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Pedepar:

1. O6’eKTOM JIOCIIIIPKEHHS € IIPOLeCH 6araTo0CePeIKOBOrO0 CTPYKTYPOYTBOPEHHS Y TiIlICOBMiCHUX KOMIIO3ULIHUX
MaTepiaznax, sSIK y CKIaJHUX BIiTKPUTUX CUCTEMAX, 110 CAMOOPTraHi3yloTbCs. MeToi0 po60Ty € POopMyBaHHS HAYKOBUX
3acap i Mopesiell 6araToocepeiKOBOro CTPyKTYPOYTBOPEHHS, SIKi JO3BOJISIOTh KEPOBAHO BILINBATU HA CTPYKTYPY
KOMIIO3UTY 3aJ1J1s [MOKPAIEHHS €KCILTyaTaliiHAX BJIACTUBOCTEN, TAKUX 5K MIlHICTb, BOIOCTIMKICTh, JOBFOBIYHICTb i
TEII0i30JIALIMHA 30ATHICTD. Y LOCIiIPKEHHI BUKOPUCTAHO METOIU TEOPETUKO-CUCTEMHOIO aHali3y, FEOMETPUYHOI
napameTpusallii, Teopii IMHAMIYHMX CUCTEM, TOIIOJIOTI, TeOPii epKoIALii, CTDYyKTYpHOTO MOTEHIialy Ta
reoMeTpOoMHaMiYHOTO MOJIEJIIOBaHHS. 3aCTOCOBAHO arapar TeIJIOBi3iliHOro aHasizy, KOMITI0TepHOi MiKpocKorii,
aHaslizy ricrorpam 300pa’keHb, KPUBUX CTPYKTYPOYTBOPEHHS, IOCIiI>)KEHHSI €JIEKTPOIPOBITHOCTI, AieJIeKTPUYHUX

BTparT, U_IBI/IJ_IKOCTi YJIbTPa3BYKY Ta CKBOTepMﬁ. EKCHCpI/IMeHTaJIbHi METOOVKU IMOENHAHO 3 MATEMATUYHUM



MOJI€JIIOBAaHHSM, 11O 03BOJIMIIO 3a6€31e4nTy 6araTopiBHEBUI MifXi/ 40 BUBYEHHS CTPYKTYPH Ta ii eBoJoLii B 4aci.
CTpYKTypHi NIEPETBOPEHHS aHAI3yBaIMCA 4K Y PEAJIbBHOMY 4aci, Tak i Ha OCHOBI 3HIMKIB 3 MiKDOCKOIIIYHUX Ta
TEIJIOBI3iMHUX JocinKeHb. OCHOBHUMU HAYKOBUMU Pe3yJbTaTaMU €: pO3PO0JIEHHSI MOZieJIel KIaCTepOYTBOPEHHS
3 ypaxyBaHHSM (a3 4yTJIMBOCTI Ta 6iypKaLiflHAX [IepeX0iB; I0OYA0Ba CTPYKTYPHOrO OTEHLiay sIK (PYHKLIi Bif
YaCTHUH CTPYKTYP Pi3HOI po3MipHOCTi; (popMarisaliist mpoleciB pyiiHyBaHHSI HA OCHOBI TOIOJIOTIYHUX MOJEJIEeN MeX
MDX KjlacTepamu, 30Kpema y BUIJIsZi CiTK1 BopoHOro; BUsiBJIeHHsI epeKTiB 4aCTKOBOI CUHXPOHi3allii 3MiH (isuyHUX
IapaMeTpiB IiJi 4ac Ty)KaBJeHHS Ta (a30BUX [IEPETBOPEHB; 3aIIPONIOHYBAaHHS iHAEKCY BOAOCTIMKOCTI SIK HOBOTO
KOMOIHOBaHOTO MTOKA3HUKA, 110 Kpalle Bifobpaskae MillHiCTh MaTepiany y BogoHacudeHoMy cTaHi. CyTTeBoO
YIOCKOHAJIEHO METOJ, aHaJli3y KPUBUX CTPYKTYPOYTBOPEHHS IIJISIXKOM iX TpaHchopMalliil y KpyBi KpUBU3HU Ta
BU3HAY€HHSI CUHXPOHI30BaHUX YaCOBUX iHTEPBAJIiB MOSIBU 0COOGIMBOCTEN Ha rpadikax KpuBU3HU. Po3pobieHo
reoMeTpOoJIMHAMIUHY MOJiesIb MOp(dOreHe3y KOMIIO3UTIB, SIKa ONUCY€E CTPYKTYPY Martepiany yepes3 3MiHHI 00’'eMHi
YaCTVHM Pi3HUX FT€OMETPUYHUX BUMIPIB — TOUKOBUX, JIiHIMHUX, IOBEPXHEBUX | TPUBUMIPHUX. 11i 3MiHH]
BHUKOPHUCTOBYIOTHCSI y TOOYIOBi CTPYKTYPHOTO MIOTEHIialy, a TaKOX [1J1s1 MOJeJIt0BaHHS e(eKTiB aBTOKOJIMBAHb,
LIMKJIIYHOTO 3apOPKEHHS 1 pyHHYBaHHS CTPYKTYPHHUX €JIEMEHTIB MIiJ] Yac TBepZiHHS. Bu3HaueHo 0CcOo6IMBOCTI
CTPYKTYpPHU TifipaTalilHUX HOBOYTBOPEHDb Ha IIOBEPXHi 3€PEH HaMiBBOLHOTO TiMCy, a TAKOX IIPOCTOPOBY CTPYKTYPY
nepru@epiliHUX 30H 3 MOHMXEHOIO BIIOPSIKOBAHICTIO, SIKi JOPMYIOTh OCepeKy IIOTeHILiITHOrO PyHHYBaHHSI.
BcTraHOB/IEHO, 10 YTBOPEHHS CTPYKTYPH CYIIPOBOIKYETHCS BiLIEHTPOBUM KJIACTEPOYTBOPEHHSM, B PE3YJIbTaTi
SIKOTO Ha MeXKaX KJIACTEPiB BUHMKAIOTh 30HU 3HIDKEHOI JIOKAJIbHOI MiLIHOCTI, 1J0 3HAYHOIO MipOI0 BU3HAYaIOTh OIIip
Marepiainy Ao TPilMHOYTBOPEHHS. [IpaKTU4HI pe3yIbTaTy BKJIOYAIOTh: METOJUKY OLHKUA CTPYKTYPU B PEATIBHOMY
4aci 3a TEeIJIOBI3iMHUMU Ta yJIbTPa3BYKOBUMH XapaKTEPUCTUKAMU; BUSHAYEHHSI MOMEHTIB II0YaTKy ! 3aBEPIIECHHS
TY>)KaBJIEHHS Y BUCOKOHAIIOBHEHUX KOMIIO3ULiSIX, i€ [IeHeTpaLiliHi MEeTOY HEeJOCTYIIHi; KOMITIOTEPHI aJIFTOPUTMU
aHaJi3y CTPYKTYpH 3a 300pa’keHHsIMU MiKpoIlpenapariB; ONTAMi3allilo CK1aay, CTPYKTYpHY Ta BJIACTUBOCTEN TEMJO- i
3BYKOI30JISILITHUX TilICOBUX KOMIIO3UTIB 3 MTOAAJIBUIMM BIIPOBAI)KEHHSIM Y OYAiBHULITBO. 3alIpONIOHOBAHI Mifxoau
Jasii 3MOTY IiIBUIUTHA BOLOCTINKICTh, TEIJIO- Ta 3BYKOI30JIALiIHI XapaKT€PUCTUKU TilICOBUX MaTepialiB i
IO3BOJIMJIM AIaNITyBaTH iX 4O YMOB Cy4acHOTro OyAiBHMLTBA. HaykoBa HOBM3HA MOJIArae y NiJKPECJEHHi poi
IVHAMIYHUX 3MiH T€OMETPUYHUX BJIACTUBOCTEMN, AKi OXOIUIIOIOTL CUCTEMHY i€papXilo CTPYKTYPHUX PiBHIB,
TOIOJIOTIYHI MeXaHi3mMu TpaHcopmaliii, kiacTepusalilo, CTPYKTypHi nepexoniy Ta MopdoreHes maTtepiaiy. 3
CHACTEMHO] Ta CTPYKTYPHOI TOYKHM 30Py Ha,AHO IHTEPIIPETALil0 CUHXPOHI3allii IPOLeCiB 3MiHYM €JIEKTPOIIPOBIAHOCTI,
€K30TepMii, IBUIKOCTI yJIbTPAa3BYKy Ta Ai€JIEKTPUYHUX BTPAT IIiJ 4acC CTafiil CTPYKTYpPOYTBOPEHHA. Pe3ynbTaTn
BIIPOBAPKEHO Y OYiBHULITBI i YaC BUKOHAHHS POOIT i3 yIalITyBaHHS TEIJIO- Ta 3BYKOI30JSLIMHNX CTSDKOK i
nifjiory, a TakoX y HaByaJabHOMY IPOLECi Yyepe3 BiflIOBiHI OCBITHI KOMIIOHEHTH 3 (i3uKO-Ximi,
CTPYKTYpOYTBOPEHHS, NOCIiIPKEHHS Ta ONTUMIi3allii KOMIIO3ULiNHAX MaTepiainiB. Cpepa BUKOPUCTaHHS
IYCepTaLifiHAX PO3POOOK OXOILIIOE MOIEJIIOBAHHS, OCJIIIPKEHHS i IPOEKTYBaHHS OyiBeJIbHMX MaTepiasiB Ha

OCHOBI TiIlcy 3 33JaHUMU CTPYKTYPHO-(YHKIiOHAJIbHUMU XapaKTepUCTUKaMU.

2. The object of the study is the processes of multi-center structure formation in gypsum-based composite
materials, considered as complex open self-organizing systems. The aim is to develop scientific foundations and
models of multi-center structure formation that enable controlled modification of the composite structure to
improve performance characteristics such as strength, water resistance, durability, and thermal insulation
capacity. The research employs methods of theoretical and systems analysis, geometric parameterization,
dynamical systems theory, topology, percolation theory, structural potential modeling, and geometrodynamic
simulation. A range of experimental tools was used, including thermal imaging, computer microscopy, image
histogram analysis, structure formation curves, electrical conductivity, dielectric loss, ultrasound velocity, and
exothermicity measurements. Experimental techniques were combined with mathematical modeling to ensure a
multilevel approach to studying structural evolution over time. Transformations in structure were analyzed both in
real time and based on microscopic and thermal images. The main scientific results include the development of
clustering models that account for sensitivity phases and bifurcation transitions; the formulation of structural
potential as a function of components of different geometrical dimensionalities; the formalization of fracture
processes through topological models of inter-cluster boundaries, particularly Voronoi diagrams; and the



identification of partial synchronization effects in physical parameter changes during setting and phase
transitions. A water resistance index is proposed as a new composite indicator that more accurately reflects
strength in saturated conditions. The method of analyzing structure formation curves was significantly improved
by transforming them into curvature plots and identifying synchronized time intervals of characteristic peaks. A
geometrodynamic model of composite morphogenesis was developed, describing structure through volumetric
components of different dimensions—point, linear, surface, and spatial. These variables are used to construct the
structural potential and to model self-oscillatory effects, cyclic nucleation, and structural element degradation
during hardening. Structural features of hydration products on the surface of hemihydrate gypsum grains were
identified, along with the spatial configuration of peripheral zones with reduced order, which form potential
fracture nuclei. It was established that structure formation proceeds via centrifugal clustering, resulting in locally
weakened boundary zones that significantly affect crack resistance. The practical outcomes include real-time
structure evaluation methods based on thermal and ultrasonic parameters, determination of setting times in highly
filled systems where penetration methods are ineffective, image-based structural analysis algorithms, and
optimization of the composition, structure, and properties of thermal and sound-insulating gypsum composites.
The proposed approaches improve water resistance and insulation properties and facilitate adaptation to modern
construction requirements. Scientific novelty lies in highlighting the role of dynamic changes in geometric
properties, which encompass a hierarchical system of structural levels, topological transformation mechanisms,
clustering, structural transitions, and material morphogenesis. A systemic and structural interpretation of the
synchronization of changes in conductivity, exothermicity, ultrasound velocity, and dielectric loss during structure
formation was provided. The results have been implemented in construction during the installation of thermal and
acoustic floor screeds and integrated into educational programs involving physical chemistry, structure formation,
and composite material optimization. The developed approaches apply to the modeling, analysis, and design of
gypsum-based building materials with tailored structural and functional characteristics.
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VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Hetreca MuxkoJa IBaHOBUY

2. Mykola Netesa

KBasigikanis: 1. 1. n., npodecop, 05.23.05



Imentudikarop ORCID ID: 0000-0002-9134-8023

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKUI1 IePKAaBHUII YHIBEDCUTET HAYKH i TEXHOJIOTIi
Kopg 3a €IPIIOY: 44165850

Micuesnaxomxeunﬂ: ByJ1. JlazapsHa, 6yn. 2, JHinpo, JHinposcbkuii p-H., 49010, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEpCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Canuupkuii Mupocnas AHIpPiioBUY

2. Myroslav Sanytskyi

KBasigikanis: n.1.1., mpodecop, 05.17.11

InenTudgikarop ORCID ID: 0000-0002-8609-6079

JoparkoBa iHdpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKa MOTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesﬂaxo,rm(eHHﬂ: ByJ. CrenaHa Bangepu, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOp HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBumie Im's I1o-6aTbKOBI:
1. Cepprok Bacunb PomaHoBu4

2. Vasyl Serdiuk

KBasigikamis: n.1.1., npodecop, 05.23.05

ImenTudikarop ORCID ID: 0000-0002-2284-7371

JonaTkoBa iHdopmarist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL O0COOH: BiHHUIIbKMII HAIliOHA/IbHUI TEXHIYHUI YHiBEPCUTET
Kopg 3a €IPIIOY: 02070693

Micue3HaxoaKeHHS: ByJI. XMeJIbHUIIpKeE 1I0ce, 6yz. 95, Binnug, Binauupkuit p-H., 21021, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu



InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

Penensentu

VIII. 3aKkJII04Hi BiZoMOCTi

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH paju

Baacue IlpizBuie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCiaHHi

BignoBigasibHUIH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZNIOBiZaJIbHUM 32 peECTpallilo HAyKOBOIi

OisIJIBHOCTI

—— e T

Kpossxkos Cepriit OsekciiioBuy

= Kpossikos Cepriit OnexcifioBny

Caitnana BonogumupisHa CemeHOBa

VKpIHTEI

Opuenko Tetsana AHaTosiiBHa





