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ʅʆʈʄɸʊʀɺʅʓɽ ʉʉʓʃʂʀ 
 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ: 

ɿʘʢʦʥ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠè ʦʪ 13 ʷʥʚʘʨʷ 2012 ʛʦʜʘ ˉ 541-IV (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ 

ʜʦʧʦʣʥʝʥʠʷʤʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 29.06.2020 ʛ.). 

ʇʦʩʣʘʥʠʝ ɻʣʘʚʳ ʛʦʩʫʜʘʨʩʪʚʘ ʂʘʩʳʤ-ɾʦʤʘʨʪʘ ʊʦʢʘʝʚʘ ʥʘʨʦʜʫ ʂʘʟʘʭʩʪʘʥʘ 

çʂʘʟʘʭʩʪʘʥ ʚ ʥʦʚʦʡ ʨʝʘʣʴʥʦʩʪʠ: ʚʨʝʤʷ ʜʝʡʩʪʚʠʡè, ʛ. ʅʫʨ-ʉʫʣʪʘʥ, 1 ʩʝʥʪʷʙʨʷ 

2020 ʛʦʜʘ. 

ʉʚʦʜ ʧʨʘʚʠʣ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʉʇ ʈʂ 4.02-101-2012. ʆʪʦʧʣʝʥʠʝ, 

ʚʝʥʪʠʣʷʮʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʦʪ 01.08.2018 ʛ.). 

ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʜʦ 2030 ʛʦʜʘ. ʋʪʚʝʨʞʜʝʥʦ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 28 ʠʶʥʷ 2014 ʛʦʜʘ ˉ724. 

ɼʦʨʦʞʥʘʷ ʢʘʨʪʘ ʧʦ ʨʘʟʚʠʪʠʶ ʫʛʦʣʴʥʦʡ ʦʪʨʘʩʣʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʥʘ 

2019-2021 ʛʦʜʳ. 
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ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

 

ʄʆʅ ʈʂ - ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʊʕʉ - ʪʝʧʣʦʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ 

ʊʕʎ - ʪʝʧʣʦʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʥʪʨʘʣʴ 

ʂʇɼ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʄʂʕ - ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ɺɿʇ - ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ 

ʂɺ-ʊ - ʢʦʪʝʣ ʚʦʜʦʛʨʝʡʥʳʡ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʡ 

d - ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙ, ʤ 

D - ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙ, ʤ 

ɻ̄  - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʛʘʟʦʚ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ 

ʟʘʛʨʷʟʥʝʥʠʡ, ɺʪ/(ʤ
2
Āʂ) 

ʇ̈ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʡ, ɺʪ/(ʤĀʂ) 

ʇ̒  ̓ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ, ɺʪ/(ʤĀʂ) 

ɻ̃ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚʦʟʜʫʭʘ, ɺʪ/(ʤ
2
Āʂ) 

Ὠ - ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʢ ɺɿʇ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʤ 

Ὧ - ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʟʘʛʨʷʟʥʝʥʠʡ, ɺʪ/(ʤĀʂ) 

Ë̈  - ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ 

ʦʪʣʦʞʝʥʠʡ, ɺʪ/(ʤĀʂ) 

ὸ̄ - ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ, ʂ 

ὸ̒  - ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ, ʂ 

ή - ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ɺʪ/ʤ 

‌̄ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʛʘʟʘ, ɺʪ/(ʤ
2
Āʂ) 

ὸ̒  - ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ, ʂ 

E - ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʂ
-1
 

ὔ - ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, 

ɼʞ/ʩ 

’ - ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʤ
2
/ʩ 

ὸ - ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʂ 

‗̄ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʘʟʘ, ɺʪ/(ʤĀʂ) 

‗̞  ̕ - ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʛʨʷʟʥʝʥʠʡ, ɺʪ/(ʤĀʂ). 

‗̞  ̈̕ - ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ 

ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʛʨʷʟʥʝʥʠʡ, ɺʪ/(ʤĀʂ) 

ὠ - ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ, ʤ
3
/ʢʛ 

ὅ  - ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʪʦʧʣʠʚʝ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ, % 

Ὄ  - ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʪʦʧʣʠʚʝ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ, % 

Ὓ̌ - ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʪʦʧʣʠʚʝ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ, % 

ὕ  - ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʪʦʧʣʠʚʝ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ, % 

ˏ̓ - ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʩ 
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Ὃ̃ - ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʤ
3
/ʩ 

”̃ - ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʛ/ʤ
3
 

ὓ̃  ̐ ̏̌̎ - ʧʦʣʥʳʡ ʨʘʩʭʦʜ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʩ ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʦʢʘ, ʢʛ/ʩ 

ὓ̃  - ʨʘʩʭʦʜ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʚʳʙʨʘʥʳʡ ʫʯʘʩʪʦʢ ʤʦʜʝʣʠ, 

ʢʛ/ʩ 

ὠ - ʦʙʱʠʡ ʦʙʲʝʤ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʤ
3
/ʢʛ 

ᾀ - ʯʠʩʣʦ ʪʨʫʙ ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ 

ᾀ - ʯʠʩʣʦ ʪʨʫʙ ʚʜʦʣʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ 

Ὃ̄ - ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩ ʫʯʝʪʦʤ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʤ3
/ʩ 

ὓ̄  ̐̏̌̎ - ʧʦʣʥʳʡ ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʦ ʚʩʝʤ ʪʨʫʙʢʘʤ ɺɿʇ ʩ 

ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ, ʢʛ/ʩ 

 ὓ̄  - ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʯʝʨʝʟ ʚʳʙʨʘʥʳʡ ʫʯʘʩʪʦʢ ʤʦʜʝʣʠ, ʢʛ/ʩ 

ᾀ̏̂ ̚ - ʦʙʱʝʝ ʯʠʩʣʦ ʪʨʫʙ ʚ ɺɿʇ, ʰʪ  

ὸ̜̖̃̏̅
̃  - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, 

ʉ̄ 

ὸ̜̖̃̏̅
̄  - ʪʝʤʧʝʨʘʪʫʨʘ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, ̄ ʉ 

ὺ̒̑
̃ - ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ɺɿʇ, ʤ/ʩ 

ὺ̒̑
̄ - ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʛʘʟʦʚ ʚ ɺɿʇ, ʤ/ʩ 

ὄ - ʰʠʨʠʥʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʤ 

ὰ - ʜʣʠʥʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʤ 

Ὂ - ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʜʣʷ ʧʨʦʭʦʜʘ ʛʘʟʦʚ, ʤ
2
 

ЎὬ̓  ̑ - ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʚ ʪʨʫʙʘʭ, ʤʤ. ʚʦʜ. ʩʪ. 

ὅ̙  - ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ЎὬ̓  ̑ - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʚ ʪʨʫʙʘʭ, ʇʘ 

ЎὬ̉ ̈ ̍ - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʚʭʦʜʝ ʚ ʪʨʫʙʳ ʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʥʠʭ, ʇʘ 

ЎὬˏ ˔ ̃ - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʇʘ 

Ů - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʛ/ʩʤ
2
 

”̈ - ʧʣʦʪʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʡ, ʛ/ʩʤ
3
 

„̈ - ʪʦʣʱʠʥʘ ʩʣʦʷ ʟʘʛʨʷʟʥʝʥʠʡ, ʤ 

h̋
Ȣ́
̂̑ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, % 

ή̐ ̏ ̓
- ʩʫʤʤʘ ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, % 

ὙὩ - ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ   

ὖὶ - ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ 

ὔό ὪὙὩȟὖὶ  -    ʢʨʠʪʝʨʠʡ ʅʫʩʩʝʣʴʪʘ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʚʥʫʪʨʠ ʥʝʛʦ ʧʨʦʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʇʨʦʠʩʭʦʜʷʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʚ 

ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʣʠʷʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʠʟ ʭʚʦʩʪʦʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʪʦʧʦʯʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʫʣʫʯʰʘʝʪ ʧʨʦʮʝʩʩ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ. ʇʦʣʥʦʝ 

ʩʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʤʝʥʴʰʘʝʪ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʥʝʜʦʞʝʛʦʤ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʫʥʦʩ ʥʝʩʛʦʨʝʚʰʠʭ 

ʯʘʩʪʠʮ ʪʦʧʣʠʚʘ ʚ ʛʘʟʦʭʦʜʳ ʢʦʪʣʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʂʇɼ ʫʩʪʘʥʦʚʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʪʦʧʢʫ ʚʦʟʜʫʭʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ, ʛʜʝ ʦʥ ʧʨʦʛʨʝʚʘʝʪʩʷ ʪʝʧʣʦʪʦʡ ʫʭʦʜʷʱʠʭ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ʀʩʩʣʝʜʦʚʘʥʠ ʁ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ɺ ʦʩʥʦʚʥʦʤ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʪʦʧʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʭʚʦʩʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ, 

ʪʘʢʠʭ ʢʘʢ ʵʢʦʥʦʤʘʡʟʝʨʳ ʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʠ, ʠʟʫʯʝʥʳ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, 

ʘ ʠʤʝʥʥʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʞʠʛʘʥʠʷ 

ʪʦʧʣʠʚʘ. ʀʤʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʷ ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʦʧʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʤʦʞʥʦ ʚ ʧʦʣʥʦʡ ʩʪʝʧʝʥʠ ʜʘʪʴ ʦʮʝʥʢʫ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʚ ʨʝʞʠʤʥʳʝ 

ʧʘʨʘʤʝʪʨʳ [1]. 

ɺ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʢʦʛʜʘ ʪʝʧʣʦʪʘ ʦʪ ʛʦʨʷʯʝʛʦ ʧʦʪʦʢʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʢ 

ʩʪʝʥʢʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʝʨʝʜʘʝʪʩʷ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʝʡ, ʯʝʨʝʟ ʩʪʝʥʢʫ, 

ʨʘʟʜʝʣʷʶʱʫʶ ʧʦʪʦʢʠ ʪʝʧʣʦʪʘ ʧʝʨʝʜʘʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʘ ʪʝʧʣʦʪʘ ʦʪ 

ʩʪʝʥʢʠ ʚ ʷʜʨʦ ʭʦʣʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʧʝʨʝʜʘʝʪʩʷ ʚʥʦʚʴ ʢʦʥʚʝʢʪʠʚʥʦʡ 

ʪʝʧʣʦʦʪʜʘʯʝʡ [2, (ʩ. 5)]. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʠʟʙʝʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʟʘʛʨʷʟʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʫʭʫʜʰʘʶʪ ʨʘʙʦʪʫ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ [3, (ʩ.3)]. ɿʘʨʘʩʪʘʥʠʝ ʪʨʫʙ ʦʪʣʦʞʝʥʠʷʤʠ ʫʤʝʥʴʰʘʝʪ ʠʭ ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʛʘʟʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʟʘʚʠʩʷʱʠʤ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʩʪʝʥʢʠ ʠ ʟʘʛʨʷʟʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ [2, (ʩ. 253)]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʡ (ʦʪʣʦʞʝʥʠʡ ʠʟ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ) ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙ 

ɺɿʇ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʣʠʯʠʝ ʦʪʣʦʞʝʥʠʡ ʥʘ ʪʨʫʙʘʭ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʫʤʝʥʴʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʦʤʳʚʘʶʱʠʭ ʠʭ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ [3, (ʩ. 9)]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜ ʩʣʦʝʤ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʟʤʦʞʥʦ 
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ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʨʦʟʠʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʚʦʜʫ ʝʛʦ ʠʟ 

ʩʪʨʦʷ. ɿʘʛʨʷʟʥʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʠ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʥʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ ʚ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʟʦʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʝʪʫʯʝʡ ʟʦʣʳ, ʜʠʘʤʝʪʨʘ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ (ʢʦʨʠʜʦʨʥʦʝ ʠʣʠ ʰʘʭʤʘʪʥʦʝ) ʘ ʪʘʢʞʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ [3, (ʩ. 11)]. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʧʘʜʘʶʱʝʛʦ ʢʦʥʜʝʥʩʘʪʘ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʘʨʦʚ ʚʦʜʳ, ʫʩʠʣʠʚʘʶʱʠʭ 

ʟʦʣʦʚʦʡ ʟʘʥʦʩ. ʄʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 

[4].  

ʕʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʝʞʠʤʥʳʭ ʢʘʨʪ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ (ʙʘʣʘʥʩʦʚʳʭ) 

ʠʩʧʳʪʘʥʠʡ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʪʦʧʢʠ ʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʠ ʪʦʥʢʦʩʪʠ ʨʘʟʤʦʣʘ ʫʛʦʣʴʥʦʡ ʧʳʣʠ ʧʨʠ ʨʘʟʥʳʭ 

ʥʘʛʨʫʟʢʘʭ, ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʡ ʥʘʛʨʫʟʢʠ 

ʢʦʪʣʘ, ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʨʝʞʠʤʥʳʭ ʢʘʨʪ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʤʝʥʴʰʠʪʴ ʩʪʝʧʝʥʴ ʝʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ [5].  ʆʜʥʘʢʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʭʚʦʩʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ 

ʦʩʣʦʞʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʣʦʞʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʜʝʣʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʤʧʣʝʢʩʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʩʞʠʛʘʥʠʠ ʥʝʧʨʦʝʢʪʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

- ʇʦʩʪʨʦʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʦʧʢʠ ʢʦʪʣʘ. 

- ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʠ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ. 

- ʈʘʟʨʘʙʦʪʢʘ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʭʚʦʩʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ. 

- ʋʩʪʘʥʦʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ (ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ) ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ. 
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- ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 
ʠ ʚʣʠʷʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʷ ʩʨʝʜʳ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʢʦʪʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʨʫʙʥʳʡ ʧʫʯʦʢ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʢʦʪʣʘ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʧʨʦʭʦʜʥʳʭ ʩʝʯʝʥʠʡ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʪʨʫʙʦʢ ʦʪʣʦʞʝʥʠʷʤʠ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʂɺ-ʊ-116,3-

150. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʧʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ῐ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʦʪʝʣʴʥʦʛʦ 
ʘʛʨʝʛʘʪʘ ʧʨʠ ʨʘʟʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ; 

ῐ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʦʧʫʩʢʥʦʛʦ 

ʛʘʟʦʭʦʜʘ;  

ῐ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ansys Fluent ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʝʥʳ ʜʠʩʪʘʥʮʠʦʥʥʳʡ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʚʤʝʩʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʘʥʦʨʘʤʥʦʛʦ 

ʤʛʥʦʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʚʳʩʦʢʦʪʦʯʥʳʤ ʤʝʪʦʜʦʤ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ: 

- ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ansys Fluent, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʨʫʙʯʘʪʦʛʦ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʝʥʢʘ ʪʨʫʙʦʢ, ʩʦʟʜʘʚʘʝʤʦʝ ʪʝʨʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʥʢʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ lɻʬ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 3%. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʟʘʱʠʱʝʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦ ʚʥʝʩʝʥʠʠ ʩʚʝʜʝʥʠʡ ʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʧʨʘʚ ʥʘ ʦʙʲʝʢʪʳ, ʦʭʨʘʥʷʝʤʳʝ ʘʚʪʦʨʩʢʠʤ ʧʨʘʚʦʤ 

ˉ14347 ʦʪ 11.01.2021 ʛ; 

- ʦʧʨʝʜʝʣʝʥʳ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʤ ʪʨʫʙʯʘʪʦʤ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʩ ʫʯʝʪʦʤ ʩʦʩʪʦʷʥʠʷ 

ʭʚʦʩʪʦʚʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ 

ʥʝʧʨʦʝʢʪʥʦʤ ʪʦʧʣʠʚʝ;  

- ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʝʧʨʦʝʢʪʥʦʤ ʪʦʧʣʠʚʝ; 
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- ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʷ ʩʨʝʜʳ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʪʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ; 

- ʧʦʣʫʯʝʥʘ ʧʦʣʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʤ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʨʝʘʣʠʟʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ.  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

1 ʆʩʦʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʧʦ ʚʳʩʦʪʝ 

ʪʦʧʢʠ ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. 

2 ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ 

ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ. 

3 ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʛʘʟʦʜʠʥʘʤʠʢʠ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʭʚʦʩʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ 

ʢʦʪʣʘ.  

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ 

ʦʩʪʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʧʨʦʝʢʪʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʛʘʟʦʭʦʜʘʭ ʢʦʪʣʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʩʥʠʞʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘ ̫ ʪʨʝʭʤʝʨʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘ ̫ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʯʠʩʪʢʠ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠ ʁʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʭʚʦʩʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʨʘʩʯʸʪʦʚ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷʭ ʜʨʫʛʠʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʧʨʦʝʢʪʥʳʭ ʪʦʧʣʠʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʪʦʧʣʠʚʘ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʦʙʤʝʥʘ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʞʠʤʥʳʝ ʢʘʨʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʚ ʚʠʜʝ ʥʦʤʦʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʦʧʪʠʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʅʦʤʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʂʇɼ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩ ʫʯʝʪʦʤ ʩʦʩʪʦʷʥʠʷ 

ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʣʝʥ ʢʨʠʪʝʨʠʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʦʪ 

ʦʪʣʦʞʝʥʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʠʥʪʝʨʚʘʣ ʦʯʠʩʪʢʠ, ʚ ʚʠʜʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ.  
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ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʧʨʦʮʝʩʩ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ ʂɺʊ-116,3-150 ʧʦʟʚʦʣʠʣʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʨʘʙʦʪʫ ʘʛʨʝʛʘʪʘ, ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʛʦ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʠ 

ʛʦʜʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʧʨʦʝʢʪʘʤʠ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʪʘʣʘʥʪʣʠʚʦʡ 

ʤʦʣʦʜʝʞʠ ʌʦʥʜ ʇʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʂ - ʃʠʜʝʨʘ ʅʘʮʠʠ ʅʫʨʩʫʣʪʘʥʘ 

ʅʘʟʘʨʙʘʝʚʘ ʩʧʦʥʩʠʨʦʚʘʣ ʧʦʝʟʜʢʫ ʜʣʷ ʫʯʘʩʪʠʷ ʚ 23 ʝʞʝʛʦʜʥʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ çʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʥʝʨʛʝʪʠʢʘè ʚ ʩʝʢʮʠʠ çʊʝʧʣʦʬʠʟʠʢʘè (ʄʦʩʢʦʚʩʢʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ʄʦʩʢʚʘ, ʈʌ). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʝʜʨʝʥʳ ʚ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙʣʘʜʘʪʝʣʷ ɻʨʘʥʪʘ ʥʘ 

ʧʦʝʟʜʢʫ, ɸʢʪʳ ʦ ʚʥʝʜʨʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ ʢ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚʢʣʶʯʘʝʪ: 

ῐ ʧʦʩʪʘʥʦʚʢʫ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

ῐ ʨʘʟʨʘʙʦʪʢʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʦʧʳʪʦʚ ʧʦ 

ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʪʣʦʘʛʨʝʛʘʪʘ; 

ῐ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʝʨʠʬʠʢʘʮʠʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʝʡ 

ɺɿʇ;  

ῐ ʘʥʘʣʠʟ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤʠ ʢʦʥʩʫʣʴʪʘʥʪʘʤʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠ ʬʦʨʤʫʣʠʨʦʚʢʫ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ; 

ῐ ʨʘʟʨʘʙʦʪʢʫ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. 

ʉʪʝʧʝʥʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʚʝʨʝʥʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʘʥʦʚʦʢ, 

ʧʨʠʤʝʥʝʥʠʝʤ ʣʠʮʝʥʟʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤ r Ansys Fluent 14.5, ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʰʣʠ ʧʫʙʣʠʯʥʫʶ ʘʧʨʦʙʘʮʠʶ: ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʜʦʣʦʞʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʚʪʦʨʦʤ ʥʘ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʢʦʪʝʣʴʥʦʤ ʘʛʨʝʛʘʪʝ 

ʊʕʎ-1 ʛʦʨʦʜʘ ʉʝʤʝʡ ʚ ʫʩʣʦʚʠʷʭ ʝʛʦ ʨʝʘʣʴʥʦʡ ʨʘʙʦʪʳ, ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʪʝʧʣʦʬʠʟʠʢʠè ʀʥʩʪʠʪʫʪʘ ʘʪʦʤʥʦʡ ʥɻʝʨʛʠʠ ʅʗʎ ʈʂ (ʛʦʨʦʜ ʂʫʨʯʘʪʦʚ). 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ.  

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. IV ʈʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ çʕʥʝʨʛʝʪʠʢʘ, 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʣʘʟʘʤʠ ʤʦʣʦʜʝʞʠè, ʛ. 

ʊʦʤʩʢ, ʈʌ, 1-3 ʥʦʷʙʨʷ 2016 ʛ.;  
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2. V ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʤʦʣʦʜʝʞʥʦʤ ʬʦʨʫʤʝ çʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳè, ʛ. ʊʦʤʩʢ, ʈʌ, 2017 ʛ.;  

3. ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʯʥʳʝ 

ʜʦʩʪʠʞʝʥʠʷ ʠ ʦʪʢʨʳʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʣʦʜʸʞʠè, ʛ. ʇʝʥʟʘ, ʈʌ, 2017 ʛ; 

4. 23 ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ çʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʥʝʨʛʝʪʠʢʘè, ʄʕʀ, ʛ. 

ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, 2-3 ʤʘʨʪʘ 2017 ʛ.;   

5. XVI  ʂʦʥʬʝʨʝʥʮʠʠ-ʢʦʥʢʫʨʩʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʫʨʯʘʪʦʚ, ʈʂ, 3-5 ʤʘʷ 2017 ʛ.; 

6. ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʚ ʫʩʣʦʚʠʷʭ 

ʛʣʦʙʘʣʠʟʘʮʠʠè, ʧʦʩʚʷʱʝʥʥʦʡ 60 ï ʣʝʪʠʶ ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ 

ɸʤʠʨʭʘʥʦʚʘ ʂ. ɾ., ʛ. ʉʝʤʝʡ, ʈʂ, 15 ʩʝʥʪʷʙʨʷ 2017 ʛ.;  

7. ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ: ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ, 

ʧʦʩʚʷʱʝʥʥʦʡ 75-ʣʝʪʠʶ ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ʂʘʟɸʉʍʅ, ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ ɽ.ʊ. ʊʫʣʝʫʦʚʘ, ʈʂ, ʛ. ʉʝʤʝʡ, 24 ʥʦʷʙʨʷ 2017 ʛ.;  

8. 24 ʝʞʝʛʦʜʥʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ çʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʥʝʨʛʝʪʠʢʘè, 

ʄʕʀ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, 15-16 ʤʘʨʪʘ 2018 ʛ;  

9. 11-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʍʘʦʩ ʠ 

ʩʪʨʫʢʪʫʨʳ ʚ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʝʦʨʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪè 22 ï 23 ʥʦʷʙʨʷ, 2019 

ʛ. ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɽ.ɸ. 

ɹʫʢʝʪʦʚʘ, ʂʘʨʘʛʘʥʜʘ;  

10. ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʠʠ 

çʆʙʨʘʟʦʚʘʥʠʝ ï ʦʩʥʦʚʘ ʝʚʨʦʘʟʠʘʪʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘè, ʧʦʩʚʷʱʝʥʥʘʷ 85-

ʣʝʪʠʶ ʋʥʠʚʝʨʩʠʪʝʪʘ ʐʘʢʘʨʠʤʘ. ï ʉʝʤʝʡ: ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ʐʘʢʘʨʠʤʘ ʛʦʨʦʜʘ ʉʝʤʝʡ, 2019.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʧʣʦʤʳ ʠ ʩʝʨʪʠʬʠʢʘʪʳ ʫʯʘʩʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʇʨʠʣʦʞʝʥʠʠ ʢ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ 

ʫʯʝʙʥʦʡ ʢʘʬʝʜʨ rʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʅɸʆ çʋʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʐʘʢʘʨʠʤʘ ʛʦʨʦʜʘ ʉʝʤʝʡè ʠ ʢʘʬʝʜʨʝ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʊʝʭʥʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ (ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ). 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʳ ʚ 

18 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ. ɺ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ʂʦʤʠʪʝʪʦʤ ʧʦ ʢʦʥʪʨʦʣʶ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʄʆʅ ʈʂ ʦʧʫʙʣʠʢʦʚʘʥʦ 5 

ʩʪʘʪʝʡ, ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ Scopus ʠ Web of Science ï 1 

(ʢʚʘʨʪʠʣʴ Q2), ʧʦʣʫʯʝʥʦ 1 ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʚʥʝʩʝʥʠʠ ʩʚʝʜʝʥʠʡ ʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʧʨʘʚ ʥʘ ʦʙʲʝʢʪʳ, ʦʭʨʘʥʷʝʤʳʝ ʘʚʪʦʨʩʢʠʤ ʧʨʘʚʦʤ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 

100 ʩʪʨʘʥʠʮʘʭ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ 
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ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 121 ʥʘʠʤʝʥʦʚʘʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ 40 ʨʠʩʫʥʢʦʚ ʠ 8 ʪʘʙʣʠʮ.  
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1 ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʕʅɽʈɻɽʊʀʂʀ 
 

ʅʘʩʪʦʷʱʠʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʦʙʟʦʨʫ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ, ʦʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʨʘʟʜʝʣʘ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ [6 - 9].  

 

1.1 ʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʕʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʜʣʷ 

ʚʩʝʭ ʦʙʣʘʩʪʝʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʩʫʜʘʨʩʪʚʘ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʵʪʦʛʦ ʤʦʱʥʝʡʰʝʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ [10]. ɺ ʇʦʩʣʘʥʠʠ ɻʣʘʚʳ 

ʛʦʩʫʜʘʨʩʪʚʘ ʂʘʩʳʤ-ɾʦʤʘʨʪʘ ʊʦʢʘʝʚʘ ʥʘʨʦʜʫ ʂʘʟʘʭʩʪʘʥʘ ʦʪʤʝʯʝʥʦ, ʯʪʦ 

ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʥʘʰʝʡ ʩʪʨʘʥʦʡ, ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʨʘʩʢʨʳʪʠʝ 

ʩʚʦʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [11].  

ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʪʦʧʣʠʚʦʤ ʠ ʵʥʝʨʛʠʝʡ ʠʣʠ ʛʣʦʙʘʣʴʥʘʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʪʝʤ 

ʩʦʚʨʝʤʝʥʥʦʩʪʠ [6]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ ʥʠʟʢʦʡ. ʂ ʧʨʠʤʝʨʫ, ʠʟ ʢʘʞʜʦʡ ʜʦʙʳʪʦʡ ʪʦʥʥʳ ʛʦʨʶʯʠʭ 

ʠʩʢʦʧʘʝʤʳʭ ʚ ʧʦʣʝʟʥʫʶ ʵʥʝʨʛʠʶ ʧʨʝʚʨʘʱʘʝʪʩʷ ʣʠʰʴ ʪʨʝʪʴʷ ʯʘʩʪʴ. ʆʩʪʘʣʴʥʦʝ 

ʪʦʧʣʠʚʦ ʣʠʙʦ ʪʝʨʷʝʪʩʷ ʧʨʠ ʜʦʙʳʯʝ, ʦʙʦʛʘʱʝʥʠʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ, ʣʠʙʦ ʙʝʩʩʤʳʩʣʝʥʥʦ ʪʨʘʪʠʪʩʷ ʫ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ (ʦʢʦʣʦ 

60% ʧʦʪʝʨʴ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʩʚʷʟʘʥʦ ʩ ʠʭ ʢʦʥʝʯʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ) [12, 13]. 

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʪʝʧʣʦ, ʘ ʠʤʝʥʥʦ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚʨʝʜʥʳʤʠ ʦʢʠʩʣʘʤʠ 

ʛʘʟʦʚ, ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʠ ʟʘʭʦʨʦʥʝʥʠʠ 

ʦʪʭʦʜʦʚ, ʪʝʧʣʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʝʤʦʚ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʝʰʝʥʠʷ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʨʦʙʣʝʤ ʦʪʥʦʩʷʪ ʢ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʫʪʠ ʨʝʰʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ [6, (ʩ. 271)]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʫʪʠ ʨʝʰʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ 
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ʅʝʩʦʤʥʝʥʥʦ, ʨʝʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʜʦʣʞʥʦ ʠʜʪʠ 

ʠʥʪʝʥʩʠʚʥʳʤ ʧʫʪʝʤ. ɺʦʧʨʦʩʳ ʧʨʦʚʝʜʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʤʝʶʪ ʚʘʞʥʦʝ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, 

ʦʩʥʦʚʥʘʷ ʠʭ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʙʝʩʧʦʣʝʟʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ [14, 15, 16].  

ʇʦʜ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ [13, (ʩ. 238 ï 250)]. ʇʦʣʠʪʠʢʘ 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʠ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ [17, 18, 19]. ɺʩʝ ʞʝ ʛʣʘʚʥʘ ̫ ʧʨʦʙʣʝʤʘ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʚʣʦʞʝʥʠʷʭ ʥʘ ʠʭ ʨʝʘʣʠʟʘʮʠʶ. ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʡ ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʦ 

ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʭ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ [20, 21]. 

 ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʫʯʝʥʳʭ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ, ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ 

ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ ʥʝʨʘʟʨʳʚʥʦ ʙʫʜʝʪ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʛʦʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʦʙʦʩʥʦʚʘʥʦ ʝʛʦ ʙʦʣʴʰʠʤʠ ʤʠʨʦʚʳʤʠ ʟʘʧʘʩʘʤʠ, ʦʮʝʥʠʚʘʝʤʳʤʠ 

ʚ 826 ʤʣʨʜ. ʪʦʥʥ. ʇʨʝʚʘʣʠʨʫʶʱʫʶ ʯʘʩʪʴ (90% ʤʠʨʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ) ʚʩʝʭ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʠʤʝʶʱʠʭ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʟʘʥʠʤʘʝʪ ʫʛʦʣʴ. ʈʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʫʛʣʷ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʩʦʩʪʘʚʣʷʶʪ 34 ʤʣʨʜ. ʪʦʥʥ, ʯʪʦ  ʨʘʚʥʷʝʪʩʷ  4% ʦʪ ʚʩʝʛʦ 

ʤʠʨʦʚʦʛʦ ʟʘʧʘʩʘ [22, 23].  

ʋʛʦʣʴ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ [24]. ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ ʚʭʦʜʠʪ ʚ ʜʝʩʷʪʢʫ ʤʠʨʦʚʳʭ ʩʪʨʘʥ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʣʠʜʝʨʘʤʠ ʧʦ ʫʛʣʝʧʨʦʤʳʰʣʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ [25, 26].  

ʉʨʝʜʠ ʩʪʨʘʥ ʉʅɻ ʥʘʰʘ ʩʪʨʘʥʘ ʟʘʥʠʤʘʝʪ 3 ʤʝʩʪʦ ʧʦ ʟʘʧʘʩʘʤ ʠ ʜʦʙʳʯʝ ʫʛʣʷ ʠ 1 

ʤʝʩʪʦ - ʧʦ ʜʦʙʳʯʝ ʫʛʣʷ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʙʳʯʘ 

ʫʛʣʷ ʚ ʈʂ ʟʘ ʷʥʚʘʨʴ ï ʦʢʪʷʙʨʴ 2021 ʛʦʜʘ [25]. 

ɿʘ ʷʥʚʘʨʴ ï ʦʢʪʷʙʨʴ 2021 ʛʦʜʘ ʚ ʈʂ ʜʦʙʳʣʠ 92,6 ʤʣʥ ʪʦʥʥ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, 

ʚʢʣʶʯʘʷ ʣʠʛʥʠʪ ʠ ʫʛʦʣʴʥʳʡ ʢʦʥʮʝʥʪʨʘʪ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʜʦʙʳʯʫ ʫʛʣʷ ʥʘ 1,6 % 

ʟʘ ʘʥʘʣʦʛʠʯʥʳʡ ʧʝʨʠʦʜ ʧʨʦʰʣʦʛʦ ʛʦʜʘ [25].  ɺ ʂʘʟʘʭʩʪʘʥʝ ʠʤʝʶʪʩʷ ʙʦʣʴʰʠʝ 

ʟʘʧʘʩʳ ʢʦʢʩʫʶʱʝʛʦʩʷ ʫʛʣʷ (ʧʦʨʷʜʢʘ 5,2 ʤʣʨʜ. ʪʦʥʥ). ʉ ʫʯʝʪʦʤ ʧʣʘʥʦʚ ʧʦ ʚʚʦʜʫ 

ʠ ʚʳʙʳʪʠʶ ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʫʛʣʝ ʧʨʦʜʦʣʞʠʪ ʨʘʩʪʠ: ʢ 2030 ʛʦʜʫ ʤʦʱʥʦʩʪʴ ʥʦʚʳʭ ʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʩʦʩʪʘʚʠʪ 20% ʦʪ ʩʦʚʦʢʫʧʥʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʩʪʘʨʳʭ 

ʩʦʢʨʘʪʠʪʩʷ ʩ ʪʝʢʫʱʠʭ 60% ʜʦ 39% [26].  

ɺ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ 

ʫʪʚʝʨʞʜʝʥʘ çɼʦʨʦʞʥʘʷ ʢʘʨʪʘ ʧʦ ʨʘʟʚʠʪʠʶ ʫʛʦʣʴʥʦʡ ʦʪʨʘʩʣʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʥʘ 2019-2021 ʛʦʜʳè [27].  

ʈʳʥʦʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʛʣʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ 

ʢʦʤʧʘʥʠʷʤʠ: çENRCè (ʨʘʟʨʝʟ çɺʦʩʪʦʯʥʳʡè, çʐʫʙʘʨʢʦʣʴ ʂʦʤʠʨè), çʉʘʤʨʫʢ-

ʕʥʝʨʛʦè, çʈʋʉɸʃè (çɹʦʛʘʪʳʨʴ ʂʦʤʠʨè), çʂʘʟʘʭʤʳʩè, çɸʥʛʨʝʥʩʦʨ-ʕʥʝʨʛʦè. 

ʅʘʠʙʦʣʝʝ ʧʨʠʙʳʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʩʪʨʘʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʘʟʨʝʟ 

ʂʘʨʘʞʳʨʘ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ [25]. 
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ʈʠʩʫʥʦʢ 2 - ɼʦʙʳʯʘ ʫʛʣʷ, ʚʢʣʶʯʘʷ ʣʠʛʥʠʪ ʠ ʢʦʥʮʝʥʪʨʘʪ ʫʛʦʣʴʥʳʡ ʚ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ ʟʘ ʧʝʨʠʦʜ ʷʥʚʘʨʴ ï ʦʢʪʷʙʨʴ 2021 [25] 

 

ɺ ʩʦʩʪʘʚ ʫʛʣʷ ʚʭʦʜʷʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʙʦʛʘʪʳ ʛʣʘʚʥʳʤ ʛʦʨʶʯʠʤ ʵʣʝʤʝʥʪʦʤ ʫʛʣʝʨʦʜʦʤ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʛʦʣʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʪʦʧʣʠʚʦ ʚ ʵʥʝʨʛʝʪʠʢʝ. 

ʄʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʟʦʣʫ ʠ ʰʣʘʢ, ʧʦʵʪʦʤʫ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʥʝʨʘʣʦʚ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʫʛʣʷ [28]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʛʣʷ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʦʪʚʦʜʠʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʩʞʠʛʘʥʠʝ ʜʘʥʥʦʛʦ 

ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʦʩʦʚ, ʥʝʛʦʨʶʯʘʷ ʯʘʩʪʴ 

ʪʦʧʣʠʚʘ ʩʢʣʘʜʠʨʫʝʪʩʷ ʚ ʰʣʘʢʦ-ʟʦʣʦʦʪʚʘʣʘʭ. 

 ɺ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʢʣʶʯʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ [29].  ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʪʦʧʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ʪʦʧʣʠʚʦʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʉʞʠʛʘʥʠʝ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʪʦʧʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʩʣʦʝʚʦʡ, ʬʘʢʝʣʴʥʳʡ 

(ʢʘʤʝʨʥʳʡ), ʚʠʭʨʝʚʦʡ, ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ [8, (ʩ. 246)]. ʂʘʞʜʳʡ ʠʟ ʩʧʦʩʦʙʦʚ 
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ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ [30].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʩʞʠʛʘʥʠʷ ʚ ʢʦʪʝʣʴʥʳʭ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʧʨʦʝʢʪʥʦʝ ʪʦʧʣʠʚʦ, ʪ.ʝ. ʪʦʧʣʠʚʦ ʥʘ ʢʦʪʦʨʦʝ ʨʘʥʝʝ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʪʝʧʣʦʚʳʝ 

ʨʘʩʯʝʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ [31, 32]. ʇʨʠ ʩʞʠʛʘʥʠʠ ʥʝʧʨʦʝʢʪʥʦʛʦ ʪʦʧʣʠʚʘ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʰʣʘʢʦʚʘʥʠʷ ʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ, ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʪʣʘ [33, 34]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʧʦʪʝʨʴ. ɼʣʷ ʫʛʣʷ ʵʪʦ 

ʙʫʜʫʪ ʧʦʪʝʨʠ ʩ ʪʝʧʣʦʤ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ή, ʦʪ ʭʠʤʠʯʝʩʢʦʡ ή ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ή 

ʥʝʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ, ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ή ʠ ʩ ʬʠʟʠʯʝʩʢʠʤ 

ʪʝʧʣʦʤ ʰʣʘʢʦʚ ή [28, (ʩ. 86)]. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʪʝʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʦʙʨʘʪʥʦʛʦ ʙʘʣʘʥʩʘ [35]: 

  

h̋
Ȣ́
̂̑ ρππή ή ή ή ή  (1) 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ ʩ ʢʘʤʝʨʥʳʤ ʩʞʠʛʘʥʠʝʤ ʪʚʝʨʜʦʛʦ 

ʪʦʧʣʠʚʘ ʧʦʪʝʨʠ ʪʝʧʣʘ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʝʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 1 õ 5%. ʇʦʪʝʨʠ ʪʝʧʣʘ ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩ 

ʬʠʟʠʯʝʩʢʠʤ ʪʝʧʣʦʤ ʰʣʘʢʦʚ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʶʪ 3%. ʆʩʥʦʚʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ 

ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʢʦʪʣʘ ʟʘʥʠʤʘʶʪ ʧʦʪʝʨʠ ʩ ʪʝʧʣʦʤ ʫʭʦʜʷʱʠʭ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ή, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 5 õ 12 % ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʪʝʧʣʦʪʳ. ʊʘʢʠʝ 
ʧʦʪʝʨʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ ʪʝʧʣʦʪʘ ʛʘʟʦʚ, ʧʦʢʠʜʘʶʱʠʭ ʢʦʪʝʣ, 

ʧʨʝʚʳʰʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʪʝʧʣʦʪʫ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʢʦʪʝʣ ʚʦʟʜʫʭʘ ʠ ʪʦʧʣʠʚʘ [36, 

37]. 

ʇʦʪʝʨʠ ʪʝʧʣʘ ʩ ʫʭʦʜʷʱʠʤʠ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʩʦʛʣʘʩʥʦ [28, (ʩ. 87)] 

ʦʧʨʝʜʝʣʷʶʪʩʷ: 

  

ή
В Ͻ̔ ̖ ̃

̎
̑ ϽρππϷ, (2) 

 

ʛʜʝ ВὠὧϽὸ̔  ̖- ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʢʢʘʣ/ʢʛ; 

ὗ̃ ï ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʪʦʧʢʫ ʚʦʟʜʫʭʘ, ʢʢʘʣ/ʢʛ; 

ὗ̎
̑
 - ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʚ ʪʦʧʣʠʚʝ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ. 

 

ʊʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʪʦʧʢʫ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʝʣʷʝʪʩʷ ʢʘʢ [28, 

(ʩ. 87)]: 

 

ὗ̃ Ͻ́ὠϽὅ̃Ͻὸ̃, (3) 

 

ὅ̃ - ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, ʢʢʘʣ/ʤ
3
; 

ὸ̃ - ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. 
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ʇʦʪʝʨʠ ʪʝʧʣʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʣʷʪʴ ʧʫʪʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʠʭ ʩʦʢʨʘʪʠʪʴ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʛʘʟʦʭʦʜʘʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ [6, 

7].  

ɺʩʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʠʩʧʘʨʠʪʝʣʴʥʳʝ, ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʴʥʳʝ ʠ ʵʢʦʥʦʤʘʡʟʝʨʥʳʝ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ [8, (ʩ. 246)]. ɺ ʪʦʧʢʝ (ʠʣʠ 

ʩʨʘʟʫ ʟʘ ʪʦʧʢʦʡ) ʥʘʭʦʜʷʪʩʷ ʠʩʧʘʨʠʪʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ 

ʥʘʛʨʝʚʘʥʠʷ ʚʦʜʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʳʱʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ. ʇʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʟʘ 

ʪʦʧʢʦʡ ʠ ʚ ʥʠʭ ʧʦʣʫʯʘʶʪ ʧʝʨʝʛʨʝʪʳʡ ʧʘʨ (ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʩʳʱʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʜʘʚʣʝʥʠʷ) [9, (ʩ. 94)]. ʕʢʦʥʦʤʘʡʟʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʥʦʩʷʪ ʢ ʭʚʦʩʪʦʚʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʥʘʛʨʝʚʘ, ʚ ʥʠʭ ʫʭʦʜʷʱʠʝ ʛʘʟʳ ʥʘʛʨʝʚʘʶʪ 

ʧʠʪʘʪʝʣʴʥʫʶ ʚʦʜʫ.  

ɺ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʦʞʥʳʡ 

ʪʝʧʣʦʦʙʤʝʥ, ʚʢʣʶʯʘʶʱʠʡ ʪʝʧʣʦʦʙʤʝʥ ʠʟʣʫʯʝʥʠʝʤ, ʢʦʥʚʝʢʮʠʝʡ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ.ʁ ʅʘ ʨʠʩʫʥʢʝ 3 ʚʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʦʢ ʪʨʫʙʦʢ ʪʦʧʢʠ 

ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʛʦʨʷʯʠʤʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʩʛʦʨʘʥʠʷ, ʠʤʝʶʱʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʫ tʛ, ʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ t1, ʘ ʚʥʫʪʨʝʥʥʷʷ ʦʤʳʚʘʝʪʩʷ ʚʦʜʦʡ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ tʚ ʠ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ t2. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʩʪʝʥʢʘʭ ʪʨʫʙʦʢ 

ʩʥʠʞʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʭ [9, (ʩ. 94)].  

 

 
 

ʈʠʩʫʥʦʢ 3 ī ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʚ ʪʦʧʢʝ ʦʪ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʢ 

ʩʪʝʥʢʝ ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ [9] 
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ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʦʪ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʢ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʦʢ 

ʪʨʫʙʦʢ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʣʫʯʝʥʠʝʤ ʠ ʢʦʥʚʝʢʮʠʝʡ. 

ɼʘʣʝʝ ʪʝʧʣʦʪʘ ʯʝʨʝʟ ʩʣʦʡ ʥʘʣʠʧʰʝʡ ʟʦʣʳ ʪʦʣʱʠʥʦʡ ŭ3, ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʪʝʥʢʫ 

ʪʨʫʙʳ ʪʦʣʱʠʥʦʡ ŭʩ ʠ ʩʣʦʡ ʥʘʢʠʧʠ ŭʥ ʧʝʨʝʜʘʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʅʘʢʦʥʝʮ, 

ʚʦʜʘ ʚʥʫʪʨʠ ʪʨʫʙʦʢ ʥʘʛʨʝʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʮʠʠ [9, (ʩ. 94)]. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʚ ʵʢʦʥʦʤʘʡʟʝʨʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʢʦʪʣʘ ʦʪ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʢ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʝ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʢʦʪʝʣ ʩ ʪʦʡ ʣʠʰʴ 

ʨʘʟʥʠʮʝʡ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʢʝʣʘ ʠ ʢʦʥʚʝʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʚ ʧʨʦʮʝʩʩʝ ʩʣʦʞʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. ʇʦʤʠʤʦ ʵʢʦʥʦʤʘʡʟʝʨʘ, ʢ 

ʭʚʦʩʪʦʚʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʥʘʛʨʝʚʘ ʦʪʥʦʩʷʪ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ.  

ɺʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ (ɺɿʇ) ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʦʙʦʛʨʝʚʘʝʤʦʝ ʧʨʦʜʫʢʪʘʤʠ 

ʩʛʦʨʘʥʠʷ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʪʦʧʢʫ ʥʘ 

ʛʦʨʝʥʠʝ [28, (ʩ. 130)]. ɺ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠ ʥʘʛʨʝʚʝ 

ʚʦʟʜʫʭʘ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʩʦʚʦʢʫʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʥʚʝʢʮʠʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʨʘʜʠʘʮʠʠ, ʦʜʥʘʢʦ 

ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʷʚʣʷʝʪʩʷ ʢʦʥʚʝʢʮʠʷ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʯʝʨʝʟ ʩʪʝʥʢʫ ʪʨʫʙʳ (ʨʠʩʫʥʦʢ 4). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʢʫʧʝʨʘʪʠʚʥʳʝ ʪʨʫʙʯʘʪʳʝ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʠ ʩ ʜʠʘʤʝʪʨʦʤ 40 

ʤʤ ʧʨʠ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ 1,5 ʤʤ [9, (ʩ. 94)]. 

 

  
ʘ ʙ 

 

ʈʠʩʫʥʦʢ 4 ï ʇʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʚ ɺɿʇ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ (ʘ) ʠ ʧʨʠ ʥʘʣʠʯʠʠ (ʙ) 

ʦʪʣʦʞʝʥʠʡ ʠʟ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ   

 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʣʦʞʝʥʠʡ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʪʝʥʦʢ ʪʨʫʙʦʢ ɺɿʇ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʛʦʨʷʯʠʤʠ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʩʛʦʨʘʥʠʷ, ʠʤʝʶʱʠʤʠ ʪʝʤʧʝʨʘʪʫʨʫ ὸ̄, ʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ὸ, ʘ 
ʚʥʝʰʥʷʷ ʦʤʳʚʘʝʪʩʷ ʚʦʟʜʫʭʦʤ  ʠ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ὸ̃. ʃʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 
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ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ Ὧ, 

(ɺʪ/ʤĀʂ)  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 4 [2, (ʩ. 34 -63)]: 
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‌̃Ὀ

 
(4) 

 

ʛʜʝ  ɻ̄ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩʦ ʩʪʦʨʦʥʳ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ɺʪ/(ʤ
2
Āʂ); 

Ὠ - ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʢ; 

ʇ̒  ̓- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ, ɺʪ/(ʤĀʂ); 

$ - ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʦʢ; ʤ 

ɻ̃ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʢ ʚʦʟʜʫʭʫ, (ɺʪ/ʤ
2
Āʂ); 

 

ʇʨʠ ʥʘʣʠʯʠʠ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʢ ʪʝʧʣʦʪʘ ʦʪ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʢ ʚʦʟʜʫʭʫ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ ʦʪʣʦʞʝʥʠʡ, ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ‗̈ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʪʝʥʦʢ ʪʨʫʙ ʇ̒ .̓ 

ʃʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ Ὧ̈, (ɺʪ/ʤĀʂ) ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ [2, (ʩ. 34 -

63)]: 
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(5) 

 

ʛʜʝ  ɻ̄  - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩʦ ʩʪʦʨʦʥʳ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩ ʫʯʝʪʦʤ 

ʟʘʛʨʷʟʥʝʥʠʡ, ɺʪ/(ʤ
2
Āʂ); 

Ä̈ - ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ ʟʘʛʨʷʟʥʝʥʠʡ, ʤ; 

ʇ̈ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʡ, ɺʪ/(ʤĀʂ). 

 

ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʦʢ ʪʨʫʙ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ 

ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʫʙʘ ʤʦʞʝʪ ʚʳʡʪʠ ʠʟ ʩʪʨʦʷ. 

ʅʝʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʪʨʝʙʫʝʪ ʩʞʠʛʘʥʠʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʝʛʦ ʧʝʨʝʨʘʩʭʦʜʫ. ʅʘʨʘʩʪʘʥʠʝ ʟʦʣʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʚʥʫʪʨʠ ʪʨʫʙʦʢ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʩʫʞʝʥʠʶ ʛʘʟʦʚʳʭ ʢʘʥʘʣʦʚ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʧʫʯʢʝ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ï ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.    

ʇʨʦʮʝʩʩ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʠ ʥʘʛʨʝʚʘʥʠʷ ʪʝʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [2, (ʩ. 46 - 63)]: 
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‌

‗
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ʛʜʝ n - ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʠʥʜʝʢʩ çʩè ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʛʨʘʜʠʝʥʪ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ. 

  - ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʂ/ʤ. 

 

ʆʪʣʦʞʝʥʠʷ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʝʨʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ [5, (ʩ. 964)]. 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʥʘ ʩʦʩʪʦʷʥʠʠ 

ʠ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʥʘ ʚʦʧʨʦʩʘʭ ʠʭ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫ  ʁʩʨʝʜʫ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ ʰʣʘʢʦʚʘʥʠ ̫ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʥʘʛʨʝʚʘ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ [8, (ʩ. 248)].  

 

1.2 ʐʣʘʢʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʩʧʦʩʦʙʳ ʠʭ ʦʯʠʩʪʢʠ  

ʇʨʦʮʝʩʩ ʰʣʘʢʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʦʞʥʦʝ 

ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʠ ʝʛʦ ʠʟʙʳʪʢʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʚ 

ʪʦʧʢʝ, ʩʪʝʧʝʥʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʩʪʝʥ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ ʠ ʭʦʣʦʜʥʦʡ ʚʦʨʦʥʢʠ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʢʣʦʥʘ ʩʢʘʪʦʚ 

ʪʦʧʢʠ ʠ ʜʨʫʛʦʝ [39, (ʩ. 27)]. 

ʐʣʘʢʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʘʨ 

ʬʘʢʝʣʘ ʧʦʜ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʘʪʘʢʠ. ʉʦʜʝʨʞʘʱʠʝʩʷ ʚ ʛʦʨʷʯʝʤ ʛʘʟʝ ʬʘʢʝʣʘ ʞʠʜʢʠʝ 

ʯʘʩʪʠʮʳ ʜʦʩʪʠʛʘʶʪ ʩʪʝʥ ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʫʜʘʨʷʶʪʩʷ ʠ ʦʩʝʜʘʶʪ ʥʘ 

ʥʠʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʰʣʘʢʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʦʧʢʠ [40]. ɺʚʠʜʫ ʧʦʥʠʞʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʰʣʘʢʦʚʘʥʠʶ ʧʦʜʚʝʨʞʝʥʘ ʦʙʣʘʩʪʴ ʭʦʣʦʜʥʦʡ 

ʚʦʨʦʥʢʠ. ʆʪʩʫʪʩʪʚʠʝ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʩʪʝʥ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʪʦʧʦʯʥʦʡ 

ʢʘʤʝʨʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʯʘʛʦʚ ʰʣʘʢʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʛʨʷʟʥʝʥʠʶ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ ʢʦʪʣʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʟʘʪʚʝʨʜʝʚʘʥʠʷ 

ʫʥʦʩʠʤʳʭ ʧʦʪʦʢʦʤ ʞʠʜʢʠʭ ʯʘʩʪʠʮ ʟʦʣʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʦʧʣʠʚ, ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 1000 õ 1150Áʉ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʦʧʢʠ.  ʅʝ ʫʩʧʝʚʰʠʝ ʟʘʪʚʝʨʜʝʪʴ ʜʦ ʚʳʭʦʜʘ 

ʠʟ ʪʦʧʢʠ ʯʘʩʪʠʮʳ ʟʦʣʳ ʚ ʞʠʜʢʦʤ ʠʣʠ ʨʘʟʤʷʛʯʝʥʥʦʤ ʚʠʜʝ ʦʩʝʜʘʶʪ ʥʘ 

ʧʦʣʫʨʘʜʠʘʮʠʦʥʥʳʭ ʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ, ʧʨʠʣʠʧʘʶʪ ʢ ʥʠʤ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʝʙʥʝʡ ʦʪʣʦʞʝʥʠʡ [28, (ʩ. 211 ï 230)]. 

ʋʩʣʦʚʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʰʣʘʢʦʚʘʥʠʷ ʤʦʛʫʪ ʩʠʣʴʥʦ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ 

ʧʝʨʝʚʦʜʝ ʢʦʪʣʘ ʥʘ ʜʨʫʛʠʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʦʪʣʠʯʥʳʝ ʧʦ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʠ 

ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪ ʧʨʦʝʢʪʥʦʛʦ [36, (ʩ. 350)]. ʏʘʩʪʳʝ ʧʫʩʢʠ ʠ 

ʛʣʫʙʦʢʠʝ ʨʘʟʛʨʫʟʢʠ ʢʦʪʣʘ ʥʘ ʦʯʠʩʪʢʫ ʦʪ ʦʪʣʦʞʝʥʠʡ ʧʨʠʚʦʜʷʪ ʢ ʙʳʩʪʨʦʤʫ 

ʠʟʥʘʰʠʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ, ʩʥʠʞʘʶʪ ʥʘʜʝʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʦʚʳʰʘʶʪ ʦʙʲʝʤ ʨʝʤʦʥʪʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʩʥʠʞʘʶʪ ʨʘʙʦʯʠʡ 

ʨʝʩʫʨʩ ʢʦʪʣʘ. ʈʝʛʫʣʷʨʥʘʷ ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ, ʧʦʟʚʦʣʷʷ ʣʫʯʰʝ 

ʥʘʛʨʝʪʴ ʚʦʟʜʫʭ ʧʦʜʘʚʘʝʤʳʡ ʚ ʪʦʧʢʫ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʣʫʯʰʝʤʫ ʩʞʠʛʘʥʠʶ 

ʪʦʧʣʠʚʘ, ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ ʩ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ʠ ʧʦʚʳʰʝʥʠʶ ʂʇɼ 

ʢʦʪʣʘ.  
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ʂ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʘʤ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʦʪ ʰʣʘʢʦʟʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʥʦʩʷʪʩʷ: ʧʘʨʦʛʘʟʦʚʘʷ 

ʦʙʜʫʚʢʘ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ, ʚʦʜʷʥʘʷ ʦʙʤʳʚʢʘ, ʭʠʤʠʯʝʩʢʘʷ ʦʙʤʳʚʢʘ, 

ʫʛʣʝʢʠʩʣʦʪʥʘʷ ʦʯʠʩʪʢʘ, ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʠʢʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʜʨʦʙʝʚʘʷ ʦʯʠʩʪʢʘ, 

ʚʠʙʨʘʮʠʦʥʥʘʷ ʠ ʟʚʫʢʦʚʘʷ ʦʯʠʩʪʢʠ [41, 42]. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʝʩʪʴ ʫ 

ʣʶʙʦʛʦ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʫʯʝʥʳʭ ʝʜʠʥʩʪʚʝʥʥʦʡ, ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʥʘʛʨʝʚʘ ʚʩʝʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʦʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʪʣʦʞʝʥʠʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

[43, 44]. ʇʨʠ ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ: ʪʠʧ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʨʦʜ 

ʪʦʧʣʠʚʘ ʠ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ, ʚʝʣʠʯʠʥʘ ʠ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʦʪʣʦʞʝʥʠʡ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʣʘʥʠʨʫʝʤʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ, ʥʘʣʠʯʠʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ [38, (ʩ. 118)].  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ 

ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʨʫʙʥʳʡ ʧʫʯʦʢ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʢʦʪʣʘ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʭʦʜʥʳʭ ʩʝʯʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʪʨʫʙʦʢ 

ʦʪʣʦʞʝʥʠʷʤʠ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʥʘʛʨʝʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʯʠʩʪʢʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʱʝʪʦʢ, ʩʢʨʝʙʢʦʚ, ʰʪʘʥʛ ʠ ʧʠʢ, ʢʦʪʦʨʘʷ 

ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʘ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʥʦ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ [41, (ʩ. 

151)].  

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ɺɿʇ 

ʦʪ ʦʪʣʦʞʝʥʠʡ (ʥʘ ʵʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʟʘ ʘʛʨʝʛʘʪʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʥʘ 

ʚʭʦʜʝ ʚ ʢʦʪʝʣ, ʧʘʜʝʥʠʝ ʂʇɼ ʢʦʪʣʘ ʠ ʜʨ.) ʪʨʝʙʫʝʪʩʷ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʢʦʪʝʣʴʥʳʡ 

ʘʛʨʝʛʘʪ ʠ ʟʘʪʨʘʯʠʚʘʪʴ ʚʨʝʤʷ ʥʘ çʦʩʪʳʚʘʥʠʝè ʦʧʫʩʢʥʦʛʦ ʛʘʟʦʭʦʜʘ, ʪʘʢ ʢʘʢ 

ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʪʨʫʙ ɺɿʇ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠ ʠʭ ʚʠʟʫʘʣʴʥʦʤ ʦʩʤʦʪʨʝ, 

ʧʨʦʩʚʝʯʠʚʘʥʠʝʤ ʠʣʠ ʧʨʦʙʠʚʢʦʡ ʰʪʘʥʛʦʡ [45]. ʊʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʝʪʩʷ ʛʦʜʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ (ʬʘʢʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʯʘʩʦʚ ʨʘʙʦʪʳ ʢʦʪʣʘ, 

ʦʪʥʝʩʝʥʥʦʝ ʢ 8760 ʯʘʩʘʤ ʚ ʛʦʜʫ), ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʩʪʦʡ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʚ 

ʪʝʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʩ ʦʩʪʨʳʤʠ ʨʝʞʫʱʠʤʠ ʢʨʘʷʤʠ ʚʦʟʤʦʞʥʦ 

ʧʦʚʨʝʞʜʝʥʠʝ ʩʪʝʥʦʢ ʪʨʫʙ, ʠʩʪʦʥʯʝʥʠʝ ʤʝʪʘʣʣʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʝʱʠʥ ʠ ʨʘʩʢʦʣʦʚ. ʇʦʵʪʦʤʫ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ 

ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʦʪ ʦʪʣʦʞʝʥʠʡ.  ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ ʦʪ ʦʪʣʦʞʝʥʠʡ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʝʧʨʦʝʢʪʥʦʤ ʫʛʣʝ ʨʘʟʨʝʟʘ ʂʘʨʘʞʳʨʘ. 

ɼʣʷ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʢʦʪʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ ʩ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ (ʚ ʫʛʣʝ ʂʘʨʘʞʳʨʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 0,26% ʦʪ ʦʙʱʝʛʦ 

ʩʦʩʪʘʚʘ ʪʦʧʣʠʚʘ) ʜʦʧʫʩʢʘʝʪʩʷ ʦʙʤʳʚʢʘ ʚʦʜʦʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 60 õ 70 Üʉ ʠ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 0,3 õ 0,4 ʄʇʘ. ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ 

ʦʪ ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʜʝʰʝʚʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʥʠʟʢʠʭ ʟʘʪʨʘʪ ʥʘ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʜʫʚʦʯʥʦʛʦ 
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ʘʛʝʥʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʜʫ, ʧʦʜʦʛʨʝʚʘʝʤʫʶ ʚ ʢʦʥʚʝʢʪʠʚʥʦʡ ʯʘʩʪʠ ʢʦʪʣʘ. 

ʉʢʦʧʣʝʥʠʷ ʟʦʣʳ ʧʝʨʝʜ ʦʙʤʳʚʢʦʡ ʜʦʣʞʥʳ ʙʳʪʴ ʫʜʘʣʝʥʳ. ʂ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʩʪʦʨʦʥʘʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʦʪʥʦʩʠʪʩʷ ʨʠʩʢ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʠʩʪʦʥʯʝʥʠʷ 

ʤʝʪʘʣʣʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ 

ʩʪʨʫʠ, ʦʧʘʩʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʪʨʫʙ ʦʪ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ. ɺ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʨʨʦʟʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ɺɿʇ, ʧʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʷʥʳʭ ʦʙʤʳʚʦʢ ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʠʥʠʤʘʣʴʥʳʤ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʛʫʣʷʨʥʦʡ ʦʯʠʩʪʢʠ ʦʪ ʦʪʣʦʞʝʥʠʡ ʪʨʫʙʯʘʪʳʭ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝʡ [46, 47].   

ʍʠʤʠʯʝʩʢʘʷ ʦʙʤʳʚʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʚʠʜʫ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʦʪʩʫʪʩʪʚʠʷ ʘʧʧʘʨʘʪʦʚ ʠʭ ʥʘʥʝʩʝʥʠʷ 

[41, (ʩ. 151)]. ʉʨʝʜʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩʪʦʠʤʦʩʪʴ 

ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʥʘʠʚʳʩʰʘʷ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʚʦʜʷʥʦʡ 

ʦʙʤʳʚʢʦʡ, ʨʝʛʫʣʷʨʥʘʷ ʦʯʠʩʪʢʘ ɺɿʇ ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʝʚʦʟʤʦʞʥʘ [46, 47] ʪʘʢ 

ʢʘʢ ʯʘʩʪʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʢʦʨʦʙʣʝʥʠʶ, ʭʨʫʧʢʦʩʪʠ ʠ ʨʘʟʨʫʰʝʥʠʶ ʤʝʪʘʣʣʘ. 

ʄʝʪʦʜ ʫʛʣʝʢʠʩʣʦʪʥʦʡ ʦʯʠʩʪʢʠ ʠʣʠ ʢʨʠʦʙʣʘʩʪʠʥʛ [48] ʥʝ ʥʘʰʝʣ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʩʪʨʘʥʘʭ ʉʅɻ [41, (ʩ. 151)]. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʯʝ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʧʨʠʤʝʨʥʦ 300 ʤ/ʩ ʤʘʣʝʥʴʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʛʨʘʥʫʣ ʩʫʭʦʛʦ ʣʴʜʘ (ʉʆ2) ʚ ʩʣʦʡ 

ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʛʥʦʚʝʥʥʦ ʠʟʤʝʥʷʶʪ ʠʭ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟ ʪʚʝʨʜʦʛʦ 

ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʣʦʞʝʥʠʷ ʙʳʩʪʨʦ ʦʪʩʣʘʠʚʘʶʪʩʷ ʠ ʨʘʟʨʫʰʘʶʪʩʷ, ʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʦʚʨʝʞʜʘʶʪʩʷ. ɻʨʘʥʫʣʳ ʩʫʭʦʛʦ ʣʴʜʘ ʠʤʝʶʪ 

ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ (48 ʯʘʩʦʚ), ʯʪʦ ʪʨʝʙʫʝʪ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʤʝʩʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʋʛʣʝʢʠʩʣʦʪʥʳʡ ʤʝʪʦʜ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʨʥʦʡ ʦʯʠʩʪʢʠ ɺɿʇ ʦʪ 

ʦʪʣʦʞʝʥʠʡ ʥʝ ʧʦʜʭʦʜʠʪ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʢʦʪʝʣʴʥʦʤʫ ʘʛʨʝʛʘʪʫ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʝʛʦ ʧʨʠʦʙʨʝʪʝʥʠʷ [48, 49]. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʢʦʪʝʣʴʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʪʝʭʥʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ [50, 51, 52]. ʉ 

ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ ʫʜʘʨʥʳʭ ʚʦʣʥ (ʚʳʩʪʨʝʣ ʜʦʟʠʨʦʚʘʥʥʳʤ ʟʘʨʷʜʦʤ ʧʦʨʦʭʘ) 

ʩʦʟʜʘʝʪʩʷ ʚʦʣʥʘ, ʢʦʪʦʨʘʷ çʩʪʨʷʭʠʚʘʝʪè ʦʪʣʦʞʝʥʠʷ ʩ ʦʯʠʱʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʢʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʢʦʪʝʣʴʥʦʤ ʘʛʨʝʛʘʪʝ 

ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʠʦʙʨʝʪʝʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʫʜʘʨʥʳʭ ʚʦʣʥ [41, (ʩ. 

151)], ʯʪʦ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʵʢʦʥʦʤʠʢʝ ʧʨʝʜʧʨʠʷʪʠʷ [53]. 

ɼʨʦʙʝʚʦʡ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʨʫʙʯʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʦʪ ʦʪʣʦʞʝʥʠʡ ʟʘʪʨʘʪʝʥ ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʧʦ ʨʝʩʫʨʩʘʤ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩʦʟʜʘʶʪ ʫʛʨʦʟʫ ʦʩʪʘʥʦʚʘ 

ʢʦʪʣʦʘʛʨʝʛʘʪʘ [41, (ʩ. 151)].  ʇʨʠ ʜʨʦʙʝʚʦʤ ʤʝʪʦʜʝ ʦʯʠʩʪʢʠ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ 

ʛʘʟʦʭʦʜʘ ʧʦʜʘʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʜʨʦʙʴ, ʢʦʪʦʨʘʷ ʩʦʫʜʘʨʷʷʩʴ ʩ ʦʪʣʦʞʝʥʠʷʤʠ 

ʨʘʟʨʫʰʘʝʪ ʦʩʝʚʰʠʡ ʩʣʦʡ ʠ ʧʘʜʘʝʪ ʚ ʥʠʞʥʠʡ ʙʫʥʢʝʨ. ɿʘʪʝʤ ʜʨʦʙʴ ʩʦʙʠʨʘʝʪʩʷ, 

ʦʯʠʱʘʝʪʩʷ ʠ ʚʥʦʚʴ ʧʦʜʘʝʪʩʷ ʚ ʚʝʨʭʥʠʡ ʛʘʟʦʭʦʜ. ʈʘʟʤʝʨ ʜʨʦʙʠ ʧʦʨʷʜʢʘ 3 õ 7 ʤʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ 

ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʪʘʣʣʘ ʦʯʠʱʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʜʨʦʙʠ. 
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ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʩʪʨʘʜʘʝʪ ʧʨʠʥʠʤʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʧʘʜʘʝʪ ʜʨʦʙʴ, 

ʧʦʵʪʦʤʫ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʣʦʠ ʜʣʷ 

ʝʝ ʟʘʱʠʪʳ. ʇʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʛʨʦʤʦʟʜʢʠʭ ʫʩʪʨʦʡʩʪʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʦʜʲʝʤʘ ʜʨʦʙʠ ʥʘʜ ʢʦʥʚʝʢʪʠʚʥʦʡ ʰʘʭʪʦʡ ʠ ʩʙʦʨʘ ʜʨʦʙʠ ʧʦʩʣʝ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

[43].  

ɺʠʙʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚʧʝʨʚʳʝ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ [54]. ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʯʠʩʪʢʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʯʠʱʘʝʤʳʭ ʪʨʫʙ 

ʚ ʩʣʦʝ ʦʪʣʦʞʝʥʠʡ ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʩʠʣ 

ʩʮʝʧʣʝʥʠʷ ʟʦʣʦʚʳʭ ʯʘʩʪʠʮ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʫʙ ʧʨʠʚʦʜʷʪ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʦʪʣʦʞʝʥʠʡ. ɺʠʙʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʦʪ ʦʪʣʦʞʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʢʣʶʯʝʥʠʷ. ʆʜʥʘʢʦ, 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʦʯʠʩʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʣʠʰʴ ʧʨʠ 

ʟʘʤʝʥʝ ʢʦʪʣʦʘʛʨʝʛʘʪʘ ʠʣʠ ʧʨʠ ʝʛʦ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʪʘʣʦʩʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʤʝʪʘʣʣʘ. 

ʆʜʥʘʢʦ, ʚʚʠʜʫ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɺɿʇ (ʯʘʩʪʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ 

ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʩ ʥʝʙʦʣʴʰʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʥʠʤʠ, ʚʚʘʨʝʥʥʳʤʠ 

ʢʦʥʮʘʤʠ ʪʨʫʙ ʚ ʪʨʫʙʥʳʝ ʜʦʩʢʠ), ʚʠʙʨʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʜʣʷ ʨʝʛʫʣʷʨʥʦʡ ʦʯʠʩʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

[55].  

ʇʘʨʦʛʘʟʦʚʘʷ ʦʙʜʫʚʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ [41, 

(ʩ. 152)]. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ ʦʙʜʫʚʢʠ ʜʠʥʘʤʠʯʝʩʢʠʡ, 

ʪʝʨʤʠʯʝʩʢʠʡ ʠ ʘʙʨʘʟʠʚʥʳʡ. ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʩʪʨʫʠ ʦʙʜʫʚʦʯʥʦʛʦ ʘʛʝʥʪʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ 

ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʷ ʦʪʣʦʞʝʥʠʡ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʩʪʨʫʠ ʦʙʜʫʚʦʯʥʦʛʦ ʘʛʝʥʪʘ ʥʘ ʩʣʦʡ 

ʦʪʣʦʞʝʥʠʡ, ʠʤʝʶʱʠʡ ʦʪʣʠʯʥʫʶ ʦʪ ʩʪʨʫʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʟʥʠʢʘʶʪ ʪʝʨʤʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʣʦʝ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʝʛʦ ʨʘʟʨʫʰʝʥʠʶ [56].   ʇʨʠ ʩʞʠʛʘʥʠʠ 

ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ ʚ ʧʦʪʦʢʝ ʛʘʟʦʚ ʥʘʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʦʣʳ. ɺ 

ʧʨʦʮʝʩʩʝ ʦʙʜʫʚʢʠ ʩʪʨʫʷ ʦʙʜʫʚʦʯʥʦʛʦ ʘʛʝʥʪʘ ʫʚʣʝʢʘʝʪ ʟʘ ʩʦʙʦʡ ʧʦʪʦʢ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ, ʩ ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʥʝʤ ʚʟʚʝʰʝʥʥʳʤʠ ʟʦʣʦʚʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʢʦʪʦʨʳʝ 

ʠʩʪʠʨʘʶʪ ʧʝʨʠʬʠʨʝʡʥʫʶ ʯʘʩʪʴ ʩʣʦʷ ʦʪʣʦʞʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʧʘʨʦʛʘʟʦʚʦʡ 

ʦʙʜʫʚʢʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʩʪʦʪʳ ʫʩʪʨʦʡʩʪʚʘ, 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ 

ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʢʦʪʣʘ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘ, ʦʪʙʠʨʘʝʤʦʛʦ ʥʘ ʥʫʞʜʳ 

ʧʘʨʦʚʦʡ ʦʙʜʫʚʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʜʦʙʘʚʦʯʥʦʡ 

ʚʦʜʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʦʩʧʦʣʥʝʥʠʷ ʧʦʪʝʨʴ ʢʦʥʜʝʥʩʘʪʘ [57, 58].  

ɺ ʚʦʜʦʛʨʝʡʥʳʭ ʢʦʪʣʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʜʫʰʥʦʡ ʦʙʜʫʚʢʠ, ʚ 

ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʘʨʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʜʫʭʘ ʧʨʦʱʝ ʦʙʝʩʧʝʯʠʪʴ 

ʦʪʩʫʪʩʪʚʠʝ ʚ ʦʙʜʫʚʦʯʥʦʡ ʩʪʨʫʝ ʢʦʥʜʝʥʩʘʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʜʫʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʡ ʦʙʜʫʚʢʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʛʫʣʷʨʥʦʡ ʦʯʠʩʪʢʠ ʦʪ ʦʪʣʦʞʝʥʠʡ ʚ ɺɿʇ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʪʣʘ ʦʧʨʘʚʜʘʥʦ ʩ 
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ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʚʠʜʫ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʜʫʚʦʯʥʦʛʦ ʘʛʝʥʪʘ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʟʜʫʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʧʦʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʩʦʩʘ ʠʣʠ ʥʝʙʦʣʴʰʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʶʱʝʛʦʩʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʚ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʦʪ 

ʦʪʣʦʞʝʥʠʡ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʦʯʠʩʪʢʠ ɺɿʇ ʧʨʠ 

ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʝʧʨʦʝʢʪʥʦʤ ʫʛʣʝ ʨʘʟʨʝʟʘ ʂʘʨʘʞʳʨʘ ʷʚʣʷʝʪʩʷ ʛʘʟʦʚʘʷ ʦʙʜʫʚʢʘ. 

  

1.3 ɸʥʘʣʠʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ 

ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʫʩʪʘʥʦʚʦʢ, ʫʣʫʯʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ ʪʝʨʨʠʪʦʨʠʷʭ [4, 59].  

ɺ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ. ʇʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʨʦʮʝʩʩʦʚ, 

ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʚ ʢʦʪʣʝ, ʦʩʣʦʞʥʷʝʪʩʷ ʠ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʠʭ ʧʨʦʚʝʜʝʥʠʝ, 

ʠ ʩʣʦʞʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ 

ʚʩʝʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʪʝʧʣʦʦʙʤʝʥʘ. ʇʦʵʪʦʤʫ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʚʩʝ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [60, 61].  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʝʜʩʢʘʟʘʪʴ ʠʭ ʨʘʟʚʠʪʠʝ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʥʝ ʪʦʣʴʢʦ ʚʦʩʩʦʟʜʘʪʴ ʠ ʠʟʫʯʠʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʧʨʦʮʝʩʩ, ʥʦ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʫʩʪʘʥʦʚʢʠ [62].  

ʇʦʤʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [63], ʧʨʦʚʦʜʠʤʳʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ, ʨʘʟʚʠʪʠʝ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʠʪʴ ʠ ʫʧʨʦʩʪʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʦʪʣʘʭ [5, (ʩ. 

964)]. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʧʨʠ ʥʘʠʤʝʥʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, ʥʝ ʩʦʟʜʘʚʘʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠ ʩʥʠʞʘʝʪ ʝʛʦ ʪʨʫʜʦʝʤʢʦʩʪʴ 

[64, 65, 66]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʦʣʫʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʘʵʨʦʜʠʥʘʤʠʢʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʣʦʢʘʣʴʥʦʤ ʪʝʧʣʦʦʙʤʝʥʝ, 

ʦʙʱʝʡ ʢʘʨʪʠʥʳ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʨʦʝʥʠʝ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ [67]. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʜʝʘʣʠʟʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʢ ʧʨʠʤʝʨʫ, ʪʘʢʠʝ ʢʘʢ, ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 
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ʜʨ. [68, 69]. ʇʦʚʝʨʭʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʝʩʦʚʝʨʰʝʥʥʘ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʜʥʦʨʦʜʥʦʡ, ʠʤʝʪʴ ʜʝʬʝʢʪʳ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʭʘʨʘʢʪʝʨʝ ʚʥʝʰʥʝʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠ ʪ.ʜ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʳʯʠʩʣʝʥʠʡ ʥʝʣʴʟʷ ʫʯʝʩʪʴ ʘʙʩʦʣʶʪʥʦ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʧʦʵʪʦʤʫ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʧʨʦʱʝʥʠʷ [70, 71]. ʅʘ ʨʠʩʫʥʢʝ 5 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ [8, (ʩ. 247)]. 
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ʈʠʩʫʥʦʢ 5 ī ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ [68] 

 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ [72, 

(ʩ. 110)]: 

1) ʀʟʫʯʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʠʩʘʥʠʷ 

ʦʙʲʝʢʪʘ ʠʣʠ ʷʚʣʝʥʠʷ. ɼʘʥʥʳʡ ʵʪʘʧ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʬʦʨʤʫʣʠʨʦʚʢʦʡ ʧʨʝʜʤʦʜʝʣʠ. 

2) ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ, ʚʳʜʚʠʛʘʶʪʩʷ ʛʠʧʦʪʝʟ rʢʘʩʘʪʝʣʴʥʦ ʩʚʦʡʩʪʚ 

ʠ ʧʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʩʦʟʜʘʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʳʜʚʠʥʫʪʳʭ ʛʠʧʦʪʝʟ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʭ 

ʚʳʧʦʣʥʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʷʚʣʝʥʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝ, ʦʪʨʘʞʘʶʱʝʝ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ [72, (ʩ. 110)]. 

3) ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʦʚʝʨʢʘ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʤʦʜʝʣʠ. ɼʘʥʥʳʡ ʵʪʘʧ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠ ̫

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʪʨʝʙʫʝʪ ʢʦʥʪʨʦʣʷ: 
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- ʨʘʟʤʝʨʥʦʩʪʝʡ; 

- ʭʘʨʘʢʪʝʨʘ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

- ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ; 

- ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ; 

- ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚʩʝ 

ʢʦʥʪʨʦʣʴʥʳʝ ʧʨʦʚʝʨʢʠ.  

4) ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ. ʅʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ: ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʜʚʠʥʫʪʳʭ 

ʛʠʧʦʪʝʟ; ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ; ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʧʨʦʱʝʥʠʡ ʙʝʟ ʚʨʝʜʘ ʢʘʯʝʩʪʚʫ ʨʘʩʯʝʪʘ; ʦʧʠʩʘʪʴ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ; ʚʳʙʨʘʪʴ ʜʘʣʴʥʝʡʰʠʡ ʧʫʪʴ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ [72, (ʩ. 110)]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʛʘʟʦʜʠʥʘʤʠʢʠ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʘʢʝʪʳ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ Ansys 

Fluent, Comsol, Star-CD, Flow3D, Open-FOAM, FlowVision, SigmaFlow, Fire 3D ʠ 

ʪ.ʧ., ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʩ ʫʣʫʯʰʝʥʥʦʡ ʩʭʦʜʠʤʦʩʪʴʶ [73, 74].  

ɺʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʯʠʩʣʝʥʥʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʦʧʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʩʦʟʜʘʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ [75]. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʘʢʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʪʦʧʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʢʨʘʡʥʝ ʚʘʞʥʳ ʧʨʠ: 

ῐ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʪʠʧʦʚ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ; 

ῐ ʧʨʦʚʝʜʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʘʨʠʘʮʠʡ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ 

ʢʦʪʣʦʚ; 

ῐ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʠʡ ʧʨʠ ʧʝʨʝʚʦʜʝ ʘʛʨʝʛʘʪʘ ʥʘ ʜʨʫʛʦʡ ʚʠʜ 
ʪʦʧʣʠʚʘ ʠʣʠ ʝʛʦ ʩʤʝʩʠ; 

ῐ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʨʘʙʦʪʫ 

ʢʦʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ,̫ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʠʣʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 

ῐ ʠʤʠʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ; 

ῐ ʧʦʣʫʯʝʥʠʠ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʣʦʢʘʣʴʥʦʤʫ ʪʝʧʣʦʦʙʤʝʥʫ ʚ 

ʫʯʘʩʪʢʘʭ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ; 

ῐ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʛʦʨʝʣʦʢ (ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʳʝ ʛʦʨʝʣʢʠ); 

ῐ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ; 

ῐ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʧʨʳʩʢʝ ʨʝʘʛʝʥʪʦʚ ʩ ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʩʝʨʳ; 

ῐ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʮʠʨʢʫʣʷʮʠʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ; 

ῐ ʠʟʫʯʝʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʜʠʡʥʦʡ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ; 
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ῐ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʤʠʩʩʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʩʝʨʳ ʚ ʧʨʦʮʝʩʩʝ ʩʞʠʛʘʥʠʷ 
ʪʦʧʣʠʚʘ; 

ῐ ʦʧʨʝʜʝʣʝʥʠʷ ʦʯʘʛʦʚ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʰʣʘʢʦʚʘʥʠʷ ʠ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʭ ʤʝʩʪ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ῐ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʨʘʩʯʝʪʘ [75, (ʩ. 59)]. 

ʄʦʜʝʨʥʠʟʘʮʠʠ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚ ʦʩʥʦʚʥʦʤ, ʩʚʷʟʘʥʘ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ 

ʦʢʠʩʣʠʪʝʣʷ ʠ ʪʦʧʣʠʚʘ ʚ ʪʦʧʢʫ ʢʦʪʣʘ [76]. 

ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ FIRE 3D 

ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʘʤ ʨʘʙʦʪʳ [77] ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʩʞʠʛʘʥʠʷ ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʚ ʪʦʧʢʝ ʢʦʪʝʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʇʂ-39 ʠ ʙʫʨʦʛʦ ʙʝʨʝʟʦʚʩʢʦʛʦ ʫʛʣʷ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʪʣʘ 

ɹʂɿ-210-140.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [78], ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʦʣʴʥʦʡ ʩʤʝʩʠ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʪʦʧʣʠʚ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʪʝʧʣʦʠʩʪʦʯʥʠʢʦʚ. ɸʚʪʦʨʘʤʠ [74] ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ Delphi 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʦʜʝʨʞʘʱʘʷ ʙʣʦʢʠ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʢʦʪʣʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʠʤʝʨʳ ʛʨʘʬʠʢʘ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʈʝʰʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʧʨʦʩʦʚ ʪʝʧʣʦʬʠʟʠʢʠ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʦ ʘʚʪʦʨʘʤʠ [79]. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 

ʠʟʫʯʝʥʠʶ ʵʤʠʩʩʠʠ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʥʠʟʢʦʩʦʨʪʥʦʛʦ ʫʛʣʷ ʚ 

ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ɹʂɿ-75. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʙʦʣʴʰʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ.  

ɺ ʨʘʙʦʪʘʭ [80 - 84] ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 3D 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʢʘʤʝʨʘʭ 

ʩʛʦʨʘʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʈʘʙʦʪʳ [85 - 88] ʧʦʩʚʷʱʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʝ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʷʚʣʷʝʪʩʷ Ansys Fluent. ʇʨʦʛʨʘʤʤʘ ʦʙʣʘʜʘʝʪ ʜʦʩʪʫʧʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ (graphical user interface ï GUI), ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʜʠʘʣʦʛʦʚʳʡ 

ʜʦʩʪʫʧ ʢ ʧʨʦʛʨʘʤʤʥʳʤ ʬʫʥʢʮʠʷʤ, ʢʦʤʘʥʜʘʤ, ʜʦʢʫʤʝʥʪʘʮʠʠ, ʠ ʩʩʳʣʢʘʤ. 

ʉʠʩʪʝʤʘ ʤʝʥʶ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʣʝʛʢʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʛʨʘʤʤʝ 

[89]. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʜʠʩʮʠʧʣʠʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʪʝʧʣʦʬʠʟʠʢʘ, ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ, 

ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ, ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʪ.ʧ. [90, 91]. 

ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʪʴ ʝʛʦ ʛʝʦʤʝʪʨʠʶ, 

ʬʠʟʠʢʫ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ.   
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʧʣʝʢʩʝ Ansys 

Fluent ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʧʨʠ ʢʦʪʦʨʦʤ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʨʠʩʫʥʦʢ 6). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩʦʟʜʘʝʪʩʷ ʩʝʪʢʘ ʠʟ ʛʨʘʥʠʮ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [92]. 

ʈʘʟʣʠʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʠʯʥʳʭ ʬʦʨʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʧʦʣʝ ʩʤʝʱʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʤʝʱʝʥʠʷʤ ʫʟʣʦʚ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʪʦʨʳʭ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ [92, (ʩ. 11)].  

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʂʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ [92] 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

[93, (ʩ. 21)]: 

Ƚ) ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʦʙʦʟʥʘʯʝʥʠʝ ʥʘʟʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʯʝʨʪʝʞʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ; 

ȽȽ) ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ȽȽȽ) ʩʦʟʜʘʥʠʝ ʩʝʪʢʠ ʠʟ ʛʨʘʥʠʮ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

ȽV) ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ; 

V) ʧʨʦʚʝʜʝʥʠʝ ʚʳʯʠʩʣʝʥʠʡ; 

VȽ) ʨʘʟʙʦʨ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʘ ʵʪʘʧʝ I ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ Ansys Fluent ʜʣʷ ʧʝʨʝʭʦʜʘ 

ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ ʢ ʝʛʦ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ [93, (ʩ. 21)]: 

1) ʢʦʥʝʯʥʫʶ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʯʪʦ ʥʫʞʥʦ ʥʘʡʪʠ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ, ʜʘʚʣʝʥʠʡ, ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʠ 

ʪ.ʧ.?); 

2) ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ: 
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- ʧʨʠʤʝʥʷʝʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʣʘʤʠʥʘʨʥʳʡ ʠʣʠ ʪʫʨʙʫʣʝʥʪʥʳʡ 

ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʝʡ, ʨʘʜʠʘʮʠʦʥʥʳʡ, ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʠʣʠ 

ʜʨ.);  

- ʦʧʨʝʜʝʣʠʪʴ ʜʦʧʫʱʝʥʠʷ, ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʴ-ʚ-ʪʦʯʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ (ʫʧʨʦʩʪʠʪʴ ʛʝʦʤʝʪʨʠʶ, ʧʨʠʥʷʪʴ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ);  

- ʜʦʧʫʩʪʠʤʳʝ ʫʧʨʦʱʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʫʤʝʥʴʰʠʪ ʪʦʯʥʦʩʪʴ 

ʨʘʩʯʝʪʘ (ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʤ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ, ʪʨʝʭʤʝʨʥʳʡ 

ʠʣʠ ʜʚʫʭʤʝʨʥʳʡ, ʟʘʜʘʪʴ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʦʩʝʡ ʠ ʪ.ʜ.); 

3) ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ; 

4) ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ. 

ʊʨʝʪʠʡ ʠ ʯʝʪʚʝʨʪʳʡ ʧʫʥʢʪʳ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʚʟʘʠʤʦʩʚʷʟʘʥʳ: ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʝʣʢʦʡ ʩʝʪʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʯʝʪʥʳʡ (ʠʪʝʨʘʮʠʦʥʥʳʡ) ʧʨʦʮʝʩʩ, ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ [93, (ʩ. 21)]. 

ʅʘ II  ʵʪʘʧʝ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ: 

1) ʚʳʜʝʣʠʪʴ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ 

ʧʨʦʠʩʭʦʜʠʪʴ ʠʩʩʣʝʜʫʝʤʦʝ ʷʚʣʝʥʠʝ, ʠʩʢʣʶʯʠʚ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʷʚʣʝʥʠʷ 

ʦʢʘʟʳʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ; 

2) ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʥʘʡʪʠ 

ʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ); 

3) ʦʧʨʝʜʝʣʠʪʴ ʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ (2D, ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ, 3D) [93, (ʩ. 21)]. 

ʅʘ ʵʪʘʧʝ III  ʩʪʨʦʠʪʩʷ ʩʝʪʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʠ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ: 

1) ʬʦʨʤʫ ʷʯʝʝʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ, ʚʳʙʨʘʪʴ ʯʝʪʳʨʝʭʫʛʦʣʴʥʫʶ / ʛʝʢʩʘʵʜʨʘʣʴʥʫ  ʁ(quad / hex), ʪʨʝʫʛʦʣʴʥʫʶ 

/ ʪʝʪʨʘʵʜʨʘʣʴʥʫ  ʁ(tri / tet) ʠʣʠ ʛʠʙʨʠʜʥʫ  ʁ(hybrid); 

2) ʨʘʟʤʝʨʥʦʩʪʴ ʩʝʪʢʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ: 

- ʚʳʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʫʯʘʩʪʢʠ, ʛʜʝ ʩʝʪʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʣʴʯʝ, ʜʣʷ 
ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ; 

- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ ʩ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ ʟʥʘʯʝʥʠʡ; 

- ʧʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʩʝʪʢʠ. 

3) ʧʦʪʨʝʙʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʘ: 

- ʯʠʩʣʝʥʥʦʩʪʴ ʷʯʝʝʢ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʝʣʝʡ, ʟʘʣʦʞʝʥʥʳʭ ʚ 

ʧʨʦʛʨʘʤʤʝ ʠʣʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ [93, (ʩ. 21)]. 

ɿʘʚʝʨʰʠʚ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʵʪʘʧʳ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 

ʯʠʩʣʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʝʪʦʜʦʤ ʂʕ ʪʨʝʙʫʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʫʢʘʟʘʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ, ʢʘʢ ʬʫʥʢʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʘʚʠʣʴʥʦʝ ʨʘʟʙʠʝʥʠʝ 



31 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʠʤʝʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʠ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ [90, (ʩ. 63)].  

ɺ ʨʘʙʦʪʝ [73] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʩʞʠʛʘʥʠʷ ʚ ʊ-ʦʙʨʘʟʥʦʡ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʝ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʪʦʧʣʠʚʘ ʚ 

ʧʳʣʝʚʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʰʣʘʢʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʥʘʛʨʝʚʘ ʪʦʧʢʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Ansys 

Fluent, ʫʩʪʘʥʦʚʣʝʥʘ ʜʝʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʦʚʳʭ ʧʦʣʝʡ ʠ 

ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʛʘʟʦʚʦʡ ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʘʭ. 

ɸʚʪʦʨʘʤʠ [66] ʩ ʧʦʤʦʱʴʶ CFD-ʧʘʢʝʪʘ (Computational Fluid Dynamics - 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʘ) Ansys ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʪʝʧʣʦ-ʤʘʩʩʦʦʙʤʝʥʘ 

ʩ ʩʣʦʞʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʜʘʯʠ ʪʦʧʣʠʚʥʳʭ ʩʪʨʫʡ (ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʧʦʜʘʯʘ 

ʯʝʨʝʟ ʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʛʦʨʝʣʢʠ) ʚ ʪʦʧʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʣʫʯʝʥʦ ʧʦʣʥʦʝ 

ʦʧʠʩʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʭʨʝʚʦʡ ʪʦʧʢʠ ʧʦʟʚʦʣʠʣʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʘʛʨʝʛʘʪʘ. 

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ ʫʩʣʦʞʥʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʭ ʨʘʙʦʪʳ, 

ʩʣʦʞʥʦʩʪʴ ʁʠʭ ʬʦʨʤʳ ʠ ʙʦʣʴʰʠʤʠ ʛʘʙʘʨʠʪʘʤʠ, ʢʨʦʤʝ ʪʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ 

ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʣʝʯʝʪ ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ. ʈʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʵʣʝʤʝʥʪʘʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʪʣʦʚ, ʧʦʟʚʦʣʷʝʪ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʨʝʘʣʴʥʳʝ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ 

ʩʝʙʷ ʢʦʤʧʣʝʢʩ ʄʂʕ Ansys Fluent, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʩʯʝʪʘ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʩʪʳʭ, ʣʠʥʝʡʥʳʭ, ʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʩʣʦʞʥʳʤʠ, ʥʝʣʠʥʝʡʥʳʤʠ, ʧʝʨʝʭʦʜʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ.  ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʝ ʢʦʪʣʘ [80 õ 88]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʭʚʦʩʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʪʩʷ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ, ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʟʦʣʦʡ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʜʝʣʘʝʪ ʘʢʪʫʘʣʴʥʳʤ ʥʘʩʪʦʷʱʝʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 
 

1.4 ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ  

ɺ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʢʦʥʚʝʢʮʠʠ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʨʘʟʣʠʯʘʶʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʠ ʚʳʥʫʞʜʝʥʥʫʶ ʢʦʥʚʝʢʮʠʶ. ɼʚʠʞʝʥʠʝ, 

ʚʦʟʥʠʢʘʶʱʝʝ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʝʡ ʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʠ ʤʝʥʝʝ ʥʘʛʨʝʪʳʭ 

ʯʘʩʪʠʮ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʩʯʠʪʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ. ɼʚʠʞʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʟʘ 

ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ, ʩʦʟʜʘʚʘʝʤʦʡ ʥʘʩʦʩʦʤ ʠʣʠ ʚʝʥʪʠʣʷʪʦʨʦʤ, ʩʯʠʪʘʝʪʩʷ 

ʚʳʥʫʞʜʝʥʥʳʤ [94, (ʩ. 400)]. ɺ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʜʚʠʞʝʥʠʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠ ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʙʦʪʦʡ 

ʜʳʤʦʚʳʭ ʥʘʩʦʩʦʚ ʠ ʜʫʪʴʝʚʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ. 
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ʇʝʨʝʥʦʩ ʪʝʧʣʦʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ [95]. ʈʝʞʠʤ 

ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʢʘʟʳʚʘʝʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʣʘʤʠʥʘʨʥʦʤʫ ʜʚʠʞʝʥʠʶ ʩʧʦʢʦʡʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʣʦʝʚ ʞʠʜʢʦʩʪʠ, ʪʝʧʣʦʪʘ ʦʪ ʩʪʝʥʢʠ ʢ 

ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʧʝʨʝʜʘʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ [94, (ʩ. 400)].  

ʊʝʧʣʦʪʘ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʧʝʨʝʜʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʢʦʥʚʝʢʮʠʝʡ. ʊʫʨʙʫʣʝʥʪʥʦʤʫ ʜʚʠʞʝʥʠʶ ʩʚʦʡʩʪʚʝʥʥʦ 

ʧʦʩʪʦʷʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʣʦʝʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʷʜʨʝ ʧʦʪʦʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ ʚ ʵʪʦʡ ʟʦʥʝ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʧʦ ʩʝʯʝʥʠʶ ʧʦʪʦʢʘ 

(ʨʠʩʫʥʦʢ 7). ɺʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʣʘʤʠʥʘʨʥʦʛʦ 

ʧʦʜʩʣʦʷ ʞʠʜʢʦʩʪʠ [94, (ʩ. 400)]. 

 

 

d - ʪʦʣʱʠʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, dʪ - ʪʦʣʱʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ, w -  ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ. 

 

ʈʠʩʫʥʦʢ 7 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ 

ʟʦʥʘʭ [94] 

 

ɺ ʦʙʣʘʩʪʠ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʜʩʣʦʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʩʠʣ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ 

ʜʚʠʞʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʟʘʪʦʨʤʘʞʠʚʘʝʪʩʷ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʜʦ ʩʢʦʨʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ 

(ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʩʪʝʥʢʠ). ʕʪʘ ʦʙʣʘʩʪʴ ʥʘʟʳʚʘʝʪʩʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ (d - ʪʦʣʱʠʥʘ ʩʣʦʷ). ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ 

ʦʪ ʩʪʝʥʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʣʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ 
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ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʩʤʝʥʷʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤ.  ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʣʱʠʥʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ [94, (ʩ. 400)]. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ: 

 

ὙὩ
ύὈ

’
 (7) 

 

ʛʜʝ Ὀ - ʥʘʨʫʞʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ʤ. 

 

ʆʙʣʘʩʪʴ ʚʙʣʠʟʠ ʪʚʝʨʜʦʡ ʩʪʝʥʢʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ ʚʜʘʣʠ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʟʳʚʘʶʪ ʪʝʧʣʦʚʳʤ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ (dʪ - ʪʦʣʱʠʥʘ ʩʣʦʷ). 

ʊʝʧʣʦʪʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʝʨʝʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʆʙʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ 

ʣʠʤʠʪʠʨʫʝʪʩʷ ʧʝʨʝʥʦʩʦʤ ʪʝʧʣʦʪʳ ʚ ʪʝʧʣʦʚʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ɼʣʷ ʛʘʟʦʚ 

ʪʦʣʱʠʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʘ [95, (ʩ. 65)]. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʪʝʧʣʦʚʦʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʠ ʠʛʨʘʶʪ 

ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ. ʉʦʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ 

ʪʝʧʣʦʚʦʛʦ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 

ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ [95, (ʩ. 65)]: 

  

ὖὶ
’

ὥ
 (8) 

 

ʛʜʝ ’ - ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʤ2
/ʩ; 

ὥ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʤ
2
/ʩ. 

 

ʇʦʤʠʤʦ ʧʨʠʨʦʜʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʪʦʣʱʠʥʳ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʬʦʨʤʘ ʠ ʦʨʠʝʥʪʘʮʠʷ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [95, 

(ʩ. 64)].  

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢʘʢ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʴ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, 

ʧʣʦʪʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ (ʧʣʦʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ, ʰʘʨʦʚʘʷ, ʩʪʝʨʞʝʥʴ ʠʣʠ ʠʥʘʷ), ʨʘʟʤʝʨʦʚ 

(ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ ʠʣʠ ʩʬʝʨʳ), ʦʨʠʝʥʪʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ (ʚʝʨʪʠʢʘʣʴʥʦʡ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩ ʪʝʧʣʦʦʪʜʘʯʝʡ 

ʚʚʝʨʭ, ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩ ʪʝʧʣʦʦʪʜʘʯʝʡ ʚʥʠʟ, ʥʘʢʣʦʥʥʦʡ ʠ ʜʨʫʛʦʡ). ɺʣʠʷʥʠʝ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʫʩʣʦʞʥʷʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ [95, (ʩ. 65)]. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʠʩʧʦʣʴʟʫʶʪ 

ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ [1, 2].  

ʋʨʘʚʥʝʥʠʝ ʧʦʜʦʙʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʠʤʝʝʪ ʚʠʜ 

[95, (ʩ. 65)]: 

 

ὔό ὪὙὩȟὖὶ (9) 

 

ʛʜʝ ὔόȟὙὩȟὖὶ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ, ʈʝʡʥʦʣʴʜʩʘ ʠ ʇʨʘʥʜʪʣʷ. 

 

ʂʨʠʪʝʨʠʡ ʅʫʩʩʝʣʴʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

ὔό
‌ὰ

‗
 (10) 

 

ʛʜʝ ὰ - ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ, ʤ; 

‗ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ, ɺʪ/(ʤĀʂ); 

‌- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ɺʪ/(ʤ2
Āʂ). 

 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (10) ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ Ŭ, ɺʪ/(ʤ
2 
Āʂ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ [95, (ʩ. 65)]: 

 

‌
ὔό ‗

ὰ
 (11) 

 

ʇʨʠ ʢʦʥʚʝʢʪʠʚʥʦʤ ʪʝʧʣʦʦʙʤʝʥʝ ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ 

ɻS ʧʨʠʙʣʠʞʝʥʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ 
ʣʫʯʠʩʪʦʛʦ ‌̌ ʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ‌̋ ʪʝʧʣʦʦʙʤʝʥʘ: 

 

ɻS ‌̌ ‌̋ (12) 

 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʫʩʣʦʚʠʷʭ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʣʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʨʦʣʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʚʝʢʪʠʚʥʳʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʣʫʯʘʶʱʝʡ ʥʘʛʨʝʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʰʝ 800 ʂ [94]. ɺ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ 

ʚʭʦʜʝ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʥʝ ʧʨʝʚʳʰʘʝʪ 700 ʂ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʫʣʘ 9 

ʫʧʨʦʱʘʝʪʩʷ ʜʦ ʚʠʜʘ: 

 

ɻS ‌̋ (13) 

 

ʅʘ ʧʨʘʢʪʠʢʝ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʧʨʠ 

ʚʳʥʫʞʜʝʥʥʦʤ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʜʠʥʦʯʥʦʡ ʪʨʫʙ r

(ʨʠʩʫʥʦʢ 8) ʠ ʧʫʯʢʦʚ ʪʨʫʙ (ʨʠʩʫʥʦʢ 10) [95, (ʩ. 78)].  
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ʈʠʩʫʥʦʢ 8 - ʇʦʧʝʨʝʯʥʦʝ ʦʤʳʚʘʥʠʝ ʪʨʫʙʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ [95, ʩ. 78]. 

 

ʃʘʤʠʥʘʨʥʦʝ ʜʚʠʞʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ 

ʦʜʠʥʦʯʥʦʡ ʪʨʫʙʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 8 (a). ʉʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ 

ʥʝʙʦʣʴʰʠʝ, ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʤʝʥʝʝ 40.  ʅʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ ʦʙʪʝʢʘʥʠʝ ʪʨʫʙʳ 

ʧʦʪʦʢʦʤ. 

ʇʨʠ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 8 (b), ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 40 õ 100, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʪʨʳʚʫ ʣʘʤʠʥʘʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ. 

ʋʛʦʣ ʦʪʨʳʚʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ű = (80 õ 90) Á. 

ʇʨʠ ʨʘʟʚʠʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 8 c), 

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʙʦʣʝʝ 10
5
, ʣʘʤʠʥʘʨʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ʩʤʝʥʷʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤ. ʋʛʦʣ ʦʪʨʳʚʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ű = (120 õ 140) Á. 

ʅʘʠʤʝʥʴʰʘʷ ʪʦʣʱʠʥʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘʭʦʜʠʪʩʷ ʚ ʣʦʙʦʚʦʡ ʪʦʯʢʝ, ʜʘʣʝʝ 

ʩʣʦʡ ʫʪʦʣʱʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʪʦʢ ʥʝ ʦʪʨʳʚʘʝʪʩʷ [95, (ʩ. 79)]. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʜʠʥʦʯʥʦʡ ʪʨʫʙʳ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 9 [95, (ʩ. 79)]. 

 

 
 

ʈʠʩʫʥʦʢ 9 - ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʨʝʞʠʤʘ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ [95, (ʩ. 79)]. 
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ʃʠʥʠʠ (ʘ) ʥʘ ʨʠʩʫʥʢʝ 9 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʘʚʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʣʦʙʦʚʦʡ ʪʦʯʢʝ, ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʝʡ ʤʠʥʠʤʘʣʴʥʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ ʦʪʨʳʚʘ ʧʦʪʦʢʘ. ʈʝʞʠʤ ʜʚʠʞʝʥʠʷ ʣʘʤʠʥʘʨʥʳʡ.  

ʃʠʥʠʠ (b) ʨʠʩʫʥʢʘ 9 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʠʥʠʝʡ 

(ʘ). ʇʦʷʚʣʝʥʠʝ ʚʠʭʨʝʦʙʨʘʟʥʳʭ ʜʚʠʞʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ.  

ʃʠʥʠʷ (ʩ) ʨʠʩʫʥʢʘ 9 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʧʨʠ ʨʘʟʚʠʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ.  

ʋʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʧʨʝʜʝʣʘʭ 0 õ 90Á ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʤʝʥʦʡ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʚ ʧʨʝʜʝʣʘʭ 90 õ 180Á ʦʪʨʳʚʦʤ 

ʨʘʟʚʠʪʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ 

ʨʘʟʚʠʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ (ʩ) ʚʳʰʝ ʯʝʤ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʠ ʧʝʨʝʭʦʜʥʦʤ 

ʨʝʞʠʤʘʭ (ʘ, b) [95, (ʩ. 79)]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʝʢʫʧʝʨʘʪʠʚʥʳʝ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʠ ʚʳʧʦʣʥʷʶʪ ʚ ʚʠʜʝ 

ʧʫʯʢʘ ʪʨʫʙ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ. ʂʘʨʪʠʥʘ ʜʚʠʞʝʥʠʷ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʦʤ ʧʫʯʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 10 [2, (ʩ. 105)].   

 

 
 

ʈʠʩʫʥʦʢ 10 ï  ʂʘʨʪʠʥʘ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʦʤ ʧʫʯʢʝ [2] 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʫʯʢʘ ʷʚʣʷʶʪʩʷ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙ D ʠ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʦʩʷʤʠ ʪʨʫʙ ʧʦ ʰʠʨʠʥʝ S1 ʠ ʛʣʫʙʠʥʝ S2 ʧʫʯʢʘ. ʍʘʨʘʢʪʝʨ ʦʙʪʝʢʘʥʠʷ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʪʨʫʙʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʣʫʙʠʥʝ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʤʘʣʦ ʯʝʤ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʪʝʢʘʥʠʷ ʪʨʫʙʦʢ ʧʝʨʚʦʛʦ ʨʷʜʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʧʣʦʦʪʜʘʯʘ ʜʣʷ 
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ʚʩʝʭ ʨʷʜʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʣʦʙʦʚʫ  ʁʪʦʯʢʫ. ʀʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ ʦʙʪʝʢʘʥʠʷ ʪʨʫʙʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʧʣʦʦʪʜʘʯʠ [2, (ʩ. 105)]. 

ʊʝʧʣʦʦʪʜʘʯʘ ʧʝʨʚʦʛʦ ʨʷʜʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʨʷʜʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʯʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʧʦʪʦʢʘ. ɼʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʷʜʦʚ ʪʝʧʣʦʦʪʜʘʯʘ 

ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʩʣʫʞʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʪʦʢʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʝʛʦ ʯʝʨʝʟ ʧʫʯʦʢ. ʅʘʯʠʥʘʷ ʩ ʪʨʝʪʴʝʛʦ 

ʨʷʜʘ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ ʧʨʠʥʠʤʘʝʪ ʩʪʘʙʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ [2, (ʩ. 81)] 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɺɿʇ, ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʯʠʩʣʘʭ ʧʦʜʦʙʠʷ, ʘ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʫʨʘʚʥʝʥʠʡ ʧʦʜʦʙʠʷ: 

 

ὔό ὅὙὩ̇ ὖὶ̇ (14) 

 

ʛʜʝ C, n, b - ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʚʦʡʩʪʚ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʀʥʜʝʢʩʳ d ʠ ʞ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨ ʜʠʘʤʝʪʨ d ʠ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʞʠʜʢʦʩʪʠ tʞ [2, (ʩ. 66)].  

 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ 

ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ. 

ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠ ̫ʨʘʙʦʪʳ ɺɿʇ ʧʨʠ ʥʘʣʠʯʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʦʪʣʦʞʝʥʠʡ 

ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ Ўὴȟ ʇʘ 
ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [2, 96]: 

  

Ўὴ ὣὙὩ Ͻὺ         (15) 

 

ʂʦʤʧʣʝʢʩʥʘʷ ʪʝʧʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ [96, (ʩ. 

401)] ‌ Ὢ
ϽЎ

 ʨʘʩʢʨʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʦʪʜʘʯʠ 

‌  ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ E, (ʂ
-1
).  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ Ὁ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ὗ, 

ɼʞ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʚ ʪʝʧʣʦʦʙʤʝʥʥʦʤ ʘʧʧʘʨʘʪʝ ʟʘ ʩʝʢʫʥʜʫ ʧʨʠ ʩʨʝʜʥʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʥʘʧʦʨʝ ʤʝʞʜʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ 1 ʂ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ ʝʜʠʥʠʮʫ 

ʤʦʱʥʦʩʪʠ ὔ, (ɼʞ/ʩ), ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ [96, (ʩ. 

407)]: 

 

Ὁ
ὗ

ὔϽЎὸ
 (16) 

 

ʛʜʝ Ўὸ - ʩʨʝʜʥʝʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ ʤʝʞʜʫ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʡ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ Dὸ ʤʝʞʜʫ 

ʛʦʨʷʯʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʪʝʥʢʠ, ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ Dὸ̒  ̓
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ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʘ  Dὸ ʤʝʞʜʫ 

ʩʪʝʥʢʦʡ ʠ ʭʦʣʦʜʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʪ.ʝ. [96, (ʩ. 407)]: 

 

Ўὸ Dὸ Dὸ̒̓ Dὸ (17) 

 

ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʢʦʤʧʣʝʢʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʧʠʩʳʚʘʶʪʩʷ [96, 

(ʩ. 407)]: 

 

‌̄ ὃȾὉ  (18) 

 

ɺ ʬʦʨʤʫʣʝ 18  A ʠ u ï ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʚʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

ˍ
Ὂ̐

Ὢὣ

ὰ

’
Ͻ ὅ Ⱦ  (19) 

 

ό ὲȾσ ὲ ά  (20) 

 

ʛʜʝ Ὂ̐ - ʧʣʦʱʘʜʴ ʧʦʣʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʦʤʳʚʘʝʤʦʡ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ, ʤ
2
; 

Ὢ - ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʜʣʷ ʧʨʦʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʤ2
; 

’ - ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, (ʤ2
/ʩ); 

ὅ ʠ ὲ - ʧʦʩʪʦʷʥʥʳʝ ʚ ʫʨʘʚʥʝʥʠʠ ʪʝʧʣʦʦʪʜʘʯʠ (10); 

ὣ ̉ ά - ʧʦʩʪʦʷʥʥʳʝ ʚ ʫʨʘʚʥʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (11); 

ὺ - ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʤ/ʩ [96, (ʩ. 407)]. 

 

ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ aʛ ʠ aʚ ʦʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ɽʛ ʠ ɽʚ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ, ʦʙʪʝʢʘʝʤʳʭ 

ʛʦʨʷʯʠʤ ʠ ʭʦʣʦʜʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ [96, (ʩ. 411)]:  

 

‌̄ ˍ̄ȾὉ̄ ̄ (21) 

 

‌̃ ˍ̃ȾὉ̃ ̃ (22) 

 

ʇʨʠ ʵʪʦʤ ʢ ʩʪʦʨʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʦʙʪʝʢʘʝʤʦʡ ʛʦʨʷʯʠʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ [96, (ʩ. 411)]: 

 

ˍ̄
Ὂ̐̄

Ὢ̄ὣ̄

ὰ̄

’̄

̄

Ͻ ὅ̄ ̄Ⱦ ̄ ̄ (23) 

 

ό̄ ὲ̄Ⱦσ ὲ̄ ά̄  (24) 

 

ʂ ʩʪʦʨʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʦʙʪʝʢʘʝʤʦʡ ʭʦʣʦʜʥʳʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ [96, (ʩ. 411)]: 
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ˍ̃
Ὂ̐̃

Ὢ̃ὣ̃

ὰ̃

’̃

̃

Ͻ ὅ̃ ̃Ⱦ ̃ ̃  (25) 

 

ό̃ ὲ̃Ⱦσ ὲ̃ ά̃  (26) 

 

ɿʥʘʯʝʥʠʷ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʩʚʷʟʘʥʳ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʝʥʘ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ [96, (ʩ. 411)]: 

 

ὙὩ̄ ὐ̄ȾὉ̄
Ⱦ ̄ ̄ (27) 

 

ὙὩ̃ ὐ̃ȾὉ̃
Ⱦ ̃ ̃  (28) 

 

ʛʜʝ: 

ὐ̄
Ὂ̐̄ὅ̄

Ὢ̄ὣ̄

ὰ̄

’̄

Ⱦ ̄ ̄

 (29) 

 

ὐ̃
Ὂ̐̃ ὅ̃

Ὢ̃ὣ̃

ὰ̃

’̃

Ⱦ ̃ ̃

 (30) 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ Ὁ ʚ ʫʨʘʚʥʝʥʠʠ [96] ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ὔ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. ɺ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ὔ̅  ʙʦʣʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʪʘʢ ʢʘʢ 

ʥʘʩʦʩʳ ʠ ʚʝʥʪʠʣʷʪʦʨʳ, ʧʝʨʝʤʝʱʘʶʱʠʝ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʠ ʥʘʛʨʝʚʘʝʤʳʡ 

ʚʦʟʜʫʭ, ʠʤʝʶʪ ʂʇɼ ʤʝʥʴʰʝ 1.  
 

ὔ  ὔ̄ ὔ̃ 
(31) 

 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ўὴ̅  ʙʦʣʴʰʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ Ўὴ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ [96]: 
 

ὔ̅  x̄ὔ̄ x̃ὔ̃ (32) 

 

ʛʜʝ  x Ўὴ̅ȾЎὴ - ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ [96, (ʩ. 412)]. 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ 

ʤʥʦʞʝʩʪʚʦ ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʧʘʨʘʤʝʪʨʦʚ ʟʘʤʝʥʷʝʪʩʷ ʚʩʝʛʦ ʪʨʝʤʷ 

ʢʨʠʪʝʨʠʷʤʠ: ʦʧʨʝʜʝʣʷʶʱʠʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʧʦʪʦʢʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢʨʠʪʝʨʠʝʤ ʈʝʡʥʦʣʴʜʩʘ, ʫʯʠʪʳʚʘʶʱʠʤ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢʨʠʪʝʨʠʝʤ ʇʨʘʥʜʪʣʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʝʧʣʦʦʙʤʝʥʘ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʮʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʪʝʧʣʦʦʙʤʝʥʘ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʨʠʪʝʨʠʝʤ ʅʫʩʩʝʣʴʪʘ. 

 

1.5 ɺʳʚʦʜʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ  

ɺʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʩʣʦʞʥʫʶ ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʢʫ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ ʩ 

ʫʟʢʠʤʠ ʧʨʦʭʦʜʥʳʤʠ ʩʝʯʝʥʠʷʤʠ. ʈʘʟʤʝʱʝʥʠʝ ʪʝʨʤʦʧʘʨ ʠ ʜʨʫʛʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʘʢʦʡ ʦʙʲʝʤʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʧʨʷʞʝʥʦ ʩ ʙʦʣʴʰʠʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʙʫʜʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʝʥʳ ʧʨʦʭʦʜʥʳʝ ʩʝʯʝʥʠʷ, ʯʪʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʝ ʪʝʯʝʥʠʷ. 

ʇʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʜʣʷ 

ʧʨʷʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩ 

ʪʝʧʣʦʦʙʤʝʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʫʯʢʦʚ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ.   ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʧʦʣʫʯʘʶʪ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ, ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ 

ʜʣʷ ʠʭ ʚʝʨʠʬʠʢʘʮʠʠ. 

ʀʩʭʦʜʷ ʠʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʦʪʜʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʢʦʪʝʣʴʥʦʛʦ   ʘʛʨʝʛʘʪʘ ʂɺ-ʊ-

116,3-150, ʢʘʢ ʪʠʧʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʫʛʣʷʭ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʩʞʠʛʘʥʠʠ ʥʝʧʨʦʝʢʪʥʦʛʦ 

ʪʦʧʣʠʚʘ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʉ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚ ʪʦʧʢʝ ʢʦʪʣʘ ʥʘ ʧʨʦʮʝʩʩʳ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɺɿʇ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʙʦʯʠʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʤʝʪʦʜʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʚʝʩʴ ʮʠʢʣ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʇʦʩʪʨʦʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʦʧʢʠ ʢʦʪʣʘ. 

- ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʠ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ. 

- ʈʘʟʨʘʙʦʪʢʘ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʭʚʦʩʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ. 
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- ʋʩʪʘʥʦʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ (ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ) ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ; 

- ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʠ ʚʣʠʷʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʷ ʩʨʝʜʳ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʢʦʪʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʭʚʦʩʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʪʣʦʘʛʨʝʛʘʪʘ 

ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ, 

ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʶ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ.  
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2 ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 
 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʨʝʟʫʣʴʪʘʪʳ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʫʩʢʥʦʛʦ ʛʘʟʦʭʦʜʘ, ʦʩʥʦʚʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʨʘʟʜʝʣʘ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [4, 9, 97 - 101]. 

 

2.1 ʕʪʘʧʳ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ 

ʆʨʛʘʥʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʩʭʝʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 11. 

 

ʈʠʩʫʥʦʢ 11 - ʆʨʛʘʥʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʛʘʟʦʭʦʜʘʭ 

ʢʦʪʣʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ ʘʛʨʝʛʘʪʝ ʂɺ-ʊ-116,3-150 ʊʕʎ-1 ʛʦʨʦʜʘ 

ʉʝʤʝʡ. ʉ ʫʯʝʪʦʤ ʭʦʨʦʰʝʡ ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ Ansys Fluent 

ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʪʝʣʴʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʠʤʝʥʥʦ ʵʪʦʪ 

ʤʝʪʦʜ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ çʃʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʪʝʧʣʦʬʠʟʠʢʠè ʀʥʩʪʠʪʫʪʘ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʘ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʛ. ʂʫʨʯʘʪʦʚ. 

 

2.2 ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ ʂɺ-ʊ-116,3-150  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʘʛʨʝʛʘʪʘ ʚʢʣʶʯʘʷ ʝʛʦ ʥʘʛʨʫʟʢʫ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɺɿʇ.   

ɺʦʜʦʛʨʝʡʥʳʝ ʢʦʪʣ  r ʤʘʨʢʠ ʂɺ-ʊ-116,3-150 ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʢʦʪʣʦʚ ʊʕʎ-1 ʛʦʨʦʜʘ ʉʝʤʝʡ [4]. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 [98, (ʩ. 12)], 

ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ ʥʘ ʨʠʩʫʥʢʝ 12 [102]. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʣʘ ʂɺ-ʊ-116,3-150 

 

ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʅʦʤʠʥʘʣʴʥʘʷ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʄɺʪ (ɻʢʘʣ/ʯ) 116,3 (100) 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ ʢʦʪʝʣ, Áʉ 70 

ʅʦʤʠʥʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʪʣʘ, Áʉ 150 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʪʣʘ, 

ʄʇʘ 

2,45  

 

ʄʠʥʠʤʘʣʴʥʦʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʦʪʣʘ, 

ʄʇʘ 

1,03  

ʅʦʤʠʥʘʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʯʝʨʝʟ ʢʦʪʸʣ, ʪ/ʯ 1240 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʣʘ ʥʝ ʙʦʣʝʝ, ʄʇʘ  0,2 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 116,3 

ʄɺʪ (100 ɻʢʘʣ/ʯ). ɼʣʷ ʨʘʩʯʝʪʘ ʛʦʜʦʚʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʪʦʧʣʠʚʝ ʜʣʷ 

ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʦʚʫʶ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ, 

ʪʨʝʙʫʶʱʫʶʩʷ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ (ʥʦ ʥʝ ʩʨʝʜʥʝʯʘʩʦʚʦʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ). ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʪʣʘ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ, ʚʳʨʘʞʝʥʥʳʭ ʚ ʩʧʝʮʠʘʣʴʥʦʡ 

ʝʜʠʥʠʮʝ ʠʟʤʝʨʝʥʠʷ ɻʢʘʣ/ʯ. 

ʊʦʧʢʘ ʢʦʪʣʘ ʂɺ-ʊ-116,3-150 ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʠʟʤʳ, ʥʘ 

ʬʨʦʥʪʦʚʦʡ ʠ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥʘʭ ʢʦʪʦʨʦʡ ʥʘ ʫʨʦʚʥʝ +8360 ʤʤ ʫʩʪʘʥʦʚʣʝʥʳ 

ʛʦʨʝʣʢʠ, ʥʘ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʝ ʛʦʨʝʣʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʦʜʦʣʞʝʥʠʝʤ ʪʦʧʢʠ 
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ʷʚʣʷʝʪʩʷ ʢʦʨʦʙ ʧʦʜʲʝʤʥʦʛʦ ʛʘʟʦʭʦʜʘ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚʦʜʦʛʨʝʡʥʳʝ ʰʠʨʤʳ ʠ 

ʟʤʝʝʚʠʢʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ [98, (ʩ. 12)].  ɼʘʣʝʝ ʧʨʦʜʫʢʪʳ 

ʩʛʦʨʘʥʠʷ ʯʝʨʝʟ ʧʝʨʝʧʫʩʢʥʳʝ ʛʘʟʦʚʳʝ ʢʦʨʦʙʳ ʧʦʩʪʫʧʘʶʪ ʚ ʦʧʫʩʢʥʦʡ ʛʘʟʦʭʦʜ. 

 

 
 

ʈʠʩʫʥʦʢ 12 - ʇʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ ʢʦʪʣʘ ʂɺ-ʊ-116,3-150 [102] 

 

ʉʪʝʥʳ ʪʦʧʢʠ ʠ ʧʦʜʲʝʤʥʦʛʦ ʛʘʟʦʭʦʜʘ ʦʙʰʠʪʳ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʩʣʫʞʘʪ ʙʘʟʘʣʴʪʦʚʳʝ ʤʘʪʳ, ʦʙʣʦʞʝʥʥʳʝ 

ʩʪʝʢʣʦʪʢʘʥʴʶ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ 
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ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʢʘʞʜʦʡ ʩʪʝʥʢʠ ʪʦʧʢʠ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʝʝ ʚʳʩʦʪʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʣʶʯʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 24 ʰʪ [98, (ʩ. 12)]. 

ɺ ʢʦʪʝʣʴʥʦʤ ʘʛʨʝʛʘʪʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʳʣʝʚʠʜʥʦʛʦ ʩʞʠʛʘʥʠ ̫

ʩʤʝʩʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʨʘʟʨʝʟʘ ʂʘʨʘʞʳʨʘ ʠ ʛʘʟʦʚ (ʩʞʠʛʘʥʠʝ ʘʵʨʦʩʤʝʩʠ). ɺʩʝʛʦ 

ʠʤʝʝʪʩʷ ʯʝʪʳʨʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʘʵʨʦʩʤʝʩʠ. 

ʂʘʨʘʞʳʨʠʥʩʢʠʡ ʫʛʦʣʴ ʨʘʟʤʘʣʳʚʘʝʪʩʷ ʯʝʪʳʨʴʤʷ ʤʦʣʦʪʢʦʚʳʤʠ ʤʝʣʴʥʠʮʘʤʠ ʩ 

ʮʝʥʪʨʦʙʝʞʥʳʤ ʩʝʧʘʨʘʪʦʨʦʤ ʪʠʧʘ ʄʄʊ 1300/1310/750ʂ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʠʤʝʝʪ ʨʘʩʯʝʪʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʢʘʤʝʥʥʦʤʫ ʫʛʣʶ 6,5 ʪ/ʯ. ʈʘʟʤʦʣ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʤʥʦʛʦʢʨʘʪʥʳʭ ʫʜʘʨʦʚ ʤʘʪʝʨʠʘʣʘ ʙʠʣʘʤʠ (ʤʦʣʦʪʢʘʤʠ). 

ʈʘʟʤʦʣʦʪʳʡ ʫʛʦʣʴ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʠʟ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʠ 

ʯʘʩʪʴʶ ʨʝʮʠʨʢʫʣʠʨʫʶʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʠ ʜʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʩʫʰʠʣʴʥʦ-

ʚʝʥʪʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ ʚʳʥʦʩʠʪʩʷ ʠʟ ʟʦʥʳ ʨʘʟʤʦʣʘ ʚ ʩʝʧʘʨʘʪʦʨ, ʛʜʝ ʢʨʫʧʥʳʝ 

ʬʨʘʢʮʠʠ ʦʪʜʝʣʷʶʪʩʷ ʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʘ ʜʦʠʟʤʝʣʴʯʝʥʠʝ ʚ ʤʝʣʴʥʠʮʫ. ɻʦʪʦʚʘʷ 

ʘʵʨʦʩʤʝʩʴ ʧʨʦʡʜʷ ʧʦ ʧʳʣʝʧʨʦʚʦʜʘʤ ʧʨʷʤʳʤ ʚʜʫʚʘʥʠʝʤ ʧʦʜʘʝʪʩʷ ʚ ʪʦʧʦʯʥʫʶ 

ʢʘʤʝʨʫ [98, (ʩ. 12)]. 

ɼʣʷ ʟʘʙʦʨʘ ʠ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʫ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʜʫʪʴʝʚʳʭ 

ʚʝʥʪʠʣʷʪʦʨʘ ʪʠʧʘ ɺɼ-15,5ʂ. ʋʭʦʜʷʱʠʝ ʜʳʤʦʚʳʝ ʛʘʟʳ ʫʜʘʣʷʶʪʩʷ ʠʟ ʢʦʪʣʘ 

ʜʚʫʤʷ ʜʳʤʦʩʦʩʘʤʠ ʪʠʧʘ ɼʅ-24ʂ, ʨʝʮʠʨʢʫʣʷʮʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʜʳʤʦʩʦʩʘ ʪʠʧʘ ɼʈɻ-13,5ʋʂ. ʆʯʠʩʪʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʟʦʣʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ [98, (ʩ. 12)]. 

ɺ ʚʳʥʝʩʝʥʥʦʤ ʦʧʫʩʢʥʦʤ ʛʘʟʦʭʦʜʝ ʢʦʪʣʘ ʨʘʟʤʝʱʝʥʳ ʢʫʙʳ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʨʫʙʯʘʪʦʛʦ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ. ɺ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʪʨʠ ʭʦʜʘ ʧʦ ʚʦʟʜʫʰʥʦʡ ʩʪʦʨʦʥʝ ʠ ʯʝʪʳʨʝ ʧʦʪʦʢʘ ʧʦ ʛʘʟʦʚʦʡ 

ʩʪʦʨʦʥʝ. ʊʝʧʣʦʠʟʦʣʷʮʠʷ ɺɿʇ ʚʳʧʦʣʥʝʥʘ ʠʟ ʙʘʟʘʣʴʪʦʚʳʭ ʤʘʪʦʚ ʚ ʦʙʢʣʘʜʢʝ ʠʟ 

ʭʦʣʩʪʘ ʠ ʩʪʝʢʣʦʪʢʘʥʠ [102].  

ʊʨʫʙʳ ɺɿʇ ʜʠʘʤʝʪʨʦʤ 40³1,5 ʤʤ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ. 

ɼʳʤʦʚʳʝ ʛʘʟʳ ʧʨʦʭʦʜʷʪ ʚʥʫʪʨʠ ʪʨʫʙ, ʘ ʥʘʛʨʝʚʘʝʤʳʡ ʚʦʟʜʫʭ ʦʤʳʚʘʝʪ ʠʭ 

ʩʥʘʨʫʞʠ ʧʦʧʝʨʝʯʥʳʤ ʪʦʢʦʤ. ʅʘʧʨʘʚʣʝʥʠʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʚʝʨʭʫ ʚʥʠʟ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʨʫʙ ʚ ʦʜʥʦʤ ʨʷʜʫ ʧʦʧʝʨʝʢ ᾀ ʠ ʚʜʦʣʴ ᾀ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ 132 ʠ  81 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩʫʥʢʝ 13 ʧʦʢʘʟʘʥʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ 

ʪʨʝʭ ʭʘʨʘʢʪʝʨʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʨʠ ʨʘʙʦʪʝ 

ʢʦʪʣʘ ʂɺʊ-116,3-150 ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [101, (ʩ. 86)]. ɺ 

ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ ʠ ʚʳʭʦʜʘ ʥʘʛʨʝʪʦʛʦ 

ʚʦʟʜʫʭʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʤʘʢʩʠʤʘʣʴʥʘʷ. ʅʘʠʤʝʥʴʰʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠ ʚʭʦʜʘ 

ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ɺɿʇ, ʧʨʝʚʳʰʘʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʯʢʠ ʨʦʩʳ ʪʦʧʣʠʚʘ, ʧʨʠʤʝʥʷʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʚʦʟʜʫʭʘ 

ʜʦ 30 Áʉ ʚ ʧʘʨʦʚʳʭ ʢʘʣʦʨʠʬʝʨʘʭ ʪʠʧʘ ʉʇ-90-28-1 (4 ʰʪʫʢʠ) ʧʝʨʝʜ ʝʛʦ ʧʦʜʘʯʝʡ ʚ 

ɺɿʇ.  

ʉʦʛʣʘʩʥʦ ʧʦʢʘʟʘʥʠʷʤ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʢʦʪʣʘ ʧʨʠ 

ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʨʘʚʥʘʷ 13 ʤ/ʩ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʦʣʦʚʳʭ 

ʯʘʩʪʠʮ ʚ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ 65 õ 70 ʛ/ʤ
3
. ʇʘʨʘʤʝʪʨʳ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʠʟ ɺɿʇ, ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ɺɿʇ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 



46 

ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʢʦʪʝʣʴʥʦʤ ʘʛʨʝʛʘʪʝ ʚ ʨʝʞʠʤʝ 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ.  

 

 
 

ʈʠʩʫʥʦʢ 13 - ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʪʨʝʭ ʭʘʨʘʢʪʝʨʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ [101, (ʩ. 86)]. 

 

ʐʣʘʢʦʚʘʥʠʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʥʳʭ ʫʩʣʦʚʠʡ ʪʦʧʢʠ [103, 104]. ɼʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʝʞʠʤʥʳʭ ʫʩʣʦʚʠʡ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ ʢʦʪʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ: 

ʦʪʩʫʪʩʪʚʠʝ ʰʣʘʢʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʦʪʩʫʪʩʪʚʠʝ ʰʣʘʢʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʝ ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ, ʥʘʜʝʞʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚ ʢʦʪʣʝ ʠ 

ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʥʝʦʙʭʦʜʠʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʦʧʢʠ [105].  

 

2.3 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʦʙʤʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘʠʙʦʣʴʰʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʛʦʨʝʥʠʷ, ʤʠʥʠʤʘʣʴʥʦʝ ʰʣʘʢʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ, ʥʘʜʝʞʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʯʠʪʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ. ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʬʘʢʝʣʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ  ʚ ʪʦʧʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʵʪʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʤʝʩʪʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʠ ʧʳʣʝʚʠʜʥʦʤ ʩʞʠʛʘʥʠʠ ʢʘʤʝʥʥʳʭ 

ʫʛʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʷʤʦʛʦ ʚʜʫʚʘʥʠʷ ʘʵʨʦʩʤʝʩʠ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʝ 

ʬʘʢʝʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʪʦʢ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ. ʆ 

ʧʦʣʦʞʝʥʠʠ ʬʘʢʝʣʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʧʨʦʬʠʣʶ.  

ɺ ʪʦʧʢʘʭ ʧʳʣʝʫʛʦʣʴʥʳʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩ ʩʫʭʠʤ ʰʣʘʢʦʫʜʘʣʝʥʠʝʤ 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʬʘʢʝʣʘ ʝʛʦ ʷʜʨʦ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦʫʜʘʣʝʥʥʳʤ 

ʦʪ ʚʩʝʭ ʩʪʝʥ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ, ʩʘʤ ʬʘʢʝʣ ʜʦʣʞʝʥ ʨʘʚʥʦʤʝʨʥʦ 

ʟʘʧʦʣʥʷʪʴ ʚʩʶ ʪʦʧʦʯʥʫʶ ʯʘʩʪʴ ʠ ʥʝ ʢʘʩʘʪʴʩʷ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ [99, 105]. 

ʇʦʣʦʞʝʥʠʝ ʬʘʢʝʣʘ ʚ ʪʦʧʢʝ ʦʧʨʝʜʝʣʷʣʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʟʘʤʝʨʘʤʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʣʝʡ (ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʚ ʪʦʧʢʝ ʢʦʪʣʘ) ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʠʨʦʤʝʪʨʘ ʄ67, ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 ʠ ʚʠʟʫʘʣʴʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ 

ʯʝʨʝʟ ʣʶʯʢʠ ʧʦ ʦʙʲʝʤʫ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ (ʨʠʩʫʥʦʢ 14).  

 

  
 

ʈʠʩʫʥʦʢ 14 - ʃʶʯʢʠ ʧʦ ʦʙʲʝʤʫ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ 

 

ʊʘʙʣʠʮʘ 2 ī ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʨʦʤʝʪʨʘ ʄ67. 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʇʘʨʘʤʝʪʨʳ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -40 ʜʦ +3000Áʉ 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʟʨʝʰʝʥʠʝ  Ñ0,1% ʦʪ ʰʢʘʣʳ ʪʝʤʧʝʨʘʪʫʨ 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦ ʘʙʩʦʣʶʪʥʦ 

ʯʝʨʥʦʤʫ ʪʝʣʫ 
Ñ0,5% ʦʪ ʰʢʘʣʳ ʪʝʤʧʝʨʘʪʫʨ 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ ʦʪ 50 õ 100 ʤʩ 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 0 õ 50 Üʉ 

ʄʘʩʩʘ 0,9 ʢʛ 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʦʧʢʠ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʚʝʜʝʥʠʷ ʯʝʪʳʨʝʭ ʦʧʳʪʦʚ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʙʦʪʘʶʱʝʤ ʢʦʪʣʝ ʧʨʠ 

ʨʘʟʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʢʦʪʣʘ.   

ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʚ ʪʦʧʢʝ (2 õ 3 ʨʘʟʘ ʟʘ ʦʧʳʪ) ʧʨʦʚʦʜʠʣʦʩʴ 

ʯʝʨʝʟ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʥʘ ʦʛʨʘʞʜʝʥʠʷʭ ʣʶʯʢʠ (ʨʠʩʫʥʦʢ 14), ʛʣʘʟʢʠ, 

ʨʘʩʰʣʘʢʦʚʦʯʥʳʝ ʣʶʢʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʦʧʳʪʘ 3 ʯʘʩʘ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʦʚ ʩʦʛʣʘʩʥʦ [105] ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ ʥʘ ʙʦʢʦʚʳʝ ʛʦʨʝʣʢʠ ʙʳʣʘ 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ ʥʝʞʝʣʠ ʥʘ ʬʨʦʥʪʦʚʳʝ ʛʦʨʝʣʢʠ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʠʟʦʪʝʨʤ 

ʬʘʢʝʣʘ, ʥʘʥʦʩʠʤʳʭ ʥʘ ʵʩʢʠʟʘʭ ʨʘʟʚʝʨʪʢʠ ʪʦʧʢʠ [9, (ʩ. 95 - 96)].  

ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʣʷ ʬʘʢʝʣʘ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʳʧʦʣʥʝʥʥʳʡ ʨʷʜ ʦʜʠʥʘʢʦʚʳʭ ʵʩʢʠʟʦʚ ʨʘʟʚʝʨʪʢʠ ʪʦʧʢʠ ʚ ʤʘʩʰʪʘʙʝ 1 : 100, ʥʘ 

ʢʦʪʦʨʳʭ ʫʢʘʟʳʚʘʣʠʩʴ ʢʦʦʨʜʠʥʘʪʳ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʥʫʤʝʨʘʮʠʷ. 

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʣʘʜʢʠ ʨʘʙʦʪʳ ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ 

ʧʦʣʦʞʝʥʠʝ ʬʘʢʝʣʘ [100]. ʇʨʠ ʩʥʷʪʠʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʝʨʤ ʚ ʪʦʧʢʝ 

ʯʝʨʝʟ ʣʶʯʢʠ ʧʨʠʥʠʤʘʣʦʩʴ ʫʩʣʦʚʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʬʘʢʝʣʘ ʚ ʦʪʜʝʣʴʥʳʭ ʝʛʦ 

ʯʘʩʪʷʭ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ. ʊʘʢʞʝ 

ʧʨʠʥʠʤʘʣʦʩʴ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʢʦʥʪʨʦʣʴʥʳʤʠ ʪʦʯʢʘʤʠ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ. ɼʣʷ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠʟʦʪʝʨʤ ʚ ʪʦʧʢʝ ʙʨʘʣʦʩʴ ʧʦ ʝʝ ʵʩʢʠʟʫ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ 

ʠʟʤʝʨʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʝ ʜʝʣʠʣʘʩʴ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʵʪʠʭ ʪʦʯʢʘʭ. ɿʘʪʝʤ 

ʥʘʭʦʜʠʣʠʩʴ ʪʦʯʢʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ 1200, 1250Áʉ ʠ ʪʜ [9, (ʩ. 95 - 96)]. 

ɼʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ 

ʦʧʫʩʢʥʦʛʦ ʛʘʟʦʭʦʜʘ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʦʧʫʩʢʥʦʛʦ 

ʛʘʟʦʭʦʜʘ ʧʨʠ ʧʦʤʦʱʠ ʪʝʨʤʦʛʨʘʬʘ IRTIS ï 2000 (ʨʠʩʫʥʦʢ 15) ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʦʩʪʘʥʦʚʣʝʥʥʦʤ ʢʦʪʣʝ. ʊʝʨʤʦʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʘʩʴ ʚʩʷ 

ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʵʪʦʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʧʝʨʠʤʝʪʨʫ [9, (ʩ. 95)]. 

 

  

ʈʠʩʫʥʦʢ 15 ï ʊʝʨʤʦʛʨʘʬ IRTIS-2000, ʦʭʣʘʞʜʘʝʤʳʡ ʞʠʜʢʠʤ ʘʟʦʪʦʤ 
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ʊʝʨʤʦʛʨʘʬ IRTIS-2000, ʦʭʣʘʞʜʘʝʤʳʡ ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʜʘʥʥʳʭ ʚ 

ʚʠʜʝ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ 

ʪʝʨʤʦʛʨʘʬʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ. ʉ ʧʦʤʦʱʴʶ 

ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʥʝʣʴʟʷ çʟʘʛʣʷʥʫʪʴ ʚʥʫʪʨʴè ʦʙʲʝʢʪʘ ʠʣʠ ʫʚʠʜʝʪʴ ʝʛʦ ʥʘʩʢʚʦʟʴ 

[106].  

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʠʜʠʤʦʛʦ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʫʯʠʪʳʚʘʷ ʩʣʝʜʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ: 

- ʧʦʣʝ ʟʨʝʥʠʷ; 

- ʥʘʠʤʝʥʴʰʠʡ ʚʠʜʠʤʳʡ ʦʙʲʝʢʪ; 

- ʥʘʠʤʝʥʴʰʠʡ ʠʟʤʝʨʷʝʤʳʡ ʦʙʲʝʢʪ / ʦʙʣʘʩʪʴ ʟʘʤʝʨʘ. 

ʇʦʣʝ ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ, ʚʠʜʠʤʫʶ ʪʝʨʤʦʛʨʘʬʦʤ. 

ʈʘʟʤʝʨʳ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʲʝʢʪʠʚʦʤ [106]. ɿʥʘʥʠʝ ʥʘʠʤʝʥʴʰʝʛʦ 

ʚʠʜʠʤʦʛʦ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʧʠʢʩʝʣʷ ʢʘʜʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ. ɺ ʢʘʤʝʨʝ ʪʝʨʤʦʛʨʘʬʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʝʨʢʘʣʴʥʦ-

ʣʠʥʟʦʚʘ ̫ ʦʧʪʠʢʘ ʩ ʥʝʙʦʣʴʰʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʫʧʨʦʩʪʠʪʴ ʝʝ ʥʘʣʘʜʢʫ. ʆʩʥʦʚʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠʥʬʨʘʢʨʘʩʥʦʡ ʢʘʤʝʨʳ IRTIS-2000 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

3 [107]. 

 

ʊʘʙʣʠʮʘ 3 - ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠʥʬʨʘʢʨʘʩʥʦʡ ʢʘʤʝʨʳ IRTIS-2000 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʇʘʨʘʤʝʪʨʳ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ -20 é +300Áʉ 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʨʘʟʨʝʰʝʥʠʝ  0,05Áʉ 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʤʫ ʪʝʣʫ 
1,0Áʉ 

ʊʠʧ ʦʭʣʘʜʠʪʝʣʷ ʞʠʜʢʠʡ ʘʟʦʪ 

ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 640 ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʨʦʢʝ 

ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʠ 480 ʩʪʨʦʢ 

ʇʦʣʝ ʟʨʝʥʠʷ 
25 ʛʨʘʜʫʩʦʚ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 20 ʛʨʘʜʫʩʦʚ 

ʧʦ ʚʝʨʪʠʢʘʣʠ 

ɺʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʜʨʘ 0,8; 1,6; 3,2 ʩʝʢ. 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʥʘ ʦʜʥʦʡ ʟʘʧʨʘʚʢʝ 

ʞʠʜʢʠʤ ʘʟʦʪʦʤ (150 ʤʣ)  
6 ʯʘʩʦʚ 

ɺʣʘʞʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ 30õ80% 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ 1,2 ɺɸ 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ -20 é +50Áʉ 

ɺʣʘʞʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ 30 õ 80 % 

ʈʘʟʤʝʨʳ ʢʘʤʝʨʳ 200ʭ140ʭ100 ʤʤ 

ʄʘʩʩʘ ʢʘʤʝʨʳ  1,4 ʢʛ 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ rʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʷʝʤʦʡ 

ʪʝʨʤʦʛʨʘʬʦʤ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʟʤʝʨʷʝʤʦʛʦ ʪʝʣʘ [108]. ʉʧʦʩʦʙʥʦʩʪʴ ʪʝʣ ʧʦʛʣʦʱʘʪʴ ʠ ʠʩʧʫʩʢʘʪʴ ʵʥʝʨʛʠʶ 

ʠʟʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʝʧʝʥʴʶ ʯʝʨʥʦʪʳ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʪʝʣʘ, ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʪʝʨʤʦʛʨʘʬʝ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ 

ʫʯʠʪʳʚʘʝʪʩʷ ʚʚʦʜʦʤ ʟʥʘʯʝʥʠʷ ʦʪ 0 ʜʦ 1.  

ʉʪʝʧʝʥʴ ʯʝʨʥʦʪʳ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʠ ʦʯʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʧʫʩʢʥʦʛʦ 

ʛʘʟʦʭʦʜʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ ʵʪʘʣʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʳʩʦʢʦʪʦʯʥʳʤ ʮʠʬʨʦʚʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʘʪʯʠʢʦʤ (ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

Ñ0,01Áʉ) [108]. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʫʶ 

ʪʝʨʤʦʧʘʨʫ ʩ ʮʠʬʨʦʚʳʤ ʜʠʩʧʣʝʝʤ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ 

ʩʦʧʨʠʢʘʩʘʶʱʠʤʠʩʷ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʨʤʦʧʘʩʪʘ ʂʇʊ-8 (ʨʠʩʫʥʦʢ 

16).  

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 16 ï ʎʠʬʨʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ (ʘ) ʠ ʪʝʨʤʦʧʘʩʪʘ ʂʇʊ-8 (ʙ) 

 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ʵʪʘʣʦʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʤʝʨʷʣʘʩʴ ʩʥʘʯʘʣʘ ʢʦʥʪʘʢʪʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʘʪʯʠʢʦʤ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʦʡ ʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʤʦʛʨʘʬʦʤ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʟʘʜʘʥʥʦʡ ʚ ʧʨʠʙʦʨʝ ʩʪʝʧʝʥʴʶ ʯʝʨʥʦʪʳ. ʆʪʣʠʯʠʝ ʚ ʧʦʢʘʟʘʥʠʷʭ ʜʚʫʭ ʧʨʠʙʦʨʦʚ, 

ʫʢʘʟʳʚʘʣʦ ʥʘ ʥʝʚʝʨʥʦ ʟʘʜʘʥʥʫʶ ʚ ʪʝʨʤʦʛʨʘʬʝ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ. ʂʦʨʨʝʢʪʠʨʦʚʢʘ 

ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʚ ʥʘʩʪʨʦʡʢʘʭ ʪʝʨʤʦʛʨʘʬʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʠʟʤʝʨʝʥʥʘʷ ʪʝʨʤʦʛʨʘʬʦʤ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʠʟʤʝʨʝʥʥʦʡ ʜʘʪʯʠʢʦʤ. ɿʘʜʘʥʥʘʷ ʧʨʠ ʧʦʩʣʝʜʥʝʤ ʠʟʤʝʨʝʥʠʠ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʠʟʤʝʨʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [107, 108]. 

ʇʦʣʫʯʝʥʥʳʝ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠ 

ʦʯʠɦʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ IRPreview, ʷʚʣʷʶʱʝʡʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ IRTIS [107]. 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ IRPreview ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ, ʘʥʘʣʠʟʘ, 
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ʦʙʨʘʙʦʪʢʠ, ʧʨʦʩʤʦʪʨʘ ʠ ʨʘʩʧʝʯʘʪʢʠ ʪʝʨʤʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʩʥʠʤʦʢ ʦʙʲʝʢʪʘ, ʟʘʧʠʩʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʬʠʣʴʤ, ʠʟʤʝʨʷʪʴ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʠʣʠ ʦʙʣʘʩʪʠ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ 

ʪʝʨʤʦʛʨʘʤʤʳ ʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʚ ʩʪʘʥʜʘʨʪʥʳʝ ʬʦʨʤʘʪʳ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʨʫʛʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ [107]. 

ʀʟʤʝʨʝʥʥʳʝ ʧʠʨʦʤʝʪʨʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʦʥ ʬʘʢʝʣʘ ʩ 

ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʝ. ɺʣʠʷʥʠʝ ʟʘʥʦʩʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʩʦʩʪʘʚʫ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥʘʭ ʦʪʣʦʞʝʥʠʡ ʟʦʣʳ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʛʘʟʦʭʦʜʘʭ ʢʦʪʣʘ ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʜʨʘʟʜʝʣʝ. 

 

2.4 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʂɺ-ʊ-116,3-150  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʛʘʟʦʭʦʜʘʭ ʢʦʪʣʘ ʂɺ-ʊ-116,3-150 ʚ ʫʩʪʘʥʦʚʢʝ ʩʞʠʛʘʣʩʷ 

ʥʝʧʨʦʝʢʪʥʳʡ ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ ʤʘʨʢʠ ɼ ʨʘʟʨʝʟʘ ʂʘʨʘʞʳʨʘ ɺʦʩʪʦʯʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩ A
r 
= 21,4%,  S

r
 = 0,26% ʠ ʠʟʙʳʪʢʝ ʚʦʟʜʫʭʘ ʚ ʢʦʥʮʝ 

ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ ́ = 1,15.  ʉʦʩʪʘʚ ʫʛʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 17 [109]. 

 

 
 

ʈʠʩʫʥʦʢ 17 - ʉʦʩʪʘʚ ʫʛʣʷ ʤʘʨʢʠ çɼè ʨʘʟʨʝʟʘ çʂʘʨʘʞʳʨʘè ɺʂʆ 
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ʇʨʠ ʧʳʣʝʚʠʜʥʦʤ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʨʝʜ 

ʰʠʨʤʘʤʠ, ʨʘʟʤʝʱʘʝʤʳʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʦʧʢʠ, ʯʪʦ ʜʣʷ ʫʛʣʷ ʂʘʨʘʞʳʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 1100 Áʉ [109].  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ 

ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʣʷ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʧʦ ʬʨʦʥʪʦʚʦʡ, ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʩʪʦʨʦʥʘʤ ʪʦʧʢʠ [9, (ʩ. 95 -96)]. 

ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ rʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 50, 75, 80 õ 100 ɻʢʘʣ/ʯ   ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʘʭ 18, 19 ʠ 

20.  

ʅʘ ʨʠʩʫʥʢʝ 18 ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʛʣʷʜʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʦʙʣʘʩʪʠ ʛʦʨʝʣʦʢ ʠ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʥʠʭ. ʇʨʠ 

ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 50 ɻʢʘʣ/ʯ ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʧʦ ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ 1510 Üʉ, ʧʨʘʚʦʡ ʩʪʝʥʢʝ 1515 Üʉ, ʣʝʚʦʡ 

ʩʪʝʥʢʝ 1517 Üʉ. ʈʘʩʭʦʞʜʝʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ ʫʨʦʚʥʝ 

ʛʦʨʝʣʦʢ ʧʦ ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ ʪʦʧʢʠ ʥʝʪ, ʧʦ ʙʦʢʦʚʳʤ ʩʪʦʨʦʥʘʤ ʪʦʧʢʠ ʩʦʩʪʘʚʣʷʝʪ 

2 Üʉ. 
 

 
 

ʈʠʩʫʥʦʢ 18 - ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʣʷ ʪʦʧʢʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 50ɻʢʘʣ/ʯ 

 

ʋʚʝʣʠʯʝʥʠʝ ʥʘʛʨʫʟʢʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠʚʦʜʠʪ ʢ çʚʳʪʷʛʠʚʘʥʠʶè 

ʬʘʢʝʣʘ ʧʨʘʚʦʡ ʛʦʨʝʣʢʠ ʧʦ ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ ʪʦʧʢʠ. ʉ ʨʦʩʪʦʤ 

ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʫʩʠʣʠʚʘʝʪʩʷ. ʇʨʠ 

ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 75 ɻʢʘʣ/ʯ (ʨʠʩʫʥʦʢ 19) ʧʦ ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ ʢʦʪʣʘ ʥʘ 

ʫʨʦʚʥʝ ʧʨʘʚʦʡ ʛʦʨʝʣʢʠ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 1452 Üʉ, ʣʝʚʦʡ ʛʦʨʝʣʢʠ 1440 
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Üʉ, ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʢʠ ʧʨʘʚʦʡ ʩʪʝʥʢʠ 1460 Üʉ, ʣʝʚʦʡ ʩʪʝʥʢʠ 1465 Üʉ. 

ʈʘʩʭʦʞʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ ʧʦ ʬʨʦʥʪʦʚʦʡ 

ʩʪʝʥʢʝ ʪʦʧʢʠ ʩʦʩʪʘʚʠʣʦ 12 Üʉ, ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ 

ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ ʧʦ ʙʦʢʦʚʳʤ ʩʪʦʨʦʥʘʤ ʪʦʧʢʠ ʩʦʩʪʘʚʣʷʝʪ 5 Üʉ. 

 

 
 

ʈʠʩʫʥʦʢ 19 - ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʣʷ ʪʦʧʢʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 75 ɻʢʘʣ/ʯ. 

 

ʇʨʠ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʚʳʰʝ 80 ɻʢʘʣ/ʯ (ʨʠʩʫʥʦʢ 20) 

ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʇʦ ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ ʢʦʪʣʘ ʥʘ ʫʨʦʚʥʝ ʧʨʘʚʦʡ ʛʦʨʝʣʢʠ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ 1550 Üʉ, ʣʝʚʦʡ ʛʦʨʝʣʢʠ 1520 Üʉ, ʪ.ʝ. ʨʘʩʭʦʞʜʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ ʧʦ ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ ʪʦʧʢʠ 

ʜʦʩʪʠʛʣʦ 30 Üʉ. ʅʘ ʫʨʦʚʥʝ ʛʦʨʝʣʢʠ ʧʨʘʚʦʡ ʩʪʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ 1545 Üʉ, ʣʝʚʦʡ ʩʪʝʥʢʠ 1551 Üʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʙʦʢʦʚʳʤ ʩʪʦʨʦʥʘʤ 

ʪʦʧʢʠ ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʩʦʩʪʘʚʣʷʝʪ 6 Üʉ.  

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʠʣʣʶʩʪʨʘʮʠʡ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʛʦʨʝʣʢʠ, ʚʳʜʘʶʱʠʝ ʚ ʪʦʧʢʫ ʘʵʨʦʩʤʝʩʴ ʨʘʙʦʪʘʶʪ 

ʫʩʪʦʡʯʠʚʦ. ɸʥʘʣʠʟ ʧʦʩʪʨʦʝʥʥʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʨʠ 

ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ 50 ɻʢʘʣ/ʯ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʤ ʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʘʟʦʚʳʤ ʬʘʢʝʣʦʤ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʢʦʩʦʚ ʚʩʣʝʜʩʪʚʠʝ ʫʜʣʠʥʝʥʠʷ ʬʘʢʝʣʘ ʛʘʟʦʚ ʧʨʘʚʦʡ ʛʦʨʝʣʢʠ 

ʧʦ ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ ʪʦʧʢʠ.  ʇʨʠʯʠʥʦʡ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʩʙʦʠ, 

ʥʝʧʨʘʚʠʣʴʥʘʷ ʧʦʜʘʯʘ ʪʦʧʣʠʚʘ ʠ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʠʟ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʘ ʨʝʛʫʣʠʨʦʚʢʘ ʨʘʙʦʪʳ 

ʛʦʨʝʣʦʢ ʧʨʠ ʟʘʜʘʥʥʳʭ ʚʳʩʦʢʠʭ ʤʦʱʥʦʩʪʷʭ. 
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ʈʠʩʫʥʦʢ 20 - ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʣʷ ʪʦʧʢʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʧʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 80 õ 100 ɻʢʘʣ/ʯ. 

 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʮʠʨʢʫʣʷʮʠʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʧʦʜʘʯʝ ʚ 

ʪʦʧʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʥʝʨʪʥʦʡ ʩʨʝʜʳ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʩʥʠʞʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʨʝʥʠʷ ʥʝʧʨʦʝʢʪʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʪʠʤʘʣʴʥʳʤ 

ʙʫʜʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʛʦʨʷʱʠʭ ʛʘʟʦʚ.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ ʧʦ 

ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ ʢʦʪʣʘ 1550 ʠ 1520 Üʉ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʨʠ 

ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ ʩʚʳʰʝ 80 ɻʢʘʣ/ʯ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʠʤʝʶʱʠʝʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʝʨʝʢʦʩ,r ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʤʦʱʥʦʩʪʠ.  ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʦʨʷʱʠʭ ʛʘʟʦʚ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ  ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ ή, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʘʣʝʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ.  

 

2.5 ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʥʘʛʨʝʚʘ ʦʧʫʩʢʥʦʛʦ ʛʘʟʦʭʦʜʘ  

ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ ʥʘ ʦʩʪʘʥʦʚʣʝʥʥʦʤ ʢʦʪʣʝ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩʢʘʧʣʠʚʘʝʪʩʷ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʣʦʞʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʝʩʪʦʤ ʚʳʭʦʜʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ 

ɺɿʇ. ɺ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʟʘʙʠʚʘʥʠʝ ʪʨʫʙʦʢ ʦʪʣʦʞʝʥʠʷʤʠ. 



55 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚʳʰʝ, ʯʝʤ ʫ ʦʯʠʱʝʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,94 ʠ 0,91 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʩʪʝʧʝʥʠ ʯʝʨʥʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʙʦʣʝʝ 0,7 ʚʩʝ 

ʜʘʣʴʥʝʡʰʠʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʙʝʩʢʦʥʪʘʢʪʥʳʤ 

ʩʧʦʩʦʙʦʤ [5]. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʨʠ ʥʘʣʠʯʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʥʝʡ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʢʠ 21 ʠ 22) ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʘʷ ʦʪʤʝʯʝʥʘ ʢʦʥʪʨʦʣʴʥʦʡ ʣʠʥʠʝʡ I-I.  

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 21 - ɺʠʜʠʤʳʡ ʫʯʘʩʪʦʢ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ (ʘ) ʠ ʝʛʦ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʩʥʠʤʦʢ (ʙ) 

 

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 22 - ɺʠʜʠʤʳʡ ʫʯʘʩʪʦʢ ʦʯʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ (ʘ) ʠ ʝʛʦ 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ ʩʥʠʤʦʢ (ʙ) 

 

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʴʥʦʡ ʣʠʥʠʠ I-I 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʘʢʝʪʘ IRPreview (ʨʠʩʫʥʦʢ 23) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ 

ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʫʩʢʥʦʛʦ ʛʘʟʦʭʦʜʘ ʧʦʩʣʝ ʦʩʪʘʥʦʚʘ ʢʦʪʣʘ. ɺʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʵʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ 

ʟʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʩʠʣʠʚʘʪʴʩʷ.  ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 
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ʢʦʥʪʨʦʣʴʥʦʡ ʣʠʥʠʠ I-I ʨʝʟʢʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ 40,03Áʉ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʦʨʷʜʢʘ 46Áʉ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʯʘʩʪʢʘʤ, ʥʘ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ.  

 

 
ʈʠʩʫʥʦʢ 23 - ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʴʥʦʡ 

ʣʠʥʠʠ I-I ʥʘ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʤ ʩʥʠʤʢʝ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ 

 

ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ ʩʧʫʩʪʷ ʤʝʩʷʮ ʧʦʩʣʝ 

ʦʩʪʘʥʦʚʘ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʥʝ ʫʩʧʝʚ 

ʩʛʦʨʝʪʴ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʘʩʪʠʮʳ ʥʝʧʨʦʝʢʪʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʧʘʜʘʶʪ ʚ ʦʧʫʩʢʥʦʡ ʛʘʟʦʭʦʜ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʜʝʩʴ ʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ çʜʦʛʦʨʘʥʠʷè ʪʦʧʣʠʚʘ. ɼʦʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʥʝʤʠʥʫʝʤʦ 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʚʨʝʞʜʝʥʠʷʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ 

ʦʧʫʩʢʥʦʛʦ ʛʘʟʦʭʦʜʘ, ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʦʨʤʘʮʠʷʤ, ʨʘʟʨʳʚʫ ʠ ʧʝʨʝʞʦʛʫ ʪʨʫʙ, 

ʚʳʚʦʜʫ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠʟ ʩʪʨʦʷ [103]. 

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʴʥʦʡ ʣʠʥʠʠ I-I 

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʦʯʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

(ʨʠʩʫʥʦʢ 24) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʨʘʚʥʠʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʧʦʩʣʝ ʦʯʠʩʪʢʠ.  

 

 
ʈʠʩʫʥʦʢ 24 - ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʴʥʦʡ 

ʣʠʥʠʠ I-I ʥʘ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʤ ʩʥʠʤʢʝ ʦʯʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ 
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ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʴʥʦʡ ʣʠʥʠʠ I-I ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʩʥʠʤʢʘ ʦʯʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 43,6Áʉ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʦʯʠʩʪʢʘ ʦʪ ʦʪʣʦʞʝʥʠʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʧʨʦʛʨʝʚʫ ʩʪʝʥʦʢ ʪʨʫʙʦʢ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʚʨʝʞʜʝʥʠʡ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ - ʯʠʩʪʦʤ ʩʦʩʪʦʷʥʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ 

ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ. 

 

2.6 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ  

ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʠʤ ʧʠʨʦʤʝʪʨʦʤ ʧʨʠʤʝʥʷʣʦʩʴ ʜʣʷ ʦʙʱʝʡ ʦʮʝʥʢʠ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʪʦʧʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʦʪʣʦʘʛʨʝʛʘʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ ʧʦ ʚʩʝʤ ʩʪʦʨʦʥʘʤ ʪʦʧʦʯʥʦʡ 

ʢʘʤʝʨʳ ʧʨʠ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ ʥʠʞʝ 80 ɻʢʘʣ/ʯ ʨʘʩʭʦʞʜʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨ rʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 25 ʉ̄. ʗʜʨʦ ʬʘʢʝʣʘ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʨʘʚʥʦʫʜʘʣʝʥʥʦ ʦʪ ʚʩʝʭ ʩʪʝʥ ʢʘʤʝʨʳ, ʟʘʧʦʣʥʷʝʪ ʚʩʶ ʪʦʧʦʯʥʫʶ ʯʘʩʪʴ ʠ 

ʥʝ ʢʘʩʘʝʪʩʷ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʠʣʴʥʦʝ ʰʣʘʢʦʚʘʥʠʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ, ʦʜʥʘʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʱʠʭ 

ʛʘʟʦʚ ʚ ʪʦʧʢʝ ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ ʥʝʙʦʣʴʰʘʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʩʞʠʛʘʥʠʷ ʥʝʧʨʦʝʢʪʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʨʝʮʠʨʢʫʣʷʮʠʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 

ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʩʷ ʢ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʧʨʠ 

ʥʘʛʨʫʟʢʝ ʢʦʪʣʘ ʩʚʳʰʝ 80 ɻʢʘʣ/ʯ, ʚʚʠʜʫ ʵʪʦʛʦ ʜʘʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʯʠʪʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ. ʇʦʚʳʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʢʦʩʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʫʜʣʠʥʝʥʠʷ ʬʘʢʝʣʘ ʧʨʘʚʦʡ ʛʦʨʝʣʢʠ ʧʦ 

ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ ʪʦʧʢʠ. ʇʨʠ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʜʘʯʫ ʪʦʧʣʠʚʘ ʠ ʚʦʟʜʫʭʘ ʚ 

ʪʦʧʦʯʥʫʶ ʢʘʤʝʨʫ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʢʦʩʦʚ ʬʘʢʝʣʘ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʫʥʦʩʘ ʠ ʜʦʛʦʨʘʥʠʷ ʯʘʩʪʠʮ ʪʦʧʣʠʚʘ ʚʥʝ 

ʪʦʧʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤ 

ʩʦʛʣʘʩʥʦ [28] ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʦʧʢʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 1100 Üʉ.  

ʇʨʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʩ ʮʝʣʴʶ 

ʢʘʣʠʙʨʦʚʢʠ ʪʝʨʤʦʛʨʘʬʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʷʣʘʩʴ ʚr ʩʦʢʦʪʦʯʥʳʤ 

ʮʠʬʨʦʚʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʜʘʪʯʠʢʦʤ (99,8%). ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʠ ʦʯʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʫʩʢʥʦʛʦ ʛʘʟʦʭʦʜʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 

0,94 ʠ 0,91 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨ rʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʪʨʫʙʦʢ ʠ ʟʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ.  
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ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʦʯʠʩʪʢʠ 

ʦʧʫʩʢʥʦʛʦ ʛʘʟʦʭʦʜʘ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ 

ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ.   



59 

3 ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʇʃʆʌʀɿʀʏɽʉʂʀʍ ʀ 

ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ, ʇʈʆʊɽʂɸʖʑʀʍ ɺ ɺɿʇ ɺ 

ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʉʆʉʊʆʗʅʀʗ ʇʆɺɽʈʍʅʆʉʊʀ ʊɽʇʃʆʆɹʄɽʅɸ 
 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʵʪʘʧʳ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʦʧʫʱʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɺɿʇ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ 

ʟʘʱʠʱʝʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦ ʚʥʝʩʝʥʠʠ ʩʚʝʜʝʥʠʡ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʝʩʪʨ ʧʨʘʚ 

ʥʘ ʦʙʲʝʢʪʳ, ʦʭʨʘʥʷʝʤʳʝ ʘʚʪʦʨʩʢʠʤ ʧʨʘʚʦʤ ˉ14347 ʦʪ 11.01.2021 ʛ. 

(ʇʨʠʣʦʞʝʥʠʝ ɸ) [110]. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʟʜʝʣʘ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ 

[101]. 

 

3.1 ʆʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʩʨʝʜʝ Ansys Fluent 

ʂʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ, ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ, 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʫʩʣʦʚʠʷʤʠ ʦʜʥʦʟʥʘʯʥʦʩʪʠ 

(ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ) ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʤʝʥʥʳʭ. ɺ 

ʩʨʝʜʝ Ansys Fluent ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ ʚʳʨʘʞʘʶʪʩʷ 

ʚ ʪʝʨʤʠʥʘʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʝ ʜʠʩʢʨʝʪʠʟʠʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [89, (ʩ. 411)]. 

ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ [101, (ʩ. 88 - 89)] ʚʳʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ: 

 
‬”

‬†

‬”ὺ

‬ὼ

‬”ὺ

‬ώ

‬”ὺ

‬ᾀ
π 

(33) 

 

ɿʜʝʩʴ ὺ, ὺ ʠ ὺ - ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x, y ʠ z 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

” - ʧʣʦʪʥʦʩʪʴ; 

† - ʚʨʝʤʷ. 

 

ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ [101, (ʩ. 88 - 89)] ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʘ 

ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ 

ʩ ʜʘʚʣʝʥʠʝʤ: 

 
‬”

‬ὸ

‬”

‬ὖ
Ͻ
‬ὖ

‬ὸ
 

(34) 

 

ʛʜʝ ὖ - ʜʘʚʣʝʥʠʝ. 

 

ʆʮʝʥʢʘ ʧʨʦʠʟʚʦʜʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʜʘʚʣʝʥʠʶ [101, (ʩ. 88 - 89)] ʚʳʚʦʜʠʪʩʷ 

ʠʟ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ. 

ɼʣʷ ʩʞʠʤʘʝʤʦʡ ʩʨʝʜʳ: 
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”
ὖ

ὙὝ
 ᵼ 
‬”

‬ὖ

ρ

ὙὝ
 (35) 

 

ʛʜʝ R - ʧʦʩʪʦʷʥʥʘʷ ʛʘʟʘ; 

T - ʪʝʤʧʝʨʘʪʫʨʘ. 

 

ʋʨʘʚʥʝʥʠʷ ʠʤʧʫʣʴʩʘ [89, 101], ʙʝʟ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʡʩʪʚ, ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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(36) 
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(37) 
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 (38) 

 

ɺ ʫʨʘʚʥʝʥʠʷʭ Ὣ, Ὣ , Ὣ - ʢʦʤʧʦʥʝʥʪʳ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ 
ʥʘʧʨʘʚʣʝʥʠʷʭ x, y ʠ z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

‘ - ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ; 

Rx, Ry, Rz - ʣʶʙʳʝ ʠʩʭʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 

ʜʦʙʘʚʠʪʴ. 

 

ʇʨʠʤʝʨʦʤ Rx, Ry, Rz ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʥʝʢʦʪʦʨʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

ʙʝʟ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʛʦ ʛʝʦʤʝʪʨʠʠ [101, (ʩ. 88 - 89)]. 

ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

 

Ὀὸ

‬†

l

 ὧ”

‬ὸ

‬ὼ

‬ὸ

‬ώ

‬ὸ

‬ᾀ

ή

ὧ”
 (39) 

 

ʛʜʝ ή ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ɺʪ/ʤ
3
;
 

ὧ ï ʪʝʧʣʦʝʤʢʦʩʪʴ, ɼʞ/(ʢʛĀʂ). 

 



61 

ɿʜʝʩʴ ʧʦʣʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ    ʫʯʠʪʳʚʘʝʪ ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ 

ʪʝʧʣʘ, ʚʳʟʚʘʥʥʳʡ ʜʚʠʞʝʥʠʝʤ ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʵʣʝʤʝʥʪʦʚ 

ʧʦʪʦʢʘ ʞʠʜʢʦʡ (ʛʘʟʦʦʙʨʘʟʥʦʡ) ʩʨʝʜʳ [101, (ʩ. 88 - 89)]: 

 
Ὀ

‬†
ḳ
‬

 ‬†
ὺ
‬

‬ὼ
ὺ
‬

‬ώ
ὺ
‬

‬ᾀ
 (40) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ɺɿʇ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʧʨʘʚʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ, ʟʘʢʦʥʳ 

ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ. 

 

3.2 ʇʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ɺɿʇ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ  

ʅʘ ʨʠʩʫʥʢʝ 25 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʬʠʛʫʨʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Ansys Fluent. 

ɼʚʠʞʝʥʠʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚʥʫʪʨʠ ʪʨʫʙ ʠ ʚʦʟʜʫʭʘ ʧʦ ʤʝʞʪʨʫʙʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ 

ʚ ɺɿʇ ʧʝʨʝʢʨʝʩʪʥʦ ï ʧʨʦʪʠʚʦʪʦʯʥʦʝ [101, (ʩ. 87)].   

 

 
 

ʈʠʩʫʥʦʢ 25 - ʊʨʝʭʤʝʨʥʘʷ ʬʠʛʫʨʘ ɺɿʇ ʢʦʪʣʘ 
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ʀʟ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʵʪʘʧʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʤʦʜʝʣʠ ʩʝʪʢʦʡ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʪʦ ʝʩʪʴ ʨʘʟʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʥʘ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʫʟʣʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʩʝʪʢʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 25 ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ ʠʤʝʝʪ 

ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʶ. ʊʦʣʱʠʥʘ ʩʪʝʥʦʢ ʪʨʫʙʦʢ („̒  ̓ʩʦʩʪʘʚʣʷʝʪ 1,5 ʤʠʣʣʠʤʝʪʨʘ, 

ʪʦʛʜʘ ʢʘʢ ʚʳʩʦʪʘ ɺɿʇ (h) ʨʘʚʥʘ 13,9 ʤʝʪʨʘʤ. ʇʨʦʚʝʜʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʨʘʩʯʝʪʘ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʬʠʛʫʨʳ ɺɿʇ ʥʘ ʩʝʪʢʫ 

ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʤʝʣʢʠʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʚʚʠʜʫ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʧʝʨʠʦʜʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʫʯʘʩʪʦʢ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʩʯʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʷ ʠ 

ʦʪʩʫʪʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ (ʨʠʩʫʥʦʢ 26). ɺʳʜʝʣʝʥʥʳʡ 

ʫʯʘʩʪʦʢ, ʧʨʦʭʦʜʠʪ ʤʝʞʜʫ ʦʩʷʤʠ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʨʷʜʦʚ ʪʨʫʙʦʢ ɺɿʇ ʠ ʟʘʭʚʘʪʳʚʘʝʪ 

ʧʦʣʦʚʠʥʫ ʪʨʫʙʦʢ ʦʜʥʦʛʦ ʨʷʜʘ ʠ ʧʦʣʦʚʠʥʫ ʩʣʝʜʫʶʱʝʛʦ.  

 

 
 

ʈʠʩʫʥʦʢ 26 ī ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ɺɿʇ 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʢʦʪʦʨʳʝ ʟʘʜʘʚʘʣʠʩʴ ʥʝʠʟʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ 

ʥʘ ʚʭʦʜʝ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ 30 Üʉ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʢʦʪʣʘ, ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʩʪʝʥʢʠ (ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ ʠ ʛʘʟʘ).  

ɺ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ (ʧʣʦʪʥʦʩʪʴ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ) ʟʘʜʘʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʫʯʪʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ: 

ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. ɿʘʜʘʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ 
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ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 27. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʟʘʜʘʚʘʣʦʩʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 27 - ɿʘʜʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ 

(ʬʘʢʪʠʯʝʩʢʠʝ ʨʘʩʭʦʜʳ ʚʦʟʜʫʭʘ ʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ) 

ʚʟʷʪʳ ʠʟ ʞʫʨʥʘʣʘ ʫʯʝʪʘ ʨʘʙʦʪʳ ʢʦʪʣʘ ʠ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (ʨʘʩʭʦʜʦʤʝʨʳ, ʪʝʨʤʦʧʘʨʳ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʪʯʠʢʠ).  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ [101, (ʩ. 

87)].   

 

3.3 ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʧʨʠ ʯʠʩʪʦʡ ʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʝʥʢʘ 

ʪʨʫʙʢʠ ʥʝ ʩʪʨʦʠʣʘʩʴ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ. ʉʦʟʜʘʚʘʝʤʦʝ 

ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʥʢʠ ʫʯʠʪʳʚʘʣʦʩʴ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʩʥʦʚʘʥʠʠ [2 ʠ 

111] ʚʚʝʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ (ʨʠʩʫʥʦʢ 28).  

ʕʬʬʝʢʪʠʚʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʛʘʟʘ ʠ ʩʪʝʥʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ [2, 101, 111, 112].  

ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʛʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [101, (ʩ. 89 - 90)]: 

 

ὸ ὸ̄
ή

τϽ“Ͻ‗̄
 

(41) 
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ʛʜʝ ὸ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʂ; 

‗̄ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʘʟʘ, ɺʪ/(ʤĀʂ). 

 

ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʩʪʝʥʢʦʡ: 

 

ὸ̄ ὸ̒
ή

“Ͻ‌̄ϽὨ
 

(42) 

 

ʛʜʝ ὸ̄ ï ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ, ʂ; 

ὸ̒  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ, ʂ; 

ή ï ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ɺʪ/ʤ; 

‌̄ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʛʘʟʘ, ɺʪ/(ʤ
2
Āʂ); 

Ὠ ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ, ʤ. 

 

ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʝʥʢʝ: 

 

ὸ ὸ̒
ήϽὰὲὈὨϳ

ςϽ“Ͻ‗̒ ̓
 

(43) 

 

ʛʜʝ ὸ̒  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ, ʂ; 

Ὀ ï ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʩʪʝʥʢʠ, ʤ; 

‗̒  ̓ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ, ɺʪ/(ʤĀʂ). 

 

ʋʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʧʦʪʦʢʝ ʛʘʟʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2, 101, 111, 112]: 

 

ὸ ὸ̒
ή

τϽ“Ͻ‗̞ ̕
 

(44) 

 

ʛʜʝ ‗̞  ̕ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ, 

ɺʪ/(ʤĀʂ). 

 

ʉʣʦʞʠʚ ʫʨʘʚʥʝʥʠʷ (41), (42), (43) ʠ ʧʨʠʨʘʚʥʷʚ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʢ 

ʫʨʘʚʥʝʥʠʶ (44), ʧʦʣʫʯʘʝʤ ʵʬʬʝʢʪʠʚʥʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʜʣʷ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ: 

 

‗̞ ̕

ρ

τϽ
ρ
‌̄ϽὨ

ὰὲὈὨϳ
ςϽ“Ͻ‗̒ ̓

ρ
τϽ‗̄

 
(45) 

 

ʇʨʠ ʥʘʣʠʯʠʠ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ ʵʬʬʝʢʪʠʚʥʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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‗̞  ̈̕

ρ

τϽ
ρ

‌̄ ϽὨ
ὰὲὈὨϳ
ςϽ“Ͻ‗̒ ̓

ὰὲὨὨϳ
ςϽ“Ͻ‗̈ ̠́̄̑̈

ρ
τϽ‗̄

 
(46) 

 

ʛʜʝ ‌̄  - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʛʘʟʦʚ ʩ ʫʯʝʪʦʤ ʪʦʣʱʠʥʳ ʟʘʛʨʷʟʥʝʥʠʡ, 

ɺʪ/(ʤ
2
Āʂ) [2, 101, 111, 112]. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʫʝʪʩʷ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ çʛʘʟʦʚʳʤ ʩʪʝʨʞʥʝʤè ʩ 

ʵʬʬʝʢʪʠʚʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʩʪʘʣʴʥʦʡ ʩʪʝʥʢʠ ʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ) ʠ 

ʥʘʛʨʝʚʘʝʤʳʤ ʚʦʟʜʫʭʦʤ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʳʝ ʜʝʪʘʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4 [101, (ʩ. 87 

ï 88)]. 

 

ɚeff

 
 

ʈʠʩʫʥʦʢ 28 - ʕʬʬʝʢʪʠʚʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 

 

ʊʘʙʣʠʮʘ 4 - ɼʝʪʘʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ 

 

Details View (ʇʨʦʩʤʦʪʨ ʧʦʜʨʦʙʥʦʩʪʝʡ) 

Body (ʊʝʣʦ) gas 

Volume (ʦʙʲʝʤ) 7,9922e+006mm3 

Surface Area (ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ) 1,3093e+006mm2 

Faces 4 

Edges (ʂʨʘʷ) 6 

Vertices (ɺʝʨʰʠʥʳ) 4 

Fluid / solid (ɾʠʜʢʦʝ/ ʪʚʝʨʜʦʝ ʪʝʣʦ) Fluid 
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ɼʣʷ ʘʥʘʣʠʟʘ ʟʘʜʘʯʠ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʥʘʭʦʞʜʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ 

ʩʣʝʜʫʶʱʝʤ ʧʦʜʨʘʟʜʝʣʝ.  

 

3.4 ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ʈʘʩʭʦʜ ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ 

ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ:  

1. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ὠ, 

ʤ
3
/ʢʛ [28, (ʩ. 87)]: 

 

ὠ πȟπψωὅ πȟςφυὌ πȟπσσὛ̌ ὕ  (47) 

 

ʛʜʝ ὅ  ï ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʪʦʧʣʠʚʝ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ, %; 

Ὄ  ī ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʪʦʧʣʠʚʝ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ, %; 

Ὓ̌ ī ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʪʦʧʣʠʚʝ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ, %; 

ὕ  ī ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʪʦʧʣʠʚʝ ʥʘ ʨʘʙʦʯʫʶ ʤʘʩʩʫ, %. 

 

2. ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ Ὃ̃ (ʤ
3
/ʩ) ʫʯʠʪʳʚʘʷ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ [28, (ʩ. 87)]: 

 

Ὃ̃ ὠϽˏ  ̓ (48) 

 

ʛʜʝ ˏ̓ ï ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/ʩ. 

 

3. ʇʦʣʥʳʡ ʨʘʩʭʦʜ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʩ ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ὓ̃  ̐̏̌ȟ̎̋ Ⱦ̄̒: 

ὓ̃  ̐ ̏̌̎Ὃ̃Ͻ”̃ (49) 

 

ʛʜʝ ”̃ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʛ/ʤ
3
. 

 

4. ʈʘʩʭʦʜ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ὓ̃ ȟ̋ Ⱦ̄̒: 

 

ὓ̃  
ὓ̃  ̐ ̏̌̎

ᾀ
 

(50) 

ʛʜʝ ᾀ ï ʯʠʩʣʦ ʪʨʫʙ ʧʦʧʝʨʝʢ ʚʦʟʜʫʭʘ. 

 

ʈʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʫʣʘʤ:  

5. ʆʙʱʠʡ ʦʙʲʝʤ ʜʳʤʦʚʳʭ ʛʘʟʦʚ Вὠ, ʤ3
/ʢʛ [28, (ʩ. 88)]: 

 

ὠ ὠ̒Ȣ̄Ȣ ὠ  
(51) 

 

ʛʜʝ ὠ̒Ȣ̄Ȣ ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʩʫʭʠʭ ʛʘʟʦʚ, ʤ
3
/ʢʛ; 

ὠ  ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, ʤ
3
/ʢʛ 



67 

6. ʈʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ Ὃ̄ (ʤ
3
/ʩ) ʫʯʠʪʳʚʘʷ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ: 

 

Ὃ̄ ὠϽˏ  ̓
(52) 

 

7. ʇʦʣʥʳʡ ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʦ ʚʩʝʤ ʪʨʫʙʢʘʤ ɺɿʇ ʩ ʫʯʝʪʦʤ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ὓ̄  ̐̏̌ȟ̎̋ Ⱦ̄̒: 

 

ὓ̄  ̐̏̌̎Ὃ̄Ͻ”̄ (53) 

 

ʛʜʝ ”̄ ï ʧʣʦʪʥʦʩʪʴ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʛ/ʤ
3
. 

 

8. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʭʦʜʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ  ὓ̄ȟ̋ Ⱦ̄̒, 

ʪ.ʝ. ʨʘʩʭʦʜʘ ʚ ʧʦʣʦʚʠʥʝ ʦʜʥʦʡ ʪʨʫʙʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʧʦʣʥʳʡ ʨʘʩʭʦʜ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʙ ʠ ʥʘ 2. ɺ ʪʘʙʣʠʮʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

 

ὓ̄
ὓ̄  ̐̏̌̎
ςᾀ̏̂̚

 
(54) 

 

ʛʜʝ ᾀ̏̂ ̚ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʙ ʚ ɺɿʇ, ᾀ̏̂̚ ᾀϽᾀ. 

 

ʊʘʙʣʠʮʘ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʚʝʣʠʯʠʥ ɿʥʘʯʝʥʠʷ 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ ὠ, ʤ3
/ʢʛ  

4,773 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ˏ̓, ʢʛ/ʩ (ʪ/ʯ) 3,9 (14) 

ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ Ὃ̃ ʩ ʫʯʝʪʦʤ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʤ
3
/ʩ 18,6 

ʇʦʣʥʳʡ ʨʘʩʭʦʜ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʩ ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ὓ̃  ̐̏̌ȟ̎̋ Ⱦ̄̒ 

11,78 

ʈʘʩʭʦʜ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ὓ̃ ȟ̋ Ⱦ̄̒ 0,0892 

ʏʠʩʣʦ ʪʨʫʙ ʧʦʧʝʨʝʢ ʚʦʟʜʫʭʘ z1, ʰʪʫʢ 132 

ʆʙʱʠʡ ʦʙʲʝʤ ʜʳʤʦʚʳʭ ʛʘʟʦʚ Вὠ, ʤ3
/ʢʛ 7,316 

ʈʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ Ὃ̄ ʩ ʫʯʝʪʦʤ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʤ
3
/ʩ 28,53 

ʇʦʣʥʳʡ ʨʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʦ ʚʩʝʤ ʪʨʫʙʢʘʤ ɺɿʇ ʩ ʫʯʝʪʦʤ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ὓ̄  ̐̏̌ȟ̎̋ Ⱦ̄̒ 

14,93 

ʈʘʩʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ  ὓ̄ȟ̋ Ⱦ̄̒ 0,000695 

ʆʙʱʝʝ ʯʠʩʣʦ ʪʨʫʙ ʚ ɺɿʇ ᾀ̏̂,̚ ʰʪʫʢ  10692 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ ‗̒, ɺʪ/(ʤĀʂ) 45 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʛʘʟʘ ‗̄, ɺʪ/(ʤĀʂ) 0,057 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʘ ʜʣʷ 

ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ  ‗̞ ,̕ ɺʪ/(ʤĀʂ) 

0,024 
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ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʤʝʥʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʪʝʥʢʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʛʘʟʘ ʠ ʩʪʝʥʢʠ (ʵʪʦ 

ʟʘʣʦʞʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. ɺ ʪʘʙʣʠʮʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ 

ʟʘʜʘʥʥʳʝ ʚ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ [101, (ʩ. 91)]. 

 

ʊʘʙʣʠʮʘ 6 - ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ 

 

General 

Type Pressure-Based 

Velocity Formulation Absolute 

Time Steady 

Gravity yes 

Models 

Energy Energy Equation 

Viscous Model 

Model k-epsilon (2 eqn) 

k-epsilon Model Standard 

Near-Wall Treatment Enhanced Wall Treatment 

Boundary Conditions 

Pressure-outlet 

Backflow Turbulent Intensity (%) 5 

Inlet 

Mass Flow Rate of gases (kg/s) 0,000695 

Mass Flow Rate of air (kg/s) 0,0892 

Temperature of gases, K 653 

Temperature of air, K 303 

Solution Methods 

Pressure ï Velocity Coupling 

Scheme Simple 

Spatial Discretization 

Gradient Green-Gauss Node Based 

Pressure Standard 

Momentum Second Order Upwind 

Turbulent Kinetic Energy First Order Upwind 

Turbulent Dissipation Rate First Order Upwind 

Solution Initialization 

Initialization Methods Hybrid Initialization 

Number of Iterations 300 
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ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ɺɿʇ ʩʦʩʪʦʠʪ ʠʟ 7663915 ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Ansys 

Fluent ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʨʘʩʯʝʪʥʘʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʨʫʙʯʘʪʦʛʦ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ [101, 110], ʚ ʢʦʪʦʨʦʡ ʩʪʝʥʢʘ 

ʪʨʫʙʢʠ ʥʝ ʩʪʨʦʠʪʩʷ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ. ʉʦʟʜʘʚʘʝʤʦʝ 

ʪʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʝʥʢʠ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ Ansys Fluent ʚ ʚʠʜʝ ʢʘʨʪʠʥʦʢ.  

 

3.5 ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. ʅʘ ʨʠʩʫʥʢʝ 29 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʤʦʜʝʣʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʠʟʦʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 

ʩʭʝʤʘʪʠʯʥʦ ʢʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚ (ʚʭʦʜ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ ʠ ʚʳʭʦʜ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ), ʩʠʥʠʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ (ʚʭʦʜ 

ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ ʠ ʚʳʭʦʜ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ). 

 

 
 

ʈʠʩʫʥʦʢ 29 ï ʊʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʤʦʜʝʣʠ ɺɿʇ 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 29, ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʚʦʟʥʠʢʘʶʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʭʦʜʘ ʚʦʟʜʫʭʘ. ɼʘʥʥʦʝ 

ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ.  

ʉʦʛʣʘʩʥʦ ʌʦʨʤʫʣʝ ʅʲʶʪʦʥʘ-ʈʠʭʤʘʥʘ ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ [2]: 

 

ή aϽὸ̒̓ ὸ̇  (55) 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʢ ʚʦʟʜʫʭʫ ʟʘʚʠʩʠʪ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 

ʩʪʝʥʢʦʡ ʠ ʥʘʛʨʝʚʘʝʤʳʤ ʚʦʟʜʫʭʦʤ, ʦʪ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʪʝʢʘʥʠʷ ʪʨʫʙ, ʧʦʚʦʨʦʪʘʤʠ ʧʦʪʦʢʘ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʦʜʥʦʛʦ ʭʦʜʘ, ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʦʪʥʦʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ  ʙʫʜʝʪ ʨʘʟʥʦʡ, ʚʦʟʜʫʭ ʧʨʦʛʨʝʚʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠ ʦʙʨʘʟʫʶʪʩʷ ʫʢʘʟʘʥʥʳʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨ 

ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʭʦʜʘ ʚʦʟʜʫʭʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 30 ʠ 31 ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ ʠ 

ʚʳʭʦʜʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ ʥʝʛʦ [101, (ʩ. 92)]. 

 

 
 

ʈʠʩʫʥʦʢ 30 ï ʊʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

ʚ ɺɿʇ 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 30 ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ɺɿʇ 

(ʪʘʢ ʢʘʢ ʩʭʝʤʘ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʧʝʨʝʢʨʝʩʪʥʦ-ʧʨʦʪʠʚʦʪʦʯʥʘʷ ʜʘʥʥʘʷ 

ʦʙʣʘʩʪʴ ʩʦʦʪʚʝʪʩʚʫʝʪ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʠʟ ɺɿʇ) ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʩʪʝʥʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʜʫʭʘ ʤʘʢʩʠʤʘʣʴʥʘʷ.  

 

 
 

ʈʠʩʫʥʦʢ 31 ï ʊʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ 

ɺɿʇ 

 

ʅʘ ʨʠʩʫʥʢʝ 31 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʥʘʙʣʶʜʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ.  

ʊʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɺɿʇ, ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ ʩ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʢʦʪʣʘ ʂɺʊ-116,3-150.  

ʆʧʨʝʜʝʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʩʦʛʣʘʩʥʦ 

[114] ‎, %: 

 

‎
ὸ̓̆̏̑ὸ́̋̕ ̓

ὸ́̋̓̕
 Ͻρππ 

(56) 

 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʦʩʪʘʚʠʣʦ 2,45 %, ʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ï 2,34 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ 
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ʩ ʠʤʝʶʱʠʤʠʩʷ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʳʯʠʩʣʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 3 %. 

ʅʘ ʨʠʩʫʥʢʝ 32 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ 

ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʠʭ ʚ ɺɿʇ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ 

ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 12 

ʤ/ʩ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ 5,2 ʤ/ʩ [101, (ʩ. 92)]. 

 
 

ʈʠʩʫʥʦʢ 32 ï ʉʢʦʨʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʚʭʦʜʘ ʚ ɺɿʇ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʠʭ ʠʟ ɺɿʇ ʧʨʠ 

ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 33, ʛʜʝ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʦʩʪʘʚʠʣʘ 14 ʤ/ʩ, ʩʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ 4,62 ʤ/ʩ. 

ʉʢʦʨʦʩʪʴ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʢʮʠʡ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚʚʠʜʫ ʥʘʨʘʩʪʘʥʠʷ ʩʣʦʷ ʟʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʫʞʘʶʪ 

ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ. ʅʘ ʫʯʘʩʪʢʘʭ ʧʦʢʨʳʪʳʭ ʦʪʣʦʞʝʥʠʷʤʠ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 

ʩʪʝʥʢʘ ʧʨʦʛʨʝʚʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʚʦʟʥʠʢʘʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʞʦʛʫ ʪʨʫʙ ɺɿʇ ʠ ʚʳʚʦʜʫ ʠʭ ʠʟ ʩʪʨʦʷ [113]. 

ʋʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʩ 4,62 ʜʦ 5,2 ʤ/ʩ ʧʦ 

ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʢʮʠʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʩʚʷʟʘʥʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʧʣʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢ ʚʦʟʜʫʭʫ.  

ʇʦ ʜʘʥʥʳʤ ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɺɿʇ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʥʦʤʦʛʨʘʤʤʳ, ʩʚʷʟʳʚʘʶʱʠʝ 

ʤʝʞʜʫ ʩʦʙʦʡ ʂʇɼ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʫ ʫʭʦʜʷʱʠʭ 
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ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠ ʬʘʢʪʠʯʝʩʢʦʡ 

ʨʘʙʦʪʝ ʢʦʪʣʘ (ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʣʦʞʝʥʠʡ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ) 

(ʨʠʩʫʥʦʢ 34). ʂʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʦʩʪʦʷʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʩʠʥʠʝ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʩʪʦʷʥʥʳʤ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ [101, (ʩ. 92)].   

 

 
 

ʈʠʩʫʥʦʢ 33 ï ʉʢʦʨʦʩʪʴ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʫʯʘʩʪʢʝ ʚʳʭʦʜʘ ʠʟ ɺɿʇ  

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 34 ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʣʦʞʝʥʠʡ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʢ ɺɿʇ ʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʜʦʩʪʠʛʘʝʪ 

ʟʥʘʯʝʥʠʷ 78,62 %, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 159 ʉ̄. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʝʥ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʳʡ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʂʇɼ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ (ʨʠʩʫʥʦʢ 35). ʆʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ɺɿʇ ʦʪ 

ʦʪʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʂʇɼ ʫʩʪʘʥʦʚʢʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

91,5%. ʆʪʩʫʪʩʪʚʠʝ ʦʪʣʦʞʝʥʠʡ ʥʘ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʣʘʚʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [101, (ʩ. 92)].  
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ʈʠʩʫʥʦʢ 34 ī ʅʦʤʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʂʇɼ ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ 

 

 

 
 

ʈʠʩʫʥʦʢ 35 ī ʅʦʤʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʂʇɼ ʢʦʪʣʘ ʧʨʠ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ɺɿʇ 
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ʉʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩ 159 Üʉ ʜʦ 141Üʉ 

ʫʤʝʥʴʰʘʝʪ ʪʝʧʣʦʧʦʪʝʨʠ ʩ ʫʭʦʜʷʱʠʤʠ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʩ 12% ʜʦ 4%. 

ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʧʨʠ çʯʠʩʪʦʡè ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ (ʨʠʩʫʥʦʢ 

35) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɺɿʇ ʠ 

ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʧʨʝʜʘʝʪʩʷ ʥʘʛʨʝʚʘʝʤʦʤʫ ʚʦʟʜʫʭʫ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʥʳʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ ʚʳʜʝʨʞʠʚʘʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʡ (ʢʨʠʪʠʯʝʩʢʠʡ) ʂʇɼ ʨʘʚʥʳʡ 80 %. ʕʪʦ ʪʦʪ ʧʨʝʜʝʣʴʥʳʡ ʫʨʦʚʝʥʴ, 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦʛʦ ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʘʛʨʝʛʘʪʘ ʥʝʨʝʥʪʘʙʝʣʴʥʘ. 

  

3.6 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʨʫʙʯʘʪʦʛʦ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʝʣʴʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʥʘ ʨʘʟʣʠʯʥʦʤ ʪʦʧʣʠʚʝ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 3 %.  

2. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ:  

ῐ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʚ ʣʶʙʦʤ 

ʦʙʲʝʤʝ ʪʨʫʙʥʦʛʦ ʧʫʯʢʘ; 

ῐ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ; 

ῐ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ; 

ῐ ʙʳʩʪʨʦ ʠ ʪʦʯʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 
ʩʦʩʪʘʚʘ ʪʦʧʣʠʚʘ ʠʣʠ ʧʝʨʝʭʦʜʝ ʥʘ ʜʨʫʛʠʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʪ.ʝ. ʭʦʨʦʰʦ ʧʨʠʤʝʥʠʤʘ 

ʜʣʷ ʨʘʩʯʝʪʘ ɺɿʇ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʝʧʨʦʝʢʪʥʳʭ ʪʦʧʣʠʚʘʭ. 

2. ʇʦʣʫʯʝʥʳ ʥʦʤʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʂʇɼ ʢʦʪʝʣʴʥʦʛʦ 

ʘʛʨʝʛʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʪʦʛʦ 

ʚʦʟʜʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ ʩ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʯʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ɺɿʇ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʂʇɼ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʥʘ 13 %. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʠ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ɺɿʇ. 
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4 ʋʉʊɸʅʆɺʃɽʅʀɽ ɿɸʂʆʅʆʄɽʈʅʆʉʊɽʁ ɺʃʀʗʅʀʗ 

ɻɸɿʆɼʀʅɸʄʀʂʀ ʇʆʊʆʂɸ ʊɽʇʃʆʅʆʉʀʊɽʃɽʁ ʅɸ 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʂʆʅɺɽʂʊʀɺʅʆɻʆ ʊɽʇʃʆʆɹʄɽʅɸ ɺ 

ʍɺʆʉʊʆɺʓʍ ʇʆɺɽʈʍʅʆʉʊʗʍ ʂʆʊʃɸ 
 

ʅʘʩʪʦʷʱʠʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʸʥ ʫʩʪʘʥʦʚʣʝʥʠʶ ʚʳʰʝʥʘʟʚʘʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʟʜʝʣʘ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [4, 101, 115]. 

  

4.1 ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ 

ʍʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦ ʛʘʟʦʚʦʡ 

ʩʪʦʨʦʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ d ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʠ 

ʦʪʩʫʪʩʪʚʠʷ ʦʪʣʦʞʝʥʠʡ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʩʪʝʥʢʝ ʪʨʫʙ ɺɿʇ. ɺ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʠʤʝʝʪ ʤʝʩʪʦ ʪʫʨʙʫʣʝʥʪʥʳʡ ʠ ʧʝʨʝʭʦʜʥʳʡ ʨʝʞʠʤʳ 

ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ʈʘʟʚʠʪʳʡ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ὙὩ ρπ. ɼʣʷ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠʤʝʥʠʤʘ 

ʬʦʨʤʫʣʘ [2, 101, 107]: 

 

ὔό πȟπςρὙὩȟὖὶȟ
ὖὶ

ὖὶ̒̓

ȟ

 ̤

 

(57) 

ʆʙʦʙʱʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

ʚʥʫʪʨʠ ʧʨʷʤʦʡ ʪʨʫʙʳ ʠ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ ʚ ʧʨʝʜʝʣʘʭ (ςσππὙὩ ρπ) 
ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ Ŭʛ [101, (ʩ. 93)]: 

 

ὔό πȟππψὙὩȟὖὶȟ  (58) 

 

ʍʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦ ʚʦʟʜʫʰʥʦʡ 

ʩʪʦʨʦʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʪʨʫʙ D. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʧʝʨʚʦʤ 

ʨʘʟʜʝʣʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʪʝʧʣʦʦʪʜʘʯʘ ʧʝʨʚʦʛʦ ʨʷʜʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʩʪʘʣʴʥʳʭ ʨʷʜʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʧʦʪʦʢʘ. ʅʘʯʠʥʘʷ ʩ 

ʪʨʝʪʴʝʛʦ ʨʷʜʘ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ ʧʨʠʥʠʤʘʝʪ ʩʪʘʙʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʪʨʝʪʴʝʛʦ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʷʜʦʚ [2]: 

 

 ‌̃
ὔό ‗̃

Ὀ
 

(59) 

 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʪʨʫʙʦʢ ʧʝʨʚʦʛʦ ʨʷʜʘ ‌ 

ʥʘʡʜʝʥʥʳʡ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ  ‌̃ ʫʤʥʦʞʘʝʤ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 0,6; ʜʣʷ 

ʪʨʫʙʦʢ ʚʪʦʨʦʛʦ ʨʷʜʘ ‌ ʫʤʥʦʞʘʝʤ ʥʘ 0,7. 

ʊʦʛʜʘ ʢʘʢ ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʢ ʚʦʟʜʫʭʫ ʜʣʷ ʚʩʝʛʦ ʧʫʯʢʘ ʚ 

ʮʝʣʦʤ ‌̃, ɺʪ/(ʤ2
Āʂ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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‌̃
‌ ‌ ᾀ ςϽ‌̃

ᾀ
 

(60) 

 

ʛʜʝ z - ʯʠʩʣʦ ʨʷʜʦʚ. 

 

ʇʨʠ ʧʦʧʝʨʝʯʥʦʤ ʦʙʪʝʢʘʥʠʠ ʰʘʭʤʘʪʥʦʛʦ ʧʫʯʢʘ ʪʨʫʙ ʜʣʷ ʚʦʟʜʫʭʘ 

ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʫʧʨʦʱʘʶʪʩʷ ʠ ʧʨʠʥʠʤʘʶʪ ʚʠʜ) [101, (ʩ. 93)]: 

 

ὔό πȟσυὙὩ̇ȟ (61) 
 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ 

ʢʦʪʣʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʥʝʧʨʦʝʢʪʥʦʤ ʪʦʧʣʠʚʝ ʧʦʣʫʯʝʥʘ ʥʦʤʦʛʨʘʤʤʘ, 

ʩʚʷʟʳʚʘʶʱʘʷ ʤʝʞʜʫ ʩʦʙʦʡ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʅʫʩʩʝʣʴʪʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ 

(ʚʦʟʜʫʭʘ ʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ) ʚ ʪʨʝʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ (ʨʠʩʫʥʦʢ 36) [101, (ʩ. 93)]. 
 

 
 

ʈʠʩʫʥʦʢ 36 - ʂʨʠʪʝʨʠʠ Re ʠ Nu ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ  
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ʇʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʛʣʘʩʥʦ 

ʥʦʤʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 36) ʥʘ ʚʭʦʜʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ ʩʦʩʪʘʚʣʷʣʦ 8500. ʇʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʛʘʟʦʚ ʚʚʠʜʫ ʩʫʞʝʥʠʷ 

ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʦʩʪʠʛʘʝʪ 

10500 ʥʘ ʚʳʭʦʜʝ ʠʟ ɺɿʇ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʩʦʩʪʘʚʠʪ ʧʦʨʷʜʢʘ 9500. ʈʘʟʚʠʪʳʡ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ 

ʜʚʠʞʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʚ ʩʨʝʜʥʝ ʠ ʥʠʟʢʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʦʙʣʘʩʪʷʭ ɺɿʇ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʤʦʱʥʦʩʪʠ 95 õ 100 ɻʢʘʣ/ʯ, ʢʨʠʪʠʯʝʩʢʘʷ 

ʜʣʠʥʘ ʪʨʫʙʢʠ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʨʘʟʚʠʪʦʛʦ ʧʦʪʦʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 0 õ 9 

ʤʝʪʨʦʚ ʧʦ ʚʳʩʦʪʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʇʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʤʦʱʥʦʩʪʠ ʥʠʞʝ 95 

ɻʢʘʣ/ʯ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʪʨʫʙʢʘʭ ʧʝʨʝʭʦʜʥʳʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʬʦʨʤʫʣ ʢʦʨʨʝʢʪʥʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʯʠʩʣʘ 

ʅʫʩʩʝʣʴʪʘ ʚ ɺɿʇ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ʏʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʚʭʦʜʝ ʚ 

ɺɿʇ 22, ʥʘ ʚʳʭʦʜʝ 27, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʜʣʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ 

ɺɿʇ 24,5. 

ʇʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚʦʟʜʫʭ ʧʨʦʛʨʝʚʘʝʪʩʷ, ʨʘʩʪʝʪ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ. ʏʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʅʫʩʩʝʣʴʪʘ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʚʳʩʦʪʝ 8 õ 13 ʤʝʪʨʦʚ. ʇʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ 

ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʥʦʤʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 36) 

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ ʤʝʥʷʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ 6500 

ʟʥʘʯʝʥʠʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 8500. ʏʠʩʣʦ ʅʫʩʩʝʣʴʪʘ ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ 

ʤʝʥʷʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 70 ʥʘ ʚʭʦʜʝ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ 79, ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʜʣʷ ʚʦʟʜʫʭʘ ʚ ɺɿʇ 74,5.  

ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʦʙʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʦ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʦʜʨʘʟʜʝʣʝ. 

 

4.2 ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ  

ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʟʦʣʦʚʦʛʦ ʟʘʥʦʩʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ ʚʣʘʛʠ ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʥʜʝʥʩʘʮʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʢʘʢ ʧʨʦʜʫʢʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ SO3 ʩ ʚʦʜʷʥʳʤʠ 

ʧʘʨʘʤʠ [116, 117]. ʀʤʝʥʥʦ ʩʝʨʥʦʢʠʩʣʦʪʥʘʷ ʪʦʯʢʘ ʨʦʩʳ ὸ̑  ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʛʨʘʥʠʮʫ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʡ ʟʦʣʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ [3, (ʩ. 63 ï 67)]. ʊʝʤʧʝʨʘʪʫʨʘ ʨʦʩʳ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʪʦʧʣʠʚʝ ʩʝʨʳ, ʟʦʣʳ, ʩʦʩʪʘʚʦʤ ʟʦʣʳ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʙʳʪʢʘ 

ʚʦʟʜʫʭʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʦʨʝʥʠʝ ʠ ʜʣʷ ʫʛʣʷ ʂʘʨʘʞʳʨʘ ʩʦʩʪʘʚʣʷʝʪ 

76 Áʉ [109]. 

ʅʘ ʨʠʩʫʥʢʝ 37 ʧʨʠʚʝʜʝʥʳ ʦʙʦʙʱʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʚʣʠʷʥʠʶ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʛʨʝʚʘ ʙʝʟ ʦʯʠʩʪʢʠ ʧʨʠ ʧʳʣʝʚʦʤ ʩʞʠʛʘʥʠʠ ʣʶʙʳʭ ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ [101, (ʩ. 

85)]. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ Ů ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʥʠʮʳ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ὸ̒  ̓ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʦʩʳ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ὸ̑ .  
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ʅʘ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʶʱʝʛʦ ʢʦʥʜʝʥʩʘʪʘ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʧʘʨʦʚ ʚʦʜʳ ʚʣʠʷʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʳʪ 

ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3, (ʩ. 57 ï 67)] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʥʘʛʨʝʚʘ ʢʦʪʣʘ ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʷ ʝʝ ʨʘʙʦʪʳ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʪʝʥʢʠ 

ὸ̒  ̓ ὸ̑ ρπЈ˞Ȣ ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ 

ɺɿʇ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʠ ʨʘʩʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʥʢʠ, ʢʘʢ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʠ ʥʘʛʨʝʚʘʝʤʦʛʦ ʚʦʟʜʫʭʘ [101, (ʩ. 85)]. 

 

 
 

ʈʠʩʫʥʦʢ 37 - ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʩʪʝʥʢʠ ʠ ʨʦʩʳ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ  

 

ɺ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ɺɿʇ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ʪʨʫʙ 

ʛʦʨʘʟʜʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʦʩʳ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ὸ̒  ̓ḻ ὸ̑ ρπЈ˞. ɺ ʵʪʦʡ 

ʟʦʥʝ ʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʣʠʰʴ ʩʳʧʫʯʠʝ ʦʪʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʫʥʦʩʷʪʩʷ 

ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ.  ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ɺɿʇ (ʫʯʘʩʪʦʢ ʥʘ ʚʳʩʦʪʝ 

13 õ 8 ʤ) ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʦʡ.  

ɼʣʷ ʦʙʣʘʩʪʠ ὸ̒  ̓ ὸ̑ ρπЈ˞ (ʩʨʝʜʥʷʷ ʠ ʥʠʞʥʷʷ ʯʘʩʪʠ ɺɿʇ) 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ ʰʘʭʤʘʪʥʳʭ ʧʫʯʢʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʚʝʨʜʳʭ ʪʦʧʣʠʚ, 

‐ȟ
̍Ͻ̘Ͻᴈ

̋̋́̌
 ʦʮʝʥʠʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ [3, (ʩ. 68 ï 69)]: 

 

‐ πȟππυπȟπππχὸ̒̓ ὸ̑  

 

(62) 

ɺ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ ɺɿʇ (ʫʯʘʩʪʦʢ ʥʘ ʚʳʩʦʪʝ 4 õ 0 ʤ) 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʥʢʠ ὸ̒  ̓ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʪʦ ʢʨʘʡʥʝ 

ʚʘʞʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [3, 118]: 
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ὸ̒̓
̍̉̎

πȟψ‌̋̄ὸ̜̖̃
̄ ‌̋̃ὸ̖̃̏̅

̃

πȟωυ‌̋̄ ‌̋̃
 

 

(63) 

ʛʜʝ ‌̋̄ ʠ ‌̋̃ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʛʘʟʦʚ ʢ ʩʪʝʥʢʝ ʠ ʦʪ ʩʪʝʥʢʠ ʢ 
ʚʦʟʜʫʭʫ, ɺʪ/ʤ

2
ʂ; 

ὸ̜̖̃
̄  ʠ ὸ̖̃̏̅

̃  ï ʪʝʤʧʝʨʘʪʫʨʘ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʦʩʣʝ ɺɿʇ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ɺɿʇ, Üʉ; 

0,8 ʠ 0,95 ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ. 

 

ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ ʪʨʫʙ ɺɿʇ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʥʢʠ ʪʨʫʙ ὸ̒̓
̍̉̎ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʦʯʢʠ ʨʦʩʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ὸ̑̐̒, ʯʪʦ ʜʣʷ ʫʛʣʷ ʂʘʨʘʞʳʨʘ, ʢʘʢ 

ʥʠʟʢʦʩʝʨʥʠʩʪʦʛʦ, ʩʦʩʪʘʚʣʷʝʪ ὸ̑̐̒ = 55 ÜC. ʆʪʣʦʞʝʥʠʷ ʵʪʦʡ ʟʦʥʳ ʧʣʦʪʥʦ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɺɿʇ, ʠʭ ʫʜʝʣʴʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʪʝʥʦʢ ʪʨʫʙ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ.  

ʇʦ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ ʨʦʩʳ ʧʘʨʦʚ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʦʧʨʝʜʝʣʷʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ‐. ʅʘʡʜʝʥʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ 

ʟʘʛʨʷʟʥʝʥʠʡ ̈‏, (ʤ).  

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ‐, 
̍Ͻ̘Ͻᴈ

̋̋́̌
, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʦʪʣʦʞʝʥʠʡ ̈‏, (ʤ) ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʣʦʷ ʦʪʣʦʞʝʥʠʡ l̈ (
̋̋́̌

Ͻ̘̍Ͻᴈ
) [119]: 

 

‐
‏̈

l̈
 

 

(64) 

ʆʪʢʫʜʘ ʪʦʣʱʠʥʘ ʟʦʣʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

‏̈ ‐Ͻl̈. 

 

(65) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʤʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʦ ʚʳʩʦʪʝ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ (ʨʠʩʫʥʦʢ 38) [101]. 

ʅʘ ʨʠʩʫʥʢʝ 38 ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʨʘʟʜʝʣʝʥ ʧʦ ʚʳʩʦʪʝ ʥʘ ʪʨʠ ʦʙʣʘʩʪʠ: ʚʭʦʜ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ɺɿʇ, ʩʝʨʝʜʠʥʘ ʠ ʚʳʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ ɺɿʇ.  

ɺ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ, ʥʘʛʨʝʚʘʝʤʦʡ ʛʦʨʷʯʠʤ ʧʦʪʦʢʦʤ ʛʘʟʘ ʦʙʨʘʟʫʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʣʦʞʝʥʠʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʢʦʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ.  

ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʤʘʯʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʚʳʭ ʯʘʩʪʠʮ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʥʘʣʠʧʘʥʠʶ ʠʭ 
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ʥʘ ʩʪʝʥʢʫ ʪʨʫʙʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʦʥʝ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ, ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʇʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʣʦʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ [101, (ʩ. 94)]. 

 

 
 

ʈʠʩʫʥʦʢ 38 - ʇʦʣʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɺɿʇ 

 

ɺ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ ɺɿʇ ʩʣʦʡ ʦʪʣʦʞʝʥʠʡ ʢʨʝʧʯʘʝʪ, 

ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ çʮʝʤʝʥʪʠʨʦʚʘʥʠʝè ʠ ʥʘʨʘʩʪʘʥʠʝ ʚʧʣʦʪʴ ʜʦ ʢʨʠʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʜʦ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ.  

ɸʥʘʣʠʟ ʥʦʤʦʛʨʘʤʤʳ, ʩʚʷʟʳʚʘʶʱʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ 

ʅʫʩʩʝʣʴʪʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ (ʨʠʩʫʥʦʢ 36) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʳ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʨʝʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ (ʨʠʩʫʥʦʢ 

38) ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʩʝʯʝʥʠʝ ʜʣʷ ʧʨʦʭʦʜʘ ʛʘʟʦʚ ʩʫʞʘʝʪʩʷ ʠʟ-ʟʘ 

ʩʢʘʧʣʠʚʘʥʠʷ ʠ ʨʦʩʪʘ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʢ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʚʦʟʨʘʩʪʘʝʪ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʨʘʩʪʘʥʠʶ ʝʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʠ 

ʅʫʩʩʝʣʴʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ. ʆʜʥʘʢʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʟʘʛʨʷʟʥʝʥʠʡ ʛʦʨʘʟʜʦ ʥʠʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʥʢʠ ʪʨʫʙ, ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʢʨʳʪʳʭ ʦʪʣʦʞʝʥʠʷʤʠ ʠʟ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 

ʩʦʟʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʢ ʚʦʟʜʫʭʫ [101, (ʩ. 94)].  

ɼʣʷ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʛʣʘʩʥʦ ʥʦʤʦʛʨʘʤʤʝ, ʥʘ 

ʨʠʩʫʥʢʝ 38 ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʤʝʥʷʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ 15,5 ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 22 ɺʪ/(ʤ
2
Öʂ), ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ 

ɺɿʇ ʩʦʩʪʘʚʠʪ ʧʦʨʷʜʢʘ 19 ɺʪ/(ʤ
2
Öʂ). ʇʨʠ ʩʥʠʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʢʦʪʣʘ, ʚʩʣʝʜʩʪʚʠʝ 

ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʦʣʝʝ ʙʳʩʪʨʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʤʝʱʝʥʠʝ 

ʟʦʥ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʣʦʞʝʥʠʡ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ɺɿʇ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 50 ɻʢʘʣ/ʯ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʦʤʦʛʨʘʤʤʳ ʨʘʙʦʪʳ ɺɿʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʚʣʠʷʥʠʠ ʟʘʛʨʷʟʥʝʥʠʡ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ.  

ɺ ʪʘʙʣʠʮʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ ʧʦ 

ʚʳʩʦʪʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ 

ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

 

ʊʘʙʣʠʮʘ 7 - ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʧʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʢʦʪʣʘ ʥʘ 

ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

  

ɺʨʝʤʷ ʨʘʙʦʪʳ ʢʦʪʣʘ, ʩʫʪʢʠ ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ, ʤ 

4 0,005 

8 0,0055 

12 0,0059 

16 0,0066 

20 0,007 

24 0,0075 

28 0,0083 

32 0,0095 

36 0,01 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 7 ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʂʇɼ 

ʢʦʪʣʘ ʦʪ ʨʦʩʪʘ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 39). ʉ ʫʯʝʪʦʤ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʂʇɼ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ  ʧʦʣʫʯʝʥʘ ʪʦʯʢʘ ʧʝʨʝʛʠʙʘ ʥʘ ʢʨʠʚʦʡ ɖ, ʦʙʦʟʥʘʯʝʥʥʘʷ çɸè, 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʝ ʦʪʣʦʞʝʥʠʡ 0,0089 ʤ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʧʨʠ ʪʦʣʱʠʥʝ ʦʪʣʦʞʝʥʠʡ ʚʳʰʝ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʯʢʝ çɸè ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ [101, (ʩ. 95)]. 
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ʈʠʩʫʥʦʢ 39 - ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʦʪ ʪʦʣʱʠʥʳ ʟʘʛʨʷʟʥʝʥʠʡ  

 

ʉʥʠʞʝʥʠʝ ʂʇɼ ʢʦʪʣʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʪʦʯʢʝ çɸè ʠʤʝʝʪ ʢʚʘʜʨʘʪʠʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

 

– τςχττρ„ ςχσψȟυ„ ψωȟυρρ (66) 

 

 ʇʨʠ ʪʦʣʱʠʥʝ ʦʪʣʦʞʝʥʠʡ ʚʳʰʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʦʯʢʝ çɸè 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʣʠʥʝʡʥʦʝ ʩʥʠʞʝʥʠʝ ʂʇɼ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ: 

 

– χςτσς„ χςτȟςω (67) 

 

ʂʨʠʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʦʪʣʦʞʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,0083 õ 0,0095 ʤ 

(ʪʘʙʣʠʮʘ 7). ʇʫʪʝʤ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ 

ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʝʣʦʚ ʪʦʣʱʠʥ ʦʪʣʦʞʝʥʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ. ʊʦʣʱʠʥʘ ʩʣʦʷ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʦʢ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʜʦʩʪʠʛʘʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 0,0089 ʤ ʩʧʫʩʪʷ 

30 ʩʫʪʦʢ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ [101, (ʩ. 95)]. 
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ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʛʨʘʬʠʢʫ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ ʦʪʣʦʞʝʥʠʡ (ʨʠʩʫʥʦʢ 

40).  

 

 
 

ʈʠʩʫʥʦʢ 40 - ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʦʪ ʪʦʣʱʠʥʳ 

ʟʘʛʨʷʟʥʝʥʠʡ  

 

ʅʘ ʛʨʘʬʠʢʝ ʪʦʯʢʘ çɹè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʝ ʦʪʣʦʞʝʥʠʡ 

0,0089 ʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʦʯʢʝ çɹè 

ʩʦʩʪʘʚʠʣʘ 157 Áʉ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 157 

Áʉ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʩʷ ʙʝʟ ʦʩʪʘʥʦʚʘ ʢʦʪʣʘ ʥʘ ʦʯʠʩʪʢʫ ʦʪ ʦʪʣʦʞʝʥʠʡ. ʈʘʩʯʝʪ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɺɿʇ ʧʨʦʚʦʜʠʣʩʷ ʩʦʛʣʘʩʥʦ [115, 120, 121].  
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4.3 ʈʘʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ЎὬˏ ˔,̃ ʇʘ [115, 120, 121]. 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʚ ʪʨʫʙʘʭ ЎὬ̓  ̑ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʭʦʜʘ ʚ 

ʪʨʫʙʳ ʠ ʚʳʭʦʜʘ ʠʟ ʥʠʭ ЎὬ̉ ̈:̍ 

 

ЎὬˏ ˔˜ ЎὬ̓ ̑  ЎὬ̉ ̈ ̍ (68) 

 

ʐʠʨʠʥʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὄ ᾀ ρϽὛ (69) 

ɼʣʠʥʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὰ ᾀ ρϽὛ (70) 

ʇʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʜʣʷ ʧʨʦʭʦʜʘ ʛʘʟʦʚ ʨʘʚʥʘ: 

 

Ὂ
“ϽὈ ς„̒ ̓

τ
ϽᾀϽᾀ (71) 

 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʚ ʪʨʫʙʘʭ ЎὬ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ЎὬ̓ ̑ ЎὬ̓  ̑Ͻὅ̙ Ͻὰ  (72) 

 

ʛʜʝ ЎὬ̓  ̑- ʟʘʚʠʩʠʪ ʦʪ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ ʠ ʝʛʦ ʩʢʦʨʦʩʪʠ; 

ὅ̙  - ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʚʭʦʜʝ ʚ ʪʨʫʙʳ ʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʥʠʭ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ [107, 108, 109]: 

 

ЎὬ̉ ̈̍ άϽx̖̃
x̃
̜
Ͻ̖
”ύ

ς
 (73) 

 

ʛʜʝ ά - ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʭʦʜʫ ʛʘʟʘ 

ʦʪʜʝʣʴʥʳʭ ʢʫʙʦʚ, ά = 1;  

x̃  ̖ʠ x̃
̜

 ̖- ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙ ʢ ʧʣʦʱʘʜʠ ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ ʛʘʟʦʭʦʜʘ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʨʝʟʢʦʤ ʨʘʩʰʠʨʝʥʠʠ ʧʨʷʤʦʛʦ ʢʘʥʘʣʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʤʝʥʴʰʝʛʦ ʩʝʯʝʥʠʷ ʢ ʙʦʣʴʰʝʤʫ [115, 

120, 121]: 

 

Ὂ̍

Ὂ̂

“ϽὈ ς„̒ ̓

τὄὰ
ϽᾀϽᾀ (74) 

 

ʇʨʠ  ̍

̂
 = 0,418 ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʪʨʫʙʢʠ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

x̃  ̖= 0,76 ʠ x̃
̜

 ̖= 1,38. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɺɿʇ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʘʣʠʯʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ 

ʦʪʣʦʞʝʥʠʡ ʠʟ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. 

 

ʊʘʙʣʠʮʘ 8 - ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɺɿʇ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʇʘʨʘʤʝʪʨʳ ɿʥʘʯʝʥʠʝ 

1 2 

ʐʠʨʠʥʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ὄ, ʤ 7,98 

ɼʣʠʥʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ὰ, ʤ 3,444 

ʇʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ ʜʣʷ ʧʨʦʭʦʜʘ ʛʘʟʦʚ Ὂ, ʤ2
 11,49 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʚ ʪʨʫʙʘʭ ЎὬ̓  ̑ ʜʣʷ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʤ. ʚʦʜ. ʩʪ. 
9,8 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʚ ʪʨʫʙʘʭ ЎὬ̓  ̑ʜʣʷ ʯʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʤ. ʚʦʜ. ʩʪ. 
4,5 

ʇʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ὅ̙  ʧʨʠ 
ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  0,98 

ʇʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ὅ̙  ʧʨʠ ʯʠʩʪʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ  0,4 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʚ ʪʨʫʙʘʭ ЎὬ̓ ,̑ ʇʘ ʧʨʠ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ  
199,99 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʝʥʠʷ ʚ ʪʨʫʙʘʭ ЎὬ̓ ,̑ ʇʘ ʧʨʠ ʯʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 37,48 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʚʭʦʜʝ ʚ ʪʨʫʙʳ ʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʥʠʭ ЎὬ̉ ̈,̍ 

ʇʘ ʧʨʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 129,4 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 8 

1 2 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʚʭʦʜʝ ʚ ʪʨʫʙʳ ʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʥʠʭ ЎὬ̉ ̈,̍ 

ʇʘ ʧʨʠ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
95,07 

ʆʪʥʦʰʝʥʠʷ ʤʝʥʴʰʝʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʢ ʙʦʣʴʰʝʤʫ ̍

̂
 0,418 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʨʠ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ЎὬˏ ˔,̃ ʇʘ 
329,39 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʨʠ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ЎὬˏ ˔,̃ ʇʘ 132,55 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ɺɿʇ ʧʨʠ ʥʘʣʠʯʠʠ 

ʟʘʛʨʷʟʥʝʥʠʡ ʚ 2,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ ʧʨʠ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʦʙʤʝʥʘ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʚ ʠʤʝʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʨʥʦʡ ʦʯʠʩʪʢʠ 

ɺɿʇ ʦʪ ʦʪʣʦʞʝʥʠʡ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʘʟʦʚʦʡ ʦʙʜʫʚʢʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʂɺ-ʊ-116,3-150. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ 

ʨʘʙʦʪʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʩʥʠʟʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʨʝʤʦʥʪ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʜʫʚʢʘ ɺɿʇ ʢʦʪʣʘ ʦʪ ʦʪʣʦʞʝʥʠʡ ʜʦʣʞʥʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʩʦʛʣʘʩʥʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠʥʩʪʨʫʢʮʠʠ. ʆʙʜʫʚʢʫ ʩʞʘʪʳʤ 

ʚʦʟʜʫʭʦʤ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʩʥʠʞʝʥʥʦʡ ʥʘʛʨʫʟʢʝ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʥʦʤ ʨʘʟʨʝʞʝʥʠʠ ʚ ʪʦʧʢʝ ʜʦ 50 õ 70 ʇʘ ʠ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʧʦ ʭʦʜʫ ʛʘʟʦʚ): ʩʥʘʯʘʣʘ ʦʙʜʫʚʘʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʪʦʧʢʝ, ʟʘʪʝʤ ʢʦʥʚʝʢʪʠʚʥʫʶ ʯʘʩʪʴ ʠ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ [57, 58]. 

ʆʯʠʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ 

ʦʙʜʫʚʢʠ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʣʝʜʫʝʪ 

ʩʪʨʝʤʠʪʩʷ ʢ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ, ʥʦʩʠʪʴ 

ʟʘʱʠʪʥʳʝ ʦʯʢʠ ʠ ʨʫʢʘʚʠʮ,r ʦʙʝʨʝʛʘʪʴ ʩʝʙʷ ʦʪ ʚʦʟʤʦʞʥʳʭ ʦʞʦʛʦʚ ʠ 

ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʚʳʙʨʦʩʝ ʠʟ ʣʶʢʦʚ ʟʦʣʳ ʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ (ʦʙʜʫʚʱʠʢ ʜʦʣʞʝʥ 

ʩʪʦʷʪʴ ʚ ʩʪʦʨʦʥʝ ʦʪ ʜʚʝʨʦʢ). ɺʩʝ ʩʦʪʨʫʜʥʠʢʠ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝ ʢʦʪʝʣʴʥʳʡ 

ʘʛʨʝʛʘʪ ʜʦʣʞʥʳ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʧʦʩʪʘʚʣʝʥʳ ʚ ʠʟʚʝʩʪʥʦʩʪʴ ʦ ʧʨʝʜʩʪʦʷʱʝʡ 

ʦʙʜʫʚʢʝ. ɿʘʧʨʝʱʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʦʙʜʫʚʢʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʘʛʨʝʛʘʪʘ ʠʣʠ ʦʙʜʫʚʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʚʳʙʠʚʘʥʠʠ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʯʝʨʝʟ ʪʨʝʱʠʥʳ ʠʣʠ ʥʝʧʣʦʪʥʦʩʪʠ ʦʙʤʫʨʦʚʢʠ. 

  

4.4 ɺʳʚʦʜʳ ʧʦ ʨʘʟʜʝʣʫ  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ 

ɺɿʇ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʩʣʦʷ ʢʨʝʧʢʦ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʪʣʦʞʝʥʠʡ 
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(ʠʤʝʶʱʝʛʦ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ), ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʥʢʠ ʪʨʫʙ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʝʚʳʰʘʶʱʝʡ ʥʘ 10 

ʛʨʘʜʫʩʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ ʨʦʩʳ ʧʘʨʦʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʘʨʢʠ ʫʛʣʷ. ɼʣʷ ʫʛʣʷ ʨʘʟʨʝʟʘ ʂʘʨʘʞʳʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʳ ʧʘʨʦʚ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʨʘʚʥʘ 76 Áʉ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ çʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭè 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʫʙʦʢ ʦʪʣʦʞʝʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʩʪʝʥʢʠ ʚʳʰʝ 86 Áʉ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʪʦʣʱʠʥʘ 

ʦʪʣʦʞʝʥʠʡ ʤʦʥʦʪʦʥʥʦ ʨʘʩʪʝʪ, ʜʦʩʪʠʛʘʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 0,0089 ʤ ʩʧʫʩʪʷ 

ʤʝʩʷʮ ʨʘʙʦʪʳ ʢʦʪʣʘ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʟʘʙʠʚʘʥʠʶ ʪʨʫʙʦʢ ʟʦʣʦʡ ʚ 

ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ ɺɿʇ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʪʘʥʦʚʘ ʘʛʨʝʛʘʪʘ ʥʘ 

ʦʯʠʩʪʢʫ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩʧʫʩʪʷ 

ʤʝʩʷʮ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʛʨʝʛʘʪʘ ʫʚʝʣʠʯʠʚʘʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʚ 2,5 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʯʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʦʣʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɺɿʇ ʢʦʪʣʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ 

ʥʝʧʨʦʝʢʪʥʦʤ ʪʦʧʣʠʚʝ ʫʛʣʝ ʨʘʟʨʝʟʘ ʂʘʨʘʞʳʨʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʚ ʪʨʝʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥʘʭ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʥʝʧʨʦʝʢʪʥʦʤ 

ʪʦʧʣʠʚʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʚʝʜʝʥʘ ʙʝʟ ʦʩʪʘʥʦʚʘ ʥʘ ʦʯʠʩʪʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 157 Áʉ. 

ʏʠʩʣʦ ʦʯʠʩʪʦʢ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʩʦʢʨʘʪʠʪʩʷ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʠʭ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʜʦʩʪʠʞʝʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ɿʥʘʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ɺɿʇ ʦʧʪʠʤʠʟʠʨʫʝʪ ʨʘʙʦʪʫ ʢʦʪʣʘ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʛʦ 

ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʛʦʜʦʚʦʝ ʯʠʩʣʦ ʯʘʩʦʚ ʨʘʙʦʪʳ 

ʘʛʨʝʛʘʪʘ.  
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ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧʣʝʢʩʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʝ (ɺɿʇ) ʩ ʫʯʝʪʦʤ ʟʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠʟ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙʘʭ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ:  

1 ɺʳʧʦʣʥʝʥʳ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʢʝʣʘ ʚ ʪʦʧʢʝ 

ʚʦʜʦʛʨʝʡʥʦʛʦ ʢʦʪʣʘ ʂɺ-ʊ-116,3-150, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʢʘʤʝʥʥʦʤ ʫʛʣʝ ʤʘʨʢʠ ɼ 

ʨʘʟʨʝʟʘ ʂʘʨʘʞʳʨʘ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʥʘ 

ʪʝʧʣʦʦʙʤʝʥ ʚ ɺɿʇ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘ ʫʨʦʚʥʝ ʛʦʨʝʣʦʢ ʧʦ ʚʩʝʤ ʩʪʦʨʦʥʘʤ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ ʧʨʠ 

ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ ʥʠʞʝ 80 ɻʢʘʣ/ʯ ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʤʦʱʥʦʩʪʠ ʩʚʳʰʝ 80 

ɻʢʘʣ/ʯ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʬʨʦʥʪʦʚʦʡ ʩʪʝʥʢʝ 30 Üʉ, ʧʦ ʙʦʢʦʚʳʤ ʩʪʦʨʦʥʘʤ 6 Üʉ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʣʘ ʥʘ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʝʨʝʢʦʩʳ ʬʘʢʝʣʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʥʦʩʫ ʥʝʩʛʦʨʝʚʰʠʭ ʚ ʪʦʧʢʝ ʯʘʩʪʠʮ ʪʦʧʣʠʚʘ ʠ ʠʭ ʜʦʛʦʨʘʥʠʶ ʚ ʦʧʫʩʢʥʦʤ 

ʛʘʟʦʭʦʜʝ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʚʨʝʞʜʝʥʠʶ ɺɿʇ.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʝʥʥʳʭ ʠʟʦʪʝʨʤ ʪʦʧʢʠ ʦʧʨʝʜʝʣʝʥʳ ʨʝʞʠʤʥʳʝ 

ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʪʦʧʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʪʩʫʪʩʪʚʠʝ ʰʣʘʢʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ, ʥʘʜʝʞʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚ ʢʦʪʣʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ 

ʪʝʧʣʦʪʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʢʦʪʣʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʚʭʦʜʝ ʚ ɺɿʇ. ʆʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʢʦʪʣʘ ʧʨʠ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʚʳʰʝ 80 ɻʢʘʣ/ʯ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʦʧʢʠ ʧʨʠ ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ 50 

õ 100 ɻʢʘʣ/ʯ ʥʝ ʧʨʝʚʳʰʘʝʪ 1100 Üʉ.  

2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ 

ʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ ʟʘʛʨʷʟʥʝʥʥʦʡ ʠ ʦʯʠʱʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʙ ɺɿʇ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 0,94 ʠ 0,91 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʪʝʨʤʦʛʨʘʤʤʳ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ɺɿʇ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʟʦʣʦʦʪʣʦʞʝʥʠʡ ʥʘ ʨʘʙʦʪʫ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʪʨʫʙʦʢ ʠ ʟʦʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʛʨʝʚʘ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ.  

3 ʈʘʟʨʘʙʦʪʘʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Ansys Fluent ʪʨʸʭʤʝʨʥʘʷ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʨʫʙʯʘʪʦʛʦ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ 

ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ: 

ῐ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ ʩ ʫʯʝʪʦʤ ʟʘʰʣʘʢʦʚʳʚʘʥʠʷ ʝʛʦ 
ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ; 
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ῐ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫ  ʁʢʘʨʪʠʥʫ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ 

ʠ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ: ʚʠʜʘ ʪʦʧʣʠʚʘ, ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʪʣʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʰʣʘʢʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʢʦʪʣʘ ʠ ʜʨ.);  

ῐ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʙʦʪʳ ɺɿʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʦʩʪʦʷʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ; 

ῐ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʨʫʙʯʘʪʦʛʦ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʠʤʝʶʱʠʤʠʩʷ ʬʘʢʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʳʯʠʩʣʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 3 %.  

4 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʝʞʠʤʥʳʝ ʢʘʨʪʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ɺɿʇ ʚ ʚʠʜʝ ʥʦʤʦʛʨʘʤʤ ʠ ʛʨʘʬʠʢʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʦʧʪʠʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʪʣʘ. ʅʦʤʦʛʨʘʤʤʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ ʩ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ʠ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɺɿʇ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʂʇɼ ʢʦʪʣʘ ʥʘ 13 % ʧʨʠ ʨʘʙʦʪʝ ʘʛʨʝʛʘʪʘ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ 

ʪʝʧʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

5 ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ çʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭè ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʫʙʦʢ 

ʦʪʣʦʞʝʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʥʢʠ ʚʳʰʝ 86 Áʉ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩʧʫʩʪʷ 

ʤʝʩʷʮ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʛʨʝʛʘʪʘ ʫʚʝʣʠʯʠʚʘʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʚ 2,5 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʠ ʯʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʭʦʜʷʱʠʭ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʨʘʚʥʘʷ 157 ʉ̄, ʢʦʪʦʨʘʷ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ ʦʧʪʠʤʘʣʴʥʫʶ ʨʘʙʦʪʫ 

ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ. 

ʆʮʝʥʢʘ ʧʦʣʥʦʪʳ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 

ʇʦʩʪʘʚʣʝʥʥʘ ̫ʮʝʣʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʠʛʥʫʪʘ, ʟʘʜʘʯʠ 

ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʳ. ʅʘʤʝʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʥʘ ʜʝʡʩʪʚʫʶʱʝʤ 

ʢʦʪʝʣʴʥʦʤ ʘʛʨʝʛʘʪʝ ʂɺ-ʊ-116,3-150 ʛʦʨʦʜʘ ʉʝʤʝʡ ʚʳʧʦʣʥʝʥʳ, ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʨʨʝʢʪʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʷ ʢʦʪʣʘ, ʢʦʪʦʨʘʷ 

ʟʘʱʠʱʝʥʘ ʘʚʪʦʨʩʢʠʤ ʧʨʘʚʦʤ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤʠ ʢʦʥʩʫʣʴʪʘʥʪʘʤʠ ʠ ʢʦʣʣʝʛʘʤʠ.  

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʭ ʚʥʝʜʨʝʥʠʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʂɺ-ʊ-116,3-150 ʊʕʎ-1 ʛʦʨʦʜʘ ʉʝʤʝʡ ʠ ʚ 

ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʅɸʆ çʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʐʘʢʘʨʠʤʘ ʛʦʨʦʜʘ ʉʝʤʝʡè. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʘʙʦʪʳ 

ʜʨʫʛʠʭ ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. 
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ʆʮʝʥʢʘ ʥʘʫʯʥʦʛʦ ʫʨʦʚʥʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʊʕʎ-1 ʛʦʨʦʜʘ ʉʝʤʝʡ ʠ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʌʠʣʠʘʣʘ çʀʥʩʪʠʪʫʪʘ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠè 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʘ ʈʂ.  ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʭʚʘʪʳʚʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ ʫʯʝʥʳʭ 

ʚʝʜʫʱʠʭ ʩʪʨʘʥ ʤʠʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʨʝʡʪʠʥʛʦʚʳʭ ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Scopus ʠ 

Web of Science, ʘʧʨʦʙʠʨʦʚʘʥʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. 

 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ: 

ῐ ʥʘʫʯʥʳʤ ʢʦʥʩʫʣʴʪʘʥʪʘʤ ʢ.ʪ.ʥ., ʜʦʮʝʥʪʫ ʉʪʝʧʘʥʦʚʦʡ ʆ.ɸ. ʠ ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʩʦʨʫ ɽʣʠʩʪʨʘʪʦʚʫ ʉ.ʃ. ʟʘ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ; 

ῐ ʢʦʣʣʝʢʪʠʚʫ ʢʘʬʝʜʨʳ çʊʝʭʥʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘè ʅɸʆ 

çʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʐʘʢʘʨʠʤʘ ʛʦʨʦʜʘ ʉʝʤʝʡè ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʚʳʩʢʘʟʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ; 

ῐ ʩʦʪʨʫʜʥʠʢʘʤ çʃʘʙʦʨʘʪʦʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʝʧʣʦʬʠʟʠʢʠè 

ʀʥʩʪʠʪʫʪʘ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʷʜʝʨʥʦʛʦ ʮʝʥʪʨʘ ʈʂ ʟʘ ʧʦʤʦʱʴ ʠ 

ʢʦʥʩʫʣʴʪʘʮʠʠ. 
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