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1. Inceprauifina po60Ta IPUCBIYEHA aHAJIi3y METOiB ONTUMI3allii HEMPOHHMX MEPEX i po3poobLi NPOrpaMHUX
3aco0iB 117151 3611bLIEHHS MBUIKOIl HEMPOHHNUX MEPeX I1if] Yyac HaBYaHHS i BUKOHAHHS. Y Cy4acHOMY
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KOMII'FOTEPHOTO 30PY A0 PO3yMiHHS IIPUPOLHIX MOB, TUM CaMUM CTaBIIU HEBiJl'€MHOIO YACTUHOIO IOLEHHOTO
SKUATTS. BTiM, pO3TOpPTaHHS HEMPOHHUX MEPEXK Yy PEATIbHUX CLIEHAPISIX 4aCTO YCKIIANHSIETHCS IXHBOIO

004K CII0BAIbHOIO CKJIAJIHICTIO Ta PECYPCOEMHICTIO. BeMKuil 06'eM €HEProco>XXUBaHHS, 110 IOTPeOyeThCs 111
HaBYaHHS i BUKOPHCTaHHS BEJMKUX MOJZeJIell HEMPOHHMX TaKOXX Ma€ HeraTUBHUY BIIJIMB Ha HABKOJIUIITHE
cepenoulle. OGYNCIIOBA/IbHA CKIIAIHICTh 4YACTO NMPOSIBISIETHCS Yy BUTJISATLI BEJIMKOI KiJIbKOCTI MapaMeTpiB Ta
IJIMOOKUX apXiTeKTYP, sIKi BUMaraioTb 3HAYHOT0 00’eMy 00U CIIIOBaIbHOI ITIOTYXHOCTI SIK J71s1 HAaBYaHHSI, TaK i st
MOJAJIbIIOr0 BUKOPUCTAHHS Ha KiHLIEBUX NMPUCTPOSIX. LI CKIagHICTh € 0CO6IUBO IPOOGIEMATUYHOIO B
3aCTOCYBaHHSIX HEMPOHHUX MEPEX Ha IPUCTPosX IHTepHeTy peuel (10T), Ie 06uMCIIOBANIBHI PECYPCU 4aCTO
obMesxeHi. PecypcoeMHi XapaKTeprCTHUKH BKJIIOYAIOTh B cebe 00UUCTIOBAIbHY ITOTYKHICTb i BAKOPUCTAHHS MaM'sTi.
Lle nuTaHHs € 0COOJIMBO aKTyaJIbHUM Y MOOIIBHUX Ta BOYIOBAaHUX [IPUCTPOSIX, [I€ [1aM'sITb € 0OMEXKEHUM PECYPCOM.
Binblie TOro, 3aTpUMKa, CIIPUYMHEHA HECTAu€l0 PECYPCiB, YaCTO € HEMPUIHATHOIO B PAli 33724, 10 BKJIIOYA€E B cebe
CHCTEMU aBTOHOMHOI'O KEPYBaHHA, [I€ HaBiTh HEBEJIMKA 3aTPMMKA B IIPUMHATTI pillleHb MOXKE MaTH CEPHO3HI
Hacyigku. OnTrMisanis HEMPOHHUX MEPEX € aKTyaJIbHOIO 33/1a4€I0 B TEXHOJIOTIYHIN rajysi, o migKpeCaoeTbCs
eMInipuyHuMHU ganumMu. O6’eM 0OUYNCIIIOBAJIBHUX PECYPCiB, HEOOXiIHUI /111 HABYaHHS HallCy4acHIIUX HEHPOHHUX
MepexK, TI0IBOI0BABCS NPUOJIN3HO KOXHI 3 Micsui 3 2012 poky. Lle ekcrioHeHIiiiHe 3pOCTaHHsI 00YNCIOBAIBHUX
BHMOT He € CTaJIMM Ha I0BIOCTPOKOBY IIEPCIIEKTUBY, OCOOJIMBO 3 YPaxXyBaHHSIM €HEpProCloXUBaHHS Ta
€KOJIOT{YHOTr'O BIIJIMBY, [1OB'3aHOTO 3 faTa-LeHTpaMu. MeToro nuceprallii € 30i1bleHHs e(eKTUBHOCTI Mozesei
HEVPOHHUX MEPEX, a CaMe 3MEHIIEHHS BTPATy TOYHOCTI ITPpY 30i/IbII€HH] MBUIKO], 1iCJIs1 32aCTOCYBAaHHS METOIIB
onTuMizalii Moziesiel IMMOMHHOT0 HaBYaHHS, CTBOPEHUX 7151 BUPILIEHHS 3a/1a4 KOMITI0TepHOro 30py. Haykosa
HOBH3HA OJ€P’KaHUX PE3YJIbTATIB IOJISITA€ B HACTYITHOMY. YIOCKOHAJIEHO MOJIeJIb HEIPOHHOI MepexXi 115
BUsBJIEHHS 067114 RetinaFace, sika Ha BigMiHY BiJ] iCHyI04MX BUKOPUCTOBY€E MeTO[, IPyHiHry SNIP n1s ontumisauii,
1110 J,03BOJISIE BAKOPUCTOBYBAaTU PO3Pi’KeHI MaTpuLli s 30€piraHHs i BUKOHAHHS MePEXi 3 METOIO TIOA/IbIIOTO
YIOCKOHAJIEHH Ta 30iblIeHHS MBUAKOIII. YIocKoHaneHo MeTog, IpyHiHry SNIP niis Mmogesi BUsiBJieHHS 0611
RetinaFace, sikuii Ha BigMiHy Bif icHYlOUMX nlepef6ayae MOKJIMBICTb BUKJIIOUEHHSI KOHTEKCTHUX MOJYJIiB 3 IPOLIECY
IIPYHiHTy. BIOCKOHaIeHUI METOJ J03BOJIsIE AOCSTTH OiIbIIOI TOYHOCTI IPY HE3MiHHIN KiJIbKOCTi BUKJIIOUEHUX
napameTpiB. Briepie po3po6s1eHO MeTOI IPYHIHTy Ilepel HABYaHHSIM JJIs1 MOJeJIel apXiTEKTYpU TpaHC(HOPMED,
SIKUI Ha BiIMIHY Bifi iCHyI0UMX BPaXxOBye BaXJINBICTb ME€XaHi3My «yBarm». BukoprucTtanHs po3po6ieHOro MeTony
IIO3BOJISIE 3HAYHO 30i7IbIIUTU TOYHICTh Kylacudikaliii kKiH1jeBoi Mmozei B mopiBHsAHHI 3 MeTogom SNIP. Bnepiie
PO3pO6JIEHO apXiTeKTypy IpOorpamMHoro 3abe3nedeHHs 151 MOJIeTIOBAaHHS Ta JOCJIiIKeHHSI METOIiB IIPYHIHTY epe[,
HaBYaHHSM HEMPOHHUX MEpPeX, sIKa Ha BiIMiHY Bif iCHYIOUMX JO3BOJISI€ IPUBOAUTH MATPULIi BAaroBUxX KoeilieHTiB
Mepexi 1o po3pimkeHoro ¢popmMary, BAKOPUCTOBYIOUHN 3alIPOIIOHOBAHMI MEXaHi3M OLIiHKY BaKJIMBOCTI BariB.
OnrtumiszoBaHa Mepeska RetinaFace mictuTh Ha 68% napaMeTpiB MeHIIE HiXK [104YaTKOBA MEpesKa [Py BTPaTi
TOYHOCTI Ha jsnue 1.4%. BOOCKOHaNeHn METO, JO3BOJIMB 3MEHIIUTY BTPATH TOYHOCTI 3 1.4% 10 0.7% MOPIiBHSHO 3
meTtogom SNIP ripy nopiBHsSIHHI 3 HEO6Pi3aHOIO MOJIEJIIIIO, [IPY CKOPOYEHHI IapaMeTpiB Ha 68%. Peanizauisg meTony
IIPYHIHTY 1J151 apXiTeKTypu TpaHCGOpMep [03BOJINJIA HATPEHYBAaTU MEPEXY 3 IIOKPAILEHHSIM TOYHOCTI 10 37%
NopiBHSHO 3 MeTogoM SNIP rpu opiBHSIHHI 3 HEOOPI3aHOK MOJEJLIIO, [IPX CKOPOUYEHHI KiJIbKOCTi TapaMeTpiB Ha
90%. BctaHoBJI€HO, 1O Pe3y/IbTaT BU3HAYEHHS KPUTEPIiB BasKJIMBOCTI BariB, OTPUMaHUX PO3POOIEHUM
aJITOPUTMOM, MOXKYTb OYTH BUKOPUCTAHI 17151 iABULLIEHHS MBUAKOI HEPOHHUX MepeX Bif 20% 1o 65% 1uisixom
BMKOPHMCTaHHSI PO3PipKeHUX MaTpullb GopMarty 2:4, B 3a71€XKHOCTI Bif, rpagiyHoro npouecopa. BctaHossieHo, 1110
IOATKOBI BUXOIU [1JIsI CiaMCBhKUX HEMPOHHUX MEPEeX, IPU3HAYEHUX [JIs1 BCTAHOBJIEHHS CXOXOCTi IBOX 300pasKeHb,

He JJal0Th NIPUPOCTY B MIBUIKOCTI CXOJIKEHHS i TOYHOCTI MOZEJI.

2. This dissertation is devoted to the analysis of neural network optimization methods and the development of
software tools to increase the performance of neural networks during training and execution. In today's high-tech
world, neural networks have come to the forefront as a key technology. This variation of mathematical models has
demonstrated high performance in many tasks ranging from computer vision to natural language understanding,
thereby becoming an integral part of everyday life. However, the deployment of neural networks in real-world
scenarios is often hampered by their computational complexity and resource intensity. The large amount of power

consumption required to train and use large neural models also has a negative impact on the environment.



Computational complexity often manifests itself in the form of a large number of parameters and deep
architectures that require a significant amount of computing power both for training and for further use on end
devices. This complexity is particularly problematic in applications of neural networks on Internet of Things (IoT)
devices, where computing resources are often limited. Resource-intensive characteristics include computing
power and memory usage. This issue is particularly relevant in mobile and embedded devices where memory is a
limited resource. Moreover, the latency caused by a lack of resources is often unacceptable in a number of tasks,
including autonomous control systems, where even a small delay in decision-making can have serious
consequences. Optimization of neural networks is an urgent task in the technology industry, which is emphasized
by empirical data. The amount of computing resources required to train state-of-the-art neural networks has
doubled approximately every 3 months since 2012. This exponential growth in computational requirements is not
sustainable in the long run, especially considering the energy consumption and environmental impact associated
with data centers. The purpose of this thesis is to increase the efficiency of neural network models, namely, to
reduce the loss of accuracy while increasing performance, after applying methods to optimize deep learning
models created to solve computer vision problems. The scientific novelty of the results is as follows. An improved
model of the RetinaFace neural network for face detection is proposed, which, unlike the existing ones, uses the
SNIP pruning method for optimization, which allows the use of sparse matrices for storing and executing the
network for further improvement and performance. An improved SNIP pinning method for the RetinaFace face
detection model is proposed, which, unlike the existing ones, provides for the possibility of excluding contextual
modules from the pinning process. The improved method allows achieving higher accuracy with the same number
of excluded parameters. For the first time, a pre-training tuning method for transformer architecture models has
been developed, which, unlike the existing ones, takes into account the importance of the "attention" mechanism.
The use of the developed method allows to significantly increase the accuracy of classification of the final model
compared to the SNIP method. For the first time, a software architecture for modelling and studying pre-training
methods for neural networks has been developed, which, unlike existing ones, allows to reduce the matrix of
network weights to a sparse format using the proposed mechanism for assessing the importance of weights. The
optimized RetinaFace network contains 68% fewer parameters than the original network, with a loss of accuracy
of only 1.4%. The improved method reduced the accuracy loss from 1.4% to 0.7% compared to the SNIP method
when compared to the uncropped model, with a 68% reduction in parameters. Implementation of the pruning
method for the transformer architecture allowed to train the network with an accuracy improvement of up to 37%
compared to the SNIP method when compared to the uncut model, while reducing the number of parameters by
90%. The results of determining the criteria for the importance of weights obtained by the developed algorithm
can be used to increase the performance of neural networks from 20% to 65% by using sparse matrices of 2:4
format, depending on the GPU. The study established that additional outputs for Siamese neural networks
designed to establish the similarity of two images do not increase the speed of convergence and model accuracy.

Jep>kaBHHH peecTpaliiiHuii Homep [IiP:

IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH i TeXHIKH: Tndopmaniiini Ta KOMyHIKaIiiiHi TEXHOOT]
CrpaTeriyHuii NpiOpUTETHUH HANIPSIM IHHOBALLiMHOI Ais1JIBHOCTI: PO3BUTOK Cy4acHUX
inpopManifiHUX, KOMYHIKallilHAX TEXHOJIOTiN, pOOOTOTEXHIKN

ITizcyMKH JOCIiz>KeHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIaHHSI

Iy6sikaii:

¢ Melnychenko, A., Zdor K. Incorporating attention score to improve foresight pruning on transformer models.
Computer Science and Applied Mathematics, 2023, N22, pp.22-28

¢ Melnychenko, A., Shaldenko, O. Evaluation of a snip pruning method for a state-of-the-art face detection
model. Computational Problems of Electrical Engineering, 2023, Vol. 12, N¢1, pp. 18-22



¢ Melnychenko, A., Zdor, K. Efficiency of supplementary outputs in siamese neural networks. Advanced
Information Systems, 2023,Volume 7, N23, pp. 49-53

e MeJibHUYEHKO, A., lllannenko, O. Oco6a1BOCTi BUKOPUCTAHHS [IPYHIHTY [1epel TPEHYBaHHSIM HEPOHHOI
Mepexi AJ1s JeTekuii 06anyyst, XX MixkHapoiHa HayKOBO-TIPAKTUYHA KOH(PEPEHLLisI MOJIOIUX BUYEHUX i
CTyZAeHTiB, 25028 kBiTHA 2023 poky, Kuis, Ykpaina

¢ Melnychenko A. Evaluating SNIP pruning method on the state-of-the-art face detection model. Modern
scientific research: achievements, innovations and development prospects, XVI MixkHapogHa HayKOBO-
npakTuyHa koHdepennis, 11-13 Bepecus 2022 poky, Bepsin, Himeuduna. C. 68-72.5. Melnychenko A. Evaluating
SNIP pruning method on the state-of-the-art face detection model. Modern scientific research:
achievements, innovations and development prospects, XVI MixkHapopHa HayKOBO-IIpaKTU4YHa KOH(EepPeHI1lis,
11-13 Bepecns 2022 poky, bepain, Himeuuynna. C. 68-72.

e Melnychenko, A., Zdor, K. Applying classification and regression supplemetary output in siamese neural
network using fashion MNIST and plantvillage datasets, VII MixkHaposHa HayKOBO-TIpaKTU4YHa KOHEpeHLList
“Modern problems of science, education and society”, 11-13 BepecHs 2023 Kuis, Ykpaina, C. 126-129.

* Melnychenko, A., & Zdor, K. Appling classification and regression supplemetary outputs in siamese neural
network using plantvillage dataset, | Mi>kuapogHa HaykoBO-TpakTUiHa KoHpepeHLis “Current challenges of
science and education”, 18-20 BepecHs 2023, bepnin, Himeyunna. C. 79-82.

o Melnychenko A., Zdor K. Appling classification and regression supplemetary output in siamese neural
network using fashion MNIST and plantvillage datasets, X Mi>knapozHa HayKOBO-TIpaKTU4HA KOH(pEPEHLIis
“Innovations and prospects in modern science”, 25-27 BepecHst 2023, Crokrosbm, [lIBenis. C. 87-92.

e MesnbpHuYeHKO A., 3n0p K. 36inbmeHHs epeKTUBHOCTI onTuMizalii Mmozeseit apxitektypu ViT nepeg,
HaBYAHHSM IIJISIXOM BKJIIOUEHHSI aKTHBALlill MexaHi3My camoyBary, | MibKHapoiHa HayKOBO—ITPaKTUYHA
KoH@epeHuis “CyJacHi acrnekTy iH>xeHepii mporpamHoro 3ab6esneyeHHs’, 14 rpygus 2023, Kuis, Ykpaina.

e MenbHu4eHKO A.B., 3n0p K.A. BpaxyBaHHS MeXaHi3MiB caMOyBary Mpu MPyHiHTY MOJIeJIEN HEIPOHHUX MEPEX
Vision Transformer. 36ipHuk marepianis 11l MixkHapogHOi HayKOBO-TeXHi4HOI KOHpepeHuii “Cucremu i
TEXHOJIOTIi 3B'13Ky, iHpopmaTu3alii Ta KibepOe3neKn: akTyasibHi MUTaHHS i TeHeHLii po3BUTKY”, 30 mucronana
2023 poky, Kuis, Ykpaina. C. 214 - 215.

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILisl: nporpamHi IpO/yKTH, IPOrPAMHO-TEXHOJIOTIHA JOKYMEHTaLLis

CorniaJIbHO-€EKOHOMIYHA CHpﬂMOBaHiCTb: €KOHOMisl eHEPrOpECYPCiB; MiABUILEHHS aBTOMAaTHU3aLlii

BUPOOHUYMX ITPOLIECIB

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: 0121U109207

VI. BizomocCTi Ipo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. HepmamkiBcekuii Osekciii JleoHinoBuY

2. Oleksii Nedashkivskyi
KBasigikamis: 1. 1. n., npodecop, 05.12.02
InenTudikarop ORCHID ID: 0000-0002-1788-4434

JoparkoBa inHdpopmamuist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Mlanpenko Onekciit BikropoBuu

2. Oleksii V. Shaldenko

KBasigikamis: . r. n., nouent, 01.02.05
ImenTudikarop ORCHID ID: 0000-0001-6730-965X
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainm "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCHTETChKUI

VII. BizomocTi npo odinifiHHX ONOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH

Baacue IlpizBuiie Im's Ilo-6aTbKOBI:

1. CemeHos Cepriit ['eHHaninosn4

2. Serhii H. Semenov

KBasigikamis: 1. 1. u., npodecop, 05.13.05

Imentudikarop ORCHID ID: 0000-0003-4472-9234

JoparkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOH: [TPVIBATHA YCTAHOBA «VYHiBepcutet Hayky,

MiIIPUEMHULITBA TA TEXHOJIOTIN»

Kopg 3a €IPIIOY: 44435841



Micue3HaxoaKeHHS: By’ lllnaka Muko:nuy, 6yz 3, Kuis, 03113, Ykpaina
(I>opma BJIACHOCTI: [IpuBaTHa /Heneps>kaBHA

Cdepa ynpasiiHHS:

InenTudikarop ROR:

CeKkTOp HayKH:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Cropuak Kamina [1aBniBHa

2. Kamila P. Storchak

KBasigikamis: n. 1. u., npodecop, 05.13.06
InenTudikarop ORCHID ID: 0000-0001-9295-4685
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHuii yHiBepCUTET iHGOPMALIHO-KOMYHIKALiHIX

TEXHOJIOTI

Kopg 3a €IPIIOY: 38855349

Micue3HaxoaKeHHS: ByJ1. CoslOM'sIHCBKA, Oy, 7, Kuis, 03110, Yxpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHiBePCUTETChKUIL

Penensentu

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:
1. Koasnbs Osekcangp Bacunbosud

2. Oleksandr Koval

KBasigikanis: n. 1. n., npodecop, 01.05.02
Imentudikarop ORCHID ID: 0000-0001-9318-2859
HoparkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocnekT bepecTeiichKuii, oyz. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUIT



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Banescrbka Osbra BanepiiBHa

2. Olga V. Zalevska

KBasigikamis: . r. u., gouent, 05.01.01

ImenTudikarop ORCHID ID: 0000-0002-3163-1695

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCHTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuine Im'sa I1o-6aTbKOBI

TOJIOBH pagu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aCilaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBO1

OisIIBHOCTI

Cripenko Cepriit I'puroposuy

Cripenko Cepriit I'puroposuy

MernbHn4eHKO ApTem BacuiboBud

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



