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ʄʘʪʝʤʘʪʠʢʘ. ʌʠʟʠʢʘ  

 

ʋɼʂ 511.33 
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ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

 

ʃʆɻɸʈʀʌʄʓ 

 

ʂʘʢ ʪʦʣʴʢʦ ʰʢʦʣʴʥʠʢʠ ʜʦʭʦʜʷʪ ʜʦ ʪʝʤʳ ʣʦʛʘʨʠʬʤʳ, ʫ ʥʠʭ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ çɿʘʯʝʤ? 

ɿʘʯʝʤ ʥʫʞʥʳ ʣʦʛʘʨʠʬʤʳ ʠ ʢʪʦ ʠʭ ʧʨʠʜʫʤʘʣ?è. ʊʘʢ ʜʘʚʘʡʪʝ ʨʘʟʙʝʨʝʤʩʷ ʜʣʷ ʯʝʛʦ ʞʝ ʦʥʠ ʙʳʣʠ 

ʚʩ-yʪʘʢʠ ʩʦʟʜʘʥʳ. ʀʩʪʦʨʠʷ ʣʦʛʘʨʠʬʤʦʚ ʥʘʯʠʥʘʝʪʩʷ ʝʱʸ ʩ ɸʥʪʠʯʥʦʩʪʠ. ɽʱʸ ʪʦʛʜʘ ʟʥʘʣʠ, ʯʪʦ 

ʧʨʠ ʧʝʨʝʤʥʦʞʝʥʠʠ ʩʪʝʧʝʥʝʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʦʩʥʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʝʡ ʩʢʣʘʜʳʚʘʶʪʩʷ. 

ʕʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʪʦʣʯʢʦʤ ʢ ʧʦʷʚʣʝʥʠʶ ʣʦʛʘʨʠʬʤʘ. ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʤʘʪʝʤʘʪʠʢʠ 

ʩʳʛʨʘʣʘ ʕʧʦʭʘ ɺʝʣʠʢʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʪʢʨʳʪʠʡ. ʊʨʝʙʦʚʘʣʦʩʴ ʧʨʦʠʟʚʦʜʠʪʴ ʜʦʚʦʣʴʥʦ 

ʛʨʦʤʦʟʜʢʠʝ ʚʳʯʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʳʣʦ ʩʣʦʞʥʦ ʩʦʚʝʨʰʠʪʴ. ʊʘʢ ʢʘʢ 

ʢʘʣʴʢʫʣʷʪʦʨʘ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʥʝ ʙʳʣʦ, ʪʦ ʫʯʸʥʳʝ ʩʪʘʣʠ ʠʩʢʘʪʴ ʫʧʨʦʱʸʥʥʳʡ ʩʧʦʩʦʙ 

ʧʝʨʝʤʥʦʞʝʥʠʷ ʙʦʣʴʰʠʭ ʯʠʩʝʣ. ʄʠʭʘʵʣʴ ʐʪʠʬʝʣʴ ʚ 1544 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʣ ʨʝʚʦʣʶʮʠʦʥʥʫʶ 

ʠʜʝʶ ʧʝʨʝʭʦʜʘ ʦʪ ʮʝʣʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʨʦʙʝʡ ʢ ʧʨʦʠʟʚʦʣʴʥʳʤ ʨʘʮʠʦʥʘʣʴʥʳʤ ʯʠʩʣʘʤ. ʅʦ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʩʚʦʶ ʪʝʦʨʠʶ ʦʥ ʨʘʟʚʠʚʘʪʴ ʥʝ ʩʪʘʣ. ʅʘ ʵʪʦʤ ʧʦʠʩʢʠ ʫʧʨʦʱʸʥʥʦʛʦ ʤʝʪʦʜʘ 

ʧʨʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʨʘʩʯʸʪʦʚ ʥʝ ʟʘʢʦʥʯʠʣʠʩʴ. ɺ 1614 ʛʦʜʫ ʰʦʪʣʘʥʜʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ɼʞʦʥ 

ʅʝʧʝʨ ʦʧʫʙʣʠʢʦʚʘʣ çʆʧʠʩʘʥʠʝ ʫʜʠʚʠʪʝʣʴʥʦʡ ʪʘʙʣʠʮʳ ʣʦʛʘʨʠʬʤʦʚè. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 

ʤʘʪʝʤʘʪʠʢʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʚʝʣʠʯʠʥʳ ʦʙʨʘʟʫʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʧʨʦʛʨʝʩʩʠʶ, ʪʦ 

ʠʭ ʣʦʛʘʨʠʬʤʳ ʪʘʢʞʝ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʧʨʦʛʨʝʩʩʠʶ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʘʪʝʤʘʪʠʢʠ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ 

ʧʨʠʤʝʥʝʥʠʷ ʣʦʛʘʨʠʬʤʦʚ. ʅʘʧʨʠʤʝʨ, ʚ 1620 ʛʦʜʫ ʕʜʤʫʥʜ ʋʠʥʛʝʡʪ ʧʨʝʜʣʦʞʠʣ ʤʦʜʝʣʴ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʣʠʥʝʡʢʠ, ʘ ʕʡʣʝʨ ʦʢʦʥʯʘʪʝʣʴʥʦ ʫʟʘʢʦʥʠʣ, ʯʪʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʝ ð ɻ ʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʦʙʨʘʪʥʦ ʚʦʟʚʝʜʝʥʠʶ ʚ ʩʪʝʧʝʥʴ. 

ʅʦ çʆʪʮʦʤ ʣʦʛʘʨʠʬʤʦʚè ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ɼʞʦʥʘ ʅʝʧʝʨʘ. ʏʪʦʙʳ ʨʝʰʝʥʠʝ ʣʦʛʘʨʠʬʤʦʚ ʥʝ 

ʚʳʟʳʚʘʣʦ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʥʠʡ, ʩʣʝʜʫʝʪ ʟʥʘʪʴ ʩʚʦʡʩʪʚʘ ʣʦʛʘʨʠʬʤʦʚ: 

 

1.ÌÏÇὥ ρ, 

2.ÌÏÇρ π, 

3.ÌÏÇὦὧ ÌÏÇὦ ÌÏÇὧ, 

4.ÌÏÇ ÌÏÇὦ ÌÏÇὧ, 

5.ÌÏÇὦ ὴÌÏÇὦ, 

6.ÌÏÇ ÌÏÇὦ, 

7.ὰέὫὦ ÌÏÇὦȟὯ π, 

8.ÌÏÇὦ , 
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9.ÌÏÇὦ . 

ɼʦʢʘʞʝʤ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ. 

 

ÌÏÇ
ὦ

ὧ
ÌÏÇ

ὥ

ὥ
ÌÏÇὥ ÌÏÇὦ ÌÏÇὧȢ 

 

ÌÏÇὦὧ ÌÏÇὥ Ͻὥ ÌÏÇὥ ÌÏÇὦ ÌÏÇὧȢ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʣʦʛʘʨʠʬʤʦʚ ʥʘ ʧʨʠʤʝʨʘʭ. 

ɿʘʜʘʯʘ 1. 

ʈʝʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ÌÏÇÌÏÇÌÏÇρρὼ τφὼ τψ π. 

ɺʚʝʜʝʤ ʆɼɿ:  

ὼ ς
ὼ ρ

 

ʅʘ ʚʳʨʘʞʝʥʠʝ ρρὼ τφὼ τψ ʥʝ ʥʘʢʣʘʜʳʚʘʝʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʘʢ ʢʘʢ ʦʥʦ ʚʩʝʛʜʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦ. 

ÌÏÇÌÏÇρρὼ τφὼ τψ ὼ ς ȟ 

ÌÏÇρρὼ τφὼ τψ ςȟ 

ρρὼ τφὼ τψ ὼ σ , 

ρρὼ τφὼ τψ ὼ φὼ ω, 

ρπὼ τπὼ σω π , 

ʂʦʨʥʷʤʠ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ὼȟ
Ѝ
 . 

ʉ ʫʯʸʪʦʤ ʆɼɿ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʙʫʜʝʪ ὼ
Ѝ
. 

ʆʪʚʝʪ:  ὼ
Ѝ
Ȣ 

 

ɿʘʜʘʯʘ 2.  

ʈʝʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ÌÏÇςϽÌÏÇς ÌÏÇς. 

ʆʙʦʟʥʘʯʠʤ ʆɼɿ: ώ πȟώ ρȟώ ρφȟώ φτ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʚʦʡʩʪʚʦʤ   

ÌÏÇὦ , ʘ ʪʘʢʞʝ ʚʚʝʜʝʤ ʟʘʤʝʥʫ ÌÏÇώ Ô. 

ρ

ὸ
Ͻ
ρ

ὸ τ

ρ

ὸ φ
 

ὸ υὸ φ π 

ὸ σȟὸ ς 

ʉʜʝʣʘʝʤ ʦʙʨʘʪʥʫʶ ʟʘʤʝʥʫ. 

ÌÏÇÙ σȟ 

ώ ς ψȢ 

ÌÏÇώ ςȟ 

ώ ς τȢ 
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ʉ ʫʯʸʪʦʤ ʆɼɿ ʢʦʨʥʷʤʠ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ 4 ʠ 8. 

ʆʪʚʝʪ: 4; 8. 

ɿʘʜʘʥʠʝ 3. 

ʈʝʰʠʪʝ ʥʝʨʘʚʝʥʩʪʚʦ 

ψ ᾀ ᾀ τÌÏÇȟ ᾀ ρ πȢ 

ʆɼɿ: ᾀ ρ. 

 

ψ ᾀ ᾀ τ πȟσ ρ ᾀ ρ ρ π, 

ψ ᾀ ᾀ τ ᾀ ς πȢ  

 

 

 

 

 

ʉ ʫʯʸʪʦʤ ʆɼɿ: ᾀɴ ρȠς᷾ψȠЊ. 

ʆʪʚʝʪ: ᾀɴ ρȠς᷾ψȠЊ.   

ɿʘʜʘʥʠʝ 4. 

ʈʝʰʠʪʝ ʥʝʨʘʚʝʥʩʪʚʦ ÌÏÇςυὼ ὰέὫὼ υ ς. 

ʅʝʨʘʚʝʥʩʪʚʦ ʦʧʨʝʜʝʣʝʥʦ, ʝʩʣʠ 

ςυ ὼ πȟ
ὼ υ πȟ
ὼ υ ρȟ

ὼ υ πȢ

 

ʈʝʰʠʤ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ὼɴ υȠτ᷾ τȠυ. 

ÌÏÇυ ὼ υ ὼ
ρ

τ
ὰέὫȿὼ υȿ ςȟ 

ρ ÌÏÇυ ὼ ὰέὫȿὼ υȿ ς, 

ÌÏÇυ ὼ ὰέὫȿυ ὼȿ ρ π, 

ʋʤʥʦʞʠʤ ʦʙʝ ʯʘʩʪʠ ʥʝʨʘʚʝʥʩʪʚʘ ʥʘ 4. 

τÌÏÇυ ὼ ὰέὫȿυ ὼȿ τ πȢ 

ɺʚʝʜʸʤ ʟʘʤʝʥʫ ÌÏÇυ Ø Ô. 

ὸ τὸ τ π, 

ὸ ς π, 

ʃʝʚʘʷ ʯʘʩʪʴ ʥʝʨʘʚʝʥʩʪʚʘ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ὸ ς π, 

ὸ ς π, 

ὸ ς. 

ɺʦʟʚʨʘʱʘʝʤʩʷ ʢ ʠʩʭʦʜʥʦʡ ʟʘʤʝʥʝ 

ÌÏÇυ Ø ς, 

υ ὼ υ ὼ , 

-4 2 8 z 

-
˙̆̒̓̏ ̠̅̌ ̠̔̑́̃̎̆̎̉Ȣ 

- + + 
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υ ὼ ςυ ρπὼ ὼ, 

ὼ ρρὼ ςπ τρ. 

ʂʦʨʥʷʤʠ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ὼȟ
Ѝ
. 

ʉ ʫʯʸʪʦʤ ʫʩʣʦʚʠʷ ʨʝʰʝʥʠʝʤ ʥʝʨʘʚʝʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ὼ
Ѝ
. 

ʆʪʚʝʪ: ὼ
Ѝ
. 

ɿʘʜʘʥʠʝ 5. 

ʈʝʰʠʪʝ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

ừ
Ử
Ừ

Ử
ứ υ ÌÏÇ

ὼ

ώ

ρτ

ÌÏÇ
ὼ
ώ

 ȟρ

ÌÏÇ
ὼ

ώ
ς ÌÏÇώ ςÌÏÇώ ρ ς

 

ʆɼɿ: 

ừ
Ử
Ừ

Ử
ứ
ὼ

ώ
πȟ

ὼ

ώ
ς πȟ

ώ πȟ
ώ ρ πȟ

 

ὼ

ώ
ςȟ

ώ πȢ
 

ʈʝʰʠʤ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ 

ÌÏÇ
ὼ

ώ
ς ÌÏÇώ ςÌÏÇώ ρȟ 

ÌÏÇ
ὼ

ώ
ς ÌÏÇώ ÌÏÇώ ρȟ 

ÌÏÇ
ὼ

ώ
ς ÌÏÇώ ρώȟ 

ὼ

ώ
ς ώ ώȢ 

 

ʈʝʰʠʤ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ. 

υ ÌÏÇ
ὼ

ώ

ρτ

ÌÏÇ
ὼ
ώ

 

ʉʜʝʣʘʝʤ ʟʘʤʝʥʫ ÌÏÇ ὸ.   

υ ὸ , 

ὸ υὸ ρτ π. 

ʋʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʢʦʨʥʠ ὸ χ ʠ ὸ ς.   

ɺʝʨʥʸʤʩʷ ʢ ʦʙʨʘʪʥʦʡ ʟʘʤʝʥʝ ÌÏÇ χȢ 
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ὼ

ώ

ρ

ρςψ
ȟ 

 

ÌÏÇ
ὼ

ώ
ςȟ 

ὼ

ώ
τ 

ʊʘʢ ʢʘʢ ʧʦ ʫʩʣʦʚʠʶ  ς, ʪʦ   ʥʝ ʧʦʜʭʦʜʠʪ.  

ʇʦʜʩʪʘʚʠʤ  τ  ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ ʥʘʤʠ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ.  

 

ς ώ ώ, 

τ ς ώ ώ, 

ώ ώ ς, 

ώ ώ ς π, 

ώ ς ʠ ώ ρ. 

ʉ ʫʯʸʪʦʤ ʫʩʣʦʚʠʷ ώ ρ. 

ʇʦʜʩʪʘʚʣʷʝʤ ʟʥʘʯʝʥʠʝ ʚ τ. 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ, ʯʪʦ ὼ τ. 

ʆʪʚʝʪ: τȠρ. 

 

ʅʘ ʜʘʥʥʳʭ ʧʨʠʤʝʨʘʭ ʨʘʩʩʤʦʪʨʝʣʠ ʨʘʟʥʳʝ ʚʠʜʳ ʟʘʜʘʥʠʡ ʩ ʣʦʛʘʨʠʬʤʘʤʠ. ʃʦʛʘʨʠʬʤʳ ð 

ʵʪʦ ʦʯʝʥʴ ʚʘʞʥʘʷ ʪʝʤʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʝʥʘ ʚ ʰʢʦʣʴʥʳʡ ʢʫʨʩ [1]. ʃʦʛʘʨʠʬʤʳ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʚ ʞʠʟʥʠ, ʚʝʜʴ ʦʥʠ ʜʝʣʘʶʪ ʝʸ ʥʘʤʥʦʛʦ ʧʨʦʱʝ. ʂʘʞʜʳʡ ʠʟ ʥʘʩ ʜʦʣʞʝʥ ʚ ʩʦʚʝʨʰʝʥʩʪʚʝ ʟʥʘʪʴ ʵʪʫ 

ʪʝʤʫ, ʧʦʩʢʦʣʴʢʫ ʣʦʛʘʨʠʬʤʳ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. ʊʘʢʞʝ ʟʘʜʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʪʝʤʳ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ɽɻʕ, ʦʥʠ ʤʦʛʫʪ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʫʩʧʝʰʥʳʭ ʰʘʛʦʚ 

ʢ ʚʳʩʦʢʠʤ ʙʘʣʣʘʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʨʦʩʚʝʪʦʚ ɻ.ʀ. ʉʪʝʧʝʥʠ, ʢʦʨʥʠ ʠ ʣʦʛʘʨʠʬʤʳ. ɿʘʜʘʯʠ ʠ ʨʝʰʝʥʠʷ. ʄ.: ɸʣʴʬʘ-ʧʨʝʩʩ, 

2010. 594 c. 

 

É ɸʬʘʥʘʩʴʝʚʘ ɽ.ʉ., ɹʝʣʦʟʝʨʮʝʚʘ ʄ.ʀ., 2022 
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ʋɼʂ 51:37.016 

ɸʬʘʥʘʩʴʝʚʘ ɽ.ʉ., ɹʝʣʦʟʝʨʮʝʚʘ ʄ.ʀ. 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

 

ʆʉʅʆɺʅʓɽ ʄɽʊʆɼʓ ʈɽʐɽʅʀʗ ɿɸɼɸʏ ʉ ʇɸʈɸʄɽʊʈɸʄʀ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʜʘʪʴ ɽɻʕ ʧʦ ʧʨʦʬʠʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʥʘ ʥʘʠʚʳʩʰʠʡ ʙʘʣʣ, ʫʯʝʥʠʢʫ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʙʘʟʦʚʳʭ ʰʢʦʣʴʥʳʭ ʟʥʘʥʠʡ, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʥʠʷ ʪʨʝʙʫʶʪ ʫʛʣʫʙʣʝʥʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʟʘʜʘʥʠʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʩ ʧʘʨʘʤʝʪʨʦʤ. ɽʞʝʛʦʜʥʦ ʵʪʦ 

ʟʘʜʘʥʠʝ ʨʝʰʘʝʪ ʥʝʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʫʯʝʥʠʢʦʚ, ʪʘʢ ʢʘʢ ʦʥʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʣʦʞʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, 

ʨʝʰʠʚ ʵʪʦ ʟʘʜʘʥʠʝ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦ ʯʝʪʳʨʝʭ ʧʝʨʚʠʯʥʳʭ ʙʘʣʣʦʚ. ɺ ʯʸʤ ʞʝ ʟʘʢʣʶʯʘʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʫʯʝʥʠʢʦʚ? ʇʨʦʩʪʦ ʵʪʦʡ ʪʝʤʳ ʥʝʪ ʚ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ. ɹʳʚʘʶʪ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ ʩ 

ʧʘʨʘʤʝʪʨʦʤ, ʥʦ ʥʘ ɽɻʕ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʜʘʥʠʷ ʧʦ ʩʠʣʘʤ ʚʳʧʫʩʢʥʠʢʘʤ. 

ʄʘʪʝʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʴʥʳʤ ʧʨʝʜʤʝʪʦʤ ʚʦ ʤʥʦʛʠʭ ɺʋɿʘʭ, ʘ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ ʚ 

ʙʦʣʝʝ ʧʨʝʩʪʠʞʥʳʝ ɺʋɿʳ ʪʨʝʙʫʝʪʩʷ ʥʘʙʨʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʧʘʨʘʤʝʪʨʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ 

ʥʘ ʧʨʠʤʝʨʘʭ. 

1. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ʕʪʦʪ ʤʝʪʦʜ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʷʤʦʝ ʨʝʰʝʥʠʝ, ʧʦʚʪʦʨʷʶʱʝʝ ʩʪʘʥʜʘʨʪʥʦʝ ʙʝʟ ʧʘʨʘʤʝʪʨʘ. 

ɿʘʜʘʥʠʝ ˉ1. ʇʨʠ ʢʘʢʦʤ ʟʥʘʯʝʥʠʠ Á ʫʨʘʚʥʝʥʠʝ π ʠʤʝʝʪ ʨʦʚʥʦ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʷ? 

ʈʝʰʝʥʠʝ. ʇʝʨʝʡʜʝʤ ʢ ʩʠʩʪʝʤʝ  

Ø ωØχÁ πȟ                 ρ

σØ χÁØφÁ πȢ          ς
 

ʀʟ ρȡ  Ø ωØχÁ π, ᵼ  $ ψρ ςψÁ πȢ 

ʇʨʠ Á   ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʙʦʣʝʝ ʜʚʫʭ ʢʦʨʥʝʡ. 

ʇʨʠ Á   ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʦʜʠʥ ʢʦʨʝʥʴ ʠʣʠ ʥʝ ʠʤʝʝʪ ʢʦʨʥʝʡ.  

ʀʟ ςȡ   σØ χÁØ  φÁ π, ᵼ  Ø σÁ ȟØ  . 

ʊʦʛʜʘ ʧʦʣʫʯʘʝʤ: 

1) ʧʨʠ Ø σÁ 

σÁ ω σÁ χÁ πȟ 

ωÁ ςχÁχÁ π, ᵼ  ωÁ στÁπȟ 

Á πȟÁ
  
 . 

2) ʧʨʠ Ø  

ςÁ

σ
ω
ςÁ

σ
χÁ πȟ 

τÁ ωÁ , ᵼ   

Á πȟ Á
ω

τ
 Ȣ 
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ʆʪʚʝʪ: Áɴ Ƞπ᷾ πȠ ᷾ Ƞ
  
᷾

  
ȠЊ . 

 

2. ɻʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ʇʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʘ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɿʘʜʘʥʠʝ ˉ2. ʅʘʡʜʠʪʝ ʚʩʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Á, ʧʨʠ ʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ  

ÌÏÇȟ σφ Ù ÌÏÇȟ σφÁØ  ȟ

Ø Ù τØφÙ Ȣ
 

ʠʤʝʝʪ ʨʦʚʥʦ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʷ? 

ʈʝʰʝʥʠʝ. ʇʝʨʝʡʜʝʤ ʢ ʨʘʚʥʦʩʠʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ừ
Ừ

ứ
σφ Ù σφ ÁØ ȟ

σφ Ù π ȟ

σφ ÁØ π ȟ

Ø Ù τØφÙ ȟ

           

ừ
Ừ

ứ
Ù ÁØ ȟ

Ù φ Ù φ π ȟ

ÁØ σφ ȟ

 Ø τØτ Ù φÙω ρσ ȟ

 

 

Ù ÁØÙ ÁØ π ȟ          
φ Ù φ ȟ
φ ÁØφ ȟ

Ø ς Ù σ ρσȟ     
ừ
Ử
Ừ

Ử
ứ
Ù ÁØπȟ
Ù ÁØπȟ

                              σ

φ Ù φ ȟ
φ ÁØφ ȟ

Ø ς Ù σ ρσȢ     τ

 

 

ɻʨʘʬʠʢʦʤ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʚʝ ʧʨʷʤʳʝ Ù ÁØȟÙ ÁØ ʧʨʠ Á π ʠ ʦʜʥʘ 

ʧʨʷʤʘʷ Ù π ʧʨʠ  Á π. ɺʩʝ ʵʪʠ ʧʨʷʤʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ.  

Ø ς Ù σ ρσ  - ʫʨʘʚʥʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ςȠσ ʠ ʨʘʜʠʫʩʦʤ 

Ѝρσ , ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ πȠπ. 

ʀʟʦʙʨʘʟʠʤ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʣʦʩʢʦʩʪʠ Ø/Ù ʛʨʘʬʠʢʠ ʫʨʘʚʥʝʥʠʡ (3) ʠ (4) ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʷ 

φ Ù φ. 

 

ʈʠʩ. 1 

ʇʨʠ Á π ʧʨʷʤʘʷ Ù π ʠʤʝʝʪ ʨʦʚʥʦ ʜʚʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʚʠʜʠʤʦʡ ʜʫʛʦʡ ʦʢʨʫʞʥʦʩʪʠ 

(ʨʠʩʫʥʦʢ 1ʘ). ɿʥʘʯʠʪ, Á π  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ Á π. 
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ʇʨʷʤʘʷ Ù ÁØ ʤʦʞʝʪ ʠʤʝʪʴ ʦʜʥʫ ʠʣʠ ʜʚʝ ʦʙʱʠʝ ʪʦʯʢʠ ʩ ʚʠʜʠʤʦʡ ʜʫʛʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʦʜʥʘ 

ʠʟ ʵʪʠʭ ʪʦʯʝʢ ï ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1ʙ). 

Ø ς ÁØσ ρσȟ     

ρ Á Ø φÁτØ πȟ 

Ø ρ Á Ø φÁτ πȟ 

Ø π ʠʣʠ  Ø  . 

ɽʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ, ʝʩʣʠ  π ȟ ʪʦ ʝʩʪʴ Á  .   

ɽʩʣʠ Á , ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʷʤʘʷ Ù ÁØ ʠʤʝʝʪ ʜʚʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʚʠʜʠʤʦʡ ʜʫʛʦʡ 

ʦʢʨʫʞʥʦʩʪʠ. 

ɽʜʠʥʩʪʚʝʥʥʘʷ ʦʙʱʘʷ ʪʦʯʢʘ ʙʫʜʝʪ ʧʨʠ Áɴ ÁȠЊ, Á- ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʷʤʘʷ Ù ÁØ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ τȠφ. 

ʇʨʠ Á π ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ Áɴ ᷾ ȠЊ. 

ʇʨʠ Á π ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ  Áɴ ЊȠ ᷾ . 

 

ʆʪʚʝʪ: ЊȠ ᷾ Ƞπ᷾ ȠЊ.     

ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʧʨʠʤʝʨ ʝʱʸ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ừ
Ừ

ứ
σφ Ù σφ ÁØ ȟ

σφ Ù π ȟ

σφ ÁØ π ȟ

Ø Ù τØφÙ ȟ

           

ừ
Ừ

ứ
Ù ÁØ ȟ

Ù φ Ù φ π ȟ

ÁØ σφ ȟ

 Ø τØτ Ù φÙω ρσ ȟ

 

 

Ù ÁØÙ ÁØ π ȟ          
φ Ù φ ȟ
φ ÁØφ ȟ

Ø ς Ù σ ρσȟ     
ừ
Ử
Ừ

Ử
ứ

Ù ÁØπȟ
Ù ÁØπȟ
φ Ù φ ȟ
φ ÁØφ ȟ

Ø ς Ù σ ρσȢ

 

 

1)ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ Ù ÁØ  

Ø ÁØ τØφÁØ 

Ø ρ Á Øτ φÁ 

Ø π ʠʣʠ Ø  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤ, ʯʪʦ Ù π ʠ Ù  

2)ʇʨʠ Ù  ÁØ 

Ø ÁØ τØφÁØ 

Ø ρ Á Øτ φÁ 

Ø π ʠ Ø  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʫʯʘʝʤ Ù π ʠ Ù  
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ʈʝʰʝʥʠʷʤʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʳ ʯʠʩʝʣ πȠπ, Ƞ , 

Ƞ , ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ φ Ù φ. 

ɼʣʷ ʧʘʨʳ πȠπ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ɼʣʷ ʧʘʨʳ Ƞ  ʫʩʣʦʚʠʝ ʧʨʠʤʝʪ ʚʠʜ 
Á

ρςÁ τÁφ π
 

ʊʘʢ ʢʘʢ ʨʝʰʝʥʠʝʤ ʥʝʨʘʚʝʥʩʪʚʘ ρςÁ τÁφ π ̫ ʚʣʷʝʪʩʷ ʣʶʙʦʝ ʯʠʩʣʦ, ʪʦ ʦʩʪʘʸʪʩʷ 

ʫʩʣʦʚʠʝ Á .  

ɼʣʷ ʧʘʨʳ Ƞ  ʫʩʣʦʚʠʝ ʧʨʠʤʝʪ ʚʠʜ 
Á

ρςÁ τÁφ π
 

ʊʘʢ ʢʘʢ ʨʝʰʝʥʠʝʤ ʥʝʨʘʚʝʥʩʪʚʘ ρςÁ τÁφ π ̫ ʚʣʷʝʪʩʷ ʣʶʙʦʝ ʯʠʩʣʦ, ʪʦ ʦʩʪʘʸʪʩʷ 

ʫʩʣʦʚʠʝ  Á . 

ʇʘʨʳ πȠπ ʠ Ƞ  ʩʦʚʧʘʜʘʶʪ ʧʨʠ Á . 

ʇʘʨʳ πȠπ ʠ Ƞ  ʩʦʚʧʘʜʘʶʪ ʧʨʠ Á . 

ʇʘʨʳ Ƞ  ʠ Ƞ  ʩʦʚʧʘʜʘʶʪ ʧʨʠ Á π. 

ʉʠʩʪʝʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʷ ʧʨʠ Áɴ ЊȠ ᷾ Ƞπ᷾ ȠЊ.    

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʠʤʝʨ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʨʝʰʠʪʴ ʥʘʤʥʦʛʦ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ. ʊʝʤ ʙʦʣʝʝ, ʟʜʝʩʴ ʣʝʛʢʦ ʟʘʧʫʪʘʪʴʩʷ ʚ ʚʳʯʠʩʣʝʥʠʷʭ ʠ ʧʦʪʝʨʷʪʴ ʟʥʘʢ, 

ʧʦʵʪʦʤʫ ʥʘʜʦ ʙʦʣʝʝ ʘʢʢʫʨʘʪʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʥʦʪʦʥʥʦʩʪʠ. 

ʇʨʠ ʢʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ a ʫʨʘʚʥʝʥʠʝ ȿØ υÁȿ ȿØ ρτȿ χÁσ ʠʤʝʝʪ ʨʦʚʥʦ 

ʜʚʘ ʨʝʰʝʥʠʷ? 

ʈʝʰʝʥʠʝ. 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʬʫʥʢʮʠʶ Ù ȿØ υÁȿ ȿØ ρτȿ. ɺʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʧʦʜ 

ʟʥʘʢʦʤ ʤʦʜʫʣʷ, ʤʝʥʷʶʪ ʟʥʘʢ ʚ ʪʦʯʢʘʭ Ø υÁ ʠ Ø ρτ. 

ʄʝʞʜʫ ʜʘʥʥʳʤʠ ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʜʫʣʠ ʨʘʩʢʨʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʦ ʠ ʟʥʘʯʝʥʠʷ x 

ʩʦʢʨʘʱʘʶʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʷ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʘʥʪʫ υÁρτ 

ʧʨʠ υÁ ρτ ʠ υÁρτ ʧʨʠ υÁ ρτ. ʇʨʠ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʩʣʫʯʘʝʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ȿυÁ ρτȿ.  

Ù

ςØυÁρτ ̐̑ ̉Ø ρτȟØ υÁȠ
ȿυÁρτȿ ̐̑ ̉Ø ̍̆̇̅̔ ρτ ̉ υȠ
ςØ υÁ ρτ ̐̑ ̉Ø ρτ ̉ Ø υÁȢ

 

ɻʨʘʬʠʢʦʤ ʪʘʢʦʡ ʬʫʥʢʮʠʠ ʙʫʜʝʪ çʢʦʨʳʪʦè (ʨʠʩ.2) ʧʨʠ υÁ ρτ ʠ çʛʘʣʦʯʢʘè (çʫʛʦʣʦʢè) 

(ʨʠʩ.3) ʧʨʠ υÁ ρτ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ Ù ςȿØ ρτȿ). 
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ʈʠʩ. 2 

 

ʈʠʩ. 3 

ʇʦʣʫʯʘʝʤ, ʯʪʦ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʜʚʘ ʨʝʰʝʥʠʷ, ʝʩʣʠ χÁ σ ȿρτ υÁȿ (ʛʨʘʬʠʢ 

ʬʫʥʢʮʠʠ Ù ȿØ υÁȿ ȿØ ρτȿ ʠʤʝʝʪ ʜʚʝ ʦʙʱʠʝ ʪʦʯʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʷʤʦʡ y=7a+3). 

ɽʩʣʠ χÁ σ π, ʪʦ ʥʝʨʘʚʝʥʩʪʚʦ χÁ σ ȿρτυÁȿ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ.  

ɽʩʣʠ ʞʝ χÁ σ π (ʪʦ ʝʩʪʴ Á ), ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʟʚʝʜʸʤ ʦʙʝ ʯʘʩʪʠ ʥʝʨʘʚʝʥʩʪʚʘ χÁ

σ ȿρτυÁȿ ʚ ʢʚʘʜʨʘʪ ʠ ʧʦʣʫʯʠʤ: 

τωÁ τςÁω ρωφρτπÁςυÁȠ 

ςτÁ ωψÁρψχπ. 

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʨʝʰʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ςτÁ ωψÁρψχπȢ 

ɼʣʷ ʥʘʯʘʣʘ ʥʘʡʜʸʤ ʜʠʩʢʨʠʤʠʥʘʥʪ ʫʨʘʚʥʝʥʠʷ. 

$ ωψ τϽςτϽρψχττω ςτϽρψχ τςτπρττψψτϽφψψωςϽψσȢ 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʨʥʷʤʠ ʫʨʘʚʥʝʥʠʷ ςτÁ ωψÁρψχπ ̫ ʚʣʷʶʪʩʷ 

 Áȟ Ƞ 

Á ȠÁ υȢ   

ʈʝʰʝʥʠʝʤ ʥʝʨʘʚʝʥʩʪʚʘ ςτÁ ωψÁρψχπ ʙʫʜʫʪ ʟʥʘʯʝʥʠʷ Áɴ ЊȠ  ᷾

 υȟυȠЊȢ 

ʉ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ Á  ʧʦʣʫʯʠʤ, ʯʪʦ Áɴ  υȟυȠЊȢ 

ʆʪʚʝʪ: Áɴ  υȟυȠЊȢ 

ʅʘ ʵʪʠʭ ʧʨʠʤʝʨʘʭ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʧʘʨʘʤʝʪʨʦʤ ʚʘʞʥʦ ʫʤʝʪʴ 

ʤʳʩʣʠʪʴ, ʨʘʩʩʫʞʜʘʪʴ, ʪ. ʝ. ʠʤʝʪʴ ʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. ɼʘʥʥʳʝ ʟʘʜʘʯʠ ʥʝʣʴʟʷ ʨʝʰʠʪʴ, ʧʨʦʩʪʦ 

ʟʘʫʯʠʚ ʚʩʝ ʬʦʨʤʫʣʳ. ʂʘʞʜʦʝ ʟʘʜʘʥʠʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʠ ʷʚʣʷʝʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤ. ʅʝʣʴʟʷ ʨʝʰʘʪʴ ʧʦ ʝʜʠʥʦʤʫ ʦʙʨʘʟʮʫ, ʵʪʦ ʧʨʠʚʝʜʸʪ ʢ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʨʝʰʝʥʠʶ. ɺʦ 

ʚʨʝʤʷ ʵʢʟʘʤʝʥʘ ʩʪʦʠʪ ʠʩʢʘʪʴ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʠ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ, ʪʘʢ ʢʘʢ 

ʢʘʞʜʘʷ ʤʠʥʫʪʘ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʚʳʧʫʩʢʥʠʢʘ. 
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ʋɼʂ 62-9.7.04 

ɹʝʣʷʢʦʚ ɸ.ɸ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

 

ʆ ɺʆɿʄʆɾʅʆʉʊʀ ʉʆɿɼɸʅʀʗ ɸʃɻʆʈʀʊʄʆɺ ɸɺʊʆʂʆʄʇʆʅʆɺʂʀ ʇʈʀɹʆʈʆɺ 

ʄɽʊʆɼʆʄ ɹɸɿʀʈʆɺɸʅʀʗ ʇʆ ʇʈɽɼʓɼʋʑɽʄʋ ʆɹʒɽʂʊʋ 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ 

ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʨʝʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʪʨʝʤʷʩʴ ʩʦʭʨʘʥʠʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʧʦʜʯʠʥʷʷʩʴ ʧʦʪʨʝʙʥʦʩʪʷʤ ʚ ʦʪʨʘʩʣʝʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʧʦ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʛʠʙʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ (ɹɸ) ʚ ʦʪʩʝʢʘʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ), ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʦʪʦʨʦʤ 

ʠʤʝʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʩʭʝʤ 

ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʵʚʨʠʩʪʠʯʝʩʢʠʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢ ʟʘʜʘʯʝ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ ʨʘʟʥʦʨʦʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʦʩʪʨʦʝʥʳ ʥʘ ʤʝʪʦʜʘʭ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ [3, c. 48], ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ [2, c. 83] ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʛʦʜʦʛʨʘʬʘ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ [4, c. 207]. 

ʆʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʪʨʝʙʦʚʘʥʠʡ, ʠ ʧʦʵʪʦʤʫ ʠʭ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʦʛʨʘʥʠʯʝʥʘ ʨʘʥʥʠʤʠ ʵʪʘʧʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂɸ. 

ʏʪʦʙʳ ʘʣʛʦʨʠʪʤʳ ʙʳʣʠ ʧʨʠʛʦʜʥʳ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ, ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʜʦʣʞʥʳ ʥʦʩʠʪʴ ʦʙʦʙʱʘʶʱʠʭ ʭʘʨʘʢʪʝʨ. ɺ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ [1, c. 67] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʝʭʥʦʣʦʛʠʝʡ, ʩʧʦʩʦʙʥʦʡ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʪʦʧʦʣʦʛʠʷ. ɺ ʝʸ 

ʪʝʨʤʠʥʘʭ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪʩʝʢʘ ʩʯʠʪʘʝʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʝʪ 

ʠʥʚʘʨʠʘʥʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʣʘʩʪʠ ʜʦʧʫʩʢʘʝʤʳʭ 

ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʩʝʢʘ, ʘ ʪʘʢʞʝ ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ɹɸ. ʂʦʤʧʦʥʦʚʢʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʩʚʷʟʥʦʡ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴʶ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʩʫʱʝʩʪʚʫʝʪ ʛʦʤʝʦʤʦʨʬʠʟʤ ï ʦʪʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʜʥʦʟʥʘʯʥʦ ʠ ʥʝʧʨʝʨʳʚʥʦ ʧʨʝʦʙʨʘʟʫʝʪ 

ʧʨʦʝʢʪʥʫʶ ʩʭʝʤʫ ʨʘʟʤʝʱʝʥʠʷ ʚ ʨʘʙʦʯʫʶ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʧʦʜʦʙʨʘʪʴ ʵʪʦʪ ʦʧʝʨʘʪʦʨ ʠ ʠʩʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʊʘʢ ʢʘʢ ʜʣʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʩ ʪʦʧʦʣʦʛʠʷʤʠ, ʪʦ ʤʦʜʝʣʴ ʢʦʤʧʦʥʦʚʢʠ ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʯʥʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʛʝʨʤʝʪʠʯʥʳʡ ʦʪʩʝʢ ʂɸ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʦʤ 

ʪʨʝʙʫʝʪʩʷ ʨʘʟʤʝʩʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʙʦʨʦʚ. ʇʫʩʪʴ ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ ʦʪʩʝʢʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ʆʍ 

ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʂɸ, ʧʨʠʚʷʟʘʥʥʦʡ ʢ ʦʜʥʦʤʫ ʠʟ ʝʛʦ ʧʣʦʩʢʠʭ ʜʥʠʱ. ʂ ʢʦʤʧʦʥʦʚʢʝ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʤʦʥʪʘʞʥʳʭ 

ʟʘʟʦʨʦʚ, ʩʦʙʣʶʜʝʥʠʶ ʜʦʧʫʩʢʘʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ, ʥʘʠʤʝʥʴʰʝʤʫ ʦʪʢʣʦʥʝʥʠʶ ʤʘʩʩʦʚʦ-

ʮʝʥʪʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʠʩʭʦʜʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʩʪʝʥʦʢ ʦʪʩʝʢʘ ʦʪ 

ʜʝʡʩʪʚʠʷ ʚʠʙʨʦʫʜʘʨʥʦ-ʘʢʫʩʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 
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ʂ ʮʝʥʪʨʫ ʤʘʩʩ ʢʘʞʜʦʛʦ ʧʨʠʙʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʧʠʩʘʥʘ ʝʛʦ ʩʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ. 

ɹɸ ʩʪʨʝʤʷʪʩʷ ʨʘʟʤʝʩʪʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʦʩʴ ʍʩi ʩʦʚʧʘʜʘʣʘ ʩ ʦʩʴʶ ʆʍ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʘʪʴ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʨʠʙʦʨʦʚ ʧʦ ʪʝʦʨʝʤʝ ɻʶʡʛʝʥʩʘ-ʐʪʝʡʥʝʨʘ ʧʨʠ ʦʮʝʥʢʝ ʤʘʩʩʦʚʦ-

ʮʝʥʪʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʘʢʦ, ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʠ ʬʦʨʤʘ ʢʦʨʧʫʩʘ ʦʪʩʝʢʘ, ʝʩʣʠ ɹɸ 

ʢʨʝʧʠʪʩʷ ʢ ʝʛʦ ʩʪʝʥʢʘʤ, ʧʨʝʧʷʪʩʪʚʫʶʪ ʵʪʦʤʫ, ʠʟ-ʟʘ ʯʝʛʦ ʫʛʣʦʚʘʷ ʦʨʠʝʥʪʘʮʠʷ ʧʨʠʙʦʨʦʚ ʚ 

ʢʦʤʧʦʥʦʚʢʝ ʩʪʘʥʦʚʠʪʩʷ ʭʘʦʪʠʯʥʦʡ. ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʞʝ ʚʦ ʚʩʸʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʝʢʘ ʚ 

ʢʦʤʧʦʥʦʚʢʝ ʧʦʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʨʠʙʦʨʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʬʝʨʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʩʪʝʣʣʘʞʠ. ʅʦ ʚ 

ʣʶʙʦʤ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʦʚ ʤʘʩʩ ʧʨʠʙʦʨʦʚ ʦʩʪʘʸʪʩʷ ʭʘʦʪʠʯʥʳʤ. ʉʢʘʟʘʥʥʦʝ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 1. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʧʫʩʢʘʶʪʩʷ ʤʘʣʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʩʝʡ ɹɸ ʦʪ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʦʪʩʝʢʘ ʂɸ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʦʪ ʚʠʙʨʦʫʜʘʨʥʦ-

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʞʝ ʦʪ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʦʪʩʝʢʘ, ʪʝʧʣʦʚʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʢʦʤʧʦʥʦʚʢʘ ɹɸ ʚʩʝʛʜʘ ʥʝʦʜʥʦʨʦʜʥʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʥʦʚʢʠ ɹɸ ʧʦʩʪʝʧʝʥʥʦ 

ʤʝʥʷʝʪʩʷ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ. ʆʧʠʩʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʜʠʥʠʯʥʳʭ ʚʝʢʪʦʨʦʚ ʍʩi ʥʘʟʳʚʘʝʪʩʷ 

ʦʩʝʚʳʤ ʚʝʢʪʦʨʥʳʤ ʧʦʣʝʤ. 

 
 

ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʦʩʝʚʳʭ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ  

ʚ ʢʦʤʧʦʥʦʚʢʝ ʦʪʩʝʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

 

ʇʦʩʢʦʣʴʢʫ ʩʦʟʜʘʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠʪʝʨʘʮʠʦʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʦʧʠʩʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʪʦ ʟʜʝʩʴ ʤʦʞʝʪ ʧʦʤʦʯʴ ʪʦʧʦʣʦʛʠʷ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʦʜʙʦʨ ʦʧʝʨʘʪʦʨʘ ʛʦʤʝʦʤʦʨʬʠʟʤʘ, ʢʦʪʦʨʳʡ ʚ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʂɸ ʜʣʷ ʚʝʢʪʦʨʘ 

ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʤʧʦʥʦʚʢʠ ʚ ʧʨʦʝʢʪʥʦʡ ʩʭʝʤʝ ʨʘʟʤʝʱʝʥʠʷ ʠ ʚʝʢʪʦʨʘ ʝʛʦ ʥʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʚ ʨʘʙʦʯʝʡ ʩʭʝʤʝ ʨʘʟʤʝʱʝʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʦʙʣʘʩʪʠ ʜʦʧʫʩʢʘʝʤʳʭ ʟʥʘʯʝʥʠʡ, 
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ʨʘʩʩʯʠʪʳʚʘʝʪ ʢʦʦʨʜʠʥʘʪʳ ʫʩʪʘʥʦʚʢʠ ʧʨʠʙʦʨʦʚ ʙʝʟ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʩʦ ʩʪʝʥʢʘʤʠ ʦʪʩʝʢʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʦʡ ʦʧʝʨʘʪʦʨ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʙʘʟʠʨʦʚʘʥʠʷ ʧʦ ʧʨʝʜʳʜʫʱʝʤʫ ʦʙʲʝʢʪʫ. ʅʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ, ʢʦʛʜʘ ʦʨʛʨʘʬ ʘʣʛʦʨʠʪʤʘ 

ʷʚʣʷʝʪʩʷ ʫʥʠʢʫʨʩʘʣʴʥʳʤ, ʪʦ ʝʩʪʴ ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʢʦʤʧʦʥʦʚʢʫ ʟʘ ʦʜʠʥ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʦʭʦʜ ʚʩʝʭ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ ʤʘʩʩ ɹɸ ʙʝʟ ʚʦʟʚʨʘʪʦʚ. 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʝʢʘ ʠʤʝʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʘʷ ʨʘʙʦʯʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ɹɸ, ʯʴʠ 

ʚʝʢʪʦʨʘ ʍʩi ʦʙʨʘʟʫʶʪ ʦʩʝʚʦʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ. ɽʩʣʠ ʚʟʷʪʴ ʠ ʧʝʨʝʥʝʩʪʠ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʩʘʤʠʤ 

ʩʝʙʝ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʥʘʯʠʥʘʣʠʩʴ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ, ʪʦ ʠʭ ʢʦʥʮʳ ʙʫʜʫʪ ʣʝʞʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʬʝʨʳ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʝʚʦʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʦʪʦʙʨʘʞʘʝʪ ʪʦʯʢʠ ʮʝʥʪʨʦʚ 

ʤʘʩʩ ɹɸ ʠʟ ʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʘʥʥʦʡ ʩʬʝʨʳ. ʇʦʷʩʥʠʪʝʣʴʥʳʡ 

ʨʠʩʫʥʦʢ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ. 

 
 

ʈʠʩ. 2. ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʝʜʠʥʠʯʥʳʭ ʚʝʢʪʦʨʦʚ  

ʠʟ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʥʘ ʩʬʝʨʫ 

 

ɸʥʘʣʦʛʠʯʥʦ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʥʘ ʩʬʝʨʫ ʦʪʦʙʨʘʞʘʶʪʩʷ ʪʦʯʢʠ ʝʜʠʥʠʯʥʳʭ 

ʚʝʢʪʦʨʦʚ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʤʘʩʩ ɹɸ ʠʟ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʂɸ. ʉʦʝʜʠʥʷʷ ʠʭ 

ʩʦʛʣʘʩʥʦ ʥʫʤʝʨʘʮʠʠ ʧʨʠʙʦʨʦʚ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʦʥʪʫʨ, ʦʙʨʘʟʦʤ 

ʢʦʪʦʨʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʝʢʘ ʚʳʩʪʫʧʘʝʪ ʦʢʨʫʞʥʦʩʪʴ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʤʠʜʝʣʶ ʩʝʯʝʥʠʷ ʂɸ. ʕʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
 

ʈʠʩ. 3. ʇʦʣʫʯʝʥʠʝ ʢʦʥʪʫʨʘ ʥʘ ʩʬʝʨʝ  

ʧʦ ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʘʤ ʠʟ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʵʪʦʪ ʢʦʥʪʫʨ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʪʨʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʩʬʝʨʳ ʧʦʪʦʤʫ, 

ʯʪʦ ʦʩʠ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʷʟʘʥʳ ʢ ʮʝʥʪʨʫ ʜʦʥʥʦʛʦ (ʤʠʜʝʣʝʚʦʛʦ) ʩʝʯʝʥʠʷ ʦʪʩʝʢʘ 

ʂɸ. ɽʛʦ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʩʦʝʜʠʥʝʥʘ ʩ ʥʘʯʘʣʴʥʦʡ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʮʝʥʪʨʫ ʤʘʩʩ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʥʪʫʨ ʤʦʞʝʪ ʙʳʪʴ ʩʪʷʥʫʪ ʚ ʪʦʯʢʫ ʮʝʥʪʨʘ ʤʘʩʩ 
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ʂɸ ʥʘ ʩʬʝʨʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʧʨʠʙʦʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʪʨʦʛʦ ʥʘ ʧʨʦʜʦʣʴʥʦ ʦʩʠ ʦʪʩʝʢʘ. 

ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʥʘʥʦʩʧʫʪʥʠʢʦʚ, ʠ ʪʦʛʜʘ ʦʨʛʨʘʬ ʘʣʛʦʨʠʪʤʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʙʫʜʝʪ ʣʠʥʝʡʥʳʤ, ʘ, ʟʥʘʯʠʪ, ʫʥʠʢʫʨʩʘʣʴʥʳʤ. 

ʆʩʪʘʸʪʩʷ ʫʩʪʘʥʦʚʠʪʴ, ʷʚʣʷʶʪʩʷ ʣʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʦʨʛʨʘʬʳ ʘʣʛʦʨʠʪʤʦʚ ʫʥʠʢʫʨʩʘʣʴʥʳʤʠ. 

ɺ ʦʩʝʚʦʤ ʚʝʢʪʦʨʥʦʤ ʧʦʣʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʳʜʝʣʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʂʘʢ ʙʳʣʦ 

ʩʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʢʦʤʧʦʥʦʚʢʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ ʦʥʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʣʷ 

ʚʝʢʪʦʨʦʚ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʤʘʩʩ ɹɸ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʣʠʯʠʝ ʚʳʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʥʪʫʨʘ ʥʘ ʩʬʝʨʝ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʪʦʧʦʣʦʛʠʠ, ʝʩʣʠ ʢʦʥʪʫʨ ʥʘ ʩʬʝʨʝ ʙʫʜʝʪ ʥʝʟʘʤʢʥʫʪʳʤ, ʪʦ ʵʪʦ ʨʘʚʥʦʩʠʣʴʥʦ 

ʪʦʤʫ, ʯʪʦ ʦʨʛʨʘʬ ʘʣʛʦʨʠʪʤʘ ʥʝ ʙʫʜʫʪ ʫʥʠʢʫʨʩʘʣʴʥʳʤ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʩʝʚʦʝ 

ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤ. ʊʦ ʝʩʪʴ, ʯʘʩʪʴ ʚʝʢʪʦʨʦʚ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ 

ʤʘʩʩ ɹɸ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʦʩʠ ʂɸ. ʊʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ, ʚ ʢʘʢʦʡ ʤʝʨʝ ʵʪʦ ʧʦʣʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʥʳʤ, ʯʪʦʙʳ ʢʦʥʪʫʨ ʩʪʘʣ ʥʝʟʘʤʢʥʫʪʳʤ ʥʘ ʩʬʝʨʝ. ɺʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʚʘʨʠʘʥʪʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. ɺ ʮʝʣʷʭ ʦʙʦʙʱʝʥʠʷ ʥʘʯʘʣʦ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʧʝʨʝʤʝʱʝʥʦ ʚ ʪʦʯʢʫ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʩʝʢʘ. 

 
 

ʈʠʩ. 4. ɺʘʨʠʘʥʪʳ ʢʦʥʪʫʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʝʢʪʦʨʦʚ  

ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʤʘʩʩ ʧʨʠʙʦʨʦʚ 

 

ʇʦ ʨʠʩʫʥʢʫ 4 ʛʨʘʬʠʯʝʩʢʠ ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʢʦʥʪʫʨ ʦʩʪʘʸʪʩʷ 

ʟʘʤʢʥʫʪʳʤ ʥʘ ʩʬʝʨʝ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ ʦʙʭʦʜʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʚʦʢʨʫʛ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʂɸ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʠʣʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʫʜʘʸʪʩʷ ʩʜʝʣʘʪʴ ʧʦʣʥʳʡ 

ʦʙʦʨʦʪ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʵʪʦʛʦ ʩʜʝʣʘʪʴ ʥʝ ʫʜʘʸʪʩʷ. ʇʝʨʝʥʦʩ ʥʘʯʘʣʘ ʙʘʟʦʚʦʡ ʩʠʩʪʝʤʳ 
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ʢʦʦʨʜʠʥʘʪ ʂɸ ʥʘ ʜʦʥʥʳʡ ʩʨʝʟ ʦʪʩʝʢʘ ʫʤʝʥʴʰʘʝʪ ʜʣʠʥʫ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʥʪʫʨʦʚ ʚʜʚʦʝ, ʠ 

ʧʦʪʦʤʫ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ. 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʢʦʥʪʫʨ ʙʫʜʝʪ ʥʝ ʟʘʤʢʥʫʪʳʤ, ʝʩʣʠ ʧʨʠʙʦʨʳ ʨʘʟʤʝʱʘʶʪʩʷ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʂɸ. ʆʜʥʘʢʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʪʦʤʫ 

ʯʪʦ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʮʝʥʪʨʦʚʢʘ ʦʪʩʝʢʘ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʨʛʨʘʬʳ 

ʘʣʛʦʨʠʪʤʦʚ ʨʘʟʤʝʱʝʥʠʷ ɹɸ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʢʦʤʧʦʥʦʚʦʢ ʷʚʣʷʶʪʩʷ 

ʫʥʠʢʫʨʩʘʣʴʥʳʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʠʭ ʩʭʝʤ ʨʘʟʤʝʱʝʥʠʷ ɹɸ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʚʦʟʤʦʞʥʳ ʘʣʛʦʨʠʪʤʳ, 

ʚʳʧʦʣʥʷʶʱʠʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʟʘ ʦʜʠʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʦʭʦʜ ʚʩʝʭ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ ʤʘʩʩ 

ɹɸ ʙʝʟ ʚʦʟʚʨʘʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʧʝʨʘʪʦʨʦʚ ʛʦʤʝʦʤʦʨʬʠʟʤʘ, 

ʦʙʲʝʜʠʥʷʶʱʠʝ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʦʜʠʥʦʯʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʠ ʤʝʪʦʜ ʙʘʟʠʨʦʚʘʥʠʷ ʧʦ 

ʧʨʝʜʳʜʫʱʝʤʫ ʦʙʲʝʢʪʫ. 
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ʋɼʂ 519.63 

ɹʝʰʪʦʢʦʚʘ ɿ.ɺ. 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʘʣʴʯʠʢ, ʈʦʩʩʠʷ 

 

ʆɹ ʆɼʅʆʁ ʅɽʃʆʂɸʃʔʅʆʁ ʂʈɸɽɺʆʁ ɿɸɼɸʏɽ  

ɼʃʗ ʄʅʆɻʆʄɽʈʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ʇɸʈɹʆʃʀʏɽʉʂʆɻʆ ʊʀʇɸ ʆɹʑɽɻʆ ɺʀɼɸ 
 

ʀʩʩʣʝʜʫʝʪʩʷ ʥʝʣʦʢʘʣʴʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʤʥʦʛʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ 

ʪʠʧʘ ʦʙʱʝʛʦ ʚʠʜʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʇʨʝʜʣʦʞʝʥʘ ʣʦʢʘʣʴʥʦ-ʦʜʥʦʤʝʨʥʘʷ 

(ʵʢʦʥʦʤʠʯʥʘʷ) ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ. ɼʦʢʘʟʘʥʳ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʭʦʜʠʤʦʩʪʴ 

ʨʝʰʝʥʠʷ ʨʘʟʥʦʩʪʥʦʡ ʟʘʜʘʯʠ ʢ ʨʝʰʝʥʠʶ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ.  

1. ʇʦʩʪʘʥʦʚʢʘ ʥʝʣʦʢʘʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ. 

ɺ ʟʘʤʢʥʫʪʦʡ ʦʙʣʘʩʪʠ ὗ Ὃ π ὸ Ὕ ʨʘʩʩʤʦʪʨʠʤ ʥʝʣʦʢʘʣʴʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʜʣʷ 

ʤʥʦʛʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʦʙʱʝʛʦ ʚʠʜʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

 ὒό Ὢὼȟὸȟ      ὼȟὸᶰὗȟ                                                          ρ 

 

Ὧ ὼȟὸ ‍ όὰȟὼᴂȟὸ ᷿”ὸȟ†όὰȟὼᴂȟὸὨ† ‘ ὼȟὸȟὼ πȟπ ὸ Ὕȟ

Ὧ ὼȟὸ ‍ ό ‘ ὼȟὸȟὼ ὰȟπ ὸ Ὕȟ
   ς 

 όὼȟπ ό ὼȟὼɴ Ὃȟ                                                                 σ 

ʛʜʝ ὒό В ὒόȟ   ὒό Ὧ ὼȟὸ ὶὼȟὸ ή ὼȟὸόȟ  π ὧ

Ὧ ὼȟὸ ὧȟ 

ȿὶὼȟὸȿȟὯ ὼȟὸȟὶ ὼȟὸȟȿή ὼȟὸȿȟȿɟὸȟŰȿȟ‍ ὼȟὸ ὧȟ                           τ 

 Ὧ ὼȟὸᶰὅȟ ὗ ȟὶὼȟὸȟή ὼȟὸȟ ” ὼȟὸᶰὅȟ ὗ ȟ‌ ρȟςȟȢȢȢȟὴȟ 

 ὧȟὧȟὧ ̝̜̠̜̐̏̌̏̇̉̓̆̌̎̆̐̏̒̓̏̎̎̆ȟ    ὗ Ὃ π ὸ Ὕȟ 

Ὃ ὼ ὼȟὼȟȢȢȢȟὼ ȡπ ὼ ὰȟ‌ ρȟςȟȢȢȢȟὴ, Ὃ Ὃ᷾ɜȟ ʛʜʝ ɜ ï ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ. 

 

2. ʇʦʩʪʨʦʝʥʠʝ ʣʦʢʘʣʴʥʦ-ʦʜʥʦʤʝʨʥʦʡ ʨʘʩʟʥʦʪʩʥʦʡ ʩʭʝʤʳ (ʃʆʈʉ). 

ɺʚʝʜʝʤ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʠ ὕὼ ʩ ʰʘʛʦʤ Ὤȡ  

 ‫ Б ‫ ȟ    ‫ ὼ ὭᴐȡὭ πȟρȟȢȢȢȟὔȟὔὬ ὰȟ‌ ρȟςȟȢȢȢȟὴȟ 

 ᴐ
ὬȟὭ ρȟςȟȢȢȢȟὔ ρȟ

ȟ    Ὥ πȟὔȢ
 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ [1; 2] ʥʘ ʦʪʨʝʟʢʝ πȟὝ ʚʚʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʘʷ ʩʝʪʢʘ ‫ ὸ Ὦ†ȟ Ὦ†

4ȟ   Ὦ πȟρȟȢȢȢȟὮȢ ʆʪʨʝʟʢʠ ὸȟὸ  ʨʘʟʦʙʠʚʘʶʪʩʷ ʪʦʯʢʘʤʠ ὸ ὸ † ȟ‌ ρȟςȟȢȢȢȟὴ ρ ʥʘ 

ὴ ʯʘʩʪʝʡ. ʏʝʨʝʟ ɝ ʦʙʦʟʥʘʯʠʤ ʧʦʣʫʠʥʪʝʨʚʘʣ ὸ ȟὸ , ʛʜʝ ‌ ρȟςȟȢȢȢȟὴȢ 
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ʇʨʝʜʩʪʘʚʠʤ (1) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ В Ζό πȟΖό ὒό Ὢȟʛʜʝ Ὢ ὼȟὸ ï 

ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʪʦʡ ʞʝ ʛʣʘʜʢʦʩʪʴʶ, ʯʪʦ ʠ Ὢȟ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 

ʥʦʨʤʠʨʦʚʢʠ В Ὢ ὪȢ 

ʅʘ ɝ ʧʨʠ ‌ ρȟςȟȢȢȢȟὴ ʙʫʜʝʤ ʨʝʰʘʪʴ ʟʘʜʘʯʠ  

Ζ‮
ρ

ὴ

‬‮

‬ὸ
ὒ‮ Ὢ πȟ ὼɴ Ὃȟ ὸɴ ɝȟ‌ ρȟςȟȢȢȢȟὴȟ                   υ 

Ὧ ‍ ‮ ὰȟὼᴂȟὸ ᷿”ὸȟ†‮ ὰȟὼᴂȟὸὨ†‘ ὼȟὸȟ  ὼ πȟ

Ὧ ‍ ‮ ‘ ὼȟὸȟὼ ὰȟ
               φ 

ʧʦʣʘʛʘʷ ʧʨʠ ʵʪʦʤ [2, ʩ. 522]  

 ‮ ὼȟπ ό ὼȟ‮ ὼȟὸ ‮ ὼȟὸ ȟ‌ ςȟσȟȢȢȢὴȟ             χ 

 ‮ ὼȟὸ ‮ ὼȟὸȟ    Ὦ ρȟςȟȢȢȢȟὮȢ 

ɺʤʝʩʪʦ ʫʨʘʚʥʝʥʠʷ (5) ʥʦʤʝʨʘ ‌ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʨʘʩʩʤʦʪʨʠʚʘʪʴ ʫʨʘʚʥʝʥʠʝ ʩ 

ʚʦʟʤʫʱʝʥʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ὒ [2, cʪʨ. 167]:  

 ὒ‮ Ὢ ȟ    ὸɴ ɝȟ‌ ρȟςȟȢȢȢȟὴȟ                                              ψ 

 ὒ‮   Ὧ ὼȟὸ ὶὼȟὸ ή ὼȟὸ‮ ȟ 

   ȟὙ
Ȣ ȿ ȿ

̑́̈̎̏̒̓̎̏̆ ̘̉̒̌̏ ̝̋̆̊̎̏̌̅̒́ȟ 

ὶ πȢυὶ ȿὶȿ πȟὶ πȢυὶ ȿὶȿ πȟὦ ȟὦ ȟὶ ὶ ὶȟὥ

ὥ ȟ  ὥ Ὧ ὼ ȾȟὸӶ Ὧ ὼȟȢȢȢȟὼ ȟὼ πȢυὬȟὼ ȟȢȢȢȟὼȟὸӶȟ 

ᴐ
ὬȟὭ ρȟςȟȢȢȢȟὔ ρȟ

ȟ    Ὥ πȟὔȟ
Ὠ ή ὼȟὸӶȟ   ” ὴ ὸӶȟÓӶȟ   • Ὢ ὼȟὸӶȟ    ὸӶ

ὸ Ȣ 

ʋʨʘʚʥʝʥʠʝ (8) ʥʦʤʝʨʘ ‌ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤ ʥʘ ὸ ȟὸ  ʥʝʷʚʥʦʡ ʩʭʝʤʦʡ ʠ ʧʦʣʫʯʠʤ 

ʮʝʧʦʯʢʫ ʠʟ ὴ ʦʜʥʦʤʝʨʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ [3; 4]:  

 ɤώ • ȟ    ‌ ρȟςȟȢȢȢȟὴȟ    ὼ ᶰ‫ ȟ                                 ω 

ừ
Ử
Ừ

Ử
ứ
πȢυὬ

ώ ώ

†
ɤώ ‘ ȟὼ πȟ

πȢυὬ
ώ ώ

†
ɤώ ‘ ȟὼ ὰȟ

                                        ρπ 

 ώὼȟπ ό ὼȟ                                                                      ρρ 

ɤώ   ὥώ ὦὥ ώӶ ὦὥώӶ Ὠώ ȟ 

ɤώ   ὥ ώ ȟ В ὴȟώ † ‍ ώ Äώ ȟὼ πȟ  

ɤώ   ὥ ώӶȟ ‍ ώ πȢυὬВ ὴώ ᴐȟ ὼ ὰȟ  

‘ ‘ πȢυὬὪȟȟ‘ ‘ πȢυὬὪȟ ȟ    ‘ ‘ ὸȟ  
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‍ ‍ πȢυὬὨ ȟ  ώӶ ȟ 

 
Ȣ ȿ ȿ

Ȣ

ȟὶ πȟ     
Ȣ ȿ ȿ

Ȣ

ȟὶ πȢ  

ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ (4), ʪʦʛʜʘ ʩʭʝʤʘ (9)-(11) ʫʩʪʦʡʯʠʚʘ ʧʦ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʠ ʥʘʯʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʪʘʢ ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (9)-(11) ʧʨʠ † † ʠʤʝʝʪ ʤʝʩʪʦ 

ʦʮʝʥʢʘ  

ώ᷆ ᷆ ὓВ †В •᷆
 
᷆   

В †В В ‘ πȟὼᴂȟὸ ‘ ὰȟὼᴂȟὸ ὌȾᴐ ώ᷆ ᷆ ȟ  

ʛʜʝ ὓ ὧέὲίὸπ ʥʝ ʟʘʚʠʩʠʪ ʦʪ Ὤ ʠ †, ὼᴂ ὼȟὼȟȢȢȢȟὼ ȟὼ ȟȢȢȢȟȟὼ . 

 

3. ʉʭʦʜʠʤʦʩʪʴ ʃʆʈʉ. 

ʇʫʩʪʴ ᾀ ώ ό ȟ ʛʜʝ ό  ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(3). ʇʦʜʩʪʘʚʣʷʷ ώ ᾀ

ό  ʚ (9)-(11), ʧʦʣʫʯʠʤ ʟʘʜʘʯʫ ʜʣʷ ʧʦʛʨʝʰʥʦʩʪʠ ᾀ :  

 ɤᾀ ‪ ȟ                                                          ρς 

 πȢυὬ ɤᾀ ‪ ȟὼ πȟ 

 πȢυὬ ɤᾀ ‪ ȟὼ ὰȟ 

 ᾀὼȟπ πȟ 

ʛʜʝ  

 ‪ ‪ ‪ᶻȟ    ‪ ὕρȟ    ‪ᶻ ὕὬ †ȟ        ‪ πȢυὬ‪ ‪ᶻȟ 

     ‪ πȢυὬ‪ ‪ᶻȟ    ‪ ὕὬ †ȟ    ‪ ὕρȟВ ‪ πȢ 

ʇʦ ʘʥʘʣʦʛʠʠ ʩ [2, ʩ. 528] ʧʨʝʜʩʪʘʚʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (12) ʚ ʚʠʜʝ ʩʫʤʤʳ ᾀ ‡

– ȟᾀ ᾀ ȟ ʛʜʝ –  ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ  

 ‪ȟὼɴ ‫ ‎ȟȟ‌ ρȟςȟȢȢȢȟὴȟ                                          ρσ 

 –ὼȟπ πȟ    ‪

‪ȟὼ ᶰ‫ ȟ

‪ ȟὼ πȟ
‪ ȟὼ ὰȢ

 

ʀʟ (13) ʩʣʝʜʫʝʪ – – – †‪ ‪ ȢȢȢ‪ – ȢȢȢ – πȟ–

†‪ ‪ ȢȢȢ‪ †‪ ȢȢȢ‪ ὕ†Ȣ 

ʌʫʥʢʮʠʷ ‡  ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ  

 ɤ‡ ‪ȟ‪ ɤ– ‪ᶻȟὼɴ ‫ ȟ                                 ρτ 

 πȢυὬ ɤ‡ ‪ ȟ‪ ɤ– ‪ᶻȟὼ πȟ                          ρυ 

 πȢυὬ ɤ‡ ‪ ȟ‪ ɤ– ‪ᶻȟὼ ὰȟ                         ρφ 
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 ‡ὼȟπ πȢ                                                                        ρχ 

ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʚ ʟʘʤʢʥʫʪʦʡ ʦʙʣʘʩʪʠ ὗ ʧʨʦʠʟʚʦʜʥʳʝ , ‌ ‍ȟ ʪʦ 

ɤ– †ɤ ‪ ȢȢȢ‪ ὕ†ȟɤ– ὕ†. 

ʆʮʝʥʠʚʘʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (14)-(17) ʥʘ ʦʩʥʦʚʘʥʠʠ ʊʝʦʨʝʤʳ 1, ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ ʜʣʷ ‡ 

 ‡᷆ ᷆ ὓВ †В ‪᷆
 
᷆  

В †В В ‪ πȟὼᴂȟὸ ‪ ὰȟὼᴂȟὸ ὌȾᴐ Ȣ                                 ρψ 

ʊʘʢ ʢʘʢ – πȟ– ὕ†ȟ᷆ ᾀ᷆ ‡᷆ ȟ᷆ ʪʦʛʜʘ ʩ ʫʯʝʪʦʤ (18) ʩʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ 

 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ (4), ʟʘʜʘʯʘ (1)-(3) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʥʝʧʨʝʨʳʚʥʦʝ ʚ ὗ ʨʝʰʝʥʠʝ όὼȟὸ ʠ ʩʫʱʝʩʪʚʫʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʚ ὗ ʧʨʦʠʟʚʦʜʥʳʝ  

‬ό

‬ὸ
ȟ
‬ό

‬ὼ‬ὼ
ȟ

‬ό

‬ὼ‬ὸ
ȟ

‬Ὧ

‬ὼὼ
ȟ

‬ὶ

‬ὼ
ȟ

‬ή

‬ὼ
ȟ

‬”

‬ὼ
ȟ

‬Ὢ

‬ὼ
ȟρ ‌ȟ‍ ὴ ȟ    ‌ ‍ȟ 

ʪʦʛʜʘ ʃʆʈʉ (9)-(11) ʩʭʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ (1)-(3) ʩʦ ʩʢʦʨʦʩʪʴʶ ὕȿὬȿ

†ȟ ʪʘʢ ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʤ † ʠʤʝʝʪ ʤʝʩʪʦ ʦʮʝʥʢʘ  

ώ᷆ ό ᷆ ὓ ȿὬȿ †ȟ    π † †ȟ 

ʛʜʝ ȿὬȿ Ὤ Ὤ ȢȢȢὬ Ȣ 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɻʘʟʠʥ ʈ.ʈ., ʀʩʣʘʤʛʫʣʦʚʘ ɻ.ʌ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʊʆʈʅɸɼʆ 

 

ʎʝʣʴ ʨʘʙʦʪʳ: ʜʘʪʴ ʧʦʥʷʪʠʝ ʦʧʨʝʜʝʣʝʥʠʶ ʪʦʨʥʘʜʦ, ʨʘʩʩʤʦʪʨʝʪʴ ʝʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, 

ʨʘʡʦʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʨʘʟʦʙʨʘʪʴ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʠʪʴ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ. ɸʪʤʦʩʬʝʨʘ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʠʭʨʝʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʝʡ ʩʫʱʝʩʪʚʫʶʪ, ʢʘʢ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ, ʩʨʝʜʥʠʝ, ʪʘʢ ʠ ʤʝʣʢʠʝ ʚʠʭʨʝʚʳʝ ʷʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ: ʮʠʢʣʦʥʳ, ʪʘʡʬʫʥʳ, 

ʪʦʨʥʘʜʦ ʠ ʙʦʣʝʝ ʤʝʣʢʠʝ ʩʤʝʨʯʠ [1]. 

ʊʦʨʥʘʜʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʦʝ ʚʠʭʨʝʚʦʝ ʘʥʦʤʘʣʴʥʦʝ ʷʚʣʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ 

ʦʛʨʦʤʥʳʤ ʟʘʧʘʩʦʤ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ ʩʠʣʦʡ. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, 

ʪʦʨʥʘʜʦ ï ɻʪʦ ʘʪʤʦʩʬʝʨʥʦʝ ʷʚʣʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʚʨʘʱʘʶʱʠʡʩʷ ʩ ʦʛʨʦʤʥʦʡ ʩʠʣʦʡ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʡ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ, ʩʪʦʣʙ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʟʘʤʳʢʘʝʪʩʷ ʤʝʞʜʫ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ʤʘʪʝʨʠʥʩʢʠʤ ʦʙʣʘʢʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʠʣʠ ʞʝ ʚʦʜʳ [1, ʩ. 64]. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʚʳʜʝʣʷʶʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʪʤʦʩʬʝʨʥʳʭ ʚʠʭʨʝʡ. ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʘʤʳʝ ʦʩʥʦʚʥʳʝ, ʦʥʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ɺʠʜʳ ʩʤʝʨʯʝʡ 

 

ɺʠʜ ʆʧʠʩʘʥʠʝ 

ɹʠʯʝʧʦʜʦʙʥʳʡ ʉʘʤʳʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʠ ʥʘʠʤʝʥʝʝ ʦʧʘʩʥʳʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʚʠʜʘʤʠ, 

ʚʠʜ ʪʦʨʥʘʜʦ, ʩʭʦʞʠʡ ʩ ʢʥʫʪʦʤ ʠʣʠ ʞʝ ʙʠʯʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ ʜʘʥʥʳʡ ʚʠʜ ʚʠʭʨʝʚʦʛʦ 

ʷʚʣʝʥʠʷ ʟʘʨʦʞʜʘʝʪʩʷ ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʜ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚ ʛʣʫʙʴ ʩʫʰʠ. ʉ ʚʠʜʫ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʝ ʠ 

ʠʟʚʠʣʠʩʪʳʝ. 

ʈʘʩʧʣʳʚʯʘʪʳʝ ɺʠʜ ʩʤʝʨʯʝʡ, ʩʧʦʩʦʙʥʳʭ ʥʘʥʦʩʠʪʴ ʢʦʣʦʩʩʘʣʴʥʳʡ ʫʨʦʥ ʚʩʝʤʫ ʦʢʨʫʞʘʶʱʝʤʫ ʟʘ 

ʩʯʝʪ ʦʩʦʙʦʛʦ ʩʪʨʦʝʥʠʷ.  ʅʘʧʦʤʠʥʘʶʪ ʦʛʨʦʤʥʳʝ ʦʙʣʘʢʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʚʦʨʦʥʦʢ, ʧʦʩʪʦʷʥʥʦ ʚʝʨʪʷʱʠʭʩʷ ʩ ʥʝʚʝʨʦʷʪʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʘʜ 

ʩʘʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ. 

ʉʦʩʪʘʚʥʳʝ ɺʠʜ ʩʤʝʨʯʝʡ ʧʦʭʦʞʠʭ ʥʘ ʧʨʝʜʳʜʫʱʠʡ.  ʉʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʥʫʪʦʚ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʨʘʱʘʶʱʠʭʩʷ ʚʦʢʨʫʛ ʦʩʥʦʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʚʦʨʦʥʢʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʫʥʠʯʪʦʞʘʷ ʚʩʸ ʥʘ ʩʚʦʝʤ ʧʫʪʠ. 

ɿʝʤʣʷʥʳʝ ɺʠʜ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʪʦʨʥʘʜʦ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʬʦʥʝ ʩʝʨʴʝʟʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʢʣʠʟʤʦʚ. ʉ ʚʠʜʫ, ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʪʦʨʥʘʜʦ, ʦʥʠ ʦʯʝʥʴ ʫʟʢʠʝ, 

ʧʦʭʦʞʠʝ ʥʘ ʞʛʫʪʳ. 

ʇʝʩʯʘʥʳʝ ʆʙʨʘʟʫʶʪʩʷ ʦʥʠ ʢʘʢ ʧʨʘʚʠʣʦ ʚ ʧʫʩʪʳʥʥʳʭ ʨʝʛʠʦʥʘʭ ʧʨʠ ʩʠʣʴʥʳʭ ʧʝʨʝʛʨʝʚʘʭ 

ʟʝʤʣʠ ʚ ʤʘʣʦʦʙʣʘʯʥʫʶ ʧʦʛʦʜʫ. ʇʦ ʚʨʝʤʝʥʠ ʜʘʥʥʳʡ ʚʠʜ ʚʠʭʨʝʡ ʩʧʦʩʦʙʝʥ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʧʘʨʳ ʤʠʥʫʪ. 

ʉʥʝʞʥʳʝ ʆʙʨʘʟʫʶʪʩʷ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʳʭ ʤʝʪʝʣʝʡ 

ʠ ʚʴʶʛ. ʊʘʢʠʝ ʩʤʝʨʯʠ ʦʯʝʥʴ ʦʧʘʩʥʳ ʜʣʷ ʘʣʴʧʠʥʠʩʪʦʚ, ʠʤʝʥʥʦ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʟʦʥʝ ʨʠʩʢʘ ʠ ʟʘʯʘʩʪʫʶ ʧʦʛʠʙʘʶʪ, ʚʩʪʨʝʯʘʷʩʴ ʩ ʜʘʥʥʳʤ ʷʚʣʝʥʠʝʤ 
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ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ɺ ʥʘʰʝ ʚʨʝʤʷ ʫʯʝʥʳʤʠ ʜʦ ʩʠʭ ʧʦʨ ʧʦʣʥʦʩʪʴʶ ʥʝ ʠʟʫʯʝʥʳ ʧʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʨʥʘʜʦ, 

ʦʥʠ ʣʠʰʴ ʤʦʛʫʪ ʫʢʘʟʘʪʴ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʷʚʣʝʥʠʷ. ʀʟʚʝʩʪʥʳ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʨʥʘʜʦ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʠʟ ʛʨʦʟʦʚʦʛʦ 

ʦʙʣʘʢʘ ʦʙʨʘʟʫʝʪʩʷ ʚʦʨʦʥʢʘ, ʟʘʚʠʩʘʶʱʘʷ ʥʘʜ ʟʝʤʣʝʡ. ʅʘʭʦʜʷʩʴ ʥʘʜ ʦʙʣʘʢʦʤ, ʭʦʣʦʜʥʳʝ ʩʣʦʠ 

ʚʦʟʜʫʭʘ ʦʧʫʩʢʘʶʪʩʷ ʚʥʠʟ ʥʘ ʩʤʝʥʫ ʪʝʧʣʳʤ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʩʪʨʝʤʣʷʶʪʩʷ ʚʚʝʨʭ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢ ʧʨʦʪʝʢʘʝʪ ʚʪʦʨʦʡ ʵʪʘʧ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʪʦʨʥʘʜʦ. ʕʪʘʧ, ʚ ʢʦʪʦʨʦʤ ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʚʠʭʨʴ, ʧʨʠʥʠʤʘʝʪ ʩʚʦʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʠʜ ʠ ʩ 

ʦʛʨʦʤʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʚʠʞʝʪʩʷ ʚ ʭʘʦʪʠʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʝʚʘʥʠʝ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʚʠʭʨʷ. ʊʘ ʤʦʱʴ ʠ ʩʠʣʘ, 

ʧʨʠʦʙʨʝʪʝʥʥʘʷ ʜʦ ʵʪʦʛʦ, ʫʤʝʥʴʰʘʝʪʩʷ, ʚʦʨʦʥʢʘ ʩʫʞʘʝʪʩʷ ʠ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʟʝʤʣʠ, ʧʦʩʪʝʧʝʥʥʦ 

ʦʙʨʘʪʥʦ ʧʦʜʥʠʤʘʷʩʴ ʚ ʤʘʪʝʨʠʥʩʢʦʝ ʦʙʣʘʢʦ. ɺʦ ʚʨʝʤʝʥʥʳʭ ʨʘʤʢʘʭ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʠʟ 

ʵʪʘʧʦʚ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʦʨʥʘʜʦ 

ʪʘʢ ʞʝ ʥʝ ʧʦʩʪʦʷʥʥʘ ʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 30 ʜʦ 60 ʢʤ/ʯ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʝʪ 210 

ʢʤ/ʯ [2, ʩ. 3]. 

ʅʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʤʝʩʪʦʤ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʟʘʨʦʞʜʘʶʪʩʷ ʪʦʨʥʘʜʦ, ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʢ 

ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ. ʀʤʝʥʥʦ ʥʘ ʥʝʤ ʝʞʝʛʦʜʥʦ ʬʠʢʩʠʨʫʝʪʩʷ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʘ 

ʠʤʝʥʥʦ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʰʪʘʪʘʭ ʉʐɸ. ʋʯʝʥʳʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʦʩʪʨʦʚʦʚ ʌʣʦʨʠʜʘ-

ʂʠʩ ʪʦʨʥʘʜʦ ʚʦʟʥʠʢʘʶʪ ʯʫʪʴ ʣʠ ʥʝ ʢʘʞʜʳʡ ʜʝʥʴ, ʩ ʢʦʥʮʘ ʚʝʩʥʳ ʜʦ ʩʝʨʝʜʠʥʳ ʦʩʝʥʠ, ʟʘ ʯʪʦ 

ʜʘʥʥʳʡ ʨʝʛʠʦʥ ʙʳʣ ʥʘʟʚʘʥ ʢʨʘʝʤ ʚʦʜʷʥʳʭ ʩʤʝʨʯʝʡ. ʀʟ ʠʩʪʦʨʠʠ ʤʦʞʥʦ ʫʧʦʤʷʥʫʪʴ 1969 ʛʦʜ, 

ʠʤʝʥʥʦ ʪʦʛʜʘ ʚ ʪʦʤ ʩʘʤʦʤ ʨʝʛʠʦʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 395 ʧʦʜʦʙʥʳʭ ʚʠʭʨʝʚʳʭ ʷʚʣʝʥʠʡ.  

ʉʣʝʜʫʶʱʠʤ ʤʝʩʪʦʤ ʥʘ ʥʘʰʝʡ ɿʝʤʣʝ, ʢʦʪʦʨʦʝ ʫʩʪʫʧʘʝʪ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʤʫ ʢʦʥʪʠʥʝʥʪʫ 

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʪʦʨʥʘʜʦ, ʷʚʣʷʝʪʩʷ ɽʚʨʦʧʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʇʠʨʝʥʝʡʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ. ʂʘʞʜʳʡ ʛʦʜ ʚ ʈʦʩʩʠʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʦʢʦʣʦ 100-300 ʩʤʝʨʯʝʡ ʚ ʛʦʜ, ʦʥʠ, ʙʝʟʫʩʣʦʚʥʦ, ʤʝʥʝʝ ʦʧʘʩʥʳ, ʯʝʤ ʚ ʉʐɸ, ʥʦ 

ʦʥʠ ʚʩʝ ʞʝ ʧʨʦʠʩʭʦʜʷʪ ʠ ʥʝʨʝʜʢʦ ʥʘʥʦʩʷʪ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ. ʊʘʢ ʞʝ ʧʦʜʦʙʥʳʝ ʚʠʭʨʝʚʳʝ ʷʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʩʪʨʘʥʘʭ: ɸʨʛʝʥʪʠʥʝ, ɸʚʩʪʨʘʣʠʠ, ʖɸʈ ʠ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ, ʚ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ ʤʝʩʪʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʨʥʘʜʦ ʚʳʜʝʣʝʥʳ ʪʝʤʥʦ ï ʩʝʨʳʤ ʮʚʝʪʦʤ (https://clck.ru/ecLhD).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʦʨʥʘʜʦ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ, ʦʙʦʠʭ ʧʦʣʫʰʘʨʠʡ. 

ʆʙʨʘʱʘʷʩʴ ʢ ʠʩʪʦʨʠʠ, ʦʬʠʮʠʘʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ, ʩʘʤʳʤ ʩʤʝʨʪʦʥʦʩʥʳʤ ʟʘ ʚʩʶ 

ʠʩʪʦʨʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʧʦʚʣʝʢʰʠʤ ʟʘ ʩʦʙʦʡ ʙʦʣʝʝ 1300 ʩʤʝʨʪʝʡ, ʷʚʣʷʝʪʩʷ ʪʦʨʥʘʜʦ ɼʘʫʣʘʪʧʫʨ-

ʉʘʪʫʨʠʷ. ʇʨʦʠʟʦʰʣʦ ʚʩʝ ʚ ɹʘʥʛʣʘʜʝʰʝ, ʦʢʨʫʛʝ ʄʘʥʠʢʛʘʥʜʞ, 26 ʘʧʨʝʣʷ 1989 ʛʦʜʘ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚʠʭʨʴ ʜʝʨʞʘʣ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʦʝʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʚʦʩʪʦʢ ʩʪʨʘʥʳ ʠ ʥʘʥʝʩ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʜʘʨ ʧʦ ʛʦʨʦʜʘʤ ɼʘʫʣʘʪʧʫʨ ʠ ʉʘʪʫʨʠʷ. ʊʦʛʜʘ, ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ, ʧʦʩʪʨʘʜʘʣʦ 

ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 12000 ʯʝʣʦʚʝʢ, ʘ ʙʝʟ ʞʠʣʴʷ ʦʩʪʘʣʦʩʴ ʦʢʦʣʦ 80000. ʋʯʝʥʳʝ ʧʨʝʜʧʦʣʦʞʠʣʠ, 

ʯʪʦ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʚ ʪʦʡ ʤʝʩʪʥʦʩʪʠ ʧʦʩʣʫʞʠʣʘ ʟʘʪʷʞʥʘʷ ʟʘʩʫʭʘ, 

ʜʣʠʚʰʘʷʩʷ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʧʦ ʤʘʣʳʤ ʤʝʨʢʘʤ ʦʢʦʣʦ ʧʦʣʫʛʦʜʘ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʩʤʝʨʯʠ [3].  
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ʊʘʙʣʠʮʘ 1 

ʉʘʤʳʝ ʢʨʫʧʥʳʝ ʪʦʨʥʘʜʦ ʟʘ ʠʩʪʦʨʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘ 

 

ʅʘʟʚʘʥʠʝ ʉʪʨʘʥʘ ɻʦʜ 
ʂʦʣʠʯʝʩʪʚʦ ʞʝʨʪʚ 

(ʯʝʣ.) 

ʊʦʨʥʘʜʦ ʄʘʜʘʨʛʘʥʞ-

ʄʨʠʟʘʧʫʨ 
ɹʘʥʛʣʘʜʝʰ 1996 700 

ʊʦʨʥʘʜʦ ʪʨʝʭ ʰʪʘʪʦʚ ʉʐɸ 1925 695 

ʊʦʨʥʘʜʦ ʄʘʥʠʢʛʘʥʜʞ-

ʉʠʥʛʘʡʨ-ʅʘʚʘʙʛʘʥʜʞ 
ɹʘʥʛʣʘʜʝʰ 1973 681 

ʊʦʨʥʘʜʦ ʚ ɼʘʢʢʝ 
ɹʘʥʛʣʘʜʝʰ (ʥʘ ʤʦʤʝʥʪ ʠʥʮʠʜʝʥʪʘ-

ʇʘʢʠʩʪʘʥ) 
1969 660 

ʊʦʨʥʘʜʦ ʚ ʃʘ-ɺʘʣʝʪʪʘ ʄʘʣʴʪʘ 1551 600 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʦʨʥʘʜʦ 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʪʦʨʥʘʜʦ. ɺ ʩʠʥʝʨʛʝʪʠʢʝ, ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ: 

Ћ6

ЋÔ
&6ȟȣȟ6 $Ў6  É ρȟȣȟÎȟ 

ʛʜʝ 6  ʧʝʨʝʤʝʥʥʳʝ, &  ʥʝʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ, $  ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ, 

Ў6
Ћ6

ЋØ

Ћ6

ЋÙ

Ћ6
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Ћ6

ЋÔ
& 6ȟ6 $Ў6ȟ

Ћ6

ЋÔ
& 6ȟ6 $Ў6 Ȣ  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʫʨʘʚʥʝʥʠʷ ʌʠʪʮʭʴʶ-ʅʘʛʫʤʦ [3, ʩ. 115]. 

Ä6

ÄÔ
6

6

σ
6 ) $Ў6 

Ä6

ÄÔ
ʀÁ 6 Â6 $Ў6 

ʛʜʝ 6ȟ6  ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ, )ȟÁȟÂȟʀ  ʧʘʨʘʤʝʪʨʳ: Á πȢχȟ  

Â πȢψȟ) πȢρτςȟ$ȟ$ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ. 

ɺ ʜʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʠʭʨʝʚʘʷ ʚʦʨʦʥʢʘ ʪʦʨʥʘʜʦ ʚʦʟʙʫʞʜʘʝʪʩʷ ʚʦʛʥʫʪʳʤʠ 

ʩʧʠʨʘʣʴʥʳʤʠ ʚʦʣʥʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʚʦʡ 

ʚʦʨʦʥʢʠ ʪʦʨʥʘʜʦ, ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʦʧʠʩʳʚʘʶʱʝʝ ʜʚʠʞʝʥʠʝ ʚʷʟʢʦʡ 

ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʫʨʘʚʥʝʥʠʷ, 

ʢʦʪʦʨʳʤʠ ʦʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

Ћʑᴆ

ЋÔ
ʑᴆϽɳ ʑᴆ ÖЎʑᴆ

ρ

ʍ
Ðɳ Æᴆȟ 

Ͻɳʑᴆ πȟ 

 

ʛʜʝ ʑᴆ 6ȟȣȟ6  ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ, Ð  ʜʘʚʣʝʥʠʝ, ᶯ  ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ, 

Ў  ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, Ô  ʚʨʝʤʷ, Ö  ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʍ  ʧʣʦʪʥʦʩʪʴ, 

Æᴆ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʤʘʩʩʦʚʳʭ ʩʠʣ. ʊʘʢʞʝ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʜʦʙʘʚʣʷʶʪ 

ʢʨʘʝʚʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

 

ʑᴆȿɋ πȟ          ʑᴆȿ ʑᴆ Ȣ 

 

ʈʘʩʯʝʪ ʚʠʭʨʝʚʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʢʨʫʛʦʚʦʡ ʦʙʣʘʩʪʠ, 

ʢʦʪʦʨʦʡ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʤʘʪʝʨʠʥʩʢʘʷ ʦʙʣʘʩʪʴ ʚʠʭʨʷ. ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʨʦʚʦʜʷʪ ʩʰʠʚʘʥʠʝ ʨʝʰʝʥʠʡ ʚ ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ ʠ ʥʘ ʛʨʘʥʠʮʝ ʢʨʫʛʦʚʦʡ ʦʙʣʘʩʪʠ [3, ʩ. 115]. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʪʦʨʥʘʜʦ, ʢʘʢ ʷʚʣʝʥʠʝ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʠʣʴʥʝʡʰʠʭ 

ʠ ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɽʞʝʛʦʜʥʦ ʦʥʦ ʫʥʦʩʠʪ ʞʠʟʥʠ ʩʦʪʥʠ ʣʶʜʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʠʟʫʯʝʥʠʝʤ ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ ʫʯʝʥʳʝ ʩʦ ʚʩʝʛʦ ʤʠʨʘ ʟʘʥʠʤʘʶʪʩʷ ʦʢʦʣʦ 140 ʣʝʪ, ʤʥʦʛʠʝ 

ʘʩʧʝʢʪʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʟʘʛʘʜʢʘʤʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʤʝʝʪʩʷ 

ʥʝʤʘʣʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʩʣʦʚʠʷʭ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʦʛʦ ʝʱʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʩʪʦʠʪ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʫʯʝʥʳʭ ʚʩʝʛʦ ʤʠʨʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʟʜʝʩʴ ʤʦʜʝʣʴ ʪʦʨʥʘʜʦ ʧʦʟʚʦʣʷʝʪ 

ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʟʠʪʴ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʦʛʦ ʪʦʨʥʘʜʦ. ɺ ʙʫʜʫʱʝʤ ʫʯʝʥʳʤ ʫʜʘʩʪʩʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʠ ʚʦʟʤʦʞʥʦ ʥʘʫʯʠʪʴʩʷ ʝʛʦ ʧʦʜʘʚʣʷʪʴ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʧʘʩʘʪʴ 

ʞʠʟʥʠ ʩʦʪʥʠ ʣʶʜʝʡ. 
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ɻʠʤʘʣʪʜʠʥʦʚʘ ɸ.ʕ., ʀʩʣʘʤʛʫʣʦʚʘ ɻ.ʌ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʇʆɼʊɺɽʈɾɼɽʅʀɽ ɿɸʂʆʅʆɺ ʆʄɸ ʀ ʂʀʈʍɻʆʌɸ 

 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ð ʥʘʙʦʨ ʧʨʠʙʦʨʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ 

ʪʦʢʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʠʥʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ. ɻʨʘʬʠʯʝʩʢʠʡ ʚʠʜ ʩʭʝʤʳ ʥʘ ʦʩʥʦʚʝ ʥʘʟʚʘʥʠʡ ʝʝ ʵʣʝʤʝʥʪʦʚ ʥʘʟʳʚʘʝʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʦʡ ʧʦʜʢʣʶʯʝʥʠʷ ʮʝʧʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʭʝʤʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʣʶʙʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʙʳʪʴ ʠʟ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʠ ʚʝʪʚʝʡ. ʋʟʝʣ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʨʠʩ. 1) ð ʫʯʘʩʪʦʢ ʮʝʧʠ ʩ ʤʘʣʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʚ 

ʢʦʪʦʨʦʤ ʩʦʝʜʠʥʝʥʳ ʪʨʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ [1]. 

 

 
ʈʠʩ. 1. ʋʟʝʣ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

 

ɺʝʪʚʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʨʠʩ. 2) ð ʫʯʘʩʪʦʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʪʝʢʘʝʪ 

ʥʝʠʟʤʝʥʥʳʡ ʪʦʢ. ʅʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʚʝʪʚʴ - ʫʯʘʩʪʦʢ ʧʦʩʨʝʜʠ ʜʚʫʭ ʫʟʣʦʚ [1]. 

 
ʈʠʩ. 2. ɺʝʪʚʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

 

ɿʘʢʦʥ ʆʤʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʚ ʨʦʣʠ ʛʣʘʚʥʦʛʦ ʟʘʢʦʥʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʨʘʩʯʝʪʝ ʮʝʧʝʡ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɿʘʢʦʥʳ ʠʣʠ ʧʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʘ ʆʤʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʦʜʩʯʝʪʘ ʥʝʧʨʦʩʪʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʥʝʧʨʝʨʳʚʥʦʛʦ ʪʦʢʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʫʣʳ ʜʣʷ ʦʙʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʨʘʪʢʦʡ ʪʝʦʨʠʠ. 

ʉʠʣʘ ʪʦʢʘ 

)
ЎÑ

ЎÔ
 

ɿʘʢʦʥ ʆʤʘ 
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30 

ʊʦʢ (I) ʦʜʥʦʨʦʜʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʚ ʯʘʩʪʠ ʮʝʧʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘʧʨʷʞʝʥʠʶ (U) ʚ 

ʵʪʦʡ ʯʘʩʪʠ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʦʧʨʦʪʠʚʣʝʥʠʶ (R) ʧʨʦʚʦʜʥʠʢʘ.  

) . 

ʈʝʟʠʩʪʦʨ - ɻ ʪʦ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʢʦʪʦʨʳʡ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʪʦʢʫ, 

ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʥʝʛʦ. 

5 )2 - ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʟʠʩʪʦʨʝ. 

)  , 

ʛʜʝ ʒʠ ʒ ï ʧʦʪʝʥʮʠʘʣʳ ʢʦʥʮʦʚ ʫʯʘʩʪʢʘ, ʀ  ï ʕɼʉ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʮʝʧʠ. 

) , 

ʛʜʝ ʀ ï ʕɼʉ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ,  2 ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʭ ʚʥʝʰʥʠʭ ʵʣʝʤʝʥʪʦʚ ʮʝʧʠ, 

Ò  ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ. 

ʈʘʟʚʝʪʚʣʝʥʥʘʷ ʮʝʧʴ - ɻʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ, ʩʦʜʝʨʞʘʱʘʷ ʫʟʣʦʚʳʝ ʪʦʯʢʠ. 

ɺ 1-ʦʤ ʟʘʢʦʥʝ ʂʠʨʭʛʦʬʘ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʪʦʢʦʚ ʚʝʪʚʝʡ, ʩʭʦʜʷʱʠʭʩʷ ʢ ʢʘʞʜʦʤʫ ʫʟʣʫ 

ʮʝʧʠ, ʨʘʚʥʘ ʥʫʣʶ: 

) π 

2-ʡ ʟʘʢʦʥ: ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʚʥʝʰʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʦʢʘ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʭ ʯʘʩʪʝʡ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʟʥʘʯʝʥʠʡ ʚʥʝʰʥʝʡ 

ʕɼʉ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʮʝʧʠ: 

В)2 В%. 

ʇʨʠ ʦʮʝʥʢʝ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʭʝʤʳ ʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʦʪ ʦʜʥʦʛʦ ʫʟʣʘ ʢ ʜʨʫʛʦʤʫ ʯʝʨʝʟ ʚʩʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʢʣʶʯʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʜʦʣʞʝʥ ʙʳʪʴ ʫʢʘʟʘʥ ʠʥʜʝʢʩʦʤ. ʅʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʦʙʦʜʥʦ ʚʳʙʨʘʥʦ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʪʦʢʠ ʠ ʕɼʉ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʧʠʩʘʥʳ ʩ ʚʳʙʨʘʥʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʭʦʜʘ. 

ʏʠʩʣʦ ʫʨʘʚʥʝʥʠʡ ʚ ʧʝʨʚʦʤ ʟʘʢʦʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘ ʝʜʠʥʠʮʫ ʤʝʥʴʰʝ ʯʠʩʣʘ ʫʟʣʦʚ ʚ ʮʝʧʠ. 

ʏʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʙʨʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʩʫʤʤʘ ʫʨʘʚʥʝʥʠʡ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʙʳʣʘ ʨʘʚʥʘ ʯʠʩʣʫ ʨʘʟʣʠʯʥʳʭ ʪʦʢʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʞʜʘʷ ʥʦʚʘʷ ʩʭʝʤʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʫ ʯʘʩʪʴ ʩʭʝʤʳ, 

ʢʦʪʦʨʘʷ ʥʝ ʚʢʣʶʯʝʥʘ ʚ ʫʞʝ ʧʨʦʚʝʨʝʥʥʳʝ ʩʭʝʤʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʠʟʫʯʝʥʘ ʵʣʝʤʝʥʪʘʨʥʘʷ ʤʦʜʝʣʴ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʠʟ ʪʨʝʭ ʠʩʪʦʯʥʠʢʦʚ ʕɼʉ, ʚʢʣʶʯʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʨʝʟʠʩʪʦʨʫ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʮʝʧʷʤʠ ʥʝʠʟʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʟʘʢʦʥʦʚ ʆʤʘ ʠ ʂʠʨʭʛʦʬʘ. ʉʦʩʪʘʚʠʤ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ ʮʝʧʠ (ʨʠʩ. 3), 

ʨʘʟʤʝʩʪʠʚ ʠʩʪʦʯʥʠʢʠ ʦʜʠʥ ʧʦʜ ʜʨʫʛʠʤ ʠ ʫʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫ 

ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʊʘʢʞʝ ʠʟʦʙʨʘʟʠʤ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ ʚ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʠ ʟʥʘʢʠ ʕɼʉ [2]. 
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ʈʠʩ. 3. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʮʝʧʠ 

 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ ʚʦʟʴʤʝʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʕɼʉ ʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ: 

ʀ ψȠˏ  ʀ  τȠˏ ʀ φ ;ˏ 2 ρ ̨ Ƞ̍ 2 σ ʆʤ; 2 ρ ̨ Ȣ̍ 

ʉʦʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʪʦʢʠ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ. 
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ʆʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʪʦʢʦʚ, ʚʟʷʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ ʥʘʛʨʫʟʢʠ 2 ρ ̨ ,̍ 2

ς ̨ ,̍ 2 σ ̨  ̍ʠ 2 τ ̨ .̍ 

ɼʣʷ 2 ρ ̨ :̍ 

)

τ ψ
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ρ Ͻρ τ
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) φȟφ σ τȟφ ψȟς ̱ 

ʈʝʟʫʣʴʪʘʪʳ  ʵʪʠʭ ʚʳʯʠʩʣʝʥʠʡ ʟʘʧʠʰʝʤ ʚ ʪʘʙʣʠʮʝ.  

ʊʘʙʣʠʮʘ 

ʀʟʤʝʥʝʥʠʷ ʪʦʢʘ 

 

2ȟ̨  ̍ )ẖ̌ )ẖ̌ )ẖ̌ )ẖ̌ 

1 -6,6 1,8 -4,6 -9,4 

2 -6,6 2,8 -4,6 -8,4 

3 -6,6 2,9 -4,6 -8,3 

4 -6,6 3 -4,6 -8,2 

 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʧʨʦʜʝʣʘʚ ʜʘʥʥʫʶ ʨʘʙʦʪʫ ʠ ʩʦʩʪʘʚʠʚ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʮʝʧʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʠʟʫʯʠʚ ʟʘʢʦʥʳ ʆʤʘ ʠ ʂʠʨʭʛʦʬʘ, ʙʳʣʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ ʥʘʛʨʫʟʢʠ. 
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ʋɼʂ 514.01 

 

ɻʨʝʮʢʘʷ ɸ.ʅ., ɹʨʦʥʥʠʢʦʚʘ ʃ.ʄ. 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

 

ɼɺɸ ʆʉʅʆɺʅʓʍ ʅɽʈɸɺɽʅʉʊɺɸ. ʅɽʈɸɺɽʅʉʊɺʆ  

ʄɽɾɼʋ ʉʊʆʈʆʅɸʄʀ ʊʈɽʋɻʆʃʔʅʀʂɸ 

 

ɼʚʘ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʥʝʨʘʚʝʥʩʪʚʘ ʩʚʷʟʘʥʳ ʩ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ. ʆʜʥʦ ʠʟ ʥʠʭ - 

ʥʝʨʘʚʝʥʩʪʚʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʛʦ ʩʚʦʡʩʪʚʦ 1.1. ɺʪʦʨʦʝ - ɻ ʪʦ ʥʝ ʩʦʚʩʝʤ 

ʥʝʨʘʚʝʥʩʪʚʦ, ʥʦ ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʞʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʝʪʨʠʠ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʢʦʪʦʨʦʝ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʣʠ ʟʥʘʝʤ ʥʘʠʙʦʣʴʰʠʡ ʫʛʦʣ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʪʦ ʟʥʘʝʤ, 

ʢʘʢʘʷ ʩʪʦʨʦʥʘ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʘʤʘʷ ʜʣʠʥʥʘʷ; ʵʪʦ ʥʘʙʣʶʜʝʥʠʝ ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʪʴʩʷ ʢʘʢ ʩʚʦʡʩʪʚʦ 

1.2. 

ʉʚʦʡʩʪʚʦ 1.1. ɽʩʣʠ A, B ʠ C ï ʪʦʯʢʠ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʦ ˍˏ ˏ˞ ˍ .˞ 

ɹʦʣʝʝ ʪʦʛʦ, ʨʘʚʝʥʩʪʚʦ ʩʧʨʘʚʝʜʣʠʚʦ, ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ɺ ʣʝʞʠʪ ʥʘ ʦʪʨʝʟʢʝ AC. 

ʉʚʦʡʩʪʚʦ 1.2. ɺ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʘʤʘʷ ʜʣʠʥʥʘʷ ʩʪʦʨʦʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʥʘʠʙʦʣʴʰʝʤʫ ʫʛʣʫ 

ʠ ʥʘʦʙʦʨʦʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ !"#  ʠʤʝʝʤ ̱᷁ ᷁ˏ ȟ ʪʦ ˏ˞ ˞Ȣ̱ 

ʋʧʨʘʞʥʝʥʠʝ 1.1.  

(a) ɽʩʣʠ ÁȟÂȟÃ  ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ, ʛʜʝ Á ὦ ὧȟὦ ὧ ὥ ̉ ὧ ὥ ὦȟ ʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʜʣʠʥʘʤʠ ʩʪʦʨʦʥ ÁȟÂ ̉ Ã. 

(b) ʏʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ ʩʦ ʩʪʦʨʦʥʘʤʠ Á Â Ã, ʜʦʩʪʘʪʦʯʥʦ ʯʪʦʙʳ 

ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ Ã ὥ ὦ. 

(c) ʄʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʜʣʠʥʘʤʠ ʩʪʦʨʦʥ ÁȟÂ ̉ Ãȟ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ ØȟÙȟÚȟ ʯʪʦ Á Ø ÙȟÂ Ù Ú  ̉ ̒ Ú ØȢ 

ʋʧʨʘʞʥʝʥʠʝ 1.2.  

(a) ɽʩʣʠ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ ʩʦ ʩʪʦʨʦʥʘʤʠ Á ὦ ,̒ ʪʦ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʪʨʝʫʛʦʣʴʥʠʢ ʩʦ ʩʪʦʨʦʥʘʤʠ  ЍÁ ЍÂ ЍÃ. 

(b) ʆʙʨʘʪʥʦʝ ʢ (a) ʥʝʚʝʨʥʦ. 

(c) ɽʩʣʠ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʜʣʠʥʘʤʠ ʩʪʦʨʦʥ Á ὦ ὧ, ʪʦ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʜʣʠʥʘʤʠ ʩʪʦʨʦʥ ȟ   ̉  Ȣ 

ʋʧʨʘʞʥʝʥʠʝ 1.3. ʇʫʩʪʴ ÁȟÂȟÃȟÄ ʠ Å ï ʜʣʠʥʳ ʧʷʪʠ ʦʪʨʝʟʢʦʚ ʪʘʢʠʭ, ʯʪʦ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʪʨʝʫʛʦʣʴʥʠʢ, ʠʩʧʦʣʴʟʫʷ ʣʶʙʳʝ ʪʨʠ ʠʟ ʥʠʭ. ɼʦʢʘʞʠʪʝ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʫʶʪ ʦʩʪʨʦʫʛʦʣʴʥʳʡ 

ʪʨʝʫʛʦʣʴʥʠʢ. 

ʀʥʦʛʜʘ ʢʣʶʯ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʢʘʢ ʚ ʩʣʝʜʫʶʱʝʤ 

ʧʨʠʤʝʨʝ. 

ʇʨʠʤʝʨ 1.1. ɽʩʣʠ ÁȟÂȟÃ-ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ Á Â ÁÂ Ãȟ ʜʦʢʘʞʠʪʝ, ʯʪʦ Á

Â Â Ã πȢ 
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ʇʦʩʢʦʣʴʢʫ Ã Á Â ÁÂ Á Â ςÁÂÃÏÓφπЈȟ ʤʦʞʝʤ ʜʫʤʘʪʴ, ʯʪʦ ÁȟÂȟÃ - ʜʣʠʥʳ 

ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʪʘʢʦʛʦ ʯʪʦ ʫʛʦʣ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʩʪʦʨʦʥʝ ʜʣʠʥʦʡ Ã ʩʦʩʪʘʚʣʷʝʪ 60 Á. 

ʋʛʣʳ ʪʨʝʫʛʦʣʴʥʠʢʘ !"# ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ̱᷁ φπ Ј ̉ ᷁ˏ  φπ Ј ȟ̉ ̌ ̉᷁ˍ

 φπ Ј ̉ ᷁ˏ φπ ЈȢ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʦ 1.2, ʤʦʞʝʤ ʚʳʚʝʩʪʠ, ʯʪʦ Á Ã Â ʠʣʠ Á Ã Â. ɺ 

ʣʶʙʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ, ʯʪʦ Á Â Â Ã πȢ 

ʅʘʙʣʶʜʝʥʠʝ 1.1. ʊʘʢʞʝ ʤʦʞʝʤ ʨʝʰʠʪʴ ʧʨʠʤʝʨ ʚʳʰʝ ʙʝʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ÁȟÂ ̉ Ã ʩ ʜʣʠʥʘʤʠ 

ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ.  

ʉʥʘʯʘʣʘ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ Á Â, ʟʥʘʯʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ Á  Â ÁÂ Ã ʧʦʜʨʘʟʫʤʝʚʘʝʪ, 

ʯʪʦ ÁÁ Â Ã Â Ã Â Ã Âȟ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, Ã Â π ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ Á Â Â

Ã πȢ  

ɸʥʘʣʦʛʠʯʥʦ, Á Â ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ Ã Â π ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  

Á Â Â Ã πȢ 

ɽʱʝ ʦʜʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʤʦʞʝʤ ʩʦʧʦʩʪʘʚʠʪʴ ʵʣʝʤʝʥʪʳ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʥʝʨʘʚʝʥʩʪʚʦʤ ʠʣʠ ʯʪʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ, 

ʧʦʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ. 

ʇʨʠʤʝʨ 1.2.  ɽʩʣʠ ÁȟÂȟÃ ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ, ʪʦ  

Á ÁÃÃ Á ÁÂÂ Â ÂÃÃ 

ʈʘʜʠʢʘʣʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʦʥʘ ʢʦʩʠʥʫʩʘ ʩ ʫʛʣʘʤʠ ρςπЈ ʠ φπЈ  ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: Á ÁÃÃ Á Ã ςÁÃÃÏÓρςπЈȟÁ ÁÂÂ  ςÁÂÃÏÓφπЈ ̉ Â ÂÃ

Ã Â Ã ςÂÃÃÏÓφπЈȢ 

 

ʈʠʩ. 1. ʏʝʨʪʸʞ, ʢ ʧʨʠʤʝʨʫ 1.2 

 

ɿʘʪʝʤ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʠʤ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢ A"#$ȟ̄ ̅ ̆᷁!$"᷁"$#φπЈ ̉ ᷁!$#

ρςπЈȟ̓ ́ ̘̋̓ ̏!$ Áȟ"$ Â ̉ #$ Ã, ʤʦʞʝʤ ʚʳʚʝʩʪʠ, ʯʪʦ !" ЍÁ ÁÂÂ, "#

ЍÂ ÂÃÃ ʠ #! ЍÁ ÁÃÃ.  

ɼʘʥʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ ʪʨʝʫʛʦʣʴʥʠʢʘ ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ABC. 

 

ʅʝʨʘʚʝʥʩʪʚʘ, ʢʘʩʘʶʱʠʝʩʷ ʜʣʠʥ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʣʠʤʧʠʘʜʘʭ. ʆʜʠʥ ʚʠʜ ʟʘʜʘʯ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʘʩ ʧʨʦʩʷʪ ʜʦʢʘʟʘʪʴ 

ʥʝʢʦʪʦʨʦʝ ʥʝʨʘʚʝʥʩʪʚʦ, ʢʦʪʦʨʦʤʫ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʜʣʠʥʳ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʅʠʞʝ 

ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. 

ʇʨʠʤʝʨ 2.1. ɼʣʠʥʳ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ ÁȟÂ ̉ Ã ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ 
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ÁÂ Ã Á ςὦὧȢ 

ʇʦʩʢʦʣʴʢʫ ʥʝʨʘʚʝʥʩʪʚʦ ʩʠʤʤʝʪʨʠʯʥʦ  ̃Â ̉ Ãȟ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʙʝʟ ʧʦʪʝʨʠ 

ʦʙʱʥʦʩʪʠ, ʯʪʦ Ã Â. ɼʦʢʘʞʝʤ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ. 

ʉʣʫʯʘʡ 1. Á ÂȢ 

ʇʦʩʢʦʣʴʢʫ ʦʥʠ ʷʚʣʷʶʪʩʷ ʜʣʠʥʘʤʠ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʟʥʘʝʤ, ʯʪʦ Â ὥ ὧ, ʪʦʛʜʘ Â

Ã Á Â Á Ã ὧ ὧ ςὧ Ȣ 

ʉʣʫʯʘʡ 2. Á ÂȢ  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ Â Á π, ʘ ʧʦʩʢʦʣʴʢʫ Á ὦ ὧ ςὦ, ʤʦʞʝʤ ʚʳʚʝʩʪʠ, ʯʪʦ Â Ã Á

Ã Â Á Ã Ȣ 

ɼʨʫʛʦʡ ʪʠʧ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʣʠʥʘʤʠ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ, ï ɻ ʪʦ ʢʦʛʜʘ ʥʘʩ ʧʨʦʩʷʪ 

ʜʦʢʘʟʘʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʯʠʩʣʘʤʠ ÁȟÂ ̉ Ã ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʩʦ ʩʪʦʨʦʥʘʤʠ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ. 

ʇʨʠʤʝʨ 2.2.  

(1) ɽʩʣʠ ÁȟÂȟÃ ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ Á Â Ã

ςÁ Â Ã , ʪʦ ÁȟÂ ̉ Ã ï ʜʣʠʥʳ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

(2) ɽʩʣʠ ÁȟÂȟÃȟÄ - ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ Á Â Ã  Ä

σÁ Â Ã Ä ȟ ʪʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʣʶʙʳʝ ʪʨʠ ʠʟ ʥʠʭ,  ʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ. 

ɼʣʷ ʯʘʩʪʠ (1) ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ Á Â Ã ςÁ Â  Ã Á Â

ÃÁ Â ÃÁ Â Ã Á Â Ã πȟ ʘ ʟʘʪʝʤ ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ɼʣʷ ʯʘʩʪʠ (2) ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

σÁ Â Ã Ä Á Â Ã Ä
Á Â Ã

ς

Á Â Ã

ς
Ä

Á Â Ã

ς

Á Â Ã

ς
Ä Ѝσ Ȣ 

ɺʪʦʨʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʩʣʝʜʫʝʪ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ ʂʦʰʠ-ʐʚʘʨʮʘ [2]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, Á Â

Ã Ȣ ʀʩʧʦʣʴʟʫʷ ʧʝʨʚʫʶ ʯʘʩʪʴ, ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ÁȟÂ ̉ Ã ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʇʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʥʘʤʠ ʘʨʛʫʤʝʥʪ 

ʥʝʠʟʤʝʥʥʳʡ ʧʨʠ ÁȟÂȟÃ ̉ Ä, ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʦʜʥʦ ʥʝʨʘʚʝʥʩʪʚʦ ʤʝʞʜʫ ʜʣʠʥʘʤʠ 

ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ ʥʝʨʘʚʝʥʩʪʚʦ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʯʠʩʣʘʤʠ (ʢʦʥʝʯʥʦ, ʩʚʷʟʘʥʥʳʤʠ ʩʦ 

ʩʪʦʨʦʥʘʤʠ). ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ ʧʦʜʩʪʘʥʦʚʢʦʡ ʈʘʚʠ [1]. 

ɽʩʣʠ ʚʧʠʩʘʥʥʘʷ ʦʢʨʫʞʥʦʩʪʴ )ȟÒ ʚ ʪʨʝʫʛʦʣʴʥʠʢ !"# ʢʘʩʘʝʪʩʷ ʩʪʦʨʦʥ "#ȟ#! ̉ !" ʚ 

ʪʦʯʢʘʭ 8ȟ9 ̉ : ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ Ø !: 9!ȟÙ :" "8 ̉ Ú 8# #9Ȣ 
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ʈʠʩ. 2. ʆʢʨʫʞʥʦʩʪʴ, ʚʧʠʩʘʥʥʘʷ ʚ ʪʨʝʫʛʦʣʴʥʠʢ 

 

ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ Á Ù ÚȟÂ Ú ØȟÃ Ø ÙȟØ Ó ÁȟÙ Ó Â ʠ Ú Ó

Ãȟ̄ ̅ ̆Ó Ȣ 

ʇʦʩʤʦʪʨʠʤ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʩʪʘʥʦʚʢʫ ʈʘʚʠ [1] ʚ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ. 

ʇʨʠʤʝʨ 2.3. ɼʣʠʥʳ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ ÁȟÂ ̉ Ã ʫʜʦʚʣʝʪʚʦʨʷʶʪ  

Â Ã Á Ã Á Â Á Â Ã ÁÂÃȢ 

ɺʦ-ʧʝʨʚʳʭ, ʫ ʥʘʩ ʝʩʪʴ  Â Ã Á Ã Á Â Á Â Ã ψÓ Á Ó  Â Ó Ã

ψØÙÚȟ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ  ÁÂÃØ Ù Ù ÚÚ ØȢ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʨʘʚʝʥʩʪʚʦ ʨʘʚʥʦʩʠʣʴʥʦ 

ψØÙÚØ Ù Ù ÚÚ Ø (1) 

ʇʨʠʤʝʨ 2.4. [4] ʇʫʩʪʴ ÁȟÂȟÃ - ʜʣʠʥʳ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʜʦʢʘʞʠʪʝ, ʯʪʦ ЍÁ Â Ã

ЍÂ Ã Á ЍÃ Á Â ЍÁ  ЍÂ ЍÃȢ 

ɽʩʣʠ  ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ Á Ù ÚȟÂ Ú ØȟÃ Ø Ùȟ  ʤʦʞʝʤ ʚʳʚʝʩʪʠ, ʯʪʦ Á Â Ã

ςÚȟÂ Ã Á ςØȟÃ Á Â ςÙ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʨʘʚʝʥʩʪʚʦ ʨʘʚʥʦʩʠʣʴʥʦ ЍςØ ςÙ

ЍςÚ Ø Ù Ù Ú ЍÚ ØȢ 

ʊʝʧʝʨʴ, ʧʨʠʤʝʥʷʷ ʥʝʨʘʚʝʥʩʪʚʦ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ ʠ ʩʨʝʜʥʠʤ 

ʢʚʘʜʨʘʪʠʯʥʳʤ, ʧʦʣʫʯʘʝʤ 

ЍςØ ςÙЍςÚ
ЍςØ ςÙ

ς

ςÙЍςÚ

ς

ЍςÚЍςØ

ς

ςØςÙ

ς

ςÙςÚ

ς

ςÚςØ

ς
Ø Ù Ù Ú ЍÚ ØȢ 

ɹʦʣʝʝ ʪʦʛʦ, ʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ Ø Ù Ú, ʪʦ ʝʩʪʴ ʪʦʛʜʘ ʠ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ Á Â Ã. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʧʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ !"#, ʝʛʦ ʨʘʜʠʫʩ, ʨʘʜʠʫʩ ʦʧʠʩʘʥʥʦʡ 

ʦʢʨʫʞʥʦʩʪʠ ʠ ʧʦʣʫʧʝʨʠʤʝʪʨ ʯʝʨʝʟ ØȟÙȟÚ. ʇʦʩʢʦʣʴʢʫ Á Ø Ù, Â Ù Ú ʠ Ã Ú Ø, ʩʥʘʯʘʣʘ 

ʧʦʣʫʯʘʝʤ, ʯʪʦ Ð Ø Ù ÚȢ ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ɻʝʨʦʥʘ ʜʣʷ ʧʣʦʱʘʜʠ ʪʨʝʫʛʦʣʴʥʠʢʘ, 

ʧʦʣʫʯʘʝʤ  

3 ÐÐ Á Ð Â Ð Ã Ø Ù ÚØÙÚȢ  (2) 

ʌʦʨʤʫʣʘ 3 ÐÒ ʧʨʠʚʦʜʠʪ ʢ 
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Ò
3

Ð

Ø Ù ÚØÙÚ

Ø Ù Ú

ØÙÚ

Ø Ù Ú
Ȣ 

ʅʘʢʦʥʝʮ, ʠʟ 3   ʧʦʣʫʯʘʝʤ 

2
Ø Ù Ù ÚÚ Ø

τ Ø Ù ÚØÙÚ
Ȣ 

ʇʨʠʤʝʨ 2.5. ʇʫʩʪʴ ÁȟÂȟÃ ï ʜʣʠʥʳ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ !"#. ɽʩʣʠ ʧʦʩʪʨʦʠʤ ʪʨʝʫʛʦʣʴʥʠʢ 

!ᴂ"ᴂ#ᴂ ʩʦ ʩʪʦʨʦʥʘʤʠ Á , Â , Ã , ʜʦʢʘʞʝʤ, ʯʪʦ 3 3 . 

ʇʦʩʢʦʣʴʢʫ Á Ù ÚȟÂ Ú Ø ̉ Ã Ø Ù, ʜʣʠʥʳ ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʘ !ᴂ"ᴂ#ᴂ ʨʘʚʥʳ Áᴂ

ȟÂ ȟÃ Ȣ  ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ɻʝʨʦʥʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʣʦʱʘʜʠ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʧʦʣʫʯʘʝʤ 

3
σØ Ù ÚςØÙ ςÙÚςÚØ

ρφ
Ȣ 

ʇʨʠʤʝʥʠʤ ʥʝʨʘʚʝʥʩʪʚʦ AM ï GM [3], ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʯʪʦ ςØÙ σ ØÙȟςÙÚ

σ ÙÚȟςÚØ σЍÚØ, ʧʦʤʦʞʝʪ ʜʦʩʪʠʯʴ ʥʝʨʘʚʝʥʩʪʚʘ 

3
σØ Ù ÚςχØÙÚ

ρφ

ω

τ
3 Ȣ 

ɼʘʥʥʳʡ ʧʘʨʘʛʨʘʬ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ. 

ɼʘʥʥʳʝ ʥʝʨʘʚʝʥʩʪʚʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʪʠʶ ʥʘʚʳʢʦʚ ʥʘʭʦʞʜʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʦ ʝʩʪʴ ʨʘʟʚʠʪʠʶ ʧʨʦʝʢʪʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʢʦʤʧʝʪʝʥʮʠʡ ʦʙʫʯʘʶʱʠʭʩʷ, ʥʦ ʠ ʬʦʨʤʠʨʫʶʪ ʮʝʣʦʩʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʪʝʤʳ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʘʙʠʥʩʢʘʷ ʀ. ʃ. ɿʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʣʠʤʧʠʘʜ: ʩʙʦʨʥʠʢ ʟʘʜʘʯ. ʄ.: ʅʘʫʢʘ, 1975. 109 

ʩ. 

2. ɻʫʩʝʚ ɺ.ɸ., ʂʫʣʘʥʠʥ ɽ.ɼ., ʄʷʢʠʰʝʚ ɸ.ɻ., ʌʝʜʠʥ ʉ.ʅ. ɻʝʦʤʝʪʨʠʷ. ʇʨʦʬʠʣʴʥʳʡ ʫʨʦʚʝʥʴ: 

ʫʯʝʙʥʠʢ ʜʣʷ 10 ʢʣʘʩʩʘ. ʄ.: ɹʀʅʆʄ. ʃʘʙʦʨʘʪʦʨʠʷ ʟʥʘʥʠʡ, 2010. 311 ʩ. 

3. Andreescu T., Feng Z., Lee G. Mathematical Olympiads 2000-2001: Problems and Solutions 

from Around the World. 2003. 271 ʩ. 

4. Coxeter H., Greitzer S. Geometry Revisited: New Math. Library. 1967. 205 ʩ. 

 

É ɻʨʝʮʢʘʷ ɸ.ʅ., ɹʨʦʥʥʠʢʦʚʘ ʃ.ʄ., 2022 

  



 XXIV  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

39 
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ɻʨʝʮʢʘʷ ɸ.ʅ., ɹʨʦʥʥʠʢʦʚʘ ʃ.ʄ. 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

 

ʌʋʅɼɸʄɽʅʊɸʃʔʅʆɽ ʅɽʈɸɺɽʅʉʊɺʆ ʊʈɽʋɻʆʃʔʅʀʂɸ 

 

ʇʨʦʠʟʚʦʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʘʤʠ ,p Rʠr, ʧʨʠ ʵʪʦʤ2R r² . 

ɼʦʢʘʞʝʤ, ʯʪʦ pʥʘʭʦʜʠʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʩʝʛʤʝʥʪʝ, ʢʦʥʮʳ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʦʪ R

ʠ .r  ɼʣ ̫ɻ ʪʦʛʦ ʩʥʘʯʘʣʘ ʦʧʠʰʝʤ ʚʩʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʫ ʢʦʪʦʨʳʭ ʨʘʜʠʫʩ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ 

ʨʘʚʝʥ R, ʘ ʨʘʜʠʫʩ ʚʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʨʘʚʝʥ r, ʛʜʝ R ʠ rï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʯʠʩʣʘ ʪʘʢʠʝ, ʯʪʦ2R r² . ʇʫʩʪʴ
2 2d R Rr= - . ʈʘʩʩʤʦʪʨʠʤ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʘ R ʩ ʮʝʥʪʨʦʤ ʚ 

ʪʦʯʢʝ O. ʇʫʩʪʴ ʄ  ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʪʦʯʢʘ ʪʘʢʘʷ, ʯʪʦ ʄO d= . ʇʨʦʚʝʜʝʤ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʘ r 

ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ M. 

 

ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʝ ʩʝʛʤʝʥʪʘ ʜʣʷ ʧʦʣʫʧʝʨʠʤʝʪʨʘ 

 

ʇʦʩʢʦʣʴʢʫ   d r R+ < , ʪʦ ʤʝʥʴʰʘʷ ʦʢʨʫʞʥʦʩʪʴ ʣʝʞʠʪ ʚʥʫʪʨʠ ʙʦʣʴʰʝʡ. ʇʫʩʪʴ TSï 

ʜʠʘʤʝʪʨ ʙʦʣʴʰʝʡ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʪʦʯʢʫ ,M Aï ʧʨʦʠʟʚʦʣʴʥʘʷ ʪʦʯʢʘ ʙʦʣʴʰʝʡ 

ʦʢʨʫʞʥʦʩʪʠ ʠ ,AB ACï ʢʘʩʘʪʝʣʴʥʳʝ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʟ ʪʦʯʢʠ A ʢ ʤʝʥʴʰʝʡ ʦʢʨʫʞʥʦʩʪʠ ʠ 

ʢʘʩʘʶʱʠʝʩʷ ʝʝ ʚ ʪʦʯʢʘʭ ,L K ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʢʘʞʝʤ, ʯʪʦ BC ʪʦʞʝ ʢʘʩʘʝʪʩʷ ʤʝʥʴʰʝʡ 

ʦʢʨʫʞʥʦʩʪʠ. ʇʫʩʪʴ BACa=Ï  ʠ AQï ʭʦʨʜʘ ʙʦʣʴʰʝʡ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʠ ɸ 

ʠ ʄ.  

ʊʦʛʜʘ 2 2, ( )( ) 2 .
2

sin
2

r
QBC TM MS R d R d R d Rr AM MQ MQ

a

a
Ï = Ö = - + = - = = Ö = Ö 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 2 sin
2

MQ R TQ
a

= = . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʫʛʦʣʴʥʠʢ QBMʷʚʣʷʝʪʩʷ 

ʨʘʚʥʦʙʝʜʨʝʥʥʳʤ ʠ QBM QMBÏ =Ï .  
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ʊʘʢ ʢʘʢ 
2

QBC BAQ
a

Ï = =Ï , ʪʦ CBM ABMÏ =Ï ʠ BM ï ʙʠʩʩʝʢʪʨʠʩʘ ʫʛʣʘ ,ABCÏ ʪ. ʝ. 

ʤʝʥʴʰʘʷ ʦʢʨʫʞʥʦʩʪʴ ʢʘʩʘʝʪʩʷ ʩʪʦʨʦʥʳ BCʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʚʧʠʩʘʥʥʦʡ ʚ 

ʪʨʝʫʛʦʣʴʥʠʢ ABC. 

ɺʳʰʝʧʨʠʚʝʜʝʥʥʦʝ ʨʘʩʩʫʞʜʝʥʠʝ ʜʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 

1) ʧʨʠ  2R r>  (ʪ. ʝ. ʧʨʠ 
2 2 0d R Rr= - >) ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ R ï ʨʘʜʠʫʩ ʦʧʠʩʘʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʘ r ï ʨʘʜʠʫʩ ʚʧʠʩʘʥʥʦʡ 

ʦʢʨʫʞʥʦʩʪʠ (ʧʨʠ  2R r=  ʪʨʝʫʛʦʣʴʥʠʢ ʷʚʣʷʝʪʩʷ   ʧʨʘʚʠʣʴʥʳʤ ʠ ʩʪʦʨʦʥʳ ʝʛʦ ʨʘʚʥʳ 3R ); 

2) ʯʠʩʣʘ R ʠ r ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʜʠʫʩʘʤʠ ʦʧʠʩʘʥʥʦʡ ʠ ʚʧʠʩʘʥʥʦʡ 

ʦʢʨʫʞʥʦʩʪʝʡ ʥʝʢʦʪʦʨʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ.R r²  

ɺʳʷʩʥʠʤ ʜʘʣʝʝ, ʚ ʢʘʢʠʭ ʧʨʝʜʝʣʘʭ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʣʫʧʝʨʠʤʝʪʨ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ R ʠ r. ʉʯʠʪʘʷ, ʯʪʦ ʚʝʨʰʠʥʘ A ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʥʝʡ 

ʧʦʣʫʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʤʝʪʨʘ TS, ʧʦʣʫʯʠʤ, ʯʪʦ ʪʨʝʫʛʦʣʴʥʠʢ ABC ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʦʪʨʝʟʢʘ ,x AM= ʛʜʝ ,R d x R d- ¢ ¢ + 
2 22d R Rr OM= + = .  

ʀʤʝʝʤ, ʯʪʦ AL p a= - ʠ 
2 2( )p p a a AL a x r a= - + = + = - + = 

2 2
2 2 2 2 2 2 2 2

2

4
2 4 4 (1 ).

2 2

r x r Rr
x r Rsin x r Rsin cos x r R x r

x x x

a b
a

-
= - + = - + = - + Ö Ö = - +   

ʇʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ()p p x=  ʥʘ ʩʝʛʤʝʥʪʝ [ ],R d R d- + . ʇʦʩʢʦʣʴʢʫ ʠʤʝʝʤ, ʯʪʦ 

()
4 2 3

3 2 2

4 8x Rrx Rr
pȭ x

x x r

- +
=

-
, ʪʦ ʧʨʦʠʟʚʦʣʴʥʘʷ ()pȭ xʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʚ ʪʦʯʢʘʭ ( )1 2  x R R d= -

ʠ ( )2 2  x R R d= + .  

ʊʘʢ ʢʘʢ 2

2

2 2( ) ( ) 2 10 2( 2 ) 2p R d p x R Rr r R r R Rr- = = - - --+  ʠ 

2

1

2 2( ) ( ) 2 10 2( 2 ) 2p R d p x R Rr r R r R Rr+ = = - - -++ , ʪʦ, ʫʯʠʪʳʚʘʷ ʟʥʘʢʠ ʬʫʥʢʮʠʠ ()pȭ x 

ʚ ʠʥʪʝʨʚʘʣʘʭ ( )( )1 1 2, , , ,R d x x x-  ʠ ( )2,x R d+ , ʧʦʣʫʯʠʤ, ʯʪʦ ʚ ʪʦʯʢʘʭ R d- ʠ 2x  ʬʫʥʢʮʠʷ ()p x  

ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʚ ʪʦʯʢʘʭ R d+ ʠ 1x ï ʩʚʦʝʛʦ ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ()p x  ʠʤʝʝʪ ʚʠʜ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʀʪʘʢ, ʜʦʢʘʟʘʥ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʊʝʦʨʝʤʘ 1. ʏʠʩʣʘ , ,p R r ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʪʨʝʫʛʦʣʴʥʠʢABC, ʧʨʠ ʵʪʦʤ 

Ó2r ʠ 
2 2 2 2 2 2 22 10 2( 2 ) 2 2 10 2( 2 ) 2 .R Rr r R r R Rr p R Rr r R r R Rr¢+ - - - - ¢ + - + - -    (1)  
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ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ 

 

ʀʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʯʠʩʣʘʭ ,R r ( 2 )R r²

ʧʘʨʘʤʝʪʨ
2p ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ( )2 2 22 10 2 2 2R Rr r R r R Rr+ - - - Ö - ʜʦʩʪʠʛʘʝʪ ʜʣʷ 

ʨʘʚʥʦʙʝʜʨʝʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ABC (ʨʠʩ. 3), 

 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ 

 

ʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ( )2 2 22 10 2 2 2R Rr r R r R Rr+ - + - - ʧʘʨʘʤʝʪʨ 
2p  ʜʦʩʪʠʛʘʝʪ ʜʣʷ 

ʨʘʚʥʦʙʝʜʨʝʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 1 1 1A B C (ʩʤ. ʨʠʩʫʥʦʢ 4). 

ʅʝʨʘʚʝʥʩʪʚʘ (1) ʙʳʣʠ ʜʦʢʘʟʘʥʳ ʚ 1851 ʛ. ɽ. ʈʦʰʝ. ʅʝʨʘʚʝʥʩʪʚʘ (1) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ 

ʚʠʜʝ:  

( )
32 2 2 22 10 ) 4 2  p R Rr r R R r- - + ¢ -(2) 

ʅʝʨʘʚʝʥʩʪʚʦ (2) ʥʘʟʳʚʘʝʪʩʷ çʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʥʝʨʘʚʝʥʩʪʚʦʤ ʪʨʝʫʛʦʣʴʥʠʢʘè [1]. 

ʉʣʝʜʩʪʚʠʝ 1. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚʳʧʦʣʥʝʥʳ ʥʝʨʘʚʝʥʩʪʚʘ

2 2 2 2 2 227
27 16 5 4 4 3 ,

4
r Rr r p R Rr r R¢ - ¢ ¢ + + ¢

3 3
3 3

2
r p R¢ ¢
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ʈʠʩ. 4. ʀʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ 

 

ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʨʘʚʝʥʩʪʚʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʪʨʝʫʛʦʣʴʥʠʢ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʤ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʤʝʝʤ ʯʪʦ  

( ) ( ) ( )
2

2 2 2 2 2 2 22 10 2 2 2 2 2 4 4 3 4 4R Rr r R r R Rr R r R Rr R Rr r R Rr+ - + - - =- - - + ¢+- + + +

23r+ ʠ 
2 2 2 2 2 2 22 10 2( 2 ) 2 ( 2 2 ) 16 5 16 5 .R Rr r R r R Rr R r R Rr Rr r Rr r+ - + - - = - - - + -²-  

ʇʨʠ ʵʪʦʤ ʚ ʵʪʠʭ ʥʝʨʘʚʝʥʩʪʚʘʭ ʜʦʩʪʠʛʘʶʪʩʷ ʨʘʚʝʥʩʪʚʘ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ  2R r=  ʠʣʠ 

ʢʦʛʜʘ ʠʩʭʦʜʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʤ.  ʊʘʢ ʢʘʢ 2R r² , ʪʦ 2 216 5 27Rr r r²-  ʠ 

2 2 227
4 4 3

4
R Rr r R+ + ¢ . 

ʉʣʝʜʩʪʚʠʝ ʜʦʢʘʟʘʥʦ. 

ʉʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ ʜʦʢʘʟʘʥʦ ɺ. ɹʣʫʥʜʦʥʦʤ ʚ 1965 ʛ. 

ʉʣʝʜʩʪʚʠʝ 2 [2, 3]. ɼʣʷ ʣʶʙʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ 

( )2 3 3 4p R r¢ + - . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʋʯʠʪʳʚʘʷ ʪʝʦʨʝʤʫ 1 Ä3, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ  

( ) ( )( )
2

2 2 22 10 2 2 2 2 3 3 4R Rr r R r R Rr R r+ - + - - ¢ + -ʠʣʠ 

2 2 2( 2 ) 2 (6 3) 13) (22 12 3)R r R Rr R Rr r- - ¢ + - + -.  (3) 

ɽʩʣʠ ʠʩʭʦʜʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʧʨʘʚʠʣʴʥʳʡ, ʪʦ 
2

R
r =   

( )3 3
2 3 3 4) .

2

R
p R r= = + - 

ʀʥʘʯʝ, 2 0R r- >ʠ, ʪʘʢ ʢʘʢ,  

( ) ( ) ( ) ( )( )2 26 3 13 22 12 3 2 11 6 3 ,R Rr r R r R r+ - + - = - - - 

ʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (3) ʨʘʚʥʦʩʠʣʴʥʦ ʥʝʨʘʚʝʥʩʪʚʫ 2 2 (11 6 3)R Rr R r- ¢ - - . 
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ɺʦʟʴʤʝʤ ʚ ʢʚʘʜʨʘʪ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘ: 

( ) ( )2 2 22 22 12 3 229 132 3R Rr R Rr r- ¢ - - + - .  (4) 

ʊʘʢ ʢʘʢ 20 12 3 0- < ʠ229 132 3 0- >, ʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (4) ʚʝʨʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʩʪʚʠʝ ʜʦʢʘʟʘʥʦ.  

ʅʝʨʘʚʝʥʩʪʚʦ 
( ) ( )

2 32 2 22 10 4 2p R Rr r R R r- - + ¢ -
 ʥʘʟʚʘʥʦ ʦʩʥʦʚʥʳʤ 

(çfundamentalè). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʝʛʦ ʩʣʝʜʩʪʚʠʡ. ʆʥʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʝʱʝ ʚ 

1851 ʛ. ɽ. ʈʦʰʝ. ʉʘʤʦ ʥʝʨʘʚʝʥʩʪʚʦ ʠ ʝʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʝ ʚʢʣʶʯʝʥʦ ʚ ʰʢʦʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ, 

ʥʦ ʚʩʝ ʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʟʘʜʘʯʠ ʥʘ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʞʫʨʥʘʣʘʭ American Mathematical Monthly, Crux Mathematicorum.  

ʇʨʠʤʝʥʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʪʨʝʫʛʦʣʴʥʠʢʘ ʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʨʘʟʣʠʯʥʳʭ 

ʥʝʨʘʚʝʥʩʪʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʭʦʨʦʰʝʝ ʟʥʘʥʠʝ ʢʫʨʩʘ ʛʝʦʤʝʪʨʠʠ, ʪʨʠʛʦʥʦʤʝʪʨʠʠ, ʧʣʘʥʠʤʝʪʨʠʠ ʠ 

ʥʝʢʦʪʦʨʳʭ ʦʩʥʦʚ ʘʣʛʝʙʨʳ.  
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ʋɼʂ 51-74 

ʀʚʘʥʦʚʘ ʀ.ɺ., ʀʩʣʘʤʛʫʣʦʚʘ ɻ.ʌ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʌʀʅɸʅʉʆɺɸʗ ʇʀʈɸʄʀɼɸ ʀ ɽɽ ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʆʇʀʉɸʅʀɽ 

 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʦʝ çʬʠʥʘʥʩʦʚʘʷ ʧʠʨʘʤʠʜʘè, ʫʟʥʘʪʴ ʧʨʠʥʮʠʧʳ ʝʝ 

ʨʘʙʦʪʳ, ʢʘʢʦʝ ʚʣʠʷʥʠʝ ʦʥʘ ʦʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʳʝ ʩʬʝʨʳ ʛʦʩʫʜʘʨʩʪʚʘ, ʩʦʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ. ɺʦʩʪʦʯʥʘʷ ʧʦʩʣʦʚʠʮʘ ʛʣʘʩʠʪ: çɺʩʝ ʚ ʤʠʨʝ ʙʦʷʪʩʷ ʚʨʝʤʝʥʠ, ʥʦ ʚʨʝʤʷ ʙʦʠʪʩʷ ʧʠʨʘʤʠʜè. 

ʉʪʦ ʢʘʤʝʥʥʳʭ ʧʠʨʘʤʠʜ ʬʘʨʘʦʥʦʚ ʙʳʣʠ ʚ ɽʛʠʧʪʝ ʟʘ ʙʦʣʝʝ ʧʷʪʠ ʪʳʩʷʯ ʣʝʪ. ʉʘʤʳʡ ʢʨʫʧʥʳʡ ʠʟ 

ʥʠʭ, ɺʝʣʠʢʠʡ ʇʠʨʘʤʠʜʘ ʍʝʦʧʩʘ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʤʝʚʰʘʷ ʚʳʩʦʪʫ 146,6 ʤʝʪʨʘ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʝʛʦ ʚʳʩʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 138 ʤʝʪʨʦʚ. ɽʩʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʝʩʣʠ ʧʠʨʘʤʠʜʘ 

ʧʨʦʜʦʣʞʠʪ çʚʨʘʩʪʘʪʴè ʚ ʟʝʤʣʶ ʧʨʠ ʵʪʦʡ ʩʢʦʨʦʩʪʠ, ʪʦ ʦʥʘ ʠʩʯʝʟʥʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 78 ʪʳʩʷʯ ʣʝʪ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʧʦʯʚʘ ʧʦʜ ʧʠʨʘʤʠʜʦʡ ʤʘʢʩʠʤʘʣʴʥʦ ʫʧʣʦʪʥʷʝʪʩʷ 

ʠ ʟʘʪʝʤ ʧʨʦʮʝʩʩ çʚʨʘʩʪʘʥʠʷè ʟʘʤʝʜʣʷʝʪʩʷ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʪʦ ɺʝʣʠʢʘʷ ʧʠʨʘʤʠʜʘ 

ʍʝʦʧʩʘ (ʢʘʢ ʠ ʚʩʝ ʧʠʨʘʤʠʜʳ ʚ ʵʪʦʡ ʜʦʣʠʥʝ) ʤʦʞʝʪ ʧʨʦʩʪʦʷʪʴ ʤʠʣʣʠʦʥʳ, ʘ ʤʦʞʝʪ ʠ ʤʠʣʣʠʘʨʜʳ 

ʣʝʪ.  ʄʦʞʥʦ ʧʨʝʜʚʠʜʝʪʴ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʠʭ ʙʠʟʥʝʩ-ʩʭʝʤʳ ʪʨʝʙʫʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʩʪʚ ʪʝʭ ʯʣʝʥʦʚ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ çʅʠʟʫè ʧʠʨʘʤʠʜʳ ʪʝʤ, ʢʪʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʘʤʦʡ çɺʝʨʰʠʥʝè. ʀʥʚʝʩʪʦʨʘʤ ʦʙʝʱʘʶʪ 

ʦʛʨʦʤʥʳʝ ʜʦʭʦʜʳ ʟʘ ʩʯʝʪ ʚʢʣʘʜʦʚ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʩʦʝʜʠʥʠʣʠʩʴ ʧʦʟʞʝ. ɺʩʝ 

ʫʯʘʩʪʥʠʢʠ ʫʙʝʞʜʝʥʳ, ʯʪʦ, ʝʩʣʠ ʦʥʠ ʧʨʠʩʦʝʜʠʥʷʪʩʷ ʨʘʥʴʰʝ ʜʨʫʛʠʭ, ʵʪʦ ʧʨʠʙʣʠʟʠʪ ʠʭ ʢ çɺʝʨʭʫè 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʠʚʘʶʪ ʩʚʦʠ ʰʘʥʩʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʛʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ. ʆʪʣʠʯʠʝ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ ʦʪ ʨʝʘʣʴʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ ʚʳʧʣʘʪ. 

ɺʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʩʫʤʤʘ ʧʣʘʪʝʞʝʡ ʧʦʩʪʦʷʥʥʦ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʫ ʧʨʠʙʘʚʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ, 

ʢʦʪʦʨʫʶ ʵʪʦʪ ʙʠʟʥʝʩ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ, ʬʠʥʘʥʩʦʚʳʡ ʧʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʠʨʘʤʠʜʫ 

[1].  

 

ʇʨʠʨʦʜʘ ʠ ʤʦʜʝʣʠ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ 

ʀʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ ʧʦ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ:  

1. ʌʠʥʘʥʩʦʚʘʷ ʧʠʨʘʤʠʜʘ ʇʦʥʮʠ;  

2. ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʧʠʨʘʤʠʜʘ;  

3. ɿʘʤʘʩʢʠʨʦʚʘʥʥʘʷ ʧʠʨʘʤʠʜʘ.  

1. ʂʘʨʣʦ ʇʴʝʪʨʦ ɼʞʦʚʘʥʥʠ ɻʫʣʴʝʣʴʤʦ ʊʝʙʘʣʴʜʠ ʇʦʥʮʠ ʏʘʨʣʴʟ - ʧʦʣʥʦʝ ʠʤʷ 

ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ. ʀʪʘʣʴʷʥʩʢʠʡ ʠʤʤʠʛʨʘʥʪ ʧʨʠʝʭʘʣ ʚ ʉʐɸ, ʠʤʝʷ ʜʚʘ ʩ 

ʧʦʣʦʚʠʥʦʡ ʜʦʣʣʘʨʦʚ ʚ ʢʘʨʤʘʥʝ, ʩʦʟʜʘʣ ʩʘʤʫʶ ʛʝʥʠʘʣʴʥʫʶ ʧʠʨʘʤʠʜʫ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʦʪ 

ʜʦʣʣʘʨʦʚ, ʚʟʷʪʳʭ ʚ ʜʦʣʛ ʫ ʟʥʘʢʦʤʦʛʦ ʪʦʨʛʦʚʮʘ ʤʝʙʝʣʴʶ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʥ ʥʝ ʧʦʪʨʘʪʠʣ ʥʠ 

ʮʝʥʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʥʝʛ ʥʘ ʝʝ ʩʦʟʜʘʥʠʝ. ɽʤʫ ʚ ʛʦʣʦʚʫ ʧʨʠʰʣʘ ʠʜʝʷ: ʥʘʯʘʪʴ ʠʟʜʘʚʘʪʴ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʞʫʨʥʘʣ. ʇʦʥʮʠ ʧʨʠʰʝʣ ʢ ʀʩʧʘʥʩʢʦʡ ʢʦʤʧʘʥʠʠ ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ ʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ. ʂʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʚʝʪ, ʦʥ ʧʦʣʫʯʠʣ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʙʤʝʥ ʢʫʧʦʥ. ʕʪʦʪ 
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ʢʫʧʦʥ ʤʦʞʝʪ ʦʙʤʝʥʷʪʴ ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʥʘ ʤʘʨʢʠ ʚ ʧʦʯʪʦʚʦʤ ʦʪʜʝʣʝʥʠʠ ʠ ʦʪʧʨʘʚʠʪʴ ʘʜʨʝʩʘʪʫ. 

ʊʘʢ ʧʦʷʚʠʣʘʩʴ ʠʜʝʷ ʟʘʨʘʙʦʪʘʪʴ ʥʘ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʮʝʥʦʡ ʢʫʧʣʠ-ʧʨʦʜʘʞʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʟʚʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʨʙʠʪʨʘʞ. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ: ʌʠʨʤʘ X ʧʦʢʫʧʘʝʪ 

ʨʫʜʫ ʚ ʀʥʜʠʠ ʜʣʷ ʧʨʦʜʘʞʠ ʚ ʗʧʦʥʠʠ. ɸʛʝʥʪ ʬʠʨʤʳ X ʚ ʗʧʦʥʠʠ ʠʱʝʪ ʧʦʢʫʧʘʪʝʣʷ ʥʘ 20 ʪʦʥʥ 

ʨʫʜʳ ʠ ʪʨʝʙʫʝʪ ʦʪ ʀʥʜʠʡʩʢʦʛʦ ʬʠʣʠʘʣʘ ʜʣʷ ʟʘʢʫʧʢʠ ʵʪʦʡ ʨʫʜʳ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʀʥʜʠʠ ʨʫʜʘ 

ʧʦʢʫʧʘʝʪʩʷ ʧʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʮʝʥʝ, ʘ ʚ ʗʧʦʥʠʠ ʧʨʦʜʘʝʪʩʷ ʧʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʮʝʥʘ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ 

ʥʠʟʢʦʡ ʧʦʢʫʧʥʦʡ ʮʝʥʦʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʜʘʞʥʘʷ ʮʝʥʘ - ɻ ʪʦ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʦʭʦʜʘ. ʏʘʨʣʴʟ 

ʇʦʥʮʠ ʭʦʪʝʣ ʩʜʝʣʘʪʴ ʪʦ ʞʝ ʩʘʤʦʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʢʫʧʦʥʘʤʠ: ʧʦʢʫʧʢʘ ʢʫʧʦʥʘ ʚ ʀʩʧʘʥʠʠ ʧʦ 

ʮʝʥʝ ʦʜʥʦʛʦ ʮʝʥʪʘ ʧʦʩʣʝ ʝʛʦ ʦʙʤʝʥʘ ʚ ʉʐɸ ʥʘ ʤʘʨʢʫ ʟʘʚʝʨʰʠʣʘʩʴ ʧʨʦʜʘʞʝʡ ʵʪʦʡ ʤʘʨʢʠ ʟʘ 

ʰʝʩʪʴ ʮʝʥʪʦʚ.  

ʆʩʥʦʚʘʪʝʣʴ ʵʪʦʡ ʩʭʝʤʳ ʚʢʣʘʜʳʚʘʝʪ ʩʚʦʠ ʜʝʥʴʛʠ, ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʫʨʦʚʥʠ ʧʦʣʫʯʘʶʪ ʜʦʭʦʜ 

ʠʟ ʩʨʝʜʩʪʚ ʦʩʥʦʚʘʪʝʣʴ ʧʠʨʘʤʠʜʳ. ʅʘʙʦʨ ʥʦʚʳʭ ʠʥʚʝʩʪʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʩʣʫʭʘʭ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʭ 

ʦ çʥʦʫ-ʭʘʫè ʦʨʛʘʥʠʟʘʪʦʨʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʣʦʚʘʤʠ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʫʞʝ ʧʦʣʫʯʠʣʠ 

ʧʨʠʙʳʣʴ. ʀʪʘʢ, ʧʠʨʘʤʠʜʘ ʩʪʘʥʦʚʠʪʩʷ ʚʳʛʦʜʥʦʡ, ʠʥʚʝʩʪʦʨʳ ʧʦʣʫʯʘʶʪ ʜʦʭʦʜ ʦʪ ʧʨʠʚʣʝʯʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʦʪ ʥʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ. ʂʘʞʜʳʡ ʠʥʚʝʩʪʦʨ ʵʪʦʡ ʧʠʨʘʤʠʜʳ ʚʭʦʜʠʪ ʚ ʥʝʝ ʟʘ ʧʨʠʙʳʣʠ ʠ, 

ʧʦʩʢʦʣʴʢʫ ʝʝ ʦʨʛʘʥʠʟʘʪʦʨ ʟʘʥʠʤʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘʙʦʨʦʤ ʥʦʚʳʭ ʠʥʚʝʩʪʦʨʦʚ, ʢʨʘʭ ʵʪʦʡ ʩʭʝʤʳ 

ʥʘʧʨʷʤʫʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʚʥʦʚʴ ʧʨʠʚʣʝʯʝʥʥʳʭ ʠʥʚʝʩʪʦʨʦʚ. 

ʂʘʢ ʵʪʦ ʦʙʳʯʥʦ ʙʳʚʘʝʪ ʩʨʘʟʫ ʧʦʩʣʝ ʵʪʦʛʦ, ʦʩʥʦʚʘʪʝʣʴ ʧʠʨʘʤʠʜʳ ʧʦʣʫʯʘʝʪ ʚʩʝ ʩʨʝʜʩʪʚʘ, 

ʚʣʦʞʝʥʥʳʝ ʫʯʘʩʪʥʠʢʘʤʠ. ʊʘʢʘʷ ʬʠʥʘʥʩʦʚʘʷ ʧʠʨʘʤʠʜʘ ʧʨʠʥʦʩʠʪ ʦʛʨʦʤʥʳʝ ʜʦʭʦʜʳ ʪʦʣʴʢʦ ʝʝ 

ʦʨʛʘʥʠʟʘʪʦʨʫ. 

2. ʂʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʭʝʤʳ ʬʠʥʘʥʩʦʚʦʡ ʧʠʨʘʤʠʜʳ ʚʥʦʩʷʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʟʚʠʪʠʝ ʧʠʨʘʤʠʜʳ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʝʛʦ ʯʣʝʥʳ 

ʟʘʥʠʤʘʶʪʩʷ ʧʦʠʩʢʦʤ ʠ ʚʝʨʙʦʚʢʦʡ ʫʯʘʩʪʥʠʢʦʚ ʩʣʝʜʫʶʱʝʛʦ ʫʨʦʚʥʷ, ʪʘʢ ʢʘʢ ʠʭ ʜʦʭʦʜ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ ʠʥʚʝʩʪʦʨʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, çʉʪʨʦʠʪʝʣʴʩʪʚʦè ʪʘʢʦʡ ʧʠʨʘʤʠʜʳ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʧʷʪʦʤ-h ʝʩʪʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʢʘʢ ʩ ʢʘʞʜʳʤ ʥʦʚʳʤ ʰʘʛʦʤ ʧʨʠʚʣʝʯʝʥʠʝ ʥʦʚʳʭ 

ʠʥʚʝʩʪʦʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʜʦʭʦʜ ʧʦʣʫʯʘʝʪ 

ʚʝʨʰʠʥʘ ʧʠʨʘʤʠʜʳ ʠ ʧʝʨʚʳʡ-ʚʪʦʨʦʡ ʫʨʦʚʥʠ ʫʯʘʩʪʥʠʢʦʚ. ʉʨʦʢ ʩʣʫʞʙʳ ʪʘʢʦʡ ʬʠʥʘʥʩʦʚʦʡ 

ʧʠʨʘʤʠʜʳ ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʡ.  

3. ʉʢʨʳʪʳʝ ʬʠʥʘʥʩʦʚʳʝ ʧʠʨʘʤʠʜʳ ʧʨʦʜʚʠʛʘʶʪʩʷ ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʤʘʨʢʝʪʠʥʛʦʚʳʡ 

ʙʠʟʥʝʩ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʪʘʢʠʝ ʧʠʨʘʤʠʜʳ ʧʨʦʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʪʦʚʘʨʳ ʠʣʠ ʫʩʣʫʛʠ. ʋʯʘʩʪʥʠʢʠ 

ʧʨʠʭʦʜʷʪ ʢ ʵʪʦʡ ʧʠʨʘʤʠʜʝ ʠ ʠʱʫʪ ʣʶʜʝʡ, ʢʦʪʦʨʳʤ ʦʥʠ ʧʨʦʜʘʶʪ ʵʪʠ ʪʦʚʘʨʳ ʠʣʠ ʫʩʣʫʛʠ. ɿʘ ʵʪʦ 

ʠʤ ʚʳʧʣʘʯʠʚʘʶʪʩʷ ʢʦʤʠʩʩʠʦʥʥʳʝ. ʊʦʚʘʨʳ ʠ ʫʩʣʫʛʠ - ɻʪʦ ʧʨʠʢʨʳʪʠʝ ʜʣʷ ʬʠʨʤʳ ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʧʦʜʦʟʨʝʥʠʡ ʠ ʦʙʚʠʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʬʠʥʘʥʩʦʚʦʡ ʧʠʨʘʤʠʜʳ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʧʠʨʘʤʠʜʳ ʰʠʨʦʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. 

ɼʦʩʪʘʪʦʯʥʦ ʟʘʡʪʠ ʚ ʩʦʮʠʘʣʴʥʳʝ ʩʝʪʠ, ʯʪʦʙʳ ʩʨʘʟʫ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʢʘʢ ʙʳʩʪʨʦ 

ʟʘʨʘʙʦʪʘʪʴ- ʧʦʷʚʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʩʳʣʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʝʨʝʡʪʠ. ɽʩʪʴ ʫʩʧʝʰʥʳʝ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʬʦʥʜʳ, ʧʨʦʛʥʦʟʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʦʨʪʠʚʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʡ, ʜʨʫʛʠʝ 

ʛʝʥʠʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʟʘʨʘʙʦʪʢʘ ʣʶʜʝʡ. ʊʦʯʥʦ ʪʘʢ ʞʝ ʤʦʰʝʥʥʠʢʠ ʜʝʡʩʪʚʫʶʪ ʧʦʜ ʚʠʜʦʤ 

ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʦʚ: ʧʦʢʫʧʘʪʝʣʴ ʭʦʯʝʪ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʪʦʚʘʨ, ʧʝʨʝʚʦʜʠʪ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʩʫʤʤʫ ʜʝʥʝʛ ʥʘ ʫʢʘʟʘʥʥʳʡ ʩʯʝʪ. ʅʦ ʢʘʢ ʪʦʣʴʢʦ ʥʘʙʝʨʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
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çʠʥʚʝʩʪʦʨʦʚè, ʦʨʛʘʥʘʡʟʝʨ ʧʨʦʩʪʦ ʠʩʯʝʟʘʝʪ ʩ ʜʝʥʴʛʘʤʠ. ʕʪʘ çʭʠʪʨʦʩʪʴè ʜʣʷ ʟʘʨʘʙʘʪʳʚʘʥʠʷ 

ʜʝʥʝʛ ʧʦʣʫʯʠʣʘ ʦʩʦʙʝʥʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʀʥʪʝʨʥʝʪʘ: ʦʜʥʘ ʟʘ 

ʜʨʫʛʦʡ ʬʠʥʘʥʩʦʚʳʝ ʧʠʨʘʤʠʜʳ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ. ʀ ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʚʝʜʴ 

ʩʦʟʜʘʪʴ ʬʠʥʘʥʩʦʚʫʶ ʧʠʨʘʤʠʜʫ ʥʘʤʥʦʛʦ ʧʨʦʱʝ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʝʪʝʚʫʶ ʢʦʤʧʘʥʠʶ. ɺ 

ʀʥʪʝʨʥʝʪʝ ʧʨʦʱʝ ʥʘʙʠʨʘʪʴ ʫʯʘʩʪʥʠʢʦʚ ʧʠʨʘʤʠʜʳ, ʧʝʨʝʚʦʜʷ ʩʚʦʠ ʬʠʥʘʥʩʳ ʩʨʝʜʩʪʚʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʥʝʛ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʧʦʜʜʝʨʞʢʝ ʥʘʚʷʟʯʠʚʦʡ ʨʝʢʣʘʤʳ, ʘ ʠʤʝʥʥʦ: ʧʨʠʛʣʘʰʝʥʠʷ 

ʧʦ ʧʦʯʪʝ, ʙʝʩʢʦʥʝʯʥʳʝ ʚʩʧʣʳʚʘʶʱʠʝ ʦʢʥʘ ʥʘ ʩʘʡʪʘʭ ʩ ʟʘʤʘʥʯʠʚʳʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ, ʩʧʘʤ ʠ ʪ. 

ʜ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʘʥʦʥʠʤʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʬʠʥʘʥʩʦʚʫʶ ʧʠʨʘʤʠʜʫ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ. ʀ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʜʝʥʝʞʥʳʝ ʧʦʪʦʢʠ, ʧʨʠʚʣʝʯʴ 

ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʢ ʶʨʠʜʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠʣʠ ʚʝʨʥʫʪʴ ʜʝʥʴʛʠ. ʕʪʦ ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ, ʯʪʦ 

ʀʥʪʝʨʥʝʪ ʧʨʝʜʣʘʛʘʝʪ ʩʘʤʳʝ ʚʳʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʝʣʘʶʱʠʭ ʙʳʩʪʨʦ ʟʘʨʘʙʦʪʘʪʴ.   

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʨʷʜ ʀʥʪʝʨʥʝʪ- ʧʠʨʘʤʠʜʳ: Global, Intergold Recyclix, 

MMM 2016, Currency Systems. ʇʦ ʦʬʠʮʠʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʝ ʙʳʣʦ ʦʢʦʣʦ 2500 ʬʠʥʘʥʩʦʚʳʭ 

ʧʠʨʘʤʠʜ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ. ɺ ʘʨʘʙʩʢʠʭ 

ʛʦʩʫʜʘʨʩʪʚʘʭ ʩʤʝʨʪʝʣʴʥʘʷ ʢʘʟʥʴ ï ɻ ʪʦ ʥʘʢʘʟʘʥʠʝ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ. 

ʂʦʥʝʯʥʦ, ʣʠʰʝʥʠʝ ʞʠʟʥʠ ʷʚʣʷʝʪʩʷ ʥʝ ʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ, ʥʦ ʵʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʧʨʝʜʫʧʨʝʜʠʪʴ ʛʨʘʞʜʘʥ ʦ ʚʦʟʤʦʞʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʫʛʨʦʞʘʶʱʝʡ ʠʭ ʬʠʥʘʥʩʦʚʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʬʠʥʘʥʩʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦ ʥʘʩʝʣʝʥʠʷ ʦ ʧʦʩʪʦʷʥʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʥʦʚʳʭ 

ʩʭʝʤʘʭ ʬʠʥʘʥʩʦʚʳʝ ʧʠʨʘʤʠʜʳ.  

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ 

ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ ʧʨʝʜʣʦʞʝʥ ʉ. ɺ. 

ɼʫʙʦʚʩʢʠʤ [2, 3].  

ɺʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʬʠʥʘʥʩʦʚʘʷ ʧʠʨʘʤʠʜʘ ʥʘʯʠʥʘʝʪʩʷ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ π. 

Ὃὸ ð ʥʝʧʦʛʘʰʝʥʥʳʡ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t ʦʙʲʝʤ ʮʝʥʥʳʭ ʙʫʤʘʛ ʬʠʥʘʥʩʦʚʦʡ ʧʠʨʘʤʠʜʳ. 

ʕʪʘ ʠ ʜʘʣʴʥʝʡʰʠʝ ʚʝʣʠʯʠʥʳ ʚʳʨʘʞʝʥʳ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ. 

ὠὸ ð ʜʦʭʦʜ ʆʨʛʘʥʠʟʘʪʦʨʘ ʬʠʥʘʥʩʦʚʦʡ ʧʠʨʘʤʠʜʳ. 

ὡ ὸ ð ʜʦʭʦʜ ʚʢʣʘʜʯʠʢʦʚ ʬʠʥʘʥʩʦʚʦʡ ʧʠʨʘʤʠʜʳ. 

Ὣὸð ʦʙʲʝʤ ʨʘʩʧʨʦʜʘʥʥʳʭ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʮʝʥʥʳʭ ʙʫʤʘʛ. 

ʒ π ð ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʩʨʦʢ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʥʘʩʪʫʧʘʝʪ ʤʦʤʝʥʪ ʚʳʧʦʣʥʝʥʠʷ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʆʨʛʘʥʠʟʘʪʦʨʘ, ʦʪʩʯʠʪʳʚʘʝʤʳʡ ʦʪ ʤʦʤʝʥʪʘ ʠʭ ʧʨʦʜʘʞʠ. 

Ὣὸ ʒðʦʙʲʝʤ ʧʦʛʘʰʝʥʥʳʭ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʮʝʥʥʳʭ ʙʫʤʘʛ, ʧʨʦʜʘʥʥʳʭ 

ʆʨʛʘʥʠʟʘʪʦʨʦʤ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ ʒ 

ὧὫ ὸ צπȠρɂ ʮʝʥʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʜʦʣʷʭ ʦʪ ʥʦʤʠʥʘʣʘ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʜʘʞʠ 

ʮʝʥʥʳʭ ʙʫʤʘʛ. 

ʀʩʭʦʜʷ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʟʘʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʚʝʣʠʯʠʥ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʯʪʦ 

 



 XXIV  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

47 

ὨὋ

Ὠὸ

Ὣὸȟὸ  ű

Ὣὸ Ὣὸ űȟὸ ű
ȟὋπ π 

 

Ὠὠ

Ὠὸ

ὧὫὸȟὸ ű

ὧὫὸ Ὣὸ űȟὸ ű
ȟὠπ π 

 

Ὠὡ

Ὠὸ

πȟὸ  ű

ρ  ὧ Ὣὸ •ȟὸ ű
ȟὡ π π 

 

ʀʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʚʝʣʠʯʠʥ Ὃὸ, ὠὸ , ὡ ὸ [5] ʧʦ 

ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ Ὣὸ: 

 

Ὃὸ ὫɝὨɝ Ὣɝ •Ὠɝ ὫɝὨɝȟ 

 

ὠὸ  ὧὫɝὨɝ  Ὣɝ •Ὠɝ  ὧὫɝὨɝ ὫɝὨɝ 

 

ὡ ὸ  ρ  ὧ Ὣɝ •Ὠɝ  ρ  ὧ ὫɝὨɝ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʠʥʘʥʩʦʚʦʡ ʧʠʨʘʤʠʜʳ ʙʳʣʠ 

ʧʨʠʚʝʜʝʥʳ ʧʨʦʩʪʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʧʠʨʘʤʠʜʳ, ʘ ʪʘʢʞʝ ʚʳʨʫʯʢʫ ʝʝ ʆʨʛʘʥʠʟʘʪʦʨʘ ʠ ʝʝ ʚʢʣʘʜʯʠʢʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. 

ʌʝʥʦʤʝʥ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʛʘʪʠʚʥʳʡ ʦʪʧʝʯʘʪʦʢ ʥʘ ʧʦʣʠʪʠʯʝʩʢʠʡ, 

ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʦʨʪʨʝʪ ʩʪʨʘʥʳ, ʝʩʣʠ ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʝ ʤʝʨʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʠʯʠʥ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʟʘʢʦʥʦʤ 

ʟʘʧʨʝʪ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʧʠʨʘʤʠʜ ʠ ʫʛʦʣʦʚʥʦʝ ʧʨʝʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʦʟʜʘʪʝʣʝʡ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʟʥʘʥʳ ʘʙʩʦʣʶʪʥʳʤʠ ʛʘʨʘʥʪʠʷʤʠ ʟʘʱʠʪʳ ʥʘʩʝʣʝʥʠʷ ʦʪ ʜʝʡʩʪʚʠʡ 

ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʧʠʨʘʤʠʜ ʚʥʝ ʧʨʘʚʦʚʦʛʦ ʧʦʣʷ. 
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ʋɼʂ 521.1 

ʀʩʘʯʝʥʢʦʚ ʅ.ʖ. 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɼ. ʋʰʠʥʩʢʦʛʦ 

ʛ. ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʅɸʏɸʃʔʅʓʍ ʋʉʃʆɺʀʁ  

ʇʈʀ ʇʆʃɽʊɽ ʂʆʉʄʀʏɽʉʂʆɻʆ ɸʇʇɸʈɸʊɸ  

ʇʆ ʊʈɸɽʂʊʆʈʀʀ çɿɽʄʃʗ-ʃʋʅɸ-ʄɸʈʉ-ɻʃɸɺʅʓʁ ʇʆʗʉ ɸʉʊɽʈʆʀɼʆɺè 

 

ɺ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʦʩʢʦʡ ʢʨʫʛʦʚʦʡ ʟʘʜʘʯʠ ʧʷʪʠ ʪʝʣ çʉʦʣʥʮʝ-ɿʝʤʣʷ-ʃʫʥʘ-ʄʘʨʩ-

ʪʝʣʦ ʩ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʤʘʩʩʦʡè ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʠ 

ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʟʘʧʫʩʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʪʝʩʥʳʭ ʩʙʣʠʞʝʥʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ, ʄʘʨʩʘ, ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʦʩʪʠʞʝʥʠʝʤ ɻʣʘʚʥʦʛʦ ʧʦʷʩʘ ʘʩʪʝʨʦʠʜʦʚ. ʉ ʧʦʤʦʱʴʶ ʧʦʜʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʤʝʪʦʜʘ 

ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʈʫʥʛʝïʂʫʪʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʘʝʢʪʦʨʠʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʟʘʧʫʩʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʪʘʨʪʘ ʦʪ ɿʝʤʣʠ 

ʜʦ ɻʣʘʚʥʦʛʦ ʧʦʷʩʘ ʘʩʪʝʨʦʠʜʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʪʘʨʪʫʶʱʝʛʦ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʧʷʪʠ ʪʝʣ çʉʦʣʥʮʝïɿʝʤʣʷïʃʫʥʘïʄʘʨʩïʪʝʣʦ ʩ ʥʠʯʪʦʞʥʦ 

ʤʘʣʦʡ ʤʘʩʩʦʡè ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʪʝʩʥʳʤʠ ʩʙʣʠʞʝʥʠʷʤʠ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʃʫʥʳ ʠ ʄʘʨʩʘ, 

ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʝʤ ɻʣʘʚʥʦʛʦ ʧʦʷʩʘ ʘʩʪʝʨʦʠʜʦʚ, ʥʘʭʦʜʷʱʝʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʦʪ ʉʦʣʥʮʘ.  

ʎʝʣʴ: ʧʦʜʙʦʨ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʦʞʝʥʠʡ ɿʝʤʣʠ, ʃʫʥʳ, ʄʘʨʩʘ ʠ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʧʝʨʝʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ɿʝʤʣʠ ʢ ɻʣʘʚʥʦʤʫ ʧʦʷʩʫ ʘʩʪʝʨʦʠʜʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ: ʚʩʝ ʯʘʱʝ ʩ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʟʘʧʫʩʢʘʶʪʩʷ 

ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ. ʆʜʥʦʠʤʧʫʣʴʩʥʳʡ ʧʦʣʝʪ ʩʦ ʩʙʣʠʞʝʥʠʝʤ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʢʨʫʧʥʳʭ ʥʝʙʝʩʥʳʭ ʪʝʣ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʠ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʳ ʪʦʧʣʠʚʘ, ʘ ʟʥʘʯʠʪ ʩʥʠʟʠʪʴ ʠ 

ʬʠʥʘʥʩʦʚʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʝʨʝʣʝʪ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʘʣʛʝʙʨʘ (ʩʠʩʪʝʤʘ 

çMAPLE 17è); ʧʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʳ. ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʘʢʪʠʢʝ ʤʝʞʧʣʘʥʝʪʥʳʭ ʧʝʨʝʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʚ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ, ʫʯʝʙʥʦʡ ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʘʩʪʨʦʥʦʤʠʠ. 

ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ. ʇʨʝʜʩʪʘʚʠʤ ʚʝʢʪʦʨʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʪʝʣʘ ʩ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʤʘʩʩʦʡ ʚ ʬʦʨʤʝ (1) ï ʩ ʦʜʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ vE [2, ʩ. 130]. 
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ɿʜʝʩʴ r, rE, rA ð ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ɿʝʤʣʠ ʠ 

ʄʘʨʩʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. rEM ð ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʃʫʥʳ. mS, mE, mM ʠ mA ï ʤʘʩʩʳ 

ʉʦʣʥʮʘ, ɿʝʤʣʠ, ʃʫʥʳ ʠ ʄʘʨʩʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. vE ð ʩʨʝʜʥʷʷ ʜʦʣʛʦʪʘ ɿʝʤʣʠ, ɤE ð ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ, ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʚʦʢʨʫʛ 

ʉʦʣʥʮʘ. ʆʨʙʠʪʳ ʃʫʥʳ ʠ ʄʘʨʩʘ ʪʘʢʞʝ ʩʯʠʪʘʝʤ ʢʨʫʛʦʚʳʤʠ, ʘ ʠʭ ʩʨʝʜʥʠʝ ʜʦʣʛʦʪʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ vE [1, ʩ. 211].  

ɺ ʜʘʥʥʦʡ ʥʝʙʝʩʥʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ vM, vA ï ʩʨʝʜʥʠʝ ʜʦʣʛʦʪʳ ɿʝʤʣʠ, ʃʫʥʳ ʠ ʄʘʨʩʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. G ð ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʈʘʜʠʫʩʳ ɿʝʤʣʠ, ʃʫʥʳ ʠ ʄʘʨʩʘ ʨʘʚʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

RE=
Ȣ

Ȣ
ʘ.ʝ.=0.00004263803482ʘ.ʝ., RM=

Ȣ
ʘ.ʝ.=0.00001161781099 ʘ.ʝ., 

RA=
Ȣ
ʘ.ʝ.=0.00002270753968 ʘ.ʝ. (National Aeronautics and Space Administration. 

https://clck.ru/aeUNL). 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʨʘʩʯʝʪʳ. ʅʘʯʘʣʦ ʦʪʩʯʝʪʘ ʩʨʝʜʥʠʭ ʜʦʣʛʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʣ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʵʪʠʭ ʪʝʣ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʡ: ʝʜʠʥʠʮʘ ʜʣʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ, ʝʜʠʥʠʮʘ ʤʘʩʩʳ ʨʘʚʥʘ 

ʤʘʩʩʝ ʉʦʣʥʮʘ, ʝʜʠʥʠʮʘ ʚʨʝʤʝʥʠ ʨʘʚʥʘ 1 ʟʚʝʟʜʥʦʤʫ ʛʦʜʫ, vE, vM, vA ʠʟʤʝʨʷʶʪʩʷ ʚ ʨʘʜʠʘʥʘʭ [1, ʩ. 

212]. 

dVESKE ð ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʉʦʣʥʮʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʣʦʞʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ. dVESKE=dVES+dVKE, ʛʜʝ dVES ð ʩʢʦʨʦʩʪʴ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʉʦʣʥʮʘ, dVKE ð ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ. 

ʇʦʜʙʝʨʝʤ ʪʘʢʠʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʥʠʭ ʜʦʣʛʦʪ ʃʫʥʳ ʠ ʄʘʨʩʘ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʪʘʨʪʫʶʱʠʡ ʩ ɿʝʤʣʠ, ʥʝ ʩʙʣʠʟʠʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʵʪʠʭ ʧʣʘʥʝʪ ʠ ʩʢʦʨʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʥʝ 

ʠʟʤʝʥʠʪʩʷ ʠʣʠ ʠʟʤʝʥʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʊʦʛʜʘ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʨʘʚʥʳʭ: vE0=0 ʨʘʜ, 

vM0=1 ʨʘʜ, vA0=1 ʨʘʜ, x0=1+RE ʘ.ʝ., y0=0 ʘ.ʝ., dVES=29780 ʤ/ʩ, dVKE=13150 ʤ/ʩ, ʪʨʘʝʢʪʦʨʠʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 (National Aeronautics and Space Administration 

(https://clck.ru/aeUNL).  

ʀʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʉʦʣʥʮʝʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʃʫʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʄʘʨʩʦʤ ʠ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.  
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ʈʠʩ. 1. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ. vEmax = 20 ʨʘʜ. ï 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʜʦʣʛʦʪʳ ɿʝʤʣʠ 

ʈʠʩ. 2. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʉʦʣʥʮʝʤ ʠ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮʘʭ. vEmax = 20 ʨʘʜ. ï ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʜʦʣʛʦʪʳ ɿʝʤʣʠ 

  
ʈʠʩ. 3. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʃʫʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʠʤ 

ʘʧʧʘʨʘʪʦʤ. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ  

ʨʘʚʥʦ 0.002227383558 ʘ.ʝ. (>>RM)  

ʧʨʠ vE=0.0050951 ʨʘʜ 

ʈʠʩ. 4. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʄʘʨʩʦʤ ʠ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 0.15053148355 ʘ.ʝ. (>>Rɸ) ʧʨʠ 

vE2=2.238517 ʨʘʜ 

 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2. ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʥʝ ʜʦʩʪʠʛʥʝʪ ɻʣʘʚʥʦʛʦ ʧʦʷʩʘ ʘʩʪʝʨʦʠʜʦʚ, 

ʥʝ ʩʙʣʠʟʠʚʰʠʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʃʫʥʳ ʠ ʄʘʨʩʘ. ɽʛʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʉʦʣʥʮʘ 

ʩʦʩʪʘʚʠʪ 2,5 ʘ.ʝ. 

ʊʝʧʝʨʴ ʧʦʜʙʝʨʝʤ ʪʘʢʠʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʥʠʭ ʜʦʣʛʦʪ ʃʫʥʳ ʠ ʄʘʨʩʘ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʪʘʨʪʫʶʱʠʡ ʩ ɿʝʤʣʠ, ʩʙʣʠʟʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʃʫʥʳ 

ʠ ʄʘʨʩʘ.  

ɼʣʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʨʘʚʥʳʭ: vE0=0 ʨʘʜ, vM0=2.012306 ʨʘʜ, vA0=0.96343455 ʨʘʜ, 

x0=1+RE ʘ.ʝ., y0=0 ʘ.ʝ., dVES=29780 ʤ/ʩ, dVKE=13150 ʤ/ʩ, ʪʨʘʝʢʪʦʨʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5 (National Aeronautics and Space Administration. 

https://clck.ru/aeUNL).  
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ʀʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʉʦʣʥʮʝʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʃʫʥʦʡ  ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 7.  

ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ  ʤʝʞʜʫ ʄʘʨʩʦʤ  ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

vE) ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 8. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ɻʣʘʚʥʦʛʦ ʧʦʷʩʘ ʘʩʪʝʨʦʠʜʦʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 

 

 

ʈʠʩ. 5. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ. vEmax = 20 ʨʘʜ. 

ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʜʦʣʛʦʪʳ 

ɿʝʤʣʠ 

 

ʈʠʩ. 6. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʉʦʣʥʮʝʤ ʠ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮʘʭ. vEmax = 20 ʨʘʜ. ï ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʜʦʣʛʦʪʳ ɿʝʤʣʠ 

 
 

 

ʈʠʩ. 7. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʃʫʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʠʤ 

ʘʧʧʘʨʘʪʦʤ. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 

0.0000116198 ʘ.ʝ. (>RM) ʧʨʠ vE1=0.010377 ʨʘʜ 

 

ʈʠʩ. 8. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʄʘʨʩʦʤ ʠ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʦ 0.000022689 ʘ.ʝ. (>Rɸ) ʧʨʠ 

vE2=2.4046549 ʨʘʜ 
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ʈʠʩ. 9. ɺʨʝʤʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪ ɿʝʤʣʠ ʜʦ ɻʣʘʚʥʦʛʦ ʧʦʷʩʘ ʘʩʪʝʨʦʠʜʦʚ, 

 ʥʘʭʦʜʷʱʝʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʘ.ʝ., ʩʦʩʪʘʚʣʷʝʪ vE3 = 9,0725477 ʨʘʜ 
 

ɿʥʘʷ ʫʛʦʣ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʚʝʨʥʫʣʘʩʴ ɿʝʤʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʨʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ: ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʨʠʙʣʠʟʠʪʩʷ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ (vE1=0.010377ʨʘʜ.=
Ȣ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

πȟφπσςσωυρφ ̒̔̓̏̋

             ρτ ̘́̒̏̃ ςψ ̍̉̎̔̓ τπ ̒̆̋̔̎̅); ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʨʠʙʣʠʟʠʪʩʷ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ ʧʦʩʣʝ ʩʙʣʠʞʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ (vE2-vE1=2.4046549ʨʘʜ. - 0.010377 

ʨʘʜ. = 2,3942779 ʨʘʜ.= 
ȟ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

=139,185029 ʩʫʪʦʢ 4 ʤʝʩʷʮʘ 19 ʩʫʪʦʢ 4 ʯʘʩʘ 26 

ʤʠʥʫʪ 26 ʩʝʢʫʥʜ); ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʦʩʪʠʛʥʝʪ ɻʣʘʚʥʦʛʦ ʧʦʷʩʘ 

ʘʩʪʝʨʦʠʜʦʚ ʧʦʩʣʝ ʩʙʣʠʞʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʄʘʨʩʘ (vE3-vE2=9,0725477 ʨʘʜ. - 2.4046549 ʨʘʜ.= 

= 6,6678928 ʨʘʜ.= 
ȟ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

=387,620355 ʩʫʪʦʢ1 ʛʦʜ 22 ʩʫʪʦʢ 8 ʯʘʩʦʚ 44 ʤʠʥʫʪʳ 

6 ʩʝʢʫʥʜ), ʘ ʦʙʱʝʝ ʚʨʝʤʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʜʦ ɻʣʘʚʥʦʛʦ 

ʧʦʷʩʘ ʘʩʪʝʨʦʠʜʦʚ ʩʦʩʪʘʚʠʪ vE3 = 9,0725477 ʨʘʜ.= 
ȟ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

=527,408623 ʩʫʪʦʢ1 

ʛʦʜ 5 ʤʝʩʷʮʝʚ 12 ʩʫʪʦʢ 3 ʯʘʩʘ 39 ʤʠʥʫʪ 12 ʩʝʢʫʥʜ (ʉʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʌʠʟʠʢʘ. ʉʧʨʘʚʦʯʥʠʢ ʄɻʋ. 

https://clck.ru/aeayV). 

 

1. ʋʨʘʚʥʝʥʠʝ (1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʥʦ ʩ ʦʜʥʦʡ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ r, ʟʘʚʠʩʷʱʝʡ ʦʪ ʦʜʥʦʡ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ vE. 

2. ʇʨʠ ʩʙʣʠʞʝʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʃʫʥʳ ʠ ʄʘʨʩʘ 

(ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʘʥʝʚʨ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʨʘʱʘ) ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ɻʣʘʚʥʦʛʦ 

ʧʦʷʩʘ ʘʩʪʝʨʦʠʜʦʚ. 

3. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʪʘʨʪʘ ʦʪ ɿʝʤʣʠ ʜʦ ɻʣʘʚʥʦʛʦ ʧʦʷʩʘ ʘʩʪʝʨʦʠʜʦʚ ʩʦʩʪʘʚʣʷʝʪ vE3= 

=9,0725477 ʨʘʜ.  1 ʛʦʜ 5 ʤʝʩʷʮʝʚ 12 ʩʫʪʦʢ 3 ʯʘʩʘ 39 ʤʠʥʫʪ 12 ʩʝʢʫʥʜ. 
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ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʝʨʦʚ ʅ.ʀ. ʆ ʥʝʙʝʩʥʳʭ ʪʝʣʘʭ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʦʨʙʠʪʳ ʄʘʨʩʘ, ɿʝʤʣʠ ʠ ʃʫʥʳ // 

ʄʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ, ʘʩʪʨʦʥʦʤʠʷ ʠ ʬʠʟʠʢʘ, ʵʢʦʥʦʤʠʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʭ 

ʧʨʝʧʦʜʘʚʘʥʠʷ: ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʗʨʦʩʣʘʚʣʴ: ʈʀʆ ʗɻʇʋ, 2017. 280 ʩ. 

2. ʈʦʡ ɸ. ɼʚʠʞʝʥʠʝ ʧʦ ʦʨʙʠʪʘʤ. ʄ.: ʄʠʨ, 1981. 544 ʩ. 
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ʋɼʂ 521.1 

ʀʩʘʯʝʥʢʦʚ ʅ.ʖ. 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɼ. ʋʰʠʥʩʢʦʛʦ 

ʛ. ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʆʁ ʊʈɸɽʂʊʆʈʀʀ ʀ ʄʀʅʀʄɸʃʔʅʆʁ ʉʊɸʈʊʆɺʆʁ 

ʉʂʆʈʆʉʊʀ ʂʆʉʄʀʏɽʉʂʆɻʆ ɸʇʇɸʈɸʊɸ ʇʈʀ ʆɼʅʆʀʄʇʋʃʔʉʅʆʄ ʇʆʃɽʊɽ 

ʇʆ ʊʈɸɽʂʊʆʈʀʀ çɿɽʄʃʗ-ʃʋʅɸ-ɺɽʅɽʈɸ-ʄɽʈʂʋʈʀʁè 

 

ɺ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʦʩʢʦʡ ʢʨʫʛʦʚʦʡ ʟʘʜʘʯʠ ʰʝʩʪʠ ʪʝʣ çʉʦʣʥʮʝ-ɿʝʤʣʷ-ʃʫʥʘ-

ɺʝʥʝʨʘ-ʄʝʨʢʫʨʠʡ-ʪʝʣʦ ʩ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʤʘʩʩʦʡè ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʟʘʧʫʩʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʝʩʥʳʭ ʩʙʣʠʞʝʥʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʃʫʥʳ, ɺʝʥʝʨʳ 

ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʩʪʠʞʝʥʠʝʤ ʄʝʨʢʫʨʠʷ. ʉ ʧʦʤʦʱʴʶ ʧʦʜʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʤʝʪʦʜʘ 

ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʈʫʥʛʝïʂʫʪʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʩʪʘʨʪʦʚʘʷ ʩʢʦʨʦʩʪʴ ʟʘʧʫʩʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʚʨʝʤʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʩ ɿʝʤʣʠ ʜʦ ʄʝʨʢʫʨʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʩʪʘʨʪʫʶʱʝʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʰʝʩʪʠ ʪʝʣ çʉʦʣʥʮʝ-ɿʝʤʣʷ-ʃʫʥʘ-ɺʝʥʝʨʘ-

ʄʝʨʢʫʨʠʡ-ʪʝʣʦ ʩ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʤʘʩʩʦʡè ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʪʝʩʥʳʤʠ ʩʙʣʠʞʝʥʠʷʤʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ ʠ ɺʝʥʝʨʳ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʝʤ ʧʣʘʥʝʪʳ ʄʝʨʢʫʨʠʡ. ʎʝʣʴ: ʧʦʜʙʦʨ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʦʞʝʥʠʷ ɿʝʤʣʠ, ʃʫʥʳ, ɺʝʥʝʨʳ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ɿʝʤʣʠ ʢ ʄʝʨʢʫʨʠʶ. ɸʢʪʫʘʣʴʥʦʩʪʴ: 

ʟʘʧʫʩʢ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʄʝʨʢʫʨʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʣʘʥʝʪʳ, 

ʜʦʙʳʯʠ ʨʝʩʫʨʩʦʚ ʩ ʧʦʤʦʱʴʶ ʨʦʙʦʪʦʚ ʠ ʜʘʞʝ ʟʘʭʦʨʦʥʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ. ʆʜʥʦʠʤʧʫʣʴʩʥʳʡ ʧʦʣʝʪ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʪʝʩʥʳʤʠ ʩʙʣʠʞʝʥʠʷʤʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʃʫʥʳ ʠ ɺʝʥʝʨʳ ʧʦʟʚʦʣʠʪ ʜʦʣʝʪʝʪʴ ʜʦ ʄʝʨʢʫʨʠʷ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʪʘʨʪʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜʳ ʪʦʧʣʠʚʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʟʠʪʴ 

ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʣʝʪ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʘʣʛʝʙʨʘ (ʩʠʩʪʝʤʘ 

çMAPLE 17è); ʧʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʳ. ʅʦʚʠʟʥʘ: ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʧʦʣʝʪʘ ʩ ɿʝʤʣʠ ʢ ʄʝʨʢʫʨʠʶ. ʅʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʘʢʪʠʢʝ 

ʤʝʞʧʣʘʥʝʪʥʳʭ ʧʝʨʝʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ, ʫʯʝʙʥʦʡ ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʨʘʙʦʪʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʘʩʪʨʦʥʦʤʠʠ. 

ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ. ʇʨʝʜʩʪʘʚʠʤ ʚʝʢʪʦʨʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʪʝʣʘ ʩ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʤʘʩʩʦʡ ʚ ʬʦʨʤʝ (1) ï ʩ ʦʜʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ vE [2, ʩ. 130]. 
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►► ►

ȿ►► ► ȿ

►►

ȿ►►ȿ

►►

ȿ►► ȿ
.   (1) 
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ɿʜʝʩʴ r, rE, rV, rMerc ð ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ɿʝʤʣʠ, 

ɺʝʥʝʨʳ ʠ ʄʝʨʢʫʨʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. rEMoon ð ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʃʫʥʳ. mS, mE, 

mMoon, mV ʠ mMerc ð ʤʘʩʩʳ ʉʦʣʥʮʘ, ɿʝʤʣʠ, ʃʫʥʳ, ɺʝʥʝʨʳ ʠ ʄʝʨʢʫʨʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. vE ð 

ʩʨʝʜʥʷʷ ʜʦʣʛʦʪʘ ɿʝʤʣʠ, ɤE ð ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ, ʨʘʚʥʦʤʝʨʥʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʚʦʢʨʫʛ ʉʦʣʥʮʘ. ʆʨʙʠʪʳ ʃʫʥʳ, ɺʝʥʝʨʳ ʠ ʄʝʨʢʫʨʠʷ ʪʘʢʞʝ 

ʩʯʠʪʘʝʤ ʢʨʫʛʦʚʳʤʠ, ʘ ʠʭ ʩʨʝʜʥʠʝ ʜʦʣʛʦʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ vE [1, ʩ. 211].  

ɺ ʜʘʥʥʦʡ ʥʝʙʝʩʥʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ vMoon, vV, vMerc ð ʩʨʝʜʥʠʝ ʜʦʣʛʦʪʳ ʃʫʥʳ, ɺʝʥʝʨʳ 

ʠ ʄʝʨʢʫʨʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. G ð ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʈʘʜʠʫʩʳ ɿʝʤʣʠ, ʃʫʥʳ, ɺʝʥʝʨʳ 

ʠ ʄʝʨʢʫʨʠʷ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 

RE = 
Ȣ
 ʘ.ʝ. = 0.00004258749935 ʘ.ʝ., 

RMoon = 
Ȣ

Ȣ
 ʘ.ʝ. = 0.00001161380025 ʘ.ʝ., 

RV = 
Ȣ

Ȣ
 ʘ.ʝ. = 0.00004045377939 ʘ.ʝ., 

RMerc=
Ȣ

Ȣ
 ʘ.ʝ. = 0.00001630838 ʘ.ʝ.  

(https://clck.ru/aeUNL) 

 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʨʘʩʯʝʪʳ. ʅʘʯʘʣʦ ʦʪʩʯʝʪʘ ʩʨʝʜʥʠʭ ʜʦʣʛʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʣ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʵʪʠʭ ʪʝʣ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʡ: ʝʜʠʥʠʮʘ ʜʣʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ, ʝʜʠʥʠʮʘ ʤʘʩʩʳ ʨʘʚʥʘ 

ʤʘʩʩʝ ʉʦʣʥʮʘ, ʝʜʠʥʠʮʘ ʚʨʝʤʝʥʠ ʨʘʚʥʘ 1 ʟʚʝʟʜʥʦʤʫ ʛʦʜʫ, vE, vMoon, vV, vMerc ʠʟʤʝʨʷʶʪʩʷ ʚ 

ʨʘʜʠʘʥʘʭ [1, ʩ. 212]. dVKE ï ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ.  

ʇʦʜʙʝʨʝʤ ʪʘʢʠʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʥʠʭ ʜʦʣʛʦʪ ɿʝʤʣʠ, ʃʫʥʳ, ɺʝʥʝʨʳ ʠ ʄʝʨʢʫʨʠʷ, ʘ 

ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʩʪʘʨʪʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, 

ʩʪʘʨʪʫʶʱʠʡ ʩ ɿʝʤʣʠ, ʜʦʣʝʪʠʪ ʜʦ ʄʝʨʢʫʨʠʷ.  

ʦʛʜʘ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʨʘʚʥʳʭ: vE0=0 ʨʘʜʠʘʥ, vMoon0=4.4771325 ʨʘʜ., vV0=5.28472895 

ʨʘʜ., vMerc0=5.2135 ʨʘʜ., x0=1 ʘ.ʝ., y0=ïRE ʘ.ʝ., dVKE=11686 ʤ/ʩ, ʪʨʘʝʢʪʦʨʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʀʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʉʦʣʥʮʝʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʃʫʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.  

ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ɺʝʥʝʨʦʡ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

vE) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.  

ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʄʝʨʢʫʨʠʝʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ vE) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5.  
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ʈʠʩ. 1. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ. vE3 = 2.903388 

ʨʘʜ. ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  

ʩʨʝʜʥʝʡ ʜʦʣʛʦʪʳ ɿʝʤʣʠ 

 

ʈʠʩ. 2. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʉʦʣʥʮʝʤ ʠ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮʘʭ. vE3 = 2.903388 ʨʘʜ. ï ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʜʦʣʛʦʪʳ ɿʝʤʣʠ 

 

 

 

ʈʠʩ. 3. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʃʫʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʠʤ 

ʘʧʧʘʨʘʪʦʤ. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ  

ʨʘʚʥʦ 0.0000120419 ʘ.ʝ. (>>RMoon)  

ʧʨʠ vE10.0179756 ʨʘʜ 

 

ʈʠʩ. 4. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ɺʝʥʝʨʦʡ ʠ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ  

ʨʘʚʥʦ 0.00004083 ʘ.ʝ. (>>RV)  

ʧʨʠ vE2  1.870896 ʨʘʜ 



 XXIV  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

58 

 
 

ʈʠʩ. 5. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʄʝʨʢʫʨʠʝʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ.  

ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʦʣʝʪʠʪ ʜʦ ʄʝʨʢʫʨʠʷ ʯʝʨʝʟ vE3  2.903388 ʨʘʜ 

 

ɿʥʘʷ ʫʛʦʣ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʚʝʨʥʫʣʘʩʴ ɿʝʤʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʨʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ: ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʪʘʨʪʫʶʱʠʡ ʩ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ 

(vE1=0.0179756 ʨʘʜ. = 
Ȣ  ̑́Ȣ̅Ͻ Ȣ  ̒̔̓̏̋

ρȟπττωφτπψ ̒̔̓̏ ̋1 ʜʝʥʴ 1 ʯʘʩ 4 ʤʠʥʫʪʳ 45 

ʩʝʢʫʥʜ); ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʪʘʨʪʫʶʱʠʡ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɺʝʥʝʨʳ ʧʦʩʣʝ ʩʙʣʠʞʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʃʫʥ r(vE2 - vE1=1.870896 ʨʘʜ. - 0.0179756 ʨʘʜ. = 1.8529204 ʨʘʜ. = 
Ȣ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

 = 

=107,714639 ʩʫʪʦʢ  3 ʤʝʩʷʮʘ 17 ʜʥʝʡ 17 ʯʘʩʦʚ 9 ʤʠʥʫʪ 5 ʩʝʢʫʥʜ); ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ 

ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʪʘʨʪʫʶʱʠʡ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʜʦʣʝʪʠʪ ʜʦ 

ʄʝʨʢʫʨʠʷ ʧʦʩʣʝ ʩʙʣʠʞʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɺʝʥʝʨʳ (vE3 - vE2=2.903388 ʨʘʜ. - 1.870896 ʨʘʜ.= = 

1.032492 ʨʘʜ. = 
Ȣ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

 = 60,0211982 ʩʫʪʦʢ  1 ʤʝʩʷʮ 29 ʜʥʝʡ 14 ʯʘʩʦʚ); ʦʙʱʝʝ 

ʚʨʝʤʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʪʘʨʪʫʶʱʝʛʦ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʥʘʯʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʜʦ ʄʝʨʢʫʨʠʷ ʩʦʩʪʘʚʠʪ vE3 = 2.903388 ʨʘʜ. = 

= 
Ȣ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

 = 168,780801 ʩʫʪʦʢ  5 ʤʝʩʷʮʝʚ 16 ʜʥʝʡ 14 ʯʘʩʦʚ 10 ʤʠʥʫʪ 30 ʩʝʢʫʥʜ 

(https://clck.ru/aeayV). 

1. ʋʨʘʚʥʝʥʠʝ (1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʥʦ ʩ ʦʜʥʦʡ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ r, ʟʘʚʠʩʷʱʝʡ ʦʪ ʦʜʥʦʡ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ vE. 

2. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʝʩʥʳʭ ʩʙʣʠʞʝʥʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʃʫʥʳ ʠ ɺʝʥʝʨʳ (ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʘʥʝʚʨ) ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʜʦʣʝʪʝʪʴ ʜʦ ʄʝʨʢʫʨʠʷ ʩ ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩʪʘʨʪʘ. 

3. ʄʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʣʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ɿʝʤʣʠ 

ʜʦ ʄʝʨʢʫʨʠʷ ʩʦʩʪʘʚʣʷʝʪ 11686 ʤ/ʩ. 
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4. ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʪʘʨʪʘ (11686 ʤ/ʩ) ʩ ɿʝʤʣʠ ʜʦ ʄʝʨʢʫʨʠʷ ʩʦʩʪʘʚʣʷʝʪ vE3=168,780801 

ʩʫʪʦʢ  5 ʤʝʩʷʮʝʚ 16 ʜʥʝʡ 14 ʯʘʩʦʚ 10 ʤʠʥʫʪ 30 ʩʝʢʫʥʜ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʝʨʦʚ ʅ.ʀ. ʆ ʥʝʙʝʩʥʳʭ ʪʝʣʘʭ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʦʨʙʠʪʳ ʄʘʨʩʘ, ɿʝʤʣʠ ʠ ʃʫʥʳ // 

ʄʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ, ʘʩʪʨʦʥʦʤʠʷ ʠ ʬʠʟʠʢʘ, ʵʢʦʥʦʤʠʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʭ 

ʧʨʝʧʦʜʘʚʘʥʠʷ: ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʗʨʦʩʣʘʚʣʴ: ʈʀʆ ʗɻʇʋ, 2017. 280 ʩ. 

2. ʈʦʡ ɸ. ɼʚʠʞʝʥʠʝ ʧʦ ʦʨʙʠʪʘʤ. ʄ.: ʄʠʨ, 1981. 544 ʩ.  
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ʋɼʂ 521.1 

ʀʩʘʯʝʥʢʦʚ ʅ.ʖ. 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɼ. ʋʰʠʥʩʢʦʛʦ 

ʛ. ʗʨʦʩʣʘʚʣʴ, ʈʦʩʩʠʷ 

 

ʆɼʅʆʀʄʇʋʃʔʉʅʓʁ ʇʆʃɽʊ ʂʆʉʄʀʏɽʉʂʆɻʆ ɸʇʇɸʈɸʊɸ  

ʉ ʊʈɽʊʔɽʁ ʂʆʉʄʀʏɽʉʂʆʁ ʉʂʆʈʆʉʊʔʖ ʆʊ ɿɽʄʃʀ ʂ ʖʇʀʊɽʈʋ  

ɺ ʈɸʄʂɸʍ ɿɸɼɸʏʀ ʐɽʉʊʀ ʊɽʃ 

 

ɺ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʣʦʩʢʦʡ ʢʨʫʛʦʚʦʡ ʟʘʜʘʯʠ ʰʝʩʪʠ ʪʝʣ çʉʦʣʥʮʝ-ɿʝʤʣʷ-ʃʫʥʘ-ʄʘʨʩ-

ʖʧʠʪʝʨ-ʪʝʣʦ ʩ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʤʘʩʩʦʡè ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʠ 

ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʟʘʧʫʩʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʪʝʩʥʳʭ ʩʙʣʠʞʝʥʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʃʫʥʳ, ʄʘʨʩʘ ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʦʩʪʠʞʝʥʠʝʤ ʧʣʘʥʝʪʳ ʖʧʠʪʝʨ. ʉ ʧʦʤʦʱʴʶ ʧʦʜʙʦʨʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʤʝʪʦʜʘ ʯʠʩʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʈʫʥʛʝïʂʫʪʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʘʝʢʪʦʨʠʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʚʨʝʤʷ 

ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ɿʝʤʣʠ ʜʦ ʖʧʠʪʝʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʜʚʠʞʝʥʠʝ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʪʘʨʪʫʶʱʝʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ ʰʝʩʪʠ ʪʝʣ 

çʉʦʣʥʮʝ-ɿʝʤʣʷ-ʃʫʥʘ-ʄʘʨʩ-ʖʧʠʪʝʨ-ʪʝʣʦ ʩ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʤʘʩʩʦʡè ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʪʝʩʥʳʤʠ ʩʙʣʠʞʝʥʠʷʤʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ ʠ ʄʘʨʩʘ, ʘ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʝʤ ʧʣʘʥʝʪʳ ʖʧʠʪʝʨ.  

ʎʝʣʴ: ʧʦʜʙʦʨ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʦʣʦʞʝʥʠʷ ɿʝʤʣʠ, ʃʫʥʳ, ʄʘʨʩʘ, ʖʧʠʪʝʨʘ ʜʣʷ ʧʦʣʝʪʘ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ɿʝʤʣʠ ʢ ʖʧʠʪʝʨʫ ʩ ʪʨʝʪʴʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʩʪʘʨʪʝ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʧʝʨʝʣʝʪʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ: ʟʘʧʫʩʢ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʖʧʠʪʝʨ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʣʘʥʝʪʳ, ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ 

ʨʦʙʦʪʦʚ ʠ ʜʘʞʝ ʟʘʭʦʨʦʥʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʣʠ ʭʠʤʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ. ʆʜʥʦʠʤʧʫʣʴʩʥʳʡ ʧʦʣʝʪ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʪʝʩʥʳʤʠ ʩʙʣʠʞʝʥʠʷʤʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ ʠ 

ʄʘʨʩʘ ʧʦʟʚʦʣʠʪ ʜʦʣʝʪʝʪʴ ʜʦ ʖʧʠʪʝʨʘ ʙʳʩʪʨʝʝ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʘʣʛʝʙʨʘ 

(ʩʠʩʪʝʤʘ çMAPLE 17è); ʧʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʳ. ʅʦʚʠʟʥʘ: ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʜʣʷ 

ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʪʨʝʪʴʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʪ ɿʝʤʣʠ ʢ 

ʖʧʠʪʝʨʫ. 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʘʢʪʠʢʝ 

ʤʝʞʧʣʘʥʝʪʥʳʭ ʧʝʨʝʣʝʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ, ʫʯʝʙʥʦʡ ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʨʘʙʦʪʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʘʩʪʨʦʥʦʤʠʠ. 

ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ. ʇʨʝʜʩʪʘʚʠʤ ʚʝʢʪʦʨʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʪʝʣʘ ʩ ʥʠʯʪʦʞʥʦ ʤʘʣʦʡ ʤʘʩʩʦʡ ʚ ʬʦʨʤʝ (1) ï ʩ ʦʜʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ vE [2, ʩ. 130]. 

►
ʖ

► ►►

ȿ►►ȿ

►► ►

ȿ►► ► ȿ

►►

ȿ►►ȿ

►►

ȿ►►ȿ
.   (1) 

ɿʜʝʩʴ r, rE, rA, rY ð ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ɿʝʤʣʠ, 

ʄʘʨʩʘ ʠ ʖʧʠʪʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. rEM ð ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʃʫʥʳ. mS, mE, mM, 

mA ʠ mY ð ʤʘʩʩʳ ʉʦʣʥʮʘ, ɿʝʤʣʠ, ʃʫʥʳ, ʄʘʨʩʘ ʠ ʖʧʠʪʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. vE ï ʩʨʝʜʥʷʷ 

ʜʦʣʛʦʪʘ ɿʝʤʣʠ, ɤE ð ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ, ʨʘʚʥʦʤʝʨʥʦ 
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ʚʨʘʱʘʶʱʝʡʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʚʦʢʨʫʛ ʉʦʣʥʮʘ. ʆʨʙʠʪʳ ʃʫʥʳ, ʄʘʨʩʘ ʠ ʖʧʠʪʝʨʘ ʪʘʢʞʝ 

ʩʯʠʪʘʝʤ ʢʨʫʛʦʚʳʤʠ, ʘ ʠʭ ʩʨʝʜʥʠʝ ʜʦʣʛʦʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ vE [1, ʩ. 211].  

ɺ ʜʘʥʥʦʡ ʥʝʙʝʩʥʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ vM, vA, vY ð ʩʨʝʜʥʠʝ ʜʦʣʛʦʪʳ ʃʫʥʳ, ʄʘʨʩʘ ʠ 

ʖʧʠʪʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. G ð ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʈʘʜʠʫʩʳ ɿʝʤʣʠ, ʃʫʥʳ, ʄʘʨʩʘ ʠ 

ʖʧʠʪʝʨʘ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 

RE = 
Ȣ
 ʘ.ʝ. = 0.00004258749935 ʘ.ʝ., 

RM = 
Ȣ

Ȣ
 ʘ.ʝ. = 0.00001161380025 ʘ.ʝ., 

RA = 
Ȣ

Ȣ
 ʘ.ʝ. = 0.00002265740528 ʘ.ʝ., 

 

RY =
Ȣ
 ʘ.ʝ. = 0.000467326113 ʘ.ʝ. (https://clck.ru/aeUNL). 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʨʘʩʯʝʪʳ. ʅʘʯʘʣʦ ʦʪʩʯʝʪʘ ʩʨʝʜʥʠʭ ʜʦʣʛʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʣ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʵʪʠʭ ʪʝʣ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ 

ʠʟʤʝʨʝʥʠʡ: ʝʜʠʥʠʮʘ ʜʣʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1 ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ, ʝʜʠʥʠʮʘ ʤʘʩʩʳ ʨʘʚʥʘ 

ʤʘʩʩʝ ʉʦʣʥʮʘ, ʝʜʠʥʠʮʘ ʚʨʝʤʝʥʠ ʨʘʚʥʘ 1 ʟʚʝʟʜʥʦʤʫ ʛʦʜʫ, vE, vM, vA, vY ʠʟʤʝʨʷʶʪʩʷ ʚ ʨʘʜʠʘʥʘʭ [1, 

ʩ. 212].  

dVES3 ð ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʉʦʣʥʮʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʣʦʞʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ. dVES3=dVES+dV3, ʛʜʝ dVES ð ʩʢʦʨʦʩʪʴ ɿʝʤʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʉʦʣʥʮʘ, dV3 ð ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ, ʨʘʚʥʘʷ ʪʨʝʪʴʝʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʪʝʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺʳʯʠʩʣʠʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʪʦʨʫʶ ʠ ʪʨʝʪʴʶ ʢʦʩʤʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʠ ʜʣʷ ʪʝʣ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

‡ ȟ ʛʜʝ ‡ ð ʚʪʦʨʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ, G ð ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

‡
ςϽφȢφχτσϽρπ ϽυȢωχςςϽρπ

φσχρϽρπ
ρρρψφȢρφυρωχστφςς 

̍

̒
Ȣ 

‡ Ѝς ρϽ‡ ‡, ʛʜʝ ‡ ð ʪʨʝʪʴʷ ʢʦʩʤʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ, ‡ ð ʩʢʦʨʦʩʪʴ ɿʝʤʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ.  

‡ Ѝς ρϽςωχψπρρρψφȢρφυρωχστφςςρφφυςȟπρ 
̍

̒
Ȣ 

ʇʦʜʙʝʨʝʤ ʪʘʢʠʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʥʠʭ ʜʦʣʛʦʪ ɿʝʤʣʠ, ʃʫʥʳ, ʄʘʨʩʘ ʠ ʖʧʠʪʝʨʘ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʪʘʨʪʫʶʱʠʡ ʩ ɿʝʤʣʠ, ʜʦʣʝʪʠʪ ʜʦ ʖʧʠʪʝʨʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʙʣʠʞʘʷʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʃʫʥʳ ʠ ʄʘʨʩʘ. ʊʦʛʜʘ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʨʘʚʥʳʭ: vE0=0 ʨʘʜ., 

vM0=1.758763 ʨʘʜ., vA0=0.7167025 ʨʘʜ., vY0=1.80385 ʨʘʜ., x0=1+RE ʘ.ʝ., y0=0 ʘ.ʝ., dVES=29780 ʤ/ʩ, 

dV3=16652,01 ʤ/ʩ, ʪʨʘʝʢʪʦʨʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 

(https://clck.ru/aeUNL).  
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ʀʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʉʦʣʥʮʝʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.  

ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʃʫʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʄʘʨʩʦʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ vE) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.  

ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʖʧʠʪʝʨʦʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

vE) ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5.  

 

 

 

ʈʠʩ. 1. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ. vE3 = 7.413204 

ʨʘʜ. ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

 ʩʨʝʜʥʝʡ ʜʦʣʛʦʪʳ ɿʝʤʣʠ 

ʈʠʩ. 2. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʉʦʣʥʮʝʤ ʠ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮʘʭ. vE3 = 7.413204 ʨʘʜ. ï ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʜʦʣʛʦʪʳ ɿʝʤʣʠ 

  

ʈʠʩ. 3. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʃʫʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʠʤ 

ʘʧʧʘʨʘʪʦʤ. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ 0.00001161503 ʘ.ʝ. (>>RM) 

ʧʨʠ vE10.00605925 ʨʘʜ 

ʈʠʩ. 4. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʄʘʨʩʦʤ ʠ 

ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ 0.0000816 ʘ.ʝ. 

(>>RA) ʧʨʠ vE2  1.33547 ʨʘʜ 
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ʈʠʩ. 5. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʖʧʠʪʝʨʦʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ.  

ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʦʣʝʪʠʪ ʜʦ ʖʧʠʪʝʨʘ ʯʝʨʝʟ vE3  7.413204 ʨʘʜ. 

 

ɿʥʘʷ ʫʛʦʣ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʚʝʨʥʫʣʘʩʴ ɿʝʤʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʨʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ: ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʪʘʨʪʫʶʱʠʡ ʩ 

ʪʨʝʪʴʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ (vE1 = 0.00605925 ʨʘʜ. = 

=
Ȣ  ̑́Ȣ̅Ͻ Ȣ  ̒̔̓̏̋

πȟσυςςσψυρς ̒̔̓̏ ̋8 ʯʘʩʦʚ 27 ʤʠʥʫʪ 13 ʩʝʢʫʥʜ); ʚʨʝʤʷ, ʟʘ 

ʢʦʪʦʨʦʝ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʪʘʨʪʫʶʱʠʡ ʩ ʪʨʝʪʴʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠʙʣʠʟʠʪʩʷ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ ʧʦʩʣʝ ʩʙʣʠʞʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ (vE2 - vE1 = 1.33547 ʨʘʜ. - 

0.00605925 ʨʘʜ. = 1.32941075 ʨʘʜ. = 
Ȣ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

 = 77,2817864 ʩʫʪʦʢ  2 ʤʝʩʷʮʘ 16 

ʜʥʝʡ 9 ʯʘʩʦʚ 44 ʤʠʥʫʪʳ 14 ʩʝʢʫʥʜ); ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʪʘʨʪʫʶʱʠʡ ʩ 

ʪʨʝʪʴʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʜʦʣʝʪʠʪ ʜʦ ʖʧʠʪʝʨʘ ʧʦʩʣʝ ʩʙʣʠʞʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʄʘʨʩʘ 

(vE3 - vE2 = 7.413204 ʨʘʜ. - 1.33547 ʨʘʜ. = 6.077734 ʨʘʜ. = 
Ȣ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

 = 353,31303 

ʩʫʪʦʢ  11 ʤʝʩʷʮʝʚ 18 ʜʥʝʡ 11 ʯʘʩʦʚ 52 ʤʠʥʫʪʳ 19 ʩʝʢʫʥʜ); ʦʙʱʝʝ ʚʨʝʤʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʩʪʘʨʪʫʶʱʝʛʦ ʩ ʪʨʝʪʴʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʦʪ ɿʝʤʣʠ ʜʦ ʖʧʠʪʝʨʘ ʩʦʩʪʘʚʠʪ vE3= 

= 7.413204 ʨʘʜ. = 
Ȣ  ̑́Ȣ̅Ͻ ȟ  ̒̔̓̏̋

 = 430,947055 ʩʫʪʦʢ  1 ʛʦʜ 2 ʤʝʩʷʮʘ 4 ʜʥʷ 19 ʯʘʩʦʚ 33 

ʤʠʥʫʪʳ (https://clck.ru/aeayV). 

 

1. ʋʨʘʚʥʝʥʠʝ (1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʢʪʦʨʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʥʦ ʩ ʦʜʥʦʡ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ r, ʟʘʚʠʩʷʱʝʡ ʦʪ ʦʜʥʦʡ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ vE. 

2. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʝʩʥʳʭ ʩʙʣʠʞʝʥʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʃʫʥ rʠ ʄʘʨʩʘ (ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʘʥʝʚʨ) ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʜʦʣʝʪʝʪʴ ʜʦ ʖʧʠʪʝʨʘ ʙʳʩʪʨʝʝ. 

3. ɺʨʝʤʷ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʪʨʝʪʴʝʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʨʠ ʩʪʘʨʪʝ (16652.01 ʤ/ʩ) ʦʪ ɿʝʤʣʠ ʜʦ ʖʧʠʪʝʨʘ ʩʦʩʪʘʚʣʷʝʪ vE3 = 430,947055 ʩʫʪʦʢ  

 1 ʛʦʜ 2 ʤʝʩʷʮʘ 4 ʜʥʷ 19 ʯʘʩʦʚ 33 ʤʠʥʫʪʳ. 
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ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʝʨʦʚ ʅ.ʀ. ʆ ʥʝʙʝʩʥʳʭ ʪʝʣʘʭ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʦʨʙʠʪʳ ʄʘʨʩʘ, ɿʝʤʣʠ ʠ ʃʫʥʳ // 

ʄʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ, ʘʩʪʨʦʥʦʤʠʷ ʠ ʬʠʟʠʢʘ, ʵʢʦʥʦʤʠʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʭ 

ʧʨʝʧʦʜʘʚʘʥʠʷ: ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʗʨʦʩʣʘʚʣʴ: ʈʀʆ ʗɻʇʋ, 2017. 280 ʩ. 

2. ʈʦʡ ɸ. ɼʚʠʞʝʥʠʝ ʧʦ ʦʨʙʠʪʘʤ. ʄ.: ʄʠʨ, 1981. 544 ʩ.  

 

É ʀʩʘʯʝʥʢʦʚ ʅ.ʖ., 2022 
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ʋɼʂ 517.9  

ʂʘʨʧʝʝʚ ʅ.ʉ. 

ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉ.ɸ. ɽʩʝʥʠʥʘ 

ʛ. ʈʷʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆʉʊʆʗʅʀʁ ʈɸɺʅʆɺɽʉʀʗ ɺ ʆɼʅʆʁ ʉʀʉʊɽʄɽ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ʉ ʇɸʈɸʄɽʈʆʄ  

ɺ ʂʈʀʊʀʏɽʉʂʆʄ ʉʃʋʏɸɽ 

 

ʀʩʩʣʝʜʫʝʪʩʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʘʨʘʤʝʪʨʦʤ 

ὼ ὥὼρ
ὼ

ὦ
Ὠὼώȟ

ώ ὥ ‌ώẗρ
ώ

ὧ
Ὢὼώȟ
                                         ρ 

ʛʜʝ ὥȟὦȟὧȟὨȟὪ ð ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ‌ π ð ʧʘʨʘʤʝʪʨ.  

ʇʨʠ ὦὪ ὧὨ π, ‌ π ʚ ʨʘʙʦʪʝ [1] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ (1) ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʦʩʪʦʷʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ  

ὕπȠπȟὄὦȠπȟὅπȠὧȟ

Ὀ
ὦ ὥ ‌ὥ ὨὧὥὨὧ‌

ὥ ‌ὥ ὪὦὧὨ
Ƞ
ὥὧὥ ‌ Ὢὦ

ὥ ‌ὥ ὪὦὧὨ
Ȣ
                 ς 

ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤʳ (1) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ὕπȠπ 

ʠʤʝʝʪ ʚʠʜ ὒ
ὥ π
π ὥ ‌

, ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ὕπȠπ ̫ ʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʫʟʣʦʤ ʧʨʠ 

ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ‌ π. ʄʘʪʨʠʮʳ ʩʠʩʪʝʤ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʝ (1) ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʪʦʯʝʢ ὄὦȠπ ʠ ὅπȠὧ ʠʤʝʶʪ ʚʠʜ ὒ

ὥ Ὠὧ π
π ὥ ‌ Ὢὦ

 ʠ  ὒ
ὥ Ὠὧ π
Ὢὧ ὥ ‌

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʪʦʷʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ὄὦȠπ ʠ ὅπȠὧ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʥʝʫʩʪʦʡʯʠʚʳʤ ʫʟʣʦʤ, ʪʘʢ ʠ ʩʝʜʣʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʢʘ ʚʳʨʘʞʝʥʠʷ ὥ Ὠὧ ʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ‌ π. ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤʳ (1) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ Ὀ ʠʤʝʝʪ ʚʠʜ  ὒ
ὴρρὴρς
ὴςρὴςς

,  ʛʜʝ 

ὴρρ ,    ὴρς , 

ὴςρ ,     ὴςς . 

ʊʠʧ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ Ὀ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ‌ π, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʩʝʜʣʦʤ, ʫʟʣʦʤ, ʬʦʢʫʩʦʤ ʠʣʠ ʩʣʦʞʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ.  

ʇʫʩʪʴ ὦὪ ὧὨ π, ‌ π. ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʪʠʯʝʩʢʠʡ ʩʣʫʯʘʡ [1] ʜʣʷ 

ʪʦʯʝʢ ὄȟὈ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʠ ʩʠʩʪʝʤʘ (1) ʧʨʠʤʝʪ ʚʠʜ  

ὼ ὥὼρ
ὼ

ὦ
Ὠὼώȟ

ώ ὥώρ
ώ

ὧ
ὪὼώȢ
                                             σ 

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʚʳʷʩʥʠʪʴ ʚ ʢʘʢʠʭ ʪʦʯʢʘʭ, ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠʥʠʤʘʝʪ ʫʩʪʦʡʯʠʚʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʢʨʠʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ. 
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ɼʣʷ ʩʠʩʪʝʤʳ (3) ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ (2) ʧʨʠʥʠʤʘʶʪ ʚʠʜ ὕπȠπ, ὄὦȠπ, ὅπȠὧ, 

Ὀ Ƞ . ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ὕ ʠʤʝʝʪ ʚʠʜ ὒ
ὥ π
π ὥ

, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʘʝʤ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʘʪʨʠʮʳ ὒ ʠʤʝʶʪ ʚʠʜ ‗ ὥȟ ‗ ὥ ʊʘʢ ʢʘʢ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ 

ʨʘʟʥʳʭ ʟʥʘʢʦʚ, ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʪʦʯʢʝ  ὕ ̫ ʚʣʷʝʪʩʷ ʩʝʜʣʦʤ. ʄʘʪʨʠʮʘ 

ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ὄ ʠʤʝʝʪ ʚʠʜ ὒ

ὥ Ὠὦ
π ὧὨὥ

, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ὒ ʠʤʝʶʪ ʚʠʜ ‗ ὥȟ‗

ὧὨὥ, ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ὄ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʩʝʜʣʦʤ, ʪʘʢ ʠ 

ʫʩʪʦʡʯʠʚʳʤ ʫʟʣʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʚʳʨʘʞʝʥʠʷ ὧὨὥ. ɸʥʘʣʦʛʠʯʥʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ 

ὅ ʤʘʪʨʠʮʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠʤʝʝʪ ʚʠʜ ὒ
ὥ ὧὨπ

ὥ
, 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫ ʤʘʪʨʠʮʳ ὒ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ‗ ὥȟ‗ ὥ ὧὨ, 

ʦʪʩʶʜʘ ʜʝʣʘʝʤ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ὅ ̫ ʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʫʟʣʦʤ ʣʠʙʦ 

ʩʝʜʣʦʤ.  

ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ Ὀ ʠʤʝʝʪ ʪʘʢʦʡ ʚʠʜ ὒ

ὴᴂρρὴᴂρς

ὴᴂςρὴᴂςς
, ʛʜʝ ὴρρ ὥ ȟ  ὴρς ȟ ὴςρ ȟ   ὴςς   ὥ

. ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ὒ ʚʳʛʣʷʜʷʪ ʪʘʢ ‗ ȟ‗

. ʕʪʠ ʩʦʙʩʪʚʝʥʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳ (ʨʘʟʥʳʭ ʟʥʘʢʦʚ) ʧʨʠ ὧὨὥ π (ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ Ὀ ï ʩʝʜʣʦ), ʠ ʷʚʣʷʶʪʩʷ ʯʠʩʪʦ ʤʥʠʤʳʤʠ ʧʨʠ ὧὨὥ π. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ Ὀ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʪʠʧʘ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ [2]. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (3) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (3) 

 

 ʉʣʫʯʘʡ 1: ὧὨὥ π ʉʣʫʯʘʡ 2: ὧὨὥ π ʉʣʫʯʘʡ 3: ὧὨὥ π, 
ὥ π 

ὥ π ὕπȠπ ï ʩʝʜʣʦ 

ὄὦȠπ ï ʩʝʜʣʦ 

ὅπȠὧ ï ʩʝʜʣʦ 

Ὀ Ƞ  ï ʩʣʦʞʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ 

ὕπȠπ ï ʩʝʜʣʦ 

ὄὦȠπ ï ʫʩʪʦʡʯʠʚʳʡ ʫʟʝʣ 

ὅπȠὧïʥʝʫʩʪʦʡʯʠʚʳʡ ʫʟʝʣ 

Ὀ Ƞ  ï ʩʝʜʣʦ 

ὕπȠπ ï ʩʝʜʣʦ 

ὄὦȠπ ï ʩʣʦʞʥʦʝ ʩ ʦʜʥʠʤ 
ʥʫʣʝʚʳʤ ʩʦʙʩʪʚʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ 

ὅπȠὧ ï ʩʣʦʞʥʦʝ ʩ ʦʜʥʠʤ 
ʥʫʣʝʚʳʤ ʩʦʙʩʪʚʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ 

Ὀ Ƞ  ï ʩʣʦʞʥʦʝ ʩ 

ʜʚʫʤʷ ʥʫʣʝʚʳʤʠ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʝʤ 

 

ʇʨʠʤʝʨ 1. ʇʫʩʪʴ ʚ ʩʠʩʪʝʤʝ (3) ὥ ρπȟὦ χȟὧ υȟὨ φȟὪ ρπ. ʊʦʛʜʘ ὧὨὥ ςπ 

π, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʫʯʘʡ 1. ʂʦʦʨʜʠʥʘʪʳ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ:  ὕπȠπ, ὄχȠπ, 
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ὅπȠυ, Ὀ Ƞ . ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ  ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʪʦʯʢʝ ὕ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ὒ

ρπ π
π ρπ

, ʦʪʩʶʜʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʚʠʜ ‗ ρπȟ ‗ ρπ; ʪʦʯʢʘ ὕ ̫ ʚʣʷʝʪʩʷ 

ʩʝʜʣʦʤ. . ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤʳ (3) ʚ ʪʦʯʢʝ ὄ ʠʤʝʝʪ ʚʠʜ ὒ

ρπ τς
π ςπ

, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ὒ ʠʤʝʶʪ ʚʠʜ ‗ ρπȟ‗ ςπ; ʪʦʯʢʘ ὄ 

ʷʚʣʷʝʪʩʷ ʩʝʜʣʦʤ. ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ  ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʪʦʯʢʝ ὅ ʠʤʝʝʪ ʚʠʜ ὒ

ςπ π

ρπ, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫ ʤʘʪʨʠʮʳ ὒ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ‗ ρπȟ‗

ςπ; ʪʦʯʢʘ ὅ ̫ʚʣʷʝʪʩʷ ʩʝʜʣʦʤ. ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʪʦʯʢʝ Ὀ ʠʤʝʝʪ ʪʘʢʦʡ 

ʚʠʜ ὒ
ὴᴂρρὴᴂρς

ὴᴂςρὴᴂςς
, ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ὒ ʚʳʛʣʷʜʷʪ ʪʘʢ ‗ υЍςὭȟ‗

υЍςὭ; ʪʦʯʢʘ Ὀ ï ʩʣʦʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ. 

 

 
 

ʈʠʩ. 1. ʌʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (3) 

 

ʇʨʠʤʝʨ 2. ʇʫʩʪʴ ʚ ʩʠʩʪʝʤʝ (3) ὥ ρπȟὦ χȟὧ ςȟὨ σȟὪ ρπ. 

ʊʦʛʜʘ ὧὨὥ τ π, ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʫʯʘʡ 2. ὕπȠπ, ὄχȠπ, ὅπȠς, Ὀ Ƞ . 

ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ  ὒ ʠʤʝʶʪ ʚʠʜ ‗ ρπȟ‗ τ; ʪʦʯʢʘ ὄ ʩʣʦʞʥʦʝ ʩ ʦʜʥʠʤ 

ʥʫʣʝʚʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ  ὒ ʠʤʝʶʪ ʚʠʜ ‗ ρπȟ

‗ τ; ʪʦʯʢʘ ὅ ï ʩʣʦʞʥʦʝ ʩ ʦʜʥʠʤ ʥʫʣʝʚʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʘʪʨʠʮʳ  ὒ ʠʤʝʶʪ ʚʠʜ ‗ υȟ‗ υ; ʪʦʯʢʘ Ὀ ʩʝʜʣʦ. 
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ʈʠʩ. 2. ʌʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (3) 

 

ʇʨʠʤʝʨ 3. ʇʫʩʪʴ ʚ ʩʠʩʪʝʤʝ (3) ὥ τȟὦ ρπȟὧ ςȟὨ ςȟὪ ρπ. 

ʊʦʛʜʘ ὧὨὥ π, ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʫʯʘʡ 2. ὕπȠπ, ὄρπȠπ, ὅπȠς, ὈυȠρ. ʉʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ  ὒ ʠʤʝʶʪ ʚʠʜ ‗ τȟ‗ π; ʪʦʯʢʘ ὄ ʫʩʪʦʡʯʠʚʳʡ ʫʟʝʣ. ʉʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ  ὒ ʠʤʝʶʪ ʚʠʜ ‗ τȟ‗ π; ʪʦʯʢʘ ὅ ʥʝʫʩʪʦʡʯʠʚʳʡ ʫʟʝʣ. ʉʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ  ὒ ʠʤʝʶʪ ʚʠʜ ‗ πȟ‗ π; ʪʦʯʢʘ Ὀ ʩʝʜʣʦ. 

 

 
 

ʈʠʩ. 3. ʌʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (3) 
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ʂʦʨʥʝʚʘ ʇ.ʉ., ʄʠʭʘʡʣʦʚʘ ʊ.ʉ., ʇʦʢʦʨʥʘʷ ʀ.ʖ. 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

 

ʇʈʀʄɽʈʓ ʈɽʐɽʅʀʗ ʅɽʉʊɸʅɼɸʈʊʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ 

ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ ʉ ʈɸɿʈʓɺʅʓʄʀ ʂʆʕʌʌʀʎʀɽʅʊɸʄʀ 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʨʘʟʨʳʚʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʘʪʝʤʘʪʠʢʠ ʠ ʦʪʦʙʨʘʞʘʶʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʚ ʪʘʢʠʭ ʥʘʫʢʘʭ ʢʘʢ 

ʬʠʟʠʢʘ, ʭʠʤʠʷ, ʙʠʦʣʦʛʠʷ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʤʝʨ rʨʝʰʝʥʠʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʨʘʟʨʳʚʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠ ʩ ʨʘʟʨʳʚʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. 

ʏʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʜʘʥʥʳʭ ʧʨʠʤʝʨʘʭ, ʧʦʣʫʯʘʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʡ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ 

ʩʧʣʘʡʥʳ ʜʝʬʝʢʪʘ 1. ʊʦ ʝʩʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʨʳʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʭʦʜʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʨʝʰʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʠ ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ ʥʘ ʚʩʝʤ 

ʦʪʨʝʟʝ, ʚʢʣʶʯʘʷ ʠ ʪʦʯʢʫ ʨʘʟʨʳʚʘ.  

ʇʨʠʤʝʨ 1. ʅʘʡʪʠ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʩ ʨʘʟʨʳʚʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

                                            ώ ώ π                                                               ρ 

ʈʝʰʝʥʠʝ. ʇʦʜ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʮʝʣʦʤ ʥʘ ʦʪʨʝʟʢʝ πȟρτ  ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ 

ʬʫʥʢʮʠʶ  

ώ ώὼ, ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʘ ʚʩʝʤ ʦʪʨʝʟʢʝ πȟρτ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (1) 

ʢʘʢ ʩʣʝʚʘ ʦʪ ʪʦʯʢʠ ʨʘʟʨʳʚʘ ‚ χ, ʪʘʢ ʠ ʩʧʨʘʚʘ ʦʪ ʪʦʯʢʠ ‚ ʠ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ, ʪ.ʝ.  ώ‚ π ώ‚ π ʠ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʝ ʦʜʥʦʩʪʦʨʦʥʥʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʪʦʯʢʝ ‚. 

ʇʨʠ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʪʦʯʢʝ ὼ ‚ ʩʥʠʤʘʝʪʩʷ [3].  

ʇʫʩʪʴ ʜʘʥʳ ʜʚʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ώ ὼ
ὼ χ ȟπ ὼ χ
     πȟ          χ ὼ ρτ

                                                           (2) 

ώ ὼ
    πȟ             π ὼ χ

ὼ χ  ȟχ ὼ ρτ
                                                        (3) 

 

ɻʨʘʬʠʢʠ ʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʠʤʝʶʪ ʚʠʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʜʘʣʝʝ (ʨʠʩ. 1, 2). 

 

  

ʈʠʩ. 1. ʈʠʩ. 2.  
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʠʩʭʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (1). ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʘʪʦʯʥʦ ʩʜʝʣʘʪʴ ʧʦʜʩʪʘʥʦʚʢʫ. ɸ ʪʘʢ ʞʝ ʷʚʣʷʶʪʩʷ 

ʥʝʧʨʝʨʳʚʥʳʤʠ ʠ ʛʣʘʜʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʥʘ ʚʩʝʤ ʦʪʨʝʟʝ, ʚʢʣʶʯʘʷ ʠ ʪʦʯʢʫ ʨʘʟʨʳʚʘ. 

ɼʦʢʘʞʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ̫ ʚʣʷʶʪʩʷ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʤʠ. ʆʜʥʠʤ ʠʟ ʩʨʝʜʩʪʚ 

ʠʟʫʯʝʥʠʷ ʣʠʥʝʡʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʡ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʠʪʝʣʴ ɺʨʦʥʩʢʦʛʦ. ʇʨʠ 

ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʣʠʥʝʡʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʙʫʜʝʪ 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʝʣʴ ɺʨʦʥʩʢʦʛʦ ʙʳʣ ʥʝ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʝʛʦ ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʥʝ 

ʦʟʥʘʯʘʝʪ ʣʠʥʝʡʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʬʫʥʢʮʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ.  

ʇʦʩʯʠʪʘʝʤ ʦʧʨʝʜʝʣʠʪʝʣʴ ɺʨʦʥʩʢʦʛʦ ʜʣʷ ʩʠʩʪʝʤ ʬʫʥʢʮʠʡ (2), (3) ʥʘ ʦʪʨʝʟʢʘʭ πȟχ ʠ 

χȟρτ: 

ύὼȿȟ
ὼ χ

ςὼ χ
 
π

π
πȟ              ύὼȿȟ

π

π
 
ὼ χ

ςὼ χ
π 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʢʘʟʘʪʴ ʣʠʥʝʡʥʫ ʁʥʝʟʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʳʭ 

ʬʫʥʢʮʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʪʦʛʜʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ. ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʣʠʥʝʡʥʦʡ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʡ, ʪʦʞʜʝʩʪʚʦ ὧώ ὼ+ὧώ ὼḳπ ʧʨʠ ʣʶʙʳʭ ʭ ʚʦʟʤʦʞʥʦ ʪʦʛʜʘ ʠ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ὧ ὧ πȢ 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʤʝʝʤ: 

 

ὧώ ὼ+ὧώ ὼ
ὧὼ χ ὧϽπȟ   π ὼ χ   

ὧϽπ ὧ ὼ χ ȟχ ὼ ρτ Ȣ
 

 

ʇʨʠʨʘʚʥʷʚ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʬʫʥʢʮʠʡ ʢ ʥʫʣʶ ʠ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʚ, ʥʘʧʨʠʤʝʨ, 

ὼ π  ʜʣʷ ʧʝʨʚʦʛʦ ʦʪʨʝʟʢʘ ʠ ὼ ρτ  ʜʣʷ ʚʪʦʨʦʛʦ, ʧʦʣʫʯʠʤ, ʯʪʦ ὧ π ʠ ὧ πȢ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ ʟʘʜʘʶʪ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʨʝʰʝʥʠ ̫

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1). 

ʇʨʠʤʝʨ 2. ʅʘʡʪʠ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʩ ʨʘʟʨʳʚʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

                                                               ώὼ τώ π                                                             τ 

ʈʝʰʝʥʠʝ.  

ɸʥʘʣʦʛʠʯʥʦ ʧʨʠʤʝʨʫ 1, ʨʘʩʩʤʦʪʨʠʤ ʜʚʝ ʬʫʥʢʮʠʠ:  

ώ ὼ
ὼȟ τ ὼ π
πȟ    π ὼ τ

 

ώ ὼ
 πȟ τ ὼ π

ὼ ȟ π ὼ τ
 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʠʩʭʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (4). ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʘʪʦʯʥʦ ʩʜʝʣʘʪʴ ʧʦʜʩʪʘʥʦʚʢʫ ʠʭ ʚ (4). ɸ ʪʘʢ ʞʝ ʷʚʣʷʶʪʩʷ 

ʥʝʧʨʝʨʳʚʥʳʤʠ ʠ ʛʣʘʜʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʥʘ ʚʩʝʤ ʦʪʨʝʟʝ, ʚʢʣʶʯʘʷ ʠ ʪʦʯʢʫ ʨʘʟʨʳʚʘ. 

ʕʪʠ ʬʫʥʢʮʠʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʪʘʢ ʢʘʢ: 
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ὧώ ὼ+ὧώ ὼ
ὧὼ ὧϽπȟ   τ ὼ π

ὧϽπ ὧὼȟ       π ὼ τ Ȣ
 

ɼʘʣʝʝ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʬʫʥʢʮʠʡ ʧʨʠʨʘʚʥʠʚʘʝʤ ʢ ʥʫʣʶ ʠ ʥʘ ʜʘʥʥʳʭ ʦʪʨʝʟʢʘʭ 

ʚʳʙʠʨʘʝʤ, ʥʘʧʨʠʤʝʨ, ὼ τ  ʜʣʷ ʧʝʨʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʠ ὼ τ ʜʣʷ ʚʪʦʨʦʛʦ, ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʤ, 

ʯʪʦ ὧ π ʠ ὧ πȢ 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ ʟʘʜʘʶʪ ʨʝʰʝʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (4), ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʠ ʛʣʘʜʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʥʘ ʚʩʝʤ 

ʦʪʨʝʟʝ, ʚʢʣʶʯʘʷ ʠ ʪʦʯʢʫ ʨʘʟʨʳʚʘ. ʂʘʞʜʘʷ ʠʟ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʝʰʝʥʠʝʤ, ʥʦ ʠ 

ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ ʩʧʣʘʡʥʦʤ ʜʝʬʝʢʪʘ 1.  

ʆʢʘʟʳʚʘʝʪʩʷ, ʤʦʞʥʦ ʪʘʢ ʞʝ ʨʘʩʩʤʦʪʨʝʪʴ  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʨʘʟʨʳʚʥʦʡ 

ʧʨʘʚʦʡ ʯʘʩʪʴʶ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʩʧʣʘʡʥ.  

ʇʨʠʤʝʨ 3. ʈʝʰʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʨʘʟʨʳʚʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ, ʝʩʣʠ 

ώ  Ὢὼ, 

ʛʜʝ Ὢὼ
Ὢὼ ςȟὼ πȟ

Ὢὼ ȟὼ πȟ
 ʥʘ ʦʪʨʝʟʢʝ τȠφ.  

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ώ τ ρ ̉ ώᴂ σ ρȢ 

ʈʝʰʝʥʠʝ.  

ʉʥʘʯʘʣʘ ʥʘʡʜʝʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ώᴂᴂὼ  ʥʘ ʦʪʨʝʟʢʝ τȠπ. ɼʣʷ ʵʪʦʛʦ ʜʚʘ ʨʘʟʘ 

ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ: 

ώ᷿ᴂᴂὼὨὼ=᷿ Ὠὼ; 

ώ᷿ᴂὼὨὼ=᷿ ὼ ὅ Ὠὼ; ώ ὼ ὼ ὅὼ ὅ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ώ τ τ τὅ ὅ ρ ʠ ώᴂ τ ς ὅ

ρȢ ʊʦʛʜʘ ʬʫʥʢʮʠʷ ώ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: ώ ὼ ὼ ὼ ρ. 

ʆʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʬʫʥʢʮʠʠ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ʧʨʠ ὼ π: 
ώ π ρȟ

ώᴂπ ρȢ
 

ʋʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʠ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʪʦʯʢʝ ὼ π ʠʤʝʶʪ ʚʠʜ:  

ώ ὼ π ώ ὼ π) 

ώᴂὼ π ώᴂὼ π. 

ʊʦʛʜʘ 
  ώ π ρȟ

ώᴂπ ρ
 ð ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ ʥʘ ʦʪʨʝʟʢʝ πȠφ.  

ɸʥʘʣʦʛʠʯʥʦ ʨʝʰʘʝʤ ώᴂᴂὼ  ʥʘ ʦʪʨʝʟʢʝ πȠφ. ʅʘʭʦʜʠʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ  

ώ᷿ᴂᴂὼὨὼ=᷿ Ὠὼ; 

ώ᷿ᴂὼὨὼ=᷿ ὼ ὅ Ὠὼ;  ώ ὼ ὼ ὅὼ ὅ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʣʫʯʘʝʤ ʢʦʥʝʯʥʳʡ ʚʠʜ ʬʫʥʢʮʠʠ ώ: 

ώ ὼ ὼ ὼ ρ. 
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ʇʦʩʪʨʦʝʥʠʝ ʵʪʠʭ ʜʚʫʭ ʬʫʥʢʮʠʡ (ʈʠʩ. 3) ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʦʪʨʝʟʢʘʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʥʘʤ, ʯʪʦ ʤʳ ʧʦʣʫʯʠʣʠ ʛʣʘʜʢʫʶ ʬʫʥʢʮʠʶ, ʯʪʦ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʢʘʢ ʩʘʤʠʭ ʬʫʥʢʮʠʡ, ʪʘʢ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ.  

 

 
 

ʈʠʩ. 3. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʝʰʝʥʠʝʤ ʟʘʜʘʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʩʧʣʘʡʥ ʜʝʬʝʢʪʘ 1, ʛʜʝ ʜʝʬʝʢʪ ʩʧʣʘʡʥʘ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʩʧʣʘʡʥʘ ʠ ʧʦʨʷʜʢʦʤ ʥʘʠʚʳʩʰʝʡ ʥʝʧʨʝʨʳʚʥʦʡ ʥʘ ʦʪʨʝʟʢʝ 

ʧʨʦʠʟʚʦʜʥʦʡ. ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʡ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʜʘʯ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [1-3].  

ʄʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʤʥʦʛʠʝ ʟʘʜʘʯʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʚʦʜʷʪʩʷ ʢ ʨʝʰʝʥʠʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, 

ʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠʚʦʜʷʪ ʥʘʩ ʢ 

ʩʧʣʘʡʥʘʤ. ʆʢʘʟʳʚʘʝʪʩʷ, ʤʥʦʛʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʶʪʩʷ ʩʧʣʘʡʥʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʤʝʭʘʥʠʢʝ ɻ ʪʦ ʜʝʬʦʨʤʘʮʠʷ ʩʪʝʨʞʥʷ ʠʣʠ ʛʠʙʢʦʡ ʧʣʘʩʪʠʥʳ, ʢʦʪʦʨʳʝ ʟʘʢʨʝʧʣʝʥʳ ʚ 

ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ; ʪʨʘʝʢʪʦʨʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʣʘ, ʝʩʣʠ ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʥʝʛʦ ʩʠʣʘ ʠʟʤʝʥʷʝʪʩʷ 

ʩʪʫʧʝʥʯʘʪʦ, ʠ ʪ.ʜ. ɺ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʛʨʘʬʠʢ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʩʪʝʨʞʥʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ 

ʬʨʘʛʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ, ̫ʚʣʷʝʪʩʷ ʩʧʣʘʡʥʦʤ; ʚ ʭʠʤʠʠ ð ʜʠʬʬʫʟʠʷ ʯʝʨʝʟ ʩʣʦʠ 

ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ; ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʝ ð ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʯʝʨʝʟ 

ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʨʝʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʧʣʘʡʥʳ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ 

ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʦ ʥʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ, ʘʚʠʘʮʠʦʥʥʳʭ ʟʘʚʦʜʘʭ, ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʠ 

ʨʘʢʝʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢʞʝ ʩʧʣʘʡʥʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʛʣʘʚʥʳʡ ʧʣʶʩ 

ʩʧʣʘʡʥʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ð ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʩʧʣʘʡʥ ð ɻ ʪʦ ʥʝ ʚʳʜʫʤʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʘʙʩʪʨʘʢʮʠʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʥ ʷʚʣʷʝʪʩʷ 

ʨʝʰʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʚʧʦʣʥʝ ʨʝʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ. 
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ʂʫʜʝʣʴʢʠʥ ɼ.ɺ. 

ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʃʠʧʝʮʢ, ʈʦʩʩʠʷ 

 

ʇʈʆɹʃɽʄɸ ʈʆʉʊɸ ʅʆʄɽʅʂʃɸʊʋʈʓ ɼɽʊɸʃɽʁ  

ʀ ʇʆɺʓʐɽʅʀʗ ʉʊʆʀʄʆʉʊʀ ʇʈʆʀɿɺʆɼʉʊɺɸ  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʉʝʛʦʜʥʷ 

ʦʩʥʦʚʥʦʡ ʝʛʦ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ, ʫʞʝʩʪʦʯʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʥʘʜʸʞʥʦʩʪʠ, ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʨʦʣʴ ʢʣʶʯʝʚʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ.  

ʇʦʜ ʢʣʶʯʝʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʥʠʤʘʶʪ ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʩʝʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʦʮʝʥʠʪʴ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ ʚʳʯʠʩʣʷʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʤʘʩʩʦʚʦʩʪʴ ʠ 

ʢʨʫʧʥʦʩʝʨʠʡʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʜʫʢʪʘ, 

ʨʦʣʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʡ ʥʘ ʥʝʤ, ʚʦʟʨʘʩʪʘʝʪ.  

ʉʘʤʘ ʧʦ ʩʝʙʝ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʫʩʢʦʨʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ: ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, 

ʵʢʦʥʦʤʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʘ ʧʨʠ 

ʢʨʫʧʥʝʡʰʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʘʝʪ ʙʦʣʴʰʦʡ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ.  

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʦʥʮʝʧʮʠʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʢʘʢ ʫʧʦʨʷʜʦʯʝʥʠʝ ʠ ʫʥʠʬʠʢʘʮʠʷ, ʯʪʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ. ʇʦʵʪʦʤʫ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʫʥʠʬʠʢʘʮʠʠ 

ʠ ʫʧʦʨʷʜʦʯʝʥʠʶ ʠʟʜʝʣʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʢʨʘʱʝʥʠʷ ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʝʪʘʣʝʡ ʠ 

ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʟʘʜʘʯʠ: 

1.ɺʳʧʦʣʥʠʪʴ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʟʫʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʤʝʪʦʜʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ;  

2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚʳʷʚʠʪʴ 

ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʝ ʤʝʩʪʘ;  

3. ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʦʞʝʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʫʥʠʬʠʢʘʮʠʠ ʠ ʫʧʦʨʷʜʦʯʝʥʠʷ, 

ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ;  

4. ʈʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘ ʨʘʟʚʠʚʘʶʪʩʷ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʠ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʵʪʦʪ ʨʦʩʪ, ʷʚʣʷʝʪʩʷ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ, 

ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʠʪʴ ʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʪʢʨʳʪʠʷʤʠ, ʛʠʙʢʦ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʥʠʭ ʠ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʩʚʦʝʡ ʧʨʘʢʪʠʢʝ. ʇʨʝʜʧʨʠʷʪʠʷ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʵʪʠʤʠ ʚʦʧʨʦʩʘʤʠ ʥʘ 

ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ, ʜʦʩʪʠʛʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ 



 XXIV  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

76 

ʨʘʟʳ ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʥʘʫʯʥʳʤ ʦʪʢʨʳʪʠʝʤ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ɺ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʜʣʷ ʥʠʭ 

ʘʢʪʫʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʘʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʥʘ ʧʨʝʜʤʝʪ ʪʦʛʦ, 

ʦʩʪʘʝʪʩʷ ʣʠ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʡ ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ ʠʣʠ ʫʞʝ ʫʩʪʘʨʝʣ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ, ʚ ʟʘʜʘʯʠ ʢʦʪʦʨʦʡ, ʧʦʤʠʤʦ ʧʨʦʯʠʭ, ʚʭʦʜʠʪ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʠ ʫʩʪʘʥʦʚʢʘ ʥʦʨʤ ʚ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ [1, c. 146]. 

ʉʝʛʦʜʥʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʦʭʚʘʪʳʚʘʝʪ ʤʥʦʛʠʝ ʞʠʟʥʝʥʥʳʝ ʘʩʧʝʢʪʳ ʢʘʢ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʘʢ 

ʠ ʚ ʙʳʪʫ. ʆʥʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʨʦʮʝʩʩʳ ʚ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɽʝ ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ ʜʦʩʪʠʞʝʥʠʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʢʘʢʠʭ-ʣʠʙʦ ʩʬʝʨʘʭ. 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʘʚʠʣʘ ʠ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʪʦʤʫ, ʢʘʢ ʧʦʤʦʛʘʝʪ ʚ ʨʦʩʪʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʪʘʢʦʡ ʚʘʞʥʳʡ 

ʘʩʧʝʢʪ, ʢʘʢ ʤʝʪʦʜʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. ʆʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʟʘʜʘʯ ʠ ʫʟʘʢʦʥʠʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʨʤ ʠ ʧʨʘʚʠʣ [2, ʩ. 7]. 

ʇʦʜ ʤʝʪʦʜʘʤʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ, ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʨʠʝʤ ʠʣʠ 

ʢʦʤʧʣʝʢʩ ʧʨʠʝʤʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ. 

ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ: ʬʠʣʦʩʦʬʩʢʠʝ, ʦʙʱʝʥʘʫʯʥʳʝ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ. ʀ ʩʪʦʠʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʥʘ ʥʠʭ ʙʘʟʠʨʫʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ. 

 
 

ʈʠʩ. ʄʝʪʦʜʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤʳ ʤʝʪʦʜʦʚ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʫʥʠʬʠʢʘʮʠʠ. ʀʭ ʦʩʥʦʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʬʦʨʤʫʣʠʨʦʚʦʢ, ʠʭ ʣʘʢʦʥʠʯʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʰʘʛʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʘʭ 

ʠ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ:  
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1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʜʝʣʠʷ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʛʨʫʧʧʳ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʙʱʠʤʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

2. ʈʝʘʣʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʛʨʫʧʧ ʜʝʪʘʣʝʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʦʚʦʛʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʛʨʫʧʧ ʜʝʪʘʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʪʠʧ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʝʜʠʥʠʯʥʦʝ, ʩʝʨʠʡʥʦʝ ʠʣʠ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʯʘʩʪʦʪʘ 

ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ;  

3. ʆʧʠʨʘʷʩʴ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʯʝʨʪʝʞʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʠʧʦʚʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʛʨʫʧʧ, ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʩʦʟʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʭʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ; 

4. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʙʘʟ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʮʝʥʠʚʘʝʪʩʷ ʪʘʢʞʝ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʠʭ ʙʘʟʠʨʦʚʘʥʠʷ;  

5. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʦʪʙʦʨ ʤʝʪʦʜʦʚ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ;  

6. ɼʘʥʥʳʡ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʨʰʨʫʪʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʠ ʛʨʫʧʧ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʦʧʝʨʘʮʠʷʤ;  

7. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ. ʕʪʘʧ ʨʝʰʘʝʪ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʚʳʙʦʨ 

ʚʠʜʘ ʦʙʨʘʙʦʪʢʠ, ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ, ʦʧʨʝʜʝʣʷʝʪ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʦʪ ʩʪʘʥʢʘ ʢ ʩʪʘʥʢʫ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʝʪ 

ʤʝʞʦʧʝʨʘʮʠʦʥʥʳʝ ʨʘʟʤʝʨʳ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪ ʧʦ ʫʥʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʠ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʧʨʠ ʥʘʠʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ ʥʘ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ: 

 1. ʇʦʜʙʦʨ ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʣʷ ʠʟʜʝʣʠʡ ʧʦʜʣʝʞʘʱʠʭ ʫʥʠʬʠʢʘʮʠʠ;  

2. ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʩʘʶʱʠʡʩʷ ʧʨʠʤʝʥʷʝʤʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʠʟʜʝʣʠʡ;  

3. ʆʧʠʨʘʷʩʴ ʥʘ ʦʩʥʦʚʥʳʝ ʮʝʣʠ, ʟʘʜʘʯʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʩʦʟʜʘʶʪʩʷ ʧʣʘʥʳ 

ʨʘʙʦʪ ʧʦ ʫʥʠʬʠʢʘʮʠʠ;  

4. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ ʧʦ ʫʥʠʬʠʢʘʮʠʠ;  

5. ʆʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ, ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʠʭ ʚʥʝʜʨʝʥʠʷ ʚ ʨʘʙʦʪʫ ʧʨʝʜʧʨʠʷʪʠʷ [3, ʩ. 51]. 

ʅʘ ʦʩʥʦʚʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʘ ʩʜʝʣʘʥʘ ʚʳʙʦʨʢʘ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʫʥʠʬʠʢʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ, ʧʦʢʘʟʘʚʰʠʡ ʩʣʝʜʫʶʱʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʨʠʪʝʨʠʠ:  

ï ʯʝʪʢʘʷ ʣʦʛʠʢʘ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʰʘʛʘ ʧʨʦʮʝʩʩʘ ʫʥʠʬʠʢʘʮʠʠ;  

ï ʥʘʣʠʯʠʝ ʢʣʶʯʝʚʳʭ ʰʘʛʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚʦ ʤʥʦʛʠʭ ʤʝʪʦʜʠʢʘʭ. 

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠʟʜʝʣʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ ï ɻ ʪʦ ʩʘʤʘʷ ʢʨʫʧʥʘʷ ʦʪʨʘʩʣʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪ 

ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʜʫʢʮʠʠ. ɻʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʩʧʝʮʠʬʠʢʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ 
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ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʫʪʠʣʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʰʠʥ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʭ ʩʦʩʪʘʚʥʳʭ ʜʝʪʘʣʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʤʝʩʪʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʠʟʜʝʣʠʷ. ɻʣʘʚʥʘʷ ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʝʪʘʣʝʡ ʠ ʩʥʠʞʝʥʠʠ 

ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ [5, ʩ. 45]. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʠʟʜʝʣʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤʫ 

ʧʨʦʮʝʩʩʫ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʦʤʧʣʝʢʩ ʦʧʝʨʘʮʠʡ ʧʦ ʧʨʝʚʨʘʱʝʥʠʶ ʩʳʨʴʷ ʚ ʛʦʪʦʚʫʶ 

ʧʨʦʜʫʢʮʠʶ. ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦ ʠʟʤʝʥʝʥʠʶ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʩʚʦʡʩʪʚ 

ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ [4, ʩ. 362]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ ʟʝʨʥʘ ʤʘʨʢʠ ɸ1 ɹʇɸ, ʛʜʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʝʪʘʣʝʡ, ʘ ʵʪʦ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʥʝʜʨʝʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʝʪʦʜʦʚ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʳ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʫʥʠʬʠʢʘʮʠʠ. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ 

ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʩʘʣʴʥʠʢʦʚ ʚ ʠʟʜʝʣʠʠ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʝ ʥʦʨʤʳ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʠʪʴ ʢ ʥʠʤ ʤʝʪʦʜ ʫʧʦʨʷʜʦʯʝʥʠʷ. 

ɼʘʣʝʝ, ʜʣʷ ʧʨʠʤʝʨʘ, ʦʧʨʝʜʝʣʠʤ ʦʙʱʠʝ ʛʨʫʧʧʳ ʜʣʷ ʜʘʥʥʳʭ ʜʝʪʘʣʝʡ. ʇʦʜʰʠʧʥʠʢ ʠ 

ʩʘʣʴʥʠʢ ʦʪʥʦʩʷʪʩʷ ʢ ʫʯʠʪʳʚʘʝʤʳʤ, ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʨʘʩʣʝʚʳʤ, ʧʦʢʫʧʥʳʤ ʠ ʤʘʩʩʦʚʦ 

ʧʨʦʠʟʚʦʜʠʤʳʤ. ʇʦʩʣʝ ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʘʥʥʳʭ ʜʝʪʘʣʝʡ ʧʝʨʝʡʜʝʤ ʢ ʫʥʠʬʠʢʘʮʠʠ. 

ɻʣʘʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʥʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠʤʝʥʷʝʤʦʩʪʠ +̐  ̑ʠ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ +. 

ɼʣʷ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʥʠʬʠʢʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʤʘʩʩʝ, 

ʢʦʣʠʯʝʩʪʚʫ ʠ ʩʪʦʠʤʦʩʪʠ ʜʝʪʘʣʝʡ. ɼʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʚʳʙʨʘʥʳ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ 

ʧʦʢʫʧʥʳʭ ʠʟʜʝʣʠʡ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʦʜʥʦʠʤʝʥʥʳʭ ʜʝʪʘʣʝʡ. 

ʈʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʥʠʬʠʢʘʮʠʠ ʙʝʟ ʫʯʝʪʘ ʩʪʦʠʤʦʩʪʠ ʜʝʪʘʣʝʡ ( = 12 ʜʝʪʘʣʝʡ;  = 

2 ʯʠʩʣʦ ʥʘʠʤʝʥʦʚʘʥʠʡ): 

ὑ
ρς

ρς ρ
Ͻρ

ς

ρπ
ϽρππϷψχȟσϷ 

 

ʉʪʦʠʤʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 7000 ʨ ʠ 10000 ʨ, ʩʪʦʠʤʦʩʪʴ ʩʘʣʴʥʠʢʦʚ 15000 ʨ, ʠ 

18000 ʨ. ʇʨʠ ʧʦʣʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠʟʜʝʣʠʷ 100000ʨ ʠʭ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 0,07 (0,1) ʠ 0,15 (0,18) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʯʸʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʥʠʬʠʢʘʮʠʠ ʩ ʫʯʝʪʦʤ ʩʪʦʠʤʦʩʪʠ ʜʝʪʘʣʝʡ ʧʨʠ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʮʝʥ: 

ὗ πȟπχ πȟρυ πȟςς 

 

ὑ
ρς

ρς ρ
Ͻρ πȟςςϽρππϷψυȟρϷ 
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ὗ πȟρ πȟρψ πȟςψ 

 

ὑ
ρς

ρς ρ
Ͻρ πȟςψϽρππϷχψȟυϷ 

 

ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʫʥʠʬʠʢʘʮʠʠ ʜʦ 100% ʟʘʯʘʩʪʫʶ ʤʘʣʦʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʜʦʩʪʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʳʰʝ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʧʨʠʚʝʜʝʪ ʢ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ. 

ɸ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʨʪʳ ʫʥʠʬʠʢʘʮʠʠ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʫʥʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʟʘʪʨʘʪ ʪʨʫʜʘ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ʊʘʢʞʝ ʵʪʦ ʫʩʢʦʨʷʝʪ ʦʩʚʦʝʥʠʝ ʩʝʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʥʦʚʳʭ 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʨʝʤʦʥʪ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ 

ʢʘʜʨʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ 

ʠʟʫʯʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʳ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ 

ʫʥʠʬʠʢʘʮʠʠ. ʊʘʢʞʝ ʙʳʣʦ ʜʝʪʘʣʴʥʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ ʥʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʦʛʣʦ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ 

ʫʷʟʚʠʤʳʝ ʤʝʩʪʘ, ʧʨʠʤʝʥʠʪʴ ʢ ʥʠʤ ʤʝʪʦʜʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʩʘʤʦʛʦ ʠʟʜʝʣʠʷ, ʪʘʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ. 

ʊʘʢ ʞʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ 

ʙʫʜʫʱʝʤ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʫʨʦʚʝʥʴ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʆʙʦʙʱʘʷ ʚʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ, ʢʘʢ ʨʦʩʪ ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʝʪʘʣʝʡ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʳ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʫʥʠʬʠʢʘʮʠʠ. 

ʀʩʧʦʣʴʟʫʷ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʥʦ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ. 
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MATHEMATICAL MODELING OF NONLINEAR VIBRATIONS  

OF AN UNBOUNDED STRING WITH A MOVING BOUNDARY 

 

One-dimensional systems, the boundaries of which move, are widely used in engineering: ropes 

of load-lifting installations [1; 6; 9], flexible gear links [1ï3; 5], solid fuel rods [4; 7], drill strings [8; 

10], etc. The presence of moving boundaries causes considerable difficulties in describing such 

systems. 

Until now, the problems of longitudinal-transverse oscillations of objects with moving 

boundaries have been solved mainly in a linear formulation, the energy exchange through a moving 

boundary and the interaction between longitudinal and transverse oscillations have not been taken 

into account [1ï5; 8]. In rare cases, the effect of environmental resistance forces was taken into 

account [7]. Real technical objects are much more complicated, for example, with an increase in the 

intensity of oscillations, the geometric nonlinearities of the object have a great influence on the 

oscillatory process. 

In connection with the intensive development of numerical methods, it became possible to more 

accurately describe complex mathematical models of longitudinal-transverse oscillations of objects 

with moving boundaries, taking into account a large number of factors affecting the oscillatory 

process. 

In this work, a new nonlinear mathematical model of transverse oscillations of an unbounded 

string with a moving boundary is formulated, in which the geometric nonlinearity is taken into 

account. Boundary conditions are obtained in the case of interaction between the parts of the object 

to the left and to the right of the boundary. 

The following designations are introduced for the object: rï volumetric mass density; Sï is 

the cross-sectional area; Eï is the modulus of elasticity of the material of the object; 0eï is the 

initial longitudinal deformation of the object, which creates tension 0T Ee= ; ( )L t ï is the length of 

the object not deformed in the longitudinal direction to the left of the moving boundary; 1[0, ]t tÍ ï 

time. 

The moving border consists of rigidly connected rollers and a frame and is equal to m. The 

stiffness spring2k  reacts to the transverse displacement of the roller system. In the longitudinal 

direction, there is a rigid connection between the roller system and the frame. There is no slippage 

between the rollers and the object, therefore, under the assumption that the longitudinal deformations 

are small, the equality takes place ( ) ( )L t V t¡ = . 

To characterize the transverse vibrations of the object, we introduce a function 2( , )u x t  ï the 

displacement of the points of the object with the coordinate x at the moment of time t.  
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In [7], a system of differential equations was obtained 
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Initial conditions 

2 3 2, 4( ,0) ( ); ( ,0) ( ).tu x x u x xj j= =  

Let us linearize the system of differential equations.  

2, 0 2, 2, 2, 2, 0 2 ( , ) 0;tt xx xxxx xxxxt tSu ES u EIu Iu u k u f x tr e m l- + + + + - =                    (1) 

2 2, 2 0 2, 0(0, ) 0; (0, ) 0; ( , ) 0; ( , ) 0;xx xu t u t u L t u L t= = = =                            (2) 
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                                          (4) 

2 3 2, 4( ,0) ( ); ( ,0) ( ).tu x x u x xj j= =                                           (5) 

In problem (1) - (5) we will accept: 

0I = , 0l= , 0m= , 
0 0k = , ( , ) 0f x t = , 

2( ) 0F t = . 

In this case, the vibrations of the string will be described by the wave equation: 

( )2, 0 2, 0; ;tt xxu E u xr e- = Í -¤ ¤.                                            (6) 

The initial conditions have the form 

2 3 2, 4( ,0) ( ); ( ,0) ( ).tu x x u x xj j= =                                           (7) 

From [7], taking into account the smallness 
2u , we obtain the boundary conditions: 

( ) ( ) ( )( )

( ) ( )( ) ( )

2

2 2, 2,2

0 2, 2, 2 2

( ), ( ) 0, ( ) 0, ( )

( ) 0, ( ) 0, ( ), 0;

t t

x x

d
m u L t t S u L t t u L t t L t

dt

ES u L t t u L t t k u L t t

r

e

¡- + - - -

- + - - + =

                     (8) 

( ) ( )2 2( ) 0, ( ) 0, .u L t t u L t t+ = -  

Thus, a new nonlinear mathematical model of transverse oscillations of an unbounded string 

with a moving boundary has been posed, in which the geometric nonlinearity is taken into account. 

Boundary conditions are obtained in the case of interaction between the parts of the object to the left 

and to the right of the boundary. The resulting model was linearized, while the principle of 

homogeneity was observed: in the particular case of small fluctuations, the resulting linear model 

coincided with the classical one, which indicates the correctness of the results obtained. The obtained 

mathematical models make it possible to describe high-intensity oscillations of systems with moving 

boundaries. 
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APPLICATION OF THE APPROXIMATE METHOD  

OF KANTOROVICH-GALERKIN FOR THE ANALYSIS OF OSCILLATIONS  

OF MECHANICAL SYSTEMS WITH MOVING BOUNDARIES 

 

The article considers the resonant characteristics of nonlinear oscillations of a rope with moving 

boundaries. The phenomena of resonance and passage through resonance are analyzed. An 

approximate method has been developed in relation to taking into account the influence of resistance 

forces and viscoelastic properties on the system. This method also allows considering a wider class 

of boundary conditions compared to other approximate methods for solving boundary value problems 

with moving boundaries. The resonance characteristics of viscoelastic rope with moving boundaries 

using the Kantorovich ï Galerkin method are examined in the article. The phenomenon of resonance 

and steady passage through resonance are analyzed.  

One-dimensional systems whose boundaries move are widely used in engineering [1ï5]. The 

presence of moving boundaries causes considerable difficulties in describing such systems. Exact 

methods for solving such problems are limited by the wave equation and relatively simple boundary 

conditions. Of the approximate methods, the Kantorovich-Galerkin method described in [5] is the 

most efficient. However, this method can also be used in more complex cases. This method makes it 

possible to take into account the effect of resistance forces on the system, the viscoelastic properties 

of an oscillating object, and also the weak non-stationarity of the boundary conditions. 

The paper considers the phenomena of steady-state resonance and passage through resonance 

for transverse oscillations of a rope of variable length, taking into account viscoelasticity and damping 

forces. Performing transformations similar to transformations [5], an expression is obtained for the 

amplitude of oscillations corresponding to the n-th dynamic mode. Expressions are also obtained that 

describe the phenomenon of steady state resonance and the phenomenon of passage through 

resonance. 

The expression that determines the maximum amplitude of oscillations when passing through 

the resonance was numerically investigated to the maximum. The dependence of the rope oscillation 

amplitude on the boundary velocity, viscoelasticity, and damping forces is analyzed. 

The results of numerical studies allow us to draw the following conclusions: 

- with a decrease in the velocity of the boundary, viscoelasticity and damping forces, the 

amplitude of oscillations increases; 

- as the boundary velocity, viscoelasticity and damping forces tend to zero, the oscillation 

amplitude tends to infinity; 

In conclusion, we note that the above results make it possible to carry out a quantitative analysis 

of the steady state resonance and the phenomenon of passage through the resonance for systems 

whose oscillations are described by the formulated problem. 
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ʅɸʍʆɾɼɽʅʀɽ ʎɽʅʊʈɸ ʄɸʉʉ ɺ ɿɸɼɸʏɸʍ ʈɸɿʃʀʏʅʓʍ ʊʀʇʆɺ 

 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʧʦʩʦʙʦʚ ʥʘʭʦʞʜʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʨʘʟʣʠʯʥʳʭ 

ʬʠʛʫʨ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʠ ʫʜʦʙʥʳʡ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʘʣʛʦʨʠʪʤ 

ʨʝʰʝʥʠʷ. ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʣʦʞʝʥʥʳʭ ʟʘʜʘʯ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʟʘʜʘʯ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ ʠ ʧʦʜʨʦʙʥʳʤ ʨʝʰʝʥʠʝʤ ʥʘ ʥʘʭʦʞʜʝʥʠʝ 

ʮʝʥʪʨʘ ʤʘʩʩ ʨʘʟʣʠʯʥʳʭ ʬʠʛʫʨ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩ ʧʦʤʦʱʴʶ ʧʦʥʷʪʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʣʫʯʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʳʝ 

ʨʝʰʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ ʪʦʯʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʩʤʳʩʣ ʜʘʥʥʦʛʦ 

ʧʦʥʷʪʠʷ [2]. ʇʨʝʜʩʪʘʚʠʤ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʪʦʯʝʢ ɸ ʠ ɺ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʢʨʝʧʣʝʥʳ 

ʛʨʫʟʳ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʳ ά ʠ ά. ʇʫʩʪʴ ʵʪʠ ʪʦʯʢʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʪʝʨʞʥʝʤ, ʥʘ 

ʢʦʪʦʨʦʤ ʝʩʪʴ ʪʦʯʢʘ ὤ, ʷʚʣʷʶʱʘʷʩʷ ʮʝʥʪʨʦʤ ʤʘʩʩ, ʪʦʛʜʘ ʨʘʚʝʥʩʪʚʦ άὨ άὨ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: ά ὤὃᴆ ά ὤὄᴆ, ʧʦ ʩʚʦʡʩʪʚʫ ʜʣʠʥʳ ʚʝʢʪʦʨʘ ʠʤʝʝʤ άὤὃᴆ άὤὄᴆ. 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʚʝʢʪʦʨ ὤὃᴆ ʠ ʚʝʢʪʦʨ ὤὄᴆ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʳ, ʪʦʛʜʘ ʧʦʣʫʯʠʤ 

ʚʳʨʘʞʝʥʠʝ άὤὃᴆ  άὤὄᴆ. ʇʝʨʝʥʝʩʝʤ ʚʩʝ ʚ ʣʝʚʫʶ ʩʪʦʨʦʥʫ: 

 άὤὃᴆ άὤὄᴆ πᴆ (1) 

ʀʪʘʢ, ʮʝʥʪʨʦʤ ʤʘʩʩ ʜʚʫʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ άὃ ʠ άὄ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʘʷ ʪʦʯʢʘ Z, ʜʣʷ 

ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ (1). 

ɿʘʜʘʯʘ 1. ʅʘʡʪʠ ʮʝʥʪʨ ʤʘʩʩ ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺʉ, ʩ ʧʦʜʚʝʰʝʥʥʳʤʠ ʢ ʝʛʦ ʚʝʨʰʠʥʘʤ 

ʛʨʫʟʘʤʠ: ά́  1 ʛʨ., ά  3 ʛʨ. ʠ ά  8 ʛʨ. 

ɼʣʷ ʥʘʯʘʣʘ ʥʘʡʜʝʤ ὤ̱  ˏ- ʮʝʥʪʨ ʤʘʩʩ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʦʯʝʢ ɸ ʠ ɺ c ʤʘʩʩʘʤʠ 1 ʛʨ. 

ʠ 3 ʛʨ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʯʢʘ ὤ̱  ˏʨʘʟʙʠʚʘʝʪ ʦʪʨʝʟʦʢ ɸɺ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʪʝʤ ʤʘʩʩʘʤ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʪʦʯʢʘʭ ɸ ʠ ɺ. ʉʦʩʪʘʚʠʤ ʧʨʦʧʦʨʮʠʶ: 

ȿ ȿ

ȿ ȿ
, ʛʜʝ ȿὤ ὃȿȟȿὤ ὄȿ - ɻʪʦ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ  ὤ ὃ ʠ ὤ ὄ. 

ʆʪʤʝʯʘʝʤ ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘ ʯʝʨʪʝʞʝ. ὤ̱  ˏï ʮʝʥʪʨ ʤʘʩʩ ʪʦʯʝʢ ɸ ʠ ɺ. ɼʘʣʝʝ 

ʦʧʨʝʜʝʣʷʝʤ ʢʘʢʫʶ ʤʘʩʩʫ ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʜʘʥʥʘʷ ʪʦʯʢʘ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʣʦʞʠʪʴ ʤʘʩʩʳ 

ʛʨʫʟʦʚ, ʧʦʜʚʝʰʝʥʥʳʭ ʢ ʪʦʯʢʘʤ ɸ ʠ ɺ: ά ά ά ρ σ τ ʛʨ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ὤ̱ ˏ ˞

ï ʮʝʥʪʨ ʤʘʩʩ ʦʪʨʝʟʢʘ ὤ̱ ˏ˞ȟ ʪʦʛʜʘ ʵʪʘ ʪʦʯʢʘ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʤʘʩʩ ʚʩʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʅʘʡʜʝʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʘʥʥʦʡ ʪʦʯʢʠ, ʜʣʷ ʵʪʦʛʦ ʩʦʩʪʘʚʠʤ ʧʨʦʧʦʨʮʠʶ: 

 

ȿὤ ὤ˞ ȿ

ȿὤ ˞˞ȿ

ψ

τ

ς

ρ
Ȣ 

 

ʇʦʣʫʯʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝ 2:1. ʆʪʤʝʪʠʤ ʝʛʦ ʥʘ ʯʝʨʪʝʞʝ (ʨʠʩ. 1). 



 XXIV  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

88 

 

 

ʈʠʩ. 1. ʎʝʥʪʨ ʤʘʩʩ ʪʨʝʫʛʦʣʴʥʠʢʘ 

 

ʊʦʯʢʘ ὤ  ˞̫ ʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʤʘʩʩ ʥʘʰʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ.  ʀ ʜʣʷ ʜʘʥʥʦʡ ʪʦʯʢʠ 

ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ: ὤ ὃᴆ σὤ ὄᴆ ψὤ ὅᴆ πᴆ. 

ɿʘʜʘʯʘ 2. ʋʩʣʦʞʥʷʝʤ ʧʨʝʜʳʜʫʱʫʶ ʟʘʜʘʯʫ: ʨʘʟʚʝʨʥʝʤ ʪʨʝʫʛʦʣʴʥʠʢ, ʜʦʙʘʚʠʤ ʝʱʝ ʜʚʝ 

ʪʦʯʢʠ ʠ ʩʦʝʜʠʥʠʤ ʠʭ. ʋ ʥʘʩ ʧʦʣʫʯʠʪʩʷ ʧʷʪʠʫʛʦʣʴʥʠʢ. ɹʫʜʝʤ ʠʩʢʘʪʴ ʮʝʥʪʨ ʤʘʩʩ ʥʦʚʦʡ ʬʠʛʫʨʳ, 

ʜʦʙʘʚʣʷʷ ʢʘʞʜʳʡ ʨʘʟ ʥʦʚʫʶ ʪʦʯʢʫ (ʨʠʩ. 2). 

ʎʝʥʪʨ ʤʘʩʩ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠʟʚʝʩʪʝʥ. ʅʘʡʜʝʤ ʮʝʥʪʨ ʤʘʩʩ ʜʣʷ ʪʦʯʝʢ A, B, C, D. ɼʣʷ ʥʘʯʘʣʘ 

ʥʘʡʜʝʤ ʦʙʱʫʶ ʤʘʩʩʫ ʪʦʯʝʢ ɸ, ɺ ʠ ʉ: ά ά ά τ ψ ρς ʛʨ. ʏʪʦʙʳ ʥʘʡʪʠ ʮʝʥʪʨ 

ʤʘʩʩ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 4-ʭ ʪʦʯʝʢ ʩʦʩʪʘʚʠʤ ʧʨʦʧʦʨʮʠʶ: 

 

ȿὤ ὤ ȿ

ȿὤ Ὀȿ

σ

ρς

ρ

τ
Ȣ 

 

ʊʝʧʝʨʴ ʥʘʡʜʝʤ ʮʝʥʪʨ ʤʘʩʩ ʚʩʝʛʦ ʧʷʪʠʫʛʦʣʴʥʠʢʘ, ʜʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ ʤʘʩʩʫ ʪʦʯʝʢ A, B, 

C ʠ D: ά ά ά ρς σ ρυ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ὤ  ï ʮʝʥʪʨ ʤʘʩʩ 

ʧʷʪʠʫʛʦʣʴʥʠʢʘ, ʯʪʦʙʳ ʥʘʡʪʠ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʦʩʪʘʚʠʤ ʧʨʦʧʦʨʮʠʶ ʠ ʦʪʤʝʪʠʤ ʜʘʥʥʫʶ ʪʦʯʢʫ 

ʥʘ ʯʝʨʪʝʞʝ (ʨʠʩ.2): 

ȿὤ ὤ ȿ

ȿὤ Ὁȿ

υ

ρυ

ρ

σ
Ȣ 

 

 

ʈʠʩ. 2. ʎʝʥʪʨ ʤʘʩʩ ʧʷʪʠʫʛʦʣʴʥʠʢʘ 
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ʊʦʯʢʘ ὤ  ̫ʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʤʘʩʩ ʥʘʰʝʛʦ ʧʷʪʠʫʛʦʣʴʥʠʢʘ, ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ὤ ὤ  

ʠʩʢʦʤʳʡ ʮʝʥʪʨ ʤʘʩʩʳ ʚʩʝʡ ʬʠʛʫʨʳ. ʀ ʜʣʷ ʜʘʥʥʦʡ ʪʦʯʢʠ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ: ὤὃᴆ σὤὄᴆ

ψὤὅᴆ σὤὈᴆ υὤὉᴆ πᴆ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʠ ʜʨʫʛʦʛʦ ʪʠʧʘ. ʏʪʦʙʳ ʠʭ ʨʝʰʠʪʴ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʢʦʦʨʜʠʥʘʪʥʳʤ 

ʤʝʪʦʜʦʤ. 

ɿʘʜʘʯʘ 3. ʅʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʬʠʛʫʨʳ, ʠʤʝʶʱʝʡ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ὃὈ

φ ̒ ȟ̍ὑὈ ψ ̒ ,̍ ὃὄ  Ὃὑ ς ̒  ̍(ʨʠʩ. 3). 

 

ʈʠʩ. 3. ʏʝʨʪʝʞ ʢ ʟʘʜʘʯʝ 3 

 

ʈʝʰʝʥʠʝ. ʈʘʟʜʝʣʠʤ ʜʘʥʥʫʶ ʬʠʛʫʨʫ ʣʠʥʠʝʡ ὊὉ ʥʘ ʜʚʘ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ὃὄὊὉ ̉ ὋὑὈὉ, 

ʮʝʥʪʨʳ ʤʘʩʩ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʘʛʦʥʘʣʝʡ. 

ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ὼ ʠ ώ ʮʝʥʪʨʘ ʤʘʩʩ ʧʝʨʝʩʝʯʝʥʠʷ: 

ὼ
ВὼὛ

ВὛ

ὼὛ ὼὛ

Ὓ Ὓ
Ƞ 

ώ
ВώὛ

ВὛ

ώὛ ώὛ

Ὓ Ὓ
ȟ 

ʛʜʝ ὼȟώ ʠ ὼȟώ ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʤʘʩʩ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ὃὄὊὉ ̉ ὋὑὈὉ, ʘ Ὓ ̉ Ὓ 

ï ʧʣʦʱʘʜʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ὃὄὊὉ ̉ ὋὑὈὉ.  

ʅʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʧʣʦʱʘʜʴ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ὃὄὊὉ: 

ὼ
ὃὈ Ὃὑ

ς

φ ς

ς
ς ̒ Ƞ̍ ώ

ὃὄ

ς

ς

ς
ρ ̒ Ƞ̍ 

Ὓ ὃὄϽὃὈ Ὃὑ ςϽφ ς ψ ̒ ̍Ȣ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ὅ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ὃὄὊὉ: ὅ ςȠ ρȢ 

ɼʘʣʝʝ ʥʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʧʣʦʱʘʜʴ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ὋὑὈὉ: 

 

ὼ
ὃὈ ὃὉ

ς

ὃὈ ὃὈ Ὃὑ

ς

φ φ ς

ς
υ ̒ Ƞ̍ 

ώ
ὑὈ

ς

ψ

ς
τ ̒ Ƞ̍ 

Ὓ ὋὑϽὑὈ ςϽψ ρφ ̒ ̍Ȣ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ὅ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ὋὑὈὉ: ὅ υȠ τȢ 

ʊʦʛʜʘ ʤʦʞʥʦ ʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʠʩʭʦʜʥʦʡ ʬʠʛʫʨʳ. 
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ὼ
ὼὛ ὼὛ

Ὓ Ὓ

ςϽψ υϽρφ

ψ ρφ

ωφ

ςτ
τ ̒ Ƞ̍ 

ώ
ώὛ ώὛ

Ὓ Ὓ

ρϽψ τϽρφ

ψ ρφ

χς

ςτ
σ ̒ Ȣ̍ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʮʝʥʪʨ ʤʘʩʩʘ ὅτȠσ. 

ʆʪʚʝʪ: ὼ τ ̒ ,̍ ώ σ ̒ .̍ 

 

 

ʈʠʩ. 4. ɼʚʫʪʘʚʨ 

ɿʘʜʘʯʘ 4. ʅʘʡʪʠ ʮʝʥʪʨ ʤʘʩʩ ʜʚʫʪʘʚʨʘ, ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʬʠʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʟ ʯʸʨʥʦʛʦ ʧʨʦʢʘʪʘ ʠʣʠ ʜʝʨʝʚʘ, ʠʤʝʶʱʠʡ ʩʝʯʝʥʠʝ, ʙʣʠʟʢʦʝ ʧʦ ʬʦʨʤʝ ʢ ʙʫʢʚʝ çʅè (ʨʠʩ. 4), ʝʩʣʠ 

ὃὄ ὔὖ σπ ̒ ,̍ Ὃὑ ςυ ̒ ,̍ ὃὉ ὒὑ ὓὔ ψ ̒  ̍(ʨʠʩ. 5). 

ʈʝʰʝʥʠʝ. ʊʘʢ ʢʘʢ ʬʦʨʤʘ ʩʝʯʝʥʠʷ ʠʤʝʝʪ ʦʩʴ ʩʠʤʤʝʪʨʠʠ, ʦʩʴ ὕὼ ʥʫʞʥʦ ʥʘʧʨʘʚʠʪʴ ʚʜʦʣʴ 

ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʘ ʦʩʴ ὕώ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʡ. 

ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʧʨʦʬʠʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ὕὼ ʮʝʥʪʨ ʤʘʩʩ ʙʫʜʝʪ ʣʝʞʘʪʴ ʥʘ ʵʪʦʡ 

ʦʩʠ, ʪʦ ʝʩʪʴ ώ π. 

ʇʦʜʝʣʠʤ ʧʨʦʬʠʣʴ ʩ ʧʦʤʦʱʴʶ ʣʠʥʠʡ ὓὔ ̉ ὕὖ ʥʘ ʪʨʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ὃὄὈὉ, ὓὕὖὔ ʠ 

ὊὋὑὒ. 

 

ʈʠʩ. 5. ʏʝʨʪʝʞ ʢ ʟʘʜʘʯʝ 4 

 

ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʫ ʥʘʭʦʞʜʝʥʠʷ ʘʙʩʮʠʩʩʳ ʮʝʥʪʨʘ ʤʘʩʩ ὼ: 

ὼ
ВὼὛ

ВὛ

ὼὛ ὼὛ ὼὛ

Ὓ Ὓ Ὓ
ȟ 

ʛʜʝ ὼȟ ὼȟὼ ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʤʘʩʩ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ὃὄὈὉ, ὓὕὖὔ ʠ ὊὋὑὒ, ʘ 

ὛȟὛȟὛ ï ʧʣʦʱʘʜʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ὃὄὈὉ, ὓὕὖὔ ʠ ὊὋὑὒ. 

ʊʘʢ ʢʘʢ ʮʝʥʪʨʳ ʤʘʩʩ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ὅȟὅ ̉ ὅ ʣʝʞʘʪ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʠʭ ʜʠʘʛʦʥʘʣʝʡ, 

ʪʦ ʤʦʞʥʦ ʣʝʛʢʦ ʚʳʯʠʩʣʠʪʴ ʠʭ ʘʙʩʮʠʩʩʳ: 
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ὼ ὕὅ τ ʩʤ; ὼ ὕὅ ςσ ʩʤ; ὼ ὕὅ τς ʩʤ. 

ɼʘʣʝʝ ʥʘʡʜʝʤ ʧʣʦʱʘʜʠ ʜʘʥʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ. 

Ὓ ὃὄϽὃὉ σπϽψ ςτπ ̒ ̍Ƞ 

Ὓ ὓὔϽὔὖ ψϽσπ ςτπ ̒ ̍Ƞ 

Ὓ ὒὑϽὋὑ ψϽςυ ςππ ̒ ̍Ȣ 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʚʩʝ ʥʫʞʥʳʝ ʚʝʣʠʯʠʥʳ ʠʟʚʝʩʪʥʳ, ʤʦʞʝʤ ʧʦʜʩʪʘʚʠʪʴ ʚ ʠʩʭʦʜʥʫʶ ʬʦʨʤʫʣʫ ʠ 

ʥʘʡʪʠ ʮʝʥʪʨ ʤʘʩʩ ʬʠʛʫʨʳ. 

ὼ
ὼὛ ὼὛ ὼὛ

Ὓ Ὓ Ὓ

τϽςτπςσϽςτπτςϽςππ

ςτπςτπςππ
ςρ
ρυ

ρχ
 ̒ Ȣ̍ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʥʪʨ ʤʘʩʩ ʬʠʛʫʨʳ ʙʫʜʝʪ ʣʝʞʘʪʴ ʚ ʪʦʯʢʝ ὅςρȠπ. 

ʆʪʚʝʪ: ὼ ςρ  ̒ ,̍ ώ π. 

ɿʘʜʘʯʠ ʪʘʢʦʛʦ ʪʠʧʘ ʘʢʪʫʘʣʴʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʠ 1 ʠ 2 ʧʦʤʦʛʫʪ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʝʡ, ʚʝʜʴ ʚ ʥʠʭ ʚʘʞʥʦ ʟʥʘʪʴ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʮʝʥʪʨ ʤʘʩʩ, ʠʥʘʯʝ 

ʘʚʪʦʤʦʙʠʣʴ ʧʨʦʩʪʦ ʧʝʨʝʚʝʨʥʝʪʩʷ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʟʘʜʘʯʠ 3 ʠ 4, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʟʥʘʯʠʤʦʩʪʠ 

ʥʘʭʦʞʜʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʪʘʢʦʡ ʬʠʛʫʨʝ, ʢʘʢ ʜʚʫʪʘʚʨʦʚʳʡ ʧʨʦʬʠʣʴ (ʙʘʣʢʘ), ʪʘʢ ʢʘʢ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʯʝʥʴ ʚʘʞʥʦ, ʵʪʦ ʞʝ ʤʦʞʥʦ ʠ ʩʢʘʟʘʪʴ ʦʙ ʫʛʦʣʴʥʠʢʝ, ʠʩʧʦʣʴʟʫʝʤʦʤ 

ʚ ʯʝʨʯʝʥʠʠ, ʚ ʨʘʙʦʪʝ ʩʪʦʣʷʨʦʚ ʠ ʩʣʝʩʘʨʝʡ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʟʘʜʘʯʘʭ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ [1-3]. 
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ʄʘʣʳʰʝʚʘ ɸ.ɺ. 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

 

ʋʇʈʋɻʀʁ ʋɼɸʈ ʇʈʀ ʂʆʅʊʈʆʃɽ ʂɸʏɽʉʊɺɸ ʄɸʊɽʈʀɸʃɸ 

 

ʅʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʙʦʨʦʚ ʠ ʪ.ʧ. ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʪʝʤ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ ʠ ʩʘʤʠ ʦʙʲʝʢʪʳ ʚ ʮʝʣʦʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʥʪʨʦʣʶ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ɻ ʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʣʶʙʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʪʨʝʙʫʝʪ ʨʝʛʫʣʷʨʥʦʡ ʦʮʝʥʢʠ. 

ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʦʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʙʝʟ ʧʨʠʦʩʪʘʥʦʚʢʠ, 

ʜʝʤʦʥʪʘʞʘ ʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦ. ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʢʦʥʪʨʦʣʷ 

ʟʘʯʘʩʪʫʶ ʩʧʦʩʦʙʥʳ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ. ʄʝʪʦʜ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʛʣʦʙʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʚʦʡʩʪʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠʟʜʝʣʠʡ, ʷʚʣʷʝʪʩʷ ʙʝʟʚʨʝʜʥʳʤ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʝʨʘʪʦʨʫ, ʧʨʦʚʦʜʷʱʝʤʫ ʢʦʥʪʨʦʣʴ, ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʫʜʘʨʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʧʦʢʘʟʘʥʠʡ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʚʳʷʩʥʠʪʴ ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʜʝʬʝʢʪʘʤʠ ʚ ʤʘʪʝʨʠʘʣʝ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʘʟʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʙʦʡʢʘ ʠ ʦʙʨʘʟʮʘ. ʄʝʪʦʜ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʚʝʣʠʯʠʥʳ 

ʦʙʨʘʪʥʦʛʦ ʦʪʩʢʦʢʘ ʫʜʘʨʥʠʢʘ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ. ʉʢʦʨʦʩʪʴ ʦʪʩʢʦʢʘ 

ʙʦʡʢʘ ʧʨʠ ʫʜʘʨʝ ʧʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʧʣʦʪʥʦʩʪʠ, 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʥʘʣʠʯʠʷ ʚ ʥʝʡ ʥʝʩʧʣʦʰʥʦʩʪʝʡ, ʧʨʦʯʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ [1]. 

ɿʘ ʚʨʝʤʷ ʫʜʘʨʘ ʪʚʝʨʜʳʭ ʪʝʣ ʚ ʤʝʩʪʝ ʠʭ ʢʦʥʪʘʢʪʘ ʚʦʟʥʠʢʘʶʪ ʫʧʨʫʛʠʝ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʡ, 

ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʩʚʦʙʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʢʘʟʳʚʘʷ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ 

ʦʪʩʢʦʢʘ ʙʦʡʢʘ. ʇʦʚʳʰʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʙʦʡʢʘ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʫʣʫʯʰʝʥʥʳʭ 

ʩʪʘʣʝʡ ʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ ʚʝʩʴʤʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʜʘʨʥʠʢ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʠ ʢʘʞʜʦʤ ʝʛʦ ʦʪʩʢʦʢʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʫʜʘʨʦʚ ʰʘʨʘ-ʙʦʡʢʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩ ʠʩʧʳʪʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʢʚʘʟʠʧʣʘʩʪʠʯʝʩʢʠʡ ʫʜʘʨ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʫʜʘʨʦʚ ʙʦʡʢʘ-h ʘʨʘ ʧʨʠ ʦʜʥʦʤ ʦʪʩʢʦʢʝ ʫʜʘʨʥʠʢʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʫʜʘʨʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʦʣʴʮʝʚʳʤ ʤʘʛʥʠʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʝʢʪʦʚ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʆʤɻʊʋ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʣ, ʯʪʦ ʯʪʦ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʝʪ 

ʧʨʠʤʝʥʷʪʴ ʙʦʡʢʠ ʧʣʦʪʥʦʩʪʴʶ ʙʣʠʟʢʦʡ ʢ ʧʣʦʪʥʦʩʪʠ ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʢ ʢʘʢ 

ʥʘʠʙʦʣʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʦʡʢʘ ʧʦʣʫʯʝʥʘ ʪʘʤ, ʛʜʝ ʝʛʦ ʫʜʝʣʴʥʳʡ ʚʝʩ ʧʨʠʙʣʠʞʝʥ ʢ 

ʫʜʝʣʴʥʦʤʫ ʚʝʩʫ ʦʙʨʘʟʮʘ [2].  

ʊʘʢʞʝ ʟʘʤʝʪʠʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʦʪʩʢʦʢʘ ʟʘʚʠʩʠʪ ʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʳ ʜʝʬʝʢʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ ʙʦʡʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ (ʪʘʙʣ. 1). ɺ ʦʙʨʘʟʮʝ 

ʚ ʧʦʣʦʞʝʥʠʠ, ʢʦʛʜʘ ʧʦʣʦʩʪʠ ʙʣʠʞʝ ʢ ʟʦʥʝ ʢʦʥʪʘʢʪʘ, ʩʢʦʨʦʩʪʴ ʦʪʩʢʦʢʘ ʤʝʥʴʰʝ. 
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪ ʧʝʨʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʆʤɻʊʋ 

 

ʆʙʲʝʢʪ ʢʦʥʪʨʦʣʷ ʅʘʣʠʯʠʝ 

ʧʦʣʦʩʪʝʡ 

ʇʦʟʠʮʠʷ ʢʦʥʪʨʦʣʷ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ 

ʦʪʩʢʦʢʘ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʥʘʧʨʷʞʝʥʠʶ 

ʜʘʪʯʠʢʘ æU (æU0), 

ʤɺ 
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ʊʘʙʣʠʮʘ 2 

 ʈʝʟʫʣʴʪʘʪ ʚʪʦʨʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʆʤɻʊʋ 

 

ʆʙʨʘʟʝʮ ʩʪʘʣʴʥʦʡ ʮʝʣʳʡ ʆʙʨʘʟʝʮ ʩʪʘʣʴʥʦʡ ʩ ʜʝʬʝʢʪʘʤʠ 

 ̄ ɺʝʣʠʯʠʥʘ ʦʪʩʢʦʢʘ, ʤ  ̄ ɺʝʣʠʯʠʥʘ ʦʪʩʢʦʢʘ, ʤ 

1 120 1 122 

2 124 2 120 

3 130 3 121 

4 130 4 122 

5 130 5 123 

6 130 6 120 

7 130 7 123 

8 140 8 130 

9 140 9 132 

10 140 10 123 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘʰʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʪʘʙʣ. 3) ʠ ʟʘʤʝʪʠʣʠ, ʯʪʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʬʝʢʪʦʚ ʚ ʤʘʪʝʨʠʘʣʝ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ.). ʀʟ 

ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘè ʥʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʘʙʩʦʣʶʪʥʦ 

ʫʧʨʫʛʦʛʦ ʪʝʣʘ ʠ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʦʛʦ ʨʘʚʝʥ 1 ʠ 0 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʠʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʫʧʨʫʛʦʩʪʴ ʪʝʣʘ.  

ʊʘʙʣʠʮʘ 3 

 ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ 

 

ʆʙʨʘʟʝʮ ʩʪʘʣʴʥʦʡ ʮʝʣʳʡ ʆʙʨʘʟʝʮ ʩʪʘʣʴʥʦʡ ʩ ʜʝʬʝʢʪʘʤʠ 

 ̄ ɺʝʣʠʯʠʥʘ ʦʪʩʢʦʢʘ, ʤ  ̄ ɺʝʣʠʯʠʥʘ ʦʪʩʢʦʢʘ, ʤ 

1 0,387 1 0,390 

2 0,394 2 0,387 

3 0,403 3 0,389 

4 0,403 4 0,390 

5 0,403 5 0,392 

6 0,403 6 0,387 
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7 0,403 7 0,392 

8 0,418 8 0,403 

9 0,418 9 0,406 

10 0,418 10 0,392 

 

 

 
 

ʈʠʩ. ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ 

 

ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʧʨʠʙʦʨʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʫʜʘʨʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ ʪʝʣ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʩʢʦʨʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ, 

ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ ʨʘʩʩʯʠʪʘʪʴ ʜʠʥʘʤʠʢʫ ʮʠʢʣʘ ʨʘʙʦʪʳ ʫʜʘʨʥʳʭ ʤʘʰʠʥ, ʪ.ʢ. ʢʘʞʜʳʡ 

ʧʦʩʣʝʜʫʶʱʠʡ ʮʠʢʣ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʝʡ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ, ʦʩʪʘʚʰʠʭʩʷ ʦʪ ʠʭ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʧʝʨʠʦʜʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ ʠ ʝʛʦ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪ 

ʥʘʣʠʯʠʷ ʧʦʣʦʩʪʝʡ ʚ ʦʙʨʘʟʮʘʭ. ʇʨʦʜʝʣʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

ʤʝʪʦʜ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʚ ʠʩʧʦʣʥʝʥʠʠ, ʥʝ ʜʦʨʦʛʠʤ, ʥʝ 

ʪʨʝʙʫʶʱʠʤ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʧʝʨʘʪʦʨʘ;  

ʚʝʣʠʯʠʥʘ ʦʪʩʢʦʢʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʜʝʬʝʢʪʦʚ ʚ ʤʘʪʝʨʠʘʣʝ, ʥʦ ʠ ʦʪ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʚ ʢʦʥʩʪʨʫʢʮʠʠ;  

ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫ ʦʙʨʘʟʮʦʚ ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʦʙʨʘʟʮʦʚ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʙʝʟ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ;  

ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʙʦʡʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩʘʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʦʪʩʢʦʢʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʯʝʩʪʚʦ 

ʢʦʥʪʨʦʣʷ. 

 



 XXIV  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

95 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʦʣʴʜʩʤʠʪ ɺ.ɸ. ʋʜʘʨ // ʊʝʦʨʠʷ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʫʜʘʨʷʝʤʳʭ ʪʝʣ. ʄ.: 

ʉʪʨʦʡʠʟʜʘʪ, 1965. ʩ. 333-344 

2. ʉʪʠʭʘʥʦʚʩʢʠʡ ɹ.ʅ., ʏʝʨʥʦʚʘ ɽ.ʉ. ʋʜʘʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʦʣʴʮʝʚʳʤ 

ʤʘʛʥʠʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʝʢʪʦʚ. ʆʤʩʢ: ʀʟʜ-ʚʦ ʆʤɻʊʋ, 2015. 46 ʩ. 

 

É ʄʘʣʳʰʝʚʘ ɸ.ɺ., 2022 

  



 XXIV  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

96 

ʋɼʂ 544 

ʄʠʰʘʢʠʥʘ ɺ.ɸ., ʀʩʣʘʤʛʫʣʦʚʘ ɻ.ʌ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʇʆɼʊɺɽʈɾɼɽʅʀɽ ɼʀʌʌʋɿʀʀ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʟʥʘʥʠʷ ʦ ʜʠʬʬʫʟʠʠ, ʧʦʜʪʚʝʨʜʠʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʬʘʢʪʳ ʦʧʳʪʥʳʤ ʧʫʪʝʤ, ʦʙʦʙʱʠʪʴ ʚʩʝ ʧʦʣʫʯʝʥʥʳʡ ʟʥʘʥʠʷ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʭʦʪʝʣʦʩʴ ʙʳ ʥʘʯʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʬʬʫʟʠʠ. ɼʠʬʬʫʟʠʷ ï ɻ ʪʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ 

ʤʦʣʝʢʫʣ ʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʜʨʫʛʦʛʦ (https://clck.ru/ehecw). 

ʊʘʢʞʝ ʵʪʦ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʪʨʝʭ ʬʘʟʘʭ: ʞʠʜʢʦʤ, ʪʚʝʨʜʦʤ ʠ ʛʘʟʦʦʙʨʘʟʥʦʤ ʪʝʣʘʭ. 

ɼʘʚʘʡʪʝ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʧʦʛʦʚʦʨʠʤ ʦ ʢʘʞʜʦʡ ʬʘʟʝ. ʅʘʯʥʝʤ, ʩ ʜʠʬʬʫʟʠʠ ʚ ʛʘʟʘʭ. ʉʘʤʳʤ 

ʧʨʦʩʪʳʤ ʧʨʠʤʝʨʦʤ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʘʨʦʤʘʪʠʯʝʩʢʘʷ ʩʚʝʯʘ. ɽʩʣʠ ʤʳ ʟʘʞʞʝʤ ʝʝ ʚ ʦʜʥʦʡ ʯʘʩʪʠ 

ʢʦʤʥʘʪʳ, ʪʦ ʩʧʫʩʪʷ ʚʨʝʤʷ ʟʘʧʘʭ ʙʫʜʝʪ ʯʫʚʩʪʚʦʚʘʪʴʩʷ ʧʦ ʚʩʝʡ ʢʦʤʥʘʪʝ (ʦʥ ʨʘʩʧʨʦʩʪʨʘʥʠʪʩʷ ʧʦ 

ʚʩʝʤʫ ʧʦʤʝʱʝʥʠʶ). ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʛʘʟʳ, ʢʘʢ ʠ ʚʩʝ ʪʝʣʘ, ʩʦʩʪʦʷʪ ʠʟ 

ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʧʨʝʙʳʚʘʶʪ ʚ ʭʘʦʪʠʯʝʩʢʦʤ ʜʚʠʞʝʥʠʠ (ʨʠʩ. 1) [1]. 

 

ʈʠʩ. 1. ɼʚʠʞʝʥʠʝ ʤʦʣʝʢʫʣ 

ʅʘʧʨʘʚʣʝʥʠʝ ʜʠʬʬʫʟʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʘʚʠʣʦʤ: ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ ʩʪʨʝʤʠʪʩʷ ʟʘʧʦʣʥʠʪʴ 

ʪʫ ʯʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʜʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʥʴʰʝ. ʊʝʤ ʩʘʤʳʤ, ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʨʘʚʥʦʚʝʩʠʠ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʜʠʬʬʫʟʠʶ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. ɽʩʣʠ ʚʦʟʴʤʝʤ ʧʣʘʩʪʠʥʳ ʨʘʟʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʟʘʞʤʸʤ ʠʭ ʧʦʜ ʧʨʝʩʩʦʤ, ʪʦ ʤʝʞʜʫ ʥʠʤʠ ʥʘʯʥʝʪʩʷ ʜʠʬʬʫʟʠʷ; ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ 

ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʩʤʝʰʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʤʠʣʣʠʤʝʪʨ). 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʫʩʢʦʨʠʪʴ, ʝʩʣʠ ʧʦʤʝʩʪʠʪʴ ʧʣʘʩʪʠʥʳ ʚ ʧʝʯʴ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʤʦʞʥʦ 

ʚʟʷʪʴ ʤʝʪʘʣʣʳ ʨʘʟʥʦʛʦ ʮʚʝʪʘ, ʥʘʧʨʠʤʝʨ, ʟʦʣʦʪʦ ʠ ʩʚʠʥʝʮ (ʨʠʩ. 2) (https://clck.ru/eheeR).  

ʀ ʥʘʢʦʥʝʮ, ʜʠʬʬʫʟʠʷ ʚ ʞʠʜʢʦʩʪʷʭ. ɿʜʝʩʴ ʤʦʞʥʦ ʚʟʷʪʴ ʚ ʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʝʥʠʝ ʩʘʭʘʨʘ ʚ ʯʘʝ 

(ʨʠʩ. 3) [1]. ʄʳ ʵʪʦ ʥʘʙʣʶʜʘʝʤ ʢʘʞʜʳʡ ʜʝʥʴ ʠ ʥʝ ʟʘʜʫʤʳʚʘʣʠʩʴ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʬʠʟʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ. ʍʦʪʝʣʦʩʴ ʙʳ ʝʱʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʚʝʜʝʤ ʦʧʳʪ, ʚʦʟʴʤʝʤ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʡ ʦʢʨʘʰʝʥ ʚ ʛʦʣʫʙʦʡ ʮʚʝʪ ʠ ʚʦʜʫ (ʨʠʩ. 

4) [1]. 

ʀʟʥʘʯʘʣʴʥʦ ʤʳ ʯʝʪʢʦ ʚʠʜʠʤ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʯʠʩʪʦʡ ʚʦʜʦʡ ʠ ʛʦʣʫʙʳʤ ʨʘʩʪʚʦʨʦʤ. ɼʘʣʝʝ 

ʛʨʘʥʠʮʘ ʨʘʟʤʳʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʚʦʜʘ ʧʦʣʥʦʩʪʴʶ 

ʦʢʨʘʰʠʚʘʝʪʩʷ ʚ ʛʦʣʫʙʦʚʘʪʳʡ ʮʚʝʪ (ʚʩʝ ʨʘʚʥʦʤʝʨʥʦ ʦʢʨʘʩʠʣʦʩʴ). ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩʤʝʰʘʣʠʩʴ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʦʣʫʙʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʘʦʪʠʯʝʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ. 
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ʈʠʩ. 2. ɼʠʬʬʫʟʠʷ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʈʠʩ. 3. ʈʘʩʪʚʦʨʝʥʠʝ ʩʘʭʘʨʘ 

 

ʈʠʩ. 4. ɼʠʬʬʫʟʠʷ ʚ ʞʠʜʢʦʩʪʷʭ 

ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʬʬʫʟʠʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʇʨʠ ʥʘʣʠʯʠʠ ʨʘʟʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʦʙʲʸʤʘ ʚʦʟʥʠʢʘʝʪ 

ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʥʦʩʪʠ. 

ʊʘʢʞʝ ʵʪʦʪ ʟʘʢʦʥ, ʥʘʟʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʌʠʢʘ. ɽʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

Ê $ϽÇÒÁÄÎ, 

ʛʜʝ j ï ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ; n0 - ʥʘʯʘʣʴʥʘʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ; grad ï ʛʨʘʜʠʝʥʪ 

(ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ). 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

$ ϽÕϽʇ, 

ʛʜʝ u ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ ʛʘʟʘ; ʇ ï ʩʨʝʜʥʠʡ ʧʨʦʙʝʛ ʤʦʣʝʢʫʣ ʛʘʟʘ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʠʬʬʫʟʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ 

ʚʩʝʭ ʘʩʧʝʢʪʘʭ ʥʘʰʝʡ ʞʠʟʥʠ. ʇʨʠʯʠʥʘ ʜʠʬʬʫʟʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʝʩʧʦʨʷʜʦʯʥʦʤ ʜʚʠʞʝʥʠʠ 

ʤʦʣʝʢʫʣ. ʉʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʟʘʚʠʩʠʪ ʦʪ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʠʬʬʫʟʠʷ ʙʳʩʪʨʦ ʧʨʦʪʝʢʘʝʪ ʚ 

ʛʘʟʘʭ, ʤʝʜʣʝʥʥʝʝ ʚ ʞʠʜʢʠʭ ʠ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. ʇʨʦʮʝʩʩ ʜʠʬʬʫʟʠʠ ʤʦʞʥʦ 

ʫʩʢʦʨʠʪʴ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ; ʫʤʝʥʴʰʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ; ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʯʘʩʪʠʮ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʦʧʦʚ ʇ.ɺ. ɼʠʬʬʫʟʠʷ. ʄ.: ʄʌʊʀ, 2016. 94 ʩ. 
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ʇʦʧʝʣʴ ʉ.ɸ. 

ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉ.ɸ. ɽʩʝʥʠʥʘ 

ʛ. ʈʷʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʉʆʉʊʆʗʅʀʗ ʈɸɺʅʆɺɽʉʀʗ ɼʀʅɸʄʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʊʀʇɸ ʉʆʃʆʋ  

ʉ ʄʆɼʀʎʀʈʆɺɸʅʅʆʁ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆʁ ʌʋʅʂʎʀɽʁ ɸʃʃɽʅɸ  

ʀ ʂʆʅʂʋʈɽʅʎʀɽʁ ɿɸ ʈɽʉʋʈʉ ʈɸɹʆʏʀʍ ʄɽʉʊ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʦʜʥʦʩʝʢʪʦʨʥʘʷ ʤʦʜʝʣʴ ʵʢʦʥʦʤʠʢʠ ʪʠʧʘ ʉʦʣʦʫ ʚʠʜʘ 

ὑ ‘ὑ ‌Ὂὑȟὒȟ

ὒ ὺὒρ
ὒ

ὓ
ȟ
 ρ 

ʛʜʝ ὑ ï ʢʘʧʠʪʘʣ, ὒ ï ʪʨʫʜ, ‘ ï ʥʦʨʤʘ ʘʤʦʨʪʠʟʘʮʠʠ, ‌ ï ʜʦʣʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʜʦʭʦʜʘ, ʠʜʫʱʘʷ 

ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʢʘʧʠʪʘʣʘ, ‌ȟ‘ᶰ πȟρ; ὺ ï ʪʝʤʧ ʨʦʩʪʘ ʨʝʩʫʨʩʘ çʪʨʫʜè, ὺᶰ ρȟρ, ὓ ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʨʝʛʠʦʥʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ʚʳʙʨʘʥʘ ʬʫʥʢʮʠʷ ɸʣʣʝʥʘ Ὂ ὥὑὒ ὥὑ ὥὒ, ʛʜʝ ὥȟὥȟὥ ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ [1, ʩ. 105; 2. c. 76]. 

ɼʣʷ ʬʫʥʢʮʠʡ ὑὸ ʠ ὒὸ ʟʘʜʘʜʠʤ ʤʥʦʞʝʩʪʚʦ ɝ, ʥʘ ʢʦʪʦʨʦʤ ʵʪʠ ʬʫʥʢʮʠʠ ʙʫʜʫʪ 

ʦʧʨʝʜʝʣʝʥʳ 

Ў ὑȟὒȡὥὑὒ ὥὑ ὥὒ πȟὑ πȟὒ πȟὑᶰᴙȟὒɴ ᴙ Ȣ ς 

ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ (2) ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʯʠʩʣʝʥʥʦʩʪʴ 

ʥʘʩʝʣʝʥʠʷ, ʠʤʝʶʱʠʝʩʷ ʚ ʥʘʣʠʯʠʠ ʘʢʪʠʚʳ ʠ ʦʙʲʸʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɹʳʣ ʧʨʦʚʝʜʸʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ (1), ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1) ʧʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʬʫʥʢʮʠʠ Ὂ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ 

(ʇʌ);  

2) ʤʦʜʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʠ Ὂ (ʧʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʠʟ ʩʚʦʡʩʪʚ) ʪʘʢ, ʯʪʦʙʳ 

ʚʳʧʦʣʥʷʣʠʩʴ ʚʩʝ ʩʚʦʡʩʪʚʘ ʇʌ; 

3) ʧʦʠʩʢ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ; 

4) ʦʪʙʦʨ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ; 

5) ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʢʘʞʜʦʤ ʠʟ ʦʪʦʙʨʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ [3, c. 

5]. 

1. ʇʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʠ Ὂ ʩʚʦʡʩʪʚ ʇʌ. 

1. Ὂπȟπ Ὂπȟὒ Ὂὑȟπ π (ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʥʫʣʶ ʦʜʥʦʛʦ ʠʣʠ ʩʨʘʟʫ ʜʚʫʭ 

ʘʨʛʫʤʝʥʪʦʚ, ʬʫʥʢʮʠʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ). ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʙʝʟ 

ʨʝʩʫʨʩʦʚ ʥʝʪ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʦʚʝʨʠʤ, ʧʦʜʩʪʘʚʠʚ π ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʬʫʥʢʮʠʠ 

Ὂπȟπ πȟ Ὂπȟὒ ὥὒȟ Ὂὑȟπ ὥὑȢ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ Ὂπȟὒ π ʠ Ὂπȟὑ π, ʧʦʵʪʦʤʫ ʩʚʦʡʩʪʚʦ 1. ʜʣʷ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ ʚ 

ʪʝʢʫʱʝʤ ʚʠʜʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 
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2. ὑ πȟὒ π  πȟ π (ʬʫʥʢʮʠʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʢʘʞʜʦʤʫ 

ʘʨʛʫʤʝʥʪʫ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʪʨʘʪ ʦʜʥʦʛʦ ʨʝʩʫʨʩʘ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʟʘʪʨʘʪʘʭ 

ʜʨʫʛʦʛʦ, ʦʙʲʸʤ ʚʳʧʫʩʢʘ ʚʦʟʨʘʩʪʘʝʪ. 

ʇʨʦʚʝʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʩʚʦʡʩʪʚʘ, ʥʘʡʜʷ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ ʠ ʧʦʜʩʪʘʚʠʚ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʦʚ 

‬Ὂ

‬ὑ
ὥὒ ςὥὑȟ

‬Ὂ

‬ὑ
π ̐̑ ̉ὑᶰπȟ

ὥὒ

ςὥ
ȟ̐ ̑ ̉

‬Ὂ

‬ὑ
π ̐̑ ̉ὑ  

ὥὒ

ςὥ
ȟ 

‬Ὂ

‬ὒ
ὥὑ ςὥὒȟ

‬Ὂ

‬ὑ
π ̐̑ ̉ὒɴ πȟ

ὥὑ

ςὥ
ȟ̐ ̑ ̉

‬Ὂ

‬ὑ
π ̐̑ ̉ὒ  

ὥὑ

ςὥ
ȟ 

ɺʳʷʩʥʠʤ, ʷʚʣʷʝʪʩʷ ʣʠ ʇʌ ɸʣʣʝʥʘ ʤʦʥʦʪʦʥʥʦʡ ʥʘ ʤʥʦʞʝʩʪʚʝ Ў. ɼʣʷ ʵʪʦʛʦ ʧʦʜʩʪʘʚʠʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʘʷ ʤʝʥʷʝʪ ʟʥʘʢ. 

Ὂ
ὥὒ

ςὥ
ȟὒ

ὥ ὒ

ςὥ

ὥ ὒ

ςὥ
ὥὒ ὥὒ πȟ 

Ὂ ὑȟ
ὥὑ

ςὥ

ὥ ὑ

ςὥ
ὥὑ

ὥ ὑ

ςὥ
ὥὑ πȢ 

ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ (2) ʟʘʜʘʥʠʷ ʤʥʦʞʝʩʪʚʘ Ў, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʪʦʯʢʠ ȟὒ ʠ ὑȟ  ʥʝ 

ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʷ ɸʣʣʝʥʘ ʷʚʣʷʝʪʩʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ. 

3. ὑ πȟὒ π πȟ π (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʦʡ 

ʚʚʝʨʭ). ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʦʪʨʘʞʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çɿʘʢʦʥ ʫʙʳʚʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘè, ʪʦ ʝʩʪʴ ʦʙʲʸʤ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʢʘʞʜʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʝʜʠʥʠʮʫ 

ʨʝʩʫʨʩʦʚ ʩʥʠʞʘʝʪʩʷ. 

ɺʳʯʠʩʣʠʤ ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ 

‬Ὂ

‬ὑ

‬ὥὒ ςὥὑ

‬ὑ
ςὥ πȟ

‬Ὂ

‬ὒ

‬ὥὑ ςὥὒ

‬ὒ
ςὥ πȢ 

ʉʚʦʡʩʪʚʦ 3 ʦʜʥʦʟʥʘʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ. 

4. ὑ πȟὒ π  πȟ π. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʪʨʘʪ ʦʜʥʦʛʦ ʠʟ ʨʝʩʫʨʩʦʚ ʧʨʠ 

ʥʝʠʟʤʝʥʥʦʤ ʦʙʲʸʤʝ ʜʨʫʛʦʛʦ, ʧʨʝʜʝʣʴʥʘʷ ʧʦʣʝʟʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘʝʪ. 

ʅʘʡʜʸʤ ʩʤʝʰʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ 

‬Ὂ

‬ὑ‬ὒ

‬ὥὒ ςὥὑ

‬ὒ
ὥ πȟ

‬Ὂ

‬ὒ‬ὑ

‬ὥὑ ςὥὒ

‬ὑ
ὥ πȢ 

ʉʚʦʡʩʪʚʦ 4 ʪʘʢʞʝ ʦʜʥʦʟʥʘʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ. 

5. άᶅᶰᴙ     Ὂάὑȟάὒ ά Ὂὑȟὒ (ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʧʦʨʷʜʢʘ ὴ). ɺ 

ʵʢʦʥʦʤʠʢʝ ʚʝʣʠʯʠʥʫ ὴ ʥʘʟʳʚʘʶʪ ʦʪʜʘʯʝʡ ʦʪ ʤʘʩʰʪʘʙʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʘʡʜʸʤ ʟʥʘʯʝʥʠʝ Ὂάὑȟάὒ 

Ὂάὑȟάὒ ὥάὑάὒὥ άὑ ὥ άὒ ά ὥὑὒ ὥὑ ὥὒ ά ὊὑȟὒȢ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ ɸʣʣʝʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʨʷʜʢʘ 

2. 
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2. ʄʦʜʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʥʦʛʦ ʝʸ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʚʦʡʩʪʚʘʤ 1ï5 

ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚʳʰʝ, ʜʣʷ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ ʚ ʠʩʭʦʜʥʦʤ ʚʠʜʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʚʦʡʩʪʚʦ 1. ʆʧʨʝʜʝʣʠʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʬʫʥʢʮʠʶ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ  

Ὂ ὥὑὒ ὥὑὒ ὥὑὒ [3, ʩ. 6]. 

ʇʨʠ ʪʘʢʦʤ ʟʘʜʘʥʠʠ ʬʫʥʢʮʠʠ ɸʣʣʝʥʘ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʦ 1 ʚʳʧʦʣʥʷʝʪʩʷ.  

ʇʨʦʚʝʨʠʤ, ʥʝ ʥʘʨʫʰʠʣʦʩʴ ʣʠ ʚʳʧʦʣʥʝʥʠʝ ʩʚʦʡʩʪʚ 2ï5.  

ʉʚʦʡʩʪʚʦ 2: 

‬Ὂ

‬ὑ
ςὥὑὒ σὥὑὒ ὥὒ ὒςὥὑὒ σὥὑ ὥὒ πȟ 

‬Ὂ

‬ὒ
ςὥὑὒ ὥὑ σὥὑὒ ὑςὥὑὒ ὥὑ σὥὒ πȢ 

ɼʘʣʝʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʦʙʣʘʩʪʠ Ў. 

ʉʚʦʡʩʪʚʦ 3: 

‬Ὂ

‬ὑ
ςὥὒ φὥὑὒ πȟ

‬Ὂ

‬ὒ
ςὥὑ φὥὑὒ πȢ 

ɸʥʘʣʦʛʠʯʥʦ ʩʚʦʡʩʪʚʫ 2, ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʠʟ ʚʳʧʦʣʥʝʥʠʷ 

ʫʩʣʦʚʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ Ў. 

ʉʚʦʡʩʪʚʦ 4: 

‬Ὂ

‬ὑ‬ὒ
τὥὑὒ σὥὑ σὥὒȟ

‬Ὂ

‬ὒ‬ὑ
τὥὑὒ σὥὑ σὥὒȢ 

ɸʥʘʣʦʛʠʯʥʦ ʩʚʦʡʩʪʚʫ 2, ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ ʠʟ ʚʳʧʦʣʥʝʥʠʷ 

ʫʩʣʦʚʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ Ў. 

ʉʚʦʡʩʪʚʦ 5: 

Ὂ άὑȟάὒ ὥά ὑά ὒ ὥά ὑάὒ ὥάὑά ὒ ά Ὂ ὑȟὒȢ 

ʉʚʦʡʩʪʚʦ ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ. 

ɿʘʤʝʥʠʤ ʬʫʥʢʮʠʶ Ὂ ʚ ʩʠʩʪʝʤʝ (1) ʬʫʥʢʮʠʝʡ Ὂ, ʧʦʣʫʯʠʤ 

ὑ ‘ὑ ‌Ὂ ὑȟὒḳὖὑȟὒȟ

ὒ ὺὒρ
ὒ

ὓ
ḳὗὑȟὒȟ

 σ 

3. ʇʦʠʩʢ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (3). ʅʘʡʜʸʤ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (3), 

ʧʨʠʨʘʚʥʷʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ ʢ ʥʫʣʶ. ʇʦʣʫʯʠʤ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

‘ ‌ὒὥὑὒ ὥὑ ὥὒ πȟ

ὺὒρ
ὒ

ὓ
πȟ

 

ʨʝʰʠʚ ʢʦʪʦʨʫʶ, ʥʘʡʜʸʤ ʢʦʦʨʜʠʥʘʪʳ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ (3). 

ὕπȟπȟ 

ὄπȟὓȟ 

ὅ
ὥὓ ὥὓ τὥὥὓ τὥ‘

ςὥ
ȟὓ ὑȟὒ ȟ 

Ὀ
ὥὓ ὥὓ τὥὥ‘ὓ τὥ‘

ςὥ
ȟὓ ὑȟὒ Ȣ 
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4. ʆʪʙʦʨ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʦʚʝʨʠʤ, ʧʨʠʥʘʜʣʝʞʘʪ ʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ 

ʤʥʦʞʝʩʪʚʫ Ў. ʊʦʯʢʠ ὕ ̉ ὄ ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ Ў ʚʩʝʛʜʘ. ɼʣʷ ʪʦʯʝʢ ὅ ʠ Ὀ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʨʠʪʴ ʜʚʘ ʫʩʣʦʚʠʷ: ʫʩʣʦʚʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʫʩʣʦʚʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ. 

ʋʩʣʦʚʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ὅ ʠ Ὀ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ 

ὥὓ τὥὥὓ τὥ‘ πȟ τ 

ʪ.ʢ. ʨʝʟʫʣʴʪʘʪ ʠʟʚʣʝʯʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ 0. ʈʝʰʠʤ ʥʝʨʘʚʝʥʩʪʚʦ (4) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ὥ. 

ὥ ς
ὥὥ

ὓ

ὥ‘

ὓ
 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ὓ ʧʦ ʩʚʦʝʤʫ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ï ʩʚʝʨʭʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ, 

ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ. 

ʋʩʣʦʚʠʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ. ʇʨʦʚʝʨʠʤ ʫʩʣʦʚʠʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʢʦʦʨʜʠʥʘʪ 

ʪʦʯʢʠ ὅ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (4) 

ὥὓ ὥὓ τὥὥὓ τὥ‘

ςὥ
π 

ʠʣʠ 

ὥὓ ὥὓ τὥὥὓ τὥ‘ πȢ 

ɺ ʩʠʣʫ ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʠʟʚʣʝʯʝʥʠʷ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʥʷ, ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ὅ 

ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳ. 

ʇʦʣʫʯʠʤ ʫʩʣʦʚʠʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ Ὀ: 

ὥὓ ὥὓ τὥὥὓ τὥ‘

ςὥ
πȢ 

ʈʝʰʠʤ ʥʝʨʘʚʝʥʩʪʚʦ 

ὥὓ ὥὓ τὥὥὓ τὥ‘ πᵾ ὥὓ  ὥὓ τὥὥὓ τὥ‘Ȣ 

ʊ.ʢ. ʧʨʘʚʘʷ ʯʘʩʪʴ ʥʝʨʘʚʝʥʩʪʚʘ ʚʩʝʛʜʘ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ (ʠʟ ʫʩʣʦʚʠʷ (4)), ʪʦ ʠ ʣʝʚʘʷ ʯʘʩʪʴ 

ʥʝʨʘʚʝʥʩʪʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ. ʀʟ ʵʪʦʛʦ ʧʦʣʫʯʘʝʤ ʧʨʘʚʦ ʚʦʟʚʝʩʪʠ ʦʙʝ ʯʘʩʪʠ 

ʥʝʨʘʚʝʥʩʪʚʘ ʚ ʢʚʘʜʨʘʪ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʟʥʘʢʘ ʥʝʨʘʚʝʥʩʪʚʘ, ʪʦʛʜʘ 

ὥὓ  ὥὓ τὥὥὓ τὥ‘ᵾ τὥὥὓ τὥ‘ πȢ 

ʊ.ʢ. ʜʘʥʥʦʝ ʫʩʣʦʚʠʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʣʶʙʳʭ ὥȟὥȟὓ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʪʦ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ Ὀ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ ʧʨʠ ʚʩʝʭ ὥ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ (4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ (4) ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ὅ ʠ Ὀ. 

ʇʨʦʚʝʨʠʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʪʦʯʝʢ ὅ ʠ Ὀ ʤʥʦʞʝʩʪʚʫ Ў. ɼʣʷ ʵʪʦʛʦ ʧʦʜʩʪʘʚʠʤ ʢʦʦʨʜʠʥʘʪʳ 

ʵʪʠʭ ʪʦʯʝʢ ʚ ʥʝʨʘʚʝʥʩʪʚʦ 

ὥὑὒ ὥὑ ὥὒ πȢ 

ɼʣʷ ʪʦʯʢʠ ὅ ʧʦʣʫʯʠʤ 

ὥὑὓ ὥὑ ὥὓ πȟ 
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ὑὓ ὥ ὥ
ὑ

ὓ
ὥ
ὓ

ὑ
πȢ 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ὑ π ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (4), 

ὓ π ʠʟ ʫʩʣʦʚʠʷ, ʪʦʛʜʘ ʧʦʣʫʯʠʤ 

ὥ ὥ
ὑ

ὓ
ὥ
ὓ

ὑ
πȢ 

ʈʝʠhʤ ʧʦʣʫʯʝʥʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ , ʦʙʦʟʥʘʯʠʚ ὼ. 

ὥ ὥὼ ὥ
ρ

ὼ
πȟ 

ὥὼ ὥὼ ὥ

ὼ
πȟ 

Ὀ ὥ τὥὥ πȟ 

ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ὥ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦ, ʧʦʣʫʯʠʤ ὥ ς Ѝὥὥȟ 

ὼ
ὥ ὥ τὥὥ

ςὥ
πȟ 

ὼ
ὥ ὥ τὥὥ

ςὥ
πȢ 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʠʥʪʝʨʚʘʣʦʚ, ʧʦʣʫʯʠʤ ʨʝʰʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ: 

ὼɴ
ὥ ὥ τὥὥ

ςὥ
Ƞ
ὥ ὥ τὥὥ

ςὥ
Ȣ 

ɺʝʨʥʸʤʩʷ ʢ ʠʩʭʦʜʥʳʤ ʦʙʦʟʥʘʯʝʥʠʷʤ: 

ὑ

ὓ
ᶰ
ὥ ὥ τὥὥ

ςὥ
Ƞ
ὥ ὥ τὥὥ

ςὥ
ȟ 

ὥ ὥ τὥὥ

ςὥ
ὓ ὑ

ὥ ὥ τὥὥ

ςὥ
ὓȢ  

ʇʨʦʚʝʜʸʤ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ Ὀ, ʧʦʣʫʯʠʤ 

ὥ ὥ τὥὥ

ςὥ
ὓ ὑ

ὥ ὥ τὥὥ

ςὥ
ὓȢ  

ʇʦʣʫʯʝʥʥʳʝ ʥʝʨʘʚʝʥʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʪʦʯʝʢ ὅ ʠ Ὀ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʥʦʞʝʩʪʚʫ Ў. 

ʇʨʦʚʝʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʩʚʦʡʩʪʚ 2 ï 4 ʜʣʷ ʬʫʥʢʮʠʠ Ὂ ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʷ ὥ ς Ѝὥὥ. 

ςὥὑὒ σὥὑ ὥὒ π ὑὒςὥ σὥ
ὑ

ὒ
ὥ
ὒ

ὑ
π 

ʆʙʦʟʥʘʯʠʤ ᾀ, ʪʦʛʜʘ ʥʝʨʘʚʝʥʩʪʚʦ ʧʨʠʤʝʪ ʚʠʜ: 

ςὥ σὥᾀ ὥ
ρ

ᾀ
π ςὥᾀ σὥᾀ ὥ πȟ 

Ὀ ὥ σὥὥ τὥὥ  σὥὥ ὥὥ πȟ 

ᾀ
ὥ Ѝὥὥ

σὥ
πȟ ᾀ

ὥ Ѝὥὥ

σὥ
πȢ 
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ᾀɴ
ὥ ὥ σὥὥ

σὥ
ȟ
ὥ ὥ σὥὥ

σὥ
ȟ 

ὑᶰ
ὥ ὥ σὥὥ

σὥ
ὒȟ
ὥ ὥ σὥὥ

σὥ
ὒȢ 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ὒ 

ὒɴ
ὥ ὥ σὥὥ

σὥ
ὑȟ
ὥ ὥ σὥὥ

σὥ
ὑ Ȣ 

ɸʥʘʣʦʛʠʯʥʦ, ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʷ ʜʣʷ π. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʡʩʪʚʦ 2 ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ὑ ʠ ὒ ʠʟ Ў. 

ςὥὒ φὥὑὒ π τὥὥὒ φὥὑὒ π τὥὥὒ φὥὑὒ  

ρφὥὥὒ σφὥ ὑὒ ςὥὒ σὥὑ ςὥ
σὥὑ

ὒ
Ȣ 

ʆʙʦʟʥʘʯʠʤ ὸȟ 

ςὥ σὥὸ ὸ
ςὥ

σὥ
ᶰ ᾀȟᾀ Ȣ 

ɸʥʘʣʦʛʠʯʥʦ, 

‬Ὂ

‬ὒ
π ςὥ σὥὸ ὸ

σὥ

ςὥ
ᶰ ᾀ ȟᾀ Ȣ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʡʩʪʚʦ 3 ʚʳʧʦʣʥʷʝʪʩʷ ʚ Ў. 

τὥὑὒ σὥὑ σὥὒ π ὑὒτὥ σὥ
ὑ

ὒ
σὥ
ὒ

ὑ
π  

 τὥ σὥᾀ σὥ
ρ

ᾀ
π τὥᾀ σὥᾀ σὥ πȢ 

Ὀ τὥ ωὥὥ ρφὥὥ ωὥὥ υὥὥ πȢ 

ᾀ
ςὥ τὥ ωὥὥ

σὥ
ς
ὥ ὥ ςȟςυὥὥ

σὥ
ᾀ πȟ 

ᾀ
ςὥ τὥ ωὥὥ

σὥ
ς
ὥ ὥ ςȟςυὥὥ

σὥ
ᾀ Ȣ 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ ᾀɴ ᾀ ȟᾀ  ʚʳʧʦʣʥʷʶʪʩʷ ʚʩʝ ʩʚʦʡʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ 

ʬʫʥʢʮʠʠ ὊȢ 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʪʦʯʢʝ ὄ. ʇʦʩʪʨʦʠʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ὄ. ʇʝʨʝʡʜʸʤ ʢ ʥʦʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ 

” ὑȟ
„ ὒ ὓȢ

 

ʇʨʠ ʵʪʦʤ 

” ὑȟ

„ ὒȢ
 

ʇʦʩʪʨʦʠʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 
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” ὖ”ȟ„ πȟπ” ὖ”ȟ„ πȟπ„ȟ

„ ὗ”ȟ„ πȟπ” ὗ”ȟ„ πȟπ„Ȣ
 

ʉʠʩʪʝʤʘ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʪʦʯʢʠ ὄ ʧʨʠʤʝʪ ʚʠʜ 

” ‘ ‌ὥὓ ”ȟ
„ ὺ„

 

ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ὄ ʠʤʝʝʪ ʚʠʜ 

‘ ‌ὥὓ π
π ὺ

Ȣ  

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʪʨʠʮʳ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

‗ ‘ ‌ὥὓ ‗ ὺ πȟ 

ʝʛʦ ʢʦʨʥʠ ‗ ‘ ‌ὥὓ ȟ‗ ὺȢ ʇʨʦʚʝʜʸʤ ʦʮʝʥʢʫ ʟʥʘʢʘ ʢʦʨʥʷ ‗ 

‘ ‌ὥὓ πȟ 

‌
‘

ὥὓ
πȢ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ‗ π, ʝʩʣʠ ὺ π, ʪʦ ʪʦʯʢʘ ὄ ʠʤʝʝʪ ʪʠʧ ʩʝʜʣʦ, ʧʨʠ ὺ π, ʩʦʩʪʦʷʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ὄ ï ʫʩʪʦʡʯʠʚʳʡ ʫʟʝʣ. 
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ʋɼʂ 517  

ʈʦʤʘʥʦʚʘ ɸ.ɺ., ʀʩʣʘʤʛʫʣʦʚʘ ɻ.ʌ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʈʆʃʔ ʈʗɼʆɺ ʌʋʈʔɽ ɺ ʄɸʊɽʄɸʊʀʂɽ ʀ ʊɽʆʈʀʀ ʉʀɻʅɸʃʆɺ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʘʢʩʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʷʜʦʚ ʌʫʨʴʝ. ʕʪʘ ʪʝʤʘ 

ʠʟʫʯʘʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʢʝ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʘ ʠʤʝʥʥʦ ʚ ʪʝʦʨʠʠ ʩʠʛʥʘʣʦʚ. ʎʝʣʴʶ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʤʦʪʠʚʘʮʠʠ ʠʟʫʯʝʥʠʷ ʧʦʥʷʪʠʷ ʨʷʜʦʚ 

ʌʫʨʴʝ ʚ ʤʘʪʝʤʘʪʠʢʝ ʠ ʪʝʦʨʠʠ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʠʡ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʘʭ ʠ 

ʦʙʦʩʥʦʚʘʥʠʷʭ ʵʪʠʭ ʤʝʪʦʜʦʚ. 

ʈ̫ ʜ ʌʫʨʴʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʛʘʨʤʦʥʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʳʭ ʩʠʥʫʩʦʠʜ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʚʟʚʝʰʝʥʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ. ʉ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʝʩʘʤʠ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʮʠʢʣ ʩʫʤʤʠʨʦʚʘʥʠʷ (ʠʣʠ ʧʝʨʠʦʜ), ʯʪʦʙʳ 

ʟʘʤʝʥʠʪʴ ʣʶʙʫʶ ʬʫʥʢʮʠʶ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ (ʠʣʠ ʚʩʶ ʬʫʥʢʮʠʶ, ʝʩʣʠ ʦʥʘ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʠʨʦʚʘʥʠʝ ʝʩʪʴ ʩʠʥʪʝʟ ʜʨʫʛʦʡ ʬʫʥʢʮʠʠ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʩ ʜʠʩʢʨʝʪʥʳʤ ʚʨʝʤʝʥʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʨʷʜʘ ʌʫʨʴʝ. ʇʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʚʝʩʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʟʘʜʘʥʥʫʶ ʬʫʥʢʮʠʶ, ʷʚʣʷʝʪʩʷ ʬʦʨʤʦʡ ʘʥʘʣʠʟʘ ʌʫʨʴʝ. 

ʏʝʤ ʷʚʣʷʝʪʩʷ ʨʷʜ ʌʫʨʴʝ? ʈʷʜ ʌʫʨʴʝ ʜʣʷ ʬʫʥʢʮʠʠ f(x) ð ɻ ʪʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʌʫʨʴʝ. ɺ ʦʙʱʝʤ, ʵʪʦ ʨʝʰʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

ʨʘʟʣʦʞʝʥʠʝʤ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʟʣʦʞʝʥʠʝ ʚ ʨʷʜ ʌʫʨʴʝ ð ʦʯʝʥʴ ʤʦʱʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʙʣʘʛʦʜʘʨʷ ʩʚʦʡʩʪʚʘʤ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ, ʠʥʪʝʛʨʠʨʦʚʘʪʴ, ʘ ʪʘʢʞʝ ʩʜʚʠʛʘʪʴ ʚʳʨʘʞʝʥʠʝ ʧʦ ʘʨʛʫʤʝʥʪʫ. ʏʝʣʦʚʝʢ, ʥʝ 

ʟʥʘʢʦʤʳʡ ʩ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʦʡ, ʘ ʪʘʢʞʝ ʩ ʨʘʙʦʪʘʤʠ ʬʨʘʥʮʫʟʩʢʦʛʦ ʫʯʝʥʦʛʦ ɾʘʥʘ ɹʘʪʠʩʪʘ 

ɾʦʟʝʬʦʤ ʌʫʨʴʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʥʝ ʧʦʡʤʝʪ, ʯʪʦ ʪʘʢʦʝ ʨʷʜʳ ʠ ʚ ʯʸʤ ʠʭ ʩʤʳʩʣ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʝʢʦʪʦʨʫʶ ʩʣʦʞʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʦʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ. ɽʛʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʤʘʪʝʤʘʪʠʢʠ, ʪʘʢ ʠ ʤʝʜʠʢʠ, ʭʠʤʠʢʠ, ʬʠʟʠʢʠ [1-3]. 

ɺ ʚʦʩʝʤʥʘʜʮʘʪʦʤ ʚʝʢʝ ʧʦʥʷʪʠʝ ʬʫʥʢʮʠʠ ʝʱʝ ʥʝ ʙʳʣʦ ʧʨʦʯʥʦ ʦʙʦʩʥʦʚʘʥʦ. ʅʘʧʨʠʤʝʨ, 

ʕʡʣʝʨ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ çɺʚʝʜʝʥʠʝ ʚ ʘʥʘʣʠʟ ʙʝʩʢʦʥʝʯʥʳʭè 1748 ʛ. ʦʛʨʘʥʠʯʠʣ ʬʫʥʢʮʠʶ 

çʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʳè ʢʘʢ çʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʩʦʩʪʘʚʣʝʥʥʦʝ ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ ʠʟ 

ʵʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʠ ʯʠʩʝʣ ʠʣʠ ʧʦʩʪʦʷʥʥʳʭ ʚʝʣʠʯʠʥè, ʙʝʟ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʨʤʠʥʘ çʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝè. ʇʨʠʤʝʨʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʕʡʣʝʨ ʦʧʫʙʣʠʢʦʚʘʣ ʩʚʦʶ 

ʨʘʙʦʪʫ, ʚʦʟʥʠʢ ʠʥʪʝʨʝʩ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʧʨʦʙʣʝʤʝ ʚʠʙʨʠʨʫʶʱʝʡ ʩʪʨʫʥʳ, ʠ ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʪʘʢʞʝ ʚʢʣʶʯʘʣʘ ʦʙʩʫʞʜʝʥʠʝ ʟʥʘʯʝʥʠʷ. ɺ 1747 ʛʦʜʫ ɼʘʣʘʤʙʝʨ ʧʨʝʜʩʪʘʚʠʣ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʚʠʙʨʠʨʫʶʱʝʡ ʩʪʨʫʥʳ, ʥʦ ʕʡʣʝʨ ʥʝ ʩʯʠʪʘʣ ʨʝʰʝʥʠʝ ɼʘʣʘʤʙʝʨʘ ʩʘʤʳʤ ʦʙʱʠʤ. ɹʝʨʥʫʣʣʠ ʚ 1753 

ʛ. ʧʨʝʜʩʪʘʚʠʣ ʨʝʰʝʥʠʝ ʚ ʪʝʨʤʠʥʘʭ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʥʦ ʵʪʦ ʨʝʰʝʥʠʝ ʦʩʧʘʨʠʚʘʣʦʩʴ 

ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʚʨʝʤʝʥʥʠʢʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ çʉʠʤʚʦʣʫ ʚʝʨʳè [4, ʩ. 5-6]. 

ʂʣʷʡʥʝʨ, ʮʠʪʠʨʫʷ ʈʘʚʮʘ, ʥʘʟʳʚʘʝʪ ʜʠʩʢʫʩʩʠʶ ʚʦʢʨʫʛ ʧʨʦʙʣʝʤʳ ʚʠʙʨʠʨʫʶʱʝʡ ʩʪʨʫʥʳ ʩʧʦʨʦʤ 

çʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʠʨʦʤ ɼʘʣʘʤʙʝʨʘ, ʬʠʟʠʯʝʩʢʠʤ ʤʠʨʦʤ ɹʝʨʥʫʣʣʠ ʠ çʥʠʯʝʡʥʦʡ 

ʟʝʤʣʝʡè ʕʡʣʝʨʘ ʤʝʞʜʫ ʥʠʤʠ ʜʚʫʤʷè [4]. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʘ ʜʠʩʢʫʩʩʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ 
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ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʩʠʦʣʦʛʠʡ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʧʦʠʩʢ ʦʪʚʝʪʘ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʦʧʨʦʩ: ʢʘʢ ʦʧʠʩʘʪʴ 

ʜʚʠʞʝʥʠʝ ʢʦʣʝʙʣʶʱʝʡʩʷ ʩʪʨʫʥʳ? 

ʍʦʪʷ ɹʝʨʥʫʣʣʠ ʜʘʣ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʚʠʙʨʠʨʫʶʱʝʡ ʩʪʨʫʥʳ ʚ ʪʝʨʤʠʥʘʭ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʥʦ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʝ ʌʫʨʴʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʱʘʷ ʪʝʦʨʠʷ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʨʷʜʦʚ. ʌʫʨʴʝ ʦʧʫʙʣʠʢʦʚʘʣ ʩʚʦʶ ʢʥʠʛʫ ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʪʝʧʣʘ ʚ 

1822 ʛʦʜʫ, ʧʨʝʜʩʪʘʚʠʚ ʨʘʥʝʝ ʩʚʦʶ ʨʘʙʦʪʫ ʇʘʨʠʞʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ 1807 ʛʦʜʫ. ɺ ʵʪʦʡ ʢʥʠʛʝ 

ʦʥ ʠʟʫʯʘʣ ʩʪʘʮʠʦʥʘʨʥʫʶ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʬʫʥʢʮʠʶ u (x, y) ʚ ʦʙʣʘʩʪʠ 0 Ò x Ò ˊ , y Ó 0, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʫʨʘʚʥʝʥʠʶ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʩ ʟʘʜʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʫʨʘʚʥʝʥʠʝ ʵʪʦ ʠʟʚʝʩʪʥʦ ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʘ. ʌʫʨʴʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʣʶʙʫʶ ʬʫʥʢʮʠʶ ʥʘ 

ʠʥʪʝʨʚʘʣʝ (-l; l) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʨʷʜʦʤ. ʌʫʨʴʝ ʪʘʢʞʝ ʜʘʣ ʷʚʥʳʝ 

ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʷʜʘ ʚ ʪʝʨʤʠʥʘʭ ʠʥʪʝʛʨʘʣʦʚ. ʕʪʠ ʬʦʨʤʫʣʳ ʚ ʪʦʯʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʫʣʘʤ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʥʠʛʘʭ. ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʝʤʫ 

ʥʫʞʥʦ ʙʳʣʦ ʨʝʰʠʪʴ, ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥʳ ʜʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ ʠ ʯʪʦ ʣʶʙʘʷ ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʚʦʠʤ ʨʷʜʦʤ ʚ 

(-l; l). ʂʣʷʡʥʝʨ ʧʠʰʝʪ, ʯʪʦ çʌʫʨʴʝ ʩʦʚʝʨʰʠʣ ʚʩʝ ʵʪʦ, ʠʩʧʦʣʴʟʫʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʩʫʞʜʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʷʚʥʦ ʥʝʧʨʠʝʤʣʝʤʳ ʜʣʷ ʥʘʩ ʩʝʛʦʜʥʷè. ʀʩʧʦʣʴʟʫʷ ʩʚʦʡ ʤʝʪʦʜ, ʌʫʨʴʝ ʧʦʣʫʯʠʣ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʚʠʜʝ ʨʷʜʘ 

ÃÏÓὼ ÃÏÓσὼ ÃÏÓυὼ ÃÏÓχὼ Ễ В ρ ÃÏÓςὯ ρὼ. 

ʕʪʘ ʩʝʨʠʷ ʠʤʝʝʪ ʮʝʥʥʦʩʪʴ    ʜʣʷ ὼ , ʘ ʩʪʦʠʤʦʩʪʴ   ʜʣʷ ὼ  , ʘ ʟʘʪʝʤ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʧʝʨʠʦʜʦʤ 2ˊ. ɼʣʷ ʥʝʯʝʪʥʳʭ ʢʨʘʪʥʳʭ   , ʨʷʜ ʠʤʝʝʪ ʥʫʣʝʚʦʝ 

ʟʥʘʯʝʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʬʫʥʢʮʠʷ, ʢ ʢʦʪʦʨʦʡ ʦʥ ʩʭʦʜʠʪʩʷ, ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʜʣʷ ʵʪʠʭ ʟʥʘʯʝʥʠʡ x. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʧʨʠʤʝʨ ʨʷʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ, ʩʭʦʜʷʱʝʛʦʩʷ ʢ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ. ʉʦʛʣʘʩʥʦ ʂʘʮʫ, ʌʫʨʴʝ ʧʨʝʜʩʪʘʚʠʣ ʨʷʜ ʚ ʚʠʜʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚʦʣʥʳ, ʘ ʪʘʢʞʝ ʥʘʨʠʩʦʚʘʣ ʚʝʨʪʠʢʘʣʴʥʳʝ ʦʪʨʝʟʢʠ ʧʨʷʤʦʡ, ʢʨʘʪʥʳʝ ʥʝʯʝʪʥʳʤ 

ʯʠʩʣʘʤ.    ʩʦʝʜʠʥʝʥʠʝ ʦʪʨʝʟʢʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ  ʚʳʰʝ ʠ ʥʠʞʝ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʘ ʢʨʠʚʘʷ ʙʳʣʘ ʙʳ ʥʝʧʨʝʨʳʚʥʦʡ, ʚ ʥʘʠʚʥʦʤ ʩʤʳʩʣʝ 

ʵʪʦʛʦ ʩʣʦʚʘ ʦʥʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʘ ʙʳ ʬʫʥʢʮʠʶ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ, ʥʝʯʝʪʥʦ ʢʨʘʪʥʳʝ  ʥʝ ʙʫʜʫʪ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʳ. ʇʦʭʦʞʝ, ɻ ʪʦ ʥʝ ʙʝʩʧʦʢʦʠʣʦ ʌʫʨʴʝ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʚ ʦʩʥʦʚʥʦʤ 

ʠʥʪʝʨʝʩʦʚʘʣʘ ʬʠʟʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʙʣʦʢ ʧʨʘʢʩʠʩʘ, ʘ ʥʝ ʩʪʦʣʴʢʦ ʩʪʨʦʛʘʷ ʤʘʪʝʤʘʪʠʢʘ, ʙʣʦʢ 

ʣʦʛʦʩʘ. ʈʘʙʦʪʘ ʌʫʨʴʝ ʠʤʝʣʘ ʚʘʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʦʥʷʪʠʷ ʬʫʥʢʮʠʠ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʥʮʝʧʮʠʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʏʪʦʙʳ ʧʦʢʘʟʘʪʴ ʦʧʠʩʘʥʥʦʝ ʚʳʰʝ 

ʷʚʣʝʥʠʝ, ʨʘʩʩʤʦʪʨʠʤ ʨʠʩʫʥʦʢ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʜʚʘ ʛʨʘʬʠʢʘ ʯʘʩʪʠʯʥʳʭ ʩʫʤʤ ʨʷʜʘ (1) ʜʣʷ n 

= 5 (ʩʣʝʚʘ) ʠ n = 20 (ʩʧʨʘʚʘ). 

ʈʷʜʳ ʌʫʨʴʝ ʚ ʪʝʦʨʠʠ ʩʠʛʥʘʣʦʚ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʚʝʜʝʥʠʝ ʨʷʜʦʚ 

ʌʫʨʴʝ ʚ ʪʝʦʨʠʠ ʩʠʛʥʘʣʦʚ, ʩʣʝʜʫʷ ʜʚʫʤ ʠʩʪʦʯʥʠʢʘʤ: ʢʥʠʛʘ ʅʠʣʴʩʩʦʥʘ ʠ ʈʠʜʝʣʷ (2011 ʛ.). 

ʅʠʣʴʩʩʦʥ ʠ ʈʠʜʝʣʴ ʥʘʯʠʥʘʶʪ ʛʣʘʚʫ ʩ ʨʷʜʦʚ ʌʫʨʴʝ, ʩ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʥʘʟʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʧʝʨʩʧʝʢʪʠʚʦʡ, - ʧʦʣʦʩʦʚʳʭ ʠ ʨʝʞʝʢʪʦʨʥʳʭ ʬʠʣʴʪʨʦʚ. ɿʘʪʝʤ ʦʥʠ ʟʘʷʚʣʷʶʪ, ʯʪʦ çʚ ʵʪʦʡ ʛʣʘʚʝ ʤʳ 

ʫʟʥʘʝʤ, ʯʪʦ ʣʶʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʩʫʤʤʘ ʩʠʥʫʩʦʠʜ, ʛʜʝ 

ʯʘʩʪʦʪʳ ʩʠʥʫʩʦʠʜ ʩʦʩʪʦʷʪ ʠʟ ʯʘʩʪʦʪʳ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʮʝʣʳʭ ʯʠʩʝʣ, ʢʨʘʪʥʳʭ ʵʪʦʡ 
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ʯʘʩʪʦʪʝè. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʤʦʪʠʚʠʨʫʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʛʦʚʦʨʷ, ʯʪʦ ʪʘʢʠʝ ʩʠʛʥʘʣʳ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʦʩʦʚʦʛʦ ʠʣʠ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ, ʠ 

ʫʧʦʤʠʥʘʶʪ, ʯʪʦ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʚʘʞʥʳ ʚ ʛʝʥʝʨʘʪʦʨʘʭ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʚ 

ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

 

 
 

 

ʈʠʩ. ʏʘʩʪʠʯʥʳʝ ʩʫʤʤʳ ʨʷʜʘ ʌʫʨʴʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʚʦʣʥʳ  

(n = 5, ʩʣʝʚʘ, ʠ n = 20, ʩʧʨʘʚʘ). 

 

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʩ ʤʦʪʠʚʘʮʠʝʡ ʢ ʠʟʫʯʝʥʠʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʥʠ ʚʚʦʜʷʪ ʨʷʜʳ 

ʌʫʨʴʝ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʌʫʨʴʝ ʠ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ 

ʜʘʝʪʩʷ ʢʘʢ  Æὸ ὥ В ὥÃÏÓ Î‫Ô ὦÓÉÎÎ‫Ô , ʛʜʝ ‫  ʥʘʟʳʚʘʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʯʘʩʪʦʪʦʡ ʬʫʥʢʮʠʠ f ʩ ʧʝʨʠʦʜʦʤ T. ʎʝʣʳʝ ʯʠʩʣʘ, ʢʨʘʪʥʳʝ ʥʘʟʳʚʘʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ,‫ 

ʯʘʩʪʦʪʘʤʠ. ʅʠʣʴʩʩʦʥ ʠ ʈʠʜʝʣʴ ʟʘʧʠʩʳʚʘʶʪ:  

ὥ
ρ

Ὕ
ὪὸὨὸ 

ὥ
ς

Ὕ
ὪὸÃÏÓ Ὧ‫ὸὨὸ 

ὦ ᷿ ὪὸÓÉÎ Ὧ. ‫ὸὨὸ 

 

ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ, ʧʦʢʘ ʬʫʥʢʮʠʷ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ, ʥʝ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʷ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ. ʆʙʦʟʥʘʯʝʥʠʝ ὥ ʤʦʪʠʚʠʨʦʚʘʥʦ ʫʪʚʝʨʞʜʝʥʠʝʤ, ʯʪʦ 

ʟʥʘʯʝʥʠʝ ὥ ð ɻ ʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ὢὸ. ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘ ʠʥʪʝʨʚʘʣʝ ʢʘʢ ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʘ ʬʫʥʢʮʠʠ, 

ʜʝʣʝʥʥʦʝ ʥʘ ʜʣʠʥʫ ʠʥʪʝʨʚʘʣʘ. ʂʨʝʡʟʠʛ (2011 ʛ.) ʥʝ ʜʘʝʪ ʪʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʯʣʝʥʘ. ɺ ʪʝʦʨʠʠ ʩʠʛʥʘʣʦʚ ʧʦʩʪʦʷʥʥʳʡ ʯʣʝʥ ʪʘʢʞʝ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʩʠʛʥʘʣʘ, ʯʪʦ ʝʱʝ ʙʦʣʴʰʝ ʩʚʷʟʳʚʘʝʪ ʨʦʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʯʣʝʥʘ ʩ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʴʶ. 
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ʅʠʣʴʩʩʦʥ ʠ ʈʠʜʝʣʴ ʧʨʠʚʦʜʷʪ ʩʧʠʩʦʢ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ, ʥʘʟʳʚʘʝʤʳʭ ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ 

ʜʣ ̫ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʠʤʝʣʘ ʩʭʦʜʷʱʠʡʩʷ ʨʷʜ ʌʫʨʴʝ, ʘ ʟʘʪʝʤ ʟʘʷʚʣʷʶʪ, ʯʪʦ 

çʣʶʙʘʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʧʦʨʦʞʜʝʥʥʘʷ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ, 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ɼʠʨʠʭʣʝè. ʌʦʨʤʫʣʳ ʜʣ ̫ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ 

ʧʨʷʤʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ, ʦʯʝʥʴ ʧʦʭʦʞʝ ʥʘ ʪʦ, ʢʘʢ ɻʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʂʨʝʡʟʠʛʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʣʝʤʝʥʪʘʨʥʳʭ ʩʚʦʡʩʪʚ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʈʘʟʥʠʮʘ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ 

ʂʨʝʡʟʠʛ ʩʜʝʣʘʣ ʟʘʤʝʪʢʫ, ʯʪʦ ʦʥ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʦʯʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʨʘʟʨʝʰʝʥʦ, ʪʦ 

ʅʠʣʴʩʩʦʥ ʠ ʈʠʜʝʣʴ ʜʘʞʝ ʥʝ ʫʧʦʤʠʥʘʶʪ, ʯʪʦ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʦʙʣʝʤʳ ʩ ʚʳʧʦʣʥʝʥʠʝʤ 

ʧʦʯʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ.  

ɺ ʤʘʪʝʤʘʪʠʢʝ ʨʷʜ ʌʫʨʴʝ ð ɻʪʦ ʩʧʦʩʦʙ ʟʘʤʝʥʳ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʣʦʞʥʳʭ ʬʫʥʢʮʠʡ ʩʫʤʤʦʡ 

ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʬʫʥʢʮʠʡ. ɺ ʦʙʦʙʱʝʥʥʳʭ ʩʣʫʯʘʷʭ ʢʦʣʠʯʝʩʪʚʦ ʟʘʜʘʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʊʘʢʞʝ, ʯʝʤ ʙʦʣʴʰʝ ʚʳʨʘʞʝʥʠʡ ʫʯʪʝʥʦ ʧʨʠ ʨʘʩʯʝʪʝ, ʪʝʤ ʪʦʯʥʝʝ ʙʫʜʝʪ 

ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ. ʏʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʩʠʥʫʩʥʳʝ ʠʣʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ɺ ɻ ʪʦʤ ʩʣʫʯʘʝ ʨʷʜʳ ʌʫʨʴʝ ʥʘʟʳʚʘʶʪʩʷ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʘ ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʚʳʨʘʞʝʥʠʡ ð ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ. ʕʪʦʪ 

ʤʝʪʦʜ ʠʤʝʝʪ ʥʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʘʪʝʤʘʪʠʢʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ 

ð ʮʝʥʪʨ ʢʘʨʪʠʥʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʫʥʢʮʠʡ ð ʦʩʥʦʚʥʦʡ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʅʘʢʦʥʝʮ, ʵʪʘ ʪʝʦʨʠʷ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʦʙʫʩʣʦʚʠʣʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʷʜʘ 

ʦʯʝʥʴ ʚʘʞʥʳʭ ʦʪʨʘʩʣʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʘ ʩʪʘʣʘ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣ ̫

ʩʦʟʜʘʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʪʝʦʨʠʡ: ʤʥʦʞʝʩʪʚ, ʬʫʥʢʮʠʡ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʟʘʣʦʞʠʣʘ ʦʩʥʦʚʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʩʝʤʫ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʷʜʳ ʌʫʨʴʝ ʝʩʪʴ ʩʧʦʩʦʙ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ ʚʠʜʝ ʩʫʤʤʳ, ʨʘʚʥʦʡ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʠ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʚʦʣʥ. ʆʪ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʜʦ ʪʝʦʨʠʠ ʧʨʠʙʣʠʞʝʥʠʷ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʨʷʜʳ ʌʫʨʴʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ̫ ʚʣʝʥʠʷʤʠ ð ʣʶʙʦʡ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʡ ʦʙʲʝʢʪ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʠ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʚʦʣʥ.  

ʂʘʢ ʚʳʷʩʥʠʣʦʩʴ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ, ʩʧʝʢʪʨ ʨʷʜʘ ʌʫʨʴʝ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʝʛʦ ʧʨʝʝʤʥʠʢʘ ð ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʈʷʜ ʌʫʨʴʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣ ̫

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚ ʚʠʜʝ ʜʠʩʢʨʝʪʥʦʡ ʩʫʤʤʳ, ʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʙʱʝʡ ʥʝʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ 

ʝʩʪʴ ʧʨʝʜʝʣ ʨʷʜʘ ʌʫʨʴʝ ʬʫʥʢʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʠʦʜ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɺ ʦʩʥʦʚʝ ʚʩʝʭ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ɻʪʦ ʩʣʝʜʫʶʱʘʷ ʦʩʪʘʥʦʚʢʘ ʥʘ ʧʫʪʠ ʜʣ ̫ʪʝʭ, ʢʦʤʫ ʣʶʙʦʧʳʪʥʦ ʝʱ yʙʦʣʴʰʝ 

ʫʟʥʘʪʴ ʧʨʠʨʦʜʫ ʥʘʰʠʭ ʧʦʚʩʝʜʥʝʚʥʳʭ ʧʨʝʜʤʝʪʦʚ. 
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ʋɼʂ 517.1 

ʆʥʠʱʝʥʢʦ ɽ.ʇ., ʌʝʨʙʝʨʪ ʀ.ʀ., ɼʤʠʪʨʠʝʚ ʅ.ʇ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʂʆʈʆʉʊʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ɼɺʀɾɽʅʀʗ ʆɹʒɽʂʊɸ  

ʉ ʆɻʈɸʅʀʏɽʅʀʗʄʀ ʅɸ ʈɸɿɻʆʅ ʀ ʊʆʈʄʆɾɽʅʀɽ  

 

ɿʘʜʘʯʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʚʩʝʛʜʘ ʚʳʟʳʚʘʣʠ ʙʦʣʴʰʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʫ ʫʯʝʥʳʭ ʠ ʠʥʞʝʥʝʨʦʚ. ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʥʦʞʝʩʪʚʦ W 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ)(tf , ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʚʩʝʡ ʯʠʩʣʦʚʦʡ ʧʨʷʤʦʡ 

R. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʵʪʦʤ ʤʥʦʞʝʩʪʚʝ ʬʫʥʢʮʠʠ )(tf  ʪʘʢʦʚʳ, ʯʪʦ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʥʝʧʨʝʨʳʚʥʳ, ʘ ʧʨʦʠʟʚʦʜʥʳʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳ. ʆʧʨʝʜʝʣʠʤ ʥʦʨʤʫ 

ʬʫʥʢʮʠʠ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʬʦʨʤʫʣʘʤ: 

)()(sup,)(sup,)(sup '''''' ¤<<-¤=== ttfessftfftff
ttt

 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, Wð ɻ ʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʚʪʦʨʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʦʪ ʠʟʤʝʨʠʤʳʭ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʧʨʷʤʦʡ. 

ɿʘʜʘʯʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ ʜʘʚʥʦ ʠʟʫʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢʘʭ, ʚ ʪ.ʯ. ʚ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ.  ʈʘʩʩʤʦʪʨʠʤ 

ʩʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ ʵʪʦʡ ʟʘʜʘʯʠ: ʥʘʡʪʠ ʥʘʠʤʝʥʴʰʠʡ ʧʨʦʤʝʞʫʪʦʢ t  ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ  t, 

ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩ  )(tf   ʧʝʨʝʭʦʜʠʪ ʩ ʫʨʦʚʥʷ  ð ʄ  ʥʘ ʫʨʦʚʝʥʴ ʄ  ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ [1]: 

KfMf ¢¢ '' .(1) 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʭʘʥʠʢʠ ʵʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʪʘʢ. ʇʫʩʪʴ ʦʙʲʝʢʪ 

ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʠʟ ʪʦʯʢʠ ɸ ʢ ʪʦʯʢʝ ɺ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʠʟʚʝʩʪʥʦ. ʄʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ ʦʙʲʝʢʪʘ ʜʣʷ ʨʘʟʛʦʥʘ ʦʛʨʘʥʠʯʝʥʘ, ʘ ʪʘʢʞʝ ʪʦʨʤʦʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʞʝ 

ʦʛʨʘʥʠʯʝʥʳ.  ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʥʘ ʟʘʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ɸɺ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʚ ʪʦʯʢʝ ɺ ʩʢʦʨʦʩʪʴ ʦʙʲʝʢʪʘ ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʥʫʣʝʚʦʡ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʲʝʢʪ 

ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ɸɺ. 

ɽʩʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʦʜʠʥʘʢʦʚʳʝ, ʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʪʦʯʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʧʦʩʝʨʝʜʠʥʝ ʦʪʨʝʟʢʘ ɸɺ. ʉʣʫʯʘʡ, ʢʦʛʜʘ 

ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʧʦʟʜʥʝʝ. 

ʅʝ ʫʤʘʣʷʷ ʦʙʱʥʦʩʪʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʲʝʢʪ ʩʦʚʝʨʰʘʝʪ ʜʚʠʞʝʥʠʠ ʥʘ 

ʦʪʨʝʟʢʝ ],[ Mʄ- .  ʇʫʩʪʴ ʦʙʲʝʢʪ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʠʟ ʪʦʯʢʠ )0,(ʄ  ʢ ʪʦʯʢʝ )0,( ʄ-  ʠ 

ʦʙʨʘʪʥʦ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʟʘ ʢʘʢʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʙʲʝʢʪ ʧʨʦʡʜʝʪ ʧʫʪʴ ʦʪ ʪʦʯʢʠ ɸ ʜʦ 

ʪʦʯʢʠ ɺ ʠ ʦʙʨʘʪʥʦ? ʕʪʦ ʠ ʝʩʪʴ ʧʨʦʩʪʝʡʰʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʠ. 

ɽʱʝ ʩʦʪʥʶ ʣʝʪ ʥʘʟʘʜ ʪʘʢʠʝ ʫʯʝʥʳʝ ʢʘʢ ɸʜʘʤʘʨ [2,3], ʃʘʥʜʘʫ [2,3] ʧʨʝʜʧʦʣʦʞʠʣʠ ʠ 

ʜʦʢʘʟʘʣʠ, ʯʪʦ ʝʩʣʠ ʬʫʥʢʮʠʷ ʦʛʨʘʥʠʯʝʥʘ ʧʦ ʤʦʜʫʣʶ ʠ ʦʛʨʘʥʠʯʝʥʘ ʝʝ ʧʨʦʠʟʚʦʜʥʘʷ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʪʦ ʠ ʧʨʦʠʟʚʦʜʥʘʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʪʦʞʝ ʦʛʨʘʥʠʯʝʥʘ:  

,0 ¤<¢Mf Ý¤<¢ 2

'' Mf  ¤<¢ 1

' Mf . 
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ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʨʝʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʷʤʦʣʠʥʝʡʥʦʤ 

ʫʯʘʩʪʢʝ ʜʦʨʦʛʠ ʫʩʢʦʨʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ, ʪʦ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ ʪʦʞʝ ʦʛʨʘʥʠʯʝʥʘ. 

ɺʦʪ ʵʪʫ ʪʦ ʛʨʘʥʠʮʫ ʠ ʧʳʪʘʣʠʩʴ ʥʘʡʪʠ ʤʥʦʛʠʝ ʫʯʝʥʳʝ. ɹʦʣʝʝ ʪʨʫʜʥʘʷ ʟʘʜʘʯʘ ï ʥʘʡʪʠ ʪʦʯʥʫʶ 

ʛʨʘʥʠʮʫ ʩʢʦʨʦʩʪʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ.  

ɺʧʦʩʣʝʜʩʪʚʠʠ ʩʦʚʝʪʩʢʠʝ, ʨʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ ʜʦʩʪʠʛʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ. ʇʨʠʚʝʜʝʤ ʣʠʰʴ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ: ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚ [2], ʀ. 

ʐʝʥʙʝʨʛ [4]. 

ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚ [2] ʜʦ ʢʦʥʮʘ ʨʝʰʠʣ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʥʦʨʤʳ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʯʝʨʝʟ ʥʦʨʤʫ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʠ ʝʝ ʩʪʘʨʰʝʡ ʧʨʦʠʟʚʦʜʥʦʡ. ʆʥ 

ʥʘʰʝʣ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʮʝʥʢʘ ʩʪʘʥʦʚʠʪʩʷ ʪʦʯʥʦʡ. ʇʦʣʫʯʝʥʠʝ 

ʪʦʯʥʳʭ ʦʮʝʥʦʢ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʥʝʞʝʣʠ ʧʦʣʫʯʝʥʠʝ ʥʠʞʥʠʭ ʠʣʠ ʚʝʨʭʥʠʭ 

ʦʮʝʥʦʢ ʥʦʨʤʳ ʧʨʦʠʟʚʦʜʥʦʡ. ʊʘʢʠʤʠ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯʘʭ 

ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʝ ʩʧʣʘʡʥʳ ʕʡʣʝʨʘ 
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ʅʠʞʝ ʜʘʥʳ ʛʨʘʬʠʢʠ ʧʝʨʚʳʭ ʪʨʝʭ ʬʫʥʢʮʠʡ ʌʘʚʘʨʘ, ʫʞʝ ʧʨʦʜʦʣʞʝʥʥʳʭ ʥʘ ʚʩʶ ʯʠʩʣʦʚʫʶ 

ʧʨʷʤʫʶ. 

 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʧʨʦʜʦʣʞʝʥʥʦʡ ʬʫʥʢʮʠʠ 1)(0 =tf  
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ʉʧʣʘʡʥʳ ʕʡʣʝʨʘ ʦʙʣʘʜʘʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʭ ʬʫʥʢʮʠʡ ʩʨʘʚʥʝʥʠʷ ʚ ʟʘʜʘʯʘʭ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʪʨʘʝʢʪʦʨʠʷʭ. 

ʇʨʠ ʚʳʙʦʨʝ ʦʩʥʦʚʥʦʛʦ ʚʠʜʘ ʨʘʟʨʘʙʦʪʢʠ ʦʙʫʯʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʫʯʪʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʥʮʠʧʳ: 

1. ʇʨʦʛʨʘʤʤʘ ʥʝ ʜʦʣʞʥʘ ʠʤʝʪʴ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʙʳʪʴ ʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʣʶʙʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʝʩʝʪ ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 

ʮʝʣʠ. 

2. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʥʦʚʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʝ ʠʤʝʪʴ ʠʟʣʠʰʥʝʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʙʦʣʴʰʝ ʥʘ ʚʠʟʫʘʣʴʥʦʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ. 

3. ʇʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʛʨʘʤʦʪʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʠ ʠʤʝʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʩʠʩʪʝʤʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʜʣʷ ʢʦʤʬʦʨʪʥʦʡ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

4. ʊʘʢ ʢʘʢ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʚ ʈʦʩʩʠʠ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʥʘ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʙʘʟʝ UNIX ʠ Linux, ʧʨʦʛʨʘʤʤʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʠʩʘʥʘ ʩ ʫʯʝʪʦʤ ʧʨʦʩʪʦʪʳ ʨʘʙʦʪʳ, ʥʘʣʠʯʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʥʠʡ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ, ʩʦʦʪʥʦʩʷʱʠʝʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ: 
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¶ ʉ/ʉ++ - ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʘʣʠʟʦʚʘʪʴ ʣʶʙʫʶ ʟʘʜʘʯʫ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʝ ʷʟʳʢʠ ʷʚʣʷʝʪʩʷ ʙʘʟʦʡ ʜʣʷ ʤʥʦʛʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʘʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʢʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢ ʠ ʮʝʣʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʜʘʞʝ ʚʝʙ-ʩʘʡʪʦʚ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʢʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ ʥʘʧʠʩʘʥʦ ʥʘ ʉ/ʉ++. 

¶ Python ï ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʥʘʙʠʨʘʶʱʠʡ ʦʙʦʨʦʪʳ 

ʧʦʧʫʣʷʨʥʦʩʪʠ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ ʝʛʦ ʠʟʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. Python ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʷʟʳʢʦʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ ʚ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ, ʪʘʢ ʠ ʚ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʷʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠ ʚʝʩ ʧʨʦʛʨʘʤʤ, 

ʥʘʧʠʩʘʥʥʳʭ ʥʘ Python, ʫʩʪʫʧʘʶʪ ʝʛʦ ʨʦʜʠʪʝʣʷʤ ʉ ʠ ʉ++, ʦʥ ʩʦʙʨʘʣ ʚ ʩʚʦʝʤ ʬʫʥʢʮʠʦʥʘʣʝ ʚʩʝ 

ʩʘʤʦʝ ʫʜʦʙʥʦʝ ʠ ʣʫʯʰʝʝ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ++, ʪʘʢ ʢʘʢ ʦʥ 

ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʢʦʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʠ ʪʝʢʩʪʦʤ. ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ ʷʟʳʢʝ ʉ++ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ 

Qtcreator, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʩʚʝʩʪʠ ʤʦʥʦʪʦʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʢʦʜʘ ʢ 

ʚʠʟʫʘʣʴʥʦʤʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʠʟʫʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʘ 

Qtcreator ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ  QtWidgets, ʪʘʢ ʠ QML. 

ʆʙʫʯʘʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦ ʩʨʝʜʩʪʚʫ ʦʜʥʦʛʦ ʦʢʥʘ ï ʥʘ ʢʦʪʦʨʦʤ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʠ ʪʨʠ ʛʨʘʬʠʢʘ: ʧʫʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʫʯʘʶʱʝʡ ʧʨʦʛʨʘʤʤʳ, ʛʣʘʚʥʦʝ ʦʢʥʦ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʛʨʘʬʠʢʦʚ, ʢʥʦʧʢʘ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʦʚ, ʢʥʦʧʢʘ ʟʘʢʨʳʪʠʷ ʧʨʠʣʦʞʝʥʠʷ  ʠ ʩʘʤʠ ʛʨʘʬʠʢʠ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʟʘʜʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʝʨʝʜʚʠʛʘʝʪ ʩʣʘʡʜʝʨʳ, ʜʠʘʧʘʟʦʥ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0 ʜʦ 20. 

ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ çSet graphsè ʧʦʷʚʣʷʶʪʩʷ 3 ʛʨʘʬʠʢʘ ʟʘʜʘʥʥʳʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ. 

 

ʈʠʩ. 4. ɺʠʜ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʳ 

 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʨʦʣʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ [3]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 
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ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʨʘʙʦʪʳ ʩ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʆʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ï ɻ ʪʦ ʦʜʥʦ ʠʟ ʩʨʝʜʩʪʚ ʨʝʰʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʜʘʯ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʦʙʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʠʥʪʝʨʝʩʥʳʤ 

ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʩʧʣʘʡʥʳ ʕʡʣʝʨʘ ʦʙʣʘʜʘʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʭ ʬʫʥʢʮʠʡ ʩʨʘʚʥʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʪʨʘʝʢʪʦʨʠʷʭ. 
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ʛ. ʃʠʧʝʮʢ, ʈʦʩʩʠʷ 

 

ʇʈʀʄɽʅɽʅʀɽ ʊɽʆʈʀʀ ʆʐʀɹʆʂ  

ɺ ɻɽʆɼɽɿʀʀ, ʌʀɿʀʂɽ ʀ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʉʊɸʊʀʉʊʀʂɽ 

 

ʊʝʦʨʠʷ ʦʰʠʙʦʢ ï ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʧʦʩʚʷʱʸʥʥʳʡ ʧʦʩʪʨʦʝʥʠʶ ʚʳʚʦʜʦʚ 

ʦ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʠʙʣʠʞʸʥʥʦ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ ʠ ʦʙ ʦʰʠʙʢʘʭ ʠʟʤʝʨʝʥʠʡ [1, c. 755]. 

ɽʩʣʠ ʤʳ ʩ ʚʘʤʠ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʧʦʚʪʦʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʳ, 

ʪʦ ʟʘʚʝʜʦʤʦ ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳ, ʪʘʢ ʢʘʢ ʢʘʞʜʦʝ ʧʨʦʚʝʜʸʥʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʩʦʜʝʨʞʠʪ ʥʝʢʦʪʦʨʫʶ ʦʰʠʙʢʫ. ʆʰʠʙʢʠ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ, ʛʨʫʙʳʝ ʠ ʩʣʫʯʘʡʥʳʝ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʜʦʚʦʣʴʥʦ ʧʨʝʜʩʢʘʟʫʝʤʘʷ, ʦʥʘ ʣʠʙʦ ʧʦʩʪʦʷʥʥʘʷ, ʣʠʙʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʟʤʝʨʝʥʠʶ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʚ ʦʩʥʦʚʥʦʤ ʚʣʠʷʶʪ ʥʘ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ, ʘ ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʨʠʯʠʥʘʤ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʷ, ʥʝʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʦʤʝʭʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʤʳ ʙʫʜʝʤ ʠʟʤʝʨʷʪʴ ʜʣʠʥʫ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʠʥʝʡʢʠ, ʪʦ ʦʥʘ 

ʦʙʝʩʧʝʯʠʪ ʠʥʦʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʭʦʣʦʜʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝʞʝʣʠ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʚʩʸ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɽʩʣʠ ʪʝʨʤʦʤʝʪʨ ʥʝʧʨʘʚʠʣʴʥʦ 

ʦʪʢʘʣʠʙʨʦʚʘʥ, ʪʦ ʦʥ ʤʦʞʝʪ ʜʘʚʘʪʴ ʪʦʯʥʳʝ ʧʦʢʘʟʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʥʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʠʣʠ ʥʘʦʙʦʨʦʪ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʪʘʥʦʚʠʪʩʷ ʥʝʪʦʯʥʳʤ. ɻʨʫʙʳʝ 

ʦʰʠʙʢʠ ʧʦʷʚʣʷʶʪʩʷ ʠʟ-ʟʘ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʨʠʙʦʨʘ. ʆʙʳʯʥʦ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʛʨʫʙʳʝ ʦʰʠʙʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʜʨʫʛʠʭ ʠʟʤʝʨʝʥʠʡ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʘʯʘʩʪʫʶ ʙʳʚʘʶʪ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳ ʠ ʣʝʛʢʦ ʫʩʪʨʘʥʠʤʳ ʧʫʪʸʤ 

ʧʦʚʪʦʨʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. ʉʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʣʫʯʘʡʥʳʤ ʧʨʠʯʠʥʘʤ ʠ 

ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʠʭ ʠʟ ʠʟʤʝʨʝʥʠʷ ʥʝʣʴʟʷ, ʥʦ ʤʦʞʥʦ ʦʩʣʘʙʠʪʴ ʧʫʪʸʤ ʧʦʚʳʰʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠ, ʢʦʥʝʯʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʥʠʭ ʩʫʱʝʩʪʚʫʝʪ ʟʘʢʦʥ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʦʰʠʙʢʠ ʠ ʚʝʨʦʷʪʥʦʩʪʴʶ ʝʝ 

ʧʦʷʚʣʝʥʠʷ. ɿʘʢʦʥ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ, ʧʦʣʫʯʝʥʥʳʡ ɻʘʫʩʩʦʤ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ 

ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʉʣʫʯʘʡʥʘʷ ʦʰʠʙʢʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ 

ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʥʘ ʧʦʩʣʝʜʥʶʶ ʟʥʘʯʘʱʫʶ ʮʠʬʨʫ ʠʟʤʝʨʝʥʠʷ [3, c. 88]. ʂ 

ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʦʛʨʘʥʠʯʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠʙʦʨʦʚ, ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʝ 

ʚ ʧʨʦʮʝʜʫʨʝ ʠʟʤʝʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʨʦʩʪʘ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʵʪʘ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʩʘʥʢʠ ʠʣʠ ʤʦʞʥʦ ʢʘʞʜʳʡ ʨʘʟ ʯʠʪʘʪʴ 

ʟʥʘʯʝʥʠʝ ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ, ʢʦʛʜʘ ʚʳ ʧʨʦʚʦʜʠʪʝ ʠʟʤʝʨʝʥʠʝ ʦʙʲʸʤʘ ʚ ʢʦʣʙʝ.  

ʇʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ ʪʝʦʨʠʠ ʦʰʠʙʦʢ ʦʪʨʘʞʝʥʳ ʚ ʟʘʧʠʩʷʭ ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʷ, ʢʦʪʦʨʳʡ 

ʟʘʥʠʤʘʣʩʷ ʦʙʨʘʙʦʪʢʦʡ ʥʘʙʣʶʜʝʥʠʡ ʧʘʨʘʣʣʘʢʩʘ çʅʦʚʦʡ ʟʚʝʟʜʳè ʚ 1572 ʛʦʜʫ [4, c. 26]. ʅʝʤʥʦʛʦ 

ʧʦʟʜʥʝʝ ʟʘ ʩʯʸʪ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠʥʪʝʨʝʩ ʢ ʦʰʠʙʢʘʤ ʠʟʤʝʨʝʥʠʷ 
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ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʩʷ. ɸʩʪʨʦʥʦʤ-ʥʘʙʣʶʜʘʪʝʣʴ ʊʠʭʦ ɹʨʘʛʝ ʚ XVII ʫʞʝ ʧʦʥʠʤʘʣ, ʯʪʦ ʢʘʞʜʦʝ 

ʦʪʜʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʥʝʩʸʪ ʚ ʩʝʙʝ ʥʝʢʦʪʦʨʫʶ ʦʰʠʙʢʫ ʠ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ. ʆʜʥʘʢʦ ʚʩʸ ʞʝ ʧʝʨʚʦʧʨʦʭʦʜʮʘʤʠ ʚ 

ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʈ. ʂʦʪʩʫ, ʊ. ʉʠʤʧʩʦʥʫ ʠ ɼ, 

ɹʝʨʥʫʣʣʠ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʪʝʦʨʠʝʡ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʷ ʟʘʥʠʤʘʣʠʩʴ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ XVIII ï XIX ʚʝʢʦʚ. ʅʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʳ ʪʝʦʨʠʠ 

ʦʰʠʙʦʢ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ XVIII ʚʝʢʝ, ʦʥʘ ʥʝ ʧʦʪʝʨʷʣʘ ʩʚʦʶ ʟʥʘʯʠʤʦʩʪʴ ʥʘ ʩʝʛʦʜʥʷʰʥʝʡ ʜʝʥʴ, 

ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʠʟʠʢʝ ʜʣʷ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʦʜʥʦʢʨʘʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʝʢʦʪʦʨʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʚ ʛʝʦʜʝʟʠʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʪ.ʧ. 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʠʠ ʦʰʠʙʦʢ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ. 

ɿʘʜʘʯʘ 1. ʉʪʫʜʝʥʪ ʧʨʦʚʦʜʠʪ ʠʟʤʝʨʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ y ʤʥʦʛʦ ʨʘʟ ʠ ʚʳʯʠʩʣʷʝʪ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ώ ςσ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ „ ρ. ʂʘʢʫʶ ʜʦʣʶ ʦʪʩʯʸʪʦʚ ʩʪʫʜʝʥʪʘ ɺʳ 

ʙʳ ʦʞʠʜʘʣʠ ʥʘʡʪʠ ʤʝʞʜʫ: 

a) 22 ʠ 24; 

b) 22,5 ʠ 23,5; 

c) 21 ʠ 25.  

ʈʝʰʝʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʠʥʪʝʛʨʘʣʦʤ ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʨʦʜʘ 

ʠʣʠ, ʯʪʦ ʪʦʞʝ ʩʘʤʦʝ, ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʦʨʝʤʦʡ ʃʘʧʣʘʩʘ:  

ὖὥ ὢ ὦ ˡ ˡ . 

a) ὖςς ὢ ςτ ˡ ˡ ς ρl φψϷȠ 

b) ὖςςȟυ ὢ ςσȟυ ˡ
ȟ

ˡ
ȟ

ςˡ σψϷȠ 

c) ὖςρ ὢ ςυ ˡ ˡ ς ςl ωυϷ. 

ʆʪʚʝʪ: a) 68%; b) 38%; c) 95%. 

ɿʘʜʘʯʘ 2. ɺ ʪʨʘʧʝʮʠʠ ʠʟʤʝʨʝʥʳ ʚʳʩʦʪʘ Ὤ ωυ ʤ, ʥʠʞʥʠʝ ʦʩʥʦʚʘʥʠʝ ὥ ρχπ ʤ, ʚʝʨʭʥʠʝ 

ʦʩʥʦʚʘʥʠʝ ὦ ςυπ ʤ, ʘ ʪʘʢʞʝ ʠʭ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʨʘʚʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ά πȟπσ ʤ, ά πȟπυ ʤ, ά πȟπφ ʤ. ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʩʨʝʜʥʶʶ 

ʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʱʘʜʠ ʪʨʘʧʝʮʠʠ.  

ʈʝʰʝʥʠʝ. ʇʣʦʱʘʜʴ ʪʨʘʧʝʮʠʠ S ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ Ὓ ϽὬ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʡʪʠ ʩʨʝʜʥʶʶ ʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʱʘʜʠ 

ʪʨʘʧʝʮʠʠ, ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʧʦ ʧʝʨʝʤʝʥʥʳʤ a, b, h. ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʠʝ ʨʘʚʝʥʩʪʚʘ:  

Ƞ Ƞ . 

ά ά ά ά ά ά Ȣά , 

ά Ͻπȟπυ Ͻπȟπφ Ͻπȟπσ χȟσρ ̍. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʱʘʜʠ ʪʨʘʧʝʮʠʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ:  
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ȟ
. 

ʆʪʚʝʪ: ά χȟσρ ̍, . 

ɿʘʜʘʯʘ 3. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J h ʢʠʚʘ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴ ὖ πȟωυ, 

ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʜʠʘʤʝʪʨ D, ʚʳʩʦʪʘ h, ʩ ʢʦʪʦʨʦʡ ʧʘʜʘʝʪ ʛʨʫʟ ʤʘʩʩʦʡ m, ʠ ʚʨʝʤʷ 

t ʧʘʜʝʥʠʷ ʛʨʫʟʘ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ: 

ὐ άὈ  . 

ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

Ὀ ςσȟτ πȟς ̍̍ ςȟστπȟπςϽρπ ;̍ 

ὸ χȟψτ πȟπω; 

Ὤ ρπυȟπ πȟυ ̒̍ ρȟπυππȟππυ ̍Ƞ 

ά ρτχπȟυ ̄ πȟρτχπȟππρ ̋ ;̄ 

Ὣ ωȟψπφφυππȟπππππυ
̍

̒
 . 

ʈʝʰʝʥʠʝ. ɼʣʷ ʥʘʯʘʣʘ ʚʳʯʠʩʣʠʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ὐӶ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʙʫʜʝʤ ʩ ʚʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʙʦʯʫʶ ʬʦʨʤʫʣʫ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

ὐӶ άϽὈ Ͻρ
Ӷ

ρȟφρϽρπ ̋ ̄Ͻ̍ . 

ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʯʘʩʪʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʠʤ ʨʘʙʦʯʫʶ ʬʦʨʤʫʣʫ ʚ 

ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʪʨʸʭ ʬʫʥʢʮʠʡ: Ὂ ά ά; Ὂ Ὀ Ὀ; Ὂ ὸȟὬȟὫ ; ὐ Ὂ ά Ͻ

Ὂ Ὀ ϽὊ ὸȟὬȟὫ. ɺʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ: 

ὐ‏ Ͻ Ͻῳά Ͻ Ͻῳά χȟπ Ͻρπ; 

ὐ‏ Ͻ ϽῳὈ Ͻ ϽῳὈ ρȟφϽρπ; 

ὐ‏ Ͻ Ͻῳὸ
Ͻ
Ͻῳὸ τȟπϽρπ; 

ὐ‏ Ͻ ϽῳὬ ϽῳὬ ωȟπϽρπ; 

ὐ‏ Ͻ ϽῳὫ ϽῳὫ φȟπ Ͻρπ . 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ‏ὐ, 

ʦʩʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʘʩʪʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʩʠʣʫ ʠʭ ʤʘʣʦʩʪʠ ʩʣʝʜʫʝʪ 

ʧʨʝʥʝʙʨʝʯʴ, ʢʨʦʤʝ ‏ὐ.  

ὐ‏ ὐ‏ ὐ‏ ρȟφϽρπ χȟπϽρπ ρȟχυϽρπ  

ɺʳʯʠʩʣʠʤ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ: 

ῳὐ ȿὐȿϽ‏ὐςȟψϽρπ ̋ Ͻ̄̍ . 

ʇʦʩʣʝ ʦʢʨʫʛʣʝʥʠʡ ʧʦʣʫʯʘʝʤ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ: 

ὐ ρȟφρπȟπσϽρπ̋ Ͻ̄̍ Ƞὖ πȟωυ. 
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ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʰʢʠʚʘ ʟʘʢʣʶʯʝʥʦ ʚ ʜʦʚʝʨʠʪʝʣʴʥʦʤ 

ʠʥʪʝʨʚʘʣʝ (ρȟυψϽρπȠρȟφτϽρπ  ̋ Ͻ̄̍ . 

ʆʪʚʝʪ: ὐ ρȟφρπȟπσϽρπ̋ Ͻ̄̍ Ƞὖ πȟωυ. 

ɿʘʜʘʯʘ 4. ʇʷʪʠʤʝʪʨʦʚʦʡ ʨʫʣʝʪʢʦʡ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʣʠʥʠʷ d, ʢʦʪʦʨʘʷ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 250 

ʤ. ʉʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪʣʦʞʝʥʠʷ ʦʜʥʦʡ ʨʫʣʝʪʢʠ Ὓ πȟπρ ̍. ʅʫʞʥʦ ʥʘʡʪʠ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʣʠʥʠʡ. 

ʈʝʰʝʥʠʝ. ʉʨʝʜʥʶʶ ʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʣʠʥʠʠ ʥʘʡʜʸʤ ʧʦ ʬʦʨʤʫʣʝ: 

Ὓ Ὓ Ὓ Ễ Ὓ,  

ʧʨʠ Ὓ Ὓ Ὓ Ὓ Ὓ Ὓ Ὓ Ễ Ὓ ὛЍὲȟ 

ʛʜʝ n ï ʯʠʩʣʦ ʦʪʣʦʞʝʥʠʡ ʨʫʣʝʪʢʠ, ὲ υπ; Ὓ πȟπρϽЍυπ πȟπχ ̍. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ  
ȟ

πȟπππςψ. 

ʆʪʚʝʪ: Ὓ πȟπχ ̍; πȟπππςψ. 

ɿʘʜʘʯʘ 5. ʆʮʝʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʦʜʥʦʢʨʘʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Ὗ πȟψ ˏ ʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ Ὑ σ ̨ ,̍ ʚʳʧʦʣʥʝʥʥʦʛʦ ʚʦʣʴʪʤʝʪʨʦʤ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ 0,5 ʩ ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ 

ʠʟʤʝʨʝʥʠʷ Ὗ ρȢυ ˏ ʠ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Ὑ υππ ̨ .̍ ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ʚʦʣʴʪʤʝʪʨʘ ʠʟ-ʟʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ‍̍ ̐ πȟψϷ ʠ ‍˟ πȟτϷ. 

ʈʝʰʝʥʠʝ. ʇʨʝʜʝʣ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚʦʣʴʪʤʝʪʨʘ ʥʘ ʦʪʤʝʪʢʝ 0,8 ɺ ʙʫʜʝʪ 

ʩʦʩʪʘʚʣʷʪʴ: 

‍ ϽρππϷ; ῳὟ
Ͻ
; ‍

Ͻ ȟϽȟ

ȟ
ωσȟχυϷ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚʦʣʴʪʤʝʪʨʘ. 

ɽʩʣʠ ʤʳ ʧʦʜʩʦʝʜʠʥʠʤ ʚʦʣʴʪʤʝʪʨ, ʪʦ ʠʩʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Ὗ ʠʟʤʝʥʠʪʩʷ, ʪʘʢ ʢʘʢ ʙʫʜʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Ὑ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ ʩʪʘʥʝʪ ʨʘʚʥʦ Ὗ Ὗ. 

ɿʥʘʯʠʪ, ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʦʨʤʝ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

‍
Ὗ Ὗ

Ὗ
ϽρππϷ

Ὑ

Ὑ Ὑ
ϽρππϷ

σ

σ υππ
ϽρππϷ πȟφϷȢ 

ʇʦʛʨʝʰʥʦʩʪʴ ‍  ̫ ʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʦʥʘ ʙʫʜʝʪ ʚʥʝʩʝʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ ʧʦʧʨʘʚʢʠ. ʇʦʧʨʘʚʢʘ ʥʘ ʦʪʤʝʪʢʝ 0,8 ɺ ʧʦ ʤʦʜʫʣʶ ʙʫʜʝʪ ʨʘʚʥʘ:  

‎
Ͻ ȟϽȟ

πȟππτψ ˏ. 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ, ʚʢʣʶʯʘʷ ʧʦʧʨʘʚʢʫ ʚ ʘʙʩʦʣʶʪʥʦʡ ʬʦʨʤʝ, ʙʫʜʝʪ ʪʘʢʠʤ: 

Ὗ πȟψ πȟππτψπȟψπτψ ˏ. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʠ ʟʘʜʘʥʳ ʩʚʦʠʤʠ ʛʨʘʥʠʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʪʦ ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ ʪʘʢʦʛʦ ʚʠʜʘ: 

‍ ὖ Ὧ В ‍. 

ɺ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ P ʝʩʪʴ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ, ʘ k ʝʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ P. ɽʩʣʠ ὖ πȟω, ʪʦ Ὧ πȟωυ. 
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ʈʘʩʩʯʠʪʘʝʤ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʛʨʘʥʠʮʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ  ʧʨʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ὖ πȟω. ʆʥʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

‍ πȟωυϽ πȟωσχυ πȟψ πȟτ ρȟςσϷȢ 

ῳ
‍ϽὟ

ρππ
πȟππωψτ ˏȢ 

ʆʪʚʝʪ: Ὗ πȟψ ˏ; ῳ πȟπρ; ὖ πȟω.  

 

ʊʝʦʨʠʷ ʦʰʠʙʦʢ ʦʯʝʥʴ ʚʘʞʥʘ ʧʨʠ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʠ 

ʨʝʰʝʥʠʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʜʘʞʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʜʘʯ. ɺʝʜʴ ʥʝʫʤʝʥʠʝ 

ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢ ʧʦʨʯʝ, ʥʘʧʨʠʤʝʨ, ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʟʜʝʣʠʡ, ʫ ʢʦʪʦʨʳʭ ʟʘʨʘʥʝʝ ʙʳʣʠ ʥʝʧʨʘʚʠʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʯʪʦ ʚʝʜʸʪ ʢ ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ 

ʦʰʠʙʦʢ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ [2, c. 89]. 
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ʖʜʠʥ ɿ.ɸ., ʀʩʣʘʤʛʫʣʦʚʘ ɻ.ʌ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ʂɸʂ ʅɽʆʊʒɽʄʃɽʄɸʗ ʏɸʉʊʔ ʕʂʆʅʆʄʀʂʀ 

 

ʕʢʦʥʦʤʠʢʘ ï ɻ ʪʦ ʥʘʫʢʘ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʩʧʦʩʦʙʳ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚʩʝʛʦ 

ʦʙʱʝʩʪʚʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ. ʄʳ ʚʠʜʠʤ, ʯʪʦ ʵʪʘ ʥʘʫʢʘ ʪʝʩʥʦ 

ʩʚʷʟʘʥʘ ʩ ʥʘʰʝʡ ʞʠʟʥʴʶ ʠ ʧʦʤʦʛʘʝʪ ʥʘʤ ʩʫʱʝʩʪʚʦʚʘʪʴ. ʅʦ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʢʦʥʦʤʠʢʘ 

ʩʦʧʨʷʞʝʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʢʣʘʜʥʳʤʠ ʥʘʫʢʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʘʚʦ, ʧʦʣʠʪʠʢʘ ʠ 

ʜʘʞʝ ʤʘʪʝʤʘʪʠʢʘ. ʕʢʦʥʦʤʠʢʘ ï ɻ ʪʦ ʪʘ ʥʘʫʢʘ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʥʠʡ ʤʘʪʝʤʘʪʠʢʠ ʥʝ 

ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ, ʥʦ ʵʪʦ ʝʱʝ ʠ ʝʩʪʝʩʪʚʝʥʥʦ. ʕʪʠ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʠ ʥʘʭʦʜʷʪʩʷ ʚʩʝʛʜʘ ʨʷʜʦʤ. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠʙʳʣʴ, ɺʅʇ, ʠʥʬʣʷʮʠʷ ʠ ʜʨʫʛʠʝ, ð ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʠʤʝʥʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ, ʪʘʢ ʢʘʢ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʮʠʬʨʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʠʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʳ ʧʨʠʙʝʛʘʝʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. ɽʱʝ ʜʦ 

XX ʚʝʢʘ ʥʘʫʢʘ ʵʢʦʥʦʤʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʬʦʨʤʫʣ, ʩʧʦʩʦʙʦʚ ʠ ʤʝʪʦʜʦʚ. ʇʦ ʤʦʝʤʫ ʤʥʝʥʠʶ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʢʦʥʦʤʠʢʘ 

ʧʨʝʪʝʥʜʦʚʘʣʘ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʥʘʫʢʫ, ʥʝ ʙʝʨʫʱʫʶ ʥʘʯʘʣʘ ʥʠ ʚ ʦʜʥʦʡ 

ʜʨʫʛʦʡ. ʅʦ ʢʘʢ ʚʳʷʩʥʠʣʦʩʴ, ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʦʥʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤʠ 

ʚʳʯʠʩʣʝʥʠʷʤʠ, ʭʦʪʷ ʵʢʦʥʦʤʠʢʘ ʚʩʸ ʞʝ ʩʯʠʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ. ɺ ʧʨʠʥʮʠʧʝ 

ʩʧʦʨʳ ʥʘ ʵʪʦʪ ʩʯʝʪ ʜʦ ʩʠʭ ʧʦʨ ʠʜʫʪ ʩʨʝʜʠ ʚʳʜʘʶʱʠʭʩʷ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʫʟʥʘʪʴ, ʯʪʦ ʪʘʢʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʦʥʘ ʠʤʝʝʪ ʚ 

ʵʢʦʥʦʤʠʢʝ ʠ ʧʦʯʝʤʫ ʩʚʷʟʘʥʘ ʩ ʥʝʡ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. ʉʠʩʪʝʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʢʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʢʦʥʦʤʠʢʠ 

ʥʘʯʘʣʦʩʴ ʧʨʠʤʝʨʥʦ ʣʠʰʴ ʚ XX ʚʝʢʝ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʠʟʫʯʘʝʤʳʭ ʷʚʣʝʥʠʡ, ʘ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ. ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʠʭ ʧʦʩʪʨʦʠʪʴ ʥʫʞʥʳ ʜʚʘ ʘʩʧʝʢʪʘ: ʚʦ-ʧʝʨʚʳʭ, ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʚʦ-

ʚʪʦʨʳʭ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. 

ʈʦʩʪ ʨʦʣʠ ʤʘʪʝʤʘʪʠʢʠ ʚ ʵʢʦʥʦʤʠʢʝ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʧʦʩʣʝʜʥʷʷ ʨʘʟʚʠʚʘʝʪʩʷ ʩʦ 

ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʥʘ ʝʝ ʧʫʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʩ ʢʦʪʦʨʳʤʠ 

ʚʦʟʤʦʞʥʦ ʩʧʨʘʚʠʪʴʩʷ, ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʫʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫʯʝʥʳʝ ʧʨʠʙʝʛʘʶʪ ʢ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ [1; 3].  

ʕʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ð ɻ ʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʵʢʦʥʦʤʠʩʪʳ 

ʦʪʤʝʯʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʬʘʢʪʦʨʳ ʠ ʫʙʠʨʘʶʪ ʥʝʩʫʱʝʩʪʚʝʥʥʳʝ. ʄʦʜʝʣʠ ʚ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʟʦʙʨʘʞʘʶʪʩʷ ʢʘʢ ʬʦʨʤʫʣʳ, ʛʨʘʬʠʢʠ, ʩʭʝʤʳ ʠ ʪ.ʜ. ʄʦʜʝʣʠʨʫʶʪʩʷ ʢʘʢ 

ʦʙʲʝʢʪʳ ʠ ʧʨʦʮʝʩʩʳ, ʪʘʢ ʠ ʩʘʤʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʤʦʜʝʣʠ ʨʦʩʪʘ ʮʝʥ, ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ, ʤʦʜʝʣʴ ʬʠʨʤʳ ʠ ʜʨʫʛʦʝ. ʆʥʠ ʧʦʤʦʛʘʶʪ 
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ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʵʢʦʥʦʤʠʢʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ 

ʙʫʜʫʱʝʤ, ʘ ʪʘʢʞʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ʈʘʟʙʝʨʝʤʩʷ, ʢʘʢ ʧʦʩʪʨʦʠʪʴ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. 

ʂʘʢ ʠ ʚ ʣʶʙʦʡ ʨʘʙʦʪʝ ʥʘʤ ʥʘʜʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʫ ʠ ʮʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʜʦʤʠʥʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʬʫʥʢʮʠʠ. 

ʀʟʫʯʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʦʜʝʣʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

ʇʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʦʤ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ. 

ɸʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʀʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ.  

ʇʦʥʷʪʥʦ, ʯʪʦ ʥʠʢʘʢʠʝ ʤʦʜʝʣʠ ʥʝ ʤʦʛʫʪ ʩʪʦʧʨʦʮʝʥʪʥʦ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʦʩʪʴ, ʥʦ ʙʣʘʛʦʜʘʨʷ 

ʠʤ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʞʝʥʥʳʝ ʜʘʥʥʳʝ.   

ɺ ʚʳʰʝʠʟʣʦʞʝʥʥʦʡ ʩʭʝʤʝ ʩ ʧʝʨʚʦʛʦ ʧʦ ʪʨʝʪʠʡ ʵʪʘʧ ʛʦʚʦʨʷʪ ʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʝʪʚʝʨʪʳʡ ʠ ʧʷʪʳʡ ʵʪʘʧʳ ʦʧʨʝʜʝʣʷʶʪ ʩʠʩʪʝʤʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʰʝʩʪʦʡ ʠ 

ʩʝʜʴʤʦʡ ʵʪʘʧ ʧʦʤʦʛʘʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠ ʦʙʦʙʱʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʢʘʟʘʚ, ʚ ʢʘʢʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʣʝʜʫʝʪ ʥʘʤ ʜʚʠʛʘʪʴʩʷ. 

ʉʫʱʝʩʪʚʫʝʪ 3 ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: 

ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ (ʧʨʷʤʦʝ ʥʘʙʣʶʜʝʥʠʝ); 

ɼʝʜʫʢʪʠʚʥʳʡ (ʚʳʯʣʝʥʝʥʠʝ ʠʟ ʦʙʱʝʡ ʤʦʜʝʣʠ); 

ʀʥʜʫʢʪʠʚʥʳʡ (ʦʙʦʙʱʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ). 

ʇʨʝʞʜʝ, ʯʝʤ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ, ʢʘʢʠʝ ʪʠʧʳ 

ʤʦʜʝʣʝʡ ʩʫʱʝʩʪʚʫʶʪ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚʳʜʝʣʷʶʪ ʤʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ, ʥʦ ʚʦʪ ʩʘʤʘʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʠʟ ʥʠʭ [2]: 

ʄʘʢʨʦ ʠ ʤʠʢʨʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ; 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʤʦʜʝʣʠ; 

ʉʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ; 

ʆʧʠʩʘʪʝʣʴʥʳʝ ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ; 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ. 

ʅʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʜʨʦʙʥʦ ʚʩʝ ʚʠʜʳ, ʘ ʣʠʰʴ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ 4 ʪʠʧʝ: ʦʧʠʩʘʪʝʣʴʥʳʝ 

ʤʦʜʝʣʠ. ʆʧʠʩʘʪʝʣʴʥʳʝ, ʠʣʠ ʧʦ-ʜʨʫʛʦʤʫ, ʜʝʩʢʨʠʧʪʠʚʥʳʝ ʤʦʜʝʣʠ ï ɻ ʪʦ ʤʦʜʝʣʠ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʧʝʨʝʤʝʥʥʳʝ, ʦʧʠʩʘʥʠʝ ʠʭ ʩʚʷʟʠ ʠ ʩʪʨʫʢʪʫʨʳ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʘʬʠʢʦʚ. ʏʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʨʘʙʦʪʘʶ ʵʪʠ 

ʤʦʜʝʣʠ, ʜʘʚʘʡʪʝ ʨʘʟʙʝʨʝʤʩʷ ʩ ʦʧʠʩʘʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. 

ɺ ʦʧʠʩʘʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʚʳʜʝʣʷʶʪʩʷ ʵʣʝʤʝʥʪʳ, ʧʦʢʘʟʘʪʝʣʠ, ʧʘʨʘʤʝʪʨʳ ʠ ʧʝʨʝʤʝʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʪʠ 

ʠʟʫʯʘʝʤʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʤʝʞʦʪʨʘʩʣʝʚʦʛʦ ʙʘʣʘʥʩʘ ʠʣʠ 

ʦʩʥʦʚʥʦʝ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʝ ʪʦʞʜʝʩʪʚʦ: 

Y=C+I+G+NX, 
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ʚ ʢʦʪʦʨʦʤ Y ï ʩʦʚʦʢʫʧʥʳʡ ʜʦʭʦʜ, C ï ʩʦʚʦʢʫʧʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ, I ï ʠʥʚʝʩʪʠʮʠʠ, G ï 

ʨʘʩʭʦʜʳ ʛʦʩʫʜʘʨʩʪʚʘ, NX ï ʯʠʩʪʳʡ ʵʢʩʧʦʨʪ. ɼʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʦʡ ʧʨʠʤʝʨ: 

ʂʦʤʧʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪ n ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʚʳʧʫʩʢʘ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪ ʨʘʙʦʯʫʶ ʩʠʣʫ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʘʧʠʪʘʣʦʤ ʠ ʩʳʨʴʝ. ʕʪʠ ʨʝʩʫʨʩʳ ʨʘʚʥʳ  

L, K, R. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʟʘʜʘʯʝ ʵʪʠ ʨʝʩʫʨʩʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʳ. ɼʣʷ ʨʘʩʭʦʜʘ ʢʘʞʜʦʛʦ 

ʨʝʩʫʨʩʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʝʜʠʥʠʮʘ ʧʨʦʜʫʢʮʠʠ ʚʠʜʘ i-ʛʦ ʚʠʜʘ (i=1,2,3én):li, ki, 

ri.. ʎʝʥʳ ʧʨʦʜʫʢʪʦʚ ʟʘʜʘʥʳ: pi (i=1,2,3én). ʅʘʤ ʥʘʜʦ ʫʟʥʘʪʴ ʦʙʲʝʤ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʪʦʚ ʩ ʮʝʣʴʶ 

ʦʧʪʠʤʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ Y ʚʟʘʚʠʩʠʤʦʪʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ.  

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʫʜʫʪ ʵʢʟʦʛʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʟʘʜʘʥʥʳʝ ʠʟʚʥʝ ʠ 

ʥʝʤʝʥʷʶʱʠʝʩʷ ʚ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢʞʝ ʙʫʜʫʪ ʟʘʜʘʥʳ ʩʦʚʝʨʰʝʥʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ, ʪʦ ʝʩʪʴ ʵʥʜʦʛʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʚʟʷʪʳ ʠʟʚʥʝ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʭʦʜʝ ʨʘʩʯʝʪʦʚ. ɺʩʝ 

ʧʝʨʝʤʝʥʥʳʝ, ʢʨʦʤʝ ʦʙʲʝʤʘ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ, ʵʪʦ ʵʢʟʦʛʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʦʙʲʸʤ ï 

ʵʥʜʦʛʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʢʦʪʦʨʫʶ ʤʳ ʦʪʤʝʪʠʤ ʢʘʢ xi. ʅʘʰʘ ʮʝʣʴ ï ɻ ʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʜʦʭʦʜʘ. 

ɿʘʧʠʩʳʚʘʝʤ ʝʛʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

Y=P1X1 + P1X1 +é PnXn = В ÐρØρ ï max 

 

ʆʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʩʪʘʚʠʣʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʘʢʠʤʠ ʥʝʨʘʚʝʥʩʪʚʘʤʠ: 

l1x1 +  l2x2 +é + lnxn  Ò L 

r1x1 +  r2x2 +é + rnxn  Ò K 

k1x1 +  k2x2 +é + knxn Ò R. 

ʊʘʢ ʢʘʢ ʫ ʥʘʩ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʤʳ ʜʦʧʠʩʳʚʘʝʤ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ xi Ó 0, I = 1, 2,é, n. 

ɽʩʣʠ ʦʙʲʝʜʠʥʠʪʴ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʠ ʫʩʣʦʚʠʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʦ ʧʦʣʫʯʠʤ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ. ʊʘʢʞʝ ʵʪʦ ʙʫʜʝʪ ʟʘʜʘʯʝʡ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʘʷ 

ʤʦʜʝʣʴ ʚʧʦʣʥʝ ʨʝʘʣʠʩʪʠʯʥʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʦ ʪʘʢ ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʠ, ʯʪʦ ʪʘʢʠʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ 

çʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤʠè, ʪʦ ʜʘʚʘʡʪʝ ʨʘʟʙʝʨʝʤ, ʢʘʢʠʝ ʫʩʣʦʚʠʷ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʨʝʘʣʴʥʦʩʪʠ, ʦʥʘ 

ʥʝ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ: 

ɺʦ-ʧʝʨʚʳʭ, ʨʝʩʫʨʩʳ ʤʦʛʫʪ ʟʘʤʝʥʷʪʴ ʜʨʫʛ ʜʨʫʛʘ; 

ɺʦ-ʚʪʦʨʳʭ, ʦʙʲʝʤʳ ʨʝʩʫʨʩʦʚ ï ɻʪʦ ʥʝ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʝʜʠʥʠʮʘ, ʦʥʠ ʤʦʛʫʪ ʠʩʯʝʨʧʳʚʘʪʴʩʷ, 

ʧʨʦʜʘʚʘʪʴʩʷ ʠ ʪ.ʜ. 

ɺ-ʪʨʝʪʴʠʭ, ʮʝʥʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʪʦʷʥʥʳʤʠ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʚʳʧʫʩʢʘ, ʟʘʪʨʘʯʠʚʘʷ ʧʨʠ 

ʵʪʦʤ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ. 

ɺ-ʧʷʪʳʭ, ʮʝʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʯʝʪʦʚ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ. 

ɺ-h ʝʩʪʳʭ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʘʢʠʭ ʞʠʟʥʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʢ ʧʦʣʦʤʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʢʨʘʱʝʥʠʝ ʨʘʙʦʯʝʡ ʩʠʣʳ ʠʟ-ʟʘ ʙʦʣʝʟʥʠ ʨʘʙʦʯʝʛʦ ʠ ʪ.ʜ. 
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ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʵʢʦʥʦʤʠʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʤʥʦʛʦ ʩʣʦʞʥʝʝ, ʪʘʢ ʢʘʢ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʢ ʪʦʤʫ ʞʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʬʦʨʩ-ʤʘʞʦʨʥʳʝ ʩʠʪʫʘʮʠʠ ʚ ʞʠʟʥʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ 

ʵʪʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʤʦʛʘʶʪ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʠʤʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʤʦʤʝʥʪʦʚ ʠ 

ʧʦʥʷʪʴ, ʢʘʢ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ, ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ï ɻ ʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʥʘʰʝʤ ʤʠʨʝ, ʪʘʢ ʢʘʢ ʥʝʪ ʪʘʢʠʭ ʚʘʞʥʳʭ 

ʢɻʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʨʝʰʘʣʠʩʴ ʙʳ ʙʝʟ ʧʦʤʦʱʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʝʝ ʬʦʨʤʫʣ. ɼʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʩʚʦʠʭ ʪʝʦʨʠʡ ʠʣʠ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʝ ʣʘʫʨʝʘʪʳ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʨʘʟ-ʪʘʢʠ ʩʚʦʠ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʧʨʠʥʦʩʷʪ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʪ 

ʧʨʠʡʪʠ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʝ ʟʘʤʝʥʠʪ ʥʠ ʦʜʥʦ ʩʣʦʚʝʩʥʦʝ 

ʠʣʠ ʣʦʛʠʯʝʩʢʦʝ ʩʫʞʜʝʥʠʝ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ, ʢʘʢ ʠ ʚ ʣʶʙʦʤ ʤʝʪʦʜʝ, 

ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, ʥʘʧʨʠʤʝʨ, 

ʥʝʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʘʪʴ   ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʝʘʣʴʥʦʩʪʠ, ʥʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʀʟ ʚʩʝʛʦ 

ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʜʦʙʠʪʴʩʷ ʚ ʵʢʦʥʦʤʠʢʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʦʨʠʝʡ ʵʢʦʥʦʤʠʢʠ 

ʠ ʤʘʪʝʤʘʪʠʢʠ, ʪʦ ʝʩʪʴ ʨʦʣʴ ʤʘʪʝʤʘʪʠʢʠ ʚ ʵʢʦʥʦʤʠʢʠ ʚʝʣʠʢʘ.  
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ʕʥʝʨʛʝʪʠʢʘ. ʕʣʝʢʪʨʦʪʝʭʥʠʢʘ  

 

 

ʋɼʂ 620.92 

ɸʟʥʘʙʘʝʚʘ ɸ.ɸ. 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ ɻɽʆʊɽʈʄɸʃʔʅʆʁ ʕʅɽʈɻʀʀ ɺ ʈʆʉʉʀʀ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʞʝʩʪʚʦ ʫʯʝʥʳʭ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʠʩʢʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ɿʝʤʣʠ. ʋʯʠʪʳʚʘʷ ʫʩʠʣʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ, ʛʝʦʪʝʨʤʘʣʴʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ, ʧʨʠ ʵʪʦʤ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʫʞʝ 

ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʪʝʧʣʦʪʘ, ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʞʠʛʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʵʪʫ ʩʬʝʨʫ ʦʧʨʘʚʜʘʶʪ ʩʝʙʷ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ. ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ - 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ, ʠʩʪʦʯʥʠʢʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʤʘʛʤʘ ɿʝʤʣʠ. ʄʘʛʤʘ ʨʘʩʢʘʣʝʥʘ ʜʦ ʧʨʝʜʝʣʘ, ʧʦʵʪʦʤʫ ʟʘʧʘʩʳ ʪʝʧʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʳ. ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʤʝʱʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʘʡʦʥʘʭ 

ʥʝʜʘʚʥʝʛʦ ʚʫʣʢʘʥʠʟʤʘ [1, ʩ. 417]. 

ʈʘʡʦʥʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʝʣʷʪʩʷ ʥʘ 3 ʢʣʘʩʩʘ:  

1. ɻʠʧʝʨʪʝʨʤʘʣʴʥʳʡ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ï ʙʦʣʝʝ 80 Áʉ/ʢʤ. ʈʘʡʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʝ, ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʣʠʪ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ɻʝʦʊʕʉ ʨʘʩʧʦʣʦʞʝʥʳ ʠʤʝʥʥʦ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ.  

2. ʇʦʣʫʪʝʨʤʘʣʴʥʳʡ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ - ʦʪ 40 ʜʦ 80 Áʉ/ʢʤ. ʈʘʡʦʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʘʥʦʤʘʣʠʷʤʠ, ʣʝʞʘʱʠʤʠ ʚ ʩʪʦʨʦʥʝ ʦʪ ʛʨʘʥʠʮ ʧʣʘʪʬʦʨʤ. ʀʟʚʣʝʯʝʥʠʝ ʪʝʧʣʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ ʠʣʠ ʠʟ ʨʘʟʜʨʦʙʣʝʥʥʳʭ ʩʫʭʠʭ ʧʦʨʦʜ.  

3. ʅʦʨʤʘʣʴʥʳʡ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ï ʤʝʥʝʝ 40 Áʉ/ʢʤ. ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʨʘʡʦʥʳ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ. ɺ ʪʘʢʠʭ ʨʘʡʦʥʘʭ ʦʙʳʯʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʚʳʛʦʜʥʦ ʠʟʚʣʝʢʘʪʴ ʪʝʧʣʦ 

ʠʟ ʥʝʜʨ ɿʝʤʣʠ.  

ɺ ʢʘʞʜʦʤ ʠʟ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʢʣʘʩʩʦʚ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʪʝʧʣʘ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʪʦʢʠ ʚʦʜʳ ʧʨʦʥʠʢʘʶʪ ʛʣʫʙʦʢʦ ʧʦʜ ʟʝʤʣʶ, ʛʜʝ 

ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʘʨʦʚʦʜʷʥʫʶ ʩʤʝʩʴ, ʩʫʭʦʡ ʧʘʨ.  ɺ 

ʧʨʠʨʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʭʦʜ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʛʝʡʟʝʨʦʚ. ʊʘʢ ʞʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʨʘʟʨʳʚʳ ʚ ʧʦʨʦʜʘʭ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʚʦʟʤʦʞʥʦ ʧʨʦʢʘʯʘʪʴ ʚʦʜʫ, ʦʪʙʠʨʘʷ 

ʪʝʧʣʦ [2, ʩ. 178]. 

ʉʘʤʠ ʠʩʪʦʯʥʠʢʠ ʪʘʢ ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʭ ʚʠʜʦʚ: 1. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ 

ʩʫʭʦʛʦ ʧʘʨʘ. 2. ʀʩʪʦʯʥʠʢʠ ʚʣʘʞʥʦʛʦ ʧʘʨʘ (ʩʤʝʩʴ ʛʦʨʷʯʝʡ ʚʦʜʳ ʠ ʧʘʨʘ). 3. ʄʝʩʪʦʨʦʞʜʝʥʠʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʚʦʜʳ. 4. ʉʫʭʠʝ ʛʦʨʷʯʠʝ ʩʢʘʣʴʥʳʝ ʧʦʨʦʜʳ, ʨʘʟʦʛʨʝʚʘʝʤʳʝ ʤʘʛʤʦʡ.  

ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ï ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʦʙʦʛʨʝʚʘ ʜʦʤʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 
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ʧʨʝʜʧʨʠʷʪʠʡ. ʂʦʥʜʝʥʩʘʮʠʦʥʥʫʶ ʚʦʜʫ ʦʙʳʯʥʦ ʚʦʟʚʨʘʱʘʶʪ ʚ ʟʝʤʣʶ ʠ ʧʨʠ ʝʝ ʚʧʦʣʥʝ ʭʦʨʦʰʝʤ 

ʢʘʯʝʩʪʚʝïʧʝʨʝʜʘʶʪ ʚ ʙʣʠʞʘʡʰʠʡ ʚʦʜʦʝʤ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʣʘʞʥʳʡ ʧʘʨ, 

ʵʪʦʪ ʧʘʨ ʚʳʜʝʣʷʶʪ ʠ ʟʘʪʝʤ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ, ʜʝʣʠʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 1) ʧʨʷʤʦʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʭʦʛʦ ʧʘʨʘ; 2) ʥʝʧʨʷʤʦʡ ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʷʥʦʡ ʧʘʨ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ʙʦʣʝʝ 180ʦʉ; 3) ʩʤʝʰʘʥʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʩʤʝʩʠ ʚʦʜʳ ʩ ʜʨʫʛʠʤʠ ʞʠʜʢʦʩʪʷʤʠ.  ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ ʠʟ ʥʝʜʨ ʟʝʤʣʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʨʘʙʦʪʢʫ ʥʝʜʦʨʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ: 

1. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʙʲʝʢʪʦʚ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

2. ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʘʧʘʩʳ ʤʦʱʥʦʩʪʠ.  

3. ʅʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʮʝʥ.  

4. ʅʠʟʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

5. ʅʝʠʩʩʷʢʘʝʤʳʝ ʟʘʧʘʩʳ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʢʣʠʟʤʦʚ, 

ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʧʨʦʯʠʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. 

6. ɹʝʩʧʝʨʝʙʦʡʥʫʶ ʨʘʙʦʪʫ ɻʝʦʊʕʉ ʚ ʨʝʞʠʤʝ 24/7. 

7. ʅʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʪʨʦʡʢʠ ʠ ʟʘʧʫʩʢʘ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʪʘʥʮʠʡ. 

8. ʕʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ. 

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2019 ʛʦʜ ʚ ʨʷʜʝ ʩʪʨʘʥ ɽʚʨʦʧʳ ʧʦʩʪʨʦʝʥʳ ʠ ʟʘʧʫʱʝʥʳ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʥʮʠʡ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 75 ʄɺʪ. ʏʝʨʝʟ ʧʷʪʴ ʣʝʪ ʫʢʘʟʘʥʥʳʡ ʦʙʲʝʤ ʧʣʘʥʠʨʫʶʪ 

ʜʦʚʝʩʪʠ ʜʦ ʫʨʦʚʥʷ ʚ 17 ɻɺʪ. ʆʩʥʦʚʥʘʷ ʩʪʘʚʢʘ ʜʝʣʘʝʪʩʷ ʥʘ ʀʥʜʦʥʝʟʠʶ, ʊʫʨʮʠʶ, ʂʝʥʠʶ ʠ 

ʌʠʣʠʧʧʠʥʳ, ʛʜʝ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʚʝʜʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ. 

ʋʯʝʥʳʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʞʝ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʦʩʪʘʚʠʪ 

1/6 ʤʠʨʦʚʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ [3, ʩ. 87]. 

ʈʝʛʠʦʥʳ ʚ ʈʦʩʩʠʠ, ʛʜʝ ʝʩʪʴ ʧʘʨʦʚʦʜʷʥʳʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʂʘʤʯʘʪʢʘ ʠ ʂʫʨʠʣʴʩʢʠʝ ʦʩʪʨʦʚʘ. ʈʝʩʫʨʩʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʘʤʯʘʪʢʠ 

ʦʮʝʥʠʚʘʶʪʩʷ ʚ 250-350 ʄɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ð ʚ 230 ʄɺʪ, ʯʪʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʨʝʛʠʦʥʦʚ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ ʠ ʛʦʨʷʯʝʡ ʚʦʜʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʯʘʣ ʨʫʩʩʢʠʡ 

ʧʫʪʝʰʝʩʪʚʝʥʥʠʢ ʉ.ʇ. ʂʨʘʰʝʥʥʠʢʦʚ ʚ 1737 ʛʦʜʫ. ʈʝʛʫʣʷʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʥʘʯʘʪʳ ʚ 

ʪʨʠʜʮʘʪʳʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʛʝʦʣʦʛʦʤ ɹʦʨʠʩʦʤ ʀʚʘʥʦʚʠʯʝʤ ʇʠʡʧʦʤ. ɺ 1937 ʛʦʜʫ ʦʥ ʠʟʜʘʣ 

ʢʥʠʛʫ çʊʝʨʤʘʣʴʥʳʝ ʢʣʶʯʠ ʂʘʤʯʘʪʢʠè. ʆʥ ʞʝ ʦʨʛʘʥʠʟʦʚʘʣ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʩʦʟʜʘʣ ʀʥʩʪʠʪʫʪ ʚʫʣʢʘʥʦʣʦʛʠʠ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ɸʅ ʉʉʉʈ ʚ ʇʝʪʨʦʧʘʚʣʦʚʩʢʝ- ʂʘʤʯʘʪʩʢʦʤ ʚ 1962 

ʛʦʜʫ. ʊʘʢ ʢʘʢ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʵʥʝʨʛʝʪʠʢʝ, ʚ ʈʦʩʩʠʠ ʪʘʢ ʞʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʜʘʥʥʳʡ ʚʠʜ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʇʦ ʜʘʥʥʳʤ ʥʘ 2020 ʛʦʜ, ʚ ʈʦʩʩʠʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʯʝʪʳʨʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 81,4 ʄɺʪ, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʂʘʤʯʘʪʩʢʦʤ ʢʨʘʝ ʠ 

ʦʜʥʘ ʚ ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ.  
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ʇʝʨʚʘʷ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʈʦʩʩʠʠ - ʇʘʫʞʝʪʩʢʘʷ ɻʝʦʕʉ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʢʦʪʦʨʦʡ ʥʘʯʘʣʦʩʴ ʚ 1957 ʛʦʜʫ, ʘ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1966 ʛʦʜʫ. ʕʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 

ʇɸʆ çʂʘʤʯʘʪʩʢʵʥʝʨʛʦè. ɼʘʥʥʘʷ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ɻʝʦʕʉ ʩ 

ʧʨʷʤʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘ. ʆʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ ʇʘʫʞʝʪʩʢʠʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

- ʚ 30 ʢʤ ʦʪ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ ʫ ʨʝʢʠ ʇʘʫʞʝʪʢʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʤʝʶʪʩʷ 22 ʩʢʚʘʞʠʥʳ, 10 ʠʟ 

ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʶʱʠʭ. ɹʣʘʛʦʜʘʨʷ ʩʝʧʘʨʘʪʦʨʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʧʘʨʦʚʦʜʷʥʦʡ 

ʩʤʝʩʠ. ɼʘʣʝʝ ʧʘʨ ʠʜʝʪ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʢ ʟʜʘʥʠʶ ɻʝʦʕʉ ʠ ʧʦʪʦʤ ʚ ʪʫʨʙʠʥʳ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ ʇʘʫʞʝʪʩʢʦʡ ɻʝʦʕʉ - 12ʄɺʪ. 

ɺʝʨʭʥʝ-ʄʫʪʥʦʚʩʢʘʷ ɻʝʦʕʉ ʙʳʣʘ ʧʨʠʥʷʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1999 ʛʦʜʫ. ʕʪʘ ɻʝʦʕʉ 

ʥʘʭʦʜʠʪʩʷ ʚ ɽʣʠʟʦʚʩʢʦʤ ʨʘʡʦʥʝ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ. ʉʪʘʥʮʠʷ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʇɸʆ 

çʂʘʤʯʘʪʩʢʵʥʝʨʛʦè. ɺ ɺʝʨʭʥʝ-ʄʫʪʥʦʚʩʢʦʡ ɻʝʦʕʉ ʚʧʝʨʚʳʝ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʝʧʘʨʘʪʦʨʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʫʜʘʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʠʟ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʘʨʘ. ʊʘʢ ʞʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʘʥʥʦʡ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ 

ʧʦʩʣʝʜʩʪʚʠʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ɻʝʦʕʉ. ɼʘʥʥʘʷ ɻʝʦʕʉ ʪʘʢ ʞʝ ʢʘʢ ʠ 

ʇʘʫʞʝʪʩʢʘʷ ɻʝʦʕʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʦʪʝʨʤʘʣʴʥʫʶ ʵʣʝʢʪʨʦʩʪʘʥʮʠʶ ʩ ʧʨʷʤʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʪʦʞʝ 12 ʄɺʪ. 

ɺ 2002 ʛʦʜʫ ʙʳʣ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʝʨʚʳʡ ʧʫʩʢʦʚʦʡ ʢʦʤʧʣʝʢʩ ʄʝʥʜʝʣʝʝʚʩʢʘʷ 

ɻʝʦʊʕʉ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʪʨʦʚʝ ʂʫʥʘʰʠʨ ʦʢʦʣʦ ʚʫʣʢʘʥʘ ʄʝʥʜʝʣʝʝʚʘ. ʕʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 

ɿɸʆ çʕʥʝʨʛʠʷ ʖʞʥʦ-ʂʫʨʠʣʴʩʢʘʷè. ɺ 2016 ʛʦʜʫ ʄʝʥʜʝʣʝʝʚʩʢʘʷ ɻʝʦʊʕʉ ʙʳʣʘ ʚʨʝʤʝʥʥʦ 

ʚʳʚʝʜʝʥʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚ 2019 ʛʦʜʫ ʩʥʦʚʘ ʥʘʯʘʣʘ ʩʚʦʶ ʨʘʙʦʪʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʦʱʥʦʩʪʴ ʄʝʥʜʝʣʝʝʚʩʢʦʡ ɻʝʦʊʕʉ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 7,4 ʄɺʪ.  

ʂʨʫʧʥʝʡʰʘʷ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʈʦʩʩʠʠ - ʄʫʪʥʦʚʩʢʘʷ ɻʝʦʕʉ. ʈʘʩʧʦʣʦʞʝʥʘ ʚ 

ɽʣʠʟʦʚʩʢʦʤ ʨʘʡʦʥʝ ʂʘʤʯʘʪʩʢʦʛʦ ʢʨʘʷ, ʥʘ ʚʳʩʦʪʝ 800 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʉʪʘʥʮʠʷ 

ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʇɸʆ çʂʘʤʯʘʪʩʢʵʥʝʨʛʦè. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ - 50 ʄɺʪ. ɼʘʥʥʘʷ ɻʝʦʕʉ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʤʠʨʝ ʠ ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʘ ʚ 

ʈʦʩʩʠʠ. ʊʝʧʣʦʚʘʷ ʩʭʝʤʘ ʄʫʪʥʦʚʩʢʦʡ ɻʝʦʕʉ ʧʦʟʚʦʣʷʝʪ ʯʠʩʪʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩ ʵʢʦʣʦʛʠʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʨʠʨʦʜʦʡ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʇʦ ʧʨʦʛʥʦʟʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ 

ʄʫʪʥʦʚʩʢʦʡ ɻʝʦʕʉ ʚʦʟʨʘʩʪʫʪ ʜʦ 250 ʄɺʪ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ.  

ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʩʪʘʥʮʠʠ ʈʫʩɻʠʜʨʦ ʦʙʝʩʧʝʯʠʚʘʶʪ 30 % ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʂʘʤʯʘʪʢʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʧʨʠʚʦʟʥʦʝ ʪʦʧʣʠʚʦ. ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ 

ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʚʠʜʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦʣʝʪʥʷʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ɻʝʦʕʉ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ ʜʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚʩʸ ʞʝ 

ʝʩʪʴ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʤʘʣʦʡ ʝʝ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʯʘʩʪʴʶ, ʠ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʵʪʫ ʵʥʝʨʛʠʶ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʝʡ ʝʝ 

ʠʟʚʣʝʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [4, ʩ. 73]. 
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ʊʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʢʚʘʞʠʥ ʠ ʥʠʟʢʠʝ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʳʝ 

ʢʘʯʝʩʪʚʘ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʚʦʜ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʭʦʜʳ ʥʘ ʠʭ ʧʦʜʛʦʪʦʚʢʫ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʜʣʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ, ʢʦʨʨʦʟʠʦʥʥʦ-ʘʛʨʝʩʩʠʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʥʘ ʙʦʣʴʰʠʭ 

ʛʣʫʙʠʥʘʭ, ʦʜʥʦʨʘʟʦʚʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʚ ʩʠʩʪʝʤʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪ.ʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʛʝʦʪʝʨʤʘʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ɻʝʦʕʉ: ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʳʩʦʢʦʜʝʙʠʪʥʳʭ 

ʩʢʚʘʞʠʥ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʩʪʦʣʘʤʠ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʧʝʨʝʚʦʜ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʙʝʟʜʝʡʩʪʚʫʶʱʠʭ ʩʢʚʘʞʠʥ ʥʘ ʚʳʨʘʙʦʪʘʥʥʳʭ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʜʣʷ ʜʦʙʳʯʠ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ, ʰʠʨʦʢʦʝ ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʎʉ), ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ʠ 

ʩʦʣʝʦʪʣʦʞʝʥʠʝʤ, ʨʘʟʨʘʙʦʪʢʘ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʩʠʩʪʝʤ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʜʝʰʝʚʳʭ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʠ ʩʝʨʠʡʥʳʡ ʚʳʧʫʩʢ ʤʦʜʫʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʠ ʙʠʥʘʨʥʳʭ ɻʝʦʕʉ, ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʚʠʜʦʚ ʵʥʝʨʛʠʡ ʠ 

ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ 

ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʘ [5, ʩ. 161].  

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʈʦʩʩʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, 

ʧʦʵʪʦʤʫ ʧʦʩʪʘʚʱʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʠʥʦʩʪʨʘʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɻʝʦʕʉ. ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʦʪʜʘʯʠ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʚʦʜ, ʥʘʣʠʯʠʷ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʝʛʦ ʫʜʘʣʝʥʥʦʩʪʠ ʠ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʚʦʜ 

ʷʚʣʷʝʪʩʷ ʦʪʦʧʣʝʥʠʝ, ʛʦʨʷʯʝʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ [6, ʩ. 74].  

ɹʣʘʛʦʜʘʨʷ ʫʯʸʥʳʤ ʚʳʩʦʢʦʡ ʥʘʫʯʥʦʡ ʠ ʠʥʞʝʥʝʨʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʢʦʪʦʨʳʝ ʚʥʝʜʨʠʣʠ 

ʚʘʞʥʝʡʰʠʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, ʧʨʦʠʟʦʰʝʣ ʩʢʘʯʦʢ ʚ ʨʘʟʚʠʪʠʠ ʨʦʩʩʠʡʩʢʦʡ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʇʨʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʤʠʨʦʚʳʭ ɻʝʦʊʕʉ 13,3 ɻɺʪ ʫʩʪʘʥʦʚʣʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ ɻʝʦʊʕʉ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 74 ʄɺʪ ʧʨʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ɻʝʦʊʕʉ ʪʦʣʴʢʦ ʂʘʤʯʘʪʢʠ 1,1 ɻɺʪ. ʂʨʦʤʝ ʪʦʛʦ, ʈʦʩʩʠʷ ð ʦʜʥʘ ʠʟ ʧʷʪʠ ʩʪʨʘʥ ʤʠʨʘ, ʦʙʣʘʜʘʶʱʘʷ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʪʫʨʙʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ 

ʰʢʦʣʦʡ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, ʠʥʞʝʥʝʨʥʳʤʠ ʰʢʦʣʘʤʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦʙʫʨʝʥʦ ʦʢʦʣʦ 4000 ʩʢʚʘʞʠʥ ʥʘ 

ʛʣʫʙʠʥʫ ʜʦ 5000 ʤ. ʊʘʢʠʝ ʩʢʚʘʞʠʥʳ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʢ ʤʘʩʰʪʘʙʥʦʤʫ ʚʥʝʜʨʝʥʠʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ ʜʣʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ.  

ʈʘʟʚʠʪʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠ ʩʤʦʞʝʪ ʨʘʟʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʤʘʣʦʦʙʞʠʪʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ɸʆ çɻʝʦʪʝʨʤè ʧʣʘʥʠʨʫʝʪ ʧʦʩʪʨʦʠʪʴ ʯʝʪʚʝʨʪʳʡ ʙʣʦʢ ɺʝʨʭʥʝ-ʄʫʪʥʦʚʩʢʦʡ 

ɻʝʦʕʉ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʝ, ʯʪʦ ʟʘʤʦʪʠʚʠʨʫʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 
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ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʦʡ ʚʠʜ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ 

ʢʘʢ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʠʜʠʨʫʶʱʠʭ. ɻʠʜʨʦʛʝʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ 

ʫʩʧʝʰʥʦ ʦʩʚʘʠʚʘʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ, 

ʫʜʦʚʣʝʪʚʦʨʷʷ ʧʨʠ ʵʪʦʤ ʩʘʤʳʝ ʨʘʟʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

ʄʘʩʰʪʘʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ, ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʘʥ, 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʪʫ ʵʥʝʨʛʠʶ, ʪʘʢʞʝ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɸ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʧʦ ʚʩʝʡ 

ʩʪʨʘʥʝ, ʧʦʪʦʤʫ ʯʪʦ ʜʣʷ ʜʝʡʩʪʚʫʶʱʠʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʭʘʨʘʢʪʝʨʝʥ ʫʤʝʨʝʥʥʳʡ 

ʫʨʦʚʝʥʴ ʚʳʙʨʦʩʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʳʙʨʦʩʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʝʪʠʢʠ. 

ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʳʡ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʠʛʨʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʵʥʝʨʛʝʪʠʢʝ ʙʫʜʫʱʝʛʦ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɹʘʣʛʘʟʠʥ ʀ.ʀ., ɸʤʠʥʝʚ ʈ.ʅ., ʊʝʨʝʰʢʠʥ ɺ.ʄ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʄɽʊʆɼʓ ɼʀɸɻʅʆʉʊʀʂʀ ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ  

ʄʅʆɻʆʌɸɿʅʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʄɸʐʀʅ 

 

ʇʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʨʘʱʘʶʱʝʛʦʩʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʪʦʢʘʤʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ.  

ʄʥʦʛʦʬʘʟʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʰʠʥʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʚ 

ʨʦʣʠ ʢʦʤʤʫʪʘʪʦʨʘ ʢʦʪʦʨʦʡ ʚʳʩʪʫʧʘʶʪ ʩʠʣʦʚʳʝ ʢʣʶʯʠ. ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʦʚʳʝ ʢʣʶʯʠ 

ʚʤʝʩʪʦ ʱʝʪʦʢ ʥʝ ʥʦʚʘ, ʧʝʨʚʳʝ ʧʨʦʪʦʪʠʧʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʝʱʝ ʚ 30-ʝ ʛʦʜʘ XX ʚʝʢʘ, ʦʜʥʘʢʦ 

ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʥʘʯʘʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʩ 70-ʭ ʛʦʜʦʚ, ʘ ʧʨʦʤʳʰʣʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩ 90-ʭ ʛʦʜʦʚ 

[7, ʩ. 1], ʩʚʷʟʘʥʦ ʵʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ (ʩʠʣʦʚʳʝ ʢʣʶʯʠ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʠ ʙʳʣʠ ʜʦʨʦʛʠ ʚ ʠʩʧʦʣʥʝʥʠʠ), ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʨʠʯʠʥʘʤʠ (ʜʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʐʀʄ ʠ ʜʨ. ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ, 

ʜʘʥʥʳʡ ʪʠʧ ʜʚʠʛʘʪʝʣʷ ʙʳʣʦ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʣʫ ʥʠʟʢʦʛʦ ʂʇɼ, ʤʘʣʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʜʦʨʦʛʦʚʠʟʥʳ). 

ɻʣʘʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʤʥʦʛʦʬʘʟʥʦʡ ʤʘʰʠʥʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʷʚʣʷʶʪʩʷ: 

1. ʇʦʚʳʰʝʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ. ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʠ ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʥʦʛʦʬʘʟʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ [2, ʩ. 13], ʯʪʦ ʤʥʦʛʦʬʘʟʥʳʝ ʤʘʰʠʥʳ ʩ ʯʠʩʣʦʤ ʬʘʟ mÓ6 ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʨʳʚʘ 1 ʠ ʙʦʣʝʝ ʬʘʟ.  

2. ɹʦʣʴʰʠʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʘʟ (m>3) 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʤʝʥʴʰʝʥʠʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʤ ʧʫʣʴʩʘʮʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʘʰʠʥʝ, ʩʥʠʞʝʥʠʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʬʘʟʥʦʛʦ ʪʦʢʘ ʥʘ ʚʝʣʠʯʠʥʫ   . ʉʥʠʞʝʥʠʝ ʞʝ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʬʘʟʥʦʛʦ ʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʚʦʜʘ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʩʝʯʝʥʠʝʤ 

(ʫʣʫʯʰʝʥʠʝ ʢʦʤʤʫʪʘʮʠʠ), ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʘʛʨʝʚʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ.  

3. ʋʣʫʯʰʝʥʥʳʝ ʚʠʙʨʦ-h ʫʤʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢ ʢʘʢ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʤʥʦʛʦʬʘʟʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʪʝʯʝʪ ʤʝʥʴʰʠʡ ʬʘʟʥʳʡ ʪʦʢ (ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʤʦʱʥʦʩʪʴ 

ʤʘʰʠʥʳ), ʠ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʛʘʨʤʦʥʠʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʚʠʙʨʘʮʠʡ ʠ 

ʰʫʤʦʚ ʢʨʘʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʘʰʠʥʘʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ.  

4. ʋʣʫʯʰʝʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. ɺ ʩʠʣʫ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ 

ʛʘʨʤʦʥʠʢ, ʣʫʯʰʝʡ ʢʦʤʤʫʪʘʮʠʠ, ʧʦʪʝʨʴ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʪʘʢ ʞʝ ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʦʙ 

ʤʝʥʴʰʝʤ ʥʘʛʨʝʚʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ (ʤʝʥʴʰʠʝ ʬʘʟʥʳʝ ʪʦʢʠ). ɺʳʰʝ ʂʇɼ [7, ʩ. 1; 8, ʩ. 1]. 

5. ɹʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʢʠ ʩʢʦʨʦʩʪʠ. ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʢʘʢ ʠ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʩʧʦʣʥʝʥʠʷ ʤʥʦʛʦʬʘʟʥʳʭ ʤʘʰʠʥ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʢʫʜʘ 

ʙʦʣʝʝ ʧʣʘʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
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6. ʄʝʥʴʰʠʝ ʠʪʦʛʦʚʳʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʝʥʴʰʠʝ ʠʪʦʛʦʚʳʝ ʛʘʙʘʨʠʪʳ 

ʤʦʛʫʪ  ʜʦʩʪʠʛʘʪʴʩʷ ʚ ʯʘʩʪʥʦʩʪʠ ʚ 7 ʬʘʟʥʳʭ ʤʘʰʠʥʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ɽʩʣʠ ʪʦʯʥʝʝ ʚʳʨʘʟʠʪʴʩʷ, ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʪʩʫʪʩʪʚʠʶ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʬʠʣʴʪʨʘʭ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ. ʊʘʢʞʝ ʚ 7 ʬʘʟʥʳʭ 

ʤʘʰʠʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʵʢʦʥʦʤʠʷ ʤʝʜʠ ʚʧʣʦʪʴ ʜʦ 20%, ʯʪʦ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʤʘʩʩʫ. 

7. ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʠ ʢʨʠʪʠʯʥʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚ ʘʚʠʘʮʠʠ, 

ʩʫʜʦʩʪʨʦʝʥʠʠ, ʩʪʘʥʢʦʩʪʨʦʝʥʠʠ. 

ɺʠʜʳ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ 

ɺʳʩʦʢʘʷ ʧʦʚʨʝʞʜʘʝʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ (ʕʄ), ʧʨʝʧʷʪʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʝʝ 

ʧʨʠʤʝʥʝʥʠʶ, ʯʪʦ ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʚʳʩʠʪʴ ʙʨʘʢ ʧʨʦʜʫʢʮʠʠ, 

ʧʨʠʚʝʩʪʠ ʢ ʬʘʪʘʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʢʘʪʘʩʪʨʦʬ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʚʦʟʛʦʨʘʥʠʡ ʕʄ, ʦʩʦʙʝʥʥʦ ʯʘʩʪʦ ʦʥʠ ʚʦʟʥʠʢʘʶʪ, 

ʢʦʛʜʘ ʨʘʙʦʪʘ ʕʄ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʫʛʦʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʠʩʢʨʝʥʠʝʤ.  

ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʜʘʞʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ 

ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʣʘʚʠʥʦʦʙʨʘʟʥʦʤʫ ʚʳʚʦʜʫ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʞʘʨʦʚ. ʂʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʦʟʛʦʨʘʥʠʷ ʘʧʧʘʨʘʪʫʨʳ, ʥʦ 

ʠ ʥʘʧʨʠʤʝʨ ʧʨʠʚʝʩʪʠ ʢ ʥʘʛʨʝʚʫ ʕʄ, ʦʪ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʚʩʧʳʭʥʫʪʴ ʦʢʨʫʞʘʶʱʠʝ ʦʙʲʝʢʪʳ. 

ʇʨʠʥʷʪʦ ʨʘʟʜʝʣʷʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʕʄ ʥʘ: ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʠ ʜʨʫʛʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ [1, ʩ. 4-6; 3, ʩ. 2; 4, ʩ. 2-3; 5, ʩ. 9-23; 6, ʩ. 52] 

ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʳʭ ʧʨʦʮʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ. ɺʳʟʚʘʥʦ ʵʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʟʥʳʤʠ 

ʪʠʧʘʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʕʄ, ʨʘʟʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʨʝʞʠʤʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʦʪʨʘʩʣʝʚʳʝ ʦʪʣʠʯʠʷ). ʆʜʥʘʢʦ ʝʩʣʠ ʦʧʠʨʘʪʴʩʷ ʥʘ ʨʦʩʩʠʡʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʚ 50-55% ʩʣʫʯʘʷʭ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʕʄ ʚʳʟʳʚʘʝʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, 0-5% ʜʨʫʛʠʤʠ (ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʠʥʚʝʨʪʦʨʘ, ʬʠʣʴʪʨʘ, ʧʣʦʭʦʝ 

ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ), ʤʝʭʘʥʠʯʝʩʢʠʝ ʞʝ ʧʦʚʨʝʞʜʝʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʕʄ ʠ ʚ ʮʝʣʦʤ 

ʥʝ ʧʨʝʚʳʰʘʶʪ 40%. 

ʂ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤ ʦʪʥʦʩʷʪ: ʧʦʚʨʝʞʜʝʥʠʝ ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʝʡ, ʪ.ʝ. 

ʧʦʚʨʝʞʜʝʥʠʝ ʥʘ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ʧʦʜʰʠʧʥʠʢʦʚ, ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ, ʞʝʣʝʟʘ 

ʩʪʘʪʦʨʘ, ʚʘʣʘ ʨʦʪʦʨʘ. 

ʂ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤ ʦʪʥʦʩʷʪ:  

1) ʆʙʨʳʚ ʠʣʠ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʚ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʷ (ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ ʧʨʦʙʦʷ 

ʠʟʦʣʷʮʠʠ); 

2) ʅʝʧʨʘʚʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʤʦʪʦʢ; 

3) ɺʳʩʦʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ; 

4) ʅʝʧʨʘʚʠʣʴʥʦʝ ʟʘʟʝʤʣʝʥʠʝ. 
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ʈʠʩ. ʇʨʠʯʠʥʳ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʕʄ 

 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʜʠʘʛʥʦʩʪʠʢ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʤʥʦʛʦʬʘʟʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʚʠʜʘʤʠ ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʶʪʩʷ:  

1. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʘʥʘʣʠʟʠʨʫʷ ʬʦʨʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʉʫʪʴ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʬʠʢʩʠʨʫʷ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʠ  ʬʦʨʤʳ ʩʪʘʪʦʨʘ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʩʠʛʥʘʣʘ ʪʦʢʘ. ʉʫʪʴ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʕʄ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, 

ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

3. ʆʮʝʥʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʦ ʟʚʫʢʦʚʦʤʫ ʩʠʛʥʘʣʫ. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʠ ʩʨʘʚʥʝʥʠʠ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʥʝʠʩʧʨʘʚʥʦʡ ʕʄ, ʩ ʵʪʘʣʦʥʥʳʤ ʩʠʛʥʘʣʦʤ.  

4. ɺʠʙʨʦʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʚʠʙʨʘʮʠʡ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺʩʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʕʄ ʠʤʝʶʪ ʢʘʢ ʜʦʩʪʦʠʥʩʪʚʘ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʜʳ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʕʄ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʭ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 

ɺʠʜʳ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʕʄ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

 

ɺʠʜ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʄʝʪʦʜ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʂʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʄʝʩʪʥʳʡ ʥʘʛʨʝʚ, ʜʳʤ, ʚʦʟʛʦʨʘʥʠʝ, 

ʥʝʩʩʠʤʝʪʨʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ, ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ ʠ ʰʫʤʘ ʠ ʜʨ. 

1) ʚʥʝʰʥʠʡ ʦʩʤʦʪʨ; 

2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ 

(ʪʝʨʤʦʨʝʟʠʩʪʦʨʳ, ʪʝʨʤʦʧʘʨʳ 

ʠ ʪ.ʜ.); 

3) ʤʝʪʦʜ ʘʤʧʝʨʤʝʪʨʘ - 

ʚʦʣʴʪʤʝʪʨʘ 

4) ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ 

ʅʝʩʩʠʤʝʪʨʠʷ 

ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ 

ʇʦʚʳʰʝʥʥʘʷ ʚʠʙʨʘʮʠʷ, ʧʦʷʚʣʝʥʠʝ 

ʛʘʨʤʦʥʠʢ, ʤʝʩʪʥʳʡ ʥʘʛʨʝʚ 

1) ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ 

2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʱʫʧʦʚ 

ʅʝʠʩʧʨʘʚʥʦʩʪʴ ʦʙʤʦʪʢʠ 

(ʦʙʨʳʚ ʬʘʟʳ, 

ʧʝʨʝʛʦʨʘʥʠʝ ʧʨʦʚʦʜʦʚ ʠ 

ʪ.ʜ.) 

ʅʝʩʩʠʤʝʪʨʠʷ ʬʘʟʥʳʭ ʪʦʢʦʚ, ʩʥʠʞʝʥʠʝ 

ʢ.ʧ.ʜ. ʠ cos◖, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʚʠʙʨʘʮʠʡ ʠ ʰʫʤʘ 

1) ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ 

2) ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʨʘʩʩʝʷʥʠʷ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚʦʢʨʫʛ 

ʩʪʝʨʞʥʝʡ ʨʦʪʦʨʘ 

ʅʝʠʩʧʨʘʚʥʦʩʪʴ 

ʧʦʜʰʠʧʥʠʢʦʚ 
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ɺʠʜ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʄʝʪʦʜ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʇʨʦʙʦʡ ʠʟʦʣʷʮʠʠ ʇʦʚʳʰʝʥʥʳʡ ʪʝʧʣʦʚʦʡ ʠʟʥʦʩ ʠʟʦʣʷʮʠʠ, 

ʧʦʚʳʰʝʥʠʝ ʧʦʪʝʨʴ, ʠʩʢʨʝʥʠʝ 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʇʦʚʨʝʞʜʝʥʠʝ 

ʢʦʨʧʫʩʘ/ʚʘʣʘ 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ ʠ 

ʰʫʤʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʩʩʠʤʝʪʨʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ 

1) ʚʥʝʰʥʠʡ ʦʩʤʦʪʨ 

2) ʚʠʙʨʦʜʠʘʛʥʦʩʪʠʢʘ 

 

ʀʪʘʢ, ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʤʥʦʛʦʬʘʟʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʰʠʥ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ 

ʤʥʦʛʦʬʘʟʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ, ʧʦʢʘʟʘʥʳ ʦʪʨʘʩʣʠ, ʛʜʝ  

ʧʨʠʤʝʥʷʶʪʩʷ ʤʥʦʛʦʬʘʟʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ. 
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ʉʫʰʢʦʚ ɺ.ɺ. 

ʅʠʞʥʝʚʘʨʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

ʉʠʜʦʨʦʚ ʉ.ɺ., ʉʫʭʘʯʝʚ ʀ.ʉ., ɸʥʪʨʦʧʦʚʘ ɺ.ʈ. 

ʊʁ ʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʉʈʆʂʆɺ ʈɽʄʆʅʊɸ ʅɸ ʆʉʅʆɺɽ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ 

ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʅɽʌʊɽʇʈʆʄʓʉʃʆɺʆɻʆ 

ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀʗ ɺ ʋʉʃʆɺʀʗʍ ʕʂʉʇʃʋɸʊɸʎʀʀ  

ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʀʉʂʋʉʉʊɺɽʅʅʆʁ ʅɽʁʈʆʅʅʆʁ ʉɽʊʀ  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ 

ʩʪʘʥʦʚʷʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ (ʀʅʉ). 

ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʙʦʣhɹʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʩʣʦʞʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʉʠʩʪʝʤʳ ʣʦʛʠʯʝʩʢʠʭ 

ʚʳʚʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʫʩʣʦʚʥʦ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷ ï ʯʝʪʢʠʝ ʠ ʥʝʯʝʪʢʠʝ ʚʳʚʦʜʳ [2; 3]. ʏʝʪʢʠʝ ʣʦʛʠʯʝʩʢʠʝ ʚʳʚʦʜʳ ʧʦʩʪʨʦʝʥʳ ʥʘ 

ʪʝʦʨʠʠ ʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ. ʅʝʯʝʪʢʠʝ ʣʦʛʠʯʝʩʢʠʝ ʚʳʚʦʜʳ (ʥʝʡʨʦ - ʥʝʯʝʪʢʠʝ ʣʦʛʠʯʝʩʢʠʝ ʚʳʚʦʜʳ) 

ʦʩʥʦʚʘʥʳ ʥʘ ʪʝʦʨʠʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʥʝʯʝʪʢʠʭ 

ʚʳʚʦʜʦʚ ʧʨʠ ʧʦʤʦʱʠ ʥʝʯʝʪʢʠʭ ʫʩʣʦʚʠʡ ʠʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʝʛʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ. ʅʝʡʨʦ - ʥʝʯʝʪʢʠʡ ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʜʦʧʫʩʢʘʝʪ 

ʥʝʪʦʯʥʦʩʪʴ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʥʝʧʦʣʥʦʪʫ ʠʩʪʠʥʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. ɼʘʥʥʳʡ 

ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʤʝʪʦʜʦʚ: 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʩʪʘʥʦʚʦʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ 

(ʋʕʎʅ) ʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʥʳʭ ʘʛʨʝʛʘʪʦʚ (ʎʅɸ) ʢʫʩʪʦʚʳʭ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ (ʂʅʉ). ʇʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʋʕʎʅ ʠ ʎʅɸ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʘʙʦʪʢʘ ʨʝʩʫʨʩʘ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʧʦʣʥʷʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʋʕʎʅ ʠ 

ʎʅɸ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʩʢʚʘʞʠʥʳ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʳʝ ʫʙʳʪʢʠ ʠ 

ʥʘʨʫʰʝʥʠʝ ʧʦʩʪʘʚʦʢ ʧʨʦʜʫʢʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʠ ʥʘ ʧʨʠʤʝʨʝ ʋʕʎʅ ʠ ʎʅɸ ʂʅʉ. 

ɼʣʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʨʠʤʝʥʷʶʪ 

ʰʠʨʦʢʠʡ ʧʝʨʝʯʝʥʴ ʪʠʧʦʚʳʭ ʨʘʟʤʝʨʦʚ ʋʕʎʅ ʨʘʟʣʠʯʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʠʥʦʩʪʨʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʋʕʎʅ ʠ ʎʅɸ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʬʘʢʪʦʨʦʚ [1]. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ: 
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ʪʝʭʥʠʯʝʩʢʠʝ (ʚʠʙʨʘʮʠʷ), ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ (ʜʠʘʤʝʪʨ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʢʦʣʦʥʥ, ʛʣʫʙʠʥʘ ʩʧʫʩʢʘ 

ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʜʝʪʘʣʝʡ ʋʕʎʅ, ʢʨʠʚʠʟʥʘ ʩʢʚʘʞʠʥʳ, 

ʧʨʦʤʝʞʫʪʢʠ ʥʘʙʦʨʘ ʢʨʠʚʠʟʥʳ) ʠ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʝ (ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ, ʘʢʪʠʚʥʦʝ ʩʦʣʝʦʪʣʦʞʝʥʠʝ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʘʬʠʥʘ, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʩʢʚʘʞʠʥʳ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʷʟʢʦʩʪʠ ʠ ʛʘʟʦʚʳʡ 

ʬʘʢʪʦʨ, ʥʠʟʢʠʝ ʟʘʙʦʡʥʳʝ ʜʘʚʣʝʥʠʷ). 

ɺ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʊʉ) ʧʦʛʨʫʞʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʣʝʞʠʪ ʠʟʤʝʨʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʋʕʎʅ: ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ 

(ʘʤʧʣʠʪʫʜʳ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʦʚ ʬʘʟ, ʚʠʙʨʦʩʢʦʨʦʩʪʠ) ʦʧʨʝʜʝʣʷʝʤʦʝ ʚ 

ʧʨʦʮʝʥʪʘʭ; ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʦʪ ʦʧʨʝʜʝʣʷʝʤʦʝ ʚ ʧʨʦʮʝʥʪʘʭ; ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʚʘʣʘ; ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ; ʘʚʪʦʢʦʣʝʙʘʥʠʝ ʚʘʣʘ ʫʩʪʘʥʦʚʢʠ; ʯʘʩʪʦʪʳ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʝʬʝʢʪʘʭ; ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ; ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ ʧʦ ʬʘʟʘʤ; 

ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʧʦ ʬʘʟʘʤ; ʩʢʘʯʢʠ ʪʦʢʘ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʠ ʨʘʟʣʠʯʥʳʝ ʧʦ ʚʨʝʤʝʥʠ; ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʧʠʪʘʶʱʝʤ ʧʦʛʨʫʞʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʪʦʨʘ 

ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʅʘʧʨʠʤʝʨ, ʚ ʦʩʥʦʚʫ ʧʨʠʥʮʠʧʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʊʉ ʎʅɸ ʧʦʣʦʞʝʥʦ ʠʟʤʝʨʝʥʠʝ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ: ʚʠʙʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʎʅɸ ʠ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʦ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʦʩʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʥʘʩʦʩʘ. ʅʝʡʨʦ - ʥʝʯʝʪʢʠʡ ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʰʘʛʝ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʋʕʎʅ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʙʱʝʥʥʳʡ ʧʘʨʘʤʝʪʨ H, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʠʟʤʝʨʷʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ: ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ (ʘʤʧʣʠʪʫʜʳ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʦʚ ʬʘʟ); 

ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʳʜʝʣʝʥʥʳʭ ʯʘʩʪʦʪ; ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ; ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ; 

ʘʚʪʦʢʦʣʝʙʘʥʠʝ ʚʘʣʘ ʫʩʪʘʥʦʚʢʠ; ʯʘʩʪʦʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʝʬʝʢʪʘʭ; 

ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ, ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ ʧʦ ʬʘʟʘʤ, ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʧʦ ʬʘʟʘʤ, ʩʢʘʯʢʠ ʪʦʢʘ 

ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʠ ʨʘʟʣʠʯʥʳʝ ʧʦ ʚʨʝʤʝʥʠ, ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʪʦʨʘ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ H ʨʘʟʨʘʙʦʪʘʥʘ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ 

ʩ ʪʠʧʦʤ ʥʝʡʨʦʥʦʚ long short ï term memory (LSTM). ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʥʝʡʨʦʥʦʚ ʨʝʢʫʨʨʝʥʪʥʦʡ ʩʝʪʠ LSTM, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʘʥʘʣʦʚ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʜʘʥʥʳʭ ʠ 

ʩʦʜʝʨʞʘʱʝʡ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʪʳʨʴʤʷ 

ʥʝʡʨʦʥʥʳʤʠ ʩʣʦʷʤʠ. ɼʘʥʥʘʷ ʩʝʪʴ ï ʩʦʚʨʝʤʝʥʥʘʷ ʨʝʢʫʨʨʝʥʪʥʘʷ ʀʅʉ (Recurrent Neural 

Network). ʉʝʪʴ LSTM ʷʚʣʷʝʪʩʷ ʪʠʧʦʤ ʨʝʢʫʨʨʝʥʪʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʟʫʯʠʪʴ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ ʰʘʛʘʤʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ [4]. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʪʠʧʘ ʥʝʡʨʦʥʦʚ LSTM 

 

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʋʕʎʅ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʙʫʯʝʥʠʝ ʩʝʪʠ LSTM 

ʨʝʛʨʝʩʩʠʠ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʪʚʝʪʘʤʠ ʷʚʣʷʶʪʩʷ 

ʦʙʫʯʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʩʜʚʠʥʫʪʳʤʠ ʥʘ ʦʜʠʥ ʚʨʝʤʝʥʥʦʡ ʰʘʛ. ʊʦ ʝʩʪʴ 

ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʚʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʴ LSTM ʫʯʠʪʩʷ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʟʥʘʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. 

ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʊʉ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʥʳʡ ʥʘʙʦʨ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ çdatasetinputè, ʧʝʨʝʜʘʚʘʝʤʳʡ ʚ ʧʦʜʩʠʩʪʝʤʫ çsequenceInputLayer (numFeatures)è. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʪʢʣʦʥʝʥʠʡ ʚ ʦʙʫʯʝʥʠʠ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʜʘʥʥʳʝ 

çdataTrainè, ʯʪʦʙʳ ʠʤʝʪʴ ʥʫʣʝʚʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʝʜʠʥʠʯʥʫʶ ʜʠʩʧʝʨʩʠʶ. ɺʦ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʪʝʩʪʦʚʳʝ ʜʘʥʥʳʝ çdataTestè, ʧʨʠʤʝʥʷʷ ʪʝ ʞʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʯʪʦ ʠ ʧʨʠ ʦʙʫʯʝʥʠʠ.  

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʙʫʜʫʱʠʭ ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʟʘʜʘʥʳ 

ʦʪʚʝʪʳ ʢʘʢ ʦʙʫʯʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʩʜʚʠʥʫʪʳʤʠ ʥʘ ʦʜʠʥ ʚʨʝʤʝʥʥʦʡ 

ʰʘʛ. ʊʦ ʝʩʪʴ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʚʭʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʴ LSTM ʫʯʠʪʩʷ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʟʥʘʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦʟʜʘʥʘ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʩʝʪʴ LSTM. ʇʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʫʯʝʥʠʷ: ʪʠʧ ʨʝʰʘʪʝʣʷ ï çɸʜʘʤè, 

ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʠʪʝʨʘʮʠʡ ï 300, ʧʦʨʦʛ ʛʨʘʜʠʝʥʪʘ ï 1, ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ 

ï 0,0001, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ ʧʦʩʣʝ 125 ʠʪʝʨʘʮʠʡ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ï 0,2.  

ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ ʚ ʙʫʜʫʱʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʬʫʥʢʮʠʷ çpredictAndUpdateStateè ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʰʘʛʦʚ ʧʦ ʦʜʥʦʤʫ ʠ 
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ʦʙʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ ʧʨʠ ʢʘʞʜʦʤ ʧʨʦʛʥʦʟʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʦʛʥʦʟʘ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʨʦʛʥʦʟ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʩʦʩʪʦʷʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʝʜʩʢʘʟʘʥʳ ʦʙʫʯʘʶʱʠʝ ʜʘʥʥʳʝ çXTrainè. ɿʘʪʝʤ ʧʝʨʚʳʡ ʧʨʦʛʥʦʟ ʩʦʩʪʘʚʣʝʥ ʠʩʧʦʣʴʟʫʷ 

ʧʦʩʣʝʜʥʠʡ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʦʙʫʯʘʶʱʝʛʦ ʦʪʚʝʪʘ çYTrain(end)è. ɺʳʧʦʣʥʝʥ ʧʝʨʝʙʦʨ ʦʩʪʘʚʰʠʭʩʷ 

ʧʨʦʛʥʦʟʦʚ ʠ ʚʚʝʜʝʥ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʨʦʛʥʦʟ ʚ çPredictAndUpdateStateè. 

ɼʣʷ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ, ʜʣʠʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʣʠ ʙʦʣʴʰʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʦʛʥʦʟʳ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʧʨʦʛʥʦʟʳ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ. ʀʥʘʯʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʮʝʥʪʨʘʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʨʦʤ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʏʪʦʙʳ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʧʘʨʘʤʝʪʨ çExecutionEnvironmentè ʬʫʥʢʮʠʠ 

çPredictAndUpdateStateè ʟʥʘʯʝʥʠʝ çCPUè. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʦ ʠʟʤʝʥʝʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ H 

ʋʕʎʅ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ. 
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ʈʠʩ. 2. ɻʨʘʬʠʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʋʕʎʅ 

 

ʈʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʋʕʎʅ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ H, ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʧʦʛʨʫʞʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʜʦʧʫʩʢʘ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ.  

ɺ ʪʘʙʣʠʮʝ ʜʘʥʘ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʋʕʎʅ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʠ ʜʦʧʫʩʢʘ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʢʠ. ɿʥʘʷ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʨʘʙʦʪʢʠ ʥʘ ʦʪʢʘʟ ʋʕʎʅ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ p ʟʘ ʚʨʝʤʷ  t 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʦʙʦʙʱʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʊʉ ʠ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʢʦʛʜʘ ʜʦʧʫʩʢ ʢ ʨʘʙʦʪʝ ʥʝ ʨʘʟʨʝʰʝʥ. ʅʘʧʨʠʤʝʨ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʋʕʎʅ - 30 ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʟʘʢʦʥʫ 

ɺʝʡʙʫʣʣʘ ʩ ʬʫʥʢʮʠʝʡ ʧʣʦʪʥʦʩʪʠ f(t) = 0,0048t0,471 exp (-0,0033x1,471) c ʧʘʨʘʤʝʪʨʘʤʠ a = 1,471 ʠ 

b = 306 [5].  
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ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʨʘʚʥʘ ʠʥʪʝʛʨʘʣʫ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t ʜʦ Ð. ʇʨʠ ʟʥʘʯʝʥʠʠ t = 278 cʫʪʦʢ (ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ) ʨ = 0,65, ʅ = 0,5, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʧʫʩʢʘʝʪʩʷ ʨʘʙʦʪʘ ʫʩʪʘʥʦʚʢʠ ʠ ʚʦʟʤʦʞʥʘ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ. 

ʆʜʥʘʢʦ, ʯʝʨʝʟ 140 ʩʫʪʦʢ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʩʦʩʪʘʚʠʪ 0,85, ʪʦʛʜʘ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʳ 1 ʫʩʪʘʥʦʚʢʘ 

ʢ ʨʘʙʦʪʝ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ. 

ʊʘʙʣʠʮʘ 1 

ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʋʕʎʅ 

 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʋʕʎʅ ɼʦʧʫʩʢ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʜʦ 0,3 (ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 0,7) ɼʣʠʪʝʣʴʥʘʷ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ 0,45 ï 0,8 (ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 0,2 - 

0,55) 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʮʝʥʢʠ 

ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ. 

ɼʦʧʫʩʢʘʝʪʩʷ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ 

ʢʦʥʪʨʦʣʝ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ > 0,85 (ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ  < 0,15) 

ʆʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʥʝ ʦʮʝʥʠʚʘʝʪʩʷ. 

ʅʝ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʨʘʙʦʪʝ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ 

ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʜʘʣʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʨʠ 

ʵʪʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʦʡ ʠ ʧʨʦʛʥʦʟʦʤ ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʨʦʢʠ ʚʳʚʦʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʤʦʥʪ.  
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 ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɺʀʍʈɽɺʓʍ ʉʊʈʋʂʊʋʈ ʅɸ ʊɽʇʃʆʆʊɼɸʏʋ  

ʅɸ ʈɸɿʃʀʏʅʓʍ ʃʆʂɸʃʔʅʓʍ ʋʏɸʉʊʂɸʍ ʊɽʇʃʆʆɹʄɽʅʅʆɻʆ ɸʇʇɸʈʊɸ  

ʇʆ ʊʀʇʋ ʊʈʋɹʓ ʌʀʃʔɼɸ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʫʙʳ ʌʠʣʴʜʘ ʥʘʭʦʜʷʪ ʙʦʣʴʰʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘʭ, ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʠ ʧʨ. [1, ʩ. 173]. 

ʊʨʫʙʘ ʌʠʣʴʜʘ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʦʙʤʝʥʥʳʤ ʘʧʧʘʨʘʪʦʤ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʪʦʢ ʧʝʨʚʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʪʝʯʸʪ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʝ, ʟʘʪʝʤ 

ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʢʦʥʮʝ ʠ ʧʨʦʪʝʢʘʝʪ ʜʘʣʝʝ ʧʦ ʤʝʞʪʨʫʙʥʦʤʫ ʢʦʣʴʮʝʚʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʦʪʦʢ ʚʪʦʨʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʤʳʚʘʝʪ ʪʨʫʙʥʦʡ ʧʫʯʦʢ ʩʥʘʨʫʞʠ [2, ʩ. 72]. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʭ ʩʧʦʩʦʙʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʨʫʙʘʭ ʌʠʣʴʜʘ ʷʚʣʷʝʪʩʷ ʟʘʢʨʫʪʢʘ ʧʦʪʦʢʘ ʪʝʢʫʯʝʡ ʩʨʝʜʳ [3, ʩ. 294]. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʪʝʧʣʦʦʪʜʘʯʫ ʦʪ ʪʝʢʫʯʝʡ ʩʨʝʜʳ ʢ 

ʩʪʝʥʢʘʤ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʟʘʢʨʫʪʢʘ ʚʠʭʨʝʚʦʛʦ ʧʦʪʦʢʘ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʪʝʧʣʦʦʪʜʘʯʠ [4, ʩ. 3]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫ ʩʪʝʥʦʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʧʦʩʪʝʧʝʥʥʦ ʥʘʨʘʩʪʘʝʪ [5, ʩ. 109]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʪʝʢʫʯʝʡ ʩʨʝʜʳ ʯʝʨʝʟ ʩʪʝʥʦʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʨʫʙʝ ʌʠʣʴʜʘ ʧʨʠ ʧʦʤʦʱʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʪʘʢ ʢʘʢ 

ʦʪ ʥʝʛʦ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʧʨʠʤʝʨʘ, ʚ ʨʘʙʦʪʝ [6, ʩ. 65] ʧʦʢʘʟʘʥʦ 

ʚʣʠʷʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʨʝʙʨʠʩʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʪʨʫʙʳ ʌʠʣʴʜʘ ʩ ʨʘʚʥʦʤʝʨʥʳʤʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 

ʦʪʚʝʨʩʪʠʷʤʠ ʥʘ ʥʠʞʥʝʤ ʢʦʥʮʝ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʳ, ʚʳʧʦʣʥʠʚ ʦʪʚʝʨʩʪʠʷ ʚʦ ʚʥʝʰʥʝʡ ʪʨʫʙʝ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʟʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʨʠʩ.1). ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʯʠʩʣʝʥʥʦ 

ʩʨʘʚʥʠʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʦʩʥʦʚʘʥʠʠ ʫʩʪʘʥʦʚʢʠ ʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ 

ʚʥʝʰʥʝʡ ʪʨʫʙʳ. 

ʂʦʥʩʪʨʫʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʨʫʙ ʠ ʜʥʘ. ɺʥʫʪʨʝʥʥʠʡ 

ʜʠʘʤʝʪʨ ʚʥʝʰʥʝʡ ʪʨʫʙʳ ʙʳʣ ʨʘʚʝʥ 102 ʤʤ, ʘ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʳ ʙʳʣ ʨʘʚʝʥ 

67 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʩʦʪʘ ʚʥʝʰʥʝʡ ʪʨʫʙʳ ʟʘʜʘʚʘʣʘʩʴ 116 ʤʤ, ʚʳʩʦʪʘ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙ r

146ʤʤ. ʊʦʣʱʠʥʳ ʚʥʝʰʥʝʡ ʪʨʫʙʳ 0,5 ʤʤ, ʪʦʣʱʠʥʘ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʳ 1 ʤʤ. ɺʳʩʦʪʘ ʦʪʚʝʨʩʪʠʡ 

ʩʦʩʪʘʚʣʷʣʘ 32 ʤʤ. ʊʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 2 ʤʤ. ɺʥʠʟʫ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʳ ʚʳʧʦʣʥʝʥʦ 8 ʦʪʚʝʨʩʪʠʡ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʜʣʠʥʝ ʦʢʨʫʞʥʦʩʪʠ. ʅʘ ʚʥʝʰʥʝʡ ʪʨʫʙʝ 

ʚʳʧʦʣʥʝʥʦ 16 ʦʪʚʝʨʩʪʠʡ ʩ ʚʳʧʫʢʣʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩ ʜʠʘʤʝʪʨʦʤ 16,5 ʤʤ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʜʣʠʥʝ ʦʢʨʫʞʥʦʩʪʠ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʧʨʦʛʨʘʤʤʝ ANSYS Fluent. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ CFD-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ RANS, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʦʩʨʝʜʥʝʥʥʳʭ ʧʦ 

ʈʝʡʥʦʣʴʜʩʫ. 3D-ʤʦʜʝʣʴ ʦʙʪʝʢʘʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ c ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʨʘʚʥʦʤʝʨʥʦʡ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʦʡ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʷʯʝʝʢ ~3638718, ʢʦʣʠʯʝʩʪʚʦʤ ʫʟʣʦʚ ~644553. 

 

ʈʠʩ. 1. 3D ʤʦʜʝʣʴ ʤʫʣʴʪʠʚʠʭʨʝʚʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʱʝʣʷʤʠ ʥʘ ʚʥʝʰʥʝʡ ʪʨʫʙʝ:  

1 ï ʦʪʚʝʨʩʪʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʳ, 

  2 ï ʦʪʚʝʨʩʪʠʷ ʥʘ ʚʥʝʰʥʝʡ ʪʨʫʙʝ 

 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ. ɿʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʜʳ ʥʘ ʚʭʦʜʝ ʚ 

ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ ʙʳʣʦ ʨʘʚʥʦ 0,1 ʤ/ʩ, 0,5 ʤ/ʩ, 1 ʤ/ʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʟʘʜʘʚʘʣʘʩʴ 293 K. 

ɿʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ ʙʳʣʦ ʨʘʚʥʦ 1 ʤ/ʩ, 5 ʤ/ʩ, 10 

ʤ/ʩ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 293 K. ʅʘ ʚʳʭʦʜʝ ʠʟ ʢʦʣʴʮʝʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘʜʘʚʘʣʦʩʴ ʜʘʚʣʝʥʠʝ 

101325 ʇʘ, ʥʘ ʩʪʝʥʢʘʭ ʟʘʜʘʚʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ 273 K. ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʤʦʜʝʣʴ SST k-ɤ ʩ ʪʠʧʦʚʳʤʠ 

ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʧʨʦʛʨʘʤʤʦʡ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʆʜʥʠʤ ʠʟ 

ʧʨʝʠʤʫʱʝʩʪʚ ʤʦʜʝʣʠ k-ɤ ï ɻ ʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʘʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʪʦʢʘ ʚ 

ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ. ʊʘʢ ʚ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʶʪ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʬʫʥʢʮʠʠ ʩʪʝʥʦʢ, ʯʝʤ ʚ k-Ů 

ʤʦʜʝʣʷʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʣʫʯʰʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ [7, ʩ. 882]. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʩʨʝʜ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʜʘ ʠ ʚʦʟʜʫʭ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʟʘʣʦʞʝʥʥʳʤʠ ʚ ʨʘʩʯʝʪʥʦʤ 

ʢʦʤʧʣʝʢʩʝ. ɺ ʨʝʰʘʪʝʣʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ ñSIMPLEò ʩ ʪʠʧʦʚʳʤʠ ʵʤʧʠʨʠʯʝʩʢʠʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʧʨʦʛʨʘʤʤʦʡ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɺʳʙʦʨ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʤʝʪʦʜʘ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʘʣʛʦʨʠʪʤ ñSIMPLEò ʠʩʧʦʣʴʟʫʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʧʦʧʨʘʚʢʘʤʠ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʝʥʠʝ ʤʘʩʩʳ ʠ ʧʦʣʫʯʠʪʴ ʧʦʣʝ 

ʜʘʚʣʝʥʠʷ [8, ʩ. 68]. 
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ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʝʢʫʯʝʡ ʩʨʝʜʳ ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʚʥʝʰʥʝʡ ʪʨʫʙʳ ʠ ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 2 

ʨʠʩʫʥʢʝ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʣʠʩʴ ʢʘʢ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʘʙʩʦʣʶʪʥʳʤ ʜʘʚʣʝʥʠʝʤ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ: 20 ʇʘ ʧʨʠ 0,1 ʤ/ʩ, 536 ʇʘ ʧʨʠ 0,5 

ʤ/ʩ, 2150 ʇʘ ʧʨʠ 1 ʤ/ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʚʦʜʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ 

ʚʳʰʝ ʥʘ 12%, 34%, 41% ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʦʪ 0,1 ʜʦ 1 ʤ/c, ʯʝʤ ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ Ŭ/ ɡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʚʦʜʝ: 1-ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ, 2-ʚ ʦʩʥʦʚʘʥʠʠ 

 

ɺ ʩʣʝʜʫʶʱʝʡ ʩʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʠ ʪʝʯʝʥʠʠ ʚʦʟʜʫʭʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 

ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʚ ʫʩʪʨʦʡʩʪʚʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 10 ʤ/c. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʠ ʪʝʯʝʥʠʠ ʚʦʟʜʫʭʘ.  

 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ Ŭ/ ɡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʚʦʟʜʫʭʫ: 1-ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ, 2-ʚ ʦʩʥʦʚʘʥʠʠ  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 2 ʇʘ 

ʧʨʠ 1 ʤ/ʩ, 65 ʇʘ ʧʨʠ 5 ʤ/ʩ, 262 ʇʘ ʧʨʠ 10 ʤ/ʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʚʦʟʜʫʭʫ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʚʳʰʝ ʥʘ 12%, 40,5%, 35,5% ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʦʪ 1 ʜʦ 10 

ʤ/c, ʯʝʤ ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʪʝʯʝʥʠʠ ʠ ʚʦʜʳ, ʠ 

ʚʦʟʜʫʭʘ, ʪʝʧʣʦʦʪʜʘʯʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʠ ʚ ʦʩʥʦʚʘʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ (ʨʠʩ. 4).  

 

 

 

ʈʠʩ. 4. ʂʘʨʪʠʥʘ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʚʦʜʳ ʥʘ ʩʢʦʨʦʩʪʠ 0,5 ʤ/ʩ 

 

ʇʨʠ ʵʪʦʤ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʠʩʪʝʥʦʯʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʚʥʝʰʥʝʡ ʪʨʫʙʳ, ʯʝʤ ʚ 

ʦʩʥʦʚʘʥʠʠ. ɽʱʸ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʝʥʢʝ ʚʥʝʰʥʝʡ ʪʨʫʙʳ ̫ʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʘ ʠʤʝʥʥʦ ʦʪʚʝʨʩʪʠʷ ʩ 

ʚʳʧʫʢʣʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʩʪʝʥʢʦʡ ʠ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 
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ɺʘʩʠʥʘ ɸ.ʖ., ʊʫʢʰʘʠʪʦʚ ʈ.ʍ. 
ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
 

 

ʇʈɽɼɺɸʈʀʊɽʃʔʅɸʗ ʆʎɽʅʂɸ ʂɸʏɽʉʊɺɸ ʆʉɺɽʊʀʊɽʃʔʅʆɻʆ 

ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀʗ ʅɸ ʆʉʅʆɺɽ ɿʅɸʏɽʅʀʁ ʂʆʕʌʌʀʎʀɽʅʊɸ 

ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ. 

ʆʇʈɽɼɽʃɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆɻʆ ɼʀɸʇɸɿʆʅɸ ʉɺɽʊʆʆʊɼɸʏʀ 

 

ʆʙʲʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʤʳʭ ʨʝʡʪʠʥʛʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʠʢ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʨʝʡʪʠʥʛʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʪʨʘʞʘʝʪ ʩʚʝʜʝʥʠʷ ʦ ʩʚʝʪʦʜʠʦʜʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʝʜʠʥʦʡ ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʳ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʦʪʜʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʂʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʟʘʯʘʩʪʫʶ ʥʘʯʠʥʘʶʪ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʥʦ ʚ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʤʦʜʝʣʠ [1-4]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʜʘʝʪ ʩʚʝʪʦʦʪʜʘʯʘ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʶʪ ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ (ʌ) ʠ 

ʤʦʱʥʦʩʪʠ (ʈ). ʆʥʘ ʧʨʠʥʷʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ [1].  ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʩʨʝʜʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʧʦʢʫʧʘʪʝʣʷ ʦʩʪʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʫ ʧʨʠʙʦʨʦʚ ʩ ʨʘʟʥʦʡ ʩʚʝʪʦʦʪʜʘʯʝʡ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʮʝʥʫ ʧʨʠʙʦʨʘ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʪʦʠʤʦʩʪʠ ʝʜʠʥʠʮʳ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ɼʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʛʘʨʘʥʪʠʡʥʳʡ ʩʨʦʢ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ, ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢʦ 

ʚʪʦʨʠʯʥʳʤ [5]. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʮʝʥʘ ʝʜʠʥʠʮʳ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʦʢʘʟʘʪʝʣʴ ʩʚʝʪʦʦʪʜʘʯʠ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʝ.  

ɼʣʷ ʠʭ ʩʦʚʦʢʫʧʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ [1]; 

˗̞ ̞̕
̑̔̂
̌̍

ȟ
̌̍

ˏ̓z̑ ̔̂
, 

ʛʜʝ –- ʩʚʝʪʦʦʪʜʘʯʘ ʩʚʝʪʠʣʴʥʠʢʘ, ʣʤ/ɺʪ; ‎̑ ̔̂
̌̍
- ʮʝʥʘ ʝʜʠʥʠʮʳ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʨʫʙ/ʣʤ. 

ɼʘʥʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʨʘʟʤʘʭ ʟʥʘʯʝʥʠʡ ʦʮʝʥʦʢ ʚ 

ʫʜʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʠ ʜʘʝʪ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ ʢʘʯʝʩʪʚʝ ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʝʪʠʣʴʥʠʢʠ ʩʪʦʠʪ 

ʦʮʝʥʠʚʘʪʴ ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʜʥʦʤʫ ʠʟ ʧʷʪʠ ʢʣʘʩʩʦʚ, ʘ ʥʝ ʧʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʂɻ ʬʬ. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʢʣʘʩʩʘʤ ʚ ʪʘʙʣʠʮʝ 1. ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʚʳʙʠʚʘʶʱʠʝʩʷ ʠʟ 

ʜʠʘʧʘʟʦʥʦʚ ʟʥʘʯʝʥʠʷ ʬʠʨʤ ʂʦʤʣʝʜ, Geliomaster ʠ ʌʝʨʝʢʩ ʩʦʩʪʘʚʣʷʶʱʠʝ 732; 473 ʠ 8 ʫ.ʝ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʧʨʦʤʘʭʘʤ. ʈʝʟʫʣʴʪʘʪʳ 
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ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʜʦʣʠ ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʫʣʠʯʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚ ʧʨʦʮʝʥʪʥʦʤ ʚʳʨʘʞʝʥʠʠ. 

ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʢʣʘʩʩʳ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʰʠʨʠʥʫ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʢʨʫʛʣʝʥʳ ʜʦ ʮʝʣʳʭ. 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʜʦʣʠ ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ  

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʢ ʢʣʘʩʩʫ  

 

ʌʠʨʤʘ ˉ ʢʣʘʩʩʘ ʠ ʟʥʘʯʝʥʠʝ ʂʵʬʬ 

I 

295-384 

II 

250-294 

III 

205-249 

IV 

115-204 

V 

25-114 

Geliomaster 19 28 16 18 18 

Barrus Group 13 2 36 27 24 

NEWLED - - 24 76 - 

ʂʦʤʣʝʜ 2 4 9 55 30 

ʌʝʨʝʢʩ - - - 22 78 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ, ʠʟʜʝʣʠʷ ʬʠʨʤ Geliomaster ʠ Barrus Group ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʙʦʨʦʚ, ʪʘʢ ʢʘʢ ʵʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʣʠʜʠʨʫʶʪ, ʚʳʧʫʩʢʘʷ 

ʟʘʤʝʪʥʫʶ ʜʦʣʶ ʆʇ, ʚʭʦʜʷʱʠʭ ʚ ʢʣʘʩʩʳ I-II. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫ ʨʘʟʥʳʭ ʬʠʨʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʙʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʢʘʢ ʧʦ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ, ʪʘʢ ʠ 

ʧʦ ʥʘʣʠʯʠʶ ʜʦʣʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʣʘʩʩʝ. 

ʇʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʝʪʦʦʪʜʘʯʠ ʧʦ-

ʧʨʝʞʥʝʤʫ ʚ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʚʳʙʨʘʥʦ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ 120 

ʣʤ/ɺʪ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʬʠʨʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʝʪʦʦʪʜʘʯʫ ʥʝ ʥʠʞʝ ʵʪʦʛʦ ʫʨʦʚʥʷ [6, 7]. ɺʝʨʭʥʠʡ ʝʝ 

ʧʨʝʜʝʣ ʥʘ ʩʝʛʦʜʥʷ ʨʘʩʰʠʨʝʥ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʠʣʴʥʠʢʦʚ ʬʠʨʤʳ Geliomaster 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʊʘʙʣʠʮʘ 2 

ʇʨʦʮʝʥʪ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʝʪʦʦʪʜʘʯʠ ʚ ʵʬʬʝʢʪʠʚʥʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʫʜʝʣʴʥʘʷ ʜʦʣʷ ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʚʝʪʦʦʪʜʘʯʝʡ 

 

ʌʠʨʤʘ ʋʜʝʣʴʥʘʷ ʜʦʣʷ ʆʇ % ʚ 

ʧʨʝʜʝʣʘʭ 120-180 ʣʤ/ɺʪ 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʚʝʪʦʦʪʜʘʯʘ ʆʇ, ʣʤ/ɺʪ ʠ 

ʫʜ. ʜʦʣʷ, % 

ʄʠʥʠʤʘʣʴʥʘʷ 

ʩʚʝʪʦʦʪʜʘʯʘ ʆʇ, ʣʤ/ɺʪ ʠ 

ʫʜ. ʜʦʣʷ, % 

Barrus Group 75,6 160/8,8 92/2,2 

NEWLED 100 140/59,1 135/27,3 

Geliomaster 97 178/6,3 85/3,1 

ʌʝʨʝʢʩ 85,3 178/3 107/3 

ʂʦʤʣʝʜ 97 173/2 119/2 

 

ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʬʠʨʤʘ NEWLED ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʦ ʧʨʦʮʝʥʪʥʫʶ ʩʚʝʪʦʦʪʜʘʯʫ ʚ 

ʵʬʬʝʢʪʠʚʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʜʥʘʢʦ ʨʘʟʤʘʭ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 135-140 ʣʤ/ɺʪ. ʌʠʨʤʳ 

Geliomaster ʠ ʂʦʤʣʝʜ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʫʜʝʣʴʥʦʡ ʜʦʣʝ ʚ ʜʠʘʧʘʟʦʥʝ 120-180 

ʣʤ/ɺʪ, ʧʨʠ ʵʪʦʤ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʧʨʦʠʟʚʦʜʠʪʝʣʷ Geliomaster ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʂʦʤʣʝʜ. 

ʊʘʢ ʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ ʬʠʨʤ ʙʣʠʟʢʠ ʢ ʚʝʣʠʯʠʥʝ ʚ 180 ʣʤ/ɺʪ, 
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ʦʜʥʘʢʦ ʫ ʬʠʨʤ ʌʝʨʝʢʩ ʠ ʂʦʤʣʝʜ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʠʭ ʜʦʣʷ ʦʯʝʥʴ ʤʘʣʘ. ʊʘʢ ʞʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʬʠʨʤʳ ʫʣʫʯʰʠʣʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʧʝʨʚʦʤʫ ʢʨʠʪʝʨʠʶ, ʧʨʠ 

ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʩʚʝʪʦʦʪʜʘʯʠ [8].  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʦʦʪʜʘʯʠ ʜʣʷ ʢʘʞʜʦʡ 

ʬʠʨʤʳ, ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʥʘ ʦʩʥʦʚʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʜʦʣʠ ʦʩʚʝʪʠʪʝʣʴʥʳʭ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʦʪ ʚʝʣʠʯʠʥʳ ʩʚʝʪʦʦʪʜʘʯʠ [9-11]. 

 

 
 

ʈʠʩ. ɺʘʨʠʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʦʦʪʜʘʯʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʪʠʧʘ ʢʨʠʚʳʭ: ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʂʦʤʣʝʜ), ʩ ʚʳʨʘʞʝʥʥʦʡ ʤʦʜʦʡ (Barrus Group) ʠ ʩ ʥʠʩʧʘʜʘʶʱʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (Geliomaster).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʢʘʪʘʣʦʛʘʭ ʬʠʨʤ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʧʨʦʚʝʜʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚʝʜʫʱʠʭ ʬʠʨʤ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʇʨʦʚʝʜʝʥʦ ʨʘʟʙʠʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʥʘ ʢʣʘʩʩʳ ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʜʠʘʧʘʟʦʥ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʩʚʝʪʦʦʪʜʘʯʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʚʝʣʠʯʠʣʩʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʢʘʢ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ ʩʚʝʪʦʦʪʜʘʯʠ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ, ʪʘʢ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ.  
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ɺʘʩʠʥʘ ɸ.ʖ., ɿʠʥʫʨʦʚ ɺ.ʕ. 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʉɽʇɸʈɸʎʀʗ ʄɽʃʂʆɼʀʉʇɽʈʉʅʓʍ ʏɸʉʊʀʎ ɼʀʆʂʉʀɼɸ ʂʈɽʄʅʀʗ  

ʀɿ ɻɸɿʆɺʆɻʆ ʇʆʊʆʂɸ ɺ ʉɽʇɸʈɸʎʀʆʅʅʆʄ ʋʉʊʈʆʁʉʊɺɽ 

 

ʋʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʫʣʘʚʣʠʚʘʥʠʠ 

ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [1-4]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʫʣʘʚʣʠʚʘʥʠʷ 

ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʚ ʮʝʥʪʨʦʙʝʞʥʦʤ ʧʦʣʝ ʤʦʞʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʦʥʘ ʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʠʭʨʝʚʦʛʦ ʧʳʣʝʫʣʦʚʠʪʝʣʷ (ɺʇʋ).  ɺ 

ʮʠʢʣʦʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʨʠ ʚʨʘʱʝʥʠʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʚʚʝʜʝʥʥʦʛʦ 

ʛʘʟʦʧʳʣʝʚʦʛʦ ʧʦʪʦʢʘ, ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʢ ʩʪʝʥʢʘʤ ʢʦʨʧʫʩʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʷʞʝʩʪʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʙʫʥʢʝʨʝ.  ʅʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʣʘʚʣʠʚʘʥʠʠ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ >20 ʤʢʤ. ʉʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʜʦʩʪʠʛʘʝʪ 96-99%, ʦʜʥʘʢʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 10 ʤʢʤ ʠʣʠ 5 ʤʢʤ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 70-95% ʠ 30-85% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʎʠʢʣʦʥʳ ʧʨʠʤʝʯʘʪʝʣʴʥʳ ʦʪʩʫʪʩʪʚʠʝʤ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʘʜʝʞʥʦʩʪʴʶ 

ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ, ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʩʦʧʨʷʞʝʥʦ ʩ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʜʘʚʣʝʥʠʷ (ʜʦ 1,5 ʢʇʘ). 

ʊʘʢʞʝ ʦʥʠ ʥʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʩʣʠʧʘʶʱʝʡʩʷ ʧʳʣʠ ʠ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʠʭʨʝʚʳʝ ʧʳʣʝʫʣʦʚʠʪʝʣʠ ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʷʤʦʪʦʯʥʳʤ ʘʧʧʘʨʘʪʘʤ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʟʘʢʨʫʯʠʚʘʶʱʝʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʝʧʘʨʘʮʠʠ.  ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

ʜʠʘʤʝʪʨʦʤ 3-5 ʤʢʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 99%, ʚʥʫʪʨʝʥʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʜʫʪʴʝʚʦʤ ʫʩʪʨʦʡʩʪʚʝ ʠ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ [5-8].  

ɺ ʨʫʢʘʚʥʳʭ ʬʠʣʴʪʨʘʭ ʟʘʧʳʣʝʥʥʳʝ ʧʦʪʦʢʠ ʧʨʦʧʫʩʢʘʶʪʩʷ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʧʝʨʝʛʦʨʦʜʢʠ, 

ʚʠʜ ʢʦʪʦʨʳʭ ʧʦʜʙʠʨʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʳʣʠ. ʈʘʙʦʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʟʘʙʦʨʘ ʟʘʧʳʣʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʦʯʠʱʘʶʱʠʡ ʢʘʥʘʣ, ʧʦʩʣʝ ʯʝʛʦ ʯʘʩʪʠʮʳ 

ʦʩʝʜʘʶʪ ʥʘ ʪʢʘʥʠ ʨʫʢʘʚʦʚ, ʘ ʦʯʠʱʝʥʥʳʡ ʛʘʟ ʦʪʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʭʣʦʧʥʦʡ ʪʨʫʙʳ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʛʘʟʘ ʚ ʨʫʢʘʚʥʳʭ ʬʠʣʴʪʨʘʭ ʦʪ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ 0,5 ʤʢʤ ʠ 

ʤʝʥʝʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 90 ʜʦ 99,99%. ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʫʣʘʚʣʠʚʘʝʤʦʡ ʧʳʣʠ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʫʩʪʘʥʦʚʢʠ, ʦʜʥʘʢʦ ʯʘʩʪʴ ʧʝʨʝʛʦʨʦʜʦʢ ʥʫʞʜʘʝʪʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʟʘʤʝʥʝ, ʧʦʩʢʦʣʴʢʫ ʨʝʛʝʥʝʨʘʮʠʷ ʬʠʣʴʪʨʦʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʚʦ ʚʩʝʭ ʫʯʘʩʪʢʘʭ. 

ʈʝʛʝʥʝʨʘʮʠʷ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʘ ʩʘʤʠ ʨʫʢʘʚʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʘʙʘʨʠʪʳ. 
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a) ʙ) 

 

ʈʠʩ. 1.ʉʭʝʤʘ ʨʘʙʦʪʳ: ʘ) ʮʠʢʣʦʥʘ:1-ʢʦʨʧʫʩ, 2-ʧʘʪʨʫʙʦʢ, 3-ʚʳʭʦʜʥʘʷ ʪʨʫʙʘ, 4-ʙʫʥʢʝʨ;  

ʙ) ʚʠʭʨʝʚʦʛʦ ʧʳʣʝʫʣʦʚʠʪʝʣʷ ʩʦʧʣʦʚʦʛʦ ʪʠʧʘ: 1-ʟʘʚʠʭʨʠʪʝʣʴ, 2-ʣʦʧʘʪʦʯʥʳʡ ʟʘʚʠʭʨʠʪʝʣʴ ʪʠʧʘ 

çʨʦʟʝʪʢʘè, 3-ʧʦʜʧʦʨʥʘʷ ʰʘʡʙʘ, 4-ʠʟʦʛʥʫʪʳʡ ʧʘʪʨʫʙʦʢ, 5-ʢʘʤʝʨʘ, 6-ʚʳʭʣʦʧʥʦʡ ʧʘʪʨʫʙʦʢ 

 

ʆʯʠʩʪʢʘ ʚ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ: 

ʧʨʠ ʧʦʜʘʯʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ, ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʦʥʠʟʘʮʠʠ 

ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. ʆʥʠ ʧʨʠʦʙʨʝʪʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʜʚʠʞʝʥʠʶ, ʠ ʦʩʝʜʘʶʪ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʕʣʝʢʪʨʦʬʠʣʴʪʨʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʯʠʩʪʢʠ (99,9%, ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ 1 ʤʢʤ) ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ. ʆʥʠ ʫʥʠʚʝʨʩʘʣʴʥʳ ʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʦʜʥʘʢʦ ʫʩʪʘʥʦʚʢʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʩʪʦʠʤʦʩʪʴ ʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʯʠʩʪʢʫ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦʚ.  

 

 

a) ʙ) 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʙʦʪʳ: ʘ) ʨʫʢʘʚʥʦʛʦ ʬʠʣʴʪʨʘ: 1-ʢʦʨʧʫʩ; 2-ʨʫʢʘʚʘ; 3-ʨʘʤʘ; 4-ʚʩʪʨʷʭʠʚʘʶʱʠʡ ʤʝʭʘʥʠʟʤ; 

5-ʢʦʣʣʝʢʪʦʨ ʦʯʠʱʝʥʥʦʛʦ ʛʘʟʘ; 6,7-ʢʣʘʧʘʥʳ; 8-ʙʫʥʢʝʨ; ʙ) ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ:1 ï ʦʩʘʜʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ;  

2 - ʢʦʨʦʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʜ; 3 ï ʨʘʤʘ; 4 ï ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʟʦʣʷʪʦʨ; 5 ï ʚʩʪʨʷʭʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;  

6 ï ʚʝʨʭʥʷʷ ʢʘʤʝʨʘ; 7 ï ʩʙʦʨʥʠʢ ʧʳʣʠ 
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ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʢʦʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʚʘʢʫʫʤʥʳʭ 

ʣʠʥʠʷʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʩʝʧʘʨʘʪʦʨʘ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʫʣʘʚʣʠʚʘʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʠ ʥʠʟʢʠʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʝʧʘʨʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʩʦʦʩʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ (ʨʠʩ. 3). 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʦʪʦʢ ʟʘʧʳʣʝʥʥʦʛʦ ʛʘʟʘ 

ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ 1 ʚ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʩʣʝ ʯʝʛʦ ʜʚʠʞʝʪʩʷ ʚ ʝʛʦ ʥʠʞʥʶʶ ʯʘʩʪʴ. 

ʉ ʜʦʩʪʠʞʝʥʠʝʤ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ ʫʨʦʚʥʷ ʛʘʟ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʚ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʩʪʨʫʡʢʘʤʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʱʝʣʠ 4.  ʇʨʠ ʚʳʭʦʜʝ 

ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʢʘʞʜʘʷ ʩʪʨʫʡʢʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʨʘʚʥʳʭ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ 

ʜʚʠʞʫʪʩʷ ʚ ʩʪʦʨʦʥʳ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ [9-14]. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʧʦʪʦʢʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʱʝʣʝʡ ʥʘʯʠʥʘʶʪ ʚʨʘʱʘʪʴʩʷ ʠ ʜʚʠʞʫʪʩʷ ʚʚʝʨʭ ʢ 

ʚʳʭʦʜʥʳʤ ʦʪʚʝʨʩʪʠʷʤ ʚ ʢʨʳʰʢʝ 3 ʟʘ ʩʯʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ 

ʩʝʧʘʨʘʪʦʨʘ: ʚʥʝʰʥʷʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʪʨʫʙʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʦʚ, ʢʨʳʰʢʘ 

ʧʨʠʚʘʨʝʥʘ ʠ ʠʤʝʝʪ ʢʨʫʛʣʳʝ ʦʪʚʝʨʩʪʠʷ. ʇʨʦʮʝʩʩ ʩʝʧʘʨʘʮʠʠ ʯʘʩʪʠʮ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʥʠʢʘʶʱʠʤʠ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʩʠʣʘʤʠ ʧʨʠ ʟʘʚʠʭʨʝʥʠʠ ʛʘʟʦʧʳʣʝʚʦʛʦ ʧʦʪʦʢʘ ʚ 

ʤʝʞʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʳʙʠʚʰʠʝʩʷ ʠʟ ʧʦʪʦʢʘ ʯʘʩʪʠʮʳ ʧʦʩʪʝʧʝʥʥʦ ʦʩʝʜʘʶʪ ʚ ʙʫʥʢʝʨʝ. 

 

ʈʠʩ. 3. ʋʧʨʦʱʝʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʝʧʘʨʘʪʦʨʘ ʩ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ (ʚʠʜ ʩ 

ʨʘʟʨʝʟʦʤ): 1 - ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ; 2 ï ʚʥʫʪʨʝʥʥʷʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʪʨʫʙʘ; 3 ï ʧʨʠʚʘʨʝʥʥʘʷ ʢʨʳʰʢʘ ʩ 

ʦʪʚʝʨʩʪʠʷʤʠ ʢʨʫʛʣʦʡ ʬʦʨʤʳ; 4 ï ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʱʝʣʠ; 5 ï ʚʥʝʰʥʷʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʪʨʫʙʘ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʟʦʜʠʥʘʤʠʢʠ ʚ 

ʩʝʧʘʨʘʮʠʦʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ ʤʘʩʩʠʚʘ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʥʝʢʦʪʦʨʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʤʝʨʳ: ʰʠʨʠʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʱʝʣʠ bs (2,18-8,72 ʤʤ) ʠ ʚʳʩʦʪʘ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʱʝʣʠ hs (10-20 ʤʤ). ɺ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 20 ʤʢʤ ʠ ʧʣʦʪʥʦʩʪʴʶ 2560 ʢʛ/ʤ3. ʅʘ ʚʳʭʦʜʝ ʠʟ ʩʝʧʘʨʘʪʦʨʘ ʩ ʩʦʦʩʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ ʟʘʜʘʚʘʣʦʩʴ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʚʝʣʠʯʠʥʦʡ 101325 ʇʘ. ɺʭʦʜʥʘʷ 

ʩʢʦʨʦʩʪʴ ʛʘʟʘ W ʙʳʣʘ ʧʨʠʥʷʪʘ ʟʘ 7,5 ʤ/ʩ. ɼʣʷ ʠʤʠʪʘʮʠʠ ʙʫʥʢʝʨʘ ʥʘ ʜʥʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʚʘʣʦʩʴ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ ʯʘʩʪʠʮ. 

ɺʠʭʨʝʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʤʝʞʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 4. 
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ʈʠʩ. 4. ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʚʠʭʨʝʥʠʡ  

ʚ ʤʝʞʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʚʠʜ ʩʚʝʨʭʫ) 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʩʝʧʘʨʘʪʦʨʦʤ ʩ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 61,4 %, 

ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʚ ʫʩʪʨʦʡʩʪʚʝ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 1,9 ʜʦ 31,2 ɺʪ ʧʨʠ ʚʭʦʜʥʦʡ 

ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 7,5 ʤ/ʩ, ʨʘʟʤʝʨʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʦʪ 1 ʜʦ 20 

ʤʢʤ, ʚʳʩʦʪʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʱʝʣʠ hs ʦʪ 10 ʜʦ 20 ʤʤ, ʰʠʨʠʥʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʱʝʣʝʡ bs ʦʪ 2,18 

ʜʦ 8,72 ʤʤ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʥʘʛʣʷʜʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʚʠʭʨʝʥʠʡ ʚ ʤʝʞʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʩʝʧʘʨʘʪʦʨʘ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ 

ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚʣʠʷʝʪ ʢʦʤʧʣʝʢʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ 

ʰʠʨʠʥʘ bs ʠ ʚʳʩʦʪʘ hs ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʱʝʣʠ. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʡ ʩʪʨʫʢʪʫʨʳ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠ ʚʳʭʦʜʝ ʩʪʨʫʝʢ ʛʘʟʘ ʠʟ ʱʝʣʝʡ, ʟʘʚʠʭʨʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʠʟ-ʟʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ. 
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ʋɼʂ 697.7 

ɻʣʫʭʦʚʘ ʇ.ɽ. 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʇʈʀʄɽʅɽʅʀɽ ʊɽʇʃʆɺʓʍ ʅɸʉʆʉʆɺ ɺ ʉʀʉʊɽʄɽ ʊɽʇʃʆʉʅɸɹɾɽʅʀʗ 

 

ʈʘʟʫʤʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʤʠʨʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʇʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʘʟʣʠʯʥʳʤʠ 

ʚʨʝʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʠ ʜʨ. ʦʧʨʝʜʝʣʷʝʪ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʢʘʩʘʶʪʩʷ ʦʪʨʘʩʣʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʠʭʦʜʠʪʩʷ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʩʝʭ ʟʘʪʨʘʪ ʪʦʧʣʠʚʘ. ɼʦʩʪʫʧʥʳʤ ʨʝʰʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ 

ʦʪʦʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʪʝʧʣʦʪʳ [1, ʩ. 73]. 

ʊʝʧʣʦʚʦʡ ʥʘʩʦʩ ï ɻ ʪʦ ʧʨʠʙʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʥʝʩʪʠ ʪʝʧʣʦʪʫ ʦʪ ʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʢ ʙʦʣʝʝ ʛʦʨʷʯʝʤʫ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʣʦ, ʝʤʫ ʥʝʦʙʭʦʜʠʤ 

ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʊʘʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʤʦʞʝʪ ʩʪʘʪʴ ʩʘʤʘ 

ʧʨʠʨʦʜʘ, ʪʦ ʝʩʪʴ ʩʠʣʘ ʚʝʪʨʘ, ʚʦʜʳ ʠʣʠ ʥʘʢʦʧʣʝʥʥʘʷ ʩʦʣʥʝʯʥʘʷ ʠ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʊʝʧʣʦʚʳʝ ʤʘʰʠʥʳ (ʧʘʨʦʚʳʝ ʪʫʨʙʠʥʳ, ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʠ ʪ.ʜ.) ʨʘʙʦʪʘʶʪ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʨʫʛʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʩʪʝʡʰʠʭ 

ʧʨʦʮʝʩʩʦʚ (ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ, ʠʟʦʭʦʨʥʦʛʦ, ʠʟʦʙʘʨʥʦʛʦ, ʘʜʠʘʙʘʪʥʦʛʦ). ʎʠʢʣ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ï 

ʵʪʦ ʪʘʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʡʜʷ ʯʝʨʝʟ ʨʷʜ ʩʦʩʪʦʷʥʠʡ 

(ʦʙʲʸʤ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʵʥʪʘʣʴʧʠʷ) ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʀʟʦʙʨʘʞʘʝʪʩʷ ʥʘ ʛʨʘʬʠʢʝ ʟʘʤʢʥʫʪʦʡ ʣʠʥʠʝʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʠ ʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ ʨʘʙʦʪʘʶʪ ʧʦ ʦʜʥʦʤʫ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʮʠʢʣʫ. ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʥʘʛʨʝʚʘʥʠʷ ʠ 

ʦʭʣʘʞʜʝʥʠʷ. ʂʦʛʜʘ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʜʣʷ ʧʦʜʥʷʪʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʥ ʧʨʦʭʦʜʠʪ ʪʦʪ 

ʞʝ ʮʠʢʣ, ʯʪʦ ʠ ʭʦʣʦʜʠʣʴʥʘʷ ʤʘʰʠʥʘ, ʥʦ ʪʦʣʴʢʦ ʦʙʨʘʪʥʳʡ, ʟʘʙʠʨʘʷ ʪʝʧʣʦ ʠʟ ʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʠ ʚʳʩʚʦʙʦʞʜʘʷ ʪʝʧʣʦ ʚ ʥʘʛʨʝʪʦʝ ʧʦʤʝʱʝʥʠʝ. ʍʦʣʦʜʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʩʦʟʜʘʸʪ ʧʦʥʠʞʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʢʘʤʝʨʳ, ʪʝʧʣʦʪʘ ʠʟ ʭʦʣʦʜʠʣʴʥʠʢʘ ʦʪʚʦʜʠʪʩʷ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʣʘʛʦʜʘʨʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʪʨʘʯʝʥʥʦʡ ʪʝʧʣʦʵʥʝʨʛʠʠ. ɸ ʜʣʷ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʤʝʱʝʥʠʠ, ʧʨʠ ʵʪʦʤ ʦʢʨʫʞʘʶʱʘʷ 

ʩʨʝʜʘ ʦʭʣʘʞʜʘʝʪʩʷ [2, ʩ. 160].  

ʆʜʠʥ ʠʟ ʩʦʟʜʘʪʝʣʝʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʉ. ʂʘʨʥʦ ʚ 1824 ʛʦʜʫ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣ ʜʘʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠʜʝʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʵʪʦʪ 

ʮʠʢʣ ʦʩʪʘʸʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʦʣʦʞʝʥʠʝʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʥʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ɺʝʜʴ ʝʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʨʘʱʸʥʥʫʶ ʪʝʧʣʦʚʫʶ ʤʘʰʠʥʫ. ʆʜʥʘ ʠʟ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ  ð ɻ ʪʦ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʦʝ ʜʦʭʦʜʠʪ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʨʘʟʳ ʙʦʣʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ. ɸ ʧʦʪʝʨʷ ʪʝʧʣʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʢʦʤ ʜʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʳʥʝʰʥʠʭ ʩʠʩʪʝʤ. ʇʦʵʪʦʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʦʛʦ 
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ʥʘʩʦʩʘ ʤʦʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʪʨʝʙʠʪʝʣʶ ʪʝʧʣʦ ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ. ʂʦʤʧʨʝʩʩʦʨ, ʪʝʧʣʦʚʦʡ 

ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ, ʢʦʥʜʝʥʩʘʪʦʨ, ʠʩʧʘʨʠʪʝʣʴ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʪʝʧʣʦʚʦʛʦ 

ʥʘʩʦʩʘ. ʀʩʧʦʣʴʟʫʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠʨʦʜʳ, ʢʘʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʵʥʝʨʛʦʠʩʪʦʯʥʠʢʦʚ (ʩʦʣʥʮʝ, ʚʝʪʝʨ, 

ʛʝʦʪʝʨʤʘʣʴʥʦʝ ʪʝʧʣʦ), ʧʨʝʦʙʨʘʟʫʝʪ ʝʸ ʚ ʪʝʧʣʦʚʫʶ ʩ ʧʦʤʦʱʴʶ ʭʣʘʜʘʛʝʥʪ [3, ʩ. 181]. 

ʍʦʣʦʜʠʣʴʥʳʡ ʘʛʝʥʪ (ʭʣʘʜʘʛʝʥʪ) ï ɻ ʪʦ ʚʝʱʝʩʪʚʦ, ʧʝʨʝʭʦʜʷʱʝʝ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʝ, ʟʘʢʠʧʘʝʪ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 48,5 ʛʨʘʜʫʩʦʚ ʧʦ ʎʝʣʴʩʠʶ. ʍʣʘʜʘʛʝʥʪ ʜʘʣʝʝ 

ʜʚʠʞʝʪʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʧʨʦʭʦʜʷ ʜʚʘ ʢʦʥʪʫʨʘ, ʧʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʜʘʚʣʠʚʘʥʠʷ 

ʢʦʤʧʨʝʩʩʦʨʦʤ, ʧʨʠʥʠʤʘʝʪ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʋʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʭʦʣʦʜʥʦʛʦ ʠʣʠ ʛʦʨʷʯʝʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʥʘʟʳʚʘʶʪ 

ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʠʤ ʚʝʥʪʠʣʝʤ (ʊʈɺ). ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ ʠ 

ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʕʪʦ ʪʦʯʥʳʡ ʧʨʠʙʦʨ ʧʦʤʦʛʘʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʧʦʤʝʱʝʥʠʠ ʠ ʩʣʝʜʠʪ ʟʘ ʩʪʝʧʝʥʴʶ ʥʘʛʨʝʚʘ.  

ʋʩʣʦʚʥʳʡ ʂʇɼ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ: 

ʂʇɼ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʤʥʦʛʠʭ ʩʤʫʱʘʝʪ, ʧʦʪʦʤʫ ʯʪʦ ʝʩʣʠ ʚʳʧʦʣʥʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʨʘʩʯʸʪ, ʪʦ ʦʥ ʚ ʦʩʥʦʚʥʦʤ ʙʫʜʝʪ ʙʦʣʴʰʝ 1, ʭʦʪʷ ʨʘʙʦʪʘ ʜʘʥʥʦʛʦ ʥʘʩʦʩʘ ʧʦʣʥʦʩʪʴʶ ʧʦʜʯʠʥʷʝʪʩʷ 

ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʊʦ ʝʩʪʴ ʝʩʣʠ ʩʯʠʪʘʪʴ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ çʯʸʨʥʳʤ ʷʱʠʢʦʤè (ʪʝʨʤʠʥ, 

ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʤʝʭʘʥʠʟʤʘ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʦʯʝʥʴ 

ʩʣʦʞʥʘ ʠʣʠ ʥʝʚʘʞʥʘ ʚ ʧʨʝʜʝʣʘʭ ʪʝʢʫʱʝʡ ʟʘʜʘʯʠ), ʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ 

ʧʨʦʠʟʚʦʜʠʪ ʪʝʧʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʟʘʪʨʘʯʠʚʘʝʪ ʵʥʝʨʛʠʶ. 

ʆʜʥʘʢʦ, ʪʘʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʩʦʚʝʨʰʝʥʦ ʥʝʚʝʨʥʳ ʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ, ʢʨʦʤʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʠʤ ʠʩʪʦʯʥʠʢʦʤ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʥʘʛʨʝʪʳʡ 

ʩʦʣʥʮʝʤ ʚʦʟʜʫʭ ʠʣʠ ʚʦʜʘ. ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʚ ʫʩʪʨʦʡʩʪʚʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʢʦʥʢʨʝʪʥʦ ʥʘ 

ʦʙʦʛʨʝʚ, ʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ çʢʦʥʮʝʥʪʨʘʮʠʶè ɻʥʝʨʛʠʠ ʨʝʩʫʨʩʘ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʧʣʘ, 

ʢʦʪʦʨʳʝ ʜʘʶʪ ʵʥʝʨʛʠʶ ʜʣʷ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ. ʊʝʧʣʦʚʦʡ ʥʘʩʦʩ ʠʤʝʝʪ ʜʚʘ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ 

ï ɻ ʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʠʩʪʦʯʥʠʢ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʧʣʘ, ʧʨʠ ʯʸʤ ʚ ʨʘʩʯʸʪʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ 

ʚʪʦʨʦʡ ʠʩʪʦʯʥʠʢ, ʘ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʝ 1. ʆʜʥʘʢʦ, ʝʩʣʠ ʫʯʝʩʪʴ ʚ ʨʘʩʯʸʪʘʭ ʠ ʠʩʪʦʯʥʠʢ 

ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʧʣʘ, ʪʦ ʂʇɼ ʤʘʰʠʥʳ ʩʪʘʥʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʴʰʝ 1. 

ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ: 

1. ʇʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ï ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʝ. 

ʉʦʨʙʝʥʪʳ ï ʧʦʛʣʦʱʝʥʠʝ ʪʚʸʨʜʳʤ ʪʝʣʦʤ ʠʣʠ ʞʠʜʢʦʩʪʴʶ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʛʘʟʦʚ, 

ʧʘʨʦʚ ʠʣʠ ʨʘʩʪʚʦʨʸʥʥʳʭ ʚʝʱʝʩʪʚ. ʀʤʝʥʥʦ ʚ ʩʦʨʙʮʠʦʥʥʳʭ ʥʘʩʦʩʘʭ ʧʨʠ ʧʦʤʦʱʠ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ ʧʨʦʮʝʩʩʘ: ʧʨʦʮʝʩʩ ʩʦʨʙʮʠʠ ï ʩʦʨʙʝʥʪ ʧʦʛʣʦʱʘʝʪ 

ʨʘʙʦʯʝʝ ʪʝʣʦ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʦʪʳ ʠ ʧʨʦʮʝʩʩ ʜʝʩʦʨʙʮʠʠ ï ʩʦʨʙʝʥʪ ʚʳʜʝʣʷʝʪ ʨʘʙʦʯʝʝ ʪʝʣʦ ʩ 

ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʦʪʳ. ʏʪʦʙʳ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʘʣ ʥʫʞʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʪʨʠ ʚʥʝʰʥʠʭ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʪʳ ï ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʩʪʦʯʥʠʢ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʣʷ ʦʭʣʘʞʜʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʤʝʭʘʥʠʟʤʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʦʙʘʚʦʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʪʝʧʣʦʪʳ ʩʜʝʣʘʝʪ ʩʦʨʙʮʠʦʥʥʳʡ ʚʠʜ ʥʘʩʦʩʘ ʙʦʣʝʝ ʟʘʪʨʘʪʥʳʤ. 

ɸʥʪʠʬʨʠʟ (ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʠ) ï ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʶ ʠ ʧʦʥʠʞʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʤʝʨʟʘʥʠʷ. ʉʦʙʩʪʚʝʥʥʦ, ʧʦʵʪʦʤʫ ʚ ʧʝʨʚʦʤ 

ʠʟ ʪʨʸʭ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʦʚ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʮʠʨʢʫʣʠʨʫʝʪ ʘʥʪʠʬʨʠʟ. 
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ʕʪʦʪ ʢʦʥʪʫʨ ʥʘʟʳʚʘʝʪʩʷ ʚʥʝʰʥʠʤ, ʠ ʠʤʝʥʥʦ ʦʥ ʩʦʙʠʨʘʝʪ ʪʝʧʣʦʪʫ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺʦ 

ʚʪʦʨʦʤ ʢʦʥʪʫʨʝ ʮʠʨʢʫʣʠʨʫʝʪ ʭʣʘʜʘʛʝʥʪ, ʦʥ ʟʘʙʠʨʘʝʪ ʪʝʧʣʦʪʫ ʠ ʚʦʟʚʨʘʱʘʝʪ ʝʸ ʪʝʧʣʦʧʨʠʝʤʥʠʢʫ, 

ʩʛʫʱʘʷʩʴ ʧʨʠ ʙʦʣʝʝ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʎʠʨʢʫʣʷʮʠʷ ʪʝʧʣʦʧʨʠʝʤʥʠʢʘ ï ɻ ʪʦ ʪʨʝʪʠʡ 

ʢʦʥʪʫʨ, ʪʦʯʥʝʝ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ. ʊʝʧʣʦʧʨʠʝʤʥʠʢʦʤ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʚʦʜʘ ʚ ʩʠʩʪʝʤʝ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

2. ʇʦ ʠʩʪʦʯʥʠʢʦʤ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʪʳ ï ʚʦʟʜʫʭ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʛʨʫʥʪ, 

ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʥʘʨʫʞʥʳʡ ʚʦʟʜʫʭ [4, ʩ. 256]. 

ʀʩʪʦʯʥʠʢʠ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʪʳ ʠʤʝʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ï ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʙʨʦʩʳ, ʙʳʪʦʚʳʝ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ï ʛʨʫʥʪ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ. 

ʊʝʧʣʦ ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʜʫʭʝ, ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʪʝʧʣʦʚʦʤ ʥʘʩʦʩʝ (çʚʦʟʜʫʭ-

ʚʦʟʜʫʭè). ʅʘʨʫʞʥʳʡ ʚʦʟʜʫʭ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʞʝʣʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʪʝʧʣʘ.  ɺʝʜʴ ʚ ʚʦʟʜʫʰʥʦʤ ʪʝʧʣʦʚʦʤ ʥʘʩʦʩʝ ʚʦʟʜʫʭ ʧʨʦʭʦʜʠʪ ʨʷʜ ʩʦʩʪʦʷʥʠʡ. ʉʥʘʯʘʣʘ ʚʦʟʜʫʭ 

ʧʨʦʜʫʚʘʝʪʩʷ ʯʝʨʝʟ ʠʩʧʘʨʠʪʝʣʴ, ʘ ʟʘʪʝʤ ʭʦʣʦʜʠʣʴʥʳʡ ʘʛʝʥʪ ʩʚʦʸ ʪʝʧʣʦ ʧʝʨʝʜʘʸʪ ʚʦʜʝ, ʧʨʦʭʦʜʷ 

ʧʨʠ ʵʪʦʤ ʢʦʥʜʝʥʩʘʪʦʨ. ʕʪʦ ʪʝʧʣʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʦʧʣʝʥʠʷ, ʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʥ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʦʤʝʱʝʥʠʷ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ - ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ (ʜʦʩʪʠʛʘʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ), ʥʦ ʦʥ ʪʘʢ ʞʝ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʥʳʤ. 

ʊʝʧʣʦʚʳʝ ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʚʦʜʫ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʚʝʱʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʂʘʨʥʦ (çʚʦʜʘ-ʚʦʜʘè). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʘ ʚʦʜʳ 

ʪʨʫʙʦʧʨʦʚʦʜʳ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʜʥʦ ʚʦʜʦʸʤʘ ʠ ʧʨʠʪʘʧʣʠʚʘʶʪʩʷ ʛʨʫʟʘʤʠ. ʆʥ ʩʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ. ɺʦʜʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ 

ʪʠʧʘ: ʟʘʢʨʳʪʳʝ ʠ ʦʪʢʨʳʪʳʝ.  

ʆʪʢʨʳʪʳʡ ʚʠʜ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʝʛʦ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ. ɽʛʦ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʦʜʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʠʟ ʚʦʜʦʸʤʦʚ, 

ʩʨʘʟʫ ʞʝ ʠʜʸʪ ʚ ʠʩʧʘʨʠʪʝʣʴ. ʅʦ ʠʟ-ʟʘ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʚʦʜʦʸʤʦʚ ʜʘʥʥʳʡ ʪʠʧ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʨʦʙʣʝʤ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦʪ ʬʘʢʪʦʨ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʤʝʥʴʰʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʚʦʜʥʦʛʦ ʥʘʩʦʩʘ.  

ɿʘʢʨʳʪʳʡ ʪʠʧ ʚʦʜʥʦʛʦ ʥʘʩʦʩʘ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʥ ʠ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʳʭ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ 

ʜʣʷ ʝʛʦ ʫʩʪʘʥʦʚʢʠ. ɼʘʥʥʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ, ʪʦʣʴʢʦ ʝʩʣʠ 

ʧʦʙʣʠʟʦʩʪʠ ʝʩʪʴ ʥʝʟʘʤʝʨʟʘʶʱʠʡ ʚʦʜʦʸʤ [5, ʩ. 104]. 

ɿʝʤʣʷ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʣʷ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (çʟʝʤʣʷ-

ʚʦʜʘè). ɼʘʥʥʳʡ ʪʠʧ ʥʘʩʦʩʘ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʦ ʪʨʸʤ ʚʠʜʘʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ: ʢʦʨʟʠʥʘ 

- ʩʧʠʨʘʣʴ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ, ʚʝʨʪʠʢʘʣʴʥʳʡ.  

ʂʦʣʣʝʢʪʦʨ ï ɻ ʪʦ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʫʙ, ʧʦ ʢʦʪʦʨʦʤʫ ʭʦʣʦʜʠʣʴʥʳʡ ʘʛʝʥʪ 

ʜʚʠʛʘʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʩʦʩʘ. ʀʤʝʥʥʦ ʢʦʣʣʝʢʪʦʨ ʟʘʙʠʨʘʝʪ ʪʝʧʣʦʪʫ ʧʦʩʨʝʜʩʪʚʘʤ ʫʣʦʞʝʥʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʛʨʫʥʪʦʚʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʊʘʢ ʠ ʨʘʙʦʪʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ 

ʤʘʰʠʥʳ.  
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ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʛʝʦʪʝʨʤʘʣʴʥʦʤ ʪʝʧʣʦʚʦʤ ʥʘʩʦʩʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʠʤʝʝʪ ʚʠʜ U ï ʦʙʨʘʟʥʦʛʦ 

ʢʦʣʝʥʘ, ʢʦʪʦʨʳʡ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʛʨʫʞʝʥ ʚ ʩʢʚʘʞʠʥʫ. ɺ ʵʪʦʤ ʤʝʭʘʥʠʟʤʝ ʘʥʪʠʬʨʠʟ ʮʠʨʢʫʣʠʨʫʝʪ 

ʧʦ ʪʨʫʙʘʤ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʪʝʧʣʦʪʫ ʟʝʤʣʠ ʩ ʛʣʫʙʠʥʳ. ʀʤʝʥʥʦ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʢʦʤʧʘʢʪʥʦ ʠ 

ʙʳʩʪʨʦ ʫʩʪʘʥʦʚʠʪʴ.  

ʉʣʝʜʫʶʱʠʡ ʚʠʜ ï ɻ ʪʦ ʛʨʫʧʧʘ ʪʝʧʣʦʧʨʠʝʤʥʠʢʦʚ ʢʘʢ çʢʦʨʟʠʥʘ - ʩʧʠʨʘʣʴè. ʆʥʠ ʩʤʦʛʣʠ 

ʩʦʝʜʠʥʠʪʴ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʤʝʪʦʜ ʫʩʪʘʥʦʚʢʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ. 

ʊʘʢʦʡ ʪʠʧ ʥʝ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʠ ʠʩʧʦʣʴʟʫʝʪ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ ʝʩʣʠ 

ʩʨʘʚʥʠʚʘʪʴ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʢʦʣʣʝʢʪʦʨʦʤ [6, ʩ. 71]. 

ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʚʦʩʪʨʝʙʦʚʘʥʳ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʦʪʦʧʣʝʥʠʷ ʦʙʭʦʜʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʨʦʞʝ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʨʘʩʪʸʪ ʩʧʨʦʩ ʥʘ 

ʪʝʧʣʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ ʙʳʪʫ ʩʚʷʟʘʥʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

ʵʢʦʥʦʤʥʦʩʪʴ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʝ ʪʝʧʣʦʵʥʝʨʛʠʠ), ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʣʶʙʦʡ ʤʝʩʪʥʦʩʪʠ (ʪ.ʢ. ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʦʟʜʫʭ, ʚʦʜʘ, ʛʨʫʥʪ), 

ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ,  

ʙʝʩʰʫʤʥʦʩʪʴ, ʢʦʤʧʘʢʪʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʜʸʞʥʦʩʪʴ (ʠʤ ʥʝ ʥʫʞʥʦ 

ʫʧʨʘʚʣʷʪʴ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʦʙʩʣʫʞʠʚʘʪʴ, ʦʥ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʡ). 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ: ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩ ʨʝʞʠʤʘ 

ʦʪʦʧʣʝʥʠʷ ʟʠʤʦʡ ʥʘ ʨʝʞʠʤ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʣʝʪʦʤ. ʄʦʞʥʦ ʧʨʦʩʪʦ ʚʤʝʩʪʦ ʨʘʜʠʘʪʦʨʦʚ ʢ 

ʚʥʝʰʥʝʤʫ ʢʦʣʣʝʢʪʦʨʫ ʧʦʜʢʣʶʯʠʪʴ ʬʵʥ-ʢʦʡʣʳ ï ɻ ʪʦ ʧʨʠʝʤʥʠʢ ʦʭʣʘʞʜʸʥʥʦʛʦ ʠʣʠ ʥʘʛʨʝʪʦʛʦ 

ʥʦʩʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʚʦʜʘ ʠʣʠ ʥʝʟʘʤʝʨʟʘʶʱʠʝ ʧʨʠʤʝʩʠ). ɽʩʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ: ʮʝʥʘ ʠ ʫʩʪʘʥʦʚʢʘ 

ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʪʝʧʣʘ ʜʣʷ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʚʘʝʪ ʥʠʞʝ -20 ʛʨʘʜʫʩʦʚ (ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʤʦʞʝʪ ʥʝ 

ʩʧʨʘʚʠʪʴʩʷ), ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ ʪʨʸʭʬʘʟʥʫʶ ʵʣʝʢʪʨʦʩʝʪʴ (ʚʦʟʤʦʞʥʳ ʧʝʨʝʧʘʜʳ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʤʦʛʫʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʧʦʣʦʤʢʫ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʸʪ ʦ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʦʤ ʦʪʦʧʣʝʥʠʠ ʠ ʥʠʟʢʠʭ ʨʘʩʭʦʜʘʭ, ʧʦʩʢʦʣʴʢʫ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʫʶ ʠʩʧʦʣʴʟʫʝʪ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ, ʜʣʷ ʨʘʙʦʪʳ 

ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʝʧʣʦʚʦʡ ʥʘʩʦʩ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʘʢʪʠʚʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ [7, ʩ. 86]. 
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ɼʘʫʪʦʚ ʈ.ʈ. 

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʊɽʇʃʆɺʓʍ ʅɸʉʆʉʆɺ  

ɼʃʗ ʆʊʆʇʃɽʅʀʗ ʀʅɼʀɺʀɼʋɸʃʔʅʓʍ ɾʀʃʓʍ ɿɼɸʅʀʁ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʧʘʩʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʘ ʠʤʝʥʥʦ 

ʠʩʢʦʧʘʝʤʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʦʛʨʘʥʠʯʝʥʳ, ʠʭ ʜʦʙʳʯʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʙʦʣʝʝ ʪʨʫʜʥʦʡ ʠ 

ʟʘʪʨʘʪʥʦʡ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʩʠʪ ʙʦʣʴʰʦʡ ʚʨʝʜ ʵʢʦʣʦʛʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʝʡʯʘʩ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʚ ʩʬʝʨʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʫʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʶ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ. ʊʘʢ, ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʚʥʝʜʨʝʥʠʝ ʪʝʧʣʦʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ. ɼʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʦ ʚʩʝʤ 

ʤʠʨʝ ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʦʩʪʦʪʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʊʝʧʣʦʚʦʡ ʥʘʩʦʩ - ɻ ʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʛʝʥʝʨʘʪʦʨ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʳʡ ʙʝʨʝʪ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʝ ʪʝʧʣʦ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʝʨʝʜʘʸʪ ʝʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʶ, ʮʠʨʢʫʣʠʨʫʶʱʝʤʫ ʚ ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ ʞʠʣʦʛʦ ʟʜʘʥʠʷ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ 

ʪʝʧʣʦʚʦʡ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʢʦʥʪʫʨʦʚ: ʢʦʥʪʫʨʘ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʝʨʝʥʦʩʠʪ 

ʵʥʝʨʛʠʶ ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʠʟʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; ʢʦʥʪʫʨʘ, ʛʜʝ ʮʠʨʢʫʣʠʨʫʝʪ 

ʭʦʣʦʜʠʣʴʥʳʡ ʘʛʝʥʪ, ʟʜʝʩʴ ʠʤʝʶʪʩʷ ʜʚʘ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ï ʠʩʧʘʨʠʪʝʣʴ ʠ ʢʦʥʜʝʥʩʘʪʦʨ, ʘ ʪʘʢʞʝ 

ʪʘʢʠʝ ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʜʨʦʩʩʝʣʴʥʳʡ ʢʣʘʧʘʥ ʠ ʢʦʤʧʨʝʩʩʦʨ; ʢʦʥʪʫʨʘ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʭʦʜʠʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ. ʍʣʘʜʘʛʝʥʪ ʧʝʨʝʭʦʜʠʪ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʚ 

ʛʘʟʦʦʙʨʘʟʥʫʶ, ʚʩʢʠʧʘʷ ʚ ʠʩʧʘʨʠʪʝʣʝ ʦʪ ʪʝʧʣʘ ʠʩʪʦʯʥʠʢʦʚ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʧʨʘʚʣʷʝʪʩʷ 

ʚ ʢʦʤʧʨʝʩʩʦʨ, ʚ ʢʦʪʦʨʦʤ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪʩʷ. 

ɺʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʦʝ ʪʝʧʣʦ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʞʘʪʠʷ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ, 

ʦʪʜʘʚʘʷ ʵʥʝʨʛʠʶ ʪʝʧʣʦʥʦʩʠʪʝʣʶ [5, ʩ. 115]. 

ɼʣʷ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʙʳʣʘ ʧʦʜʚʝʜʝʥʦ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʫʞʥʦʝ ʜʣʷ ʧʨʠʚʦʜʘ ʢʦʤʧʨʝʩʩʦʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʝʨʝʪʩʷ ʠʟ ʩʝʪʠ. ʂ ʧʨʠʤʝʨʫ, ʜʣʷ ʦʪʦʧʣʝʥʠʷ 

ʞʠʣʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʜʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 100 

ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʦʯʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʦʪ 3 ʜʦ 4 ʢɺʪ. ɽʩʣʠ 

ʨʘʙʦʪʘ ʊʅ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ ʤʦʱʥʦʩʪʠ. ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʪʝʧʣʘ, ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʳʨʘʚʥʠʚʘʥʠʝ ʛʨʘʬʠʢʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʅʘʣʠʯʠʝ 

ʧʦʜʭʦʜʷʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʥʠʟʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʝʛʠʦʥʝ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ɺ ʩʪʨʘʥʘʭ ʩ 

ʫʤʝʨʝʥʥʳʤ ʢʣʠʤʘʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʪʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʨʫʞʥʳʡ 

ʚʦʟʜʫʭ. ɼʣʷ ʈʦʩʩʠʠ ʜʘʥʥʳʡ ʚʠʜ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʝʚʳʛʦʜʝʥ ʚ ʩʚʷʟʠ ʩ ʦʯʝʥʴ 

ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ. ʃʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʘ ʩʙʨʦʩʥʦʛʦ ʪʝʧʣʘ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ [8, ʩ. 8]. 
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ʀʪʘʢ, ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʞʠʣʳʭ ʟʜʘʥʠʡ, 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʚʠʜʫ ʠʩʪʦʯʥʠʢʘ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ: ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʪʝʧʣʦ ʟʝʤʣʠ - ʛʝʦʪʝʨʤʘʣʴʥʳʝ, ʚʦʜʦʸʤʦʚ ï ʚʦʜʷʥʳʝ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ï ʚʦʟʜʫʰʥʳʝ 

ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ. ʊʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ï 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʩʪʦʢʠ, ʩʙʨʦʩʳ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʚʳʙʨʦʩʳ ʠ ʜʨ. ʇʦ 

ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʠʠ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʜʝʣʷʪʩʷ ʥʘ ʘʙʩʦʨʙʮʠʦʥʥʳʝ, ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʝ ʠ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ. ʊʘʢʞʝ ʠʭ ʜʝʣʷʪ ʧʦ ʚʠʜʫ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ: ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʬʨʝʦʥʘ, 

ʘʤʤʠʘʢ, ʧʨʠʨʦʜʥʳʝ ʭʣʘʜʘʛʝʥʪʳ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʜʘ ʚ 

ʚʦʜʦʝʤʘʭ, ʨʝʢʘʭ ʠ ʨʦʜʥʠʢʘʭ. ʉ ʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ. ɼʣʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʞʠʣʦʛʦ ʟʜʘʥʠʷ ʚʦʜʷʥʳʤ 

ʪʝʧʣʦʚʳʤ ʥʘʩʦʩʦʤ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʩʠʩʪʝʤʳ ʦʪʙʦʨʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ: ʦʪʢʨʳʪʘʷ ʠ ʟʘʢʨʳʪʘʷ 

ʩʠʩʪʝʤʳ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʦʜʘ ʧʦʜʘʝʪʩʷ ʠʟ ʚʦʜʷʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʥʪʫʨ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ʀʟ ʜʦʩʪʦʠʥʩʪʚ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. ʆʜʥʘʢʦ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʦ. ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʨʟʘʥʠʷ ʚʦʜʳ ʚʦ ʚʨʝʤʷ ʝʸ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʢ ʪʝʧʣʦʚʦʤʫ ʥʘʩʦʩʫ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʨʝʛʠʦʥʦʚ ʩʝʚʝʨʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʝʡ ʈʦʩʩʠʠ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʥʝʧʨʠʝʤʣʝʤʘ ʚʚʠʜʫ 

ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ. ɿʘʢʨʳʪʘʷ ʞʝ ʩʠʩʪʝʤʘ ʦʪʙʦʨʘ ʪʝʧʣʘ ʩʦʩʪʦʠʪ ʠʟ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʫʧʧʫ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʧʫʱʝʥʥʳʭ ʥʘ ʜʥʦ ʚʦʜʦʝʤʘ [1, ʩ. 72]. 

ʅʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʪʠʧʦʤ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʠʩʭʦʜʷ ʠʟ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʈʦʩʩʠʠ, ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 

ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ɻɺʉ (ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ) ʠ ʦʪʦʧʣʝʥʠʷ 

ʞʠʣʦʛʦ ʟʜʘʥʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʜʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʙʦ ʤʦʥʦʙʣʦʢ, 

ʣʠʙʦ ʩʧʣʠʪ-ʩʠʩʪʝʤʫ. ʊʝʧʣʦʚʳʝ ʥʘʩʦʩʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʦʩʪʳ, ʣʝʛʢʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠ ʥʝ 

ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʪ - ʧʨʦʢʣʘʜʢʠ ʪʨʫʙ ʠ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʧʨʷʤʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ  ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʝʣʘʝʪ ʝʛʦ ʥʝʚʳʛʦʜʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʷ.  

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʝʦʪʝʨʤʘʣʴʥʳʡ 

ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʘ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʛʣʫʙʠʥʝ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʪʨʫʙʳ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʟʝʤʣʶ ʥʘ ʛʣʫʙʠʥʝ ʥʠʞʝ ʫʨʦʚʥʷ 

ʧʨʦʤʝʨʟʘʥʠʷ ʟʝʤʣʠ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʞʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʦʪʝʨʤʘʣʴʥʳʝ 

ʟʦʥʜʳ, ʪʨʫʙʳ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʧʦʛʨʫʞʝʥʳ ʚ ʛʨʫʥʪ ʥʘ 

ʛʣʫʙʠʥʫ ʦʪ ʩʪʘ ʜʦ ʜʚʫʭʩʦʪ ʤʝʪʨʦʚ [2, ʩ. 161]. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩ ʪʝʧʣʦʚʳʤ ʥʘʩʦʩʦʤ ʪʠʧʘ çʛʨʫʥʪ-ʚʦʜʘè 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʛʨʝʛʘʪʘ. ʈʘʙʦʪʘ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʥʘʜʝʞʥʘ ʠ ʫʩʪʦʡʯʠʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʘʥʥʳʡ ʚʠʜ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʞʠʣʦʝ ʟʜʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦʪʦʧʣʝʥʠʝʤ, ʥʦ ʠ ɻɺʉ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʫʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʧʨʘʚʜʘʥʦ ʪʝʤ, ʯʪʦ ʦʥ 

ʩʧʦʩʦʙʝʥ ʥʘʢʘʧʣʠʚʘʪʴ ʪʝʧʣʦʪʫ ʦʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʩʦʭʨʘʥʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ. ʇʨʠ ʫʩʪʨʦʡʩʪʚʝ ʪʘʢʦʡ ʪʝʧʣʦʥʘʩʦʩʥʦʡ 

ʩʠʩʪʝʤʳ ʩʙʦʨ ʪʝʧʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʝʛʦ ʦʪʙʦʨ ʠʟ ʠʩʪʦʯʥʠʢʘ ʠ ʜʘʣʝʝ - ʦʪʚʦʜ ʢ 

ʦʪʘʧʣʠʚʘʝʤʦʤʫ ʟʜʘʥʠʶ. ʇʦʪʨʝʙʣʝʥʥʘʷ ʪʝʧʣʦʚʘʷ ɻʥʝʨʛʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʷʤʠ 

ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʝʤʣʶ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʪʳ ʜʣʷ ʠʩʧʘʨʠʪʝʣʝʡ 

ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʞʠʣʦʛʦ ʟʜʘʥʠʷ ʩ ʪʝʧʣʦʚʳʤ ʥʘʩʦʩʦʤ. 

ʀʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʩʪʦʠʪ ʚʳʜʝʣʠʪʴ ʙʦʣʴʰʠʝ 

ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ɻ ʢʩʧʣʫʘʪʘʮʠʶ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʣʦʞʥʳʭ ʟʝʤʣʷʥʳʭ 

ʨʘʙʦʪʘʭ ʧʦ ʩʦʟʜʘʥʠʶ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʢʦʥʪʫʨʦʚ [9, ʩ. 40]. 

ʂʨʦʤʝ ʚʠʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʣʠʷʝʪ ʚʳʙʨʘʥʥʳʡ ʪʠʧ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ. ʇʨʠ ʚʳʙʦʨʝ ʭʣʘʜʘʛʝʥʪʘ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ 

ʫʯʠʪʳʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, 

ʧʦʢʘʟʘʪʝʣʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ - ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʭʦʣʦʜʠʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʘ 

ʪʘʢʞʝ ʛʦʨʶʯʝʩʪʴ, ʪʦʢʩʠʯʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʳ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʦʟʦʥʦʚʦʛʦ 

ʩʣʦʷ ɿʝʤʣʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʩʧʦʩʦʙʥʳ ʜʦʩʪʠʛʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 60 ʜʦ 70 ʛʨʘʜʫʩʦʚ. ʏʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʝ 

ʪʝʧʣʦʚʳʝ ʥʘʩʦʩr , ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʬʨʝʦʥʦʚʳʭ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʥʳʭ ʭʣʘʜʘʛʝʥʪʘʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʜʦ 130 ʛʨʘʜʫʩʦʚ. ʊʘʢʠʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʠʩʧʦʣʴʟʫʶʪ ʧʦʤʠʤʦ ʪʝʧʣʘ ʥʠʟʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʪʳ. ʀʟ ʭʣʘʜʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ 

ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʦʜʫ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (R744), ʘ 

ʪʘʢʞʝ ʘʤʤʠʘʢ (R123) , R134a, R123, R236fa ʠ ʜʨʫʛʠʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʝ ʫʛʣʝʨʦʜʘ R744 ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʝʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʠʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ  

ʪʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʭʣʘʜʘʛʝʥʪʘ ʥʝ ʧʦʣʥʦʩʪʴʶ ʤʝʥʷʝʪ ʬʘʟʫ, ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʨʘʙʦʯʠʝ 

ʞʠʜʢʦʩʪʠ. ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʦʩʣʝ ʢʦʤʧʨʝʩʩʦʨʘ ʚ ʮʠʢʣʝ ʥʘ ʫʛʣʝʢʠʩʣʦʤ ʛʘʟʝ ʥʝ 

ʩʚʷʟʘʥʘ ʥʘʧʨʷʤʫʶ ʩ ʜʘʚʣʝʥʠʝʤ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʳʤʠ ʪʝʧʣʦʚʳʤʠ ʥʘʩʦʩʘʤʠ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʛʘʟʘ - ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ 

ʥʘʜʢʨʠʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʛʨʝʚʘʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʥʘ ʙʦʣʴʰʫʶ ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ [7, ʩ. 107]. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʥʘ ʜʠʦʢʩʠʜʝ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʦʪʚʦʜ ʪʝʧʣʘ ʦʪ ʭʦʣʦʜʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʤ ʮʠʢʣʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʢʨʠʪʠʯʝʩʢʫʶ ʪʦʯʢʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʥʜʝʥʩʘʮʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʤʝʩʪʦ 

ʚʪʦʨʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚ ʢʦʥʪʫʨʝ ʥʘʩʦʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟʦʦʭʣʘʜʠʪʝʣʴ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʯʝʨʝʟ ʥʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʠʞʘʝʪʩʷ, ʘ ʪʝʧʣʦ, ʦʪʚʦʜʠʤʦʝ ʥʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʦʨʦʥʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʛʨʝʚʘ ʟʜʘʥʠʷ ʠʣʠ ʩʠʩʪʝʤʳ ɻɺʉ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʥʘ ʫʛʣʝʢʠʩʣʦʤ ʛʘʟʝ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʚ ʚʳʩʦʢʦʤ ʂʇɼ 
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(ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ) ʢʦʤʧʨʝʩʩʦʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠ ʤʘʣʦʠʟʫʯʝʥʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʮʠʢʣ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʮʠʢʣʦʤ ʩʞʘʪʠʷ ʧʘʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʨʫʛʠʭ ʭʣʘʜʘʛʝʥʪʦʚ, ʪ.ʝ., ʚ ʮʠʢʣʝ ʧʘʨʦʢʦʤʧʨʝʩʩʠʠ [4, ʩ. 192]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʦʧʨʝʜʝʣʷʝʪ ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ COP (coefficient of performance). ʀʥʘʯʝ ʝʛʦ ʥʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʉʆʈ ʙʝʨʫʪ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʪʝʧʣʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʴʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ COP, ʪʝʤ ʤʝʥʴʰʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʪʨʝʙʫʝʪʩʷ ʪʝʧʣʦʚʦʤʫ ʥʘʩʦʩʫ ʜʣʷ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ 

ʦʪʦʧʣʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʠʩʧʘʨʝʥʠʷ ʭʣʘʜʘʛʝʥʪʘ ʚ ʧʝʨʚʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ï ʠʩʧʘʨʠʪʝʣʝ, ʠ ʝʛʦ ʢʦʥʜʝʥʩʘʮʠʠ 

ʚʦ ʚʪʦʨʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ - ʢʦʥʜʝʥʩʘʪʦʨʝ. ʏʝʤ ʤʝʥʴʰʝ ʜʘʥʥʘʷ ʨʘʟʥʦʩʪʴ, ʪʝʤ ʚʳʰʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. 

ʅʘʠʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʙʫʜʝʪ ʩʠʩʪʝʤʘ ʩ 

ʛʨʫʥʪʦʚʦʡ ʚʦʜʦʡ, ʪʘʢ ʢʘʢ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʪʝʧʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʤʠʥʠʤʘʣʴʥʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʟʝʤʥʳʭ ʘʨʪʝʟʠʘʥʩʢʠʭ ʚʦʜ ʢʨʫʛʣʦʛʦʜʠʯʥʦ ʥʝʠʟʤʝʥʥʘ ʠ 

ʧʦʩʪʦʷʥʥʘ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 8-12 ʛʨʘʜʫʩʦʚ. ʇʦʵʪʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʉʆʈ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ ʠʤʝʝʪ ʭʦʨʦʰʠʡ ʧʦʢʘʟʘʪʝʣʴ. ʀʪʘʢ, ʛʣʘʚʥʳʤʠ 

ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʆʈ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʘʷ ʪʝʧʣʦʚʘʷ ʠʟʦʣʷʮʠʷ 

ʧʦʤʝʱʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʨʝʢʫʧʝʨʘʮʠʠ. 

ɺʦʟʜʫʰʥʳʡ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʜʣʷ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʢʨʘʡʥʝ ʥʠʟʢʠʡ COP ʚ 

ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʪʘʢ ʢʘʢ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʩʠʣʴʥʳʝ ʤʦʨʦʟʳ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʠʪ ʥʠʞʝ ʤʠʥʫʩ 25 

ʛʨʘʜʫʩʦʚ, ʪʘʢʦʡ ʪʠʧ ʊʅ ʥʝ ʦʙʝʩʧʝʯʠʪ ʥʫʞʜʳ ʧʦʪʨʝʙʠʪʝʣʷ ʚ ʦʙʦʛʨʝʚʝ ʞʠʣʦʛʦ ʟʜʘʥʠʷ. ʍʦʪʴ ʠ 

ʫʩʪʘʥʦʚʢʘ ʪʘʢʦʛʦ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚʘ ʦʙʦʡʜʝʪʩʷ ʜʝʰʝʚʣʝ, ʦʥ ʚʩʸ ʞʝ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ 

ʧʦʪʨʝʙʣʷʪʴ ʤʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

ɻʦʚʦʨʷ ʧʨʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ COP ʚʦʜʷʥʳʭ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʩʣʝʜʫʝʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʪʘʢʞʝ ʪʝʨʷʶʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʠʣʴʥʳʝ ʭʦʣʦʜʥʳʝ 

ʤʝʩʷʮʳ. ɺʥʝʰʥʝʡ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʩʧʘʨʝʥʠʷ 

ʭʣʘʜʘʛʝʥʪʘ, ʧʦʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ [6, ʩ. 261]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʜʣʷ ʦʪʦʧʣʝʥʠʷ 

ʙʳʣʦ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʢʦʤʝʥʜʘʮʠʡ. ɺʦ-ʧʝʨʚʳʭ, 

ʪʝʧʣʦʚʳʝ ʧʦʪʝʨʠ ʦʪʘʧʣʠʚʘʝʤʦʛʦ ʧʦʤʝʱʝʥʠʷ ʥʝ ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ 100 ɺʪ ʥʘ ʦʜʠʥ 

ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ. ɺʦ-ʚʪʦʨʳʭ, ʥʫʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ. ɹʠʚʘʣʝʥʪʥʘʷ 

ʩʠʩʪʝʤʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʪ.ʝ., ʢʦʤʧʣʝʢʪ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʩ ʜʨʫʛʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʦʤʠ ʪʘʢʞʝ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʚʫʶ ʤʦʱʥʦʩʪʴ 

ʥʘʩʦʩʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʚʤʝʩʪʥʦ ʩ ʪʝʧʣʦʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʪʨʘʜʠʮʠʦʥʥʦ ʛʘʟʦʚʳʡ, ʪʚʝʨʜʦʪʦʧʣʠʚʳʡ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʪʝʣ, ʩʦʣʥʝʯʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʠ 

ʙʘʪʘʨʝʠ [3, ʩ. 40]. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʩ ʪʝʧʣʦʚʳʤ ʥʘʩʦʩʦʤ ʷʚʣʷʶʪʩʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʩʷʢʘʝʤʘʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ 

ʥʫʞʜ ʦʪʦʧʣʝʥʠʷ ʠ ɻɺʉ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʨʠʩʢʘ ʚʦʟʛʦʨʘʥʠʷ, 

ʙʝʩʰʫʤʥʦʩʪʴ ʨʘʙʦʪʳ, ʦʪʩʫʪʩʪʚʠʝ ʥʫʞʜʳ ʚ ʪʦʧʣʠʚʝ, ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʦʪʦʧʣʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ 

ʟʜʘʥʠʡ ʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ̫ ʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʥʳʤ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ, 

ʦʜʥʘʢʦ ɻ ʪʦ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ 

ʩʪʘʜʠʠ ʫʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʄʋʃʔʊʀɺʀʍʈɽɺʆʁ ʂʃɸʉʉʀʌʀʂɸʊʆʈ  

ɼʃʗ ʌʈɸʂʎʀʆʅʀʈʆɺɸʅʀʗ ʉʓʇʋʏɽɻʆ ʄɸʊɽʈʀɸʃɸ 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʭʠʤʠʯʝʩʢʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʙʣʝʤʘ 

ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ, ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 30 ʤʢʤ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʯʘʩʪʠʮ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʷʭ ʧʨʝʜʧʨʠʷʪʠʡ ̫ʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʧʦʨʦʰʢʘ: 

ʮʝʥʪʨʦʙʝʞʥʳʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ, ʩʠʪʦʚʳʝ ʠ ʜʨ. ʂʣʘʩʩʠʬʠʢʘʪʦʨʳ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʪʠʧʘ ʨʘʟʜʝʣʷʶʪ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʩʳʧʫʯʠʡ ʤʘʪʝʨʠʘʣ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʷ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ɼʠʘʧʘʟʦʥ ʧʦʣʫʯʘʝʤʳʭ ʯʘʩʪʠʮ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʠʘʧʘʟʦʥʘ ʢʨʫʧʥʦʩʪʠ 

ʨʘʟʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ [1, ʩ. 50]. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʨʘʟʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʠ ʥʝʙʦʣʴʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚʘ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʩʫʪʩʪʚʠʷ ʚ ʥʝʤ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ̫ʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʠ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʠʤʝʶʪ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʛʨʝʛʘʪʦʚ [2, ʩ. 146]. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʩʠʪʦʚʦʡ ʩʧʦʩʦʙ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʨʦʰʢʦʚ, ʢʦʪʦʨʳʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʩʳʧʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʥʘʙʦʨ ʨʘʟʣʠʯʥʳʭ ʩʠʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦ ʬʨʘʢʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ. ʊʘʢʦʡ 

ʪʠʧ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʧʦ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʦ ʠʤʝʝʪ ʥʠʟʢʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ 

ʩʨʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʪ ʠʟ-ʟʘ ʠʭ ʙʳʩʪʨʦʛʦ ʟʘʩʦʨʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʩʣʠʧʘʥʠʷ ʠ ʧʨʠʣʠʧʘʥʠʷ 

ʯʘʩʪʠʮ ʢ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʴʰʠʝ 

ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʪʝʨʴ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʦʙʨʘʟʦʚʘʥʠʝ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ [3, ʩ. 50]. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʤʫʣʴʪʠʚʠʭʨʝʚʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ.  

ʊʘʢʞʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʣʴʥʠʮʳ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʯʘʩʪʠʮʳ ʩ ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ ʨʘʟʤʝʨʦʚ. ʆʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, 

ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʋʣʘʚʣʠʚʘʥʠʝ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ 
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ʧʦʤʦʱʴʶ ʮʠʢʣʦʥʦʚ, ʩʝʧʘʨʘʪʦʨ, ʧʳʣʝʦʩʘʜʠʪʝʣʴʥʳʭ ʢʘʤʝʨ ʠ ʜʨ. ʘʧʧʘʨʘʪʦʚ. ɼʣʷ ʢʘʞʜʦʡ 

ʦʪʜʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʤʦʜʝʣʠ ʘʧʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʜʦʧʦʣʥʷʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʧʧʘʨʘʪʳ [4, ʩ. 82]. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʫʣʴʪʠʚʠʭʨʝʚʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʟʘʧʳʣʝʥʥʳʡ ʛʘʟʦʚʳʡ 

ʧʦʪʦʢ ʧʦʧʘʜʘʝʪ ʚ ʫʩʪʨʦʡʩʪʚʦ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ 1, ʧʦʩʣʝ ʯʝʛʦ ʦʧʫʩʢʘʝʪʩʷ ʚʥʠʟ ʧʦ 

ʚʥʫʪʨʝʥʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʪʨʫʙʝ ʜʦ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ 3, ʜʘʣʝʝ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʨʝʟʢʦ ʠʟʤʝʥʷʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʪʨʫʙʝ, ʚ ʭʦʜʝ ʜʚʠʞʝʥʠʷ ʟʘʧʳʣʝʥʥʦʛʦ ʛʘʟʘ 

ʧʦ ʜʘʥʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʯʘʩʪʴ ʯʘʩʪʠʮ ʚʳʧʘʜʘʝʪ ʠʟ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ ʠ ʧʘʜʘʝʪ ʚ ʙʫʥʢʝʨ 7 ʯʝʨʝʟ 

ʦʪʚʝʨʩʪʠʝ 4 [5, ʩ. 127]. ʇʨʠ ʚʳʭʦʜʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠʟ ʢʘʞʜʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 3 ʦʥ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 2 ʩʪʨʫʠ, ʢʦʪʦʨʳʝ ʚ ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʧʦʨʮʠʷʭ ʜʚʠʛʘʶʪʩʷ ʚ ʧʨʘʚʫʶ ʠ ʣʝʚʫʶ 

ʩʪʦʨʦʥʳ, ʜʦʩʪʠʛʘʷ ʚʥʫʪʨʝʥʥʶʶ ʩʪʝʥʢʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ 6, ʩʪʨʫʠ ʛʘʟʘ 

ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʠ ʚ ʟʘʚʠʭʨʝʥʠʠ ʜʚʠʞʫʪʩʷ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠ ʟʘʚʠʭʨʝʥʠʷʭ 

ʚʦʟʥʠʢʘʶʪ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ, ʦʪʙʨʘʩʳʚʘʶʱʠʝ ʯʘʩʪʠʮʳ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʩʠʣʠʢʘʛʝʣʷ ʠʟ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʪʦʢʘ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʙʠʪʳʝ ʯʘʩʪʠʮʳ 

ʧʘʜʘʶʪ ʚ ʧʳʣʝʚʦʡ ʙʫʥʢʝʨ 7 [6, ʩ. 79].  

 

 

ʈʠʩ. 1. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʫʣʴʪʠʚʠʭʨʝʚʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ: 

1 ï ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ, 2 ï ʨʝʰʝʪʢʘ ʩ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ, 

3 ï ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ, 4 ï ʦʪʚʝʨʩʪʠʝ, 5 ï ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ, 

6 ï ʢʦʨʧʫʩ ʫʩʪʨʦʡʩʪʚʘ, 7 ï ʙʫʥʢʝʨ 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʫʣʴʪʠʚʠʭʨʝʚʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʞʜʦʝ ʟʘʚʠʭʨʝʥʠʝ ʧʨʠ 

ʩʚʦʝʤ ʚʨʘʱʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʜʚʘ ʩʦʩʝʜʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʙʷ ʟʘʚʠʭʨʝʥʠʡ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʠʟ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʦʡ ʙʦʣʴʰʝ ʥʘ 35,3 %, ʯʝʤ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʦʡ [7, ʩ. 834]. 

ɺ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ 

ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʝ ʠ ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʙʦʣʴʰʫʶ ʯʸʪʢʦʩʪʴ 

ʨʘʟʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʵʢʨʘʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʡʪʠ, ʚ ʦʩʥʦʚʥʦʤ, 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʪʨʫʠ, ʛʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚʨʘʱʝʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ [8, ʩ. 82]. ʇʨʠ ʜʚʠʞʝʥʠʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ 

ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʦʥ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʝʰʝʪʢʫ ʩ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʝʧʘʨʘʮʠʦʥʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʚʳʙʠʚʘʶʱʘʷ ʯʘʩʪʠʮʳ ʩʳʧʫʯʝʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʘʛʝʣʷ ʠʟ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʪʘʢʞʝ ʧʘʜʘʶʪ ʚ ʙʫʥʢʝʨ 

7. ʆʯʠʱʝʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʦʪ ʯʘʩʪʠʮ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʘʛʝʣʷ ʨʘʟʤʝʨʦʤ 

ʜʦ 30 ʤʢʤ ʚʳʭʦʜʠʪ ʠʟ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ ʯʝʨʝʟ ʚʳʭʦʜʥʦʝ 

ʦʪʚʝʨʩʪʠʝ 5 [9, ʩ. 80]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʢʘʞʜʦʝ ʟʘʚʠʭʨʝʥʠʝ ʧʨʠ ʩʚʦʝʤ ʚʨʘʱʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʜʚʘ ʩʦʩʝʜʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʝʙʷ ʟʘʚʠʭʨʝʥʠʡ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʠʟ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ (ʨʠʩ. 2) [10, ʩ. 85]. 

 
ʈʠʩ. 2. ʆʙʨʘʟʦʚʘʥʠʝ ʟʘʚʠʭʨʝʥʠʡ ʚ ʤʫʣʴʪʠʚʠʭʨʝʚʦʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨʝ.  

ʃʠʥʠʠ ʪʦʢʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ (ʚʠʜ ʩʚʝʨʭʫ) 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʩʠʣʠʢʘʛʝʣʷ ʨʘʟʤʝʨʦʤ 1-100 ʤʢʤ ʠʟ ʟʘʧʳʣʝʥʥʦʛʦ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩʝʧʘʨʘʪʦʨʦʤ ʩ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ ʩ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʪʨʫʙʦʡ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ 45,8, 31,1 ʠ 65,1 % ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ hd ʨʘʚʥʦʛʦ 20, 50 ʠ 

100 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [11, ʩ. 64].  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ ʩʠʣʠʢʘʛʝʣʷ ʨʘʟʤʝʨʦʤ 1-100 ʤʢʤ ʠʟ 

ʟʘʧʳʣʝʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ ʩ ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʨʫʙʘʤʠ ʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʦʡ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ 22,1, 50,3 ʠ 5,1 % ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ hd ʨʘʚʥʦʛʦ 20, 30 ʠ -10 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʤʝʥʴʰʝ ʚ 2 ʨʘʟʘ, ʯʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʪʨʫʙʦʡ [12, ʩ. 1089]. 


