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CTEMbl U KOHTPOJIbHOTO aBTOMaTa, byaeT nycT, TO NpoBepPAeMOe CBOMCTBO Bbl-
NOJIHAETCA HA BCEX BbIYUC/IEHUAX CUCTEMDI.

BbiBoA. B pesynbTaTe paboTbl 6binM GOpMannM30BaHbl C MOMOLLBIO A3bIKa
norvkn LTL cneaytowme cBoiicTBa 6€30MacHOCTU: 3aWuMTa OT NOBTOpPA, ayTeH-
TMdMKauma cybbeKTa, NoaTBEp:KAEHME KAtoYa U KOHOUAEHUMANbHOCTb. TaKkKe
Ha OCHOBE OAHOM M3 NoNy4YeHHbIX GopMyn Hbl NOCTPOEH aBTOMAT Bloxu, KoTo-
PbIi ABNSETCA KOHTPOJIbHbIM A/ aHaNU3NpPyeMon cuctembl. JanbHenwen 3a-
fadyelt aBTopa ABnAetca Gopmanmsauma CBOWCTB MPOTOKONOB 3/1EKTPOHHOM
KoMmepumn, paspaboTka mogenn HapywuTtena u sBepuduKauus oaHOro M3
NPOTOKO/10B 3/IEKTPOHHOM TOProB/IN C NPUMEHEHNEM MOAENN HapyLINTENS.
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0.B. 3anopoxeup’, C.M. Fopnad?, [B.5. 3anopoxeup’
'KaHAMAAT TEXHIYHMX HAYK, AOLEHT Kadeapu NPUKNALHOT MaTeMATUKM, [epsKaBHUN BULLIM
HaBYaNbHMM 3aKknag «lMpUAHINPOBCbKA AeprKaBHA aKagemia OyaiBHUUTBA Ta apXiTEKTypu»,
M. [JHinponeTpoBcbK, YKpaiHa, e-mail: Lena_ne@ukr.net
KaHAMAAT TEXHIYHMX HAYK, JOLEHT Kadeapn OCHOB i dyHAaMEHTIB, [epKaBHMIN BULLIN Ha-
BYaNbHWUI 3aKnag, «MpuAHINPOBCbKa AeprKaBHA aKaaemis OyAiBHMLUTBA Ta apXiTEKTYpPU»,
M. [lHinponeTpoBcbK, YKpaiHa, e-mail: serg.gorlach@ukr.net
3KaHLI,MLI,aT TEXHIYHUX HayK, AoueHT Kadeapu byaiBesbHOI MexaHiKM Ta onopy maTepianis,
[epKaBHUI BULL HaBYaNbHWUI 3aKkNag «MpUAHINPOBCbKA AepKaBHA akagemia byaiBHMLUTBA
Ta apXxiTeKTypu», m. JHinponeTpoBCbK, YKpaiHa

AHoOTauiA. HaBegeHo anroputm BM3HaAuYeHHA HanpyXeHo-0edOopMOBaHOro CTaHy TOH-
KOT KOHIYHOi 060JIOHKM, ika PO3TalloBaHa Ha NPY*KHih 0cHOBI. MiX KOHiYHOO 060/10HKOO Ta
OCHOBOI MOXe byTu sik ABObIYHa, TaK i oAHObIYHa B'A3i . LA 3a4a4a po3B’A3yeTbCAa 3a Aomno-
MOTrOI0 METO/la CKIHYEHHUX eNleMeHTiB. Y BUMNaZKy oAHObIYHOI B'A3i nepemillleHHA KOHIYHOT
060/10HKM BM3HAYalOTbCA 32 AONOMOro MeToha NOCNif0BHMX HAabAMKeHb. 33 NpeacTasne-
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HUM anroputmom bByna po3pobsieHa nporpama, Ha OCHOBI AKOI 6yn0 BUKOHaHO 6araTto pis-
HOMAHITHUX PO3PaxyHKiB.

Knrouosi cnosa: aneopumm, MOHKA KOHIYHA 060/10HKA, Memoo CKIHYEHHUX eseMeHmis,
MPYyHHa OCHOBA.

DEFLECTED MODE ALGORITHM OF THIN CONICAL SHELL IN THE CASES OF
ONE-WAY AND TWO-WAY CONNECTION BETWEEN THE
SHELL AND ELASTIC FOUNDATION
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Abstract. The deflected mode algorithm of thin conical shell in the cases of one-way
and two-way connection between the shell and elastic foundation is considered. Two-way or
one-way connection between shell and the foundation there can be. This problem is solved
by finite element method. Shell displacements are defined by serial approximations in case
one-way connection. On the algorithm the program has been created. With its help many
calculations have been made.

Keywords: algorithm, thin conical shell, elastic foundation, finite element method.

Bctyn. Po3paxyHkom 060N0HOK, pO3TallOBaHUX Ha Pi3HUX OCHOBAX NpwUcC-
BAYeHO 6e3niy pobiT [1-3 Ta iH.]. Y 6inbwocTi 3 HMX NoBediHKa 060N0HOK onu-
CYETbCA B PaMKax NiHiMHOI Teopii, 3acHOBaHOi Ha rinoTte3ax Kipxroda - /lasa. Y
TOM e 4Yac, € pAA, KOHCTPYKLIN, eneMeHTaMn AKUX € THYYKi 060N10HKKM, noBes,i-
HKa AKMX Ma€ OMNUCYBATMUCA FT€EOMETPUYHO HENIHIMHO TEOPIEID 3rMHY. AHaANITK-
YHi piweHHA, Wwo 3abe3neyyloTb AOCTAaTHIO TOYHICTb BM3HAYEHHA BCiX HeobXia-
HMUX KOMMOHEHTIB HanpyXeHo-4e$pOpMOBaHOro CTaHy TakMx 060NOHOK, BiacCyT-
Hi. OgHUM 3 MeTofiB, AKUN MOoXKe byTn ePeKTMBHO BUKOPUCTAHMIN NpU po3pa-
XYHKY 3raflaHux rHy4kmnx o60/10HOK, € MeToA cKiHueHHUX enemeHTiB (MCE) [4-6
Ta iH.].

MeTa pobotu. Metoto Liei poboTM € po3pobKa aNropuTMy BM3HAYEHHA
Hanpy»eHo-4ePOPMOBAHOr0 CTaHy TOHKOI KOHIYHOT 0O0NOHKN Ha MPYXKHiM OcC-
HOBI, AKMIN BPaxXOBYE MOXK/IMBICTb BTPATU KOHTAKTY Mi*K 000N0HKOIO Ta NPYKHOI
OCHOBO. [lnAa intocTpyBaHHA ebeKTUBHOCTI pobOoTM Mporpamu, Aka CKNageHa
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33 UMM anroputmom, 6yno npoBeAeHO AeKiNbKa PO3pPaxyHKiB, a TAKOX 33 pe-
3y/AbTaTaMn po3paxyHKiB 3pobaeHo BiANOBiIAHI BACHOBKM.

Martepian Ta pe3ynbratm pochniaxeHb. PO3rnagaerbca ocecMMmeTpuyHa
AedopmaLia TOHKOI KOHIYHOI 060NI0HKM, AKA PO3TalLlOBaHa Ha MPYKHIA OCHOBI.
3apaya po3B’A3YETLCA METOAOM CKiHYEHHUX eNeMeHTIB B nepemiweHHsax. MNo-
BeAiHKa 060/I0HKM ONUCYETLCA TEOPIEKD TOHKMX 060NOHOK [7].

BBarka€eTbcA, WO MmaTepian enemeHTa MaE€ i30TPOMHI BAACTUBOCTI, TOMY BU-
pasu ANA BU3HAYEHHA MOTOHHUX HOPManbHUX 3ycunb (N,, N,) Ta 3ruHatoumx

momeHnTiB (M,, M,), BianoBiAHO B MepifiaHaNIbHOMY Ta KPyroBomy Hanpam-
Kax, MatoTb BUFNAL

Eh Eh
lem(6]+vg2), szm(62+vgl), (1)
M]:D(;(,+v;(2), M2:D(;(2+v;(,),.

ae v, E — BignoBigHO Koe@iuieHT MNyaccoHa Ta moAaynb NPYXHOCTI maTepiany
eNemeHTa; 1 —ToBWMHA, @ D — UMNiHAPUYHA XKOPCTKICTb eneMeHTa

EW’

Do) )

Oedopmalii Ta nepemilweHHs 38’A3aHi MixK co60t0 TaKMMKM BUPa3amu

€

_@g(d_w]z ol Wi oA ldw 3)
ds 2\ds)’ 7 s quo, : d32’%2 s ds

B noKanbHin cuctemi KoopamHat mepuaiaHanbHe (1) Ta nonepeyHe (w)
nepemiweHHA 6yab-AKOi TOYKM cepeaMHHOI NOBEPXHI efieMeHTa ONMUCYTbCA
BMpasamu

(I=L)u,+Lu,, w=N,(Lyw,+M,(L)B,+N,(Lyw, +M (L), (4)

u

MNepemilLteHHA YCIET CUCTEMUM BU3HAYAKOTLCA CKIHYEHHMM YMCIOM BY3/10BUX
napameTpis {5} B KOXHOMY 3 ABOX BY3/iB CKiHYUeHHOro enemeHTa (i, j) 3a-

AQIOTbCA MOro pagianbHe (u,, u;) Ta nonepedxe (w;, w;) NiHiNHI nepemilleH-
HA, @ TaKoX KyT nosopoty ( B, B;).

3afa4a BM3HAYEHHS HanpyXeHo-4edopMOBaHOro CTaHy TOHKOI 060N0HKM
6e3 ocHOBM € HeniHiHow (amB. Bupas (1) Ta (3)), Tomy Ana ii po3s’sA3aHHA BU-
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KOpUCTOBYETbCA MeToZ HbtoToHa-PadcoHa. ANroputm BUKOPUCTAHHA MeToAa
HbtoTOHa AnA CKiHYeHHO-enemMeHTHOI moaeni HaBegeHo B poboTi [6].
BBarka€eTbcA, Wo 060/10HKA 3HAXOAMUTLCA Ha NPYXKHiIN MaN03B'A3HIN OCHOBI,
noseAiHKa AKOi 3a40Bi/IbHO ONUCYETLCA B PpaMKax moaeni BiHknepa [1]. IHTeH-
CUBHICTb 30BHILWHIX CUA p, AKi AiI0Tb HA CKIHYEHHUN eneMeHT B OKO/i po3rna-

ﬂ,yBaHO'I' TOYKU, CKNAJAETLCA 3 IHTEHCUMBHOCTI 334aHOr0 HaBaHTAXKEHHA q Ta pe-
dKTUBHOIO TUCKY OCHOBWU D ®

p=q9-p, (5)
npuv ubomy p =kw, (6)

ne k' - KoeiLLiEHT NOCTiNi OCHOBM; w - nepemileHHA NoBepxHi OCHOBMU, AKe
AOPIBHIOE NepeMilLleHHI0 cepeaUHHOT NOBEPXHI enemeHTa W B TouL,, WO pPo3-
rNALAETLCA, Y BUNAAKY AKWO KOHTAKT MiXK CKIHYHEHHMM eNleMeHTOM i OCHOBOO
He nopyweHo. B Ton e 4yac, npu oagHObBIYHIN B'A3i Nig YacTMHOK 060/I0HKM

Mo3Ke 6yTW BUNAZOK, KOAM W# W, TOBTO BifB6YBaETLCA MOPYLUEHHA KOHTAKTY.

Mpu po3rnAagaHHi BUNaaKy oaHO6i4YHOIT B'A3i MiXK 060NI0HKOK Ta NPYKHOK
OCHOBOIO, B PO3B’A3aHHI 3a4a4i BUKOPUCTOBYETLCA WEe M MeToh NOCAiA0BHMUX
HabanKeHb. ANropuTMm, 33 AKMM byna po3pobaeHa nporpama, Ta NPOBOANAMUCH
pO3paxyHKu, HaBegeHo Ha puc.l.

Ha eTani BBegeHHA BXigHUX AaHWUX BM3HA4YalOTbCA PO3MipM 0OONOHKM, Ki-
NIbKICTb eNeMeHTIB Ta IX XapaKTePUCTMKU, @ TAKOXK XaPaKTEPUCTUKU MNPYKHOI
OCHOBW 11 HaBaHTa)KeHb, WO AitoTb Ha 06010HKY. [dani ona 060N0HKM, AKa po3-
TAlWOBaHA HA NPYXHiN OCHOBI, BU3HAYAKOTbCA 3arajibHi MaTpPULi XOPCTKOCTI Ta
BEKTOP HaBaHTa)KeHb Npu ABobiYHIN B'A3i. 3a gonomoroto metoga HbtoTOHa-
PadcoHa BM3HAYAETLCA BEKTOP nepemiweHb 060N0HKM HA NPYXKHiA OCHOBI 3
ABObGIYHOW B'A33t0. Lle po3B’A3aHHA NMPMMMAETLCA B AKOCTI nepworo Habau-
eHHA. MoTim nepeBipAETLCA yMOBA Nepexoay A0 HACTYNHOro HabauKeHHA. B
AKOCTI TaKOi YMOBW BUCTYMNAE MPUCYTHICTb BiA EMHUX NOMNEPEYHUX NEPEMILLEHD.
B HacTynHMX HabnMXKEHHAX y By3n1ax, Ae CNOCTEPIraeTbCA PO3TAr OCHOBWU, OCHO-
Ba MOBWHHA BMKAOYATUCA 3 POBOTM, NpM LbOMY BigOYBAETLCA NEPETBOPEHHA
BXiAHMX OAHUX AN HOBOro HabamkeHHA. MNicha obuncneHHA nepemiweHb ana
HOBMX BXiOHWUX OAHMX, BU3HAYAOTbCA MONOXKEHHA Ta PO3Mipn micub, e Biaby-
NOCA NOPYLEHHA KOHTAKTY MixK 060/10HKO Ta OCHOBOLO. [poLec NOBTOPHOETb-
CA A0TWU, AOKU Yy ABOX NOCAIAO0BHUX HABAUMKEHHAX PO3MIPKU Ta NONOXKEHHA 30H
NOPYLIEHHA KOHTAKTY MiX OCHOBOI Ta 06010HKO He ByayTb PIBHUMK MiXK CO-
60to0. licnA oCTaTOYHOro BM3HAYEHHA BEKTOPA NepemileHb BU3HAYaOTbCA 3Y-
CUNNA Ta HaNpPyXeHHA y 060N0HLi, a TaKOX BigbyBa€eTbCA BMBEAEHHA OTPMMa-
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HUX pe3ynbTaTiB. 3a NpeAcTaBNEHUM anroputmom byna pospobaeHa nporpama,
Ha OCHOBI KOTpOi 6y/10 BUKOHAHO HaraTo po3paxyHkKiB. [eAKi 3 HUX HaBeAEeHO Y

poborTi [8].
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( KiHeub )

PucyHok 1 — Anroputm po3B’A3aHHA 3agaui

BucHOBOK. HaBeaeHUIM anroputm 403BONAE BUKOHYBATM PO3PAXYHKU TOH-
Knx 06010HOK, pPO3TallOBaHMX Ha MPYKHiM OCHOBI Npu oaHObIYHIM Ta ABOGIY-
Hi B’A3i miXX 060/10HKOO Ta OcHOBOO. LiA 3a4a4a po3B’A3yeTbCA 33 4OMNOMOrOH
MeTo4a CKiIHYEHHUX enemeHTiB. Y BunaaKy oaHobivyHoi B'A3i nepemileHHA Ko-
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HiYHOT 060NOHKK BM3HAYalOTLCA 3a AOMNOMOro mMeToda MOCAIA0BHUX Habau-
YKEHb.
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Abstract. Theoretical study of a convergence of a deformable body stress state, which is
obtained by different approaches, provided in the paper. The following methods are used:
Hertzian stress contact theory and finite element analysis. As a result of the research, high con-
vergence of both calculation approaches is reached.

Key words: convergence, finite element analysis, Hertzian stress contact theory, deform-
able body.
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