
KEHUPHU ayTuTOpHsra naiaanyy 6omo0t. Aiipeim 6enymaep KNHUH KenedeKTern oHYTYY OarsITTapbiHa
JKaHa TyHHeJYK 5KOHOMHKAa MEHEH KOOMJIYH TpaHchopMmanusachiHa THIHTHU3YY TaaCHPUHE apHAJITaH.

AnHoTamms: CraThsl MOCBSAINEHA HCCICAOBAHUIO B3aUMOCBSI3M HMCKYCCTBEHHOTO HHTEIUIEKTa
(MN) m mammuHOrO OOydeHuss (MO) Kak KIIOUEBBIX TEXHOJOTUH HU(POBON TpaHchopMaIuH.
PaccmatpuBatorcsi ocHoBHbIe BUIbl MO, COBpeMEHHBbIE METOAbl U AITOPUTMBI, BKIIOYAs ITYyOOKoe
oOyuenue, AutoML wu renepatuBHbie Mojenu. Ocob0oe BHUMaHHE YICIEHO MPAKTUYECKOMY
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npuMeHennto MM B pasauyHBIX OTpaciiix — OT MEIWIMHBI W TpaHCIopTa JO (UHAHCOB,
IPOMBILUIEHHOCTH, 00pa30BaHUsl M CENbCKOTO X03siicTBa. IIpuBeneHbl kelc-cTanu, CTaTUCTUUYECKUE
JAHHBIC W CPAaBHUTENFHBINA aHAIN3, WILTIOCTpUpyonme Biusaue MW Ha nmoBeimenne 3(pQEeKTHBHOCTH,
COKpaIleHHE H3/ICP)KEK H CTUMYTHPOBaHNE HHHOBAIIWIA B OM3Hece. Taroke 3aTparuBalOTCsl ITHYECKHE,
MpPaBOBbICE W TEXHOJIOTUYECKHE BBI3OBBI, CBSI3aHHBIC C HUCIHONb30BaHWeM WU, BiIouasi BOMPOCHI
MPO3PaYHOCTH, KOH (PUICHIIMATBHOCTH U YCTOWUUBOTO pa3BUTHs. CTaThs OyIET MoJie3Ha CTIeIUaucTaM
B o0Onactu UT, HaydHBIM HCCTIEIOBATEISM, TIPEIIOIABATENSIM, CTYICHTAM, a TAKKe IMPOKOH ayTuTOPHH,
WHTEPECYIOLICHCS COBPEMEHHBIMU HMHTEIJICKTYaIbHBIMU  TeXHONOTUsIMA. OTAEIbHBIC pa3Aembl
MOCBALICHBI Oy1ylM HampasyieHusM pazsutus MU u ero BiausHuio Ha TpaHchopMalvio modanbHON
YKOHOMHKH H OOIIECTBA.

Abstract: This article explores the interconnection between artificial intelligence (Al) and
machine learning (ML) as key technologies driving digital transformation. It examines the main types
of ML, modern methods and algorithms, including deep learning, AutoML, and generative models.
Special attention is given to the practical applications of Al across various industries — from
healthcare and transportation to finance, manufacturing, education, and agriculture. The article presents
case studies, statistical data, and comparative analyses that demonstrate AI’s impact on increasing
efficiency, reducing costs, and fostering innovation in business processes. Ethical, legal, and
technological challenges related to Al — such as transparency, privacy, and sustainable development
— are also discussed. The article is intended for IT professionals, researchers, educators, students, and
a broad audience interested in intelligent technologies. Specific sections are dedicated to future
directions in Al development and its role in transforming the global economy and society.

Herusru ce3nep: kacaiMma WHTE/UICKT; MAIMHAIBIK YHPOHYY; HEHPOHIYK TapMakKTap; TepeH
yiipenyy; AutoML; TaOuUThIi THIIM UIITETYY; KOMITBIOTEPANK KOPYY.

KuiroueBble cj10Ba: WMCKYCCTBEHHBIM WHTEIUIEKT, MAlMHHOE OOydeHHE; HEHPOHHBIC CETH;
nryookoe oOyduenue; AutoML; oOpaboTka ecTeCTBEHHOTO S3bIKa; KOMITBIOTEPHOE 3pEHUE.

Keywords: artificial intelligence; machine learning; neural networks; deep learning; AutoML;
natural language processing; computer vision.

Beenenne

UckyccrBennbiit uaTeuiekr (M) m mammuaHOoe oOyderme (MO) — 3TO OJHO W3 CaMbIX
JTMHAMUYHO PAa3BHUBAIOIIMXCA HAMpaBJICHU COBPEMEHHOM HAayku W TexHoJiornd. OHHU  yke
KapAMHAJIBHO HM3MEHWJIM MHOXKECTBO OTpaciel: OT MeIUIIMHBI M (UHAHCOB [0 TpaHCIOpTa HU
IIPOMBIIUIEHHOCTH.

WM ucnonb3yeT METO/bl MAalIMHHOTO OOydeHHUs JJisi aBTOMAaTH3allly IMPOLIECCOB, MOBBILICHU 5
3(PEKTUBHOCTH CUCTEM M CO3JaHMs MHTEJUICKTYaJIbHBIX pellieHUH. B 3T0il cTarhke paccMoTpuM, Kak
M1 u MO cBsa3anbl Mexy coOOM, KaKME€ TEXHOJIOTHMHU JIEKAaT B UX OCHOBE U KAaKHE MEPCHEKTUBbI
OTKPBIBAIOTCS B OYAyIIIEM.

Yto Takoe MalllMHHOE 00y4ueHHe?

ManmHHOe o0ydyeHue — 3TO pasfesl HMCKYCCTBEHHOIO WHTEIUIEKTa, KOTOPBIA IO3BOJISET
CHUCTEMaM CaMOCTOSITeIbHO 00ydaThCcs Ha OCHOBE JaHHBIX 0O€3 SBHOTO MPOrpaMMHUPOBAHUS Ha
BBIIIOJIHEHNE KOHKPETHBIX 3a7ad. AnroputMbel MO aHanM3upYHOT JaHHBIE, BBISBIIAIOT 3aKOHOMEPHOCTH
Y Ha MX OCHOBE IPUHUMAIOT PELICHHUSL.

OcHOBHBIE BU/IbI MAIIMHHOTO 00y4eHUs!

1. O0yuenue ¢ yuureseM (Supervised Learning)

o Anroput™mbl 00y4aloTCs Ha pPa3MEUEHHBIX JAHHBIX, TA€ KaxkI0i BXOJHOM HHQoOpManuu
COOTBETCTBYET U3BECTHBII BBIXOI.

o Ilpumepsr:
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3.

o

NEUCTBHUSL.

o

PacnosnaBanue nuu.

IIporuosupoBaHue LIEH aKLH.

JlnarnocTrka 3a00J1€BaHM 10 METUIIUHCKUM CHUMKAM.

Oo0yuenue 0e3 yunreJis (Unsupervised Learning)

Mozenu paboTaloT ¢ Hepa3MEUCHHBIMU JaHHBIMH, BBISIBJISIS CKPBITHIE TTATTEPHBI U TPYIIIIHI.
[Ipumepsr:

Knacrepusanus K1meHTOB.

OO6HapyxeHue aHOMaUi B TPAH3AKIIHIX.

Oo6yuenue ¢ noakpenieauemM (Reinforcement Learning)

AnropuT™M o0yuaeTcs, B3aMMOJCHCTBYS CO CpeIoil M ToJydas Harpaibl 3a YCHEIIHbIe

[Ipumepsr:
ANTOPUTMBI JIJIsl aBBTOHOMHBIX aBTOMOOUJICH.
Urpossie N-cucremsl (Hanpumep, AlphaGo).

Kak U ucnosb3yeT ManmmHHoe o0y4eHue?
ManmHHOe 00yueHre — KITI4YeBOW MHCTPYMEHT UCKYCCTBEHHOrO MHTeluiekra. bnaromaps MO,
414! CHOCO6CH BBIITOJIHATH CIIOKHBIC KOTHUTUBHBIC 3a1a4N .

O

O

Oo0padoTka ecrecTBeHHOIO si3bika (NLP)
[Mpumepsi: ronocoBsie momMonHukH (Sir, Alexa), mepeBoauuKu, 4aT-O00THI.
KomnsrorepHoe 3peHue
Hcnonw3yeTcst B MenuuuHe, cucTeMax 0e30MacHOCTH, Ha TPOU3BO/ICTBE, TPAHCIIOPTE.
PexomeHnaaTebHbIE CHCTEMBI
o Ilpumepsr: Netflix, Spotify, Amazon — mpeaiaraloT KOHTEHT Ha OCHOBE TOBEICHUS
MOJIB30BATENEH.
ABTOHOMHBIE CUCTEMbI
Po60Ts1, IpoHBbI, OeCIUIOTHBIE AaBTOMOOHIIH.
IIporHo3nasi aHAJIUTHKA
B sxoHOMMKE, TOTOHBIX MPOTHO3aX, JIOTUCTUKE U 3]PAaBOOXPAHEHUH.

CoBpeMeHHBbIE TeXHOJIOTHH MAIIIMHHOTO 00yYeHUsI
CoBpemennoe MO pazBuBaercs 6maroapsi CIeAyIONIMM KITIOYEBBIM TEXHOJIOTHSIM:
1. 'ny6oxoe o0yuenue (Deep Learning)

OcCHOBaHO Ha HEUPOHHBIX CETAX, UMUTHUPYIOUMX PadOTy 4EJIOBEUYECKOTO MO3Ia.
[IpumeHnsieTcs B MeAUIIMHE, aHATH3E H300paKEHU I, paClIO3HABAHUH PEUH.

2. I'enepatuBubie moaein (GAN, GPT, Diffusion Models)

Co031a10T TEKCThI, H300paKEHHSI, BUJICO H MY3BIKY.
Ipumepsr: ChatGPT, DALL-E, Midjourney.

3. AutoML (aBTOMATH3MPOBAHHOE MAIIIMHHOE O0y4YeHHeE)

[To3BomnseT aBTOMaTHU3UPOBATH TOCTPOCHHE MOJIENIEH U YCKOPSIET pa3palboTKy.

4. I'mopuansie MU-cuctemMbl

e OOBEMHSIOT HECKOJIBKO TMOJIXOJIOB — Heipocetu, cuMmBoiuueckuii WM, norudeckue

npaBuia.
Keiic-ctagm: ycnenmsie npuMepsl peanusanun MU
e 3apaBooxpanenue: kommnanus DeepMind (Bxomut B Google) paspaborana cucremy MU,
CIIOCOOHYIO JMAarHOCTUPOBATh 3a00eBaHUs TIJ71a3 C TOYHOCTHIO, COMOCTaBUMOM C BeayLMMHU
0(1)T3.J'II)MOJIOF3,MI/I. Taxke N MNPpUMCHACTCA JIA aHaIr3a PCHTICHOBCKMX CHHMKOB W IPCACKA3aHUA
BEPOSITHOCTH CEPJICUHO-COCYIUCTHIX 3a00I€BaHUM.
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e Tpancnopr: Tesla 1 Waymo aktuBHO ucnonb3yroT M1 n oOydeHue ¢ moakpenaeHueM Iis
pa3paboTku OecnuIOTHBIX aBTOMOOWIel. WX cucTeMbl aHATU3UPYIOT JOPOKHYIO CHUTYAallMI0 B
pealbHOM BPEMEHHU M IPUHUMAIOT PEIIEHHS] HA OCHOBE HAKOIIJIEHHOT'O OIbITA.

o ®unaHcoBble TexHoJorum: WM npumensercas B cucTeMax MOPEIOTBPALLECHUS
MOIIICHHUYECTBA, aJTOPUTMUUYECKONH TOPTOBJIE€ U KPEAUTHOM CKOpPHHTE (Hampumep, B Iuatdopmax,
Takux Kak Zest Al u Upstart).

e Pureitn: Amazon npumensier M 1 onTUMHU3aluy JOTUCTUKA, aHAJIA3A MMOKYIIATEIbCKOTO
MOBE/ICHUS U MTEPCOHATN3ALNN BUTPUH, YBETUYUBAs TPOIaKU U CHUKAsl OTIEPALIMOHHBIE U3ACPHKKH.

o IlpombiuvieHHocTh: Siemens BHeapser WM Ha Dpou3BOACTBEHHBIX JIMHUAX JUIA
NPEIUKTUBHON JHUArHOCTUKA OOOpYAOBAaHMS, YTO CHHM)KAeT BpeMs MpPOCTOS U 3arpaThl Ha
obcyKuBaHUe.

e Arpocekrop: Komnanus John Deere ucnonszyer I u koMImbroTepHOE 3peHUE sl aHATIA3a
COCTOSIHUSI TIOJIEH U ONMTUMH3AI[MM TTOCEBOB, YTO MOBBIIIAECT YPOKAWHOCTh U CHUIXKAET MOTpedieHue
pecypcoB.

AHAJIN3: CTaTUCTHKA U CPaBHUTCJIbHbIC JaHHbIE

Oo0aacth npumenenuns MU Hponzg;ggz;ggg)ﬁ poer OcHOBHBIE TEXHOJOTHH

Bupasooxpanenne | +41% CAGR INLP, CV, DL |
[Tpaucriopr u noructuka || +36% CAGR |Reinforcement Learning, CV |
IPurteiin u e-commerce | +30% CAGR [Recommendation Systems, NLP |
Dunancer | +28% CAGR |Fraud Detection, AutoML |
lO6pazosanue | +24% CAGR lAdaptive Learning, GPT |
IMpoMbITmIeHHOCTS | +33% CAGR [Predictive Maintenance, 10T, CV|
ICenbckoe x03s1iicTBO | +29% CAGR [Precision Agriculture, CV, DL |

ITo mannpiM McKinsey u Statista, mupoBbsic mHBeCcTHIIMU B MM -TIpOAYKTBI M CEPBHUCH YKe
npesbiciim $150 muipa B 2023 roay, a k 2030 rogy 3TOT MOKa3aTelnb MOXKET YIBOUTHCS. OxXupaercs,
gyto 60nee 70% xommanuii BHeApAT M B GusHec-mpoiiecchl B TeUeHUE clienyonmx 5 et. Takxke, mo
ouenke PwC, U1 moxer yBennuuth rmodansubiii BBIT Ha $15,7 Tpna k 2030 roxy.

IIpo0JieMBbI 1 BBI3OBBI

Pazsutre U 1 MO conpoBoXaaeTcs psaoM CEPhE3HBIX BHI30BOB:

e JTHKa H CHIPaBeLIUBOCTH

o Kak u3dexaTh npeaB3aTocTi U HECIIPABEAIMBOCTH B pereHusx NIN?

o KoHpuaeHUMAIBHOCTH U 0€30M1ACHOCTDH JAHHBIX

o Kak 3aumtuTh 1M4HYyI0 HHQOPMAIIUIO OT yTeUEeK U 3NI0YNOTpeOaeHu i ?

O0BSACHUMOCTD AJITOPUTMOB

o Kak nonsrs, moueMy mMojienb NpUHSIIA TO NI HHOE pEIeHHE?

3aBHCHMMOCTB OT JAHHBIX

o Yrto AenaTh NpH HEXBATKE KAYECTBEHHBIX JAHHBIX UM HATMYUU IIyMOB?

Bynyiee HCKYyCCTBEHHOIO HHTEJVIEKTA M MAIUMHHOTO 00y4eHust

OxunaeMble TPEHIBI U IEPCIEKTUBBI:

1. Poct aBroHomuu UU-cucrem

o CHmxeHne He0OX0IUMOCTH y4acTHsl YeJIOBEKa.

2. YJjy4uleHue NOHMMAHUS €CTeCTBEHHOTI0 A3bIKA

88



Bonee Tounrle u "uenoBeunnie” muanoru ¢ UL

KBanTOBOE ManIMHHOE 00y4eHHUe

[ToBbIIeHNE BBIYMCIUTENHHON Y(PPEKTUBHOCTH OJ1arofapsi KBAaHTOBBIM TEXHOJIOTHSIM.
I'mne pne pconaamn3zanust

INoacTpoiika cepBUCOB MO WHAUBUTyaIbHBIE 0COOCHHOCTH MOTH30BATEIIS.

O:PO w o

MckyccTBeHHbIM
MHTEesIJ1IeKT

O6yivuerHue
Cc y4duumurTenem

MauimHHoOe o e R
06yt—|eHme 6e=3 yuyuTtensi
O6paorTka

ecrTecTBeHHOro
A3blKa

KomnbrorTepHoe

—_—
=peHue

3akiaoyenne MM u mManmaHOE OOydYeHHE YK€ CTAIM HEOTHEMJIEMOM YacThIO COBPEMEHHOTO
mupa. Oun TpancHopMHUpyIOT OU3HEC, HAYKY U TTOBCEAHEBHYIO KU3Hb, OTKPHIBAsl PaHEe HEBO3MOKHBIC
TOPU3O0HTHI. OIIHaKO BAXXHO pa3BUBATb 3TU TCEXHOJOIMHU OTBCTCTBCHHO, YYUTHIBAA JTUYCCKUEC U
COLIMAJIbHBIE ACTIEKTHI.
[lepen namu — Oymymiee, B koTopom MU Oymer HE MPOCTO MHCTPYMEHTOM, a MOJHOLIEHHBIM
MapTHEPOM B PEIICHUH CIIOKHEHIIMX 3aa4.
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KBIPT'bI3 PECITY BJIMKACBIHBIH WTHHOBAIIMSIJIBIK UIIMEPIYYJIYTYH
BAIIKAPYY BOIOHYA MAAJIBIMATTBIK CHCTEMAHBI M3WIA00 KAHA TAJIJIOO
(COOJIA TAPMATBIHJIA)

UCCJIEJJOBAHUE U AHAJIU3 UH®OPMAIIMOHHOW CHUCTEMBI YIIPABJIEHUS
WHHOBAIIMOHHON JESATEJBLHOCTBIO KP (B COEPE TOPIOBJIM)
RESEARCH AND ANALYSIS OF THE INFORMATION SYSTEM FOR MANAGING
INNOVATIVE ACTIVITIES OF THE KYRGYZ REPUBLIC (IN THE TRADE SECTOR

Ksbickaua myHe3neme: byn wmakamama Keiprei3 PecmyOnmkackiHAa coona TapMarbIHAarbl
HWHHOBALlUAJIBIK HIOIMCPAYYJIYKTY 6ann<apyy MaceJICICpu 3aMaHOan MaaJbIMATTBIK CUCTCMAJIap bl
KOJJIOHYy MeHEeH KapanaT. VHHOBauusmapapl OallKapyyHYH HaTBIHKalyyayryHa Taacup O3TKEH
ABTOMATTAIIThIPBIJITAaH YCUYUMACPAUH yaypAaarbl abanbl TajlgaHar. Cooaa HIIKaHaJIapbIHbIH
aTaaHJAINTHI KKa XOHAOMIYYIYTYH KOTOPYIATyy YUYYH CAaHAPUIITHK IuiatdopMaiapIbl KaHa kacaiMa
MHTEJUIEKT TEXHOJIOTUSUIAPbIH KUPIU3YYHYH KeJIederu Herusnaener. Makaiaga HATUIIMKTYY 371 apajbIK
TaXpblii0anapIplH  MUCAJAApPbl  KENTUPWIMN,  anapAblH  KbIprel3cTaHra  bUIANBIKTAIITHIPYY
MYMKYHYYJIYTY OaayiaHar.

AnHoTamms: CoOCTOSHHS aBTOMAaTHU3MPOBAHHBIX pPELICHUH, BIMSMIONMX Ha 3()(EeKTHBHOCTDH
MHHOBAIMOHHOTO yrpaBieHus. OOGOCHOBBIBAIOTCS MEPCIEKTUBBI BHEAPEHUS IMPPOBHIX IIaTdopM U
TEXHOJIOTHH HCKYCCTBCHHOI'O HHTCIUJICKTA JIsI ITOBBIIICHUS KOHKypeHTOCHOCO6HOCTI/I TOPTOBBIX
NpeanpusaTuii. B cratbe NPUBOIATCSA MPUMEPBl YCIEMHBIX MEKAYHAPOJHBIX IPAKTUK U OLICHUBACTCS
BO3MOXHOCTH UX aJgaliTaliliu B KBIpI‘I)ISCTaHe.

Abstract: This article addresses the management of innovative activities in the Kyrgyz
Republic in the field of trade using modern information systems. The analysis of the current state of
automated solutions impacting the efficiency of innovation management is conducted. The prospects
for implementing digital platforms and artificial intelligence technologies to enhance the
competitiveness of trading enterprises are substantiated. The article provides examples of successful
international practices and evaluates the possibility of their adaptation in Kyrgyzstan.

Herusru co3aep: NHHOBAIUSUIBIK HIIMEPIYYIYK, MaajabIMATTHIK cucremMalap,
CaHapI/IHTeHITI/IpYY; C00JIa, KacajiMa MHTEIJICKT, ABTOMATTAIITBIPYY.

KuaroueBrle CcJIoBa: MHHOBAIIMOHHAasA ACATCIIbHOCTD, I/IH(bOpMaI_[I/IOHHHe CHUCTCMBI,
III/I(prBI/ISaHI/IH; TOPIrOBJIA; HCKYCCTBGHHBIP'I MHTCIJICKT, aBTOMaTHU3all 1.

Keywords: innovative activities; information systems; digitalization; trade; artificial
intelligence; automation.

OxoHomuka Ksipreisckoit  PecnmyOnuku — crankuBaeTcss € HEOOXOJUMOCTBIO — YCHJICHUS
WHHOBALIMOHHOW JesTeNbHOCTH B cepe ToproBmu. DddexkTuBHOE ympaBieHWE WHHOBAMSIMU
HEBO3MOXHO 0€3 INpUMEHEHUs IepeAOBbIX HHQPOPMALMOHHBIX CHCTEM, OOECIEeUMBAIOLMX AHAIU3
JTAHHBIX, ABTOMATU3aI[M0 OM3HEC-TIPOLIECCOB U MOBbIIEHHE YPPEeKTUBHOCTH pabOThl NMpeAnpusTuii. B
CBSI3M C OTUM aKTyaJIbHOCTh HCCIIEOBaHUs OOYyCJIOBJI€EHA NOTPEOHOCTBIO B COBEPIICHCT BOBAHUU
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MEXaHU3MOB YIIPABJICHUS WHHOBAIIMOHHOW JIEATEIHPHOCTBIO Ha OCHOBE COBPEMEHHBIX ITH (PPOBBIX
TEXHOJOTHUM.

1. TeopeTnyeckme acneKThbl yIpaBJje HUsI HHHOBAIMOHHOM /1€ SITEJIbHOCTHIO

VHHOBalIMOHHAS IESITENbHOCTh MPEICTABIACT cOO0M KOMIIJIEKC MEPONPUATHH, HAPaBJICHHBIX
Ha pa3paboTKy, BHEIPEHNE U PACIPOCTPaHEHNE HOBBIX MPOIYKTOB, TEXHOJIOTHIA M OHM3HEC-MOJIENICH.
OCHOBHBIMH 3JIEMEHTAMH YIIPABJICHUSI MHHOBALIUSIMU SIBJISIFOTCSL:

- aHAJIM3 PbIHOYHBIX TEHACHIUM; [6]

- IJIJAHUPOBAHUE U IPOTHO3UPOBaHUE; [3 ]

- ynpaBjeHue GuHaHCUPOBaHUEM U pecypcamu; [7]

- MOHUTOPUHT U OIleHKa d(HEKTUBHOCTH BHEAPCHHBIX pEeLIeHHH. [2]

B cdepe ToproBiau ocoboe 3HauU€HHE MMEIOT TEXHOJOTHMH aBTOMATH3MPOBAHHOIO YIpaBJICHUS
LENsAMH MOCTaBOK, MAPKETUHIOBbIE aHAIMTHUYECKHUE MIATGOPMBI U CUCTEMbI KIMEHTCKOM aHATUTHKH.

[4]

2. Anaiu3 nHGOPMANMOHHBIX CHCTEM B YNPaBJ¢HHM HHHOBALMOHHOW NesITEJILHOCTHIO B
cdepe Toprosiu

Ha ceroansmuii nens B Kplprelscrane UCTIONB3YIOTCS pa3IMiHble HHPOPMALMOHHBIE CUCTEMBI
JUIS TOAJIEP’KKM MHHOBALMOHHBIX IPOL[ECCOB B TOPIOBJIE, CPEAN KOTOPBIX MOXHO BBIIEIUTH:

1. ERP-cucremsr (Enterprise Resource Planning) — komruiekcHbie maathopMbl A7l YIIpaBICHHS
pecypcamMu NPEeANPUATHSL, TAKUMU KaK CKIAJCKOM ydeT, 3aKylKd, IPOAaXH U (pUHAHCHI. 3]

2. CRM-cucremsr (Customer Relationship Management) — WHCTpyMEHTHI Ui yIpaBJiICHUs
B3aMMOOTHOILIGHUSIMU €  KIMEHTaMH W aHajiM3a HMX  HOTPEOUTENBCKOIO  MOBEACHUSL.
3. Bl-cucremsr (Business Intelligence) — anamuTiueckre CHCTEMBI, TO3BOJSIONIE MOIyIaTh [ICHHBIE
WHCAWTBI Ha OCHOBE OOJIBIIIMX JIAHHBIX. [7]

4. BrIOK4EeH-TEXHOJIOTUN — UCIOJIB3YFOTCS Ul TPO3PAYHOTO YIPABIECHUS LEMSAMU MOCTABOK U
obecrieueHus1 6€30MaCHOCTH TPaH3aKIH. 5]

5. HCKyCCTBEHHBI MHTEIIEKT — AKTMBHO IIPUMEHSETCS B aHAIM3€ CIPOCa, NMPEICKa3aHUHU
TPEHI0B U aBTOMAaTU3aLUH1 PYTUHHBIX ITPOLIECCOB. [4]

3. 'ocynapcTBe HHbIe HHUIHMATHBBI U IPOrPAMMbI

C 2019 rona snexkrpoHHast KoMMepuus B KeIprei3cTane J1EMOHCTPUPYET CTPEMUTENBHBIN POCT,
4eMy CIOCOOCTBOBAJIO PA3BUTHE MHTEPHET-MH(PACTPYKTYpbl M YBEJIWYEHHE 4YMCIa MOJb30BaTeseh
MOOMJIBHBIX IUIATEXKHBIX cUcTeM. OTHAKO JaHHAasi OTPAC/Ib CTAIKUBAETCS C PSIOM BBI30BOB, TAKUX KaK
HEJIOCTAaTOK JOBEpUs MOTpeOUTENel K OHJIANH-TIOKYIKaM M OTpaHUYEHHbIA JOCTYIl K MHTEPHETY B
CENBbCKUX PETMOHAaX, rae npoxusaer 60% HaceneHus. [5]

B orBer Ha 3TH BBI30BBI IpaBUTENbCTBO Kbipreisckoit Pecniyonuku B 2023 roay 3amycTuiio
[Iporpammy pa3BuTHS 2JIEKTpOHHON KoMMepunu Ha 2023-2026 ronpl, HapaBJIECHHYIO Ha MOBBIIICHHE
KOHKYPEHTOCIIOCOOHOCTH MECTHOH MNpOJIYKIMM Ha MEXKIYHAPOJHBIX pBIHKAX U IPUBJIEYEHUE
uHBecthnmi. Llens mporpamMmbl — co3fgaHue ONAarompuaTHOW CpeAbl Uit PasBUTHS SJIEKTPOHHON
KOMMEpPIIMH, COBEPIICHCTBOBAHHE 3aKOHOJATENbHOM  0a3bl, (UMHAHCOBOM  HMH(PACTPYKTYpHI,
AJIEKTPOHHBIX MJIATEXKHBIX CHUCTEM, a TakkKe OOydeHHE IepcoHala U IOBBIIIEHHE KBaTU(UKALIUU
KOMIIaHWUH JUIsl BEICHUS OHJIAH -TOPTOBJIN.

Kpome Toro, yrBepxkaeHa IlocynmapcTBeHHass IporpaMMa pa3BUTHS HHTEIUICKTyalbHOU
coOcTBeHHOCTH U MHHOBaimii B Kbipreisckoit Pecriyonuke na 2022-2026 roasl. JlanHas mporpamma
HalpaBJieHa Ha CO37aHHe YCIOBUH s (opMmupoBanust cOamaHcUpOBaHHOM u  d(deKTuBHON
AKOCHCTEMBI HHTEJUICKTYaIbHOM COOCTBEHHOCTH M HHHOBAIUM B cTpane K 2026 roxy.
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4. Poib MeXIYHAPOAHBIX OPraHU3ANUil W NOJIepP:KKa npeJanpuHuMaresieii B cdepe
3JIEKTPOHHOM KOMM e pUHU

[Iporpamma pazsutus OOH (ITPOOH) aktuBHO MOIepKUBACT WHUIIMATHUBBI, HAIPABJICHHBIC
Ha pa3BuTue nu@poBuszanuu B Keipreiscrane. C moMoipio MPOEKTOB, KOTOPBIE YKPEIUISIIOT U (JPOBYIO
uH(pacTpyKTypy, OUH(POBBIBAIOT TOCYIApPCTBEHHBIC YCIYIH, YAYYIIAIOT AOCTYH K TEXHOJOTHSM H
pa3BuBaroT [M(poBhIe HaBBIKM cpeau mnpeanpuHuMareneid, [TPOOH cmocoOCTByeT pa3BUTHIO
WHHOBAIMOHHOTO JaHamagra. Takol MOAXoi MO3BOJSET MECTHBIM MPEANPHUSATUSM PACHIMPSITHCS Ha
BHYTPEHHUE U MEKIYHAPOIHbIE PIHKY, IIOBBIIIAS SKOHOMUYECKYIO YCTOWUNBOCTh KbIprei3cTaHa.

B corpynnuuectBe ¢ MuHHCTEpCTBOM 3KOHOMUKM UM KoMMepuuu Ksipreizckoit Pecrydnuku
[TPOOH pa3pabareiBaeT HOpMaTUBHYIO 0a3y s co3manus [lapka 31eKTpOHHONW KOMMeEpIMU. JTa
WHUIMATHBA HAalpaBJe€HAa Ha CO3JAaHME OJIarOnpUsATHOM cpedbl A NPEANPUITUN DIEKTPOHHON
KOMMEpIIMH, ITPUBJICUCHHE UHBECTUIIMHA U Pa3BUTHE DKOCUCTEMBI ISl HUPPOBON KOMMEPLIMH, a TAKKe
Ha Mo3uLMOHKpoBaHKe KbIprbI3cTaHa Kak JJOTUCTHUECKOTO U IIU(POBOTO TOPTrOBOIo LEHTpa. [4]

IIporno3upyercsi, 4TO CEKTOp 3JEKTpOHHOM KoMmMepuuu KeIpreiscrana BbslpacteT ¢ 360
MuUIMOHOB JosutapoB CIHIA B 2024 roay nmo 595,7 mumnuonoB nosutapo CIIIA k 2028 rony, npu
ATOM OKHJIAETCsI 3HAUUTENBHOE YBEIMUYEHUE HAJIOTOBBIX MOCTYIUIEHUH Kk 2025 roxy. [5]

ITPOOH nomoraet npeanpuHuMatensM Kpiprei3craHa B OCBOGHUN 3JIEKTPOHHOW KOMMEPIIUU U
BBIXOJIE HA MEX1YHapOIHbIE PhIHKU. bonee 50 nmpeanpuHuMaTeneid U3 CTpaHbl MOIYYal0T YHUKAIbHYIO
BO3MOYKHOCTh OOYYHMTHCSI BEJICHHIO JIEKTPOHHOH KOMMEpIIMU B paMKax mporpammsl «KaHbipeil iH
Canapumny». DTa MHMIIMATHBA HApaBJIeHAa Ha MOJIEP’KKY MUKPO-, MAJIBIX U CPEIHUX MPEANPUITUH U
peanusyeTcst Omaromaps ycuausM npaBuTenbeTBa Keipreizckoit Pecmyonmuku u [TIPOOH.

S. BpI30BBI M NepCHeKTHBLI Pa3BUTHS HMHHOBALMOHHOW [eATeJbLHOCTH B TOProBJje
Kbiproizcrana

HecmoTpst Ha axkTHBHOE pa3BUTHE WMHHOBAIMOHHOW JEATENILHOCTH B c(epe TOProBiH,
KbIpreI3cTan cTamknBaeTcs ¢ psAaoOM BbI30BOB, KOTOPBIE MOTYT 3aMEUINTh Iporpecc. K HUM oTHO csATCs:

Henocratok kBaau@UUMPOBaHHBIX KaApoB: MHOIrue NpeanpusTus UCHBITHIBAIOT AeQUIINT
CHEIHAINCTOB, CIOCOOHBIX 3 (pheKTUBHO pabOTaTh ¢ COBPEMEHHBIMUA MH(MOPMAITMOHHBIMUA CHCTEMaMHU
U TEXHOJOTUSIMU. DTO TpeOyeT ycusieHUsI 00pa30BaTeIbHBIX IPOrPaMM U MOBBIILEHUS KBATH PUKAIIUN
COTPYIHHUKOB.

IInppoBoe HepaBeHcTBO: CeNbCKUE PETHMOHBI, I[€ MPOXKUBAET 3HAUMTENbHAs 4YacTb
HACEeJICHU s, OCTAIOTCS HEIOCTaTOYHO OXBaueHbl MIHTEpHETOM M LHHU(POBBIMH ycayramMu. DTO CO3JaeT
JcOaiaHC B Pa3BUTHH JIEKTPOHHONW KOMMEPLIUU MEX/Ty TOPOJICKUMHU U CEIbCKUMHU TEPPUTOPHUSIMH.

Husknii ypoBeHb a0Bepusi K OHJIaH-IUIaTe:kaM: MHOrMe mnoTpeOUTENN MO-NPEKHEMY
IPEANOYUTAIOT HAJIMYHBIE PACYETBI, YTO CBA3aHO C HENOCTATOYHOM OCBEIOMIICHHOCTBIO O
0€30MacCHOCTH IJIEKTPOHHBIX IIATEXEH.

OrpannyeHHbBId A0CTyn K (uHAHCHMPOBAHMIO: Manble M CpEeIHHE NPEANPUSATHS YacTO
CTAJIKUBAIOTCS C TPYAHOCTAMHM IIPU IOJYYEHHM KPEAUTOB [UIsl BHEAPEHNS WHHOBALMOHHBIX
TEXHOJIOTUH.

st mpeoionieHus TUX BHI30BOB HEOOXOAUMBI:

Pa3BuTHe o0pa3oBaTe/bHBIX Mporpamm: Bueapenue kypcoB mo 1uppoBoil IpaMOTHOCTH,
obygenne padore ¢ ERP, CRM u Bl-cucremamu, a Takke MpOABUKCHUE OJOKYCHH-TEXHOIOTUH H
HCKYCCTBEHHOTO MHTEJUIEKTA.

Pacimpenne MHTepHeT-MH(PACTPYKTYpPbI: VYBEIUWYCHHE OXBAaTa BBICOKOCKOPOCTHBIM
HHTepHETOM B CEIbCKUX PErHOHAaX, YTO IIO3BOJIUT BOBJIEYb OOJBIIEE YHUCIO HOTpeduTeneil B
AJIEKTPOHHYI0 KOMMEPLIHIO.
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IoBbilIeHHE OCBEJOMJIEHHOCTHM O 0e30lacHOCTH OHJalH-TIaTexel: [IpoBeneHue
KaMIaHUW, HAaNpaBJICHHBIX Ha WHGOPMUPOBAHUE HACEICHUS O MPEUMYIIECTBAX U O€30MacHOCTH
AJIEKTPOHHBIX TIATEKEH.

Co3nanue ¢GoHIOB NOMAEPKKH HHHOBANUI: Pa3zBuThe MeXaHW3MOB TOCYIapCTBEHHOW U
MEXTyHAPOJHOU TOANCPKKU Uit ((MHAHCUPOBAHUS MPOEKTOB, CBS3aHHBIX C BHEIPEHHEM I (PPOBHIX
TEXHOJIOTHH.

6. M esxayHAPOIHBIH ONIBIT M BO3MOKHOCTH JJ1s1 KbIprei3crtana

Kpiprei3cTan  MOXET HMCHONB30BAaTh YCHEHHBIA  OMNBIT JIPYTUX CTpaH B  pPa3BUTUHU
WHHOBAIIMOHHOM ACSITEILHOCTH B TOprosiie. Hampumep:

OnbiTt Kutasi: Kurtaii sBiIseTcs MUPOBBIM JHACPOM B OOJACTH 3JICKTPOHHOHM KOMMEPIIUH
Onmaromapsi pa3BUTHIO Takux iatdopm, kak Alibaba u JD.com. KeIpreI3cTan MOXET MEPEHSATH ONBIT 11O
CO3MAaHUI0 COOCTBEHHBIX IUIATGOPM JI OHJIAWH-TOPTOBIIM M HMHTETPAIlMA C MEXIYHAPOIHBIMU
pPBIHKaMU.

OnpIT JCTOHUU: DCTOHUS AKTHBHO pa3BHBaeT IM(PPOBYI0 MH(PACTPYKTYPY M DIIEKTPOHHBIE
TOCY/IapCTBEHHBIE YCIIYIH, YTO CIIOCOOCTBYET POCTY JOBEpHUs K OHJAMH-TpaH3akiusiM. Kbeiprei3ctan
MOJKET M3Y4UTh OMBIT DCTOHUU B 00JacTU HHUQPPOBHU3AIUMKM TOCYIAPCTBEHHBIX YCIYT U BHEAPCHUS
BJIEKTPOHHBIX MOITUCEH.

OnbiT Uaauu: MHaus ycnenHo pa3BUBAET AJIEKTPOHHYI0O KOMMEPIIUIO B CEJIbCKU X PETHOHAX,
UCIONIb3YSI MOOMIIbHBIE TEXHOJIOTUU U JIOKAJIbHBIC TIAT(GOPMBI. DTOT OMBIT MOXKET OBITH MOJIE3EH IS
Ksiprei3crana B mpeogoneHuu u@poBoro HepaBeHCTBA.

7. Poaib MaJioro u cpeHero OM3Heca B pa3BUTHH WHHOBAIUIA

Manbiii u cpeanuii 6usnec (MCB) urpaer KIo4eBylO pojib B Pa3BUTHH WHHOBALMOHHOM
nestenbHocT B Kwipreizcrane. MCB Goniee rubko pearnpyeT Ha W3MEHEHHUsI PbIHKA U ObICTpee
BHEpsIeT HOBBIE TexHOJOTHH. /{151 momnepxku MCB HeoOXxoauMmo:

Co31anue MHHOBAIMOHHBIX KjacTepoB: OObeIMHEHNE TIPS PUATHI, HAYUHBIX YIPEKICHUM
Y TOCYapCTBEHHBIX CTPYKTYP I COBMECTHOM pabOThl HaJ HHHOBAIMOHHBIMHU MIPOEKTAMHU.

Pa3Butne crapram-3kocucrembl: llogaepxka MOJOABIX KOMITAaHWM, pa3pabaThIBAIOIIMX
HOBBIE TEXHOJIOTHH ¥ OM3HEC-MOJICIH, Yepe3 aKCellepaTopbl M HHKYOATOPHI.

YopomeHnue peryasTopabix mnpoueayp: CHukeHne OIOPOKpaTHYECKHX OapbepoB IJis
pPETUCTpallvK U BeJleHUs OM3HEeca, YTO MO3BOJUT MPEAIPUHUMATENSM ObICTpee BHEAPSTH MHHOBAIIMH.

8. Okoyoruueckue acneKTbl HHHOBAIMOHHON TeATeJIbHOCTH

CoBpeMeHHBIC TEXHOJOTHH B TOPTOBJIE MOTYT CIIOCOOCTBOBATh HE TOJHKO IKOHOMHYECKOMY
POCTY, HO M PEIICHUIO SKOJIOTHYeCcKuX mnpobnem. Hampumep:

YMeHbllleHUE YIjiepoaHoro cjeaa: Mcrnonp3oBanue OJ0KUCHH-TEXHOIOTHUHN ISl ONTUMHU3ALN U
JIOTUCTUKH M COKparteHust BbiopocoB CO».

In¢ posusanms 1o0kymMeHTO000poTa: Ilepexon Ha 3JIEKTPOHHBIE JOKYMEHTHI U COKpalllEHUE
M CIIOJIb30BaHU S OyMaru.

YcroituuBble HENMOYKHM MNMOCTABOK: BHenpeHue TEXHONOTUH, MO3BOJISIONMX OTCIEKHBATh
HKOJIOTUUYECKYI0O OTBETCTBEHHOCTb MOCTABIIMKOB.

9. IIporHo3sl U nepcrneKTUBbI

Cornacao uccrnenoBanusM, k 2030 roay Aomisi 3I€KTPOHHOW KOMMEPIIMU B 0O0IIeM o0beme
PO3HUYHBIX MTpoJiaxk B KeIpreizcrane MoxkeT 1octudb 20—25%. DTo cTaHeT BO3MOXKHBIM OJ1aroapsi:

Pa3BuTHio MOOWIBHBIX TEXHOJOTHH: YBETWUEHUIO YHMCIIA TI0JIb30BaTelied CcMapTGOHOB H
MOOUITBEHBIX MPUIIOKEHUM IJIS1 OHJIAIH - TTOKYIIOK.

Pocty nmomyJispHOCTH cOUMAJIBLHOM KOMMepuuu: VCIONb30BaHUIO COIMAIBHBIX CETEH A
MPOJBUKEHU S TOBAPOB U YCIIYT.

HNuTerpanumn ¢ Me:kayHapoaHbIMHU IuiaT¢gopMamu: Beixoay KbIPIbI3CKUX MPEINPUATHN Ha
Takue Tatdopmel, Kak Amazon, eBay u Alibaba.
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3axkioueHue

BHesnpeHne HMHHOBAlMOHHBIX TEXHOJIOTMH B cdepy TtoproBiau Keipreisckoit Pecnydmuku
ABJISETCS. B@XXHBIM IIATOM Ha MYTH K YCTOMYMBOMY 3JKOHOMHYECKOMY pa3BuUTHIO. Pa3Butue
AJNIEKTPOHHON KOMMEPLHH, MOAJLEPKKA CO CTOPOHBI TOCYJapCTBA M MEXKIYHApOAHBIX OpPTaHHU3alUM, a
TalOKe MHCIIOJIIb30BAaHUE COBPEMEHHBIX HWHOOPMAIIMOHHBIX CHUCTEM CIHOCOOCTBYIOT TOBBIIICHHIO
KOHKYPEHTOCIIOCOOHOCTH OTEYECTBEHHBIX MPEANPUATHI Ha TinobamsHOM peiHKe. [2] HecmoTpst Ha
CYLIECTBYIOIIME BBI30BBI, TaKHE KaK I[M(POBOE HEPABEHCTBO U HEOOXOIUMOCTh YCUJIEHMS 1OBEpUs K
OHJIAliH-TOPIOBJIE, IPUHSATHIE IPOTPaMMBbl M MHULIMATUBBI CO3[AIOT YCIOBHUS Ul JAJIbHEHILIEr0 pocTa
CEeKTOpa.

Taxum 00pazoM, AajbHelWlee COBEPLICHCTBOBAHUE MEXaHU3MOB YIPABJICHUS WHHOBALMOHHOM
JIeSITENIbHOCTBIO, pa3BUTHE HU(POBONH HMHEPACTPYKTYpbl W aKTUBHOE IPHUBJICUYCHUE WHBECTUIUMA
no3BoJAT KbIprei3ctaHy 3aHATh JOCTOMHOE MECTO B INOOANbHOM LUQPPOBONH  HKOHOMUKE.
I'ocynapcTBeHHBIE IPOTPAaMMbI U MEXKAYHApOJHAs MOAJAEPKKA UIPAIOT KIIOYEBYIO POJIb B CO3JaHUU
OJaronpuATHON Cpenbl I MpeIpuHIMaTeIel, o0ecriednBasi UX JOCTYIT K TEXHOJIOTHSM, 00 YYSHHIO U
(MHAHCOBBIM MHCTPYMEHTAM.
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POSSIBILITIES OF USING ARTIFICIAL INTELLIGENCE IN THE EDUCATIONAL
PROCESS

Kbickaua wmyHe3neme: byn Makamaga OKyy mporeccuHie >kacanMa wuHTeiekr (Al)
TEXHOJOTUSIIAPBIH KOJIJIOHYY TajKyynaHat. ABTopsnop Al konfonyy Taxpsiitbacein Keipreizcranma,
YeT OJIKeJePae Ja KbULAATTBIK MEHEH Taijan 4YeIrbimyyna. Hermsrm keHyn Aluer Omnmm Oepyy
TapMarblHJa KOJJOHYYHYH MYMKYHYYJYKTOPYHO jkaHa KejedernHe Oypynar. Al umr-apakeTTuH ap
KaH/all TapMaKTapbIHIa, aHbIH WYUHE OUIMM Oepyy TapMarbiHaa OapraH CallblH akTyalqyy Kypajira
annanyyna. Asropaop Al KoJIIOHYY, MUCaJIBl, OKYYHY XKEKEICIITUPYY KaHa aHbl ap TAPMAKTYy OKYYy
JKailnapaa ap Oup CTYIEHTTUH KEPEKTOOIOPYHO bUIANBIKTAIITHIPYY apKbLTYy OKYY MPOILECCHH OUp TOII
JKaKIbIpTa anapeliH Oenrmiemer. OmoHAoW 31¢ Al OKyTyyHYH KaHBl BIKMAQJApblH TY3YYTe,
OKyydylnap/ablH OMJIUMMHUH Tanjan, Oaajooro jkaHa Oaa Oepyy TamlubIpMaliapbl ChIKTYY KYHYMIYK
TamnIbIpManapisl aBTOMATTalITBIpyyra »apjaam Oeper. Makanaga omoHJONH s31e OwinM Oepyy
cucremanapbiHa Al KUPTU3YYyZeH KeIuIl YblKKaH Keilreinep na usminaeHer. Msungeene Al kantun
WIIKE albIPBUIBIMBI 3aMaHOan OuauM OepYYHYH OHYTYYCYHYH auKbI4bl 00J00py TankyymaHaT. Al
UIIKe allbIpyy TapMarbl y4ypJarbl 3H akTyalayy >KaHa KbI3bIKTYY TeManaplslH Oupu. JKanmbichHaH,
U3WINO6 OKypMaHJAapAblH KEHUPH YOeHPOCYH, aHbIH HMYMHJIE OKYTyydylaplbl, CTYIACHTTEPIH,
n3nieeuynepay kana Alael Oumm Oepyy TapMmarbiHIa KOJIOHYYra KbI3bIKKaHIAPAbIH OapabIThbIH
MBIKTaHAbIPAT.

AHHOTalII/ISl: B crarne paccMaTpuBacTCsad HMCIIOJB30BaHUC TEXHOJIOTHH HCKYCCTBCHHOI'O
uaTemekra (M) B mporecce oOyueHus. ABTOPBI TIIATEIBHO aHATM3UPYIOT OMBIT UcTonb3oBanus MU
B Keipreiscrane u 3a pyoexxom. OCHOBHOE BHHMAaHHE YIACIECHO BO3MOXKHOCTSM WU IEPCIIEKTUBAM
ucnonb3oBanus MW B obpazoBanuu. MM cranoButcs Bce Oosee BOCTpeOOBAaHHBIM MHCTPYMEHTOM B
Pa3siInIHBbIX C(i)ean JCATCIBHOCTH, B TOM 4YHCIIC B O6p330BaHI/II/I. ABTOpLI OTMCYAKOT, 4YTO
ucnonp3oBanre WM mTO3BONSET CYHIECTBEHHO YAYYIIMTH TPOIECC OOyYeHHs, Hampumep,
MEepCOHATM3UPOBATh OOYdeHUE U aJaNTHPOBATh €r0 K MOTPEOHOCTSIM KaXKIOTO CTYAEHTa B YUCOHBIX
3aBCACHUAX PaA3IINYHBIX HaHpaBJ’IeHHﬁ. N Tarke MOXKET IIOMOYL B CO3JaHHUHU HOBBIX MECTOAOB
oOydJeHus1, aHaIHM3€e U OLICHKE 00 ydeHHsI CTYJACHTOB, a TAK)KE B aBTOMATU3AIllMN PYTUHHBIX 3a]a4, TAKUX
KaK BBICTABJICHHUC OIICHOK. B cratne Tarke paccMaTpuBarOTCA HpO6J'IeMI)I, BO3HHUKAONME IIPpH
BHCAPCHHUN NN B cucremsl O6p330BaHI/IH. B HcCciIea0BaHn OGC}’)KI[E[CTCSI, KaK BHCAPCHHC %141 6y/:[eT
MMETh KIIOUEBOE 3HAYCHUE i1 DPa3BUTHUSL COBPEMEHHOIo oOpa3zoBaHus. (OOnacTe BHEApPEHUs
HCKYCCTBCHHOI'0O MHTCJIJICKTA SABJIACTCSA O,Z[HOf/i N3 CaMbIX aKTYaJIbHBIX U MHTCPECHBIX CErOJHSA TCM. B
oeJIOM HCCJICOAOBAHUC 6yz[eT HHTCPCCHO HIMPOKOMY KpYIry LII/ITaTeJ'ICI\/’I, BKJIFO4Yas npenoz[aBaTeneﬁ,
CTY/ICHTOB, UCCIICJIOBATENICH M BCEX, KTO MHTEpecyeTcs ucmoiap3opanueM N B oO6pa3zoBaHuu.

Abstract: This article discusses the use of artificial intelligence (Al) technologies in the
learning process. The authors carefully analyze the experience of using Al in Kyrgyzstan and abroad.
The main focus is on the opportunities and prospects for using Al in education. Al is becoming an
increasingly relevant tool in various fields of activity, including education. The authors note that the
use of Al can significantly improve the learning process, for example, by personalizing learning and
adapting it to the needs of each student in educational institutions of various fields. Al can also help
create new teaching methods, analyze and evaluate student knowledge, and automate routine tasks such
as assessment tasks. The article also examines the problems arising from the introduction of Al into
educational systems. The study discusses how Al implementation will be key to the development of
modern education. The field of Al implementation is one of the most relevant and interesting topics
today. Overall, the study will inspire a wide range of readers, including teachers, students, researchers,
and anyone interested in the use of Al in education.
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Herusru ce3iep: xacaama WHTEIUIEKT; OMuIMM Oepyy; Ouimum Oepyy mporeccu; Oummm oepyy
TEXHOJIOTHUSCHI.

KiroueBble ¢JIOBa: MCKYCCTBEHHBIH HHTEIUICKT, OOpa30BaHHE, OOpa30BATEIBHBINA IPOIIECC;
00pazoBaTebHbIC TEXHOJIOTHH.

Keywords: artificial intelligence; education; educational process; educational technology.

AKTYaJayyayry: A3BbIpKbl ydypAa, kacaiMma HHTEUIeKT (Al) WIr-apakeTTHH ap KaHaau
TapMakTapna 6apraH caiiblH MaaHUJIYY KaHa KEHUPU KOJAOHYIIYY4y Kypajira ainanyyzaa. Al konoHyy
OKyy IMpOLECCHUH ONTUMAIJAIITHIPYY XaHa OpKYHIeTYyYy Y4YYH aukeld 000 ajia Typrasjai
TapMakTapelH Oupu Oyn — OunmMm Oepyy Tapmarbl Oonym cananat. Mucanel, Al okyy mpoueccun
KEKEJICIITUPYY, aHbl ap OUp CTYAEHTTHH YHUKAIIYY MYKT@KIBIKTapblHA BUIAMBIKTAIITBIPYY YIYH
HATBIHKAITyy KOJJIOHYJIYIIy MYMKYH. MBIHAaH ThIIIKapbl, Al OKyTyyHYH aHbl BIKMaJIApPbIH HIIT I
YpIryyra, CTYJIEHTTepAMH OWIMMMH Tanjam, 0aajooro, OINOHAOM 3ie TecTTepau >KaHa
TalIbIpMaNIapabl TEKIIEPYY CBIAKTYY KYHYMAYK TammbpMalapAbl aBTOMATTAINTBIpYyyTra >Kapaam
Oeper. KemOpuk YHMBEPCUTETMHMH SKCIEPTTEPH JKacajiMa HHTEIIEKT TEXHOJIOTUSIAPbIH
KoJIoHYyHYH KeOeitymy 2023-xbuiel EdTech (anmmmc Tuimben Omnum Oepyy — “Ommm” jxkaHa
“TexXHONIOTHS”)  4YeUWpeCYHIery  HETH3rd  TEHICHIUSUIApAbIH OUpH  OKEHWH  OeNTuJjeleT.
boxomonaoonopro simaibik, 2030-kpuira kapara OwiauM Oepyy Y9yH Al TeXHOJOTHsIIapBIHBIH
PBIHOTYHYH KOJIeMYy OpTO 3cen MeHeH 36,6%ra ecylly KyTyJIyyae.

M3nnneenyn Makcarbl. YblHBIHIA 97€, a3blpKbl aJaM3aT TOPTYHUYY TEXHOJIOTUSUIBIK
PEBOJIIOLMSAHBIH ME3TWJIMH JKalloo0, aHJa MaajbIMaT OW3IUH Kaloo 00pa3blObI3bl aHBIKTAraH
HEru3ru pecypc 6omymn kanael. JKacaama MHTEIUIEKTTH OHYKTYPYY ’KaHa KOJIZOHYY OYyll KOHTEKCTTE 9H
aKTUBJYY TAJKYYJIaHTaH TeMaJap/blH Oupu 00Ny Kanyyna. Ainbl KYHYMAYK XKallooro, Ouium 0epyy
CHCTEMachblHa KUPTU3YY YUYpAyH Taslalbl.

MaanpIMaTThIH JKaHa TEXHOJOTHUSIHBIH THIHBIMCBI3 ©3repYYJIOpYHYH arbIMbl MEHEH, 3aMaHOarl
KOOMJIO ’KacajiMa MHTEJUIEKT OapraH cailblH MaaHUITYY POJILY OMHOII JKaTaT el alfTcak >KaHbUIbI IITHIK
00JI00HT. AHBI KOJIZIOHYY JKalllOOHYH, OKYYHYH, >KaHa OIIOHY MEHEH Oupre 3MIeKTHH CallaTbhlH
KAKIMIBIPTYyTa ’KaHa jKaHbl MYMKYHUYJIYKTOPY JKaHa MHHOBAUSIIAPABI TY3YYT® MYMKYHUYIYKTOPIY
Ty3yyae. OleHTuI, )acaamMa HHTEIJIEKTTH KallooOy3IyH ap KaHJall TapMaKTapblH/Ja, aHbIH UUMHJE
OunmuMm Oepyy TapMarblHJa HIIKE alblpyy Te€3 ©3repyl >KaTkaH JYHHere bIHTaWJalblln, aHbIH
HaThI>Kayy HINTEIIMH KaMChI3 KbIJIYYHYH 3apblIUbLIbITbIHA ailylaHblll Oaparart.

XKacanma uHTEIEKTTH OUIMM Oepyy cHcTeMachblHa KUPrU3YYHYH BIKMAJapblH Kapall 4bIl'yy
MeHEH, KaHTUIl Al OKyyHYH ETKUJIMKTYY JKaHa JKEKEJICIITUPYY apKblIyy OUIUM OepyYHYH camarblH
JKaKIIBIpTYyra OOJIOT JereH cypoo Tyynar. bunum  Oepyy TapMmarblHaa »acaiMma HHTEIEKTU
KOJIZIOHYYHYH OMp Hede HEerusru OarbITTapbl aHbIKTAJTaH:

1. KyHyMAYK HIITEpAY aBTOMATTALLTBIPYY;

2. OKyTyyHY JKEKEJICUITUPYY;

3. Ma3myHay >kaHa OusIuM Oepyy KOJIOHMOJIOPYH TY3YY;

4. «Kymmak keHAYMAODPIY» OHYKTYPYY.

CTyneHTTepAMH 3CCEEepUH KaHa dYblTapMallapblH TEKIIEPYYAe KYHYMIYK TallHiblpMalap/ibl
aBTOMATTAlTBIPYy YYYH ap KaHJall HEHUpOHAYK ceTTep KOJAOHyayn kenyyae. [S] Meingait
mozenaepanH oup mucansl AKtru — Oyn CTyIeHTTep YUYH JKeKe yKaHa OHJIaiiH cabakrapibl 6TKOPYYTe
MYMKYHIYK OepreH muiargopMma, an bpromnos KoHcanTuHr koMnaHusACchl MEHEH OMpPreiauKre Ty3YJIreH
Aktru cucTtemachl aTaiiblH >KaOIbpLITaH KiIaccTapabl, 0opOopAyk cepBepau >kaHa Oup karap IT
KbI3MaTTapbIH KAMTBHIUT YHHBEPCUTETTHH Tpaduru xana Moodle »ieKTpoHIYK YHHBEpCUTET
CHUCTEMachl, MHCalbl, MYraJliM YH JaHa BHJEO TapTyy Y4YYH MPOPECCHOHAIABIK TY3YJIyLITOp
CHUCTeMachl MEHEH >KabJpUIraH KilaccTaH cabak eTKepeT jkaHa Oyn ara MUKpPO(OHCY3 HILNTOere
MYMKYHIYK Oeper. Ommion 3¢ yayp/ia *a3yyHyH canarbiH Oy30acTaH KilaccTa dpKHH KYPYHY3, OHPOK
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MYTaJIMM CTYAEHTTHUH KOMIIBIOTEPUMHHUH HII YCTOIYH KOpYI, aHJarbl CypeTTy OopOOpayK sKpaHAa
kepceTe anar. CHCTeMaHBIH €3reueNyry — ai cabakrapipl >ka3aplpa Oamrramn, YHAY TEKCTKe
alJIaHBIPBIT, YHUBEPCUTETTHH JIEKTPOHIYK CHCTEMAChIHA KYKTOUT. AKtru OIoH/10# 371€ aBTOMATTBIK
TYPAe® TY3YJIAM®H >KOTOPKY TaKTBIKTarbl CYOTHTpJEPAMH AapKacblHIa BHJEO (parMEeHTTEPUHUH
HETM3MH/JIC MAaAJIbIMATThI U3/106T6 MYMKYHIYK OeperT. [1]

HelipoHIyk TapMakThl OKYTYy YYYH ap KaHJail TEKCTTUK MaTepuaiapibl, aHbIH HYHUH]E
ACCENEePANH aHa KOMITO3UIMSUIApAbIH KaKIbl jKaHA Hayap MHCAJJApblH KAMTBITAH YOH MaajbIMaT
TONTOMYH KOJIJIOHYY Tajamn KbUJIbIHAT. TpeHMHT 3TaOblHAH KMMMH MOJAEIAM CTYACHTTEPAUH W IINH
TEKIIepYY YYYH KOJJIOHCO O0JOT. Bym TeXHONOTHSIIBIK Kypajd Kemll CaHJarbl 3Ccellepad KaHa
KOMITO3UIMsUIap/ibl T€3 jKaHa HaTblikalnyy Oaanmail anraH MyralumJep Y4YYH Haiijanyy Oonyury
MYMKYH. Bupok, accenepau 6aanoono Maanminyy ¢Gakrop OONyIl caHalraH TeKCTTUH Ma3MyHyHa jKaHa
OpUTHHANIyylyr'yHa JaiibiMa 3yie Oaa Oepe anbaraHJbIKTaH, HEMPOHIYK TapMmak ajgaMm (akTopyH
TOJIYTY MEHEH aJIMaIlThlpa a0achlH 3CTEH YbIrapb0oo Kepek.

Uniprofi cTyaeHTTepIyH KECHNTHK ©3YH ©3Y AaHBIKTOOI0 KOMOK KOpCOTYYy JKaHa WII
OepyYyuyJepayH TananTtapblHa )K00I Oepe TypraH TanalKepiepau U366 HHCTPYMEHTH OOyl caHasart.
['moGanapik Makcar - Oyn um Oepyydysiepre Tak KEepeKTYy CTYAEHTTepAu Talyyra, aix 3MHU
CTYACHTTEpTE THEIIETYY BaKaHCHsUIapAbl Tadyyra jke )KyMyIIKa KHpPYY YUYH KaHgald KeHIYMAepPIY
"COpTTOO0" KEpEeKTUIMH TYHYHYYre skapiaam Oepyy. [Homboopayn enexremy - HeadHunter.
CTyaeHTTHK alIMalyyHy Ty3Yyy uaescsl TMVYra taanapik, OMpOK NHJIOTTYK J01000p Oup 3J1e yuaypaa
OJIkoHYH Oup Heue caitrapeaa: blpaaxslt Ysirsim, VYpan, Kazans, bantuka denepanabik
YHUBEpPCUTETTEpUHJE, omoHaoi 31e Cankr-lleTepOypr mrraTblHAa MIIKEe KUPruswired. KeitailpiH
XaHWwKOy IIaapblHAA IKEPIWIMKTYY MEKTeNl OKyydylapAblH cabak ydypyHAa XKYpyM-TypyMyH
KO360MOJJIOTOH HWHHOBAIWUIBIK BHUJICOKO30MOJI CHUCTEMAChlH HWINKe KUpru3reH. bym cucrema
OKYy4yJlap/blH MUMHUKACBIHJArbl ©3repyyJepay Taujarn, alraH MaajlbIMaTThl Myraaumre oeper, Oy
JUCHUIUIMHAHBI OalKapyy MpOIECCHH KapbhIM-)KapThllail aBTOMAaTTalIThIpyyra e0enre 0oio anar.
Ma3myHay TY3yYAe kaHa OmimM Oepyy KOJIIOHMOJIOPYH TY3YYI© J>KacajaMma WHTEJUIEKTTH KOJIOHYY
ap OUp OKYydyHYH MYKT@XJbIKTapblH 3CKE alyy MEHEH OKYyYy MPOLECCHH YIOIITYpyyra MYMKYHIYK
oeper. Carnegie Learning — Oy MeKTel kaHa KOJUIE/DK CTYACHTTEpH YYYH MaTeMaTd KaJIbIK OMJINM
Oepyyre anucremkeH Owium Oepyy miardopmackl. Al aJanTUBAMK OKYTYYHYH HPHUHLMIITEpUHE
HETu3JeNreH KaHa ap OuUp OKYYUYHYH JK€Ke MYKTaXJbIKTapblH 3cke anar. Carnegie OKYyyCyHYH
HETU3IU 63reUesyKTepYHYH OupH - Oyl aifOpUTMIN Tyypa KOJJOHYY OOyl caHamart.

MATHiaU- 6y anroput™, ap OWp CTYAEHT YYYH JKCKEJICIITHPHIITEH YHUKAIAYy MaTeMaTH Ka
KypcTapblH TY3YY YYYH J>KacaiMa HHTEJIEKT J>KaHa MallMHAa YHPOHYY BIKMAlapblH KOJAOHOT.
MATHiaU anroputmMu ap OMp OKYy4yHYH OMJIUM JEHIDIJMH 3CKE AJbIN, alapra MaTeMaTHKaJIbIK
KOHJIYMIOPYH JKOropynaryyra skapaaMm OepreH >KeKe TallllbIpManapibl »XaHa KeHYIYYJIepay
CYHYIITAaiT. MBIHIAH THIIIKAPbI, aJl MUKUPJIEP KaHa Keireinepay yeuyyre xapaam oeper. OmoHa0#H
ane, MATHiaU anropuTtMu ananTHUBIMK OKYTYY (YHKUMICHIH KaMTBIAT, Oya CTYOCHTTHH
KETULIKEHAUTHHE apallla TalIlbIpMalap/blH KbIHBIHYBUIBIK JACHIDJIMH ©3repTYy MYMKYHUYJIYTYH
ounpuper. JXeHun TanubipManapAbl MATUIMKTYY aTKapraHaH KAWWH, CHCTeMa aBTOMATTBIK TYPHe
TaTaajablpaak TammbIpMantapasl cyHymrooro eteT. Carnegie Learning miar(opMachlHBIH JKaHa
MATHiaU anropuTMHUHUH >KaJIlbl ©3rev4enayry — Oy jKacalMa MHTEIJIEKTH XaHa CAITTYy OKYTYyHY
KOJIIOHYYHYH HETH3UHJE MaTeMaTHKaHbl OKYTYyJarbl MHHOBAIMSUIBIK bIKMa Oonym caHamar. byn
WHCTPYMEHTTEp OaapbIiHa OMpACH MYMKYHUYJIYKTOpay OepeT, ap Oup CTYJEHT 63 TACHIIAINHE Kapalla
yiipeHeT kaHa OILOHY MEHEH 3Ji€ KaTap MaTeMaTHUKaJarbl MHTUIUIUH KOJJIOTOH YKEKEeNeIUTHPHIITeH
MasMyHIy e3aemrype anbimar. KoiamoHyydymapIslH HIIMEPAYYJIYTYHYH TapbIXblH TajJI00 MEHEH
oM Oepyy miaTdopmachkl CTYIEHTTUH Y4ypHaarbl OMJIMM JIEHIIIJIMHE Tyypa KEJIreH YHUKAIIYY
Ma3MyHIy Oeper [2]. Ma3MyH jxaHa OunuMm Oepyy KosoHMoJopyH Ty3yy Wekip Al sxana Smartest
Learning komgoHMOJIOPY OMIMM Oepyy MasMyHYH TY3YY YUYH KacajiMa MHTEJUIEKTTH KOJIIOHYIIAT.

97



Wekip AlHUH HETH3rH ©3re4YeIIyKTopy:

- Al tapaOblHaH WIITETUITeH TeCTTH TY3Yy: Wekip Al TecTTepan aBTOMATTBIK TYPI® TY3YY
Y4YH anasliHKbl Al jkaHa ManmHa YHPOHYY TEXHOJIOTHSUIAPBIH KOJJOHOT. byn oOKyydynapiabiH
OunMMUH 6aara00 YUYH ap TYpIyY ’KaHa canaTTyy TalllbipMaiap/bl TY3YyT® MYMKYHIYK Oeper;

XKeke  Ttectrep:  mporpamma ap  OMp  KONAOHYYYYHYH  OWJIMM  JI€HIDAJIMHE
BUIAMBIKTAIUTBIPBUIBI Il MYMKYH. ManmHa yHpeHYy aIropuTMIEpPUH KOJJIOHYy MEHEH ap Oup
CTYIEHTTUH CYpOO >KOONTOPYH J>KaHa >KETHUIIKeHIUKTepUH Tangoo MeHeH Wekip Al ap Oup
CTYACHTTUH MYKT@KIBIKTapblHA jKaHa IaspIbITBIHBIH JEHIIAJIMHE JKOOIM OepreH >KeKeleITHPHITeH
TanublpManap;

- bunumau Gaanoo >kaHa epKYHAOTYY: JKekelnemrupuireH MaMuiie xaHa >KOONTOPAY Tall00
apkeinyy Wekip Al xompmonyydymapra OWIMMHH cHCTEMallyy TYpPAe JKaKUIBIPTyyra >kaHa
SK3aMEHJIepre HaThlibKalnyy JaspaaHyyra kapiam Oepetr. JKekenelTupuiareH TeCTTep HaTblikKalyy
OKYyTyyra >kaHa IpoleccTH Oaanooro ebenre Ty3eT. MyranuMmaep >kaHa CTYIGHTTEp YYYH
apThIKYBLIBIKTap : Myrammmuep yayH WekipAl canattyy okyy MarepuaiiapbliH Ty3Yy MYMKYHUYJIYTYH
CYHYIIITAWT, al SMU CTYACHTTEP YUYH ©3YH 63y 0aallOOHYH jKaHa JaspaaHyyHYH d(eKTuBayy >KOIyH
KaMChI3 KbUTaT. JKekelaemTupuireH TecTTep alChI3 Kepiepre keHysl Oypyyra »kapaam Oeper kaHa
WHIMBU YA IBIKTEI Oaca Oenrmieit. Omentun, Wekip Al okyTyy MpomecCHHUH KepEeKToolIopy MEHEH
’KacaaMa MHTEUIEKTTHH apThIKYbLIBIKTAPbIH alKaJblIITHIPTaH MHHOBAIMSUIBIK Kypai OONyn caHaniar,
MyrajJuMmjepre Jia, CTyaeHTTepre 1a 3(pheKTUBIYY KaHa KEKeJICITHPUIITEeH KOJII00 KOpCcoToT.

learningapps — Oyn ap KaHgall QUCHMILIMHATIAP jKaHa TeMmajgap OOIOHYA ap KaHaal KypcTapibl
CYHYUI KbUITaH OHJIaH 6uium Gepyy miatdopmacsl. Learningapps KOMIaHUSCBIHBIH HETU3TH MAaKCaThI
CTYICHTTEpTE >KaHa aJucTepre ajapAblH OMIMMHH jKaHa KOHIYMAOPYH KEHEHTYY jkKaHa TepeHJAeTYY
YUYH canartyy OujimMre MyMKYHUYJIYK Ty3yn Oepyy Oonyn cananar. Learningapps miatgopmacsl ap
KaHJail TaTaallbIK JIEHIIAJIMH KaMThITaH >KaHa BUJCOJEKIUSIIAp, HMHTEPAKTUBAYY KOHYTYYJep kaHa
TECTTep TYpYHI® OepuireH OUIMMIMH ap KaHJail OarbITTapel OOIOHYA ap TYPAYY KypcTapiabl
cynymrrailT. Learningappsapsl YHpOHYYHYH ©3rO4OJIYKTOPY:

- Kypcrapapin keHupH criekTpu: miaT@opma, CTYASHTTEPAWH KbIBIHUBUIBIKTAPBIHBIH JKaHa
KbI3bIKUBLJIBIKTAPbIHBIH ap KaHJall JEHID3JMH KaMTbIMaH ap KaHJAall AMCLUIIIMHAJIap aHa TeMaiap
00IOHYA ap TYPAYY KypcTapbl CYHYIITANT;

- OKYTYYHYH (OpPMaThl: KypcTap BUJCOJIEKIUIIAP, HHTEPAKTUBAYY KOHYTYYJIep jkaHa TeCTTep
TYPYHII® KOPCOTYIOT, Oya OKYyHYH ap TYPAYY *kaHa d3(HEeKTUBIYY >KOJIyH KAMCBI3 KbLJIaT;

- Ap KaHJall aynuTopusUIap YUYH KeTKUJIMKTYYIYK: IuaTdopMa OamrTairsid KaHa allbIHKbI
KOJIIOHYYyuYYJap Y4YYH TPEHHHIAEPAM CYHYIUTAHT, Oyl ap KUMIe e3YHYH MYKTaXJbIKTapblHa jKaHa
OMITMM  JICHIPYJIMHE  BUIAWBIKTYY  KypcTy Ta0yyra MYMKYHAYK Oeper. bumum  Oepyy
KOJAOHMONOpYHAarsl Al TexHonorusapbl Ma3MYHAY KEKEICIITUPYY JKaHa 4yaTOOTTOp MEHEH 63 apa
apakeTTeHYY Y4yH KosijgoHyinar. Duolingo ChISIKTYy THI YHpPOHYY KOJZJOHMOJIOPY OKYY4YHYH CO3YH
TaaHyy Y4YyH >acajMa HMHTEJUIEKITU KOJJOHYIIAT. AJITOPUTM IPaMMATHUKAJIBIK KOHCTPYKLMSIIap/bl,
JIEKCUKAHBI, CO3JOPAYH al THUIBIIILIH TallJjal, KaTa KeTKeH ydypa Tyypa BapHaHTTHI CyHYIITaWT. [§]

Meingan Teimkapsl, Al MaTepuanabl Kapam 4YbITYyHY O3cKepreT. Memrise THpKEMECHHIE
TEXHOJIOTUSl CU3 YHpOHYN *aTKaH TUJIAE YBbIHBITHI TYWHOAeTy OObeKT 3MHE JeN aTajapblH OuIyyre
MYMKYHIYK Oeper. Mucansbl, arep cu3 "cTyn" JereH Ce3AyH aHIIUC THJIMHE KOTOPMOCYH OWITHHU3
KeJsce, cMapTQOHYHY3/IyH KaMepachlH allIbIHBI3ATBl OTYprydka KapacaHbl3, THPKEME KOOIl OeperT.

CTyneHTTepAMH >KyMYIIYH ajMallThlpa ajla TypraH KbI3MaTTap KeINTereH aJaMaapiabl
THIHUCBI3MAHABIPYYa. ABBIPKbl ydypAa KemuylyK ydypiapla HEHpPOHIyK TapMmMaK TapaOblHaH
TY3YJI'®H TEKCTTH aJlaM Ka3raH TEKCTTEH albIpMajooro 0osoT. BUpok, TeXHOJIOrusi @HYKKOH CailblH,
ChatGPT ceisIKTYy Kypaiaapabl Kelledekre OrmiauM O0epyy MaKcaThIHIa KAaHTHIT KOJIJOHCO OOJIOT JeTreH
cypoo Tyynar. JKacaima MHTEIUIEKT "KyMIIaK KeHIyMaepay'" eHyKrypyyre kapaam Oeper. The New
York Times resutunuH OasHgamaubichl KeBuH Pyce MbIHAal TEXHOJOTHSIIAp YHITapMAYbLIBIKTHI,
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KPUTUKAJIBIK OH JKYTYPTYYHY JkKaHa Oaapiallyy >KeHAeMYH OHYKTYpyyre kapaam Oeper paen
O0JDKONIOWT. ANl YHUBEPCUTETTMH  CTYIACHTTEpU  JKaHa  ©3YH-63Y  OKyTyydylap  Y4YH
apTHIKYBUIBIKTap/bl KOPCOTKOH apryMEHTTEpIU KEITHPET: CTYAEHTTEp 3CCEeNEepAUH I0J000piopyH
TY3YY Y4YH HEHPOHJIYK TapMaKTap/bl KOJAOHYIM, aHAaH ajapAbl e3/epy ka3a ansimar. OmoHa0H e
HEHPOHIYK TapMakK Jie0aTTap/ia ONMOHEHT KaTaphl YbITa ajaT, aH/la CU3 aHBIH KO3 KapalllblH Talallyyra
apakeT Kbula anackl3. CTYIEHTTEp OILIOHAOW 3J€ HEMpPOH TapMaKTApbIHBIH >KOONTOPYH Tajjaall,
JITOPUTMIEPIUH YBIHBITBl TaKTBITBIH TeKIlepe anplmar. [3] Mucansl, TMHTBUCTHKA Npodeccopy
Haomu C. bapoH MbIHIall TE€XHOJIOTHsUIAPbl KON KOJAOHYY YbITapMaudbUIbIKKA Ja, KPUTHKAJIBIK OU
KYTYPTYYI® Jla Tepc TaaCUpUH THHIU3ET Jen OOJKOJIAONT. AHBIH 010 OOIOHYA, "pelaKIUsIIo0 KaHa
TekeT Ty3yY Al KypangapelHa TasHyy TEXHOJOIMSIHBIH TaijachlHa OIJIOHYY »kaHa YHpeHYyy
KOHJIOMYHOH Oalll TAPTYYHY ©T6 >KeHUJ KbuIaT." M339HUH OHYTYYCYHIOrY aJlbIHKbI ICUXOJIOTIOPIYH
KaHa u3mwineeuynepayH oupu A.KypmaroB M3 yuyH OM3IMH COLMAIABIK OailIaHBIIITAPBIOBI3IBIH
cararbl MaaHWJIYY JIel 3cenTedT. byn GaiiaHbIlI UblH BIKIACTYY XaHa ap TYPAYY OOJIylLly MaaHUIYY.
Mucansl, KUMIUp OMpee CH3re KWHOJIOPAY JKaKIIbl KOpPOpYH alTca, aHbIH TaK MaaHWCHUH TYIIYHYY
MaaHMITYY.

Maanunyy Oaaprnailyy naiianyy, aj SMH YCTYpTeH Oaapiianryy KYHYMIYK Xalloo YYYH 3apblil
6oJico 1a, HATHIMKAckI3 OOWIOH KaJbI Bl MYMKYH. bamika agamaapra O0JiTOH TaOUTHIN KbI3BITYY Ou3re
aapJblH )KYPYM-TYPYMYH, OM JKYTYPTYYCYH *aHa MaMHJIEJIEpUH TYIIYHYYTe *apaaMm Oeper. Ap Oup
azilaM 3y KaThIIIKaH KOOMAYK OailaHbI IITapIbIH TYHYHY O0Jyn caHaynaT. byn TapMaxTel Kaiipa Kypyy
MEHEH OM3 MP30M3IUH >KaHbl KeWreWjnepAy uedyy >kKaHa >KamooOy3AyH camaTblH KaKIIBIPTYY
MYMKYHUYJYTYH KeHeiTeOu3. ByIryHKy KyHIe KenTereH ajamjap CaHapUIITUK KO3 KapaHJbLIbIKTAaH
JKara 4eruIl, YbIHBITHl OaapiallyyHy alMallTbipa TypTraH COLMAIBIK TapMaKTap/a Kell yOaKbITTapblH
caprnroono. MyHy H3WII®6HYH MaajibiMaTTapbl. balikaniap MeHeH Y3ryATYKCy3 OaiiaHblll >kKaHa
canarTyy COLUaNbIK OailylaHbIITap/Abl CAKTOO aJaMaap — KeWreinepay MHTMIMKTYY Y€4yYHYH XKaHa
JKAIOO010 MHTHMIIMKKE )KETYYHYH auKblubl JETl dCenTen Kenyuyyae. [5]

AnvcrepnH alThIMBIH/IA, KEJIEYEKTe JKacaiMa MHTEJUIEKT BUPTYAIIbIK 46l pe1e MyraluMIuH
’Kap/aMubIChl KaTapbl KOJJIOHYNAT. byn nekuusap »aHa OKyy MaTepualblH TYMIYHAYPYY Y4ypyHZa
Al aBTOMAaTTBHIK TYpAe THEINENYyYy TeMa OOIOHYA BU3YAIIbIK KOHTEHTTH TY30T — TEPMHHAEPIN
TYIWYHAYPOT, UHdorpaduka xaHa WUTIOCTpalusuiapabl Ty3eT. JKy3aereH xkpuiap 000 KOJJIOH yayII
KeJle KaTKaH jKaHa 3CKUINTH KETKEeH CTaHAapTTyy WILTIOCTPALUUIap/IbIH KaHa MUCAIIAp/IbIH OpAYyHa,
)KacajlMa WHTEJUICKT TY3IOH-TY3 cabak ydypyHJa THEIIeayy KOLIyM4a MaTepHaigapAbl TY3yn Oeper.
byn marepuannap ap Oup CTyIeHTKE ©3YHYH MHTepdelicu apKblIyy KETKUIMKTYY aHa ajl anapisl o3
MYKT@XJbITBIHA Kapalla TNaijanana anar. JKacanma HHTe/UIEKT TapaOblHaH TY3YJIreH Oap bk
MaaJibIMaTTap Ca0aKThIH apXUBUHJE aBTOMATTHIK TYPO CAKTaNbIN, KaajdaraH yOakTa KUPYYre OOJOT.
Mucan karapsl aiita kere Typran 6osicok Poccusiapia JKOXnopy anaeiaker 100 ayliHeyk pedTHHITE
KUpOei kairaH, Oy OyTYpYYUYJAOpAYH KETULICU3 Jasp AbITbIH KepceTeT. I'ped cyHymraran cyHyiira
QJITHl KBUIJBIH WYUHJE OMIUM Oepyy cHucTeMachlH MOJEpHH3anusuioo, aHbH wuuaae KOXmopny
KAHBIPTYy, AMI€K pBIHOI'Y MeHeH OailnmaHblurelpyy xkaHa AW Kuprusyy MeHEH OKYTYYyHYH
HaTbI>KaJapblHA MOHUTOPUHT KYPry3yy. [6]

Omu  OmwimmMm  Oepyy TapMmarblHAa JKacaiMa WHTEUIEKTTH KOJJOHYYHYH K33  OWp
KeMUYMJIMKTEPUHE J]a KeHEHHUPAIK TOKTOJICOK :

MaanpIMaTThIH arbll KeTyy KOpkyHydy. bumum 6epyyne Al koimoHyyna CTYIEHTTHH Kymys
MaajbIMaTTapbl YBITBIIT KETULIM MYMKYH. Harelikanyy OKyTyy CTyA€HTTEH MaajbIMaTTblH YOH
KOJIOMYH MINTEN YbITYYHY JKaHa T&JJOOHY Tajall KbUITAHABIKTaH, KYNYSUIYylTyK JKaHa
MaaJIbIMaTTapAbIH KOOIICY3Ayry OoroHYa cypoosnop maiiga 6oinor. Karyy ke3emenay jkaHa jKeke
MaaJbIMaTTap/bl MIUTETYYI'® JKaHa CaKTOOro OallIaHBITYy YKYKTYK YEHEMIEPAMH CaKTaJblIlIbIH
KaMCbI3 KbLIIyYy 3apblil.
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Oxkyy nporueccuHieru Tepc kepyHnyrep: Kel3aMarkepiH KeKe ©3reueily KTopyHe Heru3aeareH
OKyTyyAa Oup Tapantyy Oolyy KOpKyHydy Oap. JXKacanma MHTEIUIEKTTEH ajblHTaH ThISHAKTap Oup
KAKTyy OONyIIy MyMKYH e Tyypa dMec MaalbIMaTTap sl KaMTHIIIBI MYMKYH. By okyy mpoueccune
aJIUIeTCU3 )K€ Hayap HEerU3/AeIreH KOpyTyHIyllapra ajiblil KeJTUIM MYMKYH.

AnaMaap MEHEH YEKTeNIeH KapbIM-KaTHAIL bunnm Oepyye kacaama WHTEJUICKTTH KOJJIOHYY
CTYICHTTEp MEHEH MYTraJluMACPIUH OPTOCYHJArbl WHCAHJAAp apajiblK OailJIaHBIITHl  a3ai THIIIBI
MYMKYH. berme-Oer OaapnamryyHyH >KaHa anaMJapblH OaljIaHBIMIBIHBIH JKOKTYry OWMIUM Oepyy
MPOILIECCHHUH CamlaThlH TOMOHIOTYIIy MYMKYH, aHTKCHHU Oalllka ajiaMJap MEHEH 63 apa apakeTTeHYY
MaMHJICIIEPIN TY3YYAO, KbI3MaTTallyyZa KaHa Oaapialnlyy KaHa MUKUAD ajMallyy apKbUlyy OHIIUM
allyyla MaaHWJIyY poJib OMHOUT. byn acniexrunepau scke anyy 6usre Alnu 6unum G6epyy Tapmarbinia
KOJIZIOHYYHYH OH aCHEKTUJICpUH TaHa 3MEC, OIIOHJOW 376 MYMKYH OOJyydy TOOOKENAMKTepAH >KaHa
KoMTeiIepy aHbIKTOOTO MyMKYHAYK Oeper. [7]

Kermnteren skcneprrep alThIMBI O0IOHYA KEJIEYEKTE MYTallUM MEHEH OMJIMM anyyra aipeiMaap
raHa >KeTeT, ajl MU KOMYYJIYKKe >KETKUIMKCU3 OOJOT JereH MUKUpiepuH aiTeimar. Omenturn, /1.
[leckoB, kenedeKkTern OUIIUM KU TYpre OOJTYHOT: KOMITBIOTEP — ap3aH 0OJIOT — jKaHa ajaM — KbIMOaT
0010T. AHTKEHH OWJIMM Te3 dJie ap3aHjan, COIMUANIBIK OalNaHpITap aHa OeTMe-Oer YHpeHYY
MYMKYHYYJIYTY KbIMOaTTaiT [8].

Kopyrynay. OmeHTHI, TalkyyJaHTaH MaalbIMaTThIH HETH3WHJIE THISHAK ublrapa TypraH
Oosicok OunaMM Oepyy MpPOLIECCHHAE jKacajiMa MHTEIUIEKTH KOJJIOHYY OJIYITYy NOTEHIMalra 33.
bunum Gepyy Tapmarsinaa Al Koi10Hyy TOMOHKYIeW 00J0T:

- OunmuM OepyyHYH camaThlHBIH HATBIIKATYyT'yH >KOTOpylarTyy: OKYTYyHYH 3aMaHOam >kaHa
WHTEPAKTUBIYY BIKMATAPBIH TY3YYr®, MaTepHalgapAasl OailbiTyyra KaHa OKYyy IIPOILECCUH
KEKEJICIITUPYYT® MYMKYHAYK OeperT.

- OkKyy mpOLIECCHH JKEKeNCIITUPYY: ap KaHJall bIKMajgapIbl KOJJOOHYY MEHEH OKYyy
NPOIECCUH/IE ap OUp OKYYUYYHYH >KOHAOMIYYJIYKTOPYHO KaHa JKEKe MYKTaXIbIKTapblHA JKapalla
BUTAMBIKTAIITBIPYYTa MYMKYHIYK Oeper.

- MyranumaepAuH WIIMH ONTUMANJAIITEIPYY: KYH TApTUOUH aBTOMATTAIITBIPYyTra MyMKYHTY K
Oeper, OLIOHIOW 53¢ MyTalUMre THEIIelnyy OONTOH  MIJIACTTEpOH aTKapyyla, aKaJaeMHsUTBIK
HaThIKamyynyryH 0aanooo jkaHa Oaanyy aHAJMTUKAJIBIK MaajdbIMaTTap MEHEH KaMChI3 KbLIyyra,
OKyy IUIaHBIH TY3YY/© KOJIJ0O KepCOToT.

JKanmpiceiHal, OnmmMM Oepyy TapMarblHJa KacaliMa WHTEUIEKTTHH KOJIOHYYITY HAaThIKaIYy
OKYTYy MEHEH OKyydylapAblH ©HYIYYCYH CTUMYJJalT jKaHa Myraaumjaepre Owium Oepyy
TaXpbIii0anapbliH KbI3BIKTYY, KEMHIITYY JKaHa KEKelleTUPYYTre YOOH KapJaMblH Oeper Jem aiTyyra
00J10T.
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BWJINM BEPYY MIIMEPAYYJYI'YHAO KACAJIMA UHTEJ/JIEKT:
MHUCAJIIAP ’KAHA ITEPCIIEKTUBAJIAP
MCKYCCTBEHHBIA UHTEJUIEKT B OBPABOBATEJILHOM JESATEJIBHOCTH:
IMPUMEPHI U IIEPCIIEKTUBbI
ARTIFICIAL INTELLIGENCE IN EDUCATIONAL ACTIVITIES:
EXAMPLES AND PROSPECTS

Kbickaua MyHe3nemMe: TeXHOJIOTUSHBIH OHYIYLIy MEHEH acaiMa uHTeuekT (Al) amam
UIIMEPAYYIYTYHYH ap KaHJal TapMakTapblHIa KeOypeek KOJJOoHYlyynaa. MbIHAall OarsITTapablH
Ooupu OunmuMm Oepyy Oosryn caHanar, MbIHIa Al OKYTYYHYH camatblH JKOTOPYJIATyy, OKYy MPOIIECCHH
KEKeJICIITUPYY, OKYTYYHYH JjKaHa OalllkapyyHyH HaTBIIDKaIyylyryH J>KOTOpYynarTyy Y4YYH JKaHbl
MYMKYHUYJIYKTOpay ayar. JKacanMma HWHTEIEKT cucTeMaiapbl OWiIMMIu 0aajgoo MpPOIECCTEpUH
aBTOMATTAITHIPYyTa, OKYy MaTepHaIapblH CTYACHTTEPANH MYKTaXIBIKTapbIHA BUIAHBIKTAIITHIPYYTa
KaHa MyralUMJIEpAd CTYAEHTTePAUH HHTMIMIMHE MOHMTOPUHI XYPry3yy Y4YYH Kypajizap MeHEeH
KaMChI3 KblTyyra MYMKYHIYK Oeper. byn makamaga Ownum Oepyy HMIIMEpAYYIYTYHI® >Kacaiama
MHTEJIJIEKTH KOJJOHYYHYH YydypJarbl MHCAJapbl, OLIOHJIOW 3JI€ KeJeYeKTe aHbl OHYKTYPYYHYH
KeJleueru TaJKyylaHa

Annotanusi: C pa3BUTHEM TEXHOJOTHMH HCKyccTBeHHBIN uHTEIwiekT (M) Bce Gonee mmpoxo
UCIIOJIB3YETCSl B PA3IMUHBIX Cepax uesoBe4YeCKor AeATenbHOCTH. OJHON U3 Takux cdep sBIgeTCs
oOpazoBanue, rae MM oTkpbpiBaeT HOBBIE BO3MOXKHOCTU JJIsl YAY4YILICHHS KayecTBa OOYydeHus,
nepcoHamu3anuu  00pa30BaTENFHOTO MpoIecca, MOBBIICHUS 3 ()HEKTUBHOCTH TpPENnoJaBaHUus |
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AIMUHHUCTPUPOBAHU . CucreMsl HCKYCCTBECHHOI'0O HMHTCJJICKTa II03BOJIAIOT AaBTOMATHU3UPOBATH
MponeCChbl OUCHKN 3HaHPII>'I, alalITUPOBATDb yqe6HHe MaTCpUuaJIbl K HYKJIaM yJallliXCA U IMPCAOCTABIIATh
neaaroraMm MHCTPYMCHTHI JJId 0oJiIee TOYHOIO MOHHUTOPHUHIA YCIICXOB CTYACHTOB. B HaHHOI\/'I CTaTheC
paccMaTpHUBAIOTCS TEKYIME MPUMEPHl TPUMEHEHNUSI MCKYCCTBEHHOTO MHTEIJIEKTa B 00pa3oBaTeIbHOM
JESTETLHOCTH, a TAKKE MEePCIIEKTUBEI €10 Pa3BUTHUSI B OY/IyILIEM.

Abstract: With the development of technology, artificial intelligence (Al) is increasingly being
used in various fields of human activity. One of these areas is education, where Al opens up new
opportunities for improving the quality of learning, personalizing the educational process, and
improving the effectiveness of teaching and administration. Artificial intelligence systems make it
possible to automate knowledge assessment processes, adapt educational materials to the needs of
students, and provide teachers with tools to more accurately monitor student success. This article
examines current examples of the use of artificial intelligence in educational activities, as well as the
prospects for its development in the future.

Herusru ce3nep: xacajiMa HHTEIUICKT; aJITOPUTM; MallIMHAHBI YHPOHYY; yaypJiiap; Ouium oepyy
MEKEMEJIEPH; )KyMYIIMY TalJ 00, OMIUM Oepyy.

KiiroueBble cj10Ba: WCKYCCTBCHHBIM HMHTEJUICKT; aJlTOPUTM; MAIMHHOE OOyd4eHUE; KEHCHI;
o0OpasoBarenbHbIC YUPEKACHUS, padoUnii aHAIH3, 0Opa30BaHME.

Keywords: artificial intelligence; algorithm; machine learning; cases; educational institutions;
work analysis, education.

Kupnumyy Al — 6yn maansiMaTTapbl TaII00, YATY TaaHyy, KeHreiyiepay yedyy, 4e4uM KaObul
aryy jkaHa Taxpheliibara HETU3IENTEH OKYTYY CHISKTYY HHTEIUICKT yalIbIK Kyd-apakeTTH Tajlaln KbIJITaH
TambIpMaTap/bl aTkapyyra KeHIeMayy cucrema. bumum Oepyy tapmarsiaga Al Ounum O0epyyHYH
OapIbIK ATANTAPbIH JKAKIIBIPTYY YUYH KOJIJIOH YITYITy MYMKYH : OMJIMM Oepyy MporpaMMaliapblH HIIT eIl
YpITyyAaH Oainran, OKyyHy CTYACHTTEPAWH KEKEe MYKTaXIbIKTapblHA BUIAHBIKTAIITHIPYYra YeHWH.
bumum Gepyyne Al KONIOHYYHYH H MaaHUWJIYY acClEeKTHJICPUHHH OUpH — OYyi IKEKEeJeITHPHUITeH
MaMHJICHUH MYMKYHUYIyry. CairTyy OKyTyy CHCTEMachblHAa MyTajluM ap OWp CTYyAEHTTHH OWUIIUM
JICHMAJIMHE JKapallia MaTepuaigapbsl jkaHa bIKMajgapbl JaibiMa dJi€ bUIaWbIKTAIIThIpa ambait. Al
CTYICHTTEPJIUH ap KaHJal e3reuesyKTepyH, alaplblH KY4TYY >KaHa ajChl3 KAaKTapblH, OKYY
apTBHIKYBUIBIKTAPBIH 3CKE allyyra MYMKYHAYK Oeper, Oyn MaTepuanasl TEpEHUPIIK O3IeIITYPYYre
ebeire Ty3eT.

Marepuangap kaHa H3WI1106 bIKMadap. byn usungeene Ou3 amanTauusIaHTaH OKYTYY
cucTeMalapblHa jkKaHa OWIMMAN 0aaloOHy aBTOMATTAINTHIpPyyra OackIM Kacoo MEHEH OuiiuM Oepyy
UIIMEPAYYIIYTYH/IO JKacajiMa MHTEJUICKTTUH KOJJIOHYITYIIYH H3HIII00re OarbITTairanObI3.

MaansIMaTTap/ibl YOTYITYY YYYH OM3 TOMOHKY BIKMaJapbl KOJIIOHIYK:

- Myranmumzaep jkaHa CTYICHTTEpP MEHEH alapIblH TaXphIHOAachiH kaHa OKyynarsl (Al) xommoHyy
TaXXPBHIHOACHIH TYIIYHYY YIYH CYpaMiKbLIOOJOp jKaHa HHTEPBBIOJIAP.
- Google Classroom >xana Duolingo cwiskryy ydypnarsl miatdopMaiapabiH (QyHKIMOHAIAYYIYTYH
’KaHa OKyy INPOIIECCHHE THHUTU3TEeH TAACHPUH aHBIKTOO YIYH TaJI00.

MaanbiMaTTappl TaI00 CalaTThIK YKaHAa CaHJBIK BIKMAJAPJbl, aHbIH WYUHJE TEMaTHKAJIBIK
aHAJIM3IU JKaHA CTYICHTTEPAWH JKETHINKCHJAWKTCPHH 0aalloo0 YYYH CTaTHCTHKAIBIK BlIKMaapIbl
KOJIZIOHYY MEHEH JKYPry3yiIy

Harpriikanap. busaua usunmeeOy3 Khan Academy ChIsIKTYy ajanTalUsulaHTaH OKYTYY
cucTemaiapbl CTYyACHTTEPAMH KaTbIIIyyCYH Kblila >kakublpraapblH kepceTTy. (Google Classroom
KOJJIOHYy 0aajioo IMpOIeCCTEpUH aBTOMATTAINTHIpYyra jkKaHa OKYy MaTepuaigapbl OOIOHYA JKEKe

CyHyILITapbl Oepyyre MyMKYHJYK Oeper.
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Tankyyaoo. busnus usunneenyH Harteliikazapbl Al, )KeKeICIITHPUIITECH OKYY JKOIJIOPYH TY3YY
apKbUTYy OMJIUM OEpYYHYH callaThlH OMp TON >KaKUbIpTa aJapblH TACTHIKTANT. BHpOK, aHBl HIIKe
almbIpyy MCHCH OalIaHbIIIKaH 3THKAJIBIK ACTICKTHUJICPAU KaHa NOTCHHHUAIAYY YaKbIPpBIKTapJAbl 3CKC
aJyy 3apbLl.

Buiinv Gepyy HiMe payyJIyryHIoe KacajaMa HHTeJJIEKTTH KOJOHYYHYH MHCAJIaphI

AIanTuBIYY OKYTYY cHcTeMajapbl. AnmantuBayy Al HETM3MHIETH OKYTYY CHCTEMasaphbl
CTYICHTTEPIUH OMJIMM [CHIMAJMHE JXKaHa MYyKTXIbIKTapblHA jKapalia Ma3MyHYH ©3repTe TypraH
nporpammaniap.  bym  cucremanap  CTYIEHTTHH  XKYPYM-TYpyMYH,  WWIUIMKIEPUH  JKaHA
KI)II\/IIBIH‘II)IJ'H)IKTapI)IH Tajrgarl, aHJIaH KUWWH aHBIH yaypAaarbl MYKTaXJbIKTApbIHA KOOIT 6epreH
Marepuaigapasl  CyHyIrrauT. MpIHAail — cUCTEeManapAblH  MHCANJapblHA  OKYy  POLIECCHH
xekeneurrnpyy YuyH Al xongonron Khan Academy, Duolingo sxana Smart Sparrow Kuper.

Bbuiaum 6epyyne KU ko110HYyHYH MHCAJIAAPbI

B~
22 Joogle e
Google

&( SCHOLAR
GOOg|e C ‘assroom Tr-a ns‘ate Ty Hay eI RoMCKoBIK

bumum  Oepyynmery kacaiMma WHTEUICKT KOJIAOHMOJIOPY OKYYYYIapIblH OKYYy JKOJYH
KAKIIBIPTYY. Anap HMUKEMAYY OKYy TaXpbliOachlH CyHyITallaT, WHKEMIYYJIYK alapAblH JKeke
XKOHJOMIOPYHO kaHa TananrtapbiHa. by sxepne Oup neue Al xonmonmornopy.

Google Classroom — yitpeHYyHYH K33 OHMp acCHEKTHUJICPUH >KOHOKOMJIOTYY YUYYH jKacaama
MHTEJIJIEKTTH KaMThIraH OeNnruiyy Kypaia. byn Myranumaepre TamibIpManapisl HINTEN YbITYyra jkaHa
JaBIH00T0, THUKUpIEpau Oepyyre jkaHa KIAcCTBIK ©3 apa apakeTTeHYYHY JQQeKTHUBIYY
Kke3eMeaeere MyMKYHAYK 6epet. Google Classroom jkacaama MHTEUIEKT aITOPUTMIEPH aBTOMATTBIK
TypAe 6aa 6epyyHY KOJ0H anaT, OKyy mMarepuaniapbl O0IOHYA bUIAHBIKTAIITHIPBIITAH CYH YLITap/bl
Oepe anar kaHa OKYyy KOPCOTKYYTOpYy KaHa eCYy XOHYH/Ie TYLIYHYK ajlyy YYYH CTYAEHTTepAUH
MaaJIbIMATTApbIH TAJIIaid ajiar.

Google Translate »ana Google Scholar — okyy kaHa H3MI1©6 MYMKYHUYJYKTOpPYH Kblijia
KeHeNTyyuy KyuTyy Kypanaap. Google Translate MeHEH THI TOCKOOJYKTapbl TOCKOOJIYK 00i0oi
KaJIJibl, aHTKEHU ajlap TEKCTTH, BeO-callTTapibl >kKaHa ajl Typrail KOTOPMOJIOpAY 3amMarTa KOTOPYYHY
KaMChI3 KblJar.

Google Scholar mnumuii Makamamapabl, HW3WIAEOIOPAY JKaHA aKaJIEMHSUIBIK peCypcTapibl
TIJ00 >KaHAa HHJEKCTeOe YYYH JKacaiMa HWHTEJJIEKT alrOpPUTMAEPUH KOJJIOHOT. bBbyn cusnun
M3UJII06HY3 YUYH aKTyallyy >KaHa aBTOPUTETTYY Oynakrapzbl TaOyyra »apaam Oeper.

Duolingo — Genrunyy THI YHPOHYY KOJJIOHMOCY MHKEMIYy THJ Ca0aKTapbhlH HINTEN YBITYY
YU4YH JKacaJMa HMHTEUIEKITH KOJAOHOT. JKacanMma MHTEWIEKT cucTeMagapbl CTYAEHTTEpAUH
MPOrPECCUHE KO3 CallbIll, OHYTYY OarbITTapblH aHBIKTAll, KEpeK 0O0JICO KYpCTYH Ma3MYHYH ©3TepTeT.
Konmormo sxeke cabakrap/ipl, JIEKCHKa KOHYTYYJIOPYH JKaHa OMIJIMM JEHIDIJIHM JKOTOpYJaraH CaiblH
TUJIM KOJJIOO YYYH MHTEPAKTHUBAYY TECTTEpIU CyHywrraiT. Harelibkanyy Tun yipeHyyre kapaam
Oepyy YuyH, Al omoH0¥ 371¢ KeNTH TaaHyyra, alThUIBIII TUKUPICPUHE JKaHa KbI3BIKTYY MaTepHalIbl
TY3YYT'e *apaam Oeper.

bunum  OepyyHYH KeNEUerMHHUH HETM3IM  aCMeKTUJIEPUHUH  OUPH-CTYAEHTTEp Y4YYH
KEKEJICIITUPWITEH OKYYy JKOJIJIOPYH Ty3yy. JKacaima HWHTEIEKT TEXHOJOTUSUIAphl JKaHa aHBIH
KOJITOHMOJIOPY OmyimM OepyyHY OHYKTYPYYHYH MaaHMJIYy OarbITTapblHBIH Oupu OOJynm caHaar.
[bypxyeBa A.K., bekrypranoBa M.K., bexebaeBa A.K. 171-6er] [1] JKacanma uHTemIEKT
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AITOPUTMIICPUH JKaHa aJanTalMsyIaHTaH OKYTYyy IUIaT(dopMaiapblH KOJJOHYY MEHEH MYraauMjep
OunmuMm Oepyy Ma3MyHYH KaHa TaXpbliiOachlH ap OUp CTYyAEHTTHH YHUKAIJYy MYKTaXblKTapblHA,
KOHJIOMTYYIYKTOPYHO >KaHa KbI3bIKUYbUIBIKTApbIHA bUIAWBIKTAITBIpa ajblliaT. MbIHIAH THILIKApHI,
KacaJiMa MHTEJUICKT TaK jKaHa TOJIyK Oaa Oepyy MeHEeH 0aanoo bIKMaJlaphlH OWpP TOI >KaKIIbIPTAaT.
[H.A. TekecbaeBa, H.T. Omanoga, JI.X. XXynycoBa, I'.Jl. Anyap6exoBa 303-06et] [2]

Buiauman 6aajiooHy aBTOMATTAIUTHIPYY

XKacanma MHTENNEKTUH MUTUIMKTYY YEUKEH MUJACTTEPAUH OMpPHU CTYIESHTTEPIUH OHIMMUH
0aaJi00 MPOIIECCHH aBTOMATTAIITHIPYyY Oonyn cananar. Al xKongoHToH 3amaHOan cucremanap TECTTHK
TanublpManapabl raHa SMec, aublK CypOOJIOPAY, 3CCEIepAU KaHa jKa3yy UINTEpUHUH Oalllka TYpiepyH
na Oaamait anmat. bymap cucrtemanap TEKCTTH TpaMMaTHKAIbIK Karajapra aHallu3[1eere, JOTHKaIbIK
KapaMa-Kap LIbUIBIKTap/ibl aHBIKTOOTO, OLIOH/IOM 3J1€ apryMEHTTEpAUH TEPEHAUTUH jKaHa OyJaKrap.ibl
KOJIIOHYYHYH cCamaThlH TEKIIepyyre >kKeHaeMayy. MeiHmai cucreManapiabiH Oup mucainbl Turnitin
OoJTyn caHanaT, aJl IUIAarMaTThl aHBIKTOO JKaHa MINTUH OPUTUHANAYYITyryH 0aanoo yuyH Al KojIOHOT.
CTyneHTTepArH OKyy MaTepUalblH ©3/10IITYPYYCYHO aBTOMATTAIITHIPBIITaH MOHUTOPUHIIM jkaHa Oaa
Oepyyny yrourrypyy. CTyIeHTTepAUH KIacCThIK jKaHa KJIACCTaH ThIMIKAPKbl ME3THJIIETH 003€KH jKaHa
kKasyy OKY3YHIOeTy OuimupyylepyH O0aanoo »*aHa OKyy KypCyH HIITEN YbITYY CBISKTYY D3J€
M3WJIGHYYYY ca0akTapblHBIH MaTepUaNbIH ©3[6IITYPYY AEHIPIMHE KOHTPOJII00 JKYPry3yy Kem
yOaKbITTHI Tajan KbUIapblH Oaapsl Ouier. KeOyHYe cTyaeHTTep MyraluMIeH Tyypa TEeCT, 3cce, Ka3zyy
x.0.y.Cc. ajraHra 4eWMH Kell KyH, ajl Typrai xymanap eTneiT. byn yOakbITThIH WYMHAE CTYIEHTTHH
WIITUH canaTblHa OOJIOH KbI3BITYYCY aHa MypJa YHpeHIeH MmaTepuaijaH KalTaloo MakcaTblHIa
KETUPUJITEH KaTajap >KOTONYN KeTUIM MYMKyH. Hermsunze, CTyIEHTTEpIUH WIMH 0aaloo KbLIIAT
JKaHa e3 yoOarelHAa OKYpry3yiayumy kepek. CTyIeHTTepIMH >KOONTOPYHA AaBTOMATTAIUTHIPBLITaH
MOHUTOPUHTIM yourrypyyaa Al xypangapelH KOJJOHYY TaXpbliiOachlH €3 SIMIeKTEepUHE CYPOTTOTOH
OKyMYUITyynap 5Mec. AUYbIK apTHIKUBUIBIKTAPIBIH apachlHAa HW3WIA00YYIep TOMOHKYIepay
OeJNTHUIICIITH : @) UIITH TEKIIEPYY MOOHOTTOPYHYH OIYTTYY KbICKaphIlibl: Al 0aaooHy *KYpry3er xaHa
JIPOPIMK OILIOJ 3aMaT KalTapbIM OailJIaHBIIITHl KaMChI3 KbLIAT; 0) K33 OMp TECTTUK TallllbpMaiapibl
aTKapyy YOaKTBICBIH KbICKapTaT: ca0aKThIH ke KOHKpeTTyy Al marepuaniapl e3AeITypyy AEHIIIIMH
aHBIKTOOJI0, all HMMKEMIyYy Typle TamlblpMajapJblH TaTaaJAbIIbIH ©3repTe anar, CTYAEHTTUH
KOONTOPYHYH HATBIKAIyylyryHa SKapalla TaTaalJblKTblH KUWMHKU JEHIIDJIMHE OTeT; B)
CTYIEHTTEPUH THIHUCBI3aHYy JEHIDAJINH TOMOHIOTOT: KOIITOIOH CTYIEHTTEP YUYH MYTAIUMICH KeE
rpynnajamrapplHaH 3MeC, KOMIIBIOTEpJUK TECTTH aTKapyy »>kaHa MallMHaJaH T[HKUP alyy
bIHTalTyypaak. Anberre, Al Kypangapbl CTyAGHTTEPAWH >KETUIIKCHIWKTEPUH KO3OMOJI00 >KaHa
0aasioo yuyyH wuzeanayy osmec. Mnumuil amabusrrapia CTYOSHTTEpIUH Ka3yy IKY3YHJAery
TaIbIPMAIAPbIH KOMITBIOTEp TapaOblHaH 0aaJIoOOHYH TEpC TaXXPhIHOACKIH CYpOTTOreH Mucaiaap 0ap,
MBIHJAa MallMHa jXa3yy XKY3YHAeIy >KOONTOpay Ma3MyHYy OoroHYa smec, Qopmannyy Oenaruiepu
6oroHua (ab3arapra 6enyy, "oupunun", ">xuHUK", "KOpyTyHAY" *K.0.) GaanaraH. bupok, xxoonropay
OalKapyyHy aBTOMATTALITBIPYY CTYACHTTEp ’aHa ajapAblH IUKUPU MEHEH KaMChI3 KbUIyy okyyaa Al
KOJIIOHYY YUYYH a0gaH kenedekTyy OarbiT 6omyn kepyHeT. [CeicoeB IlaBen BukropoBuy, 15-16-066.]
[3]

Yat6oTTOp KaHA BUPTYAJABIK KapaaMyubliap

Al TexHOJOTUsIAPbIH KOJNJAOHTOH BHUPTYAIIBIK KapAamubliap OuiauM Oepyy MporeccruHe
KUTEPAYY KUprusmiyyne. YaTOoTTop CTYIEHTTEPAMH CYpPOOJIOpYHA >KOOI Oepur, Keureinepay
qyeuyyre jkapjaaMm OepuIl, OKyy MaTepuablH YHUpeHYyyre Koijaoo kepcete amar. IBM Watson jxana
Google Assistant ChISIKTYy cucTeManap KYHY-TYHY KETKUIUKTYY KaHa CTYIGHTTEp MEHEH ap KaHjaai
KbIMBIHUBUIBIK JEHIDUIMHAE ULITeH ana TypraH BUPTYAIIblK pENeTUTOPIOpPAY TY3YY YYYH
KOJIIOHYAYUIy MYMKyH. YarOOTTOp OIIOHIO0W 3jie TECT Xa3yy, KOIAY JOKYMEHTTEIUTHPYY >KaHa
noiboopay Oamikapyy ChIIKTYY KYHYMIYK TamubIpMmaiapisl aBTOMAaTTalThipa anar. byn
MPOrPaMMHUCTTEPAN MOHOTOHJIYY TalllBIpMalapabl aTkapyyJaH OOMIOTYN, ©HYTYYHYH KpeaTHBIYY
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acleKTHIIEpUHE KOHYJ Oypyyra MyMKYHIyk Oeper. Al 4aTOOTTOpY YOH Kesemaery MaajibIMaTTap.ibl
UIITEI YBITYyra jKaHa MPOrpaMMHUCTTEpre KOy, MaalbIMaT CTPYKTypalapblH jKaHa alropuTMIEp Iu
ONTHMAJJIAIITEIPYY OOIOHYA CYHyIITapsl Oepyyre keHAemayy. bym mporpammuctrepre ueanmMiaep 1u
TaOyy yOaKTBICBIH KbICKAapTyyra jkaHa ajJapAblH HaThIIKAIYyITyr'yH )KOropynaTyyra MyYMKYHAYK Oeper.
Herusru apThIKYBUIBIKTAp IBIH OUPU — YaTOOTTOPAYH IPOTPaMMHUCTTEpre KOHKPETTYY XKaHa Haiaanyy
KeHemrepan Oepur, Taraayl cypaMmIapAbl TalJ00 JaHa 4YeUMenee KeHIeMAYYIyry. YarGorrop
OLLOHJION 3J1€ BUPTYalJIblK HacaaTybl KaTapbl MINTEH anar, Oyn OamranrslyTapra nporpaMMaioOH yH
HETU3JepUH YHpPOHYYre :KaHa KOHKPETTYY HporpamMmaioo THIJIEPUHE J>KaHa KypalJapblHa
OallUTaHBIIITYY CypOOJIOPTO KOOI aiyyra >kapaam Oeper. [ AOpamo. [[.A. 163-6.] [4] XKacanma
UHTEJJIEKT JKaHa yarOoTrTop OmiuM Oepyy MpOLIECCHMH JKaKIBIPTYYy, aHbl IKETKUJIMKTYY,
MHTEPAKTHBYY JKaHa JKEKEJCITHPYY YIYH YOH IMOTSHIIHAIITA 7).

AKBLI1YY CYHYIITOO CHCTEMAaJIapbl

Al — HerusaenreH CyHyIITOO CUCTEMaNapbl CTYJACHTTEpre 3 ajlblH4a OKYYy YUYH BUIAMBIKTYY
pecypcrapabl Tabyyra skapmam Oeper. Al JKeKeJICIITHPUITEH OKYTYYy, aBTOMAaTTAIUThIPbUITaH
TamIbIpManap, *KaKIbIPTHIITaH CTYJISHTTUK KOJJI00 >KaHa KbI3BIKTYY OKYY MaTepHasljapbl CBISIKTYY
KOIITOTOH apTHIKYBUIBIKTAPbl CYHYIITAIl, OKYTYYHY >KakKUIBIPTYY Y4YyH ap KaHJail »KoJxop MeHEeH
KOJIoOHYNyyna. Al ap OUp CTYIEHTTHH KOPCOTKYUTODPY, KbI3BITYYNIaphl jKaHa OKYY CTHJIH Tyypalyy
MaajbIMaTTapbl TaJNA00 apKbllyy OKYYHY JKekeneumrupyyre xkapaam Oeper. [Hypyea XK.b.,
MyxkrapbexoBa P.OK. 456-0.] [5] Anap cTyaeHTTEepIUH KaajJooJOpYH, HaThbIKalapblH Tajijam, ajap
YYYH Makajanap, KATENTep, BUACOJIOp KaHa OHJIAMH KypCTap CBISAKTYY OH BUIAUBIKTYYy OKYY
MaTepHalapblH TaHjaamar. MelHIail cucremanapasiH  Mucanel Coursera Oonynm caHajiaT, ail
KOJIJIOHYYYYHYH KbI3bl KUbLJIBIKTApbIHA >KaHA MYPYHKY HIN-apaKeTTepUHE HETU3ICIIreH KypcTapabl
cyHymraiiT. bumum Oepyy TapMmarbiHAa — CyHYII CHCTEMallapbl KOJIOHYyydynapra (CTyIeHTTepre,
MyTrajJumepre, aIMUHUCTPATOPIOPro *k.0.) amapiblH K€K MYyKTaX/blKTapblHa aHa MakcaTTapblHa
9H BUIAWBIKTYY ap KaHJail pecypcTapibl, OKYy MaTepHalapblH, KypcTap/bl jkaHa Oallika CyH yIITap/Ibl
aHBIKTOOUY JKaHa CYHYII KbUITAH WHTEIUICKTYyA[BIK KOMIBIOTEPAMK TIporpamMMmaiap JKaHa
anropuT™MaEp. DBYTYHKy KyHAe CyHymmrap axbIpKbl OH OKBULABIKTapJa jkacajiMa MHTEJUIEKT
TEXHOJIOTUSIIAPBIHBIH OHYTYI OMITUM Oepyy TapMarblHa OJNYTTYY TaaCUPUH THHTU3UI, OUITUM Oepyy
aHATMTHUKAChIHA JKaHa OKYY IPOIECCHH YKEKEICIITHPYYTe JKaHbl MYMKYHUYJIYKTOPIY OEpHIl KaTar.
Xoropky OKyy »KaljmapelHIa CyHYIITamMa CHCTEMalapibl HIIKe KUPru3yy Oyn TpaHchopmanus
MPOIICCCHHUH MAaaHWJIYY AacHeKTHJICPUHHH Owmpu OOJIyIT caHamar, cucreManap OuiuMm Oepyy
TapMarbiHa OapraH cailblH TaaHBIMAJI )KaHa Cypoo-Tajamnka 33 oonyyna. [ Tokraposa B.U., Kazannesa
O.I'., 103-104-66.] [6]

Buium 6epyyae xkacajiMa HHTeJIEKTTH OHYKTYPYYHYH KeJleyeru

OKyTyyHY KeKeJeTHPYY

Al T KeCUNITHK KOJIJIOHYYyJa KEJIEUEeKTYY OarbiT OONyl CTYACHTTEPJHH OKYY HaThIHKaJlapblH
6aanoo cananar. bunum 6epyynery Al THH HETH3IH KelIeYEKTYYJIYTYHYH OMpH OKYY IIPOIIECCHUH aHaaH
apbl JKekenemrupyy Oonyn cananar. Keneuekre Al TMH cucremanapsl OKyy MaTepuaslapblH kaHa
BIKMAJIAPBIH CTYACHTTEPAMH KEKe ©3Te4YeYKTOPYHO Jarkl TaK bUIAWBIKTAIIThIpa anaTr. bym kaObul
ayyHYH KaHa OKYyy CTHJIMHUH ap KaHJail TypJiepy 0ap CTYACHTTep YYYH >KaHbl MYMKYH UYJIYKTOPIY
avaT. Artan aiTkaHna, Al CTyAeHTTepAMH aKaJeMHUSUIBIK KaalooJOpyH TIaHa »3MecC, ajlapjblH
HMOIMOHANIBIK abanblH Ja dCKe aja anar, Oyl OKyy YYyH Jarbl BIHTalinyy »kaHa 3(QeKTUBIYY
mapTTapabl Ty30T. A3bIpKbl ydypaa Al THH KOMIIOHEHTTEpUH OPKYHIOTYy OOIOHYA HINTEpIUH
ankarbiHAa (GopMallyy OKYTYYHYH HaTbliKajgapbH 0aajaoo »oi-)KOOOJOPYH HIITEN YbITyyra raHa

9MeC, CTYACHTTEPAUH YbITapMavbLIbIThIHA 1a KoHY Oypynyyna. [Beuepuna A.B., Aronkosckuit C.P.,
789-6.1[7]
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Buiaum G6epyy MaajibIMaTTaApbIHBIH AHAJTUTUHKACHI

bunum Gepyy MaanpiMaTTapbl OUIMM Oepyy TapMarblHAa YIOIITYPYY4YIYK, MEAarorHKalblK
KaHa OamKapyy YeUMMJEpPHH KaObUT alyy YYyH KOJJOHYAyIly MYMKYH. Byn okyyHyH Oapmabix
STanTapblHAAa OKYY MPOLIECCH XOHYHJI® KOIl CaHJarbl MaalbIMaTTapibl YOTYATYYHY >KaHa TalJJOOHY
Tajan Kblaar. bunum Oepyy MaanbIMaTTapblH Taingoo — OuiuMm Oepyy Mekemenepu TapaOblHaH
OHJIYPYJTOH MaalbIMaTKa MaallbIMaTTapAbl WHTEIUIEKTYaJIBIK TalI00, MalllMHAa YHPeHYY jkaHa
CTAaTHCTHUKAJIBIK BIKMAllapIbl KOJIJOHYY MEHEH OailllaHbIIIKaH H3WIIIe6 TapMarbl OOyl caHamart.
bumum Gepyy ™aaneimartapein  Tangoo (BMT) ap Oup »srtanTta CTYOeHTTEpIUH OKYYCYHYH
HATBHIHKATYYJYTYH aHBIKTOOTO JKaHa aHbl HATBIKaTyypaak Kellyyra MYMKYHAIYK Oeper. [B.M.
ToxrapoBa, O.I'. TlonoBa, 55-6.] [8] Yon maaneimartap (Big Data) >kaHa aHanmuTHKa KeJeueKTerH
Oounum Oepyyle MaaHUIYy posiay oMHOUT. Al OKyy mpoleccuHae 4OrynTyja TypraH YOH KeJIeMJIery
MaajpIMaTTapAbl HMINTETYYT® JKOHAOMAYY. bym MaanmsiMaTTap MyTalMMIEpre CTYISHTTEPAWH
KETUIIKEHJUKTEPUH Tak 0aanooro, KeHreiysiepy aHBIKTOOrO KaHa MYMKyH Oonyydy
KbIABIHYBUTBIKTAP/Ibl J/IBIH ajla allTyyra MyMKYHIYK OepeT. Mucaibl, MaaipIMaTTapasl TaJII0OHYH
HETU3MH/E, KaliChl CTYACHT OKYyy/Ja KbIHBIHYBLIBIKTApra Jyymap 001yIly MyMKYH SKEHUH aJIJIbIH ana
aiiTyyra ’kaHa OMITUMIETH KeMUYMIMKTEPIU KOy YUYH KOLlyM4ya pecypcTapibl CyHYIITOOTO OOJIOT.

OMOUMOHANIBIK HHTEJJIEKTTH OHYKTYPYY

DOMOIMOHANABIK UHTEIJIEKT 3H MaaHWIYYy JKyMIIaK KOHAYMIOPAYH OMpH KaTapbl TaaHbLIAT,
aHTKEHU CEe3MMJEPAU TYILYHYY *aHa OalIkapyy *KeHJeMY KOeITereH KECHUIITUK Yelipesepre UHTUINK
Y4YH MaaHHJIyy OOJITOH ap KaHJal COlMaAbIK )KaHa SMOLUOHAJIbIK KOMIIETEHIMIIapra Heru3 TY36T.
[C.M. BbysHoB, 35-6.] [9] Al cTymeHTTepAMH SMOLMOHANIBIK MHTEIUICKTHH OHYKTYPYY YYYH Aa
KOJIIOHYNYIIly MYMKYH. bunum Oepyy Mekemenepu CTyIACHTTEpJMH SMOLMSIIAPBIH Oamikapa OUinyy
KaHa Oamrkayiap MeHeH Oaapianryy >KeHIeMYH OapraH caiibiH Oaamam >xkatbimar. Al cucremanmapsl
CTY/IEHTTEpTE IMOLMOHAIBIK aH-Ce3UM KOHAYMAOPYH YHUPOTYY YUYH HIUTETUI YBITHIIIBI MYMKYH, Oy
aapbIH OKYy 4eHpecyH/e 63 apa apakeTTeHYY KOHJOMYH OHp TOII JKaKIIbIPTAT.

Bupryaaabik YbIHABIK KaHA KOIIYMYAJIAHTAH YbIHIbIK

Bupryanapik ubtHasik (VR) jkaHa kolnrymyanaHTaH 4slHABIK (AR) Ouimm Gepyy mporecCuHUH
MaaHWIyy Oemyry Oonym Kamblmbl MYMKYH. Al MeHeH alKanblmKaH[a, Oya TEXHOJIOTHsIIAP
CTYICHTTEPIH OKYy YUIYH UBIHJBIK >KaHa MOJENACITEeH KbIpJaaimapra OarTblpraH OaiJIaHBIII OKYY
yelipenepyH Ty3e ajar. Mucaibl, CTYAEHTTEP BHUPTYaJAbIK Ja0OpaTOpUsUIBIK HIINTEpPre KaThlla
aNBIIIAT, OKIIOIMITYPYJITaH MEAPTTApAA MPAKTUKAIBIK TalllbIpManapasl aTKapa albllaT ke OKyyraH
3MaHUAIAH YbIKNAW 3JI€ TapbIXbId KEpJIepIu KblAblpa aubllliaT. BUpTyangplk xKaHa KEHEUTHJITECH
YBIHJBIK TEXHOJOTHsUIaphl OMIMM Oepyy TapMarbiHaa mnaiina Oosgy. Yeuwse TypraH MUIAETTEp
HETM3WHEH CTYICHTTEpAUH OKYyy HATbIiDKaJapbhlH JKAKIIBIPTyyra OarbITTanraH. AJiap KblHMBLITA
KEJITUPreH TapOUSUIBIK 3JEMEHT CTYACHTTH KOHKPETTYY OWJIMMIEe 33 KbUIYYHYH KapaskaTbhl KaTaphl
Taxkpbiiiba 6oaron. [MyxamaaueBa K.b., 68-6.] [10]

Kopyrynny

M3unneeOy3nyH XypyuyHae O0u3 Owium Oepyy MIIMEpAYYIYTYHIO ’KacaliMa HMHTEIEKTTUH
(Al) KOMOOHYNTYyHmIyH Tajjan, ©3redellyK OKYTYy CHCTeMajapblHa jkKaHa Ouiaumuaun 0aallooHy
aBTOMAaTTalITbIpyyra OackiM »kacaiblK. Hatbliikamap Al JkekeneITHpUIreH OKYTYY bIKMaJlapblH
CYHYIITOO aHa CTYICHTTEPAMH KATBILIIYYCYH KOTOpYlaTyy apKblayy OuiuM OepyyHYH camaThiH
KOTOPYNIATYy YUYH OJNYTTYY KOHAOMIYYIYKe 33 dKEHUH KopceTTy. JKacaiMa HHTEIEKT — Oya OuimMm
Oepyy HMUIIMEpAYYJIYTYHA® AaKTUBIYY KOJAOHYITaH KY4TYy Kypaid. AJ OKYTYYHY >KEKeNeITHPYY,
Oounumau 0aaloOOHY aBTOMATTAUITBHIPYY >KaHa HAThIKaNyy OuiauMm Oepyy HporpammanapbiH TY3YY
YYYH >KaHbl TOPH30HTTOpAY adar. Al Kenedekre narel OHYTYI, OKYY HIIMH JKaKIIBIPTYY YUYH >KaHBI
MYMKYHYYJIYKTepay Oeper. bBupok, aHel uIIKe alblpyy MeHEeH OaillaHbllIKaH —Oapiblk
KbIBIHYBUIBIKTAP/Ibl 3CKE alyy *aHa Oyl TeXHOJIOTHSIIApbl ATHKAJIBIK JKaHa KOOICY3 KOJJIOHYYHY
KaMChI3 KbU1yy MaaHwiyy. bunum Oepyy tapmarbinia Al eHyKTypyy s0ereiicu3 30p KOHIOMIYYITY Ko
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93, OUPOK HAaTHIKATyy aHa KOOINCy3 OuimuM Oepyy 4YeMpecyH Ty3yy YUYH TEXHUKAJBIK KaHa
COLIMANIBIK aCMEKTUIEPAN KaMThITaH KOMILIEKCTYY MaMuJIeHW Tanan keutat. Kenedekre Ou3 Oumum
oepyynery Al anyman apbl eHYTYIIYH KyTeOy3, Oyn OunuM OepyYHYH HaThIMKaTapblH >KaKIILIPTyyTa
aHa OapbITbl YIYH canarTyy OMJIMMIe KeTYYHY KOoropysaryyra skapaaMm OepreH Aarbl HaTbliKanyy
JKaHa aJanTalysUlaHTaH OKYTYYy CHCTeMaJlapblH TY3YYre ajbill KejeT. Byl kopyryHAy M3WIII6eeHYH
KBIUBIHTBITBIH YBITAPAT, aHBIH MAAHWIJIYYJIYTYH Oaca OenruiaeT skaHa OumuM Oepyy Tapmarbiama Al
KOJIIOHYYHYH KeJ€UeruH KOpCoToT.
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CTYAEHTTEPAU CbIHOO MEHEH HTAKEKTHK KYK ) KYKTOO MAPHIPYTTYK
MACEJIECUH YBIT'APYY
PEHIEHUE 3AJAYU MAPHIPYTU3ALIUN TPAHCIIOPTHOI'O CPEJACTBA C3ABOPOM
I'PY3A 110 KOJIBIHEBOMY MAPHIPYTY C TECTUPOBAHUEM CTYJIEHTOB
SOLVING THE LOOP PICKUP VEHICLE ROUTING PROBLEM WITH TESTING
STUDENTS

Kpickaua myHne3neme: YHaa mMapupyrtyk keireity (YMK) «cyT kairanmeipyy» ydayH Oy
MakajlaZia «aK yapAak» AUCKPETTUK aITOPUTMHU CYH yIlITairaH. bupuHunieH, ak yapakrapibl Keuypyy
MPOLIECCUHIE AITOPUTMIUH M3/166 bUIIAMIBITBIH KAKIIBIPTYy YYYH aK 4YapJakraplblH aOaiblH
KAHBIPTYy YUYH «KUPIU3YY» JKaHa TECKepH aMmaijap KOJJOHYIAT, HKUHYUACH, 4Yaka 4alyymy
MPOIIECCHH/IC AITOPUTM/INH KEPTUIINK U3/166 MYMKYHUYIYTYH XKaKMIBIPTYY YIYH YaKajJapAblH abainbiH
KAHBIPTYy YUYYH aJIMAIIThIpyy >kaHa 3-0pt amanaapbl KOJJOHYJAT, aKbIpbIHIA, CUMY/SALMsUIAHTaH
KYWIYy3yy @ITOPUTMM MEHEH aNKaJIblLIbIN, aIrOPUTMAWH MWINTEIM Y4YPYHAA IKEPTUIMKTYY
ONTUMAJIYy 63y KOHYY KyOynyuly ajblH ajlaT, )KaHbIPTYy cTparterusicbl quckpertyy YMK acteinga
Kaiipa aHplkTanart. Makcar (QYHKUMACHI KaTapbl 3H a3 JKaJllbl YbITBIM MEHEH THeIleIyy
MaTeMaTHKaJIbl K MOJIENIb TY3YJeT. TaxpsiiiGanap apKblIyy al alropuT™ cyT uireryyHyH YMK menen
3 PeKTHBAYY KYpOIe alapblH KOpCOTTY, al AMH Talyy 3 pdeKkrn kaHa YbIrapbUIBIIITEIH CTAaHAAPTTYY
aK 4ap/ak ONTHUMAaJALIThIPYy aJITOPUTMUHE, O6TYKUeNepAYH YHYPY alrOpUTMHHE, CUMYISLMsUIaHTaH
KYWAYpYY, «003 KapblIIKbIp» ONTUMAIAALITBIPYY, «KUAT» ONTHUMAIAALITBIPYY, «KOIOJI6K-0TKO
ONTUMAIJAIITHIPYY AJITOPUTMIEPUHE KaparaHaa kakibipaak. YMK jxeHekeil MucaniapslH KopcoTyy
MakajlaZia MIIKe allbIpbuIarT.

AnHoTanms:. [{nsg 3amaun Mapumpyrusauuu TpaHcnopTHbIX cpeactB (MTC) s «pa3Bo3ku
MOJIOKa» B CTaThe MPEUIaraeTcsi AUCKPETHBIN «aJITOPUTM YalKu». Bo-1epBbIX, B IpoLECCE «MUTPALIUT
YalKu» onepanuy BCTaBKM U 0OPATHOTO X0/a UCIIONB3YIOTCS JUIsl OOHOBJICHUS MOJIOKEHUS YalKu IS
YAY4ILIEHUSI CKOPOCTH ITOMCKA aITOPUTMA; BO-BTOPBIX, B IIPOLECCE «aTaKU Yail KWy onepanuu oOMeHa U
3-0pt ucronp3yroTCs Il OOHOBJICHUS MOJIOKCHHS YalKN JUIS YIydIIeHUs BO3MOXKHOCTEH alroputMa
JIOKaJbHOTO TIOMCKA; HAaKOHEL, B COYETAaHUU C QITOPUTMOM <WMMHUTALUM OTXKUIa» SBJICHUE
«CaMOTIPU3EMIICHU D) CAMOTO JIOKAIBHOTO ONITHMYyMa MPEIOTBPALACTCS BO BpeMs pabOThI alropuTMa,
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cTpateruss OOHOBJICHHS IepeomnpeneiseTcs B pamkax guckperHoi 3amaun MTC. C HamMeHbIIeH
06H_Iel71 CTOUMOCTBIO B Kayi€CTBC LICJ'ICBOI71 (I)yHKI_II/II/I CTPOUTCA COOTBECTCTBYHOIIAA MATCMATUYCCKAA
Mojienb. C MOMOIIBIO 3KCIIEPUMEHTOB MTOKAa3aHO, YTO aJITOPUTM CII0c00eH 3 PPEeKTUBHO pelaTh 3a1ady
MTC nnst «pa3BO3KM MOJIOKa», a d(EeKT MOUCKa U Ka4eCTBO PEIICHUs JydIle, YeM Yy CTaHJapTHOTO
«ITOpHUTMA OIITHUMH3ALUN qaﬁm», AJIropuT™Ma «pos 4aCTul», «MMHUTALUU OTKHUTA», ONTUMHU3ALUN
«CCPOro BOJIKa», «IrOpHTMa OINTHMHU3AIWKU KUTa» W OINTHMH3AIUU <«MOTBUICK-IIJIaAM. B cratbe
peanr3oBaHa JEMOHCTpaIKs TPocThIx TpuMepoB VRP.

Abstract: For the Vehicle Routing Problem (VRP) of milk-run, a discrete seagull algorithm is
proposed in this paper. Firstly, in the process of seagull migration, insert and reverse operations are
used to update the seagull position to improve the algorithm's search speed; secondly, in the process of
seagull attack, swap and 3-opt operations are used to update the seagull position to improve the
algorithm's local search capability; finally, combined with simulated annealing algorithm, the
phenomenon of landing itself local optimum is prevented during the operation of the algorithm, the
update strategy is redefined under the discrete VRP. With the lowest total cost as the objective
function, the corresponding mathematical model is constructed. Through experiments, it demonstrated
that the algorithm is able to efficaciously deal with the VRP of milk-run, and the finding effect and
solution quality are better than the standard seagull optimization algorithm, particle swarm algorithm,
simulated annealing, gray wolf optimization, whale optimization algorithm, and moth-flame
optimization. Demonstration of simple examples of VRP is implemented in the paper.

Herm3rm ce3mep: IUCKpETTYY “ak dYapJak aJropuTMH’’; YyHaa MapIIpyTTyK KeHreity;
ONTUMAJIJAIITBIPYY aJITY OpI/ITMI/I; OH TOMOHKY JKaJIIIbl YBITbIM, CTYACHTTCPpANU CBIHOO.

KiiroueBble ciioBa: JWMCKPETHBIM “alropuT™m 4ailku’; 3ajjaya MapIIpyTHU3allMU TPAHCIIOPTHBIX
CPEJICTB; AITOPUTM ONTHMH3AIMH,; HAUMEHbIIAs 001As CTOMMOCTh; TECTUPOBAHUE CTYJCHTOB.

Keywords: discrete seagull algorithm; vehicle routing problem; optimization algorithm; lowest
total cost; testing students.

1. Introduction

Vehicle Routing Problem (VRP) is a classic combinatorial optimization problem belonging to NP
hard, proposed by Dantzing et al. [1] in 1959. “Milk run” is used when the supply of a single product
from a supplier fails to reach the rated capacity of the designated transport vehicle, and there are other
suppliers nearby. Planning vehicle routes plays a crucial role in improving the transportation efficiency
of Milk run, therefore, optimizing the routes of cyclic pickup vehicles belongs to VRP.

2. Survey

For VRP in the loop picking mode, scholars apply different swarm intelligence algorithms to find
approximate optimal solutions. Chen et al. [2] enhanced the Whale Optimization Algorithm (WOA)
with adaptive weights and simulated annealing. He et al. [3] developed a genetic algorithm (GA) for
carbon-emission-constrained VRP, while Chen et al. [4] adapted ant colony optimization (ACO) for
multi- level loop-picking. Hybrid approaches include Xiong’s GA-simulated annealing fusion [5], Meng
Jiachun [6] designed a new neighborhood generation strategy and a model for solving diversity
strategies and Han’s integration of GA with tabu search for 3D loading constraints [7]. Other
improvements include Li’s enhanced GA [8], Wang’s ACO with updated transition rules [9], Chen’s
ACO-tabu hybrid [10], and Wu’s clustering-based PSO initialization. [11]

The Seagull Optimization Algorithm (SOA) [12] is a population-based intelligent optimization
algorithm designed by Indian scholars Dhiman and Kumar in 2019. This algorithm simulates the
migration and attack behavior of seagulls in the given search space to find the best location in nature,
thereby establishing an optimization mathematical model for solving problems. It has been applied to
industrial production classification problems. [13] However, in traditional SOA, the single flight path
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and limited optimization ability of seagulls make the algorithm prone to getting stuck in local optima.
Therefore, this article proposes a Discrete Seagull Optimization Algorithm (DSOA) to solve the cyclic
cargo picking VRP. The experimental results show that DSOA can effectively escape from local
optima and reach the optimal solution as quickly as possible.

3. Method

3.1. Problem description

Loop pickup VRP can be described as: a group of vehicles of the same vehicle type depart from
the distribution center to pick up goods from several suppliers, and a reasonable path planning is
required to optimize the objective function. The following assumptions are made for the loop pickup
VRP: (a) In the vehicle path from the distribution center to each supplier, the round-trip distance
between two points is the same. (b) Vehicles use the distribution center as the starting and ending
points of the pickup route. (c) Each vehicle can pick up goods from multiple suppliers, but only one
vehicle is allowed to pick up goods from each supplier. (d) There are interconnected roads between
distribution centers and suppliers, as well as between suppliers themselves. (e) There is a quantifiable
pattern between the cost of each vehicle and the amount of goods picked up and the mileage traveled.

3.2. Mathematics modeling

In the cyclic pickup VRP, N={1,2,...n} is the set of all supplier nodes, i eN; K={1,2,...n} is the
collection of all vehicles in the distribution center; V={0,N} is a collection of distribution centers and
all suppliers; q; is the supply quantity of goods for supplier node i; Q is the allowable load capacity of
each vehicle; T} is the quantity of goods taken by the vehicle k from the supplier i; d;; is the distance
between points i and j; xl’j represents the vehicle k  traveling from the supplier i to the supplier
j(x{j- = 1 represents traveling fromito j, xl’j = 0 represents not being able to travel from i to j); y}‘
indicates that the supplier j will pick up the goods from the vehicle k(y}‘ = lrepresents traveling from i

to j, y¥ = O represents not being able to travel from i to j); C, is the fixed cost for a single pickup
vehicle; C, is the driving cost per unit distance; C, is the shipping cost per unit distance.
The specific mathematical model of VRP for cyclic pickup is as follows :

minM = C, YK_ N, + X" 02 02?=1dijxllcj(C2+C3Tki) (1)
LLq;yE<Q, VkeK )
?ox(l){z: ?0 ]’%_1 Vk €K 3)
zou y], VieV,keK 4)
10 U y], VieV,keK (5)
m oyk=1, VieV,kek (6)
0<Yr,Ti<Q, VkeK (7)
x5 €{01} VijeEV,kEK (8)

Equation (1) is the objective function for minimizing the cost of picking up goods; Equation (2)
indicates that the cargo volume of each vehicle is not allowed to exceed its maximum load capacity;
Equation (3) represents that the DC is the starting and ending point of each vehicle's pickup route;
Equations (4) and (5) represent that the vehicle completes the pickup operation with the supplier i
before going to the supplier j to ensure the continuity of the pickup path; Equation (6) indicates that
each supplier can only be picked up by one vehicle; Equation (7) indicates that the supplier's supply
quantity cannot exceed the maximum load capacity of the vehicle; Equation (8) represents the
constraint conditions for decision variables.

3.3. Standard Seagull optimization algorithm

The SOA [14] obtains the optimal flight position by simulating the migration and attack
behaviors of seagulls in a specific search area. During the migration process, when all seagulls fly
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towards the location with the richest food, individuals maintain independence according to a certain
flight pattern to avoid collision of positions. At the same time, in order to obtain more food, seagulls
usually launch spiral flight attacks on other prey.

3.4. Discretization of SOA

The standard SOA is only suitable for seeking optimization in a continuous solution space.
However, the solution space of the VRP is discrete, and the standard SOA needs to be discretized to
make it suitable for solving the VRP.

3.4.1. Encoding and Decoding

Due to the fact that both the distribution center (DC) and supplier nodes are discrete points,
continuous natural numbers are used to encode each node. According to the rules, correspond the
position of seagulls with the pickup path. The DC is represented as 0, and the supplier nodes are 1,
2,..n. The vehicle first departs from the distribution center, then performs pickup operations on all
suppliers along a pickup route, and returns to the DC after completing the pickup operation.

3.4.2. Construction of initial solution

Generate an initial path plan by randomly arranging supplier nodes, and plan the path based on
the constraint of maximum vehicle loading capacity. The specific process is as follows: 1) Starting
from distribution center O, initialize the set of unvisited nodes; 2) Check the unvisited nodes in
sequence. If the current node does not exceed the vehicle load limit after joining, add the node to the
current path and mark it as visited; 3) If the limit is exceeded, first add a distribution center node
(indicating return), and then open a new path to continue allocation; 4) Repeat the above process until
all nodes are accessed.

3.4.3. Location update strategy

The standard SOA mainly solves the continuity problem, while in the cyclic picking VRP model,
it is a discrete node encoding. Therefore, a discrete SOA is proposed to redefine the seagull position
update strategy in the SOA.

3.4.3.1. Redefine migration behavior

During the migration process of seagulls, in order to discover potential optimal solutions around
the optimal solution and promote the global evolutionary direction of the population, insertion and
reverse operations are performed on the obtained optimal path scheme to develop the neighborhood of
the optimal solution. Among them, the insert operation randomly selects two nodes i and i from the
optimal path scheme j. After inserting node j into the position of node i, a new path is formed. The
reverse operation randomly selects two nodes i and i from the optimal path scheme j. Reverse all nodes
between node i and node j to form a new path.

3.4.3.2. Redefining aggressive behavior

Seagulls use a relatively single method of spiral flight to attack their prey. In order to expand the
local search range and improve the ability to discover new paths, swap and 3-opt operations are
performed on the current path scheme based on the final migration position of seagulls to replace their
attack methods. The swap operation randomly selects two nodes iand i from the selected path scheme
J. Swap the positions of node i and node j to form a new path. The 3-opt operation randomly selects
three nodes i, j, k. Swap the positions of the three nodes in sequence to form a new path.

3.4.4. Combining simulated annealing algorithm

In the simulated annealing stage, in order to avoid the algorithm getting stuck in local optima,
some points with lower fitness than the current position of the seagull are probabilistically selected.
The probability of using a worse solution is:

P = exp((fpew —f)/T),T =T % 0.99. )

Among them: fney is the new fitness value of seagulls, (f,.., — f) is the difference in fitness
between new and old seagulls, T is the current temperature.

3.4.5. Algorithm steps
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Stepl : Initialize the seagull population with parameters: initial temperature T, current iteration
count Cieration, and the optimal seagull position Gpest Up tO the current iteration count;

Step2 : Calculate the fitness value of each seagull and assign the optimal seagull position in the
population to Fpest according to formula (1), as the optimal position for seagull migration in the next
iteration process. And assign Fpest t0 Gpest;

Step3 : Perform insert and reverse operations on the current optimal path using a roulette wheel
to bring the seagull closer to the optimal path;

Step4 : During the attack, seagulls use roulette wheel to choose to swap or 3-opt the current
path;

Step5 : Recalculate the fitness value of seagulls. If it is better than the current Fpeg, replace Fpest.
Otherwise, use probability P to determine whether to replace Fpest;

Step6 : Determine whether Fpestis superior t0 Gpest, and if so, replace Fpest;

Step7 : Perform annealing operation T =T * 0.99;

Step8 : Determine whether Cieration IS €qual to the preset highest value. If it is equal to the
highest value, output Gpest and terminate the algorithm. Otherwise, proceed to Step 3;

4. Testing students

The following task can be solved by a diligent student without a computer.

Delivery task. There is the distribution center DC and five customer points CP1, CP2,CP3,CP4,
CP5. The distances between them are:

DC-C1=30; DC-C2=50; DC-C3=20; DC-C4=40; DC-C5=60; C1-C2=20;
C1-C3=40; C1-C4=50; C1-C5=70; C2-C3=30; C2-C4=60 ; C2-C5=40;
C3-C4=30 ; C3-C5=50 ; C4-C5=20.

Using two vehicles C11and C12, search for the shortest path for the vehicles while ensuring a
maximum load capacity of 8, with the vehicles starting and ending at the distribution center,

and a customer can only be served by one vehicle.

After some attempts, the student would be able to find the shortest path

DC-C3-C1-DC-C2-C5-C4-DC (20+40+30+50+40+20+40=240).

We propose to insert such simple examples into publications to make it easier for everyone to get
to know the subject area.

5. Results

To verify the effectiveness of the proposed Discrete Seagull Algorithm (DSOA), the Solomon
standard dataset [15] was used to compare DSOA with standard SOA, Particle Swarm Optimization
(PSO) [16], Simulated Annealing (SA) [17], Grey Wolf (GWO) [18], Whale (WOA) [19], and Moth
Flame (MFO) [20] algorithms. The experimental setup has a maximum of 300 iterations and a
population size of 300, with each algorithm running independently 10 times to take the average cost.
The results showed that DSOA achieved the lowest total cost on the C/R/RC datasets, verifying its
superiority.

6. Conclusion

This article first constructs a mathematical model with the goal of minimizing the total cost for
solving the cyclic picking VRP problem. Then, the standard SOA is discretized and combined with
simulated annealing algorithm to propose the discrete seagull algorithm. By using the DSOA to solve
the Solomon dataset, and comparing it with SOA, PSO, SA, GWO, WOA, and MFO, it was found that
the DSOA proposed in this paper is superior to the other six algorithms in solving the cyclic cargo
VRP, and has more reference value. At present, there are still many uncertain factors in the VRP, and
the next step will continue to study the application of SOA in other VRPs. An example to improve
students’ understanding of the subject is given. For this purpose, developed methodic [21], [22] can
also be used.
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MPT-IMATHO3100YY MPOTPAMMAJIBIK JKABJIYYJA DJECTETYYHY OJTYOOHY
KOJIJIOHYY
MPUMEHEHUE W3MEPEHUSI BOOBPAKEHUS B TIPOTPAMMHOM OBECIEYEHUM
JUISI MPT-TUATHOCTUKHA
APPLYING MEASURING OF IMAGINATION IN MRI-ASSISTED DIAGNOSIS SOFTWARE

Kbickaua myHe3neme: CanrTTyy MporpaMMalblK aOoyyHY TeCTTee ajaTTa alroOpUTMAMK
TakKThIKKa >KaHa (PYHKIIMOHAIBIK TONYKTYKKa OarbITTairaH, MbIHIA MPAKTUKAIBIK OINepalusiapIblH
KYPYIIYHAO® KOJJIOHYydyJap KOPCOTKOH ap TapanTyy >KOHIOMIYYJIYKTOpTe JKETUINTYY KOHYI
Oypyn6aiiT. byn pikMa KIMHUKAJIBIK 46Hpe/l® MporpaMMaliblK >KaOIyyHYH KOJJOHYIYIIyHa jKaHa
HaTBHIHKAYylTyryHa KOMIUIEKCTYY Oaa Oepe anbaiiT. ABTopiop 'iecTeTyyHY emuee’ >KOHIAOMYH
0aay00 BIKMACHIH KOJJOHYYHY CYHYII KbUIBIIAT. AJ KOJJIOHYY4YJIapAbIH MPOTpaMMabIK XKaOmayy
MEHEH 63 apa apakeTTeHYY >KOHAOMAYYJIYTYH >KaHa ajap/blH JTUArHOCTHKAIBIK KOMIETEHTTYYIYTYH
0aaslooHy KyueTe ajar. "DIIeCTeTYYHY euee" ap KaHmail clieHapuiiyiep 0OIOHYA KOJIOHYYYYylIapIblH
00KONAYy >Koom Oepyy MYMKYHUYJIYKTOpYH 0aajloo YYyH KOMIIBIOTEp TapaOblHaH TY3YJTeH
KOKYCTaHJIBIPBUITAH ~ TapaMeTpIMK TamimbipManapasl  konaoHoT. bynm KU sxapmambiagarst
JMArHOCTUKAJIBIK MPOTPaMMaJIbIK xKa0ayyH yH 3((eKTUBIYY UINTEIH YIYH 3apbUl OOJITOH KOHIYMIOP
MEHEH MalKell KeJlWI, MporpaMMaiblK kKaOqyyHy TeCTTe® Y4yH KEHUPH >KaHa TEepeHJETHIreH Oaa
OepYYHY KaMChI3 KbLjar.

AnHoTamms:  TpaguuuoHHOE  TECTHpOBaHWE  TNPOTPAMMHOTO  obecrnedyeHus  OOBIYHO
doKycupyeTcsl Ha aJTOPUTMUUYECKON TOYHOCTU U (hyH KIIMOHAIBHOMN MOJHOTE, IIPH 3TOM HEIOCTaTOUYHO
BHUMAaHUS YJIEJISETCS KOMILIEKCHBIM BO3MOKHOCTSM, I€MOHCTPUPYEMBIM I0JIb30BATEISIMU BO BpeMs
MPaKTUYECKU X Olepanuid. DTOT MOJAXOJ HE OOECIEeuMBAET IEJIOCTHYI OLEHKY HPUMEHUMOCTH U
3¢ GEKTUBHOCTH MPOTPaMMHOr0 obecredyeHus: B KIMHUYECKOM cpene. ABTOpHI  IMpeaiararor
UCIOJIb30BaTh METOJ OLEHKH CHOCOOHOCTEH <«d3MepeHHE BOOOpaKEHUS». DTO MOXKET YIY4IUTh
OLICHKY BO3MOXHOCTEH B3aMMOJECHCTBUS IOJIb30BaTENEd € MPOrpaMMHBIM OOECIEYEeHHEM U HUX
JTUATHOCTHYECKOM KOMIIETEHTHOCTH. «/3MepeHue BOOOpaKeHUs»» HCIONb3YeT CreHepHUpPOBAHHBIE
KOMIIBIOTCPOM PAHAOMHU3UPOBAHHBIC MMAPAMETPUUCCKUC 3aJadund IS OLCHKU HpI/I6JII/I3[/ITeJIBHBIX
BO3MOYKHOCTEH pearmpoBaHUs IMOIH30BATENCH B PA3TUYHBIX CIIEHAPHIX. DTO COTIACYETCsI C HaBBIKAMH,
HeoOXomuMbIMU U1 3 (PpdekTuBHONM pPadOTHI AUATHOCTHYECKOTO MPOTPAMMHOTO OOECIeueHUs ¢
ucnons3oBanueM NI, obecnieunBast 601ee MOTHYIO U TITYOOKYIO OLEHKY TECTUPOBAHUS TPOTPAMMHOTO
obecrieyeHusl.

Abstract: Traditional software testing typically focuses on algorithmic accuracy and functional
completeness, with insufficient attention paid to the comprehensive abilities demonstrated by users
during practical operations. This approach fails to provide a holistic assessment of the software’s
applicability and effectiveness in a clinical environment. The authors propose to use the capability
assessment method of "measuring imagination™. It can enhance the evaluation of users' interaction
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abilities with the software and their diagnostic competence. "Measuring imagination™ utilizes
computer-generated randomized parametric tasks to assess users' approximate response capabilities
across various scenarios. This aligns closely with the skills needed for effective operation of Al-
assisted diagnostic software, providing a more comprehensive and in-depth evaluation dimension for
software testing.

Herusru ce3nep: MPT-auarnosnee; »acajiMa WHTEIIEKT; MPOTpaMMaNbIK kKabIyy; TECTTee,
QJICCTCTYYHY ©J1466.

Kawuesble ciaoBa: MPT-aumarHocTuka, HUCKYCCTBEHHBIM  HMHTEUIEKT;  MPOrPaMMHOE
06ecnequI/Ie; TECTUPOBAHUEC, N3BMECPCHUC B006pa>KeHI/I}I.

Keywords: MRI-assisted diagnosis, artificial intelligence, software; testing; measuring of
imagination.

1. Introduction

With the rapid development of artificial intelligence technologies, Al-assisted diagnosis has made
significant progress in the medical field, particularly in MRI for brain tumor diagnosis. MRI imaging
plays a crucial role in the early detection, precise localization, and qualitative diagnosis of brain tumors
due to its high-resolution capability for soft tissue visualization. However, Al-assisted diagnostic
software continues to face numerous challenges in practical applications.

From a clinical perspective, the interaction and collaboration between software and practitioners
remain inadequate. Physicians using this software not only need to accurately interpret the diagnostic
information provided but also require proficiency in the software's functionalities, placing high
demands on both physicians' expertise and the software's usability. Traditional software testing
typically focuses on algorithmic accuracy and functional completeness, with insufficient attention paid
to the comprehensive abilities demonstrated by users during practical operations. Consequently, this
approach fails to provide a holistic assessment of the software’s applicability and effectiveness in a
clinical environment.

To overcome these difficulties, we used ideas of [1], [2], [3].

In this context, the introduction of a unique capability assessment method of "measuring
imagination™ [4] can enhance the evaluation of users' interaction abi-lities with the software and their
diagnostic competence. "Measuring imagination™ utilizes comp uter-generated randomized parametric
tasks to assess users' approxi-mate response capabilities across various scenarios. This aligns closely
with the skills needed for effective operation of Al-assisted diagnostic software, providing a more
comprehensive and in-depth evaluation dimension for software testing.

2. Tasks design

Figure 1 illustrates that during the process of measuring imagination, the software prompts users
with pop-up notifications to complete specified tasks. In MRI-assisted diagnosis software (see [5] for
example), the tasks involved in measuring imagination are primarily categorized into four types.

2.1. Localization Tasks

Localization tasks form a fundamental and critical component in MRI-assisted diagnostic
software. The software interface presents specific MRI images, requiring users to click accurately to
indicate the locations of vital organs such as the liver, kidneys, and spine, as well as accurately mark
tumor positions in the context of brain tumor diagnosis. For instance, abdominal MRI images include
various organs with differing contrasts and signal features; users must leverage anatomical knowledge
and MRI imaging characteristics to determine the target organ's location. In brain tumor localization,
the tumor's position influences the choice of surgical approach and delineation of the radiotherapy
target area. By recording the deviations between user-clicked positions and actual organ or tumor
locations, it is possible to effectively evaluate their ability to rapidly and accurately identify and
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localize targets within complex medical images. This task assesses not only the user’s familiarity with
anatomical positions but also their understanding of organ imaging characteristics under MRI
modalities, laying a foundation for accurate disease diagnosis.

2.2. Size Measurement Tasks

MRI images with clear scales or a series of consecutive images are presented, requiring users to
measure the diameters (in centimeters) of organs such as the liver, kidneys, spine, and, in brain tumor
diagnosis, the size of the tumor. In medical imaging diagnosis, organ size and tumor dimensions are
important diagnostic bases. For instance, in assessing spinal diseases, changes in spine diameter can
serve as key diagnostic indicators; in brain tumor diagnosis, tumor size is closely related to tumor
staging and prognosis. By comparing the error between users' measurements and actual measurements,
it is possible to objectively evaluate users' perception and measurement abilities of object sizes in
medical images, which is of great significance for accurately assessing disease progression and
formulating treatment plans.

2.3. Feature Recognition Tasks

MRI images containing brain tumors are displayed, requiring users to identify key imaging
features of the tumors, such as whether the tumor boundaries are clear, signal intensity, presence or
absence of enhancement, and enhancement patterns. Different features of brain tumors often
correspond to different pathological types and degrees of malignancy. For example, meningiomas
typically manifest as masses with clear boundaries and uniform enhancement, while gliomas have
relatively blurred boundaries and more complex enhancement patterns. By assessing users' recognition
of these features, their analytical abilities regarding brain tumor imaging features can be evaluated,
which helps improve the accuracy and specificity of diagnosis.

2.4. Image Comparison Tasks

MRI images from different time points for the same patient or from different patients with similar
imaging manifestations are provided, requiring users to compare and analyze changes or differences in
the images. In the treatment process of brain tumors, comparing images from different time points can
assess the effectiveness of tumor treatment and determine whether the tumor has recurred or
progressed; comparing images from different patients helps physicians accumulate diagnostic
experience and enhance their differential diagnostic capabilities for similar cases. By analyzing users'
judgment accuracy and depth of analysis in image comparisons, their clinical thinking and diagnostic
skills can be systematically evaluated.

Size Measurement Task: Measure the longest diameter of the tumor are|

Figure 1. The software provides reminders of task content through pop-up notifications
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3. Scoring System

The scoring criteria for "measuring imagination™ are organically integrated into the testing and
scoring system of MRI-assisted diagnostic software. For localization tasks, the deviation percentage
between the user's clicked position and the actual location of the organ or tumor is precisely calculated.
A deviation of less than 10% earns an "Excellent” rating, indicating the user's extremely precise
judgment of organ location, solid anatomical knowledge, and keen image recognition ability. A
deviation between 10% and 20% results in a "Good" rating, suggesting that the user can basically
locate the organ accurately but still has room for improvement in grasping details. A deviation between
20% and 40% earns a "Satisfactory" rating, meaning that the user has a certain cognitive foundation
regarding organ location but needs to further enhance the accuracy and stability of localization in
complex images. For size measurement tasks, scoring is similarly based on the error between the user's
measurement and the actual measurement, with corresponding ratings given for errors within different
ranges to comprehensively and objectively reflect the user's ability to measure organ sizes. Figure 2
illustrates an example of scoring a size measurement task.

In feature recognition tasks, scoring is based on the number and accuracy of key features
identified by the user. Those who accurately identify most key features without misjudgment are rated
"Excellent." Those who identify some key features but make a few misjudgments are rated "Good."
Those who can only identify a few key features or make many misjudgments are rated "Satisfactory."
For image comparison tasks, scoring is based on the user's accuracy and completeness in analyzing
image changes or differences and their ability to interpret clinical significance. Users who can
accurately analyze image changes, point out key differences, and correctly interpret their clinical
significance are rated "Excellent.” Those who can analyze major image changes and differences but
lack in-depth interpretation are rated "Good." Those who can only identify some obvious changes or
differences and have biased interpretations are rated “Satisfactory."

oco@aQ w8 K—~OR%WT mm ST @S

/ ‘. J, \"s

The measurement error is less than 10%, and your mark is Excellent.

Figure 2. Evaluate the user's actions based on the scoring system
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4. Conclusion

The "measuring imagination" evaluation method demonstrates significant application value in
Al-assisted medical diagnosis. By utilizing computer-generated tasks at random, this method can
objectively assess users' judgment and accuracy in medical image analysis. In the future, with the
continuous advance-ment of Al technology and the increasing accumulation of medical image data, this
method is expected to provide more accurate and reliable auxiliary tools for medical diagnosis.
Additionally, this method can also offer new evaluation means for medical education and training,
helping doctors improve their medical image analysis ability and diagnostic level.
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CABI' IMAT'HO3Y YUYYH 23ITE HETM3JAEJII'EH UHTEJVIEKTYAJIIBIK TYTYM/AP:
CAHAPUIITUK MEIWIIMHAHBIH KEJIEYEI'U
UHTEJ/JIEKTY AJIBHBIE CUCTEMbI HA OCHOBE 22TI" IJIAA AMAT'HOCTUKH C/ABI:
NEPCHEKTHUBBI ITU®POBOM MEJIUIIUHBI
INTELLIGENT EEG-BASED SYSTEMS FOR THE DIAGNOSIS OF ADHD:
THE FUTURE OF DIGITAL MEDICINE

Kbickaua wmyHe3neme: KeHyJIyH TapThIUTHITBIHBIH TUIEPAKTUBAYYIYTYHYH Oy3ymymry
(CABI) — Oyn agampiap/blH TICHUXMKAJIBIK JKAKTaH KbI3BIKCHI3, THIICPAKTHBIYY, PEAKTUBIYY >KaHa
KYPYM-TYpYMYH/Ia UMIYJIbCUBIYY OOJYN KalblIbIHA ajblll KEJIr€H HEBPOJIOTHSUIBIK OHYIYY adabl,
Oy OKyy, ©HYIYY ’aHa COLMAaJJBIK JKAaIIOOHYH HIUTEIIMHJIE OJIYITYy KeMreiaepre aiblll Kejer.
VYuyprarel [MarHOCTUKAIBIK IpPAaKTHKa JMarHO3 KOy Y4YYH CYOBEKTHBIYY KYPYM-TypyMm
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0aanmooJIopyHaH Ke3 KapaHjabl. HeHpoBH3yanIbIK bIKMAJIap aHa 33T armapaTTapbl HWIMMHN TOI TOPTO
00BEKTUBYY TecTupiiee npouecctepu apkbutyy CIBIT nuarHo3yH koroyra MyMKYHIYK OepeT, ajl SMU
KT cucremanapbl AMarHo3IyH TaKTHITBIH JKaKIILIPTyyra >kapjaam Oeper. byn M3uinee KOTHUTHUBAMK
TalmbIpMaIapsl aTKapraH Oangap apacblHIa Tera, adbda >kaHa OeTra PUTMIECPUH KaMTBITaH 93T
sxpireirelHa C/IBI'HBIH Taacupun nsungeiT. Tory3 cecCUsHbIH MUMHJIE 93T CUTHAIAAPBIH 0aaaoo
TET YOKYCY TypYKTallIKaHTa 4eiluH KeOeHreHYH kepceTTy, Oyn Anbda-put ceiskryy Kenynayx
TYPYKTYYAYI'YH KaKIIBIPTTHI.

Aunnotammsa: Cunzapom nedunura BHUMaHus U runepakruBHoctd (CJBI) mpencrasiser
000l HEBPOJIOTMYECKOE COCTOSIHHE Pa3BUTUS, KOTOPOE 3aCTABJISCT JIFOACH CTaHOBUTHCS IMCHUXUUYECKU
HE3aMHTCPCCOBAHHBIMU, THIICPAKTHUBHBIMHA, PCAKTUBHBIMU U UMITYJIbCUBHBIMU B CBOCM ITOBCACHN U, UTO
IPUBOJUT K CEPhE3HBIM MPOOIEMaM ¢ 00ydeHHEM, Pa3BUTHEM U (DYHKIIMOHUPOBAHHUEM B COLIMAIBHON
JKU3HU. TeKymaﬂ ANATrHOCTUYCCKAaA MpaKTHUKa 3aBUCHT OT Cy6”I)€KTI/IBHI)IX IIOBCACHUYCCKN X OLICHOK IJIA
IIOCTAHOBKHM JHMAarHo30B. Meronapl HellpoBU3yaldu3aluu U ycTpoicTBa OO MO3BOJISAIOT HAy4YHBIM
rpynnam auarHoctupoBaTh CIBIT ¢ momolpio 00bEKTUBHBIX MPOIECCOB TECTUPOBAHUS, B TO BPEeMs
kak cucteMbl MMM moMoraroT MOBBICHTH TOYHOCTH ANarHOCTHKU. B sTom HUCCIICAOBAHUHN H3Y4ACTCA
BinusHue C/IBI' Ha yacToTHBIe XapakTepuctuku D3I, BrIovas tera-, anbda- U OeTa-puTMbl, CpPeau
JETEH, BBIMOIHSIIONMX KOTHHUTHBHBIEC 3ajadn. OlieHka curHaioB DDl B TeueHHE IEBITH CEaHCOB
ITOKa3ajid, 4TO IMHMKOBas 4aCcTOTa TCTa YBCIWYHWBAJIACH OO0 TEX IIOpP, IMOKA HE CTa6I/IJ'II/I?>I/IpOBaJ'IaCB, qToO
ACMOHCTPUPYET YIYYIICHHYIO CTaOMIILHOCTD BHHUMaHUs, ITOCKOJIBKY aJ'IB(I)a-pI/ITM CTa6I/IJ'II/I3I/IpOBaJIC$I
OJIHOBPEMEHHO ¢ yiydinieHueM (QpyHKmui xoHTposst. [loka3aTenu MMITYIIbCUBHOCTH W KOTHUTHBHOTO
JAaBJICHUWA ITOKa3aJIn 3aMCTHBIC U3MCHCHMH A B JUalla30Hax 0era-4acror. HaquLIe JaHHBIC ITIOKAa3bIBAIOT,
yro y nanuenToB ¢ CJIBI" HabnroAar0TCs MOCTOSHHBIE KOTHUTUBHBIE H3MEHEHUSI BMECTO YCTOHUYUBOTO
neduuuTta BHUMAaHUS U UCIOJHUTENBHOTO KOHTpOis. OObEIMHEHHE TEXHOJOTHI BUPTYaJIbHOU
pPCaJIbHOCTH W MOHUTOPHHIA HCKYCCTBCHHOI'O HHTCIJICKTA ABJIACTCA INTOTCHHHUAJIBHBIM MCTOIOM
JIeYeHUsI, KOTOPBIA 3aMEHUT TPATUIIMOHHYI0 MEAMKAMEHTO3HYIO TIOMOIIL Ha IiaTdopMax muGpoBoi
tepanuu. Passutue nuarnoctuku C/IBI 3aBUCHT OT pellieHUs TpeX OCHOBHBIX MPEMATCTBUI: TpoOieM
CTaHdapTHU3allMu, a4 TaKKe 6apbep013 JAOCTYITHOCTU MU OTHYCCKUX HpO6J'IeM, KacCaro I XCs
KOH (I)I/IZ[CHI_[I/IEUIBHOCTI/I ITaIfTUEHTOB. HpeHCTOSIHJJ/Ie HCCIICAOBaHUA OOJDKHBI CO34aTh OIPOMHBIC Ha60pBI
JaHHbIX OOI M OoNTHUMHM3UPOBATH MPOTHOCTUYECKHE MOJETH, KOTOpbIE CIEAyeT OOBEeAUHUTH C
cucTeMaMH BMelaTelscTBa DO B pCaIbHOM BpPpCMCHH. CoBMeCTHBIE yCUiiusa HCprO6HO.IIOFOB, Bpaqeﬁ
u cnenuanuctoB no MU mpeacraBisior co0oif HE0OXOAMMOCTh pa3paboTKi ONTHMANBHBIX CTPATETHI
nuarHoctuky u gedenus CJIBI.

Abstract: Attention deficit hyperactivity disorder (ADHD) presents as a developmental
neurological condition that causes individuals to become mentally uninterested, reactive, and impulsive
in their behavior, leading to serious problems with learning care, development, and social life
functioning. The current diagnostic practice depends on subjective behavioral evaluations for making
diagnoses. Neuroimaging methods and EEG devices enable scientific teams to diagnose ADHD
through objective testing processes, while Al systems help increase diagnostic accuracy. This study
investigates ADHD effects on EEG frequency characteristics, including theta, alpha, and beta rhythms,
among children performing cognitive tasks. Evaluation of EEG signals across nine sessions showed
theta peak frequency increased until it stabilized, demonstrating improved attention stability as alpha
rhythm stabilized concurrently with better control functions. Indicators of impulsivity and cognitive
pressure showed marked changes in beta frequency ranges. Research evidence shows that ADHD
patients display ongoing cognitive changes instead of steady deficits in attention performance and
executive control. Combining virtual reality technology and artificial intelligence monitoring is a
potential treatment method to replace traditional drug-based care in digital therapy platforms. The
advancement of ADHD diagnosis depends on addressing three major obstacles: standardization
problems as well as accessibility barriers, and ethical concerns regarding patient privacy. Upcoming
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investigations need to build more enormous EEG datasets and optimize predictive models, which
should be combined with real-time EEG intervention systems. A collaborative effort between
neuroscientists, clinicians, and Al specialists represents a necessity to develop optimal strategies for
diagnosing and treating ADHD.

Herusru ce3nep: KeHYJ TapTHIIUTHITBl TUIIEPAKTUBAYYIYK Oy3ynyury; DOI-6nomapkepiepu;
KOTHUTHBIUK TEPMEIIYYJIOD, H(I/I-I[I/IaFHOCTI/IKaCBI; CAHApHUIITUK TCPAIIU L.

Kirouesbie cjaoBa: CHUHIIpOM neduunTa BHHUMaHU S u TUTICPAKTUBHOCTH,
anekTpodHuedanorpadus-OnoMapkepbl; KOTHUTHBHbIE KojeOanus; WU-mmarnoctuka; nudposas
TCpalins.

Keywords: attention deficit hyperactivity disorder; electroencephalography biomarkers;
cognitive fluctuations; Al diagnostic; digital therapy.

BBenenue

Cunnpom nedurnura BHuManus W runepaktuBHoctd (CJIBI) — 3To HeipopasBuBarolee
pPaccTpOMCTBO, XapaKTEepHU3YIOIleecss HEBHUMATEIbHOCTbIO, TUIIEPAKTUBHOCTBIO U UMITYJIbCUBHOCTBIO,
CYLIECTBEHHO BIHUSIOIIEE HA aKaJeMHYecKoe, Mpo (ecCHoHaIbHOE U COIMANbHOE (DYHKIIMOHUPOBAHUE .
[19] UccnenoBanus cBssbiBaoT cuMnToMbl C/IBIT ¢ reHeTHYeCKOM MPEeapacnoioKEHHOCThIO, a TaKkKe
¢ (QakropamMu OKpYXKaroIleld cpelbl, TAKUMH KaK MpeHaTalbHOE BO3/ACHCTBHE TOKCMHOB U CTpECC B
panHeMm Bospacte. [28] HelipoBu3yann3allMOHHBIE WCCIAEAOBAHUS BBISBISIOT CTPYKTYPHBIE U
(byHKIMOHABHBIE OTKIOHEHHUS B 30HAX UCIOJIHUTEIBHOTO KOHTPOJIS, BKIIIOYasl pe PpOHTANBHYIO KOPY
u 0aszanbHble TAHTJINH, YTO MOATBEp)KIaeT Heilpoduonornyeckyio ocaoBy CJIBI'. [25] Kpome Toro,
COBPEMEHHBIE HCCIIEIOBAaHUS MOAYEPKUBAIOT pOJIb JAucOanaHca HEHPOTPAHCMHUTTEPOB, B YACTHOCTHU
nodamMrHa M HOpaJpeHATNHA, B TAaTO(QU3HOIOTHH paccTpoiicTBa. [9]

Poct pacnpocrpanenHoctu nuarHo3oB CJIBI, ocobenHo cpenum nered W MOJIPOCTKOB,
MOAYEPKUBAET HEOOXOIMMOCTh COBEPILEHCTBOBAHUS TUArHOCTUYECKUX METOJIMK U pa3paboTku Oosee
3¢ deKTUBHBIX TepaneBTHUYeCKU X cTpareruid. [13] [Tomumo 3TOrO0, pa3nuyns B THAarHOCTHKE U JICYCHUH,
00yCIIOBJIEHHBIE COITMAIBHO-PKOHOMUYECKUMU U 3THHYECKUMHU (AKTOpAMH, YCIOXKHSIOT YIpaBlICHUE
CJIBI, TpeOys cripaBeIMBOTO paciipeIe/ieHus pecypcoB 3apaBooxpanenus. [20]

O030p JMTEpPaTYpBHI

Juaznocmuxa u oyenka

Tpamguuuonnas nuarHoctuka CJIBI' Gasupyercs Ha TOBEIEHUYECKHMX OIICHKAaX, OTYETax
poauTened M ydyuTened, a TawkKe KIMHUYECKMX HMHTEPBbIO, YTO [IEJAeT €€ MOABEPKEHHOMN
CyOBEKTUBHOCTH M PUCKy HeBepHOW auarHoctuku [19]. Pa3Butue HeipoBuU3yanu3anuu ¢
AJIEKTPO PU3HOJIOTUUECKIUX METOJIOB, TaKUX Kak 3yekrposHuedanorpadus (391) u dyHKIMOHAIBHAS
MarHuTHO-pe3oHaHcHas Tomorpadus (GpMPT), mnpenocraBisier OOBEKTHBHBIE OHOMapKepHl,
oTpakaronme HeWponHble muchyHkuu, cBs3anHbie ¢ CJIBI. [1] Anamm3er D3I BBISBISIOT
HEpeTyNsipHbIe COOTHOIICHUS TeTa- U OeTa-BOJH, CBUICTEIbCTBYIONME O HApPYUICHUSX BHUMAHHS U
MexaHH3MaX KOHTpoJs ummynabcoB. [8] UccnenoBanuss MPT neMoHCTpUpPYIOT TuC(hYHKIUU B CETSX
HCIIOJHUTENBHBIX PYHKIIHH, YTO TMOATBEPKIACT HEHPOOHMOJOTHUECKYIO TIPUPOY paccTpoiicTBa. [25]

CoBpeMeHHbIE TEXHOJIOTHH, Takue Kak HCKyccTBeHHBIM uHTemnekr (MW) m BupryanbpHas
peanbHOCTH (BP), moBbImatoT TouHocTs quarHoctuku. Moaenu MW ananusupyiot 60sbIIe MacCCUBBI
JTaHHBIX, A(QQPEKTUBHO BBISABJIAA IOBEICHYECKHE U HEHPO(PU3NOIOTMYECKHE 3aKOHOMEPHOCTH,
xapakrepubie ans CIBI. [9; 22] JlmarHocThueckue METOAWMKUA, OCHOBaHHbIe Ha VR, co3maroT
peATMCTUYHBIC CUMYIIAIIUH, TPEOyIONMe KOHIICHTPAMN BHUMAHHMS, YTO IO3BOJISET MOIYyIHTh OoJiee
0OBEKTUBHYIO OI[EHKY KOTHUTHUBHBIX (DYHKIIUW 11O CPAaBHEHUIO C TPaJIUIMOHHBIMU MeTonamu [10; 20].
OTHU TEXHOJOTUHM YMEHBINAIOT 3aBUCUMOCTh OT CyOBEKTUBHBIX OTYETOB U MOBBIIAIOT JOCTOBEPHOCTH
JUarHocTuki. OJIHAKO JOCTYNHOCTh JaHHBIX METOJIOB OCTaeTCsl OIPAaHMUYEHHOM H3-3a BBICOKOMN
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CTOMMOCTH U HEOOXOAMMOCTH IOATOTOBKU CIIEIMAIUCTOB. bosiee Toro, craHaapTu3anus aJropuTMOB
N m ux uHTerpauus B KIMHUYECKYIO NMPAKTUKY TpeOyloT NajbHEl el BaauJanuu Ha OCHOBE
KpyITHOMAcHIrabHbIX ucciaenoBanuii. [20]

I1o0x0001 K 1euenuio

CtuMynupyronme Impernaparbl, Takue KaK MeTHJI(EHUAAT W aM{QeTaMUHBI, MPOJOHKAIOT
ocTaBaThCcsd OCHOBHBIM MeTozoM JiedeHuss C/IBI, ymydmas nmepenady modaMuHa M HOpaapeHaInHA
[15; 23]. Ognako mobouHbIe 3 PPEKThI, TaKue KaKk OECCOHHMIIA, TOJIABJICHHE alllleTUTa U MPOOJIEMBI C
CepACYHO-COCYUCTOM CHCTEMOM, TpeOYyIOT aJbTepHATHBHBIX MeTOOB JieueHus [18]. boxee Toro, mo
30% moneit ¢ C/IBI' He pearnpyroT ONTUMAIbHO Ha CTUMYIISTOPBI, YTO MOAYEPKUBAET HEOOXOAUMOCTh
pa3paboTKU IEepPCOHAIM3UPOBAHHBIX cTpaTeruii Jsedenus. [22] Hectumynupyronme mnpenaparsl,
BKJIIOYAss ATOMOKCETMH M TryaH(aluH, NPEeJOCTaBISIOT aJbTePHATUBHBIE (HAPMAKOIOTHYECKHE
BO3MOYKHOCTH, HO JUIS MTPOSIBIICHUS TeparneBTHUeCKoro 3(ddekra Moryr morpedoBarscs Heaenu. [19]
Coueranne (apMakoJIOTMUECKUX M TIOBEJICHUYECKMX BMEIATENBLCTB YacTO PEKOMEHAyeTCs JUlsd
MakCUMHU3auUd S(OPEKTUBHOCTH JIEYCHUS W PEIICHUS COMYTCTBYIOIIMX OMOITMOHAIBHBIX U
noBeieHYecKuX mpooiem. [3]

Heapmakonornueckue BMeIIAaTeNbCTBA, BKIIOYAs KOTHUTHUBHO-IIOBEICHUYECKYIO TEparuio
(KIIT), nelipoOnoympaBieHne W IUETHYECKHE MOAW(DHKALNH, TEMOHCTPUPYIOT 3((PEKTUBHOCTH B
nedeHur cuMToMoB. [26] KIIT ynydmaeT uCOTHUTETbHYIO (QYHKITUIO B CAMOPETYISIITUIO, B TO BPEMsI
KaK HeilpoOuoynpaBieHue oOydaeT JoJe MOAYIMpOBaTh AKTUBHOCTb MO3TOBBIX BOJH, 4YTO
CIOCOOCTBYET  YAYUYINEHMIO BHUMAaHHS W  KOHTpOJs HUMOylbcoB. [lumeBbie go0aBku ¢
MHUKPOHYTPHUEHTAMHU, TaKUMHU KaK OMera-3 >KUpHbIE KUCIOTHI M ILMHK, IOKa3ald KOTHUTHBHBIE U
sMonroHaneHbie mpeumymectBa y gereid ¢ CIBI. [8] Kpome Toro, ObUIO YCTaHOBJIEHO, YTO
BMEIATENIBCTBA, CBSA3aHHbIE C (PU3MYECKOW aKTUBHOCTHIO, TaKU€ KaK a’poOHbIEe YIpaKHEHUS,
CIOCOOCTBYIOT YAYUIICHHIO KOTHUTHBHOM THOKOCTH M paboueii mamsatu y gereii ¢ CJBI. [26]
CeMeifHO-OpHEHTUPOBAHHBIE BMENIATENILCTBA M HPOTPaMMbl  TOJUIEPKKM Ha  0a3e  IIKOJIBI
JIOTIOJHUTENBHO CIIOCOOCTBYIOT JIOJITOCPOYHOMY YIPaBJICHUIO, CO3/1aBasi CTPYKTYPUPOBAHHYIO CPEY U
yIydInasi HaBbIKU COL[MATBHON ananTarui. [3]

Hudghposvie u mexnonozuueckue emewamenscmea

[ludpoBble pemieHus npeniaraloT HWHHOBANMOHHBbIE cTpateruu ynpasienuss CJIBI.
TepaneBTruueckue miIaTopMbl HA OCHOBE MCKYCCTBEHHOTO MHTEJUIEKTa MEPCOHANIN 3UPYIOT JICUEHUE,
UCIONB3YS JaHHBIE B peabHOM BpeMmeHH. [9] LudpoBsie urpel, BKIOYaONHe 00ydeHHEe Ha OCHOBE
HEUPOIIJIACTUYHOCTH, CIOCOOCTBYIOT YAYYIIICHUIO HMCTIOJHUTENbHBIX (pyHKumii. [2; 11] Tepanus c
UCIOJIb30BAHMEM BUPTYAJIbHOM pEabHOCTH O0ecleunBaeT MMMEPCUBHOE BHUMAaHUE M OOydeHHE
KOHTPOJIIO MMITYJbCOB C MHOrooOemaronmMu pe3yabratamu. [12] DT BMemmaTenbcTBa 0COOEHHO
IIOJIE3HBI Ul JIeTed M MOJPOCTKOB, MOCKOJbKY OHHU IOBBIIIAIOT BOBJIEYEHHOCTh M IPUBEPKEHHOCTh
IIPOTOKOJIaM JIEUEHU .

Tepanus Bumeourpamu (video games therapy — VGT) coueraeT KOTHUTHBHYIO TPEHHPOBKY C
YBJIIEKATEIbHBIM UTPOBBIM IPOLIECCOM, UYTO CIIOCOOCTBYET MOAJECP)KaHUIO BOBJICUCHHOCTH MALMEHTA U
YCTPAaHEHUIO0 KOTHUTHUBHBIX AeuuuTtoB [6]. ['mOpumHbie HeWpoOMOYCTAaHOBKU, OOBEIMHSIOIME
oOpatHyto cBsi3b DOI' ¢ MHTEpaKTUBHBIMU LU(POBBIMU MHTEpdeiicaMH, CIIOCOOCTBYIOT MOBBIIIEHHUIO
HEUPOHHOM IJIACTUYHOCTH M KOTHUTHBHOTO pa3Butus. [17; 21] bonee Toro, mpunoxeHus mmis
cmaptonoB s ympasienus CJIBI, Bxmodas unugpoBble HANOMHUHAHWUS M HMHCTPYMEHTHI IS
YIPABJIEHUS BPEMEHEM, IIOMOTAalOT JIIOJSAM pPETyIHpOBaTh IOBCEAHEBHBIE JEHCTBUS M COKpAlAThH
neuuuT ucnodHUTeNbHbIX QyHkuui. [19] LludpoBrle MOMONMHHMKM U BUPTyaJlbHblE TPEHEPHI,
ucnone3ytonme WU, npomonmHutensHo mnoaaepxkupator mnammentoB ¢ CIBI, mpenocraBiisist
IIEPCOHAIM3UPOBAHHYIO OOpaTHYIO CBSI3b M CTPATerMM BMEIATEIbCTBA HAa OCHOBE ITOBEIECHUYECKUX
mojeneit. [25]

buomempus na ocnoge I3I" u oopamnan ceéa3v 6 peanbHOM 6pemMeHU
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Joctuxxenus B obiactu OuomeTpun Ha ocHOBE DI MO3BOJISIOT OCYLIECTBISTH MOHUTOPUHT B
peaNbHOM BPEMEHHM M KOPPEKTUPOBATh jeueHune. becnpoBonbie ycTpoiictBa D91, HHTErpUpPOBAHHBIE
C O0OJAYHBIMU BBIYMCIICHHUSIMHU, OO0JIETUAIOT aHAIN3 HEHPOPU3MOJOTUUECKUX HTAHHBIX B pPEaTbHOM
BPEMEHH, ONTUMHU3UPYsS BMemaTenbcTBa. [4] buomornueckast oOparHas cBsizb Ha ocHoBe OO
VAy4IIAeT UCHOJHHUTENbHbIE (DYHKIMH U MaMATh, YTO KOPPEIUPYET C YIyYIICHHEM KOTHHUTHUBHBIX
nokaszateneii. Kpome Ttoro, Obuto mokazaHo, uTo oOpaTHas cBs3b OO B peambHOM BpEeMEHHU
CIOCOOCTBYET yAydIleHHI0 crpaTteruid camoperyisiuu y moneid ¢ CJABIT. [23] buomapkepsr 23T
VTOUHSIOT pelIeHHus] O (apMaKoJIOTHMUYECKOM JICYCHHUH, MPEAOCTAaBIsIEI OOBEKTHBHBIC OICHKU
3((HEeKTUBHOCTH B CPaBHEHUU C CYOBEKTUBHBIMH oTueTamu. [16] DI Tarke OTCISKUBAET peaKiy Ha
He(apMaKOJIOTHYEeCKHEe BMEIATENbCTBA, TaKhue KaK HeHpoOMOYyMpaBJIeHHE, YTO IO03BOJISET
KOPPEKTUPOBATh TEPANUI0O Ha OCHOBE IMOJYYCHHBIX NAHHBIX. [27] DTH MOCTHKEHHUS CHOCOOCTBYIOT
Oosiee MHIMBUIYATU3UPOBAHHOMY IOJXOJY K JICUEHHUIO, COKpal@as Impolecc npod u oumbOK mnpu
KOPpPEKTUPOBKE JiekapcTB. MHTerpanus ananmuza 931 ¢ UCOI30BAHMEM UCKYCCTBEHHOTO MHTEIIEKTa
JIOTIOJTHUTENIBHO IMOBBIMAET TOYHOCTh JTUATHOCTUKUA U A(QPEKTUBHOCTH JICUCHUS 3a CUET BBISBICHUS
TOHKHX HEHPOHHBIX MaTTEPHOB, cBsi3aHHBIX ¢ CJIBI. [29]

Ilpo6nemuvl u 6yoywue nanpagnenusn

Hecmotpst Ha 3HauWTenbHBIN mporpecc B obmactu aumarHoctuku U Jedenuss CJIBIT ¢
ucrnonb3oBanueM DI, cylecTByeT HECKOJIbKO Mpo0iieM, KOTOphIE 3aTPYAHSIOT HMIMPOKOE BHEAPEHUE
ATUX TEXHOJIOTUM. XOTsI HOCUMBbIE ycTpoicTBa DI COBEPIIEHCTBYIOTCA, UX TOYHOCTh NTOKA HE MOXKET
CPaBHHUTKECS C JIAOOPATOPHBIMH CHCTEMaMH, 4YTO TpeOyeT BHEAPCHHsS CTAHIAPTOB ISl TOTyICHUS
HajexxHbIX TaHHBIX. [30] HemocnemoBarenbHOCTh B cOOpe MaHHBIX OTpaHUYMBAET 00O0OIIAEMOCTH
MOJIYYEHHBIX PE3YAbTATOB, YTO MOAYEPKUBAET HEOOXOAMMOCTH CTAaHIAPTU3AMUU MPOTOKOIOB DOI.
[24] JomonmHUTENsHO, MPOOIEMBI BBI3BIBAIOT OAHOOOPA3HBIE MCCIIENOBATEILCKUE BBHIOOPKU, YTO
CHIDKACT YHUBEPCATBHOCTD PE3YJIbTATOB UTS PA3TMUHBIX JeMorpaduueckux rpyii. [19]

Knnnanueckass naTerpanus texaonorui 931" Takke CTaIKMBAETCSA C TPYAHOCTSIMH, IOCKOJIBKY
MHOTHE CTEIHAINCTHI 3PAaBOOXPAHEHUs HE 00Jagar0T JOCTATOYHOM KBaTM(UKAIMEH sl paboThI C
TaKUMHU CUCTEMaMH. ABTOMaTHU3UpOBaHHbIe cucTeMbl nHTepnperaimu 31" ¢ mpumenenuem MU moryr
00JIeTYUTh ATy 3a/1a4y, TOBBICUB TOYHOCTh JUATHOCTHKH W CHHU3UB HArpy3Ky Ha Bpadeil. [7] Baxuo
OTMETHUTH U BOIMPOCH KOH(MUICHIINATLHOCTH, CBSI3aHHBIE C 00JIAYHBIM XpaHeHHeM AaHHbIX DO, uro
TpeOyeT pa3paboTku Oe30macHBIX, NEIEHTPATU30BAHHBIX pEHICHUH JIi MUHUMHU3ALUU PHUCKOB
kuOepyrpo3. [14] byayume wuccienoBaHus AOHKHBI COCPEIOTOUYUTHCS Ha YCOBEPIICHCTBOBAHUU
onomapkepoB D01 u pacumpenun npumenennst U B Heiipo dpusmonorndeckom ananuse. Paspaborka
JOCTYIHBIX U DKOHOMHYECKH 3 pekTuBHBIX ycTpoiicTB D3I ¢ BoaMoxkHOCThIO MHTerpanuu U craner
BRXHBIM [IIATOM B YJIYUIICHUU JOCTYITHOCTH TaKUX TEXHOJIOTHH JJIS IIMPOKUX CIIOEB HaceaeHus. [25]

Imuueckue cooodpasrcenus

Ucnons3oBanne MM u texunonorut D31 mis nuarnoctuku u nedenus CIBI craBuT nepen
HaMH PsJI 9TUYECKUX BOIPOCOB, CBS3aHHBIX C KOH(UACHIIMAIBLHOCTHIO JIAHHBIX, BO3MOXXHOM
MPEAB3ATOCTHI0 M JIOCTYITHOCTBIO 3TUX TEXHOJOTHH. BakHO oOecmednTh MPO3pavHOCThH IMPOIECCOB
npunstus pemennit MU B muarnoctuke CJIBIT, uToObI n30eXaTh yCHIIEHUS MPEAB3ATOCTH, OCOOEHHO B
OTHOLIEHUU HEJOCTAaTOYHO MPEJCTABJICHHBIX Ipynn HaceneHus. [22] Kpome Toro, Heobxoammo
VCUJIUTh  3allMTy  JaHHBIX, 4YTOOBI  MPEAOTBPATUTh HECAaHKIHOHHPOBAHHBIA  JOCTYl K
KOH puaeHIMaNbHOH wuHpopManuu o mnanueHTax. [23] OOecrneueHue paBHOTO —JIOCTyNMa K
BMeENATENbCTBAM, OCHOBaHHBIM Ha M u D3I, sBaserca BakHbIM 711 IPEAOTBPALICHUS COLIMAIbHO-
HSKOHOMHUYECKOTO HepaBeHcTBa B nedeHnu CJIBI. bynyume nmonutuku B 0OJacTH 37paBOOXpaHEHUS
JIOJDKHBI YYUTHIBATH 3TU ATUUYECKUE TTPOOIEMBI, YTOOBI TapaHTUPOBATH OTBETCTBEHHOE BHEPEHUE ITUX
TEXHOJIOTUN B KIIMHUYECKYIO MTPAKTHKY.

[lepexon oOT TpaAMIIMOHHBIX METOAOB JuarHocTMku U JjedeHus CJIBI, Ttakux Kak
IIOBEJICHYECKas OLIEHKa, K 00Jiee COBPEMEHHBIM I10/1X0/1aM, BKII0Y a0 MM HeilpoBusyanusanuto, M1 u
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nu@poByl0 Tepamuio, 3HaMEHYeT coOOW 3HAuMTeNnbHBIM mporpecc. B To Bpems kak
(dapMakoIOTHUUECKOE JIEYeHHE TMPOJODKAeT OCTaBaTbCs  CTAHAAPTOM, HOBBIE  TEXHOJIOTUU
MPEJOCTABIISIIOT 00Jiee TOYHBIE U TMEPCOHATM3UPOBaHHBIE BMemarenbeTBa. [Ipumenenne M u 390
yAy4dliaeT AUAarHOCTUKY U MOHUTOPHUHT TEPANUHU, TOIEPKUBASI TPUHATHE TEPANEBTUYECKUX PEILICHU N
Ha OCHOBE JaHHBIX. bynyume uccieqoBaHUs JOJKHBI COCPEIOTOUUTHCS Ha KIMHUYECKON MpPOBEpKE
ATUX MHHOBAIMKA M YCTpaHEHUH OaphepoOB, MPEMSITCTBYIONMX UX JOCTYITHOCTH, C LEJbIO YITydIICHHS
neuenust C/IBI' B peanbHBIX YCIOBUSX. BakHbIM miarom OyJeT paclmMpeHrue MEXAUCIUIIITHHAPHOTO
COTPYJIHHYECTBA MEXKIy HelipoOroioraMu, BpauaMi U pa3padOTIYMKaMH TEXHOJIOTUN JJIsl TOCTHIKEHUS
IPOPBIBOB B AuarHoctuke u jeyeHuu CIBI.

MeTonojorus

Ju3aitn uccneooeanus

B pamkax maHHOro McciieZoBaHUs aHAIM3UPOBATIUCH U3MEHEHH s MMKOBOW yacToThl D1 B xo1€
JIEBATU 3alMCAaHHBIX CEaHCOB, C IIENbI0 BBHISBICHUS TMOTEHIMATBHBIX OMOMAapKEpOB, CBS3aHHBIX C
CBI'. Hannbie 3@ Obu cobpansl y 6omee yem 100 nereit ¢ nuarnozom CZIBI' ¢ ncrionb30B aHuem
texHojorun uHTEepdeiica mosr-komnetorep (BCI). IIpomecc cOopa maHHBIX MPOBOIWIICS BO BpeMs
B3aUMOJICHCTBUSL C Serenium, TepaneBTHYECKOW MIPOBOM IUIATGOPMOM, NpeJHAa3HAYEHHOW JUIs
CTUMYJISIIIUM KOTHUTHBHBIX pPEAKIUA TPH MOHHTOPUHTE HEUPOPU3UOIOTHUECKOW aKTUBHOCTH.
HccnenoBanne (okycupoBalloch Ha 4YacToTax Tera, anbda U OeTra, KOTOphIE€ HU3BECTHBI CBOEH
KOppeJsIluen ¢ peryisiiueld BHUMaHU s, KOTHUTUBHOW aKTUBHOCTBIO U TUIIEPAKTUBHOCTBIO.

Yuacmnuku uccneoosanusn

Jns ydgactusi B uccCieIOBaHUM ObLIM OTOOpaHbl Aeth ¢ (popmanbHbiM amarHozom CJIBI,
MOATBEPXKJACHHBIM KIMHUYECKUMHU OlleHKaMu. lccienoBanue o00ecreynBano pernpe3eHTaTHBHYIO
BBIOOPKY, OXBaThIBarONIyl0 paznmuuabie noatunsl CJIBI, MOCKOIBKY Tpeaplayle HCCICIOBAHUS
MoKa3alid, 4To Bapuanuu MoumHoctd D3I paznuyaroTcs Mex1y MOArpynmnaMu. DTUUECKHE 0100peHus
U COoTJIacue poAMTeNei OB MOY4eHBI B COOTBETCTBUU C MPOTOKOJIAMHU UCCIICIOBAHUSL.

Coop u oopadomxka oannvix I3I

Hanupie 2331 OblIM 3amucaHbl C HCMOJIB30BAaHUEM BBICOKOKAYECTBEHHON TapHUTYPHI C
MHOXECTBEHHBIMU 3JICKTPOJAMHU I PETUCTpaIlMM MO3TOBOM aKTUBHOCTH. [IpoaomkuTeNnbHOCTD
CEaHCoB BapbHUpoBajach OT 1 A0 33 MHUHYT, ¢ U3MEPEHUSIMH, MPOBOAUMBIMU Yepe3 OMpPEICIICHHbIE
WHTEpBaJdbl BpeMeHU. [l MuHMMM3aIMu apTedakToB, BHI3BAHHBIX ABMIKEHHUEM IJIa3, MBIIICYHOU
AKTUBHOCTBIO W BHEIHUMH TTOMEXaMH, WCIOJIb30BAINCH CTaHJAPTHBIC HEHPO(PH3NOIOTHYECKHE
metonsl. [IpenBapurtenbHas o00paboTKa [MaHHBIX BKIOYana (GUIBTPALMIO IlyMa M BbIJCIICHUE
COOTBETCTBYIOILMX YAaCTOTHBIX JIMANAa30HOB Jyisl aHain3a. OCHOBHOE BHHMAaHHE YAENSIOCHh MHKOBOM
yactoTe Tera, ajdb(a M Oera, TaKk KaKk JTH IIOKa3aTeId CBS3aHbl C PErylIslUed BHUMaHUS,
WCITOJIHUTENbHON (yH KIMEH U KOTHUTHUBHBIMH YCUJIMSIMHU. YBEJIUYEHHUE MTUKOBOM YacCTOTHI TETA BHIIIE
6 I'm ObUIO CBsI3aHO C HECTAOMIJIBHOCTHIO BHUMAHHS, TOT/Aa KaK IMOCTENEHHOE MOBBIMICHUE MUKOBOM
9acTOTHI ab()a YKa3bIBAIO Ha KOTHUTHBHYIO cTabmim3amnuio. KojaeOanus MIKOBOW 4acTOThI OeTa ObLITH
HCCIIE0BaHbI HAa MPEIMET UX CBSI3U C TUIIEPAKTUBHOCTHIO U UMIYJACUBHOCTBIO.

IKcnepumenmanvHwvlil NPOMOKO

Kaxxnas ceccus cienoBaiia CTpyKTYpUPOBAaHHOMY ITOJIX01Y, HaunHas ¢ 6a3oBoit 3anucu D01, B
X0Jle KOTOPOM y4acTHHKAaM Mpeasaralioch OCTaBaThCS B COCTOSHUU paccliabiieHus, MoKa COOMpaluch
JaHHble O (JOHOBOM YpPOBHE AKTMBHOCTH MoO3ra. JTa (a3a CIIy)KHiIa KOHTPOJIBHON TOYKOW ISt
nocieayronmx aHanus3oB. [locne 6a30Boi 3amucu yJaCTHHUKU HPHUCTYNAIW K UTPOBOMY IPOLIECCY C
UCIOBb30BaHMEM Serenium, paspaboTaHHOTO Ui BBISBJICHUS Pa3NUYHBIX YPOBHEH KOTHHUTHBHBIX
YCUJIMH, B TO BpeMsl Kak uX DDl -akTHBHOCTb HENPEPHIBHO OTCIIECKMUBANACh. 3aKIOUUTENbHAs (pa3a
BKJIIOYAJa IMOCTUIPOBYKD OILIEHKY, BO BpeMsl KOTOPOW aHAIU3UPOBAIMCH 3anucu OO ¢ 1enbro
BBISIBIICHHSI M3MEHEHWI B dacToTax Tera, anba M OeTa B AMHAMHUKE, YTO TO3BOJIJIO OIICHUTH
KOTHUTHBHBIE TIEPEXO/IbI B MPOIECCE UTPHI.
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AHnanu3 0anHbIX

[lepexoapl MMKOBOM 4acTOTHI OTCIEKUBAIUCH HA IPOTSHKEHUU JIEBSTH CECCUM Ul BBISBIICHUS
3aKOHOMEPHOCTEH, OTPaKAIONMX KOTHUTHUBHBIE COCTOsSHUS, cBs3anHble ¢ CJIBI. [lns onenku
M3MEHEHHMH MHUKOBBIX YacTOT TeTa, adb(a M Oera OT Hayaja /10 3aBEpIICHHS CECCUHU, a TaKKE IS
ONpE/EICHUs] YCTOMYMBOCTH MJIM (MIYKTyallud KOTHUTHBHBIX COCTOSHHUH MEXIy CECCUIMHU
NPUMEHSUIUCh ~ CTaTUCTUYECKME  METOAbl.  JIOMOJHUTENbHO  M3ydajach KOPPEJALHS  MEXAY
n3MeHeHusAMH  4YacToTel DOI° m  cumnromatukod CJIBI, Yro mo3Bonmio TiayOKe TOHSTH
HEeHpOopU3N0IOTHYECKIE 0COOEHHOCTH TAHHOTO COCTOSTHHSL.

Kniouegvie nabnrooenusn

YacroTa Tera-nmuKa JAEMOHCTPUPOBAJIA TEHACHIMIO K YBEJIMYEHUIO B TEUEHHUE CEAHCOB, YTO
yKa3bIBaeT Ha MPOTPECCUPYIONME TMpoBaibl BHUMaHUsA. YacroTa anbga-nuKka YyBEIWYUBAIACh
Me/JIEHHEE, HO IOCTENEHHO, YTO CBUJETEILCTBYET O MEPUOAMYECKOM YIYYIIEHUH KOTHUTHUBHOTO
KoHTpois. Yactora OerTa-nuKa XapaKTepU30Bajach BCIUIECKAMH B OTAENBHBIX CECCHUAX, YTO
KOppPEIUPOBAJIO € DBMHU30/laMUd  IOBBIIIEHHOTO KOTHUTUBHOTO HANpPSDKEHUST W BO3MOXKHOM
WMIYIBCUBHOCTH. DTHU pe3ylbTaThl MOATBEPKIAAIOT TUIIOTE3Yy 0 ToMm, yTo CJIBI' mposiBiseTcs He Kak
MOCTOSIHHOE HapyIleHHe BHUMaHUS U UCTIOTHUTENbHBIX QYHKIMH, a KaK UX AUHAMUYECKOE KoJeOaHue.

PesyabraTnl

B pamkax uccrnenoBaHus aHaIU3UPOBAIUCH U3MEHEHUSI TUKOBOU YacToThl DI Ha mpoTshkeHnH
JEBSTH CECCUH C 1eNbl0 BBIABICHUS IOTEHIMANBHBIX OHOMapkepoB, cBs3aHHbIXx ¢ CJIBI.
JlnutensHOCTh ceccuil BapbupoBaiach, a JaHHble OJI cobupanuch B 3apaHee ONpeeiCHHBIE
BpeMeHHbIe Toukd. OCHOBHOE BHHUMAaHUE YIENIAIOCH YacTOTaM TeTa, ajdb(a u Oera, KOTOPbIE UMEIOT
HEIOCPEICTBEHHOE OTHOLIEHNE K KOTHUTUBHBIM COCTOSIHUAM U Xapakrepuctukam C/IBI.

AHanu3 NUKOBOI Yacmomel mema-pumma

[TukoBas yacTtoTa Tera Kojaedanach Ha MPOTSHKEHUH JEBATH CECCUM, U3MEHSSICh OT HA4aJTIbHOTO
muHEMYMa 4,40 T'1 o Mmakcumyma 7,80 'y k 3aBepiueHuto uccaenoBanus (puc. 1). B 6onee kopoTkux
ceccHsiX HabIo1anochk 0ojiee BhIpaKEHHOE MOBBIIIEHUE YaCTOThI TE€Ta, YTO MOXKET CBH/IETENbCTBOBATD
0 Iepexo/ie OT COCPEIOTOYEHHOI0 KOTHUTHBHOIO B3aMMOJECUCTBHS K BO3MOXHOMY OTBJICUEHHIO.
HanpoTtus, Oonee IIUTENbHBIE CECCUM JIEMOHCTPUPOBAIM CIIOKHBIE BapUallMU TETa-aKTUBHOCTH,
oTpakasi uepeJoBaHue MEePUO0B KOHIIEHTPALMU U CHI)KEHUs BHUMaHUs. [loBbIlIeHHAst yacToTa TeTa
CBbIILE 6 ['1] TpaIUIIMOHHO ACCOLMUPYETCS C HECTAOMIbHOCTBIO BHUMAHUS, UTO SIBJISIETCS XapaKTepHOit
yeptoit mozeir ¢ C/IBI'. HaGmonaemast TeHACHIIUS K YBEIIMYCHHUIO TETa-aKTHBHOCTH MEXIY CECCHUSMH
MOKET YyKa3blBaTb Ha 3aTPyAHEHHUS B MOAJEPKaHWM YCTOWYMBOIO BHHUMAaHHUS, OCOOCHHO TIpU
BBIITOJIHEHU U NIPOAOJIKUTEIbHBIX KOTHUTHBHBIX 33/1a4.

HauanoTheta (Hz) Koney Theta (Hz) HayvanoAlpha (Hz) KoHew Alpha (Hz)
8 13
7 11
5 7
4 5
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Puc. 1. [TukoBasi 4acToTa TETAa MEKIY Puc. 2. ITuxkoBasi yacrora ajib(pa B pa3HbIX
ceaHCaMHU [JaHHbIE MOJIyYeHHbIEe B Mpolecce ceaHcax [JaHHbIE, IIOJIyYeHHbIE B IpoLecce
JIKCIIepUMEHTA] JKCIIepUMEHTA]
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AHnanu3 nukoeoi yacmomsl anvha-pumma

Anb(a-4acToThl JIEMOHCTPUPOBAIM TPOTPECCUBHBIA CIBUT Ha TMPOTSHKEHHH CEAHCOB,
HaxosCh B nmuama3oHe ot 6,76 I'u mo 11,20 I'u (puc. 2). PanHue ¢a3bl ceaHCOB XapaKTepU30BAIHCH
0osiee HU3KMMHU 3HAYEHUSAMH alib(a-puT™Ma, YTO KOPPEIUPOBATIO CO CHIKEHHEM HCIIOTHUTEIHFHOTO
KOHTPOJII W KOTHUTUBHON craOmibHOCTH. [lo Mepe mNpomoinKeHUs CeaHCOB HaOII0aanoch
yBEIMYEHUE anb(a-4acToThl, OCOOEHHO Ha MATOM U CEAbMOM CEAaHCAaX, YTO CBUAETEIbCTBOBAJIO O
MTOCTENCHHON CTa0MIM3allMi KOTHUTHUBHOW 0O0paOOTKHA. YCTOWYMBBIM POCT MHUKOBOH YacCTOTHI
anbda, KaK MPaBHUIJIO, CBSI3aH C YIAYYIICHHEM KOTHUTHBHOTO KOHTPOJS M PETYISIUM BHUMAHUS,
TOT/Ia KaK IIOCTOSSHHO HU3KUE YPOBHU ajb(a yKa3bIBAIOT HA J€ (PUIIUT UCIIOJIHUTENbHBIX PYHKIH I —
xapakrepHbiii mpusHak CJIBI. HaOmromaemasi TeHAEHLHS MOATBEPKIAET THUIIOTE3y O TOM, YTO
momu ¢ CJABI" nemoHCcTpupyIOT (DMYKTYHPYIOIMI MCIOJHUTEIBHBIA KOHTPOJb, KOTOPBIH MOXKET
yAy4laTbCs CO BPEMEHEM UJIM B OTBET HA BHEIIHUE KOTHUTUBHBIE CTUMYJIBI.

AHnanuz nukoeoit wacmomol dema-pumma

HayanoBeta (Hz) KoHew Beta (Hz)

1 2 3 4 5 6 7 8 9

e
o = N

Ul & N 00 ©

Puc. 3: [IukoBasi yacToTra 0eTa-puT™Ma B CeaHCAX [1aHHbIE, MOJYYEeHHbIE B Mpolecce
JKCIIe pUMEeHTA]

3HayeHuss NMUKOBOM YacToThl OeTa-putma BapbupoBamuchk oT 11,88 T'm mo 18,75 T,
JEMOHCTPHUPYS 3HAUUTENbHYI0 H3MEHYMBOCTh MEXIy ceancamu (puc. 3). IIpumedarenbHo, 4TO
OoJiee BHICOKUE NMUKK OeTa-pUTMa HaOMIOJATUCh B YETBEPTOM U JIEBSITOM CEaHCaX, YTO yKa3bIBaeT
Ha DSNHU30/bl TOBBIIIEHHOTO KOTHUTHUBHOTO YCHJMS, BO3MOXKHO, CBSI3aHHOIO C YCUJIEHHOM
TUMEPAKTUBHOCTHIO MJIM MMITYJIBCUBHOCTHIO. HampoTuB, ceaHChl ¢ OTHOCHUTENBHO CTAOMIBHBIMU
YPOBHSIMH ~ OeTa-puTMa  CBHUJIETEIbCTBYIOT O  IEpPHOJaX  YCTOMYMBOIO  KOTHUTHUBHOIO
B3auMo/ieiicTBUsL. Pe3koe yBeanueHune yacToThl OeTa-puTMa HEPEAKO KOPPETUPYET C KOTHUTUBHBIM
MepeHanpsHKEHUEM U THIIEPAKTHBHBIMU TEHICHITUAMU, XapakrepHbiMu i mipo uteit CIBI. Dt
KoJeOaHusl TMOAYEPKUBAIOT JWHAMUYECKYI0O mpupony Oera-putma mnpu CJIBI, mpu kotopoii
MEePHOJIbl YpE3MEPHON KOTHUTUBHOW CTUMYISLIMM MOTYT MPUBOAUTH K CHH)KEHHMIO KOHLIEHTPAIUU
BHUMAaHUS U YCUJIEHUIO UMIYJICUBHOTO MoBeAeHUs. [lonyuyeHHble JaHHbBIE YKa3bIBAlOT HA TO, YTO
momqn ¢ CJIBI' UCHBITHIBAIOT HECTAOMIbHBICE YPOBHU KOTHUTHMBHOTO  B3aWMOJICHCTBUS,
XapaKTepu3yloupecss MEepUOANYECKUMH  3MU30JaMU  THUIEPAKTUBHOCTM U KOTHUTHUBHOTO
HaNPsDKEHU S, OKa3bIBAIOLIMMH BIIMSHUE HA CIIOCOOHOCTh K YCTOWYMBOMY BHUMAHUIO.

OO0cy:x1eHue

CpaBHUTENBHBINA aHATU3 ceaHcoB D1 BBISIBUI OTYET/IMBbIE KOJeOaHUs YacTOT TeTa, alb(da
u Oera, YTO TOATBEPXkJAET MX 3HAYMMOCTh KaK NoTeHIuanbHbIX OmomapkepoB CJIBI'. Kax
nepBoHavyanbHO omucanu bopmaze u nap. (2020), n30bITOUHAs aKTUBHOCTH TETa TECHO CBs3aHa C
Jne(GUIIMTOM BHUMAHHS, YTO MOATBEPKAAETCS JaHHBIM MCCIIEOBAHUEM: YaCTOTa TETa MOCTEHEHHO
yBEIMUYMBAJIach B TEUEHUE CEAHCOB, OCOOEHHO Ha 0ojee MO3IHUX CTAAUAX. DTO cOorlacyercs ¢
yrBepxkaeHueM Pyoua u ap. (2014) o ToMm, 4TO MOBBILIEHHAs AKTUBHOCTb MEJUIEHHBIX BOJH Yy
moneir ¢ CHABI' koppenupyer ¢ HapymICHUSMH HCIOJHHUTEIBHON (YHKIMHW W KOTHUTHBHOTO
koHTpoJdsi. Kpome toro, kak ycraHoBuiu [l], oueHku Ha ocHoBe 2D mpenocTaBisiOT
00BEKTUBHBIE MapKepbl HeWpoHHOW muchyHkiuM, cBszanHod ¢ CJIBI, 4To AOMOIHHUTENBHO
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MOAYEPKHUBACT 3HAUMMOCTD BBISIBJICHHBIX KOJI€OAHUN YaCTOThI B U3YYEHUU CUMIITOMATHKH JaHHOTO
paccTpoicTBa.

[loctenenHbi  poct anb}a-yacTOT Ha MPOTHKEHUU CEAHCOB CBUJIETENILCTBYET 00
aIaTITUBHOM, XOTSI M HEMOCIIE0BATEIbHOM, BKIIOYEHUH MEXaHU3MOB MCIOJIHUTEIIBHOTO KOHTPOJIA.
D10 HabmroAeHNE cornacyeTcs ¢ pesynbratamu Canexunemkana u ap. (2020), koTopble moKa3aiu,
YTO TMOBBILIEHHAs alb(a-aKTUBHOCTb CBfA3aHAa C YIYYIIEHUEM pErylsliUd BHUMaHUS U
KOTHUTUBHOTO  KOHTpoJia. OpnnHako, kak mnomuepkuBatror [3], CJBI' xapakrepusyercs
(yKTYyHpyrome KOTHUTHBHOM NPOAYKTMBHOCTBIO, a HE OJHOPOJHBIM HapyIIEHUEM, 4YTO
OOBSICHSIET HENOCIHIEOBATEIbHYI0 CTa0MIM3AlMI0 MOIIHOCTH ajb(a, BBIABIECHHYIO B JaHHOM
uccienoBanun. llogaBnenue anbda-puT™Ma BO BTOPOM U UETBEPTOM CeaHCaX JOMOIHUTEIBHO
MoATBEpkAaeT rumnoresy [S5] o Tom, uyto moau ¢ CHUBI' UCHBITHIBAIOT MEPUOIUUYECKUE TTPOBAJIBI B
UCIIOJIHUTENbHON (YHKIMU, YTO IMOJUYEPKHUBAET HEOOXOAUMOCTh KOTHUTHUBHBIX TPEHHPOBOUHBIX
BMEIIIATENBCTB JUIS MOBBIIIEHUS CTAOMIIBHOCTH ajib(a-aKTHBHOCTH C TEUCHUEM BPEMEHHU.

M3menenus 0Oera-4acTOT JONOJHUTENBHO TOJKPEIUIAIOT ATH HUHTeprnpeTtanud. Kak
moATBEepkaatoT [15], ToBBIMIEHHAas OeTa-aKTUBHOCTh  CBHUJIETENBCTBYET 00  YCHJIEHHBIX
KOTHUTUBHBIX YCUJIHMSAX M MMIYIbCUBHOCTH — 3aKOHOMEPHOCTb, OTMEYEHHass B JaHHOM
HCCIIEIOBAaHNM, OCOOEHHO B YETBEPTOM U JeBATOM ceaHcax. llepexonnbie ¢a3zpl Oera-
CTaOMIIPHOCTH, HaAOJIIOJaeMble B IEPBOM M IISITOM CEaHCaX, COIMIACYIOTCS C BBIBojamu [22],
KOTOpbIE MoKazanu, 4ro Joau ¢ CIABI' ncneIThBalOT yepeoBaHNE COCTOSIHUN TUIIEPAKTUBHOCTU U
ycToitunBoro BHEMaHusA. Kpome Toro, kak oOcyxknanu [5], korautuBabie ¢yakiuu npu CIABI He
YXYALIAIOTCS PAaBHOMEPHO, a XapaKTepU3yIOTCA OJMU30JAUYECKUMHU  KOJeOaHUSIMU MEXIY
HEBHUMAHHMEM U TMIIEPAKTUBHOCTBIO, YTO YETKO OTPAKEHO B BBISIBJICHHBIX B TJAaHHOM HCCIIEAOBAHUNU
¢uiykTyanusix OeTra-4acror.

3HAYMMOCTh 3THX PE3YJIbTAaTOB BBIXOJUT 3a paMku wuccienoBanuii OO0 um  umeer
IIPaKTUYECKOE IPUMEHEHUE B KIMHUUYECKON U TepaneBTuueckoi npakruke. Kak noarsepaunu [9],
oneHkn OJI' obecrneunBatoT OOBEKTHBHYIHO OCHOBY st auarHoctuku CJIBIY,  dopmupys
Helpouinonornueckuii  GpyHIaMeHT [UIsi WHIUBUIYaTM3UPOBAHHOIO TUIAHUPOBAHUS JICYCHUS.
HaGmoaemoe NOBBIIEHUE  TeTa-puTMa  MOATBEpkIaeT  S(PQPEKTUBHOCTb  TEpanuu
HEHpOOMOYNpaBJICHUs,  HAMpaBJIIEHHOM  Ha  TOJABJIEHHE  TEeTa-aKTUBHOCTH,  CTPaTEruw,
noaaepxxuaemoit Ceuenom, SA3bipxu 1 Cepaenredru (2024). AHaIOTHYHO, TPOIPECCUBHBIN POCT
alb(a-4acToT ¢ TEYCHHEM BPEMEHH corjacyeTcsl ¢ BhiBogamu AHTYIpbl U ap. (2023), xoTopsie
MPOJIEMOHCTPUPOBAIIM, YTO LHUPpOBas Tepanusi CHOCOOCTBYET Pa3BUTHIO HCIOIHUTEIbHBIX
GYHKUMH TOCPEICTBOM BMEUIATENHCTB, OCHOBAHHBIX Ha MPHUHIMIIAX HelporiacTuyHocTH. Kpome
TOro, (UIyKTYHpyloIasi mpupona OeTa-akKTUBHOCTH, KakK OBbLIO BBISBICHO [4], momyepKkuBaeT
HEO0OXOMMOCTh MOHHTOpUHTA DDI" B pealbHOM BpeMEHH IS IEPCOHATM3UPOBAHHOTO TOAX0a K
nedeHutro CJIBI, 4TOo 1oO3BOJIAET AJaNTHUPOBAaTh BMELIATEIBCTBA B COOTBETCTBUM  C
WH/IMBUYaJIbHBIMU HEHPOHHBIMU IIATTEPHAMU.

[loMHMMO KIMHHMYECKUX AaCIEeKTOB, 3THU pe3YyJIbTaTbl HUMEIOT Ba)XHbI€ IOCIEICTBUS s
00pa3oBaTeNbHBIX U MPO(EeCCHOHANBHBIX BMemaTeabcTB. Kak nepsoHavyanbHo mpennonarany [3],
momu ¢ CJIBI' uCOBITBIBAIOT TPYAHOCTH B MOAJEP)KAaHUU YCTOWYUMBOIO KOTHUTHBHOIO
B3aMMO/JICHCTBUSI B CTPYKTYPUPOBAHHOM Cpefie, OJHAKO JAHHYIO MPOOJIEMY MOKHO CMSTYUTH C
MIOMOIIBIO MTPOTPaMM KOTHUTHBHOM TpeHUpoBkU Ha ocHoBe DOI'. Cremmduueckre (uyKTyanuu
0era-akTUBHOCTH, OTMEUYEHHBIE B JaHHOM HCCJIEIOBAaHUH, COIVIACYIOTCS C PEKOMEHIAlUsSMHU
lNoxapunemxama u np. (2022), xoTopble NMOAYEPKHYIM TPEHMYILIECTBA aJalTHBHBIX CTPATETUH
oOydeHHsl, YYUTHIBAIONMX KOTHUTHBHOE HampspkeHue. HMurterpanusa D3I -MoHuTOpHHTa B
00pa30BaTeNbHYI0 CpEely MOXET CIOCOOCTBOBATh IOBBIUICHUIO YCTOMYMBOCTHM BHHUMaHHUS U
CHIDKEHUIO MMITYJIbCUBHBIX HApYyIIEHUM, YTO YCUJIMBAET MOTEHIHAJ TEXHOJOTHH B MOAXOAaX K
CIBI.

HecmoTps Ha MHOrooGem@roime pe3yabTarhbl, IPEICTaBICHHbBIE B JAHHOM HCCIIEJOBaHUH,
HEoOXOMMO YYUTHIBATh OIpenesieHHble orpaHndeHus. Kak oocyxnanu Pyoua u ap. (2014), cbop
naHablx DD gomkeH OBITh  CTaHJAPTHU3UPOBAH Ui OOECIEYEHHMsS] HAASKHOCTH U
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BOCIIPOM3BOJAMMOCTH DPE3Yy/IbTaTOB. l3MEHEHHsT B IPOJOIKUTEIBHOCTH CEaHCOB M pa3Mepax
BBHIOODKM MOIJIM TOBIUATH HAa OKOHYATENbHbIE BBIBOJBI, YTO TpeOyeT mpoBeaeHus Oojee
MacITaOHbIX MCCIENOBAaHUN Ul MOATBEPKACHUS BBISBICHHBIX 3aKOHOMepHocTel. Kpome Toro,
Kak mpeamnosararoT [3], HHTerpanusi NOBeICHYECKMX OI[EHOK ¢ D1 -aHann30M MO3BOJUT MOJTYIUTh
OoJyiee TOJIHOE TPEACTABICHUE O B3aMMOCBSI3M MEXIY HEHpPOQU3MOIOTHYECKOM AaKTMBHOCTBIO M
KOTHUTUBHBIMH (pyH Kiusimu. Bynynme nccineqoBanust JODKHBL OBITH HAPABJICHBI HA TATBH CHIITYIO
JIETATM3aIMI0 UACHTH(PUKAIIMM YacTOT TeTa, albda u Oera kak omomapkepoB CJIBI, cnocoOcTBys
pasBUTHIO 0oJiee TOYHBIX METOJOB JMATHOCTHKA M TEPCOHATM3UPOBAHHOTO JICUCHUS JaHHOTO
paccTpoicTBa.

BroiBoabI

CoBpeMeHHbIE HCCIEIOBAaHUS MOMYEPKUBAIOT HelpoOuonorndeckyro npuponay CJIBI u
HEOOXO/IMMOCTh COBEpILEHCTBOBAHMS METOAOB €r0 JUAarHOCTMKM U JeudeHus. HWHTerpauus
TexHoJorui, Takux kak U1, 39T u BupTyanbHas peaqbHOCTh, CIOCOOCTBYET 00Jiee TOUYHON OLIEHKE
KOTHUTUBHBIX HapylleHUH ¥ WHIUBUIYAJM3UPOBAHHOMY TOAXONY K Tepanuu. bynynme
HCCIEA0BAHUs JOJKHBI COCPEAOTOUUTHCS Ha CTaHJAPTU3allMM HOBBIX METO/OB, UX JOCTYIHOCTU U
ATUYECKHUX acIeKTaxX, YTOObl yIydllIMTh KauecTBO >Ku3HuU mozen ¢ CIBI.
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AWBLIT YAPEA POBOTTOPY YUYH KOMIIBIOTEPJIUK KOPYY
CUCTEMAJIAPBIHIA HEMPOHJYK KEJE AJITOPUTMJIEPUH KOJIJIOHYY
NMPUMEHEHUE HEHPOCETEBBIX AJITOPUTMOB B CUCTEMAX
KOMIIBIOTEPHOI'O 3PEHMS JIJISI CEJIbCKOXO3SMCTBEHHBIX POEOTOB
APPLICATION OF NEURAL NETWORK ALGORITHMS IN COMPUTER VISION
SYSTEMS FOR AGRICULTURAL ROBOTS

Kbickaua myHne3neme: by makanama aitbut yapOa poOOTOTEXHUKACK! YUYH KOMIBIOTEPIUK
KOPYY CHCTEMAJIAPBIHJAA ap KaHJal HEUpOXKENelep apXUTEKTypallapblH KOJIIOHYY Macelelepu
m3wIgeHeT. AWbpin  4yapba poOOTTOpyHIa KONAOHYIYyydy YITYJIepay TaaHyy, CypeTTepay
CETMEHTTOe KaHa TAIJJOOHYH Oalllka Typiiepy YUYH alropuTMIEp KapasarT.

AHHOTaIII/Iﬂ: B ,Z[aHHofI CTaTbC HCCICAYCTCA MPUMCHCHUC PAZITIUYHBIX HeﬁpOCGTeBBIX
apXUTEKTYp B CUCTEMaxX KOMIBIOTEPHOIO 3pEHMs I 3aJad  CEIbCKOXO35MCTBEHHOMU
poboToTexHuKU. PaccMaTpuBarOTCs aJrOPUTMBI JUIsl paclio3HaBaHHUsS OOpa3oB, CErMEHTAINU
H306pa)i(eHHfI " Apyrux BUAOB aHAJIM34a, IPUMCHSCMBIX B CEJILCKOX03SMCTBEHHBIX po60Tax.

Abstract: This article explores the application of various neural network architectures in
computer vision systems for agricultural robotics applications. Algorithms for pattern recognition,
image segmentation, and other types of analysis used in agricultural robots are considered.

Hermsrm ce316p: MalnmMHaIBIK YUPOTYY; KOMIBIOTEPAUK KOpYY;, HEHUPOHIYK Keje
aJITOPUTMJIEPHU; aiibLI yapOa poOOTTOPY; TEPEH YHPOTYY; OCYMIYKTOPIY TaaHyy.

KawueBble cjioBa: ManmmHHOE OO0y4eHHE; KOMIBIOTEpPHOE 3pEHUE; HEHpPOCETEBbIC
QITOPUTMBI; CEIbCKOXO3SIMCTBEHHBIE POOOTHI; TITyOOKOE€ OOYUEHHE, paclio3HABaHHUE PACTCHUH.

Keywords: machine learning; computer vision; neural network algorithms; agricultural
robots; deep learning; plant recognition.

Benenue

CoBpeMEHHBIE TEXHOJIOTMM MAIMHHOTO OOY4YeHHsST W KOMIIBIOTEPHOTO 3PEHUS HUIPAIOT
KIIOYEBYI0 pOJIb B Pa3BUTUHM  CEIbCKOXO3SIWCTBEHHOW pOOOTOTEXHUKH. Vcmonb3oBaHUe
HEMPOCETEBBIX AJTOPUTMOB IMO3BOJISIET ABTOMATU3MPOBATh MHOXECTBO IPOLECCOB, BKIKOYas
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MOHUTOPUHI COCTOSIHUSI PACTEHUM, OOHApyKEHHE COPHSIKOB, OIpEIeNIiCHUE YPOBHS 3pEIOCTH
IUIOJIOB M YOPaBJCHHE CEIbCKOXO3SMCTBEHHBIMH MaummHamu. [1-2] B  nmanHol pabote
paccMaTpUBalOTCSl BO3MOKHOCTH U MEPCIIEKTUBBI IPUMEHEHU I HEHPOCETEBBIX MOJIENIEN B cHCTEMax
KOMITBIOTEPHOTO 3PEHUS ISl CEITLCKOXO3IHCTBEHHBIX PoO0TOB. [5; 7; 8]

1. Poab KOMIBIOTEPHOIO 3peHMs B CeJIbCKOXO03AHCTBEHHOM po00TOTeXHIKE

CoBpeMeHHbIE TPEICTaBICHUSI 00 WMCKYCCTBEHHOM HHTEIUIEKTE WMEIOT Majo OOIIEro C
MpEACTaBICHUSAMU O CHCTeMax M poOoTaxX, MPUBUTHIX HaM (aHTacTaMH IIPOLUIOrO BEKa.
PoGotuszauust — 310 pabora, CBs3aHHas C TIOCTYIICHUEM B CEMEWHOE XO3sHCTBO,
CIOCOOCTBYIOIIIAS HE TOJBKO O 3aBUCUMOM paboTe, HO W Pa3BUTHIM OTpAcisiM HEBUIAHHBIMU C
MOTEHIHAIOM IOSIBJICHHUS TPAKTOPOB U ynoOpeHu#t Temmamu. [5]

HckyccTBEHHBIN MHTEIIEKT JIMIIEH CO3HAHUS, B HEM HET MHTEIUIEKTA, €CIM PaccMaTpUBaTh
MOCJIEHUN KaK CIIOCOOHOCTH MPHUCIIOCA0IMBATHCA K HOBBIM CUTYal[MsM, IOHUMAaTh U MPUMEHSThH
abCTpaKTHBIC KOHIICTII[UH M HCIIOJIb30BATh 3HAHUS ISl YIIPABIICHUS OKpYKarlolel cpenoi . [3]

KoMnbloTepHoe 3peHue SBIsSETCd OJHUM U3 KIOYEBBIX KOMIIOHEHTOB aBTOHOMHBIX
CEJIbCKOXO3SIMCTBEHHBIX CHUCTEM, IO3BOJISSI POOOTaM aHaIM3UPOBATh OKPYKAIOILIYI0 Cpeny u
IPUHUMATB pelieHns.. OCHOBHBIE 3a/1a4H, PEIIAEMBIE C IIOMOILBIO KOMIIBIOTEPHOTO 3PEHUS:

pacrio3HaBaHUeE U KIacCH(UKAIHNS KyJIbTYPHBIX PAcTEHUH U COPHSIKOB;

ONpEEICHNUE CTENIEHHU 3PEJIOCTH IIJI0/I0B U IPOTHO3UPOBAHUE YPOIKANHOCTH;

BBISIBJICHHE BpeUTENeH 1 3a00J1eBaHU pacTeHU;

HaBUTalMsI U aBTOHOMHOE YIIPaBJIEHUE CEJIbCKOX03HCTBEHHBIMU MaIllMHAMM;

ABTOMATUYECKUM KOHTPOJIb KAYECTBA MPOJYKLIHH.

WHTterpauusi neperoBbIX aJrOPUTMOB 00pabOTKM HM300paKeHUH M METOJOB MAIIMHHOTO
00y4eHU S MMO3BOJISET CEIBCKOX035IMCTBEHHBIM pOOOTaM BBIIOJIHSTH IIMPOKUN CHEKTP KPUTHUYECKU
BOXHBIX 33/]a4, YTO CIOCOOCTBYET TMOBBIIMIEHUIO 3(PPEeKTUBHOCTH, YCTOWYUBOCTH U
IIPOU3BOAUTEILHOCTH arpOIPOMBIITIEHHOTO KOMILJIEKCA.

Jnst pactio3HaBaHus U KIaccu (U KallUKM KYJIbTYPHBIX PACTEHUHM U COPHSKOB KOMIIBIOTEPHOE
3peHue MPUMEHSET CI0KHbIE MOJETH, 0Oy4eHHbIE Ha OONbIIMX 00beMax JaHHBIX, BKIIIOYAIO M X
CHEKTpaJIbHbIE XapaKTePUCTUKU, TEKCTYPHBIE OCOOCHHOCTH U (OPMY pa3IMUHBIX BUJOB PACTCHUH.
Hcnonp3oBanue miyOOKMX HEHMPOHHBIX CETEM, TAaKUX KakK cBepTouHble HelpoHHbIe ceTu (CNN),
obecreurBaeT BBICOKYIO TOUHOCTh B OMPEACICHUN HYKHBIX KYIBTYP U UX OTIIMYUU OT COPHSIKOB Ha
pasHbIX 3tamax paspuths. [6; 10] DTo, B cBOIO oOYepenb, ONTUMH3HPYET CTPATETUU TOYCYHOTO
BHECEHUS TepOULIUI0B, CHUKAs SKOJIOTUYECKYIO Harpy3Ky U SKOHOMHUYECKUE U3/IEPKKU.

OueHka CTENEeHW 3pesioCTH INJIOJ0B W MPEAUKTUBHOE MOJCIMPOBAHUE YPOKAMHOCTH
ABJIAIOTCA €1le OAHUM BaKHBIM IPUJIO)KEHHEM KOMIIBIOTEPHOTIO 3PEHHUS B CEIbCKOX03SHCTBEHHON
poboTorexnuke. [4] AHanMU3UPysi BU3yaldbHbIE XapaKTEPUCTUKU TIJIO0B, TAKUE KaK IBET, pa3Mep U
TEKCTYypa, POOOTU3UPOBAHHBIE CHCTEMbI MOTYT C BBICOKOW TOYHOCTBIO OINPEAEISATH ONTUMAIbHOE
Bpemst cOopa ypoxas. boiee Toro, myrem mocienoBaTeIbHOIO MOHUTOPUHTA PAa3BUTHS TUIOIOB HA
MPOTSHKEHUM BETETAlMOHHOTO IMEepUOoJa M NPUMEHEHHUS METOJOB IPOCTPAHCTBEHHO-BPEMEHHOIO
aHaJI3a CTAHOBUTCS BO3MOXKHBIM IIPOTHO3MPOBATh IOTCHIMAIBHYIO YPOXAalHOCTb Ha YpPOBHE
OTJIENIbHBIX PACTEHUW U TOJeH, 4TO oOecrneunBaeT MPUHATUE CBOEBPEMEHHBIX arpOTeXHHYECKU X
MEPOIPUATUH U ONTUMU3ALNIO JOTUCTUYECKUX LIENOYEK.

Hcrionb3yst MeTo bl aHaIM3a N300paskeHU I BHICOKOTO pa3pellieHHs] U MYJIbTUCIEKTPaTbHON
CBhEMKHU, POOOTHU3UPOBAHHBIE CUCTEMBI CIIOCOOHBI BBISBJISATH XapaKTEpHbIE BU3yaJIbHbIE I PU3HAKU
nopakKeHU! 1 nHdecTalui, KOTOpble MOTYT ObITh HE3aMETHBI JI1 HEBOOPY)KEHHOTO0 na3a. Pannee
oOHapyXeHHE TMO3BOJISIET ONEPAaTUBHO MPUMEHSATH LI€JIeBbIe METO/IbI OOPHObI, CHUXKAast TOTPEOHOCTh
B IIMPOKOMACIITA0HBIX 00pa0O0TKaX MECTUIUIAMHU U CITOCOOCTBYS YCTOMYMBOMY 3€MJIE/ICIIH IO.

B cdepe aBTOHOMHON HaBUTalMM W YIPABICHUSA CEIBCKOXO3IHCTBEHHONW TEXHUKOH,
KOMITBIOTEPHOE 3pEHHME BBICTYAET B KaYECTBE KIIIOUEBOM CEHCOPHON MOJAIBHOCTH, 00ecreunBas
pob6oToB mHpopMaIuenn 00 OKpyxaroIei cpeae s 6e3onacHoro u 3PPEeKTUBHOTO MepPeaBUKEHUS
[0 TOJSAM CO CIOXHBIM peiabeoM U MPEnsTCTBUSIMU. AJTOPUTMBI BU3YaIbHOH OJOMETpUU U
OJIHOBPEMEHHON JoKanu3anuu u kaprorpadupoBanus (SLAM) mo3BonsitoT pobOTaM CTPOUTH
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TPEXMEpHBbIC KapThl MECTHOCTH W OIPEACISITh CBOE MECTOIOJIOKEHUE B PEXKHME PEaIbHOIO
BPEMEHHU, YTO HEOOXOIUMO Ui BBIIIOJHEHUS TAaKUX 3ajay, KaK aBTOHOMHAs BCIIallKa, IIOCEB U
MeXAypsiaHas oOpalOoTka. AHanmu3upys u300pakeHuss CcoOpaHHBIX IUIOAOB U OBOIIEH,
POOOTHU3NPOBAHHBIE CHCTEMBI MOTYT BBISBIISTH /1€ (PEKTHI, TAKHE KAaK MEXaHUUYECKUE TTOBPEKICHHUS,
OTKIOHEHHUsI B I[BETE€ M pa3Mepe, YTO IO3BOJSET OCYILECTBISATH COPTHPOBKY U KaTMOpPOBKY
NPOAYKIMU B COOTBETCTBHHM C 33/JIaHHBIMH CTaHJapTaMH KadeCcTBa. JTO TOBBIIAET IHEHHOCTbH
KOHEYHOTO MPOJYKTa U CHI)KACT IIOTEPU Ha TAIe XpaHEHUS ¥ TPAHCIIOPTUPOBKH.

Takum 00pa3oM, KOMITBIOTEPHOE 3pEHHUE SIBISECTCS MYJIBTHAWCHUILTUHAPHONW 00JacThIo,
HaXOJSIIIEHCST Ha CThIKE MH(POPMATUKH, ONTHKA W arpOHOMHHW, M WTIPACT IICHTPAIBHYIO pOJb B
TpaHcopMaIlil COBPEMEHHOTO CEILCKOTO XO3SICTBA B CTOPOHY OOJIbIICH aBTOMATH3allUH,
TOYHOCTU M YCTOMYMBOCTU. JlanmpHeiiliee pa3BUTHE aJTOPUTMOB, alapaTHOrO OOECIeYeHUs U
WHTETpalds C JAPYIMMH CEHCOPHBIMH TEXHOJOTHSMH OTKPBIBAIOT HOBBIE IIEPCIICKTUBBI LIS
pacumpeHuss (PyHKIMOHAIBHBIX BO3MOXKHOCTEH CEIbCKOXO3SAHCTBEHHBIX POOOTOTEXHUYECKU X
KOMIIJIEKCOB M pEIlIeHUs HACyIIHBIX 3a/1a4 IPOJIOBOJIBCTBEHHON O€30MacCHOCTH M YCTOHYMBOTO
MPUPOJIOTIOTH30BaAHUS.

II. OcHoBHBIE HelipoceTeBble AJTOPUTMBI LIS KOMIIBIOTE PHOT'O 3peHUsI

CoBpeMeHHBIE HEWpOCeTeBbIe MOJAETH O0ECIeunBalOT BBICOKYI0 TOYHOCTh aHAJIM3a
M300paKeHUH H BHJIEO B pealbHOM BpeMeHW. Cpean Hambosee MOMYISAPHBIX AITOPUTMOB
BBIICIISIOTCS:

1. Ceeprounsie Heiipocetn (CNN) — ucmonp3yroTcs sl pacro3HaBaHHs OOBEKTOB,
CErMEHTAIIUU U300paKEHUH U KITacCCH(UKAIIMHU KyITbTYPHBIX PACTCHHI.

2. YOLO (You Only Look Once) u Faster R-CNN — mpumeHsitorcs Uisl AETEKIUH
00BEKTOB, HANpUMEp, ISl BBISBJICHHS CHENBIX (PYKTOB WM OOHApyKEHHs BpemuTellel Ha
JIMCThSIX.

3. DeepLab u U-Net — apxutexrypsl 1j1si CETMEHTAlUU U300paKeHU, TTO3BOJISIONME
TOYHO OTJIENISATH OOBEKTHI Ha H300paKEHU X, HAIIPUMEP, COPHSKH OT KYJIbTYPHBIX PACTCHHH.

4. Recurrent Neural Networks (RNN) u Long Short-Term Memory (LSTM) -
UCIIONIB3YIOTCS B COYETAaHUU C KOMIIBIOTEPHBIM 3pEHHEM Ul aHalli3a BPEMEHHBIX PSJOB U
MpeJICKa3aHusl U3MEHEHU I B COCTOSIHUU PACTEHU.

5. Generative  Adversarial Networks (GANS) — MoOryr mOpUMEHSTBCS s
CHHTETUYECKOM TeHepaluy [aHHBIX M YIYYIICHHS KadecTBa W300pakeHHl, YTO IOJE3HO IS
o0ydJeHusT MOJIeNIel TTPH OTPAaHMYEHHOM KOJIMYECTBE TAHHBIX.

Aneopummsl 83aUMO0eticmaus ¢ OKpysicaioujeli cpeoou

OTU aIrOpUTMBI MO3BOJIIOT poOOTaM B3aMMOJCHCTBOBATH C OOBEKTAMH B OKpY)KaloILeH
cpeze, TAKUMH KaK PacTeHUs, T0YBa U HHCTPYMEHTHI.

ANTOPUTMBI MAaHUTTYISITUN

Inverse Kinematics (IK) — wucmonb3yercss s YIpaBlieHHS MaHHIYIATOPaMH POOOTOB,
o0ecrieunBasi TOYHOE MTO3UIIMOHUPOBAHNE HHCTPYMEHTOB.

Force Control — no3Bomisier poGoTaM KOHTPOJIMPOBATH YCHJIME IPH B3aUMOICHCTBUU C
00BEKTaMH, YTO BAXKHO YIS ISIMKATHBIX 33Ja4, TAKUX Kak cOOp yposKkasi.

AJNTOPUTMBI 3axXBaTa

Grasp Planning — anropuTmbl NIaHUpPOBaHUS 3aXBaTa OOBEKTOB, KOTOPBIC OOCCIICYMBAIOT
HAJICKHBIN 3aXBaT U MEPEMEIICHHE 00HEKTOB.

Tactile Sensing — ucmonb30BaHWe TAKTUJIBHBIX MaTYMKOB JJISi OICHKMA CHJIBI 3aXBaTra U
MPEIOTBPAILCHUS TTOBPEXKICHHUS OOBEKTOB.

AJITOpPUTMBI KOOpAWHALIMH POOOTOB

B HekoTophIx cinydasx TpeOyercss KOOpAMHAIMS HECKOJBKUX POOOTOB JJIsl BBITIOJHEHHUS
CJIO’KHBIX 33/a4.

Swarm Intelligence — anropuT™Mbl KOOpAMHAIMK JCHCTBUN OOJBILIOTO YHCIa POOOTOB,
OCHOBAaHHbIE Ha MPUHIIUIIAX CAMOOPTraHU3AIUU.
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Task Allocation — pacnpenenenue 3amad Mexay poOOTaMU ISl ONTHMH3ALUU BBIOIHCHHUS
3aJJaHuH.

ROS (Robot Operating System) — obecneunBaeT CTaHAAPTU3UPOBAHHBIC CPEACTBA IS
oOMeHa JaHHBIMU U KOOPJIMHALNY JEHCTBUN MEXIAYy poOOTaMH.

Custom Communication Protocols — pa3paboTka cnenuaan3upoBaHHBIX TPOTOKOJIOB TSI
o0OecriedeH s HaIeKHOM U ObICTPON CBSI3M MEXKIY pOoOOTaMu.

ANTOPUTMBI yIpaBieHUs POOOTU3UPOBAHHBIMU CHCTEMaMH HIPAIOT KIIOUEBYIO pOJIb B
obecnieueHn U UX 3PPEKTUBHON PabOTHI B CEIHCKOM X03stiicTBe. COBPEeMEHHBIC METO/Ibl HABUTAIIWH,
[JIJAHUPOBAHUSI JBUKEHHS, OOHapyKeHUsI OOBEKTOB M B3aMMOJEHCTBHUS C OKpY)KalolIel cpenoi
MO3BOJISIIOT POOOTaM BBINONHSATH CIOXHBIE 337]a4d C BBICOKOM TOYHOCTHIO M 3(PPeKTUBHOCTHIO.
Pazpabotka u BHEJIPEHUE  TakUX  aJITOPUTMOB CIOCOOCTBYIOT aBTOMaTHU3aluU
CEITbCKOXO3SHCTBEHHBIX TIPOIECCOB, IMOBBIIMAS WX MPOU3BOJUTEIBHOCTh M YCTOWYHUBOCTD.
Hcnonb3oBaHue alropuTMOB MAIIMHHOTO OOYYEHHS: aJITOPUTMbl MAIMHHOIO OOYYEHHS MOTYT
OBbITh MCIOJIB30BAHBI IS aHaIM3a OOJBIIMX JAHHBIX U MOCTPOCHUS MOJENeH MPOTHO3UPOBAHUS
ypoxkaiiHocTH. [9]

I11. PazpaGoTka u cpaBHeHHMe Mo/eJieii TpaHcd epHOro 00yde HUsI /sl KJaaccud nKamun
COPHSIKOBBIX pacTeHMIi

[ToctpoeHne mojeneil MHOTOKITACCOBOM KiTacCH (PUKAIIMK MO KIacCH (MKAIMU COPHSKOBBIX
pacteHuit Tpex Bua0B. CTposATcs MoAenu TpaHchepHOro oOydeHHs ¢ UCIOJIb30BAaHUEM PA3THMUHbIX
ONTUMH3ATOPOB M IITyOMHBI HEHPOHHBIX ceTel. [10]

B monens Ob11 peanuzoBal mporiece oOydeHus u cozmanust VGG19, Ha OTKPBITBIX TaHHBIX
Ui oOydeHHs M s TeCTUpOBaHUs Obla oToOpaHa coOCTBEHHas 0aza JaHHBIX COPHIKOBBIX
pactenuii. Huxe Ha puc. 1 mpejacraBieHa y)xe peaM3oBaHHAs MOJAETb TpaHC(HEpPHOTro O00ydeHUs
VGG 109.

Hcnonw3oBan ontumusatop Adam co clioyKHOH apXUTEKTypoil HeiponHoii cetn VGG19.

B npornecce o0yueHus 1 BaauAALMU MOJIEIH JOCTUTHYTHI CIEAYIONME PE3YJbTaThI .

Training Loss - VGG19: 0.23580145835876465 Training Accuracy - VGG19:
0.9099039435386658.

Validation Loss: 0.22939671576023102 Validation Accuracy: 0.9327146410942078.

JlomycTMasi TOYHOCTh MOJIENIA Ha TECTOBBIX JAHHBIX HMEET CICAYIOIME XapaKTePUCTHKH .

Testing Loss - VGG19: 0.1325259506702423  Testing  accuracy-VGG19:
0.9489558935165405 , a B rpadguyeckoM MpeACTaBICHUN UMEET CICAYIONMN BU]T

Model Loss

Model Accuracy

0.6 4 —— Training loss 0.950
—— Vvalidation loss

0.925
0.5 0.900

0.875

0.850 -

Accuracy

0.825 1
0.3 4

0.800 A

—— Training accuracy
0.775 —— Validation accuracy

0.2 4

. . . . 0 2 4 6 8
0 2 4 6 8 Epochs
Epochs

Puc.1. Pe3yabrarsl peanu3zanuu MoJeJiM ¢ ONTUMHU3ATOPOM I'PAJHEHTHOTO CIIyCKa
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CONFUSION MATRIX OF

SORGHUM CROP, GRASS WEEDS AND BROADLEAF WEEDS-VGG19 800 4
258 130 10 0 ~030
ST 30.16% [EPENLD 009/u 025 -
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1.39% 32.71% 000 -0.15 o0

-0.10
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.
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Puc. 2. Pe3yabraThl TECTUPOBAHMSA MOJIEJIM U MATPUIIA MOIPeLHOCTE i

W3 peanuzanuy C JaHHBIM = ONTHMH3aTOPOM B TIPOICHTHOM COOTHOIICHHH MBI
NpoaBUHYINCH Brepen — 93,27% c oumOkoit moaenu, paBHoil 0.229396. MaTpuiia norpemmHocTei
nmokasala 1mo KaxJIoMy M3 COpHSKOB cieayronme konudectBeHHbie (130, 141, 138) u nporeHTHBIE
cooTHOMeHHs TpaBMIbHO (30.16%, 32,71%, 32.02 %) n HEMpaBHIILHO CIPOTHO3MPOBAHHBIX BUJIOB.
dopmupoBaHre OTYETa O KIacCH QUKAITMH JIJIsl TECTOBBIX JIaHHBIX U OTYET O KJIaccu GUKAIU COpro,
371aKOBBIX COPHSKOB U IMPOKOJMCTHBIX COPHSKOB MoKa3aHbl Hike (Jluctunr 1).

JIuctunr 1. Otyer o KIaccuUKAIIMKU U IIPOTHO3bI COPHIKOBBIX PACTEHUH.
CLASSIFICATION REPORT OF SORGHUM CROP, GRASS WEEDS AND BROADLEAF WEEDS-VGG19

precision recall Fl-score support

class @ 2.9559 B8.9286 a.2426 144
class 1 2.8981 @8.95592 @.92786 147
class 2 1.a8ad B8.9583 @.9787 144
accuracy a.2428 431
macro avg 2.9513 @.9487 @.9495 431
weighted avg 2.95a8% @.949a @.9494 431

Peanu3zanus ganHoro TpancgepHOro MeToa nana cieayronme pesyaprarsl. [Ipu oOyueHun:

Training Loss-DenseNet: 0.1905616819858551, Training Accuracy-DenseNet:
0.97052001953125, Validation Loss-DenseNet: 0.6737912893295288 Validation Accuracy-
DenseNet: 0.950116038322448.

[Ipu TectupoBanuu moaeiau DenseNet:

Testing loss-DenseNet: 0.5315023064613342,

Testing accuracy-DenseNet: 0.94199538230896.

Model Loss-DenseNet Model Accuracy-DenseNet

— Training loss

—— Validation loss
124

1.0

0.8

Loss

0.6 4

0.4

Training accuracy-DenseNet
Validation accuracy-DenseNet

0.24

0 1 2 3 4 s 6 7 o 1 2 3 a M & 7
Epochs Epochs

Puc.3. Puc.4.

Puc.3, 4. Buzyaauzauusi o0y4yenust moaesim DenseNet Ha jaHHbIX 00y4yeHuUst

PesynbraTel TecTHpOBaHUS MOJCIHN ISl TPEX BUIOB COPHSIKOBBIX PACTEHUM U MaTpHUIla
MOTPEIHOCTEN.
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Puc. 5. O6yuenune monesn. Tounocts u oumoKa

3akiarouenue. Bueapenue TOUHBIX U 9(O)EKTHBHBIX aJrOPUTMOB B CUCTEMaX
KOMIIBIOTEPHOIO 3PEHUSI OTKPHIBAET HOBBIE BOBMOXHOCTH IS aBTOMATH3ALUH CEIBCKOTO
xo3sicTBa. TouHble U A3(PEeKTUBHBIE aITOPUTMbI 00pabOTKN M300paKEHUH MTO3BOJISIOT MOBBICUTH
YPOKaWHOCTb, COKPATUTh 3aTPaThl HA PECYPChl U CHU3UTh HETaTUBHOE BO3ACHCTBUE HA
OKpYKalolllyto cpeay. PazBuTue u coBeplieHCTBOBAHNE JAHHBIX TEXHOJIOIUH B Oy/IyIieM IO3BOJIUT
€O3JaTh MOJHOCTHIO aBTOHOMHBIE POOOTU3HPOBAHHBIE CUCTEMBI, CIIOCOOHBIE YPPEKTUBHO
BBINOJIHATH IIUPOKUH CIIEKTP CEIBCKOXO3AMCTBEHHBIX 3a/1a4.
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AWJIOOYYHYH KOOIICY3AYT'YH KAMCBI3/I00 YUYH KOMIBIOTEPIUK KOPYY
BIKMAJIAPBIH KOJIJIOHYY
HUCIIOJIb30BAHME METO/IOB KOMIILIOTEPHOI'O 3PEHMS JJIsS1 OBECIIEUEHUSI
BE3ONACHOCTH BOJUTEJIS
USING COMPUTER VISION METHODS TO ENSURE DRIVER SAFETY

Kbickaua myHe3nemMe: Makanaga 4apuyooro OallaHBIITYYy KbIPCBIKTAPIBIH AJNJIBIH alyy
YU4YH aiI00uyHyH aOalblH Ke36MeJIeeHYH 3amaHOam bIKMalapbl KapajaT. DH HaTbliKalyy
BIKMaJIapJblH OUMpHU - Kamepasjap/bl KaHa CEHCOPJIOPAY KOJJAOHYY MEHEH Ko3IyH alaiblH *aHa
KeIMBITBIH  Ko3emenaee. OpenCV kxana dlib kuTenkaHamapblHa HETH3AENTEH CYpPOTTOPIY
UINTETYY alTOPUTMACPU TANKYyTaHAT, anap KO3y HPMEN KYMYYHYH Y3aKTHITBIH JKaHa Ke3
KapallTblH OarbIThIH peanyy YOakbIT peXKMMHUHJAE TaJlJ00ro MyMKYHAYK Oeper. Cyperrepay
UIITETYYHYH MaTeMaTUKAIbIK MOJENU, OIOHON 3Ji¢ Yapy00 aHBIKTOOJ0 ONTHUKAJIBIK arbiM >KaHa
MalMHAJIBIK YUPOHYY AJITOPUTMACPHUH KOJIIOHYY CypeTTeneT. Makaiaia ailJoO4yHyH 4ap4uOOCYH
aHBIKTOO CHCTEMAChlH HIIKE albIpyydy MpOrpaMMaiblK KOJ, aHbIH HYMHAE YH O3CKEepPTYY4dy
CUTHAJIZIAp MEHEH MHTETPaIUsIIo0 CyHyIrranar. byn TexHonorus aiIo04yHyH KOHYI OypyyCYHYH
HayapiallblHAH YJaM KeJUIl YBIKKAH KbIPCBIKTApAbIH TOOOKEIJAWTHH Aa3aiTyy MEHEH >KOJI
KOOIICY3YTYH >KaKIIBIPTyyra CajbIM KOIIOT.

AnHOTanms: B crarhe paccMaTpuBaroTCs COBPEMEHHbBIE METO/IbI MOHUTOPUHTA COCTOSHUS
BOJUTENS C LIENbI0 MPEJOTBpPAICHUS aBapuil, BBI3BAHHBIX ycTajlocTbio. OIHUM M3 Hauboisee
3¢ GEKTUBHBIX MOJIXOJO0B SBJISETCS KOHTPOJIb TMOJIOKEHUS U JIBUXKEHMS TJIa3 C HCIOJIb30BaHUEM
KaMmep U ceHcopoB. PaccMaTpuBaroTcs aaropuTMbl 00paboTKu M300pakeHU Ha OCHOBE OMOIMOTEK
OpenCV wu dlib, no3ponsitonme B pealbHOM BPEMEHM aHAJIU3UPOBATH YAacTOTy MOPIaHMUS,
MPOJIOJKUTENIBHOCTh 3aKPBITUS TJIa3 W HampaBlieHHe B3rsAa. OmMuchIBaeTCsl MaTeMaTH4ecKas
MoJIenb 00paboOTKH H300paKEHUM, MPUMEHEHHE METOAa ONTHUYECKOTO IOTOKA U aJTOPUTMOB
MallMHHOTO O0ydeHus JUIsd pacro3HaBaHMUs MPU3HAKOB YCTAIOCTH. B crarbe mnpencraBieH
MPOTPaMMHBIH KOJ|, peaslu3yIO M CUCTEMY JAETEKIINU yCTaTOCTH BOAUTENS, BKIIOYas HHTETPALIUIO
CO 3BYKOBBIMH CHUTHAJIAaMH NpPEAYNpexKIeHUs. JlaHHAs TEXHOJOTHS CIIOCOOCTBYET MOBBILICHHIO
0€30I1acCHOCTH JIOPOKHOTO JIBM)KEHMS, CHHWKasi PUCK aBapuil M3-3a IOTEpPH KOHI[EHTpaLUu
BHUMAaHU S BOJUTEIIS.
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Abstract: This study examines modern methods for monitoring a driver's condition and
analyzes fatigue detection systems to prevent road accidents. Monitoring the driver's eye state and
movement is one of the most effective approaches. Image processing algorithms based on OpenCV
and dlib libraries are utilized to analyze blink frequency, eye closure duration, and gaze direction.
The research incorporates mathematical models of image processing, optical flow, and machine
learning algorithms. The article presents software code implementing a driver fatigue detection
system, including integration with warning sounds. This technology enhances road safety and helps
reduce accidents caused by driver fatigue.

Herusru ce3ep: aiinoouynyH abanbsi kezemennee; OpenCV; dlib; ManmHaneik yitpenyy;
ONTHKAJIIBIK arbIM; CYPOTTY HINTETYY; YKOJ KOOIICY3/YTY.

KawueBble cjoBa: MoHuTOpuHT coctostHus Boautens; OpenCV; dlib; mammuaHOE
oOydeHue; ONTHYECKUH MOTOK; 00paboTka n300pakeHui; 0€3011acHOCTh Ha JJOpore.

Keywords: driver condition monitoring; OpenCV; dlib; machine learning; optical flow;
image processing; road safety.

Kupumyy. 3aman0an TexHosorusiap o KbIMBUIBIHBIH KOOIICY3/1YTYH KaMCBhI3/I00/10 YOH
poJib OMHOUT. KON KbIPCHIKTApPBIHBIH HETU3TW CeOCNTEpHUHUH OWMpH Oy aiI00UyHYH 4apuoocy
Oomyn scenteneT. byn e3reue y3ak KOJITo YbIKKaH aigo0dyrnap, TYHKYCYH HINTETEHIEp TaKCH
KbI3MaThIHJArbl aiijoouynap Y4yH YOH KOPKyHYY >Kaparar.

Xon KbeIpCHIKTaphlH alJblH alyy MakcaTblHJa alI00YyHYH alaiblH peannyy yOaKbITTa
KO36MOJIIoW TypTaH aKbUIILYy CUCTEMAlap U IITEeNUIT YbITYyAa. JH HAThIHKAITYy bIKMalapIslH OUpu
OyJl KOMIOBIOTEPJIUK KOPYYHY KOJJIOHYI, aliJTOOYYHYH KO3YHYH KBIMMBUIBIH XKaHAa WPMEIHIIH
Ke3eMeI1ee. Makasaia ONTHKAIBIK arbIM KaHa Xaap-KacKaJJapblH KOJJOHYY bIKMaiapbl Kapajar.
ONTUKATBIK arbIM BIKMAchl BUJCOKAAPIAP apachbIHIArbl ©3TepyYyJaepAy aHBIKTOOTO MYMKYHIYK
Oepur, aliJOOYyHYH KO3YHYH KBbIMMBUIBIH TaJJ00A0 KOJAOHYNAT. Ay 3Mu, Xaap-KacKaalapbl
KY3IYH KaHa KO3IyH HETM3TM UEKUTTEPUH AaHBIKTOO Y4YYyH KOJIOHYIYH, pealayy YOaKbIT
PEKUMUH/IE Al TOOUYHYH KO3YHYH a0ajblH TaK aHBIKTOOTO IAPT TY3OT.

byn makanama aioodyHy 4apyoOCYH aHBIKTOO YYYH MAIIMHAIBIK YHPOHYY BIKMaJIaphbl
JKaHa ONTHKAIBIK arbiM MeToanopy KamreuiraH, OpenCV sxana dlib xuTenkananapblHBIH
HETU3WHJC WINTEINI YbIKKaH, aiiIOOUYYHYH KO3YHYH abOajblH KO30MeNIen, KepeKTYy ydypAa YH
CUTHAJIBI apKbLIYYy 3CKEepTYY Oepe TypraH mnporpaMma CyHyILTanar.

Ke3zeme1160 cucTeMachlH MINTEN YbITYy. DOMHU KOTOpYIarbl bIKMadapibl KOJIOHYY
MEHEH, YHaaHbl aiijan OapaTkaHAa alJoOYyHYH YKTalm KeTYycyH OonTypOoo MakcaTbiHAA
allZIoOUyHYH KO3yH MOHUTOPHUHI KbUITaH MPOTpaMMaHbl TY3YY >KOJIYH TOMOHJI® Kapall Kepedy.
bupuHuUMIeH KePEeKTYY KUTENKaHAIap bl UMIIOPTTON analbI3:

import cv2

import dlib

import time

import numpy as np

from scipy.spatial import distance

from playsound import playsound

Ke3nyH upMenuimy ke3eMeiee YUyH *KaHa blpaaTrTyy KaJpiapblH CaHbIH aHBIKTAIl YIYH
e3repMeIIepy >Kaphbisiialn, ajapra Oamranksl MaaHUJIEpAn bIirapaobIs.

EYE_AR_THRESH =0.25

EYE_AR_CONSEC_FRAMES =20

COUNTER =0

ALARM_ON = False

XKoropymaret COUNTER e3repmecy ke3nepayH KyMYJITaH KaapiapblH ICENTOO YUYH al
smu, ALARM_ON e3repmecy cUrHaabIH Kalipa UINTETHJIUIIMHE KON 0ep0ee y4yH KOJIIOHYJar.
Oxcnepumentanabik Typae EYE AR THRESH e3srepmecyne 0,25 maanucu 6epruren. byn maanu
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ap KaHI[aﬁ KbIpJaaJiaapaa AHAJIN3ICHUII JKaKIIbI HIITEN TYpPTraHAbII'bI dHBIKTAJII'aH.
EYE AR CONSEC FRAMES maanucu na s3kcriepuMeHTalIbIK Typae 20re Korouy - arep azam
20 xamp kaTapsl MeHeH ke3yH jkymca, curHan umreiiT. EYE AR THRESH kenemyn azaiityy
MEHEH JIETEKTOPJY CE3TUUMPIIK KBUIBIN K€ TECKEPUHCHYE aHbl KOOOWTYY MEHEH CE3rMYTHUTHH
a3alTHII cajica OOJIOT.
JKy3ayH AeTeKTOpIOpYH >Kaphlsiaiiobls.
face_detector = dlib.get frontal face detector()
landmark_predictor = dlib.shape predictor(“shape_predictor_68 face landmarks.dat™)
# KaMepasiaH BUJI€0-arbIMJIap/ibl KaObLT anadbl3
cap = cv2.VideoCapture(0)
while True:
# KaJpaapJIblH CaHbIH CAHOO
ret, frame = cap.read()
if not ret:
break
gray = cv2.cviColor(frame, cv2.COLOR_BGR2GRAY)
faces = face_detector(gray) # xaappaarsl >xy3ay TaaHyy
for face in faces:
# JKY3AYH HCTHU3I'M YCKUTTCPHUH aHBIKTOO
shape = landmark_predictor(gray, face)
shape = np.array ([(shape.part(i).x, shape.part(i).y) for i in range (68)])
left_eye xana right_eye esrepmenepyH Ty3ym Oyn 3Kd MaaHWHUH HETU3WHIC CBKIHIIMK
apajbIKTapblH, OIIOHJOW 3Ji€ KO3AYH KOOpJMHATalapblH aHbIKTaiOb13. Ke3nyH mpomnopuusicbiH
acenTee PYHKIHUACHIH TY300Y3 KBIMBIHTHIKTHI KA TapaObI3
left_eye =shape [42:48]
right_eye =shape [36:42]
left_ear =eye aspect ratio (left_eye)
right_ear =eye aspect ratio (right_eye)
ear = (left_ear + right ear) /2.0
# Ke3ayH ®KyMynyllyH TeKiepeOus3 >kaHa YH CUTHAJIBIH UITeTeOn3
if ear < EYE_AR_THRESH:
COUNTER +=1
if COUNTER >= EYE_AR_CONSEC_FRAMES:
if not ALARM_ON:
ALARM_ON = True
playsound("alarm.mp3")
else:
COUNTER =0
ALARM_ON = False
# Buzeo-areiMaap bl frame re ubirapyy
cv2.imshow("Frame"”, frame)
# IIporpaMmasiad 4bIryy Y4YH '(' OacCKbIYbIH Oacyy
if cv2.waitKey(1) & OxFF == ord("q"):
break
cap.release()
cv2.destroyAllWindows()
Koropky mporpammana, dlib kuTenmkaHackl alJO0YYHYH KO3YHYH KOOPAWHATTAphIH
aHBIKTOO Y4YH, an 3Mu OpenCV KuTenkaHachl KaMmepagaH KEITeH BUEO-arbIMAapibl MINTETYY
y4yH, scipy.spatial.distance ke3ayH HPMEIUIIMH dCeNToO YuyH, Playsound yH cHrHAIBIH HINTETYY

Y4YH KOJIZOHYJIZY.
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Kopyrynay. byn wunme aiijoouyHyH aOajiblH Ke36MeJIZI®OHYH 3aMaHOal bIKMajaphbl
KapaJibll, >KOJI KbIPCBIKTAPBIH aJJIbIH allyy MaKcaTbhlHJAa aiJIo0YyHYH YapuyOOCYH AaHBIKTOOH YH
MaaHWIYYJIyTy Oaca Oenrunenin. OH 3¢GdeKTUBAYY bIKMaIapablH Oupu Oyl KOMIBIOTEPIUK KOPYY
TEXHOJIOTUSIAPBIH KOJIOHYI, aliIOOUYHYH KO3YHYH alOalblH Ke3eMeu1ee. AJT00YyHYH Ke3YHYH
KbIMBUIBIH jkaHa abayiblH Tak aHbIKT00 YuYH OpenCV jxana dlib xuTenkaHamapbl TaHAaIbl.

Wiike ambIpplIraH cUCTeMa, KaMepa apKblIyy alJIoOuYyHYH KO3YH KO30MeIJell, UPMEIYY
BUIAAMIBITBIH KaHA KO3AYH XYMYIYI Typyy YOaKTBICBIH TalfailT. Orepae uyapyoo Oenruiepu
Oaiikasica, YH CHTH&Jbl apKbULyy aiijoouyra 3ckepTyy Oepusier. MbIHIail cucremanap
aifI00vyJapAbIH Yap4yaraHbIHAH KEJWIT YBIKKAH KBIPCHIKTApAbl ANJBIH allyya MaaHWIYY POJITY
OMHOMT.
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AHIJIMC TUWINH OKYTYYJA KACAJIMA UHTEJVIEKTTU KOJIAOHYY:
AKEKEJIEHITUPYY KAHA AJAIITAIUAJTIOO
IMPUMEHEHHUE MCKYCCTBEHHOI'O MHTEJ/IVIEKTA B OBYYEHUU
AHTJIMUCKOMY S3bIKY: EPCOHAJIM3AIIAA U AJAIITUBHOCTD
APPLICATION OF ARTIFICIAL INTELLIGENCE IN ENGLISH LANGUAGE
TEACHING: PERSONALIZATION AND ADAPTABILITY

Kpickaua myHe3neme: Makana aHIIMC THIMH OKYTyyla jKacaiMa HWHTEIUICKTTH
(KM) (Al) xomnmonyyra, aHbIH NEPCOHAIANITHIPYYHYH, TUIAT(GOPMaHbIH BIHTAHIANIYyCyHa
)KaHa KalTapblM OailJIaHBIIIBIH JKAKIIBIPTYYHYH apThIKUbLIBIKTAPBIH TAJI00TO apHAJIraH.
buum  Gepyy kommornmonopyHaa Al HMUTWIMKTYY KONJIOHYYHYH MHUCAIIapbl Kapasbll,
AITOPUTMIMH  TAKTHIThI, MaaJlbIMATTAPAbIH  KYINYSUIYYJAYTry JkKaHa TEXHOJIOTHsUIapIbI
OKYYy4YJap/blH JICHIDIJIMHE bUIAHBIKTAIITBIPYY 3apbUTYbLIBITEI TAJIKyyJdaHaT. M yraaumanH
poiy jkaHa OuiIMM OEpPYYHYH JKCTKIJIMKTYYJIYTYH jKaHa aHbl MNaiilalaHyyHYH STHKACBhIH
)oropynaryy YuyH AWHM MBIHJaH apbl ©HYKTYPYYHYH IepClieKTHBaIapbl Oaca OCNTHIICHTCH.
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AnHotammsi: CTaThsl MOCBSIICHA PUMEHEHUIO HCKycCTBEeHHOTO nHTeiwekra (M) B
00y4eHHH aHTIIMKCKOMY SI3bIKY, aHAJIHU3Y €TO TPEUMYIIECTB — IIEPCOHAIU3AINH, 3IalITHBHOCTH
wiaTpopM H YAYYIICHHUIO OOpaTHOW CBs3M. PaccMaTpuBalOTCS MPUMEPHI  YCICIIHOTO
ucrnonb3oBanus M B 00pa3oBaTeNbHBIX MPHUIOKECHUSAX, a TaKKEe OOCYKIAIOTCS MPOOIEMbI
TOYHOCTH aJTOPUTMOB, KOH (HJICHIIMATbHOCTH JAHHBIX W HEOOXOJAMMOCTH aJamlTaluu
TEXHOJIOTHH TIOJ] YPOBEHBb CTyneHTOB. [lomdépkHyra poyib TpernojaBareliisi U MepCreKTUBBI
nanpHermero pazButus MW 11 MOBBIEHUS TOCTYITHOCTH OOpa30BaHUS W ATHYHOCTH €ro
PUMCHCHHSIL.

Abstract: The article is devoted to the use of artificial intelligence (Al) in teaching
English, analyzing its advantages of personalization, platform adaptability and improving
feedback. Examples of successful use of Al in educational applications are considered, and the
problems of algorithm accuracy, data privacy and the need to adapt technologies to the level of
students are discussed. The role of the teacher and the prospects for further development of Al
to improve the accessibility of education and the ethics of its use are emphasized.

Herusru ce3mep: ’kxacaiMma HHTEIUIEKT; aHUIMC TUIUH OKYTYY; OKYy MpOIIECCHH
MePCOHANAAITHIPYY; OunuMm Oepyy TutatdopmanapblHbIH bIHTaimamyycy; KM ounum Oepyy
YOHPOCYH/I0; OKYTYYHYH 3aMaHOAIl bIKMalaphl; CAHAPUIITUK TEXHOJIOTHSUIAP; YET THIIICPUH
YHpeHYy1e 3JeKTPOHIYK KbI3MaTTap.

KuroueBble c/10Ba: WMCKYCCTBEHHBIM WHTEIUIEKT; OOy4eHHWE AHIIIMICKOMY S3bIKY;
NepCOHANTM3aIMsl yIeOHOTro TpoIlecca; alanTHUBHOCTh 00Opa3oBaTenbHBIX miardopm; WU B
o0pa3oBaTeNbHON Cpele; COBPEMEHHBbIE METOAbl O0yueHUus; UH(POBbIE TEXHOJIOIUU;
DJIEKTPOHHBIE CEPBUCHI B U3yYCHUH HHOCTPAHHBIX S3bIKOB.
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CoBpeMeHHbIE TEXHOJOIMHM OKa3blBAIOT 3HAYUTEIBHOE BIMSHHE Ha Pa3BUTHUE
o0Opa3oBaHus, BKIIOYas 00ydyeHHEe MHOCTPAHHBIM si3blkaM. OJTHUM U3 CaMbIX MEpCHEeKTUBHBIX
HaIlpaBJICHUI B 3TOM 00jacTu SBJISETCS MCIOJIb30BAHME MCKYCCTBEHHOro mHTemiekra (M),
KOTOPBIM MPENOCTaBNIeT YHUKAIbHBIE BO3MOXKHOCTH JUISI CO3JaHHUS QJallTUBHBIX U
NepCOHATM3MPOBAaHHBIX 00pa30BaTeNbHBIX MporpamM. B nocnennue aecsrunerus MU akruBHo
NPUMEHSETCSI B Pa3NUYHBIX cdepax KU3HU, BKIOYas OOydeHHE, INe €ro BO3MOXKHOCTH
HaIIPaBJICHbI Ha ONTUMH3ALMIO ITpoOLiecca YCBOSHM S MaTepHalla, OBbIIeHNEe 3PPeKTUBHOCTU U
BOBJICYEHHOCTH Y4JaIMXCS.

OOyueHue aHDIMICKOMY SI3BIKY SIBIISIETCSI OJHOM W3 TNPHOPHUTETHBIX OOJacTeit
npumenenns MU, nockonbky mobanu3anus U pocT MEKAyHApOAHbBIX KOMMYHUKALIUHM TpeOyroT
OT CTYIEHTOB BBICOKOTO YPOBHS SI3bIKOBOM IOJTIOTOBKH. B CBSI3M € 3TUM MOSBIIAIOTCS HOBbBIE
MOAXO/Ibl, HANPaBJIEHHbIE HA MEPCOHANIM3AIMI0 O0y4eHUs U €ro ajanTalio K MOTpeOHOCTIM
kaxxaoro cryneHta. MM mpenocTtaBiiseT BO3MOXKHOCTH M peaqM3allid TaKuX IIOJXOJIOB,
oOecrieunBasl AMHAMHYECKYI0O HAaCTPOHKY 00pa3oBaTeNbHOIO Ipoliecca, YydllieHHne 0OpaTHON
CBSI3U U OJIEPKKY Ha KayKIOM 3Tarie 00ydeHusL.

llenpto naHHOM cTaTbU SBISAETCA PACCMOTPEHUE MPUMEHEHHS MCKYCCTBEHHOIO
MHTEJJICKTa B 00y4eHUHU aHIIIMICKOMY SI3bIKY Yepe3 MPU3My NEepPCOHATU3AIUU U aJallTUBHOCTH.

B ycnoBusx cTpeMHUTENBbHOTO pa3BUTUSI LU(PPOBBIX TEXHOJOTUM M TpaHCchopMauu
oOpa3oBaTenbHON cpeabl nckyccTBeHHbIM uHTemnekr (M) 3anmmaer Bcé Oosiee 3ameTHOE
Mecto B mporecce o0ydeHHus. OCOOCHHO aKTyalbHBIM CTaHOBHUTCS €r0 INMPHUMEHEHHE B
MPENOIaBAHUY MHOCTPAHHBIX S3bIKOB, B YACTHOCTU AHMIIMICKOTO, KaK IMI00aibHOIO CpeAcTBa
MEXKYIbTYpHOH M mnpodeccuoHanbHOM KomMmyHHMKauuu. CoBpemenHsle HH-cucremsl
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CIIOCOOHBI HE TOJBKO aBTOMAaTH3UPOBATh OTAEIbHbBIE aCIEKThl 0Oy4EeHHUs], HO U 00ecreunBaTh
BBICOKUI YPOBEHb MH/IMBUAYAIN3aLUH Y4eOHOTO mpolecca.

[lepconanu3anus 1 afanTUBHOCTh — JBa KIIOUYEBBIX HampaBiieHHs, B KoTopbix WU
JEMOHCTPUpPYET HAuOOJbIMH MOTEHIUAI. OTHU TOAXOAbl IMO3BOJSIOT YYUTHIBATh YPOBEHBb
3HAHUU, TEMIT OOY4CHH S, CTUITb BOCIPUATHS MHGOPMAIINU U Ja)Ke IMOIMOHAIBHOE COCTOSHUE
oOyJaromerocsi. biarogaps atomy co3narorcst yenoBus it 0osiee 3pGeKTUBHOTO, THOKOTO H
MOTUBHPYIOLIETO H3Y4EHHUS AHDIMKUCKOTO sI3bIKa. ODTHU MOAXOMAbl MPEINOJararT OTXO0J OT
eIMHBIX JUISI BCEX yJalMXCS METOAMK U Tepexoa K TakuM (opmaTtam, rae yueOHbIH mpoiecc
BBICTPAUBAETCS ¢ Y4ETOM MHAMBHUAYaJIbHBIX OCOOEHHOCTEH, MOTPEOHOCTEN M MpeArnoYTeHuUi
00y4aeMoro.

[lepconanu3anust o0O0y4eHHUS OCHOBBIBACTCS Ha UJE€ CO3MAaHUSA YHUKAJIBHOTO
00pa30BaTeNbHOIO MapUIpyTa JAJIs KaXK/I0TO YYEHUKA, YTO B KOHTEKCTE U3Y4EHUsI aHITIMHCKOTO
S3bIKa MOXET BBIPAKAThCs B MOJ0OOPE YMPaXHEHHH COOTBETCTBYIOLIETO YPOBHSI CIOXKHOCTH,
BBIOOpE TeM, ONU3KUX MO MHTEpecaM, MJIM B KOPPEKTUPOBKE METOJOB MOJAuu Marepuaia
(HampuMep, HCIOJIb30BaHUWE BU3YalbHBIX, AyAWAJIbHBIX WJIM HHTEPAKTHUBHBIX (OPMATOB B
3aBUCHMOCTH OT MPEANOYTEHUH CTYICHTA).

AanTUBHOCTH, B  CBOI  OYepelb, MpeAcTaBisieT  co0Ol  CIOCOOHOCTH
00pa30BaTEeNbHON CHUCTEMBl M3MEHSTh COJEp)KaHUE, CIOKHOCTh MJIM TEMI OOy4eHHs B
pEaIbHOM BPEMEHU B OTBET Ha YCIEXU WJIM 3aTPyJHEHUs CTyAEHTAa. AaNTUBHBIE TEXHOJIOTHHU
MIO3BOJISIFOT BBISBJIATH CIa0ble U CUIIBHBIE CTOPOHBI 3HAHUM, ONIEPAaTUBHO BHOCUTH KOPPEKTHB bl
U TMOAJEPKUBATh ONTUMAIBHBIM ypoBeHb MoTHBanMU. OO0e KOHIEMIMH TECHO CBSA3aHBl U
YCHJIMBAIOTCS TPH MCIONb30BaHUM LU(POBBIX TexHOJOTHH. OJHAKO HMX peanus3auus B
TPaJMLIMOHHON MeIaroruke CTaIKUBaeTCs C OrPaHUYEHHUSIMU: O0JIbIIIOE KOJIMYECTBO YUEHUKOB,
OTpaHUYEHHBIE PECypcbl BPEMEHHM U  CIOKHOCTU  JMArHOCTUKM  WHJAUBUIYaJbHbBIX
norpebHocTel. Mmenno 3aece MU HaumHaer wurpaTh KIIOYEBYIO pPOJib, HPEIOCTAaBIISSA
MHCTPYMEHTHI JUIsl TOYHOTO aHajliu3a MOBEACHUS ydyalllerocs, JMHAMHUKU Mporpecca U BrIOOpa
ONTUMAIbHBIX CcTpaTeruii oOydeHus. Takum o0pa3oM, NepcoHalu3anus M aqalTUBHOCTb
dopmupyroT (GyHIAMEHT, Ha KOTOpPOM CTpouTcs d(pQeKTHBHOE U THOKOe OOydeHHe
aHIJIMICKOMY SI3bIKY, @ HICKYCCTBEHHBIN MHTEIEKT CTAHOBUTCSA TEM MHCTPYMEHTOM, KOTOPBII
JieNiaeT pean3alyio 3TUX MPUHIMIIOB MPAKTUUECKH BO3MOXKHOMN J1a)kKe B YCIOBUSX MaccOBOTO
o0Opa3oBaHUsI.

Pa3BuTue TEXHONOrMH HCKYCCTBEHHOTO WHTEUIEKTAa OKa3blBAa€T 3HAYMTENLHOE
BJIUSHUE HAa METObl M3y4E€HUs MHOCTPAHHBIX S3bIKOB. B mocienHue rofsl mosiBiseTcs BCE
Oosb1e 1M PPOBBIX MHCTPYMEHTOB, KOTOPHIE UCHOJB3YIOT aJTOPUTMBI MAIIMHHOTO 00 Y4eHHSI.
OpaHuMm 13 Haubosee SIPKUX IPUMEPOB SBJISIETCS UCIIOJIb30BAHUE 4aT-00TOB Ha 0a3e SI3bIKOBBIX
mogneneit, Takux kak ChatGPT. Takue cucrembl CcHocoOHBI MOANEPKUBATh TUAIOT Ha
AHTJIIMACKOM  sI3bIKE, TPEAOCTABIATH  OOBSICHEHHUS  IPAMMATUYECKUX  KOHCTPYKIUH,
KOPPEKTUPOBAaTh OUMOKM M JaXe BBICTYNAaTb B pPOJM coOeceqHUKa JUIl TPEHUPOBKH
PasrOBOPHBIX HABBIKOB. [IpyruM Ba)KHBIM HaIlpaBJCHHEM SBIISETCS afalTHBHOE OOydueHHE Ha
oOpaszoBarenbHbIX MuaT@opmax. Cepsucel Bpoae Duolingo, LingQ mmu EWA ucnons3yror
AJITOPUTMBI, KOTOpPBIE AaHAIM3UPYIOT MOBEACHUE I0JIb30BATENsl, HalpUMep, Kakue 3alaHus
BBI3BIBAIOT TPYAHOCTH, Kak ObICTPO YCBAMBAETCsI HOBBIA MaTepual, 1 Ha OCHOBE THUX JAHHBIX
MOJ0OUPAIOT KOHTEHT, COOTBETCTBYIOIMU YPOBHIO M TpOrpeccy CTyaeHTa. Takum oOpazom,
dopMupyeTcsl yHUKaJIbHAasl TPAEKTOPUsI 00 ydeHHUsI, KOTOpasi MOJICTPAauBaeTCs M0, KOHKPETHOIO
yenoBeka. KpoMme Toro, akTuBHO pa3BHUBAIOTCA MPUJIOKEHUS JUIsl YIIYUIIEHUS IPOU3HOIICHMUS,
takne kak Elsa Speak, mcrnonp3yromnme TEXHOJOTHH PACIO3HABAHUS PEUU M aKyCTHYECKOTO
a"anmu3a. Tarke ciaeqyeT OTMETUTh IPaMMAaTHYECKHE U CTUIIMCTHUYECKUE IOMOIIHUKU, TaKue
kak Grammarly umu Quillbot, xoTopble aHATM3UPYIOT TEKCTHI HA AHTIUHCKOM S3BIKE H
[Ipe/araloT He TOJIBKO HCIPABIIEHUS, HO U OOBSICHEHMS, YTO CIOCOOCTBYET (GOPMHUPOBAHUIO
IPaMOTHOCTHM M MCbMEHHOW KOMIETeHUMH. [lepcoHanu3anus — oJMH U3 KIOYEBBIX (PAKTOPOB
NOBBIIICHUST 3(D(PEKTUBHOCTH OOy4EHHS] MHOCTPAHHOMY SI3bIKY. VICKYCCTBEHHBIN HMHTEIUICKT
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OTKPBIBAET HOBBIE BO3MOXKHOCTH [UIsl €€ peanu3alluu, Mpeiaras UHCTPYMEHThI, KOTOPBIE
YUYUTBHIBAIOT WHJUBUAYAIbHbIE XapaKTEPUCTHUKH OOydaroumXxcss U (GOPMHUPYIOT YHHKaJbHBIN
o0pazoBarenbHbId MapmpyT Ui Kaxkaoro. OaHuUM u3 Hauboyiee 3HAYMMBIX MEXaHW3MOB
nepcoHanuzanuu ¢ npumeHenueM WU sBisercs nuarHocTHka S3bIKOBOTO YpOBHS. BaknHo
OTMETHTh U POJIb MEPCOHATM3UPOBAHHON 00paTHOIl CcBs3u, mpenoctaBisiemMoir MU B pexume
peanbHOTO BpeMeHu. Hanpumep, si3pIKOBbIE MOJIENN MOTYT HE TOJIBKO yKa3bIBaTh HAa OIMOKU B
MUCbMEHHOW pe4H, HO U OOBSICHSTH UX C YUYETOM YpOBHS 3HAHUN oOydarolerocs, mpeaaras
MOHSTHBIE U JIOCTYIHBIE PEKOMEHAAINN. DTO CHUKAET YPOBEHb (DPYCTpaIllMu M COCOOCTBYET
aKTUBHOMY CaMOCTOSITeJIbHOMY 00ydeHut0. TakuMm o0pazom, nepconanuzaius ¢ nomoipo A
HE TOJBKO JeNaeT MPOIECC H3Y4eHUsI aHTIUMUCKOTo s3pika Oonee 3(PQPeKTUBHBIM, HO U
CIOCOOCTBYET pa3BUTHIO aBTOHOMHOCTH ydallerocs, GopMHUpPYs YBEPEHHOCTh B COOCTBEHHBIX
CUJax ¥ yCTOWUMBBIM HHTEPEC K OOYYEHUIO.

AnantuBHOe oOydyeHUE NpeACTaBiseT co00il MHaMUYHYO (QOpMY OpraHu3aluU
y4eOHOro Ipolecca, IpU KOTOPOH coJepkaHue, CTPYKTypa M TeMI I0Ja4d Marepuana
M3MEHSIIOTCS B 3aBHCHMOCTH OT MOTpeOHOCTeM M MoBelaeHUs] oOywaroierocs. B ocHoBe
alalTUBHOCTH JIEXKHUT MCIOJIb30BAaHUE aJTOPUTMOB, CIOCOOHBIX OTCIIEXKHBATh IMPOTPECC
Y4EHHKa 1 MTHOBEHHO pearupoBaTh Ha BO3HUKAIOLME TPYIHOCTH. B 00ydeHnun aHmmiickoMy
S3bIKY TaKUE€ TEXHOJIOTUU CTAHOBSITCS OCOOCHHO IIEHHBIMH, MOCKOJIBKY SI3bIK — 3TO CIOXKHAs
MHOTOKOMIIOHEHTHAasl CHCTeMa, TpeOyroIas peryispHOd NpPakKTUKM H CBOEBPEMEHHOIO
BMEIATENICTBA B Cily4ae oUMOO0K. OTHUM U3 INIaBHBIX HHCTPYMEHTOB a/lalTUBHOTO 00y4eHU s
SBIIAIOTCSA CHUCTEMbl aHanu3a ydeOHOH AesrenbHOCTH. OHU cOOMpAIOT JaHHBIE O ACHCTBUSIX
10JIb30BaTeNs (BpeMs BBITIOJIHEHUS 33JaHH i, YacTOTa OMIMOOK, TUIIBI HEMTPaBUIbHO PEIIEHHBIX
YIpaXXKHEHUH ), 1OCJIe YeTro Ha UX OCHOBE IIPOMCXOIUT aBTOMAaTHYECKasi HaCTPOMKa MPOrpaMMbl
oOydyeHusi. DTO TMO3BOJSET HCKIIOYUTh IIOBTOPEHHE YXKE OCBOCHHOIO MarepHaia u
COCpPEJOTOYUTh BHHUMAaHME Ha NPOOJEMHBIX TeMmaxX, 4TO JelaeT mpouecc Ooiee
1ejeHanpasieHHbIM. Hanmpumep, eciiu CTy/IeHT YBEPEHHO BBIIOJIHSET YIPaXXHEHUS Ha BpeMeHa
Present Simple u Present Continuous, HO JaemaeT ommOKA MMPH HCHoab30BaHuK Past Perfect,
CHCTEMa aJanTUPyeT KOHTEHT, Ipeyiaras OoJblle 3aJaHiil UMEHHO Ha ATY TEMY.

BroppiM BaXHBIM 3JIEMEHTOM aJAlTUBHOCTU SBIISIOTCA NPEIUKTUBHBIE MOJIEINH,
KOTOpPBbIE C MOMOIIBI0 MAIIMHHOTO OOYy4eHHS MOTYT MPOTHO3HPOBATH, C KAKMM MaTepHAIOM
o0ydJaromiics, BEpOSITHO, CTOJIKHETCSA C TPYAHOCTAMH B OyaymieM. DTO IO3BOJISIET 3apaHee
CKOPPEKTHPOBaTh Y4eOHBIM MapmpyT, u30eras MOTCHIMAIBHBIX OMMOOK M TEM CaMbIM
noBbIAs YPPEKTUBHOCTH O0yUCHHSI.

NN  npepocraBnsieT  yHUKaIbHBIE  MHCTPYMEHTBHI,  CIOCOOHBIE  TOBBICUTH
3¢ dekTuBHOCT, 00pa30BaTENBLHOIO IpoOIecca: AaBTOMATHU3MPOBATh PYTUHHBIC 3ajadd,
o0ecreynTh MEepCOHATM3UPOBAHHOE OOydyeHHe, aJanTHUpoBaTh ydyeOHBbIE MaTepualibl B
COOTBETCTBUM C HOTPEOHOCTSAMHM KaXKIOTO CTYAEHTA, a TAKKE OCYILECTBIATh OCTOSHHBIN
MOHUTOPHUHT M aHanu3 mporpecca. Takue BO3MOXKHOCTH OCOOCHHO aKTyallbHbI B KOHTEKCTE
JUCTAaHLMOHHOTO M CMEIIAHHOIO O0Oy4eHHus, I/e BaXHO COXPaHATh BOBJIEYEHHOCTb U
MOTHUBAILMIO CTYACHTOB ©0€3 HEMOCPEACTBEHHOTO IOCTOSHHOTO  B3aMMOJEWUCTBUSA C
MPENO/IaBaTENEM.

OaHuM W3 caMbIX TMONYIAPHBIX W YCHEIIHBIX HpPUMEpOB ucmoib3oBanus WM B
oOydeHHH aHTIMHCKOMY s3bIKY siBisiercs: matgopma Duolingo. Cucrema amantupyercs moj
KQXJIOTO TOJb30BATENs, M3MEHSS CJOXKHOCTh 3aJlaHUi B 3aBUCHUMOCTH OT HX YCIIEXOB.
Anroputmbel UM aHanu3upytoT onmoOkd, (UKCHUPYIOT THIHYHBIE 3aTPYAHEHHS W MpearaioT
JIOTIOJTHUTENbHbIE YOPaKHEHUS A MX YyCTpaHeHHUs. VIcrosb3ysh TEXHOJOTHI0 MaIMHHOTO
o0yuenus, Duolingo mMokeT mpenckaszaTh, KAKHE TeMbl OyIyT BBI3BIBATh MPOOJIEMBI y YUEHHKA,
U 3apaHee CKOPPEKTUPOBATh Y4eOHBIH IJIaH.

Grammarly — 3ToO MHCTPYMEHT, KOTOPbIi MOMOTAaeT Y4aIlMMCS Ha BCEX YPOBHIX
BJIAZICHUS SA3bIKOM YIYYIIMTH CBOIO IMMMCBMEHHYIO pedb. DTOT CEPBUC MCIOJIB3YET AJITOPUTMBI
WU nns aHanu3a TEKCTa, BBISBJICHUS IPAMMATHYECKUX M CTHJIMCTUYECKUX OIMOOK, a Tarke
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MPEATIOKEHUS alIbTePHATUBHBIX BAPUAHTOB JUISl YIYUIIEHUS SCHOCTH U TOYHOCTH BBIPaXKEHUI.
B ornanume ot mpocteix mpoBepok opdorpacduu, Grammarly aHanu3upyer KOHTEKCT, 4TO
MO3BOJISIET JaTh PEKOMEHJAllMU [0 HCIOJIb30BAHUIO CHHOHMMOB, M3MEHEHHUIO CTPYKTYPhI
MPEATIOKEHUS UM TPUMEHEHUIO HY)KHOU rpaMMaTH4ecKoil (opMBbl.

Elsa Speak — 310 mpuioxxeHue, KOTOPOE MCHOJIB3YET TEXHOJOTHIO PaclO3HABAHUS
peuu JuIs aHaiu3a npousHomeHus. [lnardopma nmpenocTaBiseT moap30BaTENIsIM BO3MOKHOCTh
CpaBHUBATh MX MPOU3HOIICHHE C HSTAJOHHBIM BapHaHTOM, Mpenajaras KOPPEKTUPOBKH B
peansbHOM BpeMmeHHU. Vcronb3ys UCKYCCTBEHHBIM MHTEIICKT, Elsa MOXXeT TOYHO OnpeneianTh,
Ha KakoM »JTale IPOM3HOLIEHUsS BO3HMKIA olmMOKa, Oydb TO HENpaBUJILHOE YyIapeHue,
doneTHUeckas onmOKa WM HEBEPHOE MPOU3HECEHHOE CIOBO.

Lingvist — sto mardopma, KOoTOpas UCIONB3YeT MCKYCCTBCHHBIH HMHTEIUICKT IS
CO3/IaHUsI  MEPCOHAIM3UPOBAHHOIO Y4yeOHOro KOHTeHTa. llpuioxkeHue aHanU3UpyeT
YCIEBAEMOCTh IOJIb30BATENIs, €ro ciadble M CUJIbHBIE CTOPOHBI, U IpeJylaraeT Te ClIoBa U
¢pa3pl, KOTOpBIe HanboJIee AKTyaJIbHBI U HETO B JAaHHBIH MOMEHT. AJITOPUTM YYUTHIBAET
Takue (aKTOpbl, KaK YaCTOTHOCTh MCIOJIb30BAHHSI CIIOB B pEalbHOM >KM3HU, YTOOBI
MaKCUMaJbHO Y((PEeKTUBHO 00y4aTh HOBBIM JIEKCUUECKUM €TUHULIAM.

Speakly mnpencraBnsier coboit mmargopMmy IS M3YdeHHUs s3bIKa, KOTOpas TakoKe
ucnonb3yer anroputmsl UM miis co3manust ananTuBHBIX TpeHUPOBOK. OcobenHocTh Speakly
3aKIIIOYAeTCsl B TOM, YTO CHCTEMa COOMpaeT JaHHbIE O PEAIbHOM HCIOJIB30BAaHHUM SI3bIKa B
Pa3NUYHbBIX CUTYalMSIX U UCIIOJIB3YET UX Ul CO3JaHMs 3a/1a4, MaKCUMaIbHO MPUOJIMKEHHBIX K
peanbHOMY KOHTEKCTY. AnroputMbl MU aHanu3upyroT B3aMMOACHCTBUE YUEHHUKA C CUCTEMOM
U KOPPEKTHPYIOT COAEpKaHUE YIPAKHEHUH Ha OCHOBE [AHHBIX O €ro mporpecce. Takum
00pa3oM, HMCKYCCTBEHHBIH HHTEIJIEKT 3HAYUTEIBbHO TpaHCHOpPMUPYET mpolecc OO0ydeHUs
aHTIMICKOMY SI3BIKY, Tpeyiaras WHAUBUIyaIn3UPOBAHHBIC U Al TUBHBIC MTOAXO0/bI, KOTOPbIE
paHee ObUIM TOCTYITHBI TOJIBKO B YCIOBUSAX MHJMBH/IYAIbHBIX 3aHATHI C IpEnoaBaTeseM.

BHenpeHune nckycCTBEHHOTO HHTEIUIEKTa B 00pa3oBaTeNbHbIN Mpolecc, B Y4aCTHOCTH B
o0ydeHHe aHTIIMHCKOMY SI3bIKY, OTKPBIBAET IIMPOKHE BO3MOXKHOCTH, OJJHAKO CTAJIKUBAETCS C
psnoM mpoOiieM U BBI30BOB, KOTOpbIE HEOOXOAMMO YYMTHIBATh IPU €ro JajbHEUIEeM
pa3BUTHH.

OnHa U3 KIIOYEBBIX MpoOieM, ¢ KoTopoil crankuBatotrcs MM -cuctemsl B 00ydeHUH
aHITIMICKOMY SI3BIKY, 3aKJIIOYAETCS B OIPAHMYEHHOCTU TEKYLMX TEXHOJOTMH B OTHOLICHUH
r1yOOKOTO MOHMMaHUs KOHTeKcTa. HecMoTpsl Ha 3HaUMTENbHbIE yCIIeXH B 00JacTH 00padboTKU
€CTECTBEHHOTO $3bIKa, MCKYCCTBEHHBIM HHTEIJICKT BCE el He crmocoOeH B MOJHON Mepe
MHTEPIPETUPOBATh BCE HIOAHCHI sA3bIKa, TaKUEe KaK MWAMOMATHYECKUE BBIPAKEHUS,
JIBYCMBICIIEGHHOCTH M KYJIBTYpHblE OocoOeHHOCTH. Hampumep, cuctema MOXKET OMMOOYHO
BOCIIPUHUMATh MIyTKY KaK OMMOKY MJIM HENPaBHJIBHO HMHTEPHIPETUPOBATh KOHTEKCTHBIM
cMbIch (pa3el. ITO orpaHnUKMBaeT rcnoib3oBanne VI B Gomee COKHBIX acmeKTax 00 ydeHus,
TaKUX KaK pa3roBOpHbIC HaBBIKH, IOHUMaHUE JMTEPATYPHBIX TEKCTOB U Tak jgainee. OcoOeHHO
3TO KacaeTcsl HAUMHAIOIMX U 00yJaro M XCs Ha HU3KUX YPOBHSX, KOTJa aJrOPUTM MOXKET He
BCEr/la TOYHO YYUTHIBATh JIEMEHTHI, TpeOylole 0co00To BHUMaHUs. B HEKOTOPBIX ciiydasx
aBTOMAaTUYECKOE CO3JJaHUE Kypca MOKET OBITh HEJOCTaTOYHO T'MOKUM, YTOOBI OTBETUTH Ha
YHUKAJIbHbIE TOTPEOHOCTH CTY/ICHTOB C OTPAaHMYEHHBIMU 3HAHUSIMH .

C passutueM MM B 00pa3oBaHMM BO3HUKAET Ba)XHbIH BOMNPOC 3aIMThI JUYHBIX
MaHHBIX Tmonb3oBareneit. I[lnatdopmbl, ucnons3yronme MWW, coOuparOT 3HAYUTENBHOE
KOJIMYECTBO JAHHBIX O CTYJIEHTaX, BKIIOUast HHPOPMAIUIO O UX YCIeXaX, MPeInOYTeHHIX U
Jaxxke mnoBeneHuW. J[ns rapaHTum 0€30MacHOCTH TAaKUX JaHHBIX HEOOXOAMMO COOII0JaTh
CTporue mnpaBuia KOH(GUICHIIMAIBHOCTU W 3anMThl MHQopmanuu. OCOOEHHO 3TO Ba)XXHO B
KOHTEKCTEe 00pa30BaTeNbHBIX IJIaT(OpPM, KOTOPHIE MOTYT HMETh IOJIb30BATENe pa3zHOTro
BO3pacTa, BKIOYasi HECOBEPILIEHHOIETHHX.

B OyaymeM HCKyCCTBEHHBIM MHTEIEKT B OOYUYCHUHU AHIJIMIICKOMY s3BIKY OyIeT He
TOJIBKO pPa3BUBATh CYIIECTBYIOIIME BO3MOXKHOCTH, HO W MHTEIPUPOBATHCS C JPYIUMU
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o0Opa3oBaTeNbHBIMU TeXHOJOTUAMHU. Hampumep, McCnosb30BaHHE OINOJHEHHON peaTbHOCTU
(AR-augmented reality) unu Buptyansnoit peanbroctu (VR-virtual reality) B coueranuu ¢ M1
MOJKET CO3AaTh HOBBIE (POPMbI 00yUeHU s, I1ie 00ydaroumiics OyaeT Norpyk€H B BUPTYyaJlbHbIE
CIICHapuHu, TpeOyoUe MHCIONb30BaHUs AaHNIMKWCKOIO sI3bIKa B PEATbHBIX JKU3HEHHBIX
cuTyanusax. Takue TEXHOJOTMM MOIYT 3HAYUTENIBHO IOBBICUTh MOTHBALMIO YJallMXCA U
YAYYUIMTh MPAKTUYECKUE HABBIKU.

IlepcniexktuBsl MM Tarke CBA3aHBI C YNYYIIEHUEM JOCTYIHOCTH OOpa30BaHMs A
moaeit ¢ ocobbimu moTpedHocTsaMu. Pazpabotka MU-cucrem, KOTOpbIE CMOTYT aJalTHPOBATh
Kypchl JUIsl JIIOJIell C OrpaHUYEHHBIMU BO3MOXKHOCTSIMH, TaKUMH Kak CIIYXOBble WM
3pUTEIbHbIC HApYIICHHUsS, a TalKe Ui JIIoJeH ¢ pasIM4HbIMH (OPMAMU HHBAJINWTIHOCTH,
OTKPHIBAET HOBBIC TOPU30HTHI Ul MHKIIO3UBHOTO 00pa3zoBaHMs. VICKYCCTBEHHBIN WHTEIIEKT
MMeeT MOTEeHIUAN Ui COo3/1aHus Oosiee YHUBEPCAIbHBIX U JOCTYIHBIX Y4€OHBIX MaTepHaloB,
KOTOpbI€ CMOTYT ITIOMOYb BCEM KaTeropusM 00ydaronMXcs.

OpnHoil u3 nepcrnekTuB sBiseTcss nHTerpanus MM ¢ peanpHbIMM IpenoaBaTeIsIMHU.
NN  Moxer  nelcTBOBaTh  KaK  BCIIOMOTAaTENbHBIA ~ WMHCTPYMEHT,  MIPEIOCTaBIIAA
NEePCOHATM3UPOBAHHYI0 OOpaTHYIO CBsI3b, MOHUTOPHHI IIpOrpecca M aHalu3 OIMOOK, HO
mpernoaaBarend OyayT WpPOAOIDKATh WIPaTh KIOYEBYIO pOJIb B CO3JaHUM MOTHBAIIUH,
(GopMHUpOBaHMM KYIBTYPHOIO KOHTEKCTa M KOPPEKIMH Oojiee CIOKHBIX acCIEeKTOB.
IlepcnexkTuBbl pa3sBUTH JekaT B cuHeprun Mexay MW u sxuBeIMM mpenojaBaTess MU, 4TO
MO3BOJIUT OOBEMHUTH JYYIIME KaueCcTBA 00EMX CHCTEM /TSI MAaKCUMAIBHOTO d(dekra.

Hen30e)xxHOCTh BHEIPEHMs] MCKYCCTBEHHOI'O HMHTEIUIEKTa B 0Opa3oBaHUE SABISAETCA
akTyanbHOU. CoBpeMeHHas cucreMa 0O0pa30BaHUs HAXOAUTCS B COCTOSIHUM ITOCTOSIHHBIX
TpaHcopMaluii, BI3BaHHBIX LHU(POBU3ALUEH U CTPEMUTEIBHBIM Pa3BUTHEM TeXHOJIOTUH. B
YCIIOBUAX pocTa 00bEMOB MH(pOPMALMK, YBEJINYEHHS YuciIa 00ydaronpXxcs U MOTpeOHOCTH B
WHIVBHU/IyAIN3UPOBAHHOM TIOAXOA€ K OOY4YEHHIO TpAJAMLMOHHBIE METOAbI BCE yale
CTAJIKUBAIOTCSl C OTPAaHMYEHUSIMU. B 3TUX YCIOBUSX HCHOJIB30BAHHE MCKYCCTBEHHOTO
uaTeekra (M) ctaHoBUTCS HE TPOCTO BO3MOXKHOCTBIO, 3 OOBEKTHBHON HEOOXOIMMOCTHIO.

Kpome Ttoro, MM cnocoOcTByeT pacUMpeHHUIO JOCTyNa K KaueCTBEHHOMY
00pa30BaHu10, HUBEIMPYs TEPPUTOPUATIBHBIE U COLMATIbHBIE pa3nuuus. Borpoc 3akmtoyaercs
He B 1enecooOpasHocTH mnpumeHeHus WM, a B ToMm, Kak 00ecCleYuTb €ro 3THYHOE,
Nearornyecku o0OCHOBaHHOE M Oe3omacHoe BHeApeHue. VIMEHHO 3Ta 3ajada CTaHOBUTCS
KIIOYEBOW Ha CJEIYyIOUeM 3Tarle pa3BUTHS 00pa30BaHUSL.

YenoBeueckuii (Gakrop M HMOartus: IpenojaBaTeilb CIOCOOEH  YCTaHOBHUTH
SMOLIMOHAJIBHYIO CBSA3b CO CTYIEHTaMM, YTO KPUTHYHO /s MOTHMBALMM M BOBJIECUYEHHOCTH.
KoMIprOTEpHBIE CHUCTEMBI, JaK€ Camble NPOABUHYTBIE, HE MOTYT BOCHPOM3BOAMTH TaKue
YyBCTBA, KAK COYYBCTBUE, IOHUMAaHNUE NI UHIMBUIYaJIbHBIN [TOAX0], KOTOPBIA TaK BaXKEH VIS
(dopMHpPOBaHUS TOBEPUTEIBHBIX OTHOIICHUH B 00pa30BaTEILHOM P OIlecce.

KpearuBHOCTh ¥ MHHOBaLlMM: MpENoJaBaTeld B COCTOSIHUM pa3padaThiBaTh
YHUKaJIbHBIE MOAXO0JIbl, aAalTUPYs. 00pa30BaTeIbHbIE METOJUKH 0] KOHKPETHBIX CTYICHTOB,
YTO HEBO3MOXKHO JJIsi CTaHAAPTHBIX aBTOMAaTHU3MPOBAaHHBIX cucTeM. OHM MOTYT T€HEepUpOBATh
HOBBIE UJIEH AJIS 3aHATH, 1enas rmpoiecc oOydeHus Oosee yBIeKaTeIbHbIM U OCMBICIIEHHBIM.

VYueT KOHTEKCTa 3HAHUN: YUUTEIb CIOCOOEH HHTEPIPETUPOBATh HMHGOpPMALMIO B
KOHTEKCTE TEKYIIMX COOBITUI MIIM CHelM(PUUECKN X UHTEPECOB CTYJEHTOB, YTO JIeJIaeT 3HaAHUs
OoJiee aKTyalbHbIMU M MOHATHBIMH. VICKYCCTBEHHBIH MHTEIIEKT, XOTS U MOIIHBIA HHCTPYMEHT
JUIL TPEOCTaBlIeHUs WHGOpPMAIlMU, YacTO HE B COCTOSHUU YYECTh BCIO CIIOXKHOCTh
COLIMAJIBHOM U KYJIBTYPHOUM CpEJBbI.

MexnuuHocTHOE oOleHHe: B3aumopelicTBue MeXIy MpernojaBaTeieM U CTYIEHTOM
CHOCOOCTBYET Pa3BUTHIO KPUTHUYECKOTO MBINUICHHUS W HABBIKOB OOIICHMS, YTO HEBO3MOXKHO
3aMeHuTh ManmHamu. IlpemopaBaTens MOXET CTUMYIMpPOBATh JAUCKYCCHHU, I1OMOTaTh
CTyIEHTaM COMHEBAaTbCid M IepecMaTpuBaTh CBOM YOEXJEHHUs, YTO CIIOCOOCTBYeT Ooiiee
1yOOKOMY OOY4eHHIO.
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OThKa W IeHHOCTH: Bompocbl MoOpajid, 3THKM U COLUMAIBHBIX LIEHHOCTEW YacTo
TpeOyIoT 00CYXIeHHUs C ydacTheM uenoBeka. lIpermogaBarens uUrpaer BaXHYIO POJIb B TOM,
YTOOBl HAMpPAaBJISITh CTYIEHTOB B IpOLIECCe MPUHATHUS OOOCHOBAHHBIX PELICHUMN, YTO BBIXOJUT
3a paMku aniroputmoB M.

Takum o0Opa3om, HecMOTpsS Ha BCE JOCTHIKEHHS TEXHOJIOTHH, IpernoiaBaTeiu
OCTAIOTCSI BA)KHBIM M HE3aMEHHMBIM JJIEMEHTOM 00pa30BaTEeNbHOM CHCTEMBI, 0OecreunBas Te
acTeKThl O0y4eHH S, KOTOpPble HEBO3MOKHO 3aMEHUTh UCKYCCTBEHHBIM HHTEIIIIEKTOM.

B KoHeuHOM HTOre, XOTSI MCKYCCTBEHHBIM HHTEIUIEKT B OOYYEHHM AaHIIIMKACKOMY
S3bIKY YK€  TpeACTaBiiseT CcOO00M  MOIHBIM  HMHCTPYMEHT, KOTOpPbIH  IO3BOJIIET
MEePCOHAIM3UPOBATh M aJallTUPOBATh IpollecC OOy4eHHUs], CYIIECTBYIOT MPOOJIEMbI, KOTOPHIE
HY)KHO pelaTh JJIs MOBBIIIEHUS TOYHOCTH U 3 PPeKTUBHOCTU TeXHOIOTUH. B nanpreiimem NN
B 00pa3oBaHuu OyAeT MpOA0JKAaTh Pa3BUBATHCS, CTAHOBACH €LIE 0o0jiee MHTEIPUPOBAHHBIM B
o0pa3oBaTeNbHBIA MpOLIECC W OTKPhIBask HOBBIE BO3MOXKHOCTU JUIs IpernojaBaTeied u
cryneHToB. IIpenonaBarens Oyner Bc€ wamme pabotarh B Tanzaeme ¢ MU, xoHTpomupys ero
KOPPEKTHOCTb, AJalTUPysd MaTepuaibl MOJ peallbHble HYXKIbl CTYIEHTOB U obecreunBas
COLMAJIBHYIO M SMOLMOHAIBHYIO COCTaBJIIONLYI0 0oOyueHus, kotopyto MM moka He MoxkeT
MTOJIHOLIEHHO 3aMEHUTb.

B ycrnoBusix ymameHHOro W THOPUIHOTO OOydeHHS, KOTOPBIE CTadd OCOOCHHO
akTyasnbHbIMU Tocie nanaemun COVID-19, nckyccTBeHHBIN MHTEIIEKT TTO3BOJISET CO3/1aBATh
VHJIMBUTyaJIn3UPOBAHHBIE 00pa30BaTeNbHbIE MAapIIPYThI AJIS CTYAEHTOB [0 BCEMY MHUPY. DTO
nenaer o0ydyeHue IOCTYIMHBIM Ui IMPOKUX CIOEB HACENEHUs, BKIIOYAs T€X, KTO HE UMEET
JIOCTYIA K TPAAULIMOHHOMY OOY4EHUIO UITH pecypcaMm.

B Oynymem MCKYCCTBEHHBIH WHTEIJIEKT, BEPOSITHO, CTAHET HEOTHEMJIEMOW YacThbIO
obOpasoBarenbHON cpefpl, obecrieunBas Oojiee TIIyOOKOE€ W MEPCOHATM3UPOBAHHOE OOyYCHHE
AaHIJIMKWCKOMY sI3bIKY. BaxHO, YTOOBI €ro BHeIpEHHE MPOMCXOAMUIO B TAapMOHHH C
TPAAUIIMOHHBIMA METOJAMH TIpenojaBaHus, oOecrieuuBas >(PQPEKTHBHOE COTPYIHHUUYECTBO
mexy MW u npenonaBarensiMu sl JOCTUKEHUS HAUTYyIIMX 00pa30BaTeNbHBIX PE3YJIbTaTOB.
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IT BAI'BITBIHAAI'BI CTYAEHTTEPT'E YET TUJIMH OKYTYY A /KACAJIMA
HUHEJUVIEKTTHU KOJIIOHYY
UCITOJIb30BAHUE NCKYCCTBEHHOI'O UHTEJUIEKTA B ITPEIIOJABAHUUA
NHOCTPAHHOI'O A3BIKA CTYJAEHTAM IT-HAIIPABJIEHUA
THE USE OF ARTIFICIAL INTELLIGENCE IN TEACHING FOREIGN
LANGUAGE OF IT STUDENTS

Kbickaua myHnesneme: byn maxkamana JK. bamacarein areinnarsl KYYHyn MaanbiMarThik
TEXHOJIOTUSIAP KAHA >KAcAIMa WHTEJUIEKT WHCTUTYTYHYH CTyACHTTepuHe aHmmc TuiuH KU
KOJIIOHYY MEHEH OKYTYYHYH I€JarordKajbIK bIKMAIAphl jKaHa ycyiaapbl kapaiar. MinmkreeHyH
Makcarbl — |T TapmarblHI@ AHIVIMC TUJIMH OKYTYYHYH camarblH skoropynatyy yuyH JKHWau
HATBIIDKATYy KOJIJOHYY JKOJIOPYH aHbikToo. M3mnmee wikmatapeina Grammarly, ELSA Speak,
Duolingo Bots ceisikryy Omnum Oepyy miardopmaiapbid oo xana XK HHCTpyMEHTTEpUH OKYY
IIPOLIECCUHE MPAKTUKAIBIK KUprudyy kuper. OKeiibiHTBIKTap JKMHM KOIAOHYY OKyyHY
NEPCOHALAATHIPYYrd, PYTHHAIBIK Tall IBIPMATIApAbl aBTOMATTAIITHIPYYTa ’KaHA CTYACHTTEPAUH
MOTHBALMACHIH JKOTOPYJIaryyra e0eire Ty3epyH KepceTeT. bUpok, k33 OMp KeIMBIHYBLIBIKTAD Ja
AHBIKTIJbI, AHBIH WYMHJE OKyTyydyJap MEHEH CTYJEHTTEpAMH CaHapUITHK ca0aTTyylyryH
JKOTOpYyJaTyy, OKyy HIpOrpaMMaIapblH aAANTalMsUIO0 JKAHA KEKe MAAIbIMATTapAbl KOProOHY
KAMCBI3 KbLI1Yy 3apbulabirbl. JKbIMBIHTBIKTAN AWUTKAHIQ, aHIIUMC TWIMH OKyryyaa JKHuu
HATBIKATYy MHTErPALUsUIOO0 OKYTYYydylaplbl JaspIOOHY, TEXHHMKAJIBIK KOJJOOHY »aHa OKYYy
JKBIMBIHTBIKTAPBIH Y3IYJITYKCY3 MOHMTOPHHI JKYPIY3YYHY KAMTBIIaH KOMILIEKCTYY MAaMHUJIEHU
Tasan Kbuiar.

AnHoTtammsa: CraTbsi HcCleqyeT NEAarorMuyeckue METOAUKM U TOAXOAbl K OOYy4eHUIo
AHIJIMKWCKOMY SI3BIKY CTYAeHTOB MHCTHUTYTa MHQOPMALMOHHBIX TEXHOJOTHM W HCKYCCTBEHHOTO
nHteimekra KHY umenun JKycynma banacareiHa, ¢ MCIIOIB30BaHMEM HMCKYCCTBEHHOIO MHTEIIEKTa
JUIs TIOBBIIIEHUs KadecTBa oOyueHus. Llenb paboThl 3akimodaercss B BBIABICHUU JI€HCTBEHHBIX
croco6oB mpumeHenuss M1 B oOydeHHH aHTIHMICKOMY S3bIKY. METOAbI UCCIIE0BAHUS BKIIOYAIOT
aHaJIM3 CYLIECTBYIOLMX oOpa3oBaTenbHbIX IardopM, Takux kak Grammarly, ELSA Speak,
Duolingo Bots, a Tarke npakrtudeckuii onbIT BHeapeHus MM B yueOHBIN mporecc. Pesynbrarsl
IoKa3ajlud, 4ro ucnoib3oBanue MW  mpenocraBisieT  CTyA€HTaM  BO3MOXKHOCTb  JJISt
MEPCOHAIM3UPOBAHHOIO 00y4YEeHUS, aBTOMATU3UPYET PYTUHHBIE 337jaud U YCHJIMBAET MOTHBAIUIO
yqanmxcs. OJHAKO HMMEITCS M HEKOTOpble TPYAHOCTH, TaKue Kak IOBbIIIEHHE LU(PPOBOI
IPAMOTHOCTH TIPENoJaBaTeNieii U CTYIEHTOB, ajanTaiys y4eOHBIX MPOrpaMM M BOIPOCHI 3aIMTHI
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MNCPCOHAJIBHBIX OAaHHBbIX. B 3axmouenmne IMOAYCPKMUBACTCA, 4YTO YCICHHAasd HHTCIrpanusa " s
npenogaBaHuc AHTJTIMHICKOTO SI3BbIKA Tpe6yeT IMpU3HAHU, 06y‘IeHI/I$I npenonaBaTeneITI, TEXHUYECKOH
MOAACPIKKH U IMOCTOAHHOTO MOHUTOPHUHTA y‘{e6HHX PE3YIbTATOB.

Abstract: This article explores pedagogical methods and approaches to teaching English to
students at the Institute of Information Technologies and Artificial Intelligence of J. Balasagyn
KNU using Al tools. The study aims to identify effective ways to apply Al to enhance the quality of
English language education in the IT field. Research methods include analysis of existing
educational platforms such as Grammarly, ELSA Speak, and Duolingo Bots, as well as practical
experience in implementing Al tools into the curriculum. Findings indicate that Al usage facilitates
personalized learning, automates routine tasks, and increases student motivation. However, certain
challenges have been identified, including the need to improve digital literacy among educators and
students, adapt curricula, and ensure the protection of personal data. In conclusion, effective
integration of Al into English language teaching requires a comprehensive approach that
encompasses teacher training, technical support, and continuous monitoring of learning outcomes.

Hermsru ce3jaep: xacaiMa WHTEUIEKT; AaHIIHC TUJIUH OKyTyy, OumuMm Oepyy
TEXHOJIOTUAIAPE]; BIKMaJlap, aJalTUBAYY OKYTYy, CaHApUIITHK aCCUCTEHTTED; HHTErpalusl.

KaroueBble cj10Ba: HCKYCCTBEHHBIM WHTEIJIEKT; MPENOJABAaHUE AHIJIMMCKOTO S3bIKA;
06pa3OBaTeJIBHBIe TEXHOJOTUHN, METOKI, l'IpI/ICMBI; aJalITUBHOC 06y‘{CHI/IC; LII/I(I)pOBBIe ACCUCTECHTHI,
HHTETpanus.

Keywords: artificial intelligence; teaching English; educational technologies; methods;
techniques; adaptive learning; digital assistants; integration.

Pa3BuTre HEMpPOHHBIX CETEH U S3BIKOBBIX MOJIENEN CTal0 MPUYUHOM TEXHOJOTHYECKOU
PEBOJIIOIUM, KOTOpasi 3aTpOHYNa Bce cdepbl, BKItoUasi oOpa3zoBanue. VICKyCCTBEHHBIH HHTEIICKT
(UN) sBnseTcst MHHOBAIMOHHOW TEXHOJIOTHUEH, KOTOpasi OKa3bIBAeT 3aMETHOE BJIMSHHE HA pEllIeHHE
psana mpobieM B OOydeHUH, TaKMX KaK BJIMSHUE HA PBIHOK TpyAa, M3MEHEHHUs B mpodeccusx,
MEepenoAroToBKa KaJapoB, dTUUYECKUME BOIMPOCHI U M3MEHEHUS B MeTojax mnpenojaBanus. U He
MOXXET TOJIHOCThIO 3aMEHHUTH IPENOJIaBaTeNsl, HO 3HAUUTENBHO YIY4YIliaeT MPOAYKTUBHOCTh M
3(GGEeKTUBHOCTh pabOThl, ABTOMATH3UPYET PYTHHHBIE TIPOIECChl, IMOMOTaeT YCTaHOBHTH
MEePCOHATN3UPOBAHHBIN KOHTAKT CO CTYIEHTAMH U MOBBIIIAET X MOTUBAIUIO.

CoBpeMEHHBIE TEXHOJOTHH HWTPAIOT BAXHEHUIINYIO POJIb B TOATOTOBKE CIEIUATUCTOB B
obnmactTi WHGOPMALIMOHHBIX TEXHONOTHH. B 3TOM KOHTEKCTe 3HAHWE aHTIMKCKOTO sI3bIKa
CTaHOBUTCS BaxHeHnmM (axropom mpodeccruonanmpHoro ycnexa cryaeHToB UT-daxynbTeToB.
Wurerpanus MM B mpemnomaBaHre aHTIMICKOTO s3bIKA MOKET CJENaTh y4eOHBIA mporiecc Ooliee
MEepCOHAIN3UPOBAHHBIM, aBBTOMATU3UPOBAHHBIM U IPOAYKTUBHBIM.

Texyume Tpenasl B npumenennu MU

Cratbs paccmarpuBaeT ucnonb3oBanue MM B nmpenopaBaHuy aHINIMICKOTO S3bIKa CTYACHTaM
HNucTtuTyra vH opMaIIMOHHBIX TEXHOJOTHI U HCKyccTBeHHOro uHremiekta KHY umenn XKycyma
banacareina, ¢ yderom ocoOeHHOCTEH HX O00y4YeHUs M TNpodecCHOHATBHBIX MOTpeOHOoCTe. B
gactHocTH, UM B 00ydyeHHHM MOMOTaeT ynydlMTh KadyecTBO OOpa30BaHMS, a TAKKe pPa3BUBAET
KPUTHUUYECKOE MBIIUIEHUE U KPEATUBHOCTH CTYIEHTOB.

WU, xax coBpeMeHHas OTpacib HayKH, CTaJ HEOTHEMJIEMON YacThIO MOBCEIHEBHOU KHU3HU,
BIIMSIA Ha Takue cgepbl, KaK aBTOMOOWJIbHAS MPOMBIIUICHHOCTb, MapKETHHT, MPOU3BOJACTBO,
MeauIuHa u apyrue. B to xe Bpems MM 3aHumaer 3HaUMTENFHOE MECTO U B cdepe 00pazoBaHUs,
IJIe aKTUBHO MPUMEHSETCS /ISl MIPETI0IaBaHu I aHTIIMHCKOTO SI3bIKA.

PoJsib MCKYCCTBEHHOI0 MHTEJ/UIEKTA B BbICIIEM 00pa30BaHNHU

Bynymee Beicmiero o00pa3oBaHUs CBSI3aHO C  Pa3BUTUEM HOBBIX TEXHOJOTUHA U
BBIUMCIUTEIBHBIX MOIMHOCTEH HWHTEIIEKTYyalbHBIX cucTeM. JlocTmxenuss B obOmactu WU
OTKpPBIBAIOT HOBBIE TOPU30HTHI, HO MOPOXKAAIOT U Psii TPYAHOCTEU, KOTOPbIE MOTYT NMPUBECTU K
M3MEHCHHSIM B YIIPABJICHUHU U BHYTPEHHEH OpraHU3aInu 00pa30BaTEIbHBIX YIPEKICHUM.
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Uccnenosanus B odimactu MU craproBanu B 1950-x rogax. B 1956 rony u3BeCTHBIA VUEHBIN
JbxoH MakkapTu NpEeQJIOKHUI OJHO M3 MEPBHIX U CaMbIX MU3BECTHHIX ompeaeneHuii MU, cormacHo
KOTOPOMY €ro M3VUeHHE JOJDKHO OCHOBBIBATHCS HA MPEANOJIOMNKEHWM, YTO KaXKILIA acIekT
o0ydueHUs WM Jr00as Jpyras XapakTepHCTHKAa HWHTEUICKTa MOTYT OBITh OITMCAHBI C TaKOH
TOYHOCTBIO, YTO 3TO ITO3BOJIMT CO3aTh MAIIMHY IS KX MOAeIupoBanus. [1]

B KeIpreizcrane temMa IpUMEHEHHS HMCKycCTBEHHOro uHTemwrekra (M) B mpenomaBaHuu
AQHIIMHACKOTO  S3bIKa IIPUBJICKAET BHUMAaHHWE KaK aKaJEMHUUYECKOE COOOIEeCTBO, TaK U
MPaKTUKYIOIMX IIeJaroroB. HecMoTps Ha oOrpaHHYEHHOE KOJWYECTBO CIICIHAIM3HPOBAHHEIX
HCCICIOBaHM M, IPEAIIPUHUMAIOTCS YCUIIHA 110 HHTerpanuu M B 00 pa3oBaTelIbHEIH IIPOIecC.

Tax, nanpumep, A.C. PamkynoBa, K.A. 3ynnyeBa B crathe «L{udpoBbie oOpa3oBarenbHbIe
TEeXHONIOTUU: VCKYCCTBEHHBI  MHTEIUIEKT»  PACCMAaTPUBAIOT  MPOOJIIEMBbI  H(PPOBH3AIUU
00pazoBaHUs U PACKPHIBAIOT BO3MOYKHOCTH UCKYCCTBEHHOTO MHTEIIICKTA. [2]

C. KouxonbaeBa, A. CagsikoBa, b. JlyiimeeB B craTbe «AKTYaIbHBIE IIPOOIIEMBEI
HCIIOJIb30BAHUS HEUpOCETe B 0OY4CHUH CTYJACHTOB JAMCIUIUIMHAM PycCKUi M aHTIIMICKUM SI3BIKA
Ha 1npuMepe TtexHonoruu TextToSpeech.ru» 00CYXIAarOT COBPEMEHHBIE MVIBETUMEIUNHEIE
TEXHOJIOTHH, HEHPOHHBIC CETH M UX IPHUMEHEHHE B OOYUEHHUHM HWHOCTPAHHBIM S3bIKaM. ABTOPHI
IMOAYEPKUBAIOT JUJAAKTUUCCKUM ITOTCHIINAT HEMPOCETEH B CO3ITaHUM 00pa30BaTeIbHOIO KOHTEHTA U
TeHepalllu TEKCTOB, YTO CITOCOOCTBYET MOBBIIICHUIO d(BhEeKTUBHOCTH 00y4eHus. [3]

UccnenoBarens A. IlleBenés amammsupyer npumeHenue ChatGPT B oOpasoBaTeinbHOM
Iporecce, B YacTHOCTH, B OOYYCHHU IIPOrPAMMHMPOBAHHIO M KOMIBIOTCPHBLIM TEXHOJIOTHSM,
paccMaTpuBasi BO3MOJKHOCTH MCIIOJNB30BAaHHS MNAaHHOTO daT-00Ta, OCHOBAHHOTO Ha MOJIENISIX
TIIYOOKOTO OOYUeHHSs, JUIsl T€HEepaluy TEKCTa, MOIICP)KKM AUAjaora W BBIINOJIHEHUS 3alpOCOB Ha
pa3IMYHbIX sS3bpIKax. Oco00e BHUMaHNE YAEISIET ONBITY CTYIeHTOB B ucons3oBannn ChatGPT mpu
BBIIOJIHCHUH J1a0OpaTOpPHBIX pabOT M NPAaKTHYECKUX 3aJaHMi, a TaKKe JaeT aHalM3
5¢GhEKTUBHOCTH CEPBHCA UM €r0 BIMIHUSI Ha 00pa3oBaTelbHBIl Ipomecc. B cTaTbe mpencraBiIeHbl
PEKOMEHJAIIMKA 110 HMHTETPAllMd HCKYCCTBEHHOTO HHTEIUIEKTa B OOy4eHHE M OOCYXKIaroTCs
MEePCIEKTUBHI €0 JaJTbHEUINETO TpUMEHEHUSL. [4]

B bumkekckoM rocymapcrBeHHOM yHuBepcuTeTe mMenu K. Kapacaea Obl1 opraHm3oBaH
TPEHUHT U1 IIpernojaBaTelie, MOCBAIMICHHBIM HCIIOJb30BAHUI0 COBPEMEHHBIX TEXHUUYECKH X
miathopM B OOVYEHHHM AaHIIIMHCKOMY S3bIKYy. B paMkax 3aHATHH paccMaTpUBAINCh TaKHE
HHCTpYMeHThI, Kak «Magic School», «GPT» u TeXHOIOrMM HMCKYCCTBEHHOIO HWHTEIJIEKTA, YTO
CBHUJICTEIILCTBYET O CTPEMJICHUM HWHTETPUPOBATH MEPEAOBBIC TEXHOJOTUHU B OOPa30BaTEIBHBIN
npouecc. [5]

B uneaom B KeIpreiscrane HaOMOZACTCS pacTylMid HMHTEPEC K  MCIOJb30BAaHUIO
HCKYCCTBEHHOTO HMHTEIJICKTa B  MPENOJAaBaHWM  aQHIJIHMHMCKOrO  SA3bIKa.  AKaJe MHUYECKHE
HCCIICIOBAHUS, IIPAKTUYECKHME WHHIMATUBBI M OOIICCTBEHHBIE OOCYKICHHMS CIIOCOOCTBYIOT
MPOJABMIKEHUIO OSTOM TEMbI, OTKpbIBasi HOBBIE BO3MOXHOCTH JJisi TOBBIIICHUS KayecTBa
00pazoBaHus B CTpaHE.

HNucTuTyT WHGOPMAIMOHHBIX TEXHOJIOTHH M HUcKyccTBeHHoro uHTemwiekra KHY um. XK
banacarplHa TOTOBUT CHEIMATUCTOB B 00JacTH MpOrpaMMUpOBaHus, KuOepOe30macHOCTH,
HMCKYCCTBEHHOIO MHTEJIJIEKTA, CETEBBIX TEXHOJOIMH M aHaiu3a AaHHbIX. CTYIEHThl HU3y4aroT
OONBINION O KOJIMYECTBY CIEKTP TEXHUYECKUX NUCHIUIUIMH, KOTOPbIE TPEOYIOT BHICOKOTO YPOBHS
BJIAJICHUS QHTITUACKUM SI3BIKOM, TTOCKOJIBKY:

eMHOTHE ydeOHBIC MaTepUalibl, HAYYHbIC CTAaThH M JOKYMEHTAIIMHU MHUIIYTCS Ha aHTJIMHCKO M
SI3BIKE;

eIporpaMMHpOBaHMEe M pa3paboTka mnporpaMMHbiXx obecnieyenuit (I10) wucnonb3yroT
AHJIMHCKYI0 TEPMHUHOJIOTHIO;

eyJacTHe B MEKIYHAPOJIHBIX MPOEKTaX, CUMIO3MyMax M KOH(EpEeHIUsX TpeOyeT 3HaHUS
AHTIIMICKOTO SI3BLIKA;

ejjocTyn K nepeaoBbiM UT-kypcam u cepTH(MKAIMOHHBIM IpOrpaMMaM OCYIIECTBIISIETC S
TOJIBKO 4€pe3 aHITIMHCKUM SA3bIK.
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IIpenonaBanue aHMIMICKOTO si3blKa cTyaeHTaMm [T-cnenunanbHOCTEH BBI3BIBAET CIIOXKHOCTH,
TaK KakK MpernojaBaTesiM HPUXOAUTCS COYeTaTh OOIee $3bIKOBOE OOYUEHHE C TEXHUYECKOU
TEPMHUHOJIOTHEN U TMpodeccuoHambHOM KoMMyHUKanuen. IloaTomy, paccMmarpuBas poiib
HMCKYCCTBEHHOTO HMHTEJIEKTa B OOY4E€HUM aHTIMHUCKOMY SI3BIKY CTyAeHTOB [T-cmernuanbHOCTEH,
MOKHO OTMETHTh, 4TO0 MW MO3BOJNSET MOBBHICUTH Ka4ecTBO OOYUEHHUs 3a CUET aBTOMATH3allWU,
IepCOHAIN3AlUN U MHTEPAKTUBHBIX METOJI0B. B npenosaBanuy aHIIIMICKOTO sI3bIKa JUIsl CTYJCHTOB
NKTull (MHCcTHTYTa KOMIBIOTEPHBIX TEXHOJIOTHH M HMCKyccTBeHHOTro MHTeIwiekra) KHY umenn
XKycyna banacarsina B mporecce 00ydeHusl Mbl HCITOJIb3YEM:

e AnantuBHble Wiardopmsl (Grammarly, ELSA Speak, LingQ) — anam3upyrot onmoOku
CTY/IEHTOB, TOJIOMPAIOT UHAUBUIyaTbHbIC 3aJaHUSL.

eYar-60Tel M BHUpTyaJbHble accucTeHTbl (ChatGPT, Duolingo Bots) — momoraior B
MPaKTUKE Pa3rOBOPHOTO aHTIHIICKOTO, MMUTAIIMU MPO(ECCHOHABHBIX TUATIOTOB.

e CucreMbl aBTOMATH4YECKOT0 nepeBoaa U anaau3a tekcra (DeepL, Google Translate) —
YAY4IIAlOT TMOHUMaHUE TEXHUYECKON JOKyMEHTAIINH.

e'eiimup unmpoBanubie npuioxkeHns (Memrise, Quizlet) — moBsIIAIOT MOTHUBAIUIO YEPE3
UTPOBBIE SJIEMEHTHI.

B nponecce obyuenus anrmuiickomy s3biky B MKTuldM KHY um. XK. Banacarina mbl
3(GPEKTUBHO HCMOIb3YeM HMCKYCCTBEHHBIH WHTEIJIEKT M YAYYLIEHHUS MOJA4Yd  S3BIKOBOTO
MaTepuara.

CylecTBYIOT HECKOJBKO CIIOCOO0B, KOTOPHIE MBI UCIIOJIB3YeM B CBOEH padorte:

1) IlepcoHanu3upoBaHHBbIE yUeOHbIE MATEPHAJIBI |

NN moxer aHanu3MpoBaTh ypOBEHb BIAJIEHUS S3bIKOM Ka)XJOTO0 CTYIEHTa M Ipenjararb
alanTHPOBaHHBIC yUeOHbIC MAaTEPHAIIbI, COOTBETCTBYIOIIME X TOTPEOHOCTSM. [6]

2) HHTepaKTHBHBIE YPOKH C HcnoJib3oBanuem UU:

[IpenogaBaTenu MOTYT HHTETPUPOBATH MHTEPAKTUBHBIEC 3JIEMEHTHI, TAaKHE Kak yaT-00Tbl, B CBOU
ypoxk#. [7]

3) AmHaiu3 u o0paTHasi CBA3b:

WU moxeT ncnoiap3oBaThes 151 aBTOMaTHUYECKOTO aHaIn3a MUChbMEHHBIX Pa0OT CTYJEHTOB, YTO
MO3BOJISICT MTPEIOIABATENSIM COCPEIOTOUUTRLCS Ha OOJIee CIIOXKHBIX acrekrax oOyueHwus. [8]

4) Teiimudukanus o0ydeHHsI:

HcnonpzoBanue reMuuuupoBaHHBIX NpHIOKeHUHA, Takux kak Kahoot! u Quizlet, moxer
czenats npouecc o0ydeHus O6onee yBiekaTelabHbIM. [IpernogaBaTenu MOTYT cO3/1aBaTh BUKTOPUHBI
U UTPbl, OCHOBAHHbIE HAa TEXHUYECKOH JIEKCMKE M TpaMMaTHKe, YTO CIOCOOCTBYET MOBBIILEHUIO
MOTHBAIMH CTYJCHTOB U YJIy4IIICHUIO YCBOCHHS Matepuaina. [9]

5) BupryajbHble aCCHCTEHTBI:

[IpenomaBaTenn MOTYT MCIOIB30BATh BUPTYAIBHBIX aCCHCTEHTOB, TakuX kKak Google Assistant
unu Siri, A7 CO3JaHUsl UHTEPAKTUBHBIX ypoKoB. Hampumep, cTyAeHTHI MOTYT 3a[aBaTh BOIPOCHI
0 TpaMMaTHKE WU JIEKCUKE, a aCCUCTEHTHI OyIyT NpPEJOCTaBJIATh MTHOBEHHBIE OTBETHI, UYTO
CIOCOOCTBYET akTHBHOMY 00yuenwuio [10].

6) AmHaau3 0OJBIIMX JAHHBIX:

MU moxeT nmoMoub npenoaaBaressM aHaIu3upoBaTh JaHHBIE O IPOTPECCE CTYIEHTOB, BBISIBJISA
o0ume TPYIHOCTH U YCHEIHbIE CTpaTeruu OOydeHHs. DTO MO3BOJISIET aJalTHPOBATh ydeOHBIN
Mpolecc M TMpeiaraTb JOMOJHUTENIBbHBIE PECYPChl JUISl CTYJIEHTOB, KOTOPBIE HCIIBITHIBAIOT
TpyaHocty. [11]

Hns s pdexruBHoOTO McnionszoBanus MM B nmpenomaBaHuy aHTIIMICKOTO s3bIKa cTyneHTam I T-
cnenuansHoctelt KHY nmenn Xycyna banacarsina Hamu npejuiaraercs:

1) Hurerpauust UM-uHCTPYMEHTOB B Y4eOHbIE MPOrpaMMbl:

e lcnonb3oBaHuEe aJanTHBHBIX IATGOPM ISl MHIUBHUAYaIbHBIX 3aJaHH .

e lcnonb3oBanue 4aT-00TOB /JIsi MPAKTUKU OOIICHUS Ha TEXHUYECKAE TEMBI.

2) Co3nanme crenUaJIM3MPOBAHHBIX OHJIANH-KYPCOB:

e Pa3zpaboTka KypcoB ¢ ydeToM npodeccruoHanbHoM Jekcuku [T-cnenuanpaoCcTei.
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e licnonb3oBaHue MHTEPAKTUBHBIX 3alaHN i, OCHOBaHHBIX HAa M -anroputmax.
3) I'ubpumgHoe oGyveHMe:
e CoueTaHue TPAIULHMOHHBIX METOJIOB IIPETIOJaBaHUsI C HU(PPOBBIMU TEXHOJIOTUSAMHU.
e [IpoBeneHue oHIaiH-BEOMHAPOB C IPUMEHEHHEM I'OJIOCOBBIX TOMOITHUKOB.
4) Hcnosb3oBaHMEe aBTOMATH3HPOBAHHBIX CHCTEM OLle HKH 3HAHMIA:
e [IpoBepka rpaMMaTHKi, TUCEMEHHBIX padOT M YCTHOU peun ¢ moMotnpto M.
e Pa3BHUTHE HABBIKOB IIEPEBO/IA U AHAIN3A TEXHUYECKUX TEKCTOB C MOAJCPKKON HEMPOCETEN.
5) OOyueHue mpemnoaaBaTeJeii:
e [IpoBeneHHE TPEHUHIOB M CEMHHApOB Ui MpEnojaBareiied mo ucrojb3oBanuo WU B
o0pa3oBaTeIbHOM IPOLIECCE.
e OOMEH ONBITOM MEXIY IperoaaBaTessiMu, ucnoiab3yronmmMu MU B cBouX Kypcax.
Kakue npemmymectsa u BbI30Bbl BHenpeHus MM B mpenonaBaHue aHIMIMMCKOTO sA3bIKa
MO>XHO OTMETUTH?
[IpenmymiecTBa, Ha Hall B3I, 3aKIIOYAIOTCA B TOM, YTO MPOUCXOAUT:
1) WuauBuayaJM3auus Mpolecca ooydeHus :
W mo3BossieT afanTupoBaTh Y4EOHBIH MPOIECC MOJ HYXKIbl KaXJ0Tro CTYAEHTa, YTO
CrocoOcTByeT Oosee IITy0OKOMYy YCBOEHUIO MaTepHaina [6].
2) TloBbIlIeHME MHTEPeCA CTYAEHTOB K M3yY€HHIO A3bIKA:
WuTepakTuBHBIE W TeWMUQUIIUPOBAHHBIE SJEMEHTHl JeNaloT oOydyeHue Oolee
yBIICKaTeIbHBIM. [9]
3) Jloctyn K nmepeaoBbIM 06pa3oBaTeIbHBIM pecypcam:
CTyneHTbl MOTYT HCIOJNB30BaTh COBPEMEHHBbIE NIAaTPOPMbl M HMHCTPYMEHTHI, UTO
pacumpsieT UX BO3MOXXHOCTH JUIsi caMoo0pazoBanusi. [7]
4) B03MOKHOCTBH CAMOCTOSITEJILHOI I3bIKOBO# NPAKTHKH 0€3 NMpernojaBaTeJis:
CTyneHTBl MOTYT MpPaKkTHKOBaTh $3bIK B JII00O€ BpeMs U B JIOOOM MeCTe, 4TO
CMOCOOCTBYET pa3BUTHIO MX HaBBIKOB. [10]
Kaxue BbI130BbI cymiecTBYIOT? Ha Hai B3], MOXXKHO OTMETHUTH!
1) HenocrarouyHasi uugpoBasi rpaMOTHOCTH HEKOTOPBIX CTYJA€HTOB H NpeToaaBaTeIeii:
He Bce cryaeHTBl M IpenojaBaTeiad MOIYT ObITh T'OTOBBI K HMCIOJIB30BAHHIO HOBBIX
TexHoorui. [13]
2) Bwpicokasi cToUMOCTB JiMIe H3WiT Ha mpoaBuHyThie UM -miaTd opmbi:
HexoTopble MHCTPYMEHTBHI MOTYT OBITh HEAOCTYMHBI M3-3a (PMHAHCOBBIX OTPAaHUYCHHIA.
[11]
3) HeobdxomuMocTh ajganTamuM  y4eOHBIX MPOrpaMM K  HOBBIM  TeXHOJIOTHSIM:
[penonaBaTesnsiM HEOOXOAUMO BPEMsi U PECYPCHI Il OOHOBJICHUS YU4EOHBIX TJIaHOB. [6]
4) TloTeHmMAJIbHbIE BONMPOCHI 3aIIMTHI MEPCOHATBHBIX JAHHBIX CTYAEHTOB: Vcrosbp30BaHme
WU tpebyet coOM0ACHUSI HOPM M CTaHAapPTOB 3alMThI JaHHBIX. [13]
[nsa ycnemnoro BHenapenus MM B mpenongaBaHue aHMIMMCKOro s3bika crygeHtam IT-
crnenuanbHocTedt KHY nmenu XKycyna banacareina pekomeHayercs:

1) PazpaboTrka o0pa3oBaTre/IbHOM CTpaTeruu:

o Omnpenenenue npuoOpUTETHHIX TexHOJOoTUN MU nyist yueGHOTO TIpo1iecca.

o IlogroroBka mnpenogaBarenell K ucnonb3oBaHuioo WM-MHCTpyMEHTOB Ha Kypcax
IIOBBIIIICHU L KBaJ'II/I(l)I/IKaHI/II/I n CCMHHapax.

2) Co3naHue NUWJIOTHBIX MPOrpaMMm:

° BHenpenne TecToBbIX KypcoB ¢ npuMeHenreMm MU aiist oneHkn nx 3peKTHBHOCTH.

J AHanu3 pe3ynbTaToB U KOPPEKLMs METOJMK Ha OCHOBE OJyY€HHBIX JaHHBIX.

3) ObecneueHue TeXHUYECKOM NMOIE PAKKH:

J ObecneyeHue a0cTyna CTyIEHTOB M IpENoiaBareieidl K COBPEMEHHBIM IU(POBBIM
nargopMam U pecypcam.

o Pa3paboTka BHyTpeHHeH 0a3bl JaHHBIX C 00pa30BaTEIbHBIMU PECYPCAMH, BKIIOYAS

nocryn k MM-uncTpymenTam.
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4) Ouenka 3¢ peKTUBHOCTH:

e PeryinsipHplii MOHMTOPHHI YCIIEBAEMOCTU CTYIECHTOB C ucnoyib3oBanuem MW mis
aHaJan3a JaHHBIX.

o COop oOpaTHOI CBSI3M OT CTYIEHTOB W MpemojaBareieil s ylydlieHus y4eOHOro
npouecca.

5) CorpyanudectBo ¢ IT-koMmnanusimMu:

o YcTaHOBIIEHHE NAPTHEPCTB C TEXHOJOTMUYECKMMHU KOMITAHUSMHU I JOCTyNa K
HOBEMIIMM NHCTPYMEHTAM H pecypcam.

o [IpoBeieHrE COBMECTHBIX MEPONPHUITUM, TaKMX KAaK XaKaTOHbI U CEMHUHApPbl, AJIs

IIPAKTUYECKOIO MPUMEHEHMS U3y4aeMOI0 MaTrepuara.

Buenpenne WM B mpenojaBaHue aHIVIMHCKOTO s3bika B MHcTUTyTe MH(OpMallMOHHBIX
TexHoJIoTul U uckyccrseHHoro uHrtemekra KHY umenn Xycyna banacarsiHa oTKpbIBaeT HOBbIE
BO3MOXKHOCTHM I TIOBBIIIEHUS! KauecTBa oOpa3zoBaHus. Vcmonb3oBaHue HU(POBBIX TEXHOIOTUM
CHOCOOCTBYET HMHAMBUIYaJbHOMY MOAXOAY, IMOBBIIIAET MOTHBAILMIO CTYJEHTOB M 0O0Jerdaer
OCBOEHHE TMpodecCHOHANbHOW TepMUHONOrMH. OIHAKO YCIelHas HWHTerpauus Tpedyer
KOMIIJIEKCHOTO IO/IX0/la, BKIIOYAIOMIEro OO0y4deHHE IpenojaBaresiedl, aJanTauuio y4eOHBIX
[IPOTrpamMM U TEXHUYECKYIO IMOIIEPIKKY CTYIECHTOB.

Hcnonb3oBanue U B 06pa3oBaTebHOM IPOLIECCE HE TOIBKO YITYYIIAET KaueCTBO 00 ydeHH,
HO M CIOCOOCTBYET MOJTIOTOBKE CTYIAEHTOB K TPEOOBAHMSM COBPEMEHHOIO pBIHKA TpPy[ad, IIe
3HAaHUE AHMJIMMCKOTO s3bIKAa U HaBBIKM PabOThI ¢ HOBBIMH TEXHOJIOTHSIMM CTaHOBSTCA Bce Oolee
Ba)KHBIMH.
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CHATGPTIWH YET TUWIAEPIU YHPOTYYAOI'Y KOJJIOHYJIYIIY KAHA
KOUT onJ1oPY
MPUMEHEHUE U IMPOBJEMBbBI CHATGPT B OBYUYEHUN UHOCTPAHHBIM
SI3BIKAM
APPLICATION AND CHALLENGES OF CHATGPT IN FOREIGN LANGUAGE
LEARNING

Kbickaua myHnesneme: JKacaama HMHTEIJIEKT TEXHOJOTHMSCBIHBIH T€3 OHYTYLDy MEHEH,
OunuM Oepyy TEXHOJIOTHACBIHJAATBI JKAHBUIBIKTAD YET TWIAEPAU OKYTYy MOJEIJEpUHIErn
e3repyYyNepaAy ylTaHTyylda. AKBIpKbI SKbLagapbl der Triaepan okyryyaa ChatGPT xommonyy
OoroH4Ya wu3MiIneenep keOeiyydae. byn wMakama, d4er THIIEpAM OKYTYYHYH TPAKTHKAIBIK
mucangapeina  Herm3menun, ChatGPTtuH  nekcmka  jkaHa  TpaMMATHKAIBIK — OKYTYYyZa,
KEKEICIITUPWITEH OKYTYyHY KOJJOOIO >KaHa KIAcCTarbl ©3 apa apakeTTEeHYYHY KydeTyynery
YBIHBITBI KOJJIOHYITYIIYH U3UIAEHT. OIOHI0M 3J1€, OKYTYYHYH HaThIMKaIyylayryH KOropynaTyyaa,
peanyy yOakbITTarbl NHKUP OalJlaHBIII MEXaHU3MJIEPUH KydyeTyyle >KaHa HMMEPCUBIYY
OKYTYYHY WITEpUIIETYYAOTY aHbIH apThIKYBLIBIKTAPBIH TangaiT. Owmon 31e ydypraa, Oyn Makana
yer Tmigepan okyryyna ChatGPTrun dYekreenepyH, Mucaibl, MaJaHUH KOHTEKCTTEpAETH
TYWIYHYYAOTY UeTTeesiep, IMparMaTUKajdblK Karajap JKaHa KOHKPETTYY THJIJIUK  Ce3
allkalmrapblHIAarbl Tyypa 5Mec 0aamap ChIAKTyynapAbl OeiaruiaeidT. MbIHIaH — ThIIKapHl,
crypeatrrepaud ChatGPTre ammikya TasHyycy ajapAblH €3 ajJblHYa OKYY XOHIOMIYYJIYTYHO
TOCKOOJI OOJIylly MYMKYH >aHa KJaccTarbl MYTaJUMIWH YCTOMIYK pOJIy ajchlpalllbl MYMKYH.
M3unneenep kepcerkennei, srep ChatGPT cantryy OKyTyy bIKMajgapbl MEHEH HaTblilkKalyy
UHTETpallMsUIaHca, aHJa al 4YeT TWIAMK OmiMM OepyyHYH camarhlH —ONTHMAJJAIIThIPHIIL,
OKYY4yNap/blH THJIIMK OMJITMUTUTHH KOropyiara anar. AKbIppIHAA, Oyl Makajia 4eT THIAepau
okyryyaa ChatGPTrun keneuekrern eHYIYYCYH TalKyylalT jKaHa THELIeNYY CyHYIITapJsl Oeper.

AHHOTauMA: bpICTpoe pa3sBUTHE TEXHOJIOTMH MCKYCCTBEHHOIO MHTEJUIEKTa, HHHOBALMU B
00pa3zoBaTeNbHBIX TEXHOJIOTHSAX HEMPEPHIBHO CIIOCOOCTBYIOT TpaHCHOpMALMU MOJIENEeH 00ydeHUs
MHOCTpaHHBIM s3blkaM. B mocnennue roapl uccienoanus npumenenus ChatGPT B oOyuenun
MHOCTPAaHHBIM $I3bIKaM IIOCTENIEHHO YBEIMYMBAIOTCS. B NaHHOM cTaThe, HA OCHOBE MPAKTUYECKUX
IpUMEpOoB O00y4eHUs MHOCTPAHHBIM s3bIKaM, paccMaTpuBaeTcs (akTuyeckoe IMpUMEHEHUE
ChatGPT B oOyueHuu JeKCMKe U IpaMMaTHKe, NMOATOTOBKE K K3aMEHaM, a Takke B MOJICPIKKe
WH/MBUIyaIbHOTO OOYYeHHsT M TOBBIUICHUM HMHTEPAKTUBHOCTM Ha 3aHATHAX. Takke
aHAJTM3UPYIOTCS IPEUMMYIIECTBA B MOBBIIEHUH Y(PPEKTUBHOCTH 00y4eHUsl, yCUJIEHUN MEXaHU3MOB
MTHOBEHHOW 0OpaTHOW CBS3M M COACHCTBMM MMMEPCUBHOMY OOyueHHUI0. B TO e Bpems B cTaTbe
ykaszbiBatoTcs orpanndeHust ChatGPT B 00yueHnHM HHOCTpaHHBIM sI3bIKaM, TAKUE KaK OTKJIOHEHUS B
MOHMMAaHUU, B MEXKYJIbTYPHOM KOHTEKCTE, MparMaTHYecKue OLMOKM M HElpaBUJIbHAs OLIEHKa
crenuuYeckux A3bIKOBBIX BhIpakeHUI. Kpome Toro, upe3mepHasi 3aBUCUMOCTb CTYAEHTOB MOKET
MOBJIUATh Ha CIIOCOOHOCTh K CaMOCTOSITEIbHOMY OOYYEHHIO, a BEAyllias pojb IpernojaBaTelis
MOXKeT ObITh ociabneHa. MccnenoBanus MmokaspiBaloT, yTo Ipu pasymMHoMm coueraHuu ChatGPT u
TPAJUIIMOHHBIX METOJOB OOY4eHHUS MOXHO 3()(PEKTUBHO ONTUMHU3UPOBATH KAUYECTBO OOYUCHHS
MHOCTPAaHHBIM $I3bIKAM U TIOBBICUTH CIIOCOOHOCTh OOy4arolmXcsi NMPUMEHSTH s3blK. Hakownen, B
CTaThe paccMarpuBaroTcs Oyayume HanpasieHus pa3Butus ChatGPT B 00yueHMH MHOCTpaHHBIM
A3bIKaM U IPEAJIaratoTCcsi COOTBETCTBYIOIME PEKOMEHIALIUH.
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Abstract: With the rapid development of artificial intelligence technology, innovations in
educational technology continue to drive changes in foreign language teaching models. In recent
years, research on the application of ChatGPT in foreign language teaching has been increasing.
This paper, based on practical cases of foreign language teaching, explores the actual applications
of ChatGPT in vocabulary and grammar instruction, personalized learning support, and classroom
interaction enhancement. It also analyzes its advantages in improving learning efficiency,
strengthening real-time feedback mechanisms, and promoting immersive learning. At the same time,
this paper highlights the limitations of ChatGPT in foreign language teaching, such as
comprehension biases in cross-cultural contexts, pragmatic errors, and misjudgments in specific
language expressions. Additionally, students’ over-reliance on ChatGPT may hinder their
autonomous learning ability, and the teacher's dominant role in the classroom could be weakened.
Research suggests that if ChatGPT is effectively integrated with traditional teaching methods, it can
optimize the quality of foreign language education and enhance learners' language proficiency.
Finally, this paper discusses the future development of ChatGPT in foreign language teaching and
provides relevant recommendations.

Herusru ce3mep: ChatGPT; wer tmimepau okyryy; KeiTail TUimH OKyTyy, »acaiMma
WHTEIJIEKT; OKYTYY KOJJOHMOJIOPY; apTHIKYBLIBIKTAPhI; OHYKTYPYY OarbiThl.

KuaroueBble caoBa: ChatGPT; oOyueHuMe WHOCTpaHHBIM S3bIKAM; IpenoJaBaHue
KHUTallCKOTO sSI3bIKa, I/ICKYCCTBCHHI:Iﬁ HUHTCJUICKT, IPUMCHCHUC B 06y‘I€HI/II/I; NpCUMYyHICCTBA,
HaITpaBJICHUC PA3BUTH .

Keywords: ChatGPT; foreign language teaching; Chinese teaching; artificial intelligence;
advantages; teaching applications; development directions.

Beenenne

Texnonoruu uckyccrsennoro unremiekra (MU, Artificial Intelligence), ¢ MmomenTa cBoero
nosiBieHus: B 1950-x romax, MepekWIM HECKOJbKO BOJIH pa3BUTHS. B mociegHue ronasl, ¢
npopbiBaMu B obsactu rimybokoro oOydenust (Deep Learning), oOpaboTKi €CTECTBEHHOIO S3bIKa
(NLP, Natural Language Processing) u Oonpumx naHHbix (Big Data), MM Bcrynun B 3Tan
OBICTPOTO Pa3BUTHS U NIMPOKOTO MpuMeHeHus1. B wactHocTH, 3Bomonns mozaeneit GPT (Generative
Pre-trained Transformer) mpuBena K 3HaYUTENILHOMY IPOPHIBY B TEHEPALlMKM U TTOHUMAHUH TEKCTa,
OTKpPBIBAsi HOBBIE BO3MOKHOCTH JIJIs chepbl 00pa3oBaHUSI.

ChatGPT, o¢ununansHo BeinyieHHbIH Komnanueit OpenAl 30 HosiOps 2022 rona, Kak 4art-
00T, OCHOBAHHBII Ha TEXHOJIOTUSAX TITyOOKOTO 00ydeHus U 00paboTKu ecTecTBeHHOTO si3bika (NLP),
y)Ke depe3 5 JHEW mocie 3amycka Mpeojioyiesl oTMEeTKy B 1 MuiutnoH mosb3oBareneit. ChatGPT
o0OnagaeT MOIIHBIMM BO3MOXXHOCTSIMM IOHMUMAaHUsT M TEHepaluu TeKCTa, CHOcOOeH BEeCTH
JMAJIOTH M OKa3bIBATh IMOJIEPKKY B PEIICHUU PAa3TUYHBIX 3a/1a4, TAKUX KaK CO3JJaHHE TEKCTOB,
SI3bIKOBOM IEPEBOJI, MOUCK MH(OPMAIUHU, TTOMOIIb B TPOrPaMMHUPOBAHUH, a Takke B 00pa3oBaHUU
1 00y4eHUH.

Hexotopeie wuccnenoBatenu cuurtaor, uro ChatGPT yckoput oO6pa3oBarenbHbIe
npeobpazoBanusa. Hampumep, Euchner (2023) [2] ormewaer: "llosBnenme ChatGPT wmoxer
KapIUHaJIbHO HW3MEHHUTHh Monenb oOpaszoBanus". Rudolph u gp. (2023) [1] monararoT, dYTO
"renepatuBHbIN MV mpemocTaBisier HOBBIE METOABI M BO3MOXXHOCTH B OOJIACTH pa3pabOTKH
y4eOHBIX MPOrpaMM W TPUHOCHT 3HAYMTENbHBbIE MpeumyllectBa’. B To ke Bpems HEKOTOpbIE
y4EHbIE BBIPAKAIOT 00€CIIOKOCHHOCTH 10 oBoAy ucnosb3oBanus ChatGPT. Ban Ulyu u op. (2023)
[5] yka3pIBaroT, YTO 9Ta TEXHOJOTHUS MOXKET CIOCOOCTBOBATh ILIarMaTy W aKaJeMHYECKON
HeuecTHOCTH, a Yy ['yauxysit u ap. (2023) [6] cumuTatot, uro 3noynorpednenne ChatGPT moxer
HEraTMBHO TIOBJIMATh Ha aKaJIEMHUYECKYIO CIPaBEAJIMBOCTh. B 3TOM KOHTEKCTE, KaK HWMEHHO
ChatGPT noBmmsier Ha o6pazoBanue? Kak memaroru JOMKHBI MPAaBUIIBHO pearnpoBaTh Ha ObICTpOE
pasBUTHE TEXHOJOTMM MCKYCCTBEHHOro HHTeiekra? B naHHONM craTbe OyIyT paccMOTpEHBI
npuMmenenre u npakruka ChatGPT B o0ydeHMM WHOCTpaHHBIM S3bIKaM, a TaKKe C MOMOIIBIO
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aHaJIM3a KOHKPETHBIX METOJIOB M MPUMEPOB OYIYT MPEIOCTABICHBI MPAKTUYECKUE PEKOMEH JAIlHH
Uit yauTenei no ucnois3oBaHuto ChatGPT B kauecTBe moMouHUKAa B 00YY€HUH MHOCTPAHHBIM
SI3BIKAM.

1. lIpumenenne ChatGPT B 00yuyeHNH HHOCTPAHHBIM fI3bIKAM

1.1 O0y4eHmne e KcuKe

Jlekcuka sBNSIETCS OCHOBOW M3YYCHHS S3bIKAa, M TOJBKO HaKallJMBas M OCBaWBas
JIOCTAaTOYHOE KOJIMYECTBO CJIOB, OOydarolmecs MOTYT B JalbHEHIIeM (QOpMUPOBATH HaBBIKU
aynupoBaHus, TroBOpeHHUs, 4YreHus u mnuchbMma. ChatGPT wmoxer wurpate pa3HOOOpasH Yo
BCIIOMOTATENIFHYIO POJb B OOYYEHHWH JIEKCHKE, TIOMOTas IpPEenoJaBaTelsiM ITOBBIIIATH
3(pPEKTUBHOCTh 3aHATUH U OIHOBPEMEHHO CIIOCOOCTBYS PAa3BUTHIO y CTYJICHTOB HAaBBIKOB
W3Y4CHUS U TPUMECHEHU S JeKCUKUA. KOHKpEeTHBIE TPUMEHEHUSI CIE YOI e:

(1) ChatGPT moxet npoBOIUTh MHOTOACIEeKTHbINH aHanu3 camux cioB. ChatGPT obnanaer
MOIIHBIMU BO3MOXXHOCTSIMH TTOHUMAaHHS S3bIKA M MOXKET aHAIU3UPOBATh 3HAUECHHE, YacTh PeuH,
CTPYKTYPHBIM THUI W SMOIMOHAIBHYIO OKPAcKy CJIOB C pa3HbIX TOYEK 3PEHUsS, YTO IMO3BOJSICT
MPEoAaBaTeNsIM SKOHOMHUTh BpeMsl Ha 3aHATHSX U MOBBIIATE 3 pdekruBHOCTH 00yueHus. Tak, Ha
NpuMepe KUTaiCKOro s3bika, mpuM u3ydenuu ciosa "' FF " (macramsars) ChatGPT wmoser
MPEIOCTABUTH IPUMEPHI TIPEITOKEHUH B Pa3IMUHBIX CIICHAPHUSIX:

Ob6uviunoe ucnonvsosanue. fil & K W ¢ # 1% & /& (On xaxmplii geHp HacTOHUMBO
3aHUMAaETCsl PU3MICCKUMHU YIPAKHEHUSIMH ).

Obyuenue: BMFIRAE, WAk IR IR KF22 5] B3 (Maxke eciu 910 CIOKHO, OHA TIPOJIOIIKAET

HAaCTOWYMBO U3y4aTh KUTANCKUHN SI3BIK).

Pabouas cumyayus: LIREFFNNIXATT R IF) (Menemkep HacTauBaeT, 4To 3TOT
TUJIaH JIYYIIHi ).

Omoyuonanvioe evipasxcenue: fATR ¥ H D HEM, MABHEE (Onu macroiiumso
MPUACPKUBAIOTCS CBOEH BEPHI, HE KOJIEOIICH).

(2) ChatGPT mosxeT aHanM3UpPOBaTh OTHOILICHUS MEXY cioBaMu. [loaTomy mpenogaBatenu
cmorytr ucnonb3oBaTh ChatGPT mist pasnudeHuss CHHOHMMOB M aHalM3a COYETaeMOCTH CIIOB,
pa3BUBas MBINUICHUE CTYJICHTOB B KOMOMHAIIMOHHBIX U arpeTaTHBIX OTHOIICHUSX CJIOB, TOMOTast
UM OCBOHTH KUTAWCKYIO JIEKCHKY; TakKe, PYKOBOJCTBYSACh TEOPUEH CPaBHUTEIHHOTO aHAIN3a U
aHaM3a OIMOOK, MOKHO TIPOTHO3MPOBATH BO3MOXHBIE OLIMOKM CTY/ICHTOB B M3YYCHHUH JIEKCUKH U
3apaHee IMOJATOTOBHUTHCS, TOMOTas UM MaKCHMAaIbHO M30ekaTh 3TUX onmbOok. Hampumep, mpu
CpaBHEHMU pasziuumii Mexay ciosamu "/ 58" (ayBcTBOBath), "/ A2 " (omymars) u "KL "
(ucneiTeiBath), ChatGPT mpenocTaBisieT Clieyonme pa3bsiCHCHUS:

J& . (dyBCTBOBATH) - B OCHOBHOM OTHOCHTCS K (PM3MONOTMYECKMM HIIM HMHTYMTHBHBIM
onymenusam. IS RIRE o (S uyBCTBYRO, YTO CETOHS XONOIHO).

J& % (omlymwaTh) - CKIOHSETCA K INCHUXOJOTMYECKAM U SMOLMOHAIBLHBIM OIIYLICHHSAM.
W RS2 B2 M 9P . (Ona riyboko olyTuiaa 3a60Ty yauTens).

AL (McnBITHIBATH) - TOAYEpPKUBAET MMuHbIf onblT. fMIEARIT HARLS: T AR Cib. (On
UCIBITAJ BIMSHUE PA3IMYHBIX KYJIBTYP BO BPEMsI ITYTCIICCTBH).

(3) ChatGPT MokeT BCnoyib30BaTh CYIIECTBYIOIIYIO 0a3y pecypcoB IS MPEIOCTaBICHUS
OOJBINIOTO KOJIMYECTBA MPABUIIBHBIX MPUMEPOB MPEAJIOKEHUH U, B COOTBETCTBUU C 3alpocCamy,
MPEIOCTABIISATh TIPENOIABATENsIM 00pa3IOBbIe TPEIJIOKEHUS IO YPOBHSIM M TEeMaM, a TaKKe
MPEICTABIIATh CTYJCHTaM MPaBUJIbHBIC H YMECTHBIC BRIPAXKCHUS 11EJICBOTO SI3bIKA B COOTBETCTBUH C
3aJJaHHBIMH IIEJIIMU U TOTPEOHOCTSAMU, TTOMOTasi ITPETOJaBaTENSM U CTyieHTaM (opmMupoBath 0azy
MPUMEPOB TIPEITIOKEHUM, YTOOBI CTYJICHTHI MOTJIM TOHUMATh U MCIIOJIB30BATh CJIOBA B KOHTEKCTE.
[Mpu 3ampoce xk ChatGPT mnpenocTtaBUTh COOTBETCTBYIOUIME BBIPAKCHHS B COOTBETCTBHH C
KOHKPETHBIMH NOTpeOHOCTsIMU Ha TeMy cuenapus "[Ipocs6a o momoum", ChatGPT npenocrasiuser
CIEAYIOIME MPUMEPHI TPEIIOKEHUMN:

Oduyuanvnasn cumyayus (HamucaHue IEKTPOHHOTO MUChMa mpodeccopy):
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B £, B AR FER L, ARIER RN ES IR
857 Wil ! (Yeaxaemslil podeccop Ban, 3mpascTyiite! S CTONKHYNCS ¢ HEKOTOPHIMH
npobiemMaMu B rpoliecce 00ydeHust, He MOTJIM Obl BbI MHE TToMOub? Criacu0o!)

THonyopuyuanvras cumyayus (00IEHUE ¢ KOJIJIETON ):

N, RAE B AN A, BEEREICEER S ? Wil ! (Cso Jlu, y Mens BosHukia
npobiema, He MOTII ObI BbI MHE 1ToMo4b? Criacu6o!)

Heoguyuanvuas cumyayus (MeXIy APY3bsIMH):

PREEF AT ? A SR AEX B H. (He mor 661 Thl MHe momoub? I HeMHOrO
3amyrajics B ’TOM BOIIPOCE).

Taxum o0Opazom, ChatGPT moxer momoub mpenojaBaTeNsiM U CTYIEHTaM CO3[aTh YET KO
KJIacCH QUIIMPOBAHHYIO ¥ KOHTEKCTHO-OPHEHTHPOBAHHYIO 0a3y MPUMEPOB MPEATIOKEHUH, obIerdas
MpUMEHEHHE B OOY4E€HUU M U3YYEHUH. DTO MOMOTaeT CTYIEHTaM HEe TOJIbKO MOHSATh KOHKPETHOE
HCIIOJIb30BaHME CJIOB, HO M THOKO MCIOJIb30BATH I[€JIEBOH SA3bIK B PAa3IMYHbBIX KOHTEKCTAX.

B nenom (Cai W., 2023a) [3] ChatGPT moseT urpaTh BaXHYI BCIOMOIaTENIbHYIO POJIb B
00y4eHHU JIEKCH Ke, TPEAOCTaBIIss 00 ydaro MMC s O0JIbIIOe KOJIMYECTBO y4eOHbIX MaTepuanoB. OH
UMUTHPYET peallbHble KU3HEHHBIE CUTYallMd U CIIOCOOCTBYET PEalbHOMY HCIIOJIB30BAHUIO S3bIKA.
Ho cnenyer ormerutsh, uto mpodeccuoHanbHbie 3HaHUS ChatGPT orpanwveHsl, U OTBETH Ha
TEOPETUYECKHE BOIPOCH! S3BIKOBBIX 3HAHUM, Takue KaK aHalIM3 CTPYKTYpPHI CIOB, HEAOCTATOYHO
TOYHBI, ¥ TIPETIOAABATEISIM HEOOX0AUMO UX ITPOBEPATH.

1.2 O0y4yeHue rpaMmmMaTuKe

Jlnst u3ydeHusi paMMaTHKA KpaliHE BaKHO TOYHO yCBAaWBaTh COOTBETCTBYIOLME 3HAHUS U
nucaTh MPEATIOKEHUsT 0€3 TpaMMaTHYeCKHX OIMOOK, YTO TakKe SBISETCS TPYIHOCTBIO U
npobiemoii B oOydenuu. B mporecce u3ydeHHS MHOCTPAHHOIO S3bIKa HM3-3a OTPULIATEIHLHOTO
IepeHoca POAHOIO s3bIKa, BIMSHUS CTpaTeruii OOydeHHS WMJIM METOJIOB OOY4eHHS U JPYrux
(dakTOopoB, ydampecs 4YacTo JONYCKAIOT TpaMMaTH4YecKue OMMOKU, Takhe KaK IMPOIYCK
KOMITOHEHTOB, CEMaHTHYECKOEe MTOBTOPEHHE, HEMPABUIILHOE HCIIOIB30BaHUE COSTMHUTEIBHBIX CJIOB
u T. 1. Ecnu Takue rpaMmarryeckue ommoOKu ObICTPO U APEKTUBHO UCIPABIIATE, TO 3HAUUTEIBHO
MOBBICUT YPPEKTHBHOCTD OOYICHHUS, B OMIPEICICHHON cTeneHn oberdast paboTy npemnojgaBaTens U
yay4dmas pa3BuTHe o0O0ydeHus HHoOcTpaHHBIM s3bikaM. ChatGPT Moker xopomo mnomoraTh
npernojaBarelsiM B OOydY€HHUM TpaMMaTHKe MHOCTPAHHOTO s3bIKa, IpPU 3TOM IIOMOras H
oOyJarommMcs Jydlle ycBaWBaTh TIpaMMaTHYECKWE 3HAHUSA. DTO B OCHOBHOM OTPAaXKaeTcs B
CIEYIOIIMX acTeKTax:

(1) IpemocraBieHue YETKMX PAMMATHYCCKUX OOBSICHEHHMIMA

B oOydenum rpaMMaTHKe WHOCTPAHHOTO s3bIKA CHUCTEMaTHYEeCKOE W  TOYHOE
rpaMMaTHyYeCcKoe OObSICHEHUE SABJISIETCSI OCHOBOM ISl YCBOSHUS 00 yJaro IMMHUCS S3bIKOBBIX MPABHIL.
ChatGPT o6nagaer MOLIHBIMH BO3MOXKHOCTSAMH OOpaOOTKM s3bIKA M MOXKET IPEIOCTaBIIATh
rpaMMaTHUYeCKHEe OOBSICHEHUS PA3IMYHON TIIYOMHBI B COOTBETCTBUHM C YPOBHEM OOYYaroINErocs
(HauanbHBIN, cpeaHuid, TpoABUHYTHIN). Hampumep, ans Haunnaroumx ChatGPT moxer o0bsACHATH
rpaMMaTHYECKUE KOHIIETIIMM C TMOMOIIBI0 HAISIHBIX MPUMEPOB M OCHOBHBIX MpPaBHJI, a JUIs
MPOJABUHYTHIX OOYJaIONMXCS MOKET TMPENOCTaBIATh TOAPOOHBIM  CTPYKTYPHBIA — aHAIU3,
rpaMMaTHYECKYIO SBOJIIOLIMIO U €€ MPUMEHEHHE B pa3inyHbIX KoHTekcTaX. Kpome Toro, ChatGPT
MOYET KOPPEKTHPOBATh METOJbI OOBSICHEHUS B COOTBETCTBUH C PA3IMYHBIM SI3BIKOBBIM (JOHOM,
YTOOBI aJanTHUPOBATHCSA K BIUSHUIO OTPHUIATEIBHOTO MEPEeHOca POJHOTO si3blKa, Jienas o0yueHue
rpaMMaTHke 0oJjiee TOYHBIM U IEPCOHATN3UPOBAHHBIM.

(2) Co3nanue nepcoHATM3MPOBAHHBIX YITPAKHCHH U PEIOCTABIICHIE 00PATHOW CBS3H

[lepconanu3upoBaHHble YIPaXXHEHUSI UTPAIOT PEHIAIOUIYI0 POJib B 00Yy4eHHH IpaMMaTHKe,
nomorasi 00 y4aro IIMCsl 3aKpeNUTh MOJIydeHHbIC 3HaHUS B IpakTHueckoM npuMeHeHnnu. ChatGPT
MOYKET CO3/1aBaTh IICJIEBBIC YMPAXHECHHS, TaKHMe KaK YIPKHEHHUS Ha 3alOJHEHHE IPOITYCKOB,
UCIIpaBJICHUE OUMOOK, BHIOOP OTBETAa U COCTaBJICHUE MPEATOKEHU B COOTBETCTBUM C YPOBHEM,
MporpeccoM OOYUeHUS W PacHpoCTpaHEHHBIMH oOnmMOKaMu oOydaronmxcs. B To ke Bpems
ChatGPT oOnamaer MeXaHM3MOM MIHOBEHHOM OOpaTHOM CBs3M, CIIOCOOHBIM aHAIM3UPOBATh
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OTBETHl O0Y4JaIOIMXCs, YKa3bIBaTh Ha OIMMOKA U MPEIOCTaBIATh MOAPOOHBIE 00bsCHEeHUs. Takoin
PEKUM MIHOBEHHOTO MHTEPAKTUBHOTO OOYy4EHHUS MOXKET HMOBBICUTH CIOCOOHOCTh O0Oy4JaropXcs K
CaMOKOHTpoI0 U 3((PeKTUBHOCTh  H3yuyeHUs TIpammatukud. Kpome Toro, cosnanue
MEPCOHATM3UPOBAHHBIX YIIPaXXHEHUNW TO3BOJIAET U30€XKaTh OrpaHUYEHUN (PUKCHUPOBAHHBIX
YOpOKHEHUH U3 TPAAUIIMOHHBIX Y4eOHHMKOB, Jenas y4eOHbIH KOHTEHT Oosiee THUOKMM U
Pa3HOOOpa3HBIM.

(3) O6yueHue rpaMMaTHKe B COYCTAHHUH C PEATbHBIM KOHTEKCTOM

M3ydyeHue s3pIka — 3TO HE MPOCTO YCBOCHHE NMPABUJI, HO U NMPUMEHEHHE UX B pEalbHOM
koHTekcTe. ChatGPT mnpenocraBnsier oOydarommmcs 0Oojiee MPaKTHYECKHE TPaMMaTHUYCCKHE
VIpaKHEHUS, COYeTas peallbHble KOHTEKCThI, TaKH€ KaK MOBCEIHEBHOE OOIICHHE, HOBOCTHbBIE
pernopTaxku, HaydHbIC CTAThH, S3bIK CONMUANBHBIX ceredd U T. A. Kpome Toro, ChatGPT moxer
co3/1aBaTh YINPaKHEHHS Ha JUAJOr B COOTBETCTBHM C KOHKPETHBIMHU KOHTEKCTaMH, I103BOJISIS
oOyJarollMCsl ycBaWBaTh TIpaMMaTHYeCKHMEe 3HAHUS B IIPOLIECCE MOJETUPOBAHUS PEabHOTO
OOIIeH NS

(4) UcnpaBiecHue rpaMMaTHYECKUX OMMOOK M 00bICHEHHE IPUYKH OIIMOOK

AnHanu3 onmOOK SBISETCS HEOThEMJIEMOM YacThl0 OOY4EHHsS HHOCTPAHHBIM SI3bIKaM.
ChatGPT Moxer aBTOMAaTMuYeCKd paclo3HaBaTh TIpaMMaTHYecKue OMMOKMA OOyJaloUmMXcs H
MPEIOCTABIISTh MOAPOOHBIE HCIPABIEHUS, HE TOJBKO yKa3blBas Ha IMPABUJIBHBIA OTBET, HO H
aHaU3upys NpUYMHBl onMOOK. bnaromapss MrHOBeHHON o0OpaTHOW CBsI3M M OOBSICHEHUSM
oOyJarommecss MOTYT TIy0Xe MOHSATh CBOU OMMOKH, YTOOBI M30€KaTh UX TOBTOPEHUSI U TIOBBICUTH
TOYHOCTh ycBoeHHs TpammaTukud. Kpome toro, ChatGPT MokeT mnpenocTaBisTh IIeIeBbIC
YVOpaOKHEHUST Ha OCHOBE THIIMYHBIX Mojeiaed oummoOoK oO0ydJaroumxcss A 3aKperieHHUs
[PaBUJIbHBIX TPAMMATHYECKUX CTPYKTYD.

(5) [poBeseHne CPaBHUTEIBHOTO aHATH3a TPAMMATHKH JIJIs IPEAOTBPAIICHHS TYTAHHUIIbI

B npomuecce u3yueHuss HHOCTPAHHOTO S3bIKa HEKOTOpbIE TPaMMaTUYECKUE SIBIICHUS JIETKO
nepenyratb. ChatGPT wmoxkeT nomoub oOydaronmMcs MOHATh pPAa3IUyUs MEXIY pPasHbIMU
rpaMMAaTUYECKUMH CTPYKTYpaMH C TIOMOIIBI0 TMOAPOOHOTO CPaBHUTEIBHOTO aHajiu3a |
NPEIOCTaBUTh LEJEeBble YINPAKHEHHS I MpEeNoTBpaIleHUs NyraHuUbl. [lpu BeIpakeHHH
COCTOSIHUSI MJIM 3aBEPIIEHHOCTU JEUCTBUS B KUTal CKOM SI3bIKE YaCTO MCIOJIb3YIOTCSI TAKUE CIIOBA,

kak "1 " (le), "i" (guo) m "FEH" (zhe), HO UX (QYHKUMM Pa3IMYHBI, U MX JETKO IEPENyTaTh
M3Y4alOIMM WHOCTpaHHBIA s3bIK. [[ns sToit rpammatuku ChatGPT mpemocraBnser criemyroime
MPUMEPHI MPEITIOKCHUIN :

"7 " (le) - ycasplBaeT Ha 3aBepIICHHE JCHCTBHSA:

FWERE THE A . (WO zudtidn kan le na bu didnying). - $I Buepa mocmoTpen 3TOT
(¢uIbM (TMOTYEPKUBALT, YTO JICHCTBUE Y)KE TTPOU3OIIIIO);

"' (Quo) - ykasbIBaeT Ha OMBIT:

WEILHH ER . (wo kan guo na bu didnying). - I cmoTpen >ToT QuiIbM (IIOA4EPKUBAET
MPOIUIBIA OMBIT, HE 3200TACH O KOHKPETHOM BPEMEHH );

""" (zhe) - ykaspIBaeT Ha MPOIOIIKAIOIIEECS COCTOSIHHE JIEH CTBHS:

B L H % - U8 M . (qiang shang gua zhe yi fu hud). - Ha creHe BHCHT KapTHHA
(ToTYEpKUBAET, YTO HEKOTOPOE COCTOSHUE ITPOJIOIKACTCS).

(6) Pa3paboTka WIPOBBIX IPAMMATHUYECKUX VIPAKHCHHWH JUIS TOBBIIMICHUS WHTEpeca K
% (S:07000)

Meron refiMu UKl MIMPOKO UCIOIB3YETCS B M3YYCHHUH SI3bIKA, M €r0 OCHOBHAsSI LEJb -
MOBBICUTh MOTUBAIMIO M BOBIEYCHHOCTh oOyudatonmxcs. ChatGPT oGmamaer cmocoOHOCTEIO
Co3[aBaTh Pa3HOOOpA3HBIE WTIPOBBIC YIPAKHEHHS, TaKMe KaK TpaMMaTHYECKHE KpPOCCBOPIBI,
[ECNOYKH TPEJIOKCHUH, TpaMMaThyeckue BUKTOPUHBI M T. 1. Hampumep, ChatGPT wmoxer
YCTAaHABJIIMBAaTh PA3NIMYHBIC YPOBHHM, KAXKIAbIA M3 KOTOPBIX BKIIOYAECT  OINPEACTEHHBIN
rpaMMaTHYECKUN MYHKT, U CTYICHTBI MOTYT MEPEHTH Ha CICAYIOIMA YPOBEHb, TOIBKO OTBETHB
npaBuibHO. Hampumep,

Yposenw 1 (cueTHbie croBa):
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ChatGPT: "IFIEANAER&EIA: — () 15" (oxkanyiicra, BBeIUTe MOAXOIAIIEe CYUETHOE
cioBo: 'oxHa () KHUTA').

Crygent: "A&" (bén) (3x3eMmsp)

— Ilepexon Ha ciieyronMidi ypOBEHb

Vposens 2 (qactuna " 1" (le)):

ChatGPT: "iF J W < e R 7 i 7 WIERA, IR IR . " (Tloxanyiicra,
onpenenute, npapunbHo m " " (le) B "FRIERIZIR 7" (WO zudtian chi fan le. - S Buepa noen) u
OOBSCHUTE MPUIHNHY).

[Mpumenenne ChatGPT B oOyueHuu rpamMMaThke HWHOCTPAHHOTO SI3bIKA OXBAThIBAET
MHO>KECTBO aCMEKTOB, BKIIOYAs MPEIOCTaBICHUE TOYHBIX TPAMMATHUECKU X OOBSICHEHU, CO3MaHne
MEPCOHAIM3UPOBAHHBIX YIIPaXXHEHUU, oOOydeHHe TIpaMMaTUKe B COUYETAHUU C peabHBIM
KOHTEKCTOM, MCIIPABJICHHE TPaMMaTHYECKU X OIIMOOK U MPEAOCTaBICHNE OOBICHEHUM, TPOBEICHIE
CPaBHHTEIBHOTO aHANM3a TPaMMaTHK{, pa3padOTKy WIPOBBIX VIPWKHEHUH ¥  TIOMOIIb
MpernojiaBareisiM B MOArOTOBKe K 3aHATUsIM. CodeTaHue ASTHUX (PYHKIHH MOXKET HE TOJBKO
MOBBICUTh  CIIOCOOHOCTh OOyJalONMXCSl K YCBOGHHUIO TpaMMaTHKH, HO H  YIy4lIMTh
MHTEPAKTUBHOCTh U YBJIEKATEIBHOCTh OOYYEHHs IpaMMaTHKe, Jienas npoiecc odydeHus Oosee
3(eKTHBHBIM W TEPCOHAMM3UPOBAaHHBIM. TakuM oOpazoMm, ChatGPT wumeer nmpoxue
MEePCIIEKTUBBI TPUMEHEHHUS B 00JacTH 00y4eHHSI MHOCTPAHHBIM SI3BIKAM M MOJKET CTaTh BAKHBIM
BCIIOMOTATEeIIbHBIM HHCTPYMEHTOM IS TIPEToIaBaTelNe M 00ydaroiXcs.

1.3 IloaroroBKa K 3K3aMeHaM

ChatGPT Taksxe MO>KHO MCIIOJIB30BaTh VIS TIOJTOTOBKU K 9K3aMEHaM, TOMOTasi H3y4aro M
WHOCTPaHHBIC S3BIKA TOTOBUTHCS U C/IaBaTh SK3aMeHbI. B kauecTBe mpruMepa BO3bMEM TUCHMEHHYIO
YyacTh MATOTO YPOBHS dK3aMeHa Ha 3HaHue kurtaiickoro sipbika (HSK), B koTopom ydacTByroT
MHOTME M3y4alolMe KUTANUCKUI sI3bIK. 3aJaHusl 3TOW yacTh TpeOyOT OT KaHIUJATOB CHJIBHBIX
HABBIKOB BBIPAKEHHS Ha KUTAHCKOM SI3bIKe, BKITFOYAsl MCIIOB30BaHUE JICKCH KA, TPAMMaTHUECKUE
CTPYKTYpPBI, JIOTUYECKYIO OpPTaHU3aluio0 U cBA3HOCTh TekcTa. Ilo cpaBHenuto ¢ HSK uerBeproro
YPOBHSI, NMHCBMO MSATOTO YPOBHS TpeOyeT OT KaHAMIATOB YMEHHs HCIIOJB30BATH CIOXKHBIC
CTPYKTYpBl NpeUIOKeHUH U Oojee o(UIlManibHBII CTHJIb BBIpaXKEHUs, oOecreunBas MpU 3TOM
JIOTHYECKYI0 SICHOCTb M TIONHOTY CTPYKTYpBl TEKCTa, 4YTO, OYEBHIHO, MPEICTABISIET COOOMH
CIIOKHYIO 337a4y. Y4uThIBasi 3Ty ocoOeHHocTh, ChatGPT MokeT nuHaMHUYEeCKH KOPPEKTHPOBATH
3aJjaud MO HAMHMCAHWIO B COOTBETCTBHHM C YPOBHEM BIIAJICHUS KUTAWCKUM SI3IKOM, y4eOHBIMU
HESIMHA U CJIa0bIMU CTOPOHAMH KaHIAUAATOB. Tembl muchMeHHBIX 3aganuii HSK oObraHO Tpebyrot
OT KaHJUJATOB HW3JIOKEHHS WM apryMEHTAIMH 110 OMPEIEICHHOH TeMe, IMOATOMY HEepapXus |
CBSIBHOCTh TekcTa wuMeloT pemaomee 3Hadenue. ChatGPT woxker nomoub KaHauzaTam
ONTUMHU3UPOBATH CTPYKTYPY TEKCTa CIEAYIOIMMHU CIOCOOaMHU:

IIpedocmasnenue cmpykmypuvl nucoma:

Jns xanaupatoB, He uMeroumXx onbita Hanucanus, ChatGPT wmoxeT mnpemocTaBuTh
0a30Byl0 CTPYKTYpYy TEKCTa, TaKyl0 KaK BBeJCHHME (IIPEICTABJICHHE TEMbI), OCHOBHAs 4YacTb
(pa3BépThIBaHUE MOJIYHKTOB), 3aK/II0UeHUE (PE3IOME U MPOTrHO3), TEM CAMBIM CHUXKas CIOXKHOCTb
HaIUCaHHUS.

Co30anue nepexoOHbIX 8bIPANCEHULL.

Mexny paznmuaabiMu dacTssmMu Tekcta ChatGPT mokeT mpenocTaBiasTh COOTBETCTB YIOIIME
TepexoHbIe PEeIoKEH s, HapUMep, HCIIONL3ys Takue cioBa, kak "Ik (kpome Toro), "KL
(mosTomy), "fH 1" (HanmpoTHB), YTOOBI YIyUIIMTL CBA3HOCThH TEKCTA.

Koppexmupoexa nocuku mexcma:

Ecnu nmormka mucema kanmupmara Heckonbko 3amyrana, ChatGPT mosker peopranuzoBath
NOpsA0K a03aleB, YCHIINTh NPUUYMHHO-CIIECTBEHHBIE CBSI3U U T. [., YTOOBI C/eNaTh TEKCT Ooiiee
yoenutenbHbIM. Hanpumep, 1i1s mpoOieMsl, Korja KaHauaaT "cHavyaaa YIOMHHAET BBIBOJI, a 3aTeM
aprymeHTupyetr" B cBoeM mucbMe, ChatGPT moxeT mpemioXuTh HW3MEHUTHh MOPSIOK, YTOOBI
YIY4IIUTh JTIOTHYECKYIO MJIABHOCThH TEKCTA.
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Takum 00pa3oM, MOXKHO cKa3aTh, 4To puMeHeHrne ChatGPT B moaroroBke k 3K3aMeHam 1o
MHOCTPaHHBIM  S3bIKAM ~ HMMEeT IIMPOKHE TEepCHEKTHBBl, a €ro HHTEJJIEKTYaJbHbIE,
MIEPCOHAIN3UPOBAaHHbIE U A(PEKTUBHBIE XapaKTEPUCTUKA MOTYT 3HAUUTEJIBbHO MOBBICUTH HABBIKU
MYcbMa KaH/IUIaTOB.

2. lIpo6sembl npumeHeHnss ChatGPT B 00y4yeHMN HHOCTPaHHBIM S3bIKAM

Hecmotpst Ha TO, uto ChatGPT mpuBnék mmpokoe BHHMaHHE B cdepe oOpa3oBaHUS
Onmarozmapsi CBOMM MOIIHBIM BO3MOXHOCTSM T€HEpallu s3bIKa, MOIJCPKKE WHAUBHUAYATHHOTO
o0ydyeHusT W MEXaHW3My MTHOBEHHOW OOpaTHOH CBSI3M, OH MO-TIPEKHEMY CTAJKHUBACTCS C
MHOTOUMCIeHHBIMU TpoOnemamu. Tak, ucnonp3zoBanue ChatGPT crankuBaercs ¢ 00abumMMuU
npoOieMaMd B HECKOJBKUX acleKTax, BKIIOYasi TOYHOCTh IMOHHMMAHHUS $3bIKa, CIIOCOOHOCTH
BOCIIPUHUMATh KOHTEKCT, KYIBTYPHYIO aJalTaldio, TIyOMHY WHIMBHIYyAIbHOTO OOY4YEeHHS,
HaJEKHOCTh OLEHKU U 00paTHOM CBSI3M, a Takke KOH(QUICHIIMATbHOCTh 10JIb30BaTEIIEH.

2.1 TOYHOCTh MOHUMAHUS A3bIKA U PUCK PACTIPOCTPAaHEHUS OLIMOOK

Xotrs ChatGPT o6mamaer CHUIBHBIMH CIOCOOHOCTSMH TE€HEpaIluu SI3bIKa Oyarojaps
00y4eHHI0 Ha OOJIBIIIOM KOpITyce TEKCTOB, OH BCE €I MOXET UMETh HETOYHOCTH B TpaMMAaTHKE,
COYETAaHUU CJIOB U CHHTAKCHYECKOM CTpykType. OcoOeHHO B Mpolecce M3ydeHHs MHOCTPAHHOTO
A3bIKa ydalmecs OObIYHO HE 00J1a/1at0T MIYOOKUMH CIOCOOHOCTSIMH CYXKJIEHUS O 1I€JIEBOM SI3BIKE.
[losToMy HEHOpPMAaTHBHBIE BBIpAXKEHHUS, TIpaMMAaTUYECKHME OUMOKM WM  HENpaBUIbHOE
UCIOJIb30BaHME 3HAa4YeHUi cioB, creHepupoBanuble ChatGPT, moryr mpuBectd K TOMY, 4TO
ydammecs IOJNydaT HEBEpHYIO HHQGOPMAIHMIO, YTO MOBJIMIET HAa TOYHOCTh H3YYCHHUS S3bIKA.
[losToMy B peabHOM NMPUMEHEHUU, B OOYyYEHUH, YUUTENS WU BCIIOMOTaTelIbHBbIE CHCTEMBI I0-
NpeXKHEMY JOJDKHBI mpoBepATh pe3ynbTatel ChatGPT, uroOpl n30exaTh pacnpocTpaHeHHUs
HEBEpHOU HHpOPMAIUH.

2.2 OrpaHu4eHus B CIOCOOHOCTH BOCIIPUHUMATH KOHTEKCT

Hcnonp3oBaHue s3blka B 3HAUUTEIBHOW CTENIEHM 3aBHCUT OT KOHKPETHOI'O KOHTEKCTa, HO
npu reHepannu Tekcra ChatGPT yacto He xBaTaeT r1yOOKOTO TOHUMAaHUSI KOHKPETHOTO KOHTEKCTA,
YTO NPUBOAMUT K TOMY, YTO €T0 OTBETHl B TaKWX 3aJayaxX, KaK JUAJIOT M MHUCHbMO, MOTYT OBIThH
HEJ0CTaTOYHO TOYHBIMU. Hampumep, nmpu mpakTuke pa3sroBOPHON peuyd Ha MHOCTPAHHOM SI3bIKE
ydammecss MOTyT XoteTb, uToObl ChatGPT BwicTymanm B posid pa3HBIX NMEPCOHAXKEHU (Hampumep,
WHTEpBblOEpa, KIMEHTA, JIpyra) AJs B3aWMOACWCTBUS, HO M3-3a OTCYTCTBHUS Y MOJAETHU PEaTbHOM
CIOCOOHOCTH BOCIPHHUMAThH CUTYAIMIO, CTEHEPUPOBAHHBIN €10 KOHTEHT YacTO HE MOXXET TOYHO
COOTBETCTBOBATh MoTpebHOCTsIM auanora. ChatGPT mpu orBere Ha BOMpOCH MoOjaraercs Ha
CTAaTHCTUYECKHE 3aKOHOMEPHOCTH, a HE Ha peaJbHYI0 MparMaThueckyro Joruky. Hampumep, B
MEXKYJIBTYPHOM OOIIEHWU pa3HbIe S3BIKOBBIC BBIPAKEHHS MOTYT CHJIBHO pa3ldyaThCs H3-3a
KynbTypHoro ¢oHa, u ChatGPT MokeTr MeXaHWYECKHM NEepPEBOIUTH HEKOTOPHIC BBIPAKCHHS,
UTHOPUPYS X (aKTHYECKYI0 IparMaTuueckyro ¢yHkuuto. Hampumep, B kuTtaiickom si3bike ¢pasza "
PRUZER ¥ M2 " moxkeT 03HAa4aTh Kak NPHBETCTBUE, TaK M 3a00Ty, HO NpPAMOM MEpeBO] Ha
anrmuiickuii  ("Have you eaten?") Moxker mnpuBecTd K HeaopasymeHuto. CrenoBaTenbHO,
orpanuueHust ChatGPT B ajmanTanmuu K KOHTEKCTY MOTYT MHOBJIMSTh Ha peaJlbHOE NPUMEHEHHE
yYalMMHUCS 11eJIEBOTO SI3bIKa B peaTbHOM OOIICHUH.

2.3 OrpaHu4eHus KylIbTypHOH aJanTaliy U MEXKYJIbTYPHOTO OOIIEHUs

N3yyeHne MHOCTPAHHOTO s3bIKa BKIIOYAET B ce0sl HE TOJIBKO SI3BIKOBBIE 3HAHUS, HO U
KYIbTypHOEe ToHUMaHue. OmHaKo, TMOCKOJNbKY maHHble maia oOydeHuss ChatGPT B ocHoBHOM
IIOCTYIIAIOT W3 CETEBBIX KOPIIYCOB, €ro KYIbTYpPHbIE 3HAHUS HMEIOT ONpPEIEIEHHYIO
OJIHOCTOPOHHOCTb, U €MY MOXET HE€ XBaTaTh TOYHOH CIIOCOOHOCTU CYXKAECHHS IO HEKOTOPBIM
KYJIBTyPHO-9YBCTBUTEIBHBIM BompocaM. Hanpumep, nipu oOydeHun kutarickoMmy si3biky ChatGPT
MOXET HETOYHO OOBACHUTH IIIyOOKWH CMBICH TaKWX BBIPAKEHHH, KaK WIHMOMBI, Pa3rOBOPHbBIC
BBIPQKEHUSI W IIOCJIOBUIbI, HMEIOIME CHJIbHBIA KylIbTYpHbIH (OH. OH MOXKET MpOCTO
MPEIOCTaBUTh JOCIOBHBIA MEpPeBOJ, B pe3ylbTaTe 4Yero ydalmpecs HE CMOTYT MOHSTh HX
dakrtuyeckoe wucnonb3oBaHue. IIpu oOydeHun MexkynsTypHoMy obmenuto ChatGPT wmuorma
HETOYHO PAacro3HaéT U BEXKJIUBBIE BBIPAXKEHHUS, 3B(MEMU3MbI UM COLMAIbBHBIE HOPMbI B Pa3HBIX
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KYJIBTYPHBIX KOHTEKCTaX. Mcroap30BaHNE CKPOMHBIX U ITOYTUTEIBHBIX BBIPAXKECHHUN TP U3yYEHHUU
KUTAMCKOIO sI3bIKa OTHOCUTENBHO cl0kKHO, ChatGPT MokeT HempaBUIIBHO Pa3aMyaTh CLEHAPUU
UCIIOJIb30BaHUSl UX IpPU TEHEpalud OTBETOB. JTO MOXET IMPUBECTH K TOMY, UYTO Yydalecs
HENPAaBUJIbHO MOWMYT (PaKTHYECKOe NPUMEHEHHE CHCTEMbl [OYTUTENIBHBIX BBIPAXKEHHUI.
CrnenoBartesnbHO, TIpobaeMbl KyabTypHO# amantanuu ChatGPT B 00yueHUH MHOCTpaHHOMY SI3BIKY
MOTYT MOBJIMSTH Ha CIOCOOHOCTD YHAUXCSl K MEXKKYJIBTYPHOMY OOILIEHHUIO.

2.4 OrpannyeHHas IMyOMHA WHIMBUIyaJIM3UPOBAHHOIO O0YUSHUS

Hecmotpss Ha To, uyro ChatGPT oOnagaer onpenenéHHBIME — BO3MOXKHOCTSIMHU
WH/IUBUTyaJIn3UPOBAHHOTO O0y4€HUsI, TAKUMU KaK KOPPEKTHPOBKA CIOKHOCTH, B 3aBUCUMOCTH OT
OTBETOB y4allMXCS, WJIM [PEAOCTABJIEHUE pa3M4HbIX Y4YeOHBIX 3aJaHul, I[IIyOMHa €ro
VHJIMBUIYaJIU3UPOBAHHOI0 O0Yy4EHHUS M1O-IIPEKHEMY OTPaHHUYEHA.

Bo-niepBrix, ChatGPT He MOXeT I0JrOCpOYHO OTCIEKHBATH MPOTPECC yJANMXCS H
CHCTEMaTHUECKH YKPEIUIATh 3HaHUs Ha OCHOBE UX MpPEebIAyM X 3anuceil 06 o0yuennu. Hamp umep,
JUI HauMHaIoUero u3ydath kKuTackuil s3plk ChatGPT MokeT peKkoMeHIoBaTh Pa3dUYHbIE ITYTH
o0ydyeHuss B Pa3HbIX JUANOrax, HO HE MOXET YCTAaHOBUTb CHUCTEMAaTHYECKYIO CTPYKTYpY
IIPOJIBM)KEHUS 3HAHUH.

Bo-BTopeix, ChatGPT mno-mpexxHemMy HMeeT HEAOCTaTKM B WHAWBUIAYATH3MPOBAHHOM
00paTHOM CBsA3U. XOTS OH MOXET MPEAOCTABIATh MTHOBEHHBIE MCIPABIICHUS U TIPEUIOKEHUS IS
MUCBMEHHBIX UJIM YCTHBIX YIIpaKHEHUH, ero oOpaTHas CBS3b 0ObIYHO sBIsETCS OOIIEH U HEe UMeeT
r1yOOKOTO aHalli3a, OPUEHTUPOBAHHOIO HAa KOHKPETHOTO yyalierocs. Hanpumep, npu TpeHUpOB ke
nucbMa HSK ChatGPT MoxeT yka3pIBaTh Ha TpaMMaTHYECKHE OTIIMOKHA KaHIW1aTa, HO €My TPYIHO
1yOOKO MPOAHAIM3UPOBATh JOJITOCPOUYHBbIE MPOOJIIEMBbl C TOCTPOCHHUEM MPEUIOKEHUN WM
MpOOJIEMBI JIOTHYECKON CTPYKTYPBI, KOTOpbIE CymecTBYIOT y Kanauaara. [losromy ChatGPT mo-
IPEKHEMY HE MOJXKET IIOJIHOCTBIO 3aMEHUTh pOJIb YYUTENId B HWHIWBUIAYAIU3UPOBAHHOM
PYKOBOJCTBE.

2.5 Hane:xHOCTh OIIEHKU ¥ 0OpaTHOW CBSI3U

N3yqaronme s361K OOBIYHO MOJIAraroTCs Ha OOPATHYIO CBSI3b OT YYMTENEeH s ylmydIlIeHHUs
S3IKOBOTO BhIpakeHUs, HoO ChatGPT cHoBa cTanmkuBaeTcs ¢ ONpeAeiIeHHBIMH HpoOJieMaMu B
OILICHKE SI3BIKOBBIX crocoOHocTel ydanmxcs. 1lo cpaBHEHHIO ¢ OLEHKOM, MPOBOJMMOMN JIFOJIBMU,
cnocoOHocTh ChatGP T orieHMBaTh HE3HAYUTEIbHBIE PA3IUYUS B SI3bIKOBOM BBIPAXKEHUHU, CBA3HOCTh
JHCKypca U T. JI. MO-TIpekHeMy orpanuueHa. Kpome toro, B mpakruke yctHoil peun ChatGPT ne
MOJKET 00ecleunTh TOUHYI0 (YHKIMIO pAacllO3HaBaHUs M UcHpaBiieHus peun. HecMoTps Ha To, 4TO
COUETaHUE C TEXHOJOTHEN PacIO3HABAaHUs PEYM MOJKET IOBBICUTH €0 NMPUKIAJAHYIO LIEHHOCTh, B
Hacrosiee Bpems ChatGPT B ocHOBHOM B3anMOJIEHCTBYeT Ha OCHOBE TEKCTOBOI'0 BBOJIA, IIOITOMY
OH HE MOXET OLICHUTb TOH, TOYHOCTb IIPOU3HOIICHHUS NI TEMII PEYHM yJal XCA. DTO 3HAYUTENBHO
OTpaHUYMBACT €r0 IPUMEHEHHE B O0YYeHUH YCTHOM peun Ha MHOCTPAHHOM SI3bIKE.

3axioueHue::

bynyan Haubosnee mpencTaBUTEIbHON T€HEPATUBHOW, MpPEIBApUTENBHO O00y4eHHOM
SI3BIKOBOM MOJIeNbI0 Ha ceromusmHui nerb, ChatGPT oGmagaer cBepxmacmrabHbIM 00 ydaro M
KopnycoM U 3(Q(eKTUBHBIMU, YJOOHBIMH BO3MOXXHOCTSMH T€HEpallUM TEeKcTa A OTBETOB Ha
BOIIPOCHI U MOXKET UCIOJIb30BAThCS B 00y4EHUH MHOCTPAHHBIM SI3bIKAM B KaUeCTBE PECYpPCHOM 0a3bl
M BCIIOMOTATEJIBHOTO HWHCTPYMEHTa Juisi oOydeHus B Kiacce. [lpumeHeHHe TEXHOJIOTUA
UCKYCCTBEHHOTO HWHTEIJIEKTa B OOYY€HMM WHOCTPAaHHBIM S3bIKAM SIBJISIETCS HEM30€XKHOMH
TeHAEHLMEH B nporecce nHpopmaruzauuu odpazoBanus (Usup L3sabnunb, 2020) [7], u 3T0 CcTano
oOmIenpru3HaHHON KOHIIENIMEeH B coBpeMeHHOM oOpasoBanuu. OHako Baidoo-Anuu ap. (2023) [4]
TaKKe CYUTAIOT, yTo Ucnoib3oBaHue ChatGPT B oOpazoBaHMU MOXKET UMETh TaKUE IPOOJIEMBI, KaK
OTCYICTBHUE YEJIOBEUECKOTO B3aUMOJECHCTBHUSA, OIPAHMYEHHOE I[OHMMAHHUE, IPEIB3SITOCTD
o0yJaroMX JaHHBIX, OTCYTCTBHE TBOpPYECTBA, OTCYTCTBHE IOHMMAaHHUS KOHTEKCTa U yTeuka
KOH (pu ieHnanbHocTu. [loaToMy parnoHaisHoe ucnoib3oanue MM B kauecTBe BCIOMOraTebHbIX
MHCTPYMEHTOB i OOy4eHWs WJIM HM3y4eHUsT HMHOCTPAHHOTO $3bIKA IMO3BOJIUT MAaKCHMAJbHO
UCIIOJIb30BaTh IPEUMYLIECTBA, a TakkKe M30ekaTb HEAOCTAaTKOB M PHUCKOB, KOTOpPBIE MOTYT
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BO3HHMKHYTh B IIpoliecce OOydeHHUs. YUHUTeNls MOTryT BKIOYaTh KPUTHUYECKOE MBbIIUICHUE U
ATUYECKUE DJIEMEHTHl B ydeOHbIE MPOrpaMMbl, YTOOBI MOMOYb YYAIMMCS Pa3BUTh HABBIKU U
MPUBBIYKH, HEOOXOAMMBIE [UIsi OTBETCTBeHHOro wucnonb3oBanus ChatGPT. Kpome Toro,
HEOOXOIMMO MTPUMEHSTh Pa3IMYHbIE KOMIUICKCHBIE MEPHI Ui KOHTpOoJIsI ucroias3oBanus ChatGPT
B 00pa3oBaTenbHOI cpese, 4TOOBI MPEAOTBPATHTH MOSBICHUE HEHAJICKAIIETO MOBEICHUS TPH
npuMeHeHnuu (Ban FOmaii u np., 2023) [8].
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JKOT'OPKY OKYY KAWJIAPBIHBIH CTYJAEHTTEPH YUYH LLM RAG ’KAHBI
TEXHOJIOTUACBIHBIH HETM3WHJIE KOII TWIJAYY OHJIAMH YAT-BOT
CUCTEMACBIH MHITEII YBIT'YY BOIOHYA U3NMJI/IOO XKYPI'Y3YY
WCCJEIOBAHME TIO PA3PABOTKE MHOI'OSI3bIYHOI CUCTEMBI
OHJIAMTH-YAT-BOT HA OCHOBE HOBEMIIEN TEXHOJIOTUA LLM RAG
JJIsA CTY AEHTOB YHUBEPCUTETOB
A STUDY ON DEVELOPING A MULTILINGUAL ONLINE CHATBOT SYSTEM
BASED ON THE LATEST LLM RAG TECHNOLOGY FOR UNIVERSITY STUDENTS

Kbickaua mynesneme: by usmnnee KbipreiscTaniarsl YHUBEPCUTETTEPIUH CTYICHTTEPU
YUYH jKacajaMma WHTEJUICKTTHH aKbIPKbl TEeXHOJOTHsUiapbiH, aHblH nuuHae LLM (Large Language
Models) (Tungun uvon moxennepu) xaHa RAG (Retrieval-Augmented Generation) (Ysirapyy
apKbIITyy TCHEpaIlUsHBIH KYYOTYIYIly) HU KOJJOHYY MEHEHKOIl THUJIYY OHJIAH-4aT CHCTEMAaChIH
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UIITen YbITyyra >kaHa 0aajaooro OarsITTairaH. AJl aBTOMATTBIK TYPJ® CypOO-TajlaTapbl TAaKTOO
JKaHa JOKYMEHTTEPIU HUPETKe KEeATHPYY apKbLIYyy TaK KOONTOPAY TY3YY bIKManapblH U3UIICHUT,
ANIBIHKBI TEXHOJIOTHSUIAPIBI KOJMAOHOT. Byl M3MIeeHYH HaTbliiKajaapel KbIPTBI3, aHDIHC, OPYC,
KOpel jKaHa >KalmoH TUJIEPUH KOJJOTOH »acanma uHTesiekT cuctemachiH (OKUW) Tysyy apkeuiyy
TUJ TOCKOOJIIYKTapblH >Koroyra »xaHa »acanMma uHTeIIekT (KT) TexHonorusmapblHbIH OHIMM
OepYYHY KalbIITYyCyHa ©06JIre TY3eT.

AHHOTaUUsi: DTO HCCIEIOBaHWE HAMpPaBJICHO Ha pa3pabOTKy M OIEHKY MHOTOSI3bIYHOU
CHUCTEMBl OHJIAlH-yaTa MJIs CTYICHTOB YHUBEPCUTETOB KBIPIbI3cTaHA C HWCIOIB30BAaHUEM
MOCJIETHUX TEXHOJIOTUM MCKYCCTBeHHOTO mHTesuiekra, Brmodas LLM (Large Language Models)
(bonpume mogmenu s3pika) U RAG (Retrieval-Augmented Generation) (YcuneHue reHepanuu ¢
NOMOIIBI0 M3BIeueHus). OHO HccienyeT METO bl TeHepauy 00JIee TOYHBIX OTBETOB IMOCPEICTBOM
ABTOMATHYECKOTO YTOYHEHHSI 3alPOCOB U MEPEYNOPSA0UYCHUs JOKYMEHTOB, IIPUMEHSS TIEPEIOBhIC
texHonoruu, Takue monenu, kak OpenAl GPT, LangChain, CrossEncoder, FAISS u Streamlit.
PesynsraTel 3TOr0 HMCCinemoBaHUs OyIlyT CHOCOOCTBOBATH IPEOJIOJICHHIO SI3BIKOBBIX OaphepoB U
MPOJIBUKEHUIO 00pa30BaTENbHOIO PACIPOCTPAHEHUSI TEXHOJOTHH HCKYCCTBEHHOTO WHTEIJICKTa
(M), nyrem co3mganus cuctembl MU, momnepkuBaromieil KbIprbI3CKHM, aHDIMMCKUN, PYCCKUH,
KOPEHUCKUI U SITOHCKUH SI3BIKH.

Abstract: This study aims to develop and evaluate a multilingual online chatbot system for
Kyrgyz university students using the latest Al technologies, including LLM (Large Language
Models) and RAG (Retrieval-Augmented Generation). It explores methods for generating more
accurate responses through automated query refinement and document re -ranking, applying cutting-
edge technologies such as OpenAl GPT models, LangChain, CrossEncoder, FAISS, and Streamlit.
The results of this study will contribute to overcoming language barriers andpromoting the
educational dissemination of Al technology by building an Al system that supports Kyrgyz,
English, Russian, Korean, and Japanese.

Herusru ce3mep: xacamma wunHTewiekr; LLM RAG; OpenAl GPT, Lang Chain;
CrossEncoder; FAISS; Bekropayk maaneimatTap 6a3acer; Streamlit; CUDA (GPU 3080); Anaconda;
Jupyter notebook; Python mporpammarnoo tuiu; BeO-TupKeMe; Kol TUIIYY YaT-00T.

KuroueBbie ciaoBa: uckycctBeHHbli unTemekt, LLM RAG; OpenAl GPT;, LangChain;
CrossEncoder; FAISS; Bekropnast 6a3a mannbix; Streamlit; CUDA (GPU 3080); Anaconda; Jupyter
notebook; s3Ik Python; BeG-mpuiokeHue; MHOTOS3BIYHBIN YaT-00T.

Keywords: Arttificial Intelligence; LLM RAG; OpenAl GPT; LangChain; CrossEncoder;
FAISS; Vector DB; Streamlit; CUDA (GPU 3080); Anaconda; Jupyter notebook; Python language;
Web application; Multilingual Chatbot.

1. Introduction

1.1 Research Background

With the advancement of Natural Language Processing (NLP) technology [1], the use of
chatbots has been increasing across various fields, particularly with the growing attention to RAG
(Retrieval-Augmented Generation) technology for real-time information provision and search
optimization [6],[2]. This study aims to apply the latest LLM and RAG-based chatbot technologies
to provide an Al-powered question-and-answer system for Kyrgyz university students, thereby
promoting the dissemination of Al technology and enhancing its educational value. [5],[8],[2]

1.2 Research Objectives

This study aims to provide Kyrgyz university students with opportunities to experience Al
technology and support their learning. Additionally, it seeks to develop an Al system that supports
multiple languages [2], including Kyrgyz, English, Russian, and Korean, to eliminate language
barriers. Furthermore, by utilizing specific internal documents from reliable institutions, the study
aims to reduce hallucination issues. Lastly, it focuses on optimizing the search database to build a
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customized chatbot tailored for specific institutions such as universities [4], research centers, and
government agencies.

2. Overview of Implementation Technologies

To implement the latest LLM RAG system, this study utilizes OpenAl GPT models,
LangChain, CrossEncoder, FAISS (Facebook Al Similarity Search) [8],[9], and Streamlit — each of
which is a cutting-edge library that enables the construction of a sophisticated and efficient system.
[7] These technologies excel in various fields, including natural language processing, search
optimization, and data visualization, making them essential components of modern Al systems.

By integrating transformer models, semantic-based search techniques, real-time
conversational interactions, and user-friendly interfaces, these technologies provide a powerful and
intuitive solution. The combination of state-of-the-art tools such as GPT-4, FAISS, and
CrossEncoder enhances document retrieval and interaction efficiency, ensuring a user-centered
experience. [2],[9] This approach serves as an excellent example of leveraging the latest
advancements in NLP and Al, making it well-suited for developing smart and scalable applications.

3. Key Technological Components

3.1 OpenAl GPT Model

The OpenAl GPT model plays a crucial role in natural language processing, making it
highly effective for query refinement and chatbot response generation. It analyzes user-inputted
questions and generates natural, coherent responses, providing more accurate and useful
information. Additionally, it excels in document summarization and key information extraction,
effectively condensing lengthy documents into concise summaries.

As a Transformer-based model, GPT maintains long-context understanding and generates
smooth, contextually relevant responses across multiple sentences. Due to these capabilities, the
GPT model is a vital component in interactive conversational systems. [1],[6]

3.2 LangChain

LangChain is a crucial tool in natural language processing, providing document
vectorization and database storage capabilities. By storing vectorized documents, it enables fast
retrieval and utilization, allowing efficient extraction of useful information from large-scale
databases. Additionally, it integrates with external tools such as the OpenAl API to facilitate
document processing and query response generation using advanced language models.

LangChain also works in conjunction with vector search tools like FAISS, enabling rapid
retrieval of similar documents. With these capabilities, LangChain plays a key role in various NLP
and mformation retrieval tasks. [5],[8],[9]

3.3 CrossEncoder

CrossEncoder is a tool that evaluates the relevance between retrieved documents and user
queries by processing query-document pairs to determine their relevance. It assigns a score to each
query-document pair, where a higher score indicates that the document is more relevant to the
question.

By doing so, CrossEncoder ranks highly relevant documents at the top, improving the
quality of search results. This model plays a crucial role in information retrieval and question-
answering systems, ensuring that users receive the most relevant and optimal responses based on
their intent. [2]

3.4 FAISS (Facebook Al Similarity Search)

FAISS is a tool for high-speed similarity search in large-scale datasets, designed to
efficiently search and compare vector data. This library demonstrates powerful performance in
quickly finding similar items within massive datasets. FAISS stores document embeddings and
calculates similarity with query vectors to rapidly retrieve relevant items. Additionally, it supports
GPU utilization, maximizing speed and efficiency in large-scale data processing. FAISS plays a
crucial role in document retrieval, image search, recommendation systems, and is an essential tool
for handling large-scale data. [9]

3.5 Streamlit
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Streamlit is an open-source framework that allows for the rapid development of intuitive
web applications using Python. [7] Without requiring web development expertise, users can build
web applications solely with Python code, making it particularly useful for data scientists and
machine learning engineers to visualize models and interact with users. It enables real-time
visualization of search results and question-answering processes, allowing for intuitive data analysis
and model behavior inspection. Additionally, Streamlit simplifies the creation of chatbot user
interfaces (UI) and facilitates continuous improvements to user experience by incorporating real -
time feedback. It is a powerful tool for web application development, real-time visualization, and
user interaction. [7]

4. System Implementation

4.1 System Implementation Environment

1) NVIDIA GPU 3080: The NVIDIA 3080 GPU is a high-performance graphics processing
unit, particularly suitable for data science, artificial intelligence, and machine learning model
training. It offers exceptional processing power, enabling the rapid handling of large datasets and
efficient execution of complex computations. This significantly enhances model training and
mference speed, playing a crucial role in running deep learning models. [10]

2) Anaconda: Anaconda is a Python package and environment management tool designed
for data science and machine learning projects. It simplifies the installation and management of
various data analysis libraries and tools, making it easier to work with different dependencies.

3) Jupyter Notebook: Jupyter Notebook is a web-based environment that allows data
scientists to execute code in real time, analyze results, and visualize data. It enables step-by-step
execution of code, providing immediate feedback and making research and experimentation more
efficient.

4) Python Programming Language: Python is a powerful and intuitive programming
language widely used in data science, machine learning, and web development. It provides a rich
ecosystem of libraries and tools that facilitate complex mathematical computations and data
analysis. Additionally, its concise and readable syntax makes it a preferred choice for both
beginners and experienced developers. [3]

4.2 Major Software Libraries Used in This Study

The system implemented in this study utilizes the following key software libraries
[8L[9L,[11]:

1) import streamlit as st — Streamlit: Used for building the web interface and visualizing
data.

2) import openai — OpenAl API: Utilized for query refinement and response generation
using LLMs.

3) from langchain openai import OpenAlEmbeddings — LangChain: Used for data
vectorization and processing to optimize search performance.

4) from sentence transformers import CrossEncoder — CrossEncoder: Re-ranks retrieved
documents to improve search results.

5) from langchain core.documents import Document — Document Class: Primarily used for
representing text data or documents.

6) from langchain community.embeddings import HuggingFaceEmbeddings -
HuggingFaceEmbeddings: Leverages pre-trained models for document vectorization.

7) from langchain community. vectorstores import FAISS— FAISS: Performs fast similarity
searches on large-scale datasets.

4.3 Structure of the Implemented Program

The program developed m this study is structured as follows [8],[9],[11]:
1) Library and Environment Variable Setup

Importing External Libraries:
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Various libraries such as os, streamlit, openai, langchain, and sentence transformersare used.
Setting Environment Variables: OpenAl API key is configured.

2) Loading Cached Resources (CrossEncoder, FAISS Database)
@st.cache resourceis used to cache CrossEncoder and FAISS database (get cross encoder,
get db).

3) Search Query Enhancement (rewrite query)
Utilizes the OpenAl API to improve user search queries. Converts the original user query into a
more suitable vector search query.

4. Document Re-ranking (rerank documents)
Uses CrossEncoder to re-rank retrieved documents. Compares query and document content,
selecting the top four most relevant documents.

5) Chatbot Response Generation (chat with bot)
Performs search based on the user's latest input. Retrieves documents from FAISS using the
enhanced query (rewrite query). Re-ranks documents using rerank documents, then generates
responses with the OpenAl API. Provide a streaming response for gradual output.

6) Streamlit-Based UI Setup (main)

Configuring the Streamlit UT:
Sets up the title and sidebar options (including a debug mode toggle). Uses st.chat input()to receive
user input. Utilizes st.session stateto store conversation history. Calls chat with botto generate
responses and display them in the UL

5. Program Execution Results

This program was designed for multilingual use, with questions entered in Kyrgyz, Russian,
Korean, and Japanese. The chatbot's responses showed high accuracy, and content summaries were
performed accurately as well. Below are the test results for each language.

5.1 Kyrgyz Language

[Question]

CanamaTtchI3085l,

byryn aba brpaiibl kaHgait?

blcwik-Kenre cy3reny 6apanbioni?

Amna-Apua ToocyHO 6apanbiOb1?

Cypoo-)XO0ONTY Kalipa Xa3yy XaHa
Kalipa peUTUHI 0,00 MEHEH OHYKKOH

blcbik-Kanre cyareny Gapansitol?

RAG an 6°Ty blebik-Ken — abgaH koo3 xaHa nonynspayy xainoonopayH 6upn! Cuzgu blesix-Kenre apyy
NAaHAAPbIHLII GONCO, By HePAE CYYHYH, NASHAAPALIH HaHA TABUATTLIH KepeMeT
Canamarceistel, KBPYHYLTOPYH KEPYY MYMKYHIYAYTYHY3 B0NOT. Cy3yy, KYHIe Kyiyy, Me XeH 3ne kengyH

3aruHAe 3¢ anyy — Gaapel Aa abpa KbiablkTyy! Irepae cuspe Bawka cypoonop xe
NNaKAapsIHeI3 KeHyHAe Banywyy kaanooHys Gonco, MeH xapaam Gepyyre paspmein!

Canamarcwiabbl! Cuare Kanaaii wapaam Gepe anam?

Anaapada TOOCYHO GapansiGbi?

ByryH aba bipaiibl KaHaii?

Anaapaya Toocy — TabuATTEI Cyirenaep y4yH abaan coryH wep! Too MapaTeinkiwel, Tasa aba
Keunpecis, MeHuA MaansiMatTapsiv 2023-KeinfbiH OKTABPEIHAS KaHBINAHTAH, OLOHAYKTAH HaHa KOO3 KEPYHYLITOP CHU3Te 3C aNyy y4yH MBIKTbI WAPTTapAsl TY36T. )ee Xypyw, Too

a3bIpKLl 303 bIPakl KeHYHAE TaK MaansiMar bepe anbarin., BUPOK, CU3AMH 3iMaKTarsl aba 3IKCKYPCMANAPEI e WOH 3NE TABUATTbIH KOOIAYTYH TAMAWANAN OTYPYY Y4YH MABANAYY Wep.

bIPalibl HBHYHI8 MAaNIMAT aNyy Y4YH KEPTANUKTYY METEOPONOTUANLIK Kbi3MATTAPAEIH BEG- 3repie CH3LE NNaHAPsIHSI3 601Co, Xe KaHaiayIp 61p cypoonop Gonco, MeH xapgan Gepyyre

CaliTTAPbIH e MOBUNIMK KONJLOHMONOPAY TEKWIEPE aNacki3. CypaHbIy, farkl KakAAM a5 PMbIH! CH3MH CaNaPbIHbI3 KaKLL TCYH!

CypooNopyHy3 Gonco, ¥oon bepyyre AaspMbix!

5.2 Russian Language

[Question]

3/1paBCTBYITE,

Kaxkas ceromus moroma?

[Toenem kynatbesa Ha Mccbik-Kynb?
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[aBaiiTe moenem Ha ropy Asna-Apuya.

Anaapaqa Toocy — TaBMATTEI CyiiraHAep yuyH a6aan coHyH xep! Too KapaTeiNbilwel, Taza aba
HAHA KOO3 KEPYHYLUTEP CH3Te 3C MYy YHYH MbIKTbI WAPTTApAbI Ty36T. Xea Xypyw, To0
3KCKYPCHANAPSI e KEH 3Ne TABUATTLIH KOO3AYIYH TAMAWANAN OTYPYY YUYH UREaNayy Kep
3reppe cuage nnanaapbiHeia 6onco, ¥e kaHgaiasp Bup cypoonop 60co, MeH xapaam Gepyyre

A39pMBIH! CU3AHH CAN3PsIHLI3 KaKWel 8TCYH!

3ppascTByiiTe,

3ppascTeyiTe! Kak 8 MOry NOMoYE BaM CeroaHA?

Kawas ceroHa norona?

K Coanenmio, 5 e MOry NPeA0CTaBATS aKTYaNbHYI MHBIOPMALHIO O NOTOAE, TaK Kak Mom
[aHHbIE 06HOBNEHbI TONLKO ao nnmﬁpﬂ 2023 ropa. A PEKOMEHAYIO BaAM NPOBEPHTL MECTHBIE
METEOPONOrECKIE CITbI M NPUNOMKEHHS AAIS NONYYEHNS CaMOi CBEXeR MHDOpMaLM O

norofie. ECAW y BAC £CTk APYrie BONPOCk! WK HYXHA NOMOLILL, HE CTECHAMTECH CTIPaLUKBaTh!

5.3 Korean
[ Question ]

oHEstMl2,

& M7 =&t
O|AZ ol +=Hste! Z47H?
gfetot2kRt&kodl Zf AlCH

Fopa Anaapaya — 3aMe4aTenbHOE MECTO ANA AKTWEHOTO OTALIXA M HACNAXAEHWA NPUPOAOIi!
3)Ch Bbl CMOMETE HACNAAMUTECA KPACHBBIMM NEH3AMAN M, COREPIIMTL Nelte NPOFYAKY 1
NPOCTO OTAOXHYTE HA CREXEM BO3AYXE. ITO OTMYHOE MECTO NS NIOBUTENE TOPHLIX NOXOA0E U
choTorpachuin. ECAK Y BAC eCTb BONPOCH O TOM, KaK AOBPATHCA TYAA WAM YTO B3ATE € COBOM, A ¢
YAOBONBCTBHEM NOMOrY!

EEECV N
EECE FECE LR
o gurtoERLL

Z|&SEX O SR S of CfE (A2 H = 8 R EE s 8IS UCH 20235 108 71X 2] G[O]
B 7R D QUEUCH 718 a2 BE s RIS 7| 4E Ao EL SN 4E B =el
St 4= QlELICH O HE0IL £ 80| ZastA|B OH EX| T FAlet

5.4 Japanese
[ Question ]
L CAITBIE,
CSBEOXRKFESTIMN?
AT IS
T7I3—2F¥WIZTI S,
Yatoratat 2 P AT 20|02 O ECHS XHRADL AX|7F 7531, 8ol ol }t.__&:i

#71710| 22 B2 ch M 37|20, AT EA# 20 BR = A= T3
7t G2, Bref 7hs OILHEH| @0l s 228 HO| AL, A ER Fo{242: 8A

2oy sl
Lf,x:r,u,
CALBR!'SARBEDISLEFELNTEEIN?
[ © RE:EPR CEERS £
PLRBV TEAL. RADAKBRERHTIICLBTEI A, DT —2 H2023F

WAFTALAOTI DT, mAMDRREI| T
ceESBMHLET, RCANERMNBNRE. £S5

ORBRY—E2ARKRRT 7 THRAT 5
EEMBLHFhLEI N

Moepem kynaTech Ha Mccbik-Kyns?

NCChIK-Kynb — OTAMYHOE MECTO ANA OTABIXE M KyNaHWA! HMCTan BOAE, KPACHBbIE NNSKM W
MWBOMUCHbBIE TOPHbIE HEHSEHWCDZHEIOT unpeansHble yCN0BMA ANA NPUATHOMO
BPEMANPENPOBOKAEHNA. Bbl CMOMETE HACNAAMTLCA CONHLEM, NONNABATD B 03€PE 1 NPOCTO
OTAOKHY T Ha NPUPOAE. ECK y BaC CTk BOMPOCH! 0 NOEIIKE WA HYHHBI COBET, KaK My4we

nposectk apems Ha Mccuik-Kyne, He cTecHsiiTech cnpawuears!

[laBaiiTe noefeM Ha ropy Anaapaqa.

lopa Anaapaya — 3aMedaTensHOe MECTO ANA aKTUBHOTO OTALIXA M HACAAMAEHWS NPUPOAOIA!
3neCh Bbl CMOXETE HACNAANTHCA KPACHBBIMA neiizaxamu, COBEPWMHTD NEWWE NPOrYIKH 1
NPOCTO OTAOXHYTH HA CBEMEM BO3/YXE. ITO OTNNYHOE MECTO ANA NKOBUTENEI FOPHEIX NOXOAOE U
otorpadmia. Ecany Bac ecTe BONPOCs 0 TOM, Kak 400paTLCA TYAA MM 4TO B3ATE € COBOI, A ¢

yAoBONLCTBMEM NOMOry!

oAl 20 B33 Z7te?

O[AZ2 YL OZED 7| U +S B2YLCh S 2 AT FX|7t o228 7|cte|
2A0e. +3, LK, 22D AEE 7170 ZF | B2 YL|ch BHef A=l o] ACHH, 0f
o FH|E SHOF X 238 HO| UCHH BB FH 1 FH2 AIZ 2UM Q!

Sf2oratAt dtoil ZrAICE

atoratat te FR HE 20|02 OFECHR XHH DL B X| 7t 7HS 5, 5HO| ZO|Lt L4 &
E70710) F2 A YLCHL A S7|§ O oo A+ A= 712

7t 8 Ao 2. 2Hef 7hs oLt ZH| S of thel %:‘E’ ol UCHH, AHEX o221 EA
20 =l

KEIZITEELEOIMN?

TLedh?

4327 VISKECTE

Ao LREBSLVEHT. XERU S 7 ALRRATY ' XL WML ARoREN
BN, BLOREEBIELITLL I, 4 LOCTEMB GG, EEDeETTHOT
PTAETAL20THD 0 ehibhit, FORATCESV I ELVEROCAD
WWTTh!

F3—2FxllfTC .

ro—F5 v EHEBSLOEMTYI R XLOHALHAASRDIELOIOT. »n o
FrIREs =y CRETT, MBLERERVENS, US v ALERAEBRCT
CENTESITL 23, TCBILBARBECEBISOTHRI ALY, FOKI TS
EEOIELWERCEVETESIC
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5.5 Mixed Languages
[ Question ]
. Kyrgyz : Canmamatchi30mi,
. Russian : Kakas cerogns noroaa?
. Korean : O|&|Z0]| =P335l Z7R?
.Japanese: 77— F ¥ IUIZITZ 5,
Cypoo-0ONTY Kaiipa xa3yy XaHa

Kailpa peiiTUHTee MeEHEH BHYKKEH
RAG yar-60TYy

| e
CATAMaT A
CATAMATIL A KK 3 WOry RSa MK, T
Kaaiaa cersns naranal

IR MIRS, 0 B R AL 80 b KT Y DL o o, | e e
MECEERHTE MOTCAY Ha CAATE W 2 NERITHEHK ANA NPOTHCIE Neross KAIIa narogy bl

npeancesrasTe?

ajy B - FAR2| TR ST

SLTL ]

5.6. The use of multiple languages in the novel Jamilla
Tested using PDF files of the famous Kyrgyz novel *Jamila’ in Kyrgyz Russian, and
English."
[Question]
. Kyrgyz : XXamuiina kaiicel enkeneH?
. Russian : )Kamunna u3 kaxoil ctpanb1?
. English : Which country is Jamilya from?
PDF HeruspgenreH Al Chatbot

‘data’ Nankaga+ PDF dhaiin xyktengy!
Jamuiina Kaiicel enkegenH?

Wamiidna Kelprei3 aibiNbIHAH, TAKTan aiTKaKAa, CoseTTep COM3YHYH KypambiHAArl YaKaH

KbIprbi3 albiNbIHBIH Y6ApacyHAs oTeT
Hamuna n3 Kawo# cTpaHbl?

Hamuna — KelpreizcTaHpaH

Which country is Jamilya from?
Jamilya is from Kyrgyzstan.

3BeVTe CBOM BONPOC

6. Conclusion
6.1. Research Summary
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In this study, we actively utilized the latest Large Language Model (LLM) and Retrieval-
Augmented Generation (RAG) technologies to develop a chatbot system [2],[5],[8] for Kyrgyz
university students. This system allows users to input questions, retrieves relevant information, and
generates accurate and natural responses based on the retrieved results. Additionally, search
optimization and document re-ranking techniques [9] were applied to evaluate the system’s
performance, playing a crucial role in improving the quality and accuracy of the chatbot’s
responses.

6.2 Research Contributions

This study makes several important contributions:

Hands-on Al Experience [1] for Kyrgyz University Students — It provides an opportunity for
Kyrgyz university students to directly experience the latest artificial intelligence (Al) technologies.

Development of a Multilingual Al System — By building an Al system that supports Kyrgyz,
Russian, English, Korean, and Japanese, the study enhances accessibility for students who use
different languages.

Improved Chatbot Response Quality [2],[6] — Through search optimization, the chatbot
delivers more accurate and high-quality responses, ensuring users receive relevant information
quickly and efficiently.

Foundation for AI Adoption in New Institutions — This research serves as a case study
demonstrating how Al-powered question-and-answer systems can be applied to specific document
collections, even in institutions where such technologies have not yet been widely adopted, paving
the way for future Al integration.

6.3 Future Research Directions

Future research will focus on more advanced document retrieval techniques [2],[4] and
optimization for various query types. This will help enhance the system’s performance across
different scenarios. Additionally, we plan to improve the chatbot’s accuracy by incorporating
reliable data sources [6], ensuring more precise and trustworthy responses.
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NIITETYYAO STABLE DIFFUSION KAHA STYLE TRANSFER BIKMAJIAPBIH
KOJIAOHYYI'A HETU3AEJIT'EH JOJBOOPAYK OKYTYY APKBLIYY
I'EHEPATUBUK KU TEXHOJIOI'MAJIAPBIH TYIIYHYYHY KOI'OPYJIATYY
n3NIa100Cy
V3YYEHME MOBBIINIEHUA NOHUMAHUA TEXHOJIOT'Ud TEHEPATUBHOI' O
N C IOMOUbIO MPOEKTHOI'O OBYYEHUA HA TIPUMEPE MCIIOJIb30BAHUSA
STABLE DIFFUSION M STYLE TRANSFER B OFPABOTKE M30BPAKEHUI
C IPUMEHEHHUEM I'JIYBOKOI'O OBYYEHUSA
A STUDY ON ENHANCING UNDERSTANDING OF GENERATIVE Al TECHNOLOGY
THROUGH PROJECT-BASED LEARNING USING STABLE DIFFUSION AND STYLE
TRANSFER IN DEEP LEARNING IMAGE PROCESSING

Kpickaua myHnesneme: ['eHeparuBauk xxacaima nateiuiekt (Generative Al) tapmarsiaarst
aKbIPKbl T€3 MPOTPECcC CYPOTTOPAY TY3YY TEXHOJOTHACHIHAA ONYITYY >KCTUIIKSHIUKTEPTe allbIl
kenau. Hateriixkama, kacaiiMa WHTEIJIEKT OOIOHYA KOTOPKY OWMIIUM Oepyy TEOpHUSUIBIK OuUMmre
raHa SMec, MOJICJJIEPIU HILKEe allbIpyy OOIOHYA MPAKTUKAIBIK KOHAYMIEpre na keOypeek MaaHU
Oeper. Byn u3minee >KOropky OWIMM airaH CTYAGHTTEp YYYH TEPEHICTUIITCH IPAaKTHKaIbIK
TYIYHYKTY Oepyy MakcaTblH Ke3xer, reHepatuBayy VUVHWUH 5Ku penpe3eHTaTHBAMK BIKMACHIH —
CTWJIOM OTKOpYY KaHa TYpPYKTyy Taparyyra OarbiTTanran. Jku bikma Google Colab T4GPU
yeiipecyHne wuinke ambipbuiabl. Crungun  etkepyy (Style Transfer) konteHT cyperrepyH
HCKYCCTBOJIYK CTHJIZICPTe alJIaHIpIpyy YUYH a0laH bUIAWbBIKTYY, an 3Mu Typykryy Taparyy (Stable
Diffusion) TekcTTHK CyHyIITapra HETH3IEITCH >KOTOPKY YCUMJIMIITErH CYPOTTOpAYy Te3 apaja
TY3YYT® MYMKYHAYK Oeper. MbIHIAaH THIMIKApHI, Oyl U3UJI06/0 TEKCTKE HETH3JENTeH CTHIIINH
Ha3UK SKCIPECCUBAYYJIYTYH KaHa TEKCTTH TY3YYA® UHUKeMAYYJIYKTYy Oepyy YYyH SKU BIKMaHbI
alfKaJblIITBIpraH TMOPHUUTYY BIKMA KapajaT. DKCIepUMEHTTEPIUH >KbIHBIHTBIKTAphl TMOPUINK
BIKMA CalaTrhl >XaHa CYPOTTYH TAaaCHPAYYJYry KarblHaH Oalllka BIKMajlapJaH apThIK >KEHUH
KOpCOTOT, &l SMH ap TYPAYY KEHEUITepJAWH HErH3MHJE aBTOMATTBIK TYPAe TeHepalusioo
MYMKYHUYJYTY aHBIH [PaKTUKAIBIK KOJJOHYyra OOJIOH MOTEHIMAIbIH Xoropynarar. by
W3WJIIO6]10 TEHEpaTHUBIUK jKacaiMa WHTEJUIEKTTH YHPOTYYI® TEOpus MEHEH IPaKTHKAJIBIK
UIIMEPAYYIYKTYH TEH CaJMakTyy HWHTErpalusichlHa KOMOKTOILMY MPAaKTUKAJIbIK MOJIENb
CYHYILUTAJITAH aHa ajl OKyydyJapAblH YbITapMadbLl Oif *KYTYPTYYCYH KaHa Macejelnepaud Yedyy
KOHIOM/IOPYH OHYKTYPYYT® ©06Jre TY30T.

AnHoraumsi: HenmaBHuii  cTpeMuTenbHBIM mporpecc B 00JIaCTH  TeHEPATHBHOTO
uckycctBeHHoro wuHtewiekta (Generative Al) mpuBen K 3HAYATENBHBIM JIOCTHKEHHSM B
TEXHOJIOTHSAX CO3MaHusA M300paxkeHuil. B pesynprare Beicmiee oOpa3oBaHue B 00JacTH
MCKYyCCTBEHHOTO MHTEJIJIEKTa IPUAAET Bce Ooblliee 3HaUeHHUE HE TOJIBKO TEOPETUUECKUM 3HAHUSM,
HO M TPAKTHYECKUM HaBBIKAM [0 BHEJPEHHUIO MojeNeld. DTO HCCIeOBaHME HANpPaBJICHO Ha
yIIyOJIeHHE MPaKTHYECKOTO MOHMMaHUs reneparnuBHoro MU, cocpenoToynB BHHMaHWE Ha ABYX
pENpe3eHTaTUBHBIX METOAaX TeHepaluu H300paXeHui — Imepenade CTUIS MU CTAaOUIIBHOM
pacmpoCTpaHEeHHUH — JJIsl y4al| XCsl, KOTOPbIe OCBOMIIM OCHOBHI IIIyOOKOTO 00ydeHus. O0a merona
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Ol peanu3oBaHbl B cpene Google Colab T4GPU. Style Transfer oTnmyHO NOAXOAUT VIS
Hp606p8.30BaHI/ISI 1/1306pa>1<eH1/1171 KOHTCHTA B XYHOXXCCTBCHHBLIC CTUJIM, B TO BPCMS KaK Stable
Diffusion mo3Bosiser OBICTpO co37aBaTh M300PAKEHHUS C BBICOKUM pa3pelleHHMEM Ha OCHOBE
TEKCTOBBIX MOJICKa30K. Kpome TOTo, B 3TOM HCCIIEIOBAHUN PACCMATPUBACTCSI THOPUIHBIN TTOIXO,
KOTOpBI coderaeT B cebe o0a Meroja, yTOOBI IMepeiaTh TOHKYIO BBIPA3UTEIbHOCTh CTHIISL U
r'MOKOCTD CO31aHUs TEKCTa Ha OCHOBC TCKCTA. PGSYHBTaTI)I OKCIICPUMCHTOB ITOKa3bIBAIOT, 4YTO
FH6pHI[HBII>i nmoaxoJa IIpEBOCXOAUT APYIHMC C TOYKH 3pPCHHUA KAauCCTBa W BbIPA3UTCIIBHOCTH
I/I306pa)KGHI/ISI, a €er0 BO3MOJXXKHOCTH aBTOMAaTHYECKOU TCHECpallu Ha OCHOBC Pa3/IMYHbIX ITOJACKA30K
YBCIMYNBAOT €TI0 MOTCHOHAT JIA [MPAKTHYCCKOIro IIPHUMCHCHUS. B »Tom HNCCJICAOBAHU N
NpCeaAcCTaBJICHA IIPAKTHYCCKAasA MOICIIb, KOTOpPas CHOCO6CTBy€T C6aJIaHCI/Ip0BaHHOI>’I HHTCTpallun
TEOPHH U MPAKTUYECKON AEATENBHOCTH B 00ydueHuu reHepatuBHOMY M 1 pa3BUTHIO TBOPUECKOTO
MBIIUICHUS YUalMXCs U UX CIIOCOOHOCTEH pelieHu st TpoOiem.

Abstract: The recent rapid advancements in Generative Atrtificial Intelligence (Generative
Al) have led to remarkable achievements in image generation technologies. As a result, higher
education in Al is placing increasing importance on not only theoretical knowledge but also
practical skills in model implementation and application. This study aims to enhance practical
understanding of generative Al by focusing on two representative image generation techniques —
Style Transfer and Stable Diffusion — for learners who have completed the fundamentals of deep
learning. Both techniques were implemented in the Google Colab T4GPU environment. Style
Transfer excels in transforming content images into artistic styles, while Stable Diffusion can
quickly generate high-resolution images based on text prompts. Furthermore, this study explores a
hybrid approach that combines both methods to capture the delicate expressiveness of style with the
flexibility of text-based generation. Experimental results demonstrate that the hybrid approach
outperforms in terms of image quality and expressiveness, and its automatic generation capabilities
based on diverse prompts increase its potential for practical applications. This study presents a
practical model that promotes a balanced integration of theory and hands-on practice in generative
Al education and contributes to enhancing learners' creative thinking and problem-solving abilities.

Herusru ce3nep: reneparuBnuk JXXU; teper okyryy; GAN (reHepaTUBIMK aTaaHIallIThIK
tapmarbl); DCGAN; GAN crunmu; VAE (BapualusulblKk aBTOMATTBIK KOII00YY); HEHPOHIYK
xpuLapIpyy ctiii (NST); VGG-19; KOHTEHT JKOTrOoTyycy, CTHIIb XKOTOTyycy; I'paM maTpuiacsr,
TYpyKTyy 1ubdysus; xaubipyyH audoysus moaenu (LDM); TekcTTeH TeKCT-CypeTke e3repTyy;
tparchopmep; CLIP-"Cyper menen Tekcrtu canbiumbipyy mozenu'); "Kydakraran xys" ixe
"Aupik XKW mnargopmacel; Tak KeHre canyy; jgoidoopiopro HermsmenreH okyryy (PBL);
CYpoeTTepay TeHepalusuioo; MapKOB YbIHXKBIPBI; Kaiipa TapaTyy ajlrOpUTMH; CBEPTYY HEHPOH T
apmak (CNN); TensorFlow.

KawueBbie caoBa: renepatuBHblii WU; riydookoe oOydenue; GAN (reHeparuBHas
coctszarenbHas  cetb); DCGAN; crune GAN; VAE (BapHallMOHHBI aBTOKOAWPOBIIKK);
HeliponHbiit nepenoc ctuist (NST); VGG-19; noreps koHTeHTa; moTepst cTuiisd; marpuna ['pama;
crabunpHas nuddysus; moaens ckpbitod auddysun (LDM); npeoOpazoBaHue TekcTa B TEKCT-
n3oopakenue; Tpanchopmep; CLIP oOHuMaromee IuIl0; TOHKAass HACTpOHKa; 00ydeHHe Ha OCHOBE
npoekroB (PBL); renepauus m3zobpaxkeHuit; nenb MapkoBa; obpatHoe pacnpoctpanenue; CNN
(CBeprounas HelpoHHas ceTh); TensorFlow.

Keywords: generative Al; deep learning; GAN (generative adversarial network); DCGAN;
style GAN; VAE (variational autoencoder); neural style transfer (NST); VGG-19; content loss;
style loss; gram matrix; stable diffusion; latent diffusion model (LDM); text-to-image; transformer;
CLIP; hugging face; fine-tuning; project-based learning (PBL); image generation; Markov chain;
backpropagation; CNN (convolutional neural network); tensorflow.

1. Introduction
1.1 Background and Purpose of the Study
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The rapid advancement of Artificial Intelligence (Al) technology in recent years has sparked
innovation across various industries. In particular, the rise of Generative Al has achieved
breakthroughs that surpass previous limitations in the creation of content such as images, text, and
audio. In this context, it has become essential for students who have completed foundational
university-level Al education to cultivate their practical application skills through more in-depth
theoretical learning and hands-on practice.

However, traditional Al education often remains confined to concept-centered theoretical
instruction, which limits students' ability to implement and apply complex models in real-world
scenarios. In response, this study begins with the educational need to enable university students —
who already understand the fundamental concepts of Al and deep learning — to learn advanced
image generation techniques through a Project-Based Learning (PBL) approach.

In particular, Style Transfer and Stable Diffusion, two representative techniques in image
generation, serve as key tools for understanding the core principles of generative Al and applying
them in creative content creation. Gaining both theoretical understanding and practical
implementation experience with these techniques can significantly enhance learners’ problem-
solving skills and creative thinking abilities.

Therefore, the purpose of this study is to help students learn the main algorithms, model
architectures, and operational principles of generative Al — centered on Style Transfer and Stable
Diffusion — and to enable them to critically examine the strengths, weaknesses, and potential
applications of each technique through implementation and performance comparison. Ultimately,
the study aims to provide a foundation for effectively applying these technologies to real-world
problem solving, moving beyond simple model usage.

1.2 Prerequisite Knowledge

The following foundational knowledge is required to carry out this study:

First, a basic understanding of the Python programming language and the ability to write
code are necessary.

Second, a solid grasp of fundamental deep learning concepts is essential, particularly
familiarity with terms and principles such as Convolutional Neural Networks (CNN), loss functions,
and optimization techniques.

Third, prior experience with writing and executing code in the Google Colab environment is
required. This platform allows learners to more easily train and experiment with deep learning
models that require high-performance computing through cloud-based practice.

Based on this prerequisite knowledge, the goal of this study is to help learners apply Al
technology in practical and creative ways through in-depth understanding and hands-on learning of
generative Al techniques.

2. Theoretical Background

2.1 Overview and Development Trends of Deep Learning and Image Generation
Technologies

Deep learning is an advanced form of artificial neural networks that automatically learns
high-dimensional features from large-scale data. It has demonstrated human-level performance in
tasks such as image classification, object detection, and image generation. In the field of image
generation, various approaches have emerged and evolved — including Convolutional Neural
Networks (CNNs), Variational Autoencoders (VAESs), Generative Adversarial Networks (GANS),
and diffusion models — all of which form the foundation of generative Al technologies.

In the early stages, image reconstruction was made possible through autoencoder-based
models. VAEs introduced probabilistic elements to generate more realistic images. Subsequently,
GANs enabled the creation of high-quality images through the adversarial training structure
between a generator and a discriminator, finding wide application across domains. More recently,
diffusion models such as Stable Diffusion and Denoising Diffusion Probabilistic Models (DDPMs)
have garnered attention for their ability to generate high-resolution images effectively.
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Additionally, style transfer technology, which transforms the style of an image while
preserving its content, has been widely used in artistic creation and image transformation. Based on
this technological progression, several core image generation techniques have emerged at the heart
of generative Al. The next section will explore the structures and characteristics of these
technologies in detail.

2.2  Key Generative Al Techniques

1) Generative Adversarial Networks (GANS)GANSs are one of the most widely known deep
learning architectures in the field of image generation. They consist of two competing neural
networks: a Generator and a Discriminator. The generator creates images from random noise
vectors, while the discriminator determines whether the generated images are real (from the dataset)
or fake (from the generator). During training, the two networks compete with each other and
improve through this adversarial process, ultimately resulting in the ability to generate high-quality
images.

Representative models in the GAN family include DCGAN (Deep Convolutional GAN) and
StyleGAN. StyleGAN achieved a breakthrough by enabling fine control over details in generated
images (such as hairstyle, facial expressions) through manipulation of the latent space.

2) Variational Autoencoders (VAES)VAEs combine the structure of autoencoders with a
probabilistic approach. They encode input data into a latent space where the variables follow a
normal distribution, and then reconstruct the image from these variables. This structure is especially
effective in ensuring diversity in the generated images. Various forms such as the Vanilla VAE
have been explored. Due to the ability to perform meaningful image combinations and
reconstructions through latent space operations, VAESs hold high academic value.

3) Style TransferStyle transfer is a technique that maintains the structure of a content image
while applying the color and texture of a different style image. The Neural Style Transfer (NST)
method by Gatys et al. uses feature maps from CNNSs to separate and then recombine content and
style. Later developments, such as Fast Neural Style Transfer, have significantly improved
computational speed, making real-time applications feasible.

4) Diffusion ModelsDiffusion models are an emerging generative Al technique that creates
images by gradually adding noise to an original image and then reversing this process to denoise it.
This approach involves iterative computations based on a Markov chain and produces highly
realistic and detailed images. Stable Diffusion is a notable model that optimizes this architecture
and has shown remarkable performance in tasks like text-to-image generation.

3. Style Transfer Technigues

3.1 Principle of Neural Style Transfer

Style Transfer is a technique that combines the content from one image with the style from
another image to create a new, blended image.

In particular, Neural Style Transfer (NST) was first proposed in 2015 by Gatys et al., and
uses Convolutional Neural Networks (CNNSs) to generate a new image that fuses the structure of the
content image with the texture, colors, and patterns of the style image.

NST typically operates using pre-trained CNN models such as VGG-19. It extracts feature
maps from intermediate layers of the network to separate content and style information, which are
then mathematically combined. Content and style are defined based on features extracted from
different layers of the CNN, and the difference between them is calculated using a loss function.
The generated image is then optimized through backpropagation to minimize this loss.

3.2 Loss Functions: Content Loss and Style Loss The core of Neural Style Transfer (NST)
lies in the construction of the loss function, which evaluates how well the generated image matches
the target content and style images.

Content Loss: Measures the structural similarity between the content image and the
generated image.

It is typically calculated as the L2 distance (Euclidean distance) between the feature maps
extracted from higher layers of the CNN.
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Style Loss: Measures how well the visual elements of the style image (such as texture, color,
and brush strokes) are reflected in the generated image. It uses the Gram matrix, which captures the
correlations between feature maps extracted from various layers of the CNN, and is also computed
using L2 distance.

The feature maps used for both content and style loss are extracted from intermediate layers
of a pre-trained CNN such as VGG-19.

The total loss function is defined as:

'E’E()tﬂ.l — Q- Ecuntcnt + J‘3 ) Estylc

Here, a and B are weighting parameters for content and style loss, respectively. The ratio
between them determines the balance between style emphasis and content preservation in the
generated image.

3.3 Learnable Al Technology Components The implementation and experimentation
process of Neural Style Transfer (NST) provides learners with a valuable opportunity to
comprehensively understand various artificial intelligence technologies.

Understanding the Use of Pre-trained Models and Fine-tuning:

NST uses pre-trained VGG models (trained on datasets like ImageNet) as feature extractors.

When needed, fine-tuning can be applied to certain layers.

Image Feature Extraction:

Learners can practice the fundamental concept of NST by separating content and style using
feature maps extracted from different layers of the CNN.

Image Optimization via Backpropagation:

Instead of updating the network weights, NST directly optimizes the generated image itself
based on the loss function.

This hands-on process allows learners to internalize the core principles of deep learning
through practical experience.

4. Stable Diffusion Technique

4.1 Principles of Diffusion Models

Diffusion models are a prominent technique in Al-based image generation. They generate
high-quality images by gradually adding noise to the data and then removing it step by step. This
approach was inspired by probabilistic physical models.

Initially, Gaussian noise is progressively added to an image, transforming it into pure noise.
Then, a reverse process is performed to reconstruct either the original image or generate a new one
from the noisy input.

The denoising process is carried out by neural networks trained at each stage. These
networks predict how much noise to remove based on the given time step and the noisy image input.
This iterative refinement allows the model to progressively restore an image.

Unlike traditional generative models such as GANs (Generative Adversarial Networks),
which suffer from unstable training and mode collapse, diffusion models offer more stable training
and can flexibly represent diverse shapes and styles.

4.2 Stable Diffusion, Latent Diffusion, and Text-to-Image Generation

Stable Diffusion is a representative model that maximizes the efficiency and practicality of
diffusion models. It is based on the Latent Diffusion Model (LDM) architecture. Unlike traditional
diffusion models that perform operations in the pixel space of an image, LDM uses an autoencoder
to compress the image into a latent space, where noise is added and removed. This approach
significantly reduces computational resources.

One of the key features of Stable Diffusion is text-to-image generation, which takes a text
prompt as input and generates a corresponding image. In this process, a Transformer-based text
encoder such as CLIP is used to convert natural language into a semantic vector, which is then used
as a condition for image generation.

4.3 Learnable Al Technology Components
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Understanding and practicing with Stable Diffusion requires an integrated understanding of
various Al technologies and provides learners with the following technical competencies:

1) Understanding Transformer-based model architectures

Stable Diffusion makes core use of Transformer architectures in both text embedding and
conditional image generation. It is anexample of applying models like BERT or GPT from the NLP
domain to image generation. Learners can gain hands-on experience with the structure and
mechanisms of Transformers.

2) Fusion technology of natural language processing (NLP) and image generation

The technology of converting text into semantic vectors and incorporating them into the
image generation process represents a convergence of NLP and computer vision, forming the basis
for multimodal Al implementation.

3) Proficiency with the Hugging Face library

Stable Diffusion is available in various implementations through the Hugging Face platform.
Learners can use it to load actual models and conduct practical exercises in text-prompt-based
image generation.

5. Comparison: Style Transfer vs. Stable Diffusion

This chapter provides a comparison of the two techniques based on theoretical analysis and
experimental results, focusing on structural differences, performance, and intended use.

5.1 Differences in Model Architecture and Generation Methods

1) Style Transfer generates images by separating and recombining high-level feature
representations of a content image and a style image using a pre-trained convolutional neural
network (CNN), such as VGG. The core idea is to apply the texture and color of the style image
onto the structure of the content image. This is achieved by minimizing a loss function composed of
Content Loss and Style Loss. The generation process typically involves optimization via
backpropagation, which can result in relatively slow real-time performance.

2) Stable Diffusion is a probabilistic generative model that creates images by gradually

deposing a noisy input. Based on the structure of Latent Diffusion, it performs the
generation process within a compressed latent space rather than the high-dimensional image space,
thereby improving computational efficiency.

In particular, Stable Diffusion supports text-to-image generation, where it takes a text

prompt as input and outputs an image that reflects semantic consistency and creativity. This
is enabled by its structure, which is closely integrated with a Transformer-based text encoder.
5.2 The comparison table between Style Transfer and Stable Diffusion based on the requested

items:
Criteria Style Transfer Stable Diffusion
Model Tvpe Deep Neural Networks (DNN) withDiffusion Models (Generative models
yp pre-trained models like VGG using stochastic processes)

U-Net architecture combined with a
diffusion process and CLIP for text-to-
image generation

Convolutional Neural Networks

Main Structure (CNN), typically VGG or similar

Text prompt (optional: image prompt for

Input Form Content image and style image image-to-image generation)

Image with content from the
original and style from the style
image

Output Image
Characteristics

High-quality, coherent images that match
the text prompt or image input

Uses optimization to minimize the|Gradual denoising process to convert
Generation Process|loss between content and stylerandom noise into a structured image
representations based on input (text or image)

Computational Relatively less efficient, as itRequires heavy computational resources
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Criteria Style Transfer Stable Diffusion

Efficiency requires multiple forward passes tojdue to multiple steps of the diffusion
optimize the image process, but can be parallelized
Real-time Generally slower due to iterativeCan generate images in a reasonable

amount of time (minutes), but not real-

Pe rformance optimization process; not real-time hime for high-quality outputs
Application Artistic image modification, T:rﬁ'r];}ér:age %%?]i;at;o " c;rﬁ[atlvircec;rt];[grgt
Examples generating artwork from photos g ' P ’

inpainting, image editing

6. Development Environment

6.1 Software Libraries

This project was developed using the Python programming language and focused on the
following key libraries for implementing generative Al models:

. transformers: A library provided by Hugging Face that makes it easy to use models for
natural language processing (NLP) and vision tasks. In this project, the transformers[vision]
installation includes features for vision-related functions.

. diffusers: A library that facilitates working with image generation models such as Stable
Diffusion. It provides pipelines for image generation tasks.

. accelerate: A library that helps efficiently run PyTorch and TensorFlow models, enabling
parallel training across multiple GPUs.

. langchain: A library designed for working with language models. In this project, it is used
with PromptTemplate, LLMChain, and OpenAl components to leverage OpenAl's language models.

. transformers pipeline: A feature within the transformers library that allows easy access to
pre-trained Hugging Face models via a simple pipeline interface.

. PIL (Python Imaging Library): An image processing library used for tasks such as opening,
modifying, and adding text to images.

. tensorflow: A popular deep learning library used to build and train models. In this project,
the InceptionvV3 model is used for image processing and prediction.

. matplotlib: A library for data visualization, used here for displaying images and graphs.

. numpy: A numerical computing library, primarily used for array and matrix operations.

6.2 Cloud Development Environment

Google Colaboratory (Colab) was used as the primary development platform. Colab is a
cloud-based Jupyter Notebook environment provided by Google, allowing users to perform
complex deep learning computations easily by providing access to GPU and TPU resources without
the need for local installation.

6.3  Local Development Environment

1) Environment Setup:

A Python virtual environment was configured using the Anaconda distribution, and Jupyter
Notebook was used as the experimental interface.

2) Hardware Specifications:

A personal workstation equipped with an NVIDIA GeForce RTX 3080 GPU was used,
enabling high-resolution image generation and large-scale model inference.

7. Implementation Case Studies

This chapter analyzes experimental results based on implementation examples of image
generation techniques — Neural Style Transfer and Stable Diffusion. It describes how each method
works in practice, the performance and characteristics it demonstrates, and the hands-on skills
acquired during implementation, such as image processing, model parameter tuning, and result
visualization.

7.1 Neural Style Transfer Implementation Case
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This program implements a deep learning-based Neural Style Transfer. It creates artistic
images by applying the painting style of one image (e.g., Van Gogh’s Starry Night) onto the content
of another image (e.g., Seoul N Tower).

Using intermediate feature maps from a pre-trained VGG19 model, the content and style are
extracted separately. Based on these, the content image is gradually updated, transferring the style
to it. The resulting image retains the original content while transforming into a new artistic piece
through style modification.

Compared to Stable Diffusion, the source code for this program is relatively longer.

[Feature-by-Feature Analysis]

1) Image Loading and Preprocessing

Loads the content and style images, resizes them to a fixed size, and converts them into
tensor format. Then, it adds a batch dimension to shape the input as (1, C, H, W), making it suitable
for the model.

2) VGG-based Feature Extractor Configuration

Uses a pre-trained VGG19 model to extract intermediate feature maps from the input images.
The model is used in a frozen (non-trainable) state and provides the features needed to represent
content and style.

3) Gram Matrix Calculation

Style is represented by the Gram matrix, which captures the correlation between feature
channels. This matrix allows comparison of style similarity between the style image and the
generated image.

4) Loss Function Composition

The content loss is computed as the Mean Squared Error (MSE) between the generated
image and the content image. The style loss measures the style difference using the Gram matrix. A
weighting factor of 100 is applied to the style loss to emphasize style transfer.

5) Style Transfer Optimization Loop

A copy of the content image is used as the initial input, and it is optimized over 300
iterations to apply the style. During this process, the image is updated through loss

calculation and backpropagation.

6) Postprocessing and Saving the Result Image

The optimized image is converted back into a PIL image, normalized, and prepared for
saving. Finally, it is saved as afile in the local directory.

7.2 Stable Diffusion Implementation Case

This program uses the Hugging Face diffusers library to load a pre-trained Stable Diffusion
model (runwayml/stable-diffusion-v1-5) and generate high-quality images based solely on text
input. It combines image descriptions entered by the user to create a visually rich prompt, generates
the image accordingly, and saves the result in .jpg format.

Unlike Style Transfer, no input image is required for generating new images.

[Feature-by-Feature Analysis]

1) Uses the Hugging Face diffusers library to generate images based on the pre-trained
Stable Diffusion model.

2) Loads the runwayml/stable-diffusion-vl-5 model to generate high-resolution images
through text encoding, noise removal, and image decoding.

3) Utilizes GPU auto-detection with torch.cuda.is_available() to check for CUDA (GPU)
availability, enabling optimized execution depending on whether the environment supports GPU or
CPU.

4) Allows the user to enter multiple descriptive elements for the image as a list, merges them
into a single text prompt capturing visual characteristics,

5) Finally, the Stable Diffusion pipeline—which includes a text encoder, U-Net-based
denoising network, and image decoder—produces the final image with high quality.

7.3 Hybrid Implementation of Style Transfer and Stable Diffusion

174



This program is a hybrid implementation that combines Stable Diffusion and Style Transfer.
Unlike traditional style transfer, it requires a base input image, but does not require a separate style
image. Instead, like Stable Diffusion, it uses text prompts to guide the style transformation of the
base image.

First, an image is generated based on a text prompt using Stable Diffusion. Then, the input
base image is analyzed using the feature extraction capabilities of the VGG network to derive both
content and style information for style transfer. The style transfer technique merges features from
both images to generate a new image.

In the optimization phase, the content and style losses are minimized to produce a final
image with the applied style. Finally, this process is repeated for five different prompts, generating
and stylizing an image for each, resulting in a collection of images that reflect a variety of styles.

This program offers a method for creating a creative image processing system by combining
text-based image generation with style transformation.

[Feature-by-Feature Analysis]

1) Image Loading Function

The load_image function loads an image from local storage, resizes it to the specified
dimensions, converts it to a PyTorch tensor format, and adds a batch dimension to make it suitable
as model input.

2) VGG19 Feature Extraction

The VGG Features class uses a pre-trained VGG19 model to extract intermediate feature
maps from the input image. Only part of the network layers is used, and the model weights are kept
frozen.

3) Content and Style Loss Calculation

The compute_loss function calculates how closely the generated image resembles the
content image (Content Loss) and how well it reflects the texture/pattern of the style image (Style
Loss), the latter of which is computed using Gram matrices.

4) Gram Matrix Calculation

The gram_matrix function computes the Gram matrix for a given feature map, representing
the image’s style (textures and patterns) numerically.

5) Style Transfer Function

The style transfer function takes a content image and a style image as inputs and iteratively
generates a new image that maintains the structure of the content image while adopting the texture
of the style image.

6) Stable Diffusion Image Generation

Using the Stable Diffusion Pipeline, images are generated based on predefined text prompts.
This model can generate high-resolution images directly from natural language prompts

7) Automated Multi-Prompt Processing

For each of the five predefined prompts, the program automatically performs image
generation and style transfer, saving the results for all.

8) Result Image Saving

Finally, both the generated and styled images are saved as files.

7.4 Comparison of Results

7.4.1 Results

1) Original Images

. Van Gogh painting and Seoul N-Tower painting
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2) Deep Learning-based Style Transfer (Neural Style Transfer)
. Image of Seoul N-Tower transferred into the style of Van Gogh

Figure 3

3) Stable Diffusion Implementation
. Van Gogh image drawn and Cityscape image in the style of Van Gogh generated using a
prompt and Image of N-tower in Namsan, Seoul
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4) Hybrid Implementation of Style Transfer and Stable Diffusion
. Image generated using a prompt, then transformed into the VVan Gogh style
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7.4.2 Performance Analysis

Style Transfer excels at artistic style representation but has limitations in expressive
diversity due to its inability to directly reflect text input. Stable Diffusion, on the other hand,
demonstrates high expressiveness by generating a wide range of styles based on text prompts, and it
also performs well in terms of FID (Fréchet Inception Distance) scores.

The hybrid approach, which combines both methods, shows outstanding results in terms of
both style representation and expressive control.

1) Image Quality

Style Transfer is strong in stylization but lacks flexibility and diversity since it cannot
directly reflect textual conditions.

Stable Diffusion allows for free-form image generation with diverse styles based on text
prompts, offering high expressiveness and excellent FID performance.

The hybrid method (Style Transfer + Stable Diffusion) successfully combines the strengths
of both approaches, enabling richer and more expressive image generation by reflecting both
stylistic detail and flexible textual control.

2) Generation Speed

Style Transfer is time-consuming due to its iterative optimization process, but faster variants
like Fast NST can allow for real-time generation.

Stable Diffusion offers fast generation in GPU environments, though speed may vary
depending on image resolution and prompt complexity.

The hybrid approach lies in between the two in terms of speed, generating images faster than
Style Transfer but somewhat slower than Stable Diffusion.

8. Conclusion

Though this implementation, we compared and analyzed the performance and characteristics
of Neural Style Transfer, Stable Diffusion, and a hybrid method that combines both.

Style Transfer was effective in expressing artistic and delicate styles but had limitations in
creative control due to its lack of text prompt integration.

Stable Diffusion excelled in image generation by enabling flexible, text-based style control
with high expressive power, showing particularly strong performance based on FID scores.
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The hybrid approach combined the strengths of both methods, achieving both the nuanced
detail of style transfer and the flexibility of text-based control.

Notably, the use of automated multi-prompt processing enabled stable generation of high-
quality images across various styles, making it a valuable workflow from a practical standpoint. In
terms of speed, the hybrid method provided a balanced performance — faster than Style Transfer,
slightly slower than Stable Diffusion — making it a well-rounded solution for creative image
generation.

9. Future Directions

1) Improving Speed and Real-Time Processing

While the current hybrid image generation system offers excellent quality, its processing
speed is relatively slow. To address this, technologies such as Fast Neural Style Transfer and
lightweight diffusion models (e.g., Latent Diffusion, Distilled Diffusion) can be adopted. These
would enable real-time or near real-time image generation, allowing for high-quality output at faster
speeds and even operability in lightweight environments like mobile devices.

2) Expanded Inputs for Fine-Grained Control and Personalization

Moving beyond traditional text-prompt-based control, new multi-modal prompt control
techniques (e.g., ControlNet, T21-Adapter) are emerging that incorporate additional inputs such as
sketches, masks, poses, and depth information. This allows users to more intuitively and precisely
control composition, style, and expressive elements in the image.

Combined with personalized training based on individual style, this will create a highly
user-centered creative environment.

3) Post-Processing Integration to Enhance Image Quality

Images generated via Stable Diffusion or style transfer can be further refined through post-
processing to improve quality and completeness. Technologies such as super-resolution (e.g., Real-
ESRGAN, SwinlIR) and facial enhancement (e.g., GFPGAN) can be used to reduce noise, restore
details, and automatically enhance image quality. In the future, these post-processing steps are
expected to be integrated directly into the generation pipeline.

4) Integrated Workflow for Generation and Editing

Moving beyond simple generation, the integration of generative editing technologies—such
as text-based editing (InstructPix2Pix) or mouse-driven interaction editing (DragGAN)—will
enable users to freely modify images in a responsive creative environment. This will be a powerful
tool that reflects the creator's intentions immediately and allows precise outcomes without
repetitive tasks.

5) Combining Image Understanding and Autonomous Feedback Systems

By utilizing Vision Transformers (e.g., ViT, SAM, DINOV2) after image generation, it's
possible to automatically identify and understand objects and semantics in the output. This enables
the development of autonomous feedback systems that can analyze and improve images without
user input. For example, the system could respond to requests like “"make this area brighter” or
"change the background™ automatically.
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STABLE DIFFUSION, CNN-LSTM, CLIP, BLIP ’)KAHA TEKCTTHU
BU3YALJAIITBIPYY BIKMAJIAPBIH KOJIIOHYY MEHEH 3AMAHBAII 7)KACAJIMA
HUHTEJJVIEKT CUCTEMAJIAPBIHIA TEKCTTEH CYPOT KAPATYY KAHA
CYPOTTY BAAHAOO BIKMAJIAPBIHBIH CAJIBILITBIPMA N3NJI1600OCY
CPABHUTEJBLHOE MCCJEJOBAHUE I'EHEPAIIMM W30BPAKEHUI IO TEKCTY
U OIMMCAHMS U30BPAKEHWI B IMEPEJOBBIX UMU-CUCTEMAX
C UCIIOJIB3OBAHUEM STABLE DIFFUSION, CNN-LSTM, CLIP, BLIP U METO10B
BU3YAJIM3AIIMU TEKCTA
A COMPARATIVE STUDY OF TEXT-TO-IMAGE GENERATION AND IMAGE
CAPTIONING IN ADVANCED Al USING STABLE DIFFUSION,
CNN-LSTM, CLIP, BLIP AND TEXT RENDERING TECHNIQUES

Kbickaua myHe3neme: TepeH OKyryyra HErusaelreH MyapTumonanasik WU
MOJCNACPUHACTH AKBIPKbl KOPYHYKTYY JKETHIIKEHIUKTEP TAOWUTBIH THJI MEHEH BH3YalJIbIK
MaaJIbIMaTThIH OPTOCYHJa TaK ©3 apa TYIIYHYUIyyre MYMKYHAYK Oepau, kKapaTyy *KaHa 4euMeleo
TapMaKTapblHJa WHHOBAIMUIBIK KOJJOHMO MYMKYHUYJYKTOPYH CYHYyIITazbl. ©O3rede, TEKCTTEH
cypetre (T2) Ty3yy MozxenuHuH naiina 6onyury, Typykryy mudysus, UMT'E nerusznenren cypet
’KapaTyy TEXHOJOTHSCHIHIArkl TMapaJuIMaHblH  ©3repyLIyH Te3[AeTKeH. AJl  JKalbIpyyH
MENKUHIUKTETY HaTBIMKANYy YJIIY alyy bIKMajlapbl jKaHa >KOTOPKY I'€HEPAaTHBIMK TaTaallbIIbl
MEHEH KOeHYJ Oypyl, ap KaHJai YakbIpbIKTapra HETH3JENTeH XOTOPKY YEUMJIHUII CYPOTTOPIY
TY3YYr'® MYMKYHAYK Oepau. Byn u3uinee akbIpKbl CypeTTepAY ’Ka3yy MOJEIJIEPUH KOJIJOHOT,
mucainel, BLIP (Bootstrapping tun-cypet anaplH ana aaspaoo), CLIP (KOHTpacTThIK THII-CYPOT
anapiH  ana naspaoo), CNN-LSTM sxana BLIP-22 typykryy nuddy3us MeHEH Ty3YJIreH
CypeTTepre aBTOMATTBIK >Ka3zyylapAbl alyy jkaHa TY3YJIOH >Ka3zyyldapAblH calaThlH CaHJbIK
6aasioo yuyH bleu xana Meteop MeTpukanapbsiH koiaaoHyy. Ananu3 BJIWII sxana BJIUII-2 46,0%
CEMaHTHUKAJIBIK 1Al KeJIYy KOPCOTKYYYH KopcoTkeHYH, ail 3mu bJIMII xana xmun mMozennepu
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37,5% nan Keayy KepCOTKYUYH KOPCOTKOHYH KOpCOTTY. T€KCTTH KUPTU3YYHYH HaTbIMKajaapbl
OapabIK MoJeNepe KOTOPKY BU3YAIIbIK aKTyAIAYyTyKTy KaHa CEMAHTHKAIBIK BIPAATTYYTYKTy
CakTar, NPOLECCTH WUTMIMKTYY HIIKe ambipradH. MeiHaaH Teimkapsl, CLIP TekcT MeHeH
CYPOTTOPIYH OPTOCYHIArbl KapaMa-KapIllbl OKYTYY apKbUTyy HOJIIYK OK MEHEH Ki1acc GUKAIUSII00
JKaHA CEMaHTUKAJIBIK HETU3JIETH U300 CUCTEMATaPbIHBIH UIITEIIMH KAKIIBIPTYYra CalbiM KOIIKOH,
ait oMy BLIP e3yH-03y Ke3eMeJIIereH OKYTYyy JKaHa bIpaaTTyy ajAblH aja OKyTYYy CTpaTerusulapblH
allKaNpIIITBIPYY MEHEH CYPOTTYH CYOTHUTpPJEPHH >KaHa BHU3YaJABIK CYPOOJOPTO KOOM Oepyyae
(VQA) xanmpuloo HINTEIIMH MAKCUMAaIAYyy JAEHIDIJIIe JKETKUPET. byn TexHosorusiapisl
HHTCTpalusJIaHIaH KOJIJIOHYY I'CHCPATUBJUK KaHa UHTCPIPETATUBANK q)YHKHI/IﬂJ'IapI[I)I KaMTbITaH
MYJIBTUMOAAN IBIK V1 crcTeManapblHbIH SBOJIOLUSACHIHA MYMKYHAYK O€peT, anapAblH KelleUeKTeru
TAaHBIN-OUITYYHY KaHa OW XKYTypTYYHY Tajlam KbUITaH TaTaaj TarlblpMaiapja KOJJIOH YITyIIyH
KeHEeUTeT. AKbIpbl, Oyn TexHonormsuiap xammbl JKacanma wHTewiekrtud (AI'M) nHerusru
TEXHOJIOTUSIIAPBI KaTaphbl KbI3MAT KbIITyyra MYMKYHUYIJIYK OeperT.

AnHoraums: HenaBHue 3amedarenbHble JOCTHXEHUS B 00JACTH MYJIBTUMOJAIBHBIX
MoJIeJiel HCKYCCTBEHHOTO MHTEIJIEKTa, OCHOBAHHBIX Ha II1yOOKOM 00y4eHUH, TTO3BOJIUITN JOOUTHCS
TOYHOTO B3aWMOIIOHMMAHMsSI MEXJY €CTECTBEHHBIM S3bIKOM M BHU3yalbHOM HH(popManuei,
OTKpPLIBAasA MHHOBAITMOHHBIC BO3BMOKHOCTU MMPUMCHCHH S B obmacTu TCHCpallu U UHTCPHIPECTALIUU. B
YaCTHOCTH, TMOSBJICHHE MOJCITH MpeoOpa3oBanus Tekcta B mzoopakenue (T2l1), Stable Diffusion,
YCKOPUJIO CMEHY MapaJurMbl B TEXHOJIOTHH IFeHepaluy N300pakeHU Ha OCHOBE MCKYCCTBEHHOI'O
uHTeiekra. OH TpuBIeKk K cebe BHUMaHHME Ojarojmaps CBOUM 3 (PQPEKTHBHBIM METOJaM OTOOpa
npo0 B CKPBITOM MPOCTPAHCTBE M BBICOKOW CIIOKHOCTH TEHEpalllH, MO3BOJSIOUMM CO31aBaTh
M300paKeHMs ¢ BBICOKUM pa3pellieHHEM Ha OCHOBE Pa3MYHbIX MMOACKA30K. B 3TOM uccnenoBanuu
ObUIM TPUMEHEHbl HOBEHIIME MOJEIN CO3JaHHUsl CYOTHUTPOB K M300paxeHusM, Takue kak BLIP
(Bootstrapping Language-tipeasapurteibHas moarotoBka uszobpaxenwmii), CLIP (KontpactHbrit
S3BIK — MpeJBapuTebHas moaroToka nzoodpaxenuit), CNN-LSTM u BLIP-22, k uzo0paxeHusm,
CreHepupoBaHHBIM ¢ ToMonpio Stable Diffusion, mis u3BiedeHns aBTOMATUYECKHX CYOTUTPOB M
KOJIMYECTBEHHOM OIEHKH KayecTBa CIreHEPUPOBAHHBIX CYOTHUTPOB C MCIIOIb30BAHUEM IOKa3aTenei
BLEU u METEOR. Ananu3 noxkazan, uro BLIP u BLIP-2 moka3zanu ypoBeHb CEMaHTHYECKOTO
comiazieaus B 46,0%, B To BpeMs kak mojaenu BLIP m CLIP moka3asm ypoBeHB COBITaJICHUS B
37,5%. Pe3ynbTaThl BCTaBKM TEKCTa COXPAHUIM BBICOKYIO BH3yaIbHYIO aKTyallbHOCTh U
CEMaHTUYECKYIO COIIACOBAaHHOCTh BO BCEX MOJENAX, YTO IMO3BOJIMIJIO YCIEIIHO PEeaar30BaTh 3TOT
nportecc. Kpome Toro, CLIP cioco6¢cTBOBaI TOBBIIIEHUIO YPPSKTHBHOCTH CUCTEM KITaCCH (PUKAITUN
C HYJEBBIM IIIarOM U MOMCKAa Ha OCHOBE CEMAHTHKH 3a CYET CPABHHUTEILHOTO M3yYECHHS TEKCTa U
n300paxkenuii, B To Bpems kak BLIP makcumusupyet 3¢pQeKTHBHOCTh 0000IEHUS IPU CO3TAaHUHU
CyOTUTPOB K H300paKEHUSM U BH3yallbHBIX OTBeTOoB Ha Bompockl (VQA), coueras
CaMoCTOSITeIbHOE OOYyuyeHHEe W CTpaTeruy MOCIeI0BaTeIbHOM IPEIBAPUTEIbHON MOATOTOBKH.
KoMmniexkcHOE HMCIONB30BAaHUE JOTUX TEXHOJOTHH IO3BOJISICT pasBuBaTb MYIbTUMOJAJIBHBIC
CUCTEMBbl MCKYCCTBEHHOTO HWHTEJIEKTa, KOTOpbIE BKIIOYAIOT B ce0s KaK TeHEpUpYyIOUMe, TaK U
UHTEepOpeTupyonme (yHKIUU, pacumpsisi UX NPUMEHUMOCTh B OyAyIMX CIOXKHBIX 3ajadax,
Tp€6yI-OIIII/IX MO3HAHWUSA W JIOTHYECKOTO MBINDICHWSA. B KOoHEeYHOM CUCTC, 3T TCXHOJIOTMHU MOTYT
CTaTh OCHOBOM JUIst 00IIEr0 MCKyccTBeHHOTro nHTemekra (AGI).

Abstract: Recent remarkable advancements in deep learning-based multimodal Al models
have enabled precise mutual understanding between natural language and visual information,
presenting innovative application possibilities across the fields of generation and interpretation. In
particular, the emergence of the text-to-image (T2l) generation model, Stable Diffusion, has
accelerated a paradigm shift in Al-based image generation technology. It has garnered attention for
its efficient sampling techniques in the latent space and high generative sophistication, enabling the
creation of high-resolution images based on various prompts. This study applies the latest image
captioning models such as BLIP (Bootstrapping Language-Image Pretraining), CLIP (Contrastive
Language-lmage Pretraining), CNN-LSTM, and BLIP-22 to images generated by Stable Diffusion
to extract automatic captions and quantitatively evaluate the quality of the generated captions using
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BLEU and METEOR metrics. The analysis revealed that BLIP and BLIP-2 showed a 46.0%
semantic match rate, while BLIP and CLIP models showed a 37.5% match rate. The results of text
insertion maintained high visual relevance and semantic consistency across all models, successfully
implementing the process. Additionally, CLIP has contributed to enhancing the performance of
zero-shot classification and semantic-based search systems through contrastive learning between
text and images, while BLIP maximizes generalization performance in image captioning and visual
question answering (VQA) by combining self-supervised learning and sequential pretraining
strategies. The integrated use of these technologies enables the evolution of multimodal Al systems
that encompass both generative and interpretative functions, expanding their applicability in future
complex tasks requiring cognition and reasoning. Ultimately, these technologies have the potential
to serve as foundational technologies for general artificial intelligence (AGI).

Herusru ce3mep: MylTbTUMOJANIBIK KacaaMa WHTEIEKTH; TEKCTTEH CYpPOTTY >Kaparyy
(T2I); Typykryy nuddysus; naTeHTTUK AudQy3ust MOIETH; Te3 HETU3ICITeH CYpoeT XKaparyy,
Cypet cyOoTuTpiiepu, KIUI (KOHTPACTTBIK THJI-CYPOT aljblH ama gaspaoo), BJIWIT / BJIUII-2
(boorctpanuur) Tun-cyper amapiH ana gaspnoo), CNN-LSTM, VLP(xepyy-Tun anaplH ana
nasipioo), e3yH-e3y keszemengereH okyryy, BLEUMETEOR, Cypet-tekcttu Tyypaioo,
Cypetrepre Kupruszuinren tekct, TF-IDF, maansimMaTTapasl BU3yaldalliTbipyy.

KiroueBble cji0Ba: MyIbTHUMOJAIBHBIN HCKYCCTBEHHBIN MHTEIUIEKT; IMpeoOpa3oBaHUe
Tekcta B m3oOpakeHue (T21); crabumpHas auddy3us; Monenb CKpeITol muddy3nn; reHepamus
M300paKCHUH Ha OCHOBE TIOJACKA30K; cO3JaHuWe CyoTUTpoB K wm3o0paxeHusm; CLIP
(mpenBapuTenbHAs ~MOATOTOBKA HW300paKCHWH K  KOHTpacTHOMY  s3biky); BLIP/BLIP-2
(camonactpoiika [lpexaBaputensHoe oOydeHue s3piky u u3oOpakenmsim); CNN-LSTM, VLP
(ITpenBaputenpHOEe OOydeHHE S3BIKY 3peHUs); camoctosTenbHoe oOydenwme; BLEU; METEOR,;
BBIPABHMBAaHUE M300paKEHUsI IO TEKCTy, BCTpaMBaHME TekcTa B u300paxeHus; TF-1DF;
BH3YaJIM3aIUsl TaHHBIX.

Keywords: Multimodal Artificial Intelligence; Text-to-lmage Generation (T21); Stable
Diffusion; Latent Diffusion Model, Prompt-based Image Generation; Image Captioning; CLIP
(Contrastive Language-lmage Pretraining); BLIP / BLIP-2 (Bootstrapping Language-lmage
Pretraining); CNN-LSTM, VLP (Vision-Language Pretraining); Self-supervised Learning; BLEU;
METEOR; Image-Text Alignment; Text Embedding in Images; TF-IDF; data visualization.

1. Introduction

1.1  Background and Purpose of the  Study
Recent remarkable advancements in text-to-image (T2l) generation models, particularly the
emergence of Stable Diffusion, have marked a groundbreaking turning point in Al-based image
generation technology. These generated images go beyond mere visual outputs and present the
potential to be utilized as meaningful content, gaining attention in various fields.
This study aims to achieve the following objectives through a convergent approach of image
generation and image understanding technologies:

Utilize the Stable Diffusion model to generate diverse and aesthetically high-quality images
based on various prompts.

Apply several image captioning models to the generated images to extract automatic
captions that reflect the visual content of each image.

To quantitatively and reliably evaluate the quality of the generated captions, apply BLEU
and METEOR metrics, which are widely used in the field of machine translation. BLEU measures
expression similarity based on n-gram matching, while METEOR provides a more refined se mantic
evaluation by considering stemming, synonyms, and word order.

Use the latest vision-language integration models to comprehensively analyze the
naturalness, visual relevance, and semantic consistency of the inserted text within the generated
images.
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1.2 The Importance of Image Generation and Understanding

In the field of artificial intelligence, generative models are rapidly advancing, and
concomitantly, the understanding (comprehension and interpretability) of generated outputs has
emerged as a critical issue. This involves not only evaluating the quality of the generated content
but also understanding its underlying structure, patterns, and semantic alignment with human
expectations. In particular, automatic image captioning and the insertion of text into visual content
have proven to be highly applicable in practical domains such as advertising, education, and
enhancing accessibility. These applications leverage advanced machine learning techniques like
deep neural networks, attention mechanisms, and multimodal transformers to generate semantically
accurate and contextually relevant textual descriptions of images. This study aims to explore an
integrated approach that merges these two domains—image generation and understanding—through
the use of cutting-edge models such as Stable Diffusion and BLIP, which combine both creative
image synthesis and linguistic understanding for improved practical application.

2. Related Works

2.1 Overview of Image Captioning Techniques

Image captioning is a task that integrates computer vision and natural language processing,
generating sentence-level descriptions from a given image. Initially, CNN and RNN-based
architectures were predominant, but recently, vision-language pretraining (VLP) models have
demonstrated high performance.

2.2 Overview of Stable Diffusion

Stable Diffusion is a text-to-image (T21) generation model based on Latent Diffusion
Models (LDM), which generates high-resolutionand visually refined images from natural language
prompts. The model transforms the input text representation into a latent representation using pre-
trained language-vision models like CLIP (Text Encoder), and then performs a diffusion process to
gradually reconstruct the image. This structure provides a balance between computational efficiency
and expressive power, making it effectively used in image generation across various domains. In
this study, meaningful image samples (15 images) will be generated through prompt settings and
used for testing.

2.3 Introduction to Various Image Captioning Techniques

CNN-LSTM Based Models

The traditional approach extracts image features through CNN (e.g., Inception) and then
generates sentence sequences using LSTM. The feature vector is provided as the initial input to the
LSTM, or an attention mechanism can be applied to adjust the weights during word generation.

CLIP (Contrastive Language-Image Pretraining) CLIP is a model that maps images and text
to the same embedding space, excelling at understanding image-text pairs. Although CLIP itself
does not perform captioning, it can generate captions by selecting the sentence that best matches
the image.

BLIP, BLIP-2 BLIP (Bootstrapping Language-lmage Pretraining) and BLIP-2 effectively
combine pre-trained vision and language models to perform high-quality captioning. Specifically,
BLIP-2 shows excellent adaptability for various natural language tasks and demonstrates strong
performance in tasks such as question answering and explanation generation.

2.4 Evaluation and Analysis Methods for Image Captioning

BLEU (Bilingual Evaluation Understudy): A metric developed for machine translation
evaluation, BLEU quantitatively measures the similarity between generated sentences and reference
sentences based on n-gram matching.

METEOR: A metric proposed to address the limitations of BLEU, METEOR provides a
more refined evaluation by considering stemming, synonyms, word order, and reflects semantic
consistency and structural coherence.

Cosine Similarity: A metric that measures the similarity between two documents or
sentences by assessing the directional alignment of their vectors. It is calculated by dividing the dot
product of the vectors by their magnitudes.
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In this study, image caption text data was visualized using the TF-1DF technigque to assess
word importance, and the results were shown in a histogram.

2.5 Image-Text Fusion and Text Insertion Research

Research on inserting text into images mainly focuses on the visual placement of text,
semantic consistency, and the attention to location. Recently, methods that automatically estimate
insertion positions using attention maps or saliency maps have been proposed.

3. Methodology

3.1 Overview of the Research Process

The overall process of this study consists of the following four steps:

1) Image Generation

Using the Stable Diffusion model based on text prompts, 15 high-quality images are
generated. The prompts are designed considering theme diversity and visual-linguistic
explainability.

2) Image Captioning

For each generated image, captions are created using the following four models:

CNN-LSTM

CLIP

BLIP

BLIP-2

3) Evaluation and Analysis

The performance of the models is compared using two techniques, combining quantitative
evaluation metrics and qualitative feedback, based on the generated captions and text insertion
results:

Cosine Similarity method

BLEU and METEOR method

Data Visualization

4) Text Insertion into Images (text-to-Image Grounding)

For each image, key sentences from the generated captions are inserted into the image. The
insertion location is determined based on attention-based visual importance analysis, and style
elements, such as background contrast, font type, and contextual relevance, are considered in
deciding the placement.

3.2 Dataset

1) Prompt Generation for Stable Diffusion

Using chatGPT or other LLMs, the following 15 prompts were generated:

1. “A futuristic city at sunset, glowing neon lights, flying cars, cyberpunk aesthetic”

2. "A cat wearing glasses reading a book in a vintage library, cozy lighting"

3. "A dragon flying over a medieval castle during a thunderstorm™

4. "An astronaut floating in a surreal garden in space, glowing flowers and stars”

5. "A robot barista serving coffee at a Parisian street café, ramy evening"

6. "A giant whale swimming through clouds in a dreamlike sky"

7. "A steampunk airship flying over a Victorian cityscape”

8. "A child holding a glowing balloon, standing alone in a misty forest"

9. "A fox playing a violin on a moonlit cliff, night sky filled with stars"

10. "An underwater temple with glowing runes and ancient statues"

11. “A girl riding a bicycle through a field of giant sunflowers at dawn"

12. "A wizard casting a spell in a stormy forest, glowing magic circle around"”

13. “A train flying above the clouds, steam trailing behind, pastel-colored sky"

14. “A snowy village at night with lanterns glowing warmly, holiday feeling"

15. "A knight in shining armor facing a portal to another dimension"

2) Image Generation Basedon Stable Diffusion

Model Used: Stable Diffusion v1.5 (can be run on platforms such as HuggingFace)
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Total Number of Generated Images: 15
Resolution and Format: 15 images generated at 512x512 or 768x768 (PNG/JPEG) based on
the generated prompts, designed considering both visual diversity and linguistic interpretability.

3.3  Detailed Introduction of Image Captioning Techniques

3.3.1 CNN-LSTM Technique
The CNN-LSTM model is based on an encoder-decoder architecture that separates the extraction of
visual features from the generation of linguistic sequences in  image captioning. It has the
following technical characteristics:
(1) CNN (Inception) based Encoder

Inception is a high-performance convolutional neural network architecture proposed by
GoogLeNet, which applies filters of different sizes in parallel to extract information at multiple
scales simultaneously.

The image input is transformed into a high-dimensional visual feature vector through the
Inception network.

This vector is a high-dimensional embedding representation that compresses the spatial
information of the image, summarizing its visual meaning.
(2) LSTM-based Decoder

The extracted image features are connected to the initial state (initial hidden state) of the
LSTM (Long Short-Term Memory) network or the first token of the input sequence to generate
sentences.

3.3.2 CLIP (Contrastive Language-Image Pretraining) Technique
CLIP is a multimodal pretraining model proposed by OpenAl, designed to map images and natural
language sentences to the same embedding space. The model utilizes a large dataset of image-text
pairs to learn the semantic alignment between text and image and has  the  following
technical features:

(1) Dual-Encoder Architecture

CLIP has independent vision and text encoders. The vision encoder uses ResNet or ViT to
extract visual feature vectors from images, while the text encoder uses a transformer- based
architecture to convert text into embedding vectors.
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These two encoders process different input modalities, but the final outputs are aligned to a
common embedding space.
(2) Contrastive Learning-based Pretraining

CLIP uses contrastive loss (e.g., INfoNCE) to learn the alignment between image-text pairs.

Within a batch, all image-text pairs are compared, maximizing the similarity of the correct
pairs and minimizing the similarity of incorrect ones.

This allows CLIP to accurately identify "the sentence that matches this image best" or “the
image that matches this sentence best."
(3) Semantic Alignment in the Embedding Space

After training, images and texts are aligned in the same semantic space based on cosine
similarity.

In image captioning, instead of generating sentences directly, captions are created through
a retrieval-based approach by selecting the most similar sentence from a set of candidate sentences.

3.3.3 BLIP (Bootstrapping Language-lmage Pretraining) Model
BLIP learns the complex relationships between images and text by combining vision and language
models. While traditional vision-language models typically use supervised learning with image-text
pairs, BLIP efficiently learns using self-supervised learning techniques.

(1) Vision-Language Pretraining

During pretraining, BLIP uses image-text pairs to train the model and integrates vision
and language information by combining Transformer-based vision and language encoders.

The model is designed for image captioning, as well as tasks like question answering
(QA) and command execution
(2) Bootstrapping Self-Supervised Learning

BLIP uses a bootstrapping approach, where initial captions generated from images are
used to train the language model, and subsequent learning improves model accuracy based on self-
generated captions. This method performs strongly even in environments with limited labels,
gradually improving the model with self-generated data
(3) Multimodal Training

BLIP emphasizes semantic alignment between images and text and can handle various
text-based tasks. It minimizes bidirectional contrastive loss during training, mapping both images
and texts into a consistent embedding space.
(4) Integration with Language Models

BLIP uses Transformer-based language models to enhance contextual understanding and
generative capabilities of text, excelling at generating image descriptions or answering user queries
with text.

3.34 BLIP-2 (Bootstrapping Language-Image Pretraining 2)
BLIP-2 is the successor to BLIP and exhibits more efficient and powerful performance in learning
the relationship between images and text. It applies the latest vision-language model techniques and
provides excellent performance in image captioning, question answering (QA), and other vision-
language tasks. The key technical features of BLIP-2 are as follows:

(1) Enhanced Vision Encoding

Unlike BLIP, BLIP-2 uses a vision-language integrated model to process image encoding
more efficiently. BLIP-2 introduces a new technique called Querying Transformer, which extracts
important features from images using a pre-trained image model and combines them with text
embeddings to provide more precise information representation.
(2) More Efficient Learning Techniques

BLIP-2 improves the sampling method for learning vision-language pairs, making
learning faster and more accurate even with limited labels. It uses a progressive bootstrapping
technique to gradually improve the model's performance while optimizing multimodal learning.
(3) Integrated Language-Vision Query Processing
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BLIP-2 strengthens the vision-language query processing capability, processing text and
images together rather than separately, as in previous models. This provides a higher level of
contextual understanding and more flexible generation ability.

(4) Advanced Multitask Learning

BLIP-2 performs excellently in multitask learning, handling various tasks such as image
captioning, question answering, and command execution simultaneously. It applies contextual
interpretation appropriate to each task, providing flexibility to handle multiple vision-language tasks
with a single model.

(5) Performance Improvement with Large Datasets

BLIP-2 leverages large-scale datasets to achieve accurate captioning and sophisticated
question answering. This enhances the semantic alignment between images and text, enabling it to
handle more advanced tasks than previous models.

(6) Enhanced Performance and Efficiency

BLIP-2 models the complex relationships between images and text efficiently and
accurately, demonstrating excellent performance in real-time applications through fast and stable
learning. In vision-language modeling, it achieves data efficiency and computational resource
optimization, increasing its practical applicability.

3.4  Image Caption Evaluation Model Description

34.1 BLEU (Bilingual Evaluation  Understudy)
BLEU (Bilingual Evaluation Understudy) is an automatic evaluation metric initially proposed to
assess the quality of machine translation. It is commonly used in machine translation, image
captioning, and other natural language generation (NLG) tasks. BLEU is based on n-gram precision
and measures the similarity between generated text and reference text. The technical characteristics
of BLEU are as follows:
1) n-gram Consistency: BLEU measures how well the n-grams in the generated sentence match the
reference sentence. An n-gram refers to a set of n consecutive words in a sentence, and BLEU uses
this to evaluate the superficial similarity of the text.
2) Penalty for Sentence Length: BLEU does not only consider n-gram matches but also applies a
brevity penalty to give a penalty if the sentence length differs significantly from the reference
sentence. This helps more accurately reflect the quality of the text.
3) Quantitative Evaluation: The BLEU score ranges from 0 to 1, with higher scores indicating that
the generated text is more similar to the reference text. This score evaluates both the accuracy
(precision) of the generated sentence and its length (brevity).

3.4.2 METEOR (Metric for Evaluation of Translation with Explicit ORdering)

METEOR was proposed as a machine translation evaluation metric to address the
limitations of BLEU, particularly the issue of relying only on n-gram matching. METEOR
incorporates more detailed elements such as semantic similarity, word order, and grammatical
structure to perform evaluations. The technical characteristics of METEOR are as follows:
1) Word Normalization: METEOR does not just check word matches but also uses stemming and
synonym matching to consider semantically similar words as matches. This allows for a more
accurate evaluation of semantic similarity in text.
2) Consideration of Word Order and Grammatical Structure: METEOR allows for changes in the
word order within a sentence and includes grammatical structure processing in its evaluation. This
helps capture semantic differences that BLEU cannot.
3) Weight Adjustment: METEOR assigns weights to various evaluation elements (e.g., word match,
word order match), allowing for a more detailed evaluation of both word matching and sentence
structure.
4) Quantitative Evaluation: The METEOR score ranges from 0 to 1, with a higher score (closer to
1) indicating higher quality. This score provides a more flexible and semantically rich evaluation
compared to BLEU.
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3.4.3 Cosine Similarity
Cosine Similarity is a metric used to evaluate how similar two sentences or documents are in
meaning by converting them into a vector space and then measuring the alignment of their
directions. Ina vector space model, the cosine angle between two vectors is calculated to determine
their similarity. The closer the angle is to O degrees, the higher the similarity.

Cosine Similarity quantifies the similarity of two vectors by dividing the dot product of the
vectors by the magnitude of the vectors. The range of values is between -1 and 1. A value close to 1
means the vectors are nearly aligned, indicating high similarity, while a value close to 0 means the
vectors are orthogonal, indicating low similarity. A value below 0 indicates that the vectors are in
opposite directions, suggesting a large difference between the two texts.

3.4.4 Visualization of Captions Generated by Image Captioning Models

In this study, we analyzed sentences generated by innovative image captioning models such
as CLIP, BLIP, and BLIP-2, which have led to significant advancements in the field of image
caption generation. Based on this key text data, we applied the TF-IDF (Term Frequency-Inverse
Document Frequency) technique to statistically measure the importance of words within the text
while reflecting their rarity across the document set. The resulting TF-IDF weights were
quantitatively visualized, and a histogram diagram was used to clearly present the results.

3.5  Inserting Textinto Images (T2l Grounding) Method
1) Image Generation

Using the Stable Diffusion model, a new image is generated based on the user-provided
prompt. This model is a generative Al capable of creating high-resolution images from text.

2) Text Selection

The CLIP model is used to automatically select the most suitable sentence from multiple
candidate captions. The caption that best matches the image is inferred based on image-text
similarity.

3) RGBA Conversion

To insert text, the image is converted to RGBA format by adding an alpha channel
(transparency). This process allows the creation of a translucent background effect.

4) Inserting  Translucent  Background

To improve text readability, a translucent black background box is inserted under the text so
that white text can be easily seen. This is drawn using a separate layer (overlay).
5) Text Rendering

The caption text is inserted at the top of the image using the ImageDraw function from the
Pillow library. The font size is automatically adjusted in proportion to the image size.

6) Convert  to RGB and Save

To save the final image in JPG format, the image is converted from RGBA to RGB, and
then stored in the specified path. This conversion is necessary because JPG does not support alpha
channels.

3.6 Implementation Tools
1) RTX 3080, CUDA

NVIDIA’s high-performance GPU supports CUDA (Compute Unified Device

Architecture) for parallel computing, optimized for deep learning and large-scale
computations.

2) Anaconda, Jupyter Notebook

A widely used Python integrated environment for data science and machine learning
development. Jupyter Notebook provides a web-based interface that allows running code,
visualizations, and explanations all in one screen.
3) Python Language

A concise and readable general-purpose programming language, widely used in various
fields such as machine learning, data analysis, and web development.

4. Program Overview
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4.1  Image Generation Program Basedon Stable Diffusion
1) Stable Diffusion (via Hugging Face Diffusers)
A generative deep learning model that creates images from text prompts.
Uses StableDiffusionPipeline to build the image generation pipeline.
2) CUDA (GPU Acceleration)
pipe.to(“cuda™): Runs the model on an NVIDIA GPU for faster image generation.
3) Precision Optimization (float16)
torch_dtype=torch.floatl6: Applies 16-bit operations for optimized memory usage and
speed.
4) Prompt-Based Generation (Prompt Engineering)
Generates images with different styles and content based on creative sentences.
5) PIL (Python Imaging Library)
Used to save generated images as .png files (via image.save()).
4.2 Key Points of Various Image Captioning Programs
4.2.1 Model Overview
(1) openai/clip-vit-base-patch32
CLIP model.
Maps images and text into a shared embedding space for similarity calculation.
Uses VIT (Vision Transformer) as the image encoder.
(2) Salesforce/blip-image-captioning-base
BLIP model (base version).
Generates natural language captions from input images.
A multimodal transformer trained jointly onimages and text.
(3) Salesforce/blip2-opt-2.7b
Combination of BLIP-2 and the OPT language model.
Extracts features from the image, then generates sentences with the OPT 2.7B language
model.
Suitable for high-quality automatic captioning with large-scale models.
4.2.2 Technical Overview
(1) CLIP
Calculates embedding similarity between image and text.
Used mainly for classification, retrieval, and caption selection.
(2) Selecting from Candidate Captions
Among multiple candidate sentences, selects the one that best matches the image based
on CLIP similarity.
(3) Softmax + argmax
Converts similarity scores into a probability distribution (softmax).
Selects the sentence with the highest probability (argmax).
(4) Automatic Caption Generation (generate())
BLIP or BLIP-2 models directly generate text.
Outputs a one-sentence description for the input image.
(5) floatl6 + GPU (CUDA)
Uses half-precision operations for speed and memory optimization.
Executes on CUDA-supported GPU.
(6) PIL (Python Imaging Library)
Python library used for loading, transforming, and preprocessing images.
Used for preprocessing images before input to models.
4.3 Key Points of the Image Caption Evaluation Program
(1) Using single_meteor_score(): Evaluates semantic similarity between the reference and candidate
captions at the sentence level. Includes stemming and synonym  matching.
2 ref.split(), cand.split(): Applies tokenization for accurate evaluation.
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(3) Uses BLIP captions as reference and compares results from other models. Calculates and stores
the average METEOR score: sum(scores) / len(scores) — used to compare model performance.
(4) Uses sentence_bleu(): Measures quantitative similarity based on n-grams. Applies

SmoothingFunction(). methodl to handle short sentences.
(5) word_tokenize(): BLEU requires precise token comparison — tokenizes sentences into
words.

(6) Reference formatted as double list structure ([[word list]]) to fit BLEU input format.
(7) Sentence cleaning and lowercasing: Removes special characters with re.sub() and normalizes
using lower().

(8) Computes and stores average BLEU scores to quantitatively compare the caption quality of each
model.

5. Experiment Results

5.1 Generating High-Quality Images Using Multiple Prompts with Stable Diffusion
The images generated using various prompts with the Stable Diffusion technique are presented.

Example prompt for the left picture: "A futuristic snowy mountain with a lake skyline at
sunset, and a beautiful girl on a horse looking at the lake."

5.2 Evaluation Metrics: BLEU, METEOR, and Cosine Similarity

This section introduces and compares three primary evaluation metrics used to assess the
quality of image captioning outputs.

5.2.1 Meaning of BLEU and METEOR Evaluation Metric

The BLEU and METEOR score is between 0 and 1 (or expressed as a percentage between 0
and 100), and the higher the score, the more similar it is to the reference translation.

Score Evaluation Level Meaning Summary
0.0~02 | Very low (bad) Me_anlng does not match well, key information is
missing
0.2 ~ 0.3 | Fair (basic level) Only some words are similar, lack of expressiveness

Key words are similar, but there are grammatical
and semantic differences

0.4 ~ 0.5 | Good~Excellent Structure is correct and meaning is well preserved

Very good (human
level)

0.3~0.4 | Average (usable level)

0.5 over Almost exactly the same meaning is conveyed

5.2.2 Meaning of Cosine Similarity Evaluation Metric
The Cosine Similarity score ranges from 0 to 1, with higher values indicating that the
generated sentence is semantically and structurally similar to the reference sentence.
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Sicrfi?;rrl(iaty S'Tél\z;ler:ty Interpretation
0.0~0.2 Very low There is a significant difference in meaning
02~04 Low SSi(r)nrirE;Nhat different in meaning but somewhat
04~0.6 Moderately similar meaning or similar concept
0.6~0.8 Quite similar The meaning of the sentences is very similar
0.8~1.0 Very similar sentences with virtually the same meaning

5.3  Comparison of Image Captioning  Results
The image captioning results for 15 images generated by Stable Diffusion are compared with other
models, with a focus on BLIP.

The evaluation metrics are Cosine Similarity and METEOR.

5.3.1 BLIP vs CNN-LSTM
1) Evaluation Table and Metrics Using Cosine Similarity
image BLIP text CNN-LSTM Similarity score
text
! futuristic city, neon, car cafe x13 0 (unrelated)
2 cat laying on book girl x12, spell 0 (unrelated)
3 castle with tower and gate facing x13 0
4 astronaut in flower field a x8, misty x5 025(30 me corhmon
words "a", "misty" related)
5 woman with coffee medieval x13 0 (unrelated)
L airship x8,
6 whale flying in clouds cafe x4 0 (unrelated)
7 airship movie poster airship 3, 0.5 (some common
dragon x1, cafe x3 airship/dragon related)
boy with balloon spell x13 0 (unrelated)
fox with violin in desert ax13 0 (unrelated)
. 0.25 (possibly indirectly
10 temple of the lost misty %13 related)
woman biking in
1 sunflower field to x13 0
12 woman in black coat with cafe x13 0
yellow light
o s 0.25 (common flying
13 plane, jet in sky airship x13 vehicles)
14 snowy village at night cafe x13 0
15 knight and knight in a airship. *3, 0.25 (medieval related)

circle

medieval x§
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(1)Average  Similarity

Calculation

Total score:0+0+0+0.25+0+0+05+0+0+0.25+0+0+0.25+0+0.25=

Number  of

items: 15

Average similarity (percentage): 2.0 /15 = 0.133, meaning 13.3% similarity

The two sentence sets are semantically about 13.3% similar. Sentence 2 is not natural language

Conclusion

)

but a word repetition form, making it unsuitable for general meaning-based evaluation.
2) BLEU and METEOR Evaluation Metric

(1) Evaluation Results

Meaning - 0.3%, Average BLEU Score: 0.0037

Meaning - 1.2 % , Average METEOR Score: 0.0127

(2) Conclusion

Extremely low scores indicate very poor translation. Near-zero n-gram and unigram overlap
suggests generated captions barely resemble human descriptions, lacking content and meaning.

5.3.2 BLIP vs CLIP

1) Evaluation Table and Metrics Using Cosine Similarity

image BLIP text CLIP text Similarity score
1 futuristic city with neon | futuristic city at sunset 0.5 (Similar, but different
lights and a futuristic car |with neon lights car/sunset)
5 |cat laving on a book cat reading a book in 0.5 (Same cat/book, different
ying vintage library background and behavior)
3 castle with tower and dragon flying over a 0.5 (Similar sex, added
gate medieval castle dragon)
. L 0.5 (Spaceman/Flower- like
[ of | ot o, ke
pace g setting)
woman standing in front |robot barista serving .
> of table with coffee coffee on street 0 (Completely different)
whale flying through the |giant whale swimming
6 clouds through the clouds 1.0 (Almost the same)
poster for the movie the |steampunk airship above |[0.5 (Similar theme, different
7 e s . .
adventures of the airship | Victorian city expression)
young boy holding green |child with glowing I
8 balloon in forest balloon in misty forest 1.0 (Very similar)
9 fox playing violin in fox playing violin under |0.5 (Same fox/violin,
desert starry night sky different background)
10 |temple of the lost undemater temple with |0.5 (_Slmllar temple, different
glowing runes location)
woman riding bike girl biking through
1 through sunflower field |sunflower field at dawn 1.0 (Almost the same)
woman in black coat wizard casting spells in .
12 holding yellow light magical forest 0 (Completely different)
13 plane flying through sky |train flying through 0 (Similar aircraft, different
with jet in background pastel-colored sky theme)
14 [snowy village at night snowy village glowing 1.0 (Almost the same)
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with lanterns at night

knight and knight in

knight standing before

0.5 (Related to knight,

15 circle mysterious portal different situation)

(1)  Awverage Similarity Calculation

Total score: 056 + 104 + 054 + 03 = + 4 + 2 + 0
Maximum score: 15

Match rate =9/ 15 =0.60 — 60%

2)

The match rate between the two sentences is about 60%. The topics and structures are similar,

Conclusion

but there are many differences in expression and detail.
2) BLEU and METEOR Evaluation Metric

(1) Evaluation Results
Meaning :10.15%, Average BLEU Score: 0.1015
Meaning : 39.82 % , Average METEOR Score: 0.3982

(2) Conclusion

Low BLEU and fair METEOR suggest poor to fair translation. Limited n-gram overlap but

better unigram matching (including stems/synonyms). Captions likely capture basic

image information, but detail and fluency are weak. METEOR suggests fair content

overlap, while BLEU indicates limited exact phrase matching.

5.3.3 BLIP vs BLIP-2

1) Evaluation Table and Metrics Using Cosine Similarity

image BLIP text BLIP text Similarity score
1 futuristic city with neon futuristic city with neon | 0.75 (Almost similar, but
lights & car lights & signs no 'car’)
2 cat laying on a book cat sitting on a bookshelf 0.75 (S|m|'lar, b.Ut shelf
Vs 'book’)
3 | castle with tower and gate castle on cloudy day 0.5 (Same castle-related)
. astronaut in psychedelic 0.5 (Different place
4 astronaut in flower field field feeling, but same subject)
woman at table with i 1.0 (Includes coffee-
S coffee woman pouring coffee related actions)
. 0.25 (Both have 'whale',
6 whale flying through whale in ocean painting but completely different
clouds
background)
... .., | steampunk city with steam 0.5 (Airborne vehicle
! poster for movie ‘airship balloon theme, different style)
. . child with green balloon in
8 | boy with balloon in forest forest 1.0 (Almost same)
9 fox with violin in desert fox with violin and starry | 0.5 (Different |_olace, but
sky same subject)
) 0.5 (Same subject
10 temple of the lost underwater temple in a game temple’)
Y S 0.75 (Almost same,
11 woman biking through woman and dog biking in except for additional
sunflower field sunflower field
characters)
12 | woman in black coat with | wizard with glowing yellow | 0.5 (Similar color/light,
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yellow light wand different characters)

plane flying through sky, plane flying in sky with 0.75 (Slightly different

13 jet in background cloud background)
14 snowy village at night snowy Vma%;htzt night with 1.0 (Almost same)

0.5 (Common knight-
related, different
composition)

knight with horse & circular

15 |knight and knight in circle ight

(1) Awverage Similarity Calculation
Total: 0.75+0.75+05+05+1.0+0.25+05+1.0+05+05+0.75+05+0.75 +
1.0 +0.5=9.75 — Average similarity: 9.75/15=0.65
(2) Conclusion
The overall match rate (semantic similarity score) between the two sentences is about
65%. Although the expressions differ, many scenes partially match in terms of topics,
objects, and backgrounds.
2) BLEU and METEOR Evaluation Metric
(1) Evaluation Results
. Meaning :18.81%, Average BLEU Score: 0.1881
. Meaning : 46.00 % , Average METEOR Score: 0.4600
(2) Conclusion
Improving BLEU and good METEOR indicate poor to good translation. Increased n-
gram overlap and good unigram matching (including semantic similarities). Captions
likely capture significant content and are more relevant and informative. METEOR
suggests good core content capture; the gap with BLEU suggests use of
synonyms/paraphrasing.

5.3.4 Leveraging Al Image Captioning and TF-IDF for Feature Extraction

In this study, we utilized advanced Al-based image captioning techniques such as CNN-
LSTM, CLIP, BLIP, and BLIP-2 to generate captions for images in text format, and then performed
TF-1DF (Term Frequency-Inverse Document Frequency) analysis on the resulting text. Through this,
we quantitatively evaluated the importance of key words within the image descriptions and

extracted the intrinsic features of the image information."
[ Words of Image caption ]

>\coff(o violin Womanfleld
S ‘flymg Sky

dragon

clouds

snowy knighte p.e balldon | &6k
[ 99|r|

N T futur|st|c =
mlsty S
xlughts b > D
© panezo

h;d F)eul,lH ,utbackgroundglowing temple yeiiow

1

1) TF-IDF is a technique used to assess the importance of a word in a document relative to a
collection of documents. It's commonly used in text mining and information retrieval.

2) Most frequent words (top 20): unit — times
The histogram below shows that café, airship, medieval, misty, spell, girl and other words
are among the most frequently used.
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Words of Image caption

50

Frequency

Words

5.4.Comparison of Text Insertion Results

1) CNN-LSTM
Text is manually inserted into images generated using the original photo and Stable

Diffusion. The inserted text is in Kyrgyz and Korean.

[Inserted: cyimyy KbIprbi3 Kbi3] [Inserted: A2 2| & &t EFR]

Tale e 5

= b
= B ;
- R ‘_ :
= i
_ g
CYNYY Kbiprbis Kbizbl || : = 4 2% — MEO| SAF EFYY
- = - == . - e . TR G -~

2) CLIP Technique
Images are generated using multiple prompts with the Stable Diffusion technique, and text is

automatically inserted into the images using the CLIP technique in the program. The location of the
text insertion is specified by the program.

[Inserted: A high-tech metropolis at dusk] [Inserted: A cityscape with glowing lights]
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A high-tech metropolis at dusk. A cityscape with glowing lights.
i L

3) BLIPTechnique

Images are generated using multiple prompts with the Stable Diffusion technique, and text is
automatically inserted into the images using the BLIP technique in the program. The location of the
text insertion is specified by the program.

[the city skyline at night with red lights] [a city with a sunset in the background]

4) BLIP-2 Technique

Images are generated using multiple prompts with the Stable Diffusion technique, and text is
automatically inserted into the images using the BLIP-2 technique in the program. The location of
the text insertion is specified by the program.

[Inserted: a cityscape with tall building and light]  [Inserted: a field of red flowers]
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a cityscape with tall buildings and lights | a field of red flowers

6. Conclusion

This study attempted to generate high-quality images based on various prompts using the
text-to-image (T21) generation model, Stable Diffusion, and compared and analyzed various image
captioning techniques and text insertion methods for the generated images. Stable Diffusion reliably
generated visually sophisticated and aesthetically high-quality images through multiple prompt
inputs, demonstrating the flexibility in image generation according to user intent. In the subsequent
image captioning experiments, the similarity between BLIP (a state-of-the-art multimodal model)
and models like CNN-LSTM, CLIP, and BLIP-2 was compared. The results showed that the
semantic similarity between BLIP and CNN-LSTM was 13.3%, confirming the limitations of
traditional captioning models. In contrast, the similarity with CLIP was 60%, and with BLIP-2, it
was 65%, revealing high consistency in expressiveness and interpretability among the latest vision-
language integration models. This suggests that the BLIP-based approach effectively integrates
visual characteristics and linguistic expressions of images. Additionally, in the text insertion
experiment, text was manually and automatically inserted into images generated by Stable
Diffusion using the CNN-LSTM, CLIP, and BLIP models. Particularly, the automatic insertion
methods based on CLIP and BLIP showed superior results in terms of text placement, visual
consistency, and semantic naturalness, demonstrating the practical potential of image-text fusion
technologies. Overall, this study confirmed that an integrated approach to image generation and
understanding (captioning, text insertion) is feasible, and the combination of Stable Diffusion and
BLIP-based models provides significant potential for realizing high-performance practical
multimodal Al applications in fields such as advertising, content creation, and accessibility support.
Furthermore, this experimental approach will be practically helpful for university students
researching deep learning-based image processing.

7. Future Research Directions
This study has confirmed the technical potential of the multimodal pipeline, including text-to-image
generation, image captioning, and text insertion, and suggests the following five research topics
based on their promise:

1) Integration and Expansion of Multimodal Inference Models Based on LLM
Multimodal LLMs are key technologies for integrating text and image inference, with their
potential demonstrated in models like GPT-4V and Kosmos-1. Future developments require
architectures with enhanced capabilities for joint embedding, multimodal CoT (Chain-of-Thought),
and long-form reasoning, making this the most promising direction, potentially leading to the
development of high-dimensional Al agents.

2) Advancement of Vision-Language Models Based on Text-lmage Consistency
BLIP-2 showed higher consistency compared to the traditional CNN-LSTM models, highlighting
the importance of semantic alignment techniques. The model's interpretability and reliability can be
strengthened through improvements like cross-modal attention, region grounding, and alignment
loss optimization, making this the second most promising direction.

196



3) Stable Diffusion-Based Image  Generation-Editing-Insertion  Pipeline
The combination of Stable Diffusion with BLIP/CLIP enables natural text insertion. In the future,
semantic-based location determination, style-matching rendering, and aesthetic evaluation
techniques need to be integrated. This approach has high potential for industrial applications,
especially in content creation, making it the third most promising direction.

4) Multilingual Image Captioning and Construction of Multilingual Multimodal
Models To overcome the issue of English-centric models, multilingual adaptation structures based
on mBLIP, along with pseudo- label collection and cross- lingual alignment, are required. While this
could contribute to expanding global Al usability, its industrial applicability is more limited, so it is
evaluated as the fourth most promising direction.
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