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Abstract. In the present paper, the authors have constructed an asymptotic solution
of the high order equation with partial derivatives by means of the asymptotic method
for the high order systems. The improved first approximation of the solution of the given
boundary value problem is determined.

1. INTRODUCTION

The problem of the oscillation of the creepy elastic beam with linear boundary con-
ditions in the autonomous case has been studied [3]. In this work, the authors inverstigate
the oscillation of the creepy elastic beam, in the non-autonomous case, described by the
third order equation as follows:
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where £, w, Q are real constants, € is a small parameter, = 6(t), y = y(z,t). The relevant
homogeneous boundary conditons are
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It is supposed that the resonance relation takes the from.
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p, q are integers.

2. CONTRUCTION OF THE NON-AUTONOMOUS SYSTEM

With the boundary conditions (2) we get the fundamental functions and the eigen-
values in the form
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In this case, the partial solution of the equation (1) is found in form of the following
series [6]

y(z,t) = acos pZ; + eUy(x, a, p, 0) + €2Us(x, a, , 0) + ... (6)
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where a, ¥ are the functions satisfy the following differential equations
d
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Now differentiating the function y(z,t) in the form (6) with respect to argument t,
after calculation we get
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Now we calculate some of quantities in the equation (1).
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Substituting expressions (11), (12), (13) and (14) into the equation (1) we obtain
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Comparing the coefficients of like powers of € we have
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where the linear operators take the from
0 0
Ly [U] = (%Ql = 7%> Ui,
d d\?
Ly [Uh] = (Qla +769> Uy, (17)

) a\*
L3 [Ul] = (91%—%’)’@) Uy

The relevant homogeneous boundary conditions of the function Uy are
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Now we expand the functions U; and F} into the series of functions {Zk (z)}

= Uila, 9,0)Zk(z),
k=1

F, = iFlk(a, ©,0)Zk(x), (19)
=1

Uy le= =0, 5 le=0 =0, Uilz=1 =0, by =10 (18}

(4 t
Fix = [ P\ Zydx/ [ ZE(x)dz.
0 0

where Fik(a, p, 0) are defined, still U g (a, ¢, 8) need to be determined.
We calculate some quantities in the equation (16)
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Substituting (15) into (16) we have
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In the case of k= 1 we obtain the following equations
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In order to find the functions Ujg(a, ¢, 8) we again expand Uy and Uyg(a, ¢, 6) into
the Fourier series
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[P (mstf )P+ £ (miy - my)” + 030 +-o) + £OR) DRe) = FRGRD,

{i% (mQu + ny) [(€ + i(mQ +ny)] + QR [€ + i(mQ + ny)] UL, (a) = FF)(a),

[22 — (m€ + 7] [€ + i(mQFny] U (a) = FE)(a),
®, \_ F¥(a)
() =
(& + i(mQ1 + ny)] [Q2 — (M + ny)?]

Substituting (29) into the expression (24) the funtions Uik (a, ¢, 0) are determined
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It is seen that when k=1 we have

[Q‘ll — (mQy + n’y2] £
[Q1(m £ 1) +n] £ 0,

Substituting 1 ~ 87 into the above inequalities yields
q

[p(m £ 1) +ng] # 0. (31)



Asymptotic solution of the high order partial derivative equation 71
)

Substituting (30) into (29) we obtain the expression for the function U; = Uj(z, a, ¢, )
as follows
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When k=1 we have
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In order to determine A, By, now we substitute (26), (27) and (28) into (23), supposing
that U; does not contain cos ¢, sin. It means
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In the expresstions (34), the terms contain cos ¢, sing corresponding to the values
m, n = -00 + +00, for which
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where r is a proportional coefficient.
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Now we have to calculate the quantity in (34) in two cases where
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Substituting (39) into (34) and noting (38) we obtain

2w 27
Fii(a,,0) =Y e rtveie / / Fuue " e %dipds
T
2 27
: 1 ; :
) —ir —irqy o+
+Ze"q e "ﬁ//ﬂle e dpdl
J 0 0
2w 21
i :_1_26"‘11/’ (coscp+isin<p)//Fue’"qw(cosap~isincp)dcpd9
A L
00
2w 2m (40)
+(Cos<p—isirlap)//Flle“"qw(cosgp—isingo)dcpdG}
0 0

The expression (40) can be written in the form
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73
- Substituting (41) into (33) and then comparing the coefficients of cos ¢, sin ¢ we get
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It is seen from (?7?) that A; and B; are determined
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Thus, in the improved first approximation the partial solution of equation (6) is
determined
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However, practically one only needs to find the particular solution in the first approxima-
tion

y(z, t) = aeos (g@ o 17) sin ? (48)

3. CONCLUSION

In this work, the authors have investigated the nonlinear oscillation of creepy elastic
beam in the non-autonmous case with the homogeneous linear boundary condition. It is
easy seen that the motion of the creepy elastic beam is described by the partial differential
equation of the third order with respect to argument.

The solution of this equation has been constructed by the asymptctic method for
the high order systems. In the improved approximation the solution of the boundary value
problem has been determined.
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NGHIEM TIEM CAN CUA PHUONG TRINH
PAO HAM RIENG CAP CAO

Trong bai bao nay, cic tac gia xay dung mo hinh nghiém tiém can ctia phuong trinh
dao ham riéng cap cao mo ti dao dong ctia dam dan hoi phi tuyén tit bién trong trudng
hop hé khong 6tonom. Trong xap xi thit nhat hoan thién nghiém tiém can ciia bai toan
bién d6 duge xac dinh.





