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We shall consider the non-shallow cylindrical shells for I.N. Vekua approximation
N = 1. The displacement vector U(z!, z%, x3) are expressed by the following formula

1]

3
U(z!, 2%, 2%) = u(z!, 2%) + %V(Z’l,l’z).

Here u(z!, 2?) and v(z',2?) are the vector fields on the middle surface 2> = 0, 2h
is the thickness of the shell, 23 is a thickness coordinate (—h < z® < h), x! and 2% are
isometric coordinates on the cylindrical surface.

Let us construct the solutions of the form [2], [3]:
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Uz = 5351“, ua:ZZaé‘k (=1,2),
k=0 k=0
o [o.¢]

v = ’ngk, va225ask (a=1,2),
k=0 k=0

where u1, us and vy, vy are the tangent components of the vectors u and v respectively,

h
uz and vy denote the normal components of these vectors, ¢ = A is a small parameter,
0
Ro-the radius of the middle surface of the cylinder.

The system of equilibrium equations of the two-dimensional non-shallow cylindrical
shells may be written in the following form [4], [5]:
k k k k
,UAul + ()\+M>619+)\81 vy = X1,
k k k k
[LAUQ + ()\+u)826’—|—)\82 vy = Xo, (1)

k k k k
A vy — 3[)\9—1-()\—{—2#)7)3}:)(37

k k k k k
pAvy + (A4 )01 © =3u(0; ug + v1) = Xu,
k k k k k
pAvy 4 (A4 )02 © —=34u(02 uz + v2) = X, (2)

k k k
pAuz + pe = X,
(k=0,1,2,..),
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Here A and p are Lame’s constants, X; (i = 1,...,6) - the components of external
force.

For each fixed k equations (1) and (2) coincide with equations of I. N. Vekua which
is obtained for prismatic shells with constant thickness in case of approximation N = 1.

The right part of equations (1) and (2) is well-known quantity, defined by functions
0 k—1 0 k=1
Uiy ooy WiV, ., v (4,5 =1,2,3).

The general solutions of systems (1) end (2) are written in the following form:

k N
A 0X(z,2) Lk
A p) 0% A

QM’Z + = 2P(z) — 29 '(2) —112(z) B

2\ ko ko, k
W 5 = i <<,0 (2) + ¢ (z))+x(z,z)+53,
- k ~
4N+ 2u) Kk, k- k k, ow(z, z k
2uv L = <3M ’u)f (2) +2f "(2)+ f(2) — 29 (z)—irz%—l—m,
1{ & k k k&
2,u1]33 = -3 (zf(z)—l—zf(z)) +9(z)+9(z)+53,
(k k K k k k 1 .9
Uy =Up+tUg Vip=0V1+10g 2=z +127,
0 10 9y 0 _1(0 o
9z 2\9x'  ox2)’ 9z 2\9xt 0z2) )’
DA+ 6p K k k k

k
, P(2), ¥(z), f(2) and 9(z) are any analytic functions of z, X(z, 2)
and lkv(z, z) are the general solutions of the following Helmholtz’s equations, respec-

tively:
0 2 _ 12(A+p)
= A+2u )
k

Aw — 7251:0 (72:3).

k 2k
AX — n°X

~ -~ ~ ~

Here u,, vs and v,, ug are particular solutions of the non-homogeneous equations (1)

and (2), respectively.

Let’s consider the following boundary value problems for system (1),(2).

Find the solutions of the homogeneous system of equations (1) and (2) compatible
with the kinematic boundary conditions:

k, k-,

k F z|l=R k F z|=R

U, = k:—’ | | 1, U= k?,, | | 1 (3)
F+7 |Z‘:R27 F37 |Z‘:R27
k , R k , R

5+: fj? |Z|— 1, 53: f?ﬂ |Z|_ 1, (4)

G+7 |Z|:R27 G3a |Z|:R27
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ko k k k _ 0 k=1 0 k=1,
where [y, F3, G+, G3 are the known functions of u;, ..., w;, v;, ..., v; (4,7,=1,2,3).

k k k k k
Let us introduce the functions ¥(z), ¥(z), X(2, %), F + and F 3 by the series
k

k . f
P(z) = Azlnz + alnz + Z gnZn, ¥(z) = Blnz + Z bn?",
n=0

n=1
)

3 , .

X(=,2) = 3 (Aulalr) + 8, Kur) ) e, (5)
k > . k > .

Fo= ZATLewﬁ, Fy= Z Bnezn97

where I,,(nr) and K, (nr) are Bessel’s modificed functions.
By substituting (5) into (3) we obtain the system of algebraic equations:

A=0, aeoz—l—B_:O,

2eeln R0 — 2R?§2 - ﬁgﬁu) (fo(an) fé—l — Ko(nFh) é}?}) + 88(:0 - ZEO = AE,
2l Ry — 2R2 5 — 5o (10(77}?,2) &1 — Ko(nRs) a_1>_+ ey — bo = Ay,
—a+ &R} iy — ﬁ <12(7731) &y — Ka(nRy) &1’> - RIQ?—z = A,
T+ R Gy — ﬁ (12(7732) & — Ks(nRy) c'il’) _ Ry = Al
R iy + (0 — 2) R 20y — ﬁ ([n(an) Gy — Kn(nRy) (’ain’_l)

_ R, = 4,
®eRY} Gy + (n — 2)R2_n+25 —nt2 — ﬁ <]n<77R2> Gy — Kn(nR) g‘/n/—1>

—ngmzAL

L(nRY) &y + Ky (nRy) &, — 3)\2:\2u 2R, tiy — REI - B,
L(nRs) & + K1(nRs) &, — 3/\24i\2u 2Ry 1y — }% - B,
L) b (0B, = 72 (o DR = (0= DR ) = B
LR B+ Ko 8, = 5222 (0 DRSS s = (0= D" ) = B,

(n=+1, —2, £3,..).
(6)

) k
For coefficients a,, and o we have:

3 . EICQ - E2CO &= C()TQ — CQSO
P EBL-BS, BT BS)
5 o TfnJrQCn - Sncfn+2

Tann+2 - SnsfnJrQ 7
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where
B - oapin T2 _ Nn(Lo(nRz) — Io(ni))(RiK1(nRy) — Ro K (nRs))
Ry 6(A+ p)(3A + 2p) Ry Ro (1 (nRo) Ky (nRy) — Li(nRy) Ki(nRy))
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N (Ry K, (nRs) — Ry Kyn(nR1))(Ry ' Io1(nR1) — Ry 1 (nRy))
6(A + 1) (BA + 210) (In-1(nR2) Kp—1(nR1) — In—1(nf1) K1 (nR2))
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U
)
U
)

+

Let
K & k ok
f(z) = Czlnz + yinz + E cnz", 9(z) = dlnz + E :d n?"

n=1 n=0
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We now find the coefficients ¢,, d,, [, and [, from following system of algebraic
equations

L k k-, k % 25 ’
J (11(731)50 - K1(7R1)60> + R ((:1 +q) T

2
) k % 26 1
% ([1(7]%2)50 — K1(7R2)5 ) + Ry (Cl +Ci) ——= =M,
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