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KBIPI'BI3CTAHIABIH CAJIAMATTBIKTBI CAKTOO CUCTEMACBIHIAAI'BI
CAHAPUIITUK TEXHOJIOTI'UAJAP KAHA KACAJIMA UHTEJIJIEKT:
MEIUIUHAJAI'BI MAAJIBIMATTBIH KOOIICY3AYTY KAHA KYIIYAJIYVYJAYITY
KAHA 3TUKAJIBIK ACIIEKTHUJIEPH
D POBBIE TEXHOJIOI'MW W UICKYCCTBEHHBII MHTEJUIEKT B CHCTEME
3IPABOOXPAHEHUS KBIPI'BI3CTAHA: BE3OITACHOCTD
N KOHONJAEHIIMAJIBHOCThD MHO®OPMAIIMU B MEJUIIUHE U 9TUYECKHUE
ACIIEKTBI
DIGITAL TECHNOLOGIES AND ARTIFICIAL INTELLIGENCE IN THE HEALTHCARE
SYSTEM OF KYRGYZSTAN: INFORMATION SECURITY AND CONFIDENTIALITY
IN MEDICINE AND ETHICAL ASPECTS

Kbickaya wmyHe3neme: Makanana KsIpreI3cTaHIbIH CajJaMaTTBIKTBl CAaKTOO TapMarbiH
CaHApHUNTEITUPYYAOTY MEINIUHANBIK KYyOYSIYYyIyKTy KOProo JkaHa TTallMEHTTEPINH JKEKe
MaaJIbIMATTApPbIH HIITCTYYAO OTHUKAJIBIK INPUHOUIITCPAU CAKTOO MACCIICIICPpHU KapajaT. :‘)J'IeKl“pOHIIy'K
MEAULIUHAIBIK JOKyMEHTTepAH, “TYHIYK” CHCTEMAchblH >kKaHa Oalllka CaHAPUITUK KbI3MATTap.Ibl
KUPTU3YY MEIUIUHAIBIK JKapAaMIblH JKeTKHJIMKTYYJIYTYH XOropynaarar, OMpOK OIIOHIOW 3Ji€ JKeKe
MaajbIMATTApAbIH arblll KETYY KOPKYHYYYyH ’kaparar. MeauuMHalbIK MaallbIMaTKa JKETYYHY JKOHIO
calyy4dy 3JI apajblK IIPAaKTHKA, KOJJOHYYAAarbl YKYKIYK JKaHa JTHKAIBIK CTaHIAPTTaphl TaJgooOro
aBIHBI, KBIPrbI3cTaH IbIH MIAPTHIHIA ajap ikl )KAKIIBIPTYY OOOHYA Yapajap CYHYIITalyy/a.

AHHOTammsA: B cratbe paccMmaTpuBaroTcs MpoOiaeMbl HU(POBU3ALMU 3APABOOXPAHEHUS B
KwIprei3crane, CBs3aHHbBIC C 3aIMTON MEIUIIMHCKOW TalHBI M COOIOJICHUEM ITHYCCKUX IPUHIIUIIOB B
o6pa60TKe IEPCOHAIIBHBIX AaHHBIX ITalUCHTOB. BHC,Z[peHI/Ie OJICKTPOHHBIX MCIUIHWHCKUX KapT,
cucteMbl «TYHAYK» U APYrHX HHQPPOBBIX CEPBUCOB MOBBIIIACT JOCTYTHOCTh MEAMIIMHCKONW TOMOIH,
HO TAaKKe CO3MaéT PUCKA YTE€UKM IMEPCOHAIbHBIX MJAHHBIX. AHAIM3UPYIOTCS MEXAYHAapOIHbIE
MPaKTUKU, TIPABOBBIC M THUYECKHE HOPMBI, PETYIUPYIOIME JOCTYN K MEIUIIMHCKOH WH(opManuu, u
IIPEUIaratoTCsl MEpHI 10 UX YCOBEPILICHCTBOBAHUIO B YCIIOBUAX KeIpreiscrana.

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
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[udposuzarus 3paBOOXpaHEHUS
SBIISICTCS. OTHUM W3 KIIOYEBBIX HalpaBlICHUN
COBPEMEHHOCTH, CIIOCOOCTBYIOIIM X
MOBBIIICHUIO  JIOCTYTHOCTH M KauecTBa
MeAUIUMHCKUX ycnyr. OpjHako BHEIpeHUe
U poBBIX TEXHOJIOTHH, TaKUX KakK
ANEKTpOHHBIE MeaunuHckue Kaptel (OMK),
CHUCTEMBbl OOME€Ha JTaHHBIMM M HMCKYyCCTBEHHBIN
MHTEJJICKT, COIIPOBOXK/IAETCS pHUCKaMH,
CBSI3aHHBIMHU C 3aIMTONW KOH ()MICHIINATEHOCTH
HNAIMEHTOB U COOJIOACHUEM ITHYECKHX HOPM.
B Ksipreisckoit  PecmyOnmuke — mporecc
1 (ppoBU3aAIIUH 3APABOOXPAHEHUS TPHOOPETACT
0C00YI0 aKTYyaJIbHOCTb.

CoBpemenHas 1u@poBuzanus B chepe
3apaBooxpaHeHuss KvIprel3cTaHa 3HAYMTEIBHO
ycKOpsieT OOMEH MEAMIIMHCKMMU JaHHBIMH.
BHenpeHne 3MeKTpOHHBIX METUIIMHCKUX KaprT,
OHJIAMH-3aMMMCH K Bpady W WHTETpanus C
rOCy/lIapCTBEHHOH CHUCTEMOM OoOMeHa JaHHBIMHU
«TyHIYK» MIO3BOJISIET ONTHMHU3HUPOBATH
MEAUIIMHCKOE 00CTY)KUBaHNE HACEJICHU .

Tem He MeHee BO3HUKAET Psil BOIIPOCOB,
KacCaroM XCsl 3allMThl MEAUIMHCKON TalHbI. B
Keipreiscrane, xkak u B Poccum, goctyn K
MEePCOHABHBIM MEJUIIMHCKUM JIaHHBIM CTal
NPEIMETOM  3aKOHOJATENbHBIX  WHHIIMATHB,
HAIPaBJICHHBIX Ha pacIMpeHue Kpyra JIHUII,
UMEIOIMX K HUM JOCTyH. OTO MOJHUMAeT
BOIIPOCHI COOJIIOJICHUSI TIpaB MalMEHTa Ha

KOH (bl/I,Z[GHI_[I/IaJ'IBHOCTB, 3allIiThI €ro
NECPCOHAIBHBIX JAHHBIX, 4 TAaKKC MOPAJIIBHO-
OTUYCCKHEC ACITIEKThI HCITOJIb30BaHU A

MEAUITUHCKON NHpopManu.

Hamu Oblia mocTaBiieHa 3agada aHaan3a
MOJUTUKA TM(POBU3AIUU 3APABOOXPAHEHUS B
Keipreisckoit  Pecnybnuke,  paccMoTpeHHs
MEXaHW3MOB 3alUTHl MEIUITMHCKOM TalHBbI,
ATUYECKUX TPOo0IeM U(POBU3AIUY U BIUSHUS
HOBBIX  TEXHOJIOTMM  HAa  MEIULIMHCKYIO
MPAKTHUKY.

B pabGote ObuIM MCIIOIB30BAHBI METOIBI
CPaBHUTEIHHO-TIPABOBOTO aHaJms3a,
CHCTEMHOTO  IOJX0Jla, IPOaHAIM3UPOBAHBI
3aKOHOJATEIIbHBIC HOPMBI Keipreisckon
Pecnyonuku, Poccunm u  MexIyHapoIHbIE
CTaHAapThl B cdepe 3ammMThl METUIIMHCKON
uHpopmaruu. B 3THYeCKOM  KOHTEKCTE
paccMaTpUBAIOTCS TPUHIIUITBI  METUITUHCKOM
IEOHTONOTMH W OmodTuku. Hamm  ObLIH
W3Y4YCHBI CIICIYIONE BOMPOCH:

1) uudpoBuzanus MEIULIAHCKUX
JAHHBIX U PUCKHU JJIs1 KOH (pHICHIIHAIbHOCTH;

2) 9TUYECKHE acleKThl HU(POBU3AIUN
MEIUIIMHEIL;

3) MeXayHapOIHbII OIIBIT 51
CpPaBHUTEIIbHBIN aHAIU3.

PaccmoTpum ux Gonee neTanbHO.

1. HudpoBuzanusi MeIMUMHCKHUX
JAHHBIX H PUCKH JJIs1 KOH() M/ie HIIMAJTBLHOCTH

C TOYKM 3peHHS TEXHOJOTHH, OJIOKICHH
U KpuUnTorpaQuuecKue METOJbl MOTYT CTaTh
3¢ dEeKTUBHBIMU WHCTPYMEHTaMH JUTSt
obecrieueHuss  0€30MMACHOCTH  MEIUIIUHCKHX
nanHbix. [10] brnokueiin, Omaromapsi cBoei
JEIEHTPATM30BaHHOW  TIPUPOJE,  IO3BOJISET
co3JaBaTh  HCU3MCHSEMbIC  3allUCH,  4TO
3HAYUTEIBHO CHMKAET pUCK
HECaHKIIMOHHPOBAHHOTO JIOCTyTa u
MaHUIMYISIUYA JTaHHBIMUA. BHeOpeHue Takux
TEXHOJIOTUH B CHCTEMY 3JPaBOOXPAHCHUS
Keipreizcrana Mormo  ObI MUHUMH3UPOBATH
PUCKH yTeukrn HWHQOpPMAlMM W  TOBBICHTH

JoBepue MaEeHTOB K I PPOBBIM
MEIUIITHCKUM YCITyraM.
Kpome TOTO, HCKYCCTBEHHBIN

untemiekt (M) B menumuuae tpedyer ocoboro
BHUMaHHS C TOYKMA 3peHHsl Oe30MacHOCTH
JAaHHBIX. Kak mnoxkaseiBaror Hucciaea0oBaHusd,
JITOPUTMBI MAIIIMHHOTO O0y4YEeHUsI MOTYT OBITh
yA3BUMBl K arakaMm, HalpaBIIEHHBIM Ha
HNCKa>XXCHUC JaHHBIX nJ MPUHATUC



HEKOpPPEKTHBIX peuieHuid. [10] B cBsizu ¢ sTum
HEe00X0IUMO paspaboraTh CTaHAapThI
TecTUpoBaHus W ceptudukammu MM-cucrem,
9TOOBI TapaHTUPOBATh HX OE30MACHOCTh H
HaJIEKHOCTD.

B Keipreckoit PecryOnmke mporece
nU(PPOBU3AIUN 3PABOOXPAHEHUS] HAYalCsi C
BHenpeHus: cucrteMbl «TyHOyk», KoTopas
obecrieunBaeT OOMEH  JaHHBIMH  MEXIY
roCyJapCTBEHHBIMU yupexaeHusmu. OaHako,
HECMOTpSI Ha OIpeAeiEHHbIE YCIIEXU, YPOBCHB
nudpoBu3auu octaéres HU3KUM. [1o gaHHBIM
MunucrepcTBa 3apaBooxpaneHusi Kelpreizckoin
Pecniyonuku, Tonmbko 30%  MEeAMIITMHCKUX
YUpexKACHUM UCIIONB3YIOT  DJIEKTPOHHBIE
MEIUIIMHCKUE KapThl, a JOCTYl K CHCTEME
«TyHoyk»  OrpaHWuYeH  TEXHUYCCKUMH U
Ka/IpOBBIMH PECypcaMu.

[lepexoq k n2ieKTpOHHON 00paboTKe
MEIUITUHCKON MHQPOPMAIUH UMEET OUYCBHIHBIC
NpPEeUMYIIECTBA, TaKHe KaK ONepaTUBHBIN
JOCTYyll Bpaded K JaHHBIM TAI[MEHTOB,
BO3MOYXHOCTh JUCTAHIIMOHHOTO
KOHCYJIbTUPOBaHUS, yIpoOIIeHUE
MEXBEJIOMCTBEHHOTO B3aUMOJCHCTBUSI.

Crnemyer OTMETUTH, YTO IH (PPOBU3AIIHS
Take Cco3MaéT Oomnpenei€HHbIE PUCKU, TaKHe
KaK BO3MOXXHOCTh HECAHKIIMOHHUPOBAHHOTO
JIOCTyNa K JAHHBIM TPETBUX JIUI[, OMaCHOCTH
yreukd HHEGOPMAIUM W3 TOCYJApCTBEHHBIX U
JACTHBIX MEIUITIHCKU X YIpeKICHUMH,
OTCYTCTBHUE YETKMX MEXaHHW3MOB KOHTPOJIA 3a
M CITOJIb30BAHNEM TIEPCOHATBHBIX JAHHBIX.

CornacHo 3aKoHy KsIprei3ckoit
Peciyomukun  «O  3ammTe  MEpCOHATBHBIX
naHHbIX» (Ne58 ot 14.04.2008), MemummHCKas
uHpOpMAIUS  OTHOCUTCA K  KAaTeTOpUU
KOH (pMACHITNATBHBIX JAHHBIX. Onnako
HeJocTaToyHas  1u@poBas  3aNMIIEHHOCTh
rOCYIapCTBEHHBIX 0a3 JaHHBIX CO3MaéT PHUCK

KOMIIPOMETAllMM  CBEACHUH O  370pPOBBE
rpaXkaaH.
2. ITHYeCcKHUe ACHEKTHI

uH( poBU3ALMH MeTUINHBI

OCHOBHBIC TIPUHIIMIIBI  MEIUIIUHCKOMN
OTUKHA, Takue KaK KOH(UACHIIMAIHLHOCTD,
YBOKEHHME K AaBTOHOMUU  TAlMEHTA U
HEJIONYCTUMOCTh MPUYUHEHUS Bpeaa, TOJDKHBI

OBITh aTanTHPOBAHBI K YCIOBUSAM ILH(POBOMH
Menuuuuel. Brenpenune MM B MenuuuHCKyro
MPAKTHKY CTaBUT HOBBIE 3THUYECKUE BOMPOCHI,
Takde KaK OTBETCTBEHHOCTh 34 OIIMOKH

aJITOPUTMOB, MPO3pPavHOCTh MPUHSATUSA
peleHU 1 3anumTa IpaB MalueHTOB.
B Poccun MuHUCTEPCTBO

3MpaBoOXpaHeHus pa3padborano «Komekc FTHKU
npumenenus: U B 3apaBooxpaHeHumn», 1EIbI0
KOTOPOIO  fBJISIETCSL  CO3JIaHME CTaHIapTOB
0€30I1aCHOTO0 MCIOJIb30BAHUS TEXHOJIOTUH B
meauinae. [8]

B Keipreisctane moka OTCYTCTBYET
NOMOOHBIM JIOKYMEHT, 4YTO CO3Ia€T pHUCK
0€30TBETCTBEHHOIO MCIOJIb30BaHUS LH(POBBIX
TEXHOJIOTU I B MEIULIHE. Beenenue
aHaJoruyHoro  kojgexkca B KeIpreisckon
Pecnybnuke Mormo Obl MOMOYb B pEUICHUU
TaKuX BOMPOCOB, KaK MPaBUJIA UCIOJb30BAHUS
NN B nuarHocTuke W JICYEHUM, TMeperada
MEIUIIMHCKUX JAHHBIX TPETbUM JHIlaM 0e3
cornacus MalUeHTa, OTBETCTBEHHOCTh
MEIULMHCKUAX paboOTHUKOB u IT-
pa3paboTYMKOB 3a 00pabOTKY JaHHBIX.

Kpome ToOro, BakHBIM HampaBJICHUEM
ABJIIETCSl pa3BUTHE LUPPOBOM U ITHYECKOU
ITPaMOTHOCTH  KaK  CpeId  MEAUIMHCKUX
pabOTHUKOB, TaK M IMIMPOKOW OOIIECTBEHHOCTH.
OTO 0COOEHHO aKTyaJlbHO B 00pa3oBaTelbHON

cpene, rae 3aKJIaJbIBAIOTCS OCHOBBI
CO3HATEJIbHOIO OTHOIIICHUS K  JIMYHOH
WHPOpPMAIIUM W KOMMYHUKAIIMU. ABTODPBI
[OTYEPKUBALOT, 4To pas3BUTHE
KOMMYHPIKaTI/IBHOfI KOMIICTCHTHOCTHU B
MITaIIeM IIKOJIFHOM BO3pacTe  HMMeEET
HpI/IHI_II/IHI/IaJIBHOG 3HAa4YCHUC, HOCKO.HBKY

UMEHHO B OTOT TMEPHOJ 3aKIaJbIBAIOTCS
OCHOBBI 3(PEKTUBHOTO B3aUMOJCHCTBUS C
OKpYXaIOUMMH,  (OPMHUPYIOTCS  peueBbIE
HaBBIKK W YMEHUS OpPUEHTHPOBAThCI B
pa3NUuUHBIX  COLUMANBHBIX cuTyanusx. [lo
MHeHu0  KaObpu1oBoid C.A. u ap.,
dbopMHUpOBaHUE JAHHBIX YMEHHH CIIOCOOCTBYET
YCHEIIHOW COIMalIbHOU ajanTaluu peOeHKa U
SBIISICTCS. OAHOM W3 TPHOPHUTETHBIX 337ad B
neJaroruyec Ko MpaKTHKe Ha4yaJIbHOTO
o0Opa3oBaHUsI. [TonoGHBII MOAXON,
aJIanTUPOBAaHHBIA K IM(POBON cpene, MOT Obl



MTOBBICUTh YPOBEHB OCBEIOMIIEHHOCTH
Oyaymx MOKOJICHU 0 BOIIPOCax
KOH QU ICHIIUATBHOCTH U JTUKA B ITU(PPOBOM
MPOCTPAHCTBE, BKITFOYAst cdepy
3apaBooxpaHeHus. [6]

3.  MexayHapoaHblii  ONBIT U
CPaBHHUTEJIbHBIN aHAJIN3

CormacHo HCCICIOBAHHMSM,

IIPOBEJIEHHBIM B paMKax EBporeiickoro corosa,
BHeapenue OOIEro periaMeHTa IO 3almTe
nanabix (GDPR) (Regulation (EU) 2016/679)
3HAQUUTEIIBHO TIOBBICUJIO YPOBEHBH  3aIMTHI
MEPCOHAIBHBIX JaHHBIX MAlMEHTOB, BKIOYAs
MeIUIMHCKYI0 nHpopmanuio. [1] B wactHOCTH,
GDPR ycranaBnuBaer ctporue TpeOOBaHUS K
00paboTKe MaHHBIX, BKIIOYAs HEOOXOAUMOCTh
MOJY4YEeHHUsl SBHOTO COMJIacUsl TMAalMeHTa Ha
HCIIOJIb30BAHUE €r0 MEIUIIMHCKUX IaHHBIX, a
TaKKe 00513aTETTBCTBO obecrieunBaTh
MpO3payHOCTh B Mmpouecce  00pabOTKU
uH@opmanuu. B kontekcre Kvipreiscrana, rie
MOJO0OHBIE MEXaHH3Mbl €IE HEIOCTaTOUYHO
Pa3BUTHI, aanTalus MEXIYHAPOIHOTO OMBITA
Morua Obl CTaTh BaKHBIM IIIATOM B YKp €TIJICHUU
MPABOBBIX M ATUYECKUX CTAaHIAAPTOB.

Kpome TOro, cpaBHHUTENBHBIA aHAIM3
3akoHomarenscTBa crpan CHI, Takux Kak
Poccusa u KazaxcraH, moKa3eIBaeT, 4TO B 3THUX
CTpaHaxX yXe CYIIECTBYIOT HOPMATHBHBIC aKTHI,
perynupyromme HCIIOJIb30BAHUE
HMCKYCCTBEHHOTO HWHTEIJIEKTa B MEJUIIMHE.
Hanmpumep, B Poccum paspaboran «Komekc
stuku npumeHenus UM B 31paBooXpaHeHUn»,
KOTOPBIM  yCTaHaBJIMBACT CTAHAAPTHI LIS
pa3pabOTYMKOB M MEIULMHCKUX YUPEKICHUM.
[8] B Kazaxcrane Tarke akKTUBHO BHEIPSIIOTCS
AJICKTPOHHBIE MEIUIIUHCKUE KAPTHI U CHUCTEMBI
yIpaBieHUS  JaHHBIMH, YTO  TO3BOJISET
MUHHUMH3APOBATh PUCKH YTEUKH WHQPOPMAIUU.
B cBs3u ¢ 3TUM peKkoMeHIyeTcs paccMOTPETh
BO3MOXXHOCTh 3aMMCTBOBaHUS JY4III X
MpPaKTUK W3 HBTHUX CTPaH Ui YIy4dIICHHUS
cutyanuu B Keipreizckoir PecriyOmuke.

C 3THuecKoi TOYKH 3pEHUs, aBTOHOMUS
nalueHTa U HMHQOPMHPOBAHHOE COIJIacHe
OCTalOTCAd  KIIOYEBBIMM  NPUHIMIAMH B
nudpoBoit Mmeaurmue. OHAKO, KaK OTMEYAIOT
AKCHEPThI, NHU(POBU3AIMST MOXKET MPUBECTH K

SPO3UU STUX MPUHLMIIOB, €CIU MalUEHTHl HE
OyayT MOJHOCTHIO OCBEIOMIIEHBI O TOM, KaK MX
JAHHBIE MCIONB3YIOTCS. [5] B cBsBU ¢ 3TuM
BAXHO pa3paboTaTh MEXaHU3MbI, KOTOpbIE
obecrniedar mpo3pavyHOCTh 00PaOOTKH JaHHBIX U
MO3BOJIAT TMAIMEHTaM KOHTPOJHMPOBATH JOCTYII
K CBOCH MEIUIIMHCKON HH(OpMAaITHH.

Kpome Toro, mnpaBoBbleé  aCHEKTHI
nupOBU3AIMKA  3APABOOXPAHEHUS  TPEOYIOT
Oonee netanpHONl mpopaboTku. B uactHOCTH,
HEOOXOJMMO YTOYHHUTb, KAKHE UMEHHO JJAHHbIC
CUHMTAIOTCS KOH (QUICHIIUATBLHBIMA W KaK OHU
JMOJKHBI 3l IATHCSL. Tarke  BaxHO
ONpENeNUuTh OTBETCTBEHHOCTh 33  YT€UKY
JMAHHBIX, BKIIOYas BO3MOXKHBIE CAHKIIUU IS
MEIUIIMHCKUX YUPEXKACHUN U pa3pabOoTUMKOB
nporpaMMHOTro obecriedeHus. [1]

3akiaro4yeHue

Ha ocHoBanuu mpoBeAEHHOTrO aHanM3a
MOXXHO TMPEIOKUTh CIACAYIOIIME MEphl s

YITyqIICHUS CUTYaIluu B o0yacTu
nuQpoBU3aUU 3MPaBOOXPAHCHUS B
KeIprei3crane:

1. Pa3zpabotka u BHEJPCHHE
HAI[MOHAIBHOTO KOJIeKca STUKH TUTST
MCIIOJTE30BAHMS nn B Me TUIINHE,

AQHAJIOTUYHOI'O POCCUMCKOMY OIIBITY.

2. YcuieHue npaBoBoi 0a3bl B 001aCTH
3alMThl IEPCOHANBHBIX JAHHBIX, BKIHOYas
BHEJpPEHNE MEXaHU3MOB, aHanoruuyHbix GDPR.

3. MaBecTiMM B TEXHOJOTHYECKYIO
UHQPaCTPYKTYpY, BKIIOYAS BHEPEHUE
OJOKYEHH-TEXHOJIOTUH M KpUNTOTrpaduyecKu X
METOJIOB ISl 3aIMThl JaHHBIX.

4. OOyueHre METUITMHCKOTO TTepCOHAIA
51 IT-cneunanucroB o BOIIpOcaM
0€3011aCHOCTH JIaHHBIX U 3TUYECKUM acIeKTaM
ucnoas3oBanus UN.

5. IloBbleHue OCBEJIOMJIEHHOCTH
MalMeHTOB O HX IMpaBax B LU (poBOH
MeIUIIMHE, BKIoYas UHGHOPMUPOBAHUE O TOM,
KaK MX JaHHbIC UCIIOJIb3YIOTCS Y 3alUIIAIOTCA.

[udpoBuzaus 31paBOOXpaHEHUS B
Ksiprei3ckoit Pecnybnuke mpeactaBisieT co0oit
CIIOXKHBIM Ipollecc, KOTOpbIH Tpedyer He
TOJIBKO ~TEXHUYECKOTO  pa3BUTUsA, HO W
[yOOKOTO aHaliM3a 3TUYECKUX U IPAaBOBBIX
aCIICKTOB. MexnayHapoaHbIi OIIBIT u



COBPEMCHHBIC TCXHOJIOT'HH MOI'YI CTaTb Ioaxon4d, KOTOprfI BKIIOYaeT B ceb0d Kak

BOKHBIMU HHCTPYMEHTAMHU JUIsl  peIICHUS TEXHUYECKHE, TaK ¥ TPaBOBBIE  MEPHI,
CyHIeCTBYIOIIM X TTpobieM. OHaKo, K04 EeBBIM HallpaBJICHHBIC Ha 3Ty TPaB MAllHCHTOB U
(dakTOopom ycrexa SIBJISIETC ST KO MITJICKCHBIN obecrieueHne 6€30MacCHOCTH JaHHBIX.
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KBIPTbI3CTAH/IbIH BAHK YOMPOCYHJIOT'Y WHHOBAIIUAJIBIK
TEXHOJIOT'UAJIAPBI: CAHAPUIITEIITUPYYHYH KEJIEYEI'N
WHHOBAIIMOHHBIE TEXHOJIOTMA B BAHKOBCKOM C®EPE KBIPTBI3CTAHA:
HEPCIHEKTUBbI IM®POBU3ALIUN
INNOVATIVE TECHNOLOGIES IN THE BANKING SECTOR OF KYRGYZSTAN:
PROSPECTS FOR DIGITALIZATION

Krbickaua MYHO3I{9MG: KBIpI‘LBCTaHIIBIH 0aHKTBIK CHCTEMACHI 6YI‘YHKY KYHJ©6 JKaHbI
TEXHOJIOTHIIApAbl KCHUPHU KUPIU3HII, KapJapjiap YIYYH KbeI3MAT KOPCOTYYHYH CallaThIH JKaKIIBIPTYyTa,
(DMHAHCBUTBIK KETKUIMKTYYTYKTY JKOTOpYIaTyyra skaHa UIIKEPIUK YbIThIMIAPIbI a3aiTyyra yMT Yyl
JKartar. ByJ'I MaKajaga KBIpFBIBCTaH,Z[aTLI 6aHK1“apI[BIH MO6I/IJ'I,[[I/IK 6aHKI/IHFIlI/I JKaHa HWHTCPHCT-
OaHkuHTIM  OHYKTYpPYY, QR-Tenmemaep kaHa KOHTAKTCBI3 TEXHOJIOTHUIAPD, OWOMETPHSIIBIK
ayTeHTHU (QUKAIUS CHISKTYY HHHOBAIMSUTBIK TEXHOJIOTUSUIAPABIH KOJIJIOH YIYIIY TYypanyy TaJlKyyJlaHar.
MBIHAaH THILIKAPHI, (I)I/IHTGX-KOMHaHI/IﬂﬂapI[LIH ’)kaHa OJIOKYENH TEXHOJIOTHICHIHBIH Keipreizcranabia
OaHKTBIK CEKTOpYHJAarbl ecylly >kaHa Kkejeuerd kapanar. CaHapunTeurupyy IMpolecCTepUHUH
maifacel, anapra OalJIaHBIIIKAH KbIMBIHYBLIBIKTAD >KaHA KEJICUEKTETH MYMKYHUYJIYKTOp KEHUPH
OastH1aJITaH.

Annoranusi: CoBpemeHHass OaHKOBCKasg cucrteMa KpIprbI3cTaHa aKTHBHO — BHEJpSIET
HWHHOBAILIMOHHBIC TCXHOJIOTHH, CTPCMACH YIYUHIIUMTL KadCCTBO 06CJ'IY)KI/IB8.HI/I$I KIIMCHTOB, IIOBBICHMTH
(MHAHCOBYIO JOCTYMHOCTh U MUHUMH3HPOBATh OMEPAlOHHBIE pacxXo/ibl. B cTaThe paccMaTpuBaroTCs
KITIOYEBBIC HANpaBJICHHs MU(POBU3AINHN, TAKHE KaK pa3BUTHE MOOMIbHOTO OaHkuHTa, QR-mmarexeit,
OECKOHTAKTHBIX TCXHOHOFHﬁ, a TaKKC BHCIAPCHUC 61/IOMeTpI/I‘-IeCKI/IX METOAOB I/II[CHTI/I(I)I/IKaI_II/II/I B
O0ankax. Oco0oe BHHMaHUE YICISETCS PACTYIIEMY BIIHSHUIO (UHTEX-KOMIAHUH W OJIOKYCHH-
TEXHOJOTUH Ha OaHKOBCKYIO OTpacib CTpaHbl. OTHCBHIBAIOTCS MPEUMYIIECTBA IU(PPOBU3ALINH,
OCHOBHBIC BBI3OBbI W MCPCIICKTUBBI PA3BUTUA OaHKOBCKOH CHCTEMBI KBIpI‘BBCTaHa B YCIOBHUAX
rio0abHON 1M QpoBOI TpaHchopmamy.

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: caHapunTeIrupyy; MOOMIIUK OaHKUHT; HHTEpHET-O0aHkuHT; QR-TeneMuep;

KOHTAKTChI3 TEXHOJIOTUSUIAD;, OMOMETPHSUIBIK HWACHTU(HUKauus; (QUHTEX; ONOKYEHH, KPEeOUTTUK
matdopmaiiap; (GMHaHCHIIBIK HHKITIO3HS.
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KawueBble cioBa: nudpoBuzanus; MOOMJIBHBIN OaHKUHT; HHTEPHET-0aHKUHT; QR-1mmaTexu;

OECKOHTAKTHBIC TILJIATEXKU,;
maTtdopmbl; GUHAHCOBASI MHKITIO3HUS.

Keywords: digitalization; mobile banking;

OnomMerpuyeckass HACHTU QUKALIKS,

¢uHTEX; ONOKYEHH, KpeAUTHBIE

internet banking; QR payments; contactless

technologies; biometric identification; fintech; blockchain; credit platforms; financial inclusion.

B crarbe npuBeneHa coBpeMeHHas OaHKOBCKast
cucreMa Keiprei3crana, KoTopas akTHBHO
BHEpSIET WHHOBAIIMOHHBIE TEXHOJIOTHH,
CTPEMSCh TMOBBICUTh Ka4eCTBO OOCIYKMBaHUS
KIMEHTOB, YBEJIIMYUTH (MHAHCOBYIO
JIOCTYITHOCTh u MUHUMHU3UPOBATH
ONEpallMoOHHbIE  U3ACpKKU. B ycrnoBusx
rmo0abHON  nmdpoBH3aMU  OaHKOBCKUU
cekrop KP cramkuBaercst ¢ psjioM BBI30OBOB U
MEPCIEKTUB, OMPENESIONMX €ro JajbHel ee
pa3BUTHE.

Texymme TpeHabl UG poBU3ALUI
0ankoBckoi cucrembl KP

Pazsumue mobunvnoeo b6ankunea u unmepHem-
banKkumea

B HOCJIEAHNE rofbl HabmoaaeTcs
CTPEMUTEIbHBIN poct 10JIb30BaTENEH
MOOHIIBHBIX 0aHKOBCKH X HPHUJIOKEHUH.
bonbumHcTBO KOMMEPUYECKH X 0aHKOB

KsIprei3crana npezayiaraeT KIMEHTaM Yo OHbIe
MOOMJIBHBIE CEPBUCHI, BKIKOYas OIJIATy YCIYT,
IIEPEBO/IbI, YIIPaBJICHUE CUETAMU U KPEAUTAMU.
MoOumnbHbIe OaHKOBCKUE MIPUITOKECHUS
ABOJIIOLIMOHUPOBAIIN, MPEAOCTABISAS IMPOKUI
CHEKTp (MHAHCOBBIX YCIYr, TaKUX Kak
OTKpBITHE JIEMO3UTOB, II0Jadya 3asBOK Ha
KpPEAUThl U JaXe MHBECTULIMU B (DPUHAHCOBBIE
npoaykrel. Kpome Toro, 0aHkd HMHTErpUPYIOT

HCKYCCTBEHHBIN VHTEIJIEKT B CBOU
MIPUIIOKEHU ST JUISL MPEIOCTABJICHUS
MEPCOHAIM3UPOBAHHBIX (MHAHCOBBIX
pEeKOMeHAau i u ABTOMATHU3UPOBAHHOMU

MOJUIEPKKH KIMEHTOB uepe3 vaT-00Tel. Poct
MONYISIPHOCTH MOOHMJIBHOTO OaHKWHTa TaKke
0oOyCIIOBIIEH  yBENIMYEHUEM TMPOHUKHOBEHUS
cMapTHOHOB ¥ JIOCTYITHOCTBIO  HEIOPOTHX
MOOWMJIBHBIX HWHTEpHET-Tapu(oB, YTO Jenaer
nu@poBbie (MHAHCOBBIE YCIYTH AOCTYIMHBIMU
Uit OOJBIIEr0o  KOJWUYECTBA  HACEJICHUS,
BKJTIOYAs KUTENIeH yalleHHbIX PETMOHOB.

QR-nramesicu u beckonmaxmmvie mexuoaouu

12

[Inatrexxu ¢ wmcrnonp3oBanueM (QR-komoB
CTaHOBSTCS Bce Ooyiee MOMYISIPHBIMU. DTO
VIIPOIIACT PACcyYeThl B PO3HUYHOH TOPIOBJIC U
CHMIKaeT 3aBHUCUMOCTb OT HAJIMYHBIX JCHET.
QR-KoIBI TIO3BOJISIFOT MTHOBEHHO MPOBOJHUTH
TpaH3aKINU 0e3 HEO0XO0 TUMOCTH
WCIIONIb30BAHMS  IJIACTHKOBBIX  KapT  WJIH
HaJMYHBIX CPEJICTB, UTO JIENIACT IJIATEXKH OoJiee
ynoOHpiMH W ObIcTpeiMH. B Keipreizcrane
AKTHBHO BHENPSIOTCS cucTeMbl QR-mnaTexeit B
kade, pecTropaHax, cynmepMapkerax W JIaxe Ha
peiHkax. Kpome  Toro,  OGecKOHTaKTHbIE
njaTexxHbele TexHonoruu, takue kak NFC (Near
Field Communication), Tawke HaOuparT
nonymsipHocTb. OHHU  TO3BOJSIIOT ~ KIMEHTaM
OTIAYMBATh MOKYIKA C MOMOIIBI0 CMapT(POHOB
¥ YMHBIX 4acoB, Ucnoib3ys Apple Pay, Google
Pay u npyrue cepBuchl. BHenpenmne Takux

TEXHOJIOTU I CIOCOOCTBYET YCKOPEHHIO
0o0CITy’)KNBaHUsl, CHUKEHHUIO PHCKOB Kpaku
HAJTHIHBIX u MOBBIIICHHTO YPOBHS

0e30MaCHOCTH TUTATSIKHBIX Onepaliuii. [4]
Bredpenue 6uomempuieckux mexHonouu
baHKM aKTHBHO HCIIOJB3YIOT OMOMETPUYECKYIO
UICHTH (U KA IO (oTmevaTku HaJTBIICB,
pacrmo3HaBaHWE  JIMIA) Uil [TOBBIIICHUS
0e301acHOCTH A0CTyrna K 0aHKOBCKUM YCITyTaM.
buomMerpuyeckne  TEXHOJIOTHH  TO3BOJISIOT
3HAYUTEIHHO CHH3HUTh BEPOSTHOCTb
MOIICHHMYECTBA M  HECAHKIMOHHPOBAHHOTO
JIOCTyIa K CUeTaM KIMEHTOB. BHeapeHne Takux
METO/IOB ayTeHTH(HKAIMU YCKOPSET MPOLecC
BXOJIa B OaHKOBCKHE NPUIIOKEHUS,
COBEpIUICHHUS IUIATeKEW W  TOJATBEPIKIACHHUS
Tpan3akuuii. B Keipreiscrane Onomerpuieckue
TEXHOJIOTHH YK€ MPUMEHSIOTCS B OaHKOMarax,
MOOWIJIBHBIX ~ TIPHJIOKECHUSIX W CHCTeMax
oHyaiiH-OankuHra. Kpome TOro, HEKOTOpBIC
OaHKM Hayalu pa3pabaTbIBaTh TOJIOCOBYIO
OMOMETPUIO Uil JIONOJHUTEIBHOTO YPOBHS
3a0MTHl  TpPH  TENEePOHHOM  OOCITY)KHBAHHUH
KIAEHTOB. [5]



Pa3BuTHEe (QUHTEXKOMIIAHUH M JKOCHUCTEM B
KbIpreisctane  OkasbIBaeT 3HAYUTEIbHOE
BIUSHUE Ha (PMHAHCOBYIO OTpAacilb CTpPaHBI.
HoBele cTapTansl 1 WHHOBALIMOHHBIEC PEIICHUS
B 00JacT (PMHAHCOBBIX TEXHOJOTHH ((UHTEX)
HAYMHAIOT  AKTHUBHO  pa3BUBATHCH,  4YTO
OTKpBIBAET HOBBIE BO3MOXKHOCTH JUIsl OM3HEca U
HACEJICHUSL.
Lugposvie
niamagopmol
Onaum 13 Hanbosiee 3aMETHBIX HAINlPaBJICHUH B
¢uHTEXE SBISIETCS CO3MAaHHE W Pa3BUTHE
MOOMJIBHBIX  TUIaTpopM  uid LM (PPOBBIX
marexeil. Takue crapranbl NPEIOCTaBIISIOT
pelieHust JUIs OIIaThl TOBapoOB M YCIYT C
MTOMOIIIBIO cMapT(OHOB, QR-ko108,
MOOMJIBHBIX KOIIEIBKOB M JPYIUX TEXHOJOTHI.
B Keiprei3cTane yxe CymecTBYIOT MOOHIIBHBIC
MPHIIOXKEHHU S, KOTOpBIE MTO3BOJISIOT
MOJIB30BATEISIM ~ COBEPIIATH  IJIATEXH B
MaraspHaX, Kade, a TaKKe OIUIaYMBaTh
KOMM YHAJIbHBIE YCIIYTH U TIEPEBOABI JEHEKHbIX
cpeAcTB. DTO  TO3BOJSET  3HAYUTEIHHO
YCKOPHTH TPOIECC pacyeToB, CHeNaTh €ro
Oonee ymoOHBIM U O€30MAcCHBIM, a TaKKe
YMEHBIIMTh  3aBHCHMOCTh  OT  HAJMYHBIX
cpenacts. [6]

Kpeoumosanue u muxkpogunancosgvie cepsucsi
Pa3BuTue QUHTEXKOMITaHUM Takke BKIOYAET B
ce0si HOBbIE MOAXOIBI K KpeIuTOBaHHIO. B
KeIpreisctane mosBASIOTCS 1IAT(QOPMBIL  JUIS
P2P-kpenuToBaHusi,  KOTOphIE  TO3BOJISIOT
M0JIb30BATENSIM MOJy4aTh KPEAUTHI OT JAPYTHX
¢uznyecKnx ML, MHHYS TPaJUIMOHHBIC
Oanku. OTH  mIaTGOpMBl  HCIOJB3YIOT
COBPEMEHHBIE  TEXHOJOTHH  JUI  OLIGHKU
KPEAUTOCTIOCOOHOCTH 3aeMIIMKOB, YTO JAEaeT
mporiecc MOJTY4CHHUSI KpeanTa Oonee
JOCTYIHBIM M ObIcTphIM. Tarke B cTpaHe
aKTUBHO  pa3BHUBAIOTCS  MHUKPO(QUHAHCOBBIC
OpraHM3aIuH, KOTOpBIE MPEIOCTABIISIOT
KpaTKOCPOYHBIE  KpPEeOUTHl Ha HeOospIme
cymMMmbl. (DHHAHCOBBIC CTapTalbl MPEATAraroT
Oonee THOKUE YCIOBUS KPEOUTOBAHHS, YTO
0COOEHHO  BaXHO  JUIsI  HAaceleHus ¢
OTPAaHWYCHHBIM JOCTYIOM K TPaJUIMOHHBIM
Oankam. [10]

Ynpasnenue nuunvivu punancamu

njaamesicu u MobuIbHbLE
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B Keiprelscrane = akTMBHO  pa3BHUBAIOTCS
cTapTrambl, [pelJlaralolye peueHus A
yIOpaBi€HUs JIMYHBIMU  (QUHAHCAMU. DTO

BKJTIOYaeT B ce0s MOOMIIbHBIE MPUJIOKEHUS U
OHJIAWH-TIATPOPMBI,  KOTOpBIE  ITOMOTAIOT
MTOJIB30BATEIISIM OTCJIC)KUBATH pacxosl,
MJaHUPOBATh OIOJKET, CTaBUTh (MHAHCOBBIC
Hea W TodydaTh TEpPCOHATM3UPOBAHHBIC
PCKOMEHJAIIMK 110 YIPABJICHUIO JCHBIaMH.
Kpome Ttoro, Ha ©0a3ze Ttakux miatdopm
MOJIB30BATEM  MOTYT  HHBECTUPOBATH B
pa3nuYHble (MHAHCOBBIC WHCTPYMEHTHI, TaKue
KaK akiuu, OOJHTanuu WIH KPUIITOBATIOTHI.
DTO TO3BOJISIET  YAYYIMTH  (UHAHCOBYIO
rPaMOTHOCTh ~ HAceJleHUss U  TOBBICUTH
JOCTYIMHOCTh (DMHAHCOBBIX YCIYT JUIS IIMPOKOI
aAyUTOPHH.

Hnmeepayus ¢ mpaduyuoHnvimu 6AHKOBCKUMU
cucmemamu

BakHpIM  acmieKToM  pa3BHTHS  (PEHHTEX-
KOMITaHU I B Kevipreiscrane  siBusiercs
WHTETpaIUs C CYIIECTBYIOIMMHA OAaHKOBCKUMHU
CTpyKTypamMu. MHOTHE CTapTanbl CTPEMSTCS
paboTaThb B MapTHEPCTBE C TPAAUIIMOHHBIMU
O0aHKaMu JUISI pacIMPEHUs BO3MOXKHOCTEH
CBOUX IOJb30BaTeNel. DTO BKIIOYAET B ceOs
MHTETpaIMi0 ¢ OaHKOBCKMMH CHCTEMaMHu MJisi
OCYIIECTBIICHUS OBICTPBIX MEePEBOJIOB,
MOJTYYCHHUSI KPEIUTOB, a TAaKKe pacIIMpeHue
CEpBUCOB sl OmsHeca W (U3MYECKUX ITHII.
Taxkast MHTErpaIus MO3BOJISET CO3/1aBaTh OoJiee
THOKHE U YIOOHBIE PEIICHUS I KIMCHTOB.
bnokuetin u kxpunmosantomol
brioK4elH-TEXHOIOTU ~ TakKe  OTKPBIBAET
HOBbIE TOPU3OHTHI Ui Pa3BUTUS (UHTEX-
KOMIIaHU I B Ksipreiscrane. Ona
MPEIOCTABIISIET BO3MOXHOCTh JUISI  CO3IAHMS
0e30macHbIX, MPO3PAYHBIX u
JETIIEHTPATU30BaHHBIX nnatgopm JUIS
¢uraHCcOBBIX omepamuid. Craprambl B cdepe
OnmokueiiHa pa3pabaThIBAlOT pEIICHUS A
MEXIyHAPOJHBIX  JCHEXKHBIX  IIEPEBOJIOB,
CMapT-KOHTPAKTOB M  JaXK€ KPUIITOBAIIOT.
BHenapeHnue — TakMx — TEXHOJOTHMH  MOXKET
MOBBICUTh  0OE30MACHOCTh H  MPO3PAYHOCTH
TpaH3aKIUH, a TaKKe CHU3UTh
TPaH3aKIIUOHHBIE U3ICPHKKH.

Pezynsayus u noooepocka cmapmanos



OnmHolt W3 3amay, CTOANMX mepen (UHTEX-
koMnanussMu B KbIpreiscrane, — saBusercs
CO3/laHM€ HOPMATHUBHOM 0a3bl, KoTopas Oyner
NOJJECP)KUBATh UX pa3sBUTUE U 00ecHedyuBaTh
3alMTy WHTEPECOB KIMEHTOB. BakHO, YTOOBI
3aKOHOJATENT! W TOCYNAPCTBEHHBIE OpTaHBI
aKTUBHO paloTanu HaJ perylupoBaHHEM
¢uHTEX-OTpacnu,  4TOObl  TapaHTUPOBATH
coOmro/ieHne CTaHAapTOB  0O€30MacHOCTH U
KOH (b1 1eHIIMaNbHOCTH JAHHBIX.

PazButue ¢unTEX-3K0CHCcTEMBI B KBIprei3crane
OTKPBIBAET HOBBIE BO3MOXKHOCTH JJIsi OM3Heca U
HaceleHus. OTO  MO3BOJSET  YIY4IMTh
JOCTYITHOCTh (PMHAHCOBBIX YCIIYT, TOBBICUTH
YpPOBEHb (PMHAHCOBOH I'pPaMOTHOCTH U CO3JaTh
Oosee 3 QdeKkTUBHYIO (rHAHCOBYIO
uHppacTpykrypy. B Oynymem takue craprams
MOTYT CTaTh OCHOBOW sl TpaHc(opMmanuu
0aHKOBCKOI cucTeMbl U (opMupoBaHus Oojee
WHHOBAIlMOHHOM M JOCTYynHON (HUHAHCOBOI
IKOCHUCTEMEI B CTpaHe. [6]

Ipeumywecmea yugposusayuu 6aAHKOBCKO20
cexmopa

e VmpoueHHue OaHKOBCKUX ONEpauid:
JOCTYm K  (UHAHCOBBIM  yciyram — 0e3
MOCEIICHUS OTACIICHUH.

e CHmxKeHue 3aTpaT: aBTOMAaTH3aIHs
MPOIIECCOB YMEHBIIAET 3aTPaThl Ha TIEPCOHAT U
oOciyxuBaHue.

e JloBbimeHHE (UMHAHCOBOW WHKITIO3UU:
yAaJeHHbIE pPaiOHBl MOJIY4alOT JOCTYN K
OaHKOBCKHUM YCIyraM.

e bezonacHocTh u IPO3PAYHOCTh:
COBPEMEHHBIE TEXHOJIOTMM CHMKAIOT PUCKU
MOIIICHHUYECTBA U KOPPYIIHH. [ 7]

OcHognbie 6b1308bl U Oapbepbl

e Huzkuii YPOBEHb 111 poBOIt
TPaMOTHOCTH HACEJICHHUS.

¢ Kubepyrpossl " HEJ0CTaTOYHas
3aIMIIEHHOCTD JIaHHBIX.

e Hepocrarounoe pa3BUTHE

uHpacTpykTypsl MHTEpHETa B OTIAICHHBIX
palioHax.

e PerynaropHslie Oapbepbl U
HEe00X0IMMOCTh a/IallTalluk 3aKOHOJAaTEIbCTBA.
Ilepcnexmuevl u Hanpasnenus pazeumus

e BHenpenue HUCKYCCTBEHHOIO
MHTEJUIeKTa u 4yaT-00TOB TUIS
ABTOMATH3UPOBAHHOTO OOCITYKHBAHHUSL.

ePasBuTre OIOKYEHH-TEXHOIOTHN 1A

MHOBBIIICHU S MPO3PavyHOCTH (hMHAHCOBBIX
oneparuu.
e Co3nmaHue MGPOBBIX  BAIIOT u

WHTETpaIUs ¢ MEXKIyHAPOAHBIMU TIJIATSKHBIMU
cucremamd. [8; 9; 10]

[udpoBuzarus OaHKOBCKOM CHCTEMBI
KevIprei3cTana — 3TO HEHM30EKHBIN TIpoIlecc,
KOTOPBIN TpeOyeT KOMIIJIEKCHOTO mojxoaa. J{is
YCHEIIHOTO PAa3BUTHS HEOOXOJUMO AaKTHBHOE
y4acTHe TOCyJapcTBa, OM3HEcCa M HACEJCHHS.
BHenpeHre  MHHOBAllMOHHBIX — TEXHOJIOTUH
MO3BOJIUT HE TOJBKO YIYYIMTh OaHKOBCKHE
YCIIyTH, HO U YKPCIIUTHh (MHAHCOBYIO CUCTEMY
CTpaHBI B IIEJIOM.
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MAIIHHAJIAPABI YAPOHYY TEXHOJIOTUSIJIAPBIH KOJIJIOHYY MEHEH
MAAJIBIMIAMA AKBAPUYMJIAPIAI'BI BAJIBIKTAPABIH KYPYM-TYPYMYH
TAJTJOOHYH HEI'M3UHAE KEP TUTUPOOJIOPAY BOJIXKOJII00
MMPOTHO3WPOBAHUE 3EMJIETPSICEHAIA HA OCHOBE AHAJIM3A IOBEJIEHUA
PBbIB B PEOEPEHTHBIX AKBAPUYMAX C HCIIOJIb30BAHUEM TEXHOJIOT U
MAIINHHOI'O OBYYEHUSA
EARTHQUAKE PREDICTION BASED ON THE ANALYSIS OF FISH BEHAVIOR
IN REFERENCE AQUARIUMS USING MACHINE LEARNING TECHNOLOGIES

Kbickaua mynesneme: byn wusmnmee xep TUTHpeeNepAy alAblH ajla OOHKOIIOOHYH
MHHOBALMSUIBIK BIKMAachlH CYHYIITaWT. byl bIkmMa akBapuyMaarbl Ke3eMeJIJOHIeH IapTTapia
OaNbIKTapIbIH JKYPYM-TYpYMYH OaliKooro, OMOJIOTHSUIBIK MapKepyiepre >KaHa jKacajiMa HHTEUICKT
(KN) Ttexnonorusmapeina HeruzzaeneT. CelcMONIOTUs TapMarbIHIAarkl OJYTTYY JKETHUIIKCHIUKTEpTe
KapabacTaH, CEliCMUKAJIBIK OKysJlapbl TaK ajblH aja ailTyy ajapblH >KOrOpKY TaTaallJbITbl >KaHa
alplH aja aWTyy MYMKYH 5MECTUIM MeEHEH OalJaHbIITyy TaTaajdl Macelie OONIOH Kalyyna.
banbIkrapblH KYpYM-TYypyMyHa, aiipbIKya Kep TUTUPOeNIOpAYH aliblH/a OallkalraH aHoMajusiapra
KOHYJ OypynraH, aHTKEHH OalbIKTap ailiaHa-ueipeiery 3JIEKTpPOMarHuTTUK TEPMENYYJIep, XUMHUSIIBIK
e3repyysep >kaHa TOMOH >KBIIITHIKTAarbl BUOpalusuiap ChISKTYY ©Te Maiifa esrepyylepre ce3umrai
skeHu Oenruiyy. HD-kamepanap, cyyHyH canaThlH €J1466e4y CEHCOPIIOp KaHa MH(PAKBI3BII CEHCOPIIOp
MEHEH >Ka0JplUIraH aKBapUyMIyK TY3YJIYIITep celcMOakTUBAYY aiiMakrapra — Keipreiscranra, AQy-
Jlabure xana Ilakucranra opHOTyinraH. JKypymM-Typymra OaillaHBIIITYy MaajdbIMaTTap — KbIMMBLI
TPAEKTOPHUSICHI, TONTOIIYY KaHa BEPTUKAJIIABIK MUTPALIUSI — YOTYATYAYI, PETHOHAIIBIK CEHCMUKAIIBIK
AKTUBJYYJIYK MEHEH Al KeITeITUPUITeH. ManmMHaIbIK YHPOHYY aIrOpUTMACPH, aTal aWTKaH[a
HEHPOHIYK TapMaKTap *aHa YeuyuM Japakrapbl, OaJbIKTapAblH aHOMAIMSITYY KYPYM-TYpYMY MEHEH
CEHCMHUKAIBIK QJIJbIH ajla OeNruiepIuH OPTOCYHAA KOppelsuusuIapAbl aHBIKTOOJO KOJIJOH YITaH.
Maruautynacet 4,2-4,8 OonroH xep TUTHpeesdepre 12 caar kamraHga Oanbikrap OammamamaH
KbIHMBLIJAM, TOM OOJIyN XYpPYYre ymTyiransl Oaiikanrad. KU konmoHynyiry MeHeH OOJIKOJII00OHYH
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TakThIThl 85%Ka YEeWWH >KETHUII, JKaJIFaH CUTHAIJAPIbIH CaHbl KbliJIa KbICKapraH. byn HaTbiikanap
OanbIKTapabl OMOMHAMKATOP  KaTapbl KOJJOHYY apKbUIyy 3pTe€ 3CKepTYY CHUCTeMajapblH
KAKIIBIPTYYHYH YOH MYMKYHYYJYTYH KOPCOTOT, alpblKia CalITTyy CEUCMHUKAJIbIK MOHUTOPUHT
KETKUJIIUKTYY dMecC aiiMakTapia. buosorus, reodusuka xana xkoiagoamo KMuauM aiikanslmreipran Oy
TApMaKThIK apaiblK bIkMa BopOopnyk Asusmarsl Cyy SKOCHCTEMANapbIHBIH TAaOUTBIH KbIPCHIKTapra
TYPYKTYYIAYyI'yH JKaHa JKep THTHPOeNepre  JasgpAblK  ACHIDYDJIMH  JKOropylaryyna  >KaHbI
MYMKYHYYJIYKTOpAYy ayar.

AHHOTAmMA: DTO UCCIENOBAaHUE TMPEACTABISIET COO0OW WHHOBAIMOHHBIA TOAXOM K
MPOTHO3UPOBAHUIO 3€MIICTPSICEHWM, OCHOBAHHBIM Ha HAOJMIOJEHUM 3a TIOBEJACHUEM pbIO B
KOHTPOJIIMPYEMBIX AKBAPUYMHBIX YCIOBUAX C HCIOJB30BAHUEM OHMOJIOTHYECKUX MapkepoB H
TeXHOJIOTUI uckyccTBeHHOoro unremekra (M), HecmoTrps Ha cyliecTBEHHbIE TOCTUKEHUS B 00J1aCTH
ceiicMOJIOTHH, TOYHOE MpeACKa3aHWE CEHCMUYECKUX COOBITHH OCTa&TCsl CIOKHOM 3ajauedl u3-3a UX
BBICOKOM CJIOKHOCTH H HETIPpCACKAa3yEeMOCTH. PrIOBI OTCHIEXHMBAINAChL Ha npeaAMCT IMOBCACHYCCKUX
aHOMaJIHﬁ, MNpCAMICCTBYIOIM X 3CMIICTPACCHUAM, ITOCKOJIBKY HM3BCCTHO, YTO OHM YYBCTBHUTCIIBHBI K
HE3HAYUTCIbHBIM HU3MCHCHHUAM B OKp}I)I(aIOHICﬁ Cp€ac, TakMM KaK JJICKTPOMArHUTHBIC KOJ'I66aHI/I$I,
XUMHWYECCKUEC CABUIU W HU3KOYACTOTHBIC BI/I6paI_II/II/I. AKBapI/IYMHLIC YCTaHOBKU, OCHaH_[éHHBIe HD-
KaMCpaMH, JOdaTYUKaMKW KaduceCTBa BOJbI H I/IH(I)paKpaCHBIMI/I CCHCOpaMu, 6BIJII/I pasMCIICHBI B
celiCMOaKkTUBHBIX permoHax — B Keipreiscrane, AOy-/labu u Ilakucrane. [loBeneHueckue maHHBIE,
BKIIIOYad TpPAaCKTOpHUHU MABHUKCHHUA, KIACTCPU3ALlMI0O W BCPTUKAJIBHBIC MUIPAIUH, CO6I/IpaJ'II/ICL u
CHHXPOHU3UPOBAIIMCH C PETHOHAIBHONW CEHCMMYECKON aKTHBHOCTHIO. C MCIOIB30BAHUEM AJITOPUTMOB
MAaIlMHHOTIO o6yquH${, TaKHUX KaK HeﬁPOHHBIe CCTHU U ACPCBbA pemeHm“I, OBLIIN BBLISIBIIEHEI KOppCisionun
MEXIy aHOMAaJIbHBIM IOBEJCHUEM PhIO U CEHCMUYECKUMU MPEABECTHUKAMH. Y CTaHOBJIEHO, UTO 3a 12
4acoB J0 3eMJIeTpsceHUu MarHutyaou ot 4,2 10 4,8 pelObl JEMOHCTPUPOBAIIN XaOTUUHOE JBUKEHHE U
CTPECMIICHUEC K CTaﬁHOMy IIOBCACHUIO. BHeI[peHI/Ie NN no3soanio JOCTHUYb 06H_ICI71 TOYHOCTHU
MPOTHO30B 710 85% ¥ CYIIECTBEHHO COKPAaTHUTh KOJIMYECTBO JIOKHBIX cpabaTeiBaHuii. [lomydeHHBIC
PE3YINbTATHI HO)I'—IépKI/IBaIOT 3HAYUTEILHBIN IIOTCHIIHU A HUCITOJIB30BaHUA pI)I6 B Ka4yeCTBC
6I/IOI/IHI[I/IKaT0pOB B CHCTECMaxX PpPAHHCEIO OIIOBCUICHHA, 0COOEHHO B peruoHax C€ OIPaHHUYCHHBIM
JIOCTYIIOM K TPaJMIMOHHBIM METOJAM CEMCMHYECKOTO MOHUTOPUHTA. MEXINCUUIUIMHAPHBIA MTOIXO0/,
00BEAMHSIONI N OMOJIOTHIO, Te0 QU3UKY U TIPUKIATHON MCKYCCTBEHHBIN MHTEIJICKT, OTKPHIBAECT HOBBIC
BO3MOXHOCTH JIS1 MOBBINICHUA TOTOBHOCTHU K 3CMIJICTPACCHUSM U YCTOI>'I‘{I/IBOCTI/I BOAHBIX 3KOCHUCTEM
LlenTpanbHON A3MH K TPUPOTHBIM 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,
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geophysical and applied artificial intelligence leads to new ways of improving earthquake preparedness
and the disaster resilience of aquatic ecosystems in Central Asia.

Herusru ce3mep: OanblKTapIblH >KYPYM-TYpYMY; JK€p THUTHPOOHY aJJIblH ajla aulTyy;
CEHCMUKAIIBIK MOHUTOPHUHT; 9PTE ICKEPTYY CUCTEMAIAPBI; KaCaJIMa UHTEIUIEKT.

KnwueBble ciaoBa: moBeneHHE pPbIO;, MPOTHO3UPOBAHUE 3EMIICTPSCEHUM; CEHCMHMYECKUM
MOHUTOPHHI; CUCTECMbI PAHHCTO OITOBCHICHM S, I/ICKYCCTBGHHHﬁ HHTCIIIICKT.

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

seismic monitoring.

Besenenue

[Iporno3upoBanue 3eMJIETPSICEHU I
OCTaéTcsi OJHOW M3 CaMbIX AKTYaJBbHBIX 3a7a4
COBpPEMEHHOMU HayKH, IIOCKOJIBKY
cericMUYecKue COOBITHSA IIPOJOJDKAIOT

YIPOXKaTh XU3HSAM IO, HH(DpacTpyKType U

okpyxatomeit cpene. [8] Hecmorps Ha
JOCTHMKEHUS B CEHCMONIOTMH,  BBICOKas
TOYHOCTh npeacKazaHus ocTaéres
HEIOCTHKUMOU n3-3a CIIOHOCTH

reopU3MYECKUX TPOIECCOB U UX CJabou
npenckazyeMocTd. COBpEMEHHBIE  TOJIXOJIBI
BKITIOYAIOT CEHCMHYECKHE, TIeoU3UYSCKHEe H
OnomHIMKaTOpHBIE MeTomel. [7; 13; 18]
OcoOblii  WHTEpEC  BBI3BIBACT  IOBEJCHUE
KUBOTHBIX, OCOOCHHO PBHIO, KaK BO3MOMXHBIX
OMOJIOTUYECKUX MPEIBECTHUKOB CEHCMHYECKON
akTUBHOCTH. [11] PBIOBI YyBCTBUTENBHBI K
W3MCHCHHSM B  DJICKTPOMarHuTHOM  TIOJIE,
XUMHUYECKOM COCTaBE BOJbI U aKYCTUUYECKUM
CUTHaJaM, 4YTO IIO3BOJISICT HCIIOJB30BaTh HX

peakiuu B Ka4yecTBe paHHETO
npeaynpexaeHus. [5] B mocnemHue romabl
MIPUMEHCHHE ITOPUTMOB MAIIMHHOTO

00y4eHHsI TO3BOJISIET aHATU3UPOBATh OONIbIIE
MacCUBBl TOBEJCHUECKUX U TIe0(U3UUECKUX
JAHHBIX, MOBBIIIAS TOYHOCTH MPOrHO30B. [19]
Hacrosimee wuccnenoBaHue HampaBlIEHO Ha
MHTETpalMI0 MEXIUCHUIIIIMHAPHBIX I0/IXO0/I0B
c L[EJIBIO MTOBBIIICHUS HaJEKHOCTH
MPOTHO3UPOBAHUS 3€MJIETPACEHUI C aAKIEHTOM
Ha BOJHbIE 3KOcHCcTeMbI KbIprai3cTaHa.

O030p auTEpaTYpHI

[Iporno3upoBanue 3eMJIETPSICEHU I
IIPOJOJKAET OCTAaBATHCA OJHOW M3 KIHOYEBBIX
3ajad B Teo(U3MKe, YUYUTHIBAsi BBICOKYIO
CTEIEHb pucka JUIS HaceJIeHUs "
uHppacTpykrypbl. Ha mpoTspkeHUM mocieqHux
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IIGCSITI/IHGTI/Iﬁ AKTUBHO PAa3sBUBANOTCA MCTOAbI

MpeJICKa3aHu sl CECMUYECKU X COOBITHH,
BKITIIOYasl ceiicMuueckue, Treodu3nveckue u
6I/IOI/IHIII/IK3.TOpHI>IC IIoaX0Abl, a TaKOKe

WCIIOJIb30BAHUE TEXHOJIOTUM HMCKYCCTBEHHOIO
WHTEJUIEKTA.

CeijicMuueckue M reousn4ecKue
MOAXO0/AbI K NPOTrHO3UPOBAHUIO

TpanguuuoHHbIE
MIPOTHO3UPOBAHUS 3eMJIETPSICEHU I
OCHOBBIBAIOTCS Ha  3akoHe ['yrenOepra—
Puxrepa u 3axone Omopu. IlepBblii onmceiBaeT
COOTHOIIEHHE MEXAYy MarHUTYAOH M 4acCTOTOH
3eMJIETPSICEHHH, Tpearnonaras, 4To Jorapudm
qrclia COOBITHIA O0OpaTHO MPOMOPIIHOHATICH
Marautyzae. [13] Oanako 3 ppeKTUBHOCTD I3TOU
MOJIENIM OTPAaHUYEHA B JIOKAJIBHBIX YCIOBUSAX,
IJIE BapbUPYIOTCSl T€OJOTMYECKHE I1apaMeTpBhI.
[21] 3akom Owmopu, B CBOIO OuYepenb,
ONMCBHIBAET  OSKCIOHEHIMAJIBHOE  3aTyXaHHE
aQTepIIoKOB BO BpeMeHH [8] W, HECMOTpsI HA
CBOIO YHHBEPCAJIbHOCTb, TpeOyeT ajanTaluu K
0COOEHHOCTSIM KOHKPETHBIX PETHOHOB U MOXET
OBITh JIOMOJHEH CTOXaCTUYECKUMHU MOJIEISIMU.

[10]

METOIBI

['eouznueckre MeToAbpl OCHOBAHBI Ha
W3MEPCHUU  JJICKTPOMATHUTHBIX  aHOMAJHUH,
BBIODOCOB  pajioHa, H3MCHCHHH B YpPOBHE
TPYHTOBBIX BOJ U JePOpMaIIK 3eMHOU KOPBHI.
[7] DnexkrpoMarHWUTHBIE  CHTHAJIbI  YacTo
(UKCUPYIOTCST 32  HECKOJIbKO JHEW JI0
3eMJICTPSCCHUH, OJHAKO WX HWHTEPIpeTaIus
OCJIOKHCHA BIHUsAHHEM (POHOBBIX MIyMOB. [22]
PanoH, pannoakTUBHBIA Tra3, BBIACISIONMUCA
U3  Hep, MOKAa3bIBACT  3HAYUTEIHHBIC
KoJIeOaHUsI TIepe/l CEMCMUYECKIMHU COOBITHSMU
[18], 0coOeHHO B YCIOBUSAX HHTECHCUBHBIX
r€0IMHAMHYCCKIX IPOIECCOB. [5]



I'eogesnyeckue wMeronpl, BKIoyas GPS wu
INSAR, mno3BONSIIOT B peaIbHOM BpPEMEHHU
HaO0JI01aTh HaKOTLJICHUE nedopmaruu
auTocdepbl ¥ BBISIBISATH 30HBI TTOTCHIIMAIBHOM
CEMCMUYECKOM akTUBHOCTH. [23]

Kpome Toro, razoBeie smuccuu (CO-,

requid W Jp.)  pacCMaTpUBAaIOTCA  Kak
JOONOJIHUTENbHBIA TeOXUMUYECKU I
npenBecTHUK. [IOBBIIEHHBIE KOHUEHTpALUU

ATUX Ta30B MOTYT CBHUJETEIbCTBOBATH O
KPUTUYECKUX HW3MEHEHUSX B HaNPSHKEHHOM
COCTOSIHUM TOpHBIX mopoxa. [2] OpnHako
JIOCTOBEPHOCTh 3TUX MOKa3aTesied 3aBUCUT OT
JIOJITOCPOYHOI0 ~ MOHHUTOpPMHIa U yd€ra
KITMMaTHYECKH X U TUJIPOJIOTHYECKHU X
daxropos. [9]

Buosiornyeckne  MHIAMKATOPHI B
KOHTEKCTe CeliCMUYeCKOi aKTUBHOCTH

buonmnaukanus B MOCIHEAHHE TOJBI
CTaHOBUTCS BCE Oonee AKTyaJIbHBIM
HarpaBJICHUEM B ceficMrYecKoM
nporHozupoBanuu. OcoOblii  MHTEpec OHa
MPEJCTABIISET Onmaromaps CBOEH
MEKTU CLIUTLITMHAPHOM npupoe,
oObeuHsIOmE  OMoJoTHI0, TeopU3nKy |
TEXHOJIOTHH 00paboTku naHHBIX. OJHUM U3
KITFOUEBBIX apryMEHTOB B MOJIB3Y
OMOMHIMKALMK  SBISETCS  HaJIMYMe  Kak
HCTOPUYECKUX CBUJICTEIIBCTB, TaK "
COBPEMEHHBIX AMIUPUYECKIX JAHHBIX,
MOITBEPKAAIOII X YyBCTBUTEIBHOCTD
KHUBOTHBIX K MPEACEHCMUYECKUM H3MEHEHHUSIM
B oKpyxarouiei cpeze. [14] B uucne nauboiee
M3BECTHBIX IPUMEPOB  MOXHO  OTMETUTH
ciydaid, mpousomenumii B Xausne (Kurait) B
1975 romy, Kkorma wmaccoBOoe OECIOKOWHOe
MOBE/ICHNWE  JKMBOTHBIX, 3a(MKCHPOBAHHOE
MECTHBIMU JKUTEJSIMUA, TIO3BOJMJIO BIACTIM
BBIMTYCTUTH IpEeAYNpEXICHUE 0
HaJIBUTAIOIIEMC ST 3eMIIETPSICEHHH. Ot1o
pellieHre CIacio MHOXECTBO KHM3HEH M CTajo
OCHOBOM JUIsl JNAIbHEMIIMX WCCIEHOBAHUN B
0o0sacTi  OMOJIOTUYECKOTO TPOTHO3UPOBAHHS.
[18]

denomen YyBCTBUTEILHOCTH
KUBOTHBIX K Te0(QU3NYECKUM H3MEHEHUIM
OOBSCHSCTCS PSIIOM TEOPETHUECKUX MOJIENEH.
CunTaercs,  4TO  JKMBOTHBIE  CIIOCOOHBI
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yAaBIMBaTh  CUTHAJbI,  MPEALIECTBYIOIIE
celiCMMYEeCKUM  COOBITHSIM,  TakMe  Kak
MUKpOcelicMUYecKrue KouebaHus, N3MEHEHUs B
AJIEKTPOMAarHuTHOM (JOoHE, BBIOPOCH Ta3a,
uH(pa3ByKoBble  BOJHBI U KojeOaHHs
XUMHUUYECKOTO COCTaBa OKPYXKAloIleH Cpepbl.
[15; 24] Marunutopenenims — CHOCOOHOCTb
BOCIIPUHUMATh U3MEHEHUSI B MAarHUTHOM I10JIE
3emsin  — paccMaTpuBaeTCs KaK OIUH U3
OCHOBHBIX MeXaHu3MOB. [Ituilel, Mopckue
gyepenaxu, akKyiabl U OCOOCHHO pBIOBI, Kak
ormevyator  Kawaxumze wu gp.  (2021),
UCIIOJIB3YIOT 3Ty CIIOCOOHOCTH ISl HABUTAIIUH,
U Jo0ble HaApyIICHWST B MarHUTHOM (JOHE
MOTYT BBI3BaTh JE30pPHEHTAIMIO0, CTpecc U
noBe/IcHYeCKUe aHomanuu. [11]

OOounsTenpHas u XUMUYECKAS
YYBCTBUTEIBHOCTh — €U OJUH BaKHBIN
daxrop. Panom, paauOaKTUBHBIN ras,
BBIACIISIIOUMICA M3 3€MHOW  KOPBI  TpH
HapacTallieM TEKTOHUYECKOM HampsHKEeHUH,
MOXXET IOMaJaTh B BO3IyX M BOAHYIO Cpeny.
[loBpIIeHHAasT ~ KOHLEHTpAlMs  pajoHa ©
COIMYTCTBYIOIM X Ta30B OKAa3bIBAET BIIMSIHHE Ha
00OHSTETbHBIE pEeLEenTOphI JKUBOTHBIX,
BBI3bIBAS Y HHX CTPECCOBBIC pPEAKIUU U
n3MeHeHue noseaeHus. [6] HexkoTopblie BubI

MPOSIBJIIIOT  0OCOOYI0  UYBCTBUTEIBHOCTh K
XAMUYECKHUM  (pIyKTyamusiM, TakuM  Kak
konebanuss ypoBHs PH u  comepkanme

pPacTBOPEHHOTO KUCIIOPO/Ia B BOJIE.

Oco00e BHUMaHWE B HAHHOW 00JacTH
UCCIICIOBAaHUIM  ynensercss BOJHOW  cpere,
MOCKOJIbKY I'e0 (DJM3UUECKUE CUTHAIIBI, 0COOCHHO
UHOQPa3BYK M  SJICKTPOMArHUTHBIC BOJIHBI,
pacrpoCTpaHsIOTCS B BOJE C MEHBIIMMHU
norepsiMu, 4eMm B arMmocgepe. IloBenenue pruio

B OTOM KOHTEKCTE€ MpEICTaBIseT COOOM
0COOEHHO  LIEHHBIH  WHAWUKATOp.  PHIOBI
HaxXoOTCSI B TIOCTOSHHOM  KOHTAakTe €

OKpYXKaloIllel BOJHOW Cpemoil U CIoCOOHBI
pearnpoBarb Ha MaJlCWIlME HW3MEHEHUS €€
(U3NYECKUX U XUMHYECKUX XapaKTEPUCTHK.
Habnronenuss u SKCrepUMEHTalbHBIE JaHHbBIC
MOKA3bIBAIOT, YTO PHIOBI IEMOHCTPUPYIOT TaKHE
IOBEJICHYCCKNE OTKIOHCHHS, KaK XaOTHUHOE
MJaBaHue, y4yalEHHas BOKaJIM3alusl,
CKaIlJMBaHHUE y MMOBEPXHOCTHU BOJIBI,



BEPTUKAJIbHBIE MUIPALlMU M JaXE MAacCOBBIE
IIEpEMEILIEHNs 33  MpEeJeibl  IPUBBIYHBIX
apeaios. [3; 22]

Hukomnomymoc u Ip. (2024)
NOMYEPKUBAIOT, YTO MOIOOHBIE TTOBEICHUYECKHE
OTKIOHEHUsT y pbIO  (UKCHpOBAIUCH B
pa3IUYHBIX peruoHax, MPEILIECTB ysi
3emiieTpsceHusM. B flnmonuu, Hanpumep,
HEOJHOKPAaTHO  HAOJI0Jaloch  IOSIBJICHUE
r1yOOKOBOJHBIX BUJOB, TAKMX KaK peMHeEphIOa,
B NpUOPEKHBIX BOAAX 3a HECKOJIBKO AHEH 110

KPYIHBIX MOABOJHBIX ToOM4koB [18]. OTm
cirydau HOATBEPKAAIOT TUIIOTE3Y 0
CrocoOHOCTH pBIO pearupoBatb Ha

npeiceiicMuYIecKre reo Pr3nIecKkne H3MEHCHU S
U TEM CaMbIM CIIY)KHUTh OKHMBBIMH CEHCOpaMM)
onacHoctu. JI’Aneccanapo wu ap. (2020)
OTMEYalOT, YTO BHIOPOCHI pPajOHA U JIPYIUX
ra3oB B BOJHOW cpele MOIYT HE TOJBbKO
BBI3BIBATH (DM3HOJIOTUUECKAN JUCKOM(OPT y
pbib, HO ¥ TMPHUBOJUTH K H3MEHEHHIO HX
MOBEJICHHUS — BIUIOTh 10 HMOKUIAHUS MECT C
BBICOKUM YPOBHEM KOHIICHTpAIIMH ra3a. [5]
TeXHUUYECKHI MPOTrpece MOCIETHUX JIET

3HAYUTEIBLHO pacumpun BO3MOXKHOCTH
MOHUTOPHHTA TOBEICHUYECKUX PEAKIUN pBhIO.
CucreMsl HaOIIOIEHM A, BKJIIOYAIOIIHE
TU/IPOAKYCTUUECKUE  CEHCOpPBI, MOABOIHBIC

BUJICOKAMEPHl W aKyCTHYECKUE MHUKPO POHBI,
MO3BOJISIIOT B PeaibHOM BpeMEHU (UKCHUPOBATH
JIBUKEHUS, 3BYKOBYIO aKTHBHOCTb U TIJIOTHOCTD
MOMYJSAIMA B ONpPENENEHHBIX  ydacTKax
Bojoéma. Kauaxumze u ap. (2021) ykasbiBaror,
YTO mo00HEIE METOBI IIO3BOJISIOT
3a(PUKCUPOBATh Jaxe HE3HAYUTEIbHbIE
W3MEHEHUS B TPACKTOPUSX JIBUKEHUS WU
9acTOTE 3BYKOBBIX CHTHAJIOB y PBIO, UTO paHee
ObIJI0 HEBO3MOXKHO C TakKoH CTENEHBI0
TouHOCTH. [11]

JlanpHEeWIIMIT aHAMM3 HJTHUX JIAHHBIX

TpeOyer UCIIOJIb30BaHHUS aJITOPUTMOB
MalllMHHOTO o0yueHwus, CIIOCOOHBIX
00pabaTbIBaTh oMiNiiiE MaCCHBBI
UH(POPMALIMU U BBLACIATh 3aKOHOMEPHOCTH,
yKa3blBalOIII1E Ha MpUOJIMIKAIOLIEeCs
semiierpsicenue. llamagonmynoc u gp. (2021)
MOAYEPKUBAIOT 3¢ PeKTUBHOCTD TaKUX

AJITOPUTMOB B MYJIBTUCCHCOPHBIX CHUCTEMAX
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MOHUTOPUHTA, IJI€ JAaHHbIE O MOBEICHUHU PbIO
UHTETPUPYIOTCS € reo(u3MUecKuMu U

XuMUueckumMu  napamerpamu. [19]  Taxoi
moaxo oOecreunBaeT Ooyiee  HAAEKHYIO
MPOTHOCTUYECKYIO ~ MOJENlb, MHUHHUMH3UPYET

BEPOSITHOCTh JIOXKHBIX TPEBOI M IOBBIIIAET
TOYHOCTh CHCTEM PAHHETO MPEIyNPEXKICHHUS.

Takum oOpa3om, noBeneHue pbeid B
YCIIOBHSIX CEHCMUYECKON AKTUBHOCTH
MPEACTABJISAET co0oif MEePCIEKTUBHOE
HallpaBJI€HUE B chepe  mpeackKazaHus
semietrpsicennii. OHO oOmamaeT  BBICOKOU
qyBCTBUTEIBHOCTBIO, OTPakKaeT W3MEHEHHUS B
peaibHOM BpEMEHU u noanaércs
00BEKTHUBHOMY MOHUTOPHUHTY. [Ipn
COOTBETCTBYIO LLIEM TEXHOJIOTHYECKOM
o0ecrie4yeHN U aHAIMTHYECKOM MOIJEpIKKE
TOT OMOMHAMKATOP MOXKET CTaTh BaKHOU
YacTbl0O MHTETPUPOBAHHBIX CHCTEM DPAHHETO
MPEAYNPEXICHUS B CEHCMOOITACHBIX PErMOHaX.

Posib HCKYCCTBEHHOI0 MHTEJJIEKTA H
MAIIMHHOI0 00y4YeHHUs!

PazButHe TEXHOJOIMH  MAIIMHHOIO
0oOydeHHs OTKPBUIO HOBBIE TOPU3OHTHI B
MPOrHO3UPOBAHUU 3eMIIETPSICEHU M.

CoBpemennsie Mojenu MU npumeHsTOTCS A5t
aHanM3a OONBIMX OOBEMOB CEHCMHUYECKUX,
OMOJIOTMYECKIX M Teo(PU3UUYECKHX JaHHBIX C
IEJTBIO BBISIBJICHHS CKPBITBIX 3aKOHOMEPHOCTEH .
[19; 20] MeTozap! T1y0OKOTO OOY4YEHHMs], TaKue
KaK HEHPOHHBIE CETH, 00ECIIEYNBAIOT BBHICOKYIO
TOYHOCTH B KJIaCCH (QUKAIMH M MHTEPIPETALH

CUTHAJIOB, OCOOEHHO B MYJIBTHCEHCOPHBIX
CUCTEMaX.

ANTOpUTMBI nn MO3BOJISIIOT
00BEIUHATD JAaHHbIE MOBEICHYECKOU

AKTUBHOCTH JKHBOTHBIX C H3MEPCHHSMU W3
CEMCMUYECKUX CTaHIUW, 4YTO OOeCrevYnBacT
KOMILUIEKCHBIH TIOJX0J K IPOTHO3UPOBAHHIO.
[16; 17] D10 0ocoOeHHO BaXXHO Il aHAIW3a
HECTAHJAPTHBIX MPEIBECTHUKOB, TaKUX Kak
MOBEJICHUE PbIO, Ille BAPUATUBHOCTh CHUTHAJIOB
TpeOyeT aganTUBHBIX MojCIei. [4]

CucTeMbl paHHETO MPEAYPSKACHUS HA
06aze MW wmoryr aHanu3upoBaTh JaHHbIE B
peaJbHOM BPEMEHH, BBISBIISII OTKIOHCHHS B
MOBEJICHUM PbIO W CBSA3BIBAS MX C TEKYIICH
reo usnyec Ko 00CTaHOBKOM. Takast



MHTErpaLus HOBBIIIIACT 3pdeKTUBHOCTD
IIPOTHO30B W MHHHMMH3UPYET  KOJIMYECTBO
JOXHBIX  cpabareiBanui. [1]  Ilpumepom
INPUMEHEHUS] TAKUX TEXHOJOTHH SBJISIOTCA
IPOEKThl 10 pa3BEPTHIBAHUIO IOJBOIHBIX
CTaHI[MIl MOHUTOPHHTA, BKIIOYAIOIMX JTaTYUKH
JIEKTPOMAarHUTHOTO  TOJs, TUAPOGOHBI U
XUMHYECKHE CCHCOPHI. [5]

Pernonanbubiii acnekr: Kplproizcran

IIpumenenne OMOJIOTUYECKIX
WHJIMKaTOPOB B KOHTEKCTE IPOTHO3UPOBAHUS
3eMJIETPSICEHU I B Keipreiscrane
NpPEJCTAaBIsACTCS  OCOOEHHO  aKTyaJIbHBIM.
Teppuropus pecnyOanKu ITOJBEPKEHA
BBICOKOM CEHCMHYECKOH aKTHBHOCTH, a €&
YHUKAJIbHBIE BOJHBIE 9KOCHCTEMBI

MPEIOCTABIISIIOT OJIarONpUsITHBIC YCIOBUS JUIS
MOHHUTOPHUHTA TTOBeeHUS pbI0. [12] Amantanms
MEXIyHAPOJHBIX METOJIMK K JOKAJIBbHOU cpele
Tpebyer yu€ra cneuuuuecKux YCIOBUU —
cocTaBa BOJI, SKOJIOTHMH BOJOEMOB U BUJIOBOTO
pasHooOpazust uxruogaynsl. HccnenoBanue
MOBE/ICHUS PHIO B TaKUX BOJOEMAX MOXET HE
TOJIBKO MOATBEPAUTh YHUBEPCATbHOCTh MOJIEIH
OMOMHIMKALIMK, HO M 3aJI0)KUTh OCHOBY IS
CO3MIaHMSI PETHOHAIBHBIX CHCTEM paHHEro

MPeaYIPEKICHHUSI.

MeToaosaorust

Jlu3aiin ncciie10BaHUA

HccnenoBanue MPOBOJUIOCH B
HCKYCCTBEHHO KOHTPOJIMPYEMBIX YCIOBHSAX C
HCIIOJIb30BAaHUEM AKCIIEPUMEHTAIILHOTO

mu3aiiHa. B Tpéx crtpaHax — KslIpreiscrane,
AOy-llabu wu Ilakucrame (is CpaBHCHUS
JAHHBIX 30H C IOBBIIIEHHOW CEMCMUYECKOU
aKTUBHOCTBIO)  —  OBIIM  YCTAHOBJICHBI
aKBapUyMHbIC YCTaHOBKH, oOcHamEHHbie HD-
KamMepaMu, HWH(QpaKpacHbIMH JaTYuKaMu U
CEHCOpaMHM KauecTBa BOJbl. B akBapuymax
COJICPKAINCh YYBCTBHUTEIBHBIE BHUIBI  PBIO
(30710TBIE  PBIOKM, JAaHUO-PEPHO U  KOM).
[ToBenenue (puKCHPOBANIOCH KPYITIOCYTOYHO H
CUHXPOHHM3UPOBAIOCH  C  PETHOHAJBHBIMU
ceiicMuyeckuMu J1aHHBIMU. Bce mapamerpsl
OKpY)KaloIeH cpefipl, BKIKOYAs TEMIIEpaTypy U
pH, moanepuBanuch Ha CTaOUILHOM YPOBHE.
JlanHble aHanmu3upoBanuch ¢ nomoupro HMU-
QITOPUTMOB U MOJIEIE MalMHHOTO OOy4EHUS
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JUISL BBISIBJICHHUSI MOBEIEHYECKUX OTKIOHEHUH,
MOTEHIIMANFHO CBS3aHHBIX C CEMCMHYECKOM
aktuBHOCTRIO. [18; 19] Taxkoit au3zaiin
MO3BOJMJI  BBIABUTH  KOPPEJSALUU  MEXKIY
MOBEICHUEM pbI0 H 3EeMIICTPSCECHUSMU B
W30JTMPOBAHHBIX YCIIOBUSIX.

Y4yacTHUKH HUCCJIe0BAHNSA

YyacTHUKaMU UCCIIeIOBAHUS
BBICTYIIUJIM TPU BUJA PBIO: 30JI0THIE PHIOKH,
JAHUO-PEPUO U KOU. DTH BUJIbI ObLIIM BHIOPAHBI
32 HX BBICOKYIO YYBCTBUTEIBHOCTH K
M3MEHEHMSM OKpyxkatoluel cpenbl. Bee ocobu
COJIEP>KAINCh B MCKYCCTBEHHBIX aKBapHyMmaXx C

KOHTPOJUPYEMBIMU YCIOBMSIMH,
o0ecIieunBaroImMMHu CTaOUIIBHOCTH VTS
¢uKcalu  OCTOBEPHBIX  MMOBEACHUYECKHUX
pEeaKuui.

Coop 1 00padoTKa JAHHBIX

JlaHnHble cOOMPATMCh C UCIIOIB30BAaHUEM
BHI€OKaMep BBICOKOH 4ETKOCTU u
MH(paKpaCHbIX JaTUYMUKOB, YCTAaHOBJEHHBIX B
aKBapuymax. HaGmonenue BEJIOCH
KpyIJIOCYTOYHO, duxcupys JIBUKCHUS,
CKOpOCTh, TIAYOMHY U TPYIIHUPOBKY PBHIO.
[loxazarenu xadectBa Boabl (PH, TeMmeparypa,
KUCJIOPOJ]) PErHCTPUPOBAIUCH OJHOBPEMEHHO.
CeiicMuueckue TaHHBIE TOCTYMaIN B peaTbHOM
BPEMEHM C  PETMOHAIBHBIX CTAaHUMH U
CUHXPOHM3UPOBAMCh €  MOBEACHUYECKUMU
HaOJIOCHUSIMU. O6paboTka JAHHBIX
OCYLIECTBJISUIACh C IOMOIIBIO  AJITOPUTMOB
MCKYyCCTBEHHOTO HHTEJUIEKTa, BBISBIISIONM X
OTKJIOHEHMS OT HOPMAJIbHOIO IIOBEACHHS.
ManmHHOe OOy4eHHE HCIOJb30BANIOCh  JUIS
aHanM3a KOppesuid MKy MOBEICHUYECKUMU
QHOMAJIMSIMU U CEHMCMUYECKUMHU COOBITHUSMH.
Jns MOBBIIICHUS HaJEKHOCTH ObLIH
MpUMEHEHbI (UITBTPHI IIYMOB U KaluOpOBKa MO
HKOJIOTMYECKUM TapaMeTpaM, HCKI0Yalo MM
HECEHCMNYECKHE NCTOUHUKU OTKIIOHEHUH.

IKCNepUMEHTATbHBIN MPOTOKOJI

OKCIIEpUMEHT IIPOBOJMJIICA B
KOHTPOJIUPYEMBIX AaKBapUyMHBIX YCTaHOBKaX,
pacCIONIOKEHHBIX B TPEX CTpaHaX C Pa3TUYHOM
celicMUYECKOU AKTUBHOCTBIO. Kaxnmas
YCTaHOBKa BKJTIIOYAJIA BHJICOKaMEpHl,
uH(ppaKpacHble CEHCOPbl U JATYMKM KauecTBa
BOAbl. PHIOBI HAX0AWMINCh B HM30JMPOBAHHOMN



cpene c IMOCTOSIHHBIMH YCIIOBHSIMH :
TeMIeparypa, pH u OCBEILIEHUE
MOJIIEP)KUBAITUCH CTa0MIIBHO. B Teuenue Bcero
nepuoja BEJIOCh KP yIJIOCyTOYHOE
BUJcoHAOMIOeHne. [loBeneHUecKue JaHHBIE
CI/IHXPOHI/I?,I/IpOBaJ'II/ICI) C pCFI/IOHaJ'H)HI)IMI/I
CCHCMUYECKUMH  COOBITHSIMH.  Perucrpanus
aKTUBHOCTH PBIO OXBaThbIBaja IapameTpbl
CKOPOCTH, KOOPJAUHAIIUY JIBUXKCHUU U TITyOHMHBI
maaBanus. Bee HaOmroneHMsT GUKCHPOBAINCH B
12-4yacoBoM OKHE [0 U MOCJE CEeHCMOCOOBITHI

JUISE  BBISBIICHUSI BO3MOXXHOW  KOPPEJISIIHH.
[lpoTokon  mpeaycMaTpuBan  UCKIIOUEHUE
BHEIIHUX  CTPECCOBBIX (hakTopoB JUTSt

MOBBIIIEHUS IOCTOBEPHOCTHU PE3YIIbTATOB.

AHAJIN3 JAaHHBIX

s 00paboTku COOpaHHBIX
MOBEAECHYECKUX U Teo(PU3NYECKUX JaHHBIX
UCIOJIB30BAIUCh  QTOPUTMBI  MAIIMHHOIO
oOydeHHsl, BKIOYas HEUPOHHbIE CETH U
JIepeBbs pellieHuil. AHAIN3 MO3BOJIMII BBISIBUTh
YCTOHYHMBBIE MOBEACHYECKUE MAaTTEpPHbI pPBIO,
MIPE/IIIECTB YIO I e 3eMJIETPSICEHUSIM.
PerpeccuoHHBIE M KOPPENALMOHHBIE METOIbI
NPUMEHSJINCh ISl OLIEHKU CTaTUCTUYECKOU
3HAYMMOCTH CBSI3e MEXIy IOBEICHHEM U

CECMUYECKOU AKTUBHOCTBIO. Mopenu
MPOXOIAIIN BaJIMIAII MO Ha OCHOBEC
UCTOPUYECKUX  JAaHHBIX, 4YTO  TOBBICHJIO
JIOCTOBEPHOCTb MPOTHO3A.
KiaroueBble HA0JI101€ HUS
HccrnenoBanne BBISBHIIO, YTO PBIOBI

JEMOHCTPUPYIOT aHOMAJIbHOE TOBEJCHUE —
Xa0TUYHOE TUJIAaBAHHWE, U3MEHCHHE TITyOWHBI U
MacCOBBIC MUTPAIIMU — TIEpe]] CeHCMUYCCKIMHU
COOBITHSIMH. OTH TIOBEJCHYECKHE MAaTTEPHBI
KOppEIHPOBAIH c reo pu3nYec KuMu
AHOMAJIMSIMU, TAKUMH KaK 3JICKTPOMarHUTHBIC
dykTyariuu ¥ BBIOpOCHl pajoHa. Mojenu

MaIMHHOTO oOyueHust YCIIEIIHO
K1accu QUIIPOBATU JaHHbIE, MO3BOJISIS
NpCACKa3aTb 3CMIICTPACCHUA C MHOBBIMICHHOM
TOYHOCThIO.  HalmioneHust  MOATBEPKIAIOT
MOTeHIMANl pbI0O Kak OWOWHAWKATOPOB U
000CHOBBIBAIOT HEOOXOIMMOCTh ux
WHTErpanuu B CUCTEMBI paHHEro
MPEeAYNPEKICHUS.

Pesyabrarsl
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Pesynbrarsl MPOBEAEHHOIO
MOHHUTOpPUHIA TOATBEP)KIAIOT TUIIOTE3Y O
BBICOKOH YYBCTBUTEIBHOCTH pBIO K
MpeACECMUYECKUM U3MEHEHUSM

OKpYXKaIOIIeH cpenbl U OOOCHOBAHHOCTH HUX
UCIIONIb30BAHMSI B KAa4eCTBE OMOIOTMYECKUX
WHAMKATOPOB 3emiieTpsiceHuii. Ha mpoTspkeHnn
HaOIOACHU M B pa3HbIX pernoHax — AOy-/labu,
Keiprerscrane, Ilakucrane wm Kaszaxcrane -—
ObLITH 3a(pUKCHpPOBaHBI  MOBTOPSIOLIMECS
MOBE/ICHUECKUE MaTTepPHbI y pBIO,
MPE/IIIECTB YIOIIME CEHCMUYECKUM COOBITHSM
marHuTynoi or 4,2 ngo 4,8. Haubonee
XapaKTepPHBIMU aHOMAIMSIMU CTAIN XaOTHYHOE
IUTaBaHWe, Kiactepusanus  (CKOIUIeHHe y
CTEGHOK  pe3epByapa), a TaKKe pe3Kue
U3MEHEHHSI B TIIyOMHE HAaXOXACHUS PbIO. DT
peakuuy HaONIOATNCh MPEHMYIIECTBEHHO 3a
12 uacoB [0 Hayajga 3aperMCTPUPOBAHHBIX

3eMJIETPSICEHUM, YTO yKa3blBaeT Ha MX
MOTEH LM AIBHYIO IIPOrHOCTUYECKYIO
3HAaYUMOCTB.

IloBenenueckue W3MEHEHUS
COIIPOBOX/IAJIHUCH YCTOHYMBBIMU

(M3MOJIOTHYECKUMU PEAaKUUSIMU, OCOOCHHO Yy
BUJa KOW, BKIIOYas YdJali€éHHOE >kabepHoe
IbIXaHWE€ M W3MEHEHHE OKpaca KOXH, UTO
TalOKe MOJXET yKa3blBaTh Ha BHYTPEHHUMU
CTpecc B OTBET Ha reo(u3UUECKUE CTUMYIIBI.
Otn CUTHAJIBI CIIO’KHO MOIAI0TCS
KOJIMYECTBEHHOW  (MKCAllMM, OJHAKO HX
MOBTOPSIEMOCTh  JIedaeT  UX  LEHHBIMU
JIOTIOJIHEHU MU K MOJIEJISIM IIPOTHO3UPOBAHMSL.

CpaBHUTEIBHBIN aHaIN3 MEXIY
pa3HbIMH pErMOHaMH I0Ka3ajl, YTO HECMOTps
Ha Fe0JIOTUYECKUE U KITMMAaTUYECKUue pazInyusi,
MOBE/ICHUE pBhIO JIEMOHCTPHPOBAIO CXOXKHE
OTKJIOHEHUSI. B YaCTHOCTH, Ha
MOHUTOPUHTOBBIX CTaHIUsAX B KbIpreiscrane
HEYCTOMYMBOE IIJIaBaHWE W CKOIUJICHHS PBIO
obutn 3adukcupoBanbl 3a 01 wacoB 09 MuHyT
JI0 3eMJIETPSICEHHS] MarHUTyA0M 4,2, Toraa Kak
B  AOy-/labu  aHajoruyHOE  TIOBEJCHHUE
Ha0II01a10Ch nepen 3eMJIETPSICCHIEM
marHutyaod 4,3 u 3a 03 yaca 29 MuHyT 110
TOMYKOB (Tabn. 1). DT moBTOpSIONMECS
3aKOHOMEPHOCTH B PA3IMYHBIX HPUPOAHBIX
YCIIOBUSAX YKa3bIBAlOT HAa TO, 4YTO pPBIOBI



pearupyroT Ha oOUmMid (akTOp OKpyXKaroIlei
cpensl,

NPEAIIECTBYIOIIMHA  CEHMCMUYECKOU

AKTUBHOCTH.

Tadauna 1. Pe3yabTaTsl Ha0a101eHUs 32 ppl0aMu

Hara (UTC) ODnuuentp Marautyaa Bpems OOHapyy:Ke HHOe
3eMJIe Tpsice HUsl o0HApYy:KeHUSs JABHKEHHE PbIO
pe1oaMu

05-OkT1-2024 Aby [labu 4,30 3:29:26 YmepenHas
AKTUBHOCTh

04-OxT1-2024 [Maxucran 4,80 55719 BrIcokass akTHBHOCTH

03-OxkT-2024 Kupruscran 4,20 1:09:15 Hu3skast aktTuBHOCTD

01-Oxr-2024 Kazaxcran 4,50 11:49:05 YmepeHHast
AKTUBHOCTh

01-OkT1-2024 Aby [labu 4,60 4:14:25 BrIcokast akTHBHOCTH

Monenu MaIMHHOIO oOyueHwUs, JaHHBIM Tal0J. 2, mpH ydacTuu TPEX phIO U

MPUMEHEHHBIE B MCCJEIOBAHUM, IO3BOJIMIN
BBIIBUTH yYCTOWYMBBIE 3aKOHOMEPHOCTH B
MOBEICHUH pPbI0 W 3HAYUTEIBHO CHHU3UTH
BJMSHME  BHEmHero  myma. Mcnosb3ys
KOMILIEKCHbIE ~ JlaHHbIE —  BHUJCO3AIIHCH,
napameTpbl BO/IBI u CEMCMUYECKYIO
uHpopmanuo,  amroputmel MM TouHOo
K1accu QUIIPOBATIU TOBe/ICHUE Kak

HOpMallbHOEe J0O aHomaibHOe. Tak, 1o

BBICOKOM YPOBHC UX aKTUBHOCTHU, BCPOATHOCTDH

3EMIICTPACCHUA
COOTBETCTBOBAJIO

JOoCTUTAIA 6,5%,
pEKOMEH JaIUsIM

qTo
oo

BO3MOXKHOMY 3aITyCKy IPOTOKOJIOB JBAKyallHH.
B npyrom cirydae, mpu JIBYX aKTUBHBIX 0COOSIX
U MEHEE BBIPAKEHHBIX PEAKIUSIX, BEPOSTHOCTh
cocraBisuia 12,8%, yka3piBas Ha BO3MOXKHBIE
OIIyTUMBIC TOJYKU B OJHM3JICKAIIMX palioHaX.

Tabauna 2. AKTUBHOCTDH PbI0 MO/ BJMSIHHEM ceilicMUYeCKO AKTHBHOCTH
BepositHOCTH

KoanuecTBo

l[Ol'IO.]'IHI/ITe.]II)HI)Ie

Bo3Mo:kHBbIE BO3€eiicTBUS

pbI0 3eMJIe TPsICe HHUSI, NpUMe YaHHS
2 1,3 Bo3mokHBI HesnaunrtenpHble HapylIeHUS
HE3HAYUTEIBHBIE TOTYKH. B MECTHOH MH(PACTPYKTYpE.
3 5 3HAYUTENHLHOE ABUKCHHE, B03MOXXHBI CTPYKTYpHBIC
YMEPEHHBIN PHUCK. MOBPEXKJICHUS B pallOHaX.
1 0,2 HopmanbHoe criokoitHoe 3HAYUTENHHBIX BO3ACHCTBUM
COCTOSIHHE. HE 0JKUJIAeTCsl.
2 12,8 IloBEIIIECHHOE NTBHKEHUE, He3naunTenbHbBIE TOTYKH
HE3HAYUTEIIbHBIN PHCK. OIIYIIAIOTCSI B MPHJICTAIOIIX
panoHax.
3 6,5 Beicokuii puck Bo3MOKHBIE TPOTOKOJTBI
3HAYUTEITBHOTO 9BaKyallu¥ WK 0€30MacHOCTH.
3eMJICTPSICCHUSI.

Craructuyeckass MpoBEpKa IOKa3zaia,
410 B 68% 31130710B HAOII0AATI0Ch U3MEHEHUE
MpeanoyYTeHui no riayoune, B 42% — ycuieHue

KJIaCTepHOro moBeneHus, a B 35% — olmiee
MOBBIMICHHE MMOJIBUXKHOCTH PBIO 32 12 wacoB 10

CEUCMUYECKUX
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COOBITHII. DTH mNOKa3aTeau




JerM B OCHOBY IIPOTHO3HBIX MOJENEH,
JI€MOHCTPUPOBABILMX MTOBBILICHHE TOYHOCTH Ha
10-15% mo cpaBHEHHWIO C TpPaJUIMOHHBIMH
reo puzndeckumMu MetogaMu. OCoOEHHO BaXKHO,
yro MU-cucremsl (QukcupoBan Aaxe ciadble
CUTHAJIBI, MPEAIICCTBYIOIME 3EMIICTPSICEHUSIM,
YTO JIeJIaeT MX LEHHBIM HMHCTPYMEHTOM MJIst
PaHHETO OIMOBEIICHHUS.

KiroueBbIM IpenMyIIeCTBOM MOJEIIEH
Ha OCHOBE MCKycCTBeHHOro muremiekra (M)
SBIISICTCS. UX CIIOCOOHOCTh K JUHAMHYECKOH
alanTaluy ¥ yTOYHEHHUIO POTHO30B B PEXKHME
pearpbHOro  BpeMeHH. B ommume ot

TPAJUIMOHHBIX IIOJXOJIOB,
(1 KCHpOBaHHBIX CTaTUCTUYECKUX
3aKOHOMEPHOCTSX u TpeOyro M X
HNEePUOANYECKON IMepeKannOpOBKU, alropUTMBbI
MallMHHOTO oOyueHus o0yanaroT
CIIOCOOHOCTBIO K caMOo00y4EeHUIO u
aBTOMATHYECKON HACTpOIke B 3aBUCHUMOCTH OT
NOCTYyHNAIOIMX  JaHHBIX. OTO  IO3BOJIIET
YIUTBIBaTh  PETMOHAIBHBIE  OCOOCHHOCTH
celiCMUYEeCcKOi aKTHBHOCTH, BapbUpYIOIMECS
MarHuTyIbl ¥ BPEMEHHBIC XapaKTePUCTHKH
MPEIBECTHUKOB, UYTO JIEMOHCTPUPYETCS HA PHUC.
lu?2.

OCHOBAHHBIX Ha

Earthquake Probability vs Magnitude

5,00
o}

4,00

3,00

Magnitude

2,00

1,00

0,00

6

Probabability (%)

Puc. 1. Koppeasinyisi TOUHOCTH MPOTHO3a ¢ AMILTUTY/I0M celicMUYeCKUX KoJ1e0anmii
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Earthquake Probability vs Time Detection

10

Earthquake Probability (%)

o 4

2:00:00 4:00:00

6:00:00
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Puc. 2. IlporHocTHYecKasi HaJ€KHOCTh B 3aBUCMMOCTH OT BpeMeHHOT0 HHTepBaJjia
10 ceICMHUY€eCKOIo COOBITHS

HNurterpanus
WHIUKATOPOB,

MIOBEJIEHYECKUX
TaKHX KaKk pEakmuu prIo,
3HAYUTENBHO pacCHMpseT MPOTHOCTUYECKHE
BO3MO>XHOCTHU NU-monenei. Ananus
CTaTMCTUYECKUX JaHHBbIX, BKIIOYasl JaHHbIE U3
Tabj. 2, moKasajl, 4YTo HAJIMYHE ONpeeEHHbBIX
MIOBEJEHYECKUX MIaTTEPHOB (Hampumep,
XaOTUYHOIO IUJIaBaHUSI WJIM  CKOIUIGHHS Yy
IIOBEPXHOCTH) CONPOBOXKIAETCSI MOBBIILIEHUEM
BEPOSATHOCTH CEHCMHUYECKOTO COOBITUS — MO
12,8% mpu BBICOKOW aKTUBHOCTU JABYX OCOOEi
u 10 6,5% mnpu aktuBHOCTH TpEX pbid. B
MPOTHUBOIOJIO)KHOCTE  3TOMY, CIIOKOMHOE
MOBEJCHUE OJHOM  pPBIOBI B YCIOBHSX
CTaOMJIBHOM Cpenbl COMPOBOXKAAIOCH KpaiiHe
HHU3KOM BEpOSTHOCTHIO 3eMieTpsicenus (0,2%).

O0cyxneHue

PesynbraTsl
M CCIIEeIOBaHUS

IIPOBEAEHHOIO
MOATBEPKAAIOT  BBICOKYIO
IIPOTHOCTUYECKYIO LIEHHOCTh Mozenen
ucKkycctBeHHoro  uHtesmnekra (MW) npm
MHTETpalliy TOBEIEHUYECKUX JaHHBIX pbHIO B
KOHTEKCTE CEeiICMUYECKOTO MOHUTOpHHTA. [1; 4;
19] CpaBuutensubii ananu3 MN-nporuo3os c

daxTuuecku 3aperucTpUpPOBAHHBIMU
3eMJICTPSICCHUSMU 32 MOJIyTOJAOBOM MEepuoa
IoKa3ajl, YTO BKIIOUEHUE OHOJIOTUYECKU X
MHJIMKaTOPOB MI03BOJISIET CYIIECTBEHHO
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MOBBICUTh YYBCTBUTEIBHOCTh U
CHCTEeMBI PaHHETO omoBeleHus. [1; 3]

OOmiass TOYHOCTH MOJEIM COCTaBHIIA
85% mnpu pabore B 12-yacoBOM BPEMEHHOM
OKHe, 4yTo Ha 15% BbIlIE IO CpPaBHEHHUIO C
pe3ylnbTaTaMu, JIEMOH CTPUPYEMBIMHU
TPAIUIIHOHHBIMU T€O(PU3NYECKUMUA METOIaMH.
[7; 13] OcobeHHO BaXXHO, YTO JOJS MCTHHHO
MOJIOKUTENBHBIX TTpeAcKa3anuil qocturia 89%,
npu 3ToM monHoTa mozenu (recall) cocraBumia
78%. DOTo oO3HaA4aer, 4YTO HECMOTpsA Ha
BBICOKYIO  CIIOCOOHOCTHh K  OOHapyKEHHUIO
CEHCMHUYECKON AaKTMBHOCTH, HEKOTOpas 4acThb
3eMJIETPSICCHU I ocTaBaJiach HE
3a(MKCUPOBAHHON — MPEUMYIIIECTBEHHO HM3-3a
cnaboit  (OPIIOKOBOM  aKTUBHOCTH  WJIH
HEJIOCTAaTOYHO BBIPAKEHHBIX IOBEACHUYECKUX
otrkioHeHui. [18; 11] [logoOuble orpaHnuyeHus
TpeOYIOT AalbHEWIIed afanTaliu MOJAETH, B
TOM 4YHCIe T[epecMoTpa  MOBEIECHYECKUX
MOPOTOB U PaCHIMpPEeHUs 00yqaro el BHIOOPKH.
[4; 17]

WuTerpaniusi JaHHBIX O TOBEJICHUU PBIO
C  aIropuTMamMH  MAIIMHHOTO  OOydeHUs
no3posmyia  cucteme  UU s ddexruBHO
pPETUCTPUPOBATH  HE  TOJBKO  AHOMAIUH
JIBYOKCHHS (HampuMep, KIaCTepU3alui0 HIIN
XaOTUYHOE TIJIaBaHWE), HO U TIIYOMHHBIC
noseneHueckue TpeHanl. [3; 11; 19] Ilpumepst

TOYHOCTb



YCHELIHOTO IpeJCKa3aHusl 3eMIIETPSACEHUH B
Keipreiscrane (marautyna 4,8) u A0y-/labu
(marutyna 4,3) JOEMOHCTPUPYIOT,  UTO
U3MEHEHUEe MOJeNel IOBEICHUs pPbI0 MOXKET
BBICTYIIaTh B Ka4eCTBE HAI&KHOTO NHIUKATOPA,
0CO0EHHO B YCIIOBHUSIX HEJI0CTaTKa
TPaAUIIHOHHBIX CCHCMOMaHHBIX. [12; 18]

Tem He MeHee Hcce0BaHNE BBISBHIIO U
psan  orpanudeHuil. OCHOBHOW mnpobIemMoin
CTaJIM JIOXKHbIE cpabaTbIBAHUS — ClTydau, KOTAa
MO/JIeTh dukcupoBaa aHOMAJTNH, HE
CBSI3aHHBIE C CEUCMUYECKOW aKTHBHOCTBIO.
[TpyurHaMM TaKMX OIMOOK SBJISUTMCH BHELITHUE
JKOJIOTUYECKUE (aKTOpBHI: U3MEHEHHUS
TeMIlepaTypsl BOJbl, ILIYMOBble BHUOpaluu Hu
KoJjie0aHusl YpOBHSI PAaCTBOPEHHOTO KUCIOPOJIA.
[6; 9] Kpome toro, Obuta 3adukcupoBaHa
€CTECTBEHHasi U3MEHYHUBOCTh MOBEINEHMS DBbIO,

BBI3BaHHAS HE CEeNCMUYECKUMH, a
OMOJIOTHYECKUMU U MOBEICHYECKUMU
NpUYMHAMK  (HalpuMep, KOpMJICHUE WIU

B3aMMO/ICHCTBUE MEX Ty 0co0siMu). [3; 11] Do
MOAYEPKUBACT HEOOXOIUMOCTh O0JIee CIOKHOU
CUCTEMBI (PUIIBTpAIIUU, CIIOCOOHON pa3iuyarh

ceficMu4ecKu 00yCIIOBIICHHBIE u
Hecelicmuueckue anoManuu. [4; 20]
[IponymeHnHbIe COOBITHA

(JIO)KHOOTPHULIATENFHBIC) TAKKE IMPEJICTABIISIOT
BOXHYIO 00JacTh IUIS YAY4IIeHHs Mojnenu. B
psne ciaydaeB 3€MIIETPSICEHUS] HE BBI3bIBAIU
JIOCTAaTOYHBIX MOBEICHYECKUX OTKIOHEHUH,
0COOEHHO €CJIH pedb IuTa O TI1YO00KOHOKYCHBIX
TOIYKAX HUIM O COOBITHSX C  HU3KOH
MarHutynou. [5; 22] Kpome toro, pasnuuus B
YYBCTBUTEIBHOCTH  BHJOB pPbhIO  BHOCHIIHU
JIOTIOJIHUTEIBHYIO BapUATUBHOCTh B
pe3yAbTATHI. Hampuwmep, KapIIbl KOHU
JIEMOHCTPUPOBAIIU BhIPKEHHBIE PEAKI[UU, B TO
BpeMsi KaK 30JI0ThIE PHIOKM dYallle COXpaHsIIH
CTaOMJIPHOE TOBEJCHUE JaXe B YCIOBHUSX
HaJBUTAIOIIENCI CEUCMUYECKON AaKTUBHOCTH.
[11; 18]

HecmoTps Ha yka3aHHbIE OrpaHUYEHUS,
npeactaBieHHas wmonens WM mokasana
3HAQUUTENIbHBIA TOTEHIMAl KaK HMHCTPYMEHT
POrHO3UpOBaHus 3emierpscenuii. [1; 4; 19]
OcobenHo LIEHHO TO, 4TO eé
MacIrabupyeMOCTh W CPaBHUTEIBHO HU3KHE
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3aTpaTbl HA BHEAPCHUC ACTIAIOT TaKUC PCIICHUSA
AOCTYIIHBIMH [UJId PETUOHOB C OrpaHH‘lCHHOﬁ

UHPPACTP yKTYPOIl. [12; 16]  PazButme
AITOPUTMOB, pacumpenue CIeKTpa
MOBEICHYECKUX  MHIUKATOPOB ®  Ooiee
IMpOKass  WHTErpalus  MYJIbTUMOAAIBHBIX
JaHHBIX MOTryT em€ OoNblie MOBBICUTH
TOYHOCTh M HAAEKHOCTh IMOJOOHBIX CHUCTEM,
Croco0CTBYs (hopMHUpOBaHHIO HOBOM
napagurMbl B celicMrYecKoM
nporHosupoBanuu. [1; 16; 20]

BreiBOALI

IIpoBenénnoe UCCIIEIOBAHUE
MOATBEPANIO BBICOKH I MOTEHIAI
M CIIOJIb30BaHUS pBIO B KauecTBe
OMOJIOTHYECKIX WHIUKaTOPOB

MPEICEHCMUYECKON aKTUBHOCTH, OCOOCHHO B
YCIOBUSIX BOJHBIX 3KocucteM Keipreiscrana.
[lonyueHHble pe3ynbTaThl CBUIAETEIBCTBYIOT O

HaJINn4un CTaOMILHBIX TIOBCACHYCCKHUX
MMaTTCPHOB, IIPOABJIAOIIU XC A nepea
3CMIICTPACCHUSAMHU, TaKUX KaK XdO0THUYHOC
IJ1aBaHue, Ki1acTepusanus, NU3MCHCHUC

yOMHBI M yJalmEHHOE >KabepHOe MbIXaHHeE.
Otu peaknuu, 3adUKCUpOBaHHBIE 3a 12 yacos
hi (6] cericMocoObITHH, JEMOHCTPHUPYIOT
MPOTHOCTUYECKYIO 3HAUUMOCTh M OTKPBHIBAIOT
HOBBIE  BO3MOXHOCTH  JUII  TMOCTPOSHUS
HaJEKHBIX CHCTEM PAHHETO MPEAYIIPEKICHHSL.
WuTerpanus OMOWHINKATOPHBIX
JAHHBIX C Te0(PU3NYECKUMH HAOIIOICHUSIMU U
MpUMEHEHHEM AITOPUTMOB MaIMHHOTO
00y4eHHS MO3BOJSET CYIIECTBEHHO IMOBBICUTH
TOYHOCTH TPOTHO30B W MHUHHUMH3UPOBATH
KOJIMYECTBO JIOKHBIX TpeBor. CoBpeMEHHbIE
TEXHOJIOTUH, BKIIOYAs MOABOJHBIE CEHCOPHI U

BHUACOHAOIIOICHUE, o0ecrneunBaroT
OOBCKTHBHYIO  (DMKCAIMIO  TOBEICHYECKUX
peakuuii, a MYJIbTUCEHCOPHBIE  CHUCTEMBI

JACJIar0T BO3MOXHBIM KOMHHGKCHBIﬁ aHaJIn3
uHopManuu B peasbHOM BPEMEHH. OTO
0COOEHHO BAXKHO IS MIOBBIIIEH U
YCTOWYMBOCTH K TPHPOJHBIM KaracTtpodam B
CECMOOTIACHBIX PETHOHAX.

Ocoboe  3HaueHWEe B  KOHTEKCTE
KpIprei3cTana wWMeeT ajanTanus ITOJ00HBIX
MTOXOI0B K MECTHBIM YCIIOBUSIM :
pazHoOOpazue  UXTHO(QAaYHBI, XUMHUYECKUU



COCTaB BOJOEMOB M YPOBC€Hb aHTPOIIOT€HHOI'O HaﬂbHCﬁIHeFo Pa3sBHUTHUA METOJ0B

BO3JEHCTBUSA TpeOyroT pa3paboTKu OvomHaukauuu B cedicmonoruu.  OHO
cnenu@UYeckux Mojene MPOTrHO3UPOBAHUSL. JEMOHCTPUPYET HEO0OXOIMMOCTh pPaCIIMPEHUS
IIpumeHnenne TaKUX CUCTEM MOKET MacIIradoB HaOJI0ICHUH, ITOBBIICHUS
CIOocOOCTBOBATh HE TOJIBKO 3aIMTE HACENICHUs TOYHOCTH MoJienen u UHTETPaLUU
U UHQPACTPYKTypbl, HO H  pa3BUTHIO OMOJOTMYECKUX UHAUKATOPOB B HAIIMOHAJIbHbIE
MEXK I CLIUTUIMHAPHBIX Hay4YHBIX CHUCTEMBbl ~ MOHUTOPMHIA, UYTO  OCOOEHHO
UCCIICIOBAaHUM, OOBEIUHSIONMX OHOJIOTHIO, aKTyalbHO B YCIOBHUSX  BO3pacTaloLMX
reoU3uKy U TEXHOJOIMH HCKYCCTBEHHOTIO OPUPOJHBIX  PUCKOB U KIMMaTH4eCKOi
WHTEJUIEKTA. HECTaOMJIBHOCTH.
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KAJIIBIJIAHI'AH MACEJIEJIEPIU UIITEII YbIT'YY
YUYH KACAJIMA UHTEJUIEKTTH KOJIAOHYY
IMPUMEHEHHUE MCKYCCTBEHHOI'O MHTEJIJIEKTA
JJISA IOCTPOEHUA OBOBIIEHHBIX 3AJTAY
APPLYING ARTIFICIAL INTELLIGENCE TO DEVELOP PARAMETRIZED TASKS

Kbickaua wmyHe3neme: IlapamerpiieHreH (KallbplUIaHTaH) Maceselepan KOJJOHYY YYYH
aBTOPJIOPAYH KaThILIIYyCy MEHEH TY3YYUYJYK, YHUKAUIAYYIyK, TOJNYK KYINyIyylIyK »KaHa
KOHKPETTYYJIYK ~ NPUHLUMNTEPU  MINTEJWN  YbIKKAaH.  Makanajga — mapaMeTpieIuTHPUHIITeH
TanublpMalapAblH ap KaHJall TYpJIepyH HIITEN YbITYy YYYH jKacajiMa MHTEIUIEKITH KOJIJAOHYY
KapaJiaT, alap/blH MUMH/JE anreOpaiblK, TeOMETPUSIIBIK, (U3HKaIbIK Macesenep. ABTOpIIop TapaOblHaH
TAOUTBI THIJAEPAM KOMIIBIOTEpJE KO3 KapaHIbIChI3 TYPAe YarbULABIPYy CYHYIUTAITaH »KaHa
TYLIYHYKTOpJY MHTEPAaKTUBJIUK MacellelepAel 4arbUIIbIpYYHYH YCYJIAYTYH OHYKTYpPYY Kapajiras.
ABTOpJIOp K33 OMp 3T, 3aT aTO0Y, CHIH aT004Y CO3[6pPY YUYH MaTeMaTHUKAJbIK )kKaHa KOMIIBIOTEPIUK
MOJENAECPAN HINTEN YBITHIN, 3THUII CO3I6pY YUYYH >KaHbl KiIaccH(UKalMsIo0 cyHyurrarad. byn
MakajlaZia OLIOHJION 3Jie mapaMeTplIEHIeH Maceseiepay MINTEN YbITYy Y4YYH Kacajama MHTEJJIEKTTH
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KOJIZIOHYY KapajiaT. by KOMIBIOTEpUK YarbULABIPyYJIAp/bl aHJaH apbl OHYKTYPYY YYYH KaHa THIIAU
©316IUTYPYYZI® KOIAOHYIYIIY MYMKYH.

AnHoTauusi: JIng WCHOIB30BaHHS MapaMeTPU3UPOBAaHHBIX (0OOOIIECHHBIX) 3amady  ObLIH
pazpaboTaHbl C yJacTHEM aBTOPOB MNPUHUMIBI  (GOPMHPYEMOCTH, YHUKAJIBHOCTH, ITOJHOM
KOH (M ICHIIMAIbHOCTH M KOHKPETHOCTU. B cTarhe paccMaTpuBaeTcsi MPUMEHEHHUE HCKYCCTBEHHOTO
WHTEIJICKTA JUISI pa3paOOTKH pPa3NUYHBIX TUIIOB IapaMeTPU30BaHHBIX 3amad. K HUM oOTHOCATCS
anre6panqecme, TCOMECTPUYICCKUC, (bI/ISI/I‘IeCKI/Ie 3aJa4Yu. ABTOpBI MNpECAJIONKHUIN HE3aBUCUMOC
KOMITBIOTCPHOC MPCACTABJICHUC CCTCCTBCHHBIX SA3bIKOB U Pa3sBUJIM MCTOA MPCACTABJIICHUSA MHOHSTUH Kak
HHTCPAKTUBHBIX 3a4a4. Onn pa3pa60TaJH/1 MAaTEMATHYCCKHUEC U KOMIIBIOTCPHBIC MOACIN IJII HCKOTOPBIX
[J1aroJyioB, CymeCTBUTCIBHBIX U MPUJIATraTCIIbHBIX, IIPEAJIOKNUIIN HOBYIO KJ'IaCCI/I(I)I/IKaI_II/IIO riaaroioB. B
CTaTbC pacCMaTpuBaCTCA MPHUMCHCHUC HWCKYCCTBCHHOI'O HWHTCIUICKTA W JIA pa3pa60TK1/1 TaKux
mapaMeTpru30BaHHbIX 3aaa4. DT0 MOXET OBITh HCIIOJIL30BAHO JJIA I[aJIBHefIHIeFO Pa3BUTHUA TaKUX
KOMITBFOTCPHBIX HpeI[CTaBJ'IeHI/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. In the
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 ce3nep: ’xacaama WHTEIUIEKT, KAJIMbUIAHTAaH MAacele; KOMIIBIOTEPAE YarbUIABIPYY;
MaTE€MaTHUKAJIBIK MOJCIIb, KO3 KapaHIbIChI3 YaIblJIIABIPYY.

KuawueBble cj10Ba: HCKYCCTBEHHBIM MHTEIUIEKT, OOOOIIEHHAs 3ajada; KOMIIBIOTEpHOE
HpeJICTaBJ'IeHI/Ie; MaTeMaThudeCKasd MOO€JIb, HE3aBUCHUMOEC MMpCACTaBJICHUC.

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

1. Introduction We: Invent a parametrized task on
To use parametrized tasks, the following arithmetic
principles were developed with the authors’ chat.deepseek.com:  Task-1: Arithmetic
participation. Operations with Variables
Generativity: The task does not exist Description: ~ Solve  the  following
before the examination and is generated arithmetic expression by substituting the given
randomly (not only numerical data, content of a values for the variables. Perform the operations
task may vary too, but "of same difficulty step by step and provide the final result.
level"). Expression: Result=(axb)+(c+d)—e'
As a consequence, Uniqueness: all Parameters: a: A positive integer (e.g., 5,
participants are given different tasks, and 10, 15); b: -*- (e.9., 3, 7, 12);
confidentiality is guaranteed. c.-“(e.g., 20, 50, 100); d: -“-(e.g., 4, 5, 10); e:
(***) If it is possible, presentation of a -“-(e.9., 2,3,5); f:-“-(e.q., 2, 3, 4)
task in various forms: text, drawing, picture, Comments. Al tried to present all five
short  videoclip, sound (earphones are arithmetic operations; choosing ranges for
necessary). variables demonstrates that Al tried to make the
2. Arithmetical and algebraical task easer for the user; comparing ¢ and d
parametrized tasks demonstrates that Al tried to obtain an integer

answer but did not make it.
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We: Invent a task 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.

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 lIdea: 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, sayx=k, wherekis an
integer.

Construct the equation: Usex=kto
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=K.

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
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

both
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Forxto 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:
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:');

program

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
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:

Task-6: Given a regular polygon
with n sides (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.

exam



[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
TYHFUTYHFUTYFUTYHFU

chat.deepseek.com:
TYHFUTYHFUTYHFUTYHFU

Task-8: We: Correct
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 wuser 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

the pattern

the pattern
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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 developing 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 (M; N Fi = ?).

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

Mathematical models can also include
self-moving objects, sounds.

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 cowvering 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,
I would provide the apple as a food source to
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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,
notions are written with capital letters)

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

GIVE the APPLE|PEA|BANANA 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|BOOK|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:

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. NI
Command:

ENTER the courtyard THROUGH the
green ENTRANCE!

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

new




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.
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BPAUTBIH HUPPAJIBIK KOMIIETEHHUACBIHBIH KOMIIOHEHTTEPU
KOMIIOHEHTbBI IM®POBOU KOMIIETEHLIMN BPAYA
COMPONENTS OF DIGITAL COMPETENCE OF A DOCTOR

Kbickaya myHe3aeMe: Makanaga KOMIETECHIMS TYIIYHYTYHYH TEOPHSIIBIK HETH3AEPH sKaHa
Ounum Oepyy KOHTEKCTHHJIE aHbIH SBOJIOIHUACH KapaslaT, OMIOHI0N 3Jie KeJICUEKTEeTH JapbIrepiepaAnH
CaHapUNTHK KOMIIETEHTTYYJIYTYH KaJbIITaHABIPYY OOIOHYA YeT 3JAMK Taxpbliiba TangaHat. EBpona,
AKII >xana ABI/IHI[a KOJIAOHYJITAH CAHAPUIITHK KOMIICTCHTTYYJIYK MOZACIACPHUHC JKaHa aJlapAblH
MEIUITUHAJILIK OMJINM OepYyre BLIANBIKTAIITHIPBUIBIIIBEIHA 6310Ue KoHYI Oypynar. CallblmTepManyy
TaIA00 HETH3WHJAEC HETW3Td TEeHJACHIWsUIAp OOJYHYN YbITapbUIbII, MEIUIHMHAIBIK YKOTOPKY OKYY
KalIapblHbIH OMJIMM Oepyy MpOLECCHHE CAaHApUIITUK TEXHOJOTUSIAPAbl MHTErpalusioo OoroHYA
cynymrap Oepmier. Makamaga OIIOHJOW 3JI€ CAaHAPUINTUK KOMIIETEHTTYYJYKTYH KOHKPETTYY
KOMIIOHEHTTEPH, AIapbIH CYPOTTONYIIY JKaHa anapJbl KAPTU3YYHYH TapTHOM HETW3/160 MEHEH KOIIO
KCIITUPHUJITCH.

AHHOTaIIHﬂ: B crarne paccMaTpuBarOTCAd TCOPECTUUCCKHUEC OCHOBBI NOHATHUSA KOMIICTCHLIMH U
€ro J3BOJKOOHA B 06paSOBaTeJ'IBHOM KOHTCKCTC, a TaKKC aHAJIU3UPYCTCA 33py6€)KHBII71 OITBIT
dopmupoBanus U(POBOKH KOMIIETEHTHOCTH Oynyumx Bpadeir. Oco0oe BHUMaHUE YAEICHO MOJIEINSM
nU@PpoBON KOMIETEHTHOCTH, npuMeHsemMbiM B EBpome, CIHA wu A3um, m uX aganTtanuu K
MCIUTUHCKOMY 06p33013aH1/110. Ha ocuose CPAaBHUTCIIBHOI'O aHaJIM3a BBIJACJICHBI KIIFOYCBBIC TCHACHLIUN
U TIPEATIOKEHBl PEKOMEH/IAIUH JJIsl MHTETPAlUK U (PPOBBIX TEXHOJIOTHI B 00pa30BaTeNbHBIN MPOLIECC
MEIUIIMHCKAX BY30B. B craTrhe Takke TMpeACTaBICHbI KOHKPETHBIE KOMIIOHEHTHI HH(POBOM
KOMIICTCHTHOCTH, UX OIIMCAHHUC U 00ocHOBaHHUE HopsaKa X BKIIFOYCHU .

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
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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 ce3aep: caHapUNTHK KOMIIETEHTTYYJYK; MEIUIIMHAIBIK OMIMM Oepyy; 4YeT 3JIUK
TaXphIii0a; CaHAPUNTUK TEXHOJIOTUSIAp; KOMIETEHTTYYJIYKK® OarbITTajlraH MaMujie, CAHAPUIITHUK

KOMITETEHTTYYJIYKTYH KOMIOHEHTTEPH.

KuroueBsble cioBa: mgpoBas KOMIETEHTHOCTh, MEAMLIMHCKOE 0Opa3oBaHue; 3apyOeKHbBIN

ONBIT;  LU(POBHIE
KOMIIETEHTHOCTH.

TEXHOJIOTHUH,

KOMIETEHTHOCTHBIHI

MOJXO0M;  KOMIOHEHTHl  IU(PpPOBOIA

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

BBenenue. B YCIIOBUSX
CTPEMUTEIBHOTO pa3BUTHS 1 (poBBIX
TEXHOJIOTUM W HMX HUHTETPALMU B PA3IUYHBIC
chepsl KU3HHU, BKJIIOYAs MEIULINHY,

dopmupoBanue UHGPOBOKH KOMIIETEHTHOCTH
Oynynmx Bpadell CTAaHOBUTCA OJHOH U3
KIIOUYEBBIX 337lad COBPEMEHHOI0 O0pa30BaHMSL.
[MudpoBas KOMIIETEHTHOCTh, MOHUMaeMasi Kak

UHTETPATUBHOE  KayeCTBO, BKJIIOYAKO ILIEE
TEXHUYECKHE, KOTHUTHBHBIE,
KOMMYHUKAaTUBHBIE U JTHUYECKUE ACIEKTBI
UCIIONB30BaHMUS  IU(POBBIX  TEXHOJOTHIA,
BBIXOJUT 3a pamMKH TPaAUIIHOHHBIX

MPEJICTaBJICHUIA O KOMITBIOTEPHOW TPaMOTHOCTH
n HKT-xommerentHocTH. B manHOW craThe

NpcaAnpuHsiATa ITOITBITKA PacCcMOTpPETh
TCOPCTUYUCCKUC OCHOBBEI IIOHATHUA
KOMIICTCHIIUH, MpoaHaJIM3UPOBATh

3apyOeXHBI ONBIT GOpPMHUPOBAHUS ITH(HPOBOI
KOMIIETEHTHOCTH Bpadell, a TakkKe BBIICIUTh U

000CHOBATh KOHKPETHBIE KOMITOHEHTBI
u(ppOBOH KOMIETEHTHOCTH, KOTOPHIE MOTYT
OBITH I10JIE3HBI DI E; pa3paboTku

00pa30BaTeNbHbIX CTPATErHil B MEAUIMHCKHX
BY3aX.

Teopernyeckue OCHOBBI MOHATHA
KOMIIeTe HI[UH
[Ipexne yeM IepenTu K

paccMOTpeHHI0 IU(POBON  KOMIETEHTHOCTH,
HEOOXOJMMO OMpPENeIuTh 0a30BOE IOHATHE
KOMIIETEHIIHH, KOTOpOe SIBJIIETCS
(dbyHIaMeHTaIbHBIM I8 TOHUMaHHs Oosee
Y3KAX KaTeropuil, Takux Kak mudpoBas,
npodeccruoHambHas 150071 MEIUIIMHCKAS
KOMIIETEHTHOCTb. B HayyHOW JuTeparype
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IIOHATHUC KOMIICTCHII N TPAKTYCTCA
HEOJIHO3HAYHO, YTO OOYCJIOBJIEHO DPA3IUYUIMU
B MOJIX0JAaX M KOHTEKCTaX €ro MCHOJIb30BaHUsL.

OnmHuM U3 TEpBBIX HCCIEIOBATENCH,
KTO BBEJl MOHATHE KOMIETEHIMH B Hay4HBII

muckypc, Osum Hoam  Xomckuit  (Noam
Chomsky), xoropeiii B 1960-x  romax
UCIIONIb30Ball TEPMUH «KOMIIETEHLIUS TS
O CaHUS CIOCOOHOCTH YenoBeKa K
WCITOJIb30BAHUIO SI3bIKA B  COOTBETCTBHUH C
npaBuiaMud  rpammatuki. [1] OpHako B

KOHTEKCTE 00pa3oBaHMs M MPOQPecCHOHATBHON
MOJATOTOBKM ATO TIOHSTHE TMONY4HJIO Oolee
[IMPOKOE TOJIKOBAHHUE.

Jlxxon Pasen (John Raven) onpenensier
KOMIIETCHIINIO KaK COBOKYIHOCTb 3HaHWH,
HABBIKOB,  CIIOCOOHOCTEd W MOTHUBAIMH,
KOTOpBIE TO3BOJIIOT 4YeNoBeKy 3 (dekTuBHO
pelath 3a1a4d B ONpeAeiIeHHOW obactu. [7]
OH moAYepKUBaeT, 4YTO KOMIETCHLHS He
CBOJIUTCSl TOJBKO K TEOPETUUYECCKUM 3HAHUSIM,
HO BKJIIOYAET TakKe MPaKTHYECKUE YMEHUS U
JMYHOCTHBIE KaYeCTBA.

B OTEYECTBEHHOMU HayKe
3HAYUTENbHBIA BKIaJ B pPa3pabdOTKy TEOpUU
xomriereHui BHec A.B. Xyropckoi, KOTopbIit

paccMaTpuBaeT KOMITETCHITH IO KaK
MHTETPaTUBHOE KayecTBO JUYHOCTH,
BKJIIOYAIOIEEe 3HAHMS, YMEHUS, HAaBBIKH, a
TalKe  CIOCOOHOCTh NPUMEHSTh HX B
KOHKpeTHbIX cuTyanusx. [10] W.A. 3ummss
npeaaraeT Gornee JIETaIU3UPOBAHHOE
oIpe/esieH e, COITIaCHO KOTOpOMY
KOMIIETEHIIUSI — 3TO «CIIOCOOHOCTh YeNOBEKa
MOOMJIM30BAaTh B  ONPEACICHHOW CHUTYyalluu



IIOJIyYEHHBIE 3HAHUS, YMEHHUS M HAaBBIKH, a
TAKKE JIMYHOCTHBIE KAa4eCTBA ISl YCIEUIHOIO
penieHus mpodeCcCuOHATBHBIX WJIN JKM3HEHHBIX

zamay». [9] IlpencraBum B TaONMYHOM BHEC
CpPaBHEHHE  IOIXOAOB K  OINPEICICHUIO
KOMIIeTeHIMH (Tadu. 1).

Ta6auna 1. CpaBHeHHe NMOAX0/I0B K ONpe/ieie HUK) KOMIIe Te HUMHU

ABTOp Omnpegenenne Ocob0ennocTH
CriocoOHOCTH HCIOIB30BATH SI3bIK B AKIIEHT Ha INHTBUCTUYECKOU
Hoam Xomckuii | COOTBETCTBUU € IIPaBUJIAMU KOMIIETEHIINH.

I'paMMAaTHUKU.

J>xon PaBen

COBOKYITHOCTh 3HAHUM, HABBIKOB,
CIHOCOOHOCTEN U MOTHBAIUHA.

Brimroyaer npakTudeckue yMeHus U
JMYHOCTHBIE KaYeCTBA.

A.B. Xyropckoii
HAaBBIKU.

HNHTerpatuBHOE Ka4€CTBO JINYHOCTH,
BKIIFOYAOIIEE 3HAHUS, YMEHUS U

AKIIEHT Ha IPUMEHEHUH 3HaHUH B
KOHKPETHBIX CUTYallHUsX.

N.A. S3umusa

peleHus 3a1a4.

CriocoOHOCTH MOOMIIN30BATh 3HAHUS,
YMCHHS U JMYHOCTHBIC KAUueCTBa IS

BximrouaeT KOTHUTHUBHEIE,
SMOIIMOHAJIBHBIC U BOJICBBIC aCIICKTHI.

JBoJIOIUS NMOHATHS KOMIEeTe HIUA
B 00pa3oBaHUM

C pa3BUTHEM KOMIIETEHTHOCTHOTO
110/1X0/1a B o0pazoBaHUU TOHSTHE
KOMIIETEHIIMM CTal0 KIIYEBBIM 3JIEMEHTOM
00pa3oBaTeNbHBIX CTAHJAPTOB M IPOTPaMM.
Kax J[lemop (Jacques Delors) B mokmane
IOHECKO «O0bpa3oBanue: COKpBITOE
cokpoBuire» (1996) BeigenseT 4eThipe CTOJIA
00pa3oBaHUs: «YYUTHCS 3HATHhY», «YUUTHCS
JIENIaThy, «YYUTHCS KUTh BMECTE» U «yUUTHCA
ObITBY. [2] DTOT MOIXOA MOMYEPKUBACT, YTO
KOMITCTCHIINU JIOJDKHBI  (OPMHUPOBATHCS HE
TOJILKO B aKaJEMHYECKO#, HO U B COIMAJIbHOU
U JTUYHOCTHOM cdepax.

B pamkax bonoHckoro mpouecca
KOMIIETEHIIMM CTajJl paccMaTpuBaThCi Kak
pe3ynbpTar o0Opa3oBaHMus, 4TO HaIUIo
OTpaXkKeHUE B EBponeiickon paMke
kB karuii (EQF). A.I'. bepmyc oTmedaer,
4TO KOMITETEHIIU U B COBPEMEHHOM
00pa30BaHUU — 3TO «CIOCOOHOCTH MPUMEHSATH
3HAHMS, YMEHUS U JUYHOCTHBIE KayecTBa s
YCIIEHHON JEATEIIBHOCTH B ONPEACICHHOU
o0nacTn».

3apyOexHbIil  OmbIT  (POPMHUPOBAHUS
UPPOBON KOMIIETEHTHOCTH OyIylmMX Bpaden
SBJSICTCST  TVIOOANBHOM  3amadeid, KoTopas
aKTMBHO pEIAeTcsl B Pa3IUYHBIX cTpaHax. B
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EBpomneiickom CO103€e dopMupoBaHue
U(PPOBON KOMIICTEHTHOCTH B MEIUIIMHCKOM
o0pazoBaHNU O0azupyercss  Ha  MOJENH
DigComp,  paspaboranHoii  EBpomeiickoit
xkomuccueit. A. Ferrari m ero koieru
BBIJICNIAIOT ~ MATh  KIIOYEBBIX  oOnacTeit
U PPOBOI KOMIIETEHTHOCTH: MH (POpMaIlMOHHAS
IrpaMOTHOCTb, ~ KOMMYHMKallMsl,  CO3/IaHUE
KOHTEHTa, 0€30MacHOCTh U pelleHue MpooeM.
[3] B pamkax 3roif Momenu B EBPOIMECHCKHUX
MEIUIIMHCKAX BY3aX AaKTUBHO BHEAPSIOTCS
NporpaMMbl, HamlpaBJICHHbIE Ha pa3BUTHE
nudpoBbIX HaBBIKOB Yy cTyaeHTtoB. B CIIA
dopmupoBanue 1UPPOBON KOMIIETCHTHOCTH
Bpayeili TECHO CBsA3aHO C HMHTErpamuei
uckycctBeHHoro uHteiekra (M) u 6onpumx
JAHHBIX B MEIUIIMHCKOE oOpasoBanue. E. Topol
OTMEYaeT, UYTO aMEpPUKAHCKHE MEIULIMHCKUE
BY3bl AKTHBHO BHEIPSIIOT KypChl MO aHAIIU3Y
JAHHBIX W MaIMHHOMY OOYYEHHIO, YTOOBI
MOATOTOBUTH Bpauei K  pabote C
COBpeMCHHBIMU TexHONorusamMu. [8] B Asum
aKIeHT Ha HWHHOBALUSIX M  TEXHOJOTHUSIX
B asmarckux crpanax, Takux Kak fnonHus u
IOxnas Kopes, QopmupoBanue 1mdpoBoi
KOMITIETEHTHOCTH Bpayeil CBS3aHO C aKTUBHBIM
HCII0JIb30BAHUEM WHHOBAIIMOHHBIX
texaonoruii. K. Kimu H. Lee ormeuaror, uro B
IOxHoOI Kopee MEIUILIMHCKUE BY3bI




UHTETPUPYIOT B 0Opa3oBaTEIbHBIA MPOIECC
poborotexuuky u untepHer Bemei (10T), uto
MO3BOJIICT CTYJCHTaM OCBaWBaTh IEPEIOBBIC
METO/IbI THATHOCTUKHU U JieueHus. [6]

Ha ocHoBe aHamm3a 3apyOexHOTO

OnbITa M  TEOPETUYECKMX  MCCIECIOBAHUMI
[pe/UIaraéM BBIACIUTH CIEAYIOIME KIIYEBBIC
KOMIIOHEHTBl ~ IHU(POBOH  KOMIIETEHTHOCTH

Oynynmx Bpadeil, KOTOpbIE, Ha HaIl B3I,
HEO0OXOIMMBI MEIUIIMHCKOMY PaOOTHHKY. JTO

KOMITBIOTEpHAS TPaMOTHOCTb, nugposas
TPaMOTHOCTB, UK T-xoMmeTeHnus,
COBOKYIIHOCTb ~ JTaHHBIX KOMIIOHEHTOB MBI

oTmpeseNnseM Kak MH(PPOBYIO KOMIETEHTHOCTb.

B namem wuccienoBaHun uu@poBas
KOMIIETEHTHOCTh IIOHUMAETCs
KaK HHTETpaTUBHOE Ka4eCcTBO Oynyumx
Bpayeil, KOTOpOe BKIIOYAET TEXHUYECKHE,
KOTHUTUBHBIE, KOMMYHUKAaTUBHBIE U ITUYECKUE
aCIEeKThI M CII0JIb30BaHUS 1 (poBBIX
TEXHOJIOTH I B npodeccruoHaTbHON
JESTeNbHOCTU. DTO MoHsTHe mmpe, yeM MKT-
KOMIIETEHTHOCTh WJIM IU(pOBasi rpaMOTHOCTD,
TaK KaK MpearnojaraeT He TOJBKO BIIAJICHUE
TEXHOJOTUSMH, HO M CIIOCOOHOCTh NMPUMEHSATh
UX I pEeLIeHUs CIO0XKHBIX MEIULMHCKUX

3aJad4.

Tadauna 2. CpaBHeHue onpeaes1e HUH

Ha3Banue Onpenesenue OcobGenHocTH IIpumep
bazoBbie HaBbIKU OrpanuumnBaercs Ymenue Bpaua
paboThI ¢ YMEHUEM HCIOJIb30BaTh | paboTaTh C
KowmmbrotepHas KOMITBIOTEPOM U KOMITBIOTEp 711 TEKCTOBBIMU
TPaMOTHOCTb POrpaMMHBIM peleHus penakTopamu 1
00ecCTIeYeHHEM. MOBCETHEBHBIX 3a/1a4. JJIEKTPOHHBIMHU
TaOJIUIIaMU.
bazoBbie HaBBIKH, YMeHue HaXOqUTh U YMeHue cTyaeHTa-
HEOOXOAUMBIE ISt aHAIIM3UPOBATH MeKa HaXOUTh
Hudposas UCIIOJIb30BAHUS uHQOpMaIIUIO B MEIUIIMHCKUE CTaThU B
IPaMOTHOCTb 1 (poBBIX TexHOJOTU. | IHTEepHeTe, Wutepuere u
MCIIOJTb30BATh WCIIOJIE30BATh UX JUIS
3JIEKTPOHHBIE PECYPCHI. | OOYdEHUS.
CnocobHOCTh AKIIEHT Ha Ymenue Bpaua
U CII0JIb30BATh TEXHUYECKUX HaBbIKaX | MCIOJb30BaTh
UH(OpMaIIMOHHBIE U paboTHI ¢ MEIUIINHCKUE
MK T-xommerentiocrs | OMMYHHKAIHOHHEIE KOMIBIOTEPOM H uH(OpMaInOHHBIE
TEXHOJIOTUU IS POrpaMMHBIM CUCTEeMBbI U 0a3bl
IIOMCKa, aHaIN3a, o0ecrieyeHHEeM. JTAHHBIX.
00paloTKU U nepeaayu
WHGPOPMAITUH.
CnocobHOCTh Brirouaer Ymenue Bpaua
s(pdexTBHO U TEXHUYECKHUE, paboTtatb ¢
6e30macHO KOTHUTHBHBIE, 3JEKTPOHHBIMU
UCIIOJIb30BATh KOMMYHUKATUBHBIC H MEUITUHCKAMU
Hudposas U (PPOBBIC TEXHOJOTUH | STUUYECKUE aCIIEKTHI. KapTamH,
KOMIETEeHTHOCTb JUISL peIeH U s aHaJIM3UPOBATh
npodeCcCuOHATBHBIX, OOJIBIIE TaHHBIC U
o0pa3oBaTeIbHbIX U UCII0JIb30BAaTh
IOBCETHEBHBIX 3a/1a4. TeJIEMeTUIIMHCKIE
n7aTQOPMBI.
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Ta6auua 3. CpaBHeHUe OHATHI

YpoBeHn .
IMousiTue P OcHoBHOII oKkyc IIpumep B MeauuHe
CJI0KHOCTH
Tudposas Texuuueckue, KOTHUTHBHBIC,|PaboTa c 3IIEKTPOHHBIMU
p Beicoxuit KOMMYHUKAaTUBHbIE U ATUYECKUE|MEIULIMHCKUMHU KapTaMH, aHAJM3
KOMIIETEHTHOCTD
ACIEKTHI. OONBIIMX JaHHBIX.
NKT- . Texauueckue HaBbIKM padoThI clicmonb3oBaHue MEIUITMHCKUX
Cpenuuit
KOMIIETEHTHOCTh HKT. MH(OPMAIIMOHHBIX CUCTEM.
[{udposas BasoBLiii HaBpiku mnoucka wu a”anuza|llonck METUIIMHCKUX CTarted B
[PaMOTHOCTb uH(opMaIuu. Hurepuere.
KomnerorepHas 5 . HaBbiku paboThl c|Ucnonb3oBanue TEKCTOBBIX
a30BbIN
[PaMOTHOCTh KOMITBIOTEPOM. pPENaKTOPOB U TAOHII.
KarwueBble pazinnuns o HKT-KOMIIETEHTHOCTh Bpaua —
1. YpoBeHb C10KHOCTH: HCHOJIb30BAHUE MEUITUHCKUX
o lludpoBas KOMIETEHTHOCTb — CAMBbIil WHGPOPMAITUOHHBIX CHCTEM.
CJI0KHBIN U KOMIIJICKCHBIN YPOBEHb, o lludpoBas rpaMOTHOCTH CTyAEHTA-MEANKa

BKJ'IIO'—IaIOHJJ/II\/’I HE TOJIBKO TCXHHWYCCKHEC, HO U
KOTHUTHBHBIC, KOMMYHUKATUBHBIC 1 3TUUCCKHUC
ACIICKTHI.

o  HKT-koMneTeHTHOCTh - CpeaHuit
yYpOBeHb, (OKycHpyeTcs Ha TEXHHUYECKUX
HaBBbIKax.

o Hudposas n kommnbrOTepHAas TPaMOTHOCTb

—  0OazoBble YPOBHH, CBSI3aHHBIE c
HCITOJIb30BAHUEM TEXHOJIOTH I IS
MOBCEHEBHBIX 3a71a4.
2. O6sacTh NPUMEHEHU .

o ludposas KOMIIETEHTHOCTD —
npodeccuoHanbHas JAEATeNbHOCTh, BKIIOYAs
MEIUITUHY.

o HWKT-xommerenTHOCTH —  pabota C

MH(POPMAIIMOHHBIMH CHCTEMaMH.
o lludpoBas u KoMmIbIOTEpHas] TPAMOTHOCTb
— IMOBCEIHEBHOE HCITOJIB30BAHNE TEXHOJIOTHIA.
3. Cnenuduka B MeuIMHE
o lludpoBas KOMIIETEHTHOCTh Bpaya
BKITFOYAET pabory c AJIEKTPOHHBIMU
MEIUIIMHCKAMHU KapTaMH, TEIEMEIUIIMHON U
OOJIBIIIMMH JAHHBIMH.

— MOMCK U aHaJM3 MEIULIMHCKON MHQopManuu
B lHTepHeTE.
o KomMmmbloTepHas TIpaMOTHOCTH Bpaya —
pabota C TEKCTOBBIMH  pPEIAKTOpPAMHU U
TaOJIULIAMU.

3axmouenune. CpaBHUTEIBHBIN aHAN3
3apyOeKHOrO OMbITa IMO3BOJSET BBIIEIUTD
HECKOJIbKO KJIIOUEBBIX TEHJCHIUN: HHTETpalus
HUQPOBBIX TEXHOJOTHI B 00pa3oBaTENbHBIN
IIPOLIECC, AKI[EHT Ha NMPAKTMYECKUX HABBIKAX U
ydeT DJTHYECKUX U IPaBOBBIX aCIEKTOB.
®dopMupoBanue MHPPOBOH KOMIICTCHTHOCTH

Oynynmx Bpauedi TpeOyeT KOMILICEKCHOTO
MO/IX0/1a, BKJTFOYAO [IIETO HE TOJILKO
TEXHUYCCKUC HaBBbIKU, HO n PasBUTUC
KOTHUTHBHBIX, KOMM YHHKATUBHBIX U

ATUYECKUX KOMIIETEHLUH. BHeapeHue nmydnmx
MPaKTUK 3apyOEXKHOTO OIbITAa B HAIlMOHAIbHbBIE
oOpa3oBaTenbHbIE [IpOTrPaMMBbl MOKET
CIIOCOOCTBOBATH IIOBBIILICHUIO Ka4yecTBa
MTOATOTOBKM MEIWIIMHCKUX KaJpOB B YCIOBMSX

1 dpoBoit TpaHchopMaLy.
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MAAJIBIMATTAPJIbI BEPYY MEXAHW3MMUWH U3WJ1100
NCCJIEJOBAHUE MEXAHU3MA BE3ONACHOM NEPEJJAYU JAHHBIX IO ZIGBEE
HA OCHOBE KPUIITOI'PA®VH DJIIMIITUYECKUX KPUBBIX U
JUHAMMYECKOI'O CIIMCKA KJIIOUEHR
RESEARCH ON ZIGBEE SECURE TRANSMISSION MECHANISM BASED ON ELLIPTIC
CURVE CRYPTOGRAPHY AND DYNAMIC KEY LIST

Kbickaua wmyne3neme: IoT OailaHbIBIHBIH Heru3n OonroH ZigBee aublk  3bIMCBHI3
4ol penep/e, aHbIH HYUHJIEC MAaAILIMATTAPAbI THIHIIOO, UICHTA(PUKAIIUSHBI OypManoo *aHa PeCypcTyK
YEKTOOJIOP CBHISIKTYY OJYTTYY KOOICY3AYK KOHTeWJIepyHe Tyl KejeT. byn u3uigee 3JMNTHKAIBIK
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uiipn cwi3bik KpunrtorpadusHsiH (ECC) jxaHa AMHAMUKAIBIK a4Kbl4 THU3METMHUH MEXaHU3MHHUH
HETU3UH/IE 63 apa ayTeHTU (U KallUSHBI Al KaJIbl IITIPTaH THOPUUIMK KOOIICY31YK TYTYMYH CYHYILUTaNT.
blxraitnammreipsuiran Koonun uiipu ceizpikrapein (K-163) xonponyy menen ECC mapamerpriepun
ONTUMANJAIITEIPYY kaHa MDS HerusuHae Me3ruii-Me3riid MEHEH JKaHbIPTYYyJlap MEHEH alJblH aja
Ty3yireH AES aukbldu THU3MEJIEpUH HIIKE Aalblpyy MEHEH, CHUCTeMa CalTTyy bIKMalapra
CAJIBIIITHIPMAJYy ayTeHTH QUKAIIMSHBIH KEUNTYY MOOHOTYH S58% KaHa HETHW3TH MaKyllJallyyHyH
Kourymya 4bIrbIMAapbiH 89% kbickapTar. TI CC2530 nmnardopmaceingars! katyy tectupiee 0,01 cex
kyryy meHeH 102,4 Kb/cex mmdpnee eTkepyy XKeHAOMAYYIYTYH KepceteT, ain smu FIPS 140-1
BUIAMBIK KeJYY4Y KOKYCTYK TECTTEPH auKbIYTBIH KOOICy3 OonymryH kamcei3gadt. Yeuum NIST SP
800-131A TananTapeiHan ammbin, 2,2x10'™ MIPS-xbeuigapra yeiinH jkapakanapra TYpPYKTYYIYKTy
JKoropynarar. AKbUINYY yiJe kaHa eHep *kail [oT cueHapuiiiepuHIery NPaKTUKAIBIK KOJIJIOH yyiap
aHbIH HATBIDKATYylTyryH, MmacmradayynyryH skana IEC 62443 crangapTrapeiHa MIAWKEIITHTAH
TacThIKTalT. Kenedekrern wimrep anmapaTTbIK Te3[e© >aHa IOCTKBAHTTBIK KpUITOrpadusHbI
OupuKTHPYY OOIOHYA M3UIIIeere OareITTajar.

AuHorammsi: ZigBee KkpaecyrojpHBIH KaMeHb KOMMYyHHUKaruii 10T cramkuBaeTcs Co
3HAYUTEIBHBIMU TpoOieMamMu O€30IaCHOCTH B  OTKPBITHIX OECHPOBOAHBIX CpeAax, BKIIOYast
MOJCIYIIMBAHNE JAHHBIX, TOJMEHY HWJICHTH(UKATOPOB M HEXBATKy pecypcoB. B manHOM
UCCIIEIOBAaHUM Tpe/ularaercs TIulOpujaHas cucremMa O€30MacHOCTH, OOBEIMHSAIONIAs] B3aUMHYIO
ayreHTH pUKallMI0 Ha ocHoBe kpuntorpaduu smwmntuueckux kpuBblx (ECC) u  mexanusma
JMHAMHYECKOTO CIUCKa KITIOYeW Ui yCTpaHEHWs STHX ysa3BUMocTei. brmaromapst omTmmm3anuu
nmapamerpoB ECC ¢ ucmonb3oBanuem moiib3oBaTenbckux KpuBbIx KoOmuia (K-163) u peanuzamum
MpPEIBapUTEIbHO CIeHEPUPOBAHHBIX CHUCKOB Kimtouelr AES ¢ mepuomuyeckum OOHOBJICHHEM Ha
ocHoBe MDS5, cucrema nocruraer 58% CHMKEHUS 3a7iepKKd ayreHTUQUKauuu u 89% CHUXKeHUus
HAKJIaJHbIX PacX0JiIOB Ha COITIaCOBAHME KIIOYEH 110 CPaBHEHUIO C TPAAULMOHHBIMHU METO/aMH.
Ctporoe TectupoBanue Ha ardopme T1 CC2530 mokazano mpou3BoIUTENBHOCTE M poBanus 102,4
Kb/c npu 3amepxkke 0,01 c/komaHma, a TeCTHI HA CIy4aliHOCTh, COOTBETCTBYIOIME cTaHaapty FIPS
140-1, rapaHTUpPYIOT HAAEKHYIO TeHepalMio Kiodel. PemieHne moBblaeT CTOMKOCTH K B3JIOMY J0
2,2x10" MIPS-roap1, uro npesbimaer TpedoBanus NIST SP 800-131A. IIpakrnueckoe NpuMEHEHHE B
CIEHapHUsIX «YMHOIO JIOMa» U TMpombluuieHHOro |0T mnonarBepkmaer ero 3¢QQeKTUBHOCTb,
MacirabupyeMoctb U coorserctBue crangapram |EC 62443. bBynymas pabora Oyner HanpaBjeHa Ha

M3y4eHUE almnapaTHOro YCKOPEHHUs U UHTETPaIluy ITOCTKBAHTOBOM KpUTITOrpadu.

Abstract: ZigBee, a cornerstone of 10T 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 trad itional methods. Rigorous testing on the Tl
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 62443 standards. Future work will explore hardware acceleration and post-
quantumcryptographic integration.

Hermsru ce3mep: ZigBee KoOMNCYy3nyK; SJUIMITAKAJTBIK HHPU CHI3BIK KPHUITOTpadus; a4KbIYTHl JTHHAMHUKAIBIK
Oamkapyy; OpKYHIOTYJIreH MU(PPIee CTAHAAPTHIH ONTUMANIamTeipyy; 140-1 Oepepanaplk MaambIMATThl HIITSTYY
CTaHJAPTHIHA BUIAHBIKTAILTHIPYY .

KiroueBbie cioBa: GesonacHocts ZigBee; kpunrorpadust Ha OCHOBE SIUTMIITHYSCKAX KPUBBIX; TUHAMHYECKOE
yIpaBleHHE KJII0YaMu; ONTUMM3ALUS PACIIMPEHHOTO CTaHAapTa MnpoBaHus; cooTBeTcTBUE DenepalbHOMY CTaHAApTy
00paboTtku nHGopmarwm 140-1.

Keywords: ZigBee security; Elliptic Curve Cryptography; Dynamic key management; Advanced Encryption
Standard optimization; Federal Information Processing Standard 140-1 compliance.
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1. Introduction Security revealed that 68% of ZigBee smart locks could

1.1 Research Background and Motivation be compromised within 72 hours using off-the-shelf

The proliferation of ZigBee-enabled devices in hardware. [2] Centralized key distribution models create
smart homes, industrial automation, and healthcare single points of failure. CERT/CC documented a 112%
systems has revolutionized 10T connectivity. According year-over-year increase in ZigBee coordinator-targeted
to the Market Intelligence Center (MIC), ZigBee device attacks in 2022, including sophisticated Man-in-the-
deployments surpassed 2.1 billion units in 2023, with a Middle (MITM) and replay attacks. [3] Typical ZigBee
projected compound annual growth rate (CAGR) of 14.7% endpoints (e.g., TI CC2530 sensors) operate with 8-
through 2030. [1] ZigBee’s default AES-128 encryption 32KB  RAM, rendering traditional  public-key
relies on static keys, making long-term deployments infrastructures (PKI) like RSA-2048 impractical due to
vulnerable to brute-force attacks. A 2023 study by RSA 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
LoRaWAN AES-128 (OTAA) [Network key reuse Replay, jamming
Thread DTLS + PSK Complex key synchronization |Session hijacking

1.2 Limitations of Existing Solutions 2. Inefficient Key Cycling: Frequent
Current ZigBee security enhancements key rotations (e.g., hourly updates) increase
exhibit three critical shortcomings: network traffic by 210% in dense node

1. ECC Implementation Overheads: environments (Figure 1-2). [6]

Standard NIST P-256 curves require 1,280ms 3. Non-Compliant Randomness: 41%
for mutual authentication, exceeding real-time of commercial ZigBee modules fail FIPS 140-2
control  thresholds  for  industrial loT randomness tests, enabling key pattern
applications. [5] prediction attacks. [7]
L i=—" > F =
o) jz Schoolhost Upload the key list to other Ejs
R generates key list hosts connected to ZigBee Y
Figure 1-2: Network Load Under Different Key Update Frequencies

1.3 Research Objectives and pre-generated 15-key AES list with MD5-based
Innovations cyclic updates (Figure 1-3) minimizes

This study addresses these gaps through a negotiation overhead while  maintaining
multi-layered security architecture featuring: freshness.

1. Optimized ECC Authentication: 3. Hardware-Assisted Randomness:
Custom Koblitz curves (K-163) reduce point Integrated HRNG modules pass FIPS 140-1
multiplication latency to 580ms, achieving a single-bit (X=10,071) and poker tests (19.55),
54.7% improvement over NIST P-256. eliminating key predictability.

2.  Hierarchical Key Management: A
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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 TEC
62443-3-3 for industrial systems and NIST SP
800-90B for entropy validation, ensuring
technical robustness, economic efficiency, and

regulatory alignment.

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
ECDS A 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

Protocol Authentication Method| Key Management (Latency (ms)| Security Flaws
ZigBee 3.0 ECC-256 Centralized trust center 2,100 Single-point failure
Thread 1.3 DTLS-PSK Distributed keying 890 PSK leakage

Proposed Solution| ECC-163 + AES-List | Pre-generated + MD5 582 N/A

3. System Design and Imple mentation
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
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-163is defined over GF(2163) with equation:

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

where a=1, b follows NIST-recommended parameters for K-16313].

Key advantages include:

. Faster Arithmetic: Binary field operations avoid modular reduction overhead.
. Compact Keys: 163-bit keys provide 80-bit security equivalent to RSA-1024.

3.2.2 Authentication Workflow

1. Initiation: Device A sends challenge R, = k, - G, where kA is a nonce.
2. Response: Device B computes RB = kB - G and shared secret S=k R,

3. Verification: Both parties derive session key Ksession = SHA — 256(S || R, Il Rp)

Ksession=H(k, - kg - G)
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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 || T,pjprens |1 1) 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:
1. Generates new list via K/= MD5(K; | | T,,,)
2. Broadcasts encrypted update: E, (K., Ki5)

current

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
4.1  Hardware and Software Configuration
o Testbed: 100-node ZigBee mesh (TI CC2530, 128KB Flash, 8KB RAM, 2.4GHz).
. Software Stack:
o Z-Stack 3.0.2 with TinyECC 2.0 integration.
o Contiki-NG for network simulation.
o FIPS 140-1 test suite (NIST STS 2.1.2).
4.2 Performance Metrics
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) 53 4.8 15.2
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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.

= THETDEE T O R0 sy
File Edit View Graphics Debug Deskiop Window Help

O 4 @ o | e B 9| curentbirectory | EvEEFffaess HO

Shortcuts [2] How o Add (2] What's New

Current Directary | Workspace O 2 x EEmtDI'MT.m =2 Array E |
hEHB RS B - sux ] | s @ & B ] s 1 OO
Name Value Min  Max — g 2 & & 2 & . il 2
Ha 20000 0. ;0 i ooz

FH ans 10071 10.. 10

FH x <20000x1 dou... O 1

alaln|2]S|ole|~]o]a]=]o]n

ans =
10071
>>

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 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 UHTEJUVIEKTTUH OHYI'YY POJIY
POJIb PA3BBUTHUA UCKYCCTBEHHOI'O UHTEJ/IJIEKTA B CUCTEME OBPA3OBAHUSA
THE ROLE OF ARTIFICIAL INTELLIGENCE DEVELOPMENT
IN THE EDUCATION SYSTEM

Kpickaua myHe3neme: JXacaima WHTEIICKT OuMiauM Oepyy TapMarbiHa 4YOH ©3repyyJepay
aJIBIN Keyyne. A OuiuM Oepyy MpPOLECCHHE CTYACHTTEPIUH MYKTAXIBIKTAPBIH 3CKEe ajlyy MEHEH
OKYYy BIKMAJIAPBIH >KAKIIBIPTyyra MyMKYHIYK Oeper. Byn makanmaga skacanma WHTEUIEKTTHH OMIJIMM
6CpYY TapMarbIHAAI'bl KOJAOHYIIYITY, aHBIH OKYY IMIPOLCCCTCPUHACTH KaHAa MYTaJIUMIACD MCHCH
CTYIEHTTEpJIMH OKyycyHa OoiroH OailnaHblllbl KapanaTr. AHBIH calaTblH = JKOTOpYylaryy
MYMKYHUYJIYKTOpPY >KaHa aHbIH MaceJejepH, OLIOHIIOW 7€ MeJarorukagarbl aHbl adyblLIbIILITApra
00JIrOH TaaCupH Jarbl TaJIAaHAT. JKacanma HHTEIEKT OUIINM GCpYY CUCTCMACBhIHA YOH POJIb OUHOUT
JKaHa KeJIeUeKTe aHbIH TaaCHUpH JIarbl J1a KyueHT. By cucrema 6unuMm Gepyy MpOIECCHH KEHHUIIICTHII,
aHbI JKEKeue TYPJ® YIOUITYPYY MYMKYHUYIYTYH OepeT. MbpIiHIail TeXHONOTHsuIap OMiIuM OepyyHYH
camaTtbhlH JKOTopyJaraT »aHa CTyAeHTTepre 3(QeKTUBIYY OKYYy bIKMaJapblH CYHYyMTaT. OImoHaoi
9JIC, MYraJuMJICcp Y4YYH MNCAAroruKaJIblKk HIOMCEPAYYIYKTY JKCHUJIACTCT JKaHa JKaHbl KOJIOAOPAY
CyHYyIITalT. BUpOK, kacanma WHTEUICKTUHUH OMJIMM Oepyy TapMmarbiHIa KOJIOHYIIYIIYH KCHEUTYY
YU4YH aHBIH KOOIICY3YTY, STHKAJIBIK Macejeliepd aHa MbIi3aMIbIK YeHeMJepu OOloHYa Ja HIl-
apakeTTep KYPry3yayly Kepek.

AHHOTa].[I/IH: I/ICKYCCTBCHHLII\/’I HUHTCIIJICKT CTaJl BaXXHBIM J2JICMCHTOM B CHUCTEMC O6pa30BaHI/I${.
OTOil TEXHOJOIWM TMO3BOJIIOT CHEeNaTh Mpouecc oO0ydeHus Ooyiee MEepCOHAM3HPOBAHHBIM U
3¢ (eKTUBHBIM, amanTUpPysd €T0 TOJ WHAWBHUIyaJdbHBIE TOTPEOHOCTH CTYIEHTOB. AJAlITUBHBIE
o6yqafoume CUCTCMbI, HHTCIUICKTYAJIbHBIC YPOKHM W aBTOMATU3UPOBAHHAA OICHKAa — BCC 3JOTHU
TEXHOJOTUU CIOCOOCTBYIOT TpaHcdopmanuu oOpa3zoBaHus. B maHHON craThe paccMaTpuBaeTcs
UCIIOJIb30BAaHME HCKYCTBEHHOTO UHTEIEKTa B 00pa3oBaTenbHON cdepe, ero BiIMSHHE Ha
NeAarorn4eCKuc MmpouecCbl 1 BO3MOXKXHOCTU IS 6y)1y1uer0 pa3BUTHUA. HCKYCCTBCHHLIP'I HHTCIIIICKT
UTPaeT BXXHYIO POJIb B cCTeMe 00pa3oBaHus, U B OyAyIIEM €ro BIUsIHUE OYyJET TONbKO YCHIINBATHCS.
OTta cuctema olyerdaer npoiecc oOydeHHUs], MPeaOoCTaBiIsas BOZMOKHOCTh OpPTaHM3allMu OOy4YCHHS B
HHANBUAYAJIbBHOM ITOPAJKE. Takue TeXHOJIOTHMH MOBBLIMIAIOT KAaueCTBO O6paSOBaHI/I}I U npeajiararoTt
cryneHTaM 3 (GQeKTHBHBIE MeToAbl o0ydeHms. Takke, Ui TpenojaBaTeNei, 3TO obOierdaer
Neaarorn4CCKyr0 ACATCIbHOCTh U OTKPhIBACT HOBBIC ITYTH. O,I[HaKO I paCHMpEHUA UCITOJIB30BaHH A
HCKYCCTBCHHOI'O HWHTCIIJICKTA B 06p830BaTeJIBHOI>'I C(bepe HCO6XOIII/IMO TaKKEC pa6OTaTB Hang €ro
0€3011aCHOCTbI0, STUYECKUMHU BOIIPOCAMH U ITPAaBOBBIMU HOPMAaMHU.

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.

Hermsrm ce3jep: »xXacaJiMa HHTEIEKT; OuiauM Oepyy cHCTeMachl, aJanTHUBIAYY OKYY,;
MHTEJIEKTYyall[IbIK cabaKTap; aBTOMATTAIUThIPbLIraH 0aaoo; OKyy TEXHOJIOTHSUIAPHI; Ie1aroruka.
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KuaroueBrle cioBa: I/ICKyCCTBeHHBIfl HUHTEJIJIEKT, CUCTEMA 06p8.30BaHI/I5[; aZJalITUBHOC o6yquI/Ie;
HHTCJJICKTYAJIbHBIC ypOKI/I; ABTOMATU3HUPOBAHHAA OLICHKA, 06p830BaTeJ'IBHBIe TECXHOJIOTUH, IIeaaroruka.
Keywords: Artificial Intelligence (Al); education system; adaptive learning; intelligent lessons;

automated assessment; learning technologies; pedagog.

Kacanma wuHTE/NIEKT OunuM  Oepyy
TapMarblHJa AakKbIPKbl OH OKBUIABIKTA YOH
esrepyyiepay kaparyyma. buium - 6epyy
CHUCTEMachl MYrajluMJep JKaHa CTYICHTTEp
Y4YH KOIITOTOH MYMKYHYYJTY KTOpAY
CYHYILTAI, KaHbl TEXHOJIOTHSUIAP]IbI KOJIJIOHYY
apKbLIYy 9281507 anyy MPOLIECCUH
KAKIIBIPTYyTa OarpITTalNTaH. Kacanma
WHTEIUIGKT  OmymMm  Oepyyaery — OapiabIk
mpolieccTep/ie  ©3YHYH OpAyH Talyyaa, ai
CTYIGHTTEPJIUH OKYY TaXXphIIOAChIH >KeKeue
TY3YYI® aHa OKYTYyHY ONTHMAJIJAIITBIPYyTa
YOH MYMKYHUYJIYKTOpAy Ty3eT. MbIHaaii
WHHOBalusap OunuM  Oepyy CcHCTEeMachlH
KCHUJIICTET, Myrajiumjepre xKaHa
CTyIEHTTepre kaHbl (Gopmarrapaa OuiIuM
ayyra MYMKYHIYK TY3OT.

Kacanma wuHTEWIEKT OMaMM  Oepyy
CUCTEMAachIH/Ia TOMOHKY OareITTapaa
KOJIIOHYJIAT:

1. /KekeuesiemrupuiareH ouiaum oepyy:

e Okyy MAaTe pUAJIbIH
ajanTtanusi00: MelHIa  OKYYdYHYH  KEKe
KOHJIOMYH®, KbI3BITYyCYyHA xKaHa
MYKTaXIbIThIHA xKapara MaTepHuaabl
BUIAWBIKTAIITEIPYY.  Mucansl,  CTyIE€HTTUH
KaTajlapblH Tajljan, ajd Kaiicel Temalapiabl
JKaKIIbl ©3/10IITYpe ajbail )KaTKaHbIH aHBIKTAI,

OILIOTO xKapaiia KOHYTYYJIepay,
TYLIYHAYpMeJepay JKaHa MU CaIAAPbI
CYHYILLTaNT.

o KexkeueJie irv pujire 0arbIT

Oepyy: Al CTyIeHTKEe ©3YHYH MakcaTTapblHa

KETYy  Y4YH  JKeKeue  OKyy  IUJIaHBIH,
pecypcrapabl KaHa ap KaHJal METOLIOpAY
CYHYILTAMT.

o UnTepakTusayy OKYYy
mwiargpopmanapsi: MyHy MEHEH  HMINTETeH

niaatgopmManap ap KaHAal OKyy CTHIIIEpUHE
(BU3yaJIIBIK, ayAHIJbIK, KUHECTETHUKAJIBIK)
BUIAMBIKTYY OKYYy MaTepHAIJIapblH CYHYII
KbLJIAaT.
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2. ABTOMATTAIITBIPYY JKaHA
3¢ p e KTUBAYYITYKTY KOTOpPYyJIaTyy:

» baajoony
apTomMaTTamrbIpyy: XKacanma MHTEJUIEKT
TECTTepAM,  TallbpMaiapibl  aBTOMATTBIK
TypAae Tekmepur, ©Oaa ko€ amar. byn

MYTaJIMMIEPINH YOAKTHICBIH YHOMIOWT >KaHa
ajapra CTYACHTTEP MEHEH >KEKeue HIITeere
K00YpOOK yOaKbIT Oeper.

e AIMHHHCT PATHBIHK HIITEPIH
apToMatTammbipyy: CTynaeHTTepAuH cabakka
KaTbIIIYYCYHJA, KYTYPT-MeJepAy Ty3YYZe,
aTa-dHeJep MEeHEeH OallaHbllyy/a xKaHa Oallka
aAMUHU-CTPATUBIMK MIITEpAN aBTOMATTalll-
ThIpyyaa XacajiMa HWHTCIUICKTTUH HaTBINKaCHI
YOH.

o Myranumaepre :xapaam: byn wmeron
MyTaJIMMAEPIe OKYY IIaHIapPbIH TY3YYAO, OKYY
MaTepUaIapblH  TaHIOOAO, CTYINCHTTEPAHUH
UHTUITUKTEPUH KO36MOJI106/16 KapaaM OeperT.

3. OKyy npoueccHH »KaKmbIPTYy:

e Yar-0oTTOp KaAaHA  BUPTYANIBIK
skapanamusLiap: Yar-6otropay CTYIAEHTTEP
CYpOOJIOpYHA >KOOIl allyy, TallblpMasiapabl

aTKapyyZaa apJaM ajyy Y4yH KOJJOHYIIaT.

e MaajabIMaTThI TaJ100 JKaHa
aHaJIM3100: AHIaH CTYACHTTEpANH
MaaJbIMaTTapblH  Tajjal, OKyy IPOLECCUH
KAKIBIPTYy OOIOHYa CyHyIITapabl Oeper.
Mucanbl, KalCbhl  CTYJEHTTHMH  KOIIymM4a
KOJIIOOTO MYKTaK DKCHUH AHBIKTAUT.

e Tum yiipenyy Kypaagapel: Myny
MEHEH MIITEereH TUJl YHpeHYy Iatdopmanapsl
OKYY4 yJIap/ibIH TUILAUK KOHIOMJIOpYH
OPKYHIIOTYYTO Xapaam Oeper. Anap cyiinee,
xKazyy, YIyy  JKaHa OKyy  OoroHua
IIpaKTUKajgapIbl CyHYIUTANT.

4. MYMKYHYYJYKTOpPIY KeHENTYY:

o AsbICTaH okyTyy: Kacanma
WHTEIJIEKTE QJIBICTaH OKYTYY
1aTOpMaJIapblHbIH  MINTEHIMH  KaKUIbIPTAT,
Oylnl CTyneHTTepre KaajaraH YyOakTa jkaHa



KaajaraH )xepjie OWIMM ajdyyra MYMKYHYYJIYK
oeper.

e Kosimoouy TexHoJorusJjap: byn
MalBINTHITBl 0ap CTYACHTTEp Y4YYH aTalbIH
TEXHOJIOTUSLIAPAbI W ITeN YbITyyZia
KOJIZIOHYJIaT, MU CAaJbI, TEKCTH YHT®
allyIaHaBIPYY, Ka3yyHy JKEHUIIETYY Xk.0.

Kacaama uHTe/NIeKTHH Omiaum Oepyy
cucTeMAachbIHAArbl KeMYWJIMKTE PH:

e MaajbIMaTTBIH
KynysiyyJayry: CTyneHTTepIuH
MaaJIbIMaTTapblHBIH ~ KOOICY31YTI'YH
KyIysUIyylIyI'yH CaKTOO MaceJIeCH.

o KeTkmimkryyayry: bapabix
CTYIEHTTEp *aHa Myraaumzaep Oya cucremara
JKETKWJIMKTYYJIYKKO 33 dMeC.

e Ke3 kapanapl 0Oouayy: CtyneHTTep
aHplH JKapJaMblHAa alblkya TasHBII, O3
aJlbIHYa OWJIOHYY >KaHAa KeWreijaepay dedyy
KOHJIOMJIOPYH >KOTOTYIl KOOIy MYMKYH.

e O0bexTUBAYYAYIY: byn  cucrema
MaaJIbIMaTTap/bl TAIJ00A0 KaTa KETUPHULIM XKe
CTYIEHTTEpIM  ajAblH ana  OeJNrHJIEHTeH
KpuTepuiinepre rana 6aanoocy MyMKYH.

e Myramumaun poay: MyramuMauH
pOJyH aidMaumrblpOaldT, OUPOK aHbl OKYYy
INPOLIECCUHNIETH  POJIYH  ©3repre  ajar.
MyranuMaep MyHY MEHEH HIITeere Jasp
Oouymly Kepek.

Kacanma unremnexr (JKN) ounum Oepyy
TapMarblHJa ap KaHAad KOJJAOp MEHEH
KOJIIOHYJIAT. AHBIH HETH3IM KOMIIOHEHTTEPU
apacplHJa aJalTHUBIYY OKYy CHCTEMajapsl,
MHTEJUIEKTYyaJl bl K cabaxrap,
aBTOMATTAIITHIPbUIraH 0aanoo, aHa KekKeue
ounum Oepyy cyHyumrapsl 6ap. Byn bixmanap
oM Oepyy NPOIECCHH KaHbl JIEHIDDJITe

JKaHa

KOTOPYY/IO.
HuTenniekTya ablK cadakrap
Hnartennexkryanaplk  cabakrap  aHBIH

HETM3MHIETH JKaHbl dopMarTarsl cadakrap

O0oayn caHanaT. by cabakrap CTYIEHTTEpIUH
apakeTTepUHE IKaHa JKOOINTOPYHA Kapalla
JUHAMHUKAJIBIK TYPA6 63Tepyyn Typar. Ap Oup
CTYACHTTHH OKYY MIPOIICCCUHJICTH
KBIMBIHTBIKTAPBIH ~ ajraHjga,  MaTepHaIbIH

KYPAOOIIYYIYTYH KaHa OKYyYHYH

BUIAAMIBITBIH JKEKeue TYypze TY36T.
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CTyneHTTHH cabaKxrarsl apaKkeTTepUHUH
HETH3HH/E CHUCTEMAa aHBIH OMJIMM [EHIDIJIMH,
KbI3BITYYCYH — JKaHa  TYLIVHYTYH  Oaanar,
BIJIAWBIKTYy  TamlIbIpMaliap JkKaHa ~— M-
apakeTTepau CYHVILTauT. Mernnait
cabakTapAblH HErW3rH apThIKYBLUIBITEI — ap

OHMp CTYACHT YUYH YHHKAIIYY OKYY IMPOLECCHH
TY3YY.

HuTennekryanapIk cabakrap
CTYACHTTHH J>KOONTOPYH pDEalyy YOaKbITTa
TaJIjiam, ara >KaHbl TaIlIIbIPMaJiap CYH YIITaMT.
Mucaibl, 3rep CTYICHT KaTa KeTHpCe, CHCTeMa
al  KarajapJael  OHJ0O0 YYyH  KOIIymMya
pecypcTapabl  KepcoTeT. by  TexHoJorus
OIIIOHJION 2Jie cabaKThIH camaThIH JKOTOpYyJIaTaT
JKaHa CTYACHTTHH ©3YHYH OMJIIMMHH 0aifkooro
MYMKYHAYK Oeper.

ABTOMATTAIITHIPbLJITaH 0227100 KaHA
TEeCTHPJIOO

ABTOMaTTAIITHIPBLITAH 6aasioo
cucTeMajapbl aHbIH HETH3WHJIE MINTEHT >KaHa
Oy TEXHOJIOTHS ouIuM oepyy
MPOLECCTCPUHUH HATBIMKATYYIYTYH
JKOTopynarar. ABTOMATTAINTHIPBUITAH TECTTED,
3CCe TamlbIpMajapblH JKaHa CTYACHTTEPIUH
Kekeue Tan mbIPMaIapbIH 0aaroo
MPOIECCTEpPHH  TE3ACTeT JKaHa  aJlap/blH
JKBIABIHTBIKTAPBIH OOBEKTUBAYY TYPA© Oaaaid
amar. bynm wsikMa Myranmmmpaepre yOaKTBHICHIH
YHOM/IOII, KOIl CTYACHTTEpre Te3 »KaHa Tak 0aa
KOIOyra MYMKYHUYYJIYK Oeper. Mucaibl, an
ABTOMATTBIK TYPA® TECTTHH  JKOONTOPYH
TEKIICPUT, CTYACHTKEC aHbIH JKOHIOMJOPYH
’KaHa TYIIYHYYCYH KaOBLIZI00TO KapaaM Oeper.

ABTOMATTAIITHIPBLITAaH 6aaJtoo
cucTeMajapbl OIIOHJOH 3¢ OmimMm  Oepyy
camarblH O KaKIIBIPTyyra, OWIUM  Oepyyae
KaTavblJIBIKTapAbl a3alTyyra jkaHa 0OaaJOOHYH
a4bIK-a KbIHAY YA YTYH KaMChI3 KbLTyyTa
MYMKYHAVK OepeT. byn MyranumaepavH UIMH

JKEHUJIIETHII, 0aaoo0 MPOLIECCHH
CTaHIapTTAILITHIPAT.
KacaaMa HHTEJUIEKTTHH  OMJINM

Oepyy cucTeMachblHA THITH3IeH TaaCHPH
Kacanma wuHTemiekr OunuMm  Oepyy
CHCTEMAaChblH TOJYTY MEHEH ©3repTyyIe KOl
auyyna. byn rexnonorusapslr 6unum 6epyyne
WUTUIIMKTEpre KETYYIo YOH JKapam



KOPCOTYYO, an CTYAEHTTEPINH KaHa J)KEKEUE Kapallblll, CTYOEHTTEP VYYYVH JKaHbI

MYyTaTUMICPIMH HUIIMH JKeKe4e YKaHIaHIbIpraH OMJIMM ajlyy MYMKYHYYJYKTOPYH KCHEHTET.
BIKMAJIapAbl CYHVINTAWT. MYHVH TaacHpH Kaxoix apazga MBIH A
OwnmmMm  Oepyy TapMmarblHIa ap  KaHJau TEXHOJIOTHSUIAPBIHBIH  KOJJIOHYAYITy — OUJIUM
Karmainapna  cesuwier.  CTymaeHTTep  YVUVH OCpYYHY TOJYI'y MEHEH JKaWpLITyyra IapT
OKYVHYH JK€Kede JKOJIOPYH CVHYVIITauT, Ty30T. MyHYH HErH3MHAE OWIMM ajlyy >KaHa
MyTaTUMIECp Y4YyH cabakrapabl VIOIMTYpPYy OKYTYY BIKMaJIaphbl TaTaaJIallbIIl,
KaHa 0aaJtoo CUCTeMaJlapblH WHHOBAIUSIIBIK MYMKYHUYJIYKTOPJIY KCHECHTET.
aBTOMATTAIITBIPYyra MYMKYHIYK O€per. MpbIHgaii eHYIYYaep CTYICHTTEpre JKEKeue
bupok, MyHYH KOJIJIOH yiTylry Oup Katap TaXpbIOaIap bl CYH YIIITaIl, ayap JIbIH
mMacesenepau ’Kaparar. Mucaiibl, OMJIMMHH TEPEHACTYY/I®0 MAaaHUCH YOH.
QITOPUTMIICPUHUH Tyypa ASMEC HINTCIH K Kacanma wuHTENNeKkT OmwimM  Oepyy
MaajbIMaTTapbl Tyypa  dMec TaJII00 CHCTEMAacChlHJa YOH pOJb OWHOHT J>KaHa
HATBIIKAChIHJA CTYICHTTEpre Tyypa 3Mec Oaa KeJICUEeKTEe aHBbIH TaaCUpPH Jarbl Jia ©coT. buimm
KOIOJIYIITY MYMKYH. MBIHJIaH TBIIIKAPKI, JKEKE 0epyy MPOIIECCHH >KCHUJICTHII, aHbI KEKeue
MaajbIMaTTapAblH KOOIICY3IYT'y KaHa TYpPI®  VIOIITYPYY  MYMKYHUYJIYTY  Oap.
ATUKAJBIK Macejeliep JAa ©3roue MaaHUTe 39. MpbiHgaii TeXHOJOTHsIAp OWIUM OCpyyHYH
Kacanama MHTeJIeKTTHH KeJieyern camarblH JKOropyjiarar aHa CTYJISHTTepre
JKacanma wuHTEIIEKT OWIMM  Oepyy 3(hdeKTUBAYY OKYY BIKMajapblH CYH YIITAMT.
TapMarbIH/ia KeJe4eKTe Aarbkl YOH OHYIVYIOPAY Myranumaep  V9YH  Ja  IeJarorukajibIK
anmpim ~ kenmeT. JKakelH — apajga  MbIHIa UIIMEPAYYJIVKTY >KCHUIAECTeT. bupok, MyHYH
cucTeMajiap CTYASHTTEPAMH OWUJIUM JICHIDIAJIMH OmnmMm Oepyy TapMarblHJa KOJJIOHYIIYIIYH
Tak Oaajar, ajgapAblH 63 ajlJblH4a OKYYCYH KEHEUTYY YUYH aHBIH KOOIICY3IVI'y, STHKAJIBIK
TOJYK KaMChI3ai ayar. byn Macenenepu JkKaHa MbIM3aMIBIK YeHEMACpH
TEXHOJIOTHSUIAPJBIH  KEJICYCKTeTH OHYIYYCY OOIOHUYA J1a UII-apaKeTTep KapaJbIibl a03ell.

apKpITyy Omimm Oepyy Mpoleccw Jarbl Jia
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MAAJIBIMATTBIK TEXHOJIOTUSJIAPABI KOMITIBIOTEPIUK JIU3ANWH APKBLITYY
KOJIAOHYY
NPUMEHEHUE UH®OPMAIUOHHBIX TEXHOJIOTMI YEPE3 KOMIIbIOTEPHOE
IMPOEKTUPOBAHUE
APPLICATION OF INFORMATION TECHNOLOGIES THROUGH COMPUTER DESIGN

Kbickaua MYHO3160MO: KOMHBIOTCD JKaHa MaajJlbIMAT TCEXHOJOIUAJIapbl as3bIp 3aMaHOan
JKAIlOOHVH JIIDOPJIUK OapIblK acCHeKTWIEpUHE UHTErpalyisUIadTraH. byn camapuntuk I00pIo
KOMIBIOTEPJIMK TEXHOJIOTHSIAP KEKE aJamjapra jkaHa OKyy JKaijapAa KOMIBIOTEPAUH >KaHa
MaaJIbIMaT CHCTEMAJAPBIHBIH KYUYYH KOJIOHYYra MYMKYHIVK 6€DFGH IIPUHIUIITEPOAUH KCHUPU
CIICKTPMH  KaMThIAT. Herusru  KOMOBIOTEpAMK  ca0aTTyylaykTaH Oamram — ©pKYHAOTYJIToH
IIporpaMmMajooro xaHa TapMaKThI 6a1u1<apyyra qeﬁHH, 6VJI KOHOOM I33PJINK 6apm;n< TapMakrapiaa
UUTUITAKKE KECTUIIYY YUYVH a621aH MaaHUJIIYY. MaanbIMaTThIK TCXHOJIOTHUIIAPD d)ODMaJ'IaD}II)I I)IHFaI\/IIJ'IVV
W3166re, CTPYKTypaHbl I0JI00OPIOOTO, KOJIOMAYY MEHKHMHIWK >KaHa Trpa(uKaablK IH3aiHIarbl
06BCKTTCDI[I/IH TBIIIKBI JXAaHa HWYKW MAa3MYHYH JC€TallJallIrbipyyra, JIaHIIIJ_Iad)TTBIK ‘-IGﬁDGI[G
KOMMOO3HUIMUSJIBIK YCUUMIEPAN TAHI00TO, MOJCIAO0 YUYYH OCKH3AMK KaHa >KyMyIMy dYuAMeIepad
TY3YVr®é MYMKYHIVK Oeper. MyHyH 0aapel MaajbIMaTTBIK TEXHOJOTHSIAD TapMarbIHAarbl
nporpaMMaJibIK KaMCbI3JOOHYH ©HYTYIIYHYH apKaCblHAa KXCTKUJIUKTYY.

AnHoTamusi: Komnerotep 1 nHGOPMAMOHHBIE TEXHOJOTHHA WHTETPHUPOBAHBI IMTPAKTHYCCKUA BO
BCC aCIICKThI COBDeMeHHOﬁ *u3Hu. B Ty I_II/I(bDOBVIO 3II0XY KOMIIBIOTECPHBIC TCXHOJIOTUHN OXBAThIBAKOT
HII/I‘pOKI/If/'I CIICKTP HPHUHIMUIIOB, KOTOPBIC IIO3BOJAOT OTACIBHBIM JIMIIAM U O6paBOBaT€JIBHBIM
YIPCKACHUAM HCIIOJIB30BAaTh BO3MOXHOCTH KOMIIBIOTCPOB H I/IH(bODMaI_[I/IOHHBIX cucteM. Ot
3JI€MCHT8.DHOI71 KOMHBIOTCDHOﬁ I'PaMOTHOCTU OO0 IIPOIABUHYTOIO IIPpOIrpaMMHUPOBAHHUS U VYIIPABJICHUS
CeTSAMH — DTOT HABBIK HEOOXOIUM JUIS YyCIIEXa IpaKTHUeCKH B JII00oH oOyactu. MHbopmanmoHHbIC
TEXHOJIOTUHA IIO3BOJAIOT OCYIIECTBJATH YIOOHBINA ITOMCK (OPM, KOHCTPYKTHBHOE MHPOEKTUPOBAHUE,
JAC€TaJIN3allMI0 BHCIIHETO U BHYTPCHHETO COACPIKaHH OGLGRTOB B TPCXMEPHOM IIPOCTPAaHCTBCHHOM U
rpaduIecKOM NPOSKTHPOBAHKY, BEIOOD KOMITO3UIIMOHHBIX PEIICHUH B JIaHamaGTHOM cpeae, co3gaHue
3CKHU3HBIX H Da6OLII/IX IIE:DTC)I(E‘,I‘/JI JIsT MOACIIUPOBAHUNA. Bce »a10 cTaimo BO3MOKHBIM OJiar onapsd
Pa3BUTHIO TPOTPaMMHOTO obecriedeHus B cepe HHOOPMAIIMOHHBIX 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
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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: KOMIBIOTEPAMK TpaduKa; KOMIBIOTEPIUK JH3aifH, MaaJbIMATTBIK
TEXHOJIOTHIAp, MHTEPHET, KOMIBIOTEPANK MporpamMmMaiap, BH3YaJIBIK MaaJlbIMaT, IPOTpaMMalbIK
KaMCbI3100.

KiroueBble cioBa: KoMIbloTepHas Tpaduka; KOMIBIOTEPHBIM ITU3aiiH; MHQPOpPMALMOHHBIC
TEXHOJIOTHNH, I/IHTepHeT; KOMIIBIOTCPHBIC HpOl"paMMLI; BuU3yajibHas I/IH(bOpMaIII/ISI; IMporpaMMHOC
obecreueHue.

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

Kupnumryy. Dbapram cailblH  azaMgapablH  KONUYJYry ap  KaHJall  KOMIIBIOTEP UK

porpaMMaliap/isl KOJIJIOHYIIAT, J071000pJI00  CHCTEMANIapbIHBIH  YKapJlamMbl
KOMITBIOTEpJIep KOJNJIOHYA0ail TypraH aiiMaKThl MEHEH 4YaKaH apXUTEKTypajblK (opmanapasl
3JIECTETYY KbIMBIH. Komnerorepauk (UAD) Tonyk KaHAYy Y4  OITUOMAYY
TEXHOJOTUSHBIH  3H  KOPYHYKTYY  JKaHa MoJenaepae A01000paooro O0N0T, MHCANbI,
NOMYJNSAPAYY OarbITTapblHBIH OUPH  AKbIPKbI oymap ARCHICAD, AutoCAD Architecture
KBLIIAPIA KuHematorpadus, KapHama, mporpaMmaliapel, OINOHJOW  3Je  OapabIK
apXUTEKTypa jKaHa JAU3alH CBIAKTYY KOITereH KepeKTYy KYMYIMY JIOKYMEHTTEpAU >KaHa
TYPAYY TapMaKTap/Ibl OarbIHABIpraH OapIplK yMiMeNepau alyyra MYMKYHJIYK
KOMITBIOTEpJUK rpaduka OOyl caHamar. Oeper.  ByryHKy KyHIe  KOMIIBIOTEPIMK
Komnerotepank rpa¢uka KaHa rpa¢uka pPHIHOTYHYH OJYITYy CEIMEHTHH
KOMITBIOTEPJMK  J0JI000PI00  CHUCTeMalaphl UHTEpPHEP KaHa APXUTEKTYPATBIK
(KAC) yuayH mporpaMmaibik KaMChI3[00 00y BU3yalu3alus  9JIEUT. DByryHKy  KyHze
CaHaliraH MaaJlbIMATTBIK TEXHOJIOTHSIAD ap KOMIBIOTEPANK TEXHOJIOTUSHBIH
KaHaail 3amaHOan JAW3aliHEPAWH KECHUITHK MYMKYHUYYJIYKTOPYH KOJJIOHOOTOH KYypyIyI,
UIIMEPAYYJIYTYHYH — 3H  MaaHWiIyy  JKaHa apXUTEKT ypaJIbIK xKe 101000pI004y
KepeKTYY KOMIIOHEHTTEpH OOyl caHajar. KOMITaHHUSIHBI Ta0yy ©Te KblibIH. [1]
KomneroTepauk rpaguka — aHgaH apbl KomneroTepauk rpaduka — M3UII06
CaKTOO »aHa MINTETYY MaKcaTblHAA pealnayy IpEeIMETH KOMIIBIOTEPJIUH KapAaMbl MEHEH
NYHHOJeH allblHIaH BHU3YaJJIbIK MaaJIbIMATThl MOJIETIAEPIU JKaHa alap/blH CYPOTTOPYH TY3YY,
CaHapUNTELTUPYYTe, TY3YYle, PeIaKUHsIIO0ro CaKTOO KaHa UIITeTYy OoyiroH mium, 0.a. byn
MYMKYH Y K oepyyuy KOMITBIOTEPANK MH(OpPMAaTHKAHBIH ~ KOMIBIOTEpAE  TYPAYY
TEXHOJIOTUSIIAPIbIH Oomymy. [5] cypertepay  (cxemamapniwl, — yuiimenepa,
ByryHKy KyHZe® KONTereH >KOTOPKY aHMMalUsUIap/ipl) ajdyy MaceseliepuH KaparaH
’KaHa OpTO OKYYy ’Kailjapel, OIIOHAOH 3ie ap uH(opMaTHKaHbIH O6JIyMy.
KaHmail  okyy OopOopiopy ap  KaHnai KomnbroTepank rpaduka OamTarnksl
BEKTOPAYK, PpacCTPABIK KaHAa Y4 OIYOMAYY MaaJlbIMaT CYpeTTYy AMecC MyHe3/1e OOJIroH
rpauKanbK IporpaMmmaiap 0OOHYA OKYTYYHY yaypJa  CypeTTedylITy Kaiipa  ublrapar.
cynymraiiT. KoMmbploTepauk  TEeXHOJIOTHSTA Mmucanbl, SKCIEPUMEHTTUK MaallbIMaTTapabl
MBIHJIall KbI3BITYYHYH ce0ebu smuene? Koisshl, rpadukrep, THCTOTpaMMajiap xKe
MaajgbIMaTThIH  AUbIK-aMKbIHAYYIYyry  JKaHa quarpammanap TYPYHI®  BH3YyalJalITbIPYy,
TYWYHYKTYYJAYTY,  aHblH  (oTopeanu3mu, KOMIOBIOTEPANK  OIOHAAPABIH  JKpPaHBIHIA
OLLOHI0M e TM3aiH/IbIH Kaajiarat MaajgbIMaTThl  KOPCOTYY, CHMYIATOPIOPAO
OacKbIYbIHIA OHOW ©3repTyyJepay Kuprusyy KOPYHY LLITOPIY CHHTE3/160 apKbUTYY
MYMKYHUYJYTY. ABTOMATTAIITHIPHLUITaH KBIUBIHTBIK Yblrapca 00J10T. [6]
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Komnerotepank rpaguka asblp
XKOHOeKel uMiimenepaeH Oamrram, TaOWTbIHI
OOBEKTUIIEPIUH PEATAYY CYpOTTOpYHO YEeHUH
TYPAYY CYPOTTep YUYYH amnmaparTblK >KaHa
IPOrpaMMAIIBIK  KaMCBI3ZIO0 MJIMMHU  KaTapsl
oHYKKeH. KommbroTepauk rpaduka m3pimk
OapIplk  WJINMHUH KaHa  UHXEHEepAUK
JUCHUIUIMHANAPAa MAalbIMAaTTBIH  TaKTBITHI,
KaObUl ~aJbIHBIIBI  KaHa OepWIMIIM  YYYH
KOJJIOHYNaT. Al MeAMLMHANa, >KapHaMabIK
OusHecTe, KOHYJ ayyy MHIYCTPUACBIHIA XK.0.
konaoHynar. Kommnbplorepauk rpagukachi3 34
Oup 3amanHOam mporpamMma aHChI3 HINTEH
anbaiiT. I'paduka MeHEH WINTO® MAaCCAIBIK
PBIHOKTYK Iporpammanapislt YblTapraH
POrpaMMasIoody TONTOPJYH KYMYII
yoakTbIChIHBIH 90% bIH anart. [3]

Komnerotepank rpaduKaHbIH aKbIP Kb
IPONYKTyCy — cypeT. Byn cyperry ap Typayy
TapMakTapia KOJJOHCO O0JI0OT, MHUCAJbI, aj
TEeXHUKAJIBIK YMiiMe, 3KCIUTyaTalusuioo 00oHYa

KOJIAOHMOJOT'Y oup OeIYKTYH
WLTIOCTPALIHSCHI, KOHOKOH Jarpamma,
CYHYLITaJITaH JU3AHHABIH K€ JOJO0OpayH
KbICKa4ya apXUTEKTyp aJIbIK KOpYHY LY,
KapHaMaJbIK WILTIOCTPAITUS xKe

MYIbTQUIBMIMH  Kaapbl OOJIYIly MYMKYH.
KoMmmerorepauk rpaduika OH JKBUIIAH aIlibIK
yOakpITTaH OepW OHYTYI Kele jKaraT »KaHa
aHBIH KOMMEPIUSIIBIK KOJIJIOHMOJIOPY aHJIaH J1a
azpIpaak. AHJpuc BaH JlaM KOMIBIOTEPJIUK

rpaduKaHBIH  aTaJlapbIHBIH ~ Oupw  OoJrym
JcenTeneT XKaHa aHBIH KUTENTEPH
KOMITBIOTEPAUK rpadu KaHbIH HETU3UH]IE

KaTKaH TEXHOJOTHSUIAPAbIH OapJbIK CIICKTpU
OotoH4Ya (yHIAMEHTANYy OKYY KHTENTepH
O0onyn cananar. byn Tapmakra OIIOHIOW 7€
JOKTOPIIYK  JTUCCEPTAIUSChl  KOMITBEOTEPIUK
rpauKaHbIH TEOPUSIIBIK HETU3UH TY3reH VBan
Casepaenn aa o6enrunyy. [7]

Keipreiscrannarel  usmigeeuynep T.P.
OpyckynoB, M.Y.  Kaceimanue, VY.O.
Mamb6erakynoB xaHa H.H. OcunoBanbiH
Nudopmatrka 7-9-wmaccrap Y4yH TY3YJIreH
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OKYYy KUTETITCPUH/IC KOMIIBIOTEPIK
TEXHOJIOTUSHBIH KOJIIOHYY MYMKYHUYJIYKTODY,
rpauKaIbIK MaKeTTePUHUH HIIKE
alBIPBUTBIIIBI - TyYpalyy »J>KaHa TIpakTHKara
Kapata MUCAIIAp apKbUIyy TakK TYUIYHYK
OepuikeHaurH O6u3re oenrmyy. [5; 6]

OH aKbIpKbl KOMIBIOTEPAMK JIU3aiH
METOAJIOPY  MEHEH  KOJIJOOTO  aJIbIHTaH
YBITAPMAYbUIBIK W3WJIIO0JIOPAY SKCHHJIIETET
JKaHa OIIyTTYY TYpI® KOoropysarar.
KoMITBIOTepAUK TEXHOJIOTUSHBI IPKUH OUITyY
nu3aitHepanH (aHTa3HUsChIHA JKAHbBI WIesIapIbl
AaKTUBAYY T€HEpalHUsIIooro, OIIOHAOW 3Jie
MYIBTUMEIUSITBI K WHCTPYMEHTTEPIUH
apCeHaJIbIH KOJIJIOHYY MEHEH TaTaaj
MpOIECCTEPIN JKaHa KbIpJaanaapabl
MOJIENIeere MYMKYHIYK Oeper. Mucaisl,
aKBIPKBI JKBUIZAAPbl a0faH momyisipayy Oomy
JKaTKaH >OKapblK JU3aHBIH Y4 ©TYOMAYY
KOMIBIOTEPIUK MOJIENIO0 Iporpammaiapbl
apKbIYy FaHa Tak cypeTTeere 00i0T. TemeH10

3amaHOan JIu3aiiHepiep KOJIZJOHYYTa
CyHyUITajitaH K33  Oup  IporpaMMalibiK
OPOAYKTBUIAPABIH  MHUCAIJAPhl  KEATHPUIITEH.
[2]

Autodesk 3DS Max (mypmarer 3D
Studio MAX) Oym Autodesk TapaOsiHaH
UINTENIAI YbIKKAaH Y9 ©JYOMIYY TpaduKaHbl
’KaHa aHWUMAaIMsHBI TY3YY JKaHa TY30TYY YYYH

TONYK  (PyHKIMOHANABIK IpodeccuoHanayy
[IpOrpaMMallbIK YEYUM. IIporpamma
CcypeTuysiop JKaHa JU3alHEpIep YYYH OH
QNJBIHKBl KypajJapAbl KaMTBIMT. A3BIPKbI
ydypaa nporpamma ©3YHYH KEHUPH
(byHKIUOHANAYYIYTY KaHa
UHCTPYMEHTTEPUHUH XKaHa

MYMKYHUYYJTYKTOPYHYH KBIHBIHIBICHI MEHEH
aiflaHa-4yelpeHy 1071000pII00 KAaThIHAATH dH
HOMYJSIPAYY TporpaMManapsliH Oupu  Ooym
cananmar. OMNIOHIYKTaH IU3aiiH TapMarbiHIa

amuCTepay  JasplaraH  Kem4yJdyK  OKyy
Kalapbl KOMIIBIOTEPIUK rpaduka OoroHUa
okyy mmaneiHa 3DS  Max  (1-cyper)

MMporpaMMachbiH KUPTU3UIIKCH.
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1-cyper. 3DS Max untep¢ elicHHMH KOPYHYLIY

byn cyperte peannyy OOBEKITHH ke
abcTpakryy  OOBEKTTEpIUH (6up ane
CYpOTTONYIl KUYUPEUTHUIITEH XK€ YOHOUTYJTaH
Macmraba KaiitagaHa OepreH reoMeTpUsUIbIK
durypanapaplH - (QpaKTaIBIHBIH  TPOSKIIUSICHI)
MaaJIbIMATThIK MOJICTTMHUH KOJIeMIYY OoOpa3blH
UIITEIl YbITYYy KapajraH.

ArchiCAD (Apxukan) — Graphisoft
TapaObIlHAH TY3YJTOH apXUTEKTOPJIOp YYYH
CAD rpadukanblk mporpaMMaibIK MakeTH. A
apXUTEKTypaJIbIK KaHa Kyp Y1yl
KOHCTPYKUHSIIAPbIH xKaHa YeunM/JIep.IH,
OILIOHJIOM dJIe THINIKBI KAHA WYKA YOUPOHYH
AJIIEMEHTTEPUH J0J000pI00 YUYH KOJIJIOH yIaT.
ArCon Eleco Professional mpodeccuonanapik
IM3aifH, WHXXEHEpIMK JaHa Y4 OI4eMayY
BH3yaJM3allMsi  YIYH  WIOITETUN  YBIKKaH
nporpamma. by Kypynymr ydyH MHCTPYMEHT,
OLIOH/IYKTaH ajJ Kypdyan TypTraH MEWKWHIUKTH
TY3YYHY, KakILIPTYyHY K€ ©3TepTYYHY
KaajaraHjap apacblHIa abJaH MONyJsIpayy,

D OGS exT s

AQHTKEHU a3bIp TY3A6H-TY3 HMIITH OaIITOOI0H
MYpyH, JIOJI00OPTIO0 OacCKbIUBIHAA —aKBIPKBI
HaTBHIHKaHbl KOPYY MYMKYHUYIyTy Oap. bamka
CAD cucremanapbeiHan aiipipManassim, ArCon

IporpaMmachl ~ajrad apXuTEKTOpJIOpPTo  ap
KaHJail uMapaTTapibpl >KaHa KypyTyIIrapabl
BHU3YyaJIN3aIHSIIO0TO OaiinaHbl IKAaH

Macesenepan 4edyyre
WIITEIUI YbIKKAH.
AutoCAD Oyn Autodesk TapabbiHan
UIITEIUI YbIKKAH JKU JKaHAa Y4 OI4eMIYY
KOMIBIOTEPAMK  J0J000PIO0  CHUCTEMACHI.
CucremanblH 5H OupuHYM Bepcusichl 1982-

KapaaMm Oepyy Y4yH

eIl 4ublkKaH. AutoCAD xaHa aHBIH
HETU3UHIETU aTanbIH MpOTpaMMaITbIK
yeunuMep MalllMHa KYPYYHYH, KYypyAYIITYH

’)KaHa OKyy JKaila ap KaHgall TeOMETPUSUIbIK
durypanapapl KEHUPH KOJNJIOHYYHY TamThl (2-

Cyper).

p=rs S T

Elmamen |

T

2-cypeT. Y4 6.146MIYY KOMIbIOTEe PAUK 101000PJI00 CHCTEMACHIHBIH JHOJIOIIYK Tepe3ecH
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OH_ICHTI/IH, MaaJbIMAaTTBhIK aJIbIar, I[OJ'I600pI[y 3aKa3ybIlra JKaHa >XaJIIbl

TEXHOJIOTUsIIAp JKaHa KOMIIBIOTEPAUK KOOMYYJIYKKa KOpceTe aibimar. [4]
JI0JIOOOPJIO0 cUcTeMasapbl OW3IMH ME3THIIJIe JKBIMBIHTBIKTAN ATKAaHA, JU3aiiHEepIep
JU3ailHEpAVH  KCCHNTHK  HIIMEPIAUTHMHUH OMIEK PpBIHOTYHJA  KOMIIETEHTTYY  JKaHa
axplparsic  Oenmyry Oonyn caHamat. byn aTaaH/IallIThl KKa KOHIOMIYY Oonyyra,
MaaJbIMaT  CHCTEMajapbl  KOHCTPYKTOPAYK alapAblH HII MPOLIECCHH TE3AETYyre >KaHa
WH)KEHEepHia KOHKPETTYY KOpKOM HaTBIKAITyypaak KbLIIYyTa, KaHBI
n07000pI100 KaHa WHKEHEPIUK- TEXHOJOTUSIIAPABIH ~ TOJKYHYHJA  Oojyyra
TEXHOJIOTUSUIBIK ~ MacejeliepAd uedyy Y4YH MYMKYHAYK Oepyydy ap KaHJgall KaHsl
KOJIZJOHYJIaT. KOMIBIOTEPAMK J107000pI00 MpOorpaMMaiapbiH
MaansIMaTThIK TEXHOJIOTUSIHBIH ’kaHa  Oamka  THEILIeNyY  KOMIIBIOTEPIUK
KypaJlJlapblH KOJJIOHYYy MEHEH JAu3aiiHepiep nporpammaliap/ibl  M3MJIACI, ©316IITypyYyJiepy
aTalbIH IporpaMMallbIK KaMCBI3JI00H Y Kepek jen aiityyra Gosnor. KoHuenrtyanislk,
KOJIZIOHYY MEHEH J0J000pAy Te3 jKaHa Tak (GyH KM OHATBIK xKaHa TEXHUKaJIbI K
Jaspiail  anelmaT,  A0g000pro  KaajaraH Mmacesienepad — dedyyre  JkapiaaM  OepreH
OHJ00JIOPAY KUPIU3UI, KEPEKTYY TEXHUKAJIBIK KOMITBIOTEPAUK TEXHOJIOTUSIIAp AW3ailHEpANH
JKaHa KOHCTPYKTOPIYK JOKYMEHTTEPIU UJCSCHIHBIH ~ KEPEKTeeuyre  3MOLMOHANIBIK
Jaspadl  anelliaT, OINOHAOM 3JI€  ©3YHYH TaaCUpPUH KY4YOTYII, 101000pIyH
n07000pyH xKaHa aHJarsl UIITEPIUH KOMMEPLUSIBIK MUTUIMIUHE CallblM KOIIYII,
KBIMBIHTBITBIH HNuTepHeTke JKapblsIan JI3aliHEepAH YBIrAPMAYBLIBITBIHBIH

scTaderachl OOMYI KaJbIbl MYMKYH.
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OKYTYY YUYH BVYJYT TEXHOJOI'USACBIHIA KACAJIMA UHTEJUIEKTTU
KOJIIOHYYHYH OH KAKTAPBI
MHOJOKUTEJBHBIE ACIIEKTBI UCIIOJIB30BAHUSA MU B OBJIAYHBIX
TEXHOJIOT'UAX J1JIA ObYYEHUA
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
TaXpbIOachlH KaHJalya e3repTyIl, aHbl KEKEJCIUTHPHUITeH >KaHa HaTblikalyy, OKyydyrnap KaHa
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 NPOIECCHH ONTHUMAIIAIITBIpyyra MYMKYHAYK Oeper. JKacaima WHTEIICKTTH OymyT
TEXHOJIOTUSICBIHA HWHTETPALUSIO0 OKyydylapra »aHa CTYAEHTTEpPre bUIAUBIKTAIUTBIPBUITAH OKYY
NJaHJAphIH  KaHa KepceTMeslepay ©Oepyy MeEHEH OKYyHYy OKeKeIeUITHPYy YYYH JKaHbl
MYMKYHYYJIYKTOpIy adaT. MeiHgaH Teimkapsl, KM ke HermsmenreH OymyT TyTyMaapbl KONTOTOH
MpOIECCTEpPIM  ABTOMATTALITHIpA ajaT, OKYTYy4dylapasl KYHIOIYK MHJIIACTTEpAeH OOoIIoTym,
OKYTYYHYH MaaHWJIYY acTlieKTHUJIepruHEe KOHYJ Oypyyra MyMKYHIYK OeperT.

AHHOTaI[I/IH: Cratbs IIOCBALIICHA FJ'Iy60KOMy AHAJIN3y HWHTCIpalluu HCKYCCTBCHHOIO
unrewiekra (M) B obnmavnble TEXHOJIOTHH Ui 00pa30BaTeNbHBIX Iieneil. Mccnemyercs, Kak CHHTE3
ATUX TEXHOJOTUM TpaHCHOPMHUPYET Y4eOHBIN Mpoliecc, neias ero 0oJjiee MEpPCOHATN3UPOBAHHBIM,
C—)(I)(I)CRTI/IBHBIM U JOCTYIIHBIM JIsI yJalllMXCd W CTYACHTOB. OO0nayHble CHUCTEMBI O0ECIIEUMBAIOT
SKOHOMHIO PECYpCOB M YCKOpPEHHE OOYydeHHsI 3a cyeT OBICTpOi 00pabOoTKM W aHaimm3a OOJbIIMX
00BEMOB JaHHBbIX. 9TO MO3BOIAET OIITUMU3UPOBATDH 06p330BaTeHBHBIﬁ nmponecc, agalnTupysa €ro K
MHJMBH/IYyaIbHBIM MOTPEOHOCTAM Kaxaoro cryaeHrta. Murterpanus MW B o6navHble TEXHOJIOTHH
OTKPLIBA€T HOBBIC BO3MOXHOCTU [Jid NEPCOHAIM3aUU O6y‘I€HI/I$I, NpeaoCTaBjidgd ydJallliMCAa U
CTYACHTaM aJlalITUBHBIC yqe6 HBIC IIJIaHbI 1 PCKOMCHIAAIINU. KpOMe TOIO, 001auHbBIE CUCTEMBI Ha 0ase
5151 MOTYT aBTOMAaTU3HUPOBATH MHOTHUEC ITPOLCCCHI, 0CBO60)K,[[3.$I HpGHOI[aBaTeJIeﬁ OT PYTUHHBIX 3a1a4 U
IMMO3BOJISAA UM COCPEAOTOUMUTHCA HA 0oJiee BaXKHBIX acIleKTax 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; »XacajiMa HMHTEJUICKT; OKYTYYHY KEKeJIEeITHPYY;
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
06yquH51; aJalITUBHBIC y‘le6HLIe IIJIaHbI; AaBTOMAaTH3allusd 06pa3OBaTeanoro mpomecca, -
ACCHCTEHTHI; MAIIMHHOE OOyYeHHE, WHKIIO3UBHOE O0pa3oBaHWE; aHAIM3 JAHHBIX; TedMu puKaims;
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.

Ob6naunbie cepBucsl ¢ WU moryr UH(pacTpyKTypoil, TPOrHO3UPOBATh HArpy3KH
oOpabaThiBaTh OOJbIIME 00BEMBI JAHHBIX, YTO U CHUXAaThb 3aTpaThl 32 CYET TMOKOW apeH]ibl
MO3BOJIIET ~ ONTHUMHM3UPOBATh  aHAIU3 U BBIYHCIIUTEIbHBIX MOLTHOCTEH; [8]
npuHsaTHe perieHuit. OO6naunble MIaTGOPMBI - IIEpPCOHAIM3ALML o0yueHus:
MOIIEPIKUBAOT oOydyeHue Mozelen anroputMbl U agantupyror yueOHblE IIaHbI
MAalIMHHOTO  OOy4eHHs, 4YTO  YIydIlIaer nozn WHJIMBUyallbHbIE noTpeOHOCTH,
TOYHOCTH IPOTHO30B ¥ aHANM3a. [1] aQHaIM3MUpPys IMPOIpecc CTYIEHTOB, CTHUIb

[IpemonaBarenu MOTYT 0o0ydeHUs ¥ SMOIMOHAJIBHOE cocTosiHHE. [1]
aBTOMaTH3upoBaTh pyruny: WM mnposepser Hamnpuwmep, cucreMa  Khan  Academy
paboThl, OTBEYaeT Ha MPOCTHIE BOIPOCHL, a reHepupyeT  3aJaHus,  COOTBETCTBYIOIE
YUUTENS] COCPENOTaYMBAIOTCS HAa BAXKHOM. npobenam B 3HaHuax (Khan Academy — 3T0
Ob6naunbie mnatgopmel ¢ MM momoratoT OecruiaTHBIM J0OCTYyn K OHJIAHH-00pa30BaHUIO,
CO3[aBaTh MEPCOHAIBHBIE YPOKA — HAIpPUMED, OHO HAYMHAJIOCh C MAJCHBKOTO (JIOMAIIHETO)
MOOUPAOT 33J]aHUsI TIOJ] YPOBEHB CTYJICHTA. npoekra, KoTopeii npuayman Canman XaH JUist

Ob6naunble TEXHOJIOTUU TaKoKe CBOMX JIBOIODOAHBIX OpaTbeB U  cecTep,
VIOPOIIAIOT COBMECTHYIO pPabOTy: CTYICHTHI KHUBYIIMX B Apyrom ropojae. OHnaiiH-00y4yeHune
MOTYT JEIMTbCA MaTepuajlamMH, o0CyXJaTb ObUIO OpraHM30BaHO Ul yHOOCTBA, TaK Kak
TeMbl M paboTaTh HaJ MPOEKTaMU M3 JIHOOOH BO3MOXKHOCTH HaBEUATh POJACTBEHHHUKOB IS
toukn wmupa. MW momoraer ciemuTh 3a TOTO, YTOOBI TOMOTaThb MM IO IIKOJBHOM
IPOrpeccoM, MPENOTBpalATh KOH(WIMKTBI U nporpamMMme, y XaHa He Obuto. Ho 0oT3bIB ObLI
JlaBaTh MTHOBEHHYIO OOpaTHYIO CBSI3b. OYCHb HMHTEPECHBIM: OKA3aJIoOCh, YTO MHOTUM

EnvHCTBEHHBII HEAOCTaTOK —  3TO JFOASIM HAMHOTO TIPOINE YCBaWBaTh MaTepHal
YUUTHCS pabOTaTh C HOBBIMM UHCTPYMEHTaMHU U OHJIAITH, 4eM Jies1aTh 3TO B KIIACCHOW KOMHATe.
cobupath ganHble. Ho B uTOre HCKYCCTBEHHBIH Duolingo mnpumeHsieT TreiiMu QUKaINIO
WHTEIUIEKT U 00JIaka JIeJaloT 00ydeHue THOKUM, JUUISL TIOBBIIICHUST MOTHUBAHU. [12]

JOCTYITHBIM U 3(PEeKTUBHBIM. WHKITI03UBHOCTb: NU-uHCTpyMEHTHI

KiroueBbie mpenMyIecTBa BKIIOYAIOT: (HampuMep, CHCTEMBI PACIIO3HABAHUS PEU JUIS

- MaclITabupyeMocTb M ONTUMHU3ALMS cJ1a00CIIbI AL X UM aJalTalusi KOHTEHTa JUls
pecypcoB: oOmaunsle mmatgopmel ¢ MU CIa0OBUIIIMX)  PACHMPSIOT  JOCTYH K

MIO3BOJIIIOT ~ ABTOMAaTU3UPOBATh  YIIPABJICHUE
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00pa30BaHUIO ISl BCEX KAaTErOpHil ydalmxcs.
[11]

ABTOoMaTH3anusa pyTMHHBIX 3anad: MU
Oeper Ha cebs OIEHKY paboOT, COCTaBJICHUE
pacnucaHuii ¥ OTBEThl HA TUIIOBHIE BOIPOCHI,
OCBOOOKIasi MpernoaaBaTeNie il TBOPUYECKUX
3amay. [6]

[Ipumepsl BHEAPEHUS JEMOHCTPUPYIOT,
Kak oOmayHble muatgopmel ¢ MW noBbimaroT
ycrieBaeMocTh Ha 30%, CHUXKAIOT TPEBOKHOCTh
Ha 20% U COKpalaroT BpeMs OIEHKU 3aJaHui
Ha 70%. [2] OpHako aBTOPBI OTMEYAIOT
HE0OXOIMMOCTh PEIICHHS ITHYECKUX MPOOIIeM,
TaKWX KaK 3allMTa JaHHBIX U MPEJOTBpAIlCHUE
AITOPUTMHYECKON MPEAB3ATOCTH.

Crares nonmuepkuBaer, uyto WU B
OONaYHBIX  TEXHOJOTUSAX  HE  3aMEHSeT
yejoBeueckud  gakrop, a  CTaHOBMTCS
UHCTPYMEHTOM JUTS ONTUMU3ALUU

00pasoBaTenpHOro TMpolecca, aeas ero oosuee
rHOKUM U YPHEKTUBHBIM.

CoBpeMeHHbIE o0pazoBaTebHbIC
CHUCTEMBI BCE qare UHTETPUPYIOT
uckycctBeHHbIN wHTeUIekT (M) u obOnavnbie
TEXHOJIOTHH, co3aaBas THOKHE,
IIEpCOHANIM3UPOBAHHBIE U 3¢ dexTuBHbBIE
naaTgopmMbel O0ydeHHs. DTOT CHHTE3 pEIlaeT
KIIKOYEBbIE po0sIeMbl TPaAUIMOHHOTO
oOpazoBaHus, mpemjaras HHHOBAIIMOHHBIC
peleHus ISl pernojaBareieid U CTyAeHTOB.

Ob6naunbie TIATGOPMBI 0OECTICUNBAIOT
MTHOBEHHOE MacirabnupoBaHue
BBIYMCIIUTETHHBIX MOIIHOCTEH, 4To
KPUTHUYECKU BaKHO 1151 3a1a4 MU, Tpedyronmx
00paboTKH OONBIIMX JAHHBIX MM OOY4YCHHS
Helpoceredn.  Hampumep, mnpu  co3naHuu
reHepatuBHbIX Mozened MW wnm  aHamumse
BHJIEO C YPOKOB ([UIsi OLIEHKH BOBJICUEHHOCTH
CTY[ICHTOB) OO0JIauyHBbIE CEPBHCHI IO3BOJSIOT
aperjoBath GPU-cepBepsl TOIBKO Ha JTarme

oOyueHus, cokpamas 3arparel. [13] Oto
YCTpaHseT HEOOXOJUMOCTh B JIOPOTOCTOSIIEM
o0opyzoBaHuH, nenas NHN-pewenus
JOCTYITHBIMHU naxe JUTSt HeOOoJIbIIM X
00pa30BaTENbHBIX YUPEKICHUN.

OGnaunble  MIaTGOPMBI  TO3BOJISIOT
BHeApATh WM-pemeHuss 0e3 KanmUTaJIbHBIX

BIOKEHMHA B wuHpacTpykTypy. buszHec wu
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oOpa3oBaTenbHble  YUPSKACHHUS  IOJIYyJarOT
JOCTYII K TOTOBBIM MOAYISM Al 00paOOTKU
€CTECTBEHHOTO SI3bIKa, KOMIBIOTEPHOTO 3pEHUS
M aHaimM3a  JaHHBIX, YTO  MCKIIOYaeT
HE0OXOMMOCTb 3aKyIKU JIOpOroTo
obopynoBanus. [11] OOmaunble mnpoBaiiaepsl
npeajgaraloT ruOKue MOJEeNU OIvlaThl, TIJe
pecypcsl  (Hanpumep, GPU-cepBepsl i
o0ydyeHHsl HeWpoceTel) apeHAyITCs [0 Mepe
MOTPEOHOCTH, CHMIKAsE PUCKA HEIPPEKTHBHOTO
WCIIONB30BaHUs  MoumocTed. [7] Apenna
cepeepa ¢ GPU mo3BonsieT mMoOab30BaThCS
MOIHBIMU BBIYMCIUTEIBHBIMU pecypcamMu 0e3
HEOOXOJIMMOCTH TOKYyIaTh 000pyI0BaHHUE.

GPU-cepBepsl TPUMEHSIIOTCS B TaKUX
oOmacTsix, kKak pabora ¢ rpadukoi, aHanmu3
OONIBIIIMX JAaHHBIX M MAIIMHHOE 00ydeHUE

N B obnake momoraeT ajanTUpOBaTh
oOydeHue Moja MHAUBUIYaTIbHbIE TOTPEOHOCTH.

Hanpumep:
- AnantuBHbIE TPEKH: CUCTEMBI
QHAIM3UPYIOT  IPOIpecc  CTYAEHTOB U

ABTOMAaTHYECKH KOPPEKTUPYIOT y4eOHBIH IJIaH,
npenarasi JONOJHUTEIbHBIE MaTepHallbl WU
yIpouRs CI0XKHBIE TEMBI. [4]

- OmneparuBHass oOpatHas cBs3b: WU
MTHOBEHHO TIPOBEPSET 3aJaHUsl, BBISBIACT
OMMOKM W  TPEJOCTaBIseT  OOBICHEHWS,
ocBOOOXKIasi MpernojaBaTesiedl OT PYTUHHBIX
3afad. BupTyaibHble TOMOUHHUKU: CTYJIEHTBI
MOTYT 3azaBarb Bonpocsl HMH-accucrenram,
KOTOpBIE Pa30OMparOT CIOXKHBbIE KOHLENLHUHU Ha
IIPUMEPAX, 1aXKe BHE ayIUTOpUH. [2]

- Ilepconanu3anust 0Oy4eHUsI — KIFOUEBOI
acnekr wuHTerpauuu MW B obOpasoBanue,
I103BOJIAIOIM I ajanTUpOBaTh y4eOHBIi
Ipoliecc MOJA HHJIMBUIYyaJIbHbIE MOTPEOHOCTH
CTYIEHTOB. JTa TEXHOJIOTUS COYETAeT AHAIU3
JAHHBIX, MAllMHHOE OOy4EHHE U aJANTHBHbBIC
QITOPUTMBI  JUISL  CO3JAaHMUS  YHUKAJIbHBIX
Tpaekropuii o0yueHus. [14]

- AnanTtuBHble YyueOHble muTaHbl: WU
QHAIM3UPYET  PE3YIAbTATBI  TECTOB, BpeMs
BBINIOJIHEHUST 3aJaHUil W CTUJIb OOYy4eHHS
CTYJIEHTA, aBTOMaTUYECKH KOPPEKTUP YA
CJI0KHOCTB MaTepUasoB. Hanpuwmep,
minargopmel  Coursera u  edX HCHOIB3YIOT



MalmMHHOE OOydeHHe I IMoadopa KypCoB,
COOTBETCTBYIOIIMX YPOBHIO 3HaHUH. [12]
[Mpumepsl MCTONIB30BaHUS TUIAT(GOPMBI
Coursera:
«OnepanmoHHbIE CHCTEMBD»

Ucnons3oBanue AKYpHaJIOB JUISt
MOHHUTOPHUHTA CUCTEM. [2]

«AITOpPUTMBI»

Peanuzanus 3agaq Ha Java (coptupoBka,
mouck). [3]

«OCHOBBI TU3aitHa»

Coznanue wu300pakeHHl C  yd€ToM
tunorpadukd U Komnosuiuu. IlmatHbie

MpOorpaMMBbl  (CIIeHAIN3AINY, CEePTH(PUKATHI)
HEIOCTYIMHBI I POCCHUHCKHX IO0JIb30BATEICH
M3-3a OTpaHUYEHU omnatkl. [16]

becninaTHble Kypchl 4acTO HE BKIIOYAIOT
MpaKkTUYeCKue  3aJaHusl  UId  TpeOyroT
MOATMCKH AJIsi CepTU(UKATOB. [6]

OO6patHasi CBs3b B peajibHOM BPEMEHHU

CucreMbl ~ MTHOBEHHO  IPOBEPSIOT
3a/1aHUs, BBISBISIOT OLIMOKU U MPEJI0CTABISIOT
oObsicnennsi. Khan Academy renepupyer
WHJIMBUIyalIbHbIE YOPaKHEHHS Ha OCHOBE
npoOenoB B 3HaHUsX, a Duolingo mpemmaraer
JIOTIOJTHUTENbHbIE 3a/laHUsl Ui 3aKpErUIeHUS
CJIOHBIX TEM.

Duolingo nemonctpupyer, kak WU
codyeraeT oOydeHHe ¢ TreMuQuKaIue:
nporpecc otoOpakaercs B BHUJIE Harpaj, 4ro
TTOBBIIIAET BOBJICYEHHOCTD. [15]

AHanu3 TaHHBIX O CTYIEHTaX

Mertpuku YCIIEBAEMOCTH : nn
OTCICKUBAET pe3ylIbTaThl TECTOB, BpeMs
BBIMOJHEHUS 33J]aHUi, OLIMOKA M TPOrpecc B
ocBoeHuH TeM. Hampuwmep, miardopmbl Bpojie
Khan Academy ncCIoONB3yrOT 3TH JaHHBIE UIs
reHeparuu epCOHAIM3UPOBAHHBIX
ylpaxHeHuH. [3]

[loBeneHnueckuii crnoco0: aJIrOPUTMbI
BBIABIIIIOT ~ CTHJIb ~ OOyueHUs  (Hampumep,
IPEANOYTEHUE BU3YaJIbHBIX MJIM TEKCTOBBIX
MaTepHaioB) U aAaNTUPYIOT GopMaT KOHTCHTA.
[7]

OMOLMOHATIBHBIN MHTEIJIEKT: CHUCTEMBbI
pacrno3HaBaHUsl JIMIl WJM aHalM3a TEKCTa
(Hampumep, IBM  Watson)  oneHuBaroT
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BOBJIGYEHHOCT U CTpecc,
CJI0KHOCTB 3aJjaHuil. [8]

AnanTuBHbIE yueOHBIE TIIIaHBI

JmHaMudeckast CIIOKHOCTb: nn
MOBBIIIIACT WM CHHUXKAEeT YPOBEHBb 3aJaHUU B
3aBHCHMOCTH OT YCIIEXOB cTyneHTa. Hampumep,
€ClIM Y4JalMics JIETKO pem@aer 3aJadyd 1o
anredpe, cucreMa MpeaaraeT yriayonEéHHbIE
TeMsl. [10]

[lepconanu3upoBaHHbIE PEKOMEHAALINU:
QITOPUTMBl  MOAOHPAIOT  JIOTIOJHUTEIBHBIC
MaTepuainbl (BUAEO, CTaTbu) JUId YCTPaHEHUS
po0esioB B 3HAHUSIX. [3]

HHTepakTUBHBIE HHCTPYMEHTHI

UrpoBbie MeXaHUKH : TIIAT POPMBI BpoOJie
Duolingo IIPUMEHSIOT reiiMu (u Karuio,
npeBpam@s oOyuyeHHE B COPEBHOBAHUE WITH
KBECT, UTO MOBBIIIAET MOTUBaLMIO. [10]

BuptryanbHble acCHUCTEHTBHI: 4aT-O0OTBHI
Ha Oaze LLM (nmanpumep, GPT-4) oTrBeuator Ha
BOIPOCHI, OOBACHSAIOT CIOXHBIE KOHIEMUIHUH U
BEIYT JUAJIOT JUISl CAMOCTOSTEIbHOTO PeIleHUs
3amad. [8]

[Tpumeps! BHEAPEHUS

Khanmigo (ua 6a3e GPT-4) BeicTymaer
BHUPTYaJbHBIM HACTaBHUKOM, B AHAJIOT C
YIEHUKOM u MO/ATaTKUBAas K
CaMOCTOATEIBLHOMY pelieHuIo 3a1ad. [6] Ho, k
COXAJICHUIO ATO MOKa HEJOCTYITHO ISl HalleH
CTpaHBI.

Moodle ¢ mnmaruHom Al mo3BosseT
MPEnoIaBaTesiM CO3/1aBaTh aJallTUBHBIE TECTHI
KOTOpbI€ MEHSIOT CJIO)KHOCTh B 3aBUCHMOCTH
OT pe3yJbTaTOB CTYIEHTOB. [1]

VR/AR-n1aboparopuu (manmpumep,
BUPTYaJbHBIE XUMHUYECKHE SKCIEPUMEHTHI)
MO3BOJISIIOT TOBTOPATH MPAKTUYECKUE 3aJaHUs
0 JOCTHKEHHS pe3yipTara, MepCOHATU3UpYs
TeMn o0ydeHus. [6]

Pacno3nasanune smonnii. Kamepsr ¢ M-

KOPPEKTUP YA

00paboTKoit BHJICO B aAyIUTOPUSIX
OTCJIEKHBAIOT YpOBEHB BOBJICUEHHOCTH
CTYACHTOB, oMoras IPEToIaBaTeNsIM

KoppekTupoBaTh opmar ypoka. [2]
I'pynmoBoe obydenne. U dopmupyer
KOMaHJIbl Ha OCHOBE HAaBBIKOB, MHTEPECOB U
poJIell YY4aCTHUKOB, a TaKKe aHAJIU3UPYET
3(HEKTUBHOCTh WX B3aUMOJICHCTBUSL. [4]
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Buptyanbubie arentsl. MU-nepconaxu
BBICTYNAIOT B POJI TPEHEPOB WUIIM JAUATIOTOBBIX
napTHEPOB, UMUTUPYS PeATbHBIC CIICHAPUH JIJIS
OTpaOOTKH HABBIKOB. [4]

Nmetorcst crnepyionme mnpoOsiieMbl H

OrpaHUYEHHUS.

DTHUYECKHE AacCMeKThl: Heo0X0IUMOCTh
3aLUATHI JTAHHBIX CTYJEHTOB u
MPEIOTBPALLCHU ST ANTOPUTMHYECKOMN

npens3aroctu. [11]

3aBUCHMOCTh OT KauecTBa JIAaHHBIX:
a¢pdexruaocts MW 3aBucut ot o0bEMa u
TOYHOCTH MH(OPMAIIUHU O CTYJACHTAX.

Puck 3amenbl denoBeueckoro (akropa:
WU nomxeH MOTHOCTBIO HE 3aMEHSITh YIUTEs,
a BBICTYNATh HHCTPYMEHTOM JIJISl ONTHUMHU3AIUH
PYTHHHBIX 3a71a4. [6]

OGmnaunble  TIATGHOPMBI c HH
VAY4IIAIOT OpraHU3aIHI0 y4eOHOMI
JeSITEITbHOCTH :

dopmupoBaHUEe TPYNI:  AJITOPUTMEI

MOAOUPAIOT CTYIACHTOB IO YPOBHIO 3HAHUH,
poiisM B  KOMaHJIe W HMHTEpecam JJid

COBMCCTHBIX ITPOCKTOB. Monepauﬂﬂ I[HCKyCCHfIZ

N ananmu3mpyeT KOMMYHHKAIIUIO B TPYIIax,
BBISBIISIT KOH(IMKTBI, OTKIOHECHHS OT TEMBI
UM TIOBTOPAIONMECS OMMOKH, YTO TMOMOTAeT
MpenoaBaTessiM BMEIIMBATLCS BOBPEM. [4]

ABTOMaTH3aUs ATMUHUCTPUPOBAHUS:
N renepupyer mabIOHBI HHEOPACTPYKTYPHI
(IaC) u HacTtpamBaeT MOMUTUKH OE30MACHOCTH,
yrpom@as yrpaBjieHue OOJauHbBIMUA CpeAaMu
st IT-cienuanucTos. 5]

NN Gepér na cebs mpoBepky paodoT,
aHaJIM3 ONMOOK U MPENOCTaBJICHHE OOpaTHOM
CBs3M, OCBOOOXMIas TMpernojaBaTeneii s
TBOpueckux 3anad. [4] Hampumep, cucrtembl
MaIIMHHOTO OOYy4EHHSI MOTYT OLIEHHBATh 3CCe,
BBISBIISIL  TMOBTOPSIIOIIMECS ~ OMMOKKA WK
OTKIIOHEHHSI OT TEMBI, & 3aTE€M TEHEPHUPOBATh
PEKOMEHAALUH JUIsl CTYAEHTOB. [5]

YnanenHoe oOydyeHHWEe W COBMECTHas
pabora

O6naunble mIaThopMbl 00ECHIEUNBAIOT
JIOCTYII K pecypcam U3 Jit0o00i TOYKH MUpPA, YTO
OCOOCHHO  B@XHO M  JMCTAaHUMOHHOIO
oOydyenusi. U mononHseT 3TO0 MPerMyILeCTBO.
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Anam3 BOBJICYUCHHOCTH . CHCTEMBI
paciio3HaBaHuA JIMI U KOMIIBIOTCPHOI'O 3pCHUA
OTCJIC)KMBAIOT OSMOLIHWHU CTYACHTOB, ITO3BOJIAA

MpEroAaBaTeNsiM  KOPPEKTHPOBaTh  Qopmar
ypoka. [2]
OO6naunbie XpaHUJIUIIA JAaHHBIE,

monenu MW u yueOHble MaTepuaibl XpaHATCS
[EHTPAITU30BAHHO, YTO YIPOIIAET COBMECTHYIO
paboTy mpemnoaaBaTesiei U CTyACHTOB. [7]

DKOHOMHS PECYpCOB M O€30M1aCHOCTh

Hcnonb3oBanue 00JauHBIX PEIEHUN C
WU cumxaet 3atpaThl Ha HHPPACTPYKTYPY:

[Tnatexu mo moTpeOIeHNI0: KOMIIAaHUU
TUIATST TOJIBKO 3a (dakTHYeCKn
HCIIOJIb30BAaHHBIE PECypChl, a He cofepxkKar
«mepTBbIe» cepBepbl10.

3aumra JTAHHBIX: IIpoBaiiepsl
00JJauHBIX CEPBUCOB 00ECIEUMBAIOT PE3CPBHOE
KonupoBaHue, 3aumry oT DDoS-arak u
pasrpaHUYECHHE TpaB JOCTYIIa, MUHUMHU3ZHPYSI
pHUCKH yTeuek. [7]

Msb1 ucnonszyem Google ®@opmbl Juis
Pa3IMYHBIX 00pazoBaTenbHbBIX L eJIeH,
HarpuMep, MpU MPOBEpKe 3HAHUU CTYICHTOB,
OPOBEJCHUM  ONPOCOB M OpraHHU3aluu
JIMCTAaHIITMOHHOTO OOYYCHMUSI.

O6umit Bun okpana Google Dopm
yao0eH W TOHSTEH, YTO TO03BOJISIET JIETKO
co3laBaTb MW peNaKkTHUpoBaTh (opmbl  0e3
CHeHUaIbHBIX 3HAaHUW. DOpMBI JOCTYIHBI B
1r000€e BpeMsi CYTOK U TO3BOJISIET CTYICHTaM
paboTaTh ¢ HUMU B JIF000€ BpeMs U U3 JIFOOOTO
MecTa. ABTOMaTudeckas HpOBEpPKa TECTOB HU
cOOp JaHHBIX COKpAL@AIOT BpeMs Ha OLEHKY
3HaHUU U 00pabOTKy pe3yJbTaTOB.

B Google ®opMbl MOXHO BBECTH
pasNTUYHBIE  THIBI  BOMPOCOB,  BKJIIOYAs
TEKCTOBbIE TMOJs, 4YeKOOKChl (OTMETUTH Bce
MOJIXO/SIIIE BAPHAHTHI), BBHITAIAIOIINE CITHCKU
M IKagel.  MOXKHO  cO31aTh  TECTBl U
MPOMEXYTOYHBIX KOHTPOJEH [UIsI  OLICHKH
YCBOGHHMS MaTepHaa.

Huwxe mnpuBeaeH mnpumep co3gaHus
HOBON (OPMBI C HCHOJB30BAHUEM TECTOBBIX
BOlpocoB 1no  npeamery «HMcropus m
Meroaoioruss uHpopMmaruku» (“History and
methodology of computer science”) s
CTYICHTOB-MarucTpanToB Kuras.
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Hoasi dopma

“History and methodology of computer science

applies to repetitive calculations. The chief
Babylonian accountant had a similar
problem, so he asked his technicians to
come up with something that would help
him with his calculations. What was the
name of the computing device that first
appeared in Babylon?

Succubus

Aardvark

Abacus

Doing sums is very boring. The same = @ OAvH U3 criucka

Puc.1. CamocrosiTe/ibHOE co3n1anue ¢opMbl

Huxe npuBeneH npuMep Co3AaHus TECTa ¢ BAPUAHTAMU OTBETOB

a Hosas ¢dopma [ v " o
Bonpocst  Oreers
be the first digital computer in 16427
René Descartes
Isaac Newton

Analytical Engine

The next major step in the automated
computer was the development of
something that was widely used for
nearly a hundred years. What did
Herman Hollerith develop in 18907

Papier mache

Ticker tape

Punched cards
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Puc. 2. Co31aHue TeCTOBBIX BOIIPOCOB ¢ BaApUaHTaAMH OTBE€TOB

3areM TeCT OTHpaBisIETCA CTyJIEHTaM-

MarucCTpaHnTam 110 y1(a3aHHOI71 CCBIJIKC:
https://docs.google.com/forms/d/e/1F AlpQLSd
59EyZsal PeQV-
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PHC. 3 OTBeTLI, nonyqennble oT CTy)IeHTOB
Mzur MOXEM HCITOJIB30BAaTh GOOglC CTYI[CHTE[M — Ha TJ'Iy60KOM HOI’p}OKCHI/II/I B
q)OpMBI JUTSA COo31aHuA OHJIaI\/JIH'TCCTOB C MaTepI/IaJI.

aBTOMATUYECKOM TMPOBEPKOMl OTBETOB. ITO
DKOHOMHUT BpEMs Ha OILIEHKy U I103BOJISET
CTYIEHTaM BHJIETh PE3YJIbTaThl cpa3zy Iocie
MIPOXOXKJICHHU S TeCTa.

Ob6naunbie WM-Monmenu: mnpoBaiiepsl
MpeIarafoT TOTOBBIE MOIYIIM ISl 0OpaOOTKH
€CTECTBEHHOTO $I3bIKa, KOMIBIOTEPHOTO 3PEHUS

WM aHalu3a JaHHBIX, KOTOPBIE MOXHO
UHTETPUPOBAThH B oOpa3oBareabHbIe
matgopmel. [11]

WNurennekryanbHbie CHUCTEMBI
0o0yueHus: nn dopmupyer
MepPCOHAN3UPOBAHHbIE  YydeOHBIE  TJIaHBI,

aHaJIM3UPYET Pe3yAbTaThl TECTOB U IpeJiaract
PEKOMEHAAIMH ISl YIydIieHus. [4]
WNurterpanus nn B 001auHEbIE
TEXHOJIOTH U PEBOJIOIIMOHU3UPYET
obpasoBaHue, nenas ero OoJtee
NEePCOHATM3UPOBAHHBIM,  A(PPEKTUBHBIM U
JOCTYMTHBIM. OJTH pEIIEHUS HE 3aMEHSIOT
YeNI0BEYECKU dakrop, a  CTaHOBSATCSH
MHCTPYMEHTOM JUIsl TperoiaBaresieid, momoras
MM COCPEIOTOUYNTHCS Ha TBOPUYECKHU X 3a/1a4ax, a
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Taxkum oOpa3om, wuHTerpanus WU B
o0JauHbIe TEXHOJIOTUU CO3MaET OCHOBY s
rHOKOTO, MePCOHATM3UPOBAHHOTO u
SKOHOMHYECKH 3 (GHEKTUBHOTO 00Opa30BaHUs,
IJle MHHOBAIMHM JOCTYMHBI JaKe HEOOIBIM
YUPEKACHUSIM. OO0naunbie TEXHOJIOTH U
MO3BOJISIIOT CO37aBaTh BUPTYaIbHBIE KIIacChl,
CUCTEMBI yIIpaBICHUS o0ydeHueM u
o0ecreunBaOT JOCTYyIl K 0Opa3oBaTeIbHBIM
pecypcaM u3 Jr000W Touku mMupa. MHTerpamus
N ¢ o0mayHBIMU TEXHOJIOTUSMHU IT03BOJISET
ONTUMHU3UPOBATH MpoOIecC 00ydeHus, cAenaTh
ero Ooiee MHTEPAKTUBHBIM U JOCTYITHBIM JIISI
CTYACHTOB. DTO OTKPHIBAET BO3MOXHOCTH JJIS
pa3paboTku WHJIMBUIYaJTbHBIX
00pa3oBaTeNnpHBIX MPOTPAMM, ABTOMATH3AIUU
MPOBEPKN 3aJaHWH M CO3JaHUsS HOBBIX (OpPM

oOyueHusl.
B memoMm, coueraHume  OOJAYHBIX
Texgoiorui u MM wmMeer  moTeHIHAN

PEBOJTIOIIMOHU3UPOBATL 00pa3oBaHUE, ClICIIaB
ero Oomnee H(PPeKTUBHBIM, [OCTYIIHBIM U
NEPCOHAIM3UPOBAHHBIM.  DJTO  HalpaBJICHHUE



pa3BuTHs 00pa3zoBaHus oOeIaeT NPUHECTH Hecmotpsa Ha Bce mpeumymectBa U u

3HAYHUTEJIbHBIC MPEUMYIIECTBA KaK YJalMCs, 00JJauHBIX TEXHOJOTUM, YeIoBeUecKuil (akrop
CTy/IGHTaM, TaK W TperojaBaTeNisiM, U Oyaer OCTaeTcss HE3aMEHUMBIM B 00pa30BaHHH.
UTpaTh KIOYEBYIO pOIb B (OPMHPOBAHUHU [lpenogaBaTeny WIparOT KIOYEBYIO pOJIb B
Oymyiero oOpazoBaHMUSL. MOTHBAIHH, MOIEPIKKE u pa3BUTUU
PesynpraTs M CCIICIOBAHUS TBOPYECKUX  CIIOCOOHOCTEH  ydammxcsi U
JIeMOHCTpupytoT, uyro WKW B 00mayHBIX cryneHToB. WM CTaHOBUTCS WHCTPYMEHTOM,
TEXHOJIOIUAX 3HAYUTCIIBHO IIOBBIIIACT KOTOpI:II\/'I nmoMoracT mnpcernoaaBarcysAM CACIATb
JIOCTYITHOCTh U (PPEKTUBHOCTH 00pa3oBaHUs, oOpa3zoBaHue Ty4Ille, HO HE 3aMCHSET UX.
nenasi ero 0oJiee JOCTYITHBIM JIJIsl CTYJCHTOB M3 Takum oOpa3oM, coueranue WU wu
pa3HbIX PETMOHOB U COLMAIBbHBIX IPynm. DTO 001auHbIX TEXHOJIOTUU HE TOJIBKO
0COOEHHO aKTyaJIbHO B YCIIOBUSIX ONITUMU3UPYET 00pa30BaTEIBHBINA IPOIECC, HO
COBPEMEHHOTO U (POBOTO MHPA, TAE JOCTYM K U YCHIMBaeT poOJb TMpernojaBareield Kak
Ka4YC€CTBCHHOMY 06pa30BaH1/110 CTAHOBUTCA BCE MMPOBOJHUKOB U HACTABHUKOB B O6y‘~I€HI/II/I.

0oJiee BayKHBIM.
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WIMM U ’KAHA BUWINM BEPYYHY OHYKTYPYY/O KACAJIMA UHTEJJIEKTTHUH
POJY
POJIb UCKYCCTBEHHOI'O UHTEJ/IJIEKTA B PABBUTUUN HAYKU U OBPA3OBAHUA
THE ROLE OF Al IN THE ADVANCEMENT OF SCIENCE & EDUCATION

Kpbickaua mynesneme: Xacamma waTeuiekr (JKM) — Oyn Te3 eHYrynm Kene jKaTKaH TapMak, ajl
MalllHaIapra oKyy, JJOTHKAJIBIK Ol )KYTYpTYY ’KaHa KeMreiaepay 4euyy ChIKTYy CAITTYY TYpAe aaaMm
aKbUIBIH Tajan KbUITAaH TalllbIpManapiel aTkapyyra MYMKYHAYK Oeper. XKW 3amanOam kooMzio
HaTBIIDKATYYTYKTY JKOTOpYIaryy, TaTaal IMPOLECCTepAr aBTOMATTALITHIPYY JKaHa WHHOBALMSIIAP.IbI
XKaMBUITYy MEHEH dYeuyydy poiay oWHOUT. Mnumpae kana OuimM Oepyylne »kacaiMma HHTEIUIEKT
W3WJII00 METOJIOJIOTHSICHIH JKaHa OKyy TaXpBIOAchlH ©3repTyIl, OWIMMAN SKETKHJIMKTYY JKaHa
KEKeNIeIITUPHUITeH KbutaT. bynr maxamaga JKacaama WMHTEIUIGKTTHH YIIyT TapMakrapra THHTH3ICH
TaacUpH, aHBIH KOJJIOHYIYIIY, Keireinepy jkaHa KeJeueKTeru keiedern Oaca Oenruiener. Makananga
OIIOHJION 3JI€ ATHKAIBIK Maceseliep, MaalbIMarTapasl koproo xaHa JXVHUH eHYTYYCYHYH KeJlederdn
CBISIKTYy acCIeKTTep Jarkl TajkKyyrnaHar, omoHaod os1e JKWMHMH wniaumMm xana OwmmMm Oepyy
YOI POCYHIOrY POy XKaHa KeJIeYeKTeTH MYMKYHUYJIYKTOPY KOPCOTYIOT.

Annotauus: VckycctBernnbiit nuaTesuiekt (W) — 3to 6p1cTpo pazBuBarom@sicss 00J1acTh, KOTOpast
MO3BOJISIET MAallMHAM BBITIONHATE 3aJadd, TPAAMIMOHHO TpPEOyIOIMe YEeIIOBEYECKOTO0 HHTEIUIEKTa,
Takhe Kak oOydeHHe, JOTMYeCKoe MBINUIEHHE W pemeHue npobiem. MM urpaer Kio4eByl0 poib B
COBPEMEHHOM 0O0IecTBe, MOBbIIEAS 3S(GPEKTUBHOCTb, ABTOMATU3UPYS CJIOXKHBIE MPOLECCHl U
CTUMYIUpPYS MHHOBaMu. B Hayke 1 00pa30BaHUU MCKYCCTBEHHBIM MHTEIUIEKT U3MEHSET METOO0JIO0TUU
WCCIIEIOBaHUM W ydeOHBIH mporecc, aenast 3HaHus 0osee TOCTYIMHBIMU U IePCOHAM3UPOBaHHBIMU. B
CTaThe pacCMaTPUBAETCS BIIMSHHE MCKyCCTBEHHOTO HMHTEUIEKTa B 3THX c(epax, ero mpuMeHEHHeE,
npo0JieMbl U MepCreKTUBBI Ha Oynyiee. Tawke 00CyKIar0TCs STHUYECKHE BOMPOCHI, 3allMTa TAaHHBIX U
Oynymee pasButus MU, a Taroke ero pojb U BOBMOXHOCTH B HayKe U 0OpPa30BaHUH.

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
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: >kacanma WHTEIUIEKT; UIIMM; OUINM Oepyy; dSTukanbik Macenenep; AlphaFold.

KuitoueBble c€JI0Ba: MCKYCCTBEHHBIM HHTCIUICKT; Hayka; OOpa30BaHHE; 3TUYCCKUE BOIPOCHI;
AlphaFold.
Keywords: artificial intelligence; science; education; ethical issues; AlphaFold.
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1. Introduction

Artificial intelligence (A 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
mnovation 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
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with the latest advancements in theirr 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.

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 Manage ment 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.
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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.

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 thoughtful implementation, Al can significantly
everywhere. In summary, the role of Al in the contribute to human progress in the coming
advancement of science and education is both decades.

pivotal and promising, and with ethical and
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KbIPJAAJIAbI TAAHYY bIKMAJIAPBIH KAHA AJITOPUTMIAEPIUH TAJIA0OO
AHAJIN3 METOJ0OB " AJITOPUTM OB PACIIO3HABAHUA CUTYALUU
ANALYSIS OF METHOD AND ALGORITHMS FOR SITUATION RECOGNITION

Ksbickaua wmynesneme: Kripmaannbl TaaHyyHyH calaThlH KBATUMETPUSUIBIK OaalOOHYH
aKTYaJAyylTyTy alblHTaH JKbIUBIHTHIKTAPABIH HETU3WHJIE Tyypa e Tyypa dMeC YeunM KaObUl anyy
TOOOKENINKTEPH MEHEH TY3[IeH-Ty3 OalnmaHblryy. MaceneHu 4euyy jkaHa TaaHyy MIapTTapbl Tajar
KbUTBIHTAH TapMaKTapAbIH ap TYPAYYIYTYH 3CKE allyy MEHEH, KbIpIaai bl TAaHYYHYH CanaThlH 06aanoo
MaceJlecH TaTaall MyHe3re 33 0oJiyM, YHUBEpCAIyy, TaK WIMMHN HETH3/EeNreH YeUHUMH KOK, OMpPOK
azaM UIIMEpPAYYJIYTYHYH KONTOreH TapMakTapbl Y4yH eTe MaaHminyy Oonyn caHanar. Kanmaii rana
TaaHyy aJiITOPUTMU K€ TaaHyy CHCTeMachl 00JI00CYH, YeUMM KaObLI allyy dPEKECHHHUH caraThl KaHa
aHbpl HUIIKEe albIPYYHYH MINIEHUMIYYJIYTy, TaKran aWTKaHJa, KbIpAaaiJpl TaaHYYHYH OepuireH
camarblH allyy BIKTBIMAJIJIBITl MEHEH MYHO34eJ6T. OKyTyydy TaaHyy CHUCTEMachlH Kypyy MacelecH,
OKYTYy KaTapbhlHJa OKYTYY IPOIECCHHIC OCpPUITCH HIICHUMIYYJIYK MEHEH cararbl OCNTHUIICHTEH
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JICHIAJIJICH TOMOH 00JI00M TypraH 4edyuM KaObLI anyy 3peXECHH alyy 3apbULIbIThIHA OaiiIaHBIITYY.
Omon »ie yaypaa, 3aMaHOan TaaHYy CHUCTCMAJIAPbIHBIH HCTU3TU CallaT KOPCOTKYUTOPYH ISCCIITOO
TaTaaql Mmacene Oosyn caHanar. byn umre Kelpgaaaibsl TaaHyyHYH camaThlH 0aalloOHYH HEru3Iu
KOPCOTKYUTOPY JKaHa ajlap/bl ACENTOO bIKMAJIaphl OCPUIITEH.

AHHOTAIMA: AKTyaJbHOCTh KBAJMMETPUM KAaueCTBA PACIO3HABAHMS CUTyallul HaIpsSIMYIO
00yclioBJIeHa pUCKaMH IIPaBUIIBHOTO MJIM HEMPABUIIBHOTO MPUHSTHS PEILICHUHM Ha OCHOBE MOJy4EHHBIX
pEe3yAbTAaTOB B 33JJaHHOW MpPEIMETHOW 00JacTh. A y4UTBhIBas pasHOOOpazue oOnactei, TpeOyroImX
peumicHud 3aJa4yu H YCHOBI/Iﬁ paciio3HaBaHus, np06neMaTm<a OLICHKU Ka4YCCTBa pacCliO3HABAHMUA
CUTYyallMll CTAHOBUTCSI KOMIUIEKCHOW, HE MUMEIOIICH YHUBEPCATHHOTO CTPOTO HAydHO OOOCHOBAHHOTO
pEIICHUs, HO KPUTHYECKH BAXXHOHN JJI1 MHOTUX C(ep YeTOBEUECKON AeATebHOCTH. JIF0O0H anroputm
paciio3HaBaHuA HJIM pacClio3Haromas CUCTEMa XapaKTCPU3YCTCA KAa4YCCTBOM PCHIAOLICIO IIpaBHJIA U
HaAC)KHOCTBIO €0 JOCTHKCHUSA, T. €. BEPOATHOCTHIO IMOJTYYCHHUA 3aJJaHHOI0 KauCCTBa pacCiiO3HaBaHU A
CI/ITY&LII/IfI. 321,[[3.‘{8. IMOCTPOCHUA o6yqafo1uel71 pacn03Han1ueI7I CUCTEMbI CBOJUTCA K TOMY, yTOOBI B
mpoiecce OOydeHHUs MO OOyJaroIel IMOCIeIOBATEIEHOCTH OBIJIO TONYYeHO peIIaroliee MPaBUIIo,
Ka4eCTBO KOTOPOTO C 3aJaHHOW HAJEKHOCTHIO ObLIO Obl HE HMIKE 3aJlaHHOr0. MeXIy TeM pacder
OCHOBHBIX IIOKa3aTejaell KauecTBa COBPCMCHHLBIX PACIIO3HAOINX CUCTCM SBJISICTCSA HeTpHBHaHBHOﬁ
3amaueil. B HacToseit paboTe mpeacTaBiIeHbl OCHOBHBIE TTOKA3aTEIH OIEHKH Ka4eCTBA PacIiO3HABAHUS
CI/ITyaLII/Iﬁ 1 METOAbI UX BBEIYHCICHUH.

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.

Herusru ce3nep:. TaaHyy, KbIpAaal o00pasbl, TaaHYYHYH HWIICHHUMAYYJYTY; KBaJUMETPHS;
KJ'IaCCI/I(I)I/IKaLII/IH; )KacajiMa MHTEJICKT, bIKMaJiap.

KiaroueBble cJoBa: pacno3HaBaHUC, 06pa3 CUTyallMH, JOOCTOBCPHOCTh paClO3HABAHUI,
KBAIUMETPUSI; KIacCH(UKAIUS; UCKYCCTBEHHBIM MHTEIUICKT; METOJIBI.

Keywords: recognition; situation pattern; recognition reliability; qualimetry; classification;
artificial intelligence; methods.

AKTYyallbHOCTh KBJIMMETPUHM KadecTBa KOMILJIEKCHOM, HE MMEIOIIEH YHHBEPCAIBLHOIO
pacro3HaBaHuUs CUTYaIui HapsIMyIo CTpPOr0 Hay4YHO-OOOCHOBAHHOIO pEIIeHHS, HO
o0ycloBlIieHa pUCKAMH TPAaBUJIBHOTO  HWIU KPUTHYECKA BaXHOM [UII MHOTHX cdep
HEIIPABUJIBHOTO IIPUHATHS PEIICHUN HA OCHOBE YEJIOBEUECKOH JCATEIBHOCTH.

MOJIyYEHHBIX ~ Pe3yJIbTaTOB B  3aJlaHHOMN Heomnpenenennocts  1o0aBiseT  TOT
MpeIMETHOM obmactu. A YIUTBIBAs dakT, YTO MHOTHE 3aJaydl pPaclo3HaBaHUS
pasHooOpasue obsacteit, TpeOYIO M X peIeHUs TpeOyeTcs pelaTh ¢ MPUBJICYCHUEM (YHKIHH
3a/1auu u YCIIOBU I pacrio3HaBaHus, 0000MmIeHNsT W HEIWHEHHOM MHOTOMEpPHOM
npobiemMaTuka OLICHKU KauecTBa MHTEPIIOJIALMH, TO €CTh Paclio3HaBaTh 0OBEKTHI
pacrio3HaBaHuA chyauHﬁ CTaHOBUTCS Ui sBJICHUSA, HC Ha6J'IIOI[aBHII/IeC$I paHee B
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oOyuaromieii BBIOOpPKE, €ClIM pedyb HuIeT o0
oOydarolMXxcs  CHCTeMax  pacrno3HaBaHUs
«CHJIBHOTO»  HMCKYCCTBEHHOTO  HMHTEJJIEKTa.
XoTs TepMHUH «wiaccu GuKalus» 371ech He
NPUMEHUM, TaK KaK KIacCHpuKamus — 3TO
pazouenune (TaKCOHOMHUsSI) U OTHECEHUE K
3ajaHHOMy. B Hamem cnydae uckomas
pacriozHatomiasi  (QYHKIUS  HCKYCCTBEHHOTO
MHTEJUIEKTa  pealu3yeT  aBTOMAaTUYECKUU
CHHTE3 OIHMCaHWus HOBOro obpas3ma 1o
BXOJHOMY KOPTEXY HEHaO/I0laeMbIX paHee
npu3HakoB cutyauuu. «He HabmogaembIx
paHee» - OTHOCHTCS KaKk K aOCOIIOTHBIM
3HAYeHUSIM Ha BXoJe HMHGOPMAITMOHHON
CUCTEMBI, TaK U HUX KoMOMHamusM. W Kak
OLICHUBATh OTBET — pe3ynbraTta
«pacno3HaBaHU» HA CUHTE3UPOBAHHBIA 00pa3
— METOJIOB HE CYIIIECTBYET.

Pacnio3naBaemble  00pa3sl  001ajaroT
XapaKTepHBIM CBOMCTBOM, MPOSBIISIONMMCS B
TOM, YTO O3HAKOMJICHHE C KOHEYHBIM YHCIIOM
SABJICHUH M3  OTOTO  MHOXECTBA  JaeT
BO3MO>KHOCTb Y3HaBaTh CKOJIb YIOJHO OO0JIbILOE
YHCIIO €ro MpeJCTaBUTeNed, TO ecThb o0pa3 —
9TO TUIIMYHBIN, XapaKTE€PHBIN NIPEACTABUTEID, B

o0meM ciydJae, OECKOHEUYHOTO quciia
rapamMeTpU30BaHHBIX 0OBEKTOB. bynyun
OTpaKCHUEM 00BEKTUBHON peabHOCTH,

MOHATHE 00pa3a CTOJNb k€ OOBEKTUBHO, KaK U
cama pearbHOCTb, U MOKET OBITh MPEACTaBICHO
B TEPMHHAX TroMomMop(du3ma, Tak Kak OHO
ompenensier  Co0OM  OTHOINGHHE  MEXIY
00BbEKTAaMH MHOXECTB, MpPH KOTOPOM OJIHO
MHOJKECTBO SBJISICTCS MOJICIIBIO ipyroro. [4; 5]

[Tokazarens KauecTBa pacro3HaBaHUS

CUuTyanuunu - 9TO KOJIMYCCTBCHHAA
XapaKTCPUCTHUKa OAHOTO0 HMJIM HCECKOJBKHX
CBOMCTB mporecca paciio3HaBaHHs,

COCTaBJIAIOIMX €€ KaUuCCTBO, pacCMaTpruBacMas
MNPpUMCHUTECIIBHO K OINPCACICHHBIM YCIOBUAM

CUTYyalllH.
Iloka3zarenu KadeCTBa IMMpo1cCCOB
paciio3HaBaHuA moApasaAciAoT Ha

WHTETpaJbHbIC, CAMHUYHBIC H KOMIUICKCHBIC.
WMuTerpanbHplil  mOKa3aTeslb  KadyecTBa
OJM30K IO CBOEMY CMBICTY K TIOKA3aTelNro
3¢ dEKTUBHOCTH pacro3HaBaHUs u
OIpeNeNsieTCsl Kak OTHOILICHHE CYMMAapHOTO
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1oJie3HOr0 3 (deKTa OT BHIIOJHEHUS ONepalu
pacro3HaBaHUs K CyMMapHBIM 3aTparaM Ha ee
MIPOCKTUPOBAHUE U MIPOBEIICHUE.

EnuHuuHBIME TOKa3aTeNsIMU KauecTBa
pacCrio3HaBaHuA SABJIAIOTCS.

- napaMeTpsl
M CIIOJIb30BaHMS,

- TCXHHUYCCKUC U OKCILTyaTallHOHHBIC
mapamMeTpol, K 4YHUCIIy TaKOBbBIX MOTYT OBITH
OTHECEHBI: JIOCTOBEPHOCTh HHGOpPMALlUK U
BEPOSATHOCTh OIMOOK pacmo3HaBanus Buja (i,
J), 0C30TKa3HOCTh MPOILEAYP pPacClIO3HABAHUS,
HAJeKHOCTh  PACMO3HABaHUS H  Jpyrue
rapameTphl.

KomriekcHbIil  TTOKa3arTesnb
pacro3HaBaHUs  XapakTepu3yeT  COBMECTHO
HECKOJIBKO IMPOCTBIX CBOUCTB nim OIHO
CIIO)KHO€ CBOICTBO IpoIlecca paclo3HaBaHUA.
Jpyrum mpuMepoM KOMIUJIEKCHOTO MOKa3aTels
SABJIISICTCA BCPOATHOCTH IMpaBUJIBHOT'O
pacro3HaBaHus, OpeeisgeMasl COOTHOIIEHUEM

D:l_zzpij’ @)

i=1 j=1
1#]
rae Pij — BEPOSTHOCTH OLMOOYHOTO MPUHSATHUS
Fro Ki1acca CHUCTEMOW pacro3HaBaHHs, B TO
BpEMsI KaK CHUTYaIlMsl HAXOUTCS B KIIAcce J.
Takum obpazom, Ka4eCTBO
pacrio3HaBaHUs — 3TO KOMIUIEKCHOE CBOMCTBO
mpoliecca pacrno3HaBaHUsS B OMPEICIICHHBIX
YCIIOBUSAX PAcIiO3HaBaeMOW CHTyaluu. To ecTh
9TO TIOHSTHE, OOBEIMHSIIONIEE KaK alTOPUTM
(YycTpoiCTBO) pacro3HaBaHUsl, TAK U CUTYallHIo,

(YHKIHOHAIBHOTO

Ka4dyeCTBa

B KOTOPOM DITOT ainropuT™M (YCTpOMCTBO)
MPUMEHSETCSL.
Jnsg  omeHku — KayecTtBa — Ipouecca

pacro3HaBaHUsl CUTYaIlMil 4acTO HCIOJIb3YeTCsI
pa3TUYHBIA HA0OpP XapaKTEPUCTUK, HO TIIABHBIN
U3 HUX BCET/Ia JOCTOBEPHOCTD.

JIoCTOBEpHOCTH pacro3HaBaHusl,
XapaKTepu3yeT  BEPOSTHOCTh  MPaBUIIBHOTO
3aKIIOUCHHMS O BHJE PACHO3HAHHOTO Kiacca
CHTyalliM TI0 pe3yJbTaraM MpPOBEACHHBIX
HaOmonenuii. Haumbonee mpocroit cmocob
OIIPEICNICHNS JTIOCTOBEPHOCTH pacliO3HABAHMSI
OCHOBAH Ha MOJICYETE KOJIMYECTBA MPABHIIbHBIX
OTBCTOB, T.C. KOJIN4YECTBa OTBCTOB,



CoBIIagaronMXx € HMCTHHHBIMH Ha6J'IIOI[aCMBIMI/I
KIaccaMu CUTyallun (OTBeTaMI/I y‘lI/ITCHH) n
BBIYMCICHHUH YaCTOTHOI'O ITOKa3aTCJIA:

_Nu
rae N1 — KoJIM4ecTBO MpPaBUIIBHBIX OTBETOB; N
- o01ee YU CIIO OTBETOB CUCTEMBI
pacro3HaBaHUsI CUTYallUi.
B pamkax peanuszanuy = 4acTOTHOTO

METOJ]a OLEHKHU JIOCTOBEPHOCTH HEOOXOIUMO
VIUTBIBaTh, YTO MPOLIEHT HWIU YaCTOTHOCTh
NPaBWJIBHBIX OTBETOB 3aMETHO 3aBUCHT OT
KOJIMYECTBEHHOTO W Ka4eCTBEHHOTO COCTaBa
TOW MOCIeI0BaTEIbHOCTH 00pa30B, MO KOTOPOH
OHa Oymer BBIYMCIATBCS, TO €CTb  OT
MPEAICTaBUTEIBHOCTH TPOBEPOUYHON BBIOOPKH.
Hampuwmep, ecnu B mocie10BaTeIbHOCTH MHOTO
pa3 BCTpEYaeTCst o0Opas3, KOTOPBI
K1accu QUUIUPYETCS HEBEPHO, TO MPOLEHT
OIMOOYHBIX OTBETOB OYIET BEIMK, B TO BpeMs
KaK TP JPYTOM COCTaBE IOCIEI0BATEIBHOCTH
OH MOXXET OKa3zaThCs Majl. MOXKHO YCIIOBUTHCHA,
YTO TPOLEHT HEBEPHbIX OTBETOB Oyer
BBIYHCIISTECS OTHOCHUTEIFHO BCEX BO3MOXHBIX
00pa3oB, OJTHAKO MPH PEIIEHUU MPAKTHUYECKU X
3aja4 4acTo Tpebyercs MIPaBUIIBHO
pacriozHaBaTh Kak MOXHO OOJBIIE YacTo
BCTPEUAIONMXCS, @ HE BCEX BO3MOXKHBIX
n300paxkeHui. Takas mOTPeOHOCTh, HAIIPUMED,
B CHCTEMax OINTHYECKOTO pacro3HaBaHUs
o0BsCHSETCS TEM, 4To HEKOTOphIE
M300paKEHUs BCTPEYAIOTCS dale, W UX
KeNaTeNIbHO KIAcCH (UIIUPOBATh MPABUIIBHO, a
JIpyrue U300pa’keHus, XOTs U BO3MOXKHBI, HO
BCTPEYAIOTCA OYEHBb PEIKO, TMOITOMY IpH HX
Kiaccu puKauu ommMOKa MOXET OKa3aTbCs
MeHee omacHoi. [6-8] OreHka KkadecTBa
pacrio3HaBaHUs JOJDKHA 3aBUCETh OT (YHKIHH
pacnipeneneHusi BeposTHocTelr obpaza P(X) u
OBITH MPOMOPLIMOHATBH Of BEPOSATHOCTH
nosiBiieHus oOpaza. Kpome Toro, cymiecTByroT
pa3nuyHble OUMOKH, KOTOpble MPUBOAAT K
pPasNTUYHBIM  TOCIEJACTBHSAM, BJCKyIMM 32
co00i1 pazar4Hble MOTEpU. 3HAUUT, IIPU OLICHKE
KauecTBa pacrno3HaBaHUs JOJHKHBI
YIUTBIBATBCS PA3THYMS B MOTEPSX, BHOCHMBIX
paznuuHbiMu  ommbOkamu. [lpenmonoxkenue o

69

cymectBoBanun ¢yHkuunu P(X) BoBce He
TpebyeT ee ompeneneHus. BaxxHo nuub To, 4TO
OHA CYIIECTBYET U SIBJISIETCS XapaKTePHCTUKOM
cpelbl, B KOTOpOM paboTaeT pacro3Haromas
CUCTEMa, a  HW300paKEHHS  MOSBISIOTCS
CIy4alHO M HE3aBHCUMO CONNIACHO J3TOH
¢bynkunu. KadecTtBo pacrosHaromeil CHUCTeMbI
OTIpeIeNsIeTCsl BEPOSTHOCTBIO U LIEHOH ommOoK
npu paboTe B cpeze, onpenensieMoir GyHKIuen
P(X). Hecmorpss Ha TO, uto ¢ynkuus P(X)
HEU3BECTHA, KA4eCTBO JIF0OOOW pacrmo3HaroIIeH
CHCTEMBI MOKET OBITh OIEHEHO AMITUPHUYECKU
Mo CIy4alHO W HE3aBUCHMO BBIOpaHHOMN

MPOBEPOYHOI MOCJIEZI0BATEIbHOCTH.
HalinenHasi olleHKa XapakTepu3yeT KauecTBO
pacno3HaBaHMUs ~ TOYHO  TakK  kKe,  Kak

BBIYMCIICHHAS! 10 KOHEYHOW BBIOOpPKE 4YacToTa
XapaKTepu3yeT BepoATHOCTb. {7151 obecneueHus
BBICOKOTO KaueCTBa paclio3HaBaHUs HAJI0 3HATh
CBOWMCTBa cCpelbl, B KOTOPOH IIPEACTOUT
paboTaTh pacrmo3Haroulel CcucTeMe, TO €CTh
3Hath pyHkuuio P(X). Ho Tak kak 1mo ycnoBuio
3agaun  BepostHocTh  P(X)  HeusBecTHa,
OCTaeTcsi EIUHCTBEHHas BO3MOXHOCTh —
BBIOMpATh 00pa3bl Ui 00y4eHUs ClydailHO U
HE3aBHCHUMO COTJIaCHO TOMY xKe
pacrpe/eNnieHnIo, Ipu KOTopoM OyneT padorarh
oOydaromasicss  pacro3HaroIras cucrema.
OnHako npu CITydaiiHOM noaoope
U300pakeHU I oOyuarormen
MOCTICIOBATEIIbHOCTH Y)KE HEJb3sl TpeOOBaTh,
4TOOBI oOyuyeHue OBLITO 0€3yCIIOBHO
yCHEeUHbIM, TaK KaK HE  HCKIYeHa
BO3MOKHOCT, 4TO o0 yyJarotas
MOCJIEZIOBATENILHOCTD OYeT COCTaBJIeHA TOJIBKO
U3 CaMbIX HEMOOXOAAIMX H300paXKeHH.
[TosTomy ycrex OOy4eHHS MOXKET OBITh
rapaHTHUPOBaH JHIIb C HEKOTOPOH
BEPOSATHOCTBIO. 3HAYHUT, YCIEUHOE peIIeHUE
3319 00yJeHUsI OTPENIENIAETCS TeM, KaK 4acTo
B Tpoliecce 0OydeHHsl PacllO3HAoMAs CUCTEMA
OPUXOAUT K 3aJaHHOMY KayecTBY, TO €CTb
BAKHYIO POJIb UTPAET HAJECKHOCTh MOJTYUYEHUS
pEIAOIIEro MpaBuiia ¢ 33aHHBIM KAY€CTBOM.
IIpn pacro3HaBaHUU BO3MO’KHBI
OolMOKHM IMEepBOro poja — CHUTyallusi Kiacca 2
OpUHATa 3a CUTyauuo Kmacca | (c
BEPOSITHOCTBIO ~ COOBITHSL  P12), W ommOku



BTOPOTO poJia — CUTYyalus Kiacca | mpuHsTa 3a ONpENENAIOTCA M0 cleAyloumM GdopMyaam

CUTYaIIUI0 Ki1acca 2 (¢ BEpOATHOCTHIO COOBITHS (puc. 1):
P21). VYcioBHbIE BEpOSTHOCTH JTUX OMIMOOK
0 X
Py =[f,(x)dx, Py = fi(x)dx. ®)
Xo —0

Jlnst BBIOOpA 3HAYEHUSI TTOPOTa Xg BOCIIOIB3YEeMCsl KpUTEPUEM MUHUMYMa CPETHETO PHCKa
r=r, -P,+r, B, =min, 4)
IpI(S I’12 nu I’21 — CTOUMOCTHU OI_HI/I6OI( HepBOFO n BTOpOFO pona COOTBCTCTBCHHO.

j(x) A

Kmacc 2 Knace 1

X0 X
Puc. 1. Bun niotHocTel pactipeesieHusi BEpOSITHOCTEN mapaMerpa X

MO’KHO 3amucaTh, YTO
r=r,Py P+ Pi1 P

0 Xo (5)
r=r,P, [ f,00dx+1,P;= [ f,(x)dx,
Xo —00
rne P1 m P — ampuopHble BEpOSATHOCTH HAJIUYMS B PEATBHOCTH CHUTyallMd KiaccoB | u 2

COOTBETCTBEHHO.
[ns  ompeneneHuss BENMYMHBI Xo, IpA  KOTOPOM CpeAHMM PpHUCK [  MHHHUMAJIEH,
npoauddepeHupyeM BbIPAXKEHHE VIS [ 110 X U IPUPABHSAEM IPOU3BOAHYIO K HYIIIO

da(r)

dx ==, szz(xo)"'er Plfl(XO):O’ (6)

X=Xg

oTCIOZIa
f, (Xo) _ P, .
f, (Xo ) P2l

[Ipumem nonywmenus, uyro P1=P2, a ri2=r u npusHak X HMeeT HOPMaJbHBIM 3aKOH

pacnpenienieHusl ¢ OJUHAKOBBIMH cpenHekBaapatnueckumu oTkioHeHusMu (CKO) oo mas cutyanuii
K1accoB 1 u 2. B aTom citydae nosydum

(7)
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2 2
eXp _(Xo_ml) — 1 exp _w , (8)

1
21Go, 2c? . [275, 2c?

rae My u My — CpeaHu e 3HAUYCHU IapaMeTpa X JJIsl CI/ITyaI_II/Iﬁ K1accoB 1 ¥ 2 COOTBETCTBEHHO.

Pemas nocnennee ypaBHeHHE OTHOCUTEIBHO Xg, OIPEIEIUM BEIMYUHY TOPOTa.

Jlnst BBIYMCIIEHUST BEPOSTHOCTEM MPAaBHJIBHOTO PACIIO3HABAHUS HEOOXOJUMO OIMPEAeTUTh
BEPOSITHOCTH IOMaJaHUsl U3MEPEHHOr0 IMpH3HAaKa CUTyallMd Kiacca 1 B MHTEpBall OT Xg JO0 0 WIIHU
MPU3HAKA CUTYAIlMU Klacca 2 B UHTEPBAJ OT -0 JI0 Xq:

11 [ T[:GO ; 26(2) ) ( )
9
(x—wnzf
P, = Iexp ——|dx.
216, 20,

[IpousBoas 3aMeHy MEepeMEHHON HHTErpupoBanus (X-Mp)/co=t ¥ MOACTaBJIAA 3HAUCHUE
Xy = O,5(m1 +m, ), rae M>Mp , DOoayduM

1 o0 t2 2 mé@;nl t2
Pll :E I eXp —E \/— IeXp - 1 — I eXp —E t|=
T 0 (10)
—05+®( )

2

rre O(x) = —jeXp —— (dl — uaTerpan BEPOATHOCTH, 3HAYEHUS KOTOPOTO MPUBEIEHBI B
N21 2
CHpaBqubIX Ta6ﬂHHaX.

BLIpaH(eHI/Ie (10) IJIA Pj_]_ Cl‘[paBeI[HI/IBO JJIA CJIleaH, Koraa paCHOBHaBaHHe HpOI/I3BOIﬂ/ITCH I10
O]IHHOqHOMy I/ISMepeHI/IIO BCJINYNHBI HpI/I3HaKa paCHOSHaBaHI/ISI HpI/I n-KpaTHOM nu paBHOTOHHOM

U3MEPCHUH OJHOIO IPH3HAKA, KOTJa G1=02=...=0p=0)p BEPOSTHOCTH MPABUIBHOTO PACIO3HABAHUS
oTpeeIseTcs o GopMyIie:
(m,—m) ~
2 1
P, =P,, =0,5+O(——=+/n). (112)
20,

W3 »sToro BhIpaXKeHUs CcJeayeT, 4TO 4YeM Ooblle KOJUYECTBO HM3MEPEHMIl, TeM BbIIE
JIOCTOBEPHOCTh Pacro3HaBaHUsI CUTYaIui.

Ecnu pacno3naBaHue MpoM3BOAUTCS MO K HE3aBUCHUMBIM TpHU3HAKaM (IICHHOCTH MPHU3HAKOB
paBHBI), TO BEPOATHOCTH MPaBUIILHOTO Paclio3HaBaHUS MOXKET OBITh OrpeieseHa no Gopmysne

P, =P, =0, 5+c1>(( )\/k n). (12)

71



Ananuz ¢opmynsl (12) moka3plBaeT, UTO JJIsi HE3aBUCHUMBIX MPHU3HAKOB PABHOW IEHHOCTHU
yBEJIMYEHUE MX KOJMYecTBA K pPaBHOLICHHO YBEIMYCHHIO 4YMCIa N M3MEPEHHH OJHOTO MpH3HAKa
CUTYaIlUH.

K HeBeposSTHOCTHBIM MOKa3aTeNsIM KayecTBa pacloO3HABAHUS CUTYallUd MOXXHO OTHECTHU
TOYHOCTH (TNIYOMHY pacro3HaBaHUs1) CUTYAlluU, CPETHIOIO MPOJOJKUTEILHOCTh PACIIO3HABAHUS — KaK
MaTeMAaTUYECKOE OXXKHUJAHWE MPOJODKMTENBHOCTH  OJHOKPATHOIO  paclio3HaBaHWs, CPEIHIO0
BBIYMCIIUTENBHYIO U/UITH SHEPTOTPYI0EMKOCTh PaclO3HABAHMUS, CPEIHIOI0 CTOUMOCTh PaClO3HABAHUSL.

TouHOCTh  pacmo3HaBaHUS CHUTYalluM  ONpeAeseT  IUIOTHOCTh — ajdaBuUTa  KIACCOB
pPacro3HaBaEeMbIX CUTYallAM.

B ob6meM Buae MoJenb paclo3HaBaHUS COCTOSHHUS CUTyallUM Ha WHTEpPBaje BpPEMEHU ee
HaOmoeHus o, t) mpeacTaBisieTcs B BUAC

F{U I {N < {K}x[to, t) = { X } x[to, 1), (13)
rie {U} — MHOXecTBO 3HaueHui Bektopa U :(ul,uz,u3,...,um), TECTOBBIX CUTHAJIOB B

paccMaTpuBaeMOi CUTYaIUH;

{N} — wmHoOxecTtBO 3HaueHuii Bekropa N :(nl,nz,ng,...,n,), BO3MYIICHHI ¥ TOMEX C
M3BECTHBIMU CTaTUCTUYECKUMU XAPAKTEPUCTUKAMM ;

{K} - MHOKECTBO JIONTYCTUMBI X 3HAYCHHU M COBOKYITHOCTH mapamMeTpoB
K= (kl,kz,kg,...,kr), pacro3HaBaeMoOM CHUTyallMM C M3BECTHBIM HOMHUHAJIBHBIM 3HAYECHUEM
K"e{K};

{X} — MHOXeCTBO 3HAYCHHI COBOKYITHOCTH H3MEPSEMbIX XapaKTePHCTHUK pacro3HaBacMOn

cutyauuu X =(x1, X2s X3,---,Xq);

F — onno3naynoe oroOpaxenue snemenToB MHoxkecTB {U}, {N}, {K} B anemenTs! MHOXECTBA

<}

Tounoctes (ryOMHA) pacmo3HaBaHMS 3aJaeTcsi B BHUJE BEKTOPHOIO  (PyHKIMOHAa

CD = ((pl’ (PZ’ (p3, . ([)v) . KOOp)II/IHaTLI ® gBIAIOTCS HE3aBUCUMBIMH M 3aJal0TCS ABYM A

SKBUBAJICHTHBIMHU CIIOCOOAMU :
- na muoxectBax {U}, {N}, {K} B Buze:
@:{U}X{N}X{K}x[to,t)—)R", (14)
e RY — NpocTpancTBO NEHCTBUTENBHBIX YHCE;
- na muoxectBax {U}, {N}, {X} B Buze:
@ {U}x{N}x{X}x[to,t) > R". (15)
DKBUBAJIEHTHOCTL criocoboB (14) m (15) oOyciioBieHa OJHO3HAYHBIM OTOOpakeHHeM F.
Cucrema (13) obmamaeT ecTeCTBEHHON HM30BITOYHOCTBIO, €CIIM Pa3MEPHOCTh X OOJIbINE CyMMapHOM
pasmepHocTd U 1 N U paHT MaTpUIIbI
OFi .OF; : .
rank j:L >m+1, 1=1..0q, j=1...(m+]) (16)
oU; On;
g>m+ | gna mo6eix Ue{U}, Ne{N}.
Beinmonnenue ycnosus (16) nosposier npeactaBuTh (13) B Buje cucTeMbl ypaBHEHU N

xi=f;(K,N,U,t), i=1..,q (17)
U paspenmth nepBbie m + | ypaBHeHuit otHocuTenbHo U n N
UJ:UJ(Klet)l J:111m1 (18)
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Nj=N;(K,X,t), j=1..,L (19)

VYpasuenus (18), (19) moacrasnsiorcst B octaBimecs g - (M+ 1) ypasuenwuit (17) BMecto N u U
u nosy4arotest q - (M + |) KoHTponbHBIX yenoBuit, naBapuaHTHRIXK N u U B BUzE

xi= (K, X,t), i=1..,(q—(m-+I)). (20)

Ecnu pasmeprocts K, paBHasr <( - (M + ), u panr matpuiist

o (], .
rank| —=—=|>r, i=1..,(q-(m+1)), j=1..r (21)
oK ;
st mooeix Ke{K}, To B pe3ynbrare usmepennst X B (16) 0AHO3HAYHO ONpeaeistoTess KoopAauHatsl K,
TO €CTh O0ecIeUnBaeTCs 33/1aHHas IITyOMHA UM TOYHOCTh Paclio3HABaHUS CUTYAllUH.
Cpennsisi onepaTuBHas TPOJODKUTEIIEHOCTD JUATHOCTHPOBAHHS

t=3tPi= 2P 2P, (22)
i=1 i=1 1=1

rae ti — cpemHssi omepaTHBHAS MPOAOJDKUTEILHOCTh PACIO3HABAHUS CHTYallMH B COCTOSHUH |, tj| —
olepaThBHasl MPOJODKUTENBHOCTh CUTYallMd B COCTOSHUU 1 NMPU YCIOBHMH, YTO CPEICTBO CHCTEMa
(ayIrOpuT™M) pacro3HaBaHUS HaxomsATcs B coctosHuM |, Pj — ampuopHas BepOSTHOCTh HaXOXKICHHS
CHTyalldld B COCTOSHUH I, P| — ampuopHas BeposSTHOCTh HAaXOXICHUS CHUCTEMbI (AJITOpHUTMA)
pacro3HaBaHUs HAXOATCSl B COCTOSIHUU |,

B cocrtaB tj BXOOST Kak MPOAOIKUTEIBHOCTh BBIITOJIHEHUSI M3MEPUTENBHBIX ONEpalluil, TaK U
OCHOBHBIX OIepaluii paCUeTHBIX OIlEPALUH paCIO3HABAHMUSL.

Ilpu omeHke 3TOro mnoka3aTesss KadyecTBAa pACIIO3HABAHUS IO CTaTUCTHMYECKUM JIaHHBIM,
HarpuMep B N ucnbITaHUSX, pacyeTHas GopMyaa MMEET CIeIyoUMi BU I

t:iiiti,gpi’ (23)

g=li=1l
rae ti,g — CpC€aHsAA OIICpaTUBHAA HPOAOJDKUTCIIBHOCTh paCIIO3HABAHUA CUTYallUd B COCTOSIHUM i npu g-m
HCIIBITAHWH.
Cpe,[[Hﬂ}I CTOUMOCTD PACIIO3HABaHUA

m m k
CZ%CiPi:zpiZCi,IPh (24)

i=1 1=l
rae Cj — CpenHsisl CTOMMOCTb PacliO3HaBaHUs CUTYallHH B COCTOSIHUM |,
CpenHsisi BBIYMCIUTENbHAS /W SHEPTOTPYAOEMKOCTh PacO3HABAHUS

m m k
W =>wPi=2Pi2wi P (25)
i-1 i-1 =1
e Wi — CpeIIHSISI BBIYHCIIUTCIIbHAA I/I/I/IJII/I 3HepFOTPYI[OGMKOCTI) paCHO?:HaBaHI/ISI CI/ITyaIII/II/I B
COCTOSIHUM I.
[To cTaTHCTHYECKUM JaHHBIM MHOTOKPATHOTO paclo3HaBaHHMS:
1 Nm
W=—73%>wigPi (26)
N g=1i=1

rac Wi,g — CpCaHsgasd BBIYHMCIUTCIIbHAA H/Uin OHCPIroTpyaAOCMKOCTb pPACIIO3HABAHUA CUTyallUK B
COCTOSIHHH | pu §-M HCIIBITAHUH.

Taxum o0pazoM, KauecTBO pacro3HaBaHUsl U CaMUX CUTYyal[ui, KOTOpBIE
paclio3HaBaHUs CUTYyalluid XapakTepu3yeTcs BBIYHCIISIOTCS o IPUBOAUMBIM
COBOKYITHOCTBIO IoKasaresieu CUCTEM AQHAIMTUYECKUM  BBIPDOKCHUSM WJM  IIyTEM
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MaTeMaTH4YIE€CKOTO MOJCIIUPOBAHU . TEXHUYCCKHUEC PCUHICHUA 10 MAaTCMAaTH4YCCKOMY

Beluncnenue €QVMHUYHBIX M KOMILJIEKCHBIX o0ecreyeHn o npu IIPOEKTUPOBAHUU
nokaszaresei KauyecTBa pacrno3HaBaHUs pa3NUuUHbIX UHGOPMALMOHHO-YIPABISIIONM X U
CUTyallMl IO3BOJISIET HA MPAKTUKE MPOBOJUTH MHQOPMAIIMOHHO-aHATTUTUUECKUX CHUCTEM H
COMOCTAaBUTENBHBI  AHAIM3  CHCTEM U paccuuThIBaTh  UX  OCHOBHBIE  II€JIEBBIC
aJITOPUTMOB pacro3HaBaHus, ux XapaKTepUCTUKH.
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HUPPAJIBIK TPAHCO®OPMAIIUA IHNAPTBIHIA MH®OPMALUAJBIK-O/T900
KAHA BAIIKAPYY CUCTEMAJIAPBIHBIH TY3YMYH KAKIIBIPTYYHYH
MYMKYHUYYJIYKTOPYH KAHA KOJAOPYH N3N0
WCCJEIOBAHME BO3MOXHOCTEW U IIYTEW COBEPIIEHCTBOBAHUSA
CTPYKTYPbl TH®POPMALHNOHHO-USMEPUTEJ/IBHBIX U YIIPABJIAIOIINUX CUCTEM
B YCJIOBUSX IIU®POBON TPAHC®OPM AN
STUDY OF OPPORTUNITIES AND WAYS TO IMPROVE THE STRUCTURE
OF INFORMATION-MEASURING AND CONTROL SYSTEMS UNDER CONDITIONS
OF DIGITAL TRANSFORMATION

Kbickaua mynesneme. CaHapunTHK TpaHC(HOPMAIUSHBIH KOHTEKCTHHJIE MAallbIMaT, ©7I466
kaHa Oamikapyy cucremaiapsl (IMCS) unikaHamap/biH %aHa TapMaKTap/IblH HATBIAKATYYTYT'yH KaHa
ATaaHJAIITBhIKKa KOHAOMAYYJIYI'YH KaMCbI3 KbUJIYYHYH HCTU3IH JJICMCHTHUHC aﬁnaHny[a. MaKanazLa
caHapunTemrrupyy KoHtekcturae MMCTu MoaepHU3anusuiooro OaislaHBIIITYy HETM3IH Keilreiyiep
KaHa MYMKYHYYJIYKTep KapanaT. AlapliblH Ty3YMYH >KaKIIBIPTYY KOJIJIOPY, aHBIH MUYUHJE »KacaaMma
HHTCJUICKT TCEXHOJIOIHUSIIAPbIH, HCPCCICPAUH HWHTCPHCTHUH (lOT) JKaHa 6yJ1y'TTaFLI 9CCIITevJIOpAY
KUPrU3Yy CYHyHTanyyaa. MaanbIMarTappl WHTETPAUsUIOOHYH JKaHa pealyy yOaKbIT peKHMHUHJIE
cucreManapabl  OamKapyyHyH 3aMaHOam  BIKMajgapblHa TalJoo O Kypry3yiny. MsunneenyH
HaTBIKanapbl ap KaHAal TapMakTapa CaHApUIITUK TpaHchopMalus CTpaTerHsUIapblH UINTEN YbITYY
YYYH KOJIIOHYIyIy MYMKYH.

AHHoTanusi: B ycnoBusx nm@poBoit Tpanchopmaruu HWHGOPMAIIMOHHO-U3MEPUTEIbHBIE U
yrpasisitome cuctembl (MY C) cTaHOBATCS KITIOUEBBIM 3JIEMEHTOM B oOecreueHun d(pdekruBHOCTH
1 KOHKYPEHTOCIIOCOOHOCTH MPEINPUITUN U OTpacieil. B craTbe paccMaTpuBarOTCs OCHOBHBIE BBI3OBBI
U BO3MOXKHOCTH, CBsizaHHBIe ¢ MojaepHu3aimeii UMYC B koHTekcTe mudpoBusanmu. [IpemioxeHb
IIyTH COBEPIUCHCTBOBAHUS HX CTPYKTYpPbI, BKIIOYas BHEAPEHUE TEXHOJIOITMH MCKYCCTBEHHOIO
uHresuiekra, nutepHera Bemed (IoT) m oOmaunbix BbrumcieHuil. [IpoBeneH aHamu3 COBPEMEHHBIX
MOAXO0J0B K HUHTCIpalli AJaHHBIX W YIPABJIICHUIO CUCTEMaMU B PCAJIbHOM BPCMCHMU. PCSYJ'IBTaTBI
MCCIIEZIOBAHUS MOTYT OBITh MCIIOJB30BAaHBI JJISI pa3pabOTKu cTpaTeruii muppoBoil TpaHchopMai B
PA3INYHBIX OTPACIAX.

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.

Herusru ce3aep: MaanbIMaTTBIK )KaHa ©J1400 CUCTEMAJIAPhl; OHYTYY CTPATETUSCHI; CAHAPUIITHK
TpaHcopMalus; jKkacalMa HMHTEUIEKT CHCTeMalapbl, HEpCeNepIuH WHTEpHETH; OynyTTarsl
ACenToeop; OOIYLUITYPYIreH cucTeManap.

KuaroueBble ciaoBa: HMHPOPMALMOHHO-U3MEPHUTEIbHBIE CHUCTEMbI; CTPATETHsl Pa3BUTHUS,
nudpoBas TpaHchoOpMaIus; CHUCTEMbl HWCKYCCTBEHHOTO HWHTEIUICKTa, MHTEPHET BeIlel; OOIauHbIe
BBIYHCJICHU S, pACIIPCACIICHHBIC CHCTCMBI.

Keywords: information and measuring systems; development strategy; digital transformation;
artificial intelligence systems; internet of things; cloud computing; distributed systems.
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Hudporas TpaHchopmarus
MpEACTaBIseT CO0OM TMpolecc HHTErpanuu
MUQPPOBBIX TEXHOJOTHH BO BCE  AaCHEKThI
JESITENIbHOCTH TIPEANPUSATHIA, YTO TMPUBOAMUT K

M3MEHEHHIO OW3HEeC-MOoJeNel, MOBBIIICHUIO
3 PEKTUBHOCTH u CO3/IaHUIO0 HOBBIX
BO3MOHOCTEH. HNudopmarnonno-

U3MEPUTENIbHbIE U YIPaBJSIONME CHUCTEMBI
(MNYC) wurparoT BaXHYO poidb B 3ITOM
mpoiiecce, obecrieuuBas cO6op, 00pabOTKy u
aHaM3 JIaHHBIX, a TaKKe YIpaBJICHHE
TEXHOJIOTUYECKUMHU  mporeccamu.  OnHako
tpaguiuonHsle MNYC crankuBarooTcs ¢ psaom
OTpaHWYEHHH, TaKMX KaK HEJOCTaTOYHas
TMOKOCTh, HU3Kasi CKOPOCTHh 0OpabOTKH JaHHBIX
U CIIO)KHOCTh HMHTETPAllUd C COBPEMEHHBIMHU
nudpoBsiMu mnargopmamMu. B cBs3M ¢ 3TUM
aKTyaJlbHbIM CTAaHOBUTCS ~ HCCIIEJOBaHUE
BO3MOYKHOCTEH M IIYT€H COBEPIUCHCTBOBAHUSA
ctpykrypsr UYC.

B ycnoBusix nudpoBoit TpancopManuu
uH(OpMaIIMOHHO-U3MEPUTEIIbHBIC u
VIPaBJSAIOIIME CHCTEMbl CTAJIKUBAIOTCS C
PSZIOM HOBBIX BBI30BOB, KOTOPBIE OOYCIIOBIICHBI
HEOOXOMMOCTBIO  ajanTallud K  OBICTPO
MEHSFOIIMMC I TEXHOJIOTUYECKAM M PHIHOYHBIM
YCIIOBHSIM. DT BBI3OBBL  (OPMHUPYIOT
COOTBETCTBYIOLIME TpeOOBaHUS K
MPOEKTHPOBAHMIO, MOJICpHHU3AIIHI "
skcrmyatauun  UMYC, 4yrto nemaer ux
KITIOYEBBIM HIIEMEHTOM YCIEIHOM
1 GpOBU3AIUH TPEATPHUATHI U OTpaCTIEH.

OgHMM M3 OCHOBHBIX  BBI30BOB
SIBJISIETCS BBICOKA S CKOpPOCTb 00paboTku
naHHbIX. COBpeMEHHbIE MPOU3BOJCTBEHHBIE U
TEXHOJOTUYECKUE MIPOLIECCHI TpeOyroT
00paboTku OosbIMX 00BEMOB MH(pOPMALUU B
pPEKHUME peallbHOTO BpPEMEHU. 3aJepKKU B
00paboTKe JaHHBIX MOTYT TIPHUBECTH K
CHIDKEHUIO 2(QQEeKTUBHOCTU MPOLECCOB, a B
KPUTHYECKU X OTPacisiX, TAKUX KaK SHEPreTHKa

UM TPAHCIIOPT, — K aBapUHMHBIM CUTYaLUsM.
Hns  pemeHuss 3TOM 3amayu HEOOXOIUMO
BHEJIpCHUE BBICOKOITPOU3BOIUTEIBHBIX
MPOIECCOPOB, CHelMaM3uPOBAHHBIX

anmapaTHbIX pemieHuid, Takux kak FPGA, a
TakKe ONTUMHU3ALMS AITOPUTMOB 00pabOTKU
JaHHBIX IJI1 MUHHUMH3allUuW BPCMCHU OTKIIMKA.

76

Kpome  Toro,
UCIOJIb30BAHME  TEXHOJIOTUH
00pa0OTKM  JaHHBIX (stream  processing),
KOTOpPBIC TTO3BOJISIFOT o0pabatbIBaTh
uHdopMaruio mo Mmepe ee nmocryrienus [1].
Fme ogHuM  BaXHBIM  BBI30BOM
ABJISIETCSA TMOKOCTh M MacIIrabMpyeMoCThb
NNYC. BeicTpoe U3MEHEHNE TEXHOJIOTUYECKU X
IIPOLIECCOB M TPeOOBAHMN pPbIHKA TpeOyeT OT
CHCTEM CIIOCOOHOCTH a/laliTUPOBATHCS K HOBBIM
YCIIOBUSIM u MacIT abupoBaThCS B
3aBUCUMOCTH ~ OT  motpebHocteil. g
oOecrieyeHHs1 THOKOCTH M MacIITabupyeMOCTH
HEeoOXoMMO  pa3pabaTblBaThb  MOJYJBH YIO
apXUTEKTYpy, KOTOpas MO3BOJIAET  JIETKO
NO0aBJIATh MO M3MEHSTh  KOMIIOHEHTHI
cucreMbl. Kpome TOro, uCHoIB30BaHHE
00IaYHBIX TEXHOJIOTH o0ecrieunBaeT
BO3MOXKHOCTh MAacIITaOMpPOBAaHUS PECYPCOB B
3aBHCUMOCTH OT TEKyLUMX MOTpeOHOCTEH.

CTaHOBHUTCSI
HOTOKOBOU

AKT yaJIbHbIM

[Mognepxka CTaHJapTU3UPOBAHHBIX
IPOTOKOJIOB M HHTEP(ECOB Takke Urpaer
BAXHYIO  pOJb, Tak  Kak  I03BOJIAET

unterpupoate UMYC ¢ apyrumu cucremamu
U YyCTPOUCTBAMH.

be3omacHOCTh  JaHHBIX MIPEICTABISAET
coboli eme OAUH KPUTHYECKHH  BBI3OB.
VBenuuenne uyuciaa kuOepaTak H  yIeUYeK
JaHHBIX TpeOyeT oOecreyeHusi BBICOKOM

crerienu 3aumThl MHpopMmanuu B MNYC. [lns
3TOr0 HEOOXOIUMO BHEAPEHHE COBPEMEHHBIX
METOJI0B M poBaHMs JAHHBIX,
UCIIOJIb30BAHME CHUCTEM  OOHapyKeHUs U
npenorBpameHuss Bropxkenuii (IDS/IPS), a
TaKKe PeryisipHoe 0OHOBJIEHHE MPOTPAMMHOI0
oOecrieuenust U nardeil O6e3omacHoctu. Kpome
TOT0, Ba)KHO 00ECIIEYUTh KOHTPOJIb JOCTYIA U
ayTeHTU QUKALlMI0  T0Jb30BaTeneil,  4ToOsbl
MUHHUMH3UPOBATh pUCKA
HECAaHKI[MOHUPOBAHHOTO JIOCTYIa K CUCTEME.
WuTerpanus c TEXHOJIOTUSIMU
untepuera Bewed (loT) u uckyccTBeHHOrO
uaTeiekra (Al) Takke SBISETCS BaKHBIM
TpeboBaHueM K  coBpemeHHbiM ~ HNVYC.
YerpotictBa [oT mo3BossitoT coOMpaTh AaHHBIE
C pa3IMYHBIX JATYMKOB U OOOPYIOBAHMUS, YTO
MIOBBIIIAET TOYHOCTb U3MEpEHU "
o0ecrieunBaeT  ONEpPaTUBHOE  YIpaBJIECHUE



npoueccamu. [ns ycneumoit uaterpanuu ¢ loT
HEOOXOMMO  HOJIEP)KUBATh  CTaHJAPTHHIE
MPOTOKOJIBI CBsA3U, Takue kak MQTT, OPC UA

nu HTTP/HTTPS. Kpome Toro, BHempeHHE
ATOPUTMOB ~ MAalMHHOTO oOydeHmss u Al
MTO3BOJISICT aHAJIM3UPOBATH JTAaHHEIE,
MPOTHO3UPOBATH U3MEHECHUS "
ONTUMHU3UPOBATH TPOLECChl. DTO Tpedyer
obecrieuenust  coBmectumoctn  MUYC ¢
obmaynbiMu  TiaTdopmamu s Al wm

pa3paboTku UHTEP PeiiCOB /s B3aUMOICH CTBUS
¢ loT-ycrpoiictBamu.

Kpome TOrO, COBpEMEHHBIE CHCTEMBI
JOJKHBI  0OpabaTeiBaTh W aHAJIM3UPOBATH
OTpOMHBIE 00BEMBI JAHHBIX, MOCTYMAIO M X OT
Pa3IMYHBIX HMCTOYHUKOB. Jns 3TOTO
HEOOXOIMMO WCIOJIB30BAHHUE PACTIPEIEIICHHBIX
CUCTEM XpaHEeHHS U 00pabOTKU JAHHBIX, TAKUX
kak Hadoop m Spark, a Tawke BHeapeHue
TEXHOIOTMN I aHajin3a OOJbIIMX JAHHBIX,
Brmouas Data Mining m Machine Learning.
Kpome TOro, BaxHO 00€CIEUUTH BBICOKYIO
MPOITYCKHYIO  CIIOCOOHOCTh KaHAJOB  CBS3M,
9TOOBl MHUHUMH3UPOBATH  3aJEPKKH  IpU
nepenavye JaHHBIX.

HanexxHOCTh M OTKa30 yCTOWYHUBOCTH —
3TO KI4YeBbie TpeboBanuss g HMNYC,
OCOOCHHO B KPUTHYECKH BAXKHBIX OTPACISIX,

CooTBeTcTBHE HOPMATUBHBIM
TpeOOBAHUSM TaKKe SIBJISIETCS BAKHBIM
aciektoM npu npoektupoBanuu HMUYC. B
3aBUCUMOCTH OT OTpacid M PEruoHa MOTyT
INPUMEHATBCSL  pa3IMyYHble  CTaHAApPTHl U
perynsatopHble TpeOoBaHus, Takue kak [SO
27001 [2] wim GDPR. [3] Hdns oGecrieueHus

COOTBETCTBUS HEe00X0IMMO MPOBOJNTH
pPEryJasipHbIA ~ ayAUT  CUCTEMBbI, BHEAPSTH
CHUCTEMBI YIIPABJICHUS COOTBETCTBUEM

(Compliance Management Systems), a Takxe
o0ydJaTh epcoHa TpeOOBaHUSIM HOPMAaTHBHBIX
JTIOKyMEHTOB.

B pa3zmmuHBIX OTpacnsX, TakMX Kak
HHEPreTHKa, MPOU3BOACTBO U TPAHCIOPT, YKE
aKTMBHO BHeIpstoTcsl coBpeMeHHble HMHNYC.
Hanpumep, B osHepretuke IloT wu Al
UCIIONB3YIOTCS I MOHUTOPHUHTA COCTOSHUS
00opyoBaHUs u ONITHUMH3AIUU
YHEPrOMOTPEOIICHUSI. B MIPOU3BO/ICTBE
o0JauHbIe TEXHOJOTHH U MOJIYJIBHBIE CHCTEMbI
MO3BOJISIOT MOBBICUTH ruOKOCTh
MIPOM3BO/ICTBCHHBIX JIMHHH.

B ycnoBusx nudpoBoit TpaHchopmannu
WHTETpAIUs NaHHBIX U yIPaBJICHUE CHCTEMaMH
B PEaJbHOM BPEMEHHU CTAHOBSTCS KPHUTHUYECKU
BKHBIMU 7151 o0ecrieueHust 3PpPeKTuBHOCTH U
KOHKYPEHTOCITOCOOHOCTH NpeANpUITUM.

TakKHX KaK DJHEPreTHKa, TPaHCIOPT W CoBpeMeHHBIC TOAXOABl K PEMICHUIO JTHX
3IpaBOOXpaHEHHUE. st obecrieueHus 3a7ad BKITIOYAIOT MCIOJB30BAHUE Pa3IMYHBIX
OecriepeboitHoM paboThI HE00X0IMMO TEXHOJIOTUH W METOM0B, Takux Kak loT,
W CIIOJIb30BATh pe3epBHpOBaHHUE u obnmayHbpie  BBIUMCICHUs, edge computing,
TyOIMpoBaHue KPUTHYECKI BAYKHBIX MCKYCCTBEHHBIH UHTEIUICKT (AD u
KOMITOHCHTOB, BHEJIPATH CHCTEMBI pacmpenenieHHbple cucTeMbl. Huke mpuBeneH
aBTOMAaTUYECKOTO  BOCCTAHOBJICHUSI  IOCIIE aHaIM3 HTUX TOJXOJI0OB C HCIOJIb30BAaHUEM
cO0oeB, a TaKKe pEryIsipHO TECTHPOBATh U CpaBHHTEIbHOM TaOMIIBI (TA0M. 1).
MOHUTOPHUTH cucTemMy Ha peaMeT
YSI3BUMOCTEH.
Tabauuna. AHaau3 NoaAX010B
Kpurepnii loT Ob0naunbie Edge HckyccrBennsnlii | Pacnipenenenn
(uaTepHeT | BhIumMciaeHus | Computing | unTesutiext (Al) | ble cucTeMBbI
Bellei)

CxopocTb Bricoxkas, o | Cpennss, OucHb Bricoxkas, Bricokas,
00paboTKH 3aBUCHUT OT BO3MOXKHBI BBICOKaS, 3aBUCHUT OT pacmpe/eliecHHa

CeTH 3aJIepP’KKU 13- | 00paboTka | aJrOpUTMOB s1 00paboTKa

3a mepeiayd | Ha MecTe

Macnrrabupyemo | Beicokas, OueHb Orpanuuen | Beicokas, Beicokast, HO
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CTh JIETKO BBICOKAs, a 3aBUCHUT OT CII0)KHOCTh
N00aBIIATH pecypcbl pecypcamMul | BEIYMCIUTENBHBIX | YIIPABICHUS
YCTpOMCTBA oOmnaka edge- MOIHOCTEN pacrer
ruoOkue YCTPOUCTB
3arpaTsl Ha Cpennue, Huskue Bricokue Beicokue Cpennue/BbIcO
BHEJpEHUE 3aTpaThl Ha (omutata 1Mo (edge- (pa3paboTka u KHe
o0opynoBaHHu | Mepe yCTpOiicTBa | oOyueHUe (CTIO)KHOCTH
€ U CEeTh UCIIOJB30BAH | U MoOJIeNEN ) MHTErpaIun)
usi) uHbpacTpy
KTypa)
bezonmacHocTh Cpenusis, Bricokas, Ho | Bricokas, Cpennsis, Bricoxkas,
JAHHBIX YA3BUMOCTB K | 3aBUCHUT OT JTAaHHBIE 3aBUCHUT OT pacrnpezienieHHa
aTakam Ha npoBaiiiepa | oOpabarhiBa | 3aIMTHI s 3l Ta
CeTh oOaka 10TCA ITOPUTMOB
JIOKaJIbHO
HNurterpanus c Bricokas, Ho | OueHb Cpenusis, Bricoxkas, Bricoxkas, Ho
JIPYTUMH TpeOyeT BBICOKAs, OrpaHHUYEHAa | UHTETpalus CII0KHOCTh
CHCTEMaMH cTaHJapTu3all | obiaka edge- yepe3 APl u yIpaBJICHUS
1701 NoJJeP)KMBa | ycTporicTBa | miaatdopMel
MIPOTOKOJIOB 10T API MU

Kaxnpiil U3 paccCMOTpPEHHBIX MOJIXO0I0B
MMEET CBOU MPEUMYIIECTBA U HEJOCTATKU, YTO
JielaeT UX MNPUMEHMMBIMH B  Pa3IUYHBIX
cueHapusix. [ns sddexruBHON HHTErpanuu
JTAHHBIX U YIIPABJICHUS CUCTEMAMU B PEATILHOM

BPEMEHH  PEKOMEHIyeTCs  KOMOMHUPOBATH
HEKOTOPBIE TIOJIXO0IbI JUTS PEIICHUS OTACIBHOTO
Kiacca 3amay. Hampumep, npeiaraercs
ucnons3oBate 10T mus cOopa nmaHHBIX C
JATYNKOB, UCIIONIE30BATh o0nauHbIe
BBIUMCIICHUS JUIS  XpaHEHUS W aHAIW3a
O0OJpIMX  O00BEMOB  JAaHHBIX, a TaKKe
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pean30BaTh CUCTEMY IPUHATUS PELICHUN IS
MPOTHO3UPOBAHUS u ONITUMH3AIUH
TEXHOJIOTUYECKUX TMPOLIECCOB, MOCTPOCHHYIO
Ha 6a3ze cucremsr 1.

Takol KOMIJIEKCHBIN MOAXO[ IMO3BOJIUT
MakCUMaITbHO 3 (p(EeKTUBHO  HCIOIB30BATH
COBPEMEHHbIE  TEXHOJOTMM B  YCIOBHUAX
nudposoit  Tpanchopmanuu. Hexons  u3
MPOBEJCHHOTO aHaim3a, Obuia paspaboTaHa
cTtpareruss M @poBoil  TpaHchopmanmuu B
nortauuu IDEFO (puc. 1).
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3AMAHBAII ITAPTTA BAIITAJII'BIY KJIACCTAPJA BUJIMM BEPYYHYH
ABAJIbI 7KAHA OHYI'YYCYHYH HEI'M3I'M BAT'BITTAPBI
COCTOSHHUE N OCHOBHBIE HAITPABJIEHUSA PA3ZBUTHUSA OBPA3OBAHUA
B HAYAJIBHBIX KJIACCAX B COBPEMEHHBIX YCJ/IIOBHUAX
THE STATE AND MAIN DIRECTIONS OF PRIMARY SCHOOL EDUCATION
DEVELOPMENT IN MODERN CONDITIONS

Kbickaua myHe3geme: MyraqiuMIuH 4YbIrapMayblIbITbl — OKYY4YYJap[blH YbITApMaubLIbITHI.
bangap — myranuMmau Tyypooro, ajlapiaH YTy ajayyra apakeTTeHueT. Ap Oup 6ana cabakra KeH dJie
uirebecTeH, ©3yHYH KOHIOMIYYIYTYHO Kapallld, KbI3bI'Yy MEHEH WILNTeeCy KepEeKTUTHH 0aaphiObi3
TymyHeOy3. 3amanOan Oamrranreld MeKTenTe OuiuMm Oepyy mpoueccH OanaHbH YbITapMadbLIbIK
MYMKYHYYJYKTOPYH OHYKTYPYYI® KaHa OKYyydyJIap/blH €3 ajljblH4a OMJIMM allyy >KeHAeMAYYJIYTYH
KaJIbIIITAHABIPpYYIra OarsITTaNar. MaKanaz[a yaryJ KaHa Oarka MaceJIeJICp KapaJiabl.

AnHoTanms . TBOpUECTBO y4uTENS — 3TO TBOPUECTBO YUEHHMKOB. JleTu craparoTcsl moJpakaTh
CBOUM YUUTEJISIM U OpaTh ¢ HUX NMpuUMep. MBI BCe TOHUMAeM, YTO KaXIbId peOCHOK JOJIKEH HE MPOCTO
pa60TaTB Ha YpPOKE, a pa60TaTB C HHTCPECCOM, B COOTBCTCTBUU CO CBOMMU CIIOCOOHOCTSIMHU.
OO0pa3zoBarenbHbIi poLecc B COBPEMEHHON HAayallbHOW IIKOJIE HANpaBJICH Ha Pa3BUTHE TBOPUYECKUX
criocobHocTel pebeHka W (OpMUPOBAHHE y yJalMXCS YMEHHUS CaMOCTOSTENBHO YUUThCA. B cTathe
00CY)KIAI0TCsl 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 ce3gep: OamTaarbld MeEKTeN, caHapul; OwiuM Oepyy; eHYKTYPYY; OMITHYTHK;
MOTHBAL M, YbITaApMAYbLJIIbIK, TEXHOJIOIHUIAP.

KirouuBble cjioBa. HavanbHas IIKOJA; LM (POBHIE TEXHOJOTHH; OOpa30BaHHE, Pa3BHUTHE,
HAaBEBEIKW,; MOTHUBAaIIH, eraTI/IBHOCTB; TEXHOJIOTUH.

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

baurranrera ounum oepyy Jemek, oM oepyy
MpPOrpaMMachlH  MUTHIIMKTYY ©OHYKTYPYYHYH pOrpaMMachIHIArkl Kypd KeireinepayH Oupu
HETH3TH  KOPCOTKYYTOPYHYH OHUPH  OKYyy — OmimM OepyyHY TyMaHAawrslpyy. bannapra
UIIMEPAYYIYTYH  KIBIITaHIBIPYY  Ooiym OKYYy KbIHBIHOBI? Dku kepyHyl Oap. K33 Oup
caHanar. OKyy HIIMEPAYYJIYTYH KaJbIITaHYy azaMmjap, aipblkya, OaluTanrbld Kiaccrapia
JapaxxacklH 0aajooro MYMKYH OOJroH Oup OKYY KBIHBIH OMEC JIeTI dCenTeleT. bamkanapsl,
Heue KpuTepuidiep 6ap: TECKepUCHHYE, OKyy — Oym ce3cy3 Typae
1. Oxyy wWHMepayyiIyry YeHeMIUK aIbIK4Ya MIITee MEHEH KOIITOJITOH OOp KYMYII
JNOKYMEHTTEp/Ie OCNTUIICHTeH KYpaKTBhIK >KaHa JIeTI ACENTeleT.
MICUXOJIOTHSIIBIK TalarTapra bIIalbIK KeJeT; Kaumwipyyn »smec, Myraiumaep ara-
2. OKyy WIIMEpAYYJIyTy @IJIblH aJia SHEJNIEp/IeH Oajla ACHUHJIE JKOK, KoHYJ OypOaii
OeNTUJICHTEH TajarnTapra ’oom Oeper; KOHTOHJYKTaH a3yyHy YHYTYI KaJTaHBIH Kol
[lemarorukanblk  TEXHOJIOTHSUIAPABIH yrat. Al sMu OaluTairsid Kiaccrapaa OanaHsl
MaaHWIYY  KOMIIOHEHTH  OOJym  OKyTyy KOH 3JIe OKyyra 9MeC, KbI3bIT'Yy MEHEH OKyyra
METOAJI0PY CaHaar. yiipeTyy abnan maanuiyy. Anderre, Oana yayH

OKYyY OHOM yMYII 3Mec, OMpPOK 4apyoo, aHaaH
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Jla alblkya UINTeeJeH Kadyyra OOJOT KaHa
Kepex.

bunum O0epyYHYH OanaHbIH
YbIrapMaybUIbIK ~ aKTUBAYYJIYIYH JKaHa o3
ANJBIHYATBITEIH ~ CHCTEMANlyy ©HYKTYPYYT®,
aHBIH TaaHbBIT-OUITYY KBI3BITYYCYH
KaJIBITaHbIpyyra  OarelTT00  Oairrairsiy
Oounmum Oepyy cabakTapblH J10JI000PIIOOTO ap
KaH/Iall MaMuUJIe )Kacooro mapT TY3eT.

MyranuMauH  YbITapMaybUIbIIBl — —
OKYy4dyJlap/blH YblTapMaublIbITBl. bammap —
cabakTelH Oapomerpu Ap Oup Oana cabakra
KOH I1e uirredecTeH, ©3YHYH
KOHIOMIYYIYTYHO >Kapala, KbI3bITYy MEHEH
UIITOOCY KEPEKTUTHUH 0aapbhlObI3 TYIIYHOOY3.
Ap Oup okyyuyra cabakra YATTYYAYKTYH
HETU3/IepH JKOHYHJIO JKaHa TaTbIKTYY Cyilieere
MYMKYHUYJIYK OepyYHYH OHpPHUHYM apakeTH
“benmk Gapax” BIKMAChl OOJITY.

byn ’xartoo BIKMaceklH ap KaHAau
ca0akra ap TYpAYY MaTepuayl MEHEH HUIITee]0
KOJIOHCO 00s0T. CXemaTu3alus >KajllbliIoo
oTepanysulapblH UIITENl YBITYyra MYMKYHIYK

Oeper, JIOTUKAJIBIK ot KYTYPTYYHYH
KaJIBIII TAHBIIIBIHA, AIIECTETYYHYH,
MPEe3eHTAIUHbIH xKaHa YbIrAPMaUbLIbIK

KOHIOMAYYIYKTOPDYHYH OHYIYLIYHe e0eire
TY36T.

Anray OKyy4yJap TanmbIPpMaHbl
TYLIYHYYZ1® KbIMHAIBIIIBI MYMKYH, OMpOK OUp
Heue OMprejenkeH HKCIEPUMEHTTCH KHIUH
alap ©3IepYHYH JKaHAa KIacCTallTapbIHbIH
cXeMayapblHa TasHbII alThIN Oepyyre eTyLoT.
Harslitkana, okyydyinap €3 Ky4yHe MHILCHUII,

KOPKYYy  CE3MMHH  JKCHHII,  MaTepUaJIIbI
TEPEHUPIIK TYLIYHO Oalramar..

Cabakrapga  «CypeTTe  HM3WJICHHUII
KAaTKaH KyOyIYyIITyH HETH3TH OeNTHiIepuH
KOPCOTYY» METOAMKACHl Ja  MUTHIHKTYY
kongonynar. “Ce3  Oemykrepy”  TeMachl

Oamrranrsld  KJIaccTap Y4YYH Tartaan  Ooiym
ACENTENIeHIUKTEH, TasHbIY cxemarnap
BU3YAJIBIK TYLIYHYYHY JKeHuJaerer. byn
JyarpaMma 3Mec, OKYY4yJaapiblH KaTbIILyyCy
MEHEH TY3YJITeH, TYIIYHYKTY
BU3YAJIAIUTBIpYyra OarbITTaNraH CypeTTep.
Anap Oanjapra ce3 MY4YeJ6pYHYH MaaHUIYY
OenrmiiepuH OOIYI KOPCOTYYT®, >KallbUIaHTaH
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TYWIYHYKTY KaJbIITaHJIBIPyyra MYMKYHUYJIYK
oeper. CypeTTepayH >kapJaMbl MEHEH HEru3ru
HepceHH, 0.a. MaaHuUIyy Oenrunepau Oemnyn
KOpCOTYYr® >kaHa ajapApl MaaHWIIYY SMec
HEpCENIEPAEH albIPMAIOOT0 YUPOHO ajblllarT.

byn cyperrep  Oammapra  ce3ayH
oenrmiryy Oup Oeayry KeHYHI® KalbLIaHTaH
TYIIYHYKTY KaJlbIITaHABIPYyTa Kapaam Oeper
KaHa OIOJI d3Ji€ ydypJa ara raHa THEIeNlyyY
HETU3TH  ©3TeveNyKTepre  0achiM  KacailT.
banmap 3 MYMKYHUYJIYKTOPYH OJCKe anyy
MEHEH JpeKeNepan xKaTka OuindecTeH, >KaHbl
TYIIYHYKTOPIY, OaliaHbI IITapIbI KaHa
MaMMJICNIEPI WIIKE AMBIPBIIIAT, NATAIACPIN
’KaHa JIOTUKAJBIK BIPAATTYYAYKTY OHYKTYDPO
aNpIIaT.

OTe HaThIkKayy bBIKMaTapAblH OUpH —
«KapAMorpaMMa  BIKMAchl.  DMolMsuIapra
Taacup OepreH MaTepual Te3, OHOM JkaHa
y3aKKa 3CTENEPU WINMUN JKAKTaH
nanunaeHred. byn pikMaga TekcT ab3anrapra
Oenynym, ap Oup Oenyk oOKyyuyga KaHaan
AMOIMOHAIIBIK PEAKIUS JKApAaTKaHBIH MAPTTYY
KapIuorpaMmMa ChI3bIThl apKbUIyy OENITUIICHET.
Byn TEKCTTMH MaaHHCHHE SMOIIMOHAIIBIK
OalimaHpIll  TY3yyre, OW  JKYIYPTYYHY
aKTUBJICIITUPYYT®, TEKCT MEHEH UIITee
KOHJIOMYH O6PKYHIOTYYTO Kapjaam OeperT.

banmapra  “mymec”  Oym  TYpTYY,
JKYPOKTYH KBIUPBUIBIIIBI, KaH TaMbIpIap/IbIH
ME3THJI-ME3TUIIM  MEHEH KCHEWHIM, Ke3re
KOPYHYII, THHYY MEHEH aHBIKTaJa
TYpTaHIBITBIH ~ TYWYHAYPYY 3apbul.  Orep
MaH)KaJIapblHbI3/bl  apTepusuiapra KOHCOHYS3,
TaMBIPIbIH  KarblUIBIHBIH KBIIITBITBIH  JKaHa
PUTMHUH ce3yyre OOJOT. ATaMIblH OpraHU3MHU
TBIHY abajja TypraHia >KYPOKTYH KarbIIIbl

TYPYKTYyy  JkaHa Jkali  puTMmue  OOJIoT,
SMOLMOHAIABIK  KOTOPYIYLI K€ KyOaHbIY
CBIAKTYY MO3UTHUBAYY CE3UMIECP KY4YOIoH
yaypJia SKYPOKTYH KarbIIILIHBIH JKBIIITHITHI
(MM OJIOTHSITBIK JKaKTaH JKOrOp yJIaLlbIH
Oalikooro 0O0JOT.

MemunuHaga  KYPOKTYH  KarbIIIbIH

BU3YAJIBIK TYPAO® KOpPCOT® TypraH aTailbiH
anmaparrap O6ap. bu3 na cabakra TeKCT MEHEH
UIITe61® YUIyra OKLIOII BIKMaHbl KOJJAOHYI
Kepeisy. A3bIp “TEKCTTUH TaMbIPbIH CE3YY’



apakeTWH kacalObI3. 1-2-wrmaccrap YYYH
TEKCTTHM MaiJla CEeMaHTUKaIbIK OeIyKTepre
QKBIPATYyHYH 3apBULABITHI JKOK, OIIOH]IYKTaH
unmou3an ab3anrap MEHEH Xyprys3eoys. Ap
Oup ab3alThl aKbIPbIH OKYIl YBITHII, all CH3/e

KaHJall  5MOLMS  JKapaTKaHbIH  LAPTTYY
quarpammanga  OenrwieHus.  bBynm  KeHyryy
TEKCTTUH  MAaHHUCHH  TYWIYHYYr®  JkaHa

AMOIMOHAJIIBIK KaOBLIIOOHY 0ail KOOTO Kapaam
oeper.

bunum  Oepyy KOOMIYH  HETH3TH
TapMaKTapblHBIH OWPH  KaTapbl ME3THJIINH
TajlabblHA bUIAHBIK OHYIYI, ©3Tepyl TyparT.

bamrranrera  kiaccrapaa  OunuMm  OepyyHYH
camaThl KEJIe4YeK MYYHIYH KaJIbIITaHBIIIBIHIA
MaaHUIyy poiny OMHOMNT. 3amanban
maprrapaa  Oammanreid  OmmM  Oepyy
CHUCTEMAChblH OpKYHIOTYY, >XaHbl YCYIAapabl
JKaHa TEXHOJIOTUSIIap bl KUPTU3YY

3apBUTYBLIBITH TTaiaa 0oyy/a.
Yuypaa Oamranreid OuiuM Oepyyne

Oup Kkatap esrepyyinep >kaHa pedopmanap
Kyprysyayyae. CaHapun TEXHOJOTHSIIAP IbIH
KUPTH3WINIIM, WHTEPAKTHBIYY METOMIOPAYH
KOJIIOHYJa Oalnral, MYyTIMMIEPANH
KBATH(UKAIIUSACBIH ~ JKOTOPYJIATYY  CBIKTYY
apakertep OwiamMm  Oepyy  TPOIECCHHUH
camaTblH  JKaKUBIPTYyJa MaaHWIYY pPOJIb
oifHOUT. bupok, k33 Oup Keireisep marel 3je
akTyanayy — OoiiioH  kamyynma.  AnapJiblH
KaTapblHa OKyydyJdapJblH OKyyra OOJITOH
KbI3BITYYCYHYH TOMOHJOINY, MYTAIUMICPANH
KETULICU3UTH xKaHa MaTepuaibl K-
TEXHUKAJIBIK 0a3aHbIH HaYapIbITbl KUPET.
bunum  OepyyHYH OHYIYYCYHYH  HETH3TH
OareITTaphI
1. Canapurn TeXHOJIOTUUIAPAbl HHTETPALUSIIO0

® DJIEKTPOHIYK KUTENTepu, OHIIaliH
natdopManapisl KOJIIOHYY;

e llHTEepakTHBIYY TaKTanapibl KaHa Oarika
CaHapHI KapaXaTTapblH MaliIaIaHyy;

e ApaJsibIKTaH OKYTYYy dopmanapberH
OHYKTYDPYY.
2. XaHpl MeTOOMKaMapAbl JKaHA OKYTYY
BIKMAJIAPbIH ULITEI YBITYY

eKputukanslk oM  KXYIYpTYy  JKaHa

YbIFapMAYbUIBIKTBl OHYKTYPYY;
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e OKyyuynapJblH JKEKE4e ©3re4esyKTepyYHe
BUIAUBIK OKYTYY;

e [IpakTu KanmbIk JKaHa
OKyTyyra 0achIM acoo.
3.  Myranumaep auH
KaMCBhI3 KbLITyy

o Kpamuduxanus
KypCTapbIH YIOWITYPYY,

e Milkemayy OKyTryy mporpammaiapbiH
UIITEN YBITYY;

° [leparornopayn
HKAKIIBIPTYY.
4. MarepuanaplK-TEXHUKAIBIK 0a3aHbI YbIHI00

e Kanpl MekrenTepau Kypyy KaHa
xKaomyy;

e  OKyy KypalJapblH XaHBIPTYY;

e Koorcys xaHa bIHTANIyy oMM Oepyy
YOUPOCYH TY3YY.

Bamrranrera knaccrapaa ounum OepyyHYH
OHYTYYCY 3amMaHOaI TEXHOJOTHSUIApAbI, YKaHbI
METOJMKAIIBIK BIKMaNapAbl JKaHa camarryy
MaTepuasIbIK-TEXHUKAIBIK 0a3aHbl KaMThlIILIbI
kepeK. by OarbITTapAblH WIIKE allibIPbLIbILIbI
OunmuMm  OepYYHYH camatblH JKOropynaryyra
JKaHa  OKyydyJapAblH  HMHTEIJICKTyalJbIK,
YpIrapMaybLl KOHJAOMIOPYH OHYKTYPYYTe® 4OH
canplM KomoT. Jlemek, 3amanOan mapTrapna
Oamrranrbrd  OwiMM  OEpYYHYH — Y3TYATYKCY3
JKaHBUIAaHYyCY KaHa pedopmanapbl y4ypayH
Tas1abbl OONyN JCenTeer.

TaXPHIHOATBIK

KECUIITUK OHYIYYCYH

XKOropynaryy

OMICK MapTTapbIH

Canapun TEXHOJIOTUSLIAPAbI
UHTETPALHLII00
3amanOan KOOMJIO caHapuIl

TEeXHOJIOTUsUIap OuiauM  Oepyy, 3KOHOMHMKA,
MEIUIMHA jKaHa Oalllka TapMakKTapia KeHUpHU
KOJIIOHYJYII, KAaIIOOHYH a)KbIparsic OeJyTyYHe

anJIaHIbI. A¥ipbikda, ormm oepyy
CHUCTEMAchIHJa CAHAPUIl  TEXHOJOTHSIAP/IbI
WHTETPAIUSIIO0 OKYTYYHYH HATBIHKAITYYIYyTryH
KOTOp YIaThII, OKyydymapra KaHa
CTYIEHTTEpTe  aHbl  MYMKYHUYJIYKTOPIY
adyyrna.

CaHapun  TEXHOJOTHSUIAPABIH  OWJIHM

Gepyyzery opay
Canapun TexHoJoTUsIIap OmiImM Oepyy
MPOIECCHH JKCHUJJICTUI, OKYTYYHYH cCaraTblH



KAKIIBIPTYyra kapaam  Oeper.  AmapablH
HETU3IH apTHIKYBLIBIKTAPEl TOMOHKYJIOP:
1. ’Kexke MmamMuIeHN KaMCBI3 KbLITYY
AnanTUBIYy OKYyTyy IUIaT(opmMaiapsl

apKbLIyy ap oup OKyyuyra
BUTAMBIKTAIITHIPBIITAH OMIIUM OEpYY;
OKyydyHYH TIPOTPECCHH  KO36MOJ100

*aHa 06aasoo.

2. VHTEepakTuBIyY OKYTYYy METOIJIOpPYH
KUPTU3YY

BupTtyanapik xaHa KoLIymMya peangyyinyk
(VR/AR) xonmonyy;

HMuTepakTuBayy Takrajap jKaHa OHJIAWH
KypcTap apKbUTyy OuiuMm Oepyy.

3. Myranumaep/ivH >kaHa OKYyyd yJIapIbH
MYMKYHYYJIYKTOPYH KEHEUTYY

AnbicTaH OKYYy JKaHa
MYMKYHYYJIYTY;

OHnailH KUTeNnKaHalap >kKaHa MaallbIMaT
0azanapbIHa )KETKUITUKTYYIIYK.

CaHapun TEXHOJIOTUsUIAPIbl UUTUIUKTYY
MHTErpanusioo YUYH MapTTap

1. UadpacTpykTypaHbl ©HYKTYPYY

Mekrentepan jkaHa YHUBEPCUTETTEPAU
JKOTOPKY  BUIJAMJBIKTarbl HMHTEPHET MEHEH
KaMCbI3/100;

Kommerotepank xabayynap xKaHa
MPOrPaMMAITBIK KAMCBI3I00 MEHEH >Ka0Iyy.

HIITO6

2. Myramumaepan  KaHa — aaucTEpIu
Jasip00

Canapun TexHoJIOTUsIIApAbl KOJIJIOHYY
OoroHYa  KBAIM (PUKAIUSHBI ~ KOTOPYIATyy
KypCTapbIH YIOLITYPYY,

[leparornopayn CaHAPUIITUK
cabaTTyylyryH OHYKTYPYY.

3. CanapunTuk pecypcTapibl HILTEN
YbITyy YKaHa KOJJIOHYY

DONEKTPOHAYK KUTENTepAH, MOOUIIUK

TUPKEMEJIEPIU JKaHa OHJIAIH Tu1aThopManap/Isl
UIITEN YBITYY;

Okyydynap Y4YH HMHTEPAaKTUBIYY »KaHa
MIPaKTUKAJIBIK OKYy MaTepuallapblH TY3YY.

Canapun  TeXHOJOTUsIIApAbl  OMIMM
oepyy CHUCTEMACBhIHA WUHATHIMKTYY
MHTETPAUsII00 OuimM OepyyHYH —carmartblH
KOTOPYJIAThIl, aHbl  OJKETKWJIMKTYY  JKaHa
KbI3BIKTYY KbliaT. CaHapUNTHK MHHOBaLMsUIAP
MyTaJIMMIEPINH xKaHa OKyY4 yJap JIbIH
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MYMKYHUYYJYKTOPYH KeHEHTHII, XKaHbl MyyHIyH
Ounmumre OOJITOH KbI3BITYYCYH —apTThIpyyra
e0euire Ty3eT. JleMek, Oyn OarbITThl ©HYKTYPYY

3amaHOarm  OunmuM  Oepyy  CHCTEMachIHBIH
HETU3I'M MIJIJICTTEPUHUH Oupu OOyI caHajar.
bamrranreiu K1accrapaa ouum
OepYYHY OHYKTYDYY.
bamrranrera 6minmM Oepyy — OKyy4yHYH
WUHTEIJICKTYaIIIBIK, COLIAAJIIBIK KaHa

YBITapMaYbLIbIK XOHIAOMIOPYH OHYKTYPYYHYH
Heru3W Oodym caHamaT. Al OKyydyjnapra
0a3zaibplK OMJIMMOM raHa dMeC, OLIOHIOH dJe 03
aNJBIHYA O >KYTYPTYY, YbITapMadblIbIK KaHa

U3JIEHYY KeHAYMIOpPYH Oeper. 3amanoOar
OmnmmMm  Oepyy cucTeMachblHIa Oamranrbra
KIaccTapja OKYTYyHY OHYKTYpYy OupuHYH
KEe3EKTe KaHbI TEXHOJIOTUSIIAPIBI,
WHHOBAIMSUIBIK METOJIOPY ’KaHa ap Tapamntyy
OKYTYy  MOJENJCPUH  KOJNJAOHYY  MEHEH
OaliTaHBIIITYY.

bamrranrera 6unum 6epyyYHYH MaaHUCH

l. OKyyuyHyH MHTEJUIEKTYaJl AbIK
OCYIIYHO IAPT TY3YY

Kputukanslk ol KYrypTyy  KaHa
JIOTHKAITBI K aHanu3 KOHJIOMIOPYH
KaJIBITI TAaHBIPYY;

OKyydynapJblH EKE ©3TeueilyKTepYHe
JKapaia OKyTyy YCYJIJapblH KOJIJIOHYY.

2. UplrapMaybUIBIK aHAa COLMAJIBIK
KOHIOMIOPTY OHYKTYPYY

OkyydynapIblH KOPKOM O KYTYPTYYCYH
’KaHa KpeaTUBIYYJIYTYH OHYKTYPYY;

Ton MeHeH WIITee XKaHa COLUAIIBIK
azlanTanus KOHIYMAOPYH KaJIbITITaHIbIPYY.

3.  Herusrm  cabarTyynykry >kaHa
MaTEeMaTUKaJIbIK KOMIIETEHTTYYIYKTY YbIHI00

Oxyy, Kazyy XKaHa ACENTOO
JKOHIOMIOPYH OPKYHIOTYY;

[IpakTvKambIKk  TambIpMaap
WHTEPAKTUBYY METOJIOP MEHEH OKYTYY.

bunum GepyyHY OHYKTYPYYHYH HETHU3TH
OareITTaphl

1. Canapun TEXHOJIOTUSIIAPIbI KOJJIOHYY

WHTepakTuBayy ~ Takradapael  jKaHa
AIIEKTPOHIYK KUTENTEPIN KUPTU3YY;

Omnumaiin miatdopmanap xaHa MOOHMIIIUK
TUPKEMEJIEP/IA KOJIJIOHYY.

JKaHa



2. OKyTyyH yH WHHOBALM SUTBIK
BIKMAJIAPbIH UIITEN YBITYY

OmH  apKblTyy OKYTYY METOIM KachlH
KEHUPH KaWbLITYY;

STEM xana STEAM nporpamManapsl
MHTErpanusioo.

3. MyranumaepnH KeCUIITUK OHYTYYCYH

KaMChI3 KbLITyy

KBanuguxanusssl KOTOpyJaTyy
KypCTapeIH YIOINTYPYY;
Myranumaepre  3amaHban  OKyTyy

METOIUKAJIAPBIH YUPOTYY.
4. OKyTyy 4eipecCYH JKaKIIbIPTYy

banpapaplH a€H COONIyTyH 3CKe alnyy
MeHEeH OuinM Oepyy 4epecyH Ty3Yy.

banrranreiu K1accrapaa ouum
OEepYYHY OHYKTYpPYY — KeJledeK MYYHIYH
UUTUIUKTYY OWIMM — allyyCyHYH  HETH3H.
OxyTyyHY canarTyy JEHII3JITe )KeTKUPYY YIYH
KaHbI TEXHOJIOTUSIAP/IbI KOJIJIOHYY,
MHHOBALMSUIBIK BIKMAJIApJbl KAWBUITYy >KaHa
MYTaTHMIEPIH KECHUIITHK JCHTIIJIHH
xKoropynaTyy 3apbul. OLLIOHI0H 1€ OKyYdynap
YUYH BIHTAMJIyy *aHa KOOmcy3 Ounmum Oepyy
4epecyH TY3YY 9281507 O0epyyHYH
HaTBIHKAYYylyr'yH apTTeipar. byn GarsTTapasl

Mexrenrtepau 3aMaHOan OKYYy OHYKTYpYY OuiuMm Oepyy cHCTEMachIHbIH
KypaJlJapbl MEHEH KaMChI3/100; TYpYKTYy  KaHa  camartyy  eHYIYYCYH
KaMCBI3JalT.
Koaponyaran agadbusitrap

1. Tanmsiaap M., AnumOexoB A. OKyTyyHYH >Kasmbl MeTo10py. — buikek, 2004.

2. Canapuntuk cabarTyynyk Mapan pamuocy. — Pexnm JoCTyIa:
https://maralfm.kg/archives/585989

3. Kyr Oumum xypHanel. Canapuntuk cabarryynyk 17.07.2023-x. — Pexxum nmocryna:
https://kutbilim.kg/news/inner/sanariptik-sabattuuluk/

4. Kyr 6unum Ilegarornyn kBamu@uKalMsIChIH JKOTOPYIATyy XKOHYHAOTY IJIaH-Tpauru

22.09.2023-x. — Pexum pnocryna: https:/kutbilim.kg/news/inner/pedagogdordun-kvalifikatsiyasyn-
zhogorulatuu- zh-n-nd-g-plan-grafigi-bekidi/

5. CanapunTiuk cabaTTyylyK — canarTyy KeJIeYeKTHH HETu3W. — PexuM JocTyma:
https:/ru.scribd.com/document/

6. Kynpssuesa E.A. YueOHble MynbTUMEANITHBIE TPOEKTHI IO MHOCTPAHHOMY SI3BIKY (Ha
crapuieii crynenu ooyuenus) // VS, 2010, Ne 2. c. 27-34.

7. Kyr Ounum bunmm Oepyy Tapmarbl — €JKOHYH CaHApUIITHK TpPaHCPOPMALUSICHIHBIH
e3ery. 29.08.2023-x. — Pexum mocryma: https://kutbilim.kg/news/inner/bilim-ber-tarmagy- k-n-n-
sanariptik-transformatsiyasynyn- z-o/

8. Q-NEX nmnardopmacel. 3amanbam okyy 4eiipenepyHme Oumum Oepyyay AV
oenymrypyyHyH taacupu 05.07.2023-x. — Pexxum mocrymna: https:/gnextech.com/ky/blog/the-impact-
of-educational-av-distribution- in- modern- learning-environments/

9. Bonouok  MyramuMaepaMH ~— KECHUNTHUK  JASPABITBIH  KAIBINITAHABIPYY  WIIMHUH
akryanayyiayry Jobaes K. JI. // Canuiie Yukau XypHai.

10. Hayka u HoBbie Texuomoruu, 2014, Ne 4. — Pexum nmocryma: http://www.science-
journal.kg/media/Papers/nntiik/2014/4/nntiik-2014-N4-290-292.pdf.pdf

11. CeicoeB I1.B., EBcturneeB M.H. YueOHble HHTEpPHET-pECYpChl B CHCTEME SI3bIKOBOM
noaroroBku ydanmxcs // WAL, 2008. Ne 10, c. 11-15.

12. PoxkoBa JI.ZI. Onexrponnsii yueOHuUK "Kypc npemoBoro anrmmiickoro siseika' //

@dectuBanp nexarornyeckux unuei «OTKPBITBIA ypok» : [caiiT] / M3mat. mom «lIlepBoe ceHTAOps». —
Mocksa, 2012. — URL: http://festival.1september.ru/articles/572749/ (24.02.2012).

Penensent: k.nea.H., noueHt Hyp:kanoa C.A.

84


https://maralfm.kg/archives/585989
https://kutbilim.kg/news/inner/sanariptik-sabattuuluk/
https://kutbilim.kg/news/inner/pedagogdordun-kvalifikatsiyasyn-zhogorulatuu-zh-n-nd-g-plan-grafigi-bekidi/
https://kutbilim.kg/news/inner/pedagogdordun-kvalifikatsiyasyn-zhogorulatuu-zh-n-nd-g-plan-grafigi-bekidi/
https://ru.scribd.com/document/
https://kutbilim.kg/news/inner/bilim-ber-tarmagy-lk-n-n-sanariptik-transformatsiyasynyn-z-g/
https://kutbilim.kg/news/inner/bilim-ber-tarmagy-lk-n-n-sanariptik-transformatsiyasynyn-z-g/
https://qnextech.com/ky/blog/the-impact-of-educational-av-distribution-in-modern-learning-environments/
https://qnextech.com/ky/blog/the-impact-of-educational-av-distribution-in-modern-learning-environments/
http://www.science-journal.kg/media/Papers/nntiik/2014/4/nntiik-2014-N4-290-292.pdf.pdf
http://www.science-journal.kg/media/Papers/nntiik/2014/4/nntiik-2014-N4-290-292.pdf.pdf
http://festival.1september.ru/articles/572749/

YK 004.5:004.85/6
Ham N.9., MMa3zuii A.C., Kum A./l., IcenamanoBa I'.K., /IxkentaeBa K.b.
Kycyn banacarein ateingarsl KYY
Ham N.9J., Ma3zuii A.C., Kum A./l., IcenamanoBa I'.K., I:xxenraeBa K.b.
KHY umenn XKycyna banacarsina
Nam I.E., Paziy A.S., Kim A.D., Esenamanova G.K., Jentaeva K.B.
KNU Jusup Balasagyn

WHTEJUIEKT KEJEYEIU: KU )KAHA MAIIUHAJIBIK OKYTYY JYHHOHY KAHTHIT
O3IrOPTYY/1O
WHTEJJEKT BYAYIErO: KAK UM U MAIIMHHOE OBYYEHUE MEHSIOT MUP
THE INTELLIGENCE OF THE FUTURE: HOW Al AND MACHINE LEARNING ARE
CHANGING THE WORLD

Kbickaua myHe3neme: byn Makana caHapUNTHK TpaHC(QOPMAIIUSIHBIH HETH3TH TEXHOJIOTUSIAPhI
karapbl xacanMma uHTewiekr (OKW) meHen manmHanbik yipeHyYHYH (MY) e3 apa OaitiaHBIIIBIH
u3uigeere apHairai. MYHYH HErWs3ra Typliepy, 3aMaHOam bIKMalapbl KaHa ajlrOpUTMACPHU, aHBIH
WYMHJE TepeH Yiipenyy, AutoML »ana renepaTtuBauk Mozenep kapanat. JKVMHUH MeAuIIMHAAaH KaHa
TPaHCHOPTTOH TapThil, GUHAHCHI, OHOP Kail, OuIMM Oepyy KaHa aifbl1 yapOacklHA YEHHUHKHN ap TYPAYY
TapMakTapJarsl MpPaKTUKAIBIK KOJNJOHYIYIIyHa e3rede KeHYn Oypymar. Wi ky3yHzery
TaXpbliOanapasl OastHIaraH KeWc-CTa, CTAaTHCTUKAIBIK MaalbIMaTTap >KaHa CajblIIThIpMalyy
anamusnaep JKMHUH — HATBIMDKATYyYIyKTy —OJKOTOPYIaTyyra, YbITBIMAApIbl  KbICKApTyyra JkaHa
WHHOBAIMSIIAp/Ibl OHYKTYPYYr® THHTU3reH TaacupuH kepceTeT. Omonmoit ane XU konmonyyra
OaiiTaHbIIIKaH ATUKAIBIK, YKYKTYK KaHa TEXHOJIOTHSUIBIK YaKbIPBIKTAp — a4bIKTHIK, KYITYSUTyYTYK jKaHa
TYPYKTYy OHYIYY Macenenepu Jna kapanar. Makana WT tapmarelHmarsl agucrepre, WIMMHI
M3UIII00YYIIepre, OKYTyydynapra, CTyICHTTepre kaHa HHTEJUIEKTYaAbIK TEXHOJIOTHSIIapTa KbI3bl KKaH
KSHUPH ayIUTOpHsTa Maiaanyy 00ot. Alipeim 6enymaep KMHUH kenedekTern eHYTyy OarsITTapbiHa
KaHa JYHHOIYK YKOHOMHKAa MEHEH KOOMIIYH TpaHC(hopManusIChiHA THHTHU3YY TaaCHPUHE apHaJITaH.

AnHoTamms: CTaThsl MOCBAINEHA HCCIEAOBAHUIO B3aUMOCBSI3M HMCKYCCTBEHHOI'O HHTEIUIEKTa
(M) u mammuaHOro oOydeHus (MO) Kak KIHOYEBBIX TEXHOJIOTHH MUMPOBOM TpaHCHOPMAIUH.
PaccmarpuBatorcss ocHoBHbIE BUABI MO, COBpEMEHHBIE METOJBI M QJITOPUTMBI, BKIIOUAs TIYOOKOE
oOyuenue, AutoML wu reHepatuBHble Mojenu. Ocoboe BHUMaHUE YIEJIEHO MPAKTUYECKOMY
npuMmeHennio MW B pasauyHBIX OTpaciisix — OT MEIWIMHBI W TpaHCIopra a0 (UHAHCOB,
MIPOMBIIUIEHHOCTH, 00pa30BaHMs U CEIbCKOTO x03siiicTBa. IIpuBeneHbl Kelc-cTaau, CTaTUCTUYECKUE
JAHHBIC U CPAaBHUTENbHBINA aHAIN3, WLTIOCTpUpYyonme Biusaue MW Ha noBbeimeHne 3(pGeKTHBHOCTH,
COKpallleHHE H3/ICPKEK H CTUMYITMPOBaHNE WHHOBAMIA B On3Hece. Taroke 3aTparuBaroOTCsl STHUECKHE,
MpaBOBblE M TEXHOJIOTUYECKWE BBI3OBBI, CBS3aHHBIE C HUCHONb30BaHWeM WI, Biouast BONpOCH!
MPO3PaYHOCTH, KOH (DU ICHITUAIBHOCTH U YCTOHYMBOTO pa3BUTHsL. CTaThs OyleT Moje3Ha CreralIucTam
B oOnactu UT, HaydHBIM HCCTIeTOBATEISIM, TIPEMIOIaBATENSIM, CTYICHTAM, a TAKKe MIMPOKOH ayTuTOPHH,
MHTEPECYIOIICHCS COBPEMEHHBIMU HMHTEIJICKTYalbHBIMU TeXHONOTUsIMUA. OTHenbHBIE pa3iesbl
MOCBSILEHBI OyIyIIMM HarpaBjieHusM pa3Butus MU u ero BIUsSHUIO Ha TpaHChopMaLUIO DOOaTbHON
SKOHOMUKHU U OOIIECTBA.

Abstract: This article explores the interconnection between artificial intelligence (AI) 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
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case studies, statistical data, and comparative analyses that demonstrate Al’s impact on increasing
efficiency, reducing costs, and fostering innovation in business processes. FEthical, legal, and
technological challenges related to AI — such as transparency, privacy, and sustainable development
— are also discussed. The article is intended for I'T 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 ce3gep: ’xacaama WHTEUIEKT, MallMHAJIBIK YHPOHYY; HEMPOHAYK TapMakTap; TEPEH
yiipenyy; AutoML; TaOurslii TUIAM UIITETYY; KOMIIBIOTEPAUK KOPYY.

KuroueBble C€JIOBA: MCKYCCTBEHHBIH HHTEIUIEKT; MallMHHOE OOydyeHue; HEHpOHHBIE CETH;
nryookoe oOydenue; AutoML; 06paboTka €CTEeCTBEHHOTO S3bIKa; KOMITBIOTEPHOE 3pEHUE.

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

BBenenue

UckycctBennbiit  untemiekr (M) wu olIpumepsr:
ManmHHoe o0ydueHue (MO) — 3to ogHO U3 = Pacio3HaBaHue null.
caMbIX JTUHAMUYHO pa3BUBAIOIIMXCS = [IporHo3upoBaHue 11eH aKIuii.
HaIIPaBJICHUN COBPEMEHHOU HayKu u » JluarHocTuKa 3a00s1eBaHMI o
TexHosoruii. OHU y)Xe KapAUHAIbHO U3MEHUIIN MEJAUITUHCKAM CHUMKAM.
MHOXKECTBO  OTpaclieii: OT MEIUIUHBI U 2. Odyuenune 0e3 yunTeas
(pMHAHCOB JI0 TPaHCHIOPTA U MPOMBIIITICHHOCTH. (Unsupervised Learning)

N  wucnonp3yeT MeETOAbl MAIMHHOTO oMogenun paboTaroT ¢ Hepa3MEYEHHBIMU
oOydeHHsT s aBTOMATHU3alldU IPOIIECCOB, JAHHBIMH, BBISBISSL CKPBITBIE MAaTTEPHBI U
NOBBIIEHUST  3(PEKTUBHOCTH  CHCTEM H TpYIIBIL.
CO37aHUS MHTEIJIEKTYAJIbHBIX peeHN. B aToM o Ilpumepsr:
cratbe paccMoTpuM, kak MM u MO cBsizaHbl = Knacrepuzanus KIMEHTOB.
MEXIy cOOOW, KaKue TEXHOJOTUHU JIekKaT B MX » OOHapyxeHue aHOMAaJIUH B TPaH3AKLIUX.
OCHOBE M KakKhe MEpCIEeKTUBBI OTKPHIBAIOTCS B 3. O0yueHnue c NoJAKpeneHueM
Oymy1em. (Reinforcement Leaming)

Yto Takoe MallHHOE 00y4ueHme? oAnroput™ 00y4aetcs, B3aMMOJICHCTBYS CO

ManmHHoe o0ydeHue — 3TO paszjen Cpeloil W Tmojydas Harpaibl 3a YCIEUIHBIE

HCKYCCTBEHHOIO WHTEJUIEKTa, KOTOPBIN JEUCTBUSL.
I103BOJISIET cuUcTeMaM CaMOCTOSATENIbHO ollpumepsi:
o0y4yaThCsi Ha OCHOBE JaHHBIX 0€3 SBHOIO = AJITOPUTMBI JUIs aBTOHOMHBIX
IIPOrpaMMHUPOBaHUS Ha BBIIIOJIHEHUE ABTOMOOUJICH.
KOHKPETHBIX  3aJad. Anroputmel - MO » UrpoBsie NU-cucrembl (Hanmpumep,
AHAITU3UPYIOT JIAHHBIE, BBISBJISIFOT AlphaGo).
3aKOHOMEPHOCTH U HAa MX OCHOBE NPUHUMAIOT Kaxk U ucnoab3yetT ManmHHOe 00y4eHue?
peleHHus.. ManmHHOe oOydeHue - KITFOYEBOM

OcHoBHBIE BH/IbI MAIIMHHOTO WHCTPYMEHT  HCKYCCTBEHHOTO  HWHTEJIEKTa.
o0y4yeHust brarogaps MO, MU cnocobeH BBIIOIHATH

1. O6yuenue c yuntesiem (Supervised CJI0’KHBIE€ KOTHUTUBHBIE 33/1a4u
Learning) e O0padoTka ecTecTBeHHOrO si3bika (NLP)
o ANropuTM™MbI oOyuarorcs Ha ollpumepsi: ronocoBeie MOMOUHUKH (Siri,
pa3MEUEHHBIX JaHHBIX, TJC KaKIOH BXOJIHOU Alexa), mepeBOIYHKH, YaT-0O0THI.
uH(opMaluu  COOTBETCTBYET  W3BECTHBIN « KomnblorepHoe 3peHue
BBIXO/I.
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oUcnonp3yercss B MemuLMHE, CHCTEMax
0e30macHOCTH, Ha IPOU3BOJICTBE, TPAHCIIOPTE.

e PexomeHaTeibHbIE CHCTEMBI

ollpumepsr: Netflix, Spotify, Amazon -
MpEeAIaraloT KOHTEHT Ha OCHOBE IIOBEICHUS
MOJIb30BaTENEH.

e ABTOHOMHBIE CHCTEMbI

oPo0oTHI, JPOHBI,
aBTOMOOMIIH.

o [Iporno3Hasi aHaJIUTHKA

oB »KkoHOMHKE, TOTOJHBIX MPOrHO3aX,
JIOTUCTUKE U 3IPAaBOOXPAHEHUH.
CoBpeMeHHbIE  TEXHOJIOTHM  MAIIMHHOTO
o0yueHHst
CoBpemennoe MO pasBuBaetrcsi Omarogaps
CIIEYIOIIMM KITIOUYEBBIM TEXHOIOTHSIM:
1. Iny6oxoe o0yuenue (Deep Learning)

e OcHOBaHO Ha HEHUPOHHBIX  CETAX,
UMUTHPYIONMX paboTy 4eTOBEYECKOTO MO3Ta.

e Ilpumensiercs B MeEOWIIMHE, aHAIN3e
M300pakeHHH, paclio3HaBaHUU PEYH.
2. TI'enepatuBubie Mmopeaun (GAN, GPT,
Diffusion Models)

e Co3maroT TeKCThl, N300pakeHUs, BUIEO

OeCIMIIOTHBIE

U MY3BIKY.
o [Ipumepsr: ChatGPT, DALL-E,

Midjourney.

3. AutoML (aBTOMATH3M POBAHHOE

MalMHHOE 00y4eHue)

o Ilo3Bomser aBTOMAaTU3UPOBATh
MOCTPOEHUE MOJIETICH U YCKOPSIET pa3paboOTKYy.
4. I'nopuansie UU-cuctembl

. OOBeIMHSIOT HECKOJIBKO IOAXOJI0B —
Helpocetu, cuMBosmueckuid MU, normyeckue
IpaBuia.

Keiic-cTagu: ycnenmHbie npuMe pbl
peanusanun MU
e 3apaBooxpaHeHHue: KOMIIaHH S

DeepMind (Bxomut B Google) pazpaborana
cuctemy WU, cmnocoOHYI0 IHMarHOCTUPOBATH
3a00J1€eBaHUsI I71a3 ¢ TOYHOCTHIO, COMIOCTaBUMOM
¢ Beayummu odragpmoioramu. Tawke WU
NpPUMEHSIETCS JUIsl aHaliM3a PEHTICHOBCKUX
CHUMKOB H  TPEICKAa3aHHWs  BEPOATHOCTHU
CEpJCUYHO-COCYIUCTHIX 3a00I€BaHUN.

e Tpancnopr: Tesla 1 Waymo axruBHO
ucnone3ytoT W u o0ydenne ¢ moakpenjieHuem
Ui pa3paboTKH OECHUIOTHBIX aBTOMOOMIIEH.
Ux cucrembl  aHAIM3UPYIOT  JTIOPOKHYIO
CUTYaIlMIO B PeaJbHOM BPEMEHHU U MPUHUMAIOT
peleHrs Ha OCHOBE HAKOILJIEHHOTO OMBITA.

e (DMUHAHCOBBIE TeXHOJOTHHU: nun
MPUMEHSIETCSI B CHCTeMax MpeAoTBpAIlCHUS
MOIIIEHHUYECTBA, aJTOPUTMUYECKOW TOProBlIIie
U KPEeAWTHOM CKOpUHTE (Hampumep, B
mnatdopmax, Takux kak Zest Al u Upstart).

e Pureitn: Amazon npumenser UM nnsa

OIITUMU3aIIUH JJOTUCTHUKU, aHaJin3a
IMOKYIIATCJIbCKOTO INOBCACHU A u
NepCcoHAIMN3aAl N BUTpPUH, YBCINYUBAA

MPOIAKU M CHUYKAS OTIEPAIIiOHHBIC H3JICPIKKH.

e IIpoMBbIILIEHHOCTH: Siemens BHEIPSIECT
N1 Ha TpOW3BOJICTBEHHBIX JIMHUSAX IS
MPEIUKTUBHON JMArHOCTHKH OOOPYIOBAHMS,
YTO CHHUYKAeT BpeMsl MPOCTOS M 3aTpaThl Ha
o0cimyXKUBaHUE.

e Arpocekrop: Kommnanms John Deere
ucnons3yeT UM u xoMmbloTepHOE 3peHue s
aHaJIN3a COCTOSIHUS TMOJIEM W ONTUMHU3ALMU
MOCEBOB, YTO TMOBBIIIAECT YpPOXKAMHOCTD U
CHUIKAET MOTPEOICHHE PECYPCOB.

AHAJIN3: CTATHCTHKA B CPAaBHUTECJBbHbIC TAHHbLIC

Oosactes npumenenus MU Hporlzgélggzzgflgg)‘i poer OcHOBHBIE TEXHOJOTHH

Brpasooxpanenne | +41% CAGR INLP, CV, DL |
|TpchnopT U JIOTUCTHKA || +36% CAGR ||Reinf0rcement Learning, CV |
PuTeiin u e-commerce | +30% CAGR |[Recommendation Systems, NLP |
[Dunanch | +28% CAGR |Fraud Detection, AutoML |
O6pazosanue | +24% CAGR |Adaptive Learning, GPT |
MpoMbIUIEHHOCTD | +33% CAGR [Predictive Maintenance, 10T, CV|




|C6JILCKOG XO3SHCTBO ||

+29% CAGR

[Precision Agriculture, CV, DL |

[lo pmamabiM McKinsey wu  Statista,
MupoBble uHBeCTMIMU B WU-nponykrel u
cepBuchl yxe npesiciim $150 mupa B 2023
rony, a k 2030 rogy 3TOT MOKa3aTellb MOKET
yaBouthbes.  Okmmaercsa, uyto Oomee 70%
koMrnaHuid BHeapsaT MM B OusHec-mporeccsl B
TeueHue cueayroumx S yer. Taxke, 1o OLeHKe
PwC, UM moxer yBenuuuTh riodansHblil BBIT
Ha $15,7 tpau k 2030 roxy.

IIpo61emMbI U BBI3OBBI

Pazsutne MM u MO conpoBoxnaercs psaom
CEpPbE3HBIX BBI30OBOB:

e JTHKAa U cTIpaBeJIUBOCTH

o Kak n30eXarh MPEAB3SITOCTH u
HECIpaBeNINBOCTHU B pemeHusx 1MN?

o KoHpuaeHumaabHoCTh HW 0€30MacCHOCTH
AAHHBIX

o Kak 3anmtuTth nuuHYyr0O HWHQOPMALHIO OT
yTEUYEK U 3JI0yNOTpeOICHUA?

e O0BACHMMOCTH AJITOPUTMOB

o Kak moHsare, moueMy Mojeiab HpHUHSIIA TO
WJIM UHOE peleHune?

MckyccTrBeHHbINM

mMHTEe MIJIeKT

e 3aBHCHUMOCTH OT JAHHBIX

o Uro nenath mpu HEXBaTKE KAaYECTBEHHBIX
JAHHBIX WA HATUYUU IIyMOB?

Bynymee HMCKYCCTBEHHOT0O HHTEJ/UIEKTa M
MAIIIMHHOTO 00y4YeHust

O’xu1aeMble TPEHIbl U TTEPCIIEKTUBBI:
1. Poct aBToHoMuu UU-cucrem

o CHuxeHne HEOOXOIUMOCTH
YeJI0BCKA.

2. YiyulleHue TIOHHMAHHUS €CTeCTBEHHOIO
AI3bIKA

o boiee Tounkle u "dyenoBeuHkIe" NHAJIOTH C
Hn.

3. KBanTOoBOE ManmHHoOe 00yueHUe

ydacTtus

o lloBeiieHHE BBIYMCIIUTEIIBHOMN
s dexkTuBHOCTH Osrarogapst KBAaHTOBBIM
TEXHOJIOTHUSIM.

4. I'unepnepcoHaJIn3aLus
o IloacTpoiika cepBUCOB MO
WH]IMBUYalIbHbIE 0COOCHHOCTH MOJIB30BATEI.

MauwuwmimmHHoOe
oBy4vyeHunue

3axmouenne 1M u manmuHoe o0ydeHue
yKe cTaiau HEOTBEMIIEMOM YacCThIO
coBpeMeHHOro mupa. OHU TpaHCPOPMUPYIOT
Ou3Hec, HayKy U TIOBCEJHEBHYIO IKH3Hb,
OTKpBIBAsi paHEE HEBO3MOXHBIE TOPU3OHTHI.
OnHako BaXHO pa3BUBATH JTU TEXHOJIOIHUH

O6S6y4vywerHue
C y4daumTernem

O6yvyweHume
Se= yyuyuTensi

O6paorTka
ecrecTBeHHOro
A3bIKa

KomMmrnbriortepHoe
I peHue

.

OTBETCTBEHHO,  Y4YMTBIBas  JTUYECKHE U
couuasnbHbIe acnekThl. [lepen Hamu — Oyyiee,
B koropom WU Oymer He  mpocTo
MHCTPYMEHTOM, a IIOJIHOLEHHBIM MapTHEPOM B
PELICHUH CIIOKHENIIMX 3a/1a4.
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KBIPT'bI3 PECITYBJIMKACBIHBIH WHHOBAIASIBIK UIIMEPIYYJIYT YH
BAIIKAPYY BOIOHYA MAAJIBIMATTBIK CACTEMAHBI M3WI00 KAHA TAJIJI00
(COOJIA TAPMATBIHJIA)

WCCJIEJIOBAHUE W AHAJIN3 UH®OPMAIIMOHHON CHUCTEMBI YITPABJIEHUS
WHHOBAILIMOHHOM JESATEJIBHOCTBHIO KP (B COEPE TOPI'OBJIM)
RESEARCH AND ANALYSIS OF THE INFORMATION SYSTEM FOR MANAGING
INNOVATIVE ACTIVITIES OF THE KYRGYZ REPUBLIC (IN THE TRADE SECTOR

Kbickaua myHe3neme: byn maxanama Keipreis PecnyOnmkacelHa coojia TapMarblHJarsl
MHHOBALMSUIBIK MIIMEPAYYIYKTY OalIkapyy Mmacenenepyd 3aMaHOan MaalbIMaTTBIK CHCTEMallap.Ibl
KOJJIOHYy MeHeH KapanaT. VHHoBauusmapapl OallkapyyHYH HaTbIHXKalyyldyryHa Taacup O3TKEH
aBTOMATTAIITBIPbUITAH YEUMMJAEPAMH ydypaarbl abanel TangaHar. Coofa MILIKaHAJapbIHBIH
aTaaHJAIITHIKKA KOHIOMAYYIYTYH KOTOpYJIaTyy YIYH CaHAPHUIITHK IuTaTdopManap/asl jKaHa KacaiMa
MHTEJIJIEKT TEXHOJOTUsIApbIH KUPIU3YYHYH KeJeuern Heruszener. Makanaaa MHTUIMKTYY 3J1 apajiblk
TaXpblHOanapaplH ~ MUcANJapbl  KEATUPWIMN,  anapAblH  KeIprei3craHra  bUIAMBIKTALITBIPYY
MYMKYHYYJIYTYy OaanaHar.

AHHoTammsi: COCTOSIHMSI aBTOMATHM3MPOBAHHBIX DPELICHWH, BIMAIONMX Ha 3(QPEKTUBHOCTb
MHHOBALIMOHHOTO yrpasyeHus. OOOCHOBBIBAIOTCS MEPCIIEKTUBHI BHEAPEHUS M (PPOBBIX IMIaT(hopM H
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TEXHOJIOTHH HCKYCCTBCHHOI'0O MHTCJUICKTA IJIs1 ITOBBILICHUA KOHKypeHTOCHOCOGHOCTI/I TOPTOBBIX
HpeI[HpPIHTHfI. B cratne MMpUBOAATCS MPUMCPBI YCIICHIHBIX MCXKAYHAPOAHBIX ITPAKTUK U OLICHHUBACTCH
BO3MOXHOCTH UX aJallTalluu B KI;IpFI:I?;CT&HG.

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: WHHOBALHSIIBIK ANIMEPAYYIYK; MaajbIMaTTbIK cucremMaiap,
CaHAPUNTEIUTUPYY; COO0JIA; KacajiMa MHTEIEKT; aBTOMATTALUTBIPYY.

KuaroueBnie cjoBa: MHHOBAIITMOHHAasA ACATCIIbHOCTD, I/IH(i)OpMaI_II/IOHHLIe CHUCTCMBI,
III/I(l)pOBI/I?;aIII/ISI; TOPIOBJIA; I/ICKyCCTBeHHI)If/i HHTCIIJICKT, aBTOMAaTU3a1usl.

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

Oxonomuka Keipreisckoit PecmyOnmku B cdepe toproBam ocoboe 3HaueHHE
CTAJIKUBAETCA C HEOOXOIUMOCTBIO YCHUJICHHS MMEIOT TEXHOJIOTUM  aBTOMAaTU3HMPOBAHHOIO
MHHOBAIlMOHHOM  JleATeNbHOCTH B  cdepe yIpaBJICHUS HemnsMU MIOCTABOK,
TOPTOBIIH. DddexruBHOE yIpaBJeHUE MapKETUHTOBbIE aHATUTUYECKUE MIATHOPMBI U
MHHOBALIMSIMA HEBO3MOXXHO 0€3 MpHUMEHEHHUS CHCTEMbI KITHCHTCKOH aHATUTHKH. [4]
MEPENOBBIX WHGOPMAITMOHHBIX CHCTEM, 2. AHay1u3 MH(OPMALMOHHBIX CHUCTEM
obecrieunBaronmMx aHau3 JTAHHBIX, B ynpaBJie HUM HHHOBALIMOHHOIM
aBTOMATH3ALIUIO OU3HEC-TIPOLIECCOB u AesiTeJIbHOCTBIO B c)epe TOProB./IH
ITOBBIILICHUE 3¢ hEeKTUBHOCTH paboThI Ha ceropasimmuil nens B Kbipreiscrane
npeanpuatuii. B cBsi3u ¢ 3TUM aKTyalnbHOCTh UCIIONB3YIOTCS pa3fNuyHble WH(GOPMallMOHHbBIE
ucclieioBaHus 00YyCIIOBJIEHA IMOTPEOHOCTHIO B CUCTEMBI JJI TOJNIECPKKA HHHOBALMOHHBIX
COBEPILIEHCTBOBAHUHN MEXaHU3MOB YIPaBIICHUS MPOLIECCOB B TOPTOBJIE, CPEAN KOTOPBIX MOMKHO
WHHOBAILlMOHHOM JEATENbHOCTBI0 Ha OCHOBE BBIJICIINTE!

COBPEMEHHBIX IIU(POBBIX TEXHOIOTUH. 1. ERP-cucremsr (Enterprise Resource

1. TeopeTuueckue aCMeKThI Planning) — xomrmuiekcHble MmIaTGOpPMbI s
ylpaBJjie HUsI WHHOBALMOHHOM VIIpaBICHUS pecypcaMu MPEIIPHUSTHS, TAKUMU
AesiTeJIbHOCTBIO KaK CKIQJCKOW Y4YeT, 3aKylKd, HpOJaxu u

NunoBaimonHast JIEATEIbHOCTD ¢dunaHCH. [3]

MPEJCTABIIAET COOON KOMILJIEKC MEpONpPUSTUH, 2. CRM-cucremsl (Customer

HAIPaBJICHHBIX Ha pPa3pabOTKy, BHEIpEHUE U Relationship Management) — uacTpyMeHTHI JUIst

pacmpocTpaHeHue HOBBIX MPOJIyKTOB, yIpaBJIeHUS B3aMMOOTHOILICHUSIMH c

TEXHOJOTUH W Ou3Hec-Mojenell. OCHOBHBIMU KIMEHTAaMH M aHAJM3a UX MOTPEOUTENTHCKOTO

AIIeMEHTaMU yIpaBJIeHUs WHHOBALUSIMH MOBEJCHUSI.

SIBIISTFOTCSL: 3. Bl-cucremsr (Business Intelligence) -
- aHaJIU3 PHIHOYHBIX TEHJACHIUI; [6] AHAIMUTUYECKUE  CHUCTEMBI,  IO3BOJISIOLIME
- IJIAHUPOBAHME U TPOTHO3UPOBAHUE; [3 ] MoJydyaTh I[€HHbIE HWHCAWTBl Ha OCHOBE
- ympaBieHue  (UHAHCUPOBAHUEM U OonbImMX TaHHBIX. [7]

pecypcamu; [7] 4. brokueiin-TexHomoruu —
- MOHHUTOPUHT M OLIeHKa 3(PEeKTUBHOCTH MCIIOJIB3YIOTCS JUISl TIPO3PAuyHOIo YIpaBJICHUS

BHEJIPEHHBIX pelIcHUN. [2] LESIMU IIOCTaBOK u o0ecrieyeHust

0€30MacHOCTH TpaH3aKIUM. [S]
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5. HWcKycCTBEHHBI  MHTEIJIEKT  —
aKTUBHO TPUMEHSIETCA B aHalu3e CIpoca,
MpeACKa3aHUU TPEHJOB M  aBTOMATHU3AIMHU
PYTUHHBIX TPOIIECCOB. [4]

3. T'ocynapcTBeHHble MHUIMATHBHI H
NMporpaMmabl

C 2019 rona snekTpoHHass KOMMEPIIUS B
Keiprei3crane JeMOHCTpUPYET CTPEMUTEIBHBIN
pocT, YeMy  CIOCOOCTBOBAJIO  pa3BUTHE
UHTEPHET-UH(PACTPYKTYPhl M YBEJIMYEHUE
YHCJIa MOJIh30BaTENCH MOOUIIBHBIX TUIATEKHBIX
cucteM. OJHaKO JaHHAasi OTPacib CTAIKUBAETCS
C pSAAOM BBI30OBOB, TakMX KaK HEIOCTaTOK
JIOBepUs MOTpeduTeNel K OHJIIAWH-TIOKYITKaM U
OTPaHUYEHHBII JOCTYl K HWHTEPHETY B
CEJIbCKUX pEruoHax, rnae mnpoxusaer 60%
HaceneHus.. [5]

B oTBeT Ha 3TU BBI30BBI PABUTEILCTBO
Koipreisckoit  Pecniyonmuku B 2023 rogy
3anyctuiio [Iporpammy pa3BUTHS 3IEKTPOHHON
KOMMEpIIUHU Ha 2023-2026 TOJBI,
HaIpaBJICHHYIO Ha MOBBIIICHUE
KOHKYPEHTOCITIOCOOHOCTH MECTHOM MPOAYKIINHU
Ha MEXIYHAPOJHBIX PBIHKaX M IPUBJICYCHUE

nHBecvuui. llenp mporpammel — co31aHuUE
OJaronpusITHON cpenbl IS pa3BUTHS
AEKTPOHHON KOMMEPIIUH,

COBEPIIICHCTBOBAHKE 3aKOHOJATEIILHON 0a3kbl,
¢uHaHCOBON HH(PACTPYKTYphI, SJIEKTPOHHBIX
MJaTeKHBIX CHUCTEM, a Takke oOydeHue
nepcoHajga W TOBBIIICHUE KBATH(PUKAITUU
KOMITAaHUM JJIs1 BEJICHUSI OHJIAH-TOPTOBJIU.

Kpowme TOTO, yTBEpKIEHA
l'ocynapcTBenHnas nporpaMma  pa3BUTHUA
MHTEJJIEKTyalbHOU COOCTBEHHOCTH u
uHHoBanuii B Keipreisckoit PecnyOnuke Ha
20222026  romel.  [lamHas  mporpamma
HalpaBjJeHa Ha CO3JaHUE YCIOBUH Ui
dopmupoBaHUs cOamaHCUPOBaHHOI 51

3((HeKTUBHON SKOCHUCTEMBI MHTEIUIEKTYaTbHON
COOCTBEHHOCTH M MHHOBaLMi B cTpaHe K 2026
rofy.

4. Poab MeKIYHAPOIHBIX
OpraHu3anui " MO/IIe PiKKA
npeanpuHuMareseid B cdepe 3J1eKTPOHHOM
KOMMe puMu

ITporpamma pazsutuss OOH (ITPOOH)
aKTUBHO MOJICPKUBACT WHUIUATHBHI,
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HarpaBJICHHBIC Ha pa3BHUTHUC I_II/I(l)pOBI/BaI_[I/II/I B

Ksiprerscrane. C = 1HOMOLBIO — ITPOEKTOB,
KOTOpbIE YKPEIJISIOT U QpoB yIo
uHppacTpykrypy, o1 (POBBIBAIOT

rOCYIapCTBEHHBIE YCIYTH, YIY4IIAOT JOCT YN K
TEXHOJIOTUSM U Pa3BUBAIOT LH(PPOBHIC HABBIKU
cpeau NpearnpuHuMaTesnen, ITPOOH
CIOCOOCTBYET — Pa3BUTHIO  HMHHOBAIMOHHOIO
nangmadra.  Takoil  MOAXOM  TMO3BOJISAET
MECTHBIM MPEANPUITUSAM PacCIHMPSIThCA Ha
BHYTPEHHHE U  MEXIYHapOAHBIE  DBIHKU,
MOBBIIAST  AKOHOMHUYECKYI0  YCTOMYMBOCTb
KsIpreiscrana.

B corpynauuectBe ¢ MUHHCTEPCTBOM
SKOHOMHUKM U Kommepnuu  KbIprei3ckoid
PecniyOnuxu ITPOOH paspabaTbiBaeT
HOpMaTHBHYIO 0a3zy it cosmanus Ilapka
AJEKTPOHHOW KOMMEpPLMHU. DTa HWHUIIMATABA

HalpaBJieHa Ha CO3JaHUe OJaromnpusTHON
cpeapl Il OPEANPUATHH  DJIEKTPOHHOU
KOMMEpLMH, TPUBJICYECHUE MHBECTULIMUA U
pa3sBUTHE  DKOCUCTEMBI s uudpoBoi

KOMMEpPIIMH, a TaKKe Ha IO3UIMOHUPOBAaHUE
KbIpreisctTaHa ~ Kak ~ JIOTUCTHYECKOTO M
U PPOBOr0 TOProBOTO MEHTPA. [4]

IIporuosupyercs, 4TO CEKTOp
JIEKTPOHHOM  komMepuuu  KsIprei3ctana
BbIpacTeT ¢ 360 muuinoHnoB aomnapos CIIA B
2024 rony nmo 595,7 MUIIMOHOB J0JUIapOB
CHIA x 2028 rony, mpu 3TOM OXHAAETCA
3HAYUTENBHOE YBEJIMUYEHUE HaJIOTOBBIX
nocrymieHuit k 2025 roay. [5]

I[TPOOH nomoraer npeanpuHUMaTeIsam
KbIprei3cTaHa B~ OCBOGHMM  3JIEKTPOHHOMN
KOMMEpPLUHU M BBIXOJE Ha MEXIyHapOJIHbIE
peiHkM. bonee 50 mnpennpuHumareneii w3
CTpaHbl IOJIy4alOT YHHKAJIbHYK BO3MOKHOCTh
00Y4UTBCS BEJCHHUIO AJIEKTPOHHOH KOMMEPIIUU
B paMKax  IpOrpaMMBbl «KanpIpeinmn
Canapumm». OTa MHUIMATHBA HaIpaBJIeHA Ha

NOAJEPKKY MHKpPO-, MalbIX U  CPEAHHX
OpeanpusTUii W peanusyercs  Omaromaps
YCHJIUSM MPABUTEIBCTBA KeIpreizckoit

Pecniyonuxu u [TPOOH.

S. BbI30BbI U NepCcrieKTUBbI PA3BUTHS
HHHOBALIMOHHON /1esiITeJIbHOCTH B TOProBJie
Ksipreizcrana



Hecmotpst Ha axkTuBHOE pa3BUTHE
MHHOBALIMOHHOW  JEATENIBHOCTH B cdepe
TOproByH, KBIPTBI3cTaH CTAJIKUBACTCS C PSAOM
BBI30BOB, KOTOPbIE MOTYT 3aMeUINTh ITpOrpecc.
K HuM oTHOCSATCS:

Henocratoxk  kBaaugMIMpoBaHHBIX
KaJgpoB: MHoOrue npenpusaThs HCIBITHIBAIOT
ne urut CIELUAMCTOB, CITOCOOHBIX
a¢dektuBHO paboTath € COBPEMEHHBIMHU
uH(opMaImOHHBIMU cucTeMaMu u
TEXHOJIOTUSAMHU.  OTO  TpeOyeT  yCUJIEHUs
00pa3oBaTENBPHBIX MPOTPAMM U TIOBBIMICHUS
KBATM(UKALIMK COTPYIHUKOB.

IInppoBoe HepaBeHcTBO: Cenbckue
PETHOHBI, I7le TPOXKUBAET 3HAYUTENbHAS YacTh
HaCeJICHU S, OCTAI0TCA HEJOCTAaTOYHO OXBAuCHBI
HutepHeroM W HUQPOBBIMH yCIyramMu. ITO
co3JaeT IucOaniaHc B pPa3BUTUU HJIEKTPOHHOMN
KOMMEPIUHA MEXIY TOPOACKUMH MU CEIbCKUMH

TEPPUTOPHUSIMU.

Hu3kuii ypoBeHb 10BepUsi K OHJIANH -
mwiare:xxkam: MHorue  TOTpedHTeNnd  Mo-
MPEeKHEMY MPEANOYUTAIOT HAJIMYHBIE PACUeThl,
4TO CBSI3aHO c HEJIOCTaTOYHOMN
OCBEJIOMJICHHOCTBIO 0 Oe3omacHoCcTH
AJIEKTPOHHBIX TJIATEKEH.

OrpannyeHHbI A0CTYI K
¢puHancupoBanuo: Mansle U CcpeaHHE
NPEANPUATUS ~ 9acTo CTAIKUBAIOTCI €

TPYAHOCTAMHU IIPpU TOJTYYCHUHU KPECAWUTOB IS
BHCAPCHHA MHHOBAITMOHHBIX TEXHOJIOTHH.

Jlis  mpeononeHHust 3TMX  BBI30BOB
HEOOXOUMBI:
PazBurne o0pa3oBaTeJIbHbIX

nporpamm: BHeapenue KypcoB mo mudpoBoi
rpaMoTHOCTH, 00ydenue padore ¢ ERP, CRM u

Bl-cucremamn, a  Takke  MPOABUIKEHHE
OJOKYEHH-TEXHOJOTUH U HMCKYCCTBEHHOTIO
MHTEJJIEKTA.

Pacumpenune HHTEPHET-
HHPPACTPYKTYpbl:  YBEIMYCHUE  OXBaTa

BBICOKOCKOPOCTHBIM HMHTEpHETOM B CEIBCKUX
peruoHax, 4YTO IO3BOJMT BOBJEUYb OOJblIEE

YUCIIO  TOTpeOuTeNied B AJICKTPOHHYIO
KOMMEPITHIO.

IloBbIlIeHHE  OCBEJIOMJIEHHOCTH O
0e3omacHoOCTH OHJIATH-TIATE Ke i

[IpoBeneHne KamMmaHWi, HaIMpPaBICHHBIX Ha
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WHPOPMHUPOBAHHUE HaceJIeHU 0
MPEUMYIIECTBAX U 6€30MaCHOCTH 3JIEKTPOHHBIX
MJIATEXXEN.

Co3nanmue ¢onnon NOJ11e PsKKH
MHHOBAIU : PasButne MEXaHU3MOB
TrOCYAAapCTBEHHON u MEXAYHApOIHON

HONACPKKU A1 (MHAHCUPOBAHUS IMPOEKTOB,
CBSA3aHHBIX C  BHEApEHHEM  IM(POBBIX
TEXHOJIOTUH.

6. MexayHapoIHbIi
BO3MOKHOCTH 1 KbIprei3crana

KeIprelsctan  MOXET  HMCIOJIB30BaTh
YCHEIIHBIA ONBIT JAPYTUX CTPaH B Pa3BUTHU
WHHOBAIMOHHOM JEATENbHOCTH B TOPIOBIJIE.
Hanpuwmep:

Oneir  Kwurasa: Kutaii  sBasercs
MHUPOBBIM JIUAEPOM B OOJIACTH HIJICKTPOHHOMN
KOMMepLUH  Onarogaps pa3BUTHIO  TaKUX
miargpopM, kak  Alibaba u  JD.com
KbIprei3cTaH MOXET MEpeHATh ONBIT 10
CO3JaHMI0  COOCTBEHHBIX IardopMm s
OHJIaliH-TOPrOBJIN u UHTETpaluu c
MEXTyHapOAHBIMU PhIHKAMH.

OnbiT JCTOHMM: OCTOHUS AKTUBHO
pa3BUBaeT LHUGPPOBYIO HHOPPACTPYKTYPY U
AJIEKTPOHHBIE TOCYIApCTBEHHBIE YCIYTH, YTO
CIOCOOCTBYET pPOCTY JOBEpHUsl K OHJIANH-
TpaH3akusM. KbIprel3cTaH MOXKET H3Y4UTh
ONMBIT OCTOHMM B oOnacTu uMQpoBU3ALNU

OIIbIT H

TOCYAAPCTBEHHBIX  YCIYI W BHEAPEHHUS
AJIEKTPOHHBIX MOIMHUCEN.

OnbiT Waauu: HWuHaus  ycneumHo
pa3BUBAaET  JJIEKTPOHHYHD  KOMMEpPLUHIO B

CCIbCKUX PETUOHAX, HCIONB3yd MOOUIIBHBIC
TEXHOJIOTHH M JIOKAJIBbHBIC TIATGOPMBI. DTOT
OTBIT MOXKET ObITh moJie3eH uig Keipreisctana
B IIPEOJIOJICHUH 1T (PPOBOTO HEPABEHCTBA.

7. Pojib MaJjioro u cpejaHero 0u3Heca B
Pa3sBUTHHM WHHOBAIUI

Mansiit u  cpennuit  6uznec (MCB)
UTpaeT  KIIOYEBYIO pOJlb B  Pa3BUTHU
MHHOBALI OHHOH JIEATEILHOCTH B
Ksiprezcrane. MCB Gosiee tuOko pearupyer Ha
M3MEHEHHS PbIHKA U OBICTpee BHEIPSET HOBBIC

TEXHOJIOTUH. s HOJJICPKKH MCb
HEeO0X0INMO:

Co3nanue HHHOBAIHOHHBIX
kjaactepoB: OObCIUHEHHE  MPEIIPUATHH,



HAyYHBIX YYpPEXJCHUH U TOCYIAPCTBEHHBIX
CTPYKTYp IUIi COBMECTHOW paboThl HaA
WHHOBAIIMOHHBIMH MTPOEKTaMH.

PazBurne CTAPTAN-IKO CUCTEMBbI .
[Topnepxxka MOJIOIBIX KOMIIaHU U,
pa3pabaThIBalONMX HOBBIE TEXHOJOTUH U
Ou3Hec-Molenu, 4epe3  akceleparopbl U

MHKYOaTOpBbI.
YupoueHnue PeryJasiTOpHbIX
npoueayp: CHuxeHue  OHOPOKPATUUYECKUX

O0appepoB  UISI  PETUCTpAllMd W BEICHUS
OW3Heca, 4YTO TMO3BOJIUT MPEMIPUHUMATEISIM
ObICTpee BHEIIPSITh MHHOBAIIUH.

8. IKoJ0rnuecKue
HHHOBAIMOHHOM NeATEeJLHOCTH

CoBpeMEHHbIE TEXHOJOTUU B TOPTOBJIE
MOT'YT CII0OCOOCTBOBATH HE TOJIBKO
SKOHOMHYECKOMY POCTY, HO | pPEIICHHUIO
sKOJIOTHYECKUX mpobiem. Hampumep:

YMeHbllleHHE  YIJIEPOJHOIO cjeja:
Hcnionp3oBanue OJIOKYEHH-TEXHOIOTUA LIS
ONTUMM3ALMU JIOTUCTUKA M  COKpalllEHUS
BbIOpOCcOB CO».

HudpoBuzanusa TOKyMeHTO00OpOTA:
[lepexon Ha SIEKTPOHHBIE JOKYMEHTHI U
COKpAIlCHUE MCIIOJIB30BAHMS OymMaru.

YcroiiuuBble IENMOYKH INOCTABOK.
Buenpenue TEXHOJIOTHI, I103B OJISIOIII X
OTCJIC)KMBATh HKOJIOTUUYECKYIO
OTBETCTBEHHOCTb IOCTABIIMKOB.

9. I1porHo3sl U nepcneKTUBbI

CornacHo uccnegoBanusam, k 2030 roay
JOJNISL  DJCKTPOHHOW KOMMEpPLHU B  OOIEeM
obbeMe po3HUYHBIX Tponax B Keipreizcrane
MoxkeT gocthnub 20-25%. DOTo  craHeT
BO3MOXKHBIM OJlarojapsi:

Pa3BuTHIO MOOMJIBHBIX TEXHOJIOIMIA:
VBeIn4eHuIo ypcia MMOJIL30BaTEIEH
cMapTHOHOB M MOOWIIBHBIX MPUIIOKEHUN st
OHJIAH-TIOKYIIOK.

MEHTaM.

ACMEKTHbI

Pocty momyasipHocTH  COUMAJIBHO M
KoMMepuuHu: crnonb30BaHUIO  COLMANIBHBIX
ceTey Ui MPOABUKEHUS TOBAPOB U YCIIYT.

HNurerpanuu ¢ MeKAyHApOAHBIMHU
miargopmamu: Beixony KbIPIBI3CKU X
NpEeANpUATU Ha Takue IMIaTPopMbl, Kak
Amazon, eBay u Alibaba.

3akioueHue

Buenpenue MHHOBAIlMOHHBIX
TexHoJOorui B cdepy ToproBiau KeIpreizckoit
PecniyOnuku sBJIsIeTCSI BAXKHBIM IIATOM Ha IYTH
K YCTOMYMBOMY 3KOHOMHYECKOMY Pa3BUTHIO.
PasButue JJIEKTPOHHOU KOMMEpLIHH,
MOJJIpKKA CO CTOPOHBI TIOCYHapCTBA U
MEXIyHApOOHBIX OpraHM3allui, a TaKKe
U CII0JIb30BaHUE COBPEMEHHBIX
UH(QOPMAIITMOHHBIX ~ CHUCTEM  CHOCOOCTBYIOT
MOBBIIICHUIO KOHKYPEHTOCIIOCOOHOCTH
OTEUYECTBEHHBIX NPEANPUATHA Ha TI0OATBHOM
peiHke. [2] HecmoTpss Ha cymecTByromme
BBI30BBI, TaKue Kak I[M(pOBOE HEPABEHCTBO U
HEOOXOAMMOCTb YCUJICHUS JOBEPUs K OHJIAIH-

TOPIroBJIC, IIPHUHATBIC IMporpaMMbl u
WHUIIMATUBBI CO3aI0T yCIIOBUSA JUISt
JAJBHEUIIETO POCTa CEKTOPA.

Taxum o0pazom, IanpHenee

COBEpIIEHCTBOBAHNE MEXAaHU3MOB YIPABICHUS
MHHOBAIMOHHOM  JIEATEIbHOCTBIO, pPa3BUTHUE
nu@poBolt  MHQPACTPYKTYpbl U  aKTUBHOE
IIPUBJICYCHUE WHBECTULMI MIO3BOJIAT
KbIprei3cTany 3aHATh JIOCTOHOE MECTO B

rI100aTbH O 1 poBoit SKOHOMHUKE.
['ocynapcTBeHHbBIE MPOTPaMMBI u
MEXyHApOIHas [IOAJEPIKKa UIPAOT

KIIOYEBYIO POJb B CO3JaHUU OJaronpusTHOR
cpensl Ans TpeanpuHUMaTenei, obecredynBas
UX JOCTYIl K TEXHOJIOTUSM, OOY4EeHHUIO U
($rHAHCOBBIM UHCTPY
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BWJINM BEPYY INPOUHECCUHIE KACAJIMA UHTEJJIEKTTH KOJIJIOHYYHYH
MYMKYHYYJYKTOPY
BO3MOXHOCTHU UCITIOJBb30BAHUA NCKYCCTBEHHOI'O MHTEJ/IVIEKTA
B OBPA3OBATEJIBHOM ITPOLHECCE
POSSIBILITIES OF USING ARTIFICIAL INTELLIGENCE IN THE EDUCATIONAL
PROCESS

Kbickaua myHe3geme: byn Makamaza oOKyy [POLIECCHMHAE JKacaiMa  HHTEJUIEKT
TEXHOJOTUSIAPBIH  KOJNJIOHYY TalKyylaHaT. ABTOPJOP »kacaiMa MHTEIUIEKTTH KOJIJIOHYY
TaxpsiibackiH KeIprei3ctania, yeT esikesopAe a KbUITATTHIK MEHEH Tajjal ubIrblinyyna. Herusru
KOHYJI KacalMa MHTEIUIEKTTH OuiuM Oepyy TapMarblHAa KOJJOHYYHYH MYMKYHUYJYKTOPYHO >XaHa
KenedernHe Oypynar. XKacaama MHTENIEKT MIFapaKeTTHH ap KaHJai TapMaKTapblH/A, aHbIH HYMHJE
Oounum Oepyy TapmarbiHAa OapraH cailblH akTyalayy Kypajira ainanyyna. ABTOpIOp KacaiMa
MHTEJUIEKTTH KOJIJIOHYY, MHUCAJIbl, OKYYHY JKEKEeJCIITUPYY ’KaHa aHbl ap TapMAaKTyy OKYY Kaijapaa ap
OUp CTYIEHTTUH KEPEKTOOJIOpPYHO BUIAHBIKTAIITHIPYY apKbLIyy OKYY NMPOLIECCHH OMp TOH KaKIIbIPTa
anmapbiH Oenrunemer. OIOHAON 3Jie ’KacaaMa MHTEIJIEKT OKYTYYHYH JKaHbl BIKMaJlapblH TY3YYT®,
OKyydynap/blH OMJIMMUH Tanjan, Oaasooro skaHa Oaa Oepyy TamIiubIpMaliapbl CHIIKTYY KYHYMIYK
TamlIbIpManapisl aBTOMATTAlITBIpyyra »apjaam Oeper. Makanaga OWIOHIOW sne OuiauMm Oepyy
CUCTCMAJIapblHA JKaCajiMa HMHTCIUICKTTU KHUPIru3yyaoH KCJIUIT YbIKKaH KGfII‘GfIJIGp Ja HU3HUIOCHCT.
W3unneene ’xacaiMa HWHTEUIEKTTH KaHTUI HIIKE AalbIPbUIBIIIGI 3aMaHOanm OuinM OepyyHYH
OHYTYYCYHYH auKbI4bl OoJoOpy TajKyynaHaT. JKacaJiMa HMHTEIEKITH HILIKE allblpyy TapMarbl
y4ypJarsl 3H aKTyaJl1yy )kKaHa KbI3bIKTYY TeMajapAbiH OupH. JKanmbeIChIHAH, U3HII06 OKypMaHIapAblH
KeHUpPU 4Y6HPOCYH, aHbIH MUYMHJE OKYTYydydapAbl, CTYIEHTTEpIH, U3HIJeeuyJepay KaHa jKacaama
MHTEJIJIEKTTH OUIMM O6epyy TapMarblH/1a KOJJIOHYYra KbI3bIKKaHapAbIH Oap/AbITbIH HIBIKTAHIbIPAT.

AnHoTanmsi: B crarbe paccMarpuBaeTcs HCIOJNBb30BAHME TEXHOJIOIUMH MCKYCCTBEHHOIO
MHTEJJIEKTa B Iporecce oOydyeHus. ABTOpbI THATEIbHO AHAJIM3UPYIOT ONBIT Mcnonb3oBaHus MU B
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KBIpl"BISCTaHe n 3a py66)I(OM. OcHOBHOE BHUMAaHHE YACIICHO BO3MOXHOCTAM M IICPCIICKTHBAM
ucnoiap3zoBanus MU B O6p330BaHI/H/I. U cranosutca Bce Oolee BOCTpC6OBaHHLIM HHCTPYMCHTOM B
paznuuHbIX cdepax JeATEIBHOCTH, B TOM 4HCI€ B 00pa3oBaHUM. ABTOpPHl OTMEUAIOT, YTO
ucrnoib3oBanue W  mo3BoMsIeT  CyIIECTBEHHO  yIYUIIMTh MpoOllecc OOydeHHUs, Halpumep,
NEePCOHATM3UPOBATh 00yYEHUE U AJANTUPOBATH €r0 K MOTPEOHOCTSIM KaXKAOTO CTYAEHTa B Y4EOHBIX
3aBCACHUAX Pa3INYHBIX HaHpaBHCHHﬁ. NN Ttarxke MOXET IIOMOYL B CO3JaHHUU HOBBIX METOIAOB
O6y‘IeHI/I$I, dHaJIN3€ U OOCHKE 06y‘IeHI/I}I CTYACHTOB, d TAKKC B dBTOMATU3AllUU PYTUHHBIX 3aada4, TAKUX
KaK BBICTAaBJICHHME OLICHOK. B cTaTbe Takwke paccMaTpUBAIOTCS MPOOJEMBI, BO3HUKAIOIME IIPU
BHeapennu MU B cuctembr oOpa3oBanus. B nccnenoBanum oOcyxnaercs, kak BHenpenue MU Oymer
HMCTb KIIHOUCBOC 3HAYCHHC [JIsI pPa3sBUTUA COBPCMCHHOI'O 06pa3013aH1/151. O06mnacTs BHCAPCHUA
HCKYCCTBCHHOI'O MHTCJJICKTA SABJIACTCSA OI[HOI71 N3 CaMbIX AKTYAJIbHBIX U MHTCPECCHBIX CCrOJHA TCM. B
[IEJIOM HCCcliefoBaHre OylAeT MHTEPECHO MIMPOKOMY KPYry 4YMTaTesiedd, BKIIOYas IMPEerojaBareiiei,
CTYACHTOB, I/ICCJ'ICIIOBaTeJ'IeI‘/’I " BCCX, KTO MHTEPCCYCTCA UCIIOJIb30BAHUCM 414 8:! O6pa30BaHI/II/I.

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.

Herusru ce3mep: xacaama WHTEIUIEKT; OMIMM Oepyy; Ouiaum Oepyy mporeccu; oumum o6epyy
TEXHOJIOTHUSCHI.

KiroueBble c¢Jji0Ba: MCKYCCTBEHHBIH HHTEIUIEKT, 0Opa3oBaHHE; 00pa30BaTEIbHBIN IPOIECC;
o0Opa3oBaTeNnbHbIE TEXHOJIOTUH.

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

AKTyanayyayry: A3bIpKel  ydypjaa, OILIOH IO e TECTTEPAU xKaHa
JKacajiMa MHTEJUIEKT UI-apakeTTUH ap KaHJau TanublpMaIap/bl TEKIIEPYY CBISIKTYY
TapMakTapia OapraH cailblH MaaHUJYy »aHa KYHYMIYK TaI bl pMaJiapibl
KEHUPU KOJIJIOHYNYyydy Kypalira ainanyyna. aBTOMATTAIITBIPyyra xKapaam Oeper.
KacanmmMa  MHTEJUIEKTTH  KOJIJJOHYY  OKYY KeMOpupk  yHUBEPCHUTETHHHH — JKCHEPTTEPH
MPOLIECCUH ONTUMANJIAIITHIPYY KaHa Kacamma WHTEJUIEKT TEXHOJIOTUSIIAPbIH
OPKYHJIOTYY YYYH a4yKbid OOJIO ala TypraHaan KonaoHyyHYH keOeiymy 2023-xbuisl EdTech
TapMakTapIplH Oupu Oyn — Owiaum Oepyy (aHrmuc THUIMHEH OwimMm Oepyy — “Omnum”
TapMmarbl OoJym caHanmaT. Mucaibl, >kacaiMma JKaHa “TEXHONOTUA’) 4YOUPOCYHIIOTY HEru3ru
MHTEJUIEKT OKYYy IPOLIECCUH IKEKEIEIITUPYY, TEHJACHUUSIIApAbIH OUpU SKEHUH OeJrHIIeIeT.
aHpl ap Oup CTYACHTTHH YHUKAIYY boxxomonpoonopro  putaiblk,  2030-xbUIra
MYKTaXJbIKTapblHA bUIAWBIKTAIITRIPYY YUYYH KapaTta OuiauM Oepyy YUYH >KacalMa MHTEJICKT
HaTBIM>KaTyy KOJIJIOHYAYyUly MyYMKYH. MbIHAaH TEXHOJIOTUSIIAPBIHBIH PHIHOTYHYH KOJIOMY OpPTO
TBHILLIKAPBI, KAacajJMa HHTEJUIEKITH OKYTYYHYH scen MeHeH 36,6%ra ecynly KyTyJIYYAe.

JKaHBbI bIKMaJIapblH WILTEN YbITYYTAa, M3nageenyH makcarbl. UslHBIHAA 3I1€,
CTYIEHTTEpIMH OWIMMMH Tajjamn, Oaanaooro, a3pIpKbl a7aM3aT TOPTYHUY TEXHOJIOTHSIIBIK
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PEBOJIIOIUSHBIH  ME3TMJIMH  JKallooA0, aHJa
MaanbIMaT OW3OMH  JKamoo  0Opa3bIObI3/IbI
aHBIKTaraH HETU3TH pecypc OOIym KayJbl.
XKacanmma UWHTENIEKTTH OHYKTYpPYY JKaHa
KOJNZOHYY Oylnl KOHTEKCTTe 0OH AaKTUBAYY
TaJKyyJlaHIaH TeMalapablH Oupu  Oomyn
kanyyna. JKacaiMa WHTEIEKTTH  KYHYMIYK
xKamooro,  OunmuMm  Oepyy — cucTeMachlHa
KUPTU3YY Y4ypAyH TanaObl.

MaansIMaTThIH KaHa TEXHOJOTUSHBIH
THIHBIMCBI3 ©3TOPYYJIOPYHYH arbIMbl MEHEH,
3aMaHOan KOOMJO acajiMa MHTEJUIEKT OapraHn
CaillblH MaaHMIIYY pOJIYy OWHOI Karar el
anTcak KAHBUIBIIITEIK ~ 00JIOOUT.  AHBI
KOJIZIOHYY JKaIllOOHYH, OKYYHYH, aHa OILOHY
MEHEH OMpre YMIeKTHUH CalaThlH )KAKIIBIPTYyTa
J)KaHa ~ JKaHbBl ~ MYMKYHUYJIYKTOpPAY  JKaHa
WHHOBAIUSIIApbl TY3YYT® MYMKYHUYIIYKTOPIY
Ty3yyae. OImeHTHN, ’kacaiMa HWHTEJUICKTTH
KAMoOOOY3IyH ap KaHJIal TapMaKTapbIHJA,
aHBIH WUMHJE OuuM Oepyy TapMarblHIa UIIKe
almpIpyy Te3 e3repyn  JKaTKaH JOyHHere
BIHTAWJIAIBIN, AHBIH HAaThIAXKAIYYy HILITEIIAH
KaMCbhI3 KbUTYYHYH 3apbUIYBLIBITBIHA aWJIaHbII
Oaparar.

Kacanma wWHTEUIEKTTH OUIUM Oepyy
CHUCTEMAachlHa KUPIU3YYHYH BIKMaJapblH Kaparl
YpITYy MCHEH, KaHTHUIl jKacajaMma WHTEJICKT
OKYYHYH JKCTKHJIMKTYY J>KaHa >KCKEJICITHPYY
apKeulyy — Oumum OepyYHYH camaTbliH
KAKIIBIpTyyra OOJIOT JEreH Cypoo Tyydar.
bunum oepyy TapMarblHIa >Kacajama
WHTENICKTTU KOJIJJOHYYHYH OUp Hede HETH3ru
OarpITTaphl AHBIKTAJITAH:

1. Kynymayk
aBTOMATTAIITBIPYY;

2. OKyTyyHY JKEKEJICUITUPYY;

3. Masmynny skaHa OuiauMm Oepyy
KOJIIOHMOJIOPYH TY3YY;

4. «Kymmak
OHYKTYDYY.

CTyneHTTepAMH  OCCENEPUH  JKaHa
YyblrapMajiapblH TEKILEPYY/10 KYHYMIYK
TanublpManapAbl aBTOMATTAIITBIPYy YYYH ap
KaHJall  HEHpPOHIAYK CETTep  KOJIOHYIYII
kenyyae. [5] Memgail wmoaenmepauH  Oup
mucanbl AKIru — Oyn CTyIGHTTEp YYYyH JKEKe
JKaHa ~ OHJIAHH  cabakrapael  ©TKepYYTe

U IITepIn

KOHTyMJIOpIY »

%6

MYMKYHIYK Oepren miardopma, an bpromios
KoHcanTuHr KOMOaHMACHI MEHEH OWPresHKTe
TY3YJITOH Aktru  cucremachl aTaiiblH
®abJpuIraH KiaccTap s, 00pOOpayK cepBepan
xaHa Oup karap IT KeI3MarTapblH KaMThIAT
YHUBEPCUTETTHH Tpaduru xana Moodle
DIIEKTPOHTyK YHUBEPCHTET CHCTEMACHI,
MUCAJIbl, MyTaJIMM YH jKaHa BUJCO TapTyy YUYH
npOo(eCCHOHANIBIK ~ TY3YJYIITOp CHCTEMachl
MEHEH J>KaOJpUIraH KIaccTaH cabak OTKepeT
’kaHa Oynl ara MHKpPOQOHCY3 HIITOOTO
MYMKYHAYK Oeper. Oimmon »s1e  ydypra
Ka3yyHYyH camarblH Oy30acTaH Ki1accTa SpKUH
KYPYHY3, OHPOK  MyrajiuMm  CTYISHTTHUH
KOMITBIOTEPUHHUH HII YCTOIYH KOPYII, aHJarsl
cyperTty OOpOOpAyK SKpaHIa KepceTe aiar.
CucremMaHblH ©3re4eNyTy — aj cabakrap.sl
JKaszmpipa Oaimran, YHIY TEKCTKE alJIaHJIbIPHIIT,
YHUBEPCUTETTHH OJCKTPOHIYK CHCTEMachIHA
KYKTOUT. Aktru OmOHIOW 3¢ aBTOMATTHIK

TYpZe  TY3YJAI®H  JKOTOPKY  TaKThIKTarbl
CYyOTUTpIIEPAUH apKacblH/1a BHUJIEO
(bparMEHTTEpUHUH HETU3WHIE MaaJbIMATThI

n31eere MyMKYHIYK OepeT. [1]

Heitponayk TapmakTsl OKYTYy Y4YH ap
KaHAal TEKCTTHUK MaTepuangapibl, aHbIH
WYUHJIE 3CCEJIEP/IUH JKaHa KOMITO3ULIUsIapIbIH
JKaKIIbl jKaHa Hayap MUCANJAPbIH KaMThIFaH
YOH MaaJlbIMaT TONTOMYH KOJIOHYY Tajamn
KbUJIbIHAT. TpeHUHT 3TaOblHAH KMIWH MOJAENIN

CTYIEHTTEPIUH UIMH TEKIepyy YYYH
KOJIZIOHCO 00J0T. Byn TeXHOJOTHSIIBIK Kypam
Koll caH1arbl accenepan JKaHa
KOMITO3ULIMSUIApAbl  T€3 JKaHa HaThlibKamyy

Oaayiaii anraH MyraJuMaep Y4YYH MNaiganyy
Oonymry MyMKYH. Bupok, sccenepan 6aanoomo
MaaHWIyy (akrop OOJIym caHalraH TEKCTTHH
Ma3MyHYyHa KaHa OPUTHHAIIYYIYryHa TaifbiMa
e Oaa Oepe anbaraHabIKTaH, HEHPOHIYK
TapMak agaM  (GaKTOpyH TOJYry MeHeH
JIMAIIThIpa aJI0ACKIH 3CTEH YbIrap0o00 Kepek.
Uniprofi  cTymeHTTepAMH  KECHNTHK
©3YH 63y aHBIKTOOTO KOMOK KOPCOTYY JKaHa HIIT
OepyyuyJdepayH TajlamTapblHa JKoom  Oepe
TypTaH TaJanKepJepan W3/100 HWHCTPYMEHTH
O0onyn cananat. [moGannubik Makcar - Oya Wi
Oepyydysiopre Tak KEpeKTYYy CTYASHTTEpIH
tabyyra, aig 5SMH CTYACHTTEpre THEIIeNYY



BaKaHCHsUIappl Tabyyra e XKyMYIIKa KAPYY

Y4YH  KaHjall ~ KeHAyMAepLy  'copTToo"
KepeKTUTUH TYLIyHYyre kapiam  Oepyy.
Honboopayn  enekremy —  HeadHunter.

CTyneHTTHK anMallyyHy Ty3yy uaescel TMVYra
TaaHJBIK, OUPOK MIJIOTTYK J0JIO0Op Oup 3ie
ydypAa eJKeHYH Oup Heue calTTapbHJa:
blpaakst Ysireimi, VYpan, Kazanb, bantuka
denepanapl K YHHUBEPCHTCTTEPHH/C, OIIOHION
sane  Cankr-IletepOypr  mmareiHAa — HINKE
KAprusuiareH. KeltailipiH XaH4K0y aapbiHIa
KEPTIIIMKTYY MEKTeN OKYy4ylIapIbslH cabak
VIYpYHIIa KYPYM-TYPYMYH  KO©30MOII6TOH
WHHOBAIASUTBIK ~ BUJICOKO30MOJI  CHCTEMAChIH
UIIKEe KUPTU3reH. byn cucrema okyydynapIbiH
MUMUKACBIHAATHl ©3repYYJAepAy Taljam, airad
MaaJIbIMATThI MYTaJIiMIe oeper, Oy
JUCHUTUIMHAHBI Oallkapyy MPOLECCUH JKapbIM-
JKapThUIall aBTOMATTAIITBEIpyyra ebenre 6010
anmat. MasMyHIly TY3yyAe *aHa Omwimm Oepyy
KOJIIOHMOJIOP YH TY3YYAO xKacanma
WHTEJUIEKTTH KOJIJIOHYY ap OHp OKyydyHYH
MYKT@XIBIKTAPBIH O3CKe allyy MEHEH OKyYy
MPOILIECCHH VIOITYpYyyra MYMKYHAYK Oeper.
Carnegie Learning — Oyn Mekrenm kaHa
KOJUICJDK CTYACHTTEPH YYYH MaTeMaTHKAIBIK
oM Oepyyre aauCTeIIKeH OuiauM Oepyy
nnatgopmacel. AN amanTHUBINK OKYTYYHYH
NPUHIUIITEPUHE HETU3AeIreH »aHa ap Oup
OKYYUYHYH JKEKEe MYKTaXIbIKTapbIH CKE asarT.
Carnegie OKYYCYH YH HETU3TU
©3reveYKTOpPYHYH Oupu - Oyn aJTOpUTMAH
Tyypa KOJIJIOHYY OOIym caHauar.

MATHiaU- 6yn amroput™m, ap Owup
CTYIEHT YYYH J>EKEJICUITHUPUIITeH YHUKAIAYY
MaTeMaThKa KypCTapblH TY3Yy YYYH »Kacaima
WHTEJUICKT j)KaHa MalllMHa YHPOHYY BIKMallapblH
kongoHoT. MATHiaU anroputmu ap Oup
OKYY4YHYH OWIIUM JCHIIIJIUH OCKEe aJlblll,
anapra MaTeMaTHKaJIBI K KOHTyMJIOPYH
JKOoropynaaTyyra — Jkapjaam — OepreH  Keke
TanbIpMaIapIabl KaHa KOHYTYYJIOpaY
CYHyWITaWT. MBIHIAH THIIKAPbI, all MUKUAPIIEP
JKaHa KeWreWnmepay dYeuyyre skapaam Oeper.
Omonpoit  sme, MATHiaU  anropurmu
aNanTUBAMK OKYTYY (YHKIUSACBIH KaMTBIUT,
Oyl CTYOCHTTHH >KETUIIKSHIWTHUHE >Kapalla
TanmbIPMATAPABIH  KbIMBIHYBUIBIK JICHII3JIUH
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©3repTyy MYMKYHUYIYTyH Ouiauper. Kenun

TanblpMaNapAbl HUUTHUIMKTYY aTKaprasHjiaH
KUWWH, crucreMma aBTOMATTBIK TYpHe
TaTaajblpaak TalllbIpMalIapAbl CYH yIITOOTO

ereT. Carnegie Learning mniargpopMachiHbIH
xana MATHiaU anropuTMHHHH  KaJIIbl
e3reueNyry — Oyn jkacaJiMa MHTEJUIEKTH KaHa
CANTTYy OKYTYYHY KOJJIOHYYHYH HETH3UH]E
MaTeMaTHKaHbl OKYTYyJdarbl HHHOBAIMSIIBIK
pikMa Oonyn caHanar. byn uHCTpyMeHTTEp
OaapbiHa OMpIEH MYMKYHUYIYKTOpIy Oeper,
ap OWp CTYOEHT ©3 TACHIDIIMHE JKapalla
yiipeHeT >kaHa OILIOHY MEHEH »3Je Karap
MaTeMaTHKaarbl WUATHITUTUH KOJIJIOTOH
KEKEJCITUPIITEH  MasMyHIy  ©3J6IIType
aJIBIILIAT. Konnonyyuaynap abia
UIIMEPAYYIYTYHYH TapbIXbIH Talgo0 MEHEH
omnmuMm  Oepyy miardopMackl  CTYIACHTTHH
ydypJaarsl OWJIMM JEHID3JMHE Tyypa KelreH
VHUKIYY Ma3MyHIy Oepet [2]. Ma3myH xaHa
OomM Oepyy KomoHMONToOpyH Ty3yy Wekip Al
xaHa Smartest Learning KoJJoHMOJIOpY OUIHM
Oepyy MasMyHyH Ty3yy YYyH ’KacaiMma
WHTEJUIEKTTH KOJIJIOHYIIAT.

Wekip AIHUH HETU3TH ©3reYeIYKTOPY:

- JKacalMa HMHTEJUIEKT TapaOblHaH
WINTETHJITEH  TecTTH  Ty3yy: Wekip Al
TECTTEPAN AaBTOMATTBIK TYPA® TY3YY YUYH
annpiHKel Al kaHa  MammHa — YHPOHYY
TEXHOJIOTUSIIAPBIH KOJIJIOHOT. byn
OKyydylnapAblH OwinMMHH 0aajnoo YYyH ap
TYPAYY »JKaHa camarTyy TarllblpManapabl
TY3YYT'® MYMKYHAYK OeperT;

XKexe Tectrep: mnporpamma ap Owup
KOJIZIOHYYY YHYH ouum JIEHIAIINHE
BUIAWBIKTAIITHIPBIIBIIEL  MYMKYH. Manmaa
YHpOHYY alNTOpUTMIEPUH KOJIJJOHYY MEHEH ap
OUp CTYOEHTTHH CypOO KOONTOPYH JKaHa
KETUIIKSHJUKTepUH Tannoo meHeH Wekip Al
ap OWp CTYISHTTHH MYKTaXIbIKTapblHA JXaHa
JTaspIBITBIHBIH  JIEHIPAJIMHE Koom  OepreH
KEKEJICUITUPUIITeH TaIlliblpMaap;

- bumuman Gaanoo jkaHa OPKYHAOTYY:
KexenemtupuireH MaMuie *aHa >XOOMTOPIY
Tanmoo apkeutyy Wekip Al xonmoHyydynapra
OMJIMMUH CHUCTEMANlyy TYPAe KaKIbIPTyyra
KaHa dK3aMeHJiepre HaThlibkanyy aaspaaHyyra
xapaam Oeper. JKekelnemrupuireH TecTTep



HaThIMKalyy OKyTyyra JkaHa [pOIIECCTU
Oaasnooro ebenre Ty3eT. Myraiumaep jkaHa
CTYJICHTTED YIYH APTHIKYBLIBIKTAD:
Myramamaep yayH WekipAl camartyy okyy
MaTepHaIaapbiH TY3YY  MYMKYHUYJIYTYH
CYHYIITAHT, aJl MU CTYyAEHTTEP YUYH ©3YH 03y
0aaJTOOHYH JKaHa NaspAaHyyHYH 3PQPEKTUBIYY
JKOJYH KaMChl3 KbuIaT. JKekenemTupuireH
TECTTEp aJChl3 JKepiiepre KoHyJI Oypyyra
Kapaam OepeT jkaHa WHIMBUAYaJAbIKTHI Oaca
oenrmneiit. Omentun, Wekip Al oxkyryy
MIPOIIECCHHUH KEPEKTOolIopy MEHEH jKacaliMa
MHTEJJIEKTTHH apTHIKYbUIBIKTAPBIH
afKaJIBI IITHIPraH MHHOBALMSIIBIK Kypasl 0oy
caHaiar, Myralumjaepre na, CTyAeHTTepre na
3 PEeKTUBAYY KaHa JKEKeNeITUPUITEH KOJII00
KOPCOTOT.

Learningapps — ©Oym ap KaHjai
JUCHUIUIMHANAP JKaHa Temajgap OoloHYa ap
KaH/Jail KypcTapAapl CYHYII KbUITAaH OHJIANH
omnmuMm  Oepyy miardopmacel. Learningapps
KOMITaHUSICBIHBIH HEeTU3ru MaKcaThl
CTYICHTTEpPTe JKaHa aJuCTepre  ajaplblH
OUIIMMUH KaHa KOHIAYMIOPYH KEHEHUTYY »aHa
TEepeHJeTYyY  YYYH  camartyy  Owimmre
MYMKYHYYJIYK Ty3yn Oepyy Oonyn caHanar.
Learningapps miardopmacel ap  KaHjaau
TaTaalIblK  JICHIPAJIMH  KAMTBITAH  JKaHa
BHJICOJICKIMSIIAp, HWHTEPAKTUBIYY KOHYTYYJIOp
JKaHa TecTTep TYPYHe OepriireH OMITUMAMH ap
KaHgail  OarpITTapel  OOIOHYA ap  TYPAYY
KypcTapabl  CYHYIITAMT. Learningappsapl
YHPOHYYHYH ©3r0YOIYKIOpPY:

- Kypcrapasia KEHUpU CIIEKTpHU
niargopma, CTYIEHTTEPAUH Kbl BIHYBI-
JIBIKTAPBIHBIH JKaHA KbI3BIKYBLIBIKTAPBIHBIH ap
KaH/all JIEHIISJIUH KaMTBITaH IUCLHUTLIMHATIAP
KaHa TeManap OOIOHYa ap TYPAYY KypcTapabl
CYHYILUTANT;

- OKYTYYH YH dopMmarsr: KypcTap
BHJICOJICKIUSIIAp, UHTEPAKTUBAYY KOHYTYYIOp
JKaHa TeCTTep TYPYHI® KepceTyier, Oy

OKYYHYH ap Typayy *aHa d>pPeKTHUBAYY KOJIYH
KaMChI3 KbLIaT;,

- Ap KaHzmal  aymaTOpusiIap  Y4YH
KETKUIUKTYYIYK: TatdopMa  Oamrairsid
J)KaHa ~ QIJIBIHKBl  KOJJOHYydydaap  Y4YH

TPEHUHIZIEpIM CYHYIUTaWT, Oyl ap Kumre
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©3YHYH MYyKTaXIbIKTapblHa JKaHa
JEHIDINHE  BUIAUBIKTYY  KypCTY
MYMKYHIYK Oeper. bunum oepyy
KOJJOHMOJIODYHJArel ~ JKacajlMa  MHTEJUIEKT
TEXHOJIOTUSIApBl  Ma3sMyHIY JKEKEIEIITUPYY
’KaHa 4arOOTTOp MEHEH 63 apa apaKeTTeHYY
yu4yH kosngoHynar. Duolingo ceisakryy THI
YHPOHYY KOJIOHMOJIOPY OKYY4YYHYH CO3YH
TaaHyy  YYYH JKacaaMa  HMHTEIUIEKTTU
KOJZOHYIIAT.  AJITOPUTM  IpaMMaTHKaJblK
KOHCTPYKUMSUIAp/bl, JEKCUKaHbl, CO3IOpAYH
alTBUIBIIBIH Taljan, KaTa KeTKeH Yydypaa
Tyypa BapUaHTThI CYHYIITaUT. [§]

Mpreagan TBIIIKAPHI, ’kKacaiaMa
WHTEUIEKT MaTepuaiabl  Kapaln YbITYyHY
scKepTeT. Memrise THpKEMECUHE TEXHOJIOTHUS

CHU3 YHWpOHYN J>KaTKaH TWJJNE  YBIHBITHI
nyiiHenery oOBEKT SMHE JIem  aTalapbiH
ounyyre MyMKYHIYK O6eper. Mucaisl, srep cu3
"ctyn" JereH  CO3AYH AaHDIHC  THJIMHE
KOTOPMOCYH OunrHHU3 KeJice,

cMapThOHYHY3IYH KaMEpachlH alAbIHBI3Iarbl

OTYprydyka KapacaHbl3, THPKEME KOOI Oeper.
CTyneHTTepAuH >KyMYIIYH alMallThipa

ajla TypraH KbI3MaTTap KONTereH aJamap.ibl

THIHYCHI3JAHABIPYY/la. A3BIpKBI yaypaa
KOIUYJIYK Yydypiapjaa HEHpoHAyK TapMak
TapaObIHAH TY3YJIr®H TEKCTTH aJiaM KasraH
TEKCTTeH  ailpipmanooro  Oosor.  bupoxk,
TEXHOJOruss  eHyKkeH  caiibiH, ChatGPT

CBISIKTYY KypaJlIapJbl KelieueKkre Ouimm Oepyy
MakcaTblHJa KAaHTHUIl KOJIJOHCO OOJOT JereH
cypoo Tyynar. JKacaiama MHTEUIEKT 'KyMILAaK
KeHAyMepay'" eHYKTypyyre kapaam Oeper.

The New York Times T€3UTUHUH
OastH1aMaubIChI Kesun Pyce MBIH Al
TEXHOJIOTHSUIAP  YbITAPMAYBLIBIKTBI, KpPUTH-

KaJIBIK OW JKYTYPTYYHY JkaHa Oaapiamryy
JKOHJIOMYH OHYKTYPYYTe >kapaam Oeper en
OOJKOJIIOUT. AJ YHUBEPCUTETTHUH CTYIECHT-
TEpU IKaHA ©3YH-63yY OKyTyydylap Y4YYH
ApTHIKYBLIBIKTAP/Ibl KOPCOTKOH apryMEHTTEPAN
KeNTHUPET: CTYICHTTEP ACCeIepAuH I01000p-
JOPYH TY3YY YYYH HEUPOHIYK TapMaKTap.Ibl
KOJIJIOHYTI, aHAH aJIap]bl ©36PY Ka3a alblar.
OmoH10# 371 HEMPOHIYK TapMak jaedarrapia
OIIOHEHT KaTaphbl Ybira ajar, aHJa CU3 aHbIH
K63 KapallblH Talallyyra apakeT Kblja alachl3.



Crynentrep OIIIOHI0U a7e HEUpPOH
TapMaKTapbIHBIH KOOI TOPYH Tanaan,
QITOPUTMJIEPAUH YBIHBITHI TAKTBHITBIH TEKIIEPE
aJbIIIAT. [3] Mucaibl, JIMHTBUCTUKA
npogeccopy Haomum C. bapon Mbemgai
TEXHOJIOTUSIIAPAb Kol KOJIZIOHYY
YbITAPMAUbUIBIKKA ~ J1a,  KPUTHKAJIBIK O

KYTYPTYYT® Ja TepC TaaCUpPHH THHTH3ET el
OO0JDKOJIJIONT. AHBIH 010 0oroHuYa,
"pemakuusioo KaHa TEKCT Ty3Yy Kacaiama
UHTEJUICKT KypaJiapbiHa TasHYyY
TEXHOJIOTHSIHBIH TalJlacblHa OMJIOHYY >KaHa
YHpOHYY JKOHIOMYHOH Oaml TapTyyHy OTe
JKeHWJ1  KbimaT."  MpdsHHH  eHyIyyCYHHery
aJITBIHKbI MICUXOJIOTIOPAYH xKaHa
m3ungeeuynepayH oupu A.KypmaroB m33 yuyH
OM3IMH COIUANIBIK OailJIaHBIITAPBIOBI3IBIH
camaThl MaaHWIYy Jel JcenTeuT. byn
OaliaHBIII YBIH BIKIACTYY JKaHa ap TYPAYY
Oonymry MaaHWJIyy. Mucansl, KuMaup Oupee
CU3re KUHOJIOPAY JKaKIbl KepepyH aiTca,
aHBIH TAK MAQHUCHUH TYIIYHYY MaaHUIYY.
Maanunyy Oaaprnantyy mnaijganyy, ai
SMH YCTYpTeH Oaapranryy KYHYMAYK >KaIioo
Y4YH 3apbul 00JCO Aa, HaTBIKachkl3 OOWIOH
KaJbIIIIbI MYMKYH. bamka amammapra OGonroH
TaOUTBIM KbI3BITYYy OH3re alapablH KYpyM-
TYPYMYH, OH KYTYPTYYCYH JKaHa MaMUJICIICPUH
TYHIYHYYT® >Xapaam Oeper. Ap Oup amam e3y
KaTBIIIIKAaH KOOMIYK OalaHBIIITapIbIH TYHYHY
Oomyn caHanar. bynm TapMakTel Kaiipa Kypyy
MEHEH Ou3 MIIOM3IUH >KaHbl KeHrenmepmy

qeuyy kKaHa  KalmooOy3yH canarblH
JKAKIIBIPTYY ~ MYMKYHUYJYTYH  KeHeHTeOus.
byrynky KYHJ© KOITOIoH agamjap

CaHApUNTHK KO3 KapaH/JbUIBIKTaH Kara YeTHIl,
YBIHBITHI 0aapiallyyHy alIMaliTblpa TYpra
COLIMANJBIK TapMakTapAa KeIl YOaKbITTapbIH
CapuTooo. Myny U3UII00HYH
MaajbsIMaTTaphl. bamkanap MeHeH Y3TyATYKCYy3
OalimaHbIll ~ KaHa  calarTyy  COIMaJbIK
OaliaHbIIITapabl CaKToo azaMaap —
KoUrenepay WWTMIMUKTYY YEYYYHYH KaHa
JKAIOOJ0 UUTHIIMKKE JKETYYHYH aQuKbIYbl JeTl
AcenTer Kenymyyae. [5]

AJMCTepIMH aWTHIMBbIHAQ, KEJIEYEKTe
JKacaiMa HHTEIUIEKT BUPTYAIABIK 4eipese
MYTTAMIAH KapIaMUbIChl KaTapbl
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KOJJIOHynaT. byn sexuusmiap KaHa OKyy
MaTepHalblH TYLWYHAYPYY YUYPYHAA >Kacaiama
MHTEIJIEKT aBTOMATTBIK TYP/® THEIIETYy TeMa
OOIOHYAa BU3yaJIJbIK KOHTEHTTH TY36T —
TEPMUHICPAU  TYWYHAYPOT, HUH orpaduka
KaHa WIDTIOCTpanusuiapasl  Ty3eT. JKysnereH
KbLap OO0 KOJJIOHYNYN KeJlie JKaTKaH jKaHa
ACKUITUTH KETKeH CTaHJAPTTYY
WUTIOCTPAlMSUIapABIH  KaHAa  MHUCAIIAPIbIH
OpAyHa, *kacalMa MHTEIJIEKT TY3/1eH-Ty3 cabak
yaypyHJa THEIeNyy KOUIyMua MaTepuaiap/sl
Ty3yn Oeper. byn wMarepuanmap ap Oup
CTYIEHTKE ©3YHYH HHTepQeiich apKel1yy
KETKUITHKTYY KaHa an  ajmapael  e3
MYKT@XIbITBIHA JKapallla  NaiijganaHa anar.
Xacanma uHTENIEKT TapaOblHAH TY3YJIreH
OapIbpIK MaalbIMaTTap CaOaKThIH apXUBHUHJE
aBTOMATTBIK TYPAO CaKTajblll, KaaJlaraH yoakra
KUpyyre OonoT. Mucan kaTtapsl aiiTa Kere
Typran  Oosicok  Poccusaein  XKOXmopy
anabiHKel 100 myliHenmyk pedTuHITE KHpOen
Kanrad, Oyn OyTypyY4YyJepAyH >KETHILICH3
JMaspABITBIH ~ KepceTeT. [ped cyHymraran
CYHYILTA QJIThl KbUIABIH WYMHJE OuiInM Oepyy
CHCTEMaChlH MOJICPHU3AIMSIO0, aHBIH MYMHJE
KOXnopny kaHbIpTYyy, dIMI€K PBIHOIY MEHEH
OallIaHBIITHIPYY XaHa JKacajiMa HUHTEIJIEKTTH
KUPTU3YY MEHEH OKYTYYHYH HaThliKanapblHa
MOHUTOPHUHT XKYPry3yy. [6]

Omu  OmimM  Oepyy  TapMmarblHJa
KacalMa MHTEJUIEKTTH KOJJIOHYYHYH K33 Oup
KEMUYMJIMKTEPUHE J]a KEHEHUPAIK TOKTOJICOK :

MaanbIMaTThIH arblll KeTYY KOPKYHYYY.
bumum  Oepyyme  JkacaiMma — HMHTEIUICKTTH
KOJIIOHYY/1a CTYICHTTHH KYITysl MaaJbIMaTTaphbl
YBITBIIl KETUIIM MYMKYH. HatTblii>kanyy okyryy

CTYACHTTCH MaaJdbIMaTTbIH YOH, KOJIOMYH
WIITENl YBITYYHY JKaHa TaJJOOHY Tajal
KbIITaHIBIKT aH, KYIys1yyIyK JKaHa
MaallbIMaTTapAblH  KOOMCY31Yyry  OOloHYa

cypoonop maiiga Oomnot. Karyy kezemenmy
JKaHa JKEKe MaalbIMaTTap/bl WIITETYYIre *KaHa
CaKTOOTO OaiiJIaHbIIITYY YKYKTYK
YEHEMJICPJIMH CAKTAJBIIILIH KaMCBI3 KbUTYY
3apBbLIL.

Oxyy MPOLIECCUHCTH Tepe
KOPYHYILTOP: Kei3maTkepanx KEKe
©3reuelyKTepyHe HErM3/eireH OKyTryyna Oup



TapanTtyy Oonyy KopkyHydy Oap. XKacamma
MHTEJUICKTTEH alIbIHTaH THhISTHAKTAp OUp KAKTYY
6omytry MYMKYH xKe Tyypa aMec
MaaJbIMaTTapbl KaMTBIIIBI MYMKYH. By okyy
MPOIIECCUH/IE aauIICTCU3 xKe Hayap
HETH3JICITCH KOPYTYHAYIapra ajblll KeJIWIIH
MYMKYH.

Anamaap MEHEH YEKTENreH KapbIM-

KaTHaIIL bunum oepyyne Kacaima
WHTEJUICKTTH KOJIZIOHYY CTYIEHTTED MCEHCH
MyTaJIUMACPAUH OpPTOCYHAArbl HHCaHdap

apajblK OalJaHBITHl  A3aMTHIMBI  MYMKYH.
berme-0er OGaapnanryyHyH jkaHa afaMmziap]iblH
OaliTaHBIIBIHBIH ~ JKOKTYTy Omimm  Gepyy
IPOLIECCUHUH CalaTblH TOMOHIOTYLY MYMKYH,
aHTKeHW Oalka ajamMaap MEHEH o3 apa
apakeTTeHYy MaMUJIeNnepIu TY3YYAS,
KbI3MaTTaIlyyJa jkaHa Oaaplallyy >kaHa HUKUD
anMallyy apkellyy OWIIMM allyyla MaaHWIYY
poJib OMHOWT. byn acmextunepaw 3cke anyy
omsre Algm Ounum  Oepyy TapmarbiHaa
KOJJOHYYHYH OH AacCIEKTHJIEpUH TraHa 3MeC,
OILOHJO0U a71e MYMKYH 6onyyay
TOOOKEN T KTepIx KaHa Kelreinepay
aHBIKTOOTO MYMKYHIYK Oepert. [7]

Kernteren skcneprrep alThiMbl O0IOHYA
KeJIeYeKTe MYrajJluM MEHEH OWJIuM ayyra
allppIMIap TraHa »eTeT, ajl MU KOIYYJIYKKe
KETKUJIMKCU3  O0JOT  JeTeH  MUKUPJIEPUH
avteimar. Omentun, /. IleckoB, kenedekreru
OumMM dKM TYpre OeJYHOT: KOMIBIOTEp —
ap3aH 00JOT — ’XKaHa ajgaM — KbIMOaT OOJIOT.
AHTKEHU OUIIUM Te3 3J1€ ap3aHjall, COLHAIbIK
Oaiimanpimrap kaHa Oerme-Oer  yHpeHYY
MYMKYHYYJIYTY KbIMOATTalT [8].

Kopyrynay. OumeHTun, TankyyJaHraH
MaalbIMATTBIH HETW3WHJE THISHAK 4YbIlrapa
Typran Ooyicok OunuMm Oepyy HpoOleCCHHE
’KacaaMa HHTEIUIEKTH KOJJIOHYY  ONYTTYYy
noTteHumanra 33. bunum Gepyy Tapmarsigaa
KacajiMa WHTEIUIEKTTH KOJIJIOHYY TOMOHKYIeu
0010T:

- oumm OepyyYHYH carnaTblHbIH
HATBIMKAIYyTyH KOTOpYJIATyy: OKYTYYHYH
3aMaHOanm >KaHa WHTEPAKTUBAYY bIKMalapblH
TY3YYr®, MaTepuanjapiasl OalbITyyra XaHa
OKYY TPOIIECCUH JKEKEICITUPYYT® MYMKYHTY K
Oeper.

- OKyy TMpOLECCHH JKEKeJIECIITUPYY: ap
KaHJal BbIKMaNapabl KOJJOOHYY MEHEH OKyy

IIPOLIECCUHIE ap oup OKYY4YHYH
KOHJIOMIYYITYKTOPYHO xKaHa KEKE
MYKTaK/Ibl KTapblHa *Kapala BLITAMBIK-
TaIITBIPyyra MYMKYHIYK Oeper.

- MYTraluMIEepAnH 170001205
ONTHUMANJAIITBIPYY: KYH TapTUOUH

aBTOMATTALITBIPYyra  MYMKYHIYK  Oeper,
OLIOHJION 3JI€ MYraJuMre THEelelnyy OOJIroH
MHJIIETTEPIH aTkapyynaa, aKaJie MHSITBIK
HATBIHKAYyTyryH 0aanooqo kaHa Oaamyy
AHAJIUTHKAJIBIK MaajJbIMaTTap MCHCH KaMCBI3

KbUIyyZa, OKyy IUIaHBIH TY3YYA© KOJII00
KOPCOTOT.

JKanmpiceiHan, oMM oepyy
TapMarblHIa xKacamma WHTEJUICKTTHH

KOJIIOHYJIYIIy HATBIMKAIYy OKYTYy MEHEH
OKYYy4yJIapAblH OHYTYYCYH CTHMYNJAWT KaHa
Myrajaumjiepre ounum Oepyy TakpbliibanapbiH
KBI3BIKTYY, KEMUIITYY aHa JKEKeJICITUPYYTO
YOOH YKapJaaMbIH OepeT Jen aiTyyra 00J10T.
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BWJINM BEPYY MIIMEPAYYJIYI'YHAO KACAJIMA UHTEJIJIEKT:
MUCAJIIAP )KAHA ITEPCIIEKTUBAJIAP
MCKYCCTBEHHBIA UHTEJUIEKT B OBPABOBATEJILHOM JEATEJIBHOCTH:
INPUMEPHI U IIEPCIIEKTUBbI
ARTIFICIAL INTELLIGENCE IN EDUCATIONAL ACTIVITIES:
EXAMPLES AND PROSPECTS

Kbickaua MyHe316Me: TeXHOJIOTUSHBIH OHYIYLly MEHEH JKacalMa WHTEIUIEKT ajaM
UIIMEPAYYIYTYHYH ap KaHZal TapMakTapblHIa KeOypeeK KOJJOoHYynyynaa. MbIHAall OarsITTapablH
Ooupu OmauM Oepyy OoJrynt caHanaT, MBIHJAA jKacajiMa WHTEJUIEKT OKYTYYHYH CalaThlH >KOTOpyJaTyy,
OKYY IPOIIECCUH JKEKEJCIITUPYY, OKYTYYHYH *aHa OallkapyyHyH HaTbIHKaIyylyTryH *KOTropynaTryy
Y4YH SKaHbl MYMKYHUyJIyKrepay advar. JKacaama HWHTEIEKT CHCTeMaylapbl OwimMmIu 06aanoo
IPOLECCTEPUH ABTOMATTAIUTBIPyyra, OKyYy MaTepUajiapblH CTYACHTTEPAUH MYKTaKIblKTapblHa
BUIAMBIKTAIITRIPYYTA JKaHa MyTIUMJIECPAN CTYACHTTEPAUH MHTMIMTMHE MOHUTOPUHT XKYPry3yy YYYH
KypaJilap MEHEeH KaMChI3 KblJyyra MyMKYHIYK OepeT. byn makanana 6mimm O6epyy HIIMepIy Y IyTYH O
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KacaliMa HHTCIUICKTH KOJAOHYYHYH ydypJdarbel MHUCAJIAApPhbI, 0H.IOHI[OI71 DJIE KCEJICUYCKTEC aHbI
OHYKTYPYYHYH KeJIEYETH TaJIKyyJaaHa

Annotauusi: C pa3BUTHEM TEXHOJOTHUH HMCKyccTBeHHBIM mHTeNiekT (M) Bce Oosiee mmpoko
HCIIONIB3YETCS B Pa3IMUHBIX cdepax deloBeueckor aesTenbHocTH. OMHON U3 Takux cdep SBISCTCS
oOpazoBanue, rae MM oOTKppIBaeT HOBBIE BO3MOXKHOCTH Ui YIYYINEHHUS KaduecTBa OOYy4YeHUS,
NepCcoHAM3auu  00pa30BaTENFHOTO IpoIecca, MOBBIMICHUS A(PPEKTHBHOCTH MPEMOAAaBAHUS H
AIMUHHUCTPUPOBAHU . CucreMsl HCKYCCTBCHHOI'O HMHTCJUICKTA ITO3BOJIAIOT ABTOMATHU3HUPOBATH
MPOIIECCHI OLIEHKU 3HAHWM, aIlaTUPOBATh yueOHbIe MaTepHaIbl K HYXJaM YJalXcs U MPEIOCTaBIIATh
neagaroraMm MHCTPYMCEHTHI IJIA 0oJiIee TOYHOIO MOHHUTOPHUHIA YCIICXOB CTYACHTOB. B Z[aHHOfI CTaThe
paccMaTpuBarOTCs TCKYHNME NMPUMCPBI ITPUMCECHCHUSA NCKYCCTBCHHOTO MHTCIIJICKTA B 06pa3013aTeJle0171
ACATCIIBHOCTH, a TAKKC IMMCPCIICKTHUBLI €0 Pa3BUTHA B 6yz[y1ueM.

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: xacaiMa HHTEIUICKT; aJITOPUTM; MallIMHAHBI YHPOHYY; yaypJiap; Ouium oepyy
MEKEMEJIEPH; )KyMYIIMY TalJ00, OHIIUM Oepyy.

KiawueBble c¢j10Ba: HMCKYCCTBEHHBIM HWHTEIUICKT; QJITOPUTM; MAaIMHHOE OOy4YCHHUE; KEHCHI;
o0OpasoBarenbHbIC YUPEKACHUS; padoUnii aHAIHM3, 00pa30BaHHME.

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

Kupumyy Al — Oyn maambimartapsi APTHIKYBIIBIKTAPBIH 3CKE allyyra MYMKYHIYK
Tall00, YITY TaaHyy, KeHreljaepay uyedyy, Oeper, Oyn  MaTepuangsl  TEPEHUPIIK
yeynuM KaObul —alyy JKaHa Taxpsbliibara e3/e1ITYpYYre e0eire TY3eT.

HETU3/IeNTeH OKYTYY CBISIKTYY Marepuannap JKaHa U3UJ1/100
MHTEJJIEKTYalIbI K Ky4-apaKkeTTH TaJlall KblJIraH BIKMaJap. byn U3UJI106/10 ous3
TalibIpManapabl  aTKapyyra  KeHIeMAYY aJanTalMsUlaHraH  OKyTyy  CHCTeMajlapblHa
cucrema. bunmum Oepyy Tapmareigaa Al oumum KaHa OMaMMAMu 0aaoOHy aBTOMATTAIUThIpyyra
OepyYHYH OapaplK OJTamnTapblH JKAKIIBIPTYY 0acelM  Kacoo  MEHeH OwiauM  Oepyy
YU4YH KOJJIOHYIYUIy MYMKYH: OuimuMm Oepyy UIIMEPAYYIYTYHI® JKacalMa HHTEJUIEKTTUH
nporpaMMaliapblH HMINTEN YbITYyAaH Oairar, KOJIIOHYJTYIIYH H3HJII06Te OarsITTairaHOobl3.
OKYyHY CTYACHTTEPANH Keke MaanbimMaTTapasl  4OTYATYY Y4YYH Ou3
MYKTaKIbl KTapbIHA BUIAMBIKTALITHIPYYTA TOMOHKY BIKMaJIap/Ibl KOJIJJOHTYK:

yeiinH. bunum Gepyyne Al koinmoHyyHyH 3H -  Myranumaep JkaHa CTYOEHTTEpP MEHEH
MaaHWJIYY AacHeKTHJIEpUHUH Oupu — Oyn alapJblH TaXpbIHOacklH kaHa okyynarsl (Al)
KEKEICIITUPWITEH MaMUJICHUH MYMKYHUY- KOJJIOHYYy  TaXpbliiOachlH TYLIYHYY Y4YYH
ayry. CanTryy OKyTyy CUCTEMacChIH/1a MYyrajluM CYPaMIKbLIIOOJIOp JKaHa MHTEPBBIOJIAP.

ap OMp CTyAEHTTMH OWIMM JEHID3JIMHE - Google Classroom »xana Duolingo cbIsKTYyy
Kapalla MaTepuaniapipl KaHa bIKMallapIbl yaypaarsl miatdopManapasiH - (QyHKIHOHA-
JaibIMa 9ye  bpUIadbIKTammeipa  anbadt. Al NyYIyTyH jKaHa OKYYy IMPOIECCUHE THUTH3IeH
CTYICHTTEPJIUH ap KaHJIall e3Tre4e’yKTepyH, TAaCHPHUH aHBIKTOO YUYH TaJ00.

allapJbIH KYUYTYY JKaHa aJIChI3 JKaKTapbIH, OKYY
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MaanbiMaTTap/ sl TajaI00 CararThiK jKaHa
CaH/JIbIK BIKMaJIap/Ipl, AHBIH WYUH]IE
TEMATHKAJIBIK aHATU3IU JKaHa CTYICHTTEPAUH
KETUIIKEH IUKTEPUH 0aaoo YIYH
CTAaTHCTUKAJIBIK BIKMATAPABl KOJJOHYY MEHEH
KYPrysyiay

Harpriickanap. busmun  usungeedy3
Khan Academy cpIsiKTYy ajanTtanusiaHraH
OKYTYY CUCTEeMaJIapbl CTYICHTTEPINH
KaThIIIYYyC YH KbIiJIa KaKIIbIPTaapblH
kepcotTy. Google Classroom kongoHyy 6aanoo
MPOIIECCTEPHH aBTOMATTAIITHIPYYyTa XKaHa OKYY

MaTepuanaapbl OOIOHYA KEKe CYHYIITapabl
O0epyyre MyMKYHJIYK OepeT.
TankyyJsn0o0. buznun W3UJII0OHYH

HaTbliKanapel Al, KeKeleITHPUIreH OKyy
KOJIJIOPYH TY3YY apkbllyy OwimMm OepyyHYH
carmaTelH OHMp TON JKaKkIbIpTa  aJapblH
TACTHIKTalT. BUPOK, aHbI UIIKE alIBIPYy MEHEH
OaliJTaHPBIIIKAH STUKAIBIK ACTICKTHIIEPIN JKaHa

IMOTCHUOUAIAYY 4YaKbIPBIKTApAbl  9CKE

3apblIl.

anyy

buaum Oepyy MimMe payyJayryHao
7KaCaJIMa MHTEJJIEKTTH KOJAOHYYHYH

MHECATAAPbI
AanTuBAYY OKYTYy CHCTeMAaJiapbl.
AnantuBayy Al HerusuHAETM  OKYTYY
cucremaapbl CTYACHTTEPJIUH oM

JEHIMAINHE JKaHa MYKTaXbIKTapblHA Kapalla
Ma3MYHYH ©3repTe TypTaH mporpammanap. byn
CHUCTEMallap  CTYAGHTTHH  KYPYM-TYypyMYH,
WWTUIMKTEPUH  KaHA  KblBIHYBLIBIKTAPbIH
Tanman, aHJaH KAWUH aHBIH  ydypJarsl
MYKTaX/Ibl KTapblHA KOOI Oepren
MaTepuanIapbl CYHYIITAMT. Mpb1H naii
cucTeMalap/IbplH MUcaAapbiHa OKyYy
MPOLIECCUH JKEKEJESIITUPYY YUYH Al KOJIJIOHTOH
Khan Academy, Duolingo >xana Smart Sparrow
KUDET.

Buinm 6epyyne KU ko110HYyHYH MHCaJIIapbl

%( Google
Google Classroom Translate

bunum Gepyyznery »*acaiama MHTEIIEKT
KOJIZIOHMOJIOPY OKYY4YJIapJblH OKYYy KOJYH
KAKIIBIPTYY. Anap HUKEMAYY OKYyy
T@XPBIMOACHIH CyHYIITalmaT, HWHKEMIYYITyK
amapIblH  JKeKe  JKOHJeMAepyHe  jkaHa
tanantapeiHa. byn okepne Oup Hewe Al
KOJIZIOHMOJIODY.

Google Classroom — yiipeHYYHYH K33
OUp acHeKTWJIEpUH IKOHOKeNIeTyy Y4yH
’KacaJMa MHTEJUIEKTTH KaMTbITaH OeJruiyy
Kypan. byn wmyramumzaepre TammibIpMangapabl
UIITeT YBITYyTa KaHa JABIHII00TO,
nUKUpIepa Oepyyre jkaHa KIacCTBIK ©3 apa
apakeTTeHYYHY 3QQEKTUBAYY KO30MeIaeere
MYMKYHIYK Oepet. Google Classroom sxacanma
MHTEJJIEKT alTrOPUTMIECPH aBTOMATTBIK TYPH®
0aa OepyyHY KOJIJION ajiaT, OKyy MaTepHUalaapbl
OOIOHYA BUIANBIKTAIUTBIPBIITaH  CYyH YLITap/ibl
Oepe amar jkaHa OKYyy KOpPCOTKYYTepy jKaHa

s
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6CYY OKOHYHI®  TYIYHYK alyy YYYH
CTYICHTTEPIUH MaajbIMaTTaPbIH TaJIJall ajiar.

Google Translate xxana Google Scholar
— OKyy JKaHa W3WIee MYMKYHUYJYKTOPYH
KblilJla KeHEUTYY4dy KyuTyy Kypannaap. Google
Translate  MeHeH  THJII  TOCKOOJIYyKTaphbl
TOCKOOJIIYK OO0JI0OM KaJibl, aHTKCHH ajap
TEKCTTH, BeO-calTTapiasl JkaHa ajl Typrau
KOTOPMOJIOPZIY 3amMarTa KOTOPYYHY KaMChI3
KbLJIaT.

Google Scholar nnumuit makananapaesl,

W3UIII00JIOPY ’)KaHa aKaJIeMUSUIBIK
pecypcTapabl Talgo0 jKaHa HHJACKCTOO YUYYH
’)Kacajima AHTEIIEKT AITOPUTMJICPUH

KOJZIOHOT. Bym CH3IMH W3WIIeeHy3 YYYH
aKTyaljlyy >KaHa aBTOPHTETTYY OyJakrapibl
Tabyyra xapaam Oeper.

Duolingo — Oenrminyy T YHpOHYY
KOJIJIOHMOCY ~ HMHMKEMAyy THJI  cabakTapbiH



UIITen YbITYy YYYH jKacajiMma HWHTEUIEKTTH
KOJIZIOHOT. JKacamMa HMHTEIJIEKT CHCTeMamapbl
CTYICHTTEPIUH TMPOTPECCHHE KO3  CaJIBITI,
OHYTYY OareITTapblH aHBIKTaAIl, KEepPeK O00JICO
KypCTYH Ma3MyHYH e3repTeT. KommoHmo xeke
cabakrap/pl, JIEKCMKa KOHYTYYJIOPYH JKaHa
OUIIMM JIEHIP3JIM KOTopyJaraH CaiblH TUIAU
KOJIZ00 YYYH HMHTEPAaKTUBIYY TECTTEpAH
cynymrrait. Hareiikanyy Tun yipeHyyre
)kapaam Oepyy ydyH, Al omonmoit sne kenTu
TaaHyyra, aWTBUIBIII TNHKUPJIEPUHE JKaHa
KbI3BIKTYY MaTepHalibl  TY3yYre ’kapaam
Oeper.

bunum GepyyHYH KeleuernHUH HEru3ru
aCTeKTUJIEPUHUH  OUpU-CTYAEHTTEp  YYYH
KEKEICIITUPWITEH OKYyY JKOJIIAOPYH TY3YY.
Kacanma WHTEIUIEKT TEXHOJOTHSIIAPHl JKaHa

aHBIH  KOJNIOHMOJIOpY  OmimuMm  OepyyHY
OHYKTYPYYHYH MaaHUJYy OarsITTapblHBIH OUpHU
Oouym caHasar. [bypxyeBa AK,

bekxrypranoBa M.K., bexebaeBa A.K. 171-6er]
[1] ’Kacanma wHTENIEKT aNrOPUTMACPUH JKaHA
alanTanysulaHTaH OKyTyy IuIaTgopMaiapbiH
KOJIJIOHYY MEHEH Myraaumiaep OmimMm Oepyy
Ma3MyHyH JKaHa TaxpbliibacklH ap Oup
CTYICHTTHH YHHKAJIAYy MYKTOKIBIKTapbIHa,

KOHIOMTY YTYKTOPYHO xKaHa
KBI3BIKYBLITBI KTAPBIHA BUTAMBIKTAIITHIPA
anpimaT.  MBIHAaH — THIMIKApPHI,  Kacajama

MHTEJUICKT TaK KaHa TolNyk Oaa Oepyy MeHeH
0aaso0 BIKMaNApblH OUP TON >KAKIIBIPTAT.
[HAA. TexecoaecBa, H.T. Omanosa, JI.X.
Kynycora, I'.J]. Anyap6ekoBa 303-0et] [2]

BuinMan 6aanoony aBTOMATTALUTHI-
pYyy

JKacanMa WHTENIEKTUH  WMUTUIUKTYY
YeUKeH MILIISTTEPAUNH OWUPH CTYICHTTEPINH

OMIMMUH 6aazoo MPOIECCHH
aBTOMATTalTbipyy  Oonym  canamar. Al
KOJIIOHTOH 3aMaHOam CHCTeMajap TeCTTHK
Tar b PMaTap bl raga JIMec, AYBIK
cypooJopay, accenepau ’KaHa xKazyy

UINTepUHUH Oalka TYpJepyH Ja Oaanail anart.
bymap cucremanap TEKCTTH TIpaMMAaTHKAIbIK
KaTtajapra aHaJIM3[eere, JIOTHKAJIBIK Kapama-
Kap IBUIBIKTApbl  @HBIKTOOTO, OIIOHIOW 3¢
apryMeHTTepAUH TepEeHUTUH xKaHa
Oynakrap/ipl KOJIZIOH YYH YH canaTblH
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TEKIIEPYYTO KOHIOMTYY. Mpeinnait
cucreManap/plH Oup mucansl Turnitin 6omyn
caHaJsart, ajl IUIaruaTThl aHBIKTOO >KaHa WILUTHH
OpUTHHANTYYIYryH 6aanoo yuyH Al KoJgoHOT.
CryneHTTepauH OKYy MaTepuabIH
03716 LLITYPYYCYHO aBTOMATTAINTHIPBLITAH
MOHHUTOPHUHTM >kaHa 0aa OepyyHY YIOUITYpYY.
CTyaeHTTepMH KIAcCThIK JKaHa KJIacCTaH
THIIIKAPKbl ME3THJIETH OO03€KH >KaHa >Ka3zyy
KY3YHIOry OUIAupyylepyH 0aaioo skaHa OKyy
KypCyH  WOITENl  YBITYY  CBIAKTYy 03I
V3WIEHYYYY  cal0akTaphlHBIH  MaTepUallbiH
O30 LLTYPYY JEHIIINHE KOHTPOJII00
KYPTy3yY Kem YOakbITTBl Tajlalm KbUIApbIH
Oaapbl ouer. KebyHue CTYACHTTED
MYTaJIMMJIEH Tyypa TECT, 3cce, Ka3yy X.0.y.c.
ajraHra 4YeMuH KeIl KYH, aJl Typrau >xymaiap
oTneuT. byn yOakbITTHIH MUMHJAE CTYACHTTHH
UIITUH canarblHa OOJITOH KBI3BITYYCY JKaHa
MypJa YWpPOHIeH MarepualjaH KalTaioo
MakcaTbIHJa KETHUPHWJITEH KaTajap >KOTOJYII
KeTUIIM MYMKYH. Hermsunpge, crynaeHTTepAuH
WIIMH 0aaloo KbUIAAT JKaHa o3 yOareiHja
KYPry3y Ty Iy KEpeK. CryneHTTepInH
KOOI TOpYHA aBTOMATTAIITHIPbUITaH
MOHHUTOPUHTM yromrypyyna Al xypamgapsia
KOJIZIOHYY TaXXphIIOAchlH ©3 SMTIEKTepUHJEe
CYpPOTTOI®H OKYMYIITyyaap 3Mec. AYbIK
apTHIKYbUIBIKTAPIBIH apachlH/a U3UJIIOeYyJep
TOMOHKYJNOpay  Oenrmienmwu: a)  UIITH
TEKILEPYY MOOHOTTOPYHYH OJIyTTYY
KbICKaphIbl: Al 06aalooHy >Xypry3eT jkaHa
JIP3PIIMK OO 3aMaT KalTapbiM OaiIaHBILITHI
KaMChI3  KbUTaT; ©0) K39 OuUp  TEeCTTHK
TanubIpMaIapabl aTKapyy yOaKTBICHIH
KbICKapTaT: cal0aKThIH Jk€ KOHKperTyy Al
MaTepuaibl 03716 LLITYPYY JEHIIAIINH
AHBIKTOO/10, ain UHKEeMAYY TYpIo
TaMIIbIpMaap/IblH TaTaalIbITBIH ©3repTe ajar,
CTYIEHTTHUH >KOONTOPYHYH HATBIHKAIYYIIyryHa
JKapala TaTaajaJbIKTbIH KUMMHKA JEHII2JIUHE
OTeT; B) CTYAGHTTEPAUH  THIHUCHI3AHYY
JEHIIAIINH TOMOHOTOT: KOIITOTOH CTYIACHTTEP
Y4YH MyraJuMIeH K€ TpyInalalrapblHaH
AMEC, KOMIIBIOTEPAMK TECTTH aTKapyy XKaHa
MallMHAJaH THMKUp ajlyy BIHTaldyypaak.
Anberre, Al Kypangapel CTYACHTTEpIMH
JKETUIIKEHUKTEPUH KO30MeJ1/1e6 aHa 0aaaoo



Y4yH uaeanayy smec. Mnumuii amabusirrapna
CTYACHTTEPINH xKazyy KY3YHAOry
TalbIpMaTapblH  KOMIBIOTEp  TapaObIHaH
0aaloOOHYH TepC TaXpbIHOAChIH CYpPOTTOTOH
mucangap 0Oap, MbIHAAa MallMHa  Ka3yy
KY3YHIOTY >KOOTITOPAY Ma3MYHY OOIOHYA IMEC,
dopmanayy Oenrunepu OoroHua (ab3amTapra
Oenyy, "OupuHum", "SkuHuH", "KOopyTyHIy"
x.0.) Oaamaras. bupok, AKOOIITOPAY
OamKapyyHy aBTOMATTAlITBIPYy CTYIOCHTTEP
JKaHa alapIblH MUKUPU MEHEH KaMCBI3 KbLIYYy
okyyna Al xonaoHyy ydyH abmaH KeJIe4yeKTYYy
OarpiT  Oonyn  kepyHeT. [CeicoeB IlaBen
Bukroposuu, 15-16-66.] [3]

Yar0oTTOp KaHA BUPTYAJABIK KapIaMyubl-
Jap

Al TexHonoOTUSIAPBIH  KOJJOHTOH
BUPTYaIIbIK >KapJamubliap Ounum  Oepyy
IIPOLIECCUHE KUTEPAYY KUPIU3UITYYIO.

YaTOOTTOp CTYAEHTTEPIUH CYpOOJOpYHA KOOI
Oepur, keWreinepay dedyyre skapaaM Oepuil,
OKYYy MaTepualiblH YUPOHYYT® KOJIJJ00 KepCceTe
amar. IBM Watson xana Google Assistant
CBISIKTYY CUCTEMAaJIap KYHY-TYHY >KETKUJIUKTYY
’)KaHa  CTYJIEHTTEep MEHEeH ap  KaHjai
KbIBIHYBLIBIK JEHIYJIMH/IEC UIITEeH ajla TypraH
BUPTYAJIBIK PENETUTOPIOPAY TY3YY YUYH
KOJIIOHYJTYIly MYMKYH. YaTtOoTTOp OIIOHIOM
9J€ TECT Xa3yy, KOOIy IOKYMEHTTEIITHPYY
)KaHa ~ jgonboopay — Oamkapyy — CBHISIKTYY
KYHYMJIYK TallbIpMaJIapAbl aBTOMAaTTaIlThIpa
anar. bym mnporpamMmucTTEpIM MOHOTOHIYY
Tar bl pMantap/sl aTKapyyJiaH OommoTy,
OHYTYYHYH KpEaTUB]YY acClEeKTHJICpPUHE KOHYI
Oypyyra MyMKyHayk Oeper. Al warGoTTOpy
YOH KeJIeMAery MaajbMaTTapAbl  HIITen
YpITyyra >KaHa MPOrpaMMHUCTTEpPre KOy,
MaajabIMaT CTPYKTypaJlapblH KaHa
ATOPUTMIEPAN ONTUMANJAIITEIPYY OOMOHYA
CyHymIrapael  Oepyyre skeHaemayy. byn
MpOrpaMMUCTTEPTE YeunMAEepau Tabyy
YOAKTBICHIH ~ KBICKAPTyyra KaHa aJlapJIblH
HATBIKATYYlyT'yH JKOropynaryyra
MYMKYHAYK Oeper. Herusrn
apTHIKYBUIBIKTAPJBIH OUpU — YaTOOTTOPIYH
[IPOrpaMMUCTTEPTE KOHKpETTYY XKaHa
naijanyy — KeHeumepau — Oepum, — TaTaan
cypaMJapapl  TalJo0  JKaHa  4YeuMEJee
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KeHAeMayyayry. YarOorrop omoHnoi 3ie
BUPTYaJ/IBIK HacaaTybl KaTapbl MIITEH anar,
Oyn  OamranrslyTapra  IpoOrpaMMalloOOHYH
HETH3/IepUH YHPOHYYI® JkaHa KOHKPETTYY
IPOrpaMMalIo0 THIIJIEPUHE KaHa KypajjapblHa
OaliJIaHBIIITYy CYPOOJIOPTO KOO  alyyra
)kapaam Oeper. [ AOpamos. [.A. 163-0.] [4]
Xacanma MHTEIUIEKT jkaHa 4aTOOTTOp OUIMM
Oepyy  IpoliecCUH KAKIIBIPTYY, aHbl
KETKHIIUKTYY, MHTEPAKTUBYY xKaHa
KEKEJICUITHPYY YUYH YOH IMOTSHIIHAIITA 7).

AKBLI1YY CYHYIITOO CHCTEMAaJIapbl

Al — HETU3/IEJITeH CYHYILTOO
CHCTEMaJIapbl CTYIACHTTEpTE ©3 allIbIHYa OKYY
YIYH BUIAHBIKTYy pecypcrapisl — Tadyyra
xapaaMm Oeper. Al JKeKenewTupuired oKyryy,
ABTOMATTAIITHIPBUITaH Tarn mblpMaap,
KAKIIBIPTBUITAaH CTYJCHTTHK KOJJIOO JKaHa

KbI3BIKTYY OKYy MaTepuajiapbl  CBIIKTYY
KONTOreH  apThIKYBLIBIKTApAbl  CYHYILTaIl,
OKYTYYHY JKaKIbIPTYy YYYH ap KaHJal

KOIIAOp MeHeH kongonynyyma. Al ap Oup
CTYICHTTHH KOPCOTKYUYTOPY, KbI3BITYYIaphl
JKaHa OKYy CTHJIHM Tyypajyy MaalbIMaTTapibl
TaII00 AapKbUTYy OKYYHY JKEKeIeIITUPYYTO
xapnam oepet. [Hypyesa XK.b., MykrapOekoBa
POK. 456-6.] [5] Anap CTyAeHTTEpIUH
KaaJooJIOPYH, HAThIMKAJIIAPBIH Tajjam, ajiap
Y4YH Makajanap, KUTENTep, BUICOJOp >KaHa
OHJIAH KypCTap CHIAKTYY 2H BUIAHBIKTYY OKYY

MaTepUalIIapbiH TaHJALAT. MpeiH nan
cucreMasapplH ~ Mucansl  Coursera  Oostyn
caHajar, a KOJIJIOH YY4YHYH
KbI3bIKYBIJIBIKTApbIHA JKaHAa MYPYHKY MIIF
apaKkeTTepUHE HETU3/IENIICH KypcTapzsl
cyHymrraiiT. bunum Oepyy TapmarbiHaa —
CyHyIII cucTemMalapsl KOJIIOHYYy4 yJ1apra
(cTyneHtrepre, MYTaJINMJIEPTE,

JIMUHUCTPATOPJIOPrO k.0.) amapablH KeKe
MYKTQXJbIKTApblHAa JXaHa MaKCaTTapblHA OH
BUIAMBIKTYy ap KaHJall pecypcTapibl, OKYyY
MaTepHalIapblH, KypcTapAbl >kaHa Oarmika
CYHYLITapJbl aHBIKTOOYY KaHa CYHYII KbUITaH
MHTEJUIEKTYaJl bl K KOMIIBIOTEPANK
IporpaMmajiap >kaHa aaroputMaep. byryHky
KYHI® CYHYIITap AaKbIpKbl OH >KbLIABIKTapIa
JKacalMa  MHTEIUIEKT  TEXHOJIOTUSIAPBIHBIH
OHYTyHmy OmimM Oepyy TapMarblHa OIYTITYY



TaaCUpUH THHTH3UII, oMM oepyy
aHAIUTUKACBIHA  JKaHa  OKyy  IPOIECCUH
KEKETICIMITUPYYTO IKaHbl MYMKYHUYJIYKTOPIY

Oepun kataT. JKoropky OKyy KauJapbIHAA
CyHyIITaMa CHUCTEMallap[bl MIINKE KUPTU3YY
Oyn TpaHc@opMaIus MPOLECCHHUH MaaHHIYY
acmeKTUJIepuHUH Oupm  OoJlym  caHajar,
cucreManap Ounum Oepyy TapMarbiHaa OGapran
CcaiiblH TaaHbIMaJ >KaHa CypOO-TaJjlalka 933
6onyyna. [TokrapoBa B.U., Kazanuea O.I'.,
103-104-66.][6]
Buaum Gepyyne :kacaaMa HHTeIEKTTH
OHYKTYPYYHYH KeJieuerd
OkyTyyHYy KeKeJie ITUPYY

Al TH KECHUIITUK KOJITIOHYY/Ia
KeJIeYeKTYY OarbIT 0Oyl CTYIEHTTEPAUH OKYY
HaTBIKaMapblH ~ 0aanoo  caHanar. bumaum
oepyyaery Al TUH HETU3ru
KeJICUEKTYYIYTYHYH OHpPH OKyy TMpOLIECCUH
aHJaH apbl JKeKeJIemTupyy Oonyn caHamiar.
Kenewexkte Al TuH cucremaiapbl  OKyy
MaTepuaIapblH KaHa BIKMAJIaPbIH
CTYIEHTTEPJIUH >KEKE ©3TreuesyKTepyHe Jarbl
Tak bUIaHBIKTalIThIpa anatr. bym  kaObin
QAIyyHyH aHa OKYy CTHUJIMHHMH ap KaHJau
Typiaepy ©Oap CTyAeHTTep YUYYH >KaHbI
MYMKYHUYJIYKTOpAY adar. Atam aiWTkaHma, Al
CTYIEHTTEPJIUH AaKaJEMHUSUIBIK KaaJlooJOpYH
raHa sMec, alapAblH YMOLIMOHAJIJIBIK a0aJIbIH /1a
ACKe aya ajart, Oyl OKyy YYYyH Jarbl bIHTANITyy
’kaHa  3(QQPEeKTUBAYY  MAPTTApABl  TY3OT.
Azbipkel  yaypaa Al THH KOMIOHEHTTEPUH
OpPKYHJOTYY OOIOHYa WIITepIUH aJKarblHIa
dopManyy OKyTYyHYH HaThI>KaIapblH 0aanoo
KOJI-’KOOOJIOPYH HIITEN YbITyyra raHa 3Mec,
CTYIEGHTTEPIMH YbITAPMAUBLIBITEIHA J1a KOHYI
Oypynyyna. [Beuepuna A.B., SlromxoBckuit
C.P., 789-6.]1[7]

Buaum 6epyy MaajbIMaTTaAPbIHBIH
AHAJTUTHKACHI

bunum G6epyy MaampiMaTTapbl OUIUM
oepyy TapMarblHa VIOIITYPYY4YITYK,
MeJaroruKaiblK jkaHa Oallkapyy 4edyuMACpUH
KaObLT allyy Y4YH KOJJOHYIYIIy MYMKYH. byn
OKYYHYH OapJbIK ATalTapblHAa OKYY IpOIecCcH
XKOHYHJI® KOl  CaHJarbl  MaallbIMaTTap/bl
YOTyITYyyHY >KaHa TaJJOOHY Tajam KbLiaT.
bunum  Oepyy MaanmbIMaTTapblH —Talloo0 —
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omnmmMm  Oepyy  MekeMenepw — TapaObIlHaH
OHJIYPYJITOH MAaallbIMATTapAbl WHTEIUIEKTYyal-
JIBIK  Tajjo00, MalllMHa YWpeHyy JKaHa
CTaTUCTUKAJIBIK BIKMaNapAbl KOJJOHYY MEHEH
OaliaHpBIIKaH M3WIA66 TapMmarbl  Oomymn
caHamar. buwimm  Oepyy  MaalbIMaTTapbIH
tannoo (BMT) ap Oup stanta CTyAeHTTEPIUH
OKYYCYHYH  HATBIIDKaTyyayryH  aHBIKTOOTO
’)KaHa ~ aHbl  HaTbIDKalyypaak  KbLIyyra
MyMKyHAOYK Oeper. [B.W. Toxrapoma, O.I.
[ToroBa, 55-6.] [8] YoH wmaameimartap (Big
Data) ’xaHa aHAJIUTHKA KEJICYEKTETH OWIIUM
Oepyyae MaaHwiyy poiay oWHOHT. Al okyy
NPOLIECCUH/IE  YOTYNTyla  TypraH  4YOH
KOJIeMJIOTY  MaajbIMaTTapisl  HUIITETYYTe
xeHmemayy. byn MaaneimMaTtTap Myranumaepre
CTYIGHTTEPJIUH  IKCTHIIKCHIUKTEPUH  TaK
0aanooro, KeWreWnepAy aHBIKTOOTO jKaHa
MYMKYH OOJIyydy KbIHBIHUBLIBIKTAPABI alblH
ama aiTyyra MyMKYHAYK Oeper. Mucasl,
MaaJlbIMaTTap/bl TaJJI00OHYH HETU3UH/JE, KaiiChl
CTYIEHT OKyyJda KbIHBIHYBUIBIKTAPTa YYyIIAp
Oosynry MYMKYH SKEHHH aJl[iblH ana alTyyra
JKaHa OMJIMMJIETH KeMYUJIMKTEPIH KOy YUYH

KOIIIyM4a PEeCypCTapibl CyHYIITOOrO OOJIOT.
IMOUUOHANIBIK MHTEJJIEKTTH

OHYKTYPYY

DMOIMOHAJIIBIK WHTEIUJIEKT 5H
MaaHWIYy  JKyMIIAK KOHAYMIOPAYH Oupu
KaTapbl TaaHbUIAT, AaHTKEHH CEe3UMJIEPAU
TYUIYHYY KaHa Oalikapyy *eHIeMy KeITereH
KECUNTUK  4Yeupesepne  HUUTMIUK  YYYH
MaaHUJIYy OONTOH ap KaHJai COIMANJIBIK KaHa
SMOIIMOHAJJBIK ~ KOMIIETCHIIMSUIApra  HETU3
ty3eT. [C.M. bysso, 35-6.] [9] Al

CTYACHTTCPAUH OSMOUUOHAIABIK HWHTCIIJICKTUH
OHYKTYPYY YYYH Ja KOJIJOHYJIYIly MYMKYH.
bunmuM  Gepyy Mekemenepu CTyAEHTTEPIUH
AMOIUSIAPBIH Oalkapa OUnyy *aHa Oalkanap
MEHEH OaapJanryy >XeHIeMYyH OapraH caibIH
Oaanamn KaTBIIIAT. Al CHCTeMaapsbl
CTYACHTTCPIC SMOIIMOHAIABIK aH-CE3UuM
KOHAYMIOPYH  YHpeTyy YYYH  HINTETUI
YBITBHIIIBI  MYMKYH, Oyl —amapiplH  OKyy
4OMPOCYHII® ©3 apa apakeTTeHYY J>KOHIOMYH
OUp TOI JKaKIIBIPTAT.
BupTryanabIK YbIHABIK KaHA

KOLIyMYAJIAHTAH YbIHIbIK



Bupryanapik  uemHABIK  (VR)  xaHa
KOIllyMyanaHraH 4blHIBIK (AR) O6unmum Gepyy
MPOIECCHHUH  MaaHmwiIyy Oenyry  Oouym
KaJbllbl MYMKYH. Al MeHeH alKaJbllIKaH/a,
Oyl TEXHOJIOTHSUIAD CTYACHTTEPAM OKYY YUYH
YBIHIBIK JKaHAa MOJEJIENTEH KbIpJaannapra
OaTeIpran OailylaHBIII OKYYy 4eHpelepyH Ty3e
amat. Mucanel, CTYIGHTTEpP BUPTYAIABIK
71a00paTOpUSUIBIK HINTEPre KaThIIA aJIbIIIAT,
OKIIOMITYPYATaH  M@ApTTapjia MPaKTUKAIBIK
TaMIbIpManapabl aTKapa alblIAT Ke OKyyraH
3MAQHUSIaH YBIKIIAd 3JI€ TapbIXbld JKepiepau
KbIIbIpa  aJIbIIIAT. Buptyanapik  xaHa
KeHEWTUJITEH YBIH]IBIK TEXHOJIOTUSIIAPHI OUITHM
Oepyy TapMmarbiHIa maima Oonay. Yeuwmse
TypraH MMJIZETTEp HETM3MHEH CTYACHTTepAUH
OKYy HaTBIHKallapbIH KAKIIBIPTYyTa
OarpITTaNraH. Anap KblAMbUITA KEITHPTEeH
TapOMSUIBIK 3JIEMEHT CTYIACHTTH KOHKPETTYY
OunmuMre 93 KbUIYYHYH KapakaThl KaTapsbl
Takpeiiiba 6onron. [Myxamaauesa K.b., 68-6.]
[10]

Kopyrynny

M3unneeOy3nyn  kypyuryHme — Ou3
ounmuMm Oepyy HIIMEpAYYIYTYHI® Kacaama
UHTEUIEKTTUH (Al) KONIOHYNyUIyH Tanjarn,
e3reueNlyK OKYyTyy CcHCTeMalapblHa KaHa

Ounmuman  0aaloOHy — aBTOMATTAINTHIpyyra
6acbIiM KacaJIbIK. Harslit>kanap Al
YKEKeJIe ITHPHIITEH OKYTYy  BIKMaJIapbIH

CYHYIITOO JXKaHa CTYACHTTEPAWH KaTBIIIYYCYH
KOTOPYNIATyy apKpllyy OwimmMm — OepyyHYH

camaTblH  JKOTOpyJaaryy  Y4YH  ONYITYYy
KOHIOMAYYIYK® 33  DKEHHH  KOpCOTTY.
Kacanma wuHTemnexkr — Oyn OuwiauM  Oepyy
UIIMEPAYYIYTYHI® AaKTHUBAYY KOJIJOH yIraH
KYUYTYY Kypal. AJl OKYTYyHY JKEKeJeUITHPYY,
ounuMaun 0aaJooHy aBTOMATTAUITBIPYY >KaHa
HaTblikanyy Ouiaum Oepyy HporpammaiapbiH
TY3YY YYYH JKaHbl TOPU3OHTTOpAYy auvar. Al
KeJIeYeKTe  Jarkl  OHYIYN, OKYyy HIIMH
KAKIIBIPTYy YYYH >KaHbl MYMKYHYYJIYKTOPAY
Oeper. BHpOK, aHBl HIIKE alBIPYyy MEHEH
OaiiaHbIlKaH OapJblK  KbIMBIHUBLIBIKTAPbI
CKe alyy oJkaHa Oyl TeXHOJOTHsIapabl
ATHKAJIBIK jKaHa KOOICY3 KOJJOHYYHY KaMChI3
Kbl1yy MaaHwiyy. bumum Gepyy TapmareiHzaa
Al OHYKTYPYY sbereiicus 30p
KOHIOMAYYIYKK® 73, OHpPOK HaTBIHXKAIyy
’aHa Koomcy3 Ounum Oepyy ueipecyH Ty3yy
YU4YH  TEXHUKAJIBIK  JKaHAa  COL[MAJJBIK
aCTIEKTUJICPAN KaMThITaH KOMITJIEKCTYY
MaMUJIeHH Tajan keliaT. Keneuekre Ous Oumum
Oepyynery Al annan apsl eHYIyIIYH KyTeOys3,
Oyn  OwnuMm  OepyyHYH  HaTblii>kKajgapblH
KaKIIBIPTYyTa ’KaHa Oap/pIlbl YUYH camnarryy
OunmMMre KeTyyHy JKOoropylaryyra apjaam
OepreH Jarel HaTBIHKAITYy KaHa
aJanTalMsUlaHraH ~ OKyTyy  CHUCTeMalapblH
Ty3yyre aneln  Kemer. bynm  kopyryHay
W3WJIOOHYH OKBIMBIHTBITBIH —YbITApaT, AaHbBIH
MaaHUJIYYJIYTYH Oaca OelruiedT kaHa OuIum
o6epyy  TapmareiHma Al KOJIAOHYYHYH
KEJICUETUH KOpCOToT.
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PEHIEHUE 3AJJAYU MAPIHIPYTU3ALUU TPAHCIIOPTHOI'O CPEJACTBA C3ABOPOM
I'PY3A 11O KOJIBHEBOMY MAPHIPYTY C TECTUPOBAHUEM CTYJIEHTOB
SOLVING THE LOOP PICKUP VEHICLE ROUTING PROBLEM WITH TESTING
STUDENTS

Kbickaua myHesneme: Yuaa mapupyrryk keireity (YMK) «cyT skadrammrsipyy» ydayH Oy
MakajiaJia «ak yapAaak» JUCKPETTHUK aiTOPUTMHM CyH yiraiarad. bBupuHuueH, ak yapaakrapibl kKeuypyy
IPOLECCUH/IE ANTOPUTMIUH H3[166 bUITAMIBITBIH JKAaKIIBIPTYY YYYH aK 4YapJakrapIblH aOaibiH
KAHBIPTYY YUYH «KUPTU3YY» JKaHa TECKEepH amMajjap KOJIOHYNAT; SKUHUYMJEH, 4Yaka 4adyymy
MPOLIECCUH/IE ANTOPUTMANH JKEPTUINK 37100 MYMKYHUYJIYTYH JKaKIILIPTYY YUYH YaKajJapslH abaibiH
KAHBIPTYy YUYH aJIMalITbIpyy jkaHa 3-0pt aMangapbl KOJIJOHYJAT, AKbIPbIHJAA, CHUMYISIUSUIAHTAH
KYUI'y3yY @ITOpUTMHM MEHEH aWKaIbIUIbI, AQJITOPUTMIUMH HINTEIM YYYpYHJA JKEPTUIUKTYY
ONTUMANYy €3y KOHYY KyOynylly ajblH anar, >KaHbIpTyy cTparerusicbl auckpertyy YMK acteinna
Kaifpa aHbpIKTanmat. Makcar (QYHKOMSCHI KaTapbl 3H a3 JKalNbl YbITBIM MEHEH THeIeNyy
MaTeMaTHUKaJIBIK MOJEIb TY3YJOT. TaxpeiiiOanap apKelUTyy ajll AJITOPUTM CYT uimeTyYHYH YMK menen
3G PeKTUBAYY KYpOIlle alapblH KOpCoTTY, al 3MH Talyy 3 (PpdeKTH xaHa YbITapbUIBIIITHIH CTAaHAAPTTYY
aK 4apJaK ONTHUMAaJIAIITEIPYY aITOPUTMUHE, 06TYKIONIOpAYH YHYPY alTOPUTMHHE, CUMYISIIHSUIAaHTaH
KYHIYPYY, «003 KapblIIKbIP» ONTHMAIJAIITEIPYY, «KAT» ONTHUMAIJIAIITHIPYY, «KOIOJIOK-0TKO)
ONTUMAJIJAIITHIPYY QJITOPUTMAEPUHE Kaparanjaa kakumblpaak. YMK jkeHekell MucaigapblH KOpcoTyy
Makajiaga MIIKE allbIpbLiIaT.

AnHotanusi: J{ng 3amaum Mapmpyru3anuu TpaHcnopTHeIX cpeactB (MTC) mist «pa3Bo3ku
MOJIOKa» B CTaThe NPEUIaraeTcs JUCKPETHBIN «aJITOPUTM YalKu». Bo-1epBhIX, B IPOLIECCE «MUTPALUU
JalKu» ornepanvu BCTAaBKU U O6paTHOF0 X0Ja UCIOJIB3YIOTCS IJIA OOHOBJIEHUS ITOJIOKEHUS YANKHU JJIA
YIYIHICHUA CKOPOCTH ITOUCKA aJITOPHUTMA,; BO-BTOPBIX, B IIPOLCCCE «aTAKU Jal K1 oncpanu oOMeHa U
3-0pt ucnonp3yroTCs Ui OOHOBJICHUS MMOJOKEHUS YalKU IS YIyqIIeHUs BO3MOXKHOCTEH alroputMma
JIOKAJIBHOI'O IIOMCKa, HAKOHCL, B COYCTAHUU C QAJITOPUTMOM <«MMUTAHUN OTXKUTA» ABJICHUC
«CAMOIIPU3EMIICHU > CaMOTO JIOKAJIbHOI'O OIITUMYMA ITPCAOTBPAIACTCS BO BPEMA pa6OTBI aJIropuTMma,
CTpaTeruss OOHOBIICHUsS TIEpEOTpeeisieTcss B pamkax mauckpetHou 3agaun MTC. C HamMmeHbIeh
00IIell CTOMMOCTBIO B KAa4yeCTBE IENEBOM (DYHKIIMU CTPOUTCS COOTBETCTBYIOIIAST MaTeMaTHuecKas
MOACIb. C MMOMO IO SKCIICPUMCHTOB ITOKa3aHO, YTO aJITOPUTM crocobeH 3(I)(I)CKTHBHO peuaTth 3a4avy
MTC nmnst «pa3Bo3Ku MOJIOKa», a d(PQEKT MOoucKka U Ka4eCTBO PEIICHUs JydIle, YeM Y CTaHIapTHOTO
«ITOpHUTMA OIITHMH3AIUN qaﬁKH», alIropuTMa «post 4acCTuI», «MMHUTAllUU OTXKHUTIa», ONTHUMHU3ALUN
«CCPOro BOJIKa», «ITOpHUTMA OINTHUMU3AIUU KUTa» U OINTHMHU3AOUU MOTBUICK-IIJIAMS. B cratbe
peain3oBaHa IEMOHCTpalUsl pocThiX npumepos 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.
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Keywords: discrete seagull algorithm; vehicle routing problem; optimization algorithm; lowest
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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
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model for solving problems. It has been applied
to industrial production classification problems.
[13] However, in traditional SOA, the single
flight path 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 wvehicle 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={O,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 ; xi"j represents the
vehicle k traveling from the supplier i to the

supplier j(x{j- = 1 represents traveling from i to
j, x{“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 wehicle k(y}‘ =
1 represents traveling from i to j, yk=
0 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;
C5 is the shipping cost per unit distance.

The specific mathematical model of VRP
for cyclic pickup is as follows :

minM =
Clzllg=lNk+Z Zn Ozk 1 l] U(C +

C5Ty) 1)
1q yl SQ VkEK (2)
?ox(l)cz_ 1]10 o =1 VkeK (3)
zou y], VieV kek 4)
o U =yf, VjeV,keK ®)
moyk=1, VieV,kek (6)
0<Yr, Ti<Q, VkeK @)
xlkj €{0,1}, VijeV,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 wehicle 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 wehicle;
Equation (8) represents the constraint
conditions for decision variables.

3.3. Standard Seagull optimization algorithm
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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 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 wvehicle
loading capacity. The specific process is as
follows: 1) Starting from distribution center 0,
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 i
and 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((foy — f)/T), T =T x0.99.
)

Among them: f,ey is the new fitness value
of seagulls, (fhew — 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 Citeration, and the optimal seagull
position Gpest Up t0 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 0 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 Fpest IS
superior to Gpest, and if so, replace Fpest ;

Step7 : Perform annealing operation
T =T=%0.99;
Step8 : Determine whether Citration 1S

equal 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 compuiter.

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 C1land 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-AUATHO31009Y IMPOI'PAMMAJIBIK KABAYYJA 9JIECTETYYHY O/ITYOOHY
KOJIJIOHYY
INPUMEHEHUE M3MEPEHUS BOOBPAKEHUA B TIPOTPAMMHOM OBECIIEYHEHUU
A MPT-AUATHOCTUKH
APPLYING MEASURING OF IMAGINATION IN MRI-ASSISTED DIAGNOSIS SOFTWARE

Kbickaya myne3geme: CanTTyy mporpaMMaibIK >kabyyHY TECTTe® ajarra aJrOPpHUTMINK
TaKThIKKA jKaHa (DYHKIIMOHAJIBIK TOJMYKTYKKa OarbITTajraH, MbIHJA MPAKTHKAJIBIK OlepanusuiapablH
KYPYLIYHI® KOJIAOHYYYYlIap KOPCOTKOH ap TapanTyy >KOHIOMAYYJIYKTepre S>KETUINTYY KeHYI
OypynOaiiT. Byn pIkMa KIMHUKAJIBIK 4OWpe]e NpPOrpaMMANIBIK XaOJyyHYH KOJIZOHYIYIIyHAa >KaHa
HaTBIHKAYylTyryHa KOMIUIEKCTYY Oaa Oepe anbaiiT. ABTopiop 'iecTeTyyHY emuee’ >KOHIOMYH
0aay00 BIKMACHIH KOJIZIOHYYHY CYHYII KbUIBIIIAT. AJ KOJJOHYYdYJIapJAbIlH MPOTpaMMAbIK XKaOayy
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MCHCH 03 apa apakKCTTCHYY XOHAOMAYYJIYIYH JKaHa ajJapAblH JUArHOCTHUKAJIbIK KOMIICTCHTTYYJIYI'YH
0aalooHy KyueTe ajar. "DIIeCTeTYYHY enuee' ap KaHaail cleHapuiiyiep 00IOHYA KOJJIOHYYYYylIapblH
00DKONAYy JK0om Oepyy MYMKYHUYJYKTOpYH 0aaqoo Y4yH KOMIBIOTEp TapaOblHAH TY3YJITOH
KOKYCTaHJIBIPbUITAH ~ TapaMeTpAuK TammbipManapasl  kKoiagoHoT. byn XKW xapaaMbeiHaarsl
JMarHOCTUKAJIBIK MPOTrpaMMalIbiK xKa0ayyH yH 3((eKTUBYY UIITEHM YUYH 3apbul OOJITOH KOHIYMIOP
MEHEH MalKenl KeJWI, MporpaMMaibIK aOJyyHy TECTTe® YUYH KEHUPH jKaHa TEpeHJIETHIreH Oaa
OepYYHY KaMChI3 KbLJIaT.

AnHoTamms:  TpaguuMOHHOE  TECTHMPOBaHWE  MPOTPAMMHOrO  obecrnedyeHus  OOBIYHO
(doKycHpyeTCsl Ha aJTOPUTMUYECKON TOYHOCTU U (hyH KIIMOHAIBHOMN MOJHOTE, IIPH 3TOM HEJIOCTaTOUYHO
BHUMaHUs YACISICTCA KOMIIJICKCHBIM BO3MOKHOCTAM, JEMOHCTPUPYEMBIM ITOJIB30BATCIIIMUA BO BPEMSL
NPAKTUYECKUX ONeparuid. DTOT MOAX0J He O0EeCcIeyrMBaeT IIEIOCTHYIO OICHKY NMPHUMEHHMOCTH H
3((HEeKTUBHOCTH TPOTPAMMHOTO OO€CIeUeHUs] B KIMHUYECKOW cpene. ABTOPHl IpEAaraloT
HUCIIOJIB30BaTh MCETOJ OICHKU crrocoOHocCTel U3MEPCHUC B006pa)KeHI/I$I». OTO MOXKET YIyq9lIMTb
OLICHKY BO3MOXHOCTEH B3aMMOJEHCTBUS I0OJb30BATENCH C MPOTrpaMMHBIM O00ECIEYEHHUEM M HX
JINarHOCTHYECKONH KOMITETEHTHOCTH. «V3MepeHrne BOOOpaKEHUS» HCIOIb3yeT CreHEpUPOBAHHBIS
KOMIIBIOTCPOM PAHAOMHU3UPOBAHHBIC MAPAMCTPUUCCKUC 3aJadud JIs1 OLCHKU HpI/IGHI/BI/ITeJIBHBIX
BO3MOKHOCTEH pearnpoBaHUsI MOJIH30BATENICH B PA3IUYHBIX CLICHAPHSX. DTO COIIACYETCs C HaBBIKAMH,
HEOOXOMUMBIMUA U D (PPEKTHBHOW pPabOThl TUArHOCTHYECKOTO IMPOTPAMMHOTO O0O€CIeueHHus ¢
ucnons3zoBanreM NI, obecnieunBast 60see MOIHYIO U TITYOOKYIO OLIEHKY TECTUPOBAHMSI TPOrPAMMHOTO
oOecreueHMSI.

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
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-nuarno3nee; kacaiMa HHTEIJIEKT; TPOTPAMMAIIBIK JKa0ayy; TECTUPIIOO;
AJIECTETYYHY ©J1466.

Kawuesble ciaoBa: MPT-aunarHocTuka, HUCKYCCTBEHHBIM  MHTEUIEKT;  IPOrPaMMHOE
o0ecrnieueHne; TeCTUPOBAHKE; H3MEPEHHE BOOOPaKEHUSI.

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

1. Introduction software continues to face numerous challenges

With the rapid development of artificial in practical applications.
intelligence technologies, Al-assisted diagnosis From a clinical perspective, the
has made significant progress in the medical interaction and collaboration between software
field, particularly in MRI for brain tumor and practitioners remain inadequate. Physicians
diagnosis. MRI imaging plays a crucial role in using this software not only need to accurately
the early detection, precise localization, and interpret the diagnostic information provided
qualitative diagnosis of brain tumors due to its but also require proficiency in the software's
high-resolution capability for soft tissue functionalities, placing high demands on both
visualization. However, Al-assisted diagnostic physicians' expertise and the software's
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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 computer-
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
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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 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

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
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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."

ocoaQ whh @ R~OBWT mm ¢S m 9
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The measurement error is less than 10%, and your mark is Excellent.

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

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 JUATHO3Y YUYH D3ITE HETM3JEJATEH UHTE/LUIEKTYAJIIBIK TYTYMJIAP:
CAHAPHUIITUK MEJIVUIMHAHBIH KEJTEYETA
UHTEJIEKTYAJILHBIE CUCTEMbBI HA OCHOBE 23T JIJIsSl JUATHOCTUKHU CJIBT:
MEPCIEKTUBBI [{A®POBOII MEJIUINHBI
INTELLIGENT EEG-BASED SYSTEMS FOR THE DIAGNOSIS OF ADHD:

THE FUTURE OF DIGITAL MEDICINE

Kbickaua myHesneme: KeHyn OypyyHYH >KETHIICHU3IUTH/TUIIEPAKTUBAYYJIYKTYH Oy3ymymry
(CABI) — Oynm agamIapAblH TICHXUKAJIBIK KBI3BITYYCYHYH JKOKTYTYH, TUIEPaKTUBIYYJIYKTY,
PEaKTUBIYYJIYKTY KaHa UMI YJAbCUBAYYIYKTY KOPCOTYIIYHO albIll KeIYyYdy HEHpOeHYTyy adaibl, Oy
OKYY, OHYIYY *aHa COLUAIbIK (DyHKUMsIApAA ONYTTYY KbIMBIHUBLIBIKTApIa ajiblll KeJeT. YdypJarsl
JMAarHOCTUKAJIBIK IPAKTHKa JWardHo3 KOKY Y4YYH CYOBEKTHUBAYY >XKYPYM-TYpYMAYK 0aanooiopnry
KoJoHyyra TasiHat. HelipoBusyanuzanusi blkMaiapbl kaHa ODI Ty3MeKrepy M3WiIee TONTOpyHa
OOBEKTHBIYY  TECTUpJIO®  MPOLECCTEpU  apKblIyy  KOHYJ1  OypyyHYH  JKETHILCU3IUTH
TUIIEPAKTUBIYYJIYKTYH Oy3ylylIyH IMAarHo3J00r0 MYMKYHIYK OepeT, ajl 5MH jkacajiMa HHTEIJICKT
cucTemMaapbl JTUarHOCTHUKAIBIK TAaKThIKThl JKaKUIBIPTyyra kapjaam Oeper. byna u3nuingee KOTHUTUBAUK
TalmbIpManapapl aTkapral Oanfapia KeHysl OypyyHYH OKETHULICH3AWIH THIEPaKTUBAYYIYKTYH
Oy3ynyury Teta, anbga xkaHa Oera pUTMICPUH Komio anrannga, I3 KBIIITBIK MYHO310MeJIepYHe
TUWTU3reH TaacupuH M3uiAeuT. Tory3 ceanctarsl D3OI curHaiblH 0aanoo TeTa KBIILTHITBIHBIH 3H
JKOTOPKY YOKYCY TYpYKTAlllKaHTa YeHHH >OropylaraHblH KepceTTy, Oya anb(a pUTMH aTkapyy
(GYHKIUSIIAPBIHBIH  JKAKIIBIPBIIIEI MEHEH Oup y0akra TypyKTallkaH CailblH KeHYJT OypyyHYH
TYPYKTYYJIYTYHYH >KaKUIbIPraHbIH KopceTeT. VIMIyabCHUBIYYJIYKTYH >KaHa KOTHUTHBIUK OachIMIBIH
e114ees1epy 0eTa JKbIIITHIK THIKEJIEPUHIE ONYTTYY e3repyyiepay kepceTty. MnuMuil namunaep KeHyI
OypyyHYH J>KETHIICU3IWTH TUIEPAKTUBAYYIYKTYH OY3ylaylly MEHEH OOpyran OeWTtanrtap KOHYI
OypyyHyH JkaHa aTKapyyHy OalllkapyyHYH TYPYKTYy JKETHUICU3IUIMHUH OpJAyHA TYPYKTYy
KOTHUTUBAMK  ©3repYYJepAy  KepceTeepyH  KepceTym  TypaT.  BuUpTyaniblK  YbIHJBIK
TEXHOJIOTUSUIAPBIHBIH  KaHa JKacajiMa HWHTEJUIEKT MOHUTOPUHTMHUH aWKajbllbl CAHAPUIITHUK
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TepanusUIbIK miatdgopMaap apKeLIyy CAITTYY Japbl- 1apMEKTEPIU alMaIlThIpa TYpraH MOTCHITHAITYY
JapplJIO0  BapuaHThIH CyHymmaiT. KeHyn OypyyHYH OKETHUIICH3IUIU TUIIEPAKTUBIYYJIYKTYH
Oy3yNnyIIyHYH JTUAarHOCTUKACBIH OPKYHAOTYY Y4 HETU3TM TOCKOOJAYKTY 4Yedyyre Ke3 KapaHpbl:
CTAaHJAPTTAIITHIPYY  Maceenepu,  IKETKUIUKTYYJIYK  TOCKOOJJIYKTaphl ~ JkKaHa  OeHTanThIH
KYINysulyynyryHa OalimaHplryy STHKaJbIK Macenenep. Keneuekrerm wusmigeenep dYoH 23T
MaajlbIMaTrTap TOIITOMYH TY3YII, 6OH)KOJ'II[OO‘Iy MoaCIACpAN OINTUMAIAAIITBIPEINILI KEPCK, ajlap
peannyy yoakeITTarel OOl KMHJIWTHINYY CHCTEMallapbl MEHEH WMHTErpallusUIaHbIIbBI  KEepekK.
HeilipoOuonornopayH, KIMHUKTEpIUH JKaHa jKacaliMa MHTEIUICKT aJUCTePHHUH OUprelelKeH
apakerrepu ADHD auarHocTukachlHBIH KaHa JNapbUIOOCYHYH ONTHUMAJAYY CTpaTeTHsUIapblH HILTeEI
YBITYy YUYH a0JlaH MaaHUJYY..

Aunnoramusa: Cunzgpom nedunura BHUMaHus u runepakruBHoctd (CJIBI) mpencraBiser
000l HEBPOJIOTHYECKOE COCTOSIHHE Pa3BUTUS, KOTOPOE 3aCTABJISET JIFOACH CTAHOBUTHCS MCHXUYECKH
HE3aMHTCPCCOBAHHBIMU, THIICPAKTHUBHBIMHA, PCAKTUBHBIMU U UMITYJIbLCUBHBIMU B CBOCM ITOBCACHU U, UTO
MPUBOJUT K CEPHE3HBIM MPOOIEMaM ¢ 00 ydeHHEM, Pa3BUTHEM U (DYHKIIMOHHPOBAHUEM B COLIMAIIBLHOU
JKHU3HU. TeKYH_[aH ANArHOCTUYECKAas MpaKTUuKa 3aBUCHT OT Cy6’beKTI/IBHBIX IIOBECACHYECCKN X OLICHOK dJIs1
IIOCTAHOBKM JMAarHo3oB. Meronapl HelipoBU3yalau3aluu U ycTpoiicTBa OO MO3BOJIAIOT Hay4YHBIM
rpynmnam auaraoctupoaTh C/IBIT ¢ moMoIpio 0ObEKTUBHBIX TPOIIECCOB TECTUPOBAHUS, B TO BPEeMs
kak cucteMbl MMM moMoraroT mOBBICHTH TOYHOCTH JUarHOCTHUKU. B sTom HUCCICAOBAHUU H3YydaCTCA
BrnusHue C/IBI' Ha yacToTHBIe XapakTepuctuku D3I, BrIovas tera-, anbda- U OeTa-puTMbl, CpPeau
JNeTEH, BBIMOMHSIONMX KOTHUTHUBHLIE 3agaun. Ouenka curHaioB DDl B TeueHHe OEBITH CEaHCOB
IIOKa3ajlda, 4TO IMHMKOBasg 4aCTOTa TCTAa YBCIHWYHUBAJIACHh OO TCX IIOp, IIOKa HE CTa6I/IJ'II/I3I/IpOBaJ'IaCB, qTo
JEMOHCTPUPYET YAYULICHHYIO CTaOMIbHOCTh BHMMAHHUS, MOCKOJIBKY alib(a-puUT™M CTaOHIIN3UPOBAJICS
OJIHOBPEMEHHO C yiydineHueM (QpyHKmui xkoHTposst. [lokasarenn MMIyIbCMBHOCTH UM KOTHUTHBHOTO
JAaBJICHHWA ITOKa3aJIn 3aMCTHBIC UBMCHCHMH A B JUalla30Hax 0era-4acTor. HaquLIe JaHHBIC ITIOKAa3bIBAIOT,
yro y nanuenToB ¢ CJIBI" HaOnMr0Aat0TCsS TOCTOSTHHBIE KOTHUTUBHBIE H3MEHEHUSI BMECTO YCTOHYUBOTO
neduuTa BHUMaHUS U UCIOJHUTENBHOTO KOHTpOds. OObeAMHEHUE TEXHOJIOTUH BUPTYaJIbHOMN
pPCaJIbHOCTH W MOHUTOPHHIA HCKYCCTBCHHOI'O MHTCIUICKTA ABJIACTCA IMMOTCHIOHWAJIbHBIM MCETOAOM
JICYEHUsI, KOTOPBIA 3aMEHUT TPATUIIHMOHHYI0 MEAMKAMEHTO3HYIO TIOMOIIL Ha TiaTdopMax muGpoBoi
tepanuu. Passutue nuarnoctuku C/IBI 3aBUCHT OT pellieHUs TpeX OCHOBHBIX MPENATCTBUM: MpobdaemM
CTaHJapTU3allui, a TaKKe 6apbep0B JAOCTYTHOCTH U I3THUYCCKUX Hp06J'IeM, KacCaro 1 XCs1
KOH q)HHeHHHaJIBHOCTI/I ITaIfTUEHTOB. HpeHCTOSIHJJ/Ie HCCIICAOBaHUA OOJDKHBI CO34aTh OIPOMHBIC Ha60pBI
JaHHbIX OO W ONTUMH3HUPOBATh IMPOTHOCTUYECKHE MOCIH, KOTOPBIE CIEAyeT OOBEAMHUTH C
cucTeMaMy BMelaTelscTBa DO B pCaIbHOM BPCMCHHU. CoBMeCTHEBIE yCuiiusa HeﬁpO6HOHOFOB, Bpaqeﬁ
u crnenquanuctoB no MW npencraBisstoT co0oil HEOOXOAUMOCTh pa3pabOTKH ONTUMAJIbHBIX CTpaTerui
muarHoctuky u jgeuenus 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
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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
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: xkeHYJ OypyyHYH JKETHUIICHU3IUTH THIEPAKTUBAYYJIYKTYH Oy3ymymry; D31 -
OuoMapkepiiepH; KOTHUTUBIUK Tepmenyyiep; KU-auarHocTukacel; cCaHapUITHK TEPATIHSL.

KuroueBbie cjaoBa: cUHIpoM  gAeduMTa  BHUMaHHS U TUTEPAKTUBHOCTH
anekTpodHuedanorpadus-OnoMapkepsl; KOTHUTHBHbIE KoyeOaHus, WU-mmarnoctuka; nudposas
Tepanus.

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

Beenenne 00yCIIOBJIEHHBIE COLIMAIbHO-3KOHOMUYECKUMU
Cungpom neduuuTa BHUMAHUA U M OTHUYECKUMHU  (PaKTOpaMu,  YCIIOXKHSIOT
TUIIEPAKTUBHOCTH (CABI) — 3TO yrnpasinenue CJIBI, TpeOys chnpaBemmBoro
Hellpopa3BHBaloliee paccTpoiicTBo, pacrpeesieHusl PecypcoB 3ApaBOOXpaHEHUS.
XapaKTepu3yro Leecst HEBHUMATEJIBHOCTHIO, [20]
TUIIEPAKTUBHOCTBIO U MMIIYJIbCUBHOCTBIO, O030p JuTEpaTYpBHI
CYLIECTBEHHO BJMSIONICE Ha aKaJeMHYECKoe, Juaznocmuxa u oyenka
npodecCHoHaATBEHOE u COLIMAJILHOE Tpanunuonnas auarHoctuka CJIBIT
dbyakunonupoBanue. [19]  HccnemoBanus O0asupyercss Ha T[OBEACHYECKUX OIICHKaX,
cBsi3biBatOT cumnToMel CJIBI' ¢ reHernyeckoit OTYeTaxX PpOJAMTEIEH U YUHUTENeH, a TaKkKe
MPEAPACIIONI0KEHHOCTHIO, a TaKKe c KIMHUYECKUX WHTEPBbIO, YTO JElaeT ee
(daKTOpaMu OKPYKAIOIICH Cpeibl, TAKUMHU KaK MOJIBEPIKEHHOW CYOBCKTUBHOCTH U PHUCKY
MpEeHATaIbHOE BO3/ICHCTBUE TOKCHHOB M CTPECC HeBepHOM  nuarHocTukd  [19]. PaszButume
B paHHEM BO3pacTe. [28] HEeWpOoBU3yalIU3aUU u
HeiipoBu3syanusanoHHble HCCIEI0BaHUS AJIEKTPO PU3HOTOTUIECKIX METOJIOB, TAKUX KaK
BBISIBJISIIOT CTPYKTYPHBIE M (YHKIIHOHAIBHBIC aneKTpodHIIeanoTrpadus B30 u
OTKIIOHEHHsI B  30HaX MCHOJHUTEIbHOIO byHKUIMOHAbHAS MarHUTHO-PE30HAHCHAs
KOHTPOJIS, BKJIIOYasl MPEePPOHTAIBHYIO KOPY U TOoMOTpadus (GMPT), IIPEOCTABIISIET
0a3anpHBIE TaHIVIMM, YTO  IOATBEPXKIAeT OOBEKTUBHBIE  OMOMAapKephl,  OTpaKAIOIIE
Helipoouonorndyeckyro ocuoy CJIBI'. [25] HelpoHHble aucdyHkiuu, cBs3anHbie ¢ C/IBI .
Kpome ToOro, coBpeMeHHBIE UCCIECIOBAHUS [1] Anamuszel D31 BBIABISIOT HEPETYISPHBIC
MOYEPKUBAIOT poJib nucbananca COOTHOILEHHS TeTa- u OeTa-BOJH,
HEHPOTPAHCMUTTEPOB, B YaCTHOCTH A0(aMUHA CBUJICTEJIbCTBYIOIIME O HAPYIICHUSX BHUMAHUS
U HOpaJpeHalMHa, B  NaTO(QU3UOIOTUU U MEXaHW3MaxX KOHTPOJII HMITYIbCOB. [8]
paccrpoiicTa. [9] NccnenoBanus MPT JEMOHCTPUPYIOT
Poct pacnipocTpaHeHHOCTH JMArHO30B TUCOYHKIMU B CETAX  HUCHOJHHUTEIBHBIX
CJIBI', ocobeHHO cpeau AETel U MOJIPOCTKOB, byH KU, qTo MOATBEPIKIaeT
MOYEPKUBAET HE00X0IMMOCTh HEHPOOMOIOTUYECKYIO TTPUPOAY PaCCTPONCTBA.
COBEpIICHCTBOBAHUS JMArHOCTHYECKIX [25]
METOJMK W pa3paboTku Oojee 3GhEHEeKTHBHBIX CoBpeMeHHBIE TEXHOJIOTUM, TaKue Kak
TepaneBTHUeckux crpareruii. [13] Ilomumo VCKYCCTBEHHBIU HWHTEJUIEKT N u
ATOTO, Pa3NUuUsl B JUATHOCTUKE U JICYCHUH, BUpTyasibHast peanbHOCTh (BP), moBeimaror
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TOYHOCTE OUArHOCTHUKH. Mopenu %141
aHAIU3UPYIOT OOJIbIIIME MAacCHUBBI JIaHHBIX,
3((HeKTUBHO  BBISABISAS  TMOBEICHUYECKUE U
HeHpOPU3HOTOTUYECKIE 3aKOHOMEPHOCTH,
xapakrepubie g C/IBI. [9; 22]
JlnarHocT4ecKkrue METOAMKH, OCHOBAaHHBIC Ha
VR, co3maloT pealuCcTHYHbIE CUMYIALHH,
TpeOyloIHe KOHIIEHTPAMA BHUMAHHS, YTO
MO3BOJISIET MOJY4UTh Oojiee O0O0bEKTUBHYIO
OIICHKY KOTHHUTHUBHBIX (DYHKIIMH MO CpaBHEHUIO
¢ TpaaunumoHHeiMd Mmetogamu [10; 20]. OTm
TEXHOJIOTUM YMEHBIAIOT 3aBUCHUMOCTH OT
CyOBEKTUBHBIX ~ OTYETOB M  TOBBIIIAIOT
JIOCTOBEPHOCTh JIMarHOCTHUKH. Onnako
JOCTYITHOCTh ~ JTaHHBIX  METOJOB  OCTaeTcs
OTPaHUYEHHOW M3-32 BBICOKOM CTOMMOCTH H
HEOOXOMMOCTH TIOJITOTOBKH  CIICIIHAIIMCTOB.
bonee Toro, crannapruszanus anroputmos MU
U MX UHTErpalus B KIMHAYECKYIO MPAKTUKY
TpeOYIOT NanbHEHIICH BaMWAAllMd HA OCHOBE
KpyIHOMACIITaOHBIX HccaeaoBanuii. [20]

Ilo0x00wb1 Kk neuenuro

CTuMynupyronme Mpernaparbl, TaKue
Kak MeTUJIheHUIaT u am(eTaMUHBI,
MPOJIOHKAIOT OCTAaBaThCS OCHOBHBIM METOJIOM
neuenust C/IBI', ynydmas nepeagauy gopammuna
u HopanapeHaymHa [15; 23]. Ognako moOoUYHbIe
3¢ eKTh, Takue Kak OECCOHHUIIA, MMOJaBJICHUE
arnmneTuTa v MpobJieMbl € CepIEYHO-COCYIUCTON
CUCTEMOH, TpeOyIOT aTbTepHATUBHBIX METOI0B
neuenus [18]. bomee Toro, mo 30% mroxeit c

CIABI' He pearupyloT ONTUMAIBHO Ha
CTUMYJISITOPBI, 4To MOTYEPKUBAET
HE00X0IMMOCTh pa3paboTku

[EPCOHAIM3UPOBAHHBIX CTpAaTeTuil JIeYeHUs.
[22] Hectumynupyronme npenaparsl, BKIOYas
aTOMOKCETUH WU TyaH(aluH, IIPelOoCTaBJIIOT

aJIbTepHATUBHBIE bapmakonoruyeckue
BO3MO>XHOCTH, HO JUISt MPOSIBJICHUS
TE€pPaneBTUYECKOTO sddexra MOTYT
noTpeboBatbes  Hemenu. [19]  Coueranue
(ap MaKoOJIOTHYECKIX u MTOBEJIEHYECKU X
BMEILATENILCTB  YaCTO PEKOMEHAYEeTCs s

MakCHMH3auu S(P(GEKTHBHOCTH JICYEHUS |
pemiCHUA CONYTCTBYIOIIMX SMOLMOHAJIBHBIX M
OBeIeHYECKUX poodiem. [3]

He papmakonoruyeckie

BMCIIAaTCIIBCTBA, BKJIrO4asd KOTHHUTHUBHO-
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MTOBE/ICHYECKYIO Tepanuo (KIIT),
HelpoOuoymnpaBieHre u TMETUYECKIE
MO 1 (p¥ KaITv, JIEMOHCTPUPYIOT

3G PEKTHBHOCTh B JICYEHHH CHMIITOMOB. [26]
KIIT ynydmaer UCIOJHUTENbHYIO (PYHKIIUIO U
CaMOperyisiuio, B TO  BpeMs  Kak
HEUpOOHOYIpaBICHHE oOyuaet roen
MOJYJIUPOBATh AKTUBHOCTh MO3TOBBIX BOJIH,
YTO CIIOCOOCTBYET YAYYIICHHIO BHHUMAaHHS W
KOHTPOJISI UMIYNIbCOB. [luimeBbie 100aBKU C

MHUKPOHYTPHEHTAMH, TaKUMH KaK oMmera-3
JKUpHBIE  KHCIIOTBI M  LMHK, IOKa3aJH
KOTHUTHBHBIC u OMOILMOHAJIBHBIE

npeumyiectBa y aereit ¢ CIABI. [8] Kpome
TOTO, OBLIO YCTAaHOBJICHO, YTO BMEIIATEIIBCTBA,
CBSI3aHHBIC C (PM3UYCCKON aKTHBHOCTBIO, TAKUE
KaK a’poOHBIC YIPAKHEHUS, CIIOCOOCTBYIOT
VIYYIICHHIO  KOTHHUTHBHOW  THOKOCTH |
paboueit mamsatu y ngereii ¢ CIBI. [26]
CeMelHO-OpHEeHTHPOBAHHBIC BMEIIATEIILCTBA U

OporpaMMbl  MOJACPKKM Ha 0as3e  IIKOJIBI
JIOTIOJIHUTEBHO CIOCOOCTBYIOT
JOJATOCPOYHOMY  YIIPaBJICHHIO, co3aaBast
CTPYKTYPUPOBAaHHYIO  CpeAy W  yilydmas
HaBBIKU COIMATIBHOM amanTtaiui. [3]

Hudgposvie  u mexHnonocuuecKue
émMeuamenbcmea

[udpoBrie  pemieHUs  TpeAararoT
WHHOBALIMOHHBIE ~ CTPATETUH  YIPABICHUS
C/IBI'. TepaneBTuueckue miaarpopMbl Ha
OCHOBE HCKYCCTBEHHOTO WHTEJJICKTa
NEPCOHATM3UPYIOT  JICYEHHE, UCTIOJB3YS

JaHHbIE B peanbHOM Bpemenu. [9] Lludpossie
UIpBl, BKIIOYAIONME OOy4eHHE Ha OCHOBE
HEeHpPOIIaCTUYHOCTH, CIIOCOOCTBYIOT
YIYYIICHHIO HWCIOJIHUTENBHBIX (QyHKUMU. [2;
11] Tepanus ¢ MCIOIB30BAaHUEM BHPTYaJIbHON
peaTbHOCTH  o0ecreduBaeT  MMMEPCUBHOE
BHUMaHHE U 00yue€HUE KOHTPOJIO UMITYIBCOB C
MHOTO00CTTAIOIMMHU pe3ynbTaTtamu. [12] DTt
BMEIIATEILCTBA OCOOCHHO IMOJIE3HBI s JIeTel
U TOAPOCTKOB, IOCKOJBbKY OHHU IOBBIIIAIOT
BOBJICUEHHOCTh u IIPUBEP>KEHHOCTh
IPOTOKOJIAM JICYEHHUSL.

Tepanust Buneourpamu (video games
therapy — VGT) coueraeT KOTHHTHBHYIO
TPEHUPOBKY C  YBJIEKATEIbHBIM  UIPOBBIM
IPOLIECCOM, YTO CIIOCOOCTBYET MOJAECPKAHUIO



BOBJICYCHHOCTH IMallMEHTa M  YCTPAHEHUIO
KOTHUTUBHBIX JAedunutoB [6]. ['mOpuanbie
HeHpoOMOYCTaHOBKH, 00BETUHSIONIE

obpatHyro cBsizb OO0 ¢ HWHTEpaKTHBHBIMH
nudpoBeiMu  MHTEpdEiicaMu, CHOCOOCTBYIOT
MOBBIIICHUIO HEHPOHHOW INIACTUYHOCTU U
KOTHUTUBHOTO pa3Butus. [17; 21] bonee Toro,
MPUIIOKEHUS U CMApT(HOHOB IS YIIPABICHUS
CJBI', Bitouass nudpoBble HAIOMUHAHUS U
WHCTPYMEHTBl JJIsl YIPaBJICHUS BpPEMEHEM,
MIOMOTAIOT JFOASIM peryinupoBartb
MOBCEHEBHBIC  JICHCTBUA M COKpalATh
NeUIIUT HMCIONHUTENbHBIX  (QyHKIuA. [19]
[udpoBbie TOMONHHUKA W  BUPTYaJIbHBIC
TpeHepsbl, ucnoib3yroume MU, nonoaHuTensHO
MOJIEPKUBAIOT HaMEeHTOB C CBI,
MPEIOCTABIISIS MePCOHATM3UPOBAHHYIO
0o0paTHyIO CBSI3b M CTpPaTeTHH BMEIATEIbCTBA
Ha OCHOBE IMOBEJICHUYECKUX Mojenei. [25]
buomempusa na ocnoée I3 u
odpamnasn cea3v 6 peaibHOM 6pEeMEHU
HocTmxenus B o0nactd OMOMETpUH Ha

ocHoBe OO MO3BOJSAIOT  OCYUIECTBIISTH
MOHUTOPHUHT B  pEaJbHOM  BpPEMEHH U
KOppEeKTUpOBaTh  JedeHue. becrpoBoaHble
ycrpoiictBa  ODOI,  MHTErpUpPOBaHHBIE  C
00JauHBIMU  BBIYHCIICHHSIMH,  OOJErdaror
aHaM3 HEUpO(U3MOJIOTUYECKUX JaHHBIX B
peaibHOM BpPEMCHH, ONITHMH3UPYS
BMemaTenbscTBa. [4] buonornueckas oOparHas
CBSI3b Ha OCHOBE 20T yAayq1iaet

UCIIOJIHUTENbHBIE (YHKIUM UM TaMATh, YTO
KOppeIUpyeT C YIY4IIEHUEM KOTHUTHBHBIX
nokasareseii. Kpome Toro, Ob110 oka3zaHo, 4To
obpatHas cBs3p DD B pealbHOM BpPEMEHH
CrocoOCTByeT YITY4IICHUIO cTpaterui
camoperymsaiuu y Jnoaed ¢ CJIBI.  [23]
buomapkepst O3 yro4yHSIOT peleHUus O
(apMaKoJIIOTUYECKOM JICYCHHH, TPEIOCTABISSL
OOBEKTHBHBIE  OIEHKH A(HEKTUBHOCTH B
CpaBHEHHH C CYOBEKTHBHBIMH OoT4deTamu. [16]
O0I' Takke OTCIEKMBAET pPEAKIUU HaA
HedapMaKoJIOTHYecKue BMEIAaTeIbCTBa, TaKUe
KaK HeipoOuoynpaBiIeHUEe, 4YTO TMO3BOJISET
KOPPEeKTUpPOBAaTh  TEpallMid  Ha  OCHOBE
MOJYYEHHBIX JTaHHBIX. [27] DTH JOCTHUKEHUSA
CIOCOOCTBYIOT Oosee
WHIMBH/TyJIN3UPOBAHHOMY MOJIXOY K
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JICUEHHUI0, COKpalas mnpoiecc mpod u oumook
IpU  KOPPEKTUPOBKE JekapcTB. HWHTerpauus
aHanM3a 20rI C HCIIOJIb30BAaHUEM
MCKYyCCTBEHHOTO HWHTEJUIEKTa JIOTIOJHUTEIBHO
MOBBIIAET  TOYHOCTh  JAMArHOCTUKA U
3((HEeKTUBHOCTh JICUCHUS 32 CYET BBISBICHUS
TOHKUX HEMPOHHBIX MATTEPHOB, CBSI3AHHBIX C
CJIBI. [29]

IIpoonemol u 6yoyuiue nanpaenenus

HecmoTtpst Ha 3HAaUMTENBHBIN TpoOrpece B
obnmactu auarHoctuku u Jyedenuss CIBIT ¢
ucnoip3oBanueM D01, CyIecTByeT HECKOJIBKO
npoOieM, KOTOpbIE 3aTPYIHSIOT IHMPOKOE
BHEJIPEHHE ATUX TEXHOJIOTHH. XOTS HOCHMBIE
yctporictBa D3I  COBEpIIEHCTBYIOTCA, UX
TOYHOCTh IIOKA HE MOXET CpPaBHUTHCA C
7a00paTOpHBIMH ~ CHCTEMaMHd, 4YTO TpeOyer
BHEIPEHUS  CTAaHIAAPTOB Uil  TOJIy4EHUS
HaJEKHBIX JAHHBIX. [30]
HenocnenoBarensHOCT, B cOOpe  JaHHBIX
OTpPaHUYMBACT 0000IEAEMOCTh TOJY4EHHBIX
pe3ynbTaToB, 4TO MOJYEPKUBAET
HEOOXOJIMMOCTh CTaHJIapTHU3alMU TTPOTOKOJIOB
O0I.  [24] JlomomHHUTENbHO,  MPOOJIEMBI
BBI3BIBAIOT OJHOOOpA3HBIE HMCCIIEIOBATEIBCKHUE
BBIOOPKHM, 4YTO CHH)KA€T YHUBEPCATHLHOCTH
pe3yNIbTaToB JUIS Pa3IMYHBIX
neMorpaduyeckux rpymi. [19]

KinnHnyeckass WHTErpanus TEXHOJIOTUU
O30l Takke CTaJIKUBAETCA C TPYOHOCTSIMH,

MTOCKOJIBKY MHOTHE CIIELIAJIACTHI
3MPaBOOXPaHEHHUS HE 00JaNaloT JI0OCTaTOYHOMN
kBamupukanue ans  paboTbl € TaKUMU

cucreMaMud. ABTOMATHU3UPOBAHHBIE CHCTEMBI
u"Tepnperaimu O3 ¢ npumenenuem WU
MOTYT OOJIETYHTH OTy 3aJady, TOBBICUB
TOYHOCTh JUArHOCTUKUA M CHHU3WB HArpy3Ky Ha

Bpaueil. [7] BaxHO OTMETUTh W BOIPOCHI
KOH (M ICHIINAIBHOCTH, CBSI3aHHBIE C O0OJIAYHBIM
XpaHeHneM JaHHbBIX O3, u9ro Tpedyer
pa3paboTku 0e30MacHBIX,
JETIICHTPATN30BaHHBIX peleHui TUIS
MHUHUMHU3AIMK ~ PUCKOB  KuOepyrpos. [14]
bynynme UCCIIeIOBAaHUS JOJHKHBI
COCPEIOTOYUTRECS Ha  YCOBEPIICHCTBOBAHWU
OromapkepoB 20T " pacumpeHuu

npumenenuss MM B Helpou3nonornyeckom
aHamse. Pazpaborka JOCTYIHBIX "



AKOHOMHYECKH 3 PPEeKTUBHBIX YcTpoiicTB DI
C BO3MOXHOCThIO uHTerpanuu WU craner
BOXHBIM IIIATOM B YAYUYIIEHUU JOCTYMHOCTH
TaKMX TEXHOJOTMM JUIsi IIMPOKUX CJIOEB
Hacenenust. [25]

Dmuueckue coobpasricenus

UcnonszoBanue MU u texnonoruit 99T
masa guardoctukn u jedenus CJBIT craBut
nmepeq HaMH  PsAA OTUYECKUX  BOIPOCOB,
CBSI3aHHBIX C KOH (PUICHIIMATBHOCTHIO JaHHBIX,
BO3MOKHOU MPEAB3SATOCTBIO U JIOCTYIMHOCTBIO
9TUX  TexHosormi. BaxHo  obecrneunTh
MPO3pPavyHOCTh MPOILIECCOB NPUHSATHS PEIICHUI
NN B mmarnoctuke CJIBI', 4ToObl M30€kaTh
YCUJICHUSI ~ TPEOB3STOCTH,  OCOOEHHO B
OTHOIIEHUU HEAOCTATOYHO MPEACTaBICHHBIX
rpynn  Hacenenusa. [22] Kpome  Toro,
HEOOXOIMMO YCHJIUTh 3aUMTY JaHHBIX, YTOOBI
MpEAOTBPATUTH HECAHKIIMOHUPOBAHHBIN
JOCTYN K KOH QuIeHIMaIbHOW MHGOpMaLUHU O
mamueHTax. [23] OOecrieueHne  paBHOTO
JIOCTyIla K BMEIIATEIbCTBAM, OCHOBAaHHBIM Ha
UX1 wu DOOI, saBagercd BaKHBIM I
MPEAOTBPAILEHUSI COLIMATBHO-3KOHOMUYECKOTO
HepaBeHcTBa B Jeuenun CJIBI. Bymnynme
MOJUTAKA B  0O0JacTH  3paBOOXPaHCHUS
JOJKHBI YYUTHIBATh 3TH ATUYECKHUE TTPOOIIEMBI,
YTOOBI rapaHTHUpPOBaTh OTBETCTBEHHOE
BHEJPECHUE ITUX TEXHOJIOTUH B KIWMHUYECKYIO
MPAKTHUKY.

Ilepexox OT TpaaMIIMOHHBIX METOOB
mguarHoctukd u Jiedenuss CJIBIT, Takmx Kak
MOBEJCHYECKas OIleHKa, K 00Jiee COBPEMEHHBIM

MOAXOAaM, BKJIIOYAIO0 [IIUM
HelipoBm3yanu3anui, WU wu  mudposyro
Tepanuio, 3HaAMEHyeT co0O0W 3HAYMTEIbHBIN

nporpecc. B To Bpems kak dapmakororngeckoe
JIeYeHNE TPOIOIDKACT OCTaBaThCs CTaHIAPTOM,
HOBBIC TEXHOJIOTHH IIPEIOCTABIISIIOT — OoJiee

TOYHbIE u MepPCOHAM3UPOBAHHBIE
BMmemarenscrBa. [Ipumenenne MW u OO0
yAy4dlIAeT  JWAarHOCTUKY M MOHHUTOPUHT
Tepanuu, HOJIePKUBast HPUHATHE
TepaneBTUYECKUX PEIIEHU HAa OCHOBE JIaHHBIX.
bynynme HCCIIEIOBAHUS JIOJKHBI

COCPEIOTOYUThCS Ha KIMHUYECKOW IPOBEpKE
TMX WHHOBAIIMH W YCTPaHCHHH OapbepoB,
OpCOATCTBYIOIMX WX HOCTYIMHOCTH, C ICJIBIO
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ynydmenus Jsedenuss CJIBI' B  peanbHBIX
yCIOBHSX. BaKHBIM 1Iarom OyJeT pacumpeHue
MEXAUCIUTUIMHAPHOTO COTPYIHUYECTBA MEXTY
HeWpoOroIoraMu, BpadyaMu M pa3paboTIYNKaMu
TEXHOJOTUM JJIsi JOCTUXKEHUS MPOPHIBOB B
nuarHoctuke u neueHuun CJIBI.
MeToxoJiorus
Ju3aith uccneoosanusn

B pamkax gaHHOTO WHCCIIEIOBaHHS
aHaJIM3UPOBAIMCH MU3MEHEHUS MUKOBOM
gactotel OO B XoAe JCBATH 3allMCaHHBIX
CEaHCOB, C IIEJBIO BBISBIICHUS MOTCHIIMAIBHBIX
ouomapkepoB, cBsizaHHbIX ¢ CJIBI. JlanHble
D3I 6bum cobpanbl y 6onee yem 100 mereit ¢
IUarHo30M CIABI C HUCIIOJIb30BaHUEM
TEXHONIOTUM  wWHTepdelica MO3T-KOMITBIOTED
(BCI). Ilpomecc coopa TaHHBIX MPOBOIHUICS BO
BpeMs B3aUMOJCHCTBUS c Serenium,
TEpaneBTUYECKOW  WUIPOBOW  IIATPOPMOH,
npeaHa3HauYeHHON TUTST CTUMYJISIITAH
KOTHUTHUBHBIX PEAKUUW TPU MOHUTOPUHTE
Helpou3noI0rnIecKon aKTUBHOCTH.
HccnenoBanue (OKyCHpOBaJIOCh Ha 4YacTOTax
TeTa, anbda U 0eTa, KOTOpbIE U3BECTHBI CBOEH

KOppelsiliued ¢ peryiasueld  BHUMAaHWUA,
KOTHUTHUBHOMN AKTUBHOCTBIO "
TUNEPAKTUBHOCTBIO.

Yuacmuuku uccneoosanusn

Jns ydacthsi B WCCIICIOBAaHWU OBLIN
OoTOOpaHbl JeTH ¢ (GOPMATBHBIM TUATHO30M
CIBI', mnoaTrBepXKAEHHBIM  KIMHUYECKUMU
ouneHkamu.  HccnenoBanue — obOecreunBaio
PEMpPEe3eHTATUBHYIO BBIOOPKY, OXBaTHIBAOIILYIO
pazmuunbie  moxrumnsl  CJIBI,  mockombky
NpeablIylle MCCIEI0BaHUs I10Ka3ajlu, 4YTO
Bapyualu MoumHoctd OOl pasnnuarorcs
MEXAy MOATPyIIaMu. DTHYECKHE 0JJ0OpEHUS U
cornacue poauTeneii ObUIM  TONY4YEeHBI B
COOTBETCTBUH C POTOKOJIAMH UCCIIEIOBAHUS.

Coop u oopadomxa oannvix I3I

Hanasie DODI OblIM  3ammcaHbl €
M CIIOJIb30BAHUEM BBICOKOKaU€CTBEHHOM
TAPHUTYPBI ¢ MHOKECTBEHHBIMH 3JIEKTPOJAMHU
JUIsL  pEerucTpalii  MO3IOBOM  aKTMBHOCTH.
[IpoaoMmKUTETFHOCTh CEaHCOB BapbHPOBAJIACh
or | mo 33 wMuHYr, ¢ H3MEpPEHUSIMH,
MPOBOJUMBIMU yepes OIpe/ieTICHHbIE
UHTEpBaIBl BpeMmeHu. Jlisi MUHUMH3ALUUU



apTe(l)aKTOB, BBI3BBAHHBIX JBHXXCHHUCM IJIas,

MBIIIEYHOW  AKTUBHOCTHIO M  BHEIIHUMHU
MMOMEXaMH, HCIOJB30BAIMCH  CTAaHJIAPTHHIC
HEeHpopU3HOIOTHIECKIE METOJIBI.
[IpenBapuTtenbHas obOpaboTka JAHHBIX

BKUTIOYaTa (MIBTPALIMIO IIyMa W BBIJICICHUE
COOTBETCTBYIOLIMX YACTOTHBIX JUANA30HOB IS
aHann3a. OCHOBHOE BHHMMaHUE YAEISUIOCHh
MMUKOBOM YacToTe TeTa, ambda u OeTa, Tak Kak
OTH TMOKa3aTeld CBSI3aHBl C  peryisiuen
BHUMAaHHS, UCHOJHUTENbHOH (QyHKUHEH U
KOTHUTUBHBIMM  YCUJIMSIMU.  YBEIUYEHUE
MUKOBOM YacToThl Tera Bbimie 6 I ObLIO
CBSI3aHO C HECTAOMJIbHOCTHIO BHUMaHUs, TOTA
KaK TOCTENEHHOE TIOBBIIIEHHE MHUKOBOM
9acTOThl anb(a YKa3plBalO HAa KOTHUTHUBHYIO
crabmmmzanuio. KoneGaHuss MUKOBOH YacTOTHI
Oera OBLIIM MCCIIEIOBaHBI HA MPEIMET UX CBS3U
C TUIIEPAKTUBHOCTBIO U UMITYJIbCUBHOCTBIO.

IKcnepumenmanbvHblit NPOMOKOJ

Kaxnas ceccus ciezoBana
CTPYKTYpHUPOBAaHHOMY IOJXOJly, HauMHas C
0azoBoi 3amucu OJI, B Xome KOTOpOH
y4acTHMKaM  MpeIiaraioch OCTaBaThCsl B
COCTOSIHUU paccliabieHus, TMoKa coOupaTuch
JaHHbIE 0 ()OHOBOM YPOBHE aKTHBHOCTH MO3ra.
Ota daza ciyxuiaa KOHTPOJbHOW TOYKOW IS
nocienyronmx a”anmi3oB. Ilocine Ga3oBoi
3allUCU YYaCTHUKU NPHUCTYNAIW K UIPOBOMY
mpoIeccy ¢ HCIOJb30BaHHWEM  Serenium,
pa3paboTaHHOTO MJISi BBISBICHHS PA3THMYHBIX
YPOBHEW KOTHUTUBHBIX YCUJIMH, B TO BPEMSI KaK
ux O0I'-akTUBHOCTH HEIIPEPBIBHO
OTCJIKUBAJIACh. 3aKI0YnTeNbHAs daza
BKJIIOYAJIa TOCTUTPOBYIO OLEHKY, BO BpeMs
KOTOpOM aHanu3upoBayMch 3anucu IO ¢
11€JIbI0 BBISIBJICHUSI N3MEHEHMI B 4aCTOTaX TETa,
anbda M Oera B JIMHAMUKE, YTO TO3BOJIMIIO
OLICHUTh KOTHUTHBHBIE IIEPEXOABI B IpoOIiECcCEe
UTPBI.

AHnanu3z 0anHbIx

[Tepexonbl IMUKOBOM YacTOTBI
OTCIIC)KUBAIKUCH HA MPOTSHKEHUU JIEBSTH CECCUI
TUIS BBISIBIICHUS 3aKOHOMEPHOCTEH,
OTpaKAI0 LU X KOTHUTUBHBIE COCTOSIHUS,
cespanabie ¢ CJIBI'. Jlns oLeHKHM M3MEHEHHH
MUKOBBIX YaCTOT TeTa, anb(da u 0eTa OT Havana
JI0O 3aBEpIIEHUs] CECCUM, a TaKke s
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OTpeeNIeHUs] YCTOWUMBOCTH WU (DITyKTyaruu
KOTHUTUBHBIX COCTOSSHUM MEXIy CEeCCUsMU
MIPUMEHSUTUCh CTAaTUCTUYECKUE METO/IBI.
JononHuTenbHO — U3ydalach KOppemnsus
MEXAy M3MEeHEeHusMU dactotel O3 u
cumntomatukon  CJIBI, urto mo3Bommio
ryoke — TMOHATh  HEMpou3nOIOrHuecKue
0COOCHHOCTH JTAHHOTO COCTOSTHUSL.

Knwuesvie navawoenusn

YacToTra TeTa-mUKa JEMOHCTpHUpOBaja
TEHJICHIIUIO K YBEJIMUECHHUIO B TEYCHUE CEAHCOB,
YTO yKa3bIBAET Ha MPOTPECCUPYIOIME TTPOBAIIBI

BHHUMaHH . YacroTta aHB(I)a-HI/IKa
YBEIMYHNBaJIaCb MCIJICHHCEC, HO IIOCTCIICHHO,
qTO CBUACTCIBCTBYCT 0 NEPpUOaAUYECKOM

VAY4IIEHUH KOTHUTHBHOTO KOHTpoIisa. YacTora
OeTa-muKa XapakTepu3oBajach BCILIECKAMU B
OTIICNBHBIX CECCHSX, UYTO KOPPEIUPOBAJIO C
AMU30JaMH  TOBBIIIEHHOTO  KOTHUTHUBHOTO
HaIpPsHDKCHUS W BO3MOXKHOH HMITYJILCHBHOCTH.
OTH pe3ydabTaThl MOATBEPHKIAIOT TUIIOTE3y O
toM, urto CJIBI' mnposBasercs He Kak
MOCTOSIHHOE  HapylleHWe  BHUMAaHUA U
UCTIONIHUTENBHBIX ~ (QYHKUMHM, a Kak uX
IUHAMHUYECKOE KOJIeOaHuUeE.

Pesyabrarbl

B pamkax MCCIIEeIOBAHUS
AHAJM3UPOBAIINCH W3MEHEHU S MMUKOBOU
gacToThl DDI" Ha TPOTSHKEHUU IEBSTH CECCUI C
LEJIBIO BBISIBIICHUS MOTEHIMATEHBIX
OroMapKepoB, CBSI3aHHBIX c CIBI.
JnuTenbHOCT,  ceccuil  BapbUpOBAIaCh, a
manHeie OOl cobupamuce B 3apaHee
ompe/eNeHHbIe BpeMeHHbIe TOYku. OCHOBHOE
BHUMAaHHE YJIEJSJIOCh 4acTOTaM TeTa, anb(da u
Oera, KOTOpbIE HMEIOT HEMOCPEICTBEHHOE
OTHOIIICHUE K KOTHUTHBHBIM COCTOSHHSM U
xapakrepuctukam CJIBI'.

AHanu3 nuKoeou uacmomuvl
pumma

[MukoBas yactoTra Tera Konebamach Ha
NPOTSHDKEHUU JIEBSITU  CECCUM, M3MEHSSICh OT
HadanpHOro MmuauMyma 4,40 I'qy 1o Mmakcumyma
7,80 T'11 k 3aBepiieHUIO McciaenoBanus (puc. 1).
B Oosee KOpOTKMX ceccHsiX HaOII0aNI0Ch
OoJiee BBIpaKEHHOE MOBBIIICHUE YaCTOThI TETa,
YTO MOKET CBUJETEIBCTBOBATH O MEPEXOJIE OT
COCPENOTOYEHHOTO KOTHHUTHBHOTO

mema-



B3aUMOJICHCTBHS K BO3MOXXHOMY OTBJICUCHHIO.
HampotuB, ©Gomnee  mIWTENbHBIE  CECCUU
JIEMOHCTPUPOBAIM CJIOKHBIE Bapvalluy TeTa-
AKTUBHOCTH, OTpa)kas 4YepelOBaHHE TEPHOIOB
KOHLEHTPALlMM U  CHM)KCHUS  BHUMAaHUSL.
IloBeimieHHass 4vacTtoTa TeTa cBbIE 6 171
TPaAUITHOHHO ACCOIIMHUPYETCS c
HECTAOMIILHOCTBI0O BHHMAHHUS, YTO SBIISETCS

HauanoTheta (Hz)

~N

(<))

()]

1 2 3 4

5

xapakrtepHod yeproi goaert ¢ CJBI.
Habnrogaemasi TeHACHIIUS K YBETHYCHUIO TETa-
AKTUBHOCTH  MEXIY  CECCHUSMH  MOXKET
yKa3blBaTh Ha 3aTPYIHEHUs] B MOAJEpPNKAHUU
YCTOWYMBOTO  BHHMAaHUs, OCOOEGHHO TpH
BBITMTOJHEHUH TPOIOJDKUTEIILHBIX KOTHUTUBHBIX
3ajay.

KoHey Theta (Hz)

6 7 8 9

Puc. 1. [TukoBasi 4acToTa TETA MEK/IY CEAHCAMM [JaHHbIE MOJyYeHHbIE B Mpollecce
JKCIEepUMEHTA]
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SRRREERRR
7
5

1 2 3 4

5

6 7 8 9

Puc. 2. [lukoBasi yacTora anbga B pa3HbIX ceaHcax [1aHHbIe, MOJYy4YeHHbIE B Mpolecce
JKCIIepUMEHTA]
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AHnanu3 nuxoeoii yacmomol anva-
pumma

Anb(a-yacToTel  JAEMOHCTPUPOBAIH
MPOTPECCUBHBI  CABUT Ha MIPOTHKEHUU

CEaHCOB, HAXOJ4ICh B JaMaria3oHe oT 6,76 I'm
1o 11,20 I'p (puc. 2). Pannue ¢a3sl ceaHcoB

XapaKTepU30BAIUChH Ooiee HU3KUMH
3HAYEHUSIMU anbga-puT™ma, 4TO
KOppENIpOBao co CHH)KCHUEM

MCIOJHUTEIBHOTO KOHTPOJISI U KOTHUTHUBHOM
crabunbHOCcTU. Ilo Mepe mpomoiKeHus
CEaHCOB HAOMIONAIOCh YBEJIMYEHHE allb(a-
YacTOThl, OCOOEHHO Ha MATOM U CEIbMOM
CeaHcax, 4YTO  CBHUJCTEIBCTBOBAIO O

IIOCTENIEHHON CcTaOMiM3alui KOTHUTHUBHOM
00paboTKU. YCTOWUYMBBIH PpPOCT MUKOBOM
4acToThl aib(a, KaK MpaBUIJIO, CBSI3aH C
YAy4IIEHHEM KOTHUTUBHOIO KOHTPOJIS H
peryasiuyu BHUMaHUs, TOTAA KaK MOCTOSHHO
HU3KME YPOBHH anbda YKa3bIBAlOT Ha
NeGUIUT HUCTOJHUTEIBHBIX  (QYHKIUNA —
xapakrepHbiii npusHak C/IBI'. Habmogaemas
TEHJICHIMS NOATBEPKAAET TUIIOTE3y O TOM,
yto moau ¢ CIUABI' aeMoncTpupytor
ryKTyHp yro i HCIIOJIHUTEJIBHBIN
KOHTpPOJIb, KOTOPBIA MOJKET YIy4laTbCs CO
BpEMEHEM WJIM B OTBET Ha BHEUHUE
KOTHUTUBHBIE CTUMYJIBI.

AHnanu3z nukoeoit yacmomsl dema-pumma

HauanoBeta (Hz)

12

o

Ul OO N 00

KoHeu Beta (Hz)

11

Puc. 3: IlukoBasi yacTtora 6eTa-puTMa B C€aHCAX [1aHHbIE, MOJYYeHHbIE B Mpollecce
JKCIepPUMEHTA]

3HaueHus] THUKOBOM 4YacTOThl Oera-
putMa BappupoBanuchk ot 11,88 I'm o 18,75
I, JEMOHCTPUPYA 3HAYUTEITHHYIO
U3MCHUYMBOCTh MEXIy ceaHcamu (puc. 3).
[IpumeuaTensHO, YTO OOJIee BBICOKHE TUKA
Oera-puTMa HAOMIOJAINCh B YETBEPTOM M
JIEBSITOM CceaHcax, YTO yKa3bIBAeT Ha 3MH30/Ibl
MOBBIIEHHOTO ~ KOTHUTHUBHOTO  YCHJIHS,
BO3MOXKHO,  CBSI3aHHOTO €  YCHJICHHOH
TUIIEPAKTUBHOCTBIO HJIM HMMIYJIBCHBHOCTBHIO.
HampotuB, ceaHcbl ¢  OTHOCHTEIBHO
CTaOMJIBHBIMH YPOBHSIMH Oera-puT™ma
CBUJICTEIBCTBYIOT O IMEPHOJAaX YCTOWYMBOTO
KOTHUTUBHOTO  B3auMoJieiicTBusa.  Peskoe
YBEJIMYCHUE YaCTOThl OeTa-puTMa HEPEIKO
KOppenupyer C KOTHUTHUBHBIM
NEepeHanpsDKeHNEM W THIePaKTHBHBIMH
TEHJACHIIUSIMHU, XapaKTePHBIMHU JIJISI TIPO riiei
CABI. Dtu xonebGaHHs TMOAYEPKUBAIOT
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TUHAMUYECKYI0 MpuUpoay Oera-puTtMa mpHU
CIBI', npu xoTOpoii HepuoIbl Ype3MEPHOU
KOTHUTUBHON CTUMYJISILIUM MOTYT MPUBOJUTH
K CHM)XEHHUIO KOHIIGHTPAIlMM BHUMAHUS W
YCHJIICHUIO  HUMITYJIbCUBHOTO  ITOBEICHUS.
[TonydyeHHbIE TaHHBIE YKa3bIBAIOT HA TO, YTO
moau ¢ CJIBI' ucnbITEIBaIOT HeCTaOUIIBHBIC

YPOBHM  KOTHUTHBHOTO  B3aUMOJCUCTBHUS,
XapaKTepu3yIo ecs MEePUOINYECKUMHU
3MHU30/1aMU TUTIEPAKTUBHOCTHU u

KOTHUTHBHOTO HAIMPSHKCHUSI, OKa3bIBAIO IIAMH
BJIUSIHME HAa CIOCOOHOCTh K YCTOWYHMBOMY
BHUMAHUIO.

Oocy:x1eHue

CpaBHuTenbHBIN aHaM3 ceancoB DI
BBISIBIJI OTUYETIIMBBIE KOJICOAHUS YacTOT TeTa,
anbpa w Oera, 4YTO TMOATBEPKIAET UX
3HAYUMOCTb KakK MOTEHI[MATBHBIX
ouomapkepo CJIBI. Kak mnepBoHa4yambHO



onucanu bopnasze u ap. (2020), u3dbITOUHAS
aKTUBHOCTH T€Ta TECHO CBs3aHa C e QUITUTOM
BHUMAaHHS, 4YTO TIOJATBEPKIACTCS JTaHHBIM
MCCIIEIOBAaHUEM: YacTOTa TeTa MOCTEIEHHO
YBEJIMYMBAJIaCh B TEUEHUE CEaHCOB, OCOOCHHO
Ha 0oJiee MO3IHUX CTATUAX. DTO COTacyercs
¢ yrBepxkaeHuem Pyoua u np. (2014) o Towm,
YTO TMOBBINICHHAS AKTUBHOCTh MEJICHHBIX
BomH y monedr ¢ CIBIT koppemupyer ¢
HapYyUICHUSMU HUCHOJHUTENbHON (DYyHKIUHU U
KOTHUTUBHOTO KOHTpOJs. Kpome Toro, kak
ycraHoBwian [1], omenku Ha ocHoBe O3l
MPENIOCTABISIIOT ~ OOBEKTUBHBIE  MapKepbl
HEHPOHHOM  /MCQYHKIMHU, CBS3aHHOW C
CIIBI', 4TO HAOMOJHUTEIBHO MOAYEPKUBACT
3HaYUMOCTh BBISIBIIEHHBIX KonebaHuit
YaCcTOTHl B U3Y4CHUU CHUMIITOMATHKH JAHHOTO
paccTpoiicTBa.

[Toctenennblit poct anbda-yacToT Ha
MPOTSHKCHUU CEAHCOB CBUICTEIBCTBYET 00
aJlaliTUBHOM, XOTSA M HEIMOCIEI0BaTeIbHOM,
BKITIOUYCHUU MEXaHU3MOB HCIIOJHUTEIHLHOTO
KOHTPOJISI. DTO HAONIOACHUE COIIacyeTcsi ¢
pesynpratamu Canexunemkana u np. (2020),
KOTOpBIE MMOKA3aJIi, YTO MOBHIIICHHAS allbda-
aKTUBHOCTh ~ CBfi3aHA C  YIyYIICHUEM
perynsiiui BHUMaHUS M  KOTHUTHUBHOTO
KOHTpoJsl. OAHAKo, KaK MOAYEpKUBaOT [3],
CHBI' xapakrepusyercst (QuIyKTyupyroei
KOTHUTUBHOM  MPOAYKTUBHOCTBIO, a HE
OHOPOJHBIM HAPYIICHHEM, YTO OOBICHSET
HETOCIIeA0BaTEIIbHYIO CTAOMITH3AITHIO
MOIIHOCTH aibda, BBISIBICHHYIO B JTaHHOM
uccnenoBanun. [lomaBnenue anbda-puTMa BO
BTOPOM u YEeTBEPTOM ceaHcax
JIOTIOJIHUTENIBHO TOJATBEPXKAaeT rumnotesy [5]
o ToMm, uro jwogu ¢ CJIBI' ucnbeITBIBaloT
MEePUOINYECKHE MPOBAJIBI B UCIIOIHUTEIBHON
(GYHKIWH, YTO MOJYEPKUBACT HEOOXOAUMOCTh

KOTHHUTHBHBIX TPEHHUPOBOYHBIX
BMEIIIATEIbCTB Ui MOBBIILICHUS
CTaOMIIBHOCTHU aNb(a-aKTHBHOCTH C TEUEHUEM
BpEMEHU.

W3meHeHns 6era-4acTor
JIOTIOJTHUTENBHO HOAKPETUISAIOT 3TH

unrepnperauyu. Kak mnoarsepxaaor [15],
HOBBIIICHHAS 0eTa-akKTHBHOCTb
CBUJCTEIILCTBYET 00 YCUJICHHBIX
KOTHUTUBHBIX YCHIIUAX W HMITYITbCUBHOCTH
— 3aKOHOMEPHOCTb, OTMEUYCHHasi B JIAHHOM
HCCIICZIOBAaHUH, OCOOCHHO B YETBEPTOM U
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neBstoM ceancax. Ilepexonnsie (asbl Oera-
CTaOMJIBHOCTH, HaOII0aeMble B IIEPBOM H
MSATOM CeaHCaX, COMIACYITCS C BBIBOJAMHU
[22], koTopbie moKazau, yto dtoau ¢ CBI’
UCIBITBIBAIOT ~ 4YEPENOBAHUE  COCTOSIHUU
TUTIIEPAKTUBHOCTH U YCTOMYMBOTO BHUMAaHMSI.
Kpome Toro, xkak obcyxmamu  [5],
korHuTUBHBIe ¢yHkuuu npu  CIBIT  He
YXYIILIA0TCS PaBHOMEPHO, a
XapaKTepu3yoTcs AMU30JMTYECKUMU
KOoJeOaHUSAMH  MEXIYy HEBHHUMAaHHEM W
TUIEPAKTUBHOCTBIO, YTO YETKO OTPAXXEHO B
BBISIBJIEHHBIX B JIaHHOM  MCCJIEIOBAHUU
¢urykTyanusx Gera-4yacTor.

3HAYUMOCTh 3TUX pe3yabTaToOB
BBIXOJUT 3a paMKku ucciaegoBanuit 931 u
UMEeT  MpaKTU4YEeCKOe  INPUMEHEHHE B
KIMHUYECKOW M TEpareBTUYECKON IMpPaKTHKE.
Kak noarBepaunu [9], owumenku DO3I
o0ecrieunBalOT OOBEKTUBHYIO OCHOBY [UIsi

JINarHOCTUKHU CIBI, bopmupys
HeHpOoU3NONOTHYEeCKUT  (yHIAMEHT s
WHIVBH/IyAIN3UPOBAHHOTO  TUIAHUPOBAHUS

neuenus. HaGmromaemoe noBbIlIEHHE TeTa-
puTMa  moaTBepkAaeT  3(PHEeKTUBHOCTH
Tepanuu HelipoOuoynpaBieHus,
HalpaBJICHHOM Ha  IOJaBJIEHHE  TeTa-
aKTUBHOCTH, CTpaTE€ruM, MOAEPKUBAEMON
Ceuenom, S3pymxku u Cepaenreuru (2024).
AHaNOTMYHO, MPOrPecCUBHBIA POCT ajib(a-
4acTOT C TEUEHUEM BPEMEHH COITIACYeTCs C
BeIBOAaMH AHTYIpBl U ap. (2023), koTOpBIE

OPOJEMOHCTPUPOBAIM,  4YTO  IudpoBas
Tepanus CIocoOCTBYeT Pa3BUTHIO
UCIIOJIHUTENBHBIX ~ (DYHKIUH  IOCPEICTBOM

BMEIIATEIILCTB, OCHOBAHHBIX HA IMPUHLMIIAX
HEUPOIIACTUYHOCTH. Kpome TOTO,
dnykryupyroias npupoaa 6era-aKTHBHOCTH,
KaKk ObUIO BBISBICHO [4], MOgYepKUBaeT
HEOOXOMMOCTh ~ MOHMTOpHUHra O30 B
peaibHOM BpeMEHU TUIs
MIEPCOHAIM3UPOBAHHOIO MOAX0/AA K JIEUEHUIO
CIBI, 4ro mo3BONSET  aJaNTUPOBATH
BMEIATENIbCTBA B COOTBETCTBUHU c
WH]IUBU TyaJIbHBIMU HEHPOHHBIMU
MaTTEPHAMU.

[loMHMO KIMHUYECKUX aClEeKTOB, 3TH
pe3ynbTaThl UMEIOT BaYKHBIE ITOCIEICTBUS IS

oOpa3zoBaTtenbHBIX W  MPOeCcCHOHATBHBIX
BMEIIATENI bCTB. Kak MEepBOHAYAIBHO
npeanonarana  [3], momu ¢ CUBI



HCIBITBIBAKOT TPYAHOCTH B IOAACPKAHHUHN I/ICCJ'IC,I[OBaHI/II‘/'I JJIA IMOATBCPIKIACHU A

YCTOWUMBOTO KOTHUTUBHOI'O B3aUMOJIEH CTBUS BBIABJIICHHBIX 3aKOHOMepHOcTell. Kpome Toro,
B  CTPYKTYpUPOBAaHHOM  cpene,  OJHAKO Kak  mpeamnonaratoT  [3],  uHTerpanus
JAHHYIO TPOOJIEeMYy MOXHO CMSTYUTH C MOBEJICHUYECKUX OIEHOK ¢ DI -aHamizom
IIOMOIIBIO porpamm KOTHUTHUBHOM MIO3BOJIUT  IOJYYUTh Ooiee IIOJIHOE
TPEHUPOBKH Ha OCHOBE 90T MpPEACTAaBIEHUE O B3aUMOCBSI3U  MEXKIY
Cnemuduueckue dyKTyaruu oera- HEUPODU3NOIOTHYECKOW  aKTUBHOCTBIO H
aKTUBHOCTH,  OTMEUEHHbIE B  JAaHHOM KOTHUTUBHBIMH  QyHKIUAMU.  bymynme
U CCIeI0BaHUH, COTJIACYIOTCSI c M CCIEeI0OBaHUSI IOJKHBI ObITh HallpaBJIEHbl HA
pexoMeHmanusmu  ['oxapuHemxana u  Jp. JaNbHEHIITYI0 JeTalu3aluio UIACHTHUKAIUY
(2022), KOTOpbIE MOAYEP KHYIH 4acToT TeTa, ab(a 1 O0eTa Kak OMOMapKepoB
NpEeUMyILIECTBa  aJalTHUBHBIX  CTpaTEerui CIBI, cnocoOctBys pasBututo  Oosee
oOy4eHHusl, YYUTHIBAIONMX KOTHUTHUBHOE TOYHBIX METOJI0B JUArHOCTUKH u
HaIIPsDKEHHUE. Hurerpanus 90T- IIEpCOHAIM3UPOBAHHOIO JICYCHUs JIaHHOI'O
MOHUTOpPUHTAa B 00pa3oBaTENbHYIO Cpeny paccTpoiicTBa.
MOKET CrocoOCTBOBATh MOBBILIEHU O BriBoabI
YCTOMUHMBOCTH BHUMAHUS M CHUXKEHUIO CoBpeMeHHbIE U CCIEI0OBAaHUS
UMITYJBCUBHBIX HApYIIEHWH, YTO YCHIIUBAET MOAYEPKUBAIOT HeHpPOOMOIOTUYECKYIO
IOTEHIMaJ TEXHOJI0rui B noaxonax k C/IBI. IIpUpoIy CABI 51 HE00XOJMMOCTb
Hecmotps Ha  MHOroobGeun@rounme COBEPIICHCTBOBAHHUS METO/IOB ero
pe3ynbTaThl, MPEICTaBJICHHbIE B JaHHOM IUArHOCTUKM U JedeHus. MHTterpanus
UCCIIEIOBAaHUN, HEOOXOJUMO  YYUTHIBATH TexHojoruii, Takux kak HWHW, D3I mu
OIpe/IeNIEHHbIE OTpaHHUYEHUS. Kak BUpPTyaJbHas  peajlbHOCTh, CIOCOOCTBYET
obcyxnanu Pyoua u np. (2014), c6op gaHHBIX Oojee  TOYHOM  OIGHKE  KOTHUTHBHBIX
30l nomkeH ObITH CTAaHAAPTU3UPOBAH IS HApyIIeHUH ¢  UHAUBUIYAIU3UPOBAHHOMY
o0ecrieueHust HaJIe)KHOCTH u MOAX0OAY K Tepanuu. bynyume uccrnenoBanus
BOCITPOU3BOAMMOCTH pE3yNbTaTOB. JOJKHBI COCPEIOTOYUTHCS Ha
N3meHeHus B POIOJIKUTEIIBHOCTH CEAaHCOB U CTaHJApTH3allMd  HOBBIX  METO/MOB,  HX
pa3mepax BBIOOpDKM MOIVIM MOBJIUATH Ha JNOCTYHOCTH M 3TUYECKUX acleKTaxX, 4TOObI
OKOHYATEeNbHbIE  BBIBOJBI, 4YTO Tpedyer YIy4IMTh KadecTBO >ku3HU moaeit ¢ CIBI.
MPOBEJICHUS Oonee MacCIITaOHBIX

Chnucok MCIoJIb30BAHHOM JIMTEPayphl

1. AmnMm A., Umtuss M.X. Automatic identification of children with ADHD from EEG
brain waves // Signals, 2023, 1. 4, Ne 1, ¢. 193-205.
2. Anryspa X.A., Poy M.A., Bommonu JIx./[x., Onkypau M., IOpurosa b., Caiimon

A.JIx., Mapko 3.Ix. Enhancing attention in children using an integrated cognitive-physical
videogame: A pilot study // NPJ digital medicine, 2023, 1. 6, Ne 1, c. 65.

3. Apnounbn JI.O., Xomxkunc I1., Kane [Ix., Manxy M., Ketonu I'. Long-term outcomes
of ADHD: academic achievement and performance // Journal of attention disorders, 2020, 1. 24, Ne
1, c. 73-85.

4. beitipyru T., Moctada H., Pouyin A., Kapap A.C., Anskopk C. Review of EEG-
based biometrics in 5G-10T: Current trends and future prospects // Applied Sciences, 2024, 1. 14, Ne
2,c. 534,

5. Biymke A., Ilycrep 1., Pecuep B., Becre K. Neurophysiological mechanisms of
interval timing dissociate inattentive and combined ADHD subtypes // Scientific Reports, 2018, T.
8, Ne 1, c. 2033.

6. bouun @., ®eppapu A., Capunu M. Putting the gaming experience at the center of
the therapy — the Video Game Therapy® approach // Healthcare, 2023, 1. 11, Ne 12, ¢. 1767.
7. bop A., Memap3ane K. The rise of artificial intelligence in healthcare applications //

In Artificial Intelligence in Healthcare. Academic Press, 2020, c. 25-60.

129



8. bopneiic H.,, Menuep T.P., Orrcron M.J[x., Hapmuuar K.A., Pakmumx JDx.Jx.
Resting-state networks and neurometabolites in children with ADHD after 10 weeks of treatment
with micronutrients: Results of a randomised placebo-controlled trial // Nutritional neuroscience,
2020, 1. 23, Ne 11, c. 876-886.

9. Baumurron II.,, Myrny 4.0., Knaiin A., [lackoB K., Croxxam H. T., Kpucman b.,
Youn /1. T1. Challenges and opportunities for machine learning classification of behavior and mental
state from images // arXiv preprint arXiv:2201.11197. 2022.

10. Buryna T., Burantapa H.A., Ucmaun P.U., Kanuruc @., Munaiiatu K., baxana P.,
Huprantopo b. A four-step method for the development of an ADHD-VR digital game diagnostic
tool prototype for children using a DL model // Frontiers in Psychiatry, 2020, 1. 11, c. 829.

11. lannen K.JI., Mlaxraep [Jx.H., Auryspa-Cunrna P., Auryspa X.A., T'azzamum A.
Influence of game features on attention in adults // Frontiers in Psychology, 2023, 1. 14, cratbs Ne
1123306.

12. I'oxapunexan C., I'oxapunexan C., Xamkecmaun-I'oxapu C., baxaaenun6eitru K.
The usefulness of virtual, augmented, and mixed reality technologies in the diagnosis and treatment
of attention deficit hyperactivity disorder in children: an overview of relevant studies // BMC
psychiatry, 2022, T.22, Ne 1, c. 4.

13. Hyny A., Ieprantuc I1., [Jpurac A., Ckuanuc K. Managing ADHD Symptoms in
Children Through the Use of Various Technology-Driven Serious Games: A Systematic Review //
Multimodal Technologies and Interaction, 2025, 1. 9, Ne 1, c. 8.

14, Hx6an P., Hokrop ®., Mope b., Maxmyn C., IOcyd V. Big Data analytics and
Computational Intelligence for Cyber-Physical Systems: Recent trends and state of the art
applications // Future Generation Computer Systems, 2020, T. 105, c. 766-778.

15. Mexiep K., banamescku T., Xomanu C., Xere A. Evidence-based pharmacological
treatment options for ADHD in children and adolescents // Pharmacology & therapeutics, 2022, .
230, cratea Ne 107940.

16. Muxkenunu I'., Hopman JI.J[x., oy IT., JTy C.K. Treatment biomarkers for ADHD:
Taking stock and moving forward // Translational Psychiatry, 2022, 1. 12, Ne 1, c. 444.

17. Mumpa JIx., Carap P., ITapsun C., Kymapan C., Moau K., Mapuu B., I'a3zanu A.
Closed- loop digital meditation for neurocognitive and behavioral development in adolescents with
childhood neglect // Translational psychiatry, 2020, T. 10, Ne 1, c. 153,

18. Hazaposa B.A., CokonoB A.B., Uybapes B.H., Tapacor B.B., llluér X.b. Treatment
of ADHD: Drugs, psychological therapies, devices, complementary and alternative methods as well
as the trends in clinical trials // Frontiers in pharmacology, 2022, t. 13, crares 1066988.

19. Hurr [Ix.T., Cubmu M.X., Tanap A., Kapamynac C.JI. Development of ADHD:
Etiology, heterogeneity, and early life course // Annual review of developmental psychology, 2020,
T. 2, Ne 1, c¢. 559-583.

20. Ox C., Ixxon 10.C., Yynr T.M., JIu k., Cok b./[x., Kum H., Con X.M. Diagnosis
of ADHD using virtual reality and artificial intelligence: an exploratory study of clinical
applications // Frontiers in Psychiatry, 2024, 1. 15, ctates 1383547.

21. [Mapconc b. Hybridizing 3-dimensional multiple object tracking with neurofeedback
to enhance preparation, performance, and learning / Universit¢ de Montréal Facult¢ des études
supérieures et postdoctorales, 2022.

22. ITou JIx., Jleonarx M., bucBac A.K. Efficacy of novel summation-based synergetic
artificial neural network in ADHD diagnosis / Machine Learning with Applications, 2021, . 6,
craths 100120.

23. ITo3zu M., bepremna C., I'artu 3., Ilutepc I'.I'., Kapuosane K., 3amOpano C.,
Ho6une M. Emerging drugs for the treatment of attention-deficit hyperactivity disorder (ADHD) //
Expert Opinion on Emerging Drugs, 2020, 1. 25, Ne 4, ¢. 395-407.

130



24, Pamupec-Apuac @.X., I'apcus-I'eppepo 2.9., Tneno-Kyatne 3., Konopec-Baprac
X.M., TI'apcusi-Kanceko 3., Jlonec-bouunpst O.P., Uncynca-I'oncanec D. Evaluation of machine
learning algorithms for classification of EEG signals // Technologies, 2022, T. 10, Ne 4, c. 79.

25. Pyous K., Anerpust A.A., Kyounso A.W., Cmut A.B., bpammep M.JIxk., Pagya X.
Effects of stimulants on brain function in attention-deficit/hyperactivity disorder: a systematic
review and meta-analysis // Biological Psychiatry, 2014, 1. 76, Ne 8, c. 616-628.

26. Canexunexan M.A., Hemxatu B., Mocaeou-Camanu M., Moxammagun A.,
Bunmescku M., Kyo M. @., Hutme M.A. Transcranial direct current stimulation in ADHD: a
systematic review of efficacy, safety, and protocol-induced electrical field modeling results //
Neuroscience Bulletin, 2020, T. 36, c. 1191-1212.

27. Ceuen S3pypxu M., Cepmenreutm H. Neurophysiological Insights into ADHD:
Electroencephalography Methods in Diagnosis and Treatment // In Handbook of the Biology and
Pathology of Mental Disorders. Cham: Springer International Publishing, 2024, c. 1-22.

28. Xoman C.K., Bapone X., Knerme P., berapu H., Paiip A., Xaasux . ADHD
symptoms in neurometabolic diseases: Underlying mechanisms and clinical implications //
Neuroscience & biobehavioral reviews, 2022, . 132, c. 838-856.

29. [Bstr M., Wxao L., Jlu JIx., Ban ®@., Xe T., Usu C., ®y I'. A Generic Review of
Integrating Artificial Intelligence in Cognitive Behavioral Therapy // arXiv preprint
arXiv:2407.19422, 2024.

30. [uss 1O., Yxan 1O., Yxan 0., JTro C., I'o X. Application and Development of EEG
Acquisition and Feedback Technology: A Review // Biosensors, 2023, 1. 13, Ne 10, c. 930.

Peuensenr: a.¢-m.H., npogeccop CasesieneB B.U.

YK 004.89
Poicniaes A.O., UcmaniioB C./L., OmypaiaueBa b.b., Keiabipaiuesa I'.K.,TAumbipoBa Y.A.
Kycyn banacarein ateiagarst KYY
Poicniaes A.O.,Ucmannos C./1.,Omypanuesa b.b., Keiasipanuesa I'.K., Ambiposa Y.A.
KHY umenn Xycyna banacareina
Ryspaev A.O., Ismailov S.D.,Omuralieva B.B., Kydyralieva G.K., Ashyrova U.A.
KNU Jusup Balasagyn

SPIN-xox: 6697-8428, ORCID: 0009-0000-2095-0159
SPIN-xox: 4259-0140, ORCID: 0009-0009-2932-0108
ORCID: 0009-0006-4866-8431

AUBLII YAPBA POBOTTOPY YUYH KOMIIBIOTEPIUK KOPYY
CUCTEMAJIAPBIHIA HEHPOHJIYK KEJE AJITOPUTMJIEPUH KOJIJOHYY
INPUM EHEHUE HEWPOCETEBBIX AJITOPUTMOB B CUCTEMAX
KOMIIBIOTEPHOI'O 3PEHHS JJISI CEJIbCKOXO3SMMCTBEHHBIX POBOTOB
APPLICATION OF NEURAL NETWORK ALGORITHMS IN COMPUTER VISION
SYSTEMS FOR AGRICULTURAL ROBOTS

Kbickaua myHne3neme: by makanama aitbut yapOa poOOTOTEXHUKACH! YUYH KOMIIBIOTEPIUK
KOpYY CHCTEMalapblHJa ap KaHJal Helpokenenep apXUTEKTypallapblH KOJJIOHYY Maceneepu
u3niieHeT. Aibul yapba poOOTTOpYHAA KONAOHYAYydy YATYJIOpAy TaaHyy, CYpeTTepay
CErMEHTTOe KaHa TAJIJJOOHYH Oalllka Typjiepy YUYH alropuTMAEp Kapasart.

AHHoTauusi: B [aHHOW cTaThe HCCIEQYeTCS NPUMEHEHHE pa3IMUyHbIX HEWPOCETEBBIX
apXUTEKTyp B CHUCTEMax KOMIIBIOTEPHOTO 3pEHHs Juisl 3ajad  CeJIbCKOXO3SHCTBEHHOM
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pO6OTOTeXHI/IKI/I. PaCCManI/IBaI-OTC}I AJITOPUTMBI  JIJIA pPaCIIO3HABaAHH S o6pa30B, CEerMEHTal U
H306pa)i(eHPII>'I " Apyrux BUAOB aHAJIM34a, IPUMCHSCMBIX B CEJILCKOX03SIMCTBEHHBIX pO6OTaX.

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.

Herm3rm ce3nep: MalMHaIbIK YHPOTYY;

KOMITBIOTEPANK KOpYY; HEHPOHAYK Keie

aNITOPUTM/IEPH; aifbLI yapOa poOOTTOPY; TEPEH YHPOTYY; OCYMIYKTOPAY TaaHyy.

KnwueBble cjaoBa: MaIMHHOE

obOyuenue;

KOMITBIOTEPHOE 3pEHHE; HelpoceTeBble

aJ'IFOpI/ITMBI; CEJILCKOX03SICTBEHHBIE p060TBI; FJIy60K0€ 06yquI/Ie; PacCiio3HaBaHUC paCTeHHﬁ.
Keywords: machine learning; computer vision; neural network algorithms; agricultural

robots; deep learning; plant recognition.

Beenenune

CoBpeMeHHbIE TEXHOJIOTMU MaIlMHHOIO
00y4eHUsl U KOMITBIOTEPHOI'O 3pEHUsl UTPAIOT
KITFOYEBYIO poJb B pa3BUTUU
CEJIbCKO X0 35IICTBEHHOM POOOTOTEXHUKH.
Hcnonp3oBaHNE HEWPOCETEBBIX AITOPUTMOB
MO3BOJISIET ABTOMAaTU3UPOBAaTh MHOYKECTBO
MPOILECCOB, BKIOYAsi MOHUTOPUHT COCTOSHUS
pacTeHui, oOHapyXeHHe COpHSIKOB,
ONpENENICHUE YPOBHS 3pEJIOCTH IUIOAOB U
yIIpaBJICHUE CEJIbCKO X031 CTBEHHBIMU
manmHamu. [1-2] B ngaHHOM  pabote
paccMaTpHUBaOTCS BO3MOXKHOCTHU u
MEPCIEKTUBbl NPUMEHEHUsS HEHPOCETEBBIX
MOJIEJIEd B CHCTEMaX KOMIIBIOTEPHOIO 3pEHUS
JUISL CeTTbCKOXO3SMCTBEHHBIX po0OTOB. [5; 7;

8]
1. Ponb KOMNIBIOTEPHOrO 3peHHsI B
ceJIbCKOXO03HICTBEHHOI po00TOTE XHUKE

CoBpeMeHHbIE  TPEIACTaBlieHUS 00
UCKYCCTBEHHOM HHTEIUICKTE HWMEIOT MaJIo
O0IIero ¢ TMpEeACTaBJICHHUSIMH O CHUCTEMax M
poboTax, TpPHUBUTBIX HaM  (aHTacTaMu
npouuioro Beka. Poborusanust — 3to padora,
CBs3aHHAs C TMIOCTYIUICHUEM B CEMEWHOE
XO03SIMCTBO, CIIOCOOCTBYIOLIAS HE TOJBKO O
3aBUCHMO# paboTe, HO M Pa3BUTBIM OTPACIISIM
HEBUJIAHHBIMH C TIOTEHIMAJIOM TIOSIBIICHHUSI
TPaKTOpOB U ynoOpeHui Temnamu. [5]

NcKyCcCTBEHHBII  MHTEIUIEKT  JIMIIEH
CO3HaHHUS, B HEM HET HHTEJUICKTa, CCIH
paccMaTpuBaTh MOCIESIHUI KaK CIIOCOOHOCTh
IPUCIIOCA0IMBATECS K HOBBIM CHTYAIIHSIM,
NOHMMAaTh W  TNPUMEHSTh  a0CTPAaKTHBIC
KOHIEMIIMA ¥ HCIOJIb30BAaTh 3HAHUS JUIS
yIpaBJICHHUS OKpYXKaroIei cpenoii. [3]

KommbeloTepHOoe ~ 3peHue  sBISETCS
OJHUM M3  KIIOYEBBIX  KOMIIOHECHTOB

132

ABTOHOMHBIX CEJTbCKO XO3 M CTBEHHBIX
CHCTEM, IO03BOJISIA POOOTaM aHaIU3UPOBATh
OKPYXKAIOLIYIO0 Cpely U MPUHUMATh PELICHHUSL.
OcHOBHBIE 3a/laud, pelaeMble C IMOMOIIBIO
KOMITBIOTEPHOT'O 3pEHHUSL:

pacriozHaBaHue M KIacCHU(UKAIUA
KYJIbTYPHBIX PACTCHHI U COPHSIKOB;

oIpesiesnieHue CTETEHU 3penocTu
IIJI0JIOB U IPOTHO3UPOBAHUE YPOXKANHOCTH;

BBISIBJICHHE BpeauTesied u 3aboeBaHui
pacTeHuii;

HaBUTAllUsl U aBTOHOMHOE YIpPaBIICHUE
CEeITbCKOXO35ICTBEHHBIMU MalllTHAMH,

aBTOMATHYECKMM KOHTPOJb KayecTBa
MPOIYKLHH.

WHTerpanusi mepenoBBIX aITOPHUTMOB
0o0paboTku  M300paeHUW U METOJOB
MaIlMHHOTO o0yueHus I103BOJISIET
CEJIbCKOXO03AMCTBEHHBIM POOOTaM BBIMOJIHAThH
IIMPOKUHN CIIEKTP KPUTHUECKH Ba)KHBIX 3a/1a4,
qTO CrocoOCTBYeT MOBBI IICHU IO
s dexrnBHOCTH, YCTOHYUBOCTH u
MPOU3BOJUTEIBHOCTH  arpONPOMBIIUIEHHOIO
KOMITJIEKCA.

Jis pacriozHaBaHus u
KIacCH PUKALMU KYJAbTYPHBIX PACTCHUH U
COPHSIKOB KOMITBIOTEPHOE 3pEeHUE MPUMEHSET
CIIO’)KHBIE MOJeNH, OOy4eHHbIE Ha OOJIbLIMX
obbemMax JTAHHBIX, BKJTIOYAIO I X
CTIEKTpaJIbHbIE XapaKTEPUCTHKH, TEKCTYpPHBIC
oco0eHHOCTH M (OpMY paz3IMUHBIX BHJIOB

pacTeHui. Hcnons3oBanue TTyOO KM X
HEUPOHHBIX CETeH, TaKuX KaK CBEPTOYHBIE
Heiiponnbie cetm  (CNN), oOecneunBaet

BBICOKYI0 TOYHOCTH B OIPENEICHUN HYKHBIX
KyAbTYp M WX OTIMYAH OT COPHSKOB Ha
pasHbIX dTanax pazsutus. [6; 10] Oto, B cBOIO
ouepesp, ONTUMHU3HUPYET CTpaTeruu



TOYEYHOTO BHECEHHUs TepOMIIMIOB, CHIKAsA
IKOJIOTUYECKYIO HArpy3Ky M 3KOHOMHYCCKUE
U3ICPIKKH.

O1leHKa CTEMEeHU 3pEeOCTH IUIONOB U
MPEIUKTUBHOE MOJICIMPOBAHUE YPOKAUHOCTH
SABJISIFOTCA CIIIC OIHUM BaXHBIM
OPUJIOKEHHEM KOMITBIOTEPHOTO 3pEHHUsT B
CEITbCKOXO03IMCTBEHHON po0OoTOTexXHUKE. [4]
AHanu3upysi BU3YAIbHBIE XapaKTEPUCTUKU
IUTO/IOB, TAKUE KaK IIBET, pa3Mep U TEKCTYpa,

pOOOTH3UPOBAHHEIE  CHUCTEMBI  MOTYT  C
BBICOKOM TOYHOCTBIO OTIpeNeTsATh
onTHUMallbHOE BpeMmsi cOopa ypoxas. bonee
TOTO, nyTem MOCJIEeI0BATENIbHOTO
MOHUTOPUHIA  Pa3BUTHS  IUIOJOB Ha
MNPOTSHKEHUM  BEreTallHOHHOTO MEepuoAa |
MPUMEHEHUSI METOJIOB  IPOCTPAHCTBEHHO-
BPEMEHHOTO aHanmsa CTaHOBUTCS
BO3MOKHBIM MPOTHO3UPOBATh

MOTEHIMATBHYIO YPOXXaWHOCTh Ha YPOBHE
OTACJIBbHBIX  pacTeHUH W  TOJEeH, YTO
obecrieunBaeT TMPUHSITHE CBOEBPEMEHHBIX
arpOTEXHUYECKU X MEPOIPHUATUI u
ONTUMH3ALUIO JTOTHUCTUYECKUX [ETTOYEK.

Ucnonb3ys METO/BI aHanmusa
M300paKEHUN  BBICOKOTO  pa3pelieHUs |
MYJBTHCIIEKTPAIbHOM CHEMKHU,
pOOOTU3UPOBAHHBIE  CHUCTEMBI  CIIOCOOHBI
BBISIBJISITH XapaxTepHbIe BU3YyaJbHbIE
NpU3HAKA  TOpaXEHUW U HHecTauuii,
KOTOpbIE MOTYT OBITh HE3aMETHBI JUIA
HEBOOPYKEHHOIO ryasa. Pannee
oOHapyxeHUe MO3BOJISIET OTepaTHUBHO
NPUMEHSATh  LENEBBIE  METOABl  OOpPBOBI,
CHIDKasi MOTPEOHOCTh B MIMPOKOMACIIITAOHBIX
00paboTKaxX MEeCTHUIUIAMH U CIIOCOOCTBYA
YCTOMYMBOMY 3€MJIECIHUIO.

B cdepe aBTOHOMHOW HaBUTalMKA |

yIIpaBJICHUS CENbCKO X031 CTBEHHOU
TEXHUKOM, KOMIIBIOTEPHOE 3PEHUE BHICTYIAET
B KayecTBE KJTI0Y €BOM CEHCOpPHOM
MOJANIbHOCTH, obecrieunBas po6oTOB

nHpopmaier o0 OKpyKarwIel cpere s
0e301macHOTO u 3 hEKTUBHOTO
NEPEIBUKECHUS IO TOJSIM CO  CIOXKHBIM
penbeoM U MPEHSITCTBUSAMH. AJTOPUTMBI
BU3YaJbHOM OJIOMETPUU U OJHOBPEMEHHOMU
JoKanu3anuu 1 kaprorpagupoBanus (SLAM)
MO3BOJISIIOT POOOTaM CTPOUTH TPEXMEpPHEIE
KapThl MECTHOCTM W  OHpEleNsiTb CBOE
MECTONOJIOKEHHE B PEKUME PEaJbHOIo
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BpEMEHU, YTO HEOOXOAUMO ISl BBIIIOJIHEHUS
TaKMX 3a]a4, KaKk AaBTOHOMHAas BCIIAIlKa,
TOCeB u MEXIYpSITHAS o0OpaboTxa.
AHamu3upyst ~ M300pakeHuss  COOpaHHBIX
IJOIOB U  OBOINCH, pOOOTH3UPOBAHHBIE
CUCTEMBI MOTYT BBISBISTH J€(CKTBI, TaKhe
KakK MEXaHUUYECKHE MOBPEXKICHUS,
OTKJIOHEHHMSI B 1IBETE€ M pasMepe, uTo
MO3BOJISIET  OCYINECTBIISITH  COPTHPOBKY U
KaMUOpOBKY MPONYKIMU B COOTBETCTBUM C
3aJ]aHHBIMM  CTaHJApTaMH KayecTBa. ITO
MOBBIMIAET [IEHHOCTh KOHEYHOTO MPOAYKTA U
CHU)KaeT TMOTepU Ha OJTane XpaHEeHUs U
TPaHCIIOPTUPOBKU.

Takum  00pa3oM,  KOMITBIOTEPHOE
3peHue SIBJISETCS MYJIbTUIUCIUTLIMHAPHON
o0acTeio, HaxXoJsIIehcs  Ha  CTBIKE
WHPOPMATHKH, ONTHUKA M arpOHOMUH, U
UTpaeT LIEHTPAITBbHYIO POJIb B TpaHC hopMaIluu
COBPEMEHHOTO  CEJIbCKOTO  XO34HCTBa B
CTOpOHY 00JIbIIeH aBTOMAaTH3aI[MU, TOYHOCTH
U yCTOMYMBOCTH. JlanmpHellee pa3BUTHE
QITOPUTMOB, alapaTHOTO OOeCreYeHus u

UHTETpalus C  JIPYTUMH  CEHCOPHBIMU
TEXHOJIOTHSIMU OTKPBIBAIOT HOBBIE
TEePCIEKTUBBI TUTSt pacumpeHus
(yH KIIMOHATBHBIX BO3MOXKHOCTEM

CENTbCKOX0 3 CTBEHHBIX POOOTOTEXHHMYECKU X
KOMITJIEKCOB M PEIICHHs] HACYIIHBIX 3a/1ad4
IIPOJIOBOJILCTBEHHOM 0e30MmacHOCTH U
YCTOHYHMBOTO MPUPOIOTIOIB30BAHUSL.

II. OcHoBHBIC HeilipoceTeBBIe AJTOPUTMBI
AJIS1 KOMIIBIOTE PHOTO 3peHUsI

CoBpeMeHHbIE HEHPOCETEBBIE MOJACITH
o0ecreynBalOT BBICOKYIO TOYHOCTb aHaJIM3a
1300pakeHUN U BUJICO B PEAIbHOM BPEMEHHU.
Cpenu Haumbosee MNOMYISPHBIX AITOPUTMOB
BBIJICTISIOTCA:

1. Cseprounble HEHpOCeTH
(CNN) — ucnonb3yroTcst Uisl pacro3HaBaHUs
O0OBEKTOB, CErMEHTAllMU W300pKEHUN U
KIacCU(UKAIMK KyJIbTYPHBIX PAacCTCHUM.

2. YOLO (You Only Look Once)
n Faster R-CNN — mnpumenstorcs s
JeTeKIu  OOBEKTOB,  Hampumep,  JAJs
BBISIBJICHU S CTIETIBIX bpyxTOB WJITH
oOHapyXeHHUs BpeuTeNell Ha IUCThSIX.

3. DeepLab " U-Net -
ApXUTEKTYPHI TSt CerMEHTAaIu1
n300pakeHuH, MO3BOJISIOLIME TOYHO
OTAENATh OOBEKTHI Ha  HM300paKEHUSAX,



Hampumep, COPHSAKM  OT  KYIBTYPHBIX
pacTeHU.
4. Recurrent Neural Networks

(RNN) u Long Short-Term Memory (LSTM)

— HUCIIOJIB3YHOTC A B COUCTaHUuH C

KOMIIBIOTEPHBIM ~ 3pEHMEM Ul aHalIM3a
BPEMEHHBIX  PSIOB U IpeAcKazaHus
U3MEHEHUU B COCTOSHUU PACTCHUM.

5. Generative Adversarial

Networks (GANS) — MOTYT IPUMEHSITBCS LTS
CHHTETHYECKOM  TeHepalii  JaHHBIX U

VAY4IICHUS KadyecTBa HW300paKEHHH, YTO

MOJIE3HO A7  OOydeHHs Mojened mpu

OTPaHUYEHHOM KOJIMYECTBE JaHHBIX.
Aneopummsl  83aUMOOEUCBUSL  C

OKpydHcarowell cpeooll

OTHU anropuTMbl MO3BOJIAIOT podOTaM
B3aUMOJIEHCTBOBaTh C  OOBEKTaMH B
OKpYXKaloULIEH cpene, TAKUMU KaK PacTeHUs,
[104YBa U UHCTPYMEHTHI.

ANropuTMBl MAaHUIYISALIUU

Inverse Kinematics (IK) —
HCITOJIB3YETCS JUIst YIIPaBJIEHUS
MaHHIYJISTOpaMHu  poOOTOB,  oOecreunBas

TOYHOC IMO3UITUOHUPOBAHUC NHCTPYMCHTOB.
Force Control — mo3Bonser poboram
KOHTPOJIMPOBATh ycuime pu
B3aHMOJICUCTBHU C OOBEKTaMH, YTO BAXKHO
JUISL JENIUKATHBIX 3a7ad, TaKAX Kak cOop

ypoxasi.
ANropuTMBI 3aXBara
Grasp  Planning -  amroputmsl

MJIAHUPOBAHUS 3axBaTa OOBEKTOB, KOTOPHIC
o0ecreynBalOT  HAACKHBIM  3axBaT U
nepemMernieHne 0ObEKTOB.

Tactile Sensing — wucmosib3oBaHue
TAKTHJIBHBIX JaTUYUKOB JUIS OLCGHKH CHJIbI
3axBara M NPCAOTBPAILCHUS TOBPSIKICHUS
00OBEKTOB.

ANTOpUTMBI KOOPJIMHALMHN POOOTOB

B HekoTopeIx ciydasx TpeOyercs

KOOpJIMHAIMS HECKOJIBKUX POOOTOB IS
BBITTOJIHEHU S CJIO’KHBIX 3a/1a4.

Swarm Intelligence - amroput™msl
KOOpPIWHAIIMU JEHCTBUI OOJBIIOTO YHCIIA
poOOTOB,  OCHOBaHHbIE HA  MPUHIMIAX
CaMOOpraHu3alHu.

Task Allocation — pacnpenenenue 3amau
MeXAy poOoramu s ONTHMHU3AIUU
BBINOJIHEHU S 3a/IaHU .

134

ROS (Robot Operating System) -
obecrieunBaeT CTaHAapTU3UPOBAHHbBIC
cpernctBa g oOMeHa  JaHHBIMH U
KOOpJMHAIIUHY ICUCTBUM MEXITY POOOTaMH.

Custom Communication Protocols —
paszpaboTka CHEeHATM3UPOBAHHBIX
MPOTOKOJIOB Ui OOecreueHus HaleKHOU U
OBICTPOH CBSI3U MEXILy poOOTaMHu.

ANropuTMBI yIIpaBJICHUS
pOOOTU3UPOBAHHBIMU ~ CHCTEMaMH  UTPAIOT
KIIOYEBYI0 pOJib B OOECHEUEHUH  UX

s dexrnBHON PabOTHI B CEITBCKOM XO3SICTBE.
CoBpemeHHbIE METO/IbI HaBUTAIIHH,
MJIAHUPOBAHUS  JIBHOKCHUS, OOHApYKCHUS
00BEKTOB M B3aUMOJICHCTBUS C OKp y)Karo IIeH
cpenoil MO3BONAIOT poOOTaM  BBIMOJIHSATH
CIIO)KHBIE 3a/la4d C BBICOKOH TOYHOCTBIO H
s dexrnBHOCTRIO. Pa3paboTka m BHenpeHuUe
TaKUX AITOPUTMOB CIOCOOCTBYIOT
aBTOMaTHU3aluu CEITbCKOXO03SIMCTBEHHBIX
MPOIIECCOB, MOBBIIIIAS ux
MPOU3BOAUTENLHOCTh U YCTOWYUBOCTb.
Hcronp30BaHne  aJrOpUTMOB  MAIMHHOTO
O0y4eHHUS: AITOPUTMbI MAIMHHOTO OOYYEeH U s
MOTYT OBITH HCIIONB30BAHBI [UIsI aHAIU3a
OONMBIIIMX JAHHBIX W TOCTPOCHUS MoJemei
MPOTHO3UPOBaHUS yposkaiiHOCTH. [9]

I11. PazpaboTka u cpaBHeHHne
MojeJieil TpaHcdepHOro 00y4e HUsA 1151
KJIaccu(pUKAIMU COPHIKOBBIX PacTeHUM

[TocTpoenue MoOJenen
MHOT'OKJIaCCOBOM Ki1accu ¢y Karuu no
K1accu (MKalUM COPHSKOBBIX PACTEHUM Tpex
Buao0B. Ctpositcs Momenu TpaHchepHOTO
OoOy4eHHSI C UCIOJIb30BAHUEM Pa3IMYHbIX
ONTHMHU3AaTOPOB U TJIYOMHBI HEHPOHHBIX
cereii. [10]

B mogzens Obln peanu3oBaH Ipoliecce
oOyuenus u cozganuss VGG19, Ha OTKPHITHIX
JTAHHBIX JUISI OOyYeHHS W JUIS TECTUPOBAHUS
Oblta oTOoOpaHa coOcTBeHHash 0a3a JaHHBIX
COpHSIKOBBIX pacreHui. Hmxe na puc. 1
Mpe/CTaBleHa YK€ pealr30BaHHAs MOJIENb
tpaHchepHoro ooydenus VGG 19.

Hcnonp3oBan ontumusarop Adam co
CJII0’KHOM apXUTEKTYpOl HEHPOHHOM CETH
VGG19.

B mporecce oOydeHust U BasIuIanuu
MOJIEIH IOCTUTHYTHI CIIEAYIOIIHE
pE3YyNbTaTHI.



Training Loss - VGG19:
0.23580145835876465 Training Accuracy -
VGG19: 0.9099039435386658.

Validation Loss:
0.22939671576023102 Validation Accuracy:
0.9327146410942078.

Model Loss

—— Training loss
—— Validation loss
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HOHYCTI/IMaﬂ TOYHOCTb MOJICJIM Ha
TCCTOBBIX NAHHBIX UMECT CICAYIOIUEC

XapaKTCPUCTUKU.

Testing Loss - VGG19:
0.1325259506702423  Testing  accuracy-
VGGI19: 0.9489558935165405 , a B
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CHEAYIOLMN BUJ

Model Accuracy

0.950

0.925

0.900

0.875

0.850 4

0.825

0.800 A

—— Training accuracy

0.775 4

—— Validation accuracy

0 2 4 6 8
Epochs
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CONFUSION MATRIX OF
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Puc. 2. Pe3yJ'II)TaTI)I TCECTHPOBAHUSA MOJC/IH U MaTpULA norpeumocTeifl

s peanu3anuu c JTAHHBIM
OTNITUMH3aTOPOM B MPOIIEHTHOM
COOTHOILIGHUH MbI MPOJBUHYIUCH BIEpEN —
93,27% ¢ oummOKod Monenw, paBHOM
0.229396. Matpu1ia NOrpemHOCTEeN MoKa3ana

MO0 KAKIOMY U3 COPHSKOB CIEAYyIoUme
konmuectBeHueie (130, 141, 138) wm
MPOIICHTHBIE COOTHOIIEHHUS MPaBUIIBLHO

(30.16%, 32,71%, 32.02 %) u HempaBUIBHO
CIIPOTHO3MPOBAHHBIX BHI0B. DOpMHUPOBaHKE
oT4eTa O KIACCHDUKAIIMK JUISI TECTOBBIX
JAHHBIX M OTYET O KIAaCCH UKAIIMH COPro,
3IaKOBBIX COPHSKOB M  INMPOKOJIMCTHBIX
COPHSKOB TOKa3aHbl HuKe (JIucTunr 1).
Training Loss-DenseNet:

0.1905616819858551, Training Accuracy-
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JIuctunr 1. Otuer o KIaccupuKauu
Y TIPOTHO3BI COPHSIKOBBIX PACTECHUM.

CLASSIFICATION REPORT OF SORGHUM CROP, GRASS WEEDS AND BROADLEAF WEEDS-VGG19
precision  recall fl-score  support

0.9558
0.3981
1.0000

0.9286
0.9592
0.9583

0.9428
8.9276
08.9787

148
147
144

class @
class 1
class 2

0.9498
08,9495
08,9494

431
431
431

aCCUracy
Macre avg
weighted avg

0.9513
0.9509

0.9487
0.94%

Peanu3zarus nanHoro TpanchepHOro
METO/Ia Jajia CIeAyolme pe3yiabrarsl. [lpu
oOyueHuw:

DenseNet: 0.97052001953125, Validation
Loss-DenseNet: 0.6737912893295288



Validation Accuracy-DenseNet:

[Tpu TectupoBanuu moaenu DenseNet:
Testing loss-DenseNet: 0.5315023064613342,

Testing accuracy-DenseNet: 0.94199538230896.

0.950116038322448.
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Puc. 5. O6yuyenne monesn. Tounocts n onmodka

3axinouenue. BHenpeHne TOUHBIX U
3(GEKTUBHBIX ~ AITOPUTMOB B CHCTEMax
KOMITBIOTEPHOTO 3PEHHUSI OTKPHIBACT HOBBIC
BO3MOXXHOCTH JIJIsl aBTOMATH3AI[UU CEIbCKOTO

xo3siictBa.  Tounsle u  3(deKTUBHBIC
ITOPUTMBI 00paboTku N300paKeHU
MO3BOJISIOT MTOBBICUTb YpO>KaifHOCTb,

COKpAaTUTh 3aTpaTbl Ha PECYpCbl U CHU3UTH

HEraTHBHOE BO3JICHCTBUE Ha OKPYIKAIOIIYIO
cpeny. PasBuTHe ¥  COBEpIIICHCTBOBaHUE
JaHHBIX TEXHOJIOTHH B OymyIeM MO3BOJUT
co3/1aTh MTOJTHOCTBIO ABTOHOMHBIE
pOOOTH3UPOBAHHEIE CHCTEMBI, CIIOCOOHBIE
3((PeKTHBHO BBHITIOJHATh IMPOKAN CIIEKTP
CENIbCKOXO3SICTBEHHBIX 3a]1au.
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AVJIOOYYHYH KOOIICY3JIYTYH KAMCBI3ZI00 YUYH KOMIIBIOTEPIUK KOPYY
BIKMAJIAPBIH KOJIJIOHY Y
HCIOJb30BAHUE METOJI0OB KOMIILIOTEPHOI'O 3PEHUS 1151 OBECIIEYEHUS
BE3OIMACHOCTH BOJMTEJSA
USING COMPUTER VISION METHODS TO ENSURE DRIVER SAFETY

Kbickaua myHe3gemMe: Makanaga 4apuooro OailIaHBIIITYy KbIPCBIKTAPIBIH AJIJBIH alyy
Y4YH aiJ004YyHYH alaiblH KO36MOIIOOHYH 3aMaHOall bIKMalapbl KapajlaT. OH HaTbIikKalyy
BIKMAJIApJIbIH OMpU - Kamepaiap/bl KaHa CEHCOPIOPAY KOJIJIOHYY MEHEH KO3MYH alallbiH KaHa
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KeIUMBUTBIH  Ko3eMemnee. OpenCV skana dlib kuTenkaHamapblHa HETH3ICITEH CYPOTTOPIY
HIITETYY QJITOPUTMIECPH TaJKyylaHaT, ajlap Ke3dy HpMEN >XKYMYYHYH Y3aKIBITBIH JKaHa Ke3
KapamrmrblH OarbITBIH pealyy YOakKbIT PEXUMHUHIE TalJ00T0 MYMKYHIYK Oeper. Cyperrepay
HIOTCTYYHYH MaTEMaTUKAJIIBIK MOJCIIN, OIHOHI[Oﬁ OJIE 4ap4Y00 aHBIKTOOAO OIITHKAJIBIK arbIM JKaHa
MaIMHAJIBIK YUPOHYY AITOPUTMACPUH KOJIIOHYY CypoeTTesioT. Makaaga ailo04yHyH 4ap400CyH
AHBIKTOO CHCTEMAaChlH HIIKE albIpyydy IIporpaMMalblK KO, aHBIH HWYMHAC YH OCKEPTYYIY
CHUTHAJIJIap MEHEH MHTETPAIlMUIO0 CyHyIranaT. by TexHonorus aiijoouyHyH KeHYI OypyyCyHYH
HayapiallblHAaH yJaM KeJUIl YBIKKAH KbIPCBIKTApAbIH TOOOKENAWTHH a3aiTyy MEHEH >KOJI
KOOIICY3IYI'YH KaKIIBIPTYyra CajIbIM KOIIOT.

AHHOTaI[I/IH: B cratbe paccMaTpruBarOTCA COBPEMCHHBIC MCTOJAbI MOHUTOPHUHIA COCTOAHUA
BOOUTCIIA C LCJIBIKO MPCAOTBPAUICHUSA aBapHﬁ, BBI3BAHHBIX YCTAJIOCTBIO. OI[HI/IM u3 HaI/I60JIe€
Bq)(l)eI(TI/IBHI)IX MMOAXOO0B ABJIACTCA KOHTPOJIb IOJOXKCHHA U ABHUIKCHUA IJla3 C HUCIIOJIB30BAHHUCM
Kamep U ceHcopoB. PaccMaTpuBaroTcs aaropuTMbl 00paboTKu M300pakeHU Ha OCHOBE OnOIMOTEK
OpenCV u dlb, mo3Bonsronpe B peaJbHOM BpPEMEHH aHAIM3HPOBATH YaCTOTY MOPTaHMUs,
MONPpOAOJKUTCIBHOCTE 3aKpBITHUA TIJlIa3 W HAIPABJICHUE B3IJIdAa. OmnmceIBaeTcs MaTreMaTHUecKas
MOACIIb O6p2160TKI/I I/I306pa)KCHI/II71, MNPpUMCHCHUE MCETOJda OIITHYCCKOTO ITIOTOKa U aAJITOPUTMOB
MallMHHOTO OO0ydeHus JUIsd pacro3HaBaHMUs MPU3HAKOB YCTAIOCTH. B crarbe mnpencraBieH
MPOrPAMMHBIN KOJI, PEAUTU3YIOIIMH CUCTEMY JETEKIIMU YCTAIOCTA BOJAUTENA, BKIIOYAs MHTETPAIIHIO
CO 3BYKOBBIMHU CHUTHAJIAaMU MPECAYNPCIKIACHUA. I[aHHaSI TEXHOJIOTU A CHOCO6CTByeT IIOBBIIIICHU IO
0€30I1acHOCTH JIOPOKHOTO JBM)KEHMS, CHHWKasi PUCK aBapuil M3-3a IMOTEpPU KOHI[EHTpaLUU
BHHUMAaHUSA BOOAUTCEIIA.

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: aiioouynyH abanbiH kezemennee; OpenCV; dlib; MmanmHanbIk YiHpOHYY;
OITHKAIBIK arbIM; CYpPOTTY UILTETYY; KO KOOIICY3IyTYy.

KuaroueBble caoBa: MOHUTOPHHT cocTosiHus Boautens; OpenCV; dlib; mammHHOE
oOydeHue; ONTUYECKU MTOTOK; 00paboTka n300paskeHni; 0€301MacHOCTh Ha JOPOTe.

Keywords: driver condition monitoring; OpenCV; dlib; machine learning; optical flow;
image processing; road safety.

Kupumyy. 3aman6an TexHonorusiap KOMITBIOTEPUK KOpYYHY KOJIZIOHYII,
KO Kbl MBIJIBIHBIH KOOIICY3/YI'YH allZIOOYyHyH KO3YHYH KbIMBUIBIH JKaHa
KaMCBI3ZI00Z0 4OH poib OWHOMUT. JKox MPMEIUIINH KO36MOJI100. Makanana
KbIPCBIKTAPBIHBIH ~ HETU3IU  CeOENTepUHUH ONTHUKAJIBIK arbIM >kaHa Xaap-KacKaJJapblH
Oupn Oyn aiioouyHyH wyapyoocy Oomyn KOJIZIOHYY BIKMasiapbl Kapanar. ONTHKaIbIK
scenTeneT. byn e3rede y3ak KOJIro YbIKKaH arelM BIKMachl BHJICOKAJpiap apachIHAarbl
ailmoodynap, TYHKYCYH HIUTET€HICP TAaKCH ©3repyyJIepay aHbIKTOOTO MYMKYHIYK Oepuil,
KbI3MaTbIHJArbl — algoo4yylap Y4yH UOH alJIOOYYHYH KO3YHYH KBIMMBLIBIH TaJIJ00J0
KOPKYHYY »Kapartar. KolAoHynar. An smu, Xaap-KacKaJIaapsbl

Xon  KbIPCBIKTapblH  ajAblH  allyy KY3LYH XKaHa KO3QYH HEIW3IM YEKUTTEPHUH
MakcaThIHJa aiJ00YyHYH alallblH peanyy AHBIKTOO YUYH KOJIOHYIYII, peasiyy YOaKbIT
yOaKbITTa KO36MeJied TypraH akbUIAyy PeKUMHHIE alJJOOUyHYH KO3YHYH alaJiblH
CUCTEMAJIap  HUIUTEJIN  YbITyyda.  OH TaK aHBIKTOOTO IIAPT TY3OT.

HaTBIHKAlyy  BIKMaNapIelH  Oupu  Oyn
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byn makanana aiiioouyHy 4apuyoocCyH
aHBIKTOO  YYYH  MAIMHAIBIK  YHPOHYY
BIKMaJIAPBI KaHa ONTHKAIBIK  arbiM
Meroanopy kamrtbuirad, OpenCV sxana dlib
KUTENKAHATAPBIHBIH ~ HETU3WHJIEC  HWIITEIHUII
YBbIKKaH, aWJOOYYHYH KO3YHYH aOajblH
KO36MOJIJIeT, KePEKTYY Y4ypAa YH CHUTHAIIBI
apKbLTYy ICKepTYy Oepe TypraH mporpamma

CyHYILTAJIAT.
Ke3emesinee cucreMacblH HIITeN
YbIlyy. OMM SKOropydarbl  bIKMajapibl

KOJIZIOHYY MCHEH, YHaaHbl aiiian OapaTkaH/a
aliIo0YyHyH yKTam KeTyyCyH 00sTyp6oo
MaKCaTbhIHJA aliIOOYYHYH KO3YH MOHUTOPHUHT
KBUITAH [TPOTrpaMMaHbl TY3YY JKOJIYH TOMOH/I0

Kapanm  Kepeyly. bUpHUHUYMIEH  KEpEeKTYy
KUTCIIKaHaJIapAbl UMITOPTTOII ana6m3:

import cv2

import dlib

import time

import numpy as np

from scipy.spatial import distance

from playsound import playsound

KGSI[YH HUPpMCIIMIINH KO30MOJI 100
YYYH JKaHa BIpAaTTyy KaApJjapAblH CaHBbIH
aHbpIKTalll YYYH ©3repMesiepAy Kapblsiial,
ayapra Oarrankbel MaaHUJIEPIU bIUTapaObI3.

EYE_AR THRESH =0.25

EYE_AR_CONSEC_FRAMES =20

COUNTER =0

ALARM_ON = False

XKoropymarst COUNTER e3repmecy
KO3JOpPAYH >XYMYJIraH KaJpJiapblH DCEITOoo
yays ain omu, ALARM_ON e3repmecy

CUTHAJIJbIH Kalipa HINTETHWJIMIIMHE JKOJ
OepOee YUYH KOJIIOHYJIaT.
OKCIepUMEHTaIbIK TYPI®
EYE AR THRESH  esrepmecyne 0,25

MaaHucu OepuireH. byn maaHu ap KaHpjai
KbIpAaaJilapia aHaJu3JACHUI >KaKIIbl HINTEeH
TypTaHIbITbI aHBIKTAJITaH.
EYE AR CONSEC FRAMES wmaanucu na
AKCIEPUMEHTAIIBIK TYpAe 20-KOrJay - arep
anam 20 kaap kaTapsl MEHEH Ke3YH HpMece,
CUTHAJI UILTEUT. EYE AR THRESH
KOJIOMYH  a3aliTyy MEHEH  JIeTeKTOpIY
CE3TMYMPIIK KbUIBIN KE TECKEPUCUHYE aHbl
k006N TYy MEHEH CE3rMUYTUIWH a3alThIN cajica
00J10T.
Kysnyn
KapbIsIaiiObI3.

JETEKTOPJIOP YH
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face_detector =
dlib.get_frontal face_ detector()
landmark_predictor =
dlib.shape_predictor("shape_predictor_68_fac
e_landmarks.dat™)

# KaMmepagaH BHUJICO-arbIMIApIAbl  KaOBbLI
ana0bI3

cap = cv2.VideoCapture(0)

while True:

# KaapJapAblH CaHbIH CaAHOO
ret, frame = cap.read()
if not ret:
break
gray = cv2.cvtColor(frame,
cv2.COLOR_BGR2GRAY)
faces = face detector(gray) # kampaarsi
JKY34y TaaHyy
for face in faces:
# JKY3OAYH HCTHU3IM 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 sxana right_eye esrepmenepyn

TY3yn Oyl 95Kd MaaHWHHH HETU3HH]IE
EBKIUUIMK apajblKTapblH, OILIOHJOW 3Je
KO3IYH  KOOpIMHATAJAPbIH  AHBIKTAOBI3.
Keznyn MPOTOPILUSICHIH ACENTOO
(bYHKIUACHIH TY300Y3 MBI BIHTBIKTBI
KaiTapaObI3

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
# KesnyH KymynyliyH TeKiiepeous
JKaHa YH CUTHaJIbBIH HIITeTe0ns
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
# Buneo-arsiMaapael frame re ubirapyy
cv2.imshow("Frame", frame)
# Ilporpammagan uepiryy yuyH ('
OacKbIubIH Oacyy
if cv2.waitKey(1l) & OxFF == ord("q"):



break oenrmwieHan. OH 3(hGeKTUBAYY BIKMaJIApIbIH

cap.release() oupu Oy KOMIIBIOTEPMN K KepYy
cv2.destroyAllWindows() TEXHOJIOTUSIIAPBIH  KOJIJIOHYI, aliJI009yHYH
Xoropky nmporpaMmaja, dlib KO3YHYH a0alblH KO30MeJee. ANI004yHYH
KUTETKaHaChl aif10049yH yH KO3YHYH KO3YHYH KbIHMBUIBIH JKaHa abajblH Tak
KOOPJMHATTapblH AaHBIKTOO YYYH, &l 3MHU aaplktoo  yayH OpenCV  xama  dlib
OpenCV  kuTenkaHachl KaMepagaH KeJreH KUTENKaHalapbl TaH1aJIbl.
BHJI€O-arbIMIap/Ibl UIITETYY YUYH, WNmke ammbIppliraH CHUCTEMa, Kamepa
scipy.spatial.distance ke3mMyH UWPMETHIIMH apKbIIIYy alJ00YyHYH KO3YH KO36MeJIerl,
scentee yuyH, playsound yH curHansiH UpPMENYY  bUIJAMJIBITBIH ~ JKaHAa  Ke3JYH
UIITETYY YYYH KOJIOHYIIIY. KYMYIYII TYPYY YOAKTBICHIH TalAaiT. drepae
Kopyrynay. byn umre aitmoouynyH yapuoo Oenruiepu Oalkaica, YH CHUTHAJbI
a0aJibIH K©36MOJJI00HYH 3amaHOan apkelyy aiioouyra ackepTyy Oepuiier.
BIKMajlapbl ~Kapajblll, >OJI KbIPCHIKTApPbIH Mpeinnai cucremasap an1004yNapabIH
alfblH  alyy MakcaTblHJIa  aill004yHyH YyapyaraHblHaH KEJIUI YbIKKAH KbIPCBIKTAP/Ibl
YapuoOOCYH aHBIKTOOHYH MaaHMIYYJIyry Oaca aJIJIbIH allyy/la MaaHUJyy POJITy OHHOMT.
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Kbickaua MyHe3neme: Makana aHIIMC TWIMH OKyTyyJda jkacaliMa WHTEIUIEKTTH
KOJIIOHYYTa, aHbIH MEPCOHANJAIITHIPYYHYH, TUIATQOPMAHbIH bIHTaWIaNyycyHa aHa KaiTapbIM
OaliTaHPBIIBIH  JKAaKOIBIPTYYHYH — apTHIKYBLIBIKTAPBIH  TAJJ00TO  apHairaH. bumum  Oepyy
KOJITOHMOJIOpYH/Ia ’KacajiMa HWHTEJUISKTTH HWHTWIMKTYY KOJJIOHYYHYH MHUCAIIaphl Kapasbll,
ANITOPUTMMH TAKTHITHI, MAaJIbIMATTAPABIH KYIYsUTYYJIYTy jKaHa TeXHOJIOTHSIIAP bl OKYYY yJap AbIH
JICHII3JIMHE BUIANBIKTAIITEIPYY 3apbUTYBUIBITEL TAJKyyJdaHaT. MyraluMauH POy XKaHa OMJINM
OepYYHYH JKETKIJIMKTYYJIYTYH JKaHa aHbl MaiilalaHyyHyH 3THKACBIH XKOTOPYNIATyy Y4YH jKacaiaMa
WHTEJUICKTTH MBIH/IaH apbl OHYKTYPYYHYH NEpCIIeKTUBaNaphbl 0aca OS/TUIICHTEH.

AunHotamusi: CrtaThsl TOCBSIIEHAa NPUMEHEHHWIO HCKyccTBeHHOro uHTeiniekra (W) B
OOY4eHHH aHTIMHCKOMY $3bIKY, aHAJIU3y €ro MPEUMYINECTB — IEePCOHATM3ALNHU, aAaNTUBHOCTH
miarGopM U yAy4dUOIEHHIO OOpaTHOW cCBsi3U. PaccMaTpuBaroTcs NpUMEpPHl  YCIIECIIHOIO
ucnonp3oBanus MM B 00pa3oBaTeNbHBIX TMPUIIOKECHHSX, a TaKKe OOCYXKIAIOTCS IMPOOIEMBI
TOYHOCTHU aJTOPUTMOB, KOH (PUAEHIINAIBHOCTH JAHHBIX U HEOOXOJAMMOCTH aJalTallUHl TEXHOJIOTUH
MOJlT ypOBEHb CTyHeHTOB. llomuépkHyra poisib npenofaBaresiss U NEPCHEKTUBBl JalbHEUIIETO
pazsutus M 11t HOBBIIEHUS TOCTYITHOCTH 00pa30BaHMs U STHYHOCTH €TO TPUMEHECHHSL.

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.
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CoBpeMeHHbIE TEXHOJIOTUH OKa3bIBAIOT 3¢ PEeKTUBHOCTH u BOBJICUEHHOCTH
3HAQYUTENBHOE  BJIMSHUE HAa  pa3BUTHE YYaLXCA.
oOpa3oBaHus, BKJIIOYAs o0yueHue OO0yueHune aHNIUHCKOMY SI3BIKY SIBIISETCS
MHOCTPaHHBIM s3plkaM. OJHUM U3 caMbIX OJIHOU u3 OPUOPUTETHBIX  obnacteit
IIEPCIEKTUBHBIX  HAIpaBJICHUH B  JTOU npuMeHenus: MM, nockonpky mobanusanus u
obnacTtu ABIIAETCS HCITOJIb30BAHHE poct MEXITYHApOIHBIX KOMM YHUKALIM 1
uckycctBeHHoro uHtemiekra (M), koropsrii TpeOYIOT OT CTYIEHTOB BBICOKOTO YpPOBHS
MIPEOCTABIISIET YHUKAIBHBIE BO3MOXHOCTH SI3BIKOBOM  TIOATOTOBKM. B CBs3M C 3TUM
Ui CO3JIaHUs aJlalTUBHBIX U MOSIBJISIIOTCS. HOBBIE IMOIXO/bI, HAIIPABJICHHBIC
NEePCOHATM3UPOBAHHBIX ~ 00pa30BaTEIbHBIX Ha TIepcoOHaIM3alMI0 OOydeHHUS M  €ro
nporpamm. B mocnennne necsaruierns A ajanTaluio K  IHOTPEOHOCTSAM  KaXKIOro
aKTUBHO NPUMEHSETCA B pa3lIUuHBIX cepax cryneHTta. MM mpenocraBisieT BO3MOXKHOCTU
JKU3HM, BKIIOYas OOydeHue, T[Ie €ro JUIA peanus3anuu TaKUX IIOAXO/I0B,
BO3MOKHOCTH HAIlPABJICHBI HA ONITUMU3ALAIO o0ecrieunBasi  JAUHAMHYECKYIO  HACTPOUKY
Ipolecca yCBOCHMS MaTepuaia, IOBBIIICHUE 00pazoBaTeIbHOrO  Mpolecca,  YIydleHUe
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0o0paTHOM CBSI3M M TIOUICPKKY HA KaKIOM

sTane o0y4eHHusl.

Ilenpto JaHHOW  CTaThbM  SIBJISETCS
paccMOTpeHHe TPUMEHEHHS UCKYCCTBEHHOTO
MHTEJJIEKTa B O0y4eHUH aHTIIMHCKOMY SI3BIKY
yepes ~ MPU3MY  MEpCOHATU3AIUU "
alari TUBHOCTH.

B ycroBusAX CTpeMUTENBHOTO Pa3BUTHUS
HUQPPOBBIX TEXHOJOTUH M TpaHchopMaLuu
o0pa3oBaTeNnbHON Cpefbl HCKYyCCTBEHHBIN
unremiekr (MW) 3anmmaer BcE Oonee
3aMETHOE MECTO B Iiporecce OOydeHHs.
OCOOEHHO aKTyalbHBIM CTQHOBHUTCS €rO
IPUMEHEHHE B MPENoaBaHUN MHOCTPAHHBIX
S3bIKOB, B YACTHOCTH AaHIJIMHCKOTO, Kak
I7100aJbHOTO  CPEICTBA MEXKYIBTYPHOH H
npodeccroHanbHON KOMM yHUKAIIHH.
CoBpemennbie NM-cuctembl CrocoOHBI HE

TOJBKO  aBTOMATU3UpPOBATh  OTIEJIBHBIC
acrekTel oOydeHWs, HO W o0OecrneYnBaTh
BBICOKUM  ypOBEHb  WHJMBHUAyaJIN3al[UU

y4eOHOro Imporecca.

[lepconanu3anuss M ananTUBHOCTh —
JIBa KITFOUEBBIX HAIPaBJIeHUs, B KOTOpbIx N
JEMOHCTPUPYET HAMOONBIIMH MOTEHIHUA.
OTH  MOAXOABl  TO3BOJSIFOT  YIWTHIBAThH
YPOBEHb 3HaHWW, TeMN OOy4eHUs, CTUIb
BOCIIPUATHS  WHGPOPMAIUH u Taxe
HMOIMOHAIFHOE COCTOSHHUE OO0YJaroIerocs.
brarogapst 3ToMy CO3malOTCSl YCIOBUS YIS
Oonee 3¢ deKTUBHOTO, ru0OKoro u
MOTHBHUPYIOIIETO HW3y4YCHHS aHTIUHCKOTO
SI3bIKA. DTH TMOIXOMbI MPEANONIAraloT OTXO]
OT ©QUHBIX JJIS BCEX yJalMXCsS METOAMK U
nepexoa K Takum (Gopmaram, rae ydeOHBII
mpolecc  BBICTpAauUBaeTcss C  y4ETOM
WHTUBU TyaJTbHBIX 0COOEHHOCTEN,
MoTpeOHOCTEH M TPEAMOYTEHUH 00ydaeMoro.

[lepconanuzanus o0y4eHust
OCHOBBIBACTCS Ha uee CO3/IaHus
YHUKIBHOTO 00pa30BaTeIbHOTO MaplipyTa
JUIST KaXAOr0 YYeHHKa, YTO B KOHTEKCTE
W3Y4eHUS  aQHTJIIMHCKOTO  sI3bIKA  MOJXKET
BBIP2XATBCS B MOIOOpE  yIPAKHEHHUH
COOTBETCTBYIOIIIETO  YPOBHSI  CIIOKHOCTH,
BBIOOpE TeM, OJM3KUX [0 MHTEepecaMm, WA B
KOPPEKTUPOBKE METOOB IMOJa4Yl Marepuasa
(HampuMep, WCIOJB30BAHUE BHU3YAJIbHBIX,
ayIMaIbHBIX HJIM UHTEPAKTUBHBIX (JOPMATOB
B 3aBUCHMOCTH OT MIPEANIOYTCHHH CTY/IEHTA).
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AnanTUBHOCTE, B CBOIO  O4Yepeb,
MPEJICTABIIACT coboit CIIOCOOHOCTh
o0OpazoBarenbHON CHUCTEMBI WU3MEHSATH
COlepKaHWEe,  CIOKHOCTh  WJIM  TEMI
oOy4eHHsI B peaJbHOM BPEMEHU B OTBET Ha
ycmexu WA  3aTPyAHEHHUs  CTyJEHTA.
AnanTUBHBIE ~ TEXHOJOTUU  MO3BOJISIOT

BBISBIIATH CJa0ble W CUJIBHBIE CTOPOHBI
3HaHUM, OMEPATUBHO BHOCUTH KOPPEKTUBHI U
MOJAJIEp)KUBATh  ONTUMANBHBIA  YPOBEHD
MotuBanuu. O0e KOHIIENIIMHA TECHO CBS3aHbI
W YCWIMBAIOTCA TPU  HUCIOJIB30BAaHUH
nuudpoBbix  TexHomorui. OpHako WX
peanuzauusi B TPAAUIMOHHOW TI1€1aroruke
CTJIKMBACTCS C OTPaHUUYCHHSMH: OOJIBITIOE

KOJIMYECTBO  YYEHUKOB,  OIPAHUYEHHBIE
pecypcesl BpEMEHU u CJI0’KHOCTH
JTMarHOCTHKHI VIHJTU BU TyaJTbHbIX

notpebHocTet. iMmenno 3necs UM HaunHaer

UrpaTh KIOYEBYID pPOJb, MPEIOCTABIIASA
MHCTPYMEHTBHl A8  TOYHOTO  aHalu3a
MOBEJICHUS yJalerocs, JTUHAMH KA
mporpecca ©  BBIOOpa  ONTHUMAIIBHBIX
cTpareruii  o0ydeHus. Takum  oOpaszom,
IIEPCOHAIN3aL U] u aJanTUBHOCTh
dopmMupyroT  (QyHIAMEHT, Ha  KOTOPOM

ctpoutcs 3 (pdekruBHOE U THOKOE OOydeHHE
AQHIVIMMCKOMY s3BIKy, A WCKYCCTBEHHBIN
WHTEIUIEKT CTAaHOBUTCS TEM HHCTPYMEHTOM,
KOTOpBIA  JlelaeT  pealu3aluio  ITUX
MPUHLMIIOB MPAKTUYECKH BO3MOXKHOM Jaxke
B YCJIOBUSIX MAacCOBOTO OOpa30BaHMUSL.
Pa3BuTHe TEXHOIOTHI UCKYCCTBEHHOTO
UHTEJUIEKTa  OKa3blBa€T  3HAYMUTEIBHOE
BJIMSIHME Ha METOJIbl U3y4E€HUSI HHOCTPAHHBIX
SI3bIKOB. B mocnennue rogpl MosiBIsSETCS BCE
Ooub1ne 1M PPOBBIX HHCTPYMEHTOB, KOTOPHIE
HCIIONB3YIOT AITOPUTMBI MaIlMHHOTO
oOyuenus. OmgHuM wu3 Hauboyee SIPKUX
MPUMEPOB  SBJISICTCS HMCIOJB30BAaHUE 4YaT-
00TOB Ha 0a3e SM3BIKOBBIX MOJEIEH, TaKHX
kak ChatGPT. Takume cucTeMbl CIOCOOHBI

MOJJICPKUBATh  JIHAJIIOT Ha  AHNJIUMCKOM
A3BIKE, IIPENOCTABIISATH OO0 BACHEHUS
rpaMMaTUYeCKUX KOHCTP YKIHU,

KOPPEKTUPOBATh OIMOKH U JTa)KE BBICTYIATh
B pOIM COOECeHUKA JUIsi TPESHHPOBKU
pa3roOBOPHBIX HAaBBIKOB. JIpyruM BaKHBIM
HalpaBJICHUCM SABJISICTCS aJalITUBHOC
o0yueHme Ha 00pa3oBaTeNbHBIX
nnargopmax. CepBucel Bpoae Duolingo,



LingQ wiu EWA uCmons3yloT aaropuTMel,
KOTOpbIE AHAIU3UPYIOT IIOBEJICHUE
MOJIb30BATENs], HampuMep, Kakue 3aJaHus
BBI3BIBAIOT  TPYAHOCTH,  Kak  OBICTPO
YCBAaMBAETCsl HOBBIM MaTepHall, U Ha OCHOBE
3TUX  JAHHBIX  MOJOMPAIOT  KOHTEHT,
COOTBETCTBYIOLIMH YPOBHIO U MPOTPEcCy
crygerta. Takum o6pasom, GopMupyercs
YHUKAJIbHASI TPAaeKTopusl 00ydeHus, KoTopas
MO/ICTPanBAETCS MOJ] KOHKPETHOTO YEIIOBEKA.

Kpome  TOro, axrtuBHO  pa3BUBAIOTCA
TIPUITOKCHU S JUIST VAY4IICHUS
npousHomeHus, Takue Kak Elsa Speak,

UCIIOJIB3YIONIME TEXHOJOTUU PACIlO3HABaHMUSI
peud ® aKyCTUYeCKOro aHanm3a. Takke

ClIelyeT OTMETUTh TpaMMaTU4YecKue U
CTHJINCTUYCCKUEC IIOMOIIHUKM, TaKHC KakK
Grammarly wm  Quillbot,  xotopsie

AHATIN3UPYIOT TCKCTHI Ha AHTJIMMCKOM SI3BbIKE
H npeaIararoT HE TOJbKO MCITPAaBJICHH A, HO U

00BsICHEHHU S, 4TO CIOCOOCTBYET
(hopMUPOBAHUIO TPaMOTHOCTH u
MTACBMEHHOU KOMITCTCHIIHH.
[lepconanu3anuss — OIWUH W3 KIFOYEBBIX
dakropoB  moBbIIEHUS 3 (PdeKTUBHOCTH
o0ydeHus WHOCTPAHHOMY SI3BIKY.
HcKyCcCTBEHHBI ~ MHTEJUIEKT  OTKPBIBAET
HOBBIE BO3MOXXHOCTH I €€ pealn3aliui,
npejyiaras WHCTPYMCHTEHI, KOTOpBIS
YYUTHIBAIOT WHTUBHTyJTbHBIC
XapaKTepUCTUKU o0 yJarom xcst "

GOpMUPYIOT YHUKATBHBIN 00pa30BaTEeIIbHBIN
MapIpyt i kaxaoro. OaHum u3 Haubosee
3HAaYUMBIX MEXAaHHU3MOB IEPCOHAIM3ALMU C
npuMenennem WU sBnserca nmarHocTuka
A3bIKOBOTO YpOBHs. BakHO OTMETUTH U POJIb
MEePCOHATTM3UPOBAHHON  OOpaTHOW  CBsI3H,
npenocrasisieMoit M B pesxnme peabHOTOo
BpeMeHu. Hanpumep, S3bIKOBBIE MOJAEIH
MOTYT HE TOJIbKO YKa3bIBaTh Ha OIIMOKU B
IUCBMEHHOH peud, HO U OOBSCHATh UX C
y4€TOM YpOBHSI 3HaHUU OOy4aroILEerocs,
npennaras  MOHSTHbIE W JIOCTYIIHbIE
pEeKOMEHJaluu. OJTO CHUYKAET YPOBEHB
dpycTpauuu M CIOCOOCTBYET AaKTUBHOMY
camMoCTosITeIbHOMY  oOyueHuto.  Takum
oOpa3om, nepcoHanuzanus ¢ nomoupo MU
HE TOJBKO JIeNaeT MpPOLEcC M3y4ECHUs
aHIIMICKOTO si3blka Ooisiee 3(PPeKTUBHBIM,
HO U CIIOCOOCTBYET Pa3BUTHIO aBTOHOMHOCTH
ydamerocsi, (GOpMHpPYS YBEPEHHOCTb B
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COOCTBEHHBIX CHJIaX M YCTOMYMBBIA HHTEpEC
K 00y4eHHIO.

AnanTuBHOE OOy4EHHE MPEICTABIISET
cobolt auHaMUuHYIO GOpMY OpraHU3aIUuH
yueOHOro  mpolecca, INpd  KOTOPOH
coZep)kaHue, CTPYKTypa M TEMI TOJadu
MaTepHuaia HU3MEHSIOTCS B 3aBUCUMOCTH OT
noTpeOHOCTEN U TOBEACHUS 00y4aroerocs.
B OCHOBE a/IaITUBHOCTH JEKUT
HCIOJIb30BAaHME  AJITOPUTMOB, CIIOCOOHBIX
OTCIIXKHMBATh  MPOTPEeCC  YUCHUKAa  H|
MTHOBEHHO pearupoBaTh Ha BO3HUKAIOIIIE
TpyaHocTH. B o0ydeHun aHmmickoMmy
S3bIKy ~TaKde€ TEXHOJOTMU  CTAHOBSTCA
0COOEHHO LIEHHBIMHU, MOCKOJIBKY S3BIK — 3TO
CIIO)KHAsT MHOTOKOMIIOHEHTHasi  CHCTEMa,
TpeOyromass  peryaspHOM  NPAaKTHKA |
CBOEBPEMEHHOIO BMEIATEIILCTBA B CIydae
omm60k. OJHUM U3 ITIABHBIX HHCTPYMEHTOB
aIaITUBHOTO OOYYEHUS SIBIISIOTCSI CHCTEMBI
aHanu3za ydeOHOW  gestenbHOCTH. OHHU
cobuparot JTAHHbIE 0 JEeUCTBUSX
MOJIb30BaTENs (BpeMsl BBITTOITHEHHS 33IaHUM,
4acToTa OWMOOK, THUMBl  HENPaBHIIBHO
PEIIEHHBIX YIPa)KHEHMIT), I10CJIE€ YEro Ha UX
OCHOBE MIPOUCXOTUT aBTOMaTHYeCKast
HAacTpOika TporpaMMbl OOydeHHUS. ITO
MO3BOJIIET HMCKIIOYUTH IOBTOPEHHUE YKe
OCBOGHHOIO MaTepuajga U COCPeAOTOUYUTH
BHMUMaHHE Ha TMpoOJIEMHBIX TeMaX, 4YTO
JienaeT mporecc Oosee IeeHanpaBiIeHHbBIM.
Hampumep, ecnmu  CTYIEHT  yBEpeHHO
BBITNIOJIHSIET YIpaKHEHUs Ha BpeMeHa Present
Simple u Present Continuous, HO ngemaer
onmmOKA TpU Hcnosib3oBanuu Past Perfect,
cucreMa aJanTHUpyeT KOHTEHT, Mpeiaras
OoJIbIlle 3aJaHNl UMEHHO Ha ATY TEMY.

Bropsim BAXXHBIM 3JIEMEHTOM
alaNTUBHOCTH  SIBJSIIOTCA  MPEAUKTUBHBIE
MOJIENT, KOTOpPbIE C MOMOIIBI0 MAaIIMHHOTO
o0ydeHHus: MOTYT NMPOTHO3UPOBATh, ¢ KaKUM

MaTepuanoM  oOyJaroUmiics,  BEpOSTHO,
CTOJIKHETCS C TPYIHOCTSAMHU B OymymieM. ITo
MO3BOJISCT 3apaHee CKOPPEKTHPOBAThH

y4eOHBIN MapIpyT, U30eras NOTEHIINaTbHbBIX

OommMOOK M TEeM  CaMbiM  IOBBIIIAS
3(ppeKTUBHOCTH OOyYCHUSI.

N1 mpenocraBiisieT  yHUKAJIbHBIC
WHCTPYMEHTBHI, CIIOCOOHBIC TTOBBICHUTH
3(hhEeKTUBHOCTH 00pa3oBaTenbLHOTO
mpoiecca: aBTOMAaTU3UPOBATh PYTUHHBIC



3a/1a4d, OOECHEUUTh IMEePCOHATM3UPOBAHHOE
oOyueHue, alarTUpOBaTh yueOHbIE
MaTepHabl B COOTBETCTBHHU c
NOTPEOHOCTSAMH KaXK/IOTO CTY/IEHTA, a TakoKe
OCYILECTBIIATh TOCTOSHHBIM MOHHMTOPUHT U
aHaM3 T1porpecca. TakWe BO3MOXKHOCTH
OCOOCHHO  AaKTyalbHBl B KOHTEKCTE
JUCTaHLIMOHHOTO U CMEUIAHHOTO 00ydeHus,
I BaXHO COXPAaHATh BOBJICYCHHOCTh H
MOTHBAIUIO CTYACHTOB oe3
HEIOCPEICTBEHHOTO MOCTOSIHHOTO
B3aWMO/ICHCTBUS C TIPETIOJABATEIICM.

OnHuM U3 caMbIX MONYISAPHBIX U
YCHEIHBIX MPUMEPOB Hcnoib3oBanus MU B
OOy4eHHH aHTJIMHCKOMY SI3BIKY SIBIISICTCS
miathopma Duolingo. Cucrema
amanTHpPyeTcs MOJA KaXIO0ro IOJIh30BaTENs,
M3MEHSIS CJI0KHOCTh 33/IaHUI B 3aBHCHMOCTH
oT ux ycmexoB. Anroputmsl WU
aHAJIU3UPYIOT oumOKH, (U KCHPYIOT
TUNUYHBIC 3aTPYJHCHHUS W IpeyIararoT
JOTIOJIHUTENbHBIE  YIpaKHEHUS Uil X
YCTpaHECHHUSL. Hcrionp3yst ~ TEXHOJIOTHIO
ManmHHOrO oOydeHus, Duolingo Moxer
IpeJCcKa3aTh, KAKWe TeMbl OYyIyT BBI3BIBATh

npoOneMbl Yy  y4YyeHUKa, U 3apaHee
CKOPPEKTHPOBaTh y4eOHBIH IJIaH.
Grammarly — 53TO HHCTPYMEHT,

KOTOpPBIM TIOMOraeT y4JallUMCs Ha BCeEX
YPOBHSIX BJIAJCHUS A3bIKOM YIYYIIUTH CBOIO
IIICBMEHHYIO PeUb. DTOT CEPBUC HUCIIOIB3YET
amroput™Mbl UM nna  aHanm3a  Tekcra,
BBISIBJICHUS rpaMMaTUYeCKUX u
CTHUINCTUYECKHX  OIMOOK, a  TaKke
MIPEUIOKEHUS AJIbTEPHATUBHBIX BAapUAHTOB
JUIL  YIY4IIEHMS SICHOCTH M TOYHOCTH
BBIpaXEHUH. B oTiamume OT NPOCTHIX
MIPOBEPOK opdorpaduu, Grammarly
aHAIN3UPYET KOHTEKCT, YTO IO3BOJISIET JaTh
pEeKOMEeH AU no U CII0JIb30BaHUIO
CHHOHHMOB, WU3MEHEHUIO CTPYKTYpbI
NPEATIOKEHUST WM TPUMEHEHHUIO HYKHOHN
rpaMMaTiyecKoi (OpMBI.

Elsa Speak - »T0 mnpumokenue,
KOTOpOE UCIIOJIb3YeT TEXHOJIOTHIO
pacro3HaBaHWsl ~ pedd i1 aHAIM3a

npousHomeHus. Ilnardopma npenocrasiser
II0JIB30BATEISAM BO3MOXHOCTh CpPaBHUBAThH
UX IPOU3HOUICHHE C 3TAIIOHHBIM BapUaHTOM,
npeiaras  KOPpEKTUPOBKA B PEAJIBHOM
BPEMEHH. Hcnonb3ys HUCKYCCTBEHHBIN
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uHTeIUIeKT, Elsa MoXkeT TOYHO ompenenuTh,
Ha KaKOM »JTale IPOU3HOIICHUS BO3HUKIA
onmmbka, Oyab TO HEMPaBHJIBHOE YIapeHHe,
(doHeTnueckass onmmOKa WM HEBEPHOE
IIPOU3HECEHHOE CII0BO.

Lingvist — sto miardopma, KoTopas
HCIIONb3YeT MCKYCCTBEHHBIM MHTEIIEKT s
CO3JJaHMS TTEPCOHAIM3UPOBAHHOTO y4€OHOTO
KOHTEHTA. [Tpunoxenue aHAIM3UPYET
YCIIEBAEMOCTh I0JIb30BATENS, €ro cialdbie U
CHJIBHBIE CTOPOHBI, U MPEIIaraeT Te CIOBa U
(bpa3zel, KOTOpHIE HaWOOJEee aKTyaIbHBI JUIs
HEro B JaHHBIH MOMEHT. AJINTOpUTM
YUUTBHIBACT Takue (aKTOphl, KaK YACTOTHOCTb
WCIIONBb30BaHUSI CIIOB B pEaibHOM JKW3HU,
94TOOBl MakCUMaJIbHO 3(deKTuBHO 00y4aTh
HOBBIM JIEKCHYECKUM €IJMHUIAM.

Speakly MPEACTaBIIACT coboit
niarGopMy Ui U3YydEHUS sI3bIKa, KOTOpas
TaKKe WucCHoap3yer anroputmel MW nms
CO3JIaHUs alafi TUBHBIX TPEHUPOBOK.
OcobGennocth Speakly 3akiouaercst B TOM,
9TO CHCTEMa COOMpPAeT NaHHBIE O PEATbHOM
WCIONBb30BAHUM  S3bIKA B PasIMYHBIX
CUTYallUsSX U HCIOJIb3YEeT MX ISl CO3JaHMs
3a7a4, MaKCUMalbHO TPUONIKEHHBIX K
peanbHOMY KOHTeKcTy. Aunroputmsel WU
aHATM3UPYIOT B3aWMOJICHCTBUE YUYCHHKA C
CHCTEMOW U KOPPEKTHPYIOT COJIEpKAHHE
yIOPOKHEHHI Ha OCHOBE JaHHBIX O €ro
nporpecce. Takum 006pa3oM, HCKYCCTBEHHBIN
WHTEIUICKT 3HAYUTEIBHO TpPaHCPOPMHUPYET
npoiiecc OOy4EHHS! AaHTIUMCKOMY SI3BIKY,

npenjarasi  MHIAWBUIYAJIM3UPOBAHHBIE U
aJanTUBHBIC TIOJXObI, KOTOPHIE paHee ObLIH
JIOCTYITHBI TOJBKO B YCIIOBUSAX
WHIUBUAYAIbHBIX 3aHIATHH c
MPEIOJIaBATEIIEM.

Buenpenue HCKYCCTBEHHOIO

MHTEJUIEKTa B 00pa3oBaTeIbHBIM Ipolecc, B
YaCTHOCTU B 0OydEHHE aHIIIMHCKOMY SI3BIKY,
OTKPBIBAET HIMPOKUE BO3MOKHOCTH, OJHAKO
CTAJIKUBAETCS C PSIOM IpPOOJIEM U BHI3OBOB,
KOTOpblE€ HEOOXOJAMMO YYHUTHIBATh INPU €TI0
JATbHEUIIEM PAa3BUTHUH.

Omna w3 KIOYEBBIX MpodieM, ¢
KoTopoil crankuBaroTca MMHU-cucrembr B
00yueHU AHTJINHCKOMY A3BIKY,
3aKTI0YAeTCsl B OTPAHUYCHHOCTH TEKYIM X
TEXHOJNIOTUH B  OTHOUICHUU  TIyOOKOTO
MOHMMaHUsl KOHTekcTa. HecmoTpst Ha



3HAYUTEIIbHBIC YCTIEXH B 00JaCTH 00pabOTKH
€CTECTBEHHOTO  sI3bIKA,  MCKYCCTBEHHBIH
MHTEJUIEKT BCE eI He CIOCOOEH B IMOJIHOMN
Mepe MHTEPIPETUPOBATH BCE HIOAHCHI SA3bIKA,
Takue KaK HIAMOMATHYECKUE BBIPAKCHUS,
JIBYCMBICIICHHOCTH " KYJIBTYpHBIE
ocobenHoctu. Hampumep, cucrtema MOXKET
OIMOOYHO BOCIPUHUMATH UIYTKYy  Kak
onmoOKy U HEIPaBUJIbHO
UHTEPIPETUPOBATh KOHTEKCTHBIH  CMBICI
¢dpa3pl. DTO OrpaHUYMBACT HMCIOJIE30BAHUE
N B Oosiee CIIOKHBIX acleKkrax 00y4eHHus,
TaKUX KaK pa3roBOpHbIEC HABBIKU, TOHUMaHHE
JTUTEPATypHBIX TEKCTOB W TaK Jajiee.
Oco0eHHO 5TO KacaeTcss HaYMHAIOUMX |
0o0yJaroNMXCsl Ha HU3KUX YPOBHSX, KOTIa
QITOPUTM  MOXET HE BCerma  TOYHO
YYUTHIBATh 3JIEMEHTHI, TpeOyronme ocodoro
BHUMaHHUSI. B HEKOTOpBIX  Ciydasx
AaBTOMATHYECKOE CO3JaHHE Kypca MOXKET
ObITb  HEJNOCTAaTOYHO  TIMOKMM,  4TOOBI
OTBETUTh Ha YHHKAJIbHBIE MOTPEOHOCTH
CTY/ICHTOB C OTPAaHMYCHHBIMH 3HAHUSIMU.

C passutuem WK B oOpa3oBaHum
BO3HHMKAET BAXXHBIM BOMIPOC 3alMTHl TUYHBIX

JAHHBIX  I10JIb30BATEIEH. [Inarpopmsl,
HCIIOJIB3YIO I € nn, cobuparor
3HAYUTENIBHOE  KOJWYECTBO  JAaHHBIX O

CTyZIEHTaX, BKIIOYas HHQOpMaLMI0 O HX
ycrexax, PEIITOYTCHUSIX u JaKe
noBeneHun. J[ns rapaHTUM  0€30MacHOCTH
TaKUX JAHHBIX HEOOXOOMMO COOJIIOAATh
CTpOrHE TpaBMIa KOH(UICHIIMAILHOCTH U
3ammThl wHpopManuu. OCOOEHHO ITO BaXKHO
B KOHTEKCT€ OOpa30BaTENIbHBIX ILIAT QOpM,

KOTOpbIE MOTYT HUMEThb IOJb30BaTeNei
pa3Horo BO3pacTa, B KJIHOYast
HECOBEPILICHHOJIECTHHX.

B Oynyuem HCKYCCTBEHHBIN

UHTEJUIEKT B OOyUEHUH AHTIIMHCKOMY SI3BIKY
Oy/lleT He TOJBbKO pa3BUBATh CYIIECTBYIOIIHE
BO3MOXKHOCTH, HO W HHTETPUPOBATHCA C
JIPYTUMH 00pazoBaTenbHBIMU
TexHoJoTHsIMU. Hampumep, HCIonb30BaHUe
JonoJIHeHHON peanbHOCcTH  (AR-augmented
reality) wnu BuptyansHo# peansHocTH (VR-
virtual reality) B coueranuu ¢ MW moxer

co3matb HOBBIE (opMBI 00ydeHHUs, Ta€
oOyJaromics Oyaer  MOrpyxeéH B
BUPTYaJIbHbIE CIICHapHH, Tpedyronme
WCIIOJIb30BAHMS  AHTJIMICKOTO  sI3pIKa B
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pealbHBIX KU3HEHHBIX CHUTyalUsX. Takue
TE€XHOJIOTUU MOTYT 3HAYUTEIbHO IOBBICUTH
MOTHBALMIO  y4JallMXCi U YIy4UMTh
MIPAaKTUYECKUE HABBIKHU.

[TepcniekruBpl UM Taroke cBs3aHBI C
YIy4IICHHEM JOCTYITHOCTH 00pa30BaHUS JUIS
moned ¢ 0COOBIMM  TTOTPEOHOCTSMU.
Pazpaborka WU-cucrem, KOTOpbIE CMOTYT
aJanTUpPOBaTh  Kypcbl IS JIIOAEH  C
OTPAHUYEHHBIMU BO3MOKHOCTSIMH, TaKUMHU
KaK CIlyXOBbI€ WJIM 3pUTENbHbIEC HApYLICHUS,
a TalKe Ui JIIo/1el ¢ pa3Iu4yHbIMU (opMaMu

WHBAJIMIHOCTH, OTKpBIBAeT HOBBIE
TOPU3O0HTHI JJIA WHKIIFO3UBHOI'O
obOpa3zoBanus. VCKYCCTBEHHBIN HWHTEIUICKT

UMeeT TMOTeHUHad IS Cco3JaHus Ooiee
YHUBEPCATBHBIX M JOCTYIHBIX Y4EOHBIX
MaTepuaoB, KOTOPbIE CMOTYT MTOMOYb BCEM
KaTeropusM oOydaronmxcs.

OnmHoWt W3 TEpPCHeKTHUB  SBISACTCS
WHTETpanus n c pearbHbBIMU
npenogasarensiMu. MMM mMoxxeT nelicTBoBaTh
KakK BCIIOMOTaTEIIbHBIN WHCTPYMEHT,
MPEAOCTABIISIS MepPCOHATN3UPOBAHHYIO
0o0paTHyIO CBSI3b, MOHUTOPHHTI IIporpecca u
aHanu3 ommOOK, HO MpernoaaBaTenu OyayT
MpOJOJKATh UIpaTh KIIOYEBYIO pOJb B
CO3JAaHMM  MOTHMBaluH,  (opMUPOBAHUU
KYJIBTYPHOTO KOHTEKCTa M KOPPEKIUU Ooiiee
CIIO)KHBIX acTeKkToB. [lepcrnekTuBBI pa3BUTHS
nexar B cuHeprun Mmexnay WU m xuBeIMu
MIPETOAaBaTeIsIMH, 4TO MTO3BOJIAT
OOBEIMHUTH JIydllM€ KauyecTBa  00eux
CUCTEM JUISI MAaKCUMAIILHOTO d(eKTa.

HewuzbexnocTs BHEJPCHUS
HCKYCCTBEHHOTO MHTEJJIEKTa B 00pa3oBaHMe
SABIISICTCS aKTyaJIbHOM. CoBpemenHas
cuctemMa  oOpazoBaHUs ~ HAXOAUTCS B
COCTOSHUM TIOCTOSHHBIX TpaHcopMaiui,
BBI3BAHHBIX 1 dpoBHU3aIMEi u
CTPEMUTENIBHBIM Pa3BUTUEM TEXHOJIOTUM. B
YCIIOBUSIX pocTa 00BEMOB HH(pOpMALINH,
YBEIMYEHUS  YUCia  oOydJaroumxcss |
MOTPeOHOCTH B HMHAMBHUAYaIHM3UPOBAHHOM

noaxone K OOYYEHHIO  TpPaaUIMOHHBIE
METOJAbl BCE yYallle CTaJKUBAKOTCI C
OTpaHHYCHUAMH. B 3THX  yclOBHSX

HCII0JIb30BaHUE UCKYCCTBEHHOIO MHTEIIEKTa
(M) cranoBUTCS HE TPOCTO BO3MOYKHOCTHIO,
a 00BEKTUBHON HEOOXOUMOCTBIO.



Kpome Toro, WM cnocobcTByeT
pPaCIIMPEHUI0 JIOCTya K KayeCTBEHHOMY
00pazoBaHUI0, HUBEIHMPYS TEPPUTOPUATLHEIE
H COLlMaJIbHEIE pazIuumsl. Bompoc
3aKII0YaeTCsl HE B 1E€eco00pa3HOCTH
npumeHennss MU, a B Tom, Kak 00eCTICUHTH
€ro 3TUYHOE, IeIaroruuecki 0OOCHOBAHHOE
u Oe3onmacHoe BHeapeHue. VMeHHO »JTa
3a7a4a CTAaHOBUTCS KJII0YEBOH Ha
CIIEIYIOIIEM dSTare pa3BUTUS 00pa30BaHUSL.

YenoBeuecknii (axrop © OMIIATHUS:
IpernojaBareb  CHOCOOEH  YCTaHOBUTH
SMOIIMOHAJIBHYIO CBSI3b CO CTYACHTaMH, 4TO
KPUTUYHO NI MOTHUBALIMHA Y BOBJICUEHHOCTH.
KommnbloTepHbIE CHCTEMBI, JaXe Camble
MPOJABUHYTHIE, HE MOTYT BOCIPOU3BOIUTH
TaKde 4yBCTBA, KAK COYYBCTBUE, IOHUMAHUE
WJIA WH]JMBUIYaJbHBIN MOAX0/, KOTOPBIA TaK
BaKeH A1 (OPMUPOBAHUS JTOBEPUTEIBHBIX
OTHOIICHU B 00pa30BaTEeILHOM ITPOIIECCE.

KpearuBHOCTH H MHHOBALIIU:
MPENo/IaBaTeNId B COCTOSHUU pa3pabaThiBaTh
YHUKAITbHBIC IO XOIBI, aanTupys
oOpasoBarebHbIC METOUKHU o/
KOHKPETHBIX CTYIEHTOB, YTO HEBO3MOKHO
JUISL  CTaHJAPTHBIX  aBTOMATH3WPOBAHHBIX
cucreM. OHH MOTYT TEHEpUPOBATh HOBBIE
UJIeH JUTS 3aHSATUH, JIeast poIecc 00ydeHus
0oJiee yBIEKaTeIbHBIM U OCMBICIICHHBIM.

Y4yer KOHTEKCTa 3HAHWH: YYHUTENb
CIIOCOOCH WHTEPIPETHPOBATh HHMOPMAIIUIO
B KOHTEKCTC TEKYNMX COOBITHH WM
crenuQuYecknX UHTEPECOB CTYICHTOB, YTO
JenaeT 3HaHWS OoJiee aKTyalbHBIMH U
MOHSATHBIMU. VICKYCCTBEHHBI HHTEJUIEKT,
XOTS W MOUMBIA  MHCTPYMEHT Ui
MPEIOCTaBJICHHUST MHQPOPMAIIMU, YacTO HE B
COCTOSSHUM  Y4e€CTh  BCIO  CIIOXKHOCTh
COLIMAJIBHOM U KYJIBTYPHOU CpPEBbI.

MeEXITUYHOCTHOE ol01IeHHE:
BzauMogeiictBue Mexay mpernojiaBaTeieM U
CTYIEHTOM CIOCOOCTBYET Pa3BUTHUIO
KPUTUUYECKOTO  MBINUICEHUSI W  HaBBIKOB
OOIIEHMSA, YTO HEBO3MOXXHO 3aMEHHTH
MalllMHAMU. IIpenonasarens MOXET
CTUMYJIUPOBATh JIMCKYCCHUH, IIOMOTIaTh
CTYIEHTaM COMHEBAThCS M TIEPECMATPHBATH
CBOM YOEXJIEHHUs, 4TO CHOCOOCTBYeT Oosee
nIyOOKOMY OOy4EHUIO.

OTHKa U LeHHOocTU: Borpockl Mopanu,
STMKA W COLMAIbHBIX IICHHOCTEH 4YacTo
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TpeOYIOT 00CYXJIEHHS C YYaCTHEM YelIOBEKa.
IIpenogaBaTens UrpaeT BaXXKHYIO poOJib B TOM,
yTOOBI HAaMpPABJIATh CTYICHTOB B IMpOIECCEe
NPUHATHS OOOCHOBAHHBIX pELICHHWH, 4TO
BBIXOJUT 3a paMKu anroputmos 1.

Takum oOpa3oM, HecMOTpsT Ha Bce
JOCTUKCHUS TEXHOJIOTUH, IIPENoJaBaTen
OCTalOTCS  BaXHBIM U HE3aMEHUMBIM
9JIEMEHTOM  00pa30BaTEeNbHOM  CHUCTEMBI,
obecrieynBas T€ acleKTbl 00yueHus1, KOTOpbIe
HEBO3MOXHO  3aMEHUTh  HMCKYCCTBEHHBIM
HUHTEJUIEKTOM.

B KOHEUYHOM UTOTE, XOTs
UCKYCCTBEHHBI HMHTEIUIEKT B 0Oyd4eHUHU
aHITIMHACKOMY SI3BIKY YK€ IPEACTaBISET

CO0OM MONMBI HHCTPYMEHT, KOTOPBIN
ITO3BOJISET IIepCOHAIN3UPOBATh u
aJarTHPOBaTh IIpoLeCC o0yueHus,

CYILIECTBYIOT MPOOJEMBbI, KOTOpPHIE HYXKHO
pemaTh IS TOBBIMICHHUS TOYHOCTH U
s dexruBHOCTH TEXHOJIOTHH. B
naneHedimemM WU B o0Opa3oBanum OyneT
MPOJIOJKATh PAa3BUBATHCS, CTAHOBSCH CIIE
Oonee WHTETPUPOBAHHBIM B
0o0pa3oBaTeNbHBI TPOLIECC U  OTKPHIBAS
HOBBIC BO3MOXHOCTH IS IIPEIOIaBaTesied 1
crynenToB. I[IpenonaBarens OyneT BcE yare
pabotars B Tangeme ¢ MM, koHTponupys ero
KOPPEKTHOCTh, QJANTHPYSd MaTepUabl IO
peanbHbIe HYXKIbI CTYACHTOB U 00ecreunBas
COLIAITEHYIO u AMOIMOHATBHYIO
COCTaBJISIIOINIYI0O 00ydeHus, kotopyio WU
MOKa HE MOXKET MOJIHOIEHHO 3aMEHUTh.

B ycnoBusix yaaaeHHOTO U THOPUHOTO
oOydeHHUs, KOTOpbIE CTaldi  OCOOCHHO
akTyanbHbIMU Tocie mangemuun COVID-19,
WCKyCCTBCHHBI  WHTCIUICKT  ITO3BOJISIET
CO3/1aBaTh WHIMBUAYyaJIN3UPOBAaHHbBIE
o0OpaszoBaTenbHbIE MAPUIPYThI AJIsl CTYICHTOB
Mo BCEMy MHUpPY. OTO JAellaeT o0O0ydeHue
JOCTYIHBIM JUIsl IMPOKUX CIOEB HACEJICHHUS,
BKIIIOYAas TE€X, KT0 HE HMEeT JOoCTylma K
TPAAUIIUOHHOMY OOYIEHHUIO MJIM PECypcaMm.

B Oynyiem HMCKYCCTBEHHBII
WHTEJUICKT, BEPOSATHO, CTAHET HEOThEMIIEMOM

YaCThIO o0pa3oBaTeIbHOI cpensl,
obecrieunBas Oonee I1yooKoe u
MEePCOHATTU3UPOBAHHOE oOyueHue

aHITIMHCKOMY s3bIKy. BakHo, 4TOOBI ero
BHEJPECHUE IIPOUCXOAUIO B TapMOHHUHU C
TPaAULMOHHBIMU METOJAMHU IIPENOAABaHUs,



obecnieunBas 3(p(PeKTUBHOE COTPYAHUYECTBO JOCTUKEHUS HAWITYYIIMX O00pa3oBaTeNbHBIX
mMexny WKW wu  mpemojgaBatensMu s pE3yNbTATOB.
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THE USE OF ARTIFICIAL INTELLIGENCE IN TEACHING FOREIGN
LANGUAGE OF IT STUDENTS

Kbickaua myne3neme: byn makanaga K. banacarein arsiggarel KYYHyn MaansiMaTThik
TEXHOJIOTUSIAp KAHA KAcAIMa HMHTEIJIEKT MHCTUTYTYHYH CTYIAEHTTepuHe aHmmc TwiuH KU
KOJIIOHYY MEHEH OKYTYyHYH II€arOrMKajblK BIKMAJIAphl jKaHa ycynaapel kapanar. MnumkreeHyH
Makcatel — |T TapMmarplHAa aHTIMC TUJIMH OKYTYYHYH camarblH >koropyiaryy yuyH JKHWau
HaTBIIDKATYy KOJJOHYY JKOJJIOPYH aHbikTroo. M3mnnee wikmanapeia Grammarly, ELSA Speak,
Duolingo Bots ceisikryy Ounum Oepyy miatdopmaiapbid oo xana XK HHCTpyMEHTTEpUH OKYY
MPOLECCUHE TMPAKTUKAIBIK KUpru3yy kupeT. JKeiiibiHThikTap JKHWHM KOJIAOHYY OKyyHY
NEePCOHAIAITRIPYYrd, PYTHHAIBIK TalbIpMalapAbl aBTOMATTAIITHIPYyTa JKaHa CTYICHTTCPAUH
MOTHUBALMSACHIH JKOropyiaryyra ebeire Ty3epyH KepceTeT. bUpokK, k33 OMp KbIHBIHYBLIBIKTAD Aa
AHBIKTAIJbI, AHBIH WYMHJIE OKyTyydyJap MEHEH CTYJEHTTepAMH CaHapUNTHK cabaTTyylyryH
JKOropynaryy, OKyy IIporpaMMasIapblH aAanTalHusIoo >KaHa JXEKe MaaabIMarTapAbl KOPTrOOHY
KAMCBI3 KbUTYYy 3apbUIAbIThl. JKBIMBIHTHIKTAN AWTKAHAQ, AaHIIKMC TUIWH oKyryyaa JXWuau
HATBIMKAIYy WHTETPALUATIOO0 OKYTYydyldaplbl NaspIOOHY, TEXHUKAJIBIK KOJIIOOHY aHa OKYyy
JKBIMBIHTBIKTAPBIH Y3IYITYKCY3 MOHHUTOPHMHI JKYPTY3YYHY KAMTBITaH KOMILJIEKCTYY MAaMUIICHH
TAJIAI KbLJIAT.

AHHOTaHI/IS{: Cratbs HCCIIEAYCT NEAarorn4eCkue MCETOAUKU MU TOAXOAbI K 06y‘lCHI/IIO
aHITIMICKOMY SI3bIKY CTyAeHTOB MHcTuTyra MHQOpManMOHHBIX TEXHOJOTUH U HCKYCCTBEHHOTO
nHTemekra KHY nMmenn )Kycyna BanacarblHa, C HCITOJIb30BAHUEM HCKYCCTBCHHOI'O HMHTCIUICKTA
JJIs1 ITOBBIIICHHUSA Kad€CTBa 06yquI/151. HCJIB pa6OTBI 3aKIII0YAacTCd B BBISABJICHUU HeﬁCTBCHHBIX
cnoco6oB npumMeHenuss MM B oOydeHHU aHIIIMHCKOMY S3bIKY. MeTOo/Ibl UCCIIEJOBAaHUSI BKIIIOYAIOT
aHaJ M3 CYIIECTBYIONMX oOpa3oBarenbHBIX IaTdopM, Takux kak Grammarly, ELSA Speak,
Duolingo Bots, a Ttarke npakruueckuii onbIT BHeApeHuss MW B yueOHbIi mpouecc. PesynbraTh
IIOKa3ajau, 4Yro ucnoiap3oBanue MM mpenocraBisieT  CTylAeHTaM  BO3MOXKHOCTBb — JUIsA
MePCOHATM3UPOBAHHOTO OOYUEHHS, aBTOMAaTHU3UPYET PYTUHHBIC 33/1a4d M YCHIIMBAET MOTHBAITUIO
yqanmmxcs. OIHAKO HMMEIOTCS W HEKOTOpble TPYAHOCTH, Takhe Kak TOBBIIICHHE IU(poBOH
IPaMOTHOCTH TpernojaBaTesed U CTYIEHTOB, afanTaius y4eOHbIX MPOrpaMM M BOIPOCHI 3aIThHI
MNEPCOHAIIBHBIX JaHHBIX. B 3axmrouenue IMOAYCPKHUBACTCA, YTO YCICHIHAA HWHTCIrpanusd U1 B
MperoAaBaHNe aHTIMICKOTO s3bIKa TpeOyeT Mpu3HaHus, 00y4eHUs MpenoiaBaTeneil, TeXHUIECKOH
MNOAACPIKKH U MOCTOAHHOTO MOHUTOPHUHTA y‘IC6HBIX PE3YIbTATOB.

Abstract: This article explores pedagogical methods and approaches to teaching English to
students at the Institute of Information Technologies and Artificial Intelligence of KNU Jusup
Balasagyn 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.

Hermsrm ce3mep: kacaiMa MHTEIUIEKT, aHINIMC TUJIMH OKyTyy, OmiuMm Oepyy
T€XHOJ'IOI‘I/I${J'IapBI; BIKMEU'Iap; aaaliTUBAYY OKyTyy; CaHapUIITUK aCCI/ICTeHTTep; HHTCTpanus.

KuaroueBrle ciioBa: I/ICKYCCTB@HHBIP'I HUHTCIIJICKT, npernogaBaHue AHTIIUHCKOTO SI3bIKA,
06pa3OBaTeJIbeI€ TEXHOJIOTHH ; METO/Ibl; TPUEMBI; aJalITUBHOE O0y4YEeHUE; L[I/I(prBble ACCHUCTEHTHI,
HHTErpanus.

Keywords: artificial intelligence; teaching English; educational technologies; methods;
techniques; adaptive learning; digital assistants; integration.

148



PasBurie  HEHPOHHBIX  CETeH U
SA3BIKOBBIX ~ MOJEJIEH  CTA0  NPUYHMHOU
TEXHOJIOTUYECKOM  PEBONIIOLMHU,  KOTOpas
3aTpoHysa BCE cepsl, BKJIIOYas
oOpa3oBaHue. VICKyCCTBEHHBIN HWHTEUIEKT
041%8) SIBJISICTC ST WHHOBAIIMOHHOM

TEXHOJIOTUEH, KOTOpas OKa3bIBAaeT 3aMETHOE
BJIMSHUE HA pelieHue psga mpodsieM B
0o0y4eHHH, TaKUX KaK BJIUSHUE Ha PHIHOK
TpyZa, U3MEHEHUS B npodeccusx,
MIEPENOoAroOTOBKA KaJI[pOB, ITUUYECKUE BOMPOCHI
U U3MEHEHUs B MeTojax npenoaasanus. MU
HE MOJKET IIOJIHOCTBIO 3aMEHUTh
MpenoaaBareisi, HO 3HAUYMTENBHO YIIy4IaeT
NPOAYKTUBHOCTh U 3((PEeKTUBHOCTh PaOOTHI,
aBTOMAaTU3UPYET  PYTUHHBIE  IPOLIECCHI,
ITOMOTaeT YCTaHOBUTh
IIEPCOHAIN3UPOBAaHHBIN KOHTAaKT co
CTY/IEHTaMH U MOBBIIIAET KX MOTHBALIUIO.
CoBpeMEHHbIE  TEXHOJIOTMU  MUIPAIoT
BaYKHEHUIIYIO poib B MOATOTOBKE
CHELUATUCTOB B 00JIaCTH MH(POpPMAIIMOHHBIX
TEXHOJOTrMH. B 3TOM KOHTEKcTe 3HaHHE
AHIJIMMCKOTO S13bIKa CTAHOBHUTCSI BAYKHEUIIMM
¢akropoM  Hpo(eCcCHOHANBHOIO  ycrexa
cryneaToB  UT-dakynsreroB. MaTEerpamus
N1 B mnpenogaBaHue AaHITIMHCKOIO sA3bIKa
MOXET cJaenaTh y4eOHBIM mporecc Oomee
MEepCOHAIN3UPOBAHHBIM,
aBTOMATHU3UPOBAHHBIM U IPOJYKTHBHBIM.
Texkyume TpeHabl B npumenennu MU
CraTbsi paccMaTpUBaeT HMCIOJIb30BAHUE
N1 B npenojaBaHuM AaHIVIMACKOIO sI3bIKa
cryneHtaM HMuctutyra uHQpOpManMOHHBIX
TEXHOJIOTU M HCKYCCTBEHHOIO WMHTEIIEKTa
KHY umenn Xycyna bamacareina, ¢ yuerom

ocoOeHHOCTeH ux oOy4deHus u
npodeccruoHaIbHBIX nOoTpeOHOCTEH. B
gactHocTH, MW B o0OydyeHum momMoraer

VAY4LIIMTHh KauecTBO OOpa3oBaHUs, a TaKkke
pPa3BHUBAET  KPUTHUYECKOE  MBINUIEHUE U
KpPEaTUBHOCTh CTYICHTOB.

U, kak coBpeMeHHas OTpacib HAyKH,
CTajl HEOThEMJIEMOM YaCThIO MOBCEIHEBHOM
KU3HU, BIMSAS Ha Takue cdepbl, Kak
aBTOMOOMJIbHAS IIPOMBIITIEHHOCTb,
MAapKETUHT, MPOU3BOACTBO, MEAMLIHMHA U
apyrue. B 1o xe Bpems MU 3anmmaer
3HAYUTENBHOE MECTO U B c(epe oOpa3oBaHms,
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IJle aKTUBHO MIPUMEHSETCS JIIsl TPErnoiaBaHu st
AHTJIMMCKOTO SI3bIKA.

Posib MCKYCCTBEHHOI0 MHTEJUIEKTA B
BbICIIEM 00pa30BaHMH

bynymee BBICILIETO oOpa3zoBaHus
CBSI3aHO C Pa3BUTHEM HOBBIX TEXHOJIOTMH U
BBIYMCITUTEIbHBIX MOIITHOCTEH
WHTEIUIEKTYaIbHBIX CHCTeM. JloCTHXKeHus B
obnmactu MM OTKpBIBaIOT HOBBIE TOPHU3OHTHI,
HO TOPOXIAIOT U PSIJT TPYIAHOCTEH, KOTOPBIE
MOTYT  TPUBECTH K  U3MCHEHHUSIM B
VIIPAaBJIEHUM W BHYTPEHHEH OpraHu3aluuu
00pa30BaTENBHBIX YIPEKICHUN.

UccnenoBanuss B oOactu nn
craproBaaud B 1950-x romax. B 1956 rony
U3BECTHBIM  ydyeHblt  [[>)koH  MakkapTu
NPEeNoXua OJHO M3 TEPBBIX M  CaMbIX

M3BECTHBIX ompenenenuii MM, cormacHo
KOTOPOMY ero U3y4YeHUE JIOJI’KHO
OCHOBBIBAThCSA Ha MPEAINOJOXKECHHH, YTO

KaXKIbId acrieKT 0Oy4deHUs MIIH JIF00ast Apyras
XapaKTePUCTUKAa HWHTEIUIEKTAa MOTYT OBITh
OMHUCaHBl C TaKOM TOYHOCTBIO, YTO 3TO
MO3BOJIUT  CO3AaTh  MalMHy  JUISI  UX
monenupoBanus. [1]

B KeIpreizctane TemMa MTPUMEHEHUS
HCKyCcCTBEHHOro wuHreminekra (M) B
MpenoaBaHu N AHTJIUHCKOTO SI3BIKA
MPUBJICKACT BHUMAaHHE KaK aKaJeMHUYECKOe
COoO0INeCTBO, TaK M MPAKTHKYIOIKMX
nemparoroB. HecmoTps Ha oOrpaHMyYeHHOE
KOJIMYECTBO CHeHATM3UPOBAHHBIX
HCCIICIOBAaHUN, TPEANPUHUMAIOTCS YCUIIHS
no wuHTerpauun WM B 00pa3oBaTenbHBIN

npouecc.

Tak, manpumep, A.C. Pamkynosa, K.A.
3ynmyesa B CTaThe «dudpoBeie
00pa3oBaTebHbIC TEXHOJIOTHH ;

HckyccTBEHHBIN WHTEIUIEKT» PAacCMaTPUBAIOT
npoOiieMsl mU(MpPOBHU3ALIMK O00pa3OBaHUS U
PacKpbIBalOT BO3MOKHOCTH HCKYCCTBEHHOTO
WHTEIICKTA. [2]

C. KouxkouOaeBa, A. CaxnpikoBa, b.
JlyiimmeeB B crarbe «AKTYAIBHBIE ITPOOIEMBI
HCIIONB30BaHUs HeHpoceTe B 00y4eHUH
CTYICHTOB  JMCHHUIIMHAM  Pycckuii wu
AHTIIUHACKUM SI3BIKM HA MMPUMEPE TEXHOJOTUH
TextToSpeech.ru» o0cyxnai0T COBpEMEHHBIC
MYJIBTUMEIUIHBIE TEXHOJIOTUH, HEHPOHHBIC
CeTH W WX NpPUMEHEHHEe B OOydeHUU



WHOCTPAHHBIM SI3BIKAM. ABTOpEI
MMOAYEPKUBAIOT AUJAKTUYSCKHN ITOTSHI[HAI
HelipoceTell B CO3JaHMU 00pa30BaTEIBLHOTO
KOHTEHTa HM TCHEepallMd TEKCTOB, 4YTO
CIOCOOCTBYET MOBBIICHUIO 3 ()(HEKTUBHOCTH
o0yuenus. [3]

Uccnenosarenn A. HleBenén
aganusupyer 1npumenenue ChatGPT B
00pa3oBaTeIbHOM MpPOIleCCe, B YACTHOCTH, B
00yYeHHUH IPOrpaMMHPOBAHHUIO U
KOMIIBIOTEPHBIM TEXHOJIOTHSAM, PacCMaTpHUBas
BO3MOXKHOCTH HCIOJIB30BaHMA JAHHOIO 4Yar-
00Ta, OCHOBAaHHOIO Ha MOJCIAX TITYOOKOTO
00yueHus, TS IreHepaIuu TEKCTa,
MOJJIEPKKH INAJIOra U BBIIOIHEHHUS 3alIPOCOB
Ha pa3IMYHBIX s3bIKaX. Ocoboe BHHMaHUE
VIAEIISET OIBITY CTYJACHTOB B HCIIOJIB30BAHUH
ChatGPT npu BBIDOJHEHHM J1A00PATOPHBIX
pabOT ¥ MpakTUUECKUX 3aJaHUil, a TaKKe
maer a"Hanu3 3(hGEKTUBHOCTH CEPBHCA M €ro
BIUSHHUSA Ha oOpasoBaTelabHBIN Iporecc. B
CTaThbe IMPEACTaBICHBI PEKOMCHOAIMU 110
HHTETPAllMi MCKYCCTBCHHOIO WHTEIJICKTa B
o0ydeHHEe U O00CYXKHAIOTCS MEPCIEKTUBBI €r0
nanpHelmero npuMenenus. [4]

B bumkexkckoM = TrocygapcTBEHHOM
yauBepcutere umeHu K. KapacaeBa Obun
OPraHHU30BaH TPEHUHT JUI IIpernoiaBaTeicH,
MTOCBSIIICHHBIN HCII0JIb30BAHU IO
COBPEMEHHBIX TEXHHYECKHX ILIaThOPM B
00OVUEeHUN AaHIIIUICKOMY S3BIKY. B paMkax
3aHATUMN paccMaTpuBaIrCh Takvue
nHCTpYMEHTHI, Kak «Magic Schooly», «GPT» u
TEXHOJIOTMM MCKYCCTBEHHOI'O HHTEIIICKTA,
YTO  CBHUJCTEIBCTBYET O  CTPEMJICHUU
HHTEIPUPOBATh IIEPEAOBLIC TEXHOJOTHU B
oOpa3oBaTenbHBII Tporecc. [5]

B nenom B Keipreiscrane "HaoOmromaercs

pacTymMi HMHTEpPEC K  HCHOJIb30BaHHUIO
HCKYCCTBEHHOTO WHTEJIIEKTa B
MPEnoIaBaHu U AHTJIMI CKOTO SI3BIKA.
AxajneMuyeckue HCCIIENOBaHM,

MPAKTHYCCKUEC WHUIIHATUBHI U OOICCTBEHHBIC
OOCY)KIIEHUSI CITOCOOCTBYIOT TPOJABHIKCHHIO
9TOH TEMbI, OTKPBIBAs HOBHIE BO3MOXXHOCTH
JUISL TIOBBIIICHUS KadecTBa OOpa3oBaHUS B
CTpaHe.

Huctutyr WH QopMaIImOHHBIX
TEXHOJIOTUA M HMCKYCCTBEHHOTO HWHTEJIJICKTA
KHY wuMm. JX. bamacarelHa  TOTOBUT
CIICIIMAJINCTOB B obiactu
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MpOrpaMMUpPOBaHus,  KuOepOe30MacHOCTH,
HUCKyCCTBEHHOIO  HWHTEJUIEKTa, CETEBBIX
TEXHOJIOTUH M aHaiu3a JaHHBIX. CTyaeHTbI
M3y4aroT OOJNBINON MO KOJIMYECTBY CIEKTP
TEXHUYECKU X JUCLUMIUINH, KOTOpble TPeOYyIOT
BBICOKOTO YPOBHSI BJAJEHUSI aAHIJIMHCKUM
SI3BIKOM, ITOCKOJIBKY:

®MHOTHE ydeOHbIe MaTepuabl,
Hay4yHbI€ CTaTbU W JOKYMEHTALIMU MHUILIYTCS
Ha aHIJIMICKOM SI3BIKE;

eIIporpaMMHpOBaHHE U  pa3paboTka
MIPOTrpaMMHBIX o0ecrieueHuit (I1o)
UCIIONB3YIOT aHIIMNCKYI0 TEPMUHOJIOTHIO;

®y4acTHe B MEX 1YHAPOIHBIX IPOEKTAX,
CUMITO3MyMaX U KOH(epeHmusx Ttpedyer
3HAHUS AHTJIMHCKOTO S3bIKa;

ejoctyn K nepenoseiMm UT-kypcam u
cepTU(PUKaLMOHHBIM porpaMmmam
OCYLIECTBJISICTCS. TOJIBKO Yepe3 aHMIIMWCKUU
SI3BIK.

[IpenonaBanue aHIVIMKWCKOIO  sI3bIKa
cryaeHTam  IT-crnenuanbHOCTENH  BBI3BIBAECT
CIIO)KHOCTH, TaK KaK IpernojaBareisiM
MPUXOIUTCA CcOoYeTaTh o0Iiee s3bIKOBOE
o0yueHHe ¢ TEXHUYECKOW TEPMUHOJIOTHEH H
npodeccroHaIbHON KOMM YHUKaIlUEH.
[ToaTomy, paccMarpuBas poib
HCKYCCTBEHHOTO MHTEJUIEKTa B OOYy4YeHUH
AHINIMMCKOMY  s3BIKY  CTYIEHTOB IT-
CHEeLHaNIbHOCTEW, MO)KHO OTMETUTh, uTOo MU
MO3BOJISICT MOBBICUTH KA4eCTBO OOYUeHUS 3a
CUET AaBTOMATHU3aLUM, T[EPCOHAIM3AIUN U
MHTEPAKTUBHBIX METOJ0B. B mpenopaBanuu
AHIIMKCKOTO s3bIKa Ui cTyneHToB UKTull
(MuCTHTYTAa KOMIIBIOTEPHBIX TEXHOJIOTUH U
uckyccrBeHHoro uHrtemiekra) KHY umenn
XKycyna BamacarpiHa B mporiecce oOydeHUs
MBI UCIIOJIb3YEM:

e AlanITHBHbIE wiatg opMbl
(Grammarly, ELSA Speak, LingQ) -
aHaJIU3UPYIOT O LM OKH CTYIEHTOB,
oAOUParOT MHIMBUIYaJIbHBIE 3a/1aHHUSL.

eYar-00ThI " BHUPTYaJibHbIE
accucreHtbl (ChatGPT, Duolingo Bots) —
IIOMOTalOT B MpakTUKE  pPa3rOBOPHOIO
aHTJIMICKOTO, UMUTALIMU TPO(eCCHOHAIBHBIX
JIMAJIOTOB.

e Cucrembl aBTOMATHYe CKOI'0
nepepoga u aHaam3a Tekcra (DeepL,
Google Translate) — yaydimaoT moHUMaHKE
TEXHUYECKON JOKYMEHTAIIUU.



e ['eiiMmud uupoBaHHbIE

npwio:xkenuss (Memrise, Quizlet) —
MOBBIIAIOT MOTHUBAIIMIO 4Ye€pe3 HUIPOBBIC
AIIEMEHTHI.

B mpomecce o0ydeHHs aHTIMHCKOMY
sa3blky B UKTull KHY nwm. XK. banacarsina
MBI 3 PeKTUBHO HCIIONb3YEM
MCKYCCTBEHHBI HWHTEJUIEKT ISl YITydIICHUS
M10JIa4H SI3BIKOBOTO MaTepuaa.

CylecTBYIOT ~HECKOJIBKO CIIOCOOOB,
KOTOPBIE MBI UCIIOJIb3yeM B CBOEH padore:

1) IlepcoHaqM3upoBaHHbIE  y4eOHbIE
MaTepHasbl.

NN Moxer aHaIM3UpPOBAaTh  YPOBEHb
BIIQJICHUSI SI3bIKOM KaXJIOTO CTYJACHTa |
npeajarath  aJalnTUpPOBaHHbIE  y4eOHBIC
MaTepHabl, COOTBETCTBYIOIIIHE ux
noTpebHoCTsM. [6]

2) HHTepaKTHBHBIE
ucnoJib3osannem NUU:

[MpenomaBaTenu MOTYT HWHTEIPHPOBATH
MHTEPAaKTHUBHBIC 3JIEMEHTHI, TaKMe KaK dYar-
0O0TbI, B CBOM YPOKH. [7]

3) Amnajau3 H 00paTHasi CBSA3b:

YPOKH c

%141 MOYKET WCIOJIL30BATLEC A TS
aBTOMATUUYECKOTO  aHajiu3a  IMMChMEHHBIX
pabot CTYIEHTOB, 4TO MO3BOJISIET

MPETNoIaBaTeNsIM COCPEAOTOUYUTHCS Ha Oolee
CITOXKHBIX acriekrax oOydeHwus. [8]

4) Teilimudukanus o0ydeHus:

HcnonszoBanue refiMuUITHPOBAHHBIX
npuiiokeHni, Taknx kak Kahoot! u Quizlet,
MOXET chenaTb mnpouecc oOydeHus Oosee
yBIIGKaTeIbHBIM.  [IpermogaBaTenu  MOTYT
CO3/1aBaTh BUKTOPUHBI M HIPbI, OCHOBAHHBIE
Ha TEXHUYECKOH JICKCHKE M TPaMMAaTHKE, YTO
CIIOCOOCTBYET  TOBBIIICHWIO  MOTHBAIUH
CTYICHTOB W  YIY4YIICHUIO  YCBOCHUS
marepuaia. [9]

5) BupryajbHble aCCHCTEHTHI:

[MpenomaBaTenu  MOTYT  HCIIOJB30BATh
BUPTYaIbHBIX  AaCCUCTEHTOB, TaKUX Kak
Google Assistant wam Siri, s co3maHus
WHTEPAaKTHBHBIX YPOKOB. Hanpuwmep,
CTYIEHTHI MOTYT 3aJaBaTh BOMPOCH IO
rpaMMaTHKEe WM JIEKCHKE, a aCCHCTEHTHI
OyayT MpenoCTaBIsiTh MTHOBEHHBIE OTBETHI,
9TO CIOCOOCTBYET AKTUBHOMY OOYyYeHUIO
[10].

6) AHaau3 GOJBIIMX JAHHBIX:
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N moxeT mnomMouyb HPEenoaaBaTessiM
aHAIM3UpPOBaTh  JAaHHBIE O  Iporpecce
CTY/IEHTOB, BBISBIISIA OOLME TPYAHOCTH H
yCIEIIHbIE  CTpaTeruu  o0ydeHus.  ITO
MO3BOJISIET AAANITUPOBATH YUEOHBIH mpoiecc u
npeajgaraTb JIONOJHUTEIbHBIE PECYPCHI IS
CTY/ICHTOB, KOTOpBIE U CIIBITHIBAIOT
TpyaHocty. [11]

st 5 bdexruBHOTO Mictionp3oBanus MU
B  IIPENOJaBaHUU  AHIJIMMCKOTO  sI3bIKa
crynentam [T-cneumansHocreit KHY umenu
Kycyna banacarsiHa HamM ITpeIaraeTcs:
1) Aurerpamusi  UM-mHCTpyMeHTOB B
y4eOHbIe IPOrpaMMBbl:
e licnonp3oBaHue aAaNTUBHBIX IIaT(GOpM

JUISL MUHIMBUAYaJIbHBIX 3aJaHU .

e lcnonbs3oBaHue 4ar-00TOB ISl MPAKTH KU

OOIIeHN s Ha TEXHUYECKUE TEMBI.

2) Co3nanmne CHeUATU3HPOBAHHBIX

OHJIAH-KYPCOB:

e Pazpabotka KYypCOB c Y4ETOM
npodeccuoHaIbHON JIEKCH KA IT-
CIIEINAJILHOCTEMN.

e lcnosnb30BaHME MHTEPAKTUBHBIX 3aJaHUM,
ocHoBaHHBIX Ha MM-anroputMmax.
3) I'mGpuaHOEe 00yUYeHHeE:

e (CoueraHue TPAaAUIIMOHHBIX METOOOB
npenojaBaHus c 1 ppoBBIMU
TCXHOJIOTUAMMU.

e [lpoBenenue OHJIaH-BEOMHAPOB c

MPUMEHEHHEM IOJIOCOBBIX TOMOIIHHUKOB.

4) Ucnonb30BaHHEe aBTOMATH3HPOBAHHBIX
CHCTEM OLICHKHU 3HAHMMN:

e [lpoBepka rpamMMaTHKd, MHCBMEHHBIX
paboT u ycTHOM peun ¢ momonpio M.

e PasBuTHEe HaBBIKOB IMEpeBOJa M aHaIU3a
TEXHUYECKMX TEKCTOB C TOIIACPKKOM
HeipoceTeil.

5) O0yueHune npenogaBarteJeii:

o [IpoBencHNE TPEHUHTOB M CEMUHAPOB IS
npenojiaBareneii mo ucnonb3oBanuto MU B
00pa3zoBaTeIbHOM MpoIiecce.

e OOMEH OmbITOM MEXIY MPEnoiaBaTeIsIMH,
ucnons3yronmmu UM B cBOMX Kypcax.

Kakue mpeumymiectBa ©  BBI3OBBI
BHenpenus MM B npenogaBaHue aHIIUIICKOTO
SI3bIKa MOKHO OTMETHUTH?

[IpeumymecTBa, Ha  Hal
3aKJII0YAI0TCSI B TOM, YTO MPOUCXOJIUT:

1) UaauBuayaau3anus npouecca
o0yueHmus:

B3I,



NN mo3Bosisier amanTupoBaTh  yICOHBIH
MPOLIECC MOJI HYXAbl KaXJIOTO CTY/IEHTa,
YTO CIOcoOCTBYyeT Oosiee TIIyOOKOMY
YCBOEHHUIO MaTtepuaina [6].

2) TloBbllIeHHEe WHTEpeca CTYIEeHTOB K
U3YyYeHHIO SI3bIKA:

HHTEepakTUBHBIE |
JJIEMEHTHI  JIeNal0T
yBJICKaTeIbHBIM. [9]

3) Joctyn K nepeI0BbIM
o0pa3oBaTeIbHBIM pecypcam:

CtyneHTHI MOT'yT MCIIOJIb30BATh
COBpEMEHHbIE naaTGopMbl "
WHCTPYMEHTBI, YTO  pacHMpseT  UX
BO3MOKHOCTH Tl caMooOpa3zoBaHus. [7]

4) B03MOKHOCTH CaMOCTOSAITETbHOM
SI3bIKOBOM NPaAKTHKH oe3
npenoaaBaTeJis:

CTyneHTbl MOTYT TMPaKTUKOBaTh SI3BIK B
mo0oe BpemMss M B JIOOOM MecCTe, 4TO
CIOCOOCTBYET pa3BUTHIO MX HaBBIKOB. [10]

Kaxkue BbI130BBI cymiecTByroT? Ha Ham B3z,
MO>KHO OTMETHUTB:

1) HepocraTouHasi uud posas
rPAMOTHOCTh HEKOTOPBIX CTYJIE€HTOB H
npenojgaBareJieii:

He Bce cTyneHTBHl W TNpenojaBaTeld MOTYT
OBITh TOTOBBI K HCIOJB30BAHUIO HOBBIX
TeXHOIOTHH. [13]

2) Bbicokasi CTOMMOCTH  JIMIIE H3MIA
npoasunyreie UM-miiargopmer:
HekoTopeie  MHCTpYMEHTBI MOTYT  OBITH
HEJIOCTYIHBI u3-3a (MHAHCOBBIX

orpanunyeHumii. [11]

3) Heo0XxoauMOCTh aJanTaluu  y4eOHbIX
NporpaMM K HOBBIM TeXHOJIOTHUSIM:
[lpenonaBaTensiM HEOOXOIUMO BpeMs U

reiiMUUIIMPOBaHHBIC
oOyueHue Oonee

Ha

pecypchl  Juisi  OOHOBJIGHHS  y4e€OHBIX
J1aHOB. [6]

4) MoTeHUAIbHbIE  BONPOCHI  3ALUTHI
NMEePCOHATbHBIX JAHHBIX  CTYAEHTOB:

Hcnons3oBanue UM Tpebyer cobmoaeHus
HOPM U CTaHJapPTOB 3alMTHI JaHHBIX. [13]
Hna  ycnmemmoro BHeapenuss WU B
IIPENoIaBaHue AHTJIMI CKOTO s3I Ka
cryneHtam I T-cnenumanenocreit KHY umenn
Kycyna banacarbina peKOMEHIyeTCs:

1) Pa3zpadorka o0pa3oBaTeIbHOM
cTpaTerum:
e Omnpenenenue IIPUOPUTETHBIX

texnonoruit UM myst yaebHoro mpoiiecca.
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e JloaroroBka Mperno/iaBarenci K
ucnoiap3oBanuo  HMU-uHcTpymMEHTOB — Ha
Kypcax TOBBIIICHUS  KBaTU(UKAIIUU U
CEMUHapax.

2) Co3nanue MWJIOTHBIX MPOrpamMM:

e BHenpeHHE  TECTOBBIX  KypcoB C
npumedHennem WM i omeHku — UX
a¢pekTuBHOCTH.

e AHanu3 pe3ylbTaTOB U  KOPPEKUHUS

METOJIUK Ha OCHOBE MOJIY4CHHBIX JAHHBIX.

3) ObecneyeHune TeXHHYE CKOM
MOI€ PAKKH:

e (OOecrnieyeHue [OCTyMa CTYACHTOB U
npernojiaBareieil K COBpeMEHHBIM U (PPOBHIM
niargopMam U pecypcam.

e PazpaboTka BHYTpEeHHEH 0a3bl JTaHHBIX
c o0pa3oBaTelnbHBIMU pECypCaMH, BKIIOYAS
nocryn Kk MM-uncTpymeHTam.

4) Ouenka 3¢ ¢peKTHBHOCTH:

e PerymsapHsblii MOHUTOPUHT
YCIIEBAEMOCTH CTYJEHTOB C HCIOJIb30BAHHEM
WU nns ananmza JaHHBIX.

e COop 00OpaTHOW CBS3M OT CTYIEHTOB U
npenojaBareie s ylaydileHus y4eOHOro
nporecca.

5) CorpyauuuectBo ¢ | T-KkoMnaHusMu:

e YCTaHOBJICHHE MapTHEPCTB c
TECXHOJIOTUYCCKUMHN KOMITIaHUAMHU JJIA
JOCTylla K HOBEUIIMM WHCTPYMEHTAM H
pecypcam.

e [IpoBeneHue COBMECTHBIX
MEpONpPUATHH, TaKUX KaK XakKaTOHBl U

CEMMHApBbI, IS MPAKTUYECKOTO NPUMEHEHUS
M3y4acMOro MaTtepuania.

Buenpenue MM B npenonaBaHue
AQHIJIMMCKOTO SA3bIKA B Hucruryre
MH(OpMaMOHHBIX TEXHOJIOTUI "
uckyccrseHHoro uHteiiekra KHY unmenn
Kycyrma banacarblHa OTKpBIBa€T HOBBIE
BO3MOXXHOCTH NIl IIOBBIIICHUS KadyecTBa
oOpazoBanus. HcnonbzoBanue I1MQpOBBIX
TEXHOJIOTU I CIOCOOCTBYET
WHJUBUYaJIbHOMY  IOAXOJY,  IOBBIIIACT
MOTHMBAlLMIO  CTYAEHTOB U  oOiervaer
OCBOEHHE npodeccuoHanbHON
TEPMHUHOJIOTHH. Opnnako ycrHeImHas
MHTErpanus TpedyeT KOMIIJIEKCHOTO IMOX0/1a,
BKJIIOYAIOIIEr0 0O0ydeHue IpernojaaBareiie,
ajanTanuio y4eOHBIX porpamm "
TEXHUYECKYIO MOJIEPKKY CTYIACHTOB.



Ucnons3oBanue nn B TpeOOBAaHUSM COBPEMEHHOTO pBIHKA TPY/a,

oOpa3oBaTenpHOM TIpollecCe€ HE  TOJIBKO I7I€ 3HAHUE AHIVIMKUCKOTO S3blKa U HABBIKU
yAy4dllaeT KauecTBO OOy4eHUs, HO U paboOThI C HOBBIMU TE€XHOJIOTHSIMU CTAaHOBSTCS
CIIOCOOCTBYET MOATOTOBKE CTYOEHTOB K Bce 0oJiee BaKHBIMU.
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APPLICATION AND CHALLENGES OF CHATGPT IN FOREIGN
LANGUAGE LEARNING

Kbickaya myHesneme: JKacajimMa WHTEUIEKT TEXHOJOTHSACBIHBIH T€3 OHYIYUIy MEHEH,
OunmuMm  Oepyy TEXHOJNOTHACHIHAATBl JKAHBUIBIKTAp YeT THIAEPAU OKYTYYy MOJENICPUHICTH
e3repyyiaepay ylIaHTyyna. AKbIpKbI Kpuigapbl yeT Tuiaepaud okyryyaa ChatGPTHu xonmonyy
OoroHYa wm3uIneesnep kebeiyyme. byn Makama, dYeT THIAEPAM OKYTYYHYH TPAKTHKAJIBIK
mucangapsina  Herusgenun, ChatGPTuu  nekcuka jkaHa  IpaMMaTHKaJIbIK — OKYTYYyaa,
JKEKEJCIITHPUIITEH OKYTYYHY KOJIZOOIO JKaHa KJIacCTarbkl ©3 apa apakeTTEHYYHY KYdoTyyZery
YBIHBITBI KOJJOHYITYIIYH U3UAEeUT. OIOHI0M 3J1€, OKYTYYHYH HaThIIKaIyyJdyryH )KOropynaTryyaa,
peannyy yOakeITTarel NHUKAP OallIaHBIII MEXaHM3MIEPUH KYyuoTYYyAe JKaHa HMMEpPCUBIYY
OKYTYYHY WITEPUJIETYYAOTY aHbIH apThIKYbUIBIKTApbIH TangaiiT. Omon sie ydypaa, Oyn makana
yer THigepan okyryyrna ChatGPTHuH dekreenepyH, Mucalibl, MaJaHUNH KOHTEKCTTEPJETH
TYLWYHYYOOIY 4EeTTeeJiop, IMparMaTHKaldblK KaTajgap JKaHa  KOHKDETTYY THIOHK  CO3
aflkamrapelHIarkl Tyypa OdMec Oaanap ChISKTYynapabl OenruieiT. MBIHIaH — THINIKapHI,
crynertrepauH ChatGPTre ammikya TasHyycy ajapAblH €3 ajJblHYa OKYY *KOHIOMIYYJIYTYHe
TOCKOOJI OO0JIyIly MYMKYH »aHa KJIaccTarbl MYTaJUMIMH YCTOMIYK pOJIy ajJchlpallbl MYMKYH.
Wzunneenep kepcetkenmei, srep ChatGPT canrryy OKyTyy BIKMaJapbl MEHEH HaTBIMKAIyy
HHTCIrpaliusjiaHCca, aHJda aJI 4YCeT THIIUK oMM 6epYYHYH calaTblH OHTUMAJIAAIITBIPBIIL,
OKYyYy4yNapJblH THJIIMK OMJITMYTUTHH KOropyaara anar. AKbIppIHAA, Oyl Makajia 4eT THIAEpau
okyryyna ChatGPTTuH KenmedekTern eHYTYYCYH TaJKyyJalT j>KaHa THEIIeTYY CYHYIITap sl Oeper.

AHHOTaHI/IH: BBICTpOC pa3BUTUC TEXHOJIOTHUU HCKYCCTBCHHOI'0O MHTCJJICKTA, WHHOBAIIUH B
00pa30BaTeNbHbIX TEXHOJIOTUAX HENPEPHIBHO CIIOCOOCTBYIOT TpaHchopManuu Mojeleid o0ydeHus
WHOCTPaHHBIM si3bIKaM. B mocneanue roapl uccienoBanus npumeHenus ChatGPT B oOyuenum
HHOCTPAHHBIM SA3bIKaM IOCTCIICHHO YBCIIMYHMBAIOTCA. B IlaHHOﬁ CTaTbC, HA OCHOBC MPAKTHUUCCKUX
IpPUMEPOB OOYy4eHUsT HMHOCTPAHHBIM sI3bIKaM, paccMaTpuBaercs (akTHUYeCKoe IPUMEHEHUe
ChatGPT B oOyueHUM JIEKCMKE W TpaMMaTHKe, MOJTOTOBKE K DK3aMEHaM, a TAakKe B TMOJICPKKE
HHAWBUAYAJIBbHOTO 06y‘I€HI/IH u IIOBBIINICHU N HHTCPAKTUBHOCTHU Ha 3aHATUAX. Taxke
aHAIU3UPYIOTCSI IPEUMYIIECTBA B MOBBIIICHUN YPPEKTUBHOCTH OOyUEHUS], YCUICHUU MEXaHHU3MOB
MTHOBEHHOW 0OpaTHOM CBSI3U U COACHCTBMM UMMEPCHBHOMY 00y4deHHI0. B TO ke Bpems B cTaTbe
ykasbiBatoTcsi orpanndeHrs ChatGPT B 00ydeHnH HHOCTPAHHBIM S3bIKaM, TaKHe KaK OTKJIOHEHUS B
IMOHUMAaHWHU, B MCKKYJIBTYPHOM KOHTCKCTC, MPAarMaTU4C€CKUC OIIMOKH H HCTIpaBUJIBHAasA OLCHKA
CHCI_II/I(i)I/I‘IeCKI/IX SA3BIKOBBI X BBIpa)KeHPIfI. KpOMe TOrOo, Ype3MepHad 3aBUCUMOCTb CTYACHTOB MOXKCET
MOBJIUAThL Ha CIIOCOOHOCTh K CaMOCTOSITEIbHOMY OOYYEHHIO, a BEAyIias POJb IPErmoaBaTels
MOXeT ObITh ociabneHa. MccnenoBanus mokaspiBaoT, yTo pu pasymMHoMm couetanuu ChatGPT u
TPpAAUIIUOHHBIX MCTOIOB o6yquH;1 MOXHO B(I)(I)eI(TI/IBHO ONITUMHU3UPOBATL KAYCCTBO O6Y‘ICHI/IH
HHOCTPAHHBIM A3bIKaM W ITOBBICUTH CHOCOGHOCTB 06y‘-IaIOIJ_[I/IXC$I INPpUMCHATDH S3bIK. HaKOHeI_[, B
cTaThe paccMmarpuBaroTcst Oyaynme HanpabieHus pazButiss ChatGPT B o0yuyeHHM MHOCTpaHHBIM
SA3bIKaM U NMpCJI1aratoTCsl COOTBCTCTBYIOIUEC PCKOMCH AU .

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
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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.

Hermsrn ce3gep: ChatGPT; wer Ttungepan oxyryy; KbiTail TumuH OKyTyy; ’kacaima
MHTEJUIEKT; OKYTYy KOJJOHMOJIOPY; apTHIKUBLIBIKTAPhl; OHYKTYPYY OarbiThl.

KmoueBble caoBa: ChatGPT;

oOydeHue

HWHOCTPAHHBIM  A3bIKaM; IIPCIIOAaBAHUC

KUTACKOTO $3bIKa; HMCKYCCTBEHHBIM WHTEJIEKT; MPUMEHEHHE B OOY4EHHMH; NPEUMYILECTBA;

HarpaBJICHUC pa3BUTHU .

Keywords: ChatGPT; foreign language teaching; Chinese teaching; artificial intelligence;
advantages; teaching applications; development directions.

Beenenne

TexHonoruu HUCKYCCTBEHHOIO
uatemekra (MU, Artificial Intelligence), ¢
MOMEHTa cBoero mossieHus B 1950-x rogax,
MEPeXIIN HECKOJIbKO BOJH pa3BUTUA. B
MOCJIEIHUE TOJAbI, C MpOpbIBaMU B 00IacTH
ryookoro oOyuenuss (Deep Learning),
o0paboTku ecrectBeHHOro si3bika (NLP,
Natural Language Processing) m Oonbomx
nanabix (Big Data), MM Bctynun B 3Tan

OBICTPOTO pasBUTHSA u [IMPOKOTO
OpUMEHCHHS. B 4YacTHOCTH,  3BOJOLIHS
moneneit  GPT  (Generative  Pre-trained

Transformer) mpuBena K 3HAYUTETLHOMY
MPOPBIBY B T€HEpAllMK U MOHUMaHUU TEKCTa,
OTKpBIBasi HOBBIE€ BO3MOXKHOCTH IS Cepshl
00pa3zoBaHuL.

ChatGPT, oduiuanbHO BBITYILIEHHBIH
xommanueii OpenAl 30 Hosi6pst 2022 rona,
KaK 4aT-00T, OCHOBAHHBII Ha TEXHOJOTHSIX
TI1yOOKOTO oOyueHUsT 00paboTku
ectectBeHHOro s3pika (NLP), yxe uepes 5
JIHEH Toce 3amycka Mpeo1ojen OTMETKY B 1
MUJUTHOH nonb3oBareneit. ChatGPT obnanaer
MOIHBIMU BO3MOXHOCTSIMU IIOHMMaHUs U
reHepalyd  TEKCTa,  CIOCOOEH  BecTu
JUAJIOTU ¥ OKa3blBaTh MOJJEPKKY B PEILICHUU
pa3NMuYHBIX 3aJay, TaKMX KaK CO3/1aHue
TEKCTOB,  SI3bIKOBOM  TIEpPeBOJ,  TOMCK
nH(pOpMAIUH, TTOMOIIh B TPOrPAaMMHUPOBAHUH,
a Tarke B 00pa30BaHUU U OOY4EHUH.

HexoTtopsie uccienoBaTenu CUMTAIOT,
yro ChatGPT yckoput oOpa3oBaTenbHbIE
npeobpazoBanus. Hampumep, Euchner (2023)
[2] otmeuaer: "llosBnenue ChatGPT mosxer
KapIUHAaJIbHO U3MEHUTh MO/JIENb
obpazoBanusa". Rudolph u mp. (2023) [1]
[oJjararT,  4TO "reneparuBHbii WU
IIPEIOCTABIISIET HOBBIE METOIbI "
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BO3MOXXHOCTH B o0mactu  pa3paboTKu
y4eOHBIX IporpaMm 5 IIPUHOCUT
3HAYUTENbHbIE TpeuMynecTBa". B To ke
BpEMsI  HEKOTOpbIE  YUEHBIE  BBIPAXKAIOT

00€CIIOKOEHHOCTD T10 MOBO/Y MCIIOIb30BaHUS
ChatGPT. Ban Illynu u gp. (2023) [5]
YKa3bIBAIOT, YTO JTa TEXHOJOTHS MOXET
CIIOCOOCTBOBAThH TUIATAATY M aKaJIEMHYECKOH
HeuecTtHOCTH, a Wky ['yauxysii u mp. (2023)
[6] cuutatoT, uyro 3n0ynorpednenue ChatGPT
MOYXKET HEraTHBHO TTOBJIUSITH Ha
aKaJIEeMUYEeCKYyI0 CIIPaBeAJIUBOCTh. B 3TOM
koHTekcTe, kak uMeHHO ChatGPT moBauser
Ha oOpaszoBanue? Kak memaroru JOJKHBI

MpaBUJILHO  pearupoBaTh Ha  OBICTpOE
paBBI/ITI/IC TCXHOJIOI‘I/Iﬁ I/ICKYCCTB CHHOT'O
uHTeImekta? B gaHHOW  crathe  OyayT
paccMOTpPEeHbl TPHUMEHEHHE U  IPaKTHKa

ChatGPT B 00yueHUN MHOCTPAHHBIM SI3bIKAM,
a TaKKe C IMOMOIUIBI0 aHaM3a KOHKPETHBIX
METOJIOB M NPUMEPOB OYIYT MPEIOCTaBICHBI
MPAKTUYECKUE PEKOMEHIAINH ISl yIuTelnen
no wucnoib3oBanuo ChatGPT B kauectse
MOMOIIHMKa B OOYYEHHHM HMHOCTPAHHBIM
SI3BIKAM.

1. Ilpumenenme ChatGPT B
00y4yeHHUH HHOCTPAHHBIM SI3bIKAM

1.1 O0y4eHmne ekcuKe

Jlekcuka gBISIETCS OCHOBOM HM3y4EHUS
S3bIKa, M TOJBKO HaKaluIMBass M OCBauBas
JOCTaTOYHOE KOJIMYECTBO CIIOB,
oOyqaronmecss MOTYT B  JaJbHEHIIEM
(dopmMUpOBATH HaBbIKH ayIMpOBaHMUs,
ropopeHusi, ureHuss u nucbma. ChatGPT
MOXET UTpaTh pa3HO00Opa3H yro
BCIIOMOTaTENIbHYIO POJIb B O0OYYEHUH JIEKCHKE,
momorast MPEToAaBaTeNsIM MOBBIIIATH
3(GPEKTUBHOCTh 3aHATUH W OJHOBPEMEHHO
CIOCOOCTBYSl ~ Pa3BUTHIO y  CTY/ACHTOB



HABBIKOB M3YYCHHS U NMPUMCHEHUS JICKCHUKH.
KoHkpeTHbIe TPUMEHEHUSI CIICYIOIIHC:

(1) ChatGPT wMoxer mnpoBOAUTH
MHOTOACIIEKTHBI ~ aHaJIW3 CaMUX  CJIOB.
ChatGPT obmamaer MO ILIHBIMH
BO3MOYKHOCTSIMH TIOHMMAHHSI SI3bIKA U MOYKET
AaHAJTM3UPOBATh  3HAUCHHWE, 4YacTh pEuH,
CTPYKTYPHBI ~ THII ¥ 3MOIMOHAIBHYIO
OKpacKy CJIOB C pa3HBIX TOYEK 3PEHHS, UYTO
MO3BOJISICT  TPENOJABATENIIM  DKOHOMHUTH
BpeMssT  Ha  3aHATUAX W [OBBINATH
s dexruBHOCTS 00yueHUs. Tak, Ha mpuMepe
KUTAiCKOTO s3bIKa, TP M3ydeHHH croBa "%
Fr (macramBate) ChatGPT  moxer
NPEIOCTAaBUTh TPHUMEPHl TMPEIJIOKCHUN B
Pa3IUYHBIX CIICHAPHIX:

Obvlunoe ucnonvsosanue:. ’f)@ i I:I%

Fr % B4R (On kaxnplii 1eHb HAcTONUMBO
3aHMMaeTcs (PU3MYECKUMHU YITPAKHEHUSAMM ).

Obyuenue: BIMEIRAE, fifk SR IR 3572

n

2] X (Hake ecam 3TO  CIIOXKHO, OHA
IPOIOIKACT

HACTOMYMBO  U3ydaTb  KUTAHUCKUU
S3BIK).

Pabouas cumyayus: IR EFHNNIX
N FE I K (Menemkep HacTauBaer,
YTO 3TOT IUIAH JIYYIIHH ).

Omoyuonanvroe svipaxcenue: A1

FrECBEM, MAZNRE (Onn mactoiiumso

IPUIEPKUBAIOTCS CBOEH Bephl, HE KOJIEOIIACH).

(2) ChatGPT wmoxeT aHaIM3UpPOBATH
OTHOLIEHUS Mexay cioBamu. [loatomy
Mperno/IaBaTenu CMOTYT UCII0JIb30BATh
ChatGPT pnst pa3nuueHuss CHUHOHUMOB U
aHajM3a COYETaeMOCTH  CJOB, pa3BUBAas
MBIIITICHUE CTYACHTOB B KOMOMHAI[MOHHBIX U
arperaTHbIX OTHOIICHHUSX CIIOB, TTOMOTas UM
OCBOMTH  KHUTAWCKyl0  JIEKCHMKY;  TaKKe,
PYKOBOJACTBYSCh TEOpUEW CpPaBHUTEITHHOTO
aHaju3a M aHajdu3a OIMOOK, MOXHO
MPOTHO3UPOBATH BO3MOXKHbBIE Ol OK1
CTYICHTOB B W3YUYE€HUM JICKCHKA W 3apaHee
MOJATOTOBUTHLCS, IOMOTasi UM MaKCUMAJIBHO
n30exkarth 3TUX onmbok. Hampumep, npu
CpPaBHEHMM pa3IuuHil MexIy cioBamu /B "

(ayBcTBOBaTH), "JKAZ" (omrymars) u "L
(ucnbiThiBath), ChatGPT  npenocrasiser
CIIeIYIONMEe Pa3bACHEHMUS:

J& % (4yBCTBOBATH) - B OCHOBHOM

OTHOCHUTCA K (1)I/I3I/IOJ'IOI‘I/I‘leCKI/IM 501058
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UHTYUTUBHBIM OINyIIeHUsAM. /G4 KAR
7o (51 9yBCTBYIO, YTO CETOHS XONOIHO).

& % (ourymars)

CKIIOHACTCA K

ICUXONOTHYECKUM U AMOIMOHAIBHBIM
OIIYIICHUSIM. G RS2 B 2 )
* M . (OHa miyboko omlytunaa 3aboTy

YUUTENSA).
4 B (MCOBITBIBATh) - MOJYEPKUBACT

nuuseli onwIT. AMTEFRAT HARLS T ANIE ) ST

£ - (OH wucobITan BIMSHME Pa3IUYHBIX
KYJIbTYp BO BpEMs ITyTEIIECTBU).

(3) ChatGPT MoxeT uCIOIB30BAThH
CYWIECTBYIOIIIyl0 ~ 0a3y  pecypcoB s
MPEOCTaBICHUSI  OONBIIOTO  KOJHMYECTBA
MPaBUIIGHBIX MPUMEPOB MPEATIOKEHUU U, B
COOTBETCTBHUH C 3allpOCAMH, TPEIOCTABIISATH
MperoaaBareIsiM 00pa3loBhIe TPEITOKEHUS
10 YPOBHSIM U TE€MaM, a TaKKe MPEICTaBIATh
CTyICHTAaM  MpAaBWIBHBIE W  YMECTHBIC
BBIPAKCHHUS 1EJIEBOTO SI3bIKA B COOTBETCTBHH
C 3aJaHHBIMH LEISIMH U TOTPEOHOCTSIMH,
rmoMorasl TIperojaBaTe)isiM | CTyJACHTaM
dopmupoBaTh 6a3y MPUMEPOB MPEIIIOKCHHIH,

9TOOBl  CTYAEGHTHI MODIM TIOHUMAaTh |
UCIONb30BaTh ciaoBa B KoHTekcre. [lpu
3amnpoce K ChatGPT MPEIOCTABUTH
COOTBETCTBYIOIIIME BBIPAXKEHUS B
COOTBETCTBUHU c KOHKPETHBIMHU
notpebHOCTAMU Ha Temy cueHapus "TIpocrda
o mnomoum", ChatGPT npenocraBuser

CIIeTyIOIIE TIPUMEPHI TPEUIOKCHHMN:
Oduyuanvnas cumyayus (HanucaHue
3JIEKTPOHHOTO MHChbMa podeccopy):

BHK EHOR, B AT

PR R 7 — 2, A FE S T
IR MtE 57 Wl ! (YBakaemsrii

npodeccop Bam, 3lpaBCTBYyiTE! A
CTOJIKHYJICSI C HEKOTOPBIMH TpoOieMamMHu B
npoiecce oOy4eHus, He MOIIA Obl Bbl MHE
nomous? Criacu6o!)

IHonyoguyuanvnas
(oO1IeHME C KOJIEroi):

/J\é’ ﬁi%?”*/l\fﬂ@, ﬁ%ﬁlﬁa'fl]\
ICHES? Wi ! (Cao Jln, y mens
BO3HHKIIA TpoOieMa, He MOITU Obl BBl MHE
nomous? Criacu6o!)

Heoguyuanvnas cumyayusa (Mexny
TPY3bsIMU )

cumyayus



PREEF FAMT 2 BA i A X
N H. (He mor 6l Tl MHe moMoub? S
HEMHOTO 3aIlyTajcs B 3TOM BOIIPOCe).

Taxum o6pa3oM, ChatGPT wmoxer

IOMOYb ~ TPENOoJaBaTeNIIM M CTYJACHTaM
co3garh U€TKO KIAacCH QUUIMPOBAHHYIO U
KOHTEKCTHO-OPHUEHTUPOBAHHYIO 6azy
IPUMEpPOB IPeIOKEHUH, obneryast

IpUMEHEHHE B OOYYE€HUM M HU3Y4EHHH. ITO
[IOMOTaeT CTYAEHTaM HE TOJbKO IIOHSTH
KOHKPETHOE HCI0JIb30BaHHE CJIO0B, HO U THOKO
MCIIOJIB30BATh II€JIEBOM S3bIK B Pa3TUYHBIX
KOHTEKCTax.

B umemom (Cai W., 2023a) [3]
ChatGPT MOXET Urparthb BAKHYIO
BCIIOMOTATENbHYIO POJIb B O0Y4EHUH JIEKCHKE,
npenocTaBisis  oOydaronmMmcst  GoJblIoe
KOJIMYECTBO  y4eOHbIX MarepuasnoB. OH
UMUTHPYET peallbHble )KU3HEHHbIE CUTYaLlUH
U CIOCOOCTBYET pealbHOMY HCIOJIb30BaHHUIO
a3plka.  Ho  cimegyer  orMeTuTs,  4TO
npodeccuoHaIbHbIE 3HAHUS ChatGPT
OTpPAaHUYEHbI, U OTBETHl HAa TEOPETUYECKUE
BOIIPOCH SI3BIKOBBIX 3HAHWM, TaKWe Kak
aHallu3 CTPYKTYpbl CJOB, HEIOCTaTOYHO
TOYHBI, ¥ IpernojaBaTeisiM HEOOXOAUMO HX
MIPOBEPSTH.

1.2 O0y4yeHue rpaMMaTuKke

Jns u3ydeHus TpaMMaTHKU KpaiiHe
BAXXHO TOYHO YCBAaWBaThb COOTBETCTBYIOLME
3HaHUWA W THUcaTh TpeasoXeHus  0e3
rpaMMaTHYeCKUX  OMMOOK, YTO  Takke
ABJIIETCS TPYOHOCTBIO U IpoOIeMOd B
o0yueHuu. B nporecce U3y4eHus
MHOCTPAHHOIO $53blKa M3-3a OTPULIATEIBHOIO

epeHoca  pPOJHOIO  s3bIKA,  BIMSHUSA
CTpaTeruii OOy4yeHHs HJIM METOJ0B OOydeHUs
U JIpyruX (GaKTOpoB, Yydalmpecs 4YacTo

JIOTTYCKAIOT TpaMMaTUYeCKue OIMOKH, TaKue
KaK MPONYCK KOMIOHEHTOB, CEMaHTHYECKOE
MMOBTOpPEHHE, HEMPAaBUIILHOE HCIOJIb30BaHUE
COCTMHUTENBHBIX CIIOB M T. 1. Eciau Takue

rpaMMaTHYeckue  OommMOKd  ObICTpO |
3(GPEKTUBHO HCIPABIATh, 3TO 3HAYUTEIHHO
MOBBICUT  3((EKTUBHOCTh  OOyJYCHHUS, B

OINpe/IeICHHON crereHn obseryas paboTy
npernojaBareNss W yiIydllas — pa3BUTHE
o0yueHusi mHOCTpaHHBIM s3bikamM. ChatGPT
MOYET XOpOUIO MOMOraTh MPEenoaBaTessM B
00yJ4eHNHU TpaMMaTh K€ WHOCTPAHHOTO S3bIKA,
IpPH 3TOM MOMOTasi U OOYYAIOIIMMCS JIy4IIe

1)
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yCBaMBaTh IpaMMaTH4yeCKUE 3HaHUA. OTO B
OCHOBHOM  OTPa)XkaeTcs B  CIEAYIOIMX
acIeKTax:
IlpenocraBnenne 4YETKMX TIPaMMaTHYECKUX
O0ObsACHEHUH

B o0ydeHuu IrpaMMaTHKe
MHOCTPAHHOIO sI3bIKAa CHUCTEMaTHYECKOE U
TOYHOE rpaMMaTH4YECcKoe 00BsICHEHHE
SIBJISIETCS OCHOBOM JUISt YCBOEHUS
oOyuaronmMucs A3bIKOBbIX NpaBuil. ChatGPT
obnamaer MO ITHBIMU BO3MO>KHOCTSIMHU
00palboTKU sI3bIKA M MOXKET IPEIOCTABIISThH
rpaMMaTHUeckue OOBSICHEHUS  pazIMyYHOM
IJTyOMHBl B  COOTBETCTBUM C YPOBHEM
oOyuaromerocss  (Ha4aJbHBIA,  CpPETHUM,
MPOJIBUHYTBIN). Hanpuwmep, JUISt
HaunHaroumx ChatGPT Moxxer 0O0BsACHATH
rpaMMaTHYeCKue KOHLENLUHUHU C MOMOIIBIO
HaIJSITHBIX IPUMEPOB M OCHOBHBIX MPABUJI, a
IUIE  TPOABUHYTHIX OOYYAIOIMXCSI MOMKET
MPEOCTaBIATh  MOAPOOHBIM  CTPYKTYpHBIN
aHaJIM3, TPaMMaTHYECKYI0 JBOJIIOLIUI0 U €€
MPUMEHEHHE B pa3IMYHbIX KOHTEKCTaX.

Kpome TOTO, ChatGPT MOYKET
KOPPEKTUPOBATh METOAbl OOBSICHEHHUS B
COOTBETCTBUHM C PA3IUYHBIM  SI3BIKOBBIM

(oHOM, UYTOOBI aNaNTHPOBATHCS K BIHSHHIO
OTPUIIATEIHPHOTO TIEPEHOCAa POJHOTO SI3BIKA,
nenasi o0ydeHue rpaMMaTuke 00JIee TOYHBIM
Y TIEPCOHATU3U POBAHHBIM.

(2) Co3manue mepcoHaIM3UPOBAHHBIX
VIIPOKHCHUN W TPEJIOCTABIICHHE OOpaTHOM
CBSI3U

IlepcoHanu3upoBaHHbIE YIPaKHEHUS
WUTPAIOT PEHIAIOIIYI0 POJIb B OOyYECHUH
rpamMMaTuKe, nomoras o0 yJarompmcst
3aKpenuTh MOJTy4 CHHBIC 3HAHUS B
MPAKTUYECKOM  MPUMEHEHUH. ChatGPT
MOXKET CO37aBaTh I€JIeBbIC YIPAXKHEHUS,
Takhe KaKk yYIpaKHEHUs Ha 3aloJIHeHue
MPOMYCKOB, MCIPABIICHHE OIMOOK, BHIOOP
OTBETa H COCTaBIIHHE TMPEAJIOKEHUN B
COOTBETCTBUH C YPOBHEM, IIPOrPECCOM
0o0y4eHHS U PacIpOCTPaHEHHBIMU OIIMOKAMU
obyuatonmxcs. B 1o xe Bpems ChatGPT
oOnanaer MEXaHHU3MOM MTHOBEHHOM
0oOpaTHOM CBSI3U, CIOCOOHBIM aHAIM3UPOBATh
OTBETHl  OOydJalOUWMXCs,  YKa3plBaTh  Ha
OMMOKA W  TPENOCTAaBIATH  MOIPOOHBIE
oOBbsicHeHHs. Takoil pexuM MTHOBEHHOTO
WHTEPAKTHBHOTO OOYYCHHSI MOXKET MOBBICUTH



CIIOCOOHOCTH o0yJaro Iy Xcs K
CaMOKOHTPONIIO U 3((HEeKTUBHOCTh W3ydEHUs
rpammatukd.  Kpome — Toro,  cosmaHue
MePCOHAIN3UPOBAHHBIX yHpaXHEHU N
M103BOJISIET n30exarhb OTpaHUYEHU N
(U KCUPOBaHHBIX YIpaKHEHUH u3
TPaAWLMOHHBIX Y4eOHUKOB, Nenasi ydeOHBIH
KOHTEHT OoJiee THOKMM U pa3HOOOpPa3HBIM.

(3) OOyyenume  rpaMmaTuke B
COYETaHHH C PEATbHBIM KOHTEKCTOM

N3ydyeHue s3plka — 3TO HE MPOCTO
YCBOCHHE TIPaBWUJ, HO U TPUMEHEHHE WX B
peanpHOM KOHTEKCTE. ChatGPT
MPEIOCTaBIISIET 00 yJaro mpmcs Ooiee
NPAaKTUYECKHE TPAaMMAaTHYECKHE YIPaKHEHHS,
coyerass pealbHble KOHTEKCTBI, TaKUe Kak
MTOBCETHEBHOE oOreHue, HOBOCTHBIE
pEropTaXKk,  HAay4HbIE  CTaTbH,  S3BIK
couuanbHbIX cered U T. A. Kpome Ttoro,
ChatGPT moxeT co3maBaTh YNpakKHEHHS Ha
JMaJOr B COOTBETCTBUU C KOHKPETHBIMH

KOHTEKCTAMH,  TO3BOJISII  OOYdaro IMMCSI
YCBaI/IBaTB TpaMMaTH‘-IeC KHne 3HAHU B
porecce MOJICTHPOBAHHSI peaabHOro
o0IIIeHHS.

(4) HWcnopaBiieHne rpaMMaTHYECKH X
onmOOK M 00BSICHEHNE NPUYNH OIIMOOK

Ananus onmoOoK ABJIAETCS
HEOTBEMJIEMOM YacThIO o0y4eHHUst
uHocTpaHHbIM  si3blkaM. ChatGPT  moxer
aBTOMAaTUYECKU pacrno3HaBaTh

rpaMMaTHYECKHE OMMOKA OO0yJarommMXxcs |
MPEIOCTABIISITH TOIPOOHBIE UCIIPABICHUS, HE
TOJIBKO yKa3bIBasi HA MPABUIIbHBIN OTBET, HO U
aHAM3UPYST TPUYUHBI OommMOOK. braromaps
MTHOBEHHOW 00paTHOM CBSI3U U OOBSICHEHUSM
oOyJaronmecss MOTYT TIIYOXKe MOHSATh CBOH
OIMOKH, 4TOOBI M30€KaTh WX MOBTOPECHUS U
MOBBICUTh TOYHOCTh YCBOCHHS I'DAMMATHKH.
Kpome Toro, ChatGPT moeT npeaocTaBisTh
I[eJIeBbIe YIPAKHEHUSI HAa OCHOBE THIUYHBIX
Mojeneil  ommOOK  oOydarommxcs IS
3aKpeIICHUsS] MPABHIIBHBIX TPAMMATHYCCKUA X

CTPYKTYP.

(5) IIpoBenmeHne  CpaBHUTEIBHOIO
aHaIM3a I'PAMMATHKHM JUIS NPEAOTBPAILEHHUSI
OYTaHUIbI

B mponecce u3ydeHuss HHOCTPaHHOTO
S3bIKa HEKOTOPbIE I'PAMMATUYECKUE SBJICHUS
nerko nepenyrath. ChatGPT moxeT momoub
O0yJaroImMMCsl TOHATh Pa3IUuYMs  MEXIY
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pasHBIMU TPaMMAaTHYECKUMHU CTPYKTYpaMH ¢
MOMOIIBIO  MOAPOOHOTO  CPaBHUTEIBHOTO
aHaIm3a " MPEIOCTaBUTh  IIEJICBBIC
YIpaKHEHUSI TSt MPEIOTBPAIICHUS
nyraHuibl. [Ipu BeIpaXeHUH COCTOSHUS WU
3aBEPIIEHHOCTH  JEHUCTBUSA B  KUTANCKOM
SI3BIKE YaCTO MCIOJIB3YIOTCS TaKUE CIIOBA, KaK
"7 (le), "it" (guo) m "FEH" (zhe), HO HX
GYHKIMU pa3inyHbl, U MX JIETKO MEperyrarh
M3Y4alO MM MHOCTPAaHHBIM s3bIK. LIt 3TOM
rpaMMaTHKU ChatGPT  npenocraBmsier
CIIC/YIOLTE TTPUMEPBI TPEIUIOKCHUN :

"7 " (le) - ykaseIBaeT Ha 3aBepIICHUE
IEUCTBUSL:

HHERG 7 IRE LS . (WO zudtian
kan le na bu dianying). - 5 Buepa mocMmoTpen
3TOT (puiIbM (TOJYEPKUBACT, YTO JIEHCTBHE
YK€ TIPOU30IITIO);

"3 ' (Quo) - yka3bIBaeT Ha OMMBIT:

WEILHAHHEF . (wo kan guo na bu
dianying). - S cmorpen 3TOT (QuIBM
(ToTuepKUBaeT MPONUIBIA ONBIT, HE 3a00TICH
0 KOHKPETHOM BPEMEHH);

" & " (zhe) - ykaseBaer
MIPOJIOJIKAIOIIEECS] COCTOSTHUE JICHCTBUS:

B FH:#E— IR . (qidng shang gua
zhe yi f hud). - Ha ctene BucuT kapTuHa
(mogyepKuBaeT, 4T0 HEKOTOPOE COCTOSHUE

Ha

MPOAOIKACTCS).

(6) Pa3paboTka HTPOBBIX
rpaMMaTHYECKHX VOPpKHEHUH JUTSE
MOBBIIIICHUS HHTEPECA K 00YUICHUIO

Meton reiimudu Kkaruu LI POKO

UCIONIB3YeTCsl B HW3YYEHUU SI3BIKA, U €TO
OCHOBHAs 1eJib - MOBBICUTH MOTHUBALUIO U
BOBJIeUeHHOCTh  oOyuatonmxcs. ChatGPT
oOnanaer CIIOCOOHOCTBIO CO3JaBaTh
pazHoOOpa3Hble UTPOBBIC YIIPAKHEHUS, TaKUe
KaK TpaMMaTHYeCKHe KPOCCBOPbI, LEMOYKU
MPEIUIOKEHNH, TpaMMaTHYeCKue BHKTOPUHBI
u T. I Hanmpumep, ChatGPT wmoxer
YCTaHABIUBATh PA3IUYHBbIE YPOBHHU, KaXKIbIH
W3  KOTOPBIX BKIIOYAET  OINpENeNEHHBII
rpaMMaTUYECKUI MYHKT, U CTYOCHTBHl MOTYT
MEPEUTH Ha CIEAYIOIMH YPOBEHB, TOJIBKO
OTBETHUB MpaBmIIbHO. Hampumep,

Vposenw 1 (cueTHble CI0BA):

ChatGPT: "iHIR A G @ & —
DI

(Iloxxanyiicra, BBeauTe



noaxojsiiee cuérHoe cioBo: 'ogHa ()
KHUTA').
Crynent: "A&" (b&n) (9K3eMIIsp)
— [lepexo/ Ha CIEIYIOIMN YPOBEHb
Vpoeenv 2 (vactuma " | " (I)):
ChatGPT: "¥ I Wr FHE Rzt 1
mer R_RAIEM, FUWHER. "
(TToxxanyiicra, ompenenuTe, MpaBUJIbHO U "

7" (le) B "RFERIZI T " (WS zudtian chi

fan le. - A Buepa moen) U OOBICHUTE
MIPUYHHY).

ITlpumenenne ChatGPT B o0yuenuun
rpaMMaTHKe WHOCTPaHHOTO SI3BIKA

OXBaThIBA€T MHOXECTBO AaCIICKTOB, BKIIOYasd
ONpCeAOCTABJICHHUEC TOYHBIX TI'PAMMATHYCCKUX

00BICHEHHH, co3llanmue
MIEPCOHATU3UPOBAHHBIX YIPOKHEHUH,
oOydeHHE TpaMMaTHKEe B COYCTAaHHU C
PpCaIbHBIM KOHTCKCTOM, HUCIIPaBJICHUC

rpaMMaTHYECKHX OMIMOOK U TPEIOCTABICHUE
OOBSCHEHUH, TPOBEACHUE CPABHUTEIHLHOTO
aHalM3a TPaMMATHKH, pa3pabOTKy HIPOBBIX
YIPaXHEHUI W TOMOIIb MPEroAaBaTessM B
IIOATOTOBKE K 3aHATHUAM. CoueraHue 3>THUX
GyHKIIUA MOXET HE TOJbKO TOBBICHUTH
CIOCOOHOCTh OOYJalOIMMXCS K YCBOEHHIO

rpaMMaTHKy, HO n YIIy1umTh
UHTEPAaKTUBHOCTh | YBJICKATEIBHOCTD
oOydeHHs TpaMMaThke, Jenas Mpolecc
oOydeHus Oonee 3 pdexTUBHBIM u
HePCOHATM3UPOBaHHBIM. TakuM  00pa3om,

ChatGPT wumeer UMpOKHE MEPCIEKTHBEI

IIPUMEHEHUS B oOnactu o0y4yeHus
MHOCTPaHHBIM S3bIKAM U MOXET CTaTb
BAKHBIM BCIIOMOIAaTEIbHBIM HHCTPYMEHTOM

JUTSI TIPETIOIaBaTeiel i O0yJarOIXCSl.

1.3 [IoaroroBKa K 3K3aMeHaM

ChatGPT Tarke MOXHO HCIIOIL30BATh
JUIT  TIOJTOTOBKM K DK3aMEHaM, IToMorast
M3Yy4aro MM HHOCTPAHHBIC SI3IKH TOTOBUTHCS
W C/IaBaTh 3K3aMeHBl. B kadecTBe mpumepa
BO3bMEM MHUCBMEHHYIO YaCTh MATOTO YPOBHS
J9K3aM€Ha Ha 3HaHHE KUTalCKOro s3bIKa
(HSK), B KOTOpOM y4acTBYIOT MHOTHE
M3ydyaronume KUTAaUCKUU SI3bIK. 3alaHUs dTOU
gacTh TpeOyIOT OT KaHIUJATOB CHIIBHBIX
HaBBIKOB BBIPOKEHHS HAa KUTANCKOM SI3BIKE,

BKJIIOYAs UCI0JIb30BaHUE JIEKCUKH,
IrpaMMaTUUYECKUE CTPYKTYPBI, JIOTHUUECKYIO
OpraHM3ali0 U CBA3HOCTb TekcTa. Ilo

cpaBHeHuto ¢ HSK derBeptoro ypoBH,
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NUCBMO  MATOIO  ypoBHS  TpedyeT  OT
KaH/IUJaTOB YMEHUS MCIOJb30BAThH CIIOKHBIE
CTPYKTYypbI NpeaIoXKeHU u Oonee
ouInanbHBINA CTUJIb BBIPA)KEHN S,

obecrieunBasi IPA 3TOM JIOTUUECKYIO SICHOCTh
U MOJIHOTY CTPYKTYPBI TEKCTA, YTO, OUEBUIHO,
MPEACTABISACT COOOW  CIIOXKHYIO — 3a/auy.
VYuuteiBast 3Ty ocobeHHoctb, ChatGPT
MOYET JTUHAMUYECKH KOPPEKTUPOBATh 3aa4K
[0 HAlMCAaHUI0 B COOTBETCTBUM C YPOBHEM
BIIAJICHUSl KUTANCKUM S3BIKOM, YYCOHBIMH
LEeJsIMA M Ca0bIMU CTOPOHAMHU KaHIUIATOB.
Templ nucbMmeHHBIX 3amannii HSK o0Obr4HO
TpeOYIOT OT KaHIUJIATOB W3JIOKECHHS WIIH

apryMeHTallMd 10 ONpEACIEHHOH Teme,
MO3TOMY HMepapxXusi M CBSA3HOCTb TEKCTa
uMeror pematomee 3HadeHue. ChatGPT

MO’KET IMTOMOYb KaHWJaTaM ONMTHMHU3UPOBATH
CTPYKTYPY TEKCTa CIEIyIOUMMHU CIIOCO0aMHu:
IIpedocmasnenue cmpykmypol nucoma:
Jns  KaHIUMOAaTOB, HE HMEIOIMX
OIbITa  HAallKCaHWUS, ChatGPT  moxer
MPEIOCTaBUThL 0a30BYI0 CTPYKTYPY TEKCTa,
TaKyl0 KakK BBeJeHHE (TPEICTaBIICHUE TEMBI),
OCHOBHast 9acTh (pa3BépThIBaHUE
MOJNYHKTOB), 3aKiIio4YeHue (pesromMe U
MPOTHO3), TEM CaMbIM CHHUXas CIO0XHOCTb
HaIlMCaHUsL.
Co30anue nepex 0OHbIX BbIPANCEHULL:
Mexny pa3nuuHBIMU YacTAMHU TEKCTa
ChatGPT MOKET IIPEAOCTABIIATh
COOTBETCTBYIOTIIHE TIePEXOTHBIC
MPEATIOKEHUs], HApUMEp, UCIOb3Yys TaKue
cnoBa, kak "I A" (kpome Toro), "PA U™

(mostomy), "AH & " (manmpoTuB), 4TOOBI
YAYYLUMTh CBS3HOCTH TEKCTA.

Koppexmuposxa noeuxu mexcma:

Ecim nmormka mmceMa  KaHOuaaTa
Heckonbko 3amyraHa, ChatGPT  wmoxer
peopraHusoBath MOPSIOK ab3aleB, YCHIUTH
MPUYNHHO-CJICJICTBEHHBIC CBSI3M W T. I,
9TOOBI C/eNaTh TEKCT Ooyiee yOeIUTEITbHBIM.
Hanmpumep, nns mpobrembl, Koraa KaHIuaaT
CHayayla yMOMHHAeT BBIBOJ, a 3aTeM
aprymeHTupyetr" B cBoem mucbkMe, ChatGPT
MOXKET TMPEAJOKUTh HU3MEHHTHh MOPSJIOK,
9TOOBl YAYYIIMTH JIOTHYECKYIO ILIABHOCTh
TEKCTA.

Taxum 00pa3oM, MOXHO CKazaTh, YTO
npumeHenne ChatGPT B mnoaroroBke k
9K3aMEHaM MO0 WHOCTPAHHBIM S3bIKAM HMEET



HIMPOKUE IIEePCIEKTUBBI, a ero
UHTEJJIEKTyallbHble, EPCOHATN3UPOBAHHbIE
u  3(QQPeKTUBHBIE XapaKTEPUCTUKA MOTYT
3HAYUTEIbHO IIOBBICUTh HAaBBIKM IHCbMA
KaH/I1JaTOB.

2. ITpobaembl NpUMeHe HUA
ChatGPT B o00y4eHUM HHOCTPAHHBIM
SI3bIKAM

Hecmotrps wa T1O, uyro ChatGPT
OpuBJIEK IIMPOKOE BHUMaHue B cdepe
oOpazoBaHusi Omarojapsi CBOMM MOIIHBIM
BO3MOXKHOCTSIM reHepanuu A3bIKa,
MNOJICP)KKE HHJIUBHUIYaJIbHOTO OOYy4eHUS U
MEXaHW3My MTHOBEHHON OOpaTHOM CBSI3H, OH
HO-TIPEKHEMY CTaJKUBAETCs C
MHOTOYMCICHHBIMU  mpoOiemamu.  Tak,
ucnons3oBanne ChatGPT cramkuBaeTcs c
OOMpIMMH  TpOOJEeMaMH B HECKOJBKUX
acrieKkTax, BKIIOYas TOYHOCTh ITOHUMAaHUS
A3bIKa, CIOCOOHOCTh BOCIIPUHUMATh KOHTEKCT,

KYJBTYPH YIO aJlanTaIuio, TIyOuHy
WHJIMBUIyaIbHOTO 00ydeHHUs, HaAEKHOCTb
OIECHKM © OOpaTHOM CBs3M, a TaKKe

KOH (M 1eHIIMaIbHOCTb 10JIb30BaTeNeH.

2.1 To4yHOCTH MOHUMAHHUS SI3bIKA U
PHUCK pacIIpOCTPaHEHUS OLMOO0K

Xorg ChatGPT oOmamaer CHIBHBIMHA
CIIOCOOHOCTSAMU T€HEPALMU sI3bIKa Osaronaps
00y4eHHIO Ha OOJBILIOM KOPIyce TEKCTOB, OH
Bce emE€ MOXET HMeTb HETOYHOCTH B
rpaMMaTHKe, COYETaHUU CIIOB "
CHHTAaKCHYEeCKOH cTpykrype. OcoOeHHO B
IpoLeCCe HM3YYEHUs] HHOCTPAHHOIO sI3bIKa
yJqammecs: OObIYHO He 0071aJal0T TITyO00KUMHU
CIIOCOOHOCTSAMH CYXKJCHHS O 1[€JIEBOM SI3bIKE.
[ToaToMy  HEHOpMAaTHUBHBIE  BBIPAKEHHUS,
rpaMMaTHYeCKue OMMOKMA WM HENpPaBUIbHOE
UCIIOJIb30BAHUE 3HaYEeHUH CIIOB,
crenepupoBannbie ChatGPT, moryr npusectu
K TOMY, YTO y4aldecsi MoJiydaT HEBEPHYIO
uH(oOpMaIMIo, YTO MOBJIMSIET HAa TOYHOCTh
u3ydeHus s3bika. [loaToMy B peasbHOM
NPUMEHEHHH, B OOY4CHUH, YUIUTEIS WIH
BCIIOMOIaTeNbHbIE CUCTEMBI IO-IIPEKHEMY
JOJDKHBI  TipoBepsATh pesynbrarhl ChatGPT,
4TOOBI N30€KaTh PacIpOCTPAHEHHS] HEBEPHOMI
WHPOPMAITUH.

2.2 OrpaHuyeHuss B CIIOCOOHOCTH
BOCIIPUHHUMATH KOHTEKCT

Hcnonb3oBanue
3HAYUTEIIBHON CTEIEHU

SA3bIKa B
3aBUCHUT OoT
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KOHKPETHOTO KOHTEKCTa, HO IpPH TeHepaluu
tekcta ChatGP T yacto He xBaTtaeT r1yOOKOTO
MOHMMAaHUsI KOHKPETHOTO KOHTEKCTa, YTO
IPUBOJUT K TOMY, YTO €0 OTBEThl B TaKUX
3a7a4ax, KaK JUAJOT M MUCHMO, MOTYT OBITh
HEJOCTaTOYHO TOYHBIMU. Hampumep, mnpu
MIPaKTUKE pasroBOpPHOI peun Ha
MHOCTPAHHOM $I3BIKE YJallIecsi MOTYT XOTETh,
yto0bl ChatGPT BbicTynmanm B ponu pasHbIX
nepcoHakeil  (Hampumep, HMHTEPBHIOEPA,
KIMEHTAa, APYyra) sl B3aUMOACHCTBUSA, HO U3-
32 OTCYICTBHS y MOJGIU  PEAIbHOM
CIOCOOHOCTH  BOCHpPUHUMATh  CUTYAIHIO,
CTCHEpUPOBAHHBIA €10 KOHTEHT YacTo He
MOJXKET TOYHO COOTBETCTBOBATh
norpebHoctssM  juanora. ChatGPT npu
OTBETE Ha BONPOCHI  IOJAraercs  Ha
CTaTUCTHYECKHE 3aKOHOMEPHOCTH, a HE Ha
peaIbHyIo IparMaTH4eCcKyro JOTUKY.
Hampumep, B MEXKyIbTYpHOM OOIICHUH
pa3Hble S3bIKOBBIC BBIPAXKEHUSI MOT'YT CHIJIBHO
pasnmuyarbCsi H3-3a KyIbTypHOro (oHa, u
ChatGPT moxeT MexaHUYeCKU IEepeBOIUTh
HEKOTOpbI€  BBIPAXKEHMS, WIHOPUPYS HX

(aKTUYECKYI0 MparMaTU4ecKylo (yHKIHIO.
Hanpumep, B kuTaiickom si3bike (paza "{RIZ

7P ? " MoKeT 03HauaTh Kak IPHBETCTBHE,
Tak U 3a00Ty, HO TPSAMON TMepeBoJ Ha
anruiickuit  ("Have you eaten?") wmoxer
MIPUBECTH K HeZlopasyMeHnto. CienoBaTenbHo,
orpanuueHus ChatGPT B amantanum K
KOHTEKCTY MOTYT TMIOBJIHSTH Ha peallbHOE
MPUMEHEHHE YJallMMHUCS 1I€JIEBOr0O S3blKa B
pealbHOM OOILCHUH.

23 Orpanunuenus KYJIBTYpHOI
a/lafTallui ¥ MEXKYJIbTYPHOTO OOIICHUS

W3ydeHne  WHOCTPaHHOTO  sI3bIKa
BKJIIOYAET B C€0S HE TOJIBKO S3bIKOBBIE
3HaHHUS, HO M KYJIBTYpHOE TOHHMaHUE.
OnHako, MOCKONBKY JaHHBIE i OOydeHUs
ChatGPT B 0CHOBHOM IOCTYIAIOT U3 CETEBBIX
KOpITYCOB, €T0 KYJIbTYpHBIE 3HAaHUS HMEIOT
OTpENENEHHYI0 OIHOCTOPOHHOCTb, U €My
MOXET HE XBaTaTh TOYHOH CIIOCOOHOCTH
CYKIEHUS 1O HEKOTOPbIM  KYIbTYpPHO-
YyBCTBUTEIBHBIM BompocaMm. Hampumep, npu
oOyueHun kutaiickomy s3piky ChatGPT
MOJKET HETOUYHO OOBSCHUTH IITYOOKHUI CMBICIT
TaKUX BBIPAKEHU, Kak UTIOMBEI,
pa3rOBOpHBIE BBIPAXKECHHUS W TTOCIOBHIIBI,
UMEIOLME CHIbHBIA KyabTYpHbIH (oH. OH



MOXET IIPOCTO MPEAOCTABUTH I[OCJ'IOBHBIﬁ

IIEPEeBOJl, B pe3ylbTaTe 4Yero ydalmecs He
CMOTYT MOHSTH 170'¢ (paxTuyeckoe
HCITOJIb30BaHUE. [Tpu o0yueHnmn
MEXKKYIbTypHOMY  oOmenuto  ChatGPT

HUHOraga HETOYHO pacn03HaéT U BCKJIMBBIC
BBIPXKCHHS, 3BOEMH3MBI MM COIHATIBHBIC
HOPMBI B DPa3HbIX KYJIbTYPHBIX KOHTEKCTaX.
HCHOJ’IBZ‘IOB&HH@ CKpOMHI)IX N IIOYTUTCIIBHBIX
BBIPQKECHUH MpPH HM3Y4CHHH KUTAMCKOTO
SI3pIKA  OTHOCHUTENBbHO ciiokHo, ChatGPT
MOXKET HeraBI/IJ'II)HO pasmzlanL CHeHapI/II/I
UCIIOJIb30BAHMS UX TIPH TCHEpallMd OTBETOB.
DTO MOXET MPUBECTU K TOMY, YTO ydalmecs

HETPaBUIIEHO MOUMYT (haxTHIecKoe
MPUMEHEHUE CHCTEMBI MMOYTHTEIIFHBIX
BeIpaxkeHui.  ClieoBaTenbHO,  MPOOJIEMBI
KYJIbTYPHOU ajanTaluu ChatGPT B
00y4eHMU HMHOCTPAHHOMY SI3BIKY MOTYT

MOBJUATh HAa CIHOCOOHOCTh y4JalUMXcCs K
MEXKYJIbTYPHOMY OOLICHHIO.

24 OrpannueHHas
WHIMBUYaJIU3UPOBAHHOIO O0yYEeHHU S

Hecmotrps Ha T1O, uyro ChatGPT
oOmazaer onpenes€éHHBIMH BO3MOXKHOCTSAMHU
WH/IUBU TyaJIn3UPOBAHHOTO oOy4eHus,
TaKUMHM KaK KOPPEKTUPOBKA CIIO)KHOCTH, B
3aBHCUMOCTH OT OTBETOB Y4JalMXcs, WIH

rmyOouHa

MPEI0CTaBICHUE pa3IMYHbBIX Y4EOHBIX
3a7laHuH, ryOnHa ero
WHVBH/IyAIM3UPOBAHHOTO  00ydyeHus 1o-
MpEeKHEMY OTpaHUYEHa.

Bo-nepBeix, ChatGPT He Moxer
JIOJITOCPOYHO OTCJIEKUBATh nporpecc

yJaupXxcs M CHUCTEMaTHYeCKH YKpeIUISTh
3HAHMS HA OCHOBE MX IPEAbIAYLMX 3alucei
00 oOyuenuu. Hampumep, Ui HAUMHAIOIIETO
n3ydarb kutaickuii s3pik ChatGPT moxer
PEKOMEHI0BaTh pa3jInyHble MYTH O0y4EeHUs B
pa3HbIX AMaIorax, Ho He MOYKET YCTaHOBUTH
CHUCTEMATHYECKYIO CTPYKTYPY MPOABUKECHUS
3HAHUU.

Bo-Bropbix, ChatGPT mno-npexuemy
uMeeT HEJIOCTaTKH B
WHVBH/IyaIM3UPOBAHHON OOpaTHOW CBS3H.
XO0Ts OH MOXKET MPEAOCTaBISATh MTHOBEHHBIE
U CIIpaBJICHUS u MPEATIOKEHU S JUTST
MUCHbMEHHBIX WJIM YCTHBIX YIPaXHEHUM, ero
oOpaTHas CBsI3b OOBIYHO SBJISICTCS OOIEH U
HE UMEET r1y00KOTO aHanusa,
OpPUEHTHPOBAHHOTO Ha KOHKpPETHOTO
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ydqamierocs. Hampumep, mnpu TpeHHpPOBKe
nuckMa HSK ChatGPT moxer yka3bpiBaTh Ha
rpaMMmaThyecKue olmmMOKY KaHJIUAATa, HO eMy
TPYIHO 1yO0 KO MIPOAHATU3UPOBATH
JOITOCPOYHbIE TMPOOJIIEMBI € MOCTPOSHUEM
MPEeAIOKEHUH WM MpoOIEMBbl JIOTHYECKOU
CTPYKTYpbl,  KOTOpbIE€  CYIIECTBYIOT y
kaaauaara. [loaromy ChatGPT nmo-npexxnemy
HE MOXET IIOJIHOCTBIO 3aMEHUTh pOJib
YUUTENs B WH/IMBU TyaJIU3UPOBAHHOM
PYKOBO/JICTBE.

2.5 Hane)xxHOCTh OLEHKU M 00paTHOM
CBSI3U

Nzyvaronme SI3BIK 0OBIYHO
MOJIaraloTcs Ha 0OpaTHYIO CBSI3b OT yUHTeNei
JUISL YITy4IIEHUs SI3bIKOBOTO BBIPAXEHMS, HO
ChatGPT CHOBa CTaJIKWBAETCS C
ONpeieIeHHBIMU  Mpo0JeMaMu B OLIEHKE
S3BIKOBBIX ~crocoOHocTel  ydammxcs. Ilo
CPaBHEHHUIO C OLIEHKOM, MPOBOANUMON JIFOJbMU,
CIHOCOOHOCTH ChatGPT OLIEHUBATH
HE3HAUUTEIbHbIE pPa3lu4Msi B  S3BIKOBOM
BBIPQXKEHUH, CBSI3HOCTh AMCKypca U T. A. MO-
npexxnemy orpanudyena. Kpome Toro, B
npaktuke yctHoi peun ChatGPT ne moxer
o0ecrnevnThb TOYHYIO byHKUHIO
pacrmo3HaBaHUsI M HUCIPABICHUS  peyH.
Hecmotrps Ha TO, 4YTO coueraHue C
TEXHOJIOTUEH paclno3HAaBAHMUS PEYU MOXKET
MOBBICUTh €r0 MPUKIAJAHYIO I[€HHOCTh, B
Hactosimee Bpemss ChatGPT B ocHOoBHOM
B3aMMOJICHICTBYET Ha OCHOBE TEKCTOBOIO
BBO/Ia, TIO3TOMY OH HE MOXXET OIICHUTH TOH,
TOYHOCTh IPOU3HOIICHUS WM TEMI pPEUH
yqaugxcsa. OTO 3HAYUTEIbHO OrpaHUYHBAET
€ro NpuMeHeHue B 00y4eHUHU YCTHOM pedu Ha
MHOCTPAHHOM SI3bIKE.

3aki0ueHue :

Bynyun namboree mpeacTaBUTEIBHOU
TeHEPAaTUBHOW, TPEABApUTEILHO OOydeHHOMH
S3bIKOBOM MOJIENbIO Ha CETOJHSLIHUMN JIeHb,

ChatGPT  oOmamaer  cBepxmaciraOHbIM
oOygaronmuM KoprycoM # 3 ((eKTHBHBIMU,
y,Z[OGHBIMI/I BO3MOXHOCTSIMHAU TCHCpalnuu

TEKCTa JJIs1 OTBETOB Ha BOINPOCHl U MOXKET
HCIOJIB30BAThCsl B OOy4E€HUH HMHOCTPaHHBIM
S3bIKAaM B KAauecTBE pecypcHOW 0a3pl U
BCIIOMOTaTENIbHOTO WHCTPYMEHTa L
o0yueHus B KJ1acce. [Ipumenenue
TEXHOJIOTUH HCKyCCTBEHHOTO MHTEIJIEKTa B
O00Oy4eHMH HWHOCTPAHHBIM S3bIKaM SIBJISIETCS



HEU30eKHOMN TGHI[GHHHeﬁ B Impoaecce SA3bIKa IMTO3BOJHUT MAKCHUMAJIBHO HCIIOJIbB30BAaTh

uH(opMaTH3auu 00pa3zoBaHus (UYsnb IpeuMyllecTBa, a  Takke  H30exaTh
[3sapmunan, 2020) [7], w910 crano HEIOCTATKOB M PHUCKOB, KOTOPBIE MOTYT
o01menpu3HaHHOKU KOHIIENII eI B BO3HUKHYTHh B MPOIIECCe OOYUCHHS. YUUTEIs
COBpeMeHHOM obOpa3zoBanuu. OmHako Baidoo- MOTYT BKJIIOYaThb KPUTHYECKOE MBILUIEHUE U
Anu u gp. (2023) [4] Tarke CUUTAIOT, YTO ATHUYECKUE JIEMEHTHI B y4€OHbIE TPOrPaMMBbl,
ucnons3zoBanne ChatGPT B o0pazoBanuu YTOOBI TOMOYb YJaIIMMCS PA3BUTh HABBIKU U
MOXET HUMEThb TaKue MpoOJieMbl, Kak TIPUBBIYKH, HE00XOMMbIe TSt
OTCYTCTBHE YEJIOBEYECKOTO B3aUMOJIEICTBUS, OTBETCTBEHHOTo wucnoibs3oBanus ChatGPT.
OTpaHUYEHHOE IIOHMMAaHME, MNPEAB3ATOCTb Kpome ToOro, HeoOX0IMMO INPUMEHSTH
00ydJaroImM X JaHHBIX, OTCYTCTBUE TBOPYECTBA, pa3nMyYHblE  KOMIUIEKCHBIE  MeEpbl Ul
OTCYTCTBME ITOHMMaHHUsI KOHTEKCTa M yTeukKa KoHTposia  ucnoib3zoBanus ChatGPT B
KOH (D1 ICHITMAJIBHOCTH. [ToaTomy o0pazoBaTenbHON cpeze, YTOOBI
panmoHasibHOe  Mcnosb3oBanne MW B MPEIOTBPATUTh MOSABJICHUE HEHAMIEKALIETO
KauecTBE BCIOMOTAaTEIbHBIX HHCTPYMEHTOB noseAeHus npu npumedeHun (Ban IOmsit u
JUIs OOY4eHHS WIIM M3YYeHHS] WHOCTPAHHOTO ap., 2023) [8].
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JKOI'OPKY OKYY KAWJAPBIHBIH CTYJEHTTEPU YUYH LLM RAG KAHbI
TEXHOJIOTMSICBIHBIH HETM3UHJIE KOII TUWIAYY OHJIAMH YAT-BOT
CHUCTEMACBHIH MIITEI YBITYY BOIOHYA M3WII00 KYPI'Y3YY
UCCJEJOBAHHUE IO PABPABOTKE MHOI'OSI3bIYHON CUCTEM bI
OHJIAMH-YAT-BOT HA OCHOBE HOBEMIIEN TEXHOJIOTUW LLM RAG
JJISI CTYJEHTOB YHUBEPCUTETOB
A STUDY ON DEVELOPING A MULTILINGUAL ONLINE CHATBOT SYSTEM
BASED ON THE LATEST LLM RAG TECHNOLOGY FOR UNIVERSITY STUDENTS

Kbickaua myneszgeme: byn msminee KeipreiscTanmarsl yHUBEPCUTETTEPAUH CTYICHTTEPH
YUYH KacajaMma MHTEJUIEKTTUH aKbIPKbl TEXHOJOTHsuIapblH, aHblH nunHae LLM (Large Language
Models) (Tunmua bon wmoxenaepu) xaHa RAG (Retrieval-Augmented Generation) (Ysirapyy
apKblIyy T€HepalUsHbIH Ky4eTYJYIy) KOJJOHYY MEHEH KeIll THJJYy OHJIaiH-4aT CHCTeMachlH
UIITEN YbITyyTra jkaHa 0aanooro OarbITTairad. AJ aBTOMATTBIK TYPI® CYpOO-TalanTapibl TAaKTOO
KaHa JIOKYMEHTTEpJIU HPETKE KeITUPYY apKbUIyy TaK >KOONTOPAY TY3YY BIKMaJlapblH H3UJIIEUT,
aJJIBIHKBl TEXHOJIOTHSUIApbl KOJNAOHOT. Byl M3mnneeHyH Hatbliikanapbl KbIPTbI3, aHDIHUC, OPYC,
KOpeil jkaHa »KaroH THJIJEPUH KOJIZOTOH )KacaliMa HMHTEJUIEKT CHUCTEMAaChlH TY3YY apKbUIyy THII
TOCKOOJITYKTapbIH JKOIOyra »aHa >KacajliMa HMHTEJJIEKT TEXHOJIOTUSUIAPBIHBIH OuiuM OepyyHY
XKaMbUITYyCyHa €0eIre Ty3eT.

AHHoOTauMsA: DTO UCCICJAOBAaHUE HAIPaBICHO Ha pa3pabOTKy U OIEHKY MHOTOSI3BIYHON
CHUCTEMBbl OHJIaliH-yaTa JJIs CTYICHTOB YHHUBEpPCUTETOB KBIpreI3cTaHa C HCHOIb30BaHUEM
MOCJIETHUX TEXHOJOTHI MCKYCCTBEHHOTrO MHTenekTa, Britoyas LLM (Large Language Models)
(bompume momenmu s3pika) U RAG (Retrieval-Augmented Generation) (YcuneHue reHepanuu c
OMOIIKI0 u3BNedeHus). OHO UcClenyeT METOAbl TeHepaluu 0oJiee TOYHBIX OTBETOB MOCPEICTBOM
aBTOMATHYECKOTO YTOYHEHHUS 3alPOCOB U MEPEyNOpsAA0UYEHUs JOKYMEHTOB, IIPUMEHSS TepeIoBbIe
texHosjoruu, takue mojnenu, kak OpenAl GPT, LangChain, CrossEncoder, FAISS u Streamlit.
Pesynbratel 3TOrO HMCCiIenOBaHUs OymyT CIIOCOOCTBOBATH IMPEOJIOJICHHIO S3BIKOBBIX OapbepoB H
MPOJBIKEHUIO 00pa30BaTENbHOTO PACIPOCTPAHEHUSI TEXHOJIOTHH HCKYCCTBEHHOTO HMHTEIUIEKTA,
nyreM cosfanus cuctemsl MU, moanepKuBaroIme KbIpIrbI3CKUM, aHNIMMCKUN, PYCCKAM, KOPEHCKUAM
U SITOHCKUM 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 AI technology by building an Al system that supports Kyrgyz,
English, Russian, Korean, and Japanese.

Herumsru ce3mep: xacamma wunHtewiekt; LLM RAG; OpenAl GPT, Lang Chain;
CrossEncoder; FAISS; Bekropayk maansimartap 6a3acel; Streamlit; CUDA (GPU 3080); Anaconda;
Jupyter notebook; Python mporpammarnoo Tuiu; BeO-TUpKeMe; Kol TUIAYY 4aT-00T.

Kuarwuesslie cioBa: unckycctBeHHblii uHTeekT; LLM RAG; OpenAl GPT; LangChain;
CrossEncoder; FAISS; BexropHas 6a3a manubix; Streamlit; CUDA (GPU 3080); Anaconda; Jupyter
notebook; s3pik Python; BeG-mpunoxeHue; MHOTOS3bIUHBIHN YaT-00T.

Keywords: Artificial 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 With the advancement of Natural
1.1 Research Background Language Processing (NLP) technology [1],
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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 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 AI 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]
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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.

Addtionally, 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 information 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 AI 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, 1image search, recommendation
systems, and is an essential tool for handling
large-scale data. [9]

3.5 Streamlit

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
mteraction. [7]

4. System Implementation

4.1 System Impleme ntation
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
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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 inference 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[9].[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
tramed 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 in this study is
structured as follows [8],[9],[11]:

1) Library and Environment Variable

pre-

Setup

Importing External Libraries:
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.
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4. Document

(rerank documents)
Uses CrossEncoder to re-rank retrieved
documents. Compares query and document
content, selecting the top four most relevant
documents.

5) Chatbot
(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 APL
Provide a streaming response for gradual
output.

6) Streamlit-Based UI Setup (main)

Configuring the Streamlit UI:

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 mn 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]

CanamaTchI305bl,

byryn aba bipaiibl kangai?

blcwik-Kenre cysreny 6apanbiObi?

Aua- Apda TOOCYHO OapalibiObI?

Re-ranking

Response  Generation



Cypoo-XO0ONTY Kaiipa Xa3yy XaHa
Kaipa peUTUHI 0,66 MEHEH OHYKKOH
RAG yar-60ty

Canamarcelabel,

Canamarcei36bi! Cuare kannaii wapaan Gepe anam?

ByryH a6a bipaiiel KaHgaii?

Keunpecis, MeHH MaaneIMaTTapeiM 2023-KeinfbiH OKTABPEIHAS KaHBINAHTAH, OLOHAYKTAH
a3bIpKel 302 bipaiibl XeHyHAe Tak Maansimat bepe anbaiim, BUPOK, CU3ANH alimakTarsl aba
bIDaiibl KEHYHAO M3ANbIMAT aNyy Y4YH KEPrUUKTYY METEOPONOTMANLIK Kbl3MATTAPAbIH BEG-
CalTTAPbIH e MOBUNAKK KONAOHMONOPAY TEKWEPE aNackl3, CypaHsly, arel KaHAaA

CypoonopyHy3 6onco, oon Gepyyre 4aspmsik!

5.2 Russian Language

[Question]

31paBCTBYHTE,

Kakas cerogns moroga?

IToenem xynatbes Ha Mccpix-Kynb?
JaBaiiTe moenem Ha ropy Ana-Apya.

Anaapaqa Toocy — TaBMATTEI CyiiraHAep yuyH a6aan coHyH xep! Too KapaTeiNbilwel, Taza aba
aHa KOO3 KEPYHYLITEP CU3Me 3C anyy YuYH MbIKTbI LIAPTTApALl Ty36T. Kae Xypyl, T00
3KCKYPCHANAPSI e KEH 3Ne TABUATTLIH KOO3AYIYH TAMAWANAN OTYPYY YUYH UREaNayy Kep
3reppe cnage AnannapbiHes 6onco, e KaHpaiRasp 6up cypoonop 6onco, MeH xapaam Gepyyre

A2ApMbiH! CU3AHH CaNapbiibl3 KaKWel 8TCyH!
3ppascTeyiite,
3ppascTeyiTe! Kak 8 MOry NOMOYE BaM CEroaHA?

Kawas ceroHa norona?

K caxanenuio, s He Mory NPefloCTaBATS AKTYaNbHYI MHAOPMALMIO O MOFOAe, TaK KAk MOM
[aHHbIE 06HOBNEHbI TONLKO ao nnmﬁpﬂ 2023 ropa. A PEKOMEHAYIO BaAM NPOBEPHTL MECTHBIE
METEOPONGIUIEKHUE CaliTs UNM NPUNOXEHUS [N1S NoNYYEHHUS Camoii Caexelt nHpopMaLM o

norofie. ECAW y BAC £CTk APYrie BONPOCk! WK HYXHA NOMOLILL, HE CTECHAMTECH CTIPaLUKBaTh!

5.3 Korean
[ Question ]

oHAstM2,

& M7 ofEH&LIt?
O|AZ0 =Bote] €7t R?
ofetot 2k xk&kodl 2 AlCH

blebik-Kenre cysreHy bapanbiobi?

blebik-Kan — abaH K003 xaKa nonynspayy KainoonopayH Gupu! Cuguk blcsik-Kenre apyy
nnaKaapsiHe3 Gonco, By wepae CyyHyH, NNSKOAPAbIH aHa TaBUATTbIH KepeMeT
KOPYHYLITOPYH KOPYY MYMKYHUYAYTYHYS 60NOT. Cy3yy, KYHra Kyityy, e MeH 3ne KenyH
H3rMHAE 3¢ anyy — Haapel Aa abaan Kei3blkTyy! Irepae cuspe Hawxa cypoonop we
NNaHAAPbIHLI3 KeHyHAS benywyy KaanooHys bonco, MeH xapaam bepyyre paspein!

Anaapada TO0CYHO GapansiGul?

Anaapaya Toocy — TabuaTTL Cyirenaep yuyH abaan conyH xep! Too wapaTeinsiwl, Tasa aba
MaHa KOO3 KEPYHYLWITOP CHITe 3C aNYyY y4yH MBIKTLI WAPTTapAbl Ty38T. Jee wypyw, Too
IHCKYPCHANAPDI 1E HOH INe TABUATTLIH KOO3AYryH TaMalanan oTypyy Y4yH UAeanayy wep.
Jrepae Cu3fie NNaxaapeIHLI3 Gonco, e Kanaanaelp bup cypoonop bonco, meH xapaam bepyyre
AanpMbiH! CH3ANH CANAPbIHI3 WaKWbl BTCYH!

Moepem kynaTech Ha Mccbik-Kyns?

Nccbik-Kynb — OTAMYHOE MECTO 415 OTABIXA W KYNaHWs! HWCTan BOAE, KPACUBbIE NNSHKM U
HUBOMMCHBIE FOPHBIE NEH3AXN COIAANT MALANLHBIC YCNOBAA ANA NPUATHOM
BPEMANPENPOBOMAEHNA. Bbl CMOMETE HACNAQNTLCA CONHUEM, NONNABATL B 03€PEe W NPOCTO
OTAOXHYTL Ha NpUpoge. EcnK y Bac eCTk BOMPOCH O NOEI[KE AU HYHMHbI COBETE, KaK Nyuwwe

nposecti apems Ha Mccuik-Kyne, He cTecHsiiTech cnpawuears!

[laBaiiTe noefeM Ha ropy Anaapaqa.

lopa Anaapaya — 3aMedaTensHOe MECTO ANA aKTUBHOTO OTALIXA M HACAAMAEHWS NPUPOAOIA!
3eCh Bbl CMONETE HACNAAUTECA KPACHBBIMK NEN3aXKaMM, COBEPLIMT NELME NPOrYKK 1
NPOCTO OTAOXHYTE HA CBEMEM BO3AYXE. ITO OTNUHOE MECTO ANA NKEUTENEIH FOPHEIX NOXOACE U
otorpacdmia. Ecany Bac ecte BONpoCcs 0 TOM, Kak 40OpaTLCA TYAA MM 4TO B3ATL € COBOI, A ¢

yAoBONbLCTBMEM NOMOry!
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fopa Anaapada — 3aMedaTensHOe MECTO ANA AKTUEBHOTD OTALIXA M HACNAXACHWA NPUPOAOIA!
3)Ch Bbl CMOMETE HACNAAMUTECA KPACHBHIMM NEH3AMAN M, COREPIIMTL Nette NPOFYAKY 1
NPOCTO OTAOXHYTE HA CREXEM BO3AYXE. ITO OTMYHOE MECTO NS NIOBUTENE FOPHLIX NOXOA0E U
choTorpachuit. Ecnm y BaC eCTb BONPOCH O TOM, KaK JOGPATLES TYAA MM 4TO B3ATS € COBOM, A ©
YAOBONLCTBIEM NOMOTY!

rgstale,

RIESEI E=1R f=gtel =l f=k)

o= LWTtog Uk

Z|&8Hx| 2 T

CEEEETEE
ERE DR

EM O CiSH A 2 8 HlE - = SIS LICH 20239 107X 2| H 0|
ChoME ST W BEE G 7|8 YMo|EL M BE B8l =2l
BO|Lt = 20| 2ot AH EX| gEw T 21

5.4 Japanese

[ Question ]

L CAITBIE,
SHEOXRRIEESTIMN?

O A2 0] B33 Z7te?

O[AZ2 Y OBED 7| U +S B2YLCh S 2 AT FX|7t o228 7Icte|
A, 2 %%‘%,JEIJ AtHe E71710] 2K Fa YL Tref A= 0] UCHH, Of
© FH| & SH0f 2| S 38 HO| ACHH FEH FHU FH2 AL 2UM Q!

i}

Sf2foratAt ttojl ZrAICE

2foratat te FR T 20|02 OFECHR XHH DL B X| 7t 7HS 5, 5HO| ZO|Lt LH 4 &
E71710f F2 FAYLCh UHT 37§ 02

7tE Ao 2. BHef 7Hs oLt |
20 =l

=0f cheh '2"“ ¢t ol UCHH, AHEX o221 EA

A IISKEIZTITEELEOIMN?

T o—2F¥WUICITI S,
LetortAt At2 FE T 2o|of 21 obECHS XEADF FX| Tt 7HS 3L A, 10| ZO|LE A
701710l E2 B2 YLCH AIME B3| 2 0tA| D, T EHE 240 R A= 73
7HE A0, BHef 7he HO|L S| 0| Cis 228 FHO| ACHH, AR EX| BojeM a1 8A
20y =l4a

ChL b,
CALHBB I SHBEDLSLEFRLTEEIN?
SHAORRBESTIM?

LRV ILAD. RADARBHERMISZICLBTEI A, A
10A2TRLOTI DT, RAFDARRBRIMTORRY — ¢
ceESBHLEIT, RRCANERMNS L.

7 — 2 22023F
ARKRER7 7 THEAT D
ESFEMBLEThL AN

5.5 Mixed Languages

[ Question ]

. Kyrgyz : Canamatcbi30bl,

. Russian : Kakas cerogus noronga?

. Korean : O|A20i =¥ste]| &2

T75—5FvWIZITIS

. Japanese : o

{92 IV CKECFESL s 50

4222 VEEBS LWEHT. kEPY S0 2 ALERRTY L XL 0HLAKRORZEN
H0. BLOVKRHEEBIEITLL S, s LITCFEMB LS. ERDPETTHOT

FTAETAIZ20THD S Ehibhit, COHITCEEV I ELVEROIC A2
WWTTR!

F3—3F v IZFCS.
F3=FF v EHRBSLVEMTI A XLVWEHALHALTZBIELHLIOT. nd

FrIREI Ty CRETT, SiIBABRERVENS, YTy s ALERBEBST
CENTEITLE S, T<RLSBAHHCEMOSVTER NSO, FOHL TS
EEol#2L0ERICEVETESIC
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Cypo0-}00NnTy Kaiipa xa3yy XaHa
Kaipa peiTUHIBee MeEHEH OHYKKEOH

RAG vyar-60T1Y

Trfital Ik 3 WOTy A3 w0 L rernsT

KaKan ceranps naraaal

T F UL AEARSLV T TT OAR

L R
PP LRETT. X@IW™

EL. nd 8 Tw

al

BEMELEHLE L LE TS

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 : Xamuiina kaiicel enkeneH?
. Russian : )Kamunna u3 kaxoil ctpanbi?

. English : Which country is Jamilya from?
PDF HeruspenreH Al Chatbot

‘data’ Nankapan PDF chaiin sykrenay!

Hamuiana Kaiicsl enkeneH?

JKamuina KeIprel3 aibinbiHaK, TakTan aiTkanga, CoseTTep Co03yHYH KYpaMbiHAArs! YaKkaH

KbIPrbi3 albiNbIHBIH YepecyHae eTeT.

Hamrna U3 Kakoi cTpaHsI?
Wamuna — Keipreisctanpas
Which country is Jamilya from?

Jamilya is from Kyrgyzstan.

6. Conclusion

6.1. Research Summary

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
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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 study demonstrating how  Al-powered

Kyrgyz University Students — It provides an question-and-answer systems can be applied
opportunity for Kyrgyz university students to to specific document collections, even in
directly experience the latest artificial institutions where such technologies have not
mtelligence (AI) technologies. yet been widely adopted, paving the way for
Development of a Multilingual Al future Al mntegration.
System — By building an Al system that 6.3 Future Research Directions
supports Kyrgyz, Russian, English, Korean, Future research will focus on more
and Japanese, the study enhances accessibility advanced document retrieval techniques
for students who use different languages. [2],[4] and optimization for various query
Improved Chatbot Response Quality types. This will help enhance the system’s
[2],[6] — Through search optimization, the performance across different scenarios.
chatbot delivers more accurate and high- Addiionally, we plan to improve the chatbot’s
quality responses, ensuring users receive accuracy by incorporating reliable data
relevant information quickly and efficiently. sources [6], ensuring more precise and
Foundation for Al Adoption in New trustworthy responses.

Institutions — This research serves as a case
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TEPEH, OKYTYYHYH CYPOTTOPYH MUHITETYYO STABLE DIFFUSION KAHA
STYLE TRANSFER BIKMAJIAPBIH KOJIIOHYY MEHEH J1OJIBOOPT O
HETM3AEJITEH OKYTYY APKBLJIYY 'EHEPATUB/IUK KACAJIMA MHTEJJVIEKT
TEXHOJIOI'UAJIAPBIH TYIIYHYYHY 7KAKIIBIPTYY BOIOHYA U3WJI100
V3YYEHME MOBBIINIEHUA IOHUMAHUA TEXHOJIOT'Ud TEHEPATUBHOI' O
nn C NIOMOUbIO MPOEKTHOI'O OBYYEHUA HA TIPUMEPE UCIIOJIb30BAHUSA
STABLE DIFFUSION ¥ STYLE TRANSFER B OBPABOTKE U30BPAKEHUI
C IPUMEHEHHMEM 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. Hateriixkana, kacaliMa MHTEIJIEKT OOIOHYA KOTOPKY OWMIIMM Oepyy TEOPHUSUIBIK OUIMMIe
raHa SMec, MOJIEJJIEPIU HILKE allblpyy OOIOHYA MPAKTUKAIBIK KOHAYMIEpre 1a keOypeek MaaHU
Oeper. Byn u3mianee >XOropky OMIMM ajraH CTYAGHTTEp YYYH TEPEHIECTUIITeH IPAaKTHKAJIBIK
TYNYHYKTY Oepyy MakcaThlH  Ke3lell, Te€HEpaTHUBIYY KacalMa HWHTEIUICKTHH  OKA
pPENpEe3eHTaTUBANK BIKMAChIH — CTUJIIM OTKOPYY JKaHa TYpPYKTYy TapaTyyra OarbITTalraH. JKd
pikMa Google Colab TAGPU useiipecynne umike ambipbuiasl. Ctuaan etkepyy (Style Transfer)
KOHTEHT CYPOTTOPYH HMCKYCCTBOJYK CTHIIICpPIE aillaHIpIpyy YUYH aOHaH BUIAWBIKTYYy, al MU
Typykryy Taparyy (Stable Diffusion) TekcTTrk CyHyirapra HETH3IEITEH KOTOPKY YSUHIIH IITETH
CYpOTTOpIy Te3 apaja TY3yyre MyMKYHIYK OepeT. MbIHAAH THIIKApHI, Oyl WM3UIAO6]© TEKCTKE
HETU3/eIreH CTUIANH Ha3UuK 3KCIPECCUBAYYJIYTYH JKaHa TEKCTTU TY3YY/l® MUKEMIYYIYKTy Oepyy
Y4YH DKM BIKMaHbl aWKaIBIIITBIpraH TUOPUIIYY BIKMAa Kapaiar. OKCIEepUMEHTTepINH
KBIABIHTBIKTAPbl THOPUIIMK BIKMA camarbl jKaHa CYPOTTYH TaacHpAYYJIYTY >KarblHaH Oalika
BIKMaJIapJiaH apThIK KEHUH KOpPCOTOT, ajl dMU ap TYPAYY KEHELITEPIUH HETH3WH]IE aBTOMATTBIK
TYp® TEeHepalusyio0 MYMKYHUYJIYTY aHBIH MPAKTUKAJIBIK KOJJOHYyra OOJIOH MOTEHIHAIBIH
xoropynarar. Byn u3mineene reHepaTHBAMK jkacaliMa WHTEIUICKTTH YHPOTYY/Ae TEOpHs MEHEH
MPaKTUKAJIBIK HIIMEPAYYJIYKTYH TEH CajJMaKTyy HHTErpaluschiHa KOMOKTOIIYY IPAKTHKAIbIK
MOJIeNTh CYHVYIITAJTaH KaHa ajl OKyYy4yJapJblH YbITapMavbll O KYTYPTYYCYH KaHa Maceselnepan
4yeuyy ’KeHJIeMJIepYH OHYKTYpYyre e0eire Ty3erT.

AnHoTauusi: HenmaBHuil cTpeMuTenbHBIM Tporpecc B 0O0JAacCTH TeHEPATUBHOTO
uckycctBeHHoro wuHtewiekta (Generative Al) mpuBen K 3HAYATENBHBIM JIOCTHKEHHSM B
TEXHOJIOTHSAX CO3MaHusA M300paxkeHuil. B pesynprare Beicmiee oOpa3oBaHue B 00JacTH
MCKYyCCTBEHHOTO MHTEJUIEKTA MPUIaeT Bce OOJbIlee 3HaUeHUE He TOJIbKO TEOPETUUECKUM 3HAHUSIM,
HO M IPAaKTUYECKUM HaBbIKAM IO BHEAPEHHUIO MOJENeH. DTO HCCIEIOBAaHME HaIlpaBJEHO Ha
yIIyOJIeHHE MPaKTHYECKOTO MOHMMaHUs reneparnuBHoro MU, cocpenoToynB BHHMaHWE Ha ABYX
pENpe3eHTaTUBHBIX METOAAaX TeHEepaluu H300paXeHUd — mepegaye CTUIS U CTAOUIIBHOM
pacrpocTpaHeHUH — ISl y4ally XCsl, KOTOpble OCBOMJIM OCHOBBI ITyOOKOoTO 00ydeHus. O6a merona
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Ol peanu3oBaHbl B cpene Google Colab T4GPU. Style Transfer oTnmyHO NOAXOAUT VIS
npeoOpa3oBaHusl U300paKEHHII KOHTEHTa B XYJOXXECTBEHHBIE CTHJIM, B TO BpeMs kak Stable
Diffusion mo3Bosiser OBICTpPO cO3aaBaTh M300pak€HUs C BBHICOKUM pa3pelieHUEM Ha OCHOBE
TEKCTOBBIX MOJICKa30K. Kpome TOTo, B 3TOM HCCIIEIOBAHUN PACCMATPUBACTCSI THOPUIHBIN TTOIXO,
KOTOpBI coueraeT B cebe oba Meroja, yTOOBI IepeaaTb TOHKYIO BBIPAa3UTEIBHOCTh CTHJISL U
r'MOKOCTD CO31aHUsA TEKCTa Ha OCHOBE€ TCKCTA. Pe3yJ'II)TaTI>I SKCIICPUMCHTOB I1IOKa3bIBarOT, 4YTO
FH6pHI[HBII>i nmoaxoJa IIpEBOCXOAUT APYIHMC C TOYKH 3pPCHHUA KAauCCTBa W BbIPA3UTCIIBHOCTH
I/I306pa)KGHI/ISI, a €er0 BO3MOJXXKHOCTH aBTOMAaTHYECKOU TCHECpal Ha OCHOBC pa3/IMYHbIX ITOJACKA30K
YBCIMYNBAOT €TI0 MOTCHOHAT A IMPAKTHUYCCKOIO IIPUMCHCHHA. B »rom HUCCIICAOBAHU N
NpCeaAcCTaBJICHA IIPAKTHYCCKAasA MOICIIb, KOTOpPas CHOCO6CTBy€T C6aJIaHCI/Ip0BaHHOI>’I HHTCTpallun
TEOPHH U MPAKTUYECKON AEATENBHOCTH B 00ydeHnH reHepaTuBHOMY VM 1 pa3BUTHIO TBOPYECKOTO
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,
TYpykryy 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);
CypeTTepay TeHepauusuioo; MapKoB YBIHXKBIPHI; Kailpa Taparyy aJrOpUTMH; CBEPTYY HEHPOH
tapmak (CNN); TensorFlow.

KawueBbie ciaoBa: renepatuBHblii WU; riybokoe oOydenue; GAN (reHepatuBHas
coctszarenbHas  cetb); DCGAN; crune GAN; VAE (BapHallMOHHBI aBTOKOAWPOBIIKK);
HeliponHbiit nepenoc cruist (NST); VGG-19; noreps koHTeHTa; moTepst cTuiisd; marpuna ['pama;
crabunpHas nuddysus; moaens ckpbitod mudgysuun (LDM); npeoOpa3zoBaHue TekcTa B TEKCT-
n3oopakenue; Tpanchopmep; CLIP oOHuMaromee IuIl0; TOHKAass HACTpOHKa; 00ydeHHe Ha OCHOBE
npoekroB (PBL); renepauus m3zobpaxkeHuit; nenb MapkoBa; obparHoe 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 Aurtificial
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:
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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
(VAEs), 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.

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
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, VAEs hold high
academic value.

3) Style TransferStyle transfer is a
technique that maintains the structure of a

Key Generative Al
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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 CNNs 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 Techniques

3.1 Principle of Neural
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
(CNNs) 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.

Style



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.

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:

)C'E()ti-].]. — Q- ﬁcuntcnt + 13 : ‘Cstyle

Here, o 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,
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.

fine-tuning can be

Image Optimization via
Backpropagation:
Instead of updating the network

weights, NST directly optimizes the generated
image itself based on the loss function.
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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
suich 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
Components

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 an example 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

Technology

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 Type

Deep Neural Networks (DNN) with[Diffusion Models (Generative models
pre-trained models like VGG

using stochastic processes)

Main Structure Convolutional Neural

Networks
(CNN), typically VGG or similar

U-Net architecture combined with a
diffusion process and CLIP for text-to-
image generation

Text prompt (optional: image prompt for

Input Form ntent i n le i . . .

put Fo Content image and style image TAge-to-iMage. generation)
Output Image :)rrr;aci]r?al Vgr']? stC Olgtefpém the Sttngigh-quality, coherent images that match
Characteristics g y Y€lthe text prompt or image input

image

Generation Process

Uses optimization to minimize the|Gradual denoising process to convert
loss between content and stylefrandom noise into a structured image




Criteria Style Transfer Stable Diffusion
representations based on input (text or image)
Computational Rela_tlvely Igss efficient, as itRequires hea_vy computational resources
. requires multiple forward passes tojdue to multiple steps of the diffusion
Efficiency - . .
optimize the image process, but can be parallelized
Real-time Generally slower due to iterativeCan generate images in - a reasorable
R . X amount of time (minutes), but not real-
Performance optimization process; not real-time |. . .
time for high-quality outputs
. . . ... .. _[Text-to-image generation, creative content
Application Artistic image  modification, generation,  concept  art  creation,
Examples generating artwork from photos AN . o
inpainting, image editing
6. Development Environment matplotlib: A library for data
6.1 Software Libraries visualization, used here for displaying images
This project was developed using the and graphs.
Python programming language and focused numpy: A numerical computing
on the following key libraries for library, primarily used for array and matrix
implementing generative Al models: operations.

transformers: A library provided by
Hugging Face that makes it easy to use
models for natural language processing (N LP)
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 InceptionV3 model is used for
image processing and prediction.
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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 Imple mentation
Case




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
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.

Extractor
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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 a
file 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

This progam s 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

Figure 1

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

2) Deep Learning-based Style Transfer (Neural Style Transfer)
Image of Seoul N-Tower transferred into the style of Van Gogh
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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

P RSN

Figure 5 " Figure 6

4) Hybrid Implementation of Style Transfer and Stable Diffusion
. Image generated using a prompt, then transformed into the Van 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.
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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.

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., ControINet, T2I-
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, SwinIR) 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, DINOW2) 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
BU3YALJAHITBIPYY BIKMAJIAPBIH KOJI/IOHYY MEHEH 3AMAHBAII ) KACAJIMA
HUHTEJJIEKT CUCTEMAJIAPBIHJIA TEKCTTEH CYPOT KAPATYY KAHA
CYPOTTY BASHIOO BIKMAJIAPBIHBIH CAJIBIIITBIPMA U3WI10OCY
CPABHUTEJIBHOE MCCJIEJOBAHME I'EHEPAIIMM W30BPAXKEHWI IO TEKCTY
M OIMMCAHMSI U30BPAKEHWI B IMEPEJOBBIX NN-CUCTEMAX
C UCIIOJIB3OBAHUEM STABLE DIFFUSION, CNN-LSTM, CLIP, BLIP U METO/J10OB
BU3YAJIM3BAIIMU 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 myHe3geme: TepeH OKyTyyra HEIUW3AEITeH MYJIBTUMOJAJJIBIK JKacaiMa
MHTEJUIEKT MOJENJIEPUHACTH AaKbIPKbl KOPYHYKTYY O>KETHIIKEHIUKTEp TaOWUIbId THUJI MEHEH
BU3YaJI/IbIK MaaJbIMaTThIH OPTOCYHJA TaK ©3 apa Ty LIYHYLLyyTe MYMKYHAYK 6ep i, skapaTyy *aHa
4euMeNee TapMaKTapblHIA WHHOBALMSUIBIK KOJJIOHMO MYMKYHYYJIYKTOPYH CYyHYWITaabl. ©O3reue,
TekcTreH cypetre (T2W) Ty3syy MoaenuHuH mnaiijna Oomynry, Typykryy auddysus, xacamma
WHTEJUIEKTKE HETU3JEITeH CYPOT jKapaTyy TEXHOJOTHACBIHAATBl IapaJuIMaHbIH ©3repylIyH
TE3JETKEH. AJl KallbIpyyH MEHKUHJAMKTEIW HaThIMKadyy YJTY alyy bIKMajapbl jKaHa >KOTOPKY
reHepaTUBIUK TaTaaJlbITbl MEHEH KOHYJ OYypyIl, ap KaHJail YakblpblKTapra HETH3IENTeH KOTOPKY
YEeYWINII CYPOTTOPAY TY3YYre MYMKYHAYK Oepau. Bynm u3nnmee akbIpkel CYpeTTepiy Ka3yy
MOJEeNAepHH KOJA0HOT, mucaisl, BLIP (Bootstrapping Tuii-cypet anasiH ana nasppoo), CLIP
(KOHTPACTTBIK TUJI-CYpeT anjblH ana naspaoo), CNN-LSTM sxana BLIP-22 typykryy aupdyzus
MeHeH Ty3yiareH CypeTTepre aBTOMATTBIK Ka3yylaapAbl ajlyy jKaHa TY3YJITOH >Ka3yynapAblH
camaTtblH CaHABIK 0aanoo y4yH bleu >xama Mereop MeTpUKAIApBIH KOJNAOHYY. AHamu3
kopcoeTkoHnol, BLIP xana BLIP-2 cemanTHkanbik qan kenyy kepceTkyuyH 46,0% xepcertty, ai
smu BLIP xana CLIP monennepu 37,5% nanm kenyy KOpCOTKYYYH aHBIKTAraHbIH OMIIIMPIM.
TexcTTH KMpPru3yyHYH HaTblilkajuapbl OapJblK MOAEIAECPAE KOTOPKY BU3YANJIbIK aKTYaIAyYylyKTy
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’KaHa CEMaHTHUKAaJIbIK BIPAATTYYITyKTy CaKTal, MPOLECcCTH MUTHIMKTYY MIIKE alblpraH. MbIHIaH
ToimKapbl, CLIP TekcT MeHEeH cypeTTepayH OpTOCYHIArbl KapaMa-Kapibl OKYTYY apKblU1yy HOJIy K
OK MEHEH KJIaccH ()M KallusuIo0 KaHa CEMAaHTHKAIBIK HETH3/IETH M3/100 CUCTEMATapbIHBIH HUINTEIIH
KAKIIBIPTYyyTa cajdbiM KOMIKOH, an 3MH BLIP e3yH-e3y kKe3eMenjereH OKYyTYyy ’KaHa bIpaarTyy
aNJbIH ajla OKYTYY CTpaTeTUsUIapblH aWKalbIIITBIPYy MEHEH CYPOTTYH CYOTHTpJEpHUH JKaHa
BU3YyaJIIbIK cypooJiopro xoon oepyyae (VQA) kannpuioo MIITENIMH MaKCUMANyy AEHII3Jre
KeTkupeT. byn TexHomorusmapael  MHTETpalMsUIaHTaH — KOJJOHYY TEHEpaTUBIMK  JKaHa
MHTEPIPETaTUBAUK  (DYHKIUSUIApAbl  KaMTBITAH  MYJABTHUMOJQIJBIK ~ JKacaiMa  HMHTEIJIEKT
CHUCTEMaJIapbIHbIH 3BOJIIOLUACBIHA MYMKYHJAYK O€peT, ajapAblH KeJIeYeKTeIW TaaHbIM -OuiIyyHy
JKaHa OM KYTYPTYYHY Tajam KbUIraH TaTaall TalllbpManapAa KOJIJOHYIYIIYH KEHEHTEeT. AKBIpHI,
Oyn texnomorusutap xkannbl YKacanma wHTeWeKTTHH (AT'M) HEerw3ru TEXHONOTHsUIAPBl KaTapbl
KbI3MaT KbLIIyyra MYMKYHUYJYK Oeper.

AnHotammsa: HenaBHue 3ameuarenbHble JOCTHXKEHUS B 00JACTH  MYJIBTUMOJAIBHBIX
Mo;[eneﬁ HUCKYCCTBCHHOI'O MHTCIIJICKTA, OCHOBAHHBIX Ha FJIY60KOM 06yqu1/H/1, II03BOJINJIN I[O6I/ITBC$I
TOYHOTO B3aUMOIOHMMAHHUSI MEXIy €eCTECTBEHHBIM S3bIKOM M BHU3YallbHOW uHQopMaiueil,
OTKpPbIBasi MHHOBAIIMOHHbBIE BO3MOKHOCTH MIPUMEHEHHS B 00J1aCTH T'eHepalluy U HHTepnperaimu. B
YAaCTHOCTH, TMOSBJIIGHUE MOJEIH Mpeodpa3oBanus Tekcta B mzobOpaxenue (T2l), Stable Diffusion,
YCKOPHJIO CMEHY MapaJurMbl B TEXHOJIOTUU T€HEpalMi U300paKeHU Ha OCHOBE MCKYCCTBEHHOTO
uHTessekra. OH MpUBJIEK K cebe BHUMaHUE Onaromapst cBOMM 3(QEKTUBHBIM METoJaM O0TOOpa
npo0 B CKPBITOM IPOCTPAHCTBE M BBICOKOW CIOXHOCTH TEHEpPAIlMH, MO3BOJISIIONMM CO3/aBaTh
M300paKeHMs C BHICOKUM pa3pellieHneM Ha OCHOBE Pa3IMUHBIX MMOJCKa30K. B 3TOM nccnenoBanumn
ObUIM TPUMEHEHBl HOBEHIIME MOAETH CO3JaHUs CYOTUTPOB K M300pakeHHsM, Takue kak BLIP
(Bootstrapping Language-nipenBaputeibHas moarotobka uszobpaxenwmii), CLIP (KontpactHbrit
S3BIK — MpeaBapuTeNbHas moaroroBka u3oopaxenuii), CNN-LSTM u BLIP-22, k nzo0paxxeHnusm,
creHepupoBaHHbIM ¢ omouipto Stable Diffusion, mis u3BnedeHns aBTOMaTHYECKUX CYOTUTPOB M
KOJIMYECTBEHHOW OIIEHKH KauecTBa CT€HEPHPOBAHHBIX CYOTHTPOB C HMCITOJIb30BAaHUEM MTOKa3aTelNei
BLEU u METEOR. Ananu3 moxka3zan, yto BLIP u BLIP-2 moka3amu ypoBeHh CEMaHTHYECKOTO
corniazenus B 46,0%, B To BpeMs kak mojaenu BLIP u CLIP moka3anu ypoBeHB COBIaJeHUS B
37,5%. Pe3ynbTaThl BCTaBKM TEKCTa COXPAHUJIM BBICOKYIO BH3yaIbHYIO aKTyaJIbHOCTh U
CEMAHTHYECKYIO COTJIACOBAHHOCTH BO BCEX MOJEMSAX, YTO MO3BOJUJIO YCIEIIHO Pealn30BaTh 3TOT
nporecc. Kpome Toro, CLIP ciocoGcTBOBa MOBBIICHUIO 3PPEKTUBHOCTH CUCTEM KIIaCCH (PUKAITUU
C HYJICBBIM LIaroM M IOMCKa Ha OCHOBC CEMAHTUKMU 3a CUCT CPABHHUTCIIBHOIO HM3YYCHHA TCKCTA U
n300paxkeHuit, B To BpeMs kak BLIP makcumusupyet 3 pdekruBHOCT, 0000IICHUS TTPU CO3TAHUU
CYOTUTPOB K M300paKeHHSIM W BU3YaIbHbIX OTBeTOB Ha Bompockl (VQA), coueras
CaMOCTOSITeIbHOE OOY4eHHE U CTpaTeruu IOCIEAOBATEIbHON NpPEeaBApUTEIbHON IOATOTOBKU.
KomniekcHOoe HCMOoib30BaHUE H3THX TEXHOJIOTMH IO3BOJISET PAa3BUBATh MYJIBTUMOJAJIbHBIC
CHCTEMBI MCKYCCTBEHHOTO HMHTEJUIEKTa, KOTOPHIE BKIIOYAIOT B ce0s KaK TeHEpHUpYIOIMe, TaK U
UHTEepHpetupyonme (yHKIUU, pacumpsisi UX NPUMEHUMOCTh B OyAyIMX CJIOXKHBIX 3ajayax,
TpeOYIOLM X MO3HAHUS U JIOTMYECKOTO MbINUIEHUA. B KOHEUHOM cyere, 3TH TEXHOJIOTMH MOTYT
CTaTh OCHOBOM /s 00IIero McKyccTBeHHOTO nHTEIekTa (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-lmage Pretraining), CLIP (Contrastive
Language-Image 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
BLEU and METEOR metrics. The analysis revealed that BLIP and BLIP-2 showed a 46.0%
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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 consiste ncy 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).

Hermsru ce3nep: MyITbTHMOIAIABIK jKacaliMa HHTEIUICKTH; TEKCTTEH CYPOTTY >KapaTyy
(T2I); Typyxryy nu bdy3us; mnaTreHTTHK 1 Gdy3us MoJienn; Te3 HEIU3IeNreH CYpeT Kaparyy, CYpeT
CyOTHTpIIepH, KU (KOHTPACTTHIK TUJI-CYPOT alibIH ana aasipaoo), BLIP/BLIP-2 (boorcrpanusr)
Tunau xana cypertepay anasiH ama maspaoo), CNN-LSTM, VLP (Kepyy tuimunae anasiH ajia
Jaspoo), e3yH-e3y kezemennereH okyryy, BLEUMETEOR, cypet-TekcTT Tyypaioo,
cyperrepre kupruswires Texkct, TF-IDF, mMaansimMaTTapibl BU3yaJlJalITIPYYy.

KiroueBble cjioBa: MyIbTHUMOJANBHBIN HCKYCCTBEHHBIM HWHTEIJIEKT; IpeoOpa3oBaHue
Tekcta B u3obpakeHue (T21); crabunpHas aupdy3us; Monenb CKpbITol Iuddy3nn; reHepanus
M300paKeHM Ha OCHOBE IIOACKA30K; CO3JaHMe CcyOTHuTpoB K u3o0paxkenusm; CLIP
(mpenBapuTeabHAs IMOATOTOBKA HM300pakeHHUH K  KOHTpacTHOMY  si3biky); BLIP/BLIP-2
(camonactpoiika IlpeaBaputensHoe oOydeHue s3blKy M uzobpakenusm); CNN-LSTM, VLP
(IlpenBaputensHOEe 00y4eHHE S3BIKY 3peHHs); camocrositenbHoe oOyuenme; BLEU; METEOR;
BBIDAaBHHUBAHUE M300paXEHUsI IO TEKCTy; BCTpauBaHHUE TeKcTa B u3o0paxkeHwus; [F-1DF;
BU3YaJIH3alsl JaHHBIX.

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 Recent remarkable automatic captions that reflect the visual
advancements in  text-to-image  (T2I) content of each image.
generation models, particularly the emergence To quantitatively and reliably evaluate
of Stable Diffusion, have marked a the quality of the generated captions, apply
groundbreaking turning point in Al-based BLEU and METEOR metrics, which are
image  generation  technology.  These widely used in the field of machine translation.
generated images go beyond mere visual BLEU measures expression similarity based
outputs and present the potential to be utilized on n-gram matching, while METEOR
as meaningful content, gaining attention in provides a more refined semantic evaluation
various fields. by considering stemming, synonyms, and
This study aims to achieve the following word order.
objectives through a convergent approach of Use the latest vision-language
image generation and image understanding integration models to comprehensively
technologies: analyze the naturalness, visual relevance, and
Utilize the Stable Diffusion model to semantic consistency of the inserted text
generate diverse and aesthetically high-quality within the generated images.
images based on various prompts. 1.2 The Importance of Image
Apply sewveral image captioning Generation and Understanding

models to the generated images to extract
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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-resolution and 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
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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
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 wvarious 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
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calculated by dividing the dot product of the
vectors by their magnitudes.

In this study, image caption text data
was visualized using the TF-IDF technique 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
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

Research

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
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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, rainy 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 Kknight in shining armor facing a
portal to another dimension™
2) Image Generation Based on Stable
Diffusion
Model Used: Stable Diffusion v1.5 (can be
run on platforms such as HuggingFace)
Total Number of Generated Images: 15
Resolution and Format: 15 images
generated at 512x512 or  768x768
(PNG/IPEG) based on the generated prompts,
designed considering both visual diversity and
linguistic interpretability.



3.3 Introduction  of

Detailed
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
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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.

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.
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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, gquestion
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
Processing

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

Query

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

341 BLEU (Bilingual

Evaluation  Unde rstudy)
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
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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 O 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.

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. In a vector space model, the
cosine angle between two wvectors 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 O 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 Text into
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.

Images (T2l

2) Text Selection
The CLIP model is wused 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 Conwversion

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 Sawe

To save the final image in JPG format,
the image is converted from RGBA to RGB,
and then stored in the specified path. This
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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 dewvelopment. 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

4.1 Image Generation Program Based
on 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()).
42 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 on images 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
probability distribution (softmax).
Selects the sentence with the highest
probability (argmax).
(4) Automatic Caption Generation
(generate())
BLIP or
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 wused for loading,
transforming, and preprocessing images.
Used for preprocessing images
before input to models.

into a

BLIP-2 models directly
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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.
(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
Meaning does not match well, key information is
0.0~0.2 | Very low (bad) missing
0.2~ 0.3 | Fair (basic level) Only some words are similar, lack of expressiveness

Key words are similar, but there are grammatical

0.3~ 0.4 | Average (usable level) and semantic differences

0.4~ 0.5 | Good~Excellent Structure is correct and meaning is well preserved
0.5 over Ie\\feeI;y good  (human 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.

Si(?noi?;r;?ty Si T;I\‘;ig:ty Interpretation
0.0~0.2 Very low There is a significant difference in meaning
02~04 Low SS.i?nr:EIYVhat 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
08~1.0 Very similar sentences with virtually the same meaning
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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.

53.1 BLIP vs CNN-LSTM
1) Evaluation Table and Metrics Using Cosine Similarity
image BLIP text CNN-LSTM Similarity score
text
1 futuristic city, neon, car cafe x13 0 (unrelated)
cat laying on book girl x12, spell 0 (unrelated)
castle with tower and gate facmg x13 0
4 astronaut in flower field a x8, misty x5 .9'..25..(3-0 me common
words "a", "misty"” related)
5 woman with coffee medieval x13 0 (unrelated)
Lo airship x8,
6 whale flying in clouds cafe x4 0 (unrelated)
o . airship x8, 0.5 (some common
! airship movie. poster dragon x1, cafe x3 airship/dragon related)
8 boy with balloon spell x13 0 (unrelated)
9 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 13 0
woman in black coat with
12 Iyelow light cafe 13 0
. _y 0.25 (common flying
13 plane, jet in sky airship x13 vehicles)
14 snowy Vvillage at night cafe x13 0
knight and knight in a airship x5, .
15 circle medieval x8 0.25 (medieval related)
(1)Average  Similarity Calculation

Total score:0+0+0+0.25+0+0+05+0+0+025+0+0+0.25+0+0.25=

Number  of

items: 15

Average similarity (percentage): 2.0 /15 = 0.133, meaning 13.3% similarity

(2) Conclusion

2.0

The two sentence sets are semantically about 13.3% similar. Sentence 2 is not natural language
but a word repetition form, making it unsuitable for general meaning-based evaluation.

(1) Evaluation Results

Meaning - 0.3%, Average BLEU Score: 0.0037

2) BLEU and METEOR Evaluation Metric

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.
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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
4 astronaut in a field of astronaut floating in atmosphere, but different
flowers surreal space garden .
setting)
woman standing in front |robot barista serving .
S 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)
7 poster for the movie the |steampunk airship above |[0.5 (Similar theme, different
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 unde_rwater 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)
. . snowy Vvillage glowing
14 |snowy village at night with lanterns  at night 1.0 (Almost the same)
15 knight and knight in knight standing before 0.5 (Related to knight,
circle mysterious portal different situation)
Q) Average Similarity Calculation
Total score: 056 + 104 + 054 + 03 3 + 4 + 2 +
Maximum score: 15
Match rate =9/ 15 = 0.60 — 60%
(2)  Conclusion

The match rate between the two sentences is about 60%.

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

195

The topics and structures are similar,



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)
5 woman at table with woman pouring coffee 1.0 (Includes coffee-
coffee P g 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)
8 | boy with balloon in forest child with ?Ortra:; balloon in 1.0 (Almost same)
9 fox with violin in desert fox with violin and starry | 0.5 (Different |_olace, but
sky same subject)
10 temple of the lost underwater temple in a game 05 (§ame S.UbJECt
temple’)

woman biking through | woman and dog biking in 0.75 (Almost same,

1 sunflower field sunflower field except for additional
characters)
1p | woman in black coat with | wizard with glowing yellow | 0.5 (Similar color/light,
yellow light wand different characters)
13 plant_a ﬂying through sky;, plane flying in sky with 0.75 (Slightly different
jet in background cloud background)
snowy village at night with

14 snowy village at night 1.0 (Almost same)

lights

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+10+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
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(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-IDF (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 ]

>~ coffee .violin WO ma nf
ield-.
U'lyg\rlylng Sky

dragon

ciouds

snowy knighte g.e ball&on | &6k |
3 fls (@)

fl - Ifr< ‘
sunflower ®ul o)

Mmi Sty futur|st|c neon e

¥|IghtS =) 20
d ¢ p\ame,-

cO

i p = ¥ OnautbackaroundglOWiNg temple yetow

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

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| &4t 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 (T2l) 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
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(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 ResearchDirections
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) Advance ment 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 content creation, making it the third most

alignment loss optimization, making this the promising direction.
second most promising direction. 4) Multilingual Image Captioning

3) Stable Diffusion-Based Image and  Construction of  Multilingual
Generation-Editing-Insertion Pipeline Multimodal Models To overcome the issue
The combination of Stable Diffusion with of English-centric models, multilingual
BLIP/CLIP enables natural text insertion. In adaptation structures based on mBLIP, along
the  future, semantic-based location with pseudo- label collection and cross- lingual
determination, style-matching rendering, and alignment, are required. While this could
aesthetic evaluation techniques need to be contribute to expanding global Al usability,
integrated. This approach has high potential its industrial applicability is more limited, so
for industrial applications, especially in it is evaluated as the fourth most promising

direction.
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CsejieHusi 00 aBTOpax

ABazoBa UY.M. - npenogaBatens kadenapbl HHPOpMaTHKM M MaremMaTuku — OICKOTO
rOCyJapCTBEHHOIO MEAArornyeckoro yHuBepcutera uM. A. MbipcabekoBa.

AiranueBa P.P. - npenogasarens MexIyHapOoJHON BBICIICH IIKOJIBI MEAUIUHBI, I. DUIIKEK,
Keipreizckast Pecrryonmka.

Arckon k. Kyamynaii - maructpanT nmo HampaBieHuto «busHec-uHpopmaruka»y KHY wum. XK.
banacarsina.

Anma3soexoB M. — crynent KHY numenu Xycyna banacarsina.

Bakrei0ekoBa /K. — ctynent KHY umenu Xycyna banacareina.

BapanoB M.M. - PhD-noxropant KHY umenu Xycyna banacareina.

bassimeBa JJK. - crapumii npenopaBarens IMHCTUTyTa KOMIOBIOTEPHBIX TEXHOJIIOTUH U
uckyccrseHHoro nnremiekra KHY nmenn Xycyna banacarsina.

BasyopoBa B./[x. - kanxa. ¢usuko-maremaTnd. Hayk, npodeccop MHCTUTyTa KOMITBIOTEPHBIX
TeXHOJIOTHH 1 uckycctBeHHoro nnresuiekra KHY nmenn XKycyna banacareina.

Boaor6aes J.C. - cr. mpenopaBarens kadeapsl MHGOPMATUKUM U BBIYMCIUTEIBHOW TEXHUKU
HMHcTuTyra KOMIIBIOTEPHBIX TEXHOJIOTMM M UCKyccTBeHHOoro uHremwiekra KHY umenn Kycyma
banacarsiHa.

JlaBJjieToBa A. - KoopanHaTop YHUBepcuTera XaubsH (Pecydnuka Kopes).

Hemunenko A.IL. - kanza. Texauud. Hayk, noueHT KHY nmenn Xycyna bamacarsina.

xxentaeBa K.b. - crapumii mpenogaBarens oOpa3oBaTebHOM TporpamMmbl «HGoOpManimoHHbIe
CUCTEMBI U TEXHOJOTMM» MHCTUTYTa KOMIBIOTEPHBIX TEXHOJOTHUN U MCKYCCTBEHHOIO MHTEIIEKTA
KHY umenn XKycyna banacarsina.

JskymarysaoB J.K. - kaHja. negaroruy. HayK, CTaplIMid mpenogaBaresib MexX1yHapoaHON BbICILICH
IIKOJIBl METUIIUHBL, T. bunkek, Keipreizckas Pecryonuka.

Hcaesa I'.C. - xaHxa. ¢usMko-maTeMaTHd. HAayK, CTapIMH HaydHbIi coTpyaHUK HMHcTuTyra
MaIlMHOBEACHM S, aBToMaTHkH 1 reoMexannku HAH KP.

Hemanaos C.J0. - MarucTpanT 2-Kypca Maructepckoii mporpammsl «H GopManioHHbIE CHCTEMBI U
TEXHOJOTUM» MHCTUTYTa KOMIIBIOTEPHBIX TEXHOJIOTUN U UCKYCCTBEHHOro nHTesuiekra KHY nmenn
Kycyna banacareina.

Ka6aesa 3.C. - gnoment OINl HMudopmaTnka W BblUMCIMTENbHas  TexHuUKa MHcTHTyTa
KOMIIBIOTEPHBIX TEXHOJIOTUH U ucKyccTBeHHOro nHTeiuiekra KHY nmenn Kycyna banmacareina.
Kaobl1oBa C.A. - crapumii mpenogaBarenb KageIpbl TOIIKOJBHON, IIKOJIBHOM MEJAroruku U
obOpazoBatenpHbix Texnomormit MIIIIK wum. W.Y. HcamummunoBa KHY wumenn Xycyma
banacarsiHa.

Kannbi6aes C.K. - 1-p neparorny. Hayk, npodeccop MexayHapoaHoro ynusepcurera Ana-Too.
Kapao6anaeBa I'.T. - 1-p nenaroruu. Hayk, npogeccop KHY umenn XKycyna banacareina.
Kaparyaos L. - crapumii npenoaaBarens KHY umenu Xycyna banacarsina.

Kamxa6aesa 7K. T. - crapumii npenonasarens KHY nmenn Xycyna banacarsina.

Kum AL - ctynentka 2 kypca KHY umenu XKycyna banacareina.

Kum bI.C. - n1-p d¢unocodun, BomoHTep oOpasoBaTenbHOW mporpammbl «HHpopmarmonHubie
CUCTEMBI U TEXHOJOTHM» MHCTUTYTa KOMIBIOTEPHBIX TEXHOJIOIMH M MCKYCCTBEHHOI'O MHTEJUIEKTa
KHY umenn XKycyna banacarsina.

Kumcan6aeB K.A. - acnmupant xadenps! «/HpopMarimoHHbIE TEXHOJIOTHH U IIPOTPAMMHUPOBAHHUE,
HampasJieHHe crienranbHocTH «2.3.1 CucTeMHbIid aHanu3, ynpasiieHHe 1 00padoTka MHGOpMaIuy,
cratuctuka»y BI'TY «BOEHMEX» um. J[.®. Ycrunosa, r.Cankr-IlerepOypr, P®D.

KoiapipaaueBa I''K. - crapumii nmpenonaBatenb Kvipreizcko- EBponerickoro dakymnpreta KHY
umenu JKycyna banacarsina.

MakaiineB E.A. - npenonaBarens balTuiicKOro rocyaapCTBEHHOIO TEXHUUYECKOTO YHUBEPCUTETA
«Boenmex» um. J{.@. Yerunosa, r. Cankr-IletepOypr, Poccusi.

202



MambiToexoBa K.C. - crapnmii npernojaBareib Mex(akynbreTckol Kadeapsl wHGOPMATHKA
KHY umenn Xycyna banacareina.

Mycaes M. - maructpanT HampaBieHus «busHec-unpopmatuka» MHCTUTYTa KOMIIBIOTEPHBIX
TEXHOJIOTHH 1 ucKyccTBeHHoro nHtemwiekra KHY nmenn XKycyna banacareina.

MycypaaueBa /I.J. -crapumii  mpenogoBarenb HMHCTUTyra KOMIBIOTEPHBIX TEXHOJOTHH U
MCKYCCTBEHHOTO HHTEJUIEKTa 00pa30oBaTeNbHONW MporpaMmbl HampaieHus «HpopMalnoHHbIe
cucreMsl U texHonorun» KHY nmenn Kycyna banacareina.

Mpubip3agaunpoBa JI.IL. - kaux. nenaroruy. Hayk, gouneHt KI'Y um. U. Apabaesa.

Ham W.J. - kana. ¢usuko-mareMaTH4d. HayK, PYKOBOJUTENIb OOpa30BATEIbHOW IPOTrPaMMBI
«HH hopMallMOHHBIE CUCTEMBI U TEXHOJOTUMY», TOIEHT MHCTUTYTa KOMIBIOTEPHBIX TEXHOJIIOTHH U
nckycctseHHOro nuremiekra KHY nmenn Kycyna banacareina.

Hyp:xkanoBa C.A. - kaHj. nenarorud. Hayk (MHQOpMAaTHKa), TOLEHT, pPyKOBOJUTENb MPOTPaMMbI
«buzHec-uHpopMaTuka» MHCTUTYTa KOMOBIOTEPHBIX TEXHOJOTUN M MCKYCCTBEHHOTO MHTEJUIEKTA
KHY umenn XKycyna banacarsina.

OmypanueBa b.b. - crapumii npenogoBarenb MHCTHUTYyTa KOMIOBIOTEPHBIX TEXHOJOTHUA H
HCKYCCTBEHHOTO MHTEJUIEKTa, 00pa3oBaTelbHON NporpaMmbl HampaieHus HWHQopmalnoHHbIe
cuctemsbl U TexHonornn KHY nmenn Xycyna banacarsina.

Opo36aeBa A.A. - KaHIMJAT TEXHUYECKUX HAYK, JIOINEHT Kadeapsl WHQOPMATHKA U HOBBIX
MH(OPMAITMOHHBIX TEXHOJOTHH OIICKOro rocyaapCTBEHHOIO MearoTHYeckor0 YHUBEPCUTETA M.
A. MripcabekoBa, T. bumkek, Ksipreizckas PecryOnmka.

Ia3uii A.C. - maructpanT 2 Kypca oOpa3zoBareabHOU mporpammbl «MH GopmMarimoHHbBIE CHCTEMBI U
TexHoJIoTuN» MHCTUTYyTa KOMIIBIOTEPHBIX TEXHOJOTUH U NcKyccTBeHHOro nnremuiekra KHY umenn
Kycymna banacarsina.

IMankoB II.C. - n-p ¢usnko-maremarud. HaykK, npodeccop, wieH-koppecnonaeHT HAH KP, 3aB.
naboparopueit Muctutyra matematnku HAH Keipreizckoit Pecriydmmku.

Pomanenko A.H. - PhD-nokropant KHY nmenu Xycyna banacarsina.

Pycuna A.A. - crapumii npenojaBaTesb banTHHCKOTO TOCYJapCTBEHHOTO TEXHUYECKOTO
yauBepcurera «Boeamex» um. J1.d. Yerunona, r. Cankr-IlerepOypr, Poccusi.

PoiciaeB A.O. — xaHa. gu3uKo-mMareMaTHy. HayK, JOLEHT, AupekTop MHcTUTyTra KOMIBIOTEPHBIX
TexXHOJOorui U uckyccrBeHHoro unremiekra KHY umenn Xycyna banacareina.

CeiiTOe k0B A. - KaH[. (M3MKO.-MaTEeMaTUY. HAyK, TOUEHT MHCTUTYTa KOMITBIOTEPHBIX TEXHOJIOTUI
U MCKYCCTBEHHOI'O MHTEJUIEKTa, 00pa30BaTeNbHON MporpaMMbl HampasieHus «HpopmanmoHHbIe
cucremsl u Texnonorun» KHY nmenu XKycyna banacareina.

CemenoBa E.I'. - 1-p Texnuu. Hayk, mpodeccop, 3aBenyroumii kadeapoit «Mudopmanronnsie
TEXHOJOTMM M TNPOrpaMMHAas WHXEHEpUs» banTUHCKOro TrocyaapCTBEHHOIO TEXHUYECKOTO
yHuBepcurera «Boenmex» um. J{.@. Ycrunosa, r. Cankr-IlerepOypr, Poccusi.

CoiabikoBa ML.B. - kanj. negarorny. Hayk, goueHt KHY umenn Xycyna Banacareina.
Croipradexona A.C. - crapumii npenonasatens KHY umenu XKycyna banacareina.

TemupoB M.A. - noueHT Kadeapsl WHGOPMATUKA W BBIYMCIUTENBHOM TexHUKH MHcTUTyTa
KOMIIBIOTEPHBIX TEXHOJIOTUH U ucKyccTBeHHOro nHTeiuiekra KHY nmenn XKXycyna bamacareina.
Toko6aeBa C.b. — crapnmii nmpemnonaBatenb Kadeapbl KbIPTBHI3CKOTO, PYCCKOTO W MHOCTPAaHHBIX
s3pikoB KHAY nm. K.U. Cxpsibuna.

Toxranuesa T.JK. - crapumii npenoaaBaTens MeX(PaKyIbTETCKOM Kadeapbl HHOCTPaHHBIX S3bIKOB
KHY umenn Xycyna banacareina.

Typran6aesa H.2K. - crapumii npernonaBarens HampasieHus busnec ungopmaruka MHcTHTyTa
KOMIIBIOTEPHBIX TEXHOJIOTUM U ucKyccTBeHHOro nHTeiuiekra KHY nmenn Kycyna banmacareina.
Typeyn P. - crapumii mpemnonaBatenb OTAeIeHHUsT QUIOIOTHN TyMaHUTapHoro dakyiaprera KTY
Manac.

YcenoBa P.K. - crapumii npenonaBarens Mex@akynbreTckodl kadenpsl uHpopmatukn KHY
umMenu JKycyna banacarsina.

203


https://iktii.knu.kg/
https://iktii.knu.kg/
https://iktii.knu.kg/
https://iktii.knu.kg/

Xan JlutuHr - PhD-pokropanT MHCTHTYTa KOMIIBIOTEPHBIX TEXHOJOTHH W HCKYCCTBEHHOIO
unreiekra KHY nmenn Xycyna banacarsina.

Xyo HUu IL3e - PhD-gokropant MHCTHTyTa KOMITBIOTEPHBIX TEXHOJOTHH M HCKYCCTBEHHOTO
untemiexkra KHY nmenn XKycyna banacareina.

XyoHn XaoauH - npokropanT PhD-nporpammsl «IIporpammuas unxenepus» UKTulld KHY umenu
Kycymna banacarsina

Yoii Monr-Canr - n-p ¢uimocoduun, PhD mpodeccop, BomonTep WHCTHTYyTa MaTeMaTHKH U
uHpopmatukn KHY nmenu XKycyna banacarsina.

OpHuc KbI3bl JHeerya - maructpanT KHY nmenu XKycyna banacarsina.

IcenamanoBa I'.K. - crapumii npenogasarens oOpazoBaTenbHON nmporpamMmsel «MHQopmanonHbie
CUCTEMBI U TEXHOJOTMM» MHCTUTYTa KOMIBIOTEPHBIX TEXHOJOTHUH U MCKYCCTBEHHOIO MHTEIIEKTa
KHY umenn XKycyna banacarsina.

AcredecoBa H.T. - cT. mpenonaBarens kadenpsl MHGOPMATUKA W BBIYMCIUTEIBHOW TEXHUKH
MucTuTyra KOMIIBIOTEPHBIX TEXHOJIOTMUM M HUCKyccTBeHHOro uHremwiekra KHY umenn Kycyma
banacarsiHa.

204



Conep:xkanue
AiirammmeBa P.P., JLKYMATYJOB DK ..o 6

KbIPI'BI3CTAHAbBIH CAJTAMATTBIKTBI CAKTOO CUCTEMACBIHJIAT'BI CAHAPUIITUK
TEXHOJIOTUAJIAP ’KAHA ’KACAJIMA UHTEJUVIEKT: MEJAULIUHA JAT'BI
MAAJIBIMATTBIH KOOI CY3AYTY &KAHA KYIIYAJIYVJYTY KKAHA DTHUKAJIBIK
ACITIEKTHUIEPH ...ttt a s e e e sanes 6

I ®POBBIE TEXHOJIOT'MU U UCKYCCTBEHHBIIN UHTEUIEKT B CHCTEME
3APABOOXPAHEHMUA KBIPI'BI3CTAHA: BE3OITACHOCTb U KOHOUAEHIHUAJIBHOCTD
NHOOPMAIIMU B MEJJUITUHE U OTUYECKHUE ACIHHEKTDBI ............ccooooiiiiiiii, 6

DIGITAL TECHNOLOGIES AND ARTIFICIAL INTELLIGENCE IN THE HEALTHCARE
SYSTEM OF KYRGYZSTAN: INFORMATION SECURITY AND CONFIDENTIALITY IN

MEDICINE AND ETHICAL ASPECTS......ooiiiii ittt 6
Axkoa kbI3bl Kyamynail, JleMuIEHKO AdL..... ... 11
KBIPTBI3CTAHIbIH BAHK YOHPOCYHIOTY WHHOBAIIVSAJIBIK TEXHOJIOTUSIJIAPBI:
CAHAPUIITEIITAPYYHYH KEJIEUEI' ] ............cooooiiiiiiiiiiiiiic e 11
WHHOBAIIMOHHBIE TEXHOJIOT MM B BAHKOBCKOM C®EPE KbIPTBI3CTAHA:
HEPCIHEKTHUBBI HU®POBHU3ALIM ..ot e e e 11
INNOVATIVE TECHNOLOGIES IN THE BANKING SECTOR OF KYRGYZSTAN:
PROSPECTS FOR DIGITALIZATION ....cutiiiiiiee et 11
BapaHoB MLU...........ooooiii 15

MAIIIMHAJIAPIIBI YAPOHYY TEXHOJIOT USAJIAPBIH KOJIJIOHYY MEHEH

MAAJIBIMJAMA AKBAPUYMIAPIAT'BI BAJIBIKTAPABIH ’KYPYM-TYPYMYH
TAJJOOHYH HETU3UHJE KEP TUTUPOOJIOPAY BOJIKOJIAOO ... 15

IMPOTHO3UPOBAHUE 3EMJIETPSICEHH I HA OCHOBE AHAJIM3A ITOBEJEHHUS PbIG B
PE®EPEHTHBIX AKBAPUYMAX C UCITIOJIb30BAHUEM TEXHOJIOI Ui MAIIIMHHOI O

OBYUEHIS ........ccooiiiiiiieie ettt ettt e e e s s st r et et e e e e s s snrrreeeeeeessesannnnes 15
EARTHQUAKE PREDICTIONBASED ON THE ANALYSIS OF FISH BEHAVIOR IN
REFERENCE AQUARIUMS USING MACHINE LEARNING TECHNOLOGIES...........c........... 15
BasuopoBa B.2K., [lankoB I1.C., BaseBa D.7K.............oooiiiiiiiiiiiiiiiiiiiiiiiiiiiieeee s 27
KAJIBIJIAHT'AH MACEJIEJIEPIN UL TEIT YBITYY YUYYH KACAJIMA HHTEJUIEKTTH
KOJIITOHYY ..ottt ettt e e e e e e ettt e e e e e s s aabb bttt et e eeeeeaaaanbbbeteeaaeeseananrenes 27
INPUMEHEHHME HCKYCCTBEHHOI'O UHTEJUVIEKTA JJISA ITIOCTPOEHUSA
OBOBHIEHHDBIX BAJIAU.......ccoiiiiiiiiiteee ettt e e ettt e e e e e e s et e eeteeeessasnrrreeeeeeeeesenannnnes 27
APPLYING ARTIFICIAL INTELLIGENCE TO DEVELOP PARAMETRIZED TASKS............. 27
JUxyMAaryioB K., KaOBITOBA C.A. ........cccoviiiiiiiiiiiiie e e e e e e 33
BPAYTDHIH HU® PAJIBIK KOMIIETEHIIUACBIHBIH KOMIIOHEHTTEPH ........................... 33
KOMITOHEHTBI IIU® POBOM KOMIIETEHIMUM BPAUA ...........c.coovovvveieiieeeeeeeeeeeeenae, 33
COMPONENTS OF DIGITAL COMPETENCE OF ADOCTOR......ccctiiiiiieeieeiiieeeeeee e 33
HcaeBal'.C.y XYOH XAOIMH ......cooeeiiiiiiitiiiiiee ettt ee e s s st eerteeeseesssannrreeereeeessaannreneeeeeeeesssannnnnens 38

SJUIMIITUKAJBIK U PU ChI3bIK KPUIITOTPAGUAHBIH )KAHA IMHAMUKAJIBIK
AYKbIY TU3BMEI' MTHUH HET'U3UHJE ZIGBEE APKBLIIYY KOOIICY3
MAAJUIBIMATTAPIBI BEPYY MEXAHU3MUH U3UJIIOO.............oovvevveeiiiiiiieeeeeeee 38

205



U CCJEJIOBAHUE MEXAHU3MA BE3OIIACHOM NNEPEJAYY JAHHBIX 11O ZIGBEE HA

OCHOBE KPUIITOI' PA®OUU DJIVIMIITUUECKUX KPUBBIX U..........oooovviiiiiiiiiiee e 38
JTAHAMMUYECKOT'O CIHACKA KJTFOUEM...........cooooviiieeeecieeeeeeeeeeeee et 38
RESEARCH ON ZIGBEE SECURE TRANSMISSION MECHANISM BASED ON ELLIPTIC
CURVE CRYPTOGRAPHY AND DYNAMIC KEY LIST ..ottt 38
Kab6aeBa 3.C., MamMbITOek0oBa 7K.C., YCeHOBA P.K...........ccooiiiiiiii e 45
BUJIUM BEPYY CUCTEMACBIHJIA 'KACAJIMA UHTEJUIEKTTHUH OHYT'YY POJIY ........ 46

POJIb PABBUTUA UCKYCCTBEHHOI' O HHTEJIJIEKTA B CUCTEME OBPA30OBAHMUA....46
THE ROLE OF ARTIFICIAL INTELLIGENCE DEVELOPMENT IN THE EDUCATION

SYSTEM ittt ettt e et e e ettt e e e e e e e s bbbt bttt e e e e e s e aabbbe bt e e eeeeeaabbanbraneeas 46
KaobinoBa C.A., JLKyMAryJoB K. ... s 50
MAAJIBIMATTBIK TEXHOJIOT MSIJIAPAbI KOMITBIOTEPIUK JIU3AWH APKBLIYY
KOUIIZOHYY ..ottt ettt e et e e e e et et e e e e e s s aab b e e ettt eeeesaasnbbbeeeeeaeesaanannnnes 50
IMPUMEHEHWE WH®OPMAIIMOHHBIX TEXHOJIOI Uil YEPE3 KOMIIbIOTEPHOE
HMPOEKTHPOBAHUE ... 50
APPLICATION OF INFORMATION TECHNOLOGIES THROUGH COMPUTER DESIGN.....50
Kamka6aesa 7K. T., Kaparynos LII., Kanapi6aeB C.K., IaentaeBa K.b...........ccccooo, 55
OKYTYY YUYH BYJIYT TEXHOJIOT' USICBIHIA 'KACAJIMA UHTEJUJIEKTTHU
KOJJIOHYYHYH OH KAKTAPDI ..o 55
MOJOXUTEJBHBIE ACIIEKTBI UCITOJIb30BAHHUA NN B OBJIAUHBIX TEXHOJIOI USAX
JUIIST OBYUEHMISL........ooooiiiiiiiiiiiiiiiiii ettt ettt e bt sbaeaesenenenees 55
POSITIVE ASPECTS OF USING Al IN CLOUD TECHNOLOGIES FOR EDUCATION ............ 55
Kum BI.C., Ham 11.J., /Iae nraeaB K.b., JcenamanoBa I K., KuM AJL. .........ccccoommmiiiiiiiie, 63
NJINMMJIN ’KAHA BUJIUM BEPYYHY OHYKTYPYY/O ' KACAJIMA UHTEJUIEKTTUH POJIY
............................................................................................................................................................. 63
POJIb UCKYCCTBEHHOI'O HHTEJJVIEKTA B PABBUTUU HAYKHU U OBPA3OBAHMUSI......... 63
THE ROLE OF Al IN THE ADVANCEMENT OF SCIENCE & EDUCATION.......ccccceviiiiiiiee, 63
KHMCAHOAEB KL A, ..ottt ettt bttt ettt ettt sbababsbabsbsbsbsbsesbseneannne 66
KBbIPJAAJIABI TAAHYY BIKM AJIAPBIH )KAHA AJITOPUTMAEPJINH TAJIJO0O.................... 66
AHAJIM3METO/I0OB U AJITOPUTMOB PACIIO3HABAHUS CUTYAIIMN. ..............c.cooveee. 66
ANALYSIS OF METHOD AND ALGORITHMS FOR SITUATION RECOGNITION........cccce....... 66
MaxaiineB E.A., CeMeHOBA E.I'., PYCHHA AL A.........oooiiiiiiiiiiiiiiiiiiiiiiiiiiee e 74

HUPPAJIBIK TPAHC®OPMALIUA INAPTBIHAA UTH®OPMALUAJIBIK-O1Y00 KAHA

BAIIKAPYY CUCTEMAJIAPBIHBIH TY3YMYH KAKIIBIPTYYHYH
MYMKYHYYJIYKTOPYH KAHA XKOJIAOPYH M3UJITAOO............ceevvviiviiiiiiiiiiii, 75

WCCJEJIOBAHUE BO3SMOKHOCTEM U ITYTEW COBEPIIEHCTBOBAHU S CTPYKTYPhI
WH® OPMAITMOHHO-U3MEPUTE/IBHBIX 1 YIIPABJIIIONUX CUCTEM B Y CJIOBUSIX
HUOPOBOU TPAHCODOPMALIIHM ..........cooooiiiiiiiiiiiiiiiiiiiiiiinie e 75

STUDY OF OPPORTUNITIES ANDWAYSTO IMPROVE THE STRUCTURE OF
INFORMATION-MEASURING AND CONTROL SYSTEMS UNDER CONDITIONS OF DIGITAL
TRANSFORMATION . ..ottt e s aaae e 75



Meip3aganposa I.IIl., CoiabIkoBa M. B., IPHIC KBIZBI DHCETYJL.......evererererererenererenenennenenenenenenenenenenens 79
3AMAHBAII ITAPTTA BAIITAJII'BIY KJIACCTAPIA BUJIMM BEPYYHYH ABAJIBI 2/KAHA

OHYI'YYCYHYH HEIM3I'M BAIBITTAPDBIL ...t e 80
COCTOSHHE U OCHOBHBIE HAIIPABJIEHUSA PASBUTHUSA OBPA3OBAHUS B
HAYAJIBHBIX KJIACCAX B COBPEMEHHDBIX YCJIOBHUSX...........cccvvviiiiiiiiiiiiiiiieneieinenenieennnen. 80
THE STATE AND MAIN DIRECTIONS OF PRIMARY SCHOOL EDUCATION DEVELOPMENT
INMODERN CONDITIONS ...ttt et e e e e e e e e e e e e e e e e e eaeseseeerenes 80
Ham W.9., IHazmii A.C., Kum A.JL,, IcenamanoBa I'.K., [xenraeBaK.b.............cccoooooooiiiiiiiinn, 85
HUHTEJLJIEKT KEJIEUEI'A: )KH ’)KAHA MAIIIUHAJIBIK OKYTYY IYHUHOHY KAHTHUII
OBTOPTYYLO ... e e e e 85
HHTEJUIEKT BYAYIHIEI'O: KAK UM U MALIMHHOE OBYUEHUE MEHSIOT MUP.............. 85
THE INTELLIGENCE OF THE FUTURE: HOW Al AND MACHINE LEARNING ARE
CHANGING THE WORLD ......coiiiiiiiiii ettt ettt st st s tstsssssenessseseaeasanessennnnes 85
Hyp:KaHOBA C.A., IMYCACB M. ..ottt s 89

KBbIPI'bI3 PECIIYBJIMKACBIHBIH UHHOBALUAJIBIK UIIMEPAYYJIYT'YH BALIKAPYY
BOIOHYA MAAJIBIMATTBIK CUCTEMAHBI N3NJ1J1I00 ' KAHA TAJ100 (COOJA

TAPMADIBIHIIA).....ccoiiiiiiiiiiiiii ettt ettt e e s ba e e e s s iba e e e s sbnneeesaas 89
UCCJEJIOBAHUE U AHAJIN3 HHO®OPMAIIMOHHOM CUCTEMBI YITPABJIEHUS
WHHOBAIIMOHHOM JEATEJBLHOCTBIO KP (B COEPE TOPTOBJIN)..............ocvcvceerrrnn 89
RESEARCH AND ANALYSIS OF THE INFORMATION SYSTEM FOR MANAGING
INNOVATIVE ACTIVITIES OF THE KYRGYZ REPUBLIC (IN THE TRADE SECTOR............... 89
Opo30aeBa A.A., ABA30BA UM, ........ooiiiiiiiiiiiiiiiiieecee et e e e s e e e e e s 94
BUJIUM BEPYY TIPOLUECCHHJIE KACAJIMA UHTEJUVIEKTTH KOJIJIOHYYHYH
MYMEKYHYYJILYKTOPY ...ttt e e e e e s 94
BO3MOXKHOCTHU UCITIOJB30OBAHUS UCKYCCTBEHHOI'O UHTEJUIEKTA B
OBPA3OBATEJIBHOM ITPOLIECCE .........ccooiiiiiiiiiiiiiiicicc e 94
POSSIBILITIES OF USING ARTIFICIAL INTELLIGENCE IN THEEDUCATIONAL PROCESS
............................................................................................................................................................. 94
OmypammeBa B.b., MycypamueBa [I.9., CEMTOCKOB A.............cccoevviiiiiiiiiiiiiiiiiiiiiiiieieeieeeeeeeeeeeeeeeeneeeees 101
BUJIUM BEPYY HIIIMEPAYYJYI'YHIAO )KACAJIMA UHTEJUIEKT: MUCAJIIAP KAHA
HEPCIIEKTHBAUTLIAP ...ttt ettt e e ettt e e e s e st e e e e s e e e saannreneeeeeeeeenans 101
WCKYCCTBEHHBIA UHTEJUIEKT B OBPA3OBATEJIbHOM JEATEJIBHOCTHU: IPUMEPHI
M IEPCIHEKTHBDBL ..ot e e 101
ARTIFICIAL INTELLIGENCE IN EDUCATIONAL ACTIVITIES: EXAMPLES AND
PROSPECTS ... et e e e s et e e s st e e e e s sbae e e e s eaans 101
JEETIN): R O €1 : Q17 1/ 0 : 0 P 108
CTYAEHTTEPIU CBIHOO MEHEH HHAKEKTUK KYK ) KYKTOO MAPIIPYTTYK
MACEJIECHH UBIT'APYY ...ooiiiiiii it 108
PEHI EHUE 3AJAYU MAPIIPYTUZALIUUA TPAHCIIOPTHOI'O CPEACTBA C 3ABOPOM
I'PY3A 11O KOJIbBHEBOMY MAPUIPYTY C TECTUPOBAHUEM CTYIAEHTOB..................... 109
SOLVING THE LOOP PICKUP VEHICLE ROUTING PROBLEM WITH TESTING STUDENTS
........................................................................................................................................................... 109



IaHKOB I1.C., XYO MH LIBC......cooiiiiiiiiiiiiiiiiiiiiiiiiiieeee ettt 114
MPT-AUATHO3A00YY NPOTI' PAMMAUJIBIK ’KABAY YA DJIECTETYYHY OJTYOOHY

KOUIZOHYY ettt et et e e e e e st e e e e e e e s e s e et e e e e s s s snnnrneeeeeeeeeenas 114
INPUMEHEHUE U3MEPEHUS BOOBPAXKEHUA B IPOTPAMMHOM OBECIIEYEHUU JJIA
MPT-JAUATHOCTHEH. ........ooiiiiiiiiiiiii ettt s s e e e s e s e s 114
APPLYING MEASURING OF IMAGINATION IN MRI-ASSISTED DIAGNOSIS SOFTWARE ..114
POMAHEHKO AHL. ....cooiiiiiiiiiiiiiiiii ettt e ettt s e e e e e e et ittt s e e eesebtbba s eeeeesenabaaanneeeas 119
CIABI' IMAT'HO3Y YUYH O3I'TE HEI'M3AEJI'EH UHTEJUVIEKTYAJIABIK TYTYM/IAP:
CAHAPUIITUK MEJULIMHAHDBIH KEJIEUEI'...........cccooniiiiiiiiiiieeecec e 119
WHTEJUIEKTYAJIBHBIE CHCTEMbBI HA OCHOBE 933I' V151 TUAT'HOCTHUKH CIBI:
HEPCHEKTUBBI HU®POBOU MEJUIIMHDBL...........ccccooiiiiiiiiiiiiiiiiiiiieneeenee s 119
INTELLIGENT EEG-BASED SYSTEMS FOR THE DIAGNOSIS OF ADHD: THE FUTURE OF
DIGITALMEDICINE ..ottt ettt e e e e ettt e e e e e e st ee e e et eeeesesasnrrereeeeens 119
PoicnaeB A.QO., Ucmannos C.J,, OmypanueBa b.b., Keiasipanne Ba I' . K.,TAmmbipoBa Y.A. ............... 131
AﬁIBIﬂ YAPBA POBOTTOPY YUYH KOMIIBIOTEPAUK KOPYY CUCTEMAJIAPBIH/JIA
HEUPOHAYK KEJIE AJITOPUTMAEPUH KOJIAOHYY ....oooiiiiiiiiiiiiieceeeeeeeeeee e 131
INPUMEHEHHUE HEI‘/'IPOCETEBvI)lX AJI'OPUTMOB B CUCTEMAX KOMIIBIOTEPHOTI'O
3PEHUA JJIS1 CEJIBCKOXO3AUCTBEHHDBIX POBOTOB.........cooooiiiiiiiiiiiieeeeeeeeeee s 131
APPLICATION OF NEURALNETWORK ALGORITHMS IN COMPUTER VISION SYSTEMS
FOR AGRICULTURAL ROBOTS......oiiiiitiieete ettt ettt s 131
TemupoB M.A., bosior6aeB [I.C., IctebecoBa H.T., McManaoB C. L, ...........ouvveieiiieiiiiiiiiiiiiiiiiiiiiiee 137
AVJOOYYHYH KOOIICY3AYTYH KAMCHI3/I00 YUYH KOMIIBIOTEPJIUK KOPYY
BIKMAJIAPBIH KOJIZIOHYY ...oooiiiiiiiiiiiiiiiiiiiiiiiin ittt 137
HCIIOJIb30OBAHUE METOA0B KOMIIBIOTEPHOI'O 3PEHUA JIJIS1 OBECIIEYEHUA
BE3OIMACHOCTU BOIUTEJIS .........ooeiiiiiiiieiiee ettt e e s s nrree e e e e e e e 137
USING COMPUTER VISIONMETHODS TO ENSURE DRIVER SAFETY ...cccccciiniiiiiiiiiicie 137
Toxo0aeBa C.b., TOKTATMMEBA T. 7K. ........oooiiiiiiiiiii e e e e e e e e e e ees 140
AHI'VIMC TUJINH OKYTY YA KACAJIMA UHTEJUIEKTTHU KOJIIOHYY:
KEKEJIEIITUPYY KAHA AJAIITAIUATIOO .......coooiiiiiiiiiiiiiiiiiiiincnc e 140
MPUMEHEHWE NCKYCCTBEHHOI'O MHTEJIEKTA B OBYYEHUU AHTJIMHCKOMY
A3BIKY: HEPCOHAJIM3AIIUA U AJAIITUBHOCTD.........ccooiiiiiiiiiiieeeeeeece e 140
APPLICATION OF ARTIFICIAL INTELLIGENCE IN ENGLISH LANGUAGE TEACHING:
PERSONALIZATION AND ADAPTABILITY .ottt 140
TypranoaeBa H.K., KapatamaeBa L' T.........ccccooiiiiiiiii e 147
IT BATBITBIHIATBI CTYAEHTTEPTE YET TUJIMH OKYTYVYJA KACAJIMA
HHTEJUIEKTTHU KOJLHOHYY ..ottt irrrae e e e e e 147
HNCHHOJb30BAHUE HCKYCCTBEHHOT'O UHTEJJVIEKTA B IPEITIOJABAHUU
NHOCTPAHHOTI'O SA3BIKA CTYAEHTAM IT-HAIIPABJIEHUSL. .............ccoooviiiiiiiiiiiiiieeee, 147
THE USE OF ARTIFICIAL INTELLIGENCE IN TEACHING FOREIGN LANGUAGE OF IT
STUDENT S ettt e et e e e et e e e s e e e s e bt e e e e sba e e e e snbeeeessbnneeeenanne 148
TYPCYH Pt e e e e ettt e e e e et ettt bt a e e e e e e e etta e e eeeeteebbba e e e eeeeaebbnaeeeaaaaes 153



CHATGPTHun YET TWIAEPIU YHPOTYYAOTI'Y KOJIIOHYJIVIIIY KAHA KOUTOMIOPY

INPUMEHEHUWE U ITPOBJIEMbI CHATGPTB OBYUEHUU UWHOCTPAHHBIM SI3BIKAM ....153
APPLICATION AND CHALLENGES OF CHATGPT IN FOREIGN LANGUAGE LEARNING..154
Yoii Monr-Canr, Kamka6aesa 7K. T., CoIpradekoBa A.C...........coooeeiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeees 162

JKOT' OPKY OKYY KAUJAPBIHBIH CTYJIEHTTEPYU YYYH LLM RAG ) KAHBI
TEXHOJIOT USAICBIHBIH HET'M3WHIE KOTI TUIAYY OHJIAVH YAT-BOT CUCTEMACBIH
HHITEII YBITYY BOIOHYA U3UJIJOO KYPI'Y3YY ..o 163

HCCJIEJJOBAHUE ITO PA3SPABOTKE MHOT OSI3bIYHOM CUCTEMbBI OHJIAHH-YAT-BOT
HA OCHOBE HOBEHMIIEN TEXHOJIOTUH LLM RAG JISI CTYJIEHTOB

YHHUBEPCHTETOB...........cooii et e et e e e et e e e st e e e s ab e e e et e e estaaeeesenannns 163
ASTUDY ON DEVELOPING A MULTILINGUAL ONLINE CHATBOT SYSTEM BASED ON

THE LATEST LLM RAG TECHNOLOGY FOR UNIVERSITY STUDENTS.........covviieeiiieeecee, 163
Yoii Honr-Canr, Ham VLD, JTABIETOBA A............cocveuviveeiiieieiieesieseseeeeeeteeeseeseseesaes s s sseessseseessseneas 171

TEPEH OKYTYYHYH CYPOTTOPYH HNIUTETYY/JO STABLE DIFFUSION )KAHA STYLE
TRANSFER BIKMAJIAPBIH KOJJOHYY MEHEH J1OJIBOOPI'O HETU3JAEJIT'EH OKYTYY
APKBLJIYY TEHEPATUBIUK KACAJIMA UHTEJUIEKT TEXHOJIOI' USAJIAPBIH
TYIHYHYYHY KAKII BIPTYY BOIOHYA U3UJITOO............cooovviiiiiiiiiiiiieeeeeiieeeeeeee s 171

W3YUEHHUE NOBBLIIIEHASA TIOHUMAHUA TEXHOJIOT M TEHEPATUBHOTO MU C
nHoOMOUmBIO ITPOEKTHOI'O OBYYEHU A HA IPUMEPE UCITIOJIB30BAHUSA STABLE
DIFFUSION ¥ STYLE TRANSFER B OFPABOTKE U30BPAKEHUII C IPUMEHEHUEM
TIYBOKOT O OBYUEHMESL........cooooiiiiiiiiiiiiiiiiiieitie e 171

ASTUDY ON ENHANCING UNDERSTANDING OF GENERATIVE Al TECHNOLOGY
THROUGH PROJECT-BASED LEARNING USING STABLE DIFFUSION AND STYLE
TRANSFER IN DEEP LEARNING IMAGE PROCESSING........cccccooiiiiiiiiiiiccc 171

Yoii Mour-Canr, CoiapikoBa M., AIMa36eKoB M., bakrbioexoBa K., Kum A....................oooee. 183

STABLE DIFFUSION, CNN-LSTM, CLIP, BLIP ’)KAHA TEKCTTH BU3YAJIJALLITBIPYY
BIKM AJIAPBIH KOJIIOHYY MEHEH 3AMAHBAII ’KACAJIMA UHTEJUIEKT
CUCTEMAJUIAPBIHJIA TEKCTTEH CYPOT KAPATYY /KAHA CYPOTTY BASAHI100
BIKMAJIAPBIHBIH CAJIBILUTBIPMA M3UJIIOOCY .......oovviiiiiiiiiiiiiiiiiiiiee e 183

CPABHUTEJIBHOE UCCJIEJJOBAHUE 'EHEPATIMU N30BPAXKEHUM IO TEKCTY U

OIIMCAHMSA N305PAKEHUI B ITEPEJIOBBIX U -CHUCTEMAX C UCITIOJIb30BAHUEM
STABLE DIFFUSION, CNN-LSTM, CLIP, BLIP U METOJ0B BU3YAJIM3ALIMU TEKCTA. 183

A COMPARATIVE STUDY OF TEXT-TO-IMAGE GENERATIONAND IMAGE CAPTIONING
IN ADVANCED Al USING STABLE DIFFUSION, ....cccciiiiiiiiiiiiiiiiiccc e 183

209



INonmnucano B meuars 06.10.2025.
bymara odcer. Ileuats odeer.
®opwmar 60/84 1/8. O6bem 26,3 1.71.

Tupax 50 3x3

Tunorpagus KHY um. XK. banacareina

I'. bunkek, np. Manaca, 101.

210



