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1. , -

, 
, 

. , :
N  = V·∆p / (η ·103), (1)

 V - , 3 ;
∆p - , ;
η  - .

∆p = idem η  = idem ,  N  = f(V).
, 3 :

V = w·f , (2)
 w -  ( ) , ;
f  - , 2.

 f , 2, 
f  = b·L, (3)

 b, L - , .
 L 

.  b = bmin = d ( )  V
 L = const. , V = f(L) -

-
, .  V = Vmax  N  = N  max.

2.  l < L -
 N , .  N  L. 
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, ,

. , 
 (T C) R ,  2 · , -

, .  Q, , -
, :

Q = α1F1(t1–t 1), (4)
α1 - 

, /( 2 );
F1 - , 2;
t1 - , ° ;
t 1 - , ° .

 Q, , , ,
:

( ) ,tcGttcGQ 111
''
1

'
111 ∆=−= (5)

 G1 - , ;
1 - , /( );

''
1

'
1 t,t  - , ° ;

''
1

'
11 ttt −=∆  - , ° .

 (4)  (5), :
( ) .cG/ttFt 1111111 −α=∆ (6)

, ° :
t 1 = t 1 + (Q / F )(R  + δ / λ ), (7)

 t 1 - , ° ;
F  - , 2;
δ  - , ;
λ  - , /( ).

 (6)  (7), , 
 R , -

. , -
∆t1 =  f(R ) . 

). , :
Q = kF(t1 – t2), (8)

 k - , 
, /( 2 );
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F - , 2;
t1 - , ° ;
t2 - , ° .

, /( 2 ):
k = (R1 + R2 + R3 + R4 + R5)-1, (9)

 R1 R2,  R4,  R5 - -
, , , -

, 2 ;
R3 = R (ϕ do/d ) -  T C, 2 ;
ϕ - ;
d , d  - -

,  d , .

R1 + R2 + R4 + R5 =  = idem. (10)
 (8)  (9)  (10):

Q = (R3 + B)-1F(t1 – t2). (11)
 (5)  (11), -

 ( ), ° :
( )( ) .cG/BRttFt 11

1
3211

−+−=∆ (12)

, ∆t1 = f(R ), . -
, ∆t1

. -
∆t -

∆t ,
.

-

. , 
 ABO, , -

, , : 
L = 6000;  d = 57,0; , -

 h = 15,2; s = 2,5; ∆ = 0,6;  d  = d - 2h = 26,6;
;  10 -

 d  = 25,0;  d1 = 21,0; 
δ = 2,0. ϕ = 20,4. -

τ = 7 .
. . , -

,  p = 0,1 ,  t  = 100 ° ; 
 h" = 2675 ;  r = 2258 . -

,  M1 = 30 . -
, :

Q  = M1 h" = 30·2675 = 80250.
 ( -

) w = 1,5 : 
α = 55 /( 2 );  t  = 84 ° ; -

'
2t  = 20 ° ; 

"
2t  = 60 ° .  t2 = 0,5(t2

' + t2") = 0,5 (20 + 60) = 40 ° .
, :

Q  = αF(t  – t2) = αϕπd L(t – t2),



BY  3204  U  2006.12.30

9

 F = πdoϕL - , 2.
Q  = 55·20,4·3,14·0,0266·6 (84 - 40) = 24,75.

, :
D = Q τ / r = 24,75 · 420 / 2258 = 4,6,

τ = 7 · 60 = 420  - .
, , :

1927,4,004,6·4,19·1tDcQ p
' ===

p ≅ 4,19  / ( ) - ;
t  - , ° .

10 %. , :
.21204,19271,1Q1,1Q ' =⋅==

, , :
Q  = Q ·τ + Q  = 24,75·420 + 2120 = 12515.

, :
ΣQ  = Q  + Q  = 80250 + 12515 = 92765.

. , :
G  = Q /(c ·t ),

≅ 1  / ( ) - ;
'
2

"
2 ttt −=∆  - , ° .

G  = 24,74 / (1·40) = 0,62 .
, 3 :

V  = G / ρ ,
ρ  - , 3.

 t2 = 40 ° ρ  = 1,128 3.
V  = 0,62 / 1,128 = 0,55 3 .

 S1
, .  = 0,062 .

 (3) :
f  = 0,062 · 6 = 0,372 2.

, -
 w = 1,5 :

./56,05,1372,0wfV 3' =⋅=⋅=

 V 'V  1,5 % . 
 w = 1,5 -

Σ∆  = 65 .
, ,  (1) -

:
N  = (0,56 · 65) / (0,6 · 103) = 0,061 ,

η  = 0,6 - .
.

. 
='

1t 70 ° . ='
2t 20 ° .

 w1 ≅ 0,4…0,8 , -
. , 3 :

V1 = f1 · w1,
2
11 d785,0f =  - , 2.

 w1 = 0,5 , :
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V1 = 0,785 · 0,021 · 0,5 = 0,000173 3 .
, :

G1 = V1 · ρ1,
ρ1 - , 3.

 0,5  ( -
) ∆t1 = 5 ° . C65570ttt 1

'
1

"
1 °=−=∆−= . 

( ) ( ) C5,6765705,0tt5,0t "
1

'
11 °=+=+= , ρ1 = 979 3.

 (13)  G1 = 0,000173 · 979 = 0,169 .
, -

,  (5) :
Q1 = Q  = 0,169 · 4,19 · 5 = 3,55 .

 ( ) :
149042055,3QQ ' =⋅=τ⋅= .

,
:

( ) ,ttcMQ 1
'
111 −=

 t  - ,  0 ° , -
. 

Q  = 30 · 4,19 · (70 - 0) = 8799 .
, :

.1028987991490QQQ '' =+=+=∑
.  (10) -

C40ttt '
2

"
2 °=∆=− :

G  = 3,55 / (1 · 40) = 0,0887 .
 (11)

V  = 0,0887 / 1,128 = 0,0786 3 .
 40 °  D = 100 

 w = 12 .
, 2:

( ) ,dD785,0f 2
c

2 −=
 dc = 0,5 (d + d ) - , .

 dc = 0,5(57 + 26,6) = 41,8 .  f  = 0,785 (0,12 - 0,04182) = 0,00648 2.
:

078,01200648,0wfV ' =⋅=⋅= 3 .
 V 'V  1,1 % .

-
 2,76 

Σ∆  = 2,76 · 65 = 180 .
 (1) 

N  = (0,078 · 180) / (0,6 · 103) = 0,023 .
-

.  w1 = 0,5 
 12 Σ∆p1 = 2500 . 

:
N  = (V1 · ∆p1) / (η  · 103) = (0,000173 · 2500) / (0,7 · 103) = 0,00062 .

:
N = N  – N  = 0,023 - 0,00062 = 0, 0224 .
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, 
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∑∑ 'Q/Q = 92765 / 10289 = 9 , 
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 s - , ∆ - .

 36  l  1 -
 L  L - l  2 

32,  1,  5 
 4, .

-
.

. 2



BY  3204  U  2006.12.30

15

. 3

. 4

.
220034, . , . , 20.


