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1. Incepraniiina po60Ta IpUCBIY€HA PO3pO06Li KOMIJIEKCHOTO METOAY riopuan3allii KJIaCUYHUX Ta KBAHTOBUX
06YNCIIEeHb [17151 MiJBUILEHHS IPOJYKTUBHOCTI Ta €(PEKTUBHOCTI pOOOTU CUCTEM IITYYHOTO iHTEJIEKTY, SIKi
OyIyI0TbCSI HA OCHOBI IMIMO0KUX HEMPOHHUX MepeX. Briepie 6yjio po3po6sieHO KOMITJIEKCHUN MeTOoZ, i BUIeHHS
e(EeKTUBHOCTI POOOTHU IMINOOKUX HEMPOHHUX MEPEX 32 JOINOMOIOI0 BUKOPHUCTAaHHS KBAHTOBUX OOYUCIIEHb.
JocimKeHo MeToM, BUKOPUCTAHHS KBAHTOBOTO MIPUCTPOIO Y BUTJISIA] OMHOTO 3 IPUXOBAHUX PiBHIB ri6puaHoi
rJIMO0KOI HEMPOHHOI MepeXXi AJis MigBUILeHHS IUBUAKOAII MOAesIi TyYHOro iHTeseKTy. [linBuieHHs mBUAKOii
IOCSITAETHCS 38 PAXYHOK iHKaMNCyJIs1ii YaCTUHYU 004YMCIIeHb Y KBAHTOBUI IIPUCTPIil, 1110 BUKOHYETHCSI HA KBAHTOBOMY
arnapaTHOMY 3a6€3I€4€eHHi, sIKe HaJlae 3HauHe [IPUCKOPEHHSI BUKOHAHHS 004YMCIIEHb [TOPIBHSIHO 3 KIACUYHUM
arapatHuM 3abe3nedeHHsIM. lle poOuTh KIaCH4HYy YaCTHHY TiOprIHOI MOoesli MeHII TIIMO0KOI0 Ta BifTIOBITHO

3MEHIIYE KiJIbKiCTb KJIACUYHUX OIlepalill, 1[0 HeobXxifHa 171 po60TH HEMPOHHOI Mepexi, 110 BiATIOBiIHO 306ibIye



IWBUAKOiI0 Mofeli. PO3p06sieHO MeTOJ, BUKOPMCTaHHS KBAHTOBOTO ITPUCTPOIO 1181 TONepefHbOI 0OPOOKY BXiITHUX
IAHUX 17181 30iJIbII€HHS BapiaTUBHOCTI TPEHYBAJIbHOTO HAOOPY aHUX Ta MiJBULIEHHS TOYHOCTI poO6OTH MO 3a
PaxyHOK 3aJlyuyeHHs! 6iibll Pi3HOMaHITHUX JAaHUX JJ1s1 TPEHYBaHHS MozeJi. BinnosigHo 1o MeTony, KBaHTOBUI
IIPUCTPill BUKOPUCTOBYETHCS IJ1s1 KBAHTOBOTO «3alIYMJIEHHS» TPEHYBAJIbHUX JAHMX Ta BUKOHYE POJIb KPOKY
IITY4YHOTO PO3IIMPEHHS TPEHYBAJIIbHOrO Habopy AaHux (data augmentation, a6o sk ckopodeHo DA) rpu nigrorosui
mogesi. lle no3Bosisie po3MMPUTH TPEHYBaIbHUI HAOIp JaHUX Ta BiANOBITHO NOCATHYTH BULMX IIOKa3HUKIB
TOYHOCTI NIOPiBHSIHO 3 pe(pEPEHTHUMU MOJIEJIIMH, OCOOIMBO Y KOHTEKCTI 3a/1a4, [ie TPEHyBaJIbHUI Habip JaHUX €
obmexxeHUM. Po3po61eHo MeTo, BUKOPUCTAHHS KBAHTOBOI CXEMU Y SIKOCTI I1€pUIOTr0 3TOPTKOBOTO IIapy IJIMOOKUX
3TOPTKOBUX HEHPOHHUX MEPEX [1Jis MifABUILEHHS! TOYHOCTI pO60TU MOJeJli ITyYHOTO iHTeJeKTy. BinnosigHo 1o
PO3p06JIEHOr0 METOAY, KBaHTOBUII 3rOPTKOBUI LIap CTBOPIOE 6araToKaHasbHe MpeCTaBleHHs BXiIHOrO
300paKEHHS Ta MOJI€JIb BUKOPUCTOBYE IJIMOOKY 3rOPTKOBY MEPEXY Y SIKOCTi KJIACUYHOI YaCTUHM ri6puaHOi Mogei
17151 OIIPALIIOBAHHSA 6araToKaHaJIbHOTO BapiaHTy 300pakeHHs], 10 CIIPUsie KPALIOMY BUIJIEHHIO XapaKT€PHUX PUC
KJIACiB Ta CIIPUSIE MiBUIIEHHIO TOYHOCTi po60TH Mofiei. Po3po6sieHo Habip MporpaMHUX KOMITIOHEHTIB [1J1s1
BMKOHAHHS SIK KJIAaCMYHMX 33724 Kiacudikallii 306pakeHb, 1[0 BUKOPUCTOBYIOTbCS 171 aHali3y e(eKTUBHOCTI
MOJeJIell MITyYHOTO iHTeJIEKTY, TaK i T0Ka3aHO €(PEeKTUBHICTD MiAXOiB 1JI BUPIIEHHS IPAKTUKO-OPi€HTOBAHO]
3a7a4i aHaIi3y 3HIMKiB MiCLIEBOCTi, OTPMMAaHUX 3 CYITyTHUKA, [IJIS1 BUSIBJIEHHS [iIJITHOK YPaXX€HUX IPUPOLHOI0
KaracTpodoio. 11 eKCIIepUMEHTIB 6yJ10 BUKOPUCTAHO ri6puaHi Mogerti, 1o6yoBaHi Ha OCHOBI INIMOOKUX
3TOPTKOBUX HEPOHHUX MEPEXK, 5K IIPOCTO]I MipamifanbHOI apxiTeKTypH, Tak i CKIafHimi Ta 6i7bIll Cy4acHi pillleHHs,
taki gk ResNet50 Ta EfficientNet. [IpoBeeHo aHai3 pe3ysbTaTiB 3aCTOCYBAaHHS 3alIPOIIOHOBAHUX METO/IIB
ribpuusanii KIacuYHUX Ta HEKJIACUYHUX 004K CyIeHb. 3a pe3ysibTaTaMU €KCIIEPUMEHTIB 3 3aCTOCYBAaHHSIM
3aIPONIOHOBAHUX METO/IiB, 6yJIO IPOJIEMOHCTPOBAHO iX €(PEKTUBHICTb Yy KOHTEKCTI MiBUILEHHSI TOYHOCTi po60TU
MoJesiell 3 MPOCTIlIMMU apXiTEKTypaMH (3rOpTKOBi HEMPOHHI MepeXi MipaMifanbHOi apXiTeKTypH) Ha KJIACUYHUX Ta
IOCTaTHBO MTOBHUX Habopax AaHuX, Takux sk CIFAR100 (mokpauieHHs TouHOCTI kinacudikanii Ha 2.9% nopiBHSIHO 3
pedepentHoio mopesno VGG-16). Ha npakTuKo-opieHTOBaHIM 3anayvi kinacudikallii 306pakeHb, IpeICcTaBIeHol
HabOPOM JIaHUX CYIIYTHHMKOBHUX 3HIMKIB, IKMI1 € MEHII [IOBHUM, 30i/IbLIEHHS €(PEKTUBHOCTI 0YyJI0
IIPOJEMOHCTPOBAHO riOPUIHUMU MOJEJSIMU Ha OCHOBI SIK IPOCTIMINX, TaK i CKJIAIHUX apXiTEKTYP (TaKuX SIK
EfficientNet Ta ResNet50). Ta 6yJsio mocsSrHyTo HOBOI Halicy4acHimoi Ta HaiBuIoi «state-of-the-art» (SOTA)
To4yHOCTi 98.81% (nokpauieHHs Ha 0.31% nopiBHSIHO 3 pedpepeHTHOI0 MOEJIIIO) 32 OIIOMOTOI0 TiGPUIHOI KBAHTOBO-
KJIACMYHOI Mozei, nobynosaHoi Ha ocHoBI EfficientNet. Takox 6yJ10 [OBe€HO MOKJIMBICTb Ta IPAKTUYHICTD
BHMKOPHCTaHHS METOy ribpunn3aliii, o nossira€ y BUOKpeMJIEHH] YaCTUHY IIPUXOBAHUX IIAPiB r1160KOi
HEePOHHOI MepexXi y KBaHTOBUI IpUCTpill. [lanuil nigxizn ribpuausanii nokaza HUXK4Yy TOYHICTb poOOTH MOAEJI,
JOCSITHYBIIY TOYHOCTI y 72.75% (3HU>KEHHS TOYHOCTI Ha 3.25% BiHOCHO pedepeHTHOI Moesi) Ha Habopi AaHuX
CYIYTHUKOBUX 3HiMKiB. [IpoTe Lie 3HMKEHHSI TOYHOCTi MO>XKe OyTH HECYTTEBUM Y Psifii 3311a4 BiIHOCHO
IIPUILBUJIIIEHHS Ollepallill 3a paxyHOK [IepeHeCeHHs YaCTUHU 004YMCleHb Ha KBAaHTOBE anapaTHe 3a6e3ledeHHsI.
Po3po6eHi METOAM € CKIalOBUMU KOMIIJIEKCHOTO METOAY riopuan3alii KJIaCUYHUX Ta HEKJIACUYHUX O0YMCIIEHD Ta
IIO3BOJISIIOTH MiATOTYBATU riOpUIHI MOZEli HA OCHOBI KJIACUYHUX HEMPOHHUX MEPEX, 3aJIEXKHO BifL TUIY 3a7a4i Ta
BMMOT 3 MiABUILEHHS WBUIKOAI 41 TOYHOCTI poOOTH MOJiesiel Ipy BUPIIIEHH] Py PiBHOMaHITHUX NPAKTUYHUX

3amady.

2. The dissertation focuses on the development of a comprehensive method for hybridizing classical and quantum
computations to enhance the performance and efficiency of artificial intelligence systems based on deep neural
networks. A comprehensive method to improve the efficiency of deep neural networks through quantum
computing utilization was developed. A method that involves a quantum device as one of the hidden layers in a
hybrid deep neural network to enhance the speed of artificial intelligence models was investigated and evaluated.
The acceleration is achieved by encapsulating part of the computations within the quantum device, which is
executed on quantum hardware that provides significant computational speed compared to classical hardware.
This reduces the depth of the classical portion of the hybrid model, thereby decreasing the number of classical
operations required, which, in turn, increases the model's speed. A method was also developed that uses a
quantum device for preprocessing input data, increasing the variability of the training dataset and improving the



model's accuracy by incorporating more diverse data. This involves utilizing the quantum device for quantum noise
injection in training data, effectively serving as a "data augmentation" step during model preparation. This expands
the training dataset and results in higher accuracy compared to reference models, particularly for tasks with
limited training data. Additionally, a method was designed to use quantum circuits as the first convolutional layer
in deep convolutional neural networks to improve artificial intelligence model accuracy. This quantum
convolutional layer creates multi-channel representations of input images, enabling the classical convolutional
network in the hybrid model to process these enriched representations, which improves feature extraction and
boosts model accuracy. A set of software components was developed to handle classical image classification tasks
for benchmarking artificial intelligence models and to demonstrate the practical effectiveness of these approaches.
These methods were applied to satellite imagery analysis for identifying areas affected by natural disasters. Hybrid
models based on deep convolutional neural networks — ranging from simple pyramidal architectures to more
advanced solutions like ResNet50 and EfficientNet — were used in experiments. An analysis of the proposed
methods of hybridizing classical and quantum computations demonstrated their effectiveness. Experiments
showed an accuracy improvement of 2.9% on the CIFARI00 dataset using simpler architectures like pyramidal
convolutional neural networks, compared to the reference VGG-16 model. For satellite imagery classification with
a less complete dataset, hybrid models with both simpler and more complex architectures (such as EfficientNet
and ResNet50) showed improvements, achieving a new state-of-the-art accuracy of 98.81% — an increase of 0.31%
over the reference model — with a quantum-classical hybrid model based on EfficientNet. The practicality of
hybridizing neural network layers with quantum devices was also demonstrated. Although this method resulted in
slightly lower accuracy (72.75%, a 3.25% decrease compared to the reference model) for satellite imagery
classification, the trade-off for faster operations through quantum hardware could be valuable for specific tasks
that value computation speed higher than classification accuracy. These methods are components of a
comprehensive approach to hybridizing classical and quantum computations, enabling the preparation of hybrid
models based on classical neural networks tailored to task requirements for speed or accuracy improvements
across various practical applications.
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