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ʉɽʂʎʀʗ çʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʅɸʋʂʀè 
 

ʏʀʉʃɽʅʅʆɽ ʈɽʐɽʅʀɽ ʊʈɽʊʔɽʁ ʂʈɸɽɺʆʁ ɿɸɼɸʏʀ 

ɼʃʗ ʇɸʈɸɹʆʃʀʏɽʉʂʆɻʆ ʋʈɸɺʅɽʅʀʗ 
 

ɸʛʘʧʦʚʘ ɽ.ɻ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʊʠʭʦʦʢʝʘʥʩʢʠʡ 

 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪʝʤ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʍʘʙʘʨʦʚʩʢ 
 

ʊʘʣʴʢʦ ɸ.ʉ. 

ʤʘʛʠʩʪʨ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, 

ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʷ, ʛ. ʍʘʙʘʨʦʚʩʢ 
 

ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥʘ ʨʘʟʨʝʰʠʤʦʩʪʴ ʦʜʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩ ʥʝʷʚʥʳʤ ʚʳʨʦʞʜʝʥʠʝʤ ʧʨʠ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʚʳʨʦʞʜʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʨʘʝʚʘʷ ʟʘ-

ʜʘʯʘ, ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ. 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʘʙʦʪ. ʀ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ [1-3]. 

ʅʦ ʯʘʱʝ ʚʩʝʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʣʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ 

ʨʝʰʝʥʠʷ, ʣʠʙʦ ʩʪʨʦʠʪʩʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ, ʜʣʷ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʩʦʜʝʨ-

ʞʠʪ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʠ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʨʝʪʴʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ: ʥʘʡʪʠ ʬʫʥʢʮʠʶ όὼȟὸ, ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʫʶ ʫʨʘʚʥʝʥʠʶ 

              


ὸ
ςȿόȿό  ȿόȿό  

ό

ὼ
 Ὢὼȟὸȟὼπȟρȟπ ὸ Ὕ Ð            ρ 

ʠ ʫʩʣʦʚʠʷʤ  

                                                       
 όπȟὸ

ὼ
„όπȟὸ πȟ                                           ς 

                                               
όρȟὸ

ὼ
„όρȟὸ πȟ„ πȟ                                       σ 

                                          όὼȟπ ό ὼȟ ὼɴ πȟρȢ                                            τ 
ɼʣʷ ʟʘʜʘʯʠ (1)-(3) ʩʫʱʝʩʪʚʫʝʪ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ [4, c. 3]. 

ɸʥʘʣʦʛʠʯʥʦ [5, c. 11] ʧʦʩʪʨʦʠʤ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʥʝ-

ʷʚʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ. ʀʪʘʢ, ʚʚʝʜʝʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ  

ὗ π ὼ ρ π ὸ Ὕ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʧʝʨʝʩʝʯʝ-

ʥʠʝʤ ʣʠʥʠʡ ὼ ὭὬȟὭ ρȟὔ  ̉ ὸ Ὦ†ȟὮ ρȟὓȢ ɿʜʝʩʴ Ὤȟ† ï ʵʪʦ ʰʘʛʠ ʩʝʪʢʠ ʧʦ 

ʧʝʨʝʤʝʥʥʳʤ ὼ ʠ ὸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʚ ʫʟʣʘʭ ʩʝʪʢʠ ʦʙʦʟʥʘ-

ʯʠʤ ʢʘʢ ό όὼȟὸȢ 
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ʀʪʘʢ, ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ (1) ï (4) ʧʨʠʙʣʠʞʝʥʥʦ ʟʘʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ:  

ừ
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
ứό  ό ςό  ό

†
 
ό ςό ό

Ὤ
Ὢὼȟὸȟ

 Ὥ ρȟὔ ρȟὮ πȟὓ ρ

ό ό

Ὤ
„ό πȟὮ πȟὓ ρ

ό ό

Ὤ
„ό πȟὮ πȟὓ ρ

ό ό ὼȟ Ὥ ρȟὔ ρ

 

 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 

ὃό ὄȟ ʛʜʝ ʤʘʪʨʠʮʘ ὃ ʷʚʣʷʝʪʩʷ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʡ, ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʫ ʣʠʥʝʡ-

ʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʤ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ. ɼʣʷ ʜʘʥʥʦʡ ʩʠ-

ʩʪʝʤʳ ʚʳʧʦʣʥʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʝʪʦʜʘ ʧʨʦʛʦʥʢʠ, ʪʝʤ ʩʘʤʳʤ ʵʪʘ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ.  

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1) ï (3) ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ ʥʘ ʷʟʳʢʝ C++ ʚ ʦʙʦʣʦʯʢʝ Qt Creator ʚʝʨʩʠʠ 2.4.1. ɺ ʭʦʜʝ ʨʘʙʦʪʳ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ό ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʬʫʥʢʮʠʠ Ὢ ʠ ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 
ʪʦʯʝʢ ʨʘʟʙʠʝʥʠʷ ʧʦ ὼ ʠ ὸ. 
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ʀʄʀʊɸʎʀʆʅʅɸʗ ʄʆɼɽʃʔ ɺɿɸʀʄʆʇʈʀʊʗɾɽʅʀʗ ʊɽʃ 

 

ʀʚʘʥʦʚ ʉ.ʆ. 

ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

 ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʏʫʚʘʰʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ, 

ʈʦʩʩʠʷ, ʛ. ʏʝʙʦʢʩʘʨʳ 
 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʜʦʩʪʦʠʥʩʪʚʘ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʚʟʘʠʤʦʧʨʠʪʷʞʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʝʣ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʩʠʩʪʝʤʳ ʩʪʨʝʤʷʪʩʷ ʢ 

ʫʩʣʦʞʥʝʥʠʶ ʩʚʦʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʦ ʚʩʝʭ ʘʩʧʝʢʪʘʭ (ʩʪʨʫʢʪʫʨʥʦʤ, ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʤ, ʧʦʚʝʜʝʥʯʝʩʢʦʤ). ʅʝ ʚʜʘʚʘʷʩʴ ʚ ʧʨʠʯʠʥʳ ʵʪʦʛʦ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʙʣʘʜʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʚʷʟʴʶ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʫʩʣʦʞʥʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤ. ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ ï ʥʝ-

ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʘ ʧʨʝʦʜʦʣʝʥʘ ʨʘʟʨʘʙʦʪʢʦʡ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ. ɺʦʟʥʠʢʰʘʷ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʩʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ 

ï ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʝʥʠʡ, ʨʝʰʠʣʘʩʴ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ï ʢʦʤʧʴʶʪʝʨʦʚ. ʉʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ, ʙʳʣʘ ʩʥʠʞʝʥʥʘʷ ʟʘ ʩʯʝʪ 

ʧʦʷʚʣʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

(GPSS, SIMULA, ʠ ʜʨ.) [1]. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜʩʪʚ, ʪʘʢ ʞʝ ʙʳʣʘ ʩʥʠʞʝʥʘ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ 

(Simulink, Extend, Arena, Ithink, Pilgrim, Anylogic, ʠ ʜʨ.) [1, 3], ʚʢʣʶʯʘʶʱʠʝ 

ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ. ʅʝʜʦʩʪʘʪʦʢ ʵʪʠʭ ʩʨʝʜ ï ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

(ʭʦʪʷ ʩʫʱʝʩʪʚʫʶʪ ʙʝʩʧʣʘʪʥʳʝ ʩʠʩʪʝʤʳ ï ʥʘʧʨʠʤʝʨ Scilab, Maxima) ʠ ʛʨʦ-

ʤʦʟʜʢʦʩʪʴ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʘʢʘʷ ʙʳ ʨʘʟʚʠʪʘʷ ʩʨʝʜʘ ʥʝ ʙʳʣʘ, ʚ ʝʝ ʦʩʥʦʚʝ 

ʣʝʞʠʪ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʛʨʦʤʦʟʜʢʦʩʪʠ ʩʨʝʜʩʪʚ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʦʜʦʣʝʪʴ, ʚʝʨʥʫʚʰʠʩʴ ʥʘ ʫʨʦʚʝʥʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʇʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʨʘʥʝʝ, ʩʝʛʦ-

ʜʥʷ ʩʥʠʟʠʣʠ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʠʟ-ʟʘ ʨʘʟʚʠʪʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʩʨʝʜʩʪʚ ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʤʦʪʥʦ-

ʩʪʠ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳ, ʛʠʙʢʠ ʠ ʧʨʦʩʪʳ ʚ ʨʝʘʣʠʟʘʮʠʠ. 

ʅʘ ʧʨʠʤʝʨʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʨʠʪʷʛʠʚʘʶ-

ʱʠʭʩʷ ʪʝʣ, ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ 

ʪʘʢ ʞʝ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʝʥʠʡ. 

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʵʪʘ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʫʙʲʝʢʪʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴʩʦʚ ʚʦʟʜʝʡ-

ʩʪʚʠʷ[2]. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ: ʠʩʪʦʯʥʠʢʠ ʠ ʘʜʨʝʩʘʪʳ ï ʚʥʝʰʥʠʝ ʩʫʱ-
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ʥʦʩʪʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʤʦʜʝʣʴʶ, ʩʫʙʲʝʢʪʳ ï ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚ, ʩʚʷʟʠ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ï ʩʚʷʟʠ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ ʠ ʦʙʲʝʢʪʘʤʠ ʧʝʨʝʜʘʶʱʠʝ ʠʤʧʫʣʴʩʳ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ï ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ, ʠ ʧʝʨʝʜʘʶʱʘʷ ʚʦʟʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʫʙʲʝʢʪʘʤʠ[2]. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʤʦʞʥʦ ʠʟʦʙ-

ʨʘʟʠʪʴ ʛʨʘʬʠʯʝʩʢʠ ï ʨʠʩʫʥʦʢ 1. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʚʟʘʠʤʦʧʨʠʪʷʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʦʧʦʩʪʘʚʠʪʴ 

ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʩʚʦʡʩʪʚʘʤ ʩʫʙʲʝʢʪʘ, ʢʦʥʩʪʘʥʪʳ ï ʥʝ ʩʚʷʟʘʥʥʳʤ ʩʚʦʡʩʪʚʘʤ, 

ʫʨʘʚʥʝʥʠʷ ï ʨʝʘʢʮʠʷʤ, ʘʧʧʣʠʢʘʮʠʠ ʠ ʢʦʤʧʦʟʠʮʠʠ ï ʩʚʷʟʷʤ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʚʣʠʷʥʠʷ. ʇʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 2) ʤʦʞʥʦ ʨʘʩʰʠʨʷʪʴ ʥʘ ʣʶʙʦʝ ʢʦʣ-ʚʦ 

ʦʙʲʝʢʪʦʚ. 

ʌʦʨʤʘʣʠʟʫʝʤ ʧʦʣʫʯʝʥʥʫʶ ʤʦʜʝʣʴ: 
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ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʈʠʩ. 2. ʉʭʝʤʘ ʤʦʜʝʣʠ ʚʟʘʠʤʦʧʨʠʪʷʞʝʥʠʷ ʪʝʣ 

 

ɿʘʜʘʯʘ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠʤʝʝʪ ʧʨʦʩʪʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʜʚʫʭ 

ʪʝʣ. ɺ ʩʣʫʯʘʝ ʪʨʝʭ ʠ ʙʦʣʝʝ ʪʝʣ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ ʠʤʠʪʘʮʠʦʥʥʦʤʫ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʶ ʪʝʣ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʜʚʫʭ ʪʝʣ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ï ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʧʝʨʝʩʯʠʪʳ-

ʚʘʪʴ ʧʦʣʦʞʝʥʠʷ ʪʝʣ. ʇʨʠ ʦʙʳʯʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʡ 

ʧʨʠʝʤ ï ʩʠʤʫʣʷʮʠʷ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪ-

ʩʷ ʚʩʝ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ ʥʘ ʪʝʣʘ, ʥʘ ʚʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʨʘʩʯʝʪ ʧʦʣʦ-

ʞʝʥʠʷ. ʕʪʦʪ ʧʨʦʩʪʦʡ ʧʨʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʠʤʫʣʷʮʠʠ ʚ ʜʚʘ 

ʨʘʟʘ, ʘ ʪʘʢ ʞʝ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʭʨʘʥʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ.  

ɺ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʯʝʪʳ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ʠ ʧʨʦʮʝʩʩʳ ʠʭ 

ʠʟʤʝʥʝʥʠʷ ʠʟʥʘʯʘʣʴʥʦ ʨʘʟʜʝʣʝʥʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʨʘʟʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ, 

ʥʝ ʧʦʜʛʦʥʷʷ ʝʝ ʧʦʜ ʟʘʜʘʯʫ. ʕʪʦ ʨʘʟʜʝʣʝʥʠʝ ʟʘʜʘʥʦ ʥʝ ʞʝʩʪʢʦ ʧʦ ʵʪʘʧʘʤ, ʘ ʧʦ 

ʬʘʟʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʦʜʝʣʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ, ʥʘʭʦ-

ʜʷʱʠʝʩʷ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ ʨʘʩʯʝʪʘ. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʦ ʚʚʝʜʝʥʠʠ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʥʝ ʥʫʞʥʦ ʩʧʝʮʠ-

ʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʊʘʢ, ʢʘʢ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʜʦʧʫʩʢʘʶʪ 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʚ ʚʠʜʝ ʠʪʝʨʘʪʠʚʥʳʭ ʬʦʨʤʫʣ, ʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʤʫʣʷʮʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʦʙʳʯʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ɾʫʨʘʚʣʝʚ ʉ.ʉ. ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. // ʉʆ ʈɸʅ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2010. 

2. ʀʚʘʥʦʚ ʉ.ʆ. ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ // ɺʝʩʪʥʠʢ ʈʦʩʩʠʡʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʢʦʦʧʝʨʘʮʠʠ. ï ˉ 1(15). ï ʏʝʙʦʢʩʘʨʳ: ʏʂʀ ʈʋʂ,2014. ï 160ʩ. ï ʉ.132-137. 

3. ʂʫʟʥʝʮʦʚ ʖ.ɸ., ʇʝʨʦʚʘ ɺ.ʀ. ʇʨʠʤʝʥʝʥʠʝ ʧʘʢʝʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʣʷ ʘʥʘʣʠʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ï ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2007. ï 

98 ʩ. 
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ʇʈʀʄɽʅɽʅʀɽ ɺɽʁɺʃɽʊ-ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ɼʃʗ ɺʓʏʀʉʃɽʅʀʗ 

ʉʈɽɼʅʀʍ ʈɸɿʄɽʈʆɺ ʆɹʒɽʂʊʆɺ ʅɸ ʀɿʆɹʈɸɾɽʅʀʀ 

 

ʂʘʟʘʢʦʚ ʉ.ʄ. 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʇʆ çʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘè, ʜ-ʨ ʬ.-ʤ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʈʦʩʩʠʷ, ʛ. ʏʝʙʦʢʩʘʨʳ 
 

ʉʝʤʝʥʦʚ ɺ.ʀ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʇʆ çʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘè, ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʏʝʙʦʢʩʘʨʳ 
 

ʉʦʨʦʢʠʥ ɻ.ʄ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʇʆ çʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘè, ʢʘʥʜ. ʬ.-ʤ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʏʝʙʦʢʩʘʨʳ 
 

ʐʫʨʙʠʥ ɸ.ʂ. 

ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʇʆ çʏʫʚʘʰʩʢʠʡ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘè, 

ʈʦʩʩʠʷ, ʛ. ʏʝʙʦʢʩʘʨʳ 
 

ɺʝʡʚʣʝʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʢʨʘʪʥʦʤʘʩʰʪʘʙʥʳʤ (ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʤ) ʘʥʘ-

ʣʠʟʦʤ ʩʠʛʥʘʣʦʚ. ʈʘʟʜʝʣʝʥʠʝ (ʜʝʢʦʤʧʦʟʠʮʠʷ) ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʟʥʦʪʠʧʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ī 

ʦʩʥʦʚʘ ʢʨʘʪʥʦʤʘʩʰʪʘʙʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʳʩʪʨʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʚʝʡʚʣʝʪ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʨʘʪʥʦʤʘʩʰʪʘʙʥʳʡ ʘʥʘʣʠʟ, ʬʨʘʢʪʘʣ, 

ʩʧʫʪʥʠʢʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʩʪʥʦʩʪʠ, ʨʘʟʤʝʨ ʦʙʲʝʢʪʦʚ. 

 

ʇʦʥʷʪʠʝ çʢʨʘʪʥʦʤʘʩʰʪʘʙʥʳʡ ʘʥʘʣʠʟè ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʚ 1986 ʛʦʜʫ 

ʄʘʣʣʘ ʠ ʄʝʡʝʨʦʤ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʚʝʡʚʣʝʪʦʚ. ʂʨʘʪʥʦʩʪʴ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʠʛ-

ʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʢʨʝʪʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʚʥʘ ʜʚʫʤ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʤʦʞʝʥ ʢʨʘʪʥʦ-

ʤʘʩʰʪʘʙʥʳʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ʩ ʢʨʘʪʥʦʩʪʴʶ ʤʝʥʴʰʝ ʜʚʫʭ. ʊʘʢ ʢʘʢ ʜʣʷ ʥʝʧʨʝ-

ʨʳʚʥʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʙʦʣʴʰʦʡ ʚʳʙʦʨʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʯʠʩʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ [1,2]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ 

ʥʘʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʘ, ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʟʤʝʨʦʤ 512ʭ512 ʧʠʢʩʝʣʝʡ ʨʘʟʣʘ-

ʛʘʝʪʩʷ ʥʘ 100 ʫʨʦʚʥʝʡ ʠ ʩʪʨʦʠʪʩʷ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ J, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʢʘʞʜʳʡ ʫʨʦʚʝʥʴ ʨʘʟʣʦʞʝʥʠʷ. ɺʳʯʠʩʣʝʥʠʷ 

ʧʨʦʚʝʨʝʥʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʨʦʩʪʳʭ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʝ ʨʘʟʤʝ-

ʨʳ ʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʬʨʘʢʪʘʣʦʚ. ʅʘ ʨʠʩ. 1 ʘ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

ʢʦʚʨʘ ʉʝʨʧʠʥʩʢʦʛʦ. ʅʘ ʨʠʩ. 1ʙ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʪ ʫʨʦʚʥʷ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʬʨʘʢʪʘʣʘ. 
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ʈʠʩ. 1. ʂʦʚʝʨ ʉʝʨʧʠʥʩʢʦʛʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʨʘʟʣʦʞʝʥʠʷ 

 

ɼʣʷ ʬʨʘʢʪʘʣʦʚ ʭʦʨʦʰʦ ʚʳʜʝʣʷʶʪʩʷ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʜʬʨʘʢ-

ʪʘʣʫ n-ʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʧʠʢʦʚ, ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʪʠʧʘ ʬʨʘʢʪʘʣʘ, ʨʘʟʥʘʷ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʦʙʲʝʢʪʦʚ D ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

ä

ä

=

=

Ö

=
9

1

9

1

i

i

i

i

J

iJ

D ,       (1) 

ʛʜʝ i ï ʥʦʤʝʨ ʨʘʟʣʦʞʝʥʠʷ,  

iJ  ï ʩʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ i ï ʛʦ ʨʘʟʣʦʞʝʥʠʷ.  

ɺʳʯʠʩʣʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ (1) ʜʘʝʪ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ D ʦʙʲʝʢʪʦʚ ʚ ʣʦʛʘ-

ʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ. ʆʩʥʦʚʘʥʠʝ ʣʦʛʘʨʠʬʤʘ ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

.218100=x  
ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʦʙʲʝʢʪʦʚ ʚ ʤʘʩʰʪʘʙʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

.D

ʩʨ xD =        (2) 

ʅʘ ʨʠʩ. 2ʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʩʥʠʤʦʢ ʛ. ʇʘʨʠʞ, ʧʦʣʫʯʝʥʥʳʡ ʩʦ ʩʧʫʪʥʠʢʘ. 

 

 
ʈʠʩ. 2. ʉʥʠʤʦʢ ʛ. ʇʘʨʠʞ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʨʘʟʣʦʞʝʥʠʷ 

 

 

ʅʘ ʨʠʩ. 2 ʙ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʨʘʟ-

ʣʦʞʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʩʥʠʤʢʘ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʦʦʨʫʞʝʥʠʡ ʛ. ʇʘʨʠʞ ʩʦʩʪʘʚʣʷʝʪ 

175 ʤʝʪʨʦʚ. ʅʘ ʨʠʩ. 2ʙ) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝ ʧʨʝʜʬʨʘʢʪʘ-

ʣʫ n-ʛʦ ʧʦʢʦʣʝʥʠʷ. 
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ʈʠʩ. 3. ʉʥʠʤʦʢ ʛ. ʃʦʥʜʦʥ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʨʘʟʣʦʞʝʥʠʷ 

 

ʅʘ ʨʠʩ. 3ʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʩʥʠʤʦʢ ʛ. ʃʦʥʜʦʥ, ʧʦʣʫʯʝʥʥʳʡ ʩʦ ʩʧʫʪʥʠʢʘ. ʅʘ 

ʨʠʩ. 3 ʙ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʨʘʟʣʦʞʝʥʠʷ 

ʜʣʷ ʵʪʦʛʦ ʩʥʠʤʢʘ. ɸʥʘʣʦʛʠʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʛ. ʃʦʥʜʦʥ ʜʘʶʪ ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʩʦʦʨʫʞʝʥʠʡ 145 ʤʝʪʨʦʚ.  
  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 14-07-00143 ʘ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɾʝʣʪʦʚ ʇ.ɺ., ʉʝʤʝʥʦʚ ɺ.ʀ., ʐʫʨʙʠʥ ɸ.ʂ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʙʳʩʪʨʦʛʦ 

ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. Materiali VIII miedzynarodowej nau-

kowi-praktycznej konferncji, Przemysl, Nauka i studia, 2012. ʉ. 65-69. 

2. ʉʝʤʝʥʦʚ ɺ.ʀ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʕɺʄ ˉ 2010616103. ʅʝʧʨʝʨʳʚʥʦʝ ʩʚʝʨʭʙʳʩʪʨʦʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ɿʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥʦ ʚ ʈʝʝʩʪʨʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 16 ʩʝʥʪʷʙʨʷ 2010 ʛ. 

 

 

ʄʅʆɻʆʕʃɽʂʊʈʆʅʅʓɽ ʉʇʀʅʆʈʓ ʊʗɾɽʃʓʍ ʕʃɽʄɽʅʊʆɺ: 

ʊɽʆʈʀʗ ʀ ʈɸʉʏɽʊ 

 

ʅʦʚʦʩʘʜʦʚ ɹ.ʂ. 
ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʜʦʢʪʦʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, 

ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʚʦʣʥʦʚʳʭ ʩʧʠʥʦʨʦʚ 

ʜʣʷ ʘʪʦʤʦʚ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʩ ʮʝ-

ʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ 

ʠ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ, ʪʷʞʝʣʳʝ ʘʪʦʤʳ, ʤʫʣʴʪʠʩʧʠ-

ʥʦʨʳ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ.  

 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʦʨʠʠ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʥʫʞʜʘʝʪʩʷ ʚ ʨʘʟʚʠ-

ʪʠʠ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʦʙʲʷʩʥʷʶʱʠʭ ʠ ʩʧʦʩʦʙʥʳʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʩʧʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʳ ʧʝ-

ʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʬʦʪʦʭʠʤʠʠ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ, ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʠ ʩʚʝʨʭ-
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ʪ̫ ʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʚʷʪ ʧʝʨʝʜ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʦʡ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʠ ʤʥʦʛʠʭ ʯʘʩʪʠʮ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦ ʟʘʢʦʥʫ ʂʫʣʦ-

ʥʘ. ɼʦ ʩʠʭ ʧʦʨ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʦʜʥʦʯʘʩʪʠʯʥʳʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥʘ ʤʦʜʝʣʴʶ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʣʘʟʤʳ ʘʪʦʤʦʚ. ʕʪʠ ʤʦʜʝʣʠ ʥʝ ʚʢʣʶʯʘʶʪ ʨʷʜ ʚʘʞʥʳʭ ʤʥʦʛʦʯʘʩʪʠʯ-

ʥʳʭ ʵʬʬʝʢʪʦʚ ʢʚʘʥʪʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʘ ʚ ʘʪʦʤʝ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʣʠ ʙʳ ʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʪʨʦʝʥʠʝ ʠ ʚʘʣʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝ-

ʱʝʩʪʚ ʩ ʪʷʞʝʣʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʚʩʝ 

ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʠʚʣʝʢʘʝʪ ʥʦʚʳʡ ʨʘʟʜʝʣ ʭʠʤʠʯʝʩʢʦʡ 

ʥʘʫʢʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʧʠʥʦʚʘʷ ʭʠʤʠʷ, ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʧʠʥʦʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʘʭ ʠ ʤʦʣʝʢʫʣʘʭ. 

ʆʯʝʚʠʜʥʦ, ʦʙʩʫʞʜʝʥʠʝ ʩʧʠʥʦʚʳʭ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʘʚʠʣʴʥʦ 

ʧʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʤʥʦʛʠʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʥʦʛʦʯʘʩʪʠʯʥʦʡ ʨʝʣʷʪʠʚʠʩʪ-

ʩʢʦʡ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʜʘʶʱʝʡ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʩʧʠʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠ ʩʧʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝ-

ʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʆʩʥʦʚʦʡ ʥʘʰʠʭ ʧʦʩʪʨʦʝʥʠʡ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʧʨʝʜʣʦʞʝʥ-

ʥʳʝ ʚ [1, 2] ʤʥʦʛʦʯʘʩʪʠʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, 

ʷʚʣʷʶʱʠʝʩʷ ʦʙʦʙʱʝʥʠʝʤ ʙʠʩʧʠʥʦʨʥʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ ɼʠʨʘʢʘ. 

2. ʄʥʦʛʦʵʣʝʢʪʨʦʥʥʦʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ 

ɿʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʧʫʣʴʩʦʚ 
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 (1) 

ʛʜʝ ʤʘʪʨʠʮʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʩʫʤʤʳ ʧʨʷʤʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʤʘʪ-

ʨʠʮ 4-ʛʦ ʧʦʨʷʜʢʘ  

() ( )
1

n

k k

k

D I D I
=

= ³ ³ ³ ³äp p ,      (2) 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʤʘʪʨʠʮ ɼʠʨʘʢʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʥʘ 
2

2
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D
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       (3) 

ʠ ʝʜʠʥʠʯʥʳʭ ʤʘʪʨʠʮ I. ʇʦʪʝʥʮʠʘʣ ʘʪʦʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʫʤʤʦʡ ʢʫʣʦʥʦʚʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʘʪʦʤʘ 

()
2 2

1 1

n n n

i i ji ij

Ze e
V

r r= > =

=- +ä äär .      (4) 

ɺʳʯʠʩʣʝʥʠʝ ʬʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚ (1) ʜʘʝʪ ʬʫʥʢʮʠʠ ʠʤ-

ʧʫʣʴʩʦʚ ʵʣʝʢʪʨʦʥʦʚ ï ʷʜʨʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ 
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   (5) 

ɺʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʫʣʴʪʠʩʧʠʥʦʨ ʘʪʦʤʘ ï ʩʪʦʣʙʝʮ ʩ 

4
n
 ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʄʘʪʨʠʮʘ D ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ ʫʥʠʪʘʨʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʧʨʠʯʝʤ ʝʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ ʣʠʥʝʡʥʳʤ ʢʦʤʙʠ-

ʥʘʮʠʷʤ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʠʟ ʥʠʭ ʪʦʣʴʢʦ 2
n
 ʚr -

ʨʦʞʜʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʨʘʚʥʳ ʩʫʤʤʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʨʘʜʠʢʘʣʦʚ, ʘ ʚ 

ʦʩʪʘʣʴʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ (ʪʦʡ ʞʝ ʩʪʝʧʝʥʠ ʚʳʨʦʞʜʝʥʠʷ) ʙʫʜʫʪ ʚʭʦʜʠʪʴ 

ʨʘʜʠʢʘʣʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩ-

ʣʘ, ʘ ʷʚʣʷʶʪʩʷ ʢʦʨʥʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦ-

ʨʷʜʢʘ 4
n
. ɺ ʪʝʦʨʠʠ ɼʠʨʘʢʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʧʦʟʠʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʨʠʮʘ D ʤʦʞʝʪ ʙʳʪʴ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʦʙʩʪʚʝʥ-

ʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʩʨʝʜʠ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʣʘʩʩʠʯʝʩʢʦʝ ʨʝʣʷʪʠ-

ʚʠʩʪʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ. 

ɺ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠʤʧʫʣʴʩʘ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʥʘ 

sin cos ,  sin sin ,  cosx y zp p p p p pq j q j q= = =     (6) 

ʠ ʧʨʠ ʟʘʤʝʥʝ ʤʦʜʫʣʷ ʠʤʧʫʣʴʩʘ ʪʘʥʛʝʥʩʦʤ ʫʛʣʘ Ŭ 

 tg2k kp mc a=       (7) 

ʤʘʪʨʠʮʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ) ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʘʪ-

ʨʠʮʳ ɼʠʨʘʢʘ, ʚ ʢʦʪʦʨʦʡ ʩʪʦʣʙʮʳ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʣʠʥʝʡʥʳʝ ʦʙʦʣʦʯʢʠ ʦʜʠ-

ʥʘʢʦʚʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʠʤʝʝʪ ʚʠʜ (ʠʥʜʝʢʩ k ʦʧʫʩʪʠʤ) 

2 2 2 2

2 2 2 2

2 2 2 2

2 2 2 2

cos cos sin cos cos sin sin sin

sin cos cos cos sin sin cos sin

cos sin sin sin cos cos sin cos

sin sin cos sin sin cos cos cos

i i

i i

i i

i i

e e

e e
C

e e

e e

j jq q q q

j jq q q q

j jq q q q

j jq q q q

a a a a

a a a a

a a a a

a a a a

- -

- -

å õ- -
æ ö

- -æ ö=
æ ö
æ öæ ö- -ç ÷

.   (8)  

ʇʝʨʚʳʝ ʜʚʘ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ ï ʵʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʜʣʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 2 2 2

1 c m c pl= + , ʘ 3-ʡ ʠ 4-ʡ ʩʪʦʣʙʮʳ ʦʪʚʝʯʘʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 2 2 2

2 c m c pl=- +. ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʤʘʪʨʠʮʳ kD  (3) ʜʚʫʢʨʘʪʥʦ ʚʳʨʦʞʜʝʥʳ. ɿʘʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʙʩʪʚʝʥ-

ʥʳʝ ʚʝʢʪʦʨʳ ʟʘʜʘʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʦʨʪʦʚ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʬʝʨʳ ʚ 4-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʊʝʧʝʨʴ ʥʝʪʨʫʜʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʘʪʨʠʮʫ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʤʘʪʨʠ-

ʮʳ (2) ʜʣʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʘʪʨʠʮ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʢʠʥʝʪʠʯʝ-

ʩʢʠʭ ʤʘʪʨʠʮ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʉk ʚ ʚʠʜʝ ʢʨʦʥʝʢʝʨʦʚʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʤʘʪʨʠʮ 

() () ( ) ( )1 1 2 2 n nC C C C= ³ ³ ³p p p p .    (9) 

ɼʘʣʝʝ ʟʘʧʠʰʝʤ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩʠ-

ʩʪʝʤʳ ʤʥʦʛʠʭ ʯʘʩʪʠʮ ʧʦ ʝʝ ʩʦʙʩʪʚʝʥʥʳʤ ʵʣʝʤʝʥʪʘʤ 
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4

1

n

i i i

i

D C C u u
=

= L = Lä ,      (10) 

ʟʜʝʩʴ iu  ï ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ, ʘ iu  ï ʚʝʢʪʦʨ-ʩʪʨʦʢʘ (ʩ ʫʯʝʪʦʤ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ), L ï ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ  

iL. ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʦʚ ʩʪʨʦ-

ʷʪʩʷ ʢʘʢ ʧʨʷʤʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʧʘʨʮʠʘʣʴʥʳʭ ʢʠʥʝʪʠʯʝ-

ʩʢʠʭ ʤʘʪʨʠʮ (8) ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʚ.  

3. ʇʨʠʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (5) ʢ ʩʧʠʥʦʚʳʤ 

ʬʫʥʢʮʠʷʤ 

ɺʚʝʜʝʤ ʧʨʦʝʢʮʠʠ ʤʫʣʴʪʠʩʧʠʥʦʨʘ ʫʨʘʚʥʝʥʠʷ (5) ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʩʧʠʥʦ-

ʚʳʝ ʚʝʢʪʦʨʳ ʤʘʪʨʠʮʳ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʦʚ (ʥʘʟʦʚʝʤ ʠʭ 

ʩʧʠʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ) i iuf y= . ʂʘʢ ʚʠʜʥʦ, ʩʧʠʥʦʚʳʝ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ 

ʩʢʘʣʷʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʪʦʙʨʘʞʘʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʧʠʥʦʚʳʝ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʘʪʦʤʘ. ʊʦʛʜʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (5) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ 

ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʩʢʘʣʷʨʥʳʭ ʩʧʠʥʦʚʳʭ ʬʫʥʢʮʠʡ (ʚ ʤʘʪʨʠʯʥʦʡ ʟʘʧʠʩʠ) 

()() ()

( ) ( ) ( )
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Ze d I K I q

e d I K K I q
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p f

p
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=
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-
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L = +
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äñ

ääñ

p p p

q p p q p p q p

q p p q p p q

( )1, , , , , , .i j nfÖ + -p p q p q p

   (11) 

ɿʜʝʩʴ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʝʜʠʥʠʯʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ 

()()
4

4
1

n

n i i

i

I CC u u
=

= =ä p p .     (12) 

ʄʘʪʨʠʯʥʦʝ ʷʜʨʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ  

ʤʘʪʨʠʮ C: 

()()( , )K C C¡ ¡=p p p p  ;     (13) 

ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʦʥʦ ʦʙʨʘʱʘʝʪʩʷ ʚ ʝʜʠʥʠʯʥʫʶ ʤʘʪʨʠʮʫ (12). ɺ 

ʫʨʘʚʥʝʥʠʠ (11) ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʷʜʝʨ: 

ʚʳʨʦʞʜʝʥʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʩʧʠʥʦʚʦʛʦ ʷʜʨʘ ʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʷʜʨʘ ʚ ʚʠʜʝ ʩʢʘ-

ʣʷʨʥʦʡ ʬʫʥʢʮʠʠ. ʈʘʟʣʦʞʝʥʠʝ (ʬʘʢʪʦʨʠʟʘʮʠʷ) ʵʪʠʭ ʷʜʝʨ ʧʦ ʧʝʨʝʤʝʥʥʳʤ ʜʘʝʪ 

ʩʠʩʪʝʤʫ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʜʠʨʘʢʦʚʩʢʠʡ ʧʝʨʝʭʦʜ ʦʪ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʦʩʝʡ ʢ ʢʣʠʬʬʦʨʜʦʚʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩ ʥʝʢʦʤʤʫʪʠʨʫʶʱʠʤʠ 

ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʦʜʠʪ ʢ ʦʩʥʘʱʝʥʠʶ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʧʠʥʦʚʳ-

ʤʠ ʤʥʦʞʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʥʫʪʘʮʠʠ ʚ ʜʚʠʞʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʩʧʠʥʦʚʳʝ ʧʦʧʨʘʚʢʠ ʚ ʠʭ ʵʥʝʨʛʠʶ. ʊʘʢʞʝ ʠʟ ʚʠʜʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʩʧʠʥʦʚʳʝ ʤʥʦʞʠʪʝʣʠ ʚ ʧʦʪʝʥʮʠʘʣʝ ʥʝ ʥʘʨʫʰʘʶʪ ʜʚʫʭʯʘʩʪʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʯʘʩʪʠʮ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʚʘʜʨʠʨʦ-

ʚʘʥʠʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʤʘʪʨʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʩʠʩʪʝʤʘ (11) ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʧʦʜʩʠʩʪʝʤʳ ʜʣʷ ʢʘʞʜʦʛʦ ʚʳ-

ʨʦʞʜʝʥʥʦʛʦ ʢʦʨʥʷ ʤʘʪʨʠʮʳ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ȿ. ʅʘʩ ʠʥʪʝʨʝʩʫʶʪ ʢʦʨʥʠ 

ʚ ʚʠʜʝ ʩʫʤʤʳ ʨʘʜʠʢʘʣʦʚ. ɺ ʵʪʦʡ ʛʨʫʧʧʝ ʫʨʘʚʥʝʥʠʡ ʩʧʠʥʦʚʳʝ ʬʫʥʢʮʠʠ, ʦʪʥʦ-

ʩʷʱʠʝʩʷ ʢ ʥʝʬʠʟʠʯʝʩʢʠʤ ʢʦʨʥʷʤ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʤʘʣʳʤʠ ʚʢʣʘʜʘʤʠ (ʵʪʦ 

çʧʦʟʠʪʨʦʥʥʳʝè ʩʧʠʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ), ʠʭ ʤʦʞʥʦ ʫʯʝʩʪʴ (ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʦʨ-

ʪʦʛʦʥʘʣʴʥʦʩʪʠ ʩʧʠʥʦʚʳʭ ʬʫʥʢʮʠʡ) ʚ ʚʠʜʝ ʩʣʘʙʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʧʠʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪ. ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʫʣʝʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʝʩʣʠ ʧʨʝʥʝ-

ʙʨʝʯʴ ʥʘ ʚʨʝʤʷ ʵʪʠʤʠ ʧʦʟʠʪʨʦʥʥʳʤʠ ʩʧʠʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʊʦʛʜʘ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ (11) ʨʝʜʫʮʠʨʫʝʪʩʷ ʢ ʯʠʩʪʦ ʵʣʝʢʪʨʦʥʥʳʤ ʩʧʠʥʦʚʳʤ ʬʫʥʢʮʠʷʤ; ʵʪʦ 

ʝʱʝ ʥʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʥʦʝ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʧʦʪʦʤʫ ʯʪʦ ʢʠʥʝ-

ʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʦʩʪʘʝʪʩʷ ʚʳʨʘʞʝʥʥʦʡ ʚ ʚʠʜʝ ʩʫʤʤʳ ʨʘʜʠʢʘʣʦʚ ʠ ʤʘʪʨʠʮʘ 

ʷʜʨʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʥʝ ʟʘʤʝʥʝʥʘ ʝʜʠʥʠʯʥʦʡ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʥʫ-

ʣʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʚʢʣʘʜʦʚ ʚ ʵʥʝʨʛʠʶ 

ʘʪʦʤʘ ʙʫʜʝʪ ʧʦʪʝʨʷʥʘ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (11) ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩ-

ʥʦʚʝ ʙʣʠʟʢʦʛʦ ʢ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʐʨʸʜʠʥʛʝʨʘ ʫʨʘʚʥʝʥʠʷ ʩ ʚʳʨʦʞ-

ʜʝʥʥʳʤ ʩʧʠʥʦʚʳʤ ʷʜʨʦʤ, ʝʩʣʠ ʨʘʟʣʦʞʠʪʴ ʨʘʜʠʢʘʣʳ ʚ ʨʷʜ ʧʦ ʦʪʥʦʰʝʥʠʶ 

/p mc  ʠ ʫʜʝʨʞʘʪʴ ʢʚʘʜʨʘʪʠʯʥʳʝ ʧʦ ʠʤʧʫʣʴʩʘʤ ʵʣʝʢʪʨʦʥʦʚ ʯʣʝʥʳ. ʊʦʛʜʘ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʨʷʜʘ ʧʦ ʚʦʣʥʦʚʳʤ ʬʫʥʢʮʠʷʤ ʫʨʘʚʥʝʥʠʷ 

ʐʨʸʜʠʥʛʝʨʘ, ʥʘʛʨʫʞʝʥʥʳʤ ʤʥʦʞʠʪʝʣʷʤʠ ʚʳʨʦʞʜʝʥʥʦʡ ʩʧʠʥʦʚʦʡ ʯʘʩʪʠ ʷʜʨʘ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʊʘʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʩʝʛʜʘ ʩʭʦʜʠʪʩʷ, ʠ ʝʛʦ ʦʪʨʝʟʦʢ 

ʜʘʝʪ ʫʜʦʙʥʦʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ. 

ʄʝʪʦʜʳ ʚʳʯʠʩʣʝʥʠʷ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢ-

ʮʠʡ ʫʨʘʚʥʝʥʠʷ ʐʨʸʜʠʥʛʝʨʘ ʜʣʷ ʘʪʦʤʘ ʜʘʥʳ ʚ [1].  

4. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʠʣʠ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʨʝ-

ʣʷʪʠʚʠʩʪʩʢʠʭ ʤʫʣʴʪʠʩʧʠʥʦʨʦʚ ʤʝʪʦʜʦʤ ʧʨʠʚʝʜʝʥʠʷ ʷʜʨʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝ-

ʨʘʪʦʨʘ ʢ ʚʳʨʦʞʜʝʥʥʦʤʫ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʨʝʰʝʥʠʶ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʧʨʦ-

ʙʣʝʤʳ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʆʪ ʩʧʠʥʦʚʳʭ ʬʫʥʢʮʠʡ ʤʦʞʥʦ ʣʝʛʢʦ ʧʝʨʝʡʪʠ 

ʢ ʠʩʭʦʜʥʳʤ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʤʫʣʴʪʠʩʧʠʥʦʨʘʤ, ʩʦʙʠʨʘʷ ʩʧʠʥʦʚʳʝ ʬʫʥʢʮʠʠ ʚ 

ʩʪʦʣʙʮʳ ʠ ʜʝʡʩʪʚʫʷ ʥʘ ʥʠʭ ʤʘʪʨʠʮʝʡ ʉ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʟʘʧʦʣʥʝʥʠʷ ʦʨʙʠʪʘʣʝʡ ʟʘ ʦʪʩʫʪʩʪʚʠʝʤ ʪʘʢʦʚʳʭ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʐʨʸʜʠʥʛʝʨʘ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʥʦʛʦʵʣʝʢʪʨʦʥ-

ʥʳʝ ʧʦʣʠʩʬʝʨʠʯʝʩʢʠʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ.  

ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʪʨʠʮʳ ʚʳʨʦʞʜʝʥʥʦʛʦ ʩʧʠʥʦʚʦʛʦ 

ʷʜʨʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ (11) ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ 

ʘʪʦʤʘ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʫʨʦʚʥʝʡ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʣʴ-

ʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʦʣʞʥʦ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʚʠʜʝ ʧʦʣʦʩ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʈʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʚ ʧʦʣʦʩʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʷʞʝʣʳʤʠ ʘʪʦ-

ʤʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʨʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦ-

ʤʝʥʪʘ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʦʚ.  
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʅʦʚʦʩʘʜʦʚ, ɹ.ʂ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʘʪʦʤʘ. ʄ.: ʅʦʙʝʣʴ ʇʨʝʩʩ, 2014. ï 322 ʩ. 

2. ʅʦʚʦʩʘʜʦʚ, ɹ.ʂ. ʂ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ // ʍʠʤʠʷ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ï 2015. ï ˉ 5. ï ʉ. 1-6. 
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ʏʀʉʃɽʅʅʆɽ ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ɼʀʌʌʋɿʀʀ 

ʆʉɸɼʆʏʅʓʍ ʇʆʈʆɼ ʇʈʀ ʉɹʈʆʉɽ ɻʈʋʅʊɸ 

 

ʇʦʧʦʚʘ ʊ.ʄ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪʝʤ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʈʦʩʩʠʷ, ʛ. ʍʘʙʘʨʦʚʩʢ 

 

ʐʝʚʯʝʥʢʦ ɺ.ʉ. 
ʩʪʫʜʝʥʪ ʛʨʫʧʧʳ ʬʘʢʫʣʴʪʝʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ 

ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʍʘʙʘʨʦʚʩʢ 
 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʚʟʚʝʩʠ, ʧʦʩʣʝ ʟʘʣʧʦʚʦʛʦ ʩʙʨʦʩʘ 

ʛʨʫʥʪʘ ʚ ʨʘʡʦʥ ˉ154 ʥʘ ʟʘʧʘʜʥʦʤ ʙʝʨʝʛʫ ʊʘʪʘʨʩʢʦʛʦ ʧʨʦʣʠʚʘ ʤʝʞʜʫ ʤʳʩʘʤʠ ʇʫʪʷʪʠʥʘ ʠ 

ɿʝʣʝʥʳʤ, ʫʩʪʘʥʦʚʣʝʥʘ ʨʘʟʨʝʰʠʤʦʩʪʴ ʥʘʯʘʣʴʥʦ ï ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʧʨʠ ʛʣʘʜʢʦʩʪʠ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʩʪʨʦʝʥʘ ʥʝʷʚʥʘʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ, ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʩʝʪʦʯ-

ʥʳʝ ʬʫʥʢʮʠʠ, ʜʘʤʧʠʥʛ, ʥʝʷʚʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ. 

 

ʇʨʦʙʣʝʤʘʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʚʝʩʝʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʟʘʥʠʤʘʣʠʩʴ ʦʪʝ-

ʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩ ʢʦʥʮʘ 70-ʭ ʛʦʜʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʠʢʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʛʥʦʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʚʝʩʝʡ ʥʘ ʥʝʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʧʨʠ ʠʭ ʟʘʣʧʦʚʦʤ ʩʙʨʦʩʝ. ɼʣʷ ʦʮʝʥʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʚʝʩʠ ʧʨʠ ʩʙʨʦʩʝ ʚ 

ʤʦʨʩʢʫʶ ʩʨʝʜʫ ʛʨʫʥʪʦʚ ʜʥʦʫʛʣʫʙʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʯʠʩʣʝʥʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʤʝʪʦʜʦʚ [7]. ʆʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʚʳʙʦʨʘ ʤʝʩʪʘ ʦʪ-

ʚʘʣʘ ʛʨʫʥʪʦʚ ʜʥʦʫʛʣʫʙʣʝʥʠʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ɻʦʥʯʘʨʦʚʳʤ ɸ. ɸ. [7, 8]. ʄʦ-

ʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʪʨʝʭʤʝʨʥʦʤ ʫʨʘʚʥʝʥʠʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʚʟʚʝʩʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʩʦʧʨʷʞʝʥʥʦʡ ʟʘʜʘʯʠ ʧʫʪʝʤ ʧʝʨʝʙʦʨʘ ʬʫʥʢʮʠʦʥʘʣʘ 

(ʬʫʥʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ) ʧʦʣʫʯʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʠʥʠʤʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʟʚʝʩʠ) ʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʦʝ ʚ 

ʩʠʛʤʘ-ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʝ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ ʭ,ʫ,ů,t ï ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ; #ØȟÙȟʎȟÔ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʨʘʢʮʠʠ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ, ʛ/ʤ
3
; U,V ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʯʝʥʠʷ, ʤ/ʩ; 
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ɤ ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ, ʥʦʨʤʘʣʴʥʘʷ ʢ ʩʠʛʤʘ-

ʧʦʚʝʨʭʥʦʩʪʠ, ʤ/ʩ; ʖ - ʩʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʬʨʘʢʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ, ʤ/ʩ; D=H+ɖ , ʛʜʝ H ï ʛʣʫʙʠʥʘ, ʤ; ɖ ï ʫʨʦʚʝʥʴ,ʤ; 

+  ʠ !  ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʫʨʙʫʣʝʥʪ-

ʥʦʡ ʜʠʬʬʫʟʠʠ, ʤ
2
/ʩ; Q(x,y,ʎï ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ, ʛ/(ʤ3

ʩ). ʋʨʘʚʥʝʥʠʝ ʦʧʠ-

ʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʫʩʣʦʚʠʷʭ, ʫʯʠʪʳʚʘʶ-

ʱʠʭ ʧʝʨʝʥʦʩ ʧʨʠʤʝʩʠ ʪʝʯʝʥʠʷʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʫʨʙʫ-

ʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʝʡ, ʘ ʪʘʢʞʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʮ ʚʟʚʝʩʠ. 

ɿʘʜʘʜʠʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ  

˞πȟώȟ„ȟὸ Ὣ ώȟ„ȟ˞ ὼȟώȟ„ȟὸ Ὣ ώȟ„ȟ˞ ὼȟπȟ„ȟὸ Ὣ ὼȟ„ȟ 
˞ὼȟώȟ„ȟὸ Ὣ ὼȟ„ȟ˞ ὼȟώȟπȟὸ Ὣ ὼȟώȟ˞ ὼȟώȟ„ȟὸ Ὣ ώȟ„Ȣ  
ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ʟʘʣʧʦʚʳʡ ʩʙʨʦʩ ʛʨʫʥʪʘ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ: 

#ØȟÙȟůȟπ
ρ

ς́ůů ρ ɟ

Ͻ 

ϽÅØÐ
ρ

ςρ ɟ

Ø ɛ

ů
  
ςɟ Ø ɛ Ù ɛ

ůů
  
Ù ɛ

ů
ȟ 

ʛʜʝ ɛ ςυπȟɛ υππȟů ρσȟů ρωȟɟ πȟωȢ  

ʈʘʩʩʤʦʪʨʠʤ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʢʦ-

ʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ  

ʅʘʥʝʩʝʤ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ  

π Ø Øȟπ Ù Ùȟπ Ú Úȟπ Ô 4 
ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʫʶ ʩʝʪʢʫ 

 ὼ ὭὬȠ  ώ ὮὬȠ ᾀ ὩὬȠ ὸ ὰϽ†}  

ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʰʘʛʘʤʠ Ὤ Ƞ Ὤ Ƞ Ὤ ; ʠ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝ-

ʥʠ ʐ 4Ⱦ L. 

ɸʧʧʨʦʢʩʠʤʠʨʫʝʤ ʫʨʘʚʥʝʥʠʝ (1), ʧʦ ʥʝʷʚʥʦʡ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ: 

ȟ˞ȟ ὅȟȟ

†

ὅȟȟ ὅ ȟȟ

Ὤ
ὟὈ

ὅȟȟ ὅȟ ȟ

Ὤ
ὠὈ

ὅȟȟ ὅȟȟ

Ὤ
   

ὅ ȟȟ ςὅȟȟ ˞ ȟȟ

Ὤ
Ὀzὃ

ὅȟ ȟ ςὅȟȟ ȟ˞ ȟ

Ὤ
Ὀzὃ  

ὅȟȟ ςὅȟȟ ȟ˞ȟ

Ὤ
ᶻ
ὑ

Ὀ
ὗὼȟώȟ„Ȣ 

ʇʨʦʚʝʜʝʤ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʨʠ ʥʫʣʝʚʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ɺʚʝ-

ʜʝʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ὑ ρπʤ2
/ʩ;  

ï ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ὃ πȟσ ̍ Ⱦ̒ 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʯʝʥʠʷ U=0,1ʤ/ʩ,V=0,15ʤ/ʩ; 

ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ,  πȟπφψ ̍Ⱦ̒. 
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ʉʦʙʩʪʚʝʥʥʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʬʨʘʢʮʠʠ ʚʟʚʝʰʝʥ-

ʥʳʭ ʯʘʩʪʠʮ ʖ  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʉʪʦʢʩʘ: 


ρ

ρψ

ὫὨ ” ”

‘
ȟτ 

ʛʜʝ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʚʟʚʝʩʠ Ὠ πȟυϽρπ ;̍ 

ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʚʟʚʝʩʠ ”̒ ςφυπ
̋̄

̍
[11]; 

ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ” ρπςσȟχχ
̋̄

̍
, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ὸ ρπᴈ  

 ̉̒ ̏̌̆̎̏̒̓̉ ̃̏̅ ̜Ὓ σπϸ [4]. 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʚʷʟʢʦʩʪʴ ʚʦʜʳ ‘ ρȢσπψϽρπ˜ Ͻ́̒ȟ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ὸ ρπᴈ ̉ ̒̏̌̆̎̏̒̓̉ ̃̏̅ ̜Ὓ σςϸ [4]. 

̒
ρ

ρψ
Ͻ
ωȟψϽπȟςυϽρπϽςφυπωωωȟχχ

ρȟπυςϽρπ
πȟςρȾ̍̒Ȣ 

ʀʟ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʯʝʪʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʘʡʦʥʝ ˉ154 ʛʣʫʙʠʥʘ ʠʟ-

ʤʝʥʷʝʪʩʷ ʦʪ 18 ʜʦ 30 ʤ ʠ ʪʘʢ ʢʘʢ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʦʮʝʩʩ ʚ ʪʦʣʱʝ ʚʦʜʳ, ʪʦ 

ʚʦʟʴʤʝʤ ů ʦʪ 0 ʜʦ 17 ʤ., ʪʦʛʜʘ x ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 500 ʤ.,  

ʘ y ï ʦʪ 0 ʜʦ 1000 ʤ. ʇʦʩʪʨʦʠʤ ʩʝʪʢʫ ʩ ʰʘʛʦʤ ʧʦ x ʠ ʧʦ y ʨʘʚʥʫʶ 25 ʤ. 

(ʪ.ʝ.hx=25, hy=25). 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʟʘʬʠʢʩʠʨʫʝʤ ʛʣʫʙʠʥʫ ů ʠ ʨʘʩʩʯʠʪʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʟʚʝ-

ʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʨʠʩ. 1ʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘʯʘʣʴʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʟʚʝʩʠ ʧʨʠ ʟʘʣʧʦʚʦʤ ʚʳʙʨʦʩʝ, ʨʠʩ. 1ʙ, 2 ʘ,ʙ ï ʠʟʤʝʥʝʥʠʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʐʢʘʣʘ ʩʧʨʘʚʘ ʦʟʥʘʯʘʝʪ ʢʦʥʮʝʥ-

ʪʨʘʮʠʶ ʚʟʚʝʩʠ ʚ ʛ/ʤ
3
  

 

 
ʘ)      ʙ) 

 

ʈʠʩ. 1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘ) t=0c. ʙ) t=4c 
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ʘ)      ʙ) 

ʈʠʩ. 2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ  

ʘ) t=8c. ʙ) t=18c. 
 

 ʈʘʩʩʯʠʪʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʟʚʝʩʠ ʥʘ ʛʣʫʙʠʥʝ 5ʤ. ʨʠʩʫʥʦʢ 3ʘ ʧʦʢʘʟʳʚʘ-

ʝʪ ʥʘʯʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʟʚʝʩʠ ʧʨʠ ʟʘʣʧʦʚʦʤ ʚʳʙʨʦʩʝ, ʨʠʩʫʥʢʠ 3ʙ-ʛ ʠʟ-

ʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʐʢʘʣʘ ʩʧʨʘʚʘ ʦʟʥʘʯʘ-

ʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʟʚʝʩʠ ʚ ʛ/ʤ
3
  

 
ʘ)      ʙ) 

 
ʚ)      ʛ) 

ʈʠʩ. 3. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʩʠ ʥʘ ʛʣʫʙʠʥʝ 5ʤ  

ʘ) t=0c. ʙ) t=4c. ʚ) t=8c. ʛ) t=18c. 
 

ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʠʢʠ ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʧʦʟ-

ʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʤ ʘʜʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʝʩʴʤʘ ʧʨʦʠʟʚʦʣʴʥʳʡ ʛʠʜʨʦʜʠʥʘ-



21 

ʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠ ʩʣʦʞʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦ-

ʚʠʡ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʬʫʥʢʮʠʡ ʠʩʪʦʯʥʠʢʘ ʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ. ʆʜʥʘʢʦ ʵʪʠ ʤʦʜʝʣʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʟʘʜʘʥʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʪʝʯʝʥʠʷ. ʆʙʳʯʥʦ ʜʣʷ ʵʪʦʛʦ ʚ ʤʦʜʝʣʴ ʚʢʣʶʯʘ-

ʝʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʙʣʦʢ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʯʠʩʣʝʥʥʦ ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʮʠʨʢʫʣʷʮʠʷ. ʅʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʴʰʝʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʘʜʘʥʠʷ 

ʥʘʯʘʣʴʥʳʭ, ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʛʨʘʥʠʯʝʥʦ. 
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ʈʘʠʤʢʫʣʦʚ ʄ.ʅ. 

ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʢʘʥʜ. ʪʝʭʥʠʯ. ʥʘʫʢ, ʩ.ʥ.ʩ., 

ʂʳʨʛʳʟʩʪʘʥ, ʛ. ɹʠʰʢʝʢ 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʘʥʝʝ ʩʪʨʫʢʪʫʨ ʬʦʪʦʥʦʚ ʠ ʤʝʭʘʥʠʟʤʘ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʩʚʦʡʩʪʚ ʬʦʪʦʥʦʚ ʚʦʟʤʦʞʥʦ ʦʧʠʩʘʪʴ ʠʭ ʚʦʣʥʦʚʳʝ ʩʚʦʡ-

ʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʠ ʧʦʣʷʨʠʟʘʮʠʶ. ʇʨʠʚʝʜʝʥʳ ʬʘʢʪʦʨʳ, ʢʦʩʚʝʥʥʦ ʧʦʜ-

ʪʚʝʨʞʜʘʶʱʠʝ ʧʨʝʜʣʦʞʝʥʥʫʶ ʣʦʛʠʢʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʚʪʦʨʠʯʥʳʝ ʚʠʭʨʠ, ʠʥʪʝʨʬʝʨʝʥʮʠʷ, ʧʝʨʚʠʯʥʳʝ 

ʚʠʭʨʠ, ʧʦʣʷʨʠʟʘʮʠʷ, ʬʦʪʦʥʳ. 

 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʬʦʪʦʥʦʚ ʩʝʛʦʜʥʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʠʟʠʢʘ, ʛʦʚʦʨʷ ʦ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦ ʚʦʣʥʦʚʦʤ ʜʫʘʣʠʟʤʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠ ʦʧʠʩʳʚʘʝʪ ʵʪʦʪ ʜʫʘʣʠʟʤ 

ʯʝʨʝʟ ʦʧʠʩʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʠʩʧʫʩʢʘʝʤʳʭ ʧʦʨʮʠʷʤʠ ʠʣʠ ʢʚʘʥʪʘ-

ʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʟʚʘʥʳ ʬʦʪʦʥʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʠʩʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʩʚʦʡʩʪʚ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʚʩʝ. ʅʝʪ, ʥʘʧʨʠʤʝʨ ʦʜʥʦ-

ʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʯʪʦ ʩʣʫʞʠʪ ʩʨʝʜʦʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʢ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʝʩʣʠ ʚʩʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʬʠʟʠʢʠ, ʩʦ 

ʚʨʝʤʝʥ ʕʡʥʰʪʝʡʥʘ, ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʩʚʝʪʦʚʦʛʦ ʵʬʠʨʘ. 

ʈʘʥʝʝ ʫʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʧʦʥʠʤʘʥʠʶ ʠ 

ʦʧʠʩʘʥʠʶ ʢʦʨʧʫʩʢʫʣʷʨʥʦ ʚʦʣʥʦʚʳʭ ʩʚʦʡʩʪʚ ʬʦʪʦʥʦʚ. ɽʩʣʠ, ʢʘʢ ʙʳʣʦ ʦʪʤʝ-

ʯʝʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʪʦʥʳ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, 
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ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʦʣʥʳ ʠʟʣʫʯʘʝʤʳʝ ʧʦʨʮʠʷʤʠ, ʪ.ʝ. ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʩʪʘ-

ʚʷʪʩʷ ʩʚʦʡʩʪʚʘ ʚʦʣʥʳ, ʘ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʥʘ ʚʪʦʨʦʤ, ʢʘʢ ʙʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤ 

ʤʝʩʪʝ (ʢʘʢ ʧʦʨʮʠʶ ʚʦʣʥʳ), ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʧʝʨʚʦʝ ʧʦʩʪʘʚʣʝʥʳ ʢʦʨʧʫʩ-

ʢʫʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʥʘ ʚʪʦʨʦʝ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟ ʧʝʨʚʦʛʦ, ʚʦʣʥʦʚʳʝ. ʆ ʪʦʤ, 

ʯʪʦ ʬʦʪʦʥ ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʘʩʪʠʮʫ (ʙʦʣʝʝ ʪʦʛʦ ʝʛʦ ʨʝʛʠʩʪʨʠʨʫʶʪ 

ʢʘʢ ʯʘʩʪʠʮʫ) ʵʪʦ ʦʪʤʝʯʘʶʪ ʤʥʦʛʠʝ ʫʯʝʥʳʝ. ʅʘʧʨʠʤʝʨ, ʌʝʡʥʤʘʥ ʛʦʚʦʨʠʪ: 

çʀʩʩʣʝʜʫʷ ʩʚʝʪ ʥʘ ʧʫʪʠ ʠʟ ɸ ʚ ɺ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʦʥ ʚʦʚʩʝ ʥʝ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʣʥʫ. ʃʫʯʠ ʩʚʝʪʘ, ʦʢʘʟʳʚʘʝʪʩʷ, ʩʦʩʪʦʷʪ ʠʟ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʥʥʦʛʦ ʩʯʝʪʯʠʢʘ, ʦʥʠ ʟʘʩʪʘʚʣʷʶʪ ʝʛʦ 

ʱʝʣʢʘʪʴè [13, ʩ.20]. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʬʦʪʦʥʳ ʠʤʝʥʥʦ ʢʘʢ ʯʘʩʪʠʮʳ, 

ʠʤʝʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʧʨʦʷʚʣʷʶʪʩʷ ʚʩʝ ʠʭ 

ʩʚʦʡʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ [5 ʩ. 91, 12 ʩ.33]), ʚʢʣʶʯʘʷ ʚʦʣʥʦʚʳʝ. 

ʋʞʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʪʘʢʠʝ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ, 

ʢʘʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʦʪʦʥʦʚ (ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʣʠʯʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʩʨʝ-

ʜʳ) [6 ʩ.89], ʦʪʨʘʞʝʥʠʝ (ʚʢʣʶʯʘʷ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʩʦʭʨʘʥʝʥʠʷ ʧʨʘʚʦʚʠʥ-

ʪʦʚʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʩʣʝ 

ʦʪʨʘʞʝʥʠʷ) [1 ʩ.38], ʜʠʬʨʘʢʮʠʶ (ʩ ʦʧʠʩʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʧʦʷʚʣʝʥʠʷ ʠʥʪʝʨʬʝ-

ʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʚ ʦʧʳʪʝ ʖʥʛʘ ʩ ʜʚʫʤʷ ʱʝʣʷʤʠ, ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʦʜʠʥʦʯ-

ʥʳʭ ʬʦʪʦʥʦʚ) [7 ʩ.59, 8 ʩ.64], ʧʨʝʣʦʤʣʝʥʠʝ ʠ ʜʠʩʧʝʨʩʠʶ [1 ʩ. 40, 44]. ɺ ʜʘʥ-

ʥʦʡ ʨʘʙʦʪʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʦʤ ʞʝ ʧʦʜʭʦʜʝ, ʧʨʝʜʣʦʞʝʥʳ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʤʝʭʘʥʠʟʤʳ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʬʦʪʦʥʦʚ. 

ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʬʦʪʦʥʦʚ 

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʜʣʷ ʥʘʯʘʣʘ ʥʫʞ-

ʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʝʜʣʦʞʝʥʥʫʶ ʨʘʥʝʝ ʩʪʨʫʢʪʫʨʫ ʬʦʪʦʥʦʚ (ʨʠʩ.1): 

 
ʈʠʩ. 1. ɺʝʨʦʷʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʬʦʪʦʥʦʚ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʬʦʪʦʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʚʫʭ ʚʝʨʦʷʪʥʳʭ ʚʠ-

ʜʦʚ ʩʪʨʫʢʪʫʨ ʥʘʧʦʤʠʥʘʶʱʠʭ ʪʦʨʳ. ʌʦʪʦʥʳ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʦʝ ʚʨʘʱʝʥʠʝ, 

ʩʦʟʜʘʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʩʧʠʥ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʥʦ ʩʪʨʝʣʢʦʡ ʚ ʮʝʥʪʨʝ ʬʦ-

ʪʦʥʘ (ʨʠʩ. 1). ʊʘʢʞʝ ʚʨʘʱʘʶʪʩʷ ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʯʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ 

ʬʦʪʦʥʳ (ʥʘʟʚʘʥʥʳʝ ʬʠʟʠʯʝʩʢʠʤʠ ʪʦʯʢʘʤʠ ʤʘʪʝʨʠʠ-ʵʥʝʨʛʠʠ [10]), ʚʜʦʣʴ ʪʨʘ-

ʝʢʪʦʨʠʠ ʧʝʨʚʠʯʥʳʭ ʚʠʭʨʝʡ. ɼʘʥʥʦʝ ʚʨʘʱʝʥʠʝ ʧʦʢʘʟʘʥʦ ʩʪʨʝʣʢʦʡ ʜʣʷ ʧʝʨʚʠʯ-

ʥʳʭ ʚʠʭʨʝʡ, ʦʥʦ ʩʦʟʜʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ [2 ʩ.4]. ʇʦʯʝʤʫ ʦʥʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʧʨʝʜʣʦʞʝʥʥʳʝʩʪʨʫʢʪʫʨʳ, ʙʳʣʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ [9 ʩ.307], ʧʦʵʪʦʤʫ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʤʳ ʧʨʦʩʪʦ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʤʦʛʫʪ ʚʝʩʪʠ ʩʝʙʷ ʬʦʪʦʥʳ, ʠʤʝʶʱʠʝ ʧʦ-
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ʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʩʚʦʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʠ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ 

ʩʚʦʡʩʪʚʦ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʅʦ ʧʨʝʞʜʝ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʥʝʢʦʪʦ-

ʨʳʤʠ ʜʝʪʘʣʷʤʠ.  

ʀ ʥʘʯʥʝʤ ʩ ʪʦʛʦ, ʯʪʦ ʟʘʜʫʤʘʝʤʩʷ, ʯʪʦ ʦʟʥʘʯʘʶʪ ʪʝʤʥʳʝ ʠ ʩʚʝʪʣʳʝ ʧʦʣʦ-

ʩʳ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ, ʠʣʠ ʝʱʝ ʪʦʯʥʝʝ ʚʦʧʨʦʩ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʪʴ ʪʘʢ: çʇʦʯʝʤʫ ʤʳ ʛʜʝ-ʪʦ ʚʠʜʠʤ ʩʚʝʪ (ʩʚʝʪʣʳʝ ʧʦʣʦʩʳ), ʘ ʛʜʝ-ʪʦ ʩʚʝʪʘ 

ʥʝ ʚʠʜʠʤ (ʪʝʤʥʳʝ ʧʦʣʦʩʳ)è? ʂʘʢʠʤ ʙʳ ʩʪʨʘʥʥʳʤ ʥʝ ʢʘʟʘʣʩʷ ʚʦʧʨʦʩ ʥʘ ʧʝʨ-

ʚʳʡ ʚʟʛʣʷʜ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʦʪʚʝʪ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʧʨʦʩʪ: çʅʘʰ ʛʣʘʟ (ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʨʠʝʤʥʠʢ ʩʚʝʪʘ) ʚʠʜʠʪ ʩʚʝʪ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʤ ʤʝʩʪʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʟ ʵʪʦʛʦ ʤʝʩʪʘ ʚ ʥʝʛʦ ʧʦʧʘʜʘʶʪ ʬʦʪʦʥʳè. ɽʩʣʠ ʬʦ-

ʪʦʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʩʪʘ ʥʝ ʧʦʧʘʜʘʶʪ ʚ ʛʣʘʟ ʧʦʜ ʣʶʙʳʤ ʫʛʣʦʤ 

ʥʘʙʣʶʜʝʥʠʷ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ï ʚ ʵʪʦʤ ʤʝʩʪʝ ʬʦʪʦʥʦʚ ʥʝʪ! 

ɼʨʫʛʦʡ ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʚʘʞʝʥ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʬʝʨʝʥ-

ʮʠʠ ï ʵʪʦ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʯʪʦ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ çʬʘʟʝè ʧʦʪʦʢʘ ʬʦʪʦʥʦʚ 

(ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ). ʅʝ ʫʛʣʫʙʣʷʷʩʴ ʚ ʜʝʪʘʣʠ, ʧʨʦʩʪʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʨʘ-

ʥʝʝ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʠ ʦʙʦʩʥʦʚʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʬʘʟʦʡ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʬʦʪʦʥʘ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʬʦʪʦʥʘ (ʨʠʩ. 3) ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʠ ʤʘʛʥʠʪʥʳʡ ʚʝʢʪʦʨ, ʘ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʫʛʣʘ ʚʨʘ-

ʱʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ çʬʘʟʳ ʚʦʣʥʳè. 

ɼʣʷ ʬʦʪʦʥʦʚ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ ʜʚʠʛʘʶʱʠʭʩʷ (ʚ ʚʘʢʫʫʤʝ) ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʉ, ʥʝʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʩ ʘʪʦʤʘʤʠ ʬʦʪʦʥʳ 

ʥʘʯʥʫʪ ʚʨʘʱʘʪʴʩʷ ʠ ʠʭ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ɤi ʙʫʜʝʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʠʭ ʨʘʜʠʫʩʘʤ, ʘ ʜʣʠʥʘ ʚʦʣʥʳ ɚi ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ ʨʘ-

ʜʠʫʩʘʤ r i [11 ʩ.31]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʬʦʪʦʥʳ ʠʤʝʶʪ ʨʘʟʥʳʡ ʧʝ-

ʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ. 

 
ʈʠʩ. 2. ʄʝʭʘʥʠʟʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʣʦʩʢʠʭ ʚʦʣʥ 
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ʇʦʧʨʦʙʫʝʤ ʧʦʥʷʪʴ, ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʚʦʣʥʳ ʠʣʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʥʘʰʝʤʫ ʧʦʜʭʦʜʫ, ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʬʦʪʦʥʘ, ʘ ʩ ʥʠʤ ʠ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʚʣʠʷʝʪ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʦʪʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ. ʈʘʥʝʝ, ʧʨʠ ʦʧʠʩʘ-

ʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʦʚ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢ-

ʮʠʠ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩ ʪʦʢʦʤ, ʚ ʢʦʪʦ-

ʨʳʭ ʪʦʢʠ ʜʚʠʞʫʱʝʤʩʷ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʪʷʞʝʥʠʝ, ʘ ʚ ʩʣʫʯʘʝ 

ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʦʚ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʥʘʦʙʦʨʦʪ ʧʨʦʠʩʭʦʜʠʪ ʦʪʪʘʣʢʠʚʘʥʠʝ [5 ʩ.91]. ɸʥʘʣʦʛʠʯʥʦ ʪʘʢʦʤʫ ʤʘʛʥʠʪʥʦʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʦʚ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩʦ-

ʩʝʜʥʠʭ ʬʦʪʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʘʢʞʝ ʙʫʜʝʪ ʧʨʠʪʷʛʠʚʘʪʴ 

ʠʭ. ʀ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʢ-

ʪʦʨʦʚ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʙʫʜʝʪ ʦʪʪʘʣʢʠʚʘʪʴ ʬʦʪʦʥʳ. ɽʩʣʠ ʞʝ ʬʦʪʦʥʳ 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʪʦ ʧʨʠʪʷʞʝʥʠʝ ʠʣʠ ʦʪʪʘʣʢʠ-

ʚʘʥʠʝ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʥʝ ʪʘʢʠʤ ʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʊʝʧʝʨʴ ʠʤʝʷ ʚ ʚʠʜʫ ʧʨʝʜʣʦʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʬʦʪʦʥʦʚ, ʧʨʠʯʠʥʫ ʥʘʣʠ-

ʯʠʷ ʪʝʤʥʳʭ ʠ ʩʚʝʪʣʳʭ ʧʦʣʦʩ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ, ʚʟʘʠʤʦʩʚʷʟʴ ʬʘʟʳ 

ʩ ʚʝʢʪʦʨʦʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ ʨʘʜʠʫʩʦʚ ʬʦ-

ʪʦʥʦʚ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʳʭ ʚʝʢʪʦʨʦʚ ʬʦʪʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʙʝʨʝʤ 

ʚʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʚʫʭ ʧʣʦʩʢʠʭ ʚʦʣʥ ʩʚʝʪʘ (ʨʠʩ. 2). ʅʘ ʨʠ-

ʩʫʥʢʝ: ɸ ʠ ɹ ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʬʦʪʦʥʦʚ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʜʤʝʪʥʦʡ 

ʠ ʦʧʦʨʥʦʡ ʚʦʣʥʳ. ʀʟ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ, ʩʦʛʣʘʩʥʦ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʦʤʫ, ʚʠʜ-

ʥʦ, ʯʪʦ ʚ ʟʦʥʘʭ I, II , IV ʠ V ʬʦʪʦʥʳ ʧʨʠʪʷʛʠʚʘʶʪʩʷ, ʘ ʚ ʟʦʥʝ IIIï ʦʪʪʘʣʢʠʚʘʶʪ-

ʩʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʟʦʥʘʭ I, II , IV ʠ V ʬʦʪʦʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʘ ʚ ʟʦʥʝ III  ï 

ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʝʪ ʥʘ ʵʢʨʘʥʝ ʩʚʝʪʣʳʝ ʠ ʪʝʤʥʳʝ ʧʦʣʦʩʳ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʪʚʝʨʞʜʘʶʱʝʡ ʙʘʟʳ ʧʨʝʜʣʦʞʝʥʥʦʡ ʣʦ-

ʛʠʢʠ, ʨʘʟʙʝʨʝʤ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ ʠʥʪʝʨʬʝʨʝʥ-

ʮʠʠ ʩʚʝʪʘ, ʪʦ, ʢʘʢ ʦʥʠ ʦʙʲʷʩʥʷʶʪʩʷ (ʠʣʠ ʥʝ ʦʙʲʷʩʥʷʶʪʩʷ) ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝ-

ʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʪʦ, ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʵʪʦ 

ʚʦʣʥʘ ʠ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʘʩʩʠʯʝʩʢʦʝ ʩʣʦʞʝʥʠʝ ʚʦʣʥ, ʪʦ ʜʣʷ ʩʣʫʯʘʷ 

ʩʣʦʞʝʥʠʷ ʜʚʫʭ ʢʦʛʝʨʝʥʪʥʳʭ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʚʦʣʥ ʧʨʠʭʦʜʷʱʠʭ ʥʘ ʵʢʨʘʥ ʚ 

ʧʨʦʪʠʚʦʬʘʟʝ ʤʳ, ʧʦ ʣʦʛʠʢʝ ʚʝʱʝʡ, ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ ʠʭ ʧʦʣʥʦʝ ʛʘʰʝʥʠʝ, ʪʦ 

ʝʩʪʴ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʚʝʪʣʳʭ ʧʦʣʦʩ. ʅʦ ʥʘ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʥʠ ʩʪʘʨʘʪʴʩʷ, ʤʳ 

ʥʝ ʧʦʣʫʯʠʤ ʧʦʜʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺʦʧʨʦʩ: çʇʦʯʝʤʫè? 

ɼʨʫʛʦʡ ʧʨʠʤʝʨ, ʢʦʪʦʨʳʡ ʤʳ ʤʦʞʝʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʦ ʩʫʤʤʘʨʥʘʷ 

ʘʤʧʣʠʪʫʜʘ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʩʣʦʞʝʥʠʠ ʜʚʫʭ ʚʦʣʥ. ʄʳ ʧʦʤʥʠʤ, ʯʪʦ 

ʧʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʩʫʤʤʘʨʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ I=2I0(1+Cosű) [2, ʩ. 4]. ʕʪʦ ʦʟʥʘʯʘ-

ʝʪ, ʯʪʦ ʚ ʤʘʢʩʠʤʫʤʘʭ ʩʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙʫʜʝʪ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ ʯʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʚʦʣʥ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ (I=4I0), ʪʦ ʝʩʪʴ ʦʥʘ ʙʫʜʝʪ ʚ 2 

ʨʘʟʘ ʙʦʣʴʰʝ ʩʫʤʤʘʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʧʦʣʫʯʠʪʴ-

ʩʷ, ʝʩʣʠ ʙʳ ʤʳ ʝʝ ʩʢʣʘʜʳʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʠʢʦʡ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ʇʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ ʥʘ ʥʝʢʦʪʦʨʳʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʢʣʘʩʩʠ-

ʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʤʳ ʠʤʝʝʤ ʥʘ ʧʨʘʢʪʠʢʝ.  

ʇʦʧʨʦʙʫʝʤ ʟʘʥʦʚʦ ʦʙʲʷʩʥʠʪʴ ʜʘʥʥʳʝ ʬʘʢʪʳ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʬʦʪʦʥʦʚ.  

1. ʉʣʦʞʝʥʠʝ ʜʚʫʭ ʧʦʪʦʢʦʚ ʬʦʪʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʢʦʤ-

ʧʝʥʩʘʮʠʠ [(+1) + (ï1) = 0], ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʛʘʰʝʥʠʠ ʧʠʢʦʚ ʚʦʣʥ, ʧʨʠ-

ʭʦʜʷʱʠʭ ʚ ʧʨʦʪʠʚʦʬʘʟʝ, ʘ ʥʘ ʧʨʠʥʮʠʧʝ ʧʨʠʪʷʞʝʥʠʷ ʠʣʠ ʦʪʪʘʣʢʠʚʘʥʠʷ. ɼʘʥ-

ʥʳʡ ʧʨʠʥʮʠʧ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʯʝʟʥʦʚʝʥʠʝ ʬʦʪʦʥʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʢʦʤ-

ʧʝʥʩʘʮʠʝʡ ʧʠʢʦʚ ʚʦʣʥ, ʘ ʛʦʚʦʨʠʪ ʣʠʰʴ ʦʙ ʠʟʤʝʥʝʥʠʠ ʠʭ ʪʨʘʝʢʪʦʨʠʠ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʠʭ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʚʦ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʠʥʪʝʨʬʝ-

ʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ (ʟʦʥʘ III  ʨʠʩ. 2). 

2. ʉʣʦʞʝʥʠʝ ʜʚʫʭ ʧʦʪʦʢʦʚ ʬʦʪʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʣʦʞʝʥʠʷ 

ʥʝ ʪʦʣʴʢʦ ʪʝʭ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʥʘʧʨʷʤʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʟʦ-

ʥʫ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʥʦ ʠ ʩʣʦʞʝʥʠʷ ʪʝʭ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʣʝʪʷʪ ʚ ʩʦʩʝʜʥʠʝ ʟʦ-

ʥʳ, ʥʦ ʟʘ ʩʯʝʪ ʦʪʪʘʣʢʠʚʘʥʠʷ ʪʘʤ (ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʬʦʪʦʥʳ ʧʨʠʭʦʜʷʪ ʚ 

ʧʨʦʪʠʚʦʬʘʟʝ) ʪʘʢʞʝ ʧʦʧʘʜʘʶʱʠʝ ʚ ʟʦʥʫ ʩʚʝʪʣʳʭ ʧʦʣʦʩ, ʪʝʤ ʩʘʤʳʤ ʜʦʙʘʚʣʷʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʧʦʣʦʩ ʠ ʜʘʚʘʷ ʨʝʟʫʣʴʪʘʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʦʨʤʫʣʝ 

I=4I0 (ʨʠʩ. 3): 

 
ʈʠʩ. 3. ʄʝʭʘʥʠʟʤ ʩʣʦʞʝʥʠʷ ʬʦʪʦʥʦʚ ʧʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

 

ʇʦʣʷʨʠʟʘʮʠʷ ʬʦʪʦʥʦʚ 

ɺ 1808 ʛ. ʕʪʴʝʥ ʃʫʠ ʄʘʣʶʩ ʵʢʩʧʝʨʠʤʝʥʪʠʨʫʷ ʩʦ ʩʚʝʪʦʤ, ʧʨʦʧʫʱʝʥʥʳʤ 

ʯʝʨʝʟ ʠʩʣʘʥʜʩʢʠʡ ʰʧʘʪ, ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʩʚʝʪ ʤʦʞʝʪ ʠʤʝʪʴ çʫʧʦʨʷʜʦʯʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫè ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʬʦʪʦʥʦʚ. ʇʨʠʯʝʤ ʄʘʣʶʩ, ʢʘʢ ʤʳ 

ʧʦʤʥʠʤ, ʦʧʠʨʘʣʩʷ ʥʘ ʢʦʨʧʫʩʢʫʣʷʨʥʫʶ ʪʝʦʨʠʶ ʩʚʝʪʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ ʅʴʶ-

ʪʦʥʦʤ. ʉʝʛʦʜʥʷ ʩʚʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʢʦʪʦʨʘʷ ʤʦ-

ʞʝʪ ʤʝʥʷʪʴ ʚʝʢʪʦʨʳ ʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʠ ʦʧʠʩʳ-

ʚʘʪʴ ʠʤʠ ʢʨʫʛ, ʵʣʣʠʧʩ ʠʣʠ ʧʨʷʤʫʶ ʣʠʥʠʶ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʫʧʦʤʷʥʫ-

ʪʳʭ ʚʝʢʪʦʨʦʚ, ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʚʝʪʘ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʬʦʪʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʬʦʨʤʝ ʪʦʨʘ. ʀ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʧʦʜʭʦʜ ʘʚʪʦʨʘ ʩʦʚ-

ʧʘʜʘʝʪ ʩ ʧʦʜʭʦʜʦʤ ʄʘʣʶʩʘ ʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʦʨʧʫʩʢʫʣʷʨʥʫʶ ʪʝʦʨʠʶ ʩʚʝʪʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʬʦʪʦʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʣʝʪʘʷ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʷʩʴ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʠʠ, ʤʦʛʫʪ ʚʨʘʱʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʚʦʩʧʨʠʥʠʤʘʝʤ ʜʘʥʥʳʡ ʧʦʪʦʢ ʬʦʪʦʥʦʚ ʢʘʢ ʥʝ ʧʦʣʷʨʠʟʦʚʘʥ-

ʥʦʝ ʠʟʣʫʯʝʥʠʝ. ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʚʨʘʱʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 

I  

 
I II  

 

II  
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4 ʧʦʢʘʟʘʥʳ ʬʦʪʦʥʳ, ʚʨʘʱʘʶʱʠʝʩʷ ʚʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ  

ʧʣʦʩʢʦʩʪʷʭ: 

 
ʈʠʩ. 4. ɺʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʬʦʪʦʥʦʚ 

 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʬʦʪʦʥʳ ʧʨʝʪʝʨʧʝʚʘʶʪ, ʦʪʨʘʞʝʥʠʝ ʠʣʠ ʧʨʝʣʦʤʣʝ-

ʥʠʝ, ʦʥʠ ʤʦʛʫʪ ʧʨʠʦʙʨʝʩʪʠ ʯʘʩʪʠʯʥʫʶ ʠʣʠ ʧʦʣʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ. ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ ʧʦʣʷʨʠʟʘʮʠʠ, ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʦʪʨʘʞʝʥʠʷ ʬʦʪʦʥʘ 

ʦʪ ʟʝʨʢʘʣʘ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʚʦʟʴʤʝʤ ʬʦʪʦʥ, ʧʣʦʩʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʦ ʩʪʦʣʢʥʦʚʝ-

ʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʦʙʱʝ ʥʝ ʚʨʘʱʘʣʘʩʴ (ʨʠʩ. 5). ʇʦʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʬʦ-

ʪʦʥʘ ʩ ʟʝʨʢʘʣʦʤ ʠ ʦʪʨʘʞʝʥʠʷ ʦʪ ʥʝʛʦ, ʦʥ ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ. ɺʦʪ ʵʪʦ ʚʨʘʱʝ-

ʥʠʝ ʧʣʦʩʢʦʩʪʠ ʬʦʪʦʥʘ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʠʠ ʤʳ ʠ ʚʦʩʧʨʠʥʠʤʘʝʤ ʢʘʢ ʧʦ-

ʣʷʨʠʟʘʮʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. ʇʨʠʯʝʤ ʝʩʣʠ ʧʣʦʩʢʦʩʪʠ ʚʩʝʭ ʬʦʪʦʥʦʚ 

ʚʨʘʱʘʶʪʩʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʤʳ ʠʤʝʝʤ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ. ɽʩʣʠ ʞʝ ʬʦʪʦʥʳ ʜʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʫʞʝ ʠʤʝʣʠ ʚʨʘʱʝʥʠʝ 

ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʝʤʫ ʧʨʠʜʘʝʪ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʟʝʨʢʘʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʵʣʣʠʧʪʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ. 

 
ʈʠʩ. 5. ʇʨʠʦʙʨʝʪʝʥʠʝ ʚʨʘʱʝʥʠʷ ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʨʘ ʨʘʟʙʝʨʝʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʬʦʪʦʥʳ 

ʧʦʧʘʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʳʯʥʦʛʦ ʩʪʝʢʣʘ. ʂʘʢ ʤʳ ʧʦʤʥʠʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʯʘʩʪʴ ʬʦʪʦʥʦʚ ʦʪʨʘʟʠʪʩʷ ʠ ʧʨʠʦʙʨʝʪʝʪ ʧʦʣʷʨʠʟʘʮʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʬʦʪʦʥʦʚ ʧʨʦʡʜʝʪ ʩʢʚʦʟʴ 

ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩʨʝʜ ʠ ʧʨʠʦʙʨʝʪʝʪ ʧʦʣʷʨʠʟʘʮʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʨʘʣ-

ʣʝʣʴʥʫʶ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ [3, ʩ. 432]. ʈʘʟʙʝʨʝʤ ʩ ʯʝʤ ʵʪʦ ʩʚʷʟʘʥʦ, ʦʧʠʨʘ-

ʷʩʴ ʥʘ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʬʦʪʦʥʦʚ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ, ʜʣʷ ʩʣʫʯʘʷ, ʢʦ-

ʛʜʘ ʦʥʠ ʣʝʪʷʪ ʚ ʚʦʟʜʫʭʝ ʠ ʧʦʧʘʜʘʶʪ ʥʘ ʩʪʝʢʣʦ, ʦʥʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʯʘʩʪʠʮʘʤʠ 
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ʩʪʝʢʣʘ (ʤʦʣʝʢʫʣʘʤʠ, ʘʪʦʤʘʤʠ, ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ) ʠ ʵʪʠ ʩʪʦʣʢʥʦʚʝ-

ʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ (ʨʠʩ. 6). ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʬʦʪʦʥ ʩʪʘʣʢʠʚʘʝʪʩʷ 

ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʴʶ ʩ ʯʘʩʪʠʮʘʤʠ ʩʪʝʢʣʘ ʪʘʢ, ʯʪʦ ʵʪʦ ʩʪʦʣʢʥʦʚʝʥʠʝ ʟʘʩʪʘʚʣʷʝʪ 

ʝʛʦ ʦʪʨʘʟʠʪʴʩʷ, ʪʦ ʚʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ ʙʫʜʝʪ, ʢʘʢ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝ-

ʥʠʷ (ʨʠʩ. 6.ʘ,ʙ):  

 
ʈʠʩ. 6. ʇʦʣʷʨʠʟʘʮʠʷ ʬʦʪʦʥʦʚ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʠ ʧʨʝʣʦʤʣʝʥʠʠ 

 

ʈʘʥʝʝ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [5 ʩ.91], ʯʪʦ ʚʪʦʨʠʯʥʳʝ ʚʠʭʨʠ ʬʦʪʦʥʘ (ʪʦʨ, 

ʢʦʪʦʨʳʡ ʤʳ ʚʠʜʠʤ ʥʘ ʨʠʩ. 6) ʩʦʟʜʘʶʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʚʨʘʱʘʝʪʩʷ 
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ʧʦʜ ʫʛʣʦʤ ʚ 90
0
 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʠʯʥʳʤ ʚʠʭʨʷʤ, ʩʦʟʜʘʶʱʠʤ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ ʧʦʣʝ (ʨʠʩ. 1) [12 ʩ.45]. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 6.ʘ ʠ ʨʠʩ. 6.ʙ, ʧʣʦʩʢʦʩʪʴ ʬʦʪʦ-

ʥʘ, ʪ.ʝ. ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ᴆ̊, ʧʦʩʣʝ ʦʪʨʘʞʝʥʠʷ ʚʨʘʱʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ˒ᴆ 
ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ ʬʦʪʦʥʘ, ʪ.ʝ. ʬʦʪʦʥ 

ʧʨʠʦʙʨʝʣ ʧʦʣʷʨʠʟʘʮʠʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ. 

ʇʨʠ ʧʨʝʣʦʤʣʝʥʠʠ ʬʦʪʦʥʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʳ ʯʘ-

ʩʪʠʮʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʬʦʪʦʥ, ʦʥ ʤʦʞʝʪ ʚʨʘʱʘʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ (ʢʘʢ ʚ ʦʜʥʫ (ʨʠʩ.6.ʚ), ʪʘʢ ʚ ʜʨʫʛʫʶ (ʨʠʩ.6.ʛ) ʩʪʦʨʦʥʫ), 

ʩʦʟʜʘʚʘʷ ʧʦʣʷʨʠʟʘʮʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʨʘʣʣʝʣʴʥʫʶ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ 

ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ (ʨʠʩ.6.ʜ), ʩʦʟʜʘʚʘʷ ʠʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʧʘʜʘʶʱʠʝ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩʨʝʜ ʬʦʪʦʥʳ 

ʫʞʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʧʣʦʩʢʦʩʪʴ ʚʨʘʱʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʣʝʛʢʦ ʧʦʢʘʟʘʪʴ, 

ʯʪʦ ʬʦʪʦʥʳ, ʠʤʝʶʱʠʝ ʧʦʣʷʨʠʟʘʮʠʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʧʣʦʩʢʦʩʪʠ ʧʘʜʝʥʠʷ, 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʦʪʨʘʟʷʪʩʷ, ʘ ʬʦʪʦʥʳ ʠʤʝʶʱʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʧʦʣ̫ -

ʨʠʟʘʮʠʶ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʧʨʝʣʦʤʷʪʩʷ.  

 
ʈʠʩ. 7. ʅʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ᴆ˒ ʠ ʤʘʛʥʠʪʥʦʡ ᴆ̊ 
ʠʥʜʫʢʮʠʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʨʫʢʪʫʨʝ ʬʦʪʦʥʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 7: 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʭʦʞʜʝʥʠʝ ʩʚʝʪʘ ʯʝʨʝʟ ʵʢʨʘʥ ʚ ʚʠʜʝ ʧʘ-

ʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʷʱʠʭ ʧʨʦʚʦʜʦʚ. ʊʘʢʠʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʝʱʝ ɻ.ɻʝʨʮʝʤ 

[4]. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʭʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣ-

ʥʳ ʯʝʨʝʟ ʪʘʢʦʡ ʵʢʨʘʥ ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʦʩʦʢ ʵʢʨʘʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʢʦʣʝʙʘʥʠʡ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ᴆ˒ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʙ-

ʣʫʯʘʶʱʝʡ ʵʢʨʘʥ ʚʦʣʥʳ. ɽʩʣʠ ʧʦʣʦʩʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥ  r ᴆ˒, ʪʦ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʦʪʝʨʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʢʨʘʥ. ʅʘʦʙʦʨʦʪ, ʝʩʣʠ 

ʧʦʣʦʩʢʠ ʧʘʨʘʣʣʝʣʴʥʳ ᴆ˒, ʪʦ ʧʘʜʘʶʱʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʢʨʘʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʘʷ ʚʦʣʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʥʝʛʦ (ʨʠʩ. 8): 

ᴆ̊ 

 

ᴆ˒ 
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ʈʠʩ. 8. ʇʨʦʭʦʞʜʝʥʠʝ ʬʦʪʦʥʦʚ ʯʝʨʝʟ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʧʨʦʚʦʜʘ 

 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʦʪʦʥʦʚ ʣʝʛʢʦ ʧʦʥʷʪʴ, ʯʪʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʚʦʜʷʱʠʝ ʧʨʦʚʦʜʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʚʝʢʪʦʨʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ᴆ˒, ʦʥʠ ʧʘʨʘʣʣʝʣʴʥʳ ʚʝʢʪʦʨʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ᴆ̊, ʪ.ʝ. ʦʥʠ ʧʘʨʘʣʣʝʣʴʥʳ ʧʣʦʩʢʦʩʪʠ ʬʦʪʦʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʪʦʥʳ ʩʚʦʝʡ 

ʫʟʢʦʡ ʛʨʘʥʴʶ ʣʝʛʢʦ ʧʨʦʭʦʜʷʪ ʩʢʚʦʟʴ ʧʨʦʚʦʜʘ. ʀʤʝʥʥʦ ʵʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ 

ʬʦʪʦʥʘʤ ʧʨʦʭʦʜʠʪʴ ʠʣʠ ʥʝ ʧʨʦʭʦʜʠʪʴ ʩʢʚʦʟʴ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴ-

ʥʳʭ ʧʦʣʦʩʦʢ ʠʣʠ ʩʢʚʦʟʴ ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʦʣʷʨʠʟʘʪʦʨ. 
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13. ʌʝʡʥʤʘʥ ʈ., ʃʝʡʪʦʥ ʈ., ʉʵʥʜʩ ʄ. ʌʝʡʥʤʘʥʦʚʩʢʠʝ ʣʝʢʮʠʠ ʧʦ ʬʠʟʠʢʝ 3. ʀʟʣʫʯʝ-

ʥʠʝ. ɺʦʣʥʳ. ʂʚʘʥʪʳ. ʊʦʤ 3, 1976 ʛ., 235 ʩ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://mipt.ru/dasr/upload/646/f_3kf8oa-arphh81ii9w.pdf 

 

 

ʇʆɼʍʆɼʓ ʂ ʈɽʐɽʅʀʖ ɿɸɼɸʏʀ 

ʆʇʊʀʄʀɿɸʎʀʀ ʈɽɿɽʈɺʀʈʆɺɸʅʀʗ ʄɽʊʆɼɸʄʀ 

ʅɽʆʇʈɽɼɽʃɽʅʅʆɻʆ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 
 

ʊʘʛʘʥʦʚ ɸ.ʀ. 

ʟʘʚ. ʢʘʬʝʜʨʦʡ çʂʦʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè  

ʈʷʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʈʦʩʩʠʷ, ʛ. ʈʷʟʘʥʴ 
 

ɿʘʭʘʨʦʚ ʉ.ʇ. 

ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ çʂʦʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè 

ʈʷʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʈʷʟʘʥʴ 
 

ʇʩʦʷʥʮ ɺ.ɻ. 

ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ çʂʦʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè 

ʈʷʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʈʦʩʩʠʷ, ʛ. ʈʷʟʘʥʴ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʦʜʝʣʠ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ, ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩʘʤʦʛʦ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʨʠʩʢʘʤʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʭʦʜ, ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʤʦʜʝʣʴ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʤʝʪʦʜʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤ ʩʘʤʦʛʦ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʥʳʤʠ ʨʠʩʢʘʤʠ 

[1, 2] ʷʚʣʷʝʪʩʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʘʥʦ ʥʘ ʚʚʝʜʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʜʣʷ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ. ʊʦʛʜʘ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʘʷ 

ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦ-

ʛʦ ʯʠʩʣʘ ʨʝʟʝʨʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ ʪʘʢ, ʯʪʦ-

ʙʳ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʠʣʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʜʘʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʠʩʪʝ-

ʤʳ. ɼʣʷ ʩʣʫʯʘʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩʦ 

ʩʣʦʞʥʳʤʠ (ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ) ʢʨʠʪʝʨʠʷʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʝʝ 

ʨʝʰʝʥʠʷ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʪʝʦʨʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [3]. 

ʇʨʠ ʵʪʦʤ ʚ ʯʠʩʣʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʧʦʜʭʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ 

ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʧʝʮʠʘʣʴʥʘʷ 

ʢʦʤʧʨʦʤʠʩʩʥʘʷ ʤʦʜʝʣʴ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʥʮʝʧʮʠʷ ʢʦʪʦ-

ʨʦʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʏʘʨʥʩʦʤ ʠ ʂʫʧʝʨʦʤ. ʉʫʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʝ ʚ ʩʦʩʪʦʷʥʠʠ ʜʘʪʴ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʜʦʩʪʠʞʠʤʦʩʪʠ ʢʘʞʜʦʡ ʮʝʣʠ ʠ ʜʘʣʝʝ ʚ ʧʨʦʮʝʩʩʝ 
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ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʦʣʫʯʝʥʥʳʭ 

ʦʮʝʥʦʢ ʫʨʦʚʥʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʠ ʮʝʣʠ ʙʳʚʘʶʪ ʥʝʩʦʚʤʝʩʪʠʤʳ ʠ ʪʦʛʜʘ ʚʦʟ-

ʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʠʝʨʘʨʭʠʶ ʚʘʞʥʦʩʪʠ ʵʪʠʭ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʮʝʣʝʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʤʫ ʠʭ ʯʠʩʣʫ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ [2, 4-6]. ʊʨʝʙʫʝʤʳʡ ʙʘʣʘʥʩ ʮʝʣʝʡ ʚ ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʷ ʫʨʦʚ-

ʥʝʡ ʮʝʣʝʡ ʠ ʩʪʨʫʢʪʫʨʘ ʧʨʠʦʨʠʪʝʪʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣʠʮʦʤ, ʧʨʠʥʠʤʘʶʱʠʤ 

ʨʝʰʝʥʠʷ [1, 2].  

ɿʘʧʠʰʝʤ ʤʦʜʝʣʴ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ [2, 3] 

ừ
Ử
Ử
Ừ

Ử
Ử
ứ
άὭὲ ὖ όὨ ὺὨ         

 ̘̒̔̆̓̏̍ ̘̏̄̑́̎̉̆̎̉̊ȡ                   

Ὢὼ Ὠ Ὠ ὦȟὭ ρȟςȣάȟ

Ὣ ὼ πȟὮ ρȟςȣὴȟ                       

ὨȟὨ πȟὭ ρȟςȣάȟ                     

 

ʛʜʝ ὖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʠʦʨʠʪʝʪʘ, ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʝʪ ʦʪ-

ʥʦʩʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ, ὖḻὖ  ʜʣʷ ʚʩʝʭ j; ό  ï ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʮʝʣʠ i ʩ 

ʧʨʠʩʚʦʝʥʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ j; ὺ  ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʮʝʣʠ i ʩ ʧʨʠʩʚʦʝʥʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ j; Ὠ  ï 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʘʟʥʘʯʝʥʥʦʛʦ ʫʨʦʚʥʷ ʮʝʣʠ i, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʘʢ 

Ὠ Ὢὼ ὦ π᷉Ƞ 
Ὠ  ï ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʘʟʥʘʯʝʥʥʦʛʦ ʫʨʦʚʥʷ ʮʝʣʠ i, ʦʧʨʝʜʝ-

ʣʷʝʤʦʝ ʢʘʢ 

Ὠ ὦ Ὢὼ π᷉Ƞ 
Ὢ ï ʬʫʥʢʮʠʷ ʚ ʮʝʣʝʚʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ; Ὣ- ʬʫʥʢʮʠʷ ʚ ʩʠʩʪʝʤʥʳʭ ʦʛʨʘ-

ʥʠʯʝʥʠʷʭ; ὦ ï ʥʘʟʥʘʯʝʥʥʳʡ ʫʨʦʚʝʥʴ ʮʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʥʘʯʝʥʠʶ ʮʝʣʠ 

i; l ï ʯʠʩʣʦ ʧʨʠʦʨʠʪʝʪʦʚ, m ï ʯʠʩʣʦ ʮʝʣʝʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ P ï ʯʠʩʣʦ ʩʠʩʪʝʤ-

ʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɺ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʤʦʜʝʣʴ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʪʘʢʞʝ ʚ ʜʨʫʛʦʤ ʚʠʜʝ [2, 3] 

ừ
Ử
Ử
Ừ

Ử
Ử
ứὰὩὼάὭὲόὨ ὺὨ ȟ όὨ ὺὨ ȟȣȟ όὨ ὺὨ

̐̑ ̘̠̖̉̏̄̑́̎̉̆̎̉ȡ                                                                                                  

Ὢὼ Ὠ Ὠ ὦȟὭ ρȟςȣάȟ

Ὣ ὼ πȟὮ ρȟςȣὴȟ                       

ὨȟὨ πȟὭ ρȟςȣάȟ                    

                                                                       

 

ʛʜʝ lexmin ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʝʨʘʪʦʨ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʦʡ ʤʠʥʠʤʠʟʘʮʠʠ 

ʚʝʢʪʦʨʘ ʮʝʣʝʚʳʭ ʬʫʥʢʮʠʡ. 



32 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʰʠʨʦ-

ʢʦʛʦ ʢʣʘʩʩʘ ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʦʪʜʝʣʴʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ 

ʟʘʜʘʯʠ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ ʠ ʥʘ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʥʝʣʠʥʝʡʥʦʛʦ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʮʝʣʝʚʦʛʦ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʜʭʦʜʳ 

ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʥʝʣʠʥʝʡʥʦʛʦ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠ-

ʮʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1 ï 3]. 

1. ʇʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʤʧʣʝʢʩ ʤʝʪʦʜʘ, ʪʘʢʠʝ, ʢʘʢ 

ʤʝʪʦʜ ʩʝʧʘʨʘʙʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʝʪʦʜ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʝʪʦʜʳ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʩʥʦʚ-

ʥʘʷ ʠʜʝʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʥʝʣʠʥʝʡʥʦʛʦ ʮʝʣʝ-

ʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʥʘʙʦʨ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʮʝʣʝʚʦ-

ʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʮʝʣʝʚʦʛʦ ʩʠʤ-

ʧʣʝʢʩ-ʤʝʪʦʜʘ.  

2. ʇʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʷʤʦʛʦ ʧʦʠʩʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʦʠʩʢʘ ʧʦ ʦʙʨʘʟʮʫ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ 

ʧʦʠʩʢʘ ʧʦ ʦʙʨʘʟʮʫ ʠ ʛʨʘʜʠʝʥʪʫ. ɺ ʵʪʦʤ ʧʦʜʭʦʜʝ ʟʘʜʘʯʘ ʥʝʣʠʥʝʡʥʦʛʦ ʮʝʣʝʚʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʘʙʦʨ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ ʥʝʣʠ-

ʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʟʘʪʝʤ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʠʩʢʘ ʜʣʷ ʦʜʥʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ. 

3. ʇʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʨʘʜʠʝʥʪʦʚ. ɺ ʵʪʠʭ ʤʝʪʦʜʘʭ 

ʛʨʘʜʠʝʥʪ ʦʛʨʘʥʠʯʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʜʦʧʫʩʪʠʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʰʘ-

ʝʪʩʷ ʟʘʜʘʯʘ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʜʦʧʫʩʪʠʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

4. ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʨʝ-

ʰʘʪʴ ʟʘʜʘʯʠ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠ-

ʯʝʩʪʚʝ ʠʪʝʨʘʮʠʡ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʝ, ʚ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ. 

5. ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʨʝʰʘʪʴ ʰʠʨʦ-

ʢʠʡ ʩʧʝʢʪʨ ʟʘʜʘʯ ʩʦ ʩʣʦʞʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʤʦʜʝʣʷʤʠ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʮʝʣʝʚʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪ ʥʘ ʧʨʘʢʪʠʢʝ ʩʚʦʝʡ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ [1, 2], ʟʘʜʘʥʥʳʭ ʮʝʣʝʚʳʭ ʢʨʠʪʝʨʠʝʚ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ [3 ï 8]. 
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ʉɽʂʎʀʗ çʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀè 
 

ʈɸɿʈɸɹʆʊʂɸ ʇɽʈʉʇɽʂʊʀɺʅʓʍ ʉʇʆʉʆɹʆɺ ʆʏʀʉʊʂʀ ʇʆʏɺ, 

ɿɸɻʈʗɿʅɽʅʅʓʍ ʅɽʌʊɽʆʊʍʆɼɸʄʀ 
 

ɸʙʠʣʙʝʢ ɾ.ɸ. 

ʠʥʞʝʥʝʨ ʃʘʙʦʨʘʪʦʨʠʠ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʬʠʣʷ ʈɻʇ ʥʘ ʇʍɺ 

 "ʂɻʋ ʠʤ. ʂʦʨʢʳʪ ʘʪʘ", ʤʘʛʠʩʪʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʳʟʳʣʦʨʜʘ 
 

ʊʘʥʞʘʨʠʢʦʚ ʇ.ɸ. 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʅʝʬʪʝʛʘʟʦʚʳʡ ʠʥʞʠʥʠʨʠʥʛè ʂʳʟʳʣʦʨʜʠʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʂʦʨʢʳʪ ɸʪʘ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, 

ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʳʟʳʣʦʨʜʘ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʧʦʯʚ ʦʪ ʥʝʬʪʷʥʳʭ ʟʘ-

ʛʨʷʟʥʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ 

ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʢ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ. ʆʙʨʘʙʦʪʢʘ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʘʤ ʚʝʜʝʪ ʢ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʪʠʪʝʣʴʥʘʷ ʦʩʥʦʚʘ ʧʨʠ-

ʥʠʤʘʝʪ ʥʘ ʩʝʙʷ ʙʘʢʪʝʨʠʠ, ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʠʦʘʢʪʠʚʠʟʘʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʥʝʬʪʷʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʙʠʦʘʢʪʠʚʠʟʘʮʠʷ, ʙʠʦʘʢ-

ʪʠʚʥʳʡ ʧʨʝʧʘʨʘʪ, ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ. 

 

ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʫʯʝʥʦʛʦ ʍ.ɹʝʥʥʝʪ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʟʨʫʰʝʥʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʶʪʩʷ ʩʦʪʥʠ, ʪʳʩʷʯʠ 

ʣʝʪ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ, 

ʬʠʪʦʤʝʣʠʦʨʘʪʠʚʥʳʝ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʧʦʯʚ ʦʪ ʥʝʬʪʷ-

ʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʦʯʠʱʝʥʠʷ ʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʫʛʣʝʚʦʜʦʨʦ-

ʜʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʳ-

ʨʘʙʘʪʳʚʘʶʪ ʬʝʨʤʝʥʪʳ, ʦʢʠʩʣʷʶʱʠʝ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʫʛʣʝʚʦʜʦʨʦ-

ʜʦʚ. ʂʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʤʝʪʘʙʦʣʠʟʤʘ ʷʚʣʷʶʪʩʷ CO2, H2O, ʪʝʧʣʦ ʠ ʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʤʘʩʩʳ[7]. 

ɺ ʵʢʦʪʦʢʩʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʜʘʝʪʩʷ ʧʦʠʩʢʘʤ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʩʘʤʦʦʯʠʱʝʥʠʷ ʧʦʯʚʳ ʦʪ ʥʝʬʪʠ ʧʫ-

ʪʝʤ ʫʩʢʦʨʝʥʥʦʡ ʝʝ ʜʝʛʨʘʜʘʮʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʢ ʪʘʢʠʤ ʨʝʛʫʣʷʪʦʨʘʤ ʤʦʞʥʦ ʦʪ-

ʥʝʩʪʠ ʨʘʟʣʠʯʥʳʝ ʦʪʭʦʜʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʘʢʦ-

ʚʳʤʠ ʷʚʣʷʶʪʩʷ ʦʧʠʣʢʠ, ʤʦʭ, ʪʦʨʬ, ʢʘʨʪʦʥ, ʮʝʣʣʶʣʦʟʘ, ʣʠʛʥʠʥ, ʘ ʪʘʢʞʝ ʥʝʢʦ-

ʪʦʨʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʩʣʫʞʘʱʠʝ ʧʠʪʘʪʝʣʴʥʳʤʠ ʩʫʙ-

ʩʪʨʘʪʘʤʠ ʜʣʷ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʪʨʘʥʩʬʦʨʤʘʥʪʦʚ ʠ ʜʝʩʪʨʫʢʪʦʨʦʚ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ) [3,8]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʧʦ 

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʪʘʚʫ ʨʝʛʫʣʷʪʦʨ 

ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢ-

ʪʦʚ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʯʚʳ. ʀʤʝʶʪʩʷ ʝʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ, ʧʦ ʢʦʪʦʨʦʡ ʚʳ-
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ʙʠʨʘʶʪ ʠʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʕʪʦ ʠʭ ʜʝʰʝʚʠʟʥʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ, ʠʛʨʘʶʱʠʝ ʥʝ-

ʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʇʦ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʜʝʰʝʚʠʟʥʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ 

ʜʝʩʪʨʫʢʪʦʨʦʤ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ ï ʚʦʟʦʙʥʦʚ-

ʣʷʝʤʳʡ ʤʥʦʛʦʪʦʥʥʘʞʥʳʡ ʦʪʭʦʜ ʨʠʩʦʚʦʜʩʪʚʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷ-

ʣʘʩʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʘ 

ʧʨʦʮʝʩʩʘ ʩʘʤʦʦʯʠʱʝʥʠʷ ʧʦʯʚʳ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʳʪʳʚʘʣʠʩʴ 

ʜʚʘ ʪʠʧʘ ʧʨʦʜʫʢʪʘ: ʧʝʨʚʳʡ-ʵʪʦ ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ ʚ ʩʤʝʩʠ ʩ ʜʨʫʛʠʤʠ ʥʘʧʦʣʥʠ-

ʪʝʣʷʤʠ (ʥʘʚʦʟ, ʩʝʤʝʥʘ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ ʠ ʪ. ʜ.): ʚʪʦʨʦʡ ï ʙʠʦʢʦʤʧʦʩʪ 

ʥʘ ʙʘʟʝ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ [1]. 

ʇʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʧʨʝʧʘʨʘʪʘ. ʈʠʩʦʚʘʷ 

ʰʝʣʫʭʘ, ʚʳʙʨʘʥʥʘʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ, ʦʙʣʘʜʘʝʪ ʩʦʨʙʮʠʦʥʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʴʶ ʢ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤ. ʆʙʨʘʙʦʪʢʘ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʘʤ ʚʝʜʝʪ ʢ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʩʪʠʪʝʣʴʥʘʷ ʦʩ-

ʥʦʚʘ ʧʨʠʥʠʤʘʝʪ ʥʘ ʩʝʙʷ ʙʘʢʪʝʨʠʠ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʦʜʚʝʨʛʘ-

ʶʪʩʷ ʙʠʦʘʢʪʠʚʠʟʘʮʠʠ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʘʢʪʠʚʥʳʡ ʧʨʝʧʘʨʘʪ ʥʘ ʦʩ-

ʥʦʚʝ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ (ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ, ʢʫʨʠʥʦʛʦ ʧʦʤʝʪʘ ʠ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ) 

ʙʠʦʧʨʝʧʘʨʘʪ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ ʚ ʤʘʣʦʛʘʙʘʨʠʪ-

ʥʳʭ ʤʦʜʫʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʝʛʦ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʨʝʛʠʦʥʝ (ʥʘ ʤʝʩʪʝ ʧʦʪʨʝʙʠʪʝʣʷ). ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘ-

ʨʘʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʤʤʦʙʠʣʠʟʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʘʜʘʧʪʠ-

ʨʦʚʘʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʙʘʢʪʝʨʠʡ-ʜʝʩʪʨʫʢʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʚʳʩʪʫ-

ʧʘʶʪ ʧʦʯʚʝʥʥʳʝ ʛʝʪʝʨʝʪʨʦʧʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʨʦʜʦʚ: 

Pseudomonas, Achromobacter, Corynebacterium, Nocardia, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʛʨʫʧʧʝ ʫʛʣʝʚʦʜʦʨʦʜʦʦʢʠʩʷʶʱʠʭ ʙʘʢʪʝʨʠʡ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʛʣʝʚʦʜʦʨʦ-

ʜʳ ʥʝʬʪʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʢʘʢ ʚ ʘʵʨʦʙʥʳʭ, ʪʘʢ ʠ ʚ ʘʥʘʵʨʦʙʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʯʚʝʥʥʳʝ ʙʘʢʪʝʨʠʡ ʤʦʤʝʥʪʘʣʴʥʦ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʥʝʬʪʷʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʠ ʦʪʚʝʯʘʶʪ ʧʦʚʳʰʝʥʠʝʤ ʚʘʣʦʚʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʠ 

ʫʩʠʣʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ. ʏʠʩʣʝʥʥʦʩʪʴ ʵʪʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʧʦʯʚʝ ʜʦʩʪʠʛʘʝʪ ʧʦʨʷʜʢʘ 10-10 ʢʣ/ʛ ʧʦʯʚʳ[4]. 

ɺʘʞʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʘʥʘʵʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ- ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʦʩʪʘʪʦʢ (ʰʣʘʤ) ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʤʝʪʘʥʪʝʥʢʘʭ, 

ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʠʝ ʙʠʦʫʜʦʙʨʝʥʠʷ. ɸʥʘʵʨʦʙʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʝʱʝ 

ʠ ʪʝʤ, ʯʪʦ ʝʝ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ʬʝʨʤʝʥʪʘ ʢʣʝʪʯʘʪʢʘ ʮʝʣʣʶʣʦʟʳ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦ-

ʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ʛʣʶʢʦʟʳ ʠ ʮʝʣʣʦʙʠʦʟʳ. ʇʦʩʣʝʜʥʷʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘ ʧʝʨʝʭʦʜʠʪ ʚ ʛʣʶʢʦʟʫ, ʢʦʪʦʨʘʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʘʣʴ-

ʥʝʡʰʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʧʦ ʪʠʧʫ ʤʘʩʣʷʥʠʩʪʦʛʦ ʙʨʦʞʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʩ-

ʣʷʥʦʡ, ʫʢʩʫʩʥʦʡ, ʷʥʪʘʨʥʦʡ, ʤʦʣʦʯʥʦʡ ʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪ, ʚʦʜʦʨʦʜʘ, ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʠʥʦʛʜʘ ʩʧʠʨʪʘ, ʩ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʥʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʵʥʝʨʛʠʠ. ʇʨʦʮʝʩʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʢʣʝʪʯʘʪʢʠ ʤʦʞʥʦ ʚʳʨʘ-

ʟʠʪʴ ʧʦ ʩʭʝʤʝ: 
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(ʉ6ʅ10ʆ5)n + nH2O = nC6H12O6 = CH3CH2CH2COOH + 

+ CH3COOH +CO2+X ʢɼʞ 

ɺ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʢʫʣʴʪʫʨʝ ʧʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʨʦʞʝʥʠʷ ʦʙ-

ʥʘʨʫʞʠʚʘʝʪʩʷ ʤʝʪʘʥ (CH4). 

ɺʦʟʙʫʜʠʪʝʣʷʤʠ ʘʥʘʵʨʦʙʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʣʝʪʯʘʪʢʠ ʷʚʣʷʶʪʩʷ ʤʝʟʦ-

ʬʠʣʴʥʳʝ ʠ ʪʝʨʤʦʬʠʣʴʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʚ ʩʚʦʝʤ ʙʦʣʴʰʠʥ-

ʩʪʚʝ ʢ ʨʦʜʫ Clostridium. 

ɸʵʨʦʙʥʦʝ ʨʘʟʣʦʞʝʥʠʷ ʢʣʝʪʯʘʪʢʠ. ʇʨʦʪʝʢʘʝʪ ʭʦʨʦʰʦ ʘʵʨʠʨʫʝʤʳʭ ʩʣʦʷʭ 

ʧʦʯʚʳ. ɿʜʝʩʴ ʦʥʘ ʨʘʟʣʘʛʘʝʪʩʷ ʘʵʨʦʙʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʚʦʚʣʝʢʘʷʩʴ ʚ 

ʦʙʱʠʡ ʢʨʫʛʦʦʙʦʨʦʪ ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʨʦʜʝ. ʆʩʦʙʝʥʥʦ ʤʥʦʛʦ ʘʵʨʦʙʥʳʭ ʦʨʛʘʥʠʟ-

ʤʦʚ, ʨʘʟʣʘʛʘʶʱʠʭ ʢʣʝʪʯʘʪʢʫ, ʚ ʦʢʫʣʴʪʫʨʝʥʥʳʭ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ, ʫʜʦʙʨʝʥ-

ʥʳʭ, ʥʘʚʦʟʦʤ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʘʵʨʦʙʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʣʝʪʯʘʪʢʠ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʬʝʨʤʝʥʪʘ ʮʝʣʣʶʣʦʟʳ, ʚʳʜʝʣʷʝʤʦʛʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʧʨʦʠʩʭʦ-

ʜʠʪ ʛʠʜʨʦʣʠʟ ʢʣʝʪʯʘʪʢʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʚʦʟʤʦʞʥʦ ʩʘʭʘʨʦʚ, ʢʦʪʦʨʘʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʦʢʠʩʣʷʝʪʩʷ: 

(ʉ6ʅ10ʆ5)n + H2O + ʭʆ2 = R ï CHOHCOOH + O2 = 

= CO2 + H2O + X ʢɼʞ 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʦʢʩʠʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʤʘʪʝ-

ʨʠʘʣʦʤ ʜʣʷ ʛʨʫʧʧ ʘʟʦʪʦʬʠʢʩʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʧʦʯʚʳ, ʘ ʫʨʦʥʦʚʳʝ ʢʠʩʣʦʪʳ 

ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʛʫʤʫʩʘ. 

ɺ ʘʵʨʦʙʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʢʣʝʪʯʘʪʢʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʤʥʦʛʠʝ ʚʠʜʳ 

ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ (Aspegillus, Penicillium, Clodospoeium Botrytis, Fusarium) 

ʘʢʪʠʥʦʤʝʮʝʪʳ ʠ ʙʘʢʪʝʨʠʡ. ʅʘʠʙʦʣʝʝ ʵʥʝʨʛʝʪʠʯʥʳʤʠ ʨʘʟʨʫʰʠʪʝʣʷʤʠ ʷʚʣʷʶʪ-

ʩʷ ʙʘʢʪʝʨʠʡ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʦʧʳʪʳ ʧʦ ʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝ ʧʨʦʚʦʜʠ-

ʣʠ ʩ ʧʨʦʙʘʤʠ, ʦʪʦʙʨʘʥʥʳʤʠ ʠʟ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʂʫʤʢʦʣʴ. ʀʩʩʣʝʜʫʝʤʘʷ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʘʷ ʧʨʦʙʘ ʧʦʯʚʳ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʩ ʨʝʟʢʠʤ ʥʝʧʨʠʷʪʥʳʤ ʟʘʧʘʭʦʤ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʥʘʚʝʩʢʠ ʧʨʦʙʳ ʧʦʯʚʳ ʩʤʝʰʠʚʘʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝ-

ʥʠʷʭ ʩ ʨʠʩʦʚʦʡ ʰʝʣʫʭʦʡ ʩ ʪʝʤ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʘʵʨʠʨʫʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʯʚʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʳʭʣʝʥʠʷ ʝʝ ʥʘʧʦʣʥʠʪʝʣʝʤ (ʰʝʣʫʭʦʡ)[6]. ʉʤʝʩʴ ʧʦʯʚʳ 

ʩ ʰʝʣʫʭʦʡ ʩʤʘʯʠʚʘʣʠ ʚʦʜʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʫʩʣʦʚʠʝ 

ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʪʝʩʥʳʡ ʠ ʨʘʚʥʦʤʝʨʥʳʡ 

ʢʦʥʪʘʢʪ ʧʦʯʚʳ ʩ ʰʝʣʫʭʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ (ʨʘʟʨʫʰʝ-

ʥʠʷ) ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʝʨʠʠ ʦʧʳʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ ʧʦ ʤʝʨʝ ʠʩʪʝʯʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʥʘʷ ʧʦʯʚʘ ʧʦ-

ʩʪʝʧʝʥʥʦ ʪʝʨʷʣʘ ʟʘʧʘʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʝ ʮʚʝʪ ʩʪʘʥʦʚʠʣʩʷ 

ʩʚʝʪʣʝʝ. ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʯʝʨʝʟ 2-3 ʥʝʜʝʣʠ ʧʦʯʚʘ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʩʚʝʪʣʝʣʘ, ʘ ʟʘʧʘʭ ʚʦʚʩʝ ʠʩʯʝʟ. ʕʪʠ ʚʠʟʫʘʣʴʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ ʷʚʣʷʝʪʩʷ ʧʨʝ-

ʢʨʘʩʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʢ ʠʥʪʝʥʩʠʚʥʦʡ 
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ʜʝʛʨʘʜʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʈʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʩʦʟʜʘʚʘʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʚʥʫʪʨʠ ʧʦʯʚʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʦʚ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʥʪʝʥʩʠʚʥʦʤ ʦʢʠʩʣʝʥʠʠ ʠ ʜʝ-

ʛʨʘʜʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʛʣʘʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ ʟʘ ʩʯʝʪ ʘʵʨʠ-

ʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʣʘʩʪʳ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʳ.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ, ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʛʣʫʙʠʥʳ 

ʘʵʨʘʮʠʠ ʧʦʯʚʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ ʠ ʪ. ʜ. ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʛʨʘʜʘ-

ʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʚ 

ʩʦʩʪʘʚʝ ʧʦʯʚʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʦʩʣʝʜʥʝʡ ʠ ʪ.ʜ. ʂ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʦʢʠʩʣʝʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʛʨʘʜʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʪʘʢʞʝ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʚʣʠʷʝʪ ʠ ʯʘʩʪʦʪʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʯʚʳ ʟʘ ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦ-

ʩʪʘʚʢʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʚ ʥʠʞʥʠʝ ʩʣʦʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʣʘʩʪʳ. 

ʇʨʠ ʵʪʦʤ ʚ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʝ ʧʦʯʚʳ ʥʘʨʷʜʫ ʩ ʨʠʩʦʚʦʡ ʰʝʣʫʭʦʡ ʚʥʦ-

ʩʷʪʩʷ ʥʘʚʦʟ, ʩʝʤʝʥʘ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ ʠ ʜʨʫʛʠʝ ʥʘʧʦʣʥʠʪʝʣʠ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦʯʚʳ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ ʚ ʩʠʣʫ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʣʘʩʪʘʭ ʧʦʯʚʳ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʧʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝ-

ʥʠʶ ʚ ʥʠʭ ʚʦʟʜʫʭʘ ʠ ʚʣʘʛʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʢʦʧʣʝʥʠʷ ʚʣʘʛʠ ʠ ʚʦʟʜʫʭʘ ʚ ʟʘ-

ʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʝʝ ʧʦʢʨʦʚʘ. 

ʅʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘʚʦʟʘ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙ-

ʨʝʥʠʠ ʥʘʨʷʜʫ ʩ ʩʝʤʝʥʘʤʠ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ ʩʦʟʜʘʶʪ ʪʘʢʞʝ ʙʣʘʛʦʧʨʠ-

ʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦʯʚʳ ʠ ʫʩʢʦʨʝʥ-

ʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʀʟʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʂʫʤʢʦʣʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʜʦʩʪʫʧʥʳʤ ʚ ʧʫʩʪʳʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ ʠʤʝʝʪʩʷ ʝʱʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʦʯʠʩʪʢʠ ʧʦʯʚʳ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʫʪʝʤ ʨʘʟʨʫʰʝʥʠʡ ʠʭ ʩ ʧʦ-

ʤʦʱʴʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘ-

ʪʝʣʴʥʦʡ ʩʨʝʜʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʣʘʛʘʶʱʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʩʳʨʴʝ ʥʘ ʫʛ-

ʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʙʠʦʤʘʩʩʫ. ʄʝʪʦʜʳ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪ-

ʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʠ ʙʠʦʢʦʤʧʦʩʪʘ ʥʘ ʦʩʥʦʚʝ ʪʦʡ ʞʝ ʨʠʩʦ-

ʚʦʡ ʰʝʣʫʭʠ ʧʦ ʯʘʩʪʠ ʠʭ ʚʥʝʩʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʥʠ ʯʝʤ ʥʝ ʦʪʣʠʯʘʶʪʩʷ. 

ʆʪʣʠʯʘʝʪʩʷ ʣʠʰʴ ʚ ʧʦʣʫʯʝʥʠʠ ʙʠʦʢʦʤʧʦʩʪʘ ʧʫʪʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʙʠʦʨʘʟ-

ʨʫʰʝʥʠʷ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʣʣʶʣʦʟʦ-ʨʘʟʨʫʰʘʶʱʠʭ ʧʦʯ-

ʚʝʥʥʳʭ ʘʵʨʦʙʥʳʭ ʠ ʘʥʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ.  

ʂʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʨʦʚʦʜʠʣʠ ʚ ʧʣʘʩʪʤʘʩʩʦʚʦʡ ʙʦʯʢʝ 

ʦʙʲʝʤʦʤ 200 ʣʠʪʨʦʚ ʩ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦ-

ʢʦʤʧʦʩʪʘ ʙʦʯʢʫ ʟʘʧʦʣʥʷʣʠ ʥʘ 2/3 ʦʙʲʝʤʘ ʨʠʩʦʚʦʡ ʰʝʣʫʭʦʡ, ʟʘʪʝʤ ʟʘʣʠʚʘʣʠ 

ʚʦʜʦʡ [5]. ɺ ʙʦʯʢʫ ʚʥʦʩʠʣʠ ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʛʦʪʦʚʣʝʥʥʳʝ (ʢʫʣʴʪʠʚʠ-

ʨʦʚʘʥʥʳʝ) ʧʦʯʚʝʥʥʳʝ ʮʝʣʣʶʣʦʟʦʨʘʟʨʫʰʘʶʱʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʉʦʜʝʨʞʠ-

ʤʦʝ ʙʦʯʢʠ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʟʘʢʨʳʚʘʣʠ ʝʝ ʢʨʳʰʢʦʡ, ʪʝʤ ʩʘʤʳʤ ʩʦ-

ʟʜʘʚʘʷ ʘʥʘʵʨʦʙʥʫʶ ʩʨʝʜʫ ʜʣʷ ʙʠʦʨʘʟʣʦʞʝʥʠʷ. ʇʨʦʮʝʩʩ ʙʨʦʞʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ 
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ʯʝʨʝʟ ʥʝʜʝʣʶ ʠ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 2-

2,5 ʤʝʩʷʮʘ. ʇʨʦʮʝʩʩ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʚʳʜʝ-

ʣʝʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʧʫʩʢʘʝʪʩʷ ʧʝʨʝʤʝʰʠʚʘ-

ʥʠʝʤ ʙʠʦʤʘʩʩʳ. ɺ ʮʝʣʷʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʙʨʦʞʝʥʠʷ ʨʠʩʦʚʦʡ ʰʝʣʫ-

ʭʠ ʚ ʙʦʯʢʫ ʚʥʦʩʠʣʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʘʚʦʟ ʠ ʢʫʨʠʥʳʡ ʧʦʤʝʪ [2]. 

ʇʨʦʮʝʩʩ ʙʨʦʞʝʥʠʷ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʭ 

ʬʘʟ: ʞʠʜʢʘʷ, ʛʘʟʦʦʙʨʘʟʥʘʷ ʠ ʪʚʝʨʜʘʷ. ɾʠʜʢʘʷ ï ʵʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʛʘ-

ʟʦʦʙʨʘʟʥʘʷ -ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʪʚʝʨʜʘʷ ïʙʠʦʤʘʩʩʘ. ʂʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʤʘʩʩʳ 

ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʚ ʘʥʘʵʨʦʙʥʳʭ, ʪʘʢ ʠ ʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʵʪʦʤ ʠʟ ʦʙʱʝʡ 

ʤʘʩʩʳ ʩʤʝʩʠ 80% ʧʝʨʝʭʦʜʠʪ ʚ ʙʠʦʤʘʩʩʫ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʙʠʦ-

ʨʘʟʨʫʰʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʰʝʣ ʠʥʪʝʥʩʠʚʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

(35
0
ʉ) ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʋʩʢʦʨʝʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʯʚʳ ʩʧʦʩʦʙʩʪʚʦ-

ʚʘʣʦ ʯʘʩʪʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʤʘʩʩʳ. 

ɺ ʮʝʣʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʠ ʟʘʩʦʣʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʠʦʢʦʤʧʦʩʪ. ʂʘʢ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ, ʥʝʦʙʭʦ-

ʜʠʤʳʡ ʜʣʷ ʙʠʦʨʘʟʨʫʰʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʩʤʝʩʠ ʩ ʙʠʦʢʦʤʧʦʩʪʦʤ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʧʠʱʝʚʳʝ ʦʪʭʦʜʳ, ʦʙʨʘʟʫʶʱʠʝ ʚ ʚʘʭʪʦʚʳʭ ʧʦʩʝʣʢʘʭ ʥʝʬʪʷʥʠʢʦʚ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʰʢʦʣʘʭ ʩʪʘʣʦ ʦʙʷʟʘʪʝʣʴʥʳʤ ʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʥʝʚʥʠʢʘ ʫʯʘʱʠʭʩʷ ʠ ʧʝʨʝʭʦʜ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʞʫʨʥʘʣʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʙʦ-

ʯʝʝ ʤʝʩʪʦ ʫʯʠʪʝʣʷ, ʢʘʢ ʥʠʢʦʛʜʘ, ʥʫʞʜʘʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦ-

ʣʠʪ ʫʯʠʪʝʣʶ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʩ ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʫʩʢʦʨʠʪʴ ʦʙʤʝʥ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ [1]. 

ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʫʩʢʦʨʠʪʴ ʨʘʙʦʪʫ ʫʯʠʪʝʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʙʘʟʝ 

ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʝʜʠʥʳʤ ʧʨʠʥʮʠʧʘʤ ʠ ʥʘ ʝʜʠʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ. ʉ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʧʨʦʛʨʘʤʤ 1ʉ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʦʠʩʢʘ, ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʦʨʪʠʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʫʯʠʪʝʣʝʤ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʜʩʠʩʪʝ-

ʤʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʩʣʝʜʫʝʪ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʫʯʠ-

ʪʝʣʷ ʠ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ ʜʣʷ ʨʦʜʠʪʝʣʝʡ, ʫʯʝʥʠʢʦʚ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʰʢʦʣʳ. 

ɺʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʙʫʜʝʪ ʫʩʧʝʚʘʝʤʦʩʪʴ ʟʘ ʧʨʝʜʳʜʫʱʠʡ ʠ ʪʝʢʫʱʠʡ 

ʧʝʨʠʦʜʳ ʦʙʫʯʝʥʠʷ ʠ ʪʠʧʳ ʙʫʜʫʱʠʭ ʨʘʙʦʪ. ʅʘ ʚʳʭʦʜʝ ʙʫʜʫʪ ʦʪʯʝʪʳ ʧʦ ʫʩʧʝ-

ʚʘʝʤʦʩʪʠ, ʵʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ, ʚʝʜʦʤʦʩʪʠ ʧʦ ʧʨʦʧʫʩʢʘʤ. ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ 

ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ IDEF0 (ʨʠʩ.1) [2]. 

ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʤʝʩʪʦ (ɸʈʄ) ʫʯʠʪʝʣʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʰʝʩʪʴ ʩʪʘʜʠʡ ʚ ʦʙʱʝʤ ʧʨʦʮʝʩʩʝ 

ʚʳʧʦʣʥʝʥʠʷ ʦʙʷʟʘʥʥʦʩʪʝʡ: 

1. ʂʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʝʣʶ ʧʣʘʥʠʨʦʚʘʪʴ 

ʟʘʨʘʥʝʝ ʫʨʦʢʠ, ʢʦʥʪʨʦʣʴʥʳʝ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʨʘʙʦʪ. 

2. ʄʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʟʘ 

ʫʩʧʝʚʘʝʤʦʩʪʴʶ ʢʘʞʜʦʛʦ ʫʯʝʥʠʢʘ. 
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3. ɸʥʘʣʠʟ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʣʝʜʠʪʴ ʟʘ ʫʩʧʝʚʘʝʤʦʩʪʴʶ, ʢʘʢ ʦʪʜʝʣʴʥʦʛʦ ʫʯʝʥʠʢʘ, ʪʘʢ ʠ ʚʩʝʛʦ 

ʢʣʘʩʩʘ. 

4. ʕʣʝʢʪʨʦʥʥʳʡ ʞʫʨʥʘʣ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʚʩʝ ʦʮʝʥʢʠ 

ʫʯʘʱʝʛʦʩʷ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʟʘʜʘʯʫ ʧʨʠ ʚʳʩʪʘʚʣʝʥʠʠ ʦʮʝʥʢʠ ʟʘ ʯʝʪʚʝʨʪʴ ʠʣʠ ʛʦ-

ʜʦʚʦʡ ʦʮʝʥʢʠ. 

5. ʆʮʝʥʢʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦ ʢʣʘʩʩʫ ʜʣʷ ʢʣʘʩʩʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ. ɼʘʥ-

ʥʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʯʝʪ ʦ ʢʘʞʜʦʤ ʫʯʝʥʠʢʝ. ʊʘʢʘʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪ ʟʘʪʨʘʪʫ ʚʨʝʤʝʥʠ ʫʯʠʪʝʣʷ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʢ ʨʘʟʣʠʯʥʳʤ ʪʦʯ-

ʢʘʤ ʢʦʥʪʨʦʣʷ ʦʙʫʯʝʥʠʷ ʠ ʜʘʩʪ ʧʦʣʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʫʩʧʝʚʘʝʤʦʩʪʠ ʫʯʝʥʠʢʘ.  

6. ʇʨʦʧʫʩʢʠ ʫʨʦʢʦʚ.  

 

 
ʈʠʩ. 1. ʂʦʥʪʝʢʩʪʥʘʷ ʤʦʜʝʣʴ ɸʈʄ çʋʯʠʪʝʣʴè 

 

ɹʦʣʝʝ ʥʘʛʣʷʜʥʦ ʩʪʘʜʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʠʘ-

ʛʨʘʤʤʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʤʦʜʝʣʠ ʚ ʚʠʜʝ IDEF0 (ʨʠʩ.2). 

 

 
ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ɸʈʄ çʋʯʠʪʝʣʴè 
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ʂ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʜʩʠʩʪʝʤʝ ɸʈʄ çʋʯʠʪʝʣʴè ʧʨʝʜʲʷʚʣʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1) ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʜʦʩʪʫʧ ʢ ʙʘʟʝ 
ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʟʘʧʨʦʩʘʤ ʠ ʦʪʯy-

ʪʘʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʩʧʝʯʘʪʢʦʡ ʥʘ ʙʫʤʘʞʥʳʡ ʥʦʩʠʪʝʣʴ;  

2) ʥʘʩʪʨʦʡʢʘ ʧʦʜʩʠʩʪʝʤʳ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʫʯʠʪʝʣʶ, ʪʘʢ-

ʞʝ ʦʥʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʝʛʢʦʩʪʴ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʫʯʝ-

ʥʠʢʦʚ, ʬʦʨʤ ʜʦʢʫʤʝʥʪʦʚ, ʵʣʝʢʪʨʦʥʥʦʛʦ ʞʫʨʥʘʣʘ, ʚʝʜʦʤʦʩʪʝʡ ʠ ʚʚʦʜʘ ʧʝʨʚʠʯ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

3) ʠʥʪʝʨʬʝʡʩ ʩʠʩʪʝʤʳ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʝʥ.  

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʝʨʝʜ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʜʩʠʩʪʝʤʦʡ, 

ʜʦʣʞʥʦ ʙʳʪʴ ʪʦ, ʯʪʦʙʳ ʩʚʝʜʝʥʠʷ ʦʙ ʫʯʝʥʠʢʘʭ, ʠʭ ʫʩʧʝʚʘʝʤʦʩʪʠ ʠ ʧʨʦʧʫʩʢʘʭ, 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ ʚ ʥʘʛʣʷʜʥʦʤ ʚʠʜʝ ʠ ʧʦʣʥʦʤ ʦʙʲʝ-

ʤʝ. ɼʣʷ ʵʪʦʛʦ ʚ ʧʦʜʩʠʩʪʝʤʝ ʙʳʣ ʩʦʟʜʘʥ ʨʷʜ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʧʝʨʝʯʠʩʣʝʥʠʡ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ (ʨʠʩ. 3).  
 

 
ʈʠʩ. 3. ʇʨʠʤʝʨ ʩʧʨʘʚʦʯʥʠʢʘ çʋʨʦʢʠè 

 

ʇʝʨʚʠʯʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʫʯʠʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 

ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʟʘʥʷʪʠʡ, ʷʚʣʷʝʪʩʷ ʜʦʢʫʤʝʥʪ çʇʣʘʥʠʨʦʚʘʥʠʝè, ʦʥ 

ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʝʢʚʠʟʠʪʦʚ: ʂʣʘʩʩ, ʋʨʦʢ, ɺʘʨʠʘʥʪ 1, ɺʘʨʠʘʥʪ 2, 

ɺʠʜʋʨʦʢʘ, ʇʝʨʠʦʜ, ʆʪʚʝʪʩʪʚʝʥʥʳʡ. ɼʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʨʝʢʚʠʟʠʪʦʚ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʬʦʨʤʘ ʜʦʢʫʤʝʥʪʘ çʇʣʘʥʠʨʦʚʘʥʠʝè (ʨʠʩ.4). 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʨʝʙʫʝʤʳʭ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʙʦʯʝʤ ʤʝ-

ʩʪʝ ʫʯʠʪʝʣʷ ʷʚʣʷʶʪʩʷ ʦʪʯʝʪʳ. ɺ ʜʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʚʘʨʠʘʥʪʦʚ ʦʪʯʝʪʦʚ (ʨʠʩ. 5, 6). 
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ʈʠʩ. 4. ʇʨʠʤʝʨ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʦʡ ʨʘʙʦʪʳ 

 

 
ʈʠʩ. 5. ɸʥʘʣʠʟ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ 

 

 
ʈʠʩ. 6. ʈʘʩʯʝʪ ʧʨʦʧʫʩʢʦʚ 

 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ɸʈʄ çʋʯʠʪʝʣʴè ʥʘ ʙʘʟʝ 

ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè ʦʙʝʩʧʝʯʠʪ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ 

ʫʯʠʪʝʣʷ. ʊʘʢʞʝ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʫʯʠʪʝʣʷ ʠ ʜʦʢʘʟʘʥ-

ʥʘʷ ʛʠʙʢʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʝʸ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʝʣʦʤ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɿʘʡʮʝʚʘ, ʊ.ɺ. ʕʣʝʢʪʨʦʥʥʳʡ ʧʦʨʪʬʦʣʠʦ ʢʘʢ ʥʦʚʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 
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