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,
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            :
            - 
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             I.  

, 

, 
 I-B-H- .

             2.  
,  I.

            , 

.
             1 

.1.1)  I-B-H-
, .

. 
            :
            - 

 (  1)  (  4) 
 (  5) ;

            - 
.

            ,

.
            

 I-B-H- .  1 
. 1.1.
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 1.1 – 
 Qi ( ³/ ) , 
j i 

, 

Qi,
³/

j,
%

i,
%

Qi,
³/

j,
%

i,
%

Qi,
³/

j,
%

i,
%

1- 881
871
861

0,0
0,0
0,0

-
-
-

846
856
868

0,0
0,0
0,0

-
-
-

850
840
830

0,0
0,0
0,0

-
-
-

2 – 570
560
550

-
-
-

1,4
560
550
540

-
-
-

1,3
550
540
530

-
-
-

1,5

3 – 400
390
385

-
-
-

4,2
320
385
375

-
-
-

4,0
385
375
370

-
-
-

4,3

4 –  15 570
560
550

-
-
-

15,1
560
550
540

-
-
-

14,5
550
540
530

-
-
-

17,6

5-  15 881
871
861

-
-
-

25,2
846
856
866

-
-
-

23,7
850
840
830

-
-
-

27,2

,  (4,5) , , 
 31,28,31.

           
 Imi ³/ ) 

,01,0 1
.

m

n

B

n

i
i

mi n

Cmi

n

Q
I

m

(1.1)

     Q .i - , ³/ ;
           nB – ;
           m – 

, %;
           nm – 

.
           

 Im.i ³/ ) 

,01,0
.

1
.

.

n

i

B

n

i
i

im n

C

n

Q
I

m

(1.2)
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   i – 
, %;

           n – 
.

          iI  ( ³/ )

n
I

I mi
i ,                                    (1.3)

     Im.i – 
, ³/ ;

           n –   Im.i .
          

 (1.1)  (1.2)  1.1 
.

            - 
0,01I ³/

253,0
31
4,1

3
168001,02I ³/

531,0
31

2,4
3

117501,03I ³/

728,2
31

1,15
3

168001,04I ³/

080,7
31

2,25
3

261301,05I ³/

            - 
0,01I ³/

296,0
28

3,1
3

165001,02I ³/

548,0
28

0,4
3

115001,03I ³/

848,2
28

5,15
3

165001,04I ³/

923,7
28

7,23
3

256801,05I ³/

            - 
0,01I ³/

261,0
31
5,1

3
162001,02I ³/

522,0
31

3,4
3

113001,03I ³/

066,3
31

6,17
3

162001,04I ³/
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370,7
31

2,27
3

252001,05I ³/

           1-5 
 (1.3)

0,01I ³/

257,0
3

261,0256,0253,0
2I ³/

534,0
3

522,0548,0531,0
3I ³/

881,2
3

066,3848,2728,2
4I ³/

458,7
3

370,7923,7080,7
5I ³/

          

IIII ..
'

..                                               (1.4)

I . - 
15-20 , ³/ ;

I .  -  (
)  15-20 ,

³/ ;
I . - ; 

, ³/ ;

QI 01,0. ,                                                  (1.5)

Q  - 
 15-20 , ³/ ;

- , 
, %.

. , 
.

          

'
.

'
.

'
.. IIII    (1.6)
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I . - 
 15-20  ( , ),

³/ ;
I .  - , 

, ³/ ;
I . - , 

, ³/ .
          , 0,01. II ³/ ; 0,0.. III ³/  (

), 881,24
'

. II ³/ ,
458,75

'
. II ³/ , 

881,200881,2'
.I ³/ ,

458,700458,7'
.I ³/ .

          : 0,01I ³/ ; 881,24I ³/ ;
458,75I ³/ ; 881,2'

.I ³/ ; 458,7'
.I ³/ .

          
 I-B-H- -

,  1.
          

:
          , I  ( ³/ );
          

, I  ( ³/ );
          I .

³/ ).
           2 

54321 ,,, IIIII ,  1, .
1.1.
           ( )

1.I ³/ )  (1.7)

121 III (1.7)

257,00,0257,01I ³/

          
2I ³/ )  (1.8)

,01,0 233 CCQI (1.8)
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3Q  - 
 ( .3), ³/ ; 3Q = 392 ³/ ; 2C - 

 ( ) , %;
2C = 0,047 %; 3C  - 

, %; 3C = 0,139 %.

361,0047,0139,039201,02I ³/

)  (1.9).

21 III (1.9)

618,0361,0257,0I ³/

I  ( ³/ ) 
 (1.10)

III '
. (1.10)

263,2618,0881,2I ³/

          
I . ³/ )  (1.11)

'
.

'
. III                                                       (1.11)

577,4881,2458,7I ³/

         

IIII .                                                 (1.12)

458,7577,4263,2618,0.I ³/

          

, '
.I  ( ³/ ), 

 ( ) .
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          , 

.
          

 2,881
³/

.

 2

           – 
 «

. 
, ».

          :
           - 

;
          - 

.

2.1 

.
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I . ³/ ) 

I . ³/ );
          - 

81,6.I ³/ ;
          - 

81,6.I ³/ ;
          -  I 180 ;
          -  I 180. ;
          -  ( ) =765

;
          -  (

) =918 .;
          -

 = 14,77 ³/ .;
          -

 (
) =17,04 ³/ .;

-  dafV , %; dafV =25%;
           -

1=0,43;
           - 

2=0,57;
           - ,  –

 1- ;
           -  –

 1- ; 

 3- ;
           - -

;
           -

 3-  ( )
.

          

.
          , 
[2]  « …» [7,8,9].
          

I . ³/ ) I . ³/ )
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;..

6,04,0
.

.. l
l

II                  (2.1)

;..

6,04,0
.

.. l
l

II (2.2)

   – , 
; 

 300   

 20 , 
 (2.3);  300 

=1  50 , 
 (2.3)

.

..
.                                                        (2.3)

  – , ³/ .; 
 [2] dafV (%);

          – 

; 

 ( ), =1; 

[6,11]
          - I . I .

21

.

..
2

.

...
1

.
1

)1(
1
1

;                       (2.4)

          - I . I .
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;
1

1
1
1

.

..
2

.

...
1. (2.5)

    , – , 

, .; 
 [2,8];

          ,  – 

;  [5,8]; 
, =0;

          ,  – , 

;  [2,7,8] 
1-  ( ) . =1; 

 3-

, , , =0;
          , – 

, .;  [5,8].
          ³/ .) 

dafV =25% dafV > 165
.  [2,7,8]  2,675 ³/ .

          

188,1
675,277,14
675,204,17

.

    
 1-

 (2.6)  (2.7) [2,6]

;
2 .

l
bl                (2.6)

;
2

.

..
. l

bl
(2.7)

     b – , ;
 [2,7,8]
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          dafV =25% b =18 ,

8,0
180

182180 ; ;8,0
180

182180
.

          
 ( , -

) 
 (2.5)

1
01
01157,0

018,0
018,043,0

 1- I . I .

 (2.1), (2.2)

02,91188,1
765
918

180
18081,6

6,04,0

.I ³/ ;

02,91188,1
765
918

180
18081,6

6,04,0

.I ³/ ;

          
 3-

=0 (
) . ,

I . , I .  (2.4), (2.5), (2.1)  (2.2).
          , I .  (2.4)

.

43,0
57,0143,0

01
)01(0,057,0

0178,0
018,043,0

.

          , I . .

(2.5)

0,1
01
0157,0

018,0
018,043,0
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          I . I .

 3-
(2.1)  (2.3)

88,343,0188,1
765
918

180
18081,6

6,04,0

.I ³/ ;

02,90,1188,1
765
918

180
18081,6

6,04,0

.I ³/ ;

          ,  3- , 

 1- .

2.2 

.

          :
 - 

, 

, , -
;

- 
.

          

. .2.1, :
-  m =1,0 ;
- 1=631,2 ;
- 

2=787,5 ;
-  W=2%;
- =10%;
-  Vm. =1 ;
- l =200 ;
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- 
Vm. =1 ;
- 

l =1800 ;
- 

 Vm. =1,5 ;
-  – ;
-  – ;
-  m =1,1 ;
- =10 ;
- 

=40  m =0,3
=15 ³/ ;

- =100 ;
- =765 ,

=918 ;
- , ; l =180 ;
- , %; dafV =25%;
- 

=17,04 ³/ .;
- 

 tn=31,5 º .
          

 q
³/ )  q  ( ³/ ),  q  ( ³/ )

 q  ( ³/ ) 
 q  ( ³/ ) .

          
.

          
 q .

          
³/ ) 

                                =0,01 (100-W-A )                                             (2.8)

                                =0,01·17,04 (100-2-10) = 15 ³/

           b ). 
 [2,8] dafV =25%, b =18 .

          , 

 (2.7)
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8,0
180

182180

 V ) 

ml
V    (2.9)

78,3
35,10,1180

918V

           n, 
 V  ( ), ) 

dafV (%) , 

dafVbHVan 11 001,0exp ,                                    (2.10)

     1,  b1 – , 
dafV =25%, 1=0,152, b1=0,051.

9355,025051,05,787001,0exp78,3152,0n

          

nxqon exp85,0                                         (2.11)

0,49355exp8,01585,0onq ³/

          
 ( )

V
l

60
                                               (2.12)

3
160

180
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,
601 i

i
n

i V
ld

(1.13)

     n  – l i c 
;  n =2, l i= l =200 , l 2= l =1800 ;

          V i –  i- , ;
V =1 ; V =1,5 .

33,23
5,160

1800
160

200

          , 

 ( )  ( )

 (2.14)

                                         (2.15)

1112,03051,0 71,0

1481,03051,033,23118,0 71,025,0

           q ³/ )

                                         q = q  + q ,                                              (2.16)

 q , q  – 
, ³/ ;

'
32

'
. exp85,01 bbnq          (2.17)

"
2

'
. exp85,01 bnq                                  (2.18)

 b2, b1 – ,   ,
,

.;  b2=0,6,   b3=0,4 ;
b2=1,  b3=0 .
          

,  b2=1,  b3=0.
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889,01112,09355,0exp85,018,015'
.q ³/ ;

184,11481,09355,0exp85,018,015'
.q ³/ ;

073,2184,1889,0.q ³/ ;

           ( ³/ ) 

o AWxx 10001,0 . ,                              (2.19)

   – , ³/ .; 
 [2,8] =2,675 ³/ . 

dafV =25%;
          W – . %; W=2%;
           – , %; =10%.

534,2102100675,201,0ox ³/

          
 q ³/ ) 

qqq . ,                                 (2.20)

      –  ,    
, .;

=0, 
, .

          

073,6073,20,4q ³/

          
.

          ) 
, 

 (
).

          

,05,0cos3,1 .
1

.p mlM  (2.21)

      – , 
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;  – 1,0;
           – , 

; 

,018,0exp88,1 dafV (2.22)

199,125018,0exp88,1

.214199,105,010cos1,1199,111803,1 1M p

           m =0,3
=40 , ,

, 
. 

, 
, 

  m .
          

 q ³/ )

,114,1 .
.

.4,0
. m

m
Vq                         (2.23)

     – ,
³/ ; 1=15 ³/ ;

           – , ³/ ; 
=2,534 ³/ .

          

036,2
214
401534,215

0,1
3,078,314,1 4,0

.q ³/ .

          , 
 20 , , 

=60 .
          

 q ³/ ) 
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113,1
60
201534,215

1
2,078,314,1 4,0

.q ³/ .

          -

;.. qqq                                            (2.24)

196,3113,1083,2q ³/ .

           q
³/ ) 

,14,1 .
4,0Vq (2.25)

      – , 
; =0,00106

 [2,8] 
.

           – , ; 
=100 ;

           – , ; =787,5 .
          

084,61005,78700106,0534,21578,314,1 4,0q ³/ .

           q ,
q  q =973 , 

                                         q = q  + q +q                                         (2.16)

353,15084,6196,3073,6q ³/

          
=14,77 ³/ . 

=765 ; q =5,252 ³/ ;  q =2,844 ³/ ; q =3,996 ³/ ;
q =12,092 ²/ .
          
q ³/ )   1-
3- .
           1-  q
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,1 .. qqqq (2.27)

      – ; 
 [7,10]; =0;

           – , 

;  [2,8] 

;  1-
=1;  1- , 2-  3-

,  5
 5 , , ;

          q  – ,
³/ .

           q

qqqq ....... 111 (2.28)

     ,  – , 

.;  [7,10].
          

, ,
=0, =0, =0.

          

28,9534,2150113,1084,6083,2'q ³/

          
:

-  1-  (
) 

353,1528,9101073,20,4q ³/ .

-  3-

889,428,9001889,00,4q ³/ .
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I ³/ ) I ³/ ) 
 1- -

 3-  (2.29). 
I ³/ ) 

I ³/ ).

,
1440

PP AqI (2.29)

     qp – 
) 

 1-  3- -
, ³/ ;

          - , .
           1-

79,9
1440

918353,15I ³/ ;

79,9
1440

918353,15I ³/ ;

916,5
1440

91828,9I ³/ ;

878,3
1440

918073,6I ³/ ;

           3-

12,3
1440

918889,4I ³/ ;

79,9
1440

918353,15I ³/ ;

          

:
           1- 42,6I ³/ ; 42,6I ³/ ; 36,4I ³/ ;

348,4I ³/ ;
           3- 6,2I ³/ ; 42,6I ³/ .
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2.3 

-
 [2]

           «
.  [2]», 

.2.2
.

          
 q ³/ ) .

          
 q .

          
³/ ) 

AWxx 10001,0 (2.30)

1510210004,1701,0x ³/

          )
dafV =25%,  18 .

          , 

l
l 2 (2.31)

8,0
180

182180

V ) 

Sml
V (2.32)

78,3
35,10,1180

918V
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           n, 
V ), ) 

dafV (%) 

95,0260015,000034,0exp393,0
245,0 dafVHVn                     (2.33)

05305095,025260015,05,7870034,0exp78,,3393,0 245,0n

³/ .) 

n
daf tVx 012,0exp2,26

6,0
. (2.34)

60,25,31012,0exp252,26 6,0
.x ³/ .

           ( ³/ ) 

AWxx 10001,0 . (2.35)

288,210210060,201,0x ³/
          

 q ³/ ) 

nq 1 (2.36)

8767,45205,01288,2158,0q ³/

          
 q  ( ³/ ), 

 q’ ³/ )  q’’ ³/ )
 (2.37), (2.38)  (2.39)

''
.

'
. qqq ;                                                 (2.37)

'
.2.1

'
. o bbxnq ;                        (2.38)

"
.1

''
. o bxnq   (2.39)

     b1, b2 – , ,
;

 b1=0,6  b2=0,4 , 
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b1=1   b2=0 – ;  b1=1,  b2=0,
;

          m.y,
’
m.y,

”
m.y – 

 ( m.y), 
 ( ’

m.y)  ( ”
m.y), .

          
m. ) 

V
lT

.
. 60

(2.40)

3
160

180
.T

          m.y

.. ,                                                   (2.41)

     , b – , 
; =0,052, b=0,71 

m. , m. >6 , =0,118, b=0,25
          

1134,0052,0 71,0
.

’
m.y ,  b2=0 

 q’
.

           (
) 

.
          

m. ) 

m
m V

L
V

lT
..

.

.

.
. 6060

(2.42)

33,23
5,160

1800
160

200
.mT

          ”
m.y

bb
mym aTaT .

"
. (2.42)
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1459,03052,033,23118,0 71,025,0"
.ym

8078,01134,01288,25205,0288,2158,0'
.yoq ³/ ;

0393,11459,01288,25205,0288,2158,0"
.yoq ³/ ;

8471,10393,18078,0.yoq ³/

          
 q ³/ ) 

qqq . (2.43)

   – , 
;   ; 

, =0.
          

7238,68471,18767,4q ³/
          

.
          

), 
.
-

,05,0cos3,1 1
..P mlM                               (2.44)

      – , 
-

, .; : 
=1; ; 

; =0,8; =0,4;
           – . 

, .; 

dafV018,0exp88,1 (2.45)
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1987,125018,0exp88,1

          

21405,010cos1987,11,111803,1 1
PM

          v. 
, 

HV 0026,0exp58,0

7118,05,7870026,0exp58,0V

=40
=0,3

=15 ³/ , =2,288 ³/ , 
, 

.
          -

m
m

Vq .
...

.1
. 1 (2.46)

9215,1
214
401288,215

1,1
3,078,3 17118,0

.q ³/

          
< 60 , 

.
           q =q =1,9215 ³/ .
          
q ³/ ) 

oxxVq V 1 (2.47)

      – , 
; 

=0,00106; , 
 – =0,00084;  – =0,00043.

          

3148,61205,78700106,0288,21578,3 17118,0q ³/
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 q =6,7238 ³/ . -

 q =1,9215 ³/  q =6,3148 ³/
 q ³/ )

qqqq (2.48)

96,143148,69215,17238,6q ³/

 3

           – 
: «

. 
», «

» 

.
          :
- 

;
- 

.
          

 «
 [2]»  « » 

[7,8,9].
           2 .
          :
- 

;
- 

;
- 

.
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.

          max ) , 
.2.1 .2.2.2, :

-  –  10
 ƒ=6 .

          
 [7,8,9]

,
194

67,1
.

67,1
.

67,0
.

93,1

67,1
max

op

l
lCCQ

IAA          (3.1)

I - 
, ³/ .; 

 2 ( .2.1) 
;

           –  [3]
, %; 

=1%;
           – , %;

=0,05%.
           1-  [2,7,8] 

 ( .2.1) I = I . =6,81 ³/ .
           Q .max

,60 maxmax. SVQ                                     (3.2)

  Vmax – 
, ;

 Vmax=4  [3];
          S  – 

, , ²; ,
 S , 

 [2,8]  (3.3) 
 ( m . ,  )   

min.min...
min..max..

min.max. Smm
mm
SSS                         (3.3)

     S .max, S .min – 
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 ( max..m , )  ( min..m , ) 
, 

, ²; 
 « …» [2]  « …» [7,8].

m .  - ,
.

          
 137, m . = max..m =1,1,

 S =3,44 ² [2,8].
           1-

Vmax=4 ,  Q

p SVQ .max60                                           (3.4)

     – ,
.

          , 

 1- , 2-  3-  (3.5), 
1-  (3.6)

;35,024,0exp5,01 .. Sfm         (3.5)

;25,024,0exp13,01 .. Sfm                             (3.6)

 ƒ – 
 8 m . ;

mmm
mfmfmff

...

......      (3.7)

  ƒ , ƒ , ƒ  – 
, , .

: ;
mmm .,.,.  - 

, , , ; 
 ( ).

           ƒ>8,  ƒ
 8.

          , 
 10 ,  8 m .
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. 
 ƒ=6.

           1-  (3.6)

494,144,325,0635,0exp1,113,01.

           Qp  (3.4)

1233494,144,3460pQ ³/

          . =1,188, . =1 
,  1-

 2( .2.1).
          

 (3.1) 

7491188,1
194

05,01123381,6765 67,167,1
93,1

67,1
maxA

          =918 max=749 , 

.
          :
- 

;  [5] . =0,3
-

;
- ;
-  1-  3-  (

) .
          

: 
.

          
 1- .

 (2.5)

829,0
01
3,01157,0

018,0
018,043,0.
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1024829,0188,1
194

05,01123381,6765 67,167,1
93,1

67,1
maxA

          =918 max=1024 , 
.

           1- -

, 
 (  4), 

 [2]

o
op C

CC
CCQA ..............max 1111194/

,67,1
.

67,1
.

67,0
.67,1

. l
l

I (3.8)

– , 
, .;

 (
2=0,57), 

,. q
q (3.9)

     q , q  – 
, 

 (2.28)  (2.26), ³/ ;
          ’  – , 

, .;  0,7  0,3 
 1-  1- ;  ’ =0,7;

           – , 
, .

,1 '' (3.10)

      – , 
, .;  [5,8];

’ =0, ;
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           – , 
,

 ( ,  1- ), ; 
=0, ; 

 [5,8]
          

;00001

93,1

max 017,0157,057,01017,057,0
05,05,3

05,01194/05,011233

14487651188,1
180
18081,6 67,167,1

67,0
67,1

          max
 (3.11) 2=2%

,
1194

60 67,1
.

67,1
.

93,1
2.

67,0
.67,1

.max

SV
l

l
IAA (3.11)

30031188,1
57,001194

05,02494,144,3460
180
18081,6765 67,167,1

93,167,1
67,1

maxA

           (3.8)  (3.11) 
max=1448 , 

.
          =918 max=1448 , 

 1-
.

          
1-  Q =1057 ³/ max=1433 , 

.
           1-  3-

) 

 (2.4)

43,0
157,043,0

01
01057,0

018,0
018,043,0

.



37

          

p SVQ .max60     (3.12)

 – , 
, ; 

 [2,8].  (
,  – 

), =1,188, =0,43 ll 180  (3.1)

217543,0188,1
180
180

194
05,01103281,6765 67,167,1

67,193,1
67,1

maxA

           1-  3-
=918 max=2175 . 

.
          , 

, 
 1-

-7 . 
, 

.
          , 

 1-  ( ) 

-7 . 
 1- -

 3- . 
 (  1-

)

.

3.2 

.

          
, 
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,
194

93,1

67,1
max

op
pp

CCQ
IAA (3.13)

          
:

-  1- ;
 « …»

[5]  « …» [8] . =0,3 

;
-  1-

;
-  1-  3-

) .
          

.
          

=0,829.
          

,.
'

pp II                                           (3.14)

116,8829,079,9'
pI ³/

          
 (3.13)

894
194

05,011233116,8918
93,1

67,1
maxA =918 .

=918 max=894 , . .

          
 800 , 

. 
. 

 [5,8] .. =0,2.
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           ( .. =0,2)

( .. =0,3)  1-
 (2.5)

,743,0
01
3,01157,0

018,0
2,018,043,0.

 (3.10)

274,7743,079,9'
pI ³/ .

          
 (3.13)

1073
194

05,011233274,7918
93,1

67,1
maxA .

          

                          =918 max=1073 , 
.

          
, 

, 

.
          

 1-

 (3.15)

93,1

..........
'

....

.max67,1
max

1111194

60
p

SV
IAA
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A /1269
017,0157,057,01017,057,0

05,05,3
05,01194

494,105,0144,346079,9918

93,1

67,1
max

=918 max=1269 ,  1-

.
          max

2=2%  (3.16)

,
1194

60
93,1

....

.max67,1
max p

SV
IAA                         (3.16)

2621
057,01194

05,02494,144,346079,9918
93,1

67,1
maxA

           (3.15)  (3.16) 
max=1269 , 

.
           1-

 3-  I =3,12 ³/  ( .  2).
          max  (3.9)  Q =1032 ³/

.  3-  (3.12)).

3130
194

05,01103212,3918
93,1

67,1
maxA

          =918 max=3130 , 
.

          

, .
          , , 

 1-

 1- -
 3-  ( ).

.
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 4

.

           – ,

 [2]  «

».
          

.
          

, 
.

          

.
          

, ,
:

- 
S=11,2 ²;
- 

.
          

. 
 1-

.
           1-

 (<2%)  ( ) , 
 [2], [11]

,1
1

1434
5,1

.

.5,1

..

Q

SI                                       (4.1)
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 I  – 
, ³/ ;

          S – ,
2; S=11,2 2;

          Q  – 
, ³/ ;  Q =1233 ³/  (  3);

           – , 
, .; =1,494(  3).

          , 

2=0,57,  3),  I

,.2.. II                                             (4.2)

14,502,957,0..I ³/

           1-

13

494,1
1494,11233

2,1115,51434
5,1

5,1

>1, 

 (<2%).  1-
 Q =1057 ³/  I =3,882 ³/ , =2,84>1.

          
-

 (  3) 
=0,3. 

 I

,1 ....... II    (4.3)

598,33,0114,5...I ³/

          

.
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11,2

494,1
1494,11233

2,11598,31434
5,1

5,1

          -

,  (  3) 

=918 max=1024 ). 

=1,988>1.
           1-

), 

), 

 3-  [2,4].
           1-  ( ) 

 4,0
 (  I =5,14 )

 [2,4] 

.
          , , 

, 
.

          
,

…» [2]  « …» [1].
          

,1 '
....... II  (4.4)

   – , 
, .;  1-  0,7 [2].

          

542,17,0114,5...I ³/
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 (4.1)

19,0

494,1
1494,11233

2,11542,11434
5,1

5,1

           (4.1) , 

 1-
. 

.
          

, 
 3-

.
          [2] 

 (  1- , 2- , 3- )

 (
, , ,  – 

) , 

,1
1

2,113

.
.

.

....

QQ

I   (4.5)

     – , 
, .;  [2,6];

 2.2.3 =0, 

, , 
)  5 ;

          Q  – , 
, ³/ ; 

 [2,6];  7;
           – ,  ( ) 

, .; 
 [2].

          , 

 ( =0), 
.
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          ,  3-
 (  3),

.
          

, 
 1-

916,5I ³/ , (  2). 

 (4.1) 

145,3

494,1
1494,11233

2,11916,51434
5,1

5,1

, =3,45>1, 

 1-
916,5I ³/ .

          

.
          

,

.
          -

, 

 1-
.

          
 1- =0,3

,1 '
...... II

141,43,01916,5...I ³/

          
 (4.1)
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4,2

494,1
1494,11233

2,11141,41434
5,1

5,1

          , =2,4>1, 

 1- , 

 [2]. 
 70%, 

, 

.

 5

           – 
, 

», 

.
          

, 
, .

          
, 

, 
.) 

 h,  R 
, 

, .
          

, 
 [1,2] .
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           «
» [2]  [11].

          :
- 

;
- , 

, 
.

          
.

          

, 
, 

.
           1.

: 1=102640 , 2=105300
;  t1=19º ; 1=60%,  2=75%;

 V1=5,3 , V2=5,8 , 
, 

: Z1= +60 , Z2= -240 .

           h 

21

2
22

2

2
11

121 22
ZZpgVpVpPPh (5.1)

     1, 2 – , ;
           1, 2 – 

;
           1, 2,  – , 

, ³;
          V1, V2 – , ;
          g – , 2;
          Z1, Z2 – , .
          

, :
                                                                     1,07
          ,                                           1,06
          ,                        1,18…1,30
                                                                          1,03
                                                                 1,12
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          :

,
100

378,0
100348,0 Pp (5.2)

      – , ;
           – , ;
           –  ( ) ;
           – , %.
           [6]

.
          , 1=273+19=292 ; =2196,9 ,  

2=273+23=296 ; =2807 , :
          

217,1
100102640

609,2196378,01
292

10264000348,01p ³;

          

229,1
100105300

752809378,01
296

10530000348,02p ³;

          

223,1
2

229,1217,1
2

21 ppp ³.

          1 2=1,2, 

9352406081,9223.1
2

6,5229,12,1
2

3,5217,12,1105300102640
22

h

          , 
 1  2.

           2.  
, 

, : 
 S=13,6 2,  1,0 , 

 L=1100 ,  Q=32 ³/ .
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           h :

,2
3 Q

S
LUh (5.3)

     – ,
³;

          L – , ;
          U – , ;
          S – , 2;
          Q – , 3 .
          3S

LU  R 

3S
LUR (5.4)

           h – ,  R – 
2 6.

          
, , , , 

. 

,  – 
.

          

U
S4 (5.5)

          
 [2], .

          =19,76·10-3 3.
          

SKU (5.6)

      – ;
                  3,54,
                  – 3,8,  – 4,15.
           (5.3), (5.4) 

:
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7,89320876,0 2h ;

0876,0
6,13

6,138,31100
1076,19 3

3R 2 6;

           3.  ,
, , 

,  Q=98 3

, : R =0,0154;
R =0,01144; R =0,0511 2 6.

          , 
, 

. 

, , .

,
1

c

n

i
i RRRRR (5.7)

0779,00511,00114,00154,0R 2 6.

          
 R  Q

2,7489820779,0h                                   (5.8)

           4.
 18 3 . 

: R1-2=0,096, R2-3=12,3,
R3-4=0,087, R4-5=R1-8=0,032, R8-7=0,113, R7-6=5,9, R6-5=0,134 2 6.
          ,

.
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. ,   , 

, 
 1 ,  5 

, , , 
, .

          
.

          
, .

          

62

54433221

/515,12032,0087,03,12096,0R
RRRR

            (5.9)

          

62

56677381

/179,6134,09,5113,0032,0R
RRRR

                 (5.10)

          .5.1  ( )  ( )
                       
          

ghRRR
111 (5.11)



52

;685,0
179,6
1

515,12
11

R

13,2R 2 6.

          
 R  Q

2QRh (5.12)

h 6901813,2 2

1
R
R

Q
Q (5.13)

43,7
1

179,6
155,12

18Q ³/

          
.

QQQ (5.14)

57,1043,718Q ³/

           5.  2-3
 1-4 

 ( . 5.2): R1-2=0,06
2 6; R2-3=6 2 6;  R2-4=10 2 6; R3-4=0,09 2 6; R1-3=20 2 6.

      
 2-3

42

21

R
R

43

31

R
R
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006,0
10
06,0

42

21

R
R

2,222
09,0

20

43

31

R
R

2,222006,0
43

31

42

21

R
R

R
R ,  2-3 

 2  3.
          :

42

21

R
R >

43

31

R
R  3  2;

42

21

R
R =

43

31

R
R

           6.  5 

, .5.3 
 Q =20 3 .

          
 1-2-3-1  2-4-3-2 , 

322131 hhh    (5.15)
324342 hhh                   (5.16)
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 ( )

2
3232

2
2121

2
3131 QRQRQR (5.17)

2
3232

2
4343

2
4242 QRQRQR (5.18)

           Q1-3,  Q2-3,  Q2-4,  
 Q

324221 QQQ (5.19)

323143 QQQ (5.20)

324231 QQQQ (5.21)

           (3.17)  (3.18)  Q1-2  Q3-4
 (3.19)  (3.20)

;2
3232

2
324221

2
3131 QRQQRQR (5.22)

;2
3232

2
323143

2
4242 QRQQRQR (5.23)

           (3.22)  (3.23) 
2

32Q ,  (3.21) 32Q

;1 32

2

32

42
21

2

32

31
31 R

Q
QR

Q
Q

R (5.24)

;1 32

2

32

341
43

2

32

432
42 R

Q
Q

R
Q
Q

R (5.25)

1
32

42

32

31

32 Q
Q

Q
Q

Q
Q                                     (5.26)

          y
Q
Qx

Q
Q

32

42

32

31 , , 

132 yx
QQ (5.27)
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           (3.28)  (3.29) .
, 

:

;1
31

322

31

21

R
R

y
R
R

x (5.30)

;1
42

322

42

43

R
R

R
R (5.31)

          . 
 (5.30)  (5.31), 

, 
 (5.30)  (5.31) .

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
0,5500 0,551 0,552 0,552 0,553 0,554 0,555 0,556 0,557 0,558 0,559

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
0,780 0,782 0,783 0,784 0,786 0,788 0,789 0,791 0,793 0,795 0,797

          
 ( . 5.4).

          
: =0,556; =0,789.

           (5.27)  Q2-3

529,8
1789,0556,0

20
32Q 3

          , 

xQQ 3231 ; 742,4556,0529,831Q 3

          , 

yQQ 3242 ; 729,6789,0529,842Q 3

           (5.19), 

258,15529,8729,621Q 3

           (5.20), 
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271,13529,8742,443Q 3

           (5.21)

20529,8729,6742,4Q 3

          
,

.
          . 

, 

                                                    h =h1-2+h2-4                                         (5.32)

                                                   h =h1-3+h3-4                                          (5.33)

                                                h =h1-2+h2-3+h3-4                                     (5.34)

                                                h =h1-3-h2-3+h2-4                                      (3.35)

          

                                                   h=RO2                                                   (5.36)

           (5.32)  (5.36)

2
4242

2
2121 QRQRh (5.37)

0,466729,610258,1506,0 22h

           (5.33)  (5.36)

2
4343

2
3131 QRQRh (5.38)

0,466271,1309,0742,420 22h

           (5.34)  (5.36)

2
4343

2
3232

2
2121 QRQRQRh (5.39)
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0,466271,1309,0529,86258,1506,0 222h

           (5.35)  (5.36)

2
4242

2
3232

2
3131 QRQRQRh (5.40)

0,466729,610529,86742,420 222h

          
 (5.32), (5.33), (5.34), (5.35).

          

2Q
hR (5.41)

165,1
20
466

2R 2 6

 6

           – 
 «

, » 
.

           2 .
          :

, 

 [2,9,10].
          

, , , 
, 

 « » 

. : 

15-25 , 
.  «

» . 
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 (
) 

. 

 15-25 , 
, 

.
          , 

, 

.
          

,
. 

) . 
, 

.
           (

 ( ) 
. 

 ( ) 
 ( ), 

. 
), 

, 
.

          , 
 ( ) 

.
          :
- ;
- 

;
- , 

, , , ,
, 

.
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.
          

.
          

 ( ). 

, . ( ). 

. 
, 

 ( , , ) ,

 (3- ).
          

 ( , , .) 
, , .

          .
          . 

. 

.
          

, , 
, 

1,5-2 , 
.

          
) , 

, .
          , 

, 
), 

.
          , 

, , 
.
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), .

.
          

, .

. 

) 

.
          

 ( ). , 
, 

, , .
          

, 
, 

, .

.
           ( ) , 
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.
           ( ) 

.
          

, 
, 

, 
.  ( ) 

.
          

, .
           ( -

) 
 ( ,  2000 ),  15 ³/

 2000 .



61

          . 
, 

. 
, 

.
          

.
           ( , 

), 
 ( ), 

, . 

 ( ). 

.
          

,
, 

.
          

 « » [3]. 
:

- , 
, ;

- ,
, ;

- 
;

- 
;

-  – 
 – ;

- : , , ,
;

- , 
, ; 

;
- , ,

;
-  ( ) , 

;
- 

.
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, , , 

.
          :

- ;
- ;
-  ( ) ;
- , ;
- :  – 

 – , .
          

 « » [9,10].
          

. 6.1, 6.2, 6.3, 6.4 
. -

, 
. 6.1  6.2, 

 1- .
,

, , 
.

          
, . 6.3  6.4 

 3- . 
, , 

.
          :

, , ,
, .

 7
7. 

.

           – 

. 

, 
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.
          

 [2,3], 
, ,

 [2,3]  [7,8,9].
 2 .

          

, 
, 

, .

7.1 
 3- .

          

.
          

:

n =25 .  n =30 ;
: 

 t=23º , =0,8; 
 t=25º , =0,85;

: 
t=24º , =0,8;  t=22º , =0,75;

.
          , .

:  ( ), ,
, 

. 
. 

 0,05 , , 
 16º

, 
.

          
 Q ³/ ) ( ), 

max, 
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,V60 max
r SQ                                     (7.1)

          , max, 

,
I100

.

rQ                                    (7.2)

I =3,88 ³/  – 
;  1- I =2,93 ³/ ;

            – , .;

,I94,1 -0,14                                        (7.3)

604,13,8894,1 -0,14

          

524
25,105,01

1,6043,88100rQ ³/ =8,73 ³/ .

          , 
, , .

 « …» [2] 
…» [7,8,9].

          

,n6Q                                            (7.4)
150256Q ³/ .

          
0,05 ,  16º ,

,V0S6Q                                     (7.5)

     V  – 
;  « …» [2] V =1,6 .

           



65

3301,63,4406Q ³/ =5,50 ³/ .

          524Q ³/ =8,73 ³/ .
          

 (7.6)  (7.7)

,V60S min
minvQ                                 (7.6)

    Vmin – 

, ;  t=25º =0,85 Vmin=1 .
          

Q /206144,360/524 33

           (7.6) .
          

 (Vmax=4 ) 

,S0V6 maxQ                                        (7.7)

./6,82544,3460/524 33Q

           (7.7) , 
Q =412 ³/ =6,87 ³/ .
          

 3-  (7.8) 
/02,9I 3

,
I100

Q                                     (7.8)

     =1,94 426,102,994,1I 14,0-0,14

./57,22/1354
05,01
1,4269,02100Q 33

           Q  ( ³/ ) 
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,QQ .Q                                  (7.9)

          
 3-

 [2]  S =3,44 ² ( ), (37), 
 m =1,1 , 

 f=6  – 

. 0,35S-0,24fexpm5,01                          (7.10)

696,13,440,35-60,241,1exp5,01.

/75,7/465696,15241354Q 33

          

,SV60Q min                                         (7.11)

     Vmin=0,5  t=24º =0,8 [3,6]

/3365,02,1160/465Q 33

           (7.11) .  Q =1354 ³/ ,
Q =465 ³/ .
          

,n6Q                                            (7.12)

/180306/1354Q 33

           (7.12) .
          

 Q =1063 ³/ =17,72 ³/ ; Q =364 ³/ =6,07 ³/
I /928,243,081,6I 3

1. =1,67.

7.2 
 1- .

          
, , 

, 
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 1-
 (7.4), (7.5), (7.6) 

, 
3- : ./206Q,/330Q,/150 3Vmin33Q
          

 1- -

 Q ³/ )  (7.8) 
I /02,9 3

. =1,426.

/1354
05,01

426,102,9100Q 3

          I /81,6 3
. ,  =1,474

 Q =1057 ³/ .
          

 ( ,  1-
) 

,0V6 .max SQ                                    (7.13)

./12331,4943,444601354 3Q

          ,  (7.13) 
, 

.
          

,
60S

Q

.

V                                       (7.14)

           1-

. 0,25S-0,35fexpm13,01

494,13,440,25-60,351,1exp13,01.

/39,4
494,144,360

1354V ,  Vmax=4 .
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           (7.13) , 

,
Q

Q                                          (7.15)

          

./5,711
1,494
1063 3Q

          
, 

(7.14)  V=3,5 ,  4 .
           (7.13) 

 1-
,

 3  4.

7.3 
.

          

,

 Q  ( ³/ )  [2,4], [12].

,QQ.Q                                       (7.16)

     Q  – , ³/ ;
          Q – , 

, ³/ ;
           

,
111I100 '

....
.Q                   (7.17)

814
05,01

017,0157,057,01426,102,9100Q ³/ .
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           ( )  Q

,
1I100

Q
'

                              (7.19)

540
05,01

010,70,571,4269,02100Q ³/ .

          
 Q

 (7.17) 
I /81,6 3

.

=1,483

639
05,01

017,0157,00,57-11,4836,81100Q ³/ .

          Q
 (7.18) I /81,6 3

. =1,483

424
05,01

017,057,0483,181,6100Q ³/ .

           (7.16) 

1063424639Q ³/ .

          , 
, 

. , 
,

, 
, 

. 

. 
.
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,QQQ                                         (7.19)

./814540-1354 3Q

          

60S
Q

V                                             (7.20)

./4V/94,3
3,4460

814V max

          
 (7.19)

./6394241063Q 3

          
 (7.20)

./4V/1,3
3,4460

639V max

 8

.

           – ,

» 

.
          

.
          

, , 
, 

, 
.



71

          , 
, 
, 

, 
.

8.1 
.

          
 I  ( ³/ ) 

 I  ( ³/ )  I max ( ³/ ) 
 2  3 , ,

:
 m =1,0 ;

 V =4,5 ;
; 

;
 S =4 ²;

 - l =1 .
          

 I  ( ³/ )  (8.1)
[2,7,8,9].

,Vm103,2 2I                              (8.1)

   – , 
, .; , 

; 

,
V
LT                                              (8.2)

     L – ; L=2000 ;

T 4,444
4,5

2000

,T0,022-exp91,01                           (8.3)

1444,40,022-exp91,01
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./29,11534,2155,41103,2I 32
max

   j – : 
 [2,7,8,9]  j=1,8 ;

          my - , ,
.; 

,my yTa                                          (8.5)

   –  ( ) 
, .;

          a, b – , ;
 ( )

, =0,052  b=0,71, >6 =0,118, 
b=0,25.
          

,
j
lS

Ty                                   (8.6)

     S – , ²;
l - , ;

, 
 ( ),  ( ), 

, , - 
 ( ), ; .1ll

Ty 3
1,8

35,114

          

1134,03052,0 71,0
my

./545,2534,2151134,08,1 3
..I

          
 I  ( ³/ ) 

III                                            (8.7)
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./835,3545,229,1I 3

          
 I  ( ³/ ) 

. III                                           (6.8)

  I’  – 
, ³/ : 

 (8.1); 
 ( )  L=l =20 :

44,4
5,4

20'T .

           (4.3)

1747.0444,40,022-exp91,01

./225,01747,0534,2155,41103,2I 32'

./77,2545,2225,0I 3

          
=13 ³/

:
          I =1,083 ³/ ;    I =2,136 ³/ ;    I =3,219 ³/ ;
I =0,189 ³/ ;   I =2,325 ³/ .
          

.
            I  (6.1), 

 I =1,29 ³/
I =1,083 ³/ .
           I

,lS109 3
..I                                (8.9)

     l – , ;  l =15 .
          

909,02,534-151,351,54109 3
..I ³/
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./199,2909.029.1I 3

          

,lS05.0max.I                            (8.10)

049,52,534-151,351,5405.0max.I ³/

          
=13 ³/

:
           I =1,083 ³/ ; I =0,763 ³/ ; I =3,219 ³/ ; I .max=2,325 ³/ .

8.2 
.

          
 ( ) 

:
, 

, .; n =6 ., 
 n =8 .;

 – ;

 S=11,2 ²;

t=24º ,  t=23º ;

=90%, =80%;
 – 4  8
);

 – 
;

 dmp=0,8 ;

=25 .
         

 (Q ³/ ) 
 (Q , ³/ ).
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 Q

:  ( ), ,
, 

, 

.
           Q

 ( , ) 
.

          

 Q  ( ³/ ) 
 (8.1)  I =2,77 ³/ . (  6)

,
-
I100Q                                           (8.11)

Q /86,4/292
0,05-1
2,77100 33

          
 ( )

nQ ..6                                               (8.12)

 n  – , 
, .; n =6 .

          

Q /6,0/3666 33

          
'' min.VQ ³/ ) 

,min.60min. SVnQVn                                    (8.13)

   Vn.min – 
, ; 

 [3] 
 0,25 ,  III
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 75 ,
 2 , 

 5 ³/  –  0,5 ;
          S – ²; 
S=11,2 ².
          ,  2 ,

 Vn.min=0,25 .
           

./8,2/1682,1125,060 33min.QVn

          

,V20 .min SQ t                                      (8.14)

  V .min –  [3] 

, ; 
 24º

 90%  V .min=0,5 .
          

Q t /87,1/11211,20,520 33

          
Q =292 ³/ =4,86 ³/ .
          

: ;/08,4/245 33
.Q ;/6,0/36 33

.Q
;/8,2/168 33Vn.min

.Q ;/93,0/9,56 33t
.Q

./08,4/245 33
.Q

          
 Q  ( ³/ ),

,
-

I100Q                                             (8.15)

           I
 3,835 ³/  3,219  ³/ .
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           Q /73,6/404
0,05-1
3,835100 33 ;

           ./65,5/339
0,05-1
3,219100 33Q

          
 (n =8 .)

 (8.12),  n  n .
Q =6·8=48 ³/ =0,8 ³/ , Q .

          ,

, 
, 

, 
 (8.16)

,
18Sl

I71
2

max.max

max

.

.
.

o lC
Sl

Q                         (8.16)

l . - 
, ; l . =8  [3];

          max – 
, %  2% [2].

          max..l  5,049 ³/ .

Q /204
049,51805,0282,11

049,571
8,0

82,11 3
2

.

          
, 

,
l

V25,2
2

3 '
p2

BB. SQ                         (8.17)

     V  – , , ;

,40100BB BV                                    (8.18)

  ,   – 
, ; 

 ( ),  Q
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 V ;  – 
, ; =25 ;

           – , 
;  « …» [2] 

=0,8;
pl  - , 

=0,008%;  [2]
 500 pl =500 ;

pl =500 ;  L<500 , pl =L (  L – , );
          – 

pl =500  Q ;  (8.13)
 « …» [2]; ’ =1,236 

Q =2,8 ³/   d =0,8 .

VBB 7208404100

          

Q /42,3/205
1,236
5008,011,2720

25
25,2 33

2

2
.

          
,

 Q =205 ³/ =3,42 ³/ .
          

 Q  (8.15)

Q /86,3/231
05,01
199,2100 33

8.3 
.

          
.

           (L=2000 ) 
 (

Q =4,86 ³/ ) 
,

l 2001
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l 19002  (100
, ).

          
 (8.19)

,2.1...                                  (8.19)

     1 – 
l 2001 ,  d =0,8

 Q =4,86 ³/ ; .;
1=1,06 [2];

          2 – 
, .

          2

,Q 1.
'
.Q                                        (8.20)

Q /309/5,151,064,86 33'
.

          Q /5,15 3'
. , l 19002  d =0,8

2=1,185 [2].
          

256,1185,106,1..

          

,QQ ..                                          (8.21)

/366/6,11,2564,86Q 33

          
 (

)  Q =333 ³/  (5,546 ³/ ) 
=1,203.

          

 R ²/ 6)

,n1020lrlr 2.22.1.22.11... ddnR                  (8.22)
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 r .1 – 
, ²/ 7; 

 [2,6]  d =0,8 , r .1=0,0161 ²/ 7;
          r .2 – 

,    ²/ 7;  [2]   d =0,8 ,
r .2=0,0046 ²/ 7;
          n1,  n2 –  90  45

;  n1=3.

63
.. /18,120,832019000,00462000,0161R

           ( )  h  ( ),

) 

,41,059,0
2

..
...

2
BB RQh                              (8.23)

hB 35141,0
256,1
59,018,121,6

2
2

           [2,9].
 Q =6,1 ³/  h =351 -6.

           ( Q  h ) 
-6, 

-6.
          

 8.1.

           8.1   
.

Q
³/ .1 .2

Q
³/ Q2

2

..

41,059,0 R
²/ 6

hg

1 2 3 4 5 6 7 8 9
4,82 1,06 1,185 1,256 6,01 37,21 0,773952 9,4267 351
5,00 1,06 1,19 1,260 6,3 39,69 0,77133 9,3948 373
5,08 1,06 1,19 1,260 6,4 40,96 0,77133 9,3948 385
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6,0 1,06 1,19 1,260 7,56 57,15 0,77133 9,3948 537
7,0 1,07 1,19 1,273 8,91 79,39 0,762954 9,2928 738

          Q , , 
.1,

.2 . 
(8.21) . 

 (7- ) 

,41,059,0R
2

..
..R                             (8.24)

 8.1
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,..
2
BB RQh                                       (8.25)

           Q .i  h .i -6
8.1) . 

, .
 Q  h

, 
 (Q  h ).  Q =6,4 ³/  h =385

 30
.

             2-
 Q =357 ³/  (5,95 ³/ ) 

 h =330  40 .
          , 

. 
,  Q  h

.
          , 

-6 , , 
 Q ³/ ) 

,Q69,0
R

h
69,1..Q                            (8.26)

Q /305/086,54,669,0
12,18
38569,1 33

..

          
 Q  ( ³/ ) 

,Q
Q

".Q                                       (8.27)

          

,
..

."                                           (8.28)

     – 
.
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           (8.9). 

.1=1,06. 

 ( l 1800 ) .2=1,185 
 [2].

           

256,1185,106,1..

004,1
256,1
256,1"

.

Q /339Q/5,382/374,6
004,1

4,6 333
.

           (8.27) , 
.

           (8.27) ,  Q ,
 (8.27) . 

 Q  h ,  Q  h
 (8.27).

          

-6:
Q =5,9 ³/ =354 ³/ ; h =330 , 

 40 .

 9
.

           – 
 «

» 
.

          ,
, 

, ,
, 

, 
.
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           – 2 .
          :

;

;

, .

9.1 
 1- .

          
.

          
 6.1) :

;
 ( );

 11,2 ² ;

1500 ²;

 96 -500;

, ,  300
 ( )  0,6 

 1 ;
 – 7

 100
 0,6.

          

:

; 

 5,5 ²;
 3-

 2,5 ² ;
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 2-
 2 ² ;

.
            

. 
, 

 22º , 
 - 24º .

           ( . 7.3) 
 Q =1057 . 

Q =1057·2=2114 ³/ .
           ( , 

) 
, 

,43,1 .QQ                                      (9.1)

     Q  – , ³/ ;
           Q  ( ) ,

³/ ; 
 Q =357 ³/ .

            Q
Q 357 ³/

 Q  ( ³/ ), 

,60 min. SVQ                                      (9.2)

 Vmin – 
, ;  0,7 –

1,3 ,
 [2,7,8,9], 

–  [3]. 
 III 

, , Vmin
 0,25 .

          S – , ²; S=11,2 ².
          

Q /8,2/1682,1125,060 33
.
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          , 
Q =168·4=672 ³/ .

           

QQQ ..                                       (9.3)

Q /75,8/525168357 33

           (9.1)

                                                525>1,43·333-476 ³/

           (9.1) , 

 Q =Q =357 ³/ .
           (9.1) , 

,  Q

,43,1 QQQ                                 (9.4)

           (9.4)  Q , 
, 

.
          

                                              Q =357·2=714 ³/

          

,07,0 VQ                                          (9.5)

 V =1500 ³ - 
, ³.

Q /105150007,0 3
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,
26

1031
1

4

.

n

i
aii

t

nE
Q                                    (9.6)

     n  – ; n =2 ;
          i – , ; 

 96 -500 i=500 ;
          na – ; na=96;
          t  – , º ; 
t =22 º .
          

Q /74
2226

9650021031 3
4

.

           Q

,30
1

. i

n

i
inQ                                      (9.7)

     i – , ; 
 96 -500 =1,4.

           

Q /844,1230/74 33
.

           (9.7) ,  Q =84 ³/ .
          

,
26

17,16 .
1

.

.

ii

n

i
iv

t

nN
Q

i

                                 (9.8)

   n  – 
, n =1;

          Ny.i – , ;
; Ny.i=300 ;

          ni –  ( ) ;
 [2]; 

; ni=0,6;
          .i – , 

; 
 1 . .i=1, 
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 1 . .i

,
24.i
T                                               (9.9)

    – ,
.

          , 

Q /501
2226

16,013007,16 3
.

          

                             Q =105+84+2·501+2·167=1525 ³/

          

,........ QQQQQ               (9.10)

QQQQ ....... ,,, - 
, , ,

³/ .
          

,... QQ                                    (9.12)

    Q  – 
 50 , ³/ ;  [2,7,8,9]

 ( , , , ,
);  ( ,

, ) ;
           – , 

;  0,76 
, 0,66 –  0,57 – .

          
:

          

 2,5 ²;  [2,7,8,9] 
 50  Q =84 ³/ ;
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 2 ²; [2] 

50  Q =84 ³/ ;
          

, 
 5,5 2 ²; [2]

 50  Q =192 ³/ .
          

:
          

Q /8066,045,184 3
1..

          

Q /9376,045,184 3
2..

          

Q /19476,033,1192 3
6,5,4,3..

          

Q /94919449380 3
..

          

,25,1 ... QQ                                (9.13)

    Q  – , ³/ ;
 (9.12).

          , ,
Q =0.

          

,... QQ                                       (9.14)

     Q  – 
 50 , ³/ .
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          .
 [2] 

120 ³/ .
          

, 
.

          
, 

Q /16033,1120 3
.

          

Q /1109160949 3
.

          

,1,1 .... QQQQQQQ         (9.15)

  1,1 – , 
;

           Q  – 
, ³/ ; 

,5,0. QQ                                      (9.16)

          
,  Q =0 ³/ .

           (9.15)

 1- -
.

Q /68,112/676111091525/672/0/71421261,1 33
min.

          
 ( .6.2) 

 (9.15).
           Q  7  8 :
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Q =2·1354=2708 ³/ , 

Q =2·384=768 ³/ .
          

) 
 (9.16)

Q /67713545,0 3
.

           (105 ³/ ),
(2·501=1002 ³/ ) , . 9.1

.
          

 (9.8) 
 (t =23º )

Q /223
2326

16,011007,16 3
..

          
 ( . 6.2) 

Q /16372232501284105 3

          . 9.1 

, 
, 

 (9.11)  11,2 ² 
 [2]  Q =35 ³/

 50 .

Q /3576,033,135 3
..

          
, . 6.2,

 (9.10)

Q /138916019449380358 3
.
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 (9.15) 

Q /94,143/86361389163767267776827081,1 33
max.

9.2 
 3- .

           ( . 6.3)
:

 ( . 7.2)  1063 ³/
(17,72 ³/ ); Q =2126 ³/ =35,43 ³/ ;

 ( . 8.3) 
Q =357 ³/  (5,95 ³/ ); Q =714 ³/ =11,9 ³/ ;

 ( . 9.1)  Q =168 ³/  (2,8 ³/ ); Q =672
³/ =11,2 ³/ ;

 ( . 9.1) Q =105
³/ =1,75 ³/ ;

 ( . 9.1) Q =84 ³/ =1,4 ³/ ;

 ( . 9.1)  Q =501 ³/ =8,35 ³/ ; 

Q=105+84+2·501=1191 ³/ .
          

.9.1 

:
 Q 1=80

³/ ;

 Q 2=93 ³/ ;

 194 ³/ ;
 Q =160 ³/ ;

 11,2 ² .
          (9.11)

 [2,6] Q =35 ³/ .

Q /78,0/6,4633,135 33
..

          
 (9.10)



93

Q /814160194293806,462 3
.

          

 (9.15)

Q /14,101/6069814119167271421261,1 33
min.

          
. 6.4) :

 ( . 7.2)  1354 ³/
(22,57 ³/ ); Q =2708 ³/ =45,1 ³/ ;

 ( . 8.3) 
Q =3848 ³/  (6,4 ³/ ); Q =768 ³/ =12,8 ³/ ;

,
 (9.16)

Q /3,11/67713545,0 33
.

 ( . 9.1)  Q =168 ³/  (2,8 ³/ ); 
Q =168·4=672 ³/ =11,2 ³/ ;

 ( . 9.1)
Q =105 ³/ =1,75 ³/ ;

 ( . 9.1) Q =84 ³/ =1,4 ³/ ;

 ( . 9.1)  Q =501 ³/ =8,35 ³/ ; 

Q =105+84+501·2=1191 ³/ .
          

.9.1 
:

Q 1=80 ³/ ;

Q 2=93 ³/ ;

 194 ³/ ;
 11,2 ² 

 Q =35 ³/ .
         

 (9.12)
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Q /4,3576,033,135 3
...

 11,2 ² 
.

         
(9.11)  [2] Q =35 ³+

Q /6,4633,135 3
..

          
 (9.10)

Q /28,11/10971602194938084,3526,46 33
max.

          

 (9.15)

Q /4,130/78241097119167267776827081,1 33
max.

 10

           – 
 «

» 

.
          

.
           2 .
          :

;

;

;

;
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.

10. 
.

           – 
 «

»

.
          

.
           2 .
          :
          - 

;
          - 

;
          - 

  
;

          - 
;

          - 
.

10.1 .

          

.
          

, 

 [9].
          , 

, :

, ,
. 

 1,1,
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 (9.15) 
;

;

, 
 (

) .
          

  
 ( , ), 

. , 

 ( , , 
, ) 

, , . 
 0,1%.

10.2 

 1- .

           ( ) 

 ( . 6.1) 
.

          

 (1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17) 
, . 5.1 (

).
          

,
, . 

,21 QQ                                              (10.1)

Q /68,112 3
21
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 Q2-3

) 
,  1,1 

, 
.

;2/1,1 1..2121 QQQ                          (10.2)

Q /61,552/33,11,168,112 3
32

           Q3-4 ,
 Q2-3

 (  1,1)
, 

2 ( ) 
.

2..323243 1,1 QQQQQQ ,                       (10.3)

Q /05,10655,14,175,11,161,5561,55 3
43

           4-5 
 3-4, , 

2/4354 QQ ,                                          (10.4)

Q /02,532/05,106 3
54

           5-6 
 1,1 

.

QQQ .5465 1,1 ,                                 (10.5)

Q /94,498,21,102,53 3
65

           6-7 
 Q5-6

 1,1.
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QQQ .6576 1,1 ,                                      (10.6)

Q /76,4035,81,194,49 3
76

           7-8 
 Q6-7

3 
 1,1.

3....7687 1,1 QQQQ ,                          (10.7)

Q /15,3423,378,21,176,40 3
87

           7-8 

,  7-8 
,  Q7-8. 

.
          

872QQ ,                                       (10.8)
Q /3,6815,342 3

          

6,5..... 22221,1 QQQQQQ ,             (10.9)

Q /28,6823,328,2295,5267,272,1721,1 3

          

QQ ,                                       (10.10)

QQ /28,68/3,68 33

          , . , 
.

           8-9  Q7-8
 (  1,1) 
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, 
5.

5...8798 1,1 QQQQQ ,                          (10.11)

Q /97,2023,38,295,51,135,34 3
98

          

QQ 1,1109 ,                                          (10.13)

           (10.13)

QQQ ..98109 5,01,1 ,                               (10.13)

Q /49,1972,171,1 3
109 ;

Q /5,1976,25,01,197,20 3
109 .

          , 
.

          
 1,1

 (10.14).

QQQQ .1110 1,11,1 ,                           (10.14)

QQ /70342410631,11,1 3
1110 .

          
 (7.20)

VV /4/4,3
44,360

703
max .

          
.

          
 ( ) 

QQQ 1,11091211 ,                                 (10.15)



100

Q /71,1107,71,149,19 3
1211 .

           12-13 
 Q11-12 3  1,1

3...12111312 1,1 QQQ ,                                (10.16)

Q /26,1523,31,171,11 3
1312 .

           13-14 

13121413 2QQ ,                                       (10.17)

Q /52,3026,152 3
1413

           14-15 
 13-14 

, ,
5 6 

QQQQQQQQ 222221,1 ..6,5....14131514           (10.18)

Q /49,8107,7267,223,328,2295,5278,221,152,30 3
1514

           Q15-16

QQQQ ..15141615 221,1 ,                          (10.19)

Q /02,10628,2235,821,149,81 3
1615 .

           Q3-

4=105,83 3  Q15-16 =106,02 3 . 
. , 

.
           ( ) 

, , 
1 2  1,1.

2..1...16151716 1,1 QQQQQQ ,                  (10.20)



101

Q /65,11255,133,14,175,11,102,105 3
1716 .

          

QQ /65,112/68,112 3
1716

3
21 .

          , , , 

.
          , . 6.2

), 
 (1-2-3-4-5-6) 

 (10.1), (10.3), (10.4)  (10.5).

Q /94,143/36,86 33
21

Q /24,712/33,11,194,143 3
32 ;

Q /31,13755,14,175,11,124,7124,71 3
43 ;

Q /66,682/31,137 3
54 ;

Q /58,658,21,166,68 3
65 .

           Q6-7, 
, 

QQQ 76 ,                                         (10.21)

  Q  =  Q5-6 – 1,1Q  – 
, 3 ;

          Q  =  Q  – 1,1 Q  – 
,  3 ;

Q /84,5833,21,14,56 3 .

          

Q /11,5584,534,56 3
76



102

           Q7-8

3....87 1,1 QQQQ ,                           (10.22)

Q /2,4623,372,31,184,53 3
87 .

          
. 

, 
.

          
 (10.8)

Q /4,922,462 3

          

6,5...... 22221,1 QQQQQQQ          (10.23)

Q /3,9223,328,224,6267,228,1157,2221,1 3

          , 
 0,1%. , 

.
          

 (10.24)

5....8798 5,01,1 QQQQQQ ,                   (10.24)

Q /32,2623,357,225,05,08,24,61,12,46 3
98 .

          
 (10.12)  (10.13)

Q /83,2457,221,1 3
109 ;

Q /85,2467,25,01,132,26 3
109 .

          ,  (10.12)  (10.13)
, 

           (10.14)
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Q /93,14/8965403541,1 33
1110 .

          
 (7.20)

V /34,4
44,360

896
1110 .

          
 (Vmax=4 ), 

 (0,1Q ), 

, .
 Q8-9, Q9-10  Q11-12 .

5....8798 5,01,11,0 QQQQQQQ ,               (10.25)

Q /06,2423,357,225,05,08,24,61,157,221,02,46 3
98

QQ 109

Q /57,22 3
109 .

           (7.19)

QQ /57,13/8145401354 33
1110 .

          
 (7.20)

VV /4/94,3
44,360

814
max .

          
 ( ) 

 (10.27)

QQQ 1211 ,                                         (10.27)

Q /57,13957,22 3
1211 .
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           12-13 
 (10.16)

Q /12,1723,31,157,13 3
1312 .

           13-14  (10.17)

Q /24,3412,172 3
1413 .

           14-15 
 (10.27) 

.

QQQ 1514 ,                                       (10.27)

   Q , Q  – 
, 3 .

6,5........1413 22221,121,02 QQQQQQQQQQ
                                                                                                                 (10.28)

QQQ ..1,1 ,                                  (10.29)

Q /63,10723,3267,257,225,08,224,6272,321,19257,221,0224,34 3

Q /82,11272,41,163,107 3

Q /19,11082,11263,107 3
1514 .

          
 (  6-7)  (  14-15)

151476 QQ ,                                     (10.30)

./19,110/22,1101,5522 3
1514

3
7676 QQQ

          , 
.

          , 
0,1%.
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 (10.31)

QQQQ ..1615 221,1                                 (10.31)

Q /35,13735,828,221,182,112 3
1615 .

           (10.29)  0,1%.
           16-17 

 (10.33)

2..1...16151716 1,1 QQQQQQ ,             (10.33)

Q /94,14355,133,14,175,11,131,137 3
1716 .

          
 Q1-2  Q16-17

.

171621 QQ

./94,143/94,143 3
1716

3
21 QQ

          , 
.

, 
.

10.3 

3- .

          , . 6.3
 (1-2-3-4-5-6-7) 

 (10.1), (10.2), (10.3), (10.4), (10.5),
(10.6)

;/14,101 3
21Q

;/84,492/33,11,114,101 3
32Q

;/51,9455,14,175,11,184,4984,49 3
32Q



106

;/26,472/51,94 3
54Q

;/18,448,21,126,47 3
65Q

./3535,81,118,44 3
76Q

          

,1,1 ...87 QQQ                            (10.34)

./67,1378,0696,187,61,1 3
87Q

          

./67,13 3
8798 QQ

          

,1,1109 QQ                                          (10.35)

./56,787,61,1 3
109Q

          , 

, 

,1110 QQQ                                         (10.36)

 Q  –  10, 3 ;
Q  –  11, 3/.

QQQ 1091,1 ,                                  (10.37)

Q /1507,656,71,1 3

,1,1 QQ                                               (10.38)

Q /49,1972,171,1 3 .
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./1,1749,1915 3
1110Q

           11-12 

,1,11211 QQ                                         (10.39)

./49,1972,171,1 3
1211Q

           12-12’

,1,1 ..1211'1212 QQQ                                (10.40)

./35,2078,01,149,19 3
'1212Q

           12-13 

,1,1 .'12121312 QQQ                                (10.41)

./43,238,21,135,20 3
13'12Q

           13-14 
Q13-14 = Q12’-13 = 23,43 3 .
           14-15 

,1,114131514 QQQ                                  (10.42)

./62,3235,81,143,23 3
1514Q

           15-16 

,2221,12 4,3.....15141615 QQQQQQ             (10.43)

./53,9423,328,2295,5267,21,162,322 3
1615Q

           (  3-4) 
 (  15-16) .

./53,94;/51,95 3
1615

3
43 QQ
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           0,1% Q3-4 =  Q15-16. , 

.
          

,1,1 2..1...16151716 QQQQQQ               (10.44)

./16,10155,133,14,175,11,153,94 3
1716Q

           (1-2)  (16-17)
 0,1% . 

.

10.4 

.

          , . 6.4
 (1-2-3-4-5-6) 

 (10.1), (10.2), (10.3), (10.4)  (10.5)

;/4,130 3
21Q

;/47,642/33,11,14,130 3
32Q

;/77,12355,14,175,11,147,6447,64 3
43Q

;/88,612/77,123 3
54Q

./8,588,21,188,61 3
65Q

           6-7, 

 (10.21), 
Q  =  Q5-6 – 1,1Q  – 

.6), 3

;/62,4935,81,18,58 3Q

Q  = Q  – 1,1 Q – 
.7), 3 ;



109

;/02,4736,21,162,49 3Q

./3,4802,4762,49 3
76Q

          
 (10.34)

./14,1778,0696,137,81,1 3
87Q

          

./14,17 3
8798 QQ

          
 (10.35)

./6,073,81,1 3
109Q

          , 
,

 (10.36)  (10.37)  (10.38)

;/08,1975,76,91,1 3Q

;/83,2457,221,1 3Q

./77,2183,2408,19 3
1110Q

          
11-12  (10.39)

./83,2457,221,1 3
1211Q

          
12-12’, 

,  (10.45)

QQQ '1212                                        (10.45)

 Q , Q  – 
, 3 .
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QQQ ..1211 1,1                                   (10.46)

;/69,2578,01,183,24 3Q

,1,1 ...QQQ                                  (10.47)

;/29,2836,21,169,25 3Q

./96,2629,2859,25 3
'1212Q

           12’-13 

,1,1 .13'12 QQQ                                 (10.48)

./37,318,21,129,28 3
13'12Q

           13-14 
Q13-14 = Q12’-13 = 31,37 3 ,  14-15  (10.42)

./55,4035,81,137,31 3
1514Q

           15-16 

,2221,12 4,3......15141615 QQQQQQQ              (10.49)

./8,12323,328,2257,225,04,6267,21,155,402 3
1615Q

          
 0,1%.

          
(10.44)

./43,13055,133,14,175,11,18,123 3
1716Q

          , 
(Q1-2 = 130,4 3 )  (Q16-17 = 130,43 3 ), ,

.  0,1%. 
.
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 11

, , 

.

           – 
, 

 []  «

», 

, , 

.
          

 [1] 
 [2] 

[8,9].
          

.
          :

- ;
- 

;
- 

;
- 

.

11.1 .

           (
 h , ) 

 h .max, , 
h = h .max.
           5  (

) 
.

          

,.hhhhhh                          (11.1)
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    h – , ; 

), , 
;

,...1,1 433221 nmhhhhh                        (11.2)

  1,1 – , 
;

nmhhhh ,...,,, 433221 - , ,
;

h  – , ;

,11,0 hh                                          (11.3)

 h ,  h  –  ( ) 
, ; 

 h  +  h  = 25÷35
 [2].

           ( , , 
) 

,2
3 pQ

S
ULh                                          (11.4)

 – , 2 2;
 « …» [2] 

, ;
U – , ;  (11.5)

,SU                                            (11.5)

 – ; 
 3,54;  – 3,85,

 – 4,16;
S – , 2; 

;
Q  –  (  1,1) ,

3 .
          , , 
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,3

3

S
S                                             (11.6)

 – 
, 2 2;  S  –  (
), 2.

          

,2
.QRh                                            (11.7)

 R  – , 
2 6.

          

,
0612,0

01,0 2.100 S
lrR                          (11.8)

 r100 –  (  100 ) 
, 2 7;  [2.8]

;
l  – , ;

,   – ;
 « …» [2] 

  ;
S  – , , 2;

;  [2].
          

,
0612,00142,0
2

.

S
l

R                          (11.9)

          hi.max hi.min  (11.2) 
, .

11.1  11.2.
           V( ) 

,QISV                                                (11.10)
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.  V>V , 

.
           [2] 

,  (
), ,  300 ; 

, 
 4000 , 

450 .
          

 15-20  700 , , 
, , 

 800 .
           h

. 

,.
' hhhhh                                   (11.11)

          
, 

.
           450

 (
) , 

,  [2].
           (Q ,  3 ), 

 [2], 

,.B QQQ                                    (11.12)

    Q  – , 3 ;
Q  – 

, 3 .
          

,..... QQQ                                 (11.13)

 Q ,  Q  – 

.
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,
200..
hQQ                                       (11.14)

   Q  – , 
 h  =200 ;

h – , .
          

 [2] 
, .

 [2].
          , 

,.QQ                                           (11.15)

 – ; 
 [2] 
, .

          
: 

 – 1,25; , 
 – 1,1; , 

 – 1,3.
          

,14,1. QQ                                         (11.16)

          
 [2] 

(QB.min,  hB.min,  QB.max,  hB.max). 

. 
 14%.

          , 

,  [2,9].
          

. 

 R max
2 6) 
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,2
max.

max.
max

B

B

Q
hR                                        (11.17)

          ,  R max
QBi,  hBi

,2
max BiBi QRh                                        (11.18)

 QBi  hBi
.

 hBmax  QBmax.
          

 ( ) 

.  14%, 

%,14100.

B

BpB

Q
QQ

                                (11.19)

          , 
, 

 (QB.min,  hB.min,  QB.max,  hB.max) 
.

          , 
 (

) 
 20-25 

. , 
, 

, 

. 

.
           QB  hB

 n , 

,
100 . r

BB

QQQQ
hQ

n                     (11.20)
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  n  – ,  1 3

, 3;
Q , Q , Q , Q , Q  – 

, 
, , 

, 3 .
           n > 5 3

 (  n ) 
 ( ), 

.

11.2 

 1- . .

          , .
10.2  10.3 

. 6.1  6.2), 
…» [2] himin

himax
.

          
, 

 6 « …» [2].
          

 (11.6) 
 (  S  =S-S  S

=1 2 – ).
          

 (9-10),  (14-15) 
(15-16). .

;/0024,0
4,15
4,160020,0 22

3

3

1514

;/00045,0
23
240004,0 22

3

3

1615

./002785,0
2,10
2,110021,0 22

3

3

109
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 « …» [2]:
        - 

 137 r100 = 0,039 2 2;
        -  = 10,

, 
;

        -  =
14 , 

;/19436,0
44,3

14100612,0180039,001,0 62
2R

h 65,2671,1119436,0 2
min.

h 79,3557,1319436,0 2
max.

           (  11.1  11.2) 

 (1-17);
          - hi = 119,73 ;
          - hi = 272,6

           h , h , 
 (11.2)  (11.3)

          - 

;7,13173,1191,1h

;49,147,13111,0h

         - 

;86,2996,2721,1h

;98,3286,29911,0h

          
 h  + h = 25

           (11.1) 
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;2,1712549,147,131min.min. hh HB

hh HB 9,3572598,3286,299max.max.

           (QB.min,
3 ) 

(QB.max,
3 ) 

 (11.5)  = 1,25 
[2]

QB /8451/85,1402525,168,112 33
min.

QB /10795/92,17925,194,143 33
max.

          
 [2]. ,/85,140 3

min.QB

hB 2,171min. ,/92,179 3
max.QB hB 9,357max.

-32  ( . 11.1).
           (

) 
. 

 (
)  (11.17)

62
2max /01106,0

92,179
9,357R

 11.1 – h, 
,

2 2

S,
2 S3 U, L, Q,

3 Q2 h, V, V

1 2 3 4 5 6 7 8 9 10 11 12 13
1-2  0,00301 28,26 22569,22 18,84 600 112,68 12696,78 19,14 3,99 8

2-3 0,002 16,4 4410,94 15,59 100 55,61 3092,47 2,19 3,39 8

3-4  0,0004 18 5832 16,33 100 106,05 11246,6 1,26 5,89 8

4-5 0,0021 12,7 2048,38 13,72 50 53,02 2811,12 1,88 4,17 8
5-6 0,0021 12,7 2048,38 13,72 50 49,94 2494 1,75 3,93 8
6-7 0,0021 12,7 2048,38 13,72 30 40,76 1661,38 0,7 3,21 8
7-8 0,0021 12,7 2048,38 13,72 180 34,15 1166,22 2,95 2,69 8
8-9 0,0021 11,2 1404,93 12,88 50 20,97 439,774 0,42 1,87 6

9-10  0,00278 11,2 1404,93 12,88 50 19,5 380,25 0,48 1,74 6

10-11 137 3,44 19436,0R 2 6 180 11,71 137,12 26,65 3,4 4

11-12 0,0021 11,2 1404,93 12,88 50 11,71 137,12 1,32 1,04 6

12-13 0,0021 11,2 1404,93 12,88 30 15,26 232,87 1,34 1,36 6
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13-14 0,0021 11,2 1404,93 12,88 50 30,52 931,47 0,9 2,73 6

14-15 0,0024 16,4 4410,99 15,59 50 87,49 6640,62 2,82 4,97 8

15-16  0,00045 18 5832 16,33 100 106,02 11240,24 1,42 5,89 8

16-17  0,00278 19,62 7552,61 15,71 600 112,65 12690,02 54,51 5,74 12
                                                                                                                                             hi=119,73

 11.2 – hi
,

2 2

S,
2 S3 U, L, Q,

3 Q2 h, V, V

1 2 3 4 5 6 7 8 9 10 11 12 13
1-2  0,00235 28,26 22569,22 18,84 600 143,94 20718,72 24,39 5,09 8

2-3 0,002 16,4 4410,94 15,59 100 71,24 5075,14 3,59 4,34 8

3-4  0,0004 18 5832 16,33 100 137,31 18854,04 2,11 7,63 8

4-5 0,0021 12,7 2048,38 13,72 50 68,66 4712,2 3,32 5,41 8
5-6 0,0021 12,7 2048,38 13,72 50 65,58 4300,74 3,02 5,16 8
6-7 0,0021 12,7 2048,38 13,72 750 55,11 3037,11 32,04 4,34 8
7-8 0,0021 12,7 2048,38 13,72 180 46,2 2134,44 5,4 3,64 8
8-9 0,0021 11,2 1404,93 12,88 50 24,06 578,88 0,56 2,15 6

9-10  0,00278 11,2 1404,93 12,88 2000 22,57 509,4 25,97 2,02 6

10-11 137 3,44 19436,0R 2 6 180 13,57 184,14 35,79 3,94 4

11-12 0,0021 11,2 1404,93 12,88 2000 13,57 184,14 7,09 1,21 6

12-13 0,0021 11,2 1404,93 12,88 30 17,12 293,09 0,17 1,53 6

13-14 0,0021 11,2 1404,93 12,88 50 34,24 1172,38 1,13 3,06 6

14-15 0,0024 16,4 4410,94 15,59 770 110,19 12141,84 79,3 6,72 8

15-16  0,00045 18 5832 16,33 100 137,35 18865,02 2,38 7,63 8

16-17  0,00235 28,26 22569,22 18,84 600 143,94 20718,72 24,39 5,09 12
hi=272,6
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. 11.1 -32

./00863,0
85,140
2,171 62

2minR

           (11.18) 
 hBi   QBi

62
min /00863,0R 62

max /01106,0R . 
 11.3  11.4.
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 11.3 – minR
QBi,

3 0 100 140,85 151,0
HBi, 0 86,3 171,2 197,0

 11.4 – maxR
QBi,

3 0 50 100 179.0 193,7
hBi, 0 27,65 110 357,9 415

           QBi, hBi
-32 . 

 ( ).
          

 ( ) 

: ,/151 3
min.QB hB 179min. ,/206 3

max.QB .469max.hB

          -32
,  ( 14%),

.
          

 ( , )

. , 

, 
 (QB, hB). 

, 

 (QB, hB).
          , 

 (
, 

) 
 (QB, hB).

          , 
, 

 ( , 

). 
 (25 ) 
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,  20-25 . 
 (

) 

 (5-10 ),

. 
, , 

, , ,
.

           QB, hB

,  [2,9].

11.3 

 3- . .

          

 3-  ( .
5.3 . 6.4).
           (  11.5, 11.6) 

hi

hB 1,1552556,1061,111,056,1061,1min.

QB /45,12625,116,101 3
min.

hB 5,2632532,1951,111,032.1951,1max.

QB /04,16325,143,130 3
max.

          
-32  ( . 11.1).

           (QB, hB)  (

) 

.
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(11.17)

;/0097,0
45,126
1,155 62

2minR

./0099,0
04,163

5,263 62
2maxR

          

 (11.18).  11.7
 11.8

 11.7 – minR
QB.i,

3 126,45 130 135 154,6
HB.i, 155,1 163,9 176,8 205,6

 11.8 – maxR
QB.i,

3 163,04 170 180 185
HB.i, 263,49 286,11 320,76 338,83

           QBi  hBi,
.11.1), 

. 
:

,/5,143 3
min..Q pB h pB 7,199min.. ,/180 3

max..Q pB .321max..h pB

 400  500
– .
          

 (  14% ) 
. , 

0,74= =0,78, .
 11.5 – hi min

,

2 2

S,
2 S3 U, L, Q,

3 Q2 h, V, V

1 2 3 4 5 6 7 8 9 10 11 12 13
1-2  0,00301 28,26 22569,22 18,84 600 101,14 10229,3 15,42 3,58 8

2-3 0,002 16,4 4410,94 15,59 100 49,84 2484,02 1,76 3,04 8

3-4  0,0004 18 5832 16,33 100 94,51 8932,14 1 5,25 8

4-5 0,0021 12,7 2048,38 13,72 50 47,26 2233,51 15,71 3,72 8
5-6 0,0021 12,7 2048,38 13,72 50 44,18 1951,87 1,37 3,48 8
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6-7 0,0021 12,7 2048,38 13,72 30 35 1225 0,52 2,76 8
7-8 0,0021 11,2 1404,93 12,78 50 13,67 186,87 0,18 1,22 6

8-9 0,0021 11,2 1404,93 12,78 1950 13,67 186,87 7,02 1,22 6

9-10 137 3,44 13743,0R 2 6 180 7,56 57,15 7,85 2,2 4

10-11 0,0021 11,2 1404,93 12,78 50 17,1 292,41 0,28 1,53 6

11-12 0,0021 11,2 1404,93 12,78 180 19,49 376,86 1,32 1,74 6
12-12 0,0021 11,2 1404,93 12,78 20 20,35 414,12 0,16 1,82 6
12-13 0,0021 11,2 1404,93 12,78 30 23,43 548,96 0,32 2,09 6
13-14 0,0021 12,7 2048,38 13,72 2000 23,43 548,96 15,44 1,84 8
14-15 0,0021 12,7 2048,38 13,72 20 32,62 1064,06 0,45 2,57 8

15-16  0,00045 18 5832 16,33 100 94,53 8935,92 1,13 5,25 8

16-17  0,00278 19,62 7552,61 15,7 600 101,16 10233,3 36,63 5,16 12
                                                                                                                                          hi min=106,56

 11.6 – hi max
,

2 2

S,
2 S3 U, L, Q,

3 Q2 h, V, V

1 2 3 4 5 6 7 8 9 10 11 12 13
1-2  0,003 28,26 22569,22 18,84 600 130.4 17004.16 25.64 4.52 8

2-3 0,002 16,4 4410,94 15,59 100 64,47 4156,38 2,94 3,93 8

3-4  0,0004 18 5832 16,33 100 123,77 15319,01 1,72 6,88 8

4-5  0,0021 12,7 2048,38 13,72 50 61,88 3829,13 2,69 4,87 8
5-6  0,0021 12,7 2048,38 13,72 50 58,8 3457,44 2,43 4,63 8
6-7  0,0021 12,7 2048,38 13,72 750 48,3 2332,89 24,61 3,8 8
7-8  0,0021 11,2 1404,93 12,88 50 17,14 293,78 0,28 1,53 6

8-9  0,0021 11,2 1404,93 12,88 50 17,14 293,78 0,28 1,53 6

9-10 137 3,44 13743,0R 2 6 180 9,6 92,16 12,67 2,79 4

10-11  0,0021 11,2 1404,93 12,88 1950 21,77 473,93 17,79 1,94 6

11-12  0,0021 11,2 1404,93 12,88 180 24,83 616,53 2,14 2,22 6
12-12  0,0021 11,2 1404,93 12,88 740 26,96 726,84 10,36 2,41 6
12-13  0,0021 11,2 1404,93 12,88 30 31,37 984,08 0,57 2,8 6
13-14  0,0021 12,7 2048,38 13,72 2000 31,37 984,08 27,68 2,47 8
14-15  0,0021 12,7 2048,38 13,72 30 40,55 1644,3 0,69 3,19 8

15-16  0,0005 18 5832 16,33 100 123,8 15326,44 1,93 6,88 8

16-17  0,0029 19,62 7552,61 15,7 600 130,43 17011,98 60,9 6,65 12
                                                                                                                                          hi max=195,32

 12

 – 
. 

.
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.

  
:

- 
39,5 ;
-  6 ;
-  – ;
-  – ;
-  – 1,57 ;
-  – H1=1007 ;
-  – H2=1057 ;
- , ; L=600 ;
- , 2; S=8,2 2;
- , , 

SKU                   (12.1)

 – ;
=3,8

U 1,115,88,3

- , ;

U
SRo

2 ;         (12.2)

Ro 53,1
1,11
5,82

- , ;

                     =  + 12 , (12.3)

 – ;   = 98182 ;
 –  ( ) 

; 1= 1007 ; 2 = 1057 .

1 = 98182  + 12 · 1007 = 110266 
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2 = 98182  + 12 · 1057 = 110866 

-  V = 2
- 

, 

;
- ,

/(  · 0 )

UUU
UUU ;                             (12.4)

, 2

UUU
UU U                                  (12.5)

,  ,  ,   – 
, , ,

, / (  · 0 )

         =  = 1,768 /(  · 0 );

             = 0,292 /(  · 0 );

,  ,  ,   – 
, , , 

, 2  [9];  =  = 0,00293 2 ;  = 0,00074 2  ;
U , U , U  – , ,

; U  = 3,98 ; U  = 3,98 ; U  = 3,14

0/35,1
1,11

98,3768,198,3768,114,3292,0

/0023,0
1,11

98,300293,098,300293,014,300074,0 2

 Q=17 2 .
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 t 1 (0 ) 

t t                            (12.6)

 t  – , 0 ; t =8,4 0 [9];
 – , ;
 – , /0 ;  = 34,1 /0  [9].

t 09,37
1,34

10074,8

t 04,39
1,34

10574,8

 t1=24,1 0 .

 [6]:
1 = 0,75;

: 
 = 6978 ,  = 4026 .

2                             (12.7)

5400
4

40266978240266978

 = 110588 =1,727

378,01
t273

00348,0       (12.8)

 – 
, ; =3170 ;
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3/281,1
110588

727,03170
378,01

25273
110588

00348,0

 N =39,5 ,   m=0,55 

m1N1000Q , (12.9)

 – 
; 

, , =1

Q  = 1000 · 39,5 · 1 (1-0,9 · 0,55) = 19948 

 ( 2  0 )  V = 2 ,  = 1,281
3,  U = 11,1 ,  S =

8,5 2 :

             = 2,33·
2,0

8,0

S
UV                    (12.10)

 – ; =1,5  [12]

02
2,0

8,0 ,/83,7
5,8
1,112281,15,133,2 .

8.2 

.
1. 

.
 (

) 

3-
12 109.76TLsinE1 m

G
Q

A
BBtt (12.11)

2. , , , , 
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G
ULA                      (12.12)

   – , /( 2·0 );
 – , 1005 / (  · 0 ).

G –  21.777 .

zf
iB

Bi
1                     (12.13)

oRBi  - 

;874,8
35,1

53,183,7Bi 9,249;0,375BiiB oFiBZ (12.14)

2
0

0 R
aF (12.15)

;306.5
53.1

54000023.0
20F 3,21306,5249,9Z

 f(Z)  

0,3406Z
2575,0001,1Zf                     (12.16)

          f (Z)= 973,0
3406,0305,21

2575,0305,210011,1

02/52,0973,0
249,9
874,8183,7

n1542                  (12.17)
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 n´ - 
 n´=1/425[9]

73,2
4,1332,24110588

133,41,425-1542

 G( ) 

G = Q · (12.18);  G = 17 · 1,281 = 21,777 

1582,0
1005777,21

6001,1152,0

t
G

ULKE                            (12.19)

11,66,38
1005777,21

6001,1152,0

1

2

1

1
1       (12.20)

9882,0
705,073,21
75,073,21 73,2045,0

1582,0
1

AULKT
12G

11 1        (12.21)

0935,0
9882,0173,2045,021582,01005777,21
9882,0175,073,21273045,01582,0
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0

2
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