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Pedepar:

1. B pucepTauiiiniilt poboTi po3B’s13aHO HAyKOBO-TIPAKTUYHE 3aBJIaHHS PO3POOKU yIOCKOHAIIEHUX METO/IiB OOy J0BU
(pakTanbHUX 300paXKEHb HA OCHOBI paHLIOMi30BaHOi cucteMy itepauiiinux GyHkuUii (PCIQ) Ta po3BUTKY METOLIB ixX
po3mi3HaBaHHS, 3aXUCTy Ta MNAQPPYBAHHS i3 BUKOPUCTAHHSIM HEMPOHHUX MePeX. MaTeMaTUYHO BUBELIEHO 3B'SI30K
MDK KOOPAMHATOIO TOYKH, SIKA BUOMPAETHCS 32 OIIOMOI0I0 PaHI0Mi30BaHOI'O aJITOPUTMY, i KOOPIUHATOIO
cepelVHM NEPLIOro CErMEeHTa iTepaliii, sikuit BoHa yTBopioe. DopmMasnizoBaHO MaTeMAaTUYHY MOZENb [JIs1
(ppakTanbHOro 3006pa’keHHs, sIKe OyJie FeHepyBaTUCS 32 JOIIOMOIOI0 PaHIOMi30BaHOi CUCTEMU iTepaliiHUX
dynkuii (PCI®). 3anpornoHoBaHa MaTeMaTUYHA MOZEJb JO3BOJIMTh Kpallle PO3YMITH PoLieC 106ynoBu
(dpaxTasbHUX CTPYKTYP Ta BUBHAUUTH, IKMM YMHOM MOXKHA iX nokpamuTy. [TobynoBaHa MmaTeMaTHyHa MOJIEJIb €
BRXJIMBUM IHCTPYMEHTOM 1151 ONITUMi3allii Ta MOKpalleHHs IPOLleCy CTBOPEHHS (PPAKTAIbHUX 300pa>KEHb Ta
BiIKpMBa€e HOBi MOKJIMBOCTI JI71s1 BUKOPMCTAHHS LIUX 300paXkeHb y Pi3HUX rayy3sx, BKIIOYalouy Bisyasisallilo,

rpadiuHmil gu3aiiH, Ta HAyKOBi JOCTiIKeHHs. JlaHa MOJeJib € OCHOBOIO [1J1s [TOAAJIbLIOrO Y OCKOHAIEHHSI METOLY



no6y0Bu GpakTasbHUX 300paskeHb. BillOBiZHO yIOCKOHAJIEHO MeTOx, 1106y 10BY (HpaKTaIbHUX CTPYKTYP,
BUKOpHUCTOByloun cuctemy PCI®, mo 6a3yeTbcs Ha aHai3i LeHTPIB Neplux Bifpiskis iTepalii Ta o6uncieHHi
koedinienTis PCI®. OCHOBHOO BiIMiHHICTIO 1JbOTO METOJYy € MO>KJIMBICTh CTBOPEHHSI Ta reHepallii ppakTaJbHUX
CTPYKTYP B PEKHAMI PeajIbHOTro 4yacy. JJoCiIKeHHs [10Ka3ao, o PO3po0JIeHN I METO], BUSIBUBCSI HA3BUYANHO
ePeKTUBHUM i J03BOJIsIE CYTTEBO 3a0IANUTH OOUMCIIIOBAJIbHI Ollepalii IpOoNnopLiliHO 0 PO3ibHOI 3IaTHOCTI
300pa’KeHHSI TIOPIBHSHO 3 iCHYIOUMMHU METOJAMU CTBOPEHHS (PpaKkTajabHUX CTPYKTYp. Po3pobiaeHo meTon
pO3Ii3HaBaHHS (PpaKTaJlbHUX 300pakeHb, BAKOPHUCTOBYIOUM HEMPOHHY MEPEXXY, gKa 6ysa NifJaHa HaBYaHHIO Ha
OCHOBI BJOCKOHAJIEHOT'O METO/LY CTBOPEHHS (PPaAKTAJILHUX CTPYKTYP 3 BUKOPUCTAHHIM PaHIOMi30BaHOI CUCTEMU
itepauiiinux GyHkuii (PCI®). YHiKanmbHICTIO LBOTO MiTXOAY € Te, 0 HEMPOHHA Mepeska CaMOCTIMHO reHepye
HeoOXigHUI Habip JaHUX I HaBYaHHS, 10 POOUTDH Liel MeTO[I HaJi3BU4YaiiHO e(eKTUBHUM. BaXKIMBO TaKOX
BiI3HAYMTH, IO PO3Mi3HABAHHS (PpaKTaIbHUX 300paKeHb BiIOYBA€ThCS B peasibHOMY 4daci. Po3pobieno
iHHOBaLITHMI METOJ], 3aXUCTY IOKYMEHTIB, BAKOPUCTOBYIOUN (PpaKTajbHi CTPYKTypH, CTBOPEHI 3 BAKOPUCTAHHSIM
paHJoMizoBaHOI cucteMu iTepauiiinux QyHKUii. el nigxin BinpisHseTbCS Bill iCHYIOUUX aJITOPUTMIB PO3MIILEHHS
BOJISIHMX 3HAKiB, OCKiJIbKY BiH JJO3BOJISIE IIOB'S13aTU HOMEP JOKYMEHTA 3 PaKTaIbHOIO CTPYKTYPOIO, 110 BUCTYIIAE B
SIKOCTi BOASIHOTO 3HAKy, HAHECEHOTO Ha caM JAOKyMeHT. Po3pobsieno metoz mudpyBaHHs GpakTajbHAX 300PaKeHb,
SIKUII BUKOPUCTOBYE MaTpPHLi IepeTBOPEHb 1715 3a1100iraHHs MOXKJIMBOCTI AemndpyBaHHS 32 JOIIOMOT0OI0
HEMPOHHUX aJITOPUTMIB. [IOPIBHAHO 3 iCHYIOYMMU MiTXOJAMU, LIEH METOJ] BUIIISETbCS 3aCTOCYBAHHAM
HAJJIMIIKOBOCTI Ta paHJOMi30BaHMX MaTpPULLb ITIE€PEMIIIEHHS ITIKCEJIiB, @ TAKOX 3MiHAMU B SICKPABOCTi, BAKOHAHHSIM
inBepcii Ta Mopudikalieo KoabOPiB 300pa’KEHHS 3 METOIO HAZIiIHOTO 3aXUCTY BiJj MOXJINBOCTI Aemn(pPyBaHHS.
BaxsMBO BifI3HAUMTH, 110 L€l METOJ, € HaJ3BUYaiiHO e(eKTUBHUM [1Jis MNUPPYBaHHS OyAb—SIKUX iCHYIOUUX
300pa’KeHb i 103BOJISIE€ IPOBOAUTHU NpoLieC MUPYBaHHS B PEXKUMI peaslbHOrO 4acy, BUKOPUCTOBYIOUU

004K CIII0BaJIbHI peCypCHU HU3bKOI NOTYKHOCTL. CTBOPEHO reHeparop ¢ppakTaJbHUX 300pakeHs y cTusi "Cantor
dust" Ha OCHOBi po3p06JIEHOr0 METOAY, SIKUM BUKOPUCTOBYE NokpauieHy PCI®. 'enepaTop 003BoJIsE NOABATU
HeoOMeXXeHY KiJIbKiCTb iTepaliiiHux Qiryp, HalalToByBaTH ix NapaMeTpu, po3Mmip, MOJIOKEHHS Ta 00epTaTy ix mif,
[I€BHUM KyTOM. BaXyinBO 3a3Ha4uUTH, 10 F€HEPATOP IIPALIIOE B PEaIbHOMY 4aci 3aBJIsIKM ONTHMMIi30BaHil cucTeMi
iTepauitHux QyHKLUiNA. PO3p06sieHO IpOrpamMHy CUCTEMY [71s1 BiITBOPEHHS Ta CIIOTBOPEHHS (PPAKTATbHUX
300pakeHb y ctuii "Cantor dust” Ha OCHOBi PO3pPO6JIEHOTO METOY ITOOYI0BY (PpaKTaJbHUX CTPYKTYP. Takox
IIporpama J103BoJIsI€ 30epiraTu 300pa>keHHSI 3i CHOTBOPEHHSIMHY, L0 JONOMarae HaB4aT HEMPOHHY MEPEXY
posmnizHaBaTu GpaKTabHi 300pa>kKEHHS 3 HU3bKOIO PO3TibHOIO 371aTHICTIO. Kpim TOro, mporpama Ji03BoJisie

BigHOBMOBAaTY (PpaKTaIbHI 300pasKEHHS Ta BUBOOUTH NapameTpu yarockoHaneHoi PCI® 3 TounicTio 0,01%.

2. In the dissertation, a scientific and practical task has been solved, which involves the development of advanced
methods for generating fractal images using a randomized system of iterative functions (RSIF), as well as the
advancement of methods for their recognition, protection, and encryption using neural networks. A mathematical
relationship between the coordinates of a point selected through a randomized algorithm and the coordinates of
the center of the first segment of the iteration it forms is derived. A mathematical model for generating fractal
images using the randomized system of iterated functions (RSIF) is formalized. This proposed mathematical model
provides a better understanding of the process of constructing fractal structures and how they can be improved.
The constructed mathematical model serves as a crucial tool for optimizing and enhancing the process of creating
fractal images and opens up new possibilities for utilizing these images in various fields, including visualization,
graphic design, and scientific research. This model forms the basis for further refinement of the method for
constructing fractal images. As a result, the method for constructing fractal structures using the RSIF, based on
the analysis of the centers of the first iteration segments and the computation of RSIF coefficients, has been
improved. The primary distinction of this method is its ability to create and generate fractal structures in real-
time. Research has shown that the developed method is exceptionally efficient and allows for significant
computational savings relative to the image resolution compared to existing methods for creating fractal
structures. A method for recognizing fractal images using a neural network is developed. This neural network is
trained using an improved method for generating fractal structures with the randomized system of iterated
functions (RSIF). The uniqueness of this approach lies in the fact that the neural network autonomously generates



the necessary dataset for training, making this method highly effective. Importantly, recognition of fractal images
occurs in real-time. An innovative method for document protection is also devised, using fractal structures created
with RSIF. This approach differs from existing watermarking algorithms because it associates the document's
number with a fractal structure acting as a watermark applied directly to the document. A method for encrypting
fractal images is also developed, which uses transformation matrices to prevent decryption using neural
algorithms. Compared to existing approaches, this method stands out for its use of redundancy and randomized
pixel displacement matrices, as well as changes in brightness, inversion, and color modification to ensure robust
protection against decryption. Importantly, this method is highly efficient for encrypting existing images and
allows for real-time encryption using low computational resources. A generator of fractal images in the style of
"Cantor dust" is created based on the developed method, which utilizes the improved RSIF. The generator allows
for the addition of an unlimited number of iterative shapes, the configuration of their parameters, size, positioning,
and rotation at a certain angle. Importantly, the generator works in real-time due to an optimized system of
iterative functions. A software system for rendering and distorting fractal images in the style of "Cantor dust"
based on the developed method for constructing fractal structures is also developed. The program also allows for
saving images with distortions, aiding in training the neural network to recognize low-resolution fractal images.
Additionally, the program can restore fractal images and output the parameters of the improved RSIF with an
accuracy of 0.01%.

Jdep>kaBHHHM peecTpauiiiHuii Homep [IiP:
IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH i TEXHIKH: Tndopmaiiini Ta KOMyHIKaIiiiHi TEXHOJIOT

CrpareriyHuil NpiOpUTETHUH HANIPSIM iIHHOBALLiMHOI AisIJIBHOCTI: PO3BUTOK CydacHUX

iHpopMaLiTHNX, KOMYHIKALIITHUX TEXHOJIOTiH, pPOOOTOTEXHIKA
ITizcyMKH BOCTiI>KeHHS: HoBe BUpIlIEHHS aKTyaJbHOTO HAYKOBOTO 3aBIAHHS

Iy6sikaii:

e Yunak O, Strykhaliuk B., Klymash M., Pyrih Y., Shpur O. A Neuron Network Learning Algorithm for the
Recognition of Fractal Image and the Restoration of Their Quality // Lecture Notes in Electrical Engineering.
- 2023. - Vol. 965 LNEE - P. 574-584. (SciVerse SCOPUS).

e I0Onak O. M., Ksiumam M. M., lllnyp O. M., Mpak B. b. MaremaTu4Ha MOZieJib pO3Mi3HABaHHS (paKTaIbHUX
CTPYKTYP 3 BUKOPUCTAHHSIM TEXHOJIOTiI HellpoHHuX Mepex // Infocommunication Technologies and
Electronic Engineering = IndoxomyHikauiiini TexHosiorii Ta esleKTpoHHa imkeHepis. — 2023. - Vol. 3, N¢ 1. - P.
1-9.

e Yunak O. M., Strykhaliuk B. M., Klymash M. M. Efficiency of a randomized iteration function system over a
deterministic iteration function system in constructing fractal images with limited resolution //
Measurement and Computing Techniques in Technological Processes. 2023. No. 1. P. 5-12.

¢ Yunak O. Protection of documents with the help of fractal images formed by a randomized system of iterating
functions // Infocommunication Technologies and Electronic Engineering = InpokoMyHiKaliliHi TeXHOOrii
Ta eJIeKTPOHHA iHkeHepist. — 2022, - Vol. 2, N2 2. - P. 50-57.

¢ I0Onak O. M., Crpuxamoxk b. M., Knumam M. M., llInyp O. M. [To6yznoBa ¢ppaKTaabHOro 300pa>KeHHS TUILY
“KaHTOpIB Uy, 3 BUKOPUCTAHHSIM PaHIOMi30BaHOi cucteMu iTepaniiinux QyHkuiit // Infocommunication
Technologies and Electronic Engineering = IndokomyHiKa1iliHi TEXHOJIOTII Ta €/1IeKTPOHHA iHKeHepist. — 2022.
-Vol. 2, N2 1. - P. 19-25.

¢ I0Onak O. M., Crpuxamoxk b. M., IOnak O. I1. Illuppysanns rpadivnoi indpopmaliii 3a 10IIOMOroo MaTpullb
IIEPETBOPEHb [1JIs1 3aXUCTY Bif AemnpyBaHHS HEPOHHUMU anroputmamu // llTydHuit iHTenekr. - 2020. -
Ne 2 (88). - C. 15-20.

¢ Yunak O., Shpur O., Strykhaliuk B., Klymash M. Algorithm forming randomized system of iterative functions
by based cantor structure // Infocommunication Technologies and Electronic Engineering =



IHpoKOMYHIKalilHi TEXHOJIOTi Ta eJIeKTPOHHA iHXkeHepis. — 2021. - Vol. 1, N2 2. - P. 71-80.

¢ I0Onak O., I[Tenemak B., Oxpemuyk O., MeTsieBud £1. IlepeTBopeHHs 3006paxkeHHs PpaKTaabHOi CTPYKTYPHU TUILY
«PpakranpHuil num» (MHoxxrHa KanTopa) B paHioMi30BaHy cucTeMy iTepauiiiHux gpyHkuiit // ITocnenHure
IIOCTUKEHMS Ha eBpoImelicKkara Hayka: 3a XII MmexxlyHapo/iHa Hay4yHa IpakTU4YHa KoHpepeHuus, 7-25 1ouu 2016.
Codus «banl'PALI-BI'», 2016. Tom 10. P. 27-29.

o [llep6a B., FOHak O., IOnak O. BipryanpHuii nacrnopt 1jis Bxony B HOBy Mmepesxxy TELEGRAM OPEN NETWORK
// BiTun3HsHa HaykKa Ha 3j1aMi enox:po6JieMHy Ta IEPCIEKTUBY PO3BUTKY: MaTepianu BeceykpaiHcbKkoi Hayk.-
IIPAKT. iHTEPHET- KOH., 18 6epesns 2020p.: 36. HayK. npaup. [lepescnas, 2020. Bum. 59. C. 100-102.

¢ I0Onak O., lle6enko O., FOnak O. TON BLOCKCHAIN - xomnoHeHT mepeki TELEGRAM OPEN NETWORK //
BiTunsHsiHa HayKa Ha 371aMi eNoX:NpobJieMU Ta EePCIEKTUBU PO3BUTKY: MaTepianu BceykpaiHChbKoi HayK.-
IIPaKT. iHTepHET- KOH., 18 6epesns 2020p.: 36. HayK. npalp. [lepescaas, 2020. Bur. 59. C. 102-103.

o [Tenemaxk B., Oxpemuyk H., FOHak O., Kamyk B. BukopucTtaHHs Be6-CEpPBICiB 11711 XOCTUHTIY [IPOEKTIB ( CUCTEM
KOHTPOJIIO Bepciit) Ta ix cIisibHOi po3p00KH sIK 3aC00iB iHTEpaKTUBHOI'O HaBYaHHS METOJIOM IPOEKTiB //
Marepianu XXV BceykpaiHCbKOi HayK.- IIPaKT. iHTepHET-KOH., 16-17 Bepec. 2016 p.:36. HAyK. [IpaLib.
[TepesicnaB-XmenbHuupKuit, 2016.Bumn. 25. C. 147-150.

o [Tenemax B., FOHak O., Oxpemuyk O., MeTsieBud 5. BUKOpUCTaHHS CUCTEM MOJIEe/IIOBaHHS MepeX 3B'13Ky //
BiTunsHsiHa Hayka Ha 371aMi eroXx: NpobseMy Ta IEPCIEeKTUBU PO3BUTKY: MaTepianu XXIV BeceykpaiHcbkoi
HayK.- IPaKT. iHTepHeT-KOH®., 25-26 yepBHs 2016p.: 36.HayK. npaup. [Tepescnas-XmenbHuipkuit, 2016. Bur.
24. C.87-90.

HaykoBa (HayKOBO-Te€XHiYHa) MPOAYKILiSI: PUCTPOi; METOAM, TEOPIi, MiIOTe3n; IPOrpaMHi MPOAYKTH,
[IPOrpaMHO-TEXHOJIOTIYHA JOKYMEHTALlisl

COI.liaJIbHO-eKOHOMi‘IHa CHpﬂMOBaHiCTb: 3a6e31e4YeHHs IPOMUCIIOBOCTI YU HaCeJIEHHSI HOBUM BUJIOM

iHopmaliiiHO-KOMYHIKaliliHUX [IOCJIyT

OxoponHi gokymeHTH Ha OIIIB:

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'A130K 3 HAYKOBHMH TeMaMH: 0123U101692

VI. BizoMmocCTi Ipo HayKOBOr0 KepPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Crpuxaniok borman Muxannosuy

2. Bohdan M. Strykhalyuk

KBasigikanis: n.1.1., 05.12.02

InenTudikarop ORCID ID: He 3acrocosyerbcs

JoparkoBa iHdpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA OTIITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesﬂaxo,rm(eHHﬂ: ByJ. CrenaHa bangepy, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Tomona Cepriit BacuiboBnd

2. Serhii V. Toliupa

KBasigikamis: 1. 1. u., npodecop, 05.12.02
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa inpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

[lleByenka

Kopg 3a €IPIIOY: 02070944

Micue3HaxoO KeHHS: By/. Bosogumupcebka, 6ya. 60, Kuis, 01033, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Pycun Borpan [1aBnoBuy

2. Bohdan P. Rusyn

KBasigikanis: n.r.1., npodecop, 05.13.06
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indpopmamnist:

IloBHe HaliMEeHYBaHHS IOPHAHYHOI 0COOH: Disnko-mexanidumii inctutyt im. T B. Kapnenka

HaujonasnbHoi akagemii HayK YKpainu

Kopg 3a €IPIIOY: 03534506

Micue3HaxoaKeHHS: ByJ1. HaykoBa, 6yx. 5, JIsBiB, 79060, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

PeueHnzeHTn

BiacHe Ilpi3Bue Im'sa I1o-6aTbKOBI:
1. bemient Mukosa IBaHOBMY

2. Mykola I. Beshley

KBasmigikanis: . r. 1., gou., 05.12.02



InenTudikarop ORCID ID: He 3acrocosyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0COOHU: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOMTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxomxeunﬂ: ByJ. CrenaHa Bangepu, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Makcumiok Tapac AnppiiioBuy

2. Taras A. Maksymiuk

KBasigikanis: 1. 1. 1., nou., 05.12.02

ImenTudikarop ORCID ID: He zacrocoyerbcs

JoparkoBa iHdpopmamist:

IloBHe HaliMeHYyBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTIITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,vieHHﬂ: ByJ. Crenana Bangepw, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak/1104Hi BiZOMOCTI

BaacHe IlpizBume Im'st II0-6aTbKOBI Kouan Opect Bosiopumnposuy
rOJIOBH pajau

BaacHe IlpizBume Im's I10o-6aTbKOBI Kouan Opect Bosiopumuposuy
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUH 32 MiATOTOBKY Bemnen M.L

00JIIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




