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ʆʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ: 
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ʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ, ʩʪʨʦʠʪʝʣʴʥʳʭ, ʜʦʨʦʞʥʳʭ ʠ ʢʦʤʤʫʥʘʣʴʥʳʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ. 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ 50-ʣʝʪʠʶ ʢʘʬʝʜʨʳ çʉʪʨʦʠʪʝʣʴʥʳʝ ʠ ʜʦʨʦʞʥʳʝ 
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ɼʃʗ ʉʊʈʆʀʊɽʃʔʅʓʍ ʀ ɼʆʈʆɾʅʓʍ ʄɸʐʀʅ 
 

ʄ.ɼ. ɻʝʨʘʩʠʤʦʚ
1
, ʅ.ʉ. ʃʁ ʙʠʤʳʡ

1
, ɺ.ɻ. ʈʷʟʘʥʮʝʚ

2
,  

ɸ.ɸ. ʇʦʣʴʰʠʥ
2
, ɸ.ɸ. ʊʠʭʦʥʦʚ
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ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 
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ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 
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ʢʨʳʪʳ ʦʩʦʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʢʨʫʛʦʚʳʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʠ ʘʩʠʤʤʝʪ-

ʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʜʦʨʦʞʥʳʭ ʤʘʰʠʥʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʘʪʦʨ, ʜʝʙʘʣʘʥʩ, ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʚʳʥʫʞʜʘʶ-

ʱʘʷ ʩʠʣʘ, ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ 
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ʂʨʫʛʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʚʨʘʱʘʶʱʝʡʩʷ 

ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʦʡ F(ʅ), ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʚʳʨʘʞʝʥʠʝʤ 

Ὂ ά̅ Ͻὶ̅Ͻ̅‫ ϽÃÏÓ̅‫ Ͻὸ                                     (1) 

ʠʣʠ 

Ὂ ά̅ Ͻὶ̅Ͻ̅‫ ϽÓÉÎ̅‫ Ͻὸ,                                    (2) 

 

ʛʜʝ ά̅  ï ʤʘʩʩʘ ʜʝʙʘʣʘʥʩʘ, ʢʛ;  

ὶ̅ ï ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩʳ ʜʝʙʘʣʘʥʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʤ; 

̅‫  ï ʢʚʘʜʨʘʪ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʝʙʘʣʘʥʩʦʚ, ʨʘʜ/ʩ; 

ὸ ï ʪʝʢʫʱʝʝ ʚʨʝʤʷ, ʩ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʤʘʩʩʫ ʜʝʙʘʣʘʥʩʘ, ʨʘʚʥʫʶ ά̅ ρ ̋ ,̄ ʨʘʜʠʫʩ ʩʤʝʱʝ-

ʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩʳ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷὶ̅ πȟρ ʤ ʠ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ 

̅‫ σρτ ̑́Ⱦ̅̒ (n=3000 ʦʙ/ʤʠʥ), ʪʦ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʳʥʫʞ-

ʜʘʶʱʝʡ ʩʠʣʳ ʚʜʦʣʴ ʦʩʠ Y ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ʢʦʩʠʥʫʩʦʠʜʳ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʇʨʦʝʢʮʠʷ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʥʘ ʦʩʴ Y (Fmax = 2.0 ʢʅ) 

 

ʄʦʜʫʣʴ ʘʤʧʣʠʪʫʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 1,97 ʢʅ. ʇʨʠ 

ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʜʫʣʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʮʝʥʠʚʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʩʠʤʤʝʪʨʠʠ, ʨʘʚ-

ʥʳʤ ʝʜʠʥʠʮʝ. 

Ὧ́ ̒

Ὂ

ȿὊȿ

ρȟωχ

ȿρȟωχȿ
ρȟπȢ 
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ʅʘʧʨʘʚʣʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʝʥʝʨʠʨʫʶʪʩʷ ʜʚʫʤʷ 

ʚʠʙʨʘʪʦʨʘʤʠ ʩ ʢʨʫʛʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʚʨʘʱʘʶʱʠʤʠʩʷ ʚ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. 

ɺʝʣʠʯʠʥʘ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʚʜʦʣʴ ʦʩʠ Y ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ (ʨʠʩ. 

2) ʜʚʫʭ ʚʝʣʠʯʠʥ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʢʘʞʜʦʛʦ ʜʝʙʘʣʘʥʩʘ, ʚʨʘʱʘʶʱʠʭʩʷ 

ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. ɺʝʣʠʯʠʥʘ ʩʫʤʤʘʨʥʦʡ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʚʜʦʣʴ 

ʦʩʠ ʍ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʥʦʣʴ:  

Ὂ ά̅ Ͻὶ̅Ͻ̅‫ ϽÃÏÓὸ̅‫ ά̅ Ͻὶ̅Ͻ̅‫ ϽÃÏÓὸ̅‫ ςϽά̅ Ͻὶ̅Ͻ̅‫ ϽÃÏÓὸȢ̅‫ 
ʊʦ ʝʩʪʴ 

Ὂ ςϽά̅ Ͻὶ̅Ͻ̅‫ ϽÃÏÓὸȢ                                     (3)̅‫ 

Ὂ ά̅ Ͻὶ̅Ͻ̅‫ ϽÓÉÎὸ̅‫ ά̅ Ͻὶ̅Ͻ̅‫ ϽÓÉÎὸ̅‫ π. 

Ὂ π. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 2. ʇʨʦʝʢʮʠʷ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʥʘ ʦʩʴ Y (Fmax = 2.0, Fmin = ῐ 2.0 ʢʅ) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʚ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʨʘʚʥʫʶ 2 ʢʅ, ʠ ʪʘʢʦʡ ʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ Ὧ́ ̒ ρȢπ.  
ʇʨʝʠʤʫʱʝʩʪʚʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ: ʚʳʥʫʞʜʘʶʱʘʷ ʩʠʣʘ ʥʘ-

ʧʨʘʚʣʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ʠ ʥʝ ʨʘʩʩʝʠʚʘʝʪʩʷ ʧʦ ʚʩʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʰʠʥʳ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʚ ʩʪʦʨʦʥʫ ʚʳʧʦʣʥʝʥʠʷ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʚʝʣʠʯʠʥ rʚʳʥʫʞʜʘʶʱʝʡ 

ʩʠʣʳ ʧʨʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʠʥʘʤʠʯʝ-
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ʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʘʙʦʯʫʶ ʩʨʝʜʫ, ʥʦ ʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʤʘʰʠ-

ʥʳ, ʜʝʡʩʪʚʫʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɸʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠʤʝʶʪ ʩʫʤʤʘʨʥʫʶ ʚʝʣʠʯʠʥʫ ʚʳʥʫʞ-

ʜʘʶʱʝʡ ʩʠʣʳ, ʫ ʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʚʳ-

ʧʦʣʥʝʥʠʝ çʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳè, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʧʦ ʤʦʜʫʣʶ ʚʝʣʠ-

ʯʠʥʫ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ çʭʦʣʦʩʪʦʛʦ ʭʦʜʘè, ʪ.ʝ. 

ȿὊȿḻȿὊȿ                                                 (4) 

ʀʩʧʦʣʴʟʫʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ (Fmax = 2.0 ʢʅ), 

ʩʥʠʞʘʝʤ ʚʜʚʦʝ ʚʝʣʠʯʠʥʫ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶ-

ʱʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ çʭʦʣʦʩʪʦʛʦ ʭʦʜʘè, ʠ ʩʪʨʦʠʤ ʛʨʘʬʠʢ (ʨʠʩ. 3).  

 

 

ʈʠʩ. 3. ʇʨʦʝʢʮʠʷ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʥʘ ʦʩʴ Y 

(Fmax=2.0, Fmin = ῐ 1.0 ʢʅ) 

 

ʗʚʣʝʥʠʝ ʘʩʠʤʤʝʪʨʠʠ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘ-

ʧʨʘʚʣʝʥʠʷʭ ʜʝʡʩʪʚʠʷ ʚʜʦʣʴ ʥʝʢʦʪʦʨʦʡ ʧʨʷʤʦʡ, ʜʦʩʪʠʛʘʝʪʩʷ ʩʣʦʞʝʥʠʝʤ 

ʜʚʫʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ: 

Ὂ̒̔̍ Ὂ Ὂ άὶϽÃÏÓὸ̅‫̅‫  άὶÃÏÓὸ,     (5)̅‫̅‫ 

ʛʜʝ ά ρȟυς ʢʛ ʠ ά πȟρω ʢʛ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʩʩʘ ʜʝʙʘʣʘʥʩʦʚ ʧʝʨ-

ʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʚʠʙʨʘʪʦʨʘ; ὶ ὶ πȟπρ ʤ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʢʩʮʝʥʪʨʠ-

ʩʠʪʝʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʜʝʙʘʣʘʥʩʘ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʚʠʙʨʘʪʦʨʘ; ̅‫
ςπωȟτ  ʠ ̅‫ τρψȟω ʨʘʜ/ʩ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʜʝʙʘʣʘʥʩ-

ʥʳʭ ʚʘʣʦʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʚʠʙʨʘʪʦʨʘ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. 



11 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʨʘʚʥʦʝ Ὂ ςȟπ ʢʅ, ʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ Ὂ ρȟπ ʢʅ. ʊʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ ʚʳ-

ʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʩʦʩʪʘʚʣʷʝʪ 

Ὧ́ ̒

Ὂ

ȿὊȿ

ςȟπ

ȿρȟπȿ
ςȟπȢ 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ 

ʩʪʦʨʦʥʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʳ, ʛʨʫʥʪʘ, ʩʤʝʩʠ, ʩʦʩʪʘʚʣʷʝʪ 2,0 ʢʅ, ʢʘʢ ʠ 

ʚʦ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ, ʘ ʚ ʩʪʦʨʦʥʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʰʠʥʳ ï 1,0 ʢʅ, ʪ.ʝ. ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʥʘ-

ʛʨʫʟʢʫ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʤʘʰʠʥʳ ʠʣʠ ʩʥʠʟʠʪʴ ʤʝʪʘʣʣʦʸʤ-

ʢʦʩʪʴ ʤʘʰʠʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

 

ɺʳʚʦʜʳ. ɸʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ, ʚ 2ï6 ʨʘʟ, 

ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʨʦʠʪʝʣʴʥʦ-ʜʦʨʦʞʥʳʭ 

ʤʘʰʠʥ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʨʘʙʦʯʝʡ ʚʝʣʠʯʠʥʳ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ, ʦʧʨʝʜʝ-

ʣʸʥʥʦʡ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʢʣʘʩʩʘ ʤʘʰʠʥ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ. ʇʝʨʝʚʦʜ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʘʩʠʤ-

ʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʘ-

ʰʠʥ, ʪʘʢ ʠ ʥʘ ʩʪʘʜʠʠ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ ʄʃ-6/21 ʦʪ 

22.11.2021 ʧʦ ʪʝʤʝ çʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ 

ʜʝʪʘʣʝʡ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʟʘ ʩʯʸʪ 

ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʳè. 
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URSS, 2009. 320 c. 
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ʋɼʂ 550.34 
 

ɻɸɿʆɼɽʊʆʅɸʎʀʆʅʅʓʁ ʄɽʊʆɼ  ʄʆʅʀʊʆʈʀʅɻɸ 

ʉɽʁʉʄʆʉʊʆʁʂʆʉʊʀ ʕʂʉʇʃʋɸʊʀʈʋɽʄʓʍ ɿɼɸʅʀʁ  

ʀ ʉʆʆʈʋɾɽʅʀʁ 
 

ʈ.ɾ. ʊʦʞʠʝʚ, ʕ.ʄ. ʖʥʫʩʘʣʠʝʚ, ʀ.ʅ. ɸʙʜʫʣʣʘʝʚ  
 

ʌʝʨʛʘʥʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 
 

ʀʟʣʦʞʝʥʳ ʚʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ, ʩʪʨʦ̫-

ʱʠʭʩʷ, ʚʦʟʚʝʜʸʥʥʳʭ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʫʪʝʤ ʚʳʟʦʚʘ ʢʦʣʝ-

ʙʘʥʠʡ ʛʨʫʥʪʘ ʩ ʧʦʤʦʱʴʶ ʘʛʨʝʛʘʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʥʮʠʧʘʭ ʛʘʟʦʜʠʥʘʤʠʢʠ. 

ʉʪʘʪʴʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʯʘʩʪʝʡ. ɺ ʧʝʨʚʦʡ 

ʯʘʩʪʠ ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʝʪʦʥʘʮʠʠ, ʧʘʨʘʤʝʪʨʳ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ 

ʚʳʙʦʨʘ ʢʦʥʮʝʧʮʠʠ ʩʠʩʪʝʤʳ ʜʝʪʦʥʘʮʠʦʥʥʦ ʩʧʦʩʦʙʥʦʡ ʩʤʝʩʠ ʠ ʧʨʠʥʮʠʧʦʚ 

ʨʝʛʫʣʠʨʦʚʢʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʡ (ʫʜʘʨʥʦʡ) ʚʦʣʥʳ, ʷʚʣʷʶʱʝʡʩʷ ñʠʥʩʪʨʫʤʝʥʪʦʤò 

ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʳʟʳʚʘʶʱʝʡ ʢʦʣʝʙʘʥʠʷ ʛʨʫʥʪʘ, ʦʩʥʦʚʘʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʟʜʘʥʠʷ ʩ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷʤʠ. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʛʨʝʛʘʪʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ  

ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʪʨʫʙʳ ʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ ʦʙʱʠʤ ʚʠʜʦʤ ʫʩʪʘʥʦʚʢʠ, ʚʳʟʳʚʘʶʱʝʡ 

ʜʝʪʦʥʘʮʠʦʥʥʫʶ ʚʦʣʥʦʚʫʶ ʵʥʝʨʛʠʶ. ʀ ʚ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ  

ʦʩʥʦʚʳ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʥʘ-

ʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʟʘʪʨʘʪʳ 

ʚʨʝʤʝʥʠ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʜʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʟʨʳʚʳ, ʚʟʨʳʚʥʳʝ ʚʦʣʥʳ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʢʦʣʝʙʘʥʠʷ 

ʛʨʫʥʪʘ, ʜʝʪʦʥʘʮʠʦʥʥʳʡ ʘʛʨʝʛʘʪ, ʛʘʟʦʜʝʪʦʥʘʮʠʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʩʝʡʩʤʦʩʪʦʡ-

ʢʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ, ʩʝʡʩʤʦʜʘʪʯʠʢʠ, ʪʝʥʟʦʨʝʟʠ-

ʩʪʦʨʳ, ʪʝʥʟʦʜʘʪʯʠʢʠ 

 

GAS DETONATION METHOD FOR MONITORING  

THE SEISMIC RESISTANCE OF OPERATED BUILDINGS 

AND STRUCTURES 

R.Zh. Tojiev, E.M. Yunusaliev, I.N. Abdullayev 
 

Fergana Polytechnic Institute 
 

The issues of studying the seismic resistance of designed, under construction, 

erected and operated buildings and structures by causing ground vibrations using an 

aggregate based on the principles of gas dynamics are presented. The article consists 
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of three mutually complementary parts. The first part describes the basic laws of the 

detonation process, the parameters of the shock wave and the gas-dynamic flow, which 

served as the basis for choosing the concept of a detonation-capable mixture system 

and the principles of adjusting the output parameters of the workflow necessary for the 

formation of a detonation (shock) wave, which is a ñtoolò of force action and causes 

vibrations of the ground, the base and, accordingly, the building with his designs. The 

second part presents the principle of operation of the gas-dynamic unit, as well as the 

developed scheme of the detonation tube and shock wave with a general view of the 

installation causing the detonation wave energy. And in the third part, the basics of the 

experiment are briefly presented. A brief methodology for conducting field experiments 

is given. The proposed method significantly reduces the time spent on technical inspec-

tion of buildings. 

Keywords: explosions, blast waves, seismic waves, ground vibrations, detona-

tion unit, gas detonation generator, seismic resistance of buildings and structures, 

building structures, seismic sensors, strain gauges, strain gauges 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʩʩʦʚʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʛʦ ʞʠʣʴʷ, ʠʩʭʦʜʷ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʠ-

ʥʠʤʘʝʪ ʠʥʳʝ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʩʢʦʚʩʢʦʡ ʨʝʥʦʚʘʮʠʝʡ) ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢɻʩʧʣʫʘʪʠʨʫʝʤʳʭ ʞʠʣʳʭ ʟʜʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʝʙʫʶʪ ʨʝʛʫʣʷʨʥʦ-

ʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʚʠʟʫʘʣʴʥʦʛʦ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ, ʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ, ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʚʠʜʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ, ʩʠʣ ʠ ʩʨʝʜʩʪʚ. ɺʟʘʤʝʥ ʧʝʨʝʯʠʩʣʝʥ-

ʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ ï ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʩʝʡʩʤʘ 

(ʧʘʨʘʩʝʡʩʤʘ) [1] ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʛʦ ʟʜʘʥʠʷ ʚ 

ʮʝʣʷʭ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʚ 

ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʢʦʥʩʪ-

ʨʫʢʮʠʷʤʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʎʝʥʪʨʘʣʴʥʦʡ ʠʜʝʝʡ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʝ-

ʪʦʥʘʮʠʦʥʥʦʡ (ʚʟʨʳʚʥʦʡ) ʚʦʣʥ rʚ ʢʘʯʝʩʪʚʝ çʠʥʩʪʨʫʤʝʥʪʘè ʩʠʣʦʚʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʛʘʟʦʜʝʪʦʥʘʮʠʦʥʥʳʡ 

ʘʛʨʝʛʘʪ ʩ ʛʝʥʝʨʘʪʦʨʦʤ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʬʬʝʢʪ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ, 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʠʟʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʠʟʜʘʥʠʷʭ [2ï4]. 

ɼʘʜʠʤ ʚʥʘʯʘʣʝ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʧʦ ʜʝʪʦʥʘʮʠʠ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʥʘʟʥʘʯʝʥʠʠ ʛʣʘʚʥʳʭ 

ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʤʘʰʠʥ. ɺʦ-

ʚʪʦʨʳʭ, ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʠʤʝʥʥʦ, ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʠʟ ʨʘʙʦʪʳ ʚʦʧʨʦʩʦʚ, ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ. 

https://geophystech.ru/services/seismic-monitoring-system
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ʆʪʤʝʪʠʤ, ʯʪʦ ʜʝʪʦʥʘʮʠʝʡ ʥʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥ-

ʪʘ ʧʣʘʤʝʥʠ ʚ ʛʘʟʦʚʳʭ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʤʝʩʷʭ ʛʦʨʶʯʝʛʦ ʠ ʦʢʠʩʣʠʪʝʣʷ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʟʦʥʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʟʦʥʳ ʨʘʩʰʠʨʝ-

ʥʠʷ ʧʨʦʜʫʢʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʕʪʦʪ ʪʠʧ ʛʦʨʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʛʦʨʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʤʝʩʝʡ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʦʨʶʯʠʭ (ʘʮʝʪʠʣʝʥ, 

ʧʨʦʧʘʥ, ʙʝʥʟʠʥ ʠ ʪ.ʜ.) ʩ ʚʦʟʜʫʭʦʤ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʣʝ-

ʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1600ï1800
 
ʤ/ʩ, ʘ ʜʣʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʤʝʩʝʡ (ʪʘʢʠʭ ʢʘʢ 

ʪʨʦʪʠʣ) ï 6000ï7000 ʤ/ʩ. 

ʅʘʯʘʣʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʥʘʫʯʥʦʤʫ ʠʟʫʯʝʥʠʶ ʜʝʪʦʥʘʮʠʠ ʦʣʦʞʠʣʠ 

ʫʯʸʥʳʝ ɹʝʨʪʝʣʦ ʠ ɺʴʝʣʴ [3], ʄʘʣʷʨ ʠ ʃʝ-ʐʘʪʝʣʴʝ [4]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝ-

ʤʝʥʠ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʜʝʪʦʥʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʪʨʫʜʘʭ [2ï6]. 

ɼʘʜʠʤ ʩʥʘʯʘʣʘ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ, ʜʣʷ ʯʝʛʦ ʨʘʩʩʤʦʪ-

ʨʠʤ ʪʨʫʙʫ, ʟʘʢʨʳʪʫʶ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ ʠ ʟʘʧʦʣʥʝʥʥʫʶ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʤʝʩʴʶ 

ʛʦʨʶʯʝʛʦ ʠ ʦʢʠʩʣʠʪʝʣʷ. ɼʝʪʦʥʘʮʠʦʥʥʘʷ ʚʦʣʥʘ ʚʦʟʥʠʢʘʝʪ ʫ ʟʘʢʨʳʪʦʛʦ ʢʦʥʮʘ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʢ ʦʪʢʨʳʪʦʤʫ ʢʦʥʮʫ ʪʨʫʙʳ. 

ʇʦ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʧʨʦʮʝʩʩ ʦʪ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʪʦʥʘʮʠ-

ʦʥʥʦʡ ʚʦʣʥʳ (ɼɺ) ʫ ʟʘʢʨʳʪʦʛʦ ʢʦʥʮʘ ʪʨʫʙʳ ʜʦ ʧʦʣʥʦʛʦ ʠʩʪʝʯʝʥʠʷ ʧʨʦʜʫʢ-

ʪʦʚ ʜʝʪʦʥʘʮʠʠ (ʇɼ) ʠʟ ʪʨʫʙʳ ʜʝʣʠʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʧʝʨʠʦʜʦʚ: 

1. ʇʝʨʠʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ɼɺ ʦʪ ʟʘʢʨʳʪʦʛʦ ʜʦ ʦʪʢʨʳʪʦʛʦ ʢʦʥʮʘ ʪʨʫʙʳ. ɺ ʵʪʦʪ 

ʧʝʨʠʦʜ ʠʩʭʦʜʥʘʷ ʩʤʝʩʴ ʣʠʙʦ ʧʦʢʦʠʪʩʷ ʠ ʥʝ ʚʳʪʝʢʘʝʪ ʠʟ ʪʨʫʙʳ, ʣʠʙʦ ʚʳʪʝ-

ʢʘʝʪ ʩ ʢʘʢʦʡ-ʪʦ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʀ0. ɼʘʚʣʝʥʠʝ, ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ï P0, ɟ0, ʊ0.  ɿʘ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʦʡ ʩʫʱʝʩʪʚʫʝʪ ʥʝ-

ʢʦʪʦʨʘʷ ʟʦʥʘ ʜʚʠʞʝʥʠʷ ʇɼ ʚʩʣʝʜ ʟʘ ɼɺ. ɹʣʠʞʝ ʢ ʟʘʢʨʳʪʦʤʫ ʢʦʥʮʫ ʪʨʫʙʳ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʦʥʘ ʧʦʢʦʷ ʇɼ, ʚ ʢʦʪʦʨʦʡ ʇɼ ʥʝ ʜʚʠʞʫʪʩʷ. ʇʘʨʘʤʝʪʨʳ ʚ 

ʟʦʥʝ ʧʦʢʦʷ Pn, ề ʣ, ʊʧ, ʀʧ = 0. 

2. ʇʝʨʠʦʜ ʠʩʪʝʯʝʥʠʷ ʇɼ ʠʟ ʪʨʫʙʳ ʦʪ ʤʦʤʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ɼɺ ʦʪʢʨʳʪʦʛʦ 

ʢʦʥʮʘ ʠ ʜʦ ʤʦʤʝʥʪʘ ʧʨʠʭʦʜʘ ʧʝʨʚʦʡ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ ʢ ʟʘʢʨʳʪʦʤʫ ʢʦʥʮʫ 

ʪʨʫʙʳ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʜʘʚʣʝʥʠʝ ʥʘ ʟʘʢʨʳʪʳʡ ʪʦʨʝʮ ʪʨʫʙʳ ʥʝ ʤʝʥʷʝʪʩʷ (ʪ.ʝ. 

ʈʧ = cʦnst). 

3. ʇʝʨʠʦʜ ʢʨʠʪʠʯʝʩʢʦʛʦ ʠʩʪʝʯʝʥʠʷ ʇɼ ʠʟ ʪʨʫʙʳ ʦʪ ʤʦʤʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʧʝʨʚʦʡ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ ʦʪ ʟʘʢʨʳʪʦʛʦ ʪʦʨʮʘ ʪʨʫʙʳ ʠ ʜʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ 

ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʠʟ ʪʨʫʙʳ ʩʪʘʥʝʪ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ 

ʜʚʠʞʝʥʠʝ ʇɼ ʦʪ ʟʘʢʨʳʪʦʛʦ ʢʦʥʮʘ ʪʨʫʙʳ ʧʨʦʠʩʭʦʜʠʪ ʩ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦ-

ʩʪʴʶ ʠ ʚʦʟʤʫʱʝʥʠʷ ʦʪ ʦʪʢʨʳʪʦʛʦ ʢʦʥʮʘ ʥʝ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʧʨʦʪʠʚ ʧʦʪʦʢʘ. 

ʇʘʨʘʤʝʪʨʳ ʫ ʟʘʢʨʳʪʦʛʦ ʪʦʨʮʘ Pɿ, ɟɿ, ʊɿ, ʀɿ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʧʝʨʝʤʝʥʥʳ. 

4. ʇʝʨʠʦʜ ʜʦʢʨʠʪʠʯʝʩʢʦʛʦ ʠʩʪʝʯʝʥʠʷ ʇɼ ʠʟ ʪʨʫʙʳ ʦʪ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ             

ʀ < ʉ (ʉ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ) ʠ ʜʦ ʧʦʣʥʦʛʦ ʠʩʪʝʯʝʥʠʷ. 

ʕʪʦʪ ʧʝʨʠʦʜ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦ-
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ʨʳʭ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʝ ʥʝ ʪʦʣʴʢʦ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʩ ʜʘʚʣʝʥʠʝʤ ʚ ʦʢʨʫʞʘʚ-

ʰʝʡ ʩʨʝʜʝ, ʥʦ ʠ ʦʙʨʘʟʫʝʪʩʷ ʨʘʟʨʝʞʝʥʠʝ ʠ ʦʙʨʘʪʥʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʠʟ ʘʪ-

ʤʦʩʬʝʨʳ ʚ ʪʨʫʙʫ. ʇʨʦʮʝʩʩ ʥʦʩʠʪ ʟʘʪʫʭʘʶʱʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʧʝʨʠʦʜʳ ʧʦʜʨʦʙʥʝʝ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʛʣʘʩʥʦ ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. ɺʟʷʪʦ ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʧʦ ʜʣʠʥʝ ʪʨʫʙʳ ʠ ʚ ʤʦʤʝʥʪ ʝʸ ʧʨʠʭʦʜʘ ʢ ʦʪʢʨʳʪʦʤʫ ʪʦʨʮʫ. ʏʠʩʣʦʚʳʝ ʟʥʘ-

ʯʝʥʠʷ ʧʨʠʥʷʪʳ ʜʣʷ ʩʤʝʩʝʡ ʚʦʟʜʫʭʘ ʩ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ ʛʦʨʶʯʠʤʠ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ  

ʧʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 
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ʀʩʭʦʜʥʘʷ ʩʤʝʩʴ ʩ ʧʘʨʘʤʝʪʨʘʤʠ Pʦ, ề ʦ, ʊʦ, ʠ ʀo ʥʘ ʤʘʣʦʡ ʜʣʠʥʝ 

(ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ) ʩʞʠʤʘʝʪʩʷ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ (ʋɺ). ʇʦ ʦʮʝʥʢʘʤ 

ʃ.ɹ. ɿʝʣʴʜʦʚʠʯʘ [5], ñʰʠʨʠʥʘ ʬʨʦʥʪʘ ʩʠʣʴʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʝ ʧʨʝʚʳ-

ʰʘʝʪ ʜʣʠʥʳ ʦʜʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘò ʤʦʣʝʢʫʣʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ 

ʋɺ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ; ʧʦ ʜʘʥʥʳʤ [6], ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʧʦ-

ʚʳʰʘʝʪʩʷ ʥʘ ~ 1500Á, ʯʝʤ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʯʘʣʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝ-

ʘʢʮʠʠ. ɺʩʣʝʜ ʟʘ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʩʣʝʜʫʝʪ ʟʦʥʘ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʇʣʦʩ-

ʢʦʩʪʴ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʪʨʫʙʳ, ʛʜʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʟʘʢʘʥʯʠʚʘʶʪ-

ʩʷ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʧʣʦʩʢʦʩʪʴʶ ʏʝʧʤʝʥʘ-ɾʫʛʝ. ʇʘʨʘʤʝʪʨʳ ʇɼ ʚ ʵʪʦʡ 

ʧʣʦʩʢʦʩʪʠ ʈʮ.ʞ, ʈʯʞ, Tʯʞ, ʀʯʞ. ɺ ʟʦʥʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ-

ʩʪʝʧʝʥʥʦʝ ʚʳʛʦʨʘʥʠʝ ʛʦʨʶʯʝʛʦ, ʇɼ ʨʘʩʰʠʨʷʶʪʩʷ. ɺ ʠʜʝʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ 

ʰʠʨʠʥʘ ʟʦʥʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1 ʩʤ [5]. 

ɿʘ ʧʣʦʩʢʦʩʪʴʶ ʏʝʧʤʝʥʘ-ɾʫʛʝ ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʇɼ 

ʤʝʥʷʶʪ ʩʢʦʨʦʩʪʴ ʦʪ ʀʯʞ. ʜʦ ʀ = 0, ʠ ʟʘʪʝʤ ʫʞʝ ʩʣʝʜʫʝʪ ʦʙʣʘʩʪʴ ʧʦʢʦʷ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ Pn, pn, Tn,  ʀ = 0 . 

ʅʝ ʚʜʘʚʘʷʩʴ ʚ ʧʦʜʨʦʙʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʟʦʥʳ ʭʠ-

ʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʵʣʝʤʝʥʪʘʨʥʘʷ ʪʝʦʨʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ ʠ ʛʠʧʦʪʝʟʘ ʏʝʧʤʝ-

ʥʘ ɾʫʛʝ ʜʘʶʪ ʘʧʧʘʨʘʪ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʣʦʩʢʦʩʪʠ òʏɾò. ʅʘ 

ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ, ʧʦʣʴʟʫʷʩʴ ʢʦʪʦʨʦʡ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʩʢʦʤʳʝ 

ʧʘʨʘʤʝʪʨʳ: D - ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, t - ʚʨʝʤʷ. 

ɺ ʪʨʫʙʫ "ʚʜʚʠʛʘʝʪʩʷò ʧʦʨʰʝʥʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʀʧʦʨʰ. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʰʥʷ ʧʦ ʮʠʣʠʥʜʨʫ: 

D ï ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ; t ï ʚʨʝʤʷ 

 

ʇʦʩʣʝ ʧʨʠʭʦʜʘ ɼɺ ʢ ʦʪʢʨʳʪʦʤʫ ʪʦʨʮʫ ʪʨʫʙʳ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʣʥʘ 

ʨʘʟʨʝʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʟʘʢʨʳʪʦʤʫ ʪʦʨʮʫ, ʪ.ʢ. (ʩʤ. ʚʳʰʝ) ʩʢʦʨʦʩʪʴ 

ʧʦʪʦʢʘ ʇɼ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ɼʘʚʣʝʥʠʝ ʫ ʟʘʢʨʳʪʦʛʦ ʪʦʨʮʘ ʜʦ ʧʨʠ-

ʭʦʜʘ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ ʈʇ. 

(D-U )tʦ

ʈʧʦʨʰ , ʦ ʦ

ʦ ʦ

ʫʜʘʨʥʘʷ
ʚʦʣʥʘ

ʧʦʨʰ ,

ʧʦʨʰ ,ʧʦʨʰ ,

ʈ
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ɺ ʠʤʝʶʱʠʭʩʷ ʨʘʙʦʪʘʭ ʧʦ ʛʘʟʦʚʦʡ ʜʝʪʦʥʘʮʠʠ ʟʘʜʘʯʘ ʦ ʚʳʯʠʩʣʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʇɼ ʜʣʷ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʘʥʘʣʠʪʠʯʝʩʢʠ ʥʝ ʨʝʰʝʥʘ. ʈʘʩʯʸʪ ʧʨʦ-

ʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʸʤʘ ʧʫʙʣʠʢʘʮʠʠ ʟʜʝʩʴ ʥʝ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʝʨʠʦʜʦʚ. ɼʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʛʘʟʦʚʦʡ ʜʝʪʦʥʘʮʠʠ ʚ ʮʝʣʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʛʨʫʥʪʳ ʠ ʟʜʘʥʠʷ ʙʦʣʝʝ ʚʘʞʥʦ ʟʥʘʪʴ ʧʨʦʮʝʩʩ ʚʳʭʦʜʘ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ 

ʠʟ ʦʪʢʨʳʪʦʛʦ ʢʦʥʮʘ ʪʨʫʙʳ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʪʦ, ʢʘʢ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʵʪʦʤ 

ʠʤʧʫʣʴʩ ʩʠʣʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʨʘʟʨʘʙʦʪʘʥ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʛ-

ʨʝʛʘʪ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 
 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  

ʫʜʘʨʥʦʡ ʚʦʣʥʳ: 

1, 5, 6 - ʨʘʤʳ; 2, 3 - ʛʠʜʨʦʮʠʣʠʥʜʨʳ; 4 - ʦʧʦʨʘ; 7 - ʢʦʤʧʨʝʩʩʦʨ;  

8 - ʨʝʤʝʥʘʷ ʧʝʨʝʜʘʯʘ; 9 - ʙʝʥʟʦʙʘʢ; 10 - ʤʘʣʳʡ ʙʝʥʟʦʙʘʢ;  

11 - ʪʫʨʙʫʣʠʟʘʪʦʨ; 12 - ʨʝʟʠʥʦʚʘʷ ʪʨʫʙʘ; 13 - ʥʘʩʘʜʢʘ;  

14 - ʛʝʥʝʨʘʪʦʨ; 15 - ʩʚʝʯʘ 
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ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ.  

ʇʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʙʦʨʫ ʤʦʱʥʦ-

ʩʪʠ ʜʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʜʘ, ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʧʣʠʚʘ 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʝʛʦ ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚʝʜʫʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʟʨʘ-

ʙʦʪʢʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ ʩʥʷʪʠʷ ʧʦʢʘʟʘʥʠʡ ʦʪ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ 

ʚʦʣʥʦʚʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ.   

 

 

 
 

 

 

 

 

 

 

ʈʠʩ. 4: 1 - ʩʠʩʪʝʤʘ ʧʦʜʘʯʠ 

ʛʦʨʶʯʝʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ;  

2 - ʢʣʘʧʘʥ ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʧʣʘʤʷ;  

3 - ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ; 4 - ʵʢʨʘʥ-ʬʫʪʦʨʢʘ; 

5 - ʪʫʨʙʫʣʠʟʘʪʦʨ; 6 - ʪʨʫʙʘ; 7 - ʩʚʝʯʘ;  

8 - ʩʠʩʪʝʤʘ ʚʦʟʙʫʞʜʘʶʱʘʷ;  

9 - ʧʨʦʜʫʢʪ ʩʛʦʨʘʥʠʷ; 10 - ʩʞʘʪʳʡ 

ʚʦʟʜʫʭ; 11 - ʫʜʘʨʥʘʷ ʚʦʣʥʘ 

 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʨʛʘʥʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

1. ɺʳʙʨʘʥ ʢʦʤʧʣʝʢʪ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ (ʩʝʡʩʤʦʤʝʪʨʦʚ), ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʧʨʠʙʦʨʦʚ (ʩʚʝ-

ʪʦʣʫʯʝʚʳʭ ʦʩʮʠʣʣʦʛʨʘʬʦʚ), ʙʣʦʢʘ ʧʠʪʘʥʠʷ, ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ ʰʧʫʥ-

ʪʦʚʳʭ ʢʦʨʦʙʦʢ (ʨʠʩ. 5). 
 

 
 

ʈʠʩ. 5. ɹʣʦʢ-ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ:  

1 ï ʜʘʪʯʠʢʠ; 2 ï ʰʧʫʥʪʦʚʳʝ ʢʦʨʦʙʢʠ; 3 ï ʙʣʦʢʠ ʧʠʪʘʥʠʷ; 4 ï ʦʩʮʠʣʣʦʛʨʘʬʳ 

1 
͔͙ͫͦ͒ͤΦ ͙͙ͤ͡Ύ 

4 2 3 



20 

 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʣʘʙʳʭ ʠ ʩʠʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʛʨʫʥʪʦʚ, 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʚ ʦʩʥʦʚʥʦʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʪʠʧʘ ʉʄ-3, ɺʕɻʀʂ, ʉ-5-ʉ, ɺɹʇ-3, 

ʆʉʇ-2ʄ, ɸʇʊ-1, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʘʨʝ ʩ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʠ ʚʳ-

ʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʛʘʣʴʚʘʥʦʤʝʪʨʘʤʠ ʪʠʧʘ ɻɹ-III ʠ ɻɹ-IV. ʀʟʤʝʨʠʪʝʣʴʥʳʝ 

ʢʘʥʘʣʳ ʦʨʛʘʥʠʟʦʚʘʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʫʯʘʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ. ɿʘʧʠʩʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʫʶ 

ʙʫʤʘʛʫ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʮʠʣ-

ʣʦʛʨʘʤʤʫ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ. ʅʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪe [11]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʧʨʠʙʦʨʦʚ [15] ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʦʣʝ-

ʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʣʝʙʘʥʠʷ ʛʨʫʥʪʘ, ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚʩʷ 

ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʧʨʦʭʦʜʠʪ ʧʨʦʚʝʨʢʫ, ʥʘʣʘʜʢʫ ʠ ʢʘʣʠʙʨʦʚʢʫ ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. ʂʘʣʠʙʨʦʚʢʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʚʳʧʦʣʥʝʥʘ 

ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʧʨʦ-

ʢʘʯʢʦʡ ʧʨʠʙʦʨʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʙʨʦʩʪʝʥʜʝ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜ-

ʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʫʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʥʘ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʧʷʪʴ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ. ʄʝʪʦʜʳ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʟʘʧʠ-

ʩʝʡ ʢʦʣʝʙʘʥʠʡ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʘʭ [10, 11]. 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʤʘʩʰʪʘʙʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʡʩʤʦʤʝʪʨʘ ʠ ʛʘʣʴʚʘʥʦʤʝʪʨʘ, ʠʭ ʩʦʙʩʪ-

ʚʝʥʥʳʤ ʧʝʨʠʦʜʦʤ ʠ ʟʘʪʫʭʘʥʠʝʤ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʳʤ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. ɸʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʥʘ ʟʘʧʠʩʠ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʙʫʜʫʪ ʫʚʝʣʠʯʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʢʦʣʝ-

ʙʘʥʠʡ ʦʙʲʝʢʪʘ ʚ (V0ÖU(ʊ)) ʨʘʟ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʨʘʞʝʥʠʷ        

(V0ÖU(ʊ)) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʟʘʧʠʩʝʡ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ [12, 13].    

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʘʥʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘ-

ʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

2. ʂʘʣʠʙʨʦʚʢʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʙʨʦʩʪʝʥ-

ʜʝ. ʇʨʠ ʧʨʦʢʘʯʢʝ ʜʘʪʯʠʢʦʚ ʥʘ ʚʠʙʨʦʩʪʝʥʜʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦ-

ʣʫʯʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʪ.ʢ. ʫʯʠʪʳʚʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʦʷʪʥʳʭ ʦʰʠʙʦʢ ʠ ʨʘʟʙʨʦʩʘ ʧʘʨʘʤʝʪʨʦʚ. ʅʦ ʩ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʪʘʨʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʥʘ ʜʘʣʴ-

ʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴʩʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʘʨʠʨʦʚʦʯ-

ʥʳʭ ʚʝʣʠʯʠʥ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. 

 

 
 
ʈʠʩ. 6. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ 

ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʚʠʙʨʦʩʪʝʥʜʝ: 

1 ï ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ; 2 ï ʰʧʫʥʪʦʚʘʷ ʢʦʨʦʙʢʘ ʐʂ-2;  

3 ï ʙʣʦʢ ʧʠʪʘʥʠʷ ʇ-001; 4 ï ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ;  

5 ï ʙʣʦʢ ʧʠʪʘʥʠʷ ɸɻɸʊ; 6 ï ʫʩʠʣʠʪʝʣʴ ʊʆʇɸɿ-3ʄ-01;  

7 ï ʦʩʮʠʣʣʦʛʨʘʬ ï ʅ-041; 8 ï ʠʥʜʠʢʘʪʦʨ ʀʏ10ʄʅ; 9 ï ʚʠʙʨʦʩʪʝʥʜ 

 

ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʪʜʘʣʝʥʥʳʭ 

ʨʝʛʠʦʥʘʭ ʥʘʤʠ ʧʨʠʤʝʥʝʥ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʯʘʩʪʦ 

ʧʦʚʪʦʨʷʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʙʣʠʟʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, 

ʙʝʩʩʧʦʨʥʦ, ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜ ʪʘʨʠʨʦʚʢʠ ʥʘ ʚʠʙʨʦʩʪʝʥʜʝ.  

ʇʨʠ ʢʘʣʠʙʨʦʚʢʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʥʘ ʚʠʙʨʦʩʪʝʥʜʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʣʝʙʘʥʠʷʤʠ ʧʣʘʪʬʦʨʤʳ ʚʠʙʨʦ-

ʩʪʝʥʜʘ ʠ ʧʦʣʫʯʘʝʤʳʤʠ ʟʘʧʠʩʷʤʠ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʘʭ, ʪ.ʝ. ʧʦʩʪʨʦʠʪʴ ʢʨʠ-

ʚʳʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ. ɼʣʷ 

ʪʘʨʠʨʦʚʢʠ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʚʠʙʨʦʩʪʝʥʜʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘʤʧʣʠʪʫʜʘʭ ʠ ʯʘʩ-

ʪʦʪʘʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʪʬʦʨʤʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ çɼʇʉè ʀʄʠʉʉ ɸʅ ʈʋʟ ʥʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʢʘʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʥʘ ʙʘʟʝ ʪʝʥ-

ʟʦʨʝʟʠʩʪʦʨʦʚ. ʅʦʚʠʟʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴ-

ʥʳʭ ʢʘʥʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʩʝʡʩʤʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʠ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (ʨʠʩ. 8).  
ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʫʧʨʫʛʦʡ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ 
ʧʨʫʞʠʥʳ ʪʦʣʱʠʥʦʡ ŭ=0,08 ʤʤ ʠ ʰʠʨʠʥʦʡ ʘ=10 ʤʤ. ɼʣʠʥʘ ʜʘʪʯʠʢʘ ʧʦ-
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ʜʦʙʨʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʘ ʧʣʘʪʬʦʨʤʫ ʜʘʪʯʠʢ ʚ ʠʟ-
ʤʝʨʷʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʦʙʝʩʧʝʯʠʚʘʣ ʨʘʙʦʪʫ ʚ ʫʧʨʫʛʦʡ ʦʙʣʘʩʪʠ ʠ ʜʦʩʪʘʪʦʯ-
ʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʘʨʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʘʪʯʠʢʘ 
ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥʳ ʩʥʘʯʘʣʘ ʰʣʠʬʫʝʪʩʷ ʜʦ ʥʫʣʝʚʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, 
ʦʙʝʟʞʠʨʠʚʘʝʪʩʷ ʘʮʝʪʦʥʦʤ. ɿʘʪʝʤ ʪʝʥʟʦʨʝʟʠʩʪʦʨʳ ʥʘʢʣʝʠʚʘʶʪʩʷ ʢʣʝʝʤ 
ɹʌ-2 ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʧʣʘʩʪʠʥʳ (ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩ-
ʧʦʣʦʞʝʥʠʷ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʩʙʦʨʢʝ ʧʦ ʧʦʣʫʤʦʩʪʦʚʦʡ ʩʭʝʤʝ ʫʚʝ-
ʣʠʯʠʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʘ ʚ ʜʚʘ ʨʘʟʘ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʘʪʯʠʢʘ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʥʟʦʨʝʟʠʩʪʦʨʳ ʤʘʨʢʠ 2ʇʂɹ-20-200ɹ ʩ ʨʘʙʦʯʝʡ ʙʘʟʦʡ         
l = 20 ʤʤ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R = 200 ʆʤ. 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʥʘ ʚʠʙ-
ʨʦʩʪʝʥʜ ʧʦ ʢʨʘʷʤ ʜʘʪʯʠʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʤ ʧʨʦʜʝʣʘʥʳ ʦʪʚʝʨʩʪʠʷ ʜʠʘ-
ʤʝʪʨʦʤ d=3,0 ʤʤ. ʇʦ ʵʪʠʤ ʦʪʚʝʨʩʪʠʷʤ ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʘ ʦʜʠʥ ʢʦʥʝʮ ʧʣʘ-
ʩʪʠʥʳ ʜʘʪʯʠʢʘ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʥʝʧʦʜʚʠʞʥʫʶ ʩʪʦʡʢʫ ʚʠʙʨʦʩʪʝʥʜʘ, ʘ ʜʨʫʛʦʡ 
ʢʦʥʝʮ ʥʘ ʧʦʜʚʠʞʥʫʶ ʯʘʩʪʴ, ʪ.ʝ. ʥʘ ʧʣʘʪʬʦʨʤʫ ʩʪʝʥʜʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʪʝʥʟʦ-
ʜʘʪʯʠʢʦʤ ʤʝʞʜʫ ʥʝʧʦʜʚʠʞʥʦʡ ʠ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʷʤʠ (ʧʣʘʪʬʦʨʤʳ) ʚʠʙʨʦ-
ʩʪʝʥʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʥʜʠʢʘʪʦʨ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʤʘʨʢʠ ʀʏ10ʄʅ ʩ ʮʝʥʦʡ 
ʜʝʣʝʥʠʷ 0,01 ʤʤ. ɿʘʪʝʤ, ʩʦʛʣʘʩʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ 
ʨʠʩ. 2, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʙʦʨʢʘ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʀʟʛʦ-
ʪʦʚʣʝʥʥʳʡ ʩʧʝʮʠʘʣʴʥʳʡ ʜʘʪʯʠʢ ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʧʣʘʪʬʦʨʤʳ 
ʚʠʙʨʦʩʪʝʥʜʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʜʦʩʪʠʛʘʝ-
ʤʳʭ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʣʝʯʘ ʧʣʘʪʬʦʨʤʳ. ʅʠʞʝ ʠʟʣʘʛʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʥʦ-
ʚʠʟʥʳ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʪʘʨʠʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʩʦʛʣʘʩʥʦ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 5 ʠ 6. ʄʝʪʦʜʠʢʘ ʜʘʸʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪʦʡ ʜʦ 30 ɻʮ  ʠ ʘʤʧʣʠʪʫʜʦʡ  ʜʦ ʥʝʩʢʦʣʴʢʠʭ 
ʩʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʳ ʪʘʨʠʨʦʚʦʯʥʳʝ ʢʨʠʚʳʝ: 
çʧʝʨʝʤʝʱʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʤʤ) ï ʦʪʢʣʦʥʝʥʠʝ ʣʫʯʘ ʦʩʮʠʣʣʦʛʨʘʬʘ (ʤʤ)è ʠ 
ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʚʝʣʠʯʝʥʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
ʢʘʥʘʣʘ ( f t ).  

ʇʦʩʣʝ ʪʘʨʠʨʦʚʢʠ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʜʘʪʯʠʢʠ 
ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʥʘʙʣʶʜʘʝʤʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ, ʩʦʦʙʱʘʷ ʥʘʯʘʣʴʥʦʝ ʧʝ-
ʨʝʤʝʱʝʥʠʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ 
ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʪʘʨʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ ʪʝʥʟʦʤʝʪʨʠ-
ʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʠ ʧʦʣʫʯʝʥʥʳʭ ʟʘʧʠʩʝʡ ʢʦʣʝʙʘʥʠʷ ʦʧʨʝʜʝ-
ʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʚʝʣʠʯʝʥʠʷ ʧʦ ʚʩʝʤ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʤ ʠʟʤʝʨʠ-
ʪʝʣʴʥʳʤ ʢʘʥʘʣʘʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʧʧʘʨʘʪʫʨʳ ʧʨʦʠʟʚʝʜʝ-
ʥʘ ʧʦʚʪʦʨʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʧʦ ʠʟʣʦʞʝʥʥʦʡ ʚʳʰʝ 
ʤʝʪʦʜʠʢʝ, ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʳʰʝ 4 ʙʘʣʣʦʚ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘ-

ʙʦʪʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ ʠ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ ʚ ʧʦ-

ʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʛʨʫʥʪʘ ʧʨʠ ʚʳ-

ʟʚʘʥʥʦʤ ʚʦʣʥʦʚʦʤ ʜʝʡʩʪʚʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 
 

ʊʘʙʣʠʮʘ 1 
 

ˉ ɿʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʉʢʦʨʦʩʪʴ, ʩʤ/ʩ 

1 ʂʨʫʧʥʦʧʘʥʝʣʴʥʳʝ ʞʠʣʳʝ ʟʜʘʥʠʷ 1,5/3 

2 

ɾʠʣʳʝ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ ʚʩʝʭ ʪʠʧʦʚ (ʢʨʦʤʝ ʢʨʫʧ-

ʥʦʧʘʥʝʣʴʥʳʭ); ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʙʳʪʦʚʳʝ ʠ ʧʨʦʤʳʰʣʝʥ-

ʥʳʝ ʟʜʘʥʠʷ 

3/6 

3 ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʙʳʪʦʚʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʜʘʥʠʷ 5/10 

4 
ʆʜʥʦʵʪʘʞʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʜʘʥʠʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ, 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʠ ʤʦʥʦʣʠʪʥʳʤ ʢʘʨʢʘʩʘʤʠ 
12/24 

 
ʊʘʙʣʠʮʘ 2 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚ ʙʘʣʣʘʭ 

ʉʤʝʱʝʥʠʷ 

ʛʨʫʥʪʘ ʧʨʠ 

ʚʦʣʥʦʚʦʤ 

ʜʝʡʩʪʚʠʠ, 

ʤʤ 

ʉʢʦʨʦʩʪʴ 

ʩʤʝʱʝʥʠʷ 

ʛʨʫʥʪʘ ʧʨʠ 

ʚʦʣʥʦʚʦʤ 

ʜʝʡʩʪʚʠʠ, 

ʩʤ/ʩ 

ʋʩʢʦʨʝʥʠʝ 

ʢʦʣ-ʷ ʛʨʫʥʪʘ 

ʧʨʠ ʚʦʣʥʦ-

ʚʦʤ ʜʝʡʩʪ-

ʚʠʠ, 

ʩʤ/ʩ2 

ʋʩʢʦʨʝʥʠʝ 

ʢʦʣ-ʷ ʛʨʫʥʪʘ 

ʧʨʠ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʠ, ʩʤ/ʩ2 

3 

4 

5 

6 

7 

0,14 ï 0,27 

0,27 ï 0,5 

0,5 ï 1,0 

1,0 ï 2,0 

2,0 ï 4,0 

0,4 ï 0,8 

0,8 ï 1,5 

1,5 ï 3,0 

3,0 ï 6,0 

6,0 ï 12,0 

12 ï 24 

24 ï 45  

45 ï 90 

90 ï 180 

180 ï 360 

3 ï 6 

6 ï 12  

12 ï 25 

25 ï 50 

50 ï 100 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʤʝʪʦ-

ʜʠʢʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʯʥʝʤ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 2. 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʧʶʨʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʙʦʢʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʜʝʪʦʥʘʪʦʨʦʤ. 
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                                  ʘ                      ʙ 

ʈʠʩ. 7. ʕʧʶʨʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ:  

ʘ ï ʪʨʸʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʩʨʝʜʝ;  

ʙ ï ʧʣʦʩʢʘʷ ʧʨʦʝʢʮʠʷ ʚʦʣʥʳ 

 

ʅʘ ʨʠʩ. 8ï10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʨʘʙʦʪ ʧʦ ʜʝʪʦʥʘʮʠʦʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʟʜʘʥʠʷ. 

 

 
 

ʈʠʩ. 8. ʉʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ 
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ʈʠʩ. 9. ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ:  

1, 2, 3, 4 ï ʪʦʯʢʠ ʧʦʜʘʯʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 
 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʥʦʞʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʜʣʷ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʦʟʜʘʶʱʠʭ ʫʜʘʨʳ.  

ʉ ʫʯʸʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʙʨʘʥʳ ʪʨʠ ʪʠʧʘ ʟʜʘ-

ʥʠʡ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ (ʨʠʩ. 10):  

ʘ) 2-, 3- ʠ 4-ʵʪʘʞʥʳʝ ʢʠʨʧʠʯʥʳʝ ʞʠʣʳʝ ʜʦʤʘ;  

ʙ) 4-, 5- ʠ 9-ʵʪʘʞʥʳʝ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʝ ʞʠʣʳʝ ʜʦʤʘ; 

ʚ) 5-ʵʪʘʞʥʦʝ ʢʘʨʢʘʩʥʦʝ ʫʯʝʙʥʦʝ ʟʜʘʥʠʝ ʩ ʩʝʪʢʦʡ ʢʦʣʦʥʥ 6ʭ6 ʤ. 

 
                            ʘ                       ʙ           ʚ 
ʈʠʩ. 10. ʉʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʜʘʪʯʠʢʦʚ  

ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ:  

1 - ʜʝʪʦʥʘʪʦʨ; 2 - ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʛʨʝʛʘʪ; 3 - ʜʘʪʯʠʢʠ 
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ʅʘ ʨʠʩ. 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʩʝʡʩʤʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ. 

 
                                       ʘ                                        ʙ                                  

 
                                                            ʚ 

ʈʠʩ. 11. ɼʘʪʯʠʢʠ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ: 

 ʘ ï ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʩʝʡʩʤʦʜʘʪʯʠʢ ʉɼ-2ʕ; ʙ ï ʜʘʪʯʠʢ ʫʜʘʨʘ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ɼʋʄ-14ʂ; ʚ ï ʜʘʪʯʠʢ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ɼʃʋ-1ʕ 

 

ʘ) ʇɹ ʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʩʝʡʩʤʦʜʘʪʯʠʢ ʉɼ-2ʕ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʳʣʝʚʣʘʛʦʟʘʱʠʪʥʳʡ ʢʦʨʧʫʩ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ï ʘʥʘʣʦʛʦʚʳʡ, 

ʜʦʧʫʩʢʘʶʱʠʡ ʢʘʢ ʦʙʳʯʥʫʶ ʥʘʛʨʫʟʢʫ, ʪʘʢ ʠ ʚʠʪʫʶ ʧʘʨʫ ʧʦ ʢʘʞʜʦʡ ʢʦʦʨ-

ʜʠʥʘʪʝ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʟʜʘʥʠʡ ʧʨʠ ʩʠʩʪʝʤʘʭ 

ʤʦʥʠʪʦʨʠʥʛʘ; 

ʙ) ʜʘʪʯʠʢ ʫʜʘʨʘ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ɼʋʄ-14ʂ ʧʨʠʤʝʥʷʝʪʩʷ: ʚ ʢʘʯʝʩʪ-

ʚʝ ʧʝʨʚʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʩʝʡʩʤʦ- ʠ ʚʠʙʨʦʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝ-

ʤʘʭ ʠ ʢʦʤʧʣʝʢʩʘʭ; ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʧʦʨʦʛʦʚʦʛʦ ʫʨʦʚʥʷ ʢʦʣʝʙʘʥʠʡ ʦʩ-

ʥʦʚʘʥʠʷ ʟʜʘʥʠʷ; 

ʚ) ʜʘʪʯʠʢ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ɼʃʋ-1ʕ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʫʩʢʦʨʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚʜʦʣʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʦʩʠ, ʚ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ; ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʜʝʪʦʥʘʮʠʷʤʠ ʠ 

ʚʠʙʨʘʮʠʷʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ï ʵʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʝʡʩʤʠʯʝʩʢʠʡ 

ʤʦʥʠʪʦʨʠʥʛ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

https://geophystech.ru/services/seismic-monitoring-system
https://geophystech.ru/services/seismic-monitoring-system
https://www.elpapiezo.ru/PRODUCTS/SD-2E.jpg
https://www.elpapiezo.ru/PRODUCTS/DUM-14K-alone.jpg
https://www.elpapiezo.ru/PRODUCTS/DLU.jpg
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ʟʘ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʄʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʠ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʠʨʘʶʪʩʷ ʥʘ ʥʘʢʦʧʣʝʥʥʳʡ ʤʥʦʛʦʚʝʢʦʚʦʡ ʬʘʢʪʠ-

ʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʧʦʩʣʝʜʩʪʚʠʷʤ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʦʧʳʪ ʠʭ ʧʨʝ-

ʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ ʭʦʪʷ ʙʳ ʤʠʥʠʤʠʟʘʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʫʛʨʦ-

ʟʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʦʪʨʷʩʝʥʠʡ ʜʣʷ ʞʠʟʥʠ ʣʶʜʝʡ, ʧʨʦʜʫʢʪʦʚ ʠʭ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʈʘʩʯʝʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʧʨʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʚʠʜʦʚ ʠʣʠ ʤʦʜʠʬʠʢʘʮʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʝʡʩʤʦʩʪʦʡʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ɼʝʡʩʪʚʫʶʱʠʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʜʭʦʜ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦ ʫʨʦʚ-

ʥʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʊʘʢ, ʢ ʥʦʨʤʘʣʴʥʳʤ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʦʙʲʝʢʪʘʤ ʧʨʝʜʲ-

ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʚʳʜʝʨʞʘʪʴ ʩʝʡʩʤʠ-

ʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʦʜʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦ-

ʝʢʪʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʜʦʣʞ-

ʥʘ ʙʳʪʴ ʥʘʨʫʰʝʥʘ. 

ʅʝʧʨʝʨʳʚʥʳʡ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ʧʨʠʟʚʘʥ ʦʧʨʝʜʝʣʷʪʴ ʪʝʢʫʱʠʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʩʨʘʚʥʠʚʘʪʴ ʠʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʟʘʣʦʞʝʥʥʳʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɼʘʞʝ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ 

ʚʠʟʫʘʣʴʥʦ ʥʝʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟ-

ʨʫʰʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʨʝʘʢʮʠʠ ʩʦʦʨʫʞʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʠʭ ʥʘ ʨʘʥ-

ʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ: ʟʘʱʠʪʫ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝ-

ʥʠʷ ʠ ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʟʜʘʥʠʷ; ʫʯʝʪ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ; ʟʘʱʠʪʫ ʥʘʩʝʣʝʥʠʷ ʧʨʠ ʯʨʝʟ-

ʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦ-

ʩʪʴʶ; ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʝʛʠʦ-

ʥʘʭ; ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʥʘ ʦʙʲʝʢʪʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʟʚʸʨʪʳʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʩʪʴ ʠ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤ ʥʦʨʤʘʤ ʠ ʧʨʘʚʠʣʘʤ ʈʋʟ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: 

 - ʧʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ 

ʦʪ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʚʦʣʥ, ʚʟʘʤʝʥ ʚʟʨʳʚʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʤʝʪʦʜʦʚ, ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʩʢʦʨʷʶʪ ʪʝʭʥʦʣʦʛʠʶ ʠ ʦʨʛʘʥʠʟʘʮʠʶ, ʩʦʢʨʘʱʘʶʪ ʟʘʪʨʘʪʳ ʪʨʫʜʘ, 
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ʚʨʝʤʝʥʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʚʳʨʘʙʦʪʢʫ ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʠʟʫʯʝʥʠ ̫ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘ-

ʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 
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ɸʆ ʅʝʚʩʢʠʡ ʟʘʚʦʜ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʠʥʞʝʥʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʳʢʦʚʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠ 

ʠʟʛʠʙʝ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩ-

ʯʝʪʘ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʳʢʦʚʦʝ ʩʚʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
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Engineering dependences for calculation of theoretical stress concentration 

factor in butt welded joints under bending have been considered. The considered de-

pendences have been compared with the results of calculation of similar joints by the 

finite element method. The dependences determining most precisely theoretical stress 

concentration factor in a given range of variation of geometrical parameters have been 

established. 
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ʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚ ʠʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠ-

ʷʭ. ɺ ʨʘʩʯʝʪʘʭ ʫʩʪʘʣʦʩʪʠ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʢʦʥʩʪ-

ʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝ-

ʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ-

ʧʨʷʞʝʥʠʡ (ʊʂʂʅ) Kt, ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷmaxs ʚ ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʢ ʩʨʝʜʥʝʤʫ ʥʘʧʨʷʞʝʥʠʶ ns  

ʚ ʩʝʯʝʥʠʠ. ʆʮʝʥʢʘ ʊʂʂʅ ʧʦ ʛʝʦʤʝʪʨʠʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦ-

ʚʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʨʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʧʨʝʜʝʣʘ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʉʪʳʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʦʟʜʘʶʪ 

ʤʝʥʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʝʩʣʠ ʥʝ ʩʦʜʝʨʞʘʪ ʧʦʜʨʝʟʦʚ ʠʣʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ, ʦʜʥʘʢʦ ʤʦ-

ʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʩʪʘʣʦʩʪʥʳʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʠ ʧʦʵʪʦʤʫ ʧʦʜʣʝʞʘʪ ʠʩʩʣʝ-

ʜʦʚʘʥʠʶ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʳʢʦʚʳʭ ʩʚʘʨʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʠ ʩʦʚʩʝʤ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪ [1-6 ʠ ʜʨ.] ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʠ ʠʟʛʠʙʝ.  

ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Kt  ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ 

ʥʘ ʠʥʞʝʥʝʨʥʳʝ, ʧʨʦʛʨʘʤʤʥʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤ-

ʤʘʭ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʶʪ-

ʩʷ ʪʦʣʴʢʦ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟ ʦʩʝʚʦʡ ʠʣʠ ʫʛʣʦʚʦʡ 

ʥʝʩʦʦʩʥʦʩʪʠ ʠ ʙʝʟ ʧʦʜʨʝʟʦʚ. ʇʦ ʯʠʩʣʫ ʫʯʠʪʳʚʘʝʤʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʪʨʝʭ-, ʯʝʪʳʨʝʭ- ʠʣʠ ʧʷʪʠʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʠʝ.   

ʇʝʨʚʳʤʠ ʨʘʙʦʪʘʤʠ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʝʨʳʚʠʩʪʦʡ 

ʩʚʷʟʠ, ʧʦʭʦʞʝʡ ʥʘ ʩʪʳʢʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʙʦʪʳ ʐʠʤʘʥ-

ʩʢʦʛʦ (1949), Hartman & Leven (1951), Heywood (1952) ʠ ɸʬʘʥʘʩʴʝʚʘ 

(1953). 

ɸʬʘʥʘʩʴʝʚ [1], ʨʘʩʩʤʘʪʨʠʚʘʣ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʘʣ-

ʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚʘʣʦʚ ʠ ʩʠʤʤʝʪʨʠʯʥʦ-ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʣʦʩʝ (ʨʠʩ. 1, ʘ), 

ʫʢʘʟʳʚʘʷ, ʯʪʦ Kt ʚ ʥʠʭ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ. ʋʛʦʣ ɗ ʥʘʢʣʦʥʘ ʦʙʨʘ-

ʟʫʶʱʝʡ ʫʩʠʣʝʥʠʷ ʰʚʘ ʩʦʩʪʘʚʣʷʣ 90Á. ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʦʡ [2] ʠʤʝʝʪ ʚʠʜ 
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ɼʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʫʢʘʟʘʥ. 

Lawrence ʠ ʜʨ. (1981) [3] ʜʣʷ ʨʘʩʯʝʪʘ Kt  ʚ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʩʪʳʢʦʚʦʤ 

ʩʚʘʨʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʩ ʧʦʣʥʳʤ ʧʨʦʧʣʘʚʣʝʥʠʝʤ, X-ʦʙʨʘʟʥʦʡ ʨʘʟʜʝʣʢʦʡ 

ʢʨʦʤʦʢ (ʨʠʩ. 1, ʚ) ʧʦʣʫʯʠʣʠ ʬʦʨʤʫʣʫ, ʚ ʢʦʪʦʨʦʡ ʰʠʨʠʥʘ ʰʚʘ ʫʯʠʪʳʚʘʝʪʩʷ 

ʫʛʣʦʤ ʨʘʟʜʝʣʢʠ a90=ʍ . 
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ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʧʨʠ ʫʛʣʝ ɗ= 45Á. 

Radai ʠ ʜʨ. ʚ ʨʘʙʦʪʝ [4] ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʨʘʙʦʪʫ [3] ʨʘʩʰʠʨʠʣʠ ʟʘʚʠ-

ʩʠʤʦʩʪʴ (2) ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ɗ. 
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ʇʨʠ  ɗ = 45Á ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʚʧʘʜʘʶʪ. 

ɿʘʚʠʩʠʤʦʩʪʴ Ushirokawa ʠ Nakayama (1983) [5] ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʷʭ Heywood (1952) ʠ Nishida (1967) ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʥʮʝʥ-

ʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʩʦʝʜʠʥʝʥʠʠ (ʩʤ. ʨʠʩ. 1, ʚ).  
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ʀʩʩʣʝʜʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ: 0,025...0,35;R t=  

aa 5020 ...=q ; 52,te = ; 0,1...0,25.g t=     

Anthes ʠ ʜʨ. (1993) [6] ʜʣʷ ʩʪʳʢʦʚʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ X-

ʦʙʨʘʟʥʦʡ ʨʘʟʜʝʣʢʦʡ ʢʨʦʤʦʢ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫ-

ʯʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦ ʩʪʨʫʢʪʫʨʝ ʙʣʠʟʢʫʶ ʢ ʟʘʚʠʩʠʤʦʩʪʠ Lawrence: 
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                              (5)    

ɺ ʨʘʙʦʪʝ Nykonen [7] ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʨʘʙʦʪʫ [6] ʧʨʠʚʦʜʠʪʩʷ ʪʘʢʞʝ 

ʨʘʟʚʝʨʥʫʪʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ Kt  ʧʨʠ ʠʟʛʠʙʝ. 
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,  (6) 

ʛʜʝ ( )0,2919 0,3491sin 3,283bn q= + + . 

ʅʘ ʨʠʩ. 3ï6 ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʥʦʚʘʥʘ ʢʘʢ Nykonen. 

 

 
ʘ                                           ʙ                                           ʚ 

ʈʠʩ. 1.  ʉʭʝʤʘ ʧʨʝʨʳʚʠʩʪʦʡ ʩʚʷʟʠ ʠ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ: 

 ʘ - ʧʨʝʨʳʚʠʩʪʘʷ ʩʚʷʟʴ; ʙ - ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʩʪʳʢʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ;  

ʚ - ʜʚʫʭʩʪʦʨʦʥʥʝʝ ʩʪʳʢʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ  
 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʧʦʣʦʚʠʥʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨ-

ʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʫʩʠʣʝʥʠʝʤ (ʩʤ. 

ʨʠʩ. 1, ʙ). ɼʣʠʥʘ ʧʣʘʩʪʠʥʳ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʥʘʛʨʫʟʢʘ, ʧʨʠʥʠ-

ʤʘʣʘʩʴ ʥʝ ʤʝʥʝʝ (3é5)t ʦʪ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ 

ʠʤʝʣʘ ʨʘʟʤʝʨʳ: ʚ ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʧʦ ʜʫʛʝ ʨʘʜʠʫʩʘ ʨʘʟʤʝʨ ʩʝʪʢʠ ï 

0,000001 ʤ; ʚ ʟʦʥʝ ʨʘʜʠʫʩʘ ʩʦʧʨʷʞʝʥʠʷ ï 0,00005é0,0001 ʤ, ʚ ʦʩʪʘʣʴʥʦʡ 

ʯʘʩʪʠ ï 0,0005...0,001 ʤ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʝʤʝʥʪ 

PLANE183. ɺ ʩʨʝʜʝ Ansys sʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʣʦʩʢʦʜʝʬʦʨ-

ʤʠʨʦʚʘʥʥʦʤ (ʇɼ) ʠ ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʦʤ (ʇʅ) ʩʦʩʪʦʷʥʠʷʭ.  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ Kt ʦʮʝʥʠʚʘʣʠʩʴ ʧʨʠ ʇʅ 

ʩʦʩʪʦʷʥʠʠ. ɼʠʘʧʘʟʦʥ ʠ ʰʘʛ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʷʪʳ ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. ɼʠʘʧʘʟʦʥ ʚʘʨʴʠʨʦʚʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

t, ʤʤ g, ʤʤ e, ʤʤ ɗ, ʛʨʘʜ R, ʤʤ 

10, 20 1, 2, 4 10, 20, 26 15, 30, 45 0.2, 0.4, 0.6. 1, 1.4, 1.8, 2.2, 2.6, 3, 4 

 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʚ ʟʦʥʝ ʨʘ-

ʜʠʫʩʘ ʩʦʧʨʷʞʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʥʘʧʣʘʚʣʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ.  2.  
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                                   ʘ                                                              ʙ 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ:  

ʘ - ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ;  

ʙ - ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʚ ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 

ʉʨʘʚʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʢʦʣʦʰʦʚʥʦʡ ʟʦʥʝ ʦʜʥʦ-

ʩʪʦʨʦʥʥʠʭ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʠʟʛʠʙʝ ʨʘʟʥʠʮʘ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʣʠʩʪʦʚ, ʨʘʟʤʝʨʘ ʫʩʠʣʝʥʠʷ ʠ ʫʛʣʘ ʥʘ-

ʢʣʦʥʘ ɗ. ʈʘʩʯʝʪʳ ʚ Ansys ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʘʠʭʫʜʰʝʤ ʩʦʯʝʪʘʥʠʠ ʵʪʘ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ t=10 ʤʤ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤ 5%, ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʪʦʣ-

ʱʠʥʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3% ʠ ʥʠʞʝ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ. 

ʈʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ Ansys, ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʘʩʯʝʪʘʤʠ ʧʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʤ ʠʥʞʝʥʝʨʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʠ ʦʪʨʘʞʘʣʠʩʴ ʥʘ ʛʨʘʬʠʢʘʭ. ɻʨʘ-

ʬʠʢʠ ʩʪʨʦʠʣʠʩʴ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ R ʩʦʧʨʷʞʝʥʠʷ ʧʨʠ ʦʩ-

ʪʘʣʴʥʳʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝ-

ʥʠʷ ʨʘʜʠʫʩʘ ʧʨʠʥʷʪ ʨʘʚʥʳʤ R = 0,2ï4 ʤʤ, ʟʥʘʯʝʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʫʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ, ʧʦʵʪʦʤʫ ʛʨʘʬʠʯʝʩʢʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʨʘʜʠʫʩʘ R ʠ ʦʩʪʘʣʴʥʳʭ ʟʘʢʨʝʧ-

ʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ Kt  ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ R ʥʘ ʨʠʩ. 3ï6. 
 

ʘ                                                  ʙ 

ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ Kt ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ (1)ï(6)  

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ Ansys ʧʨʠ ʫʛʣʝ ɗ=15Á 

Lawrence 
Afanas'ev 
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   ʘ                                                               ʙ 

ʈʠʩ. 4. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ Kt ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ (1)ï(6)  

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ Ansys ʧʨʠ ʫʛʣʝ ɗ=30Á 

 

  ʘ                                                               ʙ 
ʈʠʩ. 5. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ Kt ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ (1)ï(6)  

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ Ansys ʧʨʠ ʫʛʣʝ Ū=45Á ʠ ʝ=10 ʤʤ  

    ʘ                                                                ʙ         

ʈʠʩ. 6. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ Kt ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ (1)ï(6)  

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ Ansys ʧʨʠ ʫʛʣʝ ɗ=15Á, 45Á ʠ ʝ=26 ʤʤ 
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ɸʥʘʣʠʟ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʧʨʦʩʪʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʱʝ ʧʦʢʘʟʳʚʘʶʪ ʥʘʠʣʫʯʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʚ Ansys. ʅʘ ʨʠʩ. 3ï6 ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʜʝʣʝʥʳ. 

ɿʘʚʠʩʠʤʦʩʪʴ ɸʬʘʥʘʩʴʝʚʘ (1) ʧʦʣʫʯʝʥʘ ʧʨʠ ʫʛʣʝ ɗ=90Á, ʦʜʥʘʢʦ ʦʥʘ 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ ʚ 

ʯʝʪʳʨʝʭ ʩʣʫʯʘʷʭ ʧʨʠ ʫʛʣʘʭ ɗ=15Á ʠ 45Á. 

ɿʘʚʠʩʠʤʦʩʪʴ Lawrence (2) ʧʦʣʫʯʝʥʘ ʧʨʠ ʫʛʣʝ ɗ=45Á, ʥʦ ʧʨʠ ʵʪʦʤ 

ʫʛʣʝ ʦʥʘ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦ ʟʘʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Kt, ʘ ʧʨʠ ɗ=15Á ʜʦʩ-

ʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʋʪʦʯʥʝʥʠʝ Radai (3) ʧʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ 

ʫʛʣʘ ɗ ʧʦʢʘʟʳʚʘʝʪ ʭʫʜʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ Ansys, ʯʝʤ ʠʩʭʦʜʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

(2). 

ɿʘʚʠʩʠʤʦʩʪʴ Ushirokawa (4) ʚʦ ʚʩʝʭ ʨʘʩʯʝʪʘʭ ʧʦʢʘʟʘʣʘ ʟʘʚʳʰʝʥʥʳʝ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ Ansys ʟʥʘʯʝʥʠʷ Kt. 

ɺ ʩʨʝʜʥʝʤ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʨʠ ʫʛʣʝ ɗ>15Á ʦʢʘʟʳʚʘʝʪʩʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ Anthes (5). ɽʝ ʨʘʩʰʠʨʝʥʥʳʡ ʚʠʜ Nykonen ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ (6) 

ʪʦʣʴʢʦ ʥʘ ʨʠʩ. 3, ʘ ʧʦʢʘʟʘʣ ʧʨʠʤʝʨʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ Ansys, ʚ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʝʪ ʥʝʧʨʠʝʤʣʝʤʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʧʨʠ ʤʘʣʳʭ ʨʘʜʠʫʩʘʭ 

R ʜʘʞʝ Kt< 1. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʟʚʝʩʪʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʳʢʦʚʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʷʭ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʤ ʚ ʩʨʝʜʝ Ansys ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʣʫʯʰʝʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʩʦʚʧʘʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʩʪʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʟʘʚʠʩʠʤʦʩʪʷʭ. ʇʨʠ ʫʛʣʝ 

ɗ=15Á ʙʣʠʞʝ ʚʩʝʛʦ ʩʭʦʜʠʤʦʩʪʴ ʩ Ansys ʜʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ  (1) ʠ (2), ʭʦʪʷ 

ʦʥʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʜʨʫʛʠʭ ʫʛʣʘʭ. ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʫʛʣʝ ɗ>15Á 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ Anthes (5), ʧʦʢʘʟʳʚʘʶʱʝʡ ʥʘʠʤʝʥʴʰʠʡ ʨʘʟ-

ʙʨʦʩ ʟʥʘʯʝʥʠʡ Kt ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ansys. 
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ʪʘʞʥʳʭ ʨʘʙʦʪ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 
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ʛʦè ʠ çʚʝʨʭʥʝʛʦè ʪʘʢʝʣʘʞʥʠʢʦʚ. 
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ʆʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʇʨʠ ʚʦʟʚʝʜʝʥʠʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ ʚʦʟʥʠʢʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʚʳʧʦʣʥʝʥʠʠ ʪʘʢʝʣʘʞ-

ʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ: ʚʳʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʢʨʘʥʦʚʱʠʢʘ 

ʦʪ ʤʝʩʪ ʩʪʨʦʧʦʚʢʠ ʠ ʨʘʩʩʪʨʦʧʦʚʢʠ ʛʨʫʟʦʚ; ʢ ʪʘʢʝʣʘʞʥʳʤ ʨʘʙʦʪʘʤ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʧʨʠʚʣʝʢʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʘʢʝʣʘʞʥʠʢʦʚ: ʜʣʷ ʩʪʨʦʧʦʚʢʠ ʠ ʧʦʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʢʨʘʥʦʚʱʠʢʫ ï çʥʠʞʥʠʡè ʪʘʢʝʣʘʞʥʠʢ, ʜʣʷ ʤʦʥʪʘʞʘ ʠ ʨʘʩ-

ʩʪʨʦʧʦʚʢʠ ï çʚʝʨʭʥʠʡè ʪʘʢʝʣʘʞʥʠʢ; ʧʨʠ ʤʦʥʪʘʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʝʱʝ ʥʝʦʙʭʦʜʠʤ ʪʘʢʝʣʘʞʥʠʢ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪ ʝʸ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ [1, 2]. 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʨʠʯʠʥ ʘʚʘʨʠʡʥʦʩʪʠ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ 

ʧʨʠ ʚʳʩʦʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʘʢʝʣʘʞʥʳʤʠ ʨʘʙʦʪʘʤʠ ʧʦ ʟʘ-

ʭʚʘʪʫ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʤʝʩʪʘʭ ʠʭ ʩʢʣʘʜʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʝʸ ʤʦʥʪʘʞʝ ʚ 

ʪʝʣʦ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʥʪʘʞʥʳʭ 

ʨʘʙʦʪ ʧʨʠ ʚʳʩʦʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘ ʩʯʸʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʢʨʘʥʦʚʱʠʢʘ ʟʘ ʨʘʙʦʪʦʡ ʠ ʫʢʘʟʘʥʠʷʤʠ çʥʠʞʥʝ-

ʛʦè ʠ çʚʝʨʭʥʝʛʦè ʪʘʢʝʣʘʞʥʠʢʦʚ [3ï5]. 

ɸʥʘʣʠʟ ʧʫʙʣʠʢʘʮʠʡ. ɺʦʧʨʦʩʘʤ ʙʝʟʦʧʘʩʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʫʜʝʣʷ-

ʝʪʩʷ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʤʠ ʧʨʘʚʠʣʘʤʠ (ʂʦʥʚʝʥʮʠʝʡ ʄʆʊ ˉ 167, ɼʠʨʝʢʪʠʚʦʡ ʉʦʚʝʪʘ 

92/57/ɽɽʉ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʷʟʘʥʥʦʩʪʠ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʨʘʥʳ ʪʨʫʜʘ 

ʥʘ ʩʪʨʦʡʧʣʦʱʘʜʢʝ ʚʦʟʣʘʛʘʪʁʩʷ ʥʘ ʟʘʢʘʟʯʠʢʘ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʶ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʫʶ ʟʘʢʘʟʯʠʢʘ. 

ʇʨʘʚʠʣʘ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʭʨʘʥʳ ʪʨʫʜʘ ʧʨʠ 

ʨʘʙʦʪʝ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝʨʝ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʄʠʥʠ-

ʩʪʝʨʩʪʚʘ ʪʨʫʜʘ ʈʌ. ʊʘʢ, ʚ 2017 ʛʦʜʫ çʇʨʘʚʠʣʘ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʚ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʝè ʫʪʚʝʨʞʜʝʥʳ ʧʨʠʢʘʟʦʤ ʄʠʥʪʨʫʜʘ ʈʌ ʦʪ 01.07.2015 ˉ 366ʥ. 

ʋʯʠʪʳʚʘʷ ʚʘʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʦʧʨʦʩʘ, ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʫʜʘ ʈʌ 

11 ʜʝʢʘʙʨʷ 2020 ʛʦʜʘ ʧʨʠʢʘʟʦʤ ˉ 883 ʫʪʚʝʨʜʠʣʦ ʥʦʚʫʶ ʨʝʜʘʢʮʠʶ çʇʨʘ-

ʚʠʣ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʤʦʥʪʝè. 

ɺ ʥʦʚʳʭ ʧʨʘʚʠʣʘʭ ʨʘʙʦʪʦʜʘʪʝʣʴ, ʠʩʭʦʜʷ ʠʟ ʩʧʝʮʠʬʠʢʠ ʩʚʦʝʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ, ʦʙʷʟʘʥ ʚ ʨʘʤʢʘʭ 

ʧʨʦʮʝʜʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝ-

ʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ (ʉʋʆʊ) ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʤʘʰʠʥ, ʤʝʭʘ-

ʥʠʟʤʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʜʦʢʫʤʝʥʪ 

ʠʤʝʝʪ 459 ʧʫʥʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʦʭʨʘʥʳ ʪʨʫʜʘ ʚ ʍʍ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘ-

ʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɺ ʫʢʘʟʘʥʥʦʤ ʜʦʢʫʤʝʥʪʝ ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-
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ʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʚ ʦʙʣʘʩʪʠ 

ʦʭʨʘʥʳ ʪʨʫʜʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʢʘʪʝʛʦʨʠʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʘʷ, ʥʦ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ. ʏʝʤ ʙʦʣʴʰʝ ʚʣʦʞʝʥʠʡ ʚ ʟʘʱʠʪʥʳʝ ʤʝʨʳ, ʪʝʤ ʚʳʰʝ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. ʕʪʘ ʢʘʪʝʛʦʨʠʷ, ʢʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪ ʠ ʩʦʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʠʙʦ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʚʦʩʧʨʠ-

ʷʪʠʷ ʯʝʣʦʚʝʢʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʈʠʩʢ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʙʦ-

ʟʥʘʯʝʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʚʳʟʚʘʥʥʳʭ 

ʧʨʠʨʦʜʥʳʤʠ, ʪʝʭʥʦʛʝʥʥʳʤʠ ʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʠʩ-

ʧʦʣʴʟʫʶʪ ʢʘʢ ʩʦʙʠʨʘʪʝʣʴʥʳʡ ʪʝʨʤʠʥ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʠ 

ʘʚʘʨʠʡʥʳʭ ʩʦʙʳʪʠʡ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʠʩʢ 

ʚʧʝʨʚʳʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ çʥʠʞʥʠʡ ʪʘʢʝʣʘʞʥʠʢ ï ʢʨʘʥʦʚʱʠʢ ï 

ʚʝʨʭʥʠʡ ʪʘʢʝʣʘʞʥʠʢè (çʅʪ-ʂʨ-ɺʪè) ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʩʦʪʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ. ʇʨʠ ʚʳʩʦʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʈʦʩʩʠʠ ʪʨʘ-

ʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪ ʙʘʰʝʥʥʳʝ ʢʨʘʥʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʢʘʢ ʧʦ ʩʧʦʩʦ-

ʙʘʤ ʠʭ ʥʘʨʘʱʠʚʘʥʠʷ, ʪʘʢ ʠ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠ ʁʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʨʦʷʱʝʛʦʩʷ 

ʩʦʦʨʫʞʝʥʠʷ: ʩʙʦʢʫ ʠʣʠ ʚ ʮʝʥʪʨʝ. ʅʘʯʘʣʦʤ ʠʩʪʦʨʠʠ ʚʳʩʦʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʪʘʣʠʥʩʢʠʭ ʚʳʩʦʪʦʢ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ï

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʣʘʚʥʦʛʦ ʢʦʨʧʫʩʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨ-

ʩʠʪʝʪʘ (ʨʠʩ. 1). 
 

 
ʘ 

 
 ʙ 

ʈʠʩ. 1. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʄɻʋ: ʘ ï 15-ʪʦʥʥʳʡ ʢʨʘʥ ʋɹʂ-15-50 ʥʘ ʚʝʨʭʥʝʡ ʩʪʦʷʥʢʝ; 

ʙ ï ʤʦʥʪʘʞʥʠʢ ʚʳʟʳʚʘʝʪ ʧʦ ʪʝʣʝʬʦʥʫ ʧʦʜʲʸʤʥʳʡ ʢʨʘʥ 
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʚʘʨʠʡʥʦʩʪʴ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪʘʭ ʯʘʱʝ ʚʩʝʛʦ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʦʪʢʘʟʦʚ ʚ 

ʩʠʩʪʝʤʝ çʅʪ-ʂʨ-ɺʪè. ʉʦʛʣʘʩʥʦ ʉʊʆ ʅʆʩʪʨʦʡ 2.35.73-2012, ʨʠʩʢ, ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʦʧʘʩʥʦʛʦ ʩʦʙʳʪʠʷ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʚʠʜʝ 

ʬʫʥʢʮʠʦʥʘʣʘ: 

Ri = f (Fi; Ci),                                               (1) 
 

ʛʜʝ Fi - ʯʘʩʪʦʪʘ ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʴ i-ʛʦ ʦʧʘʩʥʦʛʦ ʩʦʙʳʪʠʷ; Ci  - ʪʷʞʝʩʪʴ ʧʦ-

ʩʣʝʜʩʪʚʠʡ - ʪʷʞʝʩʪʴ ʚʨʝʜʘ, ʧʨʠʯʠʥʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ i-ʛʦ 

ʦʧʘʩʥʦʛʦ ʩʦʙʳʪʠʷ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ çʅʪ-ʂʨ-ɺʪè ʫʯʘʩʪʚʫʪʁ ʧʦ ʢʨʘʡʥʝʡ ʤʝ-

ʨʝ ʪʨʠ ʯʝʣʦʚʝʢʘ, ʦʪ ʜʝʡʩʪʚʠʡ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʨʦʧʦʚʢʠ, 

ʧʦʜ̡y ʤʘ ʠ ʤʦʥʪʘʞʘ ʥʝʢʦʪʦʨʦʡ i-ʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʪʝʣʝ ʩʦʦʨʫʞʝʥʠʷ. 

ɼʣʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʪʨʦʧʦʚʢʠ ʠ ʨʘʩʩʪʨʦʧʦʚʢʠ ʛʨʫʟʦʚ 

ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʦ ʩʪʝʧʝʥʠ ʨʠʩʢʘ ʢʘʞʜʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʥʘʠ-

ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʸʪ ʜʠʘʛʨʘʤʤʘ ʀʩʠʢʘʚʳ (ʨʠʩ. 2) [11].  

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʀʩʠʢʘʚʳ ʜʣʷ ʪʘʢʝʣʘʞʥʠʢʘ: 

1 ï ʩʧʝʮʦʜʝʞʜʘ; 2 ï ʢʘʩʢʘ; 3 ï ʨʫʢʘʚʠʮʳ; 4 ï ʩʠʛʥʘʣʴʥʳʡ ʞʠʣʝʪ; 

5 ï ʥʝʩʢʦʣʴʟʷʱʘʷ ʦʙʫʚʴ; 6 ï ʥʝ ʤʦʣʦʞʝ 18 ʣʝʪ; 7 ï ʥʝ ʩʪʘʨʰʝ 60 ʣʝʪ; 

8 ï ʝʞʝʜʥʝʚʥʳʡ ʤʝʜʦʩʤʦʪʨ; 9 - ʪʝʤʧʝʨʘʪʫʨʘ; 10 ï ʜʘʚʣʝʥʠʝ; 11 ï ʚʥʝʰʥʠʡ ʚʠʜ;    

12 ï ʟʘʧʳʣʝʥʥʦʩʪʴ; 13 ï ʪʝʤʧʝʨʘʪʫʨʘ; 14 ï ʧʝʨʝʤʝʱʘʝʤʳʝ ʠ ʩʢʣʘʜʠʨʫʝʤʳʝ ʛʨʫʟʳ; 

15 ï ʜʚʠʞʫʱʠʝʩʷ ʤʘʰʠʥʳ ʠ ʤʝʭʘʥʠʟʤʳ; 16 ï ʜʝʡʩʪʚʠʝ ʫʜʦʩʪʦʚʝʨʝʥʠʷ ï 1 ʛʦʜ;    

17 ï ʧʦʚʪʦʨʥʘʷ ʧʨʦʚʝʨʢʘ ʟʥʘʥʠʡ; 18 ï ʤʝʜʠʮʠʥʩʢʘʷ ʠ ʧʩʠʭʠʘʪʨʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ; 

19 ï ʕʂɻ; 20 ï ʬʣʶʦʨʦʛʨʘʬʠʷ; 21 ï ʠʩʢʣʶʯʝʥʠʝ (ʙʦʣʝʟʥʴ ʩʝʨʜʮʘ, ʩʘʭʘʨʥʳʡ ʜʠʘ-

ʙʝʪ, ʵʧʠʣʝʧʩʠʷ); 22 ï ʧʨʠ ʧʦʤʦʱʠ ʚʠʜʝʦʩʚʷʟʠ; 23 ï ʩʠʛʥʘʣʴʥʘʷ; 24 ï ʟʚʫʢʦʚʘʷ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʳ, ʨʘʙʦʪʘ ʩʪʨʦʧʘʣʴʱʠʢʘ ʚʝʩʴʤʘ 

ʩʣʦʞʥʘ ʠ ʦʪʚʝʪʩʪʚʝʥʥʘ. 

ʇʝʨʝʜ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʝʡ ʧʦ ʧʦʜʲʸʤʫ, ʧʝʨʝʤʝʱʝʥʠʶ ʠ ʦʧʫʩʢʘʥʠʶ 

ʛʨʫʟʘ ʪʘʢʝʣʘʞʥʠʢ ʜʦʣʞʝʥ ʧʦʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʠʛʥʘʣ ʢʨʘʥʦʚʱʠʢʫ. 

ʇʝʨʝʜ ʧʦʜʘʯʝʡ ʩʠʛʥʘʣʘ ʦ ʧʦʜʲʸʤʝ ʛʨʫʟʘ ʪʘʢʝʣʘʞʥʠʢ ʜʦʣʞʝʥ ʫʙʝʜʠʪʴʩʷ: 

- ʚ ʦʪʩʫʪʩʪʚʠʠ ʣʶʜʝʡ ʚ ʟʦʥʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʛʨʫʟʦʯʥʦ-

ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ; 

- ʚ ʥʘʜʸʞʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ ʛʨʫʟʘ ʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ 

ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ; 

- ʚ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʛʨʫʟʝ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ; 

- ʚ ʧʦʣʥʦʡ ʦʪʮʝʧʢʝ ʛʨʫʟʘ ʦʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʇʦʩʢʦʣʴʢʫ ʪʘʢʝʣʘʞʥʠʢ ʠ ʢʨʘʥʦʚʱʠʢ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʪʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʙʦ-

ʣʝʝ 22 ʤ), ʦʥʠ ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʛʦʣʦʩʘʤʠ. 

ɼʣʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʣʦʚʥʳʝ ʩʠʛʥʘʣʳ, 

ʧʝʨʝʜʘʚʘʝʤʳʝ ʨʫʢʘʤʠ ʠʣʠ ʬʣʘʞʢʘʤʠ. 

ʏʪʦʙʳ ʢʨʘʥʦʚʱʠʢʫ ʣʝʛʯʝ ʙʳʣʦ ʨʘʟʣʠʯʘʪʴ ʧʦʜʘʚʘʝʤʳʝ ʟʥʘʢʠ, ʪʘʢʝ-

ʣʘʞʥʠʢ-ʩʠʛʥʘʣʴʱʠʢ ʚ ʨʘʙʦʯʝʡ ʨʫʢʝ ʜʝʨʞʠʪ ʢʨʘʩʥʳʡ ʬʣʘʞʦʢ. ɿʘ ʤʥʦʛʠʝ 

ʛʦʜʳ ʟʥʘʢʦʚʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ ʫʞʝ ʧʨʠʦʙʨʝʣʘ ʥʘʙʦʨ ʩʠʛʥʘʣʦʚ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʦʥʪʘʞʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʥʦʨʤʘʤʠ. 

ʄʠʨʦʚʦʡ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ çʂʨʘʥʳ ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ. ʈʫʯ-

ʥʳʝ ʩʠʛʥʘʣʳè ʄʂʉ 53.020.20 ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ 2020-06-01. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʚ ʪʘʢʝʣʘʞʥʳʭ ʧʨʦʮʝʩʩʘʭ ʥʘʢʦʥʝʮ-ʪʦ ʫʟʘʢʦʥʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʨʫʯʥʳʝ 

ʩʠʛʥʘʣʳ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʩʪʘʥʜʘʨʪ ʨʘʟʨʘʙʦʪʘʥ ʩ 

ʫʯʸʪʦʤ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ISO 16715.2014 

çʂʨʘʥʳ ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ. ʈʫʯʥʳʝ ʩʠʛʥʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʨʘʥʘʭè. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʟʥʘʢʦʚʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʩʝʥʩʦʤʦʪʦʨʥʘʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʢʨʘʥʦʚʱʠʢʘ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʦʡ ʠ ʦʧʨʝʜʝ-

ʣʷʶʱʝʡ ʚ ʩʪʝʧʝʥʠ ʨʠʩʢʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʦʧʝʨʘʮʠʠ ʟʘ ʩʯʸʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʨʳʯʘʛʠ ʫʧʨʘʚʣʝʥʠ,̫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʧʨʠ 

ʚʳʩʦʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʘʥʦʚʱʠʢ ʜʦʣʞʝʥ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʦʣʫʯʘʪʴ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʢʨʘʥʘ, ʦ ʩʠʛʥʘʣʘʭ çʥʠʞʥʝʛʦè ʠ çʚʝʨʭʥʝʛʦè ʪʘʢʝ-

ʣʘʞʥʠʢʦʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʘʥʦʚʱʠʢʘ ʙʘʰʝʥ-

ʥʦʛʦ ʢʨʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʪʘʞʘ ʥʝʢʦʪʦʨʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʩʦʪʥʦʛʦ ʩʦ-

ʦʨʫʞʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʮʝʩʩʘ ʅʪ ʠ ɺʪ, 

ʟʘ ʧʦʣʦʞʝʥʠʝʤ ʛʨʫʟʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʛʨʫʟʦʚʦʛʦ ʧʦʣʠʩʧʘʩʪʘ 

ʠ ʪ.ʧ. ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [5], ʦʙʲʸʤ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʢʨʘʥʦʚʱʠ-

ʢʦʤ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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, 
                                       (2) 

 

ʛʜʝ Lj ï ʫʜʘʣʝʥʥʦʩʪʴ j-ʛʦ ʦʙʲʝʢʪʘ ʦʪ ʢʨʘʥʦʚʱʠʢʘ; DJ ï ʨʘʟʤʝʨ j-ʛʦ ʦʙʲʝʢʪʘ 

ʥʘʙʣʶʜʝʥʠʷ; dHʠʟʤ ï ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʝ ʯʝʣʦʚʝʢʘ ï 

ʢʨʘʥʦʚʱʠʢʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ (2), ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʢʨʘʥʦʚ-

ʱʠʢʘ ʦʪ ʪʘʢʝʣʘʞʥʠʢʘ Lj ʦʙʲʸʤ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ çʨʘʩʩʝʷʥʥʦʡè, ʘ ʟʘʪʝʤ ʧʦ ʤʝʨʝ ʫʜʘʣʝ-

ʥʠʷ ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ ʯʸʪʢʦʝ ʚʦʩʧʨʠʷʪʠʝ ʚʦʦʙʱʝ ʠʩʯʝʟʘʝʪ (ʨʠʩ. 3).  
 

 
 

ʈʠʩ. 3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʥʦʢʫʣʷʨʘ ʠ ʨʘʜʠʦʩʚʷʟʠ ʥʘ ʚʳʩʦʪʥʦʤ ʢʨʘʥʝ 

 

ʇʦʵʪʦʤʫ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʪʨʦʧʦʚʢʝ ʛʨʫʟʦʚ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʧʦʣʷ ʟʨʝʥʠʷ ʢʨʘʥʦʚʱʠʢʘ, ʤʝʞʜʫ ʥʠʤ ʠ ʪʘʢʝʣʘʞ-

ʥʠʢʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʝʣʝʬʦʥʥʘʷ ʠʣʠ ʨʘʜʠʦʪʝʣʝʬʦʥʥʘʷ ʩʚʷʟʴ. ʅʘ ʪʘʢʝ-

ʣʘʞʥʳʭ ʨʘʙʦʪʘʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʠʣʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʨʘʜʠʦ-

ʩʪʘʥʮʠʠ (ʪʘʙʣ. 1), ʢʦʪʦʨʳʝ ʧʨʦʩʪʳ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʜʸʞʥʳ ʚ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʘ çʚʩʣʝʧʫʶè (ʪʦʣʴʢʦ ʧʦ ʨʘʜʠʦʩʚʷ-

ʟʠ) ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʢʘʢ ʢʨʘʥʦʚʱʠʢʘ, ʪʘʢ ʠ ʪʘʢʝʣʘʞ-

ʥʠʢʘ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʯʝʥʴ ʠ ʦʙʦʟʥʘʯʝʥʠʝ ʧʦʜʘʚʘʝʤʳʭ ʢʦʤʘʥʜ ʜʦʣʞʥʳ ʙʳʪʴ 

ʫʪʚʝʨʞʜʝʥʳ ʨʘʩʧʦʨʷʜʠʪʝʣʴʥʳʤʠ ʘʢʪʘʤʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (ʚ 

ʨʝʜ. ʇʨʠʢʘʟʘ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʦʪ 12.04.2016 ˉ 146). 
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ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ 

ʊʠʧ  

ʨʘʜʠʦʩʪʘʥʮʠʡ 

ɼʠʘʧʘʟʦʥ 

ʨʘʙʦʯʠʭ 

ʯʘʩʪʦʪ, ʄɻʮ 

ʈʘʜʠʫʩ 

ʜʝʡʩʪʚʠʷ, 

ʤ 

ʏʠʩʣʦ 

ʢʘʥʘʣʦʚ, 

ʰʪ 

ʇʦʪʨʝʙʣʷʝʤʘʷ 

ʤʦʱʥʦʩʪʴ, ɺʪ 

ʄʘʩʩʘ, 

ʢʛ 

çʃʘʩʪʦʯʢʘè 33-46  1 0,16 0,8 

çʊʶʣʴʧʘʥè 140-170  1 0,18 0,8 

çʉʪʨʦʡʢʘè 24,5-35  1 - 0,7 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʙʳʩʪʨʦʪʝʯʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʛʜʝ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ ʜʦʩʪʘʚʢʠ ʠ ʤʦʥʪʘʞʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʣʷ ʦʧʝʨʘʪʠʚ-

ʥʦʛʦ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʚʦʧʨʦʩʦʚ ʥʝʦʙʭʦʜʠʤʘ ʧʦʩʪʦʷʥʥʘʷ ʠ ʦʧʝʨʘ-

ʪʠʚʥʘʷ ʩʚʷʟʴ. ʇʨʝʜʣʦʞʝʥʠʡ ʧʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʨʘʮʠʷʤ ʜʠʘʧʘʟʦʥʦʚ LPD ʠ 

PMR ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ. ɺ ʀʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘʭ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʘʜʸʞʥʳʝ 

ʨʘʮʠʠ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʙʨʝʥʜʦʚ, ʢʘʢ Vector, Vostok, Roger, Midland ʠ 

KemVood. ʈʘʮʠʠ ʮʠʬʨʦʚʳʝ ʪʠʧʘ ɸʨʛʫʪɸ-74 dPMR ï ʦʜʠʥ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʥʘʜʝʞʥʦʡ ʩʚʷʟʠ.  

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʧʨʦʮʝʩʩ ʤʦʥʪʘʞʘ ʥʝʢʦʪʦʨʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʙʘʰʝʥʥʳʤ ʢʨʘʥʦʤ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ: ʩʪʨʦʧʦʚʢʘ, ʧʦʜʲʸʤ ʠ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʧʨʠʸʤ ʢʦʥʩʪʨʫʢʮʠʠ çʚʝʨʭʥʠʤè ʪʘʢʝʣʘʞʥʠʢʦʤ, ʤʦʥ-

ʪʘʞ, ʦʪʩʪʨʦʧʦʚʢʘ ʠ ʦʧʫʩʢʘʥʠʝ ʢʨʶʢʦʚʦʡ ʧʦʜʚʝʩʢʠ ʟʘ ʩʣʝʜʫʶʱʠʤ ʛʨʫʟʦʤ-

ʢʦʥʩʪʨʫʢʮʠʝʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʯʘʱʝ ʚʩʝʛʦ ʦʧʘʩʥʳʝ ʩʠʪʫʘʮʠʠ 

ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʠ ʙʦʣʝʝ ʧʨʠʯʠʥ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʣʷ ʩʣʦʞʥʦʡ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ 

ʩʠʩʪʝʤʳ çʅʪ-ʂʨ-ɺʪè ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʦʟʜʘʥʠʶ ʦʧʘʩʥʦʡ ʩʠʪʫʘ-

ʮʠʠ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʦʥʲʶʥʢʮʠʠ (ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ) ʧʨʠʯʠʥ: 

ʂ = ʭ1Øʭ2Øéé..Øʭj = 
r

1i=
Dxj ,                                   (3) 

ʛʜʝ ʭ1; ʭ2éʭj - ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʩʯʘʩʪʥʦʤʫ ʩʣʫʯʘʶ (ʅʉ); r ï ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʨʠʯʠʥ ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ; i ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʨʠʯʠʥʳ ʅʉ; 

Ø - ʟʥʘʢ ʣʦʛʠʯʝʩʢʦʛʦ ʫʤʥʦʞʝʥʠʷ (ʢʦʥʲʶʥʢʮʠʠ). 

ʀʟ ʫʩʣʦʚʠʷ (3) ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʢʣʶʯʝʥʠʝ ʤʠʥʠʤʫʤ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʠʟ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʠʩʪʝʤʝ çʅʪ-ʂʨ-ɺʪè ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ. ʂʘʞʜʳʡ ʩʣʫʯʘʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʧʦʜʲʸʤʥʦʤ ʩʦʦʨʫʞʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ʩʠʩʪʝʤʳ 

çʅʪ-ʂʨ-ɺʪè. ɺ ʨʘʙʦʪʘʭ [6, 7] ʜʘʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʲʸʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʩ ʫʯʸʪʦʤ ʬʘʢʪʦʨʘ 

ʚʨʝʤʝʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʦʧʘʩʥʳʝ ʬʘʢʪʦʨʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʛʨʫʧʧʠʨʦ-

ʚʘʪʴ (ʪʘʙʣ. 2). 
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ʊʘʙʣʠʮʘ 2. ʌʠʢʩʠʨʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʢʪʦʨʦʚ ʦʭʨʘʥʳ ʪʨʫʜʘ 

it  1t  2t  3t  4t  é kt  

imx  
1mx  

2mx  
3mx  

4mx  é 
kmx  

iʩ
x  

1ʩ
x  

2ʩ
x  

3ʩ
x  

4ʩ
x  é 

kʩ
x  

iɻ
x  

1ɻ
x  

2ɻ
x  

3ɻ
x  

4ɻ
x  é 

kɻ
x  

é é é é é é é 

ii
x  

1i
x  

2i
x  

3i
x  

4i
x  é 

ki
x  

ɿʜʝʩʴ 
mx , 

ʵʨx , 
ʧʩx , 

ʩʛx , 
ʧʢx , 

ʵʩx  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʢʨʘʥʦʚʱʠʢʘ: ʪʝʭʥʠʯʝʩʢʠʝ, ʵʨʛʦʥʦʤʠʯʝʩʢʠʝ, 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ, ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ, ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩ-ʢʠʝ, 

ʵʩʪʝʪʠʯʝʩʢʠʝ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʮʠʬʨʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʮʝ-

ʥʠʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʢʨʘ-

ʥʦʚʱʠʢʘ. 

ʀʩʧʦʣʴʟʫʷ ʫʞʝ ʧʨʦʚʝʨʝʥʥʫʶ ʤʝʪʦʜʠʢʫ, ʘʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʪʘʢʝʣʘʞʥʠʢʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ï ʵʪʦ ʚʨʝʤʷ ʦʜʥʦʛʦ 

ʮʠʢʣʘ ʤʦʥʪʘʞʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʩʦʪʥʦʛʦ ʟʜʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʣʠʢʚʠʜʘʮʠʷ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʦʟʜʘʥʠʷ 

ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʚʝʩʴʤʘ ʚʘʞʥʘ. 

ʅʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʙʦʯʠ-

ʤʠ ʧʨʦʮʝʩʩʘʤʠ ʙʫʣʴʜʦʟʝʨʦʚ, ʵʢʩʢʘʚʘʪʦʨʦʚ ʠ ʤʦʩʪʦʚʳʭ ʢʨʘʥʦʚ [8]. ʉʭʝʤʳ 

ʧʨʠʤʝʥʝʥʠʷ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʤʦʩʪʦʚʦʛʦ ʢʨʘʥʘ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʣʝʢ-

ʪʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.  

ɺ ʚʳʩʦʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ, ʧʦ-

ʷʚʣʷʶʪʩʷ ʟʦʥʳ, ʥʝʜʦʩʪʫʧʥʳʝ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʟʦʨʘ ʢʨʘʥʦʚʱʠʢʦʤ 

(ʨʠʩ. 5). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

çʅʪ-ʂʨ-ɺʪè. ʇʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦ-

ʩʪʝʧʝʥʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʦʪʢʣʦʥʝʥʠʡ ʚ ʧʦʥʠʤʘʥʠʠ, ʧʨʠʚʳʢʘʥʠʠ ʢ ʩʪʠʣʶ 

ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʤʘʣʳʤ 

ʠʥʮʠʜʝʥʪʘʤ, ʙʦʣʴʰʠʤ ʦʰʠʙʢʘʤ ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩ-

ʢʣʶʯʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʤʘʣʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫ-

ʯʘʝʤʦʡ ʢʨʘʥʦʚʱʠʢʦʤ ʧʨʠ ʧʦʤʦʱʠ ʚʠʜʝʦʢʘʤʝʨʳ. 
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ʂʘʤʝʨʘ ʦʙʟʦʨʘ ʪʨʘʚʝʨʩʳ 

ViSUM 

ʂʘʤʝʨʘ ʦʙʟʦʨʘ ʛʨʫʟʘ 

ViSUM 

ʂʘʤʝʨʘ ʚ ʢʘʙʠʥʝ ViSUM 

ʂʘʙʝʣʴ ViSUM ʉ 

ɺʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨ ViSUM 

ʄʦʥʠʪʦʨ ViSUM 

ɹʣʦʢ ʧʠʪʘʥʠʷ 

 

  
 

ʈʠʩ. 4. ʅʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ:  

ʢʘʤʝʨʘ ViSUM ʉ-S-H Ĭ 3 ʰʪ.; ʢʘʤʝʨʘ ViSUM ʉ-HS-IR5-AHD mini Ĭ 1 ʰʪ.;  

ʢʘʙʝʣʴ ViSUM C-AHD Ĭ 4 ʰʪ.; ʤʦʥʠʪʦʨ ViSUM M15-2 Ĭ 1 ʰʪ.;  

ʚʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨ ViSUM DVR SD-X4 AHD (WiFi); ʙʣʦʢ ʧʠʪʘʥʠʷ 

 

 

ʀʟʚʝʩʪʥʳ ʧʦʧʳʪʢʠ ʫʩʪʘʥʦʚʢʠ ʚʠʜʝʦʢʘʤʝʨʳ ʥʘ ʪʝʣʝʞʢʝ, ʩ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʙʝʩʢʦʥʪʘʢʪʥʦʡ ʟʘʨʷʜʢʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʰʪʘʙʘ ʠʟʦʙʨʘʞʝʥʠʷ 

(ʨʠʩ. 6, ʘ). ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩ ʙʝʩʢʦʥʪʘʢʪʥʦʡ ʟʘʨʷʜʢʠ ʚʠʜʝʦʢʘʤʝʨʳ ʪʨʝʙʫʝʪ 

ʙʣʠʟʢʦʛʦ ʧʦʜʭʦʜʘ ʪʝʣʝʞʢʠ ʢ ʢʘʙʠʥʝ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ ʙʦʣʝʝ 50 ʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʟʦʨ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʥʝ 

ʧʦʟʚʦʣʷʷ ʨʘʩʩʤʦʪʨʝʪʴ ʜʝʡʩʪʚʠʷ ʪʘʢʝʣʘʞʥʠʢʦʚ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʢʘʤʝʨʳ ʥʘ 

ʢʨʶʢʦʚʦʡ ʧʦʜʚʝʩʢʝ (ʨʠʩ. 6, ʙ) ʥʝʨʝʰʸʥʥʳʤ ʦʩʪʘʸʪʩʷ ʚʦʧʨʦʩ ʟʘʨʷʜʢʠ ʘʢ-

ʢʫʤʫʣʷʪʦʨʦʚ. 
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ʈʠʩ. 5. ɿʦʥʳ, ʥʝʜʦʩʪʫʧʥʳʝ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʟʦʨʘ ʢʨʘʥʦʚʱʠʢʘ 

ʧʨʠ ʚʳʩʦʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 
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ʘ 

 
 

ʙ 
 

 

ʈʠʩ. 6. ʇʨʠʤʝʨʳ ʫʩʪʘʥʦʚʢʠ ʚʠʜʝʦʢʘʤʝʨʳ ʥʘ ʢʨʘʥʝ: 
ʘ ï ʫʩʪʘʥʦʚʢʘ ʥʘ ʪʝʣʝʞʢʝ;  

ʙ ï ʫʩʪʘʥʦʚʢʘ ʥʘ ʢʨʶʢʦʚʦʡ ʧʦʜʚʝʩʢʝ 

 

 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʚʠʜʝʦʢʘʤʝʨ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʭ ʚ ʟʦʥʝ ʤʦʥʪʘʞʘ (ʨʠʩ. 7), ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪ-

ʚʠʡ ʢʨʘʥʦʚʱʠʢʘ ʟʘ ʩʯʸʪ ʧʦʥʠʤʘʥʠʷ ʦʙʱʝʡ ʩʠʪʫʘʮʠʠ. ɺʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ï 

ʫʩʪʘʥʦʚʢʘ ʢʘʤʝʨ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʥʘ ʧʝʨʝʥʦʩʥʳʭ ʩʪʦʡʢʘʭ ʚ ʟʦʥʘʭ ʤʦʥ-

ʪʘʞʘ ʢʦʥʩʪʨʫʢʮʠʡ, ʯʪʦʙʳ ʢʨʘʥʦʚʱʠʢ ʯʸʪʢʦ ʥʘʙʣʶʜʘʣ ʢʘʢ ʟʘ ʧʨʦʮʝʩʩʘʤʠ 

ʩʪʨʦʧʦʚʢʠ ʠ ʨʘʩʩʪʨʦʧʦʚʢʠ ʛʨʫʟʦʚ, ʪʘʢ ʠ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝ-

ʛʦ ʪʘʢʝʣʘʞʥʠʢʦʚ.  
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ʋʩʪʘʥʦʚʢʘ ʦʛʦʣʦʚʢʘ 

 
ʋʩʪʘʥʦʚʢʘ ʙʘʣʢʠ ʧʨʦʪʠʚʦʚʝʩʘ 

  
ʄʦʥʪʘʞ ʩʪʨʝʣʳ 

 
ʋʩʪʘʥʦʚʢʘ ʧʨʦʪʠʚʦʚʝʩʦʚ 

 
ʈʠʩ. 7. ʕʪʘʧʳ ʤʦʥʪʘʞʘ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ 
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ɺʳʚʦʜʳ 

1. ɺʳʩʦʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʣʫʯʠʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ ʚʩʝʭ ʧʝ-

ʨʝʜʦʚʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɹʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪ ʥʘ ʪʘʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦ-

ʪʘʭ ʫʜʝʣʷʝʪʩʷ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ, ʧʦʵʪʦʤʫ ʫʞʝ ʢ 2020 ʛʦʜʫ ʙʳʣʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

2. ʉʧʝʮʠʬʠʢʘ ʚʳʩʦʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ 
ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ çʥʠʞʥʠʡ ʪʘʢʝʣʘʞʥʠʢ ï ʢʨʘʥʦʚʱʠʢ ï ʚʝʨʭʥʠʡ  

ʪʘʢʝʣʘʞʥʠʢè (çʅʪ-ʂʨ-ɺʪè). ɹʝʟʦʧʘʩʥʦʩʪʴ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʪʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʢʨʘʥʦʚʱʠʢʫ ʦʪ ʅʪ ʠ ɺʪ. 

3. ʇʨʠ ʚʳʩʦʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ (ʅ>22 ʤ) ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪʩʷ 

ʧʝʨʝʜʘʯʘ ʢʦʤʘʥʜ ʩ ʩʠʩʪʝʤʝ çʅʪ-ʂʨ-ɺʪè ʟʚʫʢʦʚʘʷ, ʧʝʨʝʭʦʜ ʥʘ ʩʠʛʥʘʣʴʥʫʶ 

ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚʩʝʭ ʫʯʘʩʪʥʠ-

ʢʦʚ ʧʨʦʮʝʩʩʘ ʤʦʥʪʘʞʘ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦ ʩʠʛʥʘʣʴʥʳʤ ʫʢʘʟʘʥʠʷʤ. ʆʜʥʘʢʦ ʚ 

ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ ʚʠʜʠʤʦʩʪʠ ʫʢʘʟʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʝʯʝʪʢʠʤʠ ʠ ʥʝʙʝʟʦ-

ʧʘʩʥʳʤʠ. 

4. ʇʝʨʝʭʦʜ ʥʘ ʨʘʜʠʦʩʚʷʟʴ ʚ ʩʠʩʪʝʤʝ çʅʪ-ʂʨ-ɺʪè ʧʦʟʚʦʣʷʝʪ ʧʦʚʳ-

ʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ, ʥʦ ʜʣʷ ʢʨʘʥʦʚʱʠʢʘ ʨʘʙʦʪʘ çʚʩʣʝ-

ʧʫʶè ʪʨʝʙʫʝʪ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʯʣʝʥʦʚ ʢʦʤʘʥʜʳ ʩʠʩʪʝʤʳ çʅʪ-ʂʨ-

ɺʪè, ʯʪʦ ʠʥʦʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʳʤ ʨʠʩʢʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

5. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʦʮʝʩʩʘʤʠ ʫʞʝ ʰʠ-

ʨʦʢʦ ʦʧʨʦʙʦʚʘʥʳ ʥʘ ʙʫʣʴʜʦʟʝʨʘʭ, ʵʢʩʢʘʚʘʪʦʨʘʭ ʠ ʤʦʩʪʦʚʳʭ ʢʨʘʥʘʭ. ɼʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʦʥʝ ʨʘʙʦʪʳ çʥʠʞʥʝʛʦè ʠ çʚʝʨʭʥʝʛʦè ʪʘʢʝ-

ʣʘʞʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʨʫʜʦʚʘʪʴ ʧʝʨʝʩʪʘʚʥʳʝ ʧʦʩʪʳ. ʆʙʝʩʧʝʯʝʥʠʝ ʚʠ-

ʜʝ- ʠ ʨʘʜʠʦʩʚʷʟʴʶ ʩʠʩʪʝʤʳ çʅʪ-ʂʨ-ɺʪè ʧʦʟʚʦʣʠʪ ʨʝʟʢʦ ʧʦʚʳʩʠʪʴ ʙʝʟʦ-

ʧʘʩʥʦʩʪʴ ʨʘʙʦʪ. 
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ĭʌʝʨʛʘʥʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʋʟʙʝʢʠʩʪʘʥ 

Įʅʘʤʘʥʛʘʥʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʠʥʩʪʠʪʫʪ, ʋʟʙʝʢʠʩʪʘʥ 
 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʨʦʧʦʚ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʝʣʘʞʥʳʭ ʨʘʙʦʪʘʭ, ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʪʨʦʧʳ, ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʠʤʝʨ-

ʥʳʭ ʤʫʣʴʪʠʬʠʣʘʤʝʥʪʥʳʭ ʥʠʪʝʡ, ʘ ʪʘʢʞʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʘʢʝʣʘʞʥʳʝ ʨʘʙʦʪʳ, ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ ʤʝʭʘʥʠʟʤʳ ʛʨʫ-

ʟʦʟʘʭʚʘʪʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʪʝʢʩʪʠʣʴʥʳʡ ʩʪʨʦʧ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ, ʨʘʟ-

ʨʳʚʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʫʜʣʠʥʝʥʠʷ ʢʘʥʘʪʘ, ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
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ɺʚʝʜʝʥʠʝ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʇʦ ʚʩʝʡ ʨʝʩʧʫʙʣʠʢʝ ʠʭ ʪʳʩʷʯʠ, ʵʪʦ:  

ʙʘʰʝʥʥʳʝ, ʧʦʨʪʘʣʴʥʳʝ, ʢʦʟʣʦʚʳʝ ʠ ʤʦʩʪʦʚʳʝ ʢʨʘʥʳ; ʢʨʘʥʳ ʥʘ ʛʫʩʝʥʠʯ-

ʥʦʤ ʠ ʧʥʝʚʤʦʢʦʣʝʩʥʦʤ ʭʦʜʫ; ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʢʨʘʥʳ; ʧʝʨʝʥʦʩʥʳʝ, ʧʝʨʝ-

ʜʚʠʞʥʳʝ, ʧʨʠʩʪʘʚʥʳʝ ʢʨʘʥʳ ʧʦʜʲʸʤʥʠʢʠ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ 
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ʩʪʘʣʴʥʳʝ ʢʘʥʘʪʥʳʝ ʩʪʨʦʧʳ, ʠʤʧʦʨʪʠʨʫʝʤʳʝ ʠʟ ʈʦʩʩʠʠ (ʧʦ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʤ ʜʘʥʥʳʤ, ʦʙʲʝʤ ʠʤʧʦʨʪʘ ʟʘ 2017-2021 ʛʦʜʳ ʩʦʩʪʘʚʠʣ 22 ʤʣʥ ʜʦʣʣ. 

ʉʐɸ).  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʨʝʩʧʫʙʣʠʢʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʣʦʢʘ-

ʣʠʟʘʮʠʠ ʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠ ʁ(ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

 ̄ʋʇ-4426 ʦʪ 24.08.2019). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʩʘ (ʤʘʩʩʳ) 

ʠ ʩʣʦʞʥʦʩʪʠ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ ʩʪʘʣʴʥʳʝ ʢʘʥʘʪʳ ʜʦʣʞʥʳ ʧʦʩʪʝʧʝʥʥʦ 

ʫʩʪʫʧʘʪʴ ʤʝʩʪʦ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʣʝʥʪʦʯʥʳʤ ʠ ʢʘʥʘʪʥʳʤ ʛʨʫʟʦʟʘʭʚʘʪʥʳʤ 

ʫʩʪʨʦʡʩʪʚʘʤ (ʩʪʨʦʧʘʤ) (ʉʃʂʉ) [1].  

ʇʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ (ʇʇ) ʛʨʘʥʫʣʳ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʶʪʩʷ ʤʫʣʴ-

ʪʠʬʠʣʘʤʝʥʪʥʳʝ ʚʦʣʦʢʥʘ, ʩʯʠʪʘʶʪʩʷ ʦʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʩʪʨʦʧ, ʢʦʪʦʨʦʝ ʚʳʧʫʩʢʘʶʪʩʷ ʋʩʪʶʨʪʩʢʠʤ ʛʘʟʦʭʠʤʠʯʝʩʢʠʤ ʢʦʤʙʠʥʘʪʦʤ ï 

ʋɻʍʂ [2]. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʩʪʨʦʧ ʜʣʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʩʫʭʦʤ ʞʘʨ-

ʢʦʤ ʢʣʠʤʘʪʝ ʋʟʙʝʢʠʩʪʘʥʘ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʫʯʝʥʳʤʠ ʌʝʨʛʘʥʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠ 

ʍʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚʝʜʫʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʠʥʪʝ-

ʪʠʯʝʩʢʠʭ ʩʪʨʦʧ. 
 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʳʭ ʥʠʪʝʡ ʥʘ 

ʧʨʦʯʥʦʩʪʴ ʢʘʥʘʪʦʚ ʠ ʚʝʨʝʚʦʢ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʘʚʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʨʫʯʝʥʳʭ ʠ ʧʣʝ-

ʪʝʥʳʭ ʥʠʪʝʚʠʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ; 

- ʧʨʦʚʝʩʪʠ ʜʘʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʨʳʚʥʦʤ ʦʙʦʨʫ-

ʜʦʚʘʥʠʠ; 

- ʧʨʦʚʝʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ.  
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʨʳʚʥʦʡ ʥʘ-

ʛʨʫʟʢʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʍʠ-

ʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. ɼʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʨʘʟʨʳʚʥʘʷ ʤʘʰʠʥʘ 

Shimadzu Autografh AGS-X10 ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ (ʨʠʩ. 1). 

ɼʘʥʥʘʷ ʤʘʰʠʥʘ ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʩʝʨʠʠ ʠʩʧʳʪʘʥʠʡ ʚʳʙʨʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢ-
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ʪʝʨʠʩʪʠʢ, ʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʣʠʥʘʤʠ ʦʙʨʘʟʮʦʚ ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʘʟʨʳʚʘ, ʚ ʩʫʭʦʤ ʚʠʜʝ. ʇʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 

Ñ0,5% ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ï ʩʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ ʤʘʰʠʥʳ 

[3].  

 

ʈʠʩ. 1. ʀʩʧʳʪʘʪʝʣʴʥʘʷ ʨʘʟʨʳʚʥʘʷ ʤʘʰʠʥʘ  

Shimadzu Autografh AGS-X10 
 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʳ ʢʘʙʦʣʢʠ ʪʨʝʭʧʨʷʜʥʳʝ, 

ʜʠʘʤʝʪʨʘʤʠ 2,5, 3,0, 4,0 ʤʤ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʤʝʩʪʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, 

ʚʳʧʫʩʢʘʝʤʦʛʦ ʋʩʪʶʨʪʩʢʠʤ ʛʘʟʦʭʠʤʠʯʝʩʢʠʤ ʢʦʤʙʠʥʘʪʦʤ. ʆʪʙʦʨ ʠ ʧʦʜʛʦ-

ʪʦʚʢʘ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 

ʀʉʆ 2307-2014 [4]. ʌʘʢʪʠʯʝʩʢʠʝ ʜʠʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,1 ʤʤ, ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʨʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩ ʣʠʥʝʡʢʦʡ ʠ ʢʨʝʧ-

ʣʝʥʠʝʤ ʜʣʷ ʛʨʫʟʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʝʩʦʚ, ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,5% ʦʪ 

ʚʟʚʝʰʠʚʘʝʤʦʡ ʤʘʩʩʳ [3]. 

ʀʩʧʳʪʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʫʜʣʠʥʝʥʠʷ ʚ ʩʫ-

ʭʦʤ ʚʠʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ ʀʉʆ 2307-2014. ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʪʨʘʚʝʨʩʳ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʳ ʨʘʚʥʘ 80 ʤʤ/ʤʠʥ. ʈʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʝʧʣʝʥʠʷʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʠʪʝʚʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʘʚʣʷʣʦ 300 ʤʤ. 
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ʊʘʙʣʠʮʘ 1. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʛʦ ʢʘʙʦʣʢʘ ʇʇ-3,0 
 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

 

ʄʦʜʫʣʴ 

ʫʧʨʫʛʦ-

ʩʪʠ, 

ʅ/ʪʝʢʩ. 

ʈʘʟʨʳʚ-

ʥʘʷ ʩʠʣʘ 

10 ʅ 

ʄʘʢʩʠ-

ʤʘʣʴʥʘʷ 

ʨʘʟʨʳʚʥʘʷ 

ʩʠʣʘ, ʅ 

ʄʘʢʩʠ-

ʤʘʣʴʥʦʝ 

ʫʜʣʠʥʝ-

ʥʠʝ, ʤʤ 

0,1% 

ʅ 
0,2% 

ʆʙʨʘʟʝʮ ʇʇ-3,0  22.6241 573.809 576.969 369.767 192.161 101.630 

ʉʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 7.96078 49.4126 36.2486 56.2051 49.2346 2.60958 

ʄʘʢʩʠʤʫʤ 29.4289 608.749 611.100 415.212 233.742 103.475 

ʄʠʥʠʤʫʤ 13.8696 538.869 538.921 306.919 137.795 99.7845 

 
ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʜʝʬʦʨʤʘʮʠʷ-ʫʜʣʠʥʝʥʠʝ ʧʦʣʠʧʨʦʧʠʣʝʥʦ-

ʚʦʡ ʪʨʝʭʧʨʷʜʥʦʡ ʢʘʙʦʣʢʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʠ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʙʨʘʟʮʦʚ ʢʘʙʦʣʢʠ ʠ ʠʭ ʩʦʩʪʘʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʫʧʨʫʛʦʩʪʠ ʢʘʥʘʪʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʥʘʛʨʫʞʝʥʠʠ. 
 

 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʜʝʬʦʨʤʘʮʠʷïʫʜʣʠʥʝʥʠʝ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʡ                                                

ʪʨʝʭʧʨʷʜʥʦʡ ʢʘʙʦʣʢʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʯʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʥʠʪʝʚʠʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʥʠ-

ʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʢʘʙʦʣʢʠ. ʇʨʦʯʥʦʩʪʴ ʢʘʥʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 

50ï60% ʦʪ ʧʨʦʯʥʦʩʪʠ ʚʩʝʭ ʚʦʣʦʢʦʥ ʠ 65ï70% ʦʪ ʧʨʦʯʥʦʩʪʠ ʚʩʝʡ ʢʘʙʦʣʢʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 
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ʠ ʯʠʩʣʘ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʘʥʘʪʘ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 

ʚʧʝʨʚʳʝ ʥʘʛʨʫʞʘʝʤʦʛʦ ʢʘʥʘʪʘ ʩʦʩʪʘʚʠʣʦ 45-50% [5]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ ʚ 

ʩʫʭʦʤ ʞʘʨʢʦʤ ʢʣʠʤʘʪʝ ʨʝʩʧʫʙʣʠʢʠ, ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʦʣʫʯʝʥʳ 

ʤʘʩʪʝʨʙʘʪʯʠ ʩ ʧʦʤʦʱʴʶ ʜʦʙʘʚʦʢ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʩʣʦʞʥʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʘʣʣ ʠ ʘʟʦʪ, ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʩʚʦʡʩʪʚʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʦʣʥʝʯʥʦʤʫ ʩʚʝʪʫ.  

ʇʦʣʫʯʝʥʥʘʷ ʥʦʚʘʷ ʜʦʙʘʚʢʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʧʨʦʮʝʩ-

ʩʘʤ, ʚʳʟʳʚʘʝʤʳʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤʠ ʣʫʯʘʤʠ ʚ ʧʦʣʠʤʝʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, 

ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ ʧʨʝʣʦʤʣʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ, ʧʦʧʘʜʘʶʱʠʭ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʤʝʨʘ (ʨʠʩ. 3). ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʚʦʣ-

ʥʦʚʳʝ ʯʠʩʣʘ ʦʙʨʘʟʮʦʚ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʥʠʪʝʡ. ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʚʦʣʥʦ-

ʚʳʝ ʯʠʩʣʘ. ʇʨʠ ʵʪʦʤ ʨʘʟʨʝʰʝʥʠʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚʦ ʚʩʝʤ ʩʧʝʢʪʨʝ, 

ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʣʷʪʴ ʪʝʥʜʝʥʮʠʠ ʠ ʧʨʦʬʠʣʠ ʨʝʘʢʮʠʡ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʦʯʝʥʴ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʠʥʝʪʠʢʝ, ʤʝʭʘʥʠʟ-

ʤʝ, ʧʫʪʷʭ ʨʝʘʢʮʠʠ ʠ ʚʣʠʷʥʠʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ. 
 

 
 

ʈʠʩ. 3. ʉʧʝʢʪʨʘʣʴʥʳʝ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʦʙʨʘʟʮʦʚ  

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʥʠʪʝʡ 
 

ɿʘʢʣʶʯʝʥʠʝ 
ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʥ-

ʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʨʘʟʣʠʯʥʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ, 

ʫʩʪʦʡʯʠʚʳʭ ʢ ʩʫʭʦʤʫ ʞʘʨʢʦʤʫ ʢʣʠʤʘʪʫ, ʘʥʘʣʠʟ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʂ-

ʩʧʝʢʪʨʘ, ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʩʭʝʤʳ ʧʣʝʪʝʥʠʷ, ʫʥʠʢʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʥ-
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ʪʝʪʠʯʝʩʢʠʭ ʩʪʨʦʧʦʚ ʚ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʫʯʝʪ ʩʚʦʡʩʪʚ ʧʦʣʠ-

ʧʨʦʧʠʣʝʥʦʚʳʭ ʚʦʣʦʢʦʥ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʋʟʙʝʢʠʩʪʘʥʝ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʪʢʘʥʳʝ ʣʝʥʪʳ ʠ ʢʘʥʘʪʳ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʟʘ ʩʯʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʭʝʤʳ ʧʣʝʪʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʪʘʢʝʣʘʞʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʦʧʦʚ 

ʥʘ ʪʝʢʩʪʠʣʴʥʦʡ ʦʩʥʦʚʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʝʪʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʪʨʦʧʦʚ. 
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1
ʆʆʆ çʇʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʝʭʘʥʠʟʤʳè

 

2
ʆʆʆ çʇʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳè 

  
ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ 

ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʣʠʬʪʘʭ ʩ ʥʦʤʠʥʘʣʴʥʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʦʪ 1 ʜʦ 2 ʤ/ʩ. ʀʟʣʦʞʝʥ ʦʧʳʪ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʷ ʠ 

ʪʝʩʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ. ʆʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ɼʘʥ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʤʦʜʝʣʠ 

ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ. ɺ ʚʳʚʦʜʘʭ ʘʢʮʝʥʪʠʨʦʚʘʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʦʧʳʪʘ, ʘ ʪʘʢʞʝ ʥʘʢʦʧʣʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʬʪ, ʫʩʪʨʦʡʩʪʚʦ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʥʪʨʦʣʴ ʩʢʦʨʦʩʪʠ, 

ʦʛʨʘʥʠʯʠʪʝʣʴ ʩʢʦʨʦʩʪʠ, ʰʢʠʚ ʦʛʨʘʥʠʯʠʪʝʣʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʣʠʬʪʦʚ 

 

THE EXPERIENCE OF CREATING A SPEED LIMITER  

AS AN ILLUSTRATI ON OF THE PROCESS OF IMPORT 

SUBSTITUTION OF EQUIPMENT IN THE ELEVATOR 

INDUSTRY 
 

ɸ.Y. Prusov
1
, D.A. Maksimov

2
 

 
1
 LLC "Lifting and transport mechanisms" 

2
LLC "Lifting and transport machines" 

 
An upgraded design and operating principle of a two-way speed limiter for use 

on elevators with nominal speeds from 1 to 2 m/s is presented. The experience of 

designing, creating and testing is described. The method of operational control of 

parameters regulated by state standards is described. A critical analysis of the 

technological capabilities associated with the production of a speed limiter model is 

given. The conclusions focus on the need to systematize and generalize the experience 

gained, as well as the accumulation of statistical data.  
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ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʚʝʩʥʫ 2022 ʛʦʜʘ ʜʦʣʷ ʠʤʧʦʨʪʥʳʭ ʢʦʤʧʣʝʢʪʫʶ-

ʱʠʭ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʣʠʬʪʦʩʪʨʦʝʥʠʠ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 30%. ʂ ʦʩʝʥʠ ʪʝ-

ʢʫʱʝʛʦ ʛʦʜʘ ʠʤʝʚʰʠʝ ʤʝʩʪʦ ʧʦʩʪʘʚʢʠ ʠʥʦʩʪʨʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʠʩʴ ʠʟ-ʟʘ ʥʘʨʫʰʝʥʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʦʯʝʢ, ʘ ʨʷʜ ʢʨʫʧ-

ʥʝʡʰʠʭ ʝʚʨʦʧʝʡʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʟʘʷʚʠʣ ʦ ʧʦʣʥʦʤ ʧʨʝʢʨʘʱʝʥʠʠ ʩʦ-

ʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʫʭʦʜʘ ʩ ʥʘʰʝʛʦ ʨʳʥʢʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʝʣʦ ʢ ʨʦʩ-

ʪʫ ʮʝʥ ʥʘ ʨʦʩʩʠʡʩʢʠʝ ʣʠʬʪʳ ʦʪ 15 ʜʦ 30%.  

ʇʝʨʩʧʝʢʪʠʚʘ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʬʪʦʚʦʡ ʦʪʨʘʩʣʠ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ ʠ ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʆʨʠʝʥʪʠʨʘʤʠ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʥʘʫʢʦʸʤʢʠʝ ʦʙʨʘʟʮʳ ʣʠʬʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʳʧʫʩʢʘʝ-

ʤʳʝ ʣʠʜʝʨʘʤʠ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʚ ʣʠʬʪʦʚʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ.  

ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ ʩʤʝʣʦ ʚʩʪʫʧʘʪʴ ʚ ʢʦʥʢʫʨʝʥʪʥʫʶ 

ʙʦʨʴʙʫ, ʚʳʧʫʩʢʘʷ ʫʣʫʯʰʝʥʥʳʝ ʦʙʨʘʟʳ ʠ ʤʦʜʝʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʰʘʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʜʘʯʠ ʥʘʨʘʱʠʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʥʳ, 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʩʚʦʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʇʦ-

ʩʣʝʜʥʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʙʫʜʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʠʤʝʨʦʤ ʠ ʜʝʤʦʥʩʪʨʘ-

ʮʠʝʡ ʦʧʳʪʘ ʩʦʟʜʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʣʠʬʪʘ.  

ɺʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʚʢʣʶ-

ʯʘʶʱʠʡ ʚ ʩʝʙʷ ʚʩʝ ʚʠʜʳ ʣʠʬʪʦʚ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʦʜʲʝʤʥʠʢʦʚ, ʜʦʣʞʝʥ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. ʇʨʠʣʦʞʝʥʠʝʤ 2 ʊʈ ʊʉ 

"ɹʝʟʦʧʘʩʥʦʩʪʴ ʣʠʬʪʦʚ" ʫʪʚʝʨʞʜʝʥ ʧʝʨʝʯʝʥʴ ʫʩʪʨʦʡʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʠʬ-

ʪʘ, ʧʦʜʣʝʞʘʱʠʭ ʦʙʷʟʘʪʝʣʴʥʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʢʫʜʘ ʚʭʦʜʠʪ ʦʛʨʘʥʠʯʠʪʝʣʴ 

ʩʢʦʨʦʩʪʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ, ʦʛʨʘʥʠʯʠʪʝʣʴ ʩʢʦ-

ʨʦʩʪʠ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʤʝ-

ʭʘʥʠʟʤʘ ʣʦʚʠʪʝʣʝʡ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʢʘʙʠʥʳ, ʧʨʦʪʠʚʦʚʝʩʘ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʦʛʨʘʥʠʯʠʪʝʣʠ ʩʢʦʨʦʩʪʠ ʜʦʣʞʥʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ, 

ʥʘʩʪʨʘʠʚʘʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʥʘ ʟʘʚʦʜʝ-

ʠʟʛʦʪʦʚʠʪʝʣʝ ʠ ʧʣʦʤʙʠʨʦʚʘʪʴʩʷ, ʠʩʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ 

ʨʝʞʠʤ ʝʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ [2]. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʨʝʛʣʘʤʝʥ-

ʪʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 
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- ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʨʦʚʝʨʢʘ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʩʠʣʳ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʢʘʥʘʪʦʤ ʠ ʨʘʙʦʯʠʤ ʰʢʠʚʦʤ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ 

ʣʦʚʠʪʝʣʝʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʘʙʠʥʳ [3]; 

- ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʷ ʚ ʢʘʥʘʪʝ, 

ʧʨʠʚʦʜʷʱʝʛʦ ʚ ʜʝʡʩʪʚʠʝ ʣʦʚʠʪʝʣʠ, ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦ-

ʨʦʩʪʠ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ 

ʣʠʬʪʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʵʨʛʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʠʤʧʦʨʪʦ-

ʟʘʤʝʱʝʥʠʷ.  

ʄʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʢʦʥʩʪ-

ʨʫʢʮʠʡ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʩʢʦʨʦʩʪʠ, ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʨʘʙʦʪʘ, ʧʨʘʢ-

ʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ, ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ 

ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʵʤʧʠʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʤʦʜʝʣʝʡ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʩʢʦʨʦʩʪʠ ʚʳʷʚʠʣ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʟʤʦʞ-

ʥʳʭ ʨʝʰʝʥʠʡ [4]. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʨʳʥʢʝ 

ʧʦʣʫʯʠʣʠ ʮʝʥʪʨʦʙʝʞʥʳʝ ʦʛʨʘʥʠʯʠʪʝʣʠ ʩʢʦʨʦʩʪʠ ʣʠʬʪʦʚ, ʠʤʝʶʱʠʝ ʚ ʩʚʦ-

ʸʤ ʩʦʩʪʘʚʝ ʢʘʥʘʪʦʚʝʜʫʱʠʡ ʰʢʠʚ ʩ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʟʤʝʱʸʥʥʳʤʠ ʥʘ ʥʸʤ 

ʜʚʫʤʷ ʛʨʫʟʘʤʠ, ʩʦʝʜʠʥʸʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʨʳʯʘʞʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʩʚʷʟʴʶ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʢʠ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʤʝʞʜʫ ʥʠʤʠ ʠ 

ʠʟʤʝʥʝʥʠʷ ʩʠʣ ʠʥʝʨʮʠʠ [5].  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʘʥʘʪʦʚʝʜʫʱʝʛʦ ʰʢʠʚʘ ʛʨʫʟʳ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʨʘʩʭʦʜʷʪʩʷ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ ʫʧʦʨʘʤʠ, ʟʘʧʫʩʢʘʷ ʤʝʭʘʥʠʟʤ ʦʩʪʘʥʦʚʢʠ 

ʰʢʠʚʘ. ʋʧʦʨʳ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʣʠʙʦ ʥʘ ʚʥʝʰʥʝʤ ʨʘ-

ʜʠʫʩʝ ʦʛʨʘʥʠʯʠʪʝʣʷ [6], ʣʠʙʦ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʘʜʠʫʩʝ ʫʩʪʘʥʦʚʢʠ ʰʢʠʚʘ ʥʘ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ ʠʣʠ ʥʘ ʩʪʫʧʠʮʝ ʦʛʨʘʥʠʯʠʪʝʣʷ [7].  

ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʪʁʩʷ ʙʦʣʴʰʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘ-

ʛʨʫʟʢʠ ʚ ʤʦʤʝʥʪ ʫʜʘʨʥʦʛʦ ʢʦʥʪʘʢʪʘ ʛʨʫʟʦʚ ʦʙ ʫʧʦʨʳ ʠ ʨʝʟʢʦʝ ʪʦʨʤʦʞʝ-

ʥʠʝ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʵʣʝʤʝʥʪʳ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʚʩʝʛʦ ʧʦʜʲ-

ʸʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ ʢʘʥʘʪʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, çʪʨʘʜʠʮʠʦʥʥʳʝè ʦʛʨʘʥʠʯʠʪʝʣʠ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʦʩʪʦʨʦʥ-

ʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʪ.ʝ. ʩʨʘʙʘʪʳʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʪʦʣʴʢʦ ʚ 

ʦʜʥʫ ʩʪʦʨʦʥʫ (ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʘʙʠʥʳ ʚʥʠʟ).  

ɸʥʘʣʠʟ ʧʘʪʝʥʪʥʦʛʦ ʦʙʟʦʨʘ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʩʢʦʨʦʩʪʠ ʚʳʷʚʠʣ ʥʘ-

ʧʨʘʚʣʝʥʠʷ ʠ ʧʫʪʠ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʫʚʝʣʠʯʝʥʠʝ 

ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʤʠʢ-

ʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʦʩʥʘʱʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, 
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ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʧʨʦʯʠʝ ʧʘʨʘʤʝʪʨ rʠ ʜʫʙʣʠʨʫʶʱʠʤʠ ʢʦʥʪʨʦʣʴ ʩʨʘʙʘ-

ʪʳʚʘʥʠʷ ʩʘʤʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ.  

ʆʜʥʘʢʦ ʩʦʚʦʢʫʧʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʧʘʪʝʥʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɿʘʷʚʣʝʥʠʷ ʦ ʪʝʩʪʦʚʦʡ ʘʧʨʦʙʘʮʠʠ, 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦ ʚʥʝʜʨʝʥʠʠ, ʥʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʜʦ-

ʢʘʟʘʪʝʣʴʥʦʡ ʙʘʟʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʸʞʥʦʩʪʠ ʣʠʬʪʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʫʙʝʜʠʪʝʣʴʥʳʤʠ.  

ʊʨʝʪʴʠʤ ʢʨʠʪʝʨʠʝʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʤʧʦʨʪʦ-

ʟʘʤʝʱʝʥʠʷ, ʷʚʣʷʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ 

ʥʘ ʜʦʩʪʫʧʥʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʜʦʚʝʜʝʥʠʷ ʝʛʦ ʚʳʧʫʩʢʘ ʜʦ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʀʟ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʧʘʪʝʥʪʦʩʧʦʩʦʙʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʦʨʠʪʝʪ ʙʳʣ 

ʦʪʜʘʥ ʪʝʤ ʨʝʰʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʳ-

ʜʝʨʞʘʣʠ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʝʢʦʤʝʥ-

ʜʦʚʘʣʠ ʩʝʙʷ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʣʠʬʪʦʚʦʤ ʨʳʥʢʝ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʠʟʳʩʢʘʥʠʡ ʩʪʘʣ ʚʳʙʦʨ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʛʨʘʥʠʯʠʪʝʣ ̫ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ ʜʚʫʭ-

ʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ Gervall Europa, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥ ʧʘʪʝʥʪ 

ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʣʠʬʪʘ [8].  

ʇʨʠ ʘʥʘʣʠʟʝ ʫʢʘʟʘʥʥʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ, 

ʩʚʷʟʘʥʥʳʝ: ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝ-

ʜʝʣʸʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ [2, 3]; ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʧʦʣʥʝʥʠʷ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʜʠʩʢʘ ʜʣʷ ʦʜʥʦʛʦ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʪʠʧʘ ʜʘʪʯʠʢʦʚ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʰʢʠʚʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʫʞʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ; ʩ ʥʝʚʳʧʦʣʥʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʦʪ ʚʨʘʱʘʶʱʠʭʩʷ ʤʝʭʘʥʠʟʤʦʚ [1, 9]; ʩ ʥʝʨʝʤʦʥʪʦʧʨʠʛʦʜ-

ʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ. 

ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʦʛʨʘ-

ʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

ʇʝʨʚʳʡ ʵʪʘʧ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʠ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ çʂʦʤʧʘʩ 

3Dv21è. 

ɺʪʦʨʦʡ ʵʪʘʧ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʩ ʤʦʜʝʣʴʶ, ʧʦʠʩʢ ʨʝʰʝ-

ʥʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʪʦʪʠʧʘ. 

ʊʨʝʪʠʡ ʵʪʘʧ. ʆʬʦʨʤʣʝʥʠʝ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʟʘʱʠʪʝ ʘʚʪʦʨʩʢʦʛʦ ʧʨʘ-

ʚʘ ʩʧʦʩʦʙʦʚ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʟʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʫʪʸʤ ʧʦʣʫʯʝʥʠʷ ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ.  

ʏʝʪʚʸʨʪʳʡ ʵʪʘʧ. ʉʦʟʜʘʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʠ ʪʝʩʪʦʚʳʭ ʦʙ-

ʨʘʟʮʦʚ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʥʘ ʜʦʩʪʫʧʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 
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ʇʷʪʳʡ ʵʪʘʧ. ʀʩʧʳʪʘʥʠʷ ʬʠʥʘʣʴʥʦʡ ʚʝʨʩʠʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦ-

ʩʪʠ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʠʬʪʦʚʦʛʦ ʟʘʚʦʜʘ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ 

ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ (ʨʠʩ. 1, 2).  

 

 
 

ʈʠʩ. 1. ʆʛʨʘʥʠʯʠʪʝʣʴ ʩʢʦʨʦʩʪʠ çʗʨʦʩʣʘʚʝʮè, ʠʟʦʤʝʪʨʠʯʝʩʢʠʡ ʚʠʜ 

 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʝʰʘʣʠʩʴ ʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʟʘʜʘʯʠ ʢʦʤʧʦʥʦʚʢʠ 

ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠ ʦʙʱʘʷ ʢʠʥʝʤʘʪʠʢʘ ʨʘʙʦʪʳ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʦʩʪʫʧʥʳʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝ ʧʦʟʚʦ-

ʣʠʣʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʙʦʪʳ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʝʭʘʥʠʟʤʘ. ʇʦʵʪʦ-

ʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʩʢʦʨʝʥʠʷ, ʩʢʦʨʦʩʪʠ, 

ʩʠʣ ʠʥʝʨʮʠʠ ʨʘʩʭʦʜʷʱʠʭʩʷ ʛʨʫʟʦʚ, ʩʠʣ ʪʨʝʥʠʷ ʢʘʥʘʪʘ ʦ ʰʢʠʚ ʠ ʪ.ʜ. ʦʩʫ-

ʱʝʩʪʚʠʪʴ ʙʳʣʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʕʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʵʤʧʠʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʈʠʩ. 2. ʆʛʨʘʥʠʯʠʪʝʣʴ ʩʢʦʨʦʩʪʠ çʗʨʦʩʣʘʚʝʮè, ʚʠʜ ʩʟʘʜʠ 

 

ɺʦʩʧʨʦʠʟʚʝʜʸʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʚʟʷʪʘʷ ʟʘ ʦʩʥʦʚʫ ʠʟ ʧʨʦʪʦʪʠʧʘ, ʷʚ-

ʣʷʝʪʩʷ ʦʛʨʘʥʠʯʠʪʝʣʝʤ ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʜʝʡ-

ʩʪʚʠʷ ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʫʟʣʳ: ʢʦʨʧʫʩ ʩ ʢʨʝʧʸʞʥʳʤʠ ʵʣʝʤʝʥ-

ʪʘʤʠ ʠ ʟʘʱʠʪʥʳʤ ʢʦʞʫʭʦʤ; ʩʠʩʪʝʤʫ ʙʣʦʢʠʨʦʚʢʠ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪ-

ʚʠʷ; ʩʠʩʪʝʤʫ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʩʨʘʙʘʪʳʚʘʥʠʷ ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶ-

ʱʝʤ (ʨʠʩ. 3). ɺ ʨʝʞʠʤʝ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ ʚʨʘʱʝʥʠʠ ʰʢʠʚʘ 

1, ʢʦʨʦʤʳʩʣʘ 2 ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥʳ 3. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʰʢʠʚʘ 1 ʠ ʧʨʝʚʳʰʝʥʠʠ ʥʘʩʪʨʦʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʧʨʫ-

ʞʠʥʳ 3 ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʢʦʨʦʤʳʩʣʘ 2 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦ-

ʙʝʞʥʦʡ ʩʠʣʳ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʚʘ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʨʫ-

ʟʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʤʝʞʜʫ ʨʳʯʘʛʘʤʠ ʠ ʰʢʠʚʦʤ, ʥʘʯʠʥʘʶʪ ʦʪʢʣʦʥʷʪʩʷ ʠ ʧʨʦ-

ʚʦʨʘʯʠʚʘʪʴʩʷ ʥʘ ʦʩʷʭ 4, ʫʜʘʣʷʷʩʴ ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʰʢʠʚʘ 1. ɹʣʘʛʦʜʘʨʷ 
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ʩʨʝʜʥʝʡ ʪʦʯʢʝ ʟʘʢʨʝʧʣʝʥʠʷ ʢʦʨʦʤʳʩʝʣ 2 ʥʘ ʰʢʠʚʝ 1 ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʯʘʶ-

ʱʘʷʩʷ ʩʭʝʤʘ ʜʚʠʞʝʥʠʷ ï ʧʨʠ ʥʘʯʘʣʝ ʦʪʢʣʦʥʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʛʨʫʟʦʚ ʦʪ ʮʝʥʪʨʘ ʜʨʫʛʠʝ ʢʦʥʮʳ ʢʦʨʦʤʳʩʝʣ 2 ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ 

ʥʘʦʙʦʨʦʪ ʢ ʮʝʥʪʨʫ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʜʠʣʦ 5 ʚʤʝʩʪʝ ʩʦ ʩʪʦʧʦʨ-

ʥʳʤ ʨʦʣʠʢʦʤ 6 ʜʚʠʛʘʝʪʩʷ ʢ ʮʝʥʪʨʫ ʚʨʘʱʝʥʠʷ ʰʢʠʚʘ 1 ʜʦ ʪʦʯʢʠ ʢʘʩʘʥʠʷ ʩʦ 

ʩʪʦʧʦʨʥʳʤ ʨʠʬʣʸʥʳʤ ʜʠʩʢʦʤ 7. ɺ ʤʦʤʝʥʪ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʨʦʣʠʢʘ 6 ʩ 

ʜʠʩʢʦʤ 7 ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ ʪʨʝʥʠʷ ʠ ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ʚʨʘʱʝʥʠʷ ʰʢʠʚʘ 1 

ʨʦʣʠʢ 6 ʫʚʣʝʢʘʝʪʩʷ ʚʥʝʰʥʝʡ ʨʘʜʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʠʬʣʸʥʦʛʦ ʩʪʦ-

ʧʦʨʥʦʛʦ ʜʠʩʢʘ 7, ʜʚʠʛʘʷʩʴ ʧʦ ʬʘʩʦʥʥʦʤʫ ʧʘʟʫ ʰʢʠʚʘ, ʜʦ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦʛʦ ʩʚʦʝʛʦ ʟʘʢʣʠʥʠʚʘʥʠʷ ʤʝʞʜʫ ʬʘʩʦʥʥʳʤ ʧʘʟʦʤ ʠ ʩʪʦʧʦʨʥʳʤ ʜʠʩ-

ʢʦʤ ʩʚʦʝʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʦʡ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʬʘ-

ʩʦʥʥʦʛʦ ʧʘʟʘ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʰʢʠʚ 1 ʠ ʯʝʨʝʟ ʢʘʥʘʪʳ ʠʥʠ-

ʮʠʠʨʫʝʪ ʜʨʫʛʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʣʦʚʠʪʝʣʠ. ʇʨʠ ʚʨʘʱʝʥʠʠ 

ʰʢʠʚʘ 1 ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ ʩʨʘʙʘʪʳʚʘʥʠʝ ʦʛʨʘʥʠʯʠʪʝʣʷ ʧʨʦʠʩ-

ʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʥʦ ʚ ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

 

ʈʠʩ. 3. ʆʛʨʘʥʠʯʠʪʝʣʴ ʩʢʦʨʦʩʪʠ çʗʨʦʩʣʘʚʝʮè,  

ʚʠʜ ʩʧʝʨʝʜʠ ʙʝʟ ʧʝʨʝʜʥʝʡ ʢʦʨʧʫʩʥʦʡ ʧʣʘʩʪʠʥʳ 
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ʈʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʘʜʘʧʪʘʮʠʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʪʨʝʙʦʚʘʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʜʚʫʭ ʩʧʦʩʦʙʦʚ 

ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ: ʩʧʦʩʦʙʘ ʧʨʦʚʝʨʢʠ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʩʠʣʳ ʪʨʝʥʠʷ ʤʝ-

ʞʜʫ ʢʘʥʘʪʦʤ ʠ ʨʘʙʦʯʠʤ ʰʢʠʚʦʤ ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʣʦʚʠʪʝʣʝʡ 

ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʠ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʷ 

ʚ ʢʘʥʘʪʝ, ʧʨʠʚʦʜʷʱʝʤ ʚ ʜʝʡʩʪʚʠʝ ʣʦʚʠʪʝʣʠ ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʦʛʨʘʥʠʯʠ-

ʪʝʣʷ ʩʢʦʨʦʩʪʠ. 

ʀʜʝʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʤʥʦʛʦʛʨʘʥʥʠʢʘ (ʛʘʡʢʠ), ʞʝʩʪʢʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʰʢʠʚʝ ʦʛ-

ʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ, ʠ ʧʨʠʩʦʝʜʠʥʷʝʤʦʛʦ ʢ ʥʝʤʫ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʣʶʯʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦ-

ʤʝʥʪʘ ʥʘ ʰʢʠʚʝ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʘʥʘʪʦʚ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲ-

ʝʤʘ ʢʘʙʠʥʳ ʣʠʬʪʘ.  

ʉʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʩʠʣʳ ʪʨʝʥʠʷ ʤʝʞʜʫ ʢʘʥʘʪʦʤ ʠ 

ʨʘʙʦʯʠʤ ʰʢʠʚʦʤ [3] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʢʣʶʯʘ ʧʨʦʠʟʚʦʜʷʪ ʥʘʛʨʫʞʝʥʠʝ ʚʥʝʰʥʠʤ ʩʪʘʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ 

ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʜʦ ʥʘʯʘʣʘ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʚʦʨʦʪʘ ʰʢʠʚʘ ʠ ʢʘʥʘʪʘ ʠ ʬʠʢʩʠ-

ʨʫʶʪ ʚʠʟʫʘʣʴʥʦ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʥʘʪʘ 

ʠ ʨʫʯʴʸʤ ʰʢʠʚʘ.  

ʃʦʛʠʢʘ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟ ʬʦʨʤʫʣʠ-

ʨʦʚʢʠ ʩʪʘʥʜʘʨʪʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʩʠʣʳ ʪʨʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʋʩʣʦʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʩʠʣ ʪʨʝʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʥʘʪʘ ʠ ʨʫʯʴʸʤ 

ʰʢʠʚʘ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʢ ʧʦʩʣʝʜʥʝʤʫ (ʢ 

ʰʢʠʚʫ), ʬʠʢʩʠʨʫʝʤʦʝ ʚʠʟʫʘʣʴʥʦ. ʊʦʛʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʷʝ-

ʤʳʭ ʦʧʝʨʘʮʠʡ ʙʫʜʝʪ ʪʘʢʦʚʘ: ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʦʤ ʢʣʶ-

ʯʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ [10]; ʟʘʪʝʤ ʜʠʥʘʤʦʤʝʪ-

ʨʠʯʝʩʢʠʡ ʢʣʶʯ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʤʥʦʛʦʛʨʘʥʥʠʢ ʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠ-

ʚʘʶʪ ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʦ ʥʘʯʘʣʘ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʚʦʨʦʪʘ ʰʢʠʚʘ ʠ ʢʘ-

ʥʘʪʘ ʠ ʬʠʢʩʠʨʫʶʪ ʚʠʟʫʘʣʴʥʦ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʤʝʞʜʫ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʢʘʥʘʪʘ ʠ ʨʫʯʴʸʤ ʰʢʠʚʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ-

ʩʪʠ ʩʠʣ ʪʨʝʥʠʷ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʢʣʶʯʝ 

ʬʠʢʩʠʨʫʶʪ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʷ ʚ ʢʘʥʘʪʝ, ʧʨʠʚʦʜʷʱʝʤ ʚ ʜʝʡʩʪʚʠʝ ʣʦʚʠʪʝ-

ʣʠ, ʧʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ [2] ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʤʥʦ-

ʛʦʛʨʘʥʥʠʢ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʝʛʦ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʠʤ ʢʣʶʯʦʤ ʠ ʩʦʟ-

ʜʘʶʪ ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʚʥʝʰʥʠʤ ʤʦʤʝʥʪʦʤ ʜʦ ʥʘʯʘʣʘ ʩʦʚʤʝʩʪʥʦʛʦ 

ʧʦʚʦʨʦʪʘ ʰʢʠʚʘ ʠ ʢʘʥʘʪʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʠʟʤʝʨʝʥʥʦʛʦ ʩʪʘ-

ʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʜʘʣʴʥʝʡʰʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ ʟʥʘʯʝ-
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ʥʠʷ ʫʩʠʣʠʷ ʚ ʢʘʥʘʪʝ, ʧʨʠʚʦʜʷʱʝʤ ʚ ʜʝʡʩʪʚʠʝ ʣʦʚʠʪʝʣʠ, ʢʘʢ ʯʘʩʪʥʦʛʦ ʩʪʘ-

ʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʨʘʜʠʫʩ ʰʢʠʚʘ.  

ʇʨʠʯʠʥʦʡ ʩʨʘʙʘʪʳʚʘʥʠʷ ʣʦʚʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʛʥʦʚʝʥʥʦʝ ʠʟʤʝʥʝ-

ʥʠʝ ʫʩʠʣʠʷ ʚ ʢʘʥʘʪʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʦʡ ʦʩʪʘʥʦʚʢʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦ-

ʩʪʠ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʩʠʣʳ ʪʨʝʥʠʷ 

ʤʝʞʜʫ ʢʘʥʘʪʦʤ ʠ ʰʢʠʚʦʤ ʦʛʨʘʥʠʯʠʪʝʣʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʥʘ-

ʙʣʶʜʘʪʴʩʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʢʘʥʘʪʘ ʧʦ ʨʫʯʴʶ ʰʢʠʚʘ ʠ ʧʨʠʚʝʜʝʥʠʝ ʚ ʜʝʡ-

ʩʪʚʠʝ ʣʦʚʠʪʝʣʝʡ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʩʠʣʳ ʪʨʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʩʫʪ-

ʩʪʚʠʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʚ ʦʛʨʘʥʠʯʠʪʝʣʝ ʠ ʟʘʪʝʤ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ ʦʧʨʝʜʝ-

ʣʠʪʴ ʟʥʘʯʝʥʠʝ ʫʩʠʣʠʷ ʚ ʢʘʥʘʪʝ, ʧʨʠʚʦʜʷʱʝʤ ʚ ʜʝʡʩʪʚʠʝ ʣʦʚʠʪʝʣʠ. ʇʦʣʫ-

ʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʫʩʠʣʠʷ ʚ ʢʘʥʘʪʝ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʩʦ 

ʟʥʘʯʝʥʠʝʤ ʚ ʩʪʘʥʜʘʨʪʝ [2] ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ.  

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʜʦʢʫʤʝʥʪʦʚ 

ʜʣʷ ʟʘʱʠʪʳ ʘʚʪʦʨʩʢʦʛʦ ʧʨʘʚʘ ʥʘ ʚʳʰʝʦʙʦʟʥʘʯʝʥʥʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠ 

ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ. ʈʘʙʦʪʘ ʫʩʧʝʰʥʦ 

ʟʘʚʝʨʰʝʥʘ ʠ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʈʌ  ̄2774460 ʦʪ 21 ʠʶʥʷ 2022 ʛʦʜʘ [11]. 

ʏʝʪʚʸʨʪʳʤ ʵʪʘʧʦʤ ʦʩʫʱʝʩʪʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʨʘʙʦʪʢʘ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʥʘ ʜʦʩʪʫʧʥʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʘʙʦʪʳ ʦʪʤʝʯʘʶʪʩʷ ʩʣʦʞʥʦʩʪʠ ʠ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʦʪʣʠʚʦʢ ʰʢʠʚʘ ʠʟ ʯʫʛʫʥʘ, ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʥʝ-

ʥʠʷ ʪʦʯʥʦʩʪʠ ʬʨʝʟʝʨʥʦʡ ʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ; ʚʳʩʦʢʘʷ ʩʪʦʠ-

ʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʰʢʠʚʦʚ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ. ʀʟ-ʟʘ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʚʩʝʛʦ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʚʦʩʝʤʴ ʪʝʩʪʦʚʳʭ ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʢʘʯʝʩʪʚʦʤ 

ʠʩʧʦʣʥʝʥʠʷ. 

ɿʘʚʝʨʰʝʥʠʝʤ ʦʙʱʝʛʦ ʧʨʦʮʝʩʩʘ ʅʀʆʂʈ ʷʚʣʷʣʩʷ ʧʷʪʳʡ ʵʪʘʧ, ʥʘ ʢʦ-

ʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʬʠʥʘʣʴʥʦʡ ʚʝʨʩʠʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ 

ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʠʬʪʦʚʦʛʦ ʟʘʚʦʜʘ çɽʚʨʦʣʠʬʪʤʘʰè.  

ɺʳʚʦʜ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʦʛʨʘʥʠʯʠʪʝʣʷ 

ʩʢʦʨʦʩʪʠ ʣʠʬʪʘ ʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ ʩ ʜʠʘʧʘʟʦʥʦʤ ʨʝʛʫʣʠʨʦʚʦʢ ʦʪ 

1,6 ʜʦ 3 ʤ/ʩ, ʦʪʚʝʯʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʵʨʛʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʨʘʟʨʘʙʦʪʘʥ ʢʦʤ-

ʧʣʝʢʪ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʛʦʪʦʚʳʡ ʢ ʟʘʧʫʩʢʫ ʩʝʨʠʡʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʧʦʩʦʙʳ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ; ʩʦʟ-

ʜʘʥ ʩʪʝʥʜ ʠ ʦʪʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ; 

ʧʨʦʚʝʜʝʥʳ ʪʝʩʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ.  



66 

 

ɼʘʣʴʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʜʦʣʞʥʦ ʩʪʘʪʴ 

ʚʥʝʜʨʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʝʩʪʦʚʦʡ ʧʘʨʪʠʠ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʩʢʦʨʦʩʪʠ 

çʗʨʦʩʣʘʚʝʮè, ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʘʝʤʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʠ ʚʥʝʩʝʥʠʝ ʢʦʨʨʝʢʪʠʨʦʚʦʢ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʦʛʨʘʥʠ-

ʯʠʪʝʣʷ ʩʢʦʨʦʩʪʠ.  
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉʊʈʆʇʆɺʆʏʅʓʍ ʆʇɽʈɸʎʀʁ 
 

ɸ.ʇ. ʉʤʦʣʷʨ, ɺ.ʀ. ʄʘʪʚʝʝʥʢʦ 
 

ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çɹʝʣʦʨʫʩʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 
ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʩʪʨʦʧʘʣʴʱʠʢʦʚ, ʦʪʤʝʯʝʥʳ 

ʜʦʩʪʦʠʥʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʛʨʫʟʦʟʘʭʚʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ 

ʨʷʜʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʨʫʯʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʦʧʦ-

ʚʦʯʥʳʭ ʦʧʝʨʘʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʧʳ, ʯʘʣʦʯʥʳʡ ʢʨʶʢ, ʪʨʫʜʦʝʤʢʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ, 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʛʨʫʟʦʟʘʭʚʘʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

 

IMPROVING SLINGING OPERATIONS  

 

A.P. Smoliar, V.I. Matveenko 
 

Interstate Educational Institution of Higher Education  

"Belarusian-Russian University"  
 

A brief analysis of the working conditions of slingers is presented, the ad-

vantages of automatic load-handling devices are noted, a description of a number of 

technical solutions for improving the manual performance of slinging operations is 

given. 

Keywords: slings, pull hook, labor input, safety, semi-automatic lifting devices 

 

ʅʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʤʠ ʠ ʤʘʩʩʦʚʳʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʦʧʝʨʘ-

ʮʠʷʤʠ ʧʨʠ ʧʦʛʨʫʟʢʝ ï ʚʳʛʨʫʟʢʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʢʣʘʜʠʨʦʚʘʥʠʠ 

ʛʨʫʟʦʚ ʷʚʣʷʶʪʩʷ ʩʪʨʦʧʦʚʦʯʥʳʝ ʦʧʝʨʘʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ 

ʪʨʫʜʦʝʤʢʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ ʠ ʥʝʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʩʪʨʦʧʘʣʴʱʠʢʦʚ, ʦʩʦ-

ʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʘʭ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ ʠ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʫ-

ʟʦʚʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʦʧʦʚʦʯʥʳʭ ʦʧʝʨʘʮʠʡ 

ʧʨʠʚʣʝʢʘʝʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʩʪʨʦʧʘʣʴʱʠʢʘ, ʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳ-

ʧʦʣʥʝʥʠʷ ʩʪʨʦʧʦʚʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 20ï50% ʠ ʙʦʣʝʝ ʦʪ ʦʙ-

ʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʨʘʙʦʪʳ ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ ʢʨʘʥʘ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʛʨʫʟʢʠ ï ʚʳʛʨʫʟʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʇʨʘʚʠʣ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʢʨʘʥʦʚ ʥʝ ʨʘʟʨʝʰʘʝʪʩʷ ʦʧʫʩʢʘʪʴ ʛʨʫʟ ʚ 
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ʢʫʟʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʜʥʠʤʘʪʴ ʛʨʫʟ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚ 

ʥʝʤ ʣʶʜʝʡ. ʕʪʦ ʪʨʝʙʫʝʪ ʫʩʪʨʦʡʩʪʚʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʚʨʝʤʝʥʠ ʥʘ ʚʳʭʦʜ ʩʪʨʦʧʘʣʴʱʠʢʘ ʠʟ ʢʫʟʦʚʘ ʥʘ 

ʵʪʠ ʧʣʦʱʘʜʢʠ ʠ ʝʛʦ ʧʦʛʨʫʟʢʫ ʚ ʢʫʟʦʚ, ʜʣʷ ʵʪʦʛʦ ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʡ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʩʪʘʚʥʳʭ ʩʪʨʝʤʷʥʦʢ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦ-

ʚʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʛʨʫʟʦʟʘʭʚʘʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

(ɻɿʋ). ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ɻɿʋ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʟʘʭʚʘʪ ʠ ʦʩ-

ʚʦʙʦʞʜʝʥʠʝ ʛʨʫʟʘ, ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ï ʟʘʭʚʘʪ ʛʨʫʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʫʯʥʦʛʦ ʪʨʫʜʘ, ʦʩʚʦʙʦʞʜʝʥʠʝ ʛʨʫʟʘ ï ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʧʦ ʟʘʭʚʘʪʫ ʛʨʫʟʘ ʠ ʝʛʦ ʦʩʚʦʙʦʞ-

ʜʝʥʠʶ ʩʦʩʪʘʚʣʷʝʪ 3ï6 ʩ. ʅʘ ɿɸʆ çʄʦʛʠʣʝʚʩʢʠʡ ʢʦʤʙʠʥʘʪ ʩʠʣʠʢʘʪʥʳʭ 

ʠʟʜʝʣʠʡè ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʤʦʩʪʦʚʳʤʠ ʢʨʘʥʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʲʝʤ-

ʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘ ʣʠʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, 

ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ ʠ ʥʘ ʦʪʛʨʫʟʢʝ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ 

ʜʝʩʷʪʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ɻɿʋ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ. ʆʙʱʠʡ ʧʘʨʢ ʵʪʠʭ ɻɿʋ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30. ʆʢʦʣʦ ʧʦʣʦʚʠʥʳ ʢʦʥʩʪ-

ʨʫʢʮʠʡ ʵʪʠʭ ɻɿʋ ʨʘʟʨʘʙʦʪʘʥ rʢʘʬʝʜʨʦʡ çʊʨʘʥʩʧʦʨʪʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʤʘʰʠʥʳè(ʙʳʚʰʘʷ ʉɼʇʊʄ ʠ ʆ) ʫʥʠʚʝʨʩʠʪʝʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʭ ɻɿʋ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʜʲʝʤʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʙʦʪ, ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʨʘʪ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʠ ʫʣʫʯʰʝʥʠʶ ʝʛʦ 

ʫʩʣʦʚʠʡ, ʧʦʚʳʰʝʥʠʶ ʩʦʭʨʘʥʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʛʨʫʟʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ɻɿʋ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʦʜʥʦʪʠʧʥʦʩʪʴʶ ʛʨʫʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʟʘʢʣʶʯʠ-

ʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʭ ɻɿʋ ʜʣʷ ʝʝ ʧʦʩʣʝʜʫʶʱʝʡ ʩʢʣʘʜʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʦʪʛʨʫʟʢʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʜʫʢʮʠʷ ʦʪʜʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪ-

ʩʷ ʧʦ ʩʦʪʥʷʤ, ʜʘʞʝ ʪʳʩʷʯʘʤ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʅʝʨʝʜʢʠ ʩʣʫʯʘʠ ʨʘʟʦʚʦʛʦ ʧʦ-

ʩʪʫʧʣʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʛʨʫʟʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠʭ ɻɿʋ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʜʣʷ ʚʳʛʨʫʟʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʵʢʦʥʦ-

ʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ (ʫʩʨʝʜʥʝʥʥʘʷ ʩʪʦʠʤʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ɻɿʋ 

ʩʦʩʪʘʚʣʷʝʪ ʜʦ 300ï1200 ʪʳʩ. ʨʦʩʩʠʡʩʢʠʭ ʨʫʙʣʝʡ ʠ ʙʦʣʝʝ). ʂʨʦʤʝ ʪʦʛʦ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ɻɿʋ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʧʦʛʨʫʟʢʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʝʧʨʠʛʦʜʥʦ ʜʣʷ ʚʳʛʨʫʟʢʠ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʚʳʛʨʫʟʢʘ ʚʩʝʚʦʟ-

ʤʦʞʥʳʭ ʛʨʫʟʦʚ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʦʧ ʠ 

ʪʨʘʚʝʨʩ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (2-, 3-, 4-ʚʝʪʚʝʚʳʝ, ʢʘʥʘʪʥʳʝ, ʮʝʧʥʳʝ, ʩʠʥʪʝʪʠ-

ʯʝʩʢʠʝ, ʜʚʫʭʧʝʪʣʝʚʳʝ, ʢʦʣʴʮʝʚʳʝ ʠ ʜʨ.) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʥʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʯʘʣʦʯʥʳʭ ʢʨʶʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. ɼʣʷ ʠʩʢʣʶ-

ʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʧʘʜʘʥʠʷ (ʚʳʭʦʜʘ) ʩʪʨʦʧʘ ʠʣʠ 
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ʟʘʭʚʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʟ ʟʝʚʘ ʢʨʶʢʘ ʧʨʠ ʦʩʣʘʙʣʝʥʠʠ ʥʘʪʷʞʝʥʠʷ ʚ ʯʘʣʦʯ-

ʥʳʭ ʢʨʶʢʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊʈ58753-2019, ɻʆʉʊ 12840-80 ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʳ ʟʘʤʢʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʪʨʦʧʦʚʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʠ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʦʧ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʥʘʛʨʫʞʝ-

ʥʠʝʤ ʢʨʶʢʘ ʧʨʠ ʩʪʨʦʧʦʚʢʝ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʉʪʨʦʧ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʫʞʝʥʠʝʤ ʢʨʶʢʘ: 

ʘ ï ʧʨʠ ʩʪʨʦʧʦʚʢʝ ʠʣʠ ʦʪʩʪʨʦʧʦʚʢʝ; 

ʙ ï ʧʨʠ ʧʦʜʲʝʤʝ ʛʨʫʟʘ 
 

ɺ ʫʢʘʟʘʥʥʦʤ ʩʪʨʦʧʝ ʧʘʨʘʣʣʝʣʴʥʦ ʚʝʪʚʠ 1 ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʘʢʨʝʧ-

ʣʝʥʘ ʧʨʫʞʠʥʘ ʨʘʩʪʷʞʝʥʠʷ 2. ɺ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʥʠʞʥʝʛʦ ʢʦʥʮʘ 

ʧʨʫʞʠʥʳ 2 ʦʙʨʘʟʦʚʘʥʘ ʧʦʣʫʧʝʪʣʷ ʚ ʚʝʪʚʠ 1, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1, ʘ). 

ʉʪʨʦʧʦʚʢʘ ʛʨʫʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʪʷʛʠʚʘʥʠʝʤ ʚʨʫʯʥʫʶ ʚʥʠʟ ʢʨʶʢʘ ʩ 

ʧʨʝʦʜʦʣʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (20ï40 ʅ) ʧʨʫʞʠʥʳ 2. ʇʦʩʣʝ ʩʪʨʦʧʦʚʢʠ, 

ʢʨʶʢ ʥʘʛʨʫʞʝʥ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʭʦʜʘ ʠʟ ʟʘʭʚʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʧʦʜʲʝʤʝ (ʨʠʩ. 1, ʙ) ʧʨʫʞʠʥʳ 2 ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʠ ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʫ ʚʝʪ-

ʚʠ 1. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʛʨʫʟʘ ʥʘ ʪʨʝʙʫʝʤʦʝ ʤʝʩʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʘʣʴʥʝʡ-

ʰʝʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʧʫʩʢʘʥʠʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʧʝʪʣʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʧʨʫʞʠʥ 2 ʠ ʦʪʩʪʨʦʧʦʚʢʘ ʛʨʫʟʘ ʩ ʧʦʜʪʷʛʠʚʘʥʠʝʤ ʚʨʫʯʥʫʶ ʢʨʶʢʘ ʚʥʠʟ. ʇʦ-

ʩʣʝ ʚʳʭʦʜʘ ʟʝʚʘ ʢʨʶʢʘ ʩ ʟʘʭʚʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʩʣʝʜʥʠʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠ-

ʘ ʙ 
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ʝʤ ʧʨʫʞʠʥʳ 2 ʧʦʜʪʷʛʠʚʘʝʪʩʷ ʚʚʝʨʭ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʩʘ-

ʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʟʘ ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʝʜʤʝʪʳ ʧʨʠ ʧʦʩʣʝʜʫʶ-

ʱʝʤ ʧʦʜʲʝʤʝ ʧʦʨʦʞʥʝʛʦ ʩʪʨʦʧʘ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩʪʨʦʧ, ʩʦʜʝʨʞʘʱʠʡ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʫʞʠʥʳ ʨʘʩʪʷʞʝʥʠʷ 3, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʦ ʚʝʪ-

ʚʷʤ 1. ɺʝʨʭʥʠʝ ʢʦʥʮʳ ʧʨʫʞʠʥ 3 ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʚʝʪʚʠ 1, ʘ 

ʥʠʞʥʠʝ ʢʦʥʮʳ ï ʢ ʪʳʣʴʥʦʡ ʯʘʩʪʠ ʯʘʣʦʯʥʦʛʦ ʢʨʶʢʘ. 

 

ʈʠʩ. 2. ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩʪʨʦʧ: 

ʘ ï ʧʨʠ ʩʪʨʦʧʦʚʢʝ ʠʣʠ ʦʪʩʪʨʦʧʦʚʢʝ; 

ʙ ï ʧʨʠ ʧʦʜʲʝʤʝ ʛʨʫʟʘ 
 

ɺ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʩʪʷʥʫʪʳʭ ʧʨʫʞʠʥ 2 

ʥʠʞʥʠʝ ʯʘʩʪʠ ʩʪʨʦʧ ʧʦʜʪʷʥʫʪʳ ʚʚʝʨʭ, ʘ ʯʘʣʦʯʥʳʝ ʢʨʶʢʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠ-

ʝʤ ʨʘʩʪʷʥʫʪʳʭ ʧʨʫʞʠʥ 3 ʧʦʚʝʨʥʫʪʳ ʚʚʝʨʭ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʘ ʜʣʷ 

ʧʨʘʚʦʡ ʚʝʪʚʠ. ʉʪʨʦʧʦʚʢʘ ʛʨʫʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʦʯʝʨʝʜʥʳʤ ʧʦʜʪʷʛʠʚʘ-

ʥʠʝʤ ʯʘʣʦʯʥʳʭ ʢʨʶʢʦʚ ʚʥʠʟ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʫʞʠʥ 3 ʠ 

2. ʇʨʠ ʵʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʫʞʠʥʳ 2 ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʫʩʠʣʠʷ 

ʧʨʫʞʠʥʳ 3 ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʳʜʝʨʛʠʚʘʥʠʷ ʢʨʶʢʘ ʩ ʟʘʭʚʘʪʥʦʛʦ 

ʵʣʝʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʥʝʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ (ʢʨʶʢ ʚʳʜʝʨʛʠʚʘʝʪʩʷ 

ʧʨʫʞʠʥʦʡ 3 ʩ ʟʘʭʚʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʩʪʨʦʧ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʧʦʜʥʷʪʴ ʚʳʰʝ. 

ʇʨʠ ʧʦʜʲʝʤʝ ʛʨʫʟʘ ʧʨʫʞʠʥʳ 2 ʠ 3 ʨʘʩʪʷʛʠʚʘʶʪʩʷ ʠ ʥʘʛʨʫʟʢʘ ʦʪ ʚʝʩʘ ʛʨʫʟʘ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʚʝʪʚʠ 1 ʩʪʨʦʧʘ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʛʨʫʟʘ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʦʧʫʩʢʘʥʠʠ ʩʪʨʦʧʘ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʫʞʠʥʳ 2, ʘ ʨʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠ ʥʘ ʯʘʣʦʯ-

ʘ 

 

ʙ 
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ʥʳʝ ʢʨʶʢʠ, ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʧʦʩʣʝʜʥʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʩʪʷʥʫʪʳʭ 

ʧʨʫʞʠʥ 3 ʚʳʜʝʨʛʠʚʘʶʪʩʷ ʩ ʟʘʭʚʘʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʪʷʛʠʚʘʶʪʩʷ ʚʚʝʨʭ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʪʨʦʧ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ɻɿʋ ʜʣʷ ʦʪʛʨʫʟ-

ʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʙʣʦʢʘʤʠ (ʨʠʩ. 3) ʠ ʜʣʷ ʢʘʥʪʦʚʢʠ ʘʚʪʦʢʣʘʚ-

ʥʳʭ ʚʘʛʦʥʝʪʦʢ ʩ ʥʝʢʦʥʜʠʮʠʦʥʥʳʤ ʢʠʨʧʠʯʦʤ ʚ ʢʫʟʦʚʝ ʘʚʪʦʩʘʤʦʩʚʘʣʘ 

(ʨʠʩ. 4).  

 

 

ʈʠʩ. 3. ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ɻɿʋ ʜʣʷ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ: 

ʘ ï ʚʠʜ ʩʙʦʢʫ ʩ ʧʦʜʥʷʪʳʤ ʢʦʥʪʝʡʥʝʨʦʤ; ʙ ï ʚʠʜ ʩ ʪʦʨʮʘ ʧʨʠ ʩʪʨʦʧʦʚʢʝ; 

ʚ ï ʪʦ ʞʝ ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʪʩʪʨʦʧʦʚʢʝ; 

1 ï ʨʘʤʘ; 2 ï ʪʨʘʚʝʨʩʘ; 3 ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ; 4 ï ʚʘʣ; 5 ï ʧʨʠʚʦʜʥʦʡ 

ʨʳʯʘʛ; 6 ï ʦʪʩʪʨʦʧʦʚʦʯʥʳʡ ʨʳʯʘʛ; 7 ï ʛʨʫʟʦʚʘʷ ʩʪʨʦʧʘ; 8 ï ʯʘʣʦʯʥʳʡ ʢʨʶʢ;  

9 ï ʧʨʫʞʠʥʘ ʨʘʩʪʷʞʝʥʠʷ; 10 ï ʦʪʩʪʨʦʧʦʚʦʯʥʘʷ ʢʨʫʛʣʦʟʚʝʥʥʘʷ ʩʚʘʨʥʘʷ ʮʝʧʴ 

ʘ 

ʙ ʚ 
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ʈʠʩ. 4. ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʟʘʭʚʘʪ-ʢʦʥʪʦʚʘʪʝʣʴ: 

ʘ ï ʟʘʭʚʘʪ-ʢʘʥʪʦʚʘʪʝʣʴ ʩ ʧʦʜʥʷʪʦʡ ʚʘʛʦʥʝʪʢʦʡ; ʙ ï ʪʦ ʞʝ ʩʘʤʦʝ, ʚʠʜ ʩʙʦʢʫ;  

ʚ ï ʟʘʭʚʘʪ-ʢʘʥʪʦʚʘʪʝʣʴ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʟʛʨʫʟʢʠ; 

1 ï ʪʨʘʚʝʨʩʘ; 2 ï ʧʨʘʚʘʷ ʩʪʨʦʧʘ; 3 ï ʣʝʚʘʷ ʩʪʨʦʧʘ; 4 ï ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʢʦʣʴʮʦ;  

5 ï ʯʘʣʦʯʥʳʡ ʫʨʶʢ; 6 ï ʧʨʫʞʠʥʘ ʨʘʩʪʷʞʝʥʠʷ; 7 ï ʦʪʩʪʨʦʧʦʚʦʯʥʳʡ ʪʷʛʦʚʳʡ  

ʵʣʝʤʝʥʪ ʩ ʢʨʶʢʦʤ; 8 ï ʩʦʝʜʠʥʠʪʝʣʴʥʦʝ ʢʦʣʴʮʦ; 9 ï ʟʘʭʚʘʪʥʳʡ ʦʨʛʘʥ;  

10 ï ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʮʝʧʴ ʩ ʢʨʶʢʦʤ 

 

ʘ ʙ 

ʚ 
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ʉʪʨʦʧʦʚʢʘ ʢʦʥʪʝʡʥʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʜʪʷʛʠʚʘʥʠʝʤ ʚʨʫʯʥʫʶ 

ʯʘʣʦʯʥʳʭ ʢʨʶʢʦʚ 8 ʚʥʠʟ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʫʞʠʥ 9 (ʩʤ. 

ʨʠʩ. 3, ʘ ʠ 3, ʙ), ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʳʧʘʜʘ-

ʥʠʷ ʢʨʶʢʘ ʩ ʟʘʭʚʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʧʦʜʲʝʤʝ ʢʦʥʪʝʡʥʝʨʘ ʧʨʫʞʠʥʳ 9 

ʨʘʩʪʷʛʠʚʘʶʪʩʷ ʠ ʥʘʛʨʫʟʢʘ ʦʪ ʚʝʩʘ ʢʦʥʪʝʡʥʝʨʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʛʨʫʟʦʚʳʤʠ 

ʩʪʦʧʘʤʠ 7 ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3, ʘ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʪʩʪʨʦʧʦʚʢʘ ʢʦʥʪʝʡ-

ʥʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʦʧʫʩʢʘʥʠʠ ʪʨʘʚʝʨʩʳ 2 (ʩʤ. ʨʠʩ. 3, ʚ), ʢʦʪʦʨʘʷ 

ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʧʨʠʚʦʜʥʳʝ ʨʳʯʘʛʠ 5 ʧʦʚʦʨʘʯʠʚʘʝʪ ʨʳʯʘʛʠ 6 ʚ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. ʇʨʠ ʵʪʦʤ ʦʪʩʪʨʦʧʦʚʦʯʥʳʝ ʮʝʧʠ 10 ʚʳʜʝʨʛʠʚʘʶʪ ʢʨʶʢʠ 

8 ʩ ʟʘʭʚʘʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʝʡʥʝʨʘ, ʘ ʧʨʫʞʠʥʳ 9 ʧʦʜʪʷʛʠʚʘʶʪ ʠʭ ʚʚʝʨʭ. 

ʉʪʨʦʧʦʚʢʘ ʘʚʪʦʢʣʘʚʥʦʡ ʚʘʛʦʥʝʪʢʠ (ʩʤ. ʨʠʩ. 4, ʘ ʠ 4, ʙ) ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʟʘʚʝʜʝʥʠʝʤ ʟʘʭʚʘʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 9 ʩ ʪʦʨʮʦʚ ʢʨʘʡʥʠʭ ʧʦʧʝʨʝʯʥʳʭ 

ʙʘʣʦʢ ʠ ʧʝʨʝʤʝʱʝʥʠʝʤ ʠʭ ʢ ʩʨʝʜʠʥʝ ʧʦ ʥʠʞʥʠʤ ʧʦʣʢʘʤ ʜʦ ʫʧʦʨʘ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʥʠ ʩʦʝʜʠʥʷʶʪʩʷ ʮʝʧʴʶ 10 ʩ ʢʨʶʢʦʤ. ʃʝʚʳʡ ʩʪʨʦʧ ʫʢʦʨʘʯʠʚʘʝʪʩʷ 

ʧʫʪʝʤ ʥʘʚʝʰʠʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʣʴʮʘ 4 ʥʘ ʢʨʶʢ 5 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʚʠʩʘʶʱʝʛʦ ʧʦʣʫʢʦʣʴʮʘ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʩʪʨʦʧʘ ʦʜʠʥʘ-

ʢʦʚʘ. ʇʦʩʣʝ ʥʘʛʨʫʟʢʠ ʩʪʨʦʧ, ʚʧʣʦʪʴ ʜʦ ʦʪʨʳʚʘ ʚʘʛʦʥʝʪʢʠ ʦʪ ʦʧʦʨʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʪʷʛʠʚʘʥʠʝ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʫʞʠʥʳ 6 ʦʪʩʪʨʦʧʦʚʦʯʥʦʛʦ ʪʷʛʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 7 ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʢʨʶʢʘ 5 ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʢʦʣʴʮʘ 8. ʇʦʩʣʝ 

ʫʩʪʘʥʦʚʢʠ ʚʘʛʦʥʝʪʢʠ ʚ ʢʫʟʦʚʝ ʥʘʛʨʫʟʢʘ ʥʘ ʩʪʨʦʧʳ 2 ʠ 3 ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʢʨʶʢʠ 5 ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʩʠʣʠʷ ʨʘʩʪʷʥʫʪʳʭ ʧʨʫʞʠʥ 6 ʚʳʜʝʨʛʠʚʘʶʪʩʷ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʣʝʮ 4. ʇʨʠ ʵʪʦʤ ʧʘʨʘ ʣʝʚʳʭ ʩʪʨʦʧ ʫʜʣʠʥʷʝʪʩʷ ʠ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʜʲʝʤʝ ʚʘʛʦʥʝʪʢʘ ʢʘʥʪʫʝʪʩʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4, ʚ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ɻɿʋ ʧʦʜʪʚʝʨʜʠʣʠ ʠʭ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʥʦʛʦʚʝʪʚʝʚʳʭ ʩʪʨʦʧ, ʥʘʚʝʰʠʚʘʝʤʳʭ 

ʥʘ ʢʨʶʢ ʢʨʘʥʘ ʩ ʧʦʤʦʱʴʶ ʪʨʝʫʛʦʣʴʥʳʭ ʠʣʠ ʦʚʘʣʴʥʳʭ ʟʚʝʥʴʝʚ, ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʠ ʩʚʠʩʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʧʣʝʪʝʥʠʷ. ʕʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ 

ʠʭ ʨʘʩʧʣʝʪʝʥʠʝ ʠ ʧʦʜʪʷʛʠʚʘʥʠʝ ʢ ʩʪʨʦʧʦʚʦʯʥʳʤ ʵʣʝʤʝʥʪʘʤ. ʋʩʪʨʘʥʠʪʴ 

ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʧʦʨʥʦʡ ʪʨʘʚʝʨʩʳ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʡ ʥʘ ʨʠʩ. 5. ʊʨʘʚʝʨʩʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʢʨʝʩʪʦʚʠʥʳ 1 ʩ ʢʦʥʩʦʣʴʥʦ 

ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʢ ʥʝʡ ʜʫʛʦʦʙʨʘʟʥʳʤʠ ʫʧʨʫʛʠʝ ʩʪʝʨʞʥʷʤʠ 2 ʠʟ ʧʨʫʞʠʥʥʦʡ 

ʧʨʦʚʦʣʦʢʠ, ʩʚʦʙʦʜʥʳʝ ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʚʝʪʚʷʤ 3 ʩʪʨʦʧʘ. ɺ 

ʩʚʦʙʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʪʝʨʞʥʝʡ 2 ʚʝʪʚʠ 3 ʩʪʨʦʧʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʝʨʝʧʣʝ-

ʩʪʠʩʴ, ʘ ʯʘʣʦʯʥʳʝ ʢʨʶʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʞʝ ʢ ʤʝʩʪʘʤ ʠʭ ʩʪʨʦʧʦʚʢʠ. 

ʇʨʠ ʧʦʜʲʝʤʝ ʛʨʫʟʘ ʩʪʝʨʞʥʠ 2 ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʷ-

ʤʦʣʠʥʝʡʥʦʩʪʴ ʚʝʪʚʝʡ 3. ʇʨʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʵʪʦʛʦ ʩʪʨʦʧʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳ-
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ʤʠ ʧʨʫʞʠʥʘʤʠ ʨʘʩʪʷʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 2 ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʛʨʫʟʘ. 
 

 
 

ʈʠʩ. 5. ʏʝʪʳʨʝʭʚʝʪʚʝʚʦʡ ʩʪʨʦʧ ʩ ʨʘʩʧʦʨʥʦʡ ʪʨʘʚʝʨʩʦʡ: 

ʘ ï ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ; 

ʙ ï ʩ ʧʦʜʥʷʪʳʤ ʛʨʫʟʦʤ 
 

ʋʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʯʘʣʦʯʥʳʡ ʢʨʶʢ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʨʝʜ-

ʩʪʚʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʦʧʦʚʦʯʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʦ ʪʨʝʙʫʝʪ ʨʫʯʥʦʛʦ ʚʳ-

ʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ ʩ ʥʠʤ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚ-

ʣʷʶʪʩʷ: ʦʪʞʘʪʠʝ ʟʘʤʢʘ ʢʨʶʢʘ ʧʨʠ ʩʪʨʦʧʦʚʢʝ ʠ ʦʪʩʪʨʦʧʦʚʢʝ, ʝʛʦ ʧʦʚʦʨʦʪ 

ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʜʦʙʩʪʚʘ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʪʨʦʧʦʚʢʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʧʝʨʘʮʠʠ ʦʪʩʪʨʦʧʦʚʢʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʟʘʭʚʘʪʥʳʡ ʦʨ-

ʛʘʥ ʚ ʚʠʜʝ ʥʦʞʥʠʮ ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʩʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʥʠʞʥʠʤʠ ʚʥʫʪ-

ʨʝʥʥʠʤʠ ʛʨʘʥʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 6. ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʟʘ-

ʭʚʘʪʥʳʡ ʦʨʛʘʥ ʚ ʚʠʜʝ ʥʦʞʥʠʮ ʩʦʜʝʨʞʠʪ ʜʚʘ ʜʚʫʧʣʝʯʠʭ ʨʳʯʘʛʘ 1 ʠ 2 ʰʘʨ-

ʥʠʨʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ. ʅʠʞʥʠʝ ʚʥʫʪʨʝʥʥʠʝ 

ʛʨʘʥʠ ʨʳʯʘʛʦʚ 1 ʠ 2 ʩʧʨʦʬʠʣʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʠʭ ʥʠʞʥʠʭ 

ʢʦʥʮʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʢʦʩʳ, ʥʘ ʦʜʥʦʤ ʠʟ ʨʳʯʘʛʦʚ ʠʤʝʝʪʩʷ ʦʧʦʨʥʘʷ 

ʧʣʦʱʘʜʢʘ 3 ʜʣʷ ʧʦʜʲʝʤʘ ʛʨʫʟʘ, ʘ ʥʘ ʚʪʦʨʦʤ ʨʳʯʘʛʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʢʨʦʥ-

ʰʪʝʡʥ 4 ʜʣʷ ʩʙʨʦʩʘ ʟʘʭʚʘʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʦʩʚʦʙʦʞʜʝʥʠʠ ʛʨʫʟʘ. ɺʝʨʭ-

ʥʠʝ ʧʣʝʯʠ ʨʳʯʘʛʦʚ 1 ʠ 2 ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʤ ʰʪʦ-

ʢʦʤ 5 ʩ ʧʨʫʞʠʥʦʡ ʩʞʘʪʠʷ 6. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʯʨʝʟʤʝʨʥʦʛʦ 
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ʨʘʩʢʨʳʪʠʷ ʥʠʞʥʠʭ ʧʣʝʯ ʨʳʯʘʛʦʚ 1 ʠ 2 ʧʨʝʜʫʩʤʦʪʨʝʥ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʡ 

ʫʧʦʨ 7. ɺʝʨʭʥʠʝ ʧʣʝʯʠ ʨʳʯʘʛʦʚ 1 ʠ 2 ʩ ʧʦʤʦʱʴʶ ʪʷʛ 8 ʠ ʩʝʨʴʛʠ 9 ʧʨʠʩʦʝ-

ʜʠʥʝʥʳ ʢ ʩʪʨʦʧʝ 10. ʇʘʨʘʣʣʝʣʴʥʦ ʩʪʨʦʧʝ 10 ʧʨʠʢʨʝʧʣʝʥʘ ʧʨʫʞʠʥʘ ʨʘʩʪʷ-

ʞʝʥʠʷ 11. ɺ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʧʣʝʯʠ ʨʳʯʘʛʦʚ 1 ʠ 2 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥʳ 6 ʨʘʟʚʝʜʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4, ʘ. ɼʣʷ ʟʘʭʚʘʪʘ ʩʪʨʦʧʦʚʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 12 ʟʘʭʚʘʪ-

ʥʳʡ ʦʨʛʘʥ ʚʨʫʯʥʫʶ ʧʦʜʪʷʛʠʚʘʝʪʩʷ ʚʥʠʟ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʫʞʠʥʳ 11.  

 

 
ʈʠʩ. 6. ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʟʘʭʚʘʪʥʳʡ ʦʨʛʘʥ: 

ʘ ï ʟʘʭʚʘʪʥʳʡ ʦʨʛʘʥ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ; 

ʙ, ʚ, ʛ ï ʟʘʭʚʘʪ ʩʪʨʦʧʦʚʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ; 

ʜ ï ʧʦʜʲʝʤ ʛʨʫʟʘ 
 

ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʫʞʠʥʳ 6 ʧʨʝʦʜʦʣʝʚʘ-

ʝʪʩʷ ʠ ʥʠʞʥʠʝ ʧʣʝʯʠ ʨʳʯʘʛʦʚ 1 ʠ 2 ʩʤʳʢʘʶʪʩʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6, ʙ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʧʫʩʢʘʥʠʠ ʚʥʠʟ ʟʘʭʚʘʪʥʦʛʦ ʦʨʛʘʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ 

ʢʦʥʪʘʢʪʘ ʩʪʨʦʧʦʚʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 12 ʩʦ ʩʢʦʰʝʥʥʳʤʠ ʥʠʞʥʠʤʠ ʚʥʫʪʨʝʥ-

ʥʠʤʠ ʛʨʘʥʷʤʠ ʨʳʯʘʛʦʚ 1 ʠ 2 ʧʦʩʣʝʜʥʠʝ ʨʘʩʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʩʪʦʨʦʥʳ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6, ʚ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʧʫʩʢʘʥʠʠ ʟʘʭʚʘʪʥʦ-

ʛʦ ʦʨʛʘʥʘ ʥʠʞʥʠʝ ʧʣʝʯʠ ʨʳʯʘʛʦʚ 1 ʠ 2 ʩʤʳʢʘʶʪʩʷ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

2, ʛ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʘʭʚʘʪ ʩʪʨʦʧʦʚʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 12. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 
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ʧʦʜʲʝʤʝ ʟʘʭʚʘʪʥʦʛʦ ʦʨʛʘʥʘ ʧʨʫʞʠʥʘ 11 ʨʘʩʪʷʛʠʚʘʝʪʩʷ, ʠ ʚʩʷ ʥʘʛʨʫʟʢʘ ʦʪ 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʛʨʫʟʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʩʪʨʦʧʦʤ 10. ʇʨʠ ʵʪʦʤ ʫʩʠʣʠʝ ʢʦʥ-

ʪʘʢʪʘ ʤʝʞʜʫ ʥʠʞʥʠʤʠ ʧʣʝʯʘʤʠ ʨʳʯʘʛʦʚ 1 ʠ 2 ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʥʘʜʝʞʥʦʝ ʫʜʝʨʞʘʥʠʝ ʛʨʫʟʘ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʛʨʫʟʘ ʥʘ ʪʨʝʙʫʝʤʦʝ ʤʝʩʪʦ 

ʠ ʜʘʣʴʥʝʡʰʝʤ ʦʧʫʩʢʘʥʠʠ ʟʘʭʚʘʪʥʦʛʦ ʦʨʛʘʥʘ ʥʘʛʨʫʟʢʘ ʥʘ ʥʝʛʦ ʦʪ ʛʨʫʟʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥʳ ʩʞʘʪʠʷ 6 ʥʠʞʥʠʝ ʧʣʝʯʠ ʨʳʯʘ-

ʛʦʚ 1 ʠ 2 ʨʘʩʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ ʦʙʝʩʧʝʯʠʚʘʷ ʦʩʚʦʙʦʞ-

ʜʝʥʠʝ ʩʪʨʦʧʦʚʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 12. ʇʨʠ ʵʪʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥʳ 

11 ʟʘʭʚʘʪʥʳʡ ʦʨʛʘʥ ʧʦʜʪʷʛʠʚʘʝʪʩʷ ʚʚʝʨʭ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ 

ʚʦʟʤʦʞʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʟʘ ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʝʜʤʝʪʳ. 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʭʚʘʪʥʦʛʦ ʦʨʛʘʥʘ; ʧʨʠ ʩʪʨʦʧʦʚʢʝ ʛʨʫʟʦʚ ʩʥʘʙʞʝʥʳ 

ʩʪʨʦʧʦʚʦʯʥʳʤʠ ʧʝʪʣʷʤʠ (ʩʤ. ʨʠʩ. 7, ʘ) ʠ ʩ ʧʦʜʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʩʪʨʦʧ ʩ ʧʦʜʚʝʜʝʥʠʝʤ ʧʦʣ ʛʨʫʟ (ʩʤ. ʨʠʩ. 7, ʙ). ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʧʦʩʣʝ 

ʟʘʭʚʘʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʨʦʧ ʧʘʨʦʡ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʟʘʭʚʘʪʥʳʭ 

ʦʨʛʘʥʦʚ ʨʳʯʘʛʠ 1 ʠ 2 ʧʦʩʣʝʜʥʠʭ ʩ ʧʦʤʦʱʴʶ ʩʢʦʙ, ʰʪʠʬʪʦʚ ʠ ʜʨ. ʙʣʦʢʠ-

ʨʫʶʪʩʷ ʚ ʩʦʤʢʥʫʪʦʤ ʧʦʣʦʞʝʥʠʠ ʥʠʞʥʠʭ ʧʣʝʯ. 

 
 

ʈʠʩ. 7. ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʭʚʘʪʥʦʛʦ ʦʨʛʘʥʘ: 

ʘ ï ʜʣʷ ʛʨʫʟʦʚ ʩʦ ʩʪʦʧʦʚʦʯʥʳʤʠ ʧʝʪʣʷʤʠ; 

ʙ ï ʜʣʷ ʛʨʫʟʦʚ ʩ ʧʦʜʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʨʦʧ ʧʦʜ ʛʨʫʟ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ ʵʬʬʝʢʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ʁʩʪʨʦʧʦʚʦʯ-
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ʥʳʭ ʦʧʝʨʘʮʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʮʝʧʥʳʭ ʩʪʨʦʧ ʠʣʠ ʵʣʘʩʪʠʯ-

ʥʳʭ ʩʪʨʦʧ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʛʨʫʟʦʟʘʭʚʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦ-

ʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʝʨʘʮʠʠ ʧʦ ʩʪʨʦʧʦʚʢʝ ʠ ʨʘʩʩʪʨʦʧʦʚʢʝ ʛʨʫʟʦʚ ʟʘ 

ʤʝʥʴʰʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʦʭʨʘʥʳ ʪʨʫʜʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸɹʆʏʀʍ ʇʈʆʎɽʉʉʆɺ  

ʄʆɹʀʃʔʅʓʍ ʊʈɸʅʉʇʆʈʊʅʆ-ʇɽʈɽɻʈʋɿʆʏʅʓʍ  

ʂɸʅɸʊʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

 

ɺ.ʀ. ʊʘʨʠʯʢʦ
1
, ʀ.ɸ. ʃʘʛʝʨʝʚ

2
 

 
1
ɸʆ çɹʨʷʥʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʟʘʚʦʜè 

2
ɹʨʷʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜ. ʀ.ɻ. ʇʝʪʨʦʚʩʢʦʛʦ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʤʦʙʠʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʛʨʫʟʦʯʥʳʭ 

ʢʘʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ ʢʘʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ 

ʤʥʦʛʦʦʩʥʳʭ ʰʘʩʩʠ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ  

 ̄22-29-00798). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʥʘʪʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʤʦʙʠʣʴʥʘʷ ʢʘʥʘʪʥʘʷ ʜʦʨʦʛʘ, ʤʦ-

ʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʛʨʫʟʦʯʥʳʡ ʢʘʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ, 

ʜʠʥʘʤʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
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ɼʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ ʯʝʨʝʟ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʠʩʢʫʩʩʪ-

ʚʝʥʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʤʝʩʪʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ 

ʨʝʣʴʝʬʦʤ ʠ ʛʨʫʥʪʘʤʠ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʢʘʥʘʪʥʳʡ 

ʪʨʘʥʩʧʦʨʪ ʚ ʚʠʜʝ ʧʦʜʚʝʩʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʘʥʘʪʥʳʭ ʜʦʨʦʛ. ʇʝʨʩʧʝʢʪʠʚ-

ʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʦʨʦʜ-

ʩʢʠʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʪʠʧʘ çʂʘʥʘʪʥʦʝ ʤʝʪʨʦè [1], ʘ 

ʪʘʢʞʝ ʤʦʙʠʣʴʥʳʭ ʢʘʥʘʪʥʳʭ ʜʦʨʦʛ [2, 3]. 

ʄʦʙʠʣʴʥʘʷ ʢʘʥʘʪʥʘʷ ʜʦʨʦʛʘ (ʄʂɼ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʥʘʪʥʫʶ 

ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʷʜʨʝ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩ-

ʧʦʨʪʥʦ-ʧʝʨʝʛʨʫʟʦʯʥʳʡ ʢʘʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ (ʄʊʇʂʂ). ʂʦʤʧʣʝʢʩ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʦ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ, ʥʘ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʠ ʧʘʩʩʘʞʠʨʦʚ (ʨʠʩ. 1). ʄʝʞʜʫ ʜʚʫʤʷ 

ʢʦʥʮʝʚʳʤʠ ʩʪʘʥʮʠʷʤʠ 1 ʥʘʪʷʥʫʪ ʪʷʛʦʚʦ-ʥʝʩʫʱʠʡ ʢʘʥʘʪ 4, ʧʦ ʢʦʪʦʨʦʤʫ 

ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʛʨʫʟʦʟʘʭʚʘʪʥʳʡ ʦʨʛʘʥ 5 ʩ ʛʨʫʟʦʤ (ʰʪʫʯʥʳʡ ʛʨʫʟ ʥʘ ʧʦʜ-

ʚʝʩʢʝ, ʛʨʫʟʦʚʘʷ ʛʦʥʜʦʣʘ ʠʣʠ ʧʘʩʩʘʞʠʨʩʢʘʷ ʢʘʙʠʥʘ); ʂʦʥʮʝʚʳʝ ʩʪʘʥʮʠʠ 

ʄʊʇʂʂ ʙʳʚʘʶʪ ʧʨʠʚʦʜʥʳʤʠ ʠ ʥʝʧʨʠʚʦʜʥʳʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʚʪʦʨʳʭ 

ʨʘʟʤʝʱʘʶʪʩʷ ʥʘʪʷʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʢʘʥʘʪʘ [2, 3]. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦ-ʧʝʨʝʛʨʫʟʦʯʥʦʛʦ  

ʢʘʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ: 

1 ï ʢʦʥʮʝʚʘʷ ʩʪʘʥʮʠʷ; 2 ï ʚʨʝʤʝʥʥʳʡ ʩʢʣʘʜ ʛʨʫʟʦʚ; 3 ï ʢʨʘʥ-ʤʘʥʠʧʫʣʷʪʦʨ;  

4 ï ʪʷʛʦʚʦ-ʥʝʩʫʱʠʡ ʢʘʥʘʪ; 5 ï ʛʨʫʟʦʟʘʭʚʘʪʥʳʡ ʦʨʛʘʥ ʩ ʛʨʫʟʦʤ (ʰʪʫʯʥʳʡ ʛʨʫʟ  

ʥʘ ʧʦʜʚʝʩʢʝ, ʛʨʫʟʦʚʘʷ ʛʦʥʜʦʣʘ ʠʣʠ ʧʘʩʩʘʞʠʨʩʢʘʷ ʢʘʙʠʥʘ) 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘ ʄʊʇʂʂ ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦ-

ʣʷʶʱʝʡ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʄʊʇʂʂ. ʂʦʤʧʣʝʢʩʥʘʷ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 2) ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦ-

ʜʘ [4, 5] ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʟʥʘʯʘʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 
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ʧʦʜʩʠʩʪʝʤ: ʦʧʦʨʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʙʘʟʦʚʳʭ ʰʘʩʩʠ, ʢʘʥʘʪʥʦʡ ʩʠʩʪʝʤʳ, ʛʨʫ-

ʟʘ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 
 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ  

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʄʊʇʂʂ 
 

ʂʦʤʧʣʝʢʩʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʄʊʇʂʂ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦ-

ʚʦʢʫʧʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ(ʧʦʜʤʦʜʝʣʝʡ) ʵʣʝʤʝʥʪʦʚ (ʧʦʜʩʠʩʪʝʤ) 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʇʦʜʤʦʜʝʣʠ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ ʦʙʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʘʣʛʝʙ-

ʨʘʠʯʝʩʢʠʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʠ. 

ɼʣʷ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʥʦʚʢʠ ʢʦʥʢʨʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʚʭʦʜʷ-

ʱʠʝ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʦʡ ʤʦʜʝʣʠ, ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʥʝʥʠʷ ʄʊʇʂʂ ʚ 

ʚʠʜʝ ʦʜʥʦʧʨʦʣʝʪʥʦʡ ʠ ʦʜʥʦʢʘʥʘʪʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪ-

ʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞ-

ʥʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʂʘʥʘʪʥʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʠ-

ʚʦʜʠʤʦʡ ʚ ʜʚʠʞʝʥʠʝ ʢʘʥʘʪʥʳʤʠ ʰʢʠʚʘʤʠ, ʪʷʛʦʚʳʝ ʫʩʠʣʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ 

ʦʪ ʜʠʥʘʤʠʢʠ ʧʨʠʚʦʜʘ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʜʚʝ ʬʦʨʤʳ ʧʨʦʚʠ-
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ʩʘʥʠʷ ʢʘʥʘʪʘ (ʩʠʤʤʝʪʨʠʯʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʧʨʦʣʝʪʘ, ʩʤʝʱʝʥʥʘʷ ʢ ʙʘ-

ʟʦʚʦʡ ʩʪʘʥʮʠʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘ ʤʝʩʪʥʦʩʪʠ). ʇʨʠ ʵʪʦʤ ʦʙʝ 

ʚʝʪʚʠ ʢʘʥʘʪʘ ʚ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʠʤʝʪʴ ʣʶʙʫʶ ʬʦʨʤʫ. 

ɹʘʟʦʚʦʝ ʰʘʩʩʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʩʚʷʟʷʤʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʴʶ ʰʘʩʩʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʵʣʝ-

ʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʤʦʜʝʣʠʨʫʝʪʩʷ ʛʨʫʟ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʨʠʚʦʜʘ ʢʘʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩʠʩ-

ʪʝʤʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ, ʩʦʝʜʠʥʝʥʥʳʭ ʫʧʨʫʛʦ-ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʩʚʷ-

ʟʷʤʠ. ɺʣʠʷʥʠʝ ʜʚʠʛʘʪʝʣʷ ʙʘʟʦʚʦʛʦ ʰʘʩʩʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚʥʝʰʥʝʡ ʩʠʣʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʯʘʩʪʴ ʧʨʠʚʦʜʘ ʢʘʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝ-

ʣʠʨʫʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʩʚʷ-

ʟʳʚʘʶʱʠʭ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʡ ʠ ʨʘʩʭʦʜʦʚ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ ʛʠʜʨʦ-

ʩʠʩʪʝʤʳ. 

ɼʝʬʦʨʤʠʨʫʝʤʦʝ ʦʧʦʨʥʦʝ ʦʩʥʦʚʘʥʠʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʩʧʣʦʰʥʘʷ 

ʜʝʬʦʨʤʠʨʫʝʤʘʷ ʩʨʝʜʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. ʄʠʢʨʦ-

ʥʝʨʦʚʥʦʩʪʠ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʜʝʣʠʨʫʶʪʩʷ 

ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʩʠʩʪʝʤʝ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʕʪʠ ʜʘʥʥʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʥʞʝʥʝʨʥʦʡ ʧʦʜʜʝʨʞʢʠ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʄʊʇʂʂ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ,  ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ, ʤʦʜʝʨʥʠʟʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʪʷʞʝʥʠʷ ʢʘʥʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʨʘʩʩʳ 

ʄʊʇʂʂ.  
 

 
 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʥʘʪʷʞʝʥʠʷ ʢʘʥʘʪʘ ʄʊʇʂʂ  

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʪʨʘʩʩʳ [6]:  

1 - sla = 5ʦ; 2 - sla = 10ʦ; 3 - sla = 30ʦ  

(ððð - ʛʨʫʟ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʥʝʧʨʠʚʦʜʥʦʡ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ;  

- - - - -  - ʛʨʫʟ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʧʨʠʚʦʜʥʦʡ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ)    
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʊʇʂʂ ʢʘʢ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʧʨʦʣʝʪʥʦʡ ʄʂɼ, ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʨʫʛʠ-

ʤʠ ʟʥʘʯʘʱʠʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʨʘʟʚʠʪʦʡ ʩʦʚʦʢʫʧʥʦ-

ʩʪʴʶ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ; 

- ʩ ʝʜʠʥʳʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʨʘʟʨʘʙʦʪʘʥ ʮʠʬʨʦʚʦʡ ʜʚʦʡ-

ʥʠʢ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʜʥʦʧʨʦʣʝʪʥʦʡ ʄʂɼ,  

ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʫʯʝʪ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʝʝ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʥʘ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʥʠʭ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ  

ʠ ʨʷʜ ʯʘʩʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ; 

- ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʦʩʥʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʄʊʇʂʂ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʧʨʦʣʝʪ-

ʥʳʭ ʛʨʫʟʦʚʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʄʂɼ. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ɻʆʈʀɿʆʅʊɸʃʔʅʆɻʆ ʀ ɺɽʈʊʀʂɸʃʔʅʆɻʆ ʇʀʊɸʊɽʃɽʁ 

ʈʆʊʆʈʅʆɻʆ ʉʅɽɻʆʆʏʀʉʊʀʊɽʃʗ 
 

ɼ.ʉ. ɸʣʝʰʢʦʚ, ʇ.ɸ. ʂʦʨʯʘʛʠʥ, ʀ.ɸ. ʊʝʪʝʨʠʥʘ 
 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ (ʉʠʙɸɼʀ)è 

 

ɺ ʨʘʙʦʪʝ ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘ-

ʙʦʪʳ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʝʡ ʨʦʪʦʨ-

ʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʥʘʙʣʶʜʝ-

ʥʠʡ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʠʪʘʪʝʣʝʡ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʠ ʝʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ 

ʦʙʣʘʩʪʝʡ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʝʡ ʨʦ-

ʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ ʠ ʦʧʠʩʘʥʳ ʫʩʣʦʚʠʷ ʠʭ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ. ʆʧʠʩʘʥʳ 

ʪʝʥʜʝʥʮʠʠ ʚʣʠʷʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦ-

ʩʪʠ ʧʠʪʘʪʝʣʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʤʦʱʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʧʨʦʮʝʩʩʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʧʨʦʚʝʜʝʥʠʷ ʩʥʝʛʦʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ 

ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʪʦʨʥʳʡ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʴ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʠʪʘʪʝʣʴ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʠʪʘʪʝʣʴ, ʢʦʤʤʫʥʘʣʴʥʘʷ ʤʘʰʠʥʘ 
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The paper presents the results of experimental studies of the operation of physi-

cal models of horizontal and vertical feeders of a rotary snowplow. The results of direct 

and indirect observations of changes in the specific energy efficiency of feeders from 

the angular speed of rotation of the cutter and its forward speed are presented. The 

boundaries of the areas of stable operation of the horizontal and vertical feeders of the 

rotary snowplow are determined and the conditions for their stable operation are de-

scribed. The tendencies of the influence of the angular speed of rotation of the cutter 
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and the translational speed of the feeder on the productivity and expended power, ob-

tained in the process of correlation analysis of the results of experimental studies, are 

described. The possibility of intensifying the process of carrying out snow removal 

operations using a vertical feeder of a rotary snow blower has been experimentally 

confirmed. 

Keywords: snow blower, vertical feeder, horizontal feeder, communal machine 

 
ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʠʪʘ-

ʪʝʣʷ ʨʦʪʦʨʥʳʤ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [1], ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ ʤʝʞ-

ʜʫ ʟʘʪʨʘʪʘʤʠ ʤʦʱʥʦʩʪʠ ʥʘ ʚʳʨʝʟʘʥʠʝ ʩʥʝʞʥʦʡ ʤʘʩʩʳ ʠ ʝʝ ʪʨʘʥʩʧʦʨʪʠʨʦ-

ʚʘʥʠʝ ʚ ʧʠʪʘʪʝʣʝ ʚ ʦʙʣʘʩʪʴ ʟʘʛʨʫʟʦʯʥʦʛʦ ʦʢʥʘ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳ-

ʧʦʣʥʝʥʥʳʝ ʜʣʷ ʰʥʝʢʦʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ, ʪʘʢ ʞʝ ʩʧʨʘʚʝʜʣʠʚʳ ʠ 

ʜʣʷ ʬʨʝʟʝʨʥʦ-ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ, ʩʦʛʣʘʩʥʦ [2]. 

ɺ ʨʘʙʦʪʝ [3] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʬʨʝʟʳ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʙʨʦʩ 

ʩʥʝʞʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʳʡ ʚ ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʧʠʪʘʪʝʣʷ ʧʨʠʚʝ-

ʜʝʪ, ʢ ʨʦʩʪʫ ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʨʘʟ-

ʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʥʝʞʥʦʛʦ ʤʘʩʩʠʚʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʠ-

ʪʘʪʝʣʷ, ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ [3], ʧʦʢʘʟʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʙʨʦʩʘ ʪʨʘʥʩʧʦʨʪʠ-

ʨʫʝʤʦʡ ʩʥʝʞʥʦʡ ʤʘʩʩʳ.  

ɺ ʨʘʙʦʪʝ [4] ʠʩʩʣʝʜʫʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʬʨʝʟʳ ʧʠʪʘʪʝʣʷ ʨʦʪʦʨʥʦʛʦ 

ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ ʧʝʨʝʤʝʥʥʦʡ ʰʠʨʠʥʳ. ʎʝʣʴʶ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟ-

ʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʥʝʞʥʦʡ ʤʘʩ-

ʩʳ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ 

ˉ  RU 177929 U1, ʚʥʦʩʷʱʠʡ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʦʪʚʘʣʘ ʧʠʪʘʪʝʣʷ, 

ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʙʨʘʩʳʚʘʝʤʦʡ ʩʥʝʞʥʦʡ ʤʘʩʩʳ. ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟ-

ʤʝʥʝʥʠʡ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʠʪʘʪʝ-

ʣʷ ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ ʚ ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʠʪʘʪʝʣʷ ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ. ʈʘʩʧʦ-

ʣʦʞʝʥʠʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʧʠʪʘʪʝʣʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʚʳʨʝʟʘʥʥʦʡ ʩʥʝʞʥʦʡ ʤʘʩʩʳ ʚ ʦʙʣʘʩʪʴ ʟʘʛʨʫ-

ʟʦʯʥʦʛʦ ʦʢʥʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʤʦʱʥʦʩʪʠ [5]. 
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ɺ ʨʘʙʦʪʝ [6] ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʳʨʘʞʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʛʨʘʥʠʮʫ ʦʙ-

ʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʠʪʘʪʝʣʷ 

ʬʨʝʟʝʨʥʦ-ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʬ-

ʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʚʠʜʘ ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ: 

Ὑ̕ ̕

̕
 ȟ              (1) 

ʛʜʝ ὠʬ ï ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʬʨʝʟʳ ʧʠʪʘʪʝʣʷ; ̕‫  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʧʠʪʘʪʝʣʷ. 

ʈʘʩʰʠʨʝʥʠʝ ʛʨʘʥʠʮ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟ 

ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʠʥʪʝʥ-

ʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʩʥʝʞʥʦʡ ʤʘʩʩʳ ʧʠʪʘʪʝʣʝʤ ʨʦ-

ʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʩʪʘʣʘ ʦʮʝʥʢʘ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʝʡ ʨʦʪʦʨʥʦʛʦ 

ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘ-

ʙʦʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʝʡ ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠ-

ʩʪʠʪʝʣʷ. ɺʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʣʠʩʴ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʠʨʫʝ-

ʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (M, ʢʛ), ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ ʦʙʣʘʩʪʴ ʟʘʛʨʫʟʦʯʥʦʛʦ ʦʢʥʘ ʧʠʪʘ-

ʪʝʣʷ ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʬʨʝʟʦʡ ʧʠʪʘʪʝʣʷ ʤʦʱ-

ʥʦʩʪʴ (N, ɺʪ), ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʚʳʨʝʟʘʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʚ 

ʦʙʣʘʩʪʴ ʟʘʛʨʫʟʦʯʥʦʛʦ ʦʢʥʘ ʤʘʪʝʨʠʘʣʘ ʬʨʝʟʦʡ ʧʠʪʘʪʝʣʷ (t, ʩ.)  

ɺʘʨʴʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʣʠʩʴ: ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʬʨʝʟʳ ʧʠʪʘʪʝʣʷ (ɤʬ, ʨʘʜ/ʩ;) ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʠʪʘʪʝʣʷ (Vʬ, ʤ/ʩ); 

ʚʳʩʦʪʘ ʧʨʠʟʤʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (h, ʤ).  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʝʡ (ʨʠʩ. 1, 2).  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʬʨʝʟʳ ʧʠʪʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʤʦʪʦʨ ʤʦʱʥʦʩʪʴʶ 0,8 ʢɺʪ. 
ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘ-

ʪʝʣʷ: ʨʘʜʠʫʩ ʬʨʝʟʳ, rʬ ï 0,14 ʤ; ʜʣʠʥʘ ʬʨʝʟʳ, B/2 ï 0,31 ʤ; ʢʦʣʠʯʝʩʪʚʦ 

ʨʝʞʫʱʠʭ ʧʦʣʦʩ ï 2. ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʪʠ-

ʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ:  ʨʘʜʠʫʩ ʬʨʝʟʳ, rʬ ï 0,1 ʤ; ʜʣʠʥʘ ʬʨʝʟʳ, B/2 ï 0,21 ʤ; 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʞʫʱʠʭ ʧʦʣʦʩ ï 3. 
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ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ (ʚʠʜ ʩʚʝʨʭʫ) 

 

 
 

ʈʠʩ. 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ   

ʨʘʙʦʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ (ʚʠʜ ʩʙʦʢʫ) 

 

ʉʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ: 

- ʣʠʥʝʡʢʘ ʤʝʪʘʣʣʠʯʝʩʢʘʷ, ʮʝʥʘ ʜʝʣʝʥʠʷ, ȹ1=0,001 ʤ; 

- ʠʟʤʝʨʠʪʝʣʴ ʤʦʱʥʦʩʪʠ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ȹ2=0,1 ɺʪ; 

- ʚʝʩʳ ʵʣʝʢʪʨʦʥʥʳʝ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ȹ3=0,0005 ʢʛ; 

- ʢʘʤʝʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʤʝʜʣʝʥʥʦʡ ʩʲʝʤʢʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʧʦʜʚʠʞʥʦʤ ʦʩʥʦʚʘʥʠʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʠʟʤʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ (ʨʠʩ. 3, 4). ʊʦʣʱʠʥʘ 
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ʤʘʩʩʠʚʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣʘ ʪʨʝʪʴ ʜʠʘʤʝʪʨʘ ʬʨʝʟʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʠ ʚʳʩʦʪʳ ʬʨʝʟʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ. 

 
 

 
 

ʘ ʙ 

 

ʚ 
 
 

ʈʠʩ. 3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʟʤʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ  

ʧʨʠ ʨʘʙʦʪʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ:  

ʘ ï ʜʣʠʥʘ ʧʨʠʟʤʳ (L, ʤ); ʙ ï ʰʠʨʠʥʘ ʧʨʠʟʤʳ (b, ʤ);  

ʚ ï ʚʳʩʦʪʘ ʧʨʠʟʤʳ (h, ʤ) 
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ʈʠʩ. 4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʟʤʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ  

ʧʨʠ ʨʘʙʦʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ: ʘ ï ʜʣʠʥʘ ʧʨʠʟʤʳ (L, ʤ);  

ʙ ï ʰʠʨʠʥʘ ʧʨʠʟʤʳ (b, ʤ); ʚ ï ʚʳʩʦʪʘ ʧʨʠʟʤʳ (h, ʤ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʝʩʩʦ-

ʚʘʥʥʳʝ ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ, ʧʦʜʚʝʨʛʘʚʰʠʝʩʷ ʫʚʣʘʞʥʝʥʠʶ ʚʦʜʦʡ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʘʟʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʠʩʪʦʯʥʠʢʝ [7]. 

ʄʠʥʠʤʘʣʴʥʦʝ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷ-

ʣʦʩʴ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [3, 4, 7]. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ 

(kvar) ʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ (p) ʙʳʣʠ ʧʨʠʥʷʪʳ ʨʘʚʥʳʤʠ: kvar = 12%, 

p = 0,95. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʝʥʠʷ ʟʘʪʨʘ-

ʯʠʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʠʟʤʳ ʠ ʚʨʝʤʷ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʧʠʪʘʪʝʣʝʤ ʥʘ ʝʝ ʨʘʟʨʘʙʦʪʢʫ. ɼʘʥʥʳʡ ʵʪʘʧ ʬʠʢʩʠʨʦʚʘʣʩʷ ʥʘ 

ʚʠʜʝʦʢʘʤʝʨʫ. 
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ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚʟʚʝʰʠʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (M) ʧʦʧʘʚ-

ʰʝʛʦ ʚ ʦʙʣʘʩʪʴ ʟʘʛʨʫʟʦʯʥʦʛʦ ʦʢʥʘ. ʆʧʨʝʜʝʣʷʣʘʩʴ ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʠʟʤʳ (ὠʬ) ʧʦ ʬʦʨʤʫʣʝ 

ὠʬ ὒȾὸ.    (2) 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (P, ʢʛ/ʩ) ʥʘʭʦʜʠʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 

ὖ ὓȾὸ.    (3) 

ʊʘʢʞʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚʳʯʠʩʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

(PN, ʢʛ/(ɺʪ ʩ)) ʧʦ ʬʦʨʤʫʣʝ 

ὖ .     (4) 

ʅʘ ʨʠʩ. 5, 6 ʠ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʵʥʝʛʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʦʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘ-

ʱʝʥʠʷ ʬʨʝʟʳ (ɤʬ) ʠ ʦʪʥʦʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʢ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʠʪʘʪʝʣʷ (ɤʬ /ὠʬ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʠʪʘʪʝʣʷ. ʆʙʣʘʩʪʴ ʩ ʰʪʨʠʭʦʤ ï ʦʙʣʘʩʪʴ, 

ʛʜʝ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʪʦʨʤʦʞʝʥʠʝ ʬʨʝʟʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ 
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ʈʠʩ. 6. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʧʠʪʘʪʝʣʷ 

ʆʙʣʘʩʪʴ ʩʦ ʰʪʨʠʭʦʤ ï ʦʙʣʘʩʪʴ, ʛʜʝ ʥʘʙʣʶʜʘʣʩʷ ʧʝʨʝʙʨʦʩ  

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʤʘʩʩʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʠʪʘʪʝʣʝʤ 

 

 
ʈʠʩ. 7. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ  

ʢ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʠʪʘʪʝʣʷ 

ʆʙʣʘʩʪʴ ʩʦ ʰʪʨʠʭʦʤ ï ʦʙʣʘʩʪʴ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʘʜʝʥʠʝ ʫʛʣʦʚʦʡ  

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʠ ʧʝʨʝʙʨʦʩ  

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʤʘʩʩʳ, ʤʠʥʠʤʘʣʝʥ 
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ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʠ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝ-

ʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.  
 

ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʠʝ ʠ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ  

ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  

ʇʘʨʘʤʝʪʨ  

ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʠʪʘʪʝʣʴ ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʠʪʘʪʝʣʴ 

ʉʨʝʜʥʝʝ 

ʦʪʢʣʦʥʝʥʠʝ 

ʂʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 

ʉʨʝʜʥʝʝ 

ʦʪʢʣʦʥʝʥʠʝ 

ʂʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 

ɤʬ, ʨʘʜ/ʩ 23,97101 11,29061 34,3295 18,76254 

ὠʬ, ʤ/ʩ 0,05700 0,03896 0,09713 0,07762 

P, ʢʛ/ʩ 0,31659 0,20722 0,35827 0,18187 

N, ɺʪ 80,98467 35,04293 111,021 63,21877 
 

ʀʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʫʶ ʬʫʥʢʮʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

Statistica [7], ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶ-

ʜʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʝʡ ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʥʘ ʨʠʩ. 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Statistica. 

 

ʈʠʩ. 8. ɼʠʘʛʨʘʤʤʳ ʨʘʩʩʝʷʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʙʦʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ 
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ʇʦʣʫʯʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ ʚʘʨʴʠʨʫʝʤʳʭ ʠ ʚʳʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʝʡ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 

ʊʘʙʣʠʮʘ 2. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ 

ʇʘʨʘʤʝʪʨ ɤʬ, ʨʘʜ/ʩ ὠʬ, ʤ/ʩ P, ʢʛ/ʩ N, ɺʪ 

ɤʬ, ʨʘʜ/ʩ 1,000 0,281 0,131 0,581 

ὠʬ, ʤ/ʩ 0,281 1,000 0,398 0,369 

P, ʢʛ/ʩ 0,131 0,398 1,000 0,545 

N, ɺʪ 0,581 0,369 0,545 1,000 

 

ʊʘʙʣʠʮʘ 3. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ 

ʇʘʨʘʤʝʪʨ ɤʬ, ʨʘʜ/ʩ ὠʬ, ʤ/ʩ P, ʢʛ/ʩ N, ɺʪ 

ɤʬ, ʨʘʜ/ʩ 1,000 0,553 -0,101 0,903 

ὠʬ, ʤ/ʩ 0,553 1,000 0,040 0,539 

P, ʢʛ/ʩ -0,101 0,040 1,000 -0,139 

N, ɺʪ 0,903 0,539 -0,139 1,000 

 

ʅʘ ʨʠʩ. 5 ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʜʚʝ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʨʘʙʦʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʝʡ. ʕʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʙʦʣʝʝ 0,05 ʤ/ʩ, ʝʛʦ 

ʨʘʙʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʟʘʪʨʘʯʠʚʘʝʤʦʡ 

ʤʦʱʥʦʩʪʠ. 
ʀʟ ʨʠʩ. 6 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʫʚʝʣʠʯʝ-

ʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʙʦʣʝʝ 18 ʨʘʜ/ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʠʪʘʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʧʝʨʝʙʨʦʩʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʨʝʟʝʨʥʦ-ʨʦʪʦʨʥʦʛʦ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7. ɼʘʥ-

ʥʘʷ ʛʨʘʥʠʮʘ ʙʳʣʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

ὖ χϽρπϽὰὲ
ʬ

ʬ
πȟππφω.   (5) 

ɺʝʣʠʯʠʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʠʣʘ R
2
=0,8973. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʙʦʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʬʨʝʟʳ ʙʦʣʝʝ 20 ʨʘʜ/ʩ ʥʝ ʦʙʨʘʟʫʝʪ ʨʘʟʣʝʪ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 

ʧʨʠʟʤʦʡ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʝʥʢʘʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʨʠ ʵʪʦʤ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʠʪʘʪʝʣʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʧʨʠʟ-

ʤʫ ʤʘʪʝʨʠʘʣʘ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʠʪʘʪʝ-

ʣʝʤ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʙʦʣʝʝ 0,05 ʤ/ʩ. ʊʘʢʞʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʠ ʪʦʣʱʠʥʳ ʤʘʩʩʠʚʘ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʜ 

ʧʠʪʘʪʝʣʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ, ʟʥʘʯʝʥʠʷ ʢʦʪʦ-

ʨʳʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ, ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʦʚʦʡ ʩʢʦ-

ʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʠʪʘʪʝʣʷ ʨʦʪʦʨʥʦʛʦ ʩʥʝ-

ʛʦʦʯʠʩʪʠʪʝʣʷ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʜʥʦʟʥʘʯʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʠʪʘʪʝʣʷ ʧʨʦʷʚʣʷʝʪʩʷ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʥʘ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʠʪʘʪʝʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʝʨ-

ʪʠʢʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ 

ʧʨʠʟʤʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʠʪʘʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʮʝʣʦʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʣʘʩʪʠ, ʙʦʣʝʝ ʵʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʠʪʘʪʝʣʴ. 
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ʣʸʩʥʳʭ ʪʷʛʘʯʝʡ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʘʰʠʥ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʚʝʜʫʱʠʭ ʢʦʣʸʩ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ. ʇʨʠʚʝʜʸʥ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʪʷʛʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʪʷʛʘʯʘ ʊ-150ʂ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʚʝʜʫʱʠʤʠ ʢʦʣʸʩʘʤʠ. ʇʦʢʘʟʘʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʷʛʦʚʳʝ ʢʘʯʝʩʪʚʘ, ʚʝʜʫʱʠʝ ʢʦʣʸʩʘ, ʪʨʘʥʩʧʦʨʪʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ    
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ɿʘʜʘʯʝʡ ʭʦʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʦʧʦʨʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ ʩʚʦʠʤ ʭʦʜʦʤ, ʘ 

ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʩʠʣʳ ʪʷʛʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʫʩʠʣʠʝ ʥʘ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ [1].  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ ʧʨʠʤʝ-

ʥʷʶʪ ʢʦʣʸʩʥʦʝ ʠ ʛʫʩʝʥʠʯʥʦʝ ʭʦʜʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʢʦ-

ʣʸʩʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʤʝʥʴʰʫʶ ʤʘʩʩʫ, ʚʳʩʦʢʠʝ ʪʨʘʥʩʧʦʨʪ-

ʥʳʝ ʩʢʦʨʦʩʪʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʂʇɼ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʝʨʝʙʘʟʠʨʦʚʢʝ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʡʣʝʨʘʭ.  
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ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʣʸʩʥʦʛʦ ʭʦʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦ 

ʜʣʷ ʪʷʛʘʯʝʡ, ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʝ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘ ʛʨʫʥʪʘʭ ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʩʣʘʙʦʥʝʩʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ.  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʪʷʛʦʚʦ-ʩʮʝʧʥʳʭ ʩʚʦʡʩʪʚ ʢʦʣʸʩʥʳʭ 

ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʩʜʚʘʠʚʘʥʠʝ ʚʝʜʫʱʠʭ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʢʦʣʸʩ. ɺ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʥʘ ʪʨʘʢʪʦʨʘʭ ʜʘʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʜʚʘʠʚʘʥʠʝ ʚʝʜʫʱʠʭ ʢʦʣʸʩ 

ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʣʫʯʰʘʶʪʩʷ ʪʷʛʦʚʳʝ ʢʘʯʝʩʪʚʘ 

ʪʨʘʢʪʦʨʦʚ, ʩʥʠʞʘʝʪʩʷ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʫʧʣʦʪʥʷʶʱʝʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʧʦʯʚʫ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʷʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʥʩʪʨʫʢʮʠʡ ʚʝʜʫʱʠʭ ʢʦʣʸʩ ʩ ʨʘʟʤʝʱʸʥ-

ʥʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʰʠʨʠʪʝʣʷʤʠ [3], ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʩʮʝʧʣʝ-

ʥʠʝ ʭʦʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʦ ʦʥʠ ʩʣʦʞʥʳ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʤʝʪʘʣʣʦʸʤʢʦʩʪʴ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʣʸʩʥʦʛʦ ʜʚʠʞʠʪʝʣʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʜʚʫʭ ʢʦʣʸʩ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ (ʨʠʩ. 1). ʊʦ ʝʩʪʴ ʢ ʦʩʥʦʚʥʳʤ ʚʝʜʫʱʠʤ ʢʦʣʸ-

ʩʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢʦʣʸʩʘ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ. ʊʘʢʘʷ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ  ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʩʜʚʘʠʚʘʥʠʠ 

ʚʝʜʫʱʠʭ ʢʦʣʸʩ ʠ ʠʟʙʝʞʘʪʴ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʢʘʯʝʥʠʶ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʷʭ, ʦʩʦʙʝʥʥʦ ʚ ʧʦʚʦʨʦʪʘʭ. 
 

  

ʘ ʙ 

ʈʠʩ. 1. ʂʦʣʸʩʥʳʡ ʜʚʠʞʠʪʝʣʴ ʩ ʢʦʣʸʩʘʤʠ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠ ʜʚʠʞʝʥʠʠ  

ʧʦ ʪʚʸʨʜʦʡ (ʘ) ʠ  ʜʝʬʦʨʤʠʨʫʶʱʝʡʩʷ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʙ):  
1 ï ʩʪʫʧʠʮʘ ʢʦʣʝʩʘ; 2 ï ʦʩʥʦʚʥʦʝ ʢʦʣʝʩʦ ʩ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʰʠʥʦʡ;  

3 ï ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʝʩʦ ʩ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʰʠʥʦʡ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ;  

4 ï ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʜʠʩʢ 
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ʇʨʠ ʜʚʠʞʝʥʠʠ ʤʘʰʠʥʳ ʧʦ ʪʚʸʨʜʦʡ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʪʘʢ-

ʪʠʨʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʦʣʴʢʦ ʦʩʥʦʚʥʦʝ ʢʦʣʝʩʦ (ʨʠʩ. 1, ʘ), ʘ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʧʦ ʜʝʬʦʨʤʠʨʫʶʱʝʡʩʷ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ - ʦʙʘ ʢʦʣʝʩʘ (ʨʠʩ. 1, ʙ). ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʥʘ ʩʣʘʙʦʥʝʩʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʚʳʰʘʝʪʩʷ ʩʠʣʘ ʪʷʛʠ ʢʦʣʸʩʥʦʛʦ 

ʜʚʠʞʠʪʝʣʷ, ʘ ʥʘ ʪʚʸʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʘʯʝʥʠʶ ʠ ʠʟʥʦʩ ʜʚʠʞʠʪʝʣʷ.   

ʈʘʙʦʯʠʡ ʮʠʢʣ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʦʩʦʙʝʥʥʦ ʟʝʤ-

ʣʝʨʦʡʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʨʝʞʠʤʘ: ʪʷʛʦʚʳʡ (ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʢʦʤʧʣʝʢʩ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ) ʠ ʪʨʘʥʩʧʦʨʪʥʳʡ 

(ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʠ ʧʝʨʝʙʘʟʠʨʦʚʢʘ). ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʭʦʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʷʛʦʚʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʙʫʢʩʦʚʘʥʠʠ ʢʦʣʸʩ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʩʣʘʙʦʥʝʩʫʱʠʭ 

ʛʨʫʥʪʘʭ, ʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ï ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʠ 

ʧʦʚʦʨʦʪʫ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʷʛʦʚʳʭ ʠ ʪʦʧʣʠʚʥʦ-ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʣʸʩʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʧʨʦʚʦ-

ʜʠʣʦʩʴ ʥʘ ʢʦʣʸʩʥʦʤ ʪʨʘʢʪʦʨʝ ʪʷʛʦʚʦʛʦ ʢʣʘʩʩʘ 3 ʪʩ, ʠʩʧʦʣʴʟʫʝʤʦʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʙʘʟʦʚʦʛʦ ʪʷʛʘʯʘ ʧʨʠʮʝʧʥʦʛʦ ʠ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ. 

ʅʘ ʟʘʜʥʠʡ ʤʦʩʪ ʪʨʘʢʪʦʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʢʦʣʸʩʘ 

ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ, ʧʨʠ ʵʪʦʤ ʧʝʨʝʜʥʠʡ ʚʝʜʫʱʠʡ ʤʦʩʪ ʦʪʢʣʶʯʘʣʩʷ. ʊʦʨ-

ʤʦʞʝʥʠʝ ʪʨʘʢʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʧʝʮʠʘʣʴʥʦʡ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʦʡ 

ʪʦʨʤʦʟʥʦʡ ʫʩʪʘʥʦʚʢʦʡ [4]. 

ʆʮʝʥʢʘ ʪʷʛʦʚʳʭ ʢʘʯʝʩʪʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʚʦʜʠʣʘʩʴ ʢʘʢ ʩ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʣʸʩʘʤʠ, ʪʘʢ ʠ ʙʝʟ ʥʠʭ (ʰʪʘʪʥʳʝ ʢʦʣʸʩʘ ʩ ʥʘʨʫʞʥʳʤ 

ʜʠʘʤʝʪʨʦʤ 1400 ʤʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ï 1220 ʤʤ). 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʩʣʝ-

ʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʦʣʸʩ ʪʨʘʢʪʦʨʘ (ʚʝʜʫʱʠʭ ʟʘʜʥʠʭ ʠ 

ʚʝʜʦʤʳʭ ʧʝʨʝʜʥʠʭ) ʠ çʧʷʪʦʛʦ ʢʦʣʝʩʘè, ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ ʥʘ ʢʨʶʢʝ ʠ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʜʚʠʛʘʪʝʣʝʤ. ʊʷʛʦʚʦʝ ʫʩʠʣʠʝ ʠʟʤʝʨʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʥʟʦʪʷʛʠ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʜʠʟʝʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ 

ʪʨʘʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜʦʤʝʨ ʪʦʧʣʠʚʘ ʀʇ 179 ʇʉ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦ ʚʢʣʶʯʝʥʥʳʡ ʚ ʩʠʩʪʝʤʫ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʀʟʤʝʨʷʝʤʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʢʦʤʧʣʝʢʪʦʤ ʤʦʙʠʣʴʥʦʡ ʮʠʬʨʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ɿʊʄ, ʚʢʣʶʯʘʶʱʝʡ: ʩʠʩʪʝʤʫ ʜʘʪʯʠʢʦʚ; ʤʦʜʫʣ ɹ

ʚʚʦʜʘ L-ʉARD E14-140; ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ ʩ ʘʚʪʦʥʦʤʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠ-

ʪʘʥʠʷ ʠ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʳʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʪʠʧʘ notebook ʩ 

çʞʝʩʪʢʠʤè ʜʠʩʢʦʤ ʬʦʨʤʘʪʘ SDD [5].  
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ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʳʣʠ ʧʨʠʥʷʪʳ: ʧʣʦʪʥʳʡ ʛʨʫʥʪ 

(12ï14 ʫʜʘʨʦʚ ʫʜʘʨʥʠʢʦʤ ɼʆʈʅʀʀ, ʤʘʩʩʦʚʘʷ ʚʣʘʞʥʦʩʪʴ 11,3ï12,7%), 

ʨʳʭʣʳʡ ʛʨʫʥʪ (3ï5 ʫʜʘʨʦʚ, ʤʘʩʩʦʚʘʷ ʚʣʘʞʥʦʩʪʴ 15,5ï16,0%), ʧʝʩʦʢ (1-2 

ʫʜʘʨʘ, ʤʘʩʩʦʚʘʷ ʚʣʘʞʥʦʩʪʴ 9,8ï12,3%). 

ɻʨʫʥʪʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʫʪʝʤ ʩʥʷʪʠʷ ʚʝʨʭʥʝʛʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2ï4.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ: 

ʅʘ ʧʣʦʪʥʦʤ ʛʨʫʥʪʝ (ʨʠʩ. 2) ʩʜʚʘʠʚʘʥʠʝ ʚʝʜʫʱʠʭ ʢʦʣʸʩ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʦʚʣʠʷʣ ʥʘ ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʷʛʦʚʘʷ 

ʤʦʱʥʦʩʪʴ Nmax, ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʷʛʦʚʳʡ ʂʇɼ ɖmax ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʫʜʝʣʴ-

ʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ gʪmin. ʊʦʣʴʢʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʪʷʛʠ ʧʦ ʩʮʝʧʣʝʥʠʶ 

ʊmax ʙʦʣʴʰʝ ʥʘ 4,7%.  

 
ʈʠʩ. 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʷʛʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  

ʥʘ ʧʣʦʪʥʦʤ ʛʨʫʥʪʝ  
 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦ ʩʠʣʳ ʪʷʛʠ ʊ = 13 ʢʅ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʙʫʢʩʦʚʘʥʠʷ ŭ å 20%) ʢʦʣʸʩʘ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʥʝ ʚʭʦʜʷʪ 

ʚ ʢʦʥʪʘʢʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʉ ʜʘʣʴʥʝʡʰʠʤ ʨʦʩʪʦʤ ʩʠʣʳ ʪʷʛʠ, ʧʣʦʱʘʜʴ 

ʢʦʥʪʘʢʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʰʠʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ ʩʠʣʳ ʪʷʛʠ ʧʦ ʩʮʝʧʣʝʥʠʶ ʜʚʠʞʠʪʝʣʷ ʚ ʮʝʣʦʤ. 
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ʅʘ ʨʳʭʣʦʤ ʛʨʫʥʪʝ (ʨʠʩ. 3) ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʣʸʩʘ ʚʭʦʜʷʪ ʚ ʢʦʥ-

ʪʘʢʪ ʩ ʛʨʫʥʪʦʤ ʧʨʠ ʊ = 6 ʢʅ  (ŭ = 2,5%), ʧʦʵʪʦʤʫ ʊmax ʚʳʰʝ ʥʘ 7,7%, Nmax 

ʥʘ 14%, ɖmax ʥʘ 3,5%, ʘ gʪmin ʥʠʞʝ ʥʘ 13%.  

 

ʈʠʩ. 3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʷʛʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʷʛʘʯʘ  

ʥʘ ʨʳʭʣʦʤ ʛʨʫʥʪʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʸʩ (ʠʥʜʝʢʩ 1)  

ʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʣʸʩʘʤʠ (ʠʥʜʝʢʩ 2) 
 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʳʭʣʦʛʦ ʛʨʫʥʪʘ, ʥʘ ʧʝʩʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʣʸʩʘ 

ʩʨʘʟʫ ʚʭʦʜʷʪ ʚ ʢʦʥʪʘʢʪ ʩ ʛʨʫʥʪʦʤ (ʊ = 0, ŭ =0) (ʨʠʩ. 4). ʇʘʨʘʤʝʪʨʳ ʪʷʛʦ-

ʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʷʛʘʯʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʣʸʩʘʤʠ ʚʳʰʝ, ʯʝʤ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʸʩ. ʊmax ʚʳʰʝ ʥʘ 13%, Nmax ʥʘ 25%, ɖmax ʥʘ 9,4%, ʘ 

gʪmin ʥʠʞʝ ʥʘ 21%.  

ʈʝʟʫʣʴʪʘʪʳ ʪʷʛʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʸʩ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʥʘ ʚʝʜʫʱʠʭ ʤʦʩʪʘʭ ʪʨʘʥʩʧʦʨʪʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʪʷʛʦʚʳʭ ʢʘʯʝʩʪʚ ʥʘ 

ʣʶʙʳʭ ʛʨʫʥʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʧʣʦʪʥʦʤ ʛʨʫʥʪʝ, 

ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʨʳʭʣʳʭ ʛʨʫʥʪʘʭ ʠ ʧʝʩʢʝ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʭʦʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʤʘhʠʥʝ ʚʦʩʧʨʠʥʠʤʘʪɹ ʙʦӡʣɹ ʫhʁ ʚʝʨʪʠʢʘʣɹʥʫʁ ʥʘʛʨʫʟʢʫ ʠ ʫʣʫʯh ʘʝʪ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʨʠ ʚʥʝʮʝʥʪʨʝʥʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. 

 
 

ʈʠʩ. 4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʷʛʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  

ʪʷʛʘʯʘ ʥʘ ʧʝʩʢʝ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʸʩ (ʠʥʜʝʢʩ 1)  

ʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʣʸʩʘʤʠ (ʠʥʜʝʢʩ 2) 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʄʀʅʀʄʀɿɸʎʀʗ ʕʅɽʈɻʆɿɸʊʈɸʊ ʅɸ ʈɸɿʈʋʐɽʅʀɽ 

ɻʈʋʅʊɸ ʀ ɻʆʈʅʆʁ ʇʆʈʆɼʓ ʇʈʀ ɹʋʈɽʅʀʀ ʉʂɺɸɾʀʅ 
 

ʄ.ʌ. ɿʘʢʠʨʦʚ, ɺ.ʇ. ɹʘʨʘʥʯʠʢ 
 

ʀʞʝʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʄ.ʊ. ʂʘʣʘʰʥʠʢʦʚʘ 

 
ʇʨʝʜʣʦʞʝʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʟʘʥʠʷ ʛʨʫʥʪʘ ʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʠ 

ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ, ʧʦʟʚʦʣʷʶʱʘʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʇʨʝʜ-

ʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʜʦʣʦʪʘ ʧʦ ʜʣʠʥʝ ʪʨʝʱʠʥʳ, ʚʦʟʥʠʢʘʶ-

ʱʝʡ ʧʨʠ ʭʨʫʧʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʛʨʫʥʪ, ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʨʘʟʨʫʰʝ-

ʥʠʝ, ʨʝʟʘʥʠʝ, ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʜʣʠʥʘ ʪʨʝʱʠʥʳ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʜʦʣʦʪʘ, ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ 
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ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʟʘʥʠʷ ʛʨʫʥʪʘ ʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʠ ʙʫʨʝ-

ʥʠʠ ʩʢʚʘʞʠʥ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʪʦ, ʯʪʦʙʳ ʭʦʪʷ ʙʳ ʯʘʩʪʠʯʥʦ ʫʩʪʨʘʥʠʪʴ ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʧʨʦʙʝʣʳ ʚ ʥʘʰʠʭ ʟʥʘʥʠʷʭ ʦ ʚʟʘʠʤʦʚʣʠʷʥʠʠ ʩʠʣʳ ʠ ʩʢʦʨʦʩʪʠ ʥʘ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʛʨʫʥʪʘ ʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʄʝʭʘ-

ʥʠʢʘ ʨʘʟʨʫʰʝʥʠʷ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʥʝʝ ʵʥʝʨʛʦ-

ʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʛʨʫʥʪʦʚ, ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʙʫʨʝ-

ʥʠʷ ʩʢʚʘʞʠʥ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʘʚʠʷ, ʨʝʟʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʥʦʛʦʛʦ ʜʨʫʛʦʛʦ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʯʘʩʪʝʡ: 
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1. ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʲ-

ʝʤʝ ʩʨʝʟʘʝʤʦʛʦ ʛʨʫʥʪʘ. 

2. ʈʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʪʨʝ-

ʱʠʥʳ ʧʨʠ ʧʦʣʫʯʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

3. ʇʨʠʥʷʪʠʝ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʪʨʝʱʠʥʳ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦʣʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʘ ʦʜʠʥ 

ʦʙʦʨʦʪ ʠʥʩʪʨʫʤʝʥʪʘ ʨʝʟʮʳ ʧʨʦʭʦʜʷʪ ʧʫʪʴ, ʨʘʚʥʳʡ ʜʣʠʥʝ ʪʨʝʱʠʥʳ. 

ʈʘʟʨʫʰʝʥʠʝ ʛʨʫʥʪʘ ʧʨʠ ʨʝʟʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ ʤʘʣʳʭ 

ʩʜʚʠʛʦʚ I, II, III (ʨʠʩ. 1), ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʦʞʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʩʜʚʠʛʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʣʦʱʘʜʢʘʭ ʩʢʦʣʴʞʝʥʠʷ, ʥʘ-

ʢʣʦʥʝʥʥʳʭ ʢ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʦʜ ʫʤʝʥʴʰʘʶʱʠʤʠʩʷ ʫʛʣʘʤʠ 

ʩʜʚʠʛʘ ɗ1, ɗ2 [1-5]. ʉʘʤʳʝ ʤʘʣʳʝ ʩʜʚʠʛʠ ʜʝʬʦʨʤʠʨʫʶʪ ʛʨʫʥʪ, ʫʚʝʣʠʯʠʚʘʷ 

ʜʘʚʣʝʥʠʝ, ʥʦ ʪʦʣʴʢʦ ʢʦʛʜʘ ʜʘʚʣʝʥʠʝ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʤ ʦʙʲʝʤʝ ʜʦʩʪʠʛʘʝʪ 

ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚ ʛʨʫʥʪʘ ʦʪ ʤʘʩʩʠʚʘ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʟʫʣʴʪʠʨʫʶ-

ʱʠʡ ʙʦʣʴʰʦʡ ʩʜʚʠʛ IV, ʢʦʪʦʨʳʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʪʨʳʚʦʤ ʬʨʘʛʤʝʥʪʘ ʛʨʫʥ-

ʪʘ ʦʪ ʤʘʩʩʠʚʘ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʫʛʣʦʤ ɗ, ʤʝʥʴʰʠʤ, ʯʝʤ ʧʨʝʜʳʜʫʱʠʝ ʤʘʣʳʝ 

ʩʜʚʠʛʠ [2]. ɺ ʤʦʤʝʥʪ ʦʪʨʳʚʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʛʨʫʥʪʘ ʜʘʚʣʝ-

ʥʠʝ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʩʥʦʚʘ ʠ ʩʥʦʚʘ. ʇʦʵʪʦʤʫ ʧʝʨʠʦʜ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʙʫʨʦʚʦʛʦ ʜʦʣʦʪʘ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʠ ʮʠʢʣʘ ʨʘʟʨʫʰʝʥʠʷ ʦʙʲʝʤʦʚ ʛʨʫʥʪʘ ʧʝʨʝʜ ʨʝʟʮʘʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦ-

ʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʙʦʣʴʰʠʝ 

ʩʜʚʠʛʠ, ʟʘʢʘʥʯʠʚʘʶʱʠʝʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʛʨʫʥʪʘ. 

 

ʈʠʩ. 1. ʈʘʟʨʫʰʝʥʠʝ ʛʨʫʥʪʘ ʧʨʠ ʨʝʟʘʥʠʠ: 

O1O2 ï ʦʙʨʘʟʦʚʘʥʠʝ ʫʧʣʦʪʥʝʥʥʦʛʦ ʷʜʨʘ; ʆ2ʆ3 ï ʧʝʨʚʳʡ ʤʘʣʳʡ ʩʜʚʠʛ ʧʦʜ ʫʛʣʦʤ ɗ1; 

O3O4 ï ʧʦʩʣʝʜʥʠʡ ʤʘʣʳʡ ʩʜʚʠʛ ʧʦʜ ʫʛʣʦʤ ɗ2; O1O4 ï ʙʦʣʴʰʦʡ ʩʜʚʠʛ (ʨʘʟʨʫʰʝʥʠʝ) 

ʧʦʜ ʫʛʣʦʤ ɗ; ɟ ï ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ; h ï ʪʦʣʱʠʥʘ ʩʪʨʫʞʢʠ;  

O4K ï ʜʣʠʥʘ ʪʨʝʱʠʥʳ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʦʟʥʠʢʣʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʢʠ ʦ 

ʧʨʦʯʥʦʩʪʠ ï ʤʝʭʘʥʠʢʘ ʨʘʟʨʫʰʝʥʠʷ (ʤʝʭʘʥʠʢʘ ʪʨʝʱʠʥ), ʠʩʭʦʜʥʳʤ ʧʦʣʦ-

ʞʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʦʝ ʥʘʣʠʯʠʝ ʤʠʢʨʦʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢ-
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ʪʫʨʝ ʤʘʪʝʨʠʘʣʦʚ. ʍʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʚ 

1,5ï4 ʨʘʟʘ ʥʠʞʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʵʪʦʤʫ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʮʝʥʝʥʦ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʦʯʥʦʩʪʠ. 

ɻʨʫʥʪ ʥʝ ʠʤʝʝʪ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷ-

ʞʝʥʠʝ, ʥʦ ʚʳʙʦʨʦʤ ʫʛʣʘ ʨʝʟʘʥʠʷ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʦʤʠ-

ʥʘʣʴʥʦʛʦ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʝʬʦʨʤʠʨʫʝʤʦʤ ʦʙʲʝʤʝ ʛʨʫʥʪʘ 

[6, 7] ʠ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʜʣʠʥʫ ʪʨʝʱʠʥʳ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ ʪʝʦ-

ʨʠʠ ʨʘʟʨʫʰʝʥʠʷ [8, 9]. ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʜʦʣʦʪʘ ʢʨʠʪʠʯʝʩʢʘʷ ʜʣʠʥʘ 

ʪʨʝʱʠʥʳ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʱʘʜʴ ʩʨʝʟʘʝʤʦʡ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ 

ʩʪʨʫʞʢʠ ʠ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʜʦʣʦʪʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʦʙʲʝʤʝ ʩʨʝʟʘʝʤʦʛʦ ʛʨʫʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʝʣʴʥʳʭ ʢʨʫʛʦʚ 

ʄʦʨʘ (ʨʠʩ. 2), ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝ-

ʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʥʘ ʩʜʚʠʛ [6,7]. 
 

 
ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʘ ʧʨʝʜʝʣʴʥʳʭ ʢʨʫʛʦʚ ʄʦʨʘ 

 

ʀʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ: ʥʦʤʠʥʘʣʴʥʦʝ ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʥʘ ʧʣʦʱʘʜʢʝ ʩʜʚʠʛʘ (ʨʘʜʠʫʩ ʧʨʝʜʝʣʴʥʦʛʦ ʢʨʫʛʘ r3); ʢʘʩʘʪʝʣʴʥʦʝ ʥʘ-

ʧʨʷʞʝʥʠʝ ʥʘ ʧʣʦʱʘʜʢʝ ʩʜʚʠʛʘ (Ű0); ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ɟ); ʫʛʦʣ 

ʩʜʚʠʛʘ (ɗ); ʫʛʦʣ ʨʝʟʘʥʠʷ (Ŭ). 

ʂʘʩʘʪʝʣʴʥʘʷ ʩʠʣ (ʩʠʣʘ ʨʝʟʘʥʠʷ T), ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʜʦʣʦʪʝ 

(ʄʢʨ) ʠ ʦʩʝʚʘʷ ʩʠʣʘ (Pʦ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ ʥʘ ʧʣʦʱʘʜʢʝ 

ʩʜʚʠʛʘ [7]: 

ʩʜʚ0Ű FT Ö= ,    (1) 

2
ʢʨ

dT
M

Ö
= ,    (2) 

FP Ö= 0ʦ ů ,    (3) 
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ʛʜʝ Fʩʜʚ ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʜʚʠʛʘ; d ï ʜʠʘʤʝʪʨ ʜʦʣʦʪʘ; ů0 ï ʥʘʧʨʷ-

ʞʝʥʠʝ ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʧʣʦʱʘʜʢʝ ʩʜʚʠʛʘ; F ï ʧʣʦʱʘʜʴ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʜʦʣʦʪʘ. 

ʈʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ 

ʪʨʝʱʠʥʳ ʧʨʠ ʧʦʣʫʯʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ɸ. ɻʨʠʬʬʠʪʩʘ [8]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʩ 

ʤʝʣʢʦʡ ʪʨʝʱʠʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ (u) ʚʳ-

ʩʚʦʙʦʞʜʘʝʪʩʷ ʠʟ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʪʨʝʱʠʥʝ ʦʙʣʘʩʪʝʡ ʠ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ 

ʫʧʨʫʛʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʥʘʪʷʞʝʥʠʷ: 

E
u

Ö
=

2

2ů
,    (4) 

lgA ÖÖ= c4 ,    (5) 

ʛʜʝ A ï ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʝʜʠʥʠʮʳ ʜʣʠʥʳ 

l ʪʨʝʱʠʥʳ; gc ï ʚʚʝʜʝʥʥʘʷ ɸ. ɻʨʠʬʬʠʪʩʦʤ ʢʦʥʩʪʘʥʪʘ ʤʘʪʝʨʠʘʣʘ, ʄʇʘĀʤ. 

ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ 

ʜʝʬʦʨʤʘʮʠʠ (ʜu/ʜl) ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨ-

ʛʠʠ ʥʘʪʷʞʝʥʠʷ, ʪʦ ʪʨʝʱʠʥʘ ʨʘʩʪʝʪ. ʈʦʩʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʧʦʵʪʦʤʫ ʨʘʟʨʫ-

ʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʢʨʠʪʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ 

(ůʢʨ), ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʪʨʝʱʠʥʳ (lʢʨ). ʇʨʠ 

ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ (ů<ůʢʨ) ʨʦʩʪ ʪʨʝʱʠʥʳ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʮʠʢʣ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ ʠ ʛʦʨʥʦʡ 

ʧʦʨʦʜʳ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ (ʦʜʠʥ ʦʙʦʨʦʪ ʙʫʨʦʚʦʛʦ ʜʦʣʦʪʘ) ʟʘʢʘʥʯʠʚʘʣ-

ʩʷ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʜʣʠʥʘ ʪʨʝʱʠʥʳ ʩʪʘʥʝʪ ʢʨʠʪʠʯʝʩʢʦʡ. ʈʝʘʣʠʟʘʮʠʷ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɸ. ɻʨʠʬʬʠʪʩʘ ʦʢʘʟʘʣʘʩʴ ʛʨʦʤʦʟʜʢʦʡ ʠ ʥʝ ʧʦʣʫʯʠʣʘ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ [9] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʚʷʟʢʦʛʦ ʨʘʟʨʫ-

ʰʝʥʠʷ ʙʳʣʘ ʧʨʠʥʷʪʘ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʤʝʩʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝ-

ʥʠʡ (ʂʀʅ) K1 [8], ʜʝʡʩʪʚʫʶʱʠʭ ʚʜʦʣʴ ʦʩʠ ʪʨʝʱʠʥʳ. ɼʣʷ ʚʷʟʢʦʫʧʨʫʛʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʩʣʦʞʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʙʣʠʟʠ ʚʝʨʰʠʥʳ ʪʨʝ-

ʱʠʥʳ ʚʚʦʜʠʪʩʷ ʧʦʧʨʘʚʢʘ ï ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ [8, 10]: 

11c 253,1 KK Ö= ,    (6) 

ʛʜʝ K1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, ʤʄʇʘ ; 
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lK ÖÖ= ˊů1 ,     (7) 

ʛʜʝ ů ï ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʄʇʘ; l ï ʜʣʠʥʘ ʪʨʝʱʠʥʳ, ʤ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʨʘʞʝʥʠʡ (6) ʠ (7), ʢʨʠʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʚʷʟ-

ʢʦʫʧʨʫʛʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ʢʨ

1
ʢʨ

ˊ

253,1

l

K

Ö

Ö
=s  .       (8) 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʥʝʠʟʚʝʩʪʥʳ ʟʥʘʯʝʥʠʷ K1 ʠ lʢʨ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦ ɻʆʉʊʫ [11] ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʩ ʤʝʣ-

ʢʦʡ ʪʨʝʱʠʥʦʡ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʩ ʚʳʨʘʱʝʥʥʳʤʠ ʤʝʣʢʠʤʠ ʪʨʝ-

ʱʠʥʘʤʠ ʠʩʧʳʪʳʚʘʶʪʩʷ ʥʘ ʚʥʝʮʝʥʪʨʝʥʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʠ ʥʘ ʪʨʝʭʪʦʯʝʯʥʳʡ 

ʠʟʛʠʙ. ʇʨʠʚʦʜʷʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ K1. ʅʘʧʨʷʤʫʶ ʧʨʠʤʝʥʠʪʴ 

ʵʪʠ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʂʀʅ ʛʨʫʥʪʘ ʤʦʞʥʦ, ʝʩʣʠ ʛʨʫʥʪ ʨʘʙʦʪʘʝʪ 

ʥʘ ʨʘʩʪʷʞʝʥʠʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚ ʩʞʠʤʘʝʤʦʤ ʦʙʲʝʤʝ ʛʨʫʥʪʘ ʧʨʠʩʫʪʩʪʚʫ-

ʶʪ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʫʩʠʣʠʷ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʙʣʠʞʘʡ-

ʰʝʤ ʙʫʜʫʱʝʤ ʜʝʡʩʪʚʠʝ ɻʆʉʊʘ ʤʦʞʥʦ ʙʫʜʝʪ ʨʘʩʰʠʨʠʪʴ ʥʘ ʛʨʫʥʪʳ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʥʘʯʝʥʠʷ ʂʀʅ, ʠʩʧʦʣʴʟʫʝʤ ʧʦʣʫʯʝʥʥʳʡ ʚ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ [8]: ʧʨʠ ʭʨʫʧʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʤʝʩʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʂʀʅ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (7), ʩʯʠʪʘʷ K1=const. 

ʇʨʠʥʷʪʠʝ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ ʪʨʝʱʠʥʳ ʦʩʫʱʝʩʪʚʠʤ ʩ 

ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʭʝʤʳ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʛʨʫʥʪʘ ʠ ʛʦʨʥʦʡ ʧʦʨʦ-

ʜʳ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥʳ (ʨʠʩ. 3). 
 

 

ʈʠʩ. 3. ʊʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ 
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ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʳ (1)-(3), ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ. ʂʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ-

ʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (7). ɼʣʠʥʘ ʧʣʦʱʘʜʢʠ ʩʜʚʠʛʘ (ʜʣʠʥʘ 

ʪʨʝʱʠʥʳ) ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ: 

ɗcos

ˊd
l

Ö
= .                            (9) 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʂʀʅ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʦʩʝʚʫʶ ʩʠʣʫ) ʠ 

ʫʤʝʥʴʰʠʪʴ ʧʫʪʴ ʨʝʟʮʘ (l1) ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʜʦʣʦʪʘ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʨʝʟʮʦʚ. ʊʦʛʜʘ ʧʫʪʴ ʨʝʟʮʘ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʜʦʣʦʪʘ ʙʫʜʝʪ 

ʨʘʚʝʥ 

z

l
l =1

,            (10) 

ʛʜʝ z ï ʯʠʩʣʦ ʨʝʟʮʦʚ ʜʦʣʦʪʘ. 

ʉʦʛʣʘʩʥʦ (8), ʢʨʠʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʪʨʝʱʠʥʳ ʩʦʩʪʘʚʠʪ 

2

ʢʨ

2

1

2

ʢʨ
ˊ

253,1

sÖ

Ö
=

K
l .                   (11) 

ʏʠʩʣʦ ʨʝʟʮʦʚ ʜʦʣʦʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠ-

ʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝ-

ʬʦʨʤʘʮʠʠ, ʦʢʨʫʛʣʷʝʤ ʜʦ ʙʦʣʴʰʝʛʦ ʮʝʣʦʛʦ ʟʥʘʯʝʥʠʷ: 

1

ʢʨ

l

l
z=  .           (12) 

ʆʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʦʣʦʪʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, 

ʯʪʦ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʜʦʣʦʪʘ ʩʨʝʟʘʝʪʩʷ ʩʪʨʫʞʢʘ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʠʥʳ (lʢʨ). 

ʊʦʛʜʘ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʦʣʦʪʘ (ʦʙ/ʤʠʥ) ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ 

d

zl
n

Ö

ÖÖ
=
ˊ

60 ʢʨ
.                              (13) 

ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʨʘʟ-

ʨʫʰʝʥʠʝ ʛʨʫʥʪʘ ʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʩʚʦʜʠʪʩʷ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʥʳ ʪʨʝʱʠʥʳ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʘʥʘʣʦ-

ʛʠʠ ʩ ʨʘʟʥʠʮʝʡ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʮʠʢʣʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. 
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ɺʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ: 

1. ɺ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʛʨʫʥʪ ʠ ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʢʘʢ ʠ ʚʩʝ ʤʘ-

ʪʝʨʠʘʣʳ, ʠʤʝʶʪ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ, ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʳ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫ-

ʰʝʥʠʷ (ʤʝʭʘʥʠʢʠ ʪʨʝʱʠʥ) ʧʨʠʤʝʥʠʤʳ ʢʦ ʚʩʝʤ ʤʘʪʝʨʠʘʣʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ 

ʛʨʫʥʪʫ ʠ ʛʦʨʥʳʤ ʧʦʨʦʜʘʤ. 

2. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ (ʂʀʅ), ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʜʣʠʥʘ ʪʨʝʱʠʥʳ ʠ ʟʥʘʯʝ-

ʥʠʝ ʂʀʅ ʤʘʪʝʨʠʘʣʘ, ʪʦʛʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʟʦʡʜʝʪ ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ. 

3. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʂʀʅ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʝʰʠʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ï ʧʨʠʥʷʪʴ ʥʝʠʟʚʝʩʪʥʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʨʘʚʥʳʤ ʨʘʩʪʷʛʠʚʘʶʱʝʤʫ ʥʘʧʨʷʞʝʥʠʶ ʠʟ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ, ʠ ʧʦ 

ʥʝʤʫ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʜʣʠʥʫ ʪʨʝʱʠʥʳ. 

4. ʉʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʪʨʝʱʠʥʳ ʩ 

ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʰʘʛʘʤʠ ʜʦʙʠʪʴʩʷ ʠʭ ʨʘʚʝʥ-

ʩʪʚʘ. 

5. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʥʘʛʨʫʞʝʥʠʷ ʨʘʟ-

ʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʳ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʂʀʅ ʧʨʠ ʙʫʨʝʥʠʠ 

ʩʢʚʘʞʠʥ ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʦʙʦʩʥʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝ-

ʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʙʫʨʝʥʠʠ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ ʧʦ ʢʨʝʧʦʩʪʠ ʧʦʨʦʜ. 
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ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ
 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʩʤʝʩʠʪʝʣʴ ʜʣʷ 

ʩʤʝʰʝʥʠʷ ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥ-

ʪʝʥʩʠʚʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʆʩʥʦʚʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʧʦʟʚʦʣʷʶʪ ʛʨʘʤʦʪʥʦ 

ʧʦʜʦʡʪʠ ʢ ʧʦʜʙʦʨʫ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʩʤʝʩʠʪʝʣʴ, ʩʤʝʰʠʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʩʤʝʩʠ, ʩʤʝʩʠʪʝʣʴ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ, ʩʫʭʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʤʝʩʠ, ʣʘʙʦʨʘʪʦʨ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
. 

PNEUMATIC MIXER AND BASICS OF THE TECHNIQUE  

ITS CALCULATION  

 
O.M. Shemetova, Y.M. Fadin 

 
Belgorod State Technological University named after V.G. Shukhov

 

 
An improved pneumatic mixer for mixing dry building mixes is considered, 

the design of which provides intensive mixing of materials and an increase in the 

degree of the finished product. The fundamentals of the method for calculating a 

pneumatic mixer allow you to competently approach the selection of a pneumatic 

mixer for use in industry. 

Keywords: pneumatic mixer, mixing, building mixtures, mixer, improvement, 

dry building mixtures, laboratory research 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʤʝʩʠʪʝʣʝʡ, ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʠʭ ʨʘʟʚʠʪʠʷ, ʧʦʩʣʝʜʥʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝ ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʢʦʥʩʪ-

ʨʫʢʮʠʷ ʧʥʝʚʤʦʩʤʝʩʠʪʝʣʷ ʩʦ ʩʧʠʨʘʣʴʥʦʡ ʵʥʝʨʛʦʥʝʩʫʱʝʡ ʪʨʫʙʢʦʡ ʜʣʷ 

ʩʤʝʰʝʥʠʷ ʩʫʭʠʭ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢ-



111 

 

ʮʠʷ ʧʥʝʚʤʦʩʤʝʩʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʛʦʪʦʚʦʡ ʩʤʝʩʠ ʧʫʪʝʤ ʠʥʪʝʥʩʠʬʠ-

ʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʨʝʰʝʥʠʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʢʦʨʧʫʩʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʛʦ ʦʩʠ, ʩ ʧʦʤʦʱʴʶ ʜʝʨʞʘʪʝʣʝʡ ʟʘʢʨʝʧʣʝʥʘ 

ʩʧʠʨʘʣʴʥʘʷ ʵʥʝʨʛʦʥʝʩʫʱʘʷ ʪʨʫʙʢʘ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, ʠʤʝʶʱʘʷ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦʤʝʨʥʦ, ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʩʠ ʩʧʠʨʘʣʴʥʦʡ ʵʥʝʨʛʦʥʝʩʫʱʝʡ ʪʨʫʙʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʦʪʚʝʨʩʪʠʷ, 

ʧʨʠ ʵʪʦʤ ʦʩʠ ʦʪʚʝʨʩʪʠʡ ʥʘʧʨʘʚʣʝʥʳ ʚʥʠʟ ʧʦʜ ʫʛʣʦʤ 30ï35Á ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʧʠʨʘʣʴʥʦʡ ʵʥʝʨʛʦʥʝʩʫʱʝʡ ʪʨʫʙʢʠ. 

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʥʝʚʤʦʩʤʝʩʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʨʝʞʠʤ 

ʭʘʦʪʠʯʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʩ ʤʘʪʝʨʠʘʣʦʤ ʟʘ ʩʯʝʪ ʪʘʥ-

ʛʝʥʮʠʘʣʴʥʦ-ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥ-

ʩʠʚʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʦʜʥʦʨʦʜ-

ʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʧʥʝʚʤʦʩʤʝʩʠʪʝʣʷ ʜʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʩʳʧʫʯʠʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʇʥʝʚʤʦʩʤʝʩʠʪʝʣʴ ʩʦ ʩʧʠʨʘʣʴʥʦʡ ʵʥʝʨʛʦʥʝʩʫʱʝʡ ʪʨʫʙʢʦʡ 

 

ʇʥʝʚʤʦʩʤʝʩʠʪʝʣʴ ʜʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦ-

ʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʩʴ ʢʦʪʦʨʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ, ʠ ʟʘʢʨʳʪʦʛʦ ʩʚʝʨʭʫ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 1 

ʟʘʢʨʝʧʣʝʥʦ ʢʦʥʠʯʝʩʢʦʝ ʜʥʠʱʝ 2. ʂ ʢʦʥʠʯʝʩʢʦʤʫ ʜʥʠʱʫ 2 ʧʨʠʢʨʝʧʣʝʥ 

ʚʳʛʨʫʟʦʯʥʳʡ ʧʘʪʨʫʙʦʢ 3. ɺʥʫʪʨʠ ʧʥʝʚʤʦʩʤʝʩʠʪʝʣʷ ʜʣʷ ʩʳʧʫʯʠʭ ʤʘʪʝ-
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ʨʠʘʣʦʚ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 1, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʛʦ ʦʩʠ, ʨʘʩʧʦʣʘʛʘ-

ʝʪʩʷ ʩʧʠʨʘʣʴʥʘʷ ʵʥʝʨʛʦʥʝʩʫʱʘʷ ʪʨʫʙʢʘ 4 ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ ʦʪʚʝʨʩʪʠʷʤʠ 

ʠ ʚʳʪʷʥʫʪʘʷ ʚʚʝʨʭ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ, ʩʦʦʩʥʦʛʦ ʩ ʦʩʴʶ ʢʦʨʧʫʩʘ. 

ʆʪʚʝʨʩʪʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʚʥʦʤʝʨʥʦ, ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʩ ʰʘʛʦʤ ʤʝ-

ʞʜʫ ʥʠʤʠ, ʠ ʦʩʠ ʦʪʚʝʨʩʪʠʡ ʥʘʧʨʘʚʣʝʥʳ ʚʥʠʟ ʧʦʜ ʫʛʣʦʤ 30ï35Á ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʧʠʨʘʣʴʥʦʡ ʵʥʝʨʛʦʥʝʩʫʱʝʡ ʪʨʫʙʢʠ 4. 

ɿʘʬʠʢʩʠʨʦʚʘʥʘ ʩʧʠʨʘʣʴʥʘʷ ʵʥʝʨʛʦʥʝʩʫʱʘʷ ʪʨʫʙʢʘ 4 ʧʨʠ ʧʦʤʦʱʠ ʜʝʨʞʘ-

ʪʝʣʝʡ 5 ʩ ʪʨʝʭ ʩʪʦʨʦʥ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʥʝʚʤʦʩʤʝʩʠʪʝʣ ̫ʜʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʩʳʧʫ-

ʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʩʤʝʩʝʡ ʚ ʚʦʟʜʫʰʥʦ-ʚʠʭʨʝʚʦʤ ʧʦʪʦʢʝ.  

ʂʦʤʧʦʥʝʥʪʳ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʜʘʶʪʩʷ ʚ ʢʦʨʧʫʩ 1 ʧʥʝʚʤʦʩʤʝ-

ʩʠʪʝʣʷ ʜʣʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʯʝʨʝʟ ʟʘʛʨʫʟʦʯʥʳʝ 

ʧʘʪʨʫʙʢʠ 6. ɺ ʢʦʨʧʫʩʝ 1 ʤʘʪʝʨʠʘʣ ʧʦʜʭʚʘʪʳʚʘʝʪʩʷ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʤ, ʧʦ-

ʜʘʶʱʠʤʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʤʘʪʝʨʠʘʣʦʤ ʠ ʠʩʪʝʢʘʶʱʠʤ ʠʟ ʦʪʚʝʨʩʪʠʡ ʚ 

ʩʧʠʨʘʣʴʥʦʡ ʵʥʝʨʛʦʥʝʩʫʱʝʡ ʪʨʫʙʢʝ 4, ʚʳʪʷʥʫʪʦʡ ʚʥʠʟ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʛʦ 

ʢʦʥʫʩʘ, ʢʦʪʦʨʘʷ ʟʘʢʨʝʧʣʝʥʘ ʧʨʠ ʧʦʤʦʱʠ ʜʝʨʞʘʪʝʣʝʡ 5. ʆʪʚʝʨʩʪʠʷ ʚ ʩʧʠ-

ʨʘʣʴʥʦʡ ʵʥʝʨʛʦʥʝʩʫʱʝʡ ʪʨʫʙʢʠ 4 ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʚʥʦʤʝʨʥʦ, ʚ ʰʘʭʤʘʪʥʦʤ 

ʧʦʨʷʜʢʝ, ʠ ʦʩʠ ʦʪʚʝʨʩʪʠʡ ʥʘʧʨʘʚʣʝʥʳ ʚʥʠʟ ʧʦʜ ʫʛʣʦʤ 30Á-35Á ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʧʠʨʘʣʴʥʦʡ ʵʥʝʨʛʦʥʝʩʫʱʝʡ ʪʨʫʙʢʠ 4. ɿʘ 

ʩʯʝʪ ʚʳʪʷʛʠʚʘʥʠʷ ʩʧʠʨʘʣʴʥʦʡ ʵʥʝʨʛʦʥʝʩʫʱʝʡ ʪʨʫʙʢʠ 4 ʢʦʥʫʩʦʤ ʚʥʠʟ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʢʦʨʧʫʩʝ 1 ʩʤʝʩʠʪʝʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʩʤʝʰʠʚʘʥʠʷ. ɺ ʢʦʥʠʯʝʩʢʦʤ ʜʥʠʱʝ 2 ʩʦʟʜʘʝʪʩʷ ʨʘʟʨʷʞʝʥʠʝ, ʠ ʧʦʩʣʝ ʮʠʢʣʘ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʛʦʪʦʚʘʷ ʩʤʝʩʴ ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʚʳʛʨʫʟʦʯʥʳʡ ʧʘʪʨʫʙʦʢ 3 ʚ 

ʦʩʘʜʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʦʢʘʟʘʥʦ).  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʤʝʰʝʥʠʷ, 

ʦʩʥʦʚʥʳʤʠ ʛʣʘʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʦʜʙʦʨʘ ʩʤʝʩʠʪʝʣʷ ʷʚʣ̫-

ʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ (ʦʜʥʦʨʦʜʥʦʩʪʴ) ʠ 

ʤʦʱʥʦʩʪʴ.  

ɿʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʥʝʚʤʦʩʤʝʩʠʪʝʣʷ ʩʦ ʩʧʠʨʘʣʴʥʦʡ ʵʥʝʨʛʦ-

ʥʝʩʫʱʝʡ ʪʨʫʙʢʦʡ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʝʤ ʟʘʛʨʫʟʢʠ ʧʥʝʚ-

ʤʘʪʠʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 

ὗ̒ ̍ ὗ̃ ϽὠϽὸ,                                              (1) 

ʛʜʝ ὗ̃ - ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʧʦʪʨʝʙʣʷʝʤʳʡ ʜʣʷ ʩʤʝʰʝʥʠʷ, ʤ3
/ʯ; 

V - ʦʙʲʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʩʤʝʩʠʪʝʣʷ, ʤ
3
; 

t - ʚʨʝʤʷ ʩʤʝʰʝʥʠʷ, ʩ.  

ὗ̃ σφππϽὊϽ̃‮ ̏̈,                                          (2) 
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ʛʜʝ F - ʩʝʯʝʥʠʝ ʚʦʟʜʫʭʦʚʦʜʘ, ʤ
2; 

       ̃‮ ̏ ̈- ʩʢʦʨʦʩʪʴ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʤ/ʩ. 

ὠ “ϽὙ ϽὬȟ                                                     (3) 

ʛʜʝ R ï ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ, ʤ; 

      h ï ʚʳʩʦʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ, ʤ.  

ʇʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʧʥʝʚʤʦʩʤʝʩʠʪʝʣʷ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 

ὔ̒ ̍ ὖ̒ Ͻ̍ὠϽὲȟ                                                    (4) 

ʛʜʝ ὖ̒  ̍- ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʩʤʝʰʝʥʠʷ, ʇʘ; 

      V - ʦʙʲʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʩʤʝʩʠʪʝʣʷ, ʤ
3
; 

      ὲ ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʢʦʤʧʨʝʩʩʦʨʘ, l/c. 
 

ɺʳʚʦʜʳ: 

1. ʇʨʝʜʣʦʞʝʥʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʩʪʝʧʝʥʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦ-

ʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʧʦʣʫʯʘʪʴ 

ʩʫʭʠʝ ʩʤʝʩʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

2. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʦʩʥʦʚʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʥʝʚʤʘʪʠ-

ʯʝʩʢʦʛʦ ʩʤʝʩʠʪʝʣʷ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʛʫʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʘʧʨʦʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʝʰʥʝʛʦ 

ʰʫʤʘ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ ʧʨʠ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ. ʅʦʚʠʟʥʘ ʨʘʙʦʪʳ 
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ʤʝʪʦʜʠʢʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʰʫʤʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʥʝʝ.    
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This work calculates the amount of noise a machine makes during uneven 

movement.  The novelty of the work lies in accurate calculation of external noise char-

acteristics using minimal input data. 

Keywords: external noise of earthmoving machines, noise calculation methods, 

external noise during accelerated movement. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʸʥ ʧʝʨʝʨʘʩʯʸʪ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʩ ʨʘʩʯʸʪʦʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ʈʘʩʩʤʦʪʨʝʥ ʠ 

ʠʟʫʯʝʥ ʨʘʩʯʸʪ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ. ʇʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ɻʆʉʊʳ [1-3] ʠ ʜʠʩʩʝʨ-

ʪʘʮʠʷ [4].   
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ɹʝʟʦʧʘʩʥʦʩʪʴ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʟʘ-

ʱʠʪʦʡ ʢʘʙʠʥ ʦʪ ʰʫʤʘ. ʕʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩʦ ʟʜʦʨʦʚʴʝʤ ʠ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʴʶ ʦʧʝʨʘʪʦʨʦʚ ʤʘʰʠʥ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʪʘʨʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʰʠʥ 

ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʳ ʧʦ ʚʥʝʰʥʝʤʫ ʰʫʤʫ, ʚʦʟʤʦʞʥʦ, ʚ ʩʚʷʟʠ ʩ ʥʝʪʦʯʥʳʤʠ 

ʤʝʪʦʜʠʢʘʤʠ. ʇʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫ 38% ʦʧʝʨʘʪʦʨʦʚ ʩ 8 

ʣʝʪʥʠʤ ʩʪʘʞʝʤ ʠʤʝʶʪ ʧʦʚʨʝʞʜʝʥʠʷ ʩʣʫʭʘ. ʊʘʢʞʝ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʰʫʤʘ 

ʚʩʝʛʦ ʥʘ 10 ʜɹ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 10%. ʅʘ ʰʫʤ 

ʚʣʠʷʝʪ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ, ʪʨʘʥʩʤʠʩʩʠʠ, ʢʦʥʜʠʮʠʦʥʝʨʘ, ʪʨʝʥʠʝ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʥʘ ʚʥʝʰʥʠʡ ʤʘʪʝʨʠʘʣ ʠ ʜʨ. 

ʇʦ ʜʘʥʥʳʤ ɸʆ çɹʨʷʥʩʢʠʡ ʘʨʩʝʥʘʣè ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʰʫʤʘ, ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 6ï10 ʜɹɸ ʪʨʝʙʫʶʪʩʷ ʟʘʪʨʘʪʳ ʩʦʠʟʤʝʨʠʤʳʝ ʩ ʩʘ-

ʤʠʤ ʠʟʜʝʣʠʝʤ, ʯʪʦ ʫʩʠʣʠʚʘʶ ʚʘʞʥʦʩʪʴ ʪʦʯʥʦʩʪʠ ʨʘʩʯʸʪʦʚ. 

ʇʨʝʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʰʫʤʘ ʥʘ ʦʧʝʨʘʪʦʨʘ, ʧʦ 

ɻʆʉʊ 12.1.003-83, ʨʘʚʝʥ 80 ʜɹʘ ʜʣʷ 8-ʯʘʩʦʚʦʛʦ ʨʘʙʦʯʝʛʦ ʜʥʷ.  
 

ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʰʫʤʘ 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʰʫʤʘ, ʢʦʪʦʨʘʷ ʙʳ 

ʤʦʛʣʘ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʥʠʷ ʤʘʰʠʥ ʠ ʚʳʚʝʩʪʠ ʨʘʩʯʸʪ 

ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʧʨʠ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʠ ʪʦʨʤʦʞʝʥʠʠ ʤʘʰʠʥʳ.  

ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʫʯʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ [4] ʠ ʧʨʦ-

ʚʝʜʝʥʠʷ ʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ɻʆʉʊʳ [1-3] ʧʦ ʠʟʤʝʨʝʥʠʶ ʚʥʝʰʥʝʛʦ 

ʰʫʤʘ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʰʫʤʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʥʘ ʧʦʣʫ-

ʩʬʝʨʝ ʩ ʥʝʢʠʤ ʨʘʩʯʸʪʥʳʤ ʜʠʘʤʝʪʨʦʤ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʚ ʩʪʘʥʜʘʨʪʝ [2]. 

ʊʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦ ʩʪʘʥʜʘʨʪʫ [3]. ɿʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʧʦ ʬʦʨʤʫʣʝ 

 
  ὒ ρπÌÇ

ρ

ὲ
ρπȢ ὑȟ 

(1) 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʦʯʝʢ, 

ὒ  ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʚ i-ʡ ʪʦʯʢʝ, 

ʂ ï ʧʦʩʪʦʷʥʥʘʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʦʪʨʘʞʘʝʤʦʛʦ ʟʚʫʢʘ ʚ ʧʦʣʦʩʝ. 
 

ʈʘʟʤʝʨ ʧʦʣʫʩʬʝʨʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟ-

ʤʝʨʦʚ ʤʘʰʠʥʳ. ʊʘʢʞʝ ʮʝʥʪʨʦʤ ʧʦʣʫʩʬʝʨʳ ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʯʢʘ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʪʠʧʘ ʤʘʰʠʥʳ. ʅʘʧʨʠʤʝʨ, ʚ ʪʨʘʢʪʦʨʘʭ ʩ ʙʫʣʴʜʦʟʝʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠ-

ʝʤ ʮʝʥʪʨʦʤ ʧʨʠʥʠʤʘʝʪʩʷ ʮʝʥʪʨ ʤʘʰʠʥʳ. ʉʪʘʥʜʘʨʪ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝ-

ʨʷʪʴ ʰʫʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʫʯʪʝʥʳ ʥʝʜʦʯʸʪʳ ʧʨʝʜʳʜʫ-

ʱʠʭ ʩʪʘʥʜʘʨʪʦʚ. ʅʝʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʣʠ ʚʩʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 
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ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʚʥʝʰʥʝʛʦ ʰʫʤʘ, ʪʘʢʠʝ ʢʘʢ ʰʫʤ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʙʦʯʠʡ 

ʦʨʛʘʥ, ʠʣʠ ʞʝ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʚʝʩʴ ʮʠʢʣ ʨʘʙʦʪʳ ʤʘʰʠʥʳ, ʢʘʢ ʚ ʨʘʙʦʪʝ [1]. 

ɿʘʚʳʰʝʥʥʘʷ ʦʮʝʥʢʘ ʰʫʤʘ ʧʨʠʚʝʜʸʪ ʢ ʥʝʦʙʦʩʥʦʚʘʥʥʳʤ ʟʘʪʨʘʪʘʤ, ʘ ʟʘʥʠ-

ʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʚʣʠʷʶʪ ʥʘ ʟʜʦʨʦʚʴʝ ʦʧʝʨʘʪʦʨʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʯʸʪ ʰʫʤʘ ʜʣʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʙʫʣʴʜʦʟʝʨʘ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. Cʭʝʤʘ ʦʙʱʝʛʦ ʮʠʢʣʘ ʙʫʣʴʜʦʟʝʨʘ 

ʐʫʤʦʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ ʆ, ʠʟʤʝʨʝʥʠʝ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʪʦʯʢʘʤ ʥʘ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦ-

ʮʝʩʩ ʨʘʩʯʸʪʘ ʚʥʝʰʥʝʛʦ ʰʫʤʘ. ɺ ʨʘʩʯʸʪʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

[4], ʥʘʭʦʜʠʪʩʷ ʚʥʝʰʥʠʡ ʰʫʤ ʵʢʚʠʚʘʣʝʥʪʥʳʡ: 

 

  ὒɻ ʢʚὒ ρπÌÇ
Ὓ Ὑ

Ὑ
ȟ 

(

(2) 

ʛʜʝ Ὓ ὺ ϽὝ. 
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ʕʪʦ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ. ɽʩʣʠ ʤʘʰʠʥʘ ʤʝʜʣʝʥʥʦ ʨʘʟʛʦʥʷʝʪʩʷ ʠ ʪʦʨʤʦʟʠʪ, ʘ 

ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʝ ʜʚʠʞʝʥʠʷ ʚ ʮʠʢʣʝ ʤʘʣʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ 

ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʝʜʸʥ ʨʘʩʯʸʪ ʧʨʠʤʝʨʘ, ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʩʪʘʨʳʭ ʤʝʪʦʜʠʢ ʩ ʥʦʚʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ.  

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʙʫʣʴʜʦʟʝʨ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ, ʪ.ʝ. ʩʢʦʨʦʩʪʴ ʜʚʠ-

ʞʝʥʠʷ ὺ ÃÏÎÓÔ ʠ ʠʟʣʫʯʘʝʤʳʡ ʰʫʤ ʧʦʩʪʦʷʥʝʥ ὒ ÃÏÎÓÔȢ  

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ὒʦʨʭψπ ʜɹɸ Ὑ ρπ ʤȟ ὺ υ
ʢʤ

ʯ
ȟ ʊ ρ ʤʠʥȢ 

ʇʦ ʜʝʡʩʪʚʫʶʱʝʡ ʤʝʪʦʜʠʢʝ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʨʘʚʝʥ 80 ʜɹɸ, ʘ 

ʧʦ ʥʦʚʦʡ ï 70.3 ʜɹɸ. 

ʄʝʪʦʜʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝ-

ʥʠʷ ʰʫʤʘ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʠʪʴ ʥʘ ʧʨʘʢʪʠʢʝ, ʪʘʢ ʢʘʢ 

ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦʩʣʝʜʥʠʝ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ. 

ʄʝʪʦʜʠʢʠ ʪʘʢʞʝ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ ʧʨʠ ʨʘʙʦʪʝ, ʘ 

ʪʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʶʪ ʥʘʢʦʧʣʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʰʫʤʘ ʥʘ ʦʧʝʨʘʪʦʨʘ. 

ʈʘʩʯʸʪ ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʧʨʠ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ 

ʇʨʦʠʟʚʝʜʸʤ ʨʘʩʯʸʪ, ʧʨʠ ʵʪʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʨʘʚʥʦ-

ʫʩʢʦʨʝʥʥʦʝ ʠ ʨʘʚʥʦʟʘʤʝʜʣʝʥʥʦʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.  

 
 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʙʫʣʴʜʦʟʝʨʘ ʧʦ ʚʨʝʤʝʥʠ  

ὥȟὥ ʫʩʢʦʨʝʥʠʝ ʚ Ƚ ʠ ʚ ȽȽȽ ʦʪʨʝʟʢʘʭȢ ὺ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʩʢʦʨʦʩʪʴ   

, ʧʝʨʝʜ ʨʘʙʦʯʠʤ ʮʠʢʣʦʤȟʧʝʨʝʢʣʶʯʝʥʠʝ ʧʝʨʝʜʘʯ, 
, ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘȟ 
, ʧʝʨʝʜ ʭʦʣʦʩʪʳʤ ʭʦʜʦʤȟ 
, ʧʨʠ ʭʦʣʦʩʪʦʤ ʭʦʜʝ 
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  ὒʵʢʚρπÌÇ 
ρ

Ὕ
ρπȢ Ὠὸ 

 

(3) 

  ὒ ὒ ςπÌÇ
ὙὭ

Ὑ
ȟ 

 

(4) 

ʛʜʝ ὒ ʫʨʦʚʝʥʴ hʫʤʘ ʚ ʪʦʯʢʝ ρȢ 

 

  Ὑ Ὑὸ Ὑ

Ὑ 

ừ
ỬỬ
Ừ

ỬỬ
ứ

ὥὸ

ς
ȟ ὸ ὸ ὸ

ὥὸ

ς
ὺ ὸȟ ὸ ὸ ὸ

ὥ ὸ ὸ

ς
ὺ ὸ ὸ

ὥὸ

ς
ὺ ὸȟ ὸ ὸ ὸ

 

 

 

(5) 

 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʦʪʜʝʣʴʥʦ ʢʘʞʜʳʡ ʨʝʛʠʦʥ: 

 

 

  ɯ: ɸ  ᷿ ρπ
Ȣ

Ὠὸ ρπȢ ᶻ

᷿ ʛʜʝ ʄ
ʘ

 

ρπȢ

ᶻ
Ὠὸ

ÌÇὓὸ ρ

ρπȢ ᶻ
ÁÒÃÔÇЍὓὸ

ςЍὓ
ὸ

ςὓὸ ρ
ὅȿ  

ρπȢ ᶻ
ÁÒÃÔÇЍὓὸ

ςЍὓ

ὸ

ςὓὸ ρ
 

 

    (6) 

 

  ˱ ˱Υ ὄ  ᷿ ρπ
Ȣ

Ὠὸ
    (7) 
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 ρπȢ ᶻ᷿ ȿὔ ȿ 

ρπȢ ᶻ
ρ

ὺ
Ὑ
ὸ
ὺ
Ὑ
ὔ
ὺ
Ὑ

ὅ ȿ  

ρπȢ ᶻ
ρ

ὺ
Ὑ
ὸ

ὺ
Ὑ
ὔ
ὺ
Ὑ

ρ
ὺ
Ὑ
ὸ

ὺ
Ὑ
ὔ
ὺ
Ὑ

 

 
   ˱ ˱ ˱Υ / Ґ 

᷿ ρπ
Ȣ

Ὠὸ

ὑ ὺ ὸ ὸȠ  

ρπȢ ᶻ
ρ

ὺ
Ὑ
ὸ
ὺ
Ὑ
ὑ
ὺ
Ὑ

ὅ ȿ  

ρπȢ ᶻ
ρ

ὺ
Ὑ
ὸ

ὺ
Ὑ
ὑ
ὺ
Ὑ

ρ
ὺ
Ὑ
ὸ

ὺ
Ὑ
ὑ
ὺ
Ὑ

 Ȣ 

   (8) 

ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ ʚ ʢʘʞʜʦʡ ʠʟ ʯʘʩʪʝʡ: 

 
  ὒ̞̋̃ ρπÌÇ

ρ

ὸ
ὃ Ȣ   (9) 

 
ὒ̞̋̃ ρπÌÇ

ρ

ὸ ὸ
ὄ Ȣ (10) 
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  ὒ̞̋̃ ρπÌÇ

ρ

ὸ ὸ
ὅ Ȣ (11) 

ʅʘʡʜʸʤ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʜʣʷ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ: 

 
  ὒ̞ ̋̃ ρπὰὫ

В Ὕ ρzπȢ

В Ὕ
 Ȣ (12) 

 
ʈʠʩ. 3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʙʫʣʴʜʦʟʝʨʘ ʧʦ ʚʨʝʤʝʥʠ  

ʧʨʠ  ́  π  ○Ἰὀ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʩʢʦʨʦʩʪʴ   
ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ 

 

 

 Ὑ Ὑὸ Ὑ
Ὑ

ừ
ỬỬ
Ừ

ỬỬ
ứ

•ὸ

φ
ȟ ὸ ὸ ὸ

•ὸ

φ
ὺ ὸȟ ὸ ὸ ὸ

•ὸ

φ
ὺ ὸ ὸ

ὥὸ

ς

•ὸ

φ
ȟ ὸ ὸ ὸ

 

   

(13) 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʦʪʜʝʣʴʥʦ ʢʘʞʜʳʡ ʨʝʛʠʦʥ: 
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  ˱ Υ ˍ  ᷿ ρπ

Ȣ

Ὠὸ 

 

 
 

(14) 

  ˱  ˱Υ 

ὄ  ᷿ ρπ
Ȣ

Ὠὸ

ᶻ

ὅ ȿ ςρȢφρυπφ 

 

(15) 

 

ɯ ɯ ɯ: C = ᷿ ρπ
Ȣ

Ὠὸ

ψȢτσφχρχυρzπ. 

(16) 

 

ʅʘʡʜʸʤ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʜʣʷ ʚʩʝʛʦ ʧ ʝʨʠʦʜʘ ʨʘʙʦʯʝʛʦ 

ʮʠʢʣʘ: 

 
  ὒ̞ ̋̃ρπÌÇ

В ὝὭz ρπ
πȢρὒὭτ

Ὥρ

В ὝὭ
τ
Ὥρ

Ȣ  (17) 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʚʦʜʦʚ ʢ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʸʤ ʨʘʩʯʸʪ ʧʨʠʤʝʨʘ, ʧʦ-

ʢʘʟʘʥʥʦʛʦ ʚ ʥʘʯʘʣʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ 0.5 ʩ, ʪʦʛʜʘ ὸ
πȢυ ÃȠ ὸ  ὸ πȢυ ÃȢ 
 

1) ɺʥʝʰʥʠʡ ʰʫʤ ʧʨʠ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʤ ʨʘʟʛʦʥʝ ʠ ʪʦʨʤʦʞʝʥʠʠ 

ὃ πȟτχυρπ ɺ ρπȟφυρπ ʉ ρȟχψρπ 
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ὒʵʢʚ ρπÌÇ
ρ

ὸ
ὃ χωȟχψ 

ὒʵʢʚ ρπÌÇ
ρ

ὸ ὸ
ὄ χςȟυφ 

ὒʵʢʚ ρπÌÇ
ρ

ὸ ὸ
ὅ τυȟσρ 

  

ὒɻ ʢʚρπÌÇ
В Ὕ ρzπȢ

В Ὕ
χςȟφχ ʜɹɸȢ 

2) ɺʥʝʰʥʠʡ ʰʫʤ ʧʨʠ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʷ ʧʨʠ ʨʘʟʛʦʥʝ ʠ 
ʪʦʨʤʦʞʝʥʠʠ 

ʇʨʠ ʘ  π: 

ὃ πȟτωτσρρzπ ɺ χȢςπφττρzπ ʉ ψȢπρψφυρzπ 

ὒʵʢʚ ρπÌÇ
ρ

ὸ
ὃ χωȢωυ 

ὒʵʢʚ ρπÌÇ
ρ

ὸ ὸ
ὄ χπȢψφ 

ὒʵʢʚ ρπÌÇ
ρ

ὸ ὸ
ὅ π 

  

ὒɻ ʢʚρπÌÇ
В Ὕ ρzπȢ

В Ὕ
χρȢπψ ʜɹɸ 

ʇʨʠ ʘ  π: 

ὃ πȢτωψψτχρzπ ˏ ςρȢφρυπφρzπ ˞ ψȢτσφχρχυρzπ 

ὒ̞̋̃ ρπÌÇ
ρ

ὸ
ὃ χωȢω 

ὒ̞̋̃ ρπÌÇ
ρ

ὸ ὸ
ὄ χυȢφ 

ὒ̞̋̃ ρπÌÇ
ρ

ὸ ὸ
ὅ π 

  

ὒ̞ ̋̃ ρπÌÇ
В Ὕ ρzπȢ

В Ὕ
χυȢφ ̅ˎȢ̱ 
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ʇʨʠ ʣʶʙʦʤ ʨʘʩʯʸʪʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ʫʧʨʦʱʘʶʪʩʷ ʜʦ ʤʦʜʝʣʝʡ, 

ʦʪʙʨʘʩʳʚʘʷ ʬʘʢʪʦʨʳ, ʥʝ ʩʠʣʴʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʉ ʫʯʝ-

ʪʦʤ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ ʨʝʘʣʴ-

ʥʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʘʞʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.   

 

ɺʳʚʦʜ. ʈʝʟʫʣʴʪʘʪʳ (ʪʘʙʣ. 1) ʤʝʪʦʜʠʢʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʟʥʘ-

ʯʝʥʠʡ ʤʝʪʦʜʠʢʠ, ʧʨʠʚʝʜʸʥʥʦʡ ʚ [4], ʠ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ. ɿʥʘʯʝʥʠʝ 

ʚʥʝʰʥʝʛʦ ʰʫʤʘ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʩʘʤʦʤ ʜʝʣʝ. ʅʝʙʦʣʴʰʦʝ ʦʪʣʠʯʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝ ʟʘʤʝʯʝʥʦ ʦʧʝʨʘʪʦʨʦʤ, ʥʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʵʪʦ ʤʦʞʝʪ ʥʘʥʝʩʪʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʩʣʫʭʦʚʦʤʫ ʘʧʧʘʨʘʪʫ. ʊʘʢʞʝ ʵʪʦ ʧʦʚʣʠʷʝʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ: ʫʚʝʣʠʯʝʥʥʳʝ ʟʘʪʨʘʪʳ ʜʣʷ ʟʘʱʠʪʳ ʦʧʝ-

ʨʘʪʦʨʘ. 
 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠ ̫ʚʥʝʰʥʝʛʦ ʰʫʤʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ 

ɺʠʜ ʨʘʟʛʦ-

ʥʘ / ʪʦʨ-

ʤʦʞʝʥʠʷ 

ʈʘʚʥʦʤʝʨ-

ʥʦʝ ʫʩʢʦʨʝ-

ʥʠʝ 

ʃʠʥʝʡʥʦ 

ʫʚʝʣʠʯʠʚʘʶʱʝʝ-

ʩʷ ʫʩʢʦʨʝʥʠʝ 

ʃʠʥʝʡʥʦ 

ʫʤʝʥʴʰʘʶʱʝʝ-

ʩʷ ʫʩʢʦʨʝʥʠʝ 

ɹʝʟ ʨʘʟʛʦ-

ʥʘ / ʟʘ-

ʤʝʜʣʝʥʠʷ 

ʋʨʦʚʝʥʴ 

ʚʥʝʰʥʝʛʦ 

ʰʫʤʘ ὒɻ ʢʚ , 

ʜɹɸ 

χςȟφχ χρȢπψ χυȢφ 70.3 
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ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʋɼɸʈɸ  

ʇʈʀ ʆʇʈʆʂʀɼʓɺɸʅʀʀ ʂɸɹʀʅʓ ROPS 

 

ʍʘ ʌʳʦʢ ʏʠ, ɸ.ɻ. ʉʘʚʝʣʴʝʚ
 

 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʸʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠ ʦʧʨʦʢʠʜʳʚʘʥʠʠ ʤʘʰʠʥʳ ʩ ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ ʦʧʝʨʘʪʦʨʘ ROPS (ROPS - roll 

over protective structure). ɹʝʟʦʧʘʩʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʩʠʩʪʝʤʳ ROPS, ʠ ʝʛʦ ʧʨʘʚʠʣʴʥʳʡ ʨʘʩʯʸʪ ʙʫʜʝʪ ʩʘʤʳʤ ʚʘʞ-

ʥʳʤ ʰʘʛʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʢʘʙʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʢʘʙʠʥʳ ROPS, ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʘ ʧʨʠ ʦʧ-

ʨʦʢʠʜʳʚʘʥʠʠ, ʬʠʟʠʢʘ ʧʘʜʝʥʠʷ ROPS 

 

DEFINING THE IMPACT PARAMETERS  

DURING ROLLOVER OF THE ROPS  

 

Kha Fyok Chi, A.G. Saveliev 
 

Moscow State Technical University 

 
The paper proceed to make a mathematical calculation of parameters during 

rolover of the ROPS (ROPS - roll over protective structure). Operatorôs safety heavily 

depends on ROPS. Itôs the most important step to certificate cabs right. 

Keywords: rollover of the ROPS, impact of the ROPS during rollover, physics 

of rollover of the ROPS 

 
ʆʧʨʦʢʠʜʳʚʘʥʠʝ ʢʘʙʠʥʳ ʩ ʩʠʩʪʝʤʦʡ ʟʘʱʠʪʳ ʦʧʝʨʘʪʦʨʘ ROPS 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʤʝʨʪʠ ʧʦʩʣʝʜʥʝʛʦ. ʇʦʵʪʦʤʫ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʦʣʞʥʳ ʫʣʫʯʰʠʪʴ ʤʝʪʦʜʳ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ ʢʘʙʠʥ, 

ʯʪʦ ʩʧʘʩʸʪ ʦʧʝʨʘʪʦʨʦʚ ʤʘʰʠʥ.  

ɺ ʤʘʪʝʨʠʘʣʘʭ ɻʆʉʊ [1, 2] ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʢʘʙʠʥ [2] ʥʠʢʘʢ ʥʝ 

ʫʢʘʟʘʥʳ ʤʝʪʦʜʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʛʨʫʟʦʢ, ʪʦʣʴʢʦ ʬʦʨʤʫʣʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʭ ʟʥʘʯʝʥʠʷ. ʊʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʫʢʘʟʘʥʥʳʝ ʚ ʵʪʦʤ ʠʩʪʦʯʥʠʢʝ, 

ʠʤʝʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʪʱʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʦʤʦʞʝʪ 

ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʠ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʢʘʙʠʥ. 
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ɺ ʠʩʪʦʯʥʠʢʘʭ ʥʝ ʫʢʘʟʳʚʘʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ 

ʦʧʨʦʢʠʜʳʚʘʥʠʠ ʢʘʙʠʥʳ, ʯʪʦ ʤʦʛʣʦ ʙʳ ʧʦʤʦʯʴ ʥʘʭʦʜʠʪʴ ʜʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʙʠʥʳ, ʪʘʢʠʝ ʢʘʢ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʠ ʦʧʨʦʢʠʜʳʚʘʥʠʠ.  

ɺ ʨʘʙʦʪʝ ʙʫʜʝʪ ʚʳʚʝʜʝʥʳ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ 

ʦʧʨʦʢʠʜʳʚʘʥʠʠ ʢʘʙʠʥʳ ROPS ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʘʩʯʸʪʦʚ, ʙʫʜʝʪ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ. ʊʘʢʞʝ ʙʫʜʝʪ ʧʨʝʜʣʦʞʝʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʥʘʛʨʫʟʢʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʢʘʙʠʥ.  

ʅʘʡʜʸʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʙʠʥʳ ROPS ʧʨʠ ʦʧʨʦʢʠ-

ʜʳʚʘʥʠʠ ʩ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʎʝʥʪʨ ʪʷʞʝʩʪʠ ʤʘʰʠʥʳ ʚʳʭʦʜʠʪ ʟʘ 

ʦʩʥʦʚʘʥʠʝ ʤʘʰʠʥʳ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʧʨʦʢʠʜʳʚʘʥʠʶ 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʘʜʝʥʠʷ ʤʘʰʠʥʳ ʩ ʩʠʩʪʝʤʦʡ ROPS  

1. ʆʧʨʝʜʝʣʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ű(t), ɩ(t), ɝ(t): (Ū - ʦʙʦʙʱʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ). 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʃʘʛʨʘʥʞʘ 2 ʨʦʜʘ: 

 
  Ό
Ὠ•

Ὠὸ
Ὃ ὶzÓÉÎ• π 

(1) 

ʅʘʡʜʝʤ ʢʦʤʧʦʥʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ: 

 
  ʊ  

) űz

ς
  ʢʠʥʝʪʠʯʝʩʢʘʷ ɻʥʝʨʛʠʷ ʩʠʩʪʝʤʳ 

(2) 

   ŭɸ 'z ŭ3z ÃÏÓɔ ÍÇŭɗÒ ÃzÏÓρψπ Ŭ ɔ ɗ (3) 
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   ŭɗÍÇÒzÃÏÓŬ ɔ ɗ  ʦʙʦʙʱʝʥʥʘʷ ʩʠʣʘ (4) 

ʇʦʜʩʪʘʚʠʤ ʥʘʡʜʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ ʃʘʛʨʘʥʞʘ: 

 
 
Ä

ÄÔ

Ћ4

Ћɗ

Ћ4

Ћɗ
ŭ1  

(5) 

 )ɗ ÍÇÒÃÏÓ́ Ŭ ɔ ɗ π   (6) 

ʈʝʰʠʤ ʫʨʘʚʥʝʥʠʝ: 

 
  )
Äɗ

ÄÔ
ÍÇÒÓÉÎŬ ɔ ɗ 

(7) 

 
  

ρ

ÓÉÎŬ ɔ ɗ
Äɗ

ÍÇÒ

)
ÄÔ 

(8) 

ɿʘʤʝʥʠʤȡ -  
ÍÇÒ

)
Ƞ Ã  Ŭ ɔ 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʦʙʝ ʧʦʣʦʚʠʥʳ:  

 
  

ρ

ÓÉÎÃ ɗ
Äɗ -ÄÔ 

(9) 

 
  ÌÎÔÇ

Ã ɗ

ς
Äɗ -ÔÄÔ# 

(10) 

 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʦʙʝ ʧʦʣʦʚʠʥʳ ʝʱʝ ʨʘʟ, ʧʝʨʝʥʝʩʷ ʣʦʛʘʨʠʬʤ: 

 
 ÔÇ

Ã ɗ

ς
Äɗ ʝ ÄÔ   

(11) 

 
  ςÌÎȿÃÏÓ

Ã ɗ

ς
ȿ

Å

-
# 

(12) 

ʉʦʢʨʘʪʠʤ ʠ ʚʳʨʘʟʠʤ ʦʙʦʙʱʝʥʥʫʶ ʢʦʦʨʜʠʥʘʪʫ: 

 
  ÃÏÓ

Ã ɗ

ς
Å # 

(13) 

ɿʘʤʝʥʠʤ ɗ ʥʘ ű: 

 
 űÔ ςÁÒÃÃÏÓÅ Ã#  (14)  

ʉ ʫʩʣʦʚʠʝʤ, ʯʪʦ ű(0) = 0: 

 
ὅ ςÁÒÃÃÏÓÅ Ã   

(15) 

ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ: 
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űÔ ςÁÒÃÃÏÓÅ ςÁÒÃÃÏÓÅ , 

(16) 

ʛʜʝ ʟʘʤʝʥʠʤ ςÁÒÃÃÏÓÅ =ʉ. 

ɿʘʧʠʰʝʤ ʩʠʩʪʝʤʫ: 

 

  

űÔ ςÁÒÃÃÏÓÅ ʉ

ɩÔ
Å

ʉ ρÅ ςʉÅ ρ

ɝÔ
ÄɩÔ

ÄÔ

  (17) 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʦʚʝʜʸʥʥʳʤʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ [4]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʸʪ ʢʦʥʢʨʝʪʥʦ ʜʣʷ ʊʃʂ-4-01.  

 
ʈʠʩ. 2. ʈʘʟʤʝʨʳ ʊʃʂ-4-01  
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ʈʠʩ. 3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʧʘʜʝʥʠʷ ʢʘʙʠʥʳ ʊʃʂ-4-01 ʧʦ ʚʨʝʤʝʥʠ  

 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ MathCAD, ʥʘʡʜʝʤ ʟʥʘʯʝʥʠʝ ʄ (ʨʠʩ. 4): 

 
ʈʠʩ. 4. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʚ MathCAD 

 

ʅʘʡʜʸʤ ʟʥʘʯʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʢʘʙʠʥʳ: 

-  
ÍÇÒ

)
χȟτψȢ 

ɼʣʷ ʊʃʂ-4-01: 

ÍÇ ρτυππωȢψρ ρτςςτυ ʅ 

Ò ρωπσ ʤʤ 
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Ò ςψπς ʤʤ 
 

ʆʪʩʶʜʘ:  

)
ρτςςτυρzȟωπσ

χȟτψ
σφρψψ ʢʛʤ  

 

ʊʘʢ ʢʘʢ ʞʸʩʪʢʦʩʪʴ ʢʘʙʠʥʳ ʨʘʟʣʠʯʥʘ ʦʪ ʤʦʜʝʣʠ ʢ ʤʦʜʝʣʠ, ʥʝʣʴʟʷ 

ʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʧʦʜ ʢʘʢʠʤ ʫʛʣʦʤ ʙʫʜʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʥʘʛʨʫʞʝʥʠʝ. ʀʟ-ʟʘ 

ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʷ ʠ ʥʝʠʟʚʝʩʪʥʦʩʪʠ ʞʝʩʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʢʘʙʠʥʳ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

(Ŭ = 0), ʪʦ ʝʩʪʴ ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ ʪʦʪ ʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʊʦʛʜʘ ű ωπ ɔ ρȟπρχψ ʨʘʜ -ʢʨʠʪʠʯʝʩʢʠʡ ʫʛʦʣ ʜʣʷ ʦʧʨʦʢʠʜʳʚʘʥʠʷ.  

ʆʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʝ ʩʠʣʳ F ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʛʨʫʥʪʦʤ ʠʟ ʜʠʩʩʝʨʪʘ-

ʮʠʠ [4, ʩ. 61]:    

 

 
 

ʈʠʩ. 5. ʉʭʝʤʘ ʫʧʘʚʰʝʡ ʤʘʰʠʥʳ ʩ ʩʠʩʪʝʤʦʡ ROPS 

 

 

 
  &

'z Ò ÓzÉÎʒ ) ʀz

Ò ÓzÉÎʒ Ò ÓzÉÎɾ ɾ ʒ
 Ȣ 

(18) 

 

ʇʦʜʩʪʘʚʠʤ ʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (18) ʠ ʥʘʡʜʸʤ F: 
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ʈʠʩ. 6. ʈʘʩʯʸʪ ʚʨʝʤʝʥʠ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʚ MathCAD   

 

 

ʈʠʩ. 7. ʈʘʩʯʸʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʫʩʢʦʨʝʥʠʡ ʧʨʠ ʢʘʩʘʥʠʷ ʟʝʤʣʠ  

ʧʨʠ ʦʧʨʦʢʠʜʳʚʘʥʠʠ ʢʘʙʠʥʳ  

 

&
ρττςςτυρzȟωπσzÓÉÎρȟςωωψσφρψψρzψȟυσρ

Ò ÓzÉÎρȢπρχψÒ ÓzÉÎρȟςωωψπȢυυςωρȢπρχψ
πȢςυσ ̇  ̊

ɾ ρȟςωωψ ̑́̅ 

ɾ πȢυυςω ̑́̅ 
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ʒ ρȢπρχψ ̑́̅ 

ɿʘʢʦʥ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ ʧʨʠ ʦʧʨʦʢʠʜʳʚʘʥʠʠ: 
 

ʒÔ ςÁÒÃÃÏÓÅ ˞

ʡÔ
Å

˞ ρÅ ς˞Å ρ

ʊÔ
ÄʡÔ

ÄÔ

 

ʉʨʘʚʥʠʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʚ ɻʆʉʊ [2], ʘ ʪʘʢʞʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ [4]. 
 

ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʠʥʠʤʘʣʴʥʦʡ ʩʠʣʳ ʥʘʛʨʫʞʝʥʠʷ  

ʢʘʙʠʥʳ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ 

 

ʊʠʧ 

ʤʘʰʠʥʳ 

Ὂ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʚ ʜʠʩʩʝʨʪʘʮʠʠ 

[4], ʅ 

Ὂ  ʧʦ 

ɻʆʉʊ, ʅ 

ʅʘʛʨʫʟʢʘ Ὂ, ʅ 

(ʧʦ ʤʦʜʝʣʠ) 
Ў

&

Ὂ
 

ʊʃʂ-4-01 248900 119000 253000 2,12 

 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʨʘʩʯʸʪʫ ɻʆʉʊ, ʟʥʘ-

ʯʝʥʠʝ ʨʘʩʯʸʪʘ ʫʩʠʣʠʡ ʧʨʝʚʳʰʘʝʪ ʚ 2,12 ʨʘʟ. ʈʘʩʩʤʦʪʨʝʥ ʙʳʣ ʧʨʝʜʧʦʣʦ-

ʞʠʪʝʣʴʥʦ ʩʘʤʳʡ ʥʘʛʨʫʞʝʥʥʳʡ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʤʘʣʦ ʚʝʨʦʷʪʝʥ. ʊʘʢ ʢʘʢ 

ʧʘʨʘʤʝʪʨʳ ʤʝʪʦʜʠʢ ʚ ʠʩʪʦʯʥʠʢʘʭ ʥʝʠʟʚʝʩʪʥ,r ʩʣʦʞʥʦ ʫʚʝʨʝʥʥʦ ʩʢʘʟʘʪʴ, ʚ 

ʯʝʤ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʪʦʜʠʢʠ. ɹʳʣʠ ʥʘʡʜʝʥʳ ʦʧʝʯʘʪʢʠ ʚ ʜʠʩʩʝʨʪʘʮʠʠ [4]. 

ɺʳʚʦʜʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʝʪʦʜʠʢʘ 

ɻʆʉʊ [2] ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʦ 

ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʝʝʪ ʤʥʦʛʦ ʫʧʨʦʱʝʥʠʡ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʜʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝ-

ʥʠʡ. ʇʦʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʣʫʯʘʝʚ ʦʧʨʦʢʠʜʳʚʘʥʠʡ ʠ ʥʘʡʪʠ ʥʘʠ-

ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʠ ʥʘʧʨʷʞʸʥʥʳʝ. ʊʘʢʞʝ ʩʦʟʜʘʥʠʝ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʦʙʝʟʦʧʘʩʠʪ ɹʦʧʝʨʘʪʦʨʘ ʧʨʠ ʦʧʨʦʢʠʜʳʚʘʥʠʠ ʢʘʙʠʥʳ 

ʤʘʰʠʥʳ.    
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ʋɼʂ 629.365 

 

ɸʅɸʃʀɿ ʋʉʃʆɺʀʁ ʕʂʉʇʃʋɸʊɸʎʀʀ ʌʈʆʅʊɸʃʔʅʓʍ 

ʇʆɻʈʋɿʏʀʂʆɺ ʀ ʉʀʅʊɽɿ ʈɸʉʏɽʊʅʓʍ ʅɸɻʈʋɿʆʏʅʓʍ 

ʈɽɾʀʄʆɺ 
 

ʆ.ʀ. ʏʫʜʘʢʦʚ 
 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 
 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʠʧʦʚʳʝ ʨʘʙʦʯʠʝ ʮʠʢʣʳ ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ, 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʢʦʨʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʠʥʪʝ-

ʟʠʨʦʚʘʥʳ ʥʘʛʨʫʟʦʯʥʳʝ ʨʝʞʠʤʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʨʫʟʯʠʢʘ ʧʨʠ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ, ʨʘʙʦʯʠʡ ʮʠʢʣ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʶ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

 

ANALYSIS OF OPERATING  CONDITIONS OF WHEEL 

LOADERS AND SYNTHESIS OF DESIGN LOAD MODES 
 

O.I. Chudakov 
 

Bauman Moscow State Technical University (BMSTU) 
 

Typical working cycles of front loaders are considered, the analysis of speed 

and resistance to movement is carried out. Based on the analysis, the load modes are 

synthesized, which will be used to evaluate the efficiency of the loader in simulation. 

Keywords: wheel loader, duty cycle, movement resistance, movement speed 

 

ʌʨʦʥʪʘʣʴʥʳʝ ʧʦʛʨʫʟʯʠʢʠ ï ʵʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʢʣʘʩʩ ʤʘʰʠʥ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʛʨʫʟʯʠʢʦʚ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ (ʜʦ 45 ʢʤ/ʯ), ʪʘʢ ʠ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʙʫʣʴʜʦʟʠʨʦʚʘʥʠʝʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʠʣʘ ʪʷʛʠ [1]. ʉʬʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʧʣʦʱʘʜʢʘʭ ʠ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʧʣʦʪʥʝʥʠʝ 

ʦʪʭʦʜʦʚ ʥʘ ʧʣʦʱʘʜʢʘʭ ʜʣʷ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʨʘʙʦʪʳ ʧʦ ʚʳʨʘʚʥʠ-

ʚʘʥʠʶ. ɺ ʵʪʠʭ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʨʘʙʦʯʠʝ ʮʠʢʣʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʢʦʨʦʪ-

ʢʠʡ ʠ ʜʣʠʪʝʣʴʥʳʡ ʮʠʢʣʳ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ, ʨʘʙʦʪʘ ʚ ʙʫʣʴʜʦʟʝʨʥʦʤ ʨʝ-
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ʞʠʤʝ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʨʝʞʠʤ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʫ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ. ʉʭʝʤʘʪʠʯ-

ʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʪʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ: 

ʘ ï ʢʦʨʦʪʢʠʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ; ʙ ï ʜʣʠʪʝʣʴʥʳʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ;  

ʚ ï ʙʫʣʴʜʦʟʝʨʥʳʡ ʨʝʞʠʤ; ʛ ï ʪʨʘʥʩʧʦʨʪʥʳʡ ʨʝʞʠʤ 

 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʠ ʥʘʛʨʫʞʝʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʢʦʨʦʪʢʠʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ (ʥʘʟʳʚʘʝʤʳʡ ʪʘʢʞʝ V-ʮʠʢʣʦʤ ʠʣʠ Y-

ʮʠʢʣʦʤ ʠʟ-ʟʘ ʭʘʨʘʢʪʝʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ), ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2.  
 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʢʦʨʦʪʢʦʛʦ ʮʠʢʣʘ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ 
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ʊʠʧʠʯʥʳʤ ʜʣʷ ʵʪʦʛʦ ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʟʘʛʨʫʟʢʘ ʢʦʚʰʦʤ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ, ʛʨʘʚʠʷ, ʧʝʩʢʘ ʠʣʠ ʜʨʝʚʝʩʥʦʡ 

ʱʝʧʳ) ʥʘ ʩʦʩʝʜʥʠʡ ʧʨʠʝʤʥʠʢ ʛʨʫʟʘ (ʥʘʧʨʠʤʝʨ, ʩʘʤʦʩʚʘʣ, ʢʦʥʚʝʡʝʨʥʫʶ 

ʣʝʥʪʫ ʠʣʠ ʢʘʤʝʥʥʫʶ ʜʨʦʙʠʣʢʫ) ʚ ʜʦʚʦʣʴʥʦ ʩʞʘʪʳʝ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ 25ï35 ʩʝʢʫʥʜ. ʈʘʩʩʪʦʷʥʠʝ A (ʨʠʩ. 1, ʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʣʦʱʘʜʢʠ ʠ ʨʘʟʤʝʨʦʚ ʧʦʛʨʫʟʯʠʢʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 11 ʤ 

[2]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʦʨʦʪʢʠʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ. 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2, ʚ ʪʘʢʦʤ ʮʠʢʣʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʬʘʟ, 

ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʦʜʠʪʩʷ ʠʭ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ. 
 

ʊʘʙʣʠʮʘ 1. ʌʘʟʳ ʢʦʨʦʪʢʦʛʦ ʮʠʢʣʘ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ 

ˉ ʌʘʟʘ ʆʧʠʩʘʥʠʝ 

1 ʅʘʧʦʣʥʝʥʠʝ 

ʢʦʚʰʘ 

ɿʘʧʦʣʥʝʥʠʝ ʢʦʚʰʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʴʶ ʤʘʰʠʥʳ ʠ ʬʫʥʢʮʠʷʤʠ ʧʦʜʲʝʤʘ ʠ ʥʘʢʣʦʥʘ ʢʦʚʰʘ. 

2 ʆʪʲʝʟʜ  

ʦʪ ʥʘʩʳʧʠ 

ʆʧʝʨʘʪʦʨ ʜʚʠʞʝʪʩʷ ʥʘʟʘʜ ʢ ʪʦʯʢʝ ʨʘʟʚʦʨʦʪʘ ʠ ʥʘʧʨʘʚʣʷʝʪ ʤʘʰʠʥʫ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʡ V-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. 

3 ɿʘʤʝʜʣʝʥʠʝ ʅʘʯʠʥʘʝʪʩʷ ʟʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʦ ʬʘʟʳ 4 ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʣʝʥʦ 

ʠʣʠ ʩʦʢʨʘʱʝʥʦ ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʝʜʘʣʴʶ ʛʘʟʘ ʠ ʨʘʙʦʯʠʤʠ ʪʦʨʤʦ-

ʟʘʤʠ. 

4 ʈʘʟʚʦʨʦʪ ʅʘʯʠʥʘʝʪʩʷ, ʢʦʛʜʘ ʦʩʪʘʚʰʝʛʦʩʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʨʠʝʤʥʠʢʘ ʛʨʫʟʘ ʙʫʜʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʲʝʤʥʦʡ ʛʠʜʨʘʚʣʠʢʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʪʳ ʢʦʚʰʘ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʘʟʛʨʫʟʢʠ, ʟʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʜʦʙʨʘʪʴʩʷ ʪʫʜʘ. 

5 ɼʚʠʞʝʥʠʝ  

ʢ ʤʝʩʪʫ  

ʨʘʟʛʨʫʟʢʠ 

ʄʘʰʠʥʘ ʧʦʜʲʝʟʞʘʝʪ ʢ ʛʨʫʟʦʚʠʢʫ ʠ ʧʨʦʜʦʣʞʘʝʪ ʧʦʜʥʠʤʘʪʴ ʧʦʣʥʳʡ 

ʢʦʚʰ, ʧʦʢʘ ʦʥ ʥʝ ʜʦʩʪʠʛʥʝʪ ʚʳʩʦʪʳ ʨʘʟʛʨʫʟʢʠ. ʆʥ ʜʦʩʪʠʛʘʝʪ ʚʳʩʦ-

ʪʳ ʨʘʟʛʨʫʟʢʠ ʜʦ ʪʦʛʦ, ʢʘʢ ʧʦʛʨʫʟʯʠʢ ʦʩʪʘʥʦʚʠʪʩʷ ʫ ʛʨʫʟʦʚʠʢʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

6 ʈʘʟʛʨʫʟʢʘ 

ʢʦʚʰʘ 

ʄʘʰʠʥʘ ʤʝʜʣʝʥʥʦ ʜʚʠʞʝʪʩʷ ʚʧʝʨʝʜ, ʧʨʠ ʵʪʦʤ ʩʪʨʝʣʘ ʧʦʜʥʠʤʘʝʪʩʷ, 

ʘ ʢʦʚʰ ʥʘʢʣʦʥʷʝʪʩʷ ʚʧʝʨʝʜ. 

7 ʆʪʲʝʟʜ  

ʦʪ ʤʝʩʪʘ  

ʨʘʟʛʨʫʟʢʠ 

ʆʧʝʨʘʪʦʨ ʜʚʠʞʝʪʩʷ ʥʘʟʘʜ ʢ ʪʦʯʢʝ ʧʦʚʦʨʦʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʚʰ 

ʦʧʫʩʢʘʝʪʩʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

8 ɿʘʤʝʜʣʝʥʠʝ  

ʠ ʨʘʟʚʦʨʦʪ 

ʅʝ ʦʙʷʟʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ ʚ ʪʦʤ ʞʝ ʤʝʩʪʝ, ʯʪʦ ʠ ʥʘ ʵʪʘʧʘʭ 3 ʠ 4, 

ʧʦʪʦʤʫ ʯʪʦ ʦʧʫʩʢʘʥʠʝ ʧʫʩʪʦʛʦ ʢʦʚʰʘ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʧʦʜʲʝʤ ʧʦʣʥʦʛʦ. 

9 ɼʚʠʞʝʥʠʝ  
ʢ ʥʘʩʳʧʠ 

ʄʘʰʠʥʘ ʜʚʠʞʝʪʩʷ ʚʧʝʨʝʜ ʢ ʤʝʩʪʫ, ʛʜʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ 
ʩʣʝʜʫʶʱʝʝ ʥʘʧʦʣʥʝʥʠʝ ʢʦʚʰʘ, ʧʨʠ ʵʪʦʤ ʢʦʚʰ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʫʩ-
ʢʘʝʪʩʷ ʠ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʧʦ ʫʨʦʚʥʶ ʟʝʤʣʠ. 

10 ɿʘʤʝʜʣʝʥʠʝ  
ʫ ʥʘʩʳʧʠ 

ʏʘʩʪʦ ʩʦʯʝʪʘʝʪʩʷ ʩʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʦʣʥʝʥʠʝʤ ʢʦʚʰʘ ʟʘ ʩʯʝʪ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʠʥʝʨʮʠʠ ʤʘʰʠʥʳ, ʯʪʦʙʳ ʟʘʛʥʘʪʴ ʢʦʚʰ ʚ ʥʘʩʳʧʴ. 
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ɺ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʠʥʘʷ ʨʘʟʙʠʚʢʘ ʮʠʢʣʘ ʥʘ ʬʘʟʳ, ʥʘ-

ʧʨʠʤʝʨ, ʚ [1, 3] (ʰʝʩʪʴ ʬʘʟ), [2] (ʧʷʪʴ ʬʘʟ) ʠ [4] (ʯʝʪʳʨʝ ʬʘʟʳ). 

ɼʨʫʛʠʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʷʚʣʷʝʪʩʷ ʮʠʢʣ ʧʦʛʨʫʟʢʠ ʠ ʧʝʨʝʚʦʟʢʠ 

(ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʡ ʜʣʠʪʝʣʴʥʳʤ ʮʠʢʣʦʤ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ, ʨʠʩ. 1, ʙ). ɺ 

ʮʝʣʦʤ ʵʪʦʪ ʮʠʢʣ ʥʘʧʦʤʠʥʘʝʪ ʢʦʨʦʪʢʠʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ, ʥʦ ʚʢʣʶʯʘʝʪ ʜʚʝ 

ʬʘʟʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 400 ʤ ʥʘ ʧʝʨʝʜʥʝʤ ʭʦʜʫ. ʊʘʢʞʝ 

ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚ ʜʣʠʪʝʣʴʥʳʭ ʮʠʢʣʘʭ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ ʧʨʠʝʤʥʠʢʦʤ 

ʥʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʢʦʥʚʝʡʝʨʥʘʷ ʣʝʥʪʘ ʠʣʠ ʢʘʤʥʝʜʨʦʙʠʣʢʘ, ʚʦʟʤʦʞʥʦ, ʜʘ-

ʞʝ ʩʪʦʷʱʘʷ ʥʘ ʚʦʟʚʳʰʝʥʠʠ, ʪʘʢ ʯʪʦ ʥʘ ʧʦʩʣʝʜʥʠʭ ʤʝʪʨʘʭ ʢʦʣʝʩʥʳʡ ʧʦ-

ʛʨʫʟʯʠʢ ʩ ʟʘʛʨʫʞʝʥʥʳʤ ʢʦʚʰʦʤ ʜʦʣʞʝʥ ʧʦʜʥʠʤʘʪʴʩʷ ʧʦ ʢʨʫʪʦʤʫ ʩʢʣʦʥʫ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʟʘʧʠʩʴ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʛʨʫʟʯʠʢʘ ʩʨʝʜʥʝʡ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ (ʩ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ 160 ʢɺʪ) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʢʦʨʦʪʢʦʛʦ ʮʠʢʣʘ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ [2]. 

 

 

 

ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʛʨʫʟʯʠʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ  

ʢʦʨʦʪʢʦʛʦ ʮʠʢʣʘ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ: 

1 ï ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ ʢ ʥʘʩʳʧʠ; 2 ï ʥʘʧʦʣʥʝʥʠʝ ʢʦʚʰʘ; 3 ï ʜʚʠʞʝʥʠʝ ʥʘʟʘʜ  

ʠ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ; 4 ï ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ ʢ ʤʝʩʪʫ ʨʘʟʛʨʫʟʢʠ; 

5 ï ʜʚʠʞʝʥʠʝ ʥʘʟʘʜ ʠ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʦʨʦʪʢʠʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ ʨʘʟʜʝʣʝʥ ʥʘ    

5 ʬʘʟ. ʉʢʦʨʦʩʪʴ ʧʦʛʨʫʟʯʠʢʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʧʝʨʝʜ ʠ ʥʘʟʘʜ ʠʤʝʝʪ ʩʭʦʞʠʝ 

ʟʥʘʯʝʥʠʷ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʢʤ/ʯ. 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʘ ʟʘʧʠʩʴ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ 

ʧʦʛʨʫʟʯʠʢʘ (ʩ ʤʦʱʥʦʩʪʴʶ ʜʚʠʛʘʪʝʣʷ 130 ʢɺʪ ʠ ʩʥʘʨʷʞʝʥʥʦʡ ʤʘʩʩʦʡ 

13 500 ʢʛ ʠ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴʶ 4500 ʢʛ) ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʳʧʦʣʥʝ-

ʥʠʠ ʪʨʝʭ ʢʦʨʦʪʢʠʭ ʮʠʢʣʦʚ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ ʠ ʦʜʥʦʛʦ ʜʣʠʪʝʣʴʥʦʛʦ ʮʠʢ-

ʣʘ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ [5]. 
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ʈʠʩ. 4. ʉʢʦʨʦʩʪʴ (ʘ) ʠ ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ (ʙ) ʧʦʛʨʫʟʯʠʢʘ 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʨʦʪʢʠʭ ʮʠʢʣʦʚ ʧʦʛʨʫʟ-

ʢʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 7 ʢʤ/ʯ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʣʠ-

ʪʝʣʴʥʦʛʦ ʮʠʢʣʘ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ ʜʦʭʦʜʠʪ ʜʦ 20 ʢʤ/ʯ. ʆʥʘ ʨʘʟʚʠʚʘʝʪʩʷ 

ʥʘ ʜʣʠʥʥʦʤ ʧʝʨʝʛʦʥʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢ ʤʝʩʪʫ ʨʘʟʛʨʫʟʢʠ ʠ ʚʦʟʚʨʘʱʝʥʠʠ ʢ 

ʥʘʩʳʧʠ.  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʡ ʩʠʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʤʝʥʪʘʤ 

ʥʘʧʦʣʥʝʥʠʷ ʧʦʛʨʫʟʯʠʢʦʤ ʢʦʚʰʘ. ʇʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʧʦ-

ʛʨʫʟʯʠʢʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʮʠʢʣʘʭ ʨʘʚʥʦ 80 ʢʅ. ʉ ʫʯʝʪʦʤ ʧʦʣʥʦʡ ʤʘʩʩʳ 

ʧʦʛʨʫʟʯʠʢʘ 18 000 ʢʛ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʩʠʣʘ ʪʷʛʠ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,45. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʙʫʣʴʜʦʟʝʨʥʦʤ ʨʝʞʠʤʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 4 ʜʦ 

8 ʢʤ/ʯ. ʊʨʘʥʩʧʦʨʪʥʳʡ ʮʠʢʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ 

20 ʢʤ/ʯ, 30 ʢʤ/ʯ ʠ 40 ʢʤ/ʯ [2]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʚʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʨʘʙʦʯʠʭ ʮʠʢʣʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʢʦʨʦʩʪʴ ʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ) ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʪʨʘʝʢʪʦʨʠʠ: 
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1) ʢʦʨʦʪʢʠʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ (ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5); 

2) ʜʣʠʪʝʣʴʥʳʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ (ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6); 

3) ʚʳʧʦʣʥʝʥʠʝ ʙʫʣʴʜʦʟʝʨʥʳʭ ʨʘʙʦʪ; 

4) ʜʚʠʞʝʥʠʝ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʨʝʞʠʤʝ. 

 

 
 

ʈʠʩ. 5. ʂʦʨʦʪʢʠʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ 
 

ʉʢʦʨʦʩʪʴ ʚʦ ʚʨʝʤʷ ʢʦʨʦʪʢʦʛʦ ʮʠʢʣʘ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ 2 ʤ/ʩ. ʉʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 0,055. ʇʨʠ ʥʘʛʨʝʙʘʥʠʠ ʢʦʚʰʘ 

ʧʠʢʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 0,45. 
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ɼʣʠʪʝʣʴʥʳʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ-ʨʘʟʛʨʫʟʢʠ (ʨʠʩ. 6) ʚ ʮʝʣʦʤ ʥʘʧʦʤʠʥʘʝʪ 

ʢʦʨʦʪʢʠʡ ʮʠʢʣ ʧʦʛʨʫʟʢʠ, ʥʦ ʚʢʣʶʯʘʝʪ ʜʚʝ ʬʘʟʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʝ 150 ʤ ʥʘ ʧʝʨʝʜʥʝʤ ʭʦʜʫ. ʉʢʦʨʦʩʪʴ ʧʨʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʠ 2 ʤ/ʩ, ʥʘ 

ʜʣʠʥʥʦʤ ʧʝʨʝʛʦʥʝ ʜʦ 20 ʢʤ/ʯ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ 0,055. ʇʨʠ ʥʘ-

ʛʨʝʙʘʥʠʠ ʢʦʚʰʘ ʧʠʢʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 0,45. 

ɹʫʣʴʜʦʟʝʨʥʳʡ ʨʝʞʠʤ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʝʨʝʤʝʱʝʥʠʷ (ʚʦʣʦʯʝʥʠʝ) 

ʤʘʪʝʨʠʘʣʘ ʠ ʦʪʢʘʪʘ ʥʘ ʟʘʜʥʝʤ ʭʦʜʫ ʜʣʷ ʥʘʯʘʣʘ ʥʦʚʦʛʦ ʮʠʢʣʘ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʭʦʜʘ (ʥʘʙʦʨ ʠ ʚʦʣʦʯʝʥʠʝ) ʨʘʚʥʦʡ 20 ʤ, 

ʧʨʠ ʵʪʦʤ ʥʘʙʦʨ ʩʦʩʪʘʚʣʷʝʪ 5 ʤ. ʆʪʢʘʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʞʝ ʥʘ 20 ʤ. ʀʟ-

ʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʫʣʴʜʦʟʝʨʥʳʭ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʥʘ ʨʠʩ. 7. 

 

 
 

ʈʠʩ. 7. ʅʘʛʨʫʟʦʯʥʳʡ ʮʠʢʣ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʫʣʴʜʦʟʝʨʥʳʭ ʨʘʙʦʪ 
 

ɼʣʷ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ: 

ɣ1 = ɣ3 = 0,02; 

ɣ2 = 0,5. 

ʉʢʦʨʦʩʪʴ ʥʘ ʨʘʙʦʯʝʤ ʭʦʜʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʙʫʣʴʜʦʟʝʨʥʳʭ ʨʘʙʦʪ 

ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 1 ʤ/ʩ, ʥʘ ʦʪʢʘʪʝ ï 2 ʤ/ʩ. 

ɺ ʪʨʘʥʩʧʦʨʪʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ ʧʨʠʥʷʪʘ ʨʘʚ-

ʥʦʡ 400 ʤ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 10 ʤ/ʩ, ʜʚʠʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟ ʧʦ-

ʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 0,02. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʦʙʟʦʨʘ ʠ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʪʠʧʦʚʳʭ ʥʘʛʨʫʟʦʯʥʳʭ 



142 

 

ʨʝʞʠʤʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʛʠʙʨʠʜʥʳʤ 

ʬʨʦʥʪʘʣʴʥʳʤ ʧʦʛʨʫʟʯʠʢʦʤ ʪʠʧʦʚʳʭ ʨʘʙʦʪ ʚ ʩʣʫʯʘʝ ʨʘʟʣʠʯʥʦʛʦ ʠʩʧʦʣʥʝ-

ʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ. 
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ɺʚʝʜʝʥʠʝ 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʪʝʩʪʦʚ ʩʣʫʞʠʪ 

ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʥʘʪʫʨʥʳʤ ʠʩʧʳʪʘʥʠʷʤ. ɺ ʩʨʘʚ-

ʥʝʥʠʠ ʩ ʥʘʪʫʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ-

ʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʙʦʣʴʰʠʡ ʩʧʝʢʪʨ ʠʥʪʝʨʝʩʫʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ, ʯʝʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʤʘʰʠʥ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʝʭʘ-

ʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤ ʠ ʤʝʥʝʝ ʟʘʪʨʘʪʥʳʤ ʩʧʦʩʦ-

ʙʦʤ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ.  

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤè (ʇʂ ʋʄ) 

(umlab.ru) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠ-

ʥʘʤʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʩʪʝ-

ʤʦʡ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʳʭ ʠ/ʠʣʠ ʫʧʨʫʛʠʭ ʪʝʣ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʛʨʘʤʤʘ ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʯʘʩʪʝʡ: ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ UM Input ʠ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʝʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ UM Simulation. ʇʨʦʛʨʘʤʤʘ ʚʢʣʶʯʘʝʪ 

ʨʷʜ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʣʝʩ-

ʥʳʭ ʠ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʵʢʠʧʘʞʝʡ, ʤʦʜʫʣʠ ʨʘʩʯʝʪʘ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦ-

ʪʦʨʳʝ ʤʦʜʫʣʠ ʠ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ. 

 

ʄʦʜʫʣʴ UM Automotive. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʘʚʪʦʤʦʙʠʣʝʡ 

ɺ ʩʦʩʪʘʚ ʇʂ ʋʄ ʚʭʦʜʠʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʢʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ, 

ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ 

ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʜʦʨʦʞʥʳʭ ʥʝʨʦʚʥʦʩʪʝʡ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʨʠ-

ʪʝʨʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʦʢ ʠ ʪʨʘʥʩʤʠʩʩʠʠ 

ʘʚʪʦʤʦʙʠʣʷ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʫʩʣʦʚʠʷʤʠ ʠʭ ʨʘʙʦʪʳ, ʦʧ-

ʨʝʜʝʣʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʘʩʩʘʞʠʨʘ ʠʣʠ ʛʨʫʟ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʥʝʚʨʦʚ ʠ ʪ.ʜ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ: 

¶ ʠʥʩʪʨʫʤʝʥʪʳ ʟʘʜʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʘʢʨʦʛʝʦʤʝʪʨʠʠ ʜʦʨʦʛʠ; 

¶ ʠʥʩʪʨʫʤʝʥʪʳ ʟʘʜʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʠʢʨʦʧʨʦʬʠʣʷ ʜʦʨʦʞʥʦ-

ʛʦ ʧʦʢʨʳʪʠʷ; 

¶ ʙʠʙʣʠʦʪʝʢʘ ʬʘʡʣʦʚ ʤʠʢʨʦʧʨʦʬʠʣʷ ʠ ʩʧʝʢʪʨʦʚ ʤʠʢʨʦʧʨʦʬʠʣʷ 

ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ; 
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¶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʠʣ ʚ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʢʦʣʝʩʦʤ ʠ ʜʦʨʦ-

ʛʦʡ; 

¶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ï 

ʤʦʜʝʣʠ ʚʦʜʠʪʝʣʷ. 

ʄʘʢʨʦʧʨʦʬʠʣʴ ʧʫʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭ ʧʣʦʩʢʠʭ ʢʨʠ-

ʚʳʭ: ʧʣʘʥʘ ʧʫʪʠ (ʧʨʦʝʢʮʠʷ ʧʫʪʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ), ʚʝʨʪʠ-

ʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʫʢʣʦʥʘ ʧʫʪʠ (ʨʠʩ. 1, 2). ʕʪʠ ʢʨʠʚʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʘʙʦʨ ʪʦʯʝʢ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʨʷʤʳʤʠ, ʜʫʛʘʤʠ ʦʢʨʫʞʥʦʩʪʠ ʠ ʩʧʣʘʡ-

ʥʘʤʠ. ʇʣʘʥ ʧʫʪʠ ʟʘʜʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʝʢ (ὢȟὣ) ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ 
ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʉʂ0. ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʫʪʠ ʟʘʜʘʝʪʩʷ ʪʦʯʢʘʤʠ 

(ὤȟί), ʛʜʝ ὤ ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʧʫʪʠ ʚ ʉʂ0, ί ï ʧʨʦʡʜʝʥʥʳʡ 

ʧʫʪʴ (ʨʘʩʩʪʦʷʥʠʝ ʚʜʦʣʴ ʨʝʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʫʪʠ). ʇʨʦʬʠʣʴ ʫʢʣʦʥʘ ʧʫʪʠ 

ʟʘʜʘʝʪʩʷ ʪʦʯʢʘʤʠ (‎,ί), ʛʜʝ ‎ ï ʧʦʧʝʨʝʯʥʳʡ ʫʢʣʦʥ ʜʦʨʦʛʠ (ʚ ʛʨʘʜʫʩʘʭ). 

 

 
 

ʈʠʩ. 1. ʄʘʩʪʝʨ ʦʧʠʩʘʥʠʷ ʤʘʢʨʦʛʝʦʤʝʪʨʠʠ ʧʫʪʠ. ʇʣʘʥ (ʩʚʝʨʭʫ),                                 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ (ʧʦ ʮʝʥʪʨʫ), ʫʢʣʦʥ (ʩʥʠʟʫ) ʧʫʪʠ 
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ʈʠʩ. 2. ɺʝʨʪʠʢʘʣʴʥʳʡ ʤʘʢʨʦʧʨʦʬʠʣʴ 

ɺ ʇʂ ʋʄ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʤʠʢʨʦʧʨʦʬʠʣʴ ʧʫʪʠ. ʄʠʢʨʦʧʨʦʬʠʣʴ 

ʭʨʘʥʠʪʩʷ ʚ ʬʘʡʣʝ ʦʪʜʝʣʴʥʦ ʜʣʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʢʦʣʝʠ. ɺ ʧʦʩʪʘʚʢʫ ʇʂ ʋʄ 

ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʤʦʜʫʣʝʤ ʚʭʦʜʠʪ ʙʠʙʣʠʦʪʝʢʘ ʩʧʝʢʪʨʦʚ ʠ ʨʝʘʣʠʟʘʮʠʡ 

ʥʝʨʦʚʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʷʤ ʠ ʠʭ 

ʩʦʩʪʦʷʥʠʷʤ [1]. ʅʘ ʨʠʩʫʥʢʝ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʨʦʚʥʦʩʪʠ, ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʝ ʧʦ ʩʧʝʢʪʨʘʤ, ʚʭʦʜʷʱʠʤ ʚ ʵʪʫ ʙʠʙʣʠʦʪʝʢʫ (ʨʠʩ. 3).  

 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʥʝʨʦʚʥʦʩʪʝʡ ʜʣʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʢʦʣʝʠ.                                                  

ʎʝʤʝʥʪʦʙʝʪʦʥ ʥʘ ʞʝʩʪʢʦʤ ʦʩʥʦʚʘʥʠʠ 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦʧʨʦʬʠʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʠʥʩʪʨʫ-

ʤʝʥʪ (ʨʠʩ. 4). ʆʢʥʦ ʨʘʟʜʝʣʝʥʦ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʥʘʭʦ-

ʜʠʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʨʦʬʠʣʴ, ʚ ʥʠʞʥʝʡ ʦʧʠʩʳʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʧʨʦ-

ʬʠʣʠ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ. 

 

 
 

ʈʠʩ. 4. ʄʘʩʪʝʨ ʩʦʟʜʘʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ 
 

ɺ ʇʂ ʋʄ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʰʠʥʳ ʩ 

ʜʦʨʦʛʦʡ. ʄʦʜʝʣʠ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʧʦʟʚʦʣʷʶʪ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʢʦ-

ʣʝʩʦʤ ʠ ʜʦʨʦʛʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʰʠʥʳ 

(ʫʛʦʣ ʙʦʢʦʚʦʛʦ ʫʚʦʜʘ, ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ, ʫʛʦʣ ʨʘʟʚʘʣʘ ʠ ʜʨ.). 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʇʂ ʋʄ ʨʝʘʣʠʟʦʚʘʥʦ ʯʝʪʳʨʝ ʤʦʜʝʣʠ ʰʠʥʳ: 

ʤʦʜʝʣʴ FIALA, ʤʘʛʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʇʘʩʝʡʢʠ (Pacejka Magic Formula) [2], 

ʪʘʙʣʠʯʥʦ ʟʘʜʘʥʥʘʷ ʤʦʜʝʣʴ ʠ ʤʦʜʝʣʴ TMeasy [3]. ʇʨʠ ʧʦʤʦʱʠ ʚʩʪʨʦʝʥʥʦ-

ʛʦ ʠʥʩʪʨʫʤʝʥʪʘ çʄʘʩʪʝʨ ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʠʥʳè ʩʦʟʜʘʶʪʩʷ ʬʘʡʣʳ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʝʡ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʘʚʪʦʤʦʙʠʣʝʡ (ʨʠʩ. 5).  
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ʈʠʩ. 5. ʄʘʩʪʝʨ ʦʧʠʩʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʠʥʳ 
 

ʊʘʢʞʝ ʚ ʇʂ ʋʄ ʨʝʘʣʠʟʦʚʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ: ʄʘʢɸʜʘʤʘ ʠ ʤʦʜʝʣʴ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ.  

ʅʘ ʨʠʩ. 6, ʨʠʩ. 7 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʘʚʪʦ-

ʤʦʙʠʣʝʡ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʚ ʇʂ ʋʄ.  

 

 

 
 

ʈʠʩ. 6. ʄʦʜʝʣʴ ʛʨʫʟʦʚʠʢʘ 

 

 
ʈʠʩ. 7. ɸʚʪʦʤʦʙʠʣʴ ʋʨʘʣ-43206 
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ʄʦʜʫʣʴ UM Caterpillar  ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʫʩʝʥʠʯʥʳʭ 

ʤʘʰʠʥ 

ʄʦʜʫʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ ʧʨʝʜʥʘʟʥʘ-

ʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʤʘʰʠʥ ʩ ʛʫʩʝʥʠʯʥʳʤʠ ʜʚʠʞʠʪʝʣʷʤʠ ʠ ʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ [4]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʦʟʜʘʥʠʝ 

ʤʦʜʝʣʠ ʛʫʩʝʥʠʯʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʩ-

ʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʜʚʝʩʢʠ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʥʘʙʦʨʦʤ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪ ʇʂ ʋʄ. ɽʩʣʠ ʤʦʜʝʣʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʦʚʘʥʦ ʮʝʚʦʯʥʦʝ ʟʘʮʝʧʣʝʥʠʝ ʚʝʜʫʱʝʛʦ 

ʢʦʣʝʩʘ ʩʦ ʟʚʝʥʴʷʤʠ ʛʫʩʝʥʠʯʥʦʛʦ ʦʙʦʜʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʧʦʜʚʝʩʦʢ: ʞʝʩʪʢʘʷ, ʧʦʣʫʞʝʩʪʢʘʷ ʠ               

ʫʧʨʫʛʘʷ.  

ɺ ʩʧʠʩʦʢ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʭʦʜʷʪ: 

¶ ʧʦʜʚʝʩʢʠ; 

¶ ʚʝʜʫʱʝʝ ʢʦʣʝʩʦ; 

¶ ʥʘʪʷʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʥʘʧʨʘʚʣʷʶʱʝʝ ʢʦʣʝʩʦ; 

¶ ʪʨʘʢʠ ʛʫʩʝʥʠʮʳ; 

¶ ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʢʘʪʦʢ. 
 

ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦʜʚʝʩʦʢ ʚ ʇʂ ʋʄ ʚʢʣʶʯʝʥʳ ʪʠ-

ʧʳ ʧʦʜʚʝʩʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 8. 

 

 
              ʘ                             ʙ                                   ʚ                            ʛ  

ʈʠʩ. 8. ʊʠʧʳ ʧʦʜʚʝʩʦʢ:  

ʘ ï ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʪʦʨʩʠʦʥʥʘʷ ʧʦʜʚʝʩʢʘ;  

ʙ ï ʙʣʦʢ ʙʘʣʘʥʩʠʨʥʦʡ ʢʘʨʝʪʢʠ ʩ ʜʚʫʤʷ ʢʘʪʢʘʤʠ ʠ ʜʚʫʤʷ ʨʳʯʘʛʘʤʠ;  

ʚ ï ʙʘʣʘʥʩʠʨʥʘʷ ʢʘʨʝʪʢʘ ʩ ʜʚʫʤʷ ʢʘʪʢʘʤʠ ʠ ʦʜʥʠʤ ʨʳʯʘʛʦʤ;  

ʛ ï ʦʪʜʝʣʴʥʳʡ ʢʘʪʦʢ ʜʣʷ ʞʝʩʪʢʦʡ ʠ ʧʦʣʫʞʝʩʪʢʦʡ ʧʦʜʚʝʩʦʢ 
 

ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʢʦʣʝʩʘ ʩ ʥʘʪʷʞ-

ʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʇʂ ʋʄ ʧʦʩʪʘʚʣʷʶʪʩʷ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ, ʨʘʟʣʠʯʘʶ-

ʱʠʝʩʷ ʧʦ ʪʠʧʫ ʥʘʪʷʞʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʄʦʜʝʣʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʣʝʩ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 9. 

ʛ) 
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ʈʠʩ. 9. ʉʪʘʥʜʘʨʪʥʳʝ ʤʦʜʝʣʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʣʝʩ ʩ ʥʘʪʷʞʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ: 
ʘ ï ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʢʦʣʝʩʘ ʥʘ ʢʨʠʚʦʰʠʧʝ;  

ʙ ï ʫʪʦʯʥʝʥʥʘʷ ʤʦʜʝʣʴ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʢʦʣʝʩʦ ʥʘ ʢʨʠʚʦʰʠʧʝ;  

ʚ ï ʥʘʧʨʘʚʣʷʶʱʝʝ ʢʦʣʝʩʦ ʥʘ ʧʦʣʟʫʥʝ 

 

ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʦʛʦ ʟʚʝʥʘ ʮʝʧʠ ï ʪʨʘʢʘ, ʚ 

ʇʂ ʋʄ ʚʢʣʶʯʝʥʳ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʪʠʧʫ ʰʘʨʥʠʨʘ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʤʦʜʝʣʠ ʟʚʝʥʴʝʚ ʮʝʧʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 10. 

 

 
           ʘ                                      ʙ                                        ʚ 

ʈʠʩ. 10. ʉʪʘʥʜʘʨʪʥʳʝ ʤʦʜʝʣʠ ʟʚʝʥʴʝʚ ʮʝʧʠ:  

ʘ ï ʟʚʝʥʦ ʩ ʞʝʩʪʢʠʤ ʰʘʨʥʠʨʦʤ; ʙ ï ʟʚʝʥʦ ʩ ʫʧʨʫʛʠʤ ʰʘʨʥʠʨʦʤ;  

ʚ ï ʟʚʝʥʦ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʰʘʨʥʠʨʘʤʠ 

 

ʘ ʙ ʚ 
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ɺ ʇʂ ʋʄ ʨʝʘʣʠʟʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʚʝʥʴʝʚ ʛʫʩʝʥʠʯʥʦʡ ʮʝʧʠ ʩ 

ʛʨʫʥʪʦʤ. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʨʫʥʪʘ: ʙʝʟ ʫʯʝʪʘ 

ʧʨʦʩʘʜʢʠ ʠ ʤʦʜʝʣʴ ɹʝʢʢʝʨʘ ʛʨʫʥʪʘ ʩ ʫʯʝʪʦʤ ʧʨʦʩʘʜʢʠ [5]. 

ʊʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʟʜʘʥʠʷ ʤʘʢʨʦʛʝʦʤʝʪʨʠʠ. ʇʨʠ ʧʨʷʤʦʣʠʥʝʡʥʦʤ 

ʜʚʠʞʝʥʠʠ ʜʣʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʢʦʣʝʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʟʘʜʘ-

ʚʘʪʴ ʥʝʨʦʚʥʦʩʪʠ, ʦʧʠʩʘʥʥʳʝ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ, ʣʠʙʦ ʚʳʙʨʘʪʴ ʠʟ 

ʥʘʙʦʨʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʥʝʨʦʚʥʦʩʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʤʦʜʝʣʠʨʦ-

ʚʘʪʴ ʧʨʦʝʟʜ ʛʫʩʝʥʠʯʥʦʡ ʤʦʜʝʣʠ ʧʦ ʠʩʧʳʪʘʪʝʣʴʥʦʤʫ ʧʦʣʠʛʦʥʫ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʝʤʫ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʥʘʙʦʨʦʤ ʪʝʩʪʦʚʳʭ ʧʨʝʧʷʪʩʪʚʠʡ. ʅʘ ʧʦʣʠ-

ʛʦʥʝ ʟʘʜʘʝʪʩʷ ʥʘʙʦʨ ʤʘʨʰʨʫʪʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʤʦʜʝʣʴ ʛʫ-

ʩʝʥʠʯʥʦʡ ʤʘʰʠʥʳ (ʨʠʩ. 11). ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʧʦʣʠʛʦʥʫ ʤʦʛʫʪ ʫʯʠʪʳ-

ʚʘʪʴʩʷ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʊʝʩʪʦʚʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 12, ʨʠʩ. 13. 

 
ʈʠʩ. 11. ʇʨʠʤʝʨ ʧʦʣʠʛʦʥʘ ʠ ʤʘʨʰʨʫʪʘ 

 
 

  
 

ʈʠʩ. 12. ɻʫʩʝʥʠʯʥʳʡ ʙʫʣʴʜʦʟʝʨ  

ɻʉʊ-12 

 

ʈʠʩ. 13. ʄʦʜʝʣʴ FH200 
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ʄʦʜʫʣʴ UM Durability . ʈʘʩʯʝʪ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ  

ʇʂ ʋʄ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʨʘʩʯʝʪʘ 

ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʆʮʝʥʢʘ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʵʣʝʤʝʥ-

ʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʤ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ. ɺ ʇʂ ʋʄ 

ʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʠ ʫʩʪʘ-

ʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʜʠʥʘʤʠʢʠ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴ-

ʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʇʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʠ ʫʩʪʘʣʦʩʪ-

ʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʰʠʥ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʇʂ 

ʋʄ, ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: 

¶ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʯʘ-

ʩʪʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʦʣʝʡ ʟʘ ʧʣʘ-

ʥʠʨʫʝʤʳʡ ʩʨʦʢ ʨʘʙʦʪʳ; 

¶ ʧʦʜʛʦʪʦʚʢʘ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ ʤʝʭʘʥʠʟʤʘ, ʚʢʣʶʯʘʶʱʠʭ 

ʠʩʩʣʝʜʫʝʤʳʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʠ ʚ ʚʠʜʝ ʫʧʨʫʛʠʭ ʪʝʣ                 

(ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʫʧʨʫʛʠʭ ʪʝʣ 

UMFEM), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʜʝʣʝʥ-

ʥʳʭ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʋʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʜʝʪʘʣʝʡ 

ʫʯʠʪʳʚʘʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʤʦ-

ʜʝʣʝʡ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʘʭ ANSYS ʠʣʠ 

MSC.NASTRAN; 

¶ ʧʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ 

ʨʘʙʦʪʫ ʤʘʰʠʥʳ ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

¶ ʨʘʩʯʝʪ ʠ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʞʝʥ-

ʥʦʩʪʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʯʝʪʝ; 

¶ ʚʳʙʦʨ ʠ ʟʘʜʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʫʩʪʘʣʦʩʪ-

ʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʋʩʪʘʣʦʩʪʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʢʦʧ-

ʣʝʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʟʦʥʳ ʧʨʠ 

ʨʘʙʦʪʝ ʤʘʰʠʥʳ ʢʘʢ ʚ ʦʪʜʝʣʴʥʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʜʣʷ ʥʘʛʨʫ-

ʞʝʥʠʷ, ʟʘʜʘʥʥʦʛʦ ʢʦʤʙʠʥʘʮʠʝʡ ʯʘʩʪʥʳʭ ʨʝʞʠʤʦʚ; 

¶ ʨʘʩʯʝʪ ʠ ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 
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ʈʠʩ. 14. ʂʨʘʪʢʘʷ ʩʭʝʤʘ ʨʘʩʯʸʪʘ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʠ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

 
ɸʥʘʣʠʟ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʢʘ-

ʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʣʦʚʘʷ ʥʘʛʨʫʞʝʥʥʦʩʪʴ, ʦʧʠʩʳʚʘʝʤʘʷ ʚʝʣʠʯʠʥʘʤʠ ʥʘʧʨʷ-

ʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʮʝʥʢʘ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʠʩʪʦʨʠʡ ʠʟʤʝʥʝ-

ʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʭʦʜʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. ɺ ʇʂ ʋʄ ʜʠʥʘʤʠʢʘ ʛʠʙʨʠʜʥʳʭ ʤʦʜʝʣʝʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʤʝʪʦʜʫ ʂʨʝʡʛʘ-ɹʵʤʧʪʦʥʘ. ʋʧʨʫʛʠʝ ʪʝʣʘ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʭʦʜ ʦʪ 

ʚʝʣʠʯʠʥ ʤʦʜʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʢʠ ʫʧ-

ʨʫʛʦʛʦ ʪʝʣʘ, ʢ ʚʝʣʠʯʠʥʘʤ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝ-

ʣʘʭ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 15. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥʥʦ-

ʩʪʠ ʜʣʷ ʯʘʩʪʥʦʛʦ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 16. 
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ʈʠʩ. 15. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ 

 

 
ʈʠʩ. 16. ʕʪʘʧʳ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ                                                         

ʜʣʷ ʯʘʩʪʥʦʛʦ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 
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ʂʆʄʇʃɽʂʉ ʉʍɽʄʆʊɽʍʅʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ  

ɼʃʗ ɻʀɼʈʆʄɽʍɸʅʀʏɽʉʂʀʍ ʊʈɸʅʉʄʀʉʉʀʁ  

ʊʈɸʅʉʇʆʈʊʅʓʍ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʄɸʐʀʅ 
 

ʅ.ʅ. ʊʨʫʰʠʥ, ɺ.ʖ. ɸʥʮʝʚ, ɸ.ɺ. ʇʣʷʩʦʚ 
 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʨʝʞʠʤʳ ʨʘ-

ʙʦʪʳ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨ. ʆʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʠ ʟʘʜʘʯʘʤʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʩʦʟʜʘʥʠʝ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʠ ʩʚʦʡʩʪʚʘʤ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʜʣʷ ʩʘʤʦʭʦʜʥʳʭ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʰʠʥ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʪʷʛʦʚʳʭ ʠ ʪʦʨʤʦʟʥʳʭ 

ʨʝʞʠʤʘʭ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ. ʍʘʨʘʢʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʦʜʥʦʧʦʪʦʯʥʦʛʦ 

ʠ ʜʚʫʭʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʦʚ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʩʭʝʤ ʨʘʙʦʪʳ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʦʜʥʦʪʫʨʙʠʥʥʦʤ ʠ ʤʥʦʛʦʪʫʨʙʠʥʥʦʤ ʨʝ-

ʞʠʤʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʪʨʘʥʩʤʠʩʩʠʶ; ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʪʨʘʥʩʤʠʩ-

ʩʠʠ ʟʘ ʩʯʝʪ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʚʥʫʪʨʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; ʦʩʫʱʝʩʪ-

ʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʷʛʦʚʳʭ ʠ ʪʦʨʤʦʟʥʳʭ ʨʝʞʠʤʦʚ 

ʪʨʘʥʩʤʠʩʩʠʠ; ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʧʦʪʦʯʥʳʭ ʧʣʘʥʝʪʘʨʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʩ ʚʳʩʦ-

ʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʅʦʚʠʟʥʘ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʢʫʤʝʥʪʘʤʠ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʦʙʩʪʚʝʥʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʤʠʩʩʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʛʠʜ-

ʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

 

ARRANGEMENT OPTIONS FOR VEHICLE AND PROCESS  

EQUIPMENT HYDRO -MECHANICAL TRANSMISSIONS  
 

N.N. Trushin, V.Y. Antsev, A.V. Plyasov 
 

Tula State University 
 

Principle schematic solutions for hydro-mechanical transmissions containing 

hydrodynamic torque converter, gears and control devices, designed for application in 

self-propelled transport and technological machines, have been developed. The devel-

oped hydro-mechanical transmissions projects are characterized by compact arrange-

ment provide increase of power efficiency, increase torque control range, enlargement 

of functional and operational opportunities of self-propelled machines transmissions. 



157 

 

The designed hydro-mechanical transmissions based on serial torque converters and 

hydraulic equipment. The main field of application of the inventions is lifting-

transporting and road-building machines, wheel and tracked common and special pur-

poses machinery, railway locomotives and other similar vehicles. Patents confirm the 

novelty and originality of technical solutions. 

Keywords: transmission, hydrodynamic torque converter, hydro-mechanical 

transmission, schematic solution 

 

ɺʚʝʜʝʥʠʝ  
ɺ ʥʦʷʙʨʝ 2021 ʛ. ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʫʪʚʝʨʜʠʣʦ 

"ʊʨʘʥʩʧʦʨʪʥʫʶ ʩʪʨʘʪʝʛʠʶ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2030 ʛʦʜʘ ʩ ʧʨʦʛʥʦʟʦʤ 

ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 ʛʦʜʘ" (https://mintrans.gov.ru/documents/8/11577). ɼʘʥ-

ʥʳʡ ʜʦʢʫʤʝʥʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʰʠʨʦʢʫʶ ʩʠʩʪʝʤʫ ʤʝʨ ʧʦ ʚʩʝʩʪʦʨʦʥʥʝʤʫ 

ʨʘʟʚʠʪʠʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ 

ʮʝʣʴʶ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʈʌ ʷʚʣʷʝʪʩʷ "ʧʦ-

ʚʳʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʷʟʘʥʥʦʩʪʠ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 

ʪʝʨʨʠʪʦʨʠʡ". ʉʪʨʘʪʝʛʠʷ ʩʨʝʜʠ ʧʨʦʯʠʭ ʤʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʜʦʣʞʥʳ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʥʝʜʨʝ-

ʥʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦ-

ʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ï ʫʧʨʦʱʝʥʠʝ ʠ ʦʙʣʝʛʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʭʦʜʥʳʤ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʙʝʟ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʤʠʩʩʠʝʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦʣʝʪʥʷʷ ʠʩʪʦʨʠʷ ʩʦʟ-

ʜʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʪʨʘʥʩʤʠʩʩʠʡ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʜʨʫʛʠʭ ʩʘʤʦʭʦʜ-

ʥʳʭ ʤʘʰʠʥ, ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʜʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʧʫʪʠ ʦʩʥʘʱʝʥʠʷ 

ʤʘʰʠʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʝ, ʫʜʦʙʥʦʝ ʠ ʣʝʛʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʥʩ-

ʤʠʩʩʠʝʡ ʠ ʤʘʰʠʥʦʡ ʚ ʮʝʣʦʤ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʪʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ ʧʦʣʫ-

ʯʠʣʠ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ (ɻʄʇ). ɺ ʢʦʥʩʪʨʫʢʮʠʶ ɻʄʇ ʚʭʦʜʠʪ 

ʢʘʢʘʷ-ʣʠʙʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ï ʛʠʜʨʦʤʫʬʪʘ ʠʣʠ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ. ʆʙʳʯʥʦ ɻʄʇ ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ, 

ʧʨʠ ʵʪʦʤ ʪʘʢʘʷ ɻʄʇ ʥʘʟʳʚʘʝʪʩʷ ʦʜʥʦʮʠʨʢʫʣʷʮʠʦʥʥʦʡ (ʪ.ʝ. ʠʤʝʝʪ ʦʜʠʥ 

ʢʨʫʛ ʮʠʨʢʫʣʷʮʠʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʛʠʜʨʦʤʫʬʪʳ ʠʣʠ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ). ʄʥʦʛʦʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ɻʄʇ ʩʦʜʝʨʞʘʪ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ 

ʧʝʨʝʢʣʶʯʘʝʤʳʭ ʛʠʜʨʦʤʫʬʪ ʠ/ʠʣʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʦʥʠ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʦ ʦʙʣʘʜʘʶʪ ʧʨʠ ʵʪʦʤ ʚʳʩʦ-

ʢʦʡ ʩʣʦʞʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ, ʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʤʘʩ-

ʩʦʡ. ʇʦʵʪʦʤʫ ʤʥʦʛʦʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ɻʄʇ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʪʝʧʣʦʚʦʟʦʚ, ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ 

[1, 2]. 
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ɻʄʇ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʨʘʟʣʠʯʥʳʭ ʥʘ-

ʟʝʤʥʳʭ ʩʘʤʦʭʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʪʷʛʦʚʳʭ ʤʘʰʠʥ, ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩ-

ʧʦʨʪʝ, ʚ ʧʨʠʚʦʜʘʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʰʠʥ, ʥʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʘʭ ʢʦʪʦʨʳʭ 

ʩʫʱʝʩʪʚʫʶʪ ʥʘʛʨʫʟʢʠ, ʠʟʤʝʥʷʶʱʠʝʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʇʦʣʦʞʠʪʝʣʴ-

ʥʳʝ ʵʬʬʝʢʪʳ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʤʘ-

ʰʠʥ ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

ï ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩʧʦʩʦʙʥʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʧʝʨʝ-

ʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʪʨʘʥʩʤʠʩʩʠʶ ʧʨʠ ʥʝ-

ʧʨʝʨʳʚʥʦʡ ʧʝʨʝʜʘʯʝ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ; 

ï ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩʧʦʩʦʙʥʳ ʛʘʩʠʪʴ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ 

ʪʨʘʥʩʤʠʩʩʠʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʝʩʫʨʩ ʠ ʧʦʚʳʰʘʝʪʩʷ ʧʣʘʚ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʤʠʩʩʠʠ; 

ï ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤʠ 

ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʤʘʩʩʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝ-

ʜʘʯʘʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ (ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʢɺʪ); 

ï ʫʣʫʯʰʝʥʠʝ ʧʨʦʭʦʜʠʤʦʩʪʠ ʩʘʤʦʭʦʜʥʦʡ ʤʘʰʠʥʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚʥʝ ʜʦʨʦʛ; 

ï ʫʣʫʯʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʪʨʘʥʩʤʠʩʩʠʝʡ ʠ ʤʘʰʠʥʦʡ ʚ ʮʝʣʦʤ, 

ʩʥʠʞʝʥʠʝ ʫʪʦʤʣʷʝʤʦʩʪʠ ʚʦʜʠʪʝʣʷ ʟʘ ʩʯʝʪ ʣʝʛʢʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʫʧ-

ʨʘʚʣʝʥʠʷ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʫʬʪʳ, ʥʝ ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʡʩʪʚʦʤ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʨʘʥʩ-

ʤʠʩʩʠʷʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʘʰʠʥ, ʪʘʢʠʭ ʢʘʢ ʤʝʣʴʥʠʮʳ, ʠʟʤʝʣʴʯʠʪʝʣʠ, ʜʨʦ-

ʙʠʣʢʠ, ʣʝʥʪʦʯʥʳʝ ʠ ʮʝʧʥʳʝ ʢʦʥʚʝʡʝʨʳ, ʚʝʥʪʠʣʷʪʦʨʳ, ʚʦʟʜʫʭʦʜʫʚʢʠ, ʥʘ-

ʩʦʩʳ ʠ ʢʦʤʧʨʝʩʩʦʨʳ, ʢʦʨʘʙʝʣʴʥʳʝ ʧʨʠʚʦʜʳ, ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʳ. ʅʘʧʨʠ-

ʤʝʨ, ʨʝʛʫʣʠʨʫʝʤʳʝ ʛʠʜʨʦʤʫʬʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʠʚʦʜʘʭ ʚʝʥʪʠʣʷʪʦʨʦʚ 

ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɻʠʜʨʦʤʫʬʪʳ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯ-

ʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʘʰʠʥ: ʪʝʧ-

ʣʦʚʦʟʦʚ, ʤʦʪʦʚʦʟʦʚ, ʜʨʝʟʠʥ. 

ʇʨʠ ʚʩʝʭ ʩʚʦʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ɻʄʇ ʩ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʠ 

ʛʠʜʨʦʤʫʬʪʘʤʠ ʠʤʝʶʪ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ [3, 4]: 

ï ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝʜʘʯʘʤʠ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʞʝ-

ʩʪʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʚʝʜʫʱʠʤ ʠ ʚʝʜʦʤʳʤ ʚʘʣʘʤʠ; 

ï ʜʣʷ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ (ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʚʝʥ 2-3); 
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ï ʜʣʷ ʛʠʜʨʦʤʫʬʪ ï ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʜʠʘʧʘ-

ʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʳʭʦʜʥʦʛʦ 

ʚʘʣʘ; 

ï ʩʣʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʦʧʘʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʨʘʙʦʯʠʭ 

ʢʦʣʝʩ ʩ ʮʝʣʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʨʦʢ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʘʩʝʣ, ʩʧʦʩʦʙʥʳʭ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʨʘʙʦʪʘʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 80-120Üʉ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʝ. 

ʂʦʥʢʫʨʝʥʪʘʤʠ ʪʨʘʥʩʤʠʩʩʠʡ ʩ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʛʠʜʨʦʦʙʲʝʤʥʳʝ, ʠʣʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ, ʧʝʨʝʜʘʯʠ, ʥʦ ʧʦ ʨʷʜʫ ʦʙʲʝʢʪʠʚ-

ʥʳʭ ʧʨʠʯʠʥ ʦʥʠ ʧʦʢʘ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʠʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʝʨʝʜʘʯʠ ʠʟ ʪʨʘʥʩʤʠʩʩʠʡ ʙʳʩʪʨʦʭʦʜʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ. ɻʠʜʨʦʦʙʲʝʤʥʳʝ ʧʝʨʝʜʘʯʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʪʠʭʦʭʦʜʥʳʭ ʤʘʰʠʥʘʭ, ʫ ʢʦʪʦʨʳʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 25-40 ʢʤ/ʯ: ʪʨʘʢʪʦʨʳ, ʙʫʣʴʜʦʟʝʨʳ, ʧʦʜʲʝʤʥʳʝ 

ʢʨʘʥʳ, ʚʠʣʦʯʥʳʝ ʧʦʛʨʫʟʯʠʢʠ, ʵʢʩʢʘʚʘʪʦʨʳ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʪʨʘʥʩʤʠʩʩʠʠ 

ʪʘʢʞʝ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝʜʘʯʘʤʠ, ʥʦ ʠ ʦʥʠ ʠʤʝʶʪ 

ʠʟʚʝʩʪʥʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʚʦʠʤ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ʌʨʠʢʮʠʦʥʥʳʝ ʚʘʨʠʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʥʘ ʤʦʧʝʜʘʭ, ʤʦʪʦʨʦʣʣʝʨʘʭ, ʤʦʪʦʮʠʢʣʘʭ ʠ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ, ʚ 

ʪʨʘʥʩʤʠʩʩʠʷʭ ʪʷʞʝʣʳʭ ʠ ʤʦʱʥʳʭ ʤʘʰʠʥ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ. 

ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʤʠʩʩʠʠ ʛʠʜ-

ʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤ ʤʝʭʘʥʠ-

ʯʝʩʢʠʤ ʨʝʜʫʢʪʦʨʦʤ (ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ) ʧʣʘʥʝʪʘʨʥʦʛʦ ʠʣʠ ʥʝʧʣʘʥʝʪʘʨʥʦʛʦ 

(ʚʘʣʴʥʦʛʦ) ʪʠʧʘ ʩ ʨʫʯʥʳʤ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʪʫʧʝʥʝʡ ʚ ʢʦʨʦʙʢʘʭ ʧʝʨʝʜʘʯ, ʩʦʧʨʷʛʘʝʤʳʭ ʩ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ, 

ʜʦʩʪʠʛʘʝʪ 8-10 ʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʠʟʦʙʨʝʪʝʥʠʷ 

ʚ ʦʙʣʘʩʪʠ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ ʜʣʷ ʪʨʘʥʩʤʠʩʩʠʡ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʜʨʫʛʠʭ ʩʘʤʦ-

ʭʦʜʥʳʭ ʤʘʰʠʥ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʣʠʯʠʝ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʛʦ ʨʝʜʫʢʪʦʨʘ ʚ 

ʪʨʘʥʩʤʠʩʩʠʠ ʥʝʠʟʙʝʞʥʦ ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ɻʄʇ ʠ ʘʣʛʦʨʠʪʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʝʶ, ʫʚʝʣʠʯʠʚʘʝʪ ʤʘʩʩʫ, ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʩʪʦʠʤʦʩʪʴ. 

ʇʦʵʪʦʤ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʨʘʱʘʶʱʝʛʦ ʤʦ-

ʤʝʥʪʘ ʚ ʥʝʢʦʪʦʨʳʭ ɻʄʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʠ ʤʥʦʛʦʪʫʨ-

ʙʠʥʥʳʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʩʪʫʧʝʥʯʘ-

ʪʳʭ (ʦʜʥʦʪʫʨʙʠʥʥʳʭ) ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʨʝʦʙʨʘ-

ʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʷ ʥʠʭ ʜʦʩʪʠʛʘʝʪ 

ʟʥʘʯʝʥʠʡ 4-6 [4]. ʅʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʤʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨ-
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ʤʘʪʦʨʘʤʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʠ ʤʥʦʛʦʪʫʨʙʠʥʥʳʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʠ ʧʦʵʪʦʤʫ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʜʢʦ. ʉʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʤʘʨʢʝ-

ʪʠʥʛʦʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʀʥʪʝʨʥʝʪ-ʩʩʳʣʢʠ ʥʘ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʜʘʣʝʝ, ʜʦʣʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʠ ʤʥʦʛʦʪʫʨʙʠʥʥʳʭ ʛʠʜʨʦ-

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ ʤʠʨʦʚʦʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ 2%: 

ï https://www.reportlinker.com/p06225668/Global-Torque-Converter-

Market.html; 

ï https://www.researchandmarkets.com/reports/4806344/torque-

converters-global-market-trajectory-and; 

ï https://www.marketresearchfuture.com/reports/torque-converter-

market-4871; 

ï https://orionmarketreports.com/torque-converters/449/. 

ɸʚʪʦʨʳ ʫʢʘʟʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʫʶʪ ʫʩʪʦʡʯʠʚʳʡ 

ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʧʝʨʠʦʜ ʜʦ 

2026-2027 ʛʛ., ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʵʪʦʛʦ ʚʠʜʘ ʪʝʭʥʠʢʠ ʚ 

ʪʨʘʥʩʤʠʩʩʠʷʭ ʤʘʰʠʥ. ʇʨʠ ʵʪʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʤʘʰʠʥ, ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʠ ʤʥʦʛʦʪʫʨ-

ʙʠʥʥʳʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩʦʭʨʘʥʷʶʪ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʩʘʤʦʭʦʜʥʳʭ ʤʘ-

ʰʠʥ: ʦʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʘʪʝʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʥʞʝ-

ʥʝʨʦʚ ʂʅʈ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʚ ʂʅʈ ʙʳʣʦ ʚʳʜʘʥʦ 

ʥʝ ʤʝʥʝʝ 30 ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ ʠ ʧʦʣʝʟʥʳʝ ʤʦʜʝʣʠ ʚ ʦʙʣʘʩʪʠ ʜʚʫʭ-

ʪʫʨʙʠʥʥʳʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ɻʄʇ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɼʨʫʛʦʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ï 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ï ʦʙʫʩʣʦʚ-

ʣʝʥ ʦʪʩʫʪʩʪʚʠʝʤ ʞʝʩʪʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʠʛʘʪʝʣʝʤ ʠ ʨʘʙʦ-

ʯʠʤ ʦʨʛʘʥʦʤ ʤʘʰʠʥʳ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʯʘʩʪʠʯʥʦ 

ʫʩʪʨʘʥʷʝʪʩʷ ʧʫʪʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʪʘʢ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʪʨʘʥʩʤʠʩʩʠʠ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʣʦʧʘʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʣʦʢʠʨʫʝʤʦʛʦ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʨʷʜʘ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʤʥʦʛʦʣʝʪʥʝʛʦ ʘʥʘʣʠʟʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʤʠʩʩʠʡ ʩʘʤʦʭʦʜʥʳʭ ʠ ʩʪʘ-

ʮʠʦʥʘʨʥʳʭ ʤʘʰʠʥ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʫʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʛʠʜʨʦʤʫʬʪ ʠ ɻʄʇ ʥʘ ʠʭ ʦʩ-

ʥʦʚʝ: 
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ï ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʂʇɼ ʦʪʜʝʣʴʥʳʭ ʪʨʘʥʩʤʠʩʩʠʦʥ-

ʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʪʨʘʥʩʤʠʩʩʠʠ ʚ ʮʝʣʦʤ; 

ï ʨʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩ-

ʤʠʩʩʠʠ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʘʢʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩʤʠʩʩʠʠ ʠ 

ʪʨʘʥʩʤʠʩʩʠʠ ʚ ʮʝʣʦʤ; 

ï ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʤʠʩʩʠʝʡ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʥʘ ʪʷʛʦʚʳʭ, ʠ ʥʘ 

ʪʦʨʤʦʟʥʳʭ ʨʝʞʠʤʘʭ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʠ ʜʦʣʛʦʚʝʯʥʦʡ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʦʚ ʪʨʘʥʩ-

ʤʠʩʩʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï ʩʥʠʞʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʛʨʝʛʘʪʦʚ 

ʪʨʘʥʩʤʠʩʩʠʠ. 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ  
ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ɻʄʇ ʩ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘʤʠ ʘʚʪʦʨʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ɻʄʇ. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ɻʄʇ ʦʨʠʝʥʪʠʨʫʶʪʩʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʢʦʣʝʩʥʳʭ ʠ ʛʫʩʝʥʠʯʥʳʭ 

ʩʘʤʦʭʦʜʥʳʭ ʤʘʰʠʥ. ʆʨʠʛʠʥʘʣʴʥʦʩʪʴ ʠ ʥʦʚʠʟʥʘ ʨʘʟʨʘʙʦʪʦʢ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪʩʷ ʜʦʢʫʤʝʥʪʘʤʠ ʥʘ ʦʙʲʝʢʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

ʆʙʱʠʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ɻʄʇ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

ï ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʦʜʥʦʧʦʪʦʯʥʦʤ ʠ 

ʜʚʫʭʧʦʪʦʯʥʦʤ ʨʝʞʠʤʘʭ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʠ ʚ ʪʨʘʥʩʤʠʩʩʠʠ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʥʦʛʦʪʫʨʙʠʥʥʳʭ ʠ ʤʥʦʛʦʩʪʫ-

ʧʝʥʯʘʪʳʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʠʟʤʝʥʷʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʪʫʨʙʠʥ ʠ 

ʨʝʘʢʪʦʨʦʚ; 

ï ʛʠʙʢʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʦʯʥʳʭ ʩʚʦʡʩʪʚ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʦʢ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʠʤʘ ʦʙʨʘʪʥʦʛʦ ʚʨʘʱʝʥʠʷ ʨʝʘʢʪʦʨʘ ʛʠʜʨʦ-

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ ʦʩʪʘʥʦʚʣʝʥʥʦʡ ʪʫʨʙʠʥʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʚʝʨʩʘ 

ʪʨʘʥʩʤʠʩʩʠʠ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʪʦʨʤʦʟʘ-ʟʘʤʝʜʣʠʪʝʣʷ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʘʩʠʥʬʘʟʥʳʭ ʟʫʙʯʘʪʳʭ ʧʣʘʥʝʪʘʨ-

ʥʳʭ ʧʝʨʝʜʘʯ ʩ ʤʥʦʛʦʧʦʪʦʯʥʦʡ ʧʝʨʝʜʘʯʝʡ ʤʦʱʥʦʩʪʠ. 
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ɺʩʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʠ ʟʘʜʘʯ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʠ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦ-

ʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

1) ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʂʇɼ ɻʄʇ ʟʘ ʩʯʝʪ ʨʘʮʠʦ-

ʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʧʦʪʦʯʥʦʛʦ ʠ ʜʚʫʭʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʦʚ ʧʝʨʝ-

ʜʘʯʠ ʤʦʱʥʦʩʪʠ (ʘ.ʩ. ʉʉʉʈ ˉˉ 1754499, 1772497); 

2) ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʧʨʦʱʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ɻʄʇ ʧʫʪʝʤ 

ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʭ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʜʚʫʤʷ 

ʠʣʠ ʪʨʝʤʷ ʪʫʨʙʠʥʘʤʠ (ʘ.ʩ. ʉʉʉʈ  ̄1756179, ʧʘʪʝʥʪʳ ʈʌ ˉ ̄1818259, 

2682694, 2682892, 2695471, 2716378); 

3) ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʤʦʤʝʥʪʘ ʠ ʨʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ɻʄʇ (ʧʘʪʝʥʪʳ ʈʌ ˉˉ 

2716378, 2737473, 2740971, 2741352, 2761683); 

4) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʚʝʨʩʠʨʫʝʤʳʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʙʝʟ ʧʨʠ-

ʤʝʥʝʥʠʷ ʚ ʪʨʘʥʩʤʠʩʩʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʚʝʨʩ-ʨʝʜʫʢʪʦʨʦʚ (ʘ.ʩ. ʉʉʉʈ 

 ̄1756179, ʧʘʪʝʥʪʳ ʈʌ ˉˉ 2695471, 2716378, 2737452, 2741352); 

5) ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

(ʧʘʪʝʥʪ ʈʌ  ̄2065103); 

6) ʧʦʚʳʰʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʂʇɼ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʧʘʪʝʥʪ 

ʈʌ ˉ 2695477); 

7) ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʣʘʥʝʪʘʨʥʳʭ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ ʠ ʧʨʠʚʦʜʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝ (ʧʘʪʝʥʪʳ ʈʌ ˉˉ 2307278, 2402707). 

ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɼʚʫʭʜʠʘʧʘʟʦʥʥʳʝ ɻʄʇ ʧʦ ʘ.ʩ. ˉˉ 1754499 ʠ 1772497 ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ 

ʧʝʨʝʜʘʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʦʪʦʢʘʤʠ ʯʝʨʝʟ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʠ ʤʝ-

ʭʘʥʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʠ. ʈʘʟʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʥʘ ʜʚʘ ʧʦʪʦʢʘ ʣʠʙʦ 

ʩʣʦʞʝʥʠʝ ʜʚʫʭ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʚ ʦʜʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʨʝʭʟʚʝʥʥʳʭ ʧʣʘʥʝʪʘʨʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʪʠʧʘ 2ʂ-ʅ. ʇʝʨʝʜʘʯʘ ʧʦ ʘ.ʩ.  ̄1754499 ʩʦʜʝʨʞʠʪ ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʧʝʨʝʜ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ (ʩʭʝʤʘ 

"ʜʠʬʬʝʨʝʥʮʠʘʣ ʥʘ ʚʭʦʜʝ"), ʘ ʧʝʨʝʜʘʯʘ ʧʦ ʘ.ʩ.  ̄1772497 ï ʩʫʤʤʠʨʫʶʱʠʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʧʦʩʣʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʩʭʝʤʘ 

"ʜʠʬʬʝʨʝʥʮʠʘʣ ʥʘ ʚʳʭʦʜʝ"). 

ʆʧʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʙʦʪʳ ʜʚʫʭʧʦʪʦʯʥʳʭ ɻʄʇ ʷʚʣʷʝʪʩʷ ʨʘ-

ʮʠʦʥʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʦʜʥʦʧʦʪʦʯʥʦʛʦ ʠ ʜʚʫʭʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. 

ʇʨʠ ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ (ʦʪ 0 ʜʦ 0,6) ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʧʦʪʦʯʥʳʡ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʤʦʱʥʦʩʪʠ, 
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ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ. ɺ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʛʠʜʨʦ-

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (ʦʪ 0,6 ʜʦ 0,85) ʧʝʨʝʜʘʯʘ ʨʘʙʦʪʘʝʪ ʢʘʢ ʜʚʫʭʧʦʪʦʯʥʘʷ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʂʇɼ. ʆʙʱʝʧʨʠʥʷʪʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝ-

ʰʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʦʜʥʦʧʦʪʦʯʥʦʛʦ ʠ ʜʚʫʭʧʦʪʦʯʥʦʛʦ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ɻʄʇ, ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʩʮʝʧʥʳʭ ʫʧʨʘʚʣʷʝ-

ʤʳʭ ʤʫʬʪ, ʥʘʧʨʠʤʝʨ, ʬʨʠʢʮʠʦʥʥʳʭ (ʵʪʦ, ʥʘʧʨʠʤʝʨ, ʘ.ʩ. ʉʉʉʈ ˉ 

1452719). 

ɺ ɻʄʇ ʧʦ ʘ.ʩ. ʉʉʉʈ ˉˉ 1754499 ʠ 1772497 ʟʘʜʘʯʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʦʜʥʦʧʦʪʦʯʥʦʛʦ ʠ ʜʚʫʭʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʨʝʰʝʥʘ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝ-

ʥʠʷ ʠʣʠ ʚʳʢʣʶʯʝʥʠʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʩʮʝʧʥʦʡ ʤʫʬʪʳ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʩʦ-

ʚʤʝʩʪʥʦ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ, 

ʢʦʪʦʨʳʡ ʦʪʢʣʶʯʘʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʜʥʦʧʦʪʦʯʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʝʨʝʜʘʯʠ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʙʦʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʧʝʨʝʜ ʠʟʚʝʩʪʥʳʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʧʨʦʱʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ɻʄʇ. 

ɼʣʷ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ɻʄʇ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʝʢ-

ʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʚʝʩʪʥʳʡ ʧʨʠʥʮʠʧ ʧʝʨʝʢʣʶʯʝʥʠʷ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʘ ʚ ʨʝʞʠʤ ʦʙʨʘʪʥʦʛʦ ʚʨʘʱʝʥʠʷ: ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʪʫʨʙʠʥʥʦʛʦ ʢʦʣʝʩʘ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʩʚʦʙʦʞʜʝʥʠʠ ʨʝʘʢʪʦʨʥʦʛʦ ʢʦʣʝʩʘ ʧʨʦʠʩʭʦʜʠʪ ʚʨʘʱʝʥʠʝ 

ʨʝʘʢʪʦʨʥʦʛʦ ʢʦʣʝʩʘ ʚ ʩʪʦʨʦʥʫ, ʦʙʨʘʪʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ ʥʘʩʦʩ-

ʥʦʛʦ ʢʦʣʝʩʘ (ʚ ʦʙʳʯʥʦʤ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʧʨʷʤʦʛʦ ʚʨʘʱʝʥʠʷ ʨʝʘʢ-

ʪʦʨʥʦʝ ʢʦʣʝʩʦ ʥʘ ʨʝʞʠʤʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝʧʦʜʚʠʞʥʳʤ). ʉʤʝʥʘ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ɻʄʇ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʦʨʷʜʢʘ ʩʦʝʜʠʥʝʥʠʷ ʝʛʦ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʩ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ. ʊʝʤ ʩʘʤʳʤ 

ʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʛʦ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ 

ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʥʠʤ ʟʫʙʯʘʪʳʭ ʠ ʜʨʫʛʠʭ ʧʝʨʝʜʘʯ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ɻʄʇ ʚ ʮʝʣʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥ-

ʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʘ ʨʝ-

ʚʝʨʩʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʜʠʥʘʤʠʯʝ-

ʩʢʦʝ ʪʦʨʤʦʞʝʥʠʝ ʤʘʰʠʥʳ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ɻʄʇ ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʕʬʬʝʢʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʧʨʠ 

ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ ʥʘʩʦʩʘ ʠ 

ʪʫʨʙʠʥʳ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʧʦʛʣʦʱʝʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ʨʘʙʦ-

ʯʝʡ ʞʠʜʢʦʩʪʴʶ. 

ɺ ɻʄʇ ʧʦ ʘ.ʩ. ʉʉʉʈ  ̄1756179 ʠ ʧʘʪʝʥʪʫ ʈʌ  ̄2695471 ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʢʪʦʨ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʠʟ ʧʷʪʠ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ: 

1) ʙʳʪʴ ʥʝʧʦʜʚʠʞʥʳʤ ʥʘ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ 

ʦʙʳʯʥʦʤ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʤ ʨʝʞʠʤʝ ʩ ʦʜʥʦʡ ʘʢʪʠʚʥʦʡ ʪʫʨʙʠʥʦʡ; 
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2) ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚʪʦʨʘʷ ʪʫʨʙʠʥʘ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦʛʦ ʚʨʘʱʝ-

ʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʥʘʩʦʩʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʟʢʦʝ 

ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʤʝʥʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʣʳʭ 

ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ; 

3) ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʪʫʨʙʠʥʘ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʧʨʠ ʦʩʪʘʥʦʚʢʝ ʦʩ-

ʥʦʚʥʦʡ ʪʫʨʙʠʥʳ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʨʝʞʠʤʝ ʨʝʚʝʨʩʠʨʦʚʘʥʠʷ ʪʨʘʥʩ-

ʤʠʩʩʠʠ; 

4) ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚʨʘʱʘʪʴʩʷ ʚ ʧʦʪʦʢʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʩʦʟʜʘʚʘʷ 

ʪʦʨʤʦʟʥʦʡ ʤʦʤʝʥʪ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ; 

5) ʚʨʘʱʘʪʴʩʷ ʩʚʦʙʦʜʥʦ ʚ ʧʦʪʦʢʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ 

ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘ ʨʝʞʠʤ ʛʠʜʨʦʤʫʬʪʳ. 

ɼʣʷ ʢʦʤʤʫʪʘʮʠʠ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʞʠʤʦʚ ʧʝ-

ʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʭʦʜʘ ʩʘʤʦʭʦʜʥʦʡ ʤʘʰʠʥʳ ʚ ɻʄʇ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩ-

ʪʝʤʘ ʫʧʨʘʚʣʷʝʤʳʭ ʩʮʝʧʥʳʭ ʤʫʬʪ ʠ ʪʦʨʤʦʟʦʚ. ʉ ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʥʩʪ-

ʨʫʢʮʠʠ ɻʄʇ ʩʘʤʦʫʧʨʘʚʣʷʝʤʳʭ ʤʫʬʪ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʠʩ-

ʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʧʦʟʚʦ-

ʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʞʠʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʦʨʤʦʟʘ-ʟʘʤʝʜʣʠʪʝʣʷ. 

ɻʄʇ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦ ʧʘʪʝʥʪʫ ʈʌ ̄ 1818259 ʩʦʜʝʨʞʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ ʜʚʫʭʪʫʨʙʠʥʥʳʡ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠ 

ʧʣʘʥʝʪʘʨʥʫʶ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ, ʠʤʝʶʱʫʶ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ (ʚʥʫʪʨʝʥʥʝʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʣʘʥʝ-

ʪʘʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʥʝʧʦʜʚʠʞʥʦʤ ʚʦʜʠʣʝ). ʇʣʘʥʝʪʘʨ-

ʥʘʷ ʧʝʨʝʜʘʯʘ ʧʨʦʠʟʚʦʜʠʪ ʩʫʤʤʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʡ ʦʪ ʪʫʨʙʠʥ ʛʠʜʨʦ-

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʄʥʦʛʦʪʫʨʙʠʥʥʳʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʩ ʩʫʤʤʠʨʫʶ-

ʱʠʤʠ ʟʫʙʯʘʪʳʤʠ ʧʝʨʝʜʘʯʘʤʠ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʪʘʢʠʭ ʢʦʤ-

ʧʘʥʠʷʭ ʉʐɸ ʢʘʢ Eaton, General Motors ʠ Allison Transmission. 

ʇʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʧʝʨʝʜʘʪʦʯ-

ʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʤʘʰʠʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ, ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪ-

ʩʷ ʧʣʘʥʝʪʘʨʥʘʷ ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʘʚʪʦʤʦʙʠʣʝʡ Ford ʚʳʧʫʩʢʘ 1903-1927 ʛʛ. 

ɻʦʨʘʟʜʦ ʯʘʱʝ ʚ ɻʄʇ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ ʩ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ (ʪʠʧʘ 2K-ʅ ʠʣʠ Ravigneaux) 

ʣʠʙʦ ʥʝʧʣʘʥʝʪʘʨʥʳʝ ʧʝʨʝʜʘʯʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʥʝʪʘʨʥʦʡ ʧʝʨʝʜʘʯʠ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʪʦʪʠʧʘ ʧʦʟʚʦʣʠʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʦʦʩʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʭʦʜʥʦʛʦ ʠ 

ʚʳʭʦʜʥʦʛʦ ʚʘʣʦʚ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ, ʠʤʝʶʱʝʡ ʨʝʚʝʨʩʠʚʥʳʡ 

ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ (ʚ ʠʟʚʝʩʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ɻʄʇ ʩ ʨʝʚʝʨʩʠʚʥʳʤ 

ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʚʘʣʳ ʥʝ ʷʚʣʷʶʪʩʷ ʩʦʦʩʥʳʤʠ, 

ʵʪʦ, ʥʘʧʨʠʤʝʨ, ʘ.ʩ. ʉʉʉʈ ˉˉ 249889 ʠ 669136). ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʧʨʷʤʦʛʦ 
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ʠʣʠ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʚ ɻʄʇ ʧʨʠʤʝʥʝʥʳ ʜʚʘ ʪʦʨʤʦʟʘ. ɼʨʫʛʠʤ ʧʦʣʝʟʥʳʤ 

ʢʘʯʝʩʪʚʦʤ ʧʣʘʥʝʪʘʨʥʦʡ ʧʝʨʝʜʘʯʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʧʝʨʝʜʘ-

ʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʥʝʡ ʰʝʩʪʝ-

ʨʝʥ ʪʦʣʴʢʦ ʚʥʝʰʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯ-

ʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʧʠʮʠʢʣʠʯʝʩʢʠʤʠ ʰʝʩʪʝʨʥʷʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʮʝʧ-

ʣʝʥʠʷ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ (ʧʘ-

ʪʝʥʪʳ ʈʌ ̄̄  2682694, 2682892, 2716378, 2737452, 2741352, 2761683) 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʜʚʝ ʠʣʠ ʪʨʠ ʪʫʨʙʠʥʳ ʨʘʟʥʳʭ ʪʠʧʦʚ (ʮʝʥʪʨʦʙʝʞʥʦʛʦ, 

ʦʩʝʚʦʛʦ ʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʪʠʧʘ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʳ-

ʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ. ʊʘʢ, ʪʫʨʙʠʥʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʣʫʯʰʠʝ 

ʩʚʦʡʩʪʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʣʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ (0-0,4), ʪʫʨʙʠʥʘ 

ʦʩʝʚʦʛʦ ʪʠʧʘ ï ʚ ʟʦʥʝ ʩʨʝʜʥʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ (0,4-0,6), ʘ ʪʫʨ-

ʙʠʥʘ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʪʠʧʘ ï ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ ʧʝʨʝʜʘʪʦʯʥʳʭ 

ʦʪʥʦʰʝʥʠʡ (ʙʦʣʝʝ 0,6) ʠ ʥʘ ʨʝʞʠʤʝ ʛʠʜʨʦʤʫʬʪʳ. ʉʦʧʨʷʞʝʥʠʝ ʪʫʨʙʠʥ 

ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ ɻʄʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʩʮʝʧʥʳʭ ʤʫʬʪ. ʇʨʠ ʩʦʛʣʘʩʦʚʘʥʥʦʤ 

ʚʢʣʶʯʝʥʠʠ ʠ ʚʳʢʣʶʯʝʥʠʠ ʤʫʬʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʜʝʣʴʥʘʷ ʠʣʠ ʩʦʚʤʝʩʪ-

ʥʘʷ ʨʘʙʦʪʘ ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʪʫʨʙʠʥ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʝʨʝʜʘ-

ʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʢʦʥʩʪʨʫʢʮʠʷ 

ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʘ ʠʣʠ ʪʨʠ ʨʝʘʢʪʦʨʘ ʧʦ ʢʦʣʠʯʝ-

ʩʪʚʫ ʪʫʨʙʠʥ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʘʢʪʠʚʥʦʡ ʪʫʨ-

ʙʠʥʦʡ. ʅʝʟʘʚʠʩʠʤʘʷ ʨʘʙʦʪʘ ʪʫʨʙʠʥ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʨʝʘʢʪʦʨʦʚ ʧʦ-

ʟʚʦʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʧʨʦʬʠʣʠʨʦʚʘʪʴ ʠʭ ʣʦʧʘʪʢʠ ʠ, ʪʝʤ ʩʘʤʳʤ, 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʂʇɼ ɻʄʇ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʜʘ-

ʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ɻʄʇ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʛʠʜ-

ʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʧʦʩʢʦʣʴ-

ʢʫ ʩʦʯʝʪʘʶʪ ʩʚʦʡʩʪʚʘ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʮʠʨʢʫʣʷʮʠʦʥʥʳʤʠ ɻʄʇ, ʧʨʠʤʝʥʷʝ-

ʤʳʭ ʚ ʪʨʘʥʩʤʠʩʩʠʷʭ ʤʦʱʥʳʭ ʪʝʧʣʦʚʦʟʦʚ, ʧʨʝʜʣʘʛʘʝʤʳʝ ɻʄʇ ʧʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʤʝʥʴʰʝʥʥʳʤʠ ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝ-

ʨʘʤʠ ʠ ʤʘʩʩʦʡ. 

ɺ ɻʄʇ ʧʦ ʧʘʪʝʥʪʘʤ ʈʌ ̄̄  2719741 ʠ 2740971, ʢʘʢ ʠ ʚ ʨʘʥʝʝ ʨʘʩ-

ʩʤʦʪʨʝʥʥʦʡ ɻʄʇ ʧʦ ʧʘʪʝʥʪʫ ʈʌ ̄ 1818259, ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ɻʄʇ 

ʷʚʣʷʝʪʩʷ ʜʚʫʭʪʫʨʙʠʥʥʳʡ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩ ʪʫʨʙʠʥʘʤʠ ʦʩʝʚʦʛʦ ʠ 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʪʠʧʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʟʘ 

ʜʨʫʛʦʤ ʚ ʢʨʫʛʝ ʮʠʨʢʫʣʷʮʠʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʉʫʤʤʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʡ 

ʠ ʤʦʤʝʥʪʦʚ ʦʪ ʪʫʨʙʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʟʫʙʯʘʪʳʭ ʥʝʧʣʘʥʝ-
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ʪʘʨʥʳʭ ʧʝʨʝʜʘʯ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷ-

ʶʪʩʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝʜʘʯʘʤʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʩʪʫʧʝʥʯʘ-

ʪʳʤʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʤʥʦʛʦʪʫʨʙʠʥʥʳʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 

ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʧʨʝʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʘʢ ʫʞʝ ʨʘʥʝʝ 

ʦʪʤʝʯʘʣʦʩʴ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ 

ʤʥʦʛʦʪʫʨʙʠʥʥʳʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 5-6 ʠ ʙʦʣʝʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ ʚ ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʥʠʤʠ ʤʝʭʘʥʠ-

ʯʝʩʢʦʡ ʢʦʨʦʙʢʝ ʧʝʨʝʜʘʯ. ʊʫʨʙʠʥʳ ʚ ʤʥʦʛʦʪʫʨʙʠʥʥʳʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘʭ ʚʨʘʱʘʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʪʘʢʠʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʩʪʫʧʝʥʯʘ-

ʪʳʤʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʪʠʧʘ Lysholm-Smith ʠ Twin-Disk, ʚ ʢʦʪʦʨʳʭ 

ʪʫʨʙʠʥʳ ʞʝʩʪʢʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʨʘʱʘʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʦʡ ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ɻʄʇ ʧʦ ʧʘʪʝʥʪʘʤ ʈʌ                        

ˉˉ 2719741 ʠ 2740971 ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦ-

ʪʳ ʣʠʙʦ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʨʝʦʙʨʘʟʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʣʠʙʦ ʩ ʧʦʚʳʰʝʥ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʂʇɼ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʪʨʘʥʩʤʠʩʩʠʶ. 

ɻʄʇ ʧʦ ʧʘʪʝʥʪʫ ʈʌ ̄ 2737473 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʜʠʘ-

ʧʘʟʦʥʝ ʤʘʣʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ. ɻʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʪʠʧʘ ʚ ʜʘʥʥʦʡ ɻʄʇ ʩʦʝʜʠʥʷʝʪʩʷ ʩʚʦʠʤ ʚʳʭʦʜʥʳʤ ʚʘʣʦʤ ʩ ʧʣʘʥʝ-

ʪʘʨʥʳʤ ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʤ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʧʝʨʝʜʘʪʦʯ-

ʥʳʤ ʦʪʥʦʰʝʥʠʝʤ. ɺʭʦʜʥʦʡ ʚʘʣ ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʪʫʨʙʠ-

ʥʦʡ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʘ ʚʦʜʠʣʦ ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʩʦʝʜʠʥʝʥʦ ʩ ʨʝ-

ʘʢʪʦʨʦʤ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʤʝʥʪʘ ʠ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʪ 0 ʜʦ 1 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ ʜʦ 1, ʘ ʩʠʣʘ ʧʦʪʦʢʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʨʝʘʢʪʦʨ, 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʝʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʦ 0. ʇʨʠ ʵʪʦʤ ʩʠʣʘ 

ʦʪ ʨʝʘʢʪʦʨʘ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʝʡ ʥʘ ʚʦʜʠʣʝ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʩʠʣʝ ʚʦʜʠʣʦ ʧʣʘʥʝ-

ʪʘʨʥʦʛʦ ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʪʘʥʦʚʣʝʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʤʦʤʝʥʪ, ʠʩʭʦʜʷʱʠʡ ʦʪ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʧʦʚʳʰʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʟʫʙʯʘʪʳʭ ʧʝʨʝʜʘʯ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦʨ ʬʘʢʪʠʯʝʩʢʠ ʨʘʙʦʪʘʝʪ ʢʘʢ 

ʥʝʧʣʘʥʝʪʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʚʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʙʦʪʫ ʚ ʧʝʨʠʦʜʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʨʘʥʩʤʠʩʩʠʶ ʠ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʣʘ, ʜʝʡʩʪ-

ʚʫʶʱʘʷ ʥʘ ʚʦʜʠʣʦ ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ, ʫʤʝʥʴʰʘʝʪʩʷ, ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦʨ 
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ʜʠʥʘʤʠʯʝʩʢʠ ʙʣʦʢʠʨʫʝʪʩʷ ʠ ʪʝʤ ʩʘʤʳʤ ʚʳʢʣʶʯʘʝʪʩʷ ʠʟ ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ 

ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦ-

ʨʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʈʝʛʫʣʠʨʫʝʤʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʦ ʧʘʪʝʥʪʫ ʈʌ 

 ̄2065103 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʟʨʘʯʥʦ-

ʩʪʠ ʠ ʪʝʤ ʩʘʤʳʤ ʩʚʦʝʡ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʙʦʪʳ ʩ ʜʚʠʛʘʪʝʣʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ. ɻʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʠʪ ʥʘʩʦʩ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ, ʪʫʨʙʠʥʫ ʮʝʥ-

ʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʪʠʧʘ, ʜʚʘ ʨʝʘʢʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʤʫʬʪʘʭ ʩʚʦʙʦʜ-

ʥʦʛʦ ʭʦʜʘ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʝʤʳʡ ʪʦʨʤʦʟ ʜʣʷ ʘʢʪʠʚʘʮʠʠ/ʜʝʘʢʪʠʚʘʮʠʠ ʦʜ-

ʥʦʛʦ ʠʟ ʨʝʘʢʪʦʨʦʚ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 1,3, ʪʦ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʤʝʝʪ ʥʝʧʨʦʟʨʘʯʥʫʶ ʤʝ-

ʭʘʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘ-

ʮʠʠ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ-

ʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,5 ʜʦ 2,5 ʠ ʙʦʣʝʝ, ʪʦ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʤʝʝʪ 

ʧʦʣʫʧʨʦʟʨʘʯʥʫʶ ʠʣʠ ʧʨʦʟʨʘʯʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʧʨʠ 

ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʨʘʙʦʪʘʝʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʂʇɼ. ʊʨʝʙʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝʤ 

ʣʦʧʘʪʦʢ ʨʝʘʢʪʦʨʦʚ. 

ɺ ʠʟʚʝʩʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʪʠʧʘ ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʚʦ-

ʨʦʪʘ ʣʦʧʘʪʦʢ ʨʝʘʢʪʦʨʘ, ʥʦ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʣʦʞ-

ʥʳʤ. ɼʨʫʛʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʨʝʘʢʪʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʚʫʭ ʨʝʘʢʪʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʚ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʚʢʣʶʯʝʥʠʝ ʚ ʨʘʙʦʪʫ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʘʢʪʦʨʘ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʫʧʨʘʚʣʷʝʤʳʭ ʪʦʨʤʦʟʦʚ (ʥʘʧʨʠʤʝʨ, 

ʵʪʦ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʧʦ ʘ.ʩ. ʉʉʉʈ ˉˉ 331202 ʠ 356377). ʈʘʟʨʘʙʦ-

ʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʠʜʨʦʪʨʘʥʩ-ʬʦʨʤʘʪʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʢʣʶʯʘʪʴ ʨʝʘʢʪʦʨʳ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʫʧʨʘʚʣʷʝʤʦʡ 

ʩʮʝʧʥʦʡ ʤʫʬʪʳ, ʥʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʣʦʧʘʪʦʢ ʨʝʘʢ-

ʪʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʛʠʜʨʦʪʨʘʥʩ-ʬʦʨʤʘʪʦʨ, ʠʤʝʷ ʯʝ-

ʪʳʨʝ ʨʘʙʦʯʠʭ ʢʦʣʝʩʘ, ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʨʘʙʦʪʝ ʢʘʢ ʪʨʝʭʢʦʣʝʩʥʳʡ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ. ɺ ʧʨʠʥʮʠʧʝ, ʤʦʞʥʦ ʝʱʝ ʙʦʣʝʝ ʫʧʨʦʩʪʠʪʴ 

ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠ ʚʦʚʩʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʤʫʬʪ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ, ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʠʚ ʨʝʘʢʪʦʨʳ ʩ ʪʦʨʤʦʟʘʤʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʞʠʤ ʛʠʜ-

ʨʦʤʫʬʪʳ ʙʫʜʝʪ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚʢʣʶʯʘʪʴʩʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʪʢʣʶʯʝ-

ʥʠʠ ʪʦʨʤʦʟʦʚ ʨʝʘʢʪʦʨʦʚ ʧʦ ʩʠʛʥʘʣʫ ʦʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʤ. 
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ɺ ɻʄʇ ʧʦ ʧʘʪʝʥʪʫ ʈʌ ˉ 2695477 ʧʦʚʳʰʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʂʇɼ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʫʜʘʨʥʳʭ 

ʧʦʪʝʨʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʝʝ ʚʭʦʜʝ ʚ ʥʘʩʦʩ. ʉ ʵʪʦʡ ʮʝʣʶ ʛʠʜʨʦʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨ ʦʩʥʘʱʘʝʪʩʷ ʜʚʫʤʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʨʘʙʦʯʠʤʠ ʢʦʣʝʩʘʤʠ ʩ 

ʣʦʧʘʪʢʘʤʠ, ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʞʜʫ ʪʫʨʙʠʥʦʡ ʠ ʨʝʘʢʪʦʨʦʤ, 

ʘ ʚʪʦʨʦʝ ï ʤʝʞʜʫ ʨʝʘʢʪʦʨʦʤ ʠ ʥʘʩʦʩʦʤ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʣʦʧʘʩʪʥʳʝ ʢʦ-

ʣʝʩʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʳʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʟʫʙʯʘʪʦʛʦ 

ʨʝʚʝʨʩʠʨʫʶʱʝʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ ʠ ʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦ-

ʨʦʥʳ. ɹʳʩʪʨʦ ʚʨʘʱʘʶʱʝʝʩʷ ʢʦʣʝʩʦ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʧʝʨʝʜ ʥʘʩʦʩʦʤ, ʧʨʠ-

ʜʘʝʪ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʦʪ ʫʜʘʨʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʦ ʣʦʧʘʪʢʠ ʥʘʩʦʩʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʘ ʧʨʠ ʵʪʦʤ ʟʘʚʠʩʠʪ ʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʣʦʧʘʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʭ ʢʦʣʝʩ, ʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ. 

ɻʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʣʘʥʝʪʘʨʥʳʤʠ ʧʝʨʝʜʘʯʘʤʠ ʠ ʧʣʘʥʝʪʘʨʥʳʤʠ ʢʦʨʦʙʢʘʤʠ ʧʝʨʝʜʘʯ. ʇʣʘʥʝ-

ʪʘʨʥʳʝ ʟʫʙʯʘʪʳʝ ʵʚʦʣʴʚʝʥʪʥʳʝ ʧʝʨʝʜʘʯʠ ʦʙʣʘʜʘʶʪ ʠʟʚʝʩʪʥʳʤʠ ʧʦʣʝʟʥʳ-

ʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ, ʧʦʵʪʦʤʫ, ʦʥʠ ʫʩʧʝʰʥʦ ʩʦʯʝʪʘʶʪʩʷ ʩ ʛʠʜʨʦʤʫʬʪʘʤʠ ʠ 

ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ɻʄʇ [3, 5]. ʆʜ-

ʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʠʧʳ ʩʠʣʦʚʳʭ ʪʨʘʥʩʤʠʩʩʠʡ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʤʥʦʛʦʟʚʝʥʥʳʭ ʨʷʜʦʚʳʭ ʠ ʧʣʘʥʝʪʘʨʥʳʭ ʩʠʥʬʘʟʥʳʭ ʟʫʙʯʘʪʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʣʠ ʧʦʪʝʥʮʠʘʣ ʫʣʫʯʰʝʥʠʷ ʩʚʦʠʭ ʛʘʙʘʨʠʪʥʦ-ʤʘʩʩʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʨʘʥʩʤʠʩʩʠʡ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʨʘʟʣʠʯʥʦʛʦ ʦʪʨʘʩʣʝʚʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʘ ʢʦʥʮʝʧʮʠʠ ʤʥʦʛʦʧʦʪʦʯʥʦʛʦ ʧʦʜʚʦʜʘ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʢ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ. ʉʦʟʜʘ-

ʥʠʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ ʤʝʪʦʜʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʤʥʦʛʦʧʦ-

ʪʦʯʥʳʭ ʧʝʨʝʜʘʯ ʠ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷ-

ʶʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʢʘʢ ʥʘʫʢʠ 

ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʢʘʢ ʧʨʘʢʪʠʢʠ ʚʦ ʚʩʝʭ ʠʥʜʫʩʪʨʠʘʣʴʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘ-

ʥʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʘʪʝʥʪ ʈʌ ̄ 2402707 ʧʨʝʜʣʘʛʘʝʪ ʘʩʠʥʬʘʟʥʫʶ ʤʥʦʛʦ-

ʧʦʪʦʯʥʫʶ ʟʫʙʯʘʪʫʶ ʧʝʨʝʜʘʯʫ ʩ ʰʠʨʦʢʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦ-

ʩʪʷʤʠ ʚ ʣʠʤʠʪʠʨʦʚʘʥʥʳʭ ʛʘʙʘʨʠʪʘʭ. ʋʜʝʣʴʥʘʷ ʤʘʩʩʘ ʪʘʢʦʡ ʦʜʠʥʦʯʥʦʡ 

ʧʣʘʥʝʪʘʨʥʦʡ ʧʝʨʝʜʘʯʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,005 ʜʦ 0,015 ʢʛ/ʅĿʤ, 

ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʝʜʘʚʘʝʤʳʡ ʝʶ ʤʦʤʝʥʪ ï 5Ŀ10
6
 ʅĿʤ. ʊʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʝʨʝʜʘʯʘ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ ʚ 

ʩʦʩʪʘʚʝ ɻʄʇ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʙʲʝʤʝ ʩʤʦʞʝʪ ʧʝʨʝʜʘʪʴ ʙʦʣʴʰʠʡ ʧʦʪʦʢ 

ʵʥʝʨʛʠʠ (ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʩʯʝʪʘʤ ï ʥʘ 50% ʙʦʣʴʰʝ). 
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ɿʘʢʣʶʯʝʥʠʝ  
ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʛʠʜʨʦ-

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ɻʄʇ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʦʪʠʧʘʤʠ ʦʙ-

ʣʘʜʘʶʪ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʇʨʦʝʢʪʳ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʨʘʥʩʤʠʩʩʠʡ ʩʘʤʦʭʦʜʥʳʭ ʤʘʰʠʥ 

ʙʦʣʴʰʦʡ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʢʦʣʝʩʥʦʤ ʠ ʛʫʩʝʥʠʯʥʦʤ ʭʦʜʫ, ʠʤʝʶ-

ʱʠʭ ʥʘʧʨʷʞʝʥʥʳʡ ʨʝʞʠʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ: ʵʪʦ ï ʪʷʞʝʣʳʝ ʛʨʫʟʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ ʠ ʪʷʛʘʯʠ, 

ʢʘʨʴʝʨʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ ʩʪʨʦʠʪʝʣʴʥʦ-ʜʦʨʦʞʥʳʝ 

ʤʘʰʠʥʳ, ʟʝʤʣʝʨʦʡʥʘʷ ʪʝʭʥʠʢʘ, ʛʦʨʦʜʩʢʠʝ ʘʚʪʦʙʫʩʳ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʪʨʘʢʪʦʨʳ, ʢʦʣʝʩʥʳʝ ʠ ʛʫʩʝʥʠʯʥʳʝ ʚʝʟʜʝʭʦʜʳ, ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʳʝ ʣʦʢʦʤʦʪʠʚʳ ʠ ʤʦʪʦʚʦʟʳ. ʅʝʟʘʚʠʩʠʤʘʷ ʨʘʙʦʪʘ ʪʫʨʙʠʥʥʳʭ 

ʢʦʣʝʩ ʠ ʨʝʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʧʨʦʬʠʣʠʨʦʚʘʪʴ ʠʭ 

ʣʦʧʘʪʢʠ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʠ ʟʥʘʯʝʥʠʷ ʂʇɼ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ɻʄʇ. 

ʉʚʦʡʩʪʚʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʧʦʟʚʦʣʷʶʪ ʠʭ ʢʦʤʙʠ-

ʥʠʨʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʚʫʭʪʫʨʙʠʥʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦ-

ʨʳ ʧʦ ʧʘʪʝʥʪʘʤ ʈʌ ̄̄  1818259, 2682694, 2682892, 2719741 ʠ 2740971 

ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʦʩʥʘʱʝʥʳ ʜʚʫʤʷ ʨʝʘʢʪʦʨʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘ-

ʤʠ ʩʚʦʠʭ ʣʦʧʘʪʦʢ (ʧʘʪʝʥʪ ʈʌ ̄ 2065103), ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʝʱʝ 

ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ɻʄʇ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʝʜ-

ʣʘʛʘʝʤʳʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʨʝʭʢʦʣʝʩʥʳʭ ʠ ʯʝʪʳʨʝʭ-

ʢʦʣʝʩʥʳʭ ʛʠʜʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʠʧʘ ʃɻ, ɻʊ, ʄʊ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʫʜʦʩʪʦʝʥʘ ʟʦʣʦʪʦʡ ʤʝʜʘʣʠ XXIV  ʄʦʩʢʦʚʩʢʦʛʦ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʘʣʦʥʘ ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʠʥʥʦʚʘʮʠʡ "ɸʨʭʠʤʝʜ-2021" ʠ ʟʦ-

ʣʦʪʦʡ ʤʝʜʘʣʠ XVII  ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʘʣʦʥʘ ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʥʦʚʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ "ʅʦʚʦʝ ʚʨʝʤʷ" (ʛ. ʉʝʚʘʩʪʦʧʦʣʴ, 2021 ʛ.). 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
 
1. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ: ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ / ɹ.ɸ. ɻʘʚ-

ʨʠʣʝʥʢʦ, ʀ.ʌ. ʉʝʤʠʯʘʩʪʥʦʚ ʠ ʜʨ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1980. 219 ʩ. 

2.  ʊʨʫʭʘʥʦʚ ɺ.ʄ. ʊʨʘʥʩʤʠʩʩʠʠ ʛʫʩʝʥʠʯʥʳʭ ʠ ʢʦʣʝʩʥʳʭ ʤʘʰʠʥ / ɺ.ʄ. ʊʨʫʭʘʥʦʚ, 

ɺ.ʌ. ɿʫʙʢʦʚ, ʖ.ʀ. ʂʨʳʭʪʠʥ, ɺ.ʌ. ɾʝʣʪʦʙʨʶʭʦʚ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2001.  736 ʩ. 

3. ʇʝʪʨʦʚ ɸ.ɺ. ʇʣʘʥʝʪʘʨʥʳʝ ʠ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʢʦʣʝʩʥʳʭ ʠ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ. 

ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1966. 383 ʩ. 
4. ɹʨʘʮʣʘʚʩʢʠʡ ʍ.ʃ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ. ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1976. 149 ʩ. 

5. ʅʘʨʙʫʪ ɸ.ʅ. ɻʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʘʚʪʦʤʦʙʠʣʝʡ: ʫʯʝʙ. ʧʦʩʦʙʠʝ. ʄ.: ʆʆʆ "ɻʨʠʥ-
ʣʘʡʪ+", 2010. 192 ʩ. 

  



170 

 

ʋɼʂ 629.365 
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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʭʝʤʳ ʛʠʙʨʠʜʥʦʛʦ ʧʨʠʚʦʜʘ ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟ-

ʯʠʢʦʚ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʠʚʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩ-

ʪʝʤʳ. ɺʳʧʦʣʥʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ ʩ ʛʠʙʨʠʜʥʳʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ, ʪʨʘʥʩʤʠʩʩʠʷ, ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʘʷ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘ, ʪʷʛʦʚʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

 

SURVEY AND ANALYSIS OF HYBRID DRIVE SCHEMES  

OF WHEEL LOADERS  

 

O.I. Chudakov, V.B. Kholodenko 
 

Bauman Moscow State Technical University 

 
The main schemes of the hybrid drive of wheel loaders are considered, taking 

into account the features of power take-off for the drive of the hydraulic system. A re-

view of the existing wheel loaders with a hybrid electric drive is made. 

Keywords: wheel loader, transmission, hybrid powertrains, electric drive 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ (ʂʕʋ), ʚ ʟʘʨʫʙʝʞʥʳʭ ʧʫʙʣʠ-

ʢʘʮʠʷʭ ʥʘʟʳʚʘʝʤʳʝ ʛʠʙʨʠʜʥʳʤʠ (ʘʥʛʣ. hybrid powertrains), ʷʚʣʷʶʪʩʷ ʦʜ-

ʥʦʡ ʠʟ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʩʥʠʞʝʥʠʷ ʠʭ 

ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʤʙʠʥʠʨʫʶʱʠʝ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʩ ʢʦʤ-

ʧʦʥʝʥʪʘʤʠ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (ʨʝʞʝ ï ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ) ʧʨʠʚʦʜʘ, 

ʙʫʬʝʨʥʳʤ ʥʘʢʦʧʠʪʝʣʝʤ ʵʥʝʨʛʠʠ (ʙʘʪʘʨʝʝʡ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠʣʠ ʢʦʥʜʝʥʩʘ-

ʪʦʨʦʚ) ʠ ʘʛʨʝʛʘʪʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʥʩʤʠʩʩʠʠ [1]. ʂʕʋ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʚʳʙʨʦʩʦʚ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʪʝʧʣʦʚʳʤ ʜʚʠ-

ʛʘʪʝʣʝʤ ʣʠʙʦ ʟʘ ʩʯʝʪ ʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʚʳʢʣʶʯʝʥʠʷ ʩ ʜʚʠʞʝʥʠʝʤ ʤʘʰʠʥʳ 
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ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʷʛʝ, ʣʠʙʦ (ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ɼɺʉ) ï ʟʘ ʩʯʝʪ ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʝ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʚ 

ʨʝʞʠʤʘʭ ʧʦʚʳʰʝʥʥʦʛʦ ʂʇɼ ʠ ʩʥʠʞʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʦʢʩʠʯʥʳʭ ʚʝ-

ʱʝʩʪʚ. ʉʚʦʙʦʜʘ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ɼɺʉ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʤʠʩʩʠʝʡ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ɼɺʉ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʤ ʜʚʠʛʘʪʝʣʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʘ. ɹʫʬʝʨʥʳʡ ʥʘʢʦʧʠ-

ʪʝʣʴ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ʜʚʠʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʪʷʛʝ, ʘ ʟʘʨʷʞʘ-

ʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʥʝʨʘʮʠʠ ʦʪ ɼɺʉ ʠ ʨʝʢʫʧʝʨʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ ʤʘʰʠʥʳ ʧʨʠ ʝʝ ʟʘʤʝʜʣʝʥʠʠ ʪʷʛʦʚʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ. 

ʈʘʙʦʪʘ ɼɺʉ ʚ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʞʠʤʥʦʡ ʪʦʯʢʦʡ 

(ʈʊ), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ çʢʦʦʨʜʠʥʘʪʘʤʠè: ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʘʣʘ ɼɺʉ ʠ ʨʘʟʚʠʚʘʝʤʳʤ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ (ʠʣʠ ʤʦʱʥʦʩʪʴʶ). ʇʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ɼɺʉ ʢʘʢ ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʟʥʘ-

ʯʝʥʠʝ ʠʤʝʶʪ: ʟʘʚʠʩʠʤʦʩʪʴ ʈʊ ʦʪ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʠ ʥʘʛʨʫʟʢʠ; ʧʦ-

ʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ɼɺʉ ʚ ʚʳʙʨʘʥʥʦʡ ʨʝʞʠʤʥʦʡ ʪʦʯʢʝ (ʪʦʯʢʘʭ). 

ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɼɺʉ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʚʳʨʘʞʘʝʪʩʷ ʤʠʥʠ-

ʤʫʤʦʤ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ. ɺ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʨʘʙʦʪ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ [2]. ɺ ʨʘʙʦʪʝ [3] ʚ ʟʘʜʘʯʫ ʦʧʪʠʤʘʣʴʥʦ-

ʛʦ ʫʧʨʘʚʣʝʥʠʷ ʂʕʋ, ʧʦʤʠʤʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʚʢʣʶʯʝʥʳ ʚʨʝʜʥʳʝ ʚʳʙʨʦ-

ʩʳ ɼɺʉ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʚ ʬʫʥʢʮʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʥʝʡʪʨʘʣʠʟʘʪʦʨʘ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɼɺʉ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʳ ɼɺʉ ʚ ʦʜʥʦʡ ʨʝʞʠʤʥʦʡ ʪʦʯʢʝ ʚ ʨʝʘʣʴʥʦʡ 

ʂʕʋ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. ɽʩʣʠ ʤʦʱʥʦʩʪʴ ɼɺʉ ʚ ʵʪʦʡ ʪʦʯʢʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘ (ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ɼɺʉ), 

ʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʦʱʥʦʩʪʴ, ʪʨʝʙʫʝʤʘʷ ʦʪ ʙʘ-

ʪʘʨʝʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʝʪ. ɼʣʠʪʝʣʴʥʦʝ ʜʠʥʘʤʠʯʥʦʝ ʜʚʠʞʝʥʠʝ ʠʣʠ 

ʜʚʠʞʝʥʠʝ ʧʦʛʨʫʟʯʠʢʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ (ʧʨʠ ʧʝʨʝʛʦʥʘʭ ʤʝʞʜʫ 

ʨʘʙʦʯʠʤʠ ʧʣʦʱʘʜʢʘʤʠ) ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʥʝʜʦʩʪʘʪʢʘ ʤʦʱʥʦʩʪʠ ɼɺʉ ʙʘʪʘ-

ʨʝʝʡ ʪʨʝʙʫʝʪ ʝʝ ʙʦʣʴʰʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. ɺ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʵʪʦʤʫ ʪʨʝ-

ʙʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʂʕʋ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʨʷʜʢʠ ʙʘʪʘʨʝʠ ʦʪ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʩʝʪʠ (PHEV, REEV). ɺ ʘʚʪʦʥʦʤʥʳʭ ʂʕʋ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʘʪʘ-

ʨʝʠ ʤʘʣʦʡ ʝʤʢʦʩʪʠ, ʠ ʜʣʠʪʝʣʴʥʘʷ ʙʫʬʝʨʠʟʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ 

ʤʦʱʥʦʩʪʠ ɼɺʉ ʚ ʵʪʠʭ ʂʕʋ ʥʝʚʦʟʤʦʞʥʘ. 

ʆʙʳʯʥʦ ʚʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʰʠʥ ʩ ʂʕʋ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʨʘʥʩʤʠʩ-

ʩʠʶ, ʥʦ ʥʝ ʫʯʠʪʳʚʘʶʪ ʜʨʫʛʦʛʦ ʦʩʥʦʚʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʵʥʝʨʛʠʠ ʚʦ ʬʨʦʥ-

ʪʘʣʴʥʦʤ ʧʦʛʨʫʟʯʠʢʝ ï ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ 

ʂʕʋ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʝ) ʬʦʨʤʠʨʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʩʭʝʤʫ ʂʕʋ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʩʭʝʤ ʛʠʙʨʠʜʥʦʛʦ ʧʨʠʚʦʜʘ ʬʨʦʥʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ. 
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ʉʪʘʥʜʘʨʪʥʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʘ (ʨʠʩ. 1). ʆʙʳʯʥʘʷ ʪʨʘʥʩʤʠʩʩʠʷ ʬʨʦʥ-

ʪʘʣʴʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ ʤʝʭʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʘ ʩ ɼɺʉ, ʯʘʱʝ ʚʩʝʛʦ ʯʝʨʝʟ ʛʠʜ-

ʨʦʪʨʘʥʩʬʦʨʤʘʪʦʨ (ɻʊ). ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠ ʩʚʷ-

ʟʘʥʘ ʩ ɼɺʉ, ʚʦʟʤʦʞʥʦ, ʯʝʨʝʟ ʥʘʙʦʨ ʰʝʩʪʝʨʝʥ ʚ ʢʦʨʦʙʢʝ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ 

(ʂʆʄ). 

 
ʈʠʩ. 1. ʉʪʘʥʜʘʨʪʥʘʷ ʩʭʝʤʘ ʧʨʠʚʦʜʘ 

 

ʇʘʨʘʣʣʝʣʴʥʳʡ ʛʠʙʨʠʜ (ʨʠʩ. 2). ʊʨʘʥʩʤʠʩʩʠʷ ʜʦʧʦʣʥʷʝʪʩʷ ʦʜʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʦʡ, ʢʦʪʦʨʘʷ ʤʝʭʘʥʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʘ ʩ ʢʦʣʝʥʯʘʪʳʤ 

ʚʘʣʦʤ ɼɺʉ ʠ ʤʦʞʝʪ ʣʠʙʦ ʧʝʨʝʜʘʚʘʪʴ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʘʨʘʣʣʝʣʴʥʦ ʜʚʠ-

ʛʘʪʝʣʶ, ʣʠʙʦ ʨʘʙʦʪʘʪʴ ʢʘʢ ʛʝʥʝʨʘʪʦʨ. ʕʪʘ ʞʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʤʦ-

ʞʝʪ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʠʚʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʥʘʩʦʩʦʚ. 

 

 
ʈʠʩ. 2. ʇʘʨʘʣʣʝʣʴʥʳʡ ʛʠʙʨʠʜ 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʛʠʙʨʠʜ (ʨʠʩ. 3). ɺ ʩʚʦʝʡ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʪʨʘʥʩʤʠʩʩʠʷ ʚʢʣʶʯʘʝʪ ʦʜʥʫ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʤʘʰʠʥʫ, ʤʝʭʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʫʶ ʩ ʢʦʣʝʥʯʘʪʳʤ ʚʘʣʦʤ ɼɺʉ (çʛʝʥʝʨʘʪʦʨè), 

ʠ ʜʨʫʛʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʘʰʠʥʫ, ʤʝʭʘʥʠʯʝʩʢʠ ʩʚʷʟʘʥʥʫʶ ʩ ʪʨʘʥʩʤʠʩʩʠ-

ʝʡ (çʜʚʠʛʘʪʝʣʴè). ʄʝʞʜʫ ʪʨʘʥʩʤʠʩʩʠʝʡ ʠ ɼɺʉ ʥʝʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ, 
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ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ ʦʪ ɼɺʉ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ, ʛʜʝ ʦʥ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʘ ʟʘʪʝʤ ʦʙʨʘʪʥʦ ʚ ʪʨʘʥʩʤʠʩʩʠʶ 

ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʠʪʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʥʘʩʦʩʦʚ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. 
 

 
ʈʠʩ. 3. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʛʠʙʨʠʜ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʟʚʦʣʠʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ çʙʝʩʢʣʘʧʘʥʥʳʝè ʩʠʩʪʝʤʳ ʩ ʥʘ-

ʩʦʩʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ [4]. 

ʂʦʤʧʣʝʢʩʥʳʡ ʛʠʙʨʠʜʥʳʡ ʧʨʠʚʦʜ (ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ). ɻʠʙ-

ʨʠʜʥʫʶ ʪʨʘʥʩʤʠʩʩʠʶ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ (ʨʠʩ. 4) ʤʦʞʥʦ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʘʢ ʢʦʤʙʠʥʘʮʠʶ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʛʠʙʨʠʜʘ. 

  

 
ʈʠʩ. 4. ʂʦʤʧʣʝʢʩʥʳʡ ʛʠʙʨʠʜʥʳʡ ʧʨʠʚʦʜ 

 

ʄʝʞʜʫ ʜʚʠʛʘʪʝʣʝʤ ʠ ʪʨʘʥʩʤʠʩʩʠʝʡ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʘʥʩʤʠʩʩʠʠ, ʪʘʢ ʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʯʝʨʝʟ ʜʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ. ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʦʙʝ ʩʪʦʨʦʥʳ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝ-



174 

 

ʢʫʱʝʡ ʩʠʪʫʘʮʠʝʡ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʠʟʙʝʞʘʪʴ ʥʝʜʦʩʪʘʪʢʦʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʩʭʝʤ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ, ʚ ʧʨʠʥʮʠʧʝ, 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʳʯʥʫʶ ʛʠʜʨʘʚʣʠʢʫ ʩ ʧʦʜʢʘʯʠʚʘʶʱʠʤ ʥʘʩʦ-

ʩʦʤ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ. ʅʦ ʦʥ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥ 

ʪʘʢ, ʯʪʦʙʳ ʠ ʥʘʩʦʩ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʜʚʠʛʘʪʝʣʷ, ʠ ʥʘʩʦʩ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʨʠʚʦʜʦʤ ʨʘʩʧʨʝʜʝʣʷʣʠ ʚʳʨʘʙʦʪʢʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʙʦʣʝʝ ʜʣʠ-

ʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ ʩ ʛʠʙʨʠʜʥʳʤ ʧʨʠʚʦʜʦʤ. 
 

ʊʘʙʣʠʮʘ 1. ʄʦʜʝʣʠ ʛʠʙʨʠʜʥʳʭ ʬʨʦʥʪʘʣʴʥʳʭ ʧʦʛʨʫʟʯʠʢʦʚ 

ʇʨʦʠʟʚʦ-

ʜʠʪʝʣʴ 
ʄʦʜʝʣʴ ʊʠʧ ʧʨʠʚʦʜʘ 

ɸʢʢʫʤʫʣʷʪʦʨ

ʵʥʝʨʛʠʠ 

ɿʘʷʚʣʝʥʥʦʝ 

ʥɻʝʨʛʦʩʙʝ-

ʨʝʞʝʥʠʝ 

Volvo CE L220F 
ʇʘʨʘʣʣʝʣʴʥʳʡ ʛʠʙ-

ʨʠʜ 
ɹʘʪʘʨʝʷ 10% 

Volvo CE LX01 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʛʠʙʨʠʜ 

ʉʫʧʝʨ-

ʢʦʥʜʝʥʩʘʪʦʨ 
35% 

JohnDeere 644K 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʛʠʙʨʠʜ 

ʅʝʪ, ʠʟʙʳʪʦʢ 

ʵʥʝʨʛʠʠ ʠʜʝʪ ʚ 

ʪʦʨʤʦʟʥʳʝ 

ʨʝʟʠʩʪʦʨʳ 

25% 

JohnDeere 944K 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʛʠʙʨʠʜ 

ʅʝʪ, ʠʟʙʳʪʦʢ 

ʵʥʝʨʛʠʠ ʠʜʝʪ ʚ 

ʪʦʨʤʦʟʥʳʝ 

ʨʝʟʠʩʪʦʨʳ 

14% 

Caterpillar 988K XE 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʛʠʙʨʠʜ 

ʅʝʪ, ʠʟʙʳʪʦʢ 

ʵʥʝʨʛʠʠ ʠʜʝʪ ʚ 

ʪʦʨʤʦʟʥʳʝ 

ʨʝʟʠʩʪʦʨʳ 

22,5% 

Hitachi ZW220HYB-5B 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʛʠʙʨʠʜ 

ʉʫʧʝʨ-

ʢʦʥʜʝʥʩʘʪʦʨ 
26% 

Doosan DL Hybrid 
ʇʘʨʘʣʣʝʣʴʥʳʡ  

ʛʠʙʨʠʜ 
ɹʘʪʘʨʝʷ ʥ.ʜ 

XCMG XC9350 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʛʠʙʨʠʜ 
ɹʘʪʘʨʝʷ 20% 

Kawasaki 65Z HYBRID 
ʇʘʨʘʣʣʝʣʴʥʳʡ  

ʛʠʙʨʠʜ 

ʉʫʧʝʨ-

ʢʦʥʜʝʥʩʘʪʦʨ 
35% 

Komatsu L-1350 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʛʠʙʨʠʜ 

ʂʠʥʝʪʠʯʝʩʢʠʡ 

ʥʘʢʦʧʠʪʝʣʴ 
45% 
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ʂʦʤʧʘʥʠʷ Volvo Construction Equipment (Volvo CE) ʧʨʝʜʩʪʘʚʠʣʘ 

ʦʙʨʘʟʝʮ ʛʠʙʨʠʜʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ Volvo L220F Hybrid (ʨʠʩ. 5) ʚ 2008 ʛʦʜʫ. 

 

 

ʈʠʩ. 5. ɻʠʙʨʠʜʥʳʡ ʬʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ Volvo L220F Hybrid 

 

ʇʦʛʨʫʟʯʠʢ ʚʳʧʦʣʥʝʥ ʧʦ ʩʭʝʤʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʛʠʙʨʠʜʘ (ʨʠʩ. 6). ʆʩ-

ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ISG, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʫʩʢʦʚʦʡ ʛʝʥʝʨʘʪʦʨ 

(Integrated Starter Generator), ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʤʝʞʜʫ ʜʚʠʛʘʪʝʣʝʤ Volvo 

D12 ʠ ʪʨʘʥʩʤʠʩʩʠʝʡ. ISG ʧʦʟʚʦʣʷʝʪ ʟʘʛʣʫʰʠʪʴ ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʦ 

ʚʨʝʤʷ ʧʨʦʩʪʦʷ, ʘ ʟʘʪʝʤ ʟʘʧʫʩʪʠʪʴ ʝʛʦ ʚʥʦʚʴ, ʦʙʝʩʧʝʯʠʚ ʙʳʩʪʨʳʡ ʥʘʙʦʨ 

ʦʙʦʨʦʪʦʚ ʜʚʠʛʘʪʝʣʷ ʜʦ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʵʥʝʨ-

ʛʠʶ ʦʪ ʙʘʪʘʨʝʠ. ɹʘʪʘʨʝʠ ʟʘʨʷʞʘʶʪʩʷ ʤʦʪʦʨ-ʛʝʥʝʨʘʪʦʨʦʤ ʚʦ ʚʨʝʤʷ ʥʦʨ-

ʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʙʝʟ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

 

 

ʈʠʩ. 6. ʉʭʝʤʘ ʛʠʙʨʠʜʥʦʛʦ ʧʦʛʨʫʟʯʠʢʘ Volvo L220F Hybrid: 

1 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 2 ï ʙʘʪʘʨʝʠ; 3 ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ 
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ɺʩʪʨʦʝʥʥʳʡ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʨʝʰʠʪʴ ʪʨʘʜʠʮʠ-

ʦʥʥʫʶ ʧʨʦʙʣʝʤʫ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʥʠʟʢʦʤ ʢʨʫ-

ʪʷʱʝʤ ʤʦʤʝʥʪʝ ʧʨʠ ʥʠʟʢʠʭ ʦʙʦʨʦʪʘʭ ʜʚʠʛʘʪʝʣʷ, ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʢʨʫ-

ʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʇʦ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʬʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ Volvo L220F Hybrid ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʥʦ-

ʤʠʶ ʪʦʧʣʠʚʘ ʜʦ 10%. 

ɺ 2016 ʛʦʜʫ ʢʦʤʧʘʥʠʷ Volvo CE ʧʨʝʜʩʪʘʚʠʣʘ ʦʙʨʘʟʝʮ ʛʠʙʨʠʜʥʦʛʦ 

ʧʦʛʨʫʟʯʠʢʘ Volvo LX1 (ʨʠʩ. 7), ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠ-

ʯʘʝʪʩʷ ʦʪ L220F Hybrid. 

 

 

 

ʈʠʩ. 7. ɻʠʙʨʠʜʥʳʡ ʬʨʦʥʪʘʣʴʥʳʡ ʧʦʛʨʫʟʯʠʢ Volvo LX1 

 

ʇʦʛʨʫʟʯʠʢ ʚʳʧʦʣʥʝʥ ʧʦ ʩʭʝʤʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʛʠʙʨʠʜʘ ʩ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʤ ʧʨʠʚʦʜʦʤ ʢʦʣʝʩ. ʉʦʩʪʘʚ ʪʨʘʥʩʤʠʩʩʠʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 8. 

ʇʨʠʤʝʥʝʥʠʝ ʙʫʬʝʨʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʩʫʧʝʨʢʦʥ-

ʜʝʥʩʘʪʦʨ ʝʤʢʦʩʪʴʶ 40 ɺʪʯ) ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʥʠʪʴ ʜʚʠʛʘʪʝʣʴ ʤʝʥʴʰʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʙʲʝʤʘ. ʅʘ ʘʥʘʣʦʛʝ ʩ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʥʩʤʠʩʩʠʝʡ (Volvo 

L150) ʫʩʪʘʥʦʚʣʝʥ 6-ʪʠ ʮʠʣʠʥʜʨʦʚʳʡ ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʨʘʙʦʯʠʤ ʦʙʲ-

ʝʤʦʤ 13 ʣ ʤʦʱʥʦʩʪʴʶ 220 ʢɺʪ. ʅʘ ʛʠʙʨʠʜʥʦʤ ʧʦʛʨʫʟʯʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥ 

ɼɺʉ ʦʙʲʝʤʦʤ 3,6 ʣ. ɼʣʷ ʧʨʠʚʦʜʘ ʥʘʩʦʩʦʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʥʝʙʦʣʴʰʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ (ʦʜʠʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʚʰʦʤ, 

ʘ ʚʪʦʨʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʚʦʨʦʪʦʤ). 


