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ɸʥʪʦʥʦʚʘ ɻ.ʄ. 
 

ʆʎɽʅʂɸ ʆɹʃɸʉʊʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɺ tʃʇ- ʇʆʀʉʂɽ ʉ 

ʋʉʈɽɼʅɽʅʀɽʄ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɸʃɻʆʈʀʊʄʆɺ 

ʀɼɽʅʊʀʌʀʂɸʎʀʀ 
 

 ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʚʳʙʦʨʝ 

ʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ tʃʇ ï ʧʦʠʩʢʝ ʩ ʫʩʨʝʜʥʝʥʠʝʤ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʪʝʦʨʠʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ. 
________________________________________________________________________________________________________________________ 

Antonova G.M. 
 

Region of efficiency estimation in - search with averaging by means of theory  

of identification using 
 

 Abstract. In article application of identification algorithms in tLP  - search with averaging 

for decision making about region of efficiency is discussed.  

 Keywords: stochastic systems, optimization algorithms, theory of parametric identification, 

nonparametric identification. 
________________________________________________________________________________________________________________________ 

 

ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʩʣʫʯʘʡʥʳʭ ʧʦʤʝʭ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ tʃʇ- ʧʦʠʩʢ ʩ ʫʩʨʝʜʥʝʥʠʝʤ 

[1]. ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦ ʥʘʙʦʨʫ ʢʨʠʪʝʨʠʝʚ ʥʝʧʦʣʥʦʛʦ ʩʨʝʜʥʝʛʦ, ʠʤʝʶʱʠʭ ʚʠʜ: 

(1)  ñññ
¤

==

0

1

G

Gjj J,j,dtdd)),t((w)),t((fK

W

awwawa , 

ʛʜʝ J,j,K j 1=  - ʥʘʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʥʘ ʚʳʭʦʜʝ ʩʠʩʪʝʤʳ,  

G - ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʦʙʣʘʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ,  

W - ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ,  

)),t((f j wa  - ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ j-ʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ,  

)t(a  - ʚʝʢʪʦʨ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 1n ,  

w- ʚʝʢʪʦʨ ʩʣʫʯʘʡʥʳʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʧʦʤʝʭ) ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ 2n , 

t - ʚʨʝʤʷ,  

J - ʦʙʱʝʝ ʯʠʩʣʦ ʢʨʠʪʝʨʠʝʚ,  

ññ=

G

G dd),(w/),(w),(w

W

awwawawa  - ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʣʘʩʪʠ G, ),(w wa  - ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

˸̅̑  s
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ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ: 

1=ññ
¤

¤- W

awwa dd),(w . 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʚʠʜʝ ʦʙʣʘʩʪʠ G ʚ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ, ʚ 

ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʡ ʵʢʩʪʨʝʤʫʤ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ (1) ʚ ʩʤʳʩʣʝ 

ʨʝʰʝʥʠʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

[1,2]. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʪʨʦʠʪʴ ʦʮʝʥʢʫ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ  

(2) q,j,K(G)K zjj 1=² , J,qj,K)G(K zjj 1+=¢ ,  

ʠʣʠ ʥʘʙʦʨ ʦʮʝʥʦʢ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʮʝʥʦʢ ʩ ʟʘʜʘʥʥʦʡ ʤʝʪʨʠʢʦʡ [1,2], ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʦʩʪʘʚʣʷʶʪ ʤʥʦʞʝʩʪʚʦ ʇʘʨʝʪʦ. ɺ ʦʙʣʘʩʪʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ G, ʥʘʟʚʘʥʥʦʡ ʦʙʣʘʩʪʴʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ ʣʫʯʰʠʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ɼʣʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʚ [1] ʚʳʧʦʣʥʝʥʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʷ ʠ ʩʭʦʜʠʤʦʩʪʠ tʃʇ- ʧʦʠʩʢʘ ʩ ʫʩʨʝʜʥʝʥʠʝʤ. ʆʜʥʘʢʦ, 

ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʸʤʳ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʦʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʘʜʘʯʠ ʠ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʦʚʝʜʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɺʦʟʤʦʞʥʳ ʨʘʟʥʳʝ ʤʦʜʝʣʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʙʣʘʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

1. ʌʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ ʬʫʥʢʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʯʝʢ 

tʃʇ- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʡ ʦʮʝʥʢʝ. ʄʦʜʝʣʴ ʧʦʜʙʦʨʘ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʙʦʨʘ ʠʟʚʝʩʪʥʳʭ ʠ 

ʧʨʦʚʝʨʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʯʝʢ tʃʇ- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʡ 

ʦʮʝʥʢʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʮʝʥʢʠ iG  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ 

iiii GmaxGGminG r)(rr),(r ¢¢ aa . 

2. ɽʩʣʠ ʬʫʥʢʮʠʠ ʧʦʜʦʙʨʘʪʴ ʥʝ ʫʜʘʸʪʩʷ, ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ 

ʦʬʦʨʤʣʷʶʪʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʚʠʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʪʦʯʝʢ ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ, ʦʧʠʩʳʚʘʶʱʝʡ ʦʮʝʥʢʫ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʣʷ 

ʧʝʨʚʦʡ ʦʮʝʥʢʠ - ʇʨʘʚʠʣʦ 1, ʜʣʷ ʚʪʦʨʦʡ - ʇʨʘʚʠʣʦ 2, . . . , ʜʣʷ i-ʪʦʡ ʦʮʝʥʢʠ - 

ʇʨʘʚʠʣʦ i ʠ ʪ.ʜ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʚʠʣ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ 

ʧʨʦʚʝʨʢʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʠʧʦʪʝʟ ʦ ʬʦʨʤʝ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʚʝʩʪʠ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʦʜʥʘ ʦʮʝʥʢʘ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʣʠ ʩʝʨʠʷ ʦʮʝʥʦʢ ʦʙʣʘʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

li G,...,G,...,G,G 21 ,  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʥʳʤ ʛʠʧʦʪʝʟʘʤ ʦʙ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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3. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ G ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʛʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʦʮʝʥʦʢ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ G ʚ ʚʠʜʝ 

ʤʥʦʛʦʤʝʨʥʳʭ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ 

l,i,,n,s,maxiismini 11 1 ==¢¢ aaa , 

ʛʜʝ l,i,mini 1=a  - ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ a, 

l,i,maxi 1=a  - ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ a. 

ʄʦʜʝʣʴ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ G ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʰʘʨʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʜʠʫʩʦʤ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʚʩʝ ʦʪʦʙʨʘʥʥʳʝ ʪʦʯʢʠ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʰʘʨʘ cc , 21 aa  ʠ ʨʘʜʠʫʩʘ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ minR  

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʠʩʢʘ Rmin  ʧʨʠ vL  ʫʩʣʦʚʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʧʦʣʫʯʝʥʥʦʡ ʚʳʙʦʨʢʠ: 

R)()( cici ¢-+- 2
22

2
11 aaaa , vL,i 1= . 

4. ʄʦʜʝʣʴ ʦʙʦʙʱʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʘ ʜʚʘ 

ʢʣʘʩʩʘ. ɺ ʧʝʨʚʳʡ ʢʣʘʩʩ ʚʭʦʜʷʪ ʚʝʢʪʦʨʳ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʘ ʚʦ ʚʪʦʨʦʡ ï ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʚʝʢʪʦʨʳ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʟʜʘʶʪʩʷ ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʠʢʘʪʦʚ 0P  ʠ eP : 

0P ¢== bot

j
j

b(&)(P{ a0
)}btop

jj ¢a ; eP ¢== bot

j
j

e b(&)(P{ a )}btop

jj ¢a . 

ʂʘʞʜʦʤʫ ʧʨʝʜʠʢʘʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʸ ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʨʠʟʥʘʢʦʚ. ʅʦʤʝʨ 

ʧʨʠʟʥʘʢʘ ʦʙʦʟʥʘʯʝʥ ʢʘʢ j, ʘ ʟʥʘʯʝʥʠʷ top

j

bot

j b,b ʫʢʘʟʳʚʘʶʪ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ 

ʛʨʘʥʠʮʳ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʘ. ʇʨʝʜʠʢʘʪ ʥʘʟʳʚʘʝʪʩʷ ʣʦʛʠʯʝʩʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ 

ʢʣʘʩʩʘ 0 (ʥʝ ʦʙʣʘʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ) ʠʣʠ e (ʦʙʣʘʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ), ʝʩʣʠ ʟʘʜʘʥ 

ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʜʣʷ ʧʨʝʜʠʢʘʪʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʫʩʣʦʚʠʷ. 

1). 1=)S(P je  ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʵʪʘʣʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟ ʦʙʣʘʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

2). 0=)S(P je  ʜʣʷ ʚʩʝʭ ʵʪʘʣʦʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʙʣʘʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

5. ʉ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) 

ʤʦʞʥʦ ʠʩʢʘʪʴ ʧʨʠʙʣʠʞʸʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʠʤʝʥʷʷ ʧʨʘʚʠʣʘ ʦʪʙʦʨʘ (2) ʠ ʧʨʦʚʝʨʷʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʠʧʦʪʝʟʳ ʦ ʬʦʨʤʝ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ G. ʆʩʦʙʝʥʥʦʩʪʠ 

ʪʘʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ ʬʘʢʪʝ, ʯʪʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʥʦʚʳʭ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʠʩʢ 

ʨʝʰʝʥʠʷ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʦʙʲʝʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʣʴʟʫ ʤʦʛʫʪ ʧʨʠʥʝʩʪʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ [3,4]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʥʝʢʦʪʦʨʦʡ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʩ ʧʦʤʦʱʴʶ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 
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ʥʝʢʦʪʦʨʘʷ ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ çʦʙʦʙʱʸʥʥʘʷè ʤʦʜʝʣʴ. ɼʣʷ ʚʳʙʨʘʥʥʦʡ 

çʦʙʦʙʱʸʥʥʦʡè ʤʦʜʝʣʠ ʧʫʪʸʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʮʝʥʠʚʘʶʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ, ʠ ʫʪʦʯʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ çʦʙʦʙʱʸʥʥʦʡè ʤʦʜʝʣʠ ʚ [4] 

ʨʘʩʩʤʦʪʨʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʘʚʪʦʨʝʛʨʝʩʩʠʷ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ 

ʚʦ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʘʢʘʷ ʟʘʜʘʯʘ 

ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʦʜʦʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʰʝʥʠʷ. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʥʘʠʣʫʯʰʝʛʦ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʠʚʘʥʠʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʥʘʠʤʝʥʴʰʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʩ ʧʦʤʦʱʴʶ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ 

ʤʦʜʝʣʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ tʃʇ-ʧʦʠʩʢʘ ʩ ʫʩʨʝʜʥʝʥʠʝʤ, ʜʦʣʞʝʥ 

ʚʢʣʶʯʘʪʴ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʠʤʝʶʱʠʭ 

ʠʟʚʝʩʪʥʳʝ ʪʠʧʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ: ʨʘʚʥʦʤʝʨʥʦʝ, ʥʦʨʤʘʣʴʥʦʝ, 

ʛʘʤʤʘ, ʙʝʪʘ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ, ʃʘʧʣʘʩʘ, ʂʦʰʠ ʠ ʜʨ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʜʘʣʝʝ ʩʣʝʜʫʝʪ ʧʦʜʦʙʨʘʪʴ ʘʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʦʮʝʥʢʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʪʦʯʝʢ ʠʟ ʤʥʦʞʝʩʪʚʘ ʇʘʨʝʪʦ, ʢʦʪʦʨʦʝ ʩʬʦʨʤʠʨʦʚʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

tʃʇ-ʧʦʠʩʢʘ ʩ ʫʩʨʝʜʥʝʥʠʝʤ. ɸʣʛʦʨʠʪʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʠʤʝʶʱʠʡ ʥʘʠʤʝʥʴʰʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʣʠʟʢʠʡ ʢ ʚʳʨʘʞʝʥʠʶ ʬʫʥʢʮʠʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʦʙʣʘʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, 

ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʤʥʦʛʦʤʝʨʥʳʡ ʦʜʥʦʩʚʷʟʥʳʡ ʦʙʲʝʢʪ (MISO - multiple input single 

output), ʧʦʣʫʯʘʝʤʳʡ ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʠʟ ʤʥʦʛʦʤʝʨʥʦʛʦ ʤʥʦʛʦʩʚʷʟʥʦʛʦ ʦʙʲʝʢʪʘ 

(MIMO - multiple input multiple output) ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʚʭʦʜʘʤʠ )n(xr  ʠ 

ʚʳʭʦʜʦʤ )n(y  

)n(v)jn(y)n(A)in(x)n(c)n(y
j

j

r i

rri +-+-= äää , 

ʛʜʝ )n(cri , )n(Aj  ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, )n(n  ʧʨʠʚʝʜʝʥʥʳʡ ʰʫʤ 

(ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʚʦʟʤʫʱʝʥʠʝ) ʚ ʚʠʜʝ ʜʠʩʢʨʝʪʥʦʛʦ ʧʦ ʚʨʝʤʝʥʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʩʣʫʯʘʡʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ 0=)}n({E n . 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ [4] ʩʦʟʜʘʥ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʩʝ 47 ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʧʘʢʝʪʝ 

ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʯʠʩʣʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʘʣʛʦʨʠʪʤʦʚ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʙʳʯʥʦ 

ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʨʷʜʦʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʣʠ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ 
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ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʙʝʜʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʠʤʝʨʳ ʘʣʛʦʨʠʪʤʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʩʦʟʜʘʥʥʦʤ ʧʘʢʝʪʝ, ʧʨʠʚʝʜʝʥʳ 

ʥʠʞʝ. 

ʇʨʠʤʝʨʳ ʘʣʛʦʨʠʪʤʦʚ ʠʟ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

Azerman algorithm ï 1: 

(3)  
nn

T

nnnnn )y(sign jqjgqq 11 -- -+= . 

Kachmaz algorithm: 

(4)  
nn

T

nnnnn )y( jqjgqq 11 -- -+= . 

Nagumo-Noda algorithm: 

(5)  )(sign)y( nn

T

nnnnn jqjgqq 11 -- -+= ;  

))(sign(y n

T

nn jj1= . 

Rastrigin ï algorithm: 

(6)  )(sign)y(sign nn

T

nnnnn jqjgqq 11 -- -+= .  

Tsypkin ï algorithm (normal-distribution): 

(7)  )y(H n

T

nnnnnn 11 -- -+= qjjqq ;  

)H(HHHH nn

T

nn

T

nnnnn jjjj 1111 1 ---- +-= ; 

))(sign(y n

T

nn jj1= ; 1000 >>= gg ;EH . 

Tsypkin ï algorithm (Laplace-distribution): 

(8) )y(signH n

T

nnnnnn 11 -- -+= qjjqq ; 

)H(HHHH nn

T

nn

T

nnnnn jjajj 1111 ---- +-= ; 

1000 >>= gg ;EH . 

Tsypkin ï algorithm (Koshy-distribution): 

(9) ))y(()y(H n

T

nnn

T

nnnnnn

2

1

2

11 4 --- -+-+= qjaqjjqq ; 

)H(HHHH nn

T

nn

T

nnnnn jjajj 1

2

111 ---- +-= ; 

1000 >>= gg ;EH . 

Tsypkin ï algorithm (Laplace-distribution with scaling ): 

(10)  )y(signH n

T

nnnnnn 11 -- -+= qjjqq ;  

)Hs(HHHH nn

T

nnn

T

nnnnn jjjj 11111 ----- +-= ; 1000 >>= gg ;EH ; ss =0 ; 

n)ys(ss n

T

nnnnn 111 --- ---= qj . 

Kalman filtering algorithm: 

(11)  nnnn G eqq += -1 ;  

)PR(PG nn

T

nnnn jjj 121 -- += ; 

11 RP)GE(P n

T

nnn +-= -j ; 

][ER;d];dd[ER nnnn

T

nn

2

211 hqq =-== - ; 

1000 0 --=>= n

T

nnn y;;EP qjegg .  
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Forgetting factor algorithm:  

(12)  nnnn G eqq += -1 ; 

)P(PG nn

T

nnnn jjlj 11 -- += ; 

1

1

-

- -= n

T

nnn P)GE(P jl ;  

1000 100 --=<<>= n

T

nnn y;;;EP qjelgg . 

ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʨʘʚʥʝʥʠʠ ʦʙʲʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʠʤʠʪʘʮʠʦʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʤʠʤʦ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʦʩʥʦʚʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʩʣʝʜʫʶʱʠʝ 

ʘʣʛʦʨʠʪʤʳ: RLS; ʘʣʛʦʨʠʪʤ ʂʘʯʤʘʞʘ; ʘʣʛʦʨʠʪʤ ʎʳʧʢʠʥʘ; ʘʣʛʦʨʠʪʤ ʩ ʌʘʢʪʦʨʦʤ 

ʟʘʙʳʚʘʥʠʷ.  

ʅʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ [4] ʜʣʷ 

ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʫʯʸʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 
 

ʃʀʊɽʈɸʊʋʈɸ 
 

1.  ɸʥʪʦʥʦʚʘ ɻ.ʄ. ʉʝʪʦʯʥʳʝ ʤʝʪʦʜʳ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʄ.: ʌʀɿʄɸʊʃʀʊ, 2007.-224 ʩ. 

2.  Antonova G.M. Application of Pattern Recognition in Optimizatiom-Simulation Technique 

/ in book ñPattern Recognition: Practices, Perspectives and Challengesò.-New York. Nova Science 

Publishers, Inc., 2013, pp. 91-124. ISBN: 978-1-62618-196-0 Series: Computer Science, 

Technology and Applications. 

3.  ʃʴʶʥʛ ʃ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʠʩʪʝʤ. ʊʝʦʨʠʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʄ.: ʄʠʨ, 1991.-432 ʩ. 

4. ʄʘʢʘʨʦʚ ɺ.ɺ., ʄʠʭʝʝʚ ɸ.ʉ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʜʘʧʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ. ˉ2013610594. ɿʘʷʚʢʘ ˉ2012619966. ɼʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ 20 ʥʦʷʙʨʷ 2012ʛ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʈʝʝʩʪʨʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 9 ʷʥʚʘʨʷ 2013ʛ. 

  



13 
 

ʋɼʂ 519.213 

ʀʚʣʝʚ ɺ.ɺ., ɸʨʭʠʧʦʚʘ ɽ.ʄ. 
 

ʅɽʇʈɽʈʓɺʅʓɽ ɸʅɸʃʆɻʀ ɼʀʉʂʈɽʊʅʓʍ ʉʊʈʋʂʊʋʈ 

(ʯʘʩʪʴ II ) 
 

ɸʥʥʦʪʘʮʠʷ. ɺ [1] ʩʠʩʪʝʤʘ ʧʨʷʤʳʭ ʫʨʘʚʥʝʥʠʡ ʩʭʝʤʳ ʛʠʙʝʣʠ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ ʩ ʧʦʤʦʱʴʶ ʚʚʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʩʚʝʨʪʳʚʘʝʪʩʷ ʚ 

ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ï ʧʨʷʤʦʝ ʫʨʘʚʥʝʥʠʝ ʂʦʣʤʦʛʦʨʦʚʘ-ʏʝʧʤʝʥʘ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʦʙʨʘʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʭʝʤʳ ʛʠʙʝʣʠ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʠ 

ʠʭ ʥʝʧʨʝʨʳʚʥʳʡ ʘʥʘʣʦʛ ï ʦʙʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʂʦʣʤʦʛʦʨʦʚʘ-ʏʝʧʤʝʥʘ. 

ʇʦʣʫʯʝʥ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʨʝʤʝʥʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʭ ʤʦʤʝʥʪʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʭʝʤʘ ʛʠʙʝʣʠ ʠ ʨʘʟʤʥʦʞʝʥʠʷ, ʧʦʛʣʦʱʘʶʱʠʡ ʠ ʦʪʨʘʞʘʶʱʠʡ 

ʵʢʨʘʥʳ, ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʷ ʂʦʣʤʦʛʦʨʦʚʘ, ʚʨʝʤʷ ʧʦʛʣʦʱʝʥʠʷ, ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ k-

ʦʛʦ ʧʦʨʷʜʢʘ, ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʨʝʜʥʝʝ. 
________________________________________________________________________________________________________________________ 

Ivlev V.V., Arkhipova E.M. 
 

Continuous analogues of the discrete structures 

Abstract. At [1] there is the direct birth-death equation system with large amount of 

conditions. Based on equivalence conditions, it coagulates into a single equation in partial 

derivatives -- the Kolmogorov ï Chapman equation. In this paper we consider the reverse birth-

death equation system and its continuous analog - the reversed Kolmogorov - Chapman equation.  

In this work we got a number of characteristics, associated with absorbing time and its 

moments.  

Keywords: birth-death equation system, absorbing and reflecting screen. direct and reversed 

Kolmogorov equation, absorption time, initial moment of k-th raw, cumulative average.  
________________________________________________________________________________________________________________________ 
 

1. ʆʙʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʂʦʣʤʦʛʦʨʦʚʘ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʢʘʢ ʠ ʚ [1] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ N ï ʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ) ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʦʯʝʨʝʜʠ, ʪ.ʝ. ʉʄʆ ʩ ʦʪʢʘʟʦʤ, 

ʧʨʠʯʝʤ N 1. 

ʆʙʦʟʥʘʯʠʤ 
1x iN-=  - ʜʦʣʷ ʟʘʥʷʪʳʭ ʢʘʥʘʣʦʚ ʧʨʠ 0t= ; 
1y nN-=  - ʜʦʣʷ ʟʘʥʷʪʳʭ ʢʘʥʘʣʦʚ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ; 
1x N-D =  - ʜʠʩʢʨʝʪ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʡ ʉʄʆ; 

( , , )P x y t  - ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʉʄʆ ʥʘʭʦʜʠʚʰʘʷʩʷ ʧʨʠ t=0 ʚ 

ʩʦʩʪʦʷʥʠʠ ʩ x ʟʘʥʷʪʳʤʠ ʢʘʥʘʣʘʤʠ, ʯʝʨʝʟ ʚʨʝʤʷ t ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩ 

y ʟʘʥʷʪʳʤʠ ʢʘʥʘʣʘʤʠ. 

ʉ ʫʯʝʪʦʤ ʧʨʠʥʷʪʦʡ ʥʦʨʤʠʨʦʚʢʠ ʦʙʨʘʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʭʝʤʳ ʛʠʙʝʣʠ ʠ 

ʨʘʟʤʥʦʞʝʥʠʷ ʚ ʨʘʟʥʦʩʪʥʦʡ ʬʦʨʤʝ ʧʨʠʥʠʤʘʶʪ ʚʠʜ 

( , , ) ( ) ( , , ) [ ( ) ( )] ( , , )

( ) ( , , )

d
P x y t x P x x y t x x P x y t

dt

x P x x y t

l l m

m

= +D - + +

+ -D
          (1) 
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ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ (1) x ï ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʘ y ï ʬʠʢʩʠʨʦʚʘʥʥʘʷ 

ʚʝʣʠʯʠʥʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʳʚʦʜʝ ʦʙʨʘʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʫʞʜʝʥʠʷ 

ʚʝʜʫʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ ʥʘʯʘʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ [0; ]tD . 

ɺʚʝʜʝʤ ʜʨʫʛʦʡ ʦʜʥʦʨʦʜʥʳʡ ʤʘʨʢʦʚʩʢʠʡ ʧʨʦʮʝʩʩ ( , , )P x y t  ʩ ʜʠʩʢʨʝʪʦʤ ʚ 

k ʨʘʟ ʤʝʥʴʰʠʤ, ʪ.ʝ. 
1 1( )x xk Nk- -D =D = . ʇʘʨʘʤʝʪʨʳ ( )xl  ʠ ( )xm  ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʦʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘ ʚʨʝʤʷ 

æt ʠ ʜʠʩʧʝʨʩʠʠ ʵʪʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ. ʕʪʠ ʫʩʣʦʚʠʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ [1] ʧʨʠʚʦʜʷʪ ʢ ʩʣʝʜʫʶʱʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ 

21
[ ( ) ( )]

2
k kl m l m l= + - - 

(2) 

21
[ ( ) ( )]

2
k km m l m l= + + - 

ʂʩʪʘʪʠ 

2( )kl m m l+ = +;   ( )kl m m l- = - 

ʋʨʘʚʥʝʥʠʝ (1) ʧʨʠʛʦʜʥʦ ʠ ʜʣʷ ʚʚʝʜʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

( , , ) ( ) ( , , ) [ ( ) ( )] ( , , )

( ) ( , , )

d
P x y t x P x x y t x x P x y t

dt

x P x x y t

l l m

m

= +D - + +

+ -D
                (3) 

ʈʘʟʣʦʞʠʤ ʧʨʘʚʫʶ ʯʘʩʪʴ (3) ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 
1( )x Nk -D = , ʪ.ʝ. 

ʨʘʟʣʦʞʠʤ ʪʦʣʴʢʦ ʬʫʥʢʮʠʠ ( , , )P x x y t+D  ʠ ( , , )P x x y t-D . 

2

2

3 4

3 4 2

( , , ) ( , , ) ( , , )
( ) ( )

( , , ) 1 ( , , ) 1
( ) ( ) ...

3! 4!( )

P x y t P x y t P x y t
a x b x

t x x

P x y t P x y t
a x b x

x kN x kN

µ µ µ
= + +

µ µ µ

µ µ
+ Ö + Ö +

µ µ

           (4) 

ʊʝʧʝʨʴ, ʧʝʨʝʭʦʜʷ ʢ ʧʨʝʜʝʣʫ ʧʨʠ k¤ ʧʦʣʫʯʠʤ ʦʙʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʂʦʣʤʦʛʦʨʦʚʘ-ʏʝʧʤʝʥʘ. 
2

2

( , , ) ( , , ) ( , , )
( ) ( )

P x y t P x y t P x y t
a x b x

t x x

µ µ µ
= +

µ µ µ
                                   (5) 

ʛʜʝ 
( ) ( )

( )
x x

a x
N

m l-
= ; 2

( ) ( )
( )

2

x x
b x

N

m l+
=                                                (6) 

ɺʧʨʝʜʴ ʰʪʨʠʭ ʩʚʝʨʭʫ ʩʥʠʤʝʤ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ (5). 

 



15 
 

2. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʧʦʛʣʦʱʝʥʠʷ. 

ʇʫʩʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʉʄʆ ʥʘʯʠʥʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʩ ʜʦʣʝʡ ʭ 

ʟʘʥʷʪʳʭ ʢʘʥʘʣʦʚ. ʇʨʠ ʟʘʥʷʪʦʩʪʠ ʚʩʝʭ ʢʘʥʘʣʦʚ y=1 ʉʄʆ ʧʦʧʘʜʘʝʪ ʚ ʪʦʯʢʫ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʨʦʮʝʩʩ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʧʝʨʝʭʦʜʘ ʉʄʆ ʠʟ ʩʦʩʪʦʷʥʠʷ ʭ ʚ ʩʦʩʪʦʷʥʠʝ y=1. 

ʊʦʯʢʘ ʧʦʛʣʦʱʝʥʠʷ y1 ʤʦʞʝʪ ʙʳʪʴ ʠ ʤʝʥʴʰʝ y=1. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʦʛʣʦʱʝʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ N ʵʣʝʤʝʥʪʦʚ ʠ ʥʘʯʠʥʘʶʱʝʛʦ 

ʨʘʙʦʪʫ ʩ ʭ ʦʪʢʘʟʘʚʰʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʟʘ ʦʪʢʘʟ ʫʩʪʨʦʡʩʪʚʘ (ʪʦʯʢʫ 

ʧʦʛʣʦʱʝʥʠʷ) ʧʨʠʥʠʤʘʝʪʩʷ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʚʩʝʭ N ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʜʦʣʠ ʠʭ y1. 

ʀʩʧʦʣʴʟʫʝʤ ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ 

1

1

0 0

( , ) ( , , )

y

T x y P x y t dydt

¤

=ññ                                                               (7) 

ʛʜʝ 

1

0

( , , )

y

P x y t dyñ  - ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʦʜʩʪʘʚʠʤ ʚ (5) ʬʦʨʤʫʣʫ (7), ʪ.ʝ. ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ ʚ (5) ʧʦ y , ʘ 

ʟʘʪʝʤ ʧʦ t. 

1 2

1 1

2

0 0

( , ) ( , )
[ ( , , ) ] ( ) ( )

y
T x y T x y

P x y t dy dt a x b x
t x x

¤
µ µ µ

= +
µ µ µñ ñ                (8) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ 

1 1

0

0 0 0

[ ( , , ) ] ( , , ) 1

y y

P x y t dy dt P x y t dy
t

¤
¤µ

= =-
µñ ñ ñ  

ʋʨʘʚʥʝʥʠʝ ʜʣʷ 1( , )T x y  ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

2

1 1

2

( , ) ( , )
( ) ( ) 1 0

T x y T x y
a x b x

x x

µ µ
+ + =

µ µ
                                             (9) 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ (9). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʪʦʯʢʝ 

ʧʦʛʣʦʱʝʥʠʷ y1 ʠʤʝʝʤ 

1
1( , ) 0

x y
T x y

=
=  

ɼʘʣʝʝ, ʪʦʯʢʘ ʭ=0 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʨʘʞʘʶʱʠʡ ʵʢʨʘʥ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

[2], [3] 

1

0

( , ) 0
x

d
T x y

dx =

=  

ʈʝʰʘʷ (9) ʧʨʠ ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʣʫʯʠʤ 
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1

0 0

( ) ( )
1

1

0

( , ) { ( ) }

x x

y xx dx x dx

x

T x y e b x e dx dx
b b-

-
ñ ñ

=ñ ñ                                   (10) 

( ) ( )
( ) 2

( ) ( )

x x
x N

x x

m l
b

m l

-
=

+
,   2

( ) ( )
( )

2

x x
b x

N

m l+
=  

ʋʜʘʝʪʩʷ ʥʘʡʪʠ ʨʝʰʝʥʠʝ 1( , )T x y  ʧʨʠ ( )x constm m= = , ( )x constl l= = . 

ʕʪʦ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

1

1 1

1
( , ) [ ]

y xe e
T x y x y

b

b b

b b

-
= - +                                                              (11) 

ɺ ʯʘʩʪʥʦʩʪʠ ʧʨʠ 
1

1x y N-= -  - ʧʨʝʜʦʪʢʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

1

1

1 1

1
( , )

y
e

T y N y
b

m l

- -
- =

-  

ʀʩʧʦʣʴʟʦʚʘʥʦ ʨʘʟʣʦʞʝʥʠʝ 
1 11 Ne Nb b
-- -- º . 

ʇʨʠ ʭ=0 ʠʤʝʝʤ  
1

1 1

1
(0, ) [ ]

y
N e

T y y
b

m l b

-
= -
-

 

ʆʪʤʝʪʠʤ, ʯʪʦ 1( , )T x y  - ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ ʦʪ ʭ, ʪ.ʢ.  

1

1
( , ) (1 ) 0xd

T x y e
dx b

b

b
= - < 

ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʦʥʘʜʦʙʠʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

3. ʄʦʤʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʛʣʦʱʝʥʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 1( , )T x y , ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ, ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ 

ʥʘʯʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʛʣʦʱʝʥʠʷ. ʇʦʩʪʘʚʠʤ ʙʦʣʝʝ 

ʦʙʱʫʶ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (5). 

ʇʫʩʪʴ 
0

( , , )s

sm t P x y t ds

¤

=ñ  ï ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ s-ʦʛʦ ʧʦʨʷʜʢʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( , , )P x y t . 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʄʝʣʣʠʥʘ 

1

0

{ ( )} ( ) ( )sM f t t f t dt f s

¤

- *= =ñ                                                             (12) 
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ʃʶʙʦʧʳʪʥʳʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. ʇʨʠ ʮʝʣʦʤ 

1s²  ʠ ʬʫʥʢʮʠʷʭ ( )f t , ʠʤʝʶʱʠʭ ʩʤʳʩʣ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩʘʤʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

(12) ʷʚʣʷʝʪʩʷ ʤʦʤʝʥʪʦʤ ʧʦʨʷʜʢʘ 1s-  

1( ) sf s m*

-=  

ʠ ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʰʝʥʠʝ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʝ 

ʧʝʨʝʭʦʜʷ ʢ ʦʨʠʛʠʥʘʣʘʤ. 

ʇʨʠʤʝʥʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (12) ʢ ʦʙʨʘʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ (5). ʇʦʣʫʯʠʤ 
2

1 1
1 12

( , ) ( , )
( ) ( ) ( , ) 0s s

s

m x y dm x y
b x a x sm x y

x dx
-

µ
+ + =

µ
                                 (13) 

ʇʦʷʩʥʠʤ ʚʳʚʦʜ ʩʚʦʙʦʜʥʦʛʦ ʯʣʝʥʘ 1 1( , )ssm x y-   

11
1 1

0 0

1

1 1 1 10
0

( , , )
( ( , , )) ( , , )

( , , ) ( , , ) ( , )

s s s

s s

s

P x y t
t dt t P x y t st P x y t dt

dt t

t P x y t s t P x y t dt sm x y

¤ ¤

-

¤
¤

-

-

µ µë û
= - =ì ü
µí ý

= - =-

ñ ñ

ñ
 

ʋʨʘʚʥʝʥʠʝ (13) ï ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʧʨʠʯʝʤ ʠʤʝʝʪ ʤʝʩʪʦ ʨʝʢʫʨʨʝʥʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ sm  ʦʪ 1sm-. ʧʝʨʝʡʜʝʤ ʢ 

ʨʝʰʝʥʠʶ (13). ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶ ʚʠʜ  

1
1( , ) 0s x y

m x y
=
=  - ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʉʄʆ ʚ ʪʦʯʢʝ ʧʦʛʣʦʱʝʥʠʷ 1y  ʚʨʝʤʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʪʦʯʢʠ ʨʘʚʥʦ ʥʫʣʶ. 

1

0

( , ) 0s

x

d
m x y

dx =

=  - ʪʦʯʢʘ ʭ=0 ʝʩʪʴ ʦʪʨʘʞʘʶʱʠʡ ʵʢʨʘʥ. 

ʈʝʰʘʷ (13) ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʣʫʯʠʤ 

1

0 0

( ) ( )
1

1 1 1

0

( , ) ( , ) ( )

x x

y xx dx x dx

s s

x

m x y e sm x y b x e dx dx
b b-

-

-

ë û
ñ ñî î

= ì ü
î î
í ý

ñ ñ                       (14) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ s=1, ʧʦʣʘʛʘʷ 0 1( , ) 1m x y =, ʧʦʣʫʯʠʤ (10) ʜʣʷ 1( , )T x y . 

ʏʠʪʘʪʝʣʴ, ʧʨʠ ʞʝʣʘʥʠʠ, ʤʦʞʝʪ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ constm= , constl=  

ʧʦʣʫʯʠʪʴ ʷʚʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 2 1( , )m x y , 3 1( , )m x y é, ʘ ʪʘʢʞʝ ʧʝʨʚʳʝ 

ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ï ʜʠʩʧʝʨʩʠʶ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʩʠʤʤʝʪʨʠʠ ʠ ʵʢʩʮʝʩʩʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʦʮʝʥʢʠ ʜʣʷ 1( , )sm x y . ʇʫʩʪʴ 0x  ï 

ʢʦʥʢʨʝʪʥʦʝ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ x . ɺʦ ʚʥʫʪʨʝʥʥʝʤ ʠʥʪʝʛʨʘʣʝ ʚ (14) ʟʘʤʝʥʠʤ 

1 1( , )sm x y-  ʥʘ 1 0 1( , )sm x y- . ʊʘʢ ʢʘʢ ʪʝʧʝʨʴ 1 0 1( , )sm x y const- = , ʪʦ ʚʳʥʝʩʝʤ 

1 0 1( , )sm x y-  ʠ s ʟʘ ʟʥʘʢ ʚʪʦʨʦʛʦ ʠʥʪʝʛʨʘʣʘ.  

ʊʦʛʜʘ  

0 1 1 0 1 1 0 1( , ) ( , ) ( , )s sm x y sm x y m x y-º Ö  
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ɸʥʘʣʦʛʠʯʥʦ, ʚʳʧʦʣʥʷʷ ʵʪʫ ʧʨʦʮʝʜʫʨʫ ʜʣʷ 1 0 1( , )sm x y- , 2 0 1( , )sm x y- é, ʚ 

ʠʪʦʛʝ ʧʦʣʫʯʠʤ 

0 1 1 0 1( , ) ! ( , )s

sm x y s m x yº                                                                          (15) 

ʇʦʢʘ ʤʳ ʥʝ ʟʥʘʝʤ, ʯʝʤ ʷʚʣʷʝʪʩʷ ʵʪʘ ʩʠʤʧʘʪʠʯʥʘʷ ʦʮʝʥʢʘ ï ʚʝʨʭʥʝʡ ʠʣʠ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʜʣʷ 0 1( , )sm x y  ʠ ʢʘʢ ʜʘʣʝʢʦ ʦʥʘ ʦʪ ʪʦʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 

0 1( , )sm x y . ʂʩʪʘʪʠ, ʬʦʨʤʫʣʘ (15) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʢʘʟʘʪʝʣʴʥʦʝ 

(ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʛʣʦʱʝʥʠʷ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʤʝʪʠʤ ʜʚʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʫʯʠʪʳʚʘʷ, ʯʪʦ 1( , )sm x y  - 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ ʦʪ ʭ. 

1. ʈʘʩʩʤʦʪʨʠʤ ʚʥʫʪʨʝʥʥʠʡ ʠʥʪʝʛʨʘʣ, ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʢʦʪʦʨʦʛʦ ʤʝʥʷʝʪʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʦʪ 0x  ʜʦ y1. ʇʦ ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʦʨʝʤʝ ʦ ʩʨʝʜʥʝʤ 

0

0 0

( ) ( )
1 1

1 1 1 0 1

0 0

( , ) ( ) ( , ) ( )

x x

x xx dx x dx

s ssm x y b x e dx m x y sb x e dx
b b- -

- * -

- -

ñ ñ
=ñ ñ  

ʛʜʝ 1 1( , )sm x y*

-  ï ʪʦʯʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʨʝʜʥʝʝ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ 1 0 1 1 1( , ) ( , )s sm x y m x y*

- -<  ʪ.ʢ. 0 0x x*> >. ʀʪʘʢ, ʚʳʥʦʩʷ 

1 0 1( , )sm x y-  ʟʘ ʟʥʘʢ ʧʝʨʚʦʛʦ (ʚʥʫʪʨʝʥʥʝʛʦ) ʠʥʪʝʛʨʘʣʘ, ʤʳ ʧʦʣʫʯʘʝʤ 

ʟʘʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 0 1( , )sm x y . 

2. ʈʘʩʩʤʦʪʨʠʤ ʚʥʝʰʥʠʡ ʠʥʪʝʛʨʘʣ ʚ (14). ɺ ʥʝʤ ʭ ʤʝʥʷʝʪʩʷ ʦʪ 0x  ʜʦ y1. 

ʇʦʚʪʦʨʥʦ ʧʨʠʤʝʥʠʤ ʪʝʦʨʝʤʫ ʦ ʩʨʝʜʥʝʤ, ʚʳʥʦʩʷ 1 1 1( , )sm x y*

-  ï ʪʦʯʥʦʝ 

ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʟʘ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ. ɿʜʝʩʴ 0 1 1x x y*> >.ʊʦʛʜʘ 

1 1 1 1 0 1( , ) ( , )s sm x y m x y*

- -< . ʀʪʘʢ, ʧʨʠ ʚʪʦʨʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʤʳ ʧʦʣʫʯʠʤ 

ʟʘʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 0 1( , )sm x y . 

ʉʫʤʤʘʨʥʳʡ ʞʝ ʵʬʬʝʢʪ ʜʚʦʡʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʪʦʯʢʠ 0x . 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ: 

1). ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 0x  ʦʪ ʥʫʣʷ ʜʦ y1 ʦʮʝʥʢʘ (15) ʧʝʨʝʭʦʜʠʪ ʦʪ ʚʝʨʭʥʝʡ 

ʦʮʝʥʢʠ ʜʣʷ 0 1( , )sm x y  ʜʦ ʥʠʞʥʝʡ ʦʮʝʥʢʠ ʜʣʷ 0 1( , )sm x y . 

2). ɺ ʩʠʣʫ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠʥʪʝʛʨʘʣʘ (14) ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʢʘ 0x , ʚ ʢʦʪʦʨʦʡ 

ʬʦʨʤʫʣʘ (15) ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʡ. 
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ɸʙʜʳʤʘʥʘʧʦʚ ʋ. 
 

ʊʆʇʆʃʆɻʀʗ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ ɿɺɪɿɼʅʓʍ ʊɽʃ  

ʀ ɻʀʇɽʈɹʆʃʆʀɼʓ 
 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʦʚ ʠʟ (ʩʤ.[2]) ʜʣʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʟʚʝʟʜʥʦʛʦ ʪʝʣʘ ʥʘ ʩʣʫʯʘʡ ʦʜʥʦʧʦʣʦʩʪʥʦʛʦ ʠ ʜʚʫʧʦʣʦʩʪʥʦʛʦ ʛʠʧʝʨʙʦʣʦʠʜʘ.  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʟʚʸʟʜʥʦʝ ʪʝʣʦ, ʦʜʥʦʧʦʣʦʩʪʥʳʝ ʠ ʜʚʫʧʦʣʦʩʪʥʳʝ 

ʛʠʧʝʨʙʦʣʦʠʜʳ. 

________________________________________________________________________________ 

Abdymanapov U. 
 

The topology of geometric of star bodies and hyperboloids 
 

 Abstract. In this paper summarizes the results of the authors (see [2]) for the geometric  

of the star body in case of sheeted and two-sheeted hyperboloids. 

 Key words: geometric of star body, one-sheeted and two-sheeted hyperboloids. 

________________________________________________________________________________ 
 

 ɺʚʝʜʝʥʠʝ. ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʜʝʥʠʷ ʠʟ ʨʘʙʦʪʳ [2]. ɽʩʣʠQʚʳʧʫʢʣʦʝ (ʥʝ ʚʳʧʫʢʣʦʝ) ʪʝʣʦ ʚ m

-ʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ mE ʠ wʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʦʪʢʨʳʪʦʡ ʩʬʝʨʳ 
mm ES Ë-1 , ʪʦ ʧʦ ),( wQÀS ʦʧʨʝʜʝʣʷʶʪ ʦʧʦʨʥʫʶ ʬʫʥʢʮʠʶ ʚʳʧʫʢʣʦʛʦ (ʥʝ 

ʚʳʧʫʢʣʦʛʦ) ʪʝʣʘ Qʚ ʥʘʧʨʘʚʣʝʥʠʠ wʠ ʧʦ Q- (. 1mvol | )^w - )1( -m -ʤʝʨʥʳʡ ʦʙʲʝʤ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ pʥʘ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ^w ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʥʘ w. ɺ 

ʩʣʫʯʘʝ, ʧʨʠ 2²m ʚʳʧʫʢʣʦʝ(ʥʝ ʚʳʧʫʢʣʦʝ) ʪʝʣʦ Qʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʥʳʤ 

ʚʳʧʫʢʣʦʛʦ(ʥʝ ʚʳʧʫʢʣʦʛʦ) ʪʝʣʘ *p. ɽʩʣʠ ʞʝ ʦʧʦʨʥʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ  ʚ 

ʚʠʜʝ pw (.),( 1-=QÀ mvolS | )^w ʜʣʷ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ 
1-Í mSw , ʪʦ *=Q pp. ɿʜʝʩʴ 

ʦʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʪʝʣʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʢʣʘʩʩʫ ʚʳʧʫʢʣʳʭ (ʥʝ 

ʚʳʧʫʢʣʳʭ) ʪʝʣ *Qʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʦ 

ʢʦʦʨʜʠʥʘʪ.  ɺ 1988 ʛʦʜʫ ʕʨʚʠʥ ʃʫʪʚʘʢ ʚʚʝʣ ʧʦʥʷʪʠʝ çʢʣʘʩʩʘ ʪʝʣ ʧʝʨʝʩʝʯʝʥʠʡè 

ʚʦ ʤʥʦʞʝʩʪʚʝ E ʢʦʤʧʘʢʪʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ , ʮʝʥʪʨʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ 

ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. ʕʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ E ʧʨʠ 

ʵʪʦʤ ʦʥ ʥʘʟʳʚʘʣ ʟʚʝʟʜʥʳʤʠ ʪʝʣʘʤʠ. ʕʨʚʠʥ ʃʫʪʚʘʢ ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ 

ʧʝʨʝʩʝʯʝʥʠʝ ʪʝʣ ʤʦʞʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʢʘʢ ʧʨʝʜʝʣ ʩʫʤʤʳ ʵʣʣʠʧʩʦʠʜʦʚ, ʝʩʣʠ 

ʧʨʦʠʟʚʝʩʪʠ ʩʚʦʝʦʙʨʘʟʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ, ʧʨʝʜʩʪʘʚʣʷʷ ʧʨʠ ʵʪʦʤ ʨʘʜʠʘʣʴʥʫʶ 

ʩʫʤʤʫ ï ʩʫʤʤʦʡ ɻʝʨʤʘʥʘ ʄʠʥʢʦʚʩʢʦʛʦ, ʘ ʨʘʜʠʘʣʴʥʫʶ ʤʝʪʨʠʢʫ ï ʤʝʪʨʠʢʦʡ 

ʍʘʫʩʜʦʨʬʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʪʨʘʟʠʣʦʩʴ ʚ ʨʘʙʦʪʝ ʈ. ɻʘʜʥʝʨʘ, 

ʢʘʢ ʧʨʦʙʣʝʤʘ 8.1 (ʩʤ.[1]). ʋʪʚʝʨʜʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʙʳʣ ʧʦʣʫʯʝʥ 

ʇʘʫʣʦʤ ɻʫʜʜʝʝʤ ʠ ɺʦʣʴʬʛʘʥʛʦʤ ɺʝʡʣʦʤ ʚ 1995 ʛʦʜʫ. ʀ ʪʫʪ ʞʝ ʚʦʟʥʠʢʣʘ ʥʦʚʘʷ 

ʧʨʦʙʣʝʤʘ: ʚʦʟʤʦʞʥʦ ʣʠ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʧʨʠ 3¢m ʜʣʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʟʚʝʟʜʥʦʛʦ ʪʝʣʘ ʥʘ ʩʣʫʯʘʡ ʦʜʥʦʧʦʣʦʩʪʥʦʛʦ ʠ ʜʚʫʧʦʣʦʩʪʥʦʛʦ 

ʛʠʧʝʨʙʦʣʦʠʜʘ ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʚ mE ? ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʪʚʝʪ ʫʪʚʝʨʜʠʪʝʣʴʥʳʡ. 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ. 

 ʆʙʦʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʧʨʦʪʠʚʥʦʛʦ ʥʠʯʝʛʦ ʥʝ ʦʛʦʚʦʨʝʥʦ, ʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʵʪʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴ: 

¶ - ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʟʚʝʟʜʥʦʝ ʪʝʣʦ ʚ mɽ  ʧʨʠ 3¢m ; 
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¶ ),.( **Srad - ʨʘʜʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʤʥʦʞʝʩʪʚʘ *S  ʚ mE  ʧʨʠ 3¢m ; 

¶ ),( txR - ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ )(xc ʦʙʣʘʩʪʠ *S . 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ.  

 ʆʧʨʝʜʝʣʝʥʠʝ 1. ʄʥʦʞʝʩʪʚʦ mEË ʧʨʠ 3¢m ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʟʚʝʟʜʥʳʤ ʪʝʣʦʤ, ʝʩʣʠ ʦʥʦ 

¶ ʟʚʝʟʜʥʦʝ; 

¶ ʥʝ ʦʙʷʟʘʥʘ ʙʳʪʴ ʮʝʥʪʨʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʤ; 

¶ ʦʙʣʘʩʪʴ ʝʛʦ ʟʚʝʟʜʯʘʪʦʩʪʠ ʠʤʝʝʪ ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʠ ʟʚʝʟʜʥʳʡ 0 - ʵʣʝʤʝʥʪ; 

¶ ʢʘʢ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʰʘʨ mB
~
(ʠʣʠ ʢʘʢ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʢʫʙ mT

~
), ʠʤʝʶʱʠʡ 

ʟʚʝʟʜʥʫʶ ʪʨʠʘʥʛʫʣʷʮʠʶ À, ʷʚʣʷʝʪʩʷ m- ʵʣʝʤʝʥʪʦʤ; 

¶ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʠʜʝ ʩʚʷʟʥʦʡ ʩʫʤʤʳ ʠ ʨʘʟʨʝʟʘʥʥʳʤʠ ʥʝʩʞʠʤʘʝʤʳʤʠ ʰʘʨʘʤʠ 

ʠ ʜʚʫʩʪʦʨʦʥʥʠʤʠ ʪʦʨʘʤʠ, ʢʘʞʜʘʷ ʜʦʣʴʢʘ .(int ) ʥʝʩʝʪ ʧʦʣʥʫʶ ʣʦʢʘʣʴʥʦ 

ʦʜʥʦʨʦʜʥʫʶ ʤʝʪʨʠʢʫ ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʤʘ. 

 ʆʧʨʝʜʝʣʝʥʠʝ 2. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʟʚʝʟʜʥʦʝ ʪʝʣʦ mES Ë*  ʥʘʟʳʚʘʝʪʩʷ ʪʝʣʦʤ 

ʧʝʨʝʩʝʯʝʥʠʷ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʟʚʝʟʜʥʦʝ ʪʝʣʦ ÍE ʪʘʢʦʝ,  

ʯʪʦ (.),.( 1-

* = mvolSrad w  )^Æw ʜʣʷ ʣʶʙʦʛʦ ʚʝʢʪʦʨʘ ).(1 mm CcylS ËÍ -w . ɿʜʝʩʴ 

IS =* , ʘ 1. -mvol - ʦʙʲʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʘʟʤʝʨʥʦʩʪʠ, ^Æw - ʧʝʨʝʩʝʯʝʥʠʝ 

ʟʚʝʟʜʥʦʛʦ ʪʝʣʘ ʩ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ, ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʚʝʢʪʦʨʫ w, Ë*S E. 

 ʊʘʢ ʢʘʢ ʮʝʣʴʶ ʘʚʪʦʨʘ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʚʪʦʨʦʚ [2] ʜʣʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʟʚʝʟʜʥʦʛʦ ʪʝʣʘ ʥʘ ʩʣʫʯʘʡ ʦʜʥʦʧʦʣʦʩʪʥʦʛʦ ʠ ʜʚʫʧʦʣʦʩʪʥʦʛʦ 

ʛʠʧʝʨʙʦʣʦʠʜʘ ʩ ʜʦʧʦʣʥʝʥʠʝʤ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʦʧʦʨʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ pw (.),( 1-=QÀ mvolS | ^w
) ʜʣʷ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ).(1 mm CcylS ËÍ -w , ʪʦ 

ʥʘʧʦʤʠʥʘʝʤ, ʯʪʦ ʩʘʤʦ ʥʘʠʤʝʥʦʚʘʥʠʷ ʛʠʧʝʨʙʦʣʦʠʜ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʪʦʛʦ, ʯʪʦ 

ʩʨʝʜʠ ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ ʝʩʪʴ ʛʠʧʝʨʙʦʣʳ. ʆʜʥʦʧʦʣʦʩʪʥʳʡ 

ʛʠʧʝʨʙʦʣʦʠʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʣʦʰʥʫʶ ʙʝʩʢʦʥʝʯʥʫʶ ʪʨʫʙʢʫ, ʚʳʪʷʥʫʪʫʶ 

ʚʜʦʣʴ ʦʩʠ z0 . ɸ ʜʚʫʧʦʣʦʩʪʥʳʡ ʛʠʧʝʨʙʦʣʦʠʜ ï ʚʳʪʷʥʫʪʳʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʩʪʦʨʦʥʳ ʦʪ ʮʝʥʪʨʘ (ʪʦʯʢʠ ʥʫʣʴ) ʚʜʦʣʴ ʦʩʠ z0 , ʦʪʜʝʣʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʚʝ ʦʙʦʩʦʙʣʝʥʥʳʝ (ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ) ʧʦʣʦʩʪʠ ʢ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ.  

 ɼʘʣʝʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʧʦʣʦʩʪʥʦʛʦ ʛʠʧʝʨʙʦʣʦʠʜʘ ʠʩʧʦʣʴʟʫʝʤ ʛʠʧʝʨʙʦʣʦʠʜʳ ʚʨʘʱʝʥʠʷ )(wabH , ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʜʚʫʧʦʣʦʩʪʥʦʛʦ ʛʠʧʝʨʙʦʣʦʠʜʘ ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤ 

ʛʠʧʝʨʙʦʣʦʠʜʳ ʚʨʘʱʝʥʠʷ )(wab

*H , ʛʜʝ 0, >ba ʠ ).(1 mm CcylS ËÍ -w . ɻʠʧʝʨʙʦʣʦʠʜʳ 

ʚʨʘʱʝʥʠʷ )(wabH ʠ )(wab

*H ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2
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2

2

2

2 ,1,
)),(.(

-

öö
÷

õ
ææ
ç

å ><-
+

><
=

b

xw

a

xw
xwabHrad ,                           (1) 

                                    
2
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2

2

2 ,1,
)),(.(

-

*

öö
÷

õ
ææ
ç

å ><-
-

><
=

b

xw

a

xw
xwabHrad ,                       (2) 

ʛʜʝ ).(1 mm CcylS ËÍ -x . ɺʚʝʜʝʤ ʥʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʪʦ ʝʩʪʴ qhx === zyx ,, .  
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ʆʯʝʚʠʜʥʦ, ʯʪʦ  

                                      )),(.()),(.( wxxw abab HradHrad = ,                                      (3) 

 

                                      )),(.()),(.( wxxw abab

** = HradHrad ,                                      (4) 

ʜʣʷ ʚʩʝʭ ).(, 1 mm CcylS ËÍ -xw  ʠ 

                                             )(),( whwh abab HH = ,                                                (5) 

 

                                              )(),( whwh abab
** = HH ,                                               (6) 

ʜʣʷ ʚʩʝʭ ʚʨʘʱʝʥʠʡ h. ʆʙʲʝʤʳ ʛʠʧʝʨʙʦʣʦʠʜʦʚ ʚʨʘʱʝʥʠʡ )(wabH ʠ )(wab

*H

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʯʠʩʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

                                      m

m

m

m BvolHvol .))((. 1-=abwab ,                                          (7) 

 

                                      m

m

m

m BvolHvol .))((. 1-* =abwab ,                                          (8) 

ʛʜʝ mB - ʦʪʢʨʳʪʳʡ ʰʘʨ. ʄʳ ʪʘʢʞʝ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ 

             ** -¢Ö-Ö wwww ababab cHradHrad )),(.()),(.( ,                               (9) 

 

                                    **** -¢Ö-Ö wwww ababab cHradHrad )),(.()),(.( ,                      (10) 

ʜʣʷ ʚʩʝʭ  1, -*Í mSww . ʊʦʛʜʘ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʷʨʥʳʝ ʪʝʣʘ )(
~
wabH ʠ )(

~
wab

*H

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʠʧʝʨʙʦʣʦʠʜʦʚ ʚʨʘʱʝʥʠʡ )(wabH ʠ )(wab

*H ʷʚʣʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʜʥʦʧʦʣʦʩʪʥʳʤʠ )(
11
w

ba öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
H ʠ ʜʚʫʧʦʣʦʩʪʥʳʤʠ )(

11
w
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*

öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
H

ʛʠʧʝʨʙʦʣʦʠʜʘʤʠ. ʇʝʨʝʩʝʯʝʥʠʝ ʪʝʣ ʛʠʧʝʨʙʦʣʦʠʜʦʚ ʚʥʦʚʴ ʷʚʣʷʝʪʩʷ 

ʛʠʧʝʨʙʦʣʦʠʜʦʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ,  

)(
~

))((.
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.
)(

1

1 www ababab HHvol
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IH mm

m
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-

-= )())((.
.

.
11
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1 ww
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öö
÷

õ
ææ
ç

å
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õ
æ
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-= HHvol
Bvol

Bvol
mm

m

m

m ,         (11) 

 

)(
~

))((.
.

.
)(

1

1 www ababab
**

-

-* = HHvol
Bvol

Bvol
IH mm

m

m

m )())((.
.

.
11

1

1 ww
ba

ab
*

öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å

*

-

-= HHvol
Bvol

Bvol
mm

m

m

m .         (12) 

ʈʝʛʫʣʷʨʠʟʘʮʠʷ ʥʘ ʩʬʝʨʝ ).(1 mm CcylS Ë- . ɺ ʵʪʦʤ ʧʘʨʘʛʨʘʬʝ ʠʟʣʘʛʘʝʤ ʪʝʭʥʠʢʫ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʠʥʘʜʣʝʞʠʪ ɹʝʨʛʫ (1969) ʠ ʐʥʘʡʜʝʨʫ (1974). ʕʪʫ 

ʪʝʭʥʠʢʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʳ (ʩʤ.[2]). ʇʫʩʪʴ + RRf : ʯʝʪʥʘʷ 
¤C - ʬʫʥʢʮʠʷ ʩ ʧʝʨʠʦʜʦʤ 2. ʊʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ Íg B lʩʚʝʨʪʢʘ fg* ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ  

                        hrhxhx dfgfg
mm CcylS

mñË

*

--
><=*

).(
11

),()())(( ,                (13) 

ʜʣʷ ʚʩʝʭ ).(1 mm CcylS ËÍ -x . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʚʝʨʪʢʘ Í* )( fg B l  ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ 
¤C

- ʬʫʥʢʮʠʝʡ ʥʘ ʩʬʝʨʝ ).(1 mm CcylS Ë- . ɼʘʣʝʝ ʚʳʪʷʥʫʚ ʩʚʝʨʪʢʫ (13) ʜʦ ʤʝʨʳ Ír l , 

ʚʥʦʚʴ ʧʦʣʫʯʠʤ ʜʚʦʡʩʪʚʝʥʥʫʶ ʝʤʫ ʩʚʝʨʪʢʫ 

                                                       )())(( fggf *=* rr ,                                     (14) 

ʜʣʷ ʚʩʝʭ Íg B l. ʅʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʚʝʨʪʢʘ )( f*r ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʯʝʪʥʦʡ 

ʬʫʥʢʮʠʠ ¤C ʧʦ ʦʪʥʦʰʝʥʠʶ ʤʝʨʳ *

-1mr . ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  



22 
 

 

                         ñË-
><=*

).(1
),())((

mm CcylS
dff hrhxxr ,                                 (15) 

 

ʜʣʷ ʚʩʝʭ ).(1 mm CcylS ËÍ -x . ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ rtx )~,
~

(Rg= . ʊʦʛʜʘ  
 

                                         ñË

*

- ^*=*
).(1

))(())((
mm CcylS

dffg wrxrx
w

.                            (16) 

ɸʥʘʣʦʛʠʯʥʦ, ʠʤʝʝʤ 

 

          wxtxhrhxxr
w ww

)],()~,
~

([),())((
))).((( 1

>Ö<=><=* ñ ^- ^^
ÆË

** fRdff
mm CcylS

,                 (17) 

 

ʜʣʷ ʚʩʝʭ ).(, 1 mm CcylS ËÍ -wx . ɼʣʷ ʣʶʙʦʛʦ 0>a  ʬʫʥʢʮʠʷ f ʩ ʧʝʨʠʦʜʦʤ 2 ʥʘ 

ʦʪʨʝʟʢʝ ]1,1[- ʟʘʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

                          
2
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2

2
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2

2
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11
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-
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-
öö
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õ
ææ
ç

å -
+=

m

m
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a

s

b

s

a
sa ,                                             (18) 

ʛʜʝ 1-mx - ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ).(1 mm CcylS Ë- ʠ 0)( >= abb  ʚʳʙʠʨʘʝʪʩʷ 

ʪʘʢ, ʯʪʦ 

                                 1),( 1 =>< *

-ñ wrwxa df m ,                                         (19) 

 

ʜʣ̫ ʚʩʷʢʦʛʦ ).(1 mm CcylS ËÍ -x . ʊʘʢ ʢʘʢ 
 

 
wrwxrhhrxtx awa dfSdfR m

m

CcylS
m

CcylS mmmm

*

-

-

Ë

**

-
Ë

><=>Ö< ññ - ^- 1

1

).(
1

).(
),()()],()~,

~
([

11

   

                                       wrwxa dfx m
CcylS

m mm

*

-
Ë

- ><= ñ- 1
).(

2 ),(
1

,                                  (20) 

 

ʊʦ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (17), ʤʳ ʚʠʜʠʤ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ (19) ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʨʘʚʝʥʩʪʚʫ 

                                  21)( -

*

-

* =*ñ ^ mm xdf wxrr
w

.                                       (21) 

 

 ʃʝʤʤʘ 1. ɼʣʷ ʣʶʙʦʛʦ ).(1 mm CcylS ËÍ -x  ʩʚʝʨʪʢʘ )( f**
^w

r  ʷʚʣʷʝʪʩʷ 

ʨʘʜʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʛʠʧʝʨʙʦʣʦʠʜʦʚ ʚʨʘʱʝʥʠʷ )(wabH ʠ )(wab

*H ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɽʩʣʠ rtx )~,
~

(. Rrad =  ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ Ír l, ʪʦ 
 

      wrwrtxrtx abaa dHRfRfrad
mm CcylS

)),(()~,
~

())~,
~

(().(
).(1

Ö=*=* ñË-
,                       (22) 

 

             wrwrtxrtx abaa dHRfRfrad
mm CcylS

)),(()~,
~

())~,
~

(().(
).(1

Ö=*=* ñË

*

-
.                      (23) 

 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ  ʣʝʤʤʳ 1.  ɼʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ x ʠʟ (18) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʤ 
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ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (11) ʠ (12) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʫʯʠʤ 
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ʂʦʤʙʠʥʠʨʫʷ (26), (27) ʩ (17) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʤ 

 

     )),()()~,
~

(()),(.()],()~,
~

([)( wxrtxwxwxtxxr ababaaw
HRHradfRf ==>Ö<=**^  

                                 )),()()~,
~

(( xwrtx abHR=                                          (28) 

 

      )),()()~,
~

(()),(.()],()~,
~

([)( wxrtxwxwxtxxr ababaaw

*** ==>Ö<=*^ HRHradfRf  

               )),()()~,
~

(( xwrtx ab
*= HR                                  (29) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʪʚʝʨʞʜʝʥʠʷ (22) ʠ (23) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʶʪ ʠʟ (16), (28) 

ʠ (29) . 

ʃʝʤʤʘ 2. ɼʣʷ ʣʶʙʦʛʦ Í= rtx )~,
~

(. Rrad B l  ʠʤʝʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ .).( radfrad *a  ʚ 

B lʧʨʠ ¤a . 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ 2. ʇʫʩʪʴ ʟʘʜʘʥʳ Í= rtx )~,
~

(. Rrad B lʠ 0>e . ʀ 

ʧʫʩʪʴ ʜʣʷ ).(1 mm CcylS ËÍ -x  ʠ )10( <<d ʠʤʝʝʪ ʤʝʩʪʦ 
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      dxxfxxdfI
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mm )()1(),(),( 2
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ddwx
a wrwxda
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-
<>< ññ -=><= .                           (30) 

 

ʊʦʛʜʘ ʜʣʷ ba<  ʠ af , ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʥʘ ʩʝʛʤʝʥʪʝ [0,1] , ʩʧʨʘʚʝʜʣʠʚʦ 

    
2

1

2

1

2

2

1

2

1

2

2

)1(

2
.2

)1(

2
)(2),(

-

-

-

-

-

-

-

-

¢

-

¢¢
m

m

m

m

m

m

m

x

x
rad

x

x
fxI

d

da

d

da
ddda a

 
 

                        
2

)1(

2
)~,

~
(2

2

1

2

1

2 e

d

da
rtx ¢

-

¢
-

-

-

m

m

m

x

x
R .                                      (31) 

 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ (19) ʠ (31) , ʧʦʣʫʯʠʤ, ʯʪʦ 
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(
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,                   (32) 

 

ʨʘʚʥʦʤʝʨʥʦ ʚ ).(1 mm CcylS ËÍ -x . 

 ɿʘʤʝʯʘʥʠʝ 1. ɽʩʣʠ ʧʨʠʤʝʥʠʪʴ ʣʝʤʤʳ 1 ʠ ʣʝʤʤʳ 2 ʢ ʨʘʜʠʘʣʴʥʳʤ ʬʫʥʢʮʠʷ

rtx )~,
~

(),.( RSrad =Ö* ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ Ír l  ʪʝʣʘ ʧʝʨʝʩʝʯʝʥʠʡ 
*S , ʪʦ ),.( Ö*Srad  ʤʦʞʝʪ 

ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʨʘʚʥʦʤʝʨʥʦ ʬʫʥʢʮʠʷʤʠ ʠʟ ʦʩʪʘʪʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

                 

                             wrwaba dHradrad
mm CcylS

)),(.(.
).(1

Ö=ñË-
,                                           (33) 

 

                wrwaba dHradrad
mm CcylS

)),(.(.
).(1

Ö=ñË

*

-
,                                          (34) 

 

 

ʪʦ ʝʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
 

    wrwrtxrtx aba dHRR
mm CcylS

)),()()~,
~

(())~,
~
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).(1

Ö=ñË-
,                                  (35) 

 

              wrwrtxrtx aba dHRR
mm CcylS

)),()()~,
~

(())~,
~

((
).(1

Ö=ñË

*

-
,                                   (36) 

ʧʨʠ 0a . 

 ɼʠʩʢʨʝʪʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʨ. ʇʦ ʩʫʪʠ ʜʝʣʘ, ʢʘʞʜʘʷ ʬʫʥʢʮʠʷ ʚ (35) 

ʠ (36) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʧʨʝʜʝʣʦʤ ʢʦʥʝʯʥʳʭ ʩʫʤʤ 

ʨʘʜʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʦʜʥʦʧʦʣʦʩʪʥʦʛʦ ʠ ʜʚʫʧʦʣʦʩʪʥʦʛʦ ʩ ʜʦʧʦʣʥʝʥʠʝʤ 

ʛʠʧʝʨʙʦʣʦʠʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʧʧʨʦʢʩʠʤʠʨʫʝʤ rʜʠʩʢʨʝʪʥʦʡ ʤʝʨʦʡ. ʇʫʩʪʴ 

0>d  ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʥʝʯʥʦʝ ʧʦʢʨʳʪʠʝ ʩʬʝʨʳ )),().((1 dwi

mm BCcylS ËË-  ʚ ʰʘʨʝ 

),( dwiB ))(1( dmi¢¢ .  
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ʆʧʨʝʜʝʣʠʤ 

           
iii c wdr= , )1( mi¢¢ ,                                                    (37) 

 

ʛʜʝ 
iw
dʦʧʨʝʜʝʣʷʝʪ ʜʠʨʘʢʦʚʫ ʤʝʨʫ ʥʘ w, w- . ɺʩʝ ic ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʟʘʢʦʥʫ 
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʝʨʘ    ä=
=
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i i1
rrd                                                          (39) 

ʩʣʘʙʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʨʠ rrd , ʪʘʢ ʢʘʢ 0d . ɽʩʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʨʘʚʥʦʤʝʨʥʦ ʥʘ ʩʬʝʨʝ )),().((1 dwi

mm BCcylS ËË- , ʪʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʘʰʝʡ 

ʪʝʦʨʝʤʳ ʟʘʢʦʥʯʝʥʦ. ʀʤʝʷ ʚʚʠʜʫ (9) ʠ (10) , ʠʤʝʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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 ʊʘʢ ʢʘʢ aʠ b ʬʠʢʩʠʨʦʚʘʥʳ, ʪʦ ʵʪʠʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ 

ʨʘʚʥʦʤʝʨʥʘʷ ʩʭʦʜʠʤʦʩʪʴ. 

 ʃʝʤʤʘ 3. ɼʣʷ ʣʶʙʦʛʦ rÍ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
1n
ʠ  

2n

ʢʦʥʝʯʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʩʫʤʤ ʦʜʥʦʧʦʣʦʩʪʥʳʭ ʠ ʜʚʫʧʦʣʦʩʪʥʳʭ ʩ ʜʦʧʦʣʥʝʥʠʝʤ 

ʛʠʧʝʨʙʦʣʦʠʜʦʚ ʪʘʢʘʷ, ʯʪʦ ä
¤

=11n


1n
  ʠ ä

¤

=12n


2n
  ʚ  ʭʘʫʩʜʦʨʬʦʚʦʡ 

ʤʝʪʨʠʢʝ. 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ 3. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʟʚʝʟʜʥʳʝ ʪʝʣʘ 1

ʤʦʛʫʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʚ ʭʘʫʩʜʦʨʬʦʚʦʡ ʤʝʪʨʠʢʝ ʦʙʲʝʜʠʥʝʥʠʝʤ 
 

                           i

m

i s1

1

=Ç=                                        (44) 
 

ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʣʠʥʝʡʥʳʭ ʩʝʛʤʝʥʪʦʚ 1,0],,[ -Í>-= m

iiiii Ss wawwa . ɿʘʤʝʥʠʤ 

ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ is  ʛʠʧʝʨʙʦʣʦʠʜʦʤ ʚʨʘʱʝʥʠʷ )( ii
H wea ʠ 0),( >* ewea ii

H
 

ʠ ʨʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ e, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʜʠʘʣʴʥʳʤʠ ʩʫʤʤʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʠʧʝʨʙʦʣʦʠʜʦʚ ʚʨʘʱʝʥʠʡ 
 

        )(),...,(),( 21 21 mm
HHH www eaeaea ,                                       (45) 

 

        )(),...,(),( 21 21 mm
HHH www eaeaea

*** .                                          (46) 
 

ʊʘʢ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ { e} 0>e ʨʘʚʥʦʤʝʨʥʦ ʦʛʨʘʥʠʯʝʥʦ, ʪʦ e .cl  

ʧʨʠ 0e . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 1 Ë  eʠ ʯʪʦ 
1 .clË . ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ 3 

ʟʘʢʦʥʯʠʪʩʷ, ʝʩʣʠÎx  
1Ý Îx eʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ 0>e . ɼʣʷ ʪʦʯʝʢ x, 

ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʧʨʷʤʦʡ ʣʠʥʠʠ, ʧʦʨʦʞʜʝʥʥʦʡ ʩʝʛʤʝʥʪʘʤʠ is  ʠʤʝʝʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 
  
                                ( ) 0/),(. xxwea ii

Hrad  ʜʣʷ )1( mii ¢¢ ,                                (47) 

 

       ( ) 0/),(. * xxwea ii
Hrad  ʜʣʷ )1( mii ¢¢ .                                  (48) 
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, .rad (  e, xxx <)/  ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ 0<e . ɽʩʣʠ 

)( jgwx= ʩ ʫʩʣʦʚʠʝʤ 
jag> , ʪʦ ʚʥʦʚʴ ʠʤʝʝʤ, ʯʪʦ .rad (  e, xxx <)/  ʜʣʷ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ 0<e . ʂʦʤʙʠʥʠʨʫʷ ʣʝʤʤʳ 1 ï 3, ʧʦʣʫʯʠʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʩʣʝʜʫʶʱʝʡ ʫʪʚʝʨʞʜʝʥʠʝ: 

 ʊʝʦʨʝʤʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʟʚʝʟʜʥʦʝ ʪʝʣʦ mES Ë* ʷʚʣʷʝʪʩʷ ʪʝʣʦʤ 

ʧʝʨʝʩʝʯʝʥʠʷ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ mES Ë*  ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʦʤ  

ʚ ʨʘʜʠʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ ʢʦʥʝʯʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʩʫʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʜʥʦʧʦʣʦʩʪʥʦʛʦ ʠ ʜʚʫʧʦʣʦʩʪʥʦʛʦ ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʛʠʧʝʨʙʦʣʦʠʜʦʚ. 

 ɿʘʤʝʯʘʥʠʝ 2. ɺʩʷʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘ ʤʥʦʞʝʩʪʚʝ r, ʢʦʪʦʨʘʷ 

ʩʭʦʜʠʪʩʷ ʚ ʨʘʜʠʘʣʴʥʦʡ ʤʝʪʨʠʢʝ, ʪʘʢʞʝ ʩʭʦʜʠʪʩʷ ʠ ʚ ʭʘʫʩʜʦʨʬʦʚʦʡ ʤʝʪʨʠʢʝ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʭʦʜʠʤʦʩʪʴ ʚ ʭʘʫʩʜʦʨʬʦʚʦʡ ʤʝʪʨʠʢʝ ʥʘ ʤʥʦʞʝʩʪʚʝ rʥʝ ʜʘʝʪ 

ʩʭʦʜʠʤʦʩʪʠ ʚ ʨʘʜʠʘʣʴʥʦʡ ʤʝʪʨʠʢʝ. ʕʪʦʪ ʬʘʢʪ ʙʫʜʝʪ ʦʯʝʚʠʜʝʥ, ʝʩʣʠ ʤʳ 

ʢʦʤʙʠʥʠʨʫʝʤ ʥʘʰʫ ʪʝʦʨʝʤʫ ʩ ʣʝʤʤʦʡ 3. 
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ʋɼʂ 518.61 

ɸʣʛʘʟʠʥ ʉ.ɼ. 
 

ʄʅʆɻʆʉʃʆʁʅʓʁ, ʅɽʗɺʅʓʁ, ʇɸʈɸʃʃɽʃʔʅʓʁ ɸʃɻʆʈʀʊʄ ɼʃʗ 

ʋʈɸɺʅɽʅʀʗ ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ɺ ʇɸʈɸʃʃɽʃɽʇʀʇɽɼɽ
1
. 

 

 ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʘ ʚ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʸʭʤʝʨʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʰʝʥʘ ʥʘ PC. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. 

________________________________________________________________________________ 

Algazin S. D. 
 

Multilayered, implicit, parallel algorithm for the heat conduction equation  

in the parallelepiped 
 

 Abstract. The method of computing experiment investigates a problem about heat 

distribution in a parallelepiped. It is shown that the three-dimensional problem can be solved on PC. 

  Keywords: the heat conduction equation, computing experiment. 
________________________________________________________________________________________________________________________ 

 

 ɺʚʝʜʝʥʠʝ. ɺ [1] ʨʘʩʩʤʦʪʨʝʥʳ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʝʟ ʥʘʩʳʱʝʥʠʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʤʘʪʨʠʮʳ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ.  

ʇʨʠʯʸʤ, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳ, ʘ ʩʦʙʩʪʚʝʥʥʳʝ 

ʚʝʢʪʦʨʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʣʥʫʶ ʩʠʩʪʝʤʫ. ɼʣʷ ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ ʪʘʢʠʝ 

ʚʳʯʠʩʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳ. ʆʜʥʘʢʦ ʝʩʪʴ ʠʩʢʣʶʯʝʥʠʝ - ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ. ʊʦʛʜʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʠ ʠʟʚʝʩʪʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ [2] ʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, 

ʦʧʠʩʘʥʥʘʷ ʚ [1]. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʦ ʦʜʥʦʤʝʨʥʦʝ, ʜʚʫʤʝʨʥʦʝ  

ʠ ʪʨʸʭʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ. ʈʘʩʩʤʦʪʨʝʥʠʝ 

ʚʝʜʸʪʩʷ ʜʣʷ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ, ʥʦ ʧʦ ʭʦʜʫ ʠʟʣʦʞʝʥʠʷ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ,  

ʯʪʦ ʨʘʟʤʝʨʥʦʩʪʴ ʟʜʝʩʴ ʥʝʩʫʱʝʩʪʚʝʥʥʘ. 

 1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ D = {0 Ò x Ò 1, 0 Ò t Ò 1} 

ʨʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: 

                                  (1) 

                                  (2) 

                                                    (3) 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ, ʥʝ ʥʘʨʫʰʘʷ ʦʙʱʥʦʩʪʠ, ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ u0(x)ſ0.  

                                                           
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
ʇʨʦʝʢʪ ˉ 15-01-01739. 
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 2. ɼʠʩʢʨʝʪʠʟʘʮʠʷ. ʇʦ x ʚʳʙʝʨʝʤ ʩʝʪʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ m ʫʟʣʦʚ: ʧʫʩʪʴ h - 

ʰʘʛ ʩʝʪʢʠ; ʚʳʙʝʨʝʤ ʥʘ ʦʪʨʝʟʢʝ (0,1) m ʫʟʣʦʚ xi = hi, h=2/(n+1), i=1,2,é, m, x0= 0, 

xn+1=1, ʪ.ʝ. ʚʩʝʛʦ ʥʘ ʟʘʤʢʥʫʪʦʤ ʦʪʨʝʟʢʝ [0,1] ʚʳʙʠʨʘʝʤ (m+2) ʫʟʣʘ.  

ɽʩʣʠ y(x)ÍC
3
[0,1], ʪʦ 

                          
' '' '''

2 3 4( ) ( ) ( )
( ) ( ) ( ),

1! 2! 3!

y x y x y x
y x h y x h h h O h+ = + + + +               (3)  

                          
' '' '''

2 3 4( ) ( ) ( )
( ) ( ) ( ).

1! 2! 3!

y x y x y x
y x h y x h h h O h- = - + - +                    (4) 

ʉʢʣʘʜʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʷ (3), (4), ʧʦʣʫʯʠʤ'' 2 4( ) ( ) 2 ( ) ( ) ( ),y x h y x h y x y x h O h+ + - = + +   
ʪʦʛʜʘ 

                                      '' 2

2

( ) 2 ( ) ( )
( ) ( ).

y x h y x y x h
y x O h

h

+ - + -
= +                         (5) 

 

ʆʙʦʟʥʘʯʠʤ  '' ''( ) ,     ( ) ,i i i iy x y y x y= =  ʪʦʛʜʘ ʠʟ (5) ʧʦʣʫʯʘʝʤ 

                                      '' 21 1

2

2
( ),      1,2,..., .i i i

i

y y y
y O h i m

h

+ -- +
= + =                        (6) 

ʇʝʨʚʳʡ ʯʣʝʥ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ (6) - ʵʪʦ ʚʪʦʨʘʷ ʨʘʟʥʦʩʪʥʘʷ 

ʧʨʦʠʟʚʦʜʥʘʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʩʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ yi
ôô
 ʩʦ 

ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ, ʪ.ʝ. ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ O(h
2
).  

ʇʦ t ʚʳʙʝʨʝʤ ʩʝʪʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ k ʫʟʣʦʚ:  

 

ʠ  ʧʨʠʤʝʥʠʤ ʠʥʪʝʨʧʦʣʷʮʠʶ ʤʥʦʛʦʯʣʝʥʦʤ: 

                                                                                     (7) 

ɻʜʝ Tm (t) = cos(mĀarccos(t)), ʘ ʦʩʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʬʦʨʤʫʣʫ (7), 

ʦʧʨʝʜʝʣʝʥʳ ʚʳʰʝ. ɿʥʘʯʝʥʠʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ u(x,t) ʧʦ t, ʚʭʦʜʷʱʠʝ  

ʚ ʣʝʚʫʶ ʯʘʩʪʴ ʩʦʦʪʥʦʰʝʥʠʡ (1), ʧʦʣʫʯʠʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʬʦʨʤʫʣʳ (7). 

 ʇʫʩʪʴ A ʤʘʪʨʠʮʘ ʜʠʩʢʨʝʪʥʦʛʦ ʦʧʝʨʘʪʦʨʘ , ʪʦʛʜʘ ʦʙʦʟʥʘʯʠʚ 

uɛɜ=u(xɛ,tɜ), ɛ=1,2,é,m; ɜ=1,2,é,k  ʠ ʧʦʣʫʯʠʤ   

 ʇʫʩʪʴ B ï ʤʘʪʨʠʮʘ ʯʠʩʣʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ t ʥʘ [0,1].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ:   . ɿʘʥʫʤʝʨʫʝʤ ʫʟʣʳ ʩʝʪʢʠ ʦʜʥʠʤ 

ʠʥʜʝʢʩʦʤ ʧʦ ʩʪʨʦʢʘʤ, ʪ.ʝ. ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʤʝʥʷʝʪʩʷ ʧʝʨʚʳʡ ʠʥʜʝʢʩ I Ÿ (ɛ,ɜ)=(ɜ-

1)m+ɛ. ʊʦʛʜʘ ʧʦʣʫʯʘʝʤ ʜʠʩʢʨʝʪʥʫʶ ʟʘʜʘʯʫ:  ʛʜʝ B ï ʤʘʪʨʠʮʘ 

ʨʘʟʤʝʨʘ kĬk ï ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ t; A ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ m Ĭ m - ʚʪʦʨʦʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ x; Im,Ik ï ʝʜʠʥʠʯʥʳʝ ʤʘʪʨʠʮʳ. 

 ʇʨʝʜʩʪʘʚʠʤ A  ʚ ʚʠʜʝ:  
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   (ʩʤ. [3]).                                (8) 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ  ʧʦʣʫʯʠʤ ʫʤʥʦʞʝʥʠʝʤ 

ʤʘʪʨʠʮʳ (8) ʥʘ ʚʝʢʪʦʨ ʧʨʘʚʦʡ ʯʘʩʪʠ. ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʪʥʦʡ ʢ 

ʤʘʪʨʠʮʝ (8) ʜʦʩʪʘʪʦʯʥʦ ʦʙʨʘʪʠʪʴ m ʤʘʪʨʠʮ ʨʘʟʤʝʨʘ kĬk, ʛʜʝ k ï ʯʠʩʣʦ ʫʟʣʦʚ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʚʨʝʤʝʥʠ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʥʠʛʜʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʧʝʮʠʬʠʢʘ ʤʘʪʨʠʮʳ A, ʪ.ʝ. A ï ʤʦʞʝʪ ʙʳʪʴ ʤʘʪʨʠʮʝʡ ʜʚʫʤʝʨʥʦʡ, ʪʨʸʭʤʝʨʥʦʡ ʠ 

ʣʶʙʦʡ ʜʨʫʛʦʡ ʟʘʜʘʯʠ. ʅʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ, ʯʪʦʙʳ ʤʘʪʨʠʮʘ ʠʤʝʣʘ ʧʦʣʥʫʶ 

ʩʠʩʪʝʤʫ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (8) ʣʝʛʢʦ ʨʘʩʧʘʨʘʣʣʝʣʠʪʴ. ʂʘʞʜʦʝ 

ʩʣʘʛʘʝʤʦʝ ʤʦʞʝʪ ʚʳʯʠʩʣʷʪʴʩʷ ʥʘ ʦʪʜʝʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ. 

 ɼʣʷ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʦʙʦʟʥʘʯʠʤ 1 1

2,

2
,i i i

xx i

y y y
y

h

+ -- +
= ʠ ʨʘʩʩʤʦʪʨʠʤ 

ʟʘʜʘʯʫ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ: 0 1,
0, 1,2,..., , 0.i mxx i

y y i m y yl ++ = = = = ʊʦʛʜʘ [2]: 

2

2

4
sin ,

2

( ) 2 sin( ), , 0,1,2,..., 1.

j j

j i i

jh
ʩʦʦʪʚʝʪʩʪʚʫʝʪʩʦʙʩʪʚʝʥʥʘʷʬʫʥʢʮʠʷ

h

y i h jx x ih i m

p
l l l

p

= =

= = = +

 

ɼʚʫʤʝʨʥʫʶ ʟʘʜʘʯʫ ʨʘʩʩʤʦʪʨʠʤ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ  G={[0,1]Ĭ[-b,b]}.  ʊʨʝʙʫʝʪʩʷ 

ʥʘʡʪʠ ʤʘʪʨʠʮʫ, ʢʦʪʦʨʘʷ ʥʘʩʣʝʜʦʚʘʣʘ ʙʳ ʩʚʦʡʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ 

ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ.  ʊʘʢʘʷ ʤʘʪʨʠʮʘ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

                                         C=InÃ A+BÃIm.  
 

ɿʜʝʩʴ n - ʯʠʩʣʦ ʫʟʣʦʚ ʩʝʪʢʠ ʧʦ ʚʳʩʦʪʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ; m - ʯʠʩʣʦ ʫʟʣʦʚ ʩʝʪʢʠ 

ʧʦ ʰʠʨʠʥʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ; In - ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ nĬn; A - ʤʘʪʨʠʮʘ 

ʨʘʟʤʝʨʘ mĬm (ʦʜʥʦʤʝʨʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʣʘʧʣʘʩʠʘʥ ʥʘ ʦʪʨʝʟʢʝ [0,1]); B - ʤʘʪʨʠʮʘ 

ʨʘʟʤʝʨʘ nĬn (ʦʜʥʦʤʝʨʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʣʘʧʣʘʩʠʘʥ ʥʘ ʦʪʨʝʟʢʝ [-b,b]); Im - 

ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ mĬm. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮ A ʠ B ʩʣʝʜʫʝʪ 

ʧʨʦʠʟʚʝʩʪʠ ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʦʜʥʦʤʝʨʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʟʘʜʘʯʠ u¡¡=lu ʩ ʢʨʘʝʚʳʤʠ 

ʫʩʣʦʚʠʷʤʠ u(0)=u(1)=0 ʠ u(-b)=u(b)=0 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  ʉʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʤʘʪʨʠʮʳ C ʷʚʣʷʝʪʩʷ ʩʫʤʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮ A ʠ B, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʨʦʥʝʢʝʨʦʚʘ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʵʪʠʭ ʤʘʪʨʠʮ [4]. ʆʙʦʙʱʝʥʠʷ ʥʘ 

ʪʨʸʭʤʝʨʥʳʡ ʠ ʤʥʦʛʦʤʝʨʥʳʡ ʩʣʫʯʘʠ ʦʯʝʚʠʜʥʳ. 

 3. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʯʠʩʣʝʥʥʦʛʦ ʧʨʠʤʝʨʘ 

ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ (1) ï (3) ʩ ʧʨʘʚʦʡ ʯʘʩʪʴʶ: f(x,t)=(cost+ˊ
2
sint)sinˊx, ʪʦʛʜʘ 

ʨʝʰʝʥʠʝ u(x,t)=sintĀsinˊx. ɼʣʷ ʜʚʫʤʝʨʥʦʡ ʟʘʜʘʯʠ u(x,t)=sintĀsinˊxĀsinˊy ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. ɼʣʷ ʪʨʸʭʤʝʨʥʦʡ ʟʘʜʘʯʠ 

u(x,t)=sintĀsinˊxĀsiń yĀsinˊz ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʸʪʦʚ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ: 

ÝÃ+=Ã+Ã äää
p
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p
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ʊʘʙʣʠʮʘ 1.ʆʜʥʦʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʏʠʩʣʦ ʫʟʣʦʤ M (K=10) ʇʦʛʨʝʰʥʦʩʪʴ ɺʨʝʤʷ ʩʯʸʪʘ (ʩʝʢ.) 

10 5.2E-003 0.0E+00 

100 6.24E-005 1.56E-02 

1000 6.36E-007 1.4375 

10000 6.37E-009 139.1094 
 

ʊʘʙʣʠʮʘ 2. ɼʚʫʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʏʠʩʣʦ ʫʟʣʦʤ M=N (K=10) ʇʦʛʨʝʰʥʦʩʪʴ ɺʨʝʤʷ ʩʯʸʪʘ (ʩʝʢ.) 

10 5.4E-003 0.0E+00 

100 6.5E-005 128.6875 

500 2.6E-006 77914.70 
 

ʊʘʙʣʠʮʘ 3. ʊʨʸʭʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʏʠʩʣʦ ʫʟʣʦʤ 

M=N=L (K=10) 

ʇʦʛʨʝʰʥʦʩʪʴ ɺʨʝʤʷ ʩʯʸʪʘ 

(ʩʝʢ.) 

ɺʨʝʤʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʩʯʸʪʘ (ʩʝʢ.) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʫʩʢʦʨʝʥʠʷ 

10 5.4E-003 1.421875 0.065 21.875 

25 9.97E-004 326.2188 29.726 10.97 

50 2.59E-004 21067.36 2410.01 9.12 

100 6.60E-005 1804364.16 - - 
 

 ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ PC:  ʇʨʦʮʝʩʩʦʨ IntelÈ CoreÊ i7 CPU 

920@267GHz  267GHz, 8-ʤʠ ʷʜʝʨʥʳʡ. ʇʘʤʷʪʴ (RAM) 12 ɻʙ. ʈʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʪʨʸʭʤʝʨʥʦʡ ʟʘʜʘʯʠ ɼʘʥʠʣʦʡ ɽʨʸʤʠʥʳʤ (ʧʨʦʛʨʘʤʤʘ 

ʥʘʧʠʩʘʥʘ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʷʟʳʢʝ C++) . ɿʘ ʵʪʦ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʝʤʫ 

ʠʩʢʨʝʥʥʝʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ. 

 4. ʋʩʪʦʡʯʠʚʦʩʪʴ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ 

ʥʫʞʥʦ ʦʮʝʥʠʪʴ ʥʦʨʤʫ ʤʘʪʨʠʮʳ (8). ɺʳʯʠʩʣʝʥʠʷ ʜʘʶʪ, ʯʪʦ ʜʣʷ ʪʨʸʭʤʝʨʥʦʡ 

ʟʘʜʘʯʠ ʥʦʨʤʘ ʵʪʦʡ ʤʘʪʨʠʮʳ ʧʨʠʤʝʨʥʦ 6Ā10
-2 
(ʜʣʷ ʨʘʩʯʸʪʘ ʚ ʧʦʩʣʝʜʥʝʡ ʩʪʨʦʢʝ 

ʪʘʙʣʠʮʳ 3). 

 5. ʇʨʠʤʝʯʘʥʠʝ. ʆʙʨʘʱʝʥʠʝ ʤʘʪʨʠʮʳ ʚ (8) ʵʢʚʠʚʘʣʝʥʪʥʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ 

ʂʦʰʠ: ( ) ( ) ( ), (0) 0y x y x g x yl¡ + = =, ʜʣʷ ʢʦʪʦʨʦʡ ʥʝʪʨʫʜʥʦ ʚʳʧʠʩʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ. ʆʜʥʘʢʦ ʩʯʸʪ ʧʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʥʝʫʩʪʦʡʯʠʚ, ʪ. ʢ. ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʚʭʦʜʷʪ ʙʳʩʪʨʦ ʨʘʩʪʫʱʠʝ ʵʢʩʧʦʥʝʥʪʳ. ʇʨʠʤʝʥʷʣʦʩʴ ʯʠʩʣʝʥʥʦʝ 

ʦʙʨʘʱʝʥʠʝ ʤʘʪʨʠʮʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʯʸʪ ʧʦ ʬʦʨʤʫʣʝ (8) ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ. ʇʨʦʛʨʘʤʤʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ [5]. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʩʯʸʪʘ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʦʧʫʙʣʠʢʦʚʘʥʘ 

ɼʘʥʠʣʦʡ ɽʨʸʤʠʥʳʤ ʧʦʟʜʥʝʝ ʚ ʧʨʝʧʨʠʥʪʝ ʀʇʄʝʭ ʈɸʅ, ʄʦʩʢʚʘ. 
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ɸʃɻʆʈʀʊʄʓ ʇʆʉʊʈʆɽʅʀʗ ʊʈʀɸʅɻʋʃʗʎʀʀ ɼɽʃʆʅɽ 
 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ 
ʧʦʩʪʨʦʝʥʠʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ. ʊʘʢʞʝ ʦʧʠʩʘʥʳ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʪʨʠʘʥʛʫʣʷʮʠʠ, ʩʧʦʩʦʙʳ ʧʨʦʚʝʨʢʠ ʘʣʛʦʨʠʪʤʦʚ ʠʭ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤʳ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʨʠʘʥʛʫʣʷʮʠʡ, 

ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ. 

________________________________________________________________________________ 

 Zelenkov A.S. 

Algorithms for constructing Delaunay triangulation 
 

 Abstract. The article provides an overview and analysis of algorithms used in the 

construction of the Delaunay triangulation. Data structures used for triangulation, verification 

methods of algorithms, optimal and stable algorithms are also described. 

 Keywords: Delaunay triangulation algorithms, classification of triangulations, analysis of 

algorithms. 

________________________________________________________________________________ 
  

 ʇʦʩʪʨʦʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʚ ʪʘʢʠʭ 

ʩʬʝʨʘʭ, ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʤʘʰʠʥʥʘʷ ʛʨʘʬʠʢʘ.  ʆʥʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʨʝʰʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. 

 1. ʇʦʩʪʨʦʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ. ʉʪʨʫʢʪʫʨʘ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʦʚʝʨʢʘ ʘʣʛʦʨʠʪʤʦʚ. 

 ɿʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʠ ʙʳʣʘ ʚʧʝʨʚʳʝ ʧʦʩʪʘʚʣʝʥʘ ʩʦʚʝʪʩʢʠʤ 

ʤʘʪʝʤʘʪʠʢʦʤ ɹ.ʅ. ɼʝʣʦʥʝ ʚ 1934ʛ. [1]. ʊʨʫʜʦʸʤʢʦʩʪʴ ʵʪʦʡ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪ 

O(Nlog(N)). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ, ʜʦʩʪʠʛʘʶʱʠʝ ʵʪʦʡ 

ʦʮʝʥʢʠ ʚ ʩʨʝʜʥʝʤ ʠ ʭʫʜʰʝʤ ʩʣʫʯʘʷʭ. ʊʘʢʞʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʳ 

ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʩʪʠʯʴ ʚ ʩʨʝʜʥʝʤ O(N). 

 ɿʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʠ ʧʦ ʠʩʭʦʜʥʦʤʫ ʥʘʙʦʨʫ ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ 

ʥʝʦʜʥʦʟʥʘʯʥʦʡ. ɺ ʨʘʙʦʪʝ [2] ʜʘʥʘ ʚʝʨʭʥʷʷ ʦʮʝʥʢʘ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ 

ʪʨʠʘʥʛʫʣʷʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʘ ʤʥʦʞʝʩʪʚʝ ʠʟ N ʪʦʯʝʢ ʥʘ 

ʧʣʦʩʢʦʩʪʠ: N -659 O(N ). ʀʤʝʥʥʦ ʠʟ-ʟʘ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʟʘʜʘʯʠ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ 

ʦʙ ʦʪʣʠʯʠʠ ʩʧʦʩʦʙʦʚ ʪʨʠʘʥʛʫʣʷʮʠʡ ʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ. ʊʨʠʘʥʛʫʣʷʮʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ, ʝʩʣʠ ʩʫʤʤʘ ʜʣʠʥ ʚʩʝʭ ʨʸʙʝʨ ʤʠʥʠʤʘʣʴʥʘ ʩʨʝʜʠ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʪʨʠʘʥʛʫʣʷʮʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʪʝʭ ʞʝ ʠʩʭʦʜʥʳʭ ʪʦʯʢʘʭ. 

 ɼʘʚʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ, 

ʚʠʜʠʤʦ, ʷʚʣʷʝʪʩʷ NP-ʪʨʫʜʥʦʡ [3]. ʀ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʚ ʨʘʙʦʪʝ [4] ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʪʦʯʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʜʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ ʥʝʧʨʠʝʤʣʝʤʳ ʚʚʠʜʫ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ 

ʪʨʫʜʦʸʤʢʦʩʪʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ 

ʧʨʠʙʣʠʞʸʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

 ʉʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ, ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʘ ʪʨʠʘʥʛʫʣʷʮʠʠ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʪʨʫʜʦʸʤʢʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ, 
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ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʷʝʤʫʶ ʧʘʤʷʪʴ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʟʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʦʪʨʘʞʘʝʪ ʩʧʦʩʦʙ ʭʨʘʥʝʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ (ʥʘʟʚʘʥʠʷ ʩʪʨʫʢʪʫʨ 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʘʤʷʪʠ) [5]: 

çʋʟʣʳ ʠ ʨʸʙʨʘè (40 N), çʋʟʣʳ ʩ ʩʦʩʝʜʷʤʠè (44 N), çɼʚʦʡʥʳʝ ʨʸʙʨʘè (64 N), 

çʋʟʣʳ ʠ ʪʨʝʫʛʦʣʴʥʠʢʠè (64 N), çʋʟʣʳ, ʨʸʙʨʘ ʠ ʪʨʝʫʛʦʣʴʥʠʢʠè (88 N), çʋʟʣʳ, 

ʧʨʦʩʪʳʝ ʨʸʙʨʘ ʠ ʪʨʝʫʛʦʣʴʥʠʢʠè. ɺʳʙʦʨ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʪʘʢʞʝ ʟʘʚʠʩʝʪʴ ʦʪ 

ʮʝʣʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʠ. ʊʘʢ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʚ ʜʨʫʛʠʝ. 

 ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ɼʝʣʦʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʧʝʨʘʮʠʡ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ʜʣʷ ʟʘʜʘʥʥʳʭ ʧʘʨ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʪʨʠʘʥʛʫʣʷʮʠʝʡ ɼʝʣʦʥʝ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʧʨʦʚʝʨʢʠ: 

¶ ʇʨʦʚʝʨʢʘ ʯʝʨʝʟ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ. 

¶ ʇʨʦʚʝʨʢʘ ʩ ʟʘʨʘʥʝʝ ʚʳʯʠʩʣʝʥʥʦʡ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʴʶ. 

¶ ʇʨʦʚʝʨʢʘ ʩʫʤʤʳ ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʫʛʣʦʚ. 

¶ ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʨʦʚʝʨʢʘ ʩʫʤʤʳ ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʫʛʣʦʚ. 

 ʈʝʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʨʦʚʝʨʢʫ ʩʫʤʤʳ 

ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʫʛʣʦʚ, ʪʘʢ ʢʘʢ ʦʥʘ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. ʊʘʢ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ,  ʯʪʦ ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʩ 

ʟʘʨʘʥʝʝ ʚʳʯʠʩʣʝʥʥʦʡ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʴʶ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʧʘʤʷʪʠ ʠ ʝʛʦ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʚ ʘʣʛʦʨʠʪʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʫʛʦʣʴʥʠʢʠ 

ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ ʨʝʜʢʦ. 

 2. ɸʣʛʦʨʠʪʤʳ ʪʨʠʘʥʛʫʣʷʮʠʡ ɼʝʣʦʥʝ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ: 

¶ ʀʪʝʨʘʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʀʪʝʨʘʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ 

ʦʯʝʥʴ ʧʨʦʩʪʫʶ ʠʜʝʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʪʦʯʝʢ ʚ ʯʘʩʪʠʯʥʦ 

ʧʦʩʪʨʦʝʥʥʫʶ ʪʨʠʘʥʛʫʣʷʮʠʶ ɼʝʣʦʥʝ. 

¶ ɸʣʛʦʨʠʪʤʳ ʩʣʠʷʥʠʷ. ɸʣʛʦʨʠʪʤʳ ʩʣʠʷʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʙʠʝʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʜʤʥʦʞʝʩʪʚ, ʧʦʩʪʨʦʝʥʠʝ 

ʪʨʠʘʥʛʫʣʷʮʠʡ ʥʘ ʵʪʠʭ ʧʦʜʤʥʦʞʝʩʪʚʘʭ, ʘ ʟʘʪʝʤ ʦʙʲʝʜʠʥʝʥʠʝ (ʩʣʠʷʥʠʝ) 

ʥʝʩʢʦʣʴʢʠʭ ʪʨʠʘʥʛʫʣʷʮʠʡ ʚ ʦʜʥʦ ʮʝʣʦʝ. 

¶ ɼʚʫʧʨʦʭʦʜʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ 

ʠʪʝʨʘʪʠʚʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠʣʠ ʘʣʛʦʨʠʪʤʘʤʠ ʩʣʠʷʥʠʷ, ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʧʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦʚʠʝ ɼʝʣʦʥʝ. ɽʩʣʠ ʦʥʦ ʥʝ ʚʳʧʦʣʥʝʥʦ, ʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʠ ʥʦʚʘʷ ʩʝʨʠʷ ʧʨʦʚʝʨʦʢ, ʥʘ ʯʪʦ 

ʪʨʘʪʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʧʨʦʚʝʨʦʢ 

ʫʩʣʦʚʠʷ ɼʝʣʦʥʝ ʠ ʫʧʨʦʱʝʥʠʷ ʣʦʛʠʢʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʧʨʦʭʦʜʥʦʡ ʘʣʛʦʨʠʪʤ. ɺʥʘʯʘʣʝ ʩʪʨʦʠʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʷ, 

ʠʛʥʦʨʠʨʫʷ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ɼʝʣʦʥʝ. ɸ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ɼʝʣʦʥʝ ʠ ʧʨʦʚʦʜʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʝʨʝʩʪʨʦʝʥʠʷ. 

¶ ɸʣʛʦʨʠʪʤʳ ʧʨʷʤʦʛʦ ʧʦʩʪʨʦʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ, 
ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʘʣʛʦʨʠʪʤʦʚ ʧʨʷʤʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 



34 
 

ʩʪʨʦʠʪʴ ʪʦʣʴʢʦ ʪʘʢʠʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 

ɼʝʣʦʥʝ ʚ ʢʦʥʝʯʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʘ ʧʦʵʪʦʤʫ ʥʝ ʜʦʣʞʥʳ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ. 

ɺ ʪʘʙʣ. 1 [5] ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɺ ʢʦʣʦʥʢʝ ɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʪʨʫʜʦʸʤʢʦʩʪʠ 

ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ, ʚ ʢʦʣʦʥʢʝ ɹ ï ʪʨʫʜʦʸʤʢʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʠ ʚ ʢʦʣʦʥʢʝ ɺ ï 

ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʧʦ 5-ʙʘʣʣʴʥʦʡ ʩʠʩʪʝʤʝ (ʯʝʤ ʙʦʣʴʰʝ ʮʠʬʨʘ, ʪʝʤ 

ʘʣʛʦʨʠʪʤ ʧʨʦʱʝ ʨʝʘʣʠʟʦʚʘʪʴ). ʊʘʢʞʝ ʧʦʜʨʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠʚʝʜʝʥʳ ʚ [6].  
ʊʘʙʣʠʮʘ 1 

ʅʘʟʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ɸ ɹ ɺ 

ʀʪʝʨʘʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʇʨʦʩʪʦʡ ʠʪʝʨʘʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ 2
O(N )  3/2

O(N )  5 

ʀʪʝʨʘʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ çʋʜʘʣʷʡ ʠ ʩʪʨʦʡè 2
O(N )  3/2

O(N )  2 

ɸʣʛʦʨʠʪʤ ʩ ʠʥʜʝʢʩʠʨʦʚʘʥʠʝʤ ʧʦʠʩʢʘ R-ʜʝʨʝʚʦʤ 
2

O(N )  O(Nlog(N)) 3 

ɸʣʛʦʨʠʪʤ ʩ ʠʥʜʝʢʩʠʨʦʚʘʥʠʝʤ ʧʦʠʩʢʘ k-R-ʜʝʨʝʚʦʤ 2
O(N )  O(Nlog(N)) 3 

ɸʣʛʦʨʠʪʤ ʩ ʠʥʜʝʢʩʠʨʦʚʘʥʠʝʤ ʧʦʠʩʢʘ ʢʚʘʜʨʦʜʝʨʝʚʦʤ 2
O(N )  O(Nlog(N)) 3 

ɸʣʛʦʨʠʪʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʵʰʠʨʦʚʘʥʠʷ 2
O(N )  9/8

O(N )  5 

ɸʣʛʦʨʠʪʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʵʰʠʨʦʚʘʥʠʷ 2
O(N )  O(N)  5 

ɸʣʛʦʨʠʪʤ ʩ ʧʦʣʦʩʦʚʳʤ ʨʘʟʙʠʝʥʠʝʤ ʪʦʯʝʢ 
2

O(N )  O(N)  5 

ɸʣʛʦʨʠʪʤ ʩ ʢʚʘʜʨʘʪʥʳʤ ʨʘʟʙʠʝʥʠʝʤ ʪʦʯʝʢ 
2

O(N )  O(N)  5 

ɸʣʛʦʨʠʪʤ ʧʦʩʣʦʡʥʦʛʦ ʩʛʫʱʝʥʠʷ 2
O(N )  O(N)  4 

ɸʣʛʦʨʠʪʤ ʩ ʩʦʨʪʠʨʦʚʢʦʡ ʪʦʯʝʢ ʚʜʦʣʴ ʬʨʘʢʪʘʣʴʥʦʡ ʢʨʠʚʦʡ 2
O(N )  O(N)  4 

ɸʣʛʦʨʠʪʤ ʩ ʩʦʨʪʠʨʦʚʢʦʡ ʪʦʯʝʢ ʧʦ Z-ʢʦʜʫ 2
O(N )  O(N)  5 

ɸʣʛʦʨʠʪʤʳ ʩʣʠʷʥʠʷ 

ɸʣʛʦʨʠʪʤ çʈʘʟʜʝʣʷʡ ʠ ʚʣʘʩʪʚʫʡè O(Nlog(N)) O(Nlog(N)) 3 

ʈʝʢʫʨʩʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʩ ʨʘʟʨʝʟʘʥʠʝʤ ʧʦʜʠʘʤʝʪʨʫ O(Nlog(N)) O(Nlog(N)) 2 

ɸʣʛʦʨʠʪʤ ʚʳʧʫʢʣʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʩʣʠʷʥʠʷ 2
O(N )  O(N)  3 

ɸʣʛʦʨʠʪʤ ʥʝʚʳʧʫʢʣʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʩʣʠʷʥʠʷ 
2

O(N )  O(N)  3 

ɼʚʫʧʨʦʭʦʜʥʳʝ ʘʣʛʦʨʠʪʤ r

ɼʚʫʧʨʦʭʦʜʥʦʡ ʘʣʛʦʨʠʪʤ çʈʘʟʜʝʣʷʡ ʠ ʚʣʘʩʪʚʫʡè O(Nlog(N)) O(Nlog(N)) 4 

ɼʚʫʧʨʦʭʦʜʥʦʡ ʘʣʛʦʨʠʪʤ ʩ ʨʘʟʨʝʟʘʥʠʝʤ ʧʦ ʜʠʘʤʝʪʨʫ O(Nlog(N)) O(Nlog(N)) 3 

ɼʚʫʧʨʦʭʦʜʥʦʡ ʘʣʛʦʨʠʪʤ ʚʳʧʫʢʣʦʛʦ ʧʦʣʦʩʦʚʦʛʦ ʩʣʠʷʥʠʷ 2
O(N )  O(N)  4 

ɼʚʫʧʨʦʭʦʜʥʦʡ ʘʣʛʦʨʠʪʤ ʥʝʚʳʧʫʢʣʦʛʦ ʧʦʣʦʩʦʚʦʛʦ 

ʩʣʠʷʥʠʷ 
2

O(N )  O(N)  4 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʝʨʘʨʭʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 2
O(N )  2

O(N )  5 
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ɸʣʛʦʨʠʪʤ ʣʠʥʝʡʥʦʛʦ ʟʘʤʝʪʘʥʠʷ 2
O(N )  O(N)  5 

ɺʝʝʨʥʳʡ ʘʣʛʦʨʠʪʤ 2
O(N )  O(N)  5 

ɸʣʛʦʨʠʪʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ O(Nlog(N)) O(Nlog(N)) 1 

ʃʝʥʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ 2
O(N )  O(N)  5 

ɸʣʛʦʨʠʪʤʳ ʧʨʷʤʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʇʦʰʘʛʦʚʳʡ ʘʣʛʦʨʠʪʤ 2
O(N )  2

O(N )  2 

ʇʦʰʘʛʦʚʳʡ ʘʣʛʦʨʠʪʤ ʩ k-R-ʜʝʨʝʚʦʤ ʧʦʠʩʢʘ 2
O(N )  O(Nlog(N)) 2 

ʇʦʰʘʛʦʚʳʡ ʘʣʛʦʨʠʪʤ ʢʣʝʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ 2
O(N )  O(N)  2 

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʯʝʨʝʟ 3-ʤʝʨʥʳʝ ʚʳʧʫʢʣʳʝ 

ʦʙʦʣʦʯʢʠ 
O(Nlog(N)) O(Nlog(N)) 2 

  

3. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

 ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʦʜ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʝʡ ʦʙʳʯʥʦ 

ʧʦʥʠʤʘʶʪ ʪʨʠʘʥʛʫʣʷʮʠʶ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʦʡ ʨʝʙʝʨ. ʇʦ ʩʫʪʠ, 

ʣʶʙʦʡ ʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ ʚʳʥʫʞʜʝʥ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʪʨʠʘʥʛʫʣʷʮʠʡ, ʯʪʦ ʩʨʘʟʫ ʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʪʨʫʜʦʸʤʢʦʩʪʠ ʘʣʛʦʨʠʪʤʘ. 

 ʀʟ-ʟʘ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ) ʪʨʫʜʦʸʤʢʦʩʪʠ ʟʘʜʘʯʠ 

ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʨʠʙʣʠʞʸʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʊʘʢ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʠʡ ʦʧʪʠʤʘʣʴʥʦʡ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʞʘʜʥʘʷ ʪʨʠʘʥʛʫʣʷʮʠʷ ʠ ʠʥʦʛʜʘ ʪʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ. 

ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [7] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʨʸʙʝʨ ʚ ʪʨʠʘʥʛʫʣʷʮʠʠ 

ɼʝʣʦʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ (N)W ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʧʪʠʤʘʣʴʥʦʡ 

ʪʨʠʘʥʛʫʣʷʮʠʠ. ʅʝʩʢʦʣʴʢʦ ʣʫʯʰʝ ʩʠʪʫʘʮʠʷ ʩ ʞʘʜʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʝʡ. ɺ [8] 

ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʘ ʝʸ ʨʸʙʝʨ ʤʦʞʝʪ ʙʳʪʴ ʚ O( N)ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʥʦ ʥʝ ʙʦʣʴʰʝ. ʂʩʪʘʪʠ, ʠʟ ʵʪʠʭ ʬʘʢʪʦʚ ʥʝ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʞʘʜʥʘʷ ʪʨʠʘʥʛʫʣʷʮʠʷ ʚʩʝʛʜʘ ʣʫʯʰʝ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ ʚ ʩʤʳʩʣʝ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ [9] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʘ ʨʸʙʝʨ ʚ ʞʘʜʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ 

ʤʦʞʝʪ ʙʳʪʴ ʚ ( N)W ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ.  

ʃʫʯʰʠʤ ʠʟʚʝʩʪʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ ʷʚʣʷʝʪʩʷ 

ʢʚʘʟʠʞʘʜʥʘʷ ʪʨʠʘʥʛʫʣʷʮʠʷ, ʦʧʠʩʘʥʥʘʷ ʚ [10], ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʜʣʠʥʝ ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʚ ʢʦʥʩʪʘʥʪʫ ʨʘʟ ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ. ɺʘʞʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʵʪʦʡ 

ʪʨʠʘʥʛʫʣʷʮʠʠ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʚʩʝʛʦ ʟʘ ʚʨʝʤʷ 2O(N log(N)). 

ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩ 

ʣʦʢʘʣʴʥʳʤʠ ʧʝʨʝʩʪʨʦʝʥʠʷʤʠ, ʢʦʪʦʨʳʡ ʚ ʩʨʝʜʥʝʤ ʧʦʢʘʟʳʚʘʝʪ ʣʫʯʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʚʠʜʳ ʪʨʠʘʥʛʫʣʷʮʠʡ. 

4. ʋʩʪʦʡʯʠʚʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ. 

ʅʘʧʦʩʣʝʜʦʢ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ. ʇʨʦʙʣʝʤʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠ ʨʝʰʝʥʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʤʥʦʛʠʝ ʚʥʝʰʥʝ ʧʨʦʩʪʳʝ 

ʘʣʛʦʨʠʪʤʳ ʪʨʝʙʫʶʪ ʫʯʸʪʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʨʘʡʥʠʭ ʩʣʫʯʘʝʚ, ʙʝʟ ʢʦʪʦʨʳʭ 
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ʘʣʛʦʨʠʪʤ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʦʩʪʦ ʥʝ ʨʘʙʦʪʘʝʪ. ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʚʦʟʥʠʢʘʶʱʠʝ 

ʟʘʜʘʯʠ: 

¶ ʇʨʦʚʝʨʢʘ ʩʦʚʧʘʜʝʥʠʷ ʜʚʫʭ ʟʘʜʘʥʥʳʭ ʪʦʯʝʢ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ 
ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ ʩ 

ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʨʘʚʥʝʥʠʝ ʧʣʘʚʘʶʱʠʭ ʚʝʱʝʩʪʚʝʥʥʳʭ 

ʯʠʩʝʣ ʥʘ ʨʘʚʝʥʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʩʝʛʜʘ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ Ů. ɿʜʝʩʴ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʟʥʘʯʝʥʠʷ Ů. 

¶ ʇʨʦʚʝʨʢʘ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʚʫʭ ʪʦʯʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʡ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʚʝ ʟʘʜʘʥʥʳʝ ʪʦʯʢʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʦʙʳʯʥʦ ʨʝʰʘʝʪʩʷ 

ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. 

¶ ʇʨʦʚʝʨʢʘ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʪʨʸʭ ʟʘʜʘʥʥʳʭ ʪʦʯʝʢ. ʕʪʘ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ 
ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʧʨʝʜʳʜʫʱʝʡ, ʠ ʝʡ ʩʚʦʡʩʪʚʝʥʥʳ ʪʝ ʞʝ ʧʨʦʙʣʝʤʳ ʩ 

ʧʝʨʝʧʦʣʥʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

¶ ʇʨʦʚʝʨʢʘ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʠ ʪʨʝʫʛʦʣʴʥʠʢʘ. ɿʜʝʩʴ ʪʨʝʙʫʝʪʩʷ 
ʦʧʨʝʜʝʣʠʪʴ: 1) ʥʝ ʩʦʚʧʘʜʘʝʪ ʣʠ ʪʦʯʢʘ ʩ ʦʜʥʦʡ ʠʟ ʚʝʨʰʠʥ ʪʨʝʫʛʦʣʴʥʠʢʘ;  

2) ʥʝ ʧʦʧʘʜʘʝʪ ʣʠ ʪʦʯʢʘ ʥʘ ʦʜʥʦ ʠʟ ʝʛʦ ʨʸʙʝʨ; 3) ʥʝ ʧʦʧʘʜʘʝʪ ʣʠ ʪʦʯʢʘ 

ʩʪʨʦʛʦ ʚʥʫʪʨʴ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʅʦʚʳʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʦʧʘʜʘʥʠʷ 

ʪʦʯʢʠ ʩʪʨʦʛʦ ʚʥʫʪʨʴ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʕʪʦ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʪʨʸʭʢʨʘʪʥʦʡ 

ʧʨʦʚʝʨʢʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʟʣʠʯʥʳʭ ʨʸʙʝʨ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʪ.ʝ. ʪʘʢʞʝ ʩʚʦʜʠʪʩʷ ʢ ʧʨʝʜʳʜʫʱʠʤ 

ʟʘʜʘʯʘʤ. 

¶ ʇʨʦʚʝʨʢʘ ʧʦʨʷʜʢʘ ʦʙʭʦʜʘ ʪʨʸʭ ʟʘʜʘʥʥʳʭ ʪʦʯʝʢ. ɿʜʝʩʴ ʪʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ, ʦʙʭʦʜʷʪʩʷ ʣʠ ʪʦʯʢʠ ʚ ʟʘʜʘʥʥʦʤ ʧʦʨʷʜʢʝ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ 

ʠʣʠ ʧʨʦʪʠʚ. 

¶ ʇʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ɼʝʣʦʥʝ ʜʣʷ ʜʚʫʭ ʟʘʜʘʥʥʳʭ ʩʤʝʞʥʳʭ 
ʪʨʝʫʛʦʣʴʥʠʢʦʚ. 

¶ ʃʦʢʘʣʠʟʘʮʠʷ ʪʦʯʢʠ ʚ ʪʨʠʘʥʛʫʣʷʮʠʠ. ʃʦʢʘʣʠʟʘʮʠʷ ʪʦʯʢʠ ʚ ʪʨʠʘʥʛʫʣʷʮʠʠ 

ʩʦʩʪʦʠʪ ʠʟ ʚʳʙʦʨʘ ʥʝʢʦʪʦʨʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʪʨʠʘʥʛʫʣʷʮʠʠ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦ ʪʨʝʫʛʦʣʴʥʠʢʘʤ ʢ ʮʝʣʠ. 

 ʊʘʢ, ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʥʝʰʥʝʡ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ 

ʪʨʠʘʥʛʫʣʷʮʠʠ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʢʨʳʚʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʝʪʘʣʠ, ʦʪ 

ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ. 
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ʈɽʐɽʅʀɽ ʈʗɼɸ ɿɸɼɸʏ  

ʅɸ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓʍ ʉɽʊʗʍ 

ʄɽʊʆɼʆʄ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɼʆ ʆʊʂɸɿɸ  

ʉ ʇʈɽʆɹʈɸɿʆɺɸʅʀɽʄ ʉʊʈʋʂʊʋʈʓ ʉɽʊʀ 
 

 ɸʥʥʦʪʘʮʠʷ. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʵʣʝʤʝʥʪʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʝʰʝʥʠʶ ʨʷʜʘ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʟʘʜʘʯ ʥʘ ʵʪʠʭ ʩʝʪʷʭ. ʇʨʝʜʣʦʞʝʥ, ʦʧʠʩʘʥ ʠ ʦʙʦʩʥʦʚʘʥ ʤʝʪʦʜ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʜʝʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦ ʦʪʢʘʟʘ. ʄʝʪʦʜ ʤʦʞʝʪ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʩʦʢʦʥʘʜʝʞʥʳʡ ʩʝʪʝʡ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʥʝʠʟʦʪʨʦʧʥʦʩʪʠ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʛʨʘʬ, ʥʘʜʝʞʥʦʩʪʴ.  

________________________________________________________________________________ 

Kostyuk F.W. 
 

Solving Telecommunication networks problems by Modeling-till -Failure  

Method with network transformation  
 

 Abstract. Telecommunication networks is a fundamental element of modern society 

infrastructure. This article concerns solving certain problems on it. A new imitation modeling 

method is proposed, described and proved. This method performs modeling till failure on a 

specially transformed network. It proved to be efficient for networks of high and ultra-high 

reliability and various isotropy. 

 Keywords: telecommunication network, mathematical modeling, statistical experiment, 

graph, reliability. 

________________________________________________________________________________ 
 

ɺʚʝʜʝʥʠʝ 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʥʝʤʳʩʣʠʤʦ ʙʝʟ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʫʩʪʦʡʯʠʚʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. 

ʈʘʩʯʝʪ ʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʠʟʫʯʘʝʪʩʷ ʢʣʘʩʩ ʩʝʪʝʚʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʟʘʜʘʯ (ʩʠʩʪʝʤ), 

ʩʦʩʪʦʷʱʠʡ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʥʝʢʦʪʦʨʦʡ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ ʥʘ ʩʝʪʠ, ʜʫʛʠ ʢʦʪʦʨʦʡ (ʵʣʝʤʝʥʪʳ) ʤʦʛʫʪ ʦʪʢʘʟʘʪʴ ʩ ʘʧʨʠʦʨʠ 
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ʠʟʚʝʩʪʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʪʝʣʴ çʚʝʨʦʷʪʥʦʩʪʴ 

ʦʪʢʘʟʘè ʤʦʞʝʪ ʥʝʩʪʠ ʨʘʟʣʠʯʥʳʡ ʩʤʳʩʣ. ɼʣʷ ʩʠʩʪʝʤ ʙʝʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʧʨʦʠʟʦʡʜʝʪ 

ʦʪʢʘʟ, ʘ ʜʣʷ ʩʠʩʪʝʤ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʪʘʮʠʦʥʘʨʥʦʝ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʩʦʩʪʦʷʥʠʠ ʦʪʢʘʟʘ 

[1, ʩ.183]. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʪʘʢ ʠ ʤʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʩʣʝʜʥʠʝ ʥʝʨʝʜʢʦ ʦʢʘʟʳʚʘʶʪʩʷ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʩʠʩʪʝʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʯʝʪʘ ʜʘʞʝ ʜʣʷ 

ʩʠʩʪʝʤ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʉʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʝʪʴʶ ( , )G V E= , ʟʘʜʘʚʘʝʤʦʡ ʤʥʦʞʝʩʪʚʦʤ ʝʝ 

ʚʝʨʰʠʥ V ʠ ʜʫʛ E ʤʦʱʥʦʩʪʴʶ m, ʥʘʙʦʨʦʤ ʯʠʩʝʣ piÍ[0, 1], 
 
i =

 
1,

 
é, m, ʠʤʝʶʱʠʭ 

ʩʤʳʩʣ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʜʫʛʠ i, ʠ ʠʥʜʠʢʘʪʦʨʥʦʡ ʬʫʥʢʮʠʝʡ
 
 f:  

: {0; 1}mf X CR³  , 
1, ʝʩʣʠ ʜʣʷ ʚʳʧʦʣʥʝʥ ʢʨʠʪʝʨʠʡ

( , )
0 ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ

x cr
f x cr

ë
=ì
í

 (1) 

ʟʘʜʘʥʥʦʡ ʥʘ ʜʝʢʘʨʪʦʚʦʤ ʧʨʦʠʟʚʝʜʝʥʠʠ ʤʥʦʞʝʩʪʚʘ X
m
 m-ʤʝʨʥʳʭ ʙʫʣʝʚʳʭ 

ʚʝʢʪʦʨʦʚ x, ʙʠʝʢʪʠʚʥʦ ʦʪʦʙʨʘʞʘʶʱʝʤʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ 2
G
 ʧʦʜʩʝʪʝʡ ʩʝʪʠ G, ʠ 

ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʢʨʠʪʝʨʠʝʚ CR ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ɿʘʜʘʯʘ 

ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʷ, ʟʘʜʘʚʘʝʤʦʛʦ ʢʨʠʪʝʨʠʝʤ crÍCR:  

, ( , ) 1

( ) ( ) ( ) * ( , ),
m mx X f x cr x X

R cr p x p x f x cr
Í = Í

= ¹ä ä
  

 (2) 

m
m

i

x

i

x

i Xxppxp
ii

Í-=Ô
=

- ,)1()(
1

1 .   (3) 

ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʘ 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʩʠʩʪʝʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦ ʦʪʢʘʟʘ [2, ʩ.194]. ɺ ʨʘʙʦʪʝ [3, ʩ.85] ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʮʝʥʢʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1)ï(3) ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦ ʦʪʢʘʟʘ ʩʠʩʪʝʤʳ 

ʥʘ ʠʟʦʪʨʦʧʥʦʡ ʩʝʪʠ ʪʦʡ ʞʝ ʪʦʧʦʣʦʛʠʠ, ʯʪʦ ʠ G, ʥʦ ʩ ʠʟʤʝʥʝʥʥʦʡ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʝʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʦ 

ʦʪʢʘʟʘ ʚ ʩʝʪʠ, ʪʦʧʦʣʦʛʠʷ ʢʦʪʦʨʦʡ ʠʟʤʝʥʝʥʘ.  

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʝʤ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʥʘʜʦʙʷʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʫʪʚʝʨʞʜʝʥʠʡ.  

ʃʝʤʤʘ
 

1. ɼʣʷ ʣʶʙʳʭ ʤʥʦʞʝʩʪʚʘ m ʯʠʩʝʣ qiÍ[0,
 
1),  i =

 
1,

 
é, m, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ e > 0 ʠ ʥʘʪʫʨʘʣʴʥʦʛʦ N ʥʘʡʜʫʪʩʷ ʯʠʩʣʦ qÍ[0,1) ʠ m 

ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ {k1,é,km}  ʪʘʢʠʝ, ʯʪʦ  

11
max | | , min , |1 |ik

i i
i mi m

q q k N qe e
¢ ¢¢ ¢

- ¢ ² - ¢.    

ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʬʫʥʢʮʠʠ 1 ï f(x, cr) ʢʘʢ ʬʫʥʢʮʠʶ 

R0(cr, ¶) ʚʝʢʪʦʨʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (p1,épm). ɺʝʨʥʘ ʩʣʝʜʫʶʱʘʷ  

ʃʝʤʤʘ 2. ʌʫʥʢʮʠʷ R0(cr, ¶) ʥʝʧʨʝʨʳʚʥʘ ʧʦ ʚʪʦʨʦʤʫ ʘʨʛʫʤʝʥʪʫ ʥʘ 

ʢʦʤʧʘʢʪʝ [0, 1]
m
.  

ʃʝʤʤʘ 3. ɼʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʙʠʥʦʤʠʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

b(i; q, m)  
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(1 ) , 0, ...,
{ } ( ; , )

0, ʠʣʠ 0

i m i i
mC q q i m

P i b i q m
i m i

x
-ë - =î

= = =ì
> <îí

   

 

ʠʤʝʝʪ ʧʨʝʜʝʣ ʧʨʠ
  

q  1,  m  ¤,  mÖ|log q|  l >
 
0, ʩʦʚʧʘʜʘʶʱʠʡ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʇʫʘʩʩʦʥʘ  

, 0
{ } ( ; ) !

0, 0.

k
ke k

P i ps i k

k

l

x l
-ë

²î
= = =ì

î <í

    

ʇʦʤʠʤʦ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ï ʢʦʪʦʨʫʶ ʦʙʦʟʥʘʯʠʤ A ï ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʛʨʘʬʦʤ G, ʢʨʠʪʝʨʠʝʤ cr, ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ f ʠ ʚʝʢʪʦʨʦʤ ʚʝʨʦʷʪʥʦʩʪʝʡ pÍ[0, 1)
m
, 

ʨʘʩʩʤʦʪʨʠʤ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ Aj, Bj , j = 1, 2,
 
é, ¤. ɿʘʬʠʢʩʠʨʫʝʤ 

ʙʝʩʢʦʥʝʯʥʫʶ ʯʠʩʣʦʚʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

1{ } , 0, 1, ; 0j j j j j
je e e¤

= ¤
² = ¤ ½½½       

ʠ ʥʝʢʦʪʦʨʳʡ ʠʥʜʝʢʩ j. ʇʨʠʤʝʥʷʷ ʃʝʤʤʫ 1 ʩ ʜʘʥʥʳʤ ej ʠ ʚʝʢʪʦʨʦʤ p 

ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ɸ, ʧʦʣʫʯʠʤ ʯʠʩʣʦ qjÍ[0, 1) ʠ ʤʥʦʞʝʩʪʚʦ m ʥʘʪʫʨʘʣʴʥʳʭ 

ʯʠʩʝʣ { k1,é,km}.  ɿʘʜʘʜʠʤ ʩʠʩʪʝʤʫ Aj ʢʘʢ ʩʠʩʪʝʤʫ, ʩ ʪʝʤʠ ʞʝ ʛʨʘʬʦʤ G, 

ʢʨʠʪʝʨʠʝʤ cr, ʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ f, ʯʪʦ ʠ ʩʠʩʪʝʤʘ A, ʥʦ ʚʝʢʪʦʨʦʤ ʚʝʨʦʷʪʥʦʩʪʝʡ 

p
j
=(q

k1
,é,q

km
). ʉʦʛʣʘʩʥʦ ʃʝʤʤʝ 1, |p

j
 ï p|10 ʧʨʠ j¤, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ 

ʃʝʤʤʝ 2, ʜʣʷ ʨʝʰʝʥʠʡ Qj ʩʠʩʪʝʤ Aj ʚʳʧʦʣʥʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ 
0|)(| ½½ ½-

¤jj crRQ    

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʨʦʩʪʦʤ  j ʩʠʩʪʝʤʳ ɸ ʠ Aj ʩʪʘʥʦʚʷʪʩʷ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʣʠʟʢʠ 

ʚ ʩʤʳʩʣʝ ʨʝʰʝʥʠʷ.  

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʩʠʩʪʝʤ Aj ʚʚʝʜʝʤ ʩʠʩʪʝʤʫ Bj. ɽʝ ʨʘʟʤʝʨʥʦʩʪʴ ʨʘʚʥʘ 

ä=
=

m

i

j

ij kn
1
. ʂʘʞʜʘʷ ʜʫʛʘ i ʛʨʘʬʘ G ʟʘʤʝʥʷʝʪʩʷ ʥʘʙʦʨʦʤ j

ik ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʝʥʥʳʭ ʜʫʛ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ fj(¶, cr) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 

1 2{0,1} {0,1} ... {0,1}
j j j

mk k k
³ ³ ³  ʠ ʟʘʜʘʝʪʩʷ ʢʘʢ  

)||,...,|(|),...,( 11 ¤¤¹ j

m

j
def

j

m

j

j xxfxxf ,  

ʛʜʝ {0,1} , 1,
j

ikj
ix i mÍ = . 

 

ʅʦʨʤʘ |¶|¤ ʚʝʢʪʦʨʘ jix  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 
, ,

1
| | max | |, -̫ ʢʦʦʨʜʠʥʘʪʘj j l j l j

i i i i
l k

x x x l x¤
¢ ¢

¹ - . ɺʚʝʜʝʤ ʧʝʨʝʤʝʥʥʫʶ y ʠʟ ʜʚʦʠʯʥʦʛʦ ʢʫʙʘ 

ʨʘʟʤʝʨʥʦʩʪʴʶ nj ʠ ʠʤʝʶʱʫʶ ʢʦʦʨʜʠʥʘʪʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

1
1

, 1, , 1,i j
ss

l j
i ik l

x y i m l k-
=

+ä
= = = . ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ hj: {1,é,nj}{1,é,m}, ʩʪʘʚʷʱʫʶ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʦʨʜʠʥʘʪʝ ʚʝʢʪʦʨʘ y ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʡ 

ʚʝʢʪʦʨʘ x, ʪ.ʝ. ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʚʝʥʩʪʚʘ ( ) ( ) , 1, , 1, , 1,l j
j s j i i jh y h x i i m l k s n¹ = = = =. 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʚʩʝʭ ʜʫʛ ʨʘʚʥʘ qj. ɺ ʩʠʣʫ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ Bj ʚʝʨʥʘ 

ʃʝʤʤʘ 4. ɼʣʷ ʣʶʙʦʛʦ j=1,¤ ʩʠʩʪʝʤʘ Bj ʵʢʚʠʚʘʣʝʥʪʥʘ ʩʠʩʪʝʤʝ Aj ʧʦ 

ʨʝʰʝʥʠʶ.  

ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ Bj ʷʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʦʡ ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʰʝʥʘ ʤʝʪʦʜʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ [2, ʩ.200]. ɼʚʝ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤʳ ï 

ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ï 
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ʥʠʚʝʣʠʨʫʶʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦ ʦʪʢʘʟʘ ʠ ʨʘʟʫʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʚʳʯʠʩʣʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʋʧʦʨʷʜʦʯʝʥʥʦʡ ʢʦʥʝʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʢʘʟʦʚ 

l=(l1,é,lnj), lsÍ{1,é,nj), l ş l t ʧʨʠ ş t (4) 

ʧʦʩʪʘʚʠʤ ʚ ʦʜʥʦʟʥʘʯʥʦʝ (ʥʦ ʥʝ ʙʠʝʢʪʠʚʥʦʝ) ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
 

( ) / / /
1 1( ), ..., ( ) ( , ..., ), {1, ..., }

j jj j n n ih l h l l l l m¹ Í   

ʢʦʪʦʨʦʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʜʥʦʟʥʘʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ m-ʤʝʨʥʳʡ ʚʝʢʪʦʨ 

},...,1{},,,1|min{, / miilnsstt sj

i

jj Í=== . ʊʦ ʝʩʪʴ i

jt  ï ʥʦʤʝʨ ʧʝʨʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ))(),...,(( 1 jnjj lhlh , ʨʘʚʥʳʡ i.  

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ y(l, s) nj-ʤʝʨʥʳʡ ʚʝʢʪʦʨ, ʘ ʯʝʨʝʟ x(l, s) ï m-ʤʝʨʥʳʡ ʚʝʢʪʦʨ 

ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ  
/1, ʝʩʣʠ ʭʦʪʷ ʙʳ ʜʣʷ ʦʜʥʦʛʦ 1,

0 ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ,

i ki l k s
y
ë = =î
=ì
îí

  

1, ʝʩʣʠ ( ) ʭʦʪʷ ʙʳ ʜʣʷ ʦʜʥʦʛʦ 1,

0 ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ.

j ki i h l k s
x
ë = =î
=ì
îí

 

 

ʆʙʦʟʥʘʯʠʤ s*  ʯʠʩʣʦ ʠʟ ʤʥʦʞʝʩʪʚʘ {1, é, nj} ʩʦ ʩʚʦʡʩʪʚʦʤ  

fj(y(l, s*))  =
 
1, fj(y(s*

 
ï 1)) = 0  

ʃʝʤʤʘ 5. ʏʠʩʣʦ s*  ʨʘʚʥʦ ʦʜʥʦʤʫ ʠʟ ʯʠʩʝʣ t
1
, é, t

m
.  

ʇʦʩʪʨʦʠʤ ʚʝʢʪʦʨʥʫʶ ʜʠʩʢʨʝʪʥʫʶ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ t0(p) ʨʘʟʤʝʨʥʦʩʪʠ 

m, pÍR
m
 

ɸʣʛʦʨʠʪʤ 1. 

ʐʘʛ 0. I = {1,é,m}, z = 0.0, k = 0, P = ||p||1 

ʐʘʛ 1. ɹʝʨʝʤ l ï ʨʝʘʣʠʟʘʮʠʶ ʉ.ɺ. ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩ 

ʧʘʨʘʤʝʪʨʦʤ z. ɹʝʨʝʤ s ï ʨʝʘʣʠʟʘʮʠʶ ʉ.ɺ., ʧʨʠʥʠʤʘʶʱʝʡ ʟʥʘʯʝʥʠʝ i Í I c 

ʚʝʨʦʷʪʥʦʩʪʴʶ pi/P. 

ʐʘʛ 2. k := k+l; z := z ï ps; P := P ï ps; ts :=  k;I = I \ {s}; 

ʐʘʛ 3. ɽʩʣʠ I = Å, ʦʩʪʘʥʦʚʠʪʴʩʷ, ʀʥʘʯʝ ï ʧʝʨʝʡʪʠ ʢ ʐʘʛʫ 1ƴ 

ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʷʝʪ m-ʤʝʨʥʫʶ ʜʠʩʢʨʝʪʥʫʶ ʩʣʫʯʘʡʥʫʶ 

ʚʝʣʠʯʠʥʫ, ʧʦʣʝʟʥʦʝ ʩʚʦʡʩʪʚʦ ʢʦʪʦʨʦʡ ʫʪʚʝʨʞʜʘʝʪ 

ʃʝʤʤʘ 6. ʉʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ t0 (-log2q1, é, -log2qm) ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ tj ʧʨʠ j  ¤. 

ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʢʘʟʦʚ (4) ʦʮʝʥʢʘ ʧʦ ʤʝʪʦʜʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦ 

ʦʪʢʘʟʘ Mf(Ö) ʨʘʚʥʘ 

xj =  , 

Mxj = Qj, j = ,, s* = s* (tj) 

 

ʕʪʘ ʦʮʝʥʢʘ ʟʘʚʠʩʠʪ ʦʪ ʬʫʥʢʮʠʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ tj(s*= s*( tj)) ʠ 

ʙʠʥʦʤʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ b(Ö). ʇʝʨʝʭʦʜʷ ʢ ʧʨʝʜʝʣʫ ʧʦ j  ¤, ʠ ʫʯʠʪʳʚʘʷ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʝʜʝʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʟ ʃʝʤʤʳ 3 ʠ ʃʝʤʤʳ 6, ʧʦʣʫʯʠʤ 

x =  ,  
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Mx =  = Q 

s* = s* (t0) 

t0 ï ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, ʟʘʜʘʚʘʝʤʘʷ ɸʣʛʦʨʠʪʤʦʤ 1 

l = -  > 0 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ l ʧʦʣʫʯʘʝʪʩʷ ʪʘʢ: ʠʟ (4) ʧʨʠ e  0 ʧʦʣʫʯʠʤ limj¤(kiÖ 
log2q) = log2qi; ʧʦʵʪʦʤʫ ʧʨʝʜʝʣ ʩʫʱʝʩʪʚʫʝʪ (ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʃʝʤʤʳ 3), ʦʥ ʨʘʚʝʥ -  ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʚ ʫʧʦʤʷʥʫʪʦʡ 

ʃʝʤʤʝ ʯʠʩʣʦʤ l - ʧʘʨʘʤʝʪʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʫʘʩʩʦʥʘ. 

ʆʮʝʥʢʘ, ʜʘʚʘʝʤʘʷ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʷʚʣʷʝʪʩʷ ʥʝʩʤʝʱʝʥʥʦʡ.  

ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝʪʨʫʜʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ, ʥʦ ʧʦʣʫʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʪʨʝʙʫʝʪ ʧʦʨʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ 

ʚʨʝʤʝʥʠ, ʯʝʤ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʘʤʠʭ ʤʝʪʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʳ 

ʥʝ ʤʝʥʴʰʘʷ ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʠ ʠ ʘʢʢʫʨʘʪʥʦʩʪʴ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʠʥʘʨʥʳʡ 

ʧʦʠʩʢ ʤʦʤʝʥʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟ ʫʩʢʦʨʝʥ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʣʠ ʢʦʥʩʪʠʪʫʝʥʪ ʚ ʢʘʞʜʦʤ ʩʣʦʝ, ʥʘʨʫʰʘʶʱʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ. ʇʦʩʣʝʜʥʶʶ ʤʦʞʥʦ ʥʘʢʘʧʣʠʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʯʝʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ ʢʦʥʩʪʠʪʫʝʥʪʳ 

ʨʘʟʣʠʯʘʶʪʩʷ ʤʘʣʦ, ʧʦʵʪʦʤʫ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʣʫʯʰʝ ʨʘʩʩʯʠʪʳʚʘʪʴ, ʜʦʣʞʥʳʤ 

ʦʙʨʘʟʦʤ ʫʯʠʪʳʚʘʷ ʧʨʝʜʳʜʫʱʠʝ ʚʳʯʠʩʣʝʥʠʷ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʢʪʦʨʘ t0(p) ɸʣʛʦʨʠʪʤʦʤ 1 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʚʝʩʘʤ -log2qi 

ʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʧʦ ʚʳʩʦʪʝ ʜʝʨʝʚʦ, ʧʦʤʝʩʪʠʚ ʙʦʣʴʰʠʝ 

ʚʝʩʘ ʙʣʠʞʝ ʢ ʢʦʨʥʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʚʝʩʘ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʥʘʠʣʫʯʰʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʤʦʞʝʪ ʫʩʪʫʧʠʪʴ ʧʦ ʩʢʦʨʦʩʪʠ ʧʨʦʩʪʦʤʫ ʤʝʪʦʜʫ 

ʚʩʪʘʚʢʠ, ʝʩʣʠ ʚ ʙʠʙʣʠʦʪʝʢʝ ʝʩʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʙʣʘʩʪʝʡ ʧʘʤʷʪʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʉ.ɺ. ʤʦʞʥʦ 

ʚʝʩʪʠ ʧʦ ʬʦʨʤʫʣʝ z=]logpa[, ʛʜʝ a - ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʚ [0,1] 

ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ. ʇʨʠ ʵʪʦʤ ʚʨʷʜ ʣʠ ʭʦʨʦʰʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʪʘʥʜʘʨʪʥʦʡ 

ʙʠʙʣʠʦʪʝʯʥʦʡ ʬʫʥʢʮʠʝʡ ʣʦʛʘʨʠʬʤʘ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʤʥʦʛʦ ʣʠʰʥʠʭ ʪʦʯʥʳʭ 

ʟʥʘʢʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʷʭ (ʥʘʧʨʠʤʝʨ, ʩʚʷʟʥʦʩʪʴ ʩʝʪʠ ʠʣʠ ʧʦʧʘʨʥʘʷ ʩʚʷʟʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʘʨ ʫʟʣʦʚ) ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʪʢʘʟʦʚ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ, ʵʪʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʫʯʰʝ ʥʝ ʩʪʨʦʠʪʴ ʩʨʘʟʫ ʮʝʣʠʢʦʤ, ʥʦ ʣʠʰʴ ʧʦ ʤʝʨʝ 

ʧʨʦʚʝʜʝʥʠʷ ʙʠʥʘʨʥʦʛʦ ʧʦʠʩʢʘ.  

ʂʘʢ ʠ ʚʩʝʛʜʘ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʢʦʥʦʤʠʶ ʤʦʞʝʪ ʜʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʩʝʪʠ ʠ ʣʶʙʦʝ 

ʫʧʨʦʱʝʥʠʝ ʝʝ ʩʪʨʫʢʪʫʨʳ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, 

ʤʠʥʠʤʠʟʠʨʫʶʱʝʝ ʟʘʜʝʡʩʪʚʦʚʘʥʠʝ ʬʘʡʣʘ ʧʦʜʢʘʯʢʠ, ʪʘʢʞʝ ʚʘʞʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ʠ ʧʦʢʘʟʘʣ ʩʚʦʶ 

ʮʝʥʥʦʩʪʴ ʧʨʠ ʨʘʩʯʝʪʘʭ ʤʦʥʦʪʦʥʥʳʭ ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 
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ʩʝʪʝʡ ʩʚʷʟʠ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠʟʦʪʨʦʧʥʦʩʪʠ. ʀʤʝʥʥʦ 

ʪʘʢʠʝ ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. 
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Stability of solutions in problems of computed tomography 
 

 Abstract. An article presents analysis of the problem of stability of solutions of Radon 

equation under certain assumptions 
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________________________________________________________________ 
 

 ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʷʜʦʤ ʘʚʪʦʨʦʚ [1,ʩ.29-30], ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʟʘʜʘʯʘʭ ʧʣʦʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʦʧʝʨʘʪʦʨ ʈʘʜʦʥʘ 
 

R[f](ʨ,)=   
 

(ʠʥʪʝʛʨʘʣ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʠʥʪʝʛʨʘʣ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚʜʦʣʴ ʧʨʷʤʦʡ L=L(p, ), 

ʥʦʨʤʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʚʠʜ xʩos( )+ysin( )-p=0) ʥʝ ʦʙʣʘʜʘʝʪ, 

ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝʧʨʝʨʳʚʥʳʤ ʦʙʨʘʪʥʳʤ, ʝʩʣʠ ʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʨʘʟʥʳʭ 

ʧʘʨʘʭ ʤʝʪʨʠʯʝʩʢʠʭ ʙʘʥʘʭʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ: R: E G.  

 ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʨʘʪʥʳʡ ʦʧʝʨʘʪʦʨ R
-1
, ʚ ʩʠʣʫ ʠʥʲʝʢʪʠʚʥʦʩʪʠ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʦʧʝʨʘʪʦʨʘ R, ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʜʝʡʩʪʚʫʶʱʠʡ ʠʟ ʦʙʨʘʟʘ R(E) ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʦ E. ʆʜʥʘ ʠʟ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ ʠʤʝʝʪ ʚʠʜ: 
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R
-1
[g]( cos , sin )=-1/(4

2
) )/(p-           (1) 

 

(ʚʥʫʪʨʝʥʥʠʡ ʠʥʪʝʛʨʘʣ ʧʦʥʠʤʘʝʪʩʷ ʚ ʩʤʳʩʣʝ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʂʦʰʠ). 

 ɺ ʨʘʙʦʪʝ [2] ʤʳ ʠʟʫʯʘʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʧʦ ʝʸ ʨʘʜʦʥʦʚʩʢʦʤʫ 

ʦʙʨʘʟʫ, ʧʦʣʘʛʘʷ ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ R
-1
[g]=f ʠ g=R[f].  ɿʜʝʩʴ ʤʳ ʠʥʪʝʨʝʩʫʝʤʩʷ 

ʩʣʝʜʫʶʱʠʤ ʚʦʧʨʦʩʦʤ: ʥʘʩʢʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ g ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ f, ʪʦ ʝʩʪʴ, ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʘʜʦʥʘ: R[f]=g ? 

 ʂʘʢ ʠʟʚʝʩʪʥʦ [4, ʩ.39], ʟʘʜʘʯʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ Ax=y, ʛʜʝ ɸ ï 

ʦʪʦʙʨʘʞʝʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ ʠʟ ʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ɽ ʚ ʤʝʪʨʠʯʝʩʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ G, ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦʡ ʧʦ ɸʜʘʤʘʨʫ, ʝʩʣʠ ʦʙʨʘʪʥʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ ɸ
-1
: G E ʩʫʱʝʩʪʚʫʝʪ ʠ ʥʝʧʨʝʨʳʚʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

g(y,y )Ò, ʪʦ  
 

ɽ(ɸ
-1
(y),ɸ

-1
(y ))Òsup{ ɽ(ɸ

-1
(y),ɸ

-1
(z)), z: g(y,z)Ò}= y( ) 0 ʧʨʠ   0            (2) 

 

 ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʨʝʜʧʦʣʦʞʠʤ, ʚʦʧʨʝʢʠ (2), ʯʪʦ ʥʘʨʫʰʝʥʦ ʫʩʣʦʚʠʝ y( ) 0 

ʧʨʠ 0. ʊʦʛʜʘ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ 0>0 ʥʘʡʜʸʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ n  0 ʧʨʠ n 

Ð ʪʘʢʘʷ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʤʝʨʘ n ʦʪʳʱʝʪʩʷ ʪʘʢʘʷ ʪʦʯʢʘ y =yn, ʜʣʷ ʢʦʪʦʨʦʡ 

g(y,yn)Òn ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ɽ(ɸ
-1
(y),ɸ

-1
(yn))Ó0. ʀʟ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ɸ
-1 
ʚ ʪʦʯʢʝ ʫ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ 0 ʜʦʣʞʥʦ ʥʘʡʪʠʩʴ ʪʘʢʦʝ 0, ʯʪʦ ʜʣʷ 

ʚʩʝʭ y  ʩ ʫʩʣʦʚʠʝʤ g(y,y )Ò0 ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʨʘʚʝʥʩʪʚʦ ɽ(ɸ
-1
(y),ɸ

-

1
(y ))< 0, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʪʝʭ yn, ʜʣʷ ʢʦʪʦʨʳʭ G(y,yn)Òn < 0. ʇʦʣʫʯʘʝʤ 

ʧʨʦʪʠʚʦʨʝʯʠʝ.  

 ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʪʦʯʢʠ ʫ ʠ y  ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʢʦʤʧʘʢʪʝ FṒG, ʪʦ 

y( )Ò( ), ʠ ʤʘʞʦʨʘʥʪʫ ( ) ʤʦʞʥʦ ʥʘʟʚʘʪʴ (ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʚ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʡ) ʤʦʜʫʣʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʦʙʨʘʪʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ɸ
-1
. 

ɽʩʣʠ ʫʩʣʦʚʠʝ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʦ ɸʜʘʤʘʨʫ ʥʘʨʫʰʝʥʦ, ʪʦ ʟʘʜʘʯʘ ʩʯʠʪʘʝʪʩʷ 

ʥʝʢʦʨʨʝʢʪʥʦʡ. ʇʦʩʪʨʦʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʠʝ 

ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʪʦʙʨʘʞʝʥʠʝ ɸ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʢʦʤʧʘʢʪʥʦʤ ʧʦʜʤʥʦʞʝʩʪʚʝ HṒɽ, ʪʦ, ʟʘʜʘʚʰʠʩʴ çʫʨʦʚʥʝʤ 
ʧʦʛʨʝʰʥʦʩʪʠè , ʤʦʞʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʠʷ ʭ ʧʦ ʟʘʜʘʥʥʦʤʫ y  ʙʨʘʪʴ ʪʦʯʢʫ 

ʭ, ʤʠʥʠʤʠʟʠʨʫʶʱʫʶ çʥʝʚʷʟʢʫè, ʪʦ ʝʩʪʴ ʪʘʢʫʶ, ʯʪʦ 

g(ɸ(ʭ),y )=inf{ g(ɸ(x),y ),x H}.  ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʢʚʘʟʠʨʝʰʝʥʠʝʤ 

ʫʨʘʚʥʝʥʠʷ ɸʭ = ʫ, ʛʜʝ ʫ ʟʘʜʘʸʪʩʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ : ʫy : g(ʫ,y )Ò . 

 ɺ ʨʘʙʦʪʝ [2] ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʦʧʝʨʘʪʦʨ ʈʘʜʦʥʘ ʢʘʢ ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ 

R, ʩʦʧʦʩʪʘʚʣʷʶʱʠʡ ʬʫʥʢʮʠʠ f ʠʟ ʙʘʥʘʭʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ W=W2 ʬʫʥʢʮʠʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʥʝʧʨʝʨʳʚʥʳʤʠ ʚʪʦʨʳʤʠ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʚ ʥʝʢʦʪʦʨʦʤ ʢʨʫʛʝ D ʨʘʜʠʫʩʘ r ʩ ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ, 

2 -ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʧʦ  ʬʫʥʢʮʠʶ R[f], ʦʧʨʝʜʝʣʸʥʥʫʶ ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ 

Dr={(ʨ,):-r p r, 0 2 } ʠ ʨʘʚʥʫʶ ʥʫʣʶ ʥʘ ʛʨʘʥʠʮʘʭ p=r, p=-r. 
ʅʝʧʨʝʨʳʚʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ R: W W

~
, ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʙʘʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

W
~
=W2

~
 2 -ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦ ʚʪʦʨʦʤʫ ʘʨʛʫʤʝʥʪʫ ʬʫʥʢʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʥʝʧʨʝʨʳʚʥʳʤʠ ʚʪʦʨʳʤʠ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʚ Dr, 

ʩʣʝʜʦʚʘʣʘ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘʤʠ ʦʮʝʥʢʠ: 
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 ||R[f]||W
~

8r(max{1,r})||f||W,          (3) 
 

ʛʜʝ ʥʦʨʤʘ ||f||W ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ: 

||f||W=max{ sup{|f(x,y)|,(x,y) D} ,sup{|fx (x,y)|,(x,y) D},sup{|fy (x,y)|,(x,y) D}, 

sup{|f xx(x,y)|,(x,y) D},sup{|f xy(x,y)|,(x,y) D},sup{ f yy(x,y)|,(x,y) D}}  

ʠ ʘʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʦʨʤʘ ʚ W
~
. ɺʤʝʩʪʝ ʩ ʪʝʤ, R[W]ÍW

~
, ʪʘʢ ʯʪʦ ʦ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʦ ɸʜʘʤʘʨʫ ʟʘʜʘʯʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ R[f]=g, R: W W
~
, 

ʛʦʚʦʨʠʪʴ ʥʝ ʧʨʠʭʦʜʠʪʩʷ. ʆʜʥʘʢʦ, ʚ ʪʦʡ ʞʝ ʨʘʙʦʪʝ [3, ʩ.125] ʙʳʣʦ, ʧʦ ʩʫʪʠ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
 

 ||f||W0 =sup{|f(x,y)|,(x,y) D}Ò(2/) max{1, }||g||W
~ 
,  (4) 

 

ʛʜʝ f=R
-1
[g] ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1). 

 ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʬʦʨʤʫʣʦʡ (1) ʦʧʨʝʜʝʣʸʥ ʦʧʝʨʘʪʦʨ ʦʙʨʘʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʈʘʜʦʥʘ, ʜʝʡʩʪʚʫʶʱʠʡ ʠʟ W
~
 ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʙʘʥʘʭʦʚʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ W0 ʥʝʧʨʝʨʳʚʥʳʭ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʚ D ʬʫʥʢʮʠʡ. (ʆʪʤʝʪʠʤ, ʯʪʦ 

ʚʣʦʞʝʥʠʝ W ʚ W0 ʥʝʧʨʝʨʳʚʥʦ, ʪʘʢ ʢʘʢ ||f||W0Ò||f||W  f W). ʊʘʢ ʯʪʦ ʚ ʠʟʚʝʩʪʥʦʤ 

ʩʤʳʩʣʝ ʤʦʞʥʦ ʚʩʸ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʨʝʰʝʥʠʠ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʟʘʜʘʯʠ. ʊʦ ʝʩʪʴ, ʟʥʘʷ 

ʨʘʜʦʥʦʚʩʢʠʡ ʦʙʨʘʟ, ʤʳ ʤʦʞʝʤ, ʧʨʠʤʝʥʠʚ ʦʧʝʨʘʪʦʨ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʫʶ ʥʝʧʨʝʨʳʚʥʫʶ ʬʫʥʢʮʠʶ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʥʘ ʠ ʝʩʪʴ 

ʧʨʦʦʙʨʘʟ. ʅʦ ʜʝʣʦ-ʪʦ ʚʦʪ ʚ ʯʸʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʤʝʩʪʦ g=R[f] ʤʳ ʠʤʝʝʤ 

ʧʨʠʙʣʠʞʸʥʥʫʶ ʬʫʥʢʮʠʶ g, ʢʦʪʦʨʘʷ ʚʦʚʩʝ ʥʝ ʦʙʷʟʘʥʘ ʧʨʠʥʘʜʣʝʞʘʪʴ ʣʠʥʝʡʥʦʤʫ 

ʤʥʦʛʦʦʙʨʘʟʠʶ (ʧʫʩʪʴ ʠ ʚʩʶʜʫ ʧʣʦʪʥʦʤʫ) R[W]. ʊʦ ʝʩʪʴ, ʬʫʥʢʮʠʷ f =R
-1
[g] ʥʝ 

ʠʟ ʪʦʛʦ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʠ ʬʫʥʢʮʠʷ f ʠ ʥʝ ʙʣʠʟʢʘ ʢ ʥʝʡ; ʦʜʥʘʢʦ 

ʤʦʞʥʦ ʧʨʝʜʲʷʚʠʪʴ ʜʨʫʛʫʶ ʬʫʥʢʮʠʶ f  
~  
, ʢʦʪʦʨʫʶ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ 

ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʙʣʠʞʝʥʠʝʤ ʬʫʥʢʮʠʠ f ï ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʣʦʤʘʥʫʶ 

ʤʦʞʥʦ ʚ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʧʨʠʥʷʪʴ ʟʘ ʧʨʠʙʣʠʞʝʥʠʝ ʚʧʦʣʥʝ 

ʛʣʘʜʢʦʡ ʬʫʥʢʮʠʠ. ʅʘʟʦʚʸʤ ʪʘʢʫʶ ʩʠʪʫʘʮʠʶ ʢʚʘʟʠʢʦʨʨʝʢʪʥʦʩʪʴʶ. ʇʝʨʝʭʦʜʠʤ ʢ 

ʪʦʯʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʪʦʛʦ, ʯʪʦ ʤʳ ʞʝʣʘʝʤ ʚʳʨʘʟʠʪʴ. 

 ʆʧʨʝʜʝʣʝʥʠʝ. ɿʘʜʘʯʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ɸʭ=ʫ, ɸ: E G, ʛʜʝ E ʠ G ï 

ʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘʟʳʚʘʝʪʩʷ ʢʚʘʟʠʫʩʪʦʡʯʠʚʦʡ ʢ ʧʦʛʨʝʰʥʦʩʪʠ 

(ʢʚʘʟʠʢʦʨʨʝʢʪʥʦʡ), ʝʩʣʠ: 

1. ʦʪʦʙʨʘʞʝʥʠʝ A: E A(E)  ʙʠʝʢʪʠʚʥʦ; 

2. ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ E1 E ʪʘʢʦʝ, ʯʪʦ x1,x2 ɽ  

ɽ1(x1,x2)Òɽ(x1,x2); 

3. ʩʫʱʝʩʪʚʫʝʪ ʯʠʩʣʦ 0>0 ʪʘʢʦʝ, ʯʪʦ  ʫɸ(ɽ) ʠ (0, 0) ʠʤʝʝʪʩʷ 

ʦʪʦʙʨʘʞʝʥʠʝ ɸ
-1

y, : G E1  ʠ ʧʨʠ ʵʪʦʤ ʬʫʥʢʮʠʷ  

y( )= sup{ ɽ1(ɸ
-1
(y), ɸ

-1
y,  (y )) : y G, G(y,y )Ò}                        (5) 

ʪʘʢʦʚʘ, ʯʪʦ  ʫɸ(ɽ) y( ) 0 ʧʨʠ  0. 

ɽʩʣʠ ʚ ʫʩʣʦʚʠʠ 3 ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ y( ) 0 ʨʘʚʥʦʤʝʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫ

FṒɸ(ɽ) ʪʦ ʝʩʪʴ, ʝʩʣʠ ( )=sup{ y( ), ʫF} 0 ʧʨʠ  0, ʪʦ ʙʫʜʝʤ ʛʦʚʦʨʠʪʴ ʦ 

ʨʘʚʥʦʤʝʨʥʦʡ ʢʚʘʟʠʢʦʨʨʝʢʪʥʦʩʪʠ (ʨʘʚʥʦʤʝʨʥʦʡ ʢʚʘʟʠʫʩʪʦʡʯʠʚʦcʪʠ ʢ 

ʧʦʛʨʝʰʥʦʩʪʠ) ʥʘ ʤʥʦʞʝʩʪʚʝ F. 

 ɿʘʤʝʯʘʥʠʝ. ɽʩʣʠ ʟʘʜʘʯʘ ʢʦʨʨʝʢʪʥʘ ʧʦ ɸʜʘʤʘʨʫ, ʪʦ ʦʥʘ ʢʚʘʟʠʢʦʨʨʝʢʪʥʘ ʥʘ G 

ʚ ʩʤʳʩʣʝ ʥʘʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ: ʤʦʞʥʦ ʚʟʷʪʴ E1=E ʠ ɸ
-1

y, =ɸ
-1
; ʪʦʛʜʘ ʚʳʧʦʣʥʝʥʠʝ 
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ʫʩʣʦʚʠʷ 3 ʩʣʝʜʫʝʪ ʠʟ (2). ɽʩʣʠ ʞʝ E ʠ G ï ʙʘʥʘʭʦʚʳ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠ ʤʝʪʨʠʢʠ 

ʧʦʨʦʞʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ, ʪʦ ʦʙʨʘʪʥʳʡ ʦʧʝʨʘʪʦʨ ɸ
-1
: G E 

ʥʝʧʨʝʨʳʚʝʥ ʚ ʩʠʣʫ ʪʝʦʨʝʤʳ ɹʘʥʘʭʘ ʦʙ ʦʙʨʘʪʥʦʤ ʦʧʝʨʘʪʦʨʝ ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ɽ(ɸ
-1
(y),ɸ

-1
(y ))=||A

-1
(y-y )||EÒ(||A

-1
||)(||y-y ||E)Ò(||A

-1
||) , ʪʦ ʝʩʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʢʚʘʟʠʢʦʨʨʝʢʪʥʦʡ ʥʘ G. 

 ɺ ʨʝʘʣʴʥʦʡ ʟʘʜʘʯʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʠ ʧʦ ʝʸ ʧʨʦʝʢʮʠʷʤ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʳʤ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʧʨʝʜʲʷʚʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʠʷ 

ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ f W ʙʣʠʟʢʦʡ ʢ ʥʝʡ ʧʦ ʤʝʪʨʠʢʝ ʚ W0 ʬʫʥʢʮʠʠ f  
~  

W0. 

 ɺ ʨʘʙʦʪʝ [2] ʜʣʷ ʥʝʢʦʪʦʨʦʡ (çʚʝʝʨʥʦʡè) ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʷ ʨʘʜʦʥʦʚʩʢʠʭ 

ʧʨʦʝʢʮʠʡ Fkj ʚ ʪʦʯʢʘʭ (pkj, kj), k=-N,é,N, j=1,é,M, ʤʳ ʧʦʩʪʨʦʠʣʠ ʣʠʥʝʡʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʳ Au,v, ʧʨʠʙʣʠʞʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ f( cos , sin

)=f(u,v) ʩ ʪʦʯʥʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ. ʌʫʥʢʮʠʦʥʘʣʳ ʠʤʝʶʪ 

ʚʠʜ: 
 

Au,v (F)= F(k+1)j-Fkj)/(xk+1-xk))Dkj +  ((Fk(j+1)-Fkj)/(yj+1-yj))Ckj                                             (6) 
k,j : -N Ò k Ò N,                                                        k,j : -N Ò k Ò N      

1Ò j  Ò M                                                                   1Ò j  Ò M                      
 

 ʏʠʩʣʘ xk ʠ yj  ʩʚʷʟʘʥʳ ʩ ʯʠʩʣʘʤʠ pkj ʠ kj  ʬʦʨʤʫʣʘʤʠ: ʭk=ʨk=ʨkj, ʫj= kj-

arccos(-pk/r1)=æ0+(j-1)æ, ʛʜʝ r1, æ0, æ ï ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ; ʧʨʠ ʵʪʦʤ 

c1(1/N)Ò(xk+1-xk)Òc2(1/N), ʠ c3(1/ʄ)Ò(yj+1-yj)=æÒc4(1/ʄ). ɿʜʝʩʴ ʠ ʜʘʣʝʝ c1,c2,é ï 

ʘʙʩʦʣʶʪʥʳʝ ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ. ʊʦʯʢʠ (xk,yj) 

ʦʙʨʘʟʫʶʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ (ʥʦ ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʭ) ʩʝʪʢʫ, 

ʧʦʢʨʳʚʘʶʱʫʶ ʟʘʤʢʥʫʪʫʶ ʦʙʣʘʩʪʴ, ʷʚʣʷʶʱʫʶʩʷ ʦʙʨʘʟʦʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ D 

ʧʨʠ  ʛʣʘʜʢʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ (p, ) (ʭ,ʫ): ʭ=ʨ, ʫ=-arccos(-ʨ/r1).  

 ʏʠʩʣʘ Fkj  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: Fkj=R[f](ʨkj, kj)=g(xk,yj), ʛʜʝ 

g(x,y)=R[f](ʭ,ʫ+arccos(-x/r1)), ʘ.  

ʇʫʩʪʴ ʤʳ ʧʦʣʫʯʘʝʤ ʥʘ ʚʭʦʜʝ ʠʩʢʘʞʸʥʥʳʝ ʯʠʩʣʘ  

Fkj
~
=g

~
(x,y)=g (ʭ,ʫ+arccos(-x/r1)), ʩʯʠʪʘʷ, ʯʪʦ ʦʥʠ ï ʩʫʪʴ ʟʥʘʯʝʥʠʷ ʥʘ ʪʦʡ ʞʝ 

ʩʝʪʢʝ ʬʫʥʢʮʠʠ g W
~
, ʜʣʷ ʢʦʪʦʨʦʡ ||R[f]-g ||W~Ò . 

 ʇʦʩʢʦʣʴʢʫ |x/r1|Òr/r1<1, ʪʦ ʤʦʜʫʣʠ ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʨʘʟʥʦʩʪʠ g(x,y)-g
~ 

(x,y) ʦʮʝʥʠʚʘʶʪʩʷ ʯʝʨʝʟ ʤʦʜʫʣʠ ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʨʘʟʥʦʩʪʠ R[f]-g, ʪʦ ʝʩʪʴ ʯʝʨʝʟ ʘʙʩʦʣʶʪʥʫʶ ʢʦʥʩʪʘʥʪʫ, 

ʫʤʥʦʞʝʥʥʫʶ ʥʘ ||R[f]-g ||W~Ò. ʇʦʛʨʝʰʥʦʩʪʴ ʦʪ ʟʘʤʝʥʳ ʚ ʬʦʨʤʫʣʝ (6) ʯʠʩʝʣ Fkj 

ʯʠʩʣʘʤʠ Fkj
~ 

(|Au,v (F-F
~
)|) ʦʮʝʥʠʚʘʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, (ʧʦʩʢʦʣʴʢʫ ʨʘʟʥʦʩʪʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʚ (6) ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʙʣʠʞʸʥʥʦ ʟʘʤʝʥʝʥʳ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ), 

ʯʝʨʝʟ ʤʦʜʫʣʠ ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʨʘʟʥʦʩʪʠ g(x,y)-g
~
(x,y), ʘ ʪʝ, ʢʘʢ ʦʪʤʝʯʝʥʦ 

ʚʳʰʝ, ʯʝʨʝʟ (const) , ʚʦ-ʚʪʦʨʳʭ, ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʤʦʜʫʣʝʡ ʚʩʝʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

Dkj ʠ Ckj, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʮʝʥʠʚʘʶʪʩʷ ʯʝʨʝʟ ʘʙʩʦʣʶʪʥʫʶ ʢʦʥʩʪʘʥʪʫ, 

ʫʤʥʦʞʝʥʥʫʶ ʥʘ  (ʚ ʩʭʝʤʝ ʩ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ, ʢʘʢ ʫʢʘʟʘʥʦ ʚ [2], ʧʘʨʘʤʝʪʨʘʤʠ: 

M N, 1/ , r/R1 N), ʚ-ʪʨʝʪʴʠʭ, ʯʝʨʝʟ ʦʙʱʝʝ ʯʠʩʣʦ ʩʣʘʛʘʝʤʳʭ ʧʦʨʷʜʢʘ N
2
. 

ʀʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʵʪʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ ʩ5N
5/2
. ɼʘʣʝʝ, ʚ [2, ʩ.136] ʙʳʣʘ 

ʫʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ ʦʮʝʥʢʘ: 
 

                                    |f(u,v)-Au,v (F)|Òc6rN
-1/2 

||R[f]||W~  ,                                  (7) 
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ʛʜʝ c6 ï ʘʙʩʦʣʶʪʥʘʷ ʢʦʥʩʪʘʥʪʘ. ɽʩʣʠ  ʠʤʝʝʪ ʧʦʨʷʜʦʢ N
-3
, ʪʦ ʦʮʝʥʢʠ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʤʳʢʘʶʪʩʷ, ʠ ʤʳ ʧʦʣʫʯʘʝʤ ʦʙʱʫʶ ʦʮʝʥʢʫ: 
 

                 |f(u,v)-Au,v (F
~
)|Òc6rN

-1/2 
(||R[f]||W~ + ʩ7)=ʩ8

1/6 
(||R[f]||W~+ʩ7)           (8) 

 ɺʟʷʚ ʜʦʩʪʘʪʦʯʥʦ ʛʫʩʪʫʶ ʩʝʪʢʫ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (u,v), ʤʦʞʥʦ ʧʨʝʜʲʷʚʠʪʴ 

ʥʝʧʨʝʨʳʚʥʫʶ ʬʫʥʢʮʠʶ g (u,v), ʟʘʜʘʥʥʫʶ ʚ ʠʩʭʦʜʥʦʤ ʢʨʫʛʝ ʠʟʤʝʨʝʥʠʡ D, 

ʛʨʘʬʠʢ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ - ʢʫʩʦʯʢʦʚ ʧʣʦʩʢʦʩʪʝʡ, ʧʨʦʭʦʜʷʱʠʭ 

ʯʝʨʝʟ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (u,v,Au,v(F
~
)) ʩ (u,v)=(ut,vs) ʠ ʦʙʨʘʟʫʶʱʠʭ çʢʨʳʰʫè 

ʠʟ ʜʚʫʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘʜ ʢʘʞʜʳʤ ʢʚʘʜʨʘʪʦʤ ʩʝʪʢʠ, ʧʨʠʯʸʤ ʩʪʨʦʠʤ ʦʜʠʥ 

ʪʨʝʫʛʦʣʴʥʠʢ ï çʥʘʜè ʣʝʚʳʤ ʥʠʞʥʠʤ, ʣʝʚʳʤ ʚʝʨʭʥʠʤ ʠ ʧʨʘʚʳʤ ʚʝʨʭʥʠʤ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪʳ v) ʫʛʣʘʤʠ ʢʣʝʪʢʠ, ʘ ʜʨʫʛʦʡ ï çʥʘʜè ʣʝʚʳʤ ʥʠʞʥʠʤ, 

ʧʨʘʚʳʤ ʥʠʞʥʠʤ ʠ ʧʨʘʚʳʤ ʚʝʨʭʥʠʤ ʫʛʣʘʤʠ; ʥʘ ʛʨʘʥʠʮʝ ʩ ʦʢʨʫʞʥʦʩʪʴʶ 

ʟʘʥʫʣʷʝʤ çʢʨʳʰʠè ʥʘ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʨʘʥʠʮ ʢʣʝʪʢʠ ʩ ʦʢʨʫʞʥʦʩʪʴʶ. 

ʆʙʦʟʥʘʯʠʚ ʪʘʢʫʶ çʬʫʥʢʮʠʶ-ʢʨʳʰʫè, ʧʦʩʪʨʦʝʥʥʫʶ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʟʘʜʘʥʥʦʡ 

ʚ ʫʟʣʘʭ ʩʝʪʢʠ ʬʫʥʢʮʠʠ h(u,v), ʯʝʨʝʟ h (u,v), ʠʤʝʝʤ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ: ||h (u,v)||W0Òmax{|h(ut,vs)|, (ut,vs) ï ʫʟʣʳ ʩʝʪʢʠ}. ɼʣʷ h W ʦʮʝʥʢʘ 

ʙʦʣʝʝ ʩʠʣʴʥʘʷ: 
 

|h(u,v)-h (u,v)|Òc9L
-1
(sup{|hu (u,v)|,(u,v) D}+sup{|hv (u,v)|,(u,v) D})Ò 

Òc10L
-1
||h(u,v)||W 

 

(L ï ʜʣʠʥʘ ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪʥʦʡ ʢʣʝʪʢʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʷ ʚ ʚʠʜʫ 

ʣʠʥʝʡʥʦʩʪʴ ʦʧʝʨʘʮʠʠ çʧʦʩʪʨʦʝʥʠʷ ʢʨʳʰʠè, ʧʦʣʫʯʘʝʤ, ʫʯʠʪʳʚʘʷ ʪʘʢʞʝ (8): 
 

||f(u,v)-g (u,v)||W0Ò||f(u,v)-f (u,v)||W0 + 
 

+ ||(f(u,v)-Au,v(F
~
) )||W0Ò c10L

-1
||f||W+ʩ8

1/6 
(||R[f]||W~+ʩ7) 

 

 ɽʩʣʠ L ʙʨʘʪʴ ʧʦʨʷʜʢʘ 
-1/6

 ʠ ʫʯʝʩʪʴ (3), ʪʦ ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ: 
 

                                 ||f(u,v)-g (u,v)||W0Òʩ11
1/6 

(||f||W+1)                                          (9) 
 

 ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ g (u,v) 

ʧʦ ʬʫʥʢʮʠʠ g (u,v) ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ  ʣʠʥʝʡʥʳʡ 

ʦʧʝʨʘʪʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ çʠʩʢʘʞʝʥʠʷè g . 

 ʅʝʨʘʚʝʥʩʪʚʦ (9) ʦʟʥʘʯʘʝʪ ʢʚʘʟʠʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʛʨʝʰʥʦʩʪʠ ʟʘʜʘʯʠ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʘʜʦʥʘ ʜʣʷ ʧʘʨʳ ʧʨʦʩʪʨʘʥʩʪʚ W ʠ W
~
, ʝʩʣʠ ʚʩʧʦʤʥʠʪʴ, ʯʪʦ 

f=R
-1
[g] ʠ ʦʙʦʟʥʘʯʠʪʴ g =R

-1
g, (g ). ɼʣʷ ʥʦʨʤʳ ʦʧʝʨʘʪʦʨʘ R

-1
g,  : W

~ 
 W0 

ʩʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʦʮʝʥʢʘ: 
  

||R
-1

g, ||Òʩ12
-5/6

 ,    
 

ʪʦ ʝʩʪʴ, ʵʪʦʪ ʦʧʝʨʘʪʦʨ ʥʝʧʨʝʨʳʚʝʥ. ɽʩʣʠ ʤʥʦʞʝʩʪʚʦ F=R(Bd), ʛʜʝ Bd ï ʰʘʨ 

ʨʘʜʠʫʩʘ d ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ W c ʮʝʥʪʨʦʤ ʚ ʥʫʣʝ, ʪʦ ʧʨʘʚʘʷ ʯʘʩʪʴ ʚ (9)  

ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʩ11
1/6

(d+1), ʧʦʵʪʦʤʫ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʨʘʚʥʦʤʝʨʥʘʷ  

ʢʚʘʟʠʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘ ʤʥʦʞʝʩʪʚʝ F. ʈʝʟʶʤʠʨʫʷ, ʩʬʦʨʤʫʣʠʨʫʝʤ 

ʩʣʝʜʫʶʱʫʶ ʪʝʦʨʝʤʫ. 

 ʊʝʦʨʝʤʘ. ɿʘʜʘʯʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʘʜʦʥʘ: R[f]=g, R:W W
~
, 

ʢʚʘʟʠʫʩʪʦʡʯʠʚʘ ʢ ʧʦʛʨʝʰʥʦʩʪʠ (ʢʚʘʟʠʢʦʨʨʝʢʪʥʘ). ʆʥʘ ʨʘʚʥʦʤʝʨʥʦ 
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ʢʚʘʟʠʫʩʪʦʡʯʠʚʘ ʢ ʧʦʛʨʝʰʥʦʩʪʠ (ʨʘʚʥʦʤʝʨʥʦ ʢʚʘʟʠʢʦʨʨʝʢʪʥʘ) ʥʘ ʣʶʙʦʤ 

ʤʥʦʞʝʩʪʚʝ ʚʠʜʘ F=R(Bd), ʛʜʝ Bd - ʰʘʨ ʧʨʦʩʪʨʘʥʩʪʚʘ W. 

 ɿʘʤʝʯʘʥʠʝ. ʆʧʝʨʘʪʦʨ R
-1

g,  ( 0 ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ ʚʟʷʪʴ, ʥʘʧʨʠʤʝʨ, 

ʨʘʚʥʳʤ 10
-3
) ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʠʤ ʚ ʩʤʳʩʣʝ ʠʟʚʝʩʪʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ [4, ʩ.46], ʥʦ ʪʦʣʴʢʦ ʩ ʪʦʡ ʦʛʦʚʦʨʢʦʡ, ʯʪʦ ʦʥ ʜʝʡʩʪʚʫʝʪ ʥʝ ʠʟ W
~ 
ʚ 

W, ʘ ʠʟ W
~ 
ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ W0. ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʦʧʝʨʘʪʦʨ 

ʝʩʪʝʩʪʚʝʥʥʦ ʙʫʜʝʪ ʥʘʟʚʘʪʴ çʢʚʘʟʠʨʝʛʫʣʷʨʠʟʠʨʫʶʱʠʤè. 
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ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʪʘʜʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦ ʩʪʨʦʠʪʴ ʩʚʝʨʪʢʠ 

ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʈʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʩʤʳʩʣʝ ʜʦʩʪʠʛʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʧʨʦʚʝʨʷʣʠʩʴ ʥʘ 

ʪʝʩʪʦʚʳʭ ʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʷʭ ʙʝʟ çʰʫʤʘè ʠ ʩ ʥʠʤ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʰʫʤʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

çʜʦʙʘʚʢʘè ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʚ ʟʘʜʘʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ c ʟʘʜʘʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʚʘʜʨʘʪʠʯʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʇʃʇ-ʧʦʠʩʢ, ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ. 
________________________________________________________________________________________________________________________ 

Statnikov I.N., Firsov G.I. 
 

The problems of construction of the equation of quadratic regression in the PLP- search 
 

 Abstract. The possibility on the basis of the planned computational experiment at the stage 

of mathematical simulation to effectively construct the rolls of the obtained information in the form 

of quadratic regression is examined. The real possibilities of the obtained regression equation in the 

sense of the attainable accuracy were checked on the test linear functions without "noise", also, with 

it, where as noise was used the "additive" of pseudorandom numbers in the assigned interval of c 

evenly distributed on the probability by the assigned dispersion. 

 Keywords: Quadratic regression, PLP- search, pseudorandom numbers. 
________________________________________________________________________________________________________________________ 
 

ʂʘʢ ʠʟʚʝʩʪʥʦ [1,2], ʇʃʇ-ʧʦʠʩʢ ï ʵʪʦ ʤʝʪʦʜ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ çʩʝʤʝʡʩʪʚʫ 

ʤʝʪʦʜʦʚ ʄʦʥʪʝ-ʂʘʨʣʦè ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʃʇ
t

- 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [3]. ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ (ʄʄ) ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʇʃʇ-ʧʦʠʩʢʘ ʧʨʠ ʘʥʘʣʠʟʝ ʄʄ ʥʘʨʷʜʫ ʩʦ ʤʥʦʛʠʤʠ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ [4] 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ çʩʚʸʨʪʳʚʘʥʠʷè ʧʦʣʫʯʘʝʤʦʡ ʯʠʩʣʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʟʥʦʛʦ ʚʠʜʘ.  

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʇʃʇ-ʧʦʠʩʢʝ ʦʩʥʦʚʥʳʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ɺʕ) ʷʚʣʷʶʪʩʷ ʤʘʪʨʠʮʳ 

ʧʣʘʥʠʨʫʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʄʇʕ), ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: N0 ï 

ʦʙʱʝʝ ʯʠʩʣʦ ɺʕ, ʨʘʚʥʦʝ ʯʠʩʣʫ ʩʪʨʦʢ ʄʇʕ; J ï ʯʠʩʣʦ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

( 1, )j j Ja = , ʨʘʚʥʦʝ ʯʠʩʣʫ ʩʪʦʣʙʮʦʚ ʄʇʕ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʩʪʨʦʝʥʠʷ ʄʇʕ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ɺʕ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ:

jM ï ʢʦʣʠʯʝʩʪʚʦ ʫʨʦʚʥʝʡ (ʩʝʯʝʥʠʡ), ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʙʠʚʘʝʪʩʷ ʢʘʞʜʳʡ 

ʚʘʨʴʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ 
ja  (ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʄʇʕ: 

jM  = 

const (ʧʣʘʥʠʨʦʚʘʥʠʝ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʯʠʩʣʦʤ ʫʨʦʚʥʝʡ) ʠ 
jM  = var 

(ʨʘʟʥʦʫʨʦʚʥʝʚʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ));
ijH ï ʯʠʩʣʦ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʷ ʚ i ï ʦʤ ʩʝʯʝʥʠʠ 

j ï ʛʦ ʚʘʨʴʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʦʙʲʸʤ ʚʳʙʦʨʢʠ); ʝʩʣʠ 
jM  = const = M, ʪʦ 

0 /H N M= ; ʝʩʣʠ ʞʝ 
jM =var, ʪʦ 0 1

M j

iji
N H

=
=ä ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʫʢʘʟʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʄʇʕ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʠ ʪʘʢʠʝ ʩʣʫʯʘʠ [2]: 

* ** * **

* ** * **

( , ); [ , ];

( , ); ( , ),

j j j j j j

j j j j j j j j j j

a a a a a a

a a e a e a a e a e

Í Í

Í + - Í - +
 

ʛʜʝ 
*ja  ʠ 

**ja  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ 

ʚʘʨʴʠʨʦʚʘʥʠʷ j ï ʛʦ ʧʘʨʘʤʝʪʨʘ, ʘ 0 1.je< << 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʇʃʇ-ʧʦʠʩʢʝ 

                                        y (Q,a)= 
0q+ 2

1 1
Ĕqa+é+

mq
2

ma .                             (3) 

ɿʜʝʩʴ Q ï ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (3), ʘ ʫʛʦʣʴʥʠʯʢʠ ʥʘʜ ʙʫʢʚʘʤʠ 

ʦʟʥʘʯʘʶʪ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʣʴʥʦ ʩʪʦʷʪ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ jq, ʘ 

ʥʝ ʠʭ ʠʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ. ɺʳʚʦʜ ʬʦʨʤʫʣ ʦʮʝʥʦʢ (4) ʫʨʘʚʥʝʥʠʷ (3) ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ [1]: 
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 j 1,J= . 

 ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʳʚʦʜʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (4) 

ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠ 

ʚʳʯʠʩʣʝʥʠʠ ʨʷʜʘ ʚʳʨʘʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʜʩʯʸʪʘ ʩʫʤʤ ʪʠʧʘ 0

1

m j
JN t

iji j
a

=äÔ  

ʧʨʠʥʷʪʦ ʧʨʠ Mj =const = M, ʯʪʦ 

                                     ( )0

01

m mj j
J JN t t

ij iji j ij
N Ea a

=
ºäÔ Ô .                                         (5) 

 ɿʜʝʩʴ ʚ (5) E (¶) ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʝʣʠʯʠʥʳ ( )m j
J t

ijij
aÔ  ʚ ʦʜʥʦʡ 

ʩʝʨʠʠ, jt ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʚ ʢʦʪʦʨʫʶ ʚʦʟʚʦʜʠʪʩʷ ʧʘʨʘʤʝʪʨ ija ( jt = 1,2,é); ʚ 

ʦʜʥʦʡ ʩʝʨʠʠ 1, ,i M= ʘ ʯʠʩʣʦ ʩʝʨʠʡ ʨʘʚʥʦ 0 /H N M= . 

ʂʘʢ ʠ ʦʙʳʯʥʦ, ʜʣʷ ʤʝʪʦʜʘ ʄʦʥʪʝïʂʘʨʣʦ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʦʰʠʙʢʠ ( )Js dʤʝʞʜʫ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʷʤʠ ʨʘʚʝʥʩʪʚʘ (5) ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 0N . ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ( )Js d  ʦʪ M ʠ H ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ tj  

ʠ j ʚ ʝʜʠʥʠʯʥʦʤ ʛʠʧʝʨʢʫʙʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʝʣʠʯʠʥʘ ( )Js d, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʳʭ 

ʟʥʘʯʝʥʠʡ H, ʤʘʣʦ ʤʝʥʷʝʪʩʷ; ʩʫʱʝʩʪʚʝʥʥʦʝ ʝʝ ʫʤʝʥʴʰʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʵʢʩʧʝʨʠʤʝʥʪʦʚ M ʚ ʦʜʥʦʡ ʩʝʨʠʠ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʄʇʕ ʚ ʇʃʇ-ʧʦʠʩʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʯʝʥʴ ʙʦʣʴʰʠʤ 

ʟʥʘʯʝʥʠʷʤ ʢʨʠʪʝʨʠʷ D - ʦʧʪʠʤʘʣʴʥʦʩʪʠ [1,5]. ɿʘʤʝʪʠʤ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʄʇʕ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʧʨʠ ʨʘʟʥʦʫʨʦʚʥʝʚʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʥʦ ʩʢʦʨʦʩʪʴ 

ʩʭʦʜʠʤʦʩʪʠ ( )Js d ʢ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ Mj =const. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʝʡ ʫ 
jt  ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʤʥʦʞʠʪʝʣʝʡ ʚ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ( )Js d  ʨʘʩʪʫʪ. 

ʆʪʤʝʯʝʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʪʨʝʙʦʚʘʣʦ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ jq
Ø

 

ʚʥʦʩʠʪʴ ʧʦʧʨʘʚʢʠ cor(k), ʥʘʡʜʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠ, ʧʫʪʸʤ ʠʭ ʚʳʯʠʪʘʥʠʷ ʠʟ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ jq
Ø

 ʚ (4) ʧʨʦʛʨʘʤʤʥʳʤ ʧʫʪʸʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʚʳʙʦʨʢʠ z3: 

if z3(k)>=1, 

cor(k)=S7(k)*(Þ
2
 + Þ +2.7978), 

else, 

cor(k)=S7(k)*(Þ
2
 + Þ +2.8114), 

end, 

ʛʜʝ k ï ʥʦʤʝʨ ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʢʨʠʪʝʨʠʷ, S7(k) ï cʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʙʦʨʢʠ kï

ʛʦ ʢʨʠʪʝʨʠʷ, ʘ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Þ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1.15) ʠʟ [1], 
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ʨʦʣʴ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʦʩʪʦʠʪ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʠʣʠ ʩʚʝʜʝʥʠʠ ʢ ʥʫʣʶ ʢʦʣʠʯʝʩʪʚʘ ʦʜʠʥʘʢʦʚʳʭ 

ʩʪʨʦʢ ʚ ʄʇʕ, ʝʩʣʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʝʨʘʚʝʥʩʪʚʘ: 

                                 12 JM -Ò î Ò 10 J-
 ʧʨʠ Mj =const                                     (6) 

ʠ 

                               * 12 ( )JM -Ò î Ò 10 J-
 ʧʨʠ Mj = var,                                    (7) 

ʛʜʝ *
1
1

J

jj
M J M

=
= ä ï ʩʨʝʜʥʝʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚ ʫʨʦʚʥʝʡ ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʈʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (3) ʚ ʩʤʳʩʣʝ ʜʦʩʪʠʛʘʝʤʦʡ ʪʦʯʥʦʩʪʠ 

ʧʨʦʚʝʨʷʣʠʩʴ ʥʘ ʪʝʩʪʦʚʳʭ ʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʷʭ fʪ(a) (ʪʘʙʣ. 1) ʙʝʟ çʰʫʤʘè ʠ ʩ 
ʥʠʤ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʰʫʤʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ çʜʦʙʘʚʢʘè ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʚ ʠʥʪʝʨʚʘʣʝ (-ɓ, ɓ) c 

ʟʘʨʘʥʝʝ ʚʳʯʠʩʣʷʝʤʦʡ ʜʠʩʧʝʨʩʠʝʡ ʵʪʠʭ ʯʠʩʝʣ D = (2ɓ)
2
/12= ɓ

2
/3. ʊʦʯʥʦʩʪʴ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʦʚʝʨʷʣʘʩʴ ʧʦ ʩʫʤʤʝ ʜʚʫʭ ʢʨʠʪʝʨʠʝʚ: ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤʫ 

ʦʪʢʣʦʥʝʥʠʶ 
1( )s a  ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ fʪ(a) ʠ y (Q,a) ʠ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ 

ʤʦʜʫʣʷ ʦʪʢʣʦʥʝʥʠʡ ʤʝʞʜʫ ʵʪʠʤʠ ʬʫʥʢʮʠʷʤʠ 
2( )s a, ʪ.ʝ., ʩʫʤʤʘ S ʨʘʚʥʷʣʘʩʴ: 

                                            
1 1 2 2( ) ( ),S c s c sa a= +                                                 (8) 

ʛʜʝ 
1c  ʠ 

2c  ï ʚʝʩʘ ʟʥʘʯʠʤʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʪʦʯʥʦʩʪʠ. ɺ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 
1c +

2c =1, ʠ ʯʪʦ ʵʪʠ ʢʨʠʪʝʨʠʠ ʨʘʚʥʦʮʝʥʥʳ, ʬʦʨʤʫʣʘ (8) 

ʧʨʠʥʠʤʘʝʪ ʧʨʦʩʪʦʡ ʚʠʜ 
1 20.5( ( ) ( )).S s sa a= +  

ʇʦ ʧʦʚʦʜʫ ʧʨʠʚʝʜʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʪʘʙʣ.1 ʩʢʘʞʝʤ ʣʠʰʴ ʪʦ, ʯʪʦ ʚ ʥʠʭ 

ʧʦʜʙʠʨʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʨʘʟʥʦʧʦʨʷʜʢʦʚʳʝ), ʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ IX  ʠ X ʚʳʙʨʘʥʥʳʝ 

ʢʦɻʬʬʠʮʠʝʥʪʳ ʦʙʝʩʧʝʯʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ 

ʚʳʙʦʨʢʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʠʪʴ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ Q ʚ ʫʨʘʚʥʝʥʠʠ (3). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʦʣʴ ʧʘʨʘʤʝʪʨʘ î ʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʨʘʚʥʝʥʠʝʤ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʨʝʛʨʝʩʩʠʠ: ʯʝʤ ʙʣʠʞʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʥʝʨʘʚʝʥʩʪʚ (6) 

ʠ (7), ʪʝʤ ʚʳʰʝ ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʚʰʠʭʩʷ ʬʫʥʢʮʠʡ ʢʨʠʪʝʨʠʠ Sk ʜʦʩʪʠʛʘʶʪ ʣʫʯʰʠʭ 

ʟʥʘʯʝʥʠʡ ʧʨʠ ʨʘʟʥʦʫʨʦʚʥʝʚʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ, ʯʝʤ ʧʨʠ Mj = const  ʧʨʠ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʭ ʚʝʣʠʯʠʥʘʭ î. ʕʪʦʪ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʦʜʠʥʘʢʦʚʳʤ 

(ʚʝʨʦʷʪʥʦʩʪʥʳʤ) ʚʣʠʷʥʠʝʤ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʝʣʠʯʠʥʳ Sk. 

ʇʦʵʪʦʤʫ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʄʄ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʨʠʮʝʣʦʤ ʥʘ ʧʦʩʪʨʦʝʥʠʝ 

ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʚʦʟʤʦʞʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʵʢʦʥʦʤʠʷ ɺʕ ʧʨʠ 

ʩʣʝʜʫʶʱʝʡ ʪʘʢʪʠʢʝ: ʩʥʘʯʘʣʘ ʩ ʧʦʤʦʱʴʶ ʇʃʇ-ʧʦʠʩʢʘ ʧʨʦʚʦʜʠʪʩʷ ʥʝʙʦʣʴʰʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ɺʕ), ʟʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ 

ʨʘʥʞʠʨʫʝʪʩʷ ʩʪʝʧʝʥʴ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʝ ʠʣʠ ʠʥʳʝ ʢʨʠʪʝʨʠʠ 

ʪʦʯʥʦʩʪʠ, ʘ ʧʦʩʣʝ ʥʘʟʥʘʯʘʝʪʩʷ ʚʝʢʪʦʨ ʢʦʣʠʯʝʩʪʚ ʫʨʦʚʥʝʡ ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 1( ,..., )JM M M= , ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠ ʦʙʱʝʤ (ʩʫʤʤʘʨʥʦʤ) ʯʠʩʣʝ ɺʕ, 
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ʙʦʣʝʝ ʤʝʥʴʰʝʤ, ʯʝʤ ʝʩʣʠ ʙʳ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

çʚʩʣʝʧʫʶè, ʜʦʩʪʠʛʥʫʪʴ ʞʝʣʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 
 

ʊʘʙʣʠʮʘ 1. ʊʘʙʣʠʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʝʩʪʦʚʳʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ˉ K J M j ʊʝʩʪʦʚʳʝ ʢʚʘʜʨʘʪʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

I  

2 3 

const f1 = 0.2 + 3*
2

1 ( )ia  - 4*
2

2
( )ia  + 5*

2

3
( )ia  

II  var f2 = 5 - 0.6
2

1 ( )ia * + 8*
2

2
( )ia  + 1.6*

2

3
( )ia  

III  
2 4 

const f1 = 2 + 3*
2

1 ( )ia -4*
2

2 ( )ia +2.1*
2

3 ( )ia +0.02*
2

4 ( )ia  

IV  var f2 = 5 - 6*
2

1 ( )ia +8*
2

2 ( )ia +0.6*
2

3 ( )ia - 0.28*
2

4 ( )ia  

V 

3 3 

const f1 = 2 + 3*
2

1 ( )ia  - 4*
2

2 ( )ia  + 2.12*
2

3 ( )ia  

VI  var 
f2 = 15 - 6*

2

1 ( )ia  + 7*
2

2 ( )ia  + 0.06*
2

3 ( )ia  

f3 = -6*
2

1 ( )ia  + 8*
2

2 ( )ia  + 0.6*
2

3 ( )ia  

VII  

3 4 

const f1 =0.2+3*
2

1 ( )ia -4*
2

2 ( )ia +2.12*
2

3 ( )ia +0.02*
2

4 ( )ia  

VIII  var 
f2 = 15 - 6*

2

1 ( )ia  + 7*
2

2 ( )ia +0.06*
2

3 ( )ia -20*
2

4 ( )ia  

f3 = -6*
2

1 ( )ia  + 8*
2

2 ( )ia  + 0.06*
2

3 ( )ia  + 2*
2

4 ( )ia  

IX  

3 5 

const f1 = 0.2 +3*
2

1 ( )ia -4*
2

2 ( )ia +2.12*
2

3 ( )ia +0.02*
2

4 ( )ia -5*
2

5 ( )ia  

X var 
f2 = 5 - 6*

2

1 ( )ia  + 7*
2

2 ( )ia +0.06*
2

3 ( )ia -20*
2

4 ( )ia +0.8*
2

5 ( )ia  

f3 = - 6*
2

1 ( )ia  + 8*
2

2 ( )ia  + 0.06*
2

3 ( )ia  + 2*
2

4 ( )ia  -1.2*
2

5 ( )ia  

 

ʆʯʝʥʴ, ʚʘʞʥʘ ʩʘʤʘ ʧʦ ʩʝʙʝ, ʠ ʪʦʯʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʘ 

Q, ʦʩʦʙʝʥʥʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʚʭʦʜʘʭ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ ʰʫʤʦʚ. ɼʣʷ 

ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʦʚʦʜʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ɺʕ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʄʇʕ ʜʣʷ 

ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ ʚ ʪʘʙʣ.1 ʢ ʟʥʘʯʝʥʠʷʤ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ja  ʜʦʙʘʚʣʷʣʠʩʴ 

ʰʫʤʳ 
jb, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ( , )j jb b-

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 1jb <<, ʪ.ʝ, ʵʣʝʤʝʥʪʳ ʩʪʨʦʢʠ ,s ja  ʚ ʄʇʕ ʨʘʚʥʷʣʠʩʴ 
,s ja  = 

ja

+
jb. ɼʘʣʝʝ, ʩʯʠʪʘʣʠ ʦʪʥʦʰʝʥʠʝ otn ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʤʘʪʨʠʮ 

{ }ija  ʠ { }ijb : ( ) / ( ).otn s b s a=  ɼʣʷ ʨʷʜʘ ʟʥʘʯʝʥʠʡ otn ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ î ʧʦ 

ʤʘʪʨʠʮʘʤ { }ija  ʠ { },s ija  ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ĕ
jq ʠ 

,
Ĕ
s jq  ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ (3). ʇʦ ʵʪʠʤ ʦʮʝʥʢʘʤ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚʳʯʠʩʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ 
jd ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 

,
Ĕ
ʊ jq  ʠʟ ʫʨʘʚʥʝʥʠʷ (3) ʠ 

,
Ĕ
s jq , ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 
,s jd  ʤʝʞʜʫ Ĕ

jq ʠ 
,
Ĕ
s jq  ʧʦ ʬʦʨʤʫʣʘʤ: 

                        , , ,
Ĕ Ĕ Ĕ( )j ʊ j s j ʊ jd q q q= -  ʠ 

, ,

Ĕ Ĕ Ĕ( ) .s j j s j j
d q q q= -                             (9) 

 

ɽʩʣʠ ʚ ʪʝʩʪʦʚʦʡ ʬʫʥʢʮʠʠ ,0
Ĕ 0,ʊq = ʪʦ ʫʢʘʟʘʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʩʯʠʪʘʣʠʩʴ ʧʦ 

ʬʦʨʤʫʣʘʤ:  

                                        
,
Ĕ

j s jd q=  ʠ 
, ,

Ĕ Ĕ.s j j s j
d q q= -                                      (10) 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʬʦʨʤʫʣʘʤ (9) ʠ (10) ʫʩʨʝʜʥʷʣʠʩʴ ʜʣʷ ʢʘʞʜʦʛʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

                                       
0

1

1 j
j

J

J
d d

=+
= ä  ʠ ,

0

1

1
s s j

j

J

J
dd

=+
= ä                                  (11) 

ʠ ʵʪʠ ʚʝʣʠʯʠʥʳ d ʠ sd  ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ otn ʠ î. 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ (11) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ î ʧʦʢʘʟʘʣ, ʯʪʦ 

ʪʦʯʥʦʩʪʠ d ʠ sd ʧʦʜʯʠʥʷʶʪʩʷ ʪʦʡ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ î, ʯʪʦ ʠ ʦʙʱʠʝ 

ʢʨʠʪʝʨʠʠ ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ: ʯʝʤ ʣʫʯʰʝ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘ (6) ʠ 

(7), ʪʝʤ ʚʳʰʝ ʵʪʠ ʪʦʯʥʦʩʪʠ. ʊʘʢʞʝ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʧʨʠ Mj = var ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʟʥʘʯʝʥʠʡ î, ʯʪʦ ʠ ʧʨʠ Mj =const, ʠʩʩʣʝʜʫʝʤʳʝ ʪʦʯʥʦʩʪʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʚʳʰʝ: ʵʪʦʪ ʵʬʬʝʢʪ ʫʞʝ ʦʙʲʷʩʥʸʥ ʚʳʰʝ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʟʥʘʯʝʥʠʷʭ î ʪʦʯʥʦʩʪʠ sd  ʚʩʝʛʜʘ ʚʳʰʝ ʪʦʯʥʦʩʪʝʡ d. ʕʪʦʪ ʵʬʬʝʢʪ ʦʙʷʟʘʥ 
ʩʧʦʩʦʙʫ ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤʫʣ (4) ï ʤʝʪʦʜʫ ʄʅʂ, ʢʦʪʦʨʳʡ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʠʣʴʪʨʦʤ ʦʪ ʧʦʤʝʭ. 

ʈʝʟʶʤʠʨʫʷ ʠʟʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʣʘʛʘʝʤ ʯʪʦ ʬʦʨʤʫʣʳ (4) 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ɺʕ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʄʄ, ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʦʧʠʩʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʧʝʨʸʜ ʟʘʜʘʥʥʫʶ 

ʪʦʯʥʦʩʪʴ, ʝʩʣʠ ʫʩʪʘʥʦʚʣʝʥ ʩʘʤ ʬʘʢʪ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢʨʠʪʝʨʠʝʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʧʝʨʝʡʪʠ ʦʪ ʩʣʦʞʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢ ʧʨʦʩʪʳʤ (ʥʘʧʨʠʤʝʨ, 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʣʝʜʥʠʝ ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʘ ʠʥʦʛʜʘ, ʠ ʢʘʢ ʦʢʦʥʯʘʪʝʣʴʥʳʝ. 
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ʂ ɸʅɸʃʀʊʀʏɽʉʂʀʄ ʈɽʐɽʅʀʗʄ ɺ ʄʀʂʈʆʇʆʃʗʈʅʆʁ ʊɽʆʈʀʀ 

ʊʆʅʂʀʍ ʊɽʃ ʉ ʆɼʅʀʄ ʄɸʃʓʄ ʈɸɿʄɽʈʆʄ 

 

 ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʨʦʝʥ ʦʙʨʘʪʥʳʡ ʤʘʪʨʠʯʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʥʟʦʨ-

ʦʧʝʨʘʪʦʨ ʢ ʤʘʪʨʠʯʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʪʝʥʟʦʨʫ-ʦʧʝʨʘʪʦʨʫ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ ʤʠʢʨʦʧʦʣʷʨʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠ ʚʨʘʱʝʥʠʷʭ ʜʣʷ 

ʠʟʦʪʨʦʧʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʥʪʨʦʤ ʩʠʤʤʝʪʨʠʠ. ʇʦʣʫʯʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʚʨʘʱʝʥʠʡ. ʂʘʢ ʯʘʩʪʥʳʝ 

ʩʣʫʯʘʠ ʠʟ ʥʠʭ ʧʦʣʫʯʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʝʜʫʮʠʨʦʚʘʥʥʦʡ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʨʝʜ. 

ʀʟ ʨʘʩʱʝʧʣʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʠʢʨʦʧʦʣʷʨʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʦʣʫʯʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʱʝʧʣʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʪʝʣ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠ ʚʨʘʱʝʥʠʷʭ, ʠʟ 

ʢʦʪʦʨʳʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʚ ʤʦʤʝʥʪʘʭ ʥʝʠʟʚʝʩʪʥʳʭ 

ʚʝʢʪʦʨʥʳʭ ʬʫʥʢʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʶʙʳʭ ʩʠʩʪʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʦʣʠʥʦʤʦʚ. 

ʇʦʣʫʯʝʥʳ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ (ʩ ʥʫʣʝʚʦʛʦ ʧʦ 

ʚʦʩʴʤʦʛʦ ʧʦʨʷʜʢʘ) ʚ ʤʦʤʝʥʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤ ʧʦʣʠʥʦʤʦʚ ʃʝʞʘʥʜʨʘ, 

ʢʦʪʦʨʳʝ ʨʘʩʱʝʧʣʝʥʳ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʥʝʠʟʚʝʩʪʥʦʡ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ 

ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʩʠʣʫ ʤʝʪʦʜʘ 

ɺʝʢʫʘ ʜʣʷ ʥʠʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ʈʘʩʱʝʧʣʝʥʳ ʠ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʪʝʣ ʩ ʢʫʩʦʯʥʦ-ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʝʡ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʧʦʣʷʨʥʘʷ ʪʝʦʨʠʷ, ʪʦʥʢʦʝ ʪʝʣʦ, ʪʝʥʟʦʨ-ʦʧʝʨʘʪʦʨ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʠ ʚʨʘʱʝʥʠʷ, ʪʝʥʟʦʨ-ʦʧʝʨʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ 

ʠ ʤʦʤʝʥʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʣʠʥʦʤʳ ʃʝʞʘʥʜʨʘ, ʨʝʜʫʮʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ. 

 
Nikabadze M.U., Ulukhanyan A.R. 

ON ANALYTICAL SOLUTIONS IN THE MICROPOLAR THEORY OF THIN BODIES 

WITH ONE SMALL DIMENSION  

 Abstract. The inverse matrix differential tensor-operator to the matrix differential tensor-

operator of equations of motion in displacements and rotations for isotropic homogeneous materials 

with a center of symmetry of the micropolar elasticity theory is built. We obtain the equations in 

displacement and rotation vectors separately. As a special case, the equations of reduced and 

classical continuums are obtained. From the decomposed equations of micropolar elasticity theory, 

we obtain the corresponding decomposed equations of quasi-static problems of the theory of 

prismatic bodies with constant thickness in displacements and rotations. From them we derive the 

equations in moments of unknown vector functions with respect to any systems of orthogonal 

polynomials. We obtain the various approximations systems of equations (from zero to eighth 

order) in moments with respect to the systems of Legendre polynomials. These systems split and for 

each moment of unknown vector-function we obtain an equation of elliptic type of high order. 

Using the method of Vekua, we can get their analytical solution. The boundary conditions for the 

body with piecewise-plane boundary are also decomposed. 

 Key words: micropolar theory, thin body, tensor-operator of the equations of motion in 

displacements and rotations, tensor-operator of stress and couple stress, Legendre polynomials, 

reduced medium.  
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ʆʇʈɽɼɽʃɽʅʀɽ ʈɸʉʉʊʆʗʅʀʗ ɼʆ ʆɹʒɽʂʊɸ ʇʆ ʉɽʈʀʀ ɽɻʆ 

ʀɿʆɹʈɸɾɽʅʀʁ 
 

 ɸʥʥʦʪʘʮʠʷ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʪʠʯʥʦʛʦ ʠʣʠ ʜʚʠʛʘʶʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʩʪʝʨʝʦʟʨʝʥʠʷ ʠ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʘ. ʀʟ ʚʩʝʛʦ 

ʩʧʝʢʪʨʘ ʮʚʝʪʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʘ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʩʠʥʠʡ, ʟʝʣʝʥʳʡ, 

ʢʨʘʩʥʳʡ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ ʠ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʜʝʬʝʢʪʦʚ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʫʪʝʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʪʝʣʝʞʢʠ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʬʦʪʦʬʠʢʩʘʮʠʠ, ʨʘʟʤʳʪʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʤʦʜʝʣʴ RGB, ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. 

____________________________________________________________________ 
Loktev D.A., Loktev A.A. 

 

Determination of the distance to the object by a series of its images 
  

 Abstract. The main aim of this paper is to modify the method of determination of the 

distance to the object by examining its images. A complex method of determining parameters of a 

static or moving object is developed. It bases on the use of algorithms for stereo vision and blur of 

the image of the object. It is proposed to allocate blue, green and red colors from total spectrum of 

colors available in the image object. The proposed computational scheme and methods may be 

implemented for detecting defects of roadôs superstructure by using track measuring truck. 

 Keywords: system of monitoring and photofixation, blur of the image, focal length, the 

RGB model, the accuracy of the calculations. 

________________________________________________________________________________ 
 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʚʩʝ 

ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʦʣʫʯʘʪʴ ʠ ʧʨʦʚʦʜʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ. 

ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʦʤ, ʩʠʩʪʝʤʳ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛʘ ʠ ʪ.ʜ. 

ʄʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ 

ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʙʦʣʴʰʠʭ ʢʣʘʩʩʘ, ʚ ʦʜʥʦʤ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʪʠʚʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʘ ʚ ʜʨʫʛʦʤ ʧʘʩʩʠʚʥʳʝ. ɸʢʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʟʣʫʯʘʶʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʦʪ ʠ ʠʩʩʣʝʜʫʶʪ ʦʪʨʘʞʝʥʥʳʝ ʦʪ 

ʦʙʲʝʢʪʘ ʚʦʣʥʳ, ʥʦ ʯʘʩʪʦ ʨʘʩʢʨʳʚʘʝʪ ʩʘʤʦ ʥʘʣʠʯʠʝ ʘʢʪʠʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʘʩʩʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ ʧʦ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʶ ʠʣʠ ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʳʯʥʳʝ ʚʠʜʝʦʜʝʪʝʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʚʳʩʦʢʦʡ ʯʝʪʢʦʩʪʠ ʩ 
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ʨʘʚʥʦʚʦʟʤʦʞʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚʩʝʭ ʮʚʝʪʦʚ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʧʦ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʷʚʣʷʶʪʩʷ 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʘʜʨʝ ʠ ʩʪʝʨʝʦʟʨʝʥʠʝ. 

ʅʝʢʦʪʦʨʳʝ ʟʘʨʫʙʝʞʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [1,2] ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤʘʭ 

ʚʠʜʝʦ- ʠ ʬʦʪʦʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʳʭ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʡʜʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝʤ ʚ ʢʘʜʨʝ. ɺ ʨʘʙʦʪʝ [1] 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʲʝʢʪʘ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʜʦ 

ʥʝʛʦ ʨʘʩʩʪʦʷʥʠʶ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ 5% (ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ 10 ʤʝʪʨʦʚ). 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ [2] ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʩʧʨʘʚʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚ ʥʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʛʣʫʙʠʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʠʥʦʤʳ ʕʨʤʠʪʘ. ʇʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ ʯʝʨʝʟ ʨʘʟʤʳʪʠʝ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠ ʚ 

ʨʘʙʦʪʝ [3], ʧʨʠʯʝʤ ʜʣʷ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʍʘʘʨʘ, 

ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʧʨʦʩʪʝʡʰʠʭ 

ʮʚʝʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʠʪʠʚʦʚ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʨʝʟʢʦʩʪʴ ʩʠʩʪʝʤ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʚʝʡʚʣʝʪ - ʘʥʘʣʠʟʘ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʦʪʦʛʨʘʬʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʠʣʠ ʧʨʠ 

ʨʘʙʦʪʝ ʧʫʪʝʠʟʤʝʨʠʪʝʣʷ [4], ʪ.ʝ. ʢʦʛʜʘ ʜʚʠʞʝʪʩʷ ʥʝ ʩʘʤ ʦʙʲʝʢʪ, ʘ ʩʠʩʪʝʤʘ ʝʛʦ 

ʚʠʜʝʦ ʠ ʬʦʪʦʬʠʢʩʘʮʠʠ. ɺʝʡʚʣʝʪ ï ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʳʪʠʝ 

ʦʪʜʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʙʱʝʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʯʪʦ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [5]. 

ɺ ʨʘʙʦʪʝ [6] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʘʟʤʳʪʠʷ ʚʳʜʚʠʛʘʝʪʩʷ ʠʜʝʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʫʛʣʦʚʳʭ ʯʘʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʨʫʛʠʤʠ ʧʦʜʭʦʜʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʟʨʝʥʠʝ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʳʪʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʚʝʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ 

[7]. ʂʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʝʘʣʠʟʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʮʝʜʫʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʪʠʯʥʦʛʦ ʠʣʠ ʜʚʠʛʘʶʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ ʩʪʝʨʝʦʟʨʝʥʠʷ ʠ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʜʚʫʭ 

ʢʘʤʝʨ. ʀʟ ʚʩʝʛʦ ʮʚʝʪʦʚʦʛʦ ʩʧʝʢʪʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʩʠʥʠʡ, ʟʝʣʝʥʳʡ, 

ʢʨʘʩʥʳʡ, ʨʘʟʤʳʪʠʝ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ. ɿʘ 

ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʟʤʳʪʠʝ ʧʨʠʥʷʪʴ ʨʘʟʤʳʪʠʝ ʧʠʢʩʝʣʝʡ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ (ʧʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ), ʧʨʠ ʢʨʘʩʥʦʤ ʮʚʝʪʝ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʜʠʘʧʘʟʦʥʘ ʨʘʟʤʳʪʠʝ ʙʫʜʝʪ ʙʣʠʞʝ 

ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ (ʈʠʩ.1). 
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ʈʠʩ. 1. ʌʦʢʫʩʠʨʦʚʢʘ ʣʫʯʝʡ ʢʨʘʩʥʦʛʦ ʠ ʟʝʣʝʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

 

ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʦʩʪʠ ʚ ʨʘʟʤʳʪʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʚʝʪʦʚ, 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʜʝʪʝʢʪʦʨʘ ʜʦ ʦʙʲʝʢʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʥʝ ʬʦʢʫʩʘ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ ʚ ʬʦʢʫʩʝ ʠʟʚʝʩʪʥʦ, ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ: 

Dpf
z ,

D d f dp
 (1) 

ʛʜʝ f ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, p ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʬʦʢʫʩʥʦʡ ʪʦʯʢʝ, D ï ʜʠʘʤʝʪʨ ʣʠʥʟʳ, d ï ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʨʘʟʤʳʪʠʷ (ʩʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʨʘʟʤʳʪʠʝ ʚ ʪʦʯʢʝ ʧʨʦʠʩʭʦʜʠʪ ʦʜʠʥʘʢʦʚʦ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʳʪʠʷ ʦʙʲʝʢʪʘ (ʨʠʩ.2) (ʜʠʘʤʝʪʨʘ ʧʷʪʥʘ ʨʘʟʤʳʪʠʷ ʠʣʠ 

ʜʠʩʧʝʨʩʠʠ) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ [7] 

rip fip
fip

B
D D

D
s= - , (2) 

ʛʜʝ s - ʚʝʣʠʯʠʥʘ ʨʘʟʤʳʪʠʷ ʦʙʲʝʢʪʘ, B ï ʚʝʣʠʯʠʥʘ ʘʧʝʨʪʫʨʳ, Drip ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʮʝʥʪʨʘ ʦʙʲʝʢʪʠʚʘ ʜʦ ʧʣʦʩʢʦʩʪʠ ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʦʙʲʝʢʪ, Dfip ï ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʦʙʲʝʢʪʠʚʘ ʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʦʙʲʝʢʪʘ.  

 

 

 

 

 

 

 

 

 
 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʚʳʧʦʣʥʝʥʠʷ ʦʮʝʥʢʠ ʛʣʫʙʠʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʤʳʪʠʷ ʠʟ-ʟʘ 

ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ ʜʣʷ ʩʣʫʯʘʷ rip fipD D²  
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ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʝ Dfip ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʜʚʫʤ ʚʳʨʘʞʝʥʠʷʤ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ (ʜʦ ʠʣʠ ʧʦʩʣʝ ʧʣʦʩʢʦʩʪʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ) 

fip
rip fip

D
D D

B

s
= ° ,  (3) 

ʟʥʘʢ ç+è ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ rip fipD D² , ʟʥʘʢ çïè ʩʦʦʪʚʝʪʩʪʚʫʝʪ rip fipD D< . 

ɽʩʣʠ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ (1) ï (3) ʫʯʠʪʳʚʘʪʴ ʟʘʨʘʥʝʝ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ 

ʚʝʣʠʯʠʥʳ, ʥʘʧʨʠʤʝʨ, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ob
fip

ob

f D
D

D f

Ö
=

-
. (4) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ ʧʦ ʝʛʦ ʨʘʟʤʳʪʠʶ ʥʘʜʦ ʫʟʥʘʪʴ 

ʟʥʘʯʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʨʘʟʤʳʪʠʷ ʚʩʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʝʩʣʠ ʨʘʟʤʝʨʳ ʧʠʢʩʝʣʷ 

ʙʦʣʴʰʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʦ ʢʘʜʨ ʧʦʣʫʯʘʝʪʩʷ ʩ ʦʪʣʠʯʥʦʡ 

ʨʝʟʢʦʩʪʴʶ, ʵʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʘʟʤʳʪʠʝ ʦʪʜʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʡ ʨʘʟʤʳʪʦʩʪʠ ʢʘʜʨʘ. 

ɼʣʷ ʢʨʘʩʥʦʛʦ ʠ ʟʝʣʝʥʦʛʦ ʮʚʝʪʦʚ (ʈʠʩ.1) ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʢʦʤʧʦʥʝʥʪʳ ʤʦʜʝʣʠ RGB (ʈʠʩ.3) ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʨʘʟʤʳʪʠʝ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ 

ʩʯʠʪʘʝʤ ʥʫʣʝʚʳʤ, ʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʳʙʨʘʥʥʦʛʦ 

ʦʙʲʝʢʪʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 

r

r

x Fr Fg
d ,

( x Fr ( Fg Fr ) D
 (5) 

ʛʜʝ ȹʭr ï ʜʠʘʤʝʪʨ ʨʘʟʤʳʪʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʲʝʢʪʘ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, Fr ʠ Fg ï 

ʬʦʢʫʩʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʣʠʥʟʳ ʠʩʧʦʣʴʟʫʝʤʦʡ ʢʘʤʝʨʳ ʜʣʷ ʢʨʘʩʥʦʛʦ ʠ ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, D ï ʜʠʘʤʝʪʨ ʣʠʥʟʳ ʢʘʤʝʨʳ. 

ʌʦʢʫʩʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʣʠʥʟʳ ʜʣʷ ʨʘʟʥʳʭ ʮʚʝʪʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʳʪʥʳʤ ʧʫʪʝʤ [7]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ 

ʩʣʦʞʥʦʩʪʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʮʝʥʢʠ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʜʣʷ ʵʪʦʛʦ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʫʩʩʦʚʩʢʦʝ ʠʣʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʆʜʥʠʤ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʪʨʝʙʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʩʠʩʪʝʤʦʡ ʧʘʩʩʠʚʥʦʛʦ ʩʪʝʨʝʦʟʨʝʥʠʷ, ʪʦ ʝʩʪʴ ʜʚʫʤʷ ʠʜʝʥʪʠʯʥʳʤʠ 

ʢʘʤʝʨʘʤʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ. 

 

 
 

ʈʠʩ.3. ʈʘʟʣʦʞʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ RGB-ʮʚʝʪʘ 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ ʢʘʤʝʨ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʷʤʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

                                       1 2( )
ʥ

d H
r

tg x xa

Ö
=

Ö -
,                                         (6) 

ʛʜʝ d ï ʙʘʟʘ (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʤʝʨʘʤʠ), ʅ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, Ŭ ï ʫʛʦʣ ʦʙʟʦʨʘ ʢʘʤʝʨʳ, ʭ1 ʠ ʭ2 ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, ʜʦ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ, ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʢʘʤʝʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤʫʣʳ (6) ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ 

ʩ ʢʘʤʝʨ, ʨʝʢʪʠʬʠʮʠʨʦʚʘʥʳ, ʪʦ ʝʩʪʴ ʢʘʤʝʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢ, ʯʪʦ ʚ ʠʭ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ, ʜʦ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ, ʫ1 ʠ ʫ2 ʨʘʚʥʳ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʙʘʟʫ ʜʦ ʨʘʩʩʪʦʷʥʠʷ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, ʯʪʦ ʠ 

ʠʟʤʝʨʷʝʤʦʝ, ʘ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʙʳʚʘʝʪ ʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ. 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʤʳʪʠʷ ʢʘʢ ʬʫʥʢʮʠʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʦʙʲʝʢʪʘ ʧʨʠ ʬʦʢʫʩʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ, ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʮʚʝʪʦʚʦʡ ʦʮʝʥʢʠ ʨʘʟʤʳʪʠʷ, 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʚʳʯʠʩʣʝʥʘ ʩʦʛʣʘʩʥʦ ʩʦʦʪʥʦʰʝʥʠʶ (2) ʙʝʟ ʫʯʝʪʘ ʨʘʟʥʦʩʪʠ 

ʨʘʟʤʳʪʠʷ ʦʪʜʝʣʴʥʳʭ ʮʚʝʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʢʨʫʞʢʘʤʠ ʠʟʦʙʨʘʞʝʥʳ 

ʪʦʯʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʤʝʪʦʜʠʢʝ [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʳʪʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ 
 

ʅʘ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʩ ʨʘʩʩʪʦʷʥʠʷ 3ʤʝʪʨʘ ʤʝʞʜʫ ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ ʠ 

ʦʙ̡ʝʢʪʦʤ ʨʘʩʪʝʪ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 
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ʧʦʜʙʠʨʘʪʴ ʥʫʞʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʚʳʜʝʨʞʢʦʡ, 

ʜʠʘʬʨʘʛʤʦʡ, ʘ ʪʘʢʞʝ ʙʘʟʦʡ ʤʝʞʜʫ ʜʚʫʤʷ ʜʝʪʝʢʪʦʨʘʤʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʪʝʨʝʦʟʨʝʥʠʷ, ʨʘʩʩʪʦʷʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʛʨʘʬʠʡ ʨʠʩ. 3 ʧʦʣʫʯʘʝʪʩʷ 15ʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʨʘʟʤʳʪʠʷ ï 13ʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʩ ʨʘʟʣʦʞʝʥʠʝʤ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʪʨʠ ʮʚʝʪʘ, ʧʦʣʫʯʘʝʤ 12ʤ, ʨʝʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ ʚ 

ʤʦʤʝʥʪ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ (ʨʠʩ. 3) ʦʢʦʣʦ 11,5ʤ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ ʠ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ 

ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʝʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʜʚʠʛʘʶʱʝʡʩʷ 

ʩʠʩʪʝʤʝ ʬʦʪʦʬʠʢʩʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʚʝʨʭʥʝʛʦ 

ʩʪʨʦʝʥʠʷ ʧʫʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʘʛʦʥʘ-ʧʫʪʝʠʟʤʝʨʠʪʝʣʷ ʠʣʠ 

ʧʫʪʝʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʣʝʞʢʠ. 
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ʇʈɽɼʃʆɾɽʅʀʗ ʇʆ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʖ ʇʈʆʎɽʉʉɸ  

ʊɽʉʊʀʈʆɺɸʅʀʗ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʂʆʄʇɸʅʀʀ 

ç[X]CUBELABSè 
 

 ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ çʊʝʩʪʠʨʦʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʢʦʤʧʘʥʠʠ ç[x]cubeLABSè, ʧʨʝʜʣʘʛʘʝʪ ʩʧʦʩʦʙʳ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ ʚ ʌʠʥʘʥʩʦʚʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 
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ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʠʟʫʯʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ çʊʝʩʪʠʨʦʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʢʦʤʧʘʥʠʠ çX cube labsè ʠ ʧʨʝʜʣʦʞʝʥʠʝ ʩʧʦʩʦʙʦʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

¶ ʧʦʩʪʨʦʠʪʴ ʜʝʨʝʚʦ ʮʝʣʝʡ ʢʦʤʧʘʥʠʠ; 

¶ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʘʥʠʠ; 

¶ ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʠ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ ʚ ʢʦʥʪʝʢʩʪʝ ʜʝʨʝʚʘ ʮʝʣʝʡ 
ʢʦʤʧʘʥʠʠ; 

¶ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ, ʨʘʟʨʘʙʦʪʘʪʴ ʜʠʘʛʨʘʤʤʫ 
ʦʢʨʫʞʝʥʠʷ ʧʨʦʮʝʩʩʘ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ: ʪʘʙʣʠʯʥʦʝ ʦʧʠʩʘʥʠʝ ʠ EPC-

ʜʠʘʛʨʘʤʤʫ ʧʨʦʮʝʩʩʘ; 

¶ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ. 

ç[x]cubeLABSè ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʢʦʤʧʘʥʠʡ 

ʚ ʩʬʝʨʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʂʦʤʤʘʥʜʘ ç[x]cubeLABSè 

ʨʘʟʨʘʙʦʪʘʣʘ ʙʦʣʝʝ 500 ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʩʝʛʤʝʥʪʦʚ [1].  

ɺ ʢʦʤʧʘʥʠʠ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʇʆ. 

ʆʜʥʠʤ ʠʟ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
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ʊʝʩʪʠʨʦʚʘʥʠʝ ʇʆ ð ʧʨʦʮʝʩʩ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʳʪʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʠʤʝʶʱʠʡ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʮʝʣʠ: 

¶ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠ ʟʘʢʘʟʯʠʢʘʤ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ; 

¶ ʚʳʷʚʠʪʴ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʚʝʜʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʘʚʠʣʴʥʳʤ, ʠʣʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʧʝʮʠʬʠʢʘʮʠʠ. 

ʊʝʤ ʩʘʤʳʤ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ, ʢʦʤʧʘʥʠʷ ʤʦʞʝʪ 

ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʇʆ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʇʆ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʦʪʥʦʰʝʥʠʡ ʩ ʢʣʠʝʥʪʘʤʠ, ʪ.ʢ. ʦʪ ʥʠʭ ʙʫʜʝʪ ʧʦʩʪʫʧʘʪʴ 

ʤʝʥʴʰʝ ʞʘʣʦʙ ʠ ʚ ʮʝʣʦʤ, ʦʥʠ ʙʫʜʫʪ ʜʦʚʦʣʴʥʳ ʧʨʦʜʫʢʪʦʤ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʦʪʥʦʰʝʥʠʡ ʩ ʢʣʠʝʥʪʘʤʠ, ʦʯʝʥʴ ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʭʦʜʦʚ 

ʢʦʤʧʘʥʠʠ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʠʙʳʣʴʥʦʩʪʴ ʠ ʫʣʫʯʰʠʪʴ ʬʠʥʘʥʩʦʚʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʘʥʠʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʯʘʩʪʚʫʶʪ 

ʩʣʝʜʫʶʱʠʝ ʦʪʜʝʣʳ: 

¶ ʦʪʜʝʣ ʪʝʩʪʠʨʦʚʘʥʠʷ; 

¶ ʦʪʜʝʣ ʨʘʟʨʘʙʦʪʢʠ; 

¶ ʦʪʜʝʣ ʘʥʘʣʠʪʠʢʠ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʆʪʜʝʣ ʘʥʘʣʠʪʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʜʫʢʪʫ ʠ ʧʦʤʝʱʘʝʪ 

ʠʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ çTeam Foundation Serverè.  

2. ʆʪʜʝʣ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʦʪʜʝʣʘ ʘʥʘʣʠʪʠʢʠ, ʠ ʧʦʤʝʱʘʝʪ ʝʛʦ ʥʘ ʩʝʪʝʚʦʡ ʜʠʩʢ. 

3. ʆʪʜʝʣ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʧʠʨʫʝʪ ʪʨʝʙʦʚʘʥʠʷ ʠʟ ʀʉ çTeam Foundation 

Serverè ʚ ʀʉ çJiraè ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ.  

4. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʦʪʜʝʣ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʪʝʩʪ-ʢʝʡʩʳ. 

5. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʩʪ-ʢʝʡʩʦʚ ʧʨʦʚʦʜʠʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ. 

6. ɽʩʣʠ ʥʘʡʜʝʥʘ ʦʰʠʙʢʘ ʚ ʧʨʠʣʦʞʝʥʠʠ, ʟʘʚʦʜʠʪʩʷ ʙʘʛ ʚ ʀʉ çJiraè, 

ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʜʫʙʣʠʨʫʝʪʩʷ ʚ ʀʉ çTFSè. 

7. ɽʩʣʠ ʪʝʩʪ-ʢʝʡʩ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦʛʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ 

ʧʨʦʚʝʨʢʝ ʩʣʝʜʫʶʱʝʛʦ ʪʝʩʪ-ʢʝʡʩʘ. 

8. ɽʩʣʠ ʚʩʝ ʪʝʩʪ-ʢʝʡʩʳ ʧʨʦʚʝʨʝʥʳ, ʪʦʛʜʘ ʩʦʟʜʘʝʪʩʷ ʦʪʯʝʪ ʦ 

ʧʨʦʚʝʜʝʥʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʪʠʢʠ 

ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʪʜʝʣ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ çTFSè. ʅʦ ʩʘʤ ʦʪʜʝʣ ʨʘʙʦʪʘʝʪ ʩ 

ʩʠʩʪʝʤʦʡ çJIRAè. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ: 

1. ʆʪʜʝʣʫ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʟʘʪʨʘʯʠʚʘʪʴ ʚʨʝʤʷ ʠ ʫʩʠʣʠʷ ʥʘ ʪʦ, 

ʯʪʦʙʳ ʧʝʨʝʥʝʩʪʠ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʠʟ ʦʜʥʦʡ ʀʉ ʚ ʜʨʫʛʫʶ.  

2. ʇʨʠ ʧʝʨʝʥʦʩʝ ʪʨʝʙʦʚʘʥʠʡ, ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʦʰʠʙʢʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ.  

3. ʊʝʩʪʠʨʦʚʱʠʢʘʤ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʨʘʙʦʪʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʜʚʫʭ 

ʩʠʩʪʝʤʘʭ. ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʚʳʰʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ. 
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ʀʟ-ʟʘ ʵʪʠʭ ʧʨʦʙʣʝʤ ʢʦʤʧʘʥʠʷ ʥʝʩʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʠ 

ʚʨʝʤʝʥʥʳʝ ʧʦʪʝʨʠ.  

ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʨʝʰʝʥʠʝʤ, ʷʚʣʷʝʪʩʷ ʧʝʨʝʚʦʜ ʦʪʜʝʣʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʦʪʜʝʣʘ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʜʥʫ ʀʉ. ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. 

çJIRAè ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʪʜʝʣʦʤ ʨʘʟʨʘʙʦʪʢʠ ʧʦʪʦʤʫ, ʯʪʦ ʵʪʦ 

ʩʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʥʠʷ ʦʰʠʙʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʱʝʥʠʷ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ [2]. ʆʥʘ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʛʠʝ ʚʘʞʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʬʫʥʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʢʦʥʪʨʦʣʴ ʚʝʨʩʠʡ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ çTFSè [3]. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ çTFSè ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʜʝʣʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʱʝʥʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ.  

ʇʦʵʪʦʤʫ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦʩʣʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ, 

ʘʚʪʦʨʦʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʯʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʨʘʙʦʪʳ ʠ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʫ ʩʦʪʨʫʜʥʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʤʝʞʜʫ ʀʉ çTFSè ʠ ʀʉ çJIRAè, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʪʨʝʙʦʚʘʥʠʷʭ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʢʨʠʧʪ, ʥʘʧʠʩʘʥʥʳʡ ʜʣʷ 

ʧʨʦʛʨʘʤʤʥʦʡ ʫʪʠʣʠʪʳ LINQPad [4]. ɼʘʥʥʳʡ ʩʢʨʠʧʪ ʤʦʞʝʪ ʟʘʧʫʩʢʘʪʴʩʷ 

ʧʣʘʥʠʨʦʚʱʠʢʦʤ ʟʘʜʘʯ ʢʘʞʜʦʝ ʫʪʨʦ ʚ 5:00 ʠʣʠ ʚʨʫʯʥʫʶ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ).  

ʇʦʩʣʝ ʟʘʧʫʩʢʘ, ʦʥ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʜʚʫʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ: 

1. ʧʨʦʩʪʦʪʘ ʥʘʧʠʩʘʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ɹɼ; 

2. ʧʨʦʛʨʘʤʤʥʘʷ ʫʪʠʣʠʪʘ LINQPad ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦʡ; 

3. ʥʠʟʢʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ (ʪ.ʢ. ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʟʘʧʫʩʢʘʝʪʩʷ 

ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʩʠʩʪʝʤʘʤʠ ʥʠʢʪʦ ʥʝ ʧʦʣʴʟʫʝʪʩʷ); 

4. ʩʦʢʨʘʱʘʝʪʩʷ ʯʠʩʣʦ ʦʰʠʙʦʢ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ 

çʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʢʦʤʧʘʥʠʠ ç[x]cubeLABSè, ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʰʘʛ ˉ3 ʧʨʦʮʝʩʩʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʇʆ (ʆʪʜʝʣ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʢʦʧʠʨʫʝʪ ʪʨʝʙʦʚʘʥʠʷ ʠʟ ʀʉ çTeam Foundation Serverè ʚ ʀʉ çJiraè ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ.) ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ. ʀʩʢʣʶʯʘʶʪʩʷ ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-

ʟʘ ʨʫʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʨʝʙʦʚʘʥʠʡ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ. ʀ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʫʤʝʥʴʰʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʪʝʩʪʠʨʦʚʘʥʠʝ ʇʆ. 
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ʇʈʆɻʈɸʄʄʅɸʗ ʄʆɼɽʃʔ ʀʉʉʃɽɼʆɺɸʅʀʗ ʊʋʇʀʂʆɺʓʍ 

ʉʀʊʋɸʎʀʁ ɺ ʆʇɽʈɸʎʀʆʅʅʆʁ ʉʀʉʊɽʄɽ 
 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʜʭʦʜ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʷʚʣʝʥʠʶ ʪʫʧʠʢʦʚʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʠʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʠ 

ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʢʣʘʩʩʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʤʦʜʝʣʴ.  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʧʠʢ, ʧʨʦʮʝʩʩ, ʨʝʩʫʨʩ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ.  

________________________________________________________________________________ 

Colicky K.N. 

 

Software model for deadlock studies in operating system 
 

 Abstract. In the article an approach for detecting the computing system states, provoking 

deadlock, is proposed. The structure of the model and the basic methods of a class that implements 

the model are discussed. 

  Keywords: deadlock, process, resource, neural network. 
________________________________________________________________ 
 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʫʣʴʪʠʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʦʜʥʦʡ ʠʟ ʩʝʨʴʝʟʥʳʭ ʠ ʪʨʫʜʥʦʨʘʟʨʝʰʠʤʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʪʫʧʠʢʦʚ. ɼʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʣʶʙʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʩʠʩʪʝʤʥʦʡ, ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʪʨʝʙʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʨʝʩʫʨʩʳ. ʆʜʥʠ ʠʟ ʥʠʭ (ʧʘʤʷʪʴ ʠ ʚʨʝʤʷ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ) ʪʨʝʙʫʶʪʩʷ ʚʩʝʛʜʘ, ʜʨʫʛʠʝ ʨʝʩʫʨʩʳ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ɺʳʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʧʝʨʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʩʪʘʪʠʯʝʩʢʠ ʧʨʠ  ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʚ ʭʦʜʝ ʝʛʦ 

ʨʘʙʦʪʳ ʧʦ ʝʛʦ ʪʨʝʙʦʚʘʥʠʶ. ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚʦʟʤʦʞʥʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʫʧʠʢʦʚʳʭ ʩʠʪʫʘʮʠʡ. ʇʨʦʮʝʩʩ ʥʘʭʦʜʠʪʩʷ ʚ ʪʫʧʠʢʝ, ʝʩʣʠ ʦʥ ʞʜʝʪ 

ʩʦʙʳʪʠʷ, ʢʦʪʦʨʦʝ ʥʠʢʦʛʜʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʤʦʞʥʘ, ʝʩʣʠ 

ʥʝʢʦʪʦʨʳʡ ʜʨʫʛʦʡ ʧʨʦʮʝʩʩ, ʦʧʦʚʝʱʘʶʱʠʡ ʦ ʥʘʩʪʫʧʣʝʥʠʠ ʦʞʠʜʘʝʤʦʛʦ ʩʦʙʳʪʠʷ 

ʩʘʤ ʥʘʭʦʜʠʪʩʷ ʚ ʪʫʧʠʢʝ ʠʣʠ ʞʝ ʝʛʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡ 

ʪʫʧʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ ʦʞʠʜʘʝʪ ʨʝʩʫʨʩ, 

ʟʘʥʷʪʳʡ ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʠ ʦʜʠʥ ʠʟ ʧʨʦʮʝʩʩʦʚ ʥʝ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʠʪʴ ʠʩʧʦʣʥʝʥʠʝ ʠ ʦʩʚʦʙʦʜʠʪʴ ʨʝʩʫʨʩ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʨʫʛʦʤʫ ʧʨʦʮʝʩʩʫ. 

ʇʨʠʯʠʥʘʤʠ ʧʦʷʚʣʝʥʠʷ ʪʫʧʠʢʦʚʳʭ ʩʠʪʫʘʮʠʡ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʷʚʣʷʶʪʩʷ: 

- ʢʦʥʢʫʨʝʥʪʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʥʝʩʚʷʟʘʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘ 

ʨʝʩʫʨʩʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ; 

- ʦʰʠʙʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ;  

- ʩʙʦʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ;  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʤʦʜʝʣʴ ʍʦʣʪʘ, ʩʝʪʠ ʇʝʪʨʠ, 

ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʠ ʜʨ.). ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ, 

ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʘʣʴʥʳʝ ʤʦʜʝʣʠ, ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. ʇʨʝʜʣʘʛʘʝʤʘʷ 

ʤʦʜʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʪʫʧʠʢʘʤ ʠ 

ʚʳʷʚʣʝʥʠʷ  ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʪʝʛʠʡ ʧʨʠ ʟʘʭʚʘʪʝ ʨʝʩʫʨʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʙʝʞʘʪʴ 
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ʧʦʷʚʣʝʥʠʷ ʪʫʧʠʢʦʚʳʭ ʩʠʪʫʘʮʠʡ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʝʡʨʦʩʝʪʝʚʦʡ ʧʦʜʭʦʜ. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1 

 
 

ʈʠʩ.1 ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ 
 

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʩʣʦʷʤʠ: ʚʭʦʜʥʦʡ ʩʣʦʡ, ʩʣʦʡ ʨʝʩʫʨʩʦʚ 

(ʵʣʝʤʝʥʪʳ ʩʣʦʷ ʠʟʦʙʨʘʞʝʥʳ ʦʢʨʫʞʥʦʩʪʷʤʠ), 2 ʩʣʦʷ ʧʨʦʮʝʩʩʦʚ (ʟʘʜʘʯ). 

ʕʣʝʤʝʥʪʳ ʩʣʦʷ ʟʘʜʘʯ  ʠʟʦʙʨʘʞʝʥʳ ʢʚʘʜʨʘʪʘʤʠ. ɺʭʦʜʥʦʡ ʚʝʢʪʦʨ (ʧʝʨʚʳʡ ʩʣʦʡ) 

ʟʘʜʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʟʘʜʘʯ, ʦʩʫʱʝʩʪʚʣʷʝʪ  ʠʭ ʧʝʨʝʢʣʶʯʝʥʠʝ. ɺʚʦʜ ʷʚʣʷʝʪʩʷ 

ʜʚʦʠʯʥʳʤ ʠ  ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ  ʩʣʦʷ ʟʘʜʘʯ. 

 ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʩʣʦʷ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʢʦʪʦʨʫʶ ʟʘʜʘʯʫ (ʧʨʦʛʨʘʤʤʫ, 

ʢʦʥʢʫʨʠʨʫʶʱʫʶ ʟʘ ʨʝʩʫʨʩʳ) ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ɺʦʟʤʦʞʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʩʣʦʷ ʟʘʜʘʯ: ʘʢʪʠʚʥʘʷ, ʛʦʪʦʚʘ ʢ ʚʳʧʦʣʥʝʥʠʶ, ʙʣʦʢʠʨʦʚʘʥʘ (ʦʞʠʜʘʝʪ 

ʩʦʙʳʪʠʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʨʝʩʫʨʩʘ).  ɸʢʪʠʚʥʘʷ ʟʘʜʘʯʘ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʟʘʭʚʘʪ ʨʝʩʫʨʩʘ.  

ʉʣʦʡ ʨʝʩʫʨʩʦʚ ʠʤʠʪʠʨʫʝʪ ʨʝʩʫʨʩʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʟʘ ʢʦʪʦʨʳʝ 

ʚʦʟʤʦʞʥʘ ʢʦʥʢʫʨʝʥʮʠʷ ʟʘʜʘʯ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʵʪʦʛʦ  ʩʣʦʷ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʝʩʫʨʩʫ ʩʠʩʪʝʤʳ. ɺʭʦʜʦʤ ʜʣʷ ʵʣʝʤʝʥʪʘ ʩʣʦʷ ʨʝʩʫʨʩʦʚ ʷʚʣʷʶʪʩʷ 

ʟʘʧʨʦʩʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʦʪ ʵʣʝʤʝʥʪʦʚ  ʧʝʨʚʦʛʦ ʩʣʦʷ ʟʘʜʘʯ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʩʚʷʟʷʤ. ʕʣʝʤʝʥʪ ʩʣʦʷ ʨʝʩʫʨʩʦʚ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʠʣʠ ʟʘʥʷʪʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʏʠʩʣʦ ʝʜʠʥʠʮ ʢʘʞʜʦʛʦ ʨʝʩʫʨʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʣʦʷ, ʬʠʢʩʠʨʦʚʘʥʦ ʠ ʤʦʞʝʪ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ. 

ɽʩʣʠ ʵʪʦ ʯʠʩʣʦ ʙʦʣʴʰʝ ʥʫʣʷ, ʪʦ ʨʝʩʫʨʩ ʥʘʭʦʜʠʪʩʷ  ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ  ʝʩʣʠ 

-  ʥʦʣʴ, ʪʦ ʟʘʧʨʦʩ ʥʘ ʨʝʩʫʨʩ  ʙʣʦʢʠʨʫʝʪ ʟʘʜʘʯʫ, ʚʳʜʘʚʰʫʶ ʟʘʧʨʦʩ. 

 ʉʚʷʟʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʟʘʜʘʯ ʠ ʩʣʦʝʤ ʨʝʩʫʨʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʟʘʜʘʯ ʚ ʨʝʩʫʨʩʘʭ. ɺ ʤʦʜʝʣʠ ʵʪʠ ʩʚʷʟʠ ʠʤʠʪʠʨʫʶʪʩʷ ʤʘʪʨʠʮʘʤʠ 

(M1 ʠ M2), ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʡ ʩʚʷʟʠ. M1 ï 

ʤʘʪʨʠʮʘ ʤʝʞʜʫ ʧʝʨʚʳʤ ʩʣʦʝʤ ʟʘʜʘʯ ʠ ʩʣʦʝʤ ʨʝʩʫʨʩʦʚ. M2 ï ʤʘʪʨʠʮʘ ʤʝʞʜʫ 

ʩʣʦʝʤ ʨʝʩʫʨʩʦʚ ʠ ʚʪʦʨʳʤ ʩʣʦʝʤ ʟʘʜʘʯ. ʇʨʠ ʟʘʧʨʦʩʝ ʥʘ ʥʝʢʦʪʦʨʳʡ ʨʝʩʫʨʩ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʚʷʟʴ (ʵʣʝʤʝʥʪ ʤʘʪʨʠʮʳ M1). ʇʨʠ ʟʘʭʚʘʪʝ 
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ʨʝʩʫʨʩʘ ʚʦʟʙʫʞʜʘʝʪʩʷ ʩʚʷʟʴ (ʵʣʝʤʝʥʪ) ʤʘʪʨʠʮʳ M2. ɸʥʘʣʠʟ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʚʷʟʝʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜ ʪʫʧʠʢʦʚʫʶ ʩʠʪʫʘʮʠʶ. 

ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ: 

- ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʯʘʣʴʥʫʶ ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʫʶ 

ʫʩʪʘʥʦʚʢʫ ʪʦʧʦʣʦʛʠʠ ʩʠʩʪʝʤʳ (ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʢʘʞʜʦʛʦ ʩʣʦʷ ʠ ʩʪʨʫʢʪʫʨʫ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʣʦʷʤʠ); 

- ʦʧʨʝʜʝʣʷʪʴ ʩʪʨʘʪʝʛʠʠ ʚʳʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ; 

- ʚʳʷʚʣʷʪʴ ʧʨʝʜ ʪʫʧʠʢʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ; 

- ʥʘʙʣʶʜʘʪʴ ʩʦʩʪʦʷʥʠʷ ʟʘʜʘʯ ʠ ʨʝʩʫʨʩʦʚ (ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ); 

ʇʨʦʛʨʘʤʤʥʘʷ ʤʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ C#  ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʣʘʩʩ, ʯʣʝʥʘʤʠ-ʜʘʥʥʳʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ, ʚʝʢʪʦʨʘ ʟʘʜʘʯ ʠ 

ʨʝʩʫʨʩʦʚ ʠ ʤʘʪʨʠʮʳ ʩʚʷʟʝʡ  ʤʝʞʜʫ ʩʣʦʷʤʠ. ʀʥʪʝʨʬʝʡʩ ʢʣʘʩʩʘ: ʢʦʥʩʪʨʫʢʪʦʨ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʪʦʧʦʣʦʛʠʶ, ʤʝʪʦʜʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʭʦʞʜʝʥʠʝ ʯʝʨʝʟ  ʩʝʪʴ 

ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʘʪʝʛʠʷʤʠ ʟʘʭʚʘʪʘ  ʨʝʩʫʨʩʦʚ, ʤʝʪʦʜ 

ʚʳʷʚʣʝʥʠʷ ʪʫʧʠʢʦʚʦʡ ʩʠʪʫʘʮʠʠ.  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚʚʦʜ ʷʚʣʷʝʪʩʷ ʜʚʦʠʯʥʳʤ, ʛʜʝ ç1è ʜʝʣʘʝʪ ʘʢʪʠʚʥʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʟʘʜʘʯʫ. ɽʩʣʠ ʟʘʜʘʯʘ ʥʝ ʙʣʦʢʠʨʦʚʘʥʘ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʢʦʪʦʨʘʷ ʩʪʨʘʪʝʛʠʷ ʟʘʭʚʘʪʘ ʨʝʩʫʨʩʦʚ (ʟʘʜʘʯʘ ʟʘʭʚʘʪʳʚʘʝʪ ʯʘʩʪʴ ʨʝʩʫʨʩʦʚ, 

ʟʘʭʚʘʪʳʚʘʝʪ ʩʨʘʟʫ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʝʤʫ ʨʝʩʫʨʩʳ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʪʢʘʟʘ ʥʘ 

ʨʝʩʫʨʩ ʦʩʚʦʙʦʞʜʘʝʪ ʨʘʥʝʝ ʟʘʭʚʘʯʝʥʥʳʝ ʨʝʩʫʨʩʳ,  é). 

ʄʝʪʦʜ ʚʳʷʚʣʝʥʠʷ ʪʫʧʠʢʦʚʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʟʘʧʫʩʢʘʪʴʩʷ ʧʝʨʝʜ ʢʘʞʜʦʡ 

ʚʳʜʘʯʝʡ ʟʘʷʚʢʠ ʥʘ ʨʝʩʫʨʩ. ɺʳʷʚʣʝʥʠʝ ʪʫʧʠʢʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʤʘʪʨʠʮ ʤʦʜʝʣʠ. ɺʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ. 

M1: 0 ï ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ, 1 ï ʥʘʣʠʯʠʝ ʩʚʷʟʠ, 2 ï ʟʘʧʨʦʩ ʥʘ ʨʝʩʫʨʩ.  

M2: 0 ï ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ, 1 ï ʥʘʣʠʯʠʝ ʩʚʷʟʠ, 2 ï ʟʘʭʚʘʪ  ʨʝʩʫʨʩʘ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʫʧʠʢʦʚʘʷ ʩʠʪʫʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʟʘʤʢʥʫʪʦʡ 

ʮʝʧʠ ʟʘʜʘʯ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʞʜʝʪ ʨʝʩʫʨʩ, ʫʜʝʨʞʠʚʘʝʤʳʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ 

ʮʝʧʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2  

 

 
ʈʠʩ. 2. ɿʘʤʢʥʫʪʘʷ ʮʝʧʴ ʟʘʜʘʯ 
 

ɿʘʤʢʥʫʪʦʡ ʮʝʧʠ ʟʘʜʘʯ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʚʷʟʝʡ ʤʘʪʨʠʮ M1 ʠ M2. ɺʦʟʤʦʞʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʷʚʣʝʥʠʷ ʪʫʧʠʢʦʚʦʡ ʩʠʪʫʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3. ʎʠʢʣʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, ʘʥʘʣʠʟʠʨʫʶʱʠʡ ʩʦʩʪʦʷʥʠʷ 

ʩʚʷʟʝʡ ʤʘʪʨʠʮ. 

˭м 
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1 
˭о 
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˭н ˾н 
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ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʚʳʷʚʣʝʥʠʷ ʪʫʧʠʢʦʚʦʡ ʩʠʪʫʘʮʠʠ 
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ʂʦʥʦʥʦʚ ɸ.ɸ. 
 

ʈɸʅɻʆɺɸʗ ʆʎɽʅʂɸ ʂʈʀʊɽʈʀɸʃʔʅʓʍ ʈʀʉʂʆɺ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ 

ɹɽɿʆʇɸʉʅʆʉʊʔʖ ɹʆʃʔʐʀʍ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ 

ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 
 

 ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʘʤ ʦʮʝʥʢʠ ʨʠʩʢʦʚ 

ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʪʦʜ ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʨʠʩʢʦʚ. ʇʦʢʘʟʳʚʘʶʪʩʷ  

ʧʨʝʠʤʫʱʝʩʪʚʘ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʙʦʣʴʰʠʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʨʠʩʢʠ ʥʘʨʫʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʨʠʩʢʠ. 

____________________________________________________________________ 

Kononov ɸ.ɸ. 

 

Ranking evaluation of criterion risks for security management 

 in large automatic information systems 
 

 Abstract. In the article the method of ranking evaluation of criteria risks is offered. It is an 

alternative to traditional means of assessment of risks of security violations. The advantages of its 

use in management of cyber security for large automatic information systems are shown. 

 Keywords: risk assessment, automatic information systems, security risks, criterion risks. 

____________________________________________________________________ 
 

ʉʨʝʜʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʏʉ ʙʦʣʴʰʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɸʀʉ), ʠʣʠ, ʢʘʢ ʝʱʝ ʠʭ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʛʦ ʨʘʟʥʦʛʦ ʨʦʜʘ (ɸʉʋ, ɸʉʋʇ, 

ɸʉʋ ʊʇ ʠ ʪ.ʜ.), ʚ ʚʠʜʫ ʤʘʩʰʪʘʙʘ ʠ ʩʣʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ, ʚʦʟʥʠʢʘʝʪ 

ʟʘʜʘʯʘ ʢʦʥʪʨʦʣʷ ʨʠʩʢʦʚ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʩʪʨʫʢʪʫʨ ʠ ʦʙʲʝʢʪʦʚ ʠʭ ʦʙʨʘʟʫʶʱʠʭ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʣʠʮ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ɸʀʉ, 

ʟʘʯʘʩʪʫʶ ʧʨʝʚʳʰʘʝʪ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʀʉ. 

ʇʨʠʙʣʠʟʠʪʴʩʷ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʠ ʝʱʝ ʮʝʣʦʛʦ ʨʷʜʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ɸʀʉ ʧʦʟʚʦʣʷʝʪ ʚʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ, ʠ ʤʝʪʦʜʦʚ ʨʘʥʛʦʚʦʡ 

ʦʮʝʥʢʠ çʢʨʠʪʝʨʠʘʣʴʥʳʭ ʨʠʩʢʦʚè. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʡ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʙʝʟʦʧʘʩʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʢʦʪʦʨʦʝ 

ʠʜʝʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʨʝʙʦʚʘʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦʛʦ ʜʦʩʪʠʯʴ ʥʝ 

ʫʜʘʝʪʩʷ. ʀ ʧʦʪʦʤʫ, ʯʪʦ ʚʩʝ ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʪʨʝʙʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʜʝʘʣʴʥʦʝ 

ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʝ ʚʩʝʛʜʘ ʠʟʚʝʩʪʥʦ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ 

ʤʥʦʛʠʝ ʜʘʞʝ ʠʟʚʝʩʪʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʨʠʩʢʠ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ  ɸʀʉ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʙʝʟʦʧʘʩʥʳʭ ɸʀʉ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ɸʀʉ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʦʞʠʪʴʩʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʫʛʨʦʟ ɸʀʉ, ʤʦʜʝʣʠ ʟʘʱʠʪʳ, ʦʮʝʥʝʥʳ ʨʠʩʢʠ ʥʘʨʫʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʥʝʧʦʣʥʦʪʦʡ ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʙʘʟʳ ʠ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʦʣʫʯʝʥʠʶ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʀʉ 
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ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʜʦʚʝʨʷʪʴ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʧʦʤʦʱʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ 

ʪʨʝʙʦʚʘʥʠʡ ʦʢʘʟʳʚʘʝʪ ʠ ʙʦʣʴʰʘʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʠ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʀʉ. ʇʨʠ ʵʪʦʤ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢʘʢ ʢ 

ɸʀʉ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʢʘʞʜʦʡ ʠʟ ʝʝ ʩʪʨʫʢʪʫʨ, ʢ ʦʪʜʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʘ ʪʘʢ ʞʝ 

ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʘʤ ʠ ʪʦʯʢʘʤ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ (ʈʠʩ. 1). 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʙʣʝʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʀʉ, ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʨʤʠʥ ï çʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʠʩʪʝʤʳ 

ʪʨʝʙʦʚʘʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʀɹ) ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʙʣʝʤʳ: 

 - ʠʩʧʦʣʥʝʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʀɹ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ; 

 - ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʛʫʪ ʥʝ ʚʳʧʦʣʥʷʪʴʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ, ʥʠʟʢʦʡ 

ʜʠʩʮʠʧʣʠʥʳ ʠ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʪʨʝʙʦʚʘʥʠʡ; 

- ʪʨʝʙʦʚʘʥʠʷ ʤʦʛʫʪ ʥʝ ʚʳʧʦʣʥʷʪʴʩʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʣʦʭʦ ʫʩʚʦʝʥʳ 

ʠʩʧʦʣʥʠʪʝʣʷʤʠ. 
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ʊʨʝʙʦʚʘʥʠ̫

ʙʝʟʦʧʘʩʥʦʩʪʠ

ʪʦʯʢʠ ʧʨʦʮʝʩʩʘ

 2.2

ʊʦʯʢʘ

ʧʨʦʮʝʩʩʘ

2.J

ʊʨʝʙʦʚʘʥʠ̫

ʙʝʟʦʧʘʩʥʦʩʪʠ

ʪʦʯʢʠ

ʧʨʦʮʝʩʩʘ 2.J

ʊʦʯʢʘ

ʧʨʦʮʝʩʩʘ

N.1

ʊʨʝʙʦʚʘʥʠ̫

ʙʝʟʦʧʘʩʥʦʩʪʠ

ʪʦʯʢʠ

ʧʨʦʮʝʩʩʘ N.1

ʊʦʯʢʘ

ʧʨʦʮʝʩʩʘ

N.2

ʊʨʝʙʦʚʘʥʠ̫

ʙʝʟʦʧʘʩʥʦʩʪʠ

ʪʦʯʢʠ ʧʨʦʮʝʩʩʘ

N.2

ʊʦʯʢʘ

ʧʨʦʮʝʩʩʘ

N.K

ʊʨʝʙʦʚʘʥʠ̫

ʙʝʟʦʧʘʩʥʦʩʪʠ

ʪʦʯʢʠ

ʧʨʦʮʝʩʩʘ N.K

ʇʨʦʮʝʩʩ 1 ɸʀʉ

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩr

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʘʤ ɸʀʉ 
 

ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʢʦʥʪʨʦʣʴ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ 

ʤʦʞʝʪ ʜʘʪʴ ʙʦʣʴʰʦʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. 

ɽʩʣʠ ʯʘʩʪʴ ʪʨʝʙʦʚʘʥʠʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ 

ʩʨʝʜʩʪʚ, ʢʦʥʪʨʦʣʴ ʜʦʣʞʝʥ ʧʦʟʚʦʣʠʪʴ ʧʦʩʪʦʷʥʥʦ ʜʝʨʞʘʪʴ ʚ ʧʦʣʝ ʟʨʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʠ ʨʝʰʘʪʴ ʠʭ ʧʦ ʤʝʨʝ ʧʦʷʚʣʝʥʠʷ ʩʨʝʜʩʪʚ ʥʘ 
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ʧʦʚʳʰʝʥʠʝ ʀɹ, ʩ ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʚʘʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ, 

ʯʝʤʫ ʜʦʣʞʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʥʛʦʚʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ. ʏʝʤ ʚʳʰʝ ʨʘʥʛ, ʪʝʤ ʙʦʣʝʝ 

ʥʝʦʪʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʚʳʷʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ, ʩʦ 

ʩʪʦʨʦʥʳ ʠʩʧʦʣʥʠʪʝʣʝʡ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʪʝʥʜʝʥʮʠʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʚʦʶ 

ʨʘʙʦʪʫ ʟʘ ʩʯʝʪ ʠʛʥʦʨʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ, ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʧʨʠʟʚʘʥ 

ʚʥʫʰʠʪʴ ʠʩʧʦʣʥʠʪʝʣʷʤ ʚʘʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ. 

ɺ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʦʨʛʘʥʠʟʦʚʘʥ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʤʠʤʦ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʠʥʩʪʨʫʢʮʠʡ, ʧʨʠʢʘʟʦʚ, ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ 

ʠ ʧʦʜʟʘʢʦʥʥʳʭ ʘʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʶʪʩʷ 

ʩʧʠʩʢʠ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʧʦʜʢʦʥʪʨʦʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʠ ʧʨʦʮʝʩʩʘʤ. ʅʘʣʠʯʠʝ 

ʪʘʢʦʛʦ ʨʦʜʘ ʩʧʠʩʢʦʚ ʧʦʟʚʦʣʷʝʪ, ʢʘʢ ʢʦʥʪʨʦʣʝʨʘʤ, ʪʘʢ ʠ ʠʩʧʦʣʥʠʪʝʣʷʤ, ʙʳʩʪʨʝʝ 

ʚʥʠʢʘʪʴ ʚʦ ʚʩʶ ʩʠʩʪʝʤʫ ʪʨʝʙʦʚʘʥʠʡ, ʙʳʩʪʨʝʝ ʝʝ ʦʩʚʘʠʚʘʪʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  

ʣʫʯʰʝ ʠʭ ʠʩʧʦʣʥʷʪʴ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʦʙʱʘʪʴ ʦ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʘʭ 

ʩʠʩʪʝʤʳ ʪʨʝʙʦʚʘʥʠʡ. 

 

ʇʨʠʥʠʤʘʝʤ ʥʝʢʦʪʦʨʫʁ ʩʠʩʪʝʤʫ ʢʨʠʪʝʨʠʝʚ ʢ 

ʠʩʧʦʣʥʝʥʠʁ . ʉʪʨʦʠʤ ʩʠʩʪʝʤr  ʪʨʝʙʦʚʘʥʠʡ 

(ʧʨʦʬʠʣʠ ʟʘɦ ʠʪr ) ʧʦ ʚʩʝʤ ʦʙ̡ʝʢʪʘʤ

ɼʦʚʦʜʠʤ ʩʠʩʪʝʤr  ʪʨʝʙʦʚʘʥʠʡ ʜʦ 

ʠʩʧʦʣʥʠʪʝʣʝʡ ʆʩʫɦ ʝʩʪʚʣ̫ʝʤ ʢʦʥʪʨʦʣɹ 

ʚrʧʦʣʥʝʥʠ̫ ʪʨʝʙʦʚʘʥʠʡ

ɺr ʧʦʣʥ̫ʝʤ ʧʨʦʮʝʜʫʨr  ʧʦ ʢʦʥʪʨʦʣʁ  ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʁ  ʧʨʠʥ̫ʪʦʡ ʢ ʠʩʧʦʣʥʝʥʠʁ  

ʩʠʩʪʝʤr  ʪʨʝʙʦʚʘʥʠʡ

ʆʮʝʥʠʚʘʝʤ 

ʢʨʠʪʝʨʠʘʣɹ ʥr ʝ 

ʨʠʩʢʠ 

ʥʝʚr ʧʦʣʥʝʥʠ̫ 

ʧʨʠʥ̫ʪʦʡ ʢ 

ʠʩʧʦʣʥʝʥʠʁ  

ʩʠʩʪʝʤr  ʢʨʠʪʝʨʠʝʚ

ʀʥʬʦʨʤʘʮʠ̫ ʦ 

ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ 

ʢʨʠʪʝʨʠʘʣɹʥʦʡ 

ʙʘʟr ʦʪ 

ʠʩʧʦʣʥʠʪʝʣʝʡ 

ʪʨʝʙʦʚʘʥʠʡ 

ʆʮʝʥʠʚʘʝʤ ʨʠʩʢʠ 

ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ 

ʢʨʠʪʝʨʠʘʣɹʥʦʡ 

ʙʘʟr  - ʨʠʩʢʠ 

ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟ, 

ʧʨʠ ʧʨʠʥ̫ʪʦʡ ʢ 

ʠʩʧʦʣʥʝʥʠʁ  

ʢʨʠʪʝʨʠʘʣɹʥʦʡ 

ʙʘʟʝ 

ʆʩʫɦ ʝʩʪʚʣ̫ʝʤ 

ʢʦʥʪʨʦʣɹ ʧʦʣʥʦʪr , 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ, 

ʥʝʠʟʙr ʪʦʯʥʦʩʪʠ, 

ʢʦʨʨʝʢʪʥʦʩʪʠ 

ʪʨʝʙʦʚʘʥʠʡ  

ʆʩʫɦ ʝʩʪʚʣ̫ʝʤ 

ʢʦʥʪʨʦʣɹ 

ʩʦʦʪʚʝʪʩʪʚʠ̫ 

ʧʨʠʥ̫ʪʦʡ ʢ 

ʠʩʧʦʣʥʝʥʠʁ  ʩʠʩʪʝʤr  

ʪʨʝʙʦʚʘʥʠʡ, 

ʟʘʜʘʚʘʝʤʦʡ ʠʟ-ʚʥʝ 

(ʚr ʝhʩʪʦ̫ ʠɦʤʠ 

ʦʨʛʘʥʘʤʠ) 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ   

ʌʦʨʤʠʨʫʝʤ 

ʧʨʝʜʣʦʞʝʥʠ̫ ʧʦ 

ʩʦʚʝʨh ʝʥʩʪʚʦʚʘʥʠʁ  

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟr , 

ʝʩʣʠ ʦʙʥʘʨʫʞʠʚʘʝʤ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪɹ, 

ʠʟʙr ʪʦʯʥʦʩʪɹ, 

ʥʝʢʦʨʨʝʢʪʥʦʩʪɹ 

ʪʨʝʙʦʚʘʥʠʡ ʚ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ 

ʆʨʛʘʥr  

ʬʦʨʤʠʨʫʁ ʠɦʝ 

ʥʦʨʤʘʪʠʚʥʫʁ 

ʙʘʟʫ

ʂʦʨʨʝʢʪʠʨʫʝʤ ʧʨʠʥ̫ʪʫʁ ʢ ʠʩʧʦʣʥʝʥʠʁ  ʩʠʩʪʝʤʫ 

ʢʨʠʪʝʨʠʝʚ

 
ʈʠʩ. 2. ʂʦʥʮʝʧʮʠʷ ʦʮʝʥʢʠ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʚ ɹʂʉ 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʪʨʝʙʦʚʘʥʠʡ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ 
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ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʠʟʤʝʨʷʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʩʫʜʠʪʴ ʦ ʨʝʘʣʴʥʳʭ ʫʨʦʚʥʷʭ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ, ʧʦ ʧʨʦʮʝʩʩʘʤ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʳʷʚʣʷʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʳʝ (çʫʟʢʠʝè) ʤʝʩʪʘ ʠ ʚʦʟʤʦʞʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʥʘʠʙʦʣʴʰʠʭ ʧʨʦʙʣʝʤ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʀɹ. ʈʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʨʘʥʛʦʚʳʭ ʦʮʝʥʦʢ ʢʨʠʪʝʨʠʘʣʴʥʳʭ 

ʨʠʩʢʦʚ, ʢʦʛʜʘ ʦʮʝʥʢʫ ʣʶʙʳʭ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ ʠ ʣʶʙʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʱʠʪʳ 

ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʨʘʩʯʝʪʫ ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʥʝʦʪʣʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ 

ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʧʦ ʚʩʝʤ ʫʨʦʚʥʷʤ ʠʝʨʘʨʭʠʠ ɹʂʉ ʧʫʪʝʤ 

ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʦʮʝʥʦʢ ʨʠʩʢʦʚ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʢʨʠʪʝʨʠʷʤ (ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ) ʧʦ 100-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ.  

ʄʝʪʦʜ ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʘʢ 

ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ 

ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʫʛʨʦʟ ʠ ʨʘʩʯʝʪʘ ʨʠʩʢʦʚ ʧʦ ʢʘʞʜʦʡ ʠʟ ʫʛʨʦʟ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʚʦʟʤʦʞʥʦʛʦ ʫʱʝʨʙʘ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʫʛʨʦʟʳ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ 

ʧʦʜʭʦʜʝ ʧʦʤʠʤʦ ʝʛʦ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʨʠʪʝʨʠʘʣʴʥʳʭ 

ʨʠʩʢʦʚ. ʅʘʧʨʠʤʝʨ, ʫʱʝʨʙ ʤʦʞʝʪ ʠʤʝʪʴ ʩʘʤʫʶ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ ʠ ʥʝ ʚʩʝʛʜʘ 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʨʠʢʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʝʪʨʠʢʠ 

ï 100 ʙʘʣʣʴʥʦʡ ʰʢʘʣʳ, ʥʝ ʪʦʣʴʢʦ ʦʙʣʝʛʯʘʝʪ ʚʳʯʠʩʣʝʥʠʷ, ʥʦ ʠ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ 

ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʧʦ ʚʝʢʪʦʨʫ ʢʨʠʪʝʨʠʝʚ) ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʠʤ 

ʚʝʪʢʘʤ) ʩʚʝʨʪʢʠ ʧʦʣʫʯʘʝʤʳʭ ʦʮʝʥʦʢ ʨʠʩʢʦʚ, ʠ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʳʷʚʣʝʥʠʝ çʫʟʢʠʭè ʤʝʩʪ ʠ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʠʩʢʦʚ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʢʨʠʪʝʨʠʷʤ (ʪʨʝʙʦʚʘʥʠʷʤ) ʚ ʠʤʝʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʝ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʦʯʥʦʩʪʠ, ʪʦ ʠ ʟʜʝʩʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ 

ʦʮʝʥʦʢ ʚʳʰʝ, ʧʦʩʢʦʣʴʢʫ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʣʝʛʯʝ, ʯʝʤ ʚʝʣʠʯʠʥʫ ʚʦʟʤʦʞʥʦʛʦ ʫʱʝʨʙʘ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʫʛʨʦʟʳ. ʂʨʦʤʝ ʪʦʛʦ, ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʦʩʠʪ ʜʦʚʦʣʴʥʦ ʟʘʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʦʙʨʘʪʥʫʶ 

ʢʦʨʨʝʢʪʠʨʫʶʱʫʶ ʩʚʷʟʴ ʩ ʪʝʤʠ ʦʪ ʢʦʛʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʟʘʚʠʩʠʪ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʦʙʲʝʢʪʝ.  

ʈʘʤʢʠ ʥʘʩʪʦʷʱʝʡ ʧʫʙʣʠʢʘʮʠʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚʝʩʴ ʥʘʙʦʨ 

ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʠ, ʥʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʨʘʥʝʝ ʧʫʙʣʠʢʦʚʘʣʘʩʴ ʚ ʚʠʜʝ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ 

ʠʥʜʝʢʩʥʳʭ ʦʮʝʥʦʢ ʨʠʩʢʦʚ [1,ʩ.5]. ʈʘʥʛʦʚʘʷ ʦʮʝʥʢʘ ʨʠʩʢʦʚ - ʵʪʦ ʪʘ ʞʝ ʠʥʜʝʢʩʥʘʷ 

ʦʮʝʥʢʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʩ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚʝʨʠʬʠʢʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʚʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʚʝʢʪʦʨ ʨʘʥʛʦʚʳʭ ʦʮʝʥʦʢ, ʪʦ 

ʬʘʢʪʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʘʢʩʠʦʤ, ʢʦʪʦʨʦʡ ʟʘʜʘʝʪʩʷ ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʨʷʜ 

ʧʦ ʩʪʝʧʝʥʠ ʚʘʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ, ʠ ʝʩʣʠ ʧʨʠ ʣʶʙʦʤ 

ʧʦʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʣʶʙʳʭ ʢʦʤʧʦʥʝʥʪ ʠʟ ʧʦʣʫʯʘʝʤʦʛʦ ʩʧʠʩʢʘ ʙʫʜʝʪ 

ʚʳʷʚʣʝʥʦ ʧʨʦʪʠʚʦʨʝʯʠʝ, ʪʦ ʚʩʷ ʚʳʩʪʨʦʝʥʥʘʷ ʩʠʩʪʝʤʘ ʘʢʩʠʦʤ ʠ ʣʝʞʘʱʝʝ ʚ ʝʝ 

ʦʩʥʦʚʝ ʤʥʦʞʝʩʪʚʦ ʦʮʝʥʦʢ ʜʦʣʞʥʳ ʙʳʪʴ ʧʝʨʝʩʤʦʪʨʝʥʳ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʦʣʥʦʡ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʨʠʩʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʨʝʰʠʪʴ ʛʣʘʚʥʫʶ ʟʘʜʘʯʫ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨ ʦʮʝʥʢʠ 

ʨʠʩʢʦʚ ï ʚʳʷʚʠʪʴ ʧʨʠʦʨʠʪʝʪʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʥʦ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ 

ʚʩʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʘ ʟʥʘʯʠʪ  ʩʚʦʝʚʨʝʤʝʥʥʦ ʩʪʘʚʠʪʴ ʟʘʜʘʯʠ ʧʦ ʝʝ 

ʢʦʨʨʝʢʪʠʨʦʚʢʝ, ʝʩʣʠ ʚ ʥʝʡ ʩʫʱʝʩʪʚʫʶʪ ʥʝʜʦʩʪʘʪʢʠ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʨʠʩʢʦʚ. 
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To the question about recording of telephone conversations 
 

 Abstract. In this article the development of a cheap system for telephone calls recording, 

which can be used instead of expensive ones, is described. 

 Keywords: systems for recording of telephone conversations, computer interface device to a 

telephone line. 

________________________________________________________________________________ 

 

 ʅʝʩʤʦʪʨʷ ʥʘ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʩʪʚ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʩʚʷʟʠ (ʨʘʜʠʦʩʪʘʥʮʠʡ, ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ, ʙʝʩʧʨʦʚʦʜʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ ʠ 

ʜʨ.), ʧʨʦʚʦʜʥʘʷ ʩʚʷʟʴ ʧʨʦʜʦʣʞʘʝʪ ʟʘʥʠʤʘʪʴ ʩʚʦʡ, ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳʡ, ʩʝʢʪʦʨ 

(ʧʨʦʚʦʜʥʘʷ ʪʝʣʝʬʦʥʥʘʷ ʩʚʷʟʴ, ʧʨʦʚʦʜʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ, ʧʨʦʚʦʜʥʳʝ 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʠʟʚʝʱʝʥʠʡ ʜʣʷ ʦʭʨʘʥʳ ʦʙʲʝʢʪʦʚ ʠ ʜʨ.).  

 ʂʘʢ ʠ ʧʨʝʞʜʝ, ʧʦ ʧʨʦʚʦʜʥʳʤ ʪʝʣʝʬʦʥʥʳʤ ʣʠʥʠʷʤ ʩʚʷʟʠ ʧʝʨʝʜʘʸʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʙʣʝʤʳ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʸʤʘ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʩʪʫʧʘ ʢ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ, 

ʥʘʦʙʦʨʦʪ, ʝʸ ʟʘʱʠʪʳ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʝʸ 

ʦʙʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. 
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 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʦʛʨʘʥʠʯʠʤʩʷ ʪʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʦʧʨʦʩʦʚ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ.  

 ʆʜʥʘʢʦ ʧʦʩʢʦʣʴʢʫ ʟʘʧʠʩʴ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ 

ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʤʠ ʧʨʘʚʘʤʠ ʛʨʘʞʜʘʥ ʥʘ ʪʘʡʥʫ ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ, ʪʦ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʦʡ ʟʘʧʠʩʠ. ɺʝʜʴ, ʩʦʛʣʘʩʥʦ 

ʩʪʘʪʴʝ 23 ʂʦʥʩʪʠʪʫʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: çʂʘʞʜʳʡ ʠʤʝʝʪ ʧʨʘʚʦ ʥʘ ʪʘʡʥʫ 

ʧʝʨʝʧʠʩʢʠ, ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ, ʧʦʯʪʦʚʳʭ, ʪʝʣʝʛʨʘʬʥʳʭ ʠ ʠʥʳʭ 

ʩʦʦʙʱʝʥʠʡ. ʆʛʨʘʥʠʯʝʥʠʝ ʵʪʦʛʦ ʧʨʘʚʘ ʜʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʩʫʜʝʙʥʦʛʦ ʨʝʰʝʥʠʷè [1, ʩʪ. 23].  

 ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʦʛʦ ʨʘʟʛʦʚʦʨʘ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʙ ʵʪʦʡ ʟʘʧʠʩʠ 

ʟʥʘʝʪ ʭʦʪʷ ʙʳ ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ ï ʫʯʘʩʪʥʠʢʦʚ ʵʪʦʛʦ ʨʘʟʛʦʚʦʨʘ [2].  

 ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʦʛʦ ʨʘʟʛʦʚʦʨʘ ʜʦʣʞʥʘ ʧʨʠʤʝʥʷʪʴʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʪʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʢʘʢʠʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʯʸʤ ʠʭ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

 ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʳʧʫʩʢʘʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. ɺʦʪ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ: çPhantomè, çʅʝʟʘʙʫʜʢʘ 

IIè, çʉʧʨʫʪ-7è, çPhobosè, çSpyRecordè.  

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ, ʚʩʝʭ ʠʭ ʦʙʲʝʜʠʥʷʝʪ ʪʦ, ʯʪʦ ʚʩʝ ʦʥʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ 

ʨʘʟʛʦʚʦʨʦʚ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʪʘʢ ʠ 

ʩʧʝʮʠʘʣʴʥʳʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʧʣʘʪʳ, ʚʩʪʘʚʣʷʝʤʳʝ ʚ ʩʠʩʪʝʤʥʳʡ ʙʣʦʢ ʦʙʳʯʥʦʛʦ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʇʂ), ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ.  

 ɽʱʸ ʵʪʠ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʝʪ ʪʦ, ʯʪʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʟʘʧʠʩʴ ʟʚʫʢʘ ʚ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʤ ʬʦʨʤʘʪʝ .wav 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʝʩʢʦʣʴʢʠʭ ʪʝʣʝʬʦʥʥʳʭ ʣʠʥʠʡ, ʩʦʟʜʘʚʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ 

ʟʘʧʠʩʘʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ (ʬʦʥʦʛʨʘʤʤ), ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʠʭ, 

ʨʘʟʤʝʱʘʪʴ ʬʦʥʦʛʨʘʤʤʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʦʩʠʪʝʣʷʭ. ʇʨʠʤʝʥʝʥʠʝ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʦʠʩʢ ʠ ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʦ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ: ʨʝʛʠʩʪʨʘʮʠʷ ʚʨʝʤʝʥʠ ʟʚʦʥʢʘ, ʜʘʪʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, 

ʚʭʦʜʷʱʝʛʦ ʠ ʠʩʭʦʜʷʱʝʛʦ ʥʦʤʝʨʦʚ ʠ ʜʨ. ɺʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ 

ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ ʨʘʙʦʪʘʶʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʩʝʤʝʡʩʪʚʘ Windows.  

 ɺʩʸ ʵʪʦ ʜʘʸʪ ʥʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʠʤ ʩʠʩʪʝʤʘʤ ʟʘʧʠʩʠ 

ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ ʧʝʨʝʜ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʘʛʥʠʪʦʬʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʟʘʧʠʩʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʥʴʰʝ. 
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 ʆʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʠ ʝʸ ʮʝʥʘ, ʠʟʤʝʥʷʶʱʘʷʩʷ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʨʫʙʣʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʠ ʜʘʞʝ ʩʦʪʝʥ ʪʳʩʷʯ ʨʫʙʣʝʡ. 

ʂʩʪʘʪʠ, ʮʝʥʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʮʝʥʳ ʩʘʤʦʡ 

ʠʥʪʝʨʬʝʡʩʥʦʡ ʧʣʘʪʳ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʮʝʥʳ, ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ 

ʦʨʛʘʥʠʟʘʮʠʷʭ, ʫʯʨʝʞʜʝʥʠʷʭ ʠ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʠʤʝʶʱʠʭ ʜʦʩʪʘʪʦʯʥʳʝ 

ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʫʩʪʘʥʦʚʢʫ ʵʪʠʭ ʩʠʩʪʝʤ.  

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʚʩʝ ʨʘʟʨʘʙʦʪʯʠʢʠ ʥʘ ʩʚʦʠʭ ʩʘʡʪʘʭ 

ʧʨʠʚʦʜʷʪ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʧʫʩʢʘʝʤʳʭ ʩʠʩʪʝʤ, ʠʣʠ ʧʨʠʚʦʜʷʪ 

ʪʦʣʴʢʦ ʩʘʤʳʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʭ 

ʩʨʘʚʥʝʥʠʷ. 

 ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʟʘʧʠʩʠ 

ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʘʥʘʣʦʛʠʯʥʫʶ ʩʠʩʪʝʤʫ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʝʰʸʚʫʶ.  

 ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʦʪʚʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ, ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʩʧʝʮʠʬʠʢʘ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʧʨʦʚʦʜʥʳʭ ʪʝʣʝʬʦʥʥʳʭ 

ʣʠʥʠʷʭ, ʠ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɿʘʪʝʤ, ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ 

ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʧʨʦʚʦʜʥʳʭ ʣʠʥʠʷʭ ʩʚʷʟʠ (ʠʣʠ ʩʠʩʪʝʤʳ 

ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 
 

 
ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʧʨʦʚʦʜʥʳʭ 

ʣʠʥʠʷʭ ʩʚʷʟʠ. 

 

 ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ 

ʨʘʟʛʦʚʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 1, ʩʠʛʥʘʣ ʩ 

ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʩʦʧʨʷʞʝʥʠʷ 

(ʩʦʛʣʘʩʦʚʘʥʠʷ), ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʭʦʜʝ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʥʝʛʦ ʠ ʧʦʜʘʸʪʩʷ ʥʘ ʣʠʥʝʡʥʳʡ ʚʭʦʜ ʟʚʫʢʦʚʦʡ ʢʘʨʪʳ.  

 ɿʚʫʢʦʚʘʷ ʢʘʨʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʥʝʸ ʩ 

ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʦʡ (ʚʳʧʦʣʥʷʝʪ ʦʮʠʬʨʦʚʢʫ 

ʩʠʛʥʘʣʘ).  

 ɼʘʣʝʝ ʵʪʦʪ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʥʘʧʨʘʚʣʷʪʴʩʷ ʢʘʢ ʚ ʨʘʟʣʠʯʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʇʂ, ʪʘʢ ʠ ʚʦ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʅʘ ʨʠʩ. 1 
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ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʞʸʩʪʢʠʡ ʜʠʩʢ ʇʂ ʠ ʫʩʪʨʦʡʩʪʚʦ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʥʥʦ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʟʘʧʠʩʘʥʥʳʭ 

ʟʚʫʢʦʚʳʭ ʬʘʡʣʦʚ. 

 ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʠʩʴʶ ʠ ʦʙʨʘʙʦʪʢʦʡ ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʪʦ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʣʠʙʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Windows, ʣʠʙʦ 

ʙʝʩʧʣʘʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʛʦ. ɺ ʦʙʦʠʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʝ ʧʨʠʜʸʪʩʷ ʟʘʪʨʘʯʠʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʚʳʧʫʩʢʘʝʤʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʷʜ 

ʧʨʦʛʨʘʤʤ. ʅʘʧʨʠʤʝʨ,  ʙʝʩʧʣʘʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʧʨʦʛʨʘʤʤʳ Free Sound 

Recorder, Audacity, ʠʣʠ ʧʨʦʛʨʘʤʤʫ çɿʚʫʢʦʟʘʧʠʩʴè, ʚʭʦʜʷʱʫʶ ʚ ʧʘʢʝʪ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʛʨʘʤʤ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʤʝʡʩʪʚʘ Windows. ɺʩʝ ʵʪʠ 

ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʳʚʘʪʴ ʟʚʫʢʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʩʪʫʧʘʶʱʫʶ ʥʘ 

ʣʠʥʝʡʥʳʡ ʚʭʦʜ ʟʚʫʢʦʚʦʡ ʢʘʨʪʳ ʢʦʤʧʴʶʪʝʨʘ, ʠ ʩʦʭʨʘʥʷʪʴ ʝʸ ʚ ʬʦʨʤʘʪʝ .wma, 

ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. ɸ ʚ ʧʨʦʛʨʘʤʤʝ Audacity ʚʦʟʤʦʞʥʘ ʥʝ 

ʪʦʣʴʢʦ ʟʘʧʠʩʴ ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʪʘʭ ʩ 

ʟʘʜʘʚʘʝʤʳʤ ʢʘʯʝʩʪʚʦʤ, ʥʦ ʠ ʦʙʨʘʙʦʪʢʘ ʟʘʧʠʩʘʥʥʳʭ ʟʚʫʢʦʚʳʭ ʬʘʡʣʦʚ 

(ʫʤʝʥʴʰʝʥʠʝ ʰʫʤʘ, ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʚʘʣʘʡʟʝʨʘ, ʠʟʤʝʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ). 

 ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʠʟʛʦʪʦʚʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʩʦʧʨʷʞʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʩ ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʢʣʶʯʠʪʴ ʚʭʦʜ ʟʚʫʢʦʚʦʡ ʢʘʨʪʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʠ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʚ ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʫʞʝʙʥʳʝ ʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝ ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ. ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʩʦʧʨʷʞʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩ ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʩʦʧʨʷʞʝʥʠʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩ 

ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʝʡ  
 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ.2, ʫʩʪʨʦʡʩʪʚʦ ʩʦʧʨʷʞʝʥʠʷ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʠʤʝʝʪ 

ʚʭʦʜʥʦʡ ʬʠʣʴʪʨ ʠ ʘʤʧʣʠʪʫʜʥʳʡ ʦʛʨʘʥʠʯʠʪʝʣʴ. ɺʭʦʜʥʦʡ ʬʠʣʴʪʨ ʫʩʪʨʘʥʷʝʪ 

ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘʧʨʷʞʝʥʠʷ ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʠ, ʘ ʘʤʧʣʠʪʫʜʥʳʡ 
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ʦʛʨʘʥʠʯʠʪʝʣʴ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʚʨʝʞʜʝʥʠʝ ʟʚʫʢʦʚʦʡ ʢʘʨʪʳ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʩʣʫʞʝʙʥʳʤʠ ʩʠʛʥʘʣʘʤʠ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʩʦʧʨʷʞʝʥʠʷ, 

ʧʦʜʢʣʶʯʝʥʠʝ ʠ ʦʪʢʣʶʯʝʥʠʝ ʩʠʩʪʝʤʳ ʢ ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʠ (ʢʦʤʤʫʪʘʮʠʷ) ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʣʶʙʦʝ ʚʨʝʤʷ (ʚʦ ʚʨʝʤʷ ʨʘʟʛʦʚʦʨʘ, ʚʦ ʚʨʝʤʷ ʟʚʦʥʢʘ, ʧʨʠ 

ʧʦʜʥʷʪʦʡ ʪʨʫʙʢʝ ʠ ʧʨʠ ʣʝʞʘʱʝʡ ʥʘ ʨʳʯʘʛʘʭ ʪʝʣʝʬʦʥʘ). ʕʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʧʨʷʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʸʞʥʫʶ 

ʟʘʱʠʪʫ ʚʭʦʜʘ ʟʚʫʢʦʚʦʡ ʢʘʨʪʳ ʦʪ ʣʶʙʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʣʫʞʝʙʥʳʤ ʩʠʛʥʘʣʘʤ, ʠ ʣʶʙʳʭ ʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʜʘʥʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʠ 

ʧʝʨʝʧʘʜʦʚ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʦʤʤʫʪʘʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘʧʠʩʠ ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ 

ʧʨʦʚʦʜʥʳʭ ʣʠʥʠʷʭ ʩʚʷʟʠ, ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʨʝʘʣʴʥʦʡ 

ʪʝʣʝʬʦʥʥʦʡ ʣʠʥʠʠ ʘʥʘʣʦʛʦʚʦʡ ɸʊʉ. ɺʭʦʜ ʩʠʩʪʝʤʳ ʧʦʜʢʣʶʯʘʣʩʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʪʝʣʝʬʦʥʫ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʣʠ ʟʚʦʥʢʠ (ʩ ʵʪʦʛʦ ʞʝ ʪʝʣʝʬʦʥʘ ʤʦʞʥʦ ʙʳʣʦ ʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʚʦʥʢʠ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ 

ʫʩʪʦʡʯʠʚʦ, ʥʝ ʤʝʰʘʝʪ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ, ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ. ʂʘʯʝʩʪʚʦ ʟʘʧʠʩʘʥʥʳʭ ʪʝʣʝʬʦʥʥʳʭ ʨʘʟʛʦʚʦʨʦʚ 

ʭʦʨʦʰʝʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʝʸ ʦʯʝʥʴ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʤʳʰʣʝʥʥʦ 

ʚʳʧʫʩʢʘʝʤʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʘʤʠ ʟʘʧʠʩʠ ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ.  
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ʇʘʱʝʥʢʦ ʖ.ɺ., ʊʦʯʠʣʢʠʥʘ ʊ.ɽ. 
 

ʇʈɽɼʃʆɾɽʅʀʗ ʇʆ ɺʅɽɼʈɽʅʀʖ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ 

ʊɽʃɽʌʆʅʅʆʁ ʉʊɸʅʎʀʀ ɺ ʂʆʈʇʆʈɸʊʀɺʅʆɽ ʊɸʂʉʀ  

ʆʆʆ çɸʃʔʂʆʈè 
 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʪʘʢʩʠ 

ʆʆʆ çɸʣʴʢʦʨè. ʆʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʣʝʬʦʥʥʦʡ ʩʪʘʥʮʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʦʚ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ.  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ, ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, 

ʢʦʥʪʘʢʪ-ʮʝʥʪʨ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʪʝʣʝʬʦʥʥʘʷ ʩʪʘʥʮʠʷ. 
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Proposals for implementation of automated telephone system in the 

corporate taxi of the çAlkorè company  
 

 Abstract. An article presents the analysis of the activity of the corporate taxi of the 

company ñAlkorò. The expediency of introduction of the new automated telephone system to 

improve the efficiency of operators is been shown. Requirements for the automation system were 

developed. 

 Keywords: business process, business process management, automation, call canter, 

automated telephone system. 
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ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʪʝʣʝʬʦʥʥʘʷ ʩʪʘʥʮʠʷ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʫʧʨʦʩʪʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʘʤʠ ʠ ʢʣʠʝʥʪʘʤʠ ʧʦ ʤʥʦʛʠʤ ʧʨʠʯʠʥʘʤ.  

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʫʜʦʙʩʪʚʦ ʠ ʢʦʤʬʦʨʪ, ʧʦʩʢʦʣʴʢʫ ʪʝʧʝʨʴ ʦʧʝʨʘʪʦʨʳ ʤʦʛʫʪ 

ʵʬʬʝʢʪʠʚʥʦ ʦʙʱʘʪʴʩʷ ʩ ʢʣʠʝʥʪʘʤʠ, ʥʝ ʦʪʚʣʝʢʘʷʩʴ ʥʘ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʙʦʨʝ ʟʘʢʘʟʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʫʜʦʙʥʝʡ ʧʝʯʘʪʘʪʴ ʜʚʫʤʷ ʨʫʢʘʤʠ, ʘ 

ʙʝʟ ʚʩʪʨʦʝʥʥʦʡ ɸʊʉ ʦʧʝʨʘʪʦʨʫ ʧʨʠʭʦʜʠʪʩʷ ʜʝʨʞʘʪʴ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ ʦʜʥʦʡ 

ʨʫʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʦʚ, ʘ 

ʪʘʢʞʝ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʦʙʨʘʙʦʪʢʫ ʟʘʢʘʟʘ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʢʦʤʧʘʥʠʠ ʙʦʣʴʰʝ 

ʥʝ ʙʫʜʝʪ ʫʧʫʱʝʥʥʳʭ ʢʣʠʝʥʪʦʚ ʠʟ-ʟʘ ʪʦʛʦ ʯʪʦ ɺʘʰ ʦʧʝʨʘʪʦʨ ʥʝ ʩʤʦʛ ʦʪʚʝʪʠʪʴ ʥʘ 

ʟʚʦʥʦʢ, ʪ.ʢ. ʣʠʥʠʷ ʟʘʥʷʪʘ. ɸʊʉ ʧʨʠʤʝʪ ʟʚʦʥʦʢ ʠ ʧʦʩʪʘʚʠʪ ʟʘʢʘʟʯʠʢʘ ʚ ʦʯʝʨʝʜʴ 

ʠʣʠ ʧʝʨʝʥʘʧʨʘʚʠʪ ʝʛʦ ʥʘ ʩʚʦʙʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʀ ʥʘʢʦʥʝʮ, ʠʩʧʦʣʴʟʫʷ ɸʊʉ, 

ʝʩʪʴ  ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʠʪʴ ʚʥʝʰʥʠʝ ʣʠʥʠʠ ʧʦ ʛʨʫʧʧʘʤ. ʇʦ ʦʜʥʠʤ ʙʫʜʫʪ 

ʧʨʠʭʦʜʠʪʴ ʟʚʦʥʢʠ ʦʪ ʟʘʢʘʟʯʠʢʦʚ, ʧʦ ʜʨʫʛʠʤ ʚʭʦʜʷʱʠʝ ʟʚʦʥʢʠ ʦʪ ʚʦʜʠʪʝʣʝʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʟʘʜʘʯ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦ ʜʘʥʥʦʤʫ ʧʨʦʝʢʪʫ ʚʠʜʷʪʩʷ: 

- ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʠʟʫʯʝʥʠʝ ʝʝ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

- ʚʥʝʜʨʝʥʠʝ ɸʊʉ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʙʦʨʘ:  ʧʦʢʫʧʢʘ ʩʦʙʩʪʚʝʥʥʦʡ ɸʊʉ ʠʣʠ ʘʨʝʥʜʘ ʚʠʨʪʫʘʣʴʥʦʡ 

ɸʊʉ ʫ ʜʨʫʛʦʡ ʢʦʤʧʘʥʠʠ ʩ ʛʦʪʦʚʳʤʠ ʨʝʰʝʥʠʷʤʠ ʠ ʫʩʣʫʛʘʤʠ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʢʣʠʝʥʪʦʚ 
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- ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʥʝʜʨʝʥʥʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʪʘʥʮʠʠ ʢʦʤʧʘʥʠʠ, ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʪʘʢʩʠ ʆʆʆ çɸʣʴʢʦʨè ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʆʆ 

çɸʣʴʢʦʨè - ʵʪʦ ʢʦʨʧʦʨʘʪʠʚʥʦʝ ʪʘʢʩʠ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʫʩʣʫʛʠ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʣʶʙʦʛʦ ʢʣʘʩʩʘ. ɺ ʥʘʣʠʯʠʠ ʠʤʝʶʪʩʷ ʤʘʰʠʥʳ ʦʪ ʦʪ 

ʵʢʦʥʦʤ ʜʦ VIP ʢʣʘʩʩʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʫʩʣʫʛʠ, ʥʘʧʨʠʤʝʨ 

ʧʝʨʝʚʦʟʢʘ ʜʝʪʝʡ, ʦʨʛʘʥʠʟʘʮʠʷ ʧʝʨʝʚʦʟʦʢ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʩʝʪʚʘ ʣʶʜʝʡ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ - ʧʦʩʪʦʷʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʫʣʫʯʰʝʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʠʝʥʪʦʚ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʳʩʦʢʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʨʦʚʥʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʤʠʩʩʠʝʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʜʭʦʜ ʢ ʢʘʞʜʦʤʫ 

ʢʣʠʝʥʪʫ ʚ ʨʝʰʝʥʠʠ ʝʛʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʦʚ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ call-ʮʝʥʪʨʘ ʠ ʝʛʦ ʦʩʥʦʚʥʦʡ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩ 

çʆʙʨʘʙʦʪʢʘ ʚʭʦʜʷʱʠʭ ʚʳʟʦʚʦʚ ʢʣʠʝʥʪʘè. ɺʳʩʰʠʤ ʨʫʢʦʚʦʜʷʱʠʤ ʦʨʛʘʥʦʤ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ, ʢʦʪʦʨʦʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʦʜʯʠʥʷʶʪʩʷ  ʦʧʝʨʘʪʦʨʳ ʢʦʥʪʘʢʪ ʮʝʥʪʨʘ, IT-ʦʪʜʝʣ. ɻʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ 

ʟʘʢʣʶʯʘʝʪ ʜʦʛʦʚʦʨʘ ʩ ʧʘʨʪʥʝʨʘʤʠ ʢʦʤʧʘʥʠʠ, ʘ ʠʤʝʥʥʦ ʩ ʘʫʜʠʪʦʨʩʢʦʡ ʬʠʨʤʦʡ 

(ʜʣʷ ʚʝʜʝʥʠʷ ʙʫʭʛʘʣʪʝʨʩʢʦʡ ʠ ʥʘʣʦʛʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ) ʠ ʩ ʚʦʜʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤʠ. ɺ ʢʦʤʧʘʥʠʠ 

çɸʣʴʢʦʨè ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: 

- ʜʣʷ ʧʨʠʝʤʘ ʚʭʦʜʷʱʠʭ ʟʚʦʥʢʦʚ ʦʪ ʟʘʢʘʟʯʠʢʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʱʝʥʠʷ ʩ 

ʚʦʜʠʪʝʣʷʤʠ ʠ ʧʘʩʩʘʞʠʨʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʘ ʚ ʢʦʜʝ 

(495) ʩ ʦʧʝʨʘʪʦʨʦʤ ʄʊʉ ʠ ʙʝʟʣʠʤʠʪʥʳʤ ʪʘʨʠʬʥʳʤ ʧʣʘʥʦʤ. 

- ʆʧʝʨʘʪʦʨʳ ʨʘʙʦʪʘʶʪ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʩ ʦʧʝʨʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ Windows XP ʠ Windows 7, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʣʦʢʘʣʴʥʫʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʝʪʴ (ʃɺʉ) ʩ ʝʜʠʥʳʤ ʚʳʭʦʜʦʤ ʚ ʠʥʪʝʨʥʝʪ ʯʝʨʝʟ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ. 

- ʆʬʠʩʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ Microsoft Office ʥʘ ʢʦʤʧʴʶʪʝʨʝ 

ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʠ OpenOffice.org, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʦʧʝʨʘʪʦʨʘʤʠ. 

- The Bat ï ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʆʉ Windows, ʢʦʪʦʘʷ ʧʦʤʦʛʘʝʪ ʩ ʣʝʛʢʦʩʪʴʶ 

ʨʘʙʦʪʘʪʴ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʦʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ 

ʤʦʜʫʣʝʡ ʨʘʩʰʠʨʝʥʠʷ ʠ ʟʘʱʠʱʘʝʪ ʦʪ ʚʠʨʫʩʦʚ ʠ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ. 

- ʆʩʥʦʚʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ çʊʘʢʩʠè. ɽʛʦ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ 

ʚʝʨʩʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʣʫʞʙʳ. ʇʨʦʛʨʘʤʤʘ 

ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ Delphie.  ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴ ʟʘʢʘʟ ʦʪ 

ʤʦʤʝʥʪʘ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʠʣʠ ʦʪʤʝʥʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʥʦʩʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʤʦʞʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʦʧʝʨʘʪʦʨ, ʦʩʪʘʣʴʥʳʝ ʪʦʣʴʢʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ 

ʜʘʥʥʳʝ, ʧʦʵʪʦʤʫ ʚʥʦʩʠʪ ʟʘʢʘʟʳ ʪʦʣʴʢʦ ʦʜʠʥ ʦʧʝʨʘʪʦʨ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʠʥʬʦʨʤʠʨʫʶʪ ʢʣʠʝʥʪʦʚ ʦ ʝʛʦ ʚʳʧʦʣʥʝʥʠʠ. ʌʫʥʢʮʠʦʥʘʣ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʧʨʦʛʨʘʤʤʳ ʟʘʤʝʪʥʦ ʟʘʤʝʜʣʷʶʪ ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʢʘʟʯʠʢʦʚ ʦʧʝʨʘʪʦʨʘʤʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ ʪʘʢʩʠ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ ʧʦ ʦʙʨʘʙʦʪʢʝ ʚʭʦʜʷʱʠʭ ʚʳʟʦʚʦʚ 

ʢʣʠʝʥʪʦʚ ʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʯʝʨʝʜʴ ʟʚʦʥʢʦʚ. ʂʣʠʝʥʪʳ ʧʝʨʝʟʚʘʥʠʚʘʶʪ 

ʥʘ ʜʨʫʛʠʝ ʥʦʤʝʨʘ ʠʣʠ ʝʩʣʠ ʥʦʚʳʝ ʢʣʠʝʥʪʳ, ʤʦʛʫʪ ʧʦʟʚʦʥʠʪʴ ʚ ʜʨʫʛʠʝ ʢʦʤʧʘʥʠʠ 

ʪʘʢʩʠ.  

- ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʦʚ ʟʘ ʢʦʤʧʴʶʪʝʨʦʤ ʠʟ-ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʜʥʦʡ ʨʫʢʦʡ ʜʝʨʞʘʪʴ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʚʥʝʜʨʠʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʪʝʣʝʬʦʥʥʫʶ ʩʪʘʥʮʠʶ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ ʢʦʤʧʘʥʠʠ Plantronics ʙʣʘʛʦʜʘʨʷ 

ʛʘʨʥʠʪʫʨʝ, ʢʦʪʦʨʘʷ ʟʘʤʝʥʠʪʴ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ, ʙʦʣʴ ʚ ʦʙʣʘʩʪʠ ʰʝʠ 

ʫʤʝʥʴʰʠʪʩʷ ʥʘ 31%, ʙʦʣʴ ʚ ʧʦʷʩʥʠʮʝ ʫʤʝʥʴʰʠʪʩʷ ʥʘ 16%, ʛʦʣʦʚʥʳʝ ʙʦʣʠ 

ʫʤʝʥʴʰʘʪʩʷ ʥʘ 27%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ ʧʦʚʳʩʠʪʩʷ 

ʥʘ 23%. ʇʨʠ ʚʳʙʦʨʝ ɸʊʉ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

- ʥʘʜʝʞʥʦʩʪʴ (ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ) ʠ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ (ʚ ʩʣʫʯʘʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʧʝʨʝʘʜʨʝʩʘʮʠʷ ʥʘ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ) 

- ʧʦʜʜʝʨʞʢʘ IVR (ʩʠʩʪʝʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʟʘʧʠʩʘʥʥʳʭ ʛʦʣʦʩʦʚʳʭ 

ʩʦʦʙʱʝʥʠʡ) 

-  ʦʨʛʘʥʠʟʘʮʠʷ call-ʮʝʥʪʨʘ 

- ʟʘʧʠʩʴ ʟʚʦʥʢʦʚ ʠ ʭʨʘʥʝʥʠʝ (ʥʝ ʤʝʥʝʝ 3-ʭ ʤʝʩʷʮʝʚ). ɺʝʜʝʥʠʝ ʟʘʧʠʩʠ 

ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ: 

- ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʫʪʝʯʢʫ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʪʝʣʝʬʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ; 

- ʧʨʦʚʦʜʠʪʴ ʦʙʫʯʝʥʠʝ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘ ʨʝʘʣʴʥʳʭ ʧʨʠʤʝʨʘʭ ʫʩʧʝʰʥʳʭ 

ʪʝʣʝʬʦʥʥʳʭ ʧʝʨʝʛʦʚʦʨʦʚ; 

- ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʠʩʴ ʨʘʟʛʦʚʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʚʝʩʦʤʦʛʦ ʘʨʛʫʤʝʥʪʘ ʧʨʠ 

ʨʘʟʨʝʰʝʥʠʠ ʩʧʦʨʥʳʭ ʩʠʪʫʘʮʠʡ ʩ ʟʘʢʘʟʯʠʢʘʤʠ ʠʣʠ ʧʦʩʪʘʚʱʠʢʘʤʠ. 

- ʜʣʷ ʩʠʩʪʝʤʳ ʪʘʨʠʬʠʢʘʮʠʠ ʩʙʦʨ ʣʦʛʦʚ ʟʚʦʥʢʦʚ (CDR) ï ʜʝʪʘʣʴʥʘʷ ʟʘʧʠʩʴ 

ʟʚʦʥʢʘ 

- ʧʝʨʝʘʜʨʝʩʘʮʠʷ ʚʳʟʦʚʘ (ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʝʨʩʦʥʘʣʘ 

ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʧʨʦʧʫʱʝʥʥʳʭ ʚʳʟʦʚʦʚ.) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʧʫʪʠ 

ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʪʘʥʮʠʠ: 

1. ʇʦʢʫʧʢʘ ʩʦʙʩʪʚʝʥʥʦʡ ɸʊʉ. 

2. ɸʨʝʥʜʘ ʚʠʨʪʫʘʣʴʥʦʡ ɸʊʉ ʫ ʦʧʝʨʘʪʦʨʦʚ ʩʚʷʟʠ ʩ ʛʦʪʦʚʳʤʠ ʨʝʰʝʥʠʷʤʠ ʠ 

ʫʩʣʫʛʘʤʠ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʢʣʠʝʥʪʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʦʤʧʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʤʘʣʦʤʫ ʙʠʟʥʝʩʫ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʪʨʫʜʥʠʢʦʚ ʥʝʙʦʣʴʰʦʝ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʥʝʜʨʠʪʴ 

ʚʠʨʪʫʘʣʴʥʫʶ ɸʊʉ, ʧʦʩʢʦʣʴʢʫ ʦʨʛʘʥʠʟʘʮʠʷ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ ï ʜʦʩʪʘʪʦʯʥʦ 

ʟʘʪʨʘʪʥʦʝ ʜʝʣʦ. ʆʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʚʠʨʪʫʘʣʴʥʦʡ ɸʊʉ ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʠʟʜʝʨʞʢʠ, 

ʧʨʠ ʵʪʦʤ, ʥʝ ʧʦʪʝʨʷʚ ʚ ʛʠʙʢʦʩʪʠ ʩʠʩʪʝʤʳ.  ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ 
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ʚʥʝʜʨʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ɸʊʉ, ʫʯʝʪ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʧʨʠ ʚʳʙʦʨʝ ʥʦʚʦʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʆʆʆ çɸʣʴʢʦʨè: 

- ʇʦʜʢʣʶʯʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ ɸʊʉ, ʥʦʤʝʨʘ ʠ ʫʩʣʫʛʠ ʩʚʷʟʠ ʤʦʞʥʦ ʧʦ 

ʠʥʪʝʨʥʝʪʫ ʟʘ 10-15 ʤʠʥʫʪ. ʉʚʷʟʴ ʟʘʨʘʙʦʪʘʝʪ ʧʦʩʣʝ ʦʧʣʘʪʳ ʟʘʢʘʟʘ. 

- ʇʦʜʢʣʶʯʝʥʠʝ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʣʝʬʦʥʥʳʭ ʥʦʤʝʨʦʚ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʘʙʦʥʝʥʪʦʚ ʟʘ ʧʷʪʴ ʤʠʥʫʪ.  

- ʉʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ, ʟʘ ʩʯʝʪ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʟʚʦʥʢʦʚ, ʙʝʩʧʣʘʪʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʩʚʷʟʠ ʠ ʵʢʦʥʦʤʠʠ ʥʘ ʧʦʢʫʧʢʝ, ʦʙʥʦʚʣʝʥʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

- ʋʜʦʙʩʪʚʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʫʧʨʘʚʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʠʨʪʫʘʣʴʥʦʡ ɸʊʉ ʪʨʝʙʫʝʪ ʣʠʰʴ ʠʥʪʝʨʥʝʪ (LAN, DSL ʠʣʠ Wi-Fi). 

- ʅʦʤʝʨʘ ʥʝ ʧʨʠʚʷʟʘʥʳ ʢ ʤʝʩʪʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʘʰʝʛʦ ʦʬʠʩʘ ʠʣʠ 

ʦʧʝʨʘʪʦʨʫ ʤʝʩʪʥʦʡ ʩʚʷʟʠ. ʆʥʠ ʥʘʚʩʝʛʜʘ ʦʩʪʘʥʫʪʩʷ ʩ ʚʘʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠ 

ʧʝʨʝʝʟʜʝ ʥʝ ʙʫʜʝʪ ʣʠʰʥʠʭ ʧʨʦʙʣʝʤ. 

ɼʣʷ ʚʳʙʦʨʘ ʚʠʨʪʫʘʣʴʥʦʡ ɸʊʉ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʨʘʩʩʤʦʪʨʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʘʥʠʠ: Mango Office ʠ ʊʝʣʬʠʥ. ʉ ʫʯʝʪʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʜʦʩʪʦʠʥʩʪʚ ʠ ʩʨʘʚʥʝʥʠʡ ʜʚʫʭ ʢʦʤʧʘʥʠʡ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʚʠʨʪʫʘʣʴʥʘʷ ɸʊʉ ʫ 

ʢʦʤʧʘʥʠʠ Mango Office, ʧʦʩʢʦʣʴʢʫ ʧʦ ʮʝʥʝ ʝʝ ʚʳʛʦʜʥʝʡ ʙʨʘʪʴ ʚ ʘʨʝʥʜʫ, ʠ ʪʘʢ 

ʢʘʢ ʢʦʤʧʘʥʠʷ ʊʝʣʬʠʥ ʥʝ ʧʨʝʜʣʘʛʘʝʪ ʫʩʣʫʛʠ, ʢʘʢ ʟʘʧʠʩʴ ʨʘʟʛʦʚʦʨʦʚ ʠ ʬʘʢʩ-

ʨʘʩʩʳʣʢʫ. ɺʩʣʝʜʩʪʚʠʝ ʚʥʝʜʨʝʥʠʷ ɸʊʉ ʙʫʜʫʪ ʨʝʰʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʚ ʨʘʙʦʪʝ 

ʦʧʝʨʘʪʦʨʦʚ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʢʣʠʝʥʪʦʚ.  ɹʣʘʛʦʜʘʨʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʠʩʪʝʤʝ IVR 

(ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʛʦʣʦʩʦʚʦʡ ʘʚʪʦʦʪʚʝʪʯʠʢ) ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʘ ʦʯʝʨʝʜʴ 

ʟʘʢʘʟʯʠʢʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʟʦʚʘ ʥʘ ʦʧʝʨʘʪʦʨʘ. ʊʝʧʝʨʴ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʳʪʘʪʴʩʷ ʜʦʟʚʦʥʠʪʴʩʷ ʚ ʢʦʤʧʘʥʠʶ ʢʣʠʝʥʪʳ ʩʤʦʛʫʪ ʜʦʞʜʘʪʴʩʷ ʩʚʦʝʡ ʦʯʝʨʝʜʠ, 

ʧʨʦʩʣʫʰʘʚ ʛʦʣʦʩʦʚʦʝ ʧʨʠʚʝʪʩʪʚʠʝ. ɼʘʥʥʘʷ ʫʩʣʫʛʘ ʧʦʤʦʞʝʪ ʢʦʤʧʘʥʠʠ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʨʦʧʫʱʝʥʥʳʭ ʟʚʦʥʢʦʚ ʠ ʦʙʝʩʧʝʯʠʪ ʫʜʦʙʩʪʚʦ ʠ ʢʦʤʬʦʨʪ ʜʣʷ 

ʢʣʠʝʥʪʦʚ ʢʦʤʧʘʥʠʠ ʠ ʦʧʝʨʘʪʦʨʦʚ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʢʣʠʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʩʤʩ-ʩʦʦʙʱʝʥʠʷ ʦ ʥʦʤʝʨʝ, ʤʘʨʢʝ ʠ ʚʨʝʤʝʥʠ 

ʧʨʠʙʳʪʠʷ ʘʚʪʦʤʦʙʠʣʷ ʚʦʜʠʪʝʣʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʦʧʝʨʘʪʦʨʘ. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʪʘʥʮʠʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʝ 

ʪʘʢʩʠ ʆʆʆ çɸʣʴʢʦʨè ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʠ 

ʧʨʠʙʳʣʠ. ɹʦʣʝʝ ʪʦʛʦ ʧʦʚʳʩʠʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʢʣʠʝʥʪʦʚ, ʢʘʯʝʩʪʚʦ ʠ 

ʩʢʦʨʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤʧʘʥʠʷ ʩʤʦʞʝʪ ʫʜʝʨʞʘʪʴ ʩʪʘʨʳʭ 

ʢʣʠʝʥʪʦʚ ʠ ʧʨʠʚʣʝʯʴ ʥʦʚʳʭ. 
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ʕʌʌɽʂʊʀɺʅʓɽ ɸʃɻʆʈʀʊʄʓ ʇʆʉʊʈʆɽʅʀʗ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ  

ʅɸ ʆʉʅʆɺɸʅʀʀ ʆʎɽʅʂʀ ɺʍʆɼʅʓʍ ʇɸʈɸʄɽʊʈʆɺ  

(ɻʃʋɹʆʂʆɽ ʄɸʐʀʅʅʆɽ ʆɹʋʏɽʅʀɽ) 
 

  ɸʥʥʦʪʘʮʠʷ/ ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʟʚʝʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷè. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʙʣʝʤʘʪʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʝʨʰʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. 

  ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤ, ʥʝʡʨʦʥ, ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ, ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ. 

________________________________________________________________________________ 

Pereverzev I.A 
 

An effective algorithms for constructing a neural network based on the 

evaluation of the input parameters (deep machine learning) 
 

Abstract. In the article known algorithms for constructing neural networks in the banking 

sector and financial institutions are analyzed. The application of ñdeep machine learningò method is 

described. The main properties of these algorithms and problems of building advanced artificial 

intelligence algorithms are determined. 

   Keywords: algorithm, neuron, neural network, mathematical model, artificial intelligence, 
deep learning, learning algorithm. 

________________________________________________________________________________ 
 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʳ ʚʠʜʠʤ ʚʦʟʨʦʩʰʠʡ ʠʥʪʝʨʝʩ ʢ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ, 

ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ï ʤʝʜʠʮʠʥʝ, 

ʤʘʪʝʤʘʪʠʢʝ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʬʠʟʠʢʝ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʚʦʰʣʠ ʚ ʧʨʘʢʪʠʢʫ 

ʚʝʟʜʝ, ʛʜʝ ʥʫʞʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʣʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ 

ʧʨʦʮʝʩʩʘʭ.  

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ - ʵʪʦ ʤʦʱʥʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʥʝʣʠʥʝʡʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ  ʛʦʜʦʚ ʣʠʥʝʡʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʦʙʣʘʩʪʝʡ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʝʛʦ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʮʝʜʫʨʳ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ 

ʟʘʜʘʯʘʭ, ʛʜʝ ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘ (ʘ ʪʘʢʠʭ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ ʥʝ ʜʘʜʫʪ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ.  

ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʥʘ ʨʝʰʝʥʠʝ ʩʘʤʳʭ ʨʘʟʥʳʭ ʟʘʜʘʯ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ 

ʤʥʦʛʦʩʣʦʡʥʫʶ ʧʦʣʥʦʩʚʷʟʘʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

(ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʠʩʢʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚ. ʇʦʣʥʦʩʚʷʟʘʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʥʘʟʳʚʘʝʪʩʷ 

ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʣʦʷ ʩʚʷʟʘʥ 

ʩʦ ʚʩʝʤʠ ʥʝʡʨʦʥʘʤʠ ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ, ʘ ʚ ʩʣʫʯʘʝ ʧʝʨʚʦʛʦ ʩʣʦʷ ð ʩʦ ʚʩʝʤʠ 
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ʚʭʦʜʘʤʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʨʷʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʘʢʘʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʥʝ ʩʦʜʝʨʞʠʪ ʧʝʪʝʣʴ. 

  

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʣʥʦʩʚʷʟʘʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ  

ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ 
 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʫʯʘʪʩʷ ʥʘ ʧʨʠʤʝʨʘʭ ʧʨʠ ʧʦʜʙʦʨʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ,  ʟʘʧʫʩʢʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʦʩʧʨʠʥʠʤʘʝʪ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʥʝʯʥʦ, ʪʨʝʙʫʝʪʩʷ 

ʢʘʢʦʡ-ʪʦ ʥʘʙʦʨ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʦ ʪʦʤ, ʢʘʢ ʩʣʝʜʫʝʪ ʦʪʙʠʨʘʪʴ ʠ 

ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ ʜʘʥʥʳʝ, ʚʳʙʠʨʘʪʴ ʥʫʞʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʩʝʪʠ ʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʦʜʥʘʢʦ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʛʦʨʘʟʜʦ ʩʢʨʦʤʥʝʝ, ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʢʠ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʩ ʠʥʪʫʠʪʠʚʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʠʙʦ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʤʠʪʠʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʨʚʥʳʭ ʩʠʩʪʝʤ.  

ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. 
ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʫʯʝʥʠʶ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʤʦʟʛʘ. ɼʣʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦʜ ʦʙʫʯʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ ʥʘʩʪʨʦʡʢʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ (ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ) ʠ ʚʝʩʦʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ (ʚʣʠʷʶʱʠʭ ʥʘ ʩʠʛʥʘʣʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ) ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʆʙʳʯʥʦ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʥʝʢʦʪʦʨʦʡ ʚʳʙʦʨʢʝ. ʇʦ ʤʝʨʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʥʝʢʦʪʦʨʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʩʝʪʴ ʜʦʣʞʥʘ ʚʩʝ ʣʫʯʰʝ ʠ ʣʫʯʰʝ (ʧʨʘʚʠʣʴʥʝʝ) 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ. 

ɺʳʜʝʣʷʶʪ ʪʨʠ ʧʘʨʘʜʠʛʤʳ ʦʙʫʯʝʥʠʷ: ʩ ʫʯʠʪʝʣʝʤ, ʩʘʤʦʦʙʫʯʝʥʠʝ ʠ 

ʩʤʝʰʘʥʥʘʷ. ɺ ʧʝʨʚʦʤ ʩʧʦʩʦʙʝ ʠʟʚʝʩʪʥʳ ʧʨʘʚʠʣʴʥʳʝ ʦʪʚʝʪʳ ʢ ʢʘʞʜʦʤʫ 

ʚʭʦʜʥʦʤʫ ʧʨʠʤʝʨʫ, ʘ ʚʝʩʘ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʫ. 

ʆʙʫʯʝʥʠʝ ʙʝʟ ʫʯʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʝʜʝʣʠʪʴ ʦʙʨʘʟʮʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʟʘ ʩʯʝʪ 

ʨʘʩʢʨʳʪʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʨʦʜʳ ʜʘʥʥʳʭ. ʇʨʠ ʩʤʝʰʘʥʥʦʤ ʦʙʫʯʝʥʠʠ 

ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʜʚʘ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʘ. 

ɸʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ (learning algorithm) ð ʵʪʦ ʦʪʦʙʨʘʞʝʥʠʝ Õ: (X Ĭ Y )
L
 Ÿ 

A, ʢʦʪʦʨʦʝ  ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʝʯʥʦʡ ʚʳʙʦʨʢʝ X
L
 = (xi, yi)

L
i=1 ʩʪʘʚʠʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʢʦʪʦʨʳʡ ʘʣʛʦʨʠʪʤ a  ɴA. ɻʦʚʦʨʷʪ ʪʘʢʞʝ, ʯʪʦ ʤʝʪʦʜ Õ ʩʪʨʦʠʪ 
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ʘʣʛʦʨʠʪʤ a ʧʦ ʚʳʙʦʨʢʝ X
L
. ʄʝʪʦʜ ʦʙʫʯʝʥʠʷ ʜʦʣʞʝʥ ʜʦʧʫʩʢʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ 

ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ.
 

ʀʪʘʢ, ʚ ʟʘʜʘʯʘʭ ʦʙʫʯʝʥʠʷ ʯʸʪʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ 

ʤʝʪʦʜ Õ ʧʦ ʚʳʙʦʨʢʝ X
L
 ʩʪʨʦʠʪ ʘʣʛʦʨʠʪʤ a = Õ(X

L
). (1) 

ʅʘ ʵʪʘʧʝ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤ a ʜʣʷ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ x ʚʳʜʘʸʪ ʦʪʚʝʪʳ y = 

a(x).ʕʪʘʧ ʦʙʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʝʥ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʜʦʩʪʘʚʣʷʶʱʠʭ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʜʘʥʥʦʤʫ 

ʬʫʥʢʮʠʦʥʘʣʫ ʢʘʯʝʩʪʚʘ. (1) 

ʄʦʜʝʣʴʶ ʘʣʛʦʨʠʪʤʦʚ ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʡ 

A = {g(x, ɗ) | ɗ  ɴŪ}, ʛʜʝ g : X Ĭ Ū Ÿ Y ð ʥʝʢʦʪʦʨʘʷ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ, Ū 

ð ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ɗ, ʥʘʟʳʚʘʝʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʦʠʩʢʘ. (1) 

ɺ ʟʘʜʘʯʘʭ ʦʙʫʯʝʥʠʷ ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ X ð ʵʪʦ ʥʝ ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʘ 

ʣʠʰʴ ʜʦʩʪʫʧʥʳʝ ʜʘʥʥʳʝ ʦ ʥʠʭ. ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʪʦʯʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʨʠʟʥʘʢʦʚ fj (x) ʠ ʮʝʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ y(zx) ʦʙʳʯʥʦ 

ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ. ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʣʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ 

ʠʟʤʝʨʷʶʪʩʷ ʥʝ ʚʩʝ ʤʳʩʣʠʤʳʝ ʧʨʠʟʥʘʢʠ, ʘ ʣʠʰʴ ʬʠʟʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʦʧʠʩʘʥʠʶ x ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ ʠ ʨʘʟʣʠʯʥʳʝ ʦʪʚʝʪʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ y(zx), ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʝ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ. 

ʋʩʪʨʘʥʠʪʴ ʵʪʫ ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ɺʤʝʩʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʮʝʣʝʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ y(zx) ʧʨʝʜʧʦʣʦʞʠʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʤʥʦʞʝʩʪʚʝ X Ĭ 

Yʩ ʧʣʦʪʥʦʩʪʴʶ p(x, y), ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʫʯʘʡʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʚʳʙʠʨʘʶʪʩʷ L 

ʥʘʙʣʶʜʝʥʠʡ X
L
 = . ʊʘʢʠʝ ʚʳʙʦʨʢʠ ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʩʪʳʤʠ ʠʣʠ 

ʩʣʫʯʘʡʥʳʤʠ ʦʜʠʥʘʢʦʚʦ
 
ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ.

 

ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ ʦʙʱʝʡ, ʪʘʢ ʢʘʢ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ y(zx) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

p(x, y) = p(x)p(y|x), ʧʦʣʦʞʠʚ p(y|x) = ŭ(y ī y(zx)), ʛʜʝ ŭ(z) ð ʜʝʣʴʪʘ-

ʬʫʥʢʮʠʷ. ʇʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʇʨʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʟʘʜʘʯʠ ʚʤʝʩʪʦ ʤʦʜʝʣʠ ʘʣʛʦʨʠʪʤʦʚ g(x, ɗ), ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʥʝʠʟʚʝʩʪʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ y(zx),ʟʘʜʘʸʪʩʷ ʤʦʜʝʣʴ ʩʦʚʤʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠ ʦʪʚʝʪʦʚ (̹x, y, ɗ),ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʥʝʠʟʚʝʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ p(x, 

y). ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɗ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ X
L
 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʘʚʜʦʧʦʜʦʙʥʘ, ʪʦ ʝʩʪʴ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʤʦʜʝʣʴʶ ʧʣʦʪʥʦʩʪʠ. 

ɽʩʣʠ ʥʘʙʣʶʜʝʥʠʷ ʚ ʚʳʙʦʨʢʝ X
L
 ʥʝʟʘʚʠʩʠʤʳ, ʪʦ ʩʦʚʤʝʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʥʘʙʣʶʜʝʥʠʡ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʣʦʪʥʦʩʪʝʡ p(x, y) ʚ 

ʢʘʞʜʦʤ ʥʘʙʣʶʜʝʥʠʠ: p(X
L
) = p(x1, y1), . . . ,(xǎ, yǎ)

 
= p(x1, y1)Ā Ā Ā p(x, yǎ). 

ʇʦʜʩʪʘʚʣʷʷ ʚʤʝʩʪʦ p(x, y)
 
ʤʦʜʝʣʴ ʧʣʦʪʥʦʩʪʠ (̹x, y, ɗ), ʧʦʣʫʯʘʝʤ ʬʫʥʢʮʠʶ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ (likelihood):N(ɗ, X
l
) =  (̹xi, yi, ɗ). (1)
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ʏʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, ʪʝʤ ʣʫʯʰʝ ʚʳʙʦʨʢʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʤʦʜʝʣʴʶ. ɿʥʘʯʠʪ, ʥʫʞʥʦ ʠʩʢʘʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɗ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ 

N(ɗ, X
l
) ʤʘʢʩʠʤʘʣʴʥʦ. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʥʮʠʧʦʤ 

ʤʘʢʩʠʤʫʤʘ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɗ ʥʘʡʜʝʥʦ, 

ʠʩʢʦʤʳʡ ʘʣʛʦʨʠʪʤ aɗ(x) ʩʪʨʦʠʪʩʷ ʧʦ ʧʣʦʪʥʦʩʪʠ (̹x, y, ɗ) ʥʝʩʣʦʞʥʦ. (1) 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʘʣʛʦʨʠʪʤʦʚ ʦʙʫʯʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʨʝʰʝʥʠʝ ʨʘʟʥʳʭ ʟʘʜʘʯ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʝʪ ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɽʛʦ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʚʝʩʦʚ ʩʠʥʘʧʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʯʝʪʦʤ ʣʦʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ. 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʨʝʘʣʴʥʳʤʠ ʠ ʧʨʘʚʠʣʴʥʳʤʠ ʦʪʚʝʪʘʤʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʥʘ ʚʳʭʦʜʥʦʤ ʩʣʦʝ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

(ʨʠʩ. 2) ð ʥʘʚʩʪʨʝʯʫ ʧʦʪʦʢʫ ʩʠʛʥʘʣʦʚ. ɺ ʠʪʦʛʝ ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʩʧʦʩʦʙʝʥ 

ʦʧʨʝʜʝʣʠʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʩʚʦʝʛʦ ʚʝʩʘ ʚ ʩʫʤʤʘʨʥʫʶ ʦʰʠʙʢʫ ʩʝʪʠ. ʇʨʦʩʪʝʡʰʝʝ 

ʧʨʘʚʠʣʦ ʦʙʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʦʜʫ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ, ʪʦ ʝʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʚʢʣʘʜʫ ʚ ʦʙʱʫʶ ʦʰʠʙʢʫ. 

  

 
 

ʈʠʩ. 2. ʄʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ 

 ʧʦʣʥʦʩʚʷʟʘʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
 

ʂʦʥʝʯʥʦ, ʧʨʠ ʪʘʢʦʤ ʦʙʫʯʝʥʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʝʪ ʫʚʝʨʝʥʥʦʩʪʠ, ʯʪʦ ʦʥʘ 

ʦʙʫʯʠʣʘʩʴ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʧʘʜʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ (ʨʠʩ. 3). ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ çʚʳʙʠʪʴè ʥʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠʟ 

ʣʦʢʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ. ɽʩʣʠ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʪʘʢʠʭ ʜʝʡʩʪʚʠʡ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʩʭʦʜʠʪʩʷ ʢ ʪʦʤʫ ʞʝ ʨʝʰʝʥʠʶ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘʡʜʝʥʥʦʝ 

ʨʝʰʝʥʠʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʧʪʠʤʘʣʴʥʦ. 
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ʈʠʩ. 3. ʄʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ ʩʝʪʠ 

 

çɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝè 

ɺ ʩʚʦʝʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʦʟʥʘʢʦʤʠʤʩʷ ʩ ʪʘʢʠʤ ʧʦʥʷʪʠʝʤ ʢʘʢ ñdeep 

learningò. ñɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝò ð ʵʪʦ ʚʠʜ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʥʝʡʨʦʩʝʪʷʭ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʢʘʢ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. 

ʕʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʥʘʫʢʝ.  
ʏʪʦʙʳ ʧʦʥʷʪʴ, ʯʪʦ ʪʘʢʦʝ deep learning, ʥʫʞʥʦ ʦʪʜʝʣʠʪʴ ʝʛʦ ʦʪ ʜʨʫʛʠʭ 

ʜʠʩʮʠʧʣʠʥ ʚ ʩʬʝʨʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʆʜʥʘ ʠʟ ʥʠʭ ð ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ, ʢʦʛʜʘ ʢʦʤʧʴʶʪʝʨ ʠʟʚʣʝʢʘʝʪ ʟʥʘʥʠʷ ʯʝʨʝʟ ʫʧʨʘʚʣʷʝʤʳʡ ʦʧʳʪ. ʆʙʳʯʥʦ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʯʝʣʦʚʝʢ ʧʦʤʦʛʘʝʪ ʤʘʰʠʥʝ ʫʯʠʪʴʩʷ, ʧʦʜʙʨʘʩʳʚʘʷ ʝʡ ʩʦʪʥʠ ʠʣʠ 

ʪʳʩʷʯʠ ʫʯʝʙʥʳʭ ʧʨʠʤʝʨʦʚ ʠ ʚʨʫʯʥʫʶ ʠʩʧʨʘʚʣʷʷ ʦʰʠʙʢʠ. 

ʍʦʪʷ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʜʦʤʠʥʠʨʫʝʪ ʚ ʩʬʝʨʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʫ ʥʝʛʦ ʝʩʪʴ ʩʚʦʠ ʧʨʦʙʣʝʤʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʥʦ ʪʨʝʙʫʝʪ 

ʢʦʣʦʩʩʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘ ʢʦʤʧʴʶʪʝʨ ʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʯʝʣʦʚʝʯʝʩʢʫʶ ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʴ, ʥʘ ʫʤʝʥʠʝ ʯʝʣʦʚʝʢʘ ʧʨʠʜʫʤʳʚʘʪʴ ʘʙʩʪʨʘʢʮʠʠ, 

ʵʪʦ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʤʘʰʠʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. 

ʄʥʦʛʠʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢcʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʟʘʚʠʩʷʪ ʦʪ ʨʫʯʥʦʡ ʨʘʙʦʪʳ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʩʘʤ ʢʦʜʠʨʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʜʘʯʝ, ʠ 

ʦʙʫʯʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʝʛʦ ʪʨʫʜʝ.  ʂʦʛʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʟʘʥʠʤʘʝʪʩʷ deep learning, 

ʦʥ ʩʪʘʨʘʝʪʩʷ ʟʘʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ ʩʘʤʫ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ, ʥʘʩʢʦʣʴʢʦ 

ʵʪʦ ʚʦʟʤʦʞʥʦ. 

çɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝè ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʯʝʣʦʚʝʢʝ-

ʦʧʝʨʘʪʦʨʝ. ʆʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʤʘʩʰʪʘʙʥʳʭ ʥʝʡʨʦʩʝʪʝʡ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʴʶʪʝʨʫ ʫʯʠʪʴʩʷ ʠ çʜʫʤʘʪʴè ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʥʝ 

ʧʨʠʙʝʛʘʷ ʢ ʧʨʷʤʦʤʫ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʚʤʝʰʘʪʝʣʴʩʪʚʫ. ɺ ʦʪʥʦʰʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ 
ʟʘʜʘʯ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ çʩʳʨʳʭè ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, 

ʘʣʛʦʨʠʪʤʳ SIFT (scale-invariant feature transform ï ʤʘʩʰʪʘʙʥʦ-ʠʥʚʘʨʠʘʥʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ) ʠʣʠ SURF (speeded up robust features ï ʫʩʢʦʨʝʥʥʳʡ 

ʫʩʪʦʡʯʠʚʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʧʨʠʟʥʘʢʦʚ) ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ. ɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ 

ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʦʙʥʳʭ ʦʧʝʨʘʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʚʨʫʯʥʫʶ, ʟʘʤʝʥʷʷ 

ʠʭ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʳʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʳʝ 

ʩʪʨʫʢʪʫʨʳ.  
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ɺ ʩʪʘʪʴʝ ɸ.ʉ. ʇʦʪʘʧʦʚʘ, ɺ.ɺ. ɹʘʪʠʱʝʚʘ, ʐ. ʇʘʥ  ʧʦ ñʋʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʩʝʪʷʭ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʤʠʪʘʮʠʠ 

ʦʪʞʠʛʘò ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʨʝʩʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ  ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʩʝʤʠ ʩʣʫʯʘʷʭ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʠ 

ʧʦʣʫʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʦʰʠʙʢʠ, ʛʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʤʝʥʴʰʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʰʠʙʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ Ŭ=0,01 ʧʦ 

ʢʨʠʪʝʨʠʶ ʋʠʣʢʦʢʩʦʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʭ ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʯʘʩʪʦʪʫ ʦʰʠʙʦʢ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʦʮʝʥʠʚʘʚʰʫʶʩʷ ʧʦ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʥʘ ʙʘʟʝ MNIST, ʚ 1,1ï1,5 ʨʘʟʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʘ ʛʣʦʙʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚʝʩʦʚ ʩʚʷʟʝʡ ʚ ʩʝʪʷʭ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʬʬʝʢʪʘ ʯʨʝʟʤʝʨʥʦ ʙʣʠʟʢʦʡ ʧʦʜʛʦʥʢʠ 

(ʧʝʨʝʦʙʫʯʝʥʠʷ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʛʣʫʙʦʢʦʛʦ 

ʦʙʫʯʝʥʠʷ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʚ 

ʦʙʣʘʩʪʷʭ, ʪʨʝʙʫʶʱʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʧʨʠʟʥʘʢʦʚʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ. (2) 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʙʘʥʢʦʚʩʢʦʤ ʩʝʢʪʦʨʝ 

ɺʘʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ çɻʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʷè ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ  ʚ ʙʘʥʢʦʚʩʢʦʤ ʩʝʢʪʦʨʝ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʘʥʘʣʠʟʘ 

ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʙʘʥʢʘ ʠ ʨʘʟʚʠʪʠʝ ʨʳʥʢʘ ʙʘʥʢʦʚʩʢʠʭ ʫʩʣʫʛ. 

ʅʘʧʨʠʤʝʨ, ʘʤʝʨʠʢʘʥʩʢʠʡ Citibank ʠʩʧʦʣʴʟʫʝʪ ʥʝʡʨʦʩʝʪʝʚʳʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩ 

1990 ʛʦʜʘ, ʠ ʫʞʝ ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ ʧʦʩʣʝ ʠʭ ʚʥʝʜʨʝʥʠʷ, ʧʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʞʫʨʥʘʣʘ 

The Economist, ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʜʠʣʠʥʛ ʧʦʢʘʟʳʚʘʣ ʜʦʭʦʜʥʦʩʪʴ 25% ʛʦʜʦʚʳʭ. 

Chemical Bank ʧʨʠʤʝʥʷʝʪ ʥʝʡʨʦʩʝʪʝʚʫʶ ʩʠʩʪʝʤʫ ʬʠʨʤʳ Neural Data ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʨʘʥʟʘʢʮʠʡ ʥʘ ʚʘʣʶʪʥʳʭ ʙʠʨʞʘʭ ʨʷʜʘ ʩʪʨʘʥ, 

ʦʪʩʣʝʞʠʚʘʷ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ ʩʜʝʣʢʠ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚʝʜʝʥʠʷ 

ʧʦʨʪʬʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʩʝʪʝʡ ʠʤʝʶʪʩʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʠ ʫ Deere & 

Co LBS Capital, ʧʨʠʯʝʤ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ ʦʙʲʝʜʠʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʩ 900 

ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ. 

ɺ ʩʝʥʪʷʙʨʝ 1992 ʛʦʜʘ ʢʦʤʧʘʥʠʷ HNC, ʢʦʪʦʨʘʷ ʜʦ ʵʪʦʛʦ ʟʘʥʠʤʘʣʘʩʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʥʝʡʨʦʢʦʤʧʴʶʪʝʨʦʚ, ʚʳʧʫʩʪʠʣʘ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ Falcon, 

ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʷʚʣʷʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʜʦʟʨʠʪʝʣʴʥʳʝ 

ʩʜʝʣʢʠ ʧʦ ʢʨʘʜʝʥʳʤ ʢʨʝʜʠʪʥʳʤ ʠ ʜʝʙʝʪʥʳʤ ʢʘʨʪʘʤ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʦʙʫʯʘʣʠʩʴ ʪʠʧʠʯʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʢʣʠʝʥʪʦʚ ʠ ʤʦʛʣʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʝʟʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʧʦʢʫʧʦʢ, ʩʠʛʥʘʣʠʟʠʨʫʶʱʝʝ ʦ ʚʦʟʤʦʞʥʦʡ ʢʨʘʞʝ. 

ɽʞʝʛʦʜʥʳʡ ʫʱʝʨʙ ʢʨʫʧʥʳʭ ʙʘʥʢʦʚ ʦʪ ʧʦʜʦʙʥʳʭ ʧʨʝʩʪʫʧʣʝʥʠʡ ʠʟʤʝʨʷʣʩʷ 

ʜʝʩʷʪʢʘʤʠ ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ, ʥʦ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ Falcon ʚ 1994 ʛʦʜʫ 

ʚʧʝʨʚʳʝ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʧʣʘʩʪʠʢʦʚʳʭ ʢʘʨʪ ʵʪʠ ʧʦʪʝʨʠ ʧʦʰʣʠ ʥʘ ʫʙʳʣʴ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʬʠʨʤʦʡ ITC ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʝʨʘʮʠʡ 

ʩ ʢʨʝʜʠʪʥʳʤʠ ʢʘʨʪʘʤʠ Visa. 
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ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʢʨʫʧʥʳʡ ʢʘʥʘʜʩʢʠʡ ʙʘʥʢ CIBC ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʫʩʪʘʥʦʚʠʣ ʧʨʦʛʨʘʤʤʫ 

KnowledgeSeeker ʬʠʨʤʳ Angoss. ʉ ʝʝ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʩʪʳ ʙʘʥʢʘ ʨʝʰʠʣʠ 

ʚʳʷʩʥʠʪʴ, ʢʪʦ ʠʟ ʠʭ ʢʣʠʝʥʪʦʚ ʚ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʟʘʜʝʨʞʠʚʘʪʴ ʚʳʧʣʘʪʳ ʧʦ ʟʘʢʣʘʜʥʳʤ. ʉʥʘʯʘʣʘ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʠʤʠ ʦʢʘʞʫʪʩʷ ʪʝ, ʢʪʦ ʠ ʧʨʝʞʜʝ ʟʘʜʝʨʞʠʚʘʣ ʩʚʦʠ ʚʳʧʣʘʪʳ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʜʥʝʡ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʧʨʦʙʣʝʤʳ ʩ ʧʣʘʪʝʞʘʤʠ 

ʚʦʟʥʠʢʥʫʪ ʫ ʪʝʭ ʢʣʠʝʥʪʦʚ ʙʘʥʢʘ, ʢʦʪʦʨʳʝ ʥʘ ʬʦʥʝ ʨʝʛʫʣʷʨʥʳʭ ʚʳʧʣʘʪ ʠʥʦʛʜʘ 

ʷʢʦʙʳ ʟʘʙʳʚʘʣʠ ʟʘʧʣʘʪʠʪʴ. ʂʘʢ ʚʳʷʩʥʠʣʦʩʴ, ʧʦʜʦʙʥʘʷ çʟʘʙʳʚʯʠʚʦʩʪʴè ʙʳʣʘ 

ʩʚʷʟʘʥʘ ʩ ʩʝʨʴʝʟʥʳʤʠ ʬʠʥʘʥʩʦʚʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʫʣʫʯʰʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʟʨʝʥʠʷ, ʦʙʨʘʙʦʪʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʜʨʫʛʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʩ 

ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ,  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ñɻʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷò 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʪʝʤʦʡ ʜʣʷ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʪ ʚ ʙʫʜʫʱʝʤ  ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʳʝ ʨʳʥʢʠ ʠ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʙʘʥʢʦʚʩʢʠʭ ʫʩʣʫʛ. 
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ɺʆʇʈʆʉʓ ʆɹɽʉʇɽʏɽʅʀʗ ʖʈʀɼʀʏɽʉʂʆʁ ʉʀʃʓ ʕʃɽʂʊʈʆʅʅʓʍ 

ɼʆʂʋʄɽʅʊʆɺ ɺ ʂʆʈʇʆʈɸʊʀɺʅʓʍ ʉʀʉʊɽʄɸʍ ʄ2ʄ 
 

 ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʶʨʠʜʠʯʝʩʢʦʡ ʩʠʣʳ 

ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʄ2ʄ (machine-to-machine, ʦʙʲʝʢʪ-

ʦʙʲʝʢʪ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʣʥʦʪʳ, ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ 

ʮʝʣʦʩʪʥʦʩʪʠ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʦʙʲʝʢʪʦʚ, ʮʝʣʦʩʪʥʦʩʪʠ ʟʘʧʠʩʝʡ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʠ çʥʝʦʪʢʘʟʫʝʤʦʩʪʠ ʦʪ ʘʚʪʦʨʩʪʚʘè 

ʫʢʘʟʘʥʥʳʭ ʟʘʧʠʩʝʡ. çʅʝʦʪʢʘʟʫʝʤʦʩʪʴ ʦʪ ʘʚʪʦʨʩʪʚʘè ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʫʪʸʤ 

ʢʦʨʨʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ, ʧʨʠʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ ʧʦʜ ʢʘʞʜʦʡ ʟʘʧʠʩʴʶ ʠ ʘʫʜʠʪʘ ʚʝʜʝʥʠʷ ʟʘʧʠʩʝʡ ʦʙʲʝʢʪʘ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʶʨʠʜʠʯʝʩʢʘʷ ʩʠʣʘ, ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ, ʮʝʣʦʩʪʥʦʩʪʴ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʜʧʠʩʴ, ʥʝʦʪʢʘʟʫʝʤʦʩʪʴ. 
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 Abstract. Actual problems of juridical significance provision for electronic documents in 

M2M corporate systems are considered. It is shown that the goal may be reduced to providing 

entity, authenticity and integrity of primary information derivable from objects and the integrity of 

parameters records derivable from moving objects. The notesheet from authorship must be realized 

for these records. The notesheet from authorship may be provided by correct solving the problems 

of the object identification and authentication. An electronic signature must be used for every 

record. The audit of making records process must be taken into account. 

 Keywords: juridical significance, electronic document, integrity, identification, 

authentication, electronic signature, non-repudiation. 
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ɺʚʝʜʝʥʠʝ. ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʥʝʜʨʝʥʠʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʱʝʩʪʚʦ 2011 - 2020 ʛʦʜʳè [1] 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʦʩʪʫ ʢʦʣʠʯʝʩʪʚʘ ʩʠʩʪʝʤ ʄ2ʄ (ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʩʠʩʪʝʤʳ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʫʪʝʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʥʩʧʦʨʪʘ, "ʫʤʥʳʡ ʜʦʤ" ʠ ʪ.ʜ.) ʠ ʚʳʷʚʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʜʦʚʝʨʠʷ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʥʘʨʘʚʥʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ (ʙʫʤʘʞʥʳʤʠ) ʜʦʢʫʤʝʥʪʘʤʠ. ɺʩʝ ʯʘʱʝ ʵʪʦ ʥʘʭʦʜʠʪ 

ʦʪʨʘʞʝʥʠʝ ʚ ʚʠʜʝ ʪʨʝʙʦʚʘʥʠʡ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟ 

ʧʦʣʦʞʝʥʠʡ ʩʪ.3 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ [2] ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ ʄ2ʄ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʪʳ, ʜʦʩʪʦʚʝʨʥʦʩʪʠ, 

ʥʝʢʦʨʨʝʢʪʠʨʫʝʤʦʩʪʠ ʧʨʠʥʠʤʘʝʤʦʡ ʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʌʘʢʪʠʯʝʩʢʠ 

ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ ʄ2ʄ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʶʨʠʜʠʯʝʩʢʠ-

ʟʥʘʯʠʤʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ (ʖɿʕɼʆ), ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʧʨʘʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʩʣʫʛ ʦʧʝʨʘʪʦʨʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 

ʟʘʱʠʪʫ ʙʠʟʥʝʩʘ ʦʧʝʨʘʪʦʨʦʚ ï ʩ ʜʨʫʛʦʡ. 

ɺʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʖɿʕɼʆ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʥʦ ʧʦʢʘ ʥʝ 

ʨʝʰʸʥʥʦʡ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʟʘʜʘʯʝʡ. ɺ ʨʘʙʦʪʘʭ [3-5] ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʜʣʷ ʝʸ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ, ʥʦʨʤʘʪʠʚʥʳʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʚʝʨʠʝ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʙʫʤʘʞʥʳʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ ʨʝʢʚʠʟʠʪʦʚ ʩʦʛʣʘʩʥʦ [6].  

ʎʝʣʷʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʦʙʣʝʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʶʨʠʜʠʯʝʩʢʦʡ ʩʠʣʳ (ʖʉ) ʵʣʝʢʪʨʦʥʥʳʤ ʜʦʢʫʤʝʥʪʘʤ (ʕɼ) ʠ ʧʦʠʩʢ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʦʡ ʠ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʖɿʕɼʆ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʄ2ʄ.     

ʖʨʠʜʠʯʝʩʢʘʷ ʩʠʣʘ ʟʘʧʠʩʝʡ ʧʦʢʘʟʘʥʠʡ ʧʨʠʙʦʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʄ2ʄ  

ʖʉ ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʛʫʣʠʨʫʝʤʳʭ ʚ ʪʝʯʝʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʡ ʠʥʩʪʠʪʫʪʘʭ ʩʦʟʜʘʥʠʷ, ʧʨʦʚʝʨʢʠ, ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ 

ʜʦʢʫʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ.  ʉʦʛʣʘʩʥʦ ʚʳʚʦʜʘʤ ʨʘʙʦʪʳ [3] ʖʉ ʠ ʶʨʠʜʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ (ʖɿ) ʙʫʤʘʞʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʪʦʞʜʝʩʪʚʝʥʥʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ  ʖʉ 

ʧʦʥʷʪʠʝ ʕɿ ʧʦʷʚʠʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʪʦʣʴʢʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʵʣʝʢʪʨʦʥʥʦʤʫ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʫ. ʇʦʜ ʕɼ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʚʠʜʝ 

ʟʘʧʠʩʠ ʠʣʠ ʩʦʦʙʱʝʥʠʷ, ʩʥʘʙʞʸʥʥʫʶ ʥʝʢʦʪʦʨʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʨʝʢʚʠʟʠʪʘʤʠ. 
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ɺʦʧʨʦʩʳ ʩʦʦʪʥʦʰʝʥʠʷ ʖʉ ʠ ʖɿ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʕɼ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʠʥʪʝʥʩʠʚʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʩʨʝʜʝ ʶʨʠʩʪʦʚ. ʅʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʩʦʜʝʨʞʘʥʠʶ ʧʦʥʷʪʠʡ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʙʦʪʘʭ [4,5], ʧʦʩʢʦʣʴʢʫ ʚ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʤ ʌʝʜʝʨʘʣʴʥʦʤ ʟʘʢʦʥʝ [7] ʵʪʘ ʪʝʤʘ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪʩʷ. ɸʧʨʠʦʨʠ 

ʧʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ  ʖʉ ʕɼ ʪʨʝʙʫʝʪʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʦʟʜʘʥʠʷ, 

ʧʝʨʝʜʘʯʠ, ʧʨʦʚʝʨʢʠ ʖʉ. ɻʣʘʚʥʳʤ ʥʘʟʥʘʯʝʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʜʦʣʞʥʦ ʷʚʣʷʪʴʩʷ ʧʦʜʜʝʨʞʢʘ ʜʦʚʝʨʠʷ ʢ ʕɼ, ʦʙʣʘʜʘʶʱʠʭ ʖʉ [8-10]. ʉʦʛʣʘʩʥʦ 

ʚʳʚʦʜʘʤ ʨʘʙʦʪʳ [11] ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʖʉ ʕɼ 

ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʩʪʨʦʝʥʦ ʝʜʠʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʦʚʝʨʠʷ (ɽʇɼ). ʆʩʥʦʚʦʡ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʦʚʝʨʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʩʦʟʜʘʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʧʨʦʚʝʨʢʠ ʖʉ ʕɼ, ʧʦ 

ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʦʣʞʥʘ ʷʚʣʷʪʴʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʪʢʨʳʪʳʭ 

ʢʣʶʯʝʡ (ʀʆʂ). ʊʨʝʙʦʚʘʥʠʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʝʨʚʠʩʦʚ ʚ ʩʦʩʪʦʷʥʠʠ ʜʦʚʝʨʠʷ 

ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʠ ʦʙʲʝʢʪʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ɽʇɼ. ʇʨʠ ʵʪʦʤ 

ʧʦʥʷʪʠʝ ɽʇɼ ʜʦʣʞʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʠʤʝʥʥʦ ʢʘʢ ʦʙʲʸʤʥʦʝ (ʬʠʟʠʯʝʩʢʦʝ)  

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʚʝʨʝʥʥʳʝ ʩʝʨʚʠʩʳ, ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʜʧʠʩʴ, ʤʝʪʢʠ 

ʚʨʝʤʝʥʠ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ, ʧʨʦʚʝʨʢʘ ʩʪʘʪʫʩʘ ʩʝʨʪʠʬʠʢʘʪʘ ʢʣʶʯʘ ʧʦʜʧʠʩʠ, ʜʣʷ 

ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤ ʜʣʷ ʘʪʘʢ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʨʫʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ çʜʦʚʝʨʝʥʥʦʩʪʠè, ʷʚʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪ 

ʦʢʦʥʝʯʥʳʭ (ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ) ʫʩʪʨʦʡʩʪʚ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʚ ʩʠʩʪʝʤʘʭ ʄ2ʄ 

ʦʪʥʦʩʷʪʩʷ ʙʦʨʪʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʉʝʨʚʝʨʥʳʝ ʨʝʰʝʥʠʷ ʠ ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʢʘʥʘʣʦʚ VPN ʧʨʠ 

ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʝʝ ʫʷʟʚʠʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʠʶ ʟʘʱʠʱʸʥʥʳʭ 

ʨʝʰʝʥʠʡ ʜʣʷ ʙʦʨʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ.  

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʖʉ ʕɼ ʙʝʟ ʣʦʢʘʣʠʟʘʮʠʠ ʢ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 

ʟʘʜʘʯʫ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ, ʥʦʨʤʘʪʠʚʥʳʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʳ.  ʇʨʦʮʝʩʩʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʖʉ ʚ ɽʇɼ ʠʤʝʝʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʠ ʩʧʦʩʦʙʳ, ʦʜʥʘʢʦ ʜʣʷ ʩʠʩʪʝʤ ʄ2ʄ ʟʘʜʘʯʘ ʤʦʞʝʪ ʠʤʝʪʴ 

ʨʝʰʝʥʠʝ ʚ ʩʠʣʫ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʪʠʧʦʚ ʫʯʘʩʪʥʠʢʦʚ ʦʙʤʝʥʘ ʠ ʯʸʪʢʦ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʚ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ʇʦʢʘʞʝʤ ʵʪʦ ʥʘ ʯʘʩʪʥʦʤ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤ ʄ2ʄ ʩ ʧʦʜʜʝʨʞʢʦʡ ʙʦʨʪʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ ʢʣʘʩʩʘ çʪʘʭʦʛʨʘʬè, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ 

ʟʘʢʦʥʦʤ [12] ʠ ʧʨʠʢʘʟʘʤʠ ʄʠʥʪʨʘʥʩʘ ʈʦʩʩʠʠ [13,14] ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʊʉ). ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʪʨʝʙʦʚʘʥʠʷ [12]. 

ʇʦʣʥʦʪʘ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. ʆʙʝʩʧʝʯʝʥʠʝ ʧʦʣʥʦʪʳ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ  ʧʨʠʥʠʤʘʝʤʦʡ ʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ çʕʈɸ-

ɻʃʆʅɸʉʉè ʠʥʬʦʨʤʘʮʠʠ ʩʦʛʣʘʩʥʦ ʩʪ.11 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ [12] ʧʝʨʝʥʦʩʠʪʩʷ 

ʥʘ ʝʝ ʦʙʣʘʜʘʪʝʣʝʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʩʪ.7. 

ʅʝʢʦʨʨʝʢʪʠʨʫʝʤʦʩʪʴ. ʊʨʝʙʦʚʘʥʠʝ ʥʝʢʦʨʨʝʢʪʠʨʫʝʤʦʩʪʠ ʧʨʠʥʠʤʘʝʤʦʡ ʠ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʦ çʕʈɸ-ɻʃʆʅɸʉʉè ʠʥʬʦʨʤʘʮʠʠ 

ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʠ ʩʧʦʩʦʙʳ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ. ʇʦʜ 

ʥʝʢʦʨʨʝʢʪʠʨʫʝʤʦʩʪʴʶ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 
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ʠʥʬʦʨʤʘʮʠʶ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʪʝʨʤʠʥʘʭ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʦʥʷʪʠʝ 

ʥʝʢʦʨʨʝʪʠʨʫʝʤʦʩʪʠ ʘʥʘʣʦʛʠʯʥʦ ʧʦʥʷʪʠʶ ʮʝʣʦʩʪʥʦʩʪʠ. ʇʦʜ ʮʝʣʦʩʪʥʦʩʪʴʶ 

ʧʦʥʠʤʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʣʶʙʦʝ ʝʝ 

ʠʟʤʝʥʝʥʠʝ ʣʠʙʦ ʠʟʤʝʥʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʩʫʙʲʝʢʪʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʥʘ ʥʝʛʦ ʧʨʘʚʦ [15].  ʆʙʝʩʧʝʯʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ (ʕʇ). ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʕʇ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʟʘʧʠʩʝʡ, 

ʬʦʨʤʠʨʫʝʤʳʭ ʙʦʨʪʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʠʤʝʝʪʩʷ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ (ʚʳʯʠʩʣʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʩʫʤʤ, 

ʠʤʠʪʦʚʩʪʘʚʢʘ ʠ ʜʨ.). ɿʘʤʝʪʠʤ, ʯʪʦ ʩʝʨʚʠʩ ʕʇ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʩʝʨʚʠʩʘʤʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʨʨʝʢʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ 

ʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʦʩʪʨʦʝʥʠʷ ɽʇɼ [11].  ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʚʦʧʨʦʩ ʧʦʜʨʦʙʥʝʝ.   

ʅʝʦʪʢʘʟʫʝʤʦʩʪʴ. ɼʣʷ ʧʦʜʜʝʨʞʢʠ ʖʉ ʕɼ ʢʨʦʤʝ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʪʳ ʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʝʝ ʥʝʢʦʨʨʝʢʪʠʨʫʝʤʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʪʴ ʠ ʚʳʧʦʣʥʷʪʴ ʫʩʣʦʚʠʷ ʥʝʦʪʢʘʟʫʝʤʦʩʪʠ ʦʙʲʝʢʪʘ ʦʪ ʬʘʢʪʘ ʧʦʜʧʠʩʠ [9,10]. 

ʅʝʦʪʢʘʟʫʝʤʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʠʩʦʚ ʕʇ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʘʫʜʠʪʘ ʧʨʦʮʝʩʩʘ ʧʦʜʧʠʩʠ 

ʬʦʨʤʠʨʫʝʤʳʭ ʙʦʨʪʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʧʠʩʝʡ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʕʇ ʥʘʟʳʚʘʝʪʩʷ 

çʠʥʬʦʨʤʘʮʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʧʨʠʩʦʝʜʠʥʝʥʘ ʢ ʜʨʫʛʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ (ʧʦʜʧʠʩʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ) ʠʣʠ ʠʥʳʤ 

ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʘ ʩ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʣʠʮʘ, ʧʦʜʧʠʩʳʚʘʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶè [16]. ʕʇ ï ʫʥʠʢʘʣʴʥʳʡ ʩʝʨʚʠʩ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʜʧʠʩʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʠ 

ʥʝʦʪʢʘʟʫʝʤʦʩʪʠ ʪʦʛʦ, ʢʪʦ ʧʦʜʧʠʩʘʣ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʧʠʩʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʜʘʥʥʳʭ ʙʫʜʫʪ ʦʙʥʘʨʫʞʝʥʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʯʝʤ ʦʥʠ ʚʳʟʚʘʥʳ ʦʰʠʙʢʘʤʠ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʠʣʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʪʠʚʥʠʢʘ ʚ ʢʘʥʘʣʝ. ʇʦʜ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʧʦʜʧʠʩʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʣʦʞʝʥʥʦʡ ʧʨʦʚʝʨʢʦʡ ʧʦʜʧʠʩʠ. 

ʅʝʦʪʢʘʟʫʝʤʦʩʪʴ (ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʪʨʠʮʘʥʠʷ) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩʝʨʚʠʩʦʤ, 

ʧʦʵʪʦʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʕʇ ʜʦʣʞʥʳ ʜʦʧʦʣʥʷʪʴʩʷ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʝʡ ʧʦʜʧʠʩʘʥʪʘ. ʂʨʦʤʝ ʦʩʥʦʚʥʳʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʝʨʚʠʩʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʕʇ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʣʘʜʘʪʝʣʷ ʩʨʝʜʩʪʚʘ 

ʕʇ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʣʷʤ ʩʝʨʪʠʬʠʢʘʪʘ ʢʣʶʯʘ ʧʨʦʚʝʨʢʠ ʧʦʜʧʠʩʠ. ʅʘʜʸʞʥʦʩʪʴ 

ʩʭʝʤʳ ʕʇ ʦʮʝʥʠʚʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

¶ ʧʦʜʜʝʣʢʘ ʧʦʜʧʠʩʠ, ʪʦ ʝʩʪʴ ʥʘʭʦʞʜʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʜʧʠʩʠ ʧʦʜ ʟʘʜʘʥʥʳʤ 

ʜʦʢʫʤʝʥʪʦʤ ʣʠʮʦʤ, ʥʝ ʷʚʣʷʶʱʠʤʩʷ ʚʣʘʜʝʣʴʮʝʤ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ; 

¶ ʧʦʜʜʝʣʢʘ ʜʦʢʫʤʝʥʪʘ, ʪʦ ʝʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʜʧʠʩʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʙʝʟ 

ʟʥʘʥʠʷ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ; 

¶ ʧʦʜʤʝʥʘ ʩʦʦʙʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʦʜʙʦʨ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʜʧʠʩʠ ʙʝʟ ʟʥʘʥʠʷ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ; 
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¶ ʛʝʥʝʨʘʮʠʷ ʧʦʜʧʠʩʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʥʘʭʦʞʜʝʥʠʝ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʩ ʧʨʘʚʠʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʜʧʠʩʠ ʙʝʟ ʟʥʘʥʠʷ ʩʝʢʨʝʪʥʦʛʦ 

ʢʣʶʯʘ. 

ɿʘʱʠʪʘ ʦʪ ʜʘʥʥʳʭ ʘʪʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʙʦʨʦʤ ʩʭʝʤʳ ʕʇ, ʦʙʣʘʜʘʶʱʝʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʚ, ʧʨʠʥʷʪʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʚ [9] 

ʟʘʢʨʝʧʣʝʥʳ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʤʦʤʝʥʪʳ. ʆʥʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʩʪ. 5 

ɼʠʨʝʢʪʠʚʳ [9]: ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʠʣʝʥʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʜʧʠʩʴ, 

ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʝʨʪʠʬʠʢʘʪʝ ʠ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʟʘʱʠʱʸʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʟʜʘʥʠʷ ʧʦʜʧʠʩʠ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ SSCD (Secure Signature Creation Device), ʯʪʦ ʚ ʧʝʨʝʚʦʜʝ ʦʟʥʘʯʘʝʪ 

çʫʩʪʨʦʡʩʪʚʦ, ʛʝʥʝʨʠʨʫʶʱʝʝ ʢʣʶʯʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʢʨʳʪʳʡ ʢʣʶʯ, ʚʥʫʪʨʠ 

ʟʘʱʠʱʝʥʥʦʛʦ ʯʠʧʘè. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʪʨʝʙʦʚʘʥʠʝ ʥʝʠʟʚʣʝʢʘʝʤʦʩʪʠ 

ʟʘʢʨʳʪʦʛʦ ʢʣʶʯʘ ʕʇ. ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʟʘʢʦʥʝʥʦ ʚ ʈʌ, ʭʦʪʷ ʚ 

ʧʨʠʭʦʜʷʱʝʤ ʥʘ ʩʤʝʥʫ [9] ʈʝʛʣʘʤʝʥʪʝ [10] ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʫʩʪʨʦʡʩʪʚ SSCD ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʕʇ ʩʪʘʣʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ, ʩ 1 ʠʶʣʷ 2014ʛ. 

ʩʪʘʣʘ ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ʚʩʝʭ ʩʪʨʘʥ ɽʚʨʦʩʦʶʟʘ. ɺ [16] ʧʨʠʚʦʜʠʪʩʷ ʪʘʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ: 

çʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʕʇ ʷʚʣʷʝʪʩʷ ʕʇ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʤ ʧʨʠʟʥʘʢʘʤ 

ʥʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʕʇ ʠ ʜʚʫʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ: 

1) ʢʣʶʯ ʧʨʦʚʝʨʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ ʫʢʘʟʘʥ ʚ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ 

ʩʝʨʪʠʬʠʢʘʪʝ; 

2) ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʕʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʩʪʚʘ ʧʦʜʧʠʩʠ, 

ʧʦʣʫʯʠʚʰʠʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʦʷʱʠʤ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤè. 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʚʠʜʘʤ ʕʇ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʧʦʤʥʠʤ, ʯʪʦ ʪʘʢʦʝ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ 

ʠ ʢʘʢ ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʕʇ. ɸʫʪʝʥʪʠʬʠʢʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʧʦʜʣʠʥʥʦʩʪʠ ʧʨʝʜʲʷʚʣʝʥʥʳʭ ʟʘʷʚʠʪʝʣʝʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ (ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ) ʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʘʫʪʝʥʪʠʬʠʢʘʪʦʨʘ (ʩʝʢʨʝʪʘ, ʢʦʪʦʨʳʡ ʟʥʘʶʪ ʦʙʝ ʩʪʦʨʦʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʟʥʘʶʪ ʦʙʝ ʩʪʦʨʦʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʟʘʷʚʠʪʝʣʶ. ʇʨʦʮʝʜʫʨʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʲʷʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʳʤ ʩʧʦʩʦʙʦʤ ʩʝʢʨʝʪʘ 

(ʘʫʪʝʥʪʠʬʠʢʘʪʦʨʘ), ʘ ʩʪʘʥʜʘʨʪʥʘʷ ʧʨʦʚʝʨʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ, ʥʘʟʳʚʘʝʤʦʡ ʚʘʣʠʜʘʮʠʝʡ, - ʧʨʦʚʝʨʢʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʜʦʩʪʦʚʝʨʝʥʠʷ (ʯʘʱʝ ʚʩʝʛʦ ʚ ʚʠʜʝ ʩʝʨʪʠʬʠʢʘʪʘ ʍ.509, 

ʚʳʧʫʱʝʥʥʦʛʦ ʋʎ ʜʣʷ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʩʠʩʪʝʤʝ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʕʇ). 

ʕʣʝʢʪʨʦʥʥʦʝ ʫʜʦʩʪʦʚʝʨʝʥʠʝ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʳʚʘʝʪ ʚʣʘʜʝʣʴʮʘ ʕʇ ʩ ʝʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ (ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ) ʠ ʘʫʪʝʥʪʠʬʠʢʘʪʦʨʦʤ. ɺ ʧʨʦʩʪʝʡʰʝʤ 

ʩʣʫʯʘʝ ʧʘʨʦʣʴʥʦʡ ʟʘʱʠʪʳ ʚʘʣʠʜʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʣʦʛʠʥʘ (ʧʨʦʚʝʨʢʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʣʦʛʠʥʘ ʥʘ ʤʦʤʝʥʪ ʧʦʜʧʠʩʘʥʠʷ ʕɼ ʠʣʠ ʩʦʦʙʱʝʥʠʷ). 

ʇʨʦʮʝʩʩ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚʩʝʛʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʧʦʜʧʠʩʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ (ʕɼ) ʠʣʠ ʩʦʦʙʱʝʥʠʷ. ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʥʘʜʸʞʥʦʡ ʠ 

ʙʝʟʦʧʘʩʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʥʘʩʪʦʣʴʢʦ ʞʝ ʥʘʜʸʞʥʦ 
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(ʜʦʩʪʦʚʝʨʥʦ, ʪ.ʝ. ʙʝʟʦʰʠʙʦʯʥʦ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʠʮʦ ʠʣʠ ʦʙʲʝʢʪ, 

ʧʦʜʧʠʩʳʚʘʶʱʠʡ ʕɼ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʠʧʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤ 

ʄ2ʄ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʕʇ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʘʢʩʠʦʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʧʨʠʥʮʠʧ 

ʂʠʨʭʛʦʬʘ): ʟʘʱʠʱʸʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʱʠʱʸʥʥʦʩʪʴʶ ʥʘʠʙʦʣʝʝ 

ʩʣʘʙʦʛʦ ʟʚʝʥʘ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ 

ʧʨʠʤʠʪʠʚʥʦ: ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʠʧʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʝ ʥʠʞʝ ʫʨʦʚʥʷ 

ʚʠʜʘ ʧʨʠʤʝʥʷʝʤʦʡ ʕʇ. ʊʘʢ, ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ [13,14] ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʕʇ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʦʛʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʜʫʨ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʕʇ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʦʪʯʫʞʜʘʝʤʳʡ ʪʨʘʩʪʦʚʳʡ ʤʦʜʫʣʴ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʨʦʮʝʜʫʨʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʦʜʧʠʩʠ. ʊʘʢʦʡ ʪʨʘʩʪʦʚʳʡ ʤʦʜʫʣʴ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ SD-ʢʘʨʪʳ, ʩʤʘʨʪ-ʢʘʨʪʳ ʠʣʠ SIM-ʢʘʨʪʳ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʯʪʦʙʳ ʢʨʠʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ 

ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʣʶʯʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚʥʫʪʨʠ ʟʘʱʠʱʸʥʥʦʛʦ 

ʯʠʧʘ. ʋʧʨʘʚʣʝʥʠʝ ʢʣʶʯʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʜʦʩʪʫʧʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʊʉ 

(ʫʩʪʘʥʦʚʱʠʢʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʜʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ). 

ɿʘʢʣʶʯʝʥʠʝ 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʶʨʠʜʠʯʝʩʢʦʡ ʩʠʣʳ ʵʣʝʢʪʨʦʥʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʠ ʩʦʦʙʱʝʥʠʷʤ ʥʝʦʙʭʦʜʠʤ 

ʢʦʤʧʣʝʢʩ ʤʝʨ ʠʟ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ, ʥʦʨʤʘʪʠʚʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʄ2ʄ ï ʩʠʩʪʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʚʠʪʦʡ ʦʪʨʘʩʣʝʚʦʡ ʥʦʨʤʘʪʠʚʥʦʡ 

ʙʘʟʳ  ʖʉ ʕɼ ʦʙʝʩʧʝʯʠʪʴ ʤʦʞʥʦ ʠʤʝʶʱʠʤʠʩʷ ʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʤʠ ʥʘ 

ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʩʨʝʜʩʪʚʘʤʠ. 
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ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʢʘʪʝʛʦʨʠʡ ʠ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʩʥʘʱʘʝʤʳʭ 

ʪʘʭʦʛʨʘʬʘʤʠ, ʧʨʘʚʠʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʪʘʭʦʛʨʘʬʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ". 

14. ʇʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʄʠʥʪʨʘʥʩ ʈʦʩʩʠʠ) ʦʪ 21 
ʘʚʛʫʩʪʘ 2013ʛ. ˉ273 "ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʦʨʷʜʢʘ ʦʩʥʘʱʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʪʘʭʦʛʨʘʬʘʤʠ". 

15. çɹʘʟʦʚʘʷ ʤʦʜʝʣʴ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭè, ʌʉʊʕʂ ʈʦʩʩʠʠ, 15 ʬʝʚʨʘʣʷ 2008 ʛ. 

16. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ 63-ʌɿ "ʆʙ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ".  
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ʘʩʧʝʢʪʳ ʠʜʝʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʢʘʢ ʙʠʟʥʝʩ-ʷʚʣʝʥʠʷ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ, ʢʦʛʥʠʪʦʣʦʛʠʷ, ʤʘʨʢʝʪʠʥʛ, 

ʠʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ, ʨʝʙʨʝʥʜʠʥʛ. 

____________________________________________________________________ 
Yuferov ɸ.G. 

 

Knowledge management as a marketing phenomenon  
 

 Abstract. The organizational, informational and marketing aspects of the idea of knowledge 

management as a business phenomenon are considered. 

 Keywords: knowledge management, cognitive science, marketing, knowledge engineering, 

rebranding. 
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ʇʦʥʷʪʠʝ çʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠè ʚʦʟʥʠʢʣʦ ʚ ʩʬʝʨʝ ʤʝʥʝʜʞʤʝʥʪʘ 

ʢʨʫʧʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʢʦʛʜʘ ʦʙʥʘʨʫʞʠʣʦʩʴ, ʯʪʦ çʚʚʝʜʝʥʠʝ ʚ ʢʫʨʩ ʜʝʣʘè 
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ʥʦʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʪʜʝʣʦʚ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʠ ʩʝʨʴʸʟʥʳʭ 

ʫʩʠʣʠʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʠʥʞʝʥʝʨʫ, ʧʨʠʰʝʜʰʝʤʫ ʚ ʟʘʚʦʜʩʢʦʝ ʂɹ, ʜʣʷ 

ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʩ ʯʝʨʪʝʞʘʤʠ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʥʘʚʳʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ɺʋɿʝ, ʘ 

ʨʘʙʦʯʝʤʫ ʥʘ ʢʦʥʚʝʡʝʨʝ ï ʪʝʢʫʱʠʭ ʫʢʘʟʘʥʠʡ ʤʘʩʪʝʨʘ, ʪʦ ʥʦʚʳʡ ʢʣʝʨʢ ʘʙʩʦʣʶʪʥʦ 

ʥʝ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ ʧʦ ʪʦʡ ʧʨʦʩʪʦʡ ʧʨʠʯʠʥʝ, 

ʯʪʦ ʦʬʠʩʥʳʝ ʧʨʦʮʝʜʫʨʳ ʥʘ ʢʘʞʜʦʤ ʙʦʣʝʝ-ʤʝʥʝʝ ʢʨʫʧʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ ʠʤʝʶʪ ʤʘʩʩʫ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʯʝʨʪ ʠ ʜʝʪʘʣʝʡ. ɼʦʣʞʥʦʩʪʥʘʷ 

ʠʥʩʪʨʫʢʮʠʷ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪ ʢʨʫʛ ʦʙʷʟʘʥʥʦʩʪʝʡ ʨʘʙʦʪʥʠʢʘ, ʥʦ ʦʥʘ ʥʝ 

ʩʦʦʙʱʘʝʪ ʥʦʚʦʤʫ ʩʦʪʨʫʜʥʠʢʫ, ʢʘʢʠʝ ʙʣʘʥʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʚ 

ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʠ ʫ ʢʦʛʦ ʚʠʟʠʨʦʚʘʪʴ ʜʦʢʫʤʝʥʪʳ, ʢʘʢ ʟʘʢʘʟʘʪʴ ʨʘʩʭʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʬʠʩʘ, ʢʘʢ ʦʬʦʨʤʠʪʴ ʙʦʣʴʥʠʯʥʳʡ ʣʠʩʪ, ʦʪʧʫʩʢ, ʢʦʤʘʥʜʠʨʦʚʢʫ ʠ 

ʪ.ʜ., ʠ ʪ.ʧ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʦʥʠʤʘʣʘʩʴ ʢʘʢ ʩʫʛʫʙʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʚʦʧʨʦʩ ʧʦʜʛʦʪʦʚʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʢʘʜʨʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʜʣʷ ʝʛʦ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʠʥʩʪʨʫʢʮʠʡ ʠ ʨʝʛʣʘʤʝʥʪʦʚ, 

ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʠ ʢʦʥʢʨʝʪʥʦ ʧʨʦʧʠʩʳʚʘʶʱʠʭ ʧʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʨʘʙʦʪʥʠʢʘ ʚ 

ʨʘʤʢʘʭ ʪʦʡ ʠʣʠ ʠʥʦʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʪʫʘʮʠʠ ʠʣʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘ. ʂ 

ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ, ʢ ʜʦʚʝʜʝʥʠʶ ʠʭ ʜʦ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʚʦʜʠʣʠʩʴ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ (ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ) ʟʥʘʥʠʷʤʠ. ʈʘʟʫʤʝʝʪʩʷ, ʫʩʣʦʚʠʝʤ 

ʫʩʧʝʰʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ 

ʜʦʢʫʤʝʥʪʦʚ. ʕʪʦʪ ʘʩʧʝʢʪ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʠʣʠ ʢʣʘʩʩʠʯʝʩʢʠʤ. ʆʥ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʜʣʷ ʝʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʴʢʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʝ ʫʩʠʣʠʝ ʚ ʩʦʙʣʶʜʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʠʩʮʠʧʣʠʥʳ ï ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʠ ʧʦʣʥʳʡ ʠʥʩʪʨʫʢʪʘʞ ʩʦʪʨʫʜʥʠʢʘ ʩʦ ʩʪʦʨʦʥʳ 

ʨʫʢʦʚʦʜʩʪʚʘ, ʯʪʦʙʳ ʩʦʪʨʫʜʥʠʢ ʥʝ ʪʝʨʷʣ ʨʘʙʦʯʝʝ ʚʨʝʤʷ ʚ ʧʦʠʩʢʘʭ ʥʝʦʙʭʦʜʠʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʉʧʝʮʠʘʣʠʩʪʳ, ʨʝʰʘʚʰʠʝ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʟʥʘʥʠʷʤʠ ʚ 

ʚʳʰʝʦʧʠʩʘʥʥʦʤ ʢʣʶʯʝ, ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʨʠʰʣʠ ʢ ʧʦʥʠʤʘʥʠʶ ʪʦʛʦ, ʯʪʦ 

ʧʦʤʠʤʦ ʦʩʚʦʝʥʠʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ, ʚʘʞʥʘ ʧʝʨʝʜʘʯʘ 

ʥʝʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʦʧʳʪʘ ʩʪʘʨʳʭ ʢʘʜʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʣʠ ʫʩʧʝʭ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʧʨʦʰʣʦʤ, ʠ ʟʥʘʥʠʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʛʘʨʘʥʪʠʝʡ ʠ 

ʠʩʪʦʯʥʠʢʦʤ ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʙʫʜʫʱʝʤ. ʆʜʥʘʢʦ 

ʦʙʥʘʨʫʞʠʣʦʩʴ, ʯʪʦ ʠʥʩʪʨʫʤʝʥʪʳ ʠʟʚʣʝʯʝʥʠʷ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʬʠʢʩʘʮʠʠ 

ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ ʦʪʩʫʪʩʪʚʫʶʪ. ʌʘʢʪʠʯʝʩʢʠ ʦʪʢʨʳʣʘʩʴ ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʫʛʫʙʦ 

ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʥʦʚʘʷ ʩʬʝʨʘ ʥʘʫʯʥʦʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʩʪʳʢʝ ʧʩʠʭʦʣʦʛʠʠ, ʣʠʥʛʚʠʩʪʠʢʠ, ʣʦʛʠʢʠ ʠ 

ʤʘʪʝʤʘʪʠʢʠ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦʪ ʘʩʧʝʢʪ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ.  
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ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʟʥʘʥʠʷʤʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʫʞʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ. ʆʬʦʨʤʠʣʘʩʴ 

ʥʦʚʘʷ ʥʘʫʯʥʘʷ ʜʠʩʮʠʧʣʠʥʘ ï ʢʦʛʥʠʪʦʣʦʛʠʷ ʠ ʩʪʘʣʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴʩʷ ʨʘʟʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʣʠ ʢʘʢ ʥʘʫʢʘ ʦ ʟʥʘʥʠʠ ʚ ʧʣʘʥʝ ʝʛʦ ʚʳʷʚʣʝʥʠʷ çʫ 

ʟʥʘʶʱʠʭ ʣʶʜʝʡè, ʠʣʠ ʢʘʢ ʥʘʫʢʘ ʦ ʤʳʰʣʝʥʠʠ, ʪ.ʝ. ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʷ 

ʦʪʜʝʣʴʥʳʤ ʯʝʣʦʚʝʢʦʤ, ʠʣʠ ʢʘʢ ʥʘʫʢʘ ʦ ʚʳʷʚʣʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʫʪʸʤ ʘʥʘʣʠʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. ʇʨʘʚʜʘ, ʝʩʣʠ ʤʳ 

ʟʘʛʣʷʥʝʤ ʚ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ, ʪʦ ʦʙʥʘʨʫʞʠʤ, ʯʪʦ ʥʘʫʯʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʮʝʣʦʤ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʦʣʫʯʝʥʠʝ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʟʥʘʥʠʡ. ɼʘʚʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʩʧʝʢʪʨ ʤʝʪʘʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ: ʥʘʫʢʦʚʝʜʝʥʠʝ, 

ʤʝʪʦʜʦʣʦʛʠʷ ʥʘʫʢʠ, ʬʠʣʦʩʦʬʠʷ ʥʘʫʢʠ, ʜʠʘʣʝʢʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʧʦʟʥʘʥʠʷ, 

ʛʥʦʩʝʦʣʦʛʠʷ, ʵʧʠʩʪʝʤʦʣʦʛʠʷ ʠ ʪ.ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʦʙʨʝʪʝʥʠʝ ʢʦʛʥʠʪʦʣʦʛʠʠ ï 

ʥʝ ʙʦʣʝʝ ʯʝʤ ʤʘʨʢʝʪʠʥʛʦʚʳʡ ʭʦʜ, ʜʘʶʱʠʡ ʝʸ ʠʟʦʙʨʝʪʘʪʝʣʷʤ ʠʟʚʝʩʪʥʳʝ 

ʧʨʝʬʝʨʝʥʮʠʠ. ʋʢʘʟʘʥʥʳʡ ʤʘʨʢʝʪʠʥʛʦʚʳʡ ʭʦʜ ʝʩʪʴ ʧʨʠʸʤ ʛʣʦʙʘʣʠʟʘʮʠʠ, ʢʦʛʜʘ 

ʯʘʩʪʥʘʷ ʧʨʦʙʣʝʤʘ (ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ), ʨʝʰʘʝʤʘʷ ʚʧʦʣʥʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʟʘʷʚʣʷʝʪʩʷ ʢʘʢ ʛʣʦʙʘʣʴʥʘʷ, ʢʘʢ ʥʦʚʘʷ ʥʘʫʢʘ, ʪʨʝʙʫʶʱʘʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ. ʀ, 

ʨʘʟʫʤʝʝʪʩʷ, ʚʩʝʛʜʘ ʥʘʭʦʜʷʪʩʷ ʠʥʚʝʩʪʦʨʳ, ʩʧʦʥʩʦʨʳ, ʛʨʘʥʪʦʜʘʪʝʣʠ, ʛʦʪʦʚʳʝ 

ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʪʴ ʥʦʚʫʶ ʥʘʫʯʥʫʶ ʪʝʤʘʪʠʢʫ ʚ ʩʠʣʫ ʩʚʦʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʠʥʪʝʨʝʩʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʙʣʠʞʘʡʰʝʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʢʪ ʠ 

ʧʨʝʜʤʝʪ ʢʦʛʥʠʪʦʣʦʛʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʟʥʘʥʠʡ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʶʪʩʷ 

ʫʧʦʤʷʥʫʪʳʤʠ ʚʳʰʝ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʥʘʫʢʘʤʠ. ɺʩʝ ʦʙʳʯʥʦ ʫʢʘʟʳʚʘʝʤʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʤʝʥʝʞʤʝʥʪʘ ʟʥʘʥʠʡ, - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʥʠʡ, ʥʘʢʦʧʣʝʥʠʝ ʟʥʘʥʠʡ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʟʥʘʥʠʡ, ʦʮʝʥʢʘ ʟʥʘʥʠʡ ʝʩʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʤʝʥʪʳ ʣʶʙʦʡ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʘʫʯʥʦʡ ʠʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʨʝʜʤʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʤʝʪʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʢʦʛʥʠʪʦʣʦʛʠʝʡ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʟʥʘʥʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ 

ʦʯʝʥʴ ʪʨʫʜʥʦ ʧʨʠʤʝʥʠʪʴ ʢ ʨʝʰʝʥʠʶ ʨʝʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. 

ɻʣʘʚʥʳʡ ʪʝʟʠʩ ʢʦʛʥʠʪʦʣʦʛʠʠ ʚ ʵʪʦʡ ʩʬʝʨʝ ʩʚʦʜʠʪʩʷ ʢ ʧʨʠʟʳʚʫ ʚʳʷʚʣʷʪʴ, 

ʩʦʙʠʨʘʪʴ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʟʥʘʥʠʷ, ʦʬʦʨʤʣʷʷ ʠʭ ʢʘʢ ʥʝʤʘʪʝʨʠʘʣʴʥʳʝ ʘʢʪʠʚʳ ʠ 

ʢʦʤʧʝʪʝʥʮʠʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ. ʅʦ ʵʪʦʪ ʧʨʠʟʳʚ ï ʧʨʦʩʪʦ 

ʧʝʨʠʬʨʘʟʠʨʦʚʢʘ ʦʯʝʚʠʜʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʘʪʴ 

ʢʚʘʣʠʬʠʢʘʮʠʶ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʦʩʚʘʠʚʘʪʴ ʥʦʚʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʳʭʦʜʷʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʦʥʦʛʨʘʬʠʠ [1-6], ʩʦʟʜʘʶʪʩʷ 

ʥʘʫʯʥʳʝ ʦʙʱʝʩʪʚʘ ʢʦʛʥʠʪʦʣʦʛʦʚ ʠ, ʨʘʟʫʤʝʝʪʩʷ, ʧʨʦʚʦʜʷʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʢʦʥʬʝʨʝʥʮʠʠ. ʇʨʝʜʤʝʪ çʫʧʨʘʚʣʝʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʟʥʘʥʠʷʤʠè ʚʦʰʝʣ ʚ 

ʧʨʦʛʨʘʤʤʳ ʚʫʟʦʚ. ʆʜʥʘʢʦ ʧʦʜ ʥʦʚʳʤʠ ʥʘʟʚʘʥʠʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʪʘʥʜʘʨʪʥʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʠʣʠ ʜʘʚʥʦ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʧʦʜʥʦʩʷʪʩʷ ʚ ʥʦʚʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ. ʊʘʢ, ʚ ʤʦʥʦʛʨʘʬʠʠ [2] ʠʟ 17 

ʛʣʘʚ ʪʦʣʴʢʦ ʜʚʝ ʙʦʣʝʝ-ʤʝʥʝʝ ʧʦʩʚʷʱʝʥʳ ʩʦʙʩʪʚʝʥʥʦ ʢʦʛʥʠʪʦʣʦʛʠʠ. ɺ ʦʩʪʘʣʴʥʳʭ 

ʛʣʘʚʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʧʦʣʥʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʮʝʥʢʠ ʠ ʟʘʱʠʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ.  
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ʆʙʱʝʝ ʚʧʝʯʘʪʣʝʥʠʝ ʦʪ ʨʘʙʦʪ ʧʦ çʢʦʛʥʠʪʦʣʦʛʠʠè ʪʘʢʦʚʦ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, 

ʤʦʞʥʦ ʚʟʷʪʴ ʤʝʪʦʜʠʢʫ ʦʙʫʯʝʥʠʷ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ, ʩʧʨʦʝʮʠʨʦʚʘʪʴ ʝʸ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʘʚʢʦʡ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʠ ʥʘʟʚʘʪʴ 

ʫʧʨʘʚʣʝʥʠʝʤ ʟʥʘʥʠʷʤʠ [7]. ʀʣʠ, ʧʦʩʢʦʣʴʢʫ ʣʶʙʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩʦ 

ʟʥʘʥʠʷʤʠ, ʙʨʘʪʴ ʣʶʙʦʡ ʨʦʜ ʟʘʥʷʪʠʡ, ʣʶʙʫʶ ʦʪʨʘʩʣʴ ʠ ʪʝʦʨʝʪʠʟʠʨʦʚʘʪʴ ʦʙ 

ʫʧʨʘʚʣʝʥʠʠ ʟʥʘʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ʤʝʜʠʮʠʥʝ, ʚ ʢʨʠʤʠʥʘʣʠʩʪʢʝ ʠ ʜʘʞʝ ʚ 

ʙʠʙʣʠʦʪʝʢʝ, ʥʝ ʚʟʠʨʘʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ 

ʥʘʟʳʚʘʝʪʩʷ ʪʝʦʨʠʝʡ ʙʠʙʣʠʦʪʝʯʥʦʛʦ ʜʝʣʘ ʠ ʠʤʝʝʪ ʤʥʦʛʦʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʢʫʱʠʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ ʧʦ çʫʧʨʘʚʣʝʥʠʶ ʟʥʘʥʠʷʤʠè 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʘʞʝ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚ ʵʪʦʡ ʧʨʦʙʣʝʤʘʪʠʢʝ ʨʘʟʚʠʪʘʷ ɸ.ɸ. 

ɹʦʛʜʘʥʦʚʳʤ ʝʱʸ ʚ 1912 ʛʦʜʫ ʚʩʝʦʙʱʘʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʥʘʫʢʘ - ʪʝʢʪʦʣʦʛʠʷ, 

ʧʦʥʠʤʘʝʤʘʷ ʢʘʢ ʤʝʪʦʜʦʣʦʛʠʷ ʠʥʪʝʛʨʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʟʥʘʥʠʷ: çʟʘʜʘʯʘ 

ʪʝʢʪʦʣʦʛʠʠ - ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʦʧʳʪéè [8].  

ʂʦʛʥʠʪʦʣʦʛʠʝʡ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʪʘʢʫʶ ʜʠʩʮʠʧʣʠʥʫ ʢʘʢ ʠʥʞʝʥʝʨʠʷ 

ʟʥʘʥʠʡ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʙʘʟ ʟʥʘʥʠʡ. ʉʢʘʟʘʥʥʦʝ ʚʳʰʝ ʦ ʢʦʛʥʠʪʦʣʦʛʠʠ ʢ ʠʥʞʝʥʝʨʠʠ 

ʟʥʘʥʠʡ, ʨʘʟʫʤʝʝʪʩʷ, ʥʝ ʦʪʥʦʩʠʪʩʷ. ʀʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʢʦʥʢʨʝʪʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʚʦʧʨʦʩʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʚʥʝʜʨʷʷ ʚ ʧʨʘʢʪʠʢʫ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʨʫʩʣʝ ʦʙʱʝʡ ʤʦʜʳ ʚ 

ʤʦʥʦʛʨʘʬʠʷʭ ʠ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ ʯʘʩʪʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 

ʢʦʛʥʠʪʦʣʦʛʠʷ ʠʣʠ ʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ ʠ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʥʝʢʦʪʦʨʳʤʠ 

ʘʚʪʦʨʘʤʠ ʢʘʢ ʵʣʝʤʝʥʪ ʤʝʥʝʜʞʤʝʥʪʘ ʦʨʛʘʥʠʟʘʮʠʡ [4]. 

ʆʙʥʘʨʫʞʠʚʘʝʪʩʷ, ʯʪʦ ʚ ʢʦʛʥʠʪʦʣʦʛʠʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʟʥʘʥʠʡ ʥʝ 

ʚʳʨʘʙʦʪʘʥ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʧʦʥʷʪʠʡʥʳʡ ʘʧʧʘʨʘʪ. 

ʈʘʙʦʪʳ ʢʦʛʥʠʪʦʣʦʛʦʚ ʧʦʣʥʳ ʢʨʘʩʠʚʳʭ ʩʣʦʞʥʳʭ ʩʭʝʤ ʠ ʥʦʚʳʭ ʪʝʨʤʠʥʦʚ. 

ʊʝʨʤʠʥʦʣʦʛʠʷ ʢʦʛʥʠʪʦʣʦʛʠʠ ʤʥʦʛʦʟʥʘʯʥʘ, ʩʠʥʦʥʠʤʠʯʥʘ, ʦʙʨʘʟʥʘ. ɼʘʞʝ 

ʮʝʥʪʨʘʣʴʥʳʡ ʪʝʨʤʠʥ çʟʥʘʥʠʝè ʥʝ ʠʤʝʝʪ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʩʪʨʦʛʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʧʦʩʪʦʷʥʥʦ ʫʧʦʪʨʝʙʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷ çʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʝʡ ʠ 

ʟʥʘʥʠʷʤʠè, çʟʥʘʥʠʷ - ʵʪʦ ʠʥʬʦʨʤʘʮʠʷè, çʠʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʟʥʘʥʠʷè, çʠʟ ʟʥʘʥʠʡ 

ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʝʪʝʥʮʠʠè, ʠ ʜʘʞʝ çʠʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩè. ʂʘʞʜʳʡ ʘʚʪʦʨ, 

ʢʘʩʘʶʱʠʡʩʷ ʜʘʥʥʦʡ ʪʝʤʳ, ʩʢʣʦʥʝʥ ʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʪʨʘʢʪʦʚʢʠ ʫʧʦʤʷʥʫʪʳʭ 

ʧʦʥʷʪʠʡ, ʧʦʧʦʣʥʷʷ ʫʞʝ ʠʤʝʶʱʠʡʩʷ ʙʦʛʘʪʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʩʠʭʦ-

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʚʦʨʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʫʤʥʦʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʝʬʠʥʠʮʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʘʚʥʦ ʩʫʱʝʩʪʚʫʝʪ ʚʧʦʣʥʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʥʠʡ ʢʘʢ ʬʘʢʪʦʚ (çɺʦʣʛʘ 

ʚʧʘʜʘʝʪ ʚ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝè) ʠ ʘʣʛʦʨʠʪʤʦʚ (çʏʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʪʫʨ ʥʘ 

ʪʝʧʣʦʭʦʜʝ ʠʟ ʄʦʩʢʚʳ ʚ ɸʩʪʨʘʭʘʥʴ, ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷéè). 

ʊʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʸʪ ʯʸʪʢʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʫʢʘʟʳʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʚ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʣʠ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʨʦʮʝʜʫʨ 

(ʘʣʛʦʨʠʪʤʦʚ), ʧʨʠʚʦʜʷʱʠʭ ʢ ʜʘʥʥʳʤ ʬʘʢʪʘʤ ʠʣʠ ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʠ ʠʭ ʥʘʣʠʯʠʠ. 

ʅʠʢʘʢʠʭ ʠʥʳʭ ʩʫʱʥʦʩʪʝʡ ʧʦʤʠʤʦ ʬʘʢʪʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ (ʜʦʢʫʤʝʥʪʦʚ, ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ, ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ) ʚ ʩʬʝʨʝ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʟʥʘʥʠʡ ʥʝ 
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ʩʫʱʝʩʪʚʫʝʪ. ʇʦʧʳʪʢʠ ʟʘʷʚʠʪʴ ʢʘʢʠʝ-ʪʦ ʠʥʳʝ ʬʦʨʤʳ ʟʥʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʩʭʦʣʘʩʪʠʯʝʩʢʠʤʠ. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ ʦʪʦʞʜʝʩʪʚʣʷʪʴ ʩʦ 

ʟʥʘʥʠʝʤ, ʘ ʪʨʘʢʪʦʚʘʪʴ ʝʸ ʢʘʢ ʧʨʠʦʙʨʝʪʸʥʥʦʝ ʟʥʘʥʠʝ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʠʥʷʪʦʤʫ ʚ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ ʬʦʨʤʘʣʴʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

ʠʥʬʦʨʤʘʮʠʷ ʝʩʪʴ ʤʝʨʘ ʦʪʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʪʨʫʢʪʫʨʝ 

ʜʨʫʛʦʡ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʂʦʥʢʨʝʪʠʟʘʮʠʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʨʧʦʨʘʪʠʚʥʳʤ ʟʥʘʥʠʷʤ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ çʚʟʘʠʤʦʜʝʡʩʪʚʠʝè 

ʩʧʝʮʠʘʣʠʩʪʘ ʩ ʜʦʢʫʤʝʥʪʦʤ - ʠʥʪʝʨʧʨʝʪʘʮʠʷ (ʦʩʤʳʩʣʝʥʠʝ) ʜʘʥʥʳʭ ʜʦʢʫʤʝʥʪʘ 

(ʥʘʧʨʠʤʝʨ, ʘʥʘʣʠʟ ʙʘʣʘʥʩʦʚʦʛʦ ʦʪʯʸʪʘ) ʜʘʸʪ ʩʧʝʮʠʘʣʠʩʪʫ ʥʦʚʦʝ ʟʥʘʥʠʝ. 

ʈʝʟʫʣʴʪʘʪ ʠ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʥʘʥʠʷ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʦʮʝʩʩʘ çʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠè. ʇʦʵʪʦʤʫ 

ʠʭ ʫʤʝʩʪʥʦ ʚʳʨʘʞʘʪʴ ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʥʷʪʠʝʤ. ɺ ʪʘʢʦʤ ʢʘʯʝʩʪʚʝ ʠ ʧʦʜʭʦʜʠʪ 

ʧʦʥʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʨʝʟʫʣʴʪʘʪ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʥʦʚʦʝ (ʧʨʠʦʙʨʝʪʸʥʥʦʝ, ʧʦʣʫʯʝʥʥʦʝ) ʟʥʘʥʠʝ. ɺʘʞʥʦ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʟʘʯʘʩʪʫʶ ʨʘʟʣʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʦʜʠʥ ʥʘʙʦʨʘ ʬʘʢʪʦʚ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʘʶʪ ʨʘʟʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ. ʆʯʝʚʠʜʥʦ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʠ ʢʨʫʛʦʟʦʨʦʤ 

ʩʧʝʮʠʘʣʠʩʪʘ, ʥʘʣʠʯʠʝʤ ʫ ʥʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʨʝʟʫʣʴʪʘʪ (ʢʘʯʝʩʪʚʦ) ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, - ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʦʙʨʝʪʘʝʤʳʭ 

ʜʘʥʥʳʭ, - ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʪʝʢʩʪʦʤ ʜʘʥʥʳʭ ï ʪʝʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ʠʣʠ ʟʥʘʥʠʷʤʠ, ʢʦʪʦʨʳʤʠ ʚʣʘʜʝʝʪ ʠʥʪʝʨʧʨʝʪʘʪʦʨ. ʅʘʧʨʠʤʝʨ, ʤʳ ʤʦʞʝʤ ʧʦʥʷʪʴ, 

ʯʪʦ ʥʝʢʦʪʦʨʳʡ ʩʠʤʚʦʣ ʷʚʣʷʝʪʩʷ ʢʠʪʘʡʩʢʠʤ ʠʝʨʦʛʣʠʬʦʤ, ʥʦ ʩʤʳʩʣ ʵʪʦʛʦ 

ʠʝʨʦʛʣʠʬʘ ʙʫʜʝʪ ʜʦʩʪʫʧʝʥ ʪʦʣʴʢʦ ʟʥʘʪʦʢʫ ʢʠʪʘʡʩʢʦʛʦ ʷʟʳʢʘ. ɸʥʘʣʦʛʠʯʥʦ, 

ʦʧʳʪʥʳʡ ʙʫʭʛʘʣʪʝʨ ʚʠʜʠʪ ʚ ʙʘʣʘʥʩʦʚʦʤ ʦʪʯʸʪʝ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʥʘʯʠʥʘʶʱʠʡ. 

ʂʦʥʮʝʧʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʤʠ ʟʥʘʥʠʷʤʠ ʙʳʩʪʨʦ ʧʨʠʚʣʝʢʣʘ 

ʚʥʠʤʘʥʠʝ ʤʝʥʝʜʞʝʨʦʚ ʚ ʩʬʝʨʝ ʥʘʫʢʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʪʨʘʩʣʷʭ ʵʪʦ ʚʦʧʨʦʩ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣ ʘʢʪʫʘʣʝʥ. ʅʘʧʨʠʤʝʨ, ʚ ʨʦʩʩʠʡʩʢʦʡ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʚ ʝʸ 

ʥʘʫʯʥʦʡ ʩʬʝʨʝ, ʧʨʦʠʟʦʰʸʣ ʨʘʟʨʳʚ ʧʦʢʦʣʝʥʠʡ, ʚʦʟʥʠʢʣʘ ʦʧʘʩʥʦʩʪʴ ʫʪʝʨʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚʳʨʘʞʘʚʰʝʛʦʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʘʟʣʠʯʥʳʭ 

çʥʦʫ-ʭʘʫè - ʚ ʪʝʭ ʧʨʠʸʤʘʭ ʠ ʥʘʚʳʢʘʭ, ʢʦʪʦʨʳʝ ʢʦʥʢʨʝʪʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʦʪʨʘʩʣʝʚʦʡ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʝ. ʆʯʝʚʠʜʥʳ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ï ʬʦʨʤʘʣʠʟʘʮʠʷ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʦʪʨʘʩʣʝʚʳʭ 

ʧʨʦʮʝʜʫʨ, ʧʦʙʫʞʜʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢ ʥʘʧʠʩʘʥʠʶ ʫʯʝʙʥʠʢʦʚ, ʧʝʨʝʚʦʜ ʨʘʥʝʝ 

ʠʟʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʪʯʸʪʦʚ ʧʦ ʅʀʆʂʈ ʚ 

ʦʙʱʝʜʦʩʪʫʧʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫ. ʅʘ ʧʨʘʢʪʠʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʯʪʦ ʠʥʦʝ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʚʘʪʴ çʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʩʨʝʜʫè ʠ çʧʨʘʚʦʚʫʶ 

ʙʘʟʫè ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ, çʩʠʩʪʝʤʫ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠè ʠ ʪ.ʜ., 

ʧʨʝʜʚʘʨʷʷ, ʨʘʟʫʤʝʝʪʩʷ, ʚʩʸ ʵʪʦ çʨʘʟʨʘʙʦʪʢʦʡ ʧʣʘʥʦʚ ʠ ʧʨʦʛʨʘʤʤè ʠ 

ʫʯʨʝʞʜʝʥʠʝʤ ʢʦʤʠʩʩʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʟʥʘʥʠʷʤʠ. ʕʪʦʪ ʘʩʧʝʢʪ ʢʦʥʮʝʧʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʯʠʩʪʦ ʤʘʨʢʝʪʠʥʛʦʚʳʤ.  

ʈʝʟʶʤʠʨʫʷ ʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ: ʠʩʪʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʝʱʸ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʩʷʢʘʷ 
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ʥʦʚʘʷ ʠʜʝʷ, ʠʟʣʦʞʝʥʥʘʷ ʩʚʷʟʥʦ ʠ ʧʨʦʩʪʨʘʥʥʦ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʘʤʦʜʦʩʪʘʪʦʯʥʫʶ 

ʪʝʦʨʠʶ. ʇʦʧʫʣʷʨʥʘʷ ʚ ʩʬʝʨʝ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʀʊ-ʪʝʭʥʦʣʦʛʠʡ ʬʦʨʤʫʣʘ 

çʚʩʷʢʘʷ ʧʨʦʙʣʝʤʘ ʝʩʪʴ ʧʦʚʦʜ ʜʣʷ ʥʦʚʦʛʦ ʙʠʟʥʝʩʘè ʪʝʧʝʨʴ ʜʦʧʦʣʥʠʣʘʩʴ 

ʬʦʨʤʫʣʦʡ çʥʦʚʦʝ ʥʘʟʚʘʥʠʝ ï ʥʦʚʳʝ ʠʥʚʝʩʪʠʮʠʠè. ɺʧʨʦʯʝʤ, ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ 

ʤʘʨʢʝʪʠʥʛʦʚʳʡ ʧʨʠʸʤ ʨʝʙʨʝʥʜʠʥʛʘ. ɺ ʵʪʦʤ ʨʫʩʣʝ, ʥʘʨʷʜʫ ʩ ʠʜʝʝʡ ʫʧʨʘʚʣʝʥʠʷ 

ʟʥʘʥʠʷʤʠ, ʣʝʞʘʪ ʪʘʢʠʝ ʥʦʚʘʮʠʠ ʢʘʢ çʚʝʙ-2è ʠ çʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷè, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ ʫʞʝ ʤʥʦʛʦ ʣʝʪ. 
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Unified web pages for access to databases 
 

 Abstract. The unified template of web pages that implement the basic operations of 

interaction with any database is described. 

 Keywords: database, web page, data access. 

__________________________________________________________________ 
 

ɺ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʙʦʪʥʠʢʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʣʫʞʝʙʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ (ɹɼ), ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʢʘʢ ʩʧʨʘʚʦʯʥʳʝ, ʜʦʩʪʫʧʥʳʝ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʩʤʦʪʨʘ, ʘ ʜʨʫʛʠʝ 

ʨʝʜʘʢʪʠʨʫʝʪ ʠʣʠ ʟʘʧʦʣʥʷʝʪ ʩʦʛʣʘʩʥʦ ʩʚʦʠʤ ʜʦʣʞʥʦʩʪʥʳʤ ʦʙʷʟʘʥʥʦʩʪʷʤ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʫʧ ʢ ʪʘʢʠʤ ʙʘʟʘʤ ʜʘʥʥʳʭ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʳʡ ʚʝʙ-ʙʨʘʫʟʝʨ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʩʦʥʘʣʴʥʳʭ ʚʝʙ-ʩʪʨʘʥʠʮ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʜʦʣʞʥʦʩʪʥʳʝ ʠʥʩʪʨʫʢʮʠʠ [1], ʙʝʟ ʨʘʟʤʝʱʝʥʠʷ ʥʘ 

ʢʣʠʝʥʪʩʢʠʭ ʢʦʤʧʴʶʪʝʨʘʭ ʢʘʢʠʭ-ʣʠʙʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʇʝʨʩʦʥʘʣʴʥʘʷ ʚʝʙ-ʩʪʨʘʥʠʮʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʛʣʘʤʝʥʪʘʮʠʶ ʜʦʩʪʫʧʘ ʧʫʪʸʤ 

ʦʙʨʘʱʝʥʠʷ ʢ ʩʮʝʥʘʨʠʷʤ-ʦʙʨʘʙʦʪʯʠʢʘʤ ʧʘʨʘʤʝʪʨʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʩʦʜʝʨʞʠʪ ʩʩʳʣʢʠ ʥʘ ʩʪʨʘʥʠʮʳ ʧʨʦʩʤʦʪʨʘ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ (ʉʇʈ) 
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ʢʦʥʢʨʝʪʥʳʭ ʪʘʙʣʠʮ ɹɼ, ʩ ʢʦʪʦʨʳʤʠ ʠʤʝʝʪ ʜʝʣʦ ʨʘʙʦʪʥʠʢ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʉʇʈ 

ʘʜʨʝʩʫʶʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʜʘʥʥʳʭ (ʢ ɹɼ), ʢ ʪʘʙʣʠʮʝ ʚ ʵʪʦʡ ɹɼ, ʠ, ʚ ʩʣʫʯʘʝ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʢ ʢʦʥʢʨʝʪʥʦʡ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʝ. ɹʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ, c ʚʦʟʤʦʞʥʦʩʪʴʶ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʘ ʩʪʨʘʥʠʮʝ 

ʧʨʦʩʤʦʪʨʘ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʘʧʨʦʩʳ ʢ ɹɼ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʜʦʣʞʥʦʩʪʝʡ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʥʝ ʥʫʞʝʥ. 

ʄʥʦʛʦʦʙʨʘʟʠʝ ʙʘʟ ʜʘʥʥʳʭ ʥʘ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʩʘʡʪʘʭ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʝʨʝʤʝʥʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʘ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʰʘʙʣʦʥʦʚ ʉʇʈ, ʠʩʢʣʶʯʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʨʘʥʠʮ ʜʦʩʪʫʧʘ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʪʘʙʣʠʮ ʠʣʠ ʥʦʚʳʭ 

ʜʦʣʞʥʦʩʪʥʳʭ ʬʫʥʢʮʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɹɼ 

ʧʦʟʚʦʣʷʶʪ ʣʶʙʳʝ ʦʙʲʝʢʪʳ ɹɼ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʧʝʨʝʤʝʥʥʳʝ, ʪʦ ʝʩʪʴ ʧʝʨʝʜʘʚʘʪʴ 

ʩʪʨʘʥʠʮʘʤ ʜʦʩʪʫʧʘ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʨʝʢʚʠʟʠʪʳ (ʩʪʨʦʢʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʠʩʪʦʯʥʠʢʫ ʜʘʥʥʳʭ, ʠʤʷ ʪʘʙʣʠʮʳ, ʠʥʜʝʢʩ ʟʘʧʠʩʠ ʚ ʪʘʙʣʠʮʝ) ʢʘʢ ʧʘʨʘʤʝʪʨʳ. 

ʈʘʩʧʦʣʘʛʘʷ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʤʦʞʥʦ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʧʝʨʘʮʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɹɼ, - ʧʨʦʩʤʦʪʨ ʪʘʙʣʠʮʳ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ/ʜʦʙʘʚʣʝʥʠʝ ʟʘʧʠʩʠ, 

ʫʜʘʣʝʥʠʝ ʟʘʧʠʩʠ (ʟʘʧʠʩʝʡ), - ʨʝʘʣʠʟʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʩʪʘʥʜʘʨʪʥʳʭ ʚʝʙ-

ʩʪʨʘʥʠʮ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʣʶʙʳʤʠ ʉʋɹɼ ʠ ʪʘʙʣʠʮʘʤʠ ʣʶʙʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʸʥʥʳʝ ʚʦʧʨʦʩʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜ, ʧʨʠʚʦʜʷʪ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ 

ʧʨʠʤʝʨʳ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʯʝʨʝʟ ʚʝʙ [2-6]. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ 

ʧʨʠʤʝʨʦʚ ʦʧʝʨʠʨʫʝʪ ʪʘʙʣʠʮʘʤʠ ʢʦʥʢʨʝʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʯʪʦ ʪʨʝʙʫʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʢʨʦʧʦʪʣʠʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʟʥʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʪʘʙʣʠʮʳ ʠ ʠʤʸʥ 

ʧʦʣʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʨʝʟʫʣʴʪʘʪ ʧʦʜʦʙʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ - ʰʘʙʣʦʥ ʠʟ 

ʯʝʪʳʨʸʭ ʚʝʙ-ʩʪʨʘʥʠʮ, ʨʝʘʣʠʟʫʶʱʠʡ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɹɼ. 

ʊʝʢʩʪʳ ʩʪʨʘʥʠʮ ʜʦʩʪʫʧʥʳ ʥʘ ʩʘʡʪʝ ftp://178.215.91.20/UVD. ʊʘʤ ʞʝ ʧʨʠʚʝʜʝʥʳ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʧʨʠʤʝʨʳ ʩʪʨʦʢ ʧʦʜʢʣʶʯʝʥʠʷ ʚ ʬʦʨʤʘʪʘʭ ODBC, OLE DB ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʰʘʙʣʦʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʰʝʥʠʷ, ʧʨʝʜʣʘʛʘʚʰʠʝʩʷ ʚ 

ʨʘʙʦʪʘʭ [7-13] ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ADO/ASP ʠ ʷʟʳʢʘ ʩʮʝʥʘʨʠʝʚ 

VBScript. ʕʪʠ ʩʨʝʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʆʉ WINDOWS, ʪʘʢ ʯʪʦ 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʰʘʙʣʦʥʳ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʚ ʩʨʝʜʝ ʚʝʙ-ʩʝʨʚʝʨʘ IIS, ʚʭʦʜʷʱʝʛʦ ʚ ʵʪʫ 

ʆʉ, ʥʝ ʪʨʝʙʫʷ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʘʥʠʮʘ table_review.asp, ʚʳʚʦʜʷʱʘʷ ʚ ʦʢʥʦ 

ʙʨʘʫʟʝʨʘ ʚʩʝ ʟʘʧʠʩʠ ʪʨʝʙʫʝʤʦʡ ʪʘʙʣʠʮʳ. ʊʘʢʦʡ ʚʳʚʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʫʜʦʙʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʪʠʧʠʯʥʳʝ ʨʘʙʦʯʠʝ ʩʠʪʫʘʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʩʘʡʪʘ 

ʪʨʝʙʫʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʩʤʦʪʨʘ ʚʩʝʭ ʟʘʧʠʩʝʡ ʪʘʙʣʠʮʳ. (ʉ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʦʠʩʢʦʤ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʘʥʠʮʝ ʚ ʦʢʥʝ ʙʨʘʫʟʝʨʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʘʥʜʳ Ctrl-F.) 

ʉʪʨʘʥʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʨʘʙʦʪʢʫ ʩʢʨʠʧʪʘ ʠʟ ʨʘʙʦʪʳ [10] ï 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʪʨʦʢʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʘʢ ʧʘʨʘʤʝʪʨ ʠ ʜʦʙʘʚʣʝʥʘ ʩʩʳʣʢʘ ʥʘ 

ʙʠʙʣʠʦʪʝʢʫ ʪʠʧʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʢʦʥʩʪʘʥʪ ADO, ʠʩʧʦʣʴʟʫʝʤʳʭ 
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ʧʨʠ ʦʪʢʨʳʪʠʠ ʠʩʪʦʯʥʠʢʘ. ʉʪʨʘʥʠʮʝ ʪʨʝʙʫʶʪʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ï ʠʤʷ ʪʘʙʣʠʮʳ 

table_name ʠ ʩʪʨʦʢʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʩʪʦʯʥʠʢʫ ʜʘʥʥʳʭ scr. 

 
<%@ LANGUAGE="VBSCRIPT" %> 

<%'ʙʠʙʣʠʦʪʝʢʘ ʪʠʧʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʢʦʥʩʪʘʥʪ ADO %> 

<! -- METADATA NAME="Microsoft ActiveX Data Objects 2.5 Library" 

TYPE="TypeLib" UUID= "{00000205 - 0000 - 0010 - 8000 - 00AA006D2EA4}" -- > 

<% table_name = Request.querystring("table_name")  

          scr = Request.querystring("scr")  

%> 

<CENTER> <H2>  <%=table_name%>  </h2>  

<TABLE BORDER="1"> 

<% set opDB = Server.CreateObject("ADODB.Connection")  

opDB.Open(cstr(scr))  

   set tableSet = Server.CreateObject("ADODB.RecordSet")  

tableSet.Open  table_name , opDB, adOpenForwardOnly, 

adLockOptimistic, adCmdTable  

%>    <TR> <%      ' ʚʳʚʦʜ ʰʘʧʢʠ ʪʘʙʣʠʮʳ ï ʩʧʠʩʢʘ ʧʦʣʝʡ  

        p_numberOfColumns = tableSet.field s.Count  

        for x = 0 to (p_numberOfColumns -  1)  %>  

            <TH><%= tableSet.Fields(x).Name %></TH>  

<%      next  %>    </TR>  

<%    while not tableSet.EOF    %>  

<TR><%for each col in tableSet.Fields%><TD><%= col.Value %></TD>  

    <% next %> </TR>  

<%          tableSet.MoveNext  

       wend     

       tableSet.Close %>  

</TABLE> </CENTER> <% opDB.Close    set opDB = Nothing %>  

</BODY> </HTML>  

ʈʠʩ 1. ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚʝʙ-ʩʪʨʘʥʠʮʘ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʪʘʙʣʠʮ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʥʪʝʨʥʝʪ-ʩʧʨʘʚʦʯʥʠʢʦʚ ʧʦ 

ʩʦʩʪʘʚʣʝʥʠʶ ʩʪʨʦʢ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʵʪʘ ʟʘʜʘʯʘ, ʢʘʢ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʬʦʨʫʤʳ ʀʥʪʝʨʥʝʪʘ, ʦʩʪʘʸʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʜʣʷ ʤʥʦʛʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʦʵʪʦʤʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʧʠʩʳʚʘʝʤʳʭ ASP-ʩʪʨʘʥʠʮ ʙʳʣʘ 

ʧʨʦʚʝʨʝʥʘ ʩʦ ʩʪʨʦʢʘʤʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʩʪʦʯʥʠʢʘʤ ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 

ʕʪʠ ʧʨʠʤʝʨʳ, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʸʥʳ ʥʠʞʝ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʰʘʙʣʦʥʘʤʠ ʜʣʷ 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʪʫʘʮʠʡ.  

1. ʇʨʦʩʤʦʪʨ ʪʘʙʣʠʮʳ Customers ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ɹɼ northwind ʉʋɹɼ 

MS SQL Server ʩʦ ʩʪʨʦʢʦʡ ʧʦʜʢʣʶʯʝʥʠʷ ʚ ʬʦʨʤʘʪʝ OLE DB: 

http://localhost/table_review.asp?table_name=customers&scr=Provider='sq

loledb';Data Source='ok';Integrated Security='SSPI';Initial 

Catalog='Northwind'; 

ɿʜʝʩʴ ok ï ʠʤʷ ʢʦʤʧʴʶʪʝʨʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʘ ʙʘʟʘ ʜʘʥʥʳʭ. 

2. ʇʨʦʩʤʦʪʨ ʪʘʙʣʠʮʳ ʂʣʠʝʥʪʳ ʙʘʟʳ ʜʘʥʥʳʭ ɹʦʨʝʡ.mdb ʚ ʧʘʧʢʝ DATA ʥʘ 

ʜʠʩʢʝ ʉ ʩʦ ʩʪʨʦʢʦʡ ʧʦʜʢʣʶʯʝʥʠʷ ʚ ʬʦʨʤʘʪʝ OLE DB: 

http://localhost/table_review.asp?table_name=ʂʣʠʝʥʪʳ& 

scr=Provider=Microsoft.Jet.OLEDB.4.0; Data Source=c:\data\ɹʦʨʝʡ.mdb; 

http://localhost/table_review.asp?table_name=customers&scr=Provider='sqloledb';Data%20Source='ok';Integrated%20Security='SSPI';Initial%20Catalog='Northwind';
http://localhost/table_review.asp?table_name=customers&scr=Provider='sqloledb';Data%20Source='ok';Integrated%20Security='SSPI';Initial%20Catalog='Northwind';
http://localhost/table_review.asp?table_name=customers&scr=Provider='sqloledb';Data%20Source='ok';Integrated%20Security='SSPI';Initial%20Catalog='Northwind';
http://localhost/table_review.asp?table_name=Клиенты&scr=Provider=Microsoft.Jet.OLEDB.4.0;%20Data%20Source=c:/data/Борей.mdb;
http://localhost/table_review.asp?table_name=Клиенты&scr=Provider=Microsoft.Jet.OLEDB.4.0;%20Data%20Source=c:/data/Борей.mdb;
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3. ʇʨʦʩʤʦʪʨ ʢʦʧʠʠ ʪʘʙʣʠʮʳ Authors ʠʟ ɹɼ pubs ʉʋɹɼ MS SQL Server, 

ʩʦʭʨʘʥʸʥʥʦʡ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ csv ʚ ʢʦʨʥʝ ʜʠʩʢʘ ʉ: 

http://localhost/table_review.asp?table_name=Authors.csv& 

scr=Provider=Microsoft.Jet.OLEDB.4.0;text;DATABASE=C:\; 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʠʤʝʨʘʭ ʚʝʙ-ʘʜʨʝʩ localhost, - ʩʪʘʥʜʘʨʪʥʦʝ ʜʦʤʝʥʥʦʝ 

ʠʤʷ ʣʦʢʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, - ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʨʘʥʠʮʘ table_review.asp ʣʝʞʠʪ ʚ 

ʢʘʪʘʣʦʛʝ C:\Inetpub\wwwroot, ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʸʪʩʷ ʧʨʠ ʘʢʪʠʚʘʮʠʠ 

ʚʝʙ-ʩʝʨʚʝʨʘ IIS ʚ ʆʉ WINDOWS. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʩʪʨʦʢ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʠʚʝʜʸʥʥʦʤ ʚʠʜʝ (ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʤʝʱʝʥʠʠ ʧʨʦʩʤʘʪʨʠʚʘʝʤʳʭ ʬʘʡʣʦʚ ʠ ʪʘʙʣʠʮ), ʘ ʪʘʢʞʝ 

ʜʘʸʪ ʧʨʠʤʝʨ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʢʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʩʪʠʣʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʘʜʨʝʩʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʘʷ ʩʪʨʘʥʠʮʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

Table_Editing.asp, ʢʦʪʦʨʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʝʨʝʜʘʸʪʩʷ ʪʨʝʪʠʡ ʧʘʨʘʤʝʪʨ ï ʠʤʷ 

ʠʥʜʝʢʩʥʦʛʦ ʧʦʣʷ. ʉʪʨʘʥʠʮʘ ʧʨʦʩʤʦʪʨʘ ʠ ʩʪʨʘʥʠʮʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʦʛʫʪ 

ʚʳʟʳʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʘʜʨʝʩʥʦʡ ʩʪʨʦʢʠ ʙʨʘʫʟʝʨʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʫʜʦʙʥʦ ʩʦʟʜʘʪʴ ʥʘʚʠʛʘʮʠʦʥʥʫʶ ʚʝʙ-ʩʪʨʘʥʠʮʫ ʩʦ 

ʩʩʳʣʢʘʤʠ ʥʘ ʩʪʨʘʥʠʮʳ ʧʨʦʩʤʦʪʨʘ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ ʪʘʢʦʡ ʩʪʨʘʥʠʮʳ ʜʣʷ ʨʘʙʦʯʝʛʦ 

ʤʝʩʪʘ ʦʪʜʝʣʘ ʢʘʜʨʦʚ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝʤ ʰʪʘʪʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʝʸ ʩ ʪʝʢʫʱʠʤ ʰʪʘʪʥʳʤ ʨʘʩʧʠʩʘʥʠʝʤ. ɹʘʟʘ ʜʘʥʥʳʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʢʘʢ ʬʘʡʣʦʚʳʡ ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʩ ʠʤʝʥʝʤ OK, ʪʘʢ ʯʪʦ ʩʪʨʦʢʘ 

ʧʦʜʢʣʶʯʝʥʠʷ ʠʤʝʝʪ ʧʨʦʩʪʝʡʰʠʡ ʚʠʜ: filedsn=OK. ʊʘʙʣʠʮʘ ʰʪʘʪʥʦʡ 

ʨʘʩʩʪʘʥʦʚʢʠ ʥʘʟʳʚʘʝʪʩʷ SR, ʘ ʝʸ ʟʘʧʠʩʠ ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʚ ʩʪʦʣʙʮʝ IDREC. ʕʪʠ 

ʪʨʠ ʧʘʨʘʤʝʪʨʘ ʧʝʨʝʜʘʶʪʩʷ ʩʪʨʘʥʠʮʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ Table_Editing.asp. 
 

<html> <body>  

<CENTER> 

<H3> ʇʈʆʉʄʆʊʈ ʊɸɹʃʀʎ ʆʊɼɽʃɸ ʂɸɼʈʆɺ</h3> 

<H2> ɺʓɹʆʈ ɹɸɿ ɼɸʅʅʓʍ ɼʃʗ ʇʈʆʉʄʆʊʈɸ ʀ ʈɽɼɸʂʊʀʈʆɺɸʅʀʗ</h2> 

</CENTER> 

<p><A HREF="table_review.asp?t able_name=SR&scr=filedsn=OK">  

ʐʪʘʪʥʘʷ ʨʘʩʩʪʘʥʦʚʢʘ </A></p>  

<p><A HREF="table_review.asp?table_name=SL&scr=filedsn=OK">  

ʐʪʘʪʥʦʝ ʨʘʩʧʠʩʘʥʠʝ</A></p>  

<p><A HREF="Table_Editing.asp?table_name=SR&scr=filedsn=OK& 

rec_id=IDREC">  

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʰʪʘʪʥʦʡ ʨʘʩʩʪʘʥʦʚʢʠ</A></p>  

</body> </html>  
 

ʊʘʢʠʤ ʧʫʪʸʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʪʦʣʴʢʦ ʢ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʪʘʙʣʠʮʘʤ. ɸʥʘʣʦʛʠʯʥʦ (ʚ ʘʜʨʝʩʝ URL) ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʠ 

ʩʪʨʦʢʫ ʬʠʟʠʯʝʩʢʦʛʦ ʘʜʨʝʩʘ ʙʘʟʳ ʜʘʥʥʳʭ. ʉʪʨʘʥʠʮʘ ʧʘʨʘʤʝʪʨʠʟʫʝʪʩʷ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪ ʥʘʩʪʨʦʡʢʠ 

DSN ʠ ʩʦʟʜʘʥʠʷ ʩʪʨʘʥʠʮ ʧʨʦʩʤʦʪʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ DSN ʜʣʷ ʜʦʩʪʫʧʘ ʢ 

ʥʦʚʳʤ ɹɼ, ʨʘʟʤʝʱʘʝʤʳʤ ʥʘ ʩʘʡʪʝ. ɺʧʨʦʯʝʤ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʥʢʨʝʪʥʦʤʫ ʠʤʝʥʠ 

DSN ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʣʶʙʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʫʢʘʟʘʚ ʝʸ ʚ ʧʘʨʘʤʝʪʨʝ 

DATABASE. 
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ʋʧʨʘʚʣʷʶʱʘʷ ʩʪʨʘʥʠʮʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ Table_Editing.asp ʦʨʛʘʥʠʟʫʝʪ 

ʦʙʨʘʱʝʥʠʝ ʢ ʩʪʨʘʥʠʮʘʤ ʜʦʙʘʚʣʝʥʠʷ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʟʘʧʠʩʝʡ ʚ 

ʪʘʙʣʠʮʘʭ ʥʝʢʦʪʦʨʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʉʪʨʘʥʠʮʫ ʤʦʞʥʦ ʚʳʟʳʚʘʪʴ ʧʦ ʩʩʳʣʢʝ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʩʪʨʦʢʠ ʙʨʘʫʟʝʨʘ. ʉʪʨʘʥʠʮʝ 

ʧʝʨʝʜʘʶʪʩʷ ʪʨʠ ʧʘʨʘʤʝʪʨʘ, - ʩʪʨʦʢʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʩʪʦʯʥʠʢʫ ʜʘʥʥʳʭ scr, ʠʤʷ 

ʨʝʜʘʢʪʠʨʫʝʤʦʡ ʪʘʙʣʠʮʳ table_name ʠ ʠʤʷ ʠʥʜʝʢʩʥʦʛʦ ʧʦʣʷ (ʩʪʦʣʙʮʘ) rec_id, 

ʥʘʧʨʠʤʝʨ: 

http://localhost/Table_Editing.asp?table_name=MODELS& 

scr=FILEDSN=VVK&rec_id=IDMODEL 

ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʪʨʘʥʠʮʘ ʜʦʙʘʚʣʝʥʠʷ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʟʘʧʠʩʝʡ 

Table_Adding_editing_record.asp ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ 

ʩʪʨʘʥʠʮʳ Table_Editing.asp, ʠ ʦʪʦʙʨʘʞʘʝʪ ʬʦʨʤʫ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʘʧʠʩʠ ʠʣʠ ʜʣʷ ʚʚʦʜʘ ʟʥʘʯʝʥʠʡ ʧʦʣʝʡ ʚʥʦʚʴ ʜʦʙʘʚʣʝʥʥʦʡ 

ʟʘʧʠʩʠ. ʇʘʨʘʤʝʪʨʳ ʩʩʳʣʢʠ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʪʨʦʢʦʡ 

s ="Table_Adding_editing_record.asp?scr=" & scr &  

"& rec_id=" & rec_id & "& table_name=" & table_name & "& p_rec_id=" 

 ɿʜʝʩʴ ʧʫʩʪʦʡ ʥʦʤʝʨ ʟʘʧʠʩʠ p_rec_id ʢʘʢ ʨʘʟ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʝʞʠʤ 

ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʡ ʟʘʧʠʩʠ.  

ʇʘʨʘʤʝʪʨʳ ʩʩʳʣʢʠ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʤʝʶʱʝʡʩʷ ʟʘʧʠʩʠ ʩʦʜʝʨʞʘʪ 

ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʤʝʨʘ ʨʝʜʘʢʪʠʨʫʝʤʦʡ ʟʘʧʠʩʠ: 

z = "Table_Adding_editing_record.asp?scr=" & scr &  

"&rec_id=" & rec_id & "&table_name=" & table_name &  

"&p_rec_id=" & tableSet(rec_id) 

 ʂʦʥʢʨʝʪʥʳʡ ʚʳʟʦʚ ʩʪʨʘʥʠʮʳ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

          http://localhost/Table_Adding_editing_record.asp?scr=FILEDSN=VVK   

          & rec_id=IDMODEL&table_name=MODELS&p_rec_id=11 

ɼʣʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʘʧʠʩʠ (ʟʜʝʩʴ p_rec_id=11) ʧʦʜʦʙʥʳʡ ʘʜʨʝʩ ʤʦʞʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʨʘʪʴ ʚ ʘʜʨʝʩʥʦʡ ʩʪʨʦʢʝ ʙʨʘʫʟʝʨʘ ʜʣʷ ʚʳʚʦʜʘ ʬʦʨʤʳ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʦʣʝʡ. ʊʦ ʝʩʪʴ ʩʪʨʘʥʠʮʘ Table_Adding_editing_record.asp ʥʝ 

ʩʚʷʟʘʥʘ ʞʝʩʪʢʦ ʩ ʫʧʨʘʚʣʷʶʱʝʡ ʩʪʨʘʥʠʮʝʡ Table_Editing.asp ʠ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴʩʷ ʠʟ ʙʨʘʫʟʝʨʘ ʠʣʠ ʣʶʙʦʛʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ.  

ʆʙʥʦʚʣʝʥʠʝ ʧʦʣʝʡ ʚ ʪʘʙʣʠʮʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʯʠʢʦʤ ʬʦʨʤʳ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ Table_Fields_Update.asp. ʕʪʘ ʩʪʨʘʥʠʮʘ ʥʝ ʩʦʜʝʨʞʠʪ ʨʘʟʤʝʪʢʠ 

HTML, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʯʠʩʪʳʡ ʢʦʜ VBS, ʚʳʧʦʣʥʷʶʱʠʡ ʦʙʥʦʚʣʝʥʠʝ ʟʘʧʠʩʠ. 

ɽʩʣʠ ʧʨʠʟʥʘʢ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʟʘʧʠʩʠ ʧʫʩʪ, ʪʦ ʜʦʙʘʚʣʷʝʪʩʷ ʥʦʚʘʷ ʩʪʨʦʢʘ, ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʢʫʨʩʦʨ ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʥʘ ʟʘʧʠʩʴ ʧʦ ʟʘʜʘʥʥʦʤʫ ʥʦʤʝʨʫ. 

ɿʘʪʝʤ ʧʦʣʷ ʟʘʧʠʩʠ ʟʘʧʦʣʥʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʬʦʨʤʳ ʠ 

ʚʳʜʘʸʪʩʷ ʢʦʤʘʥʜʘ ʥʘ ʦʙʥʦʚʣʝʥʠʝ ʪʘʙʣʠʮʳ. 

Cʪʨʘʥʠʮʘ ʫʜʘʣʝʥʠʷ ʟʘʧʠʩʝʡ Table_Removal_selected_records.asp ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʙʦʪʯʠʢʦʤ ʬʦʨʤʳ ʥʘ ʩʪʨʘʥʠʮʝ Table_Editing.asp. ɼʣʷ ʫʜʘʣʝʥʠʷ ʟʘʧʠʩʠ 

ʥʦʤʝʨ ʟʘʧʠʩʠ tableSet(rec_id) ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʶ ʧʦʣʷ checkbox ʠ 

ʧʝʨʝʜʘʸʪʩʷ ʚ ʦʙʨʘʙʦʪʯʠʢ ʬʦʨʤʳ ʤʝʪʦʜʦʤ POST. ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʚʳʙʨʘʥʥʳʭ 

ʟʘʧʠʩʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ ʥʘ ʫʧʨʘʚʣʷʶʱʫʶ ʩʪʨʘʥʠʮʫ Table_Editing.asp.  

http://localhost/Table_Adding_editing_record.asp?scr=FILEDSN=VVK%20%20%20%20%20%20%20%20%20%20%20%20&
http://localhost/Table_Adding_editing_record.asp?scr=FILEDSN=VVK%20%20%20%20%20%20%20%20%20%20%20%20&
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ʆʧʠʩʘʥʥʳʡ ʰʘʙʣʦʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʧʨʦʩʪʝʡʰʝʝ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʝ (ʙʝʟ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ) ʜʣʷ ʧʨʦʩʤʦʪʨʘ/ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʯʝʨʝʟ 

ʙʨʘʫʟʝʨ ʙʘʟ ʜʘʥʥʳʭ ʣʶʙʳʭ ʉʋɹɼ, ʨʘʟʤʝʱʸʥʥʳʭ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʘʭ IIS ʠʣʠ ʥʘ 

ʣʶʙʳʭ ʚʝʙ-ʩʝʨʚʝʨʘʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʶ ASP. 

ʅʘ ʣʦʢʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʰʘʙʣʦʥ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʧʨʦʩʪʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʨʘʟʤʝʱʸʥʥʳʤ ʥʘ ʵʪʦʤ 

ʢʦʤʧʴʶʪʝʨʝ. ɼʣʷ ʵʪʦʛʦ ʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʤʝʩʪʠʪʴ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʢʘʪʘʣʦʛʝ 

c:\inetpub\wwroot ʚʝʙ-ʩʝʨʚʝʨʘ IIS. 

ʆʧʠʩʘʥʥʳʝ ʩʪʨʘʥʠʮʳ ʘʚʪʦʥʦʤʥʳ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚ ʣʶʙʳʭ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷʭ ʧʨʠ ʫʩʣʦʚʠʠ 

ʢʦʨʨʝʢʪʥʦʡ ʧʝʨʝʜʘʯʠ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 
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