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Pedepar:

1. O6’eKTOM [OCTII>KEHHS € IIPOLIECH 6araToOCEPEIKOBOTO CTPYKTYPOYTBOPEHHS Y IiIICOBMICHMX KOMIIO3ULIIHNX
Marepianax, siK y CKIaJHUX BiIKPUTUX CUCTEMAX, 1IJ0 CAMOOPraHi3yloTbcsl. MeTo po6oTy € GOpMYyBaHHS HAYKOBUX
3acaf, i Mofiesiell 6araToocepeIKOBOro CTPYKTYPOYTBOPEHHS, SKi JO3BOJISIIOTh KEPOBAHO BILIMBATU HA CTPYKTYPY
KOMIIO3UTY 3a/1J151 TIOKPALIEHHS €KCIUIYaTalilHMX BJIACTUBOCTEN, TAKUX SIK MILIHICTb, BOLOCTIMKICTb, JOBrOBIUHICTS i
TEII0i30JISLiMHA 30ATHICTD. Y JOCIIIPKEHHI BUKOPUCTAHO METOIU TEOPETUKO-CUCTEMHOTO aHali3y, FEOMETPUYHOI
napameTpusallii, Teopii IMHAMIYHMX CUCTEM, TOIIOJIOTI, TeOPii epKoIALii, CTPYKTYpHOrO IOTEHIialy Ta
reoMeTpPOJIMHAMIYHOTO MOZEIOBaHHS. 3aCTOCOBAHO alapar TeIJIOBi3iiIHOro aHasizy, KOMITIOTEpPHOI MiKpOCKOIIii,
aHasizy ricrorpam 300pa’keHb, KPUBUX CTPYKTYPOYTBOPEHHS, LOCII>KEHHS! €JIeKTPOIIPOBITHOCTI, AieIeKTPUYHNX
BTpAT, WIBUIKOCTI yJIbTPA3BYKY Ta €K30TEPMii. EKCIIepuMeHTasIbHI METOIMKY IIOE€JHAHO 3 MATEMAaTUYHUM
MOJEJIIOBAHHSIM, 110 [03BOJINJIO 320€3M1eUnTy 6araTopiBHEBMI MiAXiA 00 BUBYEHHS CTPYKTYPHU Ta ii €BOJIIoL|i B Yaci.
CTpyKTypHi IEPETBOPEHHS aHAJII3YBAJIUCS SIK Y PEAJIbBHOMY 4aci, TaK i Ha OCHOBI 3HIMKIB 3 MIKPOCKOIIIYHHMX Ta

TEIIOBI3IMHUX JocinKeHb. OCHOBHUMM HAYKOBUMU pPe3yJIbTaTaMU €: pO3PO0JIEHHS MOfiesiel KJIaCTepOYTBOPEHHS



3 ypaxyBaHHsM (a3 4yTJIMBOCTI Ta 6iypKaLifHNX [IePEeX0iB; I0OYA0BA CTPYKTYPHOrO OTEHIiaIly SIK (PYHKLII Bif
YaCTHH CTPYKTYP Pi3HOi po3MipHOCTI; ¢popmarizaliis mpoueciB pyiiHyBaHHS Ha OCHOBI TOTIOJIOTIYHUX MOesIel MexX
MIiX KJIacTepaMu, 30KpeMa Yy BUTIJIsifi CiTku BopoHoro; BusiByieHHs e(DeKTiB YaCTKOBOI CUHXPOHI3aljii 3MiH (iznyHux
IapaMeTpiB MiJl 4ac Ty)KaBJI€HHS Ta (a30BUX [I€EPETBOPEHB; 3aIIPONIOHYBAHHSI iHAEKCY BOLOCTIMKOCTI SIK HOBOTO
KOMOGIHOBAaHOTO [TOKA3HUKA, 10 Kpallle Bifobpaskae MillHICTh MaTepiany y BogoHacudeHoMy cTaHi. CyTTeBo
YIOCKOHaJIEHO METOJ, aHaJli3y KPUBUX CTPYKTYPOYTBOPEHHS IIJISIXOM iX TpaHchopMallil y KpyBi KpUBU3HU Ta
BU3HAaY€HHSI CUHXPOHI30BaHMX YaCOBUX iHTEPBAJIiB MOSIBU 0COOGIMBOCTEN Ha rpadikax KpuBU3HU. Po3pobieHo
reoMeTpOoJMHAMIUHY MOJiesIb MOpP(dOreHe3y KOMIIO3UTIB, SIKa ONKUCY€E CTPYKTYPy Martepiany yepes3 3MiHHI 00’'eMHi
YAaCTUHU Pi3HUX FEOMETPUYHUX BUMIpPiB — TOUKOBUX, JIIHIHHUX, IOBEPXHEBUX i TpUBUMipHUX. 1]i 3MiHHI
BHKOPHCTOBYIOTHCS y OOYIOBi CTPYKTYPHOTO NIOTEHIialy, a TaKOXK [1J1s1 MOJeJII0BaHHS e(eKTiB aBTOKOJIMBAaHb,
LIMKJIIYHOTO 3apOPKEHHS i pyHHYBaHHS CTPYKTYPHHUX €JIEMEHTIB MiJ] 4ac TBepIiHHS. BUu3HaueHo 0CcO6IMBOCTI
CTPYKTYpPHU TifipaTaliiHuX HOBOYTBOPEHD Ha MIOBEPXHI 3€peH HaIiBBOJHOIO TiIICY, & TAKOXK IPOCTOPOBY CTPYKTYPY
nepudepiliHUX 30H 3 MOHMXEHOIO BIIOPSIKOBaHICTIO, SIKi POPMYIOTh OCepeKy IOTEeHIiIHOro PyHHYBaHHSI.
BcTaHOBIIEHO, 110 YTBOPEHHS CTPYKTYPY CYIIPOBOMKYETHCS BifJlIeHTPOBUM KJIACTEPOYTBOPEHHSM, B PE3YJIbTATI
SIKOTO Ha MeXKaX KJIACTEPiB BUHMKAIOTh 30HU 3HIKEHOI JIOKAJIbHOI MILIHOCTI, IO 3HAYHOIO MipOI0 BU3HAYaIOTh OIIip
Marepiany 4o TPilMHOYTBOPEHHS. [IpakTU4HI pe3ybTaTh BKIIOYAIOTh: METOJIMKY OL[iHKU CTPYKTYPHU B PEAJIBHOMY
4aci 3a TEeIJIOBI3iMHUMU Ta yJIbTPa3BYKOBUMU XapaKTEPUCTUKAMU; BU3HAYEHHSI MOMEHTIB I10YaTKy ! 3aBEPIIECHHS
TY>KaBJIEHHS Y BUCOKOHAIIOBHEHUX KOMIIO3ULiSIX, 1€ IeHeTPaLiliHi MEeTOIY HEeOCTYIIHi; KOMITIOTEPHI aJIFTOPUTMU
aHaJi3y CTPYKTYpH 3a 300paKEHHSIMU MiKpoIlpenaparis; ONTUMi3allilo CKIaay, CTPYKTYPH Ta BJIACTUBOCTEN TEIIO- i
3BYKOI30JISIL[IIHUX TilICOBUX KOMIIO3UTIB 3 MTOAAJIbIIMM BIPOBAIKEHHSIM Y OyAiBHULITBO. 3allpONIOHOBAHI Mifxoau
Iy 3MOTY IiIBULWUTHA BOLOCTIMKICTh, TEIJIO- Ta 3BYKOI30JIALIIIHI XapaKT€PUCTUKU TilICOBUX MaTepialiB i
IO3BOJIMJIM AIANTyBaTH iX O YMOB Cy4acHOTro OyZAiBHMLTBA. HayKkoBa HOBM3HA MOJIArae y NiIKPECJIEHHi poi
IAHAMIYHUX 3MiH T€OMETPUYHUX BJIACTUBOCTEMN, SKi OXOIIIOIOTh CUCTEMHY i€epapxilo CTPYKTYPHUX PiBHIB,
TOIOJIOTIYHI MeXaHi3Mu TpaHcopmaliii, Ki1acTepusallilo, CTPYKTypHi lepexoniy Ta MopdoreHes martepiaiy. 3
CHACTEMHOI Ta CTPYKTYPHOI TOYKU 30py Ha,AHO IHTEPIIPETALIil0 CUHXPOHI3allil IPOLIeCiB 3MiHYM €JIEKTPOIIPOBIAHOCTI,
€K30TepMii, IBUIKOCTI yIbTPA3BYKY Ta AieJIEKTPUYHUX BTPAT IIiJ 4YacC CTafiil CTPYKTYpPOYTBOPEHHA. Pe3ynbTaTn
BIIPOBAP)KEHO Y OYiBHULITBI i YaC BUKOHAHHS POOIT i3 yJIalITyBaHHS TEIJIO- Ta 3BYKOI30JIALIMHUX CTSDKOK i
nifjiory, a TakoX y HaB4aJabHOMY NPOLECi Yepe3 BiAIIOBiIHI OCBITHI KOMIIOHEHTH 3 (i3uKO-XiMmil,
CTPYKTYPOYTBOPEHHS, AOCII)KEHHS Ta ONTUMI3allil KOMIIO3ULiNHUX MaTepiasiB. Cdpepa BUKOPHUCTaHHS
IVCepTaLifHUX pO3p0OOK OXOIIIOE MOJEJIIOBaHHS, LOCTII)KEHHS i IPOEKTyBaHHS Oy[iBeJIbHUX MaTepiajiiB Ha

OCHOBI TiIlCcy 3 33JaHUMU CTPYKTYPHO-(YHKIiOHAJIbHUMU XapaKTepPUCTUKAMU.

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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2. Mykola Netesa
KBasigikanis: 1. 1. n., npodecop, 05.23.05
I,ILeHTI/I(l)iKaTOP ORCID ID: 0000-0002-9134-8023

JoparkoBa indpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi Iep>KaBHUI YHIBEPCUTET HAYKH i TEXHOJIOTii
Kopg 3a €IPIIOY: 44165850

Micuesnaxon)KeHHﬂ: ByJ1. JlazapsiHa, 6yz. 2, IHinpo, JHinposcbkui p-H., 49010, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Cannupkuili Mupocnas AHIpiOBUY

2. Myroslav Sanytskyi

KBasigikanis: n.1.1., npodecop, 05.17.11

InenTudikarop ORCID ID: 0000-0002-8609-6079

JopaTrkoBa indpopmamnist:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuil yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa BaHgepy, 60yza. 12, JIbBiB, 79013, Ykpaina

dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cepniok Bacune Pomanosuy

2. Vasyl Serdiuk

KBasigikamnis: n.1.1., npodecop, 05.23.05

InenTudgikarop ORCID ID: 0000-0002-2284-7371

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOM: BiHHUIILKMII HAI[IOHA/ILHUI TEXHIYHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 02070693

Micuesnaxomxeunﬂ: ByJI. XMeJIbHUIIbKeE 110ce, 6yz. 95, Binnuug, Binuunpkuit p-H., 21021, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

PeuenseHTu

VIII. 3akr04Hi BimoMocTi



Biacue IpizBume Im'st Ilo-6aThKOBI Kposskos Cepriit Onexciiosuy
rOoJIOBH pagu

BaacHe IlpizBume Im'a ITo-6aTbKOBI Kposskos Cepriit Onexciiiopuy
rOJIOBYIOYOrO Ha 3acCimaHHi

BignmoBimasbHUI 3a IIi,ILI‘OTOBKy CsitnaHa BonogumupisHa CeMeHOBa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




