
 
 

 
 

 

 
 

-
-

« 1-

 
2023 



 
  

         -92 

:  
  

  
 

 
 

 
  «

   
; 

  
   

O-92
  -

 –  
2023 –   

 ISBN - -2 -0231-3 

  

 

 

 
 -  12 01 

 

 
 

ISBN - - - -  © 

3 

 

 
   

1   

2 
   

3  
 1- - 1- -    9 

3 9
3

11
3

 
1-    

4 1 15

17

    

  20 

  30 
 

 
  30 

 
  

   32 
 

   
 

  



 

  
   

  
   

  
   

  
   

  
   

  
  

   
  93 

  
    

  
  

 

 

 

  – 
-

  

-
 

 

  

-
-
-

 
  

 

 
 

-

-  
-
-

 

  



 

   
   

- -

-

 
 -

 -

 
 

 
 

«  
 -

  
-1; 

   
 

 -

 
 -

-

 ; 
  
  
  
  

 

 

; 
 -

  
-

 

 
 -

 



 

 
 

 

-
- -

 

 
- -

 
 

 
  -

-  -
 

-
  

-

  
-

-  

  
-

 

9 

   
 -  

- - -  

 
-  

  

   
( ), -

 

 
 

-

 
 

 -
;  

– 
  
 

;  
– ; 

  

 
 

; 
 

; 
 ; 



10 

 ; 
 ; 
  

 3 

   
    

  
; 

 -
 

 
 

 
 

 -

 
 -  

– 
 

 
1 –   

  

 -
 

 

-
 

 

-
 

-

 
 

 
 

 

 
 

 

 

       
       
       

 

11 

 

 =             

– 
;  

 –  
 

 

             

 – -
 

 
 

            

-
 

-

 
 

- -
 

- -
-

 

 
 

 -
  

 -
-  



12 

-
 

-  
 

 
 -

  
  

  
 -
  
 -

   
 

-
-

;  
 

 ; 
 -

 
  

–   
–   

 
   

 – -

-

 
  

13 

–

  
 

 

 

-
 

-

 

 
 

 
 

 
 -

-  
 

 
 

- - – -
 

  
 

 
 

 
 

  



 

 
 

 
– 

-
 -

 
  

–   -
 

 
 

–  -
 

–  
- -

-
 

 

 
   -  

   
( -

 

 -

 
 

 -
 

– 
 -

 -
;  

– ; 
– -

 
–  

 
–  -

 
–  
– 

 
– -

 
– - -

 



 

– -
 

–  
      

- -
 -

 

  
 

  

 
-

-
 

  -
 

 -
  

- -
  

 
-

 
-

  
-  

 
: 

 

 
-
-

 ;  
 -

- -
    
  ; 
  

 

  
 

  – -

 
-
-

 -
-

 

–

  
 
 

  -

 



 

 
 -

 
 

 
 -

-  
 

 
 

- –
 

 -
 

 
 

 

  
 -

 
: 

– 
-

 -

  
–   -

  
 

– 
 ; 

–  
- -

-
  

19 

  
 

 
 

–  
-

-
-

  
 

 

  

12   -

-
 

- -
-

  

 

 –  

 -  



20 

 

 
  

– – 
 
  -

-
«  - -

 «  : 
  –   

–  
 

– –  
 

–   : –  
 

– –  
  

   – 2-
– –  

 
  –  –  

 
 

-
– –   

 
  –  –  

 -
– –  

 
    – 

 – –  
 

 :  – 
– –  

21 

 
  

 
 -

- -
–  

  -

-   
 -

–  
  

-
 -

–  
  -

-
 

-
–  

  
 

   -
–  

  

 -
 

- -
 –  

   
  

  

-
–  



22 

  

-

-
–  

  
-

-
–  

  

 2019 

-
–  

  

-
-

–  
  -

-

-
–  

  

 

23 

-
–  

  -

:  -
 : 

 
-

–  
  -

30 -
–  

 –
 
 – - - – 

–  
  

 
 

 
-

 –  
  «

 -
 -

-
– 

 
 -

-

 

   



 

 
2013 -

-
–  

  

 

-
–  

  
 -

-
–  

   
-
-

-
-
-
-

-
–  

  –
-

– – -01- – 
–  

 -
– 

– - - – –  

 

 –
– 

-01- –  –  
  

  

  

 
-

–  
 -2020 – 

-01- – –  
 - -

– - - – 
–  

 -  – 
-01- – –  

 -

-

-
–  

 
-

 
 -

 –  
 

-

-  
–  



 

 
-

  

-
–  

 
-

 
 

 -
–  

  

-
–  

 

-

 -
–  

 
-

-
–  

 -

 
-

–  

 

 –  -
– – 
– 90  

 –
-

– - - – 
 –  

 –
-
-

– - - – 
–  

 –  
– 

– -11- – 
–  
 –  

– –
-11- – –  
 -1–

– 
– -3- - - – 

–  
 –

 – 
- - – – 

 
 -  

 
– –

2021-11- – –  
 –  

-
– 

– -11- – 
 –  



 

 –  
 

– - - – 
–  

 –
-

–  -01- – –  
 –

– –  
- - –  –  

 
– 

-09- – 
 –  
 – -

– –2012 ; 
- - – –  

 –2022 
– -09- – 

–  
 –  

 

-
– - -23 – 

2022 –   
 – -

– 
-09- - –  
 – -

-
– - - – –  

 –  

29 

– –  
- - –  –  

 
 

 
 - -

– – 
 

 – 
– 3  

 
– – 

3  
 – 

– 3  
 – 

– 3  
 – 

– 3  
 – 

– 3  
 
 

  



30 

 

  

  
 

 
-

 
 

  
 

 
   

 
 -

 
 -

 
 -

 
  

 
  

  
 -

 

 
 

  
 -

 
 

 -
  

31 

 -
 

 
 -

 
 -

 
 

 
 
 

 
  

 
 

  
 

 -
 

 
 



32 

 

 
 

 
 -

-
 

2  - 
 

3  -
 

 
 

 - -
 

-
 

 
  

 
 

9  
 -

 
10   

 
11  -

 
12  -

 
13  -

 
1  -

 
  

33 

1  
-

 
1  -

  
1  

 

  
19  

 
20  

 
21

-
  

22   
-

 -  
23

 
2  -

 
2  

 
2  

-  
 

29  
 

30
 



 

 

  
 

-
–   

– –  °
 –  °

 –  
– 

-
 – 

  

: 
 

2
3

H O
W WL
g g

      

W  – 
 

i iW Wm        

Wi –  
  

m –   
W  – -

  
 

W W  

g  – -

 

 3  -
  
g  – -

 –  
 

–  -
–   –  3  

 
1 –

 

  
 

 
 

  
   110  

     
- -   90   

-
  120   

  100  132 
 

2 –  
 

 

W  

  
 

 
 

 
1 3

 
  9 

 
  10 

 -
 10 12 

 
–

 
 20 



 

 

1 3
   

–

 

 30 

 
3 –

 3 

-   
-10  
-   
-1  
0  

+1  
  

+10  
  

+20  
  

+30  
 

3  

2

3
CO

g

L      

– -
 

 g – -
3  3  

 – -
3  

 

 

 

im        

i – 
  

m –  
 

2H OL
2COL

L  
L' 3  

 

3LL
mG

       

L – 3  
m –  
G –  

 
L' 

L"   
 

 
– L" 3

  
  

   
 20 100 

   
 20  

 
  
L L'

L" 3  



 

L mGL'           

m –  
      G –  

 
 

 

2
I

LF
v

       

FI – 2; 
v –  

–  
 

  
 

–

 
t  

 
     

      
    1  
      
      
      

 
-

-
 

 

39 

 

I
1

1 1
Fn
F

         

F1 – 2  
 

  
FII  –

 

2
II IF F        

FI – 
 2  

n2 

 

II
2

2 1
Fn
F

        

FII – 2; 
F2 – 2  

  –  



 

  

 
  

 

-

L  =  = 
 h1 = 

 =  
-

= 
l = -

 = – 
– -

– 
– -

 – -
  – 

 – IV = 3  

-

 
-

 

1

NS
S

r
                1  

S S – 
2; 

S  – 2; 
eN – 

 1  
 –  10  
 –  2 ; 

 

 – -
 3 ; 

r1 – eN
 

  9  
 – 

 

           

1 –   
2 – 

  
3 – 

  
 – -

  
 – 

 
 

 
 

 
 eN -

 1   



 

1 
–

–2
02

0

 
 

 
  

 
 

 
   

 
  

 
 

 
 

-
 

-

 
 

 

-
 

 

 

-
 

 

 

 

 

  
  

 

 

1
3

4
5

7
8

9
11

13
14

15

 
 

 
I 

 
 

 
  

  
– – 

20
 

10
 

10
 

10
 

– 
– 

 
 

 
  

  
  

  
10

00
 

20
  

10
 

10
 

10
 

 
   

   

 
 

20
00

 

30
0  

20
0 

 
 

 

20
  10
 

10
  10
 

 
   

  
 

 

 
 

 

20
0  

20
0 

 
 

30
0 

20
  10
 

10
  10
 

 

 
1

3
4

5
7

8
9

11
13

14
15

 

 

  

II
 

 
 

 
  

  
– – 

20
 

10
 

10
 

10
 

– 
– 

 
 

 
 

  
30

00
  

30
0 

30
0 

  
20

 
10

 
10

 
10

 

 
 

   

20
00

 
 

 

20
0  

20
0 

 
 

 

20
  10
 

10
  10
 

 
   

  
 

 

10
00

 
 

 

20
0  

20
0 

30
0  

20
0 

20
  10
 

10
  10
 

  
  

II
I 

 
 

 
20

00
  

20
0 

20
0 

  
 

20
 

  

– 
– 

 
 

 
 

  
10

00
  

20
0 

20
0 

30
0 

20
0 

 
20

 
  

 
 

   

 
 

 

20
0  

20
0 

30
0  

20
0 

  20
 

   

 
   

   
 

20
0 

20
0 

 
 

  
 

IV
 

 
 

 
 

20
0 

30
0 

 
20

 
 

 
 

 
 

 
  

 
20

0 
20

0 
 

20
 



 

 
1

3
4

5
7

8
9

11
13

14
15

  
 

IV
 

 
 

 
 

20
0 

30
0 

 
20

 
 

 
 

 
 

 
  

 
20

0 
20

0 
 

20
 

 
 

 

 
 

   
 

20
0 

20
0 

 
20

 

 
 

 
 

 
   

   
– 

– 
20

0 
 

20
 

 
 

 
V

 

 
 

 
 

20
0 

30
0 

 
20

 

3 
1 

 
 

 
 

  
– 

– 
20

0 
 

20
 

 
 

   
– 

– 
20

0 
 

20
 

 
   

  
 

 
– 

– 
20

0 
 

20
 

 
 

V
I 

 
-

 
– 

– 
20

0 
 

20
 

3 
1 

 
 

 
 

 
 

 
V

II 
 

 
– 

– 
20

0 
 

20
 

3 
1 

 
 

3  

 

 
1

3
4

5
7

8
9

11
13

14
15

 
-   

 

 
V

II
I 

 
 

– 
– 

20
0 

 
20

 
3 

1 
 

 

 - -  
 

 
V

II
I 

 

 
 

– 
– 

 
– 

– 
1 

 
 

 

-
-

 
 

 
 

 
 

– 
– 

 
– 

– 
 

 
 

 

-
 

-

-
 

 
 

– 
– 

20
 

– 
– 

 
 

 
 

 

39 



 

 L
L  / =   12 = 

 h1 
/ h1 = 12   = 3  2 -

 2 –  

L  
  B 

  
 h1 

1  2 3    10 
     9 10 11  

3     10 11   
2  9    13   

   13   19 21 23 
1 11    21 20  29 

  23 31     – 

–  
– 

 
L  – -
  =  

 
 -

-
  

   
 

3 –  

 
 

 
 

  
1  

  
2  

 1 

 = 

 

  2
 1  2  3  ; ; ;  

 
 – 1 

 1 

 

  
  

  

–   

  

  

 

  

  

 
  

  

 

  

  

  

 
– 2 

 2 
1

 

 
  
  

  

 

 
 

  

 
 

  
 



 

5
1

 

 

  
  

  
  

 

  
  

  
  

 
 

20   

  
 

 – 3 

  
  

 1 
 

 
 

 
 
 

  
 

 
 

–  
 

 –  

 3 

  

  

 
  

  

 

 

 9 r1; r1  =  
 

 – 1  

-
 

h1 

-
 

l B 

 
 

   

 

 1   1 2 
   1 2 

  
1 3 4 5 7 8 9 11

 
 

0      1  1 1 
          

1          

 

0        1 1 
          
          
    2      

1       2   

 

     1 1 1 1 1 
          
          
          
          
 2         
          
     2  1 9   

 
   3       

1          

  



 

8

1 3 4 5 7 8 9 11

 

         1 
          
          
          
    2      
       2   
        2  
          
 9     3 3   

1 10       3  
  

9 – r1 
 

-
 

h1 

-
 

l B 

 
 

   
 

 1   1   1  
1 3 4 5 7 8 9 11

 

0      1  1 1 
          

1          

 

0        1 1 
          
          
          

1  2        

 

9

  

     1 1 1 1 1 
          
          
          
          
          
          

 
          
          

1       2   

 

         1 
          
          
  2        
          
     2     
          
        2  
          

1          
 
  



 

 3 -
 10    

3 =  
 

10 –   
 –2020  

 
 

 
 

 
 

 
 

 
    3        

  
  

 

 
    3   

 
 

  

  
  

 

1–
 

–
  

0–
 

–
 

–
 

–9
0 

1 3 4 5 7 8 9
 
  
 

 3 
 

-
-

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 3 

 
-

 

 
 

 
 

 
2 

 
3 

 
3 

 
3 

 
3 

 
1 3 

 

-

 
 

 
 

 
2 

 
1 

 
2 

 
2 

 
2 

 
2 

 

1 3 4 5 7 8 9
 

 
-

 -
-

 

-

-

 -

 
 

 
 

 
 

 
2 

 
3 

 
3 

 
3 

 
3 

2. П роизводственные помещения с особым режимом по чистоте воздуха 
при обслуживании светильников 

-
 

  
 

– – – – – – 

  
  

2 
– – – – – – 

  
 

  
 

-
-

 -
   

1  
2 

 
2 

 
2 

 
3 

 
3 

 
3 

 
3 

 -

 

  

 
2 

 
1 

 
1 

 
2 

 
2 

 
1 

 
1 



 

1 3 4 5 7 8 9
  
 

1 3  
-
-

-

 
 

 
 

 
 

 
 

– – – – 

 

1 3  

-

  
 

 
2 

 
2 

 
2 

– – – – 

 
 

 

 
2 

 
2 

 
2 

– – – – 

-

-
 

 
2 

– – – – – – 

: 
1  –

– -

–  
2  –

 
3  

  –  – 
–   –  

 

 

:  

2

1

NS
S

r
 

 

  11  
 

11 – 
  

 
 2100     

 

 
 
 

 
 

 

 
 
 

 
 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
       

 
 

2390 
 

 
 
 

 
2390 

 

 
 
 

 
 
 

 
 

 

S        

n –  
S – 2;  11 

 = 2 ;   
S –  

 



 

  

  
 

 -
 

 –  – –
 

 
 3  – 

– –  

-
 

-
–   

   
 

1 – 
 

    
1 3 4

 2  
2   

 
 

 1  
2   

  

1290 
 

 2  

  

 

 1  
2   

 

1 3 4
  

  
 

 2  
 

 

hp
 

ph H h h

–  
h –  
h – h =  
 

 
 : 

pL h  

– p 
  

 = –  

  
–



 

 
  

: 

1L L   

 

2 1L B L  

 –  
 

 

2Ln
L

 

n  
 

 

3 pL h   

 

L A L   

 

L L
 

L  –  
 

 

N n n  

 

 

ABi
h A B

 

2 
 – 

– – :  
 

F
N n

 

– ;   
  1 3  3 ; 

 – -
  

N  – -
 

n  –  
 

  
-

   

 

P P n  

P =   

 
 



 

2 – 
 

 
  

 
 

 
 

 
 
 
 
 

 
 
 

 
 

  

      30  0       30  0    

     30  10  0     30 10  0    

 30  10  10  10  0 30  10  10  10  0 30  10  10  10  0 30  10  10  10  0 30  10  10  10  0 

i  
  30  20   22  13 11 9   20 13 11   21  
 33 32  22 20   23   33 32 22  32 30   
   30     29    20        31   
  39 33 29    32  31 29 23    30 23 20   31  
    32 31      32  21 19      
        30  39     23 21        32 30 
          32 39  30    39    39  
     39        32           
          39             
      
      
      
            
                  
               
                 
            90        

 
  

 

3 – K  
–   

 
  

 
 

  

   

  
  

 

   
 

  

 
 

 

 

  

1–
 

–
  

0–
 

–
 

–
 

–9
0 

1 3 4 5 7 8 9

1 
  
  

       

 3 
 
 

-

 

 

   

  3 
 

 

-

 

  
2

 
3 3

 
3 3

 

1 3 
 
 

-

 

 

 
2

 
1

 
2 2

 
2

 
2

 



 

1 3 4 5 7 8 9

-
-

-
 

 -

-
 

-

 

 

 

 
 

  
2

 
3 3 3 3

 

 
 

 –  
–  

   

1 3

-  2300 

 
-   

-   

-   

-  2300 

 
-   

-   

-   

 

1 3

-   

 
-   

-   

-   

-   

 
-   

-   

-   

-   

 
-   

-   

-   

  

   

  

 
 



 

 

   
 

- -
 d =  

 =  t  =  -
t   

 t  °
 

 

2q t t      

– -
2  

t  –  
t  –  

2                 

 – 
2  

 – 
2  

100 100 100 100
    

 

–  2  
 – –  
 – – – – ; 

 –  
 –  

uN
l

       

Nu –  
– 
  

l – – -
 – -

–  
 

1 – 
   

 
  

  2  10-  

 

Pr 

10    
20    
30    

    
    

 
1

10 33n
u r rN c G P   

 n –   
Gr – ; 
Pr –   
 



 

 2 – n 

Gr Pr n

1 10-3  0 
1 10-3 – 102   

102 – 2 10    
2 10  – 1 10    

 
3 3

22

11
12

r
lG g t t

  

 –  

1 1
t

        

g – 2; g  
 –   
Pr –   

 

     

 – 
·°   

 – 
·    

 – 2

 

            

  

 

3 –  

  
 

 
 

   
 30  

   
 30  
   

 20  
 20  

 100  
 20 –  

 –  
 20  

 20  
 30  

 0  
 0  

 100  
 0  

 20  
 0  

 0  
 0  

 
 



 

 

 
 

 

 -
 – 

-

 
  

– 
–  

 
  
  
  
  
  

 
«   

– 
 

; 
– 

 
 

 
 
 

  

 

– -

 

 
– 

 
– -

 
– -  
– -

 
– -

 
– 

 
«  

 
– 

 
– -

-

-
 

– -
 

–  
«  
 

– 
-

 
– 

 
– 

 



 

–  
– 

 
– -

  
– -

 
«  
 

– -

 
–  
– – 

 
–  
– -

 
«  
 

– 

 
–  
– -

 
– 

 
 -

 
 

 
  

 

 
 

 
 

 
 

 
 

 
 

 
 

 

-

 -
 

  -
  

 

 
 

 
 



 

  
 

 
 

 
 

 
 

  -
   

 
 

-

 
 

 
 

 
  
  

-
  

   
 

 
  
 

 
-  -

 
 

  
 

  -
  

 -
- -

 
    

 

  
-

 
 

 
 

 
   -

 
 

 
  

 
 

-
 

 
 

 
 

  
 

 
 

 
 -

 
 -

 
   

    
  

 



 

  

 
 

 

 
– – –1

–  – 
 

H: 

2

02
m v

P
R

          

m  – m   
v  –  
 

2v R          

 – –1  –1 -1  
R – R  

  

 

3 3

0 2 2

R rR
R r

        

R –   
r – r  

0R  

 

 

2 2

0

m v
P

R
 

  
 

1 – 
 

 
 

 

 
 

 

 
 

 
 

 
 1  10 
 2  11 
 3  12 
   13 
    
    
    
    
 9   

 
 

 



 

 

 
  

 

-
–  -

  : 

-
  

I k I          

I  – 
 

k –  
k = 3 –   -

 
k = –  
k = –  -

 Iy  <  
k = –  -

 Iy  
I  – 

 

–

-   

20I I I  

10/ 0,4

S=2 0

l=100

- 5 4

l=10

10/ 0,4

2 0

l=100

- 5 4

l=

5 x 355 x 35-

5

- 4 4

l=5

- 4 4

5

 

 =  
 –  –  

 

R
S

           

 –  
 – 2 – 2  
S – 2; 

R
 

R
 

R
 

-
-

 

P
 

 – 
–

–  
« - : 

2 2

1

n

i
z l R R X      

n –  
–  



 

R  R  – 
 ; 

 – -

 – 
–

 
–  

-
: 

– 2 2z  

– 2 2z  

– 2 2z  
 

230U
I  

 

I kI ;

 

  

 -
I    -

I    
 

 

  

 
 

 
 

 -

 -
 -

l  d 
-

t  =  t  
 I   

 
–  
–  

-
  =   -

2 = 1   : 

                              

 

-
 

                

t lR
l d t l   

 – 
 –  



 

d – – 
 

t – -
 

 
1 –  

-

 

  
  

 
-
 

 

  

 
 

 
   

 
 

 
 

 
 

II 
–   

     
–10  

III 
–10  

~100     
  

 

2 – 
  

 

 
 

1 

 

2 
 

 

3 
 

 
  1  
  1  

  1  
  1  

;
2
lt t           

2
t  

 

 : 

R  

–
r  -

r   
 

30
100

r                                 

 

30
100 100

r  

 
l  =   

r   
 

 
 

Rr  

 
 –2022  

r3      
    

100
r                                    



 

  r  < r  
 

-

I
 

ur  

ru  
 

10u

Rn
r

                        

  
ln =   

 1 2   1  
 

                        

     

   
 

2

R
l d t

                       
 

 – 
 –  

 

 

2

R  

l
 -

  
 

3 –  
  

 

 
  a

l
 

n 

2   10 20   100 

 
1         
2         
3         

  
1         
2         
3         

  



 

 –  

   

 
 a
l

 

n 

2   10 20   100 

  
1         
2         
3    2     

 
1         
2         
3         

 

n 1l
   -

   

-
n : 

1 1 ;Rn
r R

 

n  

n
 

 

;R Rr
R n R

         

 

r  

 :  
 

E
M
B
E
D

 
E
q

t

D
S

M
T

 
r r

r
r r

 

 

 

:  

r   

–
2022  -

 
-

 
 

 

 2  

   
  

– :
–

–
-



 

 
R  – -

– 
l   l  

l  
 d 

– 
 t  

 
 

  = 120 ; 
    

 

 

3

10UI l l  

–2022: 

R
I

 

 

R RR
R R

 

-

 1 -
   

 

L
n  

– 
R R : 

2
R  

2

2
R  

n =  
l

= 1   

  
 –  ;   –  =  

 

R RR
R R n

 
R

 

-

 
l

   R  

  =  
 

R  

-
 



– -
 

  
 

 1  
 

 

  
 

 
– 

 2  

–
– –

 
S = 2  

-

 l   d 
t   

 

 

1 = 230 ; 
2 =  h1 =  

-
«  –  -

 l =  -
 2  

r  = 12  

« –   

– –  
  

R3 
–2022   

R
: 

T

lR r
sn

     
 

R  
12 R3 R  

R
       

 

-
l  

  
 -

L  = 131  
=  



90 

S 2 S   
 2  

3 : 

1310
2
Lm
S

         
 

 
 

L m S       

 :  

Sb
m

                                

 

  32                                    

: 

L nl                            

 
1 : 

l t
t

S
                 

  9 :  

1h t
l

l
                    

 
2  

91 

1 2 – -
  

–  

1  2 = 230   

1< 1  2 k 2  

2 10 2ak l
l

 

 2  

1

2

230
k

     

 -
 

1

2

P k ;   

   
R

23
: 

A t             

 < t  <   

 

R A
L LS

   

R -



92 

 
 

: 

RRR
R R

        

 
 

I R        

 
 

   -

 
 

R
-

R -
 

 

93 

 

  
 

–  -
 

-

 

– 
-

 

-
 

-

-
 

 
– 

-
 

– 

 
– -

;  
– -

 

 



 

 
– -

-
 

– -

 
– 

 

 
-

  
 
 

 
–  

R 

-
-

 
L1 –  
L2 –  
L3 –  
L  – 

 

 

 
R R R R  

 

 
R 

 

 
RA – 

 
L -

– L  

 
RB – -

 -
L1–L  

RC – -
-

L L
 L

 
-

 
RM – -

L L -
 L

 

 
RU – 



 

L – 
L  

RV – -

-

L1–L  
RW – 

-
-

L L
 L  

  

 
R  – 

-
-

L L
L

  
-

R1–R  
–  > RT –  
–  R RT –  

R  RT 

RT   
 

 

1 – RT  
 

 RT -1  
L1 10-  
L2 10-3 
L3 10-3 

 

 
–  

 R1 = R  + RB + RC + RM + RU + RV + RW + R       

–  

R2 = RB + RC + RM + RV + RW + R      

–  

R3 = RB + RV                      

–  

R RA + RB + RC + RM + RU + RV + RW + R     

-
-

R  

 2  
 



 

2 –  

 

 

  
 

 

 

 

  
RA RB RC RM RU RV RW Rz 

R1 + + +  +  + + +  +  
  + + +  + + + 

R3  +    +   
R4 +  + + + +  + + + 
 

 

 
  

 – -

-

 
 

   
 

 3 –  

 
 

RA RB R  RW RU RV RW R  

1 3 4 5 7 8 9

 + + + + + + + + 

 +        

     +    

 
+    +    

99 

1 3 4 5 7 8 9

 +  + +  +  +  +    

   + +   + + 

   + +     

     + + + + 

   + +     

   + +     

   +      

  +    +   

  +    +   

  +    +   

   + + + + + + 
 

  

 
  
  

 

 
 –  
– R  
– R 

RT    
-



100 

  
R 

-
 

-

R RT  
-

R -
 

-
-

 
–  

               RA = NDPALA;            

–  

               RB = NDPBLB;                

–  

              R  = NDP L ;              

–  

           RM = NMPMLM          

  
 

101 

–  

RU NLNDa PU LU                                     

–  

RV NLNDa PVLV ;                                   

–  

RW NLNDa PW LW                       

R  NI – NL P L                                

 – 1
–  

–  
-

-  
 R 

RT
 

 
 

 
 

 
-

 -
 

 -
 

  
 V = 3  = D -

 = 



102 

–2013 – 
 – -II  

-10-1–  

 
 

-
-

– 
-  

–   –  – -
- 2 

 – -II 

-
 

-
-

–   

 –

–  –  
 

-

– R
:  

Ng d           

d  –   
Ng ·  

103 

–
 

  d  

d = LW H L + W H 2       

L W  –  
  

·  + · ·  +  + 9· ·  
= 2  

D  

ND = NgAd d10- · ·1·10-      

Ng –   
Ad –  

2  

28
26
24
22

26 28 32

56

54

52

56

54

52

26 28 3224

24



 

d – 
  

  –  Cd 

 Cd 
  

  

  1 
 

  2 
 

 
  

-

 PA  
 

 – 

  
 1 

 10-2 
 10-2 

 10-1 

 – 
 A 

 
 

L  = r Lt ·       

r     ra – 
 – 

  

 

Lt  Lt – -
 

 
 

  – ra ru

   r   r  

  10-2 

  10-3 

  10-  

  10-  

 2

  
 

 – Lt

 Lt 
 10-

 10-2 

 
R   

RA = NDPALA · ·  
= ·10-9 < 10-    

-
RA   

  
 

– R
R

 -
  P    

   
P  = 1  



 

  – 

  
 — 1 

 IV  
III  
II  
I  

1-  
-

   
-

  
 –  -

 
   

LB
:  

LB = LU = rp rf h Lf ·1·20·       

rp 9 
 

rf = 1 –  10 
-10-  

h  = 20  11 
 

Lf 12 –  

 9 – r

 rp 
1

 1 

  

 

1

  

 
 

–  

 
 

r  
 

2 
r  =1

10 – rf

  rf

  -10-
  31 -10-

 1 

 -10-  -10-2 10-1 

 -10-  -10-2 10-3 
 10-1 
 10-2 

 10-3 
 0

 
rf 

-
rf =  



 

3– -  -

2 -
-

  2 

2 
 

 

 
 

11 – hz

 hz 
 1 

 2 
 

 

  

 
 10 

 20 
  

 
12 – Lf

 Lf 
 10-1 

 10-2 
 2 10-2 

 10-2 

109 

R
  

R  = NDP L  ·1· ·10-3> 10-   

R  
 1   

 

   

 = PSPD  
 13 P -

 -
 P   

 
13 – PSPD  

 PSPD 

 1 
  

II  
I  

: 
 

 

 
2 

 



110 

  
 Ui -

Uw  
 

   

L  = L ;              

LC  Lo np nt tp   

 
np  

 
nt  

-
Lt Lt

Lf L tp  
R -

 
: 

R  = NDP L  ·1· ·10- > 10-   

 -
  

 
4

U
  

NL   

NL = NgAI d t10-  · · · ·10-     

d  
   
 t 

   
  

111 

   
 

AI Lc –3 Ha Hb 1000 – 3· 3   2   

Ha Hb  –  
Hb Ha ;  

LC – 
  

  –  
  –  

 – Ct

 Ct

 
 

 1 

 –
I  

 
  
  

AI Lc- Ha + Hb Hc Lc-3 Ha + Hb  

Ai  1000Lc Lc  

Ai 
LC Di  –

 
 

 –  
Ai – 

2  –2020 ; 



112 

 –  
Lc – -

L  
  -

 
 – b -

 
 –  

 
 

N :  

N  = NgA ·10-  · · · ·10-  =    

  
 

 t -
 

  
-

   

A = L W  H L  + W H 2 =  
= · ·3· · ·32 2 

L W  H  – 
 

 
-

 U

LD  
    LD = PU = 1 

 
Uw  
 

113 

 – P   
R  

UW

UW  
P RS  

   
 1   
    

    
    

 – 
LD = 1  

 
  

LU = ruLt ·              

ru  –     
Lt  –   
 

RU
-

 

RU NLNDa PULU ·1  
= ·10-  < 10-   

RU -

  
 

– RV
   



 

 LD = PV = 1 –    
 

LV = rp rf Lf · ·        

rp –  9 
 

rf –  10 
 2 ; 

Lf –  12 – 
 

 
RV

 
RV NLNDa PVLV · ·1 = 

= ·10-  < 10-  
 

   
 

  -

 
  RW   

  

LD = 
PW = 1 –   

Uw  
 :  

LW  Lo  

L  –   – 
 

 

– Lf Lo  
 

 Lf L
 10-1 10-2 

 10-2 10-3 
 

  
 

RW NLNDa PWLW 1· = 
= ·10-  < 10-  

 
 1 

 
7

-

R
 12  

  LD = P  = 1 
 1   

Lo   
–  L   Lo  

  -

 :  

NI = NgACeCt10-              

NI  NgAiCeCt10–  · 0 · ·  10–   

Ng –   
Ai – 

 2   
Ai Lc ·1000·  0  2; 
t – 



 

 
 

 ; 
Ce 

–  

 –

 
  0 

  
   

 1 
 –  
 –  
 –  

  
R  

 

R  NI – NL P L  – ·1· 131 = 
= 1 31 – 10-  > 10-  

 
   1    

 
 

 
 R1 
: 

R ·10-9 ·10-3 ·10- ·10-  +  
+ ·10- ·10-  + 1 31·10-   = ·10-  > 10-   

R  -
 -    
R   

  –2020 -
–  

 

R  R  
–  

-

 -
P  -

   P  = PU 
= PV = PW = P   13   

:  

R  = 0 · ·0  = 0  = 1 ·10- < 10- ; 

R  = 0 ·0 · ·10- < 10- ; 

R   – 0 ·0 ·  00000131 = 1 ·10- < 10-  

 

R ·10-9 ·10- < 10- ·10- ·10-9 ·10- +  
+ ·10-  + 1 31 -  ·10- > 10-  

 
  

 -
1-    

 
 

– 
– –  

 

2 -

 



 

-
 

 –  – –  

 –
 

R  
 

R1 = RA + RB + RU+ RV + RW + R  

-
 –

-
–  –  

 –
R  

-

R R -
 L

: 

R1 > R  –  

R1  R  –  

R  
  

 
 

– 
– –  

 – R . 

119 

 
: 

RA = NDPALA  

 
Ng  d ·  

d – 1  
 :  

d = LW H L + W H 2  

d –  ; 
L W  –  

d = · · · +9· · 2  2  

  d =  
ND 

:  
ND = Ng d d10-  · · ·10-   

-
  -

  

PA  

L    

L  = r Lt ·  

r    
 

Lt   
 

R   



120 

RA · ·  
= ·10-13 < 10-  

-
RA  

 1   

– R . 
R

 : 

R  = NDP L  

P  
   

P  = 1  

LB
: 

LB = LU = rp rf h Lf · ·2·  

rp  9 
-

 
rf  10 -

2  
h   11  
Lf  12 –  

R  ·1· ·10-  < 10-  

R  
  1  

121 

-

– RU. 
RU

-
-

: 

RU NLNDa PULU  

20 -
NL   

NL = NgAI d t10-  ·21 · · ·10-   

AI 2   
 

AI Lc – 3 Ha Hb  – 3·   = 21  2  

Ha Hb – 
Hb Ha ; 

LC – 
  

 – ·  
 

 d 
  

 t -
  

  
 22  -

ND  

ND  = NgA t10-  · · · ·10- =  

-
Ad/a 2 : 



122 

Ad/a = L W  H L  + W H 2 = 
= · ·3· · ·32 2  

L W  H  –   
 

 
 =   

 t = -
  

   
-
-
-

U 
  -

LD -
 PU  

23 LU  

LU = ruLt ·  

ru     
Lt    

RU
-

 

RU · ·1·  
= ·10-11 < 10-  

RU

  

123 

-

– RV. 
RV  10: 

RV NLND PVLV  

PV   
 -

 
LV = rp rf Lf · ·  

rp  9 
 

 rf   10 
– 

 
  2 – 

 
 Lf  

–  
RV

 

RV  = 
= -11 < 10-   

RV -
  

-

– RW. 
RW 

 11: 
RW NLNDa PWLW  

PW   



 

19 LW
 

LW  L   Lo  

Lo 
   : 

Lo  

RW 
 

RW · ·1· = 
·10-10 < 10-  

RW 
 1  

 

-
– R  

R  -
 12: 

R  NI – NL P L  

P    
; 

L   Lo ; 

Lo    

  -

  

NI  NgAiCeCt10–  ·  · · ·10–   

Ai Lc  ·1000·   2; 

 

Ce   ; 
t   -

  
 

R  
 

R   – ·1· ·10-  > 10-  

R  
    

 
 

 
R

 

R ·10-13 ·10-  ·10-11 ·10-11 +  
+ ·10-10+ ·10-  ·10-  > 10-  

R -
 -   

R  -
 

  –2020 –  

3-  
 

P  = PU = PV = PW = P  13  

R   

R   – · ·  = 
= ·10-  < 10-  

III 

III  



 

 
 

-
  

h 1  
h 2  
L S  

 
 

-
1 

h1 2 

 –  

– -
-  

–

-
 

 
-

 
 2  

h0 -
h0  

r0
  

  

2 2
2 2

2 2 2x x
S Lr r      

 

 h 1r L  -
-

h 
 h0 h

r h  

x
r h hr

h          

x
h hr

h
 

h  
h  

 
–

 
 h r : 

h  =  = 

r =  =  



 

  

 
 

19 –

 
 

 
h  

 
h0  

 
r0  

 
 

 h h 
 h –10–3 – h 

 
 h h 

 h – –3 h– h 
 –10–3 h– h h 

 
 h h 

 – –3 h– h – –3 h– h 
 –10–3 h– h – –3 h– h 

 
 

L = S = 
hx1 hx2 

100   1 = ;  h  = ; 
2 =   

  
  3-

  
0  

3-  0  

129

3 –

 
   

L =  
 h  h 1= h –

2   
2
L

L h  
: 

h h + L;  

h  =  +  =  

  

2 2
S  



130 

 
– -

h
  

h 2  
: 

R0 r = h ·  = –  

1
2

 

   
-

h 2:

Xh Sr r
h

   29  

 
  
r0

h 2:

0r h  

 
0  -

h h r h 2: 

h h L           30  

h Sr r
h

 

h 2 
 

131 

 

2
l

 
 

: 

2
2 2 2

2
Sl l      31  

 
  

 
 

 
 

L = 2 S = 10 
h 1 =   

   
h = h – 

  

 
 h 
h  

h  : h = 
h  – h = h  –  120 <    

-

 



132

–
– x
–

 
  

0 :    h0 92h
r0 h 

x
x

hr h  

-
0 h  r :  

r hx xh 32

0 : 
 r  = S / 2: 

h  

:  

h = h + 3 = + 3 = 20 ;

: 

h0 = 0 92h = 0 92·  = ;     33  

133 

: 

r0 = h = 1  = ; 

: 

x
x

hr h  

rx =  
  r0 =  -

 



 

  

   
 

 

-

m  
m  

n = 
 = D

 

 

nf  

–  

f  

 

0f x
          

x  – 
 

D

hx
E          

h –  
 –  
D –  

 

1 -
 

 
1 – D 

x

 2 ED 2 DE  x  

 10  30 · 10  100 h 
    h 

  
–  –   h 

 –  –   – h 

 –  –  20 h 

 –   –100 – h 

 –  20 · 10  –100 – h 

  90 · 10   h 
 

h 
 

20
x   

 

f  

-

f
f

   



 

 

13
f
f  

h = 
 

20
x    f

 

10
f
f

 

 

 

PS            

 –  

 m  + m  g  10–         

g – 2  
 

 

2S  

 
 

N  

2
1
SS
N

  

1  

–
 

 

2

9 10           

2
9 10  

 
– – – 

 
 
 
 
 
 
 
 



 

 

  
 

 

 

N = 
  · 102 

 
0z

–   

 

nf           

f   

-
f
f  

f
f    

ff  

f    
-

 

f          

139 

 –  

 

2

f  

 

z  m 2
z           

z – 
 

0  
z f

f

          

0 –  

0
2 N           

0  

z  

 

z   

   

1
z

z n
 

 



 

1 P mgP
n n

  

 

1 1 1P P           

1  – : 

1 1
oz z           

 

P

P1    

 

1kP cd          

k –  
–

d ; 1;  
 – ; 

 
 

 1 -
 k  

 
1 – k

 
 

           
k            

 

 

2d   

–  

d  
 

          

D  

 

3 1
z

Gdi           

G –  

i  

i  
i2 

i: i2 i i2 
i  

 

i1 = 2           

i 

 

 =  + i – d          

 – 
 

H i1 –           

h –  



 

p
xh d
i

         

x  – 
: 

1

1
z

          

 – 
  d  1P  

 
 

–   

x  

-
 

2
1

mgn
d

P
kc

       

2 2n  

  

2 2

1 1

11f
f

 

 

1 1L  

-
– – 

– – 

– – 

 



 

   
   

  

 
  

-

 03 11 23  1    
 - 1 0  

 
 

 

 
  

 
- –1 12  



 
 
    
   HistoryItem_V1
   SimpleBooklet
        
     Create a new document
     Order: consecutive
     Sheet size: large enough for 100% scale
     Front and back: normal
     Align: centre each page in its half of sheet
      

        
     0
     CentrePages
     Inline
     10.0000
     20.0000
     0
     Corners
     0.3000
     None
     1
     0.0000
     1
     0
     0
            
       D:20231030152212
       595.2756
       a5
       Blank
       419.5276
          

     Tall
     16
     Consec
     757
     413
    
     0
     Sufficient
            
       CurrentAVDoc
          

     1
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

   1
  

 HistoryList_V1
 qi2base



