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ʋɼʂ 530.18 

ɻʈɸɺʀʊɸʎʀʗ ʂɸʂ ʉʋʄʄɸ ʇʃʆʉʂʀʍ ɺʆɼʆɺʆʈʆʊʆɺ 

ʉ.ʅ. ʗʣʦʚʝʥʢʦ 
ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʛ. ʍʘʨʴʢʦʚ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʥʘʧʦʣʥʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʬʠʟʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ. ʇʦʢʘʟʘʥʘ ʦʪʥʦʩʠʪʝʣʴ-
ʥʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʥʘʤ ʟʘʢʦʥʦʚ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʜʨʫʛʠʭ ʨʘʩʰʠʨʝʥʥʳʭ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ. ɺʚʦʜʠʪʩʷ ʥʦʚʦʝ ʦʛʨʘʥʠʯʝ-
ʥʠʝ ï ʥʠ ʦʜʥʦ ʪʝʣʦ ʥʝʣʴʟʷ ʨʘʟʦʛʥʘʪʴ ʜʦ ʤʘʩʩʳ ʙʦʣʴʰʝ ʯʝʤ ʤʘʩʩʘ ʯʸʨʥʦʡ ʜʳʨʳ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʩʢʦʨʦʩʪʴʶ 
ʩʚʝʪʘ. ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʥʦʚʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ 
ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʤʘʩʩʳ, ʜʣʠʥʳ, ʚʨʝʤʝʥʠ. ʇʦʢʘʟʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʟʘʨʷʜʘ. ʈʘʩʰʠʨʷʶʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ ʟʘʨʷʜʘ ʠ ʛʨʘʚʠʪʘ-
ʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʘ ʙʘʟʝ ʨʘʟʚʠʪʠʷ ʵʬʠʨʥʦʡ ʪʝʦʨʠʠ, ʛʜʝ ʜʠʩ-
ʢʨʝʪʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʚʝʨʭʪʝʢʫʯʝʛʦ ʵʬʠʨʘ ʷʚʣʷʝʪʩʷ ʢʨʝʧʪʦʥ (ʢʨʝʧʢʘʷ ʚʦʣʥʘ), ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʦʩʢʠʤʠ 

ʚʦʜʦʚʦʨʦʪʘʤʠ, ʛʨʘʚʠʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʠʟʤʝʥʷʶʱʘʷʩʷ ʧʣʦʪʥʦʩʪʴ ʵʬʠʨʘ, ʩʦʟʜʘʶʱʘʷʩʷ ʧʣʦʩʢʠʤʠ ʚʦʜʦʚʦʨʦʪʘʤʠ. ɿʘʨʷʜ 
ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʨʘʩʪʷʥʫʪʳʡ ʚʦʜʦʚʦʨʦʪʦʤ ʭʚʦʩʪ ʩʠʥʫʩʦʠʜʳ ʥʝ ʩʚʸʨʥʫʪʳʡ ʚ ʩʧʠʨʘʣʴ, ʩʦʟʜʘʥʥʳʡ ʜʠʧʦʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ 
ʢʨʝʧʪʦʥʘ. ʕʥʝʨʛʠʷ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʧʨʝʚʨʘʱʝʥʠʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʦʣʥʳ ʚʦ ʚʨʘʱʘʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʚʦʜʦʚʦ-
ʨʦʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʷ ʯʸʨʥʦʡ ʜʳʨʳ ʧʣʦʩʢʦʡ, ʘ ʥʝ ʢʨʫʛʣʦʡ ʬʦʨʤʳ. ɺʳʚʝʜʝʥ ʟʚʸʟʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʚʠʪʘʮʠʷ, ʯʸʨʥʘʷ ʜʳʨʘ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʬʠʟʠʢʘ ʵʬʠʨʘ, ʟʘʢʦʥ ʂʫʣʦʥʘ, ʟʘʨʷʜ, ʧʨʠʨʦ-
ʜʘ ʪʷʛʦʪʝʥʠʷ ʠ ʛʨʘʚʠʪʘʮʠʠ. 

ʊɽʆʈʀʗ ɻʈɸɺʀʊɸʎʀʀ. ɻʈɸɺʀʊɸʎʀʗ ʂɸʂ ʉʋʄʄɸ 
ʇʃʆʉʂʀʍ ɺʆɼʆɺʆʈʆʊʆɺ 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦ ʛʨʘʚʠʪʘʮʠʠ [1ï9]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʬʠʨʥʦʛʦ ʧʘʨʘʜʦʢʩʘ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʷ, ʢʦʪʦʨʘʷ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʘʤ ʨʘʩʩʪʦʷʥʠʷ (1), ʝʩʪʴ ʧʨʠ-

ʙʣʠʞʝʥʠʝ ʢ ʥʝʢʦʪʦʨʦʡ ʙʦʣʝʝ ʧʦʣʥʦʡ ʬʦʨʤʫʣʝ, ʦʧʠʩʳ-

ʚʘʶʱʫʶ ʵʪʫ ʛʨʘʚʠʪʘʮʠʶ (2,3).  

Ὂ̗̄̑́̃̉̓́̉̉ὶ ὋὓάϽ ; (1) 

Ὂ̗̄̑́̃̉̓́̉̉ὶ ὋὓάϽ
Ў

; (2) 

Ὂ̗̄̑́̃̉̓́̉̉ὶ ὋὓάϽ
Ў

. (3) 

ɹʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʵʪʘ ʬʫʥʢ-

ʮʠʷ ʝʩʪʴ ʥʦʨʤʘʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

Ὂ̗̄̑́̃̉̓́̉̉ὶ ὋὓάϽ Ͻ Ὡ Ͻ . (4) 

ɻʠʧʦʪʝʟʘ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʦʜʦʚʦ-

ʨʦʪʥʦʡ ʪʝʦʨʠʠ ʠʟ ʫʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ ʝʩʣʠ ʥʘ ʪʝʣʦ ʜʝʡ-

ʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʚʥʦʟʥʘʯʥʳʭ ʧʦ ʚʝʣʠʯʠʥʝ ʩʠʣ, ʪʦ 

ʧʦʚʝʜʝʥʠʝ ʵʪʦʛʦ ʪʝʣʘ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʥʦʨʤʘʣʴʥʦʡ 

ʬʫʥʢʮʠʝʡ [3ï7]. 

ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫
ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦ-

ʪʝʟʝ (ʨʠʩ. 1). 

ʇʦʚʝʜʝʥʠʝ ʚʦʜʦʚʦʨʦʪʦʚ ʙʣʠʞʝ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦ-

ʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ὃϽὩ Ⱦ , ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦ 
ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʨʘʥʝʝ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʳ. 

ɺʦʟʤʦʞʥʦ ʜʣʷ ʩʚʝʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʵʢʩʧʦʥʝʥʪʘ 

ʙʣʠʞʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ. ʊʘʢ ʵʢʩʧʦʥʝʥʪʦʡ ʦʧʠʩʳʚʘʝʪ-

ʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢ ʞʝ ʨʘʥʝʝ 

ʚʳʚʦʜʠʤʳʡ ʧʨʦʮʝʩʩ ʩʪʠʨʘʥʠʷ (ʧʦʪʝʨʷ ʵʥʝʨʛʠʠ) ʩʚʝʪʘ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʝʛʦ ʯʝʨʝʟ ʵʬʠʨ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ 

ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʘ ʟʚʝʟʜ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ (ʨʠʩ. 2), ʦʰʠʙʦʯʥʦ ʧʨʠʥʠʤʘʶʱʠʝʩʷ ʟʘ 

ʨʘʩʰʠʨʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩ ʫʩʢʦʨʝʥʠʝʤ ʟʚʝʟʜʥʳʭ 

ʤʘʩʩ (ʛʘʣʘʢʪʠʢ, ʚʩʝʣʝʥʥʦʡ), ʯʪʦ ʥʘʨʫʰʘʝʪ ʟʘʢʦʥ ʵʥ-

ʪʨʦʧʠʠ. 

 

 

ʈʠʩ. 1. ʄʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʜʦʚʦʨʦʪʘ 

 

ʈʠʩ. 2. ʄʦʜʝʣʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ 

ʵʬʠʨ 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʬʦʨʤʫʣʫ (3) ʤʦʞʥʦ ʟʘ-

ʧʠʩʘʪʴ ʢʘʢ: 

Ὂ̗̄̑́̃̉̓́̉̉ὶ ὋϽὓ Ͻ
Ў

ϽὪὶ, (5) 

ʛʜʝ f1(r) ï ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ, ʦʪʨʘʞʘʶʱʘʷ ʵʢʩʧʦʥʝʥʮʠ-

ʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʚʠʪʘʮʠʠ. 
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ʌʦʨʤʫʣ r(3) ʠ (5) ʨʘʚʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʨʘʟʥʳʝ ʬʦʨʤʳ ʟʘʧʠʩʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʫʥʢʮʠʠ, ʬʦʨ-

ʤʫʣʘ (3) ï ʯʝʨʝʟ ʠʩʢʨʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʬʦʨʤʫʣʘ 

(5) ï ʯʝʨʝʟ ʚʝʩʦʚʫʶ ʬʫʥʢʮʠʶ. 

ʀʟʥʘʯʘʣʴʥʦ ʚ ʵʬʠʨʥʦʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʷ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʤʤʦʡ ʛʨʘʚʠʪʘʮʠʡ ʧʣʦʩʢʠʭ, ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʠʭʩʷ ʵʬʠʨʥʳʭ ʚʦʜʦʚʦʨʦ-
ʪʦʚ (6), (7): 
Ὂ̗̄̑́̃̉̓́̉̉ὶ ὖ‗ȟὪ̃̏̅̏̃̏̑̏̓́ В”̐ ̝̌̏̓̎̏̒̓ ̞̉̑́̕ ̐̑̏̓̏̎̏̃ , (6) 

ʛʜʝ P(ɚ, ɓ) =1/r2 ï ʵʪʦ ʥʝ ʛʨʘʚʠʪʘʮʠʷ, ʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʵʬʠʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ʵʬʠʨʥʳʭ ʚʦʜʦʚʦʨʦʪʦʚ (ʧʨʦʪʦʥʦʚ).  
P(ɚ, ɓ) ï ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʫʛʣʘʤ ɚ ʠ ɓ, ɟʧʣʦʪʥʦʩʪʴ ʵʬʠʨʘ ʧʨʦʪʦʥʦʚ (r) ï ʵʬʠʨʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʦʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ,  

Ɇ ɟ ʧʣʦʪʥʦʩʪʴ ʵʬʠʨʘ ʧʨʦʪʦʥʦʚ (r) ï ʩʫʤʤʘʨʥʘʷ ʵʬʠʨʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʦʥʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ,  

fʚʦʜʦʚʦʨʦʪʘ(Ɇ ɟ ʧʣʦʪʥʦʩʪʴ ʵʬʠʨʘ ʧʨʦʪʦʥʦʚ (r)) ï ʬʫʥʢʮʠʷ ʩʫʤʤʘʨ-

ʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʦʪ ʧʨʦʪʦʥʥʳʭ ʚʦʜʦʚʦʨʦʪʦʚ, ʟʘʚʠʩʷʱʘʷ 

ʦʪ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʤʠ ʩʫʤʤʘʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

(ʜʠʬʬʝʨʝʥʮʠʘʣʘ, ʧʨʠʨʘʱʝʥʠʷ) ʧʣʦʪʥʦʩʪʠ ʵʬʠʨʘ. 

ɻʨʘʚʠʪʘʮʠʷ ʧʨʦʪʦʥʥʦʛʦ ʚʦʜʦʚʦʨʦʪʘ ʧʨʝʜʩʪʘʚʣʷ-

ʣʘʩʴ ʢʘʢ: 

r

rf

ʧʨʦʪʦʥʦʚʵʬʠʨʘʧʣʦʪʥʦʩʪʴ

M

i

ʧʨʦʪʦʥʦʚʵʬʠʨʘʧʣʦʪʥʦʩʪʴiʚʦʜʦʚʦʨʦʪʘ

µ

µ
=

=
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=

---ä

r

r ))((

1  (7) 

ʛʜʝ fʚʦʜʦʚʦʨʦʪʘ (Ɇ ɟ ʧʣʦʪʥʦʩʪʴ ʵʬʠʨʘ ʧʨʦʪʦʥʦʚ(r)) ï ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʘʷ ʬʫʥʢʮʠʷ ʦʪ ʩʫʤʤʘʨʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʘʷ 

ʚʦʜʦʚʦʨʦʪʘʤʠ. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʤʤʘʨʥʦʡ ʧʣʦʪʥʦʩʪʠ  

ʦʪ ʧʣʦʩʢʠʭ ʧʨʦʪʦʥʥʳʭ ʚʦʜʦʚʦʨʦʪʦʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3, 

4, 5. 

 

ʈʠʩ. 3. ʉʫʤʤʠʨʦʚʘʥʠʝ ʜʠʩʧʝʨʩʠʡ ů ʚʦʜʦʚʦʨʦʪʦʚ 

 

ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʬʠʨʘ ʠ ʛʨʘʚʠʪʘʮʠʠ ʚ ʚʦʜʦʚʦʨʦʪʝ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ 

 

ʈʠʩ. 5. ʄʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʫʤʤʦʡ ʧʣʦʩʢʠʭ 

ʚʦʜʦʚʦʨʦʪʦʚ 

ʇʦʣʫʯʝʥʥʘʷ ʠʟ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʬʦʨʤʫʣʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʬʠʨʘ  ʜʣʷ ʧʨʦʪʦʥʘ ʨʘʚʥʘ: 

ʍ̐ ̝̌̏̓̎̏̒̓ ̞̉̑́̕ ̐̑̏̓̏̎́ὶ ʍ ὶ ʍϽρ Ὡ . (8) 

ʇʨʦʠʟʚʦʜʥʘʷ ʦʪ ʬʦʨʤʫʣʳ (8) ʠʣʠ ʛʨʘʚʠʪʘʮʠʷ, ʩʦ-

ʟʜʘʚʘʝʤʘʷ ʦʜʥʠʤ ʧʨʦʪʦʥʥʳʤ ʚʦʜʦʚʦʨʦʪʦʤ ʨʘʚʥʘ: 



ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

 ˉ 2 (14) Å ʠʶʥʴ 2016 7 

ʍ̐ ̝̌̏̓̎̏̒̓ ̞̉̑́̕ ̐̑̏̓̏̎̏̃Ⱦὶ ȿʍ Ⱦὶȿ

ʍϽ
ρ

„
ϽὩ

ά

„
ϽὩ ȟ 

(9) 

ʛʜʝ m0 ï ʤʘʩʩʘ ʧʨʦʪʦʥʘ, ɟ0 ï ʥʘʯʘʣʴʥʦ ʩʦʟʜʘʚʘʝʤʘʷ 

ʚʦʜʦʚʦʨʦʪʦʤ ʵʬʠʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʦʪʦʥʘ, ů ï ʜʠʩʧʝʨ-

ʩʠʷ ʚʦʜʦʚʦʨʦʪʘ. 

ɺʳʯʠʩʣʠʤ ʩʫʤʤʘʨʥʫʶ ʛʨʘʚʠʪʘʮʠʶ ʩʦʟʜʘʚʘʝʤʫʶ 

ʚʦʜʦʚʦʨʦʪʘʤʠ:  
Ὢ̃̏̅̏̃̏̑̏̓ ɫ ”̐ ̝̌̏̓̎̏̒̓ ̞̉̑́̕ ̐̑̏̓̏̎̏̃ ὶ ȿʍ Ⱦὶȿ  
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    (10) 

ʇʦʣʫʯʠʤ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʷ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʪʦʥʥʦʛʦ 
ʚʦʜʦʚʦʨʦʪʘ ʨʘʚʥʘ: 

)(/1

))((

mMr

ʧʨʦʪʦʥʦʚʵʬʠʨʘʧʣʦʪʥʦʩʪʴʚʦʜʦʚʦʨʦʪʘ
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(11) 

ʇʦʜʩʪʘʚʠʤ ʟʥʘʯʝʥʠʝ ʬʦʨʤʫʣʳ (11) ʚ ʬʦʨʤʫʣʫ (6), 

ʧʦʣʫʯʠʤ: 

    (12) 

ʛʜʝ P(ɚ, ɓ)=1/r2, ʧʦʜʩʪʘʚʠʤ ʝʸ ʚ ʬʦʨʤʫʣʫ (12) ʠ ʧʦʣʫ-

ʯʠʤ: 

  (13) 

ʉʨʘʚʥʠʚʘʷ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ ʛʨʘʚʠʪʘʮʠʠ 

(1), ʚʠʜʠʤ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ  

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʠʩʧʝʨʩʠʠ (G=1/ů, 

G=6,6Ŀ10ī11 ʤ3Ŀʩī2Ŀʢʛī1), ʪʦʛʜʘ ʩ ʫʯʝʪʦʤ ʩʦʛʣʘʩʦʚʘʥʠʷ 

ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʷ ʩʫʤʤʳ ʚʦʜʦʚʦʨʦʪʦʚ ʚ ʦʜʥʦʤ ʢʠʣʦ-

ʛʨʘʤʤʦʤʝʪʨʝ ʜʠʩʧʝʨʩʠʷ ʨʘʚʥʘ ů=0.15Ĭ1011 ʤĿʢʛī1. 
ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʫʤʤʘʨʥʘʷ ʨʘʩʰʠʨʝʥʥʘʷ ʬʦʨʤʫʣʘ 

ʜʣʷ ʛʨʘʚʠʪʘʮʠʠ, ʩʦʚʤʝʱʝʥʥʘʷ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ, ʙʫʜʝʪ 

ʨʘʚʥʘ: 

 (14) 

ʊʘʢ ʢʘʢ ʚʝʣʠʯʠʥʘ  e-r/ů(M+m)å1 ʥʘ ʩʦʠʟʤʝʨʠʤʳʭ ʨʘʩ-

ʩʪʦʷʥʠʷʭ ʧʨʠ r<<ůȚMȚm, ʪʦ ʨʘʩʰʠʨʝʥʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ 
ʛʨʘʚʠʪʘʮʠʠ (14) ʧʨʠʤʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʠʜ ʩ ʜʦʩʪʘʪʦʯ-

ʥʦ ʭʦʨʦʰʝʡ ʩʪʝʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ: 

Fʛʨʘʚʠʪʘʮʠʠ(r) åGMmȚ[1/r2] 

ʂʘʢ ʚʠʜʥʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʛʨʘʚʠʪʘʮʠʠ (1) 

ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝʤ ʦʪ ʨʘʩʰʠʨʝʥʥʦʡ ʬʦʨʤʫʣʳ 

ʛʨʘʚʠʪʘʮʠʠ (14). 

ʉʘʤʘʷ ʙʣʠʟʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʠ 

ʵʪʦ ʩʪʨʝʣʴʙʘ ʠʟ ʨʫʞʴʷ, ʧʨʠʚʦʜʠʤʘʷ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʙʦʪʘʭ. ɺ ʟʦʥʝ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʧʫʣʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʨʠʙʣʠʞʝʥʥʦ ʧʦʩʪʦʷʥʥʦʡ (Vʧʫʣʠ=constant), ʜʘʚʣʝʥʠʷ 

ʥʘ ʩʪʝʥʳ ʤʠʰʝʥʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦ-

ʷʥʠʷ (1/r2, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5), ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ 
ʟʦʥʘ ʜʦ ʇʣʫʪʦʥʘ. ʅʦ ʥʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ ʧʦʪʝʨʶ ʵʥʝʨʛʠʠ ʧʫʣʠ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʘʪʴ 1/r2 ʥʘ exp[-r/KĬWʵʥʝʨʛʠʷ]. ɻʜʝ 

Wʵʥʝʨʛʠʷ ï ʵʥʝʨʛʠʷ ʧʫʣʠ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘ exp[-r/Ɇů] 
ï 

ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʵʬʠʨʘ), 

 ů ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ e-r/ů, ʠ ʥʘʟʳʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʵʢʩʧʦʥʝʥʪʳ 

(ʨʠʩ. 6), ʘʥʘʣʦʛ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʠ ʧʦ ʘʥʘʣʦʛʠʠ 

ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʜʠʩʧʝʨʩʠʝʡ.  
ɺ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʠ ʨʘʙʦʪʘʝʪ ʧʨʠʥʮʠʧ ʧʦʣʦʚʠʥʘ 

ʦʪ ʧʦʣʦʚʠʥʳ ʠʣʠ ʝʩʣʠ ʚʳ ʧʦʪʝʨʷʣʠ ʧʦʣʦʚʠʥʫ ʵʥʝʨʛʠʠ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ r, ʪʦ ʥʘ ʩʣʝʜʫʶʱʝʤ ʠʥ-

ʪʝʨʚʘʣʝ r ʚʳ ʧʦʪʝʨʷʝʪʝ ʧʦʣʦʚʠʥʫ ʦʪ ʧʦʣʦʚʠʥʳ ʵʥʝʨ-

ʛʠʠ. ɺʳ ʢʘʢ ʙʳ ʚʳʩʪʨʝʣʠʚʘʝʪʝ ʩ ʧʦʣʦʚʠʥʳ ʧʫʪʠ r ʧʦ-

ʣʦʚʠʥʥʦʡ ʵʥʝʨʛʠʝʡ. 

 

ʈʠʩ. 6. ʉʣʦʞʝʥʠʝ ʜʠʩʧʝʨʩʠʡ ʚʦʜʦʚʦʨʦʪʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʫʤʤʘʨʥʦʡ ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʣʦʪʥʦʩʪʠ ʵʬʠʨʘ 

ɺʩʝ ʚʳʰʝ ʠʟʣʦʞʝʥʥʳʝ ʚʟʛʣʷʜʳ ʥʘ ʛʨʘʚʠʪʘʮʠʶ 

ʦʪʦʙʨʘʞʘʣʠ ʩʦʙʦʡ ʠʟʥʘʯʘʣʴʥʦʝ ʵʬʠʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ ʦ ʛʨʘʚʠʪʘʮʠʠ, ʢʘʢ ʦʙ ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʣʦʪʥʦʩʪʠ 

ʵʬʠʨʘ, ʫʧʨʦʱʸʥʥʦ ʠ ʚ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ ʧʦʢʘʟʘʥʥʦʡ 

ʥʘ ʨʠʩ. 7.  

 

ʈʠʩ. 7. ʋʧʨʦʱʸʥʥʘʷ ʤʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʠ 
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ʇʨʠ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʢʘʟʘʣʦʩʴ, 
ʯʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʥʫʣʶ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʬʫʥ-

ʢʮʠʷ ʠʤʝʝʪ ʚʠʜ ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 8, 9, 10. ʊʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʥʘʧʦʤʠʥʘʝʪ ʤʘʪʨʸʰʢʫ, ʢʦʛʜʘ ʧʨʠ ʧʨʠʙʣʠ-

ʞʝʥʠʠ ʢ ʧʨʝʜʝʣʫ ʚʢʣʶʯʘʶʪʩʷ ʥʦʚʳʝ ʟʘʢʦʥʳ, ʥʝ ʠʟʚʝʩ-

ʪʥʳʝ ʨʘʥʝʝ. 

 

ʈʠʩ. 8. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʬʠʨʘ ʠ ʛʨʘʚʠʪʘʮʠʠ 

 

ʈʠʩ. 9. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʬʠʨʘ ʠ ʛʨʘʚʠʪʘʮʠʠ 

 

ʈʠʩ. 10. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʬʠʨʘ ʠ ʛʨʘʚʠʪʘʮʠʠ 

ɺʩʷʢʘʷ ʥʦʚʘʷ ʪʝʦʨʠʷ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʧʨʝʜʩʢʘʟʘ-

ʪʝʣʴʥʦʡ ʩʠʣʦʡ. ʊʘʢ ʪʘʙʣʠʮʘ ʄʝʥʜʝʣʝʝʚʘ ʧʨʝʜʩʢʘʟʘʣʘ 
ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʜʘʥʥʦʡ ʚʦʜʦʚʦʨʦʪʥʦʡ ʵʬʠʨʥʦʡ 

ʪʝʦʨʠʠ, ʛʜʝ P(ɚ,ɓ)=[1/(ȹr2+r2)]å1/r2
 ï ʬʫʥʢʮʠʷ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʵʬʠʨʘ, ʘʥʘʣʦʛ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʫʣʴ ʧʨʠ ʩʪʨʝʣʴʙʝ ʠʟ ʨʫʞʴʷ, 

ȹr ï ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʠʣʠ ʧʨʝʜʝʣ ʜʦ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʩʞʘʪʴ ʪʝʣʦ. ʕʪʦʪ ʧʨʝʜʝʣʴʥʳʡ ʨʘʜʠʫʩ ʨʘʚʥʷʝʪʩʷ ʩʚʝʪʦ-

ʚʦʤʫ ʨʘʜʠʫʩʫ ʟʚʝʟʜʳ. ʇʨʝʜʩʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʨʠ-

ʙʣʠʞʝʥʠʠ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʨʘʜʠʫʩʫ ʛʨʘʚʠʪʘʮʠʷ ʦʪ ʩʬʝ-

ʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʝʨʝʡʜʝʪ ʢ ʧʣʦʩʢʦʡ ʬʦʨʤʝ (ʧʨʠʙʣʠ-

ʞʸʥʥʦ ʵʣʣʠʧʩʦʠʜʥʦʡ) (ʨʠʩ.11, 12). ʊʦ ʝʩʪʴ, ʧʨʠ ʧʨʠ-

ʙʣʠʞʝʥʠʠ rŸ 0 

ὖ‗ȟ , (15) 

ʧʣʦʩʢʦʩʪʠ ʚʦʜʦʚʦʨʦʪʦʚ ʥʝ ʩʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʬʠʨ-

ʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʠ ʥʘʯʥʫʪ ʤʝʰʘʪʴ ʜʨʫʛ ʜʨʫʛʫ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʬʫʥʢʮʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʪ ʚʠʜ: 

ὖ‗ȟ Ὡ Ⱦ . (16) 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʛʨʘʚʠʪʘʮʠʷ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ 
ʬʦʨʤʳ ʧʝʨʝʡʜʸʪ ʚ ʧʣʦʩʢʫʶ ʬʦʨʤʫ (ʨʠʩ. 11, 12). ʊʘʢ 

ʧʨʦʠʟʚʝʜʷ ʥʦʨʤʠʨʦʚʢʫ ʩʫʤʤʘʨʥʦʡ ʛʨʘʚʠʪʘʮʠʠ (14) ʥʘ 

ʫʛʣʦʚʦʡ ʠʥʪʝʨʚʘʣ [ʦʪ 0éˊ], ʨʘʩʰʠʨʝʥʥʘʷ ʥʦʨʤʠʨʦ-

ʚʘʥʥʘʷ ʬʦʨʤʫʣʘ ʛʨʘʚʠʪʘʮʠʠ (14) ʧʨʠ r å ȹr ʟʘʧʠʰʝʪʩʷ 

ʢʘʢ: 

Ὂ̗̄̑́̃̉̓́̉̉ ὶ ὋὓάϽὩ В ϽὩВ ȟ 
(17) 

ʛʜʝ  
►ВⱭ

Ὡ В ϽὩВ  = const; Ὃὓά ὑ ÃÏÎÓÔ. 

ʊʦʛʜʘ ʬʦʨʤʫʣʫ (17) ʛʨʘʚʠʪʘʮʠʠ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ [ʦʪ 0éˊ] ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

Ὂ̗̄̑́̃̉̓́̉̉ ὶ ὑϽὩ В ϽὩВ     
(18) 

ʌʦʨʤʫʣʘ ʛʨʘʚʠʪʘʮʠʠ (18) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 11, ʛʜʝ 

ʚʠʜʥʦ, ʯʪʦ ʬʦʨʤʘ ʛʨʘʚʠʪʘʮʠʠ ʧʝʨʝʰʣʘ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ 

ʢ ʧʣʦʩʢʦʡ ʬʦʨʤʝ, ʪʦ ʝʩʪʴ ʛʨʘʚʠʪʘʮʠʷ ʯʸʨʥʦʡ ʜʳʨʳ 

ʧʣʦʩʢʘʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 12, 13. 

 

ʈʠʩ. 11. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʛʨʘʬʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʩʢʦʡ 

ʛʨʘʚʠʪʘʮʠʠ ʜʣʷ ʯʸʨʥʦʡ ʜʳʨʳ   

 

ʈʠʩ. 12. ʇʝʨʝʭʦʜ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ ʛʨʘʚʠʪʘʮʠʠ ʢ ʧʣʦʩʢʦʡ 

ʛʨʘʚʠʪʘʮʠʠ 
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ʈʠʩ. 13. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʚʦʜʦʚʦʨʦʪʥʦʡ 

ʛʨʘʚʠʪʘʮʠʠ 

ʃʦʛʠʢʫ ʨʘʩʩʫʞʜʝʥʠʡ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʩʣʝʜʫʶʱʝʤʫ: 

1) ʉʚʝʪ ï ʵʪʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. 

2) ʏʘʩʪʠʮʘ ï ʵʪʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʩʦʟʜʘʸʪʩʷ ʩʪʘʙʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʵʬʠʨʘ. 

3) ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʬʠʨʘ ʩʦʟʜʘʝʪ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʫʶ ʩʠʣʫ ï ʛʨʘʚʠʪʘʮʠʶ (Fʛʨʘʚʠʪʘʮʠʠ ʚʦʜʦʚʦʨʦʪʘ(r) =  

=d ɟʧʣʦʪʥʦʩʪʴ ʵʬʠʨʘ (r)/dr ʠ FȚů (r) = dɟȚů (r)/dr) 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʪʘ ʞʝ ʧʣʦʩʢʘʷ ʚʦʜʦʚʦʨʦʪʥʘʷ ʤʦʜʝʣʴ. ʕʣʝʢ-

ʪʨʦʥ ï ʵʪʦ ʩʚʸʨʥʫʪʘʷ ʧʨʘʚʠʣʴʥʳʤ ʚʦʜʦʚʦʨʦʪʦʤ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ. ɿʘʨʷʜ ʵʣʝʢʪʨʦʥʘ ʵʪʦ ʨʘʩʪʷʥʫʪʘʷ 

ʚʦʜʦʚʦʨʦʪʦʤ ʧʦʩʣʝʜʥʷʷ ʥʝ ʩʚʸʨʥʫʪʘʷ ʧʦʣʫʚʦʣʥʘ ʢʘʢ 
ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 14, 15, 16. 

 

ʈʠʩ. 14. ʄʦʜʝʣʴ ʵʣʝʢʪʨʦʥʘ 

 

ʈʠʩ. 15. ʄʦʜʝʣʴ ʵʣʝʢʪʨʦʥʘ 

 

ʈʠʩ. 16. ʄʦʜʝʣʴ ʵʣʝʢʪʨʦʥʘ 

ɻʨʘʚʠʪʘʮʠʷ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʷʚʣʝʥʠʷ ʦʧʠʩʳ-
ʚʘʶʪʩʷ ʦʜʥʦʡ ʤʦʜʝʣʴʶ, ʩ ʦʜʥʦʡ ʧʦʟʠʮʠʠ, ʦʜʥʠʤ ʬʠ-

ʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʚ ʧʨʦʚʦʜʥʠʢʝ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.17, 18. ɼʣʷ ʦʧʠʩʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʚʠʣʦ 

ʧʨʘʚʦʡ ʨʫʢʠ. 

 

ʈʠʩ. 17. ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ  

ʧʦ ʧʨʘʚʠʣʫ ʧʨʘʚʦʡ ʨʫʢʠ 

 

ʈʠʩ. 18. ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ  

ʧʦ ʧʨʘʚʠʣʫ ʧʨʘʚʦʡ ʨʫʢʠ 

ʏʪʦʙʳ ʵʣʝʢʪʨʦʥʳ ʧʨʠʪʷʛʠʚʘʣʠʩʴ ʠʭ ʥʫʞʥʦ ʧʫʩʪʠʪʴ 

ʧʦ ʩʠʣʦʚʳʤ ʣʠʥʷʤ ʧʨʦʚʦʜʥʠʢʦʚ (ʧʦ ʧʨʦʚʦʜʘʤ), ʠ ʦʪ-

ʪʘʣʢʠʚʘʥʠʝ ʩʤʝʥʷʝʪʩʷ ʧʨʠʪʷʞʝʥʠʝʤ ʧʨʦʚʦʜʥʠʢʦʚ  

ʨʠʩ. 18. 

ʉʚʦʙʦʜʥʳʡ ʵʣʝʢʪʨʦʥ [1ï12] ï ʵʪʦ ʩʬʝʨʘ ʩ ʚʥʝʰʥʠʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʠʟ-ʟʘ ʩʪʘ-
ʪʠʩʪʠʯʝʩʢʠ ʨʘʚʥʦʚʝʨʦʷʪʥʦʩʪʥʦʛʦ (ʨʘʚʥʦʤʝʨʥʦʛʦ) 

ʚʨʘʱʝʥʠʷ ʠ ʢʦʣʝʙʘʥʠʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʧʣʦʩʢʦʛʦ ʚʦ-

ʜʦʚʦʨʦʪʘ ï ʘʥʘʣʦʛ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ 

ʚ ʞʠʜʢʦʩʪʠ. ʄʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʵʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʠʡʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʚʝʥʪʠʣʷ-

ʪʦʨ. ʈʘʩʰʠʨʝʥʥʳʡ ʟʘʢʦʥ ʂʫʣʦʥʘ, ʢʦʪʦʨʳʡ ʚʳʚʦʜʠʣʩʷ 

ʨʘʥʝʝ, ʦʪʨʘʞʘʝʪ ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ (ʛʜʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ E0=q1, E0=q2): 
( ) ( )
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ʧʨʠ r << Ɇů,  ʪʦʛʜʘ cos (fʚʦʜʦʚʦʨʦʪʘ) å1 ʠ ʬʦʨʤʫʣʘ ʂʫʣʦʥʘ 

ʧʨʠʤʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʠʜ: 

2

21
||||

r

qq
kF

ʂʫʣʦʥʘ

Ö
Öº  

ɺ ʧʨʦʚʦʜʥʠʢʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʫʧʦʨʷʜʦʯʠʚʘʝʪ-
ʩʷ ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ, ʠ ʚʟʘʠʤʦ-
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ʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 
ʟʘʨʷʜʘ (ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ ʠ ʪ.ʜ.) ʨʠʩ. 17, 18.  

ʇʦʜʭʦʜ ʧʣʦʩʢʠʭ ʵʬʠʨʥʳʭ ʚʦʜʦʚʦʨʦʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʩʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʝʜʠʥʦʡ 

ʧʦʟʠʮʠʠ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʤʥʦʛʦʤʝʨʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʤ ʪʝʦʨʠʷʤ, ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ɸ ʪʘʢʞʝ 

ʜʝʣʘʪʴ ʧʨʦʮʝʩʩʳ ʟʨʠʤʳʤʠ, ʥʘʛʣʷʜʥʳʤʠ, ʫʧʨʦʱʘʷ ʠʭ 

ʧʦʥʠʤʘʥʠʝ. 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʘʙʦʪʝ ʚʳʚʦʜʷʪʩʷ ʨʘʩʰʠʨʝʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ 

ʛʨʘʚʠʪʘʮʠʠ ʠ ʟʘʨʷʜʘ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʚʩʝ ʵʣʝ-

ʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʵʪʦ ʧʣʦʩʢʠʝ ʚʦʜʦʚʦʨʦʪʳ. ɺʦʜʦʚʦ-

ʨʦʪʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʘ ʩʯʸʪ ʧʨʝʚʨʘʱʝʥʠʷ  

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʚʦ ʚʨʘʱʘ-

ʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʚʦʜʦʚʦʨʦʪʦʚ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 
ʢʣʘʩʩʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʛʨʘʚʠʪʘʮʠʠ ʠ ʟʘʨʷʜʘ ʝʩʪʴ 

ʫʧʨʦʱʝʥʠʝ ʨʘʩʰʠʨʝʥʥʳʭ ʬʦʨʤʫʣ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʳʚʘ-

ʝʪʩʷ ʧʨʠʨʦʜʘ ʛʨʘʚʠʪʘʮʠʠ ʯʝʨʝʟ ʟʨʠʪʝʣʴʥʳʝ ʦʙʨʘʟʳ, 

ʦʙʣʝʛʯʘʶʱʠʝ ʧʦʥʠʤʘʥʠʝ ʩʫʪʠ ʷʚʣʝʥʠʷ. 
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GRAVITY IS THE SUM OF FLAT WHIRLPOOLS  

S.N. Yalovenko 
Kharkiv National University Lenin av. Electronics, Kharkiv 

New limitation entered ï not a single body can not be dispersed to mass more than mass of black hole, in addition on limiting to 
velocity of light. On the basis of this limitation out a new formula for the theory of relativity and the extension of classical equations 
for mass, length, time. The formulas for charge and gravity are expanding. In this paper we consider a continuation of the theory of 
relativity based on the ether theory development, where the discrete element of the superfluid ether is krepton (strong wave), elemen-
tary particles are represented by flat whirlpools, gravitation is presented as changing the density of the ether, created flat. The charge 
is presented as a stretched whirlpool the tail of the sine is not wound in a spiral, of the dipole created by displacement of krypton. The 
energy of the particles represented as the transformation of translational energy into rotational energy of the vortex. It is shown that 
the gravity of a black hole is flat, not round. Stellar refractive index launched.  

Index terms: gravity, black hole, the gravitational interaction, physics, ether, Coulomb's law, the charge, the nature of gravity, 
and gravity. 
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ʋɼʂ 621.9; 621.757 

ʉʆɺʈɽʄɽʅʅʓɽ ʇʆɼʍʆɼʓ ʂ ʉʆɿɼɸʅʀʖ 
ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

ɺ.ɸ. ʌʝʜʦʨʦʚ
1
, ɻ.ɺ. ʋʪʸʰʝʚ

2
 

1 ʂʘʣʫʞʩʢʠʡ ʬʠʣʠʘʣ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʛ. ʂʘʣʫʛʘ 
2 ʆɸʆ çʂʘʣʫʞʩʢʠʡ ʟʘʚʦʜ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè, ʛ. ʂʘʣʫʛʘ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʝʭʥʦʣʦ-
ʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʨʝʜʩʪʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ, ʧʨʝʜʤʝʪʦʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʥʠʪʝʣʝʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-
ʩʦʚ ʠʣʠ ʦʧʝʨʘʮʠʡ. 
ʄʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠʟ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝ-

ʛʦʜʥʷ ʢʘʢ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʠ ʦʙʲʝʤʦʚ ʠʭ ʨʘʟʨʘʙʦʪʢʠ, ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʫʣʝʡ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʨʝ-
ʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʦʚ. ʄʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ʩʪʘʥʢʦʚ ʬʦʨ-
ʤʠʨʫʝʪʩʷ ʧʫʪʸʤ ʩʦʯʝʪʘʥʠʡ ʤʦʜʫʣʝʡ ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʧʠʩʘʥʠʷ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦ-
ʨʳʡ ʧʦʟʚʦʣʷʝʪ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʡ ʢʦʜ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʷ 
ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʠ ʤʝʭʘʥʦʩʙʦʨʦʯʥʳʭ ʩʠʩʪʝʤ. 
ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʝʨʝʭʦʜʠʪʴ ʢ ʢʦʤʧʦʥʦʚʢʝ ʤʦʜʫʣʝʡ ʚ ʝʜʠʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚ ʦʙʱʠʭ ʤʦʜʫʣʷʭ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʢʦʥ-
ʩʪʨʫʢʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭ ʝʝ ʵʣʝʤʝʥʪʦʚ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ 
ʚ ʮʝʣʦʤ, ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʤʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ, ʚʘʨʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ. 

 

ɺɺɽɼɽʅʀɽ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʊʉ) ï ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʨʝʜʩʪʚ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ, ʧʨʝʜʤʝʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣ-

ʥʠʪʝʣʝʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦ-
ʮʝʩʩʦʚ ʠʣʠ ʦʧʝʨʘʮʠʡ (ɻʆʉʊ 27.004-85). 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʫʣʴʥʳʡ 

ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʧʫʪʸʤ ʩʦʯʝʪʘʥʠʡ ʤʦʜʫʣʝʡ ʦʛʨʘ-

ʥʠʯʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʩ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʪʳ-

ʢʦʚʦʯʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʣʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʨʠ ʵʪʦʤ 

ʢʦʤʧʦʥʦʚʢʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʤʫ ʦʧʠʩʘʥʠʶ ʩʦʟʜʘʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʪʨʝʙʦ-

ʚʘʥʠʷʤ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʉʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʟʥʘʯʝʥʠ-

ʝʤ. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʩʣʝʜʫʝʪ ʫʪʦʯʥʷʪʴ 

ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ, ʩʪʨʝʤʷʩʴ ʟʘʢʨʝʧʠʪʴ 

ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ ʦʪʜʝʣʴʥʳʡ ʤʦʜʫʣʴ ʊʉ [1].  

ɹʫʰʫʝʚ ɺ.ɺ. [2] ʩʨʝʜʠ ʛʣʘʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠ-

ʪʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʳʜʝʣʷʝʪ 

ʤʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʠ ʩʪʨʝʤʣʝʥʠʝ ʠʟʛʦʪʦʚʠʪʴ ʠʟʜʝʣʠʝ ʧʦʣʥʦʩʪʴʶ ʥʘ ʦʜʥʦʤ 

ʩʪʘʥʢʝ, ʪʘʢ ʢʘʢ ʠʥʪʝʛʨʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʦʜʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʱʝʥʠʝ ʨʘʟ-

ʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʨʝʤʝʥʠ, ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ 

ʧʨʦʩʪʦʷ ʠ ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨ. 

ʄʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ ʊʉ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʛʦʜʥʷ 

ʢʘʢ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʠ 

ʦʙʲʝʤʦʚ ʠʭ ʨʘʟʨʘʙʦʪʢʠ, ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦ-

ʪʳ ʊʉ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʫʣʝʡ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʠ ʠ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʚʦʩʩʪʘʥʦʚ-
ʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʦʚ. 

ʄʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ʩʪʘʥʢʦʚ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʧʫʪʸʤ ʩʦʯʝʪʘʥʠʡ ʤʦʜʫʣʝʡ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʝʰʝ-

ʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ [3]. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʘʢ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʝ, 

ʪʘʢ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʝ ʠʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʝ ʜʣʷ 

ʵʪʠʭ ʮʝʣʝʡ [4,5]. 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʝʰʘʶʱʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ. 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʝʥ ʤʝʪʦʜ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʚʦʟʤʦʞʥʳʭ 

ʩʭʝʤ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ ʩʭʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʜʚʠ-

ʞʝʥʠʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ [6]. ɺ ʨʘʙʦʪʝ [7] 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʯʝʨʝʟ ʤʦʜʫʣʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʠ ʤʦʜʫʣʠ ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʨʘʙʦʪʝ ʂʦʥʦʚʘʣʦʚʘ ɽ.ɻ. [8] ʧʨʦʩʪʳʝ ʜʚʠʞʝʥʠʷ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 
ʩʭʝʤ ʨʝʟʘʥʠʷ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ 

ʩʣʦʞʥʳʭ ʜʚʠʞʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʦʙʱʫʶ ʫʥʠʚʝʨʩʘʣʴ-

ʥʫʶ ʩʭʝʤʫ. 

ʇʝʪʨʫʭʠʥ ʉ.ʉ. [9] ʩʪʨʫʢʪʫʨʠʨʦʚʘʣ ʜʚʠʞʝʥʠʷ ʠʩ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʢʘʢ ʜʚʠʞʝʥʠʷ ʨʝʟʘʥʠʷ ʠ ʧʦʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʩʥʷʪʠʷ ʩʪʨʫʞʢʠ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʠʝ ʜʚʠʞʝʥʠʷ. 

ɿʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʭʝʤ ʬʦʨʤʦʦʙʨʘ-

ʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʬʦʨʤʘʣʠ-

ʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʦʠʩʢʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʥʘ ʕɺʄ [10]. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʭʝʤʘ-
ʤʠ ʨʝʟʘʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ɻʨʘʥʦʚʩʢʠʤ ɻ.ʀ., ʵʪʠ 

ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʢʘʞ-

ʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʩʭʝʤʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʊʉ ʥʝʦʙʭʦ-

ʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʠʩʘʪʴ ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʪʘʣʝʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɺ ʛʝʦʤʝʪʨʠʠ, ʢʘʢ ʨʘʟʜʝʣʝ 

ʤʘʪʝʤʘʪʠʢʠ, ʟʘʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʘʜʠʮʠʦʥʥʦ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʷʚʥʦʡ ʠʣʠ ʥʝʷʚʥʦʡ ʬʦʨʤʝ, ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʠʤ, ʤʘʪʨʠʯʥʳʤ ʠʣʠ ʚʝʢʪʦʨʥʳʤ ʩʧʦʩʦʙʦʤ. ɺ ʤʘ-

ʰʠʥʦʩʪʨʦʝʥʠʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ 

ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʟʘʜʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʯʪʦ ʥʝʩʢʦʣʴ-
ʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ʊʘʢ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘ-

ʣʝʡ ʦʩʥʦʚʘʥʦ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ 

ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ. 

ʇʦʜʭʦʜ ɼ.ʅ. ʈʝʰʝʪʦʚʘ ʠ ɺ.ɻ. ʇʦʨʪʤʘʥʘ [11] ʢ ʠʩ-

ʩʣʝʜʦʚʘʥʠʶ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʩʪʘʥʢʘ ʦʩʥʦ-

ʚʘʥ ʥʘ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʭ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʛʝʦʤʝʪ-

ʨʠʶ ʦʙʨʘʟʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠ ʪʨʘʝʢʪʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʪʘʣʠ 
ʠ ʠʥʩʪʨʫʤʝʥʪʘ [12]. ʌʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʦʡ 

(ʌʉ) ʥʘʟʳʚʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʚʝʥʴʝʚ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʟʘʠʤʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ 

ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝ-

ʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳ-

ʚʘʝʤʦʡ ʜʝʪʘʣʠ. ʂʘʞʜʦʝ ʦʪʜʝʣʴʥʦʝ ʟʚʝʥʦ ʦʙʨʘʟʫʝʪ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʊʉ. 

ʅʘʧʨʠʤʝʨ, ʰʧʠʥʜʝʣʴ ʚʤʝʩʪʝ ʩ ʧʘʪʨʦʥʦʤ ʠ ʟʘʞʘʪʦʡ ʚ 

ʥʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʴʶ. ʂʘʞʜʦʝ ʦʪʜʝʣʴʥʦʝ ʟʚʝ-

ʥʦ ʤʦʞʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʠʣʠ ʧʝʨʝʤʝʱʘʪʴʩʷ ʣʠʥʝʡʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʟʚʝʥʴʝʚ ʣʠʙʦ ʦʩʪʘʚʘʪʴʩʷ ʥʝʧʦ-
ʜʚʠʞʥʳʤ. ɺʩʝ ʟʚʝʥʴʷ ʌʉ ʷʚʣʷʶʪʩʷ ʨʘʚʥʦʧʨʘʚʥʳʤʠ, ʠ 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʦʜʣʝʞʠʪ ʣʠʰʴ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠ-

ʞʝʥʠʝ. 

ʅʝʧʦʜʚʠʞʥʦʡ ʥʘʟʥʘʯʘʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ S0, 

ʩʚʷʟʘʥʥʘʷ ʩ ʟʘʛʦʪʦʚʢʦʡ. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ Si ʩʚʷʟʘʥʘ 

ʩ i-ʤ ʟʚʝʥʦʤ ʠ ʚʩʝ ʧʦʜʚʠʞʥʳʝ ʟʚʝʥʴʷ ʌʉ ʧʨʦʥʫʤʝʨʦ-

ʚʘʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʯʠʥʘʷ ʦʪ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʟʘʛʦʪʦʚʢʠ (i=0) ʠ ʟʘʢʘʥʯʠʚʘʷ ʠʥʩʪʨʫʤʝʥʪʦʤ (i=l).  

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʟʚʝʥʴʝʚ ʌʉ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʢʦʜʘ ʌʉ: 

l
kkkk ...
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= , 

ʛʜʝ ki (i=1,é,l ) ï ʦʙʦʟʥʘʯʝʥʠʝ ʜʚʠʞʝʥʠʷ i-ʛʦ ʟʚʝʥʘ 

ʌʉ ʦʪʥʦʩʠʪʝʣʴʥʦ (i-1)-ʛʦ; l ï ʯʠʩʣʦ ʧʦʜʚʠʞʥʳʭ ʟʚʝʥʴ-

ʝʚ ʩʠʩʪʝʤʳ. 
ʉ ʢʘʞʜʳʤ ʟʚʝʥʦʤ ʌʉ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʳʚʘʝʪʩʷ 

ʦʜʠʥ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1 ʩʠʤʚʦʣʦʚ. 

ʊʘʙʣ. 1. ʆʙʦʟʥʘʯʝʥʠʝ ki ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʥʴʝʚ  

ʚ ʢʦʦʨʜʠʥʘʪʥʦʤ ʢʦʜʝ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʆʩʴ 

ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝ-

ʥʠʝ ʟʚʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʝʜʳʜʫʱʝʛʦ ʚʜʦʣʴ ʦʩʠ 

ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʟʚʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʝʜʳʜʫʱʝʛʦ ʚʦʢʨʫʛ ʦʩʠ 

X 1 4 

Y 2 5 

Z 3 6 

ʅʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʘʪʥʳʡ ʢʦʜ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ 

ʩʠʩʪʝʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʦʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʨʘ-

ʱʝʥʠʷ ʤʝʪʦʜʦʤ ʪʦʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʭ-

ʟʥʘʯʥʦʝ ʯʠʩʣʦ k = 631 (ʨʠʩ. 1). ʇʨʠ ʤʦʜʫʣʴʥʦʤ ʧʦ-

ʩʪʨʦʝʥʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʫʣʝʚʳʤ ʟʚʝʥʦʤ (0=i ) ʷʚʣʷ-

ʝʪʩʷ ʦʙʨʘʙʘʪʳʚʘʝʤʘʷ ʟʘʛʦʪʦʚʢʘ ʩʦ ʰʧʠʥʜʝʣʴʥʳʤ ʤʦ-

ʜʫʣʝʤ. ʉʣʝʜʫʶʱʝʝ ʟʚʝʥʦ (i = 1) ï ʩʪʘʥʠʥʘ. ɺ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʩʪʘʥʠʥʘ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ Z0  

ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ 

ʰʧʠʥʜʝʣʷ, ʵʪʦʤʫ ʜʚʠʞʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʤʚʦʣ 6, 

ʪ. ʝ. k1 = 6. ɸʥʘʣʦʛʠʯʥʦ, ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʧʨʦʜʦʣʴʥʦʛʦ ʩʫʧʧʦʨʪʘ (i = 2) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʠʥʳ 

ʩʦʚʝʨʰʘʝʪʩʷ ʚʜʦʣʴ ʦʩʠ Z1, ʪ.ʝ. k1  = 3, ʠ, ʥʘʢʦʥʝʮ, ʧʦ-

ʧʝʨʝʯʥʳʡ ʩʫʧʧʦʨʪ (i = 3) ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʜʚʠʞʝʪʩʷ 

ʚʜʦʣʴ ʦʩʠ X2, ʪ.ʝ. k3 = 1.  
 

 

ʐʧʠʥʜʝʣʴʥʳʡ ʤʦʜʫʣʴ 

ʄʦʜʫʣʴ ʧʨʦʜʦʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʩʫʧʧʦʨʪʘ 

ʄʦʜʫʣʴ ʧʦʧʝʨʝʯʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʩʫʧʧʦʨʪʘ 

ɹʘʟʦʚʳʡ ʤʦʜʫʣʴ 

(ʩʪʘʥʠʥʘ) 

 

ʈʠʩ. 1. ʌʦʨʤʦʦʙʨʘʟʫʶʱʘʷ ʧʦʜʩʠʩʪʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʬʫʥʢʮʠʶ 

ʦʙʨʘʙʦʪʢʠ ʤʝʪʦʜʦʤ ʪʦʯʝʥʠʷ 

ʋ ʨʘʩʪʦʯʥʦʛʦ ʩʪʘʥʢʘ (ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ) ʢʦʜ ʙʫʜʝʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ k = 136. 

ʋ ʪʦʢʘʨʥʦʛʦ ʬʘʩʦʥʥʦ-ʦʪʨʝʟʥʦʛʦ ï k = 61.  



ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 

14 ˉ 2 (14) Å ʠʶʥʴ 2016  

ɿɸʂʃʖʏɽʅʀɽ 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʘʨʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʧʠʩʘʥʠʷ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟ-
ʚʦʣʷʝʪ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢʦʦʨ-

ʜʠʥʘʪʥʳʡ ʢʦʜ ʌʉ, ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʷ ʚʩʝʭ ʚʦʟʤʦʞ-

ʥʳʭ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʧʨʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʤʝʭʘʥʦʩʙʦʨʦʯʥʳʭ ʊʉ [13]. 

ʇʨʠ ʦʪʙʦʨʝ ʤʦʜʫʣʝʡ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʞʝʣʘʪʝʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ 

ʪʠʧʦʚʳʝ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ [14].  

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʤʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ 

ʢ ʢʦʤʧʦʥʦʚʢʝ ʵʪʠʭ ʤʦʜʫʣʝʡ ʚ ʝʜʠʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʫʶ ʩʠʩʪʝʤʫ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʱʝ-
ʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚ ʦʙʱʠʭ ʤʦ-

ʜʫʣʷʭ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʊʉ, ʤʠ-

ʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭ ʝʝ ʵʣʝʤʝʥʪʦʚ ʠ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʝʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ [15]. 
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Abstract ï The aim of this study is to review current approaches to the creation of the technological systems. Technological sys-
tem - a set of functionally related technological equipment, production objects and artists to perform in the regulated conditions of 
production set of processes or operations. 

The modular principle of the creation of the technological systems of the individual functional elements is considered today as 
one of the main ways to reduce the timing and volume of their development, increasing the reliability of technological systems 
through the use of technically fulfilled standard modules, as well as improve maintainability conditions and reduce recovery times in 

case of failures. Many different configurations of machines formed by combinations of modules limited range in accordance with the 
requirements of a particular technological problem solving. 

Variational method of forming the equipment the most detailed of the considered, it allows using as input the code forming coor-
dinate system to obtain equations of all possible processed in the processing system of surfaces, and can also be applied in the design 
of machine-assembling systems. 

The final stage is recommended to proceed to the arrangement of modules in a single technological system, considering the pos-
sibility of combining the individual functions to perform in the general modules. This the action will simplify the design of pro-
cessing systems to minimize the number of its constituent elements and the overall system cost, reduce the cost of operation and 

maintenance. 

Index terms: technological system, the modular principle, variational method. 
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ʋɼʂ 681.518:661.7 

ɸʉʋʊʇ ʇʈʆʀɿɺʆɼʉʊɺɸ ɼʄɸɸ. ʆʇʀʉɸʅʀɽ ʂʆʄʇʃɽʂʉɸ 
ʊɽʍʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ 

ʉ.ɺ. ɸʥʪʦʭʦʚ, ʈ.ʂ. ʄʦʣʦʜʮʦʚ, ʄ.ɺ. ɸʥʪʦʭʦʚ 
ɸʆ çʌʅʇʎ çɸʣʪʘʡè, ʛ. ɹʠʡʩʢ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʂʊʉ), ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʣʶʙʳʝ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ɼʄɸɸ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ 
ʥʘ ʙʘʟʝ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. ʉʠʩʪʝʤʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʝʜʠʥʫʶ 
ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʫʥʠʬʠʢʘʮʠʶ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʘʨʘʤʝʪʨʦʚ ʧʠʪʘʥʠʷ, ʝʜʠʥʳʭ 
ʪʨʝʙʦʚʘʥʠʡ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ɸʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ɸʉʋʊʇ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʭʠʤʠ-
ʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʭʦʜʝ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʂʊʉ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠ ʚʳʙʦʨ ʩʨʝʜʩʪʚ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʘʧʧʘʨʘʪʫʨʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʟʳ ʜʘʥʥʳʭ, ʫʨʦʚʥʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

 
ɺɺɽɼɽʅʀɽ 

ɼʠʤʝʪʠʣʘʮʝʪʘʤʠʜ (ɼʄɸɸ) ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʵʬ-
ʬʝʢʪʠʚʥʳʤ ʘʧʨʦʪʦʥʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʧʨʠʦʙʨʝʪʘʶ-

ʱʠʤ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ɼʄɸɸ ʥʘ ʆɸʆ çɸʥʛʘʨʘ-ʈʝʘʢʪʠʚè 

ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʥʝ ʠʤʝʶʱʠʤ ʘʥʘʣʦ-

ʛʠʯʥʦʛʦ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʚ ʈʦʩʩʠʠ. ʆʙʦʩ-

ʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʢʦʥʝʯʥʦʡ ʨʝʘ-

ʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ [1]. ʆʧʠʩʘʥʥʳʡ ʥʠʞʝ 

ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʨʝʜ-

ʧʨʠʷʪʠʷ ʆɸʆ çɸʥʛʘʨʘ-ʈʝʘʢʪʠʚè ʥʘ ʢʦʪʦʨʦʤ, ʚ ʥʘʩʪʦ-
ʷʱʝʝ ʚʨʝʤʷ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ɼʄɸɸ [2]. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɺ ʮʝʣʦʤ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 
ʆɸʆ çɸʥʛʘʨʘ-ʈʝʘʢʪʠʚè ʚʭʦʜʷʪ: 

- ʧʝʨʚʠʯʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟ-

ʤʝʱʝʥʥʳʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; 

- ɦ ʠʪʳ ʢʦʥʪʨʦʣʷ ʠ ʱʠʪ ʨʝʣʝ; 

- ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʩ ʥʘʙʦʨʦʤ ʤʦʜʫ-

ʣʝʡ ʚʚʦʜʘ-ʚʳʚʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʱʠʪʘʭ; 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʦʧʝʨʘʪʦʨʘ, 
ʪʝʭʥʦʣʦʛʘ ʠ ʠʥʞʝʥʝʨʘ ɸʉʋʊʇ; 

- ʢʘʥʘʣʳ ʩʚʷʟʠ ʤʝʞʜʫ ʱʠʪʘʤʠ ʢʦʥʪʨʦʣʷ ʠ ʢʦʥ-

ʪʨʦʣʣʝʨʦʚ; 

- ʢʘʥʘʣʳ ʩʚʷʟʠ ʤʝʞʜʫ ʱʠʪʘʤʠ ʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ (ɸʈʄ). 

ʉʪʨʫʢʪʫʨʘ ʂʊʉ ʦʨʛʘʥʠʟʦʚʘʥʘ ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ 

ʧʨʠʥʮʠʧʫ. ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ ʢʦʤʧʣʝʢʪʫʝʪʩʷ 

ʢʦʥʢʨʝʪʥʳʤ ʥʘʙʦʨʦʤ ʩʨʝʜʩʪʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ. ʉʪʨʫʢʪʫʨʘ ʂʊʉ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʥʠʞʝ ʫʨʦʚʥʠ ʠʝʨʘʨʭʠʠ: 

1) ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ ï ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʀʀʂ), ʢʦʪʦʨʳʡ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, ʚʳʜʘʯʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʝʨʝʜʘʯʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ; 

2) ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ ï ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʫ  ʁʩʠʩʪʝʤʫ (ʀɺʉ) ʠ ʚʳʧʦʣʥʷʝʪ 

ʦʩʥʦʚʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʂʊʉ, ʢʦʥʩʦʣʠʜʘ-

ʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʪʨʝʪʠʡ 

ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ; 

3) ʪʨʝʪʠʡ ʫʨʦʚʝʥʴ ï ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʀɺʂ) ʠ ʚʳʧʦʣʥʷ-

ʝʪ ʬʫʥʢʮʠʠ ʮʝʥʪʨʘ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ: 

- ʦʙʤʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʀɺʉ; 

- ʭʨʘʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʚʝʣʠ-

ʯʠʥʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʩʪʚ 
ʠʟʤʝʨʝʥʠʡ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪʥʳʡ ʩʙʦʨ ʨʝʟʫʣʴʪʘʪʦʚ 
ʠʟʤʝʨʝʥʠʡ; 

- ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-
ʥʦʤʫ ʧʝʨʩʦʥʘʣʫ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥ-

ʥʳʤ; 

- ʧʨʦʛʨʘʤʤʥʫʶ ʟʘʱʠʪʫ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʣʶʙʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ; 

- ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʠ ʧʘʨʘʤʝʪʨʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʀɺʉ; 

- ʚʝʜʝʥʠʝ ʞʫʨʥʘʣʘ ʩʦʙʳʪʠʡ. 

ʉʦʩʪʘʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʨʝʟʝʨʚʠʨʫʝʤʳʡ ʢʦʤʧʴʶʪʝʨ ʦʧʝʨʘʪʦʨʘ; 

- ʢʦʤʧʴʶʪʝʨ ʪʝʭʥʦʣʦʛʘ; 

- ʢʦʤʧʴʶʪʝʨ ʠʥʞʝʥʝʨʘ ʧʦ ɸʉʋʊʇ; 

- ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʢʘʣʴ-

ʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ (ʢʦʤʤʫʪʘʪʦʨʳ, ʢʦʤʤʫʪʘʮʠ-

ʦʥʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ). 
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ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʀɺʉ ʆɸʆ çɸʥʛʘʨʘ-
ʈʝʘʢʪʠʚè ʦʙʝʩʧʝʯʠʚʘʶʪ: 

- ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪʥʳʡ ʩʙʦʨ ʨʝʟʫʣʴʪʘʪʦʚ 
ʠʟʤʝʨʝʥʠʡ;  

- ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝ-

ʥʠʡ [3]; 

- ʚʳʨʘʙʦʪʢʫ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʟʘʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʥʳʤ ʘʣʛʦʨʠʪʤʘʤ; 

- ʦʙʤʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʀɺʂ; 

- ʜʠʘʛʥʦʩʪʠʢʫ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ; 

- ʘʧʧʘʨʘʪʥʫʶ ʠ ʧʨʦʛʨʘʤʤʥʫʶ ʟʘʱʠʪʫ ʦʪ ʥʝʩʘʥʢ-

ʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʣʶʙʦʛʦ ʠʟ-
ʤʝʥʝʥʠʷ ʜʘʥʥʳʭ. 

ʉʦʩʪʘʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʀɺʉ ʆɸʆ çɸʥʛʘʨʘ-

ʈʝʘʢʪʠʚè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

1) ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʩ ʥʘʙʦʨʦʤ 

ʤʦʜʫʣʝʡ ʚʚʦʜʘ-ʚʳʚʦʜʘ; 

2) ʱʠʪʳ ʢʦʥʪʨʦʣʣʝʨʦʚ; 

3) ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦ-

ʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ (ʢʦʤʤʫʪʘʪʦʨʳ, ʢʦʤʤʫ-

ʪʘʮʠʦʥʥʳʝ ʣʠʥʠʠ ʩʚʷʟʠ). 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ 
ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. 

ʉʦʩʪʘʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʀʀʂ ʆɸʆ çɸʥʛʘʨʘ-

ʈʝʘʢʪʠʚè ʚʢʣʶʯʘʝʪ: 

- ʧʝʨʚʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ; 

- ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ; 

- h ʢʘʬʳ ʫʧʨʘʚʣʝʥʠʷ ʭʦʣʦʜʠʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ 
ʠ ʚʝʥʪʠʣʷʮʠʝʡ; 

- ɦ ʠʪʳ ʢʦʥʪʨʦʣʷ; 

- ɦ ʠʪʳ ʨʝʣʝ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʀʀʂ ʥʝ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʦ. 
ʂʊʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥ-

ʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʦʪ ʧʦʜ-

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʭʦʣʦʜʠʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʚʝʥ-

ʪʠʣʷʮʠʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʩʪʦʨʦʥʥʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʷʤʠ. 

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʨʫ-

ʛʠʭ ɸʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʧʨʦʮʝʜʫʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥ-

ʪʨʦʣʷ. ʇʨʦʮʝʜʫʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʜʦʣʞʥʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʮʝʜʫʨʳ 

ʢʦʥʪʨʦʣʷ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʦʮʝʜʫʨʘ ʢʦʥʪʨʦʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 
ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, 

ʩʦʩʪʦʷʥʠʡ ʦʙʲʝʢʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʂʦʥʪʨʦʣʴ ʜʦʣʞʝʥ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʢʘʢ ʟʘ ʢʘʯʝʩʪʚʦʤ, ʪʘʢ ʠ ʟʘ ʧʦʣʥʦʪʦʡ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺʳʙʦʨ ʪʠʧʘ (ʧʣʘʪʬʦʨʤʳ) ʕɺʄ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʨʝʜʩʪʚ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (ʉɺʊ) ʩ ʧʨʠʤʝʥʷʝʤʳʤ ʦʙʱʠʤ ʠ 

ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʢʦʤʧʘʥʠʡ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɺ ʩʦʩʪʘʚ 

ʂʊʉ ʚʦʰʣʠ ʉɺʊ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ 
IBM PC. 

ʅʘ ʫʨʦʚʥʝ ʀɺʉ ʂʊʉ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦ-

ʤʳʰʣʝʥʥʳʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʩʝʨʠʠ 

SIMATIC S7-400 (ʨʠʩ. 1). 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ɼʄɸɸ 

ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʦʧʝʨʠ-

ʨʫʶʱʠʭ ʩ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ (ʜʘʥʥʳʤʠ), ʭʘʨʘʢʪʝʨʠʟʫ-

ʶʱʠʤʠ (ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ) ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ: 

ï ʧʦʜʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦ-
ʚʘʥʠʷ ʠ ʠʩʧʦʣʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ SIMATIC STEP 7, ʨʝʘʣʠʟʦ-

ʚʘʥʥʘʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ; 

ï ɸʈʄ ʦʧʝʨʘʪʦʨʘ ʠ ɸʈʄ ʪʝʭʥʦʣʦʛʘ, ʨʝʘʣʠʟʦ-

ʚʘʥʥʦʝ ʩ ʧʦʤʦʱʴʶ SCADA ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ SIMATIC WinCC 7.3; 

ï ɸʈʄ ʠʥʞʝʥʝʨʘ ʂʀʇʠɸ, ʨʝʘʣʠʟʦʚʘʥʥʦʝ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

SIMATIC STEP 7 ʠ ʩ ʧʦʤʦʱʴʶ SCADA ʩʠʩʪʝʤʳ ʚʠ-

ʟʫʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ SIMATIC 

WinCC 7.3; 
ï ʧʦʜʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʥʘ ʙʘʟʝ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʥʦʡ ʚ SCADA ʩʠʩʪʝʤ r WinCC ʉʋɹɼ 

MSSQL Server 2008. 

ʅʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʫʶʪʩʷ ʤʘʩʩʠʚ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʤʘʩʩʠʚ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʜʦʢʫ-

ʤʝʥʪʦʚ. 

ʄʘʩʩʠʚ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

- ʧʝʨʝʯʥʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ (ʘʥʘʣʦʛʦʚʳʭ ʠ ʜʠʩ-

ʢʨʝʪʥʳʭ); 

- ʩʚʝʜʝʥʠʷ ʦʙ ʫʩʪʨʦʡʩʪʚʘʭ; 

- ʩʧʝʮʠʬʠʢʘʮʠʠ ʂʀʇʠɸ (ʩʚʝʜʝʥʠʷ ʦ ʜʘʪʯʠʢʘʭ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ); 

- ʧʝʨʝʯʝʥʴ ʤʝʭʘʥʠʟʤʦʚ; 

- ʧʝʨʝʯʝʥʴ ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ; 

- ʩʚʝʜʝʥʠʷ ʦ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʇʊʂ. 

ʄʘʩʩʠʚ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʜʦʢʫʤʝʥʪʦʚ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ: 

- ʧʝʨʝʯʝʥʴ ʚʳʭʦʜʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ (ʢʦ-

ʤʘʥʜ); 

- ʧʝʨʝʯʝʥʴ ʩʦʦʙʱʝʥʠʡ ʦʧʝʨʘʪʦʨʫ-ʪʝʭʥʦʣʦʛʫ ʦ ʩʦ-

ʩʪʦʷʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦ ʧʘʨʘʤʝʪ-

ʨʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ; 

- ʧʝʨʝʯʝʥʴ ʩʦʙʳʪʠʡ (ʙʝʟ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʧʝʨʘʪʦʨʫ-

ʪʝʭʥʦʣʦʛʫ, ʪʦʣʴʢʦ ʜʣʷ ʟʘʧʠʩʠ ʚ ʘʨʭʠʚ); 

- ʚʳʭʦʜʥʳʝ ʜʦʢʫʤʝʥʪʳ (ʦʪʯʝʪʳ): 

- ʦʪʯʝʪʳ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
(ʈʆʇ); 

- ʩʫʪʦʯʥʳʝ ʚʝʜʦʤʦʩʪʠ. 

ʅʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ɸʉʋʊʇ ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʠ 

ʙʘʟʳ ʜʘʥʥʳʭ: 

1) ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ɹɼ (ʂʬɹɼ), ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʘʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠ-
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ʩʪʝʤʳ ʠ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʥʘʩʪʨʦʝʯʥʳʝ ʧʘʨʘʤʝʪ-
ʨʳ; 

2) ɹɼ ʠʩʪʦʨʠʠ (ɹɼʀ), ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʭʨʘʥʝ-

ʥʠʷ ʠʩʪʦʨʠʠ ʠʟʤʝʥʝʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʠ ʜʠʩʢʨʝʪʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ ʦ ʨʘʙʦʪʝ 

ʩʠʩʪʝʤʳ; 

3) ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ɹɼ (ʀʥʬɹɼ), ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʘʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʧʨʘʚʦʯʥʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʩʧʨʘʚʦʯʥʦʡ) ʠʥʬʦʨʤʘʮʠʠ 

ʦʙ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʠʛʥʘʣʘʭ ʩʠʩʪʝʤʳ ʚ ʬʦʨʤʝ, ʫʜʦʙʥʦʡ 

ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ. 

ʀʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʠʛʥʘʣʘʭ ʠ ʫʩʪʨʦʡʩʪʚʘʭ, 
ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʀʥʬɹɼ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʦʤʧʦʥʦʚʢʝ ʢʦʥʪʨʦʣʣʝ-

ʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʩʠ-

ʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ ʜʦʧʦʣʥʷʝʪʩʷ ʥʦʚʳʤʠ 

ʩʚʝʜʝʥʠʷʤʠ ʠ ʟʘʧʦʣʥʷʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʙʘʟʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʩʪʨʫʢʪʫʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʚʳʚʦʜʘ ʥʘ ʵʢʨʘʥ ɸʈʄ 

ʠʥʬʦʨʤʘʮʠʠ ʦʧʝʨʘʪʦʨʫ-ʪʝʭʥʦʣʦʛʫ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢ-

ʪʘ ʠ ʚʚʦʜʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɼʣʷ ʢʦʥʪʨʦʣʷ 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʘ ʵʢʨʘʥʘʭ ʮʚʝʪʥʳʭ ʤʦʥʠʪʦʨʦʚ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʢʦʥʪʫʨʝ, ʦʧʝʨʘʪʦʨʫ-
ʪʝʭʥʦʣʦʛʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: 

- ʤʥʝʤʦʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ; 

- ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʝʥʠʡ ʚʳʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

- ʪʘʙʣʠʮʳ ʟʘʧʠʩʠ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʥʘʯʠ-

ʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ 

ʛʨʫʧʧʳ ʧʦ ʩʤʳʩʣʦʚʦʤʫ ʧʨʠʟʥʘʢʫ; 

- ʩʠʛʥʘʣʠʟʘʮʠʷ ʜʣʷ ʠʟʚʝʱʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨ-

ʩʦʥʘʣʘ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʘʨʫʰʝʥʠʡ ʚ ʧʨʦʪʝʢʘʥʠʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʨʘʙʘʪʳʚʘʥʠʠ ʟʘʱʠʪ ʠ 

ʙʣʦʢʠʨʦʚʦʢ, ʚʳʷʚʣʝʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʨʝʜʩʪʚ ɸʉʋʊʇ. 

ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

(ʀʆ), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ɸʉʋʊʇ, ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʦʙʲʝʢʪʝ 

(ʨʠʩ. 2). 

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ɸʉʋʊʇ ʥʘ ʵʪʘʧʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʭʦʜʠʪ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʭ ʠʭ ʧʝʨʝʜʘʯʫ ʤʝʞʜʫ ʚʩʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠ-
ʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. ʀʆ ʦʨʛʘʥʠʟʦʚʘʥʦ 

ʧʦ ʠʝʨʘʨʭʠʯʝʩʢʦʤʫ ʧʨʠʥʮʠʧʫ: ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʥʠʞʥʠʤ 

ʠ ʚʝʨʭʥʠʤ ʫʨʦʚʥʷʤʠ ʇʊʂ. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥ-

ʥʳʭ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʀʆ ʩʠʩʪʝʤʳ, ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1. 

ɽʜʠʥʠʮʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʩʦʙʳ-

ʪʠʝ. ʉʦʙʳʪʠʝ ï ʵʪʦ ʘʩʠʥʭʨʦʥʥʦ ʚʦʟʥʠʢʘʶʱʝʝ ʠʥʠʮʠʘ-

ʪʠʚʥʦʝ ʩʦʦʙʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʧʘʜʘʝʪ ʚ ʢʦʤʤʫʥʠʢʘʮʠ-

ʦʥʥʫʶ ʩʨʝʜʫ. ʇʦʜ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʨʝʜʦʡ ʧʦʥʠ-

ʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʝʨʝʜʘʯʠ 
ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ ʇʃʂ, ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠ ʨʘʙʦʯʠʤʠ 

ʩʪʘʥʮʠʷʤʠ (ɸʈʄ). ʉʦʙʳʪʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳ-

ʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʙʣʦʢʘʤʠ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥ-

ʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʭʨʘʥʠʪʩʷ ʮʠʨʢʫʣʠʨʫʶʱʘʷ ʚ ʩʠʩʪʝʤʝ 

ʠʥʬʦʨʤʘʮʠʷ ï ʵʪʦ ʙʘʟʘ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʦʧʝʨʘʪʠʚ-

ʥʳʡ ʘʨʭʠʚ ʨʝʛʠʩʪʨʘʮʠʠ.  

ʊʘʙʣ. 1 ï ʉʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʀʆ 

ʋʨʦʚʝʥʴ ʇʊʂ ʉʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ ɹʘʟʘ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʆʧʝʨʘʪʠʚʥʳʡ ʘʨʭʠʚ ʨʝʛʠʩʪʨʘʮʠʠ 
ɹʘʟʘ ʜʘʥʥʳʭ ʠʩʪʦʨʠʠ 
ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 
ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 

ʇʦʜ ʙʘʟʦʡ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ (ɹɼʉ) ʠʣʠ ʙʘʟʦʡ ʜʘʥ-

ʥʳʭ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʚʩʝʭ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʝʨʝ-

ʤʝʥʥʳʭ, ʚʝʣʠʯʠʥ, ʜʦʩʪʫʧʥʳʭ ʯʝʨʝʟ ʢʦʤʤʫʥʠʢʘʮʠʦʥ-

ʥʫʶ ʩʨʝʜʫ. ɹɼʉ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ 

ʇʃʂ ʚ ʚʠʜʝ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʩʪʦʷ-
ʥʠʡ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ. 

ʆʧʝʨʘʪʠʚʥʳʡ ʘʨʭʠʚ ʨʝʛʠʩʪʨʘʮʠʠ (ʆɸʈ) ï ʵʪʦ ʘʨ-

ʭʠʚ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʩʠʩʪʝʤʝ ʩʦʙʳʪʠʡ. ʆɸʈ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʠʟ 

ʆɸʈ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʫʨʘ.  

ʉ ʵʪʠʤʠ ʜʚʫʤʷ ʩʪʨʫʢʪʫʨʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʳ ʠ ʟʘʜʘʯʠ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ ʚ ʀʆ ʩʠ-

ʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʘʨʭʠʪʝʢ-

ʪʫʨʳ ʩʠʩʪʝʤʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ 

ʢʦʪʦʨʦʡ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ çʥʠʞʥʠʤè ʠ çʚʝʨʭʥʠʤ 
ʫʨʦʚʥʝʤè. 

ʇʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ɹɼʉ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʢʘʞʜʳʡ ʬʠʟʠʯʝʩʢʠʡ ʢʘʥʘʣ ʚ ʩʠʩʪʝʤʝ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʣʝʤ ʟʥʘʯʝʥʠʷ ʚ ɹɼʉ, ʢʦʪʦʨʦʝ ʧʦʩʪʦ-

ʷʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ (IO 

driver), ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʜʘʥʥʳʡ ʢʘʥʘʣ. ɺʩʝ ʧʨʦʛʨʘʤ-

ʤʳ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʨʘʙʦʪʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦ ʚ ʤʥʦʛʦʟʘ-

ʜʘʯʥʦʤ ʨʝʞʠʤʝ ʠ ʚ ʨʘʟʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʢʦʥʪʨʦʣʣʝʨʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʘ-

ʥʘʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʧʦʜʧʨʦʛʨʘʤʤʦʡ 

ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʠ ʘʚʪʦʥʦʤʥʦ ʬʦʨʤʠʨʫʝʪ 
ʚ ɹɼʉ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʪʦʡ ʚʝʣʠʯʠʥʳ, ʟʘ ʢʦʪʦʨʫʶ ʦʥ 

ʦʪʚʝʯʘʝʪ.  

ɼʦʩʪʫʧ ʢ ɹʉɼ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʘʧʨʦʩʘʤ ʯʝʨʝʟ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʨʝʜʫ. ʇʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʬʫʥʢ-

ʮʠʦʥʠʨʫʶʪ, ʧʦʣʫʯʘʷ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ 

ɹʉɼ ʠ ʦʙʤʝʥʠʚʘʷʩʴ ʩʦʦʙʱʝʥʠʷʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɿʘ-

ʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʨʭʠʚʘ ʨʝʛʠʩʪʨʘʮʠʠ 

(ʆɸʈ) ï ʟʘʧʠʩʳʚʘʪ ɹʚ ʘʨʭʠʚ ʚʩʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ. ʆɸʈ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʚʩʝʭ ʟʘʜʘʯ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ. ʆʨʛʘʥʠʟʘʮʠʷ ʀʆ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠ-
ʩʪʝʤʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. 
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ʉʠʛʥʘʣʳ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟ-
ʤʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʤʦʜʫʣʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʠ ʧʨʦʭʦʜʷʪ 

ʧʨʦʮʝʜʫʨʳ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʝʨʚʠʯʥʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʬʠʣʴʪʨʘʮʠʶ, ʣʠʥʝʘʨʠʟʘ-

ʮʠʶ ʠ ʜʨ. ɺ ʤʦʜʫʣʝ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ʜʦʩʪʦʚʝʨʥʦ-

ʩʪʠ ʦʮʠʬʨʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʚ 

ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.  

ʆʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʘʥʘ-

ʣʠʟʠʨʫʶʪʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʧʦ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʥʝʥʠʷ 

ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ. ʀʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʨʠ-
ʩʚʘʠʚʘʝʪʩʷ ʤʝʪʢʘ ʚʨʝʤʝʥʠ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʘʪʨʠʙʫʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʧʦʤʝʱʘʶʪʩʷ ʚ ʧʘʤʷʪʴ 

ʢʦʥʪʨʦʣʣʝʨʦʚ, ʦʙʨʘʟʫʷ ʤʛʥʦʚʝʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ.  

ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʤʛʥʦʚʝʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʜʦʩʪʫʧ-

ʥʘ ʚʩʝʤ ʟʘʜʘʯʘʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ʚʥʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʪʦʛʦ, ʛʜʝ ʦʥʠ ʠʩʧʦʣʥʷʶʪʩʷ ï ʚ ʪʦʤ ʞʝ ʢʦʥʪʨʦʣ-

ʣʝʨʝ, ʯʪʦ ʠ ʜʘʥʥʳʝ, ʠʣʠ ʚ ʜʨʫʛʦʤ. 

ɼʣʷ ʟʘʜʘʯ ʇʃʂ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʝʪʩʷ 

ʤʛʥʦʚʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʘ ʨʝʟʫʣʴʪʘʪʦʤ ʠʭ ʨʘʙʦʪʳ 

ʷʚʣʷʶʪʩʷ ʣʠʙʦ ʟʥʘʯʝʥʠʷ ʢʦʩʚʝʥʥʦ ʚʳʯʠʩʣʷʝʤʳʭ ʚʝʣʠ-

ʯʠʥ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʪʫ ʞʝ ʤʛʥʦʚʝʥʥʫʶ ʙʘʟʫ, ʣʠʙʦ 

ʩʦʙʳʪʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʙʦʪʳ ʟʘʜʘʯ. ʅʘʧʨʠʤʝʨ, ʟʘʜʘ-
ʯʘ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʦ ʫʩʪʘʚʢʘʤ ʠʤʝʝʪ ʩʧʠʩʦʢ ʦʪʩʣʝʞʠ-

ʚʘʝʤʳʭ ʚʝʣʠʯʠʥ ʠ ʫʩʪʘʚʢʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʛ-

ʥʘʣʠʟʘʮʠʠ. ʇʨʠ ʚʳʭʦʜʝ ʚʝʣʠʯʠʥʳ ʟʘ ʫʩʪʘʚʢʫ ʟʘʜʘʯʘ 

ʬʦʨʤʠʨʫʝʪ ʚ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʩʠʩʪʝʤʳ ʩʦʙʳ-

ʪʠʝ ʦ ʚʳʭʦʜʝ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘ ʫʩʪʘʚʢʫ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʨʫʛʠʭ ʟʘʜʘʯ ʘʥʘʣʦʛʠʯʝʥ. ɺʩʝ ʟʘ-

ʜʘʯʠ ʠʩʧʦʣʥʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʠʩʧʦʣʴʟʫʷ ʪʦʪ ʞʝ 

ʧʨʠʥʮʠʧ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. ɼʝʡʩʪʚʠʷ ʦʧʝʨʘʪʠʚʥʦ-

ʛʦ ʧʝʨʩʦʥʘʣʘ ʪʘʢ ʞʝ ʧʦʨʦʞʜʘʶʪ ʚ ʩʠʩʪʝʤʝ ʩʦʙʳʪʠʷ. 

ɸʨʭʠʪʝʢʪʫʨʥʦ ʚʩʝ ʟʘʜʘʯʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 
ɹɼʉ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ, ʢʨʦʤʝ 

ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʨʭʠʚʘ ʨʝʛʠʩʪʨʘ-

ʮʠʠ (ʆɸʈ). ʕʪʦ ʦʜʥʘ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʜʘʯ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʘʷ ʨʝʛʠʩʪʨʠʨʫʝʪ ʚʩʝ ʩʦʙʳʪʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʩʠʩʪʝʤʝ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʆɸʈ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʭʨʘʥʝʥʠʷ, ʘʨʭʠʚ ʠʤʝʝʪ ʜʫʙ-

ʣʠʢʘʪ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ.  

ɺʩʝ ʟʘʜʘʯʠ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʪʦʣʴʢʦ ʩ ʆɸʈ (ʢʨʦʤʝ ʩʝʨʚʠʩʥʳʭ ʟʘʜʘʯ ʥʘʣʘʜʢʠ, ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ). ʆɸʈ ʩʦʜʝʨʞʠʪ ʥʝ ʪʦʣʴʢʦ 

ʜʘʥʥʳʝ ʦʪ ʇʃʂ, ʥʦ ʠ ʜʘʥʥʳʝ ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʨʘʩʯʝʪʥʳʭ, ʟʘʜʘʯ ʫʩʨʝʜʥʝʥʠʷ ʠ ʪ.ʜ.). 
ʀʟ ʆɸʈ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʟʘʜʘʯʝ çʂʦʥʪʨʦʣʴ ʠ 

ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʧʝʨʘʪʦʨʫè, ʧʨʠʯʝʤ ʵʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʧʦʤʝʱʘʝʪʩʷ 

ʣʠʙʦ ʚ ʦʢʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʣʠʙʦ 

ʚ ʦʢʥʦ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʣʠʙʦ ʚ ʦʢʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚ. 

ʇʦʤʠʤʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʆɸʈ ʩʦʙʳʪʠʡ ʩʫʱʝ-

ʩʪʚʫʶʪ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʆɸʈ, 

ʥʘʧʨʠʤʝʨ, ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʘʜʨʝʩʦʚʘʥʳ ʢʘʢʦʤʫ-ʣʠʙʦ 

ʇʃʂ, ʝʩʣʠ ʦʥʠ ʥʝ ʚʭʦʜʷʪ ʚ ʩʧʠʩʦʢ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 
ʩʦʙʳʪʠʡ. 

ʋʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʦʧʝʨʘʪʦʨʘ-ʪʝʭʥʦʣʦʛʘ 

ʪʘʢʞʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʆɸʈ, ʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ. ʂʦʛʜʘ ʦʧʝʨʘʪʦʨ ʧʦʜʘʝʪ ʫʧʨʘʚʣʷʶʱʫʶ 

ʢʦʤʘʥʜʫ, ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʦʙʱʝʥʠʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʇʃʂ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʘʥʥʦʡ ʝʜʠʥʠʮʝʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʦ ʩʦʦʙʱʝʥʠʝ ʯʝʨʝʟ ʢʦʤʤʫʥʠ-

ʢʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʧʦʧʘʜʘʝʪ ʚ ʇʃʂ, ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʩʧʝʮʠʘʣʴʥʦʝ ʩʦʙʳʪʠʝ, 

ʢʦʪʦʨʦʤʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʤʝʪʢʘ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʫʧʨʘʚ-

ʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʯʠʥʘ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, 
ʩʪʘʪʫʩ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ʠ ʪ.ʧ. ʕʪʦ ʩʦʙʳʪʠʝ ʨʝʛʠ-

ʩʪʨʠʨʫʝʪʩʷ ʚ ʆɸʈ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʝʤ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʤʘʥʜʳ ʜʣʷ ʧʨʦʛʨʘʤʤʳ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʡ ʫʧʨʘʚʣʷʶʱʝʝ ʩʦʦʙʱʝʥʠʝ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʯʥʝʤ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ ʩ 

ʟʘʜʘʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʩʦʟʜʘʶʪʩʷ ʘʨʭʠʚʳ ʥʘ ʜʦʣ-

ʛʦʚʨʝʤʝʥʥʳʭ ʥʦʩʠʪʝʣʷʭ ʠʥʬʦʨʤʘʮʠʠ, ʥʘ ʢʦʪʦʨʳʝ ʟʘ-

ʧʠʩʳʚʘʶʪʩʷ ʬʘʡʣʳ ʦʧʝʨʘʪʠʚʥʦʡ ʠʩʪʦʨʠʠ ʘʥʘʣʦʛʦʚʳʭ 

ʩʠʛʥʘʣʦʚ, ʨʝʟʝʨʚʥʳʝ ʢʦʧʠʠ ʬʘʡʣʦʚ ʙʘʟ ʜʘʥʥʳʭ, ʨʝ-

ʟʝʨʚʥʳʝ ʢʦʧʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣ-

ʣʝʨʦʚ.  

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʭʦʜʝ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʂʊʉ ʙʳʣʘ ʧʨʦ-

ʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠ ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʚʳʯʠʩ-
ʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʘʧʧʘʨʘʪʫʨʳ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʂʊʉ ʧʦʟʚʦʣʠʪ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʪʴ ɸʉʋʊʇ ʧʨʦʠʟʚʦʜʩʪʚʘ ɼʄɸɸ ʩ ʤʘʢʩʠʤʘʣʴ-
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