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DYNAMICS OF TRANSVERSE OSCILLATIONS OF A RIGID VERTICAL BEAM

. -
-

.
 « » . . . . -

. .  — . . -
,  Mathcad.
The article is devoted to the stability of rising walls structures. A mathematical model of the vertical trans-

verse vibrations of an elastic beam clamped at the lower end by an external force is considered. The algorithms for 
solving differential equations of transverse vibrations of an elastic beam with the use of “beam” functions of A. N. 
Krylov, and B. G. Galerkin in the version of V. Z. Vlasov — L. V. Kantorovich are described. The results of numeri-
cal experiments  performed in the program Mathcad are given.

: , , -
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Mathcad [2], -
. -

.
-

 ( . 1)  — -
,  [3–5] -

 ( )  ( ):

,                                                         (1)

q — ;
 — ;

J — -
;
m —  ( );
c — ;
0 z l — .

. 1.
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.
z = 0:

.

 ( z = L):

t = 0:

ug(z), vg(z) — .
 (1) -

, . . . . -
. .  — . .  [3–7].

– ,
x = z /L,  0 x 1. 

z = L x.

                                                  (2)

 = / (2 m), 2 = E J  (m L4)–1 F = q /m — .
 (2).

.

                                               (3)

 (5) u (t, x) = 
k
Tk( t ) Xk(x ), k = 0, 1, ...  — -

. k -
:

                                              (4)

,

,
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2   — .
 (4) -

, :

,                                                         (5)

,  — ; 2 = 2 – 2 — .
 (4)  « »  « »

:

,

0, 1, 2, 3 —  « » ;

S (x, K), T (x, K), U (x, K), V (x, K) — « » . .  [3].
 « » , -

 = 0  = 1. c0 = c1 = c2 = 0,  

                                             (6)

, c3  0  (12) 
L = 1  « » [4] : cos(K )  ch(K ) = –1.  « -

»  [6, . 10–14]:

n = 0, 1, 2 ..., .

K -

                                           (7)

Tk, n, An, n — .

 (4) n(x) K = Kn c3 = 1 :

.                                           (8)

 (7)  (8) n,  (3) 

                             (9)

:

                                                  (10)

        (11)

 (10), (11) 
An, n:
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 (2)  :

,

qn( t ) — , .

, , Un = Tn( t ) (x, n) —  (2), n, ,
,

,  (  (4)). -

(x, n)  0 
( ):

                       ,                               (12)

2 K4 = 2 .

Tn = Tsn + Tvn,

Tsn —  (7) ;
Tvn —  (12).

,                                                          (13)

Umn, v,  — , .

 (12)  [5]:

                                                    (14)

n, , n — , .

 (13)  (14)  (12), 

                                                     (15)

,

                   (16)

n  (15), An n -
:
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                                    (17)

,
 Mathcad. -

:
1) ,  (2), (3), -

´ , ;
2) N;
3)  (17) 

 0 n N;
4)  (2) -

 (16).

– –
–  [7; 8] .

, -

,                                                           (18)

a(t) — , ;
( )n —  (N + 1)  ( n = 0), ( )0

;
( )m — m = 1, 2, …, N (0)m = (1)m = 0.

 (2), :

,
 (2)  (18), R -

. :

 0 m n.

m(x), m ,
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                     (19)

Jm,n, JFm,n, JBm — .

m, :

                                          (20)

 (20) -
 1- .

                                      (21)

a V -
:

                                       (22)

,  Mathcad -
,  (21), , ,

, –
. -

,
.

–
– -

 Mathcad. -
:

1) ,  (4), 
´ , ;

2) J, JF JB  (19) :

                                                   (23)
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m = 1, 2, … N — ;
3)  (22):
4)  (21) 

 Mathcad. 

,

 [1]:

Ts(t), UM(x) — ;
vz, z — ;

P —  ( -
,

);
xa, xb — , ;
if () —  [9].

,
.

 (N = 4). ,  (23) -
.

, –
 ( ) -

vz. -
 (  (24)). 

 (
 (24)), 

, .
-

:

                                                            (24)

 — .

, . 1, -
, . 2. 
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 1

.

P 49,4

z 0

xa — 0,8

xb — 0,8

— 0,0199

— 7,112

           2
B

m

n

0 1 2 3

0 –5.306304E-4 0.0112193 0.1007814 –0.0426477

1 9.6927823E-6 –2.222159E-4 3.4844199E-3 –1.497188E-3

2 –1.9364113E-5 3.9119059E-4 6.364925E-3 –2.707281E-3

3 2.4506438E-6 –5.1477114E-5 –8.3594543E-5 3.4123641E-5

. 2.
,

. . 2 
 0,70  20 ,

-
.

-
-

. . , . . -
. .  — . .

, -
 Mathcad 

–
(23) -

.

, -
-

, .

-
. -

.

. 2.  — 
 max | U |

;
 — 

 max | U |
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