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1. Yonak I. B. BusHayeHHs (i3sWYHUX BIACTUBOCTEN MOJiMEPHUX i KOMIIO3ULIITHUX MaTepiaiB MeTogamMu
MOJIEKYJISIPHOI AMHaMIKU i CTpyKTypHOi Mexaniku. — KBasigikaliliHa HaykoBa Ipalsl Ha IpaBaxX PyKOIIUCY.
Juceprauiiiny po60Ty NIPUCBSIYEHO BU3HAYEHHIO (Pi3KO-MeXaHIYHUX BJIACTUBOCTEN MOJIMEPHUX i KOMIIO3ULIIHUX
MarepiasiB METOZAMH MOJIEKYJISIPHOI IMHAMIKK Ta CTPYKTYPHOI MeXaHiKy nepe; iXHiM CUHTe30M, 1[0 HeOOXinHO
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IO peaybHUX. [IpoBeI€HO aHAITUYHUIN OTJIS1], Cy4aCHOTO CTaHy JOCHIIKeHb (i3MKO-MEeXaHIYHUX BJIACTUBOCTEN
NOJIIMEPHUX Ta KOMIIO3ULIMHNAX MaTepiasiB. PO3rysiHyTO nporpamHe 3a6e3ne4eHHs! Ta psiji CUIOBUX IOJIiB, 1[0

BHUKOPHUCTOBYIOTBHCSI 7151 MOZIEJIIOBaHHS II0JIIMEPIB Ta MOJIiIMEpPHUX HAaHOKOMIIO3uLiiHKX MaTepiasis (THKM)



METOJIaMU MOJIEKYJISIPHOL guHamiku (M]I), MeToau nobyA0BYA MOJIEKYJISIPHUX CUCTEM MOJIIMEPIB Ta KOMITO3UTIB iX
OCHOBI, ClI0CcO6Y BPiBHOBa)KEHHSI MOJIEKYJIIPHUX MOJeJieil Ta MOJaJIbIIOr0 MOJieloBaHHS (i3uKO-MeXaHIYHUX
BJIACTMBOCTEN MaTepiajiB. BCTaHOBJIEHO, 1110 METOAM YMCIIOBOTO MOZEJIIOBAHHS € MOTY>KHUMU IHCTPYMEHTaMU JJIs1
MiHiMi3alii BUTpaTu MaTepiaIbHUX PECYPCiB Ta TPUBAJIOCTI PO3POOKY HOBUX MaTepiailiB, 30KpeMa HAaHOKOMIIO3UTIB.
MopgesnioBaHHs MIPOLECIB y NIOJIiMepax Ta MOJIiMEPHUX HAHOKOMITO3UTAX Iepes, iXHiM CUHTE30M 3a JOIIOMOTO0K0
BKa3aHUX METOJiB Jla€ 3MOTY IOCJiAUTY [10BEIiHKY MaTepiasliB B HAGIDKEHUX 10 PeajbHUX YMOBAaX eKcIulyaTalii Ta
BM3HAUUTHU JOLIIBHICTh IXHBOIO BUPOOHMIITBA 11l€ Ha eTalli po3po0Ku. PO3rISHYTO B3a€MO3B 130K MK METOZAMU
MOJIEKYJISIPHOI IMHAMIKH Ta CTPYKTYPHOI MeXaHiK/ yepe3 6araToCTyNeHeBUil MifXif, 0 KOMITIOTEPHOTO
MOJIEJIIOBAHHS 17151 PO3IIVMPEHHS MOKJIMBOCTEN MOZEJIOBAHHS. BCTaHOBJIEHO, IO BUKOPUCTAHHS
6araToCTyIeHEeBOTO MiIX0AY CIIpHUsi€ 3MEHLIEHHIO BUKOPUCTOBYBAHUX IIOTYKHOCTEM KOMITIOTEPA Ta PO3LIKPIOE
4acoBi Ta IPOCTOPOBI IPaHuLi AOCIIKYBAaHNX CUCTEM. 3 BUKOPUCTAaHHAM Iporpamu LAMMPS niposeneHo
MOJIEKYJISIPHO-AMHAMiYHe MOJeI0BaHHS (Pi3NKO-MeXaHIYHUX BJIACTMBOCTEH rosieTusieHy. Pe3ynbraT Bepudikauii
MoJIeKyJIsIpHOi Mopei nosietuneny (I1E) nokazany, mo orpumani gaHi M1 MozesioBaHHS abo 36iraloTbCst 3
HasSIBHMMMU JIiTEpaTypHUMU JaHUMHU, 800 HAOJIVKEHI 10 HUX. 3a aHAJIOTiYHUMMU aJITOPUTMaMU [IPOBENIEHO
TEOPETUYHI JOCIiIKEeHHS MEXaHIYHUX BJIACTUBOCTEN HAHOKOMIIO3UTIB MOJlieTUIIEH-BYyTJleleBi HaHOTpyoKu ([1E-
BHT) i [IE-rpaden MeTogamu MOJIeKyISIpHOI AuHaMmiku. [IpoBeieHO MOJIeKyISIPHO-IMHAMiYHe MOZIEII0BAaHHS
Ter10isnyHUX BaacTuBocTeil HaHokomno3uTiB [IE-BHT i [1E-rpadeH, 1110 BKIOYaOTh: TEIJIONPOBiAHICTb, MACOBY
i300apHy TeIJI0EMHICTb, KOeillieHT JiHiIiHOro TemneparypHoro posuupeHHs (KJITP) ta Temneparypy CKlyBaHHS.
OTpuMaHoO HeJliHilHI ABONapaMeTPUYHi 3a/1eXKHOCTI MeXaHIYHUX Ta Terodisuynux Bnactusocteit [TE-BHT i T1E-
rpadpeH y pmianasoni 3minu temnepatyp (280-320) K ta 06'eMHoi yacTku HanosHIoBauis (0-2,0) % i (0-1,5) %
BiAnoBigHO. [Ipy 1jpbOMY /1711 pO3pOOKU HOBUX HAHOKOMITIO3UIIIHMX MaTepiaiB He NOTPiOHO BUKOHYBATU JJOCTATHBO
CKJIaJIHi ¥ TpUBaJIi YMCJIOBi eKcriepruMeHTH Ha 6a3i M/ MozesioBaHHS. BKa3aHMI KOMILJIEKC BJIACTUBOCTEN MOTPiOEH
D711 MOZIEJTIOBaHHS TEPMO-TIPY>KHO-TIJIACTUYHOTO CTaHy BUPOO6iB 3 HaHoKomno3uTiB [TE-BHT i [1E-rpaden B ymoBax
eKcIulyaTalii B KOHTUHyaabHOMY HabsmkeHHi. CHopMyIbOBAaHO MaTeMaTHUYHi Ta po3p0O06JIEHO BifIIOBiIHI YACIIOBI
MogeJi 3a7a4 Hallpy>XeHO-1€(POPMOBAHOTO CTaHy [J1 MOZEJIIOBAaHHS BUNIPOOYBaHb HAHOKOMIIO3ULiTHUX
marepiasnis tuny [1E-BHT 3 ¢pyHkuionanisoannmu BHT y Ha6mmKeHHi i30TpOnHOro cepenosula. BUKoHaHO
IOCTimKeHHS e(PeKTUBHUX MeXaHIYHUX BJIacTUBOCTe HAaHOKOMITO3UTiB [IE-BHT 3 pi3HOI0 06'€MHOIO YaCTKOIO Ta
IOBiIbHUM pO3TallyBaHHSAM PyHKUioHani30BaHUX BHT pisHOi HOBXMHU B NIOJIiIMEPHIN MaTpuli. Po3pobaeHo
iHCTPYMEHTHU y BUIJISIAI MaTeMaTUYHUX MOJEJIel, METOAUK TEOPETUYHHUX JOCIIIKEHb (Pi3MKO-MEXaHIYHUX
BJIACTUBOCTEN MOJIMEPHUX MaTepiajliB METOIAMU MOJIEKYJISIPHOI AUHAMIKY i CTPYKTYPHOI MEXaHIiKM Ta PO3PaxyHKY
[IaKOBaHb, B SIKMX 3aCTOCOBYIOTbCS MTOJIiMEPHI HAHOKOMITO3U1IiliHI MaTepianu. Po3pobseHo pekoMeHaalii mono
BMKOPHMCTAHHSI N10JIiIMEPHUX HAHOKOIIO3ULIHUX MaTepialiB y IPOMUCIOBOMY BUPOOHUIITBI Ta 1aKyBaJIbHIlN
inpycTpii. BusHaueHo e(peKTUBHICTb 3aCcTOCyBaHHS HaHOKoMno3uty [1E-BHT 3amicts I1E y Tpy6ax s
BOJIOIIOCTAa4YaHHS Ta EMHOCTSIX [1J1s1 30epiraHHs XiMikaTiB 3a JONIOMOTOI0 BiITIOBIIHUX [TOPIBHSJIBHUX PO3PaXyHKIB
HaIpyXeHo-Ae(OPMOBAHOr0 CTaHy. Pe3ysbTaTi fycepTalifiHOi po60TH BIIPOBA/I)KEHO Y HABYaJIbHUI [TPOLieC
Kadenpu XiMiYHOrO, NOJIIMEPHOTO i cuiikaTHOro MamuHo6ynysanHs KI1I iM. Iropst CikopebKoro mif 4ac
BUKJIQJIaHHSI IUCUUILTIH «JJOCTiIKeHHS Ta iHKMHIPUHT [IaKyBaJIbHOTO 00J1aHaHHY, «[IpuKianHi npobiemu
MEXaHiKH CYLiJIbHUX cepenloBull», «HaykoBa po60oTa 3a TEMOIO MaricTepchbKoi AucepTalii» s creuniaapHoCTi «131

- [lpuxkiagHa MexaHikay, cneljanisanii «|HKMHIpYHT IaKOBaHb Ta 1aKYBAJIbHOTO O0JIaIHAHHS».

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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TEXHOJIOTI! TOMIO) AJ1s1 3a0€3MeYeHHS eKCIIOPTHOTrO NOTEHIialy Ta 3aMillleHHIO IMIIOPTY

OxopoHHi gokymeHTH Ha OIIIB:

Bunaxonu, KOpYCHi MOJieJIi, TPOMUCIIOBI 3pa3Kku
Crioci6 TpuBUMipHOro ApyKy BUpo6iB: rat. N2 147783 U Vkpaina, MIIK (2017.01) B29C 64 /10 / A.4.
Kapsanpkuit, 1.0. Mikynponok, C.B. Jleneka, B.B. Cosnose#, [.B. Omesnpuyk (Hos1ak); 3as1BHUK i TaT€HTOBIACHUK
- KIII im. Irops Cikopcbkoro. N2 u202100801; 3assi. 22.02.2021; ony61. 09.06.2021, Bros1. N2 23 /2021

BrnpoBaakeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBHMH TeMaMH: N2 JIP 0122U201697

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHUKIB (KOHCYJIbTAaHTA)

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. KapBaupkuit AHTOH SIHOBUY

2. Anton Y. Karvatskyi

KBasigikanis: n.r.u., c.a.c., 05.05.13
InenTudgikarop ORCID ID: 0000-0003-2421-4700
JopaTrkoBa indpopmamnis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kyputok Bacunb BacunboBuy



2. Vasyl V. Kuryliuk

KBasidikanis: k. ¢.-m. 1., gor,., 01.04.07
ImenTudikarop ORCID ID: He zactocoyerbcs
JoparkoBa iHdopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0Cc00H: KuiBchkuil HallioHasIbHUI YHiBepcuTeT iMeHi Tapaca

IlleBuenka

Kopg 3a €IPIIOY: 02070944

MicueSHaxo,q)KeHHﬂ: ByJI. Bonopumupceka, 6ya. 60, Kuis, 01033, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. CoBa Hapist BonogumupisHa
2. Nadiia V. Sova

KBasigikanis: 1. 1. n., npodecop, 05.17.06
ImenTudikarop ORCID ID: 0000-0003-3550-6135

JoparkoBa iHpopMmamist: 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 HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: KuiBChKMil HALLIOHAIbHMIT YHIBEPCUTET TEXHOJIOTIN Ta IU3aiiHy
Kopg 3a €IPIIOY: 02070890

Micuesnaxo;perHﬂ: ByJ. Mana IllusiHoBCEKa, 6yA. 2, Kuis, 01011, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH | HAayKU YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tonpnax Onexcangp Bonogumuposuy

2. Oleksandr V. Gondlyah

KBasigikamnis: 1.1.1., npodecop, 01.02.04
Imentudikarop ORCID ID: 0000-0003-2490-2829
JopaTrkoBa iHdpopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HanionanbHuil TexHiuyHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHUM IHCTUTYT iMeHi Irops Cikopcekoro”



Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHH: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im'st [10-6aThKOBI:
1. Konopes Ceprii1 IropoBud

2. Sergiy 1. Konorev

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

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu#t TexHiyHuil yHiBepceuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHMI IHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

ImentTudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJIr04Hi BiZoMOCTi

BaacHe IlpizBume Im's I1o-6aTbKOBI Kpumyk Mukosa I'eoprifiosiy
rOJIOBH pajau

BnacHe IlpizBume Im's [10-6aTbKOBI Kpuiyk Mukosna ['eopriiosuy
rOJIOBYIOYOro0 Ha 3acigaHHi

BiamoBiganbHUH 32 MiZITOTOBKY Yonak IpuHa BonionnmupisHa

00JIIKOBHX JOKYMEHTIB

PeecTtparop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpyenko TeTsHa AHaToliiBHA

OisiIBHOCTI




