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Pedepar:

1. InceprauiliHe JOCJiI>)KEHHS CIIPSIMOBAaHE Ha MOI0JIAHHS HEMIOJIIKIB e HepPaTUBHUX 3MarajibHUX HEMPOHHUX
mepex (['3M), Takux SIK BUCOKA PECYPCHOMICTKICTb, HECTAbIJIbHICTh ITPOLeCiB HAaBYaHHS Ta HEQANTOBaHICThb [0
poOOTH B yMOBax arapaTHO-TIapaMeTPUYHUX OOMeKeHb KOPAOHHUX IIPUCTPOIB, 110 MifTBEPIKY€E aKTyaIbHICTb
IUcepTalii Ta IPaKTUYHY LiHHICTb 171 PO3BUTKY CY4aCHUX iHTEJIEKTyaJlbHUX CUCTEM. METOIO LOCIIiIKEHHS €
pO3pobKa Ta YIOCKOHAJIEHHS MeTOfiB onTuMisalii ['3M a1 ninBuiieHHs e(EKTUBHOCTI CKIIATHUX IUHAMIYHUX
MIpOLIECiB iXx HABYaHHS Ta TeHepallii HOBUX JAHUX 3 PO3LMIMPEHHSIM CIIEKTPY iX 3aCTOCYBaHHS B yMOBaX arnapaTHO-
napaMeTpUyHUX 06MeKeHb KOPIOHHUX IPUCTPOIB, BOYLOBAHUX CUCTEM KOHTPOJIIO Ta MiKPOIIPOL€COPHUX
apxitektyp. HaykoBa HOBM3Ha OTPMMAaHUX PE3YJIbTaTiB BU3HAYAETHCSI OCOOMCTUM BHECKOM aBTOPA Y BUPILIEHHS
aKTyaJIbHOTO HayKOBOT'O 3aBIIaHHS rayy3i 3HaHb 12 [HGopMalLifiHi TEXHOJIOTI, SIKe NoJIAra€e B CTPYKTypHI
pexoHirypatii apxitektyp ['3M, po3pobLi MeToziB onTuMizanii Ta MexaHi3MiB ix ri6pugHOro KOMGiHyBaHHS IJ1s1



npoueciB HaByaHHS ['3M Ta anapaTHO-OpieHTOBaHii afanTalii KOpJOHHUX IPUCTPOIB Ta MIKDOKOMITIOTEPHUX
KOMIIOHEHTiB. B po6oTi Briepie po3pobyeHo MaTeMaTUYHy MOZesb KackagHoi ontumizanii I'3M, sika, Ha BigMiHY Bif
icHyl0unX, 6a3yeThCsl Ha iepapXiuHiil JeKOMII03ULii TpOCTOpY rineprapaMeTpiB Ta BpaxyBaHHi afallTUBHOI
IVHaMiKU HaBYaHH4, 1O JO3BOJIsIE€ 320€3€4UTU HEOOXiIHY TOUHICTh Ta MIBUAKOLII0 (yHKIioHyBaHHS ['3M B
YMOBax arnapaTHO-NapaMeTPUYHUX OOMEXKEHb KOPJIOHHUX IIPUCTPOIB. Briepie po3po6eHo MyabTr(azoBUil METOZ,
onTumizauii HaByaHHs ['3M, sikuil, Ha BifMIHY Bif icHyl0uMX, 6a3yeTbCsl Ha 6araToOpiBHEBOMY MeXaHi3Mi afjaliTHBHOI
KOHBEPreHllii, 1[0 I03BOJIsI€ 3a1100iraTi KoJalcy MOy Ta 3HUKHEHHIO IPaflieHTiB QYHKIiN BTpaT 6€3 MiJBUIeHHS
004N CIIIOBAIbHOI CKJIAHOCTI TPOLielypy HaBYaHHS. YJOCKOHAJIEHO MexaHi3M aganTauii ['3M, sSKuii IpyHTyeThCS Ha
ribputHOMYy KOMOiIHYBaHHI KaCKaJHOTO Ta MyJIbTH(A30BOr0 METO/IB B IO€IHAHHI 3 allapaTOM HEYiTKOI JIOTiKY, 1110
II03BOJISIE KOMIIJIEKCHO MigBUIINATYA €PeKTUBHICTb HaBYaHHS Ta SIKICTh reHepallii TYyYHMX JAaHUX B 3a7ia4ax
BUSIBJIEHHS] aHOMaJIil, 6ioMeTpii Ta KOMITIOTEPHOTO 30pY, 30KpeMa 3HU3UTU (PYHKIIiI0 BTpaAT reHepaTtopay 3,5 pasu,
YHUKHYTU [I€pPEHABYAHHS OUCKpUMiHaTOpa (Ha piBHI ~92%), npuckopuTy 36ikHicTh [3M B 7,6 pasiB, MOKpamuTu
meTpuky FID y 2,3 pasu Ta gocsartu TouHOCTi BUsiBjieHHs aHoMaitiit AUC = 0,92 i3 3a6e3neuyeHHsM 10BHOTH (Recall)
Ha piBHi 1,0. HabyB nopanpmoro po3BUTKy IIpOrpaMHO-anapaTHU METO/, pearisallii IOBHOTO LUKITY
¢dyHKUioHYyBaHHS ['3M Ha KOPJOHHUX MPUCTPOSIX, IKUI 6a3yeThCs HA iHTerpallii KBAHTOBAHOTO HABYAHHS Ta
arapaTHO-Opi€HTOBAHOI KacKagHOI onTuMizauii, 1o 3abesneyye peasnizalio peKkoH)irypoBanux apxirekryp ['3M 3
BpaxyBaHHSIM anapaTHO-NapaMeTPUYHUX OOMEXXEHb Ta iX (QYHKIII0OBaHHS B PEKMMI PeasbHOro 4acy 3i
3MEHIIEHHSIM PO3Mipy imiTauiiHoi mozei B 3,9 pa3u Ta NIPUCKOPEHHSIM IIpolecy iHpepeHcy B 3,2 pa3u. Pesyabratu
po60oTr GOPMYIOTh HAYKOBO-TIPAKTUYHY OCHOBY [IJIs1 CTBOPEHHSI aBTOHOMHMX CUCTEM IITY4YHOTO iHTEJIEKTY, 30aTHUX
ePeKTUBHO (PYHKIiIOBAaTH B yMOBax NeiluTy eHeprii Ta 00YUCII0BaIbHUX IIOTY>KHOCTEH. PO3pobiieHi pileHHs
MOXYTb OyTH 6€3[10CEPENHBO IMIIIEMEHTOBAHI y IIMPOKUI CIIEKTP allapaTHO-00MEXEHUX iH)KEHEPHUX CEPELOBULL;
Bi/l IOPTaTUBHUX 6GIOMETPUYHUX CEHCOPIB 10 ABTOHOMHMUX JPOHIB Ta BOYJOBAaHNUX CUCTEM KOHTPOJIIO. PO3po6iieHi
METOJIY ONITUMI3aLlil TAKOK MOKYTb OYTH aialiTOBaHi /Jis iHIIKX TUIIIB HEHPOHHUX MEPEX, 110 BiIKpUBa€ HOBI
[IEPCIEKTUBH 15 iXHBOTO 3aCTOCYBaHHS. OTpUMaHi pe3ysIbTaTy JOCJIIKEHHS MAlOTh BaroMe IPUKJIaJiHEe 3HAYEHHS
171 TIPaKTUYHOI peasisalii Ta po3ropTaHHs ['3M Ha KOpZOHHUX NPUCTPOSIX, @ TAKOX [IJI aBTOMATU3AaLil IIpoLEeCiB
CHHTE3y 3axXUIEeHNX 6i0MEeTPUYHNX JaHUX, MMiTBUIIEHHS PO3LilbHOI 30aTHOCTI 300paskeHb i BUSIBJIEHHSI aHOMaJIil y
crucremax piHaHCOBOI'O MOHITOpPUHTY Ta 6e3rnexku. Po3po6ieHi nigxoayu NpyuaaTHi 1J1si 3aCTOCYBaHHSI B
iHTeJIeKTya/IbHUX KOHTYpaxX aBTOHOMHUX Iy1aTopM [HTepHeTy peueii (I0T), y BOyZoBaHUX cuCTeMaxX KOHTPOJIIO Ta
MiATPUMKY NPUMHATTS PillleHb, KOMILJIEKCAX 6€3MeKH iHOYCTPiabHUX 00'€KTiB, HAYKOBUX JOCIIPKEHHSIX, @ TAKOX Y
HaBYaJIbHOMY Ipolieci minrotosku Qaxisiis 3a cneuianpHocTamu 123 KomriotepHa imskenepis ta 122 Komir'otepHi

HayKU.

2. The dissertation research is aimed at overcoming the shortcomings of Generative Adversarial Networks (GANS),
such as high resource consumption, training process instability, and a lack of adaptability to operate under the
hardware and parametric constraints of edge devices, which confirms the relevance of the dissertation and its
practical value for the development of modern intelligent systems. The aim of the research is the development and
improvement of GAN optimization methods to increase the efficiency of their complex dynamic training processes
and the generation of new data, expanding the scope of their application under the hardware and parametric
constraints of edge devices, embedded control systems, and microprocessor architectures. The scientific novelty
of the obtained results is determined by the author's personal contribution to solving an urgent scientific problem
in the field of knowledge 12 Information Technologies, which consists of the structural reconfiguration of GAN
architectures, the development of optimization methods and mechanisms for their hybrid combination for GAN
training processes, and the hardware-oriented adaptation of edge devices and microcomputer components. The
study proposes for the first time a mathematical model of cascade GAN optimization, which, unlike existing ones,
is based on the hierarchical decomposition of the hyperparameter space and the consideration of adaptive training
dynamics. This ensures the required accuracy and speed of GAN operation under the hardware and parametric
constraints of edge devices. A multiphase GAN training optimization method has been developed for the first time,
which, unlike existing methods, is based on a multi-level adaptive convergence mechanism. This prevents mode
collapse and vanishing gradients of loss functions without increasing the computational complexity of the training



procedure. The GAN adaptation mechanism has been improved, based on a hybrid combination of cascade and
multiphase methods coupled with a fuzzy logic framework. This comprehensively increases training efficiency and
the quality of artificial data generation in anomaly detection, biometrics, and computer vision tasks; specifically, it
reduces the generator loss function by 3.5 times, avoids discriminator overfitting (at the level of ~92%), accelerates
GAN convergence by 7.6 times, improves the FID metric by 2.3 times, and achieves anomaly detection accuracy
AUC = 0.92 while ensuring recall at the 1.0 level. The software-hardware method for implementing the full cycle of
GAN operation on edge devices has been further developed. It is based on the integration of quantization-aware
training and hardware-oriented cascade optimization. This ensures the implementation of reconfigurable GAN
architectures considering hardware and parametric constraints and their real-time operation, reducing the
simulation model size by 3.9 times and accelerating the inference process by 3.2 times. The research results form a
scientific and practical basis for creating autonomous artificial intelligence systems capable of functioning
effectively under energy and computational power deficits. The developed solutions can be directly implemented
in a wide range of hardware-constrained engineering environments: from portable biometric sensors to
autonomous drones and embedded control systems. The developed optimization methods can also be adapted for
other types of neural networks, opening up new prospects for their application. The obtained research results
have significant applied value for the practical implementation and deployment of GANs on edge devices, as well as
for the automation of secure biometric data synthesis, image super-resolution, and anomaly detection in financial
monitoring and security systems. The developed approaches are suitable for use in the intelligent contours of
autonomous Internet of Things (IoT) platforms, embedded control and decision support systems, security
complexes of industrial facilities, scientific research, and in the educational process of training specialists in
specialties 123 Computer Engineering and 122 Computer Sciences.
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