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Pedepar:

1. Camoriit T. C. MeToau Ta 3ac061 HEPOMEPEKEBOIO MOJEIOBAHHS TEMJIOMACONIEPEHECEHHS! B aHI30TPOITHUX
cepenoBuIiax 3 GpakTasbHOIO CTPYKTypolo. — KBamidikaiiifina HaykoBa pars Ha [paBax pykomnucy. Jucepraris Ha
3100y TTsI HAYKOBOTO CTyIIeHs AoKTopa ¢inocodii 3a crenjanbhicTio 122 «KOMITIOTEpHI HAyKU», rany3b 3HaHb 12
«InpopmaniiiHi rexHosorii» - HanjionansHuii yHiBepcutetT “JIbBiBCbKa nostiTexHika”, JIbBiB, 2025. lucepTa;iio
IIPUCBSYEHO BUPIIIEHHIO aKTyaJIbHOTO HAYKOBO-TIPUKJIAAHOTO 3aBAAHHS IOOYLOBU (PPaKTaIbHOI (Pi3sU4HO-
inopmoBaHOi HEPOHHOI MOZEJIi 17151 ONIUCY NPOLIECIB TEIJIOBOTO Ta BOJIOIOrO IIEPEHECEHHS! B aHI30TPOITHUX
KaMiJsipHO-TIOPUCTUX CepeloBuIax i3 GppaKkTaIbHO OpraHi3alli€lo, a TaKoX po3po6Iii MeTomiB ii mpakTUYHOI
peasizallii Ha OCHOBI anlaparty gpo60BOro iHTerpoaudepPeHLi0BaHHS Ta IIIMOMHHOrO HaB4aHHs. Po3pobiieHi metonu
CIIpSIMOBaHI Ha OINTHMI3allil0 MOJE/II0BAaHHS IIPOCTOPOBO-4YaCOBOr'0 PO3IOAIITY TEMIIEPATYPH Ta BOJIOTOBMICTY B

TEXHOJIOTIYHUX ITPOIlecaX, a TAKOX imeHTudikaio mapamerpis JpobOBUX ONEepaToOPiB Moaesi



TEIJIOMACOIIEPEHECEHHS. Y NIEPIIOMY PO3JiJi Jucepralii 31iiCHEHO CUCTEMHMY aHalli3 Cy4aCHUX IiIXOMiB [0
MOJeJIIOBaHHS TEIJIOBOTO Ta BOJIOTOrO NIepeHEeCeHHs! Y PpaKTaabHUX KaMiIsIpHO-TIOPUCTUX CEPeLOBULAX.
OxapaKkTepru30BaHO MaTeMaTH4Hi BJIAaCTUBOCTI PpakTaIbHUX CTPYKTYP i pi3Hi IpeAcTaBieHHs JpPOOOBUX
onepaTopis, BKJIIOYHO 3 ¢popmamu Kanyro, I'pronBanbaa-JleTHikosa ta Pimana-Jliysinis. Po3risiHyTO icHy1OUi
MaTeMaTW4Hi MOJieJIi TPOoLIeCiB IEPEHECEHHS Ta BUSIBIEHO iXHI OOMEXXEHHS! y BUNIQAKY CTPYKTYPHO CKJIQIHUX
marepiais. [IpoBeneHo orysg giznyHo-iHPopMoBaHUX HeMPOHHUX MepeX (PINN), ix notenuiany nis
MOJ€JII0BaHHS (Pi3MYHUX ITPOLIECIB i HAIIPSIMKIB PO3MIMPEHHS Tif 3a1a4i ppakTanbHuX cepenosull. [logano
NOPIiBHSJIbHY XapaKTEPUCTUKY IPOrPaMHUX 3aC06iB, sIKi BAKOPMCTOBYIOTH [IJIs1 peastizallii BiinoBigHUX Mopesei. Y
IpYroMy po3zini po3pobseHo apxiTeKTypy gppakranbHoi diznuHo-iHPopmoBaHoi HelipoHHOi Mepesxi (fPINN),
aJarTOBaHy /10 3a71a4 TEIJIOBOTO Ta BOJIOTOrO [IEPEHECEHHS 3 ypaXyBaHHIM (PpaKTalbHOI CTPYKTYPU CEPEIOBUILA.
IHTerpoBaHo Apo6oBi NoxifgHi y ¢piznyHi PiBHIHHS, 110 a0 3MOTY BpaxyBaTu e(eKTU nam’siTi Ta IPOCTOPOBO]
HEJIOKQJIBHOCTI. PO3rJIsSIHyTO MEeTOM anfpoKcUMallii PpakTalbHUX ONEepaTopiB i cPOPMYIbOBAHO PYHKIIOHATIN
BTpaT, SIKi BKJIIOYAIOTh 3aJIMUIKYU PiBHSHb, TPAHMUYHI Ta I0YaTKOBI yMOBY, a TAKOXX KOMIIOHEHT, 1110 3a6e3eyye
y3rOJPKEHHSI MOZEJIi 3 HaBYaJIbHUMU JaHUMU. OOGI'PYHTOBAaHO METOY HAaBYaHHS MEPeXKi, BKJII0Yalouu METOAU
[IOETANHOrO HaBYaHHSI Ta aJalITUBHOTO MacIITabyBaHHS (QYHKLIOHAJIB BTPAT 1J1s1 IOKPAlleHHS 301KHOCTI.
[TpoBeneHO OILiHKY TOYHOCTI MOZeJIi Ta aHai3 ii 36iKHOCTI. Y TpeThOMYy po3ijii IpefcTaBIeHo peaizallio
3aIIPOIIOHOBAHOI MOJIEJIi B IPOrpaMHOMY cepenoBulli. OIIMCaHO CTPYKTYPY POrPAMHOrO 3aCTOCYHKY,
peasi3oBaHOro y BUIJISIi MOIYJIBHOI CUCTEMU 1J1s1 TIOOYA0BY, TPEHYBAHHS, Baslifjallil Ta Bidyasizawii pe3ysibTaTiB
po6otu fPINN. O6rpyHTOBaHO mizxiz 70 (pOpMYyBaHHS HaBYaJIbHUX HAOOPIB JaHUX Ta BUKOPUCTAHHS
KBa3iBUIIaJKOBUX TOYOK /IS KOJIOKALiHHMX YMOB. BuaHaueHo Kputepii Bub0py 6i6s1ioTek, iHCTpyMEHTIB oNTUMi3aliii
Ta [IapaMeTpiB TPEHyBaHHs. 3allpoNoHOBaHO anroputM peanisauii fPINN y KoHTeKCTi 3a1a4i MOJeII0BaHHS
TEIJIOBOTO Ta BOJIOTOTrO IIepeHeCeHHs. [IpOBeleHO YK CesbHI €KCIIEPUMEHTH Ha CUHTETUYHUX JAHUX, SIKi
IIPOJEMOHCTPYBAJIM NTEPEBAry 3alIPONIOHOBAHOI MOZEJIi TOPIBHSHO 3 KIIACUYHVMU YACEJIBHUMU METOaMU. Y
4YeTBEPTOMY PO3/iji 31ilicHeHO BcebiuyHMI aHasli3 pe3yJbTaTiB focifkenHs. HaBeneHo rpadiku posnoginy
TeMIIepaTypU Ta BOJIOTOBMICTY, oTpuMaHi 3a gonomoroio fPINN-mozeri, a Takox pe3yabTaTy HelipoMepeskeBoi
inenTudikanii ppakranbHUX NapaMeTpiB cepefoBuIa. JJOCIiIKeHO BIIMB peryispusaniiinux crparerii (L11 L2) Ha
TOYHICTb IIPOrHO3YyBaHHS. [IpoBeieHO NOPIBHSJIbHY OLiHKY Pi3HUX THUIIIB IOXUOOK i 4yTJIMUBICTb MOAEJI 0 3MiH
apxitekTypu Mmepexi. [IpoaHanizoBaHo BIIMB (QPaKTaJIbHUAX XapaKTEPUCTUK CEPEIOBUIIA HA TEIJIOBOJIOT]
BJ1aCcTMBOCTi. COPMYJIbOBAHO NPAKTUYHI BUCHOBKU Ta PEKOMEHALLiI 100 BUKOPUCTAHHS MOJEJI B 337ja4aX, 10
noTpebyIoTh ypaxyBaHHS PpaKTajbHOI CTPYKTypu MaTtepiainy. [JuceprauniiHa po60Ta € BHECKOM Y PO3BUTOK
iHTeJIeKTya/IbHUX METO/IiB MOZEJII0OBaHHS CKIaIHUX (Pi3UYHUX MpolLieciB. 3alIPOIIOHOBAaHA HEPOMepeEXKeBa MOJIEeIb,
110 BpPaxoBye (ppaKTajbHi BJIACTUBOCTI CEPEOBUIIA Ta BUKOPUCTOBYE APOOOBI OIEPATOPH, Y IIOENHAHHI 3
PO3p0O6JIEHNMU METOIAMU MOETAITHOTO HAaBYaHHS 3 aJalITUBHUM 0aJIaHCYBaHHSAM (PYHKIIOHAIB BTPAT, 3abe3nevye
BHCOKY TOYHICTb i THYUKIiCTb I1iJ] 4aC BiITBOPEHHS TEIJIOBOJIOTUX MIPOLIECIB B aHI30TPOIHUX KaliISIPHO-TTIOPUCTUX
cTpyKTypax. Kpim Toro, po3po6yieHa MeTOMKa Jae MOXKJIUBICTb 3[iliICHIOBAaTH iieHTH(iKallil0 4pOOOBUX NapaMeTPiB
IIepeHeCceHHs, sKi Bifo6paskaloTh BIACTUBOCTI MaM’aTi Ta MPOCTOPOBOI HEJIOKAIBHOCTI cepenioBuina. Po3pobieHe
IIporpamHe 3a6e3rnedeHHs 17151 IPOrHO3YBaHHS PO3IIOZiITY TEMIIEPATyPH Ta BOJIOTOBMICTY ITpU3HAYEHe [1JIsI
3aCTOCYBaHHS B iH)KEHEPHUX 3a/layax — 30KpeMa, y IIpoliecax CyIIiHHS MaTepiaiB, Teln006pOOKY KOMIIO3HUTIB i
6iomarepiaiB, e KPUTUYHUM € BpaXyBaHHs €(EKTiB IaM'aITi Ta MiKPOCTPYKTYPHOI HEOAHOPIAHOCTI. IHTerpanuis
3aIIPOIIOHOBAHOI MOJIEJIi B iIH)KEHEPHI CUCTEMU CIIPUATUME OINTUMI3allii TEXHOJIOTIYHUX PEKMMIB Ta IiABUILEHHIO
SKOCTI KiHII€BOT'O 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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TOJIOBYIOYOTO Ha 3acCiiaHHi
BiagmoBizasibHUM 32 MiATOTOBKY Bikrop MuxaitnoBny XaBajko

00JIiKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




