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HHUX.

3anponoHOBaHO CHPOIIEHY IBOBHMIPHY MOJECTH KJICHOBOTO 3’€THAHHSA,
sgKa IPYHTYEThCS Ha TiNOTEe31l IMPO BHCOKY JKOPCTKICTH TpyO, MI0
3’€IHYIOTBCS, B OKPYKHOMY HAampsIMKy. BBaskaeThbCs, II0 Hampy)KeHHS
PIBHOMIPHO PO3MOALIEH] 32 TOBIIMHOIO IIapiB, a NepeMillieHHs BiOyBa-
I0ThCS JIMIIE B OCHOBOMY HAaIPSAMKY. 3a/1a4y 3BEJCHO O CHCTEMH JIBOX
TU(EepeHIIHUX PIBHSIHD BITHOCHO MO3/IOBKHIX MEPEMillleHb 30BHINIHBOT
Ta BHYTPIIIHBOI TPYOH. 3a JOMOMOTOK METOAY BIIOKPEMIICHHS 3MIHHHX
no0y/I0BaHO aHAJITUYHUI PO3B’S30K 3ajayl MpO HANpy)XEHUH CTaH Ha-
MIyCKHOTO KJEHOBOrO 3’€IHAHHA JBOX IMIIHIPUYHUX TpyO. OOrpyHTO-
BaHO 301KHICTD PO3B’I3Ky. P0O3B’s13aHO MOJEIBbHY 3a7ady Ta IPOBEICHO
MOPIBHSAHHA PE3yJbTaTiB PO3PAaXyHKIB 3 PO3paxyHKaMH, BUKOHAHUMH 32
JIOTIOMOT0I0 METOly CKIHYEHHHX eJleMeHTiB. [Ioka3aHO BHCOKY TOYHICThH
3allPONOHOBAHO CIIPOIEHOI MATEMaTHYHOT MOZETI.
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A simplified two-dimensional model of an overlap glue joint between two
coaxial pipes is proposed. At the base of the model lies the hypothesis
about the high rigidity of the pipes being joined in the circumferential
direction. It is assumed that normal stresses and axial displacements are
evenly distributed across the thickness of the layers being joined, and
displacements occur only in the axial direction. Those. displacements in
the radial and circumferential directions are zero. The adhesive layer
works only on shear, and the shear stresses in the adhesive are evenly
distributed in thickness. It is assumed that the longitudinal displacements
or normal forces are given on the ends of the pipes in an arbitrary manner,
and not uniformly as in the known classical solutions. Edge conditions,
displacements or forces at the ends of pipes, are expanded into Fourier
series in the angular coordinate, in the interval from zero to pi. This mod-
el can be used to determine the stresses in the joint between the skin of
the aircraft and the power frame, to which the load is applied at certain
points. The task is reduced to a system of two differential equations for
the longitudinal displacements of the outer and inner tubes. This model is
a development of the previously proposed model of adhesive bonding of
rectangular plates. To construct the solution, the classical method of sepa-
ration of variables was used. Displacements have the form of superposi-
tion of series of eigenfunctions, the coefficients of which are unknown
and are found from boundary conditions. Satisfaction of boundary condi-
tions leads to systems of linear equations for unknown coefficients. An
estimate for the decay of the coefficients is found and the convergence of
the solution is proved. The solution of the problem satisfies the criterion
of Saint-Venant, i.e. in the case of a large connection length, the dis-
placements and stresses at a distance from the ends exponentially tend to
the classical one-dimensional solution. The model problem is solved and
the results of calculations are compared with calculations performed us-
ing the finite element method. In the model problem, the inner tube is
assumed to be fixed on one of the ends, and a force is exerted on the op-
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posite end of the outer tube in two symmetric sectors, between which lie
no load sectors. Graphs of tangential stresses in the glue are given in the
article. The high accuracy of the proposed simplified mathematical model
is shown. The proposed solution has good convergence and counting
speed, so it can be used to build a solution for optimization and design

problems.

Beryn

KneiioBi 3’enHaHHS € HEBIJ €MHOIO dYac-
TUHOIO CYyYaCHHUX KOHCTPYKIiH, BUKOHaHHUX 3
HOJIMEpHUX KOMITO3HMIIWHUX MarepiajiB, TO-
My 110 BOHHU 3JaTHI 3a0€3[EUUTH HENEPEPBHY
Ta HaWOLIBII PIBHOMIpHY mepenady 3yCHIIb
MDK KOHCTPYKTUBHUMM €JIEMEHTaMH, 3a0e3Ie-
YYIOTh TePMETHYHICTH 3’€IHAHHS, HU3BbKY Ba-
Iy, BHCOKY aepoJWHaMiyHy e(EeKTUBHICTb.
3a3Buuail y MexaHilli KOHCTPYKIIH 3’ €THaHHS
BHAIYCK PO3IVIAZAIOThCA SIK TPULIAPOBI Oaiku
[1, 2] abo TpumapoBi HUITIHAPHYHI 0OOJIOHKH
[3, 4]. MaTtemaTtuuni Moiei 3’€JHaHb HalJac-
Tillle TMPUMYCKAIOTh PIBHOMIPHHUNA PO3MOILT
HaNpy>KeHb 3a MIMPUHOIO 3’ €THAHHSA Ta 3aja-
HUI anpiopHO PO3IOALT HAaNpyKeHb 3a TOB-
OIMHOI0 KJICWOBOTO TIapy 1 MmapiB, IO
3’emMHYIOThCs (3a3BHUail piBHOMIpHHN abo Jii-
HiltHUiT). OHAK IPU PO3PAXYHKY HAIPYKECHO-
r0 CTaHy JeSKUX KOHCTPYKLIH, Hampukiazn
3’€/lHaHb CHJIOBHX €JIEMEHTIB a00 PEMOHTHHX
HAKJIaJ0K 3 OOIIMBKOIO, HEOOXiTHO BPaxOBY-
BaTH HEPIBHOMIPHICTh HaIlpyKEeHO-
ne(OpMOBAaHOTO CTaHy KJIE€HOI KOHCTPYKLIi
HE TUIBKM 3a JIOBKMHOIO, ajie 1 32 MIUPUHOIO
3’enHaHHA. HaliGinpl1 nmomMpeHuMu MeToja-
MU JTOCTIPKEHHS TBOBUMIPHOTO HAIIPYXEHOTO
CTaHy 3’€JJHAHb € METOJ CKIHUEHHHMX eJIEMEH-
TIB Ta METOJ CKIHYEHHHUX pi3HHIb [5-8]. AHa-
JITUYHI PO3B’A3KH 3a/1a4l PO HEPiBHOMIPHUH
3a IIMPHUHOIO HANPYKEHUH CTaH KIECHOBOTO

p A

3’enHaHHs HeBizoMmi. ToMmy s po3B’s3aHHSA
3aja4 PO HANPYKEHUI CTaH 3’€HAaHHS M-
MOKYTHHX IUIACTUHOK OYJIO 3arporOHOBAaHO
CITPOILIEHY MOJIETIb, sIKa 0a3y€eThCs Ha TiMmoTe3i
mpo Mami nedopmariii, o 3yMoBJIeHI Koedilli-
earamu Ilyaccona [9, 10]. B maniii po6Gori
MIiJX1T PO3BUHCHHUA HA HWIIHAPUYHY CHCTEMY
KOOpJIMHAT.

VY po6oTi MPOMOHYETHCS CIPOIIEHA BO-
BUMIpHa  MOJIeJIb  HANPYXCHOTO  CTaHy
3’€THAaHHS WIIHAPUIHUX TPYO, B SIKil HEXTY-
€ThCS BIUIMB TO3JIOBXKHIX (B OCBOBOMY HaIpsi-
MKY) Aedopmalliii Ha momnepeyHi (TaHTeHIia-
JBbHI Ta pagianbHi) nedopmanii. To6To mpury-
CKa€eThCs, WIO CIIEMEHTH 3 €JHAHHS MalTh
JIUIIIE TTO3/IOBXKHI TepeMileHHs. AJie, Ha BiJ-
MiHYy BIJ KJIACUYHUX OJTHOBUMIPHHX
po3B’si3kiB [11-13], BBakaeThCst, MO OCHOBE
HAaBaHTKCHHS a00 MepeMillieHHs J0JaHi J10
[1apiB HEPIBHOMIPHO 3a OKPYKHOIO KOOPJHU-
HATOI, TOOTO 3a Oyab-SKUM JOBUIBHUM CIIO-
coObom. Take HepiBHOMIpHE HaBaHTAKEHHS
XapakTepHO, HANpUKIaA, N 3 €IHaHb BiJCI-
KIB pakeTHOI Ta aBlallifHOI TEXHIKH, K1 Mic-
TATh JUCKPETHI 3’€HYBaJIbHI MepexiJHi ele-
MEHTH.

IMocTanoBka 3amaugi

KneitoBe 3’enHaHHS J1BOX KOaKClaJbHUX
TpyO mokaszaHo Ha puc. 1.

Puc. 1. Cxema 3’eqHanHs

Dizuko-mamemamuyni HayKu
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ToBImIMHM 30BHIMIHBOI 1 BHYTPIITHEOT TPYO
BIINOBIZHO JOPiBHIOWOTE & M J,. ToBmmHA
3’€IHYBaJILHOIO 1apy JA0piBHIOE § . IIpumyc-

THUMO, II0 HeCYdl mapu 1e(popMyrOThCS TUIBKH
Y3JI0BX OCl 3’€HAHHA, a KJICHOBHUH Iap mpa-

IIIO€ TIJIBKU Ha 3CYB, HANPYKCHHS PIBHOMIPHO
PO3MO/IICH] MO0 TOBIIUHI IIapiB.

Ha puc. 2 nokaszano nudepeHiiitamii emne-
MEHT 3’€IHaHHS Ta JIiF04i Ha HhOTO 3YCHJLISA.

Puc. 2. Enemenr 3’eqnanns

PiBHSIHHS pIBHOBAaru €JIEMEHTIB HECYy4ux
[1apiB MalOTh BUTJIST

Ny o Teaxl oo Qg |-
dsl[N1+ o dx [+dx q1+asl dsl}

—N,ds; —g,dx + tdxds, =0,

ds{N2+%dx

+dx| g, +%dsz}—

0,

ne N, 0, — HOpManbHI (B MO310BXHBOMY

HanpsIMKy) 1 JOTHUYHI 3YCHJUII B HECYUOMY
mapi m (m=1, 2), gki sBIsAIOTH c000t0 100Y-

arapy,

! T — JIOTHYHI Ha-

TOK HAIIPpYy>XCHb Ha TOBIIUHY

N = 8mcim) v Om = Smr(m)

NpY)KEHHS B KJIEHOBOMY IIapi B MO3/I0BXKHBO-
My HanpsMmky. Kpim Toro, X — ocroBa KOOp-
JIMHATA; OKPYXXHI KPHUBOJIHINHI KOOpAWHATH
$ =Rde, s, =R,dp, 55 =Ryde; ¢ — ky-
TOBa KOOpJAMHATa, $Ka BIAPAXOBYETHCS BiJl
neskoi miommHH, R, — paniyc cepenuHHOi
nosepxHi mapy m, R, — paxiyc cepeauHHOi
NOBEpXHI KieioBoro mapy. To6To BBaxkaemo,

10 JOTUYHI HAmNpy>XEHHS B KJICHOBOMY mIapi
JIIOTh B WOTO CEPEIMHHIA MOBEPXHI, sSIKa Mae

paniyc R;.

Bicnuxk 3anopizbkozo HauionaibHozo yHieepcumeny

BI/IKOpI/ICTOBYIO‘II/I KYTOBY KOOpIHWHATYy O,
OTpHUMAEMO:
R
+ _1% + i% =0 ,
Ry ox Ry O¢

+——==0, (1)

CniBsigHomenHs Ko 3a yMOBH piBHOCTI
HYJII0O TONEPeYHUX MEepeMilleHb MaroTh BH-
IS

ou,,
moox
oU, 8,6, dU,

In =OnCn 55 "= TR, g

m=12, ()

N, =8,E

ae U, — N0370BKHI NepeMIIleHHs mapy M.
JIOTHYHI Hampy>KeHHs B KJeHoBOMY mIapi

BBAKAEMO TMPOMOPIIHHUMH PI3HUII TEpeMi-

IIeHb 1I1apiB

%

1—60

(Up -Uy), (3)

ne Gy - MOIynb 3CyBy KJIEHOBOIO HIapy.

ITixcTaBUBIIM HABEAEHI BUINE CIIIBBIIHO-
mieHHsl B piBHAHHA (1), oTpMaeMo cucTeMy
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2
ou 20U
oy | —5t+ —5 [-U;+U, =0,
OX 6(p
2 @
o 8U22+M§8U +U; U, =0,
OX 8(p
ae
E., R,
=08,00 =+ G, Ro

_ 1 [Gn.
m_Rm Em’

KpaiioBi yM0OBU MarOTh BUTIISL

U1|X:0 = O,
ouU 2
Nal,_ = E28; 8_x2 ) - )((P), )
X=
aU (m)
Nm|x:|_ m 8X . - ((P)
X

KpiM Toro, Ha nepemilieHHs HaKJ1a arTh-
Csl YMOBH IEPIOAMYHOCTI:

Un (%0)=Ug (X, ¢+2mn). (6)

IloOynoBa po3B’si3Ky

3 mepuoro piBHSAHHS cuctemu (4) oTpu-
MY€EMO, 1110

2 2

ouU 20U
U2=Ul_a‘l 21+Hl 21 . (7)

OX op

[TinctaBuB (7) B Ipyre piBHSIHHS CUCTEMH
(4), MaeMO pIBHSHHS
4
oU,;

o'u o'u
l Bl 1 BZ 4
o’ OX 6q) o

aul B48U1

(8)
—B3

e
2 2
By =Ky,

1.1 WM

Bs=—+—, PBy=

a; 0Oy Oy Oy

2 2
By =1y +Hy,

YacTUHHUN pO3B’SI30K PIBHAHHA (8) IIy-
KaTHMEMO y BUTIISAI TO0YTKY

U; =q)((p)X (X) BBaxkatnmMemo, 0 KOKEeH

Dizuko-mamemamuyni HayKu

YaCTUHHMHA po3B’sa30k U; — 271 mepionndHa
dynkuis. Orxe, dynkuii @ (¢) — nepioxuusi,

3 mepiogoM 271. Bimomo, mo Oyib-sika Here-
pepBHa nepiognyHa (GyHKIiS 3 mepiogoM 27
Moke Oytu poskianeHa y psg @yp’e. Otxe,
MOXHA TPUITYCTHTH, IO (QYHKIIIT (D((p) B

YaCTMHHUX pPO3B’s3Kax (8) mpuiiMaroTh 3Ha-
yeHHs 1, cosnx, Sinnx.

3uaiinemo Binosigni pynxuii X, (X).
1) slkmo @ (¢)=const, To mixcraBuBILKA
UI =0, ((p) Xo (X) B piBHsHHSA (7), oTpuMae-

MO pPiBHSIHHS:

d |8 Xo(x)
— |5 Bs
dx OX

Xo(x)[=0.

Po3B’430Kk AaHOTrO pIBHSAHHSA MOXE OyTH
MOJIaHO Y BUTJISAII:

Xo=HA +A&X+A3ch(\/Ex)+A4sh<\/Ex).

2) Sxmo @, (¢)=sinng

®,(9)=COSNQ, TO MNiICTABUBILM YACTHHHI

abo

PO3B’sA3KH U: =0, ((p) X, (X) B piBHSHHI (8),

OTPUMAEMO
4 2
d X, ( 2 d X
—|Bn "‘Bs)' -+
dx* dx2

+(an4+[34n2)-xn -0,

KopHi xapakTepuCTHYHOTO DIiBHSHHS Ma-
HOT'O 3BUYAaWHOro Au(epeHIiaTbHOro piBHIH-
Hs MalOTh BUIIIAA K, , Ta K,

e

stan +B; +\/(Bln2 +Ba) —(Ban’ +an”)
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HeBaxxko mepexkoHarucs, mio nmpu N — oo
3anekHICTh K, Ta K,, Big Ni mpsamye 1o

miHiiiHOI. MOXHA TakoX JOBECTH, MO K;, Ta
K, , € nificauMu anciamu it N> 0.

Ha miacTaBi BUINEBUKIIAIEHOTO, IEpEMi-
meHHsa U; MOXHA [0JAaTH y BUIIIALIL:

U, =A +AX+
+A ch(\/gx)+A4sh( B3X)+
chkg ,x

%0 Shikg L
shky ,x
chk L
o1 chk, ,x

1| % shi, L
kz,n

1
kl, n

+a2Yn

cosng +

+

shk, ,x
N chk, L

chk; X
) 1,n 4
i M sh k1’n L
klyn + Sh kl]nX
o 2N chk, L
o ch kZ,nX
1| sk L
k2,n

sin ng,

+

shk, ,x
N chk, L

ne A, Ay, @ pnsendg W B, 0 — HeBI-
JOMi KOHCTaHTH, II0 BU3HAYAIOThCA 3 Kpaio-
KnnShky,L Ta

BUX YMOB; MHOXXHHKHU

Knn ChKy nL B 3HAMEHHMKY CIyXaTh Il HO-

PMyBaHHsS 1 TOJETIICHHS aHali3y 301KHOCTI
pO3B’s3Ka.
3 (7) 3HaXOAMMO TEPEeMIIIEeHHs JPYroro

mapy:
U, = Ay + Ax+(1-ayBs) X

><[A3 ch(\/Ex)+A43h(\/§x)J+

Bicnuxk 3anopizbkozo HauionaibHozo yHieepcumeny

chkg X
Yo | M SK,L
klln Sh klinX
- T8 ohk, L
+ cosng +
Z{ chk; X ®
Yon| 0 Shkg,L
kzyn a Sh k2,nX
M chk, L
Yin b chky X ' shky X N
© kln N ShklnL 2N ChklnL
> ' ’ sinng,
n=. Y2,n ch anX sh k2 nX
+-—==| b, —+Db, ’
Koo | 2" shk, L " chk, L

2 2 2
1€ Ymn :1_a1(km,n -n ul)-

3ag0BoJIeHHSI KpallOBHX YMOB
BimzHaunmo, Ko KpaiioBi yMOBH Ha TO-
pIsxX MapHi, TO KOCQIIiEHTH
By ysees 04, OPIBHIOIOTH HYIIO, SIKIIO HETIAPHI,

3’ e THAHHSA

TO BianosinzHo A,..., A, Ta & ,,...,8,, AOpIB-
HIOIOTh HYJIO. SIKIO 3yCHILIS 1 TIEPEeMIIIeHHS
PO3MOAIIEH]I PIBHOMIPHO MO KOy — OTPUMY€E-
MO OJHOBHMIPHI PO3B’SI3KH, TOOTO A,..., A,

BIIMIHHI Bit HYJIS, @ 8y py,...,8,, Ta By ,...,04

— JIOPIBHIOIOTh HYNIO. Y 3arajbHOMY BHIAJKy
yci KoedillieHTH BIAMIHHI BiJ HYJIS.

Hexali mo3moBXHE HaBaHTaXXEHHS IPUK-
JajJieHe 10 30BHIIIHBOI TPyOM Ha MpaBOMY
Topui X = L, B TOpeub BHYTPIMIHBOI TPY-
6u X = 0 )KOpCTKO 3aKpirIeHUH.

3HaiiIeMo MO30BXKHI 3yCHILUIS B HECYUHUX
mapax (2):

Ny = Edy { A+ AgyJBs sh(Bsx) +
+A4\/gch(\/gx)+

shkj ,x chk; ,x
a 1t a :
o | %0 Shk L 2" Chkg L
+Y ’ ! cosng +
=1 shk, ,x i chk, ,x
3" shk,,L = " chk, L
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shk; ,x chky X
) 1,n +b, 1,n I
o =shk L “"chk L )
' ' sinng ¢ .
~ shk, ,x chk, ,x
+b3 nenk. 1 T P4n e 1
mshky L " chk, L
AHaJIOTIYHO:
Agsh( B3X)+
+A, ch( Bs x)
shky ,x chk ,x) |
o | T (al,n Sk, ' 2" chk, L

+> x

i, . shk, ,x a chk, ,x
Y20 | % Shk, ,L T4 ehk, oL |
X COS N +
shky X chky ,x
Yn (blv” shk,, L 220 e, L)
o0 X

+> et [, shk, X N chk, ,x
n-1) TV2n| B ghk, L 4" chk, L

xsinne}.

3ycuiis Ta nepeMilieHHss Ha Topusx (5)
poskiazieMo B psau Oyp’e:

@

U(l)((p):COTJrZ( ™ cosnp -+ sin n(p),
n=1
@) & @
F (@):°7+Z(cn cosnNQ+S, smn(p),
n=1
m)
H™ () =T+

+Z(Cr(]m) cos ng + Sr(]m) sin nq)).
=1

OTpuMaeMo cUCTEMU PiBHSHB:
@)
_C
A) + A3 - 2
@
A1+(1_a133)\/EA4 =2
2E,9,

Dizuko-mamemamuyni HayKu

C(l)
al,n +a2,n +a3,n +a4,n = EnS !
1+1

Yl,n (ain + a2,n)+ YZ,n (aSn + a‘4,n ) = E282 ;

A+ A By sh(B;L)+

1)

_ G
+A4 Ba Ch( B3L) - 2E181 !
Ash(JBsL)+| @
A +(1— o, ) B ==,
1M3 \/_3 +A40h( BSL) 2E282
i & n n 1 & _ C(l)
ki shk L ky,shk,,L ne
2,n +y 4n  _ *n .
M0 ehk L 20 chky L Eyd,
1 bl,n 1 b3,n )

K ShK, oL Ky shky L "

b2,n

by {2
i chi, L

n

20 chiG L EyS,

<
bl,n +b2,n +b3,n +b4,n - E1n81 '
o
y +b,  )+y +b,, )= ="—.
1n (bln 2,n ) 2n (b3n an ) E,5,

MoskHa MMoKa3aTy, 10 MBHAKICTH CIaJaH-
Hs KOeillieHTIB & ,,....,84, Ta b ,,...,0,, HE

MEPEBUIIYE IIBUIAKOCTI CHaJaHHSI KOeQiIieH-
TIiB Cﬁm) Ta Cr(]m), AK1 TIPOTOPIIiHHI n—e, e
0>1.

YuceabHUN MPUKJIAL
Posrnsnemo kieiioBe 3’€IHaHHSA NIBOX TPYO,
mo MaroTh JoBXuHY L =50 Mm, 30BHIiHI
pagiycu R, =28 mM, R, =33 MM Ta TOBIIU-
o1 & =4 MM, &, =2,9 mMm. ToBuuHa Kieiio-

BOTO mapy 9 =01 MM.
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[IpyxHi XapaKTEePUCTUKH MarepiajiB
3’€IHAHHS E, =E, =70 I'Tla,
Uy (o)), , =0,
2
F* (g)=0 H ()=
HY () =0,

Puc. 3. KpaitoBi ymoBH
() mpu Xx=L i(6) mpu x=0

binbi Hao4HO cxeMa JoJaBaHHsS HaBaH-
TaXEHHS TOKa3aHa Ha puc. 3. HaBaHTaxkeHi
JJISHKY TTO3HAYCHI YEPBOHUM KOJIbOpOM. [li-
JSHKY Oe3 HaBaHTa)XEHHS — M030aBJeHI KO-
JABOPY.

SIx Gaummo, 3yCHIUIA MPHUKIAJICH] 10 30B-
HIIIHBOI TPYyOM MO JBOX CEKTOpax 1 mepezia-
I0TbCS 4epe3 KIIEHOBMH IIap 10 BHYTPILIHBOT
TpyOH, siKa >KOPCTKO 3aKpiIUIeHa 10 BCbOMY
TOPIIIO.

Ha puc. 4 naBezneHo rpadik JOTUYHUX Ha-
IIPY’KEHb r((p,X) (3) y Burnsai moBepxHI B

koopzuHatax (¢,X). BpaxoByroun cumerpito

3aja4l Ha PUCYHKY NOKa3aHO HaNpy>XeHHs Ha
. . . T .

OJIHIH UBEPT1 OKPYKHOCTI, @ € {O; E} I'pagi-

KM Hanpy>KeHb JaHo y 0e3po3MipHiii GpopMi K
BIJIHOIIEHHS JIIFOYMX HAINPY>KE€Hb 7 JO TiMoTe-

Ry

THYHHUX HAIIPYXKCHb 7y = 20 . SIKl BUHHMKJIA

0 mpu pIBHOMIPHOMY PO3MOJUTY HampyKeHb
o BCbOMY KJIeoBoMYy Tmapy. JIBiiika y 3Ha-
MEHHHUKY BKa3ye Ha TOW (pakT, 110 HaBaHTa-
JKCHHSI TIPUKIIAJICHE JIUIIE Ha TOJIOBHHI JIOB-
KUHU OKPY>KHOCTI 30BHILIHBOI TPYOH.

s Bepudikamii OTpUMaHOTO PO3B’A3KY
Ta MEPEeBIPKU TiNoTe3, MOKIAJECHUX Y MOJEINb
3’€IHAHHS, TPOBEIEHO PO3PaXyHOK HArpy-
KEHOTO CTaHy JaHOTo 3’€IHaHHS 3a JOIOMO-
roro Meroay ckindeHHux enemeHTiB (MCE).
Jnst mporo 3actocoBaHo cucremy Comsol

Bicnuxk 3anopizbkozo HauionaibHozo yHieepcumeny

G =G, =27 I'lla, G, =0,34 I'Tla. 3agamo

KpalloBl YMOBH Ha TOPLAX CKJICEHUX TPYO:

T T 3n 5n

__ < ] < .
Fo. 4_(P<4’ 4_(P<4’
T 3t 5m n

Z < . 2 e e

0 4_(P<4' 4_(P<4'

Multiphysics 5.2. I'padiku g0THYHHX Hampy-
xeHb y kiero (3) B3goBxk niHid @ =0 (moce-

s
pel HaBaHTAXXEHOTO CEKTOopa) Ta (PZE (mmo-

cepell HeHABaHTaKEHOT'O CEKTopa), sIKi po3pa-
XOBaHi 3a JIONIOMOT'OK 3alpPOIIOHOBAHOIO aHa-
JITHYHOTO TiAXony (HemepepBHi JiHii) Ta
orpuMmani 3a gomnomororo MCE (myHkTupHi
JiH1), TOKa3aHO Ha pHUC. 5.

2LR,

@, pax

Puc. 4. JloTnyHi Hanipy>keHHS Y KJISHOBOMY Iapi

BucHoBxku

3anpornoHOBaHO HOBY MaTeMaTHYHy MO-
JieNlb  Hamnpy>KeHOro  CTaHy  KJeHoBOro
3’€IHAHHS KOAKCIaJbHUX TPYO, ska OazyeThcs
Ha TIMOTe31 MPO HASBHICTH JIMILIE OCbOBUX II€-
pemimenp 1mapiB. [laHuil miaXix 103BOJISIE
OTpUMAaTH aHAJITUYHUNA PO3B’SA30K 3a/4a4i Ipo
HaNpy>KeHUH CTaH 3 €IHAaHHSA 3a JIOBUIBHUX
KpaiioBux yMoB. ToOTO MO3BOJIE€ AOCTITUTH
HaNpy>KeHUH CTaH 3’€JHaHHS y BUNAJKY Hepi-
BHOMIPHO NPUKJIAJIEHOTO0 HaBaHTaxeHHs. Jlo-
CIIIUKEHO Ta OOIPYHTOBAHO 301KHICTH OTPH-
MaHOI0 po3B’A3Ky. PO3B’3aHO MOJENbHY 3a-
Jlady Ta MPOBEJCHO TMOPIBHAHHS PO3PAXYHKIB
3a 3alpONOHOBAHOI MOJIEIUIIO0 3 pe3yibTara-
MH, oTpuManuMu 3a ponomororo MCE. Iloka-
3aHO, IO 3aMPOIIOHOBAHUMN IMiJIX1]] Ma€ J0CTa-
THIO JUTSI IHKEHEPHUX 3a/1a4 TOYHICTD.
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