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, -

 [ , 3] 

aM E I sinδ= ⋅ ⋅ ⋅ , ( )

M  - ;  - ; fE f ( I )=

-  ( ) -

; aI  - ; δ  - -

.

-

 ( -

 % ) M

M R G= ⋅ ⋅ , (2)

 - ; R  - . G  - 

.

M

M , , . . -

aR G E I sinδ⋅ ⋅ ≤ ⋅ ⋅ ⋅ . (3)

 ( -

 ±6 ).

+ - ( ) + - (2) 

20 ,

20° ( sinδ  = 0,866) ( . ).

 (3) Ia.

a
a

E I sin
sin E I

R G R G

δ
δ

 ⋅ ⋅ ⋅
≤ = ⋅ ⋅ ⋅  ⋅ ⋅ 

, (4)
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.

-

,

, -

 [2-5]. -

, -

, , -

, . , -

-

, -

0 < t < t0 ( t0 - ).

t < 0 t > t0 ϖ(x, t) = 0. 

, -

, , -

:

) , . .  h l;

) , . .

ϖ(x, t), t0, 2b, -

0.

,

-

.

[5] , , -

. -

-

.

.

, -

, -

, -

-

.

t > t0 -

:
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**
* * * * 0
0 n n*

nM

t
A A cos t

2

η
γ

ϖ

∞

=

 
= + −  ±  

∑ , ( )

*

h

η
η = ; η - ; * M

M
gh

ϖ
ϖ = ,

ϖM - ; * g
t t

h
= , *

0 0

g
t t

h
=  - -

; *
n n

h

g
γ γ= ,

n

n n
g th h

l l

π π
γ =  - -

; *
0A *

nA  - , b*=b/n,

*
0x x / h= , *l l / h= , *

0t .

,  ( ),

, -

.

.

Rn -

, ,

(5-7 %).

400-600 ,

00- 50 ,

, . .

2b .

,  " -

"  " ", 

50-70  20-50. , l*=

= 00÷300, , , . -

l* .

,

η/ϖM  « »:  

* * *
n 0t k / t / 2π γ= + k = 0, , 2…∞.
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-
* *
n 20Tγ = .

,

t = t0, t ≅ 2T , T  - 

, k  80. 

-

-

t,

,

, . ., ϖ(x, t) = ϖ (x)f(t).

, f(t) -

 (
*
0t  < < 2÷ 5). -

, . .  0 ≤ t≤ t0 f(t) = t < 0
t > t0, f(t) = 0.

, . . -

ϖ (x),

.

, ϖ (x) = const
2b, -

 [5]: 

M BD (0,03b / l ,42 )η = + b/l ≤ 0,35; 

M BD (0,22b / l ,29 )η = + b/l > 0,35.
(2)

      b=l/2,   L < l

2b=l, L > l.

L -  , ; B BD D / 2=  - 

 ( ) ; DB - 

. DB L

 [5]. 

 (2), 

, -
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5 0

-

-

.

,

, . .

 - .

-

, . .  ( ,

) .

 (  [6]) 

-

,

,

.

-

-

. ,

, -

; -

.

, -
 ( . . . ), -

-
, -
.

-
.

 ( ), -
, . . , -

.
 [6]: 

n
0

n n n

t

0 n 0 n n

0

4 sin ( x / l )
P( x,t ) P a( t )

2 sin2

P a( t ) ( p c sin ) a( )sin ( t )d , n , 2,3 ... .

β
β β

δ ρ β τ δ τ τ

∞

=
= − − ×

+

 
× − + + − = 

 

∑

∫
(3)



,

5

p(x, t) - , t - , x - ,

l -  ( ), ρ - , c - -

 ( ), a(t) - -

, δ = β /l, β  - 

0ctg ( d / l )β β= , (4)

: d0 =

= (F /F2)(pc2/γ), F F2 - -

, γ - .

 (3) 

a(t), -

. Kaa(t - t2)

, ,  (3), 

:

{
2

2

2 n
pp 2 0 aa 2

n n n

2 2 2
0 aa 2 n 0 n

t t

n n 2 2 aa 2 2

0 0

4 sin ( x / l )
K ( x, t , t ) p K ( t t )

2 sin

p K ( t t ) ( p ) ( c sin )

sin ( t )sin ( t )K ( )d d

β
β β

δ ρ β

δ τ δ τ τ τ τ τ

∞

=

 
= − + × + 

 × − − + + × 

× − − − 


∑

∫ ∫

(5)

-

 ( ) , -

,

.

 (5) t = t2 = t , -

K (t - t2).

,

-

,  [6]. 

-

2

2 n
pp 2 0 aa 2

n n n

4 sin ( x / l )
K ( x, t , t ) p K ( t t )

2 sin

β
β β

∞

=

 
= − + × + 

∑



,

5 2

{
2

2 2 2
0 aa 2 n 0 n

t t

n n 2 2 aa 2 2

0 0

p K ( t t ) ( p ) ( c sin )

sin ( t )sin ( t )K ( )d d ,

δ ρ β

δ τ δ τ τ τ τ τ

 × − − + + × 

× − − − 


∫ ∫
(6)

α - , -

, θ - , <a2> - -

, τ = t - t2.

 7-  ( . ) -

: α = 4, θ = , 2a 0,025g< > = ,  8-

 ( - ) - α = 3, θ = 7, 2a 0,04g< > = .

g - .

, -

, -

, k :

2exp( / k )
P( p( x, t )) k D[ p( x, t )]

k 2π
−

> ≈ . (7)

[8]. , -

-

 ( -

, , , .). -

,

.

-

,

 - .

-

.

-

, -

,
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.

-

. -

,

-

.

- ,  - -

. -

.

-

 [8]. t = 0

, . . Q = const, -

F(0, s) u(0, s) ( ) -

∆s.

 [0 ≤ s ≤ l, 

0 ≤ ≤ t ≤T0], l - , t - , -

.

( ) , -

,

 ( , -

), , ,

.

,

, .

, -

 ( ).

 ( )  ( )

 ( )

. -

-

 ( ), -

.

-

 ( ) -

, .
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.

.

 - -

.

, ,

. -

- .

-

 [8, 9] 

cp cp
0 2( p ) ( p )e ( p )e 0ϕ ϕ ϕ −+ + = ,

2 3
0 0 2 3

2 3
0 2 3

2 3
2 0 2 3

( p ) a a p a p a p ;

( p ) b' b' p b' p b' p ;

( p ) b" b" p b" p b" p ;

ϕ

ϕ

ϕ

= + + +

= + + +

= + + +

ai, b’i, b”i - ,

; 2
0 0c [ 2l /( )]( B / F )λ= −  - , -

, 2 3
0 0 0( B Q / gF )λ =  - , -

. b0 F0

Q0, g - .

,

,  [8, 9]. 

, -

,  - 

. -

. :

)  - -

;

)  - 

, .

-

. , -
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, -

.

D- -

. ,

F . α+iβ, -

ai, b’i, b”i, p = iω , -

-

α β, .

l

F (α, β) ω  0 ∞ -

. F , , -

α αmin ÷ αmax.

F min = αmin. F min αmin -

 (F , l).

-

.

:

•
F (α, β), -

F min;

• -

;

• -

 ( -

, , , .)
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