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We give the theoretical description of regular elastic structures in an unbounded
elastic medium with congruent (doubly-periodic) groups of arbitrary foreign in-
clusions, Within the limits of a group the elastic characteristics of the inclusions
are distinct and their configurations are sufficiently arbitrary, We construct a
model anisotropic medium which has the rigidity of the original structure,
References on problems of the theory of elastic regular structures can be found
in[1-3].
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1, Formulation of the basic problem, We consider an elastic nonhomo-
geneous medium with a periodic structure, Let @y, 0, (Imw, =— 0, Imoy/w, > 0)
be its fundamental periods, Inside the parallelogram of periods 11,,, (m, n = 0, =-1,
= ...) a group of nonintersecting inclusions is contained, Each of the inclusions occu-
pies a finite simply-connected domain D)},,, bounded by a simple, closed, sufficiently
smooth contour Lin (j = 1, 2 ..., k; m, n = 0, 4= 1, 4~ ...). We denote the union
of all the L, within the limits of a group by In.,, and the unbounded domain occu-
pied by the homogeneous medium by D). Then the complete boundary of [ is L =-
Ul,, . We place the origin inside the domain Dy,°, contained in the fundamental
period parallelogram II,,. Because of the congruence of the groups we have Lmn, =
Lo, (mod ®,, ®,). For a fixed J . each system of congruent inclusions Dimn is charac-
terized by any of their representative, for example, D,,’, with modulus of elasticity
E; and Poisson ratio u; (j == 1, 2 ..., k). We denote the modulus of elasticity and the
Poisson’s ratio for the fundamental medium by £ and u ,respectively,

We assume that within the limits of the period parallelogram II,,, the average stres-
ses which act are S;, S, and S,,, that the stress vector varies continuously at the pas=-
sage from D t0 Do (j = 1,2, ..., k5 m, n= 0, 41, 5=, ...), and that the displa-
cement vector undergoes a discontinuity g; (¢), ¢ & L, (Fig. 1).

T

—~—

T-[: 572{'5_‘{25 OLT

[ S—

!

— = ——
Fig. 1

The problem consists in the description of the state of stress of the structure under
consideration and also in the construction of a homogeneous anisotropic model medium,
The latter forms the substance of the reduction problem for the structure and consists
essentially in the establishment of the relation between the average stresses and the ave-
rage strains,

The assignment of the same average stresses to alil parallelograms Il,,, implies the
periodic character of the stresses and, under additional conditions, the periodicity of the
rotations and the quasi-periodicity of the displacements in D).

Indeed, the resultant force, acting along the arbitrary curve AB at D, has the form
[4]
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X+i¥ = { X+ iVds = —ig()[h 2@ =0@+ 9@+ F6 (1)

AR
Then the static conditions, ensuring identical average stresses for each period prallelo-
gram, can be represented in the form

g(z+ o) —g(z) = —i(S,y + Sei%w;, o= argo, (1.2)
g(z+ ) —g(2) = i (S + 5146 | 0,

From the identities {1, 2) we obtain the quasi-perindicity of the function g (z), while
their differentiation with respect to z and Z leads us to the relations

Req' ()] " =0, (F¢"(2) +¥ (@) =0, wv=t2 (LI

From here we obtain the periodicity of the stresses in ). The quasi~periodicity of the
displacements follows from the formulas [4]

h(z) =26 (u+ iv) = »p (2) —2¢" (2) — % (5) = (x + 1) ¢ (2) — g (2) (1.9)

taking into account that by virtue of (1, 3) and of the assumption on the periodicity of
the rotations, the function ¢ (z) is quasi-periodic, Conversely, one can show that from
the condition of the quasi-periodicity of the displacements there follows the periodicity
of the stresses and the quasi~-periodicity of the function g (z) in D.

Proceeding from the stated considerations, the formulation ot the fundamental prob-
lem can be made in the following manner: construct functions ¢ (z), ¥ (z) and ¢; (2),
VP; (2), regular in the domains D, Doy’ (j = 1,2, ..., k) and satisfying on [,, the con=-
ditions of the junction of the media and of the inclusions

Q@)+t O+ O =0 () o &)+ B;0), t=Le’ (15

00— g 0D + PO = -0 ) — 507 () + H 0+ 2250

7

___E & _3—p _ 3y
C=garw: YT TaTey *TTTR YT T

7=1,2,...,k%k

(in the case of plane deformation x = 3—4 p, »; = 3—4 p;) and the static condi~
tions (1,2), Obviously, it is understood that all the periodicity conditions are satisfied
automatically at the expense of the special form of representation of the desired regular
functions,

We carmry out these representations by making use of ideas contained in [5] and of the
solving scheme of the first fundamental doubly-periodic problem of the theory of elas~
ticity, developed in [3], We write

00 =g \ POTE—2at + 4z, 2= Dy, =tz 6 (16)
loo

V@) =5 (EOPO— 0+ 0) 7O — e +

7\ POPL (= 2)dt + Bz

oo
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3 (2) = LS 50 4 | 5 oG5O + Bias 0 — oy )

Tz W) =5 t—z
Lo Loo)
Here [ (2) is the Weierstrass zeta-function [6], p, is a special meromorphic function
3, 71 p(t) = {p;(t), t & Lo’} and q(t) = {q; (), t = Ly} are, in general, com-
plex functions subject to determination on [y, . The piecewise constants & (f) == {81,
t & L}, r (t) = {rj, t &= Loy } and the constants 4, B, @ and B; (j = 1,2,
k) are arbitrary for the present, The integration is taken in the counterclockwise d1rec-
tion, The representations (1, 6) guarantee the double periodicity of the stresses and the
quasi-periodicity of the displacements in D). This follows immediately from the quasi-
periodicity of the Weierstrass zeta-function and from the realtions [7]

1 (2 + @) —py (2) = Bp (2) +

[()

o, _ Yy
Tv=2pl(—2—)—‘(ﬂvp(2 ), V=1,2 (1..7)

where p (z) is the Weierstrass elliptic function,

We determine the constants 4 and B occurring in (1. 8) so that the static conditions
(1. 2) should be satisfied. Making use of (1.6) and of the formulas (1. 7), we reduce (1,2)
to a system of two equations in 4 and B

(A+ Do, + Ba+ 86+ 71 b— 810 = — i0, (S15 + Sqe®)
(A + A) 0, + Bm + 8,0 + 10 — B0 = i 0, ] (S1 +Slgem)

¢ =gy S{(E(t)p(t)+r()q(t)}dt+—— \p (1.8)
Lo Lo
b= — o POV, 8 =2(%), & —2(%)

Loo

The solution of this system has the form

B =B — Teno (S1+251281a+5921a) ReAL:Re(%a:"%;— -%12)
Re A = Re Ap, + —— 4snoc (S14+ 2800504 8,), S=0,Imw, (1.9
BLza—lmzl—Eb—TReb (%—————>Rea, o = arg o,

The compatibility condition of the system (1. 8) is the equality
2nIma = Re {{®P® +r®) ¢0) + p(t)dty = 0 (1.10)

Loo

Let us give its mechanical interpretation, To this end we consider the expression of
the principal moment of the forces acting along l,, from the side of the domain D.

e B Re (q()T = Re (o) + (T + POt (1.11)
Too loo

F=1,2,...,k

Taking the limit in the second of the formulas (1, 6), we find
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YO =9 (@) —(e @) pt) —Ip () +r@)q(®), t = Lo, 1=12 ...k (1.12)
Here ¥ (f) is the limiting value of the function, regular in D, while ™ (¢) are the
limiting values of the functions, regular in the simply connected domains i),,’. Inte-
grating by parts in (1,11) and substituting for 1 (£) its value from (1,12), we obtain

M= —Re () 7@ -+ r@)g@)dt + p(¢)dty (1.13)
loo
From the formula (1, 13) it follows that the compatibility condition (1.10) guarantees
the vanishing of the principal moment of the forces acting on the boundary [,, from
the side of the domain D . From here, in particular, it follows that under the condition
(1.10), the principal moment ofall the forces acting along the boundary of the period pa-
rallelogram or of any other fundamental domain, containing [, is also equal to zero,
Thus, the representations (1, 6) together with the formulas (1. 9) and the additional
condition (1,10) guarantee the doubly-periodic distribution of the stresses and the exist-
ence of the given average stresses in the structure, The problem reduces therefore to the
determination on Lo,’ of the densities p; (¢), q; (£) (j = 1,2, ..., k) from the bound-
ary conditions (1, 5), Simultaneously, it is necessary to find the constants €;, r;, a;, §;
and ImA, which have remained undetermined after satisfying the static conditions, This
latter constant is given by the following functional:
n 81
Tm 4 = Im{(—s—— E) b} (1.14)
Here S is the area of the period parallelogram, b is the functional given in (1, 8).
The mechanical interpretation of the formula (1, 14) will be given in Sect, 5.

2, The solution of the boundary value problem (1.5). We reduce
the boundary value problem (1. 5) to the equivalent system of Fredholm integral equa-
tions of the second kind, To this end we pass in the representations (1, 6) to the corre-
sponding limiting values and we insert them into the boundary conditions (1.5), The
system of integral equations relative to p; (), g; (f) , obtained in this way, will be a
Fredholm system if we set

1 4w 14k %2 A+ %) G

CX':_"’, B.____ , £s: — r, — ———— )"j:”-‘

J }»]-—1 J 1—?»]- J Kj—1 ! 7 1—?»]- ’ GJ-
It has the form (2'-1)

p(ty) —M;{p (1), g(2), to} = P; (o), g = Loy
q (¢y) — NJ' {q (1), D (%), to} = Oi (o), T=12,.yk (22)
Here

;WMp(t),&(t), to}:T;T S.{p(t)d[ln%——_t(i]%—lq(t)d[ln E—to ]} .

¢ €;
o o) j

1 v

e\ PO — ) LT — 6 =) —

loo

=7 S ro (EijC(T—_tS) dt — (¢ ~t0)dt> +8qu(t);(7170)a‘t} .
1x3

to{(l + %)ReA,,—*—i(l _FL> Ian} +-=%,BL
; /

SN J 7
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R L
Loo/ 0
%L (t)d[ %]}“21;5 S;—jp(t)l(t—t)dt—z—:ALto

Gy — o1 — 2iT -

3 S 2G
Pit) = (1 + ) 2t + el e & )
7

o1+ G % 2G
Qi(to) = — ng—’fo T T, 8 (to)

oysina = 8§, 4 28, cosa - S,c08a, T= S 4 S,cos2

k . . .
Gy =S8y sina, Iy = U Lo, Ipa™ = lyy \ Loy’

The functionals Red, B, are defined in (1, 9), the functional ImA in (1.14), the
comstants A, aj; P, €; r; are expressed in terms of the elastic characteristics of
the components of the structure by the formulas (2,1). The quantities g,, 0, and T are
the average normal and tangential stresses on areas perpendicular to the coordinate axes
oxr and 0y.

If k& — 1,i.e, within the limits of the period parallelogram there exists only one
inclusion, then the terms in M ; and V;, which contain integrals along the agregate of
the contours /»/, will vanish. In this case I, = Lo’ (j = 1).

It is important to note that every solution of the obtained system of equations (2, 2)
satisfy the additional condition (1,10), Indeed, we multiply the first of the equalities
in (1. 5) by dt. and we integrate along the contowr Loy’ (j — 1,2..., k). We obtain,
by virtue of the regularity of P (2) in Dy’

Re { (o (0) +- 197 (@) + ¥t = 0 (2.3)

lao

From this, taking into account the equalities (1,13) and (1.11), we arrive at the condi-
tion (1,10).

3, The uniqueness theorem, By a fundamental cell of the structure we will
understand any fundamental domain D, in it, which contains all the continua Dy’ (7=
1,2, ..., k). In particular, this may be the basic period parallelogram [I, with the

boundary T,
We consider the potential energy of deformatlon of the fundamental cell, We have

2§ Wa’xdy+22§ { widray =

p . =t Dy
S (X, + Y, v)ds — Z \ (X,Lju,- + Y,L"uj) ds
Too4-T j=1 ]((“J
Dr = Dy, ™\ .U D,/’ (3.1)
j=1

Here W, W, are known positive definite quadratic forms in the components of the
strain or of the stress, X ,, Y, are the components of the stress vector acting on /,,+ I’
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from the side of the domain D; X,’, Y, are the components of the stress vector
acting on Ly’ from the side of D,’; u, v and uj, v; are the displacements along
Lo, correspondingly from the sides of D and D,,’. The integration in the right-
hand side of (3. 1) is taken in such a way that the domain D, is at the left~hand side
when moving along its boundary, Taking into account the quasi-periodicity of the dis-
placements, the formula (1, 2) and the fact that the stress vector is continued across lyo
uninterruptedly, while the displacement vector undergoes a jump g, — {g; (), t &=
Loy’ },we rewrite (3,1) in the form

K
2§ S waedy +2 2§ § widzdy =Re { (X, — iV)gu (9ds + (3.2)
Dr

I =1 Do’ oo
Re {(Sy2 + S:e7#) 0,Q, + (S; + S ) |0, | 24}
Q=@+,  v=t,2

We apply formula (3, 2) to the difference of two solutions, each of which satisfies the
boundary conditions (1, 5) and the static conditions (1.2), Obviously, this solution cor~
responds to the boundary value problem with

g () =0, S;=8,=28,=0 (3.3)

From (8, 3) there follows the vanishing of the right-hand side of (3, 2), which shows the
uniqueness theorem for solutions in [) and in the domains Dinn (m,n = 0,41,
=+, .5/ =1, 2, ..., k). From the uniqueness theorem it follows, in particular, that
the solution of the boundary value problem (1, 5) under the conditions (3. 3) can be
represented in the form

¢ =iCz+E, (@ =—E, ImC=0
9 (2) = iCiz+ Ej, ¢()=—E; ImC;=0, j=1,2. .k (34

w1, mt o, Ht g

C C = Gj C]. G E = G]- 7
Here E, E; are, in general, complex constants, The formulas (3,4) coincide with the
solutions of the corresponding homogeneous problem for a finite multi-connected

domain [5],

4, The existence of the solution, We will assume that the function
gs (t) is differentiable and its derivative satisfies the Holder condition, This is suffi-
cient in order that the solutions p (¢) and ¢ (¢) be differentiable and that their
derivatives also satisfy the H&lder condition on /s, [4].

We prove that under these conditions the system of integral equations (2, 2) is always
solvable,

Obviously, for P; (t) = 0, ¢; (t) = 0 it is necessary and sufficient that

S =8,=38,,=0, gi(t) =20 (4.1)
Thus, the integral equations (2, 2) with zero right-hand sides correspond to the boundary
value problem (1, 5) with zero average stresses and g; (¢) = 0, j = 1,2, ..., k.

We denote the solution of these homogeneous integral equations by p, () =
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{p® (), tE Loy} and g0 () = {g,° (£), ¢ € L¢oy'}. According to (1, 6), their corre-
sponding regular functions can be written in the form

1 ¢ i \
%(z)f—*%—Spo(t)C(i—-z)éi-%Auz, ze= Dy’ f=1.2,...,4

Po (2) = 5 5{8 (t) Po ) — 0o’ () + 7 (1) o (B)} 5 (¢ — 2) dt -+

iﬂ@
zrm S Po(£)p1 (8 — 2)dt 4 Byz (4.2)
100
1 9;° @) . dt
0 ) = o § T at w0 = L [P0+ BT O~ E e 0] 7
L@u Lgo

Here 4, B are determined by the formulas {1, 9) and (1.14), in which everywhere in-
stead of p (f) and g (¢) we have P, (¢) and o (?) ,respectively, All the remaining
functionals which occur below and which correspond to the solutions of the homogene-
ous equations, will also carry a zero subscript,
Comparing the identically named functions from (3, 4) and (4, 2), we arrive to the
relations 1
e Q Po()E(t —2)dE + Ayz — iCs—E =0, z=D

loo
1
OrTS S Do {t)py (t — 2)dt +
loo
s ORI O+ r OB —adt + Bz + E=0
Loo

1 o (t . ) .
Wg_q_?ﬂ_(_)_dt—z(l’jzub,-z(), 2= Dy, [=1,2,... .k (4.3)

L t—z
Lege?
1 - T d dt o=
o § [P0+ BaP® — i 0 (0) | 755 + By =0
Lood

Between the constants €' and C;, E and E; we have the relations given in (3,4).
Computing the increase of the left-hand side of the first equality in (4, 3) when we
pass from point z to z -+ o, (v = 1,2), we obtain, taking into account (1. 8),(1,14)
and (3.4),

w2 POt —ndt =B, b=0 A4,=iC=0, C;=0, (44
log

F==1,2,..0k z&D
Since Red, == 0, b, = 0, from (1.9) we have
1 = 557 (GO 2@ +rOBEE + 5 \ (O T~ 0,8, =0 (4.5)

Lo Loo

We consider the piecewise analytic function
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1
D(z) = o Spo ()Lt —z)dt —E (4.6)
loy
Computing the jump of the limiting values of the function @ (z) on Iy and taking
into account the first equality in (4., 4), we arrive at the conclusion that po () will be
the boundary value of some functions, regular in the domains Dyo’. In such case the
integral in (4. 4) vanishes and we can write in view of (4, 4) and (3. 4)

E =0, E; =0, j=1,2 .., k (4.7)

Because of the regularity of the function p, (z) in the basic period parallelogram [2]
and because of the above established property of p, (f), we have the equality

§ po(t)pr(t —2)dt =0 (4.8)

Loo

We introduce now the following functions :

iy; (t) = pi°(t), i8;(t) =& p°(t) +r; ¢;°(t) — Z%Pj" (t), te Ly  (49)

05 (1) = 40 (1), i55(0) = @ PR ) + B a0 @) — L g0 (),  j—1,2,.. .k

From the first two equalities in (4, 3), taking into account (4, 4), (4. 5), (4. 7) and (4, 8),
it follows that the functions Y; (¢) and §; (f) are the boundary values of the functions
%; (z) and 8; (2), regular in the domains Do’ (j = 1,2, ..., k) . The remaining two
equalities in (4, 3) show that 6, () and 0; () are the boundary values of the functions
8; (z) and o; (z) ,regular in the domain D \ Dy’ (j = 1,2, ..., k) and vanishing
at infinity, Eliminating the functions p, (¢) and g, (f) from the relations (4. 9), we
obtain the system of equations

% (@) -+ txi (8) + 85 (8) = 05(6) + 105 (1) +55(8), te& Lo, 1,2,k

X0 01 @)+ 850} = 75 0) — 500 () -3 () (4.40)

From Egs, (4.10) it follows that for each fixed j, the functions Y; (z), 8; (2), 0; (2)
and 0; (z) give the solution of the problem on the elastic equilibrium of an unbounded
nonhomogeneous medium with the separation line Ly’. In this case, G; and x; are
the elastic characteristics of the medium which occupies the domain [D’; G and *
are the corresponding characteristics in the domain D \ D,,’; the stress and the elas-
tic displacement vectors vary continuously at the passage through L,,’ and at infinity
both stresses and displacements are equal to zero,

Such a boundary value problem has only the trivial solution [5]

0;(2) =0,0;(2) =0, 4;(2) =0,8;(2) =0, =12 .
From (4, 9) and (4.11) we obtain
pP (W) =g @) =0 J=LZk (4.12)

ko (4.11)

]

Thus, we have proved the existence and the uniqueness of the solution of the system of
Fredholm integral equations (2, 2),
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In the limiting case ®; — oo and @, —> co, we obtain the unbounded medium with
the group of inclusions D’ (j = 1,2, ..., k). The formulas,obtained above for a regu-
lar structure, hold also (after the corresponding limiting process) for this degenrate case,

§, A macroscopic model of the structure, By the average strainsina
structure we will understand the strains in its fundamental cell, Since any two congruent
cells have the same strains, we can introduce a model in the following way.

Definition, By the model of a regular structure we mean an elastic homogeneous
medium having the property that whenever the tensors of the average stresses, which act
in the structure and in the model, coincide, the corresponding tensors of the average
strains also coincide,

Setting g4 () = 0, we find the relation between the average stresses and the ave-
rage strains in the structure,

From the formulas (1. 4), taking into account (1, 2) and (1. 6), we find the increments
of the displacements u and v

2G [u (z + o) —u (2)] = (» + 1) Re (b8; +40,) — S,0,5ina
2Glv(z+ @) —v(@)] = x4+ 1) Im(bd, + Ao,) + 0 (S;2 + S.cos a)
2G [u(z + ©y) —u(2)] = (» + 1) [Re (b8, + Ah) — HImA] + |@,)S,sin a
26 v (z+ o) —v(D)] = (x+ 1) [Im (b8, + Ak) + HReAl — |o,] (S, +
S;.c080)

h = Rew,, H = Imwo,

(5.1)

On the other hand, the displacements of the point z relative to its congruent point
z + oy (v = 1, 2) are connected with the average strains ¢;, ¢,, e,, and the rota-
tion @ of the fundamental cell in the following manner:

u(z+ @) —u(z) = o8, v(z+ o) —v(2) = o (6, + @) (5.2)
U(z+ @) —u(z) =hey + Hey, —0), v(z+ 0) —v(2) =h(e,+
) 4 He,

Inserting (5, 2) into the left~hand sides of (5,1) and solving the obtained system of equa-
tions relative to ey, €,, ¢;, and @, we find

2Ge; = (x + 1)Re<b6] + A> — 8, sin a

2Ge, = (”'}"1){ (@—Q Ctgoc) +ReA}_Sl+2512005a+Szcos2a (.3)

sino
b 2 1
2Ge;, = (x +-1) {P‘ <Z—%—%ctga> +Im96—1}+5124 Sy cos o
260 = (¢ + 1) {Re (gt ctg o — 32) + Im P T 4] (5.4)

We require that the rotation of the fundamental cell be equal to zero. This condition
can be satisfied at the expense of ImA, which occurs in (5.4), Determining ImA
from (5, 4) and taking into account Legendre's relation 8w, — 8,0; = 2ni[6],we
obtain formula (1,14), From here, its mechanical interpretation is obvious, We intro=-
duce the standard solutions of the system of equations (2.2) P;x, ;1 (i, b = 1,2),
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defined by the formulas
p (&) = 01pyy (1) + TPy (£) + 02pas (2) (5.9)

g () = 03¢u1 (1) + Tq10(2) + 0245, (2)
Due to (5, 5), the functionals a and b, defined in (1, 8), can be represented in the form
a = 018y, + Tayy + Ogayy, b = 010y + Thyy + 0,50y, (5.6)

Here 0y, 0, and 7T are the average stresses on the areas perpendicular to the coordinate
axes,and @;p, b;; are the functionals corresponding to the standard solutions p;p (),
Qi (2).

Inserting into (5, 9) for Red , its value from (1. 9), making use of the equalities (5,6)
and the relations between S;, S,, S, and 0y, 0,, T, given in(2,2), we obtain the
relations between the average stresses and the average strains in the structure

e =0, { + e E.S' Re(an + )bu)} + 52{25; Re (agy + 2b30) — Eﬁ} +
T {% Re(a;, + 2512)}

2 ‘ 1 2
2y =0y {—E%‘ Re (ay, — 2by) — %‘} + 5, {E + EI;'Re (@22 — 2b22)} + (3.7)
2
T {E_J;’ Re(a;, — 2b12)]f

2e =0, {%%‘Imbu} + 52{ Tm bzz} + T {2 Lt + ES 3 1m bm}

The expressions in the braces represent the macroscopic elastic parameters of the structure,
We return to the energy relation (3, 2), Taking into accont the relations (5, 2) and the
fact that in our case g, (f) = 0, we write it in the form
k

) SS Wdzdy+ D) S S Widzdy = 5-(ei3, + 2ep7 +€3)  (5.8)
D j=1 Dooi

From here it follows that a regular elastic structure and its model are energetically iden-

tical, The relation (5. 8) could have been taken as the definition of the model medium,

The matrix of the macroscopic elastic parameters in (5, 7) is symmetric and energetic~

ally admissible,

Indeed, assume that the ith state of the system with the components o, o,t, Txy,
ex!, ey, exy' corresponds to the situation when only one average stress o; = 1 acts
(from three possible: o;, 5, and © = o;). We denote by TII;; that part of the potential
energy II, which corresponds to the work done by the stresses of the ith state and the
strains of the 4 th state, Then formula (5, 8) can be represented in the form

3
2 sisknik =8/2 (6161 1 233013 + G2€3), Hik = Hki (59)
i, k=1
Differentiating (5, 9) successively with respect to o3 (i = 1, 2, 3), we find

e1=2/S (51H11 + sallsz —l— I’Hla), eq = 2/ ($1H21 + 521132 + ‘I,'Hz:;)
2e12 = 2/8 (511Is1 -t c2llze + ©lI33), II;; >0 (5.10)

Comparing (5, 7) and (5, 10), we arrive at the required results, The formulas (5, 10) show
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also some approximate approaches to the construction of the models of regular structures,

Thus, we have proved the —

Theorem, The deformation of an arbitrary regular elastic structure, possessing the
property of quasi-periodicity of the displacements, is identical "in the large” with the
deformation of the homogeneous anisotropic medium, characterized by the relations
(5. 7).
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An approximate method of calculating the echo signal of a finite, centrally-
symmetric pressure pulse from an infinite elastic cylindrical shell in an infinite
ideal compressible fluid is proposed, The shell motion is described by using a
linear shell theory of Timoshenko type, The problem is solved by a triple appli-
cation of integral transformations (in time and the longitudinal coordinate, a
Fourier transform, and in the polar angle, a Sommerfeld- Watson transform).
The nonstationary interaction of spherical pressure pulses in a fluid with an
elastic cylindrical shell has been studied in [1 — 3], where a Laplace time trans-
formation, a Fourier transformation in the longitudinal coordinate, and either a
Fourier series expansion [1, 3] or a Fourier transformation [2] in the polar angle
have been used to solve the problem, However, calculation of the rapidly vary-
ing components of the Fourier-series solution id difficult because of the slow
convergence, Difficulties in inverting the transform appear in the application



