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ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

 

ʀɿʄɽʅɽʅʀɽ ʇʆʃʆɾɽʅʀʗ ʎɽʅʊʈɸ ʄɸʉʉ  

ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʋʉʃʆɺʀʗ ɿɸɼɸʏʀ 

 

ɺ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʯ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʮʝʥʪʨʘ 

ʤʘʩʩ ʬʠʛʫʨ. ʊʘʢʞʝ ʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ. ɺʘʞʥʦ ʜʣʷ ʢʘʞʜʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʚʳʙʨʘʪʴ ʚʝʨʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ. ɺʦ ʤʥʦʛʦʤ ʚʳʙʦʨ 

ʟʘʚʠʩʠʪ ʦʪ ʬʠʛʫʨʳ, ʮʝʥʪʨ ʤʘʩʩ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʥʘʡʪʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʧʣʦʰʥʘʷ ʬʠʛʫʨʘ, ʘ 

ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʝʝ ʢʦʥʪʫʨ. 

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʘ ʧʦʠʩʢʘ ʮʝʥʪʨʘ ʤʘʩʩ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʨʘʟʨʝʟʝ ʝʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ɺʝʜʴ ʠʤʝʥʥʦ ʵʪʦ ʦʜʥʘ ʠʟ ʪʝʤ, ʢʦʪʦʨʘʷ ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʚʷʟʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʩ ʧʨʘʢʪʠʢʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʠʥʪʝʨʝʩʥʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʧʦʣʝʟʥʦʡ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʥʠʡ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩʦʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʟʘʜʘʯ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʮʝʥʪʨʘ 

ʤʘʩʩ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ. 

ɿʘʜʘʯʠ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʦʩʥʦʚʥʦʤ ʜʝʣʷʪʩʷ ʥʘ 3 ʪʠʧʘ: 

1. ʅʘʭʦʞʜʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ. 

2. ʅʘʭʦʞʜʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʢʘʨʢʘʩʘ ʠʣʠ ʢʦʥʪʫʨʘ. 

3. ʅʘʭʦʞʜʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʩʧʣʦʰʥʦʡ ʬʠʛʫʨʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʘʩʩʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ʬʠʛʫʨʳ. 

ʂʘʞʜʘʷ ʪʘʢʘʷ ʟʘʜʘʯʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʚʦʝ ʨʝʰʝʥʠʝ ʠ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ ʥʘ ʧʨʠʤʝʨʝ 

ʦʜʥʦʡ ʬʠʛʫʨʳ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʅʘʡʜʝʥʥʳʡ ʮʝʥʪʨ ʤʘʩʩ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ 
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ɿʘʜʘʯʘ 1. ʅʘʡʪʠ ʮʝʥʪʨ ʤʘʩʩ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʬʠʛʫʨʳ (ʨʠʩ.1). ɺ ʢʘʯʝʩʪʚʝ 

ʪʦʯʝʢ ʚʟʷʪʴ ʚʩʝ ʚʝʨʰʠʥʳ ʜʘʥʥʦʡ ʬʠʛʫʨʳ: ɸ(0,5), ɺ(5,5), C(15,15), D(15,5), E(20,5), F(25,5), 

G(20,0), H(5,0). ʄʘʩʩʘ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʨʘʚʥʘ 1. 

ʈʝʰʝʥʠʝ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʦʩʪʘʪʦʯʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ: 

ὼ
В

ȟ

ώ
В

ȟ ρ 

ʛʜʝ ά  ï ʤʘʩʩʘ Ὥ-ʦʡ ʪʦʯʢʠ, ὼ ï ʝʝ ʘʙʩʮʠʩʩʘ, ώ ï ʝʝ ʦʨʜʠʥʘʪʘ, ʘ ά ï ʤʘʩʩʘ ʚʩʝʭ ʪʦʯʝʢ [3]. 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ (1) ʧʦʣʫʯʘʝʤ: 

ὼ
π υ ρυρυ ςπ ςυ ςπ υ

ψ
ρσȟρςυȠ

ώ
υ υ ρυυ υ π π υ

ψ
υȢ

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʯʢʘ S (13,125; 5) ï ̫ ʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʤʘʩʩ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ 

(ʨʠʩ. 1). 

ɿʘʜʘʯʘ 2. ʅʘʡʪʠ ʮʝʥʪʨ ʤʘʩʩ ʢʦʥʪʫʨʘ (ʢʘʨʢʘʩʘ) ʬʠʛʫʨʳ (ʨʠʩ.1), ʩʯʠʪʘʷ, ʯʪʦ ʢʘʨʢʘʩ 

ʦʜʥʦʨʦʜʝʥ, ʘ ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥ ʨʘʚʥʳ: ɸ(0,5), ɺ(5,5), C(15,15), D(15,5), E(20,5), F(25,5), 

G(20,0), H(5,0). 

ʊʘʢ ʢʘʢ ʢʘʨʢʘʩ ʜʘʥʥʦʡ ʬʠʛʫʨʳ ʦʜʥʦʨʦʜʝʥ, ʪʦ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʢʘʞʜʫʶ ʠʟ ʩʪʦʨʦʥ ʬʠʛʫʨʳ 

ʪʦʯʢʦʡ, ʩ ʤʘʩʩʦʡ, ʨʘʚʥʦʡ ʜʣʠʥʝ ʵʪʦʡ ʩʪʦʨʦʥʳ [2]. ɼʘʣʝʝ ʧʦʣʫʯʘʝʤ ʟʘʜʘʯʫ ʚʳʰʝ ï ʥʘʭʦʞʜʝʥʠʝ 

ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ. ʌʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ 

ʤʘʩʩ ʢʘʨʢʘʩʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὼ
В

ȟ

ώ
В

ȟ (2) 

ʛʜʝ ὰ  ʜʣʠʥʘ Ὥ-ʦʡ ʩʪʦʨʦʥʳ, ὼ ï ʘʙʩʮʠʩʩʘ ʪʦʯʢʠ ʩʝʨʝʜʠʥʳ ʦʪʨʝʟʢʘ, ώ ï ʝʝ ʦʨʜʠʥʘʪʘ, ʘ P ï 

ʧʝʨʠʤʝʪʨ ʚʩʝʡ ʬʠʛʫʨʳ. 

ʅʘʡʜʝʤ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ, ʘ ʠʤʝʥʥʦ ʜʣʠʥʳ ʩʪʦʨʦʥ ʠ ʢʦʦʨʜʠʥʘʪʳ ʠʭ ʩʝʨʝʜʠʥ. 

ʇʦ ʬʦʨʤʫʣʘʤ ὼ ȟώ   ʥʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʳ ʩʝʨʝʜʠʥ ʩʪʦʨʦʥ ʬʠʛʫʨʳ. 

ʉʝʨʝʜʠʥʘ ʩʪʦʨʦʥʳ ɸF ï ʪʦʯʢʘ ὖ. ɽʝ ʢʦʦʨʜʠʥʘʪʳ: 

ὼ
π ςυ

ς
ρςȢυȟώ

υ υ

ς
υȢ 

ʉʝʨʝʜʠʥʘ ʩʪʦʨʦʥʳ BC ï ʪʦʯʢʘ ὖ. ɽʝ ʢʦʦʨʜʠʥʘʪʳ: 

ὼ
υ ρυ

ς
ρπȟώ

υ ρυ

ς
ρπȢ 

ʉʝʨʝʜʠʥʘ ʩʪʦʨʦʥʳ CD ï ʪʦʯʢʘ ὖ. ɽʝ ʢʦʦʨʜʠʥʘʪʳ: 

ὼ
ρυ ρυ

ς
ρυȟώ

ρυ υ

ς
ρπȢ 

ʉʝʨʝʜʠʥʘ ʩʪʦʨʦʥʳ CE ï ʪʦʯʢʘ ὖ. ɽʝ ʢʦʦʨʜʠʥʘʪʳ: 

ὼ
ρυ ςπ

ς
ρχȢυȟώ

ρυ υ

ς
ρπȢ 
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ʉʝʨʝʜʠʥʘ ʩʪʦʨʦʥʳ FG ï ʪʦʯʢʘ ὖ. ɽʝ ʢʦʦʨʜʠʥʘʪʳ: 

ὼ
ςυ ςπ

ς
ςςȢυȟώ

υ π

ς
ςȢυȢ 

ʉʝʨʝʜʠʥʘ ʩʪʦʨʦʥʳ HG ï ʪʦʯʢʘ ὖ. ɽʝ ʢʦʦʨʜʠʥʘʪʳ: 

ὼ
υ ςπ

ς
ρςȢυȟώ

π π

ς
πȢ 

ʉʝʨʝʜʠʥʘ ʩʪʦʨʦʥʳ ɸH ï ʪʦʯʢʘ ὖ. ɽʝ ʢʦʦʨʜʠʥʘʪʳ: 

ὼ
π υ

ς
ςȢυȟώ

υ π

ς
ςȢυȢ 

ʇʦ ʬʦʨʤʫʣʝ ὃὄ ὼ ὼ ώ ώ  ʥʘʡʜʝʤ ʜʣʠʥʳ ʚʩʝʭ ʩʪʦʨʦʥ ʬʠʛʫʨʳ. 

ὃὊ ςυπ υ υ ςυ 

ὄὅ ρυυ ρυυ ρπЍς 

ὅὈ ρυρυ υ ρυ ρπ 

ὅὉ ςπ ρυ υ ρυ υЍυ 

ὊὋ ςπςυ π υ υЍς 

ὌὋ ςπ υ π π ρυ 

ὃὌ υ π π υ υЍς 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ (2), ʥʘʡʜʝʤ ʮʝʥʪʨ ʤʘʩʩ ʢʘʨʢʘʩʘ ʜʘʥʥʦʡ ʥʘʤ ʬʠʛʫʨʳ. 

ừ
Ử
Ừ

Ử
ứὼ

ςυzρςȟυ ρπЍςz ρπ ρπzρυ υЍυz ρχȟυ υЍςz ςςȟυ ρυzρςȢυ υЍςz ςȟυ

ςυ ρπЍς ρπ υЍυ υЍς ρυ υЍς
ρσȠ

ώ
ςυzυ ρπЍςz ρπ ρπzρπ υЍυz ρπ υЍςz ςȟυ ρυzπ υЍςz ςȟυ

ςυ ρπЍς ρπ υЍυ υЍς ρυυЍς
υȟχτ

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʯʢʘ S (13; 5,74) ï ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʤʘʩʩ ʢʘʨʢʘʩʘ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʅʘʡʜʝʥʥʳʡ ʮʝʥʪʨ ʤʘʩʩ ʢʦʥʪʫʨʘ 

 

ɿʘʜʘʯʘ 3. ʅʘʡʪʠ ʮʝʥʪʨ ʤʘʩʩ ʩʧʣʦʰʥʦʡ ʬʠʛʫʨʳ (ʨʠʩ. 1), ʩʯʠʪʘʷ, ʯʪʦ ʤʘʩʩʘ ʨʘʩʧʨʝʜʝʣʝʥʘ 

ʧʦ ʬʠʛʫʨʝ ʦʜʥʦʨʦʜʥʦ, ʪ.ʝ. ʧʣʦʪʥʦʩʪʴ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʬʠʛʫʨʳ ʨʘʚʥʘ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʯʠʩʣʫ. 

ʈʘʟʜʝʣʠʤ ʜʘʥʥʫʶ ʬʠʛʫʨʫ ʥʘ ʧʷʪʴ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ὄὅὉȟὃὄὌȟὄὌὉȟὌὉὋ ̉ ὋὉὊ. 

ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ὼ ʠ ώ ʮʝʥʪʨʘ ʤʘʩʩ ʧʝʨʝʩʝʯʝʥʠʷ: 
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ὼ
В

В
Ƞ

ώ
В

В

 (3) 

ʛʜʝ ὼȟώ ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʤʘʩʩ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʘ Ὓ ï ʠʭ ʧʣʦʱʘʜʠ [1]. 

ʅʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʧʣʦʱʘʜʴ ʢʘʞʜʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ЎὄὅὉȡ 

ὼ
υ ρυ ςπ

σ
ρσ
ρ

σ
Ƞ ώ

υ ρυ υ

σ
ψ
ρ

σ
Ƞ 

Ὓ
ρ

ς
ϽρυϽρπ σππȢ 

ЎὃὄὌȡ 

ὼ
υ υ π

σ
σ
ρ

σ
Ƞ ώ

υ π υ

σ
σ
ρ

σ
Ƞ 

Ὓ
ρ

ς
ϽυϽυ ρς

ρ

ς
Ȣ 

ЎὄὌὉȡ 

ὼ
υ υ ςπ

σ
ρπȠ ώ

υ π υ

σ
σ
ρ

σ
Ƞ 

Ὓ
ρ

ς
ϽρυϽυ σχ

ρ

ς
Ȣ 

ЎὌὉὋȡ 

ὼ
υ ςπ ςπ

σ
ρυȠ ώ

π π υ

σ
ρ
ς

σ
Ƞ 

Ὓ
ρ

ς
ϽρυϽυ σχ

ρ

ς
Ȣ 

ЎὋὉὊȡ 

ὼ
ςυ ςπ ςπ

σ
ςρ
ς

σ
Ƞ ώ

υ π υ

σ
σ
ρ

σ
Ƞ 

Ὓ
ρ

ς
ϽυϽυ ρς

ρ

ς
Ȣ 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʠʩʭʦʜʥʦʡ ʬʠʛʫʨʳ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (3): 

ừ
ỬỬ
Ừ

ỬỬ
ứ
ὼ

ρσ
ρ
σϽσππσ

ρ
σϽρς

ρ
ς σχ

ρ
ςϽρπσχ

ρ
ςϽρυ ςρ

ς
σϽρς

ρ
ς

σππρς
ρ
ς σχ

ρ
ς σχ

ρ
ς ρς

ρ
ς

ρσ
ρχ

ςτπ
Ƞ

ώ
ψ
ρ
σϽσππσ

ρ
σϽρς

ρ
ς σχ

ρ
ςϽσ
ρ
σ σχ

ρ
ςϽρ
ς
σ σ

ρ
σϽρς

ρ
ς

σππρς
ρ
ς σχ

ρ
ς σχ

ρ
ς ρς

ρ
ς

φ
τρω

τψπ

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʯʢʘ Ὓ ρσ Ƞ φ  ï ʮʝʥʪʨ ʤʘʩʩ ʩʧʣʦʰʥʦʡ ʬʠʛʫʨʳ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʅʘʡʜʝʥʥʳʡ ʮʝʥʪʨ ʤʘʩʩ ʩʧʣʦʰʥʦʡ ʬʠʛʫʨʳ 

 

ʈʘʩʩʤʦʪʨʝʚ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʧʦ ʬʠʛʫʨʝ, ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʢʘʢ 

ʤʝʥʷʝʪʩʷ ʝʝ ʮʝʥʪʨ ʤʘʩʩ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʥʳʭ ʟʘʜʘʯʘʭ ʤʦʞʝʪ 

ʧʦʣʫʯʘʪʴʩʷ ʥʝʦʜʠʥʘʢʦʚʳʡ ʦʪʚʝʪ. ɺʩʝʤʫ ʚʠʥʦʡ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ, ʪʘʢ ʢʘʢ ʤʘʩʩʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ ʠ ʧʦ ʚʩʝʡ ʬʠʛʫʨʝ, ʠ ʧʦ ʢʦʥʪʫʨʫ, ʠ ʪʦʣʴʢʦ ʚ ʪʦʯʢʘʭ. 

ɿʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʠʰʴ ʙʣʘʛʦʜʘʨʷ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʩʝʭ 

ʪʨʝʭ ʩʣʫʯʘʝʚ ʥʘ ʦʜʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʩʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʮʝʥʪʨʘ ʤʘʩʩ ʥʘ 

ʧʣʦʩʢʦʩʪʠ. ʕʪʦ ʜʘʝʪ ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ ʨʘʟʥʠʮʳ ʵʪʠʭ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʧʦʜʪʘʣʢʠʚʘʝʪ ʥʘ 

ʨʘʟʤʳʰʣʝʥʠʷ ʠ ʦʩʚʦʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʞʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ɸ. ɽʩʝʥʠʥʘ 

ʛ. ʈʷʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʆ ʇʈʀɹʃʀɾɽʅʅʆʄ ʈɽʐɽʅʀʀ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʂʈɸɽɺʆʁ ɿɸɼɸʏʀ 

ɼʃʗ ʃʀʅɽʁʅʆʁ ʉʀʉʊɽʄʓ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

( ) ( , )x A t x f tl= + ,                                                            (1) 

ʚ ʢʦʪʦʨʦʡ nx RÍ , ( )A t  ï n n³ -ʤʘʪʨʠʮʘ, mRlÍ  ï ʧʘʨʘʤʝʪʨ, ( )A t  ʠ ( , )f t l  ʷʚʣʷʶʪʩʷ ʊ-

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʠ ʥʝʧʨʝʨʳʚʥʳʤʠ ʧʨʠ [ ]0;t TÍ . 

ɿʘʜʘʯʘ 1 (ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ). ɺʳʷʩʥʠʪʴ, ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʘ (1) 

ʠʤʝʝʪ ʨʝʰʝʥʠʝ ( )x t , ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʷʤ 

0(0)x x= , 0( )x T x= .                                                         (2) 

ɿʘʤʝʪʠʤ, ʯʪʦ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ (0) ( )x x T=  ʦʟʥʘʯʘʝʪ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ( )x t  [3]. ʇʨʠ 

ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ï ʩʧʠʨʘʣʴ ʚʦ ʤʥʦʞʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ 1( , ) nt x R +Í , 

ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʘʝʢʪʦʨʠʷ ( )x x t=  ï ʮʠʢʣ. ɿʘʜʘʯʘ 1 ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʪʘʢʞʝ ʚ ʨʘʙʦʪʘʭ [1; 

2]. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 1 ʠ ʜʘʣʝʝ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʩ 

ʟʘʜʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 0(0)x x= . ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʪʝʢʫʱʝʡ ʜʠʥʘʤʠʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ. ɺʳʯʠʩʣʠʤ ʧʘʨʘʤʝʪʨ ʩʠʩʪʝʤʳ (1), ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ (2). ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʫʩʪʘʥʦʚʠʤ ʚʠʜ ʨʝʰʝʥʠʷ. ʊʘʢ ʢʘʢ ʩʠʩʪʝʤʘ ()x A t x=  ʧʦ ʫʩʣʦʚʠʶ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʪʦ ʜʣʷ ʥʝʸ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ()X t . ɼʣʷ ʧʨʦʚʝʨʢʠ ʫʩʣʦʚʠʷ 

(2) ʥʘʡʜʝʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʤʝʪʦʜʦʤ ʚʘʨʠʘʮʠʠ ʧʦʩʪʦʷʥʥʳʭ ʚ ʚʠʜʝ  

() () () ()( )1

0

,

t

x t X t C X t X s f s dsl-= + ñ ,                                         (3) 

ʛʜʝ C  ï ʚʝʢʪʦʨ ʧʨʦʠʟʚʦʣʴʥʳʭ ʢʦʥʩʪʘʥʪ. ʇʦʜʩʪʘʚʠʤ ʫʩʣʦʚʠʷ (2) ʚ ʨʘʚʝʥʩʪʚʦ (3), ʧʦʣʫʯʠʤ:

() () () ()( )1

0 0

0

0 , ,

T

x X C x X T C X T X f dt t l t-= = + ñ . ɺʳʯʠʩʣʠʤ ʟʥʘʯʝʥʠʝ ()1

00C X x-=  ʠ 

ʧʦʜʩʪʘʚʠʤ ʝʛʦ ʚʦ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ: () () () ()( )1 1

0 0

0

0 , 0

T

nx X T X x X T X f dt t l t- -- + + =ñ . 

ʆʙʦʟʥʘʯʠʤ () () () () ()( )1 1

0 0

0

0 , ,

T

b x X T X x p X T X f dl t t l t- -- =- + =ñ .  

ʀʪʘʢ, ʩʧʨʘʚʝʜʣʠʚ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ 1: ʨʝʰʝʥʠʝ ( )x t  ʩʠʩʪʝʤʳ (1) ʩ ʟʘʜʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ 0(0)x x=  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (2), ʝʩʣʠ ʧʘʨʘʤʝʪʨ l ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ ʫʨʘʚʥʝʥʠʷ 

()p bl= .                                                                    (4) 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (4) ʤʦʛʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʧʘʨʘʤʝʪʨ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʚʦʜʘ 1 ʚ ʧʘʢʝʪʝ Maple ʧʦʩʪʨʦʝʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʧʨʦʮʝʜʫʨʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1 (ʦ ʚʳʯʠʩʣʝʥʠʷʭ ʪʘʢʦʛʦ ʪʠʧʘ ï ʩʤ. [4]). 

ʇʨʠʤʝʨ 1. ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʚʠʜʘ (1) ʧʨʠ ʫʩʣʦʚʠʷʭ ʚʠʜʘ (2) 

1 1 1 2

2 1 2 1 2

2 3 sin( ),

4 5 cos( );

x x t

x x x t

l l

l l

= + + +ë
ì
=- + + + +í

  
2

(0)
6

x
å õ
=æ ö
ç ÷

, 2T p= .                             (5) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 1 ʥʘ ʦʩʥʦʚʝ ʚʳʚʦʜʘ 1 ʜʣʷ ʩʠʩʪʝʤʳ (5), ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʮʠʢʣ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

            
 

ʈʠʩ. 1. ʈʝʰʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (2) ʜʣʷ ʩʠʩʪʝʤʳ (5) ʚ ʧʘʢʝʪʝ Maple 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (4), ʘ, ʟʥʘʯʠʪ, ʠ ʟʘʜʘʯʘ 1 ʜʣʷ ʩʠʩʪʝʤʳ (1) ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʵʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʘʨʘʤʝʪʨʝ ʤʘʣʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʢʦʛʜʘ ʫʨʘʚʥʝʥʠʷ (4) ʷʚʣʷʝʪʩʷ 

ʧʝʨʝʦʧʨʝʜʝʣʝʥʥʳʤ, ʠʣʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʧʘʨʘʤʝʪʨ). ʇʦʵʪʦʤʫ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʢʦʛʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʝʡʩʪʚʫʝʪ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʛʥʦʟʠʨʫʝʤʦʤ 

ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ (1) 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 1. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ: 

1) ʪʨʘʝʢʪʦʨʠʠ ʨʝʰʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʡ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ 
0x  

ʥʘ ʧʨʦʤʝʞʫʪʢʝ ʜʣʠʥʦʡ ʚ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʝʨʠʦʜʦʚ; 

2) ʟʥʘʯʝʥʠʷ ʨʝʰʝʥʠʷ ʦʪ 0x  ʯʝʨʝʟ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʝʨʠʦʜʦʚ. 

ʄʠʥʠʤʠʟʘʮʠʷ ʦʪʢʣʦʥʝʥʠʡ ʚʦʟʤʦʞʥʘ ʢʘʢ ʧʦ ʥʦʨʤʝ, ʪʘʢ ʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ 

ʚʝʢʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ.  

ɿʘʜʘʯʘ 2. ɼʘʥʳ: ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ () 00x x=  ʠ ʮʠʢʣ ()x tj= , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ 

ʫʩʣʦʚʠʷʤ () ()0 00 ,x T xj j= =  (ʵʪʦ ʤʦʜʝʣʴ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʛʦ ʢʦʣʝʙʘʥʠʷ). ɼʣʷ ʩʠʩʪʝʤʳ (1) 

ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ( )x t , ʪʨʘʝʢʪʦʨʠʷ ʢʦʪʦʨʦʛʦ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ ()x tj=  ʧʨʠ [ ]0;t TÍ  

ʠʣʠ ʧʨʠ [ ]0;t kTÍ , k ï ʜʘʥʥʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 2: ʟʘʜʘʯʘ 2 ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʠʟʘʮʠʠ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ 

() () ()( ) ()( )
2 2

1 2 0

0

T

k x t t dt x T xl a j a= - + -ñ ,                                     (6) 

ʛʜʝ ʯʠʩʣʘ 1 2,a a ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 1 2 1 20, 0, 1a a a a² ² + =, ʵʪʠ ʯʠʩʣʘ ʷʚʣʷʶʪʩʷ ʚʝʩʘʤʠ 

(ʧʨʠʦʨʠʪʝʪʘʤʠ) çʰʪʨʘʬʦʚè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ( )x x t=  ʦʪ ʮʝʣʝʚʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ()x tj=  ʠ ʟʘ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ()x T  ʦʪ ʪʦʯʢʠ 0x . ɽʩʣʠ ʦʪʢʣʦʥʝʥʠʷ 

ʦʮʝʥʠʚʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʘʭ, ʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʨʫʛʦʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ 

() () ()( ) ( )( )
2 2

1 2 0

1 0

sTk

s s

s

k x t t dt x sT xl a j a
=

= - + -ä ñ ,                                 (7) 

ʚ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ, ʚ ʩʫʤʤʝ ʨʘʚʥʳ 1. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʡ (6), (7) ʤʦʛʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʚʦʜʘ 2 ʚ ʧʘʢʝʪʝ Maple ʧʦʩʪʨʦʝʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

2.  

ʇʨʠʤʝʨ 2. ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʚʠʜʘ (1) ʧʨʠ ʫʩʣʦʚʠʷʭ ʚʠʜʘ (2) 

1 1 2 1 2

2 1 2 1 2

2 2 3 sin( ),

3 2 4 5 cos( );

x x x t

x x x t

l l

l l

=- + + + +ë
ì
=- - + + +í

 
1

(0)
0

x
å õ
=æ ö
ç ÷

, 2T p= .                               (8) 

ɼʦʧʫʩʪʠʤ, ʟʘʜʘʥ ʮʠʢʣ, ʢ ʢʦʪʦʨʦʤʫ ʪʨʝʙʫʝʪʩʷ ʧʨʠʙʣʠʟʠʪʴ ʪʨʘʝʢʪʦʨʠʶ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

(8) ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʧʝʨʠʦʜʦʚ, ʠ ʟʘʜʘʥʳ ʚʝʩʘ isa  ʜʣʷ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʚʠʜʘ (7): 

1

2

( ) cos( ),

( ) sin( );

t t

t t

j

j

=ë
ì

=í
          

11 21 31

12 22 32

0,1; 0,2; 0,3;

0,9; 0,8; 0,7.

a a a

a a a

= = =

= = =
                               (9) 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʮʝʜʫʨʘ ʤʠʥʠʤʠʟʘʮʠʠ ʢʨʠʪʝʨʠʷ ʚʠʜʘ (7). ʅʘ ʨʠʩʫʥʢʝ 3 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2 ʚ ʧʘʢʝʪʝ Maple (ʮʝʣʝʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩ ʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ.) 

 

 
 

ʈʠʩ. 2. ɺʳʯʠʩʣʝʥʠʝ ʚ ʧʘʢʝʪʝ Maple ʜʣʷ ʩʠʩʪʝʤʳ (8) ʧʘʨʘʤʝʪʨʘ,  

ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʫʤ ʢʨʠʪʝʨʠʷ ʚʠʜʘ (7) ʧʨʠ ʫʩʣʦʚʠʷʭ (9) 

 

       
 

ʈʠʩ. 3. ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚ ʧʘʢʝʪʝ Maple ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2  

ʜʣʷ ʩʠʩʪʝʤʳ (8) ʧʨʠ ʫʩʣʦʚʠʷʭ (9) 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʠʩʪʝʤʘ (8) ʫʩʪʦʡʯʠʚʘ (ʤʘʪʨʠʮʘ A ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʯʘʩʪʷʤʠ). ʇʦʵʪʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 3 ʚʠʜʝʥ ʧʝʨʝʭʦʜ ʨʝʰʝʥʠʷ ʩ 

ʟʘʜʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʥʘ ʫʩʪʦʡʯʠʚʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʨʝʞʠʤ (ʦʥ ʠʤʝʝʪ ʠʥʦʝ 

ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ), ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʪʣʠʯʝʥ ʦʪ ʮʝʣʝʚʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ.  
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ɽʩʣʠ ʚ ʟʘʜʘʯʝ 2 ʜʣʷ ʩʠʩʪʝʤʳ (8) ʚʘʞʥʘ ʣʠʰʴ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʚʦʟʚʨʘʱʘʝʤʦʩʪʴ ʨʝʰʝʥʠʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ, ʪʦ ʦʙʥʫʣʠʤ ʚʝʩʘ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʟʘʜʘʥʥʦʤʫ 

ʮʠʢʣʫ. ɺʳʙʝʨʝʤ ʦʩʪʘʣʴʥʳʝ ʚʝʩʘ ʨʘʚʥʳʤʠ, ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʷ  

11 21 31 12 22 320; 0; 0; 1/ 3; 1/ 3; 1/ 3.a a a a a a= = = = = =                              (10) 

ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

ɿʜʝʩʴ ʚʠʜʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʩ ʟʘʜʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʦʢʘʟʘʣʦʩʴ ʧʝʨʠʦʜʠʯʝʩʢʠʤ. 

 

    
 

ʈʠʩ. 4. ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚ ʧʘʢʝʪʝ Maple  

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2 ʜʣʷ ʩʠʩʪʝʤʳ (8) ʧʨʠ ʫʩʣʦʚʠʷʭ (10) 

 

ʊʝʧʝʨʴ ʚ ʢʨʠʪʝʨʠʠ (7) ʦʙʥʫʣʠʤ ʚʝʩʘ, ʦʪʢʣʦʥʝʥʠʡ ʨʝʰʝʥʠʷ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ, ʘ ʚʝʩʘ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʮʝʣʝʚʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʳʙʝʨʝʤ ʨʘʚʥʳʤʠ.  

11 21 31 12 22 321; 1; 1; 0; 0; 0.a a a a a a= = = = = =                                  (11) 

ʊʨʘʝʢʪʦʨʠʷ ʠ ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʨʝʰʝʥʠʷ ʩ ʜʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 5. ɿʜʝʩʴ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ (9), ʚʠʜʝʥ ʧʝʨʝʭʦʜ ʠʟ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʫʩʪʦʡʯʠʚʳʡ ʮʠʢʣ 

ʩʠʩʪʝʤʳ (8) (ʚʠʜʝʥ ʚ ʚʠʜʝ ʵʣʣʠʧʩʘ, ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʘʤʧʣʠʪʫʜʫ).  

 

     
 

ʈʠʩ. 5. ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚ ʧʘʢʝʪʝ Maple  

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 2 ʜʣʷ ʩʠʩʪʝʤʳ (8) ʧʨʠ ʫʩʣʦʚʠʷʭ (11) 
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ʀʪʘʢ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʤʝʨʳ ʧʦ ʨʝʰʝʥʠʶ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 1 ʠ 2. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʦʜʝʣʷʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʤʦʜʝʣʴ ʟʘʯʘʩʪʫʶ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʥʘ ʜʘʥʥʳʭ ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʨʝʜʳʩʪʦʨʠʶ. ʇʦʵʪʦʤʫ ʠ ʜʝʡʩʪʚʠʝ ʤʦʜʝʣʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʠʤʝʝʪ ʟʘʢʦʥʥʳʡ 

ʩʤʳʩʣ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ. ɿʘʪʝʤ ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʤʦʜʝʣʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 2, ʚ ʢʦʪʦʨʦʡ ʮʠʢʣʠʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠʙʣʠʞʝʥʥʦ ʠ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʠʢʣʠʯʥʦʩʪʴ (ʩʝʟʦʥʥʦʩʪʴ), ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʧʨʠʙʣʠʞʝʥʥʦ.  
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ɼʠʤʠʪʨʠʝʚʘ ʇ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄɸɻʅʀʊʅʆɽ ʇɽʈɽʉʆɽɼʀʅɽʅʀɽ ʊʀʇɸ ʇɽʊʏɽʂɸ 

 

ɺ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʩʚʷʟʘʥʥʳʝ ʩ ʉʦʣʥʮʝʤ. ʉʦʣʥʮʝ ʛʝʥʝʨʠʨʫʝʪ  ʩʠʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ 

ʧʦʢʨʳʚʘʝʪ ʚʩʶ ʉʦʣʥʝʯʥʫʶ ʩʠʩʪʝʤʫ. ɺʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʣʠʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ  ʚ ʭʚʦʩʪʝ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʫʩʢʦʨʝʥʠʝ ʧʦʪʦʢʦʚ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʚʩʢʦʨʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘ ɿʝʤʣʝ ʚ ʚʠʜʝ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ. ʄʘʛʥʠʪʥʳʝ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ɿʝʤʣʠ, ʥʦ ʠ ʜʣʷ  ʜʨʫʛʠʭ ʧʣʘʥʝʪ, ʟʚʝʟʜ ʠ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʮʝʣʦʤ, ʤʘʛʥʠʪʥʦʝ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʩʪʨʦʡʢʫ ʪʦʧʦʣʦʛʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. ɺ 1964 ʛʦʜʫ 

ʍ. ʇʝʪʯʝʢ ʦʙʥʘʨʫʞʠʣ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʜʣʝʥʥʦʡ ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, 

ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʤʘʛʥʠʪʥʫʶ ʵʥʝʨʛʠʶ (ɺ0/8ˊ) ʚ ʪʝʧʣʦʚʫʶ ʠ ʢʠʥʝʪʠʯʝʩʢʫʶ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʣʘʟʤʝʥʥʳʤʠ ʪʝʯʝʥʠʷʤʠ. ɸ ʠʟʤʝʥʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʣʠʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʷʪ ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʥʘʢʦʧʣʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʣʘʟʤʝʥʥʫʶ 

ʩʨʝʜʫ. ʍ. ʇʝʪʯʝʢ ʪʘʢʞʝ ʫʢʘʟʘʣ, ʯʪʦ ʚ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʝʡ ʧʣʘʟʤʝ ʜʠʩʩʠʧʘʮʠʷ ʜʦʣʞʥʘ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʦʙʣʘʩʪʴ ʜʠʬʬʫʟʠʠ, ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʧʝʨʝʢ ʫʜʘʨʥʳʭ ʚʦʣʥ [4]. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʪʦʢʦʚʳʤ ʩʣʦʝʤ.  

ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʰʝʥʠʠ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʨʘʩʪʘʶʱʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ. ʊʦʢʦʚʳʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʪʦʥʢʠʡ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ʚ ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ (ʧʣʘʟʤʝ), ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʧʦʪʦʢ ʧʣʘʟʤʳ ʯʝʨʝʟ ʪʦʢʦʚʳʡ ʩʣʦʡ ʨʘʚʝʥ ʥʫʣʶ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʢʦʚʳʭ ʩʣʦʸʚ. ʆʜʠʥ ʠʟ ʥʠʭ 

ʦʩʥʦʚʘʥ ʥʘ ʢʦʣʣʘʧʩʝ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʍ-ʪʠʧʘ (ʨʠʩ. 1). ʇʨʠ ʩʚʦʙʦʜʥʦʤ ʜʚʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʣʷ ʥʝʡʪʨʘʣʴʥʘʷ ʪʦʯʢʘ ʍ-ʪʠʧʘ ʩʪʨʝʤʠʪʩʷ ʢ ʣʦʢʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʝʣʴʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʩʭʦʜʷʪʩʷ, ʧʨʠʚʦʜʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ.  

ʇʝʨʝʩʦʝʜʠʥʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʚ ʵʪʦʡ ʣʦʢʘʣʴʥʦʡ (ʜʠʬʬʫʟʠʦʥʥʦʡ) ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (ů), ʦʪʢʫʜʘ ʚ ʩʨʝʜʫ ʧʦʩʳʣʘʝʪʩʷ ʙʳʩʪʨʳʝ ʠ ʤʝʜʣʝʥʥʳʝ ʤʘʛʥʠʪʦʟʚʫʢʦʚʳʝ ʚʦʣʥʳ. 

ɺʦʣʥʳ ʙʳʩʪʨʳʭ ʤʦʜ ʤʛʥʦʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʦʙʣʘʩʪʠ ʠ ʚʳʟʳʚʘʶʪ ʧʦʪʦʢ 

ʧʣʘʟʤʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʍ-ʣʠʥʠʠ. 
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ʈʠʩ. 1. ʄʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʚʙʣʠʟʠ ʥʝʡʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʍ-ʪʠʧʘ [3] 

 

ɺʘʞʥʳʤ ʚ ʤʦʜʝʣʠ ʇʝʪʯʝʢʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʢʨʝʱʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

(E) ʠ ʤʘʛʥʠʪʥʳʭ (B) ʧʦʣʝʡ ʧʣʘʟʤʘ ʚʤʝʩʪʝ ʩ ʚʤʦʨʦʞʝʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ 

ʜʨʝʡʬʫʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ὺ ʢ ʥʝʡʪʨʘʣʴʥʦʡ ʣʠʥʠʠ. ʋʜʘʨʥʳʝ ʚʦʣʥʳ ʠʟʛʠʙʘʶʪ ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ 

ʣʠʥʠʠ, ʣʠʥʠʠ ʥʘʯʠʥʘʶʪ ʝʭʘʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʚ ʦʙʣʘʩʪʠ ʩʠʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʧʝʨʝʩʦʝʜʠʥʷʶʪʩʷ 

(ʨʠʩ. 2). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʷʚʣʷʝʪʩʷ ʜʠʩʩʠʧʘʪʠʚʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ (E=j/ů), ʢʦʪʦʨʦʝ 

ʟʘʧʫʩʢʘʝʪ ʘʣʴʬʚʝʥʦʚʩʢʫʶ ʚʦʣʥʫ. ʇʣʘʟʤʘ ʥʘʯʠʥʘʝʪ ʨʘʟʙʨʘʩʳʚʘʪʴʩʷ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʩ 

ʘʣʴʬʚʝʥʦʚʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʚʝʣʠʯʠʥʳ ‐Ḑ

ρȾὰὲὙ , ʛʜʝ Ὑ ὺὒȾ–  ï ʤʘʛʥʠʪʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ὺ  ï ʘʣʴʬʚʝʥʦʚʩʢʘʷ ʩʢʦʨʦʩʪʴ, ɖ ï 

ʤʘʛʥʠʪʥʘʷ ʚʷʟʢʦʩʪʴ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʦʙʣʘʩʪʠ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʈʘʟʤʝʨ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʘʛʥʠʪʥʦʛʦ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠʣʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʷ ʧʦʚʝʜʝʥʠʷ ʠ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʠ 

ʇʝʪʯʝʢʘ. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʝʡʰʘʷ ʜʚʫʤʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʚʥʝʰʥʠʡ ʤʘʩʰʪʘʙ 

ʢʦʪʦʨʦʡ ὒ ὺὸȢ ʅʘ ʨʘʩʩʪʦʷʥʠʷʭ ʤʥʦʛʦ ʤʝʥʴʰʠʭ ʯʝʤ ὒ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʩʪʨʝʤʠʪʩʷ ʢ 

ʩʪʘʮʠʦʥʘʨʥʦʤʫ. 

ʇʫʩʪʴ:  

1. E(t) ï ʘʥʦʤʘʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ, ʤʝʜʣʝʥʥʦ 

ʤʝʥʷʶʱʠʝʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʷ.  

2. ʇʣʦʪʥʦʩʪʴ ɟ= const.  

3. ʄʘʣʳʡ ʧʘʨʘʤʝʪʨ ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ‐ Ḻρȟ ʛʜʝ B ï ʧʦʣʝ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ. 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʨʝʰʝʥʠʷ ʜʣʷ ʦʙʣʘʩʪʠ ʜʠʬʬʫʟʠʠ ʠ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʇʝʪʯʝʢʘ.  

1. ʇʣʘʟʤʘ ʤʝʜʣʝʥʥʦ ʧʦʜʪʝʢʘʝʪ ʚ ʦʙʣʘʩʪʴ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ. 2. ɺ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʣʠʥʠʷ 

ʨʘʟʨʳʚʘʝʪʩʷ. ʇʣʘʟʤʘ ʥʘʯʠʥʘʝʪ ʫʩʢʦʨʷʪʴʩʷ ʜʦ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʩʢʦʨʦʩʪʝʡ [2]  

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʤʦʜʝʣʠ: 

ï ʦʙʣʘʩʪʴ ʜʠʬʬʫʟʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚʝʩʴ ʨʘʟʤʝʨ ʩʣʦʷ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ; 

ï ʚʦ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ ʩʦʜʝʨʞʘʪʩʷ ʜʚʝ ʧʘʨʳ ʩʪʦʷʯʠʭ ʤʝʜʣʝʥʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ; 

ï ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʚʪʝʢʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʙʦʝ ʚʦʟʤʫʱʝʥʠʝ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʪʦʢ ʚ ʦʙʣʘʩʪʠ ʚʪʝʢʘʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʠ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʫʩʢʦʨʷʝʪ ʧʣʘʟʤʫ ʜʦ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʬʨʦʥʪʫ ʫʜʘʨʥʦʡ ʚʦʣʥʳ; 

ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʪʦʷʯʠʭ ʫʜʘʨʥʳʭ ʚʦʣʥʘʭ ʤʝʜʣʝʥʥʦʡ 

ʤʦʜʳ (ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʧʦʟʘʜʠ ʨʘʟʨʳʚʘ). 

ʈʝʰʝʥʠʝ ʜʣʷ ʦʙʣʘʩʪʠ ʚʳʪʝʢʘʥʠʷ ʧʣʘʟʤʳ ʠʟ ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʠʤʝʝʪ ʚʠʜ [1, ʩ. 228]: 

ὺ π,     ὄ πȟ    ὺ ,    ὄ Ὁᶻ ὸ ȟ   Ὁ Ὁᶻ ὸ Ȣ 

ɺ ʦʙʣʘʩʪʠ ʚʪʝʢʘʥʠʷ ʪʦʢ ʨʘʚʝʥ ʥʫʣʶ ʠ ʚ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʬʫʥʢʮʠʷ ʧʦʪʦʢʘ ὃὼȟᾀȟὸ 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ Ў̱ π. ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʦʙʣʘʩʪʠ ʚʪʝʢʘʥʠʷ ʠʤʝʝʪ ʚʠʜ:  

ὄ ὄ ȟ      ὄ ȟ  ʛʜʝ   ὃ ᷿
ȟȟ

. 

ɻʜʝ ʬʫʥʢʮʠʷ ʧʦʪʦʢʘ ὃ ʥʘʭʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʤʝʜʣʝʥʥʦʡ ʚʦʣʥʳ ʚ ʦʙʣʘʩʪʴ ʚʳʪʝʢʘʥʠʷ. ʉʢʦʨʦʩʪʴ ʜʣʷ ʦʙʣʘʩʪʠ ʚʪʝʢʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʙʝʟʚʠʭʨʝʚʦʡ, ʧʦʵʪʦʤʫ ὺ πȢ 

ʇʦʚʝʜʝʥʠʝ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʧʝʨʝʩʦʝʜʠʥʝʥʠʠ ʪʠʧʘ ʇʝʪʯʝʢʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʥʘ ʍ-ʣʠʥʠʠ Ὁ† ÓÉÎ“†ȟ ʬʫʥʢʮʠʷ ʧʦʪʦʢʘ ʚʦ 

ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ   ὃ ᾀ ὼϽὉὸ ὼ Ὂὸ ὼ , ʚʦ ʚʥʫʪʨʝʥʥʝʡ ī ὃ Ὂὸ ὼȢ 
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ʈʠʩ. 3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ x ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ ʚʜʦʣʴ ʪʝʢʫʱʝʡ 

ʧʣʦʩʢʦʩʪʠ, ʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ z ï ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ 

ʦʙʦʟʥʘʯʝʥʘ ʚʳʩʦʪʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʪʦʯʢʝ ὼ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʦʟʤʫʱʝʥʠʝ ʢʦʥʝʯʥʦʡ ʘʤʧʣʠʪʫʜʳ, ʯʪʦ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ. ʀʟʛʠʙʳ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚʤʝʩʪʝ ʩ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʜʚʠʞʫʪʩʷ ʚʧʨʘʚʦ ʚʜʦʣʴ ʬʨʦʥʪʘ. ʉʠʥʠʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ 

ʚʥʝʰʥʷʷ ʦʙʣʘʩʪʴ (ʥʘʜ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ), ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʚʥʫʪʨʝʥʥʷʷ ʦʙʣʘʩʪʴ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. 

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ π ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚʩʝ ʣʠʥʠʠ ʜʚʠʞʫʪʩʷ 

ʦʜʠʥʘʢʦʚʦ, ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʢʦʝ. ɺ ʤʦʤʝʥʪ ὸ πȢυ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʤʧʫʣʴʩʥʦʝ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. ʇʨʦʠʩʭʦʜʠʪ 

ʨʘʟʨʳʚ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʣʠʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʜʘʨʥʳʝ ʚʦʣʥʳ 

ʠʟʛʠʙʘʶʪʩʷ ʠ ʦʢʨʫʞʘʶʪ ʟʘʜʥʶʶ ʯʘʩʪʴ ʦʙʣʘʩʪʠ ʚʳʪʝʢʘʥʠʷ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʦʙʣʘʩʪʴ ʦʙʨʘʟʦʚʳʚʘʝʪ 

ʩ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʙʦʣʴʰʦʡ ʫʛʦʣ. 

ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʍ. ʇʝʪʯʝʢʘ ʜʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʚʝʜʝʥʠʷ 

ʧʣʘʟʤʳ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʩʪʘʪʴʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʚʙʣʠʟʠ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʦʙʣʘʩʪʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʪʠʧʘ ʇʝʪʯʝʢʘ. ʄʝʭʘʥʠʟʤ ʇʝʪʯʝʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʝʞʠʤʦʚ ʙʳʩʪʨʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 

ʩʯʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ. ɺ ʤʦʜʝʣʠ ʚʠʜʥʦ, ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ 

ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʠ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʚ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʙʫʜʫʱʝʤ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʦʡ ʜʣʷ 
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ʢʦʩʤʦʩʝ.  
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ʋɼʂ 330.4 

ɿʦʪʢʠʥʘ ɼ.ɺ. 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʎɽʅʆɺʆʁ ʇʆʃʀʊʀʂʀ ʌʀʈʄʓ ɺ ʋʉʃʆɺʀʗʍ 

ʄʅʆɻʆɸɻɽʅʊʅʆɻʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ  

 

ʂʘʞʜʳʡ ʜʝʥʴ ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʬʠʨʤ. ɼʘʣʝʢʦ ʥʝ ʚʩʝ ʠʟ ʥʠʭ ʩʧʦʩʦʙʥʳ 

ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʜʦʙʠʚʘʪʴʩʷ ʫʩʧʝʭʦʚ ʠ ʜʦʩʪʠʛʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. ʆʯʝʥʴ ʥʝʤʥʦʛʠʝ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ, ʠ ʥʠ ʦʜʥʘ ʥʝ ʞʠʚʝʪ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʅʝ 

ʩʫʤʝʚʰʠʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʝʡʩʷ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʛʠʙʘʶʪ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʤʧʘʥʠʠ, ʨʫʢʦʚʦʜʩʪʚʦ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʛʠʙʢʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʝʜʚʠʜʝʪʴ 

ʠ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʝʰʥʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʮʚʝʪʘʶʪ. ʆʜʥʘʢʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʝʡ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʤʝʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʙʳʪʠʷ. ʈʫʢʦʚʦʜʩʪʚʫ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʥʘ ʢʘʢʦʡ ʩʪʘʜʠʠ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʥʘʭʦʜʠʪʩʷ ʢʦʤʧʘʥʠʷ, ʯʪʦʙʳ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʫʩʠʣʠʷ ʥʘ ʪʝʭ ʟʘʜʘʯʘʭ, ʢʦʪʦʨʳʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʯʘʩʪʦ ʧʝʨʝʜ ʬʠʨʤʦʡ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ 

ʮʝʥʫ ʥʘ ʧʨʦʜʫʢʮʠʶ. ʊʘʢʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʵʢʦʥʦʤʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʨʘʩʯʝʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʚ ʧʘʢʝʪʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʝʜʘʢʪʦʨʝ Excel [1; 2; 5]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʙʣʠʮʫ ʮʝʥ ʥʘ ʥʝʬʪʴ ʠ ʚʘʣʦʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʜʫʢʪ (ɺɺʇ) ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ 2011 ï 2021 ʛʦʜʘ (https://clck.ru/S4VPj) (ʪʘʙʣ.). ʅʘʡʜʸʤ 

ʣʫʯʰʫʶ ʵʢʩʧʦʨʪʥʫʶ ʧʦʰʣʠʥʫ ʥʘ ʥʝʬʪʴ, ʢʦʪʦʨʫʶ ʵʢʩʧʦʨʪʠʨʦʚʘʣʘ ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʥʘ 

ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʟʘ ʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ [6].  

 

ʊʘʙʣʠʮʘ 

 

ɻʦʜ(t) ʅʝʬʪʴ, Ŭ ɺɺʇ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ, ʫʩʣ.ʝʜ, ɓ 

2010 80,2 11431,1 

2011 110,9 14306,4 

2012 109,5 15287,9 

2013 108,8 15928,7 

2014 99,5 14007,5 

2015 53,7 9257,9 

2016 41,9 8723,5 

2017 53 10723,9 

2018 70 11261,7 

2019 63,6 11555,3 

2020 41,73 10155,3 

2021 69 12172,8 

 

ʈʘʩʩʤʦʪʨʠʤ ʘʫʢʮʠʦʥ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʪʨʠ ʦʩʥʦʚʥʳʭ ʠʛʨʦʢʘ: ɸ 

(ʧʦʪʨʝʙʠʪʝʣʴ), ɺ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ) ʠ ʉ (ʧʨʘʚʠʪʝʣʴʩʪʚʦ) [3; 4; 7]. 

ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʥʘʟʥʘʯʘʝʪ ʩʚʦʶ ʮʝʥʫ ʵʢʩʧʦʨʪʥʦʡ ʧʦʰʣʠʥʳ. ʇʦʪʨʝʙʠʪʝʣʶ ʠ 

ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʙʫʜʝʪ ʚʳʛʦʜʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʳʩʦʢʫʶ ʵʢʩʧʦʨʪʥʫʶ ʧʦʰʣʠʥʫ: ʧʝʨʚʳʡ ʧʦʣʫʯʠʪ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʢʫʧʠʪʴ ʥʝʬʪʴ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ ʧʦ ʩʥʠʞʝʥʥʦʡ ʮʝʥʝ, ʚʪʦʨʦʡ ʫʚʝʣʠʯʠʪ 

ʢʦʣʠʯʝʩʪʚʦ ʜʝʥʝʛ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʘʟʥʝ.  

ʅʦ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʚʳʛʦʜʥʝʡ ʧʦʩʪʘʚʠʪʴ ʥʠʟʢʫʶ ʵʢʩʧʦʨʪʥʫʶ ʧʦʰʣʠʥʫ, ʯʪʦʙʳ ʧʣʘʪʠʪʴ 

ʛʦʩʫʜʘʨʩʪʚʫ ʤʝʥʴʰʠʝ ʥʘʣʦʛʠ ʠ ʫʚʝʣʠʯʠʪʴ ʮʝʥʫ ʥʝʬʪʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ. 

ʌʠʨʤʘ ʜʦʣʞʥʘ ʥʘʟʚʘʪʴ ʪʘʢʫʶ ʮʝʥʫ, ʯʪʦʙʳ ʪʘ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʙʶʜʞʝʪʫ, ʧʨʠ ʵʪʦʤ ʙʳʣʘ 

ʥʠʞʝ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʮʝʥʳ ʠ ʚʳʰʝ ʩʘʤʦʡ ʥʠʟʢʦʡ. 

ʉʥʘʯʘʣʘ ʩʣʝʜʫʝʪ ʧʦʥʷʪʴ ʢʦʨʨʝʣʠʨʫʶʪ ʣʠ ʤʝʞʜʫ ʩʦʙʦʡ ʮʝʥʳ ʥʘ ʥʝʬʪʴ ʠ ɺɺʇ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʠʷ. ɺʝʨʥʝʤʩʷ ʢ ʜʘʥʥʳʤ ʠʟ ʪʘʙʣʠʮʳ 1. 

ʇʫʩʪʴ Ŭ ʠ ɓ ï ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ, ʦʙʦʟʥʘʯʘʶʱʠʝ ʮʝʥʳ ʥʘ ʥʝʬʪʴ ʠ ɺɺʇ ʥʘ ʜʫʰʫ 

ʥʘʩʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ Ŭ ʠ ɓ ʢʦʨʨʝʣʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ ʠ ʚʳʯʠʩʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ: 

ὶ  
В ̒̑ ̒̑

В ̒̑ В ̒̑

, 

ʛʜʝ ‌̒ ̑ В ‌ ȟ‍̒ ̑ В‍. 

ʉ ʧʦʤʦʱʴʶ ʨʝʜʘʢʪʦʨʘ Excel ʚʳʧʦʣʥʠʤ ʨʘʩʯʸʪʳ (ʨʠʩ. 1): 

 

 
 

ʈʠʩ. 1. ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ r = 0,875.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ r > 0 ʠ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦʝ ʢ 1. ʇʦʣʫʯʘʝʤ, 

ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʚʝʣʠʯʠʥʘʤʠ ʚʳʩʦʢʘʷ. 

ɺʳʯʠʩʣʠʤ ʟʥʘʯʝʥʠʝ ʵʢʩʧʦʨʪʥʦʡ ʧʦʰʣʠʥʳ, ʢʦʪʦʨʫʶ ʚʳʩʪʘʚʠʪ ʧʨʘʚʠʪʝʣʴʩʪʚʦ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʮʝʥʳ ʥʘ ʥʝʬʪʴ ʟʘ ʙʘʨʨʝʣʴ ʚ 2022 ʛʦʜʫ ʨʘʚʥʷʝʪʩʷ 78,32 ʫʩʣ. ʝʜ. 

ʅʘʡʜʸʤ ʟʥʘʯʝʥʠʝ ʵʢʩʧʦʨʪʥʦʡ ʧʦʰʣʠʥʳ ʧʦ ʬʦʨʤʫʣʝ: 

ὉȢὝ  ‌ ὔ Ὕ ὖ  ὖ, 

ʛʜʝ N ï ʥʘʣʦʛ ʅɼʇʀ ʠ ʘʢʮʠʟ; 

Ὕ ï ʪʨʘʥʩʧʦʨʪʥʳʡ ʥʘʣʦʛ; 

ὖ ï ʧʨʠʙʳʣʴ. 

ʉ ʧʦʤʦʱʴʶ ʨʝʜʘʢʪʦʨʘ Excel ʚʳʧʦʣʥʠʤ ʨʘʩʯʸʪʳ (ʨʠʩ. 2): 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʝ ʵʢʩʧʦʨʪʥʦʡ ʧʦʰʣʠʥʳ ʨʘʚʥʦʝ 43,3 ʫʩʣ. ʝʜ. ʟʘ ʪʦʥʥʫ. 
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ʈʠʩ. 2. ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʵʢʩʧʦʨʪʥʦʡ ʧʦʰʣʠʥʳ 

 

ʀʛʨʦʢʠ ɺ ʠ ʉ ʥʝ ʟʥʘʶʪ ʢʘʢʫʶ ʧʦʰʣʠʥʫ ʚʳʩʪʘʚʠʣʦ ʧʨʘʚʠʪʝʣʴʩʪʚʦ, ʥʦ ʦʥʠ ʦʙʘ ʥʘʤʝʨʝʥʳ 

ʚʳʩʪʘʚʠʪʴ ʮʝʥʫ ʤʝʥʴʰʫʶ, ʯʝʤ ʫ ʠʛʨʦʢʘ ɸ, ʥʦ ʙʦʣʴʰʫʶ, ʯʝʤ ʫ ʜʨʫʛ ʜʨʫʛʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ ʧʦʣʝʟʥʦʩʪʠ ʜʣʷ ʪʨʸʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ: 

Ὂ̄̏̒ὔὠ  ὉȢὝ πȢςὖ, 

Ὂ̄̏̒ ï ʜʦʭʦʜ ʛʦʩʫʜʘʨʩʪʚʘ; 

N ï ʅɼʇʀ; 

V ï ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ; 

ὉȢὝ ï ʵʢʩʧʦʨʪʥʘʷ ʧʦʰʣʠʥʘ; 

πȢςὖ ï ʥʘʣʦʛ ʥʘ ʧʨʠʙʳʣʴ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

Ὂ̐̏̓ ὴ ὔ  Ὕ πȢςὖ, 

Ὂ̐̏ ̓ï ʮʝʥʘ, ʚʳʧʣʘʯʝʥʥʘʷ ʧʦʪʨʝʙʠʪʝʣʝʤ, ʧʨʠ ʧʦʢʫʧʢʝ ʪʦʚʘʨʘ; 

ὴ ï ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʷ. 

Ὂ̐̑̏̉  ̈‌  ὔ  Ὕ ὉȢὝ, 

Ὂ̐̑̏̉̈ ï ʜʦʭʦʜ ʧʨʦʠʟʚʦʜʠʪʝʣʷ; 

‌ ï ʮʝʥʘ ʥʝʬʪʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʤʘʨʢʠ Brent. 

ʅʘʡʜʸʤ ʢʦʤʧʨʦʤʠʩʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʡ ʧʦʣʝʟʥʦʩʪʠ. 

ʇʫʩʪʴ ʜʘʥ ʥʘʙʦʨ ʩʪʨʘʪʝʛʠʡ X = (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11). 

ʅʘʡʜʸʤ ʬʫʥʢʮʠʠ ʚʳʠʛʨʳʰʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʛʨʦʢʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʛʨʳ: 

 

I  1 2 3 4 5 6 7 8 9 10 11 

Ὂ̄̏̒ 3,69 3,88 4,07 4,24 6,27 6,93 7,43 7,42 7,41 7,59 7,92 

Ὂ̐̏̓ 0,13 0,12 0,14 0,20 0,69 0,71 0,83 1,09 0,94 0,72 1,21 

Ὂ̐̑̏̉̈ 2,267 2,692 2,787 2,793 3,183 3,421 3,550 3,895 4,513 4,629 4,753 
 

ɺʳʯʠʩʣʠʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʛʨʦʢʘ ÍÁØ
̖ɴˢ
Ὄ ὼ: 

I max 

Ὂ̄̏̒ 7,92 

Ὂ̐̏ ̓ 1,21 

Ὂ̐̑̏̉̈ 4,753 
 

ɺʳʯʠʩʣʠʤ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʠʛʨʳ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʤʘʢʩʠʤʫʤʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʚʳʠʛʨʳʰʘ: 

 

I  1 2 3 4 5 6 7 8 9 10 11 

Ὂ̄̏̒ 4,23 4,04 3,85 3,68 1,65 0,99 0,49 0,5 0,51 0,33 0 

Ὂ̐̏̓ 1,08 1,09 1,07 1,01 0,52 0,5 0,38 0,22 0,27 0,49 0 

Ὂ̐̑̏̉̈ 2,486 2,061 1,966 1,96 1,57 1,332 1,203 0,858 0,24 0,124 0 
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ɺʳʯʠʩʣʠʤ ʤʘʢʩʠʤʫʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʛʨʦʢʘ: 

 

I  max 

Ὂ̄̏̒ 4,23 

Ὂ̐̏̓ 1,09 

Ὂ̐̑̏̉̈ 2,486 
 

ʅʘʡʜʝʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʥʦ ʨʘʚʥʦ 1,09, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 8 ʩʪʨʘʪʝʛʠʠ 

ʠʛʨʦʢʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʪʫʘʮʠʷ 8(7,42; 1,09; 3,895) ʷʚʣʷʝʪʩʷ ʢʦʤʧʨʦʤʠʩʩʦʤ ʜʣʷ ʠʛʨʦʢʦʚ ʜʘʥʥʦʡ 

ʠʛʨʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʮʝʥʦʚʦʡ ʧʦʣʠʪʠʢʠ ʬʠʨʤʳ ʚ ʫʩʣʦʚʠʷʭ 

ʤʥʦʛʦʘʛʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʄʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʯʘʩʪʥʠʢʦʚ, ʧʦʤʦʛʘʷ ʥʘʭʦʜʠʪʴ ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʩʠʪʫʘʮʠʠ ʜʣʷ ʣʶʙʦʛʦ ʠʛʨʦʢʘ. 
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ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʇʈʆʉʃʆʁʂʀ ʉ ʈɸɿʅʓʄʀ ʉʍɽʄɸʄʀ  

ɺʅɽɼʈɽʅʀʗ ʉʌɽʈʀʏɽʉʂʀʍ ʃʋʅʆʂ ʉʆ ʉʄɸɿʆʏʅʓʄ ʄɸʊɽʈʀɸʃʆʄ  

ʅɸ ʇʆɺɽɼɽʅʀɽ ʆʇʆʈʅʆʁ ʏɸʉʊʀ ʄʆʉʊʆɺʆɻʆ ʇʈʆʃɽʊɸ 

 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʤʦʩʪʦʚʳʭ 

ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʤʦʩʪʦʩʪʨʦʝʥʠʷ ʠ ʚ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʷʭ [1; 2]. ʅʘ 

ʨʘʙʦʪʫ ʩʬʝʨʠʯʝʩʢʠʭ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ ʤʦʩʪʦʚ ʚʣʠʷʝʪ ʤʥʦʛʦ ʬʘʢʪʦʨʦʚ: ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ 

ʛʝʦʤʝʪʨʠʷ ʩʣʦʷ ʩʢʦʣʴʞʝʥʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʩʭʝʤʘ ʟʘʧʦʣʥʝʥʠʷ ʩʣʦʝʚ 

ʩʢʦʣʴʞʝʥʠʷ ʫʛʣʫʙʣʝʥʠʷʤʠ ʧʦʜ ʩʤʘʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʤʘʪʝʨʠʘʣʳ ʩʣʦʷ ʩʢʦʣʴʞʝʥʠʷ, ʩʤʘʟʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʪ. ʜ. [4; 6]. ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʩʬʝʨʠʯʝʩʢʠʭ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ ʤʦʩʪʦʚʳʭ ʧʨʦʣʝʪʦʚ 

ʤʦʞʥʦ ʧʨʦʜʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʧʨʦʩʣʦʝʢ [3; 5; 7]. ʉʪʘʥʜʘʨʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʣʦʷ ʩʢʦʣʴʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʯʠʩʪʳʡ ʬʪʦʨʦʧʣʘʩʪ 

[4], ʭʦʪʷ ʤʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ ʤʦʩʪʦʚ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʦʟʠʪʳ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʦʧʣʘʩʪʘ, ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʵʪʠʣʝʥʳ ʠ 

ʢʦʤʧʦʟʠʪʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠʟʤʝʥʷʶʪʩʷ: ʦʩʥʦʚʘ ʢʦʤʧʦʟʠʪʦʚ, 

ʧʨʠʩʘʜʢʠ, ʘʨʤʠʨʦʚʘʥʠʝ, ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʪ. ʜ. ʊʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʳʪʘʶʪʩʷ ʜʦʩʪʠʯʴ 

ʤʠʥʠʤʠʟʘʮʠʠ ʪʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʦʧʨʷʞʝʥʠʷ. ʉʥʠʞʝʥʠʶ ʪʨʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʥʝʜʨʝʥʠʝ 

ʫʛʣʫʙʣʝʥʠʡ ʧʦʜ ʩʤʘʟʢʫ ʩ ʨʘʟʥʳʤʠ ʩʤʘʟʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʟʢʠ ʎʀɸʊʀʄ-221 ʠ ʝʝ ʤʦʜʠʬʠʢʘʮʠʠ ʎʀɸʊʀʄ-

221F, ʫʣʫʯʰʝʥʥʦʡ ʬʪʦʨʦʧʣʘʩʪʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ʉʚʦʡʩʪʚʘ ʩʤʘʟʢʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʝʝ 

ʩʦʩʪʘʚʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʷ ʩʬʝʨʠʯʝʩʢʠʭ ʦʧʦʨʥʳʭ ʯʘʩʪʝʡ ʃ-100 (ʆʆʆ çɸʣʴʬʘʊʝʭè, 

ʛ. ʇʝʨʤʴ) ʧʨʠ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʠ ʫʛʣʫʙʣʝʥʠʡ ʧʦʜ ʩʤʘʟʢʫ (ʢʦʣʴʮʝʚʳʝ ʢʘʥʘʚʢʠ ʠ ʩʬʝʨʠʯʝʩʢʠʝ 

ʣʫʥʢʠ) ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [6]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʬʝʨʠʯʝʩʢʠʝ ʣʫʥʢʠ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʝ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʩʢʦʣʴʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʧʨʦʩʣʦʡʢʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʫʧʨʦʱʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʩʬʝʨʠʯʝʩʢʦʡ ʦʧʦʨʥʦʡ ʯʘʩʪʠ ʠ ʩʬʝʨʠʯʝʩʢʦʡ ʣʫʥʢʠ ʧʦʜ ʩʤʘʟʢʫ. 

ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ (1, 2), ʩʦʧʨʷʞʝʥʥʳʝ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤ 

ʩʣʦʝʤ ʩʢʦʣʴʞʝʥʠʷ (3) ʠʟ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʫʛʣʫʙʣʝʥʠʷ ʩʦ 

ʩʤʘʟʢʦʡ (4) ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʩʬʝʨʠʯʝʩʢʠʝ ʣʫʥʢʠ (ʨʠʩ. 1, ʙ), 

ʥʝ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 1, ʘ)). ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʦʡ ʩʢʦʣʴʞʝʥʠʷ ʠʟ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ ʬʪʦʨʦʧʣʘʩʪʘ ʪʦʣʱʠʥʦʡ 4 ʤʤ, ʪʦʣʱʠʥʘ 

ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʘ ʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ. ʉʪʘʥʜʘʨʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʨʷʜʘʤʠ ʫʛʣʫʙʣʝʥʠʡ 

ʧʦʜ ʩʤʘʟʢʫ ʷʚʣʷʝʪʩʷ 
kl  = 22 ʤʤ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʬʝʨʠʯʝʩʢʦʡ ʣʫʥʢʠ: 

kh  = 2 

ʤʤ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ; 
kr  = 4 ʤʤ ï ʨʘʜʠʫʩ.  
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ʈʠʩ. 1. ʋʧʨʦʱʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʬʝʨʠʯʝʩʢʦʡ ʦʧʦʨʥʦʡ ʯʘʩʪʠ (ʘ)  

ʠ ʫʛʣʫʙʣʝʥʠʡ ʧʦʜ ʩʤʘʟʢʫ (ʙ) 

 

ʈʘʥʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʷʜʘʤʠ ʣʫʥʦʢ ʥʘ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʯʠʩʣʝ ʨʷʜʦʚ 

(ʪʨʠ ʨʷʜʘ), ʨʘʩʩʪʦʷʥʠʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 12 ʜʦ 28 ʤʤ ʩ ʰʘʛʦʤ 2 ʤʤ [6]. ɼʘʣʝʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʟʘʧʦʣʥʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʩʢʦʣʴʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʯʠʩʣʦʤ ʨʷʜʦʚ ʣʫʥʦʢ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʠ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʨʷʜ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʙʣʠʞʝʥ ʢ ʪʦʨʮʫ ʧʨʦʩʣʦʡʢʠ ʙʣʠʞʝ, ʯʝʤ ʥʘ 

4 ʤʤ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʷ ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʦʩʪʠ ʢʦʥʪʘʢʪʥʦʡ ʛʨʘʥʠʮʳ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʭʝʤʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʨʘʟʙʠʝʥʠʷ. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ 

ANSYS Mechanical APDL ʨʘʟʨʘʙʦʪʘʥʘ ʠʪʝʨʘʮʠʦʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʩʣʝʜʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨ ʚʥʝʜʨʝʥʠʷ ʫʛʣʫʙʣʝʥʠʡ ʧʦʜ ʩʤʘʟʢʫ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʩʦʭʨʘʥʝʥʠʝʤ ʜʘʥʥʳʭ ʚ ʩʚʦʜʥʳʝ ʪʘʙʣʠʮʳ ʠ ʬʘʡʣʳ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʜʘʤʠ ʣʫʥʦʢ ʥʘ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ ʠ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥ 

ʢʦʥʪʘʢʪʘ ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʨʷʜʘʤʠ ʣʫʥʦʢ ʦʪ 8,5 ʤʤ ʜʦ 28 ʤʤ ʩ ʰʘʛʦʤ 0,5 ʤʤ. 

ɺ ʨʘʤʢʘʭ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣ ʧʨʦʩʣʦʡʢʠ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʡ, ʩʤʘʟʢʘ 

ʷʚʣʷʝʪʩʷ ʤʘʣʦʩʞʠʤʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʦʡʩʪʚ ʩʤʘʟʢʠ ʎʀɸʊʀʄ-221. ʆʪʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʀʜʝʪ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʝʡ ʧʦʚʝʜʝʥʠʷ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʭʝʤʘ ʟʘʧʦʣʥʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʡ ʧʨʦʩʣʦʡʢʠ ʫʛʣʫʙʣʝʥʠʷʤʠ ʧʦʜ ʩʤʘʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ 

ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʠʭ ʣʫʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʟʘʧʦʣʥʝʥʠʷ ʩʬʝʨʠʯʝʩʢʠʤʠ ʫʛʣʫʙʣʝʥʠʷʤʠ ʧʨʦʩʣʦʡʢʠ ʧʨʠ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 

 

ʄʦʜʝʣʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʨʷʜʘʤʠ ʦʪ 19,5 ʤʤ ʜʦ 28 ʤʤ ʠʤʝʶʪ 3 ʨʷʜʘ ʩʬʝʨʠʯʝʩʢʠʭ 

ʣʫʥʦʢ ʚ ʧʨʦʩʣʦʡʢʝ, ʤʦʜʝʣʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 8,5 ʤʤ ʠ 9 ʤʤ ï 7 ʨʷʜʦʚ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ 

ʩʭʝʤʳ ʚʥʝʜʨʝʥʠʷ ʫʛʣʫʙʣʝʥʠʡ ʧʦʜ ʩʤʘʟʢʫ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʫʩʦʚ ʢʦʥʪʘʢʪʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʚʦʨʦʪʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ 
1KS . 

 

 
 

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʫʩʦʚ ʢʦʥʪʘʢʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʩʣʦʡʢʠ: 

ʘ) 7 ʨʷʜʦʚ; ʙ) 6 ʨʷʜʦʚ; ʚ) 5 ʨʷʜʦʚ: ʛ) 4 ʨʷʜʘ; ʜ) 3 ʨʷʜʘ 

 

ɿʦʥʘ ʧʦʣʥʦʛʦ ʧʨʠʣʠʧʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʧʨʷʞʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʧʨʦʩʣʦʡʢʠ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʦ ʩʝʨʝʜʠʥʳ ʤʦʜʝʣʠ, ʜʘʣʝʝ ʩʪʘʪʫʩ ʢʦʥʪʘʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʥʷʝʪʩʷ ʥʘ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ. ɺ ʩʨʝʜʥʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʘʜʛʝʟʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 30 ʤʤ ʦʪ 

ʮʝʥʪʨʘ ʦʧʦʨʥʦʡ ʯʘʩʪʠ ʧʨʠ ʜʠʘʤʝʪʨʝ ʧʨʦʩʣʦʡʢʠ ~ 130 ʤʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʨʷʜʦʚ ʧʣʦʱʘʜʴ ʧʦʣʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʨʷʜʦʤ, ʭʦʪʴ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʆʜʥʘʢʦ, ʧʣʦʱʘʜʴ ʘʜʛʝʟʠʠ ʫ ʤʦʜʝʣʝʡ ʩ 
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ʢʦʣʠʯʝʩʪʚʦʤ ʨʷʜʦʚ ʨʘʚʥʳʤ 7 ʤʝʥʴʰʝ, ʚ ʩʨʝʜʥʝʤ, ʥʘ 10 %, ʯʝʤ ʫ ʤʦʜʝʣʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʨʷʜʦʚ 

ʨʘʚʥʳʤ 3. ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ ʟʦʥʘ ʢʦʥʪʘʢʪʘ ʩʦ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

(ʚ ʣʫʥʢʘʭ) ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʪʫʩʝ çʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝè ʚʩʝʛʜʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʫʟʝʣ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʪʘʢʪʥʳʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʟʦʥ ʩʦʧʨʷʞʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʩʣʦʷ ʩʢʦʣʴʞʝʥʠʷ ʠ ʩʪʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʷʜʘʤʠ ʣʫʥʦʢ. 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʷʜʘʤʠ 

 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʨʠʣʠʧʘʥʠʠ ʠ ʧʨʠ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ ʩʭʦʞʠ: ʚ ʩʨʝʜʥʝʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 8,5 ʤʤ ʜʦ 20 ʤʤ ʫʨʦʚʝʥʴ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʥʠʞʘʝʪʩʷ, ʥʦ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ, ʜʘʣʝʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ 28 ʤʤ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʥʦʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʦ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɿʥʘʯʝʥʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʨʠʣʠʧʘʥʠʠ, ʚ ʩʨʝʜʥʝʤ, ʚʳʰʝ ʥʘ 26%, ʯʝʤ ʧʨʠ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ: ʧʨʠ ʧʨʠʣʠʧʘʥʠʠ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 88,5-92 ʄʇʘ, ʧʨʠ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʦʪ 65,5 ʜʦ 69 ʄʇʘ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʨʷʜʘʤʠ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʷ ʫ ʤʦʜʝʣʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʨʷʜʘʤʠ 

ʨʘʚʥʳʤ 18,5 ʤʤ, ʦʜʥʘʢʦ ʵʪʦʪ ʫʨʦʚʝʥʴ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ ʫ ʤʦʜʝʣʝʡ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʨʷʜʘʤʠ ʦʪ 8,5 ʜʦ 14 ʤʤ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ 

ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʠʣʠʧʘʥʠʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ. ʏʝʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʚʥʷ ʟʥʘʯʝʥʠʡ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʷʜʘʤʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʤʦʜʝʣʝʡ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʣʫʥʦʢ 20,5 ʠ 21 ʤʤ ʠ ʩʦʩʪʘʚʣʷʶʪ 1,64 ʄʇʘ ʠ 

1,66 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʤʦʜʝʣʝʡ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʣʫʥʦʢ 15,5 ʠ 28 ʤʤ ʠ ʩʦʩʪʘʚʣʷʶʪ 

1,20 ʄʇʘ ʠ 1,15 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʨʦʚʝʥʴ ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ ʚʳʰʝ ʚ 1,6 ʨʘʟ, ʯʝʤ ʧʨʠ ʧʨʠʣʠʧʘʥʠʠ. 
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ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʪʦʨʮʝ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʡ ʧʨʦʩʣʦʡʢʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʷʜʘʤʠ. 

 

 
 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʪʦʨʮʘ ʩʣʦʷ ʩʢʦʣʴʞʝʥʠʷ ʧʦ ʥʦʨʤʘʣʠ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʷʜʘʤʠ ʣʫʥʦʢ 

 

ʏʝʪʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʨʷʜʘʤʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʤʦʜʝʣʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʨʷʜʘʤʠ 19 ʤʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,573 ʤʤ. ʅʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʤʦʜʝʣʝʡ ʩ ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʨʷʜʘʤʠ ʣʫʥʦʢ 9, 11 ʠ 14 ʤʤ, ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʥʘ ʛʨʘʬʠʢʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʨʝʟʢʠʝ ʩʢʘʯʢʠ 

ʟʥʘʯʝʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʷʜʘ ʫʛʣʫʙʣʝʥʠʷ ʚʙʣʠʟʠ ʪʦʨʮʘ ʧʨʦʩʣʦʡʢʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʠʩʣʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʘ 

ʨʘʙʦʪʘʝʪ ʥʝ ʠʜʝʘʣʴʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʘ. ɺʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʫʛʣʫʙʣʝʥʠʷ ʧʦʜ ʩʤʘʟʢʫ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ 

ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʚʦʨʦʪʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʥʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʤʳ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʚ ʯʠʩʣʝʥʥʫʶ ʤʦʜʝʣʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩʤʘʟʢʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʧʨʦʝʢʪ  ̄22-29-01313. 
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ʋɼʂ 53.091 

ʂʦʚʳʣʷʝʚʘ ʄ.ʉ. 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ɸʅɸʃʀɿ ʇʆɺɽɼɽʅʀʗ ɿʋɹʆɺ ɼʆ ʀ ʇʆʉʃɽ ʈɽʉʊɸɺʈɸʎʀʀ ʂʃʀʅʆɺʀɼʅʆɻʆ 

ɼɽʌɽʂʊɸ ʇʈʀ ɼɽʁʉʊɺʀʀ ʅɸɻʈʋɿʂʀ ʆʊ ɿʋɹɸ-ɸʅʊɸɻʆʅʀʉʊɸ 
 

ʂʣʠʥʦʚʠʜʥʳʡ ʜʝʬʝʢʪ ʟʫʙʘ ï ʵʪʦ ʧʦʚʨʝʞʜʝʥʠʝ ʪʚʝʨʜʳʭ ʪʢʘʥʝʡ ʟʫʙʦʚ ʚ ʦʙʣʘʩʪʠ ʰʝʡʢʠ 

(ʚʙʣʠʟʠ ʜʝʩʥʳ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʟʫʙʝ ʦʙʨʘʟʫʝʪʩʷ ʜʝʬʝʢʪ ʚ ʬʦʨʤʝ ʢʣʠʥʘ. ɺ ʩʪʦʤʘʪʦʣʦʛʠʠ 

ʢʣʠʥʦʚʠʜʥʳʡ ʜʝʬʝʢʪ ʟʫʙʘ ʦʪʥʦʩʷʪ ʢ ʥʝʢʘʨʠʦʟʥʳʤ ʧʦʨʘʞʝʥʠʷʤ ʟʫʙʦʚ. ʂʣʠʥʦʚʠʜʥʳʝ ʜʝʬʝʢʪʳ 

ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʧʨʠʤʝʨʥʦ ʫ 20-35% ʥʘʩʝʣʝʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫ ʣʠʮ ʩʨʝʜʥʝʛʦ ʠ ʧʦʞʠʣʦʛʦ 

ʚʦʟʨʘʩʪʦʚ, ʦʜʥʘʢʦ ʧʨʠ ʩʧʝʮʠʘʣʴʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʥʘʯʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʠʣʠ ʧʨʝʜʧʦʩʳʣʢʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ ʵʤʘʣʠ ʥʝʨʝʜʢʦ ʚʳʷʚʣʷʶʪʩʷ ʫʞʝ ʚ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʆʜʥʘ ʠʟ ʥʠʭ ï ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʟʫʙʘ ʞʝʩʪʢʦʡ ʱʝʪʠʥʦʡ ʟʫʙʥʦʡ ʱʝʪʢʠ ʠʣʠ ʩʨʝʜʩʪʚʘʤʠ ʛʠʛʠʝʥʳ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʘʙʨʘʟʠʚʥʦʩʪʴʶ [1]. ɺʪʦʨʘʷ ï ʞʠʜʢʘʷ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʘʷ ʧʠʱʘ, ʪʘʢʘʷ ʢʘʢ: ʬʨʫʢʪʳ 

ʠʣʠ ʛʘʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. ʊʨʝʪʴʷ ï ʥʘʨʫʰʝʥʠʝ ʧʨʠʢʫʩʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʫʙʳ, ʘ ʟʥʘʯʠʪ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʵʤʘʣʠ ʚʙʣʠʟʠ ʰʝʝʢ ʟʫʙʦʚ. ʏʝʪʚʝʨʪʘʷ ï 

ʟʣʦʫʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʪʦʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʜʫʢʪʘʤʠ. ʇʨʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʟʘʙʦʣʝʚʘʥʠʷ ʠ 

ʦʪʢʘʟʘ ʦʪ ʣʝʯʝʥʠʷ ʫ ʧʘʮʠʝʥʪʦʚ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʙʦʣʠ ʠ ʜʨʫʛʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʩʠʤʧʪʦʤʳ [2]. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʤʝʭʘʥʠʢʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʙʦʣʝʟʥʝʡ ʠʣʠ ʧʘʪʦʣʦʛʠʡ ʟʫʙʦʯʝʣʶʩʪʥʦʡ ʩʠʩʪʝʤʳ, ʦʩʪʘʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʢʣʠʥʦʚʠʜʥʦʛʦ ʜʝʬʝʢʪʘ ʠ 

ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʨʝʩʪʘʚʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ 

ʟʫʙʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʦʩʪʨʦʝʥʘ ʦʜʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʫʙʘ. ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ 

ʛʝʦʤʝʪʨʠʠ ʟʫʙʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʝʛʦ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ: ʚʳʩʦʪʘ h, ʜʣʠʥʘ l  ʠ ʪʦʣʱʠʥʘ ʵʤʘʣʠ 

el  (ʪʦʣʱʠʥʘ ʵʤʘʣʠ ʟʘʜʘʥʘ ʢʘʢ ʧʘʨʘʤʝʪʨ, ʨʝʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʵʤʘʣʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʮʠʝʥʪʘ) (ʨʠʩ. 1). ʂʣʠʥʦʚʠʜʥʳʡ ʜʝʬʝʢʪ 

ʩʦʟʜʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʟʫʙʦʤ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ. 

ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʦʣʦʞʝʥʠʶ ʠ ʢʦʦʨʜʠʥʘʪʘʤ 

ʪʨʝʭ ʫʟʣʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʟʫʙʘ ʩ ʚʳʩʦʪʦʡ 7,2hº  

ʤʤ, ʜʣʠʥʦʡ 9,44l º  ʤʤ ʠ ʧʘʨʘʤʝʪʨ ʪʦʣʱʠʥʳ ʵʤʘʣʠ 1,5el º  ʤʤ (ʨʝʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʵʤʘʣʠ ʚ 

ʤʦʜʝʣʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ el , ʪ. ʝ. ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ ʥʘ 10-15 % el ). 

ʂʣʠʥʦʚʠʜʥʳʡ ʜʝʬʝʢʪ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 2 w w wl h b³ ³  ʩ ʧʘʨʘʤʝʪʨʘʤʠ 5,38 0,73 1,3³ ³  ʤʤ. 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʟʫʙʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʤʦʣʷʨʘʤ, ʤʦʣʷʨʘʤ. ɺʩʝ ʨʘʟʤʝʨʳ 

ʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʳ ʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʧʦʜ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ, 

ʘʥʘʣʦʛʠʯʥʦ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʛʝʦʤʝʪʨʠʷ ʢʦʨʦʥʢʠ. 
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ʈʠʩ. 1. ʄʦʜʝʣʴ ʟʫʙʘ: ʘ) ʟʜʦʨʦʚʳʡ ʟʫʙ; ʙ) ʟʫʙ ʩ ʢʣʠʥʦʚʠʜʥʳʤ ʜʝʬʝʢʪʦʤ 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʝʣʠ: ʟʜʦʨʦʚʳʡ ʟʫʙ, ʟʫʙ ʩ ʢʣʠʥʦʚʠʜʥʳʤ 

ʜʝʬʝʢʪʦʤ ʠ ʟʫʙ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʩʪʘʚʨʘʮʠʝʡ ʜʝʬʝʢʪʘ ʧʨʠ ʧʦʤʦʱʠ ʧʣʦʤʙʳ.  

ʄʦʜʝʣʴ ʟʫʙʘ ʚʢʣʶʯʘʝʪ ʦʙʲʝʤʳ ʵʤʘʣʠ (1), ʜʝʥʪʠʥʘ (2), ʧʫʣʴʧʘ ʟʫʙʘ (3) ʥʝ ʤʦʜʝʣʠʨʫʝʪʩʷ, 

ʥʦ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʢʣʠʥʦʚʠʜʥʦʛʦ ʜʝʬʝʢʪʘ. ʇʨʠ ʫʛʣʫʙʣʝʥʠʠ ʢʣʠʥʦʚʠʜʥʦʛʦ 

ʜʝʬʝʢʪʘ ʚ ʪʢʘʥʠ ʟʫʙʘ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʦʥ ʥʝ ʜʦʣʞʝʥ ʧʦʧʘʜʘʪʴ ʚ ʧʫʣʴʧʫ. ʄʦʜʝʣʴ ʟʫʙʘ ʥʝ 

ʚʢʣʶʯʘʝʪ ʢʦʨʥʠ, ʦʪʙʨʦʰʝʥʥʘʷ ʯʘʩʪʴ ʟʘʤʝʥʝʥʘ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ 2S , ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʳ ʅɼʉ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 1S  ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʘ ʦʪ ʟʫʙʘ-ʘʥʪʘʛʦʥʠʩʪʘ ʦʪ 100 ʜʦ 1000 ʅ, ʪʘʢ ʢʘʢ ʟʫʙ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ, ʪʦʯʢʘ 

ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʩʪʘʚʨʘʮʠʝʡ, ʚ ʤʦʜʝʣʠ ʟʫʙʘ ʧʦʷʚʣʷʝʪʩʷ 

ʦʙʲʝʤ ʨʝʩʪʘʚʨʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 4, ʢʦʪʦʨʳʡ ʟʘʧʦʣʥʷʝʪ ʜʝʬʝʢʪ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʠʩʭʦʜʥʫʶ 

ʛʝʦʤʝʪʨʠʶ ʟʫʙʘ. 

ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ANSYS. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ 

ʩʪʝʧʝʥʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʩʭʦʜʠʤʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʚʳʙʨʘʥʘ 

ʦʧʪʠʤʘʣʴʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʩʦ ʩʛʫʱʝʥʠʝʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢ ʦʙʣʘʩʪʠ ʢʣʠʥʦʚʠʜʥʦʛʦ ʜʝʬʝʢʪʘ. ɼʝʬʦʨʤʘʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʟʫʙ-ʧʣʦʤʙʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʢʠ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʦʧʨʷʞʝʥʠʝ ʵʤʘʣʴ-ʧʣʦʤʙʘ 

ʠ ʜʝʥʪʠʥ-ʧʣʦʤʙʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʧʦʣʥʘʷ ʘʜʛʝʟʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʨʝʩʪʘʚʨʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʦ 2 ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘ 

(Charisma, Herculite) ʠ 1 ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ (CEREC), ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʧʨʷʤʦʡ 

ʨʝʩʪʘʚʨʘʮʠʠ ʚ ʚʠʜʝ ʧʣʦʤʙʳ, ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʧʣʦʤʙʳ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʇʨʠ ʵʪʦʤ 

ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʩʜʝʣʘʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʚʳʤ ʪʠʧʦʤ ʨʝʩʪʘʚʨʘʮʠʠ ʚ ʚʠʜʝ ʧʨʦʪʝʪʠʯʝʩʢʦʡ ʚʢʣʘʜʢʠ 

ʚ ʢʣʠʥʦʚʠʜʥʳʡ ʜʝʬʝʢʪ, ʦʜʥʠʤ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ 
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ʩʣʫʞʠʪʴ ʢʝʨʘʤʠʢʘ. ɺ ʨʘʤʢʘʭ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʦ ʪʨʠ ʚʘʨʠʘʥʪʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʨʝʩʪʘʚʨʘʮʠʠ ʢʣʠʥʦʚʠʜʥʦʛʦ ʜʝʬʝʢʪʘ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʄʘʪʝʨʠʘʣʳ ʨʝʩʪʘʚʨʘʮʠʠ ʢʣʠʥʦʚʠʜʥʦʛʦ ʜʝʬʝʢʪʘ 

 

ʄʘʪʝʨʠʘʣ ʨʝʩʪʘʚʨʘʮʠʠ ʄʦʜʫʣʴ ʖʥʛʘ, ʄʇʘ ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ 

CEREC (ʤʘʪ. 1.) 45000 0,3 

Charisma (ʤʘʪ. 2.) 14100 0,24 

Herculite (ʤʘʪ. 3.) 9500 0,24 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 ʧʦʢʘʟʘʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʫʙʝ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʩʪʘʚʨʘʮʠʠ ʜʣʷ ʜʝʥʪʠʥʘ, ʵʤʘʣʠ ʠ ʚʢʣʘʜʢʠ ʤʦʜʝʣʠ ʟʫʙʘ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʨʝʩʪʘʚʨʘʮʠʝʡ ʧʨʠ ʥʘʛʨʫʟʢʝ ʟʫʙʘ-ʘʥʪʘʛʦʥʠʩʪʘ 500 ʅ, ʤʘʪʝʨʠʘʣ ʧʣʦʤʙʳ CEREC. 

 

 
 

ʈʠʩ. 2. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʟʫʙʘ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʩʪʘʚʨʘʮʠʝʡ: 

ʘ-ʙ) ʠʟʦʤʝʪʨʠʷ ʟʫʙ-ʧʣʦʤʙʘ; ʚ) ʵʤʘʣʴ; ʛ) ʜʝʥʪʠʥ 
 

 
 

ʈʠʩ. 3. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʩʪʘʚʨʘʮʠʠ: 

ʘ) ʦʙʱʠʡ ʚʠʜ, ʙ) ʚʥʝʰʥʷʷ ʩʪʦʨʦʥʘ 
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ʘ) ʙ) 

ʚ) 
ʛʛ) 

7,8 

10,4 

12,9 

15,5 

18,1 

20,6 

23,2 

25,8 

28,3 

31,3 

, ʄʇʘ 

) 

ʙ) 
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ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʰʝʡʢʝ ʟʫʙʘ ʚ ʵʤʘʣʠ. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʝʥʪʠʥʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 4,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʵʤʘʣʠ ʠ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʙʣʠʟʠ ʰʝʡʢʠ ʟʫʙʘ. ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʟʫʙ ʤʘʪʝʨʠʘʣʘ ʨʝʩʪʘʚʨʘʮʠʠ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʨʘʚʥʦʤʝʨʥʳʡ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ 

ʧʣʦʤʙʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʝʝ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʜʘʥʥʳʡ ʬʘʢʪ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʘʥʥʳʤ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, 

ʪʘʢ ʢʘʢ ʯʘʩʪʦ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʧʣʦʤʙʳ ʚ ʢʣʠʥʦʚʠʜʥʦʤ ʜʝʬʝʢʪʝ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʝʝ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʩ ʟʫʙʦʤ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦ ʚʢʣʘʜʢʝ ʠʟ CEREC ʧʨʠ ʥʘʛʨʫʟʢʝ 500 ʅ ʙʣʠʟʦʢ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʨʦʚʥʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʝʥʪʠʥʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʤʘʣʠ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʨʝʩʪʘʚʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʝʪʠʯʝʩʢʦʡ ʚʢʣʘʜʢʠ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ 

ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʩʪʠ ʚʙʣʠʟʠ ʢʣʠʥʦʚʠʜʥʦʛʦ ʜʝʬʝʢʪʘ (ʵʤʘʣʴ, ʜʝʥʪʠʥ) ʠ ʚʳʰʝ ʢʣʠʥʦʚʠʜʥʦʛʦ 

ʜʝʬʝʢʪʘ ʚ ʵʤʘʣʠ ʟʫʙʘ [3]. ɺ ʟʫʙʝ ʩʦʟʜʘʝʪʩʷ ʚʳʨʝʟ ʧʦʜ ʧʨʦʪʝʪʠʯʝʩʢʫʶ ʚʢʣʘʜʢʫ. ʅʘ ʨʠʩʫʥʢʝ 4 

ʧʦʢʘʟʘʥʘ ʛʝʦʤʝʪʨʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʚʳʨʝʟʘ ʧʦʜ ʧʨʦʪʝʪʠʯʝʩʢʫʶ ʚʢʣʘʜʢʫ ʚ ʤʦʜʝʣʠ. 

 

 
 

ʈʠʩ. 4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʦʩʪʠ ʧʦʜ ʧʨʦʪʝʪʠʯʝʩʢʫʶ ʚʢʣʘʜʢʫ 

 

ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦʣʦʩʪʴ ʜʣʷ ʬʠʢʩʘʮʠʠ ʚʢʣʘʜʢʠ (II) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ, 

ʧʦʣʫʯʝʥʥʫʶ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʰʠʨʝʥʠʷ ʜʝʬʝʢʪʘ, ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʝʪʝʥʮʠʦʥʥʳʤ ʧʫʥʢʪʦʤ ʚ 

ʚʠʜʝ ʧʦʣʦʩʪʠ ʧʝʨʝʭʦʜʷʱʝʡ ʥʘ ʘʧʨʦʢʩʠʤʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʫʙʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ 

ʚʚʝʨʭʫ ʧʦʣʦʩʪʠ ʜʣʷ ʬʠʢʩʘʮʠʠ ʚʠʥʠʨʥʦʡ ʯʘʩʪʠ ʚʢʣʘʜʢʠ ʠ ʛʠʥʛʠʚʘʣʴʥʦʛʦ ʬʘʣʴʮʘ (III) 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʘʧʠʢʘʣʴʥʝʝ ʜʝʬʝʢʪʘ. ʋʧʨʦʱʝʥʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʣʦʩʪʠ ʧʦʜ 

ʚʠʥʠʨʥʫʶ ʚʢʣʘʜʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4 ʜʣʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 1 0,3h = , 2 0,2h =  ʠ 

3 0,3h =  ʤʤ. ʎʝʥʪʨʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʚʳʨʝʟʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ ʚʩʶ ʜʣʠʥʫ ʢʣʠʥʦʚʠʜʥʦʛʦ ʜʝʬʝʢʪʘ, 

ʬʦʨʤʠʨʫʷ ʠʪʦʛʦʚʳʡ ʚʠʜ ʧʦʣʦʩʪʠ ʧʦʜ ʚʠʥʠʨʥʫʶ ʚʢʣʘʜʢʫ ʚ ʪʢʘʥʷʭ ʟʫʙʘ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ ʛʨʘʥʠʮʫ ʧʦʣʦʩʪʠ ʧʦʜ ʧʨʦʪʝʪʠʯʝʩʢʫʶ ʚʢʣʘʜʢʫ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʛʝʦʤʝʪʨʠʷ ʟʫʙʘ ʩ ʥʦʚʳʤ ʪʠʧʦʤ ʨʝʩʪʘʚʨʘʮʠʠ. 
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ʈʠʩ. 5. ɿʫʙ ʩ ʧʨʦʪʝʪʠʯʩʢʦʡ ʚʢʣʘʜʢʦʡ: ʘ) ʮʝʥʪʨʘʣʴʥʦʝ ʩʝʯʝʥʠʝ; ʙ) ʠʟʦʤʝʪʨʠʷ 

 

ʇʨʦʪʝʪʠʯʝʩʢʘʷ ʚʢʣʘʜʢʘ 4 ʟʘʧʘʨʘʤʝʪʨʠʟʠʨʦʚʘʥʘ ʧʦ ʚʩʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʜʙʦʨʘ ʚʳʨʝʟʘ ʧʦʜ ʚʢʣʘʜʢʫ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚʠʥʠʨʥʦʡ ʯʘʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʟʫʙʘ ʠ ʚʢʣʘʜʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚ ʨʘʤʢʘʭ ʧʦʣʥʦʡ ʘʜʛʝʟʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʴ-ʧʦʚʝʨʭʥʦʩʪʴ. 

ʋʨʦʚʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʧʨʦʪʝʪʠʯʝʩʢʦʡ ʚʢʣʘʜʢʠ ʩʦʧʦʩʪʘʚʠʤ ʩ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʟʫʙʝ ʙʝʟ ʫʯʝʪʘ ʜʝʬʝʢʪʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

ʟʫʙ-ʚʢʣʘʜʢʘ ʩʤʝʩʪʠʣʘʩʴ ʚ ʦʙʣʘʩʪʴ ʰʝʡʢʠ ʟʫʙʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʟʫʙʝ ʩ ʜʝʬʝʢʪʦʤ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʦʙʣʘʩʪʠ ʢʣʠʥʘ. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʤʝʥʝʝ 

ʨʘʚʥʦʤʝʨʥʳʡ, ʯʝʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʩʪʘʚʨʘʮʠʠ. ɼʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʨʘʚʣʝʥ 

ʧʨʘʚʠʣʴʥʳʤ ʧʦʜʙʦʨʦʤ ʛʝʦʤʝʪʨʠʠ ʧʦʣʦʩʪʠ ʧʦʜ ʚʢʣʘʜʢʫ, ʚʠʥʠʨʥʦʡ ʵʩʪʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚʢʣʘʜʢʠ, 

ʧʘʨʘʤʝʪʨʦʚ ʛʠʥʛʠʚʘʣʴʥʦʛʦ ʬʘʣʴʮʘ, ʘ ʪʘʢʞʝ ʞʝ ʤʘʪʝʨʠʘʣʘ ʚʢʣʘʜʢʠ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʟʫʙ-ʨʝʩʪʘʚʨʘʮʠʷ ʧʨʠ ʨʝʩʪʘʚʨʘʮʠʠ ʥʦʚʦʛʦ ʪʠʧʘ ʚ 1,3 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʩʪʘʚʨʘʮʠʠ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʦʙʲʷʩʥʠʤ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʜʝʩʥʳ ʦʩʪʘʚʣʝʥ ʛʠʥʛʠʚʘʣʴʥʳʡ ʬʘʣʴʮ, ʪʝʤ ʩʘʤʳʤ ʟʫʙ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʙʦʣʴʰʠʥʩʪʚʦ ʬʫʥʢʮʠʡ, ʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʮʝʣʳʤ ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚʦ ʚʢʣʘʜʢʝ ʥʘ 60,2 % ʥʠʞʝ, ʯʝʤ ʚ ʟʫʙʝ. ʅʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʩ 

ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʩʨʝʜʥʝʤ ʚʦ ʚʢʣʘʜʢʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʞʝ, ʯʝʤ ʥʘ ʚʥʫʪʨʝʥʥʝʡ. ʄʘʢʩʠʤʫʤ ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʢʣʘʜʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʥʝʰʥʝʡ ʚʠʥʠʨʥʦʡ ʯʘʩʪʠ ʨʝʩʪʘʚʨʘʮʠʠ, ʜʘʥʥʳʡ ʵʬʬʝʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚʠʥʠʨʥʦʡ ʯʘʩʪʠ, ʘ ʪʘʢʞʝ ʩ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʦʛʘ ʩʠʩʪʝʤʳ ʟʫʙ-ʨʝʩʪʘʚʨʘʮʠʷ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʝʙʫʝʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʚʠʥʠʨʥʦʡ ʚʢʣʘʜʢʠ ʠ ʩʪʝʧʝʥʠ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʙʣʠʟʠ ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʧʨʦʪʝʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʮʝʣʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʤʦʜʝʣʠ ʩ 

ʥʦʚʳʤ ʪʠʧʦʤ ʨʝʩʪʘʚʨʘʮʠʠ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ. ʄʠʥʠʤʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʥʘʙʣʶʜʘʶʪʩʷ 

ʚ ʵʤʘʣʠ ʧʨʠ ʚʩʝʭ ʪʨʝʭ ʚʘʨʠʘʥʪʘʭ ʨʝʩʪʘʚʨʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʤʘʣʳʤʠ ʦʪʣʠʯʠʷʤʠ 

ʦʙʣʘʜʘʶʪ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʥʦʚʦʡ ʠ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʩʪʘʚʨʘʮʠʠ ʚ ʜʝʥʪʠʥʝ ʧʨʠ 

ʨʝʩʪʘʚʨʘʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ 2. 

ʘ) ʙ) 

1 

2 

3 

4 
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ɺʳʧʦʣʥʠʤ ʩʨʘʚʥʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʦʚʦʡ ʠ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʩʪʘʚʨʘʮʠʠ ʧʦ 

ʬʦʨʤʫʣʝ (1): 

( )new standart standart100A A A AD = - , % (1) 

ʛʜʝ A  ï ʧʘʨʘʤʝʪʨ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ max ʀs  ʠ 

ʜʝʬʦʨʤʘʮʠʡ max ʀe ), newA , standartA  ï ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʩ ʥʦʚʳʤ ʠ ʩʪʘʥʜʘʨʪʥʳʤ ʪʠʧʦʤ 

ʨʝʩʪʘʚʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢ ʢʘʢ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʷ max ʀD s ʠ max ʀD e ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, 

ʪʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (ʪʘʙʣ. 2) ï 

max ʀD s ʠ max ʀD e. 

ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʦʪʣʠʯʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʅɼʉ ʤʦʜʝʣʝʡ  

ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʨʝʩʪʘʚʨʘʮʠʠ ʢʣʠʥʦʚʠʜʥʦʛʦ ʜʝʬʝʢʪʘ 

 

ʄʘʪʝʨʠʘʣ 

ʆʙʲʝʤʳ ʤʦʜʝʣʝʡ 

ʕʤʘʣʴ ɼʝʥʪʠʥ ʈʝʩʪʘʚʨʘʮʠʷ 

max ʀD s max ʀD e max ʀD s max ʀD e max ʀD s max ʀD e 

1 8,8562 9,1451 124,08 125,53 90,687 111,43 

2 8,3614 8,6644 -3,909 -0,31 47,968 60,958 

3 8,5916 8,8894 18,342 21,328 61,905 76,467 

 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʫʨʦʚʥʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʵʤʘʣʠ ʧʨʠ 

ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʤʘʪʝʨʠʘʣʦʚ ʨʝʩʪʘʚʨʘʮʠʠ ʫ ʥʦʚʦʡ ʧʨʦʪʝʪʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʰʝ, ʯʝʤ ʫ 

ʩʪʘʥʜʘʨʪʥʦʡ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 10%. ʄʘʪʝʨʠʘʣ ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʝʝ ʪʠʧ ʦʢʘʟʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʅɼʉ ʜʝʥʪʠʥʘ ʠ ʚʢʣʘʜʢʠ ʚ ʧʨʦʪʝʪʠʯʝʩʢʠʡ ʜʝʬʝʢʪ. ʇʨʠ ʤʘʪʝʨʠʘʣʝ 2 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʜʝʥʪʠʥʝ ʚ ʥʦʚʦʤ ʪʠʧʝ ʨʝʩʪʘʚʨʘʮʠʠ ʤʝʥʴʰʝ ʚ ʩʨʝʜʥʝʤ ʥʘ 4 

ʧʨʦʮʝʥʪʘ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ ʠ 0,3% ʧʦ ʜʝʬʦʨʤʘʮʠʷʤ. ʄʠʥʠʤʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚʢʣʘʜʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢ ʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʨʝʩʪʘʚʨʘʮʠʠ 2 ʠ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 60%. ʇʨʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʚʢʣʘʜʢʝ ʠʟ ʤʘʪʝʨʠʘʣʘ 1 ʧʨʠ ʥʦʚʦʡ ʨʝʩʪʘʚʨʘʮʠʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʧʘʨʘʤʝʪʨʦʚ ʅɼʉ ʥʦʚʦʡ ʠ ʩʪʘʥʜʘʨʪʥʦʡ ʚʢʣʘʜʢʠ: ʚ 

ʜʝʥʪʠʥʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚʳʰʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 120%, ʚʦ ʚʢʣʘʜʢʝ ʥʘ 90-110%. ɼʘʥʥʳʡ 

ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚ ʜʝʥʪʠʥ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʤʘʪʝʨʠʘʣʝ 

ʨʝʩʪʘʚʨʘʮʠʠ 3 ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʜʝʥʪʠʥʝ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 18 ʠ 21% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʥʦʚʦʡ ʚʢʣʘʜʢʠ ʠʟ ʤʘʪʝʨʠʘʣʘ 

3 ʚ ʩʨʝʜʥʝʤ ʚʳʰʝ, ʯʝʤ ʫ ʩʪʘʥʜʘʨʪʥʦʡ ʥʘ 61 ʠ 76% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʘʣʴʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʚʳʨʝʟʘ 

ʧʦʜ ʧʨʦʪʝʪʠʯʝʩʢʫʶ ʚʢʣʘʜʢʫ ʠ ʝʝ ʚʠʥʠʨʥʦʡ ʯʘʩʪʠ ʥʘ ʅɼʉ ʟʫʙʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʤʦʜʝʣʴ ʢʦʨʥʝʚʦʡ 

ʩʠʩʪʝʤʳ. 
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ʂʨʳʩʠʥʘ ɸ.ʉ., ʇʘʥʴʢʦʚʘ ɸ.ʇ. 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʅʊɸʂʊʅʆɻʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʀʅɼɽʅʊʆʈɸ ʀ 

ʇʆʃʋʇʈʆʉʊʈɸʅʉʊɺɸ ʏɽʈɽɿ ɿɸʑʀʊʅʆɽ ʇʆʃʀʄɽʈʅʆɽ ʇʆʂʈʓʊʀɽ 

 

ɿʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʠ ʧʨʦʩʣʦʡʢʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [1; 4]. ɿʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʠ ʧʨʦʩʣʦʝʢ ʥʘ ʨʘʙʦʪʫ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʠʩʪʝʤ, ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʭʘʥʠʢʝ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʷʚʣʷʶʪʩʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʘʥʘʣʠʟ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʠʟʥʦʩʘ, ʢʦʥʪʘʢʪʘ ʧʦʢʨʳʪʠʡ ʩ ʪʝʣʘʤʠ ʩʦʧʨʷʞʝʥʠʷ ʩ 

ʮʝʣʴʶ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ [6]. ʊʘʢʞʝ ʦʪʜʝʣʴʥʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʤʢʘʭ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʝʡ ʠʭ ʧʦʚʝʜʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʧʨʠʢʣʘʜʥʳʝ ʧʘʢʝʪʳ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ [2; 3]. 

ʀʥʪʝʨʝʩʥʳ ʚʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʭʘʨʘʢʪʝʨʘ ʩʦʧʨʷʞʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʩʦʧʨʷʞʝʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʢʨʳʪʠʡ ʠ ʧʨʦʩʣʦʝʢ ʥʘ ʨʘʙʦʪʫ ʫʟʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʧʦʣʠʤʝʨʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ 

ʭʘʨʘʢʪʝʨʘ ʝʛʦ ʩʦʧʨʷʞʝʥʠʷ ʩʦ ʩʪʘʣʴʥʳʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦʤ (ʠʜʝʘʣʴʥʳʡ ʠ ʬʨʠʢʮʠʦʥʥʳʡ 

ʢʦʥʪʘʢʪ, ʧʦʣʥʘʷ ʘʜʛʝʟʠʷ). ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʪʘʢʪʘ ʥʘ ʨʝʰʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ɻʝʨʮʘ ʦ ʢʦʥʪʘʢʪʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʰʪʘʤʧʘ ʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩ. 1, ʙ). 

ʇʨʠ ʵʪʦʤ ʰʪʘʤʧ ʚʳʧʦʣʥʝʥ ʠʟ ʩʪʘʣʠ, ʘ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ï ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʠʣʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʨʘʩʩʤʦʪʨʝʥ ʢʦʥʪʘʢʪ 

ʩʪʘʣʴʥʦʛʦ ʰʪʘʤʧʘ ʠ ʩʪʘʣʴʥʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʯʝʨʝʟ ʧʦʣʠʤʝʨʥʦʝ (ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ) 

ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ (ʨʠʩ. 1, ʙ). 

 

  
 

ʈʠʩ. 1. ʂʦʥʪʘʢʪ ʰʪʘʤʧ-ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ: ʘ ï ʧʦʣʠʤʝʨʥʦʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ; 

ʙ ï ʩʪʘʣʴʥʦʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʟʘʱʠʪʥʳʤ ʧʦʢʨʳʪʠʝʤ 

 

ʈʘʜʠʫʩ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠʥʜʝʥʪʦʨʘ, ʚʳʩʦʪʘ ʠ ʜʣʠʥʘ ʦʙʲʝʤʘ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʦʝ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʘʢ ʢʦʥʝʯʥʳʡ ʦʙʲʝʤ c ʟʘʤʝʥʦʡ ʦʪʙʨʦʰʝʥʥʳʭ ʯʘʩʪʝʡ ʫʩʣʦʚʠʷʤʠ ʩʠʤʤʝʪʨʠʠ, 
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ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʦʙʝʠʭ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʠ ʨʘʚʥʳ 200=R , 44=H  ʠ 310=L  ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʦʣʱʠʥʘ ʟʘʱʠʪʥʦʡ ʧʨʦʩʣʦʡʢʠ ph  ʫʯʪʝʥʘ ʚ ʦʙʱʝʡ ʚʳʩʦʪʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 

ʠʥʜʝʥʪʦʨ-ʧʦʢʨʳʪʠʝ-ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4 ʜʦ 12 ʤʤ. ʄʦʜʝʣʠ 

ʠʥʜʝʥʪʠʨʫʶʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʩʠʣʦʡ 1000=F  ʅ. 

ɿʘʜʘʯʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ 1 ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʙʝʟ ʪʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʧʨʷʞʝʥʠʷ ʠʥʜʝʥʪʦʨ-ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ. ɺʩʝʛʦ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 7 ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʪʨʠ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʵʪʠʣʝʥʘ (ʉɺʄʇʕ) (ʄʘʪ. 1-3) ʨʘʟʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ; ʜʚʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʦʧʣʘʩʪʘ ʩ ʙʨʦʥʟʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʨʘʟʥʦʡ 

ʬʦʨʤʳ ʠ ʜʠʩʫʣʴʬʠʜʦʤ ʤʦʣʠʙʜʝʥʘ (ʄʘʪ. 4-5); ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ 

ʬʪʦʨʦʧʣʘʩʪ (ʄʘʪ. 6) ʠ ʯʠʩʪʳʡ ʬʪʦʨʦʧʣʘʩʪ-4. ʏʠʩʪʳʡ ʬʪʦʨʦʧʣʘʩʪ-4 ʫʯʘʩʪʚʫʝʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩʣʦʝʚ ʩʢʦʣʴʞʝʥʠʷ ʫʟʣʦʚ ʪʨʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʙʨʘʥʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʨʘʟʙʠʝʥʠʝ ʩʦ ʩʛʫʱʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʢ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ ʠʥʜʝʥʪʦʨʘ ʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʨʘʚʥʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ 

ʟʘʜʘʯʠ ɻʝʨʮʘ. ɼʘʣʝʝ ʚ ʤʦʜʝʣʠ ʫʯʪʝʥʦ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʤʘ ʧʨʦʩʣʦʡʢʠ [5]. 

ɺ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ 2 ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʜʝʣʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʨʘʟʙʠʝʥʠʝ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʫ ʧʝʨʚʦʡ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. ʀʜʝʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʨʝʘʣʠʟʦʚʘʥ ʧʦ ʩʨʝʜʩʪʚʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʫʟʝʣ ʚ ʫʟʝʣ, ʧʦʣʥʘʷ ʘʜʛʝʟʠʷ ʠ ʬʨʠʢʮʠʦʥʥʳʡ ʢʦʥʪʘʢʪ ʨʝʘʣʠʟʦʚʘʥ ʧʘʨʦʡ 

ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʩʦʧʨʷʞʝʥʠʝ ʪʠʧʘ ʧʦʚʝʨʭʥʦʩʪʴ-ʧʦʚʝʨʭʥʦʩʪʴ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʤʘʪ. 6 (ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʬʪʦʨʦʧʣʘʩʪ). ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ ʚʣʠʷʥʠʷ ʭʘʨʘʢʪʝʨʘ ʩʦʧʨʷʞʝʥʠʷ ʧʨʦʩʣʦʡʢʘ-

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ ʠʥʜʝʥʪʦʨ-ʧʨʦʩʣʦʡʢʘ. 

 
 

ʈʠʩ. 2. ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ
 1KS  ʧʨʠ ʨʘʟʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʦʧʨʷʞʝʥʠʷ 

2KS  ʧʨʠ
 

4ph =
 
ʤʤ: 

ʘ) ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ; ʙ) ʢʦʥʪʘʢʪʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʪʘʢʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʰʝ ʧʨʠ ʤʝʥʴʰʝʡ ʧʣʦʱʘʜʠ 

ʧʣʦɦʘʜʢʠ ʢʦʥʪʘʢʪʘ ʚ ʦʙʣʘʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʧʨʦʩʣʦʡʢʘ-ʠʥʜʝʥʪʦʨ ʧʨʠ ʠʜʝʘʣʴʥʦʤ ʢʦʥʪʘʢʪʝ ʥʘ 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʧʘʨʳ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʝʪ ʫʨʦʚʝʥʴ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʠʞʝ 

~ ʥʘ 2-5 ʄʇʘ (ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʦʧʨʷʞʝʥʠʷ) ʠ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ~ ʚ 

3 ʨʘʟʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ 

ʧʨʦʩʣʦʡʢʘ-ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

 
 

ʈʠʩ. 3. ʇʘʨʘʤʝʪʨʳ ʢʦʥʪʘʢʪʘ 
2KS  ʧʨʠ ʨʘʟʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʦʧʨʷʞʝʥʠʷ 

2KS  ʧʨʠ 4ph =
 
ʤʤ: 

ʘ) ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ; ʙ) ʢʦʥʪʘʢʪʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʫʨʦʚʝʥʴ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʨʘʟʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʩʦʧʨʷʞʝʥʠʷ ʠʤʝʝʪ ʤʘʣʳʝ ʦʪʣʠʯʠʷ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʣʥʦʡ ʘʜʛʝʟʠʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʢʦʥʪʘʢʪʥʦʛʦ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ 4 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʬʨʠʢʮʠʦʥʥʦʤ ʢʦʥʪʘʢʪʝ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʦʜʝʣʠ ʩ ʠʜʝʘʣʴʥʳʤ ʢʦʥʪʘʢʪʦʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʧʨʦʩʣʦʡʢʘ-ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ, ʯʪʦ 

ʩʚʷʟʘʥʥʦ ʩ ʨʘʟʥʳʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʘ ʠ ʩʪʘʣʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʝʜʠʥʦʛʦ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʠʩʪʝʤʝ. ʍʘʨʘʢʪʝʨ ʣʦʢʘʣʠʟʘʮʠʠ ʤʘʢʩʠʤʫʤʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʦʧʨʷʞʝʥʠʷ 
2KS . ɺ ʤʦʜʝʣʠ ʩ ʬʨʠʢʮʠʦʥʥʳʤ ʢʦʥʪʘʢʪʦʤ 

ʥʘ 
2KS  ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʚʝ ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʥʦ 

ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʨʦʩʣʦʡʢʠ. ʄʘʪʝʨʠʘʣ ʧʨʦʩʣʦʡʢʠ ʤʦʞʝʪ ʧʨʦʩʢʘʣʴʟʳʚʘʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʣʠ ʠ ʥʝ ʧʨʠʚʷʟʘʥ ʢ ʧʦʣʷʤ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʩʪʘʣʴʥʦʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʤʠʥʠʤʘʣʝʥ 

ʧʨʠ ʬʨʠʢʮʠʦʥʥʦʤ ʢʦʥʪʘʢʪʝ ʥʘ 
2KS . 

ʇʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʩʣʦʡʢʠ, 

ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ 

ʢʦʦʨʜʠʥʘʪʳ 0x=  ʫʨʦʚʝʥʴ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʩʣʦʡʢʠ ʥʫʣʝʚʦʡ. ʇʣʘʩʪʠʯʝʩʢʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʦʩʣʦʡʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʙʣʠʟʠ ʢʦʦʨʜʠʥʘʪʳ 0x= . ʇʦʵʪʦʤʫ ʥʘ 

ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʧʦʣʠʤʝʨʥʦʡ ʧʨʦʩʣʦʡʢʠ ʚʙʣʠʟʠ ʢʦʦʨʜʠʥʘʪʳ 0x= . 
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ʈʠʩ. 4. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʨʘʟʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʦʧʨʷʞʝʥʠʷ 
2KS : 

ʘ) ʠʜʝʘʣʴʥʳʡ ʢʦʥʪʘʢʪ; ʙ) ʧʦʣʥʘʷ ʘʜʛʝʟʠʷ; ʚ) ʬʨʠʢʮʠʦʥʥʳʡ ʢʦʥʪʘʢʪ 

 

 

ʈʠʩ. 5. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʨʘʟʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʦʧʨʷʞʝʥʠʷ 
2KS : 

ʘ) ʠʜʝʘʣʴʥʳʡ ʢʦʥʪʘʢʪ; ʙ) ʧʦʣʥʘʷ ʘʜʛʝʟʠʷ; ʚ) ʬʨʠʢʮʠʦʥʥʳʡ ʢʦʥʪʘʢʪ 

ʍʘʨʘʢʪʝʨ ʩʦʧʨʷʞʝʥʠʷ 
2KS  ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ ʰʪʘʤʧʘ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ 
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ʩ ʧʨʦʩʣʦʡʢʦʡ ʩʦʧʨʷʞʝʥʥʦʡ ʚ ʨʘʤʢʘʭ ʠʜʝʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʘʪʝʨʠʘʣ ʩʣʦʷ ʩʢʦʣʴʞʝʥʠʷ ʟʘʞʘʪ 

ʤʝʞʜʫ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʠʥʜʝʥʪʦʨʦʤ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ 

ʮʝʥʪʨʝ ʧʨʦʩʣʦʡʢʠ ʧʷʪʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʫʨʦʚʝʥʴ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʚʙʣʠʟʠ ʠʥʜʝʥʪʦʨʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ~ 0,09%, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ ʤʝʥʴʰʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʠ ʧʦʣʥʦʡ ʘʜʛʝʟʠʠ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʚʙʣʠʟʠ ʠʥʜʝʥʪʦʨʘ, ʧʨʠ 

ʬʨʠʢʮʠʦʥʥʦʤ ʢʦʥʪʘʢʪʝ ï ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʢʦʥʪʘʢʪʘ ʧʨʦʩʣʦʡʢʘ-ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʦʜʝʣʠ ʩ 

ʬʨʠʢʮʠʦʥʥʳʤ ʢʦʥʪʘʢʪʦʤ ʤʝʞʜʫ ʧʨʦʩʣʦʡʢʦʡ ʠ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦʤ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʪʦʣʱʠʥʳ ʟʘʱʠʪʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʠ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʘʢʪʘ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʨʦʩʣʦʡʢʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ  

ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-48-596009. 
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ʏʀʉʃɽʅʅʆɽ ʈɽʐɽʅʀɽ ʅɽʃʀʅɽʁʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ʐʈɽɼʀʅɻɽʈɸ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʣʦʞʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʢʘʩʘʶʱʠʭʩʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʜʥʦʤʝʨʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʐʨʝʜʠʥʛʝʨʘ ʧʨʠ ʧʦʤʦʱʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ɹʝʩʩʝ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʥʶʘʥʩʘʤ 

ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ɹʝʩʩʝ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤ ʝʸ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʠʙʣʠʦʪʝʢʠ Eigen ʠ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++. ʈʘʟʨʘʙʦʪʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʩʯʸʪʘ ʟʘʜʘʯ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʥʝʢʦʪʦʨʳʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʠʚʝʜʝʥʘ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʦʚ ʠ ʛʨʘʬʠʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ, ʠʤʝʶʱʝʛʦ ʚʠʜ 

Ὥ ‬ό  ‬ό  ‗ȿόȿό ȟ

όὼȟ ὸ  Ὢὼȟ
       ὼȟὸᶰὝ ὤ                                                  ρ 

ʛʜʝ ό ï ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʘʷ ʬʫʥʢʮʠʷ, ὸ ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʨʝʤʝʥʠ ὸ ʠ 

‗ɴ Ὑ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʘʥʪʫ [3]. 

ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ ʘʙʝʣʝʚʘ ʛʨʫʧʧʘ ʚʩʝʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʨʘʚʥʳʭ ʧʦ ʤʦʜʫʣʶ 

ʝʜʠʥʠʮʝ Ὕ, ʠʟʦʤʦʨʬʥʘʷ ʢ ὙȾὴὤ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʩ ʧʝʨʠʦʜʦʤ ὴ π [8]. 

ʋʨʘʚʥʝʥʠʝ (1) ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, ʠ ʚʩʪʨʝʯʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʚʦʣʥ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚ 

ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ. ʇʘʨʘʤʝʪʨ ‗ ʚ ʫʨʘʚʥʝʥʠʠ ʐʨʝʜʠʥʛʝʨʘ ʦʧʨʝʜʝʣʷʝʪ ʣʠʙʦ ʬʦʢʫʩʠʨʫʶʱʠʡ 

(‗ π), ʣʠʙʦ ʜʝʬʦʢʫʩʠʨʫʶʱʠʡ (‗ π) ʵʬʬʝʢʪ ʥʝʣʠʥʝʡʥʦʩʪʠ ʨʝʰʝʥʠʷ [7]. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʠʟʚʝʩʪʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʩʦʣʠʪʦʥʦʚʦʝ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʐʨʝʜʠʥʛʝʨʘ [4]. ɹʠ-ʩʦʣʠʪʦʥʦʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʧʘʨʘʤʝʪʨʘ ‗ ς ʠʤʝʝʪ ʚʠʜ 

όὼȟὸ τὩ
ρ ςὭὸÃÏÓÈὼ ὼίὭὲὬὼ

ρ ςὼ ψὸ ÃÏÓÈ ςὼ
Ȣ                                                ς 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʙʠ-ʩʦʣʠʪʦʥʦʚʦʛʦ 

ʨʝʰʝʥʠʷ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ὼɴ σ“ȟσ“ ʠ ὸɴ υȟυ. ʇʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʝʪʢʘ 

υππυππ. 
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ʈʠʩ. 1. ʄʦʜʫʣʴ ʙʠ-ʩʦʣʠʪʦʥʦʚʦʛʦ ʨʝʰʝʥʠʷ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩʣʝʜʫʶʱʘʷ 

ʜʠʩʢʨʝʪʠʟʘʮʠʷ: ʙʳʣʘ ʚʚʝʜʝʥʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʝʪʢʘ ʩ ʫʟʣʘʤʠ, ʨʘʚʥʳʤʠ ὼȟὸ ὼ

άὬȟὸ ὲὯ ʜʣʷ ά πȟȣȟὓ ρ ʠ ὲ πȟȣȟὔ ρ, ʛʜʝ ʰʘʛʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʠ ʧʦ ʚʨʝʤʝʥʠ 

ʨʘʚʥʳ Ὤ ὼ ὼ Ⱦὓ ρ ʠ Ὧ ὸ ὸ Ⱦὔ ρ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʦʯʥʦʝ ʨʝʰʝʥʠʝ ʦʜʥʦʤʝʨʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʚ ʪʦʯʢʝ 

ʩʝʪʢʠ ὼȟὸ  ʜʘʣʝʝ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ ό. ʏʠʩʣʝʥʥʦʝ ʞʝ ʧʨʠʙʣʠʞʝʥʠʝ ʚ ʪʦʡ ʞʝ ʪʦʯʢʝ 

ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ Ὗ . ɺʝʢʪʦʨ ʨʝʰʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ Ὗ ὟȟὟȟȣȟὟ . ʊʘʢʞʝ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʠʟ-

ʟʘ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ Ὗ Ὗ , ʪʘʢ ʯʪʦ ʧʦʵʪʦʤʫ ʵʣʝʤʝʥʪ Ὗ  ʚ 

Ὗ  ʤʦʞʥʦ ʦʧʫʩʪʠʪʴ. 

ʀʜʝʷ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ɹʝʩʩʝ ʩʦʩʪʦʠʪ ʚ ʟʘʤʝʥʝ ʢʫʙʠʯʝʩʢʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʐʨʝʜʠʥʛʝʨʘ ʥʘ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʚʠʜ 

ὺ ȿόȿȟ
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     ὼȟὸᶰὝ ὤȢ                                                           σ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʭʝʤʳ ʧʝʨʚʳʡ ʩʣʦʡ ʧʦ ʚʨʝʤʝʥʠ ʟʘʧʦʣʥʷʝʪʩʷ ʢʘʢ όὼȟὸ

Ὢὼȟὸ  ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʘʭ. 

ʇʦʣʫʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ὸ Ⱦ ὸ Ὧ, ʪʘʢʞʝ ʚʚʦʜʠʪʩʷ ὠ
Ⱦ

 ʚ 

ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʠ ὺ ʚ ʪʦʯʢʝ ὼȟὸ Ⱦ . ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʚʳʰʝʦʧʠʩʘʥʥʦʝ, ɹʝʩʩʝ ʧʨʝʜʣʘʛʘʝʪ ʩʣʝʜʫʶʱʫʶ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʫʶ ʩʭʝʤʫ 
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ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ 

ὠ Ⱦ ὠ ςȿὟȿȢȟ

ὃὟ ὃὟȟ
                                                            υ 
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ʛʜʝ ὠ ὠ ȟȣȟὠ  , ȿὟȿȢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʵʣʝʤʝʥʪʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʢʚʘʜʨʘʪʘ 

ʤʦʜʫʣʷ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʚ ʫʟʣʝ ʩʝʪʢʠ, ὃ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʤʤʝʪʨʠʯʥʫʶ ʮʠʢʣʠʯʝʩʢʫʶ 

ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʫʶ ʤʘʪʨʠʮʫ 
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ȟ                                                     φ 

ʛʜʝ ‌ ὭȾὶ ς ‗Ὤὠ
Ⱦ

 ʠ ὶ  [2]. 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʚʪʦʨʦʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ. ɺ 

ʦʨʠʛʠʥʘʣʴʥʦʡ ʨʘʙʦʪʝ ɹʝʩʩʝ ʪʘʢʞʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʩʭʝʤʘ ʩʭʦʜʠʪʩʷ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 

ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ ʨʘʚʥʳʡ ʜʚʫʤ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ɹʝʩʩʝ ʧʝʨʝʜ ʪʘʢʠʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ, ʢʘʢ ʩʭʝʤʘ ʂʨʘʥʢʘ-

ʅʠʢʦʣʩʦʥʘ, ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʤ ʤʝʪʦʜʘʤ ʂʨʘʥʢʘ-ʅʠʢʦʣʩʦʥʘ ʠ ʤʝʪʦʜʦʤ ɼʶ ʌʦʨ-ʌʨʘʥʢʝʣʷ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʘʪʴ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ. ʄʝʪʦʜ ɹʝʩʩʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʩʪʨʳʡ ʠ ʪʦʯʥʳʡ ʚ ʦʪʣʠʯʠʠ ʦʪ ʩʭʝʤʳ ʂʨʘʥʢʘ-ʅʠʢʦʣʩʦʥʘ, ʢʦʪʦʨʘʷ ʭʦʪʴ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʦʯʝʥʴ 

ʥʠʟʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ [5]. 

ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ɹʝʩʩʝ ʚ 

ʚʠʜʝ ʦʪʜʝʣʴʥʦʛʦ ʢʣʘʩʩʘ C++. ʈʝʘʣʠʟʘʮʠʷ ʩʧʦʩʦʙʥʘ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʥʝʣʠʥʝʡʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʘʟʤʝʨʳ ʩʝʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʘ ʠ ʢ ʘʥʘʣʦʛʠʯʥʳʤ ʟʘʜʘʯʘʤ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʟʘʜʘʯʝ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ 

ʠ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯʘʭ ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ, ʩʪʦʣʙʮʳ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʦʦʨʜʠʥʘʪʘʤ, ʘ ʩʪʨʦʢʠ ï ʰʘʛʘʤ ʧʦ ʚʨʝʤʝʥʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʪʢʠ ʙʦʣʴʰʦʡ 

ʧʣʦʪʥʦʩʪʠ ʟʥʘʯʝʥʠʷ ʨʝʰʝʥʠʡ ʞʝʣʘʪʝʣʴʥʦ ʟʘʧʠʩʳʚʘʪʴ ʚ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʠʭ 

ʚʳʯʠʩʣʝʥʠʷ, ʘ ʥʝ ʭʨʘʥʠʪʴ ʚʩʶ ʤʘʪʨʠʮʫ ʚ ʧʘʤʷʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʥʫʞʥʦ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴ 

ʟʥʘʯʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʙʫʜʝʪ ʩʵʢʦʥʦʤʠʪʴ ʤʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ [6].  

ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʘʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʥʝ ʧʨʠʤʝʥʷʣʘʩʴ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʨʝʙʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʝʪʢʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʨʘʚʥʦʡ ρπππ ρπππ ɻ ʣʝʤʝʥʪʦʚ, ʧʦʪʨʝʙʣʝʥʠʝ ʧʘʤʷʪʠ ʙʳʣʦ 

ʨʘʚʥʦ 76 ʄɹ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʵʪʦ ʩʦʩʪʘʚʣʷʝʪ ʜʦʚʦʣʴʥʦ 

ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠʥʠʤʘʷ ʵʪʦ ʥʘʙʣʶʜʝʥʠʝ ʚʦ ʚʥʠʤʘʥʠʝ, ʙʳʣʦ ʨʝʰʝʥʦ ʥʝ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʜʘʥʥʳʡ ʘʩʧʝʢʪ ʧʨʦʛʨʘʤʤʳ, ʪʘʢ ʢʘʢ ʵʪʦ ʙʳ ʪʦʣʴʢʦ ʟʘʤʝʜʣʠʣʦ ʝʸ ʨʘʙʦʪʫ, ʥʝ ʜʘʚ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʦʱʫʪʠʤʦʛʦ ʚʳʠʛʨʳʰʘ ʚ ʧʘʤʷʪʠ, ʢʦʪʦʨʦʡ ʠ ʪʘʢ ʧʦʪʨʝʙʣʷʝʪʩʷ ʤʘʣʦ. ɿʘʤʝʜʣʝʥʠʝ ʞʝ ʨʘʙʦʪʳ 

ʧʨʦʠʟʦʡʜʸʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʞʸʩʪʢʠʤ ʜʠʩʢʦʤ, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʨʘʙʦʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʦʮʝʥʢʝ 

ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʚʳʯʠʩʣʷʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʠ ʩʦʭʨʘʥʷʪʴ ʠʭ ʬʘʡʣ. ʇʨʠʯʸʤ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʯʸʪʝ 

ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʠʜʸʪʩʷ ʟʘʛʨʫʞʘʪʴ ʠʟ ʭʨʘʥʠʣʠʱʘ 

ʜʘʥʥʳʭ ʣʠʙʦ ʚʝʢʪʦʨʘ ʨʝʰʝʥʠʡ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ, ʣʠʙʦ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʨʝʰʝʥʠʡ ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ. ʊʘʢ ʢʘʢ ʧʨʠ ʟʘʛʨʫʟʢʝ ʚ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ ʧʦʣʥʳʭ 

ʤʘʪʨʠʮ ʚʳʰʝʦʙʦʟʥʘʯʝʥʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʩʤʳʩʣʘ, ʚʝʜʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʘʤʷʪʠ ʩʪʘʥʝʪ ʚ ʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʪʦ, ʢʦʪʦʨʦʝ ʫʞʝ ʩʯʠʪʘʣʦʩʴ ʥʝʧʨʠʝʤʣʝʤʳʤ.  

ɽʩʣʠ ʜʣʷ ʧʨʠʤʝʨʘ ʧʨʠʥʷʪʴ ʣʠʤʠʪ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʧʦʜʦʙʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ 4 ɻɹ, 

ʪʦ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʨʘʩʯʸʪʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʩʝʪʢʘ ρπππππππππ ρπππππππππ, ʯʪʦʙʳ ʚ 

ʧʠʢʝ ʧʦʪʨʝʙʣʝʥʠʷ ʧʘʤʷʪʠ ʜʦʩʪʠʯʴ 4 ɻɹ ʦʪʤʝʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʤʝʨʘ ʩʝʪʢʠ ʭʦʪʷ ʙʳ ʚ ʤʠʣʣʠʘʨʜ ʥʘ ʤʠʣʣʠʘʨʜ ʵʣʝʤʝʥʪʦʚ ʚʳʰʝʦʧʠʩʘʥʥʘʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʦ ʧʘʤʷʪʠ ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʨʠʥʦʩʠʪ ʦʱʫʪʠʤʦʡ ʧʦʣʴʟʳ, ʥʦ ʠ ʟʘʤʝʜʣʷʝʪ ʨʘʙʦʪʫ 

ʧʨʦʛʨʘʤʤʳ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʳ ɹʝʩʩʝ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ 

ʦʙʥʦʚʣʷʣʘʩʴ ʪʦʣʴʢʦ ʛʣʘʚʥʘʷ ʜʠʘʛʦʥʘʣʴ ʤʘʪʨʠʮ ὃ, ʩʘʤʠ ʞʝ ʤʘʪʨʠʮʳ ʙʳʣʠ ʦʙʲʷʚʣʝʥʳ ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʮʠʢʣʘ ʧʦ ʚʨʝʤʝʥʥʳʤ ʰʘʛʘʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʟʙʝʞʘʪʴ ʟʘʪʨʘʪ ʥʘ ʚʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ ʠ 

ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʵʪʠʭ ʤʘʪʨʠʮ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʠʙʣʠʦʪʝʢʘ ʰʘʙʣʦʥʦʚ C++ Eigen 

ʜʣʷ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ: ʨʘʙʦʪʳ ʩ ʤʘʪʨʠʮʘʤʠ ʠ ʚʝʢʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ. ʉʨʝʜʠ ʧʣʶʩʦʚ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʝʸ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʦʥʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ ʨʘʟʤʝʨʳ ʤʘʪʨʠʮ ʦʪ ʥʝʙʦʣʴʰʠʭ ʤʘʪʨʠʮ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʜʦ 

ʧʨʦʠʟʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʧʣʦʪʥʳʭ ʤʘʪʨʠʮ, ʘ ʪʘʢʞʝ ʨʘʟʨʝʞʝʥʥʳʝ ʤʘʪʨʠʮʳ. 

ɹʠʙʣʠʦʪʝʢʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʝ ʩʪʘʥʜʘʨʪʥʳʝ ʯʠʩʣʦʚʳʝ ʪʠʧʳ ʜʘʥʥʳʭ, ʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʦ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʠʧ std::complex, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ. ʊʘʢʞʝ Eigen ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ 

ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʘʪʨʠʮʳ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʦʣʥʦʩʪʴʶ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ: ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʧʘʤʷʪʠ ʠʟʙʝʛʘʝʪʩʷ, ʘ ʮʠʢʣʳ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ. ɼʣʷ 

ʙʦʣʴʰʠʭ ʤʘʪʨʠʮ ʧʨʦʠʟʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʩ ʢʵʰʝʤ 

ʧʨʦʮʝʩʩʦʨʘ.  

ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ 

ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ. ʇʨʠʚʦʜʠʪʩʷ ʪʦʯʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ. ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ɹʝʩʩʝ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ 

ʦʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ, ʚʚʦʜʠʪʩʷ ʢʨʠʪʝʨʠʡ ʦʰʠʙʢʠ. ɺʝʣʠʯʠʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ ʚ ʫʟʣʝ ʩʝʪʢʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Ὡ ȿόὼȟὸ Ὗ ȿ.  ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʠ-ʩʦʣʠʪʦʥʝ, 

ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʷʭ ʠʥʠʮʠʘʣʠʟʘʮʠʠ Ὡ  ʠ ÓÉÎ ὼ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʚʝʣʠʯʠʥʳ ʦʰʠʙʢʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ 

ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʩ ʙʠ-ʩʦʣʠʪʦʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʥʘ 
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ʠʥʪʝʨʚʘʣʘʭ ὼɴ τ“ȟτ“ ʠ ὸɴ υȟυ ʧʨʠ ʧʦʤʦʱʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ɹʝʩʩʝ. ʇʨʠ 

ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʝʪʢʘ ρπππρπππ. 

 

 
 

ʈʠʩ. 2. ɸʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʙʠ-ʩʦʣʠʪʦʥʦʚʦʛʦ ʨʝʰʝʥʠʷ 

 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʩʣʫʯʘʡ, ʪʦ ʝʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʩʢʣʝʠʚʘʥʠʝ ʨʝʰʝʥʠʡ ʦʧʫʱʝʥʦ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʢʣʶʯʠʪʴ 

ʚʝʩʴ ʙʠ-ʩʦʣʠʪʦʥ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʢʨʫʧʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʝʪʢʫ. ʄʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʰʠʙʢʠ ʥʘʠʙʦʣʴʰʘʷ ʚ ʧʦʣʦʞʝʥʠʠ ʙʠ-ʩʦʣʠʪʦʥʘ. 

ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ὸɴ πȟυ ʠ ὼɴ

“ȟ“ ʩ ʬʫʥʢʮʠʝʡ ʠʥʠʮʠʘʣʠʟʘʮʠʠ Ὢὼ Ὡ. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʨʘʚʥʦ ʟʥʘʯʝʥʠʶ ʬʫʥʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʬʦʨʤʫʣʝ TODO ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ‗ ρ, ὃ ρ, 

ὄ ρ ʠ ὅ π. ɻʨʘʬʠʢ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʠ ʤʝʞʜʫ ʯʠʩʣʝʥʥʳʤ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3. ɸʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ʜʣʷ ʧʣʦʩʢʦʚʦʣʥʦʚʦʛʦ ʨʝʰʝʥʠʷ 

 

ʉʨʘʚʥʠʚʘʷ ʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ ʂʘʨʧʠʢʘ ʤʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ɹʝʩʩʝ ʧʦʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʛʣʦʙʘʣʴʥʫʶ ʦʰʠʙʢʫ 

ʥʘʨʘʚʥʝ ʩ ʤʝʪʦʜʦʤ ʂʨʘʥʢʘ-ʅʠʢʦʣʩʦʥʘ, ʦʙʛʦʥʷʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʫʶ ʩʭʝʤʫ ʂʨʘʥʢʘïʅʠʢʦʣʩʦʥʘ ʠ 
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ʤʝʪʦʜ ɼʶ ʌʦʨ-ʌʨʘʥʢʝʣʷ [1]. ʋʯʠʪʳʚʘʷ ʤʝʜʣʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʂʨʘʥʢʘ-

ʅʠʢʦʣʩʦʥʘ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʤʝʪʦʜ ɹʝʩʩʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʩʨʝʜʠ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʯʝʪʳʨʸʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʦʤʝʨʥʦʝ ʢʫʙʠʯʝʩʢʦʝ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʠʤʝʝʪ 

ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʠʥʚʘʨʠʘʥʪʦʚ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʤʘʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʭʨʘʥʸʥʥʫʶ ʚʝʣʠʯʠʥʫ 

ὓό ȿόὼȟὸȿὨὼȟ                                                                 χ 

ʛʜʝ Ὕ ï ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʘʷ ʘʙʝʣʝʚʘ ʛʨʫʧʧʘ ʚʩʝʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʨʘʚʥʳʭ ʧʦ ʤʦʜʫʣʶ 

ʝʜʠʥʠʮʝ [1]. 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ɹʝʩʩʝ ʩʦʭʨʘʥʸʥʥʘʷ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʚʠʜ 

ὓὟ Ὤ ȿὟ ȿȢ                                                                    ψ 

ɿʥʘʯʝʥʠʝ ʩʦʭʨʘʥʸʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʥʪʝʨʚʘʣʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʙʳʣ ʚʳʙʨʘʥ ʦʪʨʝʟʦʢ “ȟ“. ʐʘʛʠ ʞʝ ʧʦ 

ʚʨʝʤʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ ʩʯʠʪʘʶʪʩʷ ʥʘ ʫʯʘʩʪʢʝ πȟυ. 

ʊʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʭʨʘʥʸʥʥʦʡ ʚʝʣʠʯʠʥʳ ʨʘʚʥʳ ὓό ς“ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʣʦʩʢʦʚʦʣʥʦʚʦʛʦ ʨʝʰʝʥʠʷ ʢʫʙʠʯʝʩʢʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʸʜʠʥʛʝʨʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʚʳʙʨʘʥʥʳʤʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ‗ ς, ὃ ρ, ὄ ρ ʠ ὅ π [9]. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʯʠʩʣʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʦʭʨʘʥʸʥʥʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ɹʝʩʩʝ. 

 

 
 

ʈʠʩ. 4. ʆʰʠʙʢʘ ʩʦʭʨʘʥʸʥʥʦʡ ʚʝʣʠʯʠʥʳ 

 

ʂʘʢ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʠʩʣʝʥʥʘʷ ʩʭʝʤʘ ɹʝʩʩʝ ʧʨʘʚʠʣʴʥʦ ʩʦʭʨʘʥʷʝʪ ʤʘʩʩʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʚ ʬʦʨʤʫʣʝ (7). ʆʰʠʙʢʘ ʚʳʯʠʩʣʝʥʠʡ ʙʣʠʟʢʘ ʢ ʤʘʰʠʥʥʦʤʫ ʵʧʩʠʣʦʥʪʫ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʣʝ ʧʘʜʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʚ ʨʘʡʦʥʝ 1 ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʝʥʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʤʝʪʦʜ ɹʝʩʩʝ ʩʦʭʨʘʥʷʝʪ ʢʦʥʩʝʨʚʘʪʠʚʥʫʶ 

ʤʘʩʩʫ. ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʣʝʥʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

48 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʐʨʸʜʠʥʛʝʨʘ. 
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ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ɸ. ɽʩʝʥʠʥʘ 

ʛ. ʈʷʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʂɸʏɽʉʊɺɽʅʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʊʈɸɽʂʊʆʈʀʁ ʅɽɸɺʊʆʅʆʄʅʆʁ  

ɼʀʅɸʄʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʆɼʅʆʉɽʂʊʆʈʅʆʁ ʕʂʆʅʆʄʀʂʀ 

 

ʃʠʩʢʠʥʘ ɽ.ʖ., ʇʦʧʝʣʴ ʉ.ɸ. ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʠʣʠ ʦʜʥʦʩʝʢʪʦʨʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʦʪʢʨʳʪʦʡ ʵʢʦʥʦʤʠʢʠ ʨʝʛʠʦʥʘ ʚʠʜʘ [3]: 

ὑ ρ ‘ὑ ‌ὢ  ‎Ὓ ȟ

ὒ ρ ὺὒ
ὺ

ὓ
ὒ  ‍ὗ ȟ

 ρ 

ʛʜʝ ὑȟὑ  ï ʢʘʧʠʪʘʣ, ὒȟὒ  ï ʪʨʫʜ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ὸ ʠ ὸ ρ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ‘ ï 

ʥʦʨʤʘ ʘʤʦʨʪʠʟʘʮʠʠ, ‌ ï ʜʦʣʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʜʦʭʦʜʘ, ʠʜʫʱʘʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʢʘʧʠʪʘʣʘ, ‌ȟ‘ɴ

πȟρ; ὺ ï ʪʝʤʧ ʨʦʩʪʘ ʪʨʫʜʘ, ὺɴ ρȟρ, ὓ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʨʝʛʠʦʥʝ, 

ὢ  ï ʚʘʣʦʚʦʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʨʦʜʫʢʪ (ɺʈʇ) ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ὸ ρ, Ὓ  ï ʩʘʣʴʜʦ ʚʥʝʰʥʠʭ ʠʥʚʝʩʪʠʮʠʡ ʠ ʥʘʣʦʛʦʚʳʭ ʦʪʯʠʩʣʝʥʠʡ, ʧʦʢʠʥʫʚʰʠʭ ʨʝʛʠʦʥ, ‎ ï 

ʜʦʣʷ ʠʥʚʝʩʪʠʮʠʡ, ʠʜʫʱʘʷ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ; ὗ  ï ʤʠʛʨʘʮʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ὸ ρ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʦʧʝʣʴ ʉ.ɸ. ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʳ (1), ʧʨʠʯʸʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ‍ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʥʘʯʠʤʦ ʥʘ ʧʨʠʥʷʪʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0,05 [4; 5]. 

ɼʘʣʴʥʝʡʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʤʦʜʝʣʠ ʚ ʥʝʧʨʝʨʚʳʥʦʤ ʚʨʝʤʝʥʠ. ʄʝʪʦʜʳ 

ʧʝʨʝʭʦʜʘ ʦʪ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʧʦʟʚʦʣʷʶʪ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʘʧʧʘʨʘʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʪʨʘʢʪʦʨʠʡ ʩʠʩʪʝʤʳ [6]. ʇʦʩʣʝ 

ʧʝʨʝʭʦʜʘ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʘ (1) ʧʨʠʥʷʣʘ ʚʠʜ 

ὑ ‘ὑ ‌Ὂὑȟὒ ‎Ὓὸȟ

ὒ ὺὒ
ὺ

ὓ
ὒȟ

 ς 

ʚ ʢʦʪʦʨʦʡ Ὂὑȟὒ ὥὑὒ ὥ ὒὑ ὑὒ  (ὥȟὥ ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ) ï 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʚʩʝʤ ʫʩʣʦʚʠʷʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ [1; 2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ (2) ʤʝʪʦʜʘʤʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠ ʩ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ.  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʡ ╕╚ȟ╛ ʠ ╢◄ ʩʠʩʪʝʤʳ (2). ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ 

ʪʨʝʙʫʝʪʩʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʬʘʢʪʦʨʘ Ὓὸ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʠʩʪʝʤʫ 

(2), ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

[4]. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤ ʠʥʩʪʨʫʤʝʥʪ çʈʝʛʨʝʩʩʠʷè ʥʘʜʩʪʨʦʡʢʠ çɸʥʘʣʠʟ ʜʘʥʥʳʭè 

ʪʘʙʣʠʯʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ MS Excel ʥʘ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0,05.  

ɼʣʷ ʬʘʢʪʦʨʘ Ὓὸ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʩ ʜʚʫʤʷ ʬʠʢʪʠʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ╢◄ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʨʘʚʥʝʥʠʷ ʚ ʮʝʣʦʤ 

Ὑ  A ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ F-ʩʪʘʪʠʩʪʠʢʘ P-ʟʥʘʯʝʥʠʝ 

0,8422 0,528 6804,53 30,24 τȟψχẗρπ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʂʦʵʬʬʠʮʠʝʥʪ ɿʥʘʯʝʥʠʝ ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ t-ʩʪʘʪʠʩʪʠʢʘ P-ʟʥʘʯʝʥʠʝ 

‍ 13062677,06 4342296,98 3,01 0,008 

‎ ï19533460,39 4405038,52 ï3,00 0,008 

‍ ï6465,18 2151,78 ï4,43 σȟφσẗρπ  

‎ 9700,24 2183,20 4,44 σȟυχẗρπ  

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ‎ȟ‎ ʦʢʘʟʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʣʠʥʠʷ ʪʨʝʥʜʘ Ὓὸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʚ ʪʦʯʢʝ ʩ ʘʙʩʮʠʩʩʦʡ 

ὸᶻ ςπρφ ʧʨʷʤʳʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʬʘʢʪʦʨʘ Ὓὸ ʧʨʠʤʝʪ ʚʠʜ 

Ὓὸ
‍ ‍ὸȟ    ὸ  ὸᶻȟ

‍ ‎ ‍ ‎ ὸȟ    ὸ  ὸᶻȢ
 

ɺ ʩʠʩʪʝʤʝ (2) ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ 

ɸʣʣʝʥʘ Ὂὑȟὒ ὥὑὒ ὥ ὒὑ ὑὒ , ʧʨʝʜʣʦʞʝʥʥʫʶ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ɸʙʨʘʤʦʚʘ ɺ.ɺ. 

[1]. ɽʸ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʡʜʸʤ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ὢ ὥὑ ὥ ὒὑ ὑὒ  ʤʝʪʦʜʦʤ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ ʧʦʢʘʟʘʪʝʣʝʡ ὢ, ὑ, ὒ, ʩʯʠʪʘʷ, 

ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ Ὂὑȟὒ  ʜʣʷ ʨʝʛʠʦʥʘ ʨʘʚʥʦ ɺʈʇ ὢ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. 

ʈʝʟʫʣʴʪʘʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

2.  

ʊʘʙʣʠʮʘ 2 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʨʘʚʥʝʥʠʷ ʚ ʮʝʣʦʤ 

Ὑ  A ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ F-ʩʪʘʪʠʩʪʠʢʘ P-ʟʥʘʯʝʥʠʝ 

0,9869 0,21 40798,53 357,12 σȟςψẗρπ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʂʦʵʬʬʠʮʠʝʥʪ ɿʥʘʯʝʥʠʝ ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ t-ʩʪʘʪʠʩʪʠʢʘ P-ʟʥʘʯʝʥʠʝ 

ὥ ςȟρσẗρπ  ρȟπςẗρπ  20,94 ςȟστẗρπ  

ὥ τȟςχẗρπ  ςȟτυẗρπ  17,43 τȟχψẗρπ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ 

ʦʢʘʟʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ. ʊʦʛʜʘ ʩʠʩʪʝʤʘ (2) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

ὑ ‘ὑ ‌ὥὑὒ ‌ὥ ὒὑ ὑὒ ‍Ӷὸ ‍Ӷȟ

ὒ ὺὒ ὒȟ
σ 

ʛʜʝ ‍Ӷ ‎‍ ‎ π, ‍Ӷ ‎‍ ‎ π, ὺ π; ʠʣʠ ʩ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ὑ πȟτρὑ ςȟψρςȟρσẗρπ ὑὒ τȟςχẗρπ ὒὑ ὑὒ

υȟωψẗρπὸ ρȟςρẗρπȟ

ὒ πȟςψὒ πȢπππτψὒȢ

σᴂ 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ (3). ʉʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ 

(3) ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 
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‘ὑ ‌ὥὑὒ ‌ὥ ὒὑ ὑὒ ‍Ӷὸ ‍Ӷ πȟ

ὺὒ ὒ πȟ
 

ʠʟ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʜʥʦ ʠʟ ʥʠʭ ʠʤʝʝʪ ʚʠʜ ὃὑ ὸȟπ, ʛʜʝ ὑ ὸ . ʊʘʢʞʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʳ (3) ʠ ʚʨʝʤʝʥʠ ὸ ὸᶻ ςπρφ ʚʦʟʤʦʞʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʝʱʸ ʦʪ ʦʜʥʦʛʦ ʜʦ ʪʨʸʭ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ὄὑ ὸȟὓ , ὅὑ ὸȟὓ , 

Ὀὑ ὸȟὓ, ʛʜʝ ὑ ὸ, Ὥ ςȠτ, ʷʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʢʦʨʥʷʤʠ ʢʫʙʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ  

ὑ
ὥὓ

ὥ
ὑ ρ

‘

‌ὥὓ
ὑ
‍Ӷὸ ‍Ӷ

‌ὥὓ
πȢ 

ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (3) ʤʝʥʷʝʪʩʷ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ (3ô). ɼʣʷ ʩʠʩʪʝʤʳ (3ô) ʙʳʣ 

ʦʨʛʘʥʠʟʦʚʘʥ ʧʦʠʩʢ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʢʘʢ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

πȟτρὑ ςȟψρςȟρσẗρπ ὑὒ τȟςχẗρπ ὒὑ ὑὒ

ςωωςψȟρςὸ υȟωψẗρπ πȟ

ὒ πȟςψὒ πȢπππτψὒ πȢ

τ 

ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Maple 5.4. ʇʦʠʩʢ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (4) 

ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ὸ ςπρφ, ʪ.ʢ. ʜʣʷ ʩʠʩʪʝʤʳ (3ô) ʵʪʦ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʩʠʩʪʝʤʳ (4) ʧʨʠ ὸ ςπρφ:  

ὃὸ ὑ ὸ φυςσππȟ ὒ πȠ ὄὸ ὑ ὸ ςφφφσψȟ ὒ υψτȠ

ὅὸ ὑ ὸ υττρτυȟ ὒ υψτȠ Ὀὸ ὑ ὸ ςφστρψπȟ ὒ υψτȢ
 

ʇʨʠ ʵʪʦʤ ὑ ὸ ρȟτφϽρπὸ ςȟωυϽρπ. 

 

 
 

ʈʠʩ. 1. ʇʨʷʤʘʷ ╚ ◄ ʧʨʠ ◄  

 

ʅʘʡʜʝʥʥʳʝ ʢʦʨʥʠ ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (4) ʷʚʣʷʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʩʠʩʪʝʤʳ (3) ʧʨʠ ὸ ςπρφ. ɼʣʷ ʚʩʝʭ ʪʦʯʝʢ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʘʪʨʠʮʳ ʣʠʥʝʡʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʳ ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ὃὸ  ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ  ὓ ὸ  

ʧʨʠʥʷʣʘ ʚʠʜ ʧʨʠʚʝʩʪʠ ʚʩʝ ʤʘʪʨʠʮʳ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ὓ ὸ
πȟτρ πȟσπ
π πȟςψ

ȟ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ὓ  ʨʘʚʥʳ ‗ ὸ πȟτρ ʠ ‗ ὸ πȟςψ. 



 XXV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

52 

ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ὄὸ  ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

 ὓ ὸ
ρȟφτυρψȟσφ
π πȟςψ

ȟ 

ʝʸ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ‗ ὸ ρȟφτ ʠ ‗ ὸ πȟςψ. 

ɸʥʘʣʦʛʠʯʥʦ ʟʘʧʠʰʝʤ ʤʘʪʨʠʮʫ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ὓ ὸ  ʚʤʝʩʪʝ ʩ ʝʸ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʤʠ ʜʣʷ ʪʦʯʢʠ ὅὸ, ʧʦʣʫʯʠʤ: 

ὓ ὸ
ρȟψτρψχρȟτρ
π πȟςψ

ȟ ‗ ὸ ρȟψτȟ‗ ὸ πȟςψȟ 

ʄʘʪʨʠʮʘ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʪʦʯʢʠ Ὀὸ  

ὓ ὸ
τȟςτςφτωσȟφς
π πȟςψ

ȟ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ὓ ὸ : ‗ ὸ τȟςτȟ‗ ὸ πȟςψ 

ʆʧʨʝʜʝʣʠʤ ʧʦ ʥʘʡʜʝʥʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʤʘʪʨʠʮ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʪʠʧʳ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʧʨʠʚʝʜʸʤ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 3. 

ʊʘʙʣʠʮʘ 3 

ʊʠʧʳ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ (3) ʧʨʠ ◄  

 

ʊʦʯʢʘ ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʊʠʧ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ὃὸ φυςσππȟπ ‗ ὸ πȟτρ, ‗ ὸ πȟςψ ʋʩʪʦʡʯʠʚʳʡ ʫʟʝʣ 

ὄὸ ςφφφσψȟυψτ ‗ ὸ ρȟφτ, ‗ ὸ πȟςψ ʉʝʜʣʦ 

ὅὸ υττρτυȟυψτ ‗ ὸ ρȟψτȟ‗ ὸ πȟςψ ʅʝʫʩʪʦʡʯʠʚʳʡ ʫʟʝʣ 

Ὀὸ ςφστρψπȟυψτ ‗ ὸ τȟςτȟ‗ ὸ πȟςψ ʉʝʜʣʦ 

 

ɼʣʷ ʩʠʩʪʝʤʳ (3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʢʠ 2-7). ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 

ʚʦʟʴʤʸʤ ὸ ςπρφȟ ʪ. ʢ. ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ὸᶻ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ Ὓὸ. 

 

 
 

ʈʠʩ. 2. ʇʨʦʝʢʮʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʥʘ 

ʧʣʦʩʢʦʩʪʴ ╞╚╛ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ═  

 
 

ʈʠʩ. 3. ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʦʯʢʠ ═ ʧʨʠ ◄  
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ʈʠʩ. 4. ʇʨʦʝʢʮʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʥʘ 

ʧʣʦʩʢʦʩʪʴ ╞╚╛ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ║  

 
ʈʠʩ. 5. ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʦʯʢʠ ║ ʧʨʠ ◄  

 

 
 

ʈʠʩ. 6. ʇʨʦʝʢʮʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʥʘ 

ʧʣʦʩʢʦʩʪʴ ╞╚╛ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ╒  

 
 

ʈʠʩ. 7. ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʦʯʢʠ ╒ ʧʨʠ ◄  

 

 
 

ʈʠʩ. 8. ʇʨʦʝʢʮʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʥʘ 

ʧʣʦʩʢʦʩʪʴ ╞╚╛ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ╒  

 
 

ʈʠʩ. 9. ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʦʯʢʠ ╒ ʧʨʠ ◄  
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ʈʠʩ. 10. ʇʨʦʝʢʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʨʠʚʦʡ 

ʥʘ ʧʣʦʩʢʦʩʪʴ ╞╚╛ ʧʨʠ ʥʘʯʘʣʴʥʳʭ 
ʫʩʣʦʚʠʷʭ ◄ , ╛ ȟ   

ʠ ╚  

 
 

ʈʠʩ. 11. ʀʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʧʨʠ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ◄ , ╛ ȟ  ʠ ╚  

 

ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʪʨʘʝʢʪʦʨʠʡ (ʨʠʩ. 5, 6) ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʢʨʠʚʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʥʘʤʠʢʝ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʳʭʦʜʠʪ ʠʟ ʫʩʪʦʡʯʠʚʦʛʦ ʫʟʣʘ ὅ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʙʨʘʟʫʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʌʝʨʭʶʣʴʩʪʦʚʫ ʢʨʠʚʫʶ ʩ ʨʝʟʢʠʤ ʩʧʘʜʦʤ ʧʦʢʘʟʘʪʝʣʷ ʯʠʩʣʝʥʥʦʩʪʠ 

ʨʘʙʦʯʝʡ ʩʠʣʳ ʢ 2035 ʧʨʠ ʨʦʩʪʝ ʩʪʦʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ (ʯʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʨʦʩʪʦʤ 

ʠʥʚʝʩʪʠʮʠʡ ʚ ʵʢʦʥʦʤʠʢʫ ʨʝʛʠʦʥʘ ï ʜʦʪʘʮʠʡ, ʧʨʠʟʚʘʥʥʳʭ ʦʩʪʘʥʦʚʠʪʴ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 

ʪʨʫʜʦʩʧʦʩʙʥʦʛʦ ʥʘʩʝʣʝʥʠʷ). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ɺʈʇ ʨʝʛʠʦʥʘ 

ʙʫʜʝʪ ʘʢʪʠʚʥʦ ʩʥʠʞʘʪʴʩʷ ʠ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʩʪʦʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʜʦʩʪʠʛʥʝʪ ʧʦʪʦʣʢʘ 

ʠ ʨʝʟʢʦ ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ ï ʟʘ ʩʯʸʪ ʧʨʝʢʨʘʱʝʥʠʷ ʚʣʠʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʠ ʩʠʣʴʥʦʡ ʠʟʥʦʰʝʥʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʤʝʨ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʯʝʡ ʩʠʣʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʙʳ ʚʳʡʪʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ. ʂ ʧʨʠʤʝʨʫ, 

ʧʦʜʜʝʨʞʢʘ ʨʝʛʠʦʥʘʣʴʥʳʭ IT-ʧʨʦʝʢʪʦʚ ʧʦʤʦʛʣʘ ʙʳ ʫʜʝʨʞʘʪʴ ʚ ʨʝʛʠʦʥʝ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʙʨʘʤʦʚ ɺ.ɺ. ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʤʦʜʝʣʠ ʦʜʥʦʩʝʢʪʦʨʥʦʡ ʵʢʦʥʦʤʠʢʠ // 
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ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

 

ʊɽʆʈʀʗ ɺɽʈʆʗʊʅʆʉʊɽʁ ʀ ʂʆʄɹʀʅɸʊʆʈʀʂɸ ɺ ɿɸɼɸʅʀʗʍ ʆɻʕ ʀ ɽɻʕ 

 

ʇʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ʢʦʤʙʠʥʘʪʦʨʠʢʠ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʶʱʠʤʩʷ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʚʠʪʴ ʫʤʝʥʠʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʝʝ ʨʘʟʣʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, 

ʚʳʧʦʣʥʷʪʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʨʘʩʯʝʪʳ, ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ 

ʚʘʨʠʘʥʪʦʚ, ʤʝʪʦʜʘ ʧʝʨʝʙʦʨʘ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʫʚʠʜʝʪʴ ʩʚʷʟʴ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʢʘʢ ʩ ʜʨʫʛʠʤʠ 

ʨʘʟʜʝʣʘʤʠ ʤʘʪʝʤʘʪʠʢʠ, ʪʘʢ ʠ ʩ ʜʨʫʛʠʤʠ ʥʘʫʢʘʤʠ. ʉʝʡʯʘʩ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʢʦʤʙʠʥʘʪʦʨʠʢʠ ʠ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʬʠʟʠʢʝ, ʵʢʦʥʦʤʠʢʝ, ʙʠʦʣʦʛʠʠ, ʪʦʧʦʣʦʛʠʠ, ʩʪʘʪʠʩʪʠʢʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʠʩʪʝʤʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʫʜʝʣʷʝʪ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʠʥʪʝʨʝʩʳ. ʊʝʤ ʩʘʤʳʤ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ ʤʘʪʝʤʘʪʠʢʠ. 

ʈʘʟʜʝʣ ʠʟʫʯʝʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ, ʥʫʞʥʦ ʧʦʤʦʯʴ 

ʦʙʫʯʘʶʱʠʤʩʷ ʨʘʟʚʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʠʥʪʫʠʮʠʶ ʠ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 

ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʠʭ ʩ ʧʦʤʦʱʴʶ ʠʛʨʳ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʪʝʤʳ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʢʫʨʩ ʚʝʨʦʷʪʥʦʩʪʥʦ ï ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʧʦʟʚʦʣʷʝʪ 

ʫʯʝʥʠʢʘʤ ʫʚʠʜʝʪʴ ʤʥʦʞʝʩʪʚʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʧʦʣʥʦ ʠ ʛʣʫʙʦʢʦ, 

ʠʟʫʯʘʪʴ ʠ ʧʦʟʥʘʚʘʪʴ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ.  

ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʢʦʤʙʠʥʘʪʦʨʠʢʘ ʚ ʟʘʜʘʥʠʷʭ ʆɻʕ 

ɺ 2009 ʛʦʜʫ ʙʳʣʘ ʚʚʝʜʝʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʪʦʛʦʚʘʷ ʘʪʪʝʩʪʘʮʠʷ ʧʦ ʤʘʪʝʤʘʪʠʢʝ, 

ʧʨʦʚʦʜʠʤʘʷ ʩʨʝʜʠ ʚʳʧʫʩʢʥʠʢʦʚ 9 ʢʣʘʩʩʘ. ɼʦ 2010 ʛʦʜʘ ʦʥʘ ʥʝ ʩʦʜʝʨʞʘʣʘ ʚ ʩʝʙʝ ʟʘʜʘʥʠʡ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʚʝʨʦʷʪʥʦʩʪʥʦ ï ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʣʠʥʠʠ. 

ʉʦʛʣʘʩʥʦ ʢʦʜʠʬʠʢʘʪʦʨʫ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʚ 2012 ʛʦʜʫ ʢ 

ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʚʝʨʦʷʪʥʦʩʪʥʦ ï ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʣʠʥʠʠ, ʧʨʦʚʝʨʷʝʤʳʭ ʚ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 [4, 

ʩ. 3]. 

ʊʘʙʣʠʮʘ 1 

ʂʦʜʠʬʠʢʘʪʦʨ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʦʩʚʦʝʥʠʷ ʦʩʥʦʚʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʦʩʥʦʚʥʦʛʦ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɻʀɸ ʧʦ ʤʘʪʝʤʘʪʠʢʝ 

 

4  ʕʣʝʤʝʥʪʳ ʣʦʛʠʢʠ, ʢʦʤʙʠʥʘʪʦʨʠʢʠ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ 

4.1  ʄʥʦʞʝʩʪʚʘ ʠ ʢʦʤʙʠʥʘʪʦʨʠʢʘ 

 4.1.1 ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʤʙʠʥʘʪʦʨʠʢʠ: ʧʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ, ʧʨʘʚʠʣʦ ʫʤʥʦʞʝʥʠʷ 

4.2  ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

 4.2.1 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʜʠʘʛʨʘʤʤ, ʛʨʘʬʠʢʦʚ 

 4.2.2 ʉʨʝʜʥʝʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

 4.2.3 ʇʦʥʷʪʠʝ ʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʚʚʦʜʝ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʢʠ 

 4.2.4 ʇʦʥʷʪʠʝ ʠ ʧʨʠʤʝʨʳ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ 

4.3  ɺʝʨʦʷʪʥʦʩʪʴ 

 4.3.1 ʏʘʩʪʦʪʘ ʩʦʙʳʪʠʡ, ʚʝʨʦʷʪʥʦʩʪʴ 

 4.3.2 ʈʘʚʥʦʚʦʟʤʦʞʥʳʝ ʩʦʙʳʪʠʷ ʠ ʧʦʜʩʯʝʪ ʠʭ ʚʝʨʦʷʪʥʦʩʪʠ 

 4.3.3 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 



 XXV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʅʘʯʠʥʘʷ ʩ 2012 ʛʦʜʘ ʤʝʥʷʶʪʩʷ ʟʘʜʘʥʠʷ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʂʀʄ. ʅʦʚʳʝ ʟʘʜʘʥʠʷ ʪʨʝʙʫʶʪ ʦʪ ʫʯʝʥʠʢʦʚ ʫʤʝʥʠʷ ʯʠʪʘʪʴ ʜʠʘʛʨʘʤʤʳ. ʉʦʛʣʘʩʥʦ ʢʦʜʠʬʠʢʘʪʦʨʫ 

ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʚ 2012 ʛʦʜʫ ʢ ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʚʝʨʦʷʪʥʦʩʪʥʦ 

ï ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʣʠʥʠʠ, ʧʨʦʚʝʨʷʝʤʳʭ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʦʪʥʦʩʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2 [4, ʩ. 3]. 

ʊʘʙʣʠʮʘ 2 

ʂʦʜʠʬʠʢʘʪʦʨ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʦʩʚʦʝʥʠʷ ʦʩʥʦʚʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʦʩʥʦʚʥʦʛʦ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʆɻʕ ʧʦ ʤʘʪʝʤʘʪʠʢʝ 

 

4  ʉʪʘʪʠʩʪʠʢʘ ʠ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

4.1  ʆʧʠʩʘʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ 

 4.1.1 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʜʠʘʛʨʘʤʤ, ʛʨʘʬʠʢʦʚ 

 4.1.2 ʉʨʝʜʥʝʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

4.2  ɺʝʨʦʷʪʥʦʩʪʴ 

 4.2.1 ʏʘʩʪʦʪʘ ʩʦʙʳʪʠʡ, ʚʝʨʦʷʪʥʦʩʪʴ 

 4.2.2 ʈʘʚʥʦʚʦʟʤʦʞʥʳʝ ʩʦʙʳʪʠʷ ʠ ʧʦʜʩʯʝʪ ʠʭ ʚʝʨʦʷʪʥʦʩʪʠ 

 4.2.3 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

4.3  ʂʦʤʙʠʥʘʪʦʨʠʢʘ 

 

ʌʦʨʤʘʪ ʵʢʟʘʤʝʥʦʚ ʆɻʕ ʙʳʣ ʠʟʤʝʥʝʥ ʚ 2013 ʛʦʜʫ, ʟʘʜʘʥʠʷ ʧʦ ʪʝʤʝ çʂʦʤʙʠʥʘʪʦʨʠʢʘ ʠ 

ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡè ʩʪʘʣʠ ʧʨʠʥʘʜʣʝʞʘʪʴ ʤʦʜʫʣʶ çʈʝʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘè. ʉʪʨʫʢʪʫʨʘ 

ʟʘʜʘʥʠʡ ʦʩʪʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ, ʢʘʢ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɿʘʜʘʥʠʷ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦʜ ʥʦʤʝʨʦʤ 10. ɿʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʦʨʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʦʜʦʙʥʳʝ ʟʘʜʘʥʠʷ.  

ʇʨʠʤʝʨ 1. ɺ ʢʦʨʟʠʥʝ ʥʘʭʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʨʫʢʪʳ: ʜʚʝ ʛʨʫʰʠ, ʧʷʪʴ ʷʙʣʦʢ ʠ ʪʨʠ ʩʣʠʚʳ. 

ʄʘʰʠ ʙʝʨʝʪ ʠʟ ʢʦʨʟʠʥʳ ʥʘʫʛʘʜ ʦʜʠʥ ʬʨʫʢʪ. ʅʘʡʜʠʪʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʄʘʰʘ ʚʟʷʣʘ ʩʣʠʚʫ 

[2, c. 20]?  

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʥʘʯʘʣʘ ʥʘʡʜʝʤ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʫʢʪʦʚ: 

2 + 5 + 3 = 10. 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʄʘʰʘ ʥʘʫʛʘʜ ʚʦʟʴʤʝʪ ʠʟ ʢʦʨʟʠʥʳ ʩʣʠʚʫ, 

ʩʦʩʪʘʚʣʷʝʪ: 

3: 10 = 0,3. 

ʆʪʚʝʪ: 0,3. 

ʇʨʠʤʝʨ 2. ɺ ʢʘʞʜʦʤ ʜʝʩʷʪʦʤ ʙʠʣʝʪʝ ʠʛʨʳ çʈʫʩʩʢʦʝ ʣʦʪʦè ʧʨʝʜʫʩʤʦʪʨʝʥ ʦʜʠʥ 

ʚʳʠʛʨʳʰʥʳʡ ʙʠʣʝʪ. ɺʳʠʛʨʳʰʥʳʝ ʙʠʣʝʪʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʣʫʯʘʡʥʦ ʤʝʞʜʫ ʩʦʙʦʡ. ʖʨʘ 

ʧʨʠʦʙʨʝʪʘʝʪ ʣʦʪʝʨʝʡʥʳʡ ʙʠʣʝʪ ʥʘʜʝʷʩʴ, ʯʪʦ ʝʤʫ ʧʦʚʝʟʝʪ, ʠ ʦʥ ʧʦʣʫʯʠʪ ʜʝʥʝʞʥʳʡ ʚʳʠʛʨʳʰ. 

ʅʘʡʜʠʪʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʖʨʘ ʢʫʧʠʣ ʥʝ ʚʳʠʛʨʳʰʥʳʡ ʙʠʣʝʪ.  

ʈʝʰʝʥʠʝ: 

ʊʘʢ ʢʘʢ ʚ ʢʘʞʜʳʡ ʜʝʩʷʪʳʡ ʣʦʪʝʨʝʡʥʳʡ ʙʠʣʝʪ ʚʳʠʛʨʳʰʥʳʡ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʠʛʨʘʪʴ 

ʧʨʠʟ ʨʘʚʥʘ 0,1. ʇʦʵʪʦʤʫ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʠʛʨʳʰʘ ʨʘʚʥʘ: 

1-0,1=0,9 

ʆʪʚʝʪ: 0,9. 
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ʇʨʠʤʝʨ 3. ʆʣʷ ʩ ʤʘʤʦʡ ʨʝʰʠʣʠ ʧʦʝʭʘʪʴ ʚ ʛʦʩʪʠ ʥʘ ʵʣʝʢʪʨʠʯʢʝ ʢ ʙʘʙʫʰʢʝ ʚ ʛʦʨʦʜ 

çɹʦʛʫʯʘʨè. ʇʦʝʟʜ ʩʦʩʪʦʠʪ ʠʟ 24 ʚʘʛʦʥʦʚ, ʠʟ ʥʠʭ 5 ʚʘʛʦʥʦʚ ʟʘʧʦʣʥʝʥʳ ʥʘ ʧʦʣʦʚʠʥʫ, 7 ʚʘʛʦʥʦʚ ï 

ʙʝʟ ʧʘʩʩʘʞʠʨʦʚ, ʦʩʪʘʣʴʥʳʝ ʟʘʛʨʫʞʝʥʳ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ. ɺʘʛʦʥʳ ʧʦ ʦʯʝʨʝʜʠ ʧʦʜʭʦʜʷʪ ʢ 

ʧʣʘʪʬʦʨʤʝ ʜʣʷ ʧʦʩʘʜʢʠ. ʅʘʡʜʠʪʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʆʣʷ ʧʦʝʜʝʪ ʚ ʚʘʛʦʥʝ ʩ ʧʦʣʥʦʡ 

ʧʦʩʘʜʢʦʡ?  

ʈʝʰʝʥʠʝ:  

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʦʜʦʡʜʝʪ ʚʘʛʦʥ ʩ ʧʦʣʥʦʡ ʧʦʩʘʜʢʦʡ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʚʘʛʦʥʦʚ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʛʨʫʞʝʥʥʳʭ ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʚʘʛʦʥʦʚ ʚ ʧʦʝʟʜʝ. ɺʩʝʛʦ 

ʟʘʛʨʫʞʝʥʥʳʭ ʚʘʛʦʥʦʚ: 24-5-7=12. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʢʦʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʚʥʘ: 

12/24=0,5 

ʆʪʚʝʪ: 0,5. 

ʇʨʠʤʝʨ 4. ɺ ʬʠʨʤʝ çʦʛʦʥʝʢè ʨʘʙʦʯʠʡ ʢʦʣʣʝʢʪʠʚ ʟʘʢʫʧʠʣ 20 ʢʦʤʧʣʝʢʪʦʚ ʩʘʣʶʪʥʳʭ 

ʫʩʪʘʥʦʚʦʢ 12 ʠʟ ʥʠʭ ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʘ 8 ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. ʉʘʣʶʪʥʳʝ ʫʩʪʘʥʦʚʢʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʤʝʞʜʫ 20 ʢʦʤʧʣʝʢʪʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʝʩʪʴ ʥʝʨʘʙʦʯʘʷ ʫʩʪʘʥʦʚʢʘ. ʅʘʡʜʠʪʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʥʝʨʘʙʦʯʘʷ ʫʩʪʘʥʦʚʢʘ ʙʫʜʝʪ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ?  

ʈʝʰʝʥʠʝ: 

ɺʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʩʣʦʤʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʫʜʝʪ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʨʘʚʥʘ: 

1: 8 = 0,125. 

ʆʪʚʝʪ: 0,125. 

ʇʨʠʤʝʨ 5. ɺ ʩʦʨʝʚʥʦʚʘʥʠʷʭ ʧʦ ʣʝʛʢʦʡ ʘʪʣʝʪʠʢʝ ʫʯʘʩʪʚʫʶʪ 11 ʩʧʦʨʪʩʤʝʥʦʚ ʠʟ 

ɹʝʣʦʨʫʩʩʠʠ, 6 ʩʧʦʨʪʩʤʝʥʦʚ ʠʟ ʈʦʩʩʠʠ ʠ 3 ʩʧʦʨʪʩʤʝʥʘ ʠʟ ɻʨʫʟʠʠ. ʉ ʧʦʤʦʱʴʶ ʞʝʨʝʙʴʝʚʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʨʷʜʦʢ ʚʳʩʪʫʧʣʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ. ʅʘʡʜʠʪʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʧʝʨʚʦʝ 

ʚʳʩʪʫʧʣʝʥʠʝ ʙʫʜʝʪ ʩʧʦʨʪʩʤʝʥʘ ʥʝ ʠʟ ɹʝʣʦʨʫʩʩʠʠ.  

ʈʝʰʝʥʠʝ: 

ʅʘʡʜʝʤ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʨʪʩʤʝʥʦʚ: 

11+6+3=20. 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʝʨʚʳʤ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʫʯʘʩʪʥʠʢ ʥʝ ʠʟ ɹʝʣʦʨʫʩʩʠʠ ʨʘʚʥʘ: 

(6+3)/100=0,45. 

ʆʪʚʝʪ: 0,45. 

ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʢʦʤʙʠʥʘʪʦʨʠʢʘ ʚ ʟʘʜʘʥʠʷʭ ɽɻʕ 

ɺʧʝʨʚʳʝ ʝʜʠʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʟʘʤʝʥ (ɽɻʕ) ʙʳʣ ʧʨʦʚʝʜʝʥ, ʥʘ ʬʦʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

2001 ʛʦʜʫ ʣʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʩʧʫʙʣʠʢʘʭ. ʅʘʯʠʥʘʷ ʩ 2006 ʛʦʜʘ ʝʜʠʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʵʢʟʘʤʝʥ ʙʳʣ ʚʚʝʜʝʥ ʚ 79 ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ [1, c. 33]. 

ɿʘʜʘʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʙʳʣʠ ʚʚʝʜʝʥʳ ʚ ʵʢʟʘʤʝʥ ʣʠʰʴ ʚ 2012 ʛʦʜʫ, ʪʘʢ ʢʘʢ ʪʝʤʘ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʠ ʪʷʞʝʣʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʦʙʫʯʘʶʱʠʤʠʩʷ. ɺ ʜʘʥʥʳʭ ʟʘʜʘʥʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ [3, c. 251]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʫʢʪʫʨʝ ʂʀʄ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ ɽɻʕ ʟʘʜʘʥʠʝ ʧʦ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʥʦʤʝʨʦʤ 11. ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʩ 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

59 

ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. ɺ ʚʘʨʠʘʥʪʝ 

ʧʨʦʬʠʣʴʥʦʛʦ ʫʨʦʚʥʷ ʟʘʜʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʂʀʄ ʧʦʜ ʥʦʤʝʨʦʤ 10. ʉʪʝʧʝʥʴ ʩʣʦʞʥʦʩʪʠ 

ʟʘʜʘʥʠʡ ʧʦʚʳʰʘʝʪʩʷ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ. ʇʨʠʚʝʜʝʥʳ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ 

ʫʤʝʥʠʝ ʧʨʠʤʝʥʷʪʴ ʬʦʨʤʫʣʳ ʧʦʣʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʪʝʦʨʝʤʳ ʩʣʦʞʝʥʠʷ ʠ ʫʤʥʦʞʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʜʨ.  

ʉʦʛʣʘʩʥʦ ʢʦʜʠʬʠʢʘʪʦʨʫ ʵʣʝʤʝʥʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʚ 2020 ʛʦʜʫ ʢ 

ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ ʚʝʨʦʷʪʥʦʩʪʥʦ ï ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʣʠʥʠʠ, ʧʨʦʚʝʨʷʝʤʳʭ ʚ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʟʘʤʝʥʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʦʪʥʦʩʷʪʩʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3 [4, ʩ 5]. 

ʊʘʙʣʠʮʘ 3 

ʂʦʜʠʬʠʢʘʪʦʨ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʨʦʚʥʶ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɽɻʕ ʧʦ ʤʘʪʝʤʘʪʠʢʝ 

 

6  ʕʣʝʤʝʥʪʳ ʢʦʤʙʠʥʘʪʦʨʠʢʠ, ʩʪʘʪʠʩʪʠʢʠ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ 

6.1  ʕʣʝʤʝʥʪʳ ʢʦʤʙʠʥʘʪʦʨʠʢʠ 

 6.1.1 ʇʦʦʯʝʨʝʜʥʳʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʚʳʙʦʨ 

 6.1.2 ʌʦʨʤʫʣʳ ʯʠʩʣʘ ʩʦʯʝʪʘʥʠʡ ʠ ʧʝʨʝʩʪʘʥʦʚʦʢ. ɹʠʥʦʤ ʅʴʶʪʦʥʘ 

6.2  ʕʣʝʤʝʥʪʳ ʩʪʘʪʠʩʪʠʢʠ 

 6.2.1 ʊʘʙʣʠʯʥʦʝ ʠ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ 

 6.2.2 ʏʠʩʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʦʚ ʜʘʥʥʳʭ 

6.3  ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ 

 6.3.1 ɺʝʨʦʷʪʥʦʩʪʠ ʩʦʙʳʪʠʡ 

 6.3.2 ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʪʠʧʦʚʳʝ ʟʘʜʘʥʠʷ ʠʟ ʂʀʄ ɽɻʕ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʙʘʟʦʚʦʛʦ ʫʨʦʚʥʷ. 

ʇʨʠʤʝʨ 6. ɽʣʝʥʝ ʥʘ ʨʘʙʦʪʝ ʧʨʝʜʦʩʪʘʚʠʣʠ 25 ʜʥʝʡ ʦʪʧʫʩʢʘ, ʩʨʝʜʠ ʥʠʭ 3 ʜʥʷ ʦʥʘ ʭʦʯʝʪ 

ʧʨʦʚʝʩʪʠ ʚ ɽʛʠʧʪʝ ʠ 4 ʜʥʷ ʚ ʊʘʠʣʘʥʜʝ, ʦʩʪʘʪʦʢ ʦʪʧʫʩʢʘ, ʛʜʝ ʧʨʦʚʝʩʪʠ ʧʦʢʘ ʥʝ ʨʝʰʠʣʘ. ʂʫʜʘ ʦʥʘ 

ʧʦʣʝʪʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʝʰʠʣʘ ʚʳʙʨʘʪʴ, ʧʦʜʢʠʥʫʚ ʤʦʥʝʪʢʫ, ʦʨʝʣ ï ɽʛʠʧʝʪ, ʨʝʰʢʘ ï 

ʊʘʠʣʘʥʜ. ʅʘʡʜʠʪʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʪʦʨʳʤ ʚ ʝʝ ʧʫʪʝʰʝʩʪʚʠʠ ʙʫʜʝʪ ʚ ʊʘʠʣʘʥʜ [2, c. 122]. 

ʈʝʰʝʥʠʝ: 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʪʦʨʦʝ ʧʫʪʝʰʝʩʪʚʠʝ ʫ ɽʣʝʥʳ ʙʫʜʝʪ ɺ ʊʘʠʣʘʥʜʝ, ʨʘʚʥʘ: 

τȡςυ πȟρφȢ 

ʆʪʚʝʪ: πȟρφȢ 

ʇʨʠʤʝʨ 7. ɺ ʩʨʝʜʥʝʤ ʠʟ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʟʘʚʦʜʦʤ, 200 ʚʦʟʜʫʰʥʳʭ ʰʘʨʠʢʦʚ ʯʝʪʳʨʝ ʠʟ ʥʠʭ 

ʙʨʘʢʦʚʘʥʥʳʝ. ʅʘʡʜʠʪʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʜʠʥ ʥʘʫʛʘʜ ʚʳʙʨʘʥʥʳʡ ʚʦʟʜʫʰʥʳʡ ʰʘʨʠʢ ʥʝ 

ʙʨʘʢʦʚʘʥʥʳʡ. 

ʈʝʰʝʥʠʝ: 

ɺʳʯʠʩʣʠʤ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʰʥʳʭ ʰʘʨʠʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʙʨʘʢʦʚʘʥʥʳʝ: 

ςππ  τ  ρωφȢ 

ʆʧʨʝʜʝʣʠʤ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʢʫʧʣʝʥʥʳʡ ʚʦʟʜʫʰʥʳʡ ʰʘʨʠʢ ʥʝ ʙʨʘʢʦʚʘʥʥʳʡ, ʨʘʚʥʘ: 

ρωφȡ ςππ  πȟωψȢ 

ʆʪʚʝʪ: πȟωψȢ 

ʇʨʠʤʝʨ 8.  ʅʘ ʩʢʣʘʜʝ ʚ ʢʦʥʪʝʡʥʝʨʝ ʣʝʞʘʪ ʣʝʪʥʠʝ ʠ ʟʠʤʥʠʝ ʰʠʥʳ, ʣʝʪʥʠʭ ʰʠʥ ʚ 9 ʨʘʟ 

ʙʦʣʴʰʝ, ʯʝʤ ʟʠʤʥʠʭ. ʀʟ ʢʦʥʪʝʡʥʝʨʘ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʙʝʨʫʪ ʦʜʥʫ ʰʠʥʫ. ʅʘʡʜʠʪʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʥʘ ʙʫʜʝʪ ʟʠʤʥʷʷ. 
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ʈʝʰʝʥʠʝ: 

ʏʝʨʝʟ ὼ ʦʙʦʟʥʘʯʠʤ ʯʠʩʣʦ ʟʠʤʥʠʭ ʰʠʥ, ʪʦʛʜʘ ωὼ ʯʠʩʣʦ ʣʝʪʥʠʭ ʰʠʥ. 

ʅʘʡʜʝʤ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʰʠʥ: 

ὼ ωὼ ρπὼȢ 

ɿʥʘʯʠʪ, ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʰʠʥʘ, ʢʦʪʦʨʫʶ ʜʦʩʪʘʣʠ ʙʫʜʝʪ ʟʠʤʥʝʡ ʨʘʚʥʘ: 

ὼ

ρπὼ

ρ

ρπ
πȟρȢ 

ʆʪʚʝʪ: πȟρȢ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʪʠʧʦʚʳʝ ʟʘʜʘʥʠʷ ʠʟ ʂʀʄ ɽɻʕ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʧʨʦʬʠʣʴʥʦʛʦ 

ʫʨʦʚʥʷ. 

ʇʨʠʤʝʨ 9. ɽʩʣʠ ʬʫʪʙʦʣʴʥʘʷ ʢʦʤʘʥʜʘ ʎʉʂɸ ʠʛʨʘʝʪ ʥʘ ʩʚʦʝʤ ʧʦʣʝ, ʪʦ ʦʥʘ ʚʳʠʛʨʳʚʘʝʪ ʫ 

ʢʦʤʘʥʜʳ ʉʇɸʈʊɸʂɸ, ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,35. ɽʩʣʠ ʫ ʢʦʤʘʥʜʳ ʎʉʂɸ ʚʳʝʟʜʥʦʡ ʪʫʨʥʠʨ, ʪʦ 

ʎʉʂɸ ʚʳʠʛʨʳʚʘʝʪ ʫ ʉʇɸʈʊɸʂɸ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,28. ʌʫʪʙʦʣʴʥʳʝ ʢʦʤʘʥʜʳ ʎʉʂɸ ʠ 

ʉʇɸʈʊɸʂ ʠʛʨʘʶʪ ʜʚʘ ʪʘʡʤʘ, ʧʨʠʯʸʤ ʚʦ ʚʪʦʨʦʤ ʪʘʡʤʝ ʤʝʥʷʝʪʩʷ ʧʦʣʝ ʠʛʨʳ. ʅʘʡʜʠʪʝ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʎʉʂɸ ʚʳʠʛʨʘʝʪ ʦʙʘ ʪʘʡʤʘ. 

ʈʝʰʝʥʠʝ:  

ʇʨʠʤʝʥʠʤ ʧʨʘʚʠʣʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʧʦʣʫʯʠʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʎʉʂɸ ʚʳʠʛʨʘʝʪ 

ʦʙʘ ʪʘʡʤʘ ʨʘʚʥʘ: 

πȟσυ Ͻ πȟςψ  πȟπωψȢ 

ʆʪʚʝʪ: πȟπωψȢ 

ʇʨʠʤʝʨ 10. ʅʘ ʧʨʘʟʜʥʠʢʝ çɼʝʥʴ ʛʦʨʦʜʘè ʙʫʜʝʪ ʢʦʥʢʫʨʩ ʧʦ ʧʦʝʜʘʥʠʶ ʧʝʣʴʤʝʥʝʡ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʫʯʘʩʪʥʠʢ ɸʣʝʢʩʝʡ ʩʲʝʩʪ ʙʦʣʴʰʝ 9 ʧʝʣʴʤʝʥʝʡ, ʨʘʚʥʘ 0,76. ɺʝʨʦʷʪʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ɸʣʝʢʩʝʡ ʩʲʝʩʪ ʙʦʣʴʰʝ 8 ʧʝʣʴʤʝʥʝʡ, ʨʘʚʥʘ 0,89. ʅʘʡʜʠʪʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʫʯʘʩʪʥʠʢ 

ɸʣʝʢʩʝʡ ʩʲʝʩʪ ʨʦʚʥʦ 9 ʧʝʣʴʤʝʥʝʡ. 

ʈʝʰʝʥʠʝ: 

ʆʙʦʟʥʘʯʠʤ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ, ʯʪʦ ɸʣʝʢʩʝʡ ʩʲʝʩʪ ʙʦʣʴʰʝ 9 ʧʝʣʴʤʝʥʝʡ ʯʝʨʝʟ ὴ. ɸ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ, ʯʪʦ ʫʯʘʩʪʥʠʢ ʩʲʝʩʪ ʙʦʣʴʰʝ ψ ʧʝʣʴʤʝʥʝʡ ʯʝʨʝʟ ί. ʉʫʤʤʘ ʜʘʥʥʳʭ ʩʦʙʳʪʠʡ 

ὴ  ί ï ʵʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʫʯʘʩʪʥʠʢ ʩʲʝʩʪ ʙʦʣʝʝ 8 ʧʝʣʴʤʝʥʝʡ ʥʘ ʧʨʘʟʜʥʠʢʝ. ɼʘʥʥʳʝ 

ʩʦʙʳʪʠʷ ʷʚʣʷʶʪʩʷ ʥʝʩʦʚʤʝʩʪʥʳʤʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʩʫʤʤʳ ʨʘʚʥʘ ʩʫʤʤʝ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʵʪʠʭ ʩʦʙʳʪʠʡ, ʪʦʛʜʘ ʧʦʣʫʯʘʝʤ:  

πȟψω ὴ πȟχφȠ 

ὴ πȟψωπȟχφ πȟρσȢ 

ʆʪʚʝʪ: πȟρσȢ 

ʇʨʠʤʝʨ 11. ɺʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʨʫʯʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ Erich Krause, ʧʨʦʩʣʫʞʠʪ ʙʦʣʝʝ 1 

ʤʝʩʷʮʘ, ʨʘʚʥʘ 0,9, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʥʘ ʧʨʦʩʣʫʞʠʪ ʙʦʣʝʝ 2 ʤʝʩʷʮʝʚ, ʨʘʚʥʘ 0,78. ʂʘʢʦʚʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʨʫʯʢʘ ʧʨʦʩʣʫʞʠʪ ʙʦʣʝʝ 1 ʤʝʩʷʮʘ, ʥʦ ʥʝ ʙʦʣʝʝ 2 ʤʝʩʷʮʝʚ? 

ʈʝʰʝʥʠʝ: 

ʆʙʦʟʥʘʯʠʤ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ, ʯʪʦ ʨʫʯʢʘ ʧʨʦʩʣʫʞʠʪ ʙʦʣʝʝ 1 ʤʝʩʷʮʘ ʯʝʨʝʟ p, 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ, ʯʪʦ ʧʨʦʩʣʫʞʠʪ ʙʦʣʝʝ 2 ʤʝʩʷʮʝʚ ï ʯʝʨʝʟ s, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʯʝʨʥʠʣʘ 

ʨʫʯʢʠ ʟʘʢʦʥʯʘʪʩʷ ʨʦʚʥʦ ʯʝʨʝʟ 1 ʤʝʩʷʮ ʦʙʦʟʥʘʯʠʤ g, ʪʦʛʜʘ ʧʦʣʫʯʘʝʤ, ʯʪʦ p + s + g ï ʵʪʦ 
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ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ, ʯʪʦ ʨʫʯʢʘ ʧʨʦʩʣʫʞʠʪ ʙʦʣʴʰʝ 1 ʤʝʩʷʮʘ. ɼʘʥʥʳʝ ʩʦʙʳʪʠʷ ʷʚʣʷʶʪʩʷ 

ʥʝʩʦʚʤʝʩʪʥʳʤʠ, ʟʥʘʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʩʫʤʤʳ ʨʘʚʥʘ ʩʫʤʤʝ ʵʪʠʭ ʚʝʨʦʷʪʥʦʩʪʝʡ. ɺʝʨʦʷʪʥʦʩʪʴ 

ʩʦʙʳʪʠʷ, ʯʪʦ ʯʝʨʥʠʣʘ ʫ ʨʫʯʢʠ ʟʘʢʦʥʯʘʪʩʷ ʨʦʚʥʦ ʯʝʨʝʟ 2 ʤʝʩʷʮʘ, ʨʘʚʥʘ 0, ʪ.ʝ. g = 0. ʊʦʛʜʘ 

ʧʦʣʫʯʘʝʤ: 

ὴ  ί  Ὣ  ὴ  ίȢ 

ʆʪʢʫʜʘ ʥʘʭʦʜʠʤ: 

πȟω  ὴ  πȟχψȠ 

ὴ  πȟω  πȟχψ  πȟρςȢ 

ʆʪʚʝʪ: 0,12. 

ʇʨʠʤʝʨ 12. ʌʫʪʙʦʣʠʩʪ ʚ ʩʝʨʠʠ çʧʝʥʘʣʴʪʠè ʧʨʠ ʢʘʞʜʦʤ ʫʜʘʨʝ ʤʷʯʘ ʧʦʧʘʜʘʝʪ ʚ ʚʦʨʦʪʘ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ 0,52, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʫʜʘʨʦʚ. ʂʘʢʦʚʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 

ʯʪʦ ʦʥ ʧʦʧʘʜʝʪ ʚ ʚʦʨʦʪʘ, ʩʜʝʣʘʚ ʥʝ 4 ʫʜʘʨʘ [2, c. 98]? 

ʈʝʰʝʥʠʝ:  

ʅʘʡʜʝʤ ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ, ʢʦʛʜʘ ʧʨʠ ʫʜʘʨʝ ʤʷʯʘ, ʦʥ ʥʝ ʧʦʧʘʜʝʪ ʚ ʚʦʨʦʪʘ: 

ρ  πȟυς  πȟτψȢ 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ A ʩʦʙʳʪʠʝ, ʦʙʦʟʥʘʯʘʶʱʝʝ, ʯʪʦ ʧʨʠ ʚʩʝʭ ʧʨʦʠʟʚʝʜʝʥʥʳʭ τ ɀ ὼ ʫʜʘʨʦʚ 

ʤʷʯʘ, ʧʦʧʘʜʘʥʠʡ ʚ ʚʦʨʦʪʘ ʥʝ ʙʳʣʦ ʊʦʛʜʘ: 

ὖὃ  πȟτψ Ͻ πȟτψ Ͻ πȟτψ Ͻ πȟτψ  πȟπυσπψτρφȢ 

ʊʦʛʜʘ ʠʩʢʦʤʘʷ ʧʦ ʫʩʣʦʚʠʶ ʚʝʨʦʷʪʥʦʩʪʴ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʩʦʙʳʪʠʷ ὃӶ, ʪʦʛʜʘ: 

ὖὃӶ  ρ  πȟπυσπψτρφ  πȟωτφωρυψτȢ 

ʆʪʚʝʪ: πȟωτφωρυψτȢ 

ʇʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ʢʦʤʙʠʥʘʪʦʨʠʢʠ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʦʙʫʯʘʶʱʠʤʩʷ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʚʠʪʴ ʫʤʝʥʠʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʝʝ ʨʘʟʣʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, 

ʚʳʧʦʣʥʷʪʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʨʘʩʯʝʪʳ, ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ 

ʚʘʨʠʘʥʪʦʚ, ʤʝʪʦʜʘ ʧʝʨʝʙʦʨʘ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʫʚʠʜʝʪʴ ʩʚʷʟʴ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʢʘʢ ʩ ʜʨʫʛʠʤʠ 

ʨʘʟʜʝʣʘʤʠ ʤʘʪʝʤʘʪʠʢʠ, ʪʘʢ ʠ ʩ ʜʨʫʛʠʤʠ ʥʘʫʢʘʤʠ. ʉʝʡʯʘʩ ʟʘʜʘʯʠ ʚ ʦʙʣʘʩʪʠ ʢʦʤʙʠʥʘʪʦʨʠʢʠ ʠ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʬʠʟʠʢʝ, ʵʢʦʥʦʤʠʢʝ, ʙʠʦʣʦʛʠʠ, ʪʦʧʦʣʦʛʠʠ, ʩʪʘʪʠʩʪʠʢʝ. ɺ 

ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʟʘʜʘʥʠʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ 9 ʠ 11 

ʢʣʘʩʩʦʚ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʟʘʜʘʥʠʷ ʢʘʢ ʙʘʟʦʚʦʛʦ, ʪʘʢ ʠ ʧʨʦʬʠʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʦʜʠʬʠʢʘʪʦʨ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʨʦʚʥʶ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɽɻʕ ʠ ʆɻʕ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʠʩʪʝʤʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʫʜʝʣʷʝʪ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʠʥʪʝʨʝʩʳ. ʊʝʤ ʩʘʤʳʤ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ ʤʘʪʝʤʘʪʠʢʠ. 

ʈʘʟʜʝʣ ʠʟʫʯʝʥʠʷ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ, ʥʫʞʥʦ ʧʦʤʦʯʴ 

ʦʙʫʯʘʶʱʠʤʩʷ ʨʘʟʚʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʠʥʪʫʠʮʠʶ ʠ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʥʘʧʨʠʤʝʨ, 

ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʠʭ ʩ ʧʦʤʦʱʴʶ ʠʛʨʳ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʪʝʤʳ.  
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ʋɼʂ 51.77  

ʊʫʟʦʚʘ ʄ.ɺ. 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺʓɼɸʏʀ ʂʈɽɼʀʊʆɺ ɺ ɺʀɼɽ ɼʀʅɸʄʀʏɽʉʂʆʁ ʀɻʈʓ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʢʨʝʜʠʪʘ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʤʦʛ ʦʪʢʨʳʪʴ ʩʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʝʤʫ ʥʫʞʥʦ ʚʟʷʪʴ ʢʨʝʜʠʪ. ʇʨʝʜʩʪʘʚʠʤ 

ʩʪʨʘʪʝʛʠʶ ʚʳʜʘʯʠ ʢʨʝʜʠʪʦʚ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠʛʨʳ ʩ ʧʨʠʨʦʜʦʡ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ 

ɹʨʘʫʥʘ-ʈʦʙʠʥʩʦʥ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʟʚʝʩʪʝʥ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʪʨʠʮʳ, ʥʦ ʧʦʩʢʦʣʴʢʫ 

ʩʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ, ʤʝʥʷʝʪʩʷ ʠ ʩʘʤʘ ʤʘʪʨʠʮʘ ʠʛʨʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʜʦ ʧʝʨʝʩʯʠʪʳʚʘʪʴ ʝʝ ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ [1-3; 7]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʢʨʝʜʠʪʥʳʡ ʦʪʜʝʣ ɹʘʥʢʘ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʚ ʪʝʯʝʥʠʝ 5 

ʣʝʪ. ʀʤʝʝʪʩʷ ʧʦʪʦʢ ʢʣʠʝʥʪʦʚ ʩ ʨʘʟʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɸʛʝʥʪ 2 ï ʵʪʦ ʢʨʝʜʠʪʥʳʡ ʦʪʜʝʣ ʙʘʥʢʘ, 

ɸʛʝʥʪ 1 ï ʫʯʠʪʳʚʘʝʪ ʥʘʢʦʧʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠʨʦʜʳ. ɸʛʝʥʪ 1 ʧʨʠʚʦʜʠʪ ʟʘʝʤʱʠʢʦʚ ʚ ʙʘʥʢ. 

ɿʘʝʤʱʠʢʠ sl, ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʥʦʞʝʩʪʚʦ L, ʞʝʣʘʶʪ ʧʦʣʫʯʠʪʴ ʚ ʢʨʝʜʠʪ ʩʫʤʤʳ ʜʝʥʝʛ, ʨʘʚʥʳʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Pl. ɿʘʝʤʱʠʢʠ ʧʨʠʭʦʜʷʪ ʚ ɹʘʥʢ ʧʦ ʦʯʝʨʝʜʥʦʩʪʠ ʠ ʟʘʧʦʣʥʷʶʪ ʘʥʢʝʪʳ, ʚ ʢʦʪʦʨʳʭ 

ʩʦʜʝʨʞʘʪʩʷ ʠʭ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʝʜʠʪʥʳʡ ʦʪʜʝʣ, ʘʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʵʪʠʭ ʘʥʢʝʪ 

ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ, ʚʳʜʘʪʴ ʢʨʝʜʠʪ ʠʣʠ ʥʝʪ ʜʘʥʥʦʤʫ ʟʘʝʤʱʠʢʫ. ʇʦʪʦʢ ʢʣʠʝʥʪʦʚ ʦʙʲʝʜʠʥʷʝʪʩʷ 

ʚ ʢʣʘʩʪʝʨʳ ʩʦ ʩʭʦʞʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɸʛʝʥʪ 2 ʩʦʧʦʩʪʘʚʣʷʝʪ ʚʥʦʚʴ ʧʨʠʰʝʜʰʝʛʦ ʟʘʝʤʱʠʢʘ 

ʩ ʠʤʝʶʱʠʤʠʩʷ ʢʣʘʩʪʝʨʘʤʠ ʠ ʚʳʥʦʩʠʪ ʨʝʰʝʥʠʝ ʦ ʩʫʤʤʝ ʚʳʜʘʯʠ ʢʨʝʜʠʪʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʫʣʝʚʦʡ). 

ɸʛʝʥʪ 2 ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʢʨʝʜʠʪʥʫʶ ʠʩʪʦʨʠʶ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʚʳʜʘʥʥʳʭ ʢʨʝʜʠʪʘʭ ʟʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ.  

ɺ ʵʪʦʡ ʠʩʪʦʨʠʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʟʘʝʤʱʠʢʦʚ. ɸʛʝʥʪ 2 ʤʦʞʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʧʨʠʰʝʜʰʝʛʦ ʟʘʝʤʱʠʢʘ ʩ ʢʣʘʩʪʝʨʦʤ ʠʟ ʢʨʝʜʠʪʥʦʡ 

ʠʩʪʦʨʠʠ ʠ ʦʧʠʨʘʷʩʴ ʥʘ ʨʝʰʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʜʣʷ ʟʘʝʤʱʠʢʦʚ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʘ, ʚʳʥʝʩʪʠ ʨʝʰʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʛʦ ʟʘʝʤʱʠʢʘ. ɺ ʠʪʦʛʝ ʩʪʨʘʪʝʛʠʝʡ ɸʛʝʥʪʘ 2 ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʩʫʤʤʝ ʚʳʜʘʯʠ 

ʢʨʝʜʠʪʘ, ʘ ʩʪʨʘʪʝʛʠʝʡ ɸʛʝʥʪʘ 1 ï ʚʳʙʦʨ ʥʦʤʝʨʘ ʢʣʘʩʪʝʨʘ. ɼʘʣʝʝ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʠʪʝʨʘʪʠʚʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʵʧʠʟʦʜʘ ʧʨʠʭʦʜʘ ʚ ɹʘʥʢ ʦʯʝʨʝʜʥʦʛʦ ʟʘʝʤʱʠʢʘ [4-6]. 

ʈʘʩʩʤʦʪʨʠʤ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ: ɸʛʝʥʪ 1 ʧʨʠʚʦʜʠʪ ʚ ʙʘʥʢ ʟʘʝʤʱʠʢʘ s1 ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

t, ʢʦʪʦʨʳʡ ʟʘʧʦʣʥʷʝʪ ʘʥʢʝʪʫ. ɺ ʘʥʢʝʪʘʭ ʩʦʜʝʨʞʘʪʩʷ ʠʭ ʨʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʘʥʥʳʝ ʝʛʦ 

ʘʥʢʝʪʳ ɸʛʝʥʪ 2 ʟʘʥʦʩʠʪ ʚ ʢʨʝʜʠʪʥʫʶ ʠʩʪʦʨʠʶ. ʌʦʨʤʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ M, ʢʦʪʦʨʦʝ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʢʣʘʩʪʝʨʳ Di.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ɸʛʝʥʪ 2 ʩʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢ ʢʘʢʦʤʫ ʪʠʧʫ ʟʘʝʤʱʠʢʦʚ ʦʪʥʦʩʠʪʩʷ s1 ʠ 

ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦ ʚʳʜʘʯʝ ʢʨʝʜʠʪʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʰʝʥʠʷʭ, ʧʨʠʥʷʪʳʭ ʨʘʥʝʝ ʜʣʷ ʟʘʝʤʱʠʢʦʚ 

ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʯʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ɸʛʝʥʪʘ 

1 ʙʫʜʝʪ ʥʦʤʝʨ ʢʣʘʩʪʝʨʘ. ʉʪʨʘʪʝʛʠʷʤʠ ɸʛʝʥʪʘ 2 ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʩʫʤʤʳ Zj, j = 1,...,n , ʢʦʪʦʨʳʝ 

ɸʛʝʥʪ 2 ʩʦʯʪʝʪ ʚʦʟʤʦʞʥʳʤ ʜʘʪʴ ʟʘʝʤʱʠʢʫ s1. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ɸʛʝʥʪ 2 ʤʦʞʝʪ 

ʚʳʙʨʘʪʴ ʣʶʙʫʶ ʠʟ Zj.  

ʅʦʤʝʨ ʢʣʘʩʪʝʨʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʪʨʘʪʝʛʠʝʡ ɸʛʝʥʪʘ 1. ʆʙʦʟʥʘʯʠʤ ʝʛʦ i = 1,é,m. 

ʆʙʦʟʥʘʯʠʤ ʚʳʠʛʨʳʰ ʚ ʩʠʪʫʘʮʠʠ i, j ʯʝʨʝʟ aij , i = 1,...,m, j = 1,...,n.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʤʘʪʨʠʮʘ A ʠʛʨʳ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ɻȟ Ễ ‌ȟ
ể Ệ ể
‌ ȟ Ễ ‌ ȟ

. 

ɼʘʥʥʘʷ ʤʘʪʨʠʮʘ ʚʳʠʛʨʳʰʘ ʠʛʨʳ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʦʞʠʜʘʥʠʷ ʜʦʭʦʜʘ.  

ɺ ʧʝʨʚʦʡ ʧʘʨʪʠʠ ʦʙʘ ʠʛʨʦʢʘ ʚʳʙʠʨʘʶʪ ʩʦʚʝʨʰʝʥʥʦ ʧʨʦʠʟʚʦʣʴʥʳʝ ʯʠʩʪʳʝ ʩʪʨʘʪʝʛʠʠ. ɺ k 

ï ʦʡ ʧʘʨʪʠʠ ʢʘʞʜʳʡ ʠʛʨʦʢ ʚʳʙʠʨʘʝʪ ʪʫ ʯʠʩʪʫʶ ʩʪʨʘʪʝʛʠʶ, ʢʦʪʦʨʘʷ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʝʛʦ 

ʦʞʠʜʘʝʤʳʡ ʚʳʠʛʨʳʰ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʟʘ ʧʝʨʚʳʝ k ʧʘʨʪʠʡ ɸʛʝʥʪ 2 ʠʩʧʦʣʴʟʦʚʘʣ j ï ʶ 

ʩʪʨʘʪʝʛʠʶ – ʨʘʟ, ʘ ɸʛʝʥʪ 1 ï i ï ʶ ʩʪʨʘʪʝʛʠʶ ‐. ʊʦʛʜʘ ʚ (k + 1) ʧʘʨʪʠʠ ɸʛʝʥʪ 2 ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ jk+1 ʩʪʨʘʪʝʛʠʶ, ʘ ɸʛʝʥʪ 1 ï Ὥ  ʩʪʨʘʪʝʛʠʶ, ʛʜʝ 

ὺ ÍÁØВɻ ʂ  Вɻ  ʂ, 

ὺ ÍÉÎВɻ ʀ  Вɻ  ʀ. 

ʇʫʩʪʴ v ï ʟʥʘʯʝʥʠʝ ʠʛʨʳ ʩ ʤʘʪʨʠʮʝʡ A.  

ʈʘʩʩʤʦʪʨʠʤ ʦʪʥʦʰʝʥʠʷ  

ÍÁØВ В , ÍÉÎВ В . 

ɺʝʢʪʦʨʳ  

ὼ ȟȣȢȟ  ʠ ώ ȟȣȢȟ  

ʷʚʣʷʶʪʩʷ ʩʤʝʰʘʥʥʳʤʠ ʩʪʨʘʪʝʛʠʷʤʠ ɸʛʝʥʪʦʚ 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʵʪʦʤʫ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʟʥʘʯʝʥʠʷ ʠʛʨʳ ʠʤʝʝʤ 

ÍÁØ ὺ ÍÉÎ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʤ ʥʝʢʦʪʦʨʳʡ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʭʦʜʠʪʴ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʪʨʠʯʥʦʡ ʠʛʨʳ, ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʙʣʠʟʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʠʩʪʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʠʛʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʠʥʪʝʨʚʘʣʘ 

ÍÁØȟÍÉÎ. 

ɼʣʷ ʩʣʫʯʘʷ ʩ ʜʚʫʤʷ ʙʘʥʢʘʤʠ ʦʙʲʝʜʠʥʠʤ ʤʥʦʞʝʩʪʚʦ ʩʪʨʘʪʝʛʠʡ ɸʛʝʥʪʦʚ 1 ʠ ɸʛʝʥʪʦʚ 2 ʠ 

ʧʝʨʝʥʫʤʝʨʫʝʤ ʠʭ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʟʘʝʤʱʠʢ ʩʘʤ ʦʧʨʝʜʝʣʷʝʪ ʚ ʢʘʢʦʤ ʙʘʥʢʝ ʚʟʷʪʴ ʢʨʝʜʠʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʠ ʧʨʝʜʧʦʯʪʝʥʠʡ. ɹʘʥʢʠ ʠʩʧʦʣʴʟʫʶʪ ʨʝʢʣʘʤʥʫʶ ʢʦʤʧʘʥʠʶ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ. 

ʀʤʝʝʪʩʷ n (b=1,é,n) , ʙʘʥʢʦʚ. ʇʫʩʪʴ ὼ (b=1,é,n) ï ʦʙʲʝʤ ʩʨʝʜʩʪʚ, ʚʳʜʝʣʝʥʥʳʭ ʙʘʥʢʦʤ 

b ʥʘ ʨʝʢʣʘʤʫ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ b=2.  

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʭʦʜʠʪʴ ʪʦʯʥʦʝ 

ʯʠʩʣʦ, ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ ʥʘʡʪʠ ʧʨʠʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʘʪʨʠʯʥʦʡ ʠʛʨʝ. ʕʪʠ ʨʘʩʯʝʪʳ ʜʘʜʫʪ 

ʥʘʤ ʩʨʝʜʥʠʡ ʚʳʠʛʨʳʰ, ʙʣʠʟʢʠʡ ʢ ʮʝʥʝ ʠʛʨʳ ʠ ʧʨʠʙʣʠʞʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʘʛʝʥʪʦʚ. 

ʇʨʠʤʝʨʥʦʝ ʟʥʘʯʝʥʠʝ ʮʝʥʳ ʠʛʨʳ ʤʦʞʝʪ ʜʘʪʴ ʧʨʦʩʪʦʡ ʘʥʘʣʠʟ ʤʘʪʨʠʮʳ ʚʳʠʛʨʳʰʝʡ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʠʞʥʝʡ ʠ ʚʝʨʥʝʡ ʮʝʥ ʠʛʨʳ. ɽʩʣʠ ʦʥʠ ʙʣʠʟʢʠ, ʪʦ ʤʦʞʥʦ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʪʴʩʷ 

ʯʠʩʪʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʪʦ ʝʩʪʴ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʠʩʢʘʪʴ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ. ɽʩʣʠ ʦʥʠ ʥʝ 
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ʙʣʠʟʢʠ, ʪʦʛʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴʩʷ ʧʨʠʝʤʣʝʤʦʝ ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʠʛʨ, ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʠʪʝʨʘʮʠʡ.  

ʀʜʝʷ ʤʝʪʦʜʘ ï ʤʥʦʛʦʢʨʘʪʥʦʝ ʬʠʢʪʠʚʥʦʝ ʨʘʟʳʛʨʳʚʘʥʠʝ ʠʛʨʳ ʩ ʟʘʜʘʥʥʦʡ ʤʘʪʨʠʮʝʡ. ʆʜʥʦ 

ʨʘʟʳʛʨʳʚʘʥʠʝ ʠʛʨʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʘʨʪʠʝʡ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʥʝʦʛʨʘʥʠʯʝʥʥʦ.  

ɺ 1-ʦʡ ʧʘʨʪʠʠ ʦʙʘ ʘʛʝʥʪʘ ʚʳʙʠʨʘʶʪ ʩʦʚʝʨʰʝʥʥʦ ʧʨʦʠʟʚʦʣʴʥʳʝ ʯʠʩʪʳʝ ʩʪʨʘʪʝʛʠʠ. ʇʫʩʪʴ 

ɸʛʝʥʪ 1 ʚʳʙʨʘʣ i-ʶ ʩʪʨʘʪʝʛʠʶ, ʘ ɸʛʝʥʪ 2 - j-ʶ ʩʪʨʘʪʝʛʠʶ. ɺʦ ʚʪʦʨʦʡ ʧʘʨʪʠʠ ɸʛʝʥʪ 1 ʦʪʚʝʯʘʝʪ 

ʥʘ ʭʦʜ ɸʛʝʥʪʘ 2 ʪʦʡ ʩʚʦʝʡ ʩʪʨʘʪʝʛʠʝʡ, ʢʦʪʦʨʘʷ ʜʘʸʪ ʝʤʫ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʠʛʨʳʰ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ɸʛʝʥʪ 2, ʦʪʚʝʯʘʝʪ ʥʘ ʵʪʦʪ ʭʦʜ ɸʛʝʥʪʘ 1 ʩʚʦʝʡ ʩʪʨʘʪʝʛʠʝʡ, ʢʦʪʦʨʘʷ ʦʙʨʘʱʘʝʪ ʝʛʦ 

ʧʨʦʠʛʨʳʰ ʚ ʤʠʥʠʤʫʤ. ɼʘʣʝʝ ʪʨʝʪʴʷ ʧʘʨʪʠʷ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʈʘʩʩʤʦʪʨʠ ʢʦʥʢʨʝʪʥʳʡ ʧʨʠʤʝʨ. ɼʦʧʫʩʪʠʤ ʚ ʢʨʝʜʠʪʥʳʝ ʦʪʜʝʣʳ ɹʘʥʢʘ ʦʙʨʘʪʠʣʦʩʴ ʪʨʠ 

ʟʘʝʤʱʠʢʘ ίȟȟίȟί.  

ʇʦ ʟʘʧʦʣʥʝʥʥʳʤ ʘʥʢʝʪʥʳʤ ʜʘʥʥʳʤ ʦʥʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʣʣʦʚ: 

ί - 468, ί - 891, ί - 593. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʝʤʱʠʢ ί  ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʚʦʤʫ ʢʣʘʩʪʝʨʫ, ί ï ʢʦ ʚʪʦʨʦʤʫ ʢʣʘʩʪʝʨʫ, ʘ ί 

ï ʢ ʪʨʝʪʴʝʤʫ ʢʣʘʩʪʝʨʫ.  

ʅʘʡʪʠ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠʛʨʳ ʩ ʤʘʪʨʠʮʝʡ ʧʝʨʚʦʛʦ ʙʘʥʢʘ 

ὃ
ς ρ σ
σ π ρ
ρ ς ρ

 

ʤʘʪʨʠʮʝʡ ʚʪʦʨʦʛʦ ʙʘʥʢʘ 

ὄ
σ π ς
ς ρ ρ
σ ς ρ

. 

ʆʙʦʟʥʘʯʠʤ ʯʠʩʪʳʝ ʩʪʨʘʪʝʛʠʠ ɸʛʝʥʪʦʚ 1 - (‌ȟ‍ȟ‎), ʯʠʩʪʳʝ ʩʪʨʘʪʝʛʠʠ ɸʛʝʥʪʘ 2 ʠʟ ɹʘʥʢʘ 1 

ï (a, b, c) (ʨʠʩ. 1), ʯʠʩʪʳʝ ʩʪʨʘʪʝʛʠʠ ɸʛʝʥʪʘ 2 ʠʟ ɹʘʥʢʘ 2 ï (d, e, f) (ʨʠʩ. 2). 

 

 a      b     c 

Ŭ 

 

ɓ 

 

ɔ 

2      1     3 

3      0     1 

1      2      1 

ʈʠʩ. 1. ʉʪʨʘʪʝʛʠʠ ɸʛʝʥʪʘ 2 ʠʟ ɹʘʥʢʘ 1 

 

 d     e     f 

 

 

 

3      0     2 

2      1     1 

3      2      1 
ʈʠʩ. 2. ʉʪʨʘʪʝʛʠʠ ɸʛʝʥʪʘ 2 ʠʟ ɹʘʥʢʘ 2 

 

ʆʙʲʝʜʠʥʠʚ ʯʠʩʪʳʝ ʩʪʨʘʪʝʛʠʠ ɸʛʝʥʪʦʚ 2 ʧʦʣʫʯʘʝʤ ï (a, b, c, d, e, f).  

ʇʫʩʪʴ ʩʥʘʯʘʣʘ ɸʛʝʥʪʳ ʚʳʙʨʘʣʠ ʩʪʨʘʪʝʛʠʠ a ʠ a ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ɸʛʝʥʪ 1 ʚʳʙʨʘʣ 

ʩʪʨʘʪʝʛʠʶ a, ʪʦ ɸʛʝʥʪʳ 2 ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʦʜʠʥ ʠʟ ʚʳʠʛʨʳʰʝʡ (2,1,3,3,0,2). ɸʛʝʥʪ 2 ʚʳʙʨʘʣ 

ʩʪʨʘʪʝʛʠʶ a, ʪʦ ɸʛʝʥʪ 1 ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʦʜʠʥ ʠʟ ʚʳʠʛʨʳʰʝʡ (2,3,1). ɺʦ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ 
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ʧʘʨʪʠʷʭ ɸʛʝʥʪ 1 ʚʳʙʠʨʘʝʪ ʩʪʨʘʪʝʛʠʶ b, ʘ ɸʛʝʥʪ 2 - e, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʩʪʨʘʪʝʛʠʠ ʜʘʶʪ ʥʘʠʣʫʯʰʠʡ 

ʨʝʟʫʣʴʪʘʪ ʠ ʪ. ʜ.  

ɺ ʪʘʙʣʠʮʝ  ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʫʢʘʟʘʥʳ ʩʪʨʘʪʝʛʠʠ ɸʛʝʥʪʦʚ, ʥʘʢʦʧʣʝʥʥʳʡ ʚʳʠʛʨʳʰ ʠ 

ʩʨʝʜʥʠʡ ʚʳʠʛʨʳʰ. 

ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʟʳʛʨʳʚʘʥʠʡ 

 

ʅ
ʦ
ʤ
ʝ
ʨ
 
ʧ
ʘ
ʨ
ʪ
ʠ
ʠ

 

ɺ
ʳ
ʙ
ʦ
ʨ
 
ʠ
ʛ
ʨ
ʦ
ʢ
ʘ
1

 

ɺ
ʳ
ʙ
ʦ
ʨ
 
ʀ
ʛ
ʨ
ʦ
ʢ
ʘ
2

 ɺʳʠʛʨʳʰ ʠʛʨʦʢʘ 1 ɺr ʠʛʨʳʰ ʠʛʨʦʢʘ 2 

ὺ

Ὧ
 

ɹ1 

ὺ

Ὧ
 

ɹ2 

ὺ

Ὧ
 

ɹ1 

ὺ

Ὧ
 

ɹ2 
Ŭ ɓ ɔ a B c d e f 

1 Ŭ a 2 3 1 2 1 3 3 0 2 3 3 1 0 

2 ɓ  e 2 4 3 2 1 3 5 1 3 4/2 4/2 1/2 İ 

3 ɓ b 3 4 5 5 1 4 5 1 3 5/3 5/3 1/3 1/3 

4 ɔ  e 3 5 7 5 1 4 8 3 4 7/4 7/4 ı  ı 

5 ɔ b 4 5 9 6 3 5 8 3 4 9/5 9/5 3/5 3/5 

6 ɔ b 5 5 11 7 5 6 8 3 4 11/6 11/6 5/6 3/6 

7 ɔ e 5 6 13 7 5 6 11 5 5 13/7 13/7 5/7 5/7 

ʅ
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ɺʳʠʛʨʳʰ ʠʛʨʦʢʘ 1 ɺʳʠʛʨʳʰ ʠʛʨʦʢʘ 2 

ὺ

Ὧ
 

ɹ1 

ὺ

Ὧ
 

ɹ2 

ὺ

Ὧ
 

ɹ1 

ὺ

Ὧ
 

ɹ2 
Ŭ ɓ ɔ a B c d e f 

8 ɔ f 7 7 14 7 5 6 14 7 6 14/8 14/8 5/8 6/8 

9 ɔ b 8 7 16 8 7 7 14 7 6 16/9 16/9 7/9 6/9 

10 ɔ f 10 8 17 8 7 7 17 9 7                                                                                             17/10 17/10 7/10 7/10 

11 ɔ f 12 9 18 8 7 7 20 11 8 18/11 18/11 7/11 8/11 

12 ɔ b 13 9 20 9 9 8 20 11 8 20/12 20/12 8/12 8/12 

13 ɔ f 15 10 21 9 9 8 23 13 9 21/13 21/13 8/13 9/13 

14 ɔ c 18 11 22 10 11 9 23 13 9 22/14 22/14 9/14 9/14 

15 ɔ c 21 12 23 11 13 10 23 13 9 23/15 23/15 10/15 9/15 

16 ɔ f 23 13 24 11 13 10 26 15 10 24/16 24/16 10/16 10/16 

17 ɔ c 26 14 25 12 15 11 26 15 10 26/17 26/17 11/17 10/17 

18 Ŭ f 28 15 26 12 15 11 29 15 12 28/18 28/18 11/18 12/18 

19 Ŭ c 31 16 27 13 17 12 29 15 12 31/19 31/19 12/19 12/19 

20 Ŭ f 33 17 28 13 17 12 31 15 14 33/20 33/20 12/20 14/20 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ 20 ʧʘʨʪʠʡ ʧʦʣʫʯʠʣʠ ʧʨʠʙʣʠʞʝʥʠʝ ʨʝʰʝʥʠʷ ὼ =(1/5; 1/10; 7/10), 

ώ (1/20; ı;  1/5;  0;  3/20;  7/20). 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʢʨʝʜʠʪʘ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʘʷ ʠʩʩʣʝʜʫʝʪ ʧʨʦʮʝʩʩ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʤʦʛ ʦʪʢʨʳʪʴ ʩʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʢʨʝʜʠʪ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʠʣʠ ʩʪʨʘʪʝʛʠʶ ʚʳʜʘʯʠ ʢʨʝʜʠʪʦʚ ʚ ʚʠʜʝ ʠʛʨʳ ʩ 

ʧʨʠʨʦʜʦʡ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ɹʨʘʫʥʘ-ʈʦʙʠʥʩʦʥ.  

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʟʚʝʩʪʝʥ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʪʨʠʮʳ, ʥʦ ʧʦʩʢʦʣʴʢʫ ʩʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ, 

ʤʝʥʷʝʪʩʷ ʠ ʩʘʤʘ ʤʘʪʨʠʮʘ ʠʛʨʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʜʦ ʧʝʨʝʩʯʠʪʳʚʘʪʴ ʝʝ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 
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ʚʨʝʤʝʥʠ. ʈʘʩʩʯʠʪʘʥʳ ʩʪʨʘʪʝʛʠʠ ɸʛʝʥʪʦʚ, ʥʘʢʦʧʣʝʥʥʳʡ ʚʳʠʛʨʳʰ ʠ ʩʨʝʜʥʠʡ ʚʳʠʛʨʳʰ. 

ʇʦʣʫʯʝʥ ʩʨʝʜʥʠʡ ʚʳʠʛʨʳʰ, ʙʣʠʟʢʠʡ ʢ ʮʝʥʝ ʠʛʨʳ ʠ ʧʨʠʙʣʠʞʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ 

ʘʛʝʥʪʦʚ. 
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ʋɼʂ 620.3 

ʊʫʧʠʮʠʥʘ ɼ.ʅ., ɺʝʪʨʦʚʘ ɸ.ɺ., ʂʦʚʘʣʝʚʘ ʄ.ɸ., ʂʦʟʫʣʠʥ ɸ.ɸ., ʄʘʨʯʝʥʢʦ ɽ.ʉ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʌʌɽʂʊɸ ʉɺɽʈʍʕʃɸʉʊʀʏʅʆʉʊʀ ʊʆʅʂʆʁ ʇʈʆɺʆʃʆʂʀ 

ʀɿ ʅʀʂɽʃʀɼɸ ʊʀʊɸʅɸ 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʠʟʫʯʝʥʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʦʚ ʤʠʢʨʦʧʨʦʚʦʣʦʢʠ ʠʟ 

ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʠ ʢʘʢ ʩʳʨʴʝ ʧʨʠ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ [1; 2; 5]. ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʤʠʢʨʦʧʨʦʚʦʣʦʢ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʦʚ ʧʨʠ ʦʮʝʥʢʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʢʘʢ ʩʘʤʦʡ ʧʨʦʚʦʣʦʢʠ, ʪʘʢ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʝʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʳʭ ʠ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʠʢʨʦʧʨʦʚʦʣʦʢ ʠʟ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʠʩʣʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. 

ʇʨʦʚʦʣʦʢʘ ʩ ʩʦʩʪʘʚʦʤ Ti-50 ʘʪ.% Ni ʪʦʣʱʠʥʦʡ 40 ʤʢʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟ ʤʦʥʦʣʠʪʥʳʭ ʩʣʠʪʢʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʦʪʞʠʛʘʤʠ ʚ 4 

ʵʪʘʧʘ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʥʦʛʦʮʠʢʣʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʫʯʴʝʚʦʛʦ 

ʧʨʦʢʘʪʘ, ʨʦʪʘʮʠʦʥʥʘʷ ʢʦʚʢʘ ʧʨʫʪʢʦʚ, ʭʦʣʦʜʥʦʝ ʠ ʛʦʨʷʯʝʝ ʚʦʣʦʯʝʥʠʝ.  

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʳ ʤʠʢʨʦʧʨʦʚʦʣʦʢ ʠʟ NiTi ʚ ʢʦʣʠʯʝʩʪʚʝ 10 

ʰʪʫʢ ʪʦʣʱʠʥʦʡ 40 ʤʢʤ ʠ ʜʣʠʥʦʡ 100 ʤʤ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʙʨʘʪʠʤʦʡ ʤʘʨʪʝʥʩʠʪʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʝʬʦʨʤʘʮʠʠ 0,001 ʩ-1 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ 

ʥʘʛʨʫʞʝʥʠʠʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ (ʨʠʩ. 1ʘ) ʚʳʜʝʣʝʥʳ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ 

ʟʦʥʳ: ʧʝʨʚʘʷ ï ʫʧʨʫʛʦʝ ʧʦʚʝʜʝʥʠʝ ʘʫʩʪʝʥʠʪʘ B2 ʜʦ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ 1%, ʨʝʦʣʦʛʠʯʝʩʢʠ 

ʦʧʠʩʳʚʘʝʤʦʝ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʡ ʩʨʝʜʦʡ ɻʫʢʘ ʩ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ɽʘ ʜʣʷ 

ʘʫʩʪʝʥʠʪʘ; ʚʪʦʨʘʷ ï ʧʨʝʚʨʘʱʝʥʠʝ ʘʫʩʪʝʥʠʪʘ ʚ ʤʘʨʪʝʥʩʠʪ B2Ÿɺ2+RŸB19/ ʚ ʚʠʜʝ ʧʣʘʪʦ, 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʩʠ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 4 %, ʦʧʠʩʳʚʘʝʤʦʝ ʞʝʩʪʢʦʡ ʩʨʝʜʦʡ 

ʄʠʟʝʩʘ ʩ ʧʘʨʘʤʝʪʨʦʤ ʪʝʯʝʥʠʷ ůs ʨʘʚʥʳʤ ʧʨʝʜʝʣʫ ʫʧʨʫʛʦʩʪʠ; ʪʨʝʪʴʷ ï ʫʧʨʫʛʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟʳ ʚʧʣʦʪʴ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʫʜʣʠʥʝʥʠʠ ʜʦ 11%, ʧʦ ʘʥʘʣʦʛʠʠ 

ʩ ʫʧʨʫʛʦʩʪʴʶ ʘʫʩʪʝʥʠʪʥʦʡ ʬʘʟʳ, ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʡ ʩʨʝʜʦʡ ɻʫʢʘ ʩ ʤʦʜʫʣʝʤ 

ʫʧʨʫʛʦʩʪʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ɽʤ ʜʣʷ ʤʘʨʪʝʥʩʠʪʘ B19
/. ʈʘʟʨʫʰʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʥʘʩʪʫʧʘʝʪ ʧʦ 

ʢʚʘʟʠʭʨʫʧʢʦʤʫ ʩʮʝʥʘʨʠʶ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʥʝʣʠʥʝʡʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʦʤʫ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʮʠʢʣʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʥʝ ʜʦʚʦʜʠʣʠ ʜʦ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʫʧʨʫʛʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ, ʨʘʟʛʨʫʟʢʫ ʥʘʯʠʥʘʣʠ ʚ ʦʙʣʘʩʪʠ ʧʣʘʪʦ, ʧʨʠ ʵʪʦʤ ʢʨʠʚʘʷ ʥʘʛʨʫʟʢʘï

ʨʘʟʛʨʫʟʢʘ (ʨʠʩ. 1ʙ) ʠʤʝʣʘ ʚʠʜ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʧʦʣʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʜʣʠʥʳ ʧʨʦʚʦʣʦʯʥʦʛʦ ʦʙʨʘʟʮʘ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʦʚ 
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ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʩʚʝʨʭʵʣʘʩʪʠʯʥʳʤ ʧʦʚʝʜʝʥʠʝʤ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʚʟʛʣʷʥʫʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʢʨʠʚʫʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1ʙ. ɺʠʜʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʥʝʣʠʥʝʡʥʦ ʥʘ 

ʙʦʣʴʰʠʝ ʩʪʝʧʝʥʠ ʙʝʟ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʨʘʟʛʨʫʟʢʝ. 
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ʈʠʩ. 1. ʊʠʧʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʩʪʷʞʝʥʠʷ ʤʠʢʨʦʧʨʦʚʦʣʦʢʠ:  

ʘ ï ʜʦ ʨʘʟʨʳʚʘ ʠ ʙ ï çʥʘʛʨʫʟʢʘ-ʨʘʟʛʨʫʟʢʘ ʜʦ 5% ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʧʨʝʜʝʣʘ ʫʧʨʫʛʦʩʪʠ ůs ʣʝʞʘʱʠʭ ʚ ʜʠʘʧʘʟʦʥʝ 350-400 ʄʇʘ ʠ ʧʨʦʯʥʦʩʪʠ ůʚ ʚ ʧʨʝʜʝʣʘʭ 1350 ʄʇʘ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʣʦʢ ʜʠʘʤʝʪʨʦʤ 40 ʤʢʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʦʥʦʣʠʪʥʦʛʦ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥʠ ʠʟʛʦʪʦʚʣʝʥʳ [3]. 

ʕʪʦʪ ʵʬʬʝʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʣʦʢ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ 25 ʥʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʤʥʦʛʦʢʨʘʪʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚʳʙʨʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ, ʧʨʠʚʝʜʝʥʥʘʷ Auriccho F., ʫʯʠʪʳʚʘʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʚʝʨʭʵʣʘʩʪʠʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʚʦʣʦʢʠ ʧʨʠ ʥʘʛʨʫʟʢʝ ʠ ʨʘʟʛʨʫʟʢʝ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ 

ʦʮʝʥʢʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʦʣʦʢ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ [4]. 

ʆʧʨʝʜʝʣʷʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʚ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ 7 ʤʘʪʝʨʠʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ, 

ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

ʊʘʙʣʠʮʘ 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʧʨʦʚʦʣʦʢ ʠʟ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʜʠʘʤʝʪʨʦʤ 40 ʤʢʤ 

 

ɽʘ, ɻʇʘ ɽʤ, ɻʇʘ „ , ʄʇʘ „ , ʄʇʘ „ , ʄʇʘ „ , ʄʇʘ ‐ 

30 30 359 191 157 157 0,04 
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ɺ ʪʘʙʣʠʮʝ ʟʥʘʯʝʥʠʷ: ɽʘ, ɽʤ, ï ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʧʦʣʥʳʭ ʘʫʩʪʝʥʠʪʥʦʡ ʠ ʤʘʨʪʝʥʩʠʪʥʦʡ 

ʬʘʟ; „ ȟ„  ï ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʧʨʷʤʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ; „ , „  ï ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ; ‐ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʝʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ï ʜʣʠʥʘ ʧʣʘʪʦ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

1. 

ɺ ʤʦʜʝʣʠ ʚ ʢʦʥʪʠʥʫʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʜʚʘ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʷ ʠʟ 

ʘʫʩʪʝʥʠʪʘ ʚ ʤʘʨʪʝʥʩʠʪ ʠ ʦʙʨʘʪʥʦ. ɼʦʣʷ ʤʘʨʪʝʥʩʠʪʘ (ɝM) ʠ ʜʦʣʷ ʘʫʩʪʝʥʠʪʘ (ɝA) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʦʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʦʪʥʦʰʝʥʠʶ, ʚʳʨʘʞʝʥʥʦʤʫ ʢʘʢ: 

ɝM+ɝA=1. 

ʇʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠʟʦʪʨʦʧʥʦ. ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʦʪ ʜʘʚʣʝʥʠʷ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʥʘʛʨʫʟʢʠ ɼʨʫʢʝʨʘ-ʇʨʘʛʝʨʘ, ʢʦʪʦʨʘʷ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὂ ή σ‌ὴ, 

ή ὛȡὛ, 

Ὓ „ ὴ , 

ὴ „ȡ, 

ʛʜʝ Ŭ ï ʧʘʨʘʤʝʪʨ ʤʘʪʝʨʠʘʣʘ; ů ï ʥʘʧʨʷʞʝʥʠʷ; 1 ï ʝʜʠʥʠʯʥʳʡ ʪʝʥʟʦʨ; S ï ʜʝʚʠʘʪʦʨʥʘʷ ʯʘʩʪʴ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʜʝʣʝʥʠʝ ʜʦʣʠ ʤʘʨʪʝʥʩʠʪʘ ɝM ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

‚
Ȣ

Ὄ ρ ‚
Ȣ

 ὃᴼὓ̖̐̆̑̆̏̅

Ὄ ‚
Ȣ

 ὓᴼὃ̖̐̆̑̆̏̅
, 

ʛʜʝ  

Ὑ „ ρ ‌, 

Ὑ „ ρ ‌, 

Ὄ
ρȟ ̆̒̌̉

Ὑ Ὂ Ὑ

Ὂ
Ȣ

π
π ̘̃̐̑̏̓̉̃̎̏̍̒̌̔́̆

, 

Ὄ
ρȟ ̆̒̌̉

Ὑ Ὂ Ὑ

Ὂ
Ȣ

π
π ̃̐ ̘̑̏̓̉̃̎̏̍̒̌̔́̆

, 

Ὑ „ ρ ‌, 

Ὑ „ ρ ‌, 

ʛʜʝ „ , „ ʠ „ , „  ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ ʠʟ ʪʘʙʣʠʮʳ. 

ʇʘʨʘʤʝʪʨ ʤʘʪʝʨʠʘʣʘ Ŭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʢʣʠʢ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ, ʥʦ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʫʯʠʪʳʚʘʣʩʷ, ʪʘʢ ʢʘʢ ʥʘʛʨʫʟʢʘ ʙʳʣʘ ʪʦʣʴʢʦ ʨʘʩʪʷʛʠʚʘʶʱʝʡ Ŭ=0.  
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ʆʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʝ ï ʜʝʬʦʨʤʘʮʠʷ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

„ Ἆȡ‐ ‐ , 

‐
Ȣ

‚
Ȣ

‐ȇ , 

ʛʜʝ D - ʤʘʪʨʠʮʘ ʫʧʨʫʛʠʭ ʤʦʜʫʣʝʡ; tre  - ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʠʠ ʧʝʨʝʭʦʜʘ. 

 

 
 

ʈʠʩ. 2. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʚʦʣʦʢʠ 

 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʈʘʩʯʝʪʥʘʷ ʩʝʪʦʯʥʘʷ ʤʦʜʝʣʴ ʦʙʨʘʟʮʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ɺ 

ʢʘʯʝʩʪʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʚʦʣʦʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ 

ʜʠʘʤʝʪʨʦʤ 40 ʤʢʤ ʠ ʜʣʠʥʦʡ 600 ʤʤ. ʇʣʦʪʥʦʩʪʴ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʚʳʙʠʨʘʣʠ ʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ, ʚ ʠʪʦʛʝ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʪʢʫ ʠʟ ʛʝʢʩʘʵʜʨʦʚ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 6,67 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʝʩʪʢʦʝ 

ʟʘʢʨʝʧʣʝʥʠʝ ʦʜʥʦʛʦ ʪʦʨʮʘ ʠ ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʧʝʨʝʤʝʱʝʥʠʝ ʜʨʫʛʦʛʦ ʪʦʨʮʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʘʨʘʣʣʝʣʴʥʦʤ ʛʣʘʚʥʦʡ ʦʩʠ ʧʨʦʚʦʣʦʢʠ. 
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ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ:  

ʘ) ʜʦ 5% ʜʝʬʦʨʤʘʮʠʠ; ʙ) ʜʦ ʨʘʟʨʳʚʘ 

 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3 ʘ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʢʨʘʪʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ 

ʠ ʥʘ ʨʠʩ. 3 ʙ ʜʣʷ ʩʣʫʯʘʷ ʥʘʛʨʫʟʢʘ-ʨʘʟʛʨʫʟʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʦ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʵʚʦʣʶʮʠʶ ʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ „  ʪʝʥʟʦʨʘ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 
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ʧʦʜʦʙʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʥʘ ʫʯʘʩʪʢʘʭ ʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʘʫʩʪʝʥʠʪʘ, ʧʣʘʪʦ 

ʧʨʷʤʦʛʦ ʬʘʟʦʚʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʜʦ ʥʘʯʘʣʘ ʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʠ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʨʘʟʛʨʫʟʢʠ (ʨʠʩ. 3ʘ). ʆʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʢʦʥʮʝ ʦʙʣʘʩʪʠ ʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʨʘʚʝʥʩʪʚʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʘʫʩʪʝʥʠʪʥʦʡ ʠ ʤʘʨʪʝʥʩʠʪʥʦʡ ʬʘʟ. ʕʪʦʪ 

ʵʬʬʝʢʪ ʚ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴ ʠʩʧʦʣʴʟʫʝʤʫʶ ʧʦʩʪʘʥʦʚʢʫ 

ʦʛʨʘʥʠʯʝʥʥʦ-ʧʨʠʤʝʥʠʤʦʡ ʥʘ ʢʦʥʝʯʥʦʤ ʫʯʘʩʪʢʝ ʫʧʨʫʛʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʨʪʝʥʩʠʪʘ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʧʦ ʇʦʩʪʘʥʦʚʣʝʥʠʶ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ˉ 220 ʦʪ 09 ʘʧʨʝʣʷ 2010 ʛ. (ʉʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-612 ʦʪ 04.06.2021 ʛ.). 
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ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʈɸʉʏɽʊ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇʆʃɽʁ ʅɸ 4F- ʕʃɽʂʊʈʆʅɸʍ  

ɺ ʉʆɽɼʀʅɽʅʀʗʍ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʆʂʉʀɼʆɺ 
 

ʇʫʙʣʠʢʘʮʠʷ ɸʣʴʙʝʨʪʦʤ ʕʡʥʰʪʝʡʥʦʤ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʦ ʚʳʥʫʞʜʝʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʩʪʘʣʘ 

ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʚ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʝʟ ʢʦʪʦʨʳʭ ʩʝʡʯʘʩ ʞʠʟʥʴ ʢʘʞʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʡ. ʋʩʪʨʦʡʩʪʚʘ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʜʘʥʥʘʷ ʪʝʦʨʠʷ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʤʝʜʠʮʠʥʝ, ʚ ʤʝʪʨʦʣʦʛʠʠ, ʚ ʦʙʣʘʩʪʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ 

ʵʥʝʨʛʝʪʠʢʝ.  

ʆʧʪʠʯʝʩʢʠʝ ʢʚʘʥʪʦʚʳʝ ʛʝʥʝʨʘʪʦʨʳ (ʆʂɻ) ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʠʟʣʫʯʘʶʱʝʝ ʧʫʯʦʢ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʚʝʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʦʧʪʠʯʝʩʢʦʛʦ ʫʩʠʣʝʥʠʷ. ʆʂɻ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʚ 

ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʘʟʳʚʘʶʪʩʷ ʣʘʟʝʨʘʤʠ, ʘ ʚ ʜʠʘʧʘʟʦʥʝ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʚʦʣʥ - ʤʘʟʝʨʘʤʠ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʣʘʟʝʨʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʥʫʞʜʝʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʬʦʪʦʥʦʚ ʩʚʝʪʘ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 1). ɺʳʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʛʝʥʝʨʘʪʦʨʘ - ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ, ʦʪʢʨʳʪʳʡ ʨʝʟʦʥʘʪʦʨ, ʠʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢ 

ʧʠʪʘʥʠʷ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ, 

ʦʙʣʘʜʘʶʱʝʝ ʪʘʢʠʤʠ ʫʨʦʚʥʷʤʠ ʵʥʝʨʛʠʠ, ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʟʣʫʯʝʥʠʝʤ, ʣʝʞʘʱʠʤ ʚ ʪʨʝʙʫʝʤʦʤ ʜʣʷ ʫʩʠʣʝʥʠʷ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ 

ʚʝʱʝʩʪʚʦ ʧʦʜʚʝʨʛʘʝʪʩʷ çʥʘʢʘʯʢʝè, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʵʬʬʝʢʪ ʠʥʚʝʨʩʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʥʘʩʝʣʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʚʳʥʫʞʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʬʦʪʦʥʦʚ ʠ ʵʬʬʝʢʪ ʦʧʪʠʯʝʩʢʦʛʦ 

ʫʩʠʣʝʥʠʷ. 

ɺ ʣʘʟʝʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʨʘʙʦʯʠʝ ʪʝʣʘ, ʢʘʢ:  

Å ʞʠʜʢʦʩʪʴ (ʚ ʣʘʟʝʨʘʭ ʥʘ ʢʨʘʩʠʪʝʣʷʭ) ï ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ (ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, 

ʵʪʠʣʝʥʛʣʠʢʦʣʴ), ʛʜʝ ʨʘʩʪʚʦʨʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʢʨʘʩʠʪʝʣʠ (ʢʫʤʘʨʠʥ, ʨʦʜʘʤʠʥ); 

Å ʛʘʟʳ ï ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʘʨʛʦʥ, ʢʨʠʧʪʦʥ ʠʣʠ ʩʤʝʩʠ; 

Å ʪʚʝʨʜʳʝ ï ʢʨʠʩʪʘʣʣʳ ʠ ʩʪʝʢʣʘ (Nd:YAG, ʪʠʪʘʥ-ʩʘʧʬʠʨ, ʭʨʦʤ-ʩʘʧʬʠʨ (ʠʟʚʝʩʪʥʳʡ ʪʘʢʞʝ 

ʢʘʢ ʨʫʙʠʥ), ʣʝʛʠʨʦʚʘʥʥʳʡ ʭʨʦʤʦʤ ʩʪʨʦʥʮʠʡ-ʣʠʪʠʡ-ʘʣʶʤʠʥʠʝʚʳʡ ʬʪʦʨʠʜ (Cr:LiSAF), Er:YLF 

ʠ Nd: glass (ʥʝʦʜʠʤʦʚʦʝ ʩʪʝʢʣʦ); 

Å ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʢʨʠʩʪʘʣʣʳ. 

ʕʪʦ ʨʘʙʦʯʝʝ ʪʝʣʦ ʧʦʤʝʱʝʥʦ ʚ ʦʪʢʨʳʪʳʡ ʨʝʟʦʥʘʪʦʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʩʠʩʪʝʤʦʡ ʠʟ ʜʚʫʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʝʨʢʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʚ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʤʥʦʛʦʢʨʘʪʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʟʝʨʢʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʦʷʯʠʭ ʚʦʣʥ. 

ɺʳʭʦʜʥʦʝ ʟʝʨʢʘʣʦ ʨʝʟʦʥʘʪʦʨʘ ʧʦʣʫʧʨʦʟʨʘʯʥʦʝ, ʧʦʩʢʦʣʴʢʫ ʯʝʨʝʟ ʥʝʛʦ ʚʳʚʦʜʠʪʩʷ ʫʩʠʣʝʥʥʳʡ 

ʩʠʛʥʘʣ, ʚʭʦʜʥʦʝ ï ʥʝʧʨʦʟʨʘʯʥʦʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʝʨʢʘʣ 

ʦʙʣʘʜʘʝʪ ʨʝʟʦʥʘʥʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʝʩʪʴ ʨʝʟʦʥʠʨʫʝʪ ʪʦʣʴʢʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʦʪʘʭ. 

ʀʩʪʦʯʥʠʢ ʚʦʟʙʫʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʚʦʜʘ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʩ ʪʝʤ, ʯʪʦʙʳ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʆʂɻ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʧʨʦʠʟʦʰʣʦ ʣʘʚʠʥʦʦʙʨʘʟʥʦʝ ʫʩʠʣʝʥʠʝ. 

ʀʩʪʦʯʥʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʪʘʢʠʤ ʤʦʱʥʳʤ, ʯʪʦʙʳ ʚʦʩʧʦʣʥʷʣʠʩʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʨʘʙʦʯʝʤ ʪʝʣʝ 

[2]. 

 

 
 

ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʣʘʟʝʨʘ (https://clck.ru/34mcCD) 

 

ʃʘʟʝʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʠʩʪʦʯʥʠʢʫ ʚʦʟʙʫʞʜʝʥʠʷ (ʤʝʪʦʜʫ ʥʘʢʘʯʢʠ): ʦʧʪʠʯʝʩʢʠʝ, 

ʪʝʧʣʦʚʳʝ, ʭʠʤʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʠʦʥʠʟʘʮʠʦʥʥʳʝ ʠ ʪ.ʜ., ʪʘʢʞʝ ʧʦ ʘʢʪʠʚʥʦʤʫ ʚʝʱʝʩʪʚʫ: 

ʪʚʝʨʜʦʪʝʣʴʥʳʝ, ʛʘʟʦʚʳʝ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ, ʞʠʜʢʦʩʪʥʳʝ.  

ʊʘʢ, ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʣʘʟʝʨʳ ʥʘʢʘʯʠʚʘʶʪ ʧʫʪʝʤ ʦʙʣʫʯʝʥʠʷ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʛʘʟʦʨʘʟʨʷʜʥʳʤʠ 

ʚʩʧʳʰʢʘʤʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ (ʠʤʧʫʣʴʩʥʘʷ ʥʘʢʘʯʢʘ), ʞʠʜʢʦʩʪʥʳʝ ʠ ʛʘʟʦʚʳʝ ï ɻ ʣʝʢʪʨʠʯʝʩʢʠʤ 

ʟʘʨʷʜʦʤ, ʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ï ʪʦʢʦʤ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʯʝʨʝʟ p-n-ʧʝʨʝʭʦʜ ʠʣʠ ʧʫʯʢʦʤ 

ʵʣʝʢʪʨʦʥʦʚ.  

ʇʝʨʚʳʤ ʠʟʣʫʯʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʛʝʥʝʨʘʪʦʨʝ, ʙʳʣ 

ʤʦʥʦʢʨʠʩʪʘʣʣ ʨʫʙʠʥʘ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʨʫʙʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʠʩʴ ʘʣʶʤʠʥʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʯʘʩʪʴ ʘʪʦʤʦʚ ʘʣʶʤʠʥʠʷ ʟʘʤʝʱʝʥʘ ʘʪʦʤʘʤʠ ʭʨʦʤʘ.  

ʄʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʘ, ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʘʤʠ: 

Å ʅʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ; 

Å ɺʳʩʦʢʘʷ ʦʧʪʠʯʝʩʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ; 

Å ʇʦʩʪʦʷʥʩʪʚʦ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ; 

Å ɺʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ; 

Å ʅʘʙʦʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʧʨʦʚʦʜʠʤʫʶ 

ʵʥʝʨʛʠʶ ʜʣʷ ʧʝʨʝʙʨʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʳʭʦʜʦʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʝʸ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʛʨʫʧʧʘ ʣʘʟʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ - ʢʨʠʩʪʘʣʣʳ ʩ ʧʨʠʤʝʩʷʤʠ. 

ʂʨʠʩʪʘʣʣʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʳ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʦʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Pr3+, Nd3+, Sm2+, Dy2+, 

Er3+ ʠ ʜʨ.), ʪʦ ʝʩʪʴ d- ʠ f- ʵʣʝʤʝʥʪʳ. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʢʦʪʦʨʳʤʠ 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʣʝʛʠʨʫʶʱʘʷ ʧʨʠʤʝʩʴ. ʅʘʧʨʠʤʝʨ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦʡ ʚ ʨʘʩʧʣʘʚʝ ʤʘʪʝʨʠʘʣʳ 

ʦʩʥʦʚʳ [2, c. 3]. 

ʈʘʥʴʰʝ ʢʨʠʩʪʘʣʣʳ ʨʘʩʪʠʣʠ ʚ ʧʝʯʘʭ, ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʘʛʦʪʦʚʢʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʠ 

ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʦʝ ʨʘʙʦʯʝʝ ʪʝʣʦ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʪʦʤʦʚ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʠʥʚʝʨʩʥʫʶ 
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ʥʘʩʝʣʝʥʥʦʩʪʴ, ʪʦ ʝʩʪʴ, ʯʪʦʙʳ ʚ ʩʦʩʪʦʷʥʠʠ ʩ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ ʥʘʭʦʜʠʣʦʩʴ ʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʘʪʦʤʦʚ, ʯʝʤ ʚ ʩʦʩʪʦʷʥʠʠ ʩ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʨʫʜʦʝʤʢʠʡ, ʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʥʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ï ʩʥʘʯʘʣʘ ʚʳʧʦʣʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ. ʆʜʥʘʢʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ 

ʥʶʘʥʩʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ.  

ʉʣʦʞʥʦʩʪʴ ʪʘʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʚ ʢʘʯʝʩʪʚʝ 

çʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢè. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʫʞʥʦ, ʢ ʧʨʠʤʝʨʫ, ʫʯʝʩʪʴ ʵʬʬʝʢʪʳ ʧʝʨʝʢʨʳʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʠʦʥʦʚ: ʨʘʩʯʝʪʳ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʙʠʧʦʣʷʨʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʠʪʦʛʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʪʨʝʭʢʨʘʪʥʳʭ 

ʠʥʪʝʛʨʘʣʦʚ [3]. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʘʶʪʩʷ ʜʘʣʝʢʦ ʥʝ ʧʨʦʩʪʳʝ ʬʦʨʤʫʣʳ. ʆʜʥʘʢʦ ʠʭ ʨʝʰʝʥʠʝ ʠ 

ʥʘʭʦʞʜʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʘ ʧʦʟʚʦʣʠʣʠ ʙʳ ʫʩʢʦʨʠʪʴ ʠ ʫʧʨʦʩʪʠʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʫʨʦʚʥʝʡ ʠ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʨʘʟʣʠʯʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʠʤʝʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʳ ʙʳʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʚʘʥʪʦʚʦʡ ʧʘʤʷʪʴʶ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʜʝʷ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ 4f- ʵʣʝʢʪʨʦʥʘʭ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʦʢʩʠʜʦʚ ʩ ʫʯʝʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʥʘ ʢʠʩʣʦʨʦʜʘʭ. 

ʎʝʣʴʶ ʥʘʰʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʬʬʝʢʪʦʚ ʚʣʠʷʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 4f-ʵʣʝʢʪʨʦʥʦʚ ʠ 2s, 2p 

ʵʣʝʢʪʨʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʷʭ 

Y2SiO5:Nd, Yb, Er; Sc2SiO5:Nd, YVO4:Nd. 

ɺʩʝ ʚʳʯʠʩʣʝʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʧʦʣʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʘ ʚ ʧʦʣʝ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʣʘʢʦʚ 2s ʠ 2p ʵʣʝʢʪʨʦʥʦʚ ʢʠʩʣʦʨʦʜʦʚ ʠ 

ʬʪʦʨʦʚ [1, ʩ. 222]. 
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ɿʘʜʘʯʝʡ ʚ ʧʨʦʚʦʜʠʤʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʥʘʭʦʞʜʝʥʠʝ ʩʣʦʞʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʦʙʣʝʛʯʠʪʴ ʚʳʯʠʩʣʝʥʠʷ. 

Ὡ᷿ Ὠὼ  ϽὩ    ; Ὥ᷿ ὼϽὩ Ὠὼ=- Ѝ“ϽὩ ; 

Ὥ᷿ ὼϽὩ Ὠὼ Ѝ“ϽὩ ; 

Ὥ ὼ᷿ϽὩ Ὠὼ  - Ѝ“ϽὩ Ѝ“ϽὩ ; 

Ὥ ὼ᷿ϽὩ Ὠὼ=  Ѝ“ϽὩ Ѝ“ϽὩ ; 

Ὥ ὼ᷿ϽὩ Ὠὼ Ѝ“ϽὩ Ѝ“ϽὩ ; 

Ὥ ὼ᷿ϽὩ Ὠὼ Ѝ“ϽὩ Ѝ“ϽὩ ; 
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Ὥ ὼ᷿ϽὩ Ὠὼ Ѝ“ϽὩ - Ѝ“ϽὩ Ѝ“ϽὩ ; 

Ὥ ὼ᷿ϽὩ Ὠὼ Ѝ“ϽὩ  Ѝ“ϽὩ Ѝ“ϽὩ ; 

Ὥ ὼ᷿ϽὩ Ὠὼ Ѝ“ϽὩ Ѝ“ϽὩ Ѝ“ϽὩ ; 

Ὥ ὼ᷿ϽὩ Ὠὼ Ѝ“ϽὩ Ѝ“ϽὩ Ѝ“ϽὩ ; 

Ὥ ὼ᷿ϽὩ Ὠὼ Ѝ“ϽὩ Ѝ“ϽὩ Ѝ“ϽὩ

Ѝ“ϽὩ ; 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʚʷʟʘʥʘ ʩ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʦʛʨʝʩʩʦʤ. ʉ ʨʘʟʚʠʪʠʝʤ 

ʬʠʟʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʨʘʩʪʝʪ ʠʥʪʝʨʝʩ ʢ ʢʚʘʥʪʦʚʳʤ ʢʦʤʧʴʶʪʝʨʘʤ. ʋʯʝʥʳʝ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʷʚʠʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ ʢʚʘʥʪʦʚʳʭ 

ʚr ʯʠʩʣʝʥʠʡ ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʠ ʢʦʤʧʴʶʪʝʨʦʚ ʚ 

ʤʠʣʣʠʦʥʳ ʨʘʟ.  

ʂʨʠʩʪʘʣʣʳ ʩ ʧʨʠʤʝʩʷʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ 

ʤʝʩʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʚʘʥʪʦʚʦʡ ʩʚʷʟʠ, ʧʦʩʢʦʣʴʢʫ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʩʦʙʳʝ ʩʚʦʡʩʪʚʘ, ʢʘʢ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʝ ʭʨʘʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʬʦʪʦʥʦʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʪʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʚ ʙʫʜʫʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʢʚʘʥʪʦʚʳʭ 

ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ. 
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ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʇʈʀʄɽʅɽʅʀɽ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ ʂɸʂ 

ɸʃʔʊɽʈʅɸʊʀɺɸ ʉʋʑɽʉʊɺʋʖʑɽʁ ʉʀʉʊɽʄʓ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʝʢʪʦʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʩʠʣʝʥʠʝ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʩʪʘʣ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʠʥʪʝʨʝʩʘ ʢ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤ ʬʦʨʤʘʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʪʘʢʠʤ ʢʘʢ ʚʝʪʨʦʚʘʷ, ʩʦʣʥʝʯʥʘʷ, ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʠ 

ʙʠʦʤʘʩʩʘ, ʢʦʪʦʨʳʝ, ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʦʙʳʚʘʝʤʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʟʘ ʩʯʝʪ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʉʝʛʦʜʥʷ ʨʘʟʚʠʪʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʦʪʥʦʩʠʪʩʷ ʢ ʛʣʦʙʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ, ʩʦʮʠʘʣʴʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʯʠʥʘʤ, ʚʢʣʶʯʘʷ ʧʨʦʙʣʝʤʫ ʢʣʠʤʘʪʘ (ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ) ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʨʘʙʦʪʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʵʪʠ ʚʦʧʨʦʩʳ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʚ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ˉ1-ʨ ʦʪ 8 ʷʥʚʘʨʷ 2009 ʛʦʜʘ ʟʘʷʚʠʣʘ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʝʝ ʮʝʣʝʡ 

ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚʢʣʶʯʘʷ ʩʦʣʥʝʯʥʫʶ, 

ʚʝʪʨʦʚʫʶ, ʚʦʜʥʫʶ ʠ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ [2]. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʭʦʜʠʪʩʷ 

28,1% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʜʦʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʨʘʩʪʝʪ 

(https://clck.ru/34Mor3). ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʩ ʧʦʤʦʱʴʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ. ʆʜʥʘʢʦ ʩ ʨʘʟʚʠʪʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ʊʘʢ ʢ 2030 ʛ. ʮʝʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʚʝʪʨʷʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʙʫʜʝʪ ʨʘʚʥʷʪʴʩʷ 5,2 ʨʫʙ./ʢɺʪ ʯ, ʩʦʣʥʝʯʥʳʭ ï ʜʦ 7,5 ʨʫʙ./ʢɺʪ ʯ, ʥʘ 

ɸʕʉ ï7,5 ʨʫʙ./ʢɺʪ ʯ, ʥʘ ʧʘʨʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ï ʜʦ 5,3 ʨʫʙ./ʢɺʪ ʯ. (https://clck.ru/34k9iV). 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʆʆʅ, ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʠʝ ʚʠʜʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ: 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʵʥʝʨʛʠʠ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʙʣʘʯʥʦʩʪʠ. 

ʉʣʝʜʫʶʱʠʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʣʫʞʠʪ ʵʥʝʨʛʠʷ ʚʝʪʨʘ. ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʟʜʫʭʘ ʩ ʧʦʤʦʱʴʶ ʚʝʪʨʷʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʩʫʰʝ (ʚʝʪʨʷʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ) ʠʣʠ ʚ ʤʦʨʝ ʠʣʠ ʧʨʝʩʥʦʡ ʚʦʜʝ. 
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ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʠʟ ʛʣʫʙʠʥ ʟʝʤʣʠ, ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ. ʊʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʜʦʙʳʚʘʝʪʩʷ ʠʟ ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʩʢʚʘʞʠʥʘʭ ʧʨʠ 

ʙʫʨʝʥʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʦʜʳ ʚ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟ 

ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʚ ʥʠʞʥʠʝ. ɺʳʨʘʙʘʪʳʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʚ ʨʝʢʘʭ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ. ɺʦʜʦʭʨʘʥʠʣʠʱʘ 

ʠʩʧʦʣʴʟʫʶʪ ʟʘʧʘʩ ʚʦʜʳ, ʘ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʨʝʢ - ʵʥʝʨʛʠʶ ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ. ʉʝʡʯʘʩ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ï ʵʪʦ ʢʨʫʧʥʝʡʰʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺʳʨʘʙʦʪʢʘ 

ʵʥʝʨʛʠʠ ʚʦʜʳ ʦʙʳʯʥʦ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʞʠʤʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʦʚ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʜʚʝʨʞʝʥʘ ʥʝʛʘʪʠʚʥʦʤʫ ʚʣʠʷʥʠʶ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʘʩʫʭ ʠ ʠʟʤʝʥʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɹʠʦʵʥʝʨʛʠʷ ï ʵʪʦ ʚʠʜ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ 

ʢʘʢ ʙʠʦʤʘʩʩʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ, ʜʨʝʚʝʩʠʥʘ, ʜʨʝʚʝʩʥʳʡ ʫʛʦʣʴ ʠ ʥʘʚʦʟ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ. ɹʠʦʤʘʩʩʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʜʣʷ 

ʦʩʚʝʱʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ. ʆʜʥʘʢʦ ʦʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʙʝʜʥʳʝ ʩʣʦʠ ʥʘʩʝʣʝʥʠʷ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ (https://clck.ru/346Jxg). 

ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʜʝʣʘʝʪ ʠʭ ʜʦʩʪʦʡʥʳʤʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʵʪʦʡ ʦʛʨʦʤʥʦʡ ʩʪʨʘʥʳ.  

ʊʘʢʞʝ ʚʳʜʝʣʷʶʪ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʷʩʘ ʠ ʦʧʨʝʜʝʣʠʣ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ ʚ ʢʘʞʜʦʤ ʠʟ 

ʥʠʭ. 

ɸʨʢʪʠʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʙʝʨʝʞʴʝ ʉʠʙʠʨʠ ʚ ʉʝʚʝʨʥʦʤ ʃʝʜʦʚʠʪʦʤ ʦʢʝʘʥʝ, ʦʩʪʨʦʚ ʅʦʚʘʷ 

ɿʝʤʣʷ. ʂʣʠʤʘʪ ʘʨʢʪʠʯʝʩʢʠʡ, ʩ ʥʠʟʢʠʤʠ ʟʠʤʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠʟ-ʟʘ ʤʦʨʷ ʠ ʥʝʤʥʦʛʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʩʨʝʜʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚ ʷʥʚʘʨʝ, ʯʝʤ ʚ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʣʫʯʰʝʝ ʚʨʝʤʷ ʛʦʜʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳ, ʢʦʛʜʘ, ʢʘʢ ʥʠ ʫʜʠʚʠʪʝʣʴʥʦ, ʩʦʣʥʮʝ ʩʚʝʪʠʪ ʷʨʯʝ ʚʩʝʛʦ, ʘ ʢʣʠʤʘʪ ʧʨʦʭʣʘʜʥʝʝ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʙʦʣʴʰʝʡ 

ʧʣʦʱʘʜʠ, ʯʪʦʙʳ ʩʦʙʠʨʘʪʴ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ ʨʝʛʠʦʥ ʦʙʨʘʱʘʝʪʩʷ ʢ ʙʦʣʝʝ 

ʥʘʜʝʞʥʳʤ, ʢʣʠʤʘʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤ ʛʝʥʝʨʘʪʦʨʘʤ. 

ɺ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʟʘ 

ʧʦʣʷʨʥʳʤ ʢʨʫʛʦʤ, ʘ ʪʘʢʞʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʩʪʨʘʥʳ ʢ ʩʝʚʝʨʫ ʦʪ 60Á ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ. ɺ 

ʨʝʛʠʦʥʘʭ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʧʨʠʭʦʜʠʪʩʷ ʜʚʝ ʪʨʝʪʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ. ɺ 

ʉʠʙʠʨʠ ʥʘʭʦʜʠʪʩʷ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʚʭʦʜʷʱʘʷ ʚ ʜʝʩʷʪʢʫ ʢʨʫʧʥʝʡʰʠʭ ʚ ʩʪʨʘʥʝ [4]. 

ʆʩʪʘʣʴʥʘʷ ʈʦʩʩʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʧʦʷʩʝ. ɺ ʵʪʦʤ ʨʝʛʠʦʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʪʠʧʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ: ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʚʥʝʜʨʝʥʠʝ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ɺʀʕ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʣʴʝʬʦʤ 

ʤʝʩʪʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ (https://clck.ru/34k9pE). 

ɺ ʩʚʷʟʠ ʩ ʚʦʧʨʦʩʦʤ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʄʦʩʢʚʝ ʚ ʚʠʜʝ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ ʩʦʩʪʦʷʣʦʩʴ 

ʟʘʩʝʜʘʥʠʝ ʂʦʤʠʪʝʪʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ɼʫʤʳ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʤʘ çʆ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʘʟʚʠʪʠʷ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠè. ʇʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʜʝʧʫʪʘʪʳ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ, 

ʦʙʲʝʜʠʥʝʥʠʡ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʋʯʘʩʪʥʠʢʠ ʚʳʷʚʠʣʠ, ʯʪʦ ʪʝʥʜʝʥʮʠʝʡ, 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʚʣʠʷʶʱʝʡ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ ʤʠʨʘ, ʷʚʣʷʝʪʩʷ ʧʦ ʚʦʧʨʦʩʘʤ ʠ ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʢʦʣʦʛʠʠ. 

ɻʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʈʦʩʩʠʠ ʠ ʚ ʤʠʨʝ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʈʦʩʩʠʠ ʧʨʝʚʳʰʘʝʪ 50 ɻɺʪ, 

ʚʳʨʘʙʘʪʳʚʘʷ ʙʦʣʝʝ 190 ʤʣʨʜ ʢɺʪʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʛʦʜ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʥʘʭʦʜʠʪʩʷ 9% ʟʘʧʘʩʦʚ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ. ʀʤʝʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠ 

ʚʳʩʦʢʘʷ ʜʦʣʶ ʚ ʚʳʨʘʙʦʪʢʝ ʵʥʝʨʛʠʠ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ ï ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ. ɽʝ ʚʣʠʷʥʠʝ ʥʘ ʜʨʫʛʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ, ʪʘʢʠʝ ʢʘʢ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʨʝʛʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ, ʥʝ ʠʟʚʝʩʪʥʦ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʪʨʘʪʝʛʠʷ ʈʦʩʩʠʠ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ 2035 ʛʦʜʘ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʡ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʝʨ ʨʘʟʚʠʪʠʷ. ʆʪʩʫʪʩʪʚʫʶʪ ʬʠʥʘʥʩʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʅɺɸʕʉ. ʂʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʭʨʘʥʠʣʠʱʘʤʠ ʵʥʝʨʛʠʠ ʜʣʷ ʣʫʯʰʝʡ 

ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ [3].  

ɻʣʘʚʥʳʡ ʧʨʠʥʮʠʧ ʚ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʵʥʝʨʛʠʠ ʪʝʢʫʱʝʡ 

ʚʦʜʳ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʈʝʢʠ, ʪʝʢʫʱʠʝ ʩ ʛʦʨ, ʵʪʦ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʚ ʧʨʠʨʦʜʝ. ɺ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ, ʵʥʝʨʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʠʣʳ 

ʪʨʝʥʠʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʦʪʦʢʘ ʚʦʜʳ ʩ ʨʝʢʦʡ, ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʝʛʨʘʜ. 

ʕʥʝʨʛʠʷ ʧʦʪʦʢʘ ʚʦʜʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʤʝʞʜʫ ʚʳʙʨʘʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ ʧʦʪʦʢʘ ʚ ʵʪʠ ʠʥʪʝʨʚʘʣʳ ʧʦ ʫʨʘʚʥʝʥʠʶ ɹʝʨʥʫʣʣʠ. 

 

ʛʜʝ ʚʕ   ï ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʚʦʜʦʪʦʢʘ ʥʘ ʦʧʨʝʜʝʣʝʥ ʫʯʘʩʪʢʝ, ɼʞ; t  ï ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʩ; g  ï 

9,81 ï ʩʚʦʙʦʜʥʦt ʧʘʜʝʥʠʷ ʤ/ʩ2;  pï ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 ; W  ï  ʩʪʦʢ ʚʦʜʳ, ʤ3; 1Z  ʠ 2Z  ïʚʳʩʦʪʘ 

ʩʝʯʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 1-1 ʠ 2-2, ʤ; 1P  ʠ 2Pï ʜʘʚʣʝʥʠʝ ʚ 1-1 ʠ 2-2, ʇʘ; 1V  ʠ 2V ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ  ʚʦʜʳ ʚ 1-1 ʠ 2-2, ʤ/ʩ; ʘ ï  ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ (ʂʦʨʠʦʣʠʩʘ). 

ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʥʠʮʘ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʟʦʥʘʤʠ 1-1 ʠ 2-2 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ, ʪʘʢ ʢʘʢ ʨʘʟʥʠʮʘ ʦʯʝʥʴ ʤʘʣʘ. ɿʘʪʝʤ, ʚ ʯʠʩʪʳʭ ʚʦʜʥʳʭ ʧʫʪʷʭ, ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ  

 

ʛʜʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʥʘʧʦʨ ʥʘ ʚʳʙʨʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʚʅ  =, 1Z  ʠ 2Z  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʦʩʪʠ 

ʫʨʦʚʥʝʡ ʚʦʜʳ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʩʣʘ ʥʘ ʚʳʙʨʘʥʥʦʤ ʫʯʘʩʪʢʝ ʨʝʢʠ, Q - ʩʨʝʜʥʠʡ ʨʘʩʭʦʜ 

ʨʝʢʠ ʥʘ ʚʳʙʨʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʤ 3 /ʩ, ʘ ʚ - ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʚ ʨʫʩʣʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʘ 

ʚʳʙʨʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʢɺʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʚ 

ʢʦʪʦʨʦʡ ʛʘʨʘʥʪʠʨʦʚʘʥʘ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʚʦʜʦʡ ʢʨʫʛʣʦʛʦʜʠʯʥʦ ʠ ʠʤʝʶʪʩʷ ʙʦʣʴʰʠʝ ʫʢʣʦʥʳ ʨʝʢ, 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʢ ʨʘʟ ʵʥʝʨʛʠʠ ʚʦʜʦʪʦʢʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʙʳ ʠ ʚʳʨʘʙʘʪʳʚʘʣʘʩʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ.  



 XXV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʘʭ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʩ ʫʩʪʘʥʦʚʢʦʡ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ, ʪʦ 

ʵʪʦ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ï ʵʪʦ ʚʝʪʨʷʥʘʷ ʪʫʨʙʠʥʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʚʘʣʦʤ, ʥʘ 

ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʣʦʧʘʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʦʧʘʩʪʝʡ (ʦʙʳʯʥʦ ʜʚʝ ʠʣʠ ʪʨʠ). ɺ 

ʙʦʣʝʝ ʤʝʣʢʠʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʙʦʯʠʝ 

ʢʦʣʝʩʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʣʦʧʘʩʪʷʤʠ. ɺʝʪʨʦʚʘʷ ʪʫʨʙʠʥʘ ʠ ʛʝʥʝʨʘʪʦʨ ʩʤʦʥʪʠʨʦʚʘʥʳ ʥʘ ʛʦʥʜʦʣʝ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʚʝʨʰʠʥʝ ʤʘʯʪʳ. ɺʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ ʠʤʝʶʪ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ï ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʚʘʪʪ ʜʦ 2-4 ʄɺʪ. 

ʅʝʙʦʣʴʰʠʝ ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ (ʜʦ 100 ʢɺʪ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʚʪʦʥʦʤʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʠ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ 

ʬʦʪʦʚʦʣʴʪʘʠʢʦʡ. ʄʘʣʳʝ ʚʝʪʨʦʚʳʝ ʪʫʨʙʠʥʳ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳ ʜʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ (ʧʝʨʝʢʘʯʢʘ 

ʚʦʜʳ ʠʟ ʢʦʣʦʜʮʝʚ ʠ ʩʢʚʘʞʠʥ, ʠʨʨʠʛʘʮʠʷ). ɸʚʪʦʥʦʤʥʳʝ ʤʘʣʳʝ ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʩʥʘʱʝʥʳ ʥʘʢʦʧʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʠʟʝʣʴʥʳʤʠ 

ʛʝʥʝʨʘʪʦʨʘʤʠ. ɺʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ ʪʘʢʞʝ ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʝʡ ʜʣʷ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʦʣʥʝʯʥʳʝ ʜʥʠ ʚʝʪʝʨ ʩʣʘʙʝʝ, ʘ 

ʚ ʧʘʩʤʫʨʥʳʝ ï ʩʠʣʴʥʝʝ. 

ɹʦʣʴʰʠʝ ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ (>100 ʢɺʪ) ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪʩʷ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʩʝʪʠ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʦʪ ʵʣʝʢʪʨʦʩʝʪʠ. 

ʉʪʦʠʤʦʩʪʴ ʙʦʣʴʰʠʭ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 800-1000 ʜʦʣʣʘʨʦʚ ʉʐɸ/ʢɺʪ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʤʘʣʳʭ ʚʝʪʨʷʥʳʭ ʪʫʨʙʠʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʦʙʳʯʥʦ ʦʢʦʣʦ 3000 ʜʦʣʣʘʨʦʚ ʉʐɸ/ʢɺʪ (ʠʥʦʛʜʘ ʜʘʞʝ ʚʳʰʝ) ʜʣʷ ʪʫʨʙʠʥ ʤʦʱʥʦʩʪʴʶ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ɺʪ ʜʦ 1 ʢɺʪ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ʨʘʡʦʥʦʚ 

ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ, ʨʳʭʣʦʡ ʧʦʯʚʦʡ ʠ ʩʢʫʜʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʉʣʝʜʫʶʱʠʤ ʥʘ ʥʘʰʝʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʘʣʠ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʈʦʩʩʠʠ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʝʜʣʝʥʥʦ, ʝʛʦ ʜʦʣʷ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʪʥʦʩʷʪʩʷ: 

ï ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ (ʦʪʩʫʪʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʫʩʠʣʠʚʘʶʱʠʭ 

ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ; ʦʪʩʫʪʩʪʚʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʠ ʨʠʩʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʠʣʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ; ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʦʪʭʦʜʦʚ ʧʦ ʧʨʠʯʠʥʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʩʢʦʥʝʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ); 

ï ʜʝʰʝʚʠʟʥʘ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

ï ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ; 

ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʨʦʢʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʢʨʝʤʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʢʦʚ 

ʠ ʩʦʪʝʥ ʣʝʪ ʠ ʧʦʜʚʝʨʛʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ; ʧʦʜ ʚʦʧʨʦʩʦʤ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʠʟʥʦʩ 

ʧʣʘʩʪʠʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʫʣʷ); 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚ ʣʶʙʦʡ ʣʦʢʘʮʠʠ ʠ ʣʶʙʦʤ ʨʝʛʠʦʥʝ. 

ʇʨʦʠʟʚʦʜʩʪʚʦʤ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʚ ʈʦʩʩʠʠ ʟʘʥʠʤʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʄʦʩʢʚʝ, ɿʝʣʝʥʦʛʨʘʜʝ, ʈʷʟʘʥʠ, ʅʦʚʦʯʝʙʦʢʩʘʨʩʢʝ, ʂʨʘʩʥʦʜʘʨʝ ʠ ɹʨʷʥʩʢʝ. 

ʊʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʳʧʫʩʢʘʝʤʳʭ ʙʘʪʘʨʝʡ. 
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81 

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 2000 ʯʘʩʦʚ ʚ ʛʦʜ, ʘ 

ʛʦʜʦʚʘʷ ʩʫʤʤʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ï ʦʪ 1000 ʢɺʪ*ʯ/ʤ2 [1]. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʠʥʩʦʣʷʮʠʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʛʦʨʦʜʘ ʉʦʯʠ (ʙʣʠʞʘʡʰʝʛʦ ʢ ʅʦʚʦʨʦʩʩʠʡʩʢʫ), ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʛʦʜʦʚʫʶ ʩʦʣʥʝʯʥʫʶ ʨʘʜʠʘʮʠʶ ʚʳʰʝ 1500 ʢɺʪ*ʯ/ʤ2. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʚ 

ʅʦʚʦʨʦʩʩʠʡʩʢʝ ï ʙʦʣʝʝ 2300 ʯʘʩʦʚ ʚ ʛʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʘʥʝʣʝʡ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʠʭ 

ʦʧʪʠʤʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ 

ʚ ʞʁʥʳʭ ʰʠʨʦʪʘʭ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʝʥ ʟʥʘʯʝʥʠʶ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʘʥʝʣʠ ʧʦʜ ʫʛʣʦʤ 35-42Ü ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ: ʩʦʣʥʮʝ 

ʥʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʳʩʦʢʦ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʷʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʥʘ 20-25 

ʛʨʘʜʫʩʦʚ ʦʪ ʣʝʪʥʝʛʦ ʚʘʨʠʘʥʪʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʟʥʘʯʝʥʠʷʭ 62-65Ü. 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ ʧʦ ʬʝʚʨʘʣʴ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ 

ʢʨʘʡʥʝ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ (ʧʦʨʷʜʢʘ 15% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ). ɺ ʩʝʚʝʨʥʳʭ ʰʠʨʦʪʘʭ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʠʤʝʶʱʠʤʠʩʷ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʠ ʧʨʦʠʟʚʦʜʠʤʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʩʪʘʥʦʚʠʪʩʷ 

ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʦʡ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʥʝʣʝʡ ʟʠʤʦʡ ʧʨʝʥʝʙʨʝʛʘʶʪ. ɺ ʙʦʣʝʝ ʶʞʥʳʭ 

ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʷʩʥʳʭ ʜʥʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʦʙʣʘʜʘʶʪ 

ʪʘʢʦʡ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʢʘʢ ʠʩʯʝʨʧʘʝʤʦʩʪʴ. ʕʪʦ, ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʫʩʣʫʛ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʥʝʨʛʠʷ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʷʟʘʥʘ ʩ 

ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʤʠ ʚʳʙʨʦʩʘʤʠ, ʯʝʤ ʧʨʠ ʩʞʠʛʘʥʠʠ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʩʥʠʞʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʝʨʝʭʦʜ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʥʘ 

ʢʦʪʦʨʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʳʙʨʦʩʦʚ, ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʦʤ ʢ ʨʝʰʝʥʠʶ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ. ɺʦʟʦʙʥʦʚʣʷʝʤʘʷ 

ʵʥʝʨʛʠʷ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʜʝʰʝʚʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʠ ʩʦʟʜʘʝʪ ʚ ʪʨʠ ʨʘʟʘ 

ʙʦʣʴʰʝ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʯʝʤ ʠʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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É ɹʝʨʝʞʥʦʡ ʗ.ɸ., 2023  



 XXV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

83 

ʋɼʂ 621 

ɻʘʡʥʫʪʜʠʥʦʚ ʌ.ʈ., ɻʘʡʥʫʪʜʠʥʦʚʘ ɼ.ʌ. 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʇʈʀʄɽʅɽʅʀɽ ɻɸɿʆɺʓʍ ʊʋʈɹʀʅ ʄɸʃʆʁ ʄʆʑʅʆʉʊʀ  

ɺ ɻʀɹʈʀɼʅʓʍ ʕʅɽʈɻʆʋʉʊɸʅʆɺʂɸʍ 
 

ʇʝʨʝʚʦʜ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. ʈʝʘʣʠʟʘʮʠʷ ʮʝʧʦʯʢʠ çʧʨʠʢʣʘʜʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ī ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ï ʛʦʣʦʚʥʳʝ ʦʙʨʘʟʮʳ ï ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ī ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦè ʜʦʣʞʥʘ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʦʪʣʠʯʘʪʴʩʷ ʥʝʚʳʩʦʢʠʤʠ 

ʢʘʧʠʪʘʣʴʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʣʦʞʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ [1]. 

ʂ ʯʠʩʣʫ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʨʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʢʦʛʝʥʝʨʘʮʠʠ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ 

ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʪʠʣʠʟʘʮʠʠ ʧʦʧʫʪʥʳʭ ʛʘʟʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʨʘʟʚʠʪʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʠ ʚʩʝ ʙʦʣʴʰʝʡ ʨʦʣʠ ʚ ʵʥʝʨʛʝʪʠʢʝ. ɻʠʙʨʠʜʥʳʝ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ, ʘʚʘʨʠʡʥʳʭ, ʨʝʟʝʨʚʥʳʭ, ʧʦʢʨʳʚʘʶʱʠʭ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʯʘʩʳ ʧʠʢ ʵʥʝʨʛʦʘʛʨʝʛʘʪʦʚ. ʄʦʜʫʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, 

ʤʦʙʠʣʴʥʦʩʪʴ, ʧʨʠʤʝʥʝʥʠʝ ʙʣʦʢʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ ʩʪʠʤʫʣʠʨʫʝʪ 

ʨʘʟʚʠʪʠʝ ʤʘʣʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʅʘ ʨʳʥʢʝ ʤʘʣʦʡ ʵʥʝʨʛʝʪʠʢʠ ʨʘʙʦʪʘʶʪ ʢʦʤʧʘʥʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʥʝʨʛʦʘʛʨʝʛʘʪʦʚ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʢʦʤʧʣʝʢʪʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ. ɺ ʈʦʩʩʠʠ ʧʘʨʦʚʳʝ ʪʫʨʙʠʥʳ 

ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʧʨʦʠʟʚʦʜʷʪ: ʅʝʚʩʢʠʡ ʟʘʚʦʜ, ʆʆʆ çʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʘʣʴʷʥʩè ʂʘʣʫʞʩʢʠʡ 

ʪʫʨʙʠʥʥʳʡ ʟʘʚʦʜ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴʥʳʡ ʨʷʜ ʪʫʨʙʠʥ ʤʦʱʥʦʩʪʴʶ ʦʪ 125 ʢɺʪ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʫʩʪʘʥʦʚʦʢ ʦʪʥʦʩʷʪ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ, ʥʘʣʠʯʠʝ ʨʝʜʫʢʪʦʨʘ ʠ ʩʠʩʪʝʤʳ ʤʘʩʣʦʩʥʘʙʞʝʥʠʷ. 

ɿʘʨʫʙʝʞʥʳʝ ʬʠʨʤʳ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʠʢʨʦʪʫʨʙʠʥ ʧʨʝʜʣʘʛʘʶʪ ʯʝʪʳʨʝ ʪʦʨʛʦʚʳʝ ʤʘʨʢʠ, 

ʝʜʠʥʠʯʥʳʝ ʤʦʜʝʣʠ (ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ 

ʄʦʜʝʣʠ ʤʠʢʨʦʪʫʙʠʥ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ 

 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ, ʛʦʜ ʧʦʷʚʣʝʥʠʷ 

ʚ ʈʦʩʩʠʠ 
ʄʦʜʝʣʴ ʄʦʱʥʦʩʪʴ, ʢɺʪ 

Turbec (ʐʚʝʮʠʷ), 1999 ʛ. ʊ100 100 

Calnetix (ʉʐɸ), 2009 ʛ. ʊɸ-100 100 

Ingersoll Rand (ʉʐɸ), 1903 ʛ. ʄʊ-250 250 

Capstone (ʉʐɸ), 2009 ʛ. Capstone10, Capstone15 ʠ ʪ. ʜ. 10, 15, 30, 60, 200 

 

ʊʘʢ ʢʘʢ ʤʠʢʨʦʪʫʨʙʠʥʳ Capstone ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʴʥʳʤ ʨʷʜʦʤ: 10, 15, 30, 65, 200 ʢɺʪ 

ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʜ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʦʝʛʦ 

ʧʨʦʝʢʪʘ. ʅʘ ʦʜʥʦʤ ʦʙʲʝʢʪʝ ʤʦʞʥʦ ʩʦʯʝʪʘʪʴ ʪʫʨʙʠʥʳ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦʜ ʝʜʠʥʦʡ 

ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. 
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ʉʨʘʚʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʙʘʟʝ ʪʚʝʨʜʦʦʢʩʠʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ 

(ʊʆʊʕ) ʩ ʤʠʢʨʦʪʫʨʙʠʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʩ ɼɻ, ʛʘʟʦʧʦʨʰʥʝʚʳʤʠ (ɻʇʋ) ʘʛʨʝʛʘʪʘʤʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʩʚʦʠʭ ʢʦʥʢʫʨʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ ʧʦ ʂʇɼ, ʥʦ ʠ ʧʦ ʫʜʝʣʴʥʦʤʫ 

ʨʘʩʭʦʜʫ ʛʘʟʘ, ʵʤʠʩʩʠʠ ʪʦʢʩʠʯʥʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʙʝʩʰʫʤʥʦʩʪʠ, ʚ ʮʝʣʦʤ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ: ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. 

ɻʝʥʝʨʘʮʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʥʘ ʙʘʟʝ ʊʆʊʕ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʝʩʪʝ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ.  

ɺ ʤʠʢʨʦʪʫʨʙʠʥʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʚʝʨʪʝʨʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʠʯʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʱʥʦʩʪʴ ʩ ʛʣʘʚʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʧʝʨʝʭʦʜʠʪ ʥʘ ʘʚʘʨʠʡʥʳʡ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦ ʚ 

ʵʢʩʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ. 

ʂʦʨʨʝʢʪʠʨʫʶʱʠʝ ʜʝʡʩʪʚʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, 

ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, ʯʪʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦ ʚ ʦʙʣʘʩʪʠ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʘʤ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʟʜʘʥʠʡ. 

ɻʘʟʦʚʳʝ ʤʠʢʨʦʪʫʨʙʠʥʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʚʦ ʤʥʦʛʠʭ 

ʛʦʨʦʜʩʢʠʭ ʩʦʮʠʘʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ (ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ, ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ, ʫʯʝʙʥʳʝ 

ʟʘʚʝʜʝʥʠʷ); ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʘ ʪʘʢʞʝ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʠ ʚʦʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. 

ʆʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʛʝʥʝʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʛʘʟʦʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʢʦʛʝʥʝʨʘʮʠʷ ʩ 

ʤʠʢʨʦʪʫʨʙʠʥʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʧʣʘ ʚ ʬʦʨʤʝ ʛʦʨʷʯʝʡ, ʧʦʜʦʛʨʝʪʦʡ ʚʦʜʳ ʠ ʧʘʨʘ.  

 ɺ ʤʠʢʨʦʪʫʨʙʠʥʝ Capstone, ʫʜʘʣʦʩʴ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʩʣʘ ʚ 

ʩʣʝʜʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ, ʦʪʩʫʪʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʚʦʜʦʚ.  ʅʘ 

ʦʜʥʦʤ ʚʘʣʫ ʫʩʪʘʥʦʚʣʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ, ʢʦʤʧʨʝʩʩʦʨ ʠ ʪʫʨʙʠʥʘ.  ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʨʘʩʭʦʜʳ, ʚʣʠʷʶʪ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ, ʫ Capstone ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ 

ʪʫʨʙʠʥ. ɺʳʩʦʢʦʦʙʦʨʦʪʠʩʪʳʝ ʤʠʢʨʦʪʫʨʙʠʥʳ Capstone, Turbec, Calnetix ʚʤʝʩʪʦ ʨʝʜʫʢʪʦʨʘ 

ʠʩʧʦʣʴʟʫʶʪ ʜʚʦʡʥʦʝ ʠʥʚʝʨʪʠʨʦʚʘʥʠʝ. ɹʣʘʛʦʜʘʨʷ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʤʧʣʠʪʫʜʳ, ʯʘʩʪʦʪʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ.  

ʇʦ ʚʩʝʤʫ ʤʠʨʫ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʙʦʣʝʝ 6000 ʤʠʢʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ Capstone. ɺ 

ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ 700 ʤʠʢʨʦʪʫʨʙʠʥ. ʏʠʩʣʦ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʦʚ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʪʫʨʙʠʥ Capstone ʚʦʟʨʘʩʪʘʝʪ ʥʘ 20% ʚ ʛʦʜ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʦʧʣʠʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʤ ʥʝʬʪʷʥʦʤ ʛʘʟʝ, 

ʩʦʜʝʨʞʘʱʝʤ ʜʦ 7-10 % ʅ2S. 

ɽʱʝ ʚ 1998 ʛʦʜʫ ʚ ʉʐɸ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦ ʜʦʙʳʯʝ, ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ Capstone ʉ30. ʈʝʢʦʨʜʥʳʡ ʂʇɼ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ Capstone ʉ30 

ī 96% ʚʧʝʨʚʳʝ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʛʦʨʦʜʩʢʦʤ ʙʘʩʩʝʡʥʝ ʚ ʅʠʜʝʨʣʘʥʜʘʭ ʚ 2000 

ʛ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʷʚʣʷʶʪ ʠʥʪʝʨʝʩ ʢ ʧʨʦʝʢʪʘʤ ʚ ʦʙʣʘʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ. ʇʦʪʝʥʮʠʘʣ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʣʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʙʝʩʮʝʣʴʥʦʝ ʩʞʠʛʘʥʠʝ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɺʳʨʘʙʘʪʳʚʘʝʤʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʪʩʷ ʥʘ ʤʝʩʪʝ ʜʣʷ ʧʠʪʘʥʠʷ ʨʘʟʣʠʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʠʟʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʘʟʦʪʫʨʙʠʥʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʪʫʨʙʠʥ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʪʠʣʠʟʘʮʠʶ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ.  

ɻʠʙʨʠʜʥʳʝ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʦʥʦʚʢʠ ʠʟ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʙʣʦʯʥʳʭ ʤʦʜʫʣʝʡ ʟʘʚʦʜʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʪʘʢʠʤʠ ʢʘʢ 

ʤʠʢʨʦʪʫʨʙʠʥʘ (ɻʄʊ), ʪʚʝʨʜʦʦʢʩʠʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ (ʊʆʊʕ), ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʛʨʫʧʧʦʡ ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʦʡ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʝ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ 30 ʢɺʪ ʠ ʪʝʧʣʦʚʦʡ 

ʤʦʱʥʦʩʪʴʶ 200 ʢɺʪ/ʪ., ʘ ʪʘʢʞʝ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʛʠʙʨʠʜʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʚ ʧʦʣʥʦʤ ʩʦʩʪʘʚʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʫʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʜʝʞʥʦʩʪʠ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʛʠʙʨʠʜʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ. ɼʘʥʥʘʷ 

ʥʘʫʯʥʘʷ ʮʝʣʴ, ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʫʩʠʣʠʡ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠ ʨʘʙʦʪʝ ɻʄʊ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʚʣʠʷʥʠʷ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ [2]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʪʫʨʙʠʥʳ. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʛʠʙʨʠʜʥʦʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʪʫʨʙʠʥʳ:  

1 ï ʙʣʦʢ ʩ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ɹʉʕ; 2 - ɹʣʦʢ ɸʂɹ (ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ) 

ʠ ʢʦʥʪʨʦʣʣʝʨ; 3 ī ʧʘʨʦʛʝʥʝʨʘʪʦʨ; 4 ï ʚʦʜʦʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 5 - ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ;  

6 - ʠʥʚʝʨʪʦʨ; ʇʈ ï ʧʝʨʝʨʝʬʦʨʤʝʨ; ʊʆʊʕ ï ʪʚʝʨʜʦʦʢʩʠʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ; ɺ ï ʚʦʟʜʫʭ;  

ʊ ï ʪʦʧʣʠʚʥʳʡ ʛʘʟ 

 

ɻʘʟʦʚʳʡ ʚʳʭʣʦʧ ʊʆʊʕ ʥʘʨʷʜʫ ʩ ʪʦʧʣʠʚʥʳʤ ʛʘʟʦʤ (ʊ) ʠ ʚʦʟʜʫʭʦʤ (ɺ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʝʡʩʪʚʠʝ ʛʘʟʦʚʦʡ ʤʠʢʨʦʪʫʨʙʠʥʳ (ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ (5)), ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʫʩʪʘʥʦʚʢʠ ʜʦ 90%. ʇʨʦʠʟʚʝʜʝʥʥʘʷ ʵʥʝʨʛʠʷ ʯʝʨʝʟ ʙʣʦʢ ʩ 

ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ɹʉʕ (1) ʧʦʩʪʫʧʘʝʪ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ, ʣʠʙʦ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʷʭ (2) ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʥʫʞʜʳ 

ʚʦʜʦʨʦʜʥʦʡ ʘʚʪʦʟʘʧʨʘʚʦʯʥʦʡ ʩʪʘʥʮʠʠ (ɺɸɿʉ). ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʛʘʟʦʚʫʶ ʪʫʨʙʠʥʫ, ʧʨʦʜʫʢʪʳ 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʩʛʦʨʘʥʠʷ ʪʝʨʷʶʪ ʯʘʩʪʴ ʩʚʦʝʡ ʵʥʝʨʛʠʠ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʝʝ, ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʝ (3). ʆʙʨʘʟʫʶʱʝʡʩʷ ʧʘʨ ʧʦʩʪʫʧʘʝʪ ʚ ʫʟʝʣ ʛʠʙʨʠʜʥʦʡ 

ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ï çʧʝʨʝʬʦʨʤʝʨ (ʛʜʝ ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʘʷ ʩʤʝʩʴ) ī 

ʪʚʝʨʜʦʢʦʩʠʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ (ʊʆʊʕ)è.  

ʉʭʝʤʥʳʝ ʨʝʰʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʊʆʊʕ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠʤʝʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʩʠʩʪʝʤʘʤʠ ʩ ʜʠʟʝʣʴʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ (ɼɻ), ʛʘʟʦʪʫʨʙʠʥʥʳʤʠ (ɻʊʋ) ʠ 

ʛʘʟʦʧʦʨʰʥʝʚʳʤʠ ʧʨʠʚʦʜʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ (ɻʇʋ), ʚ ʚʠʜʫ ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʠ ʢ ʯʠʩʪʦʪʝ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʨʘʙʦʪʳ ʙʝʟ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʦ 4 ʣʝʪ [3-4]. ʆʙʦʨʫʜʦʚʘʥʠʝ ʙʝʩʰʫʤʥʦʝ 

ī 70 ʜɹ (ʜʠʮʠʙʝʣʳ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ, ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʪʘʚʷʪʩʷ ʟʘʜʘʯʠ ʫʩʠʣʝʥʠʷ ʙʝʩʰʫʤʥʦʩʪʠ. 

ʉʧʨʦʩ ʥʘ ʤʠʢʨʦʪʫʨʙʠʥʳ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ. ɼʣʷ ʦʙʲʝʢʪʦʚ ʚ 100-200 ʢɺʪ ʦʧʪʠʤʘʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʘ ʤʝʣʢʠʭ ʤʠʢʨʦʪʫʨʙʠʥ, ʯʝʤ ʦʜʥʘ ʪʫʨʙʠʥʘ ʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʄʠʢʨʦʪʫʨʙʠʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɼɻ, ɻʇʋ ʠʤʝʝʪ ʤʘʣʳʡ ʦʙʲʝʤ, ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʙʦʨʦʪʘʭ 

ʧʦʪʝʥʮʠʘʣ 200 N, ʨʝʩʫʨʩ 100000 ʯ. ɺʳʩʦʢʦʦʙʦʨʦʪʠʩʪʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʚʦʡʥʳʤ 

ʠʥʚʝʨʪʠʨʦʚʘʥʠʝʤ. ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ʧʨʠ ʣʶʙʦʡ ʥʘʛʨʫʟʢʝ ʥʝ ʤʝʥʷʝʪʩʷ, ʫʩʪʦʡʯʠʚʦ ʧʦʪʨʝʙʣʷʝʪʩʷ 

ʥʘ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʥʘ ʩʘʤʳʭ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ.  

ɺ ʢʦʤʧʣʝʢʪʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʥʘʤʠ ʛʠʙʨʠʜʥʦʡ ʫʩʪʘʥʦʚʢʠ ʟʘʜʝʡʩʪʚʦʚʘʥʘ 

ʄʠʢʨʦʪʫʨʙʠʥʘ Capstone ʉ30, ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ ʥʫʞʜʘʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ.  

ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʧʦʟʚʦʣʷʝʪ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʠʪʴ ʧʘʨ ʠʣʠ 

ʧʝʨʝʛʨʝʪʫʶ ʚʦʜʫ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ (ɸɹʍʄ). ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ 

ʨʘʙʦʪʳ ɸɹʍʄ ʥʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ. 

 

 
ʈʠʩ. 2. ɸɹʍʄ ʥʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ 

 

ʆʯʝʚʠʜʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ ʤʠʢʨʦʪʫʨʙʠʥ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʯʪʦ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʥʘʣʠʯʠʝʤ ʟʘʩʣʦʥʢʠ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʛʘʟ ʦʪʚʦʜʠʪʩʷ ʦʪ ʩʠʩʪʝʤʳ ʨʝʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʪʚʦ; ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʙʦʯʝʛʦ ʢʦʥʪʫʨʘ. ʇʨʝʞʜʝ 

ʯʝʤ ʜʝʣʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ ʪʦʡ ʠʣʠ ʠʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ ʨʘʙʦʯʠʭ 

ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʥʘ ʦʙʲʝʢʪʝ, ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʠʩʧʳʪʘʥʠʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʪʫʨʙʠʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʪʘʚʣʷʶʪ ʛʦʪʦʚʳʝ ʢ 

ʫʩʪʘʥʦʚʢʝ ʘʛʨʝʛʘʪʳ. ʄʠʢʨʦʪʫʨʙʠʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ ʥʘ ʫʣʠʮʝ ʠʤʝʶʪ ʟʘʱʠʪʫ ʦʪ 

ʟʘʤʝʨʟʘʥʠʷ ʧʨʦʢʣʘʜʢʦʡ ʢʦʥʪʫʨʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʛʣʠʢʦʣʝʤ [5]. ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʝʧʣʦʚʦʡ ʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʫʜʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʩ ʜʨʫʛʠʤʠ 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʝʩʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʚʳʭ ʩʭʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ 

ʥʘ ʚʦʜʦʨʦʜʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ɻʄʊ ʚ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ. ʇʦʢʘʟʘʥʦ ʟʥʘʯʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʣʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ, ʧʨʦʩʪʳʭ, 

ʜʦʩʪʫʧʥʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ; ʘ ʪʘʢʞʝ ʨʦʣʴ ʧʦʜʦʙʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ ʚ ʩʥʠʞʝʥʠʠ 

ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʚʳʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʫʤʝʥʴʰʝʥʠʝ ʧʘʛʫʙʥʦʛʦ ʚʣʠʷʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʅʦʚʦʪʨʦʠʮʢʠʡ ʬʠʣʠʘʣ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʀʉʀʉ 

ʛ. ʅʦʚʦʪʨʦʠʮʢ, ʈʦʩʩʠʷ 

 

ʌɸɿʆɺʆɽ ʈɽɻʋʃʀʈʆɺɸʅʀɽ ʅɸ ʇʈʀʄɽʈɽ ɼʀʄʄɽʈɸ 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʊʘʢʠʝ ʧʨʠʙʦʨʳ 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʙʳʪʫ: ʨʝʛʫʣʷʪʦʨ ʥʘʛʨʝʚʘ ʪʸʧʣʳʭ ʧʦʣʦʚ, ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠʣʠ 

ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʷ ʣʘʤʧ. ʌʘʟʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʚ ʮʝʧʷʭ ʟʘʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʠ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʣʘʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʷʛʦʚʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʠʩʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʦʯʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʮʝʧʠ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ.  

ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʧʣʘʚʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʨʦʜʠʢʪʦʚʘʥʘ ʟʘʧʨʦʩʘʤʠ ʧʦʪʨʝʙʠʪʝʣʝʡ: ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ ʧʦʷʚʣʷʝʪʩʷ ʚʩʸ ʙʦʣʴʰʝ ʪʝʭʥʠʢʠ, ʪʨʝʙʫʶʱʝʡ ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ. ɼʘʥʥʳʡ 

ʬʘʢʪ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ. ʌʘʟʦʚʳʡ ʤʝʪʦʜ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʠʭ, ʥʘʛʣʷʜʥʝʝ ʚʩʝʛʦ ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ 

ʧʨʠʤʝʨʝ ʜʠʤʤʝʨʘ, ʠʥʘʯʝ ʪʠʨʠʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʤʦʱʥʦʩʪʠ. 

ʀʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʚʳʪʝʢʘʝʪ ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʠʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʬʘʟʦʚʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʀʟ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʬʘʟʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ ʠ 

ʨʝʘʣʴʥʫʶ ʩʭʝʤʫ ʬʘʟʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʧʨʠʤʝʨʝ ʜʠʤʤʝʨʘ, ʩʜʝʣʘʪʴ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ.  

ʌʘʟʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʧʦʩʦʙ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʦʪʢʨʳʪʠʷ 

ʪʠʨʠʩʪʦʨʦʚ, ʪʠʨʘʪʨʦʥʦʚ, ʩʠʤʠʩʪʦʨʦʚ ʠʣʠ ʠʥʳʭ ʢʣʶʯʝʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʙʦʨʦʚ [2].  

ʀʟʤʝʥʝʥʠʷ ʫʛʣʘ ʦʪʢʨʳʪʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʭʝʤʳ: ʥʘʛʨʫʟʢʘ ʧʦʣʫʯʘʝʪ ʥʝʧʦʣʥʫʶ ʧʦʣʫʚʦʣʥʫ ʩʠʥʫʩʦʠʜʳ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʩʪʘʥʦʚʠʪʩʷ 

ʩʥʠʞʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʧʦʣʫʚʦʣʥʳ ʧʫʪʸʤ ʦʪʩʝʯʝʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ ʥʠʞʝ (ʨʠʩ. 1): 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʝʤ 

ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʠʥʘʯʝ ʦʪʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ (ʪʠʨʠʩʪʦʨ, ʩʠʤʠʩʪʦʨ ʠ ʜʨ.) ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 

ʧʦʣʫʧʝʨʠʦʜʘ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʦʣʫʚʦʣʥʳ 

ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. ʌʦʨʤʘ ʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʥʘʛʨʫʟʢʠ 

[1].  

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ: ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩ ʦʪʩʪʘʶʱʠʤ ʫʛʣʦʤ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʣʝʞʠʪ ʦʪʩʝʯʢʘ ʬʘʟʳ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ (ʠʣʠ ʧʨʦʩʪʦ ʦʪʩʝʯʢʘ ʬʘʟʳ). ʈʘʩʧʦʣʦʞʝʥʥʳʡ 

ʥʠʞʝ ʨʠʩʫʥʦʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʢʨʠʚʦʡ ʧʦʣʫʚʦʣʦʥʳ (ʨʠʩ. 2). ʅʘʛʨʫʟʢʘ 

ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʘʢʪʠʚʥʦʡ. 
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ʈʠʩ. 2. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʬʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʩ ʦʪʩʪʘʶʱʠʤ ʫʛʣʦʤ ʫʧʨʘʚʣʝʥʠʷ 

 

ʂʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʠʨʠʩʪʦʨ) ʦʪʢʨʳʚʘʝʪʩʷ ʚ ʤʦʤʝʥʪ ʥʘʨʘʩʪʘʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ (ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʦʣʫʚʦʣʥʳ). ʆʪʢʨʳʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ 

ʧʨʠʭʦʜʘ ʠʤʧʫʣʴʩʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʪʦʢʘ ʚ ʮʝʧʴ. ɿʘʢʨʳʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʢʦʤʤʫʪʘʮʠʠ ʪʠʨʠʩʪʦʨʘ. 

ɹʳʣʦ ʩʦʩʪʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ (1), ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʥʘʛʨʫʟʢʝ U2 ʦʪ ʫʛʣʘ ʫʧʨʘʚʣʝʥʠʷ Ŭ: 

U2=U1
1

ˊ
(-́Ŭ+

sin2Ŭ

2
) (1) 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ: ʬʘʟʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩ ʦʧʝʨʝʞʘʶʱʠʤ ʫʛʣʦʤ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʦʡ ʚʠʜ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʠ, ʘ ʠʤʝʥʥʦ, ʢʦʛʜʘ ʪʠʨʠʩʪʦʨ 

ʟʘʢʨʳʚʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʪʘʢʦʡ ʚʘʨʠʘʥʪ ʥʝʚʦʟʤʦʞʝʥ, ʧʦʵʪʦʤʫ ʨʝʰʘʶʪ ʜʘʥʥʫʶ ʟʘʜʘʯʫ 

ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʤʝʥʳ ʦʜʥʦ ʦʧʝʨʘʮʠʦʥʥʳʭ ʪʠʨʠʩʪʦʨʦʚ ʥʘ ʜʚʫʭ ʦʧʝʨʘʮʠʦʥʥʳʝ, ʣʠʙʦ ʩʠʣʦʚʳʝ 

ʪʨʘʥʟʠʩʪʦʨʥʳʝ ʢʣʶʯʠ. 

ʈʠʩʫʥʦʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʷ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ (ʨʠʩ. 3). 

ʊʠʨʠʩʪʦʨʳ ʦʪʢʨʳʚʘʶʪʩʷ ʚ ʥʘʯʘʣʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʚʦʣʥʳ ʚ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ 
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ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɿʘʢʨʳʪʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʧʝʨʝʞʝʥʠʝʤ ʚ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʈʝʛʫʣʠʨʦʚʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʤʝʝʪ ʚʠʜ: 

U2=U1
1

ˊ
(-́Ŭ+

sin2Ŭ

2
)Ȣ (2) 

 
ʈʠʩ. 3. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʬʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʩ ʦʧʝʨʝʞʘʶʱʠʤ ʫʛʣʦʤ ʫʧʨʘʚʣʝʥʠʷ 

 

ʊʨʝʪʠʡ ʩʧʦʩʦʙ: ʬʘʟʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩ ʜʚʫʩʪʦʨʦʥʥʠʤ ʫʧʨʘʚʣʝʥʠʝʤ. ɼʘʥʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʠ. 

ʇʨʠ ʜʘʥʥʦʤ ʚʠʜʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʟ ʧʦʣʫʚʦʣʥʳ ʚʳʜʝʣʷʝʪʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ (ʨʠʩ. 4). 

ʊʠʨʠʩʪʦʨ ʦʪʢʨʳʚʘʝʪʩʷ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʥʘ ʫʛʦʣ a ʠ ʟʘʢʨʳʚʘʝʪʩʷ ʩ ʦʧʝʨʝʞʝʥʠʝʤ ʥʘ ʵʪʦʪ ʞʝ 

ʫʛʦʣ. ʂʦʤʤʫʪʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪʳ ʧʨʠʭʦʜʘ ʠʤʧʫʣʴʩʦʚ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʪʦʢʘ ʚ ʮʝʧʴ. ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

U2=U1
1

ˊ
(-́2Ŭ+sin2Ŭ)Ȣ (3) 

 
 

ʈʠʩ. 4. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʬʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʩ ʜʚʫʩʪʦʨʦʥʥʠʤ ʫʧʨʘʚʣʝʥʠʝʤ 
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ʈʘʩʩʤʦʪʨʝʚ ʤʝʪʦʜʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʩʦʙʨʘʥʘ 

ʚʠʨʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʬʘʟʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʜʠʤʤʝʨʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

Micro-Cap.  

ɺ ʧʨʦʛʨʘʤʤʝ Micro-Cap ʙʳʣʘ ʩʦʙʨʘʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʩʭʝʤʘ ʜʠʤʤʝʨʘ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ 

ʜʠʦʜʘʭ, ʢʦʥʜʝʥʩʘʪʦʨʝ, ʪʠʨʠʩʪʦʨʝ ʠ ʧʦʪʝʥʮʠʦʤʝʪʨʝ. ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʩʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʠʞʝ (ʨʠʩ. 

5). 

 
 

ʈʠʩ. 5. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʜʠʤʤʝʨʘ, ʩʦʙʨʘʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ Micro-Cap 

 

ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʧʫʪʸʤ: ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʘ, ʤʝʥʷʝʪʩʷ ʚʨʝʤʷ ʟʘʨʷʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʟʤʝʥʷʝʪʩʷ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʵʣʝʢʪʨʦʜ ʪʠʨʠʩʪʦʨʘ. ʊʝʤ ʩʘʤʳʤ 

ʠʟʤʝʥʷʝʪʩʷ ʫʛʦʣ ʦʪʢʨʳʪʠʷ ʪʠʨʠʩʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ. ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ 

ʩʭʝʤʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʪʝʥʮʠʦʤʝʪʨʘ, ʩʨʘʚʥʝʥʠʝ ʩʥʷʪʳʭ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʧʦʢʘʟʘʥʦ ʥʠʞʝ ʥʘ ʨʠʩʫʥʢʝ (ʨʠʩ. 6). 

 

 
ʈʠʩ. 6. ʉʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʫʛʣʝ ʦʪʢʨʳʪʠʷ (ʩʣʝʚʘ);  

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʫʛʣʝ ʦʪʢʨʳʪʠʷ (ʩʧʨʘʚʘ) 

 

ʀʟ ʨʠʩʫʥʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʦʪʩʝʯʢʠ ʬʘʟʳ 

(ʦʪʩʪʘʶʱʠʡ ʫʛʦʣ ʫʧʨʘʚʣʝʥʠʷ).  

ɼʘʣʝʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʙʳʣʘ ʩʦʙʨʘʥʘ ʨʝʘʣʴʥʘʷ ʩʭʝʤʘ, 

ʧʦʢʘʟʘʥʥʘʷ ʥʠʞʝ (ʨʠʩ. 7). 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

92 

 
 

ʈʠʩ. 7. ʈʝʘʣʴʥʘʷ ʩʭʝʤʘ ʜʠʤʤʝʨʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫʟʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʙʳʯʥʘʷ ʣʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʦʧʠʩʘʥʥʳʭ 

ʚʳʰʝ ʩʣʫʯʘʷʭ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʘʢʪʠʚʥʘʷ ʥʘʛʨʫʟʢʘ. ʀʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʩʪʘʣʘ 

ʩʪʘʥʜʘʨʪʥʘʷ ʙʳʪʦʚʘʷ ʩʝʪʴ ʥʘ 220ɺ. 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʭʝʤʳ ʙʳʣ ʩʦʙʨʘʥ ʨʝʛʫʣʷʪʦʨ 

ʤʦʱʥʦʩʪʠ, ʩʧʦʩʦʙʥʳʡ ʠʟʤʝʥʷʪʴ ʷʨʢʦʩʪʴ ʩʚʝʪʘ ʣʘʤʧʦʯʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ 

ʜʦ ʧʦʣʥʦʛʦ ʧʦʪʫʭʘʥʠʷ, ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʘ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʘʣʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʢ ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʫʪʸʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʨʪʫʘʣʴʥʦʡ ʩʭʝʤʳ, ʘ ʪʘʢʞʝ ʨʝʘʣʴʥʦʡ ʩʦʙʨʘʥʥʦʡ ʩʭʝʤʳ 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʊʘʤʘʨʦʚʘ ɸ.ʀ., ʈʳʞʥʠʢʦʚʘ ɽ.ɸ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʇʈʀʄɽʅɽʅʀɽ ʎʀʌʈʆɺʓʍ ʊɽʍʅʆʃʆɻʀʁ ʇʈʀ ɿɸʇʋʉʂɽ ʂʆʊʃɸ 

 

ʊʝʧʣʦʪʝʭʥʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʦʭʚʘʪʳʚʘʝʪ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʪʳ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʝ ʚ 

ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʝʨʛʠʠ (ʤʝʭʘʥʠʯʝʩʢʫʶ, ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʪ. ʜ.), ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʳʭ ʤʘʰʠʥ, ʘʧʧʘʨʘʪʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ. ɼʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʪʱʘʪʝʣʴʥʘʷ 

ʧʦʜʛʦʪʦʚʢʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ. ʅʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʘʞʥʳ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʥʘʚʳʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʜʝʞʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʛʨʘʤʦʪʥʦʩʪʴʶ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʝʛʦ ʫʤʝʥʠʝʤ ʙʳʩʪʨʦ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ ʧʨʠʥʠʤʘʪʴ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʭʦʨʦʰʝʤ ʟʥʘʥʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʣʦʚʠʡ ʝʛʦ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʫʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʚʦʧʨʦʩʘʤʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʤʝʨʘʤʠ ʙʦʨʴʙʳ ʩ ʚʳʙʨʦʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʵʪʦʤʫ 

ʦʯʝʥʴ ʚʘʞʥʦ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʦʥʠʤʘʥʠʶ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʢʦʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ: ʧʦʜʛʦʪʦʚʢʘ ʚʦʜʳ ʠ ʪʦʧʣʠʚʘ, ʪʦʧʣʠʚʦʧʦʜʘʯʘ, ʟʦʣʦʫʣʘʚʣʠʚʘʥʠʝ ʠ 

ʟʦʣʦʫʜʘʣʝʥʠʝ [4]. 

ʂʦʪʝʣ ʊʂɼ-3ʈʈ 7000 ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʠʤʝʝʪ ʞʘʨʦʪʨʫʙʥʦʝ ʜʳʤʦʛʘʨʥʦʝ ʠʩʧʦʣʥʝʥʠʝ (ʨʠʩ. 

1). ɺ ʛʦʨʝʣʢʝ ʛʘʟ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʟʜʫʭʦʤ ʠ, ʚʦʩʧʣʘʤʝʥʷʷʩʴ ʧʦʧʘʜʘʝʪ ʚ ʚʦʣʥʠʩʪʫʶ ʞʘʨʦʚʫʶ 

ʪʨʫʙʫ ʜʠʘʤʝʪʨʦʤ 1420 ʤʤ ʠ ʜʣʠʥʥʦʡ 5485 ʤʤ, ʢʦʪʦʨʘʷ ʩʥʘʨʫʞʠ ʦʤʳʚʘʝʪʩʷ ʢʦʪʣʦʚʦʡ ʚʦʜʦʡ, 

ʟʘʪʝʤ ʜʳʤʦʚʳʝ ʛʘʟʳ ʧʨʦʭʦʜʷʪ ʜʳʤʦʛʘʨʥʳʝ ʪʨʫʙʳ ʟʘ ʜʚʘ ʭʦʜʘ ʠ ʫʜʘʣʷʶʪʩʷ ʚ ʜʳʤʦʚʫʶ ʪʨʫʙʫ 

[5]. 

ʂʦʪʝʣ ʞʘʨʦʪʨʫʙʥʳʡ, ʢʦʣʠʯʝʩʪʚʦ ʭʦʜʦʚ ʧʦ ʛʘʟʦʚʦʤʫ ʪʨʘʢʪʫ ʪʨʠ. ʆʜʠʥ ʭʦʜ ʧʦ ʞʘʨʦʚʦʡ 

ʪʨʫʙʝ ʠ ʜʚʘ ʧʦ ʜʳʤʦʛʘʨʥʳʤ ʪʨʫʙʘʤ. 

ɼʳʤʦʛʘʨʥʳʝ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ 76,1*2,9 ʤʤ ʠʤʝʶʪ ʰʘʭʤʘʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʰʘʛ 96 

ʤʤ. 

ɼʚʫʭʭʦʜʦʚʦʝ ʜʚʠʞʝʥʠʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʦ ʜʳʤʦʛʘʨʥʳʤ ʪʨʫʙʘʤ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʢʦʪʣʝ ʧʨʠ 

ʧʦʤʦʱʠ ʧʝʨʝʛʦʨʦʜʦʢ ʚ ʪʳʣʴʥʦʡ ʯʘʩʪʠ ʢʦʪʣʘ. 

ʇʠʪʘʥʠʝ ʢʦʪʣʘ ʚʦʜʦʡ ʠ ʚʦʩʧʦʣʥʝʥʠʝ ʧʦʪʝʨʴ ʚ ʪʝʧʣʦʪʨʘʩʩʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠ 

ʦʯʠʱʝʥʥʦʡ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʚʦʜʦʡ ʠʟ ʧʠʪʘʪʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʧʠʪʦʯʥʳʭ 

ʥʘʩʦʩʦʚ. 

ʇʦʜʜʝʨʞʘʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ ʢʦʪʝʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʧʦʜʘʯʫ ʚʦʜʳ ʠʟ ʚʳʭʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʢʦʪʣʘ ʚ 

ʚʭʦʜʥʦʡ. 

ɺʳʭʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ ʢʦʪʣʘ ʚ ʜʳʤʦʚʫʶ ʪʨʫʙʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʦʢʥʘ ʚ ʟʘʜʥʝʡ 

ʩʪʝʥʢʝ ʢʦʪʣʘ. 
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ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʢʦʪʣʘ ʊʂɼ 3ʈʈ 7000 [5]. 

1 ï ʂʨʳʰʢʘ ʢʦʪʣʘ, 2 ï ʵʣʝʢʪʨʦʜʚʪʛʘʪʝʣʴ ʚʝʥʪʠʣʷʪʦʨʘ, 3 ï ʛʦʨʝʣʢʘ, 4 ï ʚʦʟʜʫʭʦʚʦʜ,  

5 ï ʢʦʨʧʫʩ ʢʦʪʣʘ, 6 ï ʚʳʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 7 ï ʚʭʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

 

ʇʫʩʢ ʢʦʪʣʘ ʚ ʨʘʙʦʪʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝ ʝʛʦ ʤʦʥʪʘʞʘ ʧʨʠ ʚʚʦʜʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʧʦʩʣʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʤʦʥʪʘ, ʧʣʘʥʦʚʳʭ, ʠ ʚʥʝʧʣʘʥʦʚʳʭ ʦʩʪʘʥʦʚʦʚ. ʕʪʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʚʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʥʦʛʦʦʙʨʘʟʥʳʭ ʜʝʡʩʪʚʠʡ, 

ʚʳʩʦʢʦʡ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ. ʂ ʧʫʩʢʫ ʢʦʪʣʘ ʜʦʧʫʩʢʘʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ. 

ʈʘʩʪʦʧʢʘ ʢʦʪʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʣʘ, ʪ.ʢ. ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʘʷ ʦʧʘʩʥʦʩʪʴ ʭʣʦʧʢʘ (ʚʟʨʳʚʘ) 

ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʪʦʧʢʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʘʚʠʣʴʥʳʭ ʜʝʡʩʪʚʠʡ 

ʨʘʙʦʪʥʠʢʦʚ ʢʦʪʝʣʴʥʦʡ. ʇʦʵʪʦʤʫ ʨʘʩʪʦʧʢʫ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʦ ʚʩʝʡ ʦʩʪʦʨʦʞʥʦʩʪʴʶ, ʥʝ 

ʜʦʧʫʩʢʘʷ ʜʘʞʝ ʤʘʣʝʡʰʠʭ ʥʘʨʫʰʝʥʠʡ ʠʥʩʪʨʫʢʮʠʠ ʚ ʯʘʩʪʠ ʨʘʩʪʦʧʢʠ ʢʦʪʣʘ, ʧʨʦʜʫʚʢʠ 

ʛʘʟʦʧʨʦʚʦʜʘ ʠ ʚʝʥʪʠʣʷʮʠʠ ʢʦʪʣʘ ʧʝʨʝʜ ʧʫʩʢʦʤ [4]. 

ʇʝʨʝʜ ʨʘʩʪʦʧʢʦʡ ʧʨʦʚʦʜʠʪʩʷ ʜʝʪʘʣʴʥʳʡ ʦʩʤʦʪʨ ʘʛʨʝʛʘʪʘ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʝʛʦ 

ʠʩʧʨʘʚʥʦʩʪʠ ʠ ʛʦʪʦʚʥʦʩʪʠ ʢ ʨʘʙʦʪʝ. 

ʇʨʠ ʦʩʤʦʪʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘ ʚ ʢʦʪʣʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʝʪʩʷ ʥʘ ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ, 

ʩʚʠʱʝʡ ʦʪʜʫʣʠʥ, ʩʣʝʜʦʚ ʢʦʨʨʦʟʠʠ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʪʨʫʙ, ʥʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠʭ ʫʩʪʘʥʦʚʢʠ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʝʪʘʣʣʘ [3]. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʚʦʠʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ Ar.One. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʩʷ. 
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çʄʦʙʠʣʴʥʳʡ ʧʦʤʦʱʥʠʢè Ar.One ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ 

ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʧʨʦʮʝʩʩʘʤʠ ʠ ʵʪʘʧʘʤʠ ʨʘʙʦʪʳ ʢʦʪʣʘ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʫʪʝʤ ʟʘʢʨʝʧʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʩ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʘ ʫʯʝʙʥʳʭ ʧʦʣʠʛʦʥʘʭ. ɺʠʜ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

2. 

 

 
 

ʈʠʩ. 2. ɺʠʜ ʜʝʡʩʪʚʠʡ ʨʘʩʪʦʧʢʠ ʢʦʪʣʘ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ 

 

ʂʘʢ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠʟ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ Ar .One ʧʦʜʛʦʪʦʚʢʘ ʠ ʦʩʤʦʪʨ ʢʦʪʣʘ 

ʙʳʣʦ ʦʧʠʩʘʥʘ ʚʳʰʝ.  

ʉʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯʝ ʢʘʢ ʟʘʧʫʩʢ ʢʦʪʣʘ. ʉʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʢʮʠʡ ʧʦ ʟʘʧʫʩʢʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʧʠʪʘʪʝʣʴʥʳʝ ʥʘʩʦʩʳ ʟʘʧʫʩʪʠʪʴ, ʟʘʧʫʩʪʠʪʴ ʚ ʨʘʙʦʪʫ ʜʳʤʦʩʦʩ 

ʠ ʜʫʪʴʝʚʦʡ ʚʝʥʪʠʣʷʪʦʨ ʜʣʷ ʚʝʥʪʠʣʷʮʠʠ ʪʦʧʢʠ ʢʦʪʣʘ ʚʦ ʠʟʙʝʞʘʥʠʝ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ [1]. ɼʘʣʝʝ 

ʙʝʨʸʪʩʷ ʘʥʘʣʠʟ ʥʘ ʛʘʟʦʚʦʟʜʫʰʥʫʶ ʩʤʝʩʴ, ʛʜʝ ʧʨʦʮʝʥʪ ʢʠʩʣʦʨʦʜʘ ʥʝ ʜʦʣʦʞʝʥ ʧʨʝʚʳʰʘʪʴ 1% 

[2]. ʇʦʩʣʝ ʚʝʥʪʠʣʷʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʘʩʪʦʧʢʝ ʢʦʪʣʘ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʦʚʘʪʴ 

ʠʥʩʪʨʫʢʮʠʷʤ ʚ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ. 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʛʨʘʤʤʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ: 

Å ɸʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʫʯʝʥʠʷ. 

Å ʇʦʜʛʦʪʦʚʢʠ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ.  

Å ʇʦʣʫʯʝʥʠʷ ʥʘʛʣʷʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʠ. 

Å ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʙʝʟʦʧʘʩʥʦʡ, ʵʢʦʥʦʤʠʯʥʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ ʦʩʥʦʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

Å ʂʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ  

Å ʇʦʜʛʦʪʦʚʢʠ ʦʪʯʝʪʥʦʩʪʠ ʦ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ. 

Å ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

Å ʇʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʦ qr ʢʦʜʫ. 

Å ʉʦʢʨʘʱʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. 

Ar .One ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʘʙʦʪʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʵʥʝʨʛʝʪʠʢʠ, ʥʘʧʨʠʤʝʨ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʠʣʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʝ.  

ʄʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʟʥʦʛʦ ʦʙʲʝʤʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ (ʊʈ, ʊʆ, ʂʈ) ʚ ʩʠʩʪʝʤʝ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʝʣʦʛʣʘʟʦʚ ɺ.ʇ., ɹʝʣʦʛʣʘʟʦʚʘ ʃ.ɺ. ʂʦʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ. ʆʤʩʢ: ʀʟʜ-

ʚʦ ʆʤɻʊʋ, 2008. 100 ʩ. 

2. ʄʠʭʘʡʣʦʚ ɸ.ɻ., ʂʦʨʥʝʝʚ ʉ.ɸ., ɹʘʪʨʘʢʦʚ ʇ.ɸ., ʊʝʨʝʙʠʣʦʚ ʉ.ɺ. ʀʟʫʯʝʥʠʝ 

ʨʘʜʠʘʮʠʦʥʥʦʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʢʘʥʘʣʝ // 

ʆʤʩʢʠʡ ʥʘʫʯʥʳʡ ʚʝʩʪʥʠʢ. 2012. ˉ2(110). ʉ. 161-162. 

3. ʄʦʩʪʦʚʝʥʢʦ ʃ.ɺ. ʆʩʥʦʚʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ: ʅɺɻʋ, 

2022. 124 ʩ.  

4. ʉʦʢʦʣʦʚ ɹ.ɸ. ʂʦʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʷ. ʄ.: ɸʢʘʜʝʤʠʷ, 2007. 432 ʩ. 

 

É ʊʘʤʘʨʦʚʘ ɸ.ʀ., ʈʳʞʥʠʢʦʚʘ ɽ.ɸ., 2023 

 

  



 XXV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

97 

ʋɼʂ 620.194.22 

ʐʘʨʘʝʚ ɼ.ɺ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄɽʍɸʅʀɿʄʓ ʂʆʈʈʆɿʀʆʅʅʆɻʆ ʈɸʉʊʈɽʉʂʀɺɸʅʀʗ ʇʆɼ ʅɸʇʈʗɾɽʅʀɽʄ ʀ 

ʀʍ ɺʃʀʗʅʀɽ ʅɸ ʇʆɺʈɽɾɼɽʅʀʗ ɻɸɿʆʇʈʆɺʆɼʆɺ 
 

ʂʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ (ʂʈʅ) ï ʵʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ 

ʪʨʝʱʠʥʦʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʤʝʪʘʣʣʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʢʦʨʨʦʟʠʦʥʥʦ-

ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ [8]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ çɻʘʟʧʨʦʤ ɺʅʀʀɻɸɿè ʜʦ 

30% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʘʚʘʨʠʡ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ (https://clck.ru/34ivCM). ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʜʦʣʶ ʜʦʭʦʜʦʚ 

ʙʶʜʞʝʪʘ ʦʪ ʵʢʩʧʦʨʪʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ (ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʩʘʥʢʮʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ), 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʂʈʅ ʛʘʟʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʦʪʨʘʩʣʠ 

(https://goo.su/MWfjghl). ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʧʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʦ ʤʝʭʘʥʠʟʤʘʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʂʈʅ ʠ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ʛʘʟʦʧʨʦʚʦʜʦʚ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 70 ʣʝʪ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ 

ʤʝʭʘʥʠʟʤʦʚ ʂʈʅ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʨʝʜ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʪʘʣʣʳ ʧʦʜʚʝʨʞʝʥʳ ʂʈʅ [11]. ʄʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʂʈʅ ʧʨʠ 

ʵʪʦʤ ʨʘʟʣʠʯʥʳ; ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ: 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʘʣʣʘ ʠ ʩʨʝʜʳ, ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʤʝʪʘʣʣʘ, ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʸʤ, 

ʤʘʪʝʨʠʘʣ ʤʝʪʘʣʣʘ ʠ ʚʝʱʝʩʪʚʦ ʩʨʝʜʳ [6]. ʅʠʞʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʘʟʘʥʥʳʝ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʂʈʅ. 

1. ʀʥʜʫʮʠʨʦʚʘʥʥʦʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʨʘʩʪʚʦʨʝʥʠʝ (pre-existing active path). 

ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʩʨʝʜʝ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʤʝʪʘʣʣʦʤ, ʣʠʙʦ ʞʝ ʚ ʩʘʤʦʤ 

ʤʝʪʘʣʣʝ (ʧʦ ʛʨʘʥʠʮʘʤ ʟʸʨʝʥ) ʧʨʦʠʩʭʦʜʠʪ ʩʝʛʨʝʛʘʮʠʷ ʨʘʩʪʚʦʨʸʥʥʳʭ ʧʨʠʤʝʩʝʡ. ɼʣʷ ʩʪʘʣʝʡ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʪʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʨʙʠʜʳ ʩʝʨʳ, ʬʦʩʬʦʨʘ, ʭʨʦʤʘ [4]. ʇʨʠʯʠʥʘʤʠ 

ʩʝʛʨʝʛʘʮʠʠ ʷʚʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʝʪʘʣʣʝ, 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʸʥʥʳʭ ʚ ʩʨʝʜʝ ʚʝʱʝʩʪʚ. ʇʨʠʤʝʩʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʠʛʨʠʨʫʶʪ 

ʢ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʩʣʘʙʳʤ ʫʯʘʩʪʢʘʤ ʤʝʪʘʣʣʘ ï ʛʨʘʥʠʮʘʤ ʟʸʨʝʥ, ʜʝʬʝʢʪʘʤ ʠ ʛʨʘʥʠʮʝ 

ʤʝʪʘʣʣʘ ʩʦ ʩʨʝʜʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʧʣʘʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʧʦʚʳʰʘʝʪʩʷ, ʠʟ ʧʨʠʤʝʩʝʡ ʦʙʨʘʟʫʶʪʩʷ ʘʛʨʝʛʘʪʳ. ʇʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ, ʧʨʠʣʝʛʘʶʱʘʷ ʢ 

ʛʨʘʥʠʮʘʤ ʘʛʨʝʛʘʪʦʚ, ʦʙʝʜʥʷʝʪʩʷ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʣʝʛʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʠʣʴʥʦʝ 

ʨʘʟʣʠʯʠʝ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʜʚʫʭ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩʧʣʘʚʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ʩʦʦʨʫʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʦʜʦʤ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʢʦʨʨʦʟʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʩʦʦʨʫʞʝʥʠʷ [6]. 

ɼʣʷ ʧʨʦʪʝʢʘʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʩʪʘʣʷʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʣʠ ʪʨʫʙʦʧʨʦʚʦʜʘ) ʥʝʦʙʭʦʜʠʤʳ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʷʜʢʘ 400-800 Áʉ [14]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʘʟʦʧʨʦʚʦʜʘʭ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʂʈʅ ʥʝ ʧʨʦʭʦʜʠʪ. 

2. ɼʝʬʦʨʤʘʮʠʦʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ (stress-generated active path). ɺ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ 

ʣʝʞʠʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʨʘʟʨʳʚ ʟʘʱʠʪʥʦʡ (ʧʘʩʩʠʚʠʨʫʶʱʝʡ) ʧʣʸʥʢʠ ʤʝʪʘʣʣʘ, ʧʦʵʪʦʤʫ 
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ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʟʨʫʰʝʥʠʷ ʠʛʨʘʶʪ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ. ʊʝʦʨʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʧʘʩʩʠʚʠʨʫʶʱʝʡ ʧʣʸʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʘʷ ʟʘʱʠʱʘʝʪ 

ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ʦʪ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ. ʀʟ-ʟʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʚʠʜʫ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʥʘ ʨʘʟʨʳʚʘʝʪʩʷ; ʧʦʩʣʝ ʨʘʟʨʳʚʘ ʧʣʸʥʢʠ ʦʛʦʣʸʥʥʳʡ ʤʝʪʘʣʣ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ. ʇʨʦʮʝʩʩʳ ʨʘʟʨʫʰʘʶʱʝʡ ʜʝʬʦʨʤʘʮʠʠ (ʨʘʟʨʳʚ 

ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʠ) ʠ ʧʣʸʥʢʦʦʙʨʘʟʦʚʘʥʠʷ (ʟʘ ʩʯʝʪ ʨʝʧʘʩʩʠʚʘʮʠʠ) ʧʨʦʠʩʭʦʜʷʪ, ʯʝʨʝʜʫʷʩʴ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ʊʨʝʱʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʨʘʟʨʳʚʘ ʧʘʩʩʠʚʠʨʫʶʱʝʡ ʧʣʸʥʢʠ 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʝʸ ʨʝʧʘʩʩʠʚʘʮʠʠ [7]. 

ɺ ʨʘʤʢʘʭ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʂʈʅ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʣʦʞʝʥʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʄʝʭʘʥʠʟʤʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ [7].  

ɸ ï ʨʘʟʨʳʚ ʧʣʸʥʢʠ (film induced cleavage), ɹ ï ʩʢʦʣʴʞʝʥʠʝ-ʨʘʩʪʚʦʨʝʥʠʝ (slip-step dissolution)) 

 

ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʂʈʅ ʚ ʛʘʟʦʧʨʦʚʦʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʜʝʬʦʨʤʘʮʠʠ ʪʨʫʙʥʳʭ 

ʩʪʘʣʝʡ: ʧʨʠ ʜʝʬʦʨʤʘʮʠʷʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʫʙ (ʧʦʜʛʠʙʢʘ ʢʨʦʤʦʢ 

ʜʣʷ ʩʚʘʨʢʠ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʢʘʣʠʙʨʦʚʢʘ), ʥʘ ʫʯʘʩʪʢʘʭ ʭʦʣʦʜʥʦʛʦ ʛʥʫʪʴʷ, ʧʨʠ ʫʢʣʘʜʢʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʠʟʛʠʙʦʤ ʧʨʠ ʤʦʥʪʘʞʝ [1; 2]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʣʶʙʳʭ ʜʝʬʦʨʤʘʮʠʷʭ ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ ʚ ʥʠʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

3. ɸʜʩʦʨʙʮʠʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ (adsorption-related SCC) ʦʩʥʦʚʘʥʦ ʥʘ 

ʘʜʩʦʨʙʮʠʠ ʠʟ ʩʨʝʜʳ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʝʞʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʚ 

ʤʝʪʘʣʣʝ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ůf, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʜʚʫʭ ʩʣʦʸʚ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ b ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: „ , ʛʜʝ ɽ ï ʤʦʜʫʣʴ ʖʥʛʘ, ɔs ï ʫʜʝʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ [9]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ůf ʪʘʢʞʝ 

ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. ɺ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ, ʧʦʛʣʦʱʘʷʩʴ 

ʤʝʪʘʣʣʦʤ, ʩʥʠʞʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʨʫʰʝʥʠʝ ʤʝʪʘʣʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʦʤ, ʯʝʤ ʨʘʩʯʝʪʥʦʝ [7]. 
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ɸʜʩʦʨʙʮʠʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʧʦʛʣʦʱʝʥʠʝʤ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʤʘʣʳʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʚʭʦʜʠʪʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ 

ʤʝʪʘʣʣʦʚ; ʪʘʢʞʝ ʜʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʘʜʩʦʨʙʮʠʠ H2S ʠ CO2 ʥʘ ʨʘʟʚʠʪʠʝ ʂʈʅ ʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ 

ʩʪʘʣʠ [3; 10].  

ɸʜʩʦʨʙʮʠʷ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʦʜʦʨʦʜʥʦʛʦ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ (hydrogen embrittlement). ɺʦʜʦʨʦʜʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ, ʚ ʮʝʣʦʤ, ʜʦʚʦʣʴʥʦ 

ʯʘʩʪʘʷ ʧʨʠʯʠʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʂʈʅ ʚʚʠʜʫ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʧʦ ʛʘʟʦʧʨʦʚʦʜʘʤ ʧʨʦʜʫʢʪʘʭ ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʘ. ɺʦʜʦʨʦʜʥʦʝ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʧʣʘʚʘ 

ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʳ; ʧʨʠ ʵʪʦʤ ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʦʪʜʝʣʴʥʦ, ʚʩʝʛʜʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʪʝʢʘʶʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩʦʚ [11]. ʅʝʢʦʪʦʨʳʝ ʧʨʦʮʝʩʩʳ ʚʦʜʦʨʦʜʥʦʛʦ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

ʘ. ɺʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ. ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʦʜʦʨʦʜʘ ʠ ʜʘʚʣʝʥʠʷʭ ʝʛʦ ʘʪʦʤʳ 

ʦʙʦʩʦʙʣʷʶʪʩʷ ʚ ʧʫʩʪʦʪʘʭ ʨʝʰʸʪʢʠ ʤʝʪʘʣʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʅ2, ʪʝʤ ʩʘʤʳʤ 

ʩʦʟʜʘʚʘʷ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʤʝʪʘʣʣʘ. ʈʦʩʪ ʜʘʚʣʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʨʦʚʥʷ, ʟʘʪʝʤ ʚ 

ʤʝʪʘʣʣʝ ʟʘʨʦʞʜʘʝʪʩʷ ʪʨʝʱʠʥʘ, ʣʠʙʦ ʧʨʦʠʩʭʦʜʠʪ ʧʫʯʝʥʠʝ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ [12].  

ʙ. ʃʦʢʘʣʴʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʵʤʠʩʩʠʷ ʜʠʩʣʦʢʘʮʠʡ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʚʦʜʦʨʦʜ 

ʩʥʠʞʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʜʠʩʣʦʢʘʮʠʡ ʚʥʫʪʨʠ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʠʢʨʦʧʦʨ ʚ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʡ ʟʦʥʝ 

ʧʝʨʝʜ ʚʝʨʰʠʥʦʡ ʪʨʝʱʠʥʳ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʜʝʬʝʢʪʘ [15]. 

ʚ. ʇʨʝʩʳʱʝʥʥʦʝ ʚʦʜʦʨʦʜʦʤ ʩʥʠʞʝʥʠʝ ʵʤʠʩʩʠʠ ʜʠʩʣʦʢʘʮʠʡ. ʆʙʨʘʪʥʳʡ ʵʬʬʝʢʪ, 

ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʦʜʦʨʦʜʘ ʚ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʤʝʪʘʣʣʦʤ 

ʩʨʝʜʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʧʣʘʩʪʠʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʢ 

ʭʨʫʧʢʦʤʫ [13]. ɿʘʢʨʫʛʣʝʥʠʷ ʪʨʝʱʠʥʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ï ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʦʝ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʪʨʝʱʠʥʳ (ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 2. ʂʦʥʬʠʛʫʨʘʮʠʠ ʘʪʦʤʦʚ ʚ ʦʢʦʣʦʪʨʝʱʠʥʥʦʡ ʦʙʣʘʩʪʠ [13] 
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ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʠʟʦʙʨʘʞʝʥʳ ʘʪʦʤʳ ʞʝʣʝʟʘ, ʙʝʣʳʤ ï ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ.  

ɾʝʣʪʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʵʤʠʩʩʠʠ ʜʠʩʣʦʢʘʮʠʡ, ʛʦʣʫʙʳʤ ï ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʞʝʣʝʟʘ.  

ɸ ï ʧʨʠ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʦʜʦʨʦʜʘ ʚ ʩʨʝʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʣʦʢʘʣʴʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ 

ʵʤʠʩʩʠʷ ʜʠʩʣʦʢʘʮʠʡ;  

ɹ ï ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʦʜʦʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʠ ʵʤʠʩʩʠʠ ʜʠʩʣʦʢʘʮʠʡ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʤ ʧʨʦʜʫʢʪʝ 

ʟʘʚʠʩʠʪ ʚʳʙʦʨ ʚʦʟʤʦʞʥʦʛʦ ʧʫʪʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ ʚ ʤʝʪʘʣʣʝ ʪʨʫʙʳ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʤʝʥʝʝ 

ʙʣʘʛʦʧʨʠʷʪʝʥ: ʪʨʝʱʠʥʘ ʙʳʩʪʨʝʝ ʧʨʦʥʠʢʘʝʪ ʚʛʣʫʙʴ ʤʝʪʘʣʣʘ. 

ʛ. ɺʦʜʦʨʦʜʥʘʷ ʜʝʢʦʛʝʟʠʷ. ɸʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʤʝʪʘʣʣʦʤ ʚʦʜʦʨʦʜ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ. ɺʣʠʷʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʥʝʝ ʚ ʨʘʤʢʘʭ ʤʝʭʘʥʠʟʤʘ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ. 

ʜ. ɻʠʜʨʠʜʦʦʙʨʘʟʦʚʘʥʠʝ. ɺʦʜʦʨʦʜ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʧʣʘʚʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʭʨʫʧʢʠʭ ʛʠʜʨʠʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʨʝʱʠʥʘʤ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ. ɼʣʷ ʛʘʟʦʧʨʦʚʦʜʦʚ ʵʪʦ ʠʤʝʝʪ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ ʦʙʨʘʟʫʶʪ ʛʠʜʨʠʜʳ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʘʚʣʝʥʠʷʭ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ ʩʨʝʜʳ [5]. 

ʝ. ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. ʇʦʜʚʠʞʥʳʝ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʢʘʪʘʣʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʢʦʪʦʨʳʭ ʜʦʙʘʚʦʢ, ʧʨʠʤʝʩʝʡ ʚ ʩʧʣʘʚʘʭ. ʅʦʚʳʝ ʬʘʟʳ ʤʦʛʫʪ ʙʳʪʴ ʤʝʥʝʝ 

ʧʣʘʩʪʠʯʥʳʤʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʭʨʫʧʢʠʤʠ [11]. ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʵʤʠʩʩʠʠ ʜʠʩʣʦʢʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʂʈʅ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ ʛʘʟʦʧʨʦʚʦʜʦʚ ʙʳʣ 

ʧʨʦʚʝʜʸʥ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ʉʨʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠʤʝʶʪ ʤʝʭʘʥʠʟʤʳ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ, ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʚʦʜʦʨʦʜʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ. ɽʩʣʠ ʚ ʧʝʨʚʦʤ ʧʨʝʚʘʣʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʢʦʧʠʚʰʠʝʩʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʪʘʣʠ, ʪʦ ʚ ʜʚʫʭ ʜʨʫʛʠʭ 

ʤʝʭʘʥʠʟʤʘʭ ʚʘʞʥʦ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʚ ʤʝʞʘʪʦʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʪʘʣʠ.  

ɼʝʬʦʨʤʘʮʠʦʥʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʥʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʝʬʦʨʤʘʮʠʠ 

ʪʨʫʙʥʳʭ ʩʪʘʣʝʡ; ʘʜʩʦʨʙʮʠʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʚʦʜʦʨʦʜʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ 

ʨʝʘʣʠʟʫʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʵʪʦʛʦ ʬʘʢʪʦʨʘ. ɼʣʷ ʠʭ ʧʨʦʪʝʢʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʩʦʨʙʘʪʦʚ: ʘʪʦʤʦʚ H, ʤʦʣʝʢʫʣ H2S ʠ ʉʆ2, ʯʪʦ ʩʦʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ɹʦʣʝʝ ʪʦʛʦ, ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ ʂʈʅ ʠ ʝʸ ʬʦʨʤʘ. 

ʇʦʤʠʤʦ ʘʜʩʦʨʙʮʠʠ ʠʟ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʩʨʝʜʳ, ʚʦʜʦʨʦʜʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʚ ʩʪʘʣʷʭ 

ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ ʚʳʧʣʘʚʢʝ ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ. 

ɹʦʣʴʰʠʝ ʪʦʢʠ, ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʳ ʧʨʠ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʝ ʦʪ ʢʦʨʨʦʟʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʶ ʩʪʘʣʠ. 

ʆʜʥʘʢʦ ʧʨʠ ʤʝʥʴʰʠʭ ʪʦʢʘʭ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʟʘʱʠʪʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʨʦʪʝʢʘʥʠʶ ʢʦʨʨʦʟʠʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ, 
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ʝʩʣʠ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʩʪʘʥʮʠʡ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ. ʅʝʦʙʦʩʥʦʚʘʥʥʦʡ ʦʩʪʘʸʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʟʤʘʤ ʂʈʅ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ 

ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʛʘʟʦʧʨʦʚʦʜʦʚ ʦʪ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ: 

1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʪʘʣʴʥʳʭ ʩʧʣʘʚʦʚ. 

ʋʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʜʝʬʝʢʪʦʚ ʚ ʤʝʪʘʣʣʝ ʚʝʜʸʪ ʢ ʩʥʠʞʝʥʠʶ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʧʨʝʧʷʪʩʪʚʫʷ ʨʘʟʚʠʪʠʶ ʂʈʅ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʧʣʘʚʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʝʥʴʰʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ. 

2. ʀʟʤʝʥʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʨʝʛʫʣʠʨʦʚʢʝ ʪʦʢʦʚ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ: ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

3. ʉʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʪʨʫʙʝ ʧʨʠʚʝʜʸʪ ʢ ʩʥʠʞʝʥʠʶ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʤʝʪʘʣʣ, ʘ ʪʘʢʞʝ 

ʙʫʜʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʚʦʜʦʨʦʜʥʦʤʫ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ. 

4. ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʳ (ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ). 

5. ʇʦʜʜʝʨʞʘʥʠʝ ʭʦʨʦʰʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ 

ʦʙʱʝʡ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ. 

ʇʫʥʢʪʳ 2 ʠ 4 ʩʯʠʪʘʶ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤʠ. 
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ʖʜʠʥ ɸ.ɺ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʉʇʆʉʆɹʓ ʉʅʀɾɽʅʀʗ ʇʆʊɽʈʔ ʄʆʑʅʆʉʊʀ ɺ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʉɽʊʀ 
 

ʈʘʙʦʪʘ ʨʘʟʣʠʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ: ʘʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʪ.ʧ. ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʪʦʢʘ ʚ ʦʙʤʦʪʢʘʭ, ʠʤʝʶʱʠʭ ʠʥʜʫʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʦʷʚʣʷʝʪʩʷ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʪʘʚʘʥʠʶ ʝʛʦ ʧʦ ʬʘʟʝ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʜʚʠʛ ʬʘʟ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʩʚʷʟʘʥ ʩ ʷʚʣʝʥʠʝʤ ʩʘʤʦʠʥʜʫʢʮʠʠ. ʋʛʦʣ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʜʚʠʛ ʬʘʟ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ cosű ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʝ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ, ʢʘʢ ʘʩʠʥʭʨʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʥʠʟʢʠʤ cosű, 

ʟʘʛʨʫʞʘʶʪ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ ʛʝʥʝʨʘʪʦʨʳ ʩʪʘʥʮʠʡ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʧʦʜʩʪʘʥʮʠʡ. ɹʦʣʴʰʘʷ 

ʯʘʩʪʴ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʘʥʘ ʩ ʩʝʪʝʚʳʤʠ ʧʝʨʝʪʦʢʘʤʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʠ 

ʩʥʠʞʝʥʠʷ ʧʝʨʝʪʦʢʦʚ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʝʝ ʢʦʤʧʝʥʩʘʮʠʠ [2, ʩ. 236]. 

ʇʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʚ ʘʩʠʥʭʨʦʥʥʦʡ 

ʤʘʰʠʥʝ, ʢʘʢ ʚ ʣʶʙʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʜʚʠʛʘʪʝʣʝ, ʩʚʷʟʘʥ ʩ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ. ʄʦʱʥʦʩʪʴ, 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʪʨʝʭʬʘʟʥʳʤ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʠʟ ʩʝʪʠ, ɺʪ: 

                                                                        P=Ѝ3UIcosű ,                                                            (1) 

ʛʜʝ U ï ʥʘʧʨʷʞʝʥʠʝ, ʧʦʜʚʦʜʠʤʦʝ ʢ ʜʚʠʛʘʪʝʣʶ ʦʪ ʩʝʪʠ, ɺ; 

I ï ʪʦʢ ʜʚʠʛʘʪʝʣʷ, ɸ; 

cosű ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. 

ʊʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʦ ʧʨʦʚʦʜʘʤ ʩʝʪʠ ʠ ʦʙʤʦʪʢʘʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʛʝʥʝʨʘʪʦʨʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥ: 

                                                                              I =
P

Ѝ3Ucosű
 .                                                               (2) 

ʀʟ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, 

ʪʦʢ ʧʦʪʨʝʙʣʷʝʤʳʡ ʠʟ ʩʝʪʠ ʙʫʜʝʪ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʥʠʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ 

ʩʠʣʳ ʪʦʢʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ ʧʨʦʚʦʜʦʚ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʜʦʨʦʞʘʥʠʶ ʩʝʪʠ. ɽʩʣʠ ʞʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʦʚ ʦʩʪʘʚʠʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʪʦ 

ʫʚʝʣʠʯʘʪʩʷ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʢʚʘʜʨʘʪʫ ʩʠʣʳ ʪʦʢʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫ ʧʦʪʨʝʙʠʪʝʣʷ ʝʱʝ ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʤʧʝʥʩʘʮʠʷ, ʪʦ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʫʟʣʘ 

ʥʘʛʨʫʟʢʠ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʙʫʜʝʪ ʧʦʢʨʳʚʘʪʴʩʷ ʤʦʱʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʧʦʩʪʘʚʱʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʈʘʟʛʨʫʟʢʘ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ ʧʦ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ 

ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ, ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʝʡ ʚ ʣʠʥʠʠ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ rʣ ʠ 

xʣ ʨʘʚʥʳ [6, ʩ. 55]: 
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                                                                     æʈʣ=
Pʥʘʛʨ
2 + Q

ʥʘʛʨ

2

U 2
rʣ,                                                  (3) 

                                                                 æQ
ʣ
=
Pʥʘʛʨ
2 + Q

ʥʘʛʨ

2

U 2
xʣ.                                                      (4) 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʩʯʝʪʯʠʢʦʚ 

ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʟʘ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ. ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ Pʥʘʛʨ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʤʦʱʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʟʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ 

ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ, ʩʥʠʞʘʝʪ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʝʨʠ, ʠʟʤʝʥʷʝʪ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʠ ʫʭʫʜʰʘʝʪ 

ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʀʟ-ʟʘ ʯʝʛʦ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʝʪʝʡ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. 

ʈʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ Qʥʘʛʨ, ʧʦʪʨʝʙʣʷʝʤʫʶ ʜʚʠʛʘʪʝʣʝʤ ʠʟ ʩʝʪʠ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ 

ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ, ʢɺɸʨ [4, ʩ. 41]: 

                                                                      Q
ʥʘʛʨ
=
Pʥ

ɖ
tgű
ʥ
 ,                                                            (5) 

ʛʜʝ Pʥ ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ; 

ɖ ï ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʝ, ʘ ʧʨʠ ʣʶʙʦʤ ʜʨʫʛʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ [1, ʩ. 67]: 

                                                     Q
ʥʘʛʨ
= Q

0
+ (Q

ʥ
Q
0
)Ākʟ ,                                                          (6) 

ʛʜʝ kʟ=Pʥ/P ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ; 

Q
0
åЍ3UʥʦʤIʭʭ ï ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʜʚʠʛʘʪʝʣʝʤ ʧʨʠ ʭʦʣʦʩʪʦʤ ʭʦʜʝ 

(ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 60-70% ʦʪ Qʥ). 

ʀʟʤʝʥʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʚʠʛʘʪʝʣʷ, ʟʘʛʨʫʟʢʘ ʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʥʘʦʙʦʨʦʪ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʛʨʫʟʢʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʩ ʨʦʩʪʦʤ ʟʘʛʨʫʟʢʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ cosű ʥʫʞʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʛʨʫʟʠʪʴ ʜʚʠʛʘʪʝʣʴ. 

ʀʟ ʜʠʘʛʨʘʤʤʳ (ʨʠʩ. 1, ʘ) ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʢ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ Iɛ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʡ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ (ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʩʝʪʠ U) ʦʪ ʟʘʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ ʠʟʤʝʥʷʝʪʩʷ 

ʤʘʣʦ. ʇʦʵʪʦʤʫ ʝʛʦ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʧʦʩʪʦʷʥʥʳʤ. ɸʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʪʦʢʘ Ia0 ʧʨʠ 

ʭʦʣʦʩʪʦʤ ʭʦʜʝ ʥʝʚʝʣʠʢʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʰʴ ʧʦʪʝʨʷʤʠ ʜʚʠʛʘʪʝʣʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʛʦʣ ʩʜʚʠʛʘ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ U ʠ ʪʦʢʦʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ IӶ0= IӶa0 + IӶɛ ʜʚʠʛʘʪʝʣʷ ʙʦʣʴʰʦʡ, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʤʘʣ. ɼʣʷ ʜʚʠʛʘʪʝʣʝʡ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 0,1-0,3. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ, ʠ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ ʫʛʦʣ ʧʨʠʥʠʤʘʝʪ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ űʥ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,65-0,92, 

ʧʨʠʯʝʤ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʭʦʭʦʜʥʳʤ ʜʚʠʛʘʪʝʣʷʤ ʠ ʜʚʠʛʘʪʝʣʷʤ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, 

ʙʦʣʴʰʝʝ ï ʢ ʜʚʠʛʘʪʝʣʷʤ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʠ ʙʳʩʪʨʦʭʦʜʥʳʤ.  
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ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ű ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʫʟʢʠ (ʘ) ʠ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʦʚ (ʙ) 

 

ʂʘʢ ʧʨʘʚʠʣʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʥʝʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ, cosű ʢʦʪʦʨʳʭ ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʤʠʥʘʣʴʥʳʭ ʟʘʛʨʫʟʢʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,4-0,6 

[3, ʩ. 128]. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ. ʂʦʤʧʝʥʩʘʮʠʷ ʫʛʣʘ ʩʜʚʠʛʘ ʬʘʟ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʢʣʶʯʝʥʠʝʤ ʝʤʢʦʩʪʠ ʉ (ʠʣʠ ʛʨʫʧʧʳ ʢʦʥʜʝʥʩʘʪʦʨʦʚ) ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʛʨʫʟʢʝ (ʨʠʩ. 

2). 

 

 
 

1ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ, 2 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, 3 ï ʢʦʥʜʝʥʩʘʪʦʨ; ʧʫʥʢʪʠʨʥʘʷ ʩʪʨʝʣʢʘ ï ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʝʨʝʪʦʢʘ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʞʠʨʥʘʷ ʩʪʨʝʣʢʘ ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʪʦʢʘ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʈʠʩ. 2. ʇʨʦʮʝʩʩ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʇʦʚʳʰʝʥʠʝ cosű ʧʫʪʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ 

ʝʤʢʦʩʪʥʳʡ ʪʦʢ ʦʧʝʨʝʞʘʝʪ ʪʦʢ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʥʘ 1800 ʠ ʩʜʚʠʥʫʪ ʧʦ ʬʘʟʝ ʥʘ 900 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ. ʊ.ʝ. ʝʤʢʦʩʪʥʳʡ ʪʦʢ ʥʘʧʨʘʚʣʝʥ ʚʩʪʨʝʯʥʦ ʪʦʢʫ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ, ʪʝʤ ʩʘʤʳʤ, ʢʦʤʧʝʥʩʠʨʫʝʪ (ʫʤʝʥʴʰʘʝʪ) ʝʛʦ (ʨʠʩ. 1, ʙ). ʆʙʱʠʡ ʪʦʢ ʜʦ ʠ ʧʦʩʣʝ 

ʚʢʣʶʯʝʥʠʷ ʝʤʢʦʩʪʥʦʡ ʙʘʪʘʨʝʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ: 

                                                                              IӶ1= IӶa + IӶɛ ,                                                                   (7) 

                                                                      IӶ2 = IӶa + IӶɛ + IӶʢʫ .                                                               (8) 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʨʘʚʝʥ cosű=1 ʚ ʩʣʫʯʘʝ, ʝʩʣʠ IӶɛ= IӶʢʫ, ʪʦ ʝʩʪʴ ʦʙʱʠʡ ʪʦʢ ʚ 

ʮʝʧʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʦʣʴʢʦ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʨʫʟʢʘ 

ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ ʧʦ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʝʨʝʪʦʢ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʤʦʱʥʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ (3) 

ʠ ʨʝʘʢʪʠʚʥʦʡ (4) ʤʦʱʥʦʩʪʝʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʥʳ: 




