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Pedepar:

1. ¥ nuceprauiiiHiit pob0Ti BUKOHaHE YMCJIOBE MOJIEJIIOBAaHHS Ta aHaJli3 Hallpy>KeHO-Ae(OopMOBaHOIO CTaHy
TOHKOCTiHHUX LUUJIIHAPUYHUX Ta 3pi3aHUX KOHIYHUX 000JIOHOK 3 KDYTOBUMU Ta NPSIMOKYTHUMU OTBOPaMU 3i
CTPIiYKOBHMMM BKJIIOYEHHSIMU, MaTePiaj SKUX Ma€ BJIACTUBOCTI, 110 BiPi3HSIOTHCS Bifl 6a30BOro Marepiaity
000JI0HOK. JIOCTIiI>KEHO BIIJIMB 3MiHM MOZYJIS IIPY>KHOCTI BKJIIOUEHHSI Ta HOT0 reOMeTPUYHUX IlapaMeTpiB Ha
HarnpyeHo-1edOpMOBaHMI CTaH 0O0JIOHOK B OKOJIi OTBOPIB I1pY BapiloBaHHi MaTepiasy BKJIIOYEHD Ta iX IIMPUHHU.
Beakasocs, 10 BKIIOUEHHS OJHOPiHI, 3HaXOOAThCS Y TIOMMHI 060JI0HKH, MK MaTPULIEIO i BKIIIOUEHHSIMHU 331aHO
YMOBH >KOPCTKOT'O 34€IlJIeHHS. BUKOHAHO NOPiBHSJIBHUI aHaJli3 OTPMMAHUX PE3yJIbTATiB 117151 000JIOHOK 060X (OpM

- UIWIIHAPUYHUX i KOHIYHUX 3 KPYTOBUMU Ta KBaJPaTHMMU OTBOPaMU. 3MiICHEHO aHaJli3 3MiHU XapaKTepy



PO3I0AiNy HAllpyKEHb B OKOJIi OTBOPIB 3a HASIBHOCTI BKJIIOYEHDb HABKOJIO HUX Ta BIUIMBY MaTepiany BKIIOYEHHS Ha
BeJINYMHY KoedillieHTa KOHLeHTpallii Halpy>KeHb, HAAHO PeKOMeHAallii {010 3aCTOCYBaHHS BKJIIOUEHb B
TOHKOCTiHHUX CTPYKTYPHO HEOJHOPIAHUX UUIIHAPUYHUX i KOHIYHUX 000JIOHKAX 3 Pi3HUMU OTBOPaMH, 110 J03BOJISIE
BILJIMBATH Ha iX HaNpyXeHO-Ae(MOPMOBAHUN CTaH 3 METOIO MiIBULLIEHHS MiLIHOCTi €JIEMEHTIB KOHCTPYKLiH,
30Kp€eMa, aBialliiiHoi, paKeTHO-KOCMIYHOI TEXHIKM Ta iH. HayKoBa HOBU3HA OJlep>KaHMX PE3YyJIbTATIB [10JIAra€e B
PO3poOLi MaTeMaTUYHUX PO3PaXyYHKOBUX MOJesiell 1j1sl BUBHAUEHHSI HallPy>KeHO-1e(pOPMO—BaHOI'O CTaHY
II7IaCTMHYaTO-000JIOHKOBUX €JIEMEHTIB KOHCTPYKLiN B BUTJISIi OTBOPIB i BKJIIOUEHD 3 ypaxyBaHHAM clienu@iky ix
reomeTpii. PO3po6s1eHO METOIMKY BU3HAUEHHSI TapaMeTpPiB HAaIPY>KeHO-1e(pOPMO—~BAaHOT'O CTaHy CTPYK-~TYPHO
HEOJHOPIHUX Tijl 3 pi3HUMU OTBOPaMHU i BKJIIOYEHHSIMU HaBKOJIO HUX IIPU IIPY>KHOMY Te(pOpMyBaHHI HAa OCHOBI
BHMKOPHCTaHHS METO/ly CKIHU€HHUX €JIEMEHTIB. BcTaHOB/IEHO Ta OOI'PYHTOBAHO palioOHa/IbHI TapaMeTpy BKJIIOUYEHD,
110 HaIAlI0Th 3MOTY 3MEHIIMTY KOHLIEHTPAllil0 HAallpyKe€Hb B 000JIOHKAX HABKOJIO JIOKAJIbHUX KOHLIEHTPATOPiB
HarnpyskeHb. BusBieHo MexaHivyHi epeKTy momo 3MiHM JIoKallii KOHIEHTPallii Halpy>XKeHb B 3aJIeXKHOCTI Bifg BULY
OTBOPIB i CIIOJIy4Y€HHS [TapaMeTPiB BKJIIOYEHb. 3HANIEHO 3aKOHOMIPHOCTI 3MiHU PO3IOAily HAIIPYKEHb i
Iedopmaliil B 060JI0HL 3 PI3HMUMU OTBOPAMU B 3aJIEXKHOCTI Bifl IX po3TallyBaHHs, BUAY i BJTACTUBOCTEN BKJIIOUEHD.
3aBpsKY aHai3y 3MiHM XapaKTepy pO3IOisly HAalIPY>KEHb B OKOJII OTBOPIB 32 HASIBHOCTI BKJIIOYEHD Ta BILJIUBY
Marepiasy BKJIIOUEHHs Ha BeJIMYUHY KoedillieHTa KOHIeHTpallil Hallpys>KeHb [J1s1 000X BUTiB 000JIOHOK BUPOOGJIEHO
peKoMeHalii 100 3aCTOCYBaHHS BKJIIOYEHDb B TOHKOCTIHHUX CTPYKTYPHO HEOAHOPITHMX 060JIOHKAX 3 Pi3HUMU
OTBOpaMy, 110 JJO3BOJISIE BIJIMBATU Ha iX HANpyKeHO-Ae(pOpMO-BaHM CTAH 3 METOIO MiIBULIEHHS MILTHOCTI
€JIEMEHTIB KOHCTPYKUiil. [IpakTUyHe 3HaY€HHS Oflep’KaHUX Pe3YJbTaTiB [10JISITA€ B TOMY, 10 PO3PO6IeHi
PO3paxyHKOBi MoJesii i MeTOMKa 3HaxXOKEHHS pallioHaIbHUX 3 TOYKU 30PY 3MEHIIeHHs KoediljieHTa
KOHIIEHTpallil HalIpy>kKeHb MEXaHIYHUX i FEOMETPUYHUX [TapaMeTPiB BKIIOYEHb B 000JIOHKOBUX €JIeMEHTax
KOHCTPYKIIiii 3 KpyrOBUMHU i IPSIMOKYTHUMU OTBOPaMM MOXYTb CJIy>KUTH HAyKOBO-METOJUYHOIO OCHOBOIO 17151
[IepCIIeKTUBHUX PO3POOOK B MeXaHilli e OpMOBaHOTO TBEPLOTO Tijla, HANAIOTh 3MOTY TPOBOAUTY JOCIiIKEHHS
aKTyaJIbHUX 33J1a4 MEXaHiKH, SIKi BUHMKAIOTh B iH)KEHEPHI ITPaKTULi IPU PO3PaXyHKax MilIHOCTi HEOAHOPIIHUX
KOHCTPYKLIi# 3 pi3HOMaHITHUMU KOHLIEHTPATOpaMy HanpykeHb. Ofep>kaHi pe3ybTaTi PO3BsI3aHUX 3334 [1JIs1
CTPYKTYPHO HEOJHOPITHUX UUJIHAPUYHUX | KOHIYHMX 060JIOHKOBUX €JIeMEHTIB KOHCTPYKLiN MOXKYTh
6e3rocepeiHbO BUKOPUCTOBYBATHCS IIPY ITPOTHO3YBaHHI 6€3[1e4HO0I pOOOTU Bif[TOBiAHUX KOHCTPYKILil B
MalKMHOOYyBaHHi, EHEPreTUlli, OyAiBHULTBI, a6€POKOCMIUHIl TEXHIlli TOIO. 3aIIPOIIOHOBAHA METOJMKA 100
3MEHIIEeHHs KOHLIEHTpallil Halpy>KeHb HABKOJIO OTBOPIiB MOXKe GyTH 3aCTOCOBAHA Y HAYKOBO-[IOCIJHUX i TPOEKTHO-
KOHCTPYKTOPCBHKHUX OpraHi3alisix Ipy IPOEKTYBaHHI, pO3PaxyHKY i OLIiHIli MilIHOCTi €JIEMEHTIB KOHCTPYKLill HOBOI
TE€XHiKH, 30KPeMa, PaKETHO-KOCMIiYHOI.

2. Numerical modeling and analysis of the stress-strain state of thin-walled cylindrical and truncated conical shells
with circular and rectangular holes with ribbon inclusions, the material of which has properties different from the
base material of the shells, was performed in the dissertation work. The effect of changing the elastic modulus of
the inclusion and its geometric parameters on the stress-strain state of the shells around the holes was
investigated when the material of the inclusions and their width were varied. It was assumed that the inclusions
are homogeneous, located in the plane of the shell, and the conditions of rigid adhesion were set between the
matrix and the inclusions. A comparative analysis of the obtained results was performed for shells of both shapes -
cylindrical and conical with circular and square holes. An analysis of the change in the nature of the stress
distribution around the holes in the presence of inclusions around them and the influence of the inclusion material
on the value of the stress concentration coefficient was carried out, recommendations were given for the use of
inclusions in thin-walled structurally heterogeneous cylindrical and conical shells with different holes, which
allows influencing their stress-strain state in order to increase the strength of structural elements, in particular,
aviation, rocket and space technology, etc. The scientific novelty of the obtained results lies in the development of
mathematical calculation models for determining the stress-strain state of plate-shell elements of structures in
the form of holes and inclusions, considering the specifics of their geometry. A technique for determining the
parameters of the stress-deformed state of structurally heterogeneous bodies with various holes and inclusions
around them during elastic deformation based on the use of the finite element method has been developed. The



rational parameters of the inclusions, which make it possible to reduce the stress concentration in the shells
around the local stress concentrators, have been established and substantiated. The mechanical effects regarding
the change in the location of the stress concentration depending on the type of holes and the combination of the
parameters of the inclusions were revealed. Patterns of changes in the distribution of stresses and deformations in
the shell with different openings were found, depending on their location, type, and properties of inclusions.
Thanks to the analysis of the change in the nature of the stress distribution around the holes in the presence of
inclusions and the influence of the inclusion material on the value of the stress concentration coefficient for both
types of shells, recommendations have been made for the use of inclusions in thin-walled structurally
heterogeneous shells with different holes, which allows influencing their stress-strain state in order to increase
the strength of structural elements. The practical significance of the obtained results is that the developed
calculation models and the method of finding rational from the point of view of reducing the stress concentration
coefficient of mechanical and geometric parameters of inclusions in shell elements of structures with circular and
rectangular holes can serve as a scientific and methodological basis for promising developments in the mechanics
of deformed solids bodies, make it possible to carry out research on actual problems of mechanics that arise in
engineering practice when calculating the strength of heterogeneous structures with various stress concentrators.
The obtained results of the solved problems for structurally heterogeneous cylindrical and conical shell elements
of structures can be directly used in predicting the safe operation of the corresponding structures in mechanical
engineering, energy, construction, aerospace engineering, etc. The proposed technique for reducing stress
concentration around holes can be applied in research and design organizations when designing, calculating and
evaluating the strength of structural elements of new technology, in particular, rocket and space technology.
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VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Creb6aanko I1aBno OnekciiioBny

2. Pavlo O. Steblyanko

KBasidikanis: . ¢.-m. ., npodecop, 01.02.04

InenTudgikarop ORCID ID: 0000-0003-0789-4409

JoparkoBa iHpopmauist: https://www.scopus.com /authid /detail.uri?authorld=57203691930;
https:/ /www.webofscience.com /wos/author /record /55434763;
https:/ /scholar.google.com.ua/citations?hl=en&user=771bB6 QAAAAJ&view_op=list_works&authuser=1

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI 0COOH: IHcTuTyT MexaHiky im. C. IT. Tumomenka HaujoHanbHOI

akazeMii Hayk YKpaiHu



Kopg 3a €IPIIOY: 05417070

Micue3Haxoa KeHHS: By [1. Hecreposa, 6yz. 3, Kuis, 03057, VkpaiHa
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

BiacHe IlIpizBuie Im'sa I1o-0aTbKOBI:
1. [TommnBanos Bonogumup IaBnoBuy

2. Volodymyr P. Poshyvalov

KBasigikamis: n.1.1., npodecop, unen-kop. HAH Vkpainu, 01.02.04
InenTudikarop ORCID ID: 0000-0003-4782-5942
JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT TexHIYHOI MexaHiku HaljioHasbHOI akazieMii HayK

Ykpainu i lep>kaBHOr0 KOCMIYHOI'O areHTCTBa YKpaiHu

Kopg 3a €IPIIOY: 05539962

Micue3HaxoaKeHHS: ByJ1. Jlemko-Ilomnesns, 6yx. 15, Juinpo, JHinpoBceKuii p-H., 49005, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. lleBesipoBa Ajia €BreHiBHA

2. Alla'Y. Shevelova

KBasigikanis: n.¢.-m.H., npodecop, 01.02.04
I,ueHTI/I(biKaTop ORCID ID: 0000-0001-6688-0942

JoparkoBa iHdopmanist: ;https://www.scopus.com/authid /detail.uri?authorld=6603034260);
https:/ /www.webofscience.com /wos /author /record /1830580

IloBHE HaliMeHYBaHHS IOPUAHYHOL 0CO0H: J[HINPOBCHKMIi HalliOHAIbHUI yHiBEpcUTeT imeHi Osecs

['oHuapa

Kopg 3a €IPIIOY: 02066747

Micue3HaxoaKeHHS: npocnekT Hayku, 6ya. 72, JHinpo, JIHiIpoBCcbKuii p-H., 49045, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aThKOBI:



1. XopaneH TersHa BonogumupisHa

2. Tetiana V. Khodanen

KBasigikamis: k. ¢.-m. 1., go., 01.02.04
Imentudikarop ORCID ID: 0000-0001-9194-3634

JoparkoBa indopmamnist:
https:/ /www.scopus.com /authid /detail.uri?authorld=26635341700;https: / /www.webofscience.com /wos /autho
r/record/364614;https:/ /scholar.google.com /citations?user=Da5ly_ cAAAAJ&hl=uk;

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAIBHUIA YHiBepCcUTeT imMeni Onecs

'oHyapa

Kopg 3a €IPIIOY: 02066747

Micue3Haxoa KeHHS: npocnekt Hayku, 6y7. 72, [IHinpo, JHImpoBChKuil p-H., 49045, VkpaiHa
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBIiTH | HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI l3106a Anatouiit [leTpoBuy
TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI Jsi06a Anaroniit [leTpoBuy
rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHUI 3a MiATOTOBKY Xopanen Terana BonogumupiBHa

00JIIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi IOpyenko TeTsaHa AHaToliiBHA

OisIIBHOCTI




