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ABOUT OSCILLATION PR OPERTIES OF ONE CLASS OF HOMOGENOUS 

LINEAR SYSTEM  OF ORDINARY DIFFEREN TIAL EQUATIONS  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʩʮʠʣʣʷʮʠʷ ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʦʡ ʦʜʥʦʨʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʨʷʜʢʘ )2(2 ²nn  ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʦʩʮʠʣʣʷʮʠʠ ʜʣʷ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʪʘʢʠʭ ʩʠʩʪʝʤ.  

 

Abstract. It is proved in the work, that the oscillation of the solutions of the system of linear 

differential equations by order 2²n  depends of initial values. We also consider the oscillation 

conditions for a class of such systems.  
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʩʮʠʣʣʷʮʠʷ, ʥʝ ʦʩʮʠʣʣʷʮʠʷ. 

 

Keywords: systems of differential equations, oscillation, non-oscillation. 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʠʥʝʡʥʳʝ ʦʜʥʦʨʦʜʥʳʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ  
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, Að ʧʦʩʪʦʷʥʥʘʷ ʤʘʪʨʠʮʘ n2 -ʦʛʦ ʧʦʨʷʜʢʘ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʅʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʥʘʟʳʚʘʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʠʤ [1], 

ʝʩʣʠ ʢʘʞʜʘʷ ʠʟ ʝʛʦ ʢʦʤʧʦʥʝʥʪ ʠʤʝʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʫʣʝʡ, ʩʪʨʝʤʷʱʝʡʩʷ ʢ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʝʪʩʷ ʥʝ ʦʩʮʠʣʣʠʨʫʶʱʠʤ. 
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ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʧʨʠ 1=n  ʠʟ ʦʩʮʠʣʣʷʮʠʠ ʦʜʥʦʛʦ ʠʟ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (1) 

ʩʣʝʜʫʝʪ ʦʩʮʠʣʣʷʮʠʷ ʠ ʚʩʝʭ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ. ʀ ʚ ʵʪʦʡ ʩʚʷʟʠ ʦʧʨʘʚʜʘʥʦ 

ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʉʠʩʪʝʤʘ (1) ʧʨʠ 1=n  ʥʘʟʳʚʘʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʝʡ, ʝʩʣʠ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ 

ʝʝ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʠʤ.  

 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ 2²n ʦʩʮʠʣʣʷʮʠʷ ʨʝʰʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʠʩʪʝʤ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʮʠʣʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʦʜʥʦʛʦ 

ʢʣʘʩʩʘ ʩʠʩʪʝʤ. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ɕɖɎɈɋɊɋɒ ɗɔɔɘɈɋɘɗɘɈəɤɟɎɋ ɕɖɎɒɋɖɡ. 
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ʠʤʝʪʴ ʚʠʜ: 

),sin()(

),cos()(

),sin()(

),cos()(

43214

43213

43212

43211

CtCeCeCty

CtCeCeCty

CtCeCeCty

CtCeCeCty

tt

tt

tt

tt

++-=

+-+=

+--=

+++=

-

-

-

-

     (3) 

ʛʜʝ 321 ,, CCC  ʠ 4C ð ʧʨʦʠʟʚʦʣʴʥʳe ʧʦʩʪʦʷʥʥʳʝ. ʇʦʢʘʞʝʤ ʪʝʧʝʨʴ, ʯʪʦ ʦʩʮʠʣʣʷʮʠʷ 

ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (2) ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ 

ʟʘʜʘʯʫ ʂʦʰʠ: 

î
î

í

î
î

ì

ë

=¡

=¡

=¡

=¡

,

,

,

,

14

43

32

21

yy

yy

yy

yy

 

.1)0(,1)0(,1)0(,1)0( 4321 -=-=== yyyy  

ʆʧʨʝʜʝʣʠʤ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ 321 ,, CCC  ʠ 4C , ʠʩʭʦʜʷ ʠʟ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʇʦʜʩʪʘʚʠʚ ʚ ʢʦʤʧʦʥʝʥʪʳ ʨʝʰʝʥʠʷ (3) 0=t , ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ: 
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ʦʪʢʫʜʘ ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ, ʯʪʦ ʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʦʩʮʠʣʣʠʨʫʝʪ. ʅʠʞʝ, ʥʘ ʈʠʩʫʥʢʝ 1, 

ʧʨʠʚʦʜʠʪʩʷ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʦʪʨʝʟʢʝ ]5,0[  (ʟʜʝʩʴ ʠ 

ʚʩʶʜʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʧʨʠʚʝʜʝʥʥʳʭ ʨʠʩʫʥʢʘʭ 0y  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʤʧʦʥʝʥʪʝ 1,1 yy ï 2,2 yy

ï 3,3 yy ï 4y ), ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʩʨʝʜʝ MathCad. 
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ʊʝʧʝʨʴ ʥʘʡʜʝʤ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (2) ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ 321 ,, CCC  ʠ 4C  ʧʨʠʤʝʪ ʚʠʜ: 
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2. ʇʨʠʚʝʜʝʤ ʪʝʧʝʨʴ ʧʨʠʤʝʨ ʩʠʩʪʝʤʳ, ʢʘʞʜʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʦʩʮʠʣʣʠʨʫʝʪ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ: 
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ʅʝʪʨʫʜʥʦ ʥʘʡʪʠ, ʯʪʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
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ʛʜʝ 321 ,, CCC  ʠ 4C ð ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʧʨʠʯʝʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ, ʢʘʞʜʦʝ ʪʘʢʦʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʦʩʮʠʣʣʠʨʦʚʘʪʴ. ʅʠʞʝ, ʥʘ ʈʠʩʫʥʢʝ 3, 

ʧʨʠʚʦʜʠʪʩʷ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʜʥʦʛʦ ʯʘʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (4) ʥʘ ʦʪʨʝʟʢʝ 
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ʅʝʪʨʫʜʥʦ ʥʘʡʪʠ, ʯʪʦ ʨʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
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ʛʜʝ 321 ,, CCC  ʠ 4C ð ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʢʘʞʜʦʝ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʥʝ ʙʫʜʝʪ ʦʩʮʠʣʣʠʨʦʚʘʪʴ. ʀ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
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ʩʠʩʪʝʤʘ (5) ʥʝ ʦʩʮʠʣʣʠʨʫʶʱʘʷ. ʅʠʞʝ, ʥʘ ʈʠʩʫʥʢʝ 4, ʧʨʠʚʦʜʠʪʩʷ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʦʜʥʦʛʦ ʯʘʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (5) ʥʘ ʦʪʨʝʟʢʝ ]5,0[ . 
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ʈʠʩʫʥʦʢ 4. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ɕɖɎ 2²n  ʦʙʦʩʥʦʚʘʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ʉʠʩʪʝʤʘ (1) ʧʨʠ 2²n  ʥʘʟʳʚʘʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʝʡ, ʝʩʣʠ ʝʝ ʢʘʞʜʦʝ 

ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʠʤ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ ʥʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ [3, ʩʪʨ. 120]. 

 
ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ  

0)()( =+ ytqy n

      (6) 

ʬʫʥʢʮʠʷ )(tq  ʧʨʠ at²  ʧʦʣʦʞʠʪʝʣʴʥʘ ʠ ʥʝʧʨʝʨʳʚʥʘ, ʠ ʧʫʩʪʴ  

tdtq
a

ñ
¤

)(

 

ʨʘʩʭʦʜʠʪʩʷ. ʊʦʛʜʘ ʧʨʠ ʯʝʪʥʦʤ n ʢʘʞʜʦʝ ʥʝʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (6) ʙʝʩʢʦʥʝʯʥʦʝ 

ʯʠʩʣʦ ʨʘʟ ʤʝʥʷʝʪ ʟʥʘʢ. ʇʨʠ ʥʝʯʝʪʥʦʤ n ʥʝʥʫʣʝʚʦʝ ʨʝʰʝʥʠʝ ʠʣʠ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʛʦ 

ʥʫʣʝʡ ʠʣʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʧʨʠ .¤­t  

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʠʩʪʝʤʫ (1) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʚ ʢʘʞʜʦʤ 

ʩʪʦʣʙʮʝ ʤʘʪʨʠʮʳ A  ʠʤʝʝʪʩʷ ʨʦʚʥʦ ʦʜʠʥ ʵʣʝʤʝʥʪ, ʨʘʚʥʳʡ ʝʜʠʥʠʮʝ ʠʣʠ ʤʠʥʫʩ ʝʜʠʥʠʮʝ. 

ʅʘʧʨʠʤʝʨ, ʪʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘʪʨʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʘʤ (2), (4) ʠ (5). 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʫʢʘʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʝʜʠʥʠʮʝ. ʊʦʛʜʘ, 

ʧʨʦʩʫʤʤʠʨʦʚʘʚ ʩʪʨʦʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʤʳ ʥʘʡʜʝʤ, ʯʪʦ: 
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ʦʪʢʫʜʘ ʙʫʜʝʪ ʩʣʝʜʦʚʘʪʴ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ 
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ʛʜʝ -C ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʦʜʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʠʩʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 12 -n  ʨʘʟ, ʠ ʢʘʞʜʳʡ ʨʘʟ, ʧʦʩʣʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʧʦʜʩʪʘʚʣʷʷ 

ʟʥʘʯʝʥʠʝ ʧʨʘʚʦʡ ʯʘʩʪʠ ʠʟ ʦʩʪʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʨʠʜʝʤ ʢ ʫʨʘʚʥʝʥʠʶ: 
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ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ni 2,...,2,1= , ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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ʦʪʢʫʜʘ ʥʘʡʜʝʤ: 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ 0=k  ʠ nk=  ʤʳ ʧʦʣʫʯʠʤ 1 ʠ ī1, ʷʚʣʷʶʱʠʤʠʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ 

ʢʦʨʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʦʩʪʘʣʴʥʳʝ ʞʝ ʢʦʨʥʠ, ʢʘʢ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʤʦʞʥʦ 

ʧʦʧʘʨʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʘʨʳ ʩʦʧʨʷʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (7) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
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ʥʝʠʟʚʝʩʪʥʳʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʜʝʡʩʪʚʠʡ ʢʦʤʧʦʥʝʥʪʫ )(tyk  ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 
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ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (8ʘ) ʠ (8b) ʩʣʝʜʫʝʪ, ʯʪʦ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʦʩʮʠʣʣʠʨʦʚʘʪʴ ʣʠʰʴ ʧʨʠ 

ʥʝʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʩʪʦʷʥʥʳʭ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʩʮʠʣʣʠʨʫʶʱʠʤʠ ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ 2. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ 

ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ: 
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ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ, ʥʘʧʨʠʤʝʨ, ʧʝʨʚʦʝ ʠʟ ʫʨʘʚʥʝʥʠʡ ʵʪʦʡ ʩʠʩʪʝʤʳ 5 ʨʘʟ, ʠ ʢʘʞʜʳʡ 
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 ʛʜʝ 16CC= . ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʤʧʦʥʝʥʪʳ ʨʝʰʝʥʠʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʙʫʜʫʪ ʦʩʮʠʣʣʠʨʦʚʘʪʴ. ɸ, 

ʟʥʘʯʠʪ, ʩʠʩʪʝʤʘ (8) ʥʝ ʦʩʮʠʣʣʠʨʫʶʱʘʷ. 
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ʇʨʝʜʧʦʣʦʞʠʤ ʪʝʧʝʨʴ, ʯʪʦ ʩʨʝʜʠ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʠʤʝʶʪʩʷ ʯʠʩʣʘ, ʨʘʚʥʳʝ (ī1). ʊʦʛʜʘ 

ʥʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʝʩʣʠ ʯʝʪʥʦʩʪʴ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʯʝʪʥʦʩʪʴʶ n, ʪʦ, 

ʤʦʞʥʦ ʧʨʦʜʝʣʘʪʴ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʤʳ ʚʥʦʚʴ ʧʨʠʜʝʤ ʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ (6). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʩʭʦʜʷ ʠ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʩʠʩʪʝʤʘ ʥʝ ʙʫʜʝʪ ʦʩʮʠʣʣʠʨʫʶʱʝʡ. 

ʂʘʨʪʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʝʪʥʦʩʪʴ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ, ʨʘʚʥʳʭ (ī1) 

ʩʦʚʧʘʜʘʝʪ ʩ ʯʝʪʥʦʩʪʴʶ n. ʊʦʛʜʘ, ʚʥʦʚʴ, ʧʝʨʝʡʜʷ ʦʪ ʩʠʩʪʝʤʳ (1) ʢ ʫʨʘʚʥʝʥʠʶ (7), ʤʳ ʧʦʣʫʯʠʤ 

ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ 

0)2( =+ i
n

i yy .     (10ʘ) 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ iyy= , ʪʦ ʫʨʘʚʥʝʥʠʝ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 

0
)2(

=+yy
n

.      (10b)  

ʉʨʘʚʥʠʚ ʩ ʫʨʘʚʥʝʥʠʝʤ (6), ʤʳ ʥʘʡʜʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 01)( >=tq  ʜʣʷ ʣʶʙʦʛʦ t , ʠ 

ʠʥʪʝʛʨʘʣ tdtdtq
aa

ññ
¤¤

=)(  ʜʣʷ ʣʶʙʦʛʦaʨʘʩʭʦʜʠʪʩʷ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ 1, ʢʘʞʜʦʝ ʥʝʪʨʠʚʠʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (10a), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ (10b), ʙʫʜʝʪ ʠʤʝʪʴ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʥʫʣʝʡ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʥʫʣʝʡ, ʪʦ ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʘʷ ʙʫʜʝʪ ʠʤʝʪʴ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʥʫʣʝʡ. ʀ, ʧʦʩʢʦʣʴʢʫ ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʪʩʷ ʧʫʪʝʤ ʧʦʦʯʝʨʝʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʜʦ ʵʪʦʛʦ 

ʢʦʤʧʦʥʝʥʪʳ ʨʝʰʝʥʠʷ, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʩʷʢʦʛʦ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ ʙʫʜʫʪ ʠʤʝʪʴ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʥʫʣʝʡ. ʀ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ 

ʦʩʮʠʣʣʠʨʫʶʱʝʡ. ʅʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʘʷ ʩʠʩʪʝʤʘ (4). 

ʆʙʦʙʱʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚʝʨʥʘ. 

 

ʊʝʦʨʝʤʘ 2. ɽʩʣʠ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʤʘʪʨʠʮʳ Aʩʠʩʪʝʤʳ (1) ʠʤʝʝʪʩʷ 

ʨʦʚʥʦ ʦʜʠʥ ʵʣʝʤʝʥʪ, ʨʘʚʥʳʡ ʝʜʠʥʠʮʝ ʠʣʠ ʤʠʥʫʩ ʝʜʠʥʠʮʝ, ʪʦ ʝʩʣʠ ʯʝʪʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, 

ʨʘʚʥʳʭ (ī1), ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʯʝʪʥʦʩʪʴʶ n, ʪʦ ʩʠʩʪʝʤʘ (1) ʙʫʜʝʪ ʦʩʮʠʣʣʠʨʫʶʱʝʡ, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ð ʥʝ ʦʩʮʠʣʣʠʨʫʶʱʝʡ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʧʨʠʦʨʠʪʝʪʥʦʡ 

ʜʠʩʮʠʧʣʠʥʦʡ ʦʯʝʨʝʜʠ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʦʣʦʛʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʧʦ ʨʘʥʛʘʤ ʧʨʠʦʨʠʪʝʪʦʚ ʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʙʣʦʢʠʨʦʚʘʥʠʷ ʦʯʝʨʝʜʝʡ ʩ ʟʘʷʚʢʘʤʠ ʥʝ ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. 

ʀʩʩʣʝʜʫʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ 

ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ ʜʣʷ ʩʠʩʪʝʤ ʩ ʧʦʩʣʝʜʝʡʩʪʚʠʝʤ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʘʧʨʦʙʘʮʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʩʨʝʜʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ AnyLogic. 

 

Abstract. In operation queuing systems with priority discipline of queue are researched. 

Methodologies of simulation modeling of systems of service on the basis of prior division of flows 

according to ranks of priorities and with a possibility of blocking of queues with the requests which 

donôt have a high priority are offered. 

The empirical dependences allowing to receive prior estimates of wait time in queue for 

systems with an aftereffect are researched. Practical approbation of a research is executed in the 

environment of simulation modeling of AnyLogic. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʟʘʷʚʢʠ, ʧʨʠʦʨʠʪʝʪʳ. 

 

Keywords: queuing systems, requests, priorities. 

 

ʈʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ) ʬʫʥʢʮʠʦʥʠʨʫʶʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʪʦʣʴʢʦ ʥʘ ʙʘʟʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʜʠʩʮʠʧʣʠʥʳ ʦʯʝʨʝʜʠ ʪʠʧʘ çʧʝʨʚʳʤ ʧʨʠʰʝʣ ð 

ʧʝʨʚʳʤ ʦʙʩʣʫʞʝʥè, ʥʦ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʘʨʩʝʥʘʣʝ ʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʜʠʩʮʠʧʣʠʥʫ, 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʦʛʦ (ʨʘʥʛʦʚʦʛʦ) ʦʙʩʣʫʞʠʚʘʥʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʛʣʦʙʘʣʴʥʫʶ (ʩʠʩʪʝʤʥʫʶ) ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʄʆ. 

ʂ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠʦʨʠʪʝʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʢʘʪʝʛʦʨʠʡ ʧʘʩʩʘʞʠʨʦʚ ʚ ʘʵʨʦʧʦʨʪʫ, ʦʨʛʘʥʠʟʘʮʠʶ ʦʩʦʙʳʭ ʦʯʝʨʝʜʝʡ ʚ ʧʦʣʠʢʣʠʥʠʢʘʭ, ʪʦʨʛʦʚʳʭ 

ʮʝʥʪʨʘʭ, ʧʨʠʦʨʠʪʝʪʥʳʡ ʧʦʨʷʜʦʢ ʧʨʦʧʫʩʢʘ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʩʫʜʦʚ ʚ ʢʘʥʘʣʘʭ ʠ ʪ. ʜ. 

ʆʯʝʚʠʜʥʦ ʧʨʠʦʨʠʪʝʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʟʘʷʚʦʢ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝ ʧʫʘʩʩʦʥʦʚʩʢʠʭ 

ʧʦʪʦʢʦʚ, ʯʪʦ ʨʝʟʢʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 
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ʇʦʵʪʦʤʫ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʩʚʦʝʡ ʮʝʣʴʶ ʠʟʣʦʞʠʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʄʆ ʩ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʷʚʢʘʤʠ. ʀʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʠʥʪʝʟʘ 

ʩʠʩʪʝʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʨʝʜʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ AnyLogic. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɼʣʷ ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʦʞʠʜʘʥʠʝʤ ʩ ʧʨʦʩʪʝʡʰʠʤ 

ʧʦʪʦʢʦʤ ʟʘʷʚʦʢ ʠ ʚʨʝʤʝʥʝʤ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʧʦ ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ ʟʘʢʦʥʫ, 

ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʞʠʜʘʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʚʳʨʘʞʝʥʠʶ [1, 2]. 

qT
r

=
m-l

, (1) 

ʛʜʝ r ð ʧʨʠʚʝʜʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʷʚʦʢ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʢʘʥʘʣʘ); 

,l m ð ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʟʘʷʚʦʢ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʉʄʆ ʩ ʧʨʠʦʨʠʪʝʪʥʳʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʟʘʷʚʦʢ.  

ʇʫʩʪʴ ʚ ʩʠʩʪʝʤʫ ʧʦʩʪʫʧʘʶʪ ʟʘʷʚʢʠ ʜʚʫʭ ʨʘʥʛʦʚ (ʟʘʷʚʢʠ ʧʝʨʚʦʛʦ ʨʘʥʛʘ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ). ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ (ʧʦʪʦʢ ʟʘʷʚʦʢ ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤ) ʩʨʝʜʥʶʶ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʞʠʜʘʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʟʘʷʚʦʢ ʧʝʨʚʦʛʦ 
1t  ʠ ʚʪʦʨʦʛʦ 

2t  ʨʘʥʛʦʚ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʵʤʧʠʨʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʷʤ: 

 

1 1 2 2;q qt k T t k T= = ; 

 

ʛʜʝ ( ) ( )1 1 2 2, ; ,k k a k k a= r = r. 

ɿʜʝʩʴ 1a
l
=
l

 (
1l ð ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʷʚʦʢ ʧʝʨʚʦʛʦ ʨʘʥʛʘ); 

1 2

1 1
;

1 1
k k

a a

-r
= =
- r - r. 

ʆʢʦʥʯʘʪʝʣʴʥʦ: 

 

1 2

1 1
;

1 1
q qt T t T

a a

-r
= =
- r - r

. (2) 

 

ʅʘ ʈʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
1k  ʠ 

2k  ʦʪ ʚʝʣʠʯʠʥʳ a  

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʛʨʫʟʢʠ ʢʘʥʘʣʘ.  
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ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʄʆ ʩ ʫʯʝʪʦʤ 

ʥʘʣʠʯʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʷʚʦʢ ʜʚʫʭ ʨʘʥʛʦʚ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ (ʙʣʦʢ çɺʳʙʦʨè ʥʘ ʈʠʩʫʥʢʝ 2) 

ʚʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʥʘ ʜʚʝ ʦʯʝʨʝʜʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʮʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʠ ʧʨʦʩʪʳʭ ʟʘʷʚʦʢ. ɺ ʦʜʥʫ ʠʟ ʦʯʝʨʝʜʝʡ ʥʘʧʨʘʚʣʷʶʪʩʷ ʟʘʷʚʢʠ ʩ ʧʨʠʦʨʠʪʝʪʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʉʄʆ ʩ ʧʨʠʦʨʠʪʝʪʘʤʠ ʚ AnyLogic. 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚ ʦʯʝʨʝʜʠ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʷʚʦʢ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʦʯʝʨʝʜʴ 

ʙʣʦʢʠʨʫʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʵʪʠ ʟʘʷʚʢʠ (ʙʣʦʢ çɿʘʜʝʨʞʢʘè ʥʘ ʈʠʩʫʥʢʝ 2). 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʙʩʣʫʞʠʚʘʥʠʝ ʤʥʦʛʦʨʘʥʛʦʚʳʭ (ʪʨʠ ʠ ʙʦʣʝʝ) 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʷʚʦʢ. 

ɹʦʣʝʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʷʚʥʦʤ ʟʘʜʘʥʠʠ ʜʣʷ 

ʢʘʞʜʦʡ ʟʘʷʚʢʠ ʝʝ ʧʨʠʦʨʠʪʝʪʘ. ʊʦʛʜʘ ʠʟ ʦʯʝʨʝʜʠ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʟʘʙʠʨʘʶʪʩʷ ʚʩʝ ʧʨʠʰʝʜʰʠʝ ʢ ʪʝʢʫʱʝʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʟʘʷʚʢʠ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʧʨʠʦʨʠʪʝʪʦʤ ʠ ʪ. ʜ. 

ʅʘ ʈʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚ ʩʨʝʜʝ AnyLogic. ʇʦʪʦʢ 

ʩ ʟʘʷʚʢʘʤʠ ʥʘʠʚʳʩʰʝʛʦ ʧʨʠʦʨʠʪʝʪʘ ʦʙʦʟʥʘʯʝʥ ʢʘʢ çʂʨʘʩʥʳʡè. 

ʆʩʦʙʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʝʪ ʉʄʆ ʚ ʢʦʪʦʨʳʭ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʦʢ 

ʚ ʢʘʥʘʣʝ ʨʘʟʣʠʯʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ [2] ʧʦ 

ʫʧʦʨʷʜʦʯʝʥʠʶ ʧʦʪʦʢʘ ʟʘʷʚʦʢ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʨʝʜʥʝʛʦ (ʩʫʤʤʘʨʥʦʛʦ) 

ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ ʠ ʦʧʝʨʘʪʠʚʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʨʠʦʨʠʪʝʪʦʚ. 

ɺ ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʦʠʤʦʩʪʥʳʭ ʟʘʪʨʘʪ ʟʘ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ 

ʧʦʨʷʜʦʢ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʥʦ ʠ 
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çʩʪʦʠʤʦʩʪʴ çʧʨʦʩʪʦʷè (C) ʟʘʷʚʢʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʨʠʦʨʠʪʝʪʳ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʟʘʷʚʦʢ ʜʦʣʞʥʳ ʙʳʪʴ ʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʫʩʣʦʚʠʶ: 

( ) ( ) ( )1 1 2 2 2 3C C Cm > m > m >. 

 

 
 

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ ʪʨʝʭʨʘʥʛʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʧʨʠʦʨʠʪʝʪʘʤʠ. 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʰʠʤ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠ ʧʨʦʩʪʝʡʰʠʭ ʧʦʪʦʢʘʭ 

ʟʘʷʚʦʢ. ʇʫʩʪʴ [3] ʚ ʦʜʥʦʢʘʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʦʩʪʫʧʘʝʪ ʧʨʦʩʪʝʡʰʠʡ ʧʦʪʦʢ ʟʘʷʚʦʢ l, 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩʦ ʩʨʝʜʥʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴ 
ʦʙʩʣ0,5t =  ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʩʠʩʪʝʤʳ 0,8r= , ʪʦʛʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (1) ʩʨʝʜʥʷʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʞʠʜʘʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʦʩʪʘʚʠʪ: 

 

0,8
2

2 1,6
qT

r
= = =
m-l -

 

 

ʅʘ ʈʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʳ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʦʜʝʣʴʥʳʭ ʠ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʠ 

ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʨʝʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

AnyLogic [4]. 

 

 
 

ʈʠʩʫʥʦʢ 4. ʈʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʠ ʧʨʦʩʪʝʡʰʝʛʦ ʧʦʪʦʢʘ ʟʘʷʚʦʢ. 
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ʀʩʩʣʝʜʫʝʤ ʧʦʪʦʢ ʩ ʧʨʠʦʨʠʪʝʪʘʤʠ [3]. ʇʫʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (2) 20% 

( )0,2a=  ʟʘʷʚʦʢ ʠʤʝʶʪ ʧʨʘʚʦ ʥʘ ʧʨʠʦʨʠʪʝʪʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʪʦʛʜʘ: 

1

1 1 0,8
2 0,48

1 1 0,2 0,8
qt T

a

-r -
= = Ö º
- r - Ö

;

 

1
2 2,38

1

t
t = º

-r
.

 
ʅʘ ʈʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ 

ʜʣʷ ʧʦʪʦʢʘ ʩ ʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʠ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʦʮʝʥʢʦʡ (2). 

 

 
 

ʈʠʩʫʥʦʢ 5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʜʣʷ ʟʘʷʚʦʢ ʩ ʧʨʠʦʨʠʪʝʪʦʤ. 

 

ʅʘ ʈʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʧʦʪʦʢʘ ʟʘʷʚʦʢ ʙʝʟ ʧʨʠʦʨʠʪʝʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʩʪʠ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʦʮʝʥʦʢ (2). 

 

 
 

ʈʠʩʫʥʦʢ 6. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʜʣʷ ʟʘʷʚʦʢ ʙʝʟ ʧʨʠʦʨʠʪʝʪʘ. 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʟʘʷʚʦʢ ʷʚʣʷʝʪʩʷ 

ʷʚʥʦʝ ʟʘʜʘʥʠʝ ʧʨʠʦʨʠʪʝʪʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʷʚʢʠ. ʇʨʦʚʝʜʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʉʄʆ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 3. 

ʇʫʩʪʴ ʯʠʩʣʦ ʢʘʥʘʣʦʚ 4n= , ʥʘʠʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ ʠʤʝʶʪ çʢʨʘʩʥʳʝè ʟʘʷʚʢʠ. 

ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʨʠʙʳʪʠʷʤʠ ʟʘʜʘʥ ʪʨʝʫʛʦʣʴʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ çʢʨʘʩʥʳʭè, çʞʝʣʪʳʭè ʠ çʟʝʣʝʥʳʭ ʟʘʷʚʦʢè): 

( ) ( ) ( )1 2 32,5; 2,75; 3 ; 1;1,25;1,5 ; 0,8; 0,9;1A A A= = =
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ʅʘ ʈʠʩʫʥʢʝ 7 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʉʄʆ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʦʯʝʨʝʜʠ ʜʚʝ çʟʝʣʝʥʳʝè ʟʘʷʚʢʠ, ʘ ʦʙʩʣʫʞʠʚʘʶʪʩʷ 

ʚ ʢʘʥʘʣʘʭ ʦʜʥʘ çʢʨʘʩʥʘʷè, ʦʜʥʘ çʞʝʣʪʘʷè ʠ ʜʚʝ çʟʝʣʝʥʳʭ ʟʘʷʚʢʠè (ʈʠʩʫʥʦʢ 3). 

 

 
 

ʈʠʩʫʥʦʢ 7. ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. 

 

ʆʯʝʚʠʜʥʦ, ʧʨʠ ʦʩʚʦʙʦʞʜʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʢʘʥʘʣʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʙʫʜʫʪ ʟʘʙʠʨʘʪʴʩʷ çʢʨʘʩʥʳʝè ʟʘʷʚʢʠ, ʝʩʣʠ ʠʭ ʚ ʦʯʝʨʝʜʠ ʥʝ ʦʢʘʞʝʪʩʷ, ʪʦ çʞʝʣʪʳʝè ʠ, ʥʘʢʦʥʝʮ, 

çʟʝʣʝʥʳʝè, ʦʙʣʘʜʘʶʱʠʝ ʩʘʤʳʤ ʥʠʟʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ. 

ʈʠʩʫʥʦʢ 8 ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ ʟʘʷʚʦʢ 

ʚ ʦʯʝʨʝʜʠ. 

 

 
 

ʈʠʩʫʥʦʢ 8. ɺʨʝʤʝʥʥʦʡ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʛʨʘʬʠʢʦʤ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʚ ʦʯʝʨʝʜʠ ʜʣʷ 

çʢʨʘʩʥʳʭè ʟʘʷʚʦʢ ʩʦʩʪʘʚʣʷʝʪ 0,263, ʜʣʷ çʞʝʣʪʳʭè ð 0,305, ʘ ʜʣʷ çʟʝʣʝʥʳʭè ð 0,614. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ 

( )1,25;1,8; 2,2B=  ʜʣʷ ʣʶʙʳʭ ʟʘʷʚʦʢ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʥʛʘ. 

ʀʩʩʣʝʜʫʝʤ ʚʣʠʷʥʠʝ ʫʩʪʘʥʦʚʢʠ ʧʨʠʦʨʠʪʝʪʦʚ ʥʘ ʩʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʦʢ ʚ ʦʯʝʨʝʜʠ ʧʨʠ ʨʘʟʥʳʭ ʚʨʝʤʝʥʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʘʷʚʦʢ. 

ʇʫʩʪʴ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʨʠʙʳʪʠʷʤʠ ʦʜʠʥʘʢʦʚ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʛʨʫʧʧ ʟʘʷʚʦʢ: 

( )1;1,25;1,5A= . 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʪʨʝʫʛʦʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

( ) ( ) ( )1 2 31;1,1;1,2 ; 1,25;1,625;2 ; 2; 2,25; 2,5B B B= = =
 

ʪ. ʝ. ʙʳʩʪʨʝʝ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʟʘʷʚʢʠ ʠʟ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. 
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ɽʩʣʠ ʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʠʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʦʙʣʘʜʘʶʪ ʟʘʷʚʢʠ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 

(çʙʳʩʪʨʳʝ ʟʘʷʚʢʠè), ʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥ ʧʨʝʙʳʚʘʥʠʷ (ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʧʨʠʦʨʠʪʝʪʘ) 

ʚ ʦʯʝʨʝʜʠ ʙʫʜʝʪ ʪʘʢʠʤ: 

 

( ) ( )1 2 3 0,223 0,455 1,124

0,601

t t t

t
= , 

 

ʟʜʝʩʴ t  ð ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʦʢ ʚ ʦʯʝʨʝʜʠ. 

 

ɽʩʣʠ ʨʘʥʛʠ ʛʨʫʧʧ ʟʘʷʚʦʢ ʩʤʝʥʠʪʴ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ (ʧʝʨʚʳʤʠ ʙʫʜʫʪ ʦʙʩʣʫʞʠʚʘʪʴʩʷ 

ʟʘʷʚʢʠ ʩ ʥʘʠʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ ʦʙʩʣʫʞʠʚʘʥʠʷ), ʪʦ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

 

( ) ( )1 2 3 0,257 0,462 1,573

0,764

t t t

t
= , 

 

ʪ. ʝ. ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʦʯʝʨʝʜʠ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 27%. 

 

ʉʦʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥ ʧʨʝʙʳʚʘʥʠʷ ʟʘʷʚʦʢ ʚ ʉʄʆ ʩ ʠʟʥʘʯʘʣʴʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ: 

 

( )1,323 2,077 3,374

2,258
, 

 

ʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ:  

 

( )2,507 2,086 2,673

2,422
. 

 

ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʟʘʷʚʢʘʤʠ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʧʨʠʦʨʠʪʝʪʦʤ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠ ʜʦʧʫʩʢʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʙʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʥʘ ʩʠʩʪʝʤʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʜʠʩʮʠʧʣʠʥʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ð ʩʠʩʪʝʤʳ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʦʞʠʜʘʥʠʷ [5, 6]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʘʧʨʦʙʘʮʠʷ ʢʦʥʮʝʧʮʠʠ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʉʄʆ ʩ ʥʝ ʧʨʦʩʪʝʡʰʠʤʠ 

ʜʠʩʮʠʧʣʠʥʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʯʝʨʝʜʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘ ʙʘʟʝ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ AnyLogic, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʧʘʨʘʜʠʛʤʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɺʝʥʪʮʝʣʴ ɽ. ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ: ʟʘʜʘʯʠ, ʧʨʠʥʮʠʧʳ, ʤʝʪʦʜʦʣʦʛʠʷ. ʄ.: ʅʘʫʢʘ, 

1980. 208 ʩ. 

2. ʆʩʠʧʦʚ ɻ. ʉ. ʆʧʪʠʤʠʟʘʮʠʷ ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʯʝʨʝʜʴʶ // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʕʣʝʢʪʨʦʥ. ʞʫʨʥ. 2016. ˉ9 (10). 

C. 63ï71. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.bulletennauki.com/osipov-gs (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

15.09.2016). DOI: 10.5281/zenodo.154304. 

http://www.bulletennauki.com/


 

ɹʖʃʃɽʊɽʅʔ ʅɸʋʂʀ ʀ ʇʈɸʂʊʀʂʀ ð BULLETIN  OF SCIENCE AND PRACTICE  

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)  ˉ1 (ʷʥʚʘʨʴ) 2017 ʛ. 
http://www.bulletennauki.com 

 

 

24 

 

 

 

 

3. ʇʴʷʥʳʭ ʉ. ʄ. ʕʢʦʥʦʤʠʢʦïʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ʨʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʄ.: ʊʨʘʥʩʧʦʨʪ, 1988. 253 ʩ. 

4. ʆʩʠʧʦʚ ɻ. ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʦʞʠʜʘʥʠʝʤ ʚ AnyLogic 

// ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʕʣʝʢʪʨʦʥ. ʞʫʨʥ. 2016. ˉ10 (11). ʉ. 139ï151. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.bulletennauki.com/osipov-g-s (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.10.2016). DOI: 

10.5281/zenodo.161072. 

5. Osipov G., Osipova E. ʊhe study of queuing systems with ñimpatientò requests // 

International Scientific Conference ñScience. Research. Practiceò. Themed collection of papers 

from international conferences by HNRI ñNational developmentò. October 2016. St. Petersburg, 

HNRI ñNational developmentò, 2016. P. 41ï44. 

6. ʆʩʠʧʦʚ ɻ. ʉ. ʉʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʦʞʠʜʘʥʠʷ // ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ʕʣʝʢʪʨʦʥ. ʞʫʨʥ. 2016. ˉ12 (13). ʉ. 28ï36. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://www.bulletennauki.com/osipov-g-1 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.12.2016). DOI: 

10.5281/zenodo.204623. 

 

References: 

1. Ventzel E S. Operations research: tasks, principles, methodology. Moscow, Nauka, 1980, 

208 p. 

2. Osipov G. Optimization of singleïchannel queuing system with the unlimited queue. 

Bulletin of Science and Practice. Electronic Journal, 2016, no. 9 (10), pp. 63ï71. Available at: 

http://www.bulletennauki.com/osipov-gs, accessed 15.09.2016. (In Russian). DOI: 

10.5281/zenodo.154304. 

3. Pyanyh S. M. Economicïmathematical methods of optimum scheduling of river transport. 

Moscow, Transport, 1988. 253 p. 

4. Osipov G. The study of queuing systems with waiting in AnyLogic. Bulletin of Science and 

Practice. Electronic Journal, 2016, no. 10 (11), pʨ. 139ï151. Available at: 

http://www.bulletennauki.com/osipov-g-s, accessed 15.10.2016. DOI: 10.5281/zenodo.161072. 

5. Osipov G., Osipova E. ʊhe study of queuing systems with ñimpatientò requests. 

International Scientific Conference ñScience. Research. Practiceò. Themed collection of papers 

from international conferences by HNRI ñNational developmentò. October 2016. St. Petersburg, 

HNRI ñNational developmentò, 2016, pp. 41ï44. 

6. Osipov G. Queuing systems with limited waiting times. Bulletin of Science and Practice. 

Electronic Journal, 2016, no. 12 (13), pp. 28ï36. Available at: 

http://www.bulletennauki.com/osipov-g-1, accessed 15.12.2016. DOI: 10.5281/zenodo.204623. 

 

 
ʈʘʙʦʪʘ ʧʦʩʪʫʧʠʣʘ  

ʚ ʨʝʜʘʢʮʠʶ 10.12.2016 ʛ.  

 ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 

14.12.2016 ʛ. 
  

http://www.bulletennauki.com/


 

ɹʖʃʃɽʊɽʅʔ ʅɸʋʂʀ ʀ ʇʈɸʂʊʀʂʀ ð BULLETIN  OF SCIENCE AND PRACTICE  

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ (scientific journal)  ˉ1 (ʷʥʚʘʨʴ) 2017 ʛ. 
http://www.bulletennauki.com 

 

 

25 

 

 

 

 

ʍʀʄʀʏɽʉʂʀɽ ʅɸʋʂʀ / CHEMICAL SCIENCES 

________________________________________________________________________________ 

 

ʋɼʂ 54.062 

 

ʀɿʋʏɽʅʀɽ ʊɽʈʄʀʏɽʉʂʆʁ ɼɽʉʊʈʋʂʎʀʀ ʎʀʂʃʆʇʈʆʇɸʅʆɺʓʍ 

ʇʈʆʀɿɺʆɼʅʓʍ 1,2-ʉʇɹ 

 

STUDYING OF THERMAL DEGRADATION OF CYCLO PROPANOIC  

DERIVANTS 1,2-SPB 

 

Éɻʣʘʟʳʨʠʥ ɸ. ɹ. 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʋʬʘ, ʈʦʩʩʠʷ 

ÉGlazyrin A. 

Ph.D. 

Bashkir State University, Ufa, Russia 

Éɼʘʚʣʝʪʦʚ ɺ. ʌ. 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ÉDavletov V. 

Kazan National Research Technological University 

Kazan, Russia 

Éʂʦʢʰʘʨʦʚʘ ʖ. ɸ. 

ʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ, Koksharova.yulya@yandex.ru 

ÉKoksharova Yu. 

Kazan National Research Technological University 

 Kazan, Russia, Koksharova.yulya@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʊɻɸ (ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ) ʠ ɼʉʂ 

(ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ) ʠʟʫʯʝʥʳ ʪʝʨʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ 1,2-ʧʦʣʠʙʫʪʘʜʠʝʥʘ (1,2-ʉʇɹ). 

ʆʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ 

ʜʝʩʪʨʫʢʮʠʠ ʥʘ 1 ʠ 5% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʝʩʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ 

ʧʦʣʠʤʝʨʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 400 ÁC ʠ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʜʝʩʪʨʫʢʮʠʠ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʜʠʝʥʘ. ʇʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʪʝʨʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʠʙʫʪʘʜʠʝʥʘ ʚ ʩʨʝʜʝ ʚʦʟʜʫʭʘ ʠ ʘʟʦʪʘ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 1,2-ʉʇɹ ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʴʰʝʡ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 1,2-ʉʇɹ ʥʘ 25 ÁC ʠ ʚʳʰʝ. 

ʇʨʠʯʝʤ ʚ ʩʨʝʜʝ ʘʟʦʪʘ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʝʝ, ʯʝʤ ʚ ʩʨʝʜʝ ʚʦʟʜʫʭʘ 

(ʚʳʰʝ ʥʘ 40 ÁC). ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʠʟʫʯʘʝʤʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 400 ÁC 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʪʝʧʝʥʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʢʘʢ ʠʩʭʦʜʥʦʛʦ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʠʙʫʪʘʜʠʝʥʘ, 

ʪʘʢ ʠ ʝʛʦ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 400ï500 ÁC, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʧʘʜʦʤ ʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʤʘʢʨʦʮʝʧʷʭ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 
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ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ 98% ʦʪ ʠʩʭʦʜʥʦʛʦ ʚʝʩʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ 1,2-ʉʇɹ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʥʘ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʦʣʠʤʝʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ: ʚʚʝʜʝʥʠʝ 

ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚ ʤʦʣʝʢʫʣ ʉʇɹ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʪʘʣʴʧʠʶ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʘ (ʚ 4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʧʦʣʠʤʝʨʦʤ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʝʤʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

 

Abstract. Using of the TGA (thermogravimetric analysis) and DSC (differential scanning 

calorimetry) methods thermal characteristics of cyclopropanoic derivants syndiotactic 

1,2-polybutadiene (1,2-SPB) are studied. Temperature of the polymer decomposition beginning and 

temperature of its destruction for 1 and 5% of tentative weight were defined. Also, changes of mass 

of polymer when heating to 400 ÁC and heat effects of a destruction of cyclopropanoic polydiene 

are considered. Comparative assessment of thermal characteristics of syndiotactic polybutadiene in 

the environment of air and nitrogen is carried out.  

It is established that cyclopropanoic derivants 1,2-SPB differ in smaller heat stability 

in comparison with unmodified 1,2-SPB above 25 ÁC. In the environment of nitrogen thermal 

stability is shown stronger, than in the environment of air (40 ÁC higher). Change of mass of the 

studied polymer when heating to 400 ÁC increases in proportion to degree of its modification. 

The most intensive destruction of virgin syndiotactic polybutadiene and its cyclopropanoic 

derivants occurs in the field of temperatures of 400ï500 ÁC that is caused by disintegration of 

carbon bonds in macrochains and formation of lowïmolecular weight compounds. It characterizes 

decrease in mass of polymer in some cases practically for 98% of initial weight. 

Influence of modification by 1,2-SPB cyclopropanoic groups on power consumption 

of polymer and possibility of using materials on its basis is established: introduction 

of cyclopropanoic groups to molecular composition of SPB considerably increases a polymer 

decomposition enthalpy (by 4 times in comparison with initial polymer) that allows to use the 

received polymeric products as powerïintensive compositions and materials on their basis. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ (ʊɻɸ), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ 

ʢʘʣʦʨʠʤʝʪʨʠʷ (ɼʉʂ), ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʠʡ 1,2-ʧʦʣʠʙʫʪʘʜʠʝʥ. 

 

Keywords: thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), 

thermal stability, syndiotactic 1,2-polybutadiene. 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʛʨʘʶʪ 

ʪʝʨʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 

ʧʘʨʘʤʝʪʨʳ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʤʝʥʷʶʪ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ð ʪʘʢʠʝ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦïʩʢʘʥʠʨʫʶʱʘʷ 

ʢʘʣʦʨʠʤʝʪʨʠʷ (ɼʉʂ) ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ) [2]. 

ʊʝʨʤʠʯʝʩʢʘʷ ʠ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʘʷ ʜʝʩʪʨʫʢʮʠʷ ʧʦʣʠʤʝʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʣʝʪʫʯʠʭ ʧʨʦʜʫʢʪʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʪʝʨʷ ʚ ʚʝʩʝ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʤʝʨʝʥʦ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʧʦʣʠʤʝʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ. 

ʄʝʪʦʜ ʊɻɸ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ ʊɻɸ ʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦʙ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ, ʦʙʱʝʤ ʧʦʨʷʜʢʝ ʨʝʘʢʮʠʠ ʠ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʤʥʦʞʠʪʝʣʷʭ [3]. 

ʆʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʠʡ 1,2-ʇɹ. ʅʘʣʠʯʠʝ ʚ ʜʘʥʥʦʤ ʧʦʣʠʤʝʨʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʉ=ʉ ʩʚʷʟʝʡ 
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ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʠʜʠʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʝʛʦ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʪʝʨʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʦʜʥʳʭ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ 1,2-ʧʦʣʠʙʫʪʘʜʠʝʥʘ (1,2-ʉʇɹ), 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʦʩʪʘʚʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʝ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʠʡ 1,2-ʧʦʣʠʙʫʪʘʜʠʝʥ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çɽʬʨʝʤʦʚʩʢʠʡ ʟʘʚʦʜ ʉʂè (1,2-ʉʇɹ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʧʨʦʠʟʚʦʜʥʳʝ 1,2-ʉʇɹ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʦʩʪʘʚʝ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʝ ʛʨʫʧʧʳ. 

 
ʊʘʙʣʠʮʘ 1. 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʆɹʈɸɿʎʆɺ 1,2-ʉʇɹ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ 1,2-ʟʚʝʥʴʝʚ, % 85,6 

ʉʦʜʝʨʞʘʥʠʝ 1,4-ʟʚʝʥʴʝʚ, %: 

ʮʠʩï 

ʪʨʘʥʩï 

 

12,7 

1,7 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤį 0,91 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 52,6Ĭ10į 

ʉʠʥʜʠʦʪʘʢʪʠʯʥʦʩʪʴ, % 53 

ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ 14,0 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʙʦʨ 

TGA/DSC-1 ʬʠʨʤʳ ñMeettler Toledoò [4] (ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 25ï1100 Áʉ; ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʦʙʲʝʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ð ʥʝ ʙʦʣʝʝ 900 ʤʢʣ; ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ð 

150 ʂ/ʤʠʥ; ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʙʦʨʘ ð 20 ʂ/ʤʠʥ; ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ Ñ0,3 ʂ).  

ʅʘʚʝʩʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ (5ï15 ʤʛ) ʧʦʤʝʱʘʣʘʩʴ ʚ ʪʠʛʝʣʴ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

ʦʙʲʝʤʦʤ 70 ʤʢʣ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 Áʉ ʜʦ 600 Áʉ ʧʨʠ 

ʨʘʟʥʳʭ ʩʢʦʨʦʩʪʷʭ ʥʘʛʨʝʚʘ (5ï20 ʛʨʘʜ/ʤʠʥ), ʘʪʤʦʩʬʝʨʘ ð ʚʦʟʜʫʭ, ʘʟʦʪ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʅʘ ʵʢʨʘʥ ʢʦʤʧʴʶʪʝʨʘ ʚʳʚʦʜʠʣʘʩʴ 

ʢʨʠʚʘʷ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʚʝʣʠʯʠʥʳ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʢʨʠʚʘʷ ʊɻɸ), ʘ ʪʘʢʞʝ 

ʢʨʠʚʘʷ ɼʉʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʘ. 

ʀʟ ʢʨʠʚʦʡ ʊɻɸ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʊʥ.ʨ., ʊ1 ʠ ʊ5, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʘ, ʘ ʪʘʢʞʝ ʨʘʟʣʦʞʝʥʠʶ ʝʛʦ ʥʘ 1 ʠ 

5%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʤʘʢʩʠʤʫʤʘʤ ʥʘ ʢʨʠʚʦʡ ɼʊɻ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʂ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʪʥʦʩʷʪʩʷ ʪʝʨʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʨʘʙʦʪʢʠ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʣʘʩʪʠ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʜʝʥʠʡ ʦ ʜʝʩʪʨʫʢʮʠʠ, 

ʦʢʠʩʣʝʥʠʠ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʧʦʣʠʤʝʨʘʭ. 

ɺʚʝʜʝʥʠʝ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ.  
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ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʠ ʘʟʦʪʘ. ɼʣʷ ʦʮʝʥʢʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʘʤʝʪʨʳ: ʊʥ ð ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ, ʊ1 ʠ ʊ5 ð ʪʝʤʧʝʨʘʪʫʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʥʘ 1% ʠ 5% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ȹm400 ð ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 

400ęʉ, æH ð ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʧʨʦʮʝʩʩʘ ʜʝʩʪʨʫʢʮʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʘʟʦʪʝ, ʭʦʪʷ ʠ ʫʩʪʫʧʘʶʪ ʧʦ ʵʪʦʤʫ 

ʧʦʢʘʟʘʪʝʣʶ ʠʩʭʦʜʥʦʤʫ 1,2-ʉʇɹ (ʊʘʙʣʠʮʘ 2). ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʊʥ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʦʛʦ 1,2-ʇɹ (Ŭ=8%), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʯʘʣʫ ʠʟʤʝʥʝʥʠʷ (ʩʥʠʞʝʥʠʷ) 

ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ, ʥʘ 27 Áʉ ʥʠʞʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ 

ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 1,2-ʉʇɹ (ʊʘʙʣʠʮʘ 2).  

 
ʊʘʙʣʠʮʘ 2.  

ɺʃʀʗʅʀɽ ʉʊɽʇɽʅʀ ʌʋʅʂʎʀʆʅɸʃʀɿɸʎʀʀ ʅɸ ʇɸʈɸʄɽʊʈʓ ʊɽʈʄʆʉʊɸɹʀʃʔʅʆʉʊʀ 

ʎʀʂʃʆʇʈʆʇɸʅʆɺʓʍ ʇʈʆʀɿɺʆɼʅʓʍ ʉʀʅɼʀʆʊɸʂʊʀʏɽʉʂʆɻʆ 1,2-ʇɹ 

(ɡ=5 ʂ/ʤʠʥ, ʘʪʤʦʩʬʝʨʘ ð ʚʦʟʜʫʭ, ʘʟʦʪ) 

ʆʙʨʘʟʝʮ Ŭ, % ʊʥ, Üʉ ʊ1, Áʉ ȹm400, % æH, 

ʢɼʞ/ʛ 

ʉʠʥʜʠʦʪʘʢʪʠʯʝʩʢʠʡ 1,2-ʇɹ 0 352 398 1,20 2,5 

ʎʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʳʡ  

1,2-ʇɹ 

8 325 377 1,50 3,6 

14 316 365 2,34 4.6 

32 300 332 3,41 5,2 

46 295 311 4,79 7,1 

47 295 310 4,90 7,4 

58 289 299 5,70 7,8 

63 285 297 5,93 8,6 

65 284 296 6,44 8,7 

74 283 296 6,92 9,9 

77 283 295 7,10 9,9 

81 279 291 7,47 10,8 

ʎʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʳʡ 1,2-ʇɹ 

(ʘʟʦʪ) 

46 335 349 3,50 ð 

58 322 342 4,90 ð 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʘ ʦʪ 8 ʜʦ 81% ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʊʥ ʠ ʊ1 ð ʥʘ 46 ʠ 86 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʊʘʙʣʠʮʘ 2, ʈʠʩʫʥʦʢ 1). 

ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ȹm400, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ 

ʜʦ 400 Áʉ (ʪ. ʝ. ʜʦ ʥʘʯʘʣʘ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʩʪʨʫʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʩʧʘʜʦʤ 

ʫʛʣʝʨʦʜïʫʛʣʝʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʤʘʢʨʦʮʝʧʷʭ), ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʘ 

ʚʦʟʨʘʩʪʘʝʪ ʦʪ 1,2% ʜʣʷ ʠʩʭʦʜʥʦʛʦ 1,2-ʇɹ ʜʦ 7,5% ð ʜʣʷ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʦʛʦ 1,2-ʇɹ ʩʦ 

ʩʪʝʧʝʥʴʶ ʤʦʜʠʬʠʢʘʮʠʠ 81% (ʊʘʙʣʠʮʘ 2, ʈʠʩʫʥʦʢ 1). 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʥʠʞʝʥʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʦʛʦ 1,2-ʇɹ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ ʧʘʨʘʤʝʪʨʳ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʘ 

ʊʥ ʠ ʊ1 ʩʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ: ʜʣʷ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʦʛʦ 1,2-ʇɹ 

ʩʦ ʩʪʝʧʝʥʴʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 58% ʥʘ 33 ʠ 43 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ȹm400 (ʊʘʙʣʠʮʘ 2). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʳʡ 1,2-ʇɹ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ, 

ʯʝʤ ʥʘ ʚʦʟʜʫʭʝ. 
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ɼʝʩʪʨʫʢʮʠʷ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ 1,2-ʇɹ ʠ ʝʛʦ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 400ï500 Áʉ (ʈʠʩʫʥʦʢ 2) ʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʨʤʠʯʝʩʢʠʤ ʨʘʩʧʘʜʦʤ ʉïʉ ʩʚʷʟʝʡ ʚ ʤʘʢʨʦʮʝʧʷʭ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʪʩʶʜʘ ð ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ 

ʧʦʣʠʤʝʨʘ ʚ ʫʢʘʟʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ: ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 92ï98% (ʈʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ: ʊ1(1), ʊ5(2), æH (3), ȹm400(4),  

ʦʪ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ Ŭ, ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ 1,2-ʇɹ,  

(ɡ=5 ʂ/ʤʠʥ, ʘʪʤʦʩʬʝʨʘ ð ʚʦʟʜʫʭ). 

 

ʈʘʟʣʦʞʝʥʠʝ ʧʦʣʠʤʝʨʘ ʥʘ ʚʦʟʜʫʭʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ: 

ʚ ʦʙʣʘʩʪʠ 390ï470 Áʉ, ʥʘ ʪʝʨʤʦʛʨʘʤʤʝ ɼʉʂ ʮʠʢʣʦʧʨʦʧʘʥʦʚʦʛʦ 1,2-ʇɹ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʭʘʨʘʢʪʝʨʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʩʧʘʜʫ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣ (ʈʠʩʫʥʦʢ 2). 

ʉʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ȹʅ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʠ ʜʝʩʪʨʫʢʮʠʠ 

ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ 1,2-ʇɹ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʊʥ ʜʦ 500 Áʉ (ʈʠʩʫʥʦʢ 2), ʟʘʢʦʥʦʤʝʨʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʛʨʫʧʧ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ. ʊʘʢ, ʜʣʷ 

ʧʦʣʠʤʝʨʘ ʩʦ ʩʪʝʧʝʥʴʶ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ 81% ʟʥʘʯʝʥʠʝ æH ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ 

ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʩʧʘʜʝ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʜʠʝʥʘ (ʊʘʙʣʠʮʘ 2). 

ʇʦʩʣʝʜʥʝʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ 1,2-ʇɹ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʧʨʦʜʫʢʪʳ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ, 

ʯʝʤ ʠʩʭʦʜʥʳʡ ʧʦʣʠʜʠʝʥ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʟʦʪʘ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʥʘ ʢʨʠʚʳʭ ɼʉʂ ʦʪʩʫʪʩʪʚʫʶʪ. 
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ʈʠʩʫʥʦʢ 2. ʊʝʨʤʦʛʨʘʤʤʳ ʊɻ (ʘ) ʠ ɼʉʂ (ʙ) ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ 1,2-ʇɹ (2) ʠ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʥʦʛʦ 1,2-ʇɹ (Ŭ =46%) (1) (ɡ=5 ʂ/ʤʠʥ, ʘʪʤʦʩʬʝʨʘ ð ʚʦʟʜʫʭ). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʥʘʷ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʩʪʴ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ 1,2-ʇɹ ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʨʷʜʘ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʝʤʢʠʭ ʢʦʤʧʦʟʠʮʠʡ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 

 

ɺʳʚʦʜʳ 

1. ʎʠʢʣʦʧʨʦʧʘʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʠʥʜʠʦʪʘʢʪʠʯʝʩʢʦʛʦ 1,2-ʧʦʣʠʙʫʪʘʜʠʝʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʥʘ ʚʦʟʜʫʭʝ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 280 Áʉ. 

2. ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ 1,2-ʉʇɹ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʘ. 

3. ɺ ʩʨʝʜʝ ʘʟʦʪʘ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʝ 1,2-ʧʦʣʠʙʫʪʘʜʠʝʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʯʝʤ ʥʘ ʚʦʟʜʫʭʝ: ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 33ï38 Áʉ. 

4. ɺʚʝʜʝʥʠʝ ʮʠʢʣʦʧʨʦʧʘʥʦʚʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚ ʤʘʢʨʦʤʦʣʝʢʫʣ 1,2-ʉʇɹ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩ ʵʥʪʘʣʴʧʠʝʡ ʨʘʟʣʦʞʝʥʠʷ ʙʦʣʝʝ 10 ʢɼʞ/ʛ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ ʄʅʃɿ ʥʘ ʠʭ 

ʫʟʢʠʭ ʩʪʝʥʢʘʭ ʠʟ ʤʝʜʠ ʄ1 ʧʝʨʝʜ ʧʦʩʣʝʜʥʠʤ ʨʝʤʦʥʪʦʤ ʩʦʟʜʘʚʘʣʠ ʞʘʨʦʩʪʦʡʢʠʡ ʠʟʥʦʩʦʩʪʦʡʢʠʡ 

ʩʣʦʡ ʥʘʧʳʣʝʥʠʝʤ ʭʨʦʤʦʥʠʢʝʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʩʪʨʫʢʪʫʨʫ 

ʧʦʢʨʳʪʠʷ, ʩʦʩʪʘʚ ʬʘʟ, ʪʚʝʨʜʦʩʪʴ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʩʪʝʥʦʢ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤ 

ʧʦʢʨʳʪʠʝʤ ʚ ʟʘʱʠʪʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900 Áʉ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 10 ʯ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ, ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʢʦʨʦʙʣʝʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʦʝ ʥʝ ʫʩʪʨʘʥʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠʣʠ ʥʘʥʦʩʠʪʴ ʥʘ ʩʪʝʥʢʠ 

ʤʘʪʝʨʠʘʣ, ʥʝ ʫʩʪʫʧʘʶʱʠʡ ʧʦ ʩʚʦʡʩʪʚʘʤ CuïAl ʜʠʬʬʫʟʠʦʥʥʦʤʫ ʩʣʦʶ ʠ ʥʝ ʪʨʝʙʫʶʱʠʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ʇʦʢʨʳʪʠʝ ʠʟ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʙʳʣʦ ʥʘʥʝʩʝʥʦ ʥʘ ʚʩʶ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʚʫʭ ʫʟʢʠʭ 

ʩʪʝʥʦʢ. ʊʨʝʙʫʝʤʳʡ ʢʣʘʩʩ ʯʠʩʪʦʪʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʦʢ ʙʳʣ ʦʙʝʩʧʝʯʝʥ ʩ ʧʦʤʦʱʴʶ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʍʨʦʤʦʥʠʢʝʣʝʚʦʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ ʪʦʣʱʠʥʦʡ 0,5ï0,6 ʤʤ 

ʙʳʣʦ ʥʘʥʝʩʝʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʳ ʫʟʢʠʭ ʩʪʝʥʦʢ ʪʦʣʩʪʦʩʪʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ. 

ʇʦʢʨʳʪʠʝ ʥʘ ʦʙʨʘʟʮʘʭ ʩ CrïNi ʩʣʦʝʤ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʬʘʟ: ʪʝʤʥʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʭʨʦʤʘ ʠ ʢʠʩʣʦʨʦʜʘ: (Cr) ʜʦ 63,4%, (O) ʜʦ 33,4%, (Ni) 3,2ï9,1%; ʩʚʝʪʣʦʡ, ʚ ʩʦʩʪʘʚʝ 
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ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʢʝʣʷ ʜʦ 89% ʠ ʩʝʨʦʡ ʬʘʟʳ: (Ni)=63,9ï

73,5%, (Cr) ʜʦ 12,4%, (O)=22ï24,9%, (Fe) ʜʦ 3,4%, (Si)=0,3ï0,5%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʣʘʩʩʘ ʯʠʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʦʢ 

ʥʝʦʙʭʦʜʠʤʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʰʣʠʬʦʚʘʥʠʝʤ ʠ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʪʦʣʱʠʥʳ ʭʨʦʤʦʥʠʢʝʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ. 

 

Abstract. To increase service life of CCM mold on their narrow sides from M1 copper before 

the last renovation created a heatïresistant wearïresistant layer plating chromium coating. 

Previously investigated the structure of the coating, phase composition, hardness and microhardness 

of the surface layers. 

As shown by experiments, heat treatment of the walls with an aluminum gasïthermal coating 

in a protective environment at a temperature of 900 ʦ ʉ and the exposure time 10 h necessary to 

create the desired thickness of the diffusion layer, leading to them warping as a result of this 

process, which is not eliminated by mechanical means. Therefore, it was necessary to adjust the 

modes of heat treatment or applied to the wall material, not inferior in properties of CuïAl diffusion 

layer and which does not require heat treatment. 

The coating of Nickel alloy was deposited on the entire working surface of the two narrow 

walls. The required cleanliness class of the working surface of the walls was achieved through 

machining. ChromiumïNickel coating thickness of 0.5ï0.6 mm were deposited on the surface of 

the pair of narrow walls of thickïwalled mold. The coating on the samples with a CrïNi layer 

consists of three phases: dark, contains the largest amount of chromium and oxygen: (Cr) to 63.4%, 

(O) to 33.4%, (Ni) 3,2ï9,1%; light, within which the detected maximum amount of Nickel to 89% 

and sulfur phases: (Ni)=63,9ï73,5%, (Cr) to 12.4%, (O)=22ï24,9%, (Fe) to 3.4%, (Si)=0,3ï0,5% 

Thus, to obtain the desired cleanliness class of the surface of the walls required machining by 

grinding and will require work to increase the thickness of the ChromiumïNickel coating. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ, ʫʟʢʘʷ ʩʪʝʥʢʘ, ʭʨʦʤʦʥʠʢʝʣʝʚʦʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ 

ʧʦʢʨʳʪʠʝ, ʞʘʨʦʩʪʦʡʢʠʡ ʠʟʥʦʩʦʩʪʦʡʢʠʡ ʩʣʦʡ, ʩʪʨʫʢʪʫʨʘ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ.  

 

Keywords: mold, narrow wall, chromium gasïthermal coating, heatïresistant wearïresistant 

layer, the structure, phase composition, microhardness. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʜʝʪʘʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʳ, ʢʦʥʚʝʨʪʝʨʥʳʝ ʠ ʜʦʤʝʥʥʳʝ ʬʫʨʤʳ ʠ ʪ. ʜ.) ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʤʝʜʠ ʠ ʝʝ 

ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʵʣʝʢʪʨʦï ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ [1, ʩ. 301]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʤʝʜʴ ʠʤʝʝʪ ʥʠʟʢʠʝ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ [2, ʩ. 95]. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʢʩʠʜʳ 

ʤʝʜʠ ʥʝ ʩʦʧʨʦʪʠʚʣʷʶʪʩʷ ʪʝʧʣʦʚʳʤ ʫʜʘʨʘʤ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʦʩʣʝ ʧʝʨʚʦʡ ʞʝ ʪʝʧʣʦʩʤʝʥʳ, ʘ 

ʪʘʢʞʝ ʦʪʩʣʘʠʚʘʶʪʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʪʨʝʥʠʝ.  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʡ ʠʟ ʤʝʜʠ ʷʚʣʷʝʪʩʷ 

ʪʝʨʤʦʜʠʬʬʫʟʠʦʥʥʦʝ ʥʘʩʳʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʛʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ [3, ʩ. 215]. ʆʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʥʘʩʳʱʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʘʣʶʤʠʥʠʡ. ɸʣʠʪʠʨʦʚʘʥʠʝ 

ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʥʘʩʳʱʝʥʠʷ ʚ ʧʦʨʦʰʢʦʚʦʡ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 50% 

ʘʣʶʤʠʥʠʝʚʦʡ ʧʫʜʨʳ, 49% Al 2O3 ʠ 1% NH4Cl [4, ʩ. 402]. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʘʣʠʪʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠʟ ʤʝʜʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,3 ʨʘʟʘ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʚ 

ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʷʭ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʨʫʜʦʝʤʢʠʤ ʠ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ [5, ʩ. 79] 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʪʝʥʦʢ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʄʅʃɿ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ ʥʘʥʝʩʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʩʪʝʥʢʠ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ [6, ʩ. 419]. ʆʆʆ çʂʦʨʘʜè ʦʨʛʘʥʠʟʦʚʘʣʦ 

ʨʘʙʦʪʳ ʧʦ ʥʘʥʝʩʝʥʠʶ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʙʳʚʰʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʝʥʢʠ 
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ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʠ ʧʨʦʚʝʣʦ ʠʩʧʳʪʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʆɸʆ çʉʝʚʝʨʩʪʘʣʴè [7, ʩ. 397]. ɺ ʭʦʜʝ 

ʠʩʧʳʪʘʥʠʡ ʥʘʥʦʩʠʣʠ ʧʦʢʨʳʪʠʷ ʜʚʫʭ ʚʠʜʦʚ ʬʠʨʤʳ ñKME Europa Metal AGò (ɻʝʨʤʘʥʠʷ): ʠʟ 

ʥʠʢʝʣʷ ʪʚʝʨʜʦʩʪʴʶ 220 HV, ʠ ʠʟ ʩʧʣʘʚʘ ʥʠʢʝʣʷ ʩ ʢʦʙʘʣʴʪʦʤ ʪʚʝʨʜʦʩʪʴʶ 400 HV. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʩʪʝʥʦʢ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʧʦ ʠʟʥʦʩʫ ʜʣʷ ʦʙʦʠʭ ʚʠʜʦʚ 

ʧʦʢʨʳʪʠʷ. ʆʜʥʘʢʦ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʪʦʥʢʦʩʪʝʥʥʳʭ ʱʝʣʝʚʳʭ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʭ ʄʅʃɿ ʠ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʪʦʣʩʪʦʩʪʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ. ʈʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʩʪʝʥʦʢ ʪʦʣʩʪʦʩʪʝʥʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʦʚ, ʤʦʞʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ [8, ʩ. 702]. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʥʘʧʳʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʧʳʣʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʤʝʜʴ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʫʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʡ ʩʣʦʡ [9, ʩ. 70] ʩ ʞʘʨʦʩʪʦʡʢʦʩʪʴʶ ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʥʝ ʫʩʪʫʧʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʠʟ ʧʦʨʦʰʢʦʚ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʩʪʝʥʦʢ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʤ 

ʧʦʢʨʳʪʠʝʤ ʚ ʟʘʱʠʪʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900 Áʉ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 10 ʯ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʣʱʠʥʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ, ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʢʦʨʦʙʣʝʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʦʝ ʥʝ ʫʩʪʨʘʥʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʝʞʠʤʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠʣʠ ʥʘʥʦʩʠʪʴ ʥʘ ʩʪʝʥʢʠ 

ʤʘʪʝʨʠʘʣ, ʥʝ ʫʩʪʫʧʘʶʱʠʡ ʧʦ ʩʚʦʡʩʪʚʘʤ CuïAl ʜʠʬʬʫʟʠʦʥʥʦʤʫ ʩʣʦʶ ʠ ʥʝ ʪʨʝʙʫʶʱʠʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʊʘʢ ʧʦʢʨʳʪʠʝ ʠʟ ʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʙʳʣʦ ʥʘʥʝʩʝʥʦ ʥʘ ʚʩʶ ʨʘʙʦʯʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʚʫʭ ʫʟʢʠʭ ʩʪʝʥʦʢ. ʊʨʝʙʫʝʤʳʡ ʢʣʘʩʩ ʯʠʩʪʦʪʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʦʢ ʙʳʣ 

ʦʙʝʩʧʝʯʝʥ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʦʩʤʦʪʨʝ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʩ ʦʧʳʪʥʳʤʠ 

ʩʪʝʥʢʘʤʠ ʧʦʩʣʝ ʨʘʟʣʠʚʢʠ 11 ʧʣʘʚʦʢ ʚʳʩʦʢʦʤʘʨʛʘʥʮʦʚʠʩʪʦʡ ʩʪʘʣʠ S355JR ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʠʟʥʦʩ ʧʦʢʨʳʪʠʷ ʚ ʫʛʣʘʭ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʝʥʦʢ ʩʦʩʪʘʚʠʣ 0,6ï0,75 ʤʤ [10, ʩ. 185].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʫʟʢʠʭ ʩʪʝʥʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʢʨʳʪʠʝ ʠʟ 

ʭʨʦʤʦʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ. ʉʥʘʯʘʣʘ ʧʦʢʨʳʪʠʝ ʥʘʧʳʣʷʣʠ ʥʘ ʦʙʨʘʟʮʳ ʠʟ ʤʝʜʠ ʄ1 

ʩ ʭʨʦʤʦʥʠʢʝʣʝʚʳʤ ʧʦʢʨʳʪʠʝʤ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʩʪʨʫʢʪʫʨʫ ʧʦʢʨʳʪʠʷ, ʩʦʩʪʘʚ ʬʘʟ, ʪʚʝʨʜʦʩʪʴ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ. ʉʪʨʫʢʪʫʨʘ CrïNi ʩʣʦʷ ʥʘ ʦʙʨʘʟʮʘʭ 1 ʠ 2 ʠʜʝʥʪʠʯʥʘ (ʈʠʩʫʥʢʠ 1, 2). ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

çʧʦʢʨʳʪʠʝ ð ʤʝʜʥʘʷ ʦʩʥʦʚʘè ʫʯʘʩʪʢʦʚ ʥʝʩʧʣʦʰʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ CrïNi ʩʣʦʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ɻʣʫʙʠʥʘ ʜʠʬʬʫʟʠʠ ʥʠʢʝʣʷ ʚ ʤʝʜʥʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʝʪ 30 ʤʢʤ, ʛʣʫʙʠʥʘ ʜʠʬʬʫʟʠʠ ʭʨʦʤʘ ð ʜʦ 5 

ʤʢʤ (ʤʠʢʨʦʟʦʥʜʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ). ʊʦʣʱʠʥʳ ʥʘʥʝʩʝʥʥʳʭ ʩʣʦʝʚ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

  
 ʊʘʙʣʠʮʘ 1.  

ʊʆʃʑʀʅʓ ʅɸʅɽʉɽʅʅʓʍ ʉʃʆɽɺ ʀʉʉʃɽɼʋɽʄʓʍ ʆɹʈɸɿʎʆɺ 

ˉ ʦʙʨʘʟʮʘ 
ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʥʘʥʝʩʝʥʥʳʭ ʩʣʦʝʚ, ʤʢʤ ʉʨʝʜʥʷʷ ʪʦʣʱʠʥʘ 

CrïNi ʩʣʦʷ, ʤʢʤ 
ʩʨʝʜʥʷʷ min max 

1 150 100 210 150 

2 140 80 230 140 

 

ʃʦʢʘʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʘʟ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʣʦʝʚ ʧʨʦʚʝʜʝʥ ʥʘ ʨʘʩʪʨʦʚʦʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʜʠʘʧʘʟʦʥ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ Be ʜʦ U, ʜʠʘʤʝʪʨ ʟʦʥʜʘ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʦʢʦʣʦ 1 ʤʢʤ, ʧʨʝʜʝʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 0,1%).  

ʇʦʢʨʳʪʠʝ ʥʘ ʦʙʨʘʟʮʘʭ ʩ CrïNi ʩʣʦʝʤ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʬʘʟ: ʪʝʤʥʦʡ, ʩʦʜʝʨʞʘʱʝʡ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʭʨʦʤʘ ʠ ʢʠʩʣʦʨʦʜʘ: (Cr) ʜʦ 63,4%, (O) ʜʦ 33,4%, (Ni) 3,2ï9,1%; 

ʩʚʝʪʣʦʡ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʢʝʣʷ ʜʦ 89% ʠ ʩʝʨʦʡ 

ʬʘʟʳ: (Ni)=63,9ï73,5%, (Cr) ʜʦ 12,4%, (O)=22ï24,9%, (Fe) ʜʦ 3,4%, (Si)=0,3ï0,5%. 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʬʘʟ ʥʘ ʦʙʨʘʟʮʘʭ ʠʜʝʥʪʠʯʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʊʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2. 

ʃʆʂɸʃʔʅʓʁ ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʌɸɿ 

ʍʠʤʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ 

CrïNi ʩʣʦʡ, % 

ʩʚʝʪʣʘʷ ʬʘʟʘ ʪʝʤʥʘʷ ʬʘʟʘ ʩʝʨʘʷ ʬʘʟʘ 

Si 0,5  0,3ï0,5 

Ni 83,9ï89,0 3,2ï9,1 63,9ï73,5 

Cr 9,2ï14,4 59,5ï63,4 10,5ï12,4 

Fe 1,2ï1,3  1,0ï3,4 

O  31,4ï33,4 21,9ï24,9 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʬʘʟ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3. 
 

ʊʘʙʣʠʮʘ 3. 

ʉʈɽɼʅʀɽ ɿʅɸʏɽʅʀʗ ʄʀʂʈʆʊɺɽʈɼʆʉʊʀ, ʄʇɸ 

ˉ ʦʙʨʘʟʮʘ ʦʩʥʦʚʘ 
CrïNi ʩʣʦʡ 

ʩʚʝʪʣʘʷ ʬʘʟʘ ʪʝʤʥʘʷ ʬʘʟʘ ʩʝʨʘʷ ʬʘʟʘ 

1 580 2440 9970 3900 

2 580 3000 9900 4100 

 

ʇʨʠ ʪʚʝʨʜʦʩʪʠ ʤʝʜʥʦʡ ʦʩʥʦʚʳ ʨʘʚʥʦʡ 53,2 HR15T ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ~ ʦʜʠʥʘʢʦʚʘʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 68,9ï70,0 HR15T, ʪ. ʝ. ʚ 1,3 ʨʘʟʘ ʙʦʣʴʰʝ 

ʪʚʝʨʜʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. 

 

 
 

 

ʈʠʩʫʥʦʢ 1. ʆʙʨʘʟʳ ʤʝʜʥʦʛʦ ʣʠʩʪʘ ʩ CrïNi ʥʘʧʳʣʝʥʠʝʤ. 
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ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ CrïNi ʩʣʦʷ. 

 

ʍʨʦʤʦʥʠʢʝʣʝʚʦʝ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ ʪʦʣʱʠʥʦʡ 0,5ï0,6 ʤʤ ʩ ʚʳʰʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʙʳʣʦ ʥʘʥʝʩʝʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʳ ʫʟʢʠʭ ʩʪʝʥʦʢ 

ʪʦʣʩʪʦʩʪʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ (ʈʠʩʫʥʦʢ 3).  
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ʈʠʩʫʥʦʢ 3. ʉʪʝʥʢʘ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʭʨʦʤʦʥʠʢʝʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ. 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʣʘʩʩʘ ʯʠʩʪʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʦʢ 

ʥʝʦʙʭʦʜʠʤʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʰʣʠʬʦʚʘʥʠʝʤ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ 

ʫʚʝʣʠʯʝʥʠʶ ʪʦʣʱʠʥʳ ʭʨʦʤʦʥʠʢʝʣʝʚʦʛʦ ʧʦʢʨʳʪʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʪʨʘʜʠʮʠʡ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʨʥʦʛʦ ʨʝʛʠʦʥʘ 

ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ð ʚʝʨʭʦʚʴʝʚ ʨʝʢʠ ɿʝʨʘʚʰʘʥ ʚ ʜʦʢʣʘʜʝïʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʦʩʥʦʚʘʥʠʡ ʟʜʘʥʠʡ ʥʘʨʦʜʥʦʛʦ ʟʦʜʯʝʩʪʚʘ XIX  ð ʥʘʯʘʣʘ XX ʚ. ʚ. 

ʆʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʠ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʚʳʨʘʙʦʪʘʥʥʳʝ ʥʘʨʦʜʥʳʤʠ ʤʘʩʪʝʨʘʤʠ 

ʚ ʪʝʯʝʥʠʝ ʚʝʢʦʚ ʜʣʷ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ ʢʘʨʢʘʩʥʳʭ ʠ ʢʠʨʧʠʯʥʳʭ ʟʜʘʥʠʡ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ ʧʦʯʚʳ. ʉ ʫʯʝʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʟʜʘʥʠʡ ʧʨʝʜʣʘʛʘʶʪʩʷ ʤʝʨʳ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʧʘʤʷʪʥʠʢʦʚ ʥʘʨʦʜʥʦʛʦ ʟʦʜʯʝʩʪʚʘ. 

 

Abstract. On the example of traditions of structural production of the mountain region of the 

Republic of Tajikistan ð river Zeravshan upper courses in the report article features of designs 

of foundations of buildings of the national architecture of XIX of the beginning of the 20th 

centuries is analyzed. The attention and to the seismic actions developed by national masters within 

centuries for the opposition of frame and brick buildings to destructive fluctuations of the soil is 

paid. Taking into account design features of construction of historical buildings measures for 

strengthening of monuments of national architecture are proposed. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʩʪʨʫʢʮʠʷ, ʬʫʥʜʘʤʝʥʪʳ, ʢʠʨʧʠʯʥʘʷ ʢʣʘʜʢʘ, ʥʘʨʦʜʥʦʝ ʟʦʜʯʝʩʪʚʦ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʫʢʨʝʧʣʝʥʠʝ ʧʘʤʷʪʥʠʢʦʚ, ʚʝʨʭʦʚʴʷ ʨʝʢʠ ɿʝʨʘʚʰʘʥ, ʢʫʧʦʣ, ʜʝʬʦʨʤʘʮʠʷ. 

 

Keywords: design, bases, bricklaying, the national architecture, design strengthening of 

monuments, overheads Zeravshan, dome, deformation. 
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ʇʨʦʩʣʝʜʠʤ ʥʝʢʦʪʦʨʳʝ ʤʦʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, 

ʙʳʪʦʚʘʚʰʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʝʨʭʦʚʴʝʚ ʨʝʢʠ ɿʝʨʘʚʰʘʥ, ʛʜʝ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

ʩʦʭʨʘʥʠʣʠʩʴ ʜʨʝʚʥʠʝ ʤʝʪʦʜʳ ʚʦʟʚʝʜʝʥʠʷ ʧʦʩʪʨʦʝʢ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʛʦ ʣʘʥʜʰʘʬʪʘ [1]. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ 

ʨʘʥʥʝʩʨʝʜʥʝʚʝʢʦʚʦʡ ʋʩʪʨʫʰʘʥʳ (ʩʨʝʜʥʝʚʝʢʦʚʘʷ ʠʩʪʦʨʠʢʦïʢʫʣʴʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʥʳʥʝʰʥʠʭ ʨʝʩʧʫʙʣʠʢ ʋʟʙʝʢʠʩʪʘʥ, ʂʳʨʛʳʟʩʪʘʥ ʠ ʊʘʜʞʠʢʠʩʪʘʥ), ʢʫʜʘ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ ʚʭʦʜʠʣ ʠʩʩʣʝʜʫʝʤʳʡ ʥʘʤʠ ʛʦʨʥʳʡ ʨʝʛʠʦʥ. 

 

 
ʈʠʩʫʥʦʢ. ɻʦʨʥʦʝ ʩʝʣʝʥʠʝ ʚʝʨʭʦʚʴʝʚ ɿʝʨʘʚʰʘʥʘ. 

 

ɺ ʉʪʘʨʦʡ ʄʘʪʯʝ ʧʨʠ ʧʦʩʪʨʦʡʢʝ ʜʦʤʦʚ ʥʘ ʢʨʫʪʳʭ ʩʢʣʦʥʘʭ ʧʦ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ 

ʙʫʜʫʱʝʛʦ ʮʦʢʦʣʷ ʚʙʠʚʘʣʠʩʴ ʚ ʟʝʤʣʶ ʩʪʦʣʙʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30ï40 ʩʤ ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ. ɿʘʪʝʤ 

ʚʳʢʣʘʜʳʚʘʣʩʷ ʮʦʢʦʣʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʪʦʣʙʳ ʰʣʠ ʚʨʦʚʝʥʴ ʩ ʥʘʨʫʞʥʦʡ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʩʪʘʚʘʣʠʩʴ ʥʘ ʚʠʜʫ. ɿʘʪʝʤ ʮʦʢʦʣʴ ʟʘʣʠʚʘʣʩʷ ʛʣʠʥʦʡ, ʘ ʢʦʛʜʘ ʦʥʘ ʚʳʩʳʭʘʣʘ, 

ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʥʫʪʨʠ ʜʦ ʫʨʦʚʥʷ ʙʫʜʫʱʝʛʦ ʧʦʣʘ ʜʦʤʘ ʟʘʧʦʣʥʷʣʦʩʴ ʢʘʤʥʝʤ ʩ ʛʣʠʥʦʡ. 

ʆʧʠʩʘʥʥʳʡ ʩʧʦʩʦʙ ʚʦʟʚʝʜʝʥʠʷ ʮʦʢʦʣʷ ʢʘʢ ʥʝʣʴʟʷ ʪʦʯʥʦ ʥʘʧʦʤʠʥʘʝʪ ʫʩʪʨʦʡʩʪʚʦ 

ʦʩʥʦʚʘʥʠʷ ʟʘʤʢʘ ʏʠʣʲʭʫʜʞʨʘ ʚ ʐʘʭʨʠʩʪʘʥʩʢʦʤ ʨʘʡʦʥʝ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, 

ʥʦ ʚ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʨʭʝʦʣʦʛʘʤʠ ʩʫʙʩʪʨʫʢʮʠʠ ʟʘʤʢʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʭʦʣʤʝ ʩʥʘʯʘʣʘ ʙʳʣ ʚʳʣʦʞʝʥ ʢʦʞʫʭ ʩʪʠʣʦʙʘʪʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʨʷʜʦʚ ʧʘʭʩʦʚʳʭ 

ʙʣʦʢʦʚ. ɿʘʪʝʤ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʞʫʭʘ ʙʳʣʦ ʟʘʧʦʣʥʝʥʦ ʩʣʦʷʤʠ ʛʨʘʚʠʷ, ʣʝʩʩʘ ʠ 

ʧʝʩʢʘ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘ ʧʨʦʚʝʨʷʶʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʥʘʧʦʜʦʙʠʝ ʚʘʪʝʨʧʘʩʘ ð çʦʙïʪʘʨʦʟʠè. ʇʨʘʚʠʣʴʥʦʩʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʝʥ 

ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʤʝʩʪʝ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʜʠʘʛʦʥʘʣʝʡ. ʇʨʠ ʨʘʟʙʠʚʢʝ ʧʣʘʥʘ 

ʟʜʘʥʠʷ, ʜʘ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚ ʨʫʢʘʭ ʟʦʜʯʝʛʦ ʥʝʟʘʤʝʥʠʤʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʙʝʯʝʚʢʘ, ʘ ʪʘʢʞʝ ʜʝʨʝʚʷʥʥʘʷ ʧʣʘʥʢʘ. ʉ ʧʦʤʦʱʴʶ ʦʜʥʦʤ ʙʝʯʝʚʢʠ, ʢʘʢ 

ʩʯʠʪʘʝʪ ʄ. ʉ. ɹʫʣʘʪʦʚ, ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʣʦʞʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ʧʦ ʨʘʟʙʠʚʢʝ ʠ 

ʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʶ ʟʜʘʥʠʷ [2]. 
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