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1. Inceprariis Mae Ha MeTi IPOBECTU JOCJiIKEHHS, i3 pO3pO06JIEHHS Ta BIIPOBAIKEHHS Cy4YaCHUX METOIiB Ta 3aC06iB
aBTOMAaTM30BaHOi N0OYJ0BU Bi3yaJbHUX 00'€KTIB y 3aiauax reiimudikaliii, o HanpassieHe Ha 3a6e31e4eHHs
00'€KTMBHOIO BU3HAUEHHS SIKOCTi UM(PPOBUX 300paKEHB, MiABUILIEHHS IX CIPUIHATIMBOI JOCTOBIPHOCTI Ta
aZianTalilo OTPUMAHUX aJITOPUTMIB J10 IPAKTUYHOI peanisalii B reiimudpikoBaHux cucremax. OCo6IMBICTIO IOTO
IOCJiI)KEeHHS € Te, 1110 BOHO NoegHYe (PpaKTasbHi, CTPYKTYPHi Ta MallMHHO-HaBYaJIbHi METOIU 11711 CTBOPEHHS
iHTErpoBaHOI MOZYJILHOI CUCTEMU aBTOMATM30BaHOi IIOOYL0BY Ta OLiIHIOBAaHHS SIKOCTI Bi3yaJlbHUX 00 €KTIB y
rermu@ikanii. Po6oTta BUPi3HSAETLCS TUM, 1O AKLEHTYE YBary He JIMIIe Ha TPaAULiMHUX MeTpuKax IQA, a i1 Ha ixHil
BiATIOBITHOCTI peasibHOMY JIIOACHKOMY cripuiiHsTTIO (MOS /DMOS), BBOAUTH aJanTHBHI BaroBi MexaHi3zmMu,
Bootstrap-o1iHi0BaHHSI HEBU3HAUYEHOCTI Ta IMTMOUHHI MO/IeJTi, SIKi TO3BOJISIIOTh MiABUIIMTY TOYHICTD i IOCTOBIPHICTb
OLIiHIOBaHHS. Y NIEPIIOMY PO3MiJi «AHAJIITUYHMI OIJIS], IKEPEJl 3 OLiHIOBAHHS SIKOCTi 300paXkKeHb i CTBOPEHHS
Bi3yasibHUX 00'€KTiB y reiMuikaiii» npoBegeHO KOMIUIEKCHUI aHAJIITUYHUI OTJIs], HAYKOBUX IKepeJl, Cy4aCHUX

IiAXOIiB Ta aJITOPUTMIB, 110 CTOCYIOTbCSI BUBHAUEHHSI SIKOCT IN(POBUX 300pakeHb Ta aBTOMaTU30BaHOTO



CTBOPEHHS Bi3yaslbHUX 00’eKTiB y 3aja4yax reriMudikauii. JleTaapHO JOCiIKeHO MeTO0JIOTiuHI 3acaiu OL[iHIOBAaHHS
SIKOCTi 300paskeHb, BKJIIOYHO 3 KIIACUYHUMHU, 6€3€TAJIOHHUMHY, CTPYKTYPHO-CIIPUHHSTINBUMHE, (PpaKTaIbHUMU Ta
MallMHHO-HaBYaJIbHUMU METPUKAMU, 8 TAKOX [IPOaHasi30BaHO iX BiANOBITHICTb Cy0'€KTHBHUM OL[iHKaM
MOS,/DMOS. Po3rysiHyTO cyyacHi MeToay Mo6ynoBy Ta reHepallii BidyasbHUX 00'€KTIiB O IPOLieyPHY reHepallilo,
HelipoMepexxeBi mogerti, dpakTanbHi ninxony ta iHcTpymeHTH VR /AR Ta BU3Ha4yeHo iX nepeBaru, Hel0JIiKHy,
MO>XUJIMBOCTI 3aCTOCYBaHHS y reiMmudikarii. ¥ po3nisi BUKOHaHO CHUCTeMaTH3allilo HayKOBUX ITiIX0O/iB, OKpPECIEHO
aKTyaJlbHi IPO6JIEMHU Ta OOMEXXEHHS iCHYI0OYMX METO/IB, BUSIBJIEHO HAYKOBi IPOTJIMHU i1 CPOPMOBAHO TEOPETUYHY
OCHOBY [171 pO3pO0JI€HHS iHTETPOBaHOI MOZIyJIbHOI CUCTEMM aBTOMAaTU30BaHOTO CTBOPEHHS Ta OL[iHIOBAaHHS
Bi3yaJIbHUX 00’€KTiB. Y Apyromy po3zisi «MeTonu Ta 3acobu BUpilleHHs! 337ja4i» BUKOHAHO BCeOIYHUI PO3IIIs,
OOIpyHTYBaHHS Ta BUGIp METOLiB i 3aC006iB, HEOOXiTHMX /1J1s1 BUPIlIE€HHs 3a]1a4i aBTOMATHU30BaHOI'O CTBOPEHHS Ta
OLIiHIOBaHHS SIKOCTI BidyasbHUX 00'€KTiB y refimudikauii. Ha ocHOBi aHami3y BiacTuBOCTEN reiimmupikoBaHUX CUCTEM
BM3HAYE€HO BUMOTH [I0 TOYHOCTI, CIIPUMHSITIAMBOI BiITIOBITHOCTI Ta CTIMKOCTi 306paskeHb, IiCJIs YOro IIPOBeieHO
MOPiBHSHHS CY4aCHUX aJIFTOPUTMIYHMX PillleHb i BUIIZIEHO Ti, 1[0 HAWKpallle BillI0OBial0Th TOCTABJIEHUM YMOBaM.
3okpemMa po3po6IeHO MaTeEMAaTUYHI MOJeJli Ta aJITOPUTMU OOPOOKU Bi3yaJIbHUX JAHUX, ONIMCAHO MEXaHi3MU poboTU
KJIACUYHUX, 6€3eTaJIOHHUX, (PPaKTATbHUX i HEPOMEPEXKEBUX METPUK, a TAKOX aJlallTUBHUX BaroBUX CXeM i
npolenyp reHepatiii 306pakeHb. BUsHau€HO CTPYKTYpy iHTErpoBaHOi cucTeMH, ii MOJLyJIi Ta JIOTiKy B3aeMO[Lii, a
TaKOXX OOI'PYHTOBAHO BUKOPUCTaHHS METO/IB ONITUMI3allii, HopMmasisaljii Ta CTaTUCTUYHOI IePEeBIPKY /1715
HiABUILEHHS TOCTOBIPHOCTI pe3yibTatiB. Takuil Nifgxiz, 3a6e3neynB [IOBHE METOAUYHE MiAIPYHTS AJ1s1 10JAJbIIO]
IIPAKTUYHOI peasizallii 3aIpONIOHOBAaHOI TEXHOJIOTII. Y TpeTboMy po3zisi «Po3p061eHHSI KOMIIIEKCHOTO MigX04y A0
aBTOMAaTH30BaHOi I0OY0BU Bi3yaJbHUX 00'€KTIB y 3aiauax rerimudikariii» po3pobieHo KOMILJIEKCHUH Nifgxiz, 1o
aBTOMAaTH30BaHOi I0OYJ0BU Bi3yasbHUX O0'€KTIB y 3aiauax remudikaii, sxuil 06’'ejHye pe3yIbTaTh TEOPETUYHOTIO
aHasi3y Ta BUOpaHUX METOZIB Y LiJIiCHY TEXHOJIOTIYHY apXiTekTypy. [106y10BaHO CTPYKTYpHY Ta (PYHKLIOHATIbHY
MOJeJIb CUCTEMHU, BUBHAUEHO B3a€EMOIIO il MOZyIiB, a TaKOX cPOPMOBAHO IOCIIIOBHICTD IIPOLIECIiB CTBOPEHHS,
OLiHIOBAHHS Ta ONTUMIi3allil Bi3yaJbHUX JAHUX. Y MeKax PO3[isly peasi3oBaHO aJrOpUTMU IIPOLENyPHOI reHepatiii,
(PpaKTasbHOTO aHaJIi3y, CHPUIHSTIMBOIO OLHIOBAHHS 11 MALIMHHOTO HaBYaHHY, 10 3a6€3[1e4yI0Th aBTOMAaTUYHE
OTPMMAaHHS Bi3yaJbHUX 00'€KTIB i3 KOHTPOJIbOBAHOIO SIKICTIO. PO3p06/IEHO MEXaHi3M aJalITUBHOTO MOEIHAHHS
METPUK Ta CIIOCOOH ONTUMI3allil TapaMeTpiB, sIKi J03BOJISIOTh BPAaXOBYBATH OCOOJIMBOCTI KOHTEHTY Ta YMOBU
reiimu@ikoBaHoi B3aemoii. 3anponoHoBaHU NifXig Gopmye LiiCHY OCHOBY AJ1s1 IPAaKTUYHOI peanizatii
MOJYJIPHOI CCTEMH aBTOMATH30BaHOI MOOYIOBY Bi3yalbHUX 00'EKTIB i 3a6e3nevye miaBUIeHHS TOYHOCTI,
peasniCTUYHOCTI Ta CTIMKOCTI Bi3yaJlbHOTO KOHTEHTY. Y UeTBEPTOMY P03 «PO3po6yIeHHsI MOLYIbHOI CUCTEMU
CTBOPEHHS Bi3yasJIbHUX 00’eKTiB y reiimudikaliii Ta anpooballis pe3yabTaTiB» Ha PiBHI MoZeJsli po3po0JieHo eauHe
[IpOorpaMHO-anapaTHe pillleHHsI Ha OCHOBI YOTo 6yJ10 MOOYI0BAaHO apXiTEKTyPy JaHOI MOIyJIbHOI CUCTEMU
BM3HAYEHO il MoayJii, GyHKI[iOHANIbHI MOKJIMBOCTI Ta MEeXaHi3MU B3aEMOZi, a TAKOXX peasi3oBaHO KIIIOUOBi

KOMIIOHEHTH, BiNOBiZjabHi 32 aBTOMaTHU30BaHy reHepallilo, aHali3 i OLiHI0BaHHS SKOCTi U(pPOBUX 306pa>KeHb.

2. The dissertation aims to conduct a comprehensive study focused on the development and implementation of
modern methods and tools for the automated construction of visual objects in gamification tasks. The research is
directed at ensuring objective assessment of digital image quality, improving their perceptual fidelity, and adapting
the developed algorithms for practical implementation in gamified systems. A distinctive feature of this study is
the integration of fractal, structural, and machine learning methods to create an integrated modular system for
automated construction and quality assessment of visual objects in gamification. The work is distinguished by its
emphasis not only on traditional Image Quality Assessment (IQA) metrics but also on their correspondence to real
human perception (MOS /DMOS), the introduction of adaptive weighting mechanisms, Bootstrap-based
uncertainty estimation, and deep learning models that enhance the accuracy and reliability of quality evaluation. In
the first chapter, “Analytical review of sources on image quality assessment and creation of visual objects in
gamification”, a comprehensive analytical review of scientific sources, contemporary approaches, and algorithms
related to digital image quality assessment and automated creation of visual objects in gamification is conducted.
The methodological foundations of image quality evaluation are examined in detail, including classical full-
reference, no-reference, structural-perceptual, fractal, and machine learning-based metrics, as well as their



correspondence to subjective MOS /DMOS evaluations. Modern approaches to visual object construction and
generation are analyzed, including procedural generation, neural network models, fractal approaches, and VR /AR
tools, with their advantages, limitations, and applicability in gamification identified. The chapter systematizes
scientific approaches, outlines current problems and limitations of existing methods, identifies research gaps, and
forms the theoretical basis for the development of an integrated modular system for automated creation and
evaluation of visual objects. In the second chapter, “Methods and tools for automated creation of visual objects in
gamification” a comprehensive analysis, justification, and selection of methods and tools necessary for solving the
problem of automated creation and quality evaluation of visual objects in gamification is carried out. Based on the
analysis of gamified system characteristics, requirements for accuracy, perceptual consistency, and robustness of
images are defined, followed by a comparative evaluation of modern algorithmic solutions and the identification of
those that best meet the specified conditions. Mathematical models and algorithms for visual data processing are
developed, mechanisms of classical, no-reference, fractal, and neural network metrics are described, as well as
adaptive weighting schemes and image generation procedures. The structure of the integrated system, its
modules, and interaction logic are defined, and the use of optimization, normalization, and statistical validation
methods to increase result reliability is substantiated. This approach provides a complete methodological
foundation for further practical implementation of the proposed technology. In the third chapter, “Development of
a comprehensive approach to automated construction of visual objects in gamification tasks” a comprehensive
approach to automated construction of visual objects in gamification tasks is developed, integrating theoretical
findings and selected methods into a coherent technological architecture. A structural and functional model of the
system is designed, the interaction between modules is defined, and a sequence of processes for creation,
evaluation, and optimization of visual data is formed. Algorithms for procedural generation, fractal analysis,
perceptual evaluation, and machine learning are implemented to ensure automatic generation of visual objects
with controlled quality. An adaptive metric fusion mechanism and parameter optimization strategies are
developed, allowing consideration of content characteristics and gamified interaction conditions. The proposed
approach forms a unified foundation for practical implementation of the modular system and ensures increased
accuracy, realism, and robustness of visual content. In the fourth chapter, “Development of an Integrated Modular
System for Construction of Visual Objects in Gamification Tasks and Validation of Results” a unified software-
hardware solution is developed at the modeling level, on the basis of which the architecture of the modular system
is constructed. Its modules, functional capabilities, and interaction mechanisms are defined, and key components
responsible for automated generation, analysis, and quality evaluation of digital images are implemented. This
chapter presents the practical implementation of the system, its validation on test.
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