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Pedepar:

1. Camoriii T. C. MeTonu Ta 3aco61 HEPOMEPEKEBOTO MOJIE/IIOBAHHS TEMIJIOMACONIEPEHECEHHS B aHI30TPOITHUX
cepenoBullax 3 GpakTaJbHOIO CTPYKTypolo. — KBasidikalilina HaykoBa Mpalls Ha [paBax pykomnucy. Jlucepranis Ha
31,00yTTs1 HAYKOBOTO CTyIIeHs AOKTOopa ¢inocodii 3a cnenjanbhicTio 122 «KOMITIOTEpHI HAyKW», rany3b 3HaHb 12
«Indopmauiiini rexHonorii» — Hanionansauii yHiBepcuteT “JIbBiBCbKa noJiiTexHika”, JIpBiB, 2025. JucepTanio
IIPUCBSIYE€HO BUPIIIEHHIO aKTyaJbHOTO HAyKOBO-TIPUKJIAHOTO 3aBAAHHS 1I00YL0BU PpaKTaabHOi Pi3uyHO-

iHpopmoOBaHOi HEPOHHOI MOZEJIi 17151 OIUCY NPOLIECIB TEMJIOBOTO Ta BOJIOIOr'O IIEPEHECEHHS! B aHI30TPOIIHUX



peasisalii Ha OCHOBI anapaty gpo60BOro iHTerpoaudepeHIiloBaHHS Ta IIIMOMHHOTO HaBYaHHS. Po3po6seHi MeTonu
CIIPSIMOBaHi Ha ONTUMI3allil0 MOJIEIIOBAHHS [IPOCTOPOBO-YaCOBOTO PO3NO/iNy TEMIIEPATyPH Ta BOJOTOBMICTY B
TEXHOJIOTIYHUX ITPoliecaX, a TAaKOX imeHTudikalio napamerpis JpobOBUX ONEepaTOPiB Moaesi
TEIJIOMACOIIEPEHECEHHA. Y NIEPIIOMY PO3JiJi AucepTauii 34i11CHEHO CUCTEMHHU aHaJi3 Cy4YaCHUX MMiAXOLiB [0
MOJEJIIOBAaHHS TEIJIOBOTO Ta BOJIOTOTO EPEHECEHHS Y (PPaKTAIbHUX KaMiJISIPHO-TIOPUCTUX CEPELOBUILAX.
OxapaKkTepru30BaHO MaTeMaTH4Hi BJIAaCTUBOCTI PpaKkTaIbHUX CTPYKTYP i pi3Hi npeacTaBieHHs pOOOBUX
onepaTopis, BKJIIOYHO 3 popmamu Kanyro, I'pronBanbpaa-JleTHikosa ta Pimana-Jliysinis. Po3ryisHyTo icHyloui
MaTeMaTU4Hi MOZEJIi MPOLECiB IEPEHECEHHS Ta BUSIBJIEHO IXHi OOMEXXEHHS Y BUIIAJKy CTPYKTYPHO CKJIQLHUX
marepiasis. [IpoBeneHo ormsg ¢piznyHOo-iHPOpMOBaHUX HeMPOHHUX MepeX (PINN), ix notenuiany ns
MojieoBaHHS Gi3UYHUX MPOLIECiB i HAMPSIMKIB po3MIKUPEHHS MiJl 3a/1a4i GpaKTaTbHUX cepenoBulll. [logaHo
[OPIBHSIJIbHY XapaKTE€PUCTUKY IIPOrPaMHUX 3aC00iB, SKi BUKOPUCTOBYIOTH [1J1s1 peaslidallii BiiNoBigHux Mmogenen. ¥
IpPyromy po3ijii po3po6yieHO apxiTeKTypy ¢ppaKkTanbHOi PisnuHO-iHGOpMOoBaHOi HelipoHHOI Mepexi (fPINN),
aJarToBaHy /0 3a7la4 TEIJIOBOTO Ta BOJIOTOrO [epeHEeCeHHs 3 ypaxyBaHHIM (PpaKTalbHOI CTPYKTYPU CEPEIOBUILA.
IHTerpoBaHo Apo6oBi NOXinHi y Gi3uyHi piBHIHHS, IO AaJI0 3MOr'Y BpaxyBaTu €(eKTH am’sITi Ta IPOCTOPOBOi
HEJIOKAJIbHOCTI. PO3rjIsiHyTO MeToau anpokcumallii (ppakTajabHUX ONEePaTopiB i cpopMyIbOBAHO (PYHKIIOHANIN
BTpaT, SIKi BKJIIOYAIOTh 3aJIMIIKY PiBHSHb, TPAHMUYHI Ta II0YATKOBI yMOBY, a TAKOK KOMIIOHEHT, 1[0 3a6e3mevyye
y3rOJpKEHHSI MOZeJli 3 HaByaJbHUMU JaHUMU. OOIPYHTOBAaHO METOJM HaBYaHHS MePeXKi, BKIII0Yalouu METOAU
[IOETANTHOTO HaBYaHHS Ta afalTUBHOIO MacIITabyBaHHS (QyHKIiOHAJIB BTPAT 1J1s1 IOKPALEeHHS 300KHOCTI.
[TpoBeneHO OLiHKY TOYHOCTI MOZeJIi Ta aHai3 ii 36iKHOCTI. Y TpeThOMY pO3iJii IpeCcTaBlIeHo peaizalio
3aIMIPOINIOHOBAHOI MOJIeJli B IPOrpaMHOMY cepenoBulli. ONIMCaHO CTPYKTYPY NPOrPAMHOIO 3aCTOCYHKY,
peasi3oBaHOro y BUIJISIi MOIYJIBHOI CUCTEMU 1J1s1 TIOOYA0BY, TPEHYBAHHS, Baslifallil Ta Bidyasizawii pe3ysibTaTiB
po6otu fPINN. O6rpyHTOBaHO mizxif 10 GOpMYyBaHHS HaBYaJIbHUX HAOOPIB JaHUX Ta BUKOPUCTAHHS
KBa3iBUIIaIKOBUX TOYOK /JIS KOJIOKAL{HHMX YMOB. BuzHaueHo Kpurepii BUOOpy 6ibioTek, iHCTpyMEeHTIB onTuMisariii
Ta [lapaMeTpiB TPEHyBaHHs. 3alponoHoBaHO anroputMm peanisauii fPINN y KoHTeKCTi 3a1a4yi MOJel0BaHHS
TEIJIOBOTO Ta BOJIOTOTrO IIepeHeCceHHs!. [IpoBeleHO YK CesbHi eKCIIePUMEHTH Ha CUHTETUYHUX AHUX, SIKi
IIPOJIEMOHCTPYBAJIM IIE€PEBATY 3aIIPOIIOHOBAHOI MOJI€JIi IIOPIBHAHO 3 KJIACUYHVMMHU YMCEJIbBHUMU METOJAMU. Y
4YeTBEPTOMY PO3Jiji 31ilicHeHO BcebiyHui aHasli3 pe3yibTaTiB focigkenHs. HaBeneHo rpadiku posnoginy
TeMIIEpaTypH Ta BOJIOrOBMICTy, oTpuMani 3a gonomoroto fPINN-mozesi, a Takox pe3ysibTaTy HENPOMEpPEesKeBoi
ineHTHikauii ppaxkTanbHUX MapameTpiB cepenoBulla. JJoCmiIpKeHo BIUIMB peryispusaniinux crparerin (L1i L2) Ha
TOYHICTh IIPOTHO3YBaHHS. [IpOBeIeHO NOPIBHSJIbHY OLiHKY Pi3HMX THUIIIB IIOXUOOK i 9yT/IMBICTh MOAEJI 10 3MiH
apxitTekTypu Mmepexi. [IpoaHanizoBaHo BIIMB QPaKTaJbHUAX XapaKTEPUCTUK CEPelOBUIIA Ha TEIJI0OBOJIOT]
Bj1acTMBOCTi. COPMYJILOBAHO NPAKTUYHI BUCHOBKU Ta PEKOMEHALLI] 1070 BUKOPUCTAHHS MO B 337a4aX, 1[0
noTpe6yI0Th ypaxyBaHHS (PpaKTasIbHOI CTPYKTypy maTtepiay. JlucepraliiiHa po60Ta € BHECKOM y PO3BUTOK
iHTeJIeKTyaJIbHUX METO/IiB MOJEJII0BaHHS CKIaIHUX (Pi3UYHUX IIpolieciB. 3anIpOIIOHOBaHA HelpoMepeskeBa MOIelb,
1110 BpaxoBye (paKTajbHi BJIaCTUBOCTI CEpEOBUIIA Ta BUKOPUCTOBYE APOOOBi ONIEPAaTOPH, Y IIOENHAHHI 3
PO3pO6JIEHUMU METOIAMU MTOETAITHOTO HABYaHHSI 3 aJalITUBHUM 06aJlaHCYyBaHHSM (PYHKIIOHAIB BTPAT, 3ab6e3nevye
BHUCOKY TOYHICTb i THYUKiCTb I1iJ] 4aC BiITBOPEHHS TEIJIOBOJIOTHX MIPOLIECIB B aHI30TPOIHUX KaMiIsIPHO-TIOPUCTUX
CcTpyKTypax. Kpim Toro, po3pobyeHa MeTo1Ka Jae MOXKJIUBICTD 3[iliCHIOBaTH iieHTH(iKallilo 4po6OBUX apaMeTpiB
IepeHeceHHs], SKi Biio6paXkaloTh BJaCTUBOCTI [TaM'sITi Ta MPOCTOPOBOI HEJIOKAJIBHOCTI cepenoBuia. Pozpobiene
IIporpaMHe 3a6e3nedeHHs 17151 IPOrHO3yBaHHS PO3IO/ily TEMIIEPATypU Ta BOJIOTOBMICTY IIpU3HAYEHE 151
3aCTOCYBaHHS B iH)KEHEPHUX 3a/layaxX — 30KpeMa, y IIpoliecax CYIIiHHS MaTepiaiB, Tern006poOKY KOMIIO3HUTIB i
6iomarepiaiB, ie KPUTUYHUM € BpaxyBaHHs e(EeKTiB 1aM'aITi Ta MiKPOCTPYKTYPHOI HEOAHOPiAHOCTI. IHTerpanuis
3aIPOIIOHOBAHOI MOJEJIi B iH)KEHEPHI CUCTEMU CIIPUSITHME ONTUMI3allii TEXHOJIOTTYHUX PESKUMIB Ta IiIBUIIEHHIO
SIKOCTI KiHII€BOTO IIPOJYKTY.

2. Samotii T.S. Methods and tools of neural network modeling of heat and mass transfer in anisotropic media with
fractal structure. - A qualification scientific work in the form of a manuscript. Dissertation for the degree of
Doctor of Philosophy in specialty 122 "Computer Science”, field of knowledge 12 "Information Technology" - Lviv
Polytechnic National University, Lviv, 2025. The dissertation is devoted to solving a relevant scientific and applied



problem of constructing a fractal physics-informed neural network (fPINN) model for describing heat and
moisture transfer processes in anisotropic capillary-porous media with fractal organization. It also focuses on
developing methods for its practical implementation based on the apparatus of fractional integro-differentiation
and deep learning. The developed methods aim to optimize the modeling of spatio-temporal temperature and
moisture content distributions in technological processes, as well as to identify the parameters of fractional
operators of the heat and moisture transfer model. In the first chapter, a systematic analysis of modern
approaches to modeling heat and moisture transfer in fractal capillary-porous media is presented. The
mathematical properties of fractal structures and different representations of fractional operators, including
Caputo, Griinwald-Letnikov, and Riemann-Liouville forms, are described. The limitations of existing mathematical
models for structurally complex materials are identified. An overview of physics-informed neural networks
(PINNSs), their potential for modeling physical processes, and possibilities for extending them to fractal
environments is provided. Comparative characteristics of software tools for implementing such models are
presented. In the second chapter, the architecture of the fPINN adapted to heat and moisture transfer tasks is
developed, taking into account the fractal structure of the medium. Fractional derivatives are integrated into the
physical equations, enabling the model to capture memory effects and spatial nonlocality. Methods for
approximating fractal operators are presented, and loss functionals are formulated to include PDE residuals,
boundary and initial conditions, and data consistency terms. Training strategies, including staged training and
adaptive loss weighting, are justified to improve convergence. The accuracy and convergence behavior of the
model are evaluated. The third chapter presents the implementation of the proposed model in a software
environment. The structure of the application is described, implemented as a modular system for constructing,
training, validating, and visualizing the performance of the fPINN. The approach to forming training datasets and
using quasi-random sampling for collocation points is explained. The choice of libraries, optimization tools, and
training parameters is substantiated. The algorithm for implementing fPINN in the context of heat and moisture
transfer modeling is detailed. Numerical experiments on synthetic data demonstrate the advantages of the
proposed model over classical numerical methods. In the fourth chapter, the results of the study are
comprehensively analyzed. Graphs of temperature and moisture content distribution obtained via fPINN are
provided, along with the results of neural network-based identification of fractal parameters. The influence of
regularization strategies (L1 and L2) on prediction accuracy is investigated. A comparative evaluation of different
error types and the sensitivity of the model to network architecture changes is conducted. The effect of fractal
characteristics on the thermal and moisture properties of the medium is analyzed. Practical conclusions and
recommendations for using the model in problems requiring the consideration of fractal structure are formulated.
This dissertation contributes to the advancement of intelligent methods for modeling complex physical processes.
The proposed neural network model, which incorporates fractal properties and uses fractional operators,
combined with developed staged training methods and adaptive loss balancing, ensures high accuracy and
flexibility in modeling heat and moisture processes in anisotropic capillary-porous structures. Furthermore, the
developed methodology enables identification of fractional transfer parameters that reflect memory and spatial
nonlocality of the medium. The developed software tool for predicting temperature and moisture distribution is
intended for engineering applications—particularly in material drying processes, heat treatment of composites,
and biomaterials—where consideration of memory effects and microstructural heterogeneity is critical.
Integration of the proposed model into engineering systems will facilitate optimization of process regimes and
improvement of final product quality.
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Biiacue IlpisBuie Im's I1o-6aThKOBI Jlobyp Muxaiinio Bacunbosud

TOJIOBH pajgu

Biacue IlpisBuiie Im's I1o-6aThKOBI Jlo6yp Muxaiinio Bacubosud

rOJIOBYIOYOTO Ha 3aciJaHHi

BigmoBizasbHUI 32 IIi,qI‘OTOBKy BikTop MuxannoBuy4 XaBajko

00JIIKOBHX JOKYMEHTIB

PeecTtparop VYkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZasIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




