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ʄʀʅʀʉʊɽʈʉʊɺʆ ʅɸʋʂʀ ʀ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ʈʌ 
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ʋɼʂ 51+53 

ɹɹʂ 22.1+22.3 

        ʌ94 

 

 

ʉʙʦʨʥʠʢ ʠʟʜʘʥ ʟʘ ʩʯʸʪ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ 

ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

ʇʨʠʚʦʣʞʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ˉ 075-02-2020-1421/1 

ʢ ʩʦʛʣʘʰʝʥʠʶ ˉ 075-02-2020-1421 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

 

 

 ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ: 

ʌ94 ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʛ. ʋʬʘ, 11 ï 14 ʥʦ̫ʙʨʷ 2020 ʛ.) / ʦʪʚ. 

ʨʝʜ. ɽ.ɻ. ɽʢʦʤʘʩʦʚ, ʃ.ɸ. ɻʘʙʜʨʘʭʤʘʥʦʚʘ. ï ʋʬʘ: ʅʀʎ çɸʕʊɽʈʅɸè, 

2020. ï 255 ʩ. 

  

 ISBN 978-5-00177-062-6 

 ɺ ʩʙʦʨʥʠʢ ʧʦʤʝʱʝʥʳ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʫʯʘʩʪʥʠʢʦʚ XI ʄʝʞʜʫ-

ʥʘʨʦʜʥʦʡ ʰʢʦʣʳ-ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʠè: ʩʧʫʪʥʠʢ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʋʬʠʤʩʢʘʷ ʦʩʝʥʥʷʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʰʢʦʣʘ-2020è. 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʚʪʦʨʘʤʠ 

ʦʨʠʛʠʥʘʣʦʚ. 
 

 

                                                                                                 ʋɼʂ 51+53 

                                                                                                ɹɹʂ 22.1+22.3 

 

 ISBN 978-5-00177-062-6 É ɹʘhɻʋ, 2020 

É ʅʀʎ çɸʕʊɽʈʅɸè, 2020 

É ʂʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ, 2020 

ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ɹ.ʅ. ʍʘʙʠʙʫʣʣʠʥ (ʦʪʚ. ʟʘ ʚʳʧʫʩʢ); 

ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ɽ.ɻ. ɽʢʦʤʘʩʦʚ (ʦʪʚ. ʨʝʜʘʢʪʦʨ); 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʃ.ɸ. ɻʘʙʜʨʘʭʤʘʥʦʚʘ (ʦʪʚ. ʨʝʜʘʢʪʦʨ) 

ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʆ.ɸ. ʂʨʠʚʦʰʝʝʚʘ; 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʌ.ʂ. ɿʘʢʠʨʴʷʥʦʚ; 

ʘʩʧʠʨʘʥʪ ʌʄʠʀʊ ɹʘʰɻʋ ɸ.ʉ. ɹʝʣʦʚʘ 
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ʉɽʂʎʀʗ çʂʆʄʇʃɽʂʉʅʓʁ ɸʅɸʃʀɿ ʀ ʊɽʆʈʀʗ ʌʋʅʂʎʀʁè 

 

ʋɼʂ 517.7 

ʆɹ ʆʇɽʈɸʊʆʈɽ ɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʀʗ 

ʈʘʭʠʤʦʚʘ ɸ.ʀ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʮʝʣʳʭ ʬʫʥʢʮʠʡ Ὄ(ᴇ)  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʦʧʝʨʘʪʦʨ nïʛʦ ʧʦʨʷʜʢʘ k ʩʣʘʛʘʝʤʳʭ:  

ὈὯ
ὲ= ὧ1

Ὠὲ

Ὠᾀὲ
+ ὧ2ᾀ

Ὠὲ 1

Ὠᾀὲ 1 + Ễ+ ὧὯᾀ
ὯὨ

ὲ Ὧ+ 1

Ὠᾀὲ Ὧ+ 1. 

ʆʧʝʨʘʪʦʨ nïʛʦ ʧʦʨʷʜʢʘ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʩʣʘʛʘʝʤʳʭ ʠʤʝʝʪ ʚʠʜ:  

Ὀὲ= ὧ1
Ὠὲ

Ὠᾀὲ
+ ὧ2ᾀ

Ὠὲ 1

Ὠᾀὲ 1 + Ễ+ ὧὯᾀ
ὯὨ

ὲ Ὧ+ 1

Ὠᾀὲ Ὧ+ 1 + Ễ. 

ʅʘʧʠʰʝʤ ʵʪʠ ʦʧʝʨʘʪʦʨʳ ʚ ʦʙʱʝʤ ʚʠʜʝ:  

ὈὯ
ὲ= ὧί

ὲ

Ὧ

ί= 1

ᾀὲί ὲ
Ὠὲί

Ὠᾀὲί
, 

ʛʜʝ n ʠ k ɂ ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ, ὲ< Њ, Ὧ Њ. 

ʊʝʦʨʝʤʘ. ɼʣʷ ʢʦʥʝʯʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʦʮʝʥʢʘ:  

ȿὈὯ
ὲὪᾀ0 ȿ

Ὧὲ+ 1 !ὅ

ὶὲ
, 

ʛʜʝ ὅ=
άὥὼ

ᾀɴ ὄ(0,ȿᾀ0ȿ)
ȿὪ(ᾀ)ȿ, ὶ= ȿᾀ0ȿ. 

ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ ὈὯ
ὲ
Ὧ= 1
+Њ  ʧʦʣʫʯʘʝʪʩʷ  ʩʣʝʜʫʶʱʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ:  

ȣ> ȿὈὯ
ὲὪ(ᾀ)ȿ> ȿὈὯ 1

ὲ Ὢ(ᾀ)ȿ> Ễ> ȿὈ1
ὲὪ(ᾀ)ȿ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɼʠʣʴʤʫʭʘʤʝʪʦʚʘ ɸ.ʄ., ʄʫʣʣʘʙʘʝʚʘ ɸ.ʋ., ʅʘʧʘʣʢʦʚ ɺ.ɺ. ʆʙʦʙʱʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʌʦʢʘ // ʋʬʠʤʩʢʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2010. ʊ. 2, ˉ1. 

ʉ. 52 ï 58.  

 

Ò ʈʘʭʠʤʦʚʘ ɸ.ʀ., 2020 ʛ. 
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ʋɼʂ 517.547.22 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʊɽʆʈɽʄʓ ʄɸʃʔʗɺɽʅɸ-ʈʋɹɽʃɸ  

ʅɸ ʂʆʄʇʃɽʂʉʅʓɽ ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊʀ  

ʉʘʣʠʤʦʚʘ ɸ.ɽ., ʍʘʙʠʙʫʣʣʠʥ ɹ.ʅ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʆʩʥʦʚʥʘʷ ʪʝʦʨʝʤʘ (ʦʙʦʙʱʝʥʠʝ [1], ʩʤ. [2] ï[3]). ɼʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ zk k= 1,2,... ʙʝʟ ʧʨʝʜʝʣʴʥʳʭ ʪʦʯʝʢ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩ ʫʩʣʦʚʠʝʤ liminf k ÐO (Re zk )/ |zk | > 0 ʠ ʥʝʥʫʣʝʚʦʡ ʮʝʣʦʡ 

ʬʫʥʢʮʠʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ g ʵʢʚʠʚʘʣʝʥʪʥʳ ʩʣʝʜʫʶʱʠʝ ʜʚʘ 

ʫʪʚʝʨʞʜʝʥʠʷ: 

I. ʅʘʡʜʸʪʩʷ ʥʝʥʫʣʝʚʘʷ ʮʝʣʘʷ ʬʫʥʢʮʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ f, 
ʦʙʨʘʱʘʶʱʘʷʩʷ ʚ ʥʫʣʴ ʥʘ zk k= 1,2,... ʩ ʫʯʸʪʦʤ ʢʨʘʪʥʦʩʪʠ, ʠ ʦʪʢʨʳʪʦʝ 

ʧʦʜʤʥʦʞʝʩʪʚʦ E ʥʘ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ ʢʦʥʝʯʥʦʡ ʣʠʥʝʡʥʦʡ ʣʝʙʝʛʦʚʦʡ ʤʝʨʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ ȿf iy ȿ ȿg iy ȿ ʧʨʠ ʚʩʝʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ y ʚʥʝ E.  

II. ʉʫʱʝʩʪʚʫʝʪ ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ C,  ʜʣʷ ʢʦʪʦʨʦʛʦ 

max

ừ
Ử
Ừ

Ử
ứ

Re
1

zk

,

r<ȿzkȿR
Re zk > 0

Re
1

zk
r <ȿzkȿR
Re zk < 0 ữ

Ử
Ữ

Ử
ử

1

2ʌ
 

R

r

lnȿg iy ȿ+ lnȿg iy ȿ

y 2
dy + C 

ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ    1 r < R < +Ð. 
ʕʪʦʪ ʨʝʟʫʣʪɹʘʪ ʠʤʝʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʢ ʚʦʧʨʦʩʘʤ ʧʦʣʥʦʪʳ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʤʝʨʦʤʦʨʬʥʳʭ ʬʫʥʢʮʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʦʥʘʣʦʚ ʠ ʠʭ ʩʚʸʨʪʦʢ,  ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʧʨʦʜʦʣʞʝʥʠʶ ʛʦʣʦʤʦʨʬʥʳʭ 

ʬʫʥʢʮʠʡ ʠ ʧʨʦʯ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 20-31-

90074 ñɸʩʧʠʨʘʥʪʳò. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. P. Malliavin, L.A. Rubel On small entire functions of exponential type with 

given zeros // Bull. Soc. Math. France, 1961, 89:2, 175ï201. 

2. ʉʘʣʠʤʦʚʘ ɸ.ɽ., ʍʘʙʠʙʫʣʣʠʥ ɹ. ʅ.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʫʣʝʡ ʮʝʣʳʭ ʬʫʥʢʮʠʡ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʨʦʩʪ ʚʜʦʣʴ ʧʨʷʤʦʡ  // 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʪʢʠ, 2020, 108:4, 588ï600. 

3. ʍʘʙʠʙʫʣʣʠʥ ɹ.ʅ., ʉʘʣʠʤʦʚʘ ɸ.ɽ. ɺʳʤʝʪʘʥʠʝ ʤʝʨ ʠ ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʥʘ ʩʠʩʪʝʤʫ ʣʫʯʝʡ. III. ʂ ʪʝʦʨʝʤʝ ʄʘʣʴʷʚʝʥʘ-ʈʫʙʝʣʘ ʦ ʤʘʣʦʩʪʠ 

ʨʦʩʪʘ ʮʝʣʳʭ ʬʫʥʢʮʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʪʠʧʘ // ʉʪʘʪʴʷ ʥʘʧʨʘʚʣʝʥʘ ʚ 

ʞʫʨʥʘʣ ñɸʣʛʝʙʨʘ ʠ ʘʥʘʣʠʟò ʚ 2020 ʛ. 

 

É ʉʘʣʠʤʦʚʘ ɸ.ɽ., ʍʘʙʠʙʫʣʣʠʥ ɹ.ʅ., 2020 ʛ. 
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ʉɽʂʎʀʗ çɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓɽ ʋʈɸɺʅɽʅʀʗ  ʀ  

ʉʇɽʂʊʈɸʃʔʅɸʗ ʊɽʆʈʀʗ ʆʇɽʈɸʊʆʈʆɺè 
 

ʋɼʂ 517.984.5 

ʆɹ  ɸʉʀʄʇʊʆʊʀʂɽ ʉʆɹʉʊɺɽʅʅʓʍ ɿʅɸʏɽʅʀʁ ʊɽʇʃʀʎɽɺʆʁ 

ʄɸʊʈʀʎʓ ʉʇɽʎʀɸʃʔʅʆɻʆ ɺʀɼɸ 

ɺʦʨʦʥʠʥ ʀ.ɺ. 

ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ɼʦʣʛʦʧʨʫʜʥʳʡ, ʈʦʩʩʠʷ 

 

ʊʝʧʣʠʮʝʚʳ ʤʘʪʨʠʮʳ ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ 

ʢʣʘʩʩʦʚ ʤʘʪʨʠʮ, ʧʦʷʚʣʷʶʱʠʡʩʷ ʚ ʟʘʜʘʯʘʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʤʝʭʘʥʠʢʠ, ʘ ʪʘʢʞʝ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷʭ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʧʣʠʮʝʚʘʷ ʤʘʪʨʠʮʘ ʩ ʛʝʥʝʨʠʨʫʶʱʠʤ 

ʤʥʦʛʦʯʣʝʥʦʤ a ὸ= ὸ 2 +
1

ὸ

3

. ɺ ʨʘʙʦʪʝ [1] ʨʘʩʩʤʘʪʨʠ-ʚʘʝʪʩʷ ʦʙʱʠʡ 

ʧʦʜʭʦʜ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʤʤʝʪʨʠʯ-ʥʳʭ ʪʝʧʣʠʮʝʚʳʭ 

ʤʘʪʨʠʮ, ʦʜʥʘʢʦ ʥʘ ʛʝʥʝʨʠʨʫʶʱʠʡ ʤʥʦʛʦʯʣʝʥ ʥʘʢʣʘʜʳʚʘ- ʶʪʩʷ ʥʝʢʦʪʦʨʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʦʜʥʘʢʦ ʠʟ-ʟʘ 

ʦʙʨʘʱʝʥʠʷ ʚ 0 ʥʘ ʢʦʥʮʝ ʠʥʪʝʨʚʘʣʘ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜ-ʥʦʡ, ʟʘʜʘʯʘ ʫʩʣʦʞʥʷʝʪʩʷ 

ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʤʝʪʦʜʘʤʠ ʨʘʙʦʪʳ [1]. 

ʊʝʦʨʝʤʘ 1) g • = ὥὩὭ•  ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʘʪʨʠʮʳ 

Ὕὲ(ὥ) ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ű ʷʚʣʷʝʪʩʷ ʢʦʨʥʝʤ ʦʜʥʦʤ ʠʟ ʫʨʘʚʥʝʥʠʡ: 

tan
ὲ+ 3

3
 • = Ὢ•     (1) 

cot
ὲ+ 3

3
 • = Ὤ(•)     (2) 

ʛʜʝ g • ʠ Ὤ(•) ʷʚʥʦ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ. 

2) ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ n ʫʨʘʚʥʝʥʠʷ (1) ʠ (2) ʚ ʩʫʤʤʝ ʠʤʝʶʪ ʨʦʚʥʦ 

n ʨʘʟʣʠʯʥʳʭ ʢʦʨʥʝʡ ʥʘ ʠʥʪʝʨʚʘʣʝ 0,“. ʇʨʠʯʝʤ ʢʦʨʥʠ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2) 
ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʩʢʦʣʴ ʫʛʦʜʥʦ ʪʦʯʥʦ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʝʢʫʨʨʝʥʪʥʳʭ ʬʦʨʤʫʣ: 

•2Ὦ 1
(Ὧ+ 1)

=
2

ὲ+ 3
[“Ὦ+ tan 1Ὢ(•2Ὦ 1

(Ὧ)
)]   (3) 

•2Ὦ
(Ὧ+ 1)

=
2

ὲ+ 3
[“Ὦ+

“

2
cot 1Ὤ(•2Ὦ

(Ὧ)
)]    (4) 

ʛʜʝ Ὧ ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ. 

3) ʇʦʛʨʝʰʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘʡʜʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ 

(3) ʠ (4) ʤʦʞʥʦ ʨʘʚʥʦʤʝʨʥʦ ʦʮʝʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

‗Ὦ
(Ὧ)

‗Ὦ= ὕ
0.77Ὧ

ὲ
    (5) 

ʃʠʪʝʨʘʪʫʨʘ 

1.  A.A.Batalshchikov, S.M.Grudsky, V.A.Stukopin  Asymptotics of 

eigenvalues of symmetric Toeplitz band matrices. Linear Algebra and its 

Applications 469 (2015) 464ï486. 

Ò ɺʦʨʦʥʠʥ ʀ.ɺ., 2020 ʛ. 
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ʋɼʂ 517.956+517.958 

ʈɸɺʅʆʄɽʈʅɸʗ ʈɽɿʆʃʔɺɽʅʊʅɸʗ ʉʍʆɼʀʄʆʉʊʔ ɼʃʗ 

ʕʃʃʀʇʊʀʏɽʉʂʀʍ ʆʇɽʈɸʊʆʈʆɺ ɺ ʆɹʃɸʉʊʗʍ, 

ʇɽʈʌʆʈʀʈʆɺɸʅʅʓʍ ɺɼʆʃʔ ɿɸɼɸʅʅʆɻʆ ʄʅʆɻʆʆɹʈɸɿʀʗ 

ɹʦʨʠʩʦʚ ɼ.ʀ., ʄʫʭʘʤʝʪʨʘʭʠʤʦʚʘ ɸ.ʀ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʄ. ɸʢʤʫʣʣʳ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʇʫʩʪʴ  ὼ= (ὼ1,ȣ,ὼὲ) ï ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʚ ᴙὲ, ɱṒᴙὲ ï ʦʙʣʘʩʪʴ ʩ 

ʛʨʘʥʠʮʝʡ ʢʣʘʩʩʘ ὅ2, ὛṒ  ï ʤʥʦʛʦʦʙʨʘʟʠʝ ʙʝʟ ʢʨʘʷ ʢʣʘʩʩʘ ὅ2 ʢʦʨʘʟʤʝʨʥʦʩʪʠ 

1, ‐ ï ʤʘʣʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, –= –(‐) ï ʬʫʥʢʮʠʷ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʥʝʨʘʚʝʥʩʪʚʫ: 0 < –(‐) 1 , ‐Ṗᴓ ï ʧʨʦʠʟʚʦʣʴʥʦʝ 

ʤʥʦʞʝʩʪʚʦ, ὓὯ
‐, Ὧᶲ ‐ ï ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʢʨʝʩʪʥʦʩʪʠ Ὓ ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ: ὨὭίὸ(ὓὯ
‐,Ὓ) Ὑ0‐, ʛʜʝ Ὑ0 > 0 ï ʢʦʥʩʪʘʥʪʘ, ʥʝ 

ʟʘʚʠʩʷʱʘʷ ʦʪ Ὧ ʠ ‐, ‫Ὧ,–Ṓᴙ
ὲ, Ὧᶲ ‐ ï ʦʛʨʘʥʠʯʝʥʥʳʝ ʦʙʣʘʩʪʠ ʩ ʛʨʘʥʠʮʘʤʠ 

ʢʣʘʩʩʘ ὅ2. ʆʙʦʟʥʘʯʠʤ: ‫Ὧ
‐ḧ ὼ: (ὼ ὓὯ

‐)‐1–1 –,‫ɸὯ , ɱ‐ḧ \ ẕ ‫Ὧ
‐

Ὧɸ ‐ . 

ɺʚʝʜʸʤ ʤʥʦʞʝʩʪʚʘ: —‐= —Ὀ
‐᷾—Ὑ

‐, —Ὥ
‐= ẕ ‫Ὧ

‐
Ὧɸ Ὥ

‐ , Ὥ= Ὀ,Ὑ, ʛʜʝ Ὀ
‐᷊ Ὑ

‐= ,ɲ 

Ὀ
‐᷾ Ὑ

‐= ‐. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ὃὭὮ= ὃὭὮ(ὼ), ὃὭ= ὃὭ(ὼ), ὃ0 = ὃ0(ὼ) ʬʫʥʢʮʠʠ, 

ʟʘʜʘʥʥʳʝ ʚ ɱ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ: ὃὭὮ,ὃὭɸ ὡЊ
1(ɱ) , ὃ0 ὒɸЊ(ɱ), 

ὃὭὮ= ὃὮὭ, Ὥ,Ὦ= 1,ȣ,ὲ, В ὃὭὮ(ὼ)
ὲ
Ὥ,Ὦ=1 ‚Ὥ‚Ὦ ὅ0|‚|2, ὼ  ɸ, ‚= (‚1,ȣ,‚ὲ) ᴙɸὲ, ʛʜʝ 

ὅ0 > 0 ï ʢʦʥʩʪʘʥʪʘ, ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ὼ ʠ ‚. ʇʫʩʪʴ ὥ= ὥ(ὼ,ό) ï ʬʫʥʢʮʠʷ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʷʤ: |ὥὼ,ό1 ὥὼ,ό2 | ὥ0|ό1 ό2|, ὥὼ,0 = 0, ʛʜʝ 

ὥ0 ï ʢʦʥʩʪʘʥʪʘ, ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ὼ, ό1 ʠ ό2. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ: 

В
‬

‬ὼὮ

ὲ
Ὥ,Ὦ=1 ὃὭὮ

‬

‬ὼὭ
 + В ὃὮ

ὲ
Ὦ=1

‬

‬ὼὮ

‬

‬ὼὮ
ὃὮ + ὃ0 ‗ό‐= Ὢ  ʚ  ɱ‐,   ό‐= 0  ʥʘ  ‬ , 

 ό‐= 0  ʥʘ ‬—Ὀ
‐,   

‬ό‐

‬ὲ
+ ὥ(ὼ,ό‐)=0  ʥʘ  ‬—Ὑ

‐,  
‬

‬ὲ
= В ὃὭὮcos((Ὥὼὕ,‮

‬

‬ὼὮ

ὲ
Ὥ,Ὦ= 1 , 

ʛʜʝ Ὢ ὒɸ2(ɱ),  ‗ ï ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ, cos(ʶʴʩʦ ʫʜʞʝʤ ʘʣʛʫ ʩʫʥʠʩʦʢ ï (Ὥὼὕ,‮ 

ὕὼὭ  ʠ ʝʜʠʥʠʯʥʦʡ ʥʦʨʤʘʣʴʶ  ʢ ‮‬—Ὑ
‐, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʥʫʪʨʴ ʤʥʦʞʝʩʪʚʘ —Ὑ

‐.  

ɺʚʝʜʝʤ ʝʱʝ ʦʜʥʫ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ: 

В
‬

‬ὼὮ

ὲ
Ὥ,Ὦ=1 ὃὭὮ

‬

‬ὼὭ
 + В ὃὮ

ὲ
Ὦ=1

‬

‬ὼὮ

‬

‬ὼὮ
ὃὮ + ὃ0 ‗ό0 = Ὢ  ʚ  ɱ,   ό0 = 0  ʥʘ  ‬ ᷾Ὓ. 

ʅʘʰ ʦʩʥʦʚʥʦʡ ʨʝʟʫʣʴʪʘʪ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʠ ʫʩʣʦʚʠʠ 
‐

–ὲ 2(‐)
ᴼ+ 0, 

‐O + 0 ʠ ʥʝʢʦʪʦʨʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʥʦʛʦʦʙʨʘʟʠʷ Ὓ  ʠ ʦʪʚʝʨʩʪʠʡ ‫Ὧ
‐ ʚʝʨʥʦ ʥʝʨʘʚʝʥʩʪʚʦ: 

ᴁό‐ ό0ᴁὡ2
1( ‐) ὅ

‐

–ὲ 2(‐)

1

2ᴁὪᴁὒ2(ɱ) , 

ʛʜʝ ʢʦʥʩʪʘʥʪʘ ὅ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ‐, – ʠ Ὢ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 20-11-19995). 

 

Ò ɹʦʨʠʩʦʚ ɼ.ʀ., ʄʫʭʘʤʝʪʨʘʭʠʤʦʚʘ ɸ.ʀ., 2020 ʛ. 
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ʋɼʂ 517.518. 

ɸʉʀʄʇʊʆʊʀʏɽʉʂʆɽ ʇʆɺɽɼɽʅʀɽ ʌʋʅɼɸʄɽʅʊɸʃʔʅʆʁ 

ʄɸʊʈʀʎʓ ʉʀʉʊɽʄʓ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ 

ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ  ɺ  ɺʓʈʆɾɼɽʅʅʆʄ ʉʃʋʏɸɽ 
ʉʘʜʨʠʝʚʘ ʈ.ʊ., ʉʠʜʝʣʴʥʠʢʦʚʘ ʅ.ɸ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ʭ ʚ ʚʳʨʦʞʜʝʥʥʦʤ 

ʩʣʫʯʘʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʘʩʠʤʧʪʦʪʠʢʘ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ, ʚʳʨʦʞʜʝʥʥʳʡ ʩʣʫʯʘʡ.  

 

In this work , we study the asymptotic behavior of the fundamental matrix of 

a system of second-order differential equations for large values variable x in the 

degenerate case. We consider a system of two equations on the interval I = [a, b] 

(the finite or the infinite): 

 

L (D,k) ¹ D2
y(x) ï k

2
 A(x)y = 0, 

 

here D = d / dx,  k ï a big parameter and  ɸ(x) ï a second-order matrix. 

Keywords: asymptotic formulas, fundamental matrix, differential system, 

degenerate case. 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʠʥʪʝʨʚʘʣʝ I = [a, b]  

(ʢʦʥʝʯʥʦʤ ʠʣʠ ʙʝʩʢʦʥʝʯʥʦʤ): 

 

L (D,k) ¹D2
y(x) ï k

2
A(x)y = 0,(1) 

 

ʛʜʝ D = d / dx,  k ï ʙʦʣʴʰʦʡ ʧʘʨʘʤʝʪʨ ʠ ɸ(x) ï ʤʘʪʨʠʮʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ A(x) ʚʳʧʦʣʥʷʝʪʩʷ: 

 

a11(x)a22(x) = a12(x)a21(x), 

 

ʧʦʣʫʯʠʤ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʤʘʪʨʠʮʳ ɸ(x) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

l -(x) = 0, l+(x) = a11(x) + a22(x). 

 

ɼʘʣʝʝ ʤʳ ʩʚʦʜʠʤ  ʩʠʩʪʝʤʫ (1) ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ:  

 

DY = kB(x) Y.                                               (2) 
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ɿʘʪʝʤ ʤʳ ʜʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (2) ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʢ L-ʜʠʘʛʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝʠ , ʚʦʟʚʨʘʱʘʷʩʴ ʢ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ (1), 

ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ: 

 

ώ1
( ὶ )  (ὼ,Ὧ)  =  ὲὶ1(ὼ,Ὧ) ὼ Ὡὼὴ ύ1(ὸ)Ὠὸ

ὼ

ὼ0

,ώ2
( ὶ )  (ὼ,Ὧ)  

=  ὲὶ2(ὼ,Ὧ)   Ὡὼὴ ύ1(ὸ)Ὠὸ
ὼ

ὼ0

, 

 

ώὮ
( ὶ )  (ὼ,Ὧ)  =  ὲὶὮ(ὼ,Ὧ)   Ὡὼὴ ύὮ 1(ὸ)Ὠὸ

ὼ

ὼ0

, =ὶש 1,.. . ,4; Ὦ= 3,4. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʫʣʪʘʥʘʝʚ ʗ. ʊ., ɸʩʠʤʧʪʦʪʠʢʘ ʩʧʝʢʪʨʘ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʨʝʨʘʪʦʨʦʚ ʚ ʚʳʨʦʞʜʝʥʥʦʤ ʩʣʫʯʘʝ, 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, 18, 1992, ˉ 10, 1694 ï 1702. 

2. ʉʫʣʪʘʥʘʝʚ ʗ. ʊ., ɸʩʠʤʧʪʦʪʠʢʘ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘ ʦʜʥʦʤʝʨʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʨʝʘʪʦʨʦʚ, ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, 10, 

1974, ˉ 11, 2010 ï 2020. 

3. ʉʫʣʪʘʥʘʝʚ ʗ. ʊ., ʀʩʣʘʤʦʚʘ ʈ. ʊ., ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ    

ʧʘʨʮʠʘʣʴʥʳʭ ʚʦʣʥ ʩ ʙʳʩʪʨʦ ʦʩʮʠʣʣʠʨʫʶʱʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʄʘʪʝʤ. 

ʟʘʤʝʪʢʠ,  79, 2006, ˉ 2, 288 ï 293.  
 

É ʉʘʜʨʠʝʚʘ ʈ.ʊ., ʉʠʜʝʣʴʥʠʢʦʚʘ ʅ.ɸ., 2020 ʛ. 
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ʉɽʂʎʀʗ çʄɽʍɸʅʀʂɸè 

 

ʋɼʂ 519.615.5, 69.04, 69.07 

ʆ ʉɺɽʈʍɺʓʉʆʂʀʍ ɿɼɸʅʀʗʍ  ʉ  ʅɸɼʋɺʅʓʄ ʂɸʈʂɸʉʆʄ  

ʐʘʨʠʧʦʚ ʈ.ɸ.  

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ɺʳʩʦʪʘ ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʟʜʘʥʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʘʚʣʷʝʪ 828 

ʤʝʪʨʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ ʟʜʘʥʠʡ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʪʘʣʴʥʳʤ 

ʢʘʨʢʘʩʦʤ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʚʝʩʫ ʠ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʟʜʘʥʠʡ ʩʚʷʟʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʜʫʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʣʠʤʝʨʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʀʜʝʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʜʫʚʥʦʡ ʙʘʰʥʠ ʚʳʩʦʪʦʡ ʦʪ 3 ʜʦ 100 ʢʠʣʦʤʝʪʨʦʚ 

ʧʨʠʥʘʜʣʝʞʠʪ ʨʦʩʩʠʡʩʢʦʤʫ ʫʯʸʥʦʤʫ ʠ ʠʥʞʝʥʝʨʫ ɸ.ɸ. ɹʦʣʦʥʢʠʥʫ, ʥʳʥʝ 

ʧʨʦʞʠʚʘʶʱʝʤʫ ʚ ʉʐɸ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʜʝʠ ʘʚʪʦʨʦʤ ʜʦʢʣʘʜʘ ʚ ʨʘʙʦʪʝ [1] 

ʧʨʦʠʟʚʝʜʸʥ ʧʨʦʯʥʦʩʪʥʦʡ ʨʘʩʯʸʪ ʥʘʜʫʚʥʦʡ ʢʦʣʦʥʥʳ ʜʠʘʤʝʪʨʦʤ 1 ʤʝʪʨ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʨʝʟʠʥʳ, ʘʨʤʠʨʦʚʘʥʥʦʡ ʢʝʚʣʘʨʦʤ, ʠ ʨʘʟʜʝʣʸʥʥʦʡ ʥʘ 

ʩʝʛʤʝʥʪʳ ʚʳʩʦʪʦʡ ʧʦ 3 ʤʝʪʨʘ ʩʪʘʣʴʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʨʘʟʤʝʨʦʤ 1,5Ĭ1,5 

ʤʝʪʨʘ ʠ ʪʦʣʱʠʥʦʡ 1 ʩʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʛʘʟʘ ʥʘʧʦʣʥʠʪʝʣʷ ʚʳʩʦʪʘ ʢʦʣʦʥʥʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 5634 ʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ 

ʢʘʞʜʘʷ ʪʘʢʘʷ ʢʦʣʦʥʥʘ ʤʦʞʝʪ ʥʝʩʪʠ 20 ʪʦʥʥ ʥʘʛʨʫʟʢʠ ʥʘ ʝʸ ʚʝʨʰʠʥʝ ʠ 1336 

ʪʦʥʥ ʥʘʛʨʫʟʢʠ, ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦ ʚʳʩʦʪʝ. ʇʨʠ ʧʦʣʥʦʤ ʚʝʩʝ ʚ 2563 ʪʦʥʥʳ 

ʪʘʢʘʷ ʢʦʣʦʥʥʘ ʦʢʘʟʳʚʘʝʪ ʥʘ ʦʩʥʦʚʘʥʠʝ ʜʘʚʣʝʥʠʝ ʚ 45,2 ʤʝʛʘʧʘʩʢʘʣʴ, ʯʪʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʦʚ ʜʣʷ ʩʪʘʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ ʠ ʜʣʷ ʨʝʟʠʥʦʚʳʭ 

ʰʣʘʥʛʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʯʝʪʳʨʸʭʢʨʘʪʥʳʤ ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʠ. ʇʫʯʢʠ 

(ʩʚʷʟʢʠ) ʠʟ ʧʦʜʦʙʥʳʭ ʢʦʣʦʥʥ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʘʨʢʘʩʦʤ ʜʣʷ ʩʚʝʨʭʚʳʩʦʢʠʭ 

ʟʜʘʥʠʡ ʠ ʜʣʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʦʨ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʛʦʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʦʨʥʦʣʳʞʥʳʭ ʪʨʘʩʩ ʚʙʣʠʟʠ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʚʥʠʥʥʳʭ ʤʦʨʩʢʠʭ 

ʢʫʨʦʨʪʦʚ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʘ ʧʫʪʸʤ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʥʘʧʨʠʤʝʨ, ʪʝʭ, ʯʪʦ ʬʦʨʤʠʨʫʶʪ ʘʣʣʝʶ 

ʪʦʨʥʘʜʦ ʚ ʉʐɸ. ɽʱʸ ʦʜʥʠʤ ʘʤʙʠʮʠʦʟʥʳʤ ʧʨʦʝʢʪʦʤ ʤʦʞʝʪ ʩʪʘʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʨʳ-ʧʨʠʩʪʨʦʡʢʠ ʢ ʕʚʝʨʝʩʪʫ ʩ ʧʣʦʩʢʠʤ ʧʣʘʪʦ ʥʘʚʝʨʭʫ, ʛʜʝ 

ʨʘʩʧʦʣʦʞʠʪʩʷ ʘʵʨʦʧʦʨʪ ʠ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʪʨʘʩʩʘ, ʚʝʜʫʱʘʷ ʢ ʚʝʨʰʠʥʝ 

ʕʚʝʨʝʩʪʘ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
1. Sharipov R.A., On upper limits for the height of inflated towers, e-print 

viXra:2008.0185, 2020. 

 

Ò ʐʘʨʠʧʦʚ ʈ. ɸ., 2020 ʛ. 
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ʋɼʂ 532 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʏɽʅʀʗ ʄʅʆɻʆʌɸɿʅʆʁ ʉʊʈʋʀ, 

ɺʓʊɽʂɸʖʑɽʁ ʀɿ ʇʆɺʈɽɾɼɽʅʅʆʁ ʉʂɺɸɾʀʅʓ  

ʇʆɼ ʋɻʃʆʄ ʂ ɻʆʈʀɿʆʅʊʋ 

ʂʠʣʴʜʠʙʘʝʚʘ ʉ.ʈ., ʂʠʣʴʜʠʙʘʝʚʘ ɻ.ʈ. 

ʉʪʝʨʣʠʪʘʤʘʢʩʢʠʡ ʬʠʣʠʘʣ ɹʘʰʢʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʛ. ʉʪʝʨʣʠʪʘʤʘʢ, ʈʦʩʩʠʷ 

 

ʇʨʠ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠʟ ʟʘʣʝʞʝʡ ʚ ʰʝʣʴʬʝ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʩʢʚʘʞʠʥʳ ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɸʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʟ-ʟʘ ʥʝʩʦʙʣʶʜʝʥʠʷ ʧʨʘʚʠʣ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʡ ʧʨʦʚʝʨʢʠ ʠʟʥʦʰʝʥʥʦʩʪʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʤʥʦʛʦʬʘʟʥʦʡ ʟʘʪʦʧʣʝʥʥʦʡ ʩʪʨʫʠ ʠʟ ʧʦʚʨʝʞʜʝʥʥʦʡ ʩʢʚʘʞʠʥʳ, 

ʢʦʛʜʘ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚʳʪʝʢʘʶʪ ʠʟ ʩʢʚʘʞʠʥʳ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚ ʩʪʨʫʝ ʜʚʠʞʫʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ[1], 

ʜʠʥʘʤʠʢʘ ʩʪʨʫʠ, ʧʨʦʮʝʩʩ ʟʘʭʚʘʪʘ ʚʦʜʳ ʚ ʩʪʨʫʶ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʝʪ ʠʥʦʡ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʪʝʯʝʥʠʷ ʤʥʦʛʦʬʘʟʥʦʡ ʟʘʪʦʧʣʝʥʥʦʡ ʩʪʨʫʠ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʠʤʘʣʪʜʠʥʦʚ ʀ. ʂ. ʄʦʜʝʣʴ ʟʘʪʦʧʣʝʥʥʦʡ ʩʪʨʫʠ ʩ ʫʯʝʪʦʤ ʜʚʫʭ 

ʧʨʝʜʝʣʴʥʳʭ ʩʭʝʤ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ/ ʀ.ʂ. ɻʠʤʘʣʪʜʠʥʦʚ, ʉ.ʈ. 

ʂʠʣʴʜʠʙʘʝʚʘ // ʊʝʧʣʦʬʠʟʠʢʘ ʠ ʘʵʨʦʤʝʭʘʥʠʢʘ. 2018. ʊ. 25, ˉ 1. ʉ. 79-88. 

 

Ò ʂʠʣʴʜʠʙʘʝʚʘ ʉ.ʈ., ʂʠʣʴʜʠʙʘʝʚʘ ɻ.ʈ., 2020 ʛ. 
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ʋɼʂ 532.546:534.1 
ɿɸɼɸʏɸ ʆ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʀ ʌʀʃʔʊʈɸʎʀʆʅʅʓʍ ɺʆʃʅ ɺ 

ʇʆʈʉʊʆʁ ʉɼɽɼɽ, ʅɸʉʓʑɽʅʅʆʁ ʇʋɿʓʈʔʂʆɺʆʁ ɾʀɼʂʆʉʊʔʖ 

ʉʠʪʜʠʢʦʚʘ ʃ.ʌ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʜʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚ ʥʘʩʳʱʝʥʥʳʭ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʩʚʷʟʠ ʩ ʠʟʫʯʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʦʧʨʦʩʘʤʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʢʘʨʦʪʘʞʘ ʠ ʟʦʥʜʠʨʦʚʘʥʠʷ [1-3]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʠʤʧʫʣʴʩʘ ʢʦʥʝʯʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʥʘʩʳʱʝʥʥʦʡ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʴʶ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʚʝ ʩʠʪʫʘʮʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. 

ʇʝʨʚʘʷ, ʢʦʛʜʘ ʧʫʟʳʨʝʢ ʦʭʚʘʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʨ, ʠ ʚʪʦʨʘʷ ʩʠʪʫʘʮʠʷ ï 

ʧʫʟʳʨʴʢʠ ʛʘʟʘ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʨʘʟʤʝʨʳ ʧʦʨ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʝʥʢʘʭ 

ʧʦʨ. ɿʘʧʠʩʘʥʘ ʦʙʱʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʟʘʧʦʣʥʝʥʥʦʡ 

ʧʫʟʳʨʴʢʦʚʦʡ ʞʠʜʢʦʩʪʴʶ. ʇʦʣʫʯʝʥ rʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʦʙʦʠʭ 

ʩʣʫʯʘʝʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ çʙʳʩʪʨʦʡè ʠ çʤʝʜʣʝʥʥʦʡè ʚʦʣʥ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ çʤʝʜʣʝʥʥʦʡè (ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ) ʚʦʣʥʳ 

ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ, ʛʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ, ʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʢʨʠʚʳʭ. 

ʄʝʪʦʜʦʤ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʚʦʣʥ 

ʢʦʥʝʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʙʦʠʭ ʩʣʫʯʘʝʚ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ ʚ ʧʦʨʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʣʫʯʝʥʦ, ʯʪʦ çʙʳʩʪʨʘʷè ʚʦʣʥʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʘʤʧʣʠʪʫʜʫ ʠ 

ʬʦʨʤʫ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ çʤʝʜʣʝʥʥʘʷè 

ʚʦʣʥʘ ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʣʥʦʩʪʴʶ ʟʘʪʫʭʘʝʪ ʫʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,1ʤ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 19-31-60015. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʅʠʛʤʘʪʫʣʠʥ ʈ.ʀ. ɼʠʥʘʤʠʢʘ ʤʥʦʛʦʬʘʟʥʳʭ ʩʨʝʜ. ʏ. 2 ʄ.: ʅʘʫʢʘ. 1987. - 

360 ʩ. 
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ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʜʝ ʚ ʥʘʩʳʱʝʥʥʦʡ ʧʫʟʳʨʴʢʦʚʦʡ ʞʠʜʢʦʩʪʴʶ 
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ʉɽʂʎʀʗ çʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʌʀɿʀʂɸè 

 

ʋɼʂ 517.958 

ʆʉʆɹɽʅʅʆʉʊʔ ʊʀʇɸ ɻʀʇɽʈɹʆʃʀʏɽʉʂʆʁ ʆʄɹʀʃʀʂʀ 

ʌʆʈʄɸʃʔʅʆɻʆ ʈɽʐɽʅʀʗ ʆɼʅʆʁ ʉʀʉʊɽʄʓ ʋʈɸɺʅɽʅʀʁ 

ɻɸɿʆɺʆʁ ɼʀʅɸʄʀʂʀ 

ʐʘʚʣʫʢʦʚ ɸ.ʄ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʀʟʫʯʝʥʘ ʪʠʧʠʯʥʘʷ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʢʘʪʘʩʪʨʦʬ) 

ʦʩʦʙʝʥʥʦʩʪʴ ʦʤʙʠʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʬʦʨʤʘʣʴʥʦʛʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʜʥʦʤʝʨʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ 
όὸ+ όόὼ+ 3ὃ””ὼ= 0,

”ὸ+ ”όὼ= 0
 (1) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʣʠʪʨʦʧʝ ʛʘʟʘ ὴ= ὃʍ3 ʍ0
3 , ʛʜʝ ὃ -- ʚʝʱʝʩʪʚʝʥʥʘʷ 

ʧʦʩʪʦʷʥʥʘʷ, \rho_0 ï ʥʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ. ɺ ʫʨʘʚʥʝʥʠʝ ʪʝʯʝʥʠʷ ʚʭʦʜʠʪ 

ʍ1 Ћὴ

Ћʍ
= 3ὃ. ʉʠʩʪʝʤʘ (1) ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʦʙʱʝʡ ʤʦʜʝʣʠ ʦʜʥʦʤʝʨʥʦʡ 

ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ 
όὸ+ όόὼ+ ‌””ὼ= 0,

”ὸ+ ”όὼ= 0,
 (2) 

ʛʜʝ ʬʫʥʢʮʠʷ ʜʘʚʣʝʥʠʷ ɻʍ ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʦʯʢʠ ʍz > 0. 

ɺ ʪʝʨʤʠʥʘʭ ʠʥʚʘʨʠʘʥʪʦʚ ʈʠʤʘʥʘ ὶ= ό+ Ѝ3ὃʍ,ὰ= ό Ѝ3ὃ ʩʠʩʪʝʤʘ (1) 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʍʦʧʬʘ: 
r t + rrx = 0,
lt + llx = 0.

 (3) 

ɺʦʟʤʫʱʝʥʠʝ ʨʦʩʪʢʘ ʢʘʪʘʩʪʨʦʬʳ ʧʨʠ ʵʪʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʠʩʘʥʥʦʛʦ ʚ 

ʨʘʙʦʪʝ [1]. ɺʳʜʚʠʛʘʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʥʝʪʦʯʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [1] 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʥʚʘʨʠʘʥʪʦʚ ʈʠʤʘʥʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʩʦʚʤʝʩʪʥʦ ʩ ɹ.ʀ. ʉʫʣʝʡʤʘʥʦʚʳʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸ. ʍ. ʈʘʭʠʤʦʚ, ñʆʩʦʙʝʥʥʦʩʪʠ ʨʠʤʘʥʦʚʳʭ ʠʥʚʘʨʠʘʥʪʦʚò, ʌʫʥʢʮ. ʘʥʘʣʠʟ 
ʠ ʝʛʦ ʧʨʠʣ., 27:1 (1993), 46ï59; Funct. Anal. Appl., 27:1 (1993), 39ï50 
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ʋɼʂ 517.9 

ʆɹʆɹʑɽʅʅʓɽ ʀʅɺɸʈʀɸʅʊʅʓɽ ʄʅʆɻʆʆɹʈɸɿʀʗ  ʀ ʏɸʉʊʅʓɽ 

ʈɽʐɽʅʀʗ ʅɽʃʀʅɽʁʅʓʍ ʋʈɸɺʅɽʅʀʁ  

ʍʘʢʠʤʦʚʘ ɸ.ʈ. 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʩ ɺʎ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʆʙʩʫʞʜʘʝʪʩʷ ʧʦʥʷʪʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

(ʆʀʄ) ʜʣʷ ʥʝʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʠʨʫʝʤʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʈʘʥʝʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, 

ʯʪʦ ʆʀʄ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʩʪʨʦʝʥʠʷ ʦʧʝʨʘʪʦʨʘ 

ʨʝʢʫʨʩʠʠ ʠ ʧʘʨʳ ʃʘʢʩʘ (ʩʤ. [1]-[3]). ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʩʫʞʜʝʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʙʱʝʥʥʦʛʦ ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ [4]. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʥʘʭʦʜʠʤ 

ʠʥʚʘʨʠʘʥʪʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʜʚʫʭ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɿʘʪʝʤ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʦʙʦʙʱʝʥʥʦʝ ʠʥʚʘʨʠʘʥʪʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ, ʠʤʝʝʪ 

ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʦʪ ʦʜʥʦʛʦ ʠʟ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʚʳʚʦʜʠʤ 

ʦʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʦʨʥʝʡ ʵʪʦʛʦ ʧʦʣʠʥʦʤʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʛʣʷʜʥʳʤʠ 

ʧʨʠʤʝʨʘʤʠ. 
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variables for integrable chains // J. Phys. A: Math. Theor., 2020, v. 53, no. 38 

, 17 pp. 
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ʋɼʂ 517.9 

ʋʉʃʆɺʀʗ ʀʅʊɽɻʈʀʈʋɽʄʆʉʊʀ ɼʃʗ 

ɼɺʋʄɽʈʀɿʆɺɸʅʅʓʍ ʎɽʇʆʏɽʂ ʊʀʇɸ ʎɽʇʆʏʂʀ ʊʆɼʓ 

ʂʫʟʥʝʮʦʚʘ ʄ.ʅ. 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʩ ɺʎ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʅʘʩʪʦʷʱʠʡ ʜʦʢʣʘʜ ʧʦʜʛʦʪʦʚʣʝʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ [1], 

[2].ʀʩʩʣʝʜʫʝʪʩʷ ʧʨʦʙʣʝʤʘ ʠʥʪʝʛʨʠʨʫʝʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʪʨʝʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ [3], [4], [5]. ʇʨʠ ʨʝʰʝʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʤʳ 

ʧʦʣʴʟʫʝʤʩʷ ʪʝʤ, ʯʪʦ ʠʥʪʝʛʨʠʨʫʝʤʘʷ ʜʚʫʤʝʨʠʟʦʚʘʥʥʘʷ ʮʝʧʦʯʢʘ ʜʦʧʫʩʢʘʝʪ 

ʙʝʩʢʦʥʝʯʥʦʝ ʩʝʤʝʡʩʪʚʦ ʨʝʜʫʢʮʠʡ ʚ ʚʠʜʝ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʥʪʝʛʨʠʨʫʝʤʳʤʠ ʚ 

ʩʤʳʩʣʝ ɼʘʨʙʫ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʝʜʫʢʮʠʠ ʤʳ ʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʠʤ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʡ ʠʥʪʝʛʨʠʨʫʝʤʦʩʪʠ ʧʦ ɼʘʨʙʫ: ʩʠʩʪʝʤʘ 

ʠʥʪʝʛʨʠʨʫʝʤʘ ʧʦ ɼʘʨʙʫ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʘʣʛʝʙʨʳ ʃʠ-ʈʘʡʥʭʘʨʪʘ ʧʦ ʦʙʦʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʢʦʥʝʯʥʦʤʝʨʥʳ. ʅʘ ʦʩʥʦʚʝ 

ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ 

ʠʥʪʝʛʨʠʨʫʝʤʦʩʪʠ ʜʣʷ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ʜʚʫʤʝʨʠʟʦʚʘʥʥʦʡ 

ʮʝʧʦʯʢʠ ʊʦʜʳ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Habibullin, I.T., Kuznetsova, M.N., Sakieva, A.U., Integrability conditions 

for two-dimensional Toda-like equations // J. Phys. A: Math. Theor., 2020, v. 

53 n. 39, 3952032, 25 pp. 

2. Ferapontov, E.V., Habibullin, I.T., Kuznetsova, M.N., Novikov, V.S., On a 

class of 2D integrable lattice equations // J. Math.l Phys., 2020, v.61 n.7, 

073505 , 15 pp. 

3. ʍʘʙʠʙʫʣʣʠʥ, ʀ. ʊ., ʂʫʟʥʝʮʦʚʘ,  ʄ. ʅ., ʆ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʘʣʛʦʨʠʪʤʝ 
ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʜʚʫʤʝʨʠʟʦʚʘʥʥʳʭ ʮʝʧʦʯʝʢ ʥʘ ʦʩʥʦʚʝ ʘʣʛʝʙʨ ʃʠï

ʈʘʡʥʭʘʨʪʘ // ʊʄʌ, 2020, v.203, n.1., 161-173. 

4. Kuznetsova, M.N.Classification of a subclass of quasilinear two-dimensional 

lattices by means of characteristic algebras // Ufa Math. J., 2019, v.11, n.3, 

109ï131. 

5. Habibullin I., Kuznetsova M., Classification of a Subclass of Two-

Dimensional Lattices via Characteristic Lie Rings // SIGMA, 2017, v. 13, 73 

, 26 pp. 
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ʋɼʂ 517.925 

ʆ ʇʈɽɼɽʃʔʅʆʄ ʇɽʈɽʍʆɼɽ  ɺ  

ɻɸʄʀʃʔʊʆʅʆɺʓʍ ʉʀʉʊɽʄɸʍ ʂʀʄʋʈʓ 

ʇʘʚʣʝʥʢʦ ɺ.ɸ. 

ʀʄ ɺʎ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʤʳ ʛʦʚʦʨʠʣʠ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʤʝʪʦʜʦʤ ʠʟʦʤʦʥʦʜʨʦʤʥʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʀɼʄ). ʉʫʱʝʩʪʚʫʝʪ 

ʢʦʥʝʯʥʳʡ ʩʧʠʩʦʢ ʪʘʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ ʨʝʰʝʥʠʷ ʠʝʨʘʨʭʠʠ 

ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʚʳʨʦʞʜʝʥʠʡ ʩʠʩʪʝʤʳ ɻʘʨʥʴʝ, ʚʳʧʠʩʘʥʥʦʡ ʚ ʠʟʚʝʩʪʥʦʡ 

ʩʪʘʪʴʝ ʂʠʤʫʨʳ [1]. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʘʚʪʦʨʦʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. ɺ 

ʢʘʞʜʦʡ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦ ʜʚʘ ʣʠʥʝʡʥʭ 

ʵʚʦʣʶʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʷ ʩ ʚʨʝʤʝʥʘʤʠ t1 ʠ t2, ʢʦʪʦʨʳʝ ʟʘʚʠʩʝʣʠ ʦʪ ʜʚʫʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʊʘʢʠʝ ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛʠ ʫʨʘʚʥʝʥʠʡ ʐʨʝʜʠʥʛʝʨʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʛʘʤʠʣʴʪʦʥʠʘʥʘʤʠʂʠʤʫʨʳ. ɺ ʪʝʨʤʠʥʘʭ ʨʝʰʝʥʠʡ ʩʦʦʪʚʝʩʪʚʫʶʱʠʭ ʣʠʥʝʡʥʳʭ 

ʆɼʋ ʤʝʪʦʜʦʤ ʀɼʄ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʫʨʘʥʝʥʠʡ.  

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ 

ʛʘʤʠʣʴʪʦʥʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʂʠʤʫʨʳ. ʂʠʤʫʨʘ ʚʳʧʠʩʳʚʘʣ ʩʚʦʠ ʩʠʩʪʝʤʳ ʚ 

ʨʘʟʥʳʭ ʚʠʜʘʭ. ʂʠʤʫʨʘ ʫʢʘʟʘʣ ʪʦʣʴʢʦ ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʚ ʨʘʮʠʦʥʘʣʴʥʦʤ 

ʚʠʜʝ. ɸʚʪʦʨʫ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʧʝʨʝʭʦʜ ʠ ʚ ʜʨʫʛʠʭ ʚʠʜʘʭ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ 

ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʷʪ ʠ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʩʪʚʫʶʱʠʭ 

ʫʨʘʚʥʝʥʠʡ ʐʨʝʜʠʥʛʝʨʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Hironobu Kimura. The degeneration of the two dimensional Garnier system 

and the polynomial Hamiltonian structure// Annali di Matematicapura et 

applicata IV. V. 155. No. 1. P. 25 - 74. 
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ʆʇʀʉɸʅʀɽ ɼʀʅɸʄʀʂʀ ʅɽʃʀʅɽʁʅʓʍ ɺʆʃʅ  ɺ ʆɼʅʆʄɽʈʅʆʁ 

ʄʆɼɽʃʀ  ʉ  ʊʈɽʄʗ ʇʈʀʊʗɻʀɺɸʖʑʀʄʀ ʇʈʀʄɽʉʗʄʀ  ʉ  

ʇʆʄʆʐʔʖ ʋʈɸɺʅɽʅʀʗ ʉʀʅʋʉ-ɻʆʈɼʆʅɸ 

ʉʘʤʩʦʥʦʚ ʂ.ʖ.
1
, ɻʫʤʝʨʦʚ ɸ.ʄ.

2
, ʂʫʜʨʷʚʮʝʚ ʈ.ɺ.

3
, ɽʢʦʤʘʩʦʚ ɽ.ɻ.

1,2 

1
ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 
2
ɹʘʢhʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

3
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʦʣʝʢʫʣ ʠ ʢʨʠʩʪʘʣʣʦʚ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʋʨʘʚʥʝʥʠʝ ʩʠʥʫʩ-ɻʦʨʜʦʥʘ (ʋʉɻ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʪʝʥʩʠʚʥʦ 

ʠʟʫʯʘʝʤʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ. ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ [1]. ʅʘʡʜʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʦʯʥʳʝ 

ʨʝʰʝʥʠʷ ʋʉɻ ʪʠʧʘ ʢʠʥʢʘ, ʙʨʠʟʝʨʘ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʨʝʰʝʥʠʷ ʙʦʣʝʝ 

ʩʣʦʞʥʦʛʦ ʤʫʣʴʪʠʩʦʣʠʪʦʥʥʦʛʦ ʪʠʧʘ. 

ʆʙʳʯʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʪʨʝʙʫʝʪʩʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʋʉɻ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʘʛʘʝʤʳʭ 

ʠ ʬʫʥʢʮʠʡ. ʆʥʠ ʤʦʛʫʪ ʦʧʠʩʳʚʘʪʴ ʥʘʣʠʯʠʝ ʚʥʝʰʥʝʡ ʩʠʣʳ, ʜʠʩʩʠʧʘʮʠʠ ʚ 

ʩʠʩʪʝʤʝ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʠ ʜʨ. ʍʦʪʷ ʧʦʣʫʯʘʝʤʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʥʫʩ-ɻʦʨʜʦʥʘ (ʄʋʉɻ) ʫʞʝ ʥʝ 

ʠʤʝʝʪ ʪʦʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʨʷʜ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʪʝʦʨʠʷ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ ʩʦʣʠʪʦʥʦʚ 

ʠʣʠ ʤʝʪʦʜ ʢʦʣʣʝʢʪʠʚʥʳʭ ʢʦʦʨʜʠʥʘʪ). 

ʀʥʪʝʨʝʩʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʠʣʠ ʧʨʠʤʝʩʠ) ʥʘ 

ʜʠʥʘʤʠʢʫ ʩʦʣʠʪʦʥʦʚ ʋʉɻ. ɺʦʟʙʫʞʜʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʥʘ ʧʨʠʤʝʩʠ ʚʦʣʥʳ 

(ʧʨʠʤʝʩʥʦʡ ʤʦʜʳ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʝʷʥʠʷ ʢʠʥʢʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʜʠʥʘʤʠʢʠ. ʈʘʥʝʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʘ ʠ 

ʩʚʦʡʩʪʚʘ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ, ʚʦʟʙʫʞʜʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʠ ʜʚʫʭ 

ʧʨʠʤʝʩʷʭ [2,3]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʪʷʛʠʚʘʶʱʘʷ ʧʨʠʤʝʩʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʤʫʣʴʪʠʩʦʣʠʪʦʥʦʚ ʋʉɻ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ 

ʜʚʫʭ ʧʨʠʤʝʩʷʭ ʚʦʟʙʫʞʜʘʶʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʨʠʤʝʩʥʳʝ ʚʦʣʥʳ, 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ ʢʦʣʝʙʘʥʠʷ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʠʩʪʝʤʦʡ ʜʚʫʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ ʩʦ ʩʚʷʟʴʶ ʫʧʨʫʛʦʛʦ ʪʠʧʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʋʉɻ (ʢʘʢ ʜʣʷ ʜʚʫʭ ʪʦʯʝʯʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʜʚʫʭ ʧʨʦʪʷʞʝʥʥʳʭ 

ʧʨʠʤʝʩʝʡ). ʉʣʫʯʘʡ ʜʚʫʭ ʧʨʠʤʝʩʝʡ ʜʘʝʪ ʙʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʦʚʳʭ 

ʤʫʣʴʪʠʩʦʣʠʪʦʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʣʫʯʘʝʤ ʦʜʥʦʡ ʧʨʠʤʝʩʠ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ ʝʱʝ ʙʦʣʴʰʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʨʝʰʝʥʠʡ ʠ ʵʬʬʝʢʪʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʪʨʸʭ ʠ ʙʦʣʝʝ ʧʨʠʤʝʩʝʡ ʚ ʩʠʩʪʝʤʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʠʤʝʩʥʳʭ ʤʦʜ ʚ ʤʦʜʝʣʠ ʩʠʥʫʩ-

ɻʦʨʜʦʥʘ ʩ ʪʨʝʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʪʦʯʝʯʥʳʤʠ ʧʨʠʪʷʛʠʚʘʶʱʠʤʠ ʧʨʠʤʝʩʷʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 
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(1), ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʠʩʳʚʘʶʱʘʷ ʢʦʣʝʙʘʥʠʷ ʧʨʠʤʝʩʥʳʭ ʤʦʜ. ʇʦʣʫʯʝʥʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʪʨʝʤʷ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʠʣʠ ʪʨʸʭ ʩʚʷʟʘʥʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ. 

ʂʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʫʤʤʫ ʪʨʸʭ ʪʠʧʦʚ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ: ʩʠʥʬʘʟʥʦʛʦ, ʩʠʥʬʘʟʥʦ-ʘʥʪʠʬʘʟʥʦʛʦ ʠ ʘʥʪʠʬʘʟʥʦʛʦ. ʅʘʡʜʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ, ʥʘʨʷʜʫ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʚʢʣʘʜ ʢʘʞʜʦʡ ʛʘʨʤʦʥʠʢʠ ʚ 

ʢʦʣʝʙʘʥʠʷ ʧʨʠʤʝʩʥʳʭ ʤʦʜ, ʦʪ ʚʝʣʠʯʠʥ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʧʨʠʤʝʩʷʤʠ. ɺʳʯʠʩʣʝʥʳ ʧʨʝʜʝʣʳ ʢʚʘʜʨʘʪʦʚ ʯʘʩʪʦʪ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʧʨʠʤʝʩʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʣʫʯʘʶ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʨʠʤʝʩʥʳʭ ʤʦʜ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʧʨʠʤʝʩʷʤʠ ʯʘʩʪʦʪʘ ʩʠʥʬʘʟʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʘʩʪʦʪʘ ʩʠʥʬʘʟʥʦ-

ʘʥʪʠʬʘʟʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʘʩʪʦʪʘ ʘʥʪʠʬʘʟʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝ ʪʘʢ ʙʳʩʪʨʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʥʬʘʟʥʦ-ʘʥʪʠʬʘʟʥʳʤ 

ʩʣʫʯʘʝʤ. ʅʘʡʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜ ʧʨʠʤʝʩʥʳʭ ʤʦʜ ʦʪ ʚʨʝʤʝʥʠ. ɺ 

ʩʣʫʯʘʝ ʚʦʟʙʫʞʜʝʥʠʷ ʦʜʥʦʡ ʛʘʨʤʦʥʠʢʠ ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʣʝʙʘʥʠʷ 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʜʚʫʭ ʛʘʨʤʦʥʠʢ ʚʦʟʥʠʢʘʶʪ ʙʠʝʥʠʷ, 

ʢʦʣʝʙʘʥʠʷ ʧʦʭʦʞʠ ʥʘ ʢʦʣʝʙʘʥʠʷ ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʧʨʠʤʝʩʝʡ. ʇʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʪʨʸʭ ʛʘʨʤʦʥʠʢ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʢʦʡ ʚʦʣʥ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʤʫʣʴʪʠʩʣʦʡʥʳʭ ʤʘʛʥʝʪʠʢʘʭ. 

ὥ1 + ὥ1‫1
2 + ὥ2Ὧ12 + ὥ3Ὧ13 = 0

ὥ2 + ὥ2‫2
2 + ὥ1 + ὥ3 Ὧ21 = 0

ὥ3 + ὥ3‫1
2 + ὥ1Ὧ13 + ὥ2Ὧ12 = 0

                                         (1) 

ɻʜʝ ʘ1, ʘ2, ʘ3 ï ʘʤʧʣʠʪʫʜʳ ʧʨʠʤʝʩʥʳʭ ʤʦʜ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʧʝʨʚʦʡ, 

ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʧʨʠʤʝʩʷʭ, ‫1
2, ‫2

2, k12, k21, k13 ï ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʟʤʝʨʘʤʠ ʧʨʠʤʝʩʠ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʧʨʠʤʝʩʝʡ ʜʨʫʛ ʦʪ ʜʨʫʛʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-31-90048. 
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ʋɼʂ 517.957.6 

ʃʆʂɸʃʀɿʆɺɸʅʅʓɽ ʈɽʐɽʅʀʗ ʊʈɽʍʄɽʈʅʆɻʆ ʋʈɸɺʅɽʅʀʗ sin-

ɻʆʈɼʆʅɸ  ɺ  ʄʆɼɽʃʀ  ʉ  ʇʈʀʄɽʉʔʖ 
1
ʅʝʨʘʜʦʚʩʢʠʡ ɼ.ʌ., 

1
ʉʘʤʩʦʥʦʚ ʂ.ʖ., 

2
ʉʘʣʠʤʦʚ ʈ.ʂ., 

2
ɽʢʦʤʘʩʦʚ ɽ.ɻ. 

1
ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 
2
ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʆʜʥʠʤ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʤʦʜʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʝʦʨʝʪʠʯʢʩʢʦʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, ʩʣʫʞʠʪ ʫʨʘʚʥʝʥʠʝ ʩʠʥʫʩ-ɻʦʨʜʦʥʘ (ʋʉɻ) [1]. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʵʬʬʝʢʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʦʣʥ ʩ ʧʨʠʤʝʩʷʤʠ ʥʫʞʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʋʉɻ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʢʣʶʯʝʥʠʝʤ ʚʦʟʤʫʱʝʥʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʩʠʥʫʩ-ɻʦʨʜʦʥʘ [2]. ɺʳʙʦʨ 

ʚʦʟʤʫʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ ʧʨʠʤʝʩʴ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʝʣʴʝʬ: 

ʫʚʝʣʠʯʠʚʘʝʪ (ʙʘʨʴʝʨ) ʠʣʠ ʫʤʝʥʴʰʘʝʪ (ʷʤʘ) ʬʦʥʦʚʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʦʝ ʋʉɻ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, ʚʦʟʤʫʱʝʥʥʳʤ ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʠʤʝʩʴʶ, ʢʦʪʦʨʘʷ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʬʫʥʢʮʠʝʡ ()rf . 

 

()( ) urfuu
r

u ttrrr sin1
2

+=-+
                                 

(1) 

 

ʈʘʩʩʤʦʪʨʠʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ ()ru , ʠʤʝʶʱʠʝ 

ʩʤʳʩʣ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʝ. ʕʪʠ ʨʝʰʝʥʠʷ ʠʱʫʪʩʷ 

ʧʫʪʝʤ ʧʦʜʭʦʜʷʱʝʛʦ ʚʳʙʦʨʘ ʧʨʦʙʥʳʭ ʬʫʥʢʮʠʡ ʚʠʜʘ: 
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(2) 

 

ʛʜʝ ʬʫʥʢʮʠʷ ()ru1
 ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ ʪʦʯʢʝ 0=r , ()ru2

 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʘʢ ʨʝʰʝʥʠʝ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʋʉɻ ʚ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʩʣʫʯʘʝ 

ʚʜʘʣʠ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʘ ʟʥʘʯʝʥʠʝ W  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʰʠʨʠʥʫ ʧʨʠʤʝʩʠ. 

ʅʘ ʛʨʘʥʠʮʝ ʧʨʠʤʝʩʠ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʷ ʩʰʠʚʘʥʠʷ ʨʝʰʝʥʠʡ (2): 

 

() () () ()., 2121 WuWuWuWu ¡=¡=                                   
(3) 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

çʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳè, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʘ ʰʠʨʠʥʳ W. ʉ 
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ʫʚʝʣʠʯʝʥʠʝʤ ʰʠʨʠʥʳ çʷʤʳè ʝʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʫʙʳʚʘʝʪ, ʩʪʨʝʤʷʩʴ ʢ 

ʥʫʣʶ, ʪ.ʝ ( ) 0,0lim ==¤­ WrfW
. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʤʦʜʝʣʠʨʫʝʤʘʷ 

ʚʦʟʤʫʱʝʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʤʦʜʝʣʠ ʩʠʥʫʩ-ɻʦʨʜʦʥʘ, ʪʠʧʘ 

çʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳè, ʜʦʧʫʩʢʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʋʉɻ ʚ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ, 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʚʷʟʘʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ʚ 

ʩʠʩʪʝʤʝ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-31-90048. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɹʨʘʫʥ,ʆ.ʄ. ʄʦʜʝʣʴ ʌʨʝʥʢʝʣʷ-ʂʦʥʪʦʨʦʚʦʡ: ʂʦʥʮʝʧʮʠʠ, ʤʝʪʦʜʳ, 

ʧʨʠʣʦʞʝʥʠʷ // ʆ.ʄ. ɹʨʘʫʥ, ʖ.ʉ. ʂʠʚʰʘʨʴ. ʇʝʨ. ʩ ʘʥʛʣ. ð ʄ.: 

ʌʀɿʄɸʊʃʀʊ, 2008. ð 536ʩ. 

2. ɽʢʦʤʘʩʦʚ,  ɽ.ɻ.  ʉʦʣʠʪʦʥʳ  ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ  ʫʨʘʚʥʝʥʠʷ  ʩʠʥʫʩ-

ɻʦʨʜʦʥʘ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ // ɽ.ɻ. ɽʢʦʤʘʩʦʚ. ð ʋʬʘ: ʈʀʎ ɹʘʰɻʋ, 2009. 

ð 94 ʩ. 

 

É ʅʝʨʘʜʦʚʩʢʠʡ ɼ. ʌ., ʉʘʤʩʦʥʦʚ ʂ. ʖ., 

ʉʘʣʠʤʦʚ ʈ. ʂ., ɽʢʦʤʘʩʦʚ ɽ. ɻ., 2020 ʛ. 
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ʉɽʂʎʀʗ çʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ, ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʉʊɸʊʀʉʊʀʂɸè 

 

ʋɼʂ 539.3 

ʉʂʆʄʂɸʅʅʓʁ ɻʈɸʌɽʅ ʂɸʂ ʄɸʊʈʀʎɸ ɼʃʗ ʇʆʃʋʏɽʅʀʗ 

ʂʆʄʇʆɿʀʊɸ ʅʀʂɽʃʔ-ɻʈɸʌɽʅ 

ʉʘʬʠʥʘ ʃ.ʈ.
1
, ɹʘʠʤʦʚʘ ʖ.ɸ.

2 

1
ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ
 

2
ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʈɸʅ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ[1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʪʩʷʧʦʣʫʯʝʥʠʝ ʢʦʤʧʦʟʠʪʘ ʛʨʘʬʝʥ-

ʥʠʢʝʣʴ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʩʣʫʞʠʪ ʩʢʦʤʢʘʥʥʳʡ ʛʨʘʬʝʥ, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʧʦʣʥʠʪʝʣʷ ï ʥʘʥʦʯʘʩʪʠʮʳ ʥʠʢʝʣʷ (ʨʠʩ. 1). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʧʨʦʯʥʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʢ ʥʘʯʘʣʴʥʦʡ (ʨʠʩ.1), ʜʦʚʦʣʴʥʦ ʨʳʭʣʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 
ʈʠʩ. 1. ʅʘʯʘʣʴʥʳʡ ʚʠʜ ʩʢʦʤʢʘʥʥʦʛʦ ʛʨʘʬʝʥʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʥʘʥʦʯʘʩʪʠʮʳ ʥʠʢʝʣʷ 

 

ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʢʦʤʢʘʥʥʦʛʦ 

ʛʨʘʬʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʢʦʤʧʦʟʠʪʘʥʠʢʝʣʴ-ʛʨʘʬʝʥï ʵʪʦ ʦʜʠʥ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭʥʘʧʨʘʚʣʝʥʠʡʧʦʣʫʯʝʥʠʷ ʧʨʦʯʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Safina L.R., Baimova J A., Mulyukov R.R. Nickel nanoparticles inside carbon 

nanostructures: atomistic simulation // Mech. Adv. Mater. Mod. Process. 2019, 

v.5, pp.1-11. 

É ʉʘʬʠʥʘ ʃ.ʈ., ɹʘʠʤʦʚʘ ʖ.ɸ., 2020 ʛ. 
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ʋɼʂ 538.9 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌɸɿʆɺʓʍ ʇɽʈɽʍʆɼʆɺ ɺ ʌʈʋʉʊʈʀʈʆɺɸʅʅʆʁ 

ʄʆɼɽʃʀ ʀɿʀʅɻɸ 

ʉ  ʄɸɻʅʀʊʅʓʄ ʇʆʃɽʄ 

ʄʫʨʪʘʟʘʝʚ ʂ.ʐ., ʄʫʨʪʘʟʘʝʚ ɸ.ʂ., ʈʘʤʘʟʘʥʦʚ ʄ.ʂ., ʄʘʛʦʤʝʜʦʚ ʄ.ɸ.
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɼʌʀʎ ʈɸʅ, ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ (ʌʇ) ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ 

ʬʨʫʩʪʨʠʨʦʚʘʥʥʳʭ ʩʧʠʥʦʚʳʭ ʩʠʩʪʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜ [1,2]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʩʠʣʴʥʦ 

ʚʳʨʦʞʜʝʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʬʨʫʩʪʨʘʮʠʡ. [3-7]. ʈʝʧʣʠʯʥʳʡ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʄʂ 

ʙʝʟʫʩʣʦʚʥʦ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʘʧʧʘʨʘʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ. ʇʦʵʪʦʤʫ 

ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʨʝʧʣʠʯʥʳʡ 

ʦʙʤʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʄʂ. 

ɻʘʤʠʣʴʪʦʥʠʘʥ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʦʜʝʣʠ ʀʟʠʥʛʘ ʥʘ ʦʙʲʝʤʥʦ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ (ʆʎʂ) ʨʝʰʝʪʢʝ ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

äää
ðà

-Ö-Ö-=H
i

i

li

li

ji

ji SHSSJSSJ
,

2

,

1 )()( ,  (1) 

 

ʛʜʝ J1 ʠ J2 ï ʢʦʥʩʪʘʥʪʳ ʦʙʤʝʥʥʦʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʝʨʚʳʭ (J1<0) ʠ ʚʪʦʨʳʭ (J2<0) ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, Si, j, l = Ñ 1 ï ʠʟʠʥʛʦʚʩʢʠʡ 

ʩʧʠʥ, H- ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʪʩʷ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʫʤʫʣʷʥʪʘ ɹʠʥʜʝʨʘ UL ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ kBT/|J1| 

ʜʣʷ ʨʘʟʥʳʭ L ʧʨʠ H=6. 
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ʚ ʝʜʠʥʠʮʘʭ H/|J1|). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

r=|J2|/|J1|=1.0. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʩʠʩʪʝʤ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʠ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 2ĬLĬLĬL=N, L=18õ90, ʛʜʝ L ʠʟʤʝʨʷʝʪʩʷ 

ʚ ʨʘʟʤʝʨʘʭ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ɺʝʣʠʯʠʥʘ ʟʥʘʯʝʥʠʡ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʤʝʥʷʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 0.0ÒHÒ6.0. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʳ ʠ ʭʘʨʘʢʪʝʨʘ ʌʇ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʠʩʪʦʛʨʘʤʤʥʳʡ ʤʝʪʦʜ ʠ ʤʝʪʦʜ ʢʫʤʫʣʷʥʪʦʚ ɹʠʥʜʝʨʘ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʢʫʤʫʣʷʥʪʘ ɹʠʥʜʝʨʘ UL ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ H=6 ʜʣʷ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʡ L ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʘ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʘʷ 

ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ (TN=3.510), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʌʇ ʚʪʦʨʦʛʦ ʨʦʜʘ [8]. 

ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʦʜʝʣʠ 

ʀʟʠʥʛʘ ʥʘ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩ ʫʯʝʪʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʈʘʩʩʤʦʪʨʝʥ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

0.0ÒHÒ6.0. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-32-90079-ʘʩʧʠʨʘʥʪʳ ʠ ˉ 19-02-00153 ïɸ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʊʈɽʍʉʃʆʁʅʆʁ 

ʄɸɻʅʀʊʆʊɺɽʈɼʆʁ/ʄɸɻʅʀʊʆʄʗɻʂʆʁ ɻɽʊɽʈʆʉʊʈʋʂʊʋʈʓ 

ʄɽʊʆɼʆʄ ʄʆʅʊɽ-ʂɸʈʃʆ 
ʊʘʘʝʚ ʊ.ɸ., ʍʠʟʨʠʝʚ ʂ.ʐ., ʄʫʨʪʘʟʘʝʚ ɸ.ʂ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʍ.ʀ. ɸʤʠʨʭʘʥʦʚʘ ɼʌʀʎ ʈɸʅ, ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ 

ɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ 

 

ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʛʥʠʪʦʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ (BH)max. ɺ 1991 ʛʦʜʫ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ (BH)max 

ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ 

ʤʘʛʥʠʪʦʪʚʝʨʜʳʤʠ ʠ ʤʘʛʥʠʪʦʤʷʛʢʠʤʠ ʩʣʦʷʤʠ [1]. ʊʘʢʠʝ ʤʘʛʥʠʪʳ ʥʘʟʳʚʘʶʪ 

ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʳʤʠ, ʠ ʦʥʠ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʷʜʘ ʥʝʦʙʳʯʥʳʭ 

ʷʚʣʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʦʜʥʦʤʝʨʥʦʡ 

ʛʝʪʝʨʦʬʘʟʥʦʡ ʩʧʠʥʦʚʦʡ ʧʨʫʞʠʥʳ [2]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʪʚʝʨʜʦʛʦ/ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ ʙʠʩʣʦʷ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ [2-5]. ɻʘʤʠʣʴʪʦʥʠʘʥ ʤʦʜʝʣʠ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ: 

 

( ) ( ) ( )äää +--+-=
i

y

i

yx

i

x

B

i

x

i

y

j

y

i

x

j

x

i

ji

SHSHgSKSSSSJH 00

2

,2

1
m        (1) 

 

ʛʜʝ ʧʝʨʚʘʷ ʩʫʤʤʘ ʫʯʠʪʳʚʘʝʪ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʞʜʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʘʪʦʤʘ ʩ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ ʚʥʫʪʨʠ ʩʣʦʝʚ; ʚʪʦʨʘʷ ʩʫʤʤʘ ʫʯʠʪʳʚʘʝʪ ʚʢʣʘʜ 

ʘʥʠʟʦʪʨʦʧʠʠ ʚ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ; ʪʨʝʪʴʷ ʩʫʤʤʘ ï ʚʢʣʘʜ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, g º 2 ï ʬʘʢʪʦʨ ʃʘʥʜʝ, mB - ʤʘʛʥʝʪʦʥ ɹʦʨʘ, yx
H

,
0

 ï ʧʨʦʝʢʮʠʠ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H0,
yx

iS , ïʧʨʦʝʢʮʠʠ ʩʧʠʥʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʫʟʣʝ i. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʄʝʪʨʦʧʦʣʠʩʘ ʤʝʪʦʜʘ 

ʄʦʥʪʝ-ʂʘʨʣʦ ʜʣʷ ʩʠʩʪʝʤ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ Lx³Ly³Lz,  ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ T ʥʘʤʥʦʛʦ ʥʠʞʝ Tc ʜʣʷ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʙʠʩʣʦʷ [2]. ɺʜʦʣʴ x- 

ʠ y-ʥʘʧʨʘʚʣʝʥʠʡ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʩʠʩʪʝʤʳ ʙʳʣʠ ʨʘʚʥʳ Lx = Ly = 50, ʘ 

ʚʜʦʣʴ z-ʦʩʠ ï Lz = 100. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʝ ʩʠʩʪʝʤʳ: 

1. hard/soft/hard ï ʪʦʣʱʠʥʘ ʢʘʞʜʦʛʦ ʤʘʛʥʠʪʦʪʚʝʨʜʦʛʦ ʩʣʦʷ ʧʨʠʥʠʤʘʣʘ 

ʟʥʘʯʝʥʠʝ 25 ʘʪʦʤʥʳʭ ʤʦʥʦʩʣʦʝʚ, ʘ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ 50, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

2. soft/hard/soft ï ʪʦʣʱʠʥʘ ʤʘʛʥʠʪʦʪʚʝʨʜʦʛʦ ʩʣʦʷ ʧʨʠʥʠʤʘʣʘ ʟʥʘʯʝʥʠʝ 50 

ʘʪʦʤʥʳʭ ʤʦʥʦʩʣʦʝʚ, ʘ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ 25 ʢʘʞʜʘʷ. 

ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʱʝʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʘʛʥʠʪʦʪʚʝʨʜʦʛʦ ʠ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ ʩʣʦʝʚ ʤʦʜʝʣʠ 

ʪʨʝʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ʇʨʦʚʝʣʠ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ [5]. 
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ʅʘ ʨʠʩ. 1. ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʠ 

ʪʨʝʭʩʣʦʡʥʦʡ ʤʘʛʥʠʪʦʪʚʝʨʜʦʡ/ʤʘʛʥʠʪʦʤʷʛʢʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ. ʀʟ ʨʠʩʫʥʢʘ 

ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʣʱʠʥʳ 

ʤʘʛʥʠʪʦʪʚʝʨʜʦʛʦ ʠ ʤʘʛʥʠʪʦʤʷʛʢʦʛʦ ʩʣʦʝʚ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ 

ʤʘʛʥʠʪʦʞʝʩʪʢʠʭ ʩʚʦʡʩʪʚ ʤʦʜʝʣʠ. ʂʨʠʪʠʯʝʩʢʦʝ ʧʦʣʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ Hirr  

ʜʣʷ ʪʨʝʭʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʳʨʦʩʣʦ ʥʘ 25-30 %, ʘ ʧʦʣʝ ʦʙʤʝʥʥʦʛʦ 

ʩʤʝʱʝʥʠʷ Hex ʥʘ 150 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʤʦʜʝʣʠ 

 

 
ʈʠc. 1. ʂʨʠʚʳʝ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʤʦʜʝʣʝʡ ʜʚʫʭʩʣʦʡʥʦʡ ʠ ʪʨʝʭʩʣʦʡʥʦʡ 

ʤʘʛʥʠʪʦʪʚʝʨʜʦʡ/ʤʘʛʥʠʪʦʤʷʛʢʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 
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ʇʃʆʊʅʆʉʊʔ ʉʆʉʊʆʗʅʀʁ  ʀ  ʉʊʈʋʂʊʋʈɸ ʆʉʅʆɺʅʆɻʆ 

ʉʆʉʊʆʗʅʀʗ ʄʆɼɽʃʀ ʄɸɻʅʀʊʅʆɻʆ ɼɽʅɼʈʀʄɽʈɸ 

ʀʩʘʝʚʘ ʄ.ʄ.
1
, ʄʘʛʦʤʝʜʦʚ ʄ.ɸ.

1,2 

1
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ 

ʈɸʅ, ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ  
2
ɼʘʛʝʩʪʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʈɸʅ, 

ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ 

 

ʉʦʟʜʘʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʦʨʘʞʝʥʥʳʝ ʢʣʝʪʢʠ, ʪʢʘʥʠ ʠʣʠ ʦʨʛʘʥʳ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʳʝ ʢʣʝʪʢʠ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʮʝʣʠʚʘʥʠʷ ʷʚʣʷʶʪʩʷ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʟʘʱʠʱʝʥʥʦʩʪʴ ʧʝʨʝʥʦʩʠʤʦʛʦ ʧʨʝʧʘʨʘʪʘ, 

ʟʘʤʝʜʣʝʥʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ. ʆʙʣʘʜʘʷ ʚʩʝʤʠ ʵʪʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʩʚʝʨʭʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʝʥʜʨʠʤʝʨʳ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʘʥʘʣʦʛʘʤʠ [1]. ɼʝʥʜʨʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʥʦʩʠʪʝʣʝʡ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʣʝʢʘʨʩʪʚ, ʪʘʢʞʝ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʥʦʩʠʪʝʣʠ, ʥʘʥʦʢʦʥʪʝʡʥʝʨʳ ʜʣʷ ʧʝʨʝʥʦʩʘ ʧʨʝʧʘʨʘʪʘ. 

ʉʨʝʜʠ ʜʝʥʜʨʠʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ 

ʞʠʜʢʦʢʨʠʩʪʘʣʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʢʘʢ in vitro, ʪʘʢ ʠ in vivo ʩ ʭʦʨʦʰʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʥʜʨʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʤʝʜʠʮʠʥʝ ʠ ʚ ʬʘʨʤʘʢʦʣʦʛʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʅʘʠʤʝʥʝʝ 

ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʳʤ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʜʝʥʜʨʠʤʝʨʘ.  ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ 

ʙʳʣʦ ʦʮʝʥʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʘʢ ʚ ʩʘʤʦʤ ʷʜʨʝ, ʪʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʷʜʨʝ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ J0, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʧʠʥʘʤʠ ʚ 

ʨʘʟʥʳʭ ʧʦʜʨʝʰʝʪʢʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʘʨʘʤʝʪʨ J1, ʘ J2   ʫʯʠʪʳʚʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʩʧʠʥʘʤʠ ʚ ʦʜʥʦʡ ʨʝʰʝʪʢʝ.  ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʥʘʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉ ʫʯʝʪʦʤ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʤʠʣʴʪʦʥʠʘʥ ʤʦʜʝʣʠ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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        (1). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ɺʘʥʛʘ-ʃʘʥʜʘʫ ʤʝʪʦʜʘ 

ʄʦʥʪʝ-ʂʘʨʣʦ [1-3], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʩʥʠʪʴ ʤʘʛʥʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ 
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ʈʠʩ.1. ʄʦʜʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʜʝʥʜʨʠʤʝʨʘ 

 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʚʳʯʠʩʣʠʪʴ ʬʫʥʢʮʠʶ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ. ʇʦʣʫʯʠʚ 

ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ U, 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ F, ʵʥʪʨʦʧʠʷ S ʠ ʪʝʧʣʦʝʤʢʦʩʪʴ ʉ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ 

ʚʳʨʘʞʝʥʠʷ: 

,  (2) 

 

,   (3) 

 

,    (4) 

 

.   (5) 

 

ɼʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

J1 ʠ J2. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʚʳʨʦʞʜʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʨʫʩʪʨʘʮʠʷ 

ʚʦʟʥʠʢʘʝʪ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʦʙʤʝʥʥʦʛʦ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʪʦʨʳʭ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʪʦ ʝʩʪʴ ʧʨʠ  J2 = -1, ʚ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʠʩʪʝʤʘ ʫʧʦʨʷʜʦʯʝʥʘ. 

 

 
ʘ) J1 =1 J2=1                                                                        b) J1 =-1 J2=1 

  
c) J1 =1 J2=-1                                                                        d) J1 =-1 J2=-1 

 
ʈʠʩ. 2. ʇʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ ʤʘʛʥʠʪʥʳʭ ʜʝʥʜʨʠʤʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ  J1 ʠ J2 , ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʘʭ ʩʠʩʪʝʤʳ 

 

ʃʠʪʝʨʘʪʫʨʘ 
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É ʀʩʘʝʚʘ ʄ.ʄ., ʄʘʛʦʤʝʜʦʚ ʄ.ɸ., 2020 ʛ. 
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ʋɼʂ 538.7 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌɸɿʆɺʓʍ ʇɽʈɽʍʆɼʆɺ  ɺ  ʉʃɸɹʆ 

ʈɸɿɹɸɺʃɽʅʅʆʁ  2D  ʄʆɼɽʃʀ ʇʆʊʊʉɸ ʇʈʀ Q=5 

ʄʫʨʪʘʟʘʝʚ ɸ.ʂ.
1,2
, ɹʘʙʘʝʚ ɸ.ɹ.

1,3
, ɸʪʘʝʚʘ ɻ.ʗ.

1
, ʄʫʨʪʘʟʘʝʚʘ ɸ.ɸ.

1,2
 

1
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʍ.ʀ. ɸʤʠʨʭʘʥʦʚʘ ɼʌʀʎ ʈɸʅ, 

ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ 
2
ɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ 

3
ɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ 

 

ʈʝʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʨʝʜʢʦ ʦʢʘʟʳʚʘʶʪʩʷ ʠʜʝʘʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤʠ, ʦʙʳʯʥʦ 

ʠʤ ʧʨʠʩʫʱʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ (ʧʨʠʤʝʩʠ ʠ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ), ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ (ʌʇ) ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ (ʂʗ) ʤʘʛʥʠʪʥʳʭ 

ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʤʘʛʥʠʪʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʠʩʪʝʤʝ ʤʦʞʝʪ 

ʠʟʤʝʥʠʪʴ ʨʦʜ ʌʇ, ʠ ʵʪʘ ʧʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʘ ʠ ʧʦ ʩʝʡ ʜʝʥʴ [1,2]. ɺ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʌʇ ʚ ʜʚʫʤʝʨʥʦʡ ʩʣʘʙʦ ʨʘʟʙʘʚʣʝʥʥʦʡ 

ʤʦʜʝʣʠ ʇʦʪʪʩʘ ʩ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ ʩʧʠʥʘ q=5 ʥʘ ʢʚʘʜʨʘʪʥʦʡ ʨʝʰʝʪʢʝ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʥʦʚ p=1.00, 0.90, 0.80. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ɺʦʣʴʬʘ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ (ʄʂ). ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʤʦʜʝʣʠ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʦʩʪʦʚʝʨʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ, ʪʦ, ʯʪʦ ʚ ʯʠʩʪʦʡ 

ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʪ ʌʇ ʧʝʨʚʦʛʦ ʨʦʜʘ ʩʦʛʣʘʩʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ [3]. 

ɻʘʤʠʣʴʪʦʥʠʘʥ ʜʚʫʤʝʨʥʦʡ ʩʣʘʙʦ ʨʘʟʙʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʇʦʪʪʩʘ ʤʦʞʝʪ 

ʙʳʪʴ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [3]: 

ä-=
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jiji

J
H

,

,cos
2

qrr ,                                          (1) 

qi,j-ʫʛʦʣ ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʩʧʠʥʘʤʠ Si- Sj, ʛʜʝ Jïʧʘʨʘʤʝʪʨ 

ʦʙʤʝʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ri=1, 

ʝʩʣʠ ʫʟʝʣ i ʟʘʥʷʪ ʤʘʛʥʠʪʥʳʤ ʘʪʦʤʦʤ, ʠ ri=0, ʝʩʣʠ ʚ i ʫʟʣʝ ʥʝʤʘʛʥʠʪʥʳʡ 

ʧʨʠʤʝʩʴ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʩʠʩʪʝʤʳ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ L³L=N, 

L=10·120. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʨʦʜʘ ʌʇ ʙʳʣ ʟʘʜʝʡʩʪʚʦʚʘʥ 

ʤʝʪʦʜ ʢʫʤʫʣʷʥʪʦʚ ɹʠʥʜʝʨʘ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ (4).  
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ʛʜʝ ɽ-ʵʥʝʨʛʠʷ ʠ ʪ-ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʦʤ L. 

ɺʳʨʘʞʝʥʠʷ (2) ʠ (3) ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʌʇ ʊl(p)ʩ  

ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ. 
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ʍʘʨʘʢʪʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʫʤʫʣʷʥʪʦʚ ɹʠʥʜʝʨʘ VL(T, p) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʣʷ ʩʠʩʪʝʤ ʩ ʨʘʟʥʳʤʠ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʧʨʠ p=0.80 ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 1. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 3/2* ­V  ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 
dbLVpTV -+= *),(  ʧʨʠ ¤­L . ʊʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʌʇ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ʊʘʢ ʞʝ ʜʣʷ ʘʥʘʣʠʟʘ ʨʦʜʘ ʌʇ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠ ʛʠʩʪʦʛʨʘʤʤʥʳʡ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʤʝʪʦʜʘ ʄʂ [5-7]. ʆʪʩʫʪʩʪʚʠʝ ʙʠʤʦʜʘʣʴʥʦʩʪʠ ʚ ʛʠʩʪʦʛʨʘʤʤʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʦʜʠʥ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ (ʩʤ. ʨʠʩ.2), 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʌʇ ʚʪʦʨʦʛʦ ʨʦʜʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʜʚʫʤʝʨʥʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʤʦʜʝʣʠ ʇʦʪʪʩʘ ʩ q=5 ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʙʝʩʧʦʨʷʜʢʘ ʧʨʦʠʩʭʦʜʠʪ ʌʇ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [3]. ɺʥʝʩʝʥʠʝ ʚʤʦʨʦʞʝʥʥʦʛʦ ʙʝʩʧʦʨʷʜʢʘ (ʩ=1-p) ʚ 

ʚʠʜʝ ʥʝʤʘʛʥʠʪʥʳʭ ʧʨʠʤʝʩʝʡ, ʢʘʥʦʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ 

ʤʦʜʝʣʴ, ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ ʌʇ ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʘ ʌʇ ʚʪʦʨʦʛʦ ʨʦʜʘ.  
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ʈʠʩ 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʫʤʫʣʷʥʪʦʚ ɹʠʥʜʝʨʘ VL(T, p) ʜʣʷ 

ʩʣʘʙʦ ʨʘʟʙʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʇʦʪʪʩʘ 

ʧʨʠ p=0.80 

ʈʠʩ.2. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʥʝʨʛʠʠ ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʩʣʘʙʦ 

ʨʘʟʙʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʇʦʪʪʩʘ ʩ q=5 

ʧʨʠ p=0.80 
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ʋɼʂ 544.165 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇɽʈʀʆɼɸ ʀʅɼʋʂʎʀʀ ɺ  

ʈɽɸʂʎʀʀ ʀʅɻʀɹʀʈʆɺɸʅʅʆɻʆ ʆʂʀʉʃɽʅʀʗ ʅ-ɼɽʂɸʅɸ 

ʉʫʣʪʘʥʛʘʣʝʝʚʘ ɼ.ɸ., ɻʘʨʠʬʫʣʣʠʥʘ ɻ.ɻ., ʅʘʩʨʝʪʜʠʥʦʚʘ ʈ.ʅ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʆʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʚʳʨʦʞʜʝʥʦ-

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʥʳʭ ʨʝʘʢʮʠʡ, ʤʝʭʘʥʠʟʤ ʢʦʪʦʨʳʭ ʰʠʨʦʢʦ ʠʟʫʯʝʥ. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʦʢ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʧʦʛʣʦʱʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʧʦʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ. ʇʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ï ʦʜʥʘ ʠʟ ʚʘʞʥʳʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʫʩʢʦʨʷʶʱʠʭʩʷ ʨʝʘʢʮʠʡ. ɺʝʣʠʯʠʥʳ ʧʝʨʠʦʜʘ 

ʠʥʜʫʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʚʳʷʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ. ʇʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ   ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʝʡʩʪʚʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʦʢʠʩʣʝʥʠʷ  ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʣʝʢʫʣʘʤ 

ʠʥʛʠʙʠʪʦʨʘ ʫʜʘʝʪʩʷ ʪʦʨʤʦʟʠʪʴ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʩ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʨʝʘʢʮʠʷ ʥʘʯʘʣʘ ʧʨʦʪʝʢʘʪʴ 

ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʩʘʤʦʫʩʢʦʨʝʥʠʷ ʠ ʜʦ ʤʦʤʝʥʪʘ,   ʧʨʠ ʢʦʪʦʨʦʤ ʵʪʦ 

ʩʘʤʦʫʩʢʦʨʝʥʠʝ ʨʝʟʢʦ ʫʩʠʣʠʚʘʝʪʩʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʧʝʨʠʦʜʘ ʠʥʜʫʢʮʠʠ ʚ ʨʝʘʢʮʠʠ ʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ Ŭ-

ʥʘʬʪʠʣʘʤʠʥʦʤ ʦʢʠʩʣʝʥʠʷ ʥ-ʜʝʢʘʥʘ. ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʝʘʢʮʠʠ ʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥ-ʜʝʢʘʥʘ 

ʧʨʠʤʝʥʷʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ 

ɹʦʨʪʥʠʢʘ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ çʋ.ʄ.ʅ.ʀ.ʂ.è. ʈʝʰʝʥʠʝ ʧʨʷʤʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʨʦʚʦʜʠʣʠ ʧʦʣʫʷʚʥʳʤ ʤʝʪʦʜʦʤ ʄʠʰʝʣʴʩʝʥʘ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʙʦʨʦʤ ʰʘʛʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʳʭ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʟʘʜʘʯ  ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ 

ʍʠʤʂʠʥʆʧʪʠʤʘ ʠʥʜʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʰʢʦʣʝ ʛʣʦʙʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ ʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʥ-ʜʝʢʘʥʘʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90Üʉ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ  ʧʦʛʣʦʱʝʥʠʝ ʢʠʩʣʦʨʦʜʘ. ʂʠʥʝʪʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʘʥʦʤʝʪʨʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʝ. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʥ-ʜʝʢʘʥʘ 

ʧʦʜʦʙʨʘʥʳ, ʠʩʭʦʜʷ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ ʩʦʚʧʘʜʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʳʭ ʧʝʨʠʦʜʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʘʢ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʢʠʩʣʦʨʦʜʘ, ʪʘʢ ʠ ʧʦ 

ʥʘʢʦʧʣʝʥʠʶ ʧʝʨʚʠʯʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʝʥʠʷ  - 

ʛʠʜʨʦʧʝʨʝʢʠʩʠ ʜʣʷ ʨʝʘʢʮʠʠ ʠʥʛʠʙʠʨʦʚʘʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʜʝʢʘʥʘ. 
 

É ʉʫʣʪʘʥʛʘʣʝʝʚʘ ɼ.ɸ., ɻʘʨʠʬʫʣʣʠʥʘ ɻ.ɻ., ʅʘʩʨʝʪʜʠʥʦʚʘ ʈ.ʅ., 2020 ʛ. 
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ʋɼʂ 538.7 

ɸʂʊʋɸʈʅʓɽ ʈɸʉʏɽʊʓ  ɺ  ʅɽɻʆʉʋɼɸʈʉʊɺɽʅʅʆʄ 

ʇɽʅʉʀʆʅʅʆʄ ʆɹɽʉʇɽʏɽʅʀʀ 

ɸʥʦʭʠʥʘ ʂ.ʆ., ʉʘʷʧʦʚʘ ɽ.ɺ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ɸʢʪʫʘʨʥʳʝ ʨʘʩʯʝʪʳ ʚ ʧʝʥʩʠʦʥʥʦʤ ʜʝʣʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʢʘʢ ʧʨʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʅʇʌ (ʨʘʟʨʘʙʦʪʢʘ ʧʝʥʩʠʦʥʥʳʭ ʩʭʝʤ, ʨʘʩʯʝʪ ʪʘʨʠʬʦʚ, ʨʝʟʝʨʚʦʚ), 

ʪʘʢ ʠ ʥʘ ʜʨʫʛʠʭ ʵʪʘʧʘʭ ʝʛʦ ʪʝʢʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʥʩʠʦʥʥʦʛʦ ʬʦʥʜʘ ʦʪʚʝʯʘʪʴ ʧʦ ʩʚʦʠʤ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘʤ ʧʝʨʝʜ ʫʯʘʩʪʥʠʢʘʤʠ.  

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʦʮʝʥʢʠ ʅʇʌ ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʢʨʫʛ ʫʯʘʩʪʥʠʢʦʚ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴʩʷ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʤʝʪʦʜʘ:  

1) ʄʝʪʦʜ ʟʘʢʨʳʪʦʡ ʛʨʫʧʧʳ - ʘʥʘʣʠʟ ʦʭʚʘʪʳʚʘʝʪ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘ ʜʘʪʫ ʦʮʝʥʠʚʘʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʬʦʥʜʘ. 

2) ʄʝʪʦʜ ʦʪʢʨʳʪʦʡ ʛʨʫʧʧʳ - ʫʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʫʯʘʩʪʥʠʢʦʚ ï ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʥʦ ʠ ʙʫʜʫʱʠʭ. 

ɸʢʪʫʘʨʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʅʇʌ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʬʦʥʜʠʨʫʝʤʦʩʪʠ. ʆʥ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʫʤʤ 

ʥʘʢʦʧʣʝʥʥʳʭ ʘʢʪʠʚʦʚ (ɸ) ʬʦʥʜʘ ʠ ʠʤʝʶʱʠʭʩʷ ʦʙʷʟʘʪʝʣʴʩʪʚ ʧʦ ʚʳʧʣʘʪʝ 

ʧʝʥʩʠʡ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʝʥʩʠʦʥʝʨʘʤ ʠ ʫʯʘʩʪʥʠʢʘʤ, ʚʳʩʣʫʞʠʚʰʠʤ ʧʨʘʚʦ ʥʘ 

ʧʝʥʩʠʠ (R).ɻʣʘʚʥʦʝ ʚ ʤʝʪʦʜʝ ʟʘʢʨʳʪʦʡ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʩʪʠ (A ï 

R). ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʪʦʛ ʦʪʨʠʮʘʪʝʣʝʥ, ʧʦʣʫʯʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʦʚ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʢʨʳʪʠʷ ʨʘʟʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦʪʦʢʦʚ 

ʚʟʥʦʩʦʚ ʠ ʚʳʧʣʘʪ, ʪʦ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʫʘʨʥʳʡ ʜʝʬʠʮʠʪ ʬʦʥʜʘ. 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʘʢʪʫʘʨʥʦʛʦ ʙʘʣʘʥʩʘ. ʉ ʝʸ 

ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʅʇʌ ʧʣʘʪʠʪʴ ʧʦ ʩʚʦʠʤ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘʤ. ʄ  r ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʥʜʦʚ 

ʧʣʘʪʠʪʴ ʧʦ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤ ʥʘ ʧʨʠʤʝʨʝ ɸʆ çʅʇʌ ɺʊɹ ʇʝʥʩʠʦʥʥʳʡ ʬʦʥʜè, 

ɸʆ çʅʇʌ ɻʘʟʧʨʦʤʙʘʥʢ-ʬʦʥʜè, ʆɸʆ ʄʝʞʨʝʛʠʦʥʘʣʴʥʳʡ ʅʇʌ 

çɸʂɺʀʃʆʅè. ɼʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʙʳʣʠ ʚʟʷʪʳ ʩ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ 

ʚʳʙʨʘʥʥʳʭ ʬʦʥʜʦʚ. 

ʇʦ ʪʘʙʣʠʮʝ 1 ʚʠʜʥʦ, ʯʪʦ ʘʢʪʫʘʨʥʳʡ ʜʝʬʠʮʠʪ ʥʝ ʫʩʪʘʥʦʚʣʝʥ ʫ ʚʩʝʭ 

ʬʦʥʜʦʚ, ʧʨʝʚʳʰʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʘʢʪʠʚʦʚ ʥʘʜ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʫ ʚʩʝʭ, ʥʦ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʫ ɸʆ çʅʇʌ ɺʊɹ ʇʝʥʩʠʦʥʥʳʡ ʬʦʥʜè.ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʘʢʪʠʚʦʚ ʠ ʦʙʷʟʘʪʝʣʴʩʪʚ ʆɸʆ ʄʝʞʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʥʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʥʩʠʦʥʥʦʛʦ ʬʦʥʜʘ çɸʂɺʀʃʆʅè ʧʦ ʅʇʆ ʩʪʦʠʤʦʩʪʴ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʥʝ ʧʦʢʨʳʚʘʝʪʩʷ ʘʢʪʠʚʘʤʠ ʧʝʥʩʠʦʥʥʳʭ ʨʝʟʝʨʚʦʚ, ʥʦ 

ʧʦʢʨʳʚʘʝʪʩʷ ʘʢʪʠʚʘʤʠ ʧʝʥʩʠʦʥʥʳʭ ʨʝʟʝʨʚʦʚ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ, ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥ, ʢʘʢ ʧʝʥʩʠʦʥʥʳʤʠ ʬʦʥʜʘʤʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʙʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʠʭ ʢʣʠʝʥʪʦʚ. ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 
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ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Microsoft Visual 

Studio 2013, ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪ ʦʮʝʥʠʚʘʥʠʷ ʬʦʥʜʦʚ 
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ʋɼʂ 004.942 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ  ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

ʍʠʩʘʤʝʪʜʠʥʦʚʘ ʉ.ʌ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʯʪʠ ʚ ʢʘʞʜʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʮʝʣʳʤ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ: 

- ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʜʨʦʙʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ 

ʪʘʢʠʭ ʟʘʜʘʯ;  

- ɺʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʞʝ ʪʝʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʥʝ 

ʠʤʝʶʪ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ;  
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- ʉʧʦʩʦʙʥʦʩʪʴ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʙʫʯʝʥʠʷ ʠ ʧʝʨʝʦʙʫʯʝʥʠʷ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʘʧʧʘʨʘʪʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ. ʎʝʣʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ 

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʣʠʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʩʚʝʜʝʥʠʡ ʦʙ ʠʭ ʫʩʧʝʚʘʝʤʦʩʪʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʀʟʫʯʝʥʳ  ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

- ʈʘʟʨʘʙʦʪʘʥʘ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʠ ʣʠʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʝʜʝʥʠʡ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ. 

- ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʦʙʫʯʝʥʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʙ 

ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. 

- ʇʨʦʚʝʜʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ x1,x2, é, xn ï ʵʪʦ ʫʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʦʚ 

(ʦʮʝʥʢʠ ʟʘ ʵʢʟʘʤʝʥʳ).  ɺʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ï ʦʧʨʝʜʝʣʷʶʪ, ʯʝʛʦ ʦʥʠ 

ʜʦʩʪʠʛʣʠ  ʩʧʫʩʪʷ 3 ʛʦʜʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʝ ʦʙʫʯʝʥʠʷ ʚ ʚʫʟʝ. ʕʪʦ y1 ï ʥʘʣʠʯʠʝ 

ʩʦʙʩʪʚʝʥʥʦʡ ʢʚʘʨʪʠʨʳ, y2 ï ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʟʘʨʧʣʘʪʘ, y3 ï ʥʘʣʠʯʠʝ 

ʘʚʪʦʤʦʙʠʣʷ, y3 ï ʦʙʲʝʤ ʢʨʝʜʠʪʥʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʙʳʣʘ ʦʙʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʦʙ ʫʩʧʝʚʘʝʤʦʩʪʠ ʩʪʫʜʝʥʪʦʚ.  

ʇʣʶʩʳ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ: 

- ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʪʨʫʜʥʦʬʦʨʤʘʣʠʟʫʝʤʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ; 

- ʆʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʯʝʪʢʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ. 

ʄʠʥʫʩʳ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʦʜʭʦʜʘ: 

- ʅʫʞʥʳ ʘʜʝʢʚʘʪʥʳʝ ʠ ʢʦʨʨʝʢʪʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʝʪʠ; 

- ʅʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʙʦʨʘ ʪʠʧʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʘʡʤʦʥ ʍʘʡʢʠʥ ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ: ʧʦʣʥʳʡ ʢʫʨʩ // ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ 
ɺʠʣʴʷʤʩ ï 2008. ï 1103 ʩ. 

 

É ʍʠʩʘʤʝʪʜʠʥʦʚʘ ʉ.ʌ., 2020 ʛ. 
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ʋɼʂ 533.6.011.6 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɻʆʈɽʅʀʗ ɻʀɼʈɸʊɸ  ɺ 

ɿɸʄʂʅʋʊʆʄ ʆɹʒɽʄɽ 
ɻʠʤʘʣʪʜʠʥʦʚ ʀ.ʂ., ʉʪʦʣʧʦʚʩʢʠʡ ʄ.ɺ., ʏʠʛʣʠʥʮʝʚʘ ɸ.ʉ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʫʝʪʩʷ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʛʠʜʨʘʪʦʚ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ. ʇʨʦʮʝʩʩ 

ʛʦʨʝʥʠʷ ʛʘʟʦʛʠʜʨʘʪʦʚ (ɻɻ) ʦʯʝʥʴ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʷʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʨʘʟʣʦʞʝʥʠʝ 

ɻɻ ʥʘ ʛʘʟ ʠ ʚʦʜʫ, ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʧʝʥʳ, ʩʪʝʢʘʥʠʝ ʞʠʜʢʦʩʪʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ɻɻ, ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʣʫʯʠʩʪʳʡ ʪʝʧʣʦʦʙʤʝʥ ʠ 

ʪ.ʜ. ɻʦʨʝʥʠʝ ɻɻ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʤʘʩʩʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʛʠʜʨʘʪʝ ʩʦʩʪʘʚʣʷʝʪ 87,1%. ʅʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ɻɻ ʛʦʨʠʪ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʝʭʘʥʠʢʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʨʝʜ. 

ɿʘʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩ, 

ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ. ʅʘ ʛʨʘʥʠʮʝ ɻɻ ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʘ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʛʦʨʝʥʠʷ ʛʠʜʨʘʪʘ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʝʤʝ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ 

ʚʦʜʳ ʥʘ ʛʨʘʥʠʮʝ ɻɻ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʇʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʘʪʘ, ʠʟʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʛʠʜʨʘʪʘ ʠ ʪ.ʜ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʝʥʠʷ ʛʠʜʨʘʪʘ ʥʝʦʙʭʦʜʠʤʘ ʠʥʪʝʥʩʠʚʥʘʷ 

ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʝʧʣʦʪʳ ʛʦʨʝʥʠʷ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʜʠʩʩʦʮʠʘʮʠʶ ʛʠʜʨʘʪʘ ʠ ʠʩʧʘʨʝʥʠʶ ʚʳʜʝʣʠʚʰʝʡʩʷ ʧʨʠ 

ʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ. 

 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ, ʥʦʤʝʨ ʧʨʦʝʢʪʘ ˉ20-01-00526. 

 

É ɻʠʤʘʣʪʜʠʥʦʚ ʀ.ʂ., ʉʪʦʣʧʦʚʩʢʠʡ ʄ.ɺ., 

ʏʠʛʣʠʥʮʝʚʘ ɸ.ʉ., 2020 ʛ. 
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ʋɼʂ 538.7 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʈʀʊʀʏɽʉʂʆɻʆ 

ʇʆɺɽɼɽʅʀʗ ʌʈʋʉʊʈʀʈʆɺɸʅʅʆʁ ʄʆɼɽʃʀ ʇʆʊʊʉɸ 

ʂʫʨʙʘʥʦʚʘ ɼ.ʈ., ʄʫʨʪʘʟʘʝʚ ɸ.ʂ., ʈʘʤʘʟʘʥʦʚ ʄ.ʂ., ʄʘʛʦʤʝʜʦʚ ʄ.ɸ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʍ.ʀ. ɸʤʠʨʭʘʥʦʚʘ ɼʌʀʎ ʈɸʅ,  

ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ 

 

ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʦʚ ʬʨʫʩʪʨʘʮʠʠ ʚ ʩʧʠʥʦʚʳʭ ʨʝʰʝʪʦʯʥʳʭ ʤʦʜʝʣʷʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. ʀʥʪʝʨʝʩ ʢ 

ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʦʙʫʩʣʦʚʣʝʥ ʙʦʛʘʪʦʡ ʧʨʠʨʦʜʦʡ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ɺʘʥʛʘ-ʃʘʥʜʘʫ ʤʝʪʦʜʘ ʄʦʥʪʝ-

ʂʘʨʣʦ ʤʳ ʠʩʩʣʝʜʫʝʤ ʚʣʠʷʥʠʝ ʢʦʥʢʫʨʝʥʮʠʠ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ ʇʦʪʪʩʘ ʩ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ ʩʧʠʥʘ 

q=4 ʥʘ ʪʨʝʫʛʦʣʴʥʦʡ ʨʝʰʝʪʢʝʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. 

ɻʘʤʠʣʴʪʦʥʠʘʥ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

ää --=
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ki

ji

ji JJH
,

,2

,

,1 coscos qq ,   (1) 

 

ʛʜʝ J1 ʠ J2 ï ʧʘʨʘʤʝʪʨʳ ʦʙʤʝʥʥʳʭ ʬʝʨʨʦ- (J1>0) ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

(J2<0) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʙʣʠʞʘʡʰʠʭ 

ʩʦʩʝʜʝʡ, qi,j, qi,k ï ʫʛʣʳ ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʩʧʠʥʘʤʠ Si-Sj ʠ Si ï Sk; 

r=|J2/J1| - ʚʝʣʠʯʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʪʦʨʳʭ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʫʯʝʪ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʪʦʨʳʭ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ ʚ 

ʠʥʪʝʨʚʘʣʝ 0.5ÒrÒ1.0 ʧʨʠʚʦʜʠʪ ʢ ʬʨʫʩʪʨʘʮʠʠ ʠ ʥʘʨʫʰʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʪʦʯʢʘʭ ʬʨʫʩʪʨʘʮʠʡ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʦʪʩʫʪʩʪʚʫʝʪ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ19-02-00153 ʠ ʬʦʥʜʘ ɻʘʜʞʠ ʄʘʭʘʯʝʚʘ ʧʦ ʧʦʜʜʝʨʞʢʝ 

ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʫʣʴʪʫʨʳ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. D.P. Landau and K. Binder, Monte Carlo Simulations in Statistical Physics, 
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ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʌʀʃʔʊʈɸʎʀʀ 

ʂʈʆɺʀ ʆʊ ʌɽʈʈʆʄɸɻʅʀʊʅʓʍ ʅɸʅʆʏɸʉʊʀʎ ʇʈʀ ʇʆʄʆʑʀ 

ɻʈɸɼʀɽʅʊʅʓʍ ʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ 

ʂʦʤʣʝʚ ɸ.ʉ., ʄʘʢʘʨʴʠʥ ʈ.ɸ.
 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ, ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʧʦ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʝ ʣʝʢʘʨʩʪʚ ʠ ʛʠʧʝʨʪʝʨʤʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʚʝʜʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʨʷʜʝ 

ʩʣʫʯʘʝʚ, ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ 

ʠʣʠ ʫʩʣʦʞʥʝʥʥʦʡ ʚʳʚʦʜʠʤʦʩʪʴʶ ʯʘʩʪʠʮ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ.  ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʯʠʩʪʢʠ 

ʢʨʦʚʠ ʦʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʢʣʶʯʝʥʠʡ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʝʝ ʯʝʨʝʟ ʦʙʣʘʩʪʴ 

ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʘʩʪʠʮ ʚ ʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʠʢʘʭ ʣʝʯʝʥʠʷ. [1]  
ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ COMSOL Multiphysics. ʀʩʭʦʜʥʘʷ ʤʦʜʝʣʴ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʠʟ ʩʝʙʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʤʘʛʥʠʯʝʥʥʫʶ ʨʠʬʣʝʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʫʨʘʚʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʝʰʝʥʳ ʚ ʤʦʜʫʣʷʭ Magnetic Fields, Single-Phase 

Flow (Laminar Flow). ʊʘʢ ʢʘʢ ʬʝʨʨʦʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʨʝʘʣʠʟʫʶʱʘʷ 

ʛʨʘʜʠʝʥʪʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʤʦʨʬʦʣʦʛʠʶ, ʪʦ ʥʘʯʘʣʴʥʳʝ ʠ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʫʜʝʪ 

ʥʘʧʝʯʘʪʘʥ ʥʘ 3D ʧʨʠʥʪʝʨʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ 

ʩʝʯʝʥʠʷʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʥʘʥʦʯʘʩʪʠʮʫ ʚʥʫʪʨʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʠ. 

ʧʦʩʪʨʦʠʪʴ ʚʦʟʤʦʞʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʠʭ ʜʚʠʞʝʥʠʷ. 

 

ɸ.ʉ. ʂʦʤʣʝʚ ʷʚʣʷʝʪʩʷ ʩʪʠʧʝʥʜʠʘʪʦʤ ʌʦʥʜʘ ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ ñɹɸɿʀʉò. 
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ʋɼʂ 004.942 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ  ʉ ʀʅʊɽʈɺɸʃʔʅʆʁ 

ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʔʖ ʇɸʈɸʄɽʊʈʆɺ 

ʍʠʩʘʤʝʪʜʠʥʦʚ ʌ.ɿ. 

ʉʠʙʘʡʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ɹʘʰɻʋ, ʛ. ʉʠʙʘʡ, ʈʦʩʩʠʷ 

 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚ ʩʠʩʪʝʤʘʭ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʦʩʣʦʞʥʝʥʳ ʢʘʢ ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʜʥʠ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ï ʧʝʨʝʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʦʣʷʮʠʠ ʪʨʫʙʳ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ ï ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʚʝʣʠʯʠʥ, ʥʘʟʳʚʘʝʤʳʭ 

ʠʥʪʝʨʚʘʣʴʥʳʤʠ [1]. ɺ ʩʣʫʯʘʝ ʟʘʤʝʥʳ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʫʩʨʝʜʥʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʜʝʘʣʠʟʠʨʫʝʪʩʷ, ʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʨʘʩʯʝʪʘʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʫʞʜʘʝʪʩʷ ʚ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʦʩʥʦʚʘʥʠʷʭ. 

ʕʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʫʯʠʪʳʚʘʪʴ ʚ ʯʠʩʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʘʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʤʝʪʦʜʳ 

ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʥʪʝʨʚʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʠʥʪʝʨʚʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ 

ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [1]. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʠʥʪʝʨʚʘʣʴʥʦ 

ʟʘʜʘʥʥʳʤʠ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʚʥʝʰʥʠʭ 

ʠʥʪʝʨʚʘʣʴʥʳʭ ʦʮʝʥʦʢ ʜʣʷ ʪʦʢʘ ʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʛʨʘʥʠʮʝ çʛʨʫʥʪ-

ʪʨʫʙʘè ʚ ʩʣʫʯʘʝ ʠʥʪʝʨʚʘʣʴʥʦ ʟʘʜʘʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʛʨʫʥʪʘ 

ʠ ʠʟʦʣʷʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ ʉ++ ʠ ʧʨʦʚʝʜʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʦʚ ʩ ʠʥʪʝʨʚʘʣʴʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʧʦʜʭʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʧʨʠ ʚʳʙʦʨʝ 

ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʦʪ 

ʢʦʨʨʦʟʠʠ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʪʝʨʚʘʣʴʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 
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2. ɹʦʣʦʪʥʦʚ, ɸ. ʄ. ʏʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʫʯʝʪʦʤ ʠʥʪʝʨʚʘʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ / ɸ. ʄ. ɹʦʣʦʪʥʦʚ, ʌ. ɿ. ʍʠʩʘʤʝʪʜʠʥʦʚ // ɺʝʩʪʥʠʢ ʋɻɸʊʋ. ï 
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ʋɼʂ 004.942 

ʏʀʉʃɽʅʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʂɸʊʆɼʅʆʁ ɿɸʑʀʊʓ ʆʊ 

ʂʆʈʈʆɿʀʀ ʇʆɼɿɽʄʅʆɻʆ ʊʈʋɹʆʇʈʆɺʆɼɸ 

ʍʠʩʘʤʝʪʜʠʥʦʚ ʌ.ɿ. 

ʉʠʙʘʡʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ɹʘʰɻʋ, ʛ. ʉʠʙʘʡ, ʈʦʩʩʠʷ 
 

ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ʧʦʜʟʝʤʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʢʘʪʦʜʥʘʷ ʟʘʱʠʪʘ (ʂɿ). ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʙʦʪʘ ʂɿ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʢʘʪʦʜʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʠʥʮʠʧ ʂɿ ʦʩʥʦʚʘʥ ʥʘ ʩʤʝʱʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʤʝʪʘʣʣʘ ʟʘʱʠʱʘʝʤʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ (ʢʘʪʦʜʥʦʤ) 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʘ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ (Ue). ʉʫʤʤʫ 

ʧʦʪʝʥʮʠʘʣʘ Ue ʠ ʢʘʪʦʜʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʥʘʟʳʚʘʶʪ ʟʘʱʠʪʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ [1]. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʨʠʥʷʪʦ Ue = const, ʘ 

ʚʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ Upr, ʨʘʚʥʦʛʦ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʢʘʪʦʜʥʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʙʲʝʢʪʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʜʦʣʴ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʢʘʟʳʚʘʶʪ: ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʛʨʫʥʪʘ, ʥʘʧʨʷʞʝʥʠʝ, 

ʩʦʟʜʘʚʘʝʤʦʝ ʢʘʞʜʦʡ ʢʘʪʦʜʥʦʡ ʩʪʘʥʮʠʝʡ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʘʥʦʜʘ ʜʦ ʪʨʫʙʳ ʠ 

ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʂɿ 

ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜ ʤʦʞʝʪ 

ʠʤʝʪʴ ʥʝʦʜʥʦʨʦʜʥʦʝ ʠʟʦʣʷʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, ʕʪʦ ʦʢʘʟʳʚʘʝʪ  ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʠʟʦʣʷʮʠʝʡ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʧʦʜʟʝʤʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ 

ʬʠʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʈʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ ʉ++ ʠ ʧʨʦʚʝʜʝʥʳ 

ʚr ʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʦʙʱʘʷ ʢʘʨʪʠʥʘ ʠ ʭʘʨʘʢʪʝʨ 

ʪʦʢʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ 

ʩʠʩʪʝʤʘʭ ʂɿ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʛʫʪ 

ʙʪrʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʂɿ ʦʪ ʢʦʨʨʦʟʠʠ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʣʘʟʦʚ ʅ.ʇ. ʇʦʜʟʝʤʥʘʷ ʢʦʨʨʦʟʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ 
ʜʠʘʛʥʦʩʪʠʢʘ. ʄ.: ɻʘʟʧʨʦʤ, 1994. 92 ʩ. 

2. ʍʠʩʘʤʝʪʜʠʥʦʚ, ʌ. ɿ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʧʦʜʟʝʤʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ / ʌ. ɿ. ʍʠʩʘʤʝʪʜʠʥʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʫʢʦʝʤʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ. ï2018. ï̄  9. ïʉ 126ï130. 
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ʋɼʂ 537.6.8 

ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆɹʈɸʊʅʆɻʆ 

ʄɸɻʅʀʊʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʕʌʌɽʂʊɸ  ɺ 

ʄʋʃʔʊʀʌɽʈʈʆʀɼʅʓʍ ʄɸʊɽʈʀɸʃɸʍ  ʅɸ  ʆʉʅʆɺɽ 

ʄɸɻʅʀʊʆʈɽʆʃʆʅʀʏɽʉʂʆɻʆ ʕʃɸʉʊʆʄɽʈɸ 

ʄʘʢʘʨʴʠʥ ʈ.ɸ., ʂʦʤʣʝʚ ɸ.ʉ. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 

ʄʘʛʥʠʪʥʳʝ ʵʣʘʩʪʦʤʝʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣʳ, ʚ ʢʦʪʦʨʳʭ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʚʥʝʜʨʝʥʳ ʚ ʫʧʨʫʛʫʶ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ, 

ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʤʫ ʠ ʦʙʨʘʪʠʤʦʤʫ 

ʦʪʢʣʠʢʫ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʦʙʘʚʠʚ ʚ ʤʘʛʥʠʪʥʳʝ ʵʣʘʩʪʦʤʝʨʳ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʪʠʧʳ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ï ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ (ʦʙʣʘʜʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʪʠʧʘʤʠ 

ʫʧʦʨʷʜʦʯʝʥʠʷ). ʀʭ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ [1]. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʠʡ ʵʣʘʩʪʦʤʝʨ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ ʦʙʨʘʟʮʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʥʘʦʙʦʨʦʪ. 
ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʨʝʜʝ Comsol Multiphysics. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʩʣʝʜʫʶʱʘʷ: ʚ ʩʠʣʠʢʦʥʦʚʫʶ ʫʧʨʫʛʫʶ ʤʘʪʨʠʮʫ 

ʧʦʤʝʱʘʣʠʩʴ ʤʠʢʨʦʯʘʩʪʠʮʳ ʬʝʨʨʠʪʘ ʙʘʨʠʷ ʚ ʚʠʜʝ FECC 

(ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʩ ʜʦʙʘʚʣʝʥʠʝ ʯʘʩʪʠʮ ʚ ʮʝʥʪʨʝ 

ʨʝʙʝʨ) ʨʝʰʝʪʢʠ. ɺ ʤʦʜʝʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʧʝʨʝʩʪʨʦʝʥʠʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʷʯʝʡʢʝ ʧʨʠʢʣʘʜʳʚʘʣʠʩʴ ʥʘʚʝʜʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʠ ʧʨʠʚʦʜʠʣʠ ʢ ʠʟʤʝʥʝʥʠʶ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ (ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʚʦʜ ʦʙ 

ʠʟʤʝʥʝʥʠʷʭ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʝʛʦ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ. ʈʘʥʝʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʥʳ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʵʣʘʩʪʦʤʝʨʘ 

ʩ ʯʘʩʪʠʮʘʤʠ ʬʝʨʨʠʪʘ ʙʘʨʠʷ. 

 

ɸ.ʉ. ʂʦʤʣʝʚ ʷʚʣʷʝʪʩʷ ʩʪʠʧʝʥʜʠʘʪʦʤ ʌʦʥʜʘ ʨʘʟʚʠʪʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ ñɹɸɿʀʉò. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Multiferroic magnetoelectric composites: Historical perspective, status, and 

future directions/ Ce-Wen Nan, M. I. Bichurin, Shuxiang Dong, D. Viehland, 

G. Srinivasan// JOURNAL OF APPLIED PHYSICS 103, 031101 _2008. 

É ʄʘʢʘʨʴʠʥ ʈ.ɸ., ʂʦʤʣʝʚ ɸ.ʉ., 2020 ʛ. 
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ʋɼʂ 544.169 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʊɽʄʇɽʈɸʊʋʈ ɺʉʇʓʐɽʂ 

ʋɻʃɽɺʆɼʆʈʆɼʆɺ ʄɽʊʆɼʆʄ QSPR 

ɼʦʣʦʤʘʪʦʚ ʄ.ʖ., ʂʦʣʝʜʠʥ ʆ.ʉ., ɸʭʪʷʤʦʚʘ ʂ.ʈ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʪʝʦʨʠʠ ʛʦʨʝʥʠʷ. 

ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʠʤʝʥʴʰʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʝʱʝʩʪʚʘ ʧʘʨʳ ʩʧʦʩʦʙʥʳ ʚʩʧʳʭʠʚʘʪʴ ʚ ʚʦʟʜʫʭʝ ʦʪ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʙʝʟ ʧʝʨʝʭʦʜʘ ʚ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ. [1].   

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʝʪʦʜ ʚ ʦʪʢʨʳʪʦʤ ʪʠʛʣʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʥʘ ʪʦʯʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ [2]. 

ʉʫʱʝʩʪʚʫʶʪ ʟʘʚʠʩʠʤʦʩʪʠ [3], ʠʩʧʦʣʴʟʫʶʱʠʝ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʪʳ 

ʩʛʦʨʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʚʝʱʝʩʪʚ. 

ʉʣʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨ ʚʩʧʳʰʢʠ ʧʨʠʚʝʣʘ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʠʩʢʘ QSPR ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʠ ʩʪʨʫʢʪʫʨʳ 

ʚʝʱʝʩʪʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ ʠ  ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʤʦʣʝʢʫʣʳ, ʠʩʧʦʣʴʟʫʝʤ ʠʥʜʝʢʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʥʦʩʪʠ 

(ʠʥʜʝʢʩ ʈʘʥʜʠʯʘ) ʠ ʠʥʜʝʢʩ ɺʠʥʝʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [4]: 

ʧʦʚʩʝʤ
ʨʝʙʨʘʤ

1

ɜ ɜi j

r=
Ö

ä
                                              (1)   

ʛʜʝ ɟ ï ʠʥʜʝʢʩ ʈʘʥʜʠʯʘ; 

i ʠ j ï ʥʦʤʝʨʘ ʘʪʦʤʦʚ ʤʦʣʝʢʫʣʳ, ʬʦʨʤʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʚʷʟʴʶ; 

iɜï ʯʠʩʣʦ ʨʝʙʝʨ ʛʨʘʬʘ ʦʪʭʦʜʷʱʠʭ ʦʪ i-ʦʡ ʚʝʨʰʠʥʳ; 

jɜ
ï ʯʠʩʣʦ ʨʝʙʝʨ ʛʨʘʬʘ ʦʪʭʦʜʷʱʠʭ ʦʪ j-ʦʡ ʚʝʨʰʠʥʳ. 

ää
= =

=
n

1i

n

1j

jid5.0W

                                              (2) 

ʛʜʝ W ï ʠʥʜʝʢʩ ɺʠʥʝʨʘ; 

n ï ʯʠʩʣʦ ʚʝʨʰʠʥ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʦʣʝʢʫʣʝ ʛʨʘʬʝ;  

dijï ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ i ʠ j. 

ɺʚʝʜʝʤ ʜʝʩʢʨʠʧʪʦʨ N - ʧʦʣʥʦʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʣʝʢʫʣʝ. ɺ ʨʷʜʫ 

ʥʦʨʤʘʣʴʥʳʭ ʘʣʢʘʥʦʚ ʠ ʠʟʦʘʣʢʘʥʦʚ  CnH2n+2, ʠʤʝʝʤ:  

N = 6n + 1ᶻ2n + 2 = 8n + 2                                    (3) 

ʛʜʝ n ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ; 
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N ï ʧʦʣʥʦʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʨʘʚʥʦʝ ʯʠʩʣʫ ʧʨʦʪʦʥʦʚ ʚ ʤʦʣʝʢʫʣʝ. 

ʉ ʫʯʝʪʦʤ ʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʤʦʜʝʣʴ QSPR ʠʤʝʝʪ ʚʠʜ: 

 

Tʚʩʧ= a0 + a1ϽN + a2ϽR+ a3ϽW + a4Ͻὔ
2 + ὥ5Ὑ

2 + ὥ6ὡ
2 + ὥ7ὔὙ+

+ὥ8ὔὡ+ ὥ9Ὑὡ                                    (4) 

 

ʛʜʝ ʘi, (i=0, é, 9) ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ QSPR, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

Tʚʩʧ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (4) ʙʳʣ 

ʚʳʯʠʩʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
 = 0.998. ʇʦʩʢʦʣʴʢʫ R

2
ι0.9, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʩʧʳʰʢʠ. 

ɺʳʚʦʜʳ: ʇʦʣʫʯʝʥʘ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʘʷ ʤʥʦʛʦʬʘʢʪʦʨʥʘʷ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ çʉʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʘʜʝʢʚʘʪʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʧʳʰʢʠ ʘʣʢʘʥʦʚ ʦʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʤʦʣʝʢʫʣ. ɺ ʢʘʯʝʩʪʚʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʥʜʝʢʩʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʢʝʣʝʪʘ, ʘ ʪʘʢʞʝ ʠʥʜʝʢʩ, ʨʘʚʥʳʡ ʧʦʣʥʦʤʫ ʯʠʩʣʫ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʣʝʢʫʣʝ. 

ɸʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʝʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʜʘʥʥʳʭ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʘʙʩʦʣʶʪʥʘʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʠ ʜʣʷ ʪʝʩʪʦʚʦʡ 

ʚʳʙʦʨʢʠ ʪʝʤʧʝʨʘʪʫʨ ʚʩʧʳʰʝʢ ʩʦʩʪʘʚʣʷʶʪ 7,09 ʝʜ. ʠ 3,1 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-38-90085 çʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʠ ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʷʥʳʭ ʩʠʩʪʝʤ 

ʠ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚè. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʐʣʝʥʩʢʠʡ ʆ.ʌ., ʉʠʨʝʥʢʦ ɺ.ʉ.,ɽʛʦʨʦʚʘ ɽ.ɸ. ʈʝʞʠʤʳ ʛʦʨʝʥʠʷ 
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16-19. 
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É ɼʦʣʦʤʘʪʦʚ ʄ.ʖ., ʂʦʣʝʜʠʥ ʆ.ʉ., ɸʭʪʷʤʦʚʘ ʂ.ʈ., 2020 ʛ. 
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ʋɼʂ 547.21 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ɸʈɽʅʆɺ  ʇʆ 

ʊʆʇʆʃʆɻʀʏɽʉʂʀʄ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʄ ʄʆʃɽʂʋʃ 

ʄɽʊʆɼʆʄ QSPR 

ɼʦʣʦʤʘʪʦʚ ʄ.ʖ., ʂʦʚʘʣʸʚʘ ʕ.ɸ., ɸʫʙʝʢʝʨʦʚ ʊ.ʄ., ʂʦʣʝʜʠʥ ʆ.ʉ., 

ɸʭʪʷʤʦʚʘ ʂ.ʈ., ɺʘʛʘʧʦʚʘ ʕ.ɺ. 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʨʦʮʝʩʩʦʚ ʠ 

ʘʧʧʘʨʘʪʦʚ ʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʙʝʟ ʟʥʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʦʙʤʝʥʥʫʶ ʘʧʧʘʨʘʪʫʨʫ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ, ʜʦʩʪʦʚʝʨʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʳ, ʘ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʨʫʜʦʝʤʢʠʡ ʠ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠ [2].  

ʉʣʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʚʝʣʘ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ 

QSPR ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ ʠ  ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʤʦʣʝʢʫʣʳ, ʠʩʧʦʣʴʟʫʝʤ ʠʥʜʝʢʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʥʦʩʪʠ 

(ʠʥʜʝʢʩ ʈʘʥʜʠʯʘ) ʠ ʠʥʜʝʢʩ ɺʠʥʝʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3]: 

ʧʦʚʩʝʤ
ʨʝʙʨʘʤ

1

ɜ ɜi j

r=
Ö

ä
                                              (1)   

ʛʜʝ ɟ ï ʠʥʜʝʢʩ ʈʘʥʜʠʯʘ; 

i ʠ j ï ʥʦʤʝʨʘ ʘʪʦʤʦʚ ʤʦʣʝʢʫʣʳ, ʬʦʨʤʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʚʷʟʴʶ; 

iɜï ʯʠʩʣʦ ʨʝʙʝʨ ʛʨʘʬʘ ʦʪʭʦʜʷʱʠʭ ʦʪ i-ʦʡ ʚʝʨʰʠʥʳ; 

jɜ
ï ʯʠʩʣʦ ʨʝʙʝʨ ʛʨʘʬʘ ʦʪʭʦʜʷʱʠʭ ʦʪ j-ʦʡ ʚʝʨʰʠʥʳ. 

ää
= =

=
n

1i

n

1j

jid5.0W

                                            (2) 

ʛʜʝ W ï ʠʥʜʝʢʩ ɺʠʥʝʨʘ; 

n ï ʯʠʩʣʦ ʚʝʨʰʠʥ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʦʣʝʢʫʣʝ ʛʨʘʬʝ;  

dijï ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ i ʠ j. 

ɺ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʣʝʢʫʣ ʠʩʧʦʣʴʟʫʝʤ ʩʫʤʤʫ 

ʢʚʘʜʨʘʪʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. 

ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤ ʧʨʠʚʝʜʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. 
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ä
=

=
N

i

iL
1

2e
                                                  (3) 

ʉ ʫʯʝʪʦʤ ʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʤʦʜʝʣʴ QSPR ʠʤʝʝʪ ʚʠʜ: 

7 8

1

2 23
0 1 2 3 4 5 6

( )
( , , , ) ( ( ) ( ) )

W W a a
L W a a L a a W a a W a W

t
l r t r r t

r r

+
= + + + + + + Ö

,   (4)  

ʛʜʝ W ï ʠʥʜʝʢʩ ɺʠʥʝʨʘ; 

L ï ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʨʘʬʘ; 

ɟ ï ʠʥʜʝʢʩ ʈʘʥʜʠʯʘ; 

Ű ï ʧʨʠʚʝʜʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʊ/298, ʛʜʝ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

ʘn ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ. 
 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ (3) ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʘʨʝʥʦʚ 

ʂʦʵʬʬʠʮʠʝʥʪ a0 a1 a2 a3 

ɿʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

0.0111 -0.0003 -0.00041 0.0034 

ʂʦʵʬʬʠʮʠʝʥʪ a4 a5 a6 a7 

ɿʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ 

3.47E-06 -3.3E-06 2.72E-10 1.95 

 

ɺʳʚʦʜʳ: ʇʦʣʫʯʝʥʘ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʥʝʣʠʥʝʡʥʘʷ ʤʥʦʛʦʬʘʢʪʦʨʥʘʷ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè, ʘʜʝʢʚʘʪʥʦ ʧʝʨʝʜʘʶʱʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʣʝʢʫʣ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʨʷʜʘ ʘʨʝʥʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʣʝʢʫʣ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʤʦʜʝʣʠ ʨʘʚʝʥ 0.97. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-38-90085 çʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʠ ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʷʥʳʭ ʩʠʩʪʝʤ 

ʠ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚè 

ʃʠʪʝʨʘʪʫʨʘ 

1. Anisimov M.A., Rabinovich V.A., Sychev V.A. Termodinamika 

kriticheskogo sostoyaniya individual'nykh veshchestv [Thermodynamics of 

the critical state of individual substances]. M.: Energoatomizdat. 1990. ï p. 

190. 

2. Zhorov YU.M. Termodinamika khimicheskikh protsessov [Thermodynamics 

of chemical processes]. M.: Khimiya, 1985. ï p. 464. 

3. ɹʘʩʢʠʥ ʀ.ʀ., ʄʘʜʞʠʜʦʚ ʊ.ʀ., ɺʘʨʥʝʢ ɸ.ɸ. ɺʚʝʜʝʥʠʝ ʚ 

ʭʝʤʝʦʠʥʬʦʨʤʘʪʠʢʫ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʘ- ʩʚʦʡʩʪʚʦ. ʀʟʜ-ʚʦ 

ʂʘʟʘʥʩʢʦʛʦ ʫʥ-ʪʘ. ʂʘʟʘʥʴ. 2015. 302ʩ. 

É ɼʦʣʦʤʘʪʦʚ ʄ.ʖ., ʂʦʚʘʣʸʚʘ ʕ.ɸ., ɸʫʙʝʢʝʨʦʚ ʊ.ʄ., 
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ʋɼʂ 378.675 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɹɸʅʂʈʆʊʉʊɺ ʇʈɽɼʇʈʀʗʊʀʁ ʄɽʊʆɼɸʄʀ 

ʅɽʁʈʆʉɽʊɽɺʓʍ ɸʅʉɸʄɹʃɽʁ 
ɻʘʣʣʷʤʦʚ ɺ.ɺ., ʇʦʣʫʧʘʥʦʚ ɼ.ɺ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʇʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʘʥʢʨʦʪʩʪʚʘ ʥʝ ʧʝʨʝʩʪʘʸʪ ʙʳʪʴ ʘʢʪʫʘʣʴʥʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʩʪʫʧʘʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ ʠ 

ʩʦʮʠʘʣʴʥʳʭ ʧʦʪʨʷʩʝʥʠʡ. ʕʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʤʦʞʥʦʡ ʥʝʧʦʣʥʦʪʳ, ʥʝʪʦʯʥʦʩʪʠ ʠ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ʅʉ).  ʈʘʩʩʤʦʪʨʠʤ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʘʥʢʨʦʪʩʪʚʘ P ʦʪ ʚʝʢʪʦʨʘ ʵʢʟʦʛʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ὀ= ὼ1, ,ȣ,ὼὲ, ʩʢʨʳʪʦʡ ʚ ʜʘʥʥʳʭ [1]. ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʨʝʜʝʣʠʤ ʩ 

ʧʦʤʦʱʴʶ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ὖ(ὸ) = 1 1 + Ὡὼὴ( ὣ(ὀ(ὸ),ὸ))ϳ , ὖᶰ

0,1 , ʛʜʝ t ï ʚʨʝʤʷ, ʘ ʧʦʢʘʟʘʪʝʣʴ ʵʢʩʧʦʥʝʥʪʳ ὣ(●(ὸ),ὸ) ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ 
ʧʦʤʦʱʴʶ ʅʉ ώ(●,ὸ) = Ὂ(ὀ,╦,ὸ) ,  Ὂ:●ᶰὙ(ὲ) ᴼώᶰὙ(1) ,

  
W ï ʤʥʦʞʝʩʪʚʦ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʩʦʚ ʅʉ, Ὂẗ - ʦʧʝʨʘʪʦʨ ʅʉ ʦʪʦʙʨʘʞʝʥʠʷ.  

ʉʫʪʴ ʘʥʩʘʤʙʣʝʚʦʛʦ ʦʙʫʯʝʥʠʷ ʅʉ ʩʦʩʪʦʠʪ ʚ ʦʙʫʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʤʦʜʝʣʝʡ ʚʤʝʩʪʦ ʦʜʥʦʡ ʠ ʦʙʲʝʜʠʥʝʥʠʠ ʠʭ ʧʨʦʛʥʦʟʦʚ. ʅʘʤʠ ʧʦʩʪʨʦʝʥʳ ʅʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ, ʧʦ 15 ʅʉ ʚ ʢʘʞʜʦʤ ʘʥʩʘʤʙʣʝ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ. ʄʝʪʦʜʳ ʙʫʪʩʪʨʵʧ-

ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠ ʩʣʫʯʘʡʥʳʭ ʨʘʩʱʝʧʣʝʥʠʡ ʦʢʘʟʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʳ ʚ ʨʘʚʥʦʡ 

ʤʝʨʝ ʟʘ ʩʯʸʪ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʙʦʣʴʰʝ ʚʘʨʠʘʮʠʡ ʚʳʙʦʨʦʢ ʠʟ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ. ʄʝʪʦʜ ʧʝʨʝʢʨʸʩʪʥʦʡ ʧʨʦʚʝʨʢʠ ʧʦʢʘʟʘʣ ʙʦʣʝʝ 

ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ. ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʘʥʩʘʤʙʣʠ ʜʘʶʪ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʯʝʤ ʘʥʩʘʤʙʣʠ 

ʫʩʨʝʜʥʝʥʠʷ. ʄʝʪʦʜʳ ʧʦʜʙʦʨʘ ʚʝʩʦʚ ʧʦ ʅʉ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʜʘʶʪ ʚ ʮʝʣʦʤ ʦʜʠʥʘʢʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʥʘ ʧʦʩʣʝʜʥʠʡ ʟʘʪʨʘʯʠʚʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʘʠʤʝʥʴʰʝʝ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʘʝʪ ʤʝʪʦʜ ʧʝʨʝʢʨʸʩʪʥʦʡ ʧʨʦʚʝʨʢʠ, ʯʫʪʴ ʙʦʣʴʰʝʝ ï 

ʙʫʩʪʨʵʧ-ʘʛʨʝʛʠʨʦʚʘʥʠʷ, ʠ, ʥʘʢʦʥʝʮ, ʩʣʫʯʘʡʥʳʭ ʨʘʩʱʝʧʣʝʥʠʡ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɻʦʨʙʘʪʢʦʚ ʉ.ɸ., ʇʦʣʫʧʘʥʦʚ ɼ.ɺ. ʆʧʪʠʤʘʣʴʥʳʡ ʦʪʙʦʨ ʠ ʘʛʨʝʛʠʨʦʚʘʥʠʝ 
ʵʢʟʦʛʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʷʭ ʙʘʥʢʨʦʪʩʪʚ ʥʘ ʦʩʥʦʚʝ 

ʬʫʥʢʮʠʡ ʍʘʨʨʠʥʛʪʦʥʘ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï 2018 ï ˉ 2. ï 

ʉ. 121-130. 

 

 

Ò ɻʘʣʣʷʤʦʚ ɺ.ɺ.., ʇʦʣʫʧʘʥʦʚ ɼ.ɺ., 2020 ʛ. 
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ʋɼʂ 519 

ʇʆʉʊʈʆɽʅʀɽ ʄʅʆɻʆʄɽʈʅʆʁ ʈɽɻʈɽʉʉʀʆʅʅʆʁ ʄʆɼɽʃʀ ɼʃʗ 

ɸʅɸʃʀɿɸ ɼɽʄʆɻʈɸʌʀʏɽʉʂʀʍ ʇʆʂɸɿɸʊɽʃɽʁ  

ɸʙʜʶʰʝʚʘ ʉ.ʈ., ɻʠʣʷʟʦʚʘ ʃ.ʈ., ɸʙʨʘʤʯʫʢ ʄ.ɸ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʨʝʛʠʦʥʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠʡ, ʪʘʢ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ [1]. ɼʣʷ ʵʪʦʛʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. ʎʝʣʴ ʨʘʙʦʪʳ - ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪʦʨʳ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʢʘʟʘʪʝʣʴ ʨʦʞʜʘʝʤʦʩʪʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʘʰʢʦʨʪʦʩʪʘʥ. 

ɺʳʙʨʘʥʦ ʧʷʪʴ ʬʘʢʪʦʨʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʧʦʩʪʨʦʝʥʘ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʦʞʜʘʝʤʦʩʪʴ ʚ ʨʝʩʧʫʙʣʠʢʝ ʦʢʘʟʳʚʘʶʪ ʨʘʩʭʦʜʳ ʥʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ (x1) ̉   
ʤʣʘʜʝʥʯʝʩʢʘʷ ʩʤʝʨʪʥʦʩʪʴ (x3): 

ώ=  1,6496 + 0,00001183ὼ1 0,02067ὼ3 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʚ 

ʨʝʛʨʝʩʩʠʦʥʥʫʶ ʤʦʜʝʣʴ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ: 

Ὑώὼ1ὼ3
= В‍ὭὶώὼὭ= 0,9059 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
=0,8206 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 82,06% ʦʙʱʝʡ 

ʚʘʨʠʘʮʠʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʢʘ ʦʙʲʷʩʥʷʝʪʩʷ ʚʘʨʠʘʮʠʝʡ ʫʯʪʝʥʥʳʭ ʚ 

ʤʦʜʝʣʠ ʬʘʢʪʦʨʦʚ. 

ɿʥʘʯʠʤʦʩʪʴ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʨʦʚʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ Ὂ-ʢʨʠʪʝʨʠʶ 

ʌʠʰʝʨʘ, ʘ ʟʥʘʯʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ - ʩ ʧʦʤʦʱʴʶ t - ʢʨʠʪʝʨʠʷ 

ʉʪʴʶʜʝʥʪʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʜʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ὼ3 ʤʝʥʴʰʝ ʪʘʙʣʠʯʥʦʛʦ, ʜʘʥʥʳʡ ʬʘʢʪʦʨ 

ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʢʣʶʯʝʥ ʠʟ ʤʦʜʝʣʠ. ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʨʠʤʝʪ 

ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ: 

 

ώ=  1,6496 + 0,00001183ὼ1 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʙʜʶʰʝʚʘ ʉ.ʈ. ʆʮʝʥʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ. 

ʄʘʪʝʨʠʘʣʳ IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, 

ʧʦʩʚʷʱʝʥʥʦʡ 75-ʣʝʪʠʶ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʉʌ 

ɹʘʰɻʋ. ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: ʉ.ɸ. ʄʫʩʪʘʬʠʥʘ. 2015. ʉ. 3-9. 

 

Ò ɸʙʜʶʰʝʚʘ ʉ.ʈ., ɻʠʣʷʟʦʚʘ ʃ.ʈ., 2020 ʛ. 
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ɸʅɸʃʀɿ ɿɸɹʆʃɽɺɸɽʄʆʉʊʀ ʅɸʉɽʃɽʅʀʗ ʇʈʀ ʇʆʄʆʑʀ 

ʄʅʆɻʆʄɽʈʅʆʁ ʈɽɻʈɽʉʉʀʆʅʅʆʁ ʄʆɼɽʃʀ 

ɸʙʜʶʰʝʚʘ ʉ.ʈ., ʅʝʬʝʜʦʚʘ ɸ.ɸ., ɹʘʩʠʤʦʚʘ ʕ.ʌ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ [1].  

ɺ ʨʘʙʦʪʝ ʧʦʩʪʨʦʝʥʘ ʤʥʦʛʦʤʝʨʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. ɸʥʘʣʠʟ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ. 

ʆʙʦʟʥʘʯʠʤ y ï ʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʡ, ʬʘʢʪʦʨʳ: x1 - 

ʩʨʝʜʥʝʜʫʰʝʚʳʝ ʜʝʥʝʞʥʳʝ ʜʦʭʦʜʳ ʥʘʩʝʣʝʥʠʷ, x2 - ʯʠʩʣʝʥʥʦʩʪʴ ʦʬʠʮʠʘʣʴʥʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʙʝʟʨʘʙʦʪʥʳʭ, x3 - ʠʥʚʝʩʪʠʮʠʠ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ, x4 - ï ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʧʦ ʦʩʥʦʚʥʳʤ ʢʣʘʩʩʘʤ 

ʙʦʣʝʟʥʝʡ. ʈʘʩʩʯʠʪʘʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʤʘʪʨʠʮʫ ʧʦ ʜʘʥʥʳʤ ʬʘʢʪʦʨʘʤ: 

 

 y x1 x2 x3 x4 

y 1     

x1 0,482 1    

x2 -0,444 -0,736 1   

x3 0,424 0,958 -0,865 1  

x4 0,543 0,741 -0,376 0,696 1 

 

ʈʘʩʩʯʠʪʳʚʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ ʠ ʚʳʧʠʩʳʚʘʝʤ ʫʨʘʚʥʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ: 

 y = -2562863,999 ī 37,94 Ā x1 ī 266,25 Ā x2 ī 23,6 Ā x3 + 58,9 Ā x4. 

ʇʨʦʚʝʨʢʘ ʟʥʘʯʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʠ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʠʚʝʣʘ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʬʘʢʪʦʨʳ x2, x3, x4 ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ. ʊʦ ʝʩʪʴ, ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʨʠʥʠʤʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ:  

y = 1652485,377 + 7,447 Ā x1. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʨʝʛʨʝʩʩʠʠ ʭʦʨʦʰʦ ʧʦʜʦʙʨʘʥʘ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʬʘʢʪʦʨʦʤ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʙʜʶʰʝʚʘ ʉ.ʈ., ɸʨʩʣʘʥʦʚʘ ʈ.ʈ. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢ 
ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ. ʄʘʪʝʨʠʘʣʳ VII  

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʛ. 

ʋʬʘ, 2017 ï ʏʘʩʪʴ I, ʩ.24-29. 

 

Ò ɸʙʜʶʰʝʚʘ ʉ.ʈ., ʅʝʬʝʜʦʚʘ ɸ.ɸ.,2020 ʛ. 
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ʈɸɿʈɸɹʆʊʂɸ ʄʆɹʀʃʔʅʆɻʆ ʇʈʀʃʆɾɽʅʀʗ ɼʃʗ 

ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʀɿʆɹʈɸɾɽʅʀʁ ʅɸ ʆʉʅʆɺɽ ʅɽʁʈʆʉɽʊɽɺʆʁ 

ʄʆɼɽʃʀ 

ʊʠʤʦʬʝʝʚ ʇ.ʉ., ʇʦʣʫʧʘʥʦʚ ɼ.ɺ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʚʳʰʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʄʆ) ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʅʉ), ʚ ʯʘʩʪʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʥʠʝʤ ʨʦʣʠ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʚ ʨʝʰʝʥʠʠ ʧʦʚʩʝʜʥʝʚʥʳʭ 

ʟʘʜʘʯ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ XCode ʠ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Swift. ɺʳʙʦʨ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʚ XCode 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʬʨʝʡʤʚʦʨʢʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʄʆ Core ML, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠʥʪʝʛʨʘʮʠʶ ʅʉ ʚ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ.   

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʩʧʦʩʦʙʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʨʝʜʤʝʪʳ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʟʘʭʚʘʪʳʚʘʷ ʠʟʦʙʨʘʞʝʥʠʝ ʯʝʨʝʟ ʢʘʤʝʨʫ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʮʝʩʩ 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʲʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ ʩ ʢʘʤʝʨʳ 

ʩʥʠʤʘʝʪʩʷ ʩʣʦʡ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ - Capture Video Preview Layer ʠ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʘʙʦʨ ʜʘʥʥʳʭ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʵʪʠ ʜʘʥʥʳʝ 

ʦʪʧʨʘʚʣʷʶʪʩʷ ʦʙʨʘʙʦʪʯʠʢ, ʛʜʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʜʘʥʥʳʭ Resnet50, 

ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʦʟʥʘʝʪʩʷ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʨʘʟ ʚ ʩʝʢʫʥʜʫ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʘʜʨʦʚ, 

ʢʦʪʦʨʳʝ ʢʘʤʝʨʘ ʩʥʠʤʘʝʪ ʚ ʩʝʢʫʥʜʫ. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ 

 

É ʊʠʤʦʬʝʝʚ ʇ.ʉ., ʇʦʣʫʧʘʥʦʚ ɼ.ɺ., 2020 ʛ. 
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ʉʈɸɺʅɽʅʀɽ ʄɽʊʆɼʆɺ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ɼʃʗ 

ʇʆʂɸɿɸʊɽʃɽʁ ʈʆɾɼɸɽʄʆʉʊʀ 

ɸʙʜʶʰʝʚʘ ʉ.ʈ., ɺʘʞʝʥʠʥʘ ʃ.ɼ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʦ ʨʦʞʜʘʝʤʦʩʪʠ ʚ ʨʝʩʧʫʙʣʠʢʝ ɹʘʰʢʦʨʪʦʩʪʘʥ ʩ 1995 

ʧʦ 2019 ʛʦʜʳ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʩʨʘʚʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ 

ʧʨʦʛʥʦʟʘʤʠ ɹʘʰʩʪʘʪʘ.  
 

       
ʈʠʩ. 1. ʄʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ        ʈʠʩ. 2. ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝʤ ʩ  

                                                                               ʢʦʥʩʪʘʥʪʦʡ ʩʛʣʘʞʠʚʘʥʠʷ Ŭ=0,1 
 

 
ʈʠʩ. 3. ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ: 

1. ɺ ʤʝʪʦʜʝ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʩ ʚʳʙʦʨʦʤ ʥʘʠʤʝʥʴʰʝʛʦ ʟʥʘʯʝʥʠʷ 
ʜʣʷ ʙʘʟʳ ʧʦʣʫʯʝʥ ʨʝʟʫʣʴʪʘʪ, ʦʪʨʘʞʘʶʱʠʡ ʪʝʥʜʝʥʮʠʶ ʚ ʠʟʤʝʥʝʥʠʠ ʜʘʥʥʳʭ, 

ʥʦ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʝʪ ʨʦʩʪ ʨʦʞʜʘʝʤʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʧʦ ʜʘʥʥʳʤ 

ɹʘʰʩʪʘʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʝʝ ʩʧʘʜ. 

2. ʄʝʪʦʜ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʜʘʣ ʧʨʦʛʥʦʟ, ʦʪʨʘʞʘʶʱʠʡ 
ʩʧʘʜ ʨʦʞʜʘʝʤʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʡ ʧʦ ʟʥʘʯʝʥʠʶ ʜʘʥʥʳʤ ɹʘʰʩʪʘʪʘ. 

3. ʄʝʪʦʜ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʝ 

ʧʦʜʭʦʜʠʪ, ʪʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʝʛʨʝʩʩʠʷ 

ʦʙʲʷʩʥʷʝʪ ʣʠʰʴ 40% ʠʟʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʧʨʠʟʥʘʢʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ɹʘʰʩʪʘʪʘ, https://bashstat.gks.ru 

 

É ɸʙʜʶʰʝʚʘ ʉ.ʈ., ɺʘʞʝʥʠʥʘ ʃ.ɼ., 2020 ʛ. 
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ɸɺʊʆʄɸʊʀʏɽʉʂʆɽ ʊɽʉʊʀʈʆɺɸʅʀɽ ʅɽʁʈʆʉɽʊɽɺʓʍ 

ʈɽʐɽʅʀʁ  ʉ  ʇʆʄʆʑʔʖ ʗɿʓʂɸ ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ 

PYTHON ʀ ʄʀʂʈʆʌɽʁʄɺʆʈʂɸ FLASK  
ɿʘʛʠʨʦʚ ʈ.ɸ., ʇʦʣʫʧʘʥʦʚ ɼ.ɺ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 
 

ɺ ʮʠʬʨʦʚʫʶ ʵʧʦʭʫ ʚʦʟʨʦʩʣʘ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʢʦʜʘ ʪʘʢʠʭ ʢʘʢ ʗʥʜʝʢʩ.ʂʦʥʪʝʩʪ, Kaggle, 

HackerRank ʠ ʜʨ.  

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʚʳʙʨʘʥ 

ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ ʤʠʢʨʦʬʨʝʡʤʚʦʨʢ flask [1]. ɼʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʧʠʩʘʪʴ ʩʢʨʠʧʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʠʥʷʪʦʤʫ ʚ 

ʟʘʜʘʯʝ ʬʦʨʤʘʪʫ ʠ ʦʪʧʨʘʚʠʪʴ ʥʘ ʩʝʨʚʝʨ, ʛʜʝ ʧʦʩʣʝ ʧʨʦʚʝʨʢʠ ʩʠʩʪʝʤʘ ʚʳʩʪʘʚʠʪ 

ʦʮʝʥʢʫ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʦʮʝʥʢʝ 

ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʪʘʢʠʭ ʜʠʩʮʠʧʣʠʥʘʭ ʢʘʢ çʅʝʡʨʦʠʥʬʦʨʤʘʪʠʢʘè, 

çʉʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè ʠ ʜʨ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʦʪʧʨʘʚʢʠ ʩʘʙʤʠʪʦʚ ʨʝʰʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʧʫʣʷʨʥʦʡ ʚ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ ʟʘʜʘʯʠ ʦ ʧʘʩʩʘʞʠʨʘʭ çʊʠʪʘʥʠʢʘè [2]. ʅʘ 

ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʩʢʨʠʧʪʘ, ʦʪʧʨʘʚʣʷʝʤʦʛʦ ʚ ʩʠʩʪʝʤʫ.  
 

 
ʈʠʩ. 1. ɿʘʜʘʯʘ çʊʠʪʘʥʠʢè ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ 

 
ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʨʝʰʝʥʠʷ ʜʣʷ ʦʪʧʨʘʚʢʠ ʚ ʩʠʩʪʝʤʫ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. M. Grinberg. FlaskWeb Development - O'Reilly Media, 2018 - P. 237. 

2. S. Mukhija. A beginnerôs guide to Kaggleôs Titanic problem [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: https://towardsdatascience.com/a-beginners-

guide-to-kaggle-s-titanic-problem-3193cb56f6ca (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 

12.10.2020). 

É ɿʘʛʠʨʦʚ ʈ.ɸ., ʇʦʣʫʧʘʥʦʚ ɼ.ɺ., 2020 ʛ. 
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ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʓ ʇʆ ʆʍʈɸʅɽ ʊʈʋɼɸ 

ʉʦʣʦʱʝʥʢʦ ʄ.ɺ. 

ʉʪʝʨʣʠʪʘʤʘʢʩʢʠʡ ʬʠʣʠʘʣ ɹʘʰʢʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʛ. ʉʪʝʨʣʠʪʘʤʘʢ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ, ʩ 

ʩʚʦʝʚʨʝʤʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ ʦʭʨʘʥʳ ʪʨʫʜʘ. ɼʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʚʝʨʢʠ ʪʝʭʥʠʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

çʆʭʨʘʥʘ ʪʨʫʜʘè. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʢʘʟʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 

ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ MySQL, ʘ ʪʘʢʞʝ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi. 

ɺ MySQL ʙʳʣʘ ʩʦʟʜʘʥʘ ʙʘʟʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʪʘʙʣʠʮʳ: çpredpisanieè, çnarushenieè, çslushbaè, çstatus_soglè, çstatus_vipè, 

çtype_rabè, çproverè, çkatalog_rabè, çkatalog_polzè, çkatalog_podrazè, 

çkatalog_kritè, çfotoè. ʀʟ ʧʨʝʜʣʘʛʘʝʤʳʭ ʪʘʙʣʠʮ ʦʩʦʙʝʥʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʜʚʝ ʛʣʘʚʥʳʝ ʪʘʙʣʠʮʳ çpredpisanieè ʠ çnarushenieè. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʜʘʥʥʳʝ 

ʟʘʧʦʣʥʷʶʪʩʷ ʚʨʫʯʥʫʶ. 

ɺ Delphi ʩʦʟʜʘʝʤ ʬʦʨʤʳ ʠ ʧʦʜʢʣʶʯʘʝʤ ʥʫʞʥʳʝ ʥʘʤ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʩ MySQL. ɺ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʝʪʳʨʝ ʬʦʨʤʳ: 

ʘʚʪʦʨʠʟʘʮʠʷ, ʫʧʨʘʚʣʝʥʠʝ, ʬʠʣʴʪʨ ʠ ʦʪʯʝʪ. ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʫ ʠʟ 

ʩʦʟʜʘʥʥʳʭ ʬʦʨʤ çɸʚʪʦʨʠʟʘʮʠʷè. ʅʘ ʜʘʥʥʦʡ ʬʦʨʤʝ ʧʦʜʢʣʶʯʘʝʤ ʢʦʤʧʦʥʝʥʪʳ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ɹɼ (QKatalog_rab, DSQKatalog_rab), ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʙʨʘʪʴʩʷ 

ʣʦʛʠʥʳ ʠ ʧʘʨʦʣʠ. ɽʩʣʠ ʚʚʝʩʪʠ ʥʝʚʝʨʥʳʡ ʣʦʛʠʥ ʠʣʠ ʧʘʨʦʣʴ, ʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʥʝ ʩʤʦʞʝʪ ʚʦʡʪʠ ʚ ʩʠʩʪʝʤʫ (ʨʠʩ.1). 

 

 
ʈʠʩ. 1. ʌʦʨʤʘ çɸʚʪʦʨʠʟʘʮʠʷè 

 

ʉʦʟʜʘʥʠʝ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ 

ʠʩʧʨʘʚʣʷʪʴ ʥʘʨʫʰʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 
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ʉɽʂʎʀʗ çʊɽʆʈɽʊʀʏɽʉʂɸʗ ʌʀɿʀʂɸè 

 

ʋɼʂ   523.11 

ʈɽʃʗʊʀɺʀʉʊʉʂɸʗ ɿɸɼɽʈɾʂɸ ɺʈɽʄɽʅʀ 

ɺ ʄʆɼɽʃʀ ɻʈɸɺʀʊɸʎʀʀ ɹɸʄɹʃɹʀ 

ʄʫʭʘʤʘʜʠʝʚʘ ʃ.ʖ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʄ. ɸʢʤʫʣʣʳ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 
ʉʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʢʘ ʩʪʨʝʤʠʪʩʷ ʦʙʲʝʜʠʥʠʪʴ ʦʙʱʫʶ ʪʝʦʨʠʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʘʥʜʘʨʪʥʫʶ ʤʦʜʝʣʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʪʝʦʨʠʡ ʢʚʘʥʪʦʚʦʡ ʛʨʘʚʠʪʘʮʠʠ, ʦʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝʚʦʟʤʦʞʥʦ ʥʘʧʨʷʤʫʶ ʧʨʦʚʝʨʠʪʴ ʵʪʠ ʪʝʦʨʠʠ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪ. ʅʦ 

ʥʝʢʦʪʦʨʳʝ ʩʠʛʥʘʣʳ ʢʚʘʥʪʦʚʦʡ ʛʨʘʚʠʪʘʮʠʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʤʘʩʰʪʘʙʘʭ ʵʥʝʨʛʠʠ, ʠ ʠʭ ʵʬʬʝʢʪʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʪʝʢʫʱʠʭ ʫʨʦʚʥʷʭ ʵʥʝʨʛʠʠ. ʆʜʠʥ ʠʟ ʵʪʠʭ 

ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʃʦʨʝʥʮʘ (ʅʉʃ) [1]. 

ʄʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʠ ɹʘʤʙʣʙʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʂʦʩʪʝʣʝʢʠ ʠ ʉʘʤʫʵʣʴ [2], 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʴʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ ʃʦʨʝʥʮʘ, ʚ ʢʦʪʦʨʦʡ ʧʦʣʝ ʙʘʤʙʣʙʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʦʞʠʜʘʥʠʷ 

ʚʘʢʫʫʤʘ ʧʨʠʚʦʜʠʪ ʢ ʩʧʦʥʪʘʥʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʩʠʤʤʝʪʨʠʠ ʃʦʨʝʥʮʘ. ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʟʘʜʝʨʞʢʠ ʚʨʝʤʝʥʠ 

(ʈɿɺ) [2] ʚ ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʠ ɹʘʤʙʣʙʠ ʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʦʥʩʪʘʥʪʳ ʅʉʃ 

ʥʘ ʟʘʜʝʨʞʢʫ ʚʨʝʤʝʥʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʣʠʥʟʳ ʨʘʩʩʤʦʪʨʠʤ ʢʝʨʨʦʧʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʯʝʨʥʦʡ ʜʳʨʳ 

ʚ ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʠ ɹʘʤʙʣʙʠ [3]: 

 

Ὠί2 = 1
2ὓὶ

”2 Ὠὸ2
4ὓὥὶ‗sin 2—

”2 Ὠ•Ὠὸ+
”2

ɝ
Ὠὶ2 + ”2Ὠ—2 +

ὃsin 2—

”2 Ὠ•2, (1) 

 

ʛʜʝ 

‗= Ѝ1 + ὰ, 
”2 = ὶ2 + ‗2ὥ2 cos2—, 

 

ɝ=
ὶ2 2ὓὶ

‗2 + ὥ2, 

 

ὃ= ὶ2 + ‗2ὥ2 2 ɝ‗4ὥ2 sin2—.                              (2) 

 

ὓ ʠ ὥ - ʤʘʩʩʘ ʠ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʯʝʨʥʦʡ ʜʳʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
ὰ - ʢʦʥʩʪʘʥʪʘ ʅʉʃ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʈɿɺ ʜʦ ʪʨʝʪʴʝʛʦ ʧʦʩʪ-

ʧʦʩʪʥʴʶʪʦʥʦʚʩʢʦʛʦ ʧʦʨʷʜʢʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʦʥʢʦʡ ʣʠʥʟʳ. ɺ ʨʝʘʣʠʩʪʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʣʠʥʟ ʨʘʜʠʫʩ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʠʟʛʠʙ, ʠʤʝʝʪ ʧʦʨʷʜʦʢ 

ʨʘʜʠʫʩʘ ʐʚʘʨʮʰʠʣʴʜʘ, ʢʦʪʦʨʳʡ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʪʠʧʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʧʦ 
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ʢʦʪʦʨʳʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʚʝʪ. ʊʦʛʜʘ, ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʦʥʢʦʡ ʣʠʥʟʳ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʚʝʪʦʚʳʝ ʣʫʯʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʚʠʜʝ ʧʨʷʤʳʭ 

ʣʠʥʠʡ ʚʜʘʣʠ ʦʪ ʣʠʥʟʳ, ʧʨʠʯʝʤ ʠʟʛʠʙ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʪʦʯʝʯʥʦʡ ʣʠʥʟʝ. 

ʆʙʱʘʷ ʈɿɺ ῳὸ ʤʝʞʜʫ ʜʚʫʤʷ ʥʫʣʝʚʳʤʠ ʣʫʯʘʤʠ, ʧʨʦʭʦʜʷʱʠʤʠ ʦʪ 
ʠʩʪʦʯʥʠʢʘ ʢ ʥʘʙʣʶʜʘʪʝʣʶ ʚʜʦʣʴ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʣʠʥʟʳ, ʨʘʚʝʥ 

 

ɝὸ=
1

ὧ
᷿Ὠ•

4ὥὓ

ὶ
‪1 +

2ὥὓ2

ὶ2 ‪2 +
8ὥὓ3

ὶ3 ‪3
“

0
ḳɝὸ1 + ɝὸ2 + ɝὸ3.          (3) 

 

ʛʜʝ ʧʘʨʘʤʝʪʨʳ ‪1,  ‪2 ʠ  ‪3 ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʢʣʦʥʝʥʠʷ ʠ ʨʘʚʥʳ ‗/ 2, 

2‗ ʠ ‗/ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ (3), ʚʣʠʷʥʠʝ ʢʦʥʩʪʘʥʪʳ 

ʅʉʃ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʧʦʨʷʜʢʘʭ ʈɿɺ. 
 

ὰ … ɝὸ1, ͫ ͔͟ ɝὸ2, ͫ ͔͟ ɝὸ3, ͫ ͔͟ 

0 0.1 2.82 10 8 1.10 10 34 5.70 10 61 
0.01 0.1 2.81 10 8 1.10 10 34 5.67 10 61 

0.02 0.1 2.79 10 8 1.09 10 34 5.64 10 61 
 

ʊʘʙʣʠʮʘ 1. ʈɿɺ ʜʣʷ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ ʧʫʣʴʩʘʨ ï ʯʝʨʥʘʷ ʜʳʨʘ ʃʝʙʝʜʴ-ʍ1 ʩ 

M = 14,8Mṩ =  2,19  10ϑ ̒ ,̍ a =  0,95M =  2,08  10ϑ ̒  ̍[4], dOL  =

 1,86 ̋ ̐̋ =  5,74  10όϋ ʩʤ [5] 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʅʉʃ ʚʝʣʠʯʠʥʘ ʈɿɺ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ 

ʧʨʝʜʩʢʘʟʘʥʠʝ ʚʝʣʠʯʠʥʳ ῳὸϛ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,028 ʤʢʩ (ʪʘʙʣʠʮʘ 1). 

ɼʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʪʦʯʥʦʩʪʠ ʤʦʛʣʦ ʙʳ ʩʪʘʪʴ ʚʦʟʤʦʞʥʳʤ ʚ 

ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ, ʧʦʩʢʦʣʴʢʫ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʪʦʯʥʦʩʪʴ 0,1 ʤʢʩ ʜʣʷ 

PSRJ0437-4715 [6], ʷʨʢʦʛʦ ʤʠʣʣʠʩʝʢʫʥʜʥʦʛʦ ʧʫʣʴʩʘʨʘ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ 

ʙʝʣʘʷ ʢʘʨʣʠʢʦʚʘʷ ʥʝʡʪʨʦʥʥʘʷ ʟʚʝʟʜʘ (WD-NS). ʆʜʥʘʢʦ ʠʟʤʝʨʝʥʠʝ ʯʣʝʥʦʚ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ῳὸϜ ʠ ῳὸϝ ʧʦʪʨʝʙʫʝʪ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ, ʯʪʦ ʚʨʷʜ ʣʠ 
ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʜʘʞʝ ʚ ʜʘʣʝʢʦʤ ʙʫʜʫʱʝʤ. 
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ʋɼʂ 517.9, 519.633 

ʈɽɿʆʅɸʅʉʅʓɽ ʂʀʅʂ-ʇʈʀʄɽʉʅʓɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɺ 

ʄʆɼɽʃʀ ʉʀʅʋʉ-ɻʆʈɼʆʅɸ ʉ ʋʏɪʊʆʄ ɺʅɽʐʅɽʁ ʉʀʃʓ ʀ 

ʅɽʆɼʅʆʈʆɼʅʆɻʆ ɿɸʊʋʍɸʅʀʗ 

ʂʫʜʨʷʚʮʝʚ ʈ.ɺ.
1
, ɻʫʤʝʨʦʚ ɸ.ʄ.

2
, ɽʢʦʤʘʩʦʚ ɽ.ɻ.

2
, ʉʘʤʩʦʥʦʚ ʂ.ʖ.

3
 

1
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʦʣʝʢʫʣ ʠ ʢʨʠʩʪʘʣʣʦʚ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

2
ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

3
ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 

ʋʨʘʚʥʝʥʠʝ ʩʠʥʫʩ-ɻʦʨʜʦʥʘ (ʋʉɻ) ʠʤʝʝʪ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʩʦʣʠʪʦʥʦʚ ð 

ʫʝʜʠʥʸʥʥʳʭ ʚʦʣʥ, ʩʦʭʨʘʥʷʶʱʠʭ ʩʚʦʶ ʬʦʨʤʫ ʠ ʩʢʦʨʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʋʉɻ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʟʜʝʣʘʭ ʬʠʟʠʢʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʷʚʣʝʥʠʡ. ɼʣʷ ʙʦʣʝʝ 

ʘʜʝʢʚʘʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʋʉɻ ʚʚʦʜʷʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʬʫʥʢʮʠʠ. ɺʦ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘʮʠʷʭ 

ʠʟʫʯʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʣʠʪʦʥʘ ð ʢʠʥʢʘ ð ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʘ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ, ʧʨʠʚʦʜʷʱʝʝ 

ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʥʘ ʥʝʡ ʧʨʠʤʝʩʥʦʡ ʤʦʜʳ [1ï2]. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ 

ʩʦʭʨʘʥʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʘʯʝʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʶʱʘʷ ʦʜʥʦʤʝʨʥʫʶ 

ʨʝʟʦʥʘʥʩʥʫʶ ʜʠʥʘʤʠʢʫ ʢʠʥʢʘ ʋʉɻ ʠ ʢʦʣʝʙʘʥʠʷ ʚʦʟʙʫʞʜʘʝʤʳʭ ʠʤ 

ʧʨʠʤʝʩʥʳʭ ʤʦʜ ʚ ʤʦʜʝʣʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʨʘʟʥʳʭ ʪʦʯʝʯʥʳʭ 

ʧʨʠʤʝʩʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʡ ʩʠʣʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʜʠʩʩʠʧʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ 

ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʩʪʨʦʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʢʠʥʢʘ ʠ ʘʤʧʣʠʪʫʜ ʧʨʠʤʝʩʥʳʭ ʤʦʜ ʦʪ ʚʨʝʤʝʥʠ ʚ ʯʘʩʪʥʳʭ 

ʩʣʫʯʘʷʭ: ʢʦʣʝʙʘʥʠʷ ʧʨʠʤʝʩʥʳʭ ʤʦʜ ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʡ, ʜʚʫʭ ʠʣʠ ʪʨʸʭ 

ʧʨʠʤʝʩʝʡ ʚ ʦʪʩʫʪʩʪʚʠʠ ʢʠʥʢʘ, ʜʠʥʘʤʠʢʘ ʢʠʥʢʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠʤʝʩʥʳʭ ʤʦʜ, 

ʩʦʚʤʝʩʪʥʘʷ ʜʠʥʘʤʠʢʘ ʢʠʥʢʘ ʠ ʧʨʠʤʝʩʥʳʭ ʤʦʜ ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ 

ʧʨʠʤʝʩʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

ʇɽʈɽʅʆʉɸ ʇʈʆʊʆʅɸ ɺ ʇʈʆʀɿɺʆɼʅʓʍ 

ʊɽʊʈɸɻʀɼʈʆɸʂʈʀɼʀʅɸ-1(2H)-ʆʅɸ  

ʀɿ ʆʇʊʀʏɽʉʂʀʍ ʉʇɽʂʊʈʆɺ 

ʄʠʭʘʡʣʦʚʘ ʊ.ɺ.
1
, ʄʠʭʘʡʣʦʚʘ ɺ.ɸ.

 1
, ʀʚʘʥʦʚ ɸ.ʀ.

 1
, 

ɹʦʥʜʘʨʝʚ ʉ.ʃ.
 2
, ʈʘʡʯʝʥʦʢ ʊ.ʌ.

2
, ʊʠʭʦʤʠʨʦʚ ʉ.ɸ.

2
, ʂʦʟʣʦʚ ʅ.ɻ.

3
 

1
ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ɹ.ʀ. ʉʪʝʧʘʥʦʚʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

3
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, 

ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

 

ʈʝʘʢʮʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ (ʧʨʦʪʦʥʘ ʠ/ʠʣʠ ʵʣʝʢʪʨʦʥʘ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʦʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʇʦʵʪʦʤʫ ʠʥʪʝʨʝʩ ʢ ʠʭ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʠʟʫʯʝʥʠʶ 

ʢʘʢ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ, ʪʘʢ ʠ ʫ ʪʝʦʨʝʪʠʢʦʚ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʢʠʥʝʪʠʢʠ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʘ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʨʘʛʠʜʨʦʘʢʨʠʜʠʥʘ-

1(2H)-ʦʥʘ ʠ ʚ ʥʘʙʦʨʝ ʘʧʨʦʪʦʥʥʳʭ (ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (DMF), ʘʮʝʪʦʥ (ACE), 

ʤʝʪʠʣʝʥʭʣʦʨʠʜ (DCM)) ʠ ʧʨʦʪʦʥʥʳʭ (ʩʧʠʨʪʳ) ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɺ ʨʘʤʢʘʭ 

ʪʝʢʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʨʘʥʝʝ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥʥʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʝʘʢʮʠʡ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʚ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ [1ï3]. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʨʝʣʘʢʩʘʮʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ  ʢʠʥʝʪʠʢʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʨʘʤʢʘʭ 

ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ [3, 4]. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʘʩʴ 

ʯʠʩʣʝʥʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʝʢʪʨʦʚ 

ʘʙʩʦʨʙʮʠʠ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʮʝʥʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ  ʧʨʦʠʟʚʦʜʥʳʭ ʩʠʩʪʝʤ ʪʝʪʨʘʛʠʜʨʦʘʢʨʠʜʠʥ-1(2ʅ)-

ʦʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʕʪʦ ʧʘʨʘʤʝʪʨ ʵʢʟʝʨʛʦʥʠʯʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ 

ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʨʝʜʳ, ʵʥʝʨʛʠʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ, ʘ ʪʘʢʞʝ ʠʭ ʯʘʩʪʦʪʳ ʚ ʦʩʥʦʚʥʦʤ ʠ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ. 

ɸʥʘʣʠʟ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʧʠʨʪʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʧʦʣʦʩ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʦʢʘʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʦʤʫ ʠ ʩʦʩʪʦʷʥʠʶ ʧʨʦʜʫʢʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʧʨʦʪʦʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʷ: ʦʩʥʦʚʥʦʝ, ʣʦʢʘʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʦʝ ʠ ʩʦʩʪʦʷʥʠʝ ʧʨʦʜʫʢʪʘ 

ʨʝʘʢʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʪʦʨʘʷ ʧʦʣʦʩʘ ʵʤʠʩʩʠʠ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʷ  
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ʈʠʩ. 1. ʌʠʪʠʥʛ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ 

ʚ ʨʷʜʝ ʘʧʨʦʪʦʥʥʳʭ ʠ ʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤ ʮʚʝʪʦʤ, ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ  ʢʨʘʩʥʳʤʠ ʠ ʩʠʥʠʤʠ ʣʠʥʠʷʤʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ, ʘ ʧʘʨʘʤʝʪʨʳ ʣʦʢʘʣʴʥʦ-

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʝʢʪʨʦʚ 

ʘʙʩʦʨʙʮʠʠ ʠ ʧʝʨʚʦʡ ʧʦʣʦʩʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʠʪʠʥʛʘ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʣʦʢʘʣʴʥʦ-ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʜʥʘ ʠʟ ʯʘʩʪʦʪ 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʦʪ ʤʝʪʘʥʦʣʘ ʢ ʧʨʦʧʘʥʦʣʫ: 0,19 ʵɺ (1532 ʩʤ
-1
); 0,1723 ʵɺ 

(1389.69 ʩʤ
-1
); 0,17 ʵɺ (1371 ʩʤ

-1
). ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʥʘ 

10-20%) ʦʪʣʠʯʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʦʪ ʟʘʷʚʣʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (1650  1600 ʩʤ
-1
). ɼʣʷ ʘʧʨʦʪʦʥʥʳʭ ʞʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʭʫʨʦʚʥʝʚʫʶ ʤʦʜʝʣʴ. ɺ  ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʧʝʢʪʨʳ ʘʙʩʦʨʙʮʠʠ ʠ ʵʤʠʩʩʠʠ ʩʦʚʤʝʩʪʥʦ ʦʧʨʝʜʝʣʷʪʁ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʪʘʜʠʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʪʦʞʝʩʪʚʠʪʴ ʩʦʩʪʦʷʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩ ʚʦʜʦʨʦʜʥʦʡ 

ʩʚʷʟʴʶ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʣʘʥʠʨʫʝʪʩʷ 

ʧʨʦʜʦʣʞʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠ ̫ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ (ˉ 20-53-00021) ʠ ʛʨʘʪʘ 

ɹʈʌʌʀ (ˉ P20R-340). 
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ɺʃʀʗʅʀɽ ʆɼʅʆʀʆʅʅʆʁ ɸʅʀɿʆʊʈʆʇʀʀ ʅɸ ʌɸɿʆɺʓɽ 

ʉʆʉʊʆʗʅʀʗ ɼɺʋʍʇʆɼʈɽʐɽʊʆʏʅʆɻʆ 

ʅɽɻɽʁɿɽʅɹɽʈɻʆɺʉʂʆɻʆ ʄɸɻʅɽʊʀʂɸ 

ʗʨʳʛʠʥʘ ɽ.ɸ., ʂʣʝʚʝʮ ʌ.ʅ., ʄʘʪʶʥʠʥʘ ʗ.ʖ. 

ʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ. ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, 

ʛ. ʉʠʤʬʝʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʛʝʡʟʝʥʙʝʨʛʦʚʩʢʠʝ ʤʘʛʥʝʪʠʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʫ 

ʛʝʡʟʝʥʙʝʨʛʦʚʩʢʠʭ ʤʘʛʥʝʪʠʢʦʚ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʥʝʛʝʡʟʝʥʙʝʨʛʦʚʩʢʦʛʦ ʤʘʛʥʝʪʠʢʘ ʩ 1S=. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʯʝʪ ʦʜʥʦʠʦʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʪʠʧʘ ʣʝʛʢʘʷ 

ʦʩʴ ʠʣʠ ʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴ ʩʦʭʨʘʥʷʝʪ ʬʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ, ʥʘʡʜʝʥʥʳʝ ʜʣʷ 

ʠʟʦʪʨʦʧʥʦʛʦ ʥʝʛʝʡʟʝʥʙʝʨʛʦʚʩʢʦʛʦ ʤʘʛʥʝʪʠʢʘ ʩ 1S=  [1]. ʆʜʥʘʢʦ, ʢʘʢ ʪʠʧ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʪʘʢ ʠ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ 

ʦʪ ʩʠʤʤʝʪʨʠʠ ʦʜʥʦʠʦʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫʯʝʪ ʦʜʥʦʠʦʥʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ ʘʥʠʟʦʪʨʦʧʠʠ ʪʠʧʘ ʣʝʛʢʘʷ ʦʩʴ ʬʘʟʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʦʡ ʠʟʦʪʨʦʧʥʦʛʦ 

ʥʝʛʝʡʟʝʥʙʝʨʛʦʚʩʢʦʛʦ ʤʘʛʥʝʪʠʢʘ ʩ 1S=, ʘ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʷʚʣʷʶʪʩʷ 

ʚʳʨʦʞʜʝʥʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʯʢʘ 

SU (3) ʩʦʭʨʘʥʷʝʪʩʷ, ʢʘʢ ʠ ʚ ʠʟʦʪʨʦʧʥʦʡ ʩʠʩʪʝʤʝ. ʆʜʥʘʢʦ ʩʧʝʢʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʚ ʣʝʛʢʦʦʩʥʦʤ ʤʘʛʥʝʪʠʢʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʟʦʪʨʦʧʥʦʛʦ ʩʣʫʯʘʷ. 

ɺ ʥʝʛʝʡʟʝʥʙʝʨʛʦʚʩʢʦʤ ʤʘʛʥʝʪʠʢʝ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʠʧʘ ʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴ 

ʩʠʪʫʘʮʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʘʷ. ʍʦʪʷ ʚ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʶʪʩʷ ʪʝ ʞʝ ʬʘʟʦʚʳʝ 

ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʦʛʦ ʣʝʛʢʦʦʩʪʥʦʛʦ ʤʘʛʥʝʪʠʢʘ, ʬʘʟʦʚʳʝ 

ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʜʠʧʦʣʴʥʦʡ (ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ) ʠ 

ʥʝʤʘʪʠʯʝʩʢʦʡ ʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʥʝʤʘʪʠʯʝʩʢʦʡ ʬʘʟʘʤʠ ʷʚʣʷʶʪʩʷ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʧʝʨʚʦʛʦ ʨʦʜʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʠʟʦʪʨʦʧʥʳʭ ʤʦʜʝʣʷʭ ʩ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʠʧʘ ʣʝʛʢʘʷ ʦʩʴ ʵʪʠ ʧʝʨʝʭʦʜʳ ʷʚʣʷʶʪʩʷ ʚʳʨʦʞʜʝʥʥʳʤʠ 

ʬʘʟʦʚʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʘʥʠʟʦʪʨʦʧʠʠ ʪʠʧʘ ʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴ ʤʝʞʜʫ 

ʩʧʠʥʦʚʦʡ ʥʝʤʘʪʠʯʝʩʢʦʡ ʠ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʥʝʤʘʪʠʯʝʩʢʦʡ ʬʘʟʘʤʠ ʧʨʦʠʩʭʦʜʠʪ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʘ ʚ ʠʟʦʪʨʦʧʥʦʡ ʤʦʜʝʣʠ ʧʨʷʤʦʡ ʧʝʨʝʭʦʜ 

ʤʝʞʜʫ ʵʪʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɺʤʝʩʪʦ ʥʝʝ ʚ ʠʟʦʪʨʦʧʥʦʤ ʩʣʫʯʘʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʪʦʯʢʘ SU (3), ʚ ʢʦʪʦʨʦʡ ʵʥʝʨʛʠʠ ʚʩʝʭ ʯʝʪʳʨʝʭ 

ʬʘʟ ʩʦʚʧʘʜʘʶʪ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɽʉʊɸʎʀʆʅɸʈʅʓʍ ʉʇɽʂʊʈʆɺ 

ʌʃʋʆʈɽʉʎɽʅʎʀʀ  ʄʆʃɽʂʋʃ  ɺ  ʇʆʃʗʈʅʓʍ ʈɸʉʊɺʆʈʀʊɽʃʗʍ 

ɽʨʤʦʣʝʥʢʦ ʀ.ʇ., ʄʠʭʘʡʣʦʚʘ ɺ.ɸ., ʀʚʘʥʦʚ ɸ.ʀ. 

ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

 

ʆʧʠʩʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣʳ ʠ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʤʘʣʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ 

ʦʧʠʨʘʪʴʩʷ  ʥʘ ʭʦʨʦʰʦ ʨʘʟʚʠʪʫʶ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʤʫʶ ʪʝʦʨʠʶ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [1]. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʧʨʦʩʪʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ [2]. ʆʥʠ ʥʝ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʢʘʢʠʝ-ʣʠʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʣʦʛʥʦʨʤʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʦʤʝʥʪʳ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʜʝʣʝʥʠʝ ʵʬʬʝʢʪʦʚ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʠ ʨʝʣʘʢʩʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʚ ʜʠʥʘʤʠʢʝ ʩʪʦʢʩʦʚʘ ʩʜʚʠʛʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʜʛʦʥʢʘ ʙʝʟ ʪʘʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʘʚʠʣʴʥʳʤ ʦʮʝʥʢʘʤ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʉʚʝʨʭʙʳʩʪʨʳʝ ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ, 

ʠʥʠʮʠʠʨʫʝʤʳʝ ʢʦʨʦʪʢʠʤ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ (ʩ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ 
e
w  ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 
e
t), ʧʨʦʪʝʢʘʶʪ ʚʦ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉʨʘʟʫ 

ʧʦʩʣʝ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ, ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʌʨʘʥʢʘ-ʂʦʥʜʦʥʘ ʩ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʷʜʝʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. ɺ ʨʘʙʦʪʝ [3] ʚ ʨʘʤʢʘʭ 

ʩʧʠʥ-ʙʦʟʦʥʥʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʦ ʦʙʱʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, 

ʫʯʠʪʳʚʘʶʱʝʝ ʨʝʦʨʛʘʥʠʟʘʮʠʶ  ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʦʜ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʦʪʩʫʪʩʪʚʠʠ ʧʦʩʣʝʜʥʠʭ ʝʛʦ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ:  
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ɿʜʝʩʴ > ī ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, 
B

k  ī ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ T  ī 

ʪʝʤʧʝʨʘʪʫʨʘ, GD  ï ʧʘʨʘʤʝʪʨ ʵʢʟʝʨʛʦʥʠʯʥʦʩʪʠ ʨʝʘʢʮʠʠ, 
rm

E  ī ʵʥʝʨʛʠʷ 

ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʨʝʜʳ, 2 2 2 2

e e( ) 1 ( )t b X ts t-è ø= - +ê ú>
,  2

r Bm
k Tb E= , 

( ) ( ){ }
1

2 2 2 2 2 2
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1
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-
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-= + - +> >  ī ʥʦʨʤʠʨʦʚʦʯʥʳʡ 

ʤʥʦʞʠʪʝʣʴ, 
m1 r( )y G Eww +D -=> , 

1 1

2

e e rm( ) ( )( ) ( ) 2 ( )y tt X ty E Xdw w w= - +>  ʠ 
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( ) ( )
1

rm 0
( ) ( ) / cosX t E J tdp w w w w

¤-

= ñ  ī ʘʚʪʦʢʦʨʝʣʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 

ʩʨʝʜʳ. ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 1 2( ) ( ) ( )D GJ x J x Jw w w= + ʩʣʘʛʘʝʪʩʷ ʠʟ ʜʚʫʭ 

ʢʦʤʧʦʥʝʥʪ, ʚʢʣʘʜ ʢʦʪʦʨʳʭ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 
i

x . ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʬʣʫʢʪʫʘʮʠʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʨʝʜʳ ʧʨʠʤʝʥʷʝʪʩʷ ɼʝʙʘʝʚʩʢʘʷ ʤʦʜʝʣʴ 

[4] ( )
1

2 2

rm
( ) 2 1

D D D
J Ew t w wt

-

= + . ɼʣʷ ʦʧʠʩʘʥʠʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʡ 

ʨʝʣʘʢʩʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʥʝʨʮʠʦʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦʣʷʨʥʳʭ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ɻʘʫʩʩʘ [2]: 

( )2 2

rm
( ) 2 exp

G GGJ Ew pt w wt= - .  ɿʜʝʩʴ
D
t  ʠ 

G
t  ī  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ. 

ɺʳʨʘʞʝʥʠʝ (1) ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʠʩʪʝʤ ʚ ʧʦʣʷʨʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. ɺʩʷ ʩʠʩʪʝʤʘ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠʤʧʫʣʴʩʦʤ ʥʘʢʘʯʢʠ, ʟʘʪʝʤ, ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʚ 

ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t (ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨʳ 

ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ. ʅʘ ʨʠʩ. 1  ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ ʨʝʘʢʮʠʠ ʜʣʷ ʨʘʟʥʳʭ ʥʘʙʦʨʦʚ ʚʝʩʦʚ 1x  ʠ 

2x . 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

2
e
w =>  ʵɺ, 1.8GD =-  ʵɺ., 1

rm
E =  ʵɺ, 0.1

e
t=  ʧʩ, 

B
0.025k T=  ʵɺ, 5

D
t =  ʧʩ ʠ 

0.5
G
t =  ʧʩ 

ʀʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʙʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʤʦʜ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ ʥʘ ʩʣʦʞʥʳʝ ʤʥʦʛʦʨʝʞʠʤʥʳʝ ʧʨʦʮʝʩʩʳ. 
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ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʨʝʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʬʠʪʠʥʛʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʭʦʜ ʨʝʘʢʮʠʠ 

ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʥʘ ʤʘʩʰʪʘʙʘʭ ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ (ˉ 20-53-00021). 
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ʋɼʂ 524.882 

ʂʀʅɽʄɸʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʊʆʅʂʆɻʆ ɸʂʂʈɽʎʀʆʅʅʆɻʆ 

ɼʀʉʂɸ ʏɽʈʅʆʁ ɼʓʈʓ ʊɸʋɹ-ʅʋʊ 

ʖʩʫʧʦʚʘ ʈ.ʄ.
1
, ʀʟʤʘʠʣʦʚ ʈ.ʅ.

1,2 

1
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʦʣʝʢʫʣ ʠ ʢʨʠʩʪʘʣʣʦʚ ʋʌʀʎ ʈɸʅ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

2
ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʄ. ɸʢʤʫʣʣʳ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʆʜʥʠʤ ʠʟ ʚʘʢʫʫʤʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ 

ʜʣʷ ʩʪʘʪʠʯʥʦʡ ʯʝʨʥʦʡ ʜʳʨʳ ʊʘʫʙ-ʅʋʊ [1]. ʕʪʦ ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʚʦʙʦʜʥʳʡ  ʧʘʨʘʤʝʪʨ ʅʋʊ [2], ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʢʘʢ ʛʨʘʚʦʤʘʛʥʠʪʥʳʡ ʤʦʥʦʧʦʣʴ [3]. ʈʝʰʝʥʠʝ ʊʘʫʙ-ʅʋʊ 

ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʐʚʘʨʮʰʠʣʴʜʘ ʧʨʠ ʝʛʦ ʦʙʥʫʣʝʥʠʠ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʘ ʅʋʊ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʪʦʥʢʦʛʦ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʜʠʩʢʘ ʯʝʨʥʦʡ ʜʳʨʳ ʊʘʫʙ-ʅʋʊ, ʪʘʢʠʝ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ʵʥʝʨʛʠʷ ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʜʠʩʢʘ ʦʪ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ ʅʋʊ. 
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ʈʠʩ.1.  ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʨʘʜʠʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʅʋʊ (ʛʜʝ n - ʧʘʨʘʤʝʪʨ ʅʋʊ, ʄ - ʤʘʩʩʘ ʦʙʲʝʢʪʘ) 

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʅʋʊ ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʟʘʨʷʞʝʥʥʳʤ ʯʝʨʥʳʤ ʜʳʨʘʤ (ʐʚʘʨʮʰʠʣʴʜʘ).  

ʇʨʠ r O Ð ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʅʋʊ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʟʣʠʯʠʤʳʤʠ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ɼʀʅɸʄʀʂʀ ʉʂʆʄʇɽʅʉʀʈʆɺɸʅʅʓʍ 

ʌɽʈʈʀʄɸɻʅɽʊʀʂʆɺ  

ʊʨʦʯʠʥʘ ɸ.ʄ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʳ ʩʚʝʨʭʙʳʩʪʨʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠʚʣʝʢʘʶʪ ʘʢʪʠʚʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩ 

ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʧʠʥʪʨʦʥʠʢʠ ʠ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 

ʤʘʛʥʠʪʦʜʠʥʘʤʠʢʠ ʷʚʣʷʶʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʚ 

ʦʨʪʦʬʝʨʨʠʪʘʭ ʜʦʩʪʠʛʘʶʪ 20 ʢʤ/c, ʚ ʥʠʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ 

ʜʠʥʘʤʠʢʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ [1]. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʠʟʫʯʝʥʠʝ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʬʝʨʨʠʤʘʛʥʝʪʠʢʦʚ, ʚ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʦʢʘʟʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʨʝʘʣʠʟʫʝʪʩʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʜʠʥʘʤʠʢʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʜʦʩʪʠʛʘʶʪ 5 ʢʤ/c 

[2]. ʆʜʥʘʢʦ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʬʝʨʨʠʤʘʛʥʝʪʠʢʘʭ ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʙʣʠʞʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʘʪʦʤʠʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ [2].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʬʝʨʨʠʤʘʛʥʝʪʠʢʘʭ ʪʠʧʘ GdFeCo, CoTb, CoGd, 

ʦʨʪʦʬʝʨʨʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʃʘʛʨʘʥʞʠʘʥʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʈʵʣʝʷ. ʇʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ ʘʥʦʤʘʣʴʥʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʯʘʩʪʦʪʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʪʦʯʢʝ 

ʢʦʤʧʝʥʩʘʮʠʠ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʊA (
ὓ1

‎1
=
ὓ2

‎2
), ʛʜʝ ‎Ὥ ʷʚʣʷʝʪʩʷ ʛʠʨʦʤʘʛʥʠʪʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʧʦʜʨʝʰʸʪʢʠ, ὓὭ ï ʧʦʜʨʝʰʸʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ (Ὥ= 1,2). ɺ ʜʨʫʛʠʭ ʬʝʨʨʠʤʘʛʥʝʪʠʢʘʭ, ʛʜʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʫʩʣʦʚʠʷ ʢʦʤʧʝʥʩʘʮʠʠ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ, ʦʙʩʫʞʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʥʝ 

ʨʝʘʣʠʟʫʶʪʩʷ.   
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ʋɼʂ 538.7 

ʄʀʂʈʆʄɸɻʅʀʊʅʓɽ ʉʆʉʊʆʗʅʀʗ  ɺ  ʉʀʉʊɽʄɸʍ 

ʆɻʈɸʅʀʏɽʅʅʆʁ ɻɽʆʄɽʊʈʀʀ (ʅɸʅʆʊʆʏʂɸʍ/ʅɸʅʆɼʀʉʂɸʍ) 

ʄʠʥʠʙʘʝʚʘ ɸ.ʈ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ, 

ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ, ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʤʘʛʥʠʪʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʚ ʥʘʥʦʪʦʯʢʝ  ʠ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ʕʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ  
 

( )
2 1

2

2

DMI z s m sF = A m +F Km M Mm aµ - - Ö - Öm H m H ,  (1) 

 

ʛʜʝ A ï ʢʦʥʩʪʘʥʪʘ ʦʙʤʝʥʘ, ʂ ï ʢʦʥʩʪʘʥʪʘ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, Ms ï 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ, Hm ï ʧʦʣʷ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, FDM  - ʵʥʝʨʛʠʷ 

ɼʟʷʣʦʰʠʥʩʢʦʛʦ ï ʄʦʨʠʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ   
 

 ( )( div )DMI i j i jF = Ö - ÖÐg m m m m   (2) 

 

ɔ- ʢʦʥʩʪʘʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʟʷʣʦʰʠʥʩʢʦʛʦ ï ʄʦʨʠʷ (ɺɼʄ). 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʤʘʛʥʠʪʥʦʡ ʥʘʥʦʪʦʯʢʝ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ɺɼʄ ʨʝʘʣʠʟʫʶʪʩʷ ʩʦʩʪʦʷʥʠʷ çʣʝʛʢʘʷ ʦʩʴè (ɗ=0) ʧʨʠ K>0, 

çʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴè (ɗ=ˊ/2) ʧʨʠ K<0. ʈʘʩʩʤʦʪʨʠʤ ʥʘʥʦʪʦʯʢʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʠ ʫʯʪʸʤ ʧʦʣʷ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʠʡ 

ʬʘʢʪʦʨ. ʅʘ ʦʩʥʦʚʝ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ (1) ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʇʨʠ ʨʘʩʯʝʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ A = 2.9Ț10
-12

 J/m, K = 1Ț10
3
 J/m

3
.  

ʅʘ ʨʠʩ. 1 ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ɗ(ʅ) ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ, ʥʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘʩʳʱʝʥʠʷ: ʧʨʠ 

ʤʘʣʳʭ ʚʝʣʠʯʠʥʘʭ Ms ʧʝʨʝʢʣʶʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʳʩʪʨʝʝ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʘʥʦʪʦʯʢʘʭ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʝʟʛʠʩʪʝʨʝʟʥʳʤ ʩʧʦʩʦʙʦʤ, ʪ.ʝ. 

ʙʝʟ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ.  

ʇʨʠ ʫʯʝʪʝ ɺɼʄ ʤʘʛʥʠʪʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʠʩʪʝʤʳ ʠʟʤʝʥʷʶʪʩʷ: ʧʨʠ 

ʚʢʣʶʯʝʥʠʠ ɺɼʄ ʦʜʥʦʨʦʜʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʪʝʨʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʨʝʘʣʠʟʫʶʪʩʷ ʚʠʭʨʝʚʳʝ ʤʘʛʥʠʪʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʪʠʩʢʠʨʤʠʦʥʥʦʛʦ ʪʠʧʘ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪʳ 

ɺɼʄ. 



64 

 

 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ɗ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʦʨʠʝʥʪʘʮʠʶ ʚʝʢʪʦʨʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʦʡ ʥʘʥʦʪʦʯʢʝ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ (M=50 G (ʢʨʘʩʥʘʷ 

ʣʠʥʠʷ), M=100 G (ʩʠʥʷʷ ʣʠʥʠʷ), M=1000 G (ʟʝʣʝʥʘʷ ʣʠʥʠʷ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ ʚ ʤʘʛʥʠʪʥʦʡ ʥʘʥʦʪʦʯʢʝ ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʝʨʝʢʣʶʯʝʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ ʩʯʝʪ 

ʚʥʝʰʥʠʭ (ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ) ʠ ʚʥʫʪʨʝʥʥʠʭ (ɺɼʄ) ʚʦʟʜʝʡʩʪʚʠʡ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘ 

ʦʩʥʦʚʝ ʩʧʠʥʦʚʳʭ ʥʝʡʨʦʥʦʚ. 
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ɺʃʀʗʅʀɽ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ  ʅɸ  ʉʊʈʋʂʊʋʈʋ  ʀ ʉɺʆʁʉʊɺɸ 

ʄɸɻʅʀʊʅʓʍ ʅɽʆɼʅʆʈʆɼʅʆʉʊɽʁ, ɺʆɿʅʀʂɸʖʑʀʍ  ɺ  

ʄɸɻʅʀʊʆʆɼʅʆʆʉʅʓʍ ʇʃɽʅʂɸʍ  ʉ 

ʌʃɽʂʉʆʄɸɻʅʀʊʆʕʃɽʂʊʈʀʏɽʉʂʀʄ ʕʌʌɽʂʊʆʄ 

ʅʠʟʷʤʦʚʘ ɸ.ʈ., ɺʘʭʠʪʦʚ ʈ.ʄ., ʉʦʣʦʥʝʮʢʠʡ ʈ.ɺ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʜʝʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪʩʷ ʠ ʧʣʝʥʢʠ ʬʝʨʨʠʪʦʚ-ʛʨʘʥʘʪʦʚ [1]. ʆʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʠʥʪʝʨʝʩʥʳʭ 
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ʠ ʥʝʦʙʳʯʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʩʪʨʦʡʩʪʚʘʭ 

ʩʧʠʥʢʪʨʦʥʠʢʠ ʠ ʤʘʛʥʦʥʠʢʠ. ɹʦʣʝʝ ʜʝʩʷʪʠ ʣʝʪ ʥʘʟʘʜ ʚ ʧʣʝʥʢʘʭ ʬʝʨʨʠʪʦʚ-

ʛʨʘʥʘʪʦʚ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʣʩʷ ʚ ʷʚʣʝʥʠʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ (ɼɻ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [2]. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʵʬʬʝʢʪʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ: ʬʣʝʢʩʦʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ [1] 

ʠ ʤʝʭʘʥʠʟʤ ʠʥʜʫʮʠʨʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ [3]. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣ ʠʭ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʦʥʠ ʦʙʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʦʙʲʷʩʥʷʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [2]. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʦʤʠʥʠʨʫʶʱʝʛʦ 

ʚʣʠʷʥʠʷ ʦʜʥʦʛʦ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʩʠʣʠʚʘʣʦ 

ʝʛʦ ʧʨʦʷʚʣʝʥʠʝ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʤʢʘʭ 

ʬʣʝʢʩʦʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʠ 

ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ɼɻ ʨʘʟʣʠʯʥʦʡ ʪʦʧʦʣʦʛʠʠ (180Ј- ʠ 0Ј- ɼɻ ʩ 

ʢʚʘʟʠʙʣʦʭʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, 0Ј- ɼɻ ʥʝʝʣʝʚʩʢʦʛʦ ʪʠʧʘ) ʚʦ  ʚʥʝʰʥʝʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 180Ј- ɼɻ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ  ʚ ʝʸ 

ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʣʠʯʠʥʘ ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʫʩʠʣʝʥʠʝ 

ʬʣʝʢʩʦʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

0Ј- ɼɻ ʩ ʢʚʘʟʠʙʣʦʭʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʥʠʞʘʝʪʩ ̫ʧʦʨʦʛ ʝʛʦ 

ʟʘʨʦʞʜʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ʕʪʠ ʠ ʜʨʫʛʠʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸ.ʇ. ʇʷʪʘʢʦʚ, ɸ.ʂ. ɿʚʝʟʜʠʥ, ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ// ʋʌʅ, 2012, ʪ: 182, ˉ 6,ʩ.593-620. 

2. ɸ.ʉ. ʃʦʛʛʠʥʦʚ ʠ ʜʨ., ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʦʤʝʥʥʳʤʠ 
ʛʨʘʥʠʮʘʤʠ ʚ ʧʣʝʥʢʝ ʬʝʨʨʠʪʘ-ʛʨʘʥʘʪʘ// ʇʠʩʴʤʘ ʚ ɾʕʊʌ, 2007, ʪ: 86, c. 

124-127. 

3. ɻ.ɺ. ɸʨʟʘʤʘʩʮʝʚʘ ʠ ʜʨ., Cʚʦʡʩʪʚʘ ʦʙʣʘʜʘʶʱʠʭ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʵʬʬʝʢʪʦʤ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʬʝʨʨʠʪʦʚ-ʛʨʘʥʘʪʦʚ ʩ ( 210)-

ʦʨʠʝʥʪʘʮʠʝʡ// ʇʠʩʴʤʘ ʚ ɾʕʊʌ, 2015, ʪ: 147, 793. 

                                                                                                                                                           

É ʅʠʟʷʤʦʚʘ ɸ.ʈ., ɺʘʭʠʪʦʚ ʈ.ʄ., ʉʦʣʦʥʝʮʢʠʡ ʈ.ɺ., 2020 ʛ. 

 

  



66 

 

ʋɼʂ 524.882  

STABILITY OF SCHWARZ SCHILD -DAMOUR -SOLODUKHIN THIN -

SHELL WORMHOLES  

Akhtaryanova G.F., Nizaeva G.I. 

M. Akmullah Bashkir State Pedagogical University, Ufa, Russia 

 

Wormholes are topological tunnels that connect two universes or two distant 

regions of spacetime and are solutions of Einsteinôs general relativity including 

other theories of gravity. Neither wormholes nor black holes have been directly 

observed in any experiment but they have not yet been ruled out by observations. 

While there exist enormous works on black holes, especially directed to finding a 

supermassive black hole at our galactic center, relatively less work is available on 

wormholes. This scenario has now drastically changed due to the recent discovery 

that thin-shell wormholes have the ability to mimic recently observed 

gravitational ring-down post-merger waves that are believed to be characteristic 

exclusively of black hole horizon [2]. We shall employ the new formalism [3] for 

investigating the stability regions of the linearly perturbed spherical motion of the 

thin-shell moving in the bulk spacetime. For this purpose, we obtain the thin-shell 

by gluing the relevant solutions at some suitable çstandardè coordinate radius. In 

other words, the asymptotic masses on one side will be the mass of the Damour-

Soludukhin wormhole [4] and on the other side the Schwarzschild mass. 

Schwarzschild black hole "foils" (Damour-Soludukhin wormhole) differ from the 

black hole by a non-zero deviation parameter ɚ. We will investigate the effect of ɚ 

on the thin-shell and calculate the interior energy content by using the 

gravitational energy integral proposed by Katz et al [5]. 
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ʋɼʂ 524.882  

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʄɸɻʅʀʊʅʆɻʆ ɿɸʈʗɼɸ  ʅɸ ʕʌʌɽʂʊ 

ʉɸʅʔʗʂɸ  ɺ  ʇʈʆʉʊʈɸʅʉʊɺɽ-ɺʈɽʄɽʅʀ ɹɸʈɼʀʅɸ 

ʂʘʨʠʤʦʚ ʈ.ʍ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʢʤʫʣʣʳ, 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʵʬʬʝʢʪʦʚ 

ʘʩʪʨʦʬʠʟʠʢʠ ʩʚʷʟʘʥʥʦʡ ʩ ʚʨʘʱʝʥʠʝʤ - ʵʬʬʝʢʪ ʉʘʥʴʷʢʘ [1]. ʉʘʤ ʵʬʬʝʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʫʩʪʴ ʠʤʝʝʪʩʷ ʚʨʘʱʘʶʱʠʡʩʷ 

ʦʙʲʝʢʪ (ʩʢʘʞʝʤ ɿʝʤʣʷ, ʟʚʝʟʜʘ, ʯʝʨʥʘʷ ʜʳʨʘ ʠʣʠ ʢʨʦʪʦʚʘʷ ʥʦʨʘ) ʠ ʚʦʢʨʫʛ ʥʝʛʦ 

ʚʨʘʱʘʝʪʩʷ ʠʩʪʦʯʥʠʢ/ʧʨʠʝʤʥʠʢ ʩʚʝʪʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1ʘ. ʆʪ 

ʠʩʪʦʯʥʠʢʘ/ʧʨʠʝʤʥʠʢʘ ʩʚʝʪʘ ʠʩʭʦʜʷʪ ʜʚʘ ʧʫʯʢʘ ʩʚʝʪʘ (ʦʜʠʥ ʩʦʥʘʧʨʘʚʣʝʥʥʳʡ 

ʚʨʘʱʝʥʠʶ ʦʙʲʝʢʪʘ, ʚʪʦʨʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʡ) ʜʚʠʞʫʱʠʭʩʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦ ʟʘʤʢʥʫʪʳʤ ʢʨʫʛʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ 

ʚʦʢʨʫʛ ʚʨʘʱʘʶʱʝʛʦʩʷ ʦʙʲʝʢʪʘ (ʈʠʩ. 1ʙ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʝʪʘ ʦʥʠ ʧʨʠʙʫʜʫʪ ʢ 

ʠʩʪʦʯʥʠʢʫ/ʧʨʠʝʤʥʠʢʫ ʩʚʝʪʘ ʥʝʦʜʥʦʚʨʝʤʝʥʥʦ (ʈʠʩ. 1ʙ). ʕʪʘ ʨʘʟʥʠʮʘ 

ʧʨʠʙʳʪʠʷ ʧʫʯʢʦʚ ʩʚʝʪʘ ʢ ʠʩʪʦʯʥʠʢʫ/ʧʨʠʝʤʥʠʢʫ ʩʚʝʪʘ ʠ ʥʘʟʳʚʘʝʪʩʷ 

ʵʬʬʝʢʪʦʤ ʉʘʥʴʷʢʘ. 

 
ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʵʬʬʝʢʪʘ ʉʘʥʴʷʢʘ, ʛʜʝ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ‫0 

ʠʩʪʦʯʥʠʢʘ/ʧʨʠʝʤʥʠʢʘ ʩʚʝʪʘ,  +  ʠ  ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʫʯʢʦʚ ʩʚʝʪʘ ʠ ‏ὸ ï ʟʘʜʝʨʞʢʘ ʉʘʥʴʷʢʘ 
 

ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʚʨʘʱʘʶʱʘʷʩʷ 

ʥʝʩʠʥʛʫʣʷʨʥʘʷ ʯʝʨʥʘʷ ʜʳʨʘ ɹʘʨʜʠʥʘ [2], ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʤʘʩʩʦʡ, 

ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ ʠ ʤʘʛʥʠʪʥʳʤ ʟʘʨʷʜʦʤ. ɺ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʢʘʢ 

ʤʘʛʥʠʪʥʳʡ ʟʘʨʷʜ (ʭʘʨʘʢʪʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ʤʝʪʨʠʢʠ ɹʘʨʜʠʥʘ) ʚʣʠʷʝʪ ʥʘ 

ʟʘʜʝʨʞʢʫ ʉʘʥʴʷʢʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Tartaglia, A. General relativistic corrections to the Sagnac effect // Phys. Rev. 

D, 1998, v. 58, pp. 064009. 

2. Ay·n-Beato, E., Garc²a, A. The Bardeen model as a nonlinear magnetic 

monopole // Phys. Lett. B, 2000, v. 493, pp. 149. 
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ʂʆʅʌʆʈʄɸʎʀʆʅʅɸʗ ɼʀʅɸʄʀʂɸ ɼʅʂ  ʉ  ʋʏɽʊʆʄ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ  ʉ  ɹɽʃʂɸʄʀ 

ʌʘʪʠʭʦʚʘ ʌ.ɻ., ɿʘʢʠʨʴʷʥʦʚ ʌ.ʂ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ɼʅʂ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʬʠʟʠʢʝ ʠ ʙʠʦʭʠʤʠʠ. ʄʦʣʝʢʫʣʘ ɼʅʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʠʥʝʡʥʳʡ ʚʳʪʷʥʫʪʳʡ ʵʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ 

ʧʦʚʦʨʘʯʠʚʘʶʱʠʭʩʷ ʥʫʢʣʝʦʪʠʜʦʚ. ʄʝʭʘʥʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʮʝʧʦʯʢʘ ʩʚʷʟʘʥʥʳʭ ʤʘʷʪʥʠʢʦʚ. ɼʚʦʡʥʘʷ ʩʧʠʨʘʣʴ ɼʅʂ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʜʚʫʤʷ ʣʠʥʝʡʥʳʤʠ ʮʝʧʦʯʢʘʤʠ ʤʘʷʪʥʠʢʦʚ (ʘʟʦʪʠʩʪʳʝ 

ʦʩʥʦʚʘʥʠʷ), ʩʚʷʟʘʥʥʳʭ ʧʨʫʞʠʥʥʳʤʠ ʧʦʜʚʝʩʢʘʤʠ (ʩʘʭʘʨʥʦ-ʬʦʩʬʘʪʥʳʡ ʦʩʪʦʚ 

ï ʉʌʆ). ɼʠʥʘʤʠʢʘ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʥʘʤʠʢʘ ʤʦʜʝʣʠ ɼʅʂ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʪʠʧʘ ʩʠʥʫʩ-ɻʦʨʜʦʥ, ʠʭ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʠ 

ʩʠʩʪʝʤʘʤʠ ʪʘʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠʤʝʝʪ ʚʠʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩʠʥʫʩ-ɻʦʨʜʦʥʘ: 

ʕtt  ʕxx + [1 kr  R(ʊ,x)]  sinʕ= 0 

ʛʜʝ ‪(x,t) ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʦʩʥʦʚʘʥʠʷ ʚʦʢʨʫʛ ʉʌʆ, kr ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʣʢʘ ʩ ɼʅʂ, R(‚, x)=—[d2
-(‚-x)

2
] ï ʬʘʢʪʦʨ ʩʦʧʨʷʞʝʥʠʷ 

ʙʝʣʢʘ ʩ ɼʅʂ, — ï ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ. 

ʊʘʢ ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ, ʪʦ 

ʥʘʭʦʞʜʝʥʠʝ ʝʛʦ ʨʝʰʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʯʠʩʣʝʥʥʦ. ʈʝʰʝʥʠʷ ʵʪʠ ʧʨʠ kr = 0 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʠʤʝʶʪ ʚʠʜ ʥʝʣʠʥʝʡʥʳʭ ʫʝʜʠʥʸʥʥʳʭ ʚʦʣʥ ï 

ʩʦʣʠʪʦʥʦʚ ʠ ʢʠʥʢʦʚ. ʇʨʠ kr Í 0 ʵʪʠ ʨʝʰʝʥʠʷ ʚʳʛʣʷʜʷʪ ʙʦʣʝʝ ʩʣʦʞʥʦ: 
 

 
 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʜʚʠʞʝʥʠʷ ʢʠʥʢʘ ʚ ɼʅʂ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʯʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʅʂ ʩ 

ʙʝʣʢʦʤ ʩʦʭʨʘʥʷʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʚʠʜ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ sin-

ɻʦʨʜʦʥʘ, ʥʦ ʚʥʦʩʠʪ ʥʝʙʦʣʴʰʠʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʧʨʦʬʠʣʴ ʨʝʰʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʂʆʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ɺʆɿʄʋʑɽʅʀʁ  

ʉ ʅʆʉʀʊɽʃʗʄʀ ɿɸʈʗɼɸ ɺ ʄʆʃɽʂʋʃɽ ɼʅʂ 
ʉʝʤʝʨʠʢʦʚʘ ʄ.ɸ., ɿʘʢʠʨʴʷʥʦʚ ʌ.ʂ. 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

 

ʇʨʦʙʣʝʤʘ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʚ ʤʦʣʝʢʫʣʝ ɼʅʂ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʘʢʪʫʘʣʴʥʦʡ. ʀʥʪʝʨʝʩ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʩʚʷʟʘʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʧʦʯʝʢ ɼʅʂ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʥʘʥʦʙʠʦʵʣʝʢʪʨʦʥʠʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ ʚ ɼʅʂ ʥʘʯʘʣʦʩʴ ʣʠʰʴ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʍʍ ʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʝʨʝʥʦʩʫ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʢʦʪʦʨʳʭ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ.     

ɺ ʨʘʙʦʪʝ [1] ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʚʥʝʰʥʝʤ 

ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʨʝʰʝʪʢʠ ɼʅʂ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʙʨʠʟʝʨʦʚ ʥʘ 

ʜʚʠʞʫʱʠʭʩʷ ʬʨʦʥʪʘʭ ʚʦʟʥʠʢʰʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʨʝʰʝʪʢʠ ʙʘʙʙʣʘ. 

ʕʪʠ ʙʨʠʟʝʨʳ ʚ ʩʦʩʪʦʷʥʠʠ ʟʘʭʚʘʪʳʚʘʪʴ ʚʥʝʰʥʠʡ ʵʣʝʢʪʨʦʥ ʠ ʧʝʨʝʤʝʱʘʪʴ ʝʛʦ 

ʚʜʦʣʴ ʨʝʰʝʪʢʠ. ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʚʷʟʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

çʙʨʠʟʝʨ-ʵʣʝʢʪʨʦʥè ʧʦʨʷʜʢʘ 20ï30 ʧʝʨʠʦʜʦʚ ʦʩʮʠʣʣʷʮʠʡ ʩʘʡʪʦʚ ʨʝʰʝʪʢʠ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ʩʤʝʱʝʥʠʷ ~ 20 ʩʘʡʪʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʙʥʘʨʫʞʠʪʴ ʵʣʝʢʪʨʦʥ ʚ ʜʚʠʞʫʱʝʤʩʷ ʙʨʠʟʝʨʝ ~ 0.2. 

 

 
ʈʠʩ. 1. ʇʨʦʭʦʞʜʝʥʠʝ ʟʘʨʷʜʘ ʚ ʨʘʟʣʠʯʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 


