O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHHH 00J1iKOBHI HOMeP: 0421U103995
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpauii: 14-12-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. becemepTtHuit fpocaas Oserosuy

2. Bessmertnyi Yaroslav Olegovich

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs

Bup, pucepranii: kanguuaar Hayk

IIIu¢p HayKOBOi CIeNiaIbHOCTI: 05.23.17

Ha3Ba HayKoBOIi CcIeniaIbHOCTI: ByzisenbHa MexaHika

Tany3sb / rasysi 3HaHb: He 3acTocoByeTbcs

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3acTocoByeThCH
Jdarta 3axucTy: 09-12-2021

CneniabHICTB 32 OCBIiTOIO: [IpoMHUC/IOBE Ta LIUBi/IbHE GY/IiBHUIITBO
Micue pOﬁOTPl 3,qo6yBaqa: diznyHa ocoba-nignpuemen beccmeptauii Spocnas Oserosuy
Kopg 3a €IPIIOY: 3423305495

MicueSHaxo,T.pKeHHﬂ: Bysuus Mukonu PyneHka, 112, M. [JHinpo, JHIIpOBCbKUM p-H., JIHIIPONeTpOBChKA 00J1.,
49000, Ykpaina

dopma BaacHOCTI:
Cdepa ynpasiriHHS:
Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi creniajai30BaHOl BYEHOI pazu). [l 08.085.02

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHUIl BULIMII HABYA/IbHMIL 3aKnaz "TIpuaHINpOBChKa

Iep>KaBHA aKazieMist Oy[iBHUITBA Ta apXiTeKTypu"
Kopg 3a €IPIIOY: 02070772

Micqesﬂaxo,lpKeHHﬂ: ByJI. UepHUILIEBCHKOTO, 6YZ. 24-a, M. [IHinpo, JIHINpOoBCbKUH p-H., IHIIpONEeTPOBChKA
06171., 49600, Yxpaina

dopma ByracHOCTI:
Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BimomocTi Ipo nmigznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BUKOHaHO JHUCEPTALil0

ITIoBHe HaﬁMeHYBaHHﬂ IOpI/IJ.II/I‘-IHOi 0CcoO0M: Jlep>kaBHUI BUIIMI HaBYaJIbHUM 3aKian "TIpugHinpoBchbka

IepkaBHa aKafieMis Oy[iBHMLITBA Ta apXiTeKTypu"
Kopg 3a €APIIOY: 02070772

Micue3HaxoaKeHHS: ByJI. UepHuIIEeBChKOTrO, 6yA. 24-a, M. [IHinpo, JIHIIpOBChKUI1 p-H., JHIIPONETPOBChKA
0671., 49600, Ykpaina

dopma BiracHoCTI:
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BizomocTi npo gucepramniio

MoBga guceprariii:

Koau TemaTuyHuX pyopHK: 30.19.17, 67.03.03

Tema guceprauii:

1. ledbopmyBaHHS Ta CTiIHKICTb IIOJIOTMX TOHKOCTIHHUX KOHIYHNX 000JIOHOK IIpY 30BHIIIHbOMY THUCKY Ta
HEOJHOPiTHOMY HaNpyXKeHO-1e()OPMOBAHOMY CTaHi

2. Deformation and stability of shallow thin-walled conical shells under external pressure and non-homogeneous
stress-strain state

Pedepar:
1. Inceprarist Ha 30OOYTTSI HAYKOBOTO CTYIIEHs KaHWIaTa TeXHIYHUX HayK (ZoKTopa ¢inocodii) 3a crienianbHicTIO
05.23.17 «ByzisenbHa mexaHika» (19 - apxiTexkTypa Ta O0y[iBHULTBO). — [lep>XaBHUI BUIIMY HaBYaIbHUMN 3aKJIa]]

«[IpupHINpoBChKa gep>kaBHA akaZeMist OyIiBHULITBA Ta apXiTeKTypu», MiHICTEPCTBO OCBITH i HAyKU YKpaiHH,



Juinpo, 2021. BupyeHHs nedOpMyBaHHSI Ta CTIMKOCTI IOJIOTMX TOHKOCTIHHUX KOHIYHMX 000JIOHOK Ta C(hepUIHUX
CErMEHTIB IIPU 30BHILTHOMY TUCKY Ta HEOIHOPinHOMY HarpykeHo-gedopmosaromy ctadi (HIC), mo o6yMOBIEHO
MepiouYHO AUCKPETHUM 3aKPilJIEHHSM Kpalo 0060JIOHKY, HAaSIBHICTIO Aii KoMOGiHallii BOX Ta Gisbile 30BHIIIHIX
HaBaHTaK€Hb a60 HEPIBHOMIPHICTIO IPUKJIAZIEHOTO HAaBaHTAKEHHS, MA€ BEJIMKUI TIPAKTUYHUI iHTEpeC y 3B'I3KY 3
IpO6JIEMOIO CKIIAAHOCTI PO3PaxXyHKiB KOHCTPYKLii JaHOTO TUITy B PeajibHUX YMOBaX. PoO3paxyHOK 6araTbOX Takux
KOHCTPYKIIii1, HAaIpUKJIaZ, OrOpoiKyBajlbHOI KOHCTPYKIii crjiocy (KpUILKa, LHUIIE), €IeMEHTIB aBiaTexHiku Ta
PaKeTOOyAyBaHHS, BUMarae 3aCTOCYBaHHS METOJMKU [1JIs1 aHAJIi3y IIPOLLECY T€OMETPUYHO HEJiHIMHOrO
nepopMyBaHHS, 10 IPUBOIUTH 10 HEOOXIZHOCTI 3aCTOCYBAaHHS BEJINKOi KOMITIOTEPHOI IOTY>KHOCTI 117151
MOJeJIIOBaHHS Ta PO3PaxXyHKYy Ipolecy nepopMyBaHHS KOHCTPYKIii. Y 3B’3Ky 3 BUIIEBKa3aHUM, OCOOJINBUM
iHTepec npencTasiise JOCTiIKEeHHS e(PEeKTy CTAaTUYHOIO PE30HAHCY Ta BLOCKOHAJIEHHSI METOIUKH J1s1
[IPOTHO3YBAaHHS HEOE3MEYHUX MOZeJIell HABAHTAKEHHS 000JIOHOK IIpY NE€PIOANYHOMY B OKPY>KHOMY HaIpPSIMKY
HeogHopinHomy HIIC a6o npu cyrreBo HeogHopinHoMy HIIC. V maniit poboTi OCTIIKYIOTECSA TPU YUHHUKU
HeogHopinHoro HJIC nosyorux TOHKOCTIHHUX 000JIOHOK, SIKi ITpeJCTaBjIeHi HACTYITHUMU yMOBaMu: 1) HasIBHICTb
[IepPiOIUYHOTO B OKPYKHOMY HalIPSIMKY IIUCKPETHOTO 3aKpillJIEHHS KPalo 000JIOHKY (1IapHipHE pyxome
3aKpilJIEHHS 4ePryeThCs 3 LIAPHIPHO HEPYXOMUM Ha PiBHOBEJIMKUX OJISHKAX) IIPU il 30BHIITHBOTO OAHOPIZHOTO
HOPMAaJIbHOTO JO [TI0BEPXHi 000JIOHKM THUCKY (3ama4a N21); 2) HasgBHICTb KOMOiHaLii [ifl 30BHIIIHBOTO OLHOPiAHOTO
HOPMAQJIBHOTO [10 ITIOBEPXHi TUCKY ( Ta IPUKJIALIEHO] y To4YLi criu F pu lapHipHOMY HEPYXOMOMY 3aKpiIlJIEHHIO
Kpaio 000JI0HKH (3amada N92); 3) MoZie/II0BaHHS BILJIMBY BiTPOBOTO HABAaHTAXKEHHS 3 HEJIIHIHOIO 3a7I€XKHICTIO
3HAYEHHSI IPUKJIAJIEHOTO HOPMAJILHOTO [0 IIOBEPXHi 000JIOHKM THUCKY B OKPY)KHOMY HalPSIMKY (3agaya N23).
OTpuMaHoO y pe3yJsbTarTi pilleHHs 3aga4i N21 gaHi Ta ix aHasi3 NiATBEPIKYIOTh Ta BLOCKOHAJIOIOTh PaHille OTPUMAaHi
3aJIEXKHOCTI /1711 IPOTHO3YBaHHS €(PeKTy CTAaTUYHOIO PE30HAHCY Y I0JIOTUX TOHKOCTIHHMX KOHIYHUX OO0JIOHOK.
OTpuMana 3aJIeXKHICTb YiTKO AeTepMiHye 3MiHIOBaHICTb IEPIOAUMYHO HEOJOHOPITHOIO B OKPY>KHOMY Hanpsamky HJIC
000JIOHKH, 5IKa JOPiBHIOE [10JIOBUHI CyMU 3MiHIOBAaHOCTI IIE€PIIOro TOHY BJIACHUX KOJMBAaHb HEHABAHTaKEHOI
000JIOHKM Ta 3MiHIOBAaHOCTI IIep110i popMU BTpaTH CTilKOCTi I1pu 6idypkalii. B 060x Bunagxax, pimeHHs
BUKOHYETbCA Y JIiHINHIN nocTaHoBi. OTpUMaHO y pe3yabTaTi pilleHHs 3aga4i N°2 naHi Ta iX aHasi3 J03BOIAIN
BU3HAYUTU MEXI BIUIMBY PO3TalllyBaHHS TOUKU IIPUKJIAJIAHHS CUJIM B3[I0BX YTBOPIOIOUOi 06010HKK. OTpUMaHi
HeJliHilHI 3aneXHOoCTi «qcr — L/R» 4iTKo BULINSAIOTh TPYU OCHOBHI 30HU BIIMBY CUJIU Ha 3arajbHy MOJIeJb IIPOLeCy
IepopMyBaHHS Ta BTPATU CTiMKOCTi 000JIOHKHU — BiJ] IOCTYIIOBOrO Na/iiHHS HECY4Oi 3JaTHOCTi 000JIOHKU 3
PO3IOBCIOMIKEHHSIM XBUJIb I10 BCill IOBEPxXHi 000JIOHKM NPY BTPATi CTIMKOCTI 10 Pi3KOro NMajliHHS HECY4O0i 30aTHOCTI
3 JIOKaJIi3alielo XBUJIb B PAOHI TOYKY NMPUKJIALAHHS CUJIM. 3arajloM, aHajli3ylouy Ta OCEPENHIOI0YM OTPUMAaHI JaHi,
nepexif, Bifi IOCTYIIOBOTO O Pi3KOro MafiHHA HECY4Oi 34aTHOCTI CIIOCTEPIraeThCs IPYU PO3TallyBaHHI TOUYKU
NpUKJIaJaHHs cuin y iHtepsani L/R = 0,25...0,75. OTpumano y pesysbTaTi pilneHHs 3aaa4i N23 nani Ta ix aHania
I03BOJINJIM CTBOPUTU HAOJIMDKEHY JJO PEasbHOCTI MOZEJb BITpPOBOrO HaBaHTAKEHHSI 0O0JIOHKH, 110 JO3BOJISIE
[IPOTHO3YBATU Xapakrep Je@opMyBaHHS Ta GOPMY BTPATU CTIMKOCTI /IJ1s1 ITAHOTO TUITy HaBaHTa)KeHHs1. Pe3ysbTaTu
pilIeHHs TPhOX 3a3HAUYEHMX paHille 3a7a4 4O3BOJISIIOTh IPoBoAUTH aHaii3 HIC 36ynoBaHux abo cropy/, 1o
IIPOEKTYIOThCS, Y LIMPOKOMY CIIEKTPi YMOB iX €KCIlTyaTtalii. 3aBAsSKA LbOMY MOKJIMBO TOYHO ITPOTHO3YBAaTU
He6e3reyHi 3 TOYKY 30PY 3HIDKEHHSI 3Ha4eHb HeCy4oi 3[aTHOCTI 060JI0HKY KOMOiHAaLlil yMOB, IIJ0 CIIPUYNHSIOThH
HeogHopinHuit HIC, Ta HagaBaTy peKoMeHallii o/10 3MEHIIEHHS BIIJIMBY TaKUX (PaKTOPiB, SIK IEPiogUIHO
IVICKpETHE 3aKpillJIeHHs Kpalo, KoMO6iHallis Aii 30BHIIIHPOIO OGHOPILHOTO TUCKY Ta PUKJIANIEHOI y TOYLli CHUJIH, a
TaKOX Jlisl BITPOBOrO HaBaHTaXeHHS. [Ipy LIbOMY, 17151 IPOTHO3YBaHHS TAKUX HEOE3MEYHUX CUTYALill, CTalo
MOXUIMBUM CIIMPATUCh Ha pe3yJIbTaTH pillleHHs JIULIe JIiHIMHUX 33/1a4 CTIKOCTi 6e3 HeoOXigHOCTi 3aCTOCOBYBaTH
MallMHHi OTY>XHOCTI AJ1s1 pillleHHs 3a7a4 Je(opMyBaHHS y TeOMETPUYHO HEJIiHIiNHIN nocTaHoBLi. Kito4oBi cioBa:
I10JIOTi TOHKOCTiHHI 060JIOHKH, PO3PaxXyHKOBUM KOMIIEKC ANSYS, HeOZHOpigHMI HANIPY>XKeHO-e(hOPMOBaHUN

CTaH, KOMOiHOBaHe HaBaHTaKEHHS, BITPOBE HaBAaHTAXKEHHS], MTEPiOIUYHO AMCKPETHE 3aKPIllJIEeHHS KPao.

2. The thesis for the scientific degree of a candidate of technical sciences (Doctor of Philosophy) in specialty
05.23.17 “Structural mechanic” (19 - architecture and engineering). - State Higher Educational Establishment
“Prydniprovs’ka State Academy of Civil Engineering and Architecture”, Ministry of Education and Science of
Ukraine, Dnipro, 2021. An abrupt decrement of load-bearing capacity was noticed in result of study of deformation



and stability of thin-walled closed cylindrical shells and this phenomenon was named “static resonance”. The
essence of static resonance consists in next. An abrupt decrement of load-bearing capacity with increment of pre-
critical displacements happens when variability of non-uniform in circumferential direction SSS coincides or is
equal to the variability of first tone of Eigen oscillations of unloaded shell. In this work next factors of non-
homogeneous SSS for thin-walled shallow shells are investigated: 1) presence of periodical in circumferential
direction discrete border fixation (mobile hinge was changed by immobile hinge) under action of external uniform
normal to the surface of shell pressure (task 1); 2) presence of combination of external uniform normal to the
surface pressure g and applied in the point force F in case of immobile hinge fixation of shell's border (task 2); 3)
modeling of wind load in form of non-linear distribution in circumferential direction (task 3). An investigation of
deformation process and stability of thin-walled shallow shells in case of presence of each factor of non-
homogeneous SSS has been conducted by to ways. From one side, a numerical model of thin-walled shallow shell
was created using software environment ANSYS and finite element FE SHELL 281 that let obtain a spatial shell
model and investigate a variability of non-homogeneity of SSS in circumferential direction. From another side, a
row of physical experiments of study of thin-walled shallow conical shell of small scale has been made for task 1 -
shell under action of external normal pressure and periodically discrete border fixation. Obtained due to the
solving of task 1 results and their analysis approve and improve obtained earlier dependencies for static resonance
phenomenon forecasting for than-walled shallow conical shells. Obtained dependency clearly determines the
variability of periodically non-homogeneous in circumferential direction SSS of shell that is equal to the half-sum
of variability of either first tone of Eigen oscillations of unloaded shell or first tone of bifurcation. Solution was
made for linear problem in both cases. Obtained due to the solving of task 2 results and their analysis helped to
determine limits influence of point of force application along shell generatrix. Obtained non-linear dependencies
“ger - L/R” clearly determines three main area of force influence on general model of stability loss and
deformation process - from slow decrement of load-bearing capacity with wave propagation along all the shell
surface to the abrupt decrement of load-bearing capacity with wave localization around point of force application.
In general, after analysis of obtained data, the transition from slow to abrupt decrement of load-bearing capacity
happens in case when point of force application lays in interval L/R = 0.25 ... 0.75. Obtained due to the solving of
task 3 results and their analysis helped to create model of wind load that is close to reality that let to forecast the
way the shell deformation process happens. In general, shallow thin-walled shells can bear wind calculative loads
with large preserve coefficient according to the first and second limit calculation state. Created numerical models
let investigate a deformation process and stress-strain state of construction on each state of loading. Due to that it
is possible to forecast the dangerous combinations of loads that cause non-homogeneous SSS, and to give
recommendations of decrease of influence of factors like periodically discrete border fixation, combination of
loads or action of wind load. In addition, such a forecast is possible to do because of solution of linear problems
only without a necessity of use of large computational power to solve geometrically non-linear problem of
deformation. Key words: shallow thin-walled shells, software ANSYS, non-homogeneous stress-strain state,
combined load, wind load, periodically discrete border fixation.
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