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         4,42
1380

860N
Õ Õ

à ==
*  

: 004,6804,68NÕÕ ÕÂà ==+ --  

) , , .3.9;  

: 

8,220452ÕÌ:0Ì àñà === *  

êÍ4,42ÕQ àÀÑ -- ==  

: 

04,220586ÕÌ:0Ì ÂñÂ ==== * êÍ64,25ÕQ ÂÂÑ ==

Nx
+

-

22
,0

5

42
,4

25
,6

4

 
                   )                               )                           ) 

             ;  );   Q( )   

                  .3.9 –  

 

) .  

        /
yy W2W =                                                     (3.5) 

2,1016,502Wy == *  
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 :  

          ][)
M

M
(

y

MAX
max <=                                         (3.6)  

ìÏà9,217ì/êÍ217885
102,101

05,22 2
6max ===  

 ìÏà210][max =>  

. 

)  

 

             
][

MAX
y

M
W                                               (3.7)  

336

3y ñì105ì10105
10210

05,22
W === *  

 2  14, 3/

yy ñì4,1402,702WW === *  

 ( -

 – 600 ), .3.10 

52
0

86
0

60

Nx
D 

 

B

C

 

Nmax
 

                                  .3.10 –  

)  MAXN  

        
DC

ED
tg / =                                              (3.8) 

cos600CD = , 

9,0cos = ; 435,0
1380

600
sin ==  

5409,0600CD ==  
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ìì250sin600520DE == *-  

00 7725902062547960
54

925 ,;,cos;,;,,tg  

      cosNN MAX
/
X =                                                (3.9) 

êÍ18,81902,090N /

X == *  

)  

       )
N

N
(MM

X

/
X

MAX
/
MAX =                                            (3.10)  

êÍì3,26)
04,68

18,81
(êÍì05,22M /

MAX ==  

: 
][

M
W MAX

y >   

336
3y ñì125ì10125

10210

3,26
W ==>  

 2-  14 -

. 

:  
3

òðåá.y
3

ôàêò.y ñì125Wñì4,140W =>=  

 2-  14. 

) , MAXQ  , ;  

         )
N

N
(QQ

X

/
X

MAX
/
MAX *=                                           (3.11) 

25,39)
04,68

18,81
(9,32Q /

MAX == *  

: 

      
*

*

y

MAXMAX
max J

SQ
=                                               (3.12) 

 2S MAX = ; 3/

y ñì491S =  

 
33/

yy ñì982ñì4912S2J === **  

 

98,049,022 / === **  
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y

/

y ;J;S -  14. 

 

ìÏà3,33ñì/êÍ3,33
98,0982

6,8125,39 2

max ===
*
*  

: 

ìÏà80
2

][
][ == . 

 

3.4.2  

     )  ( -

 3.11  3.12. 

ya

A

Nmax Ny

B C D

2170150600

 
 3.11 –  

 

 

 êÍ95,58Ny Ya ==  

 Q, .3.12. 

+

3537 3537

+

-

58,95
-16,3

)

)

 
                 a) );  Q( ). 

              .3.12 –  ( ñìêÍ ); Q ( ) 

ñìêÍ353760yÌ;0Ì àÂà  * ===  

ñìêÍ353715N75yÌ yàñ *-* ==  
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êÍ95,58yQ àÀÂ ==  

0NyQ yàÂÑ ==  -  

êÍ3,16
217

3537
QCD - ==  

) , .3.13: 

                 

/
YN

/
XN

/ 

 
MAXN

aY
0Y
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: 

902,0cos;4324,0sin;9,0cos;435,0sin // ==== . 
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D
/
X

/
Y

/
X

/
Y

ysinNcosNya

0sinNcosNya

=+=

=++-
 

êÍ18,81cosNN /
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/
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êÍ3,70435,018,819,09,38ya =+=  * *  

      Q, .3.14 

,  yay 66,55// : 
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/
ÀÂ
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/
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aYY
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. 

êÍ66,55Q;êÍì40,33M MAXMAX ==  
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W

M

X

MAX
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M
W MAX
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336

3X ñì189ì10*189
10210

4,33
W ==>  

 16  
3/

X
4/

X
3/

X ñì4,59S;ñì823J;ñì103W === ;  
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ñì15,02

ñì8,1184,59*2S

ñì16468232J

ñì20603*2W

3
X

4
X

3
X

==

==

==

==

*

*

1

 

, max :   

         
*
*

X

MAX
max J

SQ
=                                               (3.15) 

ìÏà2,40ñì/êÍ02,4
1*1646

8,118*66,55 2
max ===  

80][max  

 16. 

3.4.3  

) . -

 3.15 

600

86
0

52
0

Nx

Nmax
 

2080

10
40

34
0

N

N

y

j

 
                         3.15 –   

  

: 

;êÍ04,68N;êÍ90N XMAX == ;655,0sin =  756,0cos =  

 j :  

5,0
208

104
tgj ==  

894,0jcos;447,0jsin;565,26j 0 ===  

: 
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052N138)jcosN(;0Mà Xòðîñ == ***                      (3.16) 

 

êÍ7,28
894,0138

52N
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òðîñ ==
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          ][
À

N òðîñ
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N
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224

3
ñì39,1ì1039,1
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*
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;9,0cos;435,0sin;êÍ18,81N /
X ===  902,0cos;432,0sin // ==  

 ñì2,90349,0*13834cos*ñì138h === -  
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h
tgj / ==  

995,0)jcos(;59,577,2536,31j;36,31j /0/0/ ==== ---  
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X

/
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52N
N

/
X
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*
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N
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3
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03,32
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*
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  3.5  
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 3.16 
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SQ
Ò

Ñ

ÎÒÑ
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*
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ñì15,022 /Ñ === *   
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0
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h
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ñì341
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165,0
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4

h
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À
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 /8 , . 68/.  - , -

.  2.2.5.13.13-03  
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. -
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 2.2.5.1313-03  1  3 / 8 , . 70/.   
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, .  

 

 / 8 , . 60/.  
-

 2.2.4.584-96 
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-
 17-19° ,  0,3 , -
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20-22° ,  0,4 ,  40-60%. -
 

 15-21° ,  75%, -
 0,3 . -

 16-27° ,  0,4 ,  15-55% 



 62

/1, . 63/.   
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-
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-

. , -

, -

, . 

, -

 4 112 3  11 : 

- i = 1.3; 

-  = 3.5; 

-  U  = 380 ; 

-  U  = 220 ; 

-  = 100 ; 

-  I = 200 ; 

-  r = 0.0018 . 

: cos  =0.87; R  = 0.875. 

 I , ( )(3) 

             I  = 1000 *  / 3 U  * cos  *                         (4.1) 

I  = 1000 * 1.1 / 3 380 * 0.87 *0.875 = 21.95 . 

 I ),  

 

                                              I  = I  / 2.5,           (4.2) 

 I  – , . 

 

                                              I  = I  * i,            (4.3) 

I  = 21.95 * 1.3 = 28.54 . 

I  = 28.54 / 2.5 = 11.42 . 

 –  15-1 . 
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 I ,  

I  = 11.42 * 3.5 = 39.97 . 

 Z .  

 

Z  = U  / I  – Z  / 3     ,(4.4) 

 Z  – , 0.487  

Z  = 220 / 39.97 – 0.487 / 3 = 5.34 . 

 R ,  

R  = r * l / S                     (4.5) 

 I .; S  = 50 
2. 

R  = 0.018 * 200 / 50 = 0.1 . 

 R , ,  

R  =R  – R ,       (4.6) 

 R  = Z  

R  = 5.34– 0.1 = 5.24 . 

 S .  

S  = r * l / R ,      (4.7) 

S  = 0.018 * 2000 / 5.34 = 6.74  2. 

 –10  2. 

,  – 10  2 -
,  (2). 
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5  

 
5.1   

-

 « ». 
, -

.  
, , ,  

. 
 

. 

: 
- ; 
- ; 

- . 
 

 

 5.1. 
 

 5.1 -    

 -
, . ,  

 3; =50 ; 
F=0,15 2 4 39,102 

 3; =20 ; 
F=0,09 2 8 23,880 

 3; =6 ; 
F=0,16 2 8 12,54 

 16 ; L=1,1  2 37,4 
 16 ; L=2,3  2 78,2 
 16 ; L=4,2  4 285,6 
 16 ; L=1,3  4 22,1 
 16 ; L=1,25  4 85,2 

 

 
5.2. 



 70

 5.2  

 

 , .  
,  . 

 1 5,5 
 1 (2 ) 1,9 

 80 25,6 
 - 46,5 

 
: 637,5 . 

,  8,46 
.  

. -
: , -

, . 
, -

: 

-  ( -
) ; 

-  

:  
-

, -
. 

 « »  
 

64,5%. 

,  
) -218; 
) -622: 

: 
) : 

=23,85*218=5214,85 .* ; 

) :  
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= 8,46*622=5262 .* .  

 - 4. -
 4 .   

 – 20000 . 

 – 4914 ,  2.2.5. 
, -

,  2.2.3: 
: 

15000*6000*7200 .  
 

5.2  
    . . 

5.3 . 5.4: 
- ; 

- ; 
- ; 
- ; 

- . 
 

 5.3  
 

 , . 
 2 ,  

) 
1000 

 ( ) 6000 
 ( , -

) 
2500 

 9500 
 

 5.4  
 

 
-

-
,  

 
, . 

 
, . 

 3; =50 ; 39,10 34 1329,48 
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F=0,15 2 2 
 3; =20 ; 

F=0,09 2 
23,88

0 34 811,93 

 3; =6 ; 
F=0,16 2 12,54 34 426,42 

 16 ; L=1,1  37,4 35 1295 
 16 ; L=2,3  78,2 35 2737 
 16 ; L=4,2  285,6 35 9996 
 16 ; L=1,3  22,1 35 773,5 
 16 ; L=1,25  85,2 35 2982 

     ,  
28350 . 

 

5.3   
-

.  /21 . 3/: 

 - ; 

 - , ; 
 - ; 
- . 

=30*2,8*0,65*80=4368 . 
-

: 

 – , -

. 
 =4368*1,6=6988,8 .  

: 
 

= * *  *  , (5.
1) 

= *  , (5.
2) 

= *  , (5.
3) 
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 – . 

 =6988,8*0,4=2795,5 .  

: 
 

 K – ,  = 34,2%. 

 =(6988,8+2795,5)*0,342=3346,2 .  

: 

   – . 

 =6988,8*1,5=10483,2 .  

: 

 ìÑ  - , .; 

èÑ  - . 

 = 51963,7 . . 

 

5.4  
 

5.4.1   
       01.06.95 . N661  " -

, -
, -

, " 
, ,  

: , 

*)( ,  (5.
4) 

* , (5.
5) 

C ,   (5.

6) 
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, , -

, . 

 - .  
,  /23, .23/ 

 
   – ,  1 

. . . .;  

       = 0,4 -  ( -
 40 ); 

  =675800*0,4=270,3 . . 

 15%  
: 

  =0,15*270,3=40,5 . . 

: 

 = 3,270 + 5,40 = 310,8  . . 

: 

 ð.ðåìN - . 

13
12*2

 310,8
ÇÏ ìåñ == . . 

 – . 
 14 % : 

 = 43,5 . . 
 - . 

* , (5.
7) 

 =  + ,   (5.
8) 

12*N

ÔÇÏ
ÇÏ

ð.ðåì

îáù
ìåñ = , (5.

9) 
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 " " : -

 ( .) . 

: 
  n – , .; 

N  – , .; 

b – , 2ì
ë ; 

F – , 2ì ; 

K  – ,  
; 

 – , .        
QB = (30*2+1,5*90)*1,15*255 = 57183,75 . 

: 

 

 –  1 3 , . 

01552
1000

 57183,751427 ,*, . 

 

 ýëN : 

 Ñ

ÃN  - , ; 
î

ÃN  - ,  / . 2.2.5/. 

53685536850 ,,N . 

QB =(n* ÿâN +b*F)*K  , (5.
11) 

 
1000

Q* , 
(5.

12) 

NNN , (5.

13) 
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 1 , ÷*êÂòÖ  = 

4,32 . 

ÝÇ = 53685, *4,32=15921,4 . 

: 

 F – , 2 ;  
 –  1 , .; 

n – , . 
=90*964,53*0,58=50348,5 . 

 

:  

 = 1552,0+15921,4+50348,5= 67,8 . .      

 - .  

, -

 

.  

 

. -

,  

)  

. -

-

. ,  

, -

-

 - . 

 =F* n (5.

14) 

 , (5.
15) 
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 « -

» -

, ,  7 

. 

 25713,4 . 

 1,8%. 

: 

=0,018*25713,4=462,84 . 

 - .  

 – -

, . 

-  (  10 -

): 

: 
-  8 

: 

   - , .  

=0,08*25713,4=2057,1 . 
- : 

 F  – , 2. 

F  = 90 3 
=100*90=9000 . 

=10%*( ), (5.
16) 

=8%* ,       
(5.17) 

=100*F , (5.
18) 
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-  - 1,1 : 

=0,011*310,8=3400 . 

-  10 : 
=0,1*(2057,1+9000+3400)=1448,5 . 

5.4.2 -

 

)   

=1555000*0,4=622 . . 

 =0,15*622 =93,3 . . 

=622+93,3=715,3 . . 

= 715,3/(12*2)=29,8 . . 

=715,3*1,05=751,1 . . 

) : 

=0,14*715,3=100,1 . . 

) . 

: 

     -  51900 . 

: 

=(14,3/100)* 51900 =7,42 . . 

  : 

=462,84+7420=7,88 . . 

)  

: 

=0,07*51900=3633 .; 

=0,011* , (5.
19) 

=0,01* , (5.
20) 
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=0,03*51900=1557 .; 

=0,1*(3633+1557 )=519 .; 

 =5709 . 

: 

=0,011*715,3=78,68 . 

 5.5 

 

 

 

 5.5 –  

 
, . . -

, 
. 

: : 

 310,8 715,3 404,5 
 43,5 100,1 56,6 

 67,8 67,8 0 
 0,5 7,42 6,92 

 17,3 22,6 5,3 
 439,9 913,2 473,3 

 

     5.5      

: 

) -218 . .; 

) -622 . .; 

: 

) : 

=23,85*218=5214,85 .* ; 

) :  

= 5262,1 .* .  

      : 
 = 0,15*12*2*12=43,2 . . 

 

1 . .  
: 
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) : 3100 .  

) : 2500 . 
 1 . . 

) : 2017,9 .  

) : 1468,2 . 
:   

) :   =218*3100-43,2=632,6 . .; 
) :   =622*2500 -43,2=1511,8 . .   

: 
 =   -  = 1511,8-632,6= 879,2 . .   

:  

 = (  - )*N . . 

 -  1 . . ; 

     -  1 . . -

; 

    N . .- . . ; 

 = (2017,9-1468,2)*622= 341,9 . .  

: 

=51,9/341,9= 0,15 . 

 5,6 . 

 5.6. 

 5.6 –  

 
 

-
 

-
 

, . 2,00 2,00 
, . . 310,8 715,3 

, . . 43,5 100,1 
, . . 0,5 7,9 

 1 . 
., . 2017,9 1468 

, . 218 622 
, . . - 341,9 

, . - 0,15 
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