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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3po6bka Teopii i MeTofiB po3B'si3aHHS 337124 HeJliHINHOro 1eOpMyBaHHS €JIEMEHTIB KOHCTPYKLiN 3 Cy4YaCHUX

KOMIIO3ULIITHMX MaTepiaiB

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of theory and methods for solving problems of nonlinear deformation of structural elements made of

modern composite materials

Pedepar yKpaiHCBKOIO:

O6’exTH LOCHIIKEHHS — PE30HAHCHI KOJIMBAaHHS KOMITO3ULIHOI IIMPOKOXOPIHOI JIONATi BEHTUJISITOPA, NIPYKHI
XapaKTEPUCTUKH JIOIATi, BJIACHI KOJIMBAaHHS OJHOLIAPOBUX Ta IJIOCKUX ceHJiBiu-naHesnei 3 OI'M mapamu. Meta
pO6OTH — IPOTHO3YBAaHHS AMHAMIKM KOMIO3ULIITHOI IMPOKOXOPAHOI JIONaTi BEHTUISITOPA 3 €PEeKTUBHUMU
[IPY>KHUMU BJIACTUBOCTSIMU €KBiBaJIEHTHOTO OJHOPiTHOrO MaTepiany, po3pobKa HOBUX MiXOiB, Mofesel i MeToxiB
aHasli3y BJIaCHUX BiOpalliil HOBITHIX €JleMeHTiB KOHCTPYKLil y BUIJIsiAi cenaBiu-nanesnei 3 @I'M mapamu. Metonu
IOCJIiIKeHHS — TEOPETUYHI MeTOAY rOMOTeHi3allii MPY>KHUX BJIACTUBOCTEY KOMITO3UTIB, KOMITIOTEPHI METOO1
IOCJIIPKEHHS [TApaMETPiB KOMITO3UTIB, METOZ, [IOIIAPOBOrO MOJEJIIOBAHHS, 3ACHOBAHUN HA I'PAi€HTHUX CYLIJIBHUX
eJleMeHTaxX 060JIOHKU. PO3p006sieHO METOMKY YMCEeJIbHOTO BUBHAUEHHS! IMHAMIYHUX XapaKTepPUCTHK JIOmaTi
BEHTUJIATOPA 3 KOMIIO3ULIIMHOrO MaTepiany. MoziesloBaHHs Ta YMCeJIbHE NOCiI)KEHHSI BJIaCHUX YaCTOT i MOJ,
JIOMATI TPOBOLUIIA METOIOM CKIHYEHHUX €JIEMEHTIB 3 BUKOPMCTaHHAM MaKeTy nporpam ANSYS. OpToTporiHi
BJIACTUBOCTI €KBiBaJIEHTHOTO OJHOPIAHOTO MaTepiany 3aJaloThCs B JIOKAJIbHUX CUCTEMaxX KOOPIMHAT i BiAIOBiIAIOTh
IIPOCTOPOBil reomeTpii KOHCTPYKUii stonarti. [IpoBeneHo 1Bi cepii po3paxyHKiB i3 3a3HaYEHHSM BIIACTUBOCTEN
€KBiBJIECHTHUX OJHOPiIHUX MaTePiasliB 110 BUKPUBJIEHHIO Ta MONEPEKY, @ TAKOXK iX MOPiBHSIHHA. PO3p006seHO
eeKTUBHY MOJieJ/Ib CKIHYEHHUX €JIEeMEeHTIB Ha OCHOBI 3BUYaliHUX €JIeMEHTIB 000JIOHKY [1J1sI aHaJIi3y BIaCHUX
BiOpallili ofHOMAPOBUX i IJIOCKUX ceHBiY-naHenel 3 I'M mapamu. HaBeneHi yncesnpHi JOCTiIKEHHS BIACHUX
KOJIMBaHb OJJHOUIAPOBUX Ta TPULIAPOBUX CEHIBIU-TIJINT, 1[0 3a3HAIOTh Pi3HUX PAaHUYHUX YMOB Ta BiJ[IOBiAAI0Th
Pi3HMM CTPYKTYPHUM NapaMmeTpam. JOCIiIKeHHS IT0Ka3aay SyKe XOPOIly y3roIKEeHICTb Mi’XK OTPMMaHUMU
pe3yJbTaTaMu Ta HassBHUMHU B JIiTepaTypi, SKi NiATBepAuIn TOYHICTh po3po6sieHoi MoAesi 3 MiHIMaJIbBHUMU

004N CII0BaJIbBHUMHU BUTPaTaMHU.

Pedepar aHIJIiHCBKOIO:

The objects of research are resonant oscillations of a composite wide-chord fan blade, elastic characteristics of
the blade, natural frequencies and forms of blade oscillations when changing the elastic constants of a single
crystal, natural oscillations of single-layer and flat sandwich panels with FGM layers. The purpose of the work is
prediction of the dynamics of a composite wide-chord fan blade with effective elastic properties of an equivalent
homogeneous material, to develop new approaches, models and methods of own analysis of vibrations of the latest
materials in the form of sandwich panels with FGM layers. Research methods - theoretical methods of
homogenization of elastic properties of composite, computer methods of studying parameters of composite, layer-
by-layer modeling method based on gradient continuous shell elements. A method of numerical determination of
the dynamic characteristics of a fan blade made of composite material has been developed. Modeling and
numerical study of natural frequencies and modes of the blade was carried out using the finite element method
using the ANSYS software package. The orthotropic properties of the equivalent homogeneous material are
specified in local coordinate systems and correspond to the spatial geometry of the blade design. An effective
finite element model based on conventional shell elements has been developed for self-analysis of vibrations of
single-layer and flat sandwich panels with FGM layers. Numerical studies of self-oscillations of single-layer and
three-layer sandwich plates subjected to different boundary conditions and corresponding to different structural
parameters are presented. The studies showed a very good agreement between the obtained results and those



available in the literature, which confirmed the accuracy of the developed model with minimal computational
costs.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: [loC/i/IKEHHS JUHAMIKY OG0JIOHKOBHX €JIEMEHTIB KOHCTPYKL|i 3 QYHKIIOHAIBHO

aHI30TPONHUX Ta (PYHKLIOHAJIbHO IPa/lieHTHUX MaTepialiB.

Ha3zpa HTII anriiicbKo10: Study of the dynamics of shell elements of structures made of functionally

anisotropic and functionally gradient materials.

HTII, sixy nepen6a4asiocsi CTBOPUTH:
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMmaHi pe3yJIbTaTH: MeTtoay, Teopii

l'any3s 3acToCcyBaHHS: 72.10

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Posrnspaerbes akTyasnbHe NUTaHHS IPOTHO3YBAHHS JUHAMIKM KOMIIO3ULIIHO]I JIONATI BEHTUIIITOPA
I'TI 3 epeKTUBHMMU IPY>KHUMU BJIACTUBOCTSIMU €KBiBaJIEHTHOI'O OGHOPILHOT0O MaTepiany. MonenoBaHHs Ta
4lCeJIbHE JOCJIIKEHHS BJIACHUX YACTOT 1 MOZ, JIONATi TPOBOIUIIM METOLOM CKiHYEHHUX €JIEMEHTIB 3
BUKOPMCTaHHSM IakeTy rnporpam ANSYS. Y yucesbHOMY JOCIiIPKEHHI OPTOTPOIIHI BIACTUBOCTI €KBiBaJIEHTHOTO
OJHOPIZHOro MaTepiainy 3a4al0ThCs B JIOKAJIbHUX CUCTEMAX KOOPAMHAT CKIHUEHHUX €JIEMEHTIB 1 BiZl[TOBialOTh
IIPOCTOPOBiM reOMEeTpii KOHCTPYKLUii sionati. CTpaTeris omapoBoro MOLENII0BaHHS, IKa 3aCHOBAaHA Ha TPali€eHTHUX
CYLIiJIPHUX €JIeMEeHTaX O00JIOHKY, 3aCTOCOBYETHCS 11711 OOGUKCIIEHHS BJIACHUX 9aCTOT IIJIOCKUX CEHJIBIY-TIaHesel 3
®I'M. MOXJIMBOCTI IPOTHO3YBaHHSI IPAJliEHTHUX CYLIbHUX €JIEMEHTIB 000JIOHKU OL[iHIOBAJIOCS LIJISIXOM OOIIMPHUX
IOCTiIKeHb MOAAIbHOI AMHAMIKH IJIOCKUX ceHiBiY-naHesen i3 ®T'M mapamu, BOyIOBaHUX B HUX SIK CEPLIEBMHA,

abo JIUIBOBI CTOPOHU, 260 JINLIbOBi CTOPOHU Ta CEPLEBMHA OJHOYACHO.

ConianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Cteopenns npuHumnoBo HOBOI mpoayKiii (Matepiasis,

TEXHOJIOTI} TOIO) J1s1 3a0€3MeYeHHs eKCIIOPTHOTrO IOTEHIialy Ta 3aMillleHHIO iIMIIOpTY
Bnyins HTII Ha moBKiJjis:
BnposagaskeHHs1 HTII: He snpoBamxeHo
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy: 01.2024
3aKkiHuyeHHs eTamy: 12.2025
Crno>kuBavi NPOAYKIii: [TixnpreMcTBa MalIMHOGY [y BaHHS
IlepcrieKTHBHI PUHKH: Punku Ykpainu
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaAIOTHCS iHBECTOPY MiCJIsA 3aBEpPIIEHHSI POOOTH:
HasaBHicTb Oi3Hec-1JIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUIE 0OCST IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JopaTtkoBa iHdpopmamist:
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