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   ,  ,  -

    ,   " "  " "  

         - 

 ,      -

.        -

 

   ,      ,  

 , ,        

 ,        

   ,    -

     .  -

           -

 .     -

    ηθ      -

   .       -

       . 

      -

      10β0×7β0  -

 ηθ          

    . 
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1   

 

      1.1    

 

 -  ,      

   .    -

 ,      . -

        ηθ -

 10β0×γ0 .       

   ηβ  7β0×10 . 

 

   1.1      

 

 

1 – ; 2 –  

 1.1 –    
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        -

,   ,        -

    ,     -

  

 

1.β    

 

       -

 ,    ηθ,  1β β .    -

        -

.    1β β     1.1. 

 1.1 –    1β β  (  19β81-2014) 

   

 

 
C Si Mn 

V S P 
Nb Ti 

  

 
0,1–

0,14 

0,25–

0,5 
1,4–1,75 0,08 0,02 0,025 

0,04 – 

0,07 

0,005 – 

0,02 

 

   1β β     1.β. 

 1.β –    1β β  

 

 

 

σ , , 

  

 σ , 

,   

 

 δ5, %, 

  

ηθ 410 550 20 

 

  1β β        
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  1β β     (1)   19β81-2014: 

 

= +
Mn

6
+

Cr+Mo+  V+Ti+Nb 
5

+
Cu+Ni

15
 (1) 

 ,  C, Mn, Cr, Mo, V,Ti, Nb,Ni, Cu –      ( ), 

 (Mn),  (Cr),  (Mo),  (V),  (Ti),  (Nb), 

 (Ni)   (Cu)    , %. 

  ,     

     1β β ,    1.1, 

  (1)  

=0,14+
1,75

6
+

0,08+0,07+0,02

5
=0,47 %. 

 

       

 (  MAX = 0,43%),      

   0,04%.   ,     

 . 

      (β) 

 

0=350∙   -0,25 0,5, (2) 

    –   , %. 

         (γ)  

   =  +  , (3) 

    –   , %;    –   , %.  
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         (4)  

   = +
Mn+Cr

9
+

Ni

18
+

7Mo

90
, 

(4) 

 

 

 C, Mn, Cr, Mo, Ni –      ( ),  (Mn),  

(Cr),  (Mo),  (Ni)    , %. 

 

        ,   

      (4)  

   =0,14+
1,75

9
=0,34%. 

 

         (η)  

   =0,005S  , (5) 

 

 S=30 –  ,  , . 

,   (η) ,  

   =0,005∙30∙0,34=0,051 %. 

 

      ,             (γ)  

   =0,34+0,051=0,391, %. 

 

    0 

0=350∙ 0,391-0,25 0,5=131,4 ° . 
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135° . 

      

  17 1 ,    ηβ.     -

      .  

  17 1       1.γ. 

 1.γ –   17 1  (  19β81-2014) 

  

C Si Mn 
V S P 

Al Ti 
  

0,15–

0,2 

0,4–

0,6 

1,15–

1,55 
0,08 0,03 0,035 

0,02 – 

0,05 
0,04 

 

 

  17 1       1.4. 

 

 1.4 –    17 1  

 

 

 

σ , , 

  

 σ , 

,   

 

 δ5, %, 

  

ηβ 355 510 20 

 

 

   17 1      (1)  

 

=0,2+
1,55

6
+

0,08+0,04

5
=0,48 %. 

       - 

 (  MAX = 0,43%),      

   0,05%.   ,    -
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  . 

      ,    

       (4)    =0,2+
1,55

9
=0,37%. 

 

         (η)  , 

 S=10 .  

   =0,005∙10∙0,37=0,019 %. 

 

      ,             (γ) 

   =0,37+0,019=0,389 %. 

 

    0,   (β) 

 

0=350∙ 0,389-0,25 0,5=130,5 ° . 

 

       

135 ° . 

 

1.γ     

 

 ,  ,     -

 ,      .   

      ,    

    -  ,    -

,    ,     ,  
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    ,    , 

      ,       -

  

        -

,       ,   -

      

         -

  

    ,   -

 .   1.2  1.γ      -

        

 

 

 

 1.β –       
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 1.γ –       -

 

 

 ,         

 ,     .   

      

,      .    ,  

     ,    

    

          

      .     

 ,           

 .       -

.     .      -

  

      .    

           

. 
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        β ,  

        β…γ . 

   .  

      : 

-  4   

-      1η0..β00   

-       

 

     LB-52U  β,η . 

   1.η    ,    

  

 1.η –   ,   LB-

52U 

  

C Si Mn 
S P Cr Ni  

  

0,06 0,52 1 0,005 0,011 0,03 0,01 0,3 

 

      1.θ. 

 1.θ –    

   d ,  ICB, A 

 

2,5 

80…90 

 70…80 

 70…90 

 

      ,  100    

  .     . 
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  1.4    ,  

  

 

 1.4 –   ,    

 

         

, , .   ,   -

   .     -

 . 

 ,   ,    -

 (1η0      ). 

   ,        1γη° . 

  ,     4 ,   

      η0…70      . 

       .  

 ,      , ,   

 ,        

    «  »,    

       .   

   . 

    «  »  ,   

  .        «  

»,  ,        

. 
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. 

     L -52U  β,η 

,       1.η. 

,       

  1γ/ηη  4    Esab   

  1.7    ,   

 1γ/ηη,    1.8   ,  

   

 

 1.7 –  ,    1γ/ηη 

  

 

 
C Si Mn S P 

   0,11 0,3 0,95   0,0γ 

 

 1.8 –   ,   

 1γ/ηη 

 σ ,    δ5, % 

  

490 20 

 

     .   

     .  

   β00…βη0 .     

         . 

        γ0   

   .      

    . 
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  1.η       

 

1…11 –     

 1.η –     

 

 ,      ,   .  

    .  

 

  1.9        

 1.9 –     

 
   

      

  ,  80…90 70…90 70…80 

  ,  β1,θ…β1,8 β1,4…β1,8 β1,4…β1,θ 

 , /  0,3 0,2 0,2 
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  : 

–  θ…10 ; 

–  1…γ . 

            

 .       . 

  1.θ        

 

 

 

1…11 –     

 1.θ –     

 

 ,     ,   . 

     . 
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  1.10      

 

 1.10 –     

 
   

      

  ,  1γ0…1θ0 1β0…1θ0 1β0…1η0 

  ,  ββ,θ…βγ,β ββ,4…βγ,β ββ,4…βγ 

 , /  0,3 0,2 0,2 

 

        

.       1γ/ηη  4 , 

        1.7  1.8. 

       

      1.η.    

      1.10. 

          

 .       

 η0…βη0  .         

.     50     

. 

 ,      ,   

  .     .   

   1γ/ηη  4 ,    

      1.7  1.8.   

     1.η.    

      1.10. 
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  1.7       

 

 

 1.7 –     

   : 

–           

  ; 

–         

θ0%     .      

     ; 

–       . 

        ; 

–   ,  ,   

; 

–         

 ; 

–          

    ,    1/γ    

 ; 

–          

    ; 

–           

 100       % 

–          

       γ0 ; 
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–          

    70…100 ; 

–      . 

        

  : 

–       β/γ   ; 

–       

,      ; 

–        

 ; 

–       β4 . 

,       

      ,  

          

 .      . 

          

   η0           . 

      , 

, ,  . 

         -

η0θ .   1.8      

 

 

 1.8 –    -η0θ  
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Л  
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   -η0θ     1.11. 

 1.11 –    -η0θ  

  

  ,  γ×γ80 

  ,  50 

  ,  θ0…η00 

  ,  95 

 ,  ,  36 

,  θ1η×400×θ70 

,  160 

 

 

         1.4      

 

 ,        ,  

    : 

   

1)     (η0-80%); 

2)    

3)      

      4)        ; 
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         1.5    

 

          

   ,  :  

–         

         

–    ,     ; 

–    ,   ,   

  ,      

 

 

 

1.6    

 

      ,   

     ,        

       ,   (  

 )     ,    

      ,    

 ,       

   ,   -    

     ,     

 ,         

     

    :  

-         

-       

-        θ   
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   (     )     

       ,  -  

       ,    .   

         ,   

  ,     

   ,      

  

        , 

  ,          

   ,    ,    

          

    

 

        1.7    

 

        -

   .     , 

   ,        -

       . 

    . 

     ,      -

   .   ,   

    β  ;        β 

 4   ;     4  ,      

    1η0  β00  ,      

 

     . 

        -

  .     -

  . 
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      ,   

    .    -

      .   

   90. 

         

       . 

      .    

     ,     

     . 

    ,      -

   (  ). 

     . 

 

      1.8    

 

        -

   -10   4 (  ββ4θ-70). 

  1.1β     -10   

 

 1.12 –    -10  

  

 

 
C Si Mn Ni Mo 

Cr S  

  

 
0,07 –

0,12 

0,12 –

0,35 

0,4 –

0,7 

1 –

1,5 

0,4 –

0,55 
0,2 0,025 0,03 

 

        

  (θ)  ДγЖ 
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HCS=
C  S+P+

Si

25
+0,01Ni 10

3

3Mn+Cr+Mo+V
, (6) 

 

 , S, P, Si, Ni, Mn, Cr, Mo, V –      -

 , %. 

,   (θ) 
 

HCS=
0,12∙  0,025+0,03+

0,35

25
+ 0,01∙1,5 ∙ 10

3

3∙0,7+0,2+0,55
=3,54 . 

 

       ,    

3,54 < 4. 

         -43( 

 9087-81). 

   1.1γ     -43  

 

 1.1γ –    -43 

-

 -

 

SiO2 MnO CaO MgO Al2O3 CaF2 Na2O K2O 

-

 
1η…ββ γ…θ β…θ 16...22 ββ…βη 14…18 β…4 
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     1.9    

 

  1.9         -

   

 

 1.9 –         -

 

     . ,   

   35 .     γη . 

       (7)  

[2] 

 

F =pS+h
2
tg α

2 +0,73C 2htg α
2 +p+6  (7) 

 

,   = β,η –  , ; 

S = 10 –   , ; 

h = 8,2 –   , ; 

α = θ0 –  , ; 

 = β –    , . 

    (7) ,  

F =2,5∙10+8,2
2∙tg30+0,73∙2∙ 2∙8,2∙tg30+2,5+6 =90 2=0,9 2. 

 

 ,        
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 0,9 2,       . ,   

      0,4β 2
. ,   

  0,48  

         -

        .  ,    

      4   700 . 

      (8)  [2] 

 

j=
4ICB

πd
2

=
4∙700

3,14∙42
=55,7

2
. 

(8) 

 

   4       -

 40…70 / 2
 [2].      . 

      (9)  

 

U =20+
0,05 d

ICB±1, B, (9) 

 

 d  = 4 –   , ; 

ICB = 700 –   , . 

  (10) ,  

 

U =20+
0,05 4

∙700±1≈37,5±1 . 

         (10)  

VCB=
V

FH

∙F , , (10) 

 

 V  –    , / ; 

FH=0,42 –       

 , 2
; 
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F  =0,126 –   , 2
. 

     V    (11)  

V =
α ICB

3600F
, , (11) 

 

 α  –  , / ; 

F  = 0,126 –    , 2
; 

 = 7,8η –  , / 3
. 

     (12) 

 

α =α' +Δα , (12) 

 

 α’  – ,   , / ; 

Δα  – ,     -

     , / . 

,    α’     

     (13)  

 

α' =6,3+
0,0702ICB

d
1,035

=6,3+
0,0702∙700

41,035
=18 . (13) 

,      

     Δα     (14) 

 [2] 

 

Δα =
3600Q

q ICB

, (14) 

 

 Q  –  ,     -

      , ; 
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q  = 325 –  ,    1  -

 , / . 

  Q     (15)  

 

Q =0,1884j
2ρ

0
d

2  V

α
 -

2
l − 1 - α - 0 

1

 , (15) 

 

 j = 5570 –    , / 2
; 

ρ0 = 0,000014 –     -

   , / ; 

d  = 0,4 –   , ; 

V  –    , / ; 

 = 0,08 –  , 2/ ; 

α = 0,008γ –      -

 , ° -1
; 

 – , ; 

l = 3,5 –   , ; 

 = 1500 –   , ° ; 

 = 20 –   , ° ; 

1  2 – , . 

      (16)  

=
0,24j

2ρ
0

ac
=

0,24∙55702∙0,000014

0,08∙1,25
=1043 . (16) 

 

  = 1,βη –  , / 3
. 

        (17)  

 

V =
4α' ICB

3600π d
2

=
4∙18∙700

3600∙3,14∙7,85∙0,42
=3,6 / . (17) 
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  1  2    (18)  

 

    
   p

1
=-

V

2
- V2

4 2
-α =-

3,6

2∙0,08
- 3,62

4∙0,08
2

-0,0083∙1043=-44,8 ;

p
2
=-

V

2
+ V2

4 2
-α =-

3,6

2∙0,08
+ 3,6

2

4∙0,08
2 -0,0083∙1043=-0,2 .

  (18) 

 

 

  (1η) ,  

 

Q =0,1884∙5570
2∙0,000014∙0,4

2∙  3,6

0,08∙0,0083∙1043
 -0,4∙3,5-1 - 0,0083∙ 1500-20 

-44,8
 = 

=211,5 . 

 

,   (14) 

 

Δα =
3600∙211,5

325∙700
=3,4 . 

 

  (1γ)   

 

α =18+3,4=21,4 / . 

  (11)    V  

 

V =
21,4∙700

3600∙0,126∙7,85
=4,2 . 

      (10)     VCB 

 

VCB=
4,2

0,42
∙0,126=1,26 . 
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       (19)  

 

q =
0,24U ICB

VCB

, , (19) 

 

 =0,9 –          

. 

  (19)  

 

q =
0,24∙37,5∙700∙0,9

1,26
=4500 . 

 

     (20)  

 

h=0,0156 q
, (20) 

 

 q  –   , / ; 

 –   , . 

      (21)  [2] 

 

=
k' 19-0,01ICB d U

ICB

, (21) 

 

 k’ – ,      , . 
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      k’   -

 (22 

 

k'=
2,82

j
0,1925

=
2,82

55,70,1925
=1,3. (22) 

 

  (ββ)  

 

=
1,3∙ 19-0,01∙700 ∙4∙37,5

700
=3,34 . 

 

  (β0)    

 

h=0,0156∙ 4500

3,34
=0,57 . 

 

     (23)  

 

B= h=3,34∙0,57=1,904 . (23) 

 

     

 

=
F

0,73
=

0,42

0,73∙1,904
=0,302 . 

 

      , , -

    . ,    

  38 . : 

– q  = 4ηθ0 / ; 

–  = 3,387; 
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Л  
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– h = 0,57; 

–  = 1,9γ7 ; 

–  = 0,β97 . 

      

 

D=h+C=0,57+0,297=0,867 . 

 

        ,   

      .  

       . , 

        0,48 
2,  

    700 .      

   4     (8)   

 

j=
4ICB

πd
2

=
4∙700

3,14∙42
=55,7

2
. 

 

   4        -

     40…70 / 2
.     

 . 

      (9) 

 

U =20+
0,05 4

∙700±1≈37,5±1 . 

 

         (10)  

  (11)…(17).  , : 

– ,    α’  = 18 / ; 

–     V  = 3,6 / ; 

–   = 1043 ; 
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–  1 = -44,8 , 2 = -0,2 ; 

–  ,      

      Q  = 211,5 ; 

– ,      

     Δα  = 3,4 / ; 

–   α  = 21,4 / ; 

–    V  = 4,2 / ; 

–   V  = 1,1 / . 

  (18)    

 

q =
0,24∙37,5∙700∙0,9

1,1
=5155 . 

 

       (24)  

 

ω=ω 2πλ  - 0 2

k1q
,


,  (24) 

 

    ω  –   , ; 

λ = 0,1 –  , /   ° ; 

 =500 –    , ° ;  

0 = 135 –   , ° ; 

k1–  , . 

     (βη)  

 

k1=k2=
180°

180°-α
=

180

180-60
=1,5 . (25) 
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   ω      -

,     (βθ)  

 

1
=

2k1q

π δk2 2c  - 0 =
2∙1,5∙5155

3,14∙ 1∙1,5 2∙1,25∙ 500-135 =4,8. (26) 

 

,   =1,βη –  , / 3° ; 

   k2 = 1,5 –  , . 

    4,8  ω    -

  (β7)  

 

ω=
2

π∙ 1 =
2

3,14∙4,8
=0,133. 

(27) 

 

  (24)  

 

ω=0,133∙2∙3,14∙0,1∙
 500-135 2

1,5∙5155
=4,32


. 

 

        

      17 1    1β β .  

       . , 

        0,42 
2
. 

     700 .    -

   . 

        

44     (8)   

j=
4ICB

πd
2

=
4∙700

3,14∙42
=55,7

2
. 
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   4        -

     40…70 / 2
.     

 . 

      (9) 

 

U =20+
0,05 4

∙700±1≈37,5±1 . 

 

         (10)  

  (11)…(17).   ,  : 

– ,    α’  = 18 / ; 

–     V  = 3,6 / ; 

–   = 1043 ; 

–  1 = -44,8 , 2 = -0,2 ; 

–  ,      

      Q  = 211,5 ; 

– ,      

     Δα  = 3,4 / ; 

–   α  = 21,4 / ; 

–    V  = 4,2 / ; 

–   V  = 1,26 / . 

   (18)    

 

q =
0,24∙37,5∙700∙0,9

1,26
=4500 . 

 

      (β0)…(βγ). -

: 

–  = 3,34; 

– h = 0,η7 ; 
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–  = 1,9 ; 

–  = 0,γ0γ . 

      ,   -

  . ,      γ9 . : 

– q  = 4θ80 / ; 

–  = 3,5; 

– h = 0,57 ; 

–  = 1,99η ; 

–  = 0,β88 . 

 . 

       (β8) 

 

ω=ω 2πλ
 - 0 2

q
,


, (28) 

 

 ω  –   , ; 

λ = 0,1 –  , /   ° ; 

 =500 –    , ° ;  

0 = 135 –   , ° . 

   ω      -

,     (29)  

1
=

2q

π δ 2c  - 0 =
2∙4680

3,14∙ 1 2∙1,25∙ 500-135 =6,5. (29) 

 

  =1,βη –  , / 3° . 

    θ,η  ω =0,1. ,   

(28) ,  

 

ω=0,1∙2∙3,14∙0,1∙
 500-135 2

4680
=2


. 
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      1η . 

 

        1.10     

 

           

  Aristo 1000 AC/DCSaw.   1.9    

  

 

 1.9 –     Aristo 1000 AC/DCSaw 

    Aristo 1000 AC/DCSaw -

   1.14. 

 1.14 –     Aristo 1000 

AC/DCSaw 

  

  , ,  η0/θ0  γ80…η7η 

    , ,  

  100 % 
1000 

  ,  130 

   ,  0,88 

 ,  8θη×θ10×1γβ0 

,  330 
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 EsabPEK,    1.10. 

 

 1.10 –    EsabPEK 

        

 EsabA2 SMiniMaster.    EsabA2 SMiniMaster   

 1.11. 

 

 1.11 –    EsabA2 SMiniMaster 

    EsabA2 SMiniMaster -

   1.1η. 

 1.1η –     EsabA2 SMi-

niMaster 

  

   ,    100% 800 

  ,  1,θ…4 

  , /  9000 

,  50 
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         -

      -4   

LincolnElectric.       1.1β. 

 

 1.1β –      -4 

   ,       

  .       

    . 

     -4 -

   1.1θ. 

 1.1θ –      

-3 

  

 , /  200/50 

 ,  48γ×βηη×β0γ 

,  10,5 

 

   1: 

       . -

      ,     -

.           
  

.   
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             β   

 

         

EsabCaB 300S.        2.1. 

 

 2.1 –    EsabCaB 300S 

    ,  ,     -

   

        -

 . 

   EsabCaB 300S    2.1. 

 2.1 –    EsabCaB 300S 

  

  ,  3000 

  ,  5170 

 , /  700 

    

  ,  
600 

  ,  η40…γη80 

   ,  300 

 , /  100…β000 

 , /  2000 
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        -

120,    β.β. 

 

 β.β –   -120 

        

-120    β.γ. 

 

 β.γ –        

 -120 
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   -120    β.β 

. 

 β.β –    -120 

 

  

 ,  12000 

 , /  0,0β…0,η 

  , /  0,37 

  ,  1800 

 

       

  ,    β.4. 

 

1 –   β – ; γ –  ; 4 – ; η –  -

; θ –  ; 7 – ; 8, 9 –   

 β.4 –    

        
  .  
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 ,    β.η. 

 

1 –  ; β –  ; γ – ;  

4 – ; η –  

 β.η –   

        -

     85 .    -

   β.θ [9]. 

 

 β.θ –    
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       -

       .  

  ,    γ80   -

         

  . 

   -85    2.3 

 2.3 –    -85 

  

 ,  7β0…8β0 

 ,  7…β2 

    ,  12 

  ,  2 

 ,   -

 , ,   
1000…1100 

 , : 

 –  

 –  

 

2520 

7β0…8β0 

,  780 

 

 

        -

   PZ 1500/η4   Esab. 
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     PZ 1500/54    β.7. 

 

 

 β.7 –     PZ 1500/54 

 

      βη   θ00 .  

        V-  -

         

 ,     .  

    . 

 

   β: 

         
   .  
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      γ   

 

       -

: 

–   ; 

–    ; 

–    ; 

–  ; 

–   ; 

–   . 

     ,   , -

  .    : 

– -  ; 

–   ; 

–   ; 

–    ; 

–    ; 

–    ; 

–    ,     ; 

–    100%      -

  ; 

–    . 

      -

  ,        -

    ,      

.         -

    .     -

     -    .   

      . 

     : 
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–  ; 

–  ; 

–    ; 

– ; 

–  ; 

–   ; 

–  . 

      , -

, ,       

. 

       ,  -

 . 

       

.          

   .        -

         -

  ,   ,  

  .     -

   . 

    ,     

.      . 

       -

  .      -

: 

–  ; 

–   ; 

–   ; 

–   ; 

–   ; 

–  . 
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  ,     -

, . 

      ,  

      .    

   №4     №γ ( -3). 

     -γ    

   №4. 

       . 

    : 

–  ; 

–  . 

    -3. 

         -

: 

– ,   ; 

–     ; 

–    0,η ; 

– ; 

–   . 

 

       

  .      -

  Olympus Epoch 650.  
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      γ.1. 

 

 γ.1 –    Olympus Epoch 650 

   Olympus Epoch 650   -

 γ.1. 

 γ.1 –   Olympus Epoch 650 

  

, : 

–  

–  

 

0…β,θ7 

0…1000 

 ,  
0,01 / 0,1/ 1/ 

10/ 100 

,  -4…1000 

 ,  
0,01 / 0,1/ 1/ 

10/ 100 

   ,  6000 

    -

, /  
1000…9999 

   ,  0..100 

    ,  
0,01 / 0,1/ 1  

10 

,  25/ 50/ 1000 
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  γ.1 

 ,  50/600 

,  0,4…β0 

  ,  100 

   ( ),  0…70 

 ,  3,5 

  , °  -γ0…+ηη 

 ,  βγθ×1θ7×70 

,  1,6 

 

        -

  : 

–    1,θ ; 

– ; 

– ; 

– ; 

–     η0       -

     . 

      -

  -γ.    -3 -

   3.2. 

 3.2 –    -3 

  

      

η00±β0          1,η 

,   , /  

206 

 ,      

     

,  

40 
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  γ.β. 

 ,      

  ,  
20 

 ,  ββ0±ββ 

 

        -

  : 

–    1,θ ; 

– ; 

– ; 

– ; 

–     η0       -

     . 

   γ: 

       ,  -

   . 
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       4   

 

       4.1     

               -

     .   -

      ,   

 .       

  (γ0) 

 

FH=
D tH

DH

, (30) 

 

 D  = 365 –     , ; 

D  = 7 –    , ; 

t =168 –   , . 

,   (γ0) ,  

 

FH=
365∙168

7
=8760 . 

 

        

 ,       -

,         (31) 

 

F =FH  1-
P

100
 , (31) 

 

 F = 8760 –     , ; 

=γ,8 – ,      , %. 

,   (31) ,      -
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F =8760∙  1-
3,8

100
 =8427 . 

 

         

    (32)  

 

F . .=
FH

n
, (32) 

 

,  F = 8760 –     , ; 

  n = 4 –  ,   , .     

      ,  ,  

- . 

,   (γ2) ,  

 

F . .=
8760

8
=2190 . 

 

          -

        -

  .     : 

–      ; 

– ; 

–   ; 

–        . 

         

: 

 

F =F . . 1-0,01 + + +    (33) 

 

 ,  F . . = 2190 –      , ; 
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 = 4 –     , %; 

PO = 6 –    , %; 

= 6 –        , %; 

PP = 3 –   ,      -

 , %. 

,   (33),       

 

F =2190∙ 1-0,01∙ 4+6+6+3  =1774 . 

 

4.2     

 

    , ,     

     20 . 

          

.    .    -

          

.     -

[5]. 

       -

-  .      -

  -  :  

1.    – η ; 

β.    – γ ; 

γ.    – 1,9 ,  : 

–       – 1 ; 

–     – 0,2 ; 

–    – 0,2 ; 

–     – 0,2 ; 

4.   – β ; 

η.    – 10 . 
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 , -      

 

= t .  (34) 

 

   ,  t .  –         , 

. 

,   (γ4) 

 

=5+3+1,9+2+10=21,9 . 

   ,      

 (35) 

 

=60∙
L

VCB

 (35) 

 

     ,  L=2,26 –   , ; 

V  –  , / . 

      (γη) : 

–     1,1 /  = 39,6 /   

 

=60∙
2,26

39,6
=3,4 . 

 

–      1,βθ /  = 4η,4 /  

 

=60∙
2,26

45,4
=3 . 
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 ,        6,4 

.        

    4η . 

  ,    .   -

,   : 

–      γ ; 

–    ,      10 . 

,    

 

=3+10=13 . 

 

,  ,      -

  ,       k=1,19,  

      . 

        -

 (γθ)  

 

=   +  k, (36) 

 

  = 6,4 –       , ; 

=13–     , ; 

k=1,19 – ,      -

 ,     , . 

,   (γ6) ,  

 

= 6,4+13 ∙1,19=23,1 . 
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        -

  θ9       -

. 

         -

 (37)  

 

= TO+t  k, (37) 

 

  –  , ; 

t  –      , ; 

k=1,19 – ,      -

 ,     , . 

     (38)  

 

TO=
L

V
, (38) 

 

 L  = 2,26–   , ; 

V  –   , / . ,   -

   0,8 / ,     -

  0,β / . 

,   (38) ,  

 

TO=
2,26

0,8
+

2,26

0,2
=14,2 . 

 

,   (37) ,  

 

= 14,2+5 ∙1,19=23 . 
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      4.3   

 

       -

         -

    .  

     (39)  

 

=
N

60F K n
, (39) 

 

 –       , ; 

N=250 –     10β0×7β0, ; 

F = 8760 –       

  , ; 

 = 1,1 –    ; 

n = 1 –  . 

        , -

    . 

      (40)  

 

= , (40) 

 

  –   , ; 

 –   , . 

       4.1. 

 4.1 –    

  ,     

   23,1 0,01 1 0,01 

  23 0,01 1 0,01 
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   ,      

 .       

     10β0×7β0. -

      . 

        

 ,      .  

     (41)  

 

R =
N

60F K S
, (41) 

 

 –       , ;  

N=250 –    , ; 

F = 1774 –        

  , / ;  

S = 1 –    , ; 

=1,1 –    , . 

  R       R ,  

   . 

      (4β): 

 

=
R

R
, (42) 

 

 R  –   , ; 

R  –   , .  
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   4.2. 

 4.β –   

  
 / 

 
,  R  R   

    23,1 0,05 1 0,05 

   23 0,05 1 0,05 

 

    4.β,     

.         -

   10β0×7β0.    

   . 

 

           4.4    

 

         -

 .       (43) 

[4] 

 

Q =Q k, (43) 

 

 k = 1,05–  ,      -

, ; 

QH –  ,    , ; 

      (44)  

 

Q
H

=FHL , (44) 
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 F = 0,9–        , 
2
; 

L = 226 –  , ; 

 =7,85 –    , / 3
. 

,   (44) 

 

Q
H

=0,9∙226∙7,85=1597 . 

 

,   (43),      : 

 

Q =1597∙1,05=1680 . 

 

        -

 (45)  

 

Q  =Q N, (45) 

 

 Q  –   , ; 

N= 250 –    , . 

,   (45) ,  

 

Q  =1680∙250=420 . 

 

        (46)  

 

Q =Q k, (46) 

 

 k=1,2 –   , .  

 



 

И м. Л  № д к м. П д ь Да а 

Л  

65 1η.0γ.01.β018.14β.00  

,   (46) ,  

 

Q =1680∙1,2=2016 . 

 

 ,       

 

Q  =2016∙250=504 . 

 

        -

          -

   .      

,          

.          

 (50)  

 

Q =Q  g , (47) 

 

 g =2,5 –   , / .  

,   (47) ,  

 

Q =420∙2,5=1050 . 

 

   4: 

       .  

   ,      

      ,   

 . 
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 5   

 

5.1        

 

      ,   -

      ,     

 ,  ,  ,   ,   , -

    ,     ,     -

   

       : 

-   ,     

-     ,     -

 

-    

-     ,  

-   

 

 5.2        

 

1.        ,  

         

.      . 

 β. ,   ,    -

    . 

 γ.        

    . 

 4.          -

     . 

 η.           

   . 
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 θ.     ,   -

 ,     ,    -

 ,   ,    -

      . 

 7.       -

   ;       -

    . 

 8.        

 . 

 9.        «  -

   ». 

 10.         

 . 

 11.         -

 . 

 1β.      ,      -

     ,     

  . 

 1γ.     ,   , 

,           

    . 

 14.         

   . 

 15.       -

. 

 1θ.           -

,         -

   . 

 17.          -

      . 
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 18.        ,  -

            -

   ,       . 

 19.         

   -

   ,   . 

 β0.        , 

            

. 

 

 

   η : 

         -

 ,         

    .        
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      10β0×7β0 

   . 

      , 

     .    -

     . 

       -

  .       -

     .    -

. 

      ,   

     .  -

    ,     

    .       

,        . 

        

 .      .   

  .     -

  ,   . 

        , 

         

   46 ,     , 

   .        

 . 
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