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1. META IUCIUILIIHH.

MeTol0 BHKJANaHHS HaBYaIbHOI MUCHHUILIHE «[eHEepaTHBHMM INTyYHHH IHTENEKT» €
dopmyBanHs y 3100yBadiB [IMOGOKOrO PO3yMiHHS TEOPil | NMPAKTHKM TEHEPATHBHHX Mozienel
IITYYHOTO iHTENEKTY, 3AaTHOCTI PO3POBIIATH Ta JOCIIKYBATH cyuacHi rerepatuBHi mogerni (GAN,
VAE, mubys3iitai Monesi, TpancdopMepy TOLIO), iHTErpyBaTH iX 3 30BHILUHIME JUKEpENaMH 3HAHb,
BPAXOBYBATH MHMTAHHS Ge3MeKW Ta eTMKH, 4 TAaKOX 3aCTOCOBYBATH IEHCPATHBHI IIIXOMM I
BHpIIICHHS HAYKOBHX | NPHKIAZHUX 3aj1ad y pisHHX nomeHax. Jlucuumiuina Mae Ha MeTi
MiArOTYBaTH JOKTOPAHTIB 110 MPOBENEHHs CaMOCTIMHMX JociKenb y cdepi reneparusroro I ta
BIPOBAKEHHS OTPUMAHUX PE3yNIbTATiB Y KOMII'FOTEPHHUX HayKaX.

2. TOMEPEJHI BUMOI'M JO OIIAHYBAHHSI ABO BHBOPY HABYAJBHOI
MACHATLITHH. .

1. 3uamu: ocHOBM JiHIMHOI anreGpH, MaTEMAaTHYHOTO aHaNi3y Ta Teopii HMOBipHOCTEH;
NPYHIMIN MAUIMHHOTO HABYaHHsS Ta [MHMOOKOro HasyaHHsS (6a3oBi apXiTeKTypH HEHPOHHHX
MepesK, alTOPUTMH ONTHMI3allil, TepeHaBYaHHs TOLIO); MOBH IPOrpaMyBaHH: BUCOKOTO piBHS
(6axano Python, R) Ta OCHOBH anropuTMisamii; 6a3oBi CTPYKTYpH NaHMX Ta MOHATTA 6a3
JIAHWX; OCHOBH CTATUCTUKHU T4 METO/U OLIHKH SKOCTi MOJENICH.

2. Bmimu: mporpamyBaTi MoBOO Python jurs peanizanii Ta HaBYaHHS MOJEIICH; BUKOPHCTOBYBATH
dpeiimopks  mammuHoro HasuauHs (TensorFlow/PyTorch) Ta 6i6ioTexy TIHOOKOro
HABYAHHSI; TIPALIOBATH 3 pernosutopismu koxy (Git/GitHub) Ta BinkputuMu HabOpamy JaHHX
(HuggingFace, Kaggle, Zenodo); BUKOHYBaTH €KCIEPUMEHTH 3 HABYAHHS HEHPOHHUX MEPEX
(HaaIITOBYBATH TiMeprapaMeTpH, I[POBOAUTH KiTbKICHY Ta SKIiCHY OLIHKY Mozenei);
aHANI3yBAaTH Ta Bi3yalisyBaTH IaHi; CaMOCTifiHO ONaHOBYBAaTH HOBI IIporpaMHi iHCTPYMEHTH
(manpuxiaz, HuggingFace, LangChain, OpenAl API Tommo) ta HayKOBi ImyOiKalii 3 TEMaTHKH
1.

3. AHOTALISI HABYAJIbHOI TUCIUIIJITHA.

Jucuuniina «CenepatuBuuii ITyunuil InTenekT» HaIEKUTh OO0 LUKIY npodeciitHol
MiATOTOBKM Ta MpHCBAdeHa cydacHum mogemsm LI, sxi 3maTHi reHepyBaté HOBI naHi pizHOT
MOJAJIBHOCTI (TEKCT, 300paXkeHHs, 3BYK TOIIO) Ha OCHOBI CTaTHCTHYHHX 3aKOHOMIPHOCTEH,
BHYUYeHHX 3 TpeHyBaIbHUX naHuX. Kypc 3abesnedye 3100yTTs KOHIENTYaIbHUX i METOIOIOTIYHIX
3HaHb y raiysi reneparusHux Mopeneit 111 ta dopmye HaBHYIKM KPHTHIHOTO aHai3y i CHHTE3Y
HOBHUX ijed y wid coepi. 3n00yBadi HaBYaThCs MPOCKTYBATH Ta BIIPOBADKYBATH reHepaTHBHI
MOJENi /Ul PO3B’S3aHHS HAYKOBMX i NPUKIAAHHX 3a7ad, 3MOXYTb BUCYBAaTH HOBI IiloTesn Ta
NPOBOIHTH eKCTIEPUMEHTH Ha CTHKY reHepatisHOro I ta cyMixHIX 001acTeH.

B Mexax NMCUMIUIHE pO3IVISNAIOTHCS OCHOBHI apXiTeKkTypu reHepaTuBHux wmogened II:
Bapianiiftai apTokoxyBansHuky (Variational autoencoder, VAE), reHepaTUBHO-3MarajibHi Mepexi
(Generative adversarial network, GAN), mudysiiini Mozxeni (Diffusion-based generative models), a
TaKoX CydacHi Mozien 3 apxitexTypoto Tpancdopmep (Transformer), mo nexars B OCHOBI BEJIMKHX
mouux Mmozeneit (Large language model, LLM). OcobnuBa yBara NpUALISETBCS METOJaM
3GaradyeHHs reHepaTUBHAX MOJIeJIeH 3HAHHAMH — ITiIX0/1aM Retrieval-AugmentedGeneration (RAG)
ta Retrieval-InterleavedGeneration (RIG), fiKi iHTerpytoTh 30BHIIIHI 6a3¥ 3HAHB/IAHMX i MOLIYKOBI
MEXaHi3MH y TpoIleC reHepaiii. PosrisiarTees iHCTPYMEHTH CEMaHTHIHOTO BeOy Semantic Web
(RDF/XML, SPARQL, Apache Jena Fuseki) Ta onTONIOTI4HOI imKeHepii A/ IpeaCTaBIeHHs 3HAHb,
sSKi MOXYTH OYTH BHKOPHMCTaHi IS TOKpAIleHHs (QaKTHIHOI KOPEKTHOCTI Ta Y3TOMKEHOCTi
Bimmosizneit renepatuBHuX Monenei 111

OxpeMuii MOAy/ib MPHCBSIUEHO TNHTAHHAM OC3MEKM Ta ETHKA TEHEPATHBHOIO mr -
0GrOBOPIOIOTECS PU3UKH MPAKTHYHOrO 3aCTOCYBAHHs (KOHDiACHIIAHICTD, Oe3meka, yIepemKeHiCTh,
BiNMOBifATBHICTE), MpoGlemMa ramouMHALiil Ta METOAM KOHTPOMO 3a HeGaKaHHM KOHTCHTOM.
HapermTi, IMCHUIITIHA JEMOHCTPYE 3aCTOCYBaHHS F€HEPATUBHOTO Il y pi3HUX JOMEHHHX 001acTax
— upOBil 0XOpoHi 310poB’s Ta TeepeabimiTauii (HanpHKIaL, reHeparlisi CHHTeTUHYHAX MEIUYHUX

© Kasepuncbkuii B.B., Manaxos K.C. 2025 pik



JAHUX, BIpTYyalbHi ACHCTEHTH JUIA MALUEHTIB), KOMITFOTEpHil NiHrBicTHII (MOBHI Mozeni A
MAIIHHHOTO NIepeKIajLy, TUTAHHs-BIIIOBIIb TOWIO) Ta IHIINX MNEPCTIEKTHBHAX chepax.

Axmyanenicmo  kypcy. T'enepatusnuit 1T CbOTONHI — Il€ TEepelNOBHM HampsM, 10
PEBOJIIOLIIOHI3YE Pi3Hi aCleKTH XKHUTTA Ta texuonoriit. CydacHi yudysiitai Mojerni Ta BETUKi MOBHI
MOJEi BCTAHOBHJIM HOBMH CTAaHZapT sSKOCTI TeHepauii, MepeBEpIIMBLIN HonepenHi MiaxXonu
(manpuknaz, udysiiai Moneni y 2022 p. mepeBepuIMIA GAN 3a sIKiCTIO FeHEpOBAHUX 300PaKEHB).
3Haune migsumenHs moryxHocTi mogene# (OpenAl GPT-4.1 nano, GPT-40, 03, 03-pro; Google
Gemeni, Gemma, MedGemma; Meta LLaMA; Mistral ToIo) mpHBENO 4O TOro, IO MOAEN 3
MEHIIIM YHCIIOM T1apaMeTPiB MOXYTh JOCATaTH ab0 IepeBepLIyBaTH Pe3yIbTATH OLIBIINX MOJENnen
onepeHporo mokonines. e BiAKpHBae HOBI MOSKJIMBOCTI IS JOCII/PKEHb 1 3aCTOCYBaHb, aje
TAKOK CTABATH HOBI BUKIMKM — TaKi sIK 3a0e3EUeHHs JOCTOBIPHOCTI remepariiii, iHTerpanis
MoJIeJTel 3 OHTONOTisSIMU Ta Ga3amy 3HaHb, & TAKOXK NOTPUMAHHSA €THYHUX HOPM IpH BHKOPHCTaHHI
[III. Jlanuii Kypc TOK/JIMKaHHM Jath 3700yBavaM {HCTpYMeHTH Uit POGOTH 3 HaCy4acHIIINMH
reHepaTHBHUME MOJENAMH Ta MiAroTyBaTd iX 70 BHpILIEHHS SIK TEOPETHYHHX, TaK i MPUKIAIHAX
sanau rereparusHoro 111 y cBoi HaykoBii Ta iH)XeHepHi# MisUIBHOCTI.

4. 3ABIJAHHA (HABYAJIBHI IILJII).
[licyist YCHiNTHOTO ONAHYBAaHHS MUCUMILIIHA «[eneparusuuit 1Tyqnuii [aTeneKkT 3100yBad
Oyne 3MaTHUM:

o Po3yMiTH MaTeMaTWdHi OCHOBM Ta NPHMHLMIN POOOTH OCHOBHMX THUIIB TeHEPAaTUBHHX
Mojierneit (aBTOKO/EpH, Bapiauiitai aBTokoxepu, GAN, nudysittai mogeni, Tpancdopmepn) i
[TOSICHEOBATH 1X BIAMIHHOCTI BiJl IMCKPHMiHATHBHUX MOJIENCH.

e Amanisyatm cydacHi Haykosi myOmikamii B ranysi reneparusHoro II; xputH9HO
OIIHIOBATH HOBI apXiTEKTYpH T& METO/IH, BUSBIIATH iX CHJIbHI Ta c1abKi CTOPOHHU.

o Po3po6siTH Ta HABYATH T€HEPATHBHI mozeii Ha npaktuni. Hasgatu npocti VAE, GAN Ta
nudysiai Mozen 3 BUKOPUCTAHHSAM CyYacHHUX (peMBOPKIB, HATAIITOBYBATH NapaMETPU
HABYAHHS, 3aCTOCOBYBATH METOM MOKPAIIEHH crabimpHocTi (s GAN) Ta ssKocTi BUOGipOK.

o BHKOPHCTOBYBaTH MOJEINI 3 apXiTeKTyporo TpaHcpopmep s reHepalii TEKCTy Ta iHIIHX
nanux. 3acrocoByBaru Besuki MoBHi Mozeni (GPT-4o0, Gemma, LLaMA, Mistral) yuepe3z API
Ta NOKATBHI 6i61i0TeKn, ToHKo HanamroBysatH (fine-tune) moxeni min crenugivni 3ajadi,
OLIIHIOBATH iX Pe3yJbTaTH.

o luTerpyBaTu 3HaHHS Ta TreHepalilo. BuOynoBysatn mafimiaiian  retrieval augmented
generation (RAG) — miAKIOYaTH MOUIYK inopmanii (BexTOpHi 06asy NaHHX, 3HAHHA 3
Bikinenii uu cmemiamizoBaHuX OHTOJOTIH) s MOKpPAIIEHHS (axTH4HOI KOPEKTHOCTI
Bimmosineit Mmozxeneit; posymitu BiminnicTs RAG vs RIG Ta 3HaTH MpUKIann ix peatizanuii B
cydacHHX cucTemax (Hanpukiaj, DataGemma Bix Google).

e 3acTocoBYBAaTH CeMaHTHUHMH BeO Ta onToyiorii. CTBOPIOBATH TIPOCTI OHTOJIOTiYHI Moz
IpeaMETHOI Tamy3i (IoMeHy); BUKOPHCTOBYBATH RDF s mpelcTaBIeHHS 3HaHb Ta
SPARQL jy1s BHKOHAHHS 3aIUTIB JO TPHIUIETHHX 06a3 JaHHX (triple storage); po3ropraTi
TpuILTeTHI 6231 NaHKX (HA MPUKIaj Apache Jena Fuseki) s 36epiranss ta 3anury RDF-
JaHUX. .

e OmimioBaTH Ge3leKy Ta €THKy ICHePaTMBHHMX CHCTeM. BusBiatu NOTEHLIHHI PU3UKH
(reHepallis HENpaBIMBOI UM YNEPEKEHOT impopmanii, mopyienHs KoH}ineHUiHHOCTI,
moskuBicTh deepfake) Ta 06UpPATH METOM TIOM’ SIKIICHHS (binpTpariis KOHTEHTY, HABYAHHS
3 yuureneM abo RLHF it 3MeHIIEHHSA TOKCHYHOCTI TOIIO); KEpyBAaTUCH CTHYHUMH
HOPMAMH Ta YHHHIMH PETyJISLisSMH IIPH PO3POOIeHH] Ta BrpoBaKenHi renepatusroro I

e BrpoBamKyBaTH MeHEPATHBHI MIIXO/H Y HOCIIXHULBKHUX MPOEKTaX. [TporoHyBaTH CIOCOOH
BUKODHCTAHHs TeHepaTuBHuX Mogenedt IHI mms 3ajad CBOEL aucepralil UM HPOEKTY
(HampMKJIaj, TeHepallis CHHTETHYHAX IaHHX Ul PO3LIMPCHHS BUOIPKUM EKCIIEPUMEHTY;
BHKODPHCTAHHS MOBHOI MOJEINI [l ABTOMATH3ALll PyTHHHUX AQHAITHYHKMX 3aBJaHb TOIIO);
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NPOBOJAUTH  €KCIIEPUMEHTANbHI  JOCTIIKEHHS e(QEKTHBHOCTI TakWX IIAXOAIB Ta
{HTepIIpeTyBaTH OTPHUMAaHI Pe3yJIBTATH.
S.PE3YJIbTATH HABYAHHSI 3A TUCLHUIIJITHOIO:
PesyabTaT HaBuanus (PH) ®opmu Metonu Bi
(1. s3marm; 2. BmitH; 3. KomyHikaumis; 4. (Ta/a6o OLIHIOBAHHSA TA MR B
ABTOHOMHICTh Ta BiANOBiAaIbHICTD) MeToaH i MOPOroBHIA = i e
TeXHOJ10rii) KpuTepiii o A
s M CIHILITIH]
Kon | PesynbTaT HaBuaHH# BUKJIa[JaHH{ | OIHIOBAHHSA (32
i HaBYaHHS | HeoOXixHOCTI) -
3HaTH: OCHOBHI TWapajurMd Ta IMiJX0[Iu

PH 1.1 | mry4ysoro  iHTemekTy, iX  icTopwuHmi
PO3BUTOK Ta Cy4acHHH CTaH
3HaTH: MaTeMaTH4YHI OCHOBH MAIIMHHOIO 3anix, akmuena 20%

PH 1o | HABYAHHS, BKIIOYAIOUH TEOPito Ol'ITI/IMiBaLFi'l', p060'r't'1a na
CTaTHCTHYHE HAaBYAHHS Ta TP | JTexyis, neKyil, ycHi
iHpopmarii. ceminapce- 6i0no6i,
3HaTH: apxiTeKTypu HEUPOHHHX Mepex, | K€ 3anAmmsa MOOYIbHI

PH 1.3 | npuHnunu riubGOKOro HaBYaHHS Ta CydYacHi KOHMPONbHI
METOJY HaBYaHHS. pobomu

20%
3HaTH: MeToau OOpoOKM HpPUPOAHOI MOBH,

PH 1.4 | KOMII'TOTEPHOrO 30py Ta IHIIMX MPUKJIAIHUX
obnacreit 11
Bwmitu: 3aCTOCOBYBaTH ANTOPUTMH | [lexyis, 3anix,

PH 2.1 MAIIMHHOIO HABYaHHS A1 pO3B'SI3aHH$'I“3aI[a‘I ceminapco- Bt 20%
Kr1acudikanii, perpecii Ta kiacrepusarii. e oo
BwmiTH: NMpoeKTyBaTH Ta HaBYaTH HeHpoHHi | SAHAMMA, BUHECEHUX HA

PH 2.2 | mepexi ai1st po3B's3aHHsI IPaKTHYHHUX 3a1a4. | CAMOCHMIUH camocmiiny 20%

a poboma pobomy
Bwmitn: BHKOPHCTOBYBATH CydacHi

PH 2.3 | ¢ppeiiMBopku Ta iHCTPYMEHTH IJIsi pO3POOKH 5%
[I-cuctem Y

3anix,

PH 3.1 | O6rpynTOBYBaTH BIACHUI MO Ha 3a1a4y, i
?HiHKyBaTHCH 3 KOJIETaMH 3 TUTaHb PO3POOKH | Ceyinapcn- ER 5%
IHTeNIEeKTYaJIbHUX CHCTEM. e

BUHECeHUX HA

PH4.1 | lemoHcTpamis aBTOPHTETHOCTI, | SAHAMMA, camocmitiny
IHHOBALIMHOCTI, BHCOKOI'0 CTymmiHrO | CAMOCHMIUR pobomy, 59
camocTiiiHoCTi, akazemiuna Ta mpodeciiia | @ poboma MOOYILHUX ?
J00pouecHicTh y po3poditi I1I-cuctem. KOHMPONLHUX

PH 4.2 | BianoBijajJbHO CTaBUTHCA OO BUKOHYBaHUX pagin
po0iT, HECTH BiMOBINANBHICTE 3a IX SKIiCTDH Ta 5%
eTU4Hi Hacyiaku BukopuctanHs 1111
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3aranbnuii o6csr - 60roqus, B TOMY YHCIII:
Jlexuiii — 18romum,

Koncynbrarnis — 2romus,

Camocriitna po6ora — 40roaus.

9, AHHOTAIII JIEKLIIiA

Jlexuis 1. Berynm no renepatusnoro III; iCTOPHYHHI PO3BUTOK, OrJIs CY4YaCHOI0 CTaHy Ta
3HAHOMCTBO 3 iHdpacTpyKTypoI0 115 poGoTH 3 FeHepaTHBHUMH MOJE/IsIMH.

Orisin icTopii Ta koHuenui#i remepatuszoro IIII. Bushauenns TeHEPaTHBHOI Mojen Ta
BiIMiHHICTB Bif AMCKPHMIHATHBHOIL; IPUKIIA/H TeHEPATHBHAX 32124 (rereparis 306paxeHs, TekcTy,
MY3HKH, KOIy TOIIO). IcTopuuHmit po3BuTOK: Bim mpoctux IMOBIpHICHEX MoOZeNel 10 cydacHux
DIMOOKKMX TeHEepaTHBHUX Moxerel. Orsin CY4acHOro CTaHy: PeBOJIOLIS nudy3iliHuX Momeseiil Ta
BCIMKMX MOBHHMX MOJEJNIEH, X MOCATHEHHS Ta OOME)KEHHS (ramonuHanii, morpeba B maHuX i
OOYHMCITIOBANBHUX pecypcax). 3HaHOMCTBO 3 iHbpacTpyKTypolo mis pobotu 3 T€HEPaTUBHUMHU
monessimu LI: ormsan inctpymenris (6i6miorexu PyTorch, TensorFlow, ¢peitmBopxk HuggingFace,
mnarpopmu  Colab Tta Kaggle), o6rosopenms AOCTYNHUX MOJENCH y BiIKPUTOMY JOCTYyIi
(HuggingFace Hub ra inmmi penosuropii Mozenei).

Jlexuin 2. Bapianiiini aBTokogyBaabHuku: Big Variational Autoencoder (VAE) no
CYYacHHUX JIATEHTHUX reHePaTHBHUX MiJXO/TiB.

Jlekuis mpucBsveHa mnorau6aeHOMY aHalli3y JIaTeHTHO-TeHEPATHBHUX MOZeNel, 1o
TPYHTYIOTECS Ha NPUHIHUINAX BapiallifHOro 6aeciBChKOro BUBEACHHS. Y NEepIIil YacTHHI momaeThes
(opmanbHa  mocraHOBKa  3amaui  BimHOBIEHHS pO3MOAily NaHMX Yepe3 ampOKCHMAIIIEO
aroCTEPiOPHOro  PO3MOJLNTY TPHXOBAHUX 3MIiHHHX Z metozom Variational Autoencoder (VAE).
Posrisanarothes BUBENEGHHS HUKHLOT Bapiauiiinoi mexi (ELBO), Tprok penapameTpu3anii, poss
Kullback-Leibler-perynspusauii y (GopMyBaHHI TINIAAKOrO JTATEHTHOrO IpOCTOpy ¥ KOHTpoJIi
3MAaTHOCTI MOJEJN [0 reHeparii OCMUCIEHHX IHTeproNANii. AHaNi3ylOTECS THIOBI apXiTeKTypu
erkozepa—ekonepa (MLP, CNN, ResNet-VAE) Ta Brumus po3MipHOCTI i posmominy naTeHTHOTrO
NPOCTOPY Ha AKIiCTh BUGIPOK.

Hpyra 4actuHa BHCBiTIIOE CydacHi posmupenHs 6azoBoro VAE: B-VAE ta Factor-VAE
(po3’ennanns dakropis), iepapxiuni Ta ymoBHI VAE, Vector-Quantised VAE (VQ-VAE-2) nnsa
AUCKPETHHX MPEACTABIICHb, & TaKOX TiGpuaHi mixxonw, mwo inTerpyrors VAE 3 HOPMaJIi3yIOUUMH
noTokamMM  ud  audysifiHumMu  nporecamu. HaBoamThes NOPIBHAHHS [MX MOZeTeH 3
A/IbTEPHATUBHUMH JIATEHTHUMH FeHepaTHBHUME minxonamu — Normalizing Flows, Energy-
based/Score-based mozeni, o6rosoproroTses TIEPEBAry Ta OOMEKEHHS KOXKHOTO KJIacy.

OcobnuBy . yBary NpUIiNEHO NpHKIAZHUM CLEHApisM: TeHepalis (OTOpeaTiCTHIHIX
300paXeHb, CHHTETUYHHX MeIMYHIX JlaHUX, aHOMaJi€BHSBJICHHS, iHimiamizamis OiIbm CKJIaHUX
moneneit (GAN, nudysifiHux) Ta miIrotoBka TAaTEHTHHX O3HAK Uis 3aj1ad  Kiacubikarii.
PosrisnaroThest METPUKY OL{iHIOBAHHS (log-like lihood, FID, KL-muBeprenmist mix bakropamu), a
TaKOX MUTaHHs CTaOlIBHOCTI HABYAHHS i iHTeprpeTawii JaTeHTHOro IPOCTOPY 3 MO3HIIIi €ETHYHOrO
KOHTPOMIO (HANPHKNA), BIUIHB YIEPE/KEHHX TPEHYBAIbHUX NAHHX Ha CEMaHTHUKY JIATEHTHHX
3MIHHHX).

Y nincymky ciyxay HaGye TeOpeTHIHOro PO3yMiHHS QyHIaMeHTaNbHUX NpHHUHIIB VAE,
O3HAHOMHTBCH 3 TEHICHIISIMH PO3BUTKY JIATCHTHHX TE€HEPaTHBHUX MOJENEH i OTpHMaE NMPaKkTHYHi
OpIEHTHPH WI0/I0 iX 3aCTOCYBAHHS Y HAYKOBHX JOCITIKEHHSX Ta IHXKEHEPHUX MPOEKTaX.
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