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ʪʝʨʠʩʪʠʢ ʥʘʜʽʡʥʦʩʪʽ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʚʠʨʦʙʽʚ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʨʝʟʝʨʚʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʨʦʙʣʝʥʠʭ ʫ ʪʝʦʨʽʾ 

ʽʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʪʘʪʠʩʪʠʮʽ ʜʦʟʚʦʣʷʻ ʧʽʜʽʡʪʠ ʟ ʻʜʠʥʠʭ ʧʦʟʠʮʽʡ ʜʦ ʦʧʠʩʫ 

ʚʠʧʘʜʢʦʚʠʭ ʧʦʜʽʡ ʽ ʧʨʦʮʝʩʽʚ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ ʚʠʨʦʙʽʚ ʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʽʤʦʚʽʨʥʽʩʪʴ 

ʾʭ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʟʘ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ɺʉʊʋʇ 
 

ʂʦʞʥʘ ʥʘʫʢʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʽ ʚʠʟʥʘʯʝʥʥʷ. ʊʝʦʨʽʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ-

ʢʦʞ ʤʘʻ ʩʚʦʾ ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ. ɼʦ ʥʠʭ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜʥʦʩʠʪʴʩʷ ʧʦʥʷʪʪʷ ʥʘʜʽʡʥʦʩʪʽ. 

ʅʘʜʽʡʥʽʩʪʴ - ʮʝ ʚʣʘʩʪʠʚʽʩʪʴ ʘʧʘʨʘʪʫʨʠ ʟʙʝʨʽʛʘʪʠ ʩʚʦʾ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʘʨʘ-

ʤʝʪʨʠ) ʫ ʚʠʟʥʘʯʝʥʠʭ ʤʝʞʘʭ ʧʨʠ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

ʅʘʜʽʡʥʽʩʪʴ ʻ ʚʥʫʪʨʽʰʥʷ ʚʣʘʩʪʠʚʽʩʪʴ ʘʧʘʨʘʪʫʨʠ, ʦʙ'ʻʢʪʠʚʥʘ ʨʝʘʣʴʥʽʩʪʴ, ʚʣʘʩʪʠʚʘ 

ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʟʨʘʟʢʫ ʘʧʘʨʘʪʫʨʠ. 

 

ɿ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘʜʽʡʥʦʶ ʚʚʘʞʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʪʘ ʩʠʩʪʝ-

ʤʘ, ʫ ʷʢʦʾ ʚʠʥʠʢʘʻ ʫʰʢʦʜʞʝʥʥʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʘʧʘʨʘʪʫʨʠ, ʘʣʝ 

ʪʘʢʦʞ ʽ ʪʘ, ʫ ʷʢʦʾ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʦʜʷʪʴ ʟʘ ʧʨʠʧʫʩʪʠʤʽ ʤʝʞʽ. ʅʘʚʝʜʝʥʝ 

ʧʦʥʷʪʪʷ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʠʩʪʦ ʪʝʭʥʽʯʥʠʭ ʧʦʥʷʪʴ. 

 

ɺ ʤʽʨʫ ʨʦʟʰʠʨʝʥʥʷ ʧʽʟʥʘʥʴ ʧʨʦ ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʽ ʢʽʣʴʢʽʩʥʽ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ï ʢʨʠʪʝʨʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʥʘʡʙʽʣʴʰʝ ʪʦʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʫ-

ʚʘʪʠ ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ. ʆʜʥʘʢ, ʤʦʞʥʘ ʟʘʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʞʦʜʥʘ ʢʽʣʴʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʘ ʥʝ ʤʦʞʝ ʮʽʣʢʦʤ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʥʘʜʽʡʥʽʩʪʴ. ʅʘʜʽʡʥʽʩʪʴ ï ʙʽʣʴʰ ʛʣʠʙʦʢʝ ʧʦ-

ʥʷʪʪʷ, ʯʠʤ ʙʫʜʴ-ʷʢʘ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ . ʅʘʜʽʡʥʽʩʪʴ, ʷʢ ʚʣʘʩʪʠʚʽʩʪʴ ʘʧʘʨʘʪʫʨʠ, ʚʠʷʚ-

ʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʫʤʦʚ. 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʤʝʪʦʜʠʯʥʠʭ ʚʢʘʟʽʚʦʢ ʻ ʥʘʮʽʣʝʥʥʷ ʩʪʫʜʝʥʪʽʚ ʥʘ ʚʠʚʯʝʥʥʷ ʧʦʩʣʽʜʦ-

ʚʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʽʚ ʪʘ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʚ ʮʽʣʦʤʫ, ʫʤʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɽʆʄ ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

 

ɼʦʩʚʽʜ, ʦʜʝʨʞʘʥʠʡ ʩʪʫʜʝʥʪʘʤʠ ʧʨʠ ʚʠʢʦʥʘʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, ʜʘʩʪʴ ʾʤ 

ʚʧʝʚʥʝʥʽʩʪʴ ʫ ʤʘʡʙʫʪʥʽʡ ʽʥʞʝʥʝʨʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʨʦʙʠʪʴ ʤʽʮʥʽ ʟʥʘʥʥʷ ʧʦ ʤʝʪʦʜʘʭ 

ʟʙʦʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʚʽʜʤʦʚʠ, ʾʭ ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʘʥʘʣʽʟʫ ʽ ʚʠʷʚʣʝʥʥʶ 

ʬʽʟʠʯʥʠʭ ʧʨʠʯʠʥ ʚʽʜʤʦʚ. 

 

ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦʙʨʝ ʽʣʶʩʪʨʦʚʘʥʽ ʩʭʝʤʘʤʠ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʣʘʜʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜʧʦʚʽʜʘʻ ʣʦʛʽʮʽ ʥʝʦʙʭʽʜʥʠʭ ʧʨʦʩʪʠʭ ʜʽʡ ʩʪʫʜʝʥʪʽʚ, ʱʦ ʚʠʢʣʶʯʘʻ ʟ ʾʭ ʙʦʢʫ 

ʧʦʭʠʙʢʠ ʽ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ. 



6 
 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ1. "ʉʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʽʡʥʦʩʪʽ". 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ.  

1. ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ (ʬʫʥʢʮʽʷ ʥʘʜʽʡʥʦʩʪʽ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫ-
ʣʦʶ: 

P
*
 ( t ) = 

N( t )
 ʜʝ  N 0  - ʧʦʯʘʪʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ; N (t) - ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʝʟʜʘʪ- 

 

N 0 ( t )  

ʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t. 

2. ʁʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 
 

Q* ( t ) = 

 

n( t ) = N 0 

  n( t )
 ; ʜʝ n(t)- ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ, ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 

t. N 0  

- N( t ) 
 

3. ʏʘʩʪʦʪʘ (ʱʽʣʴʥʽʩʪʴ) ʚʽʜʤʦʚ: 

a* ( t ) = 
N( t ) 
- 

N( t
 + D

t )
 

 

DtN0  

4. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ 

l* ( t ) = 
N( t ) - N( t + Dt ) 

 

DtN( t )  

ʇʨʠʢʣʘʜ.  

ɺʽʩʽʤʩʦʪ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʨʦʪʷʛʦʤ 
30 ʛʦʜʠʥ ʯʝʨʝʟ ʢʦʞʥʽ ʪʨʠ ʛʦʜʠʥʠ. ʑʦʨʘʟ ʬʽʢʩʫʚʘʣʠ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʽʜʤʦʚʠ-
ʣʠ.  

ʘ) ʇʦʙʫʜʫʚʘʪʠ ʬʫʥʢʮʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ P
*
 ( t ) ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜ- 

 

ʤʦʚ Q
*
 ( t ). 

 

ʙ) ʇʦʙʫʜʫʚʘʪʠ ʬʫʥʢʮʽʾ ʯʘʩʪʦʪʠ a
*
 ( t ) ʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ l

*
 ( t ) ʚʽʜʤʦʚ. 

 

ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʚʽʜʤʦʚʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 

ɯʥʪʝʨʚʘʣ  ʯʘ- 
0-3 3-6 6-9 9-12 

12- 15- 18- 21- 24- 27- 
 

ʩʫ, ʛʦʜ 
 

15 18 21 24 27 30 
 

     
 

ʂʽʣʴʢʽʩʪʴ           
 

ʥʝʧʨʘʮʝʟʜʘ-           
 

ʪʥʠʭ ʝʣʝʤʝ- 
185 42 36 30 17 8 14 9 6 3 

 

ʥʪʽʚ ʚ ʜʘʥʦ- 
 

          
 

ʤʫ ʽʥʪʝʨʚʘʣʽ           
 

ʯʘʩʫ            
 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʟʘʣʝʞʥʦʩʪʝʡ P* ( t ),Q* ( t ),a* ( t ),l* ( t ) ʟʘʧʦʚʥʠʤʦ ʥʘʩʪʫʧʥʫ ʪʘʙʣʠʮʶ. 
 

 ʂʽʣʴʢʽʩʪʴ ɻʫʩʪʠʥʘ  ʚʽʜ- ɯʥʪʝʥʩʠʚ- ʁʤʦʚʽʨ- ʁʤʦʚʽʨ- 

ɯʥʪʝʨʚʘʣ ʥʝʧʨʘʮʝ- ʤʦʚ a
*
 ( t ) ʥʽʩʪʴ ʚʽʜ- ʥʽʩʪʴ ʙʝʟʚʽ- ʥʽʩʪʴ    ʚʽʜ- 

ʯʘʩʫ ʟʜʘʪʥʠʭ  ʤʦʚ l* ( t ) ʜʤʦʚʥʦʾ ʤʦʚ Q
*
 ( t ) 

ʛʦʜ. ʝʣʝʤʝʥʪʽʚ    ʨʦʙʦʪʠ  

     P* ( t )  
      

0-3 185 185/800x3=0. 185/800x3= 800/800=1 0/800 =0 
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  077 0.0771   

3-6 42 42/800x3=0.0 42/615x3=0. 615/800=0.7 185/800=0.2 

  175 0227 68 31 

6-9 36 36/800x3=0.0 36/573x3=0. 573/800=0.7 227/800=0.2 

  15 0209 16 84 

9-12 30 30/800x3=0.0 30/537x3=0. 537/800=0.6 263/800=0.3 

  125 0175 71 29 

12-15 17 17/800x3=0.0 17/507x3=0. 507/800=0.6 293/800=0.3 

  071 0112 33 66 

15-18 8 8/800x3=0.00 8/490x3=0.0 490/800=0.6 310/800=0.3 

  33 054 12 87 

18-21 14 14/800x3=0.0 14/482x3=0. 482/800=0.6 318/800=0.3 

  058 0097 02 97 

21-24 9 9/800x3=0.00 9/468x3=0.0 468/800=0.5 332/800=0.4 

  375 064 85 15 

24-27 6 6/800x3=0.00 6/459x3=0.0 459/800=0.5 341/800=0.4 

  25 044 74 26 

27-30 3 3/800x3=0.00 3/453x3=0.0 453/800=0.5 347/800=0.4 

  13 022 66 34 

 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʢʦʥʘʥʥʷ.  

1. ʇʨʦʪʷʛʦʤ 11000 ʛʦʜʠʥ ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʠʩʪʝʤʫ, ʷʢʘ ʩʢʣʘʜʘʣʘʩʷ ʟ 80 ʝʣʝʤʝʥʪʽʚ. ɼʘʥʽ 
ʧʨʦ ʚʽʜʤʦʚʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 

ʇʦʙʫʜʫʚʘʪʠ ʬʫʥʢʮʽʾ P
*
 ( t ),Q

*
 ( t ),a

*
 ( t ),l

*
 ( t ) ʜʣʷ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ. 

 

ɯʥʪʝʨʚʘʣ  ʯʘ- 0 20 40 60 80 100 125 150 175 200 

ʩʫ, ʛʦʜ 20 40 60 80 100 125 150 175 200 225 

ʂʽʣʴʢʽʩʪ ɹ 16 11 10 16 12 16 7 8 3 1 

ʝʣʝʤʝʥʪʽʚ           

ʥʝʧʨʘʮʝʟʜʘ-           

ʪʥʠʭ ʚ ʜʘʥʦ-           

ʤʫ  ʽʥʪʝʨʚʘʣʽ           

ʯʘʩʫ           

 

2. ʇʦʚʪʦʨʠʪʠ ʟʘʚʜʘʥʥʷ 1 ʜʣʷ ʽʥʰʠʭ ʜʘʥʠʭ ʧʨʦ ʚʽʜʤʦʚʠ.  
ʘ) 

ɯʥʪʝʨʚʘʣ ʯʘ- 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 

ʩʫ, ʛʦʜ  1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 

ʂʽʣʴʢʽʩʪʴ  20 15 10 5 6 5 5 6 4 2 

ʝʣʝʤʝʥʪʽʚ,                   

ʱʦ  ʚʽʜʤʦʚʠ-                   

ʣʠ                    

ʙ)                    

ɯʥʪʝʨʚʘʣ ʯʘ- 70 80  85  90  95  100  105  110  115  120 

ʩʫ, ʛʦʜ  80 85  90  95  100  105  110  115  120  125 
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ʂʽʣʴʢʽʩʪʴ 2 2 6 18 18 13 19 14 5 2 

ʝʣʝʤʝʥʪʽʚ,           

ʱʦ  ʚʽʜʤʦʚʠ-           

ʣʠ           
 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ2. "ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʧʣʠʚ 
ʝʣʝʤʝʥʪʽʚ ʥʘ ʥʘʜʽʡʥʽʩʪʴ ʘʧʘʨʘʪʫʨʠ". 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ.  

ʂʦʝʬʽʮʽʻʥʪ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ. K 
 
= 

ni n 
 
- ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ ʘʧʘʨʘʪʫʨʠ ʦʙʫʤʦʚ-  

o 
n 

i  

     

      
  

ʣʝʥʠʭ ʝʣʝʤʝʥʪʘʤʠ i-ʛʦ ʪʠʧʫ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʢʘʣʝʥʜʘʨʥʠʡ ʪʝʨʤʽʥ. n- ʟʘʛʘʣʴʥʘ ʢʽʣʴ-
ʢʽʩʪʴ ʚʽʜʤʦʚ ʘʧʘʨʘʪʫʨʠ ʟʘ ʪʦʡ ʞʝ ʢʘʣʝʥʜʘʨʥʠʡ ʪʝʨʤʽʥ. 

N
0  

N
0  

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʟʨʘʟʢʽʚ ʘʧʘʨʘʪʫʨʠ:  ni  = äni , j , n = än j ʜʝ ni , j  - 
j =1  j =1   

ʯʠʩʣʦ ʚʽʜʤʦʚ ʫ j-ʤʫ ʟʨʘʟʢʫ ʘʧʘʨʘʪʫʨʠ, ʚʠʢʣʠʢʘʥʠʭ ʚʽʜʤʦʚʘʤʠ ʝʣʝʤʝʥʪʽʚ i-ʛʦ ʪʠʧʫ ʟʘ 

ʚʠʟʥʘʯʝʥʠʡ ʢʘʣʝʥʜʘʨʥʠʡ ʪʝʨʤʽʥ, nj - ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʚʽʜʤʦʚ j-ʛʦ ʟʨʘʟʢʘ ʘʧʘʨʘʪʫʨʠ  

ʟʘ ʪʦʡ ʞʝ ʢʘʣʝʥʜʘʨʥʠʡ ʪʝʨʤʽʥ. N o  - ʯʠʩʣʦ ʚʠʧʨʦʙʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʘʧʘʨʘʪʫʨʠ. ʊʦʜʽ 
 

        N   
 

   N0     ä0 ni , j  
N 

 

K 
 = 

äj =1 
n

i , j .  ɺʽʜʥʦʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ: K 
 = 

j =1  
 

o N o ,o N   
 

   äj =
0
1 n j     ä0 n j  Ni 

 

        j =1   
  

N- ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʫ ʚʩʽʭ ʟʨʘʟʢʘʭ, Ni - ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ i-ʛʦ ʪʠʧʫ ʫ 

ʚʩʽʭ ʟʨʘʟʢʘʭ. 

 

ɿʘʚʜʘʥʥʷ.  

ʅʘ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʥʘʭʦʜʠʣʦʩʷ 100 ʟʨʘʟʢʽʚ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʧʨʦʪʷʛʦʤ 1000 ʛʦʜʠʥ ʨʦʙʦʪʠ 254 

ʚʽʜʤʦʚʠ. ʉʢʣʘʜ ʘʧʘʨʘʪʫʨʠ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ, ʯʠʩʣʦ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʫ ʚʩʽʭ 100 ʟʨʘʟʢʘʭ 

ʚʠʟʥʘʯʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.1. ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʤʦʚ ʽ ʚʽʜʥʦʩʥʠʡ ʢʦ-ʝʬʽʮʽʻʥʪ 

ʚʽʜʤʦʚ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʝʣʝʤʝʥʪʽʚ. ɼʘʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʜʽʡʥʽʩʪʴ ʝʣʝʤʝʥ-ʪʽʚ. 

ʇʦʙʫʜʫʚʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʚ ʯʘʩʽ K o ʽ K oo ʝʣʝʢʪʨʦʚʘʢʫʫʤʥʠʭ ʧʨʠʣʘʜʽʚ, ʷʢʱʦ ʚʽʜʤʦ- 
 

ʚʠ ʝʣʝʢʪʨʦʚʘʢʫʫʤʥʠʭ ʧʨʠʣʘʜʽʚ ʽ ʘʧʘʨʘʪʫʨʠ ʙʫʣʠ ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʯʘʩʽ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ 
ʪʘʙʣʠʮʽ 2.2.  

ɼʣʷ ʝʣʝʢʪʨʦʚʘʢʫʫʤʥʠʭ ʧʨʠʣʘʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʤʦʚ ʽ ʚʽʜʥʦʩʥʠʡ ʢʦʝ-
ʬʽʮʽʻʥʪ ʚʽʜʤʦʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ:  

K
o = 

100  ;
 

K
o ,o = 

100*  7455 

ɼʣʷ ʝʣʝʤʝʥʪʽʚ ʽʥʰʠʭ ʪʠʧʽʚ K o ʽ K oo   ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʥʘ- 

 

254   220*  254   

       

ʣʦʛʽʯʥʦ. 
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ʊʘʙʣʠʮʷ 2.1 

 ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥ- ʂʽʣʴʢʽʩʪʴʚʽʜ- 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʽʚ ʚ ʦʜʥʦʤʫ ʟʨʘʟ- ʤʦʚ  ʝʣʝʤʝʥʪʽʚ  ʫ 

 ʢʫ ʚʩʽʭ ʟʨʘʟʢʘʭ 

ɽʣʝʢʪʨʦʚʘʢʫʫʤʥʽ ʧʨʠʣʘʜʠ 220 100 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ 40 2 

ʈʝʟʠʩʪʦʨʠ 2140 46 

ʂʦʥʜʝʥʩʘʪʦʨʠ 1800 38 

ʈʝʣʝ 24 3 

ʊʨʘʥʩʬʦʨʤʘʪʦʨʠ 12 1 

ɽʣʝʢʪʨʠʯʥʽ  ʦʙʝʨʪʦʚʽ  ʧʨʠʩʪʨʦʾ  (ʝʣʝʢʪʨʦʜ- 20 4 

ʚʠʛʫʥʠ, ʩʝʣʴʩʠʥʠ).   

ʄʘʛʥʽʪʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 8 0 

ɼʨʦʩʝʣʽ 40 0 

ʈʦʟʥʽʤʘʥʥʷ 25 3 

ʇʝʨʝʤʠʢʘʯʽ 26 2 

ʇʣʘʚʢʽ ʚʩʪʘʚʢʠ 14 3 

ʇʘʡʢʘ ʪʘ ʧʨʦʚʽʜʥʠʢʠ 3000 48 

ɯʥʰʽ ʜʝʪʘʣʽ 86 4 

 
 

 

ʊʘʙʣʠʮʷ 2.2 

ɯʥʪʝʨʚʘʣʠ ʯʘʩʫ, ʛʦʜʠʥʘ 
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ʂʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ ʝʣʝʢʪʨʦʚʘʢʫ- 16 13 10 9  8   9   9   8   9 9   
 

ʫʤʥʠʭ                              
 

ʧʨʠʣʘʜʽʚ.                              
 

                     
 

ʂʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ ʘʧʘʨʘʪʫʨʠ 35 30 24 21  19 21  21 24 28 31   
 

                      
 

ʂʦʝʬʽʮʽʻʥʪʠ K o 

ʽ
 

K
o ,o ʥʘ ʢʦʞʥʽʤ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʧʦ ʬʦʨʤʫʣʘʭ: 

 

K  = ni ; K  =  N K  ɼʣʷ ʧʝʨʰʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ: K  = 16  , K   = 16*  7455*  100 . 
 

 o  

n 
o ,o   

Ni 
o        o 

35 
  o ,o   

35*  220*  100 
 

 

                      
 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ3. "ɿʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ". 

 

ɿʘʚʜʘʥʥʷ.  

1.ɺʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʽ ʩʝʨʝʜʥʽʡ ʥʘʨʦ-
ʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʪʝʭʥʽʯʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʚʽʜʤʦʚʠ ʷʢʦʛʦ ʚ ʯʘʩʽ ʧʽʜʢʦʨʷʶʪʴʩʷ 
ʨʦʟʧʦʜʽʣʫ ʈʝʣʝʷ, ʜʣʷ ʪʨʴʦʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʡʦʛʦ ʨʦʙʦʪʠ : t=200, t=1000, t=3000 ʛ, ʷʢ-

ʱʦ ʧʘʨʘʤʝʪʨ ʨʦʟʧʦʜʽʣʫ s =1500 ʛ. 
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2. ʏʘʩʪʦʪʘ ʚʽʜʤʦʚ ʫ ʯʘʩʽ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʥʘ ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʘʭ ʧʨʠʙʣʠʟʥʦ 

ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣʫ ɺʝʡʙʫʣʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ k =1,5 ʽ l0 = 2*10
-6

 ʛ 
-1

 . ɺʠ- 
 

ʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʜʣʷ ʪʨʴʦʭ 
ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʨʦʙʦʪʠ t=500, t=1000, t=2000 ʛ, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽ-

ʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ. 

3. ʇʽʜ ʯʘʩ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʝʷʢʦʾ ʩʠʩʪʝʤʠ ʥʘ ʟʘʚʦʜʽ-ʚʠʛʦʪʦʚʣʶʚʘʯʽ ʚʠʷʚʠ-  

ʣʠʩʷ ʚʽʜʤʦʚʠ ʚ ʾʾ ʨʦʙʦʪʽ, ʷʢʽ ʧʽʜʢʦʨʷʶʪʴʩʷ g - ʨʦʟʧʦʜʽʣʫ ʟ ʧʘʨʘʤʝʪʨʦʤ ʘʩʠʤʝʪʨʽʾ ʂ>1. 

ɺʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʾ ʚʽʜʤʦʚ ʜʣʷ 

ʜʚʦʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ: t=200 ʽ 1000 ʛ, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʾʾ ʜʦ 

ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ, ʷʢʱʦ ʧʘʨʘʤʝʪʨʠ l0 =10
-3

 ʛ 
-1

 ʽ ʂ=2. 
 

4. ɺʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʽ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜ-
ʤʦʚʠ ʪʨʠʬʘʟʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʠʧʫ ɸʆʃ-22-2 ʜʦ ʢʽʥʮʷ 
ʧʝʨʽʦʜʫ ʡʦʛʦ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ t=T=6000 ʛ, ʷʢʱʦ ʩʝʨʝʜʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜ-  

ʤʦʚ ʫ ʯʘʩʪʢʘʭ ʦʜʠʥʠʮʽ ʥʘ ʦʜʥʫ ʛʦʜʠʥʫ ʨʦʙʦʪʠ l = 15*  10
-6

 ʛ 
-1

 . ʆʙʯʠʩʣʠʪʠ ʪʘʢʦʞ 
ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʮʴʦʛʦ ʜʚʠʛʫʥʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʽ ʩʝʨʝʜʥʽʡ ʯʘʩ 

ʥʘʨʦʙʢʠ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʚ ʧʝʨʽʦʜ ʟʥʦʩʫ ʜʣʷ ʪʨʴʦʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʡʦʛʦ ʨʦʙʦʪʠ, 
ʚʚʘʞʘʶʯʠ ʚʽʜ ʧʦʯʘʪʢʫ ʧʝʨʽʦʜʫ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ t=8000, t=10000, t=12000 ʛ, 

ʷʢʱʦ ʩʝʨʝʜʥʷ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʯʠ ʨʝʩʫʨʩ ʜʚʠʛʫʥʘ ʚʽʜ ʪʦʛʦ ʞ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʊʨ=12000 
ʛ. ʪʘ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʫ ʤʽʞ ʚʽʜʤʦʚʘʤʠ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʽ  

s = 2000 ʛ. 

ɺʢʘʟʽʚʢʠ ʱʦʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ:  

a) ɼʣʷ ʧʝʨʽʦʜʫ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʪʘ 
ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ ʬʦʨʤʫʣʘʤ ʜʣʷ ʝʢʩ-
ʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ.  

ʙ) ʋ ʧʝʨʽʦʜ ʟʥʦʩʫ (ʢʦʣʠ ʯʘʩ ʨʦʙʦʪʠ ʧʝʨʝʚʠʱʫʻ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʫ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ) ʥʘʜʽʡʥʽʩʪʴ ʜʚʠʛʫʥʘ ʙʫʜʝ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʚʘʪʠʩʷ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʚʽʜʤʦʚ 

ʧʦʚôʷʟʘʥʠʭ ʟ ʩʪʘʨʽʥʥʷʤ, ʘʣʝ ʪʘʢʦʞ ʯʝʨʝʟ ʤʦʞʣʠʚʽ ʚ ʮʝʡ ʧʝʨʽʦʜ ʨʘʧʪʦʚʠʭ ʚʽʜʤʦʚ ʧʨʠ-

ʙʣʠʟʥʦ ʟ ʪʽʻʶ ʞʝ ʽʥʪʝʥʩʠʚʥʽʩʪʶ l, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʽʡ ʧʝʨʽʦʜ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘ-ʮʽʾ. 

 

ʊʦʤʫ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚ ʧʝʨʽʦʜ ʟʥʦʩʫ ʧʦʪʨʽʙʥʦ ʦʙ-

ʯʠʩʣʠʪʠ ʥʘʜʽʡʥʽʩʪʴ (ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ) ʜʚʠʛʫʥʘ ʦʙʫʤʦʚʣʝʥʫ ʨʘʧʪʦ-

ʚʠʤʠ ʚʽʜʤʦʚʘʤʠ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʘ ʪʘʢʦʞ ʦʙʯʠʩʣʠʪʠ 

ʥʘʜʽʡʥʽʩʪʴ, ʧʦʚ'ʷʟʘʥʫ ʟ ʟʥʦʰʫʚʘʥʥʷʤ ʜʚʠʛʫʥʘ ʧʦ ʬʦʨʤʫʣʘʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦ-

ʜʽʣʫ. ʇʦʪʽʤ ʦʪʨʠʤʘʥʽ ʜʚʽ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʤʥʦʞʠʪʠ ʡ ʦʜʝʨʞʘʪʠ ʟʘʛʘʣʴʥʫ ʡʤʦʚʽʨ-

ʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʪʨʴʦʭ ʟʘʜʘʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ.  

ʚ) ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʜʚʠʛʫʥʘ ʜʣʷ ʪʨʴʦʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʚ ʧʝʨʽʦʜ ʟʥʦʩʫ ʧʦʪʨʽʙʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʦ ʚʽʜʧʦʚʽʜʥʽʡ ʬʦʨʤʫʣʽ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʥʘ-
ʨʦʙʢʠ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʧʦʪʨʽʙʥʦ ʦʙʯʠʩʣʠʪʠ ʪʘʢʦʞ ʧʦ ʬʦʨʤʫʣʽ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ ʊʨ. 
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ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ. 

 

ʆʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦ ʚʽʜʤʦʚʘʤ ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʽʜʣʷʛʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽʡ ʦʙʨʦʙʮʽ. 

ɿʘʜʘʯʘʤʠ ʪʘʢʦʾ ʦʙʨʦʙʢʠ ʻ: 
 

1. ʆʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ: ( M ( t ), D( t ),s( t )). 
 
2. ɺʠʟʥʘʯʝʥʥʷ ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ ʚʠʨʦʙʽʚ Q

*
 ( t ).  

3. ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʪʫʧʝʥʷ ʟʙʽʞʥʦʩʪʽ ʝʤʧʽʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤ ʪʝʦʨʝ-
ʪʠʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ.  

ɿʘʚʜʘʥʥʷ.  

1. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʦ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʨʷʜ ʟʥʘ-
ʯʝʥʴ ʜʣʷ ʯʘʩʫ ʧʦʷʚʠ ʚʽʜʤʦʚ ʘʧʘʨʘʪʫʨʠ ʚ ʛʦʜʠʥʘʭ: 2, 2, 3, 3, 5, 6, 7, 8, 9, 9, 13, 15, 
16, 17, 18, 20, 21, 25, 27, 35, 38, 53, 56, 69, 77, 86, 98, 120. ʇʦʪʨʽʙʥʦ ʚʠʷʚʠʪʠ ʬʫ-  
ʥʢʮʽʶ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ Q( t ) .  

2. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʨʷʜ ʜʣʷ 
ʯʘʩʫ ʚʽʜʤʦʚ ʘʧʘʨʘʪʫʨʠ ʧʨʠ ʧʨʠʩʢʦʨʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ: 12, 25, 34, 34, 34, 34,  
34, 34, 45, 45, 45, 53, 61, 61, 61, 61, 69, 69, 69, 75, 75, 84, 84, 92, 95.  

ʇʦʪʨʽʙʥʦ ʚʠʷʚʠʪʠ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʧʦʷʚʠ ʚʽʜʤʦʚ Q( t ) . 
 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. 

1. ʇʦʪʨʽʙʥʦ ʧʦʩʣʽʜʦʚʥʦ ʟʘʧʦʚʥʠʪʠ ʩʪʦʚʧʮʽ ʪʘʙʣʠʮʽ: 

ti ni Dt * j  a j H j  H j  
        

      äni  

        

 

ʋ ʧʝʨʰʫ ʛʨʘʬʫ ʪʘʙʣʠʮʽ ʟʘʥʦʩʠʪʴʩʷ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʦʷʚʠ ʚʽʜʤʦʚʠ (ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʦ-

ʙʦʪʠ ʜʦ ʚʽʜʤʦʚʠ); ʫ ʛʨʘʬʫ 2 - ʯʠʩʣʦ ʟʨʘʟʢʽʚ ʘʧʘʨʘʪʫʨʠ ʱʦ ʤʘʶʪʴ ʜʘʥʠʡ ʯʘʩ ʨʦʙʦʪʠ 

ʜʦ ʚʽʜʤʦʚʠ; ʫ ʛʨʘʬʫ 3 ʟʘʥʦʩʷʪʴʩʷ ʟʥʘʯʝʥʥʷ ʟʘʜʘʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ, ʥʘ ʷʢʽ ʨʦʟʙʠʚʘ-

ʻʪʴʩʷ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʯʘʩʫ ʧʦʷʚʠ ʚʽʜʤʦʚ; ʫ ʛʨʘʬʫ 4 ï ʢʽʣʴ-

ʢʽʩʪʴ ʟʥʘʯʝʥʴ ni ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ti , ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʪʨʝʪʴʦ- 
 

ʛʦ ʩʪʦʚʧʮʷ; ʫ ʛʨʘʬʫ 5 ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʢʦʧʠʯʝʥʘ ʜʦ ʜʘʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʢʽʣʴʢʽʩʪʴ ʚʽ-

ʜʤʦʚ H j ; ʫ ʛʨʘʬʫ 6 ï ʟʥʘʯʝʥʥʷ ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ Q
*
 ( t ) . 

 

ʂʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ j , ʥʘ ʷʢʽ ʨʦʟʙʠʚʘʻʪʴʩʷ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝ-

ʣʠʯʠʥʠ, ʟʘʜʘʻʪʴʩʷ ʜʦʚʽʣʴʥʦ, ʘʣʝ ʙʨʘʪʠ ʡʦʛʦ ʙʽʣʴʰʝ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʫ 

ʜʦʩʚʽʜʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ti ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ. ʊʦʜʽ ʟʥʘʯʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʽʥʪʝʨ- 

ʚʘʣʫ ʯʘʩʫ Dt ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʦʢʨʫʛʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʘ 

t
i ,max  

-
 

t
i ,min .  ɼʣʷ ʢʦ-  

  

ʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʨʝʪʴʦʾ ʛʨʘʬʠ [Dt * j,Dt * ( j +1)] 
 j 

 

ʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ 
 

ʚʝʣʠʯʠʥʠ ti   ʧʝʨʝʚʽʨʷʻʤʦ ʥʘʩʪʫʧʥʫ ʫʤʦʚʫ: Dt * j  < ti  ¢ Dt * ( j +1) . ʋ  ʯʝʪʚʝʨʪʫ ʛʨʘ- 
 

ʬʫ ʜʣʷ ʚʝʣʠʯʠʥʠ a j    ʟʘʥʦʩʠʤʦ  ʢʽʣʴʢʽʩʪʴ ni ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ti , ʱʦ ʟʘʜʦʚʦʣʴʥʷ- 
  

ʶʪʴ ʟʘʟʥʘʯʝʥʽʡ ʫʤʦʚʽ. ʋ ʧ'ʷʪʫ ʛʨʘʬʫ ʟʘʥʦʩʠʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʠʭ ʚʽʜʤʦʚ ʜʦ 

ʤʦʤʝʥʪʫ ʯʘʩʫ ( j +1)*  Dt . ʇʽʜʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ ʧ'ʷʪʦʾ ʛʨʘʬʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥ- 
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k 

ʥʷʤʠ ʛʨʘʬʠ  ʯʝʪʚʝʨʪʦʾ ʪʦʙʪʦ  ʜʣʷ  ʜʦʚʽʣʴʥʦʛʦ  ʢ-ʛʦ  ʽʥʪʝʨʚʘʣʫ  ʯʘʩʫ H k  = äak  .  
j =1  

k 

n = äni  - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ, ʱʦ ʚʽʜʙʫʣʠʩʷ. ʋ ʰʦʩʪʽʡ ʛʨʘʬʽ ʦʜʝʨʞʫʻʤʦ ʟʥʘ- 
i =1 

 

ʯʝʥʥʷ ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ Q
*
 ( t ) ʥʘ ʢʦʞʥʽʤ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ [Dt * j 

,Dt * ( j +1 )] . 
 

2.ʇʝʨʝʚʽʨʢʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ Q
*
 ( t ) ʷʢʦʤʫ-ʥʝʙʫʜʴ ʘʥʘʣʽʪʠʯʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʘʨ- 

 

ʪʦ ʧʨʦʚʦʜʠʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ: ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ, ʥʦʨʤʘʣʴʥʠʡ, ʥʦʨʤʘʣʴʥʦ-
ʣʦʛʘʨʠʬʤʽʯʥʠʡ, ʟʘʢʦʥ ɺʝʡʙʫʣʘ.  

ʉʧʝʨʰʫ ʧʝʨʝʚʽʨʷʻʤʦ ʛʽʧʦʪʝʟʫ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʧʦ 

ʡʦʛʦ ʦʩʥʦʚʥʽʡ ʚʣʘʩʪʠʚʦʩʪʽ: ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʜʦʨʽʚʥʶʻ ʩʝ-

ʨʝʜʥʴʦʤʫ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʚʽʜʭʠʣʝʥʥʶ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘ-

ʯʝʥʥʷ ʪʦʙʪʦ Tcp = s.  

ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʾʾ ʜʠʩʧʝʨʩʽʷ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʧʦ ʥʘʩʪʫʧ-
ʥʠʤ ʬʦʨʤʫʣʘʤ:  
  k  k      

 

  äni ti  äni * (ti - Tcp )2     
 

T = i=1 ;   D
*
 ( t ) = i =1  ;  s

*
  =  D

*
 ( t ) . ʗʢʱʦ T  º s

*
 ʪʦ ʛʽʧʦʪʝʟʘ ʧʨʦ  

 

å k õ  

cp  k    cp  
 

  äni  æäni ö     
 

  i=1  ç i =1 ÷     
  

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ  ̔ ʻʜʠʥʠʡ ʧʘʨʘʤʝʪʨ ʮʴʦʛʦ ʟʘ- 

ʢʦʥʫ (ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ) ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʬʦʨʤʫʣʽ  l = 
1

  . ʗʢʱʦ ʫʤʦʚʘ Tcp  º s
*
 

 T
cp  

ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʥʘʙʣʠʞʝʥʥʷ ʬʫʥʢʮʽʾ  Q
*
 ( t ) 

 

ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ. ɸʥʘʣʽʪʠʯʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ Q( t )  ʜʣʷ 
 

        å 
T

cp õ   å t - Tcp  õ  
 

       ʌæ    ö + ʌæ     ö   

                

        æ   ö   æ    ö  
 

ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ  ʤʘʻ ʚʠʛʣʷʜ:  Q( t ) = 
 ç 2 *  s ÷   ç 2 *  s ÷ ; ʜʝ ʬʫ-  
     

å 
 T

cp õ 
  

 

                
 

          1 + ʌæ     ö    
 

                  

            æ     ö    
 

ʥʢʮʽʷ  ʌ(t ) 
       ç  2 *  s ÷    

 

ʥʘʟʠʚʘʻʪʴʩʷ  ʽʥʪʝʛʨʘʣʦʤ ʡʤʦʚʽʨʥʦʩʪʽ ʽ  ʚʠʟʥʘʯʘʻʪʴʩʷ  ʚʠʨʘʟʦʤ: 
 

ʌ(t ) = 2  * ñ
t
 exp( -t 

2
  )dt . ɺʠʟʥʘʯʠʚʰʠ ʧʘʨʘʤʝʪʨʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦ-  

 

 

 

   

  p 0                  
 

ʜʽʣʫ ( l ),  ʥʦʨʤʘʣʴʥʦʛʦ (Tcp ,s), ʯʠ  ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʧʦ ʩʪʘʪʠʩʪʠʯʥʠʤ ʜʘʥʠʤ ʽ ʟʘ- 
 

ʧʠʩʘʚʰʠ ʬʫʥʢʮʽʶ Q( t ) , ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʟʙʽʞʥʦʩʪʽ ʝʤʧʽʨʠʯʥʦʾ  Q
* ( t ) ʪʘ 

   

ʪʝʦʨʝʪʠʯʥʦʾ Q( t ) ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ. ɼʣʷ ʮʽʻʾ ʤʝʪʠ  ʥʝʦʙʭʽʜʥʦ  ʟʘʩʪʦʩʫʚʘʪʠ ʢʨʠʪʝ- 
 

ʨʽʡ ʟʛʦʜʠ ʆ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ. ʆʮʽʥʢʘ ʟʘ ʢʨʠʪʝʨʽʻʤ ʟʛʦʜʠ ʆ .ʅ. ʂʦʣʤʦʛʦʨʦʚʘ ʧʨʦʚʦ-
ʜʠʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ:1) ɼʣʷ j ʽʥʪʝʨʚʘʣʽʚ, ʥʘ ʷʢʽ ʨʦʟʙʠʚʘʻʪʴʩʷ ʝʤʧʽʨʠʯʥʠʡ 

ʨʦʟʧʦʜʽʣ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ Q
*
 ( Dt * j ) = 

H
 j 
, ʱʦ ʟʨʦʙʣʝʥʦ ʚ ʰʦʩ- 

 

äni 
 

  
 

ʪʽʡ ʛʨʘʬʽ ʪʘʙʣʠʮʽ. 2) ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʝʨʝʜʙʘʯʫʚʘʥʘ ʪʝʦʨʝʪʠʯʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ 
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ʜʣʷ   ʮʠʭ ʞʝ   ʤʦʤʝʥʪʽʚ ʯʘʩʫ Q( Dt * j ) . 3)  ɿʥʘʭʦʜʠʪʴʩʷ   ʤʦʜʫʣʴ ʨʽʟʥʠʮʽ 
 

Q( Dt * j ) - Q* ( Dt * j )  ʜʣʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ j ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʝ ʟ ʚʩʽʭ 
 

ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ D 
 

= 
 

Q( Dt * j ) - Q
*
 ( Dt * j )  

 

.   4)   ɺʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦ 
 

   
 

  max          
  

L a = Dmax * n . ɼʣʷ ʟʘʜʦʚʽʣʴʥʦʾ ʟʛʦʜʠ ʝʤʧʽʨʠʯʥʦʛʦ ʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʝʦʙ-

ʭʽʜʥʦ, ʱʦʙ [Lmax = 1,5] . ʆʧʪʠʤʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʟʥʘʯʝʥʴ La ¢ 1,0 .La<  

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ4. "ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟ-

ʧʦʜʽʣʫ ʧʦ ʩʪʘʪʠʩʪʠʯʥʠʤ ʜʘʥʠʤ". 

 

ʋ ʧʦʧʝʨʝʜʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʨʦʙʦʪʽ ʦʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟ-

ʧʦʜʽʣʫ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʧʦ ʤʝʪʦʜʫ ʤʦʤʝʥʪʽʚ. ʎʝʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʧʨʠ-

ʨʽʚʥʶʶʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʪʘ ʮʝʥʪʨʘʣʴʥʽ ʝʤʧʽʨʠʯʥʽ ʤʦʤʝʥʪʠ ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʯʘʪʢʦʚʦʤʫ ʪʘ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʪʝʦʨʝʪʠʯʥʠʤ ʤʦʤʝʥʪʘʤ. ɼʨʫʛʠʤ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʤʝʪʦʜʦʤ 

 ̒ʤʝʪʦʜ ʥʘʡʙʽʣʴʰʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. 
 

ʇʨʠʢʣʘʜ. 
 

ɿʥʘʡʪʠ ʤʝʪʦʜʦʤ ʥʘʡʙʽʣʴʰʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʊʩʨ ʽ s ʥʦʨʤʘʣʴ-

ʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʦʜʝʨʞʘʣʠ n ʚ-̔ 

ʜʤʦʚ ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ t1 ,t2 ,.....,tn .           
 

ʏʘʩʪʦʪʘ ʚʽʜʤʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ   
 

                       
 

     2      
å - ( t - ʊ 

 
)
2
  õ 

       
 

            

å ʊ 
 

õ 
  

     p 
     

 

       æ  ʩʨ  ö     ʩʨ   
 

ʘ( t ) =              

. ɺʝʣʠʯʠʥʘ1 + ʌæ    

ö ʜʣʷ ʥʦʨʤʘʣʴʥʦ-  

å å 
    

õ õ 
* exp 

2*  s
2
 

 

ö 
    

   T æ  æ 2 *  s 
ö
  

 

 sæ1 + ʌæ     cp ö ö ç    ÷ ç    ÷  
 

                   

 æ æ     ö ö             
 

 ç ç   2 *  s ÷ ÷             
  

ʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʟ ʚʝʣʠʢʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʨʽʚʥʦʶ 2. ʋ 
ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʫʞʝ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʨʦʱʝʥʫ ʬʦʨʤʫ ʟʘʧʠʩʫ ʯʘʩʪʦʪʠ ʚʽʜʤʦʚ 
ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ: 

     1       å - ( t - ʊ 
ʩʨ )2  õ             

 

ʘ( t ) = 
       æ           ö              

         

* expæ 
             ö .  ʉʢʣʘʜʝʤʦ ʬʫʥʢʮʽʶ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ L:  
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2p 

      

        ç        ÷             
 

    1       å -( t  -ʊ 
ʩʨ 

)
2
  õ     1   å -( t 

2 
-ʊ 

ʩʨ 
)
2
  õ  

 

          æ  1        ö       æ     ö   

L = 
        

* expæ 
           

ö *  
     

* expæ 
     

ö *é* 
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2*  s 
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s*  2p 

 

2*  

    

s*  2p 

 

      ç        ÷     ç    ÷  
 

 1        å -( t 
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ʩʨ 
)
2
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* expæ 
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          å - n (t 
i 
-T  )2  õ      

 

     

1 
  æ    ä   ʩʨ   ö      

 

 L =      * expæ    i =1           ö . ɿʥʘʡʜʝʤʦ ʣʦʛʘʨʠʬʤʽʯʥʫ ʬʫʥʢʮʽʶ ʧʨʘʚʜʦʧʦʜʽ-  

       

n     

2s 
2     

 

        

æ 
        

ö 
     

 

  
s n ( 

  
2p) 

               
 

     
æ 

              
ö 

      

          ç               ÷      
 

ʙʥʦʩʪʽ.                            
 

ln L = -n* ln s + ln 

    
1 

    

- 

än
 (ti  - Tʩʨ )2 

ɿʥʘʡʜʝʤʦ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʧʦ Tʩʨ  ̔   s. 

 

        i =1       

. 

 

              

( 
    

)n 
  

 

 

2*  s
2
 
  

 

  2p    
 

       n                     n   
 

 
µln L 

= 

 äti - n* Tʩʨ      
µln L 

 

= 

 
- n 
+ 

ä(ti  -Tʩʨ )2  
 

  
i =1     

; 
   

i =1  

. ɼʦʨʽʚʥʷʚʰʠ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ 
 

                   
 

 

µʊ ʩʨ 
    

s2 
     

µs 
  

s 
 

s3 
 

                      
  

ʥʫʣʶ ʪʘ ʚʠʨʽʰʠʚʰʠ ʦʪʨʠʤʘʥʫ ʩʠʩʪʝʤʫ ʜʚʦʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʊʩʨ ʽ s, ʦʜʝʨʞʠ-

ʤʦ: 
 

   n  n      
 

   äti  ä(ti -Tʩʨ )2   
 

ʊ  = i =1 = M 
*
 ( t ) ;  s

2
  = i=1   = D

*
 ( t ) ;  s =  D

*
 ( t )  ʐʫʢʘʥʽ ʦʮʽʥʢʠ ʥʘʡ-  

ʩʨ 
n 

 

n 
 

 

         

         
  

ʙʽʣʴʰʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʷʢ ʩʪʘʪʠʩʪʠʯʥʽ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 
ʯʝʢʘʥʥʷ ʽ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʝʥʷ ʟ ʜʠʩʧʝʨʩʽʾ. 

 

ʆʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʦ ʤʝʪʦʜʫ ʥʘʡʙʽʣʴʰʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʜʣʷ ʽʥ-
ʰʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʥʘʩʪʫʧʥʽ: 

1. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʜʣʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ  l = n
n

 

ä ti  
           i=1  

 

                 
 

           n      
 

 
ʄʦʜʘ ʧʨʠ ʨʦʟʧʦʜʽʣʽ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʟʘ ʟʘʢʦʥʦʤ ʈʝʣʝʷ s = 

 äti 2    
 

2.  i =1 .   

     

           2n      
 

3. ʇʘʨʘʤʝʪʨʠ  ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ  ɺʝʡʙʫʣʘ ʢ    ̔  l0 ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ 
 

      n           
 

   
n 

n  n* äti
k
  ln ti     

n 
     

 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ:  + äln ti - i =1  = 0 ; l0  =      .  

 

k 

n   n      

   i =1  äti
k
    äti

k
      

 

      i =1     i =1      
  

ʈʽʚʥʷʥʥʷ, ʟ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʘʨʘʤʝʪʨ ʢ ʥʝʣʽʥʽʡʥʝ ʽ ʨʽʰʝʥʥʷ ʡʦʛʦ ʘʥʘʣʽʪʠʯʥʠ-

ʤʠ ʤʝʪʦʜʘʤʠ ʟʥʘʡʪʠ ʥʝʤʦʞʣʠʚʦ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 
ɽʆʄ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʜʽʙʥʠʭ ʨʽʚʥʷʥʴ. 

 

ʋ ʧʨʦʧʦʥʦʚʘʥʦʤʫ ʟʘʚʜʘʥʥʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ ʝʣʝʢʪʨʦʫʩ-

ʪʘʪʢʫʚʘʥʥʷ ʩʠʣʦʚʠʭ ʪʷʛʦʚʠʭ ʧʽʜʩʪʘʥʮʽʡ. ɭ ʜʘʥʽ ʧʨʦ ʥʘʨʦʙʽʪʢʠ ʪʘ ʚʽʜʤʦʚʠ ʢʨʝʤʥʽʻ-

ʚʠʭ ʚʠʧʨʠʤʣʷʯʽʚ (ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʚʽʜʤʦʚʠ ʩʠʣʦʚʠʭ ʢʣʶʯʽʚ) ʽ ʜʚʠʛʫʥʽʚ-

ʚʝʥʪʠʣʷʪʦʨʽʚ ʜʣʷ ʧʨʠʤʫʩʦʚʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʝʥʪʠʣʽʚ. ɺʠʭʽ-

ʜʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʽʙʨʘ- 
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ʥʠʡ ʟʘ ʧʝʨʽʦʜ ʙʽʣʷ ʪʨʴʦʭ ʨʦʢʽʚ ʥʘ 27 ʪʷʛʦʚʠʭ ʧʽʜʩʪʘʥʮʽʷʭ ʤ. ʄʦʩʢʚʠ, 26 
ʧʽʜʩʪʘʥʮʽ-ʷʭ ʤ. ʂʠʻʚʘ ʽ 6 ʤ. ʍʘʨʢʦʚʘ. 

 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ: 
 

1. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʥʘʨʦʙʽʪʢʠ ʽ ʚʽʜʤʦʚʠ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʝʣʝʢʪ-

ʨʦʫʩʪʘʪʢʫʚʘʥʥʷ ʚʠʧʠʩʘʪʠ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʯʘʩʫ ʥʘʨʦʙʢʠ ʜʦ ʚʽʜʤʦʚʠ ʘʛʨʝʛʘʪʽʚ 

ʚʽʜʟʥʘʯʝʥʠʭ ʟʽʨʦʯʢʦʶ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʜʘʥʠʡ ʙʣʦʢ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠ-

ʡʰʦʚ ʟ ʣʘʜʫ (ʚʽʜʤʦʚʠʚ). ʇʦʨʘʭʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ, ʪʠʤ ʩʘʤʠʤ ʚʠ-

ʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ n . ɼʣʷ ʜʚʠʛʫʥʽʚ ʪʘ ʚʠʧʨʠʤʣʷʯʽʚ ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

ʦʜʥʘʢʦʚʠʡ.  
2. ɿ ʚʠʧʠʩʘʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʠʙʨʘʪʠ ʥʘʡʙʽʣʴʰʝ ʽ ʥʘʡʤʝʥʰʝ. 
 ʈʦʟʜʽʣʠʪʠ  ʚʝʩʴ ʜʽʘʧʘʟʦʥ  ʥʘʨʦʙʽʪʢʫ  ʦʙ'ʻʢʪʽʚ  ʥʘ ʦʜʥʘʢʦʚʽ  ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ 

 

 Dti  = ti 
-

 

t
i-1 = 

t
maʯ 
-

 

t
min . i -ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʙʠʚʢʠ. ɿʥʘʯʝʥʥʷ Dt  ʦʢʨʫʛ-  

     

       i        
 

 ʣʠʪʠ. ʇʽʜʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ ʦʙ'ʻʢʪʽʚ ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʢʦʞʥʠʡ i  - ʡ 
 

 ʽʥʪʝʨʚʘʣ. ɿʥʘʡʪʠ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜʤʦʚ ʜʣʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ Dti ʧʦ ʬʦʨ- 
 

 
ʤʫʣʽ  ai

*
  = 

 Dni  
ʜʝ n - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ ; Dni - ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ ʷʢʽ 

 

 

Dti * n 
 

           
 

 ʧʦʪʨʘʧʣʷʶʪʴ ʫ i - ʡ  ʽʥʪʝʨʚʘʣ,  ʪʦʙʪʦ ʮʝ ʢʽʣʴʢʽʩʪʴ ti     ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ 
 

 ʫʤʦʚʘ (i -1)* Dt ¢ ti < i *  Dt  . ʇʦʙʫʜʫʚʘʪʠ  ʛʨʘʬʽʢ  ʝʤʧʽʨʠʯʥʦʾ  ʯʘʩʪʦʪʠ  ʚʽʜʤʦʚ. 
 

 ɿʥʘʡʪʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʪʘ ʾʾ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜ- 
 

 ʭʠʣʝʥʥʷ. ʗʢʱʦ ʚʦʥʠ ʥʝ ʨʽʚʥʽ, ʪʦ ʚʽʜʨʘʟʫ ʚʽʜʢʠʥʫʪʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 
 

 ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʪʨʠ: ʝʢʩ- 
 

 ʧʦʥʝʥʮʽʘʣʴʥʠʡ, ʥʦʨʤʘʣʴʥʠʡ ʪʘ ʟʘʢʦʥ ɺʝʡʙʫʣʘ, ʪʦ ʧʦ ʚʠʜʫ ʛʨʘʬʽʢʘ ʯʘʩʪʦʪʠ ʚʽ- 
 

 ʜʤʦʚ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʤʦʞʣʠʚʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʟ- 
 

 ʧʦʜʽʣʽ ʯʘʩʪʦʪʘ ʚʽʜʤʦʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʤʘʢʩʠʤʫʤʫ ʽ ʧʦʪʽʤ ʟʥʦʚʫ ʟʤʝʥʰʫʻʪʴʩʷ. 
 

 ɿʘʢʦʥ ɺʝʡʙʫʣʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠ ʧʘʨʘʤʝʪʨʽ ʢ <1. ʗʢʱʦ 
 

 ʚ ʧʦʯʘʪʢʦʚʠʡ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʘʩʪʦʪʘ ʚʽʜʤʦʚ ʚʝʣʠʢʘ, ʘ ʧʦʪʽʤ ʙʝʟʫʧʠʥʥʦ 
 

 ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦ ʻ ʚʩʽ ʧʽʜʩʪʘʚʠ ʟʨʦʙʠʪʠ ʧʝʨʝʚʽʨʢʫ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʥʘʙʣʠʞʝʥʥʷ 
 

 ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ ʟʘʢʦʥʦʤ ɺʝʡʙʫʣʘ.     
 

3. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʢ ʚ ʟʘʢʦʥʽ ɺʝʡʙʫʣʘ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʚʝʜʝʥʝ 
 

 ʚʠʱʝ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ. ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ  ʢ  ʧʘʨʘʤʝʪʨ  l0   ʟʥʘʭʦʜʠʪʴʩʷ ʙʝʟ 
 

 ʫʪʨʫʜʥʝʥʴ.         

äDni 

 

4. ʇʦʙʫʜʫʚʘʪʠ ʝʤʧʽʨʠʯʥʫ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʧʦʷʚʠ ʚʽʜʤʦʚ  Q
*
 ( t ) = 

 

 i  
 

 

n 
 

 

ʜʝ  äDni  - 

         
 

 ʟʘʛʘʣʴʥʝ  (ʥʘʢʦʧʠʯʝʥʝ)  ʯʠʩʣʦ  ʚʽʜʤʦʚ  ʦʙ'ʻʢʪʽʚ  ʟʘ  ʽʥʪʝʨʚʘʣ ʯʘʩʫ 
 

i 

(0,Dt * i  ). 
 

ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʽʜʤʦʚ Q
*
 ( t ). ʇʽʩʣʷ 

 

ʪʦʛʦ, ʷʢ ʙʫʜʫʪʴ ʟʥʘʡʜʝʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦ ʤʝʪʦʜʫ 

ʥʘʡʙʽʣʴʰʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ, ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʟʥʘʡʜʝʥʦʾ 

ʘʥʘʣʽʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʧʦʷʚʠ ʚʽʜʤʦʚ Q( t ) . 
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5. ʆʮʽʥʠʪʠ ʜʦʧʫʩʪʠʤʽʩʪʴ ʥʘʙʣʠʞʝʥʥʷ ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ Q
*
 ( t ) ʬʫʥʢʮʽʻʶ Q( t ) 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʠʪʝʨʽʡ ʟʛʦʜʠ ʆ. ʅ. 

ʂʦʣʤʦʛʦʨʦʚʘ. ɿʥʘʯʝʥʥʷ Lʘ ʧʦʚʠʥʥʝ ʧʽʜʧʦʨʷʜʢʦʚʫʚʘʪʠʩʷ ʫʤʦʚʽ La ¢ 1 . 

 

ɯʥʪʝʨʚʘʣʴʥʽ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ. 
 

ɿʘʜʘʯʽ. 
 

1. ʇʨʠ ʽʩʧʠʪʽ ʥʘ ʥʘʜʽʡʥʽʩʪʴ N = 11 ʦʜʥʦʪʠʧʥʠʭ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʜʦ ʚʠʭʦʜʫ ʾʭ ʟ 

ʣʘʜʫ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʥʘʨʦʙʽʪʢʠ ʚ ʛʦʜʠʥʘʭ: 300, 400, 600, 700, 1000,1500, 2000,  
2500, 3000, 3500, 4000. ɺʠʟʥʘʯʠʪʠ: ʦʮʽʥʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʜʚʠʛʫʥʽʚ l

*
 ; ʥʠ-

ʞʥʶ ʽ ʚʝʨʭʥʶ ʜʦʚʽʨʯʽ ʛʨʘʥʠʮʽ lʥ ʽ lʚ ʟ ʜʦʚʽʨʯʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʚʽʜʧʦʚʽʜʥʦ g1 = 

0.95 ̔  g2 = 0.9 ; ʦʮʽʥʢʫ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ ʚʽʜʤʦʚʠ ʊʩʨ
* ʪʘ ʡʦʛʦ ʜʦʚʽʨʯʽ 

 

ʛʨʘʥʠʮʽ. 
 

2.ʅʘ ʥʘʜʽʡʥʽʩʪʴ ʚʠʧʨʦʙʫʶʪʴʩʷ 40 ʝʣʝʢʪʨʦʥʥʠʭ ʣʘʤʧ. ʃʘʤʧʠ, ʱʦ ʚʽʜʤʦʚʠʣʠ, ʟʘʤʽ-

ʥʶʶʪʴʩʷ ʥʦʚʠʤʠ. ʇʽʩʣʷ 573 ʛʦʜʠʥ ʽʩʧʠʪʽʚ ʟʘʨʝʻʩʪʨʦʚʘʥʘ 15-ʪʘ ʚʽʜʤʦʚʘ, ʽ ʽʩʧʠʪʠ 

ʧʨʠʧʠʥʝʥʽ. ʆʮʽʥʠʪʠ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʚʽʜʤʦʚʠ ʽ ʟʥʘʡʪʠ ʡʦʛʦ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨ-

ʚʘʣ ʧʨʠ ʜʦʚʽʨʯʽʡ ʡʤʦʚʽʨʥʦʩʪʽ g = 0.9 ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʚʽʜʤʦʚʠ ʧʽʜʢʦʨʷʶʪʴʩʷ ʝʢ-

ʩʧʦʥʝʥʪʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 
 

3. ʇʨʠ ʽʩʧʠʪʽ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ N = 11ʦʜʥʦʪʠʧʥʠʭ ʢʦʣʝʢʪʦʨʥʠʭ ʤʘʰʠʥ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʚʽʜʤʦʚʠ ʷʢʠʭ ʚ ʧʝʨʽʦʜ ʟʥʦʩʫ ʤʘʶʪʴ ʥʦʨʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ, ʦʪʨʠʤʘʥʽ ʥʘ-

ʩʪʫʧʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚ ʛʦʜʠʥʘʭ: 1500, 1200, 1800, 1600, 2000, 

1400, 2200, 1700, 1900, 2100, 2300. ʇʦʪʨʽʙʥʦ ʦʮʽʥʠʪʠ ʩʝʨʝʜʥʶ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʤʘ-ʰʠʥ 

ʊʩʨ
* ʪʘ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʫ s

* , ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʜʣʷ ʥʠʭ 
 

ʚʽʜʧʦʚʽʜʥʦ ʥʠʞʥʶ ʽ ʚʝʨʭʥʶ ʜʦʚʽʨʯʽ ʛʨʘʥʠʮʽ ʟ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ g = 0.95 . 
 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ5 "ʇʘʨʘʤʝʪʨ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʷʢ ʢʨʠʪʝʨʽʡ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜ-

ʥʦʚʣʶʚʘʥʠʭ ʚʠʨʦʙʽʚ". 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ.  

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʫ ʤʦʜʝʣʴ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʅʝʭʘʡ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʽ ʟʥʘʭʦʜʠʪʴ-ʩʷ 
N ʚʠʨʦʙʽʚ, ʽ ʚʠʨʦʙʠ, ʱʦ ʚʽʜʤʦʚʠʣʠ, ʥʝʛʘʡʥʦ ʟʘʤʽʥʶʶʪʴʩʷ ʩʧʨʘʚʥʠʤʠ. ɯʩʧʠʪʠ ʚʚʘ-
ʞʘʶʪʴʩʷ ʟʘʢʽʥʯʝʥʠʤʠ, ʷʢʱʦ ʯʠʩʣʦ ʚʽʜʤʦʚ ʜʦʩʷʛʘʻ ʚʝʣʠʯʠʥʠ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʦʮʽʥʢʠ 
ʥʘʜʽʡʥʦʩʪʽ ʟ ʚʠʟʥʘʯʝʥʦʶ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʽʩʪʶ. ʆʩʥʦʚʥʦʶ ʢʽʣʴʢʽʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢʦʶ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʚʠʨʦʙʽʚ ʻ ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʫ ʚʽʜʤʦʚ w( t ) . 
 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ: 

w*  = 

n( Dt ) 
; (5.1) 

 

  

N * Dt 
 

ʜʝ  n( t ) ï ʯʠʩʣʦ ʟʨʘʟʢʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ, ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ (t ,t + Dt );  N -  ʯʠʩʣʦ ʚʠ- 
  

ʧʨʦʙʫʚʘʥʠʭ ʟʨʘʟʢʽʚ; Dt -; ʽʥʪʝʨʚʘʣ ʯʘʩʫ.  

ɼʣʷ ʦʨʜʠʥʘʨʥʠʭ ʧʦʪʦʢʽʚ, ʪʦʙʪʦ ʪʘʢʠʭ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʧʦʷʚʠ ʥʝ ʙʽʣʴʰ 
ʦʜʥʦʾ ʚʽʜʤʦʚʠ ʚ ʙʫʜʴ-ʷʢʠʡ ʜʦʚʽʣʴʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʟʚ'ʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʦʤ ʧʦʪʦʢʫ 
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ʚʽʜʤʦʚ ʽ ʯʘʩʪʦʪʦʶ ʚʽʜʤʦʚ ʚʠʨʘʞʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ɺʦʣʴʪʝʨʘ ʜʨʫʛʦʛʦ 
ʨʦʜʫ ʟ ʨʽʟʥʠʮʝʚʠʤ ʷʜʨʦʤ:  

w( t ) = a( t ) + ñt w( t )a( t - t )dt (5.2) 
 

0 

ʇʨʠ ʚʽʜʦʤʽʡ ʬʫʥʢʮʽʾ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʫ ʚʽʜʤʦʚ w( t ) ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʯʘʩʪʦʪʫ ʚʽʜʤʦʚ, 
 

ʚʠʨʽʰʠʚʰʠ ʜʘʥʝ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ. ʇʦ ʚʽʜʦʤʽʡ ʯʘʩʪʦʪʽ ʚʽʜʤʦʚ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ 
ʚʩ̔ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʚʠʨʦʙʽʚ. ʅʘʚʝʜʝʥʝ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʻ ʦʩʥʦʚʥʦʶ ʟʘʣʝʞʥʽ-
ʩʪʶ, ʱʦ ʟʚ'ʷʟʫʻ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʽ ʚʽʜʥʦʚʣʶʚʘ-

ʥʠʭ ʚʠʨʦʙʽʚ ʧʨʠ ʤʠʪʪʻʚʦʤʫ ʚʽʜʥʦʚʣʝʥʥʽ. ʈʽʚʥʷʥʥʷ 5.2 ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʚ ʦʧʝʨʘ-
ʪʦʨʥʽʡ ʬʦʨʤʽ:  

w( p ) =  a( p )  ; a( p ) =  w( p )  ; (5.3)  
 

- a( p ) 
 

+ w( p ) 
 

1  1   
  

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 5.2 ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʦʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʯʝʨʝʟ ʽʥʰʫ, ʷʢʱʦ ʽʩʥʫʶʪʴ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʬʫʥʢʮʽʡ a( p ) ʽ w( p ) , ʘ ʪʘʢʦʞ ʟʚʦʨʦʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʨʘ- 
 

ʟʽʚ 5.3.  

ɺ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʚʽʜʤʦʚʠ, ʦʪʨʠʤʘʥʽ ʚ 
ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʧʘʨʘʪʫʨʠ. ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʯʘʩʪʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʻ ʥʝ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʯʠ ʯʘʩʪʦʪʦʶ ʚʽʜʤʦʚ, ʘ ʧʘʨʘʤʝʪ-

ʨʦʤ ʧʦʪʦʢʫ ʚʽʜʤʦʚ w( t ) . ɼʘʣʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦ ʚʽʜʦʤʦʤʫ ʧʘʨʘʤʝʪʨʽ ʧʦʪʦʢʫ 

ʚʽʜʤʦʚ w( t ) ʟʥʘʡʪʠ ʯʘʩʪʦʪʫ ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʟʚʦʜʠʪʴʩʷ  
ʢ ʥʘʩʪʫʧʥʠʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʦʧʝʨʘʮʽʷʤ:  

1. ʇʦ ʩʪʘʪʠʩʪʠʯʥʠʤ ʜʘʥʠʤ ʧʨʦ ʚʽʜʤʦʚʠ ʝʣʝʤʝʥʪʽʚ ʨʝʤʦʥʪʫʻʤʠʭ ʚʠʨʦʙʽʚ ʽ ʧʦ ʬʦʨ-

ʤʫʣʽ 5.1 ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʽ ʙʫʜʫʻʪʴʩʷ ʛʽʩʪʦʛʨʘʤʘ wi ( t ) .  
2. ɻʽʩʪʦʛʨʘʤʘ ʟʘʤʽʥʶʻʪʴʩʷ ʢʨʠʚʦʶ, ʱʦ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ; 

3. ɿʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ w( p )  ʬʫʥʢʮʽʾ  w( t ) .  
4. ʇʦ ʚʽʜʦʤʽʡ w( p ) ʥʘ ʧʽʜʩʪʘʚʽ (5.3) ʟʘʧʠʩʫʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ a( p ) ʯʘ-

ʩʪʦʪʠ ʚʽʜʤʦʚ; 

5. ʇʦ ʚʽʜʦʤʦʤʫ ʟʦʙʨʘʞʝʥʥʶ ʯʘʩʪʦʪʠ ʚʽʜʤʦʚ a( p ) ʟʥʘʭʦʜʠʪʴʩʷ ʦʨʠʛʽʥʘʣ a( t ).  
6. ɺʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʧʦ ʬʦʨʤʫʣʽ:  

l( t ) = 
 a( t ) 

; (5.4)      

1 - ñ
t
 a( t )dt 

 

   
 

0  

ʅʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ, ʷʢʱʦ ʥʝ ʚʜʘʻʪʴʩʷ ʟʥʘʡʪʠ ʧʦ ʟʦʙʨʘ-
ʞʝʥʥʶ a( p ) ʦʨʠʛʽʥʘʣ a( t ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʙʣʠʞʝʥʽ 
 

ʤʝʪʦʜʠ ʨʽʰʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʙʫʜʝ 

ʦʪʨʠʤʘʥʘ ʜʦʩʠʪʴ ʩʢʣʘʜʥʘ ʬʫʥʢʮʽʷ w( t ) , ʧʨʠ ʷʢʽʡ ʨʽʚʥʷʥʥʷ 5.2 ʘʥʘʣʽʪʠʯʥʦ ʚʠʨʽʰʠʪʠ 
 

ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 5.2 ʙʫʜʝʤʦ ʚʠʨʽʰʫʚʘʪʠ ʯʠʩʝʣʴʥʠʤ ʤʝʪʦʜʦʤ 
(ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɽʆʄ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʨʦʛʨʘʤʘ 
ʥʘʧʠʩʘʥʘ ʘʣʛʦʨʠʪʤʽʯʥʦʶ ʤʦʚʦʶ Pascal. 
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ʇʨʠʢʣʘʜ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ N=100 ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʚʠʨʦʙʽʚ ʦʪʨʠʤʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ 
ʧʨʦ ʚʽʜʤʦʚʠ, ʟʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.1. ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽ-  

ʜʤʦʚʠ ʚʠʨʦʙʫ Tʩʨ , ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ P( t ) ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ l( t 

) . ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚʠʨʦʙʠ ʚʽʜʥʦʚʣʶʚʘʥʽ, ʪʦʤʫ ʚʦʥʠ ʧʨʘʮʶ- 
 

ʶʪʴ ʫ ʨʝʞʠʤʽ ʟʤʽʥʠ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ. ʇʦ ʩʪʘʪʠʩʪʠʯʥʠʤ ʜʘʥʠʤ ʧʨʦ ʚʽʜʤʦʚʠ 

ʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʫ ʚʽʜʤʦʚ. ɿʥʘʯʝʥʥʷ w( t ) , ʦʙʯʠʩʣʝʥʽ ʧʦ ʬʦʨʤʫʣʽ 
 

5.1, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 5.1. 

 

ʊʘʙʣʠʮʷ 5.1. 

n  46 40 36 32 30 28 26 24 24 22 22 20 20  20  

Dt , 2 2 2 2 2 2 2 2 2 2 2 2 2  2  

10 
3
 ʛʦ                  

ʜ.                  

w,  23 20 18 16 15 14 13 12 12 11 11 10 10  10  

10
-5

 .                  

1/ʛʦʜ.                 

ɼʘʣʽ ʙʫʜʫʻʪʴʩʷ ʛʽʩʪʦʛʨʘʤʘ w( t ) .            

ʂʨʠʚʘ w( t ) , ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʛʣʘʜʞʫʚʘʥʥʷ ʛʽʩʪʦʛʨʘʤʠ, ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʽʚ- 

ʥʷʥʥʷʤ                

w( t ) = a + b* exp(-kt )              
 

ɿʥʘʡʜʝʤʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ a,b,k .  

w( 0 ) = a + b = 23* 10-5 ; w( ¤ ) = a =10-4 ;  b = w( 0 ) - a =13* 10-5 ; 
 

ɺʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ k ʤʦʞʣʠʚʦ ʧʦ ʙʫʜʴ-ʷʢʽʡ ʢʨʘʧʮʽ ʛʽʩʪʦʛʨʘʤʠ. ɺʠʙʝʨʝʤʦ ʟʥʘʯʝʥ-

ʥʷ w ʧʨʠ t=9000.  

ɿʘ ʛʽʩʪʦʛʨʘʤʦʶ ʟʥʘʭʦʜʠʤʦ w( 9000 ) =1,5*  10
-4

 1/ʛʦʜ. ʊʦʜʽ 
 

a + b* exp(-k * 9000 ) =10-4  +1,3* 10-4 * exp(-k * 9000 ) =1,5* 10-4 .  
ɿ ʮʽʻʾ ʨʽʚʥʦʩʪʽ ʟʥʘʭʦʜʠʤʦ ʢ = 1,22*  10

-4
 1/ʛʦʜ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʤʦʞʣʠʚʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʨʽʚʥʷʥʥʷʤ  

w( t ) =10-4  +1,3* 10-4 * exp(-1,22* 10-4 t ) 
 

ʆʙʯʠʩʣʠʤʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʚʠʨʦʙʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʩʪʫʧʥʫ ʚʣʘʩ-

ʪʠʚʽʩʪʴ w(t ): 
 

lim w(t ) =  1 = a = 10
-4

1 / ʯʘʩ  

   

t ­¤ 
T

cp 
 

     

ɿʥʘʡʜʝʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ. ʉʧʦʯʘʪʢʫ, ʧʦ ʚʽʜʦʤʽʡ w(t ) ʚʠʟʥʘʯʠʤʦ 
ʯʘʩʪʦʪʫ ʚʽʜʤʦʚ a(t ). ʉʢʦʨʠʩʪʘʻʤʦʩʷ ʬʦʨʤʫʣʘʤʠ 5.3. 

w(p) = ¤ñw(t )exp(- pt )dt = 
10-4 

+ 
1,3*  10

-4
  
; ʊʦʜʽ 

 

 p p +1,22* 10 
-4 

 

0     
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a(p) =  w(p)  = 10-5 + 2,4*  10
-4

 ;  ʇʽʩʣʷ   ʟʚʦʨʦʪʥʦʛʦ  ʧʝʨʝʪʚʦʨʝʥʥʷ  

 

+ w(p) p + 0,36* 10
-4

 p + 3,36* 10
-4

 

 

1    
 

ʃʘʧʣʘʩʘ ʦʜʝʨʞʠʤʦ: 

a(t )=10-5 exp(- 0,36* 10-4 t)+ 2,4* 10-4 exp(- 3,36* 

10-4 t) ; ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʠʨʦʙʫ ʙʫʜʝ: 
 

P(t ) = 1 - ñt a(t )dt = 0,28* exp(- 0,36* 10
-

4 t )+ 0,72* exp(- 3,36* 10
-

4 t ) ; 
 

0 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ l(t )= 
a(
(
t
 
)
). 

 

P t 
 

ɿʘʜʘʯʘ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ N ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʦʪʨʠʤʘʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʚʽ-

ʜʤʦʚʠ ʾʭ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 

5.2. ʇʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʟʘ ʫʤʦʚʠ ʤʠʪʪʻʚʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʱʦ ʚʽʜʤʦʚʠʣʠ. ɿʘ-

ʟʥʘʯʝʥʝ ʜʦʧʫʱʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ, ʷʢʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʘʩ ʨʦʙʦʪʠ ʚ 

ʙʘʛʘʪʦ ʨʘʟʽʚ ʙʽʣʴʰʝ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ, ʱʦ ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ.  
ʊʘʙʣʠʮʷ 5.2. 

 ɯʥʪʝʨ- 0 - 40 40 - 80 - 120- 160- 200-  240-  280-  320- 360-  
 

 ʚʘʣʠ  80  120  160  200 240  280  320  360 400  
 

 ʧʨʦʙʽʛʫ                  
 

 Dl i                  
 

 ʪʠʩ.                  
 

 ʢʤ.                  
 

 ʂʽʣʴ- 65 65  65  65  65 65  65  64  57 53  
 

 ʢʽʩʪʴ                  
 

 ʚʘʛʦʥʽʚ                  
 

 N                  
 

 ʂʽʣʴ- 8 6  5  6  7 8  11  15  14 11  
 

 ʢʽʩʪʴ                  
 

 ʚʽʜʤʦʚ                  
 

 ʚ  ʽʥʪʝ-                  
 

 ʨʚʘʣʽ                  
 

 ʧʨʦʙʽʛʫ                  
 

 ni                  
 

                 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ.           
 

ʈʦʟʨʘʭʫʚʘʪʠ ʝʤʧʽʨʠʯʥʫ ʬʫʥʢʮʽʶ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʫ ʚʽʜʤʦʚ w * (l) , ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 
 

ʬʦʨʤʫʣʫ 5.1. ʇʦʙʫʜʫʚʘʪʠ ʩʪʦʚʧʯʠʢʦʚʫ ʛʽʩʪʦʛʨʘʤʫ ʡ ʘʧʨʦʢʩʠʤʫʚʘʪʠ  ʾʾ ʙʝʟʫʧʠʥʥʦʶ 
 

ʘʥʘʣʽʪʠʯʥʦʶ ʬʫʥʢʮʽʻʶ ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ:          
 

     å   2 õ          
 

w( l ) = c* exp(-d * l ) + b* expæ - (l - m) ö    (5.5)     
 

  

2 
        

     æ 

2*  s 

ö          
 

     ç  ÷          
 



20 
 
ɺʠʨʘʟ 5.5 ʟʘʣʝʞʠʪʴ ʚʽʜ ʧ'ʷʪʠ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩ,l,b,m,s , ʟʤʽʥʶʶʯʠ ʷʢʽ ʤʦʞʣʠ-
ʚʦ ʦʜʝʨʞʘʪʠ ʚʝʣʠʢʝ ʩʽʤʝʡʩʪʚʦ ʢʨʠʚʠʭ. ɼʣʷ ʦʮʽʥʢʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʘʧʨʦʢ-

ʩʠʤʫʶʯʦʾ ʬʫʥʢʮʽʾ w(l ) ʧʨʠʡʤʘʻʤʦ ʤʽʥʽʤʫʤ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʪʝʦʨʝʪʠʯʥʦʾ  
ʬʫʥʢʮʽʾ w( l ) ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ w

*
 ( l ). ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʝʚʽ-

ʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ w(l ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʥʘʭʦʜʷʪʴ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ ʩ,d ,b,m,s ʟ ʫʤʦʚʠ ʤʽʥʽʤʫ-ʤʫ 

ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ ʚʽʜʭʠʣʝʥʴ ʟʥʘʯʝʥʴ ʪʝʦʨʝʪʠʯʥʦʾ ʬʫʥʢʮʽʾ w(l ) ʚʽʜ ʟʥʘʯʝʥʴ ʝʤʧʽʨʠʯ-ʥʦʾ 

ʬʫʥʢʮʽʾ w
*
 ( l ). ʂʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʥʘʙʣʠʞʝʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʜʽ ʤʘʪʝʤʘ-

ʪʠʯʥʦʾ ʬʫʥʢʮʽʾ: 

S (c,d ,b,m,s) = äk
 [w*

 (l i )- w(l i )]2 i=1,2é...k ʜʝ k ï ʢʽʣʴʢʽʩʪʴ ʢʨʘʧʦʢ ʝʤʧʽʨʠʯʥʦʾ 
i =1  

ʬʫʥʢʮʽʾ.  
ɹʽʣʴʰ ʧʦʚʥʦ ʬʫʥʢʮʽʷ S ʧ'ʷʪʠ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʧʠʰʝʪʴʩʷ ʪʘʢ:  

k è  å  2 õø
2
 

 

  * æ - (l i  - m) ö  

S( c,d ,b,m,s ) = äéw 
 

2 
 

(li )- c* exp(- d * li )- b* expæ 2*  s 
ö
ù 

 

i =1 é  

ç 

 ù 
 

 ê    ÷ú 
  

d ʟʥʘʡʜʝʤʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʨʫʛʫ ʢʨʘʧʢʫ ʝʤʧʽʨʠʯʥʦʾ 

ʬʫʥʢʮʽʾ w
*
 (l ). 

 
ʊʦʜʽ ʥʫʣʴʦʚʝ ʥʘʙʣʠʞʝʥʥʷ  d ʟʥʘʡʜʝʤʦ 

ʟʽ ʩʧʽʚʚʽʜ- 

 

 å w* (1*  Dl  )õ 
 

 

- lnæ 
  

ö   * 
(0) 

 

d = 
ç w ÷ 

 

 

Dl 
  

 

    
 

ʈʦʟʛʣʷʥʝʤʦ ʢʨʘʧʢʫ ʤʘʢʩʠʤʫʤʫ ʛʽʩʪʦʛʨʘʤʠ w
*
 ( l ). ɺʠʜʥʦ, ʱʦ ʝʢʩʪʨʝʤʫʤ ʤʘʻ ʤʽʩʮʝ  

ʧʨʠ l =320. ʎʝ ʟʥʘʯʝʥʥʷ ʧʨʠʡʤʝʤʦ ʟʘ ʥʫʣʴʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʧʘʨʘʤʝʪʨʘ m = 320 . ɼʘʣʽ 

ʟʥʘʡʜʝʤʦ ʥʫʣʴʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ s ʥʦʨʤʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʫ, ʟʥʘʶʯʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ m . ʇʦ ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʨʤʘʣʴ-  

ʥʦʛʦ ʨʦʟʧʦʜʽʣʫ : s º m .  
 

   

3   
 

ʇʦʯʘʪʢʦʚʝ  ʥʘʙʣʠʞʝʥʥʷ  ʧʘʨʘʤʝʪʨʘ  b  ʟʥʘʡʜʝʤʦ  ʟ  ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ,  ʱʦ  ʧʨʠ 
 

l = 320 = m ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʤʦʞʣʠʚʦ ʟʥʝʚʘ- 
  

ʞʠʪʠ, ʦʩʢʽʣʴʢʠ ʤʘʡʞʝ ʫʩʽ ʚʽʜʤʦʚʠ ʙʫʜʫʪʴ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʮʝʩʦʤ ʟʥʦʰʫʚʘʥʥʷ. ʊʦʜʽ: 

w* (m) = b  

 w* (1*  Dl  )= w* (0)* exp(-1*  Dl * d  ) 

 

ʄʽʥʽʤʽʟʘʮʽʶ ʬʫʥʢʮʽʾ S ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʚ ʩʠʩʪʝʤʽ MATHCAD, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 
ʩʧʝʮʽʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʦʧʪʠʤʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘ-
ʪʠ ʧʦʯʘʪʢʦʚʽ ʥʘʙʣʠʞʝʥʥʷ ʰʫʢʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʦʟʨʘʭʫʻʤʦ ʧʦʯʘʪʢʦʚʽ ʥʘʙʣʠʞʝʥʥʷ 
ʚ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʇʨʠʡʤʝʤʦ, ʱʦ ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʧʨʦʙʽʛʫ ʷʚʠʱʘ ʟʥʦʩʫ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʽ ʥʦʨʤʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʬʫʥʢʮʽʾ w(l ) ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʊʦʜʽ 

 

ʥʦʰʝʥʥʷ: 

 

w* (0)= c 

ɿʥʘʯʝʥʥʷ 



ʂʦʣʠ ʚʠʟʥʘʯʠʣʠ ʧʦʯʘʪʢʦʚʽ ʥʘʙʣʠʞʝʥʥʷ ʰʫʢʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʫ MATHCAD ʤʽʥʽʤʽ-
ʟʫʻʤʦ ʬʫʥʢʮʽʶ S , ʪʦʙʪʦ ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ c,d ,b,m,sʧʨʠ ʷʢʠʭ ʬʫʥʢ-ʮʽʷ 

S ʜʦʩ̫ʛʘʻ ʤʽʥʽʤʫʤʫ. ɼʘʣʽ ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ w
*
 (l ) ʡ w(l ) ʚ ʦʜʥʠʭ ʢʦ- 
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ʦʨʜʠʥʘʪʥʠʭ ʦʩʷʭ ʽ ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʧʨʘʚʠʣʴʥʦʩʪʽ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʇʦʪʽʤ ʚʽʜʢʨʠʪʠ ʧʨʦ-
ʛʨʘʤʫ Integ. pas, ʥʘʧʠʩʘʥʫ ʤʦʚʦʶ Pascal, ʚʚʝʩʪʠ ʟʥʘʡʜʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʦʨʝʪʠʯʥʦʾ 
ʬʫʥʢʮʽʾ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʫ ʚʽʜʤʦʚ ʽ ʚʠʨʽʰʠʪʠ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 5.2, ʱʦ ʟʚ'ʷʟʫʻ ʧʘ-

ʨʘʤʝʪʨ ʧʦʪʦʢʫ ʽ ʯʘʩʪʦʪʫ ʚʽʜʤʦʚ. ʇʨʦʛʨʘʤʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ l(l ),a(l ),Q(l ) ʟʘ- 
 

ʧʠʩʫʻ ʫ ʬʘʡʣ ʥʘ ʞʦʨʩʪʢʠʡ ʜʠʩʢ. ʆʜʝʨʞʘʚʰʠ ʛʨʘʬʽʢʠ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ-
ʜʽʡʥʦʩʪʽ, ʧʦʪʨʽʙʥʦ ʟʥʦʚʫ ʧʦʚʝʨʥʫʪʠʩʷ ʚ ʩʝʨʝʜʦʚʠʱʝ MATHCAD ʽ ʟʯʠʪʘʪʠ ʟ ʬʘʡʣʘ , 

ʰʣʷʭ ʜʦ ʷʢʦʛʦ ʚʽʜʦʤʠʡ, ʤʘʩʠʚʠ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ l(l ),a(l ),Q(l ), ʱʦ ʙʫʣʠ ʨʦʟʨʘʭʦ- 
 

ʚʘʥʽ ʧʨʦʛʨʘʤʦʶ Integ. pas . ɿʘ ʟʥʘʯʝʥʥʷʤʠ ʥʦʚʦʛʦ ʤʘʩʠʚʫ ʩʬʦʨʤʦʚʘʥʦʛʦ ʚ 

MATHCAD ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʯʦʪʠʨʠ ʛʨʘʬʽʢʠ: w(l ), l(l ),a(l ),Q(l ). 
 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ6. "ʈʦʟʨʘʭʫʥʦʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʜʽʡʥʦʩʪʽ ʚʠʨʦʙʽʚ ʧʨʠ 

ʦʩʥʦʚʥʦʤʫ ʟ'ʻʜʥʘʥʥʽ ʝʣʝʤʝʥʪʽʚ 

(ʤʝʪʦʜ ʩʝʨʝʜʥʴʦʛʨʫʧʦʚʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʽʜʤʦʚ)". 

 

ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʚʠʨʦʙʽʚ ʻ ʚʝʣʠʯʠʥʦʶ ʧʦʩʪʽʡ-
ʥʦʶ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ ʧʽʜʣʷʛʘʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽ-

ʣʫ, ʪʦʙʪʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫʨʠ ʩʧʨʘʚʝʜʣʠʚʘ ʫʤʦʚʘ l = const . 
ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʠʨʦʙʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ:  

1. ʏʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʟ ʨʦʟʙʠʚʢʦʶ ʾʭ ʧʦ ʪʠʧʘʤ ʪʘ ʨʝʞʠʤʘʤ ʨʦʙʦʪʠ. 

2. ɿʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ li ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦ-

ʪʠ ʽ ʟʘʜʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. 

3. ʃʦʛʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ. ʇʨʠ ʦʩʥʦʚʥʦʤʫ ʟ'ʻʜʥʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʚʽʜʤʦʚʘ ʦʜʥʦ-
ʛʦ ʟ ʥʠʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʽʜʤʦʚʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ  

ʣʦʛʽʯʥʦ ʧʦʩʣʽʜʦʚʥʝ ʟ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ ʙʣʦʢʠ, ʘ ʙʣʦʢʽʚ ʫ ʻʜʠʥʫ ʩʠʩʪʝʤʫ. ʇʨʠ 
ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʚʠʟʥʘʯʝʥʠʤʠ ʥʦʨʤʘʣʴʥʽ 

ʫʤʦʚʠ ʨʦʙʦʪʠ: ʪʝʤʧʝʨʘʪʫʨʘ + 25 °10
0
 ʉ , ʥʦʤʽʥʘʣʴʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʨʝʞʠʤ ʪʦʙʪʦ  

ʂ ʥ = 1, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 60 ° 20% . ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʫ ʥʦʤʽʥʘʣʴ-

ʥʦʤʫ ʨʝʞʠʤʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʥʦʤʽʥʘʣʴʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜʤʦʚ l0i . ɯʥʪʝ-

ʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ li ʜʦʨʽʚʥʶʻ ʥʦʤʽ-

ʥʘʣʴʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ l0i , ʧʦʤʥʦʞʝʥʦʾ ʥʘ ʧʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ai ʽ K i .  
ɼʣʷ ʢʦʞʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʢʦʨʝʢʪʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʢʮʽʾ ai = f (t 0
ʉ,Kʥ ), ʱʦ ʚʨʘʭʦʚʫʻ ʦʜʥʦʯʘʩʥʦ ʚʧʣʠʚ ʥʘʚʢʦʣʠʰʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʂ ʥ ). ɿʥʘʯʝʥʥʷ ai ʜʣʷ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ 
 

ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘʚʦʜʷʪʴʩʷ ʚ ʜʦʚʽʜʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʦ ʥʘʜʽʡʥʦʩʪʽ. ɺʽʙʨʘʮʽʷ ʘʧʘʨʘʪʫʨʠ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʂ1 . ʋʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʂ 2 , ʚʦʣʦʛʽʩʪʴ ï 
 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʂ3 , ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ï ʢʦʝʬʽʮʽʻʥʪʦʤ ʂ 4 .  

ʊʘʙʣʠʮʷ 6.1 - ʇʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʤʝʭʘʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 
ʥʘ ʥʝʘʤʦʨʪʠʟʦʚʘʥʫ ʘʧʘʨʘʪʫʨʫ. 
 

ʋʤʦʚʠ  ʝʢʩʧʣʫʘʪʘ- ɺʽʙʨʘʮʽʷ, ʂ1 ʋʜʘʨʥʽ ʥʘʚʘʥʪʘ- ʈʝʟʫʣʴʪʫʶʯʠʡ 

ʮʽʾ ʘʧʘʨʘʪʫʨʠ.  ʞʝʥʥʷ,  ʂ 2  ʚʧʣʠʚ, ʂ1 *  ʂ 2 
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ʃʘʙʦʨʘʪʦʨʥʽ 1,0 1,0 1,0 

ʉʪʘʮʽʦʥʘʨʥʽ 1,04 1,03 1,07 

ʂʦʨʘʙʝʣʴʥʽ 1,3 1,05 1,37 

ɸʚʪʦʬʫʨʛʦʥʽ 1,35 1,08 1,46 

ɿʘʣʽʟʥʠʯʥʽ 1,4 1,1 1,54 

ʃʽʪʘʢʦʚʽ 1,46 1,13 1,65 

 

ʊʘʙʣʠʮʷ 6.2 - ʇʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʚʦʣʦʛʦʩʪʽ 

ɺʦʣʦʛʽʩʪʴ, % ʊʝʤʧʝʨʘʪʫʨʘ, 
0
 ʉ ʂʦʨʠʛʫʚʘʣʴʥʠʡ ʢʦʝʬʽ- 

  ʮʽʻʥʪ, ʂ 3 
   

60é70 20 - 40 1,0 

90é98 20 - 25 2,0 

90é98 30 - 40 2,5 

 

ʊʘʙʣʠʮʷ 6.3 - ʇʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʂ 4 ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ. 
    

ɺʠʩʦʪʘ, ʢʤ ʂʦʨʠʛʫʚʘʣʴʥʠʡ ʢʦ- ɺʠʩʦʪʘ, ʢʤ ʂʦʨʠʛʫʚʘʣʴʥʠʡ 

 ʝʬʽʮʽʻʥʪ, ʂ 4  ʢʦʝʬʽʮʽʻʥʪ, ʂ 4 
    

0é1 1,00 8é10 1,25 

1é2 1,05 10é15 1,30 

2é3 1,10 15é20 1,35 

3é5 1.14 20é25 1,38 

5é6 1,16 25é30 1,40 

6é8 1,20 30é40 1,45 

ʈʦʟʨʘʭʫʥʦʢ ʥʘʜʽʡʥʦʩʪʽ ʚʠʨʦʙʫ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ.  

1.ʌʦʨʤʫʣʶʻʪʴʩʷ ʧʦʥʷʪʪʷ ʚʽʜʤʦʚʠ. ɺʽʜ ʧʦʥʷʪʪʷ ʚʽʜʤʦʚʠ ʚʠʨʦʙʫ ʟʘʣʝʞʠʪʴ ʚʠʙʽʨ ʯʠʩ-
ʣʘ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ.  

2. ʉʢʣʘʜʘʻʪʴʩʷ ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ. 

3. ɺʠʙʠʨʘʻʪʴʩʷ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ.  
4. ʉʢʣʘʜʘʻʪʴʩʷ ʪʘʙʣʠʮʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʚʠʨʦʙʫ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽ-

ʜʦʤʦʩʪʝʡ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ, ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣʠʮʽ ʧʦʧʨʘʚʦʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘ i , ʨʦʟʨʘʭʦʚʫʶʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽ-

ʜʤʦʚ li ʜʣʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
 
ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʜʘʥʦʛʦ ʪʠʧʫ ʝʣʝʤʝʥʪʽʚ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʦʙʯʠʩʣʶʻʪʴ-
ʩʷ ʧʦ ʬʦʨʤʫʣʽ:  

l i  = l0i * a(t 0C,Kʥ )* K1 * K2 * K3 * K4 * lʠʩʧ  ;  

ʜʝ l0i - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʘ, ʱʦ ʧʨʘʮʶʻ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʥʦʤʽʥʘ- 
 

ʣʴʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ; ʽʥʰʽ ʤʥʦʞʥʠʢʠ ï ʮʝ ʧʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, 
ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ.  

lʠʩ ʧ - ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʯʘʩʫ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʘ ʜʦ 

ʯʘʩʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. 

4. ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʽʡʥʦʩʪʽ. 
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ʇʨʠʢʣʘʜ.  

ɹʣʦʢ ʞʠʚʣʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ʥʦʤʝʥʢʣʘʪʫʨʘ ʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʷʢʠʭ 
ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 6.4. ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʽʡ ʯʘʩ ʥʘʨʦʙʢʠ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ 
ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʧʨʦʪʷʛʦʤ 240 ʛ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ ʟʘʧʦʚʥʠʤʦ ʪʘʙʣʠʮʶ. 

 

ʊʘʙʣʠʮʷ 6.4. 

ʅʘʡʤʝʥʫ-  ʇʦʟʥʘ- ʂʽʣʴʢʽʩʪ ɯʥʪʝʥʩʠʚʥʽ ʈʝʞʠʤʠ  ʨʦ-    ʇʦʧ- l0i ai , 
N

i 

l
0i 

a
i  

 

ʚʘʥʥʷ ʪʘ  ʯʝʥʥʷ  ɹ ʩʪʴ ʚʽʜʤʦʚ ʙʦʪʠ        ʨʘ- 10
-6

 10
-6

1 / ʛ  
 

ʪʠʧ ʵʣʝ- 
 

ʥʘ ʝʣʝʤʝʥʪ ʧʨʠ 
       

ʚʦʯ- 
   

 

 

ʂʦʝʬʽ 
 

ʩ
ʝ
ʨ
ʝ

- 

    

1 / ʛ 
  

 

ʤʝʥʪʘ. 
 ʩʭʝʤʽ. ʽʚ N i ʥʦʤʽʥʘʣʴʥʦ 

      ʥʠʡ   
 

 -          
 

      

ʤʫ ʨʝʞʠʤʽ 
   

ʢʦʝʬʽ 
   

 

              

      
ʮʽʻʥʪ 

       
 

      
l0i ,10-61 / ʛ 

     
ʮʽʻʥʪ 

   
 

      ʥʘʚʘʥ 
 

ʊ ʝ ʤ ʧ ʝ ʨ ʘ ʪ ʫ ʨ ʘ ʜ ʦ ʚ ʠ ʱ ʘ 

     
 

            

ʘ i 
   

 

       

ʪʘ- 
        

 

                  

                   
 

       ʞʝʥʥʷ             
 

       ʂ ʥ             
 

                   

ʈʝʟʠʩʪʦʨ  R1  - R5 5 1 0,2  50     0,4  0,4 2  
 

ʄʃʊ, 1ɺʪ                    
 

ʈʝʟʠʩʪʦʨ  R6 - R9 4 0,5 0,8  65     1,86 0,93 3,72  
 

ʄʃʊ, 0.5 ʚʪ                    
 

ʈʝʟʠʩʪʦʨ  
R

10 
-

 

R
14 5 3,2 0,2  80     0,14 0,45 2,25  

 

ʇɽɺ, 10 ɺʪ.                    
 

                    
 

ʈʝʟʠʩʪʦʨ  
R

15   1 1,8 0,8  50     1,38 2,48 2,48  
 

ʉʇʆ, 2 ɺʪ                    
 

ʂʦʥʜʝʥʩʘʪʦʨ  
C

1 - C7 7 2 0,3  50     0,38 0,76 5,32  
 

ʄɹʄ                    
 

ɼʽʦʜʠ  D1  - D11 11 2 0,5  50     1,05 2,1 23,1  
 

ʢʨʝʤʥʽʻʚʽ                    
 

                  
 

ʊʨʘʥʩʬʦʨ-  ʊʨ1 - ʊʨ 3 3 1  50     5,2  15,6 46,8  
 

ʤʘʪʦʨʠ                    
 

ʩʠʣʦʚʽ                    
 

ɼʨʦʩʝʣʴ  ɼ1  1 1 0,8  60     4,1  4,1 4,1  
 

                     

r                   
 

lʩ  = ä Ni l0i ai = 89,77*  10
-6

1 / ʛ - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʩʠʩʪʝʤʠ; r-ʢʽʣʴʢʽʩʪʴ ʪʠʧʽʚ 
 

i =1                   
 

ʝʣʝʤʝʥʪʽʚ.                   
 

P ( 240 ) = exp(- l t) = exp(-89,77* 10-6 * 240)º 0,98; 
T
ʩʨ,c  

=
 
1   
= 

 1 
= 11200ʛ  

l 
   

89,77*  10
-6

 
 

c  c       c     
 

                    

ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʚʠʢʦʥʘʥʥʷ.  

ʇʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʪʨʴʦʭ ʢʘʥʘʣʽʚ ʉɯʌʂ ʪʨʠʬʘ-

ʟʥʦʛʦ ʥʘʧʽʚʢʝʨʦʚʘʥʦʛʦ ʪʠʨʠʩʪʦʨʥʦʛʦ ʚʠʧʨʷʤʥʦʛʦ ʤʦʩʪʘ ʧʨʠ t=8000ʛ., ʘ ʪʘʢʦʞ ʩʝʨʝʜ-
ʥʽʡ ʯʘʩ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ. ʇʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ P(t). ʂʘʥʘʣʠ ʉɯʌʂ ʽʜʝʥʪʠʯ-

ʥʽ ʧʦ ʩʭʝʤʥʦʤʫ ʨʽʰʝʥʥʶ ʽ ʧʦ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʟʦʙʨʘʞʝʥʘ ʥʘ 
ʨʠʩ.6.1. ɺʘʨʪʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚʠʩʦʪʘ ʥʝ ʙʽʣʴʰ 1ʢʤ. ɺʦʣʦʛʽʩʪʴ 60%. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ- 
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ʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 50ʛʨ.ʉ. ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʮʽʦʥʘʨʥʽ. ʂʦʝʬʽʮʽʻʥʪʠ ʥʘ-
ʚʘʥʪʘʞʝʥʥʷ ʧʨʠʡʥʷʪʠ ʧʦ ʪʘʙʣʠʮʽ 6.5 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʘʯʝʥʴ, ʱʦ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʣʷ 
ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʩʭʝʤʘ ʤʘʻ ʦʩ-
ʥʦʚʥʝ ʟ'ʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʪʦʙʪʦ ʚʽʜʤʦʚʘ ʦʜʥʦʛʦ ʟ ʥʠʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ 
ʚʩʴʦʛʦ ʢʘʥʘʣʫ ʢʝʨʫʚʘʥʥʷ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʫʩʽʻʾ ʩʭʝʤʠ ʧʦ ʽʥ-
ʪʝʥʩʠʚʥʦʩʪʷʤ ʚʽʜʤʦʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʧʦʚʥʠʪʠ ʪʘʙʣʠʮʶ, ʧʦʢʘʟʘʥʫ ʚ 
ʧʨʠʢʣʘʜʽ. ɼʦʩʠʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʢʘʥʘʣʫ 
ʉɯʌʂ. ʆʩʢʽʣʴʢʠ ʢʘʥʘʣʠ ʢʝʨʫʚʘʥʥʷ ʦʜʥʘʢʦʚʽ, ʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 
ʪʨʴʦʭ ʢʘʥʘʣʽʚ ʦʜʥʦʯʘʩʥʦ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʜʦʙʫʪʢʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦ-
ʙʦʪʠ ʚʩʽʭ ʩʭʝʤ ʦʢʨʝʤʦ. ɿʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʥʦʤʽʥʘʣʴʥʦ-

ʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʥʘʚʝʜʝʥʽ ʚ ʜʦʚʽʜʢʦʚʠʭ ʪʘʙʣʠʮʷʭ. ʇʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ a(t 0C,Kʥ 

) ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʪʘʙʣʠʮʴ ʧʨʠ t = 50
0
 C ʪʘ ʟʘʜʘʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ K ʥ ʜʣʷ ʢʦ- 

 

ʞʥʦʛʦ ʪʠʧʫ ʝʣʝʤʝʥʪʘ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ lʠʩ ʧ =1 ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ʝʣʝʤʝʥʪʽʚ. ʂʦ- 
 

ʨʠʩʪʘʪʠʩʷ ʜʦʜʘʪʢʦʤ ˉ3. ɯʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʪʫʥʝʣʴʥʦʛʦ ʜʽʦʜʘ ʪʘ ʩʚʽʪʣʦʚʦʛʦ ʜʽʦʜʘ 
ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʪʦʯʢʦʚʠʭ ʜʽʦʜʽʚ. ʇʦ ʩʧʝʮʠʬʽʢʘʮʽʾ ʧʨʠʢʣʘʜʝ-

ʥʦʾ ʜʦ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʢʦʤʧʣʝʢʪʥʦʛʦ ɽʇ ʩʝʨʽʾ ɽʊ3 ʦʙʨʘʥʽ ʥʘʡʤʝʥʫʚʘʥʥʷ, ʪʠʧ 
ʪʘ ʥʦʤʽʥʘʣʴʥʽ ʜʘʥʽ ʝʣʝʤʝʥʪʽʚ ʦʜʥʦʛʦ ʢʘʥʘʣʫ ʢʝʨʫʚʘʥʥʷ.  

VD101,VD102,VD103,VD203-ʜʽʦʜʠ ʢʨʝʤʥʽʻʚʽ ʚʠʧʨʷʤʥʽ ʪʦʯʢʦʚʽ ɼ223ɹ; VD104-
ʪʫʥʝʣʴʥʠʡ ʜʽʦʜ ɸʀ301ɸ  

VH1-ʩʚʽʪʣʦʚʠʡ ʜʽʦʜ ʯʝʨʚʦʥʠʡ 102ɹ; VD201-ʜʽʦʜ ʚʠʧʨʷʤʥʠʡ ʪʦʯʢʦʚʠʡ ʂɼ 209ɸ. 
VT121,VT122,VT123-ʤʘʣʦʧʦʪʫʞʥʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʂʊ315ɽ; VT202-
ʧʦʪʫʞʥʠʡ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʪʨʘʥʟʠʩʪʦʨ ʂʊ801ɹ;  

R101 ïʄʃʊ-0,25-2ʢʆʤ; R102,R105-0,25-10ʢʆʤ; R103-ʄʃʊ-0,25-20ʢʆʤ; R104-0,25-
510ʆʤ; RP106-Cʇ2-111ʢʆʤ;  

R107-ʄʃʊ-0,25-510ʆʤ; R108-ʄʃʊ-0,25-100ʆʤ;R109-ʄʃʊ-0,5-2ʢʆʤ; R202-ʄʃʊ- 

0,5-200Oʤ; R201-ʄʃʊ-2-56ʆʤ; 

R204-ʄʃʊ-2-100Oʤ;R3-ʄʃʊ-0,5-100ʆʤ. 

ɿ101-Mɹʄ-160ɺ-10ʤʢʬ; C1-ʄɹʄ-160ɺ-0,1ʤʢʬ ï ʢʦʥʜʝʥʩʘʪʦʨʠ ʤʝʪʘʣʦʧʘʧʝʨʦʚʽ. 

ɿ102,C103-ʂɼ-2ʘ-ʥ70-4700ʧʬ-ʢʦʥʜʝʥʩʘʪʦʨʠ ʢʝʨʘʤʽʯʥʽ. 

ʊ201-ʄʀʊ-4ɺ - ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʽʤʧʫʣʴʩʥʠʡ.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ʈʠʩʫʥʦʢ 6.1 
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ʊʘʙʣʠʮʷ 6.5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ7 "ʈʦʟʨʘʭʫʥʦʢ ʥʘʜʽʡʥʦʩʪʽ ʚʩʠʧʥʦʾ ʦʙʤʦʪʢʠ ʘʩʠʥʭʨʦʥʥʠʭ 

ʜʚʠʛʫʥʽʚ". 

 

ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ (85-95%) ʚʽʜʤʦʚʠ ɸɼ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘʚʜʷʢʠ 
ʫʰʢʦʜʞʝʥʥʶ ʦʙʤʦʪʢʠ, 2-5% ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʚʽʜʤʦʚʣʷʶʪʴ ʯʝʨʝʟ ʫʰʢʦʜʞʝʥʥʷ ʧʽʜ-

ʰʠʧʥʠʢʽʚ. ɺʽʜʤʦʚʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʫʰʢʦʜʞʝʥʥʷ ʦʙʤʦʪʦʢ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʫ ʪʘʢʽʡ ʧʦʩ-
ʣʽʜʦʚʥʦʩʪʽ:  
ʤʝʞʚʠʪʢʦʚʽ ʟʘʤʠʢʘʥʥʷ . . .93% ʧʨʦʙʽʡ 
ʤʽʞʬʘʟʥʦʾ ʽʟʦʣʷʮʽʾ . . . 5% ʫʰʢʦʜʞʝʥʥʷ ʪʘ 
ʧʨʦʙʽʡ ʧʘʟʦʚʦʾ ʽʟʦʣʷʮʽʾ . . . 2%  
ɿ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʛʦʣʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʽʾ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʫʥʘ, ʱʦ ʤʘʡʞʝ ʮʽʣʢʦʤ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ, ʻ ʦʙʤʦʪʢʘ. ʇʨʠ ʮʴʦʤʫ ʥʘʜʽʡ-

ʥʽʩʪʴ ʦʙʤʦʪʢʠ ʧʨʘʢʪʠʯʥʦ ʮʽʣʢʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʤʦʚ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʦʙʦʻʤ ʤʽʞʚʠʪ-

ʢʦʚʦʾ ʽʟʦʣʷʮʽʾ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʨʦʟʛʣʷʥʫʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʘʜʽʡ-

ʥʦʩʪʽ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ ʜʣʷ ʚʩʴʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɼ. ɺʽʜʤʦʚʘ ʦʙʤʦʪʢʠ ʚʠ-

ʟʥʘʯʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʤʽʞʚʠʪʢʦʚʦʛʦ ʟʘʤʠʢʘʥʥʷ, ʪʦʤʫ ʧʨʠʨʦʜʥʦ ʥʘʡʙʽʣʴʰ ʧʦʢʘʟʦ-

ʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʪʨʝʙʘ ʚʚʘʞʘʪʠ ʚʝʣʠʯʠʥʫ ʧʨʦʙʠʚʥʦʾ ʥʘʧʨʫʛʠ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦ- 
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ʣʷʮʽʾ. ɿʤʽʥʘ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ (ʦʧʦʨʫ ʽʟʦʣʷʮʽʾ, ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʘʥʛʝʥʩʘ ʢʫʪʘ ʚʪʨʘʪ) ʫ ʧʽʜʩʫʤʢʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʙʠʚʥʦʾ 

ʥʘʧʨʫʛʠ ʽ ʧʨʦʙʦʶ ʽʟʦʣʷʮʽʾ. ʊʦʤʫ ʧʨʦʙʠʚʥʫ ʥʘʧʨʫʛʫ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ ʧʨʠʡʤʘʶʪʴ 

ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʜʽʡʥʽʩʪʴ ʦʙʤʦʪʢʠ. ʇʨʦʙʠʚʥʘ ʥʘʧʨʫʛʘ ʚʩʽʭ ʧʘʨ ʩʫ-

ʩʽʜʥʽʭ ʧʨʦʚʽʜʥʠʢʽʚ ʧʽʜʣʷʛʘʻ ʬʽʢʩʦʚʘʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ. ʂʽʣʴʢʽʩʥʽ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʧʨʦʙʠʚʥʦʾ ʥʘʧʨʫʛʠ (ʤʘʪʝʤʘʪʠʯʥʝ ʯʝʢʘʥʥʷ ʽ ʩʝʨʝʜʥʴʦʢ-

ʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ) ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʷʚʠʱʝʤ ʪʝʧʣʦ-

ʚʦʛʦ ʩʪʘʨʽʥʥʷ ʦʙʤʦʪʢʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʾʾ ʷʢʦʩʪʽ. ɺʽʜʤʦʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʪʦʜʽ, ʢʦʣʠ ʥʘʧʨʫʛʘ, ʧʨʠʢʣʘʜʝʥʘ ʜʦ ʩʫʩʽʜʥʽʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʧʝʨʝʚʠʱʫʻ ʧʨʦʙʠʚʥʫ ʥʘ-

ʧʨʫʛʫ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ. ʁʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʤʽʞʚʠʪʢʦʚʘ ʽʟʦʣʷʮʽʷ ʥʝ ʧʨʦʙ'ʻʪʴʩʷ, 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʧʨʦʙʠʚʥʘ ʥʘʧʨʫʛʘ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ ʧʝʨʝ-

ʚʠʱʫʻ ʧʨʠʢʣʘʜʝʥʫ ʜʦ ʥʝʾ ʥʘʧʨʫʛʫ. ɼʣʷ ʫʩʧʽʰʥʦʾ ʨʦʙʦʪʠ ʚʠʨʦʙʫ (ʦʙʤʦʪʢʠ) ʥʝʦʙʭʽʜʥʘ 

ʩʧʨʘʚʥʽʩʪʴ ʫʩʽʭ ʾʾ ʝʣʝʤʝʥʪʽʚ (ʧʘʨʘ ʧʨʦʚʽʜʥʠʢʽʚ).ʋ ʮʴʦʤʫ ʨʦʟʫʤʽʥʥʽ ʦʙʤʦʪʢʘ ʧʨʝʜʩʪʘ-

ʚʣʷʻ ʩʠʩʪʝʤʫ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ.  

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʯʠʩʣʦ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʚ ʦʙʤʦʪʮʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ N , 

ʪʦ ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ n ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦ ʬʦʨʤʫʣʽ 

n º 

 

2,7* N 

 

ʜʝ 
 

N = scz 
 

(7.1)  

s -ʯʠʩʣʦ ʝʬʝʢʪʠʚʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʫ ʩʝʢʮʽʾ; 

ʩ -ʯʠʩʣʦ  ʩʪʦʨʽʥ  ʩʝʢʮʽʡ  ʫ ʧʘʟʫ (ʜʣʷ  ʦʜʥʦʰʘʨʦʚʦʾ  ʦʙʤʦʪʢʠ 

ʩ = 2); 

z - ʯʠʩʣʦ ʧʘʟʽʚ. 

 

 

ʩ = 1,  ʜʣʷ  ʜʚʦʰʘʨʦʚʦʾ 

 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ ʦʙʤʦʪʢʠ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠ-
ʛʣʷʜ: 

          å  åU 

ʬ 

k õ õ  
è 

   
Uʬk 

 
å 
     

2 õ 
 
ø 
n 

 

          æ  æ   ö ö             
 

    

å 
 

k 
õ 

  

æ 
 

lnæ 
     l ö ö 

 

é 
     

  l 
 

æ å 
 

-U 
õ 

 

ö 
 

ù 
  

      

s -1 

  

s 

             

                      
 

    lnæU ʬ 
ö  æ  æ   ö ö  é 1 

    s  æ - æU ʚ ö  ö  ù  
 

P = 
 ç  ÷  

ä - 
ç     ÷ 

* é1 - 
     

ñ 
 ç   ʩʨ ÷   

ù 
 

 

     

*  æ1 
       

ö 
      

expæ 
      

ödU ʚ 
  

 

0.98s -1,6 å 
    

õ  

        

2 
    

     

2ps 
        

 

     
l = 1æ 

     
ö 

 
é 

  
0 

  
æ 

 
2s 

  
ö ù 

 
 

          lnæU 
ʬ 

k ö               
 

          æ  ç   ÷ ö  é          æ       ö  ù  
 

          æ         ö  é          ç       ÷  ù  
 

          ç         ÷  ê                   ú  
 

(7.2)                                        
 

ʜʝ l =1,2,...s -1                                   
 

U  - ʧʨʦʙʠʚʥʘ ʥʘʧʨʫʛʘ ʤʽʞʚʽʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ; U    = 3* U  ʬʥ - ʥʘʧʨʫʛʘ ʧʨʠʢʣʘʜʝʥʘ ʜʦ  

ʚ ʬ   

                          z 
          

 

                                        
 

ʩʝʢʮʽʾ; Uʬʥ  - ʬʘʟʥʘ ʥʘʧʨʫʛʘ ʦʙʤʦʪʢʠ; k -ʢʨʘʪʥʽʩʪʴ ʢʦʤʫʪʘʮʽʡʥʠʭ ʧʝʨʝʥʘʧʨʫʛ; Uʩʨ  - 
   

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚ ʟʘʢʦʥʽ ʨʦʟʧʦʜʽʣʫ ʧʨʦʙʠʚʥʦʾ ʥʘʧʨʫʛʠ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ; s -ʩʝ-

ʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʧʨʦʙʠʚʥʦʾ ʥʘʧʨʫʛʠ ʚʽʜ ʾʾ ʩʝʨʝʜ-

ʥʴʦʛʦ ʟʥʘʯʝʥʥʷ.  

ʋ ʟʘʚʜʘʥʥʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʥʘʜʽʡʥʽʩʪʴ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ ʘʩʠʥʭʨʦʥʥʠʭ 

ʜʚʠʛʫʥʽʚ ʻʜʠʥʦʾ ʩʝʨʽʾ ɸʊ2-12-2, ɸʊ2-22-2, ɸʊ2-32-2. ʧʨʠ ʧʨʦʩʦʯʝʥʥʽ ʾʭ ʦʙʤʦʪʦʢ ʣʘ-ʢʘʤʠ 

ʤʘʨʦʢ ʂʇ-18, ʇʌʃ-8ɺ, ʄʃ-92 ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʪʘ ʯʝʨʝʟ 5,10,15 ʽ 20 ʪʠʩ. ʛ. 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ ʪʘʙʣʠʮʽ 7.1 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʧʨʦʙʠʚ- 
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ʥʦʾ ʥʘʧʨʫʛʠ ʤʽʞʚʠʪʢʦʚʦʾ ʽʟʦʣʷʮʽʾ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʨʦʮʝʩʽ 

ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʽʥʥʷ ʧʨʠ ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 120
0
 ʉ. ɺ ʪʘʙʣʠʮʽ 7.2 ʥʘʚʝʜʝʥʽ ʨʦʟʨʘ-

ʭʫʥʢʦʚʽ ʜʘʥʽ ʦʙʤʦʪʦʢ. 

 

ʊʘʙʣʠʮʷ 7.1. 

ʏʘʩ    ʇʨʦʩʦʯʫʚʘʣʴʥʠʡ ʣʘʢ    

ʩʪʘʨʽʥʥʷ,  ʂʇ-18 ʇʌʃ-8ɺ ʄʃ-92  

ʛ. U ʩʨ ,ɺ  s,ɺ U ʩʨ , ɺ s, ɺ U ʩʨ , ɺ  s, ɺ 
         

ʇʦʯʘʪʢʦ- 8440  1460 8040 1370 9380  1100 

ʚʠʡ ʩʪʘʥ         

5000 8000  1360 7800 1170 6750  1520 

10000 5800  1600 5800 1740 4100  1250 

15000 3600  1190 2900 1060 1450  560 

20000 1400  540 - - -  - 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠʡʥʷʪʠ ʢʨʘʪʥʽʩʪʴ ʢʦʤʫʪʘʮʽʡʥʠʭ ʧʝʨʝʥʘʧʨʫʛ k = 5 . 

 

ʊʘʙʣʠʮʷ 7.2. 

ʊʠʧ    ʝʣʝʢʪʨʦʜʚʠ- ʂʽʣʴʢʽʩʪʴ ʏʠʩʣʦ ʧʘʟʽʚ, z ʏʠʩʣʦ ʩʪʦʨʽʥ 

ʛʫʥʘ ʧʨʦʚʦʜʥʠʢʽʚ ʫ  ʩʝʢʮʽʡ ʫ ʧʘʟʫ. 

 ʩʝʢʮʽʾ, s    

AO2-12-2 78 24  1 

AO2-22-2 55 24  1 

AO2-32-2 44 24  1  

ʇʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ (ʥʘʜʽʡʥʽʩʪʴ) ʤʽʞʚʠʪʢʦʚʦʾ 

ʽʟʦʣʷʮʽʾ ʦʙʤʦʪʢʠ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧʫ ʜʚʠʛʫʥʽʚ, ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ P(t ) ʪʘ ʟʨʦʙʠʪʠ 
ʚʠʩʥʦʚʦʢ ʧʨʦ ʷʢʽʩʪʴ ʧʨʦʩʦʯʫʚʘʣʴʥʠʭ ʣʘʢʽʚ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ8. "ʈʦʟʨʘʭʫʥʦʢ ʥʘʜʽʡʥʦʩʪʽ ʨʝʟʝʨʚʦʚʘʥʠʭ ʩʠʩʪʝʤ". 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ. 

 

ʅʘʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʝʟʝʨʚʫʚʘʥʥʷ.  

1. ɿʘʛʘʣʴʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟ ʧʦʩʪʽʡʥʦ ʚʽʤʢʥʝʥʠʤ ʨʝʟʝʨʚʦʤ ʟ ʮʽʣʦʶ ʢʨʘʪʥʽʩʪʶ. 
 

(t )= 1 - é
è
1 - Ôn

 

 

(t )ù
ø
 

m+1 
 

Pc pi (8.1) 
 

 

pi (t ) 
ê i =1  ú  

 

ʜʝ - ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ i-ʛʦ ʝʣʝʤʝʥʪʘ ʧʨʦʪʷʛʦʤ ʯʘʩʫ t ; n -ʯʠʩʣʦ 
 

ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʥʦʾ ʯʠ ʙʫʜʴ-ʷʢʦʾ ʨʝʟʝʨʚʥʦʾ ʩʠʩʪʝʤʠ; m - ʯʠʩʣʦ ʨʝʟʝʨʚʥʠʭ ʩʠʩʪʝʤ 
(ʢʨʘʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ).  

ʇʨʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʽ ʥʘʜʽʡʥʦʩʪʽ, ʢʦʣʠ pi (t ) = exp(- li t ), 

Pc (t )=1-[1- exp(- l0t )]m+1 (8.2) 
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Tc  = 
1
 * ä 

1
 = T0 * ä 

1
 (8.3) 

  m  m  
          

 l0i =0  i  +1  i =0  i  +1  
  n      

ʜʝ l 0  = äli  - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʥʝʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʢʦʞʥʦʾ  ʟ m  ʨʝʟʝʨʚ- 
i =1  

ʥʠʭ ʩʠʩʪʝʤ; T0 - ʩʝʨʝʜʥʽʡ ʯʘʩ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʥʝʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʯʠ ʢʦʞ-

ʥʦʾ ʟ m ʨʝʟʝʨʚʥʠʭ ʩʠʩʪʝʤ. 

2. ɿʘʛʘʣʴʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟʘʤʽʱʝʥʥʷʤ ʟ ʮʽʣʦʶ ʢʨʘʪʥʽʩʪʶ. 
 

Pm+1 (t ) = Pm (t )+ ñt P(t - t)am (t)dt (8.4) 
0  

ʜʝ Pm+1 (t ),Pm (t )- ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʨʘʪʥʦʩʪʽ 
m +1 ʪʘ m ʚʽʜʧʦʚʽʜʥʦ; P(t - t)- ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ (t - t); am (t)- ʯʘʩʪʦʪʘ ʚʽʜʤʦʚ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʨʘʪʥʦʩʪʽ m ʚ  

ʤʦʤʝʥʪ ʯʘʩʫ t. ʈʝʢʫʨʝʥʪʥʘ ʬʦʨʤʫʣʘ (8.4) ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʧʽʚʚʽʜ-
ʥʦʰʝʥʥʷ ʜʣʷ ʧʨʠʩʪʨʦʾʚ ʙʫʜʴ-ʷʢʦʾ ʢʨʘʪʥʦʩʪʽ ʨʝʟʝʨʚʫʚʘʥʥʷ. ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʪʘʢʠʭ ʬʦ-

ʨʤʫʣ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ, ʧʽʜʩʪʘʚʠʚʰʠ ʟʘʤʽʩʪʴ P(t 
- t)  ̔am (t) ʾʭ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʨʘʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 

ʇʨʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʽ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʥʝʥʘʚʘʥʪʘʞʝʥʦʤʫ ʨʝʟʝʨʚʽ 

Pc (t )= exp(- l0t )* ä
m
 
 (l0t )

i
        

(8.5)  

 

i!  

         
 

T  = T * (m +1)   i=0           (8.6) 
 

c    0                      
 

ʜʝ l0 ,T0  -̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʽ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʦʩʥʦʚʥʦʛʦ 
 

ʧʨʠʩʪʨʦʶ.                   
 

ʇʨʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʽ ʽ ʥʝʜʦʚʘʥʪʘʞʝʥʦʤʫ ʨʝʟʝʨʚʽ  
 

            è  m ai       i ø  
 

Pc (t ) = exp(- l0 t )*  é
1
 + ä 

  

 
(1 - exp(- li t )) ù (8.7) 

 

i!  
 

            ê  i =1       ú  
 

   
1 

 m 
1 

                
 

Tc = 
 * ä 

                (8.8)  

   

+ i * k 

           
 

  
l

0 i =0 1             
 

      i-1 å   l 
0 
õ      l 

1 
     

 

ʜʝ a  = æ j +   ö ; k =   ; l  - ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʨʝʟʝʨʚʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʦ  
i 

      

1  

     Ôæ     ö      l
0 

   
 

      j =0 ç   
l

1  ÷          
 

ʟʘʤʽʱʝʥʥʷ. 

3. ʈʦʟʜʽʣʴʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟ ʧʦʩʪʽʡʥʦ ʫʚʽʤʢʥʝʥʠʤ ʨʝʟʝʨʚʦʤ ʟ ʮʽʣʦʶ ʢʨʘʪʥʽʩʪʶ. 

Pc (t )= Ô
n
 [1 - [1 - pi (t )]mi 

+
1 ] (8.9) 

i =1  

ʜʝ  pi (t ) - ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ i-ʛʦ ʝʣʝʤʝʥʪʘ; mi  - ʢʨʘʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥ- 

ʥʷ i-ʛʦ ʝʣʝʤʝʥʪʘ; n - ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʨʠ ʨʽʚʥʦʥʘʜʽʡʥʠʭ ʝʣʝʤʝʥʪʘʭ ʪʘ ʦʜʥʘʢʦʚʽʡ ʢʨʘʪʥʦʩʪʽ ʾʭʥʴʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ 
 

Pc (t ) = [1 - [1 - exp(- lt )]m+1 ]n       (8.10) 
 

¤ (n -1)!   
m  

1 
  

i +1  
 

 

Tc  = ñ Pc (t )dt = * ä 
   ;  ʜʝ  ni  = (8.11)  

l(m +1) 
 

(ni +1)...(ni  + n -1) m +1 

 

0 i=0  ni   
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4. ʈʦʟʜʽʣʴʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟʘʤʽʱʝʥʥʷʤ ʟ ʮʽʣʦʶ ʢʨʘʪʥʽʩʪʶ. 
 

Pc (t ) = Ôn  pi (t ) 
 
 

(8.12)  
i =1 

ʜʝ  p (t )- ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʦʙʫʤʦʚʣʝʥʫ ʚʽʜʤʦʚʘʤʠ ʝʣʝʤʝʥʪʽʚ 
i 

i- ʛʦ ʪʠʧʫ, ʨʝʟʝʨʚʦʚʘʥʠʭ ʧʦ ʩʧʦʩʦʙʫ ʟʘʤʽʱʝʥʥʷ. ʆʙʯʠʩʣʶʻʪʴʩʷ pi (t ) ʧʦ ʬʦʨʤʫʣʘʤ 
 

ʟʘʛʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟʘʤʽʱʝʥʥʷʤ (ʬʦʨʤʫʣʠ (8.4), (8,5), (8.6)). 

5. ɿʘʛʘʣʴʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟ ʜʨʦʙʦʚʦʶ ʢʨʘʪʥʽʩʪʶ ʪʘ ʧʦʩʪʽʡʥʦ ʫʚʽʤʢʥʝʥʠʤ ʨʝʟʝʨ-  

ʚʦʤ. 
 

Pc (t )= ä
l-h

 Cl
i
 p0

l-i
 (t )äi (-1)j Ci 

j
 p0

j
 (t ) (8.13) 

 

  i=0   j =0  
 

  
1 

l -h 
1 

  
 

Tc = ä 
 (8.14)  

 

h + i  
 

  l0  i =0  
 

ʜʝ p0 (t )- ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʩʥʦʚʥʦʛʦ ʯʠ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʟʝʨʚʥʦʛʦ ʝʣʝ- 
 

ʤʝʥʪʘ; l - ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʦʩʥʦʚʥʠʭ ʽ ʨʝʟʝʨʚʥʠʭ ʩʠʩʪʝʤ; h - ʯʠʩʣʦ ʩʠʩʪʝʤ, ʥʝʦʙʭʽʜ-
ʥʠʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʪʥʽʩʪʴ ʨʝ-

ʟʝʨʚʫʚʘʥʥʷ m = (l - h)/ h . 
 

6. ʂʦʚʟʘʣʴʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ: 
ʇʨʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʽ ʥʘʜʽʡʥʦʩʪʽ     

 

P (t ) = exp(- nlt )
è
1 + nlt + (nlt )2 + ... + (nlt )m0 ø = exp(- nlt )m0

 (nlt )i (8.15)  
  ù   

c    é 

2! 

 

m0 ! 
ä 

i!  

 
 

T  = T (m 

 
+1) 

ê  ú i =0  
 

0 
       (8.16) 

 

c 0          
 

l -  ̔ ʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʘ; n - ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ; T0  - ʩʝ-  

ʨʝʜʥʽʡ ʯʘʩ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʥʝʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ; m0 - ʢʽʣʴʢʽʩʪʴ ʨʝʟʝʨʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʨʘʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ m = m0 / n . 
 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʬʦʨʤʫʣʠ ʢʨʽʤ (8.4) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʽʣʴʢʠ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʩʧʨʘʚʝʜʣʠʚʝ ʜʦʧʫʱʝʥʥʷ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʩʣʷʜʽʾ ʚʽʜʤʦʚ. ʇʽʩʣʷʜʽʷ ʚʽʜʤʦʚ ʤʘʻ 
ʤʽʩʮʝ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʚʢʣʶʯʝʥʥʽ ʨʝʟʝʨʚʫ, ʘ ʪʘʢʦʞ ʫ ʚʠʧʘʜʢʫ ʨʝ-

ʟʝʨʚʫʚʘʥʥʷ ʟʘʤʽʱʝʥʥʷʤ ʧʨʠ ʥʝʜʦʚʘʥʪʘʞʝʥʦʤʫ ʨʝʟʝʨʚʽ. 

 

ɿʘʚʜʘʥʥʷ.  

1.ɼʘʥʦ ʩʠʩʪʝʤʫ, ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ ʷʢʦʾ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʦʚʽ 8.1. ʅʝ-

ʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʨʠ ʚʽʜʦʤʠʭ ʡʤʦʚʽʨʥʦʩʪʷʭ 
ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʾʾ ʝʣʝʤʝʥʪʽʚ (ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʟʦʙʨʘʞʝʥʽ ʥʘ ʤʘʣʶʥʢʫ).  

ɿ ʤʘʣʶʥʢʘ ʚʠʜʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ (1 ʽ 2) ʥʝʨʽʚʥʦʥʘʜʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ. 
ʇʨʠʩʪʨʽʡ 1 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʚʫʟʣʽʚ:  
a - ʜʫʙʣʴʦʚʘʥʠʡ ʚʫʟʦʣ ʟ ʧʦʩʪʽʡʥʦ ʚʢʣʶʯʝʥʠʤ ʟʘʛʘʣʴʥʠʤ ʨʝʟʝʨʚʫʚʘʥʥʷʤ. 
ʙ - ʜʫʙʣʴʦʚʘʥʠʡ ʚʫʟʦʣ ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ ʨʝʟʝʨʚʫʚʘʥʥʽ ʟʘʤʽʱʝʥʥʷʤ.  
ʚ ï ʦʜʠʥ ʥʝʨʝʟʝʨʚʦʚʘʥʠʡ ʝʣʝʤʝʥʪ 

ʛ ï ʨʝʟʝʨʚʦʚʘʥʠʡ ʚʫʟʦʣ ʽʟ ʢʨʘʪʥʽʩʪʶ m =1/ 2 
ʇʨʠʩʪʨʽʡ 2 ʷʚʣʷʻ ʩʦʙʦʶ ʥʝʨʝʟʝʨʚʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ, ʥʘʜʽʡʥʽʩʪʴ ʷʢʦʛʦ ʚʽʜʦʤʘ. 
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ʈʠʩʫʥʦʢ 8.1 

 

ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ 1 ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʡʤʦʚʽʨʥʦʩʪʝʡ 
ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʫʩʽʭ ʚʫʟʣʽʚ ʪʦʙʪʦ  

p1  = pa pʙ pʚ pʛ  

ʋ ʚʫʟʣʽ a ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʥʦʛʦ ʽ ʨʝʟʝʨʚʥʦʛʦ ʣʘʥʮʶʛʘ n = 3, ʘ ʢʨʘʪʥʽʩʪʴ ʨʝʟʝʨ-

ʚʫʚʘʥʥʷ m =1. ʊʦʜʽ pʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʬʦʨʤʫʣʠ (8.1). ʋ ʚʫʟʣʽ ʙ ʢʨʘʪʥʽʩʪʴ 

ʟʘʛʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟʘʤʽʱʝʥʥʷʤ m =1. ʁʤʦʚʽʨʥʽʩʪʴ 

ʤʫʣʽ (8.5). ʇʨʠ ʮʴʦʤʫ ʚʘʨʪʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ exp(- l0 t ) = 0.9 

 

 

, 

  

pʙ   ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦ ʬʦʨ-  

l0 t º 0.1.ʋ ʚʫʟʣʽ ʛ ʟʘʩʪʦ- 
 

ʩʦʚʘʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʟ ʜʨʦʙʦʚʦʶ ʢʨʘʪʥʽʩʪʶ, ʢʦʣʠ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʦʩʥʦʚʥʠʭ ʪʘ ʨʝʟʝʨ-

ʚʥʠʭ ʩʠʩʪʝʤ l = 3, ʯʠʩʣʦ ʩʠʩʪʝʤ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ, h = 2. ʁʤʦʚʽ-
ʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʫʟʣʘ ʛ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ (8.13). ʁʤʦʚʽʨʥʽʩʪʴ 
ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ 
ʨʦʙʦʪʠ ʧʘʨʘʣʝʣʴʥʦ ʟ'ʻʜʥʘʥʠʭ ʧʨʠʩʪʨʦʾʚ 1 ʽ 2.  

2. ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʨʽʚʥʦʥʘʜʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ 

ʚʽʜʤʦʚʠ ʊ ʩ ʵ ʝʣʝʤʝʥʪʘ ʜʦʨʽʚʥʶʻ 1000 ʛ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʧʨʘʚʝʜʣʠʚ ʝʢʩʧʦʥʝʥʮʽʘ- 
 

ʣʴʥʽʡ ʟʘʢʦʥ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʦʩʥʦʚʥʘ ʪʘ ʨʝʟʝʨʚʥʘ ʩʠʩʪʝʤʠ ʨʽʚʥʦ-  

ʥʘʜʽʡʥʽ. ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʊ ʩ ʩʠʩʪʝʤʠ, ʘ ʪʘ- 

ʢʦʞ ʯʘʩʪʦʪʫ  ʚʽʜʤʦʚ ac (t ) ʪʘ  ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ lc (t ) ʫ ʤʦʤʝʥʪ ʯʘʩʫ t = 50ʛ. ʚ ʥʘ- 
 

ʩʪʫʧʥʠʭ ʚʠʧʘʜʢʘʭ : 

a) ʥʝʨʝʟʝʨʚʦʚʘʥʘ ʩʠʩʪʝʤʘ . 

ʙ) ʜʫʙʣʴʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ, ʧʦʩʪʽʡʥʦ ʫʚʽʤʢʥʝʥʦʤʫ ʨʝʟʝʨʚʽ.  

ʚ) ʜʫʙʣʴʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʟʘʛʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫ ʧʦ ʩʧʦʩʦʙʫ ʟʘʤʽʱʝʥ-ʥʷ. 

 

ʉʝʨʝʜʥʽʡ ʯʘʩ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʥʝʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʭʦʜʷʯʠ ʽʟ 
ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʫ 
ʚʠʧʘʜʢʘʭ ʙ ʽ ʚ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (8.3) ʽ (8.6) ʧʨʠ ʢʨʘʪʥʦʩʪʽ ʨʝʟʝʨ-ʚʫʚʘʥʥʷ m =1 ʽ 
ʚʽʜʦʤʦʤʫ ʯʘʩʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʥʝʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ɯʥʪʝʥ-ʩʠʚʥʽʩʪʴ ʽ ʯʘʩʪʦʪʘ ʚʽʜʤʦʚ 
ʜʣʷ ʥʝʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝ-ʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴʩʷ 
ʧʦ ʚʽʜʦʤʽʡ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝ-ʤʠ. ɼʣʷ ʚʠʧʘʜʢʽʚ ʙ ʽ ʚ ʡʤʦʚʽʨʥʽʩʪʴ 
ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 

 

(8.2) ʽ (8.5). ɼʘʣʽ ʯʘʩʪʦʪʘ ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦ ʚʽʜʦʤʠʤ ʬʦʨʤʫʣʘʤ, 
ʱʦ ʟʚ'ʷʟʫʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, ʯʘʩʪʦʪʫ ʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ. 
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3). ʈʘʜʽʦʧʝʨʝʜʘʚʘʯ ʤʘʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ  l0  = 0.4*10
-3

1/ ʛʦʜ.ʁʦʛʦ ʜʫʙʣʶʻ ʪʘ- 
 

ʢʠʡ ʞʝ ʧʝʨʝʜʘʚʘʯ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʜʦ ʚʽʜʤʦʚʠ ʦʩʥʦʚʥʦʛʦ ʚ ʨʝʞʠʤʽ  ʯʝʢʘʥʥʷ (ʫ ʥʝʜʦ-  

ʚʘʥʪʘʞʝʥʦʤʫ ʨʝʟʝʨʚʽ ). ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʧʝʨʝʜʘʚʘʯʘ l1 = 0.06*  

10
-3

1/ ʛʦʜ.ʇʦʪʨʽʙʥʦ ʦʙʯʠʩʣʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʧʝʨʝʜʘ- 

ʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʪʷʛʦʤ t = 100ʛ., ʘ ʪʘʢʦʞ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʡ 
ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ.  

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ ʟʘʛʘʣʴʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʨʠ ʥʝʜʦʚʘʥʪʘʞʝʥʦʤʫ ʨʝʟʝʨʚʽ, ʢʨʘ-
ʪʥʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʊʦʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚ-

ʥʦʾ ʨʦʙʦʪʠ ʽ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ ʚʘʨʪʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʦʨʤʫʣʘ- 
ʤʠ (8.7) ʽ (8.8). ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʩʢʦʨʠʩʪʘʪʠʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

l
ʩ (t ) = 

- dPc (t ) / dt 

; 
 

Pc ( t )  

     

4). ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠʩʪʨʦʶ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 8.2. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 
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ʈʠʩʫʥʦʢ 8.2. 
 

ʧʽʩʣʷʜʽʷ ʚʽʜʤʦʚ ʚʽʜʩʫʪʥʷ ʽ ʚʩʽ ʝʣʝʤʝʥʪʠ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʦʥʘʜʽʡʥʽ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜ-

ʤʦʚ ʝʣʝʤʝʥʪʘ l = 1.35*  10
-3

1 / ʛ. ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ 
ʨʝʟʝʨʚʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ.  

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʤʽʩʮʝ ʨʦʟʜʽʣʴʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʨʽʚʥʦʥʘʜʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʧʦʩ-
ʪʽʡʥʦ ʫʚʽʤʢʥʝʥʠʤ ʨʝʟʝʨʚʦʤ . ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʥʘʨʦʙʽʪʢʫ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦ-
ʚʠ ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʦʨʤʫʣʦʶ (8.11)  
5). ʉʠʩʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʥʦʤʽʥʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ W =18ʢɺʪ. ɹʝʟʘʚʘʨʽʡʥʘ ʨʦʙʦʪʘ ʱʝ ʤʦʞʣʠʚʘ, ʷʢʱʦ ʩʠʩ-
ʪʝʤʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʦʞʠʚʘʯʘ ʧʦʪʫʞʥʽʩʪʶ 30ʢɺʪ. ʅʝʦʙ-
ʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ t = 600ʛ., ʷʢʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʢʦʞʥʦʛʦ ʟ ʛʝʥʝʨʘʪʦʨʽʚ 

l = 0.15*  10
-3

1 / ʛʦʜ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʥʘʡʪʠ ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʜʦ ʧʝʨʰʦʾ ʚʽʜʤʦʚʠ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ.  
6). ʅʘ ʨʠʩ. 8.3  ʟʦʙʨʘʞʝʥʽ ʜʚʽ ʩʭʝʤʠ ʨʝʟʝʨʚʫʚʘʥʥʷ  ʜʽʦʜʽʚ. ɺʽʜʦʤʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʽʜʤʦʚ ʜʽʦʜʽʚ l = 0.5* 10
-6

1 / ʛʦʜ.,  ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚ ʪʠʧʫ  ñ ʧʨʦʙʽʡ ñ jʟ  = 0.85 , ʘ 
 

ʯʘʩ ʙʝʟʫʧʠʥʥʦʾ ʨʦʙʦʪʠ ʩʭʝʤʠ t = 5000ʛ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʽʩʣʷʜʽʷ ʚʽʜʤʦʚ ʚʽʜʩʫ-

ʪʥʷ. ʅʝʦʙʭʽʜʥʦ ʟ'ʷʩʫʚʘʪʠ ʷʢʘ ʩʭʝʤʘ ʢʨʘʱʝ ʚ ʨʦʟʫʤʽʥʥʽ ʾʾ ʥʘʜʽʡʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙ-  
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ɹ) 

 

 
 

        
   

ʈʠʩʫʥʦʢ - 8.3. ʉʭʝʤʠ ʨʝʟʝʨʚʫʚʘʥʥʷ ʜʽʦʜʽʚ: 

ɸ - ʧʦʩʣʽʜʦʚʥʦ-ʧʘʨʘʣʝʣʴʥʝ ʟ'ʻʜʥʘʥʥʷ; ɹ ï ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʝ ʟ'ʻʜʥʘʥʥʷ. 
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ʭʽʜʥʦ ʦʙʯʠʩʣʠʪʠ ʚʠʛʨʘʰ ʥʘʜʽʡʥʦʩʪʽ   G  (t ) = Qʘ (t ) = 1 - Pʘ (t ) ; ʜʝ P (t ),P (t )- ʡʤʦʚʽ-  

         

 Qʙ (t ) 1 - Pʙ (t )  

 
q   

a ʙ  
 

           
 

 

ʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʜʽʦʜʥʠʭ ʩʭʝʤ ɸ ʠ ɹ. 

 

ɿʥʘʡʜʝʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʭʝʤ ʨʠʩ. 8.3. ʄʦʞʣʠʚʽ ʜʚʘ ʚʠʜʠ 
ʚʽʜʤʦʚ: ʧʨʦʙʽʡ ʪʘ ʦʙʨʠʚ. ʉʧʨʠʷʪʣʠʚʽ ʩʠʪʫʘʮʽʾ ʷʢʽ ʥʝ ʧʨʠʚʦʜʷʪʴ ʜʦ ʚʽʜʤʦʚʠ ʩʭʝʤʠ ɸ 
ʚʠʥʠʢʘʶʪʴ ʫ ʥʘʩʪʫʧʥʠʭ ʚʠʧʘʜʢʘʭ : 

ɸ ï ʫʩʽ ʜʽʦʜʠ ʩʧʨʘʚʥʽ; ʡʤʦʚʽʨʥʽʩʪʴ ʮʽʻʾ ʛʽʧʦʪʝʟʠ ʜʦʨʽʚʥʶʻ  p
4
 (t ). 

 

ɹ - ʦʜʠʥ ʙʫʜʴ-ʷʢʠʡ ʜʽʦʜ ʚʽʜʤʦʚʠʚ (ʘʙʦ ʦʙʨʠʚ, ʘʙʦ ʧʨʦʙʽʡ ), ʘ ʽʥʰʽ ʩʧʨʘʚʥʽ; ʡʤʦʚʽʨ-

ʥʽʩʪʴ ʛʽʧʦʪʝʟʠ ʜʦʨʽʚʥʶʻ 4q(t )p3
 (t ); ʇʨʠ ʮʴʦʤʫ ʷʢʘ ʩʘʤʝ ʚʽʜʤʦʚʘ ʚʽʜʙʫʣʘʩʷ ʥʝ ʫʪʦʯ- 

 

ʥʶʻʪʴʩʷ.  
ɺ ï ʆʜʠʥ ʙʫʜʴ-ʷʢʠʡ ʜʽʦʜ ʚʽʜʤʦʚʠʚ ʧʦ ʦʙʨʠʚʫ, ʘ ʜʨʫʛʠʡ ʧʦ ʟʘʤʠʢʘʥʥʶ, ʽʥʰʽ ʜʚʘ ʜʽʦʜʠ 

ʩʧʨʘʚʥʽ; ʡʤʦʚʽʨʥʽʩʪʴ ʛʽʧʦʪʝʟʠ ʙʫʜʝ 12jʦ jʟ q
2 (t )p2 (t ); ʁʤʦʚʽʨʥʽʩʪʴ ʧʨʦʙʦʶ ʜʽʦʜʘ ʜʦ-

ʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʜʚʦʭ ʡʤʦʚʽʨʥʦʩʪʝʡ q(t )jʟ (ʧʦʷʚʽ ʦʜʥʦʯʘʩʥʦ ʜʚʦʭ ʧʦʜʽʡ): ʡʤʦʚʽʨʥʦʩʪʽ 
ʪʦʛʦ, ʱʦ ʚʽʜʤʦʚʘ ʚʠʥʠʢʥʝ q(t ) ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʪʦʛʦ, ʱʦ ʚʽʜʤʦʚʘ ʙʫʜʝ ʪʠʧʫ ʧʨʦʙʦʶ  

j ʟ .  ʁʤʦʚʽʨʥʽʩʪʴ ʦʙʨʠʚʫ ʙʫʜʝ q(t )jo : jo  - ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ  ʚʽʜʤʦʚʘ ʙʫʜʝ ʦʙʨʠ- 
 

ʚʦʤ. ʂʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʧʦʜʽʾ ɺ ʜʦʨʽʚʥʶʻ ʜʚʘʥʘʜʮʷʪʠ. 

jʦ  = 1 - jʟ  

ɻ ï ɼʚʘ ʜʽʦʜʠ ʚʽʜʤʦʚʠʣʠ ʧʦ ʦʙʨʠʚʫ, ʘ ʽʥʰʽ ʩʧʨʘʚʥʽ; ʡʤʦʚʽʨʥʽʩʪʴ ʛʽʧʦʪʝʟʠ 

2j2 q2
 (t )p2

 (t );         
 ʦ           

ɼ ï  ɼʚʘ ʜʽʦʜʠ ʚʽʜʤʦʚʠʣʠ ʧʦ ʧʨʦʙʦʶ, ʘ ʽʥʰʽ ʩʧʨʘʚʥʽ; ʡʤʦʚʽʨʥʽʩʪʴ ʛʽʧʦʪʝʟʠ 

4j2
ʟ q

2
 (t )p2

 (t );          

E - ʆʜʠʥ ʜʽʦʜ ʩʧʨʘʚʥʠʡ, ʜʚʘ ʚʽʜʤʦʚʠʣʠ ʧʦ ʦʙʨʠʚʫ, ʘ ʦʜʠʥ ï ʧʦ ʧʨʦʙʦʶ; ʡʤʦʚʽʨʥʽʩʪʴ 

ʛʽʧʦʪʝʟʠ 4jʦ
2
 jʟ q

3
 (t)p(t); 

 

ɾ ï ʆʜʠʥ ʜʽʦʜ ʩʧʨʘʚʥʠʡ, ʜʚʘ ʚʽʜʤʦʚʠʣʠ ʧʦ ʧʨʦʙʦʶ, ʘ ʦʜʠʥ ʚʽʜʤʦʚʠʚ ʧʦ ʦʙʨʠʚʫ; 

ʡʤʦʚʽʨʥʽʩʪʴ ʛʽʧʦʪʝʟʠ 8jʦ j
2
ʟ q

3
 (t )p(t ). 

 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʡʤʦʚʽʨʥʦʩʪʽ ʛʽʧʦʪʝʟ, ʦʜʝʨʞʠʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʜʽʦ-
ʜʥʦʾ ʩʭʝʤʠ ʨʠʩ. 8.3,A:  

Pa (t ) = PA  + Pɹ  + Pɺ  + Pɻ  + Pɼ  + Pɽ  + Pɾ 
 

ʉʭʝʤʘ ʨʠʩ.8.3,ɹ ʥʝ ʚʽʜʤʦʚʠʪʴ ʫ ʪʠʭ ʞʝ ʩʠʪʫʘʮʽʷʭ, ʱʦ ʽ ʩʭʝʤʘ ʨʠʩ.8.3,ɸ, ʪʽʣʴʢʠ ʯʠʩʣʦ 
ʛʽʧʦʪʝʟ ɻ, ɼ, ɽ, ɾ ʙʫʜʝ ʽʥʰʝ. ɻʽʧʦʪʝʟʠ ɸ, ɹ, ɺ ʪʘ ʾʭ ʯʠʩʣʦ ʥʝ ʟʤʽʥʷʪʴʩʷ. ɿʘʧʠʩʘʪʠ 
ʡʤʦʚʽʨʥʦʩʪʽ ʛʽʧʦʪʝʟ ɻ, ɼ, ɽ, ɾ ʜʣʷ ʩʭʝʤʠ ʨʠʩ.8.3,ɹ ʩʘʤʦʩʪʽʡʥʦ. ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜ-
ʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʭʝʤʠ ʨʠʩ.8.3,ɹ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʡʤʦʚʽʨʥʦʩʪʝʡ ʫʩʽʭ ʩʪʘʥʽʚ ʩʭʝʤʠ, ʧʨʠ 
ʷʢʠʭ ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʦʶ. 

ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʜʽʦʜʘ ʜʦʨʽʚʥʶʻ  p(t ) = exp(- lt ) . ɿʥʘʡʰʦ- 
 

ʚʰʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʜʽʦʜʘ ʢ ʤʦʤʝʥʪʫ ʯʘʩʫ t = 5000ʛ., ʘ ʪʘ-ʢʦʞ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ q(t )ʜʣʷ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ Pʘ (t ) ʡ Pʙ (t )  

 ̔ʜʘʣʽ ʟʥʘʡʪʠ ʚʠʛʨʘʰ ʥʘʜʽʡʥʦʩʪʽ ʧʦ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚ. ɿʥʘʡʪʠ ʚʠʛʨʘʰ ʥʘʜʽʡʥʦʩʪʽ ʷʢ 

ʬʫʥʢʮʽʶ ʯʘʩʫ ʽ ʧʦʙʫʜʫʚʘʪʠ ʾʾ ʛʨʘʬʽʢ. ɿʚʠʯʘʡʥʦ ʯʝʨʝʟ a ʧʦʟʥʘʯʘʶʪʴ ʯʘʩʪʠʥʫ ʚʽʜʤʦʚ 

ʟʘʜʘʥʦʛʦ ʪʠʧʫ ʝʣʝʤʝʥʪʽʚ ʦʙʫʤʦʚʣʝʥʫ ʦʙʨʠʚʘʤʠ. ʊʦʜʽ b =1- a ʚʠʟʥʘʯʘʻ ʯʘʩʪʠʥʫ ʚʽʜ-
ʤʦʚ ʝʣʝʤʝʥʪʽʚ ʧʨʠ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʥʷʭ. 
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ɿʘʚʜʘʥʥʷ  

ʏʘʩʪʦʪʘ ʚʽʜʤʦʚ ʛʝʥʝʨʘʪʦʨʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʧʦʩʪʘ-
ʯʘʥʥʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʤʘʻ ʥʘʩʪʫʧʥʫ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ 

å  2 
 

æ - (l - 312.9) 
 

a(l ) = 0.002607* exp(- 0.011* l )+ 0.00334* expæ 
  

 

2*  101.16 

2 
 

ç  
 

ʛʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʚʘʛʦʥʽʚ ʫ ʪʠʩ. ʢʤ. 

  

õ 
ö ; ʜʝ 

l
 -ʚʝʣʠʯʠʥʘ ʧʨʦʙʽ- 
ö  

÷ 

 

ʇʦʪʨʽʙʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʩʥʦʚʥʦʾ (ʥʝʨʝʟʝʨʚʦʚʘʥʦʾ ) 
ʩʠʩʪʝʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʣʦʛʽʯʥʦ ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ 
ʨʦʟʨʘʭʫʚʘʪʠ:  

a) ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʧʘʜʢʫ ʟʘʛʘʣʴʥʦʛʦ 
ʨʝʟʝʨʚʫʚʘʥʥʷ ʟʘʤʽʱʝʥʥʷʤ ʽʟ ʢʨʘʪʥʽʩʪʶ m =1 (ʜʫʙʣʶʚʘʥʥʷ).  

b) ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟ ʨʦʟʜʽʣʴʥʠʤ ʨʝʟʝʨʚʫʚʘʥʥʷʤ ʟʘʤʽ-

ʱʝʥʥʷʤ ʽ ʢʨʘʪʥʽʩʪʶ m =1  
c) ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫ ʚʠʧʘʜʢʫ ʢʦʚʟʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ 

ʟ ʢʽʣʴʢʽʩʪʶ ʨʝʟʝʨʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʽʚʥʠʭ ʜʚʦʤ.  

ʇʦʪʨʽʙʥʦ ʧʦʨʽʚʥʷʪʠ ʷʢʽʩʪʴ ʨʝʟʝʨʚʫʚʘʥʥʷ ʚ ʪʨʴʦʭ ʚʘʨʽʘʥʪʘʭ ʽ ʚʠʟʥʘʯʠʪʠ ʷʢʠʡ ʚʠʜ ʨʝ-

ʟʝʨʚʫʚʘʥʥʷ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʩʢʣʘʜʥʦʩʪʽ ʨʝʟʝʨʚʦʚʘʥʠʭ ʩʠʩʪʝʤ (ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 
ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ) ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰʠʡ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ.  

ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫ ʚʠʧʘʜʢʫ ʟʘʛʘʣʴʥʦʛʦ ʨʝʟʝʨ-
ʚʫʚʘʥʥʷ ʟʘʤʽʱʝʥʥʷʤ ʧʨʠ ʜʦʚʽʣʴʥʦʤʫ ʟʘʢʦʥʽ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʚʽʜʤʦʚ 
ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

P1 (l ) = P0 (l )+ ñ
l
 a0 (l - t)P0 (t)dt ʜʝ P0 (l ),a0 (l )-ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʪʘ ʯʘʩ- 

0   

ʪʦʪʘ ʚʽʜʤʦʚ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʣʦʛʽʯʥʦ ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʭ 
ʛʝʥʝʨʘʪʦʨʽʚ. ʆʩʢʽʣʴʢʠ ʫ ʚʠʨʘʟ ʜʣʷ ʯʘʩʪʦʪʠ ʚʽʜʤʦʚ ʦʜʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʭʦʜʠʪʴ ʥʦʨʤʘ-
ʣʴʥʘ ʩʢʣʘʜʦʚʘ ʦʙʯʠʩʣʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ P1 

(l ) ʘʥʘʣʽʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʽʥʪʝʛʨʘʣʠ ʧʦʪʨʽʙʥʦ ʟʘʤʽʥʷʪʠ ʥʘʙʣʠʞʝʥʠʤʠ ʩʫʤʘ- 
 

ʤʠ. ʇʦʨʷʜʦʢ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʟʘ ʫʤʦʚʦʶ ʧʫʥʢʪʫ ʘ) ʥʘʩʪʫʧʥʠʡ:  

1.ɿʥʘʭʦʜʠʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʦ ʬʦʨʤʫʣʽ P(l ) = 

1 - ñl a(t)dt; ʇʝʨʝʤʥʦʞʫʻʤʦ ʜʘʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʡ ʦʜʝʨʞʫʻʤʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜ- 

0  

ʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʭ ʧʨʠ-
ʩʪʨʦʾʚ. ʑʦʙ ʦʜʝʨʞʘʪʠ ʯʘʩʪʦʪʫ ʚʽʜʤʦʚ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʧʦʪʨʽʙʥʦ ʧʨʦʜʠʬʝʨʝʥʮʽʶʚʘ-
ʪʠ ʟ ʟʚʦʨʦʪʥʠʤ ʟʥʘʢʦʤ ʡʤʦʚʽʨʥʽʩʪʴ ʾʾ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ. ʊʦʜʽ:  

P (l )= P(l )2 ;    a (l ) = - d (P (l ))  
 

   

0 0   dl 0   
 

        

ɿʥʘʯʝʥʥʷ a0 (l ) ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ,  ʟʘʤʽʥʠʚʰʠ ʧʦʭʽʜʥʫ ʥʘʡʧʨʦʩʪʽʰʦʶ ʨʽʟʥʠʮʝʚʦʶ ʬʦ- 
 

ʨʤʫʣʦʶ  a0 (iDl )= - 
(P0 ((i +1)Dl )- P0 (iDl )) 

 ;  

 
 

     Dl  
 

ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʠʪʠ ʧʦ ʥʘ-
ʙʣʠʞʝʥʽʡ ʬʦʨʤʫʣʽ: 
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P1 (n* Dl ) = P0 (n* Dl )+ än
 a0 [(n - i)Dl]* P0 (iDl )* Dl 

i =0 

ʜʝ n - ʥʦʤʝʨ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʥʘ ʷʢʦʤʫ ʥʘ ʜʘʥʦʤʫ ʢʨʦʮʽ ʟʥʘʭʦʜʠʪʴʩʷ ʡʤʦ-  

ʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ. l = 0 - 440ʪʳʩ.ʢʤ. - ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ  ʚʝʣʠʯʠʥʠ  ʧʨʦʙʽ- 
 

ʛʫ. Dl = 
440 

- ʜʦʚʞʠʥʘ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʽʥʪʝʨʚʘʣʫ. N - ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ  

N 
 

   
 

ʥʘ ʷʢʽ ʨʦʟʙʠʚʘʻʪʴʩʷ ʫʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ l . ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʣʦʛʦ ʯʘʩʫ ʨʦʟʨʘʭʫʥ-

ʢʽʚ ʧʦʪʨʽʙʥʦ ʧʨʠʡʥʷʪʠ ʚ ʤʝʞʘʭ N = 200. ɼʘʣʽ ʥʘ ʢʦʞʥʽʤ ʢʨʦʮʽ n = 0....N ʦʙʯʠʩʣʶʶʪʴ  
ʥʘʙʣʠʞʝʥʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʫ ʚʠʛʣʷʜʽ ʟʘʧʠʩʘʥʦʾ ʩʫʤʠ. ʋ ʧʽʜʩʫʤʢʫ ʦʜʝʨʞʫʶʪʴ N 
ʟʥʘʯʝʥʴ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʇʦ ʟʥʘʡʜʝʥʦʤʫ ʤʘ-
ʩʠʚʫ ʟʥʘʯʝʥʴ ʙʫʜʫʶʪʴ ʛʨʘʬʽʢ.  
2. ʋ ʚʘʨʽʘʥʪʽ ʙ) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘ ʞ ʨʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ ʽ ʥʘʙʣʠʞʝʥʘ ʩʫʤʘ, ʱʦ ʡ ʫ 
ʚʠʧʘʜʢʫ ʘ). ʆʜʥʘʢ ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʧʨʠ ʨʝʟʝʨʚʫʚʘʥʥʽ ʟʘʤʽʱʝʥʥʷʤ ʨʝʟʝʨʚʫ-ʻʪʴʩʷ ʧʦ 

ʤʝʪʦʜʫ ʟʘʤʽʱʝʥʥʷ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʪʦʙʪʦ P0 (l ) = P(l ), 
 

ʆʩʢʽʣʴʢʠ ʚʩʽ ʝʣʝʤʝʥʪʠ ʨʽʚʥʦʥʘʜʽʡʥʽ, ʷʢ ʦʩʥʦʚʥʽ ʪʘʢ ʽ ʨʝʟʝʨʚʥʽ, ʪʦ ʜʦ- 
 

ʩʠʪʴ ʟʥʘʡʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʟʘ-

ʨʝʟʝʨʚʦʚʘʥʦʛʦ ʧʦ ʩʧʦʩʦʙʫ ʟʘʤʽʱʝʥʥʷ, ʘ ʜʘʣʽ ʧʽʜʚʝʩʪʠ ʦʪʨʠʤʘʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜ-
ʤʦʚʥʦʾ ʨʦʙʦʪʠ ʜʦ ʢʚʘʜʨʘʪʫ. ʊʦʙʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟ ʨʦʟʜʽ-

ʣʴʥʠʤ ʨʝʟʝʨʚʫʚʘʥʥʷʤ ʟʘʤʽʱʝʥʥʷʤ ʚʠʟʥʘʯʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

 å n õ k  

   

P1 (n* Dl ) = æ P(n* Dl )+ äa[(n - i)Dl]* P(iDl )* Dl ök -ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʥʦʾ 
 

 ç i =0 ÷  
 

ʩʠʩʪʝʤʠ. ʆʙʯʠʩʣʶʶʯʠ ʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚ ʪʠʭ ʞʝ ʚʫʟʣʘʭ, 

ʱʦ ʡ ʫ ʚʠʧʘʜʢʫ ʘ) (ʮʝ ʟʥʘʯʠʪʴ ʧʨʠ ʦʜʥʘʢʦʚʠʭ N ʽ Dl ) ʟʥʘʭʦʜʠʤʦ ʤʘʩʠʚ ʟʥʘʯʝʥʴ P1 

(nDl ), ʧʦ ʷʢʦʤʫ ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ . n = 0...N 

 

ʇʨʠ ʢʦʚʟʘʣʴʥʦʤʫ ʨʝʟʝʨʚʫʚʘʥʥʽ, ʢʦʣʠ ʚ ʨʝʟʝʨʚʽ ʟʥʘʭʦʜʠʪʴʩʷ ʦʜʠʥ ʝʣʝʤʝʥʪ, ʡʤʦʚʽʨ-
ʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ 

P1 (l )= Pk (l )+ k * Pk -1 (l )* ñ
l
 a(t)* P(l - t)dt 

0  
ʂʦʣʠ ʚ ʢʦʚʟʥʦʤʫ ʨʝʟʝʨʚʽ ʟʥʘʭʦʜʷʪʴʩʷ ʜʚʘ ʝʣʝʤʝʥʪʠ, ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ 
ʨʝʟʝʨʚʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ: 

P2 (l ) = P1 (l )+ k 2 * P k 
-

1 (l )* ñl a(t)* é
è
ñ

l
 a(e - t)* P(l - e)deù

ø
dt ʜʝ   a(l ),P(l )- ʯʘʩʪʦʪʘ  ʪʘ 

0 êt ú  

ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ. P1 (l )- ʡʤʦʚʽ- 
 
ʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫ ʷʢʽʡ ʚ ʢʦʚʟʥʦʤʫ ʨʝʟʝʨʚʽ ʟʥʘʭʦʜʠʪʴʩʷ ʦʜʠʥ 

ʝʣʝʤʝʥʪ. k = 2 - ʯʠʩʣʦ ʝʣʝʤʝʥʪʽʚ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ.  
ʂʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʽ ʜʦʚʞʠʥʘ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʘʣʠʰʘʶʪʴʩʷ ʪʠʤʠ, 

ʱʦ ʡ ʫ ʚʠʧʘʜʢʘʭ ʘ) ʽ ʙ). ʁʤʦʚʽʨʥʽʩʪʴ P2 (l ) ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ, ʪʽʣʴʢʠ ʟʥʘʶʯʠ ʡʤʦʚʽʨ-  

ʥʽʩʪʴ P1 (l ). ɯʥʪʝʛʨʘʣʠ ʟʘʤʽʥʷʶʪʴʩʷ ʥʘʙʣʠʞʝʥʠʤʠ ʩʫʤʘʤʠ. 
 

P1 (nDl ) = P k (nDl )+ k * P k -1 (nDl )* än
 a(iDl )* P((n - i)Dl )* Dl  

i =0 

 a0 (l ) = a(l ). 
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P2 (nDl ) = P1 (nDl )+ k 
2 
* P 

k -1 n è n ø 
* Dl 

 

  (nDl )* äa(iDl )* éäa(( j - i)Dl )* P((n - j)Dl )* Dlù  

    i =0 ê j =i ú  
 

ʆʙʯʠʩʣʠʚʰʠ ʤʘʩʠʚʠ ʟʥʘʯʝʥʴ P1 (nDl ) ʽ P2 (nDl  ), ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʡʤʦʚʽ- 
  

ʨʥʦʩʪʝʡ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʜʣʷ ʚʠʧʘʜʢʫ ʦʜʥʦʛʦ ʽ ʜʚʦʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 
ʢʦʚʟʥʦʤʫ ʨʝʟʝʨʚʽ. ʇʦ ʛʨʘʬʽʢʘʭ, ʦʪʨʠʤʘʥʠʤ ʫ ʚʩʽʭ ʪʨʴʦʭ ʧʫʥʢʪʘʭ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʷʢʠʡ ʟ ʩʧʦʩʦʙʽʚ ʨʝʟʝʨʚʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ, ʪʦʙʪʦ ʟʘʙʝʟ-
ʧʝʯʫʻ ʥʘʡʙʽʣʴʰʫ ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʨʝʟʝʨʚʥʠʭ ʨʝʩʫʨʩʘʭ.  

ɿʘʜʘʯʘ. 

ʄʘʻʪʴʩʷ ʥʝʨʝʟʝʨʚʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧ'ʷʪʠ ʙʣʦʢʽʚ. ʁʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ  

ʙʣʦʢʽʚ ʥʘʩʪʫʧʥʽ: q1  = 0,2;q2  = 0,3;q3  = 0,4;q4 = 0,5;q5 = 0,56 . ɺʘʛʘ ʢʦʞʥʦʛʦ  ʙʣʦʢʫ ʜʦʨʽʚ- 

ʥʶʻ: c1  = 5ʢʛ ;c2  = 3ʢʛ ;ʩ3  = 2ʢʛ ;   ʩ4   = 4ʢʛ ;ʩ5 = 1ʢʛ . ʇʦʪʨʽʙʥʦ ʨʝʟʝʨʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʪʘʢ, 
 

ʱʦʙ ʚʘʛʘ ʾʾ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 60ʢʛ , ʘ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʤʘʢ-
ʩʠʤʘʣʴʥʦʶ. ɺʠʨʽʰʠʪʠ ʟʘʜʘʯʫ (ʟʥʘʡʪʠ ʚʝʢʪʦʨ ʩʢʣʘʜʫ ʩʠʩʪʝʤʠ) ʤʝʪʦʜʦʤ ʤʥʦʞʥʠʢʽʚ 
ʃʘʛʨʘʥʞʘ. 

 

ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ˉ9. "ʈʦʟʨʘʭʫʥʦʢ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʚʠʨʦʙʽʚ. 

(ʄʝʪʦʜ ʧʨʦʩʪʦʨʫ ʩʪʘʥʽʚ)". 

 

ʇʨʠʢʣʘʜ1. 

ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʙʣʦʢʽʚ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜʤʦʚ l = 0.011/ʛʦʜ. ʢʦʞʥʠʡ. ɯʥ-

ʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ m = 1 1/ʛʦʜ. ʉʠʩʪʝʤʫ ʦʙʩʣʫʛʦʚʫʻ ʦʜʥʘ ʨʝʤʦʥʪʥʘ ʙʨʠʛʘʜʘ. 

ʇʨʠ ʥʝʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʽʟ ʜʚʦʭ ʙʣʦʢʽʚ ʩʠʩʪʝʤʘ ʥʝʧʨʘʮʝʟʜʘʪʥʘ. ʇʨʠ 

ʮʴʦʤʫ ʩʠʩʪʝʤʘ ʥʝ ʚʽʜʢʣʶʯʘʻʪʴʩʷ, ʽ ʚ ʩʧʨʘʚʥʦʤʫ ʙʣʦʮʽ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʚʽʜʤʦʚʠ. 

ɺʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʛʦʪʦʚʥʦʩʪʽ ʪʘ ʧʨʦʩʪʦʶ. 
  

2 l  l 

0 1 2 

m  m 
 

ʈʠʩʫʥʦʢ 9.1 

 

ʈʦʟʚôʷʟʘʥʥʷ 
 

ʉʠʩʪʝʤʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʪʘʢʠʭ ʩʪʘʥʘʭ: 

0 ï ʦʙʠʜʚʘ ʙʣʦʢʠ ʧʨʘʮʝʟʜʘʪʥʽ. 

1-ʦʜʠʥ ʙʣʦʢ ʚʽʜʤʦʚʠʚ (ʩʠʩʪʝʤʘ ʥʝʧʨʘʮʝʟʜʘʪʥʘ) 

2- ʜʚʘ ʙʣʦʢʠ ʚʽʜʤʦʚʠʣʠ (ʩʠʩʪʝʤʘ ʥʝʧʨʘʮʝʟʜʘʪʥʘ)  

ɻʨʘʬ ʩʪʘʥʽʚ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 9.1. 

ʎʴʦʤʫ ʛʨʘʬʫ ʚʽʜʧʦʚʽʜʘʻ ʥʘʩʪʫʧʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʂʦʣʤʦʛʦʨʦʚʘ: 
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dP
0 

(t
 

)
 = -2lP (t )+ mP (t ) 

 
dt 0 1 

dP
1 

(t
 

)
 = 2lP0 (t )- (l + m)P1 (t )+ mP2 (t ) 

 
dt 

dP
2 

(t
 

)
 = lP (t )- mP (t ) 

 
dt 1 2 

 

ʆʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʂ ɻ ʽ ʂ ʇ , ʪʦ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʧʝʨʝʧʠʰʝʪʴʩʷ ʧʨʠ  t ­¤ 
 

0 = -2lP0 (t )+ mP1 (t )       
 

0 = 2lP0 (t )- (l + m)P1 (t )+ mP2 (t )       
 

0 = lP1 (t )- mP2 (t )  

P0  + P1  + P2 = 1ʦʜʝʨʞʠʤʦ ʪʘʢʽ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʨʤʫʚʘʣʴʥʦʾ ʫʤʦʚʠ 
 

ʨʽʚʥʷʥʴ:       
 

  m2  2ml   2l
2
 

 

ʂ ɻ  = P0  = 

  

;   P1  = 

 

; P2  = 

 

 

 

m2  + 2ml + 2l2 m2  + 2ml + 2l2 m2  + 2ml + 2l2 
 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʩʪʦʶ ʜʦʨʽʚʥʶʻ:       
 

ʂ ʇ  = P1  + P2  = 

2ml + 2l2       
 

 

. 
      

 

m2  + 2ml + 2l2       
 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʠʤʦ ʂ ɻ = 0.99 , ʂ ʇ  = 0.01 
  

ʇʨʠʢʣʘʜ2.  

ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ ʙʣʦʢʫ ʪʘ ʙʣʦʢʫ ʚ ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʨʝʟʝʨʚʽ. ɯʥʪʝʥʩʠ-

ʚʥʽʩʪʴ ʚʽʜʤʦʚ ʦʩʥʦʚʥʦʛʦ ʽ ʨʝʟʝʨʚʥʦʛʦ ʙʣʦʢʽʚ l = 0.008 1/ʛʦʜ. , ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜ-

ʥʦʚʣʝʥʥʷ m = 0.1 1/ʛʦʜ. ɭ ʜʚʽ ʯʝʨʛʦʚʽ ʨʝʤʦʥʪʥʽ ʙʨʠʛʘʜʠ . ɺʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝ-

ʨʝʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʩʪʘʥʽ ʚʽʜʤʦʚʠ ʯʝʨʝʟ ʪʨʠ ʛʦʜʠʥʠ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

 

 2 l l 

0 1 2 

 m 2 m 
 

ʈʠʩʫʥʦʢ 9.2 
 

ʈʦʟʚôʷʟʘʥʥʷ. 

ʉʠʩʪʝʤʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʪʘʢʠʭ ʩʪʘʥʘʭ:  

0 ï ʦʙʠʜʚʘ ʙʣʦʢʠ ʩʧʨʘʚʥʽ. 

1 ï ʦʜʠʥ ʙʣʦʢ ʚʽʜʤʦʚʠʚ 

2 ï ʦʙʠʜʚʘ ʙʣʦʢʠ ʚʽʜʤʦʚʠʣʠ 

ɻʨʘʬ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ.9.2. 

ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʡʤʦʚʽʨʥʦʩʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʽʚʥʷʥʥʷ ʂʦʣʤʦʛʦʨʦʚʘ)  

ʟʘʧʠʰʫʪʴʩʷ ʧʦ ʚʠʜʫ ʛʨʘʬʘ ʩʪʘʥʽʚ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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 dP0 (t ) 
= -2lP0 (t )+ mP1 (t ) 

     
 

 dt  
     

 

          
 

 dP1 (t ) 
= 2lP0 (t )- (l + m)P1 (t ) + 2mP2 (t ) 

  
 

 dt  
  

 

          
 

 dP2 (t ) 
= lP1 (t ) - 2mP2 (t ) 

     
 

 dt  
     

 

          
 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: P0 (0)= 1,P1 (0)= 0,P2 (0)= 0.ʇʝʨʝʡʜʝʤʦ ʜʦ ʟʦʙʨʘʞʝʥʴ ʃʘʧʣʘʩʘ: 
 

(s + 2l)P0 (s)- mP1 (s) = 1      
 

- 2lP0 (s)+ (s + l + m)P1 (s)- 2mP2 (s) = 0   
 

- lP1 (s)+ (s + 2m)P2 (s) = 0      
 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ Pi (s ) ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʝʪʦʜʦʤ ʂʨʘʤʝʨʘ  ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʘʣ- 
 

ʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ: P (s ) =  Di    
 

 D    

       

i    
 

            
 

 s + 2l - m  0   s + 2l - m 1 
 

D = - 2l  s + l + m  - 2m   D2  = - 2l  s + l + m  0 
 

    0 - l  s + 2m 0 - l 0 
  

ʌʫʥʢʮʽʷ ʧʨʦʩʪʦʶ ʜʦʨʽʚʥʶʻ ʡʤʦʚʽʨʥʦʩʪʽ P2 (t ) ʦʩʢʽʣʴʢʠ ʽʩʥʫʻ ʪʽʣʴʢʠ ʦʜʠʥ ʩʪʘʥ 
ʚʽʜʤʦ-ʚʠ ï ʜʨʫʛʠʡ ʩʪʘʥ. 
 

P2 (s) = 
 2l

2
  

 

s(s 
2
 + 3(l + m)s + 2l2  + 4lm + 2m2 )  

  
 

ʇʝʨʝʡʜʝʤʦ ʚʽʜ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʦʨʠʛʽʥʘʣʫ ʬʫʥʢʮʽʾ ʡ ʦʜʝʨʞʠʤʦ  

P2 (t ) = ʇ(t ) = 

l2 

{1 - 2 exp[- (l + m)t]+ exp[- 2(l + m)t]} 

 

(l + m)2 
  

ʇʨʠ t = 3 ʦʜʝʨʞʠʤʦ P2 (3) = ʇ (3) = 0.0002  

ʇʨʠ t ­ ¤ 

ʂ ʇ  = 0.0015  
ɿʘʜʘʯʽ.  
1. ɻʝʥʝʨʘʪʦʨ ʧʠʣʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ ʙʣʦʢʘ, ʦʜʥʦʛʦ ʨʝʟʝʨʚ-
ʥʦʛʦ ʙʣʦʢʘ ʚ ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʨʝʟʝʨʚʽ ʡ ʦʜʥʦʛʦ ʙʣʦʢʘ ʚ ʥʝʥʘʚʘʥʪʘʞʝʥʦʤʫ ʨʝʟʝʨʚʽ. 
ʇʨʠ ʚʽʜʤʦʚʽ ʦʩʥʦʚʥʦʛʦ ʙʣʦʢʘ ʯʠ ʙʣʦʢʘ ʚ ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʨʝʟʝʨʚʽ ʙʣʦʢ ʟ ʥʝʥʘʚʘʥ-

ʪʘʞʝʥʦʛʦ ʨʝʟʝʨʚʫ ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʥʘʚʘʥʪʘʞʝʥʠʡ. ɺʽʜʦʤʦ, ʱʦ ʢʦʞʝʥ ʙʣʦʢ ʤʘʻ  
l = 0.001 1/ʛʦʜ., m = 0.11/ʛʦʜ. ɭ ʦʜʥʘ ʨʝʤʦʥʪʥʘ ʙʨʠʛʘʜʘ. ɺʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʦʩʪʽ 

 

ʧʝʨʝʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚ ʢʦʞʥʽʤ ʟ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ, ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʘʡʪʠ ʩʠʩʪʝʤʫ ʚ 

ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (ʬʫʥʢʮʽʷ ʛʦʪʦʚʥʦʩʪʽ), ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟ-
ʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ, ʢʦʝʬʽʮʽʻʥʪʠ ʛʦʪʦʚʥʦʩʪʽ ʽ ʧʨʦʩʪʦʶ.  

2. ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʜʥʘʢʦʚʠʭ ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ ʽ ʦʜʥʦʛʦ ʙʣʦʢʘ ʚ ʥʘʚʘʥ-

ʪʘʞʝʥʦʤʫ ʢʦʚʟʥʦʤʫ ʨʝʟʝʨʚʽ. ɼʣʷ ʢʦʞʥʦʛʦ ʙʣʦʢʫ l = 0.01 1/ʛʦʜ. , m = 0.1 1/ʛʦʜ. ʽ ʻ 
 

ʜʚʽ ʨʝʤʦʥʪʥʽ ʙʨʠʛʘʜʠ. ɺʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʾ ʛʦʪʦʚʥʦʩʪʽ ʽ ʧʨʦʩʪʦʶ, ʢʦʝʬʽʮʽʻʥʪʠ ʛʦʪʦ-
ʚʥʦʩʪʽ ʽ ʧʨʦʩʪʦʶ, ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ. 
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3. ʈʦʟʨʘʭʫʚʘʪʠ ʥʘʜʽʡʥʽʩʪʴ (ʬʫʥʢʮʽʶ ʛʦʪʦʚʥʦʩʪʽ) ʢʦʤʽʨʢʠ ʨʝʟʝʨʚʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ, 
 

ʟʘ ʫʤʦʚʠ, ʱʦ ʚʦʥʠ ʧʽʜʜʘʥʽ ʜʚʦʤ ʚʠʜʘʤ ʚʽʜʤʦʚ: ʢʦʨʦʪʢʠʤ ʟʘʤʠʢʘʥʥʷʤ ʪʘ ʦʙʨʠʚʘʤ. 
 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ  ʚʽʜʥʦʚʣʝʥʥʷ  ʪʠʨʠʩʪʦʨʘ  ʥʝ  ʟʘʣʝʞʠʪʴ  ʚʽʜ  ʧʨʠʯʠʥʠ  ʡʦʛʦ  ʚʽʜʤʦʚʠ. 
 

ʉʭʝʤʘ ʟ'ʻʜʥʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 9.3. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ ʪʠʨʠʩʪʦʨʽʚ 
 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ l = lo  + ls . lo  = 0.05 , ls = 0.03 ,  
 

ʜʝ  lo ,ls - ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ ʟʘʚʜʷʢʠ ʦʙʨʠʚʘʤ ʽ ʢʦʨʦʪʢʠʤ ʟʘʤʠʢʘʥʥʷʤ ʚʽʜ- 
 

ʧʦʚʽʜʥʦ, m = 0.1.     
 

  ʈʠʩʫʥʦʢ 9.3    
 

ɼʘʥʘ ʩʭʝʤʘ ʩʧʨʘʚʥʘ, ʷʢʱʦ ʧʨʘʮʝʟʜʘʪʥʠʡ ʭʦʯʘ ʙ ʦʜʠʥ ʪʠʨʠʩʪʦʨ ʽ ʧʨʠ ʮʴʦʤʫ ʚʽʜʩʫʪʥʽ 
 

ʜʚʘ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʥʷ ʚ ʦʜʥʽʡ ʛʽʣʮʽ ʯʠ ʜʚʘ ʦʙʨʠʚʠ ʚ ʩʫʩʽʜʥʽʭ ʛʽʣʢʘʭ. ʊʦʜʽ  ʤʦʞʣʠʚʽ 
 

ʥʘʩʪʫʧʥʽ ʩʪʘʥʠ:     
 

  0    
 

 4lo m m 4ls  
 

  m    
 

 
2 

   1 
 

 

lo 
   

 

     
 

m 2ls m  2ls m 
 

  2lo 

m 

  
 

     
 

 
4 

   3 
 

 

2lo 
   

 

     
 

 

m 
lo  + ls 

2ls m 
 

 

   
 

     
 

 m   m  
 

  5    
 

 2lo  ls   
 

ʈʠʩʫʥʦʢ 9.4 ɻʨʘʬ ʩʪʘʥʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʨʝʟʝʨʚʫʚʘʥʥʷ ʪʠʨʠʩʪʦʨʘ. 
 

0 ï ʫʩʽ ʪʠʨʠʩʪʦʨʠ ʩʧʨʘʚʥʽ.     
 

1 ï ʚ ʦʜʥʦʤʫ ʟ ʪʠʨʠʩʪʦʨʽʚ ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ; 2 ï ʚ ʦʜʥʦʤʫ ʟ ʪʠʨʠʩʪʦʨʽʚ ʦʙʨʠʚ 
 

3 ï ʫ ʜʚʦʭ ʪʠʨʠʩʪʦʨʘʭ ʢʦʨʦʪʢʽ ʟʘʤʠʢʘʥʥʷ, ʧʨʠʯʦʤʫ ʪʠʨʠʩʪʦʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʟ- 
 

ʥʠʭ ʛʽʣʢʘʭ; 4 ï ʚ ʦʜʥʦʤʫ ʪʠʨʠʩʪʦʨʽ ʦʙʨʠʚ ʡ ʚ ʦʜʥʦʤʫ ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ; 5 ï ʫʩʽ 
 

ʤʦʞʣʠʚʽ ʥʝʧʨʘʮʝʟʜʘʪʥʽ ʩʪʘʥʠ ʩʭʝʤʠ.    
 

ɻʨʘʬ ʩʪʘʥʽʚ ʧʨʠ ʦʙʤʝʞʝʥʦʤʫ ʚʽʜʥʦʚʣʝʥʥʽ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 9.4.  
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