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2  

 

 2.1  

,  N =1500 ; 

  =10; 

  ; 

  L =16 000 ; 

  d=3; 

 : –   =357 ; 

     – =7 ; 

     –    =1,5. 

 

2.2  

2.2.1  

: 

, 

 –  ( =1,5…2,5 .  1  

, =1,0…1,5 . ); 

 –  ( =1,1…1,5); 

 – : 

·n, 

 n – , n=0,9. 

=357·7·1,5·0,9=3 374  , 

98744
5,1

1023743 . 

 

2.2.2  

,  

 

, . 

 

 

 

 
 

 

: 

 

 

 

 
 

 

: 
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=N ·d·t , 

 t  –  

 (0,5 ). 

=1 500·3·0,5=2 250 . 

 

2.2.3   

 

: 

=(0,15…0,20) · =0,17·44 987=7 648 . 

 

 2.1. 

: 

=(0,4…0,5) · =0,45·7 648=3 442 . 

 2.1 

 

  
%  

 45 3 442 
 10 764,8 
 15 1 147,2 

, ,  
 10 764,8 

 20 1 529,6 
: 100 7 648 

 

 2.2 

  

 

 

 
 
 
 

 

 
 

 10   
 

-
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%  %  %  
 5 2 249,3 100 2 249,3 – – 

 25 11 247 100 11 247 – – 
 5 2 249,3 100 2 249,3 – – 

 
 

 
7 3 149 100 3 149 – – 

  
 5 2 249,3 100 2 249,3 – – 

 
, 

 
6 2 699,2 75 2 024,4 25 674,8 

 5 2 249,3 30 674,8 70 1 574,5 
 20 8 997,4 45 4 048,8 55 4 948,6 

 10 4 498,7 75 3 374 25 1 124,7 
 10 4 498,7 100 4 498,7 – – 

 2 899,7 50 449,8 50 449,8 
: 100 44 987 – 36 214,4 – 8 772,4 

 

2.2.4  

 ( ) : 

, 

 –  (2 018 ). 

22
0182
98744 . 

 ( : 

, 

 –  (1 788 ). 

25
7881
98744 . 

: 

=(0,15…0,20) · , 

=0,17 ·22=4 . 
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2.2.5  

: 

·
· , 

  – , .- ; 

        – ; 

       – , . 

2
2347·3
,211247·1 ; 

1
1347·3
,51249·2

. ; 

1
1347·3
,51249·2 ; 

1
1347·3
,21149·3

. ; 

1
1347·3
,51249·2 ; 

1
,32347·3
,11997,4·8 ; 

1
2347·3
,51498,7·4 ; 

1
2347·3
,51498,7·4 ; 

: 

-

c

·
·N , 

 Nc – -

, : 

6,12
357

31500
c

dNN ; 

 –  

 (  1,4); 
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 –  

 – 10,5 .); 

 –  (2 ./ ); 

=0,9 – . 

1
9,025,10

4,16,12 . 

 

,  

. 

 

 

, . 

dN , 

 –  (10,5 ); 

=2…3 – , . 

1
25,10357
35,11500 . 

.  25 2. 

 

  

=1 . 

 25 2. 

 

, .  

 

=1 . 

, , 

 50 2. 
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, 

,  5-6  

. 

 

0,25…0,50.  0,5 , 

 

. =0,5·10=5 . 

 

 0,3…0,5 .  0,4 -

 0,4·10=4 . 

 

,  

. 

 

: 

cN
, 

5
5,10

46,12 . 

 

 7-10  10 . 

 10  10 . 

,  

-80 ,  

,  15 2.  

,  

F =15·10=150 2. 
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–  ( , ,  
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– . 
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1. , ,  

; 

2. . 
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F =f , 
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 f  –  

, 2; 

 –  ( =6…7, [1]). 

: 

F =f , 

 f  – , , 2. 

F =10·6·6=360 2. 
: 

F . =12+(0,5+0,86+0,86+0,3+0,5+2,0+0,96)·4=36 2. 
: 

F =(12+1,44·2+1,44·0,5+1,04·2+0,96+1,04+6,5)·4=110 2. 
 

. 

 

 2.3. 

 

 2.3 

 

 , 2 
 27 

 18 
 18 

 110 
 27 

 18 
 128 

 20 
: 366 

 

 

 1000 . 

 2.4. 
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 2.4 

 

 , 2 
 32 
 18 

 18 
 9 

 9 
 9 

: 95 
 

 

 1,6 2 

. 

F =1,6· , 

F =1,6·10=16 2. 

  . 

, 

 8…9 2  

 15 .  

 

F =8·10=80 2. 

,  

. 

 

 10% , . 

F . =0,1·32=3,2 2. 

 

 6…8 2  1000 

.  8 2  1000 ,  

 

F . =8·1,5=12 2. 
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 2.5 

 

 , 2 

 18 

 18 

 18 

 18 

 18 

 18 

 18 

 10 

: 136 

 

 

, : 

F =366+12+3,2+95+16+80+50+50+136+67,6+360=1236 2. 
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 1-  2-  
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, 
3 

 
 

,  

 
,    

100 1,67 30 750 12 7,0 
120 2,00 30 900 12 7,0 

 

 3.3 
 1-  2-  
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,  
0,30±0,02 0,30±0,02 

 

3.3.5  
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:  

 12  7 ; 

: 430 420 150 ; 
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)  ( ); 

)  ( ). 

3.3.6  
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 L  d, , 
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,  

: 

 

6
42

2

10
2
16

m d
Q

d
l , 

 –  

 l  d  =0,2); 

m – .  

: 

m=0,0125·Q-0,125, 

         Q – , : 

gdnfQ 196
4

2

, 

 f –  (1,2); 

n –  (1); 

 –  (  

=0,82); 

g –  (9,81 2); 

 –  (0,3 ); 

l –  (1,96 ); 

d  –  (0,006 ); 

 –  (980 3). 

4
2

106,63,081,9196
4

006,014,382,012,1Q 3 ; 

m=0,0125·(6,6·10-4)-0,125=0,03%; 

 

047,010980
006,014,32

)106,6(16
006,0
96,103,0142,0 6

42

24

. 

 

 13. 
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4.1  
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,  

 (  12.0.002). 
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18…20 ,  – 53%,  – 0,1 ,  

 12.1.005-76. 

 40 ,  – 

35%,  – 0,1 , .  

, . 

 23-05-95  

 300 .  

. 

 

.  

. 

 

.  44…70  400 ,  

 40  8 .  

 10 000 ,  – 1 000 . 
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,  

, . 

 

.  

, ,  
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 – ,  
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, , 

.  

, , , 

, , . 

 

, , , 

.  

:  

 – 75…80 ,  – 80 ,  

 – 70…90 . 

, ,  

, .  

 

, , 

.  

 12.1.003-83 « . .  

»,  2.2.4/2.1.8.562-96. 
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 – ,  
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,  

. 
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, , 

. ,  

. 

,  

, ,  

, . 

 

12.1.012-90  2.2.3/2.1.8.556-96. 

 

 

 

, , ,  

 ( ). 

: 

–  – .  

, ,  

; 

–  – ,  

.  

, , . 

 

,  NOx, SO2, CH, Pb, CO.  

:  – 0,0003 3, NOx=0,04 3, 

SO2=0,05 3, CH=0,47 3, CO=3,0 3. 

,  
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, ,  

.  

, . 

 

: NOx, SO2, CH, CO. 

 – , . 

 

 2 500 3  

 1 800 3 .  

 650 3. 

 

 380 ,  50 . 

,  

,  

. 

,  

,  (  

)  (  

) .  

,  

,  

. 

 

,  

.  

 4 : 

1. ; 

2. ,  

; 

3.  (  

); 
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4. . 

,  

, , ,  

: ,  

. 

 

 

, , 

,  

. 

.  

, , , 

.  

.  0,2…0,5  

.  

,  

, .  0,1  

, , , 

,  

, . 

 

 12.1.005-76 « . 

. ». 

 

4.2  
 12.0.004-

90 « . . ». 

 8…10%, 

. 
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– ; 

– . 

,  

-5 -10.  

.  

. 

 

4.3  
, , 

, . 

 N  

, , : 

N=eH·mN, 

 N – ; 

 –  23-05-95 ( =2,0); 

mN –  (mN=0,85). 

N=2,0·0,85=1,7%. 
 

 

. 

: 

r
nSS N

0

0
0 100

, 

 S0 – , 2; 

S  – , (36 2); 

 –  (  1,3); 

n0 –  (  17); 

 –  (  1); 

r –  (  1,1); 

0 – , : 

0= 1 2 3, 
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     1 –  (  0,8); 

2 –  (  0,75); 

3 –  (  1). 

0= 0,8·0,75·1=0,6; 

5,20
1,16,0100

1173,17,136
0S 2. 

 – 1500×1500 ,  

S1=2,25 2.  

 S0  9 . 

 

4.4  

 

, 

. 

 

,  

.  

.  

 

, ,  

,  [5]. 

, , , , 

, .  

. 

 

.  5-10 .  

,  

 30…35%. , 

,  

, .  
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.  
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– ; 
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4.5  
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,  

,  

,  

. 

 

: 

MTi=(2·mLik·ST+m pik·t ) ·nk·10-6, 

  mLik –  i-  k- ,  

 4.1); 

ST –  (0,02 ); 

m pik –  i-  k-  

,  (  4.2); 

t  –  (1,5 .); 

nk – ,      

k-  (  4.3). 
: 

MT =(2·17·0,02+4,5·1,5)·50·10-6=3,71·10-4 . 

, SO2, NOx.  

 4.4. 

 4.1 

 

 

 

,  

 

 

 mLik,  

  NOx SO2 

        

1,8…3,5  17,0 21,3 1,7 2,5 0,4 0,4 0,07 0,09 

: , , SO2  

 0,9  .   NOx  

. 

 4.2 

  

 



 58

 

 

,  

 

 

 m ik,  

  NOx SO2 

        

        

1,8…3,5  4,5 8,8 6,7 0,44 0,66 0,53 0,03 0,04 0,03 0,012 0,014 0,013 

: ,  –  

 

 4.3 

,  

 
,  

, nk 
 

1,8…3,5 

, , 
,  

2 , 
, , 

,  
2   

2 , 
, , , 

2  

50 30 70 
 

 4.4 

 

  ,  

  NOx SO2 

            

,   1,38·10-3 1,19·10-4 9,04·10-6 3,18·10-6 

: 1,52·10-3 
: , ,  – , . 

 

: 

3600
N··t·m·Sm

G TkikTLik
Ti

)5,0(
, 

 N´ k – ,  

. 

3-·1006,2
3600

·2)·4,5·1,55,0·0,0217(
TG . 
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, SO2, NOx. 

 4.5. 

 4.5 

 

  ,  

  NOx SO2 

            

,   7,82·10-3 6,74·10-4 5,07·10-5 1,8·10-5 

: 8,56·10-3 

 

 

4.6   

 
, ,  

,  

: 

–  

; 

– ; 

– ; 

– ; 

– . 

 

.  

 

.  

: , ,  

 ( , , , 

.), , 

 

. 
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, ,  

, . 

 

,  

. 

,  

 

,  

. 

.  

,  

, , , ,  

. :  

,  – .  

, ,  

. 

,  

 

 – 2 2 . 

,  

,  

.  

.  

,  

 NOx  N2 2. 

 

,  

.  
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,  – .  

 (40-80° ). 

 

 

,  

. 
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5  

 

5.1  

5.1.1  

: 

31V , 

 V  – , 3; 

      3 –  1 3  (  950 ). 

hSV 1,1 , 

 S  –  (36 2); 

       h  –  (  6,5 ). 

2575,6361,1V 3; 

150244950257  ( .) 

 

5.1.2  

, , , 

 10 .  

 1 . 

: 

i·(1+ )·Ni, 

 i –  i- , .; 

 –  (  

 0,06…0,10; -

 – 0,05); 

 –  (  

 – 0,05…0,10;  

 – 0,20…0,25); 

 –  (  0,05…0,15); 

N –  i- . 

 

 

 

 
 

 

: 

 

, 
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: 

, ,  

, . 

: 

) : 

=29 800·(1+0,08)·1=32 184 .), 

) : 

=158 000·(1+0,08)·1=170 640 ( .), 

) : 

=45 490·(1+0,08)·1=49 129 ( .), 

) : 

=24 210·(1+0,08+0,07)·1=27 841 ( .). 

 5.1. 

 

 5.1  

 

 
  -

 

  
, 

. 
. 

, 
 

.  
1.  
1.1  

  1 24 210 27 841 5,5 5,5 

1.2   1 158 000 170 640 1,5 1,5 
1.3  

 
 

-
 1 45 490 49 129 1,5 1,5 

: – 3 – 247 610 – 8,5 
2.  
2.1   

-1.01 1 29 800 32 184 1,0 1,0 

: – 1 – 32 184 – 1,0 
: – 4 – 279 794 – 9,5 

 

 5.2. 

 5.2  

 

 , 
. 
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1.  244 150 
2.  279 794 

:  
                       

247 610 
32 184 

: 523 944 
 

5.2  

,  ( ) 

, ,  

 10 .  1 

. 

 

, ,  

.  5.3. 

 

 5.3 –  

  , 
. 

 
, 

 

 
 

., 
. 

 
, 

. 

1 2 3 4 5 6 
1.  

1.1  
 LR310 1 – 7 614 8 375 

1.2  80/5 1 – 7 100 7 810 
1.3  

 85 1 – 3 840 4 224 

1.4  LR180/4 1 – 9 800 10 780 
1.5  HV90 1 – 3 500 3 850 
1.6  -3 1 – 1 400 1 540 
1.7  Phillips 1 0,5 1 780 1 960 
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 5.3 
1 2 3 4 5 6 

1.8  
 -203 1 1,0 8 900 9 790 

1.9  
 

 
 1 1,0 2 950 3 244 

1.10   310 1 – 5 600 6 160 
: – 10 2,5 – 57 733 

 
2.  

2.1  – 1 – 5 650 6 215 
2.2  – 1 – 5 650 6 215 

2.3   
 1 – 1 850 2 035 

: – 3 – – 14 465 
 

3.  
3.1  – 1 – 50 55 
3.2  – 1 – 30 33 
3.3  – 1 – 550 605 

: – 3 – – 693 
: – 16 2,5 – 204 012 

 

5.3  

5.3.1  

, .,  

: 

N , 

  –  (2249,3 .- ); 

 –  (  3374 ); 

 –  (1,05…1,1). 

165,0
05,13374
3,2249N . 

 

,  

. 

 N  

20…25% . 

: 
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=(12…15%)·(N +N ). 

 N  8…10%  

.  

, . 

 

5.3.2  

, .,  

: 

= , 

  – , .: 

, 

                – , .; 

        – , .; 

       – , .; 

 – , .; 

 – , . 

: 

· ·N , 

  – , ./ : 

+(  – )·(  – ), 

  ,   –  

, ./ ; 

         ,  – . 

: 

i

ii K , 

 i – , .; 

i – . 

: 1  4 . 

: 

=156 ./ . 
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=3374·1566·1=75 442,64 . 

: 

)  : 5  – 20%, 4  – 

16%, 3  – 12%  . 

100
ii , 

82,07012
100

64,4427516  ( .). 

) : 

100
/// N

, 

  –  (  18  22  22  

); 

  –  (20%  30% 

). 

02,3866
100

13572036,224/  ( .). 

) : 

100
, 

  –  (8…12%). 

41,0356
100

64,442758  ( .). 

: 

= + +  =12 070,82+6 386,02+6 035,41=24 492,25 ( .). 

 30…40% .  

 =0,40·75 442,64=30 177,06 ( .). 

 

 

: 

=75 442,64+24 492,25+30 177,06=130 111,95 ( .). 
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: 

· , 

  – ,  

: 

t)(
, 

  –  (28 ); 

 –  (2 ); 

 – .  (1); 

t  –  (7 ). 

   9,6%  . 

=0,096·130 111,95=12 490,75 ( .). 

. 

: 

=130 111,95+12 490,75=142 602,70 ( .). 

 

: 

iN12. , 

– : 00,9001156,88311
112

70,602142
. .; 

 5.4. 

 

, ,  30 %  

, . =0,3·142 602,70=52 335,19 ( .). 

 

 

 5.4 

 

 

 -    
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 , 
. 

 , 
. 

, . 

 1 1  
4  

142 602,70 11 900,00 

: 1  142 602,70 11 900,00 

 

5.4  

, 

 1000  

. 

1000
)(

)(
L

, 

 ) –  ( )  1000 , .; 

 –  ( ), %; 

L  – , . 

 1 : 

12,11
1000

160005,039,1  ( .), 

2,17
1000

160005,015,2  ( .). 

 

 1500 ,  

: 

=1500·11,12=16 680,00 ( .), 

=1500·17,20=25 800,00 ( .). 

5.5  

 

,  

,  (  

), , ,  

, ,  

,  
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, ,  

. 

 

, ,  

,  

. 

 

5.5.1  

 3…5%  

, . 

=0,04·16 680,00=667,20 ( .). 

 
5.5.2  

 

: 

100
, 

  –  

 1,5…3%); 

 – , .; 

 = F , 

 F  – , 2 (36 2); 

        –  1 2 , . (  1445 .). 

 = 36·1445=52 020,00 ( .), 

40,0401
100

0,200,02052  ( .). 

 

5.5.3  

 3…7%  

, . 82,393800,79427903,0  ( .). 
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5.5.4  

 3%  

.  

 60,560100,0205203,0  ( .). 

 
5.5.5  

 12%  

.  

 28,5753300,79427912,0  ( .). 

 

 5.5. 

 5.5  

,  

 ,   
, . 

 
, 

. 
 

  27 841,00 3 340,92 

 VISA COMPACT 170 640,00 20 476,80 
 

  49 129,00 5 895,48 

 -1.01 32 184,00 3 862,08 
: – 279 794,00 33 575,28 

 

5.5.6 ,  

: 

1000
F

, 

   –  1 2  (  

 25 ); 

  – :  1  – 800 ., 

 2  – 2000 .,  3  – 3500 . 

 –  1  (  3,27 .). 
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20,6001
1000

27,114003625  ( .). 

: 

N
, 

 N  – ,  (12 ); 

 –  (0,4…0,6); 

 –  (0,3…0,5); 

 –  (0,95); 

 –  (0,85…0,9); 

 –  1  (1,27 .) 

88,9904
9,095,0

27,14,05,0140012  .). 

: 

=F ·h · , 

 h  – ,  (6 ); 

 –  1 3 , . (22,47 .). 

=36·6·22,47=4 853,52 ( .). 

: 

1000
)( ... F

, 

  –  1  

 40 ); 

 ...  –  

 (1 ); 

  –  1 2  (  1,5 ); 

  –  (  1,2); 

 –  1 3  (  15,40 .). 

15,620
1000

40,153572,1)365,1140(  ( .). 
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5.5.7  

 

 100 . ,  

,  1 ,  

 =100 . 

 

 

5.5.8 ,  

 150 .  

 =150 . 

 

 

5.5.9 ,  

 400 ,  

, .  

 

=400 . 

 

5.5.10  

 

 

: 

=N · · , 

  –  (  

 2% ); 

 –  1 

 (  325,20 .). 

=1500·0,02·325,20=9 756,00 ( .). 
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, .  

 5.6. 

 

 5.6  

 

 
  , . 

1.  667,20 
2.  1 040,40 
3.  8 393,82 
4.  1 560,60 
5. :   

 
 

1 600,20 
4 990,88 

6.  4 853,52 
7.  100,00 
8.  150,00 
9. ,  400,00 
10.  620,15 
11.  9 756,00 
 : 118 687,65 

 

 

 5.7  

 

 
  , . 

1.  142 602,70 
2.  52 335,19 
3.  16 680,00 
4.  25 800,00 
5.  118 687,65 
 : 356 105,54 

 

5.6  

5.6.1  

, , : 

· , 

  –  (44 987 ); 

 –  1 , . 
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= . · · · , 

  –  (  5  8  – 10%,  8  – 20%); 

 –  (  1); 

 –  (  25%); 

. –  1 , . 

.1 , 

  – , .; 

 – , . 

1 .
356 105,54 695,79 700

0,01 44 987,00
 .). 

= 700·1,1·1·1,25=962,5  ( .).  

 1000 . 

=0,02·44 987,00·550=494 857,00 ( .). 

 

5.6.2  

: 

, 

=494 857,00–356 105,54=138 751,46 ( .). 

 

5.6.3  

: 

, 

  –  (  20…24% ); 

 –  (  1,0…2,2% ). 

=138 751,46–(0,2·138 751,46)–(0,02·352 685,00)=103 947,47 ( .). 

 

5.6.4  

 

 

· , 
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  – ; 

 – , . 

=103 947,47–0,15·523 944,00=25 355,87 ( .). 

 

5.6.5  

,  

: 

. 

04,5
47,947103

944523 . 

 5.8. 

 5.8  

 

 
   

 
1. , . 10 
2. , . 1500 
3. ,  3 
4. , 2 36 
5. ,  44 987 
6. ,  2 249,35 
7. , . 29 
8. , . 1 
9. , . 523 944,00 
10. , , . 494 857,00 
11. , . 356 105,54 
12. , . 138 751,46 
13. , . 103 947,47 
14. , . 25 355,87 
15. ,  5,04 
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,  

 ( ),  

 

 ( )  

. 

 

, ,  

, . 

 

,  

,  

. 

,  5,04 

, . 
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