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FORCED VIBRATIONS OF A SPHERICAL SHELL
WHEN TANGENTIAL DISPLACEMENTS AND
RADIAL STRAINS DON’T EXIST ON ITS FACE

Abstract

In the paper we analyse non-azxial symmetrical dynamic mized boundary
value problem of elasticity theory for a spherical shell. Due to spherical symme-
try the general boundary value problem is divided into the potential and whirl-
wind problems and investigated. Firstly this problems is exactly solved, after
this the roots of variance equations of the spectral problems derived from them
asymptotically investigated, corresponding different group roots (special value)
for setting displacements and strains situation is obtained simple asymptotic
formulae of a spherical shell.

Consider the forced vibration of are spherical shell under the homogeneous
boundary conditions on its face

or=0, up=0, u,=0 whenr=r, (k=1,2), (1)
and the following boundary conditions are given on the other part of the boundary
g9 = QéS) (Ta 80) eiwt’ Tro = Q£39) (T‘, So) eiwta Trp = Q&zg (Tv (70) eth

when 0 =10,(s=1,2). (2)

Here the other non-homogeneous boundary conditions are possible, too.
Using the results of [1,2,3] we obtain the following boundary problems

{ L1 (u, Q)) = O, (3)

Ly (u,®) =0,
ou 2v _
(1 —v) g + Fu],_, =0,
(4)
[Q]T:Tk = 0 (k = 17 2)
and
L3 (F)=0 (5)
[Fl,—,, =0 (k=12) (6)
where ( ) o2 5
2(1—v u  20u 2 1
Lol ®) =575, <a2 ror 2“) Toztout
1—21/(7“(97“+ )AO(I)JF)‘“’
1 1 [0u  4-4 2(1-v) 1
LZ(U’(@)_l—Zyr[@r r ]+ 12y 2ot
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Here 7,0, are spherical coordinates; u,,ug,u, are components of displacement
vector; o,09,04,Tre, Tg, are components of strain tensor; G is Lame coefficient;
FE elasticity module of the material; w is frequency of vibrations; v is a Poisson
coefficient; g density of the material of shell; € is a small parameter characterizing
the thickness of a spherical shell; A is non-dimensional frequency parameter; z is a
spectral parameter. Using the results of [3,4], from (3), (4) and (5), (6) we obtain
the following boundary problems

(a’ + %a) + 2(1 V) (AQ ij> a+ 2(11 V),l) (z2-1) [b’ — %b} =0

2,,
1 (la,—|—47§l/a)+b”+%b/ [}\2_21(1 v)Z 3 }b_o

Ly (F) = L
3 (F) sin? 6 Op?

1-2v \ p p v p?
/ 2v _
[(1 —v)d + 7@} e 0, (8)
bl,_, =0 (k=1,2).
" 2 / 2 1 2 1 _
w+pw+[x—p2(z —4”@&—0, (9)
=0 when p=p,(k=12). (10)

Boundary problems (7), (8) describe potential motion, boundary problems (9),
(10) describe whirlwind motion of a shell [2,4].

As is known the solution of a system of equations (7) and (9) has the following
form, respectively:

()= - {on [astan - ooz (@p)] + Ca: [0 (ap) - 720 -

—; <z2 - 1) J: (\p) s — /1) <z2 - D Y, (Ap) C4z} : (11)

1 1 1
{C’lz J: (ap) + CQZ;YZ (ap) — Cs, [)\J; (Ap) + 2—pJZ (/\p)] —

b(P)*\T

—Cl. {/\YZ’ (\p) + leYz (Ap)} }

and

1
¥(p) = NG [C52J= (Ap) + CozY= (Ap)] - (12)
Here J, (z), Y. (x) are the Bessel functions of the first and second kind, respectively,
Cis (z =1, 6) are arbitrary constants, p = /Ry is non-dimensional radial coordinate,
Ry = (r1 +r2) /2 is radius of middle surface of a spherical shell.
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Satisfying the homogeneous boundary conditions (8), (10) we obtain variance
equations that have the following form, respectively

_ L /e 1 2_ 1Y 100 42 (1,1)
= (2= (2 1) B0 @ {[Fmonnd 00+

#6292 L0 (A) + 630y LD (3) 9L ()] + v [8X201p, LD () -
—28Ap, LD () = 2809, L0 () + 42000 (V)] = 02 [432pypp LD (3) -
—142p, LD () = 1409 LEO) () + 49200 (V)] 4+ 22201, L0 () -
300 () + 2,0 ) = 5209 )| { i (o) 209 () -
~4api L8 ()] = v 05 (2, p1) L) () — 8apy LI ()] | +
+ 2020200 () = A L0 () + 20,08 () = T2 ()]
< {2 05 (2.01) O (@) = 8ap, L (@)] = v |04 (2, 1) LOO () -
— dap, L8 (@)] 4+ 20201001800 (0) = BAR LY () + Ap LEO) () -
5200 )| { [l (o) L9 (@) 200 )] -
1[5 (2,92 L& (0) = 8ap, L0 (@)} + 222000200 ()= (13)
“Tap 0 () + 2 280 ) = 209 )] {02 [ 2.2) L0 () -

—SQPQL,(zO’l) (a)} -V {904 (2, p2) Lgo,o) (a) — 4ap2L§0’1) (04)} } -

128 (1 — 2v)?

1
2 } - [)\2P1P2L9’1) (A) + 5)\02[/530’1) (A)+

1 1
T+ LD () + L0 <A>] {[160%p10,L8" (@) -
—dapipy (2, p2) L () — dapapy (2, p1) LY () +
+ 4 (2, 01) 91 (2, p2) L) (a)] v [64a2,o1p2L971> (a) -

—dapy o5 (2, pa) L (@) — 8apypy (2, p1) LOY (@) — dapyps (2, py) LY (@) —
—8apypy (2, p2) LMY () + (04 (2, p1) 95 (2, pa) + 04 (2, p2) @5 (2, p1)) ¥
Y(a)

x L) (00} [6404 prpa LY (@) = 8apyps (2, p5) LY (a) —

—8apyps (2, p1) L (@) + 5 (2, p1) 05 (2, p3) LYY (a0 )] }> =0
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and
Ay =L (X)) =0 (14)
where ¢, (z,p) = 222 + 3 — 2a%p%, 5 (z p) =22+ § —2a%p%, o® = 572 22,
S % LD () = ) (Br) YA (Bra) — SO (Bra) YA (Br)

(s, 1=0,1).

The transcendental equations (13) and (14) have a denumerable set of roots z,
and constants corresponding to them Ci,,, Ca,,, Cs.,, C4z,, Cs,,., Cg,, propor-
tionately algebraically completive of elements arbitrary rows or system’s determine.
Solutions of systems we are choosing algebraically completive of elements of first
rows. For boundary problems (7), (8) we have

8(1—2v 1 /
Crzy, = _(/71) (le - 4> {40402sz (apg) — @4 (2k; p2) Yz (pa) —

™

v [8apaY, (apn) = @5 (21, p2) Y (apa)| } + {4001 Y, (apy) -
=4 (21, p1) Yz (apy) — [8aP1 L (apy) — @5 (28, p1) Yz, (04’1)]} X
xG1 (Zk’)‘ Pl7ﬂ2)+ }/Zk (apl)GQ (Zk’)‘ p17p2)

8(1-2v)

TP

1
Cozy, = ( > 40402 0402) — ¥4 (Zk,Pz) Iz, (0402) -

-V [80402J (apa) — 5 (21, p2) Iz (py ]} {4ap1 zk( apy) —

(
—@4 (21, p1) Iz, (py) [80401 (ap1) — @5 (zxsp1) J ]}X

1
XGl (Zk7 A7p17p2) - ;ljzk (apl) G2 (zkv)‘aplva) )

8(1—2v

TP

CSzk = ) {
-V [2/\P2Yz/k (Apy) = TV, ()\/)2)] } + {2001 Y7, (Ap1) = 3Yz, (A1) —

1 ’
(52 1) {237 o) = 372, () -

—V [2)\p1YZk ()\pl) — 7szk (/\,01)] } Fl (ZkH a, P15 102> -

' 1
- {AY% o)+ 5V <Apl>} Fy (s s prs ) (15)

8(1—2v 1 /
Cun, == 2022 (= 1) {2, ) = 30, ) -

v [20p0 T, (Apa) = Ty, (p2)| } = {2200, (Apy) = 3., (Apy) -

—V [2)\p1z];k ()‘pl) - 7‘]Zk ()\pl)] } Fl (Zka Q, P1, pQ) +

’ 1
n [AJzk o) + <Apl>} Fy (2, pro o)

2p
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Here

1
G1 (21, A p1,p2) = <22 4) {2)\2/) L(l D) - 3>‘L/(zlk’o) (A) + %ALE‘?” (A) =
1
3
— = LOO(\) —v [2A2p2Lg;1> (A) = TALLO (X) +

P2\1O00) (\) _ T [(00) ] }
+E2A00D (A LOO (] b,

1 2

G2 (21, A, 1, p2) = <le - 4> {4)\201/7211%’1) (A) = 6)\P2L:(z2’1) (A) —

~6Ap LY (A) + 9L (A) = v 84201, LY (A) — 2830, L0 () -
—28\p LY (X) + 420000 (A)} +v [4)\2p1p2L(1 () —

—1Ap, LOD (A) — 1400, L0 (\) + 49Lg5}0> (A)} } ,
|
Fi(orapuopn) = (= ) { -0 22200 (@) 4 -y (o) L0 (o) -

1
— {—80/’%2%” (@) + 05 (2, p2) LV <a>} } ,
1 P1
By (2k, 0, py, py) = 160%p; py LY () — dapypy (25, py) LY (@) —
—dapypy (Zk7p2) L(l 0 ( ) + ¥4 (ijpl) P4 (Zkvp2) L(O 0 ( )
v [6402p,pa LV (@) = dapy 05 (21, p2) LY (@) = 8paips (21 p1) LY (@) -
—dapyps (2, p1) Lg%l) () — 8apypy (2K, pa) Lgt,()) (o) +
+ (¢4 (21, P1) ©5 (285 p2) + @4 (21, P2) ©5 (285 P1)) L(O 0 (a)} +

v [64a2p1p2L%1) (a) = 8ap;¢s (21, pa) L(l D (a) -

—8ap5 (25, 1) L0 (@) + 05 (21, 1) 5 (20 p2) L2 ()]

For boundary problems (9), (10) obtain

C5Zk =Y, ()‘p2) ) Cﬁzk =—Jz (/\p2) . (16)

We denote the displacements and strains corresponding to the potential problem
by the upper index ”1” and to the whirlwind problem - by the upper index ”2”.

Substituting (15) in (11) and (16) is (12) and according to the generalized Hook’s
law, we obtain of the homogeneous solutions of the form, respectively.

o0

1 & . o7,
ul) = =" Crup T (0,¢) e, Z KUOk 50" k e, a7
ﬁ k=1 k
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— > Crug ok g .o Cro ok Tx (0, ) e,
P \/ﬁkzl né aso P \/*Z p

2

w__ G Ok | it
oy’ = zﬁzck [Ueka(eysp)“‘Usok(%z]e g

o wt
O'(Eo) Z Ck {UGka (0, 0) + opn [ 00 + sin? @ 0p? } } c

1 0Ty ot
Pk sin 0 8(,0

(1) . 2@ ]. a aTk swt
7'0[10 = 7p2\/ﬁ ;Ckg@ksinea(p 89 Ctgng (9 ) e .

; G «
T il (1) — 72 Ch, 18
) T T )
PP\P = o0 i (18)

1 0°T,
(2 — k iwt
Y Z Ve (A s1n0 D2 ¢

)

( :——ch (Ap) . (19)
Uu kVz (AP
s \fk - 8@89

2
2 _ (2) _ E : 9 L 0Tk it
Tp 0, 79 p\f CiVar (M) 55 00 <Sin0 D2 €

2G o ([ 1 Ty ,
(2) — _ k wwt
o= fzckvzk 00 35 (g s ) € (20)

2) i > 1 8 Tk iwt 2 _ _i > 62Tk
To0 = 2p\/p k:1C KTk n g Dp? 92 0 T T 2p\/ﬁkzck70k89&pe ’

o[0T, 1 1 i
T =~ MchVZk ) 5 [892”2(213‘) Tkw,so)}e g

where

1 1 1
e =z ap) = 5o o)~ 5 (- 1) 2. O),

1 1
Ugy = ;sz (ap) = AZZ, (Ap) — %ZZL: (Ap),

1
Tok = QOsz;k (a ) <1 + 1— )‘2 2> (Ozp) -2 <Z]3 - 4) ZZk ()\p) )

1
7= 92 21.9) 2o () — AapZ (ap) + (32 = 1) (3220 (00) = 2002, ().
Tk = 20pZ., (ap) = 32, (ap) + 2XpZL, (Ap) — 93 (24, p) Zz, (Ap) ,
Ok = 22, (ap) — 2XpZL, (Ap) = Zz, (Np) . Tow = 3Vz, (Ap) — 2ApV, (Mp).
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Here Cj, are arbitrary constants, ¢, (2, p) = 2224+3—A*p%, V2, (y) = Cs. J., (y)+
Cs., Yz, (), Zz, (aﬁ = Ciny sy, () + 0y, Y2, (), at c =api=1, j =2, at v =
A\p i=3, j=4, G=G/Ry.

Now we investigate the roots of the variance equation (13). Apparently it has
quite complicated structure. For effective studies of its roots let us do some hypoth-
esize of geometricl parameters of spherical shell [2,6].

. ro —T1 h

p +en, =n=>41 M € P2 +e, € Ro Ro

Equation (13) expand in series by ¢.

16
D (z,\6) = ¢ <{(1 )2 A2 - (1 - 20)2 064
T

(1—20)%(15 + 17v)
4(1-v)

1
>\4} +3 {4 [(1 — W) XN+ (34 20) A% + 1} A4
(=20 (7-38v) o (1—2v) (180° — 27w% + 16v — 5) A

4 1(1—v) 2(1— )2

(1—2v) (3 —4v)
1—v

2002 —8v —3 , 2] o
_— 4(1 -2
20— A +4( 1/)]24-

(1—2v)* (200 + 73v — 61) oy =) (9413 — 1502 — 156v + 73) M
4(1—v)? 4(1—v)?

pLaE

1 1
+4(3—|—2V))\2—4(1—21/)2}52—|—45{—60(1—V)2z8+ (21)

2 (38403 + 45412 — 271y — 90)

1—v

+[32(1—20)* M — A2 7500% —

1—2v)?
36 ( 2V) A4
(1-v)
4(1—2v)* (240 — 710 + 700 — 20) K
(1-v)°
12740 - 31020° 4 22910% — 10320 + 211y 122413 — 112202 + 491w + 370
(1—v)? 2(1-v)

—667v 4 150] 2° +

_|_

A2 —

1
-1 (73507 — 4849y + 135) | 2" + [...] 2* + } et + > =0.

For the equation (21) the following statement is valid.

The equation (21) finite A has two groups of zeros, where the first group consists
of two zeros z = O (1) (k =1,2), and second group contains a denumerable set of
roots which have the order O (5*1).

For the first case we seek z; in the form of the expansion

2k = 2y + €2Zk2 + ... (22)
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After substitution (22) in (21) we obtain

15+ 17v
2 2
:)\ _——_—
o ST =)
1
z 41(1—=2v)"+(34+2V) A+ A zr +
ko 6 (1 . 2V)2 Zko ( ) ( ) ko

e (1—2v)? (7 —8v) 2o (1 —2v) (180° — 2702 + 16v — 5)
4(1-v) 2(1—v)?
2002 — 8v —3
ﬁA—Q +A(1 - 2w)? )\‘4] 2+ (23)
2
(1—-20)*(3—4v) M (1 —2v)* (2002 + 73v — 61) N

1-v 4(1—v)?

1 —2v) (943 — 1502 — 156w + 73 1
(1 —2v) (94v ’ vt )+,(3+2V)>\—2_4(1—2y)2/\‘4 :
4(1—v) 4

From (23) it’s obvious that when A3 > }fgf_lzl)’ we have two real and when

/\(2) < 115(;15’)’ two imaginary roots. Some penetrating solutions correspond to these
groups of roots.
For constructing the asymptotic of zeros of the second group we’ll seek z,

(n=1,2,..) in the form of

zn=—=+0 (). (24)

Substituting (24) in the variance equation (13) and transforming it with the help
of asymptotically expansions of the functions J, (z), Y, (z) for large z for 4,, we have

sh?26 = 0. (25)

Apparently this equation has a denumerable set of zeros.
We studied the asymptotical properties z of variance equation, assuming that the
frequency parameter A is finite when ¢ — 0. Consider the case when A unboundedly
increases when € — 0. For such X the following statement is valid.
If A = co when ¢ — 0, then for equation (21) A the following limit cases are
possible
a) Ae — const when € — 0,

b) Ae — 0o when € — 0, (26)

under which zeros of (21) unboundedly increase.
a) In this case (z ~ A\, A\e — const, ze — const when ¢ — 0) we’ll seek z; and
A in the form of 5 \
t="+0(), A:£+O@. (27)

Substituting (27) in the variance equation (13) and transforming it with the help
of asymptotical expansions of the functions J, (x), Y, (z) for large z and « for 4,, we
have [2,6]

BnYnsh2B,sh2y, =0, (28)
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1-—2v
_ 2 2 _ /52 42
B, = \/5n 72(1 — V))\O’ Yo =05 — Ap-

For the given A the equation (28) is denumerable set z,.

In case of b), as in [2,6], denoting ¢xe as zx, A\e as y and using asymptotical
expansions of Bessel’s functions, for the first member of asymptotics we can represent
equation (13) as following variance

B Vksh2Bysh2yy, =0, (29)

1-—-2v
e %i TaaopY wTVEm o

As is seen the equation (28) is valid in case b), too.

Now we pass to the investigation of the equation (14) [2].

The equation (14) for arbitrary finite A [A = O (1) when € — 0] has a denumer-
able set of roots.

For to prove this statement, we seek z; in the following form

zn:%+0(€). (30)

where

where

Substituting (30) in the variance equation (14) and transforming it with the help
of asymptotical expansions of the functions J, (x), Y, (z) for large z and x for §,, we
have [2].

sh2d,, = 0. (31)
As it is seen, the equation (310 has adenumerable set of roots. Let’s note that
equation (31) coincides with equation defining boundary effects of Saint-Venant in
whirlwind problem of theory of thick plate.

Let’s consider the case, when Ae — 0 for ¢ — 0. In this case, seeking z, and A in
the form

= [5; +0 (e)} : (32)

A=Xe ", N=0(1), 0<h<1,
substituting (32) in (14) and transforming it with the help of asymptoical expansions
of the functios J, (x), Y. (z) for large z and x for §,, we obtain

sin 20,, = 0. (33)

Now let’s consider case, when Ae — const for € — 0 and ze — const for e — 0.
For this case we seek zj in the following form

_ %
_5

Zk:z[i’wO(g)], A +0(e). (34)

After substituting (34) in (14) and transforming it with the help of asymptotical
expansions of the functions J, (z), Y, (x) for large z and x for §,, we obtain

sin2u, = 0, (35)
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where p;, = /0% ,i=+/—1.

The equation (35) determmes the denumerable roots when A is given.

Using formulae (17), (18) we represent asymptotically formulae for displacenents
and strains corresponding to different group roots of the equation (13). At finite A
some penetrating solutions correspond to first group roots

4

oTy,
Up = 0, ug = EZ [Ck + 0 (6)] 7;&“”,
k=1
4 1 9Ty
zwt
a; Ce+0(e) — ¢ (36)
4
oA v 2_15+17V it
o, = ezc;;ck [(1_2y) (AO 0= +0 ()| T (0, ) e,
4
— v 15+ 17v 0*Ty, .
— &9 - 2 s T Y R iwt
v G;C’“[(l—%) (A” 4<1—v>) 0T g +O(€)]e |
1 v
k=1
0°T, ,
€T (6.6) ~ Gt +0(0)] (37
o0
0°T, 0T, 2 .
Tpo = O (6), Tpp = O 6 y Thp = €GZC]€ [aeak — t 087()0]{ + 0 (5) SingeZWt'

Here C}, are arbitrary constants.

Using zero approach for two solutions, corresponding to roots of sh?§ = 0 and
ch?§ = 0 equations, we build the asymptotical expression for displacements and
strains for the second groups zero (ze — const when € — 0). For the series of roots
sh?§ = 0 we obtain.

u, = Z Crnbn [chonn + O (€)] Ty, (0, ) e,

n=1

o 1 0T, 4
uw_s; Cr [shdnn + O (2)] — P (38)
ug —520 [sho,n + O (¢)] a(;;ne""t.
n=1
o —giﬁc [shé,n + O ()] Ty, (6, @) e
P nbn nT] n\U,p)e€ ",
n=1
2G wt
op=0(g), o, Za Cr [=5hd,m + O (e)] Ty, (6, ) €, (39)

n=1
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Too = 2@2 8n,.Ch [chdnn + O (¢)] Eg;ei‘”t,
n=1
= 1 0T, ,,
Tpp = 2G Z 571071 [Ch(gnn + O (5)] @%6 t,
n=1
= o [oT, 2 W
Top = G Z Ch, [shdpn + O (¢)] B [80 —ctgh T,, (0, ) il 3
n=1
For the series of roots ch?d = 0 we have
up =Y _ Cnby [shénn + O ()] T, (6, ) €,
n=1
= 1 8Tn iwt
Uy, = 5; Cn [chénn + O ()] — P (40)
o
oT,
Ugp = € Z Cn [Ch5n77 + 0 (5)] Wezuﬁ
n=1
2G «— ;
70 = 203 B0 ehdun + O ()] T (0.9) ¢
n=1
26 - 2 iwt
00 =0(0), 0= 3 BCu[-chdu+O0 (&) Tu(b.0) €', (41)
n=1
_ X T, .
70 = 2G Z 0n,Cp [shénn + O (€)] 8806“”t,
n=1
- 1 0T, .,
Tpo =2G Y 0,Cy [shénn + O (€)] 0 9 ¢ L
n=1
B o[0T, 2 .
Top = 5GZ Cy [chdnn + O (¢)] 70 [60 —ctgl T,, (0, ) e £,

n=1

Here C,, are arbitrary constants.

Now we are building the asymptotically formulae for displacements and strains
corresponding to the homogeneous solutions to the whirlwind problem (5), (6), for
roots of equation sin 26 = 0 in case Ae — 0 when ¢ — 0. As it was equation sin 26 = 0
has two series roots. Therefore vectors of displacements and strains break into two
part, respectively each of them is defined on the form the asymptotically expand in
series by . From (19), (20) using two approaches for vector of displacements and
tensor of strains we obtained the following asymptotically formulae [2,5].

1) For the series of roots sind = 0 we have

[ee]

1

u, =0, ug = Z Cy, {sinékn + &2 [4 (5 — 772) sin 0N+
k=1
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+(L2’f (n* =) COS(skW} +o (52)}

1 éﬁikemm
sinf 92

(42)

> 1
Uy, = — ZC’k {sin Spn + 2 [4 (5 - 772) sin d;n+
k=1
Ok

o (n* —n) cos5k7]] +o (52)}

62Tk iwt
9000

[e.e]

_ 1

o,=0, 0g =2G E Cy, <sin Spn + €2 {4 (3772 + 5) sin dpn+
k=1

(ilﬂ 3 _ 3 2 LaQTk iwt
0 ) eostin} +0)) 3 (g ) e

o0

_ 1

o, =—2G E Cy <sin(5k77 + &2 {4 (3772 + 5) sin 6+
k=1

Ok (3 s\ 0 (1 PT\
5 mwww}+o@)>%<mwaw “

= 1 1
T = GZC’k <€5k cosdpn + ¢ {2 [(1 + 5%) n— 6%773] sin dn+
k=1

5k» 2 2 1 aQT]f w
+ [ (57% + 3)} Cos5m]} +0 (e )> S 9 et (43)

W

— 1 1
Top = —G Y Cj <55k cosdpn + ¢ {2 [(1 + 5%) n— 5,%773] sin dxn—+
1

57k 2 2 ﬂ iwt
+ [4 (57 +3)] cosékn}—i-O(a )>a@896 ,

. 1 oT, 1
Top = GZCk 75% sin (5k'n—k + { {4 (35%772 + 62 — 4)\(2)) sin din+

P € Oy
—}—ﬁ( ? — 1) cosd }aTk—aSTksin5 }+O(€)>em
y (17 = m)cosdun| 50 = 5 g sin i :

Here C}, are arbitrary constants.

The asymptotical expression for displacements and strains, corresponding to the
roots of cosd = 0 equation is obtained from (42), (43) replacing cos dxn for - sin §xn
(with the negetive sign) and sin dxn to cos dgn, respectively.

The asymptotical formulae for displacemets and strains, correspomding (in case
of Ae — const when € — 0) to the roots of sin2u = 0 equation, have the following
form [2,5].

1) For the series of roots sinpu = 0 we have

o0

. 1 .

ty = 0.t = 3 (simpmn-+ 2 { o0y [ + 0 — (357 — 20) ] s
k=1
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1 5% 3 2 1 8 Tk iwt
+;k [2 (77 _77)} COS/WI} +0(6 )> sinf 92 5.2 €

)

[e.e]

1
=— Z Cy, <sin g + €2 {4#2 [4;1% + 62 — (35% - ZM%) 772] sin N+
k=1 k

1 [o2 o\ Tk
—i—;k [2 (n® —n)] cosukn} +o(e )> m@ . (44)

oo

_ 1

('J'p:O7 (ox’] =2G E Ck <Sinukn+52{4u2 [4#%"‘(5%—3((5%—2/,11%) 772] X
k=1 k

. 1762, o\ 0 1 O*Tk\ iun
><smuk77—|-uk[2 (n —77)] COSMW}"'O(E )>39<Smga@2>e ’

o]
— . 1 .
»=—2G E Cy, <sm e + €2 {4N2 [4uz + 67 — 3 (6% — 2uj) n°] sin ppn+
k

k=1
e B omna) +00) 5 (5 58)
e GZCk< Hp OO Hg T € { [(2 + 622 - i%) n- 62]%773] sin ppn+
+4%1% HM% B 5% T (35i + 2:“%) 772] cos M/m} +0 (52)> ﬁ %iz;k et (45)

67 362> o3

k .
Tpp = GZCR< MkCOSMkn+6{[<2+2_2M}% n—Qng]smuk?ﬂ-

1 4
—l—m [4;1% — 02 + (35% + 2u7) 772] cos ,ukn} +0 (82)> WG ,

=% 3% o 3, o
GZ 5k51n#k77+ 272—%—54‘51{77 -
Hi

ok 2 2\, 2 52 5% Ty,
T2 5 (307 — 2u) " = 0%) | sinpyn + g - (n” — ) cos | 57—
3T, ,
—;pagQ sin ,uk,n} +0 (E)> et

Here Cj, are arbitrary constants, uz = 52 + /\%.

The asymptotical expression for displacements and strains, corresponding to the
roots of cos = 0 equation is obtained from (44), (45) replacing cos p;n for sin un
(with the negative sign) and sin ;1 to cos 1, respectively.

Thus on the basis of asymptotical investigation of variance equations for different
asymptotic formulae roots are obtained for displacements and strains when small
parameter € approachies zero.

The problem on satisfaction of boundary conditions on end-walls of shell with
the help of a class of homogeneous solutions isn’t considered in the present paper.
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This question is considered in [4] where with the help of the Hamilton variational
principle, the boundary value problem is reduced to a solution of an infinite system
of linear algebraic equations.
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