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 1.  

1. 
 “ ” ,  ( ) 

 100 , 
. 

, :

b

x
x G

GB 100                                                                (4.1)

:   – , %;
       G  – , ;
       G6 – , .

, 
.

, , 
.

 14,5 % 
, %,   4.2:

W
B

5,14100
100                                                (4.2)

:  – , %;
      –  %  14,5%;
     W  – , %.

,  14,5 % 14,5) 
 4.3, %:

5,14100
100

5,14 W
                                                       (4.3)

 12 %, 
 12 %, 

.
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 ( )  (G ), ,
,  ( ) 

 ( ) .
, , 

. , , , .
.

,
, , 

.
, 

, , , 
.

 4.4, :
=G  – ( + +  +  +  +  +  +  +  +  ),  (4.4)
: 6 – ;

        – 
;

       – ;
       – ;
       –  ( );
       – 

;
       –  ( );
        – ;
        – 

;
        – .

.
,  “ ” 

.

2. .



33

,  100 , c oci ,
, , .

ic a 
 (Wx) .

 WT = Wx + (0,5 – 1),    WT = Wx +
(1,0 – 1,5) %.  ( , , ) 

x .
 100 ,   .

, 
,  100 (GT)

ic a. 
ic a,   ic a.

, , 
 ( ), , 

.
, , 

, .
ic a , 

 ( , , ).
:

,
, ,

,
,

,
 ( ic a ),

, x .
, , 

x . 
 i ic .

3.
1.  (GT), :

G  = G  (100 – W  )/(100 – W )( ),                   (4.5)
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G  = G - 100/(100 — W ), ,                                   (4.6)

: G  – , ;
      G  – , ;
     W  – , %; W  – , %.

. 4.1. 
, , 

,  CP , 
.

 4.1
 CP 

, 
, 

, %
 CP, 

G W G

)
G W G

G W G
G W G
G W G

G G

2.  ( )  (G), ,  4.7.:

GB = G  – G (4.7)

 : G – , 
3.  Gp.c, ,  4.8:

,
C

G=G 100
..                                                                (4.8)

:  — ,  (  100 ) ,
, .

4. ,  ( ) (G . ), , 
 4.9:

G .  = Gp.c– Gc                                                (4.9)
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5. , , ,
 ( ) (GT ) ,  4.10:

GT = G. – G .  – G . (4.10)
,  63…70 %-

 2,5 % , , 
.  (G ), 

,  ,  ,  
,  (4.11):

,
C

=G
100

.                                                    (4.11)

, G' ,  ,  

 4.12:

.
100

2,5'
c

G
G (4.12)

,
,  4.13:

100.. C
GGG cc (4.13)

,  G . -  , 
 (4.14):

  G .- = G . -  G – G' ; (4.14)

, GT , 
 (4.15):

    GT = G –G . – G . - (4.15)
 ( , )  1:3

 1:4,  3  4 .

6. 

 (G . .),  (4.16):

,=G
D
100G

..                                                      (4.16)
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: D –  75 %  .

7. , , 
4.17:

G .  = G . – G (4.17)

8.  ,   ( G . ) 
 (G . . ). , :

G . = G  – G .  – G . -  – G .      (G . ) (4.18)

9.  (G ) 
(G ), , 

, . , 
,  4.19.  4.20.:

G = G + G . , (4.19)

     G =G  +G . , (4.20)
:  G  G  – , , 

;
      G .  ,  G .  – , 

.

 (G . ), ,  4.21:

G . = G .  (100 – W . )/(100 – W ), (4.21)

: G .  – ;
     W . – .

10. , 
), ,   4.22:

G .  =G .  – G . (4.22)

, , 
 4.23, 4.24.

G  =G  – G .  ;             (4.23)
G  =G  – G .  – G . -  – G .  . (4.24)



37

 (G ), (G . ).

,  ( ), ,

:
..G=G                                                           (4.25)

, , :
G .=G .  +G                                                                  (4.26)

, , , :
        G .  = G .  – G (4.27)

4.   

, 
.

 " ",  (  " ") , 
. 

(G )  Wo.
1. (G ), ,  4.28:

G = G  · 100/(100–W ),                                                          (4.28)
: G —  CP , , , 

.
2.  G ,  4.29:

    G = G – G . (4 .29)

G . – , , .
4. :

 - G = G – G – G (4.30)
: G  – , :

                 - G = G – (G . + G . + G )                     (4.31)

 “ ” 
, (G ) , ,

, . 
.  (Wo) .
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 (G )   (G ), 
. :

       G  =G  +G +G , (4.32)

,
100

100
100

100
100

100
100

O
O W

WG
W

GWG
G                                   (4.33)

: G – , ;

      G – , , ;

       W . – , %.

, :

.
)()()100( O

WW
WWGWWGWG

G                      (4.34)

 , G
(4.34),  (Go), 

, 
:

              G  =G  – G ; (4.35)
 G  =G  – G . (4.36)
 G =  0 .

   4.2

, 

G G G  –G G
G G
G .    G ..

  G ..      G .. .

G           G
G G   G

  G
G G   G G

 100 
 ( . 4.2). , , 

, .
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,  (GT).
, 

. :

G = G  +G  +G . . (4.37)
:

,)100()100( ..O
o

WW
WGWGG                                   (4.38)

:  G – , 
.

5. 

:
 (G ),

 (G ),
 (G . ) (

, ).
, G ,  

, W3,%.
1. , , , :

.
100

)100(P

W
WGG                                          (4.39)

2. , ,  4.40:
G  =G  – G , (4.40)

, 
,  G  =  G .  

 4.41-4.43:
G  = G  – G ,                                                          (4.41)

,
100

100
W

GG                                               (4.42)

,)100(
WW

WGG                                               (4.43)
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,  (G . )

 (G . ), :

G  = G .  + G . ,                                                  (4.44)

 (% . )  – 50 %, 
 – 25…30 % , ,  4.45:

.
100

% .
.

GG                                                (4.45)

, ,  4.46:

,
100

)100(..

W
WGG                                          (4.46)

,  4.47:
G .  =G .  – G . . (4.47)

, ,  4.48:
  G .  = G  – G . ; (4.48)

    G .  = G  – G . . (4.49)

. 
, , . 

, , 
,  4.50, 4.51:

G ’  = G  – G – G ,                                             (4.50)
     G ’  = G  – G (4.51)

, 
. 

. 
 100  (G )  (W ).  ,  

, ,  4.52, 4.53:

,
100

)100(
W

WGG                                               (4.52)

G  = G  – G , (4.53)
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6.  ( )  ( ) 
 « »

1.  ( ).
 , %,   4.54:

100..

G
Gg , (4.54)

: G6.  – , ;
      G6 – , .

 0,1…0,15 %,  –
0,02…0,06  % , .

, ,  4.55:

W
Wg

100
)100( ,                                                   (4.55)

2. 
 ( )  4.56:

W
Wg

B
100

)100(
                                             (4.56)

: g  – ,  100 ;
     W . –  (

 14,5%,  – 
-012).

3.  (3 .).
,  %, 

 4.57, 4.58:

W
G

G
100

96,1100                                                  (4.57)

W
G

G
100

96,110077,0                                        (4.58)

: G – , %;
– 

=0,06- ), %;
 1,96 – , 

;
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 0,77 – 
, .

, , 
. 

 4.59:

W
WgGg CP

100
)100)((95,0
                                       (4.59)

: 0,95 – 
;

       g  – , , .
 4.60, 4.61:

: 2)100(
)100)((95,0 m

W
WgGG ,         (4.60)

: 2)100(
)100)()(73,095,0( n

W
WgGG ,         (4.61)

:  0,73  –  
.

4. . , ,
 4.62:

W
WWg

100
)(
, (4.62)

5. ).  (g ) 
, % 

 4.63:

100
)(

G
GGg , (4.63)

: G  – , ;
      G  – , .

 ( )  4.64:

100
)(Gg

, (4.64)

6. 
(3 .). 

 (g ), %,  4.65:
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100. G
GG

g , (4.65)

: – G – , .
. = g . G  – (B  + B . . )  /100 ( ),   (4.66)

7.  – (3 .). 

 4.67:

100. G
GGg , (4.67)

:  G  – , .
, ,  4.68:

    . = g . G  – (B  + B . . + .)  /100, (4.68)
8. ). 

 ( ), %,  4.69:
g  = G .  100 / G ., (4.69)

: G .  – , ;
      G . – , ,

 100  –  4.70:
. = g . G  – (B  + B .. . + . + .)  /100,       (4.70)

0,02 %,  – 0,03 % 
.
9. 

.).
 (g ),

%,  4.71:
g . = (G . - G .)  100 / G ., (4.71)

: G  – ;
G  – .

 0,4…0,5 % .
. = g . G . – (B  + B .. . + . + . ..)  /100, (4.72)

10. ).
g . = G . (4.73)

: G  – , % ;
       – ,  0,05

.=g . G  – (B  + B .. . + . + . + . + .)  /100,  (4.74)
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11. .

, ,
. 

4.75 ( , 
):

. = G  – (B  + B .. . + . + . + . + .+ .),  (4.75)
 ( ),  ,  

 4.76,  = 0,1.

W100
5,141001,0 , (4.76)

 ( ), ,  4.77, 
 = 0,06.

W100
5,1410006,0

m , (4.77)

 (3 ), , 
4.78,  = 2,0…3,5, 

,  = 3.
CP

W
WgG

10010096,1
10095,03 ...

. , (4.78)

: 1,96 – , 
.

 (3 .),  ,  
= 0,6…0,8,  = 0,7.

. =0,7 G . . .) /100, (4.79)
 (3 .)  4.80, 

= 8,5…12,5,  = 10.
 = 10 [ G –(  + . + 3 . + .) /100 ( ),  (4.79)

 (3 .)  4.80,
= 07.

3  = 0,7  [G  – ( 6 +  +  + 3 . + 3 .)]/100 ( ),          (4.80).

 ( ), ,  4.81, 
 = 4.

3 . = 4  [G  – ( . + . + 3  +  + . + .)]/100        (4.81)
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 ( .), , 
4.82,  0,03.

. = 0,03  [G  – ( . + . + 3  +  + . + . + .)]/100         (4.82)
 ( ),

,   4.83,  0,5.
. = 0,5  [G  – ( . + . + 3  +  + . + . + . .)]/100       (4.83)

 ( ), ,  4.84,
 = 0,02.

.= 0,02  [G  – ( . + . + 3  + + . + . + . . .)]/100  (4.84)
.

 2. 
 – 

, , , , 
, , , 

. ,
.

: 
, , 

 ( , , ) , , 
, .

: ,
, , , , , ,
, .

: , , ,
.

, , ,  « »,
 – .

,   
, , , , ,

.
, 

, , , 
.  80, 90, 100,

120  100 .
,  –  – 

, , ,
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.  ,  ,  
  .

. 
 ( , , ) 

 ( ),  “ ” 
,  “ ” 

,  ( )   ( 2).
 “ ”.

,
, , 

. 
.

1.

, , 
.

-
. , 

, 
, . 

,  
. 

.

2. 

, , , , , ,
, , 

 100 
.

. 
 100 ,  65  100 , 

 1,3163, :
 : 131,63 · 65: 100 = 85,56 ;

  :  131,63 · 35: 100 = 46,07 ,
: 131,63 –  100 , .
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, ,  0,14 . %
, : 85,56 + 85,56 · 0,14:100 = 85,72 .

 (  10%)
: 46,07 + 46,07 · 10: 100 = 50,68 .

.
 100 .

, 
1…2 .%.  2-  (2 ). 

 25%, :
(100 · 1000:1050 + 2) 0,75 = 72,93 ,

: 1050 – ,
3.

 4 
, :

72,93 ·  4 = 292 .
 0,14 . % 

 ( ):
100 – (100 ·  0,14: 100) = 99,86 .

 8% 
,  8 .

 105 % , 
99,86 ·  105:100 = 104,85 .

 27% , 
99,86 ·  27: 100 = 26,96 .

, 
99,86 ·  26,96 = 72,90 ,  104,85  72,90 

.
.

,
.  X

) 
=(  · 1000) : ,

 -  ( )  1 , ;
 - , , ;
 -  1 , .
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1,2
'

 - , ;  - 
 1 , ;  - ,  100

;  '- , ,  100 .
,  [13]

. 
, .

.  100  110 
.  100  11,4 . , 

:

100 – 11,4
110 000  – 1                1 = 11,4 · 110 000: 100 = 12 540 ,  12,54 .

,  100  9,52 
, :

100 – 9,52
1 – 12,54                          1 = 100 ·  12,54: 9,52 = 131,7 .

, ,
, . , 

 1,274  1 
 737,55 , , :

             1 – 0,73755
            2  –12,54                          2  = 12,54 ·  1: 0,73755 = 17 .

 ( ), , 

 = (  – N) + G
 - , ; N- , 

, , , ; G - , 
, .

. . ,
,  100

. , 
 100 ,  0,064 (

,  1  N ).
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.  100 
 « ».  2  1 . 

100 .  99,86 .
,  « » 

, .  100
 2 · 0,064 = 0,128  (0,064 – 
,  1  1 . )  10000 (

 100 ). ,  100 
1280 .  98% :

100 – 98
  –  1280                               = 100 ·  1280: 98 = 1306 

, 
. , 

 100 ,  (
XXVII).

 N,  (110  100
)  0,8% 

N = 0,8 · 110 000 : 100 = 880 .
 G, 

. . 
,  100 : 

,  ,  .  ,
, 

.
 100 ,  3,5663 . / ,

 228 . ,  100 ,
N = 1000 – (110 + 64) = 826 ,  82,6 .

,
100 – 228
82,6 – G                    G = 82,6 · 228 : 100 = 188,33 .

:
 == 1306 – 880 + 188,33 = 614,33 .

.
.  ( ) 

L = V w/w'
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 V- , ; w  1 , ;
w'-  1 , .

.  1 
 500  9,3% , 

 50% . ,  1 
 614,78  (w''),  1  96,27 

(w). , :
L  = 500 · 96,27 : 614,78 = 78,3 .

,  ( ) 
,  5  10, , 

 ( ):
                        W =[1000 P (L1 – L)] : L,

 - , ; L -  1 ,
; L1 –  1 , .

.  = 300 .  1
  L = 78,3 .  L1 (  1  - 80 . 

, :
W  = 1000 · 300 (80 – 78,3): 78,3 = 6513 .  6,5 .

. 2 , 
, 

 (  6 ° ), , ,
, , ,

.

.
.

 ( ), 
, 

                                               = [  ( 1)]: 2,
 X  -  ,  ;   -  ,  ;   -

 1 ,  (
), ; 1 -   (
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 1   20  °  ),  ;  2 -
 1  ( ), .
.  10 000 

 1,8%  65%. 
5,6%. :  = 10000,  =
57,18, 1 = 18, 09, 2 = 855,61. .

X = [10 000 (57,13 - 18,09)]: 855,61 =  457 .

3.   

,
, 

 ( ) .

3.7.3.4. 

, , 
. 

,   ,
. 

, 
.

:
- ;
- , ;
- , , 

;
- ;
- , , ,   

;
-

;
- ;
- ;
- , , 

;
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- .

,
, 

.
 – , 

.

3.7.4. 

, 
, 

. 

.

 – 
, .

, 

, .
  :

- ;
- .

  
.

3.9. 

. 
. : ,

, , 
.
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, , 
.

.

.

, .
:

- ;
- .

 (  5 % ).
, 

, . 
 (  4).

.

.
. 

 10 % , 
.

.  5.

, . 
, , 

.

, .
 12%

.
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3.11. 

.
:

-
;

-   , ,
;

- ;
- , 

, .

3.12.  

, .
, 

, , 
.

,
,   

 (  6 6, 6 12, 6 18) 
.

,
, 

.  
.

, 
.

.
 3,5  (  1,2 ).

 " " 
.

:
, 

;
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.

3.13. 

) 
. 
, 

 ( ).

3.14. 

.
:

-
;

- ;
- ;
- .

  :
- ;
-   

;
- , , 

;
- .

, 
, 

. ,
.

.

3.15. 

, , 
. 
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.

3.16. 

, 
.

3.17. 

 ( ) (7…10 ) 
.

:
-  ( );
- ;
- , 

;
- , 

;
- .

. , 
. 

, , .
-

.
:

- ;
- ;
- ;
-  ( ) 

;
- ;
- .

.
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3.18. 

:
- ;
- ;
- ;
- , 

, , 
.

.

3.19. 

, 
, . 

, , , -
.

 ( ) – 
. , 

. 
.

 (
) , 
.

 — , 

.  —  ( ), 

.

, . 
, .

: 
 (

 ( )), 
, .
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, , 
.

. 
:  7.1-84 " .

",  3582-97 "
. .

",  7.12-93 " .
. ".

4. 

 ( ) 
)  ( ,

).
 80…100

 50…70 – 
210 297  ( 4). 

, . 
   1,5 .

   ( )  5…7 
 2…3 – 1  594 841 .

. 
. 

.

. 
.

 - 
 (  8),  -  (  1). 

  , . 
  

.
: 

–  20 ,  –10 . 
 9  10. 
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, , ,
.

, 
, 

. , ,
. 

.
 ( , , , , 

) .

 ( ., .) 
. , 

. 
.

, , ,   ,
. 

. , 
, 

.  ( , [17, .27]).
, 

 ( , , , .).
:

 1. 

 2.
 3. 
 4. 
 5. 
 6. 
 7. 
 8. 
 9. 

 ( )
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.

5. 

 ( ) 
 ( ).

 (  11),  4 – , 
 - . 

1 
.

, 
— ,  20…30  (  12,13). 

:
1 ,
2 ,

.
1 (841 594

).  1:200,1:500 . 
 [30, . 103-109].

, , 
, . 

.
-

, 
. 

, , 
.

:
1. 

, .
2.   

.
3. 

. .
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3. 
.

4. ,  ( , ) 
, .

5. 
. 

.
6. : , 

, , , , 
, , , , 

.
7. 

), , 
. 

, .
9.  (

 0,5 ),  –  (  1 ), 

 (  1,5 ).

 2784-91. :
—  ( , , );
— 1 — ; — 2 — ; — 3 — ; — 12 — ; — 13 — ;
—14 — ; —27— , —28— . 

,  28.

.
10. .  

  , 
. : . 5, . 8. 

. 
 200 .
11. ,

, . : 
; .

 [30].
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, , , , 

).
  

, .
:

- : ;
- ;
- ;
-  ( );
- ,  (

, ).
. 

. 
.

, :  0.00. 
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   . 

:  0.0,  3,8.
 –   

.

 (2 ), 
. 

)  ( ). , 
,  2…3 

.
, 

.  
.

,  “ ”, 
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