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1. Yonax I. B. BusHaueHHs Qi3UYHUX BJIACTUBOCTEN MOJIMEPHUX i KOMIIO3ULIMHUX MaTepialiB MeTogaMu
MOJIEKYJISIPHOI IMHAMIKU 1 CTPYKTypHOI MexaHiku. — KBanidikauiiiHa HayKoBa ITpallsi Ha IIpaBax PyKONUCY.
Juceprauifiny poboTy NPUCBSYEHO BU3HAYEHHIO (Pi3UKO-MeXaHiYHUX BJIACTUBOCTEN MOJiIMEPHUX i KOMIIO3ULIITHUX
MarepiasiB METOJaMU MOJIEKYJISIPHOI IMHAaMIKU Ta CTPYKTYPHOI MEXaHiKY nepe iXHiM CUHTEe30M, 1110 HEOOXiIHO

17151 IPOTHO3YBAHHS iXHBOI €()EKTUBHOCTI IPY BUPIIIEHH]I KOHKPETHUX 3aBIaHb B YMOBAX €KCILTyaTallil HAOIDKEHUX



[0 peanbHUX. [IpoBeeHO aHAMITUYHUN OIJIS], CYy4YaCHOTO CTaHy AOCHiIKeHb (Pi3sUKO-MEeXaHIYHUX BIACTUBOCTEN
[OJIiIMEPHUX Ta KOMITO3ULITHMX MaTepianiB. Po3risiHyTo nporpamMHe 3abe3reyeHHs Ta psif, CUJIOBUX I1OJIIB, [0
BHUKOPHUCTOBYIOTBHCS 17151 MOZIEJIIOBaHHSI II0JIIMEPIB Ta NOJIIMEPHUX HAaHOKOMIIO3uULiltHKX MaTtepiasis (THKM)
METOJaMU MOJIEKYJISIPHOL guHamiku (M]I), MeToau no6yA0BYA MOJIEKYJISIPHUX CUCTEM MOJIIMEPIB Ta KOMITO3UTIB iX
OCHOBI, CrI0cO6Y BPiBHOBa)KEHHSI MOJIEKYJIIPHUX MOZeJieil Ta MOaJIbIIOro MOJeIl0BaHHS (i3UKO-MeXaHIYHUX
BJIACTMBOCTE MaTrepiasiB. BCTaHOBJIEHO, 1110 METOAM YMCIIOBOTO MOZEJIIOBAHHS € NTOTY>KHUMU IHCTPYMEHTaMU JJIs1
MiHiMi3allii BUTpaTu MaTepiajlbHUX PECYPCiB Ta TPUBAJIOCTI PO3POOKY HOBUX MaTepiasiB, 30KpeMa HAaHOKOMIIO3UTIB.
MopemoBaHHs IPOLECIB y MOJIIMEPax Ta MOJIiMEPHMUX HAHOKOMIIO3UTAX [1epef, iXHIM CHMHTE30M 32 JOMIOMOT0I0
BKa3aHUX METOJiB Jla€ 3MOTY IOCJIAUTY [10BEIiHKYy MaTepiasiB B HAGIDKEHUX 10 PeajlbHUX YMOBaX eKcIulyaTalii Ta
BM3HAUUTHU JOLIIBHICTh IXHBOIO BUPOOHMIITBA 11le Ha eTarli po3poOKu. PO3rIsHYTO B3aEMO3B 130K Mi>K METOAMU
MOJIEKYJISIPHOI AMHAMIKU Ta CTPYKTYPHOI MexaHiKu yepe3 6araToCTylneHeBUi Miixill 1O KOMITIOTEPHOTO
MOJEJIIOBAHHS 17151 PO3IIMPEHHS] MOKJIMBOCTEN MOZEJIOBAHHS. BCTaHOBJIEHO, IO BUKOPUCTAHHS
6araToCTyIeHeBOro MiIX04y CIIpHsie€ 3MEHLIEHHIO BUKOPUCTOBYBAHUX MIOTYKHOCTEM KOMITIOTEPA Ta PO3LMIUPIOE
4acoBi Ta IPOCTOPOBI IPaHULi AOCIIKYBAaHNX CUCTEM. 3 BUKOPUCTAaHHAM Iporpamu LAMMPS niposeneHo
MOJIEKYJISIPHO-IMHAMIYHE MOZEJIOBAaHHS (Pi3MKO-MEXaHIYHUX BJIACTUBOCTEN NosieTuaeHy. PesyipraTy Bepudikarii
MoJieKysipHoi mogesi nonietuneny (I1E) nokazanu, mo oTpumai naHi MJI MmozesioBaHHS abo 36iraloTbCs 3
HasIBHMMU JIiT€PaTyYPHUMU JaHUMHU, a60 HAOIMKEH] 0 HUX. 32 aHAJIOTIYHUMMU aJITOPUTMAaMU IIPOBEJIEHO
TEOPETUYHi JOCIiIKEeHHSI MEXaHIYHUX BJIACTUBOCTEN HAHOKOMIIO3UTIB M0JlieTUIIeH-ByTJyleleBi HaHOTpyoKu ([1E-
BHT) i [IE-rpadeH meTogamu MOJIEKYJISIPHOI AUHAMIKU. [IpoBeeHO MOJIEKY ISIPHO- JUHAMIYHE MOJIEIIOBaHHS
Ter10disnyHUX BaacTuBocTeil HaHokoMmno3uTiB [IE-BHT i ITE-rpadeH, 110 BKIIIOYAIOTh: TEIJIONPOBiAHICTb, MACOBY
i306apHy TeMJI0EMHICTb, KoeQillieHT JiHilHOro TemneparypHoro posuupeHHs (KJITP) ta Temneparypy CKyBaHHS.
OTpumaHoO HeJliHilHI ABONapaMETPUYHI 3aJIEKHOCTI MEXaHIYHUX Ta TennodizndHux Bnactusocten [IE-BHT i T1E-
rpadpeH y nmianasoni 3minu Temnepatyp (280-320) K ta 06'eMHoi yacTku HanoBHIoBayis (0-2,0) % i (0-1,5) %
BiAnoBigHo. [Ipy 1jpboMY /1711 pO3pOOKU HOBUX HAHOKOMITIO3UIIIHMX MaTepiaiB He NOTPiOHO BUKOHYBATU JJOCTATHHO
CKJIaJIHi 11 TpPMBaJIi YMCJIOBi eKCIIepUMEHTH Ha 6a3i M/l MozeoBaHHs. BkazaHUI KOMIIJIEKC BJIACTUBOCTEN OTPiOEH
17151 MOZIEJII0OBAaHHS TEPMO-TIPY>KHO-TJIACTUYHOTO CTaHy BUPO6iB 3 HaHOKoMno3uTiB [1E-BHT i [IE-rpaden B ymoBax
eKcIulyaTalii B KOHTUHyaabHOMY HabsmkeHHi. CHopMyIbOBAaHO MaTeMaTU4Hi Ta po3po06JIeHO BifIIOBiHI YNCIIOBI
MogeJi 3a7a4 Hallpy>kKeHO-1e(POPMOBAHOT0 CTaHy [1JI1 MOZEJIIOBAaHHS BUNIPOOYyBaHb HAHOKOMIIO3ULiTHUX
marepianis Tuny [1E-BHT 3 ¢yHkuioHanizoBanumu BHT y HabnvKeHHi i30TpONHOro cepenosuia. BUKOHaHO
IOCIimKeHHS e(PeKTUBHUX MeXaH{YHUX BJIAaCTUBOCTE HAaHOKOMITO3UTiB [IE-BHT 3 pi3HOI0 06'€MHOIO YaCTKOIO Ta
IOBIIbHUM po3TaulyBaHHSAM PyHKUioHani30BaHUX BHT pisHOi BOBXMHYU B NIoJIiMepHiil MaTpulLi. Po3pobiaeHo
iHCTpyMEHTHU y BUIJIi MAaTEMAaTUYHUX MOZEJEN, METOIUK TEOPETUYHUX AOCHIIKEHD (Pi3UKO-MEXaHIYHUX
BJIACTUBOCTEMN MOJIIMEPHUX MaTepiasiB METOJaMIU MOJIEKYJIIPHOI AMHAMIKY i CTPYKTYPHOI MEXaHIKU Ta PO3PaxXyHKY
[IaKOBaHb, B SIKMX 3aCTOCOBYIOThCS MTOJIiMEPHI HAHOKOMITO3ULIiliHI MaTepianu. Po3pobyieHo pekoMeHaalii mono
BMKOPHUCTaHHSI N10JIiIMEPHUX HAHOKOIIO3ULIIHUX MaTepialiB y IPOMUCIOBOMY BUPOOHUIITBI Ta 1aKyBaJbHIil
ingyctpii. BusHaueHo e(eKTUBHICTb 3acTocyBaHHS HaHOKomno3uTy [TE-BHT 3amicTts I1E y Tpy6ax njis
BOJIOIIOCTAa4YaHHS Ta EMHOCTSIX [J1s1 30epiraHHs XiMikaTiB 3a JOIIOMOTOI0 BiTIOBIIHNX [TOPIBHSAJIPHUX PO3PaXyHKIB
Hanpy>XeHO-1e(POPMOBAHOrO CTaHy. PeaysipTaTy grcepTauiiiHoi po60TH BIIPOBA/IKEHO Y HaBYAJIbHUI MTPOLIEC
Kadenpu XiMiuHOro, NoJiMEPHOTO i cusikaTHoro MamuHo6ynysanHs KIII iM. Iropst Cikopebkoro mif 4ac
BUKJIAJIaHHS IUCUUILTIH «JJOCTiIKeHHS Ta iHKMHIPUHT NIaKyBaJbHOTO 06J1aHaHHAY, «[IpuKnanHi npobiemu
MeXaHiKu CyLiJIbHUX cepesoBullly, «HaykoBa po60Ta 3a TEMOIO MaricTepchKoi fucepTalii» aJs cnenianbHocTi «131

- [lpuxiafHa MexaHikay, cneljanisanii «|HKMHIpYHT IaKOBaHb Ta 1aKyBaJIbLHOTO O0JIalHAHHSI».

2. Cholak I. V. Determination of the Physical Properties of Polymer and Composite Materials by Methods of
Molecular Dynamics and Structural Mechanics. - Qualifying scientific work on the rights of the manuscript. The
dissertation is devoted to the determination of the physical and mechanical properties of polymer and composite
materials using molecular dynamics (MD) methods and structural mechanics before their synthesis, which is
necessary for predicting their effectiveness in solving specific tasks under conditions close to real-world
operations. An analytical review of the current state of research on the physical and mechanical properties of



polymeric and composite materials was conducted. The software and various force fields used for modeling
polymers and polymer nanocomposite materials (PNCMs) by MD methods, the techniques for building molecular
systems of polymers and composites, and the ways of equilibrating molecular models for further simulation of the
materials’ physical and mechanical properties were considered. It was established that numerical modeling
methods are powerful tools for minimizing the consumption of material resources and the time required for the
development of new materials, particularly nanocomposites. Modeling processes in polymers and polymer
nanocomposites before their synthesis using the mentioned methods allows studying the behavior of materials
under conditions approximating real operational environments and determining the feasibility of their production
at the design stage. The relationship between molecular dynamics and structural mechanics methods was
considered through a multiscale approach to enhance modeling capabilities. It was found that the use of a
multiscale approach helps to reduce the computational power required and extends the temporal and spatial
boundaries of the systems under study. Using the LAMMPS software, MD modeling of the physical and mechanical
properties of polyethylene was carried out. The results of verifying the polyethylene (PE) molecular model showed
that the MD simulation data either matched or were close to the available literature data. Theoretical studies of
the mechanical properties of polyethylene-carbon nanotube (PE-CNT) and PE-graphene nanocomposites were
carried out using similar algorithms. Molecular dynamics modeling of the thermophysical properties of PE-CNT
and PE-graphene nanocomposites was conducted, including thermal conductivity, specific isobaric heat capacity,
the coefficient of linear thermal expansion (CLTE), and the glass transition temperature. Nonlinear two-parameter
dependencies of the mechanical and thermophysical properties of PE-CNT and PE-graphene in the temperature
range of (280-320) K and the filler volume fractions (0-2.0 %) and (0-1.5 %), respectively, were obtained. For the
development of new nanocomposite materials, it is no longer necessary to perform complex and lengthy numerical
experiments based on MD modeling. This set of properties is needed for modeling the thermo-elasto-plastic state
of PE-CNT and PE-graphene nanocomposite products under operational conditions in a continuum
approximation. Mathematical models were formulated, and corresponding numerical models were developed for
the stress-strain state tasks for testing PE-CNT nanocomposite materials with functionalized CNT in an isotropic
medium approximation. Research was conducted on the effective mechanical properties of PE-CNT
nanocomposites with various volume fractions and random placement of functionalized CNTs of different lengths
in the polymer matrix. Tools in the form of mathematical models, theoretical research methods for studying the
physical and mechanical properties of polymeric materials by molecular dynamics and structural mechanics
methods, and calculations for packaging that use polymer nanocomposite materials were developed.
Recommendations were made for the use of polymer nanocomposite materials in industrial production and the
packaging industry. The efficiency of using PE-CNT nanocomposites instead of PE in water supply pipes and
containers for storing chemicals was determined using corresponding comparative stress-strain state calculations.
The results of the dissertation were implemented into the educational process of the Department of Chemical,
Polymer, and Silicate Engineering at Igor Sikorsky Kyiv Polytechnic Institute during the teaching of courses such
as "Research and Engineering of Packaging Equipment", "Applied Problems of Continuum Mechanics", and
"Scientific Work on the Topic of the Master's Thesis" for the specialty "131 - Applied Mechanics", with a focus on
"Packaging Engineering and Packaging Equipment".
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CoriasibHO-eKOHOMIYHA CIPSIMOBAHICTb: CTBOPEHHS MPUHIMIIOBO HOBOI MPOJYKILii (MaTepiatis,

TEXHOJIOTI! TOIO) AJ1s1 3a0e3MeYeHHs] eKCIIOPTHOTO NIOTEeHIialy Ta 3aMillleHHIO IMIIOpTY

OxopoHHi gJokymeHTH Ha OIIIB:

Bunaxonu, KOpUCHI MOJieJIi, MPOMUCIIOBI 3pa3Ku
Cnoci6 TpuBumipHoOro apyky Bupo6is: nat. N2 147783 U Vkpaina, MIIK (2017.01) B29C 64 /10 / A.4L.
Kapsanpkuii, 1.0. Mikynbonok, C.B. Jleneka, B.B. Cosnosel, I.B. Omesnpuyk (Hos1akK); 3asBHUK i NaTEHTOBJIACHUK
- KIII im. Irops Cikopcekoro. N2 u202100801; 3ass. 22.02.2021; ony6s1. 09.06.2021, Bros. N2 23 /2021

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: N2 JIP 0122U201697

VI. BizomocCTi Ipo HayKOBOr0 KepPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KapBaupbkuit AHTOH SJHOBUY

2. Anton Y. Karvatskyi

KBasigikanis: n.r.1., c.h.c., 05.05.13
InenTudikarop ORCHID ID: 0000-0003-2421-4700
JoparkoBa inHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HaujoHnanbHuii TexHi4HMiA yHiBepcuTeT YKpainu "KuiBchkuit

NOJIITeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH:. YHiBEPCUTETCHKUI

VII. BinomocrTi npo odiniliHuX OIIOHEHTIB Ta PEI€H3E€HTIiB

OdiuiiiHi OTIOHEHTH



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kyputok Bacuibs BacunboBuy

2. Vasyl V. Kuryliuk

KBasigikamis: k. ¢.-m. 1., gor., 01.04.07
ImenTudikarop ORCHID ID: 0000-0003-0898-8888
JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOPUOHUYHOL 0C00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

IlleBuenka

Kopg 3a €IPIIOY: 02070944

Micuesnaxomkeunﬂ: ByJI. Bonopumupcska, 6ya. 60, Kuis, 01033, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHiBEepCHTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CoBa Hapgis BonogumupiBHa

2. Nadiia V. Sova
KBasigikamis: 1. 1. ., npodecop, 05.17.06
InenTudikarop ORCHID ID: 0000-0003-3550-6135

JoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=56685569600;
https:/ /www.webofscience.com /wos/author /record /L-4479-2018;
https:/ /scholar.google.com.ua/citations?user=cUevMIQAAAA]

IloBHe HaliMEeHYBaHHSI IOPUAHUYHOI 0COOM: KuiBChKMIil HALLIOHAIbHMIT YHIBEPCUTET TEXHOJIOTIN Ta AU3aiiHy
Kopg 3a €IPIIOY: 02070890

MiCHCBHaXO,T.[)KeHHH: ByJ. Mana IllusiHOBCEKa, 6y1. 2, Kuis, 01011, YkpaiHa

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH:. YHiBePCUTETChKUIL

Peuensentu

BiacHe IIpizBuie Im'sa Ilo-6aTbKOBI:
1. Tonpnax Onekcanzp Bonogumuposud

2. Oleksandr V. Gondlyah

KBasigikanis: n.1.1., npodpecop, 01.02.04



I,T.[eHTI/I(l)iKaTop ORCHID ID: 0000-0003-2490-2829
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0OM: HarioHanbHUil TexHiYHMI yHiBepcuTeT YKpainu "KuiBchkuit

MOJIITEXHIYHUM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma ByracHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR: He zacrocosyerbcs

CeKTOop HayKH:. YHiBEPCUTETCHKUI

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Konopes Ceprii1 IropoBuy

2. Sergiy 1. Konorev

KBasigikamis: . r. u., gouenrt, 05.16.01
InenTudikarop ORCHID ID: 0000-0001-9030-0397
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHuit TexHiuyHuil yHiBepeuteT Ykpainn "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops CikopcpKoro”

Kog 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: YHiBepCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI
Biiacue IlpisBume Im's ITo-6aThKOBI Kpumyk Mukosa ['eopriiosid

TOJIOBH pajgu

Biiacue IlpisBuie Im's I1o-6aThKOBI Kpumyk Mukosa ['eopriitosud

TOJIOBYIOYOTO Ha 3acCiaHHi

BiamoBigabHUH 32 MiZTOTOBKY Honak IpuHa BosionnmupisHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




