O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U003216
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 14-10-2024

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CinkeBuu Onekciii BayecyiaBoBuu

2. Oleksiy V. Sinkevych

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi cHIeniaIbHOCTI: 122

Ha3zBa HayKoBoi creniaJbHOCTI: KommiotepHi HayKu

lanyss / ralesi 3HaHb: iHdopMaLliiiHi TEXHOJIOTI

OcBiTHBO-HayKOBa Mporpama 3i creniaJabHOCTi: KommorepHi Hayku

JlaTa 3axHcCTy:

CnenianbHICTD 32 OCBITOXO: IHdOpMAILiiiHi TEXHOJIOTI TPOEKTYBaHHS

Micue po6oTH 34,00yBava: HaujonanbHuii TicoTexHiYHMI yHiBEpCUTET YKpaiHu

Kopg 3a €IPIIOY: 02070996

Micue3HaxoO KeHHS: sy [enepana Uynpunku, 6yz. 103, JIbgiB, 79057, Ykpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi CIeliaJi30BaHOi BYE€HOI pazu). 1d 35.072.017
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuii icoTexHiyHmi yHiBEpcuTeT YKpainu
Kopg 3a €IPIIOY: 02070996

Micue3HaxoaKeHHS: ByJ1. ['eHepana Yynpunku, 6yz. 103, JIbsiB, 79057, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHuUi JTiCOTEXHIYHMIA YHIBEpCUTET YKpaiHu
Kopg 3a €IPIIOY: 02070996

Micue3HaxoaKeHHS: ByJ. ['enepana Yynpunku, 6ya. 103, JIbgis, 79057, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TeMaTHYHHX PYOPHK: 27.35.21, 27.35.45

Tema gucepranii:
1. MaTemaTtuyHi Mogeli Ta IporpamHi 3aco6y MPOEKTYBAaHHSI KaMep CYIIiHHS MirpOCKOIIYHUX MaTepialib.

2. Mathematical models and software tools for design the drying chambers of hygroscopic materials.

Pedepar:

1. Inceprarifina po60Ta IPUCBIYEHA PO3BS3aHHIO aKTyaJIbHOI HAYKOBO-TIPUKJIALHOI 3a1a4i po3pobieHHs
MaTeMaTU4YHUX MOJEJIEN TEMJIOMACOIIEPEHECEHHS Y KaMePax CyLIiHHS FrpoCKOIIYHUX MaTepiasiB i3
BMKOPHCTaHHSIM METOAY KJIITHHHUX aBTOMATIB Ta CTBOPEHHSI IPOIPAMHOr0 3aCO0Y 11711 aBTOMATU30BaHOIO
NpoeKTyBaHHA 3D mMopeneil IUX KaMep Ta iX KOMIIOHEHTIB. Y [ePIIOMY pO3/ijli AucepTralii NpoaHani3oBaHoO Migxonu
IO MOZEJIIOBAHHS MPOLIECY TEIJIOMACONIEPEHECEHHS T1i/1 YacC CyLIiHHS FirpOCKOMNIYHUX MaTepiaiB Ta iX 4aCTKOBUX
BUMajKis. HaBeneHo GyHAamMeHTasbHi 3aKOHY, SKi BUKOPUCTAHO JJ151 pO3pO0JIeHHSI MaTEMAaTUYHUX MOZesen
TEIJIOMACOIIEPEHECEHHS IIPOLECY CYLIIHHS IrPOCKOIIYHUX MaTtepiaib. [leTaJbHO ONMCAHO METO], KJIIITUHHUX
aBTOMaTIiB, yMOBM HOT0 3aCTOCYBaHHS Ta II€pEBAru [j1s MOJEJIOBAHHS CKIaIHUX ITpoLeciB. HaBeneHo pi3Hi Tunm
KaMep CYILIiHHY, IX OCHOBHI KOMIIOHEHTH Ta MOXKJIMBICTb ITapaMeTpur3allii po3MipiB 1151 aBTOMaTU30BaHOTO
npoekTyBaHHs 3D mopeneit. [IpoaHani3oBaHO apXiTEKTYpHU Cy4aCHUX IIPOTPAMHUX CUCTEM, SIKi 4AI0Th 3MOTY
peasisyBaTu 3aja4i aBTOMaTU30BaHOIO NIPOEKTYBaHHS 3D Mofesen CyInIbHUX KaMep Ta MOEJIIOBAHHS IIPOLECY

TEIJIOMAaCOIIEPEHECEHHS Y KaMepax CYIIiHHS TirpOCKOIIYHYX MaTepiais. JIpyruil po3nin gucepralii NpuCcBI4YeHUN



PO3PO6JIEHHIO aCUHXPOHHOI MO/IeJli MPOLeCy TEIJIOMACOIEPEHECEHHS Y KaMepaX CYLIiHHS FirpOCKOMiYHUX
marepiaiB i3 BAKOPUCTaHHSIM METO[y KJIITUHHUX aBTOMAaTiB. PO3p06sieHO CTPYKTYPY KIIiTHH, SIKa CKJIaJA€ThCs i3
CYKYIIHOCTi MIKpOOG'€KTIB, @ TAKOX aJITOPUTM, 10 J]a€ 3MOTY BU3HAaYaTH I0YATKOBUI CTaH LIUX MIKPOOO'€KTIB y
IIPOLIECi CTBOPEHHSI KIIITUHHO-aBTOMATHOr O 110Jig. OCco61MBY yBary IpUAiJIeHO oMLy 06J1acCTi
TEIJIOMACOIIEPEHECEHHS Ha 30HM, 1711 KOKHOI 3 IKUX BM3HA4YaIOTHCS MeXi Ha KIITUMHHO-aBTOMAaTHOMY ITOJI.
Po3po6s1eHO MaTeMaTUYHY MOZEJb TEIIJIOMACONIEPEHECEHHS], HA OCHOBI SIKOI CTBOPEHO NPaBuJia NEPEXOIiB 1S
MoJeJli i3 BUKOPUCTaHHSIM METOJY KIITUHHUX aBTOMaTiB. CTBOPEHO aJIFOPUTM 3aCTOCYBaHHS [IPaBUJI IEPEXOiB Ta
HaBeZeHO (popMastizoBaHuUil 3aNIMC po3po6IeHOI MOZEli i3 BUKOPUCTAHHIM METOAY KIITUHHUX aBTOMATIB.
ABTOMaTHM30BaHE NPOEKTYBaHHA 3D MoJesiell Kamep CyLIiHHSI KOHBEKTUBHOI JIii Ta iX KOMIIOHEHTIB i3
IapameTpu3alielo po3mipiB HaBeIEHO Y TPeTbOoMY pPo31iii. CripoekToBaHi 3D Mozl BUKOPUCTAHO [JIs
MOJIEJIIOBAHHS TIPOLIECY TEIJIOMACONIEPEHECEHH 1ifl 4aC CYLIiHHA TirPOCKOMNIYHMUX MaTepialiB, 30KpeEMa JEePEBUHN,
3a JOIIOMOTOI0 MAKETy NPUKJIANHUX NIPOrpam. 3aBsIKM LIbOMY, OTPUMAHO 3HAYE€HHS TEMIIEPATYPHU Ta BiIHOCHOI
BOJIOTOCTI areHTa CyLIiHHS Y 30HaX MOro KOHTAKTy 3 iHITMMU KOMIIOHeHTaMu 3D Mozeli CyIuabHOI KaMepH.
OTpumaHi 3Ha4€HHS1 BUKOPUCTAHO Y NIPaBUJIax [IepPeXoly aCUHXPOHHOI MOJIEJ ITPOLIECY TEIJIOMACOIIEPEHECEHHS Y
KaMepax CYLIiHHA TirpOCKOMNIYHUX MaTepiasliB Ha OCHOBI METOMY KIITUHHUX aBTOMATIB. Y 4ETBEPTOMY PO3AiJi
Iycepraii po3po6JyieHO ITpOorpaMHuUil 3acib i3 BUKOPUCTaHHSIM 6araTopiBHEBOI KJIiEHT-CEPBEPHOI apXiTeKTypU.
DyHKIiOHAJIbHI MOKIMBOCTI IIPOrPaMHOTr0 3acO0y NpeCTaBIE€HO 3a JOIIOMOrOI0 JiarpaM KjaciB,10CIiOBHOCTI Ta
BapiaHTiB BUKOPUCTAaHHS Ha OCHOBI po3pobsieHoi UML mopeni.E¢pexTuBHe 36epiraHHs faHUX 3a6€31€4eHO
CTBOPEHOIO 623010 JAHUX, CTPYKTYPY SIKOi HaBe[,E€HO i3 BUKOPUCTAHHSAM MO/l "CYyTHICTb-3B’130K". OKpiM LIbOT0, Ha
OCHOBI€KCIIEPUMEHTAJIbHUX [IaHUX, [IPOBELIEHO BaJlifallil0o MATEMATUYHOI MOIEJIi TEIIJIOMAaCOIIEPEHECEHHS Ta
Bepudikalilo po3po6eHoro NporpaMHoro 3acoby. IIpefcraBieHo pe3yibTaTh MOJAEI0OBAHHS [TPOLIECY
TEIJIOMACOINIePEHECEHHS Y KaMepax CyLIiHHS MrpOCKONIYHUX MaTepiaiB 3a JOIIOMOTOI0 NAKETy NPUKJIAIHUX
IIporpam Ta po3po6JIEHOTO MPOrPaMHOro 3aco0y, a TAKOXK HaIaHO NMPAKTUYHI peKOMEH allil 010 BUKOPUCTAHHS
OTpUMaHuX pe3yJbTartiB.JlucepTaliiiHa po60Ta € BHECKOM Y PO3BUTOK Cy4aCHUX iHPOPMaLiliHUX T€XHOJIOTIN
IIPOEKTYBAHHSI, OCKIJIBKY Y Hill pO3p06JI€HO NPOrpaMHUH 3acib 1J151 aBTOMATU30BaHOTONIPOEKTYBaHHS 3D monesnen
CYyIIWJIbHUX KaMep i3 BUKOPUCTAaHHSM NapaMeTpuU3allii po3MipiB Ta NPUKJIAIHNX IPOrPaMHUX iHTEP(ENCIB.
[Topganbie BukopuctanHs 3D Mopeseil Iux Kamep 3HaloOUTHCS [1J11 MOZEJIIOBAaHHS [IPoliecy
TEIJIOMACOIIEPEHECEHHS Y KaMePaxCyLIiHHS TrPOCKOIIYHUX MaTepialiB Ha OCHOBI aCMHXPOHHOI MOJI€Jli KJIITUHHUX
aBromariB. OCHOBHI pe3yJIbTaTu AUCEPTALiliHOI pOOOTU MOXKYTb OYTU BUKOPUCTAHI [1JI1 MOJI€JIIOBAHHS IIPOLECY
TEIJIOMAaCOIIEPEHECEHHS Mif, YaC CYIIiHHS MirpOCKOIIYHUX MaTepiajliB 3 ypaxyBaHHSIM F€OMETPUYHUX NTaPaMETPiB

PeaJIbHUX CYLIMJIbHUX KaMep, 10 MOTEHLiHO 1acTb 3MOTy MifBUIIUTYU €(PEeKTUBHICTD iX pO6OTH.

2. The dissertation is devoted to solving the urgent scientific and applied problem of developing mathematical
models of heat and mass transfer in drying chambers for hygroscopic materials using the cellular automata
method and creating a software tool for the automated design of 3D models of these chambers and their
components. The first chapter of the dissertation analyzes the approaches to modeling the heat and mass transfer
process during the drying of hygroscopic materials and their special cases. The fundamental laws used to develop
mathematical models of heat and mass transfer during the drying of hygroscopic materials are presented. The
method of cellular automata, conditions of its application, and advantages for modeling complex processes are
described in detail. Different types of drying chambers, their main components, and the possibility of dimensional
parameterization for the automated design of 3D models are presented. The architectures of modern software
systems, which allow solving the tasks of computer-aided design of 3D models of drying chambers and modeling
the process of heat and mass transfer in drying chambers for hygroscopic materials, are analyzed. The second
chapter of the dissertation is devoted to the development of an asynchronous model of the heat and mass transfer
process in drying chambers for hygroscopic materials using the cellular automata method. A cell structure
consisting of a set of micro-objects and an algorithm that allows determining the initial state of these micro-
objects in the process of creating a cellular automata field have been developed. Particular attention is paid to the
division of the heat and mass transfer area into zones, for each of which the boundaries of the cellular automata
field are determined. A mathematical model of heat and mass transfer is developed, based on which transition



rules for the model are created using the cellular automata method. An algorithm for applying the transition rules
is created, and a formalized record of the developed model using the cellular automata method is given. The
automated design of 3D models of convective drying chambers and their components with dimensional
parameterization is presented in the third chapter. The designed 3D models were used to simulate the process of
heat and mass transfer during thedrying of hygroscopic materials, in particular wood, using a software package.
This allowsus to obtain the temperature and relative humidity of the drying agent in the areas of its contact with
other components of the 3D model of the drying chamber. The obtained valueswere used in the transition rules of
the asynchronous model of the heat and mass transfer process in drying chambers for hygroscopic materials based
on the cellular automata method. In the fourth chapter of the dissertation, a software tool is developed using a
multi-tiered client-server architecture. The functionality of the software tool is presented with the use ofclass
diagrams, sequences, and use cases based on the developed UML model. Efficient data storage is ensured by the
created database, the structure of which is presented using the entity-relationship model. In addition, based on
experimental data, the mathematical model of heat and mass transfer was validated, and the developed software
tool was verified. The results of modeling the process of heat and mass transfer in drying chambers of hygroscopic
materials using the application package and the developed software tool arepresented, and practical
recommendations for the use of the obtained results are given. The dissertation is a contribution to the
development of modern design information technologies, as it develops a software tool for the automated design
of 3D models of drying chambers using dimensional parameterization and application program interfaces. Further
use of 3D models of these chambers will be needed to model the process of heat and mass transfer in drying
chambers for hygroscopic materials based on an asynchronous cellular automata model. The main results of the
dissertation can be used to simulate the process of heat and mass transfer during the drying of hygroscopic
materials, taking into account the geometric parameters of real drying chambers, which will potentially increase
the efficiency of their operation.
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