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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʜʥʦ, ʢʦʣʝʩʥʦ-ʜʚʠʞʠʪʝʣʴʥʳʡ ʨʫʣʝʚʦʡ ʢʦʤʧʣʝʢʩ, ʚʝʪʨʦʚʦʝ ʚʦʟʜʝʡʩʪ-

ʚʠʝ. 
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ʜʚʠʞʠʪʝʣʴʥʦ ï ʨʫʣʝʚʳʤ ʢʦʤʧʣʝʢʩʦʤ çɿʦʣʦʪʦʝ ʢʦʣʴʮʦè. 

 

ɺ ʈʦʩʩʠʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʫʜʦʚ ʩ ʢʦʣʝʩʥʳʤ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʳʤ 
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ʧʘʩʩʘʞʠʨʩʢʠʝ ʪʝʧʣʦʭʦʜʳ ʧʨʦʝʢʪʘ ʇʂʉ-40 çʉʫʨʘè, çʂʦʣʝʩʦʚʲè ʠ çɼʦʙʨʦʭʦʜʲè [2,3]. 

ʕʪʠ ʩʫʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʣʦʡ ʦʩʘʜʢʦʡ (ʯʪʦ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʝʯʥʦʛʦ ʬʣʦʪʘ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʥʘ ʨʝʢʘʭ ʈʦʩʩʠʠ), ʭʦʨʦʰʠʤʠ ʤʘʥʝʚʨʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʥʠʟʢʠʤ 

ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ. ʉʫʜʘ ʵʪʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ: ʜʣʠʥʥʘ 

ï 35,8 ʤ, ʰʠʨʠʥʘ 9,8 ʤ, ʚʳʩʦʪʘ 8.4 ʤ. ʉʝʡʯʘʩ ʚʝʜʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦʛʦ ʧʘʩʩʘ-

ʞʠʨʩʢʦʛʦ ʩʫʜʥʘ çɿʦʣʦʪʦʝ ʢʦʣʴʮʦè, ʠʤʝʶʱʝʛʦ ʨʘʟʤʝʨʳ 81,6 * 13,8 * 9,5 ʤ, ʧʘʩʩʘʞʠ-

ʨʦʚʤʝʩʪʠʤʦʩʪʴʶ 180 ʯʝʣʦʚʝʢ (ʨʠʩ. 1). 

 

 

ʈʠʩ. 1. ʊʝʧʣʦʭʦʜʳ ʧʨʦʝʢʪʘ ʇʂʉ-40 ʠ ʇʂʉ ï 180 

ʉʫʜʘ ʩ ʂɼʈʂ ʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ï ʤʘʣʦʡ ʦʩʘʜʢʦʡ (ʦʢʦʣʦ 

60 ʩʤ ʜʣʷ ʇʂʉ-40 ʠ 120 ʩʤ ʜʣʷ ʇʂʉ-180) ʠ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʧʘʨʫʩʥʦʩʪʴʶ. ʂʘʢ ʧʦʢʘʟʘʣ 

ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʭʦʜʦʚ ʧʨʦʝʢʪʘ ʇʂʉ-40, ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʩʫʱʝʩʪʚʝʥʥʦ 



ɺ.ʗ. ɹʳʯʢʦʚ, ʃ.ʉ. ɻʨʦʰʝʚʘ, ɺ.ʀ. ʇʣʶʱʘʝʚ 

ʈʘʩʯʝʪ ʩʠʣ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʩ ʢʦʣʝʩʥʳʤ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʳʤ» 
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ʚʣʠʷʶʪ ʢʘʢ ʥʘ ʜʠʥʘʤʠʢʫ, ʪʘʢ ʠ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ (ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʩʫʜʦʚ ʚʩʝʭ ʪʠʧʦʚ [4,5,6]). ʕʪʦʪ ʵʬʬʝʢʪ, ʧʦ ʚʠʜʠʤʦʤʫ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʜʣʷ ʩʫʜʥʘ ʧʨʦʝʢʪʘ ʇʂʉ-180, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʚ 2,3 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ ʜʣʠ-

ʥʫ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʩʫʜʦʚ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʨʧʫʩ ʪʝʧʣʦʭʦʜʘ 

ʧʨʦʝʢʪʘ ʇʂʉ-180. 

ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ (ʎʄ) ʩʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʜʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʘʛʨʫʟʢʠ ʩʫʜʥʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,58 ʤ (ʜʣʷ ʩʫʜʥʘ ʩ 10% ʟʘʧʘʩʦʚ ʠ ʪʦʧʣʠʚʘ ʩ ʧʘʩʩʘʞʠʨʘ-

ʤʠ ʠ ʩ ʙʘʣʣʘʩʪʦʤ) ʜʦ 2,05 ʤ (ʜʣʷ ʩʫʜʥʘ ʩ 10% ʟʘʧʘʩʦʚ ʠ ʪʦʧʣʠʚʘ ʩ ʧʘʩʩʘʞʠʨʘʤʠ ʥʘ ʧʘ-

ʣʫʙʝ ʥʘʜʩʪʨʦʡʢʠ III ʷʨʫʩʘ). ʇʨʠ ʨʘʩʯʝʪʘʭ ʙʫʜʝʪ ʧʨʠʥʷʪʘ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ 1,3 ʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʜʥʫ ʩ 100% ʟʘʧʘʩʦʚ ʠ ʪʦʧʣʠʚʘ ʠ ʧʘʩʩʘʞʠʨʘʤʠ. 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʙʦʢʦʚʦʡ ʧʨʦʝʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 643 ʤ
2
(ʙʝʟ ʫʯʝʪʘ ʦʛʨʘʞʜʝʥʠʷ ʚʝʨʭ-

ʥʝʡ ʧʘʣʫʙʳ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʝʛʦ ʚʳʧʦʣʥʝʥʠʠ ʚ ʚʠʜʝ ʢʨʫʧʥʦʡ ʩʝʪʢʠ). ʉ ʫʯʝʪʦʤ ʧʣʦʱʘʜʠ 

ʦʛʨʘʞʜʝʥʠʷ ʚʝʨʭʥʝʡ ʧʘʣʫʙʳ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʙʦʢʦʚʦʡ ʧʨʦʝʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 680 ʤ
2
. 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʡ ʧʨʦʝʢʮʠʠ ʩʫʜʥʘ ʩʦʩʪʘʚʣʷʝʪ 113 ʤ
2
. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʩʫʜʥʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 

ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʦʩʦʚʦʡ ʚʩʪʘʚʢʦʡ. ʇʘʨʘʣʣʝʣʝʧʠʧʝʜ ʠʤʝʝʪ ʧʣʦʱʘʜʴ ʙʦʢʦʚʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʦʢʦʣʦ Sʧ =600 ʤ
2
, ʧʦʧʝʨʝʯʥʦʡ ʧʨʦʝʢʮʠʠ Sʢ =113 ʤ

2
. ʇʝʨʝʜʥʶʶ ʯʘʩʪʴ ʩʫʜʥʘ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʚʩʪʘʚʢʠ ʚʳʩʦʪʦʡ hʮ= 8,6 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 

2rʮ= 13,1 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʚʩʪʘʚʢʠ ʩʦʩʪʘʚʠʪ 

Sʮ= 177 ʤ
2
. ʎʝʥʪʨ ʧʘʨʫʩʥʦʩʪʠ ʎʇ1ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʱʝʥ ʢ ʢʦʨʤʝ ʥʘ 7 ʤ, ʮʝʥʪʨ 

ʧʘʨʫʩʥʦʩʪʠ ʎʇ2 ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʚʩʪʘʚʢʠ ʩʤʝʱʝʥ ʢ ʥʦʩʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʎʄ ʥʘ 31 ʤ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʩʠʣʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʝʪʨʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ 

(ɜ ï ʩʢʦʨʦʩʪʴ ʢʘʞʫʱʝʛʦʩʷ ʚʝʪʨʘ ʚ ʤ/ʩ, ű ï ʫʛʦʣ ʢʘʞʫʱʝʛʦʩʷ ʚʝʪʨʘ ʚ ʨʘʜʠʘʥʘʭ, L1 ʠ L2 ï 

ʧʣʝʯʠ ʩʠʣ, ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʮʝʥʪʘʤ ʧʘʨʫʩʥʦʩʪʠ ʎʇ1 ʠ ʎʇ2 ʚ ʤʝʪʨʘʭ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʜʣʷ ű = 180̄ ï270̄ ) 

ʎʇ2 

R2 ʜʧ 

 

 

ʎʇ1 

ʎʄ 

ɜ 

R2 ʧ 

R2 

R1 ʧ 

R1 

R1 ʜʧ 

 ʎʇ2 

L2 

 

 

 

 

 

 

L1 

ű 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʉʠʣʘ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [7]: 

,
i

S
i

C
i

R 2

2
n
r

=  

ʛʜʝ ʉi ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʟʘʚʠʩʠʪ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪ ʬʦʨ-

ʤʳ ʦʙʲʝʢʪʘ); 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʛ/ʤ
3
; 

ɜ ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ; 

Si ï ʧʣʦʱʘʜʴ, ʥʘ ʢʦʪʦʨʫʶ ʚʦʟʜʝʡʩʪʚʫʝʪ ʚʝʪʝʨ, ʤ
2
. 

 

ɺ [8,9] ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʧʘʨʘʣʣʝ-

ʣʝʧʠʧʝʜʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʝʛʦ ʟʥʘʯʝʥʠʷ ʣʝʞʘʪ ʚ ʧʨʝʜʝ-

ʣʘʭ 0,8ï1,0. ɼʣʷ ʢʦʨʧʫʩʘ ʪʝʧʣʦʭʦʜʘ ʧʨʦʝʢʪʘ ʇʂʉ-180 ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʤʝʨʥʦ 

ʨʘʚʝʥ ʉ1= 1,0. ɼʣʷ ʮʠʣʠʥʜʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʦʪʦʢʫ (ʥʦʩʦʚʘʷ 

ʯʘʩʪʴ) ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ ʉ2= 0,6. 

ɼʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩʣʝʚʘ ʚ ʥʦʩ (ʚ ʩʝʢʪʦʨʝ ʦʪ 180 ̄ʜʦ 270 ̄ʩʦʩʪʘʚʣʷʶʱʠʝ) ʩʠʣʳ 

ʚʝʪʨʘ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʨʧʫʩ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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ʄʦʤʝʥʪ, ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʝ ʩʫʜʥʦ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 
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ɼʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩʣʝʚʘ ʚ ʢʦʨʤʫ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʚʝʪʨʘ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʢʦʨʧʫʩ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3. 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʚʝʪʨʘ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʨʧʫʩ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 
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ɺ.ʗ. ɹʳʯʢʦʚ, ʃ.ʉ. ɻʨʦʰʝʚʘ, ɺ.ʀ. ʇʣʶʱʘʝʚ 

ʈʘʩʯʝʪ ʩʠʣ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʩ ʢʦʣʝʩʥʳʤ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʳʤ» 
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ʈʠʩ. 3. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ  

ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʜʣʷ ű = 270 ̄ï 360̄ ) 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʥʘʡʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʚʝʪʨʘ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʨʧʫʩ, ʠ ʚ 

ʜʨʫʛʠʭ ʢʚʘʜʨʘʥʪʘʭ. ɼʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʚ ʢʦʨʤʫ ʩʧʨʘʚʘ (ʦʪ 0 ̄ʜʦ 90)̄: 
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R1 ʜʧ 
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ʄʦʤʝʥʪ, ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʝ ʩʫʜʥʦ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 
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ɼʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩʧʨʘʚʘ ʚ ʥʦʩ (ʦʪ 90 ̄ʜʦ 180)̄: 
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ʄʦʤʝʥʪ, ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʡ ʩʫʜʥʦ: 

.LhCLCsinMMM ʮRRR )rsinS(
2

2ʮ21ʧ1

2

21 j+j-jn
r

=+-=  

ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ (Rʧ), ʧʨʦʜʦʣʴʥʦʡ (Rʜʧ) ʩʠʣ ʠ ʨʘʟʚʦʨʘʯʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ 

(MR) ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4. 



ɺ.ʗ. ɹʳʯʢʦʚ, ʃ.ʉ. ɻʨʦʰʝʚʘ, ɺ.ʀ. ʇʣʶʱʘʝʚ 
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ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ (ʘ), ʧʨʦʜʦʣʴʥʦʡ (ʙ) ʩʠʣ  

ʠ ʨʘʟʚʦʨʘʯʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ (ʚ) ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʵʪʠ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

(ʨʠʩ. 5). 
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ʘ) 

 

 
ʙ) 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʠ ʧʨʦʜʦʣʴʥʦʡ (ʘ) ʩʠʣ  

ʠ ʨʘʟʚʦʨʘʯʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ (ʙ) ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʣʠ-

ʪʝʨʘʪʫʨʝ (ʥʘʧʨʠʤʝʨ, ʨʠʩʫʥʦʢ 6 ʠʟ [10]). ɽʩʪʝʩʪʚʝʥʥʦ, ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʪʠʧʘ ʩʫʜʥʘ ʠ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʠʤʝʥʥʦ ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ, ʚʳʩʦʪʳ ʙʦʨʪʘ, ʥʘʜʩʪʨʦʝʢ 

ʠ ʨʫʙʦʢ. 

 



ɺ.ʗ. ɹʳʯʢʦʚ, ʃ.ʉ. ɻʨʦʰʝʚʘ, ɺ.ʀ. ʇʣʶʱʘʝʚ 
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ʈʠʩ. 6. ʇʦʧʝʨʝʯʥʘʷ ʠ ʧʨʦʜʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ  

ʠ ʠʭ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʠʟ [10]  

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʨʧʫʩ ʩʫʜʥʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ çʢʘʞʫʱʠʡʩʷè ʚʝʪʝʨ [11], ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʢʦʪʦʨʦʛʦ  ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ 

ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ  ʠ ʩʢʦʨʦʩʪʠ ʠʩʪʠʥʥʦʛʦ ʚʝʪʨʘ . ʋʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ 

ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ  ʠ ʩʢʦʨʦʩʪʠ ʠʩʪʠʥʥʦʛʦ ʚʝʪʨʘ  ʨʘʚʝʥ ɗ (ʨʠʩ. 7). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʥʷʪʳʝ ʫ ʩʫʜʦʚʦʜʠʪʝʣʝʡ 

ʧʨʘʚʠʣʘ (çʚʝʪʝʨ ʚ ʢʦʤʧʘʩè), ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʥʠʝ ʫʛʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ. ʋʛʦʣ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʦʩʴʶ ʭ (ʠʣʠ ʭô) ʠ ʧʨʷʤʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʥʘʧʨʘʚʣʝʥʠʶ ʝʛʦ ʚʝʢʪʦʨʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʝʪʝʨ ʩ ʫʛʣʦʤ ʨʘʚʥʳʤ 0, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨ-

ʧʫʩʘ ʩʫʜʥʘ, ʙʫʜʝʪ ʜʣʷ ʩʫʜʥʘ ʧʦʧʫʪʥʳʤ. 
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ʈʠʩ. 7. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʢʪʦʨʘ çʢʘʞʫʱʝʛʦʩʷè ʚʝʪʨʘ 

¡b
ɺ

 ï ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʪʠʥʥʦʛʦ ʚʝʪʨʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ x¡y¡, ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʨʧʫʩʦʤ 

ʩʫʜʥʘ: 

ʇʦʧʝʨʝʯʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʇʨʦʜʦʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʄʦʤʝʥʪ 
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ʝʩʣʠ ¡b
ɺ

 > 2ˊ, ʪʦ 
¡b
ɺ

= ¡b
ɺ
ï 2ˊ. 

ɗ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʠʩʪʠʥʥʦʛʦ ʚʝʪʨʘ ¡b
ɺ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʩʫʜʥʘ ŭ ʚ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ x¡y¡: 

 

ʉʢʦʨʦʩʪʴ çʢʘʞʫʱʝʛʦʩʷè ʚʝʪʨʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ çʢʘʞʫʱʝʛʦʩʷè ʚʝʪʨʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ x¡y¡ ʨʘʩʩʤʦʪʨʠʤ 2 

ʩʠʪʫʘʮʠʠ: 

1) ʋʛʦʣ ʨʝʘʣʴʥʦʛʦ ʚʝʪʨʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ x¡y¡ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0¢ ¡b
ɺ

 < 

ˊ. ɺʳʙʦʨ ʟʥʘʢʘ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʫʛʣʘ ʢʘʞʫʱʝʛʦʩʷ ʚʝʪʨʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ x¡y¡ ʧʦ-

ʷʩʥʷʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 8ʘ. 
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ʙ) 

ʈʠʩ. 8. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʢʘ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʫʛʣʘ ʢʘʞʫʱʝʛʦʩʷ ʚʝʪʨʘ j 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ çʢʘʞʫʱʝʛʦʩʷè ʚʝʪʨʘ ʠ ɼʇ ʩʫʜʥʘ ʨʘʚʝʥ: 

 

2) ʋʛʦʣ ʨʝʘʣʴʥʦʛʦ ʚʝʪʨʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ x¡y¡ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

 ́¢ ¡b
ɺ

< 2.́ ɺʳʙʦʨ ʟʥʘʢʘ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʫʛʣʘ ʢʘʞʫʱʝʛʦʩʷ ʚʝʪʨʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

x¡y¡ ʧʦʷʩʥʷʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 8ʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ çʢʘʞʫʱʝʛʦʩʷè ʚʝʪʨʘ ʠ ɼʇ ʩʫʜʥʘ ʨʘʚʝʥ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʥʦʚʦʛʦ ʩʫʜʥʘ çɿʦʣʦʪʦʝ ʢʦʣʴʮʦè (ʦʙʣʘ-

ʜʘʶʝɦʛʦ ʤʘʣʦʡ ʦʩʘʜʢʦʡ ʠ ʙʦʣʴʰʦʡ ʧʘʨʫʩʥʦʩʪʴʶ), ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʙʫʜʫʪ 

ʠʤʝʪʴ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʚʣʠʷʪʴ ʥʘ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʠ ʚʝʪʨʝ ʫʞʝ ʚ 5ʤ/ʩ ʧʦʧʝʨʝʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ʜʦʩʪʠʛʘʝʪ 

1000 ʢɻ, ʘ ʧʦʚʦʨʘʯʠʚʘʶʱʠʡ ʤʦʤʝʥʪ ʚʝʣʠʯʠʥʳ ʚ 61000 ʥ*ʤ. ʕʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʟʘʪʨʫʜʥʠʪʴ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʩʫʜʥʘ, ʦʩʦʙʝʥʥʦ ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʰʚʘʨʪʦʚʳʭ ʦʧʝʨʘʮʠʡ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʦʛʦ ʩʫʜʥʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ. 
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THE CALCULATION OF W IND FORCE IMPACT  

ON THE SHIP HULL WIT H WHEEL PROPULSION  

STEERING UNIT çGOLDEN RINGè 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 

 

 21 

V.Y. Bychkov, L.S. Grosheva, V.I. Pluyshchaev 

Key words: ship, wheel-propulsion steering complex, wind impact 

 

The article represents the calculation of wind force impact on the ship hull with wheel pro-

pulsion steering unit çGolden Ringè. 
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ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʌɻɹʆʋ ɺʆ çʅɻʊʋ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘè 

603950, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʄʠʥʠʥʘ, 24 

ʆ.ɸ. ʀʚʘʥʦʚʘ, ʠʥʞʝʥʝʨ-ʢʦʥʩʪʨʫʢʪʦʨ ɸʆ çʎʂɹè ʂʦʨʘʣʣè 

299028, ʛ. ʉʝʚʘʩʪʦʧʦʣʴ, ʫʣ. ʈʝʧʠʥʘ, 1 

ʂʆʄʇʃɽʂʉʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʍ 

ʂʆʃɽɹɸʅʀʁ ʇʃɸɺʋʏʀʍ ʆɹʒɽʂʊʆɺ ʀ ʇɸʈɸʄɽʊʈʆɺ  

ʀʍ ʉʊɸɹʀʃʀɿɸʎʀʀ ɺ ʆʇʓʊʆɺʆʄ ɹɸʉʉɽʁʅɽ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʩʩʝʡʥ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʚʦʣʥʦʛʨʘʬ, ʯʠʩʣʦ ʌʨʫʜʘ, ʤʦʜʝʣʴ, 

ʧʣʘʪʬʦʨʤʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʚʫʯʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʦʧʳ-

ʪʦʚʦʤ ʙʘʩʩʝʡʥʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʧʣʘʚʫʯʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ. 

ʆʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʦʚʳʭ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝ-

ʣʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʮʠʬʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʘʨʘʤʝʪ-

ʨʳ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʣʘʪʬʦʨʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɼʦʙʳʯʘ ʧʨʠʨʦʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʦʪʨʘʩʣʝʡ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ, ʚ ʢʦʪʦʨʦʡ ʩʪʘʨʘʥʘ ʟʘʥʠʤʘʝʪ 

ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʤʠʨʦʚʦʡ ʩʠʩʪʝʤʝ ʦʙʦʨʦʪʘ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ 

ʪʦʨʛʦʚʣʝ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʝʜʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʯʠʩʣʦ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʨʘʡʦʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

[1ï5]. ʀʭ ʦʩʚʦʝʥʠʝ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠʤʝʶʪʩʷ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʝʨʚʦʦʯʝ-

ʨʝʜʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʦʩʚʦʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʙʘʩʩʝʡʥʝ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚʢʣʶ-

ʯʘʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦ-ʩʪʝʥʜʦʚʳʭ ʠ ʨʝʘʣʴʥʳʭ (ʤʦʨʩʢʠʭ) ʫʩ-

ʣʦʚʠʷʭ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʙʳʯʠ ʠʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʙʠʦʩʬʝʨʳ ʤʦʨʷ, ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥ ʧʦʨʷʜʢʘ 2 ʢʤ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʚʝʪʨʦ-

ʚʦʣʥʦʚʳʭ ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʳʭ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʏʝʨʥʦʛʦ ʤʦʨʷ. ʈʝʰʝʥʠʝ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ 1é2 % ʦʪ ʛʣʫʙʠʥʳ ʤʝʩʪʘ ʨʘʟʨʘʙʦʪʢʠ, ʦʧ-

ʪʠʤʠʟʘʮʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʩʦʟʜʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʭ ʜʠʥʘʤʠʢʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ. ʕʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʦʜʠʥ ʠʟ 

ʥʝʦʙʭʦʜʠʤʳʭ ʵʪʘʧʦʚ ʩʦʟʜʘʥʠ ̫ʪʘʢʠʭ ʩʨʝʜʩʪʚ. 



ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʆ.ɸ. ʀʚʘʥʦʚʘ 
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ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʩʚʦʝʥʠʷ ʤʦʨʩʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʙʫʨʦ-

ʚʳʝ ʧʣʘʪʬʦʨʤʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʪʝʨʤʠʥʘʣʳ, ʧʦʜʚʦʜʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ, ʠ ʜʨʫʛʠʝ 

ʩʦʦʨʫʞʝʥʠʷ) ʠʩʧʳʪʘʥʠʷ ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʧʨʠ-

ʢʣʘʜʥʳʭ ʧʨʦʙʣʝʤ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʢʝʘʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʘʥʦ-

ʚʦʢ ʦʩʥʦʚʘʥʳ ʥʘ ʦʙʱʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʄʦʨʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʥʳʭ 

ʉʅʀʇʘʭ [6ï8]. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʤʦʨʩʢʠʭ 

ʚʦʣʥ ʥʘ ʪʝʨʤʠʥʘʣʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʦʯʢʘʭ [9], ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʣʥʦ-

ʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʜʚʦʜʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʤʦʨʷ [10], ʠʟʫʯʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʚʫʯʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʫʧʦʛʨʫʞʥʳʭ ʧʣʘʪʬʦʨʤ [11ï

13]. ʇʨʠ ʨʘʩʯʝʪʘʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʛʣʫʙʦʢʦ-

ʚʦʜʥʦʡ ʟʦʥʳ ʏʝʨʥʦʛʦ ʤʦʨʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦ-

ʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʤʦʞʥʦʩʪʴ ʰʪʦʨʤʦʚʦʛʦ ʚʝʪʨʘ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʜʦʩʪʠʛʘʝʪ 30 ʤ/ʩ, ʩ ʚʳʩʦʪʘʤʠ ʚʦʣʥ ʜʦ 13é14 ʤ (ʧʨʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 1 %). ʇʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 17é20 ʯ.  

ʂʨʦʤʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʘ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʧʣʘʪʬʦʨʤʳ ʦʢʘʟʳʚʘʪʁ ʚʦʟʜʝʡʩʪʚʠʝ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʯʝʥʠʷ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ ʪʘʢʠʭ ʪʝʯʝʥʠʡ ʧʨʠ ʫʩʣʦ-

ʚʠʷʭ, ʢʦʛʜʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 20 ʤ/ʩ ʩʦʚʧʘʜʘʣʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩ-

ʥʦʚʥʦʛʦ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

1,5 ʤ/ʩ ʚ ʩʣʦʝ ʦʪ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʛʣʫʙʠʥʳ ʧʨʠʤʝʨʥʦ 50 ʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʜʦ 0,1 ʤ/ʩ ʥʘ ʛʣʫʙʠʥʘʭ 300é350 ʤ [10, 14ï16]. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝ ʠʩʯʝʨʧʳʚʘʶʪ ʚʩʝ ʦʙʣʘʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ. ʉ ʫʩʣʦʞʥʝʥʠʝʤ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚʦʟʨʘʩʪʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚ ʯʘʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʝʝ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ 

ʚ ʩʦʟʜʘʥʠʠ ʪʘʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ 

ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʤʦʛʫʪ ʧʨʝʩʣʝʜʦʚʘʪʴ ʢʘʢ ʥʘʫʯʥʳʝ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʮʝʣʠ. ɿʘʜʘʯʘʤʠ ʥʘ-

ʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ: ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʘʯʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʣʠʰʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ (ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʚʦʜʳ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪ.ʧ.); ʧʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʥʦʚʳʭ ʛʠʧʦʪʝʟ, ʧʦʣʦʞʝʥʠʡ ʠ ʦʪʜʝʣʴʥʳʭ ʚʳʚʦʜʦʚ ʫʯʝʥʠʷ ʦ ʢʘʯʢʝ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʫʜʥʘ ʠʣʠ ʧʣʘʚʫʯʝʛʦ ʩʦʦʨʫ-

ʞʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʢʘʯʢʠ; ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʧʦʚʝʜʝʥʠʠ ʩʫʜʥʘ ʠʣʠ ʧʣʘʚʫ-

ʯʝʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʣʥʝʥʠʷ ï ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʢʘʯʢʝ, ʘʤʧʣʠʪʫʜʳ 

ʠ ʝʝ ʧʝʨʠʦʜʳ, ʟʘʣʠʚʘʥʠʝ ʧʘʣʫʙʳ ʚʦʜʦʡ ʠ ʪ. ʧ.; ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʫʩʪ-

ʨʦʡʩʪʚ ʫʩʧʦʢʦʝʥʠʷ ʢʘʯʢʠ; ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʢʠ ʠ ʤʦʨʝʭʦʜʥʦʩʪʠ ʧʨʦʝʢʪʠ-

ʨʫʝʤʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʫʪʝʤ ʠʩʧʳʪʘʥʠʷ ʠʭ ʤʦʜʝʣʝʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʢʘʢ ʥʘ ʨʝʘʣʴʥʦʤ ʩʫʜʥʝ ʠʣʠ ʤʦʨʩʢʦʤ ʩʦʦʨʫʞʝʥʠʷ, ʪʘʢ ʠ ʥʘ ʝʛʦ ʤʦʜʝʣʠ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩ-

ʩʝʡʥʝ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʢʘʯʢʦʡ ʨʝʘʣʴʥʦʛʦ ʩʫʜʥʘ ʠʣʠ ʤʦʨʩʢʦʛʦ ʩʦʦʨʫʞʝ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʘʢʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʧʦʚʝʜʝ-

ʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʝʛʦ ʥʘʛʨʫʟʢʠ ʠ ʩʦʩʪʦʷʥʠʠ ʧʦʛʦʜʳ. 

ʆʜʥʘʢʦ ʪʘʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʭʦʜʷʱʝʡ ʧʦʛʦʜʳ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚʝʩʴʤʘ ʪʨʫʜʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʫʞʥʦʝ ʜʣʷ ʥʘʙʣʶʜʝ-

ʥʠʡ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʚ ʩʣʫʯʘʝ ʥʝʫʜʘʯʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʚʩʝʛʜʘ 

ʫʜʘʝʪʩʷ ʝʛʦ ʧʦʚʪʦʨʠʪʴ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ɺʩʝ ʵʪʠ ʥʝʫʜʦʙʩʪʚʘ ʥʝ ʠʤʝʶʪ ʤʝʩʪʘ ʧʨʠ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʦʧʨʦʩʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʫʜʦʚ ʠ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʀʩʧʳʪʘʥʠʷ ʢʘʯʢʠ ʜʠʥʘʤʠʯʝʩʢʠ ʠ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʥʘ-

ʛʨʫʟʢʠ ʠ ʟʘʨʘʥʝʝ ʥʘʟʥʘʯʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚʦʣʥʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʪʦʨ rʤʦʛʫʪ ʣʝʛʢʦ 

ʠʟʤʝʥʷʪʴ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʝʡ, ʚʦʟʤʦʞʥʦ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʝʥʠʡ 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʟʘʢʦʥʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʷʟʳʚʘʶʪ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚʦ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʝʣʢʦʤ ʤʘʩʰʪʘʙʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʪʦʤʫ, 

ʯʪʦ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʪʦʯʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʳʪʥʦʛʦ ʦʙ-

ʨʘʟʮʘ: ʬʦʨʤʫ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʜʝʣʴ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʣʘ ʧʦʣʥʦʤʘʩʰʪʘʙʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ ʫʩ-

ʣʦʚʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ, ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ. ʊʦʣʴʢʦ ʪʦʛʜʘ 

ʜʘʥʥʳʝ ʪʝʩʪʦʚʦʡ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʠʩʢʘʞʝʥʠʡ. 

ʄʦʜʝʣʴʥʳʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ, ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʟʘʧʠʩʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʜʫʪ ʢ ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʪʨʫʜʘ ʠ ʚʨʝʤʝ-

ʥʠ. ʇʦʵʪʦʤʫ ʠʭ, ʧʦ-ʚʦʟʤʦʞʥʦʩʪʠ, ʟʘʤʝʥʷʶʪ ʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʳ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦ-

ʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʩ ʫʩʣʦʚʠʷʤʠ ʠ ʩʨʝʜʦʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠʩʩʣʝ-

ʜʦʚʘʥʠʶ ʚʦʣʥʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ ʧʣʘʚʫʯʝʛʦ ʦʙʲʝʢʪʘ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ 

[17ï19].  

ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʣʥʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʩʠʩʪʝʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ [20]. ɺ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʭ ʚʦʣʥʦʚʳʭ ʙʘʩʩʝʡʥʦʚ ʜʣʠʥʦʡ 100 ʠ ʙʦʣʝʝ 

ʤʝʪʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʣʥʦʛʨʘʬʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʙʦʨʳ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʦʯʥʦʩʪʴ ʠʟ-

ʤʝʨʝʥʠʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 2é3 % [21, 22]. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚʦʣʥʦʚʳʭ ʙʘʩʩʝʡʥʦʚ ʠʤʝʶʪʩʷ ʚ ʉʐɸ. ʊʘʢ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʅʴʶ-ʁʦʨʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʣʥʦʚʦʡ ʙʘʩʩʝʡʥ ʜʠʥʦʡ 11 ʤ, ʰʠʨʠʥʦʡ 2 ʤ ʠ ʛʣʫʙʠʥʦʡ 0,9 ʤ, ʦʩʥʘʱʝʥ-

ʥʳʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʛʜʝ ʜʣʷ ʠʟ-

ʤʝʨʝʥʠʷ ʚʦʣʥʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʤʝʥʷʶʪ ʦʧʪʠʯʝʩʢʠʡ ʚʦʣʥʦʛʨʘʬ ʥʘ ʦʩʥʦʚʝ ʜʦʧʣʝ-

ʨʦʚʩʢʦʛʦ ʵʬʬʝʢʪʘ. ɺ ʧʨʠʙʦʨʘʭ ʪʘʢʦʛʦ ʪʠʧʘ ʥʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʜʘʪʯʠʢʘ ʩ 

ʚʦʜʥʦʡ ʩʨʝʜʦʡ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦ-

ʩʠʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʫʪʥʦʩʪʠ ʚʦʜʥʦʡ ʩʨʝʜʳ ʥʘ ʧʦʢʘʟʘʥʠʷ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʣʥʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ: ʝʤʢʦʩʪʥʳʝ, ʧʦʧʣʘʚʢʦʚʳʝ, 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ, ʩʪʨʫʥʥʳʝ ʠ ʜʨʫʛʠʝ. ʕʪʠ ʧʨʠʙʦʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʠʥʳ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʦʚ ʚ ʥʠʭ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʞʥʘʷ 

ʩʠʩʪʝʤʘ ʧʨʷʤʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ [23].  

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʟʘʜʘʯ ʠ ʤʝʪʦʜʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʟʘʜʘʯʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʚʦʜʠʪʩʷ ʢ 

ʬʠʢʩʘʮʠʠ ʜʚʠʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʧʨʠ ʢʘʯʢʝ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʪʦʛʦ 

ʜʚʠʞʝʥʠʷ ï ʘʤʧʣʠʪʫʜ, ʧʝʨʠʦʜʦʚ, ʫʩʢʦʨʝʥʠʡ ʠ ʪ. ʧ. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʡ ʬʠʢʩʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʩʧʝʮʠʘʣʴʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʨʦʠʟʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʨʝʥʠʷ. ɺʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʣʠʷʥʠʶ ʬʦʨʤʳ ʩʫʜʥʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 

ʚʦʣʥ ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʘʭ [18, 24, 25].  



ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʆ.ɸ. ʀʚʘʥʦʚʘ 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʮʠʬ-

ʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜ-

ʚʠʞʥʳʭ ʦʢʝʘʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʫʛʣʦʚʳʭ ʠ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝ-

ʩʢʠʝ ʤʦʜʝʣʠ ʩʫʜʦʚ, ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʣʘʚʫʯʠʭ ʧʣʘʪʬʦʨʤ ʠ ʪʝʨʤʠʥʘʣʦʚ ʠ 

ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʩʦ ʩʣʦʞʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʜʚʠʞʝʥʠʷ. ʋʢʘʟʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩʦʟʜʘʥ ʜʣʷ ʫʩʣʦʚʠʡ ʦʧʳʪʦʚʦʛʦ ʙʘʩʩʝʡʥʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩ-

ʧʝʨʠʤʝʥʪʳ ʥʘ ʙʘʟʝ ʢʘʬʝʜʨʳ çʆʢʝʘʥʦʪʝʭʥʠʢʘ ʠ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʝè ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʦʚʤʝʩʪʥʦ ʩ ʄʦʨʩʢʠʤ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʚ 

ʉʝʚʘʩʪʦʧʦʣʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʚ ʙʘʩʩʝʡʥʝ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʠʪ ʜʚʘ ʚʦʣʥʦʛʨʘʬʘ, ʨʘʟʤʝʱʝʥʥʳʝ 

ʚʜʦʣʴ ʦʩʠ ʚʦʣʥʦʚʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘ ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʥʠʤʠ ʠ ʘʚʪʦʥʦʤʥʳʡ 

ʠʟʤʝʨʠʪʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʀʇʂ) ʠʩʩʣʝʜʫʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʣʘʚʫʯʝʛʦ ʦʙʲʝʢʪʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʚʦʣʥʦʛʨʘʬʦʚ ʧʨʠʤʝʥʝʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʚʳʭʦʜʥʦʡ ʩʠʛ-

ʥʘʣ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʨʘʟʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʛʣʫʙʠʥʝ. ʕʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʧʨʠʙʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʟʤʝʨʠʪʝʣʝʡ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ. ɺ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʣʥʦʛʨʘʬʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʬʠʨʤʳ çMotorolaè ʪʠʧʘ 

MPX2010DP ʩ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ 10 ʢʇʘ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 2,5 ʤɺ/ʢʇʘ. 

ʇʨʷʤʳʝ ʚʭʦʜʳ ʵʪʠʭ ʜʘʪʯʠʢʦʚ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʞʝʩʪʢʠʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʪʨʫʙʢʘʤ ʜʣʠ-

ʥʦʡ 1 ʤ. ɺʳʭʦʜʳ ʜʘʪʯʠʢʦʚ ʧʦʜʢʣʶʯʝʥʳ ʢ ʢʦʤʤʫʪʘʪʦʨʫ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʯʝʨʝʟ ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ ʪʠʧʘ INAï116P ʠ ʜʘʣʝʝ ʢ ʧʦʨʪʫ ʧʝʨʩʦʥʘʣʴʥʦ-

ʛʦ ʢʦʤʧʴʶʪʝʨʘ ï ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʪʝʣʴ RS 232. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʚʭʦʜ ʜʘʪʯʠʢʘ ʚʦʩ-

ʧʨʠʥʠʤʘʝʪ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʷʤʳʝ ʚʭʦʜʳ ʜʘʪʯʠʢʦʚ ʧʦʜʩʦʝʜʠʥʝʥʳ ʢ ʠʟʤʝʨʠ-

ʪʝʣʴʥʳʤ ʪʨʫʙʢʘʤ, ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʦʧʫʩʢʘʶʪʩʷ ʥʘ ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ ʠ ʚʦʩʧʨʠʥʠʤʘʶʪ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʠ ʚʦʣʥʦʚʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʳ. ɺʦʣʥʦʛʨʘʬʳ ʪʘʢʦʛʦ ʪʠʧʘ ʩʦʟʜʘʥʳ ʚ 

ʄʦʨʩʢʦʤ ʛʠʜʨʦʬʠʟʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʜ.ʪ.ʥ. ɻʨʝʢʦʚʳʤ ʅ.ɸ. ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʠʟʤʝʨʠʪʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ. ʌʘʟʦʚʳʡ ʩʜʚʠʛ ʤʝʞʜʫ ʧʦʢʘʟʘʥʠʷʤʠ 

ʵʪʠʭ ʜʘʪʯʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʢʘʞʫʱʝʡʩʷ ʚʦʣʥʳ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʷʤʦʡ ʠ 

ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥ. ʀʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʜʘʚ-

ʣʝʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʚʦʣʥʦʧʨʦʜʫʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ 

ʚʦʣʥʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʠʧ 

ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʛʣʫʙʦʢʦʚʦʜʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ TLP ʠ SPAR. ʍʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʜʠʘʤʝʪʨʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʧʣʘʪ-

ʬʦʨʤ SPAR ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 30é40 ʤ, ʨʘʟʤʝʨʳ ʧʣʘʪʬʦʨʤ ʪʠʧʘ TLP ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 100é150 ʤ. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʚʝʨʭʥʦ-

ʩʪʥʳʭ ʚʦʣʥ ʠ ʪʝʯʝʥʠʡ ʚʦ ʚʨʝʤʷ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʰʪʦʨʤʘ 10ï11 ʥʦʷʙʨʷ 2007 ʛ. [15]. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʚʳʩʦʪʘ ʚʦʣʥʳ 3 % ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʜʦʩʪʠʛʘʣʘ 10 ʤ, ʝʝ 

ʧʝʨʠʦʜ ʨʘʚʝʥ 9 ʩʝʢʫʥʜ, ʘ ʜʣʠʥʘ ï 100 ʤ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʯʠʩʣʘ ʌʨʫʜʘ 

ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,0171é0,0209. ʇʨʠʨʘʚʥʠʚʘʷ ʵʪʠ ʚʝʣʠʯʠʥʳ ʢ ʯʠʩʣʘʤ ʌʨʫʜʘ 

ʜʣʷ ʦʧʳʪʦʚʦʛʦ ʙʘʩʩʝʡʥʘ, ʥʘʭʦʜʠʤ: 
gL

,
,

0390
01710 = , L = 0,36 ʤ; 

gL

,
,

0390
02090 = , 

L = 0,53 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʤʝʨ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʠʧʘ TLP ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʨʝ-

ʜʝʣʘʭ ʦʪ 0,36 ʜʦ 0,53 ʤ. ɼʣʷ ʪʝʭ ʞʝ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʝʥ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʜʠʘʤʝʪʨʘ 

ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʤʦʜʝʣʠ ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ SPAR, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ 0,1 ʤ. 

ɼʨʫʛʠʝ ʨʘʟʤʝʨʝʥʠʷ ʤʦʜʝʣʝʡ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʧʣʘʪʬʦʨʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ [26]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤʳ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʰʪʦʨʤʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 

 

 25 

ʘʤʧʣʠʪʫʜʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʫʛʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤʳ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʟʘʛʣʫʙʣʝ-

ʥʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʢʦʣʦʥʥ (ʨʘʮʠʦʥʘʣʴʥʫʶ ʦʩʘʜʢʫ ʧʣʘʪʬʦʨʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ).  

ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʮʠʬʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʚʫʯʠʭ ʦʙʲʝʢʪʦʚ ʚʭʦʜʷʪ: ʦʧʳʪʦʚʳʡ ʙʘʩʩʝʡʥ ʩ ʚʦʣʥʦʧʨʦʜʫʢʪʦʨʦʤ, 

ʚʦʣʥʦʛʘʩʠʪʝʣʝʤ, ʚʦʣʥʦʛʨʘʬʘʤʠ, ʠʩʧʳʪʳʚʘʝʤʘʷ ʤʦʜʝʣʴ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʴ ʛʣʫ-

ʙʦʢʦʚʦʜʥʦʡ ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ TLP, SPAR); ʥʘ ʤʦʜʝʣʴ ʫʩʪʘʥʦʚʣʝʥ ʙʣʦʢ, ʚʢʣʶʯʘʶʱʠʡ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʘʢʩʝʣʝʨʦʤʝʪʨ ʠ ʛʠʨʦʩʢʦʧ, ʦʩʠ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʩ ʧʨʦʜʦʣʴʥʦʡ, 

ʧʦʧʝʨʝʯʥʦʡ ʠ ʫʩʣʦʚʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʷʤʠ ʤʦʜʝʣʠ [27]. ɼʚʘ ʚʦʣʥʦʛʨʘʬʘ ʦʩʥʘʱʝʥʳ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʠʟʤʝʨʷʶʱʠʭ ʧʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʛʣʫʙʠ-

ʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʠʝʤʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʧʝʨʚʦʛʦ 
1H  ʠ ʚʪʦʨʦʛʦ 

2H  ʚʦʣʥʦʛʨʘʬʦʚ ʠ ʘʪʤʦ-

ʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʘʪʯʠʢʦʚ ʠ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʩʚʷ-

ʟʠ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ, ʢʦʪʦʨʦʝ ʧʦʜʢʣʶʯʝʥʦ ʢ ʧʝʨʚʦʤʫ 

ʚʭʦʜʫ ʢʦʤʧʴʶʪʝʨʘ, ʘ ʢ ʝʛʦ ʚʪʦʨʦʤʫ ʚʭʦʜʫ ʧʦʜʢʣʶʯʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʭ-

ʢʦʤʧʦʥʝʥʪʥʳʤ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ ʠ ʛʠʨʦʩʢʦʧʦʤ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʦʙʲʝ-

ʜʠʥʝʥʦ ʚ ʦʜʥʦʤ ʙʣʦʢʝ. ʎʠʬʨʦʚʦʡ ʠʟʤʝʨʠʪʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜʚʠʞ-

ʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʙʣʦʢ ʩ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ ʠ ʛʠʨʦ-

ʩʢʦʧʦʤ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.  

 

 

ʈʠʩ. 1. ʎʠʬʨʦʚʦʡ ʠʟʤʝʨʠʪʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ  

ʢʦʣʝʙʘʥʠʡ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ 

ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʚʝʜʝʥ ʪʘʢʞʝ ʬʠʟʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʥʝʤ ʙʣʦʢʘ 3-ʭ ʢʦʤʧʦʥʝʥʪʥʳʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʛʠʨʦʩʢʦʧʦʚ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʘʞʜʘʷ ʠʟ ʦʩʝʡ ʙʣʦʢʘ ʩʦʚʧʘʜʘʣʘ ʩ ʧʣʦʩʢʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʤʘʷʪ-

ʥʠʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʧʦʚʝʨʢʠ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ ʚʝʨʠʬʠʢʘʮʠʶ 

ʫʢʘʟʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʤʘʷʪʥʠʢʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʝʛʫʣʷʨʥʳʭ ʧʦʚʝʨʦʢ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʛʨʘʜʫʠʨʦʚʦʢ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʛʠʨʦʩʢʦʧʦʚ. ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ 

ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʝʛʦ ʩʦʩʪʘʚ ʠʟʣʦʞʝʥʳ ʚ [26]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʧʣʘʪʬʦʨʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʙʩʪ-

ʚʝʥʥʳʝ ʧʝʨʠʦʜʳ ʠʭ ʢʦʣʝʙʘʥʠʡ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ ʧʣʘʪʬʦʨʤʳ ʥʘ ʩʧʦʢʦʡʥʦʡ ʚʦʜʝ. ʆʪʜʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʧʝʨʠʦʜʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦ ʢʨʝʥʫ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʧʦʢʘʟʘʥʠʷ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ, ʦʩʠ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʣʠ ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʧʣʘʪʬʦʨ-

ʤʳ (Ox) ʠ ʩ ʫʩʣʦʚʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ (Oy).  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʠ ʨʠʩ. 3 ʄʘʢ-

ʩʠʤʫʤʳ ʩʧʝʢʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʠʦʜʘʤ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʣʘʪʬʦʨʤʳ 
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TLP, ʨʘʚʥʳʤ 1,2 ʩ, ʧʨʠ ʵʪʦʤ ʧʝʨʠʦʜʳ ʜʣʷ ʫʛʣʦʚʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ 

ʧʣʘʪʬʦʨʤʳ ʩʦʚʧʘʜʘʶʪ.  
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ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤʳ 

ʇʘʨʘʤʝʪʨʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʛʣʫ-

ʙʦʢʦʚʦʜʥʳʭ ʧʣʘʪʬʦʨʤ ʪʠʧʘ SPAR ʠ TLP ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʨʘʙʦʪʳ ʚʦʣʥʦʧʨʦʜʫʢʪʦʨʘ ʠ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ TLP ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʦʧʳʪʦʚʦʤ ʙʘʩʩʝʡʥʝ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʅʠʞʝ ʥʘ 

ʨʠʩ. 4 ʠ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ ʤʦʜʝʣʠ 

TLP ʧʨʠ ʟʘʛʣʫʙʣʝʥʠʷʭ 346, 326, 306 ʠ 286 ʤʤ. ɺ ʧʝʨʝʩʯʝʪʝ ʥʘ ʥʘʪʫʨʥʳʝ ʨʘʟʤʝʨʳ 

ʧʣʘʪʬʦʨʤʳ ʵʪʠ ʦʩʘʜʢʠ ʨʘʚʥʳ 86, 81, 76 ʠ 71 ʤ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʝʞʠʤʝ 

ʚʦʣʥʦʧʨʦʜʫʢʪʦʨʘ 90 %; ʧʨʠ ʵʪʦʤ, ʧʝʨʠʦʜ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ï 0,61 ʩ, ʜʣʠʥʘ ʚʦʣʥʳ 

ï 0,58 ʤ, ʚʳʩʦʪʘ ʚʦʣʥʳ ï 2 ʩʤ. ʇʨʦʜʦʣʴʥʘʷ ʦʩʴ ʧʣʘʪʬʦʨʤʳ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʥʦʚʥʳʤ ʥʘ-

ʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ. ʇʣʘʪʬʦʨʤʘ ʫʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʪʦʯʢʝ ʧʨʠ ʧʦʤʦʱʠ 

ʯʝʪʳʨʝʭ ʷʢʦʨʝʡ. 

 

 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʈʠʩ. 5. ʉʧʝʢʪʨʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ ʤʦʜʝʣʠ TLP ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʩʘʜʢʝ 

ʅʘ ʩʧʝʢʪʨʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʠʣʩʷ ʵʬʬʝʢʪ ʫʤʝʥʴʰʝʥʠʷ 

ʧʠʢʘ ʩʧʝʢʪʨʘ ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ (0,6 ʩ) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʩʘʜʢʠ ʧʣʘʪʬʦʨ-

ʤʳ. ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʧʦ ʚʝʣʠʯʠʥʝ ʫʩʢʦʨʝʥʠʷ ʥʘ ʫʜʚʦʝʥʥʦʤ ʧʝʨʠʦʜʝ ʦʙʫʩʣʦʚʣʝ-

ʥʳ, ʚʝʨʦʷʪʥʦ, ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʣʘʪʬʦʨʤʳ ï ʚʦʜʥʘʷ ʩʨʝʜʘ 

ʩ ʫʯʝʪʦʤ ʤʘʩʩʳ ʤʦʜʝʣʠ ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʘʩʩʳ ʚʦʜʳ. ʉʧʝʢʪʨʳ ʵʪʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʧʝʢʪʨʦʚ ʫʩʢʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ (ʟʘ ʠʩʢʣʶ-

ʊ, ʩ 

f, ɻʮ 

ʊ, ʩ 

 

f, ɻʮ 
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ʯʝʥʠʝʤ ʦʩʘʜʢʠ 71 ʤ). ʅʦ ʜʘʞʝ ʠ ʧʨʠ ʵʪʦʡ ʦʩʘʜʢʝ ʘʤʧʣʠʪʫʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝ-

ʥʠʡ ʵʪʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʙʫʜʝʪ ʤʝʥʴʰʝ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʘʥʘʣʦʛʠʯʥʦʡ ʚʝʣʠ-

ʯʠʥʳ ʥʘ ʧʝʨʠʦʜʝ 0,6 ʩ, ʪ.ʝ. ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʧʨʠʤʝʨʥʦ 10 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʥʘ ʦʩʥʦʚʥʦʤ ʧʝʨʠʦʜʝ ʢʦʣʝʙʘʥʠʡ.  

ʅʘ ʩʧʝʢʪʨʘʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʵʬʬʝʢʪ ʫʤʝʥʴʰʝʥʠʷ ʫʩʢʦʨʝʥʠʡ ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ ʦʩʘʜʢʠ ʧʣʘʪʬʦʨʤʳ ʧʨʦʷʚʠʣʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʧʝʨʠʦʜʝ 1,2 ʩ. ʅʘ ʦʩʥʦʚʥʦʤ 

ʧʝʨʠʦʜʝ ʚʦʟʤʫʱʝʥʠʡ ʵʪʦʪ ʵʬʬʝʢʪ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʪʯʝʪʣʠʚʦ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʟʘʤʝʪʥʦ ʧʨʦʷʚʠʣʠʩʴ ʢʦʣʝʙʘʥʠʷ ʥʘ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪʘʭ ʩ ʫʜʚʦʝʥʥʦʡ, ʫʪ-

ʨʦʝʥʥʦʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʚʦʣʥʦʚʳʭ ʚʦʟ-

ʤʫʱʝʥʠʡ.  

ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʣʘʪʬʦʨʤʳ SPAR ʙʳʣʘ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʘ ʩʪʘ-

ʙʠʣʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʩʘʜʢʝ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʚʦʣʥʦ-

ʧʨʦʜʫʢʪʦʨʘ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʣʘʪʬʦʨʤʳ TLP, ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʠʟʣʦʞʝʥʳ ʚʳʰʝ. ʇʣʘʪʬʦʨʤʘ ʫʜʝʨʞʠ-

ʚʘʣʘʩʴ ʚ ʪʦʯʢʝ ʧʨʠ ʧʦʤʦʱʠ ʯʝʪʳʨʝʭ ʷʢʦʨʝʡ, ʢʨʝʧʣʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʦʩʴ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʧʨʠ ʩʠʩʪʝʤʝ ʫʜʝʨʞʘʥʠʷ ʧʣʘʪʬʦʨʤʳ ʠʟ ʚʦʩʴʤʠ ʷʢʦʨʝʡ. 

ɺʳʧʦʣʥʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ ʧʣʘʪʬʦʨʤ ʦʪ ʚʝʣʠʯʠʥʳ ʦʩʘʜʢʠ ʠ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʷʢʦʨʝʡ ʜʣʷ ʤʦʜʝʣʠ ʪʠʧʘ SPAR.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʬʬʝʢʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤʳ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʩʘʜʢʠ ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʪʯʝʪʣʠʚʦ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ 

ʜʣʷ ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ TLP ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʝʝ ʧʝʨʠʦʜʘ, ʭʦʪʷ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʘʤʧʣʠʪʫʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ɼʣʷ ʧʣʘʪ-

ʬʦʨʤʳ ʪʠʧʘ SPAR ʵʬʬʝʢʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ 

ʷʢʦʨʝʡ, ʫʜʝʨʞʠʚʘʶʱʠʭ ʤʦʜʝʣʴ ʚ ʪʦʯʢʝ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʷʢʦʨʝʡ ʥʝʩʫ-

ʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʘʤʧʣʠʪʫʜʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ 

ʧʣʘʪʬʦʨʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʝʡ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʧʣʘʪʬʦʨʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʤʦʞʥʳʭ ʧʦʩʪʫ-

ʧʘʪʝʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʝʘʣʴʥʳʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʧʣʘʪʬʦʨʤ, ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʣʘʙʦʨʘ-

ʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʢ ʬʦʨʤʝ ʙʝʟʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʜʘ 

)(Fr,/ 0 ji dfVV = , ʛʜʝ iV ï ʘʤʧʣʠʪʫʜʘ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦ-

ʛʦ ʢʦʣʝʙʘʥʠʷ ʧʣʘʪʬʦʨʤʳ, ww THV /0 p= ï ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʤʦʨʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤ/c (
wH ï ʚʳʩʦʪʘ ʚʦʣʥʳ 3 % ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʤ, wT ï ʧʝʨʠʦʜ ʚʦʣʥʳ, ʩ), 

Frï ʯʠʩʣʦ ʌʨʫʜʘ, jd ï ʦʩʘʜʢʘ ʧʣʘʪʬʦʨʤʳ. ʀʟ ʩʦʦʙʨʘʞʝʥʠʡ ʧʦʜʦʙʠʷ ʧʨʠʥʷʪʦ, ʯʪʦ ʵʪʠ 

ʙʝʟʨʘʟʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʫʩʣʦʚʠʡ ʦʧʳʪʦʚʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʥʘʪʫʨ-

ʥʳʭ ʫʩʣʦʚʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶ-

ʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ [28]: 

2210122 W,H
w

-Ö= , W,T
w

520= ,  (1) 

ʛʜʝ Wï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ.  

ɼʣʠʥʘ ʚʦʣʥʳ l, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʜʣʷ çʛʣʫʙʦʢʦʡ 
ʚʦʜʳè, ʪ.ʝ. l>>h : 
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ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʛʜʝ 81,9=g  ʤ/ʩ
2
 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ.  

ʇʨʠ ʨʘʩʯʝʪʘʭ ʯʠʩʝʣ ʌʨʫʜʘ ʜʣʷ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʚʦʣʥʦ-

ʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʩʨʝʜʥʝʥʥʘʷ ʧʦ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʚʦʣʥʳ l5,0=ph , ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ñ --=-=
ph

p

pp

c
khexp

kh

U
dzkzexp

h

U
U

0

00 )](1[)(   (3) 

ʅʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʧʣʘʪʬʦʨʤʳ SPAR ʦʪ ʯʠʩʝʣ ʌʨʫʜʘ ʜʣʷ ʯʝʪʳʨʝʭ ʷʢʦʨʝʡ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʜʣʷ 

ʚʦʩʴʤʠ ʷʢʦʨʝʡ ʩʠʩʪʝʤʳ ʫʜʝʨʞʘʥʠʷ (ʧʨʝʨʳʚʠʩʪʘʷ ʣʠʥʠʷ). ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʘ 

ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʢʝʪʘ ʧʣʘʪʬʦʨʤʳ ʚ ʚʦʣʥʦʚʦʤ ʙʘʩʩʝʡʥʝ.  
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ (Fr)fV/V
y

=
0

 ʜʣʷ ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ SPAR 

ɼʣʷ ʧʝʨʝʩʯʝʪʘ ʫʢʘʟʘʥʥʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ, ʚʳ-

ʯʠʩʣʷʶʪʩʷ ʯʠʩʣʘ ʌʨʫʜʘ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʦʪ 10 ʜʦ 30 ʤ/ʩ. ɼʣʷ ʟʘʜʘʥʥʦʡ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ, ʪ.ʝ. ʚʝʣʠʯʠʥʳ 

l,, ww TH . ʉʨʝʜʥʷʷ ʚʦʣʥʦʚʘʷ ʩʢʦʨʦʩʪʴ cV  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (3).  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʉʢʦʨʦʩʪʴ 

ʚʝʪʨʘ,  

W, ʤ/ʩ 

ɺʳʩʦʪʘ ʚʦʣʥʳ 3% 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, 

H, ʤ 

ɼʣʠʥʘ ʚʦʣʥʳ, 

l, ʤ 

ʇʝʨʠʦʜ 

ʚʦʣʥʳ,  

Tw, ʩ 

ʉʨʝʜʥʷʷ 

ʚʦʣʥʦʚʘʷ ʩʢʦʨʦʩʪʴ, 

Vc, ʤ/ʩ 

10 2,12 42,24 5,2 0,39 

15 4,77 95,00 7,8 0,59 

20 8,48 168,96 10,4 0,78 

25 13,25 264,00 13,0 1,00 

30 19,08 380,15 15,6 1,17 

 



ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʆ.ɸ. ʀʚʘʥʦʚʘ 

ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʚʫʯʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ» 

 30 

ʊʘʢ ʢʘʢ ʨʘʟʤʝʨ SPAR ʧʣʘʪʬʦʨʤʳ ʠʟʚʝʩʪʝʥ, ʪʦ: 

gd

V
Fr c

y
= ; 

gD

V
Fr c

x
= ,  (4) 

ʛʜʝ d ï ʦʩʘʜʢʘ, ʤ;  

Dï ʜʠʘʤʝʪʨ, ʤ. 

 

ɺ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ, ʯʠʩʣʦ ʌʨʫʜʘ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʩʦʚʧʘʜʘʝʪ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʨʘʚʥʦʡ 17,04 ʤ/ʩ ʠ ʨʘʚʥʦ 

0,016. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘʤ 420
0

,V/V
y

=  ʜʣʷ ʯʝʪʳʨʝʭ ʷʢʦʨʝʡ ʠ 

530
0

,V/V
y

=  ʜʣʷ ʚʦʩʴʤʠ ʷʢʦʨʝʡ. ʊʘʢ ʢʘʢ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

182
0

,V =  ʤ/ʩ, ʪʦ ʘʤʧʣʠʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 92,0=yV  ʤ/ʩ ʜʣʷ ʯʝʪʳʨʝʭ ʷʢʦ-

ʨʝʡ ʠ 1,16 ʤ/ʩ ʜʣʷ ʚʦʩʴʤʠ ʷʢʦʨʝʡ. ɺ ʧʝʨʝʩʯʝʪʝ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ 

p= 2/TVA
wyy

, ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,3 ʠ 1,64 ʤ ʧʨʠ ʚʳʩʦʪʝ 

ʚʦʣʥʳ 6,6 ʤ.  

ʇʨʠ ʧʝʨʝʩʯʝʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʝʡ ʥʘ ʨʝʘʣʴʥʳʝ ʫʩʣʦ-

ʚʠʷ ʘʤʧʣʠʪʫʜʘ xV  ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤʳ ʨʘʚʥʘ: 

mod

wmodx

x
V

VV
V

0

0
Ö

= ,  (5) 

ʛʜʝ modxV ī ʘʤʧʣʠʪʫʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ, ʤ/ʩ; 

xwV0 ī ʘʤʧʣʠʪʫʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʚʦʣʥʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʤ/ʩ; 

mod0V ī ʘʤʧʣʠʪʫʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʚʦʣʥʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʳʪʦʚʦʛʦ 

ʙʘʩʩʝʡʥʘ, ʤ/ʩ. 

 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ xA  ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʥʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

p= 2/TVA
wxx

,  (6) 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʧʣʘʪ-

ʬʦʨʤʳ ʪʠʧʘ SPAR ʦʪ ʦʩʘʜʢʠ )d(fAx =  ʜʣʷ ʯʝʪʳʨʝʭ ʠ ʚʦʩʴʤʠ ʷʢʦʨʝʡ.  

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʦʚ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʣʘʪʬʦʨʤʳ 

TLP. ʇʣʘʪʬʦʨʤʘ ʫʜʝʨʞʠʚʘʣʘʩʴ ʚ ʪʦʯʢʝ ʧʨʠ ʧʦʤʦʱʠ ʯʝʪʳʨʝʭ ʷʢʦʨʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ TLP ʦʪ ʯʠʩʣʘ Fr . ʏʠʩʣʦ ʌʨʫʜʘ ʜʣʷ ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ TLP ʦʧʨʝʜʝʣʷ-

ʣʦʩʴ, ʘʥʘʣʦʛʠʯʥʦ ʧʣʘʪʬʦʨʤʝ SPAR ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ. ɼʣʷ ʧʦʩʪʫʧʘʪʝʣʴ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʣʠʥʫ ʧʦʥʪʦʥʦʚ L: 

gL

V
Fr c

x
= ,  (7) 

ʉʦʦʪʥʦʰʝʥʠʝ 1520
0

,V/V
y

=  ʜʣʷ ʧʣʘʪʬʦʨʤʳ TLP ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʌʨʫʜʘ 

0,0231. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʤʧʣʠʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 33,0=yV  ʤ/ʩ. ɺ ʧʝʨʝʩʯʝ-

ʪʝ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 47,0=yA  ʤ. ʇʦʣʫʯʝʥʳ ʟʘʚʠ-



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 

 

 31 

ʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʩʢʦʨʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʠ TLP ʦʪ ʦʩʘʜʢʠ ʜʣʷ 

ʥʘʪʫʨʥʦʡ ʧʣʘʪʬʦʨʤʳ.  

ʇʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤ ʪʠʧʘ SPAR ʨʘʚʥʘʷ ʚ ʩʨʝʜʥʝʤ 

1,5 ʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʣʘʪʬʦʨʤʫ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʚʳʩʦʪʦʡ 6,6 ʤ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦ-

ʜʦʙʠʷ ʯʠʩʝʣ ʌʨʫʜʘ ʜʣʷ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 4,2 ʨʘʟʘ.  

ɼʣʷ ʧʣʘʪʬʦʨʤ ʪʠʧʘ TLP ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 0,47 ʤ ʧʨʠ ʚʳʩʦʪʝ 

ʚʦʣʥʳ 6,6 ʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ 8,9 ʨʘʟ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʩʘʜʢʝ ʧʣʘʪʬʦʨʤʳ, ʨʘʚʥʦʡ 86 ʤ.  

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʩʯʝʪʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʦʜʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʩʘʜʢʠ ʦʧʦʨ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ 180 ʜʦ 210 ʤ ʜʣʷ ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ SPAR ʠ ʦʪ 71 ʜʦ 86 ʤ ʜʣʷ 

ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ TLP ʠ ʧʨʠ ʚʳʩʦʪʘʭ ʚʦʣʥ ʜʦ 6,6 ʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ 1,6 ʨʘʟʘ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʪʠʧʦʚ ʧʣʘʪʬʦʨʤ. 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʳ ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʦʪ ʚʦʣʥʦʧʨʦʜʫʢʪʦʨʘ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʥʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʦʣʥʦʝ ʧʦʛʘʰʝʥʠʝ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʥʘʨʷʜʫ ʩ ʦʩʥʦʚʥʦʡ ʚʦʣʥʦʡ ʚ ʙʘʩʩʝʡʥʝ 

ʤʥʦʛʦʢʨʘʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʥʝʢʦ-

ʪʦʨʫʶ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʦʩʥʦʚʥʦʡ ʚʦʣʥʳ. ʉʫʧʝʨʧʦʟʠʮʠʷ ʧʨʷʤʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ 

ʬʦʨʤʠʨʫʝʪ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ, ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʠʟʤʝʨʝ-

ʥʠʝ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʚʦʣʥʦʛʨʘʬʘʤʠ ʩ 

ʨʘʟʥʦʩʦʤ ʠʭ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʬʠʢʩʘʮʠʠ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʜʘʪʯʠʢʦʚ ʥʘ 

ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʧʠʩʝʡ ʠ ʨʘʩʯʝʪʳ ʚʝʨ-

ʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʘʤʧʣʠʪʫʜ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʜʘʚʣʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ [27]. 

ɺʳʧʦʣʥʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦ-ʩʪʝʥʜʦʚʳʭ ʫʩʣʦʚʠʷʭ ʬʠʟʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʩ ʮʝʣʴʶ ʚʝʨʠʬʠʢʘʮʠʠ ʩʦʟʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʣʘʪʬʦʨʤʳ ʠ ʟʘʛʣʫʙʣʝʥʠʷ 

(ʦʩʘʜʢʠ) ʝʝ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʟʘʛʣʫʙʣʝʥʠʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʢʦʣʦʥʥ, 

ʪ.ʝ. ʧʦʟʚʦʣʷʪʁ ʦʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʫʶ ʦʩʘʜʢʫ ʧʣʘʪʬʦʨʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʵʢʩʪʨʝ-

ʤʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚ ʏʝʨʥʦʤ ʤʦʨʝ. ʕʬʬʝʢʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪ-

ʬʦʨʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʩʘʜʢʠ ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʪʯʝʪʣʠʚʦ. ɼʣʷ ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ 

TLP ʵʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʝʝ ʧʝʨʠʦʜʘ, ʭʦʪʷ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʘʤʧʣʠʪʫʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ɼʣʷ 

ʧʣʘʪʬʦʨʤʳ ʪʠʧʘ SPAR ʵʬʬʝʢʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʯʠʩʣʘ ʷʢʦʨʝʡ, ʫʜʝʨʞʠʚʘʶʱʠʭ ʤʦʜʝʣʴ ʚ ʪʦʯʢʝ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʷʢʦʨʝʡ 

ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʘʤʧʣʠʪʫʜʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦ-

ʜʝʣʠ ʧʣʘʪʬʦʨʤʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʧʳʪʦʚʦʤ ʚʦʣʥʦʚʦʤ ʙʘʩ-

ʩʝʡʥʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʤʦʜʝʣʴʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʮʝʥʢʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʰʪʦʨʤʦʚʳʭ ʚʦʣʥ ʥʘ ʦʢʝʘʥʦʪʝʭʥʠʯʝ-

ʩʢʠʝ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ ʩʫʜʦʩʪʨʦʝʥʠʷ, ʤʦʨʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʚ ʦʙʣʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʩʩʣʝʜʦ-



ɽ.ʄ. ɻʨʘʤʫʟʦʚ, ʆ.ɸ. ʀʚʘʥʦʚʘ 
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ʚʘʥʠʷ ʚ ʦʧʳʪʦʚʳʭ ʙʘʩʩʝʡʥʘʭ ʤʦʜʝʣʝʡ ʧʣʘʚʫʯʠʭ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʩʦ ʩʣʦʞʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ.  

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʮʠʬʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʞʝʥʦ ʚ ʦʪʯʝʪʘʭ ʧʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ 

ʨʘʙʦʪʘʤ: çɺʦʟʜʝʡʩʪʚʠʝ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʥʘ ʦʢʝʘʥʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳè, ʥʦʤʝʨ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 0106U013190; çɻʠʜʨʦʜʠʥʘʤʠʢʘ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʧʣʘʪʬʦʨʤ 

ʜʣʷ ʫʩʣʦʚʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷè, ʥʦʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 0111U003328. 
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COMPLEX STUDY OF SPATIAL FLUCTUATIONS  

OF FLOATING OBJECTS AND THEIR  STABILIZATION 

PARAMETERS IN THE EX PERIMENTAL BASIN  

E.M. Gramuzov, O.A. Ivanova 

Key words: basin, amplitude of fluctuations, wave-recording gauge , Froude number, model, 

platforms, experimental studies 

 

The article presents the results and analysis of experimental studies of spatial fluctuations of 

floating objects and their stabilization parameters in the experimental basin. A scheme for 

performing measurements of spatial fluctuation parameters for floating objects on physical 

models of drilling platforms has been developed. The characteristics of angular and transla-

tional fluctuations of physical models are determined using the developed complex of digital 

equipment, the parameters of their stabilization depending on the configuration of the plat-

forms. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 03.05.2018 ʛ. 
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ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ, ʘʩʧʠʨʘʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɽ.ʇ. ʈʦʥʥʦʚ, ʜ.ʪ.ʥ., ʟʘʚ. ʢʘʬ., ʧʨʦʬʝʩʩʦʨ, ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ʆɹʆʉʅʆɺɸʅʀɽ ʕʃɽʄɽʅʊʆɺ ʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʇɸʉʉɸɾʀʈʉʂʀʍ ʉʋɼʆɺ ʉ ʕʃɽʂʊʈʆɼɺʀɾɽʅʀɽʄ  

ɼʃʗ ɺʅʋʊʈʀɻʆʈʆɼʉʂʀʍ ʀ ʇʈʀɻʆʈʆɼʅʓʍ ʃʀʅʀʁ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʩʩʘʞʠʨʩʢʦʝ ʩʫʜʥʦ, ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚ ʩ ʥʝʪʠʧʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʫʜʦʚʦʡ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʉʕʋ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ çʤʘʣʳʭè ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʥʘ ʚʥʫʪʨʠʛʦʨʦʜʩʢʠʭ ʠ ʧʨʠʛʦʨʦʜʥʳʭ ʣʠʥʠʷʭ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝ-

ʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʚ ʩʨʝʜʝ Visual Basic For Application (VBA). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʚʦʟʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʨʠʪʝʨʠʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʩʫʜʥʘ ʢʘʢ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʉʕʋ, ʪʘʢ ʠ ʩ ʟʘʜʘʥʥʳʤ 

ʥʝʪʠʧʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ. 

 

ʉʦʟʜʘʥʠʝ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ 

ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʨʦʜʚʠʞʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. ʂʦʥʮʝʧʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʩʚʦʜʠʪʩʷ 

ʢ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʣʠʙʦ ʩʦʚʤʝʩʪʥʦ ʩ 

ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʠʣʠ ʛʠʙʨʠʜʥʘʷ 

ʫʩʪʘʥʦʚʢʘ). 

ʅʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʚʚʠʜʫ ʨʘʩʪʫʱʠʭ ʮʝʥ ʥʘ ʪʦʧʣʠʚʦ ʠ ʫʞʝʩʪʦʯʘʶʱʠʭʩʷ ʪʨʝʙʦ-

ʚʘʥʠʡ ʢ ʚʳʙʨʦʩʘʤ, ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʟʝʣʝʥʳʭ ʩʫʜʦʚ. ʆʜ-

ʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʟʝʤʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʩʫʜʦʚʳʭ ʩʠʩʪʝʤʘʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ ʨʝʢʫʧʝʨʘʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʣʘʝʪ ʤʝʥʝʝ ʦʯʝ-

ʚʠʜʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ [1]. 

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ [2, 3] ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠ-

ʛʘʪʝʣʝʡ ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʠʤʝʪʴ ʧʝʨ-

ʩʧʝʢʪʠʚʫ ʥʘ ʩʫʜʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʢʦʨʦʪʢʠʝ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʩʢʦʨʦʩʪʠ. ʂ ʪʘʢʠʤ ʪʠʧʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʧʘʩʩʘʞʠʨʩʢʠʝ 

ʩʫʜʘ ʚʥʫʪʨʠʛʦʨʦʜʩʢʦʛʦ ʠ ʧʨʠʛʦʨʦʜʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʦʪʥʦʩʷʪ ʢ çʤʘ-

ʣʳʤè ʧʘʩʩʘʞʠʨʩʢʠʤ ʩʫʜʘʤ, ʘ ʟʘ ʨʫʙʝʞʦʤ ʠʭ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ çʚʦʜʥʳʝ ʤʘʨʰʨʫʪʥʳʝ 

ʪʘʢʩʠè. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʜʦʚ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ [4]. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʦʙʦʩʥʦʚʘʥʠʠ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʦʚ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ, ʢʦʛʜʘ 

ʦʥʠ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʙʫʜʫʪ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʪʘʢʠʤʠ ʞʝ ʩʫʜʘʤʠ, ʥʦ ʩ ʜʠ-

ʟʝʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ. ʇʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʚʳʪʝʢʘʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʝʜʠʥʠʮʘ 

ʤʦʱʥʦʩʪʠ, ʧʦʜʚʦʜʠʤʘʷ ʢ ʜʚʠʞʠʪʝʣʶ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʦʪ 

ʙʝʨʝʛʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʜʝʰʝʚʣʝ, ʯʝʤ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʩʫʜʦʚʳʤ ʜʠʟʝʣʝʤ. ʉ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ ʩʪʦʠʤʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʉʕʋ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ ʠ ʧʨʦ-

ʪʷʞʝʥʥʦʩʪʠ ʣʠʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʳʰʝ ʜʠʟʝʣʴʥʦʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʪʦʷʱʝʡ ʟʘʜʘʯʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʥʘ ʣʠʥʠʠ ʩʫʜʥʘ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ, ʧʦʟʚʦʣʷʶ-

ʱʘʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʝʣʠʯʠʥʳ ʥʘ ʝʛʦ 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 
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ʧʦʢʘʟʘʪʝʣʠ ʚ ʮʝʣʦʤ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦ ʥʝʡ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʥʘʰʝʡ ʨʘʙʦʪʝ [5], ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʦʟʜʘʥʥʦʛʦ ʢʘʢ ʧʨʠʣʦʞʝʥʠʷ 

ʚ ʩʨʝʜʝ VBA (Visual Basic for Application).  

ɺ ʢʘʯʝʩʪʚʝ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʉʕʋ ʩʫʜʥʘ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ: 

ï ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʡ (All -El): ʧʠʪʘʥʠʝ ʵʥʝʨʛʠʝʡ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ (ɸʂɹ), ʟʘʨʷʞʘʝʤʳʭ ʦʪ ʙʝʨʝʛʦʚʦʡ ʩʪʘʥʮʠʠ; 

ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ (Hyb a/b): ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʕɼ) ʦʪ ɸʂɹ ʠ ʦʪ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ (ɼɻ) ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʦʣʝʡ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʣʠʙʦ ʛʝʥʝʨʘʪʦʨʦʤ. ʇʨʠ 

ʵʪʦʤ ɸʂɹ ʟʘʨʷʞʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ɼɻ, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʥʘ ʩʫʜʥʝ. ʇʦʢʘʟʘʪʝʣʴ a/b ʧʨʠ 

ʦʙʦʟʥʘʯʝʥʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʢʘʟʳʚʘʝʪ ʜʦʣʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʚ ʧʨʦ-

ʮʝʥʪʘʭ; 

ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʣʥʳʡ (FullHyb): ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʦʡ ʉʕʋ ʧʨʠ 100% ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʵʥʝʨʛʠʝʡ ʛʨʝʙʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʪ ɸʂɹ, 

ʟʘʨʷʞʘʝʤʳʭ ʩʫʜʦʚʳʤ ɼɻ. 

ʂʘʞʜʳʡ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʥʘʣʠʯʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʦʪʢʨʳʪʳʭ ʧʘʣʫʙʘʭ ʩʫʜʥʘ 

ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʜʦʙʘʚʦʯʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʦʪʤʝʯʝʥʥʦʛʦ ʚʳʰʝ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣ ʚʳʧʦʣʥʝʥ ʰʠʨʦʢʠʡ ʯʠʩʣʝʥ-

ʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʫʩʣʦʚʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ çʟʝʣʝʥʳʭè ʩʫʜʦʚ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ SPV-

OPTIMUM [8] ʦʧʪʠʤʘʣʴʥʳʝ ʛʣʘʚʥʳʝ ʨʘʟʤʝʨʝʥʠʷ, ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ (ʩʢʦʨʦʩʪʴ, ʜʣʠʥʘ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʧʨʠ ʟʘʜʘʥʥʦʤ ʘʨʭʠʪʝʢʪʫʨ-

ʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʪʠʧʝ (ɸʂʊ) ʠ ʨʘʡʦʥʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʩ ʜʠʟʝʣʴ-ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʦʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʠʥʩʦʣʷʮʠʠ (ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ, ʧʦʛʣʦʱʘʝʤʦʡ ʦʜʥʠʤ ʢʚʘʜʨʘʪʥʳʤ ʤʝʪʨʦʤ ʧʦʚʝʨʭʥʦʩʪʠ) ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʨʝʛʠʦʥʘ. 

ɿʘʜʘʯʘ ʦʙʦʩʥʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʫʜʦʚ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ 

ʨʝʰʘʣʘʩʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʘʢʦʛʦ ʞʝ ʩʫʜʥʘ, ʥʦ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʉʕʋ ʧʦ ʫʩʣʦʚʠʶ 

)(ʕ

)(ʕ1

ij

ij

x

x
² 1, 

ʛʜʝ jj
,ʕʕ1

 ï j-ʡ ʧʦʢʘʟʘʪʝʣʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʥʘ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ 

ʠ ʩ ʜʠʟʝʣʴ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʉʕʋ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ xi  ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

ɺʘʨʴʠʨʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ, ʩʢʦʨʦʩʪʝʡ ʭʦʜʘ ʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʪ ʵʪʠʭ ʚʝʣʠʯʠʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ-

ʚʠʩʠʪ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʩʫʜʥʦʤ ʵʥʝʨʛʠʠ, ʨʘʩʯʝʪʥʘʷ ʸʤʢʦʩʪʴ ɸʂɹ, ʠʭ ʢʦʣʠʯʝ-

ʩʪʚʦ, ʤʘʩʩʘ ʠ ʩʪʦʠʤʦʩʪʴ ʉʕʋ ʠ ʩʫʜʥʘ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ɽǋ ʩʫʜʥʘ ʩ ʵʣʝʢ-

ʪʨʦʜʚʠʞʝʥʠʝʤ ʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʘʩʭʦʜʘʤʠ ʪʘʢʦʛʦ ʞʝ ʩʫʜʥʘ, ʥʦ ʩ ʜʠʟʝʣʴʥʦʡ 

ʉʕʋ. ɿʘʚʠʩʠʤʦʩʪʠ ʜʘʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʢʦʨʦʩʪʴ ʠ ʜʣʠʥʘ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʜʘʥʥʳʭ ʩʫʜʥʘ ʧʘʩʩʘʞʠʨʦʚʤʝ-

ʩʪʠʤʦʩʪʴʶ 200 ʯʝʣ. 



ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ, ɽ.ʇ. ʈʦʥʥʦʚ 
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ʘ) FullHyb; ʙ) Hyb 40/60;   

 

 
ʚ) All -El 

ʆʙʦʟʥʘʯʝʥʠʝ  

ʈʠʩ. 1. ʉʦʦʪʥʦʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ  

ʧʦ ʩʫʜʥʫ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʉʕʋ 

ʇʨʦʚʦʜʷ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʩʫʜʦʚ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ (All -El) ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʜʦ 15 ʢʤ/ʯ, ʚ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʠ ʨʘʙʦʪʳ ʥʘ ʣʠʥʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦ 80 ʢʤ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʠʤʝʶʪ 

ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʯʝʤ ʜʣʷ ʚʘʨʠʘʥʪʘ ʩʫʜʥʘ ʩ ɼɺʉ. ʇʨʠ ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ ʧʨʦ-

ʪʷʞʝʥʥʦʩʪʴ ʣʠʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʙʝʟ ʧʦʜʟʘʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ, ʚ ʧʨʝʜʝʣʘʭ ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʜʠʘ-

ʧʘʟʦʥʘ, ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʟʝʣʝʥʦʛʦè ʩʫʜʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 90ï95 ʢʤ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʤʦʱʥʦʩʪʠ ʧʨʦʧʫʣʴʩʠʚʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʸʤʢʦʩʪʴ ɸʂɹ ʠ ʚʨʝʤʷ ʠʭ ʟʘʨʷʜʢʠ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʩʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʠʟ-

ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʟʘʪʨʘʪʳ ʥʘ ʵʥʝʨʛʠʶ (ʪʦʧʣʠʚʦ ʜʣʷ ɼɺʉ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 

ʜʣʷ ʕɼ) ʚ ʩʠʣʫ ʩʫʱʝʩʪʚʫʶʱʝʡ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʫʤʝʥʴʰʘʶʪʩʷ. 

ʇʨʠ ʜʨʫʛʠʭ (ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ) ʚʘʨʠʘʥʪʘʭ ʉʕʋ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ ʚʳʰʝ, ʘ ʠʭ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʠʟʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ. ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʥʪ çʚʦʟʠʪʴè 

ʥʘ ʩʫʜʥʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨ ʜʣʷ ʟʘʨʷʜʢʠ ɸʂɹ (ʚʘʨʠʘʥʪ FullHub) ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʤ ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʳʥʫʞʜʝʥʥʳʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʦʛʦ ʩʧʦ-

ʩʦʙʘ ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 

ʍʘʨʘʢʪʝʨʥʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʦʚ ʜʣʷ çʟʝʣʝʥʳʭè ʩʫʜʦʚ ʧʨʠ ʩʢʦʨʦ-

ʩʪʷʭ ʙʦʣʝʝ 17 ʢʤ/ʯ ʠ ʜʣʠʥʝ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʣʝʝ 35 ʢʤ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʨʦʩʪʝ ʩʢʦʨʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦ v
3
, ʢʤ/ʯ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ çʙʘʥʢʘ ʙʘʪʘʨʝʡè, ʠʭ ʤʘʩ-

ʩʳ (ʨʠʩ. 2), ʨʘʩʭʦʜʦʚ ʥʘ ʟʘʨʷʜʢʫ, ʫʚʝʣʠʯʝʥʠʶ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩʫʜʥʘ, ʝʛʦ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʩʪʦʠʤʦʩʪʠ (ʨʠʩ. 3) ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʥʝʝ. ʋ ʜʠʟʝʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʩʫʜʥʘ ʵʪʠ ʨʘʩʭʦʜʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ. 

 

ʘ) ʙ) 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʈʠʩ. 2. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ɸʂɹ ʚ ʧʦʣʥʦʤ ʚʦʜʦʠʟʤʝʱʝʥʠʠ ʩʫʜʥʘ 

 

ʆʙʦʟʥʘʯʝʥʠʝ  

ʈʠʩ. 3. ʉʦʦʪʥʦʰʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʫʜʥʘ ʚʘʨʠʘʥʪʘ çAll -Elè  

ʠ ʩʫʜʥʘ ʩ ʜʠʟʝʣʴʥʦʡ ʉʕʋ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʩʪʨʦʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ çʟʝʣʝʥʦʛʦè ʩʫʜʥʘ ʚʳʰʝ ʦʙʳʯʥʦʛʦ, ʠ 

ʧʨʝʚʳʰʝʥʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ 2,5 ʨʘʟ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤ, ʯʪʦ 

ʜʣʷ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʩʪʦʠʤʦʩʪʴ ɸʂɹ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʜʣʠʥʳ ʤʘʨʰʨʫʪʘ ʜʦʣʷ ʩʪʦʠʤʦʩʪʠ ɸʂɹ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʫʜʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 11 ʜʦ 35%.  

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʨʦʢ ʦʢʫ-

ʧʘʝʤʦʩʪʠ ʩʫʜʥʘ, ʦʪʨʘʞʘʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʩʫʜʥʘ ʢ ʧʨʠʙʳʣʠ ʦʪ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʩʨʦʢʦʚ ʦʢʫ-

ʧʘʝʤʦʩʪʠ ʊ' ʩʫʜʥʘ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ ʢ ʩʫʜʥʫ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʉʕʋ.  

 

  
ʘ) FullHyb; ʙ) Hyb 40/60;   



ɽ.ɺ. ʂʫʧʘʣʴʮʝʚʘ, ɽ.ʇ. ʈʦʥʥʦʚ 
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ʚ) All -El 

ʆʙʦʟʥʘʯʝʥʠʝ  

ʈʠʩ. 4. ʉʦʦʪʥʦʰʝʥʠʝ ʩʨʦʢʘ ʦʢʫʧʘʝʤʦʩʪʠ ʩʫʜʦʚ  

ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʉʕʋ 

ɸʥʘʣʠʟ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʚʘʨʠ-

ʘʥʪʘ ʩʫʜʥʘ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ ʩʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʩʫʜʥʘ ʜʠʟʝʣʴ-

ʤʝʭʘʥʠʯʝʩʢʦʡ ʉʕʋ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʙʳʣʠ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʩ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʡ ʛʨʝʙʥʦʡ ʫʩʪʘʥʦʚʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʢʦʨʦʩʪʷʭ (ʨʠʩ. 1) ʦʢʫʧʘʝʤʦʩʪʴ ʢʘʧʠʪʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ çʟʝʣʝʥʳʭè ʩʫʜʦʚ ʭʫʞʝ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ. 

ɺ ʦʪʥʦʰʝʥʠʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʉʕʋ ʩʫʜʦʚ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʘʨʠ-

ʘʥʪʦʚ Hyb a/b ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʘʷ ʜʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʥʘʢʦʧ-

ʣʝʥʥʦʡ ɸʂɹ, ʪʝʤ ʙʦʣʝʝ ʙʣʠʟʦʢ ʚʘʨʠʘʥʪ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢ ʩʫʜʥʫ ʩ ɼɺʉ. 

ʉ ʢʦʤʧʣʝʢʩʦʤ FullHyb, ʢʦʛʜʘ ʥʘ ʙʦʨʪʫ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 100% ʙʘʪʘʨʝʡ ʠ ɼɻ ʜʣʷ ʠʭ ʧʦʜ-

ʟʘʨʷʜʢʠ, ʚ ʚʘʨʠʘʥʪʘʭ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʠʤʝʝʪ ʤʝʥʝʝ ʚʳʛʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʥʘ ʩʫʜʥʝ ʜʠ-

ʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʦʣʴʢʦ ʜʣʷ ʟʘʨʷʜʢʠ ɸʂɹ ʧʦ ʧʦʥʷʪʥʳʤ ʧʨʠʯʠʥʘʤ ʫʚʝ-

ʣʠʯʠʚʘʝʪ ʩʪʨʦʠʪʝʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʩʫʜʥʘ ʠ ʩʨʦʢ ʝʛʦ ʦʢʫʧʘʝʤʦʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʭʦʜʘ. 

ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʢʨʠʪʝʨʠʠ ʤʦʞʥʦ ʧʦ ʛʨʘʬʠʢʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 5. ʅʘ ʥʠʭ ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ ʠʟʤʝ-

ʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ʈʘʩʯʝʪʳ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʠ ʜʣʠʥʝ ʣʠʥʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ 15 ʢʤ. 

 

  

ʆʙʦʟʥʘʯʝʥʠʝ  

ʈʠʩ. 5. ɺʣʠʷʥʠʝ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ  

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ çʟʝʣʝʥʦʛʦè ʩʫʜʥʘ 

ʆʮʝʥʠʚʘʷ ʭʘʨʘʢʪʝʨ ʢʨʠʚʳʭ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʫʣʫʯʰʝʥʠʷ. ʇʨʠ ʥʝʚʳʩʦʢʠʭ ʩʢʦʨʦ-
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ʩʪʷʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʭ ʜʣʠʥʘʭ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝ, ʚʥʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʧʘʩʩʘʞʠʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʭʫʞʝ, ʯʝʤ ʩ ʜʠʟʝʣʴʥʦʡ ʉʕʋ. 

ʆʙʦʙʱʘʶʱʠʡ ʚʳʚʦʜ ʦʮʝʥʢʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ çʤʘʣʳʭè ʧʘʩ-

ʩʘʞʠʨʩʢʠʭ çʟʝʣʝʥʳʭè ʩʫʜʦʚ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 6. ɿʘʰʪʨʠʭʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʯʝʪʘʥʠʷʤ 

ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʨʘʩʭʦʜʳ ʧʦ ʩʫʜʥʫ ʩ ʚʘʨʠʘʥʪʦʤ ʉʕʋ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʤ (All -El) ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʪʘʢʦʚʳʭ ʩʫʜʥʘ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʠʟʝʣʴ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʉʕʋ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʛʣʘʚʥʳʝ 

ʵʣʝʤʝʥʪʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʩʫʜʦʚ ʦʧʪʠʤʘʣʴʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʧʨʦ-

ʛʨʘʤʤʝ SPV-OPTIMUM. ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʠ ʠ ʧʨʦʪʷʞʝʥʥʦ-

ʩʪʠ ʣʠʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʩʫʜʦʚ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚ 

ʟʘʰʪʨʠʭʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʚʦʟʢʫ ʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʘ ʥʘ çʟʝʣʝʥʦʤè ʩʫʜʥʝ 

ʤʝʥʴʰʝ. 

 

ʈʠʩ. 6. ɿʦʥʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʜʥʘ ʩ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʝʤ 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʮʠʦʥʘʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ 

ʧʨʦʝʢʪʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʢʦʨʦʪʢʠʭ ʤʘʨʰʨʫʪʘʭ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʟʘʨʷʜʢʠ ʙʘʪʘʨʝʡ ʥʘ ʢʦʨʦʪʢʠʭ ʧʦ ʚʨʝʤʝʥʠ ʦʩʪʘʥʦʚʦʯʥʳʭ ʧʫʥʢʪʘʭ ʠ ʚ 

ʥʦʯʥʦʝ ʚʨʝʤʷ ʦʪʩʪʦʷ ʩʫʜʥʘ ʦʪ ʙʝʨʝʛʦʚʦʡ ʩʝʪʠ. ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠʤʝ-

ʥʠʤ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʚʥʫʪʨʠʛʦʨʦʜʩʢʠʭ ʣʠʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʚʦʜʥʳʭ ʪʘʢʩʠ ʠ ʵʢʩʢʫʨʩʠʦʥʥʦ-

ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʩʫʜʦʚ. ʅʘ ʧʨʠʛʦʨʦʜʥʳʭ ʠ ʤʝʩʪʥʳʭ ʣʠʥʠʷʭ, ʢʦʛʜʘ ʤʦʛʫʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʠ ʠʭ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ ʧʨʠ ʧʨʦʙʣʝʤʘʭ ʧʦʣʫʯʝʥʠʷ ʪʦʢʘ ʩ 

ʙʝʨʝʛʘ ʥʘʨʷʜʫ ʩ ʯʠʩʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʦʟʤʦʞʝʥ ʦʜʠʥ ʠʟ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʉʕʋ ʩ ɸʂɹ ʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ. ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʛʠʙʨʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ ʉʕʋ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʪʨʝ-

ʙʫʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʜʝʣʘʪʴ çʟʝʣʝʥʳʝè ʩʫʜʘ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʧʨʠʚʣʝ-

ʢʘʪʝʣʴʥʳʤʠ ʦʧʨʝʜʝʣʷʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʠ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʫʜʥʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʦʡ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʩʫʜʘʭ. ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʫʜʘʭ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩ-

ʭʦʜʦʚ. ʆʜʥʘʢʦ, ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʦʪʨʝʙʥʦʡ ʤʦʱʥʦʩʪʠ çʟʝʣʝʥʦʛʦè ʩʫʜʥʘ ʧʨʦʮʝʥʪ ʘʢʢʫ-

ʤʫʣʠʨʫʝʤʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣ ï ʦʢʦʣʦ 10 %, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʠʰʴ ʦʙʝʩʧʝʯʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʩʫʜʥʝ (ʦʩʚʝʱʝʥʠʝ, 

ʘʛʨʝʛʘʪʳ ʩʠʩʪʝʤ, ʧʨʠʙʦʨʳ ʠ ʧʨʦʯʝʝ). 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʫʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ. ɺ ʨʝʘʣʠʷʭ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʦʢ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʩ 
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ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʥʠʞʝʥʠʷ ʠʭ ʩʪʦʠʤʦʩʪʠ ʠ ʤʘʩʩʳ ʠ ʫʚʝʣʠʯʝʥʠʷ ʸʤʢʦʩʪʠ ʤʠʨʦʚʳʝ ʪʝʥʜʝʥ-

ʮʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʜʣʝʥʥʦ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʚʝʢʪʦʨʳ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʤʠʨʦʚʦʡ 

ʧʨʘʢʪʠʢʠ ʚ ʵʪʠʭ ʦʪʨʘʩʣʷʭ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʦʜʠʤʳʤ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ 

ʵʣʝʪʨʦʜʚʠʞʝʥʠʷ ʥʘ ʥʘʟʝʤʥʦʤ ʪʨʘʥʩʧʦʨʪʝ [7], ʚʠʜʥʘ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 

ɸʂɹ, ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʧʦʣʝʟʥʦʡ ʝʤʢʦʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʣʠ ʠʭ ʤʘʩʩʳ ʚ ʧʦʣʥʦʤ 

ʚʦʜʦʠʟʤʝʱʝʥʠʠ ʩʫʜʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʮʝʥʘ ʣʠʪʠʡ-ʠʦʥʥʦʡ ʙʘʪʘʨʝʠ, ʚʳʨʘʙʘʪʳ-

ʚʘʁʱʝʡ ʵʥʝʨʛʠʠ 1ʢɺʪ/ʯ, ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 300é400$. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʩʯʠʪʘʝʪʩʷ 

ʚʧʦʣʥʝ ʜʦʩʪʠʞʠʤʦʡ ʧʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʮʝʥʘ ʚ 150$. ʇʨʦʠʟʚʝʜʝʥʥʳʝ ʨʘʩ-

ʯʝʪʳ ʠ ʦʮʝʥʢʘ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʥʘʷ 

ʩʪʦʠʤʦʩʪʴ çʟʝʣʝʥʦʛʦè ʩʫʜʥʘ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʩʨʦʢ ʝʛʦ ʦʢʫʧʘʝʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩ ɼɺʉ ʤʦʛʫʪ ʫʤʝʥʴʰʠʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 30%. 

ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʥʘ ʩʫʜʘʭ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ 

ʵʢʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʢʣʶʯʘʶʪʩʷ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʚʨʝʜʥʳʭ ʚʳʭʣʦʧ-

ʥʳʭ ʛʘʟʦʚ. ʇʦ ʜʘʥʥʳʤ [8] ʧʨʠ ʩʞʠʛʘʥʠʠ 1ʪ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʚʦʟʜʫʰʥʦʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʧʦʧʘʜʘʝʪ ʦʢʦʣʦ 24 ʢʛ ʩʘʞʠ, ʜʦ 50 ʢʛ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʨʦʯʠʭ ʦʧʘʩʥʳʭ ʚʝ-

ʱʝʩʪʚ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʦʣʷ ʰʪʨʘʬʦʚ ʟʘ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʚ ʦʙʱʠʭ ʨʘʩ-

ʭʦʜʘʭ ʧʦ ʩʫʜʥʫ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,05%, ʯʪʦ ʥʝ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʦʭʦʜʳ 

ʩʫʜʦʚʣʘʜʝʣʴʮʝʚ. ʄʠʨʦʚʘʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʘʪʳ ʟʘ ʥʘʨʫʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨ-

ʪʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʫʜʘʭ ʚʥʫʪʨʠʛʦʨʦʜʩʢʠʭ ʣʠʥʠʡ. 
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The estimation of the economic efficiency of vessels with an atypical complex of the ship 

power plant (SES) is made for çsmallè passenger vessels operating on intraurban and sub-

urban lines. The result of the developed methodology is a software product in the Visual 

Basic For Application (VBA) environment. With certain initial data, it is possible to calculate 
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the economic efficiency criteria for a ship with both a classical SEM and a given non-typical 

complex. 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 06.04.2018 ʛ. 

 

 

 

ʋɼʂ 629.5.061 

 
ʉ.ɺ. ʃʝʙʝʜʝʚʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

ɺ.ʀ. ʄʝʨʟʣʷʢʦʚ, ʢ.ʪ.ʥ., ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè 

603951, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʫʣ. ʅʝʩʪʝʨʦʚʘ, 5 

ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ɼɽʄʇʌʀʈʆɺɸʅʀʗ ɺʆɼʓ  

ʅɸ ɻʈɸʅʀʎʋ ʋʉʊʆʁʏʀɺʆʉʊʀ  

ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʉʋɼʅʆʄ ʉ ʂʆʃɽʉʅʓʄ  

ɼɺʀɾʀʊɽʃʔʅʆ-ʈʋʃɽɺʓʄ ʂʆʄʇʃɽʂʉʆʄ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʨʠʪʝʨʠʡ ɻʫʨʚʠʮʘ, ʩʘʤʦʜʝʤʧʬʠʨʦʚʘʥʠʝ.  

 

ʇʦ ʢʨʠʪʝʨʠʶ ɻʫʨʚʠʮʘ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʩʘʤʦʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʧʨʠʩʫʱʝʝ ʩʠʩʪʝʤʝ 

(ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʦʝ) ʯʝʪʚʝʨʪʦʛʦ ʠ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʛʨʘʥʠʮʫ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʩʷ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʠʩʪʝ-

ʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʩʫʜʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚʝʜʝʪʩʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ. ʪ. ʥ. ɺ.ʀ. ʇʣʶʱʘʝʚʘ, 

ʟʘʚ. ʢʘʬʝʜʨʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʌɻɹʆʋ ɺʆ çɺɻʋɺʊè [1ï4]. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʫʜʘʭ ʪʠʧʘ çʇʂʉ-40è ʠ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ (ʠʣʠ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ) ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʢʦʣʝʩʥʳʭ ʩʫʜʘʭ (ʥʘʧʨʠʤʝʨ, ʣʝʜʦʢʦʣ çɹʘʣʪʠʢʘè), ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ 

ʪʝʭʥʠʢʠ, ʥʘʯʠʥʘʷ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʜʚʝʩʦʚ (ʕʄʇ) ʨʦʪʦʨʦʚ ʜʦ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ. 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʫʯʠʪʳʚʘʝʤʳʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ.  

ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʨʦʪʦʨʘ ʥʘ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ ʜʦʩʪʘʪʦʯ-

ʥʦ ʤʥʦʛʦ [5ï10 ʠ ʜʨ.]. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʷʪʩʷ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʵʪʦʡ ʪʝʤʘʪʠʢʝ. ɼʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʤ ʧʦʜʚʝʩʦʤ ʨʦʪʦʨʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʥʘʣʦʛʠʯʥʘ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʫʜʥʦʤ ʩ ʢʦʣʝʩʥʳʤ ʜʚʠʞʠʪʝʣʴʥʦ-ʨʫʣʝʚʳʤ ʢʦʤʧʣʝʢʩʦʤ (ʂɼʈʂ). ʆʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ 

ʪʝʤ, ʯʪʦ ʩʚʦʡʩʪʚʦ ʩʘʤʦʜʝʤʧʬʠʨʦʚʘʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ (ʥʫʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʯʪʦʙʳ ʵʪʦ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʦʷʚʠʣʦʩʴ).  

ʋʯʝʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʨʝʜʳ ʧʨʦʚʝʨʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ çʆʂɹʄ ɸʬʨʠʢʘʥʪʦʚè 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ [11]. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ 

ʥʘ ʦʩʝʚʦʤ ʕʄʇ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʦʙʤʦʪʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩ-

ʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʰʠʨʷʝʪʩʷ ʟʘ ʩʯʝʪ ʥʝʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ Kp ʧʨʠ Kd = 0 (ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʳʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʳ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ.  

ʇʦʩʣʝʜʫʶʱʠʝ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦ ʞʝ ʨʝʰʝʥʠʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʜʠʘʣʴ-

ʥʳʤ ʧʦʜʰʠʧʥʠʢʘʤ ʥʝ ʫʚʝʥʯʘʣʦʩʴ ʫʩʧʝʭʦʤ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʨʘʜʠʘʣʴʥʳʭ ʕʄʇ ʙʳʣ ʪʦʣɹ-

ʢʦ ʦʜʠʥ (ʦʙʱʠʡ) ʤʘʛʥʠʪʦʧʨʦʚʦʜ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʩʣʝʜʦʚʘʣʦ 
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ʙʳ, ʥʘʧʨʠʤʝʨ, ʤʝʞʜʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʶʩʘʤʠ ʨʘʟʤʝʩʪʠʪʴ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʤʘʛʥʠʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʦʣʷ ʥʘ ʧʦʩʪʦʷʥʥʳʡ ʧʦʪʦʢ ʤʘʛʥʠʪʦʚ.  

ʇʦʭʦʞʘʷ ʩʠʪʫʘʮʠʷ ʩ ʢʚʘʜʨʦʢʦʧʪʝʨʘʤʠ: ʚ ʚʦʟʜʫʭʝ ʧʨʠ ʩʝʛʦʜʥʷʰʥʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʘ ʣʫʯʰʝ ʢʦʨʧʫʩ ʜʝ-

ʣʘʪʴ ʚ ʬʦʨʤʝ ʪʘʨʝʣʢʠ. 

ɼʣʷ ʩʫʜʦʚ ʚʣʠʷʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʝʤʧʬʠʨʫʶʱʠʤ 

ʵʬʬʝʢʪʦʤ. ʈʷʜ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʛʨʘʥʠʮʫ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʉʋ ʜʚʠʞʝʥʠʝʤ ʩʫʜʦʚ ʩ ʂɼʈʂ. ʇʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʠ ʷʚʣʷʝʪʩʷ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɺ ʨʘʙʦʪʝ [12] ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘ-

ʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʙʝʟ ʨʫʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʜʚʠʞʝʥʠʝʤ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʳ ʚ ʧʣʘʥʝ ʧʦʥʠ-

ʤʘʥʠʷ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, ʫʯʠʪʳʚʘʝʤʳʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʫʩ-

ʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ [12]. 
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ʛʜʝ n1 ʠ n2ï ʯʘʩʪʦʪ rʚʨʘʱʝʥʠʷ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʛʨʝʙʥʳʭ ʢʦʣʝʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

nmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ;  

fpr(t, U) ï ʢʨʠʚʳʝ ʨʘʟʛʦʥʘ ʯʘʩʪʦʪʥʳʭ ʧʨʠʚʦʜʦʚ ʜʚʠʛʘʪʝʣʝʡ ʛʨʝʙʥʳʭ ʢʦʣʝʩ (ʧʨʦʛʨʘʤʤʠ-

ʨʫʝʪʩʷ ʧʨʠ ʝʛʦ ʥʘʩʪʨʦʡʢʝ); 

V ï ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ; 

m ï ʤʘʩʩʘ ʩʫʜʥʘ; 

J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʫʜʥʘ ʩ ʫʯʝʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʤʘʩʩ ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʤʘʩʩ; 

Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʪʷʛʠ, ʩʦʟʜʘʚʘʝʤʳʤ ʰʝʚʨʦʥʥʳʤʠ ʧʣʠʮʘʤʠ ʛʨʝʙʥʳʭ ʢʦʣʝʩ ʠ 

ʜʠʘʤʝʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʩʫʜʥʘ; 

MR ï ʤʦʤʝʥʪ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ; 

ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʘ ʩʫʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ; 

U1, U2 ï ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ; 

ɋʩʤ ï ʧʣʦʱʘʜʴ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ;  

ɕ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 

ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ; 
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Cp(n, V) ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʦʨʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʜʥʘ; 

ɸ, ɺ ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʤʝʨʦʚ ʛʨʝʙʥʳʭ ʢʦʣʝʩ ʠ ʢʦʨʧʫʩʘ 

ʩʫʜʥʘ; 

ɣ ï ʫʛʦʣ ʢʫʨʩʘ ʩʫʜʥʘ; 

k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ ʥʘ ʢʦʨʧʫʩ 

ʩʫʜʥʘ; 

v ï ʢʦʥʩʪʘʥʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠ 

ʧʣʦʱʘʜʴʶ ʥʘʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ; 

ű ï ʫʛʦʣ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 

x, y ï ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʩʷʤ x ʠ y ʥʘ ʧʣʦʩʢʦʩʪʠ. 

 

ɼʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʭʦʜʥʫʶ ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʪʝʧʝʥʠ ʫʧʨʦʩʪʠʪʴ, ʩʦʭʨʘʥʠʚ ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʬʬʝʢʪʳ. 

ʋʨʘʚʥʝʥʠʷ 1 ʠ 2 ʟʘʧʠʩʘʥʳ, ʚ ʩʫʱʥʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʪʷʛʠ. ʅʘʩ ʠʥʪʝʨʝʩʫ-

ʝʪ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʪʷʛʠ, ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʟʘ ʠʟʤʝʥʝʥʠʝ ʢʫʨʩʘ ʩʫʜʥʘ. ɺ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ (ʪ. ʝ. ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʩ ʨʘʟʥʳʤ ʟʥʘʢʦʤ) ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʦʨʤʦ-

ʚʫʶ ʯʘʩʪʴ ʩʫʜʥʘ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ)(
2

2

2

1 nnKF -= ʠʣʠ ʚ 

ʧʨʠʨʘʱʝʥʠʷʭ:  ,4])(-)[( 0

2

20

2

10 nnKnnnnKF D=D-D+= ʛʜʝ 0n ï ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʢʦʣʝʩʘ; ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʣʠʥʝʡʥʦʡ ʚ ʵʪʦʡ ʯʘʩʪʠ. ɼʘʣʝʝ ʤʦʞʥʦ ʨʘʩʩʫʞʜʘʪʴ, ʢʘʢʠʝ ʠʥʝʨʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ (ʨʠʩ.1). ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʝɦʥʠʷ ʢʦʣʝʩ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʦʜʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘ ʜʨʫʛʫʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʚ ʚʠʜʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ ʟʚʝʥʴʝʚ. 

 

 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʛʨʘʥʠʮ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ:  

1 ï ʙʝʟ ʫʯʝʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, 2 ï ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʠʥʪʝʨʝʩʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʫʜʥʘ ʥʘ ʢʫʨʩʝ, ʪʦ ʫʨʘʚʥʝʥʠʷ 3 ʠ 5 ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ. ʋʨʘʚʥʝʥʠʷ ʟʘʧʠʰʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʫʨʩʦʚʦʛʦ ʫʛʣʘ. 

ʇʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʷ 6 ʠ 7 ʪʘʢʞʝ ʠʩʢʣʶʯʘʶʪʩʷ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ, ʠʩʭʦʜʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠ-

ʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 



ʉ.ɺ. ʃʝʙʝʜʝʚʘ, ɺ.ʀ. ʄʝʨʟʣʷʢʦʚ 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʦʜʳ ʥʘ ʛʨʘʥʠʮʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ» 
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ʛʜʝ K ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ;  

Ű ï ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʦʙʦʠʭ ʠʥʝʨʮʠʦʥʥʳʭ ʟʚʝʥʴʝʚ;  

ʨ ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ;  

nʟʘʜ ï ʟʘʜʘʥʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ 

.ɊKKKpɊKJpɊKJpɊpJɊ
pd

0)()2()2( 2342 =+++t++t+t+t  

ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʜʝʤʧʬʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʫʜʥʦ ʩʨʝʜʳ, ʪʦ ʛʨʘ-

ʥʠʮʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [13] ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʕʄʇ. 

ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʨʝʤʝʥʠ ʩʪʥʦʚ
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ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝ-

ʥʠʝ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ʇʦʤʥʦʞʠʚ ʥʘ Ű
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ʇʦ ʢʨʠʪʝʨʠʶ ɻʫʨʚʠʮʘ ʩʠʩʪʝʤʘ ʫʩʪʦʡʯʠʚʘ ʧʨʠ ʩʣʝʜʫʶʱʝʤ ʫʩʣʦʚʠʠ:  

.KKJKKJKJKJKK

KKJKKJKJKJKK

.aaaaaaa

pdd

pdd

0)2(])()2)(2([)(

ʠʣʠ0)2(])()2)(2([)(

:ʩʠʩʪʝʤʳ ʥʘʰʝʡ ɼʣʷ

0)(

2

22

4

2

130213

>tt+-+t-t+t++

>tt+-+t-t+t++t

>--

 

ʇʨʠ .
KJ

KJK
K

KJ

KJKJKJK
KK

ppd 2

2

2 )2(

)(2
ʠʣʠ

)2(

])2()2[(
0

t+t

t+
<

t+t

t-t+t+
<=  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ, ʪʝʤ ʙʦʣʴʰʝ ʦʙʣʘʩʪʴ ʫʩ-

ʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʪ. ʝ. ʪʝʤ ʙʦʣʴʰʝ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴ-
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ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. ʈʦʣʴ ʫʯʠʪʳʚʘʝʤʳʭ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ 

ʦʯʝʚʠʜʥʘ: ʯʝʤ ʤʝʥʴʰʝ ʠʭ ʚʝʣʠʯʠʥʘ, ʪʝʤ ʣʫʯʰʝ. 

ʇʨʠ Kp=0  

,
J

KJ
K

,K
J

KJKJ
K

.KKJKJKJ

d

d

d

t

t+
<

-
t

t+t+
<

>+t-t+t+

2

2

2

)(2

ʠʣʠ
)2()2(

0)()2()2(

 

ʘ ʧʝʨʚʳʡ ʢʦʨʝʥʴ ʤʝʥʴʰʝ 0. ʇʨʠ K = 0
t

<
J

K
d

2
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʚ 

[13]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ Kp ï ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʫʥʢʮʠʷ ʦʪ Kd, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Kp ʙʫʜʝʪ 

ʧʨʠ ʟʥʘʯʝʥʠʠ .
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ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ Kp ʥʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ Kd ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ K, ʪ.ʝ. ʜʣʷ ʜʦʩʪʠ-

ʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʥʝʦʙ-

ʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʥʝʢʦʪʦʨʫʶ ʚʝʣʠʯʠʥʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. 

ɽʩʣʠ ʫʯʝʩʪʴ ʵʬʬʝʢʪ ʠʥʝʨʮʠʠ ʚʦʟʨʘʩʪʘʥʠʷ ʩʠʣʳ ʪʷʛʠ ʜʚʠʞʠʪʝʣʷ, ʪʦ ʧʦʣʫʯʠʤ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʩ 

ʂɼʈʂ ʩ ʫʯʝʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʜʳ. 

ʀʩʭʦʜʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʤʝʝʪ ʚʠʜ: 
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ʅʝ ʧʨʦʠʟʚʦʜʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦ ʚʳʯʠʩʣʝʥʠʶ ʜʠʩʢʨʠʤʠʥʘʥʪʘ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚ-
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ʇʨʠ 0=K ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʡ ʚ [14] ʨʝʟʫʣʴʪʘʪ 
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʤʝʱʘʝʪʩʷ ʧʦ ʦʩʠ Kd ʚʥʠʟ ʥʘ ʚʝʣʠʯʠʥʫK , ʯʪʦ ʥʝ ʧʨʦʪʠ-

ʚʦʨʝʯʠʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ [11]. 

2. ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʜʝʤʧʬʠʨʦ-

ʚʘʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺʣʠʷʥʠʝ ʵʬʬʝʢʪʘ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʚ ʨʘʤʢʘʭ ʧʨʠʥʷʪʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʢʘʢ ʧʨʠ ʫʯʝʪʝ ʜʚʫʭ ʠʥʝʨʮʠʦʥʥʳʭ ʟʚʝʥʴʝʚ, ʪʘʢ ʠ ʧʨʠ 

ʫʯʝʪʝ ʪʨʝʭ ʟʚʝʥʴʝʚ. ɼʝʤʧʬʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʦ 

ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʢʫʨʩʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʇɼ ʨʝʛʫʣʷʪʦʨʘ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʟʘʜʘʯʝ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʪʦʣʴʢʦ ʥʘ ʩʪʨʫʢʪʫ-

ʨʫ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʩʠʩʪʝʤ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʜʝʤʧʬʠʨʦʚʘʥʠʷ, 

ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʦʪʦʨʘ ʤʘʰʠʥ 

ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ 

ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʨʝʰʘʶʱʠʤʠ). 

2. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʝʜʧʦʩʳʣʢʝ ʦʜʠʥʘʢʦʚʳʭ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʩ ʮʝʣʴʶ 

ʫʧʨʦʱʝʥʠʷ ʚʳʢʣʘʜʦʢ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʥʦʩʷʪ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʧʨʦʚʝʨʠʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʤ ʨʘʩʯʝʪʦʤ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʝʨʮʠʡ (ʚʦʟʤʦʞʥʦ ʠ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ). 



ʉ.ɺ. ʃʝʙʝʜʝʚʘ, ɺ.ʀ. ʄʝʨʟʣʷʢʦʚ 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʦʜʳ ʥʘ ʛʨʘʥʠʮʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʫʜʥʦʤ» 

 48 

3. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ (ʢʨʦʤʝ ʩʫʜʦʚ ʩ ʂɼʈʂ), ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʫʜʦʚ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ, 
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ʪʝʢʪʫʨʘ ï ʢʘʪʝʛʦʨʠʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ, ʦʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 
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ʩʣʝʜʫʶʱʠʝ: ʪʫʨʠʩʪʠʯʝʩʢʠʝ, ʵʢʩʢʫʨʩʠʦʥʥʳʝ, ʤʝʩʪʥʳʝ, ʧʨʠʛʦʨʦʜʥʳʝ ʠ ʚʥʫʪʨʠʛʦʨʦʜ-

ʩʢʠʝ. ʂʘʞʜʳʡ ʚʠʜ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʚʦʡ ʪʠʧ ʩʫʜʦʚ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʦʤʬʦʨʪ ʧʦʝʟʜʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʩʢʦʨʦʩʪʴ. 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚ ʈʦʩʩʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʝʦʛʨʘʬʠʷ ʢʨʫʠʟʦʚ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʚʦʜ-

ʥʳʤ ʧʫʪʷʤ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʩʪʨʦʡʢʝ ʚʳʩʦʢʦʢʦʤʬʦʨʪʘʙʝʣʴʥʳʭ 

ʩʫʜʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʪʫʨʠʩʪʦʚ. ɺ ʥʘ-

ʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʯʥʳʝ ʢʨʫʠʟʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʢʦʤʬʦʨʪʘʙʝʣʴʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʩʫʜʘʭ ʧʨʦʝʢʪʦʚ 301, 302, 92-016, Q-040, Q-065 [2]. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʫʨʠʩʪʠ-

ʯʝʩʢʠʭ ʩʫʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ɺʳʩʦʢʠʡ ʢʦʤʬʦʨʪ ʧʦʝʟʜʢʠ ʥʘ ʢʨʫʠʟʥʳʭ ʩʫʜʘʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʜʦʩ-

ʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʷʤʠ ʛʦʨʦʜʦʚ, ʟʝʣʝʥʳʝ ʩʪʦʷʥʢʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʨʠʚʣʝʢʘʶʪ ʥʘ ʨʝʯ-



ɺ.ʀ. ʃʶʙʠʤʦʚ 
ʆʩʦʙʝʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʪʠʧʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʯʥʳʭ ʢʨʫʠʟʥʳʭ ʩʫʜʦʚ 
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ʥʳʝ ʩʫʜʘ ʚʩʝ ʙʦʣʴʰʝ ʪʫʨʠʩʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʦʩʪʨʘʥʥʳʭ. ʇʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ 

ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʩʫʜʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 180 ʜʦ 328 ʯʝʣʦʚʝʢ, ʘ ʩʢʦʨʦʩʪʴ ʭʦʜʘ ï 

ʦʪ 22,6 ʜʦ 26 ʢʤ/ʯ. ʆʩʘʜʢʘ ʩʫʜʦʚ ʟʘʚʠʩʠʪ ʦʪ ʣʠʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʨʝʢʘʭ ʠ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʘʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʠ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʠ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ʪʫʨʠ-

ʩʪʠʯʝʩʢʠʭ ʩʫʜʦʚ (N/D) ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,573 ʜʦ 0,728 ʢɺʪ/ʪ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ 

 ï ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,24 ʜʦ 0,334 ʢɺʪĀʯ/ʧʘʩʩ.Āʢʤ. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʩʫʜʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʨʦʝʢʪʳ 

ʅʦʤʝʨ ʧʨʦʝʢʪʘ 301 302 92-016 Q-040 Q-056 Q-065 

ʂʣʘʩʩʘ ʩʫʜʥʘ \ʆ 2,0 \ʄ 3,0 \ʆ 2,0 \ʆ 2,0 \ʄ 3,0 \ʆ 2,0 

ʇʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ, 

 nʧʘʩ, ʯʝʣ. 

254 290 328 218 250 180 

ɼʣʠʥʘ ʧʦ ʂɺʃ, ʤ 125 129 135,7 110,1 115,6 90,2 

ʐʠʨʠʥʘ ʧʦ ʂɺʃ, ʤ 16,70 16,70 16,80 14,5 16,5 15 

ʆʩʘʜʢʘ, ʤ 2,70 2,90 2,90 2,20 2,80 1,60 

ʉʢʦʨʦʩʪʴ ʭʦʜʘ, v, ʢʤ/ʯ 26 25,5 26 24 25,5 22,6 

ʄʦʱʥʦʩʪʴ ʉʕʋ, N, ʢɺʪ 2206 2206 2206 1324 1986 978,2 

ɺʦʜʦʠʟʤʝʱʝʥʠʝ, D, ʪ 3545 3846 3935 2099 2915 1342 

ʕʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ N/D, ʪ 0,622 0,573 0,560 0,630 0,681 0,728 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

N/nʧʘʩĀv, ʢɺʪĀʯ/ʯʝʣ.Āʢʤ 

0,334 0,298 0,258 0,253 0,311 0,240 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ XX ʚʝʢʘ, ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʢ ʢʨʫʠʟʥʳʤ ʧʦʝʟʜʢʘʤ ʧʘʩʩʘʞʠʨʦʚ. ʉʨʝʜʠ ʞʝʣʘʶʱʠʭ ʧʦʙʳʚʘʪʴ ʚ ʢʨʫʠʟʘʭ ʚʩʝ 

ʙʦʣʴʰʝ ʤʦʣʦʜʝʞʠ. ʄʥʦʛʠʝ ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʢʨʫʠʟʳ ʩ ʜʝʪʴʤʠ. ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ 

ʚʦʜʥʦʤʫ ʪʫʨʠʟʤʫ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʩʫʜʦʚ. 

ʈʘʩʪʫʪ ʨʘʟʤʝʨʳ ʠ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ ʩʪʨʦʷʱʠʭʩʷ ʠ ʚʚʝʜʝʥʥʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʢʨʫʠʟʥʳʭ ʩʫʜʦʚ. ʇʦ ʫʨʦʚʥʶ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ ʤʥʦʛʠʝ ʩʫʜʘ ʥʝ ʫʩʪʫʧʘʶʪ ʦʪʝʣʷʤ. 

ʅʘʨʷʜʫ ʩ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʤʠ ʧʣʘʚʫʯʠʤʠ ʩʫʜʘʤʠ, ʟʘ ʨʫʙʝʞʦʤ ʩʪʨʦʷʪʩʷ ʠ ʢʨʫʠʟʥʳʝ 

ʩʫʜʘ ʥʝʙʦʣʴʰʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʩ ʥʝʙʦʣʴʰʦʡ ʦʩʘʜʢʦʡ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʝʯʝʩʪ-

ʚʝʥʥʦʤʫ ʬʣʦʪʫ ʥʫʞʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʢʨʫʠʟʥʳʝ ʩʫʜʘ, ʧʨʠʥʦʩʷʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʦ-

ʭʦʜ. 

ɹʦʣʴʰʦʝ ʙʝʩʧʦʢʦʡʩʪʚʦ ʩʫʜʦʭʦʜʥʳʭ ʢʦʤʧʘʥʠʡ ʚ ʈʦʩʩʠʠ ʚʳʟʳʚʘʝʪ ʚʦʟʨʘʩʪ ʵʢʩʧʣʫʘ-

ʪʠʨʫʝʤʳʭ ʩʫʜʦʚ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 30 ʜʦ 45 ʣʝʪ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʟʘ ʨʫʙʝʞʦʤ 

ʧʨʝʜʝʣʴʥʳʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 50 ʣʝʪ, ʪʦ ʚ ʙʣʠ-

ʞʘʡʰʠʝ ʛʦʜʳ ʈʦʩʩʠʷ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʨʫʠʟʥʦʛʦ ʬʣʦʪʘ [3]. 

ɺʦʟʨʦʞʜʝʥʠʝ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʬʣʦʪʘ ʜʦʣʞʥʦ ʠʜʪʠ ʧʦ ʧʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʜʦʚʣʝʪʚʦ-

ʨʝʥʠʷ ʠʥʪʝʨʝʩʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʣʠʝʥʪʦʚ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫ-

ʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʰʠʨʠʪʴ ʩʬʝʨʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʣʦʞʥʦʡ ʧʨʦ-

ʙʣʝʤʳ ʙʝʟ ʧʦʤʦʱʠ ʛʦʩʫʜʘʨʩʪʚʘ ʥʝ ʧʦʜ ʩʠʣʫ ʜʘʞʝ ʪʘʢʠʤ ʢʨʫʧʥʳʤ ʪʫʨʦʧʝʨʘʪʦʨʘʤ, ʢʘʢ 

çɺʦʜʦʭʦʜè ʠ çʄʦʩʪʫʨʬʣʦʪè. 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʩ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʙʳʣʦ ʚʦʩʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʇʨʘʚʠʪʝʣʴ-

ʩʪʚʘ ʈʌ ʦ ʚʳʜʝʣʝʥʠʠ ʩʨʝʜʩʪʚ ʥʘ ʧʦʩʪʨʦʡʢʫ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʩʤʝʰʘʥʥʦʛʦ (ʨʝʢʘ-

ʤʦʨʝ) ʧʣʘʚʘʥʠʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʛʝʦʛʨʘʬʠʠ ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʘ. ʇʣʘʥʠʨʫʝʪʩʷ, ʯʪʦ ʩʦʟʜʘ-

ʥʠʝ ʥʦʚʳʭ ʩʫʜʦʚ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʤʘʨʰʨʫʪʳ ʚʦʜʥʳʭ ʧʫʪʝʰʝʩʪʚʠʡ ʟʘ 

ʩʯʝʪ ʧʦʩʝʱʝʥʠʷ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʨʳʤ, ʉʝʚʘʩʪʦʧʦʣʷ, ʉʦʯʠ ʠ ɸʙʭʘʟʠʠ. 



ɺʝʩʪʥʠʢ ɺɻɸɺʊ, ʚʳʧʫʩʢ 55, 2018 ʛ. 

ʈʘʟʜʝʣ I. ʉʫʜʦʩʪʨʦʝʥʠʝ, ʩʫʜʦʨʝʤʦʥʪ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʫʜʥʘ 
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ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʨʫʠʟʥʳʭ ʩʫʜʦʚ ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʦʙʦʩʥʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʪʠʧʘ (ɸʂʊ) ʠ ʤʦʨʝʭʦʜʥʳʭ ʢʘʯʝʩʪʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʫʠʟʥʳʝ ʨʝʯʥʳʝ ʧʝʨʝʚʦʟʢʠ ʚ ʈʦʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ 13 

ʨʘʡʦʥʘʭ ʠʟ 85. ʆʩʥʦʚʥʦʡ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʎʝʥʪʨʘʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩ-

ʩʠʠ, ʇʦʚʦʣʞʴʷ, ʨʘʡʦʥʘʭ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ɻʣʘʚʥʳʤʠ ʧʦʨʪʘʤʠ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʨʝʯʥʦʛʦ ʪʫʨʠʟʤʘ ʷʚʣʷʶʪʩʷ ʄʦʩʢʚʘ, ʉʘʥʢʪïʇʝʪʝʨʙʫʨʛ ʠ ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ. ɺ ʧʦ-

ʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʟʘʤʝʪʥʦ ʚʦʟʨʦʩ ʧʦʪʦʢ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʪʫʨʠʩʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʩʦʚʝʨʰʘʶʪ ʢʨʫʠʟʳ ʧʦ ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʨʝʢʘʤ. 

ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʩʫʜʦʚ ʩ ʤʘʣʦʡ ʦʩʘʜʢʦʡ ʪʫʨʠʟʤ ʥʘ ʙʦʢʦʚʳʭ ʠ ʤʘ-

ʣʳʭ ʨʝʢʘʭ ʥʝ ʨʘʟʚʠʚʘʝʪʩʷ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 14,0ï16,0 ʤʣʥ. ʯʝʣʦ-

ʚʝʢ ʚ ʛʦʜ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʩʜʝʨʞʠʚʘʶʱʠʤʠ ʨʦʩʪ ʦʙʲʝʤʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝ-

ʨʝʚʦʟʦʢ, ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʬʠʥʘʥʩʦʚʳʡ ʢʨʠʟʠʩ, ʥʠʟʢʘʷ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠ ʥʝʜʦʩʪʫʧʥʦʩʪʴ ʢʨʝʜʠʪʦʚ, ʩʪʘʨʝʥʠʝ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʬʣʦʪʘ, ʫʭʫʜʰʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ (ɺɺʇ). ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ ʩʣʝʜʫʝʪ ʧʨʦ-

ʜʦʣʞʠʪʴ ʧʦʠʩʢ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʝʯʥʦʛʦ ʪʫʨʠʟʤʘ ʟʘ ʩʯʝʪ ʧʦʩʪʨʦʡʢʠ ʥʦʚʳʭ 

ʢʨʫʠʟʥʳʭ ʩʫʜʦʚ, ʫʣʫʯʰʝʥʠʝ ʩʝʨʚʠʩʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʫʨʠʩʪʦʚ, ʦʪʢʨʳʪʠʝ ʥʦʚʳʭ ʣʠʥʠʡ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʘ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʡʢʘ ʧʘʩ-

ʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ ʩʤʝʰʘʥʥʦʛʦ (ʨʝʢʘ-ʤʦʨʝ) ʧʣʘʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʧʝʨʠʦʜ 

ʥʘʚʠʛʘʮʠʠ ʥʘ ɺɺʇ, ʘ ʧʦʩʣʝ ʝʝ ʟʘʚʝʨʰʝʥʠʷ ï ʚ ʧʨʠʙʨʝʞʥʦʤ ʧʣʘʚʘʥʠʠ. ʇʨʦʝʢʪʳ ʨʝʯʥʳʭ 

ʩʫʜʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ 2013 ʛʦʜʫ ʄʦʨʩʢʠʤ ʠʥʞʝʥʝʨʥʳʤ ʙʶʨʦ (ɿɸʆ çʄʀɹ ʉʇʙè). 

ʇʝʨʚʦʝ ʪʘʢʦʝ ʩʫʜʥʦ ï çɺʦʣʛʦïɹʘʣʪ ʤʘʢʩè (ʧʨʦʝʢʪ PV500VB), ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴʶ 

500 ʯʝʣ., ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʣʠʥʠʠ ʄʦʩʢʚʘïʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛï

ɸʩʪʨʘʭʘʥʴ. ɼʣʷ ʥʝʛʦ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʭʦʜʘ ʚ ʌʠʥʩʢʠʡ ʟʘʣʠʚ, ʘ ʪʘʢʞʝ ʚ 

ɹʘʣʪʠʡʩʢʦʝ ʠ ʉʝʚʝʨʥʦʝ ʤʦʨʝ. ɺʪʦʨʦʝ ʩʫʜʥʦ ï çɺʦʣʛʦïɼʦʥ ʤʘʢʩè (ʧʨʦʝʢʪ PV300VD) 

ʠʤʝʝʪ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ 300 ʯʝʣ., ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ɺɺʇ ʩ 

ʚʳʭʦʜʦʤ ʚ ʧʨʠʙʨʝʞʥʳʝ ʤʦʨʩʢʠʝ ʨʘʡʦʥʳ [4]. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʦʤʷʥʫʪʳʭ 

ʩʫʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ  

ʩʤʝʰʘʥʥʦʛʦ (ʨʝʢʘ-ʤʦʨʝ) ʧʣʘʚʘʥʠʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʨʦʝʢʪʳ 

ʅʦʤʝʨ ʧʨʦʝʢʪʘ PV500VB PV300VD 

ʂʣʘʩʩ ʩʫʜʥʘ \ʄ-ʇʈ 2,5 (ʣʝʜ 30) ɸ ʂʄ Ċ Ice1 R2-RSN AUT1-IC5 

ɼʣʠʥʘ ʛʘʙʘʨʠʪʥʘʷ, ʤ 179,9 140,2 

ɼʣʠʥʘ ʨʘʩʯʝʪʥʘʷ, ʤ 176,0 130,8 

ʐʠʨʠʥʘ ʛʘʙʘʨʠʪʥʘʷ, ʤ 17,0 16,6 

ʐʠʨʠʥʘ ʨʘʩʯʝʪʥʘʷ, ʤ 16,8 16,2 

ɺʳʩʦʪʘ ʙʦʨʪʘ, ʤ 5,5 5,5 

ʆʩʘʜʢʘ, ʤ 3,2 3,2 

ɺʳʩʦʪʘ ʛʘʙʘʨʠʪʥʘʷ ʦʪ ʆʇ, ʤ 16,4 17,2 

ʉʢʦʨʦʩʪʴ ʭʦʜʘ, ʢʤ/ʯ 22,5 23,0 

ʕʢʠʧʘʞ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʡ 

ʧʝʨʩʦʥʘʣ, ʯʝʣ 

117 76 

ɸʚʪʦʥʦʤʥʦʩʪʴ ʧʦ ʟʘʧʘʩʘʤ  

ʪʦʧʣʠʚʘ, ʩʫʪ. 
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ʊʝʧʣʦʭʦʜ çɺʦʣʛʦ-ɹʘʣʪ ʤʘʢʩè (ʧʨʦʝʢʪ PV500VB) ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʥʘ ʢʣʘʩʩ ʈʈʈ \ʄ-

ʇʈ 2,5 (ʣʝʜ 30) ɸ. ɸʂʊ ï ʩʪʘʣʴʥʦʝ ʩʘʤʦʭʦʜʥʦʝ ʪʨʝʭʚʠʥʪʦʚʦʝ ʩʫʜʥʦ ʩ ʧʦʣʥʦʧʦʚʦʨʦʪ-



ɺ.ʀ. ʃʶʙʠʤʦʚ 
ʆʩʦʙʝʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʪʠʧʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʯʥʳʭ ʢʨʫʠʟʥʳʭ ʩʫʜʦʚ 
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ʥʦʡ ʚʠʥʪʦ-ʨʫʣʝʚʦʡ ʢʦʣʦʥʢʦʡ ʚ ɼʇ, ʩ ʥʘʢʣʦʥʥʳʤ ʬʦʨʰʪʝʚʥʝʤ ʠ ʪʨʘʥʮʝʚʦʡ ʢʦʨʤʦʡ, 

ʠʟʙʳʪʦʯʥʳʤ ʥʘʜʚʦʜʥʳʤ ʙʦʨʪʦʤ, ʫʜʣʠʥʝʥʥʳʤ ʙʘʢʦʤ ʠ ʶʪʦʤ, ʯʝʪʳʨʝʭʲʷʨʫʩʥʦʡ ʥʘʜ-

ʩʪʨʦʡʢʦʡ, ʢʦʨʤʦʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʄʇ (ʨʠʩʫʥʦʢ 1). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʫʜʥʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʢʦʤʬʦʨʪ ʜʣʷ ʧʘʩʩʘʞʠ-

ʨʦʚ. ʉʫʜʥʦ ʠʤʝʝʪ 97 ʩʪʘʥʜʘʨʪʥʳʭ ʜʚʫʭʤʝʩʪʥʳʭ ʢʘʶʪ ʧʣʦʱʘʜʴʶ 15,5 ʤ
2
; 72 ʜʚʫʭʤʝʩʪ-

ʥʳʝ ʢʘʶʪʳ ʩ çʬʨʘʥʮʫʟʩʢʠʤè ʙʘʣʢʦʥʦʤ ʧʣʦʱʘʜʴʶ 17 ʤ
2
; 64 ʜʚʫʭʤʝʩʪʥʳʝ ʢʘʶʪʳ ʩ ʙʘʣ-

ʢʦʥʦʤ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 17 ʤ
2
; 24 ʜʚʫʭʤʝʩʪʥʳʝ ʢʘʶʪʳ çʣʶʢʩè ʩ ʙʘʣʢʦʥʦʤ ʧʣʦʱʘʜʴʶ 

ʦʢʦʣʦ 26 ʤ
2
 ʠ ʜʚʫʭ çʣʶʢʩè - ʘʧʘʨʪʘʤʝʥʪʳ ʩ ʙʘʣʢʦʥʦʤ ʧʣʦʱʘʜʴʶ 41 ʤ

2
. ʇʨʠʤʝʯʘʪʝʣʴ-

ʥʦ, ʯʪʦ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ ʩʫʜʥʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʶʪʥʳʭ ʤʦ-

ʜʫʣʝʡ. 

ʂʘʶʪʳ ʜʣʷ ʪʫʨʠʩʪʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʨʝʜʥʝʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʝ ʥʘ 4-ʭ ʷʨʫʩʘʭ 

ʥʘʜʩʪʨʦʡʢʠ ʠ ʚ ʢʦʨʧʫʩʝ. ɺ ʢʦʨʧʫʩʝ ʚ ʩʨʝʜʥʝʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʦ-

ʤʝʱʝʥʠʷ ʜʣʷ ʵʢʠʧʘʞʘ. ʂʘʶʪʳ ʥʘ ʚʝʨʭʥʝʡ ʠ ʩʦʣʥʝʯʥʦʡ ʧʘʣʫʙʘʭ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʝ 

ʙʘʣʢʦʥʳ ʩʦ ʩʜʚʠʞʥʳʤʠ ʩʝʢʮʠʷʤʠ. 

ɺ ʥʦʩʦʚʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʳ ʨʝʩʪʦʨʘʥ, ʤʫʟʳʢʘʣʴʥʳʡ ʩʘʣʦʥ ʩ ʙʘ-

ʨʦʤ, ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʝ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʳ, ʢʘʤʙʫʟ, ʢʣʘʜʦʚʳʝ, ʢʘʶʪ-ʢʦʤʧʘʥʠʷ ʠ ʧʦʤʝ-

ʱʝʥʠʷ ʜʣʷ ʦʪʜʳʭʘ ʵʢʠʧʘʞʘ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʦʙʱʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ  

ʩʫʜʥʘ çɺʦʣʛʦ-ɹʘʣʪ ʤʘʢʩè (ʧʨʦʝʢʪ PV500VB) 

ʂʦʨʤʦʚʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʟʦʥʘ ʦʪʚʝʜʝʥʘ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʦʪʜʳʭʘ ʠ ʨʘʟʚʣʝʯʝʥʠʡ ʪʫ-

ʨʠʩʪʦʚ, ʚʢʣʶʯʘʷ ʪʨʝʥʘʞʝʨʥʳʡ ʟʘʣ, ʤʘʩʩʘʞʥʫʶ, ʙʠʙʣʠʦʪʝʢʫ, ʤʘʛʘʟʠʥʳ ʠ ʜʨ. 

ʊʝʧʣʦʭʦʜ çɺʦʣʛʦ-ɼʦʥ ʤʘʢʩè (ʧʨʦʝʢʪ PV300VD) ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʥʘ ʢʣʘʩʩ ʈʄʈʉ 

çʂʄ Ċ Ice1 R2ïRSN AUT1ïIC5è. ɸʂʊ ï ʩʪʘʣʴʥʦʝ ʩʘʤʦʭʦʜʥʦʝ ʪʨʝʭʚʠʥʪʦʚʦʝ ʩʫʜʥʦ ʩ 

ʥʘʢʣʦʥʥʳʤ ʬʦʨʰʪʝʚʥʝʤ ʠ ʪʨʘʥʮʝʚʦʡ ʢʦʨʤʦʡ, ʠʟʙʳʪʦʯʥʳʤ ʥʘʜʚʦʜʥʳʤ ʙʦʨʪʦʤ, ʫʜʣʠ-

ʥʝʥʥʳʤ ʙʘʢʦʤ ʠ ʶʪʦʤ, 4-ʭ ʷʨʫʩʥʦʡ ʥʘʜʩʪʨʦʡʢʦʡ, ʢʦʨʤʦʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʄʇ. 

ʂʘʢ ʠ ʪʝʧʣʦʭʦʜ çɺʦʣʛʦ-ɹʘʣʪ ʤʘʢʩè, ʦʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʢʦʤʬʦʨʪʦʤ ʨʘʟ-

ʤʝʱʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʝʪ 144 ʩʪʘʥʜʘʨʪʥʳʝ ʜʚʫʭʤʝʩʪʥʳʝ ʢʘʶʪʳ ʧʣʦ-

ʱʘʜʴʶ ʦʢʦʣʦ 13 ʤ
2
 ʠ 6 ʢʘʶʪ çʃʶʢʩè. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢʘʶʪʥʳʭ ʤʦ-

ʜʫʣʝʡ ʧʘʩʩʘʞʠʨʦʚʤʝʩʪʠʤʦʩʪʴ ʩʫʜʥʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 250 ʜʦ 300 ʤʝʩʪ. 


