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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 621.391.7 
 

ʆ ʅɽʂʆʊʆʈʓʍ ʕʌʌɽʂʊʀɺʅʓʍ ɸʃɻʆʈʀʊʄɸʍ ɺʓʏʀʉʃɽʅʀʗ  

ʄʆɼʋʃʗʈʅʆʁ ɸʈʀʌʄɽʊʀʂʀ 
 

 
ʂ.ɸ. ɸʙʜʠʢʘʣʠʢʦʚ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ɾʫʙʘʥʦʚʘ (ɸʢʪʦʙʝ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʨʦʛʨʘʤʤʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦ-

ʨʠʪʤʦʚ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʤʥʦʛʦʨʘʟʨʷʜʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ, 

ʤʦʜʫʣʷʨʥʘʷ ʘʨʠʬʤʝʪʠʢʘ. 
 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʘʭ ʦʪʢʨʳʪʳʭ 

ʢʣʶʯʝʡ ʪʠʧʘ RSA ï ʦʩʥʦʚʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʤʦʜʫʣʷʨʥʳʭ ʘʨʠʬʤʝʪʠʯʝ-

ʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʥʦʛʦʨʘʟʨʷʜʥʳʤʠ ʯʠʩʣʘʤʠ [6]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷ-

ʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʦʧʝʨʘʮʠʠ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. ɹʘʟʠʩʥʦʡ ʦʧʝʨʘ-

ʮʠʝʡ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʷʨʥʘʷ ʘʨʠʬʤʝʪʠʢʘ - ʚʳʯʠʩʣʝʥʠʝ ʦʩʪʘʪʢʘ ʦʪ ʜʝʣʝʥʠʷ ʦʜʥʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʥʘ ʜʨʫʛʦʝ.  

ʄʥʦʛʦʨʘʟʨʷʜʥʳʝ (n-ʩʣʦʚʥʳʝ) ʮʝʣʳʝ ʯʠʩʣʘ - ʵʪʦ ʯʠʩʣʘ, ʪʨʝʙʫʶʱʠʝ ʜʣʷ ʩʚʦʝʛʦ ʨʘʟʤʝʱʝʥʠʷ n  ʤʘʰʠʥʥʳʭ 

ʩʣʦʚ ( )n>2 . ɺ ʧʦʟʠʮʠʦʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩ ʦʩʥʦʚʘʥʠʝʤ B ʦʥʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʢʘʢ 
 

W W Bi
i

i

n

=
=

-

ä
0

1

,                                                                    (1) 

 

ʛʜʝ B p=2  (p ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʚ ʤʘʰʠʥʥʦʤ ʩʣʦʚʝ), W i  - i-ʷ ʟʥʘʯʘʱʘʷ ʮʠʬʨʘ ʯʠʩʣʘ W ʚ ʪʘʢʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ 0 1 0 1¢ ¢ - = -W B i ni , , , Wn- ¸1 0 . 

ʋʩʣʦʚʠʝ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʪʘʚʠʪʴ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʥʘʯʝʥʠʶ ʧʘʨʘ-

ʤʝʪʨʘ n, ʢʦʪʦʨʦʝ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʷʭ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ, ʘ ʪʦ ʠ ʩʦʪʝʥ. 
 

                                             
f X X nZ

e( ) (mod )= ,                                                                         (2) 
 

ʛʜʝ X ï ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ, n pq= , Z p q e={ , , } , p ʠ q  - ʙʦʣʴʰʠʝ ʯʠʩʣʘ, ʪʘʢʠʝ ʯʪʦ 

j( ) ( )( )n p q= - -1 1  ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʨʦʩʪʦʡ ʤʥʦʞʠʪʝʣʴ, ʝ- ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʮʝʣʦʝ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʝʝ j( )n , 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʅʆɼe n( , ( ))j =1.  ʇʨʦʮʝʜʫʨʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ (2), ʧʦʤʠʤʦ ʩʚʦʝʛʦ ʧʨʷʤʦʛʦ ʥʘʟʥʘʯʝʥʠʷ - ʰʠʬ-

ʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʨʠʧʪʦʩʠʩʪʝʤʘʤʠ ʚ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʩʝʚʜʦ ʧʨʦʩʪʳʭ ʪʝʩʪʘʭ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʝʡ ʠ 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ.  

ɽʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʦʧʝʨʠʨʫʶʱʠʭ ʩ ʤʥʦʛʦʨʘʟʨʷʜʥʳʤʠ ʮʝʣʳ-

ʤʠ ʯʠʩʣʘʤʠ ʚʠʜʘ (1) (ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʠ ʜʝʣʝʥʠʝ) ʠ ʧʨʦʮʝʜʫʨ ʚʳʯʠʩʣʝʥʠʷ ( )modW M ,  

ʛʜʝ W n-2 - ʩʣʦʚʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ, ʘ ʄ - nï ʩʣʦʚʥʦʝ, ʠ ʚʦʟʚʝʜʝʥʠʷ n-ʩʣʦʚʥʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ ʚ ʙʦʣʴʰʫʶ 

ʩʪʝʧʝʥʴ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʘʣʛʦʨʠʪʤʳ ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ - ʵʪʦ ʬʦʨʤʘʣʠʟʘʮʠʷ ʦʙʳʯʥʦʛʦ çʜʝʣʝʥʠʷ ʚ ʩʪʦʣʙʠʢè, ʢʘʞ-

ʜʳʡ ʰʘʛ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʜʝʣʝʥʠʝʤ ( )n+1
 
ï  ʮʠʬʨʦʚʦʛʦ ʯʠʩʣʘ u  ʥʘn  ï ʮʠʬʨʦʚʦʝ ʯʠʩʣʦ M  ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʘʝʪ ʦʜʥʦ ʮʠʬʨʦʚʦʝ ʯʘʩʪʥʦʝ q  ʠ ʮʠʬʨʦʚʦʡ ʦʩʪʘʪʦʢ r . ʆʩʪʘʪʦʢ r  ʤʝʥʴʰʝ M , ʢ ʥʝʤʫ ʤʦʞʥʦ ʧʨʠʧʠʩʘʪʴ ʩʣʝʜʫ-

ʶʱʫʶ ʮʠʬʨʫ ʜʝʣʠʤʦʛʦ ʪʘʢ, ʯʪʦ ʧʦʣʫʯʘʝʪʩʷ ( )n+1
 
-ʮʠʬʨʦʚʦʝ ʯʠʩʣʦ rB+(ʩʣʝʜʫʶʱʘʷ ʮʠʬʨʘ ʜʝʣʠʤʦʛʦ). ʕʪʦ 

ʯʠʩʣʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ u  ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʜʝʣʝʥʠʷ. ɿʘʤʝʯʘʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ q  ʧʦʣʫʯʘʝʪʩʷ, ʝʩʣʠ ʜʝʣʠʪʴ 

ʯʠʩʣʦ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʪʦʣʴʢʦ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʟʥʘʯʘʱʠʤʠ ʮʠʬʨʘʤʠ u, ʥʘ ʮʠʬʨʫ M n-1 .  

                                                           
 É ɸʙʜʠʢʘʣʠʢʦʚ ʂ.ɸ. / Abdikalikov K.A., 2014 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨ ʪʨʝʭ ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʦʚu  ʠ ʜʚʫʭ ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʦʚM  ʵʪʫ ʦʮʝʥʢʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʦʯʪʠ ʚʩʝʛʜʘ ʪʦʯʥʦʡ ʠ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ q  ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ ʝʜʠʥʠʮʫ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 2
B . 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ ʤʦʥʦʛʨʘʬʠʠ ɼ. ʂʥʫʪʘ [2].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʦʷʚʣʷʝʪʩʷ ʢ ʘʣʛʦʨʠʪʤʘʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʝʨʝʭʦʜʝ ʢ ʜʨʫʛʦʤʫ ʧʨʦ-

ʠʟʚʦʣʴʥʦʤʫ ʫʜʦʙʥʦʤʫ ʤʦʜʫʣʶ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʄʦʥʪʛʦʤʝʨʠ.  

ʄʝʪʦʜ ʄʦʥʪʛʦʤʝʨʠ. ʕʪʦ ʘʣʛʦʨʠʪʤ [5] ʚʳʯʠʩʣʝʥʠʷ ʦʩʪʘʪʢʘ ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʄʦʥʪʛʦ-

ʤʝʨʠ ʚ ʩʠʩʪʝʤʝ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ ( )modAR M , ʛʜʝ R ʠ ʄ - ʚʟʘʠʤʥʦ-ʧʨʦʩʪʳʝ ʯʠʩʣʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

MONTGOMERY ï PRODUCTION (A, B, M, R) =( )modABR M-1
. 

 

ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʝʡ ʪʝʦʨʝʤʝ [5]. 

ʊʝʦʨʝʤʘ ʄʦʥʪʛʦʤʝʨʠ. ʇʫʩʪʴ ʄ ʠ R - ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʝ ʮʝʣʳʝ ʯʠʩʣʘ ʠ N - ʥʘʠʤʝʥʴʰʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʮʝʣʦʝ ʪʘʢʦʝ, ʯʪʦ NM R¹-1mod( ), ʪʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ ʮʝʣʦʛʦ W W M N R( ) /+ ¡
 
- ʮʝʣʦʝ ʯʠʩʣʦ, ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʝʝ  
 

( ) / ( )modW M N R W R R+ ¡ ¹ -1
, 

 

ʛʜʝ ¡=N W N R( )mod . 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ( )modW M , ʛʜʝ W ï ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʦʩʪʘʪʦʯʥʳʭ 

ʢʣʘʩʩʦʚ, ʢʦʛʜʘ R B n= , ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ: 

ʰʘʛ 1: ʚʳʯʠʩʣʠʪʴ N 0  ʠʟ N M B0 0 1¹-(mod ), ʛʜʝ M 0
 ï ʤʣʘʜʰʝʝ ʩʣʦʚʦ ʤʥʦʛʦʨʘʟʨʷʜʥʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ M; 

ʰʘʛ 2: ʨʝʢʫʨʨʝʥʪʥʦ ʚʳʯʠʩʣʠʪʴ ʜʣʷ i n= -0 1, ¡=N W N Bi i
i

( )mod
( )

0  
ʠ W W N M Bi i

i
i( ) ( )+ = + ¡

1
, 

ʛʜʝ W W( )0 = ; 

ʰʘʛ 3: ʥʘʡʪʠ W Bn n( ) / . 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʚʳʯʠʩʣʝʥʠʷ ʚʳʯʝʪʦʚ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʦʜʫʣʶ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʝʭʦʜʝ ʢ ʚʳ-

ʯʠʩʣʝʥʠʷʤ ʧʦ ʜʨʫʛʦʤʫ ʤʦʜʫʣʶ. ʅʘʠʙʦʣʝʝ ʠʟ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ɹʘʨʝʪʪʘ. 

ʄʝʪʦʜ ɹʘʨʝʪʪʘ. ɸʣʛʦʨʠʪʤ [3] ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʚʝʥʩʪʚʝ  
 

ê úMBMBBWWMW nnn 121 /))/)(/((mod)( +--= , 
 

ʛʜʝ êúA
 
ï  ʙʣʠʞʘʡʰʝʝ ʤʥʦʛʦʨʘʟʨʷʜʥʦʝ ʮʝʣʦʝ, ʤʝʥʴʰʝʝ ɸ.  

ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʦʧʝʨʘʥʜʳ ï ʤʥʦʛʦʨʘʟʨʷʜʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʦʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ 

ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʚʝʣʠʯʠʥʫ ê úA B/ , ʠ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʰʘʛʦʚ: 

ʰʘʛ 1: ʚʳʯʠʩʣʠʪʴ ê úN B Mn= 2 / ; 

ʰʘʛ 2: ʚʳʯʠʩʣʠʪʴ ¡= - ¡¡W W W ,   

ʛʜʝ ê ú( )ê úMBNBWW nn 11 // +- ³=¡¡ ;  

ʰʘʛ 3: ʥʘʡʪʠ ( )mod .¡W M  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʣʛʦʨʠʪʤʦʚ: ʢʣʘʩʩʠʯʝʩʢʦʛʦ, ʄʦʥʪʛʦʤʝʨʠ ʠ ɹʘʨʨʝʪʪʘ. ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʦ ʚʨʝ-

ʤʝʥʠ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʧʝʨʘʮʠʡ ʫʤʥʦʞʝʥʠʷ ʠ ʜʝʣʝʥʠʷ ʯʠʩʝʣ ʦʜʥʦʢʨʘʪ-

ʥʦʡ ʪʦʯʥʦʩʪʠ. ʕʪʦ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʤʥʦʞʝʥʠʝ ʠ ʜʝʣʝʥʠʝ - ʥʘʠʙʦʣʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʣʷʶʱʠʝ ʦʧʝʨʘʮʠʠ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʮʠʢʣʘʭ ʚʩʝʭ ʪʨʝʭ ʘʣʛʦʨʠʪʤʦʚ, ʚʨʝʤʝʥʝʤ ʚʳʧʦʣʥʝʥʠʷ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʤʥʦʞʝʥʠʷ-

ʤʠ ʠ ʜʝʣʝʥʠʷʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ɺʩʝ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʪʨʝʙʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʨʝʜʚʳʯʠʩʣʝʥʠʡ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʘʣʛʦʨʠʪʤʝ - ʵʪʦ ʥʦʨʤʘ-

ʣʠʟʘʮʠʷ, ʚ ʘʣʛʦʨʠʪʤʝ ʄʦʥʪʛʦʤʝʨʠ - ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʠ ʚʳʯʠʩʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʚ ʘʣʛʦʨʠʪʤʝ ɹʘʨʨʝʪʪʘ ï ʚʳʯʠʩʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ B Mn2 / . ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ 

ʄʦʥʪʛʦʤʝʨʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʩʪʚʳʯʠʩʣʝʥʠʡ ʧʦ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʧʝʨʝʤʝʥʥʳʤ. ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʤʝʪʦʜʝ ʄʦʥʪʛʦʤʝʨʠ. ʇʦʵʪʦʤʫ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʧʨʘʚʜʳʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʘʢʠʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʧʦʣʥʝʥʠʷ ʤʦ-

ʜʫʣʷʨʥʦʡ ʨʝʜʫʢʮʠʠ. ɼʣʷ ʦʜʥʦʨʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʪʨʝʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ ʟʜʝʩʴ ʥʝ 

ʚʢʣʶʯʝʥʳ ʫʤʥʦʞʝʥʠʷ ʠ ʜʝʣʝʥʠʷ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʦʩʪʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʡ ʘʨʛʫʤʝʥʪʘ. ʉʨʘʚʥʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʘʨʛʫʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʚʜʚʦʝ ʜʣʠʥʥʝʝ ʤʦʜʫʣʷ ʄ [4]. 

 

ʊʘʙʣʠʮʘ 1 

ʉʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʥʘʭʦʞʜʝʥʠʷ ʦʩʪʘʪʢʘ 

 ɸʣʛʦʨʠʪʤ 

ʆʧʝʨʘʮʠʷ ʂʣʘʩʩʠʯʝʩʢʠʡ ʄʦʥʪʛʦʤʝʨʠ ɹʘʨʨʝʪʪʘ 

ʋʤʥʦʞʝʥʠʝ n n( . )+25  n n( )+1  n n( )+4  

ɼʝʣʝʥʠʝ n  0 0 

ʇʨʝʜʚʳʯʠʩʣʝʥʠʷ ʅʦʨʤʘʣʠʟʘʮʠʷ 
- -M B1 mod  B Mn2 /  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʨʛʫʤʝʥʪʦʚ ʅʝʪ M - ʚʳʯʝʪ ʥʝʪ 

ʇʦʩʪʚʳʯʠʩʣʝʥʠʷ ɼʝʥʦʨʤʘʣʠʟʘʮʠʷ ʈʝʜʫʢʮʠʷ ʄʦʥʪʛʦʤʝʨʠ ʥʝʪ 

ʆʛʨʘʥʠʯʝʥʠʷ ʅʝʪ 
x M B n< , ʅʆɼx M( , )=1 x B n< 2

 

 

ʀʟ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʯʠʩʪʫʶ ʦʧʝʨʘʮʠʶ ʥʘʭʦʞʜʝʥʠʷ 

ʦʩʪʘʪʢʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʳʙʨʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʪʦ ʥʘʠʙʦʣʝʝ 

ʙʳʩʪʨʳʤ ʙʫʜʝʪ ʘʣʛʦʨʠʪʤ ʄʦʥʪʛʦʤʝʨʠ. ɸʣʛʦʨʠʪʤ ɹʘʨʨʝʪʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʧʝʨʝʞʘʝʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ. 

ɺ ʪʘʙʣʠʮʝ 2 ʩʚʝʜʝʥʳ ʜʘʥʥʳʝ ʩʨʘʚʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳʭ ʧʨʦʛʨʘʤʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʯʠʩ-

ʣʝʥʠʷ ʦʩʪʘʪʢʘ (ʚʳʯʝʪʘ). ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʤʳ ʪʘʢʞʝ ʩʦʭʨʘʥʠʤ ʥʘʟʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʢʦʨʝʥʠʷ, ʝʛʦ ʦʙʦʟʥʘʯʝ-

ʥʠʝ ʂ (ɸ, ɺ) (ʛʜʝ ɸ ï ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʦʩʪʘʪʢʘ, ʘ ɺ ï ʘʣʛʦʨʠʪʤ ʫʤʥʦʞʝʥʠʷ) ʠ ʤʝʪʦʜ ʝʛʦ ʦʮʝʥʢʠ. 

ɺ ʩʪʦʣʙʮʝ 2 ʘʣʛʦʨʠʪʤ VI  ʚʳʯʠʩʣʷʝʪ ʯʘʩʪʥʦʝ ʠ ʦʩʪʘʪʦʢ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʘʣʛʦʨʠʪʤʫ ʂʥʫʪʘ, ʘ IIIʘ ï 

ʫʤʥʦʞʝʥʠʝ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʭʝʤʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʩʪʦʣʙʮʘ ʚʳʯʠʩʣʝʥʳ ʧʦ 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ [1] ʦʮʝʥʢʘʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 
 

ʊʘʙʣʠʮʘ 2  

ʉʨʘʚʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʩʪʘʪʢʘ 
n  ʂ (VI, IIIa) K (DIL,  MD) K (MOD, MD) K (K, ɹ) K (ɺ, ɹ) K (M, ɹ) 

1 2 3 4 5 6 7 

8 1.81 1.95 1.73 1.53 1.71 1.120 

16 1.82 1.61 1.49 1.38 1.38 1.056 

32 1.78 1.38 1.33 1.31 1.21 1.029 

48 1.73 1.36 1.31 1.26 1.15 1.027 

64 1.71 1.29 1.26 1.25 1.12 1.023 

 

ʇʨʦʛʨʘʤʤʳ DIL ʠ MOD ʨʝʘʣʠʟʫʶʪ ʩʭʝʤʫ ʜʝʣʝʥʠʷ ʚ ʩʪʦʣʙʠʢ: DIL ʚʳʯʠʩʣʷʝʪ ʯʘʩʪʥʦʝ ʠ ʦʩʪʘʪʦʢ, ʘ MOD ï 

ʪʦʣʴʢʦ ʦʩʪʘʪʦʢ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʩʢʦʨʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʛʨʘʬʘʭ 5, 6 ʠ 7 ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ [4]. ʆʥʠ ʚʳʯʠʩʣʝʥʳ ʜʣʷ 

ʧʨʦʛʨʘʤʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʩʪʘʪʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʘʣʛʦʨʠʪʤʘʤ ʂʥʫʪʘ, ɹʘʨʨʝʪʪʘ ʠ ʄʦʥʪʛʦʤʝʨʠ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʫʣʷʨʥʦʡ ʬʫʥʢʮʠʠ ʤʝʪʦʜ ʄʦʥʪ-

ʛʦʤʝʨʠ ʜʘʝʪ ʦʧʪʠʤʘʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ ʜʣʷ ʤʘʣʳʭ ʘʨʛʫʤʝʥʪʦʚ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ɹʘʨʨʝʪʪʘ. 
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SOME EFFICIENT ALGOR ITHMS FOR CALCULATIN G IN MODULAR ARITHME TIC  
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K. Zhubanov Aktobe Regional State University (Aktobe), Kazakhstan  

 

Abstract. The article contains basic principles of software optimization of cryptographic algorithms. The au-

thor presented comparative analysis of algorithms of modular arithmetic calculations. 
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ʋɼʂ 519.6  

 

ʏʀʉʃɽʅʅʓʁ ʄɽʊʆɼ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʕʃɽʂʊʈʆɼʀʅɸʄʀʂʀ  

ɺ ʊʆʅʂʆʇʈʆɺʆʃʆʏʅʆʄ ʇʈʀɹʃʀɾɽʅʀʀ 
 

 
ɽ.ɸ. ɸʣʘʰʝʝʚʘ

1
, ʅ.ɺ. ʈʦʛʦʚʘ

2
 

1, 2 
ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʇʦʚʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʉʘʤʘʨʘ), ʈʦʩʩʠ ̫

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ, ʦʪʢʨʳʪʳʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʠʢʣʘʜ-

ʥʳʭ ʟʘʜʘʯ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʨʦʠʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʥʪʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʚʦʜʠʪʩʷ ʘʣʛʦʨʠʪʤ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ. ʉʦʯʝʪʘʥʠʝ ʬʠʥʠʪʥʦʩʪʠ ʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ 

ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʘʪʨʠʮʳ ʉʃɸʋ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʤʝʪʦʜʘʭ ɹʫʙʥʦʚʘ-ɻʘʣʝʨʢʠʥʘ, ʦʢʘʟʳ-

ʚʘʶʪʩʷ ʧʩʝʚʜʦʨʘʟʨʝʞʝʥʥʳʤʠ, ʪ.ʝ., ʥʝ ʠʤʝʷ ʥʠ ʦʜʥʦʛʦ ʥʫʣʝʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʧʦ ʥʦʨʤʝ 

ʨʘʟʨʝʞʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ. ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʠ, ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ, ʙʳʩʪʨʦʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʩʝʚʜʦʨʘʟʨʝ-

ʞʝʥʥʘʷ ʤʘʪʨʠʮʘ. 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʯʘʩʪʦ ʠʩ-

ʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʝ 

ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʚʦʜʷʪ ʢ ʩʠʩʪʝʤʘʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

(ʉʃɸʋ) ʩ ʟʘʧʦʣʥʝʥʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʛʨʦʤʥʳʤʠ ʦʙʲʝʤʘʤʠ ʚʳʯʠʩʣʝʥʠʡ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʟʘʜʘʯʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ (ʥʘʧʨʠʤʝʨ, ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʘʥʪʝʥʥ). ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ 

ʟʘʜʘʯ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʡʚʣʝʪ-ʩʠʩʪʝʤʳ [1, 2]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠ ʪʦʥʢʠʭ ʢʨʫʛʦʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ.  

 

 
 

ʈʠʩ. 1. 

 

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦʙ ʦʪʳʩʢʘʥʠʠ ɼʅ ʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʥʠʢʘʤ ʧʨʠ ʟʘʜʘʥʥʦʤ ʚʦʟ-

ʙʫʞʜʝʥʠʠ ʩʠʩʪʝʤʳ. ʀʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʠʤʝʝʪ ʚʠʜ: 

 

 

 
 

L ï ʢʦʥʪʫʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʩʝʡ ʧʨʦʚʦʜʥʠʢʦʚ;  ï ʢʦʦʨʜʠʥʘʪʘ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʚʜʦʣʴ  

L; E(l) ï ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʦʨʦʥʥʝʛʦ ʧʦʣʷ (Z-ʩʦʩʪʘʚʣʷʶʱʘʷ), ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʠʩʪʝʤʫ;  ï 

ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʝʚʦʛʦ ʪʦʢʘ;  ï ʬʫʥʢʮʠʷ ɻʨʠʥʘ;  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ʥʘ ; 

                                                           
É ɸʣʘʰʝʝʚʘ ɽ.ɸ., ʈʦʛʦʚʘ ʅ.ɺ. / Alasheeva E.A., Rogova N.V., 2014 



ISSN 2308-4804. Science and world . 2014. ˉ 8 (12). 

 

 

18 

 

a (l) ï ʨʘʜʠʫʩ ʧʨʦʚʦʜʥʠʢʘ ʚ ʩʝʯʝʥʠʠ l;  ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ;  ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ;  ï 

ʜʣʠʥʘ ʚʦʣʥʳ;  ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ;  ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʬʫʥʢʮʠʠ E(l), ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʪʦʨʦʥʥʠʡ ʠʩʪʦʯʥʠʢ, ʦʜʠʥ ʠʟ ʧʨʦʚʦʜʥʠʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʚʠʙʨʘʪʦʨʘ. ɺ ʩʨʝʜʥʝʤ ʝʛʦ ʩʝʯʝʥʠʠ ʥʘ ʢʦʥʪʫʨʝ L ʚʳʜʝʣʷʝʪʩʷ ʢʦʨʦʪʢʠʡ ʦʪʨʝʟʦʢ [l1, l2], 

ʥʘ ʢʦʪʦʨʦʤ ʟʘʜʘʝʪʩʷ ʩʪʦʨʦʥʥʠʡ ʢʫʩʦʯʥʦ-ʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʪʦʢ. ʌʫʥʢʮʠʷ E(l) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 

 
 

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤ ʥʝʥʦʨʤʠʨʦʚʘʥʥʫʶ ʢʦʤʧʣʝʢʩ-

ʥʦʟʥʘʯʥʫʶ ɼʅ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 
 

ʛʜʝ  ï ʦʨʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ  

ɻʘʣʝʨʢʠʥʘ ʥʘ ʙʘʟʝ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʡ ʩʪʝʧʝʥʠ m ï 1 ʜʝʬʝʢʪʘ 1. ɿʘʬʠʢʩʠʨʫʝʤ ʥʘʪʫʨʘʣʴʥʦʝ  ʠ ʪʦʢ ʙʫʜʝʤ 

ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 

 

 
 

ʠʟ ʫʩʣʦʚʠʡ: 

 

  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʉʃɸʋ ʤʝʪʦʜʦʤ ɻʘʣʝʨʢʠʥʘ ʥʘʡʜʝʥʳ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ɼʅ, ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ.  

 

                             
 

ʈʠʩ. 2. ɼʅ                                                                  ʈʠʩ. 3. ɼʅ  
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ʇʨʠ ʵʪʦʤ ʙʳʩʪʨʦʝ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʉʃɸʋ ʜʦʩʪʠʛʘʣʦʩʴ ʟʘ ʩʯʝʪ ʧʩʝʚʜʦʨʘʟʨʝʞʝʥʥʦʩʪʠ ʤʘʪʨʠʮ, 

ʦʪʩʝʯʝʥʠʷ ʧʦ ʙʘʨʴʝʨʫ ʠ ʙʳʩʪʨʦʛʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  
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Abstract. In recent years, it is interesting to use the mathematical apparatus with wavelet functions that were 

opened recently, for the solution of various applications. In the paper, we constructed a mathematical model of the an-

tenna device, and presented the algorithm of the task solving with the help of wavelet analysis. The combination of fi-

niteness and the orthogonality of wavelet functions leads to the fact that the linear algebraic matrix arising in the Bub-

nov-Galerkinmethod, are pseudo sparse i.e., being without a single zero element, they are well approximated by nor-

mal-sparsed matrices. The resulting solution is more accurate compared to the solutions obtained by other methods.  

Keywords: wavelet functions, Galerkin method, fast wavelet transformation, pseudo sparse matrix. 
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ʆʉʅʆɺʅɸʗ ʄʆɼɽʃʔ ʂʆʃʀʏɽʉʊɺɽʅʅʆʁ ʊɽʆʈʀʀ ɼɽʅɽɻ: ʀʉʊʆʈʀʗ ʈɸɿɺʀʊʀʗ  

ʀ ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆɹʃɽʄʓ ʇʈʀʄɽʅɽʅʀʗ 
 

 
ʄ.ʌ. ɻʫʤʝʨʦʚ, ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʠ ʩʝʨʚʠʩʘ 

ʂʘʟʘʥʩʢʠʡ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʠʥʩʪʠʪʫʪ (ʂʘʟʘʥʴ), ʈʦʩʩʠʷ 
 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʤʫ ʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʪʝʦʨʠʠ ʜʝʥʝʛ ʢʘʢ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʢʘʟʘʚʰʝʛʦ ʨʝʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠ-

ʨʦʚʦʡ ʬʠʥʘʥʩʦʚʦʡ ʩʠʩʪʝʤʳ. ʀʩʩʣʝʜʫʶʪʩʷ ʠʩʪʦʢʠ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʝʝ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʢ ʥʘʧʨʘʚʣʝ-

ʥʠʷ, ʘʢʪʠʚʥʦ ʦʧʝʨʠʨʫʶʱʝʛʦ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʦʧʳʪ ʧʨʘʢʪʠʯʝ-

ʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʜʝʥʝʞʥʦʛʦ 

ʦʙʨʘʱʝʥʠʷ, ʧʨʝʜʣʘʛʘʚʰʠʤʠʩʷ ʜʚʫʤʷ ʚʝʜʫʱʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 20 ʚ. ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ï ɼʞ. ʄ. ʂʝʡʥʩʦʤ ʠ ʄ. 

ʌʨʠʜʤʘʥʦʤ; ʦʮʝʥʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʪʝʦʨʠʷ ʜʝʥʝʛ, ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʥʬʣʷʮʠ-

ʦʥʥʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʢʠ, ʢʝʡʥʩʠʘʥʩʪʚʦ, ʤʦʥʝʪʘʨʠʟʤ, ʜʝʥʝʞʥʘʷ ʵʤʠʩʩʠʷ 
 

ʆʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʠ ʢʨʝʜʠʪʥʦʡ ʧʦʣʠʪʠʢʠ ʙʘʥʢʦʚ ï ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʭ, ʪʘʢ ʠ ʢʦʤʤʝʨʯʝ-

ʩʢʠʭ ï ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʜʝʥʝʛ. ʆʥʘ ʧʨʠʦʙʨʝʣʘ ʜʘʥʥʳʡ ʩʪʘʪʫʩ 

ʚ ʩʝʨʝʜʠʥʝ 1970-ʭ ʛʛ., ʢʦʛʜʘ ʧʦ ʨʝʰʝʥʠʶ ʧʨʘʚʠʪʝʣʴʩʪʚ ʚʝʜʫʱʠʭ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ ʙʳʣʘ ʚʚʝʜʝʥʘ ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʜʝʥʝʞʥʘʷ ʩʠʩʪʝʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʢʫʧʘʪʝʣʴʥʦʡ ʩʠʣʳ ʜʝʥʝʞʥʳʭ ʝʜʠʥʠʮ. 

ɼʘʥʥʦʤʫ ʩʦʙʳʪʠʶ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ. ʇʝʨʚʦʡ ʠʟ ʥʠʭ 

ʙʳʣʘ ʥʦʚʘʷ ʩʪʘʜʠʷ ʚ ʨʘʟʚʠʪʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʜʝʥʝʛ, ʥʘ ʢʦʪʦʨʦʡ ʦʥʘ ʧʨʠʥʷʣʘ ʩʚʦʡ ʩʦʚʨʝʤʝʥʥʳʡ ʚʠʜ, ʪ.ʝ. ʧʨʝ-

ʚʨʘʪʠʣʘʩʴ ʚ ʨʘʟʜʝʣ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʘʢʪʠʚʥʦ ʦʧʝʨʠʨʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʝʨʚʳʤ, ʢʪʦ ʚʚʝʣ ʜʘʥʥʫʶ ʠʥʥʦʚʘʮʠʶ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʦʨʠʶ, ʙʳʣ ʘʤʝʨʠʢʘʥʩʢʠʡ ʵʢʦʥʦʤʠʩʪ ʀ. ʌʠʰʝʨ. 

ʈʘʟʚʠʚʘʷ ʪʨʘʜʠʮʠʠ ʘʥʛʣʠʡʩʢʠʭ ʠ ʘʤʝʨʠʢʘʥʩʢʠʭ ʥʝʦʢʣʘʩʩʠʢʦʚ, ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʚʰʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ 

ʦʩʥʦʚʥʳʝ ʨʘʟʜʝʣʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʦʥ ʚ ʩʚʦʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ çʇʦʢʫʧʘʪʝʣʴʥʘʷ ʩʠʣʘ ʜʝʥʝʛè 

(1911) ʚʳʚʝʣ ʢʣʘʩʩʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʜʝʥʝʛ: 
 

                                                                                       (1) 
 

ʆʥʦ ʚʳʨʘʞʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ (ʄ), ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʱʝʥʠʷ (V), ʫʨʦʚʥʷʤʠ ʮʝʥ (P) ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ (Q) ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ [1]. 

ʀʟ ʬʦʨʤʫʣʠʨʦʚʢʠ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʠʜʥʦ, ʯʪʦ ʝʝ ʘʚʪʦʨ ʙʨʘʣ ʚ ʨʘʩʯʝʪ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʩʘʤʠ ʧʦ ʩʝʙʝ, ʘʙʩʪʨʘʛʠʨʫʷʩʴ ʦʪ ʩʫʙʲʝʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʩʠʭʦʣʦʛʠʠ ʠ ʧʦʚʝʜʝʥʠʷ ʣʶʜʝʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʜʝʣʴ ʌʠʰʝʨʘ ʙʳʣʘ ʧʦʜʚʝʨʛʥʫʪʘ ʜʦʨʘʙʦʪʢʝ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʝʤʙʨʠʜʞʩʢʦʡ ʤʘʨʞʠ-

ʥʘʣʴʥʦʡ ʰʢʦʣʳ ï ɸ. ʄʘʨʰʘʣʣʦʤ, ʩʦʟʜʘʪʝʣʝʤ ʦʙʱʝʡ ʪʝʦʨʠʠ ʨʳʥʦʯʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʠ ʝʛʦ ʫʯʝʥʠʢʦʤ ɸ. ʇʠʛʫ, 

ʢʦʪʦʨʳʝ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʫʨʘʚʥʝʥʠʠ ʟʘʤʝʥʠʣʠ ʩʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ ʜʝʥʝʛ V ʥʘ ʚʝʣʠʯʠʥʫ, ʦʙʨʘʪʥʫʶ ʜʦʣʝ 

ʥʘʣʠʯʥʳʭ ʜʝʥʝʛ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʜʝʥʝʞʥʦʡ ʤʘʩʩʳ (), ʘ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʦʚ Q ï ʥʘ ʚʝʣʠʯʠʥʫ ʪʦʡ ʯʘʩʪʠ 

ʜʦʭʦʜʦʚ ʜʦʤʦʭʦʟʷʡʩʪʚ, ʢʦʪʦʨʫʶ ʦʥʠ ʛʦʪʦʚʳ ʧʦʪʨʘʪʠʪʴ ʥʘ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ (Y) [2, 3]: 
 

                                                                                          (2) 

 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʠʜ ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʜʝʥʝʛ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʷʤʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʮʝʥ ʠ ʩʢʣʦʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ʢ ʩʙʝʨʝʞʝʥʠʷʤ, ʘ ʯʝʨʝʟ ʥʝʝ ï ʩ ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʦʡ ʢʘʢ ʠʥ-

ʜʠʢʘʪʦʨʦʤ ʜʦʩʪʫʧʥʦʩʪʠ ʩʩʫʜʥʳʭ ʢʘʧʠʪʘʣʦʚ ʚ ʵʢʦʥʦʤʠʢʝ (ʩ ʨʦʩʪʦʤ ʮʝʥ P ʜʦʣʷ ʥʘʣʠʯʥʦʡ ʜʝʥʝʞʥʦ ʤʘʩʩʳ k 

ʫʤʝʥʴʰʘʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʩʨʝʜʩʪʚ ʜʦʤʦʭʦʟʷʡʩʪʚ, ʚʢʣʘʜʳʚʘʝʤʳʭ ʠʤʠ ʚ ʙʘʥʢʦʚʩʢʠʝ ʜʝʧʦ-

ʟʠʪʳ ʠ ʮʝʥʥʳʝ ʙʫʤʘʛʠ ï ʵʪʦ ʠ ʝʩʪʴ ʩʩʫʜʥʳʝ ʢʘʧʠʪʘʣʳ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ ʨʦʩʪ ʧʨʝʜ-

ʣʦʞʝʥʠʷ ʵʪʠʭ ʢʘʧʠʪʘʣʦʚ ʜʦʣʞʝʥ ʩʥʠʞʘʪʴ ʠʭ ʮʝʥʫ, ʪ.ʝ. ʧʨʦʮʝʥʪʥʫʶ ʩʪʘʚʢʫ). 

ɺʧʨʦʯʝʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʄʘʨʰʘʣʣ ʠ ʇʠʛʫ (ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ, ʠ ʌʠʰʝʨ), ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʟʜʘʣʠ ʩʪʦʣʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦ ʩʫʪʠ ʪʘʢ ʠ ʦʩʪʘʚʠʣʠ ʠʭ ʚ ʩʬʝʨʝ ʯʠʩʪʦʡ ʪʝʦʨʠʠ, ʥʝ ʧʳʪʘʷʩʴ 

ʨʘʟʨʘʙʦʪʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʧʦʩʢʦʣʴʢʫ 

ʜʘʥʥʳʝ ʫʯʝʥʳʝ ʦʩʪʘʚʘʣʠʩʴ ʚʝʨʥʳ ʛʣʘʚʥʦʡ, ʧʦʰʝʜʰʝʡ ʝʱʝ ʦʪ ɸ. ʉʤʠʪʘ ʧʘʨʘʜʠʛʤʝ ʚʩʝʭ ʢʣʘʩʩʠʢʦʚ ʠ ʥʝʦʢʣʘʩʩʠʢʦʚ ʦ 

ʥʝʟʳʙʣʝʤʦʩʪʠ ʧʨʠʥʮʠʧʘ laisse fair ʠ ï ʩʣʝʜʦʚʘʪʝʣʴʥʦ ï ʥʝʜʦʧʫʩʪʠʤʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʵʢʦʥʦʤʠʢʫ. 

ʇʝʨʚʳʡ ʦʧʳʪ ʧʝʨʝʥʝʩʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʥʝʞʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʚ ʩʬʝʨʫ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʤʘʢʨʦ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ ʩʚʷʟʘʥ ʩ ʠʤʝʥʝʤ ɼʞ. ʄ. ʂʝʡʥʩʘ, ʢʦʪʦʨʳʡ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʇʠʛʫ, 

ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʢʘʢ ʪʝʦʨʝʪʠʢ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʝʤʙʨʠʜʞʩʢʦʡ ʰʢʦʣʳ ʄʘʨʰʘʣʣʘ, ʠ ʘʙʩʦʣʶʪʥʦ ʨʘʟʜʝʣʷʣ ʮʝʥʪʨʘʣʴ-

ʥʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ ʩʚʦʠʭ ʫʯʠʪʝʣʝʡ ʦ ʩʩʫʜʥʦʤ ʧʨʦʮʝʥʪʝ, ʢʘʢ ʬʘʢʪʦʨʝ, ʦʢʘʟʳʚʘʶʱʝʤ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʦʙʨʘʪʥʦʝ 
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ʚʣʠʷʥʠʝ ʥʘ ʦʙʱʝʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ. ʆʜʥʘʢʦ ʟʘʩʣʫʛʘ ʂʝʡʥʩʘ ʚ ʪʦʤ, ʯʪʦ ʦʥ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʩʚʦʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʥʘʢʦʥʝʮ ʚʳʰʝʣ ʟʘ ʨʘʤʢʠ ʯʠʩʪʦʡ ʪʝʦʨʠʠ ʠ ʩʦʟʜʘʣ ʧʝʨʚʫʶ ʚ ʠʩʪʦʨʠʠ ʢʦʤʧʣʝʢʩʥʫʶ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ɼʘʥʥʦʝ ʩʦʙʳʪʠʝ ʙʳʣʦ ʩʣʝʜʩʪʚʠʝʤ ʦʙʲʝʢʪʠʚʥʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʬʠʘʩʢʦ ʠʜʝʠ ʧʦʣʥʦʛʦ laisse fair, 

ʢʦʪʦʨʦʝ ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ ʤʠʨʦʚʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʟʠʩʦʤ 1920-ʭ ï 30-ʭ ʛʛ. ʇʦʩʣʝ ʥʝʛʦ ʢ ʧʨʘʚʠʪʝʣʴʩʪʚʘʤ ʚʩʝʭ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʧʨʠʰʣʦ ʦʩʦʟʥʘʥʠʝ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʨʦʣʴʶ çʥʦʯʥʦʛʦ ʩʪʦʨʦʞʘè, ʘ ʢʘʢ 

ʤʦʞʥʦ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠ ʬʠʥʘʥʩʦʚʳʝ ʨʳʯʘʛʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʘʮʠʦʥʘʣʴʥʫʶ ʵʢʦ-

ʥʦʤʠʢʫ. ʀʤʝʥʥʦ ʵʪʫ ʪʦʯʢʫ ʟʨʝʥʠʷ ʠ ʦʪʩʪʘʠʚʘʣ ʚ ʩʚʦʝʤ ʥʘʫʯʥʦʤ ʪʚʦʨʯʝʩʪʚʝ ʂʝʡʥʩ [4]. ʀ ʚʧʦʣʥʝ ʣʦʛʠʯʥʦ, ʯʪʦ ʝʛʦ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʚ 1930-ʝ ï 40-ʝ ʛʛ. ʘʢʪʠʚʥʦ ʙʨʘʣʠʩʴ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʚʣʘʩʪʷʤʠ ʉʐɸ ʠ ʜʨʫʛʠʭ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʂʝʡʥʩ ʧʦ ʩʫʪʠ ʨʝʘʥʠʤʠʨʦʚʘʣ ʚ 20 ʚ. ʠʜʝʠ ʤʝʨʢʘʥʪʠʣʠʩʪʦʚ, ʧʨʠʯʝʤ ʩʘʤ ʦʥ ʚ ʧʨʠʥʮʠʧʝ 

ʵʪʦʛʦ ʥʠʢʦʛʜʘ ʥʝ ʦʪʨʠʮʘʣ. ʆʩʦʙʝʥʥʦ ʘʢʪʠʚʥʦ ʂʝʡʥʩ ʦʪʩʪʘʠʚʘʣ ʤʝʨʢʘʥʪʠʣʠʩʪʩʢʫʶ ʠʜʝʶ ʠʥʬʣʷʮʠʦʥʥʦʛʦ ʩʪʠʤʫ-

ʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ. ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʙʦʨʴʙʳ ʩ ʢʨʠʟʠʩʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʦʥ ʩʯʠʪʘʣ ʨʘʩʰʠʨʝʥʥʫʶ 

ʵʤʠʩʩʠʶ ʜʝʥʝʛ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʧʨʝʜʣʦʞʝʥʠʝ ʚ ʵʢʦʥʦʤʠʢʝ, ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʠ ʧʦ 

ʢʨʝʜʠʪʘʤ ʜʣʷ ʙʠʟʥʝʩʘ ʠ ï ʩʣʝʜʦʚʘʪʝʣʴʥʦ ï ʜʘʝʪ ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʢ ʩʠʩʪʝʤʝ ʟʦ-

ʣʦʪʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʝʥʝʛ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʠʚʘʣʘ ʤʘʩʰʪʘʙʳ ʵʤʠʩʩʠʠ, ʂʝʡʥʩ ʦʪʥʦʩʠʣʩʷ ʢʨʘʡʥʝ ʢʨʠʪʠʯʝʩʢʠ, 

ʥʘʟʳʚʘʷ ʝʝ çʚʘʨʚʘʨʩʢʠʤ ʧʝʨʝʞʠʪʢʦʤè [5, c. 65]. ɿʜʝʩʴ ʂʝʡʥʩ ʧʦʣʥʦʩʪʴʶ ʩʦʣʠʜʘʨʝʥ ʚ ʚʦʟʟʨʝʥʠʷʭ ʩ ʩʘʤʳʤ ʠʟ-

ʚʝʩʪʥʳʤ ʤʝʨʢʘʥʪʠʣʠʩʪʦʤ ʥʦʚʦʛʦ ʚʨʝʤʝʥʠ ɼʞ. ʃʦ, ʧʨʠʯʝʤ ʙʣʠʟʦʩʪʴ ʠʭ ʪʝʦʨʠʡ ʥʘʩʪʦʣʴʢʦ ʩʠʣʴʥʘ, ʯʪʦ, ʢʘʢ ʦʙʨʘʟ-

ʥʦ ʚʳʨʘʟʠʣʩʷ ʠʩʪʦʨʠʢ ʌ. ʎʚʘʡʛ (ʝʛʦ ʮʠʪʠʨʫʝʪ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʩʪ ɸ. ɺ. ɸʥʠʢʠʥ), çéʩʧʠʨʠʪʫʘʣʠʩʪ ʤʦʛ 

ʙʳ ʥʘʡʪʠ ʚ ʂʝʡʥʩʝ ʧʝʨʝʚʦʧʣʦʱʝʥʠʝ ʃʦ ʯʝʨʝʟ ʜʚʘ ʩʪʦʣʝʪʠʷè [5, c. 63]. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚ 1930-ʝ ï 40-ʝ ʛʛ. ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʉʐɸ ʠ ʜʨʫʛʠʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ ʦʯʝʥʴ ʘʢ-

ʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʢʣʘʜʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʂʝʡʥʩʘ, ʦʜʥʘʢʦ ʜʦʚʝʩʪʠ ʜʦ ʢʦʥʮʘ ʩʘʤʫʶ ʛʣʘʚʥʫʶ ʠʟ ʝʛʦ ʨʝʢʦ-

ʤʝʥʜʘʮʠʡ ï ʧʦʣʥʳʡ ʦʪʢʘʟ ʦʪ ʟʦʣʦʪʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʝʥʝʛ ï ʠʤʝʥʥʦ ʥʘ ʪʦʤ ʵʪʘʧʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʦʥʠ ʥʝ 

ʨʝʰʠʣʠʩʴ. ʆʛʨʘʥʠʯʠʣʠʩʴ ʢʦʤʧʨʦʤʠʩʩʦʤ: ʩʠʩʪʝʤʘ ʟʦʣʦʪʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ɹʨʝʪʪʦʥ-ɺʫʜʜʩʢʠʤ ʟʦ-

ʣʦʪʦʜʦʣʣʘʨʦʚʳʤ ʩʪʘʥʜʘʨʪʦʤ 1944 ʛ., ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʪʦʣʴʢʦ ʦʜʥʘ ʜʝʥʝʞʥʘʷ ʝʜʠʥʠʮʘ ʚ ʤʠʨʝ ï ʜʦʣʣʘʨ 

ʉʐɸ ï ʦʪʥʳʥʝ ʠʤʝʣʘ ʞʝʩʪʢʫʶ ʧʨʠʚʷʟʢʫ ʟʦʣʦʪʫ (ʚ ʧʨʦʧʦʨʮʠʠ 35 ʜʦʣʣʘʨʦʚ ʟʘ 1 ʪʨʦʡʩʢʫʶ ʫʥʮʠʶ), ʘ ʚʩʝ ʦʩʪʘʣʴ-

ʥʳʝ ʚʘʣʶʪʳ ʚ ʤʠʨʝ ʜʦʣʞʥʳ ʙʳʣʠ ʥʘ ʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ. 

ʆʜʥʘʢʦ ʧʦ ʧʨʦʰʝʩʪʚʠʠ 30 ʣʝʪ ʵʪʦʪ ʩʪʘʥʜʘʨʪ ʪʦʞʝ ʩʪʘʣ ʩʦʟʜʘʚʘʪʴ ʥʝʫʜʦʙʩʪʚʘ ʜʣʷ ʤʠʨʦʚʦʛʦ ʜʝʥʝʞʥʦʛʦ 

ʦʙʨʘʱʝʥʠʷ, ʠ ʚ 1975 ʛ. ʧʦ ʨʝʰʝʥʠʶ ʗʤʘʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʦʥ ʙʳʣ ʫʧʨʘʟʜʥʝʥ. ɽʤʫ ʥʘ ʩʤʝʥʫ ʧʨʠʰʣʘ ʩʦʚʨʝʤʝʥ-

ʥʘʷ ʚʘʣʶʪʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʣʥʦʩʪʴʶ ʦʪʢʘʟʘʚʰʘʷʩʷ ʦʪ ʢʘʢʠʭ-ʣʠʙʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʥʥʦʩʪʠ ʜʝʥʝʛ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚ ʤʘʩʰʪʘʙʘʭ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʵʢʦʥʦʤʠʢ, ʪʘʢ ʠ ʦʙʱʝʤʠʨʦʚʦʤ, ʩʪʘʣʘ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ 1950-ʝ ï 60-ʝ ʛʛ. ʧʨʝʜʩʪʘʚʠʪʝ-

ʣʷʤʠ ʯʠʢʘʛʩʢʦʡ ʰʢʦʣʳ ʤʦʥʝʪʘʨʠʟʤʘ ʚʦ ʛʣʘʚʝ ʩ ʄ. ʌʨʠʜʤʘʥʦʤ. ʀʭ ʪʝʦʨʠʶ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠ-

ʤʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ: 

1) ʟʘ ʦʩʥʦʚʫ ʩʚʦʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʯʠʢʘʛʩʢʠʝ ʤʦʥʝʪʘʨʠʩʪʳ, ʧʦʜʦʙʥʦ ʂʝʥʩʫ, ʚʟʷʣʠ ʦʩʥʦʚʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʜʝʥʝʛ, ʦʜʥʘʢʦ ʚ ʚʘʨʠʘʥʪʝ ʥʝ ʢʝʤʙʨʠʜʞʮʝʚ, ʘ ʩʚʦʝʛʦ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʘ ʀ. 

ʌʠʰʝʨʘ, ʪ.ʝ. ʦʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʦʥʠ ʩʜʝʣʘʣʠ ʥʝ ʥʘ ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʝ, ʘ ʥʘ ʙʦʣʝʝ ʦʙʱʠʭ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠʥʜʠʢʘʪʦʨʘʭ (ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ ʜʝʥʝʛ); 

2) ʠʜʝʠ ʌʨʠʜʤʘʥʘ ʠ ʝʛʦ ʢʦʣʣʝʛ ʠʤʝʣʠ ʢʫʜʘ ʙʦʣʝʝ ʩʦʣʠʜʥʦʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʯʝʤ ʫ ʠʭ ʧʨʝʜʰʝ-

ʩʪʚʝʥʥʠʢʦʚ. ɸ ʠʤʝʥʥʦ, ʩʦʟʜʘʥʠʶ ʠʭ ʢʦʥʮʝʧʮʠʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʚʝʩʴʤʘ ʛʣʫʙʦʢʠʡ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦ-

ʩʚʷʟʠ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʥʝʞʥʦʡ ʤʘʩʩʳ ʠ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʟʣʦʞʝʥʥʳʡ ʚ ʪʨʫʜʝ  

ʄ. ʌʨʠʜʤʘʥʘ ʠ ɸ. ʐʚʘʨʮ çʄʦʥʝʪʘʨʥʘʷ ʠʩʪʦʨʠʷ ʉʦʝʜʠʥʝʥʥʳʭ ʰʪʘʪʦʚ 1867ï1960 ʛʛ.è. ʕʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʦ-

ʙʨʘʥʥʳʝ ʥʘ 100-ʣʝʪʥʝʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ, ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʘʚʦʪʫ ʧʦʣʦʞʝʥʠʡ, ʚʳʩʢʘʟʘʥʥʳʭ ʨʘʥʝʝ ʥʝʦʢʣʘʩʩʠʢʘʤʠ [6]. 

3) ʄʦʥʝʪʘʨʠʩʪʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʌʨʠʜʤʘʥʘ ʠ ʝʛʦ ʫʯʝʥʠʢʦʚ ʦʪʦʰʣʘ ʦʪ ʧʨʠʤʠʪʠʚʥʦʛʦ ʠʥʬʣʷʮʠʦʥʠʟʤʘ, ʭʘʨʘʢʪʝʨ-

ʥʦʛʦ ʜʣʷ ʤʝʨʢʘʥʪʠʣʠʩʪʦʚ ʠ ʢʝʡʥʩʠʘʥʮʝʚ, ʧʨʠʟʥʘʚ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʛʠʙʢʦʡ ʢʨʝʜʠʪʥʦ-ʜʝʥʝʞʥʦʡ ʧʦʣʠʪʠʢʠ, ʥʘʧʨʘʚ-

ʣʝʥʥʦʡ ʥʘ ʪʦ, ʯʪʦʙʳ ʥʝ ʧʨʦʩʪʦ çʧʦʜʛʦʥʷʪʴè ʵʢʦʥʦʤʠʢʫ ʘʛʨʝʩʩʠʚʥʳʤ ʨʦʩʪʦʤ ʜʝʥʝʞʥʦ ʤʘʩʩʳ, ʘ ʚʘʨʴʠʨʦʚʘʪʴ ʝʝ ʠʥʜʠʢʘʪʦ-

ʨʳ ʩʦʦʙʨʘʟʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʲʶʥʢʪʫʨʳ. ʇʝʨʝʯʝʥʴ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʜʘʥʥʘʷ ʧʦʣʠʪʠʢʘ, ʙʳʣ ʠʟʣʦʞʝʥ ʌʨʠʜʤʘʥʦʤ ʚ ʪʨʫʜʝ çʇʨʦʛʨʘʤʤʘ ʜʝʥʝʞʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠè (1960) ʠ ʩ ʪʝʭ 

ʧʦʨ ʦʩʪʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʦʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʢʦʤʧʦʥʝʥʪʳ: 1) ʫʩʪʘʥʦʚʣʝʥʠʝ ʮʝʥʪʨʘʣʴʥʳʤʠ ʙʘʥʢʘʤʠ ʜʣʷ ʢʦʤʤʝʨ-

ʯʝʩʢʠʭ ʥʦʨʤ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʦ ʜʝʧʦʟʠʪʘʤ; 2) ʨʝʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʮʝʥʪʨʘʣʴʥʳʤʠ ʙʘʥʢʘʤʠ ʢʨʝʜʠʪʦʚ, ʚʳ-

ʜʘʚʘʝʤʳʭ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʙʘʥʢʘʤʠ; 3) ʚʘʣʶʪʥʳʝ ʠʥʪʝʨʚʝʥʮʠʠ; 4) ʦʧʝʨʘʮʠʠ ʥʘ ʦʪʨʳʪʦʤ ʨʳʥʢʝ ʮʝʥʥʳʭ ʙʫʤʘʛ. ʇʨʠ ʵʪʦʤ 

ʌʨʠʜʤʘʥ, ʭʦʪʷ ʦʪʦʰʝʣ ʦʪ ʧʦʟʠʮʠʡ ʘʛʨʝʩʩʠʚʥʦʛʦ ʠʥʬʣʷʮʠʦʥʠʟʤʘ, ʧʨʠʟʥʘʣ, ʯʪʦ ʨʦʩʪ ʜʝʥʝʞʥʦʡ ʤʘʩʩʳ ʚ ʮʝʣʦʤ ʝʩʪʴ ʧʨʦ-

ʮʝʩʩ ʧʦʩʪʦʷʥʥʳʡ ʠ ʥʝʦʙʨʘʪʠʤʳʡ, ʦʜʥʘʢʦ ʦʥ ʩʯʠʪʘʣ, ʦʧʷʪʴ-ʪʘʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʰʠʨʥʦʛʦ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ 

ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ ʪʝʤʧʳ ʝʛʦ ʝʞʝʛʦʜʥʦʛʦ ʧʨʠʨʦʩʪʘ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 3ï4 % [7]; 

4) ɺʪʦʨʦʡ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʥʮʝʧʮʠʠ ʌʨʠʜʤʘʥʘ ʥʘʨʷʜʫ ʩ ʧʨʦʙʣʝʤʘʤʠ ʜʝʥʝʞʥʦʛʦ ʦʙʨʘʱʝʥʠʷ 

ʩʘʤʦʛʦ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʣʠʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʩʬʝʨ ʵʢʦʥʦʤʠʢʠ. ʀ ʟʜʝʩʴ ʪʝʦ-

ʨʠʷ ʌʨʠʜʤʘʥʘ ʩʪʘʣʘ ʩʚʦʝʦʙʨʘʟʥʳʤ ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ ʩʫʱʝʩʪʚʦʚʘʚʰʠʤʠ ʨʘʥʝʝ ʪʦʯʢʘʤʠ ʟʨʝʥʠʷ ʥʘ ʨʦʣʴ ʛʦʩ-

ʫʜʘʨʩʪʚʘ ʚ ʵʢʦʥʦʤʠʢʝ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʥʝʪʘʨʠʟʤ ʚʳʩʪʫʧʘʝʪ ʧʨʦʪʠʚ ʢʝʡʥʩʠʘʥʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʣʥʦʤʘʩ-

ʰʪʘʙʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʵʢʦʥʦʤʠʢʫ (ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʘʤʫ ʜʘʥʥʫʶ ʪʝʦʨʠʶ ʝʱʝ ʯʘʩʪʦ ʥʘʟʳ-

ʚʘʶʪ ʥʝʦʣʠʙʝʨʘʣʴʥʦʡ), ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʦ ʚ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦ çʥʦʯʥʳʤ ʩʪʦ-

ʨʦʞʝʤè ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʫ ʢʣʘʩʩʠʢʦʚ-ʩʤʠʪʠʘʥʮʝʚ, ʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʫʨʦʚʝʥʴ ʮʝʥ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʯʝʨʝʟ ʚʘʨʴʠʨʦʚʘʥʠʝ ʜʝʥʝʞʥʦʡ ʤʘʩʩʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʰʝʨʦʚʩʢʦʡ ʤʦʜʝʣʴʶ [8]. 
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ʅʘʯʠʥʘʷ ʩ 1970-ʭ ʛʛ. ʪʝʦʨʠʷ ʌʨʠʜʤʘʥʘ ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʜʝʥʝʞʥʦ-ʢʨʝʜʠʪʥʦʡ ʧʦʣʠʪʠʢʠ ʚʝʜʫʱʠʭ ʟʘʧʘʜʥʳʭ 

ʛʦʩʫʜʘʨʩʪʚ. ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʚ 1975 ʛ. ʙʳʣʦ ʧʦʣʥʦʩʪʴʶ ʦʪʤʝʥʝʥʦ ʟʦʣʦʪʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʝʥʝʞʥʳʭ ʝʜʠ-

ʥʠʮ. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʤʠʩʩʠʷ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʦʛʨʘʥʠʯʝʥʘ ʣʠʰʴ ʪʝʤʠ ʦʙʲʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʫʨʦʚʥʶ ʪʦʚʘʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʦʛʜʘ 

ʙʘʥʢʠ ʢʨʝʜʠʪʫʶʪ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ, ʪ.ʝ. ʫʚʝʣʠʯʠʚʘʶʪ ʦʙʲʝʤ ʜʝʥʝʞʥʦʡ ʤʘʩʩʳ ʚ ʦʙʨʘʱʝʥʠʠ ï ʵʪʦ ʜʦʣʞ-

ʥʦ ʚʳʟʳʚʘʪʴ ʣʠʰʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ʚ ʦʩʥʦʚʥʦʡ ʤʦʜʝʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ 

ʜʝʥʝʛ. ʇʦʪʦʤʫ ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʭʦʟʷʡʩʪʚʫʶʱʠʝ ʩʫʙʲʝʢʪʳ ʟʘ ʩʯʝʪ ʧʦʣʫʯʝʥʥʳʭ ʚ ʢʨʝʜʠʪ ʩʨʝʜʩʪʚ ʩʦʟʜʘʶʪ ʦʧʨʝ-

ʜʝʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʧʨʦʜʫʢʪ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʜʝʥʝʞʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʠʜʫʱʠʤʠ ʥʘ 

ʧʦʛʘʰʝʥʠʝ ʢʨʝʜʠʪʦʚ, ʠ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʜʝʥʝʞʥʦʡ ʠ ʪʦʚʘʨʥʦʡ ʤʘʩʩʦʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ʂʘʟʘʣʦʩʴ ʙʳ, ʜʘʥʥʘʷ ʩʭʝʤʘ ʧʨʦʩʪʘ ʠ ʣʦʛʠʯʥʘ, ʥʦ ʧʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʝʝ ʪʝʦʨʝʪʠʢʠ ʚ ʩʚʦʠʭ ʧʦʩʪʨʦʝʥʠʷʭ 

ʦʙʦʰʣʠ ʩʪʦʨʦʥʦʡ ʦʜʠʥ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʦʧʨʦʩ: ʩʣʝʜʫʝʪ ʣʠ ʚ ʢʘʯʝʩʪʚʝ ʪʦʚʘʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʣʶʪʫ ʠ 

ʮʝʥʥʳʝ ʙʫʤʘʛʠ? ʋʯʘʩʪʥʠʢʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʨʝʘʣʠʟʦʚʘʚʰʠʝ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʥʝʪʘʨʠʩʪʩʢʫʶ ʩʠʩʪʝʤʫ, 

ʜʘʣʠ ʥʘ ʥʝʛʦ ʦʪʚʝʪ, ʠ ʚ ʢʦʥʮʝ 20 ï ʥʘʯʘʣʝ 21 ʚʚ. ʚ ʨʘʟʚʠʪʳʭ ʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʳʤ ʩʪʘʣʦ ʢʨʝʜʠʪʦʚʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʡ ʥʝ ʩ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʪʦʚʘʨʘʤʠ, ʘ ʩ ʚʘʣʶʪʦʡ ʠ ʮʝʥʥʳʤʠ 

ʙʫʤʘʛʘʤʠ, ʧʨʠʯʝʤ ʧʦʜ ʟʘʣʦʛ ʠʭ ʩʘʤʠʭ. ʇʦ ʦʙʱʝʤʫ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʜʘʥʥʘʷ ʧʨʘʢʪʠʢʘ ʩʪʘʣʘ ʧʨʠʯʠʥʦʡ ʨʦ-

ʩʪʘ ʜʠʩʙʘʣʘʥʩʘ ʤʝʞʜʫ ʜʝʥʝʞʥʦʡ ʠ ʪʦʚʘʨʥʦʡ ʤʘʩʩʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʭ ʢʨʠʟʠʩʥʳʭ ʷʚʣʝʥʠʡ ʚ ʬʠʥʘʥʩʦʚʦʤ ʩʝʢʪʦʨʝ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ [9, 10]. 

ʇʨʠ ʵʪʦʤ ʧʦʥʷʪʥʦ, ʯʪʦ ʧʦʣʥʳʡ ʦʪʢʘʟ ʦʪ ʚʘʣʶʪʥʳʭ ʠ ʬʦʥʜʦʚʳʭ ʦʧʝʨʘʮʠʡ ʚ ʧʨʘʢʪʠʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʝ-

ʜʠʪʥʦ-ʬʠʥʘʥʩʦʚʳʭ ʠʥʩʪʠʪʫʪʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʛʣʫ-

ʙʦʢʦʛʦ ʥʘʫʯʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʦ ʣʝʞʘʪʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʘʤʠʭ ʮʝʥʥʳʭ ʙʫʤʘʛ ʠ ʚʘʣʶʪʳ ʢʘʢ ʬʝʥʦʤʝʥʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ, ʦʧʷʪʴ-ʪʘʢʠ, ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʦʩʦʙʦʛʦ 

ʚʥʠʤʘʥʠʷ ʘʩʧʝʢʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ ʩ ʥʠʤʠ. 

ɼʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʘʚʪʦʨʦʤ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʩʚʷʪʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʫʙ-

ʣʠʢʘʮʠʠ. 
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ʇʈʆʍʆɾɼɽʅʀʗ ʕʂɿʆʇʃɸʅɽʊʓ ʇʆ ɼʀʉʂʋ ɿɺɽɿɼʓ 
 

 
ʅ.ʇ. ɽʤʝʮ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɺʣʘʜʠʚʦʩʪʦʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʘʤʳʡ ʧʨʦʜʫʢʪʠʚʥʳʡ ʥʘ ʩʝʛʦʜʥʷ ʤʝʪʦʜ ʧʦʠʩʢʘ ʵʢʟʦʧʣʘʥʝʪ ï ʤʝ-

ʪʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʧʣʘʥʝʪʳ ʧʦ ʜʠʩʢʫ ʟʚʝʟʜʳ. ɼʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʜʝʣʷʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤʥʳʝ ʘʩʧʝʢʪʳ ʤʝʪʦʜʘ ʧʨʦʭʦʞʜʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʟʦʧʣʘʥʝʪʘ, ʤʝʪʦʜ ʧʨʦʭʦʞʜʝʥʠʷ, ʪʨʘʥʟʠʪʥʳʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʪʨʘʥʟʠʪʥʦʡ ʬʦʪʦ-

ʤʝʪʨʠʠ, ʟʚʝʟʜʘ, ʧʣʘʥʝʪʘ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʤ ʧʦʠʩʢʘ ʵʢʟʦʧʣʘ-

ʥʝʪ. ʂ ʩʝʨʝʜʠʥʝ ʠʶʣʷ 2014 ʛʦʜʘ ʦʪʢʨʳʪʦ ʫʞʝ 1810 ʵʢʟʦʧʣʘʥʝʪ, ʠʟ ʥʠʭ 1140 ʦʙʥʘʨʫʞʝʥʦ ʤʝʪʦʜʦʤ ʧʨʦʭʦʞʜʝʥʠʷ 

[2]. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʫʜʫʱʠʭ ʥʘʟʝʤʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ ʯʠʩʣʦ ʦʪʢʨʳʪʳʭ ʵʢʟʦʧʣʘʥʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʢ-

ʟʦʧʣʘʥʝʪ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʄʝʪʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʟʚʦ-

ʣʷʝʪ ʠʭ ʧʦʣʫʯʠʪʴ. 

ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʷ "ʪʨʘʥʟʠʪʥʳʡ ʤʝʪʦʜ" ʠ "ʤʝʪʦʜ ʪʨʘʥ-

ʟʠʪʥʦʡ ʬʦʪʦʤʝʪʨʠʠ", ʦʜʥʘʢʦ ʵʪʠ ʧʦʥʷʪʠʷ ʦʪʨʘʞʘʶʪ ʦʜʥʦ ʷʚʣʝʥʠʝ ï ʷʚʣʝʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʣʘʥʝʪʳ ʥʘ ʬʦʥʝ 

ʟʚʝʟʜʳ. ɺ ʯʝʤ ʩʫʪʴ ʤʝʪʦʜʘ ʧʨʦʭʦʞʜʝʥʠʷ? ɽʩʣʠ ʧʣʘʥʝʪʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʣʦʞʝʥʘ ʢ ʟʝʤʥʦʤʫ ʥʘʙʣʶʜʘʪʝʣʶ "ʩ ʨʝʙ-

ʨʘ", ʪʦ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʚʦʟʤʦʞʥʳ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʣʘʥʝʪʳ ʧʦ ʜʠʩʢʫ ʩʚʦʝʡ ʟʚʝʟʜʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʛʫʣʷʨʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʙʣʝʩʢʘ ʟʚʝʟʜʳ. 

ʇʨʦʭʦʞʜʝʥʠʷ ʧʣʘʥʝʪʳ ʧʦ ʜʠʩʢʫ ʟʚʝʟʜʳ ʧʨʠʚʦʜʷʪ ʢ ʜʚʫʤ ʟʘʪʤʝʥʠʷʤ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ (ʨʠʩʫʥʦʢ 1). ʇʝʨ-

ʚʠʯʥʦʝ ʟʘʪʤʝʥʠʝ (ʧʨʦʭʦʞʜʝʥʠʝ ʠʣʠ ʪʨʘʥʟʠʪ) ï ʧʣʘʥʝʪʘ ʧʨʦʭʦʜʠʪ ʧʝʨʝʜ ʟʚʝʟʜʦʡ ʠ ʚʪʦʨʠʯʥʦʝ ï ʧʣʘʥʝʪʘ ʧʨʦʭʦʜʠʪ 

ʧʦʟʘʜʠ ʟʚʝʟʜʳ. ɺʪʦʨʠʯʥʦʝ ʟʘʪʤʝʥʠʝ ʥʘʟʳʚʘʶʪ ʧʦʢʨʳʪʠʝʤ.  

 

 
 

ʈʠʩʫʥʦʢ 1. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʧʦʢʨʳʪʠ ̫

 

ʊʠʧʠʯʥʘʷ ʢʨʠʚʘʷ ʙʣʝʩʢʘ ʜʣʷ ʩʠʩʪʝʤʳ ʟʚʝʟʜʘ-ʧʣʘʥʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 (ʥʘʙʣʶʜʝʥʠʷ ʟʚʝʟʜʳ 

HAT-P-7 ʧʦʣʫʯʝʥʳ ʥʘ ʪʝʣʝʩʢʦʧʝ "Kepler") [3]. 
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ʈʠʩʫʥʦʢ 2. ʂʨʠʚʘʷ ʙʣʝʩʢʘ ʟʚʝʟʜʳ HAT-P-7, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʧʨʦʭʦʞʜʝʥʠʝ ʠ ʧʦʢʨʳʪʠʝ ʧʣʘʥʝʪʳ HAT-P-7b 

 

ʂʨʠʚʘʷ ʙʣʝʩʢʘ ʟʚʝʟʜʳ HAT-P-7 ʠʤʝʝʪ ʜʚʘ ʤʠʥʠʤʫʤʘ ʩ ʨʘʟʥʦʡ ʛʣʫʙʠʥʦʡ. ɻʣʫʙʦʢʠʝ ʤʠʥʠʤʫʤʳ ʚʳʟʚʘʥʳ 

ʧʨʦʭʦʞʜʝʥʠʝʤ ʧʣʘʥʝʪʳ HAT-P-7b ʥʘ ʬʦʥʝ ʟʚʝʟʜʳ. ʅʝʙʦʣʴʰʦʡ ʤʠʥʠʤʫʤ ï ʧʦʢʨʳʪʠʝʤ ʧʣʘʥʝʪʳ HAT-P-7b ʟʚʝʟ-

ʜʦʡ ï ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʦʣʧʫʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʟʘʪʤʝʥʠʷʤʠ.  

ʂʨʦʤʝ ʛʣʫʙʠʥʳ ʟʘʪʤʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʬʦʨʤʦʡ. ʗʨʢʦʩʪʴ ʟʚʝʟʜʥʦʛʦ ʜʠʩʢʘ ʧʘʜʘʝʪ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ, ʧʦ-

ʵʪʦʤʫ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩʫʥʦʢ 2) ʧʝʨʚʦʝ ʟʘʪʤʝʥʠʝ ʥʘʧʦʤʠʥʘʝʪ ʣʘʪʠʥʩʢʫʶ ʙʫʢʚʫ "U": ʚ ʩʝʨʝʜʠʥʝ ʧʣʘʥʝʪʘ ʧʝʨʝʢʨʳ-

ʚʘʝʪ ʙʦʣʝʝ ʷʨʢʠʝ ʯʘʩʪʠ ʜʠʩʢʘ, ʯʝʤ ʧʦ ʢʨʘʷʤ. ɺʪʦʨʠʯʥʦʝ ʟʘʪʤʝʥʠʝ (ʧʦʢʨʳʪʠʝ) ʧʦʭʦʞʝ ʥʘ ʧʝʨʝʚʝʨʥʫʪʫʶ ʨʫʩʩʢʫʶ 

ʙʫʢʚʫ "ʇ": ʢʦʛʜʘ ʧʣʘʥʝʪʘ ʩʢʨʳʣʘʩʴ ʟʘ ʜʠʩʢʦʤ, ʙʣʝʩʢ ʧʘʜʘʝʪ ʧʦʣʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʥʝʤ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ.  

ʊʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʨʦʭʦʞʜʝʥʠʷ ʫʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʟʦ-

ʧʣʘʥʝʪʳ. ʊʘʢ, ʠʟʤʝʨʷʷ ʛʣʫʙʠʥʫ ʧʝʨʚʠʯʥʦʛʦ ʟʘʪʤʝʥʠʷ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨʳ ʧʣʘʥʝʪʳ (ʨʠʩʫʥʦʢ 3). ʅʘʙʣʶ-

ʜʘʝʤʘʷ ʷʨʢʦʩʪʴ ʟʚʝʟʜʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʩʪʝʧʝʥʴ ʪʘʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ (ʛʣʫʙʠʥʘ ʧʘʜʝʥʠʷ ʙʣʝʩʢʘ) ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʧʣʘʥʝʪʳ. 

 

 
 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʟʘʪʤʝʥʠʷ ʦʪ ʨʘʟʤʝʨʘ ʧʣʘʥʝʪʳ 
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ɺʪʦʨʠʯʥʦʝ ʟʘʪʤʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʘʪʤʦʩʬʝʨʫ ʵʢʟʦʧʣʘʥʝʪʳ [5]. ɺ ʯʝʤ ʩʫʪʴ ʚʪʦʨʠʯʥʦʛʦ ʟʘʪʤʝ-

ʥʠʷ? ʂʦʛʜʘ ʧʣʘʥʝʪʘ ʧʨʦʭʦʜʠʪ ʥʘ ʬʦʥʝ ʜʠʩʢʘ ʩʚʦʝʡ ʟʚʝʟʜʳ, ʪʦ ʢ ʥʘʙʣʶʜʘʪʝʣʶ ʦʙʨʘʱʝʥʘ ʝʸ ʪʝʤʥʘʷ ʩʪʦʨʦʥʘ. ɺ 

ʜʨʫʛʠʝ ʧʝʨʠʦʜʳ ʦʥʘ ʦʪʢʨʳʚʘʝʪ ʯʘʩʪʴ ʩʚʦʝʡ ʦʩʚʝʱʸʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʣʘʥʝʪʘ ʩʢʨʦʝʪʩʷ ʟʘ ʟʚʝʟ-

ʜʦʡ, ʢ ʥʘʙʣʶʜʘʪʝʣʶ ʦʙʨʘʱʝʥʘ ʝʸ ʜʥʝʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩʫʥʦʢ 1): ʧʣʘʥʝʪʘ ʩʠʷʝʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʠʥʬʨʘ-

ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. ʆʜʥʘʢʦ ʵʪʦ ʩʠʷʥʠʝ ʚʥʝʟʘʧʥʦ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʢʦʛʜʘ ʧʣʘʥʝʪʘ ʩʢʨʳʚʘʝʪʩʷ ʟʘ ʟʚʝʟʜʦʡ ï 

ʚʪʦʨʠʯʥʦʝ ʟʘʪʤʝʥʠʝ ʙʣʦʢʠʨʫʝʪ ʦʪʨʘʞʝʥʥʳʡ ʩʚʝʪ ʟʚʝʟʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦ-

ʛʣʦʱʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʣʘʥʝʪʘ ʟʘʡʜʝʪ ʟʘ ʟʚʝʟʜʫ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʪʨʦʝʥʠʠ ʠ ʭʠʤʠʯʝʩʢʦʤ ʩʦ-

ʩʪʘʚʝ ʘʪʤʦʩʬʝʨʳ ʧʣʘʥʝʪʳ.  

ʄʝʪʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʠʤʝʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʘ. ʇʝʨʚʳʡ ï ʧʨʦʭʦʞʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʫ ʪʝʭ 

ʧʣʘʥʝʪ, ʦʨʙʠʪʳ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʷʪ ʧʦ ʜʠʩʢʫ ʟʚʝʟʜʳ. ɺʪʦʨʦʡ ʥʝʜʦʩʪʘʪʦʢ ï ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘ-

ʥʠʡ.  

ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʝʪʦʜʘ ʧʨʦʭʦʞʜʝʥʠʷ ʦʪʥʦʩʷʪ: ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʵʢʟʦʧʣʘʥʝʪʳ ʠʟ ʢʨʠʚʦʡ 

ʙʣʝʩʢʘ; ʠʟʫʯʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʵʢʟʦʧʣʘʥʝʪʳ ʠʟ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʩʠʩʪʝʤʳ "ʟʚʝʟʜʘ + ʧʣʘʥʝʪʘ" ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞ-

ʜʝʥʠʷ ʠ ʚʦ ʚʨʝʤʷ ʧʦʢʨʳʪʠʷ; ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ï ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʠʟʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʧʣʦʪʥʦʩʪʠ ʵʢʟʦʧʣʘʥʝʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʟʦʧʣʘʥʝʪʳ, ʦʪʢʨʳʪʳʝ ʤʝʪʦʜʦʤ ʧʨʦʭʦʞʜʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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INTEGRATION OF INITIAL BOUNDARY VALUE PROBLEMS WITH FREE  

AND MOVING BOUNDARIES  
 

 
A.M. Stolyar, Candidate of Physical and Mathematical Sciences, Associate Professor 

Southern Federal University (Rostov-on-Don), Russia 

 

Abstract. Nowadays the study of initial boundary value problems with variable boundary is relevant both in 

Russia and abroad: they describe the phenomena of melting and solidification, oscillating and diffusion phenomena, 

they are used in financial mathematics etc.  A brief overview of these problems and methods of their solution is given in 

monograph [4]. In this paper, the method of asymptotic integration is used for solving the equations of hyperbolic type, 

when the moving boundary is considered to be a known function of time. In our work, a small parameter characterizes 

the rate of the boundary growth. A comparison of the results of the asymptotic and numerical integration of the problem 

of longitudinal vibrations of the rigid body on a rope of variable length is carried out. 

Keywords: Initial boundary value problem, asymptotic and numerical integration. 

 

1. The Dirichlet problem. Let us carry out an asymptotic integration of hyperbolic equation with boundary 

conditions of the first kind (i.e. solve the Dirichlet problem) in (),0 tlx¢¢  0²t  domain: 

 

 

(1) 

 

 

Here a  is a constant parameter (if the equation (1) describes the longitudinal vibrations of a rod, then  the 

physical meaning of the parameter a  is the wave propagation speed in the rod; the description of the known constants 

and functions below also use this physical model); ),( txf  is a given function. Unknown function ),( txu  must also 

satisfy the following boundary conditions  

 

 

             (2) 

 

 

(3) 

 

Here () 2,1, =itim are the given functions; they describe the rod ends displacements. Formulation of the 

problem is completed by the initial conditions: 

 

 

(4) 

 

Here () ()xx yj , are the known functions; they define respectively the initial elongation of the rod and the 

speed imparted to the rod sectionx .  

Assume  ()tl  be determined by expression 

 

() ()tlltl 10 e+=                                                             (5) 

 

where 
0l is a known constant parameter and  ()tl1  is a known function. We assume that the length ()tl  chang-

es slowly, parametere is small, i.e. 1BBe . 

 Let us carry out an asymptotic integration of the problem (1) - (4), the solution will be constructed in the form 

of a series in powers e: 
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We firstly transform the condition (3): the function ),( tlu  = ()),( 10 ttllu e+  we expand in a Taylor series 

in the neighborhood of 
0lx= . We obtain: 
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Substituting the series (6) into equation (1), the boundary conditions (2), (3 ') and the initial conditions (4), we 

obtain: 
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 We equate coefficients at identical degrees of e in (7) - (10). From (7) we get: 
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From equation (8) we find:  

 

                                       ()ttu 10 ),0( m= , 2,2,1,0),0( == ktuk                

 

From equation (9) we obtain:  
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The last equality takes place for every 0=k .  
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Finally, from (10) we define the initial values of the coefficients of (6) series: 

 

() ()xx
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Thus, the solution of the initial boundary-value problem (1) ï (4) in which the integration upon the spatial vari-

able x was held over the time-dependent interval ()[ ]tl,0   has been reduced to solution of a sequence of initial bounda-

ry value problems at a constant interval[ ]0,0 l . 

2. Variable length cable oscillations. The approach described above was applied to the well known problem 

of rigid body oscillations  on the cable of variable length [1], which is wound on a spool or unwound from it: 

 

Fg
x

u
EF

dt

d

t

u
F ɟɟ

2

2

2

2

2

2

-
µ

µ
=öö
÷

õ
ææ
ç

å
-

µ

µ x
 ,          mg

xx

u
EF

dt

d
m +

=µ

µ
-=

0
2

2x
 

 

)),(()()( ttlutlt +=x ,         0
0

),( =
=x

txu   ,        0
0

),( =
=x

txu  

 

)(ű
0

),( 1 x
t

txu =
=

 ,    )(ű
0

),(
2 x

tt

txu
=

=µ

µ
 

 

00
)( l

t
tl =
=

        )(
),(

1 t
l

tlu

dt

dl
ey=ù

ú

ø
é
ê

è

µ

µ
+  

 

Here ),( txu  is a cable section x  displacement at time moment t ;ɟ, F ,Eare the parameters of density, 

sectional area and a Young's modulus for the cable respectively; g  is acceleration of gravity; m is  mass of a rigid 

body; )(tl  is a length of cable at time moment t  in the undeformed state; )(ɝt is an actual distance between the run-

off point of a cable from the reel and a rigid body. 

 The solution of this problem is built as a series in powers of the small parameter by a method described in the 

preceding paragraph. 

3. Numerical solution. Numerically the problem of oscillations of a cable was investigated using the Runge-

Kutta and finite differences methods, modified for the case of variable boundaries [2ï4]. The figure below shows plots 

of displacement against time at the point of cable exit from the spool. The three curves correspond to the results of cal-

culation by three algorithms: asymptotic integration, Runge-Kutta and finite differences methods. As one can see these 

curves practically coincide. A series of calculations has been carried out. Analysis of the results suggests that at every 

fixed time moment t  with decreasing e numerical and asymptotic results converge. Method of asymptotic integration 

in conjunction with numerical integration can effectively solve a wide class of problems of oscillations of the rope of 

variable length. We can assume that the described method will be effective in the study of other problems with variable 

boundary. 
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ʀʅʊɽɻʈʀʈʆɺɸʅʀɽ ʅɸʏɸʃʔʅʆ-ʂʈɸɽɺʓʍ ɿɸɼɸʏ ʉ ʉɺʆɹʆɼʅʓʄʀ  

ʀ ʇʆɼɺʀɾʅʓʄʀ ɻʈɸʅʀʎɸʄʀ 
 

ɸ.ʄ. ʉʪʦʣʷʨ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʩ ʧʝʨʝʤʝʥʥʦʡ ʛʨʘʥʠʮʝʡ ʷʚʣʷʝʪʩʷ ʘʢ-

ʪʫʘʣʴʥʳʤ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ: ʦʥʠ ʦʧʠʩʳʚʘʶʪ ʷʚʣʝʥʠʷ ʧʣʘʚʣʝʥʠʷ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʠ ʜʠʬʬʫʟʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʬʠʥʘʥʩʦʚʦʡ ʤʘʪʝʤʘʪʠʢʝ ʠ ʪ.ʜ. ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʪʘʢʠʭ ʟʘʜʘʯ ʠ ʤʝʪʦ-

ʜʦʚ ʠʭ ʨʝʰʝʥʠʷ ʧʨʠʚʦʜʠʪʩʷ ʚ ʤʦʥʦʛʨʘʬʠʠ [4]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʢʦʛʜʘ ʧʦʜʚʠʞʥʘʷ ʛʨʘʥʠʮʘ ʩʯʠʪʘʝʪ-

ʩʷ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʳʙʠʨʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʢʦ-

ʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʯʠ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʦ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʛʨʫʟʘ ʥʘ ʢʘʥʘʪʝ ʧʝʨʝʤʝʥʥʦʡ 

ʜʣʠʥʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ. 
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ʂʈɽʄʅɽɿɽʄʆɺ ʅɸ ʅɸʅʆʈɸɿʄɽʈʅʓʍ ʄʆɼɽʃʗʍ 
 

 
ɹ.ʉ. ɺʦʨʦʥʮʦʚ

1
, ɸ.ɺ. ʐʘʨʦʚ

2
 

1 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʦʙʱʝʡ ʬʠʟʠʢʠ, 

2 
ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

ʂʫʨʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʫʨʛʘʥ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʥʳʡ ʤʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ, 

ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʝʟʝʤʦʚ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɼʘʥʥʳʡ ʘʩʧʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʙʨʦ-

ʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʙʦʪʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʚʝʨʭʥʦʩʪʴ ʢʨʝʤʥʝʟʝʤʘ, ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʚʘʥʪʦʚʘʷ ʭʠʤʠʷ, ʤʦʣʝʢʫʣʷʨ-

ʥʳʝ ʤʦʜʝʣʠ, ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʠʪʨʦʚʘʥʠʶ ʩʠʣʠʢʘʛʝʣʝʡ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ) ʥʘ ʦʪʜʝʣʴʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ [1].  

ʇʨʠʤʝʨ ʧʨʦʩʪʝʡʰʝʛʦ ʩʧʦʩʦʙʘ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥ ʚ ʠʥ-

ʩʪʨʫʢʮʠʠ ʢ ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ Hyper Chem, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʛʦ ʜʘʥʦ ʚ ʨʘʙʦʪʝ [2]. ɺ 

ʵʪʦʤ ʧʨʠʤʝʨʝ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʣʥʳʭ ʵʥʝʨʛʠʡ ɽ ʤʦʣʝʢʫʣ OH 2  ʠ ʩʠ-

ʩʪʝʤʳ )H+O(HOH ++

23 . ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʙʘʟʠʩʘ ʚ ʥʝʵʤʧʠʨʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʵʥʝʨʛʠʷ ʧʨʦ-

ʪʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 229,64 ʢʢʘʣ/ʤʦʣ, ʠ ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʠʠ ʢʦʨʨʝʣʷʮʠʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʄʈ-2 234,01 ʢʢʘʣ/ʤʦʣ. 

ɺ ʵʪʦʤ ʞʝ ʧʨʠʤʝʨʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʘʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʟʠʩʘ 6-31G
*
 ʥʝ ʜʘʝʪ ʩʦʛʣʘʩʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʩʨʦʜʩʪʚʘ ʢ ʧʨʦʪʦʥʫ ʜʣʷ ʚʦʜʳ ʨʘʚʥʳʤ 164,5 ʢʢʘʣ/ʤʦʣ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʢʨʘʱʝʥʠʷ, ʦʙ-

ʱʝʧʨʠʥʷʪʳʝ ʚ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ. ʀʭ ʨʘʩʰʠʬʨʦʚʢʫ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʣʶʙʦʤ ʫʯʝʙʥʠʢʝ ʧʦ ʜʘʥʥʦʤʫ ʧʨʝʜʤʝʪʫ, 

ʥʘʧʨʠʤʝʨ [3]. 

ʕʪʘ ʤʝʪʦʜʠʢʘ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [4] ʩ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʵʥʪʘʣʴʧʠʡ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ ʧʷʪʠ-, ʰʝʩʪʠ- ʠ ʩʝʤʠʯʣʝʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʙʦʨʥʳʭ ʵʬʠ-

ʨʦʚ. ɺ ʵʪʦʤ ʤʦʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥ ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ȹH ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʢʦʣʴʮʘ 

ʢʢʘʣ/ʤʦʣ ʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʦʣʴʮʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ȹH ʜʣʷ ʚʩʝʭ ʠʩʩʣʝ-

ʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʞʝ ʤʝʪʦʜʠʢʠ, ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʣʦʥʘʪʘ Be(Mal)2 ʠ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʘ ʙʝʨʠʣʣʠʷ Be(Acac)2 [5]. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʥʘ ʵʣʝʢʪʨʦʥʥʦʝ ʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʩʪʨʦʝʥʠʝ (ʛʝʦʤʝʪʨʠʷ ʤʝʪʘʣʣʦʮʠʢʣʦʚ, ʵʥʝʨʛʠʠ ʠ ʩʦʩʪʘʚ ʄʆ, ʵʬʬʝʢʪʠʚʥʳʝ ʟʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ, ʟʘʩʝʣʝʥ-

ʥʦʩʪʠ ʧʝʨʝʢʨʳʚʘʥʠʷ ɸʆ). ʈʘʩʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʄʆ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘ ʧʨʦʪʦʥʠʨʦ-

ʚʘʥʥʳʭ ʠ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʘʭ ʢʦʤʧʣʝʢʩʦʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʝʮʠʟʠʦʥʥʳʡ ʨʘʩʯʝʪ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʡ ʧʨʦʪʦʥʠʨʦʚʘ-

ʥʠʷ (ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ), ʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʥʝʨʛʠʡ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ, ʧʦʵʪʦʤʫ ʥʘʤʠ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʵʪʘ ʧʨʦʩʪʝʡʰʘʷ, ʥʦ ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ.  

ʇʦʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʨʦ-

ʪʦʥʠʨʦʚʘʥʠʷ (ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ) 

ɿʘ ʧʦʯʪʠ 60-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʢ ʠʟʫʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʝʟʝ-

ʤʦʚ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʦʪʥʠ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1 

                                                           
É ɺʦʨʦʥʮʦʚ ɹ.ʉ., ʐʘʨʦʚ ɸ.ɺ. / Vorontsov B.S., Sharov A.V., 2014 
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ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʝʟʝʤʘ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ 

 

ʕʪʠ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʧʘʢʝʪʘ 

Hyper Chem. ʆʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʛʨʫʧʧʳ ʇɼɼʇ (NDDO).  

ɼʣʷ ʵʪʠʭ ʠ ʜʨʫʛʠʭ, ʧʦʜʦʙʥʳʭ ʠʤ ʤʦʜʝʣʝʡ, ʵʥʝʨʛʠʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ OH ï ʛʨʫʧʧ ʧʦ ʨʘʩʯʝʪʘʤ ʤʝʪʦʜʦʤ PM-3 ʩʦʩʪʘʚʣʷʝʪ 363ï375 ʢʢʘʣ/ʤʦʣ (1517ï1568 ʢɼʞ/ʤʦʣ). ɸʜ-

ʩʦʨʙʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʧʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1ʙ) ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʠʶ ʦʪʨʳʚʘ ʧʨʦʪʦ-

ʥʘ ʦʪ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ. ʊʘʢ, ʜʣʷ ʧʨʠʚʝ-

ʜʝʥʥʦʡ ʥʘ ʨʠʩ.1ʙ) ʤʦʜʝʣʠ, ʛʠʜʨʘʪʘʮʠʷ ʧʨʠʚʝʣʘ ʢ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʠʠ ʦʪʨʳʚʘ ʧʨʦʪʦʥʘ ʥʘ 40 ʢɼʞ/ʤʦʣ, ʘ ʜʣʷ ʤʦʜʝ-

ʣʠ ʥʘ ʨʠʩ.1 ʜ) ʵʪʦ ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 130 ʢɼʞ/ʤʦʣ. 

ɼʘʣʝʝ ʙʳʣʘ ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʥʘ ʵʥʝʨʛʠʶ ʦʪʨʳʚʘ ʧʨʦʪʦʥʘ. 

ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʣʠʩʴ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʥʳʝ ʧʘʨʳ OH ï ʛʨʫʧʧ ʩʚʷʟʳʚʘʣʠʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʦʜʦʨʦʜʥʳʤʠ 

ʩʚʷʟʷʤʠ, ʠ ʜʘʣʝʝ ʧʨʦʚʦʜʠʣʘʩʴ ʦʧʪʠʤʠʟʘʮʠʷ ʤʦʜʝʣʝʡ. ɺ ʠʪʦʛʝ ʚ ʤʦʜʝʣʷʭ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʠʧʘ ʘ), ʙ), ʜ) ʥʘ 

ʨʠʩ.1) ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʵʪʠ ʩʚʷʟʠ ʨʘʟʨʳʚʘʣʠʩʴ ʠ OHïʛʨʫʧʧʳ ʨʘʟʚʦʜʠʣʠʩʴ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ. ɼʣʷ ʤʦʜʝʣʠ ʥʝʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʫʶ ʛʝʦʤʝʪʨʠʶ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ɽʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʛʠʜʨʘʪʘʮʠʠ, ʩʥʠʞʘʝʪ ʵʥʝʨʛʠʶ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ. ʇʦ ʚʝʣʠ-

ʯʠʥʝ 70 ʢɼʞ/ʤʦʣ ʵʪʦʪ ʵʬʬʝʢʪ ʠʤʝʝʪ ʪʦʪ ʞʝ ʧʦʨʷʜʦʢ. 

ʅʝʵʤʧʠʨʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʵʥʝʨʛʠʡ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ) ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʝʟʝʤʘ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʝʟʝʤʘ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʨʝʤʥʠʷ ʩ ʥʫ-

ʤʝʨʘʮʠʝʡ ʘʪʦʤʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩ ʙʘʟʠʩʦʤ G-31G c ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Firefly [6].  

 

 
 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʝʟʝʤʘ ʩ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʢʨʝʤʥʠʷ ʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʝʪʦʜʠʢʦʡ ʨʘʙʦʪʳ 1 (ʚʥʝʩʝʥʠʝ ʧʨʦʪʦʥʘ ʚ ʤʦʜʝʣʴ) ʨʘʩʩʯʠʪʘʥʳ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

ʧʦ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʘʪʦʤʘʤ ʢʠʩʣʦʨʦʜʘ O9 - ʚ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʆʅ-ʛʨʫʧʧʳ ʠ ʤʦʩʪʠʢʦʚʦʤʫ ʘʪʦʤʫ ʆ10. ɼʣʷ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʘʪʦʤʫ O9 ʥʝʦʙʭʦʜʠʤʘ ʵʥʝʨʛʠʷ 882,45 ʂɼʞ/ʤʦʣ, ʘ ʧʦ ʘʪʦʤʫ ʆ10 ï 869 ʂɼʞ/ʤʦʣ. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʞʝʩʪʢʠʭ ʤʦʜʝʣʷʭ, ʪ.ʝ. ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʪʦʣʴʢʦ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʤʝʩʪʘ ʧʨʦʪʦʥʥʦʡ ʘʪʘʢʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣ ʬʨʘʛʤʝʥʪ. 

 

 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʆ9, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʃʝʚʜʠʥʫ (ʦʪ ï0,75 ʜʦ ï0,56) ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʨʷʜ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʅ18 (ʦʪ 0,46 ʜʦ 0,63 ʧʦ 

ʄʘʣʣʠʢʝʥʫ ʠ ʦʪ 0,34 ʜʦ 0,42 ʧʦ ʃʝʚʜʠʥʫ). ɼʣʠʥʘ ʩʚʷʟʠ Si7-O9 ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 1,665 ʜʦ 1,81 ¡, ʘ ʝʝ 

ʟʘʩʝʣʝʥʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 0,725 ʜʦ 0,368. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʦʧʪʠʤʠʟʠʨʦʚʘʣʩʷ ʬʨʘʛʤʝʥʪ 

 

 
 

ɿʜʝʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʘʪʦʤʘ ʆ10 ʫʤʝʥʴʰʘʝʪʩʷ (ʦʪ ï1,2 ʜʦ ï1,97 ʧʦ 

ʄʘʣʣʠʢʝʥʫ ʠ ʦʪ ï0,34 ʜʦ ï0,7 ʧʦ ʃʝʚʜʠʥʫ) ʠ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ ʢʨʝʤʥʠʷ 

Si1 ʠ Si7. ɼʣʠʥʘ ʩʚʷʟʝʡ Si1-O10 ʠ Si7-O10 ʚʦʟʨʘʩʪʘʶʪ ʧʨʠʤʝʨʥʦ ʦʪ 0,14 ¡, ʘ ʠʭ ʟʘʩʝʣʝʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 0,22 (ʚ ʟʘʨʷʜʘʭ ʵʣʝʢʪʨʦʥʘ). 

ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʚ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʦʪʨʳʚʦʤ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʅ17 ʦʪ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʆ8. ʆʧ-

ʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʯʘʩʪʴʶ ʤʦʜʝʣʠ ʙʳʣ ʬʨʘʛʤʝʥʪ.  

 

 
 

ʇʨʠ ʦʪʨʳʚʝ ʧʨʦʪʦʥʘ ʵʥʝʨʛʠʷ ʤʦʜʝʣʠ ʧʦʥʠʟʠʣʘʩʴ ʥʘ 1506 ʂɼʞ/ʤʦʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 
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ʧʦʣʦʚʠʥʘ ʟʘʨʷʜʘ, ʥʘʭʦʜʠʚʰʝʛʦʩʷ ʥʘ ʘʪʦʤʝ ʅ18, ʩʤʝʩʪʠʣʘʩʴ ʥʘ ʩʚʷʟʴ Si7-O9, ʧʨʠ ʵʪʦʤ ʧʦʨʷʜʦʢ ʩʚʷʟʠ ʫʚʝʣʠʯʠʣʩʷ ʩ 

0,78 ʜʦ 1,555, ʘ ʜʣʠʥʘ ʩʚʷʟʠ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 0,107¡. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʨʷʜʦʢ ʩʚʷʟʠ Si7ïO8 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʠʣʩʷ (0,725 ʜʦ ʠ 0,689 ʧʦʩʣʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ). 

 

 
 

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ ʥʝʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʧʫʩʢʘʶʱʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ ʥʝʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʧʦʨʠʩʪʳʭ ʢʨʝʤʥʝʟʝʤʦʚ, ʚ ʢʦ-

ʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ʅʘ ʨʠʩʫʥʢʝ 3 ʵʪʦ ʩʚʷʟʴ ʆ9-ʅ18-ʆ20. ʅʘ ʵʪʦʡ ʤʦʜʝʣʠ ʜʝʧʨʦʪʦ-

ʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟ ʜʚʫʭ ʧʦʟʠʮʠʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʪʨʳʚ ʧʨʦʪʦʥʘ ʅ15 ʦʪ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʆ9, ʫʯʘʩʪʚʫʶ-

ʱʝʛʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʜʣʷ ʤʦʜʝʣʠ 1 ʧʨʦʪʦʥ ʦʪʨʳʚʘʣʩʷ ʦʪ ʘʪʦʤʘ ʢʠʩʣʦ-

ʨʦʜʘ ʚ ʩʦʩʪʘʚʝ ʢʦʥʮʝʚʦʡ Si5ïʆʅ-ʛʨʫʧʧʳ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩʥʠʞʘʝʪ ʵʥʝʨʛʠʶ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʧʨʠʤʝʨʥʦ ʥʘ 188 ʂɼʞ/ʤʦʣʴ. ʇʦ-ʨʘʟʥʦʤʫ ʠʟʤʝʥʷʝʪʩʷ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʵʪʠʭ ʜʚʫʭ 

ʩʣʫʯʘʷʭ. ʇʨʠ ʥʘʣʠʯʠʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʟʘʩʝʣʝʥʥʦʩʪʴ ʩʚʷʟʠ Si-O ʚʦʟʨʘʩʪʘʝʪ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʦʥʘ ʫʤʝʥʴʰʘ-

ʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʤʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯ-

ʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ (ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ), ʦʪʣʠʯʘʶʱʠʭʩʷ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʠʠ.  
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Abstract. The conducted model experiment is based on quantum-chemical calculations and it predicts the ex-

istence of nanoscale zones with different acid-base properties on the surface of silica. This aspect may be one of the 

reasons for significant distribution of experimental data about protolytic properties, published in various works. 
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ʉ.ɺ. ɸʥʘʥʴʝʚ

1
, ɺ.ʀ. ʂʘʣʘʰʥʠʢʦʚ

2
, ʆ.ɺ. ʉʫʟʜʘʣʴʮʝʚ

3
, ʈ.ɸ. ɼʨʷʥʠʥ

4 

1 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

2 
ɿʘʩʣʫʞʝʥʥʳʡ ɼʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 
3, 4 
ʘʩʧʠʨʘʥʪ 

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʇʝʥʟʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʣʠʷʥʠʶ ʪʦʥʢʦʩʪʠ ʧʦʤʦʣʘ ʠ ʢʘʯʝʩʪʚʘ ʢʚʘʨ-

ʮʝʚʦʛʦ ʧʝʩʢʘ ʥʘ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʰʢʦʚʦʛʦ ʙʝʪʦʥʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʢʚʘʨʮʝʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2800ï4000 ʩʤ
2
/ʛ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʙʝʪʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʪʳʝ ʢʚʘʨʮʝʚʳʝ ʧʝʩʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʦʰʢʦʚʳʡ ʙʝʪʦʥ, ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳ, ʢʘʤʝʥʥʘʷ ʤʫʢʘ, ʜʠʩʧʝʨʩʥʦʩʪʴ, ʧʨʦʯ-

ʥʦʩʪʴ.  

 

ʇʨʠ ʥʘʧʦʣʥʝʥʠʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʦʣʦʪʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʘʞʥʳʤ ʷʚ-

ʣʷʝʪʩʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʢʘʤʝʥʥʦʡ ʤʫʢʠ. ɺ ʧʦʨʦʰʢʦʚʳʭ ʙʝʪʦʥʘʭ ʤʦʣʦʪʳʡ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʠʣʠ ʤʠʢʨʦʢʚʘʨʮ ʷʚʣʷ-

ʶʪʩʷ ʨʝʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʦʡ ʜʦʙʘʚʢʦʡ ʚ ʩʤʝʩʠ ʩ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʮʝʤʝʥʪʥʦʡ ʩʫʩʧʝʥʟʠʝʡ. ʅʦ ʦʥʘ ʦʙʣʘʜʘʝʪ 

ʨʝʘʢʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩ ʉʘ(ʆʅ)2 ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʩʨʦʢʘʭ ʪʚʝʨʜʝʥʠʷ.  

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʤʠʢʨʦʢʚʘʨʮ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦ ʚʨʝʤʝʥʝʤ ʙʫʜʝʪ ʠʥʪʝʥʩʠʚʥʝʝ ʨʝʘʣʠ-

ʟʦʚʳʚʘʪʴ ʩʚʦʶ ʨʝʘʢʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ʛʨʫʙʦʤʦʣʦʪʳʡ. ʅʦ ʜʣʷ ʩʘʤʦʫʧʣʦʪʥʷʶʱʠʭʩʷ ʧʦʨʦʰʢʦʚʳʭ ʙʝʪʦʥʦʚ 

(ʇɹ) ʠ ʨʝʘʢʮʠʦʥʥʦ-ʧʦʨʦʰʢʦʚʳʭ ʙʝʪʦʥʦʚ (ʈʇɹ) ʚʘʞʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʦʭʨʘʥʝʥʠʝ ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʚʳʩʦʢʦʤ ʚʦʜʦ-

ʨʝʜʫʮʠʨʫʶʱʝʤ ʵʬʬʝʢʪʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚ ʧʨʦʯʥʦʩʪʴ [1ï3]. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʣʦʪʳʡ ʈʪʠʱʝʚʩʢʠʡ ʧʝʩʦʢ ʩ ʪʨʝʤʷ ʫʜʝʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 1420, 3200 ʠ 7300 ʩʤ
2
/ʛ. ɺʩʝ 

ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʳʣʠ ʦʜʥʠ ʠ ʪʝ ʞʝ ʠ ʚʚʦʜʠʣʠʩʴ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɺ ʪʘʙʣ. 1, 2, 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮ, ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʢʘʟʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ. ʅʦ ʚ 

ʩʦʩʪʘʚʝ ʇɹ-58 (ʪʘʙʣ. 3) ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʣʩʷ ʨʘʩʧʣʳʚ ʩʤʝʩʠ ʠʟ ʢʦʥʫʩʘ ʍʘʛʝʨʤʘʥʥʘ, ʫʤʝʥʴʰʠʣʘʩʴ ʧʣʦʪʥʦʩʪʴ 

ʙʝʪʦʥʘ ʜʦ 2257 ʢʛ/ʤ
3 
ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ (ʜʦ 3,8 %). ɺ ʩʦʩʪʘʚʝ ʩ ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʴʶ ʧʝʩʢʘ Sʫʜ = 1420 ʩʤ
2
/ʛ, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʠʣʘʩʴ ʨʘʩʪʝʢʘʝʤʦʩʪʴ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ ʚʦʜʦʦʪʜʝʣʝʥʠʝ ʩʤʝʩʠ. 

 

ʊʘʙʣʠʮʘ 1 

ʇɹ-56 ɺʣʠʷʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʤʦʣʦʪʦʛʦ ʧʝʩʢʘ ʥʘ ʨʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʤʝʩʠ  

ʠ ʧʦʨʦʰʢʦʚʦʛʦ ʙʝʪʦʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 
ʅʘ 1 ʤ3, 

ʢʛ 

ʆʙʲʝʤ ʥʘ 1 

ʤ3, ʣ 
ɺ/ʎ, ɺ/ʊ 

ɟ, 

ʢʛ/ʤ3 

ʇʨʦʯʥʦʩʪʴ ʄʇʘ, ʯʝʨʝʟ, ʩʫʪ. 

1 7 28 

ʎɼʉ ʎʝʤʝʥʪ ʂʨʘʩʥʦʷʨʩʢʠʡ 

ʇʎ 500 ɼ0, ʩ 0,9 % Melflux 2651F 
810 261,3 

0,29 

2282 

Rʠ 
6,9 

Rʠ 
11,6 

Rʠ 
12,5 

0,11 
Rʩ 

50,1 

Rʩ 
94,4 

Rʩ 
115 

ʇʝʩʦʢ ʈʪʠʱʝʚʩʢʠʡ ʤʦʣʦʪʳʡ (ʇʄ),  

Sʫʜ = 3200 ʩʤ
2/ʛ 

609 230 

ʈʂ 

ʍʘʛʝʨʤʘʥʥʘ 

280 Ĭ 300 

ʤʤ 

ʫʜ

Rʩ
ʎ  = 7,04 ʢʛ/ʄʇʘ; 

ʇʝʩʦʢ ʈʪʠʱʝʚʩʢʠʡ (ʇʊ), 

ʬʨ. 0,16 õ 0,63 ʤʤ 
649 245 

Ɇʄʩʫʭ. 

ɺʦʜʘ 

2068 

235 

736,3 

235 

ʄʙ.ʩ. 2303 971,3 

 

 

                                                           
É ɸʥʘʥʴʝʚ ʉ.ɺ., ʂʘʣʘʰʥʠʢʦʚ ɺ.ʀ., ʉʫʟʜʘʣʴʮʝʚ ʆ.ɺ., ɼʨʷʥʠʥ ʈ.ɸ. / Ananyev S.V., Kalashnikov V.I., Suzdaltsev O.V.,  

Dryanin R.A., 2014 
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ʊʘʙʣʠʮʘ 2 

ʇɹ-57 ɺʣʠʷʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʤʦʣʦʪʦʛʦ ʧʝʩʢʘ ʥʘ ʨʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʤʝʩʠ  

ʠ ʧʦʨʦʰʢʦʚʦʛʦ ʙʝʪʦʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 
ʅʘ 1 ʤ3, 

ʢʛ 

ʆʙʲʝʤ ʥʘ 1 

ʤ3, ʣ 
ɺ/ʎ, ɺ/ʊ 

ɟ, 

ʢʛ/ʤ3 

ʇʨʦʯʥʦʩʪʴ ʄʇʘ, ʯʝʨʝʟ, ʩʫʪ. 

1 7 28 

ʎɼʉ ʎʝʤʝʥʪ ʂʨʘʩʥʦʷʨʩʢʠʡ 

ʇʎ 500 ɼ0, ʩ 0,9 % Melflux 2651F 
812,4 262 

0,29 

2257 

Rʠ 
8,0 

Rʠ 
12,0 

Rʠ 
13,0 

0,11 
Rʩ 

41,6 

Rʩ 
86,8 

Rʩ 
114 

ʇʝʩʦʢ ʉʫʨʩʢʠʡ ʤʦʣʦʪʳʡ (ʇʄ), Sʫʜ = 7300 ʩʤ
2/ʛ 611 230,5 

ʈʂ 

ʍʘʛʝʨʤʘʥʥʘ 

140 Ĭ 148 

ʤʤ 

ʫʜ

Rʩ
ʎ  = 7,12 ʢʛ/ʄʇʘ; 

ʇʝʩʦʢ ʈʪʠʱʝʚʩʢʠʡ (ʇʊ), 

ʬʨ. 0,16 õ 0,63 ʤʤ 
652,3 246 

Ɇʄʩʫʭ. 

ɺʦʜʘ 

2075,7 

235 

738,5 

235 

ʄʙ.ʩ. 2311 973,5 

 

ʊʘʙʣʠʮʘ 3 

ʇɹ-58 ɺʣʠʷʥʠʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʤʦʣʦʪʦʛʦ ʧʝʩʢʘ ʥʘ ʨʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʤʝʩʠ  

ʠ ʧʦʨʦʰʢʦʚʦʛʦ ʙʝʪʦʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ  
ʅʘ 1 ʤ3, 

 ʢʛ 

ʆʙʲʝʤ ʥʘ 1 

ʤ3, ʣ 
ɺ/ʎ, ɺ/ʊ 

ɟ, 

ʢʛ/ʤ3 

ʇʨʦʯʥʦʩʪʴ ʄʇʘ, 

 ʯʝʨʝʟ, ʩʫʪ. 

1 7  28 

ʎɼʉ ʎʝʤʝʥʪ ʂʨʘʩʥʦʷʨʩʢʠʡ 

ʇʎ 500 ɼ0, ʩ 0,9 % Melflux 2651F 
829 267,4 

0,29 

2313 

Rʠ 
7,4 

Rʠ 
9,5 

Rʠ 
12,4 

0,11 
Rʩ 
64 

Rʩ 
94,8 

Rʩ 
116 

ʇʝʩʦʢ ʈʪʠʱʝʚʩʢʠʡ ʤʦʣʦʪʳʡ (ʇʄ),  

Sʫʜ = 1420 ʩʤ
2/ʛ 

622 235 
ʈʂ 

ʍʘʛʝʨʤʘʥʥʘ 

327 Ĭ 349 

ʤʤ 

ʉʢʣʦʥʥʦʩʪʴ ʢ ʨʘʩ-

ʩʣʦʝʥʠʶ ʠ ʦʪʜʝʣʝ-

ʥʠʶ  

ʚʦʜʳ 

ʫʜ

Rʩ
ʎ  = 7,15 ʢʛ/ʄʇʘ; 

ʇʝʩʦʢ ʈʪʠʱʝʚʩʢʠʡ (ʇʊ), 

ʬʨ. 0,16 õ 0,63 ʤʤ 
663 250,2 

Ɇʄʩʫʭ. 

ɺʦʜʘ 

2114 

240 

752,6 

240 

ʄʙ.ʩ. 2354 992,6 

 

ʊʘʙʣʠʮʘ 4 

ʈʇɹ-102 ʉʦʩʪʘʚ, ʨʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʨʝʘʢʮʠʦʥʥʦ-ʧʦʨʦʰʢʦʚʦʛʦ ʙʝʪʦʥʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

 ʢʦʤʧʦʥʝʥʪʦʚ  

ʅʘ 1 ʤ3, 
 ʢʛ 

ʆʙʲʝʤ ʥʘ 1 

ʤ3, ʣ 
ɺ/ʎ, ɺ/ʊ 

ɟ, 

ʢʛ/ʤ3 

ʇʨʦʯʥʦʩʪʴ ʄʇʘ,  

ʯʝʨʝʟ, ʩʫʪ. 

1 7  28 

ʎɼʉ ʎʝʤʝʥʪ ʉʠʙʠʨʩʢʠʡ 

ʄ 500 ɼ0, ʩ 0,9 % Melflux 2651F 
714,3 230,4 

0,29 

2280 

Rʠ 
6,1 

Rʠ 
8,9 

Rʠ 
14,3 

0,1 
Rʩ 
28 

Rʩ 
94,0 

Rʩ 
128 

ʇʝʩʦʢ ʤʳʪʳʡ ʤʦʣʦʪʳʡ ɼʟʝʨʞʠʥʩʢʠʡ   

(ʇʄ), Sʫʜ = 3100 ʩʤ
2/ʛ 

320 120,8 

ʈʂ 

ʍʘʛʝʨʤʘʥʥʘ 

295 Ĭ 300 

ʤʤ 

ʫʜ

Rʩ
ʎ  = 5,58 ʢʛ/ʄʇʘ; 

ʇʝʩʦʢ (ʤʳʪʳʡ) ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ɼʟʝʨʞʠʥʩʢʠʡ (ʇʊ), 

ʬʨ. 0,0 õ 0,63 ʤʤ 
1043 394 

ʄʂ ʅʦʚʦʢʫʟʥʝʮʢʠʡ 9,4 % ʦʪ ʎ 67 29,1 

Ɇʄʩʫʭ. 

ɺʦʜʘ 

2144,3 

214 

774,3 

214 

ʄʙ.ʩ. 2358,3 988,3 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʢʚʘʨʮʝʚʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2800ï4000 

ʩʤ
2
/ʛ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʜʨʫʛʠʭ ʩʦʩʪʘʚʘʭ ʙʝʪʦʥʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʈʇɹ ʦʢʘʟʳʚʘʝʪ ʢʘʯʝʩʪʚʦ ʧʝʩʢʘ ï ʩʦʜʝʨʞʘʥʠʝ SiO2 ʠ ʛʣʠʥʠʩʪʳʭ 

ʧʨʠʤʝʩʝʡ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʛʣʠʥʠʩʪʳʭ ʧʨʠʤʝʩʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ɼʟʝʨ-

ʞʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ SiO2 = 95,2 %. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʵʪʦʛʦ ʧʝʩʢʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʯʠʩʪʦʛʦ ʢʘʦʣʠʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 4,1 %. ʇʝʩʦʢ ʠʤʝʣ ʤʘʪʦʚʳʡ ʦʭʨʠʩʪʳʡ ʮʚʝʪ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʬʨʘʢʮʠʶ ʧʝʩʢʘ 0ï0,63 

ʤʤ. ʄʦʣʦʪʳʡ ʧʝʩʦʢ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʤʦʣʦʤ ʠʩʭʦʜʥʦʛʦ ʧʝʩʢʘ ʜʦ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 2800 ʩʤ
2
/ʛ. ʈʝʟʫʣʴʪʘʪʳ 



ISSN 2308-4804. Science and world . 2014. ˉ 8 (12). 

 

 

36 

 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʦʣʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʪʝʢʫʯʝʩʪʠ. ɹʝʪʦʥʥʘʷ ʩʤʝʩʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʠʥʦʧʦʜʦʙʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ, ʧʨʘʢʪʠʯʝʩʢʠ, ʥʝ ʨʘʩʪʝʢʘʝʪʩʷ ʧʨʠ 30 ʫʜʘʨʘʭ ʥʘ ʚʩʪʨʷʭʠʚʘʶ-

ʱʝʤ ʩʪʦʣʠʢʝ. ʇʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʫʤʝʥʴʰʠʣʘʩʴ ʟʘ ʩʯʝʪ ʩʠʣʴʥʦʛʦ ʚʦʟʜʫʭʦʚʦʚʣʝʯʝʥʠʷ (ʜʦ 6 %), ʧʨʦʯʥʦʩʪʴ ʙʳʣʘ 

ʦʯʝʥʴ ʥʠʟʢʦʡ (75,6 ʄʇʘ). ʉʦʩʪʘʚ ʥʘ ʦʪʤʳʪʦʤ ʪʦʥʢʦʤ ʠ ʤʦʣʦʪʦʤ ʧʝʩʢʝ (ʪʘʙʣ. 4) ʦʙʣʘʜʘʣ ʚʳʩʦʢʦʡ ʪʝʢʫʯʝʩʪʴʶ ʠ 

ʠʤʝʣ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʚ 1,7 ʨʘʟʘ ʚʳʰʝ, ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ ï ʚ 1,36 ʨʘʟʘ. ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʮʝʤʝʥʪʘ 

ʧʦʥʠʟʠʣʩʷ ʚ 1,7 ʨʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʪʦʥʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʯʠʩʪʳʝ ʢʚʘʨʮʝʚʳʝ 

ʧʝʩʢʠ. 
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Abstract. The paper presents the research results of the influence of grinding fineness and quality of quartz 

sand on basic physical and technical properties of the new generation powder concrete. It was established that the 

optimal dispersion of silica filler is in the range of 2800-4000 cm
2
/g. It is shown that it is necessary to use pure quartz 

sand for the production of effective concrete. 
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Abstract. This paper summarises the results obtained in the course of researches the use of gas-powder mixture in 

the TIG welding of stainless steels. The conducted researches had shown that when compared to traditional welding tech-

nique, the use of gas-powder mixture in the welding of stainless steels provides the increase of melting ability to 300 %, im-

prove the quality of welding joints, reduce the complexity of the process  of applying flux, allows to apply the fluxes during the 

welding in any position, economical use of fluxes, welding with the filler wire as well as without it, increase the stability of the 

process, and the possibility of the automation of the welding process with the use of gas-powder mixture (argon + activating 

fluxes). 

Keywords: TIG welding, stainless steels, flux feeder, gas-powder mixture, quality and mechanical properties of the 

welded joints. 
 

A-TIG method with the use of activating and cleaning fluxes is one of the most effective methods of the weld-

ing of stainless steels in inert gases. This method increases the arcôs ability to fuse considerably and provides a high 

quality of the welding joints during a single process without the separation of the welding edges of the patterns with the 

thickness of up to 8 mm /1/. 

In this method, the front sides of the patternôs welding edges are covered by the fluxes before the starting of the 

welding process. The fluxes are applied as a paste by brush, roller, flux graph or marker /1-3/. 

However, there are some imperfections of this method. They include the necessity of making an additional 

cosmetic weld, the high demand for the precise of the fitting of abutting edges, and realization of the welding predomi-

nantly by automatic method in the lower position for providing the stable length of the welding arc. Moreover, the use 

of a brush or roller for applying the flux causes the high labor intensity and irregularity of the thickness and width of the 

flux layer. That causes the reducing of the quality of welding joints, increasing the flux consumption, and impedes the 

automation of the welding process. 

With the use of aerosol cans it can be achieved more uniform flux layer on the welding joints and the reducing of the 

labor intensity during the process of applying the flux /2/. The disadvantages of this method include the technical complexity 

of the process of aerosol cans production, much flux consumption during the process of the flux applying and the impeding 

the automation of the welding process. 

In order to make the use of the special fluxes more effective and economical during the welding in inert gases, the 

authors of this article proposed the method of applying the special fluxes and additives as a gas-powder mixture /4/. The gas-

powder mixture is produced in the feeder by mixing of the inert gas, and flux powder or additive, which were fed directly into 

the zone of the welding arc. 

The feeding of the fluxes as a gas-powder mixture directly into the welding zone was carried out with the use of the 

feeder installed on the welding torch  (fig. 1a), or the feeder of an independent type, installed between the can of inert gas and 

the welding torch (fig. 1b).  
 

 
 

Fig. 1. The scheme of the welding process with the use of the feeder installed on the welding torch (a) and the feeder of 

independent type (b) 

                                                           
É Gafurov B.Kh., Karimov Sh., Uldashev T.A., Mukhitdinov Z.S., Saidov R.M., Song Y.W., Ko Y., Kusch M. / ɻʘʬʫʨʦʚ ɹ.ʍ., 

ʂʘʨʠʤʦʚ ʐ., ʁʫʣʜʘʰʝʚ ʊ.ɸ., ʄʫʭʠʪʜʠʥʦʚ ɿ.ʉ., ʉʘʠʜʦʚ ʈ.ʄ., ʉʦʥʛ ʁ.ɺ., ʂʦ ʁ., ʂʫ hʄ., 2014 
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The figure 2a presents the construction of the feeder that provides the producing of the gas-powder mixture of 

argon and the flux, and the dosed supply of the mixture directly into the welding arc zone (fig. 2b). 

 

 
Fig. 2. The feeder for producing the gas-powder mixture (a) and the welding gun with gas-powder mixture (b). 

 

The specific flux powder consumption fed into the welding zone is in the range of 0.03-0.06 g/cm2 (see the 

fig.3) and depends on the welded metal. The batcher and the gas pressure provide an essential value of the flux con-

sumption. The pressure of the gas depends on the density of the gas. 

 

 
 

Fig. 3. Dependence of a specific flux powder consumption (Q flux) on pressure (Q gas) and inert gas (Argon and Helium) 

 

The quality and mechanical properties of the welded joints of stainless steel, produced with the use of the gas-

powder mixture, were estimated in the laboratory of Technical University in the Chemnitz city (Germany). The samples 

(of the size of 200 x 150 x 3 mm) of the 304L model stainless steel were estimated during the TIG welding process with 

the use of çRomat 310è robot (figure 4). Chemical composition of stainless steel 304L is given in Table 1. The welding 

was conducted under the following conditions: the value of the welding current ï IW = 100 ɸ, the arc voltage ï UA= 9 

V, the welding speed ï VW = 20 sm/min, the argon consumption ï QAr = 5 l/min. The ʅʉ-10ʄ flux, produced in ac-

cordance with the çʊʋ ʋʟ 64-5191715-002-98è technological standard, was used as an activator in the gas-powder 

mixture. 

 

Table 1 

Chemical composition of stainless steel 304L (wt. %) 

 Percent by Weight Maximum Unless Range is Specified 

Element C Mn P Sr Si Cr  Ni Al  

304L 0.08 2.0 0.045 0.03 0.75 18.0ï20.0 8.0ï10.5 0.10 
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The conducted researches had shown that when compared to traditional welding technique (fig. 3a), the use of 

gas-powder mixture in the welding of stainless steels provides the increase of melting ability to 300 % (fig. 3b), im-

prove the quality of welding joints (the Table 2), reduce the complexity of the process  of applying flux, allows to apply the 

fluxes during the welding in any position, economical use of fluxes, welding with the filler wire as well as without it, in-

crease the stability of the process, and the possibility of the automation of the welding process with the use of fluxes. 

The results of the mechanical tests conducted by the welding with the use of the gas-powder mixture had 

shown that their mechanical properties are equal to the mechanical properties of the basic metal in strength (the Table 1) 

and increase the limit values required by the European standards of EN 288-3-1992 (Rm ² 492 N/mm
2
, a ² 120̄ ) for 

welded joints of the  304L steal for devices operating under the high pressure. 

 

 
 

Fig. 7. Macrosection of the welding joints of 304L stainless steel (of 3 mm width) produced by traditional TIG welding (a) and with 

the feeding of the gas-powder mixture into the welding zone (b) 

Table 2 

The results of mechanical tests and x-ray control of welding joints of stainless steel 304L (of the 3 mm width) 

Mechanical properties of the welding joints 
Radiography 

Ultimate strength (Rm), N/mm2 Bend angle a, degrees. Place of destruction  

578 - 603 

594 
180 The basic metal Satisfactory 

 

Note: According to the European standard EN 288-3-1992 mechanical properties of the welding joints of 304L 

stainless steel should meet the requirements of Rm ² 492 N/mm
2
, a ² 120̄  
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Furthermore, the tests on custom and automatic TIG welding of stainless steel with the use of gas-powder mix-

ture were conducted in the laboratory of the Institute of Materials of SPO ñPhysics of Sunò of the Academy of Sciences 

of Uzbekistan and in Good Steel Bank Inc. Company (South Korea). The described results were confirmed during the 

tests. 
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ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʧʝʮʦʜʝʞʜʦʡ, ʥʘʜʝʞʥʦ ʟʘʱʠʱʘʶʱʝʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʕʪʘ ʧʨʦʙʣʝʤʘ ʥʦʩʠʪ ʦʩʪʨʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʖʞʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʩʚʦʡʩʪʚʝʥʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʝ ʩʫʭʦʝ ʠ ʞʘʨʢʦʝ ʣʝʪʦ. 

ɹʦʣʴʰʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʛʨʫʧʧʫ ʨʘʙʦʪʘʶʱʠʭ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʥʘ 

ʶʛʝ ʂʘʟʘʭʩʪʘʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʭʣʦʧʢʦʨʦʙʳ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʦʜʝʞʜʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʞʘʨ-

ʢʦʛʦ ʢʣʠʤʘʪʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʧʨʠ ʰʠʨʦʢʦʤ ʚʘʨʴʠʨʦ-

ʚʘʥʠʠ ʪʝʧʣʘ, ʠ ʚʣʘʛʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʦʜʝʞʜʳ ï ʩ ʜʨʫʛʦʡ, ʚʦʟʥʠʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʨʝʘʢʮʠʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʩʣʦʚʠʡ.  

ʆʩʥʦʚʥʳʝ ʨʘʙʦʪʳ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʭʣʦʧʢʘ ʚʝʜʫʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʜʘʚʘʝʤʘʷ ʭʣʦʧʢʦʨʦʙʘʤ ʩʧʝʮʠʘʣʴʥʘʷ ʦʜʝʞʜʘ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʠʭ ʪʨʫʜʘ ʠ ʚʳʟʳʚʘʝʪ ʩʧʨʘʚʝʜʣʠʚʳʝ 

ʥʘʨʝʢʘʥʠʷ ʩ ʠʭ ʩʪʦʨʦʥʳ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʧʝʮʠʘʣʴʥʦʡ ʦʜʝʞʜʳ ʜʣʷ ʭʣʦʧʢʦʨʦʙʦʚ ʩ ʫʯʝʪʦʤ ʢʣʠ-

ʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʘʥʥʦʡ ʟʦʥʳ ʠ ʩʧʝʮʠʬʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʦʧʢʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ 

ʫʯʝʥʳʤʠ ʠ ʨʘʙʦʪʥʠʢʘʤʠ ʰʚʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʧʝʮʦʜʝʞʜʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʘ ʥʝ ʫʯʠʪʳʚʘʝʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʖʞʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʠ ʩʧʝʮʠʬʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʭʣʦʧʢʦʚʦʜʩʪʚʝ. 

ʇʦʵʪʦʤʫ, ʩʧʝʮʦʜʝʞʜʘ ʜʣʷ ʭʣʦʧʢʦʨʦʙʦʚ ʪʨʝʙʫʝʪ ʥʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʘ ʧʦʣʥʦʡ ʟʘʤʝʥʳ. ɿʘʜʘʯʘ ʚʩʝ-

ʩʪʦʨʦʥʥʝʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʦʜʝʞʜʳ, ʫʯʠʪʳʚʘʶʱʘʷ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ-

ʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʘ ʠ ʘʢʪʫ-

ʘʣʴʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʦʜʘ, ʪ.ʝ. ʩ ʫʯʝʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥ ʛʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʧʝʮʦʜʝʞʜʘ ʜʣʷ ʭʣʦʧʢʦʨʦʙʦʚ, ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʪʨʫʜʘ, ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤʠ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʪ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ 

ʬʘʢʪʦʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʧʝʮʦʜʝʞʜʳ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

- ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʭʣʦʧʢʦʨʦʙʦʚ, ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʧʝʮʦʜʝʞʜʳ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ 
ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʧʝʮʦʜʝʞʜʝ; 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʚʳʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʢʝʪʘ ʤʘʪʝʨʠʘʣʦʚ ʩʧʝʮʦʜʝʞʜʳ. 

ʀʟʤʝʥʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʪʨʫʜʘ, ʞʠʟʥʠ 

ʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʨʘʡʦʥʝ, ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʧʣʦ ʦʱʫ-

ʱʝʥʠʷ ʯʝʣʦʚʝʢʘ ʦʢʘʟʳʚʘʶʪ ʪʘʢʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, 

ʚʣʘʞʥʦʩʪʴ ʠ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʧʝʨʝʛʨʝʚʘʥʠʝ ʯʝʣʦʚʝʢʘ, ʷʚʣʷʶʪʩʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ. 

ʂʨʦʤʝ ʢʦʤʧʣʝʢʩʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʨʫʜʘ, ʭʣʦʧʢʦʨʦʙʘʤ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴ-

ʩʷ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʭʠʤʠʯʝʩʢʠʤʠ, ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʠ ʧʳʣʴʶ. 
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Otarbekova S.Zh., Makhmudova M.A., 2014 
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ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʚ ʩʫʭʦʤ ʞʘʨʢʦʤ ʢʣʠʤʘʪʝ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʨʦʣʠ ʦʜʝʞʜʳ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʦʪ ʢʘʯʝʩʪʚʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʩʦʭʨʘʥʝʥʠʝ ʟʜʦʨʦʚʴʷ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʧʝʮʠʘʣʠʩʪʘ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ ʧʦʢʘʟʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʩʫʱʝ-

ʩʪʚʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʬʦʨʤʳ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʡ ʠʟ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʪʢʘʥʝʡ, ʦʪʣʠ-

ʯʘʶʱʠʭʩʷ ʩʚʦʡʩʪʚʘʤʠ ʦʪ ʘʥʘʣʦʛʦʚ. 

ʅʦʚʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʜʦʣʞʥʳ ʦʧʠʨʘʪʴʩʷ ʥʘ ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʥʘ ʪʝʦʨʠʶ ʫʧʨʫʛʠʭ ʦʙʦʣʦʯʝʢ ʩ ʜʨʫʛʦʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʥʦʚʦʛʦ ʩʤʝʰʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ ʩʧʝʮʠʘʣʴʥʦʡ ʦʜʝʞʜʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʷʜ ʪʘʢʠʭ ʝʝ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʢʘʢ ʩʧʝʮʠʬʠʯʥʳʡ ʧʦʢʨʦʡ ʨʫʢʘʚʘ, ʩʚʦʙʦʜʥʘʷ ʦʙʲʝʤʥʘʷ ʬʦʨʤʘ, ʨʘʮʠʦʥʘʣʴʥʳʡ ʧʘʢʝʪ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʘʠʙʦ-

ʣʝʝ ʦʧʨʘʚʜʘʥʳ ʜʣʷ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʖʞʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʜʝʞʜʳ ʜʣʷ ʞʘʨʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʦʪʜʝʣʝʥʠʷ. ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʘʭ ʯʝʣʦʚʝʢ ʣʝʪʦʤ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ ʧʦʪʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ ʠ ʙʦʣʝʝ ʦʙʠʣʴʥʦ, ʯʝʤ ʟʠʤʦʡ, ʢʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʦʪʜʝʣʝʥʠʷ ʟʘ-

ʚʠʩʠʪ ʦʪ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʠʥʪʝʥ-

ʩʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʤʝʥʴʰʠʪʴ ʧʦʪʦʢ ʨʘʜʠʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦ-

ʨʳʝ ʙʳ ʦʪʨʘʞʘʣʠ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʥʦ ʠʤʝʣʠ ʙʳ ʥʝʦʙʭʦʜʠʤʫʶ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʠ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ. 

ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʫʩʣʦʚʠʡ ʩʫʭʦʛʦ ʞʘʨʢʦʛʦ ʢʣʠʤʘʪʘ, ʷʚʣʷʝʪʩʷ ʦʜʝʞʜʘ ʠʟ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ 

ʪʢʘʥʝʡ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʜʝʞʜʘ ʠʟ ʚʦʟʜʫʭʦʥʝʧʨʦʥʠʮʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʥʠʞʘʷ ʧʦʪʝ-

ʨʠ ʪʝʧʣʘ ʠʩʧʘʨʝʥʠʝʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʧʦ-

ʚʳʰʝʥʠʝʤ ʚʣʘʛʦʧʦʪʝʨʴ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʠ ʢʦʞʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʣʘʛʦʚʳʜʝʣʝʥʠʡ ʯʝʣʦʚʝʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ 

ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʫ ʠʩʧʳʪʫʝʤʳʭ, ʦʜʝʪʳʭ ʚ ʢʦʤ-

ʙʠʥʝʟʦʥʳ ʠʟ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʪʢʘʥʝʡ, ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ ʚʣʘʛʦʧʦʪʝʨʴ ʠ ʤʝʥʴʰʘʷ ʪʝʧʣʦʚʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʦʨʛʘʥʠʟʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʳʪʫʝʤʳʤʠ, ʦʜʝʪʳʤʠ ʚ ʩʧʝʮʦʜʝʞʜʫ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʤʝʶʱʠʭ ʪʝ ʞʝ ʚʝʣʠʯʠʥʳ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʩʚʦʡʩʪʚ, ʧʨʠʩʫʱʠʭ ʤʘʪʝʨʠʘʣʘʤ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ (ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʠ ʢʘʧʠʣʣʷʨʥʦ-

ʩʪʠ, ʥʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʣʘʛʦʦʪʜʘʯʠ).  

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʦʜʝʞʜʳ ʚ ʞʘʨʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶ-

ʱʠʤ ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʢʘʥʝʡ ʦʜʝʞʜʳ, ʷʚʣʷʝʪʩʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʪʢʘʥʝʡ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʩʦʚʝʪʩʢʠʝ ʠ ʟʘʨʫʙʝʞʥʳʝ 

ʫʯʝʥʳʝ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʩʚʝʪʘ, ʪʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʤʝʷ ʜʠʩʧʝʨʩʥʦʝ (ʧʦʨʠ-

ʩʪʦʝ) ʩʪʨʦʝʥʠʝ, ʧʦ ʭʘʨʘʢʪʝʨʫ ʦʪʨʘʞʝʥʠʷ ʣʫʯʝʡ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʟʝʨʢʘʣʴʥʳʤ ʠ ʜʠʬ-

ʬʫʟʠʦʥʥʳʤ ʦʪʨʘʞʝʥʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʝ ʪʢʘʥʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʡ-

ʩʪʚʠʶ ʨʘʜʠʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʢʘʥʷʤʠ ʜʨʫʛʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢ ʢʘʢ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʪʢʘʥʝʡ ʘʪʣʘʩʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʜʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʘ, ʧʦʜʦʙʥʦʝ ʟʝʨ-

ʢʘʣʴʥʦʤʫ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʧʝʮʦʜʝʞʜʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʞʘʨʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʢʝʪʘ ʤʘʪʝʨʠʘʣʦʚ ʩʧʝʮʠʘʣʴʥʦʡ ʦʜʝʞʜʳ ʜʣʷ 

ʞʘʨʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʟʘʜʘʯʝʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʡ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʬʠʟʠʦʣʦʛʘ ï ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʜʝʞʜʳ ʚ ʮʝʣʦʤ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʢʝʪʦʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʨʘʙʦʪʢʫ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ. 
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Abstract. The article shows that safe working conditions of employees in open space are largely determined by 

their provision with high quality clothing, reliably protecting against adverse climatic conditions. The research sug-

gests the design of overalls for cotton growers providing freedom of movement and normal thermal state of a person 

when working in hot climates. 
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ʉʓʈʔɽɺɸʗ ɹɸɿɸ ʖɾʅʆɻʆ ʂɸɿɸʍʉʊɸʅɸ ɼʃʗ ʇʆʃʋʏɽʅʀʗ ɺʓʉʆʂʆʇʈʆʏʅʓʍ 

ʊɽʇʃʆʀɿʆʃʗʎʀʆʅʅʓʍ ʂɽʈɸʄɿʀʊʆɺʓʍ ʆʂɸʊʓʐɽʁ 
 

 
ɹ.ɽ. ɾʘʢʠʧʙʘʝʚ

1
, ɸ.ɹ. ʂʘʣʜʳʙʘʝʚ

2
, ɽ.ʅ. ʂʦʯʝʨʦʚ

3
 

1
 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

2
 ʜʦʢʪʦʨʘʥʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  

3
 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɸʫʵʟʦʚʘ (ʐʳʤʢʝʥʪ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʢʝʨʘʤʟʠʪʦʚʳʭ ʦʢʘʪʳʰʝʡ. ʇʨʠʚʝʜʝʥʳ ʭʠʤʠʯʝʩʢʠʡ ʠ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚʳ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ ɼʘʨʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʛʣʠʥ ʠ ʧʦʣʫʯʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʝʨʘʤʟʠʪ, ʙʝʥʪʦʥʠʪʦʚʳʝ ʛʣʠʥʳ, ʦʪʭʦʜʳ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʳʨʴʝ, ʚʩʧʫʯʠʚʘʥʠʝ. 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʙʣʘʛʦʜʘʨʷ ʨʷʜʫ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʇʨʦʛʨʘʤʤ çʌʦʨʩʠʨʦʚʘʥʥʦʝ ʠʥʜʫʩʪʨʠʘʣʴʥʦ-

ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʈʂè ʠ çʈʘʟʚʠʪʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʈʂè ʥʘ 2010ï2014 ʛʦʜʳ (2015ï2017 ʛʛ.), ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʧʨʦʠʟʦʰʝʣ ʦʱʫʪʠʤʳʡ ʧʦʜʲʸʤ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʄʦʣʦʜʘʷ ʩʪʦʣʠʮʘ ɸʩʪʘʥʘ, ʘ ʪʘʢʞʝ ʨʷʜ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʢ ʧʨʠʤʝʨʫ, ɸʣʤʘʪʳ, 

ʐʳʤʢʝʥʪ, ɸʢʪʦʙʝ ʠ ʜʨʫʛʠʝ ʷʚʣʷʶʪʩʷ ʚʝʜʫʱʠʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1, 2]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʧʦʩʦʙʥʘ ʫʜʦʚʣʝʪʚʦ-

ʨʠʪʴ ʣʠʰʴ ʯʘʩʪʴ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʘʟʘʭʩʪʘʥʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʦʣʶ ʥʘ 

ʨʳʥʢʝ ʟʘʥʠʤʘʝʪ ʠʤʧʦʨʪʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʥʝ ʜʦʧʫʩʢʘʷ ʜʝʬʠʮʠʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ ʚʠʜʘʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ [1, 2]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʥʘʟʨʝʚʘʝʪ ʧʨʷʤʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺ ʈʝʩʧʫʙʣʠʢʝ ʩʦʟʜʘʥ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ 

ʢʣʠʤʘʪ, ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʢʦʪʦʨʦʛʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʩʪʘʨʪ ʧʨʦʛʨʘʤʤʳ çɼʦʩʪʫʧʥʦʝ ʞʠʣʴʸ-2020è. 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʜʦʚ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʩʠʣʠʢʘʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʝʨʘʤʟʠʪʦʚʦʝ ʩʳʨʴʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚ-

ʣʷʝʪʩʷ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. 

ʉʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʝʨʘʤʟʠʪʘ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʙʝʥʪʦʥʠʪʦʚʳʝ ʢʦʣʣʦʠʜʥʳʝ ʛʣʠʥʳ, ʩʦʩʪʦʷʱʠʝ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ Al 2[Si4O10](OH)2ĿnH2O. 

ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ʙʦʛʘʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʙʝʥʪʦʥʠʪʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʣʝʦʛʝʥʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʳʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʨʘʟʙʨʦʩʘʥʳ ʧʦ ʚʩʝʡ ʝʝ ʪʝʨʨʠʪʦʨʠʠ. 

ɼʘʨʙʘʟʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ [3, 4] ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ ʥʘʭʦʜʠʪʩʷ ʚ ʉʘʨʳʘʛʘʰʩʢʦʤ ʨʘʡʦʥʝ, ʚ ʛʝʦʣʦ-

ʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʢʦʪʦʨʦʛʦ ʫʯʘʩʪʚʫʶʪ ʤʝʣʦʚʳʝ, ʪʨʝʪʠʯʥʳʝ ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʘ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪ-

ʥʦʰʝʥʠʠ ʧʦʨʦʜʳ ʧʘʣʝʦʛʝʥʘ ʦʙʨʘʟʫʶʪ ɼʘʨʙʘʟʠʥʩʢʦʝ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴʥʦʝ ʧʦʜʥʷʪʠʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʭ 

ʛʣʠʥ, ʚ ʷʜʨʝ ʢʦʪʦʨʦʛʦ ʦʙʥʘʞʘʶʪʩʷ ʧʦʨʦʜʳ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʣʠʥʳ: 

- ʟʝʣʝʥʳʝ, ʤʦʱʥʦʩʪʴʶ 2,0 ʤ ï 3,0 ʤ; 

- ʪʝʤʥʦ-ʩʝʨʳʝ, ʤʦʱʥʦʩʪʴʶ 20 ʤ ï 30 ʤ; 

- ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ, ʧʷʪʥʠʩʪʳʝ, ʤʦʱʥʦʩʪʴʶ 4,0 ʤ ï 12,0 ʤ. 

ʇʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʛʦʨʠʟʦʥʪʳ ʨʘʟʜʝʣʝʥʳ ʜʦʚʦʣʴʥʦ ʚʳʜʝʨʞʘʥʥʳʤ ʧʨʦʩʣʦʝʤ ʢʦʨʠʯʥʝʚʳʭ ʛʣʠʥ, ʚʪʦʨʦʡ ʠ 

ʪʨʝʪʠʡ ï ʣʠʥʟʦʦʙʨʘʟʥʳʤ ʧʨʦʩʣʦʝʤ ʛʨʘʚʝʣʠʪʘ, ʤʦʱʥʦʩʪʴʶ ʜʦ 3,7 ʤ. 

ɿʘʧʘʩʳ ʛʣʠʥ ɼʘʨʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʩʦʩʪʘʚʣʷʶʪ ɸ + ɺ = ʙʦʣʝʝ 7 ʤʣʥ. ʪʦʥʥ; 

ʉ1 = ʙʦʣʝʝ 19 ʤʣʥ. ʪʦʥʥ. ɺ ʚʦʜʝ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʢʠ. ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʜʘʨʙʘʟʠʥ-

ʩʢʘʷ ʛʣʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʘʨʙʘʟʠʥʩʢʠʭ ʛʣʠʥ, % ʤʘʩʩ 
ʈʘʟʤʝʨ ʬʨʘʢʮʠʠ (ʤʤ) ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ (%) 

ʙʦʣʝʝ 0,25 ʤʤ 0,25ï0,05 ʤʤ 0,05ï0,01 ʤʤ 0,01ï0,005 ʤʤ 0,005ï0,001 ʤʤ ʄʝʥʝʝ 0,001 ʤʤ 

0,21% ï 0,48 % 3,71 % ï 4,00 % 3,92 % ï 6,36 % 7,28 % ï 10,24 % 21,92 % ï 23,72 % 58,72 % ï 59,44 % 

 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʨʘʢʮʠʠ ʢʨʫʧʥʝʝ 0,01 ʤʤ - ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ. ɺ ʚʠʜʝ ʧʨʠʤʝʩʝʡ: ʢʚʘʨʮ, 

ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʛʠʧʩ (1,82 % ï 2,5 %), ʜʦʣʦʤʠʪ (ʜʦ 6,9 %). ʌʨʘʢʮʠʠ ʤʝʥʝʝ 0,001 ʤ ʩʦʩʪʦʷʪ ʠʟ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ 

(63 %), ʛʠʜʨʦʩʣʶʜʳ (29 %), ʢʘʦʣʠʥʠʪʘ (8 %). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʣʠʥ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʣʠʥ ɼʘʨʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɿʥʘʯʝʥʠʷ 
ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ, % ʧʦ ʤʘʩʩʝ 

SiO2 Al 2O3 Fe2O3 TiO2 CaO MgO SO3 Na2O + K2O FeO ʧ.ʧ.ʧ 

ʧʨʝʜʝʣʴʥʳʝ 52,68ï62,45 12,87ï17,63 3,42ï8,9 0,20ï1,40 0,58ï28 1,52 ï 2,76 0,38ï4,4 3,52ï3,87 0,26ï2,66 
6,53ï

11,82 

ʩʨʝʜʥʠʝ 60,3 16,06 5,36 0,8 1,27 2,23 1,27 3,57 1,07 9,63 

 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ ɼʘʨʙʘʟʠʥʩʢʦʛʦ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ. 

 

ʊʘʙʣʠʮʘ 3 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʨʙʘʟʠʥʩʢʠʭ ʛʣʠʥ 
ʉʚʦʡʩʪʚʘ, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ɺʝʣʠʯʠʥʘ 

ʅʘʙʫʭʘʝʤʦʩʪʴ, % 150ï210 

ʇʣʘʩʪʠʯʥʦʩʪʴ: 

- ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

- ʧʨʝʜʝʣ ʧʣʘʩʪʠʯʥʦʩʪʠ 

- ʯʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ 

 

84,70ï102,09 

40,87ï43,52 

44,96ï58,57 

ɾʝʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʙʝʥʪʦʥʠʪʦʚʦʝ ʯʠʩʣʦ) 10,5ï55,5 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʪʝʨʚʘʣ ʚʩʧʫʯʠʚʘʥʠʷ ʛʣʠʥ ʙʦʣʝʝ 100 
0
ʉ, ʩʨʝʜ-

ʥʷʷ ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ 1160 
0
ʉ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,58 ʛ/ʩʤ

3
 ʜʦ 0,37 ʛ/ʩʤ

3
. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200 
0
ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʣʝʛʢʦʝ ʦʧʣʘʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʞʠʛʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ 

ʧʦʣʫʯʝʥ ʢʝʨʘʤʟʠʪʦʚʳʡ ʛʨʘʚʠʡ ʩ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʥʫʣ, ʘ ʚ ʠʟʣʦʤʝ ʤʝʣʢʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ 

ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʟʠʪʘ. 

 

ʊʘʙʣʠʮʘ 4 

ʉʚʦʡʩʪʚʘ ʢʝʨʘʤʟʠʪʘ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙ 
ʈʘʟʤʝʨ ʬʨʘʢʮʠʡ 

ʢʝʨʘʤʟʠʪʘ, ʤʤ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʙʞʠʛʘ, 0ʉ 

ɺʳʜʝʨʞʢʘ 

ʤʠʥʫʪ 

ʇʣʦʪʥʦʩʪʴ ʇʨʦʯʥʦʩʪʴ ʧʨʠ 

ʩʞʘʪʠʠ, ʄʇʘ 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ, % 

ʩʨʝʜʥʷʷ, ʛ/ʩʤ3 ʥʘʩʳʧʥʘʷ, ʢʛ/ʤ3 

20ï10 1160 10 0,65ï0,70 450 2,10 17,3 

20ï10 1160 10 0,50ï0,58 350 1,32 19,3 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʛʣʠʥʳ ɼʘʨʙʘʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʢʝʨʘʤʟʠʪʦʚʦʛʦ ʛʨʘʚʠʷ ʤʘʨʦʢ 450 ʠ 350. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʩʧʫʯʠʚʘʥʠʷ ʜʘʨʙʘʟʠʥʩʢʠʭ ʛʣʠʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,5 ʨʘʟʘ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 4,7. ʆʩ-

ʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʢʨʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʵʥʝʨʛʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴʶ ʩʫʰʢʠ ʛʣʠʥʠʩʪʦʡ ʩʫʩʧʝʥʟʠʠ ʠʣʠ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʝʝ ʥʘ ʬʠʣʴʪʨ-ʧʨʝʩʩʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʤʝʩʪʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʦʨʦʛ ʠ ʪʨʦʪʫʘʨʦʚ, ʜʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʦ-

ʢʣʘʜʳʚʘʝʤʳʭ ʚ ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʛʢʠʭ ʠ ʧʨʦʯʥʳʭ ʙʝʪʦʥʦʚ, ʥʘʨʫʞʥʳʭ ʩʪʝʥʦʚʳʭ ʧʘʥʝʣʝʡ 

ʞʠʣʳʭ ʟʜʘʥʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʜʣʷ ʦʙʫʩʪʨʦʡʩʪʚʘ ʪʝʧʣʳʭ ʧʦʣʦʚ ʠʣʠ ʧʨʦʩʪʦ ʟʘʩʳʧʘʪʴʩʷ ʧʦʜ ʜʝʨʝ-

ʚʷʥʥʳʝ ʧʦʣʳ, ʘ ʫʪʨʘʤʙʦʚʘʥʥʳʡ ʢʝʨʘʤʟʠʪʦʚʳʡ ʧʝʩʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜ ʫʢʣʘʜʢʫ ʧʘʨʢʝʪʘ. 
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Abstract. The article presents the information about the minefields of bentonite clays that are used for the pro-

duction of heat insulating expanded-clay pellets. The chemical and granulometric composition of Darbazin minefield 

bentonite clays, physical and chemical clay properties and the received technological tests are described by the author. 
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ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ʇʆʃʀʄɽʈʅʓʍ ʇʈʆʊʀɺʆʅɸʃʀʇɸʖʑʀʍ  

ʃʀʉʊʆɺ ɼʃʗ ʉʅʀɾɽʅʀʗ ɸɼɻɽɿʀʀ ɻʈʋʅʊʆɺ ʉ ʈɸɹʆʏʀʄʀ  

ʇʆɺɽʈʍʅʆʉʊʗʄʀ ɿɽʄʃɽʈʆʁʅʓʍ ʄɸʐʀʅ 
 

 
ʉ.ɸ. ɿʝʥʴʢʦʚ

1
, ɺ.ɸ. ɽʛʦʨʦʚ

2
, ʇ.ʖ. ɼʨʶʧʠʥ

3 

1 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

2 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

3 
ʩʪʫʜʝʥʪ 

ɹʨʘʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ɹʨʘʪʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʨʠʤʝʥʝʥʠʷ ʪʚʝʨʜʳʭ ʧʦʢʨʳʪʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʥʘʣʠʧʘʥʠʝʤ ʠ ʥʘʤʝʨʟʘʥʠʝʤ ʛʨʫʥʪʘ ʥʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ ʥʠʤ ʫʟʣʳ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʪʠʚʦʥʘʣʠʧʘʶʱʠʭ ʣʠʩʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʤʝʪʦ-

ʜʘ ʩʦʟʜʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʪʘʢʪʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʘʜʛʝʟʠʠ ʛʨʫʥʪʘ ʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʦ-

ʚʝʨʭʥʦʩʪʷʤ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘʰʠʥ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʤʝʨʥʳʝ ʧʨʦʪʠʚʦʥʘʣʠʧʘʶʱʠʝ ʣʠʩʪʳ, ʘʜʛʝʟʠʷ, ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʟʝʤʣʝʨʦʡʥʳʭ ʤʘ-

ʰʠʥ. 

 

ʈʘʟʨʘʙʦʪʢʘ ʚʣʘʞʥʳʭ ʛʨʫʥʪʦʚ ʩʚʷʟʘʥʘ ʩ ʥʘʤʝʨʟʘʥʠʝʤ ʠ ʥʘʣʠʧʘʥʠʝʤ ʛʨʫʥʪʘ ʥʘ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʟʝʤʣʝʨʦʡ-

ʥʳʭ ʤʘʰʠʥ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ [1, 2]. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʘʥʷʪʳʭ 

ʜʦʙʳʯʝʡ ʠ ʧʝʨʝʨʘʙʦʪʢʦʡ ʛʣʠʥʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʙʦʨʴʙʳ ʩ ʥʘʣʠʧʘʥʠʝʤ ʠ ʥʘʤʝʨʟʘʥʠʝʤ ʚʣʘʞʥʳʭ ʛʦʨʥʳʭ ʤʘʩʩ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ 

ʩ ʥʠʤʠ ʫʟʣʳ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʠʭ ʟʘʱʠʪʘ (ʬʫʪʝʨʦʚʢʘ) ʧʦʣʠʤʝʨʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ 

ʛʠʜʨʦʬʦʙʥʳʤʠ, ʘʥʪʠʘʜʛʝʟʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [3]. 

ʄʘʨʢʠ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʪʠʚʦʥʘʣʠʧʘʶʱʠʭ ʣʠʩʪʦʚ (ʇʇʃ): ʇʇʃ-ʕʀ (ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ï 400 ʝʜ.; ʫʜʘʨʦ-

ʧʨʦʯʥʦʩʪʴ ï 9 ʝʜ.; ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ï45é+90 Áʉ; ʧʨʠʤʝʥʝʥʠʝ: ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʛʦʨʥʳʤ 

ʩʳʨʴʝʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ f ʜʦ 5 ʝʜ.; ʇʇʃ-ʋ (ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ï 350 ʝʜ.; ʫʜʘʨʦʧʨʦʯʥʦʩʪʴ ï  9 ʝʜ.; ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ï45é+90 Áʉ; ʧʨʠʤʝʥʝʥʠʝ: ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʛʦʨʥʳʤ ʩʳʨʴʝʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ f ʜʦ 6 

ʝʜ.; ʇʇʃ-ʋʀ (ɺʄ) (ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ï 200 ʝʜ.; ʫʜʘʨʦʧʨʦʯʥʦʩʪʴ ï  25 ʝʜ.; ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘ-

ʪʫʨ  ʘ ï80é+100 Áʉ; ʧʨʠʤʝʥʝʥʠʝ: ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʛʦʨʥʳʤ ʩʳʨʴʝʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ f ʜʦ 8 ʝʜ.  

ʂʨʦʤʝ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʶʪ ʧʦʣʠʤʝʨʥʳʝ ʧʨʦʪʠʚʦʥʘʣʠʧʘʶʱʠʝ ʬʫʪʝʨʦʚʦʯʥʳʝ ʧʣʘʩʪʠʥʳ (ʇʇʌʇ), ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʙʦʨʴʙʳ ʩ ʧʨʠʣʠʧʘʥʠʝʤ (ʧʨʠʤʝʨʟʘʥʠʝʤ) ʛʦʨʥʳʭ ʧʦʨʦʜ ʢ ʨʘʙʦʯʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʥʝ ʩ ʠʟʥʦʩʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʦʚʳʰʝʥʥʦʡ ʘʙʨʘʟʠʚʥʦʩʪʴʶ ʜʦʙʳʚʘʝʤʦʛʦ ʠʣʠ ʧʝʨʝʨʘ-

ʙʘʪʳʚʘʝʤʦʛʦ ʛʦʨʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʇʇʌʇ ʷʚʣʷʶʪ-

ʩʷ ʠʭ ʩʦʚʤʝʩʪʥʳʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʚʦʡʩʪʚʘ - ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. [4] 

ʄʘʪʝʨʠʘʣʳ Polystone Matrox ʷʚʣʷʶʪʩʷ ʧʣʘʩʪʤʘʩʩʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʤʝʨʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ. ʅʦʚʳʡ ʩʦʩʪʘʚ Polystone Matrox ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʦʛʨʫʟʢʠ ï ʨʘʟʛʨʫʟʢʠ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʪʠʧʠʯʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʢʫʯʝʩʪʴʶ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʚ ʢʦʥʪʝʡʥʝʨʘʭ, ʙʫʥʢʝʨʘʭ, ʣʦʪʢʘʭ, ʞʝʣʦʙʘʭ, ʢʫʟʦʚʘʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʪ.ʜ. ʌʠʨʤʘ Rochling ʨʘʟʨʘʙʦʪʘʣʘ ʵʪʦʪ 

ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʬʨʠʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʘʙʨʘʟʠʚʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʅʀʀʆɻʈʦʤ ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʛʨʘʬʠʪʦʧʣʘʩʪ ʫʩʧʝʰʥʦ ʚʥʝʜʨʷʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʄʠʥʪʦʧʵʥʝʨʛʦ ʈʌ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʛʦ ʟʘʚʠʩʘʥʠʝ ʫʛʦʣʴʥʦʛʦ ʦʪʩʝʚʘ ʚ 

ʙʫʥʢʝʨʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʶʪ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜ-

ʥʳʭ ʩʤʦʣ: ʕʇɸʅ, ʕʂʉ, ʂʕʅ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʠʫʨʝʪʘʥ, ʬʪʦʨʦʧʣʘʩʪ ʤʘʨʢʠ ʌ-3ʄ [5]. 

ʀʟ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʪʠʚʦʥʘʣʠʧʘʶʱʠʭ ʣʠʩʪʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʬʫʪʝʨʦʚʦʯʥʳʝ ʣʠʩʪʳ ʇʇʃ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ʅʘ ʩʪʝʥʜʝ ʩʜʚʠʛʦʚʦʛʦ ʪʠʧʘ [6ï8] 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʪʠʚʦʥʘʣʠʧʘʶ-

ʱʠʭ ʧʣʘʩʪʠʥ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʧʨʠʤʝʨʟʘʥʠʷ ʛʨʫʥʪʦʚ ʢ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ: 1 ï ʩʪʘʣʴ 3, 

2 ï ʧʣʘʩʪʠʥʘ ʇʇʃ-ʋʀ (10ʤʤ), 3 ï ʧʣʘʩʪʠʥʘ ʇʇʃ-ʕʀ (6ʤʤ). 

 
ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠʤʝʨʟʘʥʠʷ ʛʨʫʥʪʦʚ ʢ ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʊ, ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ W, ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥ-

ʪʘ D. ʊʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʘ ʚ ʤʦʤʝʥʪ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 5 Áʉ.  ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝ-

ʜʳ ʦʪ ï10 Áʉ ʜʦ 0 Áʉ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘ ʛʨʫʥʪʘ ʫ ʪʨʝʭ ʠʩʧʳʪʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦ (ʨʠʩʫʥʦʢ ʘ, ʙ). ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ï15ʉ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘ ʛʨʫʥʪʘ ʧʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʇʇʃ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ ʤʝʪʘʣʣʠʯʝʩʢʦʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʇʃ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʩʣʝʜʫʶʱʠʭ ʩʚʦʡʩʪʚ: ʥʠʟʢʠʡ ʠʟʥʦʩ, ʭʦʨʦʰʠʝ ʩʚʦʡʩʪʚʘ ʩʢʦʣʴʞʝʥʠʷ, ʚʳʩʦʢʘʷ ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʙʦʣʴʰʦʡ ʠʥ-

ʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï50 Áʉ ʜʦ +90 Áʉ, ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʠʝ 

ʩʚʦʡʩʪʚʘ (ʛʠʜʨʦʬʦʙʥʦʩʪʴ), ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʱʠʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘʣʠʧʘʪʴ ʠʣʠ ʥʘʤʝʨʟʘʪʴ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ. 
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Abstract. The article contains the analysis of hard coatings application as an intermediate layer to deal with 

sticking and freezing of soil on the area of contact operating equipment nodes. The authors presented the results of the 

experiment on the use of polymeric anti-sticking sheets as preventive methods of creating an intermediate layer at the 

contact boundary to reduce soil adhesion to metal surfaces of digging machines working bodies. 
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ʈɸɿʈɸɹʆʊʂɸ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ ʇɽʈɽʈɸɹʆʊʂʀ ʆʊʍʆɼʆɺ  

ʇʈʗɾʀ ʊʈʀʂʆʊɸɾʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 
 

 
ʆ.ʖ. ʂʘʜʥʠʢʦʚʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʝʢʘʥ 

ʈʫʜʥʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʈʫʜʥʳʡ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʜʝʬʠʮʠʪʦʤ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʚʝʨʭʥʝʛʦ ʪʨʠʢʦʪʘʞʘ ʠ ʝʛʦ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ, ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪ ʙʝʟʦʪʣʘʛʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ 

ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʰʚʝʡʥʦ-ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʝʪʘʣʠ ʩ ʜʝʬʝʢʪʘʤʠ, ʥʝʟʘʚʝʨʰʝʥʥʘʷ ʜʝʪʘʣʴ, ʧʨʷʞʘ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʧʣʦʩʢʦʚʷʟʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʩʨʳʚʦʚ. 

 

ɺ ʧʨʦʮʝʩʩʝ ʚʷʟʘʥʠʷ, ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʪʝʣʴʥʦʤ ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʤʘʰʠʥ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʧʦʣʘʜʦʢ ʚ ʠʭ ʨʘʙʦʪʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʩʣʝʜʫʶʱʠʝ ʜʝʬʝʢʪʳ: ʥʘʨʫʰʝʥʠʝ ʨʠʩʫʥʢʘ, ʥʘʙʦʨ ʧʝʪʝʣʴ ʠʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʫʚʝʣʠʯʝʥʥʳʭ ʧʝʪʝʣʴ, ʧʝʨʝʢʦʩ ʧʝʪʝʣʴʥʳʭ ʨʷʜʦʚ, ʧʨʦʚʷʟʳʚʘʥʠʝ ʚ ʞʘʢʢʘʨʜʦʚʳʭ ʧʦʣʦʪʥʘʭ ʧʝʪʝʣʴ ʠʟ 

ʥʝ ʪʦʛʦ ʮʚʝʪʘ, ʩʤʝʱʝʥʠʝ ʨʘʧʧʦʨʪʘ ʨʠʩʫʥʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʧʦʣʦʪʥʘʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʥʝʨʘʟ-

ʛʣʘʞʠʚʘʶʱʠʭʩʷ ʟʘʣʦʤʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʠ ʥʘʩʪʠʣʘʥʠʠ ʧʦʣʦʪʥʘ ʩ ʜʝʬʝʢʪʘʤʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝ-

ʨʝʩʪʠʣʘʪʴ ʩʣʦʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʢʣʘʜʢʦʡ ʣʝʢʘʣ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʝʬʝʢʪʳ ʧʨʠ ʚʷʟʘʥʠʠ ʧʦʧʘʜʘʣʠ ʚ ʤʝʞ-

ʣʝʢʘʣʴʥʳʝ ʦʪʭʦʜʳ [1]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʜʝʪʘʣʠ ʩ ʜʝʬʝʢʪʘʤʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʩʧʫʩʢʘʥʠʶ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʷʞʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʚʪʦʨʥʦ ʜʣʷ ʚʷʟʘʥʠʷ. ʈʘʩʧʫʩʢʘʥʠʝ ʥʘ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʦʩʥʘʱʝʥʥʳʭ ʧʣʦʩʢʦʚʷʟʘʣʴʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ, ʯʪʦ ʟʘʥʠʤʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʫ ʚʷʟʘʣʴʱʠʮʳ, ʪ.ʝ. ʫʚʝ-

ʣʠʯʠʚʘʝʪ ʝʝ ʟʘʛʨʫʞʝʥʥʦʩʪʴ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʝʝ ʥʘʤʘʪʳʚʘʥʠʷ ʧʨʷʞʠ ʥʘ ʧʘʢʦʚʢʫ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʤʦʪʘʪʴ ʧʨʷʞʫ 

ʥʘ ʤʦʪʘʣʴʥʦʡ ʤʘʰʠʥʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʘʢʦʚʢʠ ʩ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʨʝʩʪʦʚʦʡ ʥʘʤʦʪʢʦʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʚ ʧʨʦʮʝʩʩʝ 

ʚʷʟʘʥʠʷ ʥʘ ʚʷʟʘʣʴʥʦʡ ʤʘʰʠʥʝ [2]. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʝʭʘʥʠʟʘʮʠʷ ʨʫʯʥʦʛʦ ʪʨʫʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʰʚʝʡʥʦ-ʪʨʠʢʦʪʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʤʝʝʪʩʷ 

ʨʷʜ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʘʟʤʦʪʢʠ ʥʠʪʢʠ. ʀʟ ʫʩʪʨʦʡʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʩʧʫʩʢʘʥʠʷ ʩʨʳʚʦʚ ʪʨʠʢʦʪʘʞʘ ʩ ʧʣʦʩ-

ʢʦʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥ, ʠʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʩʨʳʚʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɼ. ɸ. ʈʘʜʞʠʝʚʳʤ. ʉʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʥʝʮ ʥʠʪʠ ʧʦʩʣʝʜʥʝʛʦ ʨʷʜʘ ʥʝʟʘʚʝʨʰʝʥʥʦʡ ʜʝʪʘʣʠ ʧʦʜʘʝʪʩʷ ʢ ʠʛʣʘʤ, ʢʘʢ ʦʙʳʯʥʘʷ ʧʨʷʞʘ, ʩʤʘʪʚrʘ-

ʝʤʘʷ ʩ ʙʦʙʠʥʳ. ʅʝʟʘʚʝʨʰʝʥʥʫʶ ʜʝʪʘʣʴ ʪʨʠʢʦʪʘʞʘ ʥʘʜʝʚʘʶʪ ʥʘ ʢʨʶʯʢʠ ʩʚʝʨʭʫ ʄ-ʦʙʨʘʟʥʦʛʦ ʧʨʫʪʢʘ, ʢʦʥʝʮ ʥʠʪʠ ʧʦ-

ʩʣʝʜʥʝʛʦ ʨʷʜʘ ʩʨʳʚʘ ʧʨʦʚʦʜʷʪ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʧʨʫʪʢʘ, ʯʝʨʝʟ ʛʣʘʟʢʠ ʠ ʥʘʪʷʞʠʪʝʣʴ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʢʣʘʜʳʚʘʶʪ 

ʥʘ ʠʛʣʳ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʷʟʘʥʠʝ. 

ʅʘʣʠʯʠʝ ʄ-ʦʙʨʘʟʥʦʛʦ ʧʨʫʪʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʟʚʠʪʦʩʪʠ ʨʘʩʧʫʩʢʘʝʤʦʡ ʥʠʪʠ ʩʦ ʩʨʳʚʘ ʧʫʪʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʜʦ ʛʣʘʟʢʘ. ʂʘʢ ʫʪʚʝʨʞʜʘʝʪ ʘʚʪʦʨ çʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʩʨʳʚʘ ʤʦʞʝʪ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴʩʷ ʥʘ ʧʣʦʩʢʦʚʷʟʘʣʴʥʳʭ ʤʘʰʠʥʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʷʟʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʡ 

ʠ ʦʪʜʝʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚè. 

ʆʜʥʘʢʦ ʥʝʙʦʣʴʰʘʷ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʰʠʨʠʥʘ ʄ-ʦʙʨʘʟʥʦʛʦ ʧʨʫʪʢʘ, ʥʘ ʢʨʶʯʢʠ ʢʦʪʦʨʦʡ ʥʘʜʝʚʘʝʪʩʷ ʩʨʳʚ, ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʨʦʩʧʫʩʢ ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʡ, ʠʤʝʶʱʠʭ ʤʘʣʫʶ ʰʠʨʠʥʫ. ɼʘʞʝ ʚ ʩʣʫʯʘʝ ʥʘʜʝʚʘʥʠʷ ʥʘ ʢʨʶʯʢʠ ʰʠʨʦʢʠʭ ʜʝʪʘʣʝʡ 

ʠʟʜʝʣʠʷ ʯʘʩʪʴ ʠʟʜʝʣʠʷ ʧʦ ʢʨʘʷʤ, ʧʦ ʣʠʥʠʠ ʨʘʩʧʫʩʢʘʝʤʦʩʪʠ ʧʝʪʝʣʴʥʦʛʦ ʨʷʜʘ ʙʫʜʝʪ ʧʨʦʚʠʩʘʪʴ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʫʜʝʪ 

ʩʦʟʜʘʚʘʪʴʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʥʘʪʷʞʝʥʠʝ ʧʨʠ ʨʦʩʧʫʩʢʝ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʧʨʦʮʝʩʩʝ ʚʟ̫ʘʥʠʷ. ʂ ʪʦʤʫ ʞʝ, ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʣʫʯʰʠʭ ʫʩʣʦʚʠʡ ʨʘʟʤʘʪʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʨʷʜʘ 

ʨʘʩʧʫʩʢʘʝʤʦʡ ʜʝʪʘʣʠ ʜʦ ʢʨʶʯʢʦʚ ʠ ʧʦ ʤʝʨʝ ʨʦʩʧʫʩʢʘ ʧʝʨʝʚʝʰʠʚʘʪʴ ʜʝʪʘʣʴ ʥʘ ʢʨʶʯʢʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘ-

ʛʨʫʞʝʥʥʦʩʪʠ ʚʷʟʘʣʴʱʠʮʳ. 

ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʝʛʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʧʨʠ ʨʦʩʧʫʩʢʝ ʜʝʪʘʣʠ ʠʟʜʝʣʠʷ ʠ ʤʝʭʘʥʠʟʘʮʠʶ ʨʫʯʥʦʛʦ ʪʨʫʜʘ. 

ʕʪʘ ʟʘʜʘʯʘ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʦʤʫ ʩʧʦʩʦʙʫ ʧʝʨʝʨʘʙʦʪʢʠ ʩʨʳʚʘ ʪʨʠʢʦʪʘʞʘ, ʢʨʶʯʢʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʢʨʝʧʠʪʴʩʷ ʜʝʪʘʣʴ, ʟʘʤʝʥʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʨʘʟʤʘʪʳʚʘʥʠʷ ʜʝʪʘʣʝʡ ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʡ. ʅʘ ʨʠʩʫʥʢʝ 1, ʧʨʝʜʣʘ-

ʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʟʦʙʨʘʞʝʥʦ ʚ ʠʟʦʤʝʪʨʠʠ, ʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ ʩʚʝʨʭʫ. 
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ʧʣʘʥʢʠ 4, ʟʘʞʠʤʦʚ 5, ʙʦʣʪʦʚ 6, ʄ-ʦʙʨʘʟʥʦʛʦ ʧʨʫʪʢʘ 8, ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ 9, ʨʳʯʘʛʦʚ 10 c ʦʪʚʝʨʩʪʠʷʤʠ 11. 

ʉʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʩʨʳʚʘ ʪʨʠʢʦʪʘʞʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʟʘʚʝʨʰʝʥʥʫʶ ʜʝʪʘʣʴ (ʩʨʳʚ ʪʨʠʢʦʪʘʞʘ) ʟʘʢʨʝʧ-

ʣʷʶʪ ʟʘʞʠʤʘʤʠ 5 ʥʘ ʨʘʤʝ 1, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʚʝʨʩʪʠʡ 11 ʨʳʯʘʛʦʚ 

10. ʈʘʤʘ 1 ʢʨʝʧʠʪʴʩʷ ʢ ʩʪʦʡʢʘʤ 2 ʠ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʪʦʚ 3 ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʥʘʪʞ̫ʝʥʠʷ ʧʨʷʞʠ 

ʧʨʠ ʨʦʩʧʫʩʢʝ ʩʨʳʚʘ ʪʨʠʢʦʪʘʞʘ. ʂ ʨʘʤʝ 1 ʩ ʧʦʤʦʱʴʶ ʙʦʣʪʦʚ 6 ʢʨʝʧʠʪʩʷ ʧʣʘʥʢʘ 4 ʩ ʟʘʞʠʤʘʤʠ 5. ʇʦʩʨʝʜʩʪʚʦʤ ʙʦʣʪʦʚ 6 

ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʥʢʦʡ 4 ʠ ʨʘʤʦʡ 1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʨʘʩʧʫʩʢʘʝʤʦʡ ʜʝʪʘʣʠ. ʂʦʥʝʮ 

ʧʨʷʞʠ 7 ʧʦʩʣʝʜʥʝʛʦ ʨʷʜʘ ʩʨʳʚʘ ʧʨʦʚʦʜʷʪ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʄ ï ʦʙʨʘʟʥʦʛʦ ʧʨʫʪʢʘ 8, ʢʨʝʧʷʱʝʛʦʩʷ ʢ ʧʨʷʤʦʫʛʦʣʴ-

ʥʦʡ ʧʣʘʩʪʠʥʝ 9, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʨʝʧʠʪʩʷ ʢ ʰʧʫʣʷʨʥʠʢʫ ʚʷʟʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʠ ʧʨʷʞʘ ʦʪ ʄ ʦʙʨʘʟʥʦʛʦ ʧʨʫʪʢʘ 

ʧʦʜʘʝʪʩʷ ʚʚʝʨʭ ʯʝʨʝʟ ʥʠʪʝʥʘʧʨʘʚʠʪʝʣʴʥʳʝ ʛʣʘʟʢʠ ʠ ʥʠʪʝʥʘʪʷʞʠʪʝʣʴʥʳʝ ʪʘʨʝʣʦʯʢʠ ʢ ʠʛʣʘʤ ʚʷʟʘʣʥɹʦʡ ʤʘʰʠʥʳ, ʛʜʝ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʷʟʘʥʠʝ ʥʦʚʦʡ ʜʝʪʘʣʠ ʠʟʜʝʣʠʷ. ʄ-ʦʙʨʘʟʥʳʡ ʧʨʫʪʦʢ 8 ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʥʷʪʠʷ ʠʟʚʠʪʦʩʪʠ ʨʘʩʧʫʩʢʘʝʤʦʡ 

ʧʨʷʞʠ ʩʦ ʩʨʳʚʘ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʜʦ ʛʣʘʟʢʘ ʥʠʪʝʧʦʜʘʶʱʝʡ ʩʠʩʪʝʤʳ ʤʘʰʠʥʳ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝ ʠʟʣʦʞʝʥʥʳʤ, ʨʘʟʨʘʙʦʪʢʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʦʪʭʦʜʦʚ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʤʝʝʪ ʢʦʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʜʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʴ-

ʥʳʭ ʠ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʚʳʧʫʩʢʘ ʠʟʜʝʣʠʡ ʰʠʨʦʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. 
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Abstract. For the reasons of the raw materials shortage for the manufacture of knitted outerwear and its high 

cost, the knitting waste processing requires urgent solutions. The article presents the conducted research of devices for 

waste recycling of sewing and knitted manufacture. The authors developed and described the scheme of the device, 

providing possible working conditions. 
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ɾ.ɸ. ʄʫʩʠʥ

1
, ʅ.ʅ. ɹʘʣʛʘʙʘʝʚ

2
 

1 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

2 
ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ 

ʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʊʘʨʘʟ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʫʯʝʪʫ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʩʪʝʥʦʢ ʢʘʥʘʣʘ ʥʘ 

ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʛʦ ʧʦʥʷʪʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʣʶʙʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʝʨʝʥ, ʦʙʨʘʟʫʶʱʠʭ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. ʇʦʵʪʦʤʫ ʟʘʤʝʨʷʷ 

ʚʝʣʠʯʠʥʳ l ï ʨʘʜʠʫʩ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʤ, h ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, 1/ʤ ʠ 1/ʤ
2
, n ï ʩʪʝ-

ʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʬʦʨʤʫ ʠ ʝʛʦ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʣʦʞʘ ʣʶʙʦʛʦ 

ʨʫʩʣʘ ʠ  ʧʨʘʚʠʣʴʥʦ ʚʝʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʦʚ ʠ ʪʦʯʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʚʦʜʫ ʧʦ 

ʪʦʯʢʘʤ ʚʳʜʝʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʐʝʟʠ, ʨʘʜʠʫʩ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʨʫʩʣʦ, ʢʘʥʘʣ, ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 

 

ɺʦʧʨʦʩʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʫʩʝʣ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʈ. ʄʘʥʥʠʥʛʘ, ɻʘʥʛʠʣʴʝ ï ʂʫʪʪʝʨʘ, 

ʅ. ʅ. ʇʘʚʣʦʚʩʢʦʛʦ, ʀ. ʀ. ɸʛʨʦʩʢʠʥʘ, ɺ. ʊ. ʏʦʫ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʫʯʝʥʳʭ. ɺʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧ. 

ɺʳʙʦʨ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʫʩʝʣ ʨʘʚʥʦʩʠʣʝʥ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʞʠʜ-

ʢʦʩʪʠ ʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʟʤʝʨʠʪʴ ʝʛʦ ʥʝʚʦʟʤʦʞʥʦ. ʂʘʢ ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝʯʘʝʪ ɺ. ʊ. ʏʦʫ [4] çʦʧʳʪʥʳʝ ʠʥʞʝʥʝʨʳ 

ʧʨʠʥʠʤʘʶʪ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʦʩʥʦʚʝ ʩʚʦʝʡ ʧʨʘʢʪʠʢʠ, ʘ ʥʘʯʠʥʘʶʱʠʝ ï ʥʘʫʛʘʜ, ʨʝʟʫʣʴʪʘʪʳ, ʢʦʥʝʯʥʦ, ʧʦʣʫʯʘ-

ʝʪʩʷ ʨʘʟʥʳʤʠè. 

ʌʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʐʝʟʠ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ, ʢʦ-

ʪʦʨʳʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʦʙʱʝʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ ʈ. ʄʘʥʥʠʥʛʘ [3], ʅ. ʅ. ʇʘʚʣʦʚʩʢʦʛʦ [2], ʀ. ʀ. ɸʛʨʦʩʢʠʥʘ 

[1] ʠ ʜʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʝʨʦʭʦʚʘʪʦ-

ʩʪʠ ʧ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʦʙʨʘʱʘʷʩʴ ʢ ʪʘʙʣʠʮʝ ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧ ʜʣʷ ʢʘʥʘʣʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʠʣʠ 

ʦʟʥʘʢʦʤʣʝʥʠʝʤ c ʧʨʠʟʥʘʢʘʤʠ ʪʠʧʠʯʥʳʭ ʢʘʥʘʣʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʝʥ. 

ʆʪʩʶʜʘ ʚʠʜʠʤ, ʢʘʢʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠ ʢʘʢʫʶ ʪʨʫʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʝ ʦʮʝʥʢʘ. ʍʦʪʷ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʦʡ, ʬʦʨʤʦʡ ʠ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʨʝʥ, ʝʝ ʦʙʨʘʟʫʶ-

ʱʠʭ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʦʜʥʠʤ ʯʠʩʣʦʤ ï ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʪʨʫʜʥʦʩʪʷʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʫʩʣʘ. ʂʨʦ-

ʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʪʦʣʴʢʦ ʢʘʢ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʯʝʥʠʶ ʥʝʣʴʟʷ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʩ-

ʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʚʩʶ ʢʘʨʪʠʥʫ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚʦʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʮʝʥʠʚʘʪʴ ʰʝʨʦʭʦ-

ʚʘʪʦʩʪʴ ʦʜʥʠʤ ʯʠʩʣʦʤ (ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, ʪ.ʝ. ʦʪʥʦʰʝʥʠ-

ʝʤ ʚʳʩʦʪʳ ʚʳʩʪʫʧʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʢ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʨʘʜʠʫʩʫ k/R [5, 6]) ʩʯʠʪʘʝʤ ʥʝ ʩʦʚʩʝʤ ʧʨʘʚʠʣʴʥʳʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʫʯʝʪʫ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʩʪʝʥʦʢ ʢʘʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʘ-

ʣʠʟʦʚʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʘʤʦʛʦ ʧʦʥʷʪʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʣʶʙʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʣʠ ʣʠʥʠʠ, ʚ 

ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ) ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʝʨʝʥ, ʦʙʨʘʟʫʶʱʠʭ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʝʢʦʪʦʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʠʟʤʝʨʝʥʠʷ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʥʘʰʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʯʘʩʪʠʮʳ (ʟʝʨʥʘ), ʦʙʨʘʟʫʶʱʠʝ ʰʝʨʦ-

ʭʦʚʘʪʦʩʪʴ ʠʤʝʶʪ ʠʜʝʘʣʴʥʦ ʛʣʘʜʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʧʨʘʚʜʘʥʦ ʪʝʤ, ʯʪʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʘʤʦʡ 

ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʥʠʯʪʦʞʥʦ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, ʦʙʨʘʟʫʝʤʦʡ ʩʘ-

ʤʠʤʠ ʵʪʠʤʠ ʯʘʩʪʠʮʘʤʠ.  

ɻʣʘʚʥʦʡ ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ l, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʶʱʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. ʕʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʣʶʙʦʛʦ 

ʪʝʣʘ ʝʩʪʴ ʨʘʜʠʫʩ ʰʘʨʘ, ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ ʦʙʲʝʤʫ ʵʪʦʛʦ ʪʝʣʘ. ʅʘʧʨʠʤʝʨ, ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʰʘʨʘ ʨʘʚʝʥ 

ʨʘʜʠʫʩʫ ʵʪʦʛʦ ʰʘʨʘ, ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʢʫʙʘ ʩ ʜʣʠʥʦʡ ʨʝʙʨʘ a ʨʘʚʝʥ  
3

4

3
aÖ

p

, ʘ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʘ 

ʩ ʨʘʜʠʫʩʦʤ ʦʩʥʦʚʘʥʠʷ r ʠ ʚʳʩʦʪʦʡ h  ʨʘʚʝʥ  3

2

4

3 hr . 

ɺ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʡ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʚʝʜʝʤ ʧʦʥʷʪʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʫʯʠʪʳʚʘʝʪ, ʢʘʢ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭ 
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ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʪʘʢ ʠ ʠʭ ʬʦʨʤʫ. ʇʦʜ ʧʣʦʪʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ h ʧʦʥʠʤʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʯʘ-

ʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʥʘ ʝʜʠʥʠʯʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʩʫʞʜʝ-

ʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʝʜʠʥʠʯʥʦʡ ʧʣʦʱʘʜʠ ʤʦʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ, ʚ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʝʢʘʷ ʠʭ. ʊʦʛʜʘ, ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʢ ʙʝʩʢʦ-

ʥʝʯʥʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʛʣʘʞʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʬʦʨʤ ʯʘʩʪʠʮ ʧʝʨʝʩʪʘʝʪ ʠʛʨʘʪʴ ʨʦʣʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʯʘʩʪʠʮʘʤʠ ʠʜʝʘʣʴʥʦʡ ʰʘʨʦʦʙʨʘʟʥʦʡ 

ʬʦʨʤʳ, ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʨʘʜʠʫʩʘʤʠ l = 0,125. ʅʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʠ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʠ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4 ʠ 8 (ʠʟʦʙʨʘʞʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ).  
 

 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ, ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʤʝʨʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ) ʚʝʣʠʯʠʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɼʣʷ ʫʯʝʪʘ ʬʦʨʤʳ ʯʘʩʪʠʮ ʠ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʚʝʜʝʤ ʝʱʝ ʦʜʥʫ ʤʝʨʫ ʠʟʤʝʨʝʥʠʷ ï ʩʪʝʧʝʥʴ ʰʝ-

ʨʦʭʦʚʘʪʦʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʦʚʝʜʝʤ ʙʝʩʢʦʥʝʯʥʦ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʧʣʦʱʘʜʠ, ʢʦʪʦʨʘʷ ʢʘʩʘʝʪʩʷ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʛʜʘ, ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʦʪʥʦ-

ʰʝʥʠʝ ʦʙʲʝʤʘ ʧʫʩʪʦʪ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʦ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢ ʩʫʤʤʘʨʥʦʤʫ 

ʦʙʲʝʤʫ ʧʫʩʪʦʪ ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ, ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘ-

ʪʦʩʪʠ ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ. ʏʝʤ ʙʣʠʞʝ ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦ-

ʩʪʠ ʢ ʝʜʠʥʠʮʝ, ʪʝʤ ʙʦʣʴʰʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʯʝʤ ʙʣʠʞʝ ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʢ ʥʫʣʶ, ʪʝʤ ʧʦʚʝʨʭʥʦʩʪʴ ʙʣʠʞʝ ʢ ʛʣʘʜʢʦʡ. ʅʦ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʚʝʣʠʯʠʥʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʥʦ ʠ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʘʟʤʝʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʤʘʣʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ) ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʝ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʷʶʱʝʡ ʨʦʣʠ ʜʣʷ 

ʦʙʱʝʡ ʚʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʜʘʞʝ ʧʨʠ ʥʫʣʝʚʦʡ ʩʪʝʧʝʥʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʛʠʜʨʘʚʣʠʢʫ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦʡ. 

ɺʳʜʝʣʠʤ ʦʜʠʥ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʢʦʛʜʘ ʦʥʘ ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʪʨʝʤʷ ʠʟʤʝʨʠʪʝʣʷʤʠ, ʘ ʪʦʣʴʢʦ 

ʜʚʫʤʷ ʠʟ ʥʠʭ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʶʱʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠʤʝʶʪ ʰʘʨʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ, ʪʦʛʜʘ ʰʝʨʦʭʦ-

ʚʘʪʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʠʟʤʝʨʠʪʴ ʜʚʫʤʷ ʠʟ ʪʨʝʭ ʚʝʣʠʯʠʥ, ʥʘʧʨʠʤʝʨ, ʨʘʟʤʝʨʦʤ ʠ ʧʣʦʪʥʦʩʪʴʶ. ʕʪʦʪ ʬʘʢʪ ʩʪʘʥʦʚʠʪʩʷ 

ʦʯʝʚʠʜʥʳʤ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠʟʤʝʨʷʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʝ ʚʟʘʠʤʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʘʩʪʠʮ, ʘ ʜʣʷ ʰʘʨʦʦʙʨʘʟʥʳʭ ʯʘʩʪʠʮ ʠʭ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʤʝʥʷʝʪ ʛʝʦʤʝʪʨʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʞʜʫ ʪʨʝʤʷ ʠʟʤʝʨʠʪʝʣʷʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʫʶ ʦʙʦʟʥʘʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴʶ . ɼʘʥʥʳʡ ʩʣʫʯʘʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘʟʦʚʝʤ 

ʠʜʝʘʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ.  

ɺʳʯʠʩʣʠʤ ʜʣʷ ʧʨʠʤʝʨʘ ʩʪʝʧʝʥʴ ʠʜʝʘʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʢʦʛʜʘ ʯʘʩʪʠʮʳ, ʦʙʨʘʟʫʶʱʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʨʘʟʤʝʨʳ, ʠ ʦʥʠ ʥʝ ʠʤʝʶʪ ʚʟʘʠʤʥʳʭ ʧʝʨʝʩʝʯʝʥʠʡ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʚʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʠ   

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝ-

ʪʦʜʘʤʠ, ʪʠʧʘ ʄʦʥʪʝ-ʂʘʨʣʦ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ. ʇʫʩʪʴ ʨʘʜʠʫʩ ʰʘʨʦʚ ʨʘʚʝʥ l, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʰʘʨʘ d. ʇʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ d > 2l. ɻʣʘʜʢʘʷ ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʨʝʟʦʢ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʦʩʥʦʚʘ-

ʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩ. 3 

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʪʝʧʝʥʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ , ʦʧʨʝʜʝʣʠʤ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 


