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MOPIBHSIJIBHAM AHAJII3 PO3B'SI3KIB Y 3AJTAUAX
CTIMKOCTI THYYKUX COEPUUYHUX MTAHEJIENA CTAJIOI
TOBIIWHU ITPH JIi PIBHOMIPHOI'O TUCKY

HaBeneHo MHOpIBHSHHS pe3ynbTaTiB PO3PaxyHKY HEMiHIHHOro aedopMyBaHHS Ta BTpaTH
CTifiKOCTi CepHYHMX KPyraMX y IUIaHi HaHesdedl pi3HOi CTanoi TOBIUMHHM, LIO OTpPUMaHi 3a
MOMEHTHOO CXEMOIO CKIHYCHHHX EJIEMEHTIB Ta 32 IPOrpaMHUM KomiuiekcoM JIIPA.

BuBueHHs BacTHBOCTEH HENIHIHHUX CKIHYEHHOGJIEMEHTHUX METOJIHK, IS
SKUX HEOOXIJHO IOCIHi/KyBaTH BIUIMB Ha 30DKHICTb 1 TOYHICTH PO3B’SI3KIB
BEJIMKOI KUTBKOCTI TTapaMeTpiB, 10 BILIMBAIOTH HA HANPY)KeHO-1e()hOPMOBAHUI
cran (HJIC) 00070HOK, 3BHYAilHO BHKOHYETHCS HAa HAOOpi BIAMOBIMHUX
TecToBUX 3anad [1]. BusHnaueHHss HE0OXiTHOrO HAOOPY TECTIB SIBIILE COOOIO
OKpeMy Ipo0iieMy, sika He3Ba)Kalouu Ha i MPakTH4HY BaXKJIMBICTh, BUCBITIIEHA
y niTepaTypi HemocTaTHbO. Lle MmoB’s3aHO 31 CKIAJHICTIO HENIHIWHOI 3ajadgi:
MaTeMaTHYHUMHU Ta OOYMCIIOBAJIBHUMH TpPYJHOIIAMH ii PO3B’sI3yBaHH,
TPYIOMICTKICTIO aHali3y HENiHIHOro nedopMyBaHHS Ta BTpaTd CTIHKOCTI
000JIOHOK pi3HOMaHITHOT (POPMHM TIPH il PI3HUX TEPMOCHUIOBHX HAaBAHTAKEHb.

PobGota mpucBsueHa moOmanmbOIOMY — OOIPYHTYBaHHIO — JJOCTOBIPHOCTI
PO3B’S3KiB, II0 OTPMMaHi 32 CKiHYCHHOEJIEMEHTHOIO METOIMKOIO JTOCIIKEHHS
HeJliHiiHOTO JeopMyBaHHS Ta CTIMKOCTI TOHKMX TNPY)XHHX 000JNOHOK [1-5].
Metonuka 0a3yeTbcsi Ha TEOMETPUYHO HENIHIHHUX — CIiBBiTHOIICHHSX
TPUBUMIPHOI TEOpii TEPMOIPY>KHOCTI Ta IIOJIOKEHHSIX MOMEHTHOI CXEMH
ckinueHHux eneMeHTiB (MCCE). 3aBasku TakoMy MiITXOAy Ha OCHOBI €UHOT
METOJI0JIOTiYHOi 0a3u OTpHMaHa MOJJIMBICTH JOCIHIIKEHHS TOHKHX IPYXKHHX
00O0JIOHOK 3 PI3HOMaHITHUMHM T€OMETPUYHHUMHU OCOOJIMBOCTSMH 32 TOBIIHHOIO
Ta HEOMHOPIJHOCTSIMHM MaTepially NpH TEPMOCWIOBHX HaBaHTAKCHHSX.
MopentoBaHHs ~ O0OJOHKM  BHUKOHYETHCSl  YHIBEPCAJIBHUM  IIPOCTOPOBHUM
ckinuenHuM enementoM (CE), sikuif 1o3Bosisie po3misigaTH TOHKI 00OJIOHKOBI
KOHCTPYKLII sIK TpUBUMIpHI Tina. HemiHiiiHWMI pO3B'SI30K OTPUMYETHCS 3a
JIOTIOMOT0I0 KOMOIHOBAHOTO aJrOPUTMY, SKHH IIO€AHYE KPOKOBUH MeETO[]
NPOJOBXKEHHS pO3B’SI3Ky 3a MapaMeTpoM i3 iTepauiifHOI0 IpOIEIyporo
HeroTona—KanTopoBrn4a Ha KOXXHOMY KpOL HaBaHTa)KCHHSL.

JocToBipHiCTh  METOIAMKHM  OOIPYHTOBYBajJlacsi BEJIMKOIO  KiJIBKICTIO
YHUCENIFHUX JIOCTI/DKEHb 30DKHOCTI Ta TOYHOCTI JIIHIMHUX 1 HEJNIHIHHUX
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PO3B’SI3KIB IS pi3HUX KJiaciB 3anad. Hampuknan, gociimkeHns [3] mpucBsSUeHi
aHajizy poO3B’SA3KIB y 3amadi 3TUHY IUTACTHHU Ta TOPIBHSAHHIO 1X 3
pe3ynbTaTamMu, 1Mo Oyad OTpUMaHi 3a METOJWKaMU IHIIUX aBTOpiB 1 3a
OaraTbMa TIPOTPAaMHMMH KOMIUIeKcamu. B [3—-5] HaBemeHi cHCTeMHI
TIOPIBHSIHHS PO3B’S3KIB JUIA TOJIOTHUX TaHeled. Y Imx poboTax 3’scoBaHi
MO>KITUBOCTI 3aCTOCYBaHHS HEIHIHHOTO IMpoIiecopa MPOTPaMHOTO KOMIUIEKCY
(TTK) JIIPA mipu po3B’si3aHHI TEOMETPUIHO HENIHIHHUX 3a71a9 CTIHKOCTI TOHKHUX
000JIOHOK JTIHIHHO- Ta CTYMIHYACTO-3MIHHOT TOBIIIHH.

VY maHoMy JOCIIDKEHHI 71 TOPiBHSHHS Ta MiATBEPKEHHS JOCTOBIPHOCTI
orpuManux 3a MCCE pesynbTaTiB OyiM BHKOHAHI pO3paxyHKH HENiHIHHOTO
neopMyBaHHS Ta BTpPaTH CTIHKOCTI TMOJIOTHX CQEpUIHMX TNaHeled pi3HOl
craoi ToBmuHM 13 3actocyBanHsM [1K JITPA [6]. 3amadi CTIHKOCTI TS TITaIKHX
MOJIOTHX ~OCECUMETPUYHHMX TIaHeNell CTaloi TOBIIMHM € KJIACHYHHMH B
TEOMETPUYHO HETiHIHHIN Teopii 00omoHOK. Ha 11soMy THITI 000JIOHOK BHACIIIOK
ocobymBocTei ix reomerpudHoi Gopmu ta HIAC mociimKyrOThCsl Ta TECTYIOThCS
B OCECHMETPHUYHIN Ta HEOCECUMETPUYIHIH MOCTAHOBKAX HEJHIWHI 3a/1a4i, METOIN
1 aITOPUTMH iX PO3B’sI3aHHS, YOMY MIPHUCBSYCHA YUCIICHHA JIiTeparypa.

Y reomerpuuHo HemiHiHOMY Tiporiecopi IIK JIIPA 3acTtocoByeThCs
KPOKOBHH  aJrOpUTM, Y SKOMY Ha KOXHOMY KpOLI HaBaHTaKEHHS
BIICTIZIKOBYETbCS ~ BUPOKYBAHICTH ~ MATpPHUIll  JIiHEapi30BaHOI  CHCTEMH
pO3B’sI3yBallbHUX  piBHSIHb. HaBaHTaXeHHs, [pU SKOMY L1 MaTpHI
BUPOJDKY€EThCS, MPUHAMAETHCS 3a KpUTHYHE. TakuM YHHOM, PO3B SI3yBaHHS
3amadi  HeNHIHHOTO AeQOpPMYBaHHSA peali3yeThCsl JHiie abo 10 TOYKH
posramyxeHHsi, ab0 10 TOYKH BEPXHBOTO KPUTHYHOTO HABAHTAXKEHHSI.
JlocmipkeHHsT 3aKpUTHYHOTO CTaHy KOHCTPYKINI Hemepenbadene. [lpu
po3paxynky 3a IIK JIIPA ckinueHHOenemeHTHa Monenb obosoHku (CEMO)
MOJIeNTIOBaJIacs IBOMa THIIAaMH HeliHiiHNX obononkoBux CE cramoi TOBIIMHU:
y mostoci BUKopucToByBaBcs TpukyTHUH CE Ne 342, Ha iHMMX iISTHKaX —
gotupukyTtHuit CE Ne 344,

Posrmsmanucs mosori chepudHi maHenn oOepTaHHS CTaloi TOBIIWHH, IO
JKOPCTKO 3aTHUCHYTI B3JOBX KOHTYpY Ta HaBaHTOXKEHI pPiBHOMIPHUM
HOpMaJbHUM THCKOM iHTEHCHBHICTIO ¢ (puc. 1). IIpuitmanvcs HacTymHiI AaHi:

BuxigHa (“0a3oBa”) TOBIIMHA h*=0.01 m, pamiyc CepeaWHHOI TOBEPXHIi
R=1002.54", paniyc OIOpPHOIO KOHTYPY a=100h", MOJYJb HPYXXHOCTI

E=19.6-10* Mlla, xoedimient Ilyaccona v =0.3. /liama3oH 3MiHH TOBIIUHHU
O0OONIOHKHM BHW3HA4YaBCs 3 Jochimkenb [1,2,7], Ae 3 METOW MOIIyKY
paliOHAIBHIMMX 3aKOHIB PO3MOJUTy TOBIIMHM (3 TOYKHM 30py BUTpaTH
Marepiany) IOCHi/KyBaBCsi BIUIMB Ha CTIMKICTh OOOJIOHOK Pi3HHMX BapiaHTIB
cTajoi Ta JiHIHHO-3MiHHOI 3a MepuaiaHOM ToOBHIMHH. IlopiBHIOBaIHCS



ISSN 0132-1471. Omip matepianis i Teopis cmopyn. 2011. Ne87 23

000JIOHKH 3 TPhOMA 3aKOHAMH JIIHIHHOT 3MiHM TOBIIMHH, IO MAJIA OJHAKOBHI

o6’em V. Y mepmomy BapiaHTi ‘“‘©azoBa”
9 .5 TOBIMHA NaHeNi Oyya 3aikcoBaHa y EHTpI, a
TOBIIMHA Ha KOHTYpi 3MiHIOBaymacs. Y
JIPyroMy, HaBIlakW, “0a3oBa’” TOBIIMHA Oyia
3adikcoBaHa Ha KOHTYpi IMaHeNi, a TOBIIUHA Y
[EHTpi 3MiHIOBasacs. Y TPEThOMY CIOCO0i
TOBIIMHA TIaHEJTi Oya CTaJIoK0:

h(F)="h"by , (M

ae by =hy / h* — ©e3po3MipHMIl HapaMeTp, L0 YHCENbHO XapaKTepH3ye

x4 (2)

1

BIAMIHHICTb CTaJI01 TOBIIMHY MaHemNi A Bix “0a3zoBoi” h*.
ToBuuua naneni fy , Ak QyHkuis 06’eMy o0ONOHKM V , BU3HAuamacs 3a

CIIIBBIAHOIIEHHAM
hy ~V/(2nHR). )

Jns nepioro croco0Oy B [8] BUKOHAHO MOPIBHSUIBHUIL aHAIII3 PO3B’S3KIB 3
pesynsratamu b.5. Kanropa [9], a B [3] - 3 pe3ynpTaramu, mo Oy OTpUMaHi
B [IK JIIPA. JInst mpyroro crocoOy pe3yabTaTH TOCTiKeHb HaBeneHi B [4]. Ha
PO3MIITHYTHX ~ KOHCTPYKLISIX ~ TIOPIBHSHHS ~ pe3ysbTaTiB  PO3paxyHKiB
MPOJEMOHCTPYBAJIO TapHUHM 30ir HENIHIHHUX pO3B’S3KIB Yy JOKPUTHYHIN
o0J1acTi Ta B MOMEHT BTPaTH CTIIKOCTI.

IMopiBHsHHS po3B’s3KiB A1 00070HOK cranoi ToBuwHU (1) - (2) 328 MCCE
ta IIK JIIPA HaBeneHno Ha puc.2 —puc. 4 Ta B TabIMLi 3 BUKOPUCTAHHSIM

0e3po3MipHUX MapaMeTpiB g = q/E-(a/h*)4 ta ul = ull/h* , ne u! — nporun
LEHTpa MaHeli B ACKapTOBIl CHCTEMi KOOPIMHAT x'".3a po3paxyukoBy CEMO
MIPUIHATO YBEPTH 00070HKH 3 ciTkoto 20%20 CE.

Ha ngiarpamax “HaBaHTaXEHHS — MPOTMH LIEHTpAa MaHENi” CHOCTEPIracThCst
MIPAKTHUYHO TTOBHHA 30ir pO3B’sI3KiB y MOKPUTHUHIH oOnacti. BepxHs kpuTnuHa
Touka, mo orpuMmana B I1K JIIPA, mo3nauyena 3ipodkoro “#* . Jlis maHelni mpu
by =1 IIK JIIPA BuU3HauuB TOYKY pO3raly>KeHHsI PO3B’A3Ky ¢ =94.9 sk

kputnuHy. 32 MCCE Touni po3rairyKeHHs BiAmoBijgae BenuunHa g =94.4 , a
BEIIMYMHA BEPXHHOTO KPUTUYHOTO HaBaHTAKEHHSI @,fp =115.3. B Toumi
pO3rayKeHHs PO30IKHICTE PO3B’A3KiB 3a BENMYMHAMH HABAHTAXKEHHA ¢ 1

MepeMileHHs L_l;p* neHTpa naHem craHoButh +0.53 1 +1.48% BignosimHo. B

[1] mns miel manem HaBeneHO MOPIBHSHHS pe3ynibTariB, orpuManux 3a MCCE
ta b.4. Karropowm [9]. BinMiueHO nMpaKkTUIHO TTOBHHMIA 30ir pO3B’s3KiB 32 yCi€I0
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JIiarpaMoro ‘‘HaBaHTa)XEHHS — IPOTHH TIPH He3HaduHoMy po30iry B 3.3% 3a
BEJIMYMHOIO BEPXHBOTO KPUTHIHOTO HABAHTAXKEHHSI.
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Puc. 2. [liarpamu “HaBaHTa)XEHHS — IPOTHH LIEHTPa IaHemi”

Bukonano nopiBHsHHS (GopM nedopMmyBaHHS 000s0HOK (popm mepepizy
CepelIMHHOI TOBEPXHI B3JOBX pajiycy) B MOMEHT, KOJM HABaHTaXCHHSI

Jocsirae 3HaueHHs g, mst by =1 (puc. 3, a ) a i A by =1.167, 1.667, 2

(puc. 3, 6 — ). Buxinna ¢gopma naneni 300pakeHa MITPUX MYHKTHPHOIO JIIHIEO
Ta Mae nosHauky ¢ =0. Cnocrepiraerbcsi NMOBHMH 30ir ¢opM mnpu ycix

3HAa4YCHHSX Hapamerpa by . Jnsa maHeneid 3 mapamerpoM by =1 Ha puc 3, a
NIPOJICMOHCTPOBAaHa BIIMIHHICTE (opM nedopMyBaHHs, IO OTPUMaHI 3a

MCCE B Touni posranykeHHs (g ) Ta y BepxHiil KpUTHuHiif ((pr ).

Haii6inpmri nmporuHu I 1€l maHem npu q_za,fp MaloTh MiCIle TTOCepeanHi

MepUIiaHy 3 YTBOPEHHSIM KUTBIIEBOI BM’ATHHH. 31 3pPOCTaHHSM TOBIIMHU
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naneni (b, = 1.167) Haiibinpm nedopMoBaHa 001aCTh 3MIILYETHCS Y MOJIOC

obosonku (puc. 4, 6) [1].
Tabmus

Iopiusinus po3s’s3kiB MCCE i [IK JIIPA B oco0nuBuX TouKax

by =1 by =1.167 by =1.667 by =2
— -1 — — 1 — -1 —_ 1
Ty | T | Ty | Wy | T | Wy | T | g
MCCE
944 | 0539 | 1153 | 1342 | 1.151 | 194.8 | 1.515 | 274.0 | 2.138
TIK JIIPA
949 | 0547 | - ] 1155 | 0948 | 2012 | 1.599 | 284.8 | 2.025
A, %
053 | 148 | — [-1393]-1764 ] 329 | 554 | 394 | 529
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Puc. 3. IlopiBusiaHs hopM aedopMyBaHHI
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[IpakTudHO MTOBHUI 30ir PO3B’A3KIB Yy MOKPUTHYHIN 001acTi MiITBEPIKYE
MoxuBicTh  3actocyBanHs [IK JIIPA mpum po3B’s3aHHI Te€OMETPHYHO
HeNiHIIHOT 3amadi CTIHKOCTI mojorux chepuaHux 0O0JIOHOK pi3HOI cTaymol
toBmmEn. [IK JIIPA Moke BHKOPHCTOBYBATHCH SIK 1HCTPYMEHT IS
3iCTaBIIEHHS PO3B’s3KiB IIPH MTPOBEACHHI MOAIOHUX TOCTiHKEHb.

0.701< by <1.167 1.167 < by <1.994
7.14>k > 4.28 428>k=>2.51

Puc. 4. ®opmu BTpaty crilikocTi 060I0HOK 1IpH 3MiHi Hapamerpa by

3aznaunmo icHytoui y ITK JITPA oOmexeHHS:

1) HEMOXJHBICTh PO3PI3HUTH TOYKY PO3TAIYKEHHS Ta TOYKY BEPXHBOTO
KPUTHUYHOT'O HABAHTAXKCHHS;

2) HEMOXIJIHMBICTH JOCIiPKEHHS 3aKPUTHYHOT TOBEIIHKH 0OOJOHKH.
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CPABHUTEJIbHBII AHAJIU3 PEIIEHUM B 3AJJTAYAX YCTOMUUBOCTU T'MBKUX
CO®EPUYECKHUX NAHEJIEM IOCTOSIHHOM TOJIIUHBI [IPU JEMCTBUHU
PABHOMEPHOI'O TIABJIEHMSI

IIpuBeneHo cpaBHEHHE pE3yJAbTATOB pacyeTa HETHMHEHHOro JaeGOpMHPOBAaHHS W HOTEPH
YCTOHYMBOCTH C(EPHUECKHX KPYINBIX B IUIAHE IaHeNedl pasHOH IIOCTOSHHOW TOJIIHHBL,
NOJMYYCHHBIX 110 MOMEHTHOM CXe€M€ KOHEYHBIX D3JIEMEHTOB H C TIOMOILBIO TIPOTrPaMMHOI0
xomiiekca JIMPA.

Solovey M.O., Kryvenko O.P., Dubyna O.S.

COMPARATIVE ANALYSIS OF APPROACHES TO STABILITY OF FLEXIBLE
SPHERICAL PANELS WITH CONSTANT THICKNESS AT UNDER ACTION OF
UNIFORM PRESSURE

Comparison of results for problems of nonlinear deformation and the loss of stability by spherical
panels with round configuration in plan and different constant thickness has been investigated.
These results have been received by the moment scheme of finite elements and by the program
complex Lira.



