O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0826U001277
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 30-04-2026

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ky3pmiHuyk TeTsiHa AHaTOJliiBHA

2. Tetiana A. Kuzminchuk

KBasmigikamis:

Imentudikarop ORCID ID: 0000-0002-6469-0990

Bupg, pucepranii: nokrop dinocodii

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoOBOi ceniaIbHOCTI: 161

Ha3Ba HayKOBOIi CIIeniaJIbHOCTI: XimiuHi TEXHOJIOTI] Ta iHKeHepis

lanyss / ra.nysi 3HaHb: xiMiyHa Ta 6i0iHKeHepid

OCBiTHbo—HayKOBa mporpama 3i CreniaJbHOCTI: XimiuHi TexHOJIOTii Ta iHXeHepis
JlaTa 3axHcCTy:

CnenianbHICTB 32 OCBITOXO: 161 XimiuHi TeXHOJIOTI] Ta iHKeHepis

Micue po6oTH 3400yBava: Haujonanbuuii yHiBepcuteT "JIbBiBCbKA MOMIiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs1. Crenana banpepu, JIeBiB, 79013, Ykpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InmenTudikarop ROR:




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIudp cnenianizoBaHoi BYU€HOI pagHy (Pa30Boi CleliaJai30BaHOI BYEHOI pazu). PhD 12999
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. Creniana banpepu, JIbBiB, 79013, 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 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa banpepu, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Koau TeMaTHYHHX PYOPHK: 61.13.15, 61.13.17, 61.13.19

Tema gucepranii:
1. 3akoHOMipHOCTI QiNBTPALIIIHOTO CYIIiHHS CiPHUKOBOI COJIOMKU

2. Regularities of the match splints filtration drying

Pedepar:

1. Inceprarniiina po60Ta IPUCBIYE€HA KOMIIJIEKCHOMY BUBYEHHIO KiHETUYHUX, MIPOANHAMIYHUX Ta
TEIJIOMacOOOMiIHHUX 3aKOHOMIpHOCTEH npouecy QinbTpallifHOro CYIIiHHS CIpHUKOBOI COJIOMKU. Y POo6OTi
IIPOBELEHO €KCIIEPUMEHTAJIbHE JOCIIIKEHHS Ta TEOPETUYHE y3arajbHEeHHs QilbTPaLiiHOIO METOAY CYIIiHHS
CIPHMKOBOI COJIOMKH, BU3HAYEHO PalliOHaJIbHi IapaMETPHU MIPOLECy Ta PO3POOJIEHO arapaTypHe 0(pOPMIIEHHS
YCTaHOBKU AJ1s (inbTpauiiiHoro cyminHs. [Tpouec QinbTpauifiHOro CyIiHHS Ja€ 3MOT'y 3MEHIIUTY €HeProBUTPaTH
Ha 06pOOKY CUPOBUMHHU Ta 3a0€3[1€YUTH PiBHOMIpHE CYIIiHHS, 1J0 € BXJIMBUM €TaIllOM 3a0€e31e4eHHsI CTabilbHOI
SIKOCTIi ITPOAYKLii Ta 3HMXEHHS €HEPTOEMHOCTI BUPOOHMYOr0O LMKITY. BUKOpUCTaHHS QilbTpalliiHOIO METOLY
BiAIOBiJla€ Cy4aCHMM BAMOTaM CTaJIOrO PO3BUTKY, OCKIJIBKY JJa€ 3MOT'Y MiHiMi3yBaTH IMTOMi BUTPATH TEIJIOBOI
eHeprii Ta pallioHaIbHO BUKOPUCTOBYBATU €HEPreTUYHI pecypcH, 3a0e31euyl0uy HeOOXiIHY SIKiCTb COJIOMKHU.
Mero1o fucepTaLiiHoi po60TH € AOCIIIPKEHHS 3aKOHOMIPHOCTE! KiHETHUKH, MgpOJUHAMIKK Ta TEIJIOMAaCOOOMIHY
iz 9ac ¢inbpTpauifHOro CyIiHHS CipHMKOBOI COJIOMKH JJ1s1 BUBHAYEHHS palliOHAJIbHUX [IapaMeTpiB CYLIiHHS.

OpepskaHi 3aJ1€5KHOCTI Jal0Th 3MOT'y B MalOyTHOMY CIIPOEKTYBATH O0JIafHAHHS 171 (PinbTpaLiliHOTO CyIiHHS



CipHMKOBOI COJIOMKHM B IIPOMUCJIOBUX MaciuTabax. Y nepuomy po3sfisi gucepralii IpoBeieHo aHajli3 Cy4acHOro
CTaHy TEXHOJIOTI} CYIIiHHS AepeBUHU Ta POCINHHOI 6iomacy. BUKOHAHO KpUTUYHUH OTJISLT, iCHYIOUMX KOHCTPYKLIN
CYyIIWJIbHUX YCTaHOBOK Ta MeTOZiB iHTeHcudikallii TeryioMacooOMiHHUX NpoleciB. [IpoananizoBaHo MeTOU
y3araJlbHEHHs KiIHeTUKU Ta TEIIJIOMAaCOOOMIHY /1J11 CTBOPEHHS 3aJIeXKHOCTEN Ha OCHOBI KPUTEPiaZbHUX PiBHSIHB. Ha
OCHOBI JIiTEpaTypHOro OrJIsAy OGIPYHTOBAHO IOLIBHICT 3aCTOCYBaHHS caMme QibTpauifiHOro MeTOAY IJis
CYILIiHHS CIpDHUKOBOI COJIOMKH. Y IPYrOMY PO3[iJli OIMCAaHO METOJUKY ITPOBEEHHS €KCIIEPUMEHTAIBHUX
IOCTiIXeHb Ta 6y[0BY JJaOOPAaTOPHOI YCTAaHOBKH JJ1s1 BUBYEHHSI IIpoliecy QisbTpalliiiHOro CylliHHS CipHUKOBOI
COJIOMKU. HaBefIeHO IeTajlbHy XapaKTePUCTUKY 00'€KTY JOCIiI>KeHHS. [I7151 eKCIIEPUMEHTIB BUKOPUCTOBYBAJIN
CIpHUKOBY COJIOMKY, BUTOTOBJIEHY 3 IEPEBUHM OCUKH, sKa BifjibpaHa 6e3rocepeiHbo 3 [il0490i BUPOOGHMNYOI JIiHil.
BusHaueHO OCHOBHI IMapaMeTpu COJIOMKU. HaBeleHO METOVKY y3araJbHEHHS! OTPMMaHUX €KCIIEPUMEHTAJIbHYX
Pe3yJbTaTiB. Y TPETbOMY PO3/iJli IPENCTABIEHO PE3YyJIbTaTU €KCIIEePUMEHTAIbHUX AOCIIIPKEHDb KIHETUKA
dinbTpaliiiHOTrO CYIIiHHS CIpPHUKOBOI COJIOMKHU. JlOCTiI)KEHHS IPOBEJEHO B IIMPOKOMY Jlialla3oHi NapameTpiB:
BUCOTH cTanjoHapHoro mapy (150-350 mm), TemniepaTypu Temnsosoro arenra (40-80°C) ta ¢pikTUBHOI LIBUAKOCTI
teroBoro areHra (0,18-0,29 M/c), BCTAaHOBJIEHO BILJIMB LIUX NIapaMeTPiB Ha iHTEHCUBHICTb CcyLIiHHSA. Ofep>KaHo
MaTeMaTU4Hi 3aJIEXXHOCTI, SIKi 1aI0Th 3MOT'y PO3PaX0BYBAaTU [IOTOYHMI BOJIOTOBMICT CIpHMKOBOI COJIOMKHM Ta
TPUBAJICTh CYIIiHHS [J151 KOXKHOTO 3 TI€PiofiB HACUYEHHS TEIJIOBOIO areHTa BOJIOTOI0. Y YETBEPTOMY PO31iJi
HaBe[leHO iH(OpMallilo IIPO y3arajbHEHHs pe3yJIbTaTiB eKCIIepUMEHTAIbHUX JOCIIIPKEHb IPOLECIB TeIo- i
MacooOMiHy mif, yac (ibTPaLiliHOro CyLIiHHS CIpHUKOBOI COJIOMKU. Ha 0CHOBI Teopii nofi6bHOCTi 0OTpUMaHO
KpHUTepiaJbHi PiBHSIHHS [JI1S1 PO3PaxyHKy KOe(illieHTiB TENIO0BiInadi Ta MaCOBianadi. BU3BHa4YeHO 3HAYEHHS
KoedilieHTiB BHYTpiHbOI NUQy3ii Ta iX 3ay1€3KHICTh BiJl TeMIlepaTypy TEIJIOBOro areHTa. Y I’'aToMy po31ii
IIPOBEEHO aHAaJli3 OCHOBHUX €TalliB BUPOOHMLITBA CipHUKIB. PO3p06JI€HO Ta NIPeICTaBlI€HO CXEMU YCTAaHOBOK 1715
(inbTpaLiiHOrO CYLIIHHS CIPHMKOBOI COJIOMKU: 3 PYXOM TEIJIOBOTO areHTa Kpi3b HACUIIHUY IIAap MaTepialy Ta Kpi3b
yIOPSAKOBaHMIA map, cGOPMOBAaHUI MaTpHULel0. BCTaHOBIJIEHO, IO CYLIiHHS HACUIIOM € TIPOCTIlIMM B
arapaTypHOMY BUKOHAaHHI, IPOTe BUKOPUCTAHHS YIIOPSIKOBAHOIO Wapy 3abe3leyye MakCMMabHy PiBHOMIpHICTb
3HEBOJHEHHS Ta CTabibHY SIKiCTb NPOAYKLii. 3aIPOIIOHOBAHO CX€MM YCTAaHOBOK 7151 (PiIbTPALitHOrO CYLIiHHS, IO
IIPALIOIOTh 3a MPUHIUIIOM 3MiHM TEMIIEPATypH TEIJIOBOTO areHTa, 10 361/blIye CTabIbHICT MPOLIECY OCYIIYBAHHSI.
BrKOHaHO OLIIHOYHMI pO3paxyHOK €eKOHOMIUHOI e(peKTHUBHOCTI BiJ] BIIPOBaJK€HHS PO3pO0JIEHOro 06J1aiHAHHSI.
[IpoBeieHO TIOPIBHSAHHS €HEPro3aTpar Ha BUJIy4EHHS BOJIOTU Y iCHYIOYil TyHEJIbHIi cymapii Ta PinbTpanifiHii
cymapli 3 HACUITHUM MapoM. BCTaHOBJIEHO, 10 6ijblll eHeproeeKTUBHUM € CIIOCI0 i3 3aCTOCYBaHHSIM
dinpTpaLiliHOrO CyLIiHHS B HACUITHOMY LIapi, IKU Ja€ 3MOTy CyTTEBO 3HU3UTH IIMTOMi €eHEPrOBUTPATH.
[TigTBEpI)KEHO EKOHOMIYHY AOLIIbHICTb T TEXHIUHY IlepeBary (isbTpaliliHOro METoly 3HEBOJHEHHS, 1110 Ja€
3MOTY PEKOMEHIyBaTU MOro [1J151 BIPOBAI)KEHHS Ha MiANpUEMCTBaxX ranysi. PesysibraTu nuceprauii inTerposaHi B
OCBITHill nTpouec Kadgenpu xiMmiuHoi inkeHepii HallioHanbHOro yHiBepcuTeTy «JIbBiBCbKA MOJiTExHiIKay. BoHn
3aCTOCOBYIOTbCS [IJ1s MiZITOTOBKM (axiBLiB 3a crienianpHicTio Gl «XiMiyHi TexHoJOriI Ta iH>kKeHepis», 3o0kpema y
Me>Kax J1ab0paTOPHOro IPaKTUKyMY 3 IPOQiNbHUX TUCLMILIIH, a TAKOX Iif] YaC BUKOHAHHS KypPCOBUX IIPOEKTIB Ta
KBastiikaliliHUX po6iT MaricTpis., 0 3aCBiIY€HO aKTOM ITPO BIIPOBAIPKEHHS y HaBYaJIbHUI rTpolec. HaykoBo
OOIPYHTOBaHI TEXHOJIOTIYHI pilleHHs Ta PO3PaxyHKOBI 3aJI€5KHOCTI IpoLecy PinbTpaLiiiHOro 3HeBOIHEHHS
CipHMKOBOI COJIOMKY Nepe/iaHi 1715 BuKopuctanHs daxisisgm T30B « YKPATHCbKA CIPHUKOBA GABPHKA».

2. The PhD thesis is devoted to a comprehensive study of the kinetic, hydrodynamic, and heat-and-mass transfer
regularities of the filtration drying process of match splints. The work provides a theoretical generalization and
experimental investigation of the filtration drying method for match splints, determines the optimal process
parameters, and develops the equipment design for a filtration drying plant. The filtration drying process enables a
reduction in energy consumption for raw material processing and ensures uniform drying, which is a crucial stage
for maintaining stable product quality and decreasing the energy intensity of the production cycle. The application
of the filtration method meets modern sustainability requirements, as it allows for the minimization of specific
thermal energy consumption and the rational use of energy resources, while simultaneously ensuring high product
quality. The aim of the thesis is to investigate the regularities of kinetics and heat-and-mass transfer during the
filtration drying of match splints to determine optimal drying parameters. The obtained dependencies enable the



future design of equipment for the filtration drying of match splints on an industrial scale. In the first chapter of
the thesis, an analysis of the current state of wood and plant biomass drying technologies is conducted. A critical
review of existing drying plant designs and methods for intensifying heat-and-mass transfer processes is
performed. Methods for generalizing kinetics and heat-and-mass transfer to create universal dependencies based
on correlation equations and dimensionless complexes are analyzed. Based on the literature review, the feasibility
of using the filtration method specifically for drying match splints is justified In the second chapter, the
methodology of experimental research and the design of the laboratory plant for studying the filtration drying
process of match splints are described. A detailed characteristic of the research object is provided. For the
experiments, match splints made of aspen wood were used, selected directly from the operating production line.
The main parameters of the splints were determined. Methods for generalizing the obtained experimental results
are presented. In the third chapter, the results of experimental studies on the kinetics of the filtration drying of
match splints are presented. The research was conducted across a wide range of operating parameters: layer
height (150-350 mm), thermal agent temperature (40-80°C), and superficial velocity (0.18-0.29 m/s), and the
influence of these parameters on drying intensity was established. Mathematical dependencies were obtained,
allowing for the calculation of the current moisture content of match splints and the drying duration. In the fourth
chapter, the results of generalizing experimental data regarding heat-and-mass transfer during the filtration
drying of match splints are provided. Based on the similarity theory, correlation equations for calculating heat and
mass transfer coefficients were obtained. The values of internal diffusion coefficients and their dependence on the
thermal agent temperature were determined. In the fifth chapter, an analysis of the main stages of match
production is conducted. Schemes for match splint filtration drying plants are developed and presented: one with
the thermal agent moving through a bulk layer of material and another through an ordered layer. It was established
that bulk drying is simpler in terms of equipment design; however, the use of an ordered layer ensures maximum
dehydration uniformity and higher product quality. Improved designs for plants operating on the principle of
varying the temperature of the thermal agent are proposed, which increases the stability of the drying process. An
estimated calculation of the economic efficiency resulting from the implementation of the developed equipment
was performed. It was established that this method is the most energy-efficient, allowing for a significant
reduction in specific energy consumption. The economic feasibility and technical superiority of the filtration
dehydration method were confirmed, allowing it to be recommended for implementation at enterprises within the
industry. The results of the PhD thesis are integrated into the educational process of the Department of Chemical
Engineering at Lviv Polytechnic National University. They are applied in the training of specialists in the field of 161
"Chemical Technologies and Engineering," specifically within laboratory workshops for specialized disciplines, as
well as during the preparation of course projects and Master’s qualification thesis, as evidenced by an act of
implementation in the educational process. Scientifically substantiated technological solutions and calculation
dependencies regarding the filtration dehydration of match splints were transferred for practical application to
specialists at LLC "UKRAINIAN MATCH FACTORY."
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