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1. MeTonu no6ynoBy Ta 06p0o6KY PpaKkTaabHUX 300paskeHb 3 BUKOPHUCTAHHIM PaH/IOMi30BaHOi CUCTEMU
iTepaniiiHux QyHKIN

2. Methods of construction and processing of fractal images using a randomized system of iterative functions

Pedepar:

1. B pucepTauiiiHiil po60Ti po3B’13aHO HAyKOBO-IIPAKTUYHE 3aBAAHHS PO3POOKH yIOCKOHATIEHUX METO/iB II00Y10BU
(pakTanbHUX 300pakeHb HA OCHOBI paHAOMi30BaHOi cucteMu itepaniitaux QyHkuii (PCIP) Ta po3BUTKY METOLIB iX
po3mi3HaBaHHS, 3aXUCTy Ta MUQPPYBAHHS i3 BUKOPUCTAHHAIM HEMPOHHUX MEPEX. MaTeMaTUYHO BUBEIEHO 3B'SI30K
MDK KOOPAMHATOIO TOYKY, sIKa BUOUPAETHCS 32 JOMOMOTOI0 PaHJ0OMi30BAaHOTO aJITOPUTMY, i KOOPAUHATOIO
cepeIuHU NIepLIOro CerMeHTa iTepallii, kil BOHa yTBoproe. PopmMasnizoBaHO MaTEMATUYHY MOJEJIb [JIs
dpaxTanbHOro 300paskeHHs, sIKe OyZe reHepyBaTHCs 32 JOIIOMOr0OI0 PaHIOMI30BaHOI CUCTEMH iTepaliitHuX
dynkuii (PCI®). 3anpornoHoBaHa MaTeMaTUYHA MOZEJb JO3BOJIMTh Kpallle PO3YMITH NpoLieC 100y10BU

(l)paKTaJIbHI/IX CTPYKTYP Ta BUBHAYUTH, KM YNHOM MO>KHA ix TMMOKpallTH. HO6y,I[OBaHa MaTeEMaTU4Ha MOJEJIb €



BOXJIMBUM iHCTPYMEHTOM 111 ONITHMIi3allii Ta MOKpaIleHHs IPOLeCY CTBOPEHHS (PPAKTAIBHUX 300Pa>KEHb Ta
BiIKpMBa€ HOBi MOXJIMBOCTI J151 BUKOPUCTAaHHS IIUX 300pakeHb Yy Pi3HUX rajyssx, BKJI0Yal0uy Bizyasizariiio,
rpadiuHuil gu3aiiH, Ta HAyKOBi JOCiIKeHHs. JlaHa MOJeJib € OCHOBOIO 11715 TOAAJIbLIOrO Y OCKOHAIEHHS METOLLY
no6y10BU (PPaKTAIBHUX 300pKEHb. BilMOBIAHO YIOCKOHAJIEHO METOJ, 100y 10BY (PPAKTANIBHUX CTPYKTYD,
BUKOPUCTOBYI0uU cuctemy PCI®, mo 6a3yeTbcsl Ha aHasi3i LEHTPIB Nepiuux BigpisKis iTepatii Ta 06uncaeHH]
koedinienTis PCIQ. OCHOBHOO BiIMiHHICTIO IJbOTO METOJly € MO>KJIMBICTh CTBOPEHHSI Ta reHepallii ppakTaJbHUX
CTPYKTYP B PE>KHAMI PeajsibHOTro vyacy. JJociiKeHHs [10Ka3ao, o po3pobJIeHni METO], BUSIBUBCSI Ha3BUYAHO
e(peKTUBHUM i 103BOJIsIE CYTTEBO 3a0IAAUTH OOUUCIIIOBAJIbHI Omepallii IponopLifHO 40 pO3A4iNbHOI 3MaTHOCTI
300pa’KeHHSI TIOPIBHSHO 3 iCHYIOUMMHU METOJAMU CTBOPEHHS (PpaKkTajIbHUX CTPYKTYpP. Po3pobieHo meTon
pO3Ili3HaBaHHS (PpaKkTajlbHUX 300pakeHb, BUKOPHUCTOBYIOUM HEMPOHHY MEPEXYy, sKa 6yJsa NifjaHa HaBYaHHIO Ha
OCHOBIi BIJOCKOHAJIEHOTO METOAY CTBOPEHHS (PAKTAJILHUX CTPYKTYP 3 BUKOPUCTAHHIM PaHAOMIi30BaHOi CUCTEMU
itepauiitiux ¢yHkuin (PCIQ). VHikanbHiCTIO LBOTO MiAX0OMY € Te, 1[0 HeIPOHHA MepesKa CaMOCTIITHO reHepye
HeoOXimHUM Habip JaHUX JJ1 HABYAHHS, 110 POOUTH LIeH METO[I HaJI3BU4YailHO e(EeKTUBHUM. BaXKIMBO TaKOX
BiI3HAYMTH, 110 PO3Mi3HABAaHHS PpaKTaIbHUX 300pakKeHb BiOYBAa€ThCS B peaslbHOMY 4daci. Po3pobiieHo
iHHOBALITHMI METOJ, 3aXUCTY JOKYMEHTIB, BAKOPUCTOBYIOUX (PPAKTAJIbHI CTPYKTYPHU, CTBOPEHI 3 BUKOPHUCTAHHSIM
paHpoMizoBaHOI cucteMu iTepauiriHux GyHKUii. el nigxin Bimpi3HsSeTbCS Bill iCHYI0UMX aJITOPUTMIB PO3MIIIEHHS
BOJISIHMX 3HAKiB, OCKiJIbKY BiH JJO3BOJISIE€ IIOB'S13aTU HOMEP JOKYMEHTa 3 PPaKTaabHOI CTPYKTYPOIO, 10 BUCTYIIA€E B
SIKOCTi BOZISIHOTO 3HaKy, HAHECEHOTO Ha caM JOKyMeHT. Po3pobsieno metog mudpyBaHHs QPaKTaIbHAX 300PKEHbD,
SIKMI1 BUKOPUCTOBY€E MaTpPULli IEPETBOPEHD 17151 3aN100IraHHS MOXJIMBOCTI Ae(PYBaHHS 32 JOINOMOTOK0
HEMPOHHUX aJrOPUTMIB. [IOPiBHSHO 3 iCHYIOYMMU MiITXOaMU, LIEH METOJ] BUIIISEThCS 3aCTOCYBAHHSIM
HAJIJIMUIKOBOCTI Ta paHJOMi30BaHMX MaTPULb NTE€PEMIIIEHHS IIKCEJIiB, @ TAKOXK 3MiHAMU B SICKPABOCTi, BAKOHAHHSIM
iHBepcii Ta Mogu@ikalieo KOIbOPiB 300pKEHHSI 3 METOIO HAZIIMHOIO 3aXUCTY Bilj MOKJIMBOCTI femupyBaHHS.
BaxsiMBO BifI3HAYMTH, 1110 el METO, € HaJ3BUYaiiHO e(eKTUBHUM [Jis MHUPPYBaHHS OyAb—SIKUX iCHYIOUUX
300pa’KeHb i 103BOJISIE IPOBOAUTHU Ipoliec Mu¢pPyBaHHS B PEeXKUMI peaslbHOro 4acy, BUKOPUCTOBYIOUN

004K CIII0BaJIbHI peCypCH HU3bKOI NOTYKHOCTi. CTBOPEHO reHepatop ¢ppakTaJbHUX 300pakeHs y cTuii "Cantor
dust" Ha OCHOBI po3p067IEHOr0 METOLY, IKUI1 BUKOpUCTOBYe nokpauleny PCI®. 'enepatop 1o3BoJIsie o0gaBaTU
HeoOMeXXeHY KiJIbKiCTb iTepaliiiHux Qiryp, HalalToByBaTH ix apaMeTpu, po3Mmip, MOJIOKEHHS Ta 00epTaTy ix mif,
II€BHUM KyTOM. BaXyinBo 3a3Ha4uUTH, 110 F€HEPaTOP IIPaLlOe B peaabHOMY 4Yaci 3aBJIsIKM ONTHMMIi30BaHil cucTemi
iTepaliiiHux PpyHKUiA. PO3p06€HO IPOrpaMHy CUCTEMY [JIs1 BiITBOPEHHS Ta CIIOTBOPEHHS (PPAKTAIbHUX
306paskeHb y ctui "Cantor dust” Ha OCHOBI PO3pO6IEHOTO METOY 1T0OYI0BY (PPaKTaJIbHUX CTPYKTYP. TakoxK
IIporpama /103BoJIsi€ 30epiraTu 300pa>keHHS! 3i CHOTBOPEHHSIMHY, 110 JOIIOMarae HaB4aTyu HEMPOHHY MEPEXY
posmnizHaBaTu GpaKTaybHi 300pa>kKeHHS 3 HU3bKOIO PO3TibHOIO 371aTHICTIO. KpiM TOro, mporpama o3BoJisie

BiZIHOB/IOBAaTU (paKkTasbHi 300paKEHHS Ta BUBOAUTHU NTapameTpu yaockoHaneHoi PCI® 3 ToynicTio 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%.
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VIII. 3ak1104Hi BiZOMOCTI

BaacHe IIpizBume Im's I[10-6aTbKOBI Kouan Opect Bosiopumuposu

TOJIOBH pajgu



BaacHe IlpizBume Im's I10-6aTbKOBI Kouan Opect Bosiopumnposiy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUMH 3a HiATOTOBKY Bemeir M.1.

00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




