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1. Inceprarnis Ha 3000YTTSI HAYKOBOTO CTYIEHS KAaHJINUATa TEXHIYHUX HAyK (HOKTopa ¢inocodii) 3a crenianbHiCcTIO
05.23.17 «byziBenpHa MexaHika» (19 - apxiTexkTypa Ta Oy[iBHULTBO). — [lepKaBHUI BUIINY HaBYaJIbHUHN 3aKJIa]]
«[TpupHinpoBchKa Jep>kaBHa akaZeMist Oy[liBHULITBA Ta apXiTeKTypu», MiHicTepcTBO OCBiTH i HAayKU YKpaiHu,
JHinpo, 2021. BuB4eHHs gedopMyBaHHs Ta CTIMKOCTI IIOJIOTUX TOHKOCTIHHMX KOHIYHUX O00JIOHOK Ta C(PEPUIHUX
CErMEHTIB IIPU 30BHIITHbOMY TUCKY T4 HEOJHOPiJHOMY HarpyxeHo-gedopmosanomy ctadi (HC), mo o6ymoBieHO

MepioINYHO AMCKPETHUM 3aKPiIIEHHSIM Kpalo 060JIOHKY, HASIBHICTIO il KOM6iHaLii ABOX Ta Gibie 30BHIIIHIX



HaBaHTa)keHb 260 HEPIBHOMIPHICTIO IPUKJIAZ€HOTO HABAaHTAXKEHHS, MA€ BEJIMKUI TPAKTUYHUH iHTepecC y 3BSI3KY 3
Ipo6JIEMOIO0 CKIIQAHOCTI PO3PaxyHKiB KOHCTPYKLii JaHOTO TUITy B peajbHUX YMOBaX. Po3paxyHOK 6araTbox Takux
KOHCTPYKIIiii, HAalIpUKJaz, OrOpOKyBajlbHOI KOHCTPYKIIii cKjioCy (KpUILKa, NHUIIE), €I€MEHTIB aBiaTexHiKu Ta
PaKeTOOyAyBaHHs, BUMarae 3aCTOCYBaHHS METOJMKHU [IJIs1 aHAJIi3y ITPOLLECY T€OMETPUYHO HEJIiHIMHOrO
nepopMyBaHHS, 10 IPUBOIUTH 10 HEOOXITHOCTI 3aCTOCYBaHHS BEJINKOi KOMITIOTEPHOI IIOTY>KHOCTI 117151
MOJIeJIIOBaHHS Ta PO3PaXyHKY Ipolecy AedopMyBaHHs KOHCTPYKLii. Y 3B'13KY 3 BUILleBKa3aHUM, OCOOIMBUI
iHTepec npencTaBise JOCTiIKEeHHS e(EeKTy CTAaTUYHOIO PE30HAHCY Ta BLOCKOHAJIEHHS METOOUKHY IJ1s1
IIPOrHO3YBaHHS HEOE3MeYHNX MOJiesIell HABAHTAXXEHHS 000JIOHOK IIpY NEPiOAUYHOMY B OKPYKHOMY HAIPSIMKY
HeogHopinHomy HIIC abo npu cyrteBo HeogHopinHOoMy HIIC. V maniil poboTi JOCTIIKYIOTbCS TPU YUHHUKU
HeogHopigHoro HJC nosyorux TOHKOCTIHHUX 000JIOHOK, SIKi ITpeJCTaBJIeHi HACTYITHUMU YMOBaMu: 1) HasIBHICTb
[IEePiOAUYHOTO B OKPYKHOMY HAIPSIMKY IIMCKPETHOTO 3aKPillJIEHHS KPal 000JIOHKY (IIapHipHE PyXoMe
3aKpIIJIEHHS YePryeThes 3 IapHipHO HEPYXOMUM Ha PiBHOBEJIMKUX JiJISIHKAX) IIPU Aii 30BHIIIHBOTO OAHOPiIHOTO
HOPMAaJIbHOTO JO [1I0BEPXHi 000JIOHKM THUCKY (3a7a4a N21); 2) HasgBHICTb KOMOiHallii il 30BHIIIHBOTO OHOPiAHOTO
HOPMAaJIbHOTO [0 [IOBEPXHi TUCKY ( Ta IPUKJIALEHOI y Toulli cuiu F Npy mapHipHOMY HEPYXOMOMY 3aKpillJIEHHIO
Kpalo 000JI0HKY (3aa4a N22); 3) MoZes0BaHHS BIUIUBY BiTPOBOTO HABAHTKEHHS 3 HEJIIHINHOIO 3a71€XHICTIO
3HAYEHHS IIPUKJIAZEHOTO HOPMaJIbHOTO 10 TIOBEPXHi 000JIOHKY TUCKY B OKPY>)KHOMY HaIlpsSMKYy (3azada N23).
OTpuMaHoO y pe3yJsbTari pilleHHs 3aga4i N21 gaHi Ta ix aHasi3 NiATBEPIKYIOTh Ta BLOCKOHAJIOIOTh PaHille OTPUMAaHi
3aJIEXKHOCTI /1714 IPOTHO3YBaHHS €(eKTy CTATUYHOTO PE30HAHCY Y IOJIOTUX TOHKOCTIHHMX KOHIYHUX OO0JIOHOK.
OTpuMana 3aJIeXXHICTb YiTKO AeTepMiHye 3MiHIOBaHICTb NEPIOAUMYHO HEOJHOPITHOIO B OKPY>KHOMY Hanpsamky HJIC
000JIOHKH, SIKA JOPiBHIOE [10JIOBUHI CyMU 3MiHIOBaHOCTI I1€PIIOro TOHY BJIaCHUX KOJIMBaHb HEHABaHTaKEHOI
000JIOHKM Ta 3MiHIOBAaHOCTI IIep1I0i pOopMU BTPATH CTiMKOCTi I1pu 6idypkartiii. B 060x Bunagxax, pimeHHs
BUKOHYETLCA Y JIiHIMHIN nocTaHoBLi. OTpUMaHO y Pe3yJbTaTi pilleHHs 3aga4i N22 faHi Ta ix aHasi3 Jo3BOINIIN
BM3HAYUTY MEXI BIJINBY PO3TALIyBaHHS TOUKU [IPUKJIANIAaHHS CUJIM B3IOBXK YTBOPIOI0Y0i 06010HKU. OTprMaHi
HeJIiHiHI 3aneXHOCTi «qcr — L /R» 4iTKo BULINSAIOTE TPYU OCHOBHI 30HU BIIMBY CUJIU Ha 3arajibHy MOJIeJb IIPOLIECY
Ie(pOopMyBaHHS Ta BTPATU CTiMKOCTi 0O0JIOHKHU — Bif] IOCTYIOBOrO NafiHHS HECY40i 3[aTHOCTi 000JIOHKH 3
PO3MOBCIOJKEHHSIM XBUJIb 110 BCill TIOBEPXHI 060JIOHKY NPY BTPATi CTIKOCTI 10 Pi3KOro NajliHHS HECY4Oi 31aTHOCTI
3 JIOKaJIi3ali€elo XBUJIb B PAOHI TOYKY NMPUKIIALAHHS CUJIM. 3arajloM, aHajli3ylouy Ta OCEPENHIOI0YM OTPUMAaHI JaHi,
nepexiz, Bif MOCTYIIOBOTO [0 Pi3KOro najiHHA HECY4Oi 3IaTHOCTI CIIOCTEPIraeThCs IPYU PO3TallyBaHHI TOUYKU
NpUKJIaaHHs cuin y iHtepsani L/R = 0,25...0,75. OTpumano y pesysbTaTi pilieHHs 3aga4i N23 nani Ta ix aHania
I0O3BOJIMJIN CTBOPUTY HAOJIVKEHY IO PEaJIbHOCTI MOJIeJb BiTPOBOrO HaBaHTaXXEHHS 0D0JIOHKH, IO [103BOJISE
IIPOTHO3YBATU XapakTep Je@opMyBaHHS Ta GOPMY BTPATU CTIMKOCTI 1/ JTAHOTO TUIly HaBaHTa)KeHHs1. Pe3ybTaTi
pillleHHs TPhOX 3a3HAUYEHMX PaHille 3a7a4 4O3BOJISIIOTh NpoBoauTH aHaii3 HIC 36ygoBaHux abo copy/, 1o
IIPOEKTYIOTLCS, Y INUPOKOMY CIIEKTPI YMOB IX €KCIUlyaTallii. 3aBasiKu LIbOMY MOKJIMBO TOYHO IIPOTHO3YBAaTH
Hebe3IeyuHi 3 TOYKU 30PY 3HIKEHHSI 3HaueHb Hecy4oi 31[aTHOCTI 060JI0HKY KOMOiHallii yMOB, 1J0 CIIPUYMHSIOTh
HeogHopigHuit HIC, Ta HagaBaTy peKoMeHallii 010 3MEHIIEHHS BIIJIMBY TaKUX (PaKTOPIB, SIK IE€PIOJUIHO
IVICKPETHE 3aKpillJIeHHs Kpalo, KOMOiHalLis Aii 30BHIIIHBOTO OGHOPiLHOTO TUCKY Ta MPUKJIANIEHOI y TOYLli CHJIH, a
TaKOX [Iisl BITpOBOTrO HaBaHTaXXeHHs. [Ipu IbOMYy, 11711 TPOTHO3YBAHHS TaKUX HEOE3IeYHNX CUTYyallill, CTajIo
MOXJIMBUM CIIMPATUCh Ha Pe3yJbTaTy PillleHHs Juile JiHiHUX 33724 CTiIKOCTi 6e3 HeoOXiIHOCTi 3aCTOCOBYBaTU
MaIMHHi IOTY>XHOCTI AJ1s1 pillleHHs 3a7a4 Je(OopMyBaHHs y TeOMETPUYHO HEJIiHIiNHIN TocTaHoBLi. Kito4oBi cioBa:
I10JI0Ti TOHKOCTiHHI 060JIOHKM, PO3PAaxyHKOBUI1 KOMILIEKC ANSYS, HeoJHOPiIHUI HaNpyXKeHO-1e(POPMOBaHU

CTaH, KOMbGiHOBaHe HaBaHTa)KEeHHs, BITpOBE HaBaHTaXKEHHS], [TePiOIUYHO AMCKPETHE 3aKPillJIeHHS 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 q 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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