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Abstract

A boundary value problem for a fourth order partial differential equation with an
integral boundary condition is studied. At first the initial problem is reduced to the
equivalent problem, for which a uniqueness and existence theorem is proved. Then,
using these facts, the existence and uniqueness of the classic solution of the original
problem is proved.
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Introduction

Mathematical modeling of many processes, taking place in the real world, leads to
the study of boundary value problems for partial equations. Therefore, theory of
boundary value problems at present is one of the important sections of theory of
differential equations. Forth order differential equations are of great interest in terms
of physical applications. Modern problems of natural science lead to the need for
generalizing classic problems of mathematical physics and also to statement of
qualitatively new problems which include non-local problems for differential
equations. The problems with integral conditions are of great interest among non-
local problems. Nonlocal integral conditions describe the behavior of solutions at the
internal points of the domain in the form of some average. This kind of integral
conditions are encountered in the study of physical phenomena in the case when the
boundary of the process behavior domain is not available for direct measurements.
The problems arising in the study of particle diffusion in a turbulent plasma
(Samarskii, 1980; Smirnov, 1957), of heat propagation processes (Cannon, 1963;
Ionkin, 1977) of moisture transfer process in capillary-porous media (Nakhushev,
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1982), and in the study of some inverse problems of mathematical physics can be
shown as examples.

Problem statement and its reduction to an equivalent problem

Let us consider the equation

u,(x,t)—au, (x,0)+u__(x,t)=f(x,1) (1)

in the domain D, ={(x,7):0<x<1,0<z <7} and set for it a boundary value

problem with non-local integral conditions
u(x,0)+ su(x,T) = p(x), U (%,0)+du,(x,T)=y(x) 0<x<I), (2

with periodic conditions
u(0,6)=u(L,t), u (0,t)=u (L), u_(0,t)=u_(Lt)(0<t<T) 3)

with a non-local integral condition

j u(x,t)dx=0 (0<t<T), (4)

0

where & = +1, o >0 are the given numbers, @(x),(x), f(x,t) are the given

functions, u(x,¢) is desired function.

Definition. Under the classic solution of the problem (1)-(4) we understand the
function u(x,t) , continuous in the closed domain p, together with all its

derivatives included in equation (1) and satisfying the conditions (1)-(4) in the usual
sense.

The following lemma is valid.

Lemma 1. Let

1 1
5=+l p(x)eC[01], [ @(x)dx =0, y(x) e Cl0,], I w(x)dx=0,
0 0
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1
f(x,t) e C(D,), jf(x,t)dx: 0(0<t<T).
0

Then the problem of finding a classical solution of the problem (1)-( 4) is equivalent
to the problem of definition of functions u(x,#) from (1)-( 3),

u_(0,0)=u_(L,t)=0 (0<t<T), (5)

Proof. Let U(x, t) be a classic solution of problem (1)-( 4). We integrate the
equation (1) from 0 to 1 with respect to X T and have:

i j.u(x, Hdx—a(u

0

L)-u, 0,0)+u  (1,0)—u,_(0,0)=

2 ttx
t

:jf(x,t)dx(OStST). (6)

1
Hence, allowing for I f(x,t)dx =0 and (3), we easily come to the fulfillment of
0
®).
Now, we suppose that u(x,¢) is the solution of problem (1)- (3), (5).
Then, from (6), allowing for (3), (5), we have:
y'(@®)=0 (0=<t<T), (7)

where

1

W(t) = j u(x,t)dx (0<t<T). (8)

0

1 1
By (2) and J.go(x)dx =0, Il//(x)dx =0, we get:
0 0

3(0)+ (T = j (u(x,0) + Su(x, T))dx = j P(x)dx =0,
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Y(0)+3/(T)= [ (u, (x,0)+ 8, (x, T)dlx = [y (x)dx =0 )

From (7), allowing for (9) it is obvious that y(r)=0 (0<¢<T). Hence, by (8), we
easily come to the fulfillment of (4).

The lemma is proved.
Uniqueness of the solution of the problem

Theorem 1. If O # =1, the problem (1)-(3), (5) can not have more than one
solution.

Proof. Assume that there exist two solutions of the problem under consideration:
uy (x,2) 5 1y (x,0)
and consider the difference v(x,?) =u, (x,) —u, (x,?) -
The function v(x,?) , obviously satisfies the homogeneous equation
v, () -av, (x,t)+v_ (x,t)=0 (10)
and the conditions:
v(0,8) =v(L,2),v (0,6)=v_(L#),v_(0,0)=v_(L#),v_(0,6)=v_.(L#) 1)
(0<zr<71), V(x,0)+w(x,T)=0,v,(x,0)+0v,(x,T)=0(0<x<1). (12)
Prove that the function v(x,?) is identically equal to zero.

We multiply the both sides of the equation (10) by the function 2Vt (X,t) and

integrate the obtained equality with respectto X from 0 to 1 :

1 1 1
2 j v, (X, 1), (x,1)dx — 2ajvm(x, ), (x,0)dx +2 j v (x,0), (x,0)dx = 0.(12)
0 0 0

Using the boundary conditions (11), we have:
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1

1

d
) 1 D dx =— | v (x,0)dx;
!v,xx , (v 0 =~ [V7 (1)

t
0

2jvttxx(x5t)vt (x,t)dx = z(vttx(l’t)vt (lat) - vttx(obt)vt (O’t)) -

1

1
d
-2 ,t D dx =—— | v (x,t)dx;
{vm(x W) === [V (3, 0)dx

tx
0

2.1[ v .y (x,0dx =2(v_ (Lv,(L,t)—v_ (0,£)v,(0,1)) —

1 1
— 2J. v (v, (x,t)dx = —ZI v (v, (x,t)dx =
0 0

=20, Loy, Lt)y-v_.(0,0)v, (0,1)) + 2j‘ v (x,t)v, (x,t)dx =

d 1
= Zj.vix (x,t)dx.

0

Then from (12) we have:

d 1
EI\} (x,t)dx +

t
0

4
d

SN

1 1
j V2 (x,)dx + j v (x,0)dx =0
0 0

or

1 1 1
y(t) = 'fvf (x,t)dx + Jvi (x,t)dx + J‘vix (x,t)dx=C.
0 0

0

Hence, allowing for (12), we obtain:

P(0) =8> y(T) = [ (v} (x,0) = 57V} (x, T))dlx +

+ j (v (x,0) =6V, (x,T))dx + j(vix (x,0)=8%v_ (x,T))dx = 0.
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Thus,
2 2
Y0)=0°y(T)=C(1-67)=0.

Since O # =1, then C=0. Consequently,

1 1 1

Ivf (x,t)dx + J.v; (x,t)dx + J-vix (x,t)dx=0.

0 0 0
Hence we conclude that

v.(x,0)=0,v, (x,1)=0,v_(x,£)=0,

tx

Whence, allowing for (11), the identity
v(x,t) =const =C,.

follows.

Using local conditions (6), we have:

v(x,0)+ov(x,T)=Cy(1+6) =0,

Consequently, C; =0, because & = —1.

Thereby it is proved that
v(x,t1)=0.

Thus, if there exist two solutions #, (x,7) and u, (x,z)of the problem (1)-(3), (6),
then u, (x,#) =u,(x,?). Hence it follows that if there is a solution to problem (1)-
(3), (6), then it is unique. The Theorem is proved.

By means of lemma 1, the uniqueness of the initial problem (1)-(5) follows from the
last theorem.

Theorem 2. Let the conditions of theorem 1 be fulfilled, and

1 1
o(x) e C[0,1] , f P(x)dx =0, w(x)e Cl[0]], I w(x)dx =0,
0 0
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1
f(x,t) e C(D,), jf(x,t)dx =0 (0<t<T).
0

The problem (1)-(5) can not have more than one classic solution.
Existence of the solution to the problem

We consider the spectral problem:
X' (x)+ A X(x)=0,0<x<1, (13)
XO0)=x1,X'(0)=X"'(1). (14)

It is known (Budak B.M., et al., 1972) that eigen values of the problem (8), (9)
consist of the numbers ﬂk =2k (k = 0,1,2,---) ,and for k>1 each eigen value

}Lk corresponds to two linearly independent eigen functions COSlkX,SiH lkx;

furthermore, the system
1,cos 4,x,sm A,x,...,cos 4, x,sIn A, x,...
formsin £,(0,1) an orthogonal basis.

The classic solution of the problem (1)-(3), (5) will be sought in the form
u(x,t):Zulk(t)cos/’th+2u2k(t)sin A X, (15)
k=0 k=1
where

1 1
() = j u(x,t)dx, u, (f)=2 j u(x,t)cos A, xdx (k =1,2,...),
0

0
1
u,, (£) =2 j u(x,t)sin A, xdx (k =1,2,...).
0

Applying the Fourier formal method, from (1), (2) we obtain:

A+ad ! () + A u, ()= [, (&) (k=0,12..,0<t<T), (16
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u, (0)+ou, (T)=9,, (k=012,..),

(17)
u,(0)+ou, (M =y, (*k=012,..),

(a2l () + Xy, (€)= o () (k=12,.50<t<T), (18)

uy (0)+0u, (T =9, (k=12,.),

(19)
wy (0)+5u, (T) =y, (k=12,.),

where

1 1 1
0 = [)dx, vy, = [y (dx , fiy(0) = [ f(x,0dx
0 0 0
1 1
oy =2[ p(x)cos A xdy, v, =2[y(x)cos Axdx , (k=1,..)
0 0
1
fu(@®) =2 f(x,t)cos Axdx (k=12,..),
0
1 1
0, =2 j o(x)sin A xdx, v,, =2 j w(x)sin A xdx (k=12,..),
0 0

£ ) = 2} F(x,t)sin A, xdx (k=12,..).

From (16)-(19) we have:

() =1+6)" @, +(1+6) " (t =(1+8) " 6Ty, -
~50+ 5)’1.[(T(1 +8) +1—1)f, (T)dT +

t

+ j (t—7)f,y(0)dT (0<t<T), (20)

0
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uy (1) = 1 {(cosﬂkt+5cosﬁk(T_t))¢ik +L(Sin Bt =sin (T -0y, —
P (1) B

S t . .
_m!ﬁk(f)(sm B(T+t—7)+sn ﬁk(t—r))dr}+
1 t
— | J; I - [ =1,2 =12,...,0<¢t<
ey @ B ndr i=12 (k=12..0<1<T). QD
where
2/2
= p, (T)=1+25 T +68 (k=12,..).
B m o (T) cos 8 ( )
Obviously,
L () = 1(T) (B, (—sin B,t+5c0s B, (T 1)), +(cos Bt +cos B (T— ), —
P

—sz.fik(r)(cosﬁk(T+t—f)+5cos ﬂk(t—f))df}+
l+ak s

+%J.fik(r)cosﬂk(t—r)dr (i=12, k=12,..,(0<¢t<T)), (22)
l+ad,

1 Bi

ull (t) = mf () - oD {(cos Bt +5cos B (T -y, +

+ﬂL(sin Byt —sin B (T )y, -

k

_mf fi@)sin B (T +t=7)+Ssin ﬁk(t—r))dr}—
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P
1+ak

j fo()sin B,(t—1)dr (i=12, k=12,.;0<t<T), (23)
0

ul(t)=(1+8)" (w,, — 5} fro(@)dT)+ j' fio(@dr (0<t<T). (24
Theorem 3. Let 0 # F1 and
1. p(x) € C*[0,1],0 (x) € L,(0,]) and
2(0) = p(1),¢'(0) =¢'(1), ¢"(0)=9¢"(1), "(0)=¢"(1),p"(0)= (D).
2. w(x)eC[0,1],y? (x) € L,(0,1) and

w(0) =y D), ¥'(0)=y'(1), y"(0)=y"(1), ¥"(0) =y "(1).
3. f(x,0), f.(x,t) e C(D,), f..(x,t) € L,(D,) and

10,0 =f10,£.0,0) = 1. (1,2).

Then the function

u(x,t)=(1+5)" { j p(x)dx +(t—5(1+8)"'T) j w(x)dx +

— 54Tfj‘(T(1 —SA+8) Y +t-1)f(x, t)dxdt} + ﬁ(r —7) f(x,t)dxdr +

)1 1 _
+;{pk D {(cos B,t +S cos B, (T — 1)), +ﬂ_k(sm B=5sin B, (T—))w,, —

_WI S (@)sin B (T +1=7)+ Ssin ﬂk(z—r»dr}+

1 { '
+m£ﬁk (z)sin S, (¢ — z')a?r}cos/lkyur



On a Boundary Value Problem for a Fourth Order Partial Differential Equation

with Non-Local Conditions 131
+i{ ( {(COS Bit+6cos B (T —1))p,, + ﬂi(sm Bit—osm B (T-t))y,, —
k=1 | Pr k
,6’ (1 Iﬁk(r)(sm B.(T+t—1)+0sn ﬂk(t—r))dr}
IB(II 5 Ifzk(z-)sm ﬂk(t—r)dT}SIIllx (25)

is the solution of the problem (1)-(3), (5).

Proof. It is easy to see that

/12 12
ﬁq}k <T;’ o (D) 21+6% =26 =1/p.

Taking them into account, from (21), (22), (23) we find:

+1
p(l+0)w, +

juy (] < p(1+ )@y | +

Oj; 13 (1+ p5(1+5))\/7ﬁ| f,.k(r)|2er2,(i =1,2)

/12
|ui’k (t)| < p(1+§)T;|¢[k|+p(l+§)Wik +

(I @ er (i=12)
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”Q}c(t)‘ o2 ‘f (t)‘ p(”‘s)‘(”k‘ﬂ/ ‘ k‘+

+ —V(O‘;;)T(l + pS(1+ 5))( [ \ Iy (T)‘ drj (i =12)
a 0

k

ul (0] < 22110+ PO+ 8] + ) +

1

+(1+ ploj(1+ |5|))\/T/1;2[ j | fik(r)|2dz')J2 (i=12).

Hence we have:

1

(i(ﬁi s <r>||qm)2j2 <V3p(l+ p{imﬂmbf +

+\3a+D)p(l+ p)(i (A Il//,-kl)zj2 +

1

+ \/aa+1 (I+ po(1+ 5))\/?(]‘2001(/1i|-fik(7)|)2d‘[}2 (i-12)

k=1

C[o,r])z]2 < ﬁp%(l"‘é‘)(g(;ﬁ |¢ik|)2j2 +

1

+3p(1+ p)(i(% i I)ZJ2 +

k=1

(i (A

k=1

+é(1 + pS(l+ 5))ﬁ[ji|f,.k (r)|2dr]2 (i=12),

k=1
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1 1
= 3 " 2 2 2 - 2 2
Skl | <2 Salnen |
k=1 k=1
1 1
2 o > Ja+l o 2
+—pa+p>[zuk|¢,.k|>2j Jdax p<1+p>[zm;:|wik|>2j ;
a k=1 \/E k=l
1
2J_ = :
(1+ p5(1+ SYT (j Zﬂﬂf,.k(nfer (i=12),
0 k=1
or
1
SOl || < o 0,
3@+ Do+ Py @, +
XL 14 p5 4 T (0], (=12), 0)
a 2 T
= ! E 1 ”n
(SOl || <004l
L2(0,1)+
Lz(Dr)i = 1,2), 21)
( tk (t)” C[0,T] J Lz(DT)+ '0(1+'0)H(p(5)( )HL (01)

4
+ L1+ )y )

L (01)
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(i=1,2). (23)

XX

+2“0{2Jr1 (1+ pS(1+ YT |
a

Ly(Dr)
Further, from (15) and (19), we obtain:

o] <1+ 8 (o) 5, + TA+S+ S 1Dy (O, +

+TNT(2+|5\(3+ Loy (24)

by <[+ (o, + oy 29
Obviously,

oo Oy + X A5 S Ely 0l 9

o, o)) < oty O, zz- )3 Y Oy ) @D

RO D 3L 30 MC{ A IS LED

i=l1 k=l

<<Zﬂf )y > <Z<f e O o)) 2 29)

YOl eor)?) (30)

(3, 0)| < (ZI 5 > (Z (2|

From (26)-(30), allowing for (21)-(25), it follows that the functions u(x,?),
u,(x,t), u,(x,t), .. (x1t),u,, (x,t) are continuous in D, By direct verification

it is easy to see that the function u(x,¢) satisfies the equation (1) and conditions

(2), (3) in the usual sense. The theorem is proved.
By means of lemma 1 we prove the following theorem

Theorem 4. Let the conditions of theorem 3 be satisfied, and
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jgo(x)dxz 0, jy/(x)dxz 0, jf(x,t)dxzo (0<t<T).

0

Then the function

u(x,t)= —% j j (TA=81+8)" )+t —71) f(x,t)dxdt + “(z —7) f(x,t)dxdr +

2 1
+z{pk (1)

k=1

{(cos Bt +8 cos B, (T~ )y, +ﬂi<sin But-sin B, (T- ),y

k

ﬂ(l—jﬁk( 7)(sin B, (T +t—7)+dsin ﬂk(t—r))dr}

ﬂ(l—'[flk(f)sm ,Bk(t—r)dr}cos/l X+

= 1
+;{pk(

1 cos Bt+0c08 B (T ~)ps +— -6 fut=sin (T~ -

k

o

_mjfzk(r)(sm Bi(T+t—7)+sin ﬁk(t—z'))dr}+

/3 (1 j foo (T)sin B, (t—r)dz'}sm A,x (25)

is the classic solution of the problem (1)- (5).
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Normal Impact by The Dulled Wedge on the Viscous-
Elastic String (a Subsonic Mode)

Tahir Mammadov
Ganja State University

In this paper is defined by a stess state of the linearly viscoelastic (Maxwell type)
string on cross — section impact by a wedge having a flat forward part when the string
material submits the linearly elastic Hook's law (Figure 1.). A similar problem was
investigated in the paper (Mutallimov, 2001; Rahmatulin, 1945; Rahmatulin, 1947).

Let there is executed the transverse impact with constant speed V along the
infinite long rectilinear flexible string by the above represented dulled wedge.

In the collision process the deflection part of the string clings the cheek of the
«wedge», and the speed of the break point A is less than the sonic speed in the string

(b ctgy < ao). We use 21 for the length BB;. (fig.1).

'v
: /. | A
§ £ | \ X
AN
0 — Q
|
5B

Figure 1. Above represented dulled wedge

The string behavior is symmetric with respect to the point «0».

The equation of the string motion ahead and behind the point of discontinuity A will
be (Rahmatulin, 1961).

137
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5 o’u 0o (L.1)
ot ox '
The law of deformation by Maxwell type has the form [2]
. E :
oc+—o=FE¢ (1.2)
y7i
or
4 kt
oc=c—ke™[e &(x,7)dr (1.3)
0

Herein, points above letters signify derivatives & and o with respect to time.

There is also taken the dimensionless notation in the form:

_ O - _ ou, _ v, :
#=uR";x=xR"; v=""1; 0 ="2, (i=12),
ot a,
b =bayih =Y .5 —o(pa’)' a? = £ =k = ER(ua)’ (1.4)
a, Y2, R

Further, we will omit dashes above letters.

R — const, having a dimension of a length, E- Young s modulus, p - density, other

symbols are taken from the paper (Mutallimov, 2001; Mutallimov, 2001).
The motion equation (1.1) considering (1.3) has the form

o’u  Ou ou

-7 _ = 1.5
or*  ox’ Oox (15)

In solving the problem we will consider, that «k» is a small quantity, i.e. k <<1.

Conditions at the break point A (fig.1) in a dimensionless form will be (Mutallimov,
2001).

b—-uy, :bsec}/—u2 _, 16
I+¢ I+¢,
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z-(v, —v, cosy — M sin y)= o, cos y — o, — F; (1.7)
z~(Mcos;/—uzsin}/):GISin;/+Q. (1.8)

The wavy motion scheme in the plane (x, t) is shown in the figure 2. We will denote
by respective indexesAll parameters of a non- self — similar problem in domains
1,2,3...11,21....

In the paper (Mutallimov, 2001). it was proved that there are two modes in the theory
of transverse impact under the subsonic mode in a wave of the strong discontinuity.
There is the condition (Mutallimov, 2001) in the first mode behind the wave front of
a strong discontinuity,

F<uQ (1.9)

i.e. a particle is closed to the point of discontinuity from the clinging side, is sticking
to the cheek of the «wedge», therefore, the particle velocity equals to zero at this
point.

v, =0 (1.10)

In the second mode, particles of the string are located in the wave front of a strong
discontinuity, slipping along the wedge cheek, and it is consistent with the condition
(Mutallimov Sh.M. 2001).

F=n0. (1.11)
Herein, F, Q — are concentrated force at the
point of discontinuity, # - is a friction e
y:

coefficient in this point. We have a / o

kinematic condition at the point B (fig.2). .
31

21
v, =0, COS . (1.12) x
s ' G

From condition of the symmetry at the point

(ST

. . \ n, n
0 the particle velocity equals to zero too ;]K R
2. The solution of the equation (1.5) in s x
domains 1,2,3 may be written as the form 0 B X,

Figure 2. Kinematic condition at
the point B
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(0)

u = &'x, +u10t+l{atmg2 +byn’ —UiTéin}, 2.1
UO

u, = (gg + l)x1 + 0l + l{amg2 +by,1’ —fxlf} (2.2)

UO
Uy = EyX, + U+ k{amfz +h” + ?3)6177} (2.3)

Where

x=x-1l; E=t—x; n=t+x (2.4)

An unknown wave trajectory of a strong discontinuity we will seek in the form
x,(t) =zt + bz, t? 2.5)

Note that in the u(x,t), z(t) expansion with respect to a small parameter k, we will
constraint by two terms .

We also have conditions
u,(x,,1)=0, =0 (2.6)
uy(x,,1)=0, 7=0 2.7)
Besides that, we have for the first mode

ou

In this way, considering solutions (2.1) — (2.4) in conditions (1.6), (1.10), (1.12),
(2.6), (2.7), (2.8) we obtain

=0, x=x,(¢). (2.8)

0 _ _ —_0N- 0 _n. _ —_0N-
Uy =ay, =by,=0; v, =0; ay, =b,=0;

0__ 0. _ 0 —_0-
vy =—¢; by, =0; z,=0;
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v l+z,

& :‘920 :b(seCV_l); a,, :_T 1—2
0

z, =b[(1-cosy)+cosy|"; b=Vergy;

Then parameters of the problem in domains 1, 2,3 (figl, fig 2) are determined as the
form

gl:glo+kgl°-%[b1(t—xl)+xl],
0 0
o = ¢ (1—kt)+§gl( Moy e-xp -] 2.9)
_ 0 _k 0
0. . 0 . u,
&, =0,=0; o,=¢&(1—kt), UI=E, (2.10)
0
&=00,=0; o,=0; 1)2:%;03:%, (2.11)
1+z 1+z 1+z 1
1 I—ZO 2 21—z 2

~%0 0

New domains arise as the form 5, 31, 21 (Fig 2) after reflection from the point B and
gathering elastic waves at the point 0. We can easily show that the solution of the
problem in domains 5, 31 will have the form (2.11) and in the domain 21 will have
the form (2.10), respectively.

In this way, from the solutions found, it follows that if the first mode is satisfied in
the wave front of a strong discontinuity then the string clings to the cheek of the
impact wedge.

Let us now consider that the condition (1.11) is performed at the point A of
discontinuity, i.e. there occurs slipping of the string particle at this point.

We should note that the slipping also occurs at the point B (fig. 1) and there is
accepted the condition of deformation continuity at this point, i.e.it's the condition
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[e]=0. x,=0. (2.12)

Then the solution of the problem in domains 1,2,3 once again is represented as the
form (2.1), (2.2), (2.3), but constants, which take part in these solutions, are
determined from conditions (1.6), (1.11), (1.12), (2.6), (2.7), (2.12).

It follows from conditions (2.6), (2.7) that
v ==¢'; by, =0; (2.13)
V) =—¢&); by, =0; (2.14)

Considering solutions (2.1), (2.2), (2.3), (2.5) in conditions (1.6), (1.11), (1.12),
(2.12) we define all unknown constants &, , &5 = 6‘;) , Uy, Zys 215 Q> Qs Dy 5 by 5 and

we omit them because of their awkwardness.

Nevertheless, we note that a viscosity property of a material has an effect not only
on stressful behavior of the material after impact but also it has visibly effect on the
wave velocity of a strong discontinuity.

The wave velocity of a strong discontinuity is a diminishing time function.

We will construct below the solution of the problem for the time interval 1<¢ <2/
i.e. there is emerge the domain 5, when the elastic wave reflects from the point «0»
as the form KK (fig.2). We have the condition

— aUS

vy =—2=0, x=0 (2.15)

vy(x,1)=U,(x,£) 5-3 (2.16)

We put new variables in the form down below for the solution of the problem in the
domain 5

t—x,=&t+x, =1 (2.17)

&=E&-20m =1 (2.18)

After some operations considering conditions (2.15), (2.16), the problem solution in
the domain 5 has the form.
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2_g2 0 (g2
Us(é,n)=0§)(f7—§1)+k{2bos T s +;[" = —z@—a)ﬂ .19
The solution of the U (x,t ) for variables x, t will be.

Us(x,t)=2 & Qx+ k|by, 4t —1)+ 02(t—21)x. (2.20)

then the particle velocity deformation &5 with respect to U5 and intensity O in the

domain 5 will be in the form.

£, =220+ k[aby,(t— 1)+ 0 (= 21)}
Vs = k(4b03 + 0] )x; (2.21)

t
o, =&, —e ™ -k_[ e (x,1)dt
0

From the solutions received/gathered, it follows that a common feature of the
research is that a viscosity property of a string has an effect on an increase of the
deformation and on a decrease of velocity of the wave front particle of a strong
discontinuity and on a stress in the string.
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