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Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 
 

 

ʋɼʂ 539.3:534.1 
 

ʈɸʉʏɪʊ ʂʆʃɽɹɸʅʀʁ ʋʇʈʋɻʆʇʃɸʉʊʀʏɽʉʂʀʍ ʂʆʅʉʊʈʋʂʎʀʁ 
 

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

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

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩ ʫʯʸʪʦʤ ʩʞʠʤʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝ-

ʪʦʜʠʢʘ ʜʦʧʫʩʢʘʝʪ, ʯʪʦʙʳ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʦʙʦʣʦʯʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʥʘ ʦʜʥʦʡ ʥʦʨʤʘʣʠ ʢ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʭʦʜʠʣʠʩʴ ʢʘʞʜʳʡ ʚ ʩʚʦʸʤ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʤ ʩʚʦʝʤʫ ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤʫ ʩʪʘʪʫʩʫ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʢʦʣʝʙʘʥʠʡ 

ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʱʸʣʢʠʚʘʥʠʷ ʦʙʦʣʦʯʝʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ, ʫʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʜʝʬʦʨʤʘʮʠ-

ʦʥʥʘʷ ʪʝʦʨʠʷ, ʨʘʩʯʸʪ ʢʦʣʝʙʘʥʠʡ.  
  
ʆʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʧʦʚʝʜʝʥʠʝ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʦʙʦʣʦʯʢʠ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʧʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦ ʫʨʘʚʥʝʥʠʡ ʢʦʣʝʙʘʥʠʡ ʚʭʦʜʷʪ ʝʱʸ 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʪ.ʝ. ʨʘʚʝʥʩʪʚʘ, ʩʚʷʟʳʚʘʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠʤʝʥʠʤ 

ʫʨʘʚʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʬʦʨʤʝ [4]  
 

( )
( )

()

221133,

1  ,
1

1

213

eeeeee

dee
n

w
d

n

e
s

+=+=

-=
+

-
+

-
= ijijijijijij ee

EE

 

 

ɿʜʝʩʴ E  ï ʤʦʜʫʣʴ ʖʥʛʘ, ijd  ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ, -w  ʬʫʥʢʮʠʷ ɸ.ɸ. ʀʣʴʶʰʠʥʘ [3], ʚʠʜ ʢʦʪʦʨʦʡ ʟʘ-

ʚʠʩʠʪ ʦʪ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʩʣʫʯʘʝ ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟ ʨʘʚʝʥʩʪʚ (1) ʥʘʡʜʸʤ 
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ɼʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʠʤʝʝʤ [3] 
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ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦ ʢʦʣʝʙʘʥʠʷʭ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʯʘʩʪʦ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ 

(3) ʠʤʝʝʪ ʚʠʜ, ʢʘʢ ʥʘ ʨʠʩ. 1 [1, 2]. 

ɼʝʣʘʝʪʩʷ ʠ ʚʪʦʨʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ï ʦ ʪʦʤ, ʯʪʦ ʨʘʟʛʨʫʟʢʘ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ 

ʦʙʦʣʦʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʥʦʨʤʘʣʠ ʢ ʝʸ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʙʘ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʦʧʨʘʚʜʘʥʥʳʤʠ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʠʝ ʦʙʦʣʦʯʢʠ ʠ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʦʣʦʯʢʫ ʥʝ 

ʩʣʠʰʢʦʤ ʠʥʪʝʥʩʠʚʥʳ. ʅʦ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ, çʠʟʦʱʨʸʥʥʳʝè ʧʦʜʭʦʜʳ [8, 7].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʩʫʱʝ-

ʩʪʚʫʝʪ ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʠʜʘ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʜʠʥʘʷ ʬʦʨʤʘ ʩʚʷʟʠ ʤʝʞʜʫ ʠʥʪʝʩʠʚʥʦʩʪʷʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ [3, 4]. ʅʘ ʨʠʩ. 2. ʠʟʦʙʨʘʞʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʘʛʨʘʤʤʘ. ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʜʘʥʥʫʶ ʢʨʠʚʫʶ çʫʥʠ-

ʚʝʨʩʘʣʴʥʦʡè. ʋʜʦʙʥʦ ʚʚʝʩʪʠ ʪʘʢʞʝ ʧʦʥʷʪʠʷ ʧʦʚʪʦʨʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʋʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤʫ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʣʝʤʝʥʪʘ ʦʙʦʣʦʯʢʠ ʩʦʧʦʩʪʘʚʠʤ ʜʚʠʞʝʥʠʝ ʠʟʦʙʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʧʦ çʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʨʠʚʦʡè ʧʦ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ: ʧʦʚʪʦʨʥʦʤʫ ʫʧʨʦʯʥʝʥʠʶ ï ʜʚʠʞʝʥʠʝ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʠ ʜʦ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʨʘʟ-

ʛʨʫʟʢʠ, ʘ ʧʝʨʝʤʝʥʥʦʤʫ ï ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ (ʩʤ. ʨʠʩ. 2). ɺʚʝʜʸʤ ʪʘʢʞʝ ʧʦʥʷʪʠʝ ʧʦʣʫʮʠʢʣʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ: 

ʥʫʣʝʚʦʤʫ ʧʦʣʫʮʠʢʣʫ ʦʪʚʝʯʘʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʫʯʘʩʪʢʫ OAD çʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʨʠʚʦʡè, ʧʝʨʚʦʤʫ ï ʧʦ DEP, ʚʪʦʨʦʤʫ 

ï ʧʦ PRS ʠ ʪ.ʜ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ n -ʦʤ ʧʦʣʫʮʠʢʣʝ, 1²n . ʆʥ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʟʛʨʫʟʢʠ. 

ʇʣʘʩʪʠʯʝʩʢʦʝ ʪʝʯʝʥʠʝ ʥʘ ʜʘʥʥʦʤ ʧʦʣʫʮʠʢʣʝ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʣʠʰʴ ʚ ʚʠʜʝ ʧʝʨʝʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 

                                                           
É ʉʪʦʣʷʨ ɸ.ʄ. / Stolyar A.M., 2017 
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ʈʠʩ. 1.                                                                                                 ʈʠʩ. 2. 

 

ʅʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ [5] ʧʦʣʫʯʠʤ 
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ɿʜʝʩʴ ijs , ije ï ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ, 
()n
ijs , 

()n
ije   ï ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ n -ʛʦ ʧʦʣʫʮʠʢʣʘ. ɺ ʩʣʫʯʘʝ ʙʠʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ çʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʨʠʚʦʡè ʜʣʷ ʬʫʥʢʮʠʠ 

ʀʣʴʶʰʠʥʘ ʠʤʝʝʤ 
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ɿʜʝʩʴ ,ng ,ine
()n
se  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʥʦʰʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʢ ʤʦʜʫʣʶ ʖʥʛʘ, ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʨʝʜʝʣ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘ n -ʦʤ ʧʦʣʫʮʠʢʣʝ. ɼʣʷ ʤʘʪʝʨʠʘʣʘ ʩ ʠʜʝʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ 

ɹʘʫʰʠʥʛʝʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  
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ʛʜʝ ss  ï ʥʘʯʘʣʴʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ. ɼʣʷ ʤʘʪʝʨʠʘʣʘ ʩ ʠʟʦʪʨʦʧʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

 

( ) () ( ) ()( ) 0,2 11 =neeee n
s

n
inn

n
s

n
s -+= ++ g  

() () () ()( ),22 01
00

01
siss eeee -+= g                               (8) 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʡ ʚʳʨʘʞʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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ʇʨʠ ʚʦʟʚʨʘʱʝʥʠʠ ʥʘ ʧʨʝʜʳʜʫʱʠʡ ï 1-n -ʡ ʧʦʣʫʮʠʢʣ ʵʣʝʤʝʥʪ ʦʙʦʣʦʯʢʠ çʟʘʙʳʚʘʝʪè ʦʙ n -ʦʤ ʧʦʣʫʮʠʢ-

ʣʝ. ɽʩʣʠ ʩʥʦʚʘ ʥʘʯʠʥʘʝʪʩʷ n -ʡ ʧʦʣʫʮʠʢʣ, ʚʝʣʠʯʠʥʳ 
()n
ijs , 

()n
ije  ʧʦʣʫʯʘʶʪ ʜʨʫʛʠʝ ʟʥʘʯʝʥʠʷ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʦʚʤʝʩʪʥʦ ʨʘʚʝʥʩʪʚʘ (6) ʠ (9), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 
()

in
n

s ee=l : 

 

)10(043
2

2
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1
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0 =--++ bbbbb llll  

 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (10) ʠʤʝʝʪ ʨʦʚʥʦ ʦʜʠʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʨʝʥʴ, ʦʯʝʚʠʜʥʦ, ʥʝ ʧʨʝʚʦʩʭʦ-

ʜʷʱʠʡ ʝʜʠʥʠʮʫ.  

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʙʦʣʦʯʢʠ, ʨʝʘʣʠʟʫʶʱʠʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ (4)-(10). ʇʫʩʪʴ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʠʟʚʝʩʪʥʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠijs , ije ʠ 
()n
ijs , 

()n
ije  ʠ ʚ ʤʦʤʝʥʪ 



ISSN 2308-4804. Science and world. 2017. ˉ 2 (42). Vol. I. 

 

 

12 

 

ʚʨʝʤʝʥʠ tt D+  ʥʘʡʜʝʥʳ ʧʨʠʨʘʱʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ijeD . ʉʯʠʪʘʷ, ʯʪʦ ʟʘ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ tD  ʧʣʘʩʪʠ-

ʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ, ʚʳʯʠʩʣʷʝʤ ʧʦ ijeD  ʧʨʦʙʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʨʘʱʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ 
0
ijsD  ʠ 

ʧʨʦʙʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 
0
ijs . ʅʘʭʦʜʠʤ ʯʝʨʝʟ ʥʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ is  ʠ ʧʨʦʚʝʨʷʝʤ ʫʩʣʦʚʠʝ 

ʪʝʢʫʯʝʩʪʠ ʄʠʟʝʩʘ (ʩʤ., ʥʘʧʨ., [4])
22
si ss ¢ . ɽʩʣʠ ʜʘʥʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ 

ʥʝʪ ʠ ʧʨʦʙʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 
0
ijs  ʩʯʠʪʘʶʪʩʷ ʠʩʪʠʥʥʳʤʠ. ɽʩʣʠ ʜʘʥʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ, ʜʣʷ 

ʧʝʨʝʩʯʸʪʘ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʬʦʨʤʫʣʘʤ (4) ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ, ʢʘʢʦʝ ʫʧʨʦʯʥʝʥʠʝ ʥʘʯʘʣʦʩʴ: ʧʦʚʪʦʨʥʦʝ ʠʣʠ ʧʝʨʝʤʝʥ-

ʥʦʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʫʧʨʦʯʥʝʥʠʷ ʚʳʯʠʩʣʷʝʤ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ()()n
sin ete=*l . ʇʦʣʘʛʘʝʤ, ʯʪʦ ʧʨʠ 

5,0* Bl  ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʚʪʦʨʥʦʝ ʫʧʨʦʯʥʝʥʠʝ, ʘ ʧʨʠ 5,0* ²l   ï ʧʝʨʝʤʝʥʥʦʝ. ɺʝʣʠʯʠʥʫ *l ʚʳʯʠʩʣʷʝʤ ʚʦ ʚʩʷʢʠʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʚ ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʣʝʤʝʥʪ ʦʙʦʣʦʯʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʟʛʨʫʟʢʠ. ɽʩʣʠ ʞʝ ʚ 
ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʤʝʩʪʦ ʢʘʢʦʝ-ʣʠʙʦ ʫʧʨʦʯʥʝʥʠʝ, ʠ ʫʩʣʦʚʠʝ ʄʠʟʝʩʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ tt D+  ʧʨʦʜʦʣʞʘʝʪʩʷ ʫʧʨʦʯʥʝʥʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʫʧʨʦʯʥʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ( )ttein D+ . 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʫʯʠʪʳʚʘʝʪ, ʯʪʦ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʦʙʦʣʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ 

çʫʥʠʚʝʨʩʘʣʴʥʘʷ ʢʨʠʚʘʷè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʜʦʧʫʩʢʘʝʪ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʦʣʦʯʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʣʝʞʘʱʠʝ ʥʘ ʦʜʥʦʡ ʥʦʨʤʘʣʠ ʢ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴ-

ʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʩʚʦʠʭ çʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʨʠʚʳʭè. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ. ʏʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʦʱʸʣʢʠʚʘ-

ʥʠʠ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʷʚʥʦʡ ʩʭʝʤʳ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ (ʄʂʈ). ɸʣʛʦʨʠʪʤ ʠ 

ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ [1, 2, 7]. ʇʨʠʚʝʜʸʤ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʞʸʩʪʢʦ ʟʘʱʝʤʣʸʥʥʦʡ ʩʬʝ-

ʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʙʣʠʟʢʦʛʦ ʢ ʘʣʶʤʠʥʠʶ 6061-ʊ6. ʋʧʨʦʯʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩʯʠʪʘʣʦʩʴ ʠʟʦʪʨʦʧ-

ʥʳʤ; ʢʨʦʤʝ ʪʦʛʦ, ʧʦʣʘʛʘʣʦʩʴ ( )0²== nconstn gg .  

ɼʣʷ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ [11] ʚʳʯʠʩʣʷʣʠʩʴ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʱʸʣʢʠʚʘʥʠʷ 

(ʂʅɼʇ) ï ʩʣʝʜʫʷ ʢʨʠʪʝʨʠʶ ɹʫʜʷʥʩʢʦʛʦ-ʈʦʪʘ [10, 6]. ʅʘʡʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʂʅɼʇ: 0,35 ʧʨʠ 3,0=n  ʠ 

0,40 ʧʨʠ 5,0=n . ɺ ʨʘʙʦʪʝ [11] ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 0,36. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʛʠʙʘ ʚ ʧʦʣʶʩʝ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʛʥʦʚʝʥʥʦ ʧʨʠʣʦʞʝʥʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʥʘʛʨʫʟʢʠ. ʂʨʠʚʳʝ 3 ʠ 4 ʦʪʚʝʯʘʶʪ ʨʝʟʫʣʴʪʘʪʘʤ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʠ 5,0=n  ʠ 3,0=n  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʢʨʠʚʳʝ 1 ʠ 2 ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ [12, 9], ʧʦʣʫʯʝʥʥʳʝ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʝʣʠ ʂʠʨʭʛʦʬʘ-ʃʷʚʘ, ʪʝʦʨʠʠ ʪʝʯʝʥʠʷ ʩ ʠʟʦʪʨʦʧʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɿʜʝʩʴ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʪʝʦʨʠʠ ʪʝʯʝ-

ʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ. 
 

 
 

ʈʠʩ. 3. 
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ɿʘʢʣʶʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦ-

ʱʸʣʢʠʚʘʥʠʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʥʘ ʦʩʥʦʚʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩ ʫʯʸʪʦʤ ʩʞʠʤʘʝ-

ʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʠ ʫʜʘʨʥʦʤ 

ʥʘʛʨʫʞʝʥʠʠ ʠ ʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʪʝʦʨʠʠ ʪʝʯʝʥʠʷ. 
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Abstract. In this article the algorithm of calculation of elastic-plastic shells oscillations with application of the 

deformation plasticity theory taking into account the material compressibility is developed. The suggested technique 

assumes that in any specific time all the shell elements including elements located on one normal to medial surface, 

were in the elastic-plastic state corresponding to their stress-deformed status. The calculation results of oscillations 

and dynamic buckling of shells are given. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸʊʗɾɽʅʀʗ ʅʀʊʀ  

ʐɽʃʂɸ-ʉʓʈʎɸ ɺ ʇʈʆʎɽʉʉɽ ʂʆʂʆʅʆʄʆʊɸʅʀʗ 
 

 ɻ.ʖ. ʂʘʣʜʳʙʘʝʚʘ, ʈ.ʊ. ʂʘʣʜʳʙʘʝʚ, ɸ.ɸ. ɹʘʪʠʨʢʫʣʦʚʘ, ɻ.ʊ. ɸʢʠʣʦʚʘ, ʅ. ɾʦʣʘʝʚʘ, ʋ. ɹʝʡʩʝʝʚʘ 

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

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʨʘʙʦʪʘ ʢʦʥʪʨʦʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʢʦʢʦʥʦʤʦʪʘʣʴʥʳʭ ʘʚʪʦʤʘʪʦʚ ʦʜʠ-

ʥʘʢʦʚʳ. ʃʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʠʪʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʫʯʘʩʪʢʘ 

ʰʝʣʢʘ-ʩʳʨʮʘ. ɼʝʬʦʨʤʘʮʠʷ ʨʘʩʪʷʞʝʥʠʷ ʥʠʪʠ ʚ ʧʝʪʣʝ ʥʦʩʠʪ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʟʘ ʧʝʪʣʝʡ 

ʫʯʘʩʪʢʠ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ. ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʥʠʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʠʩʧʳʪʳ-

ʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʘ ʥʘ ʤʦʪʦʚʠʣʦ ʥʘʤʘʪʳʚʘʝʪʩʷ ʚ ʤʦʢʨʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦ ʤʝʨʝ ʚʳʩʳʭʘʥʠʷ ʥʠʪʠ 

ʰʝʣʢʘ-ʩʳʨʮʘ ʥʘʪʷʞʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʥʘʪʷʞʝʥʠʠ ʥʠʪʠ ʧʝʨʝʜ ʫʢʣʘʜʢʦʡ ʥʘ ʤʦʪʦʚʠʣʦ ʙʦʣʝʝ 8 ʩʅ, ʨʘʟʨʳʚʥʦʝ ʫʜʣʠʥʝʥʠʝ ʥʠʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʰʝʣʢ-ʩʳʨʝʮ, ʢʦʢʦʥʥʘʷ ʥʠʪʴ, ʧʝʨʝʚʠʚʢʘ ʥʠʪʠ, ʚʣʘʞʥʦʩʪʴ ʰʝʣʢʘ-ʩʳʨʮʘ. 

 

ʅʘ ʫʯʘʩʪʢʝ ʦʪ ʟʝʨʢʘʣʘ ʚʦʜʳ ʜʦ ʣʦʚʠʪʝʣʷ ʢʦʢʦʥʥʳʝ ʥʠʪʠ ʨʘʟʦʙʱʝʥʳ, ʠʜʫʪ ʥʘʢʣʦʥʥʦ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ 

ʣʦʚʠʪʝʣʷ, ʥʘʪʷʞʝʥʠʝ ʠʭ ʦʙʫʩʣʦʚʣʝʥʦ ʘʜʛʝʟʠʝʡ ʩʝʨʠʮʠʥʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʦʢʦʥʦʚ ʨʦʟʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʦʚʠ-

ʪʝʣʶ. 

ʅʘ ʫʯʘʩʪʢʝ ʦʪ ʥʠʞʥʝʛʦ ʛʣʘʟʢʘ ʣʦʚʠʪʝʣʷ ʜʦ ʟʦʥʳ ʧʝʨʝʚʠʚʢʠ ʢʦʢʦʥʥʳʝ ʥʠʪʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʢʨʫʯʝʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ, ʧʦʣʫʯʘʝʤʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʥʠʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʢʣʝʝʥʘ, ʠʤʝʝʪ ʨʳʭʣʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʨʠ ʧʨʦʭʦʜʝ ʯʝʨʝʟ 

ʛʣʘʟʢʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʨʝʥʠʶ ʩʢʦʣʴʞʝʥʠʷ. 

ʅʘ ʫʯʘʩʪʢʝ ʦʪ ʚʭʦʜʘ ʚ ʟʦʥʫ ʧʝʨʝʚʠʚʢʠ ʜʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʥʠʪʴ ʯʘʩʪʠʯʥʦ ʦʙʝʟʚʦʞʠʚʘʝʪʩʷ, ʩʢʣʝʠ-

ʚʘʝʪʩʷ ʚ ʦʜʥʫ ʢʦʤʧʣʝʢʩʥʫʶ ʠ ʠʩʧʳʪʳʚʘʝʪ ʠʟʛʠʙʘʶʱʠʝ, ʢʨʫʪʷʱʠʝ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʧʦʩʣʝ ʧʝʨʝ-

ʚʠʚʢʠ ʨʘʩʢʨʫʯʠʚʘʝʪʩʷ. 

ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʥʠʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʠʩʧʳʪʳʚʘʝʪ ʝʱʝ ʠʟʛʠʙʘʶʱʠʝ ʜʝ-

ʬʦʨʤʘʮʠʠ. ʅʘ ʤʦʪʦʚʠʣʦ ʥʠʪʴ ʥʘʤʘʪʳʚʘʝʪʩʷ ʚ ʤʦʢʨʦʤ (W = 100 %) ʠ ʥʘʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦ ʤʝʨʝ ʚʳʩʳʭʘʥʠʷ 

ʥʠʪʠ ʝʝ ʚʥʫʪʨʝʥʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ. 

 

ʊʘʙʣʠʮʘ 1 

ʅʘʪʷʞʝʥʠʝ ʥʠʪʠ ʧʦ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʢ ʤʦʪʦʚʠʣʫ ʥʘ ʢʦʢʦʥʦʤʦʪʘʣʴʥʳʭ ʘʚʪʦʤʘʪʘʭ ʉʂʕ-4-ɺʋ, ʉʂ-5 ʠ ʉʂʕ-4-ʂʄ 
ʋʯʘʩʪʦʢ ʅʘʪʷʞʝʥʠʝ ʥʠʪʠ, ʩʅ ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ, % ʅʘʠʙʦʣʴʰʝʝ ʅʘʠʤʝʥʴʰʝʝ ʉʨʝʜʥʝʝ ʩ 

ʦʰʠʙʢʦʡ 

ʉʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝ-

ʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ɼʦ ʣʦʚʠʪʝʣʷ - - 0,2-0,3* - - 

ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʣʦʚʠʪʝʣʷ 3,5 2,2 2,68Ñ0,08 0,31 10,9 

ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʧʝʨʝʚʠʚʢʠ ʚ 

ʧʝʨʚʳʡ ʨʘʟ 

2,2 1 1,37Ñ0,11 0,42 30,4 

ʄʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ 

ʨʦʣʠʢʘʤʠ 

3,2 1 2,1Ñ0,08 0,34 16 

ʇʦʩʣʝ ʥʠʞʥʝʛʦ ʨʦʣʠʢʘ 5,3 2 3,05Ñ0,09 0,37 12 

ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʧʝʨʝʚʠʚʢʠ 

ʚʦ ʚʪʦʨʦʡ ʨʘʟ 

7,3 2,8 5,01Ñ0,21 0,81 16,2 

ʇʦʩʣʝ ʚʭʦʜʘ ʚ ʧʝʪʣʶ ʢʦʥ-

ʪʨʦʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

10 6,8 8,79Ñ0,2 0,77 8,8 

ʇʦʩʣʝ ʦʛʠʙʘʥʠʷ ʥʘʧʨʘʚʣʷʶ-

ʱʝʛʦ ʨʦʣʠʢʘ ʚ ʧʝʪʣʝ 

12 8 9,63Ñ0,21 0,81 7,7 

ʇʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʧʝʪʣʠ ʢʦʥ-

ʪʨʦʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

8,5 4,8 6,5Ñ0,2 0,7 10,8 

 

 

 

                                                           
É ʂʘʣʜʳʙʘʝʚʘ ɻ.ʖ., ʂʘʣʜʳʙʘʝʚ ʈ.ʊ., ɹʘʪʠʨʢʫʣʦʚʘ ɸ.ɸ., ɸʢʠʣʦʚʘ ɻ.ʊ., ɾʦʣʘʝʚʘ ʅ., ɹʝʡʩʝʝʚʘ ʋ. / Kaldybaeva G.Yu., Kaldybaev R.T., 

Batirkulova A.A., Akilova G.T., Zholaeva N., Beiseyeva U., 2017 
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ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʥʘʪʷʞʝʥʠʷ ʰʝʣʢʘ-ʩʳʨʮʘ ʧʝʨʝʜ ʫʢʣʘʜʢʦʡ  

ʥʘ ʤʦʪʦʚʠʣʦ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʝʛʦ ʥʘʪʷʞʝʥʠʷ ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ 
ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʥʘʪʷʞʝʥʠʷ 

ʤʦʢʨʦʡ ʥʠʪʠ, ʩʅ 

ʅʘʪʷʞʝʥʠʷ ʥʠʪʠ ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ, ʩʅ 

ʄʠʥʠʤʘʣʴʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʉʨʝʜʥʝʝ 

1 16 8 13 

10 20 28 25 

20 25 35 32 

30 32 42 37 

40 40 45 42 

 

ʊʘʙʣʠʮʘ 3 

ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʪʷʞʝʥʠʷ ʰʝʣʢʘ-ʩʳʨʮʘ ʦʪ ʜʣʠʥʳ ʧʝʨʝʚʠʚʢʠ 
ɼʣʠʥʘ ʧʝʨʝʚʠʚʢʠ, ʩʤ ʅʘʪʷʞʝʥʠʝ ʥʠʪʠ ʧʝʨʝʜ ʧʦʩʪʫʧʣʝʥʠʝʤ ʥʘ ʤʦʪʦʚʠʣʦ, ʩʅ ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ ʉ, % ʉʨʝʜʥʝʝ ʩ ʦʰʠʙʢʦʡ, Ñmp ʉʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ  

2,5Ñ0,5 5,49Ñ0,09 0,32 5,83 

9Ñ1 5,74Ñ0,31 0,46 8,02 

21Ñ1 6,03Ñ0,27 0,96 15,91 

 

ɺʓɺʆɼʓ: 

ʅʘʪʷʞʝʥʠʝ ʥʠʪʠ ʧʝʨʝʜ ʫʢʣʘʜʢʦʡ ʥʘ ʤʦʪʦʚʠʣʦ, ʨʘʚʥʦʝ ʙʦʣʝʝ 8 ʩʅ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝ-

ʥʠʝ ʨʘʟʨʳʚʥʦʛʦ ʫʜʣʠʥʝʥʠʷ ʥʠʪʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʘʟʤʦʪʢʠ  ʢʦʢʦʥʦʚ ʥʘʪʷʞʝʥʠʷ ʰʝʣʢʘ-ʩʳʨʮʘ ʚʦʟʨʘʩ-

ʪʘʝʪ ʧʦ ʬʦʨʤʫʣʝ ʌ. ʅʘʢʘʛʘʚʳ. 

 

ʈ=ɸ-bxn, 

 

ʛʜʝ ɸ ï ʧʦʩʪʦʷʥʥʘʷ, ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʢʦʨʦʩʪʠ ʨʘʟʤʦʪʢʠ ʢʦʢʦʥʦʚ, ʩʅ/10 ʜʝʥʴʝ; b ï ʧʦʩʪʦʷʥʥʘʷ ʠʟʤʝʥʝʥʠʷ ʥʘʪʷ-

ʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ , ; n ï ʩʪʝʧʝʥʴ (1 ï 2). 

 

ʊʘʙʣʠʮʘ 4 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʬʦʨʤʫʣʫ ʌ. ʅʘʢʘʛʘʚʳ, ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʟʤʦʪʢʠ 

, ʤ/ʤʠʥ ɸ b n 

19-70 0,88 0,0104 1,2 

125-285 0,883 0,000125 1,8 
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INVESTIGATION OF RAW SILK THREAD TENSION DURING WINDING COCOON  
 

G.Yu. Kaldybaeva, R.T. Kaldybaev, A.A. Batirkulova, G.T. Akilova, N. Zholaeva, U. Beiseyeva 

M. Auezov South Kazakhstan State University (Shymkent), Republic of Kazakhstan 

 

Abstract. The principle of operation and the work of the automatic cocoon-reeling machines are the same. The 

linear density of the yarn is controlled and regulated by the plot tension force change in raw silk. Yarn stretching de-

formation in the loop has a local character and does not cover the next areas after the loop. The thread in the control 

device is in a stretched state and undergoes a certain deformation and is wound on the reel in a wet condition. During 

the drying of raw silk yarn the tension increases. As a result of investigations it was found that the thread tension before 

laying on the reel is more than 8 cN, elongation at break of the filament is reduced significantly. 

Keywords: raw silk, cocoon thread, croissage, moisture content of raw silk.  
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ɸʅɸʃʀɿ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɹʋʃʔɼʆɿɽʈʅʆɻʆ  

ʆʊɺɸʃɸ ɸɼɸʇʊʀʈʋɽʄʆɻʆ ʊʀʇɸ ʉʆ ʉʈɽɼʆʁ 
 

 ʈ.ɸ. ʂʦʟʙʘʛʘʨʦʚ1, ɸ.ʊ. ɹʦʜʠʝʚʘ2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨʘʥʪ 

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʀ. ʉʘʪʧʘʝʚʘ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʙʫʣʴʜʦʟʝʨʦʚ ʠ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʨʝʜʦʡ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʪʚʘʣʘ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʙʦʢʦʚʳʤʠ ʦʪʢʨʳʣʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʤʣʝʨʦʡʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ, ʙʫʣʴʜʦʟʝʨ, ʙʫʣʴʜʦʟʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘʜʘʧʪʠ-

ʨʫʝʤʘʷ ʬʦʨʤʘ ʦʪʚʘʣʘ.  

 

ɹʦʣʴʰʝ ʟʘʪʨʘʪʳ ʪʨʫʜʦʚʳʭ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʝʤʝʣʴʥʳʭ ʨʘʙʦʪ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʠʭ ʤʝʭʘʥʠʟʘʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʝ ʫʜʦʙʩʪʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ ʤʘʰʠʥʠʩʪʘ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʜʦʨʦʞʘʥʠʝʤ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʦʙʨʝʪʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʙʫʣʴʜʦʟʝʨʘʤ, ʦʜʥʦʤʫ ʠʟ ʚʝʜʫʱʠʭ ʪʠʧʦʚ ʟʝʤʣʝʨʦʡʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ, ʥʘʠʙʦʣʝʝ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦ ʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ, ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʪʦʣʴʢʦ ʥʘ ʦʙʲʝʢʪʘʭ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʦʜʥʦʪʠʧʥʳʭ ʨʘʙʦʪ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʦʛʦ ʧʘʨʢʘ ʥʝʵʬ-

ʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ʠ ʩʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʚʝʣʠʯʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʙʘ-

ʟʠʨʦʚʢʠ ʠ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʲʝʤʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʘʙʦʪ ʥʘ ʨʘʩʩʨʝʜʦʪʦʯʝʥ-

ʥʳʭ ʦʙʲʝʢʪʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʙʫʣʴʜʦʟʝʨʳ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʙʫʣʴʜʦʟʝʨʘ ʷʚʣʷʝʪʩʷ ʪʨʝʭʩʝʢʮʠʦʥʥʳʡ ʦʪʚʘʣ ʩ ʠʟʤʝʥʷʝʤʦʡ ʚ ʧʣʘʥʝ ʬʦʨʤʳ. 

ʐʘʨʥʠʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʦʢʦʚʳʭ ʦʪʢʨʳʣʦʢ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʩʝʢʮʠʝʡ ʧʨʠ ʧʦʤʦʱʠ ʦʩʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 

ʢ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ ʦʪʚʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʬʦʨʤʳ ʥʦʞʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʘʣʘ ʢ ʪʨʝ-

ʙʦʚʘʥʠʷʤ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦʪʳ ʠ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʯʝʪʘʪʴ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦʣʫ-

ʩʬʝʨʠʯʝʩʢʦʛʦ ʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʪʚʘʣʦʚ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʨʝʜʦʡ 

ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʪʚʘʣʘ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʙʦʢʦʚʳʤʠ ʦʪʢʨʳʣʢʘʤʠ. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʦʪʚʘʣʘ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʙʦʢʦʚʳʤʠ ʦʪʢʨʳʣʢʘʤʠ 
 

ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʦʪʚʘʣʘ ʩ ʧʦʚʦʨʦʪʦʤ ʙʦʢʦʚʳʭ ʩʝʢʮʠʡ ʚʧʝʨʝʜ (ʨʠʩ. 1) ʧʨʠ b/Ba = 0.375, ꜟ=140 ʠ ű =300, 

ʥʘʧʨʠʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʧʝʨʝʢʦʩ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʙʦʢʦʚʳʭ ʥʦʞʝʡ ʥʘ ʫʛʦʣ 90 ʠ ʚʝʣʠʯʠʥʘ ʚʳʩʪʫʧʘʶʱʝʡ ʯʘʩʪʠ 

ʩʨʝʜʥʝʛʦ ʥʦʞʘ ï ʚ ʩʨʝʜʥʝʤ 3 % ʦʪ ʚʳʩʦʪʳ ʦʪʚʘʣʘ. ʉʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʩʪʨʫʞʝʢ, ʚʳʨʝʟʘʝʤʳʭ ʪʘʢʠʤ ʦʪʚʘʣʦʤ ʠ 

ʧʨʷʤʳʤ ʦʪʚʘʣʦʤ ʩ ʚʳʩʪʫʧʘʶʱʠʤ ʩʨʝʜʥʠʤ ʥʦʞʦʤ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʝ ʫʜʝʣʴ-

ʥʳʝ ʟʘʛʣʫʙʣʷʶʱʝʝ ʠ ʥʘʧʦʨʥʦʝ ʫʩʠʣʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʘʚʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʯʥʳʭ ʛʨʫʥ-

ʪʦʚ IV ʢʘʪʝʛʦʨʠʠ (ʥʘ ʙʫʣʴʜʦʟʝʨʝ ʢʣʘʩʩʘ 10 ï ʜʦ 35 ʫʜʘʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʣʦʪʥʦʤʝʨʘ). 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘʥʠʶ ʛʨʫʥʪʘ ʨʘʚʥʘ: 
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ʛʜʝ ʈʧʣ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʚʳʨʝʟʘʝʤʦʛʦ ʧʣʘʩʪʘ ʛʨʫʥʪʘ ʦʪʚʘʣʦʤ ʩʢʚʦʟʴ ʧʨʠʟʤʫ ʚʦʣʦʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʝʛʦ ʚʝʩʘ. 

                                                           
É ʂʦʟʙʘʛʘʨʦʚ ʈ.ɸ., ɹʦʜʠʝʚʘ ɸ.ʊ. / Kozbagarov R.A., Bodiyeva A.T., 2017 
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ʈʠʩ. 2. ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʢʦʧʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʥʪʘ ʦʪʚʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ 

 

ɺʝʣʠʯʠʥʘ ʈʧʣ ʨʘʚʥʘ (ʨʠʩ. 2): 
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3 ,                         (2) 

 

ʛʜʝ ( ) rrdg 2
3 cosÖ+ÖÖ= tgtggA p . 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ ʛʨʫʥʪʘ ʧʝʨʝʜ ʦʪʚʘʣʦʤ: 

 

                                       
2

cos
2

2 HB
gP pʧʣ

Ö
ÖÖÖ= rg .                                                    (3) 

 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ ʛʨʫʥʪʘ ʧʝʨʝʜ ʙʦʢʦʚʳʤʠ ʦʪʢʨʳʣʢʘʤʠ:  
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ʉʫʤʤʘʨʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʧʘʥʠʶ ʛʨʫʥʪʘ ʦʪʚʘʣʦʤ ʚ ʪʨʘʥʩʧʦʨʪʠʨʫʶ-

ʱʝʤ ʨʝʞʠʤʝ ʙʦʢʦʚʳʭ ʦʪʢʨʳʣʢʦʚ ʨʘʚʥʘ: 
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ʇʨʠ ʢʦʧʘʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʥʪʘ ʩʦʚʤʝʩʪʥʦ ʦʪʚʘʣʦʤ ʠ ʙʦʢʦʚʳʤʠ ʦʪʢʨʳʣʢʘʤʠ (ʨʠʩʫʥʦʢ 3) ʦʙʲʝʤ 

ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ ʨʘʚʝʥ ʩʫʤʤʝ ʦʙʲʝʤʦʚ ʪʨʝʭ ʯʘʩʪʝʡ 

 

V = V1+2V2 + 2V3,                                                                      (6) 

 

ʛʜʝ V1 = ɺĀF1 ï ʦʙʲʝʤ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ; V2 ï ʦʙʲʝʤ ʙʦʢʦʚʦʡ ʧʨʠʟʤʳ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʙʦ-

ʢʦʚʳʤ ʦʪʢʨʳʣʢʘʤ ʠ ʠʤʝʶʱʝʡ ʚʳʩʦʪʫ, ʨʘʚʥʫʶ ʚʳʩʦʪʝ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʠʟʤʳ; V3 ï ʦʙʲʝʤ ʙʦʢʦʚʦʡ ʧʨʠʟʤʳ ʩ ʧʝʨʝ-

ʤʝʥʥʦʡ ʚʳʩʦʪʦʡ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ ʙʦʢʦʚʳʤ ʦʪʢʨʳʣʢʘʤ. 
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ʈʠʩ. 3. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ ʜʣʷ ʦʪʚʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ  

ʙʦʢʦʚʳʤʠ ʦʪʢʨʳʣʢʘʤʠ ʧʨʠ ʢʦʧʘʥʠʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʥʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʚʘʣʦʤ ʠ ʙʦʢʦʚʳʤʠ ʦʪʢʨʳʣʢʘʤʠ 

 

ʊʦʛʜʘ, ʧʦʣʥʳʡ ʦʙʲʝʤ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ: 

 

    ( ) ( )( ).cos
3

2

3

2
222221121 ʙʙɹʆɹʆ FFFFBlFFFFBBFV +Ö+-ÖÖ++Ö+ÖÖ+Ö= a                   (7) 

 

ɿʥʘʷ ʦʙʲʝʤ V ʧʝʨʝʤʝʱʘʝʤʦʡ ʧʨʠʟʤʳ ʚʦʣʦʯʝʥʠʷ ʛʨʫʥʪʘ ʚ ʢʘʞʜʦʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʚʘʣʴʥʦʛʦ ʪʠʧʘ, ʪʝʭʥʠʯʝʩʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʝʤʣʝ-

ʨʦʡʥʦʡ ʤʘʰʠʥʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 
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Ö=3600 ,  ʤ3/ʯ,                                                            (8) 

 

ʛʜʝ ʂʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʝʪʘ ʢʚʘʣʠʬʠʢʘʮʠʠ ʤʘʰʠʥʠʩʪʘ; ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʛʫʩʝʥʠʯʥʳʤ ʙʫʣʴʜʦʟʝʨʦʤ ʤʘʰʠʥʠʩʪʦʤ 

ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʳʤ 1, ʩʨʝʜʥʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ï 0,85 ʠ ʥʠʟʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ï 0,65; ʂʫ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʫʢʣʦʥʘ ʤʝʩʪʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤ ʧʨʠ ʧʦʜʲʝʤʝ 0-5 % ʂʫ = 1-0,67; 5-10 % ʂʫ=0,67-0,5; 

10-15 % ʂʫ= 0,5-0,4; ʧʨʠ ʨʘʙʦʪʝ ʧʦʜ ʫʢʣʦʥ 0-5 % ʂʫ =1,0-1,33; 5-10 % ʂʫ = 1,33-1,94; 10-15 % ʂʫ = 1,94-2,25; 15-

20 % ʂʫ= -2,25-2,68; ʂʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʭʨʘʥʝʥʠʷ ʛʨʫʥʪʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ; ʧʨʠʥʠʤʘʝʤ ʂʩ = 1-0,005ĿLʧʝʨ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʥʪʘ Lʧʝʨ; ʊʮ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʧʨʠ ʨʘʙʦʪʝ ʟʝʤ-

ʣʝʨʦʡʥʦʡ ʤʘʰʠʥʳ ʩ ʦʪʚʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʩ. 

ʋʪʦʯʥʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʙʫʣʴʜʦʟʝʨʦʚ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʥʘʠʚʳʩʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʜʦʩʪʠʞʠʤʫʶ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʪʷʛʦʚʦ-ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ ʙʫʣʴʜʦʟʝʨʘ ʚ ʢʦʥ-

ʢʨʝʪʥʳʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʫʯʝʪʝ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʶ ʟʘʛʣʫʙʣʝʥʠʷ ʦʪʚʘʣʘ. ʇʦʩʣʝʜʥʝʝ ʨʘʟʨʘʙʦʪʘʥʦ ʚʧʝʨ-

ʚʳʝ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʩʨʘʚʥʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʫʣʴʜʦʟʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʘʢʘʧʣʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʙʦʯʠʭ ʫʩʠʣʠʡ ʥʘ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ. 
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Abstract. In this research work the intensification fields of dozersô operation and the theoretical analysis of in-

teraction of dozer blade with the operated side wings with the environment are considered. 
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ʋɼʂ 625.08 

 

ɸʅɸʃʀɿ ʂʆʅʉʊʈʋʂʎʀʁ ʏɽʊʓʈɽʍʈɸʄʅʆɻʆ ʄɽʍɸʅʀɿʄɸ 

ɼɺʀɾʀʊɽʃɽʁ ʄʆɹʀʃʔʅʓʍ ɻʈʋɿʆʇʆɼʒɽʄʅʓʍ ʄɸʐʀʅ 
 

 ʈ.ɸ. ʂʦʟʙʘʛʘʨʦʚ1, ɽ.ʄ. ɸʣʠʝʚ2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨʘʥʪ 

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʀ. ʉʘʪʧʘʝʚʘ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʠ ʨʘʙʦʪʘ ʢʦʥʩʪʨʫʢʮʠʡ ʥʦʚʦʛʦ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ 

ʜʚʠʞʠʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʝ ʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʢʠʝ ʨʘʙʦʪʳ, ʧʦʛʨʫʟʦʯʥʦ-

ʨʘʟʛʨʫʟʦʯʥʳʝ ʤʘʰʠʥʳ, ʯʝʪʳʨʝʭʨʘʤʥʳʡ ʜʚʠʞʠʪʝʣʴ, ʧʦʣʫʨʘʤʘ. 

 

ʆʜʥʠʤ ʠʟ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʢʠʭ ʨʘʙʦʪʘʭ 

(ʇʈʊʉʈ) ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʛʨʫʟʦʚ, ʧʝʨʝʚʦʟʠʤʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ (ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ, 

ʘʚʪʦʤʦʙʠʣʴʥʳʡ, ʤʦʨʩʢʦʡ, ʨʝʯʥʦʡ ʠ ʘʚʠʘʪʨʘʥʩʧʦʨʪ). ʋʨʦʚʝʥʴ ʤʝʭʘʥʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 15-20 

%, ʪʦ ʝʩʪʴ ʤʠʣʣʠʦʥʳ ʪʦʥʥ ʛʨʫʟʦʚ ʨʘʟʛʨʫʞʘʶʪʩʷ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʋʯʠʪʳʚʘʷ ʦʙʰʠʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ, ʙʦʣʴʰʘʷ ʜʦʣʷ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʞʝʣʝʟʥʦʜʦ-

ʨʦʞʥʳʤ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʨʦʚʥʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʇʈʊʉʈ [1, 2]. 

ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʨʘʙʦʪ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʧʘʨʢʘ ʧʦʛʨʫʟʯʠʢʦʚ, ʧʦʧʦʣʥʷʝʤʦʛʦ ʩʝʛʦʜʥʷ ʤʘʥʝʚʨʝʥʥʳʤʠ, 

ʙʳʩʪʨʦʭʦʜʥʳʤʠ, ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʴʶ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʤʝʭʘʥʠʟʘʮʠʠ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʩʦʟʜʘʥʳ ʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʨʷʜ 

ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʟʚʝʩʪʥʳ ʵʣʝʢʪʨʦ- ʠ ʘʚʪʦʧʦʛʨʫʟʯʠʢʠ, ʨʘʟʣʠʯʥʳʝ ʨʘʟ-

ʛʨʫʟʦʯʥʳʝ ʤʘʰʠʥʳ ʜʣʷ ʰʪʫʯʥʳʭ ʠ ʩʳʧʫʯʠʭ ʛʨʫʟʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʰʪʘʙʝʣʠʨʫʶʱʠʝ ʠ ʜʨʫʛʠʝ ʧʝʨʝʛʨʫʟʦʯ-

ʥʳʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʤʝʭʘʥʠʟʘʮʠʶ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʨʘʙʦʪ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʝ ʤʘʰʠʥʳ (ʇʈʄ) ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʥʘ ʪʚʝʨʜʦʤ ʠ ʨʦʚʥʦʤ 

ʦʩʥʦʚʘʥʠʠ ʩ ʫʢʣʦʥʘʤʠ ʥʝ ʙʦʣʝʝ 1:10. ʇʦʢʨʳʪʠʝ ʧʦʣʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʘʩʬʘʣʴʪʦʚʦʝ ʠʣʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʝ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʠʭ ʩʦʦʨʫʞʝʥʠʝ. ʆʩʥʦʚʘʥʠʝ ʧʦʣʘ ʚ ʩʢʣʘʜʘʭ ʪʘʢʞʝ ʪʚʝʨʜʦʝ ʧʦʢʨʳ-

ʪʠʝ ʠʣʠ ʫʪʨʘʤʙʦʚʘʥʥʳʡ ʛʨʫʥʪ, ʫʩʠʣʝʥʥʳʡ ʱʝʙʥʝʤ ʠʣʠ ʰʣʘʢʦʤ. ʇʝʨʝʜʚʠʞʝʥʠʝ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʤʘ-

ʰʠʥ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʧʫʪʷʤ ʦʧʘʩʥʦ, ʪʘʢ ʢʘʢ ʚʦʟʤʦʞʥʦ ʠʭ ʙʦʢʦʚʦʝ ʠ ʧʦʧʝʨʝʯʥʦʝ ʦʧʨʦʢʠʜʳʚʘʥʠʝ, ʘ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʤʘʰʠʥ ʟʘʯʘʩʪʫʶ ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪʴ ʚ ʫʭʫʜʰʝʥʥʳʭ ʠʣʠ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦ-

ʚʠʷʭ (ʚʥʫʪʨʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʢʣʘʜʦʚ), ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʱʘʪʴ ʛʨʫʟ ʧʦ ʥʝʨʦʚʥʦʡ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʭʦʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʛʨʫʟʦʯʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʠ ʩʪʨʦʠʪʝʣʴʥʦ-

ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʚʠʞʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳ ʫʩʪʦʡʯʠʚʫʶ 

ʇʈʊʉʈ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʦʙʦʩʥʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʜʚʠʞʠʪʝʣʝʡ ʧʦʛʨʫʟʦʯ-

ʥʦ-ʨʘʟʛʨʫʟʦʯʥʳʭ ʤʘʰʠʥ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʴʶ ʦʩʦʙʝʥʥʦ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʇʈʄ. 

ʄʝʭʘʥʠʟʤ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʆɼɸ) ʥʦʚʦʛʦ ʜʚʠʞʠʪʝʣʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʝʭʘ-

ʥʠʟʤʦʚ: ʜʚʠʞʫʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʦʧʦʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʙʨʘʟʫʶʪ 

ʩʭʝʤʫ ʤʝʭʘʥʠʟʤʘ ʆɼɸ ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɼʚʠʞʫʱʠʡ ʤʝʭʘʥʠʟʤ ʚʳʧʦʣʥʷʝʪ ʪʦʣʴʢʦ ʜʚʠʛʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʘ 

ʦʧʦʨʥʫʶ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʶʪ ʤʝʭʘʥʠʟʤʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʪʨʦʝʥʠʝ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʉ ʦʧʦʨʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʧʨʦʮʝʩʩʘ ʧʦʭʦʜʢʠ: 

ï ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʘʜʘʧʪʘʮʠʠ ʢ ʥʝʨʦʚʥʦʩʪʷʤ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ, ʪ.ʝ. ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʜʣʠʥʝʥʠʷ ʠ ʫʢʦʨʦʯʝʥʠʷ ʦʧʦʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ; 

ï ʫʯʘʩʪʠʝ ʧʨʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʩʪʦʧʳ ʥʘ ʫʯʘʩʪʢʝ ʨʘʙʦʯʝʛʦ ʭʦʜʘ (ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ), 

ʪ.ʝ. ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʠ ʞʝʩʪʢʦʡ ʦʧʦʨʳ ʧʨʠ ʨʘʙʦʯʝʤ ʭʦʜʝ ʠ ʧʦʜʲʝʤ ʦʧʦʨʳ ʦʪ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʭʦʣʦ-

ʩʪʦʤ ʭʦʜʝ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

ʇʦʵʪʦʤʫ ʚʩʝ ʦʧʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʜʦʣʞʥʳ ʩʦʩʪʘʚʣʷʪʴ ʦʧʦʨʥʳʡ ʤʝʭʘʥʠʟʤ. 

ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʯʝʪʳʨʝʭʨʘʤʥʦʛʦ ʜʚʠʞʠʪʝʣʷ [3] ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ 

ʤʘʰʠʥ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ (ʨʠʩʫʥʦʢ 1) ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʨʘʤ 1 ʠ 2, ʩʦʝʜʠʥʝʥʥʳʭ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦʜʚʠʞʥʦ ʩ ʧʦ-

ʤʦʱʴʶ ʰʘʨʥʠʨʘ çʘè, ʠʟ ʜʚʫʭ ʧʦʣʫʨʘʤ   ,2  ʠ1 ¡¡ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʷʶʱʝʡ ʦʩʥʦʚʥʳʭ ʨʘʤ. ʂʘʞʜʘʷ 

ʧʦʣʫʨʘʤʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ ʨʘʤʳ ʩ ʧʦʤʦʱʴʶ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 
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ʆɸɺ ʠ ʆ1 ɸ1 ɺ1, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʨʦʪʠʚʦʬʘʟʝ (180)̄ ʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʮʝʧʥʦʡ ʧʝʨʝ-

ʜʘʯʠ 3 ʠ ʦʙʱʠʤ ʧʨʠʚʦʜʦʤ ɼɺ. 

ʅʘ ʢʘʞʜʫʶ ʧʦʣʫʨʘʤʫ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʯʝʪʳʨʝ ʦʧʦʨʥʳʭ ʤʝʭʘʥʠʟʤʘ (ʥʘ ʩʭʝʤʝ ʧʦʢʘʟʘʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ), 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʦʧʦʨʥʦʝ ʢʦʣʝʩʦ 5 ʙʝʟ ʦʙʦʜʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ ʚʦʜʠʣʦ 4, ʩʦʝʜʠʥʝʥʥʦʝ ʩ ʧʦʣʫʨʘʤʦʡ 

ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʰʘʨʥʠʨʦʤ çʚè, ʰʘʨʥʠʨʳ çʩè ʠ çʝè ʩʥʘʙʞʝʥʳ ʩʭʚʘʪʘʤʠ 6. ʅʘ ʦʩʥʦʚʥʦʡ ʨʘʤʝ ʫʩʪʘʥʦʚʣʝʥ ʦʛʨʘ-

ʥʠʯʠʪʝʣʴ k ʧʦʣʫʨʘʤʳ. 

ɼʚʠʞʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʨʘʱʝʥʠʝ ʧʨʠʚʦʜʘ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʮʝʧʥʫʶ ʧʝʨʝʜʘʯʫ 3 ʢ 

ʜʚʫʤ ʢʨʠʚʦʰʠʧʘʤ ʆɸ ʠ ʆ1ɸ1 ʩ ʦʜʠʥʘʢʦʚʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʂʨʠʚʦʰʠʧʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ-

ʥʳʭ ʢʨʘʷʭ ʦʩʥʦʚʥʳʭ ʨʘʤ 1 ʠ 2, ʦʙʨʘʟʫʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʫʛʦʣ 180Ü, ʧʨʝʦʙʨʘʟʫʶʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝ-

ʥʠʝ ʚ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦʣʫʨʘʤ 2  ʠ  1 ¡¡ . ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʣʫʨʘʤʦʡ ʦʛʨʘʥʠʯʠʪʝʣʷ k ʦʩ-

ʥʦʚʥʦʡ ʨʘʤʳ ʩʨʘʙʘʪʳʚʘʶʪ ʩʭʚʘʪʳ ʚ ʰʘʨʥʠʨʘʭ çʩè ʠ çʝè, ʠ ʦʧʦʨʥʳʡ ʤʝʭʘʥʠʟʤ ʩʦʝʜʠʥʠʪʩʷ ʞʝʩʪʢʦ ʩ ʧʦʣʫʨʘʤʦʡ ʠ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʦʧʦʨʦʡ. ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʢʨʠʚʦʰʠʧʘ ʪʝʧʝʨʴ ʧʝʨʝʤʝʱʘʝʪ ʦʙʝ ʦʩʥʦʚʥʳʝ ʨʘʤʳ ʚʤʝʩʪʝ 

ʩ ʧʨʠʚʦʜʦʤ ʠ ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʴʶ ʜʚʠʞʠʪʝʣʷ. 

 

 
 

ʈʠʩ. 1. ʄʝʭʘʥʠʟʤ ʯʝʪʳʨʝʭʨʘʤʥʦʛʦ ʰʘʛʘʶʱʝʛʦ ʜʚʠʞʠʪʝʣʷ 

1, 2 ï ʦʩʥʦʚʥʳʝ ʨʘʤʳ; 1ǋ,2ǋ - ʧʦʣʫʨʘʤʳ; 3 ï ʮʝʧʥʘʷ ʧʝʨʝʜʘʯʘ; 4 - ʚʦʜʠʣʦ; 5 ï ʦʧʦʨʥʳʝ ʢʦʣʝʩʘ ʙʝʟ ʦʙʦʜʘ;  

6 ï ʩʭʚʘʪʳ; ɼɺ ï ʦʙʱʠʡ ʧʨʠʚʦʜ; ʆɸɺ, ʆǋɸǋɺǋ - ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʡ ʤʝʭʘʥʠʟʤ; ʇ0, ʇ1, ʇ2 ï ʧʨʠʚʦʜʥʳʝ ʚʘʣʳ;  

ʘ ï ʰʘʨʥʠʨ, ʩʦʝʜʠʥʷʶʱʠʡ ʨʘʤʫ ʩ ʧʦʣʫʨʘʤʦʡ; ʚ, ʩ, ʝ ï ʰʘʨʥʠʨʳ ʦʧʦʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ; k ï ʦʛʨʘʥʠʯʠʪʝʣʴ 

 

ɺ ʵʪʦ ʚʨʝʤʷ ʜʨʫʛʘʷ ʧʦʣʫʨʘʤʘ ʚʤʝʩʪʝ ʩ ʯʝʪʳʨʴʤʷ ʦʧʦʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʥʘʧʨʘʚ-

ʣʷʶʱʝʡ ʜʨʫʛʦʡ ʦʩʥʦʚʥʦʡ ʨʘʤʳ, ʢʦʪʦʨʘʷ ʩʘʤʘ ʚ ʵʪʦ ʚʨʝʤʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʧʦʣʫʨʘʤʳ. 

ʐʘʨʥʠʨʳ ʦʧʦʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʧʦʣʫʨʘʤʳ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʭʚʘʪʘʤʠ ʠ ʧʦʵʪʦʤʫ ʧʝʨʝʜʚʠʛʘ-

ʝʪʩʷ ʧʦ ʛʨʫʥʪʫ ʚ ʭʦʣʦʩʪʦʤ ʨʝʞʠʤʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʛʨʘʥʠʯʠʪʝʣʷ k ʦʩʥʦʚʥʦʡ ʨʘʤʳ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʛʨʘʥʠʯʠʪʝ-

ʣʷ ʵʪʘ ʧʦʣʫʨʘʤʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʦʧʦʨʦʡ ʜʚʠʞʠʪʝʣʷ, ʘ ʧʨʝʜʳʜʫʱʘʷ ʧʦʣʫʨʘʤʘ ʧʝʨʝʭʦʜʠʪ ʚ ʭʦʣʦʩʪʦʡ 

ʨʝʞʠʤ, ʪʘʢ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʦʨʦʪʘ ʜʚʠʞʠʪʝʣʷ ʨʫʣʝʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʩʦʟʜʘʝʪʩʷ ʩʠʣʦʚʦʡ ʤʦʤʝʥʪ ʤʝʞʜʫ ʦʩ-

ʥʦʚʥʳʤʠ ʨʘʤʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʨʘʤʘ, ʢʦʪʦʨʘʷ ʥʝʩʝʪ ʧʦʣʫʨʘʤʫ, ʩʦʚʝʨʰʘʶʱʫʶ ʭʦʣʦʩʪʦʡ ʭʦʜ, ʙʫʜʝʪ ʚʨʘ-

ʱʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ ʨʘʤʳ (ʰʘʨʥʠʨ çʘè), ʫ ʢʦʪʦʨʦʡ ʧʦʣʫʨʘʤʘ ʚ ʜʘʥʥʦʡ ʤʦʤʝʥʪ ʥʝʧʦʜʚʠʞʥʘ. ɺʩʝ 

ʦʧʦʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʪʦʡ ʧʦʣʫʨʘʤʳ ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʚʦʨʦʪʫ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝ-

ʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʰʘʨʥʠʨʦʚ çʚè. ʇʦʩʢʦʣʴʢʫ ʦʩʴ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʳʭ ʚʘʣʦʚ ʇ1, ʇ2 ʧʨʠʚʦʜʘ ʩʦʚ-

ʧʘʜʘʝʪ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʚ ʰʘʨʥʠʨʝ çʘè ʦʩʥʦʚʥʳʭ ʨʘʤ 1 ʠ 2, ʪʦ ʚʨʘʱʝʥʠʷ ʧʦ-

ʩʣʝʜʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʝ ʧʦʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʩʠʣʦʚʦʡ ʧʝʨʝʜʘʯʠ ʧʨʠʚʦʜʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʯʝʪʳʨʝʭʨʘʤʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʘ-

ʰʠʥ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʠʟʦʣʷʮʠʠ ʨʘʤʳ ʤʘʰʠʥʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʡ ʩʠʣ, ʚʳʟʚʘʥʥʳʭ ʥʝ-

ʨʦʚʥʦʩʪʷʤʠ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ, ʪʦ ʝʩʪʴ ʦʙʣʘʜʘʶʱʘʷ ʘʜʘʧʪʠʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʦʧʦʨ. ʇʦʵʪʦ-

ʤʫ ʵʪʠ ʜʚʠʞʠʪʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʫʶ ʢʦʤʬʦʨʪʥʦʩʪʴ ʝʟʜʳ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠ ʧʦʜʲʝʤʝ ʠ ʦʧʫʩ-

ʢʘʥʠʠ ʛʨʫʟʦʚ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟʜʦʨʦʞʴʷ. 
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ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ʂʆʅʉʊʈʋʂʎʀʁ ʈɸɹʆʏʀʍ ʆʈɻɸʅʆɺ 

ʕʂʉʂɸɺɸʊʆʈʆɺ ɼʃʗ ʈɸɿʈɸɹʆʊʂʀ ʉɽʃɽɺʆʁ ɻʈʋʅʊʆɺʆʁ ʉʈɽɼʓ 
 

 ʈ.ɸ. ʂʦʟʙʘʛʘʨʦʚ1, ɻ.ʄ. ɸʨʳʩʪʘʡ2 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 2 ʤʘʛʠʩʪʨʘʥʪ 

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʀ. ʉʘʪʧʘʝʚʘ (ɸʣʤʘʪʳ), ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʈʆ ʵʢʩʢʘʚʘʪʦʨʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʣʝʚʦʡ 

ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ ʠ ʟʘʚʘʣʦʚ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʤʣʝʨʦʡʥʘʷ ʪʝʭʥʠʢʘ, ʦʜʥʦʢʦʚʰʦʚʳʡ ʵʢʩʢʘʚʘʪʦʨ, ʨʝʞʫʱʠʡ ʵʣʝʤʝʥʪ, ʩʝʣʝʚʦʡ ʧʦʪʦʢ. 
 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢ ʨʘʡʦʥʘʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝ-

ʣʝʚʳʭ ʧʦʪʦʢʦʚ ʦʪʥʦʩʷʪʩʷ ʩʝʚʝʨʥʳʝ ʩʢʣʦʥʳ ɿʘʠʣʠʡʩʢʦʛʦ ɸʣʘʪʘʫ, ʦʪʨʦʛʠ ɸʣʪʘʡʩʢʠʭ ʛʦʨ ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʈʦʩʩʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʨʘʡʦʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʡʩʤʦʦʧʘʩʥʳʤ, ʛʜʝ ʚʦʟʤʦʞʥʳ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ, ʢʦʪʦʨʳʤ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʪ ʟʘʚʘʣʳ ʦʪ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʛʦʨʥʳʝ ʨʘʡʦʥʳ ʂʘʟʘʭʩʪʘʥʘ ʠ ʈʦʩʩʠʠ ʧʦʜʚʝʨʞʝʥʳ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʩʝʣʝ-

ʚʳʭ ʧʦʪʦʢʦʚ (ʩʝʣʝʡ), ʩʦʩʪʦʷʱʠʭ ʠʟ ʚʦʜʳ ʠ ʧʝʨʝʥʦʩʠʤʳʭ ʝʶ ʨʘʟʨʫʰʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠʣʘ, ʛʣʠʥʳ, ʧʝʩʢʘ ʠ 

ʢʘʤʥʝʡ ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ, ʜʚʠʞʫʱʠʭʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʩʢʣʦʥʫ ʛʦʨʳ. ɺ ʤʝʩʪʘʭ ʩʭʦʜʘ ʩʝʣʝʚʳʝ ʧʦʪʦ-

ʢʠ ʦʙʨʘʟʫʶʪ ʚʳʥʦʩʳ (ʩʝʣʝʚʳʝ ʢʦʥʫʩʳ) ʩ ʩʦʟʜʘʥʠʝʤ ʟʘʧʨʫʜ. ʅʘ ʩʝʣʝʚʳʭ ʚʳʥʦʩʘʭ ʩʢʘʧʣʠʚʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, 

ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʨʫʩʣʘ ʨʝʢ. 

ɺ ʦʙʣʘʩʪʠ ʟʝʤʣʝʨʦʡʥʦʡ ʪʝʭʥʠʢʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ ʂʘʙʘʰʝʚʘ ʈ.ɸ. [2]. ɺ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʘʥʘʣʠʟ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʚʰʝʡ ʵʢʩʢʘʚʘʪʦʨʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʈʆ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʩʪʘʥʦʚʢʠ 

ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʈʆ ʵʢʩʢʘʚʘʪʦʨʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʣʝʚʦʡ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ ʠ ʟʘʚʘʣʦʚ ʧʦ-

ʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʚʰʝʡ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʘʪʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʣʘʩʩʠʬʠʮʠʨʦ-

ʚʘʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʂ ʧʝʨʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪʥʦʩʷʪʩʷ ʨʘʟʨʘʙʦʪʢʠ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʝʞʫʱʠʭ ʥʦʞʝʡ, ʟʫʙʴʝʚ, 

ʢʨʦʤʦʢ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʨʝʞʫʱʠʡ ʵʣʝʤʝʥʪ ʚ 

ʚʠʜʝ ʟʫʙʴʝʚ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʢʦʚʰʘ ʚ ʛʨʫʥʪ ʠ ʦʪʜʝʣʝ-

ʥʠʝ ʛʨʫʥʪʘ ʦʪ ʤʘʩʩʠʚʘ (ʨʠʩʫʥʦʢ 1, ʘ). 

ɺ ʢʦʚʰʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʎʅʀʀʉ ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ ʩʜʝʣʘʥʘ ʚʳʧʫʢʣʦʡ ʬʦʨʤʳ ʚ ʧʣʘʥʝ ʠ ʧʦʣʫʢʨʫʛʣʦʡ ʚ ʧʦ-

ʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘʥʠʶ ʠ ʧʝʨʝʤʝʱʝʥʠʶ ʛʨʫʥʪʘ ʚ ʢʦʚʰʝ (ʨʠ-

ʩʫʥʦʢ 1, ʙ). ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʥʝʜʨʝʥʠʷ ʚ ʛʨʫʥʪ ʧʦʣʫʢʨʫʛʣʳʭ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʠʭ ʦʩʥʘʱʘʶʪ ʟʫʙʴʷʤʠ. 
 

 
 

ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʚʰʝʡ ʦʜʥʦʢʦʚʰʦʚʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʘ ï ʢʦʚʰ ʩ ʟʫʙʴʷʤʠ; ʙ, ʚ ï ʢʦʚʰ ʎʅʀʀʉ; ʛ ï ʢʦʚʰ ʂʀʉʀ; ʜ ï ʢʦʚʰ ʩʦ ʩʲʝʤʥʳʤ ʨʳʭʣʠʪʝʣʝʤ; 

 ʝ ï ʢʦʚʰ ʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ; ʞ ï ʢʦʚʰ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʰʠʨʠʥʦʡ; ʟ ï ʢʦʚʰ ʩ ʛʘʟʦʚʦʡ ʩʤʘʟʢʦʡ; ʠ ï ʢʦʚʰ ʩ ʟʘʯʠʩʪʢʦʡ ʥʦʞʦʤ 

                                                           
É ʂʦʟʙʘʛʘʨʦʚ ʈ.ɸ., ɸʨʳʩʪʘʡ ɻ.ʄ. / Kozbagarov R.A., Arystay G.M., 2017 
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ʅʘ ʩʝʣʝʚʳʭ ʛʨʫʥʪʘʭ ʩ ʢʘʤʝʥʠʩʪʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʢʦʚʰʝʡ ʩʥʠʞʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʚʰʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʂʀʉʀ, ʩ ʨʝʞʫʱʝʡ ʢʨʦʤʢʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʚ ʚʝʨʰʠʥʝ ʢʦʪʦ-

ʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʨʝʞʫʱʠʡ ʟʫʙ (ʨʠʩʫʥʦʢ 1, ʚ). ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʥʝʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʟʘʯʠʩʪʢʠ ʜʥʘ ʪʨʘʥʰʝʡ ʠ ʢʦʪʣʦʚʘʥʦʚ, ʧʣʘʥʠʨʦʚʢʠ ʦʩʥʦʚʘʥʠʡ ʧʣʦʱʘʜʦʢ. ʇʦʵʪʦʤʫ ʜʣʷ ʟʘʚʝʨʰʘ-

ʶʱʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʢʦʚʰʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʨʷʤʦʣʠʥʝʡʥʫʶ ʨʝʞʫʱʫʶ ʢʨʦʤʢʫ (ʨʠʩʫʥʦʢ 1, ʛ) ʠʣʠ ʧʨʠʤʝʥʷʶʪ ʩʧʝ-

ʮʠʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩ ʦʪʢʠʜʥʳʤ ʟʘʯʠʩʪʥʳʤ ʥʦʞʦʤ (ʨʠʩʫʥʦʢ 1, ʠ). 

ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʧʨʦʯʥʳʭ ʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʢʦʚʰʘʤʠ ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʣʝʛʢʦʩʲʝʤʥʳʝ ʟʫʙʴʷ 

ʨʳʭʣʠʪʝʣʝʡ, ʤʦʥʪʠʨʫʝʤʳʝ ʥʘ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʝ ʢʦʚʰʘ ʠʣʠ ʩʧʝʨʝʜʠ ʦʩʥʦʚʥʳʭ ʟʫʙʴʝʚ (ʨʠʩʫʥʦʢ 1, ʜ). ʉʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʝ ʢʦʚʰʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʯʘʩʪʠ ʵʥʝʨʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʚʰʫ, ʥʘʧʨʠ-

ʤʝʨ, ʢʦʚʰʠ, ʦʩʥʘʱʝʥʥʳʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤʠ ʤʦʣʦʪʘʤʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʯʥʳʭ, ʩʢʘʣʴʥʳʭ, 

ʤʝʨʟʣʳʭ ʠ ʚʝʯʥʦʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ (ʨʠʩʫʥʦʢ 1, ʝ). 

ɼʣʷ ʢʦʚʰʝʡ ʵʢʩʢʘʚʘʪʦʨʦʚ ʪʠʧʘ ʧʨʷʤʘʷ ʣʦʧʘʪʘ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʟʘʙʦʷʭ, ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦ-

ʜʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʦʚʰʘ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʧʨʝʜʣʦʞʝʥ 

ʢʦʚʰ, ʚʳʧʦʣʥʷʶʱʠʡ ʩʨʝʟ ʛʨʫʥʪʘ ʠʟ ʟʘʙʦʷ ʧʨʠ ʝʛʦ ʦʧʫʩʢʘʥʠʠ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʰʘʨʥʠʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʦʞʘ 

ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ (ʨʠʩʫʥʦʢ 1, ʞ). 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ ʢʦʧʘʥʠʶ ʧʫʪʝʤ ʫʩʪʨʘʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʚʥʫʪʨʠ ʠ ʥʘ ʩʪʝʥʢʘʭ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʦʚʰʘ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʤʘʟʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʚʰʘ ʵʢʩʢʘʚʘʪʦʨʘ ʩʞʘʪʳʤ ʛʘʟʦʤ (ʨʠʩʫʥʦʢ 1, ʟ). 

ɹʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʨʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ: ʫʟʢʘʷ ʧʦʣʫʢʨʫʛʣʘʷ, 

ʧʨʷʤʦʣʠʥʝʡʥʘʷ ʩ ʪʨʘʝʢʪʦʨʥʳʤ ʩʤʝʱʝʥʠʝʤ ʈʕ, ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʩʦʯʝʪʘʥʠʷ ʈʕ (ʨʠʩʫʥʦʢ 1, ʣ). 

ʅʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʩʢʘʚʘʪʦʨʥʳʭ ʢʦʚʰʝʡ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʬʦʨʤʳ ʥʘ ʨʠʩʫʥʢʝ 2, ʘ ʠ ʙ. ɹʦʢʦʚʳʝ ʯʘʩʪʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ 

ʢʦʚʰʘ ʫ ʦʜʥʦʢʦʚʰʦʚʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʮʝʣʷʭ ʫʤʝʥʴʰʝʥʠʷ ʩʠʣ ʪʨʝʥʠʷ ʦʪʦʜʚʠʛʘʶʪ ʦʪ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʝʛʦ ʠ ʥʘʢʣʦ-

ʥʷʶʪ ʥʘʟʘʜ ʧʦʜ ʫʛʣʦʤ 30-40Ü, ʢʘʢ ʵʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʢʦʚʰʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
 

 

 
ʘ ʙ 

 

  
ʚ ʛ ʜ 

 

ʈʠʩ. 2. ʌʦʨʤʳ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʢʦʚʰʝʡ ʕʆ 
 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘʥʠʶ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʢʦʧʘʥʠʷ ʛʨʫʥʪʘ ʖ.ɸ. ɺʝʪʨʦʚʳʤ 

[1], ɼ.ʀ. ʌʝʜʦʨʦʚʳʤ [3] ʠ ʜʨ. ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʳ (ʨʠʩʫʥʦʢ 2, ʚ, ʛ, ʜ) ʬʦʨʤʳ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʦʜʥʦʢʦʚʰʦʚʳʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ. 

ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʨʝʟʝʨʚʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʢʦʧʘʥʠʷ ʛʨʫʥʪʦʚ ʠʟʫʯʝʥʳ ʧʦʣʥʦʩʪʴʶ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʬʦʨʤʳ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ʥʝʢʦʪʦʨʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ. ʊʘʢʞʝ ʥʝʦʙ-

ʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʨʘʙʦʪʳ ʚ ʣʠʧʢʠʭ ʦʜʥʦʨʦʜʥʳʭ ʩʝʣʝʚʳʭ ʛʨʫʥʪʘʭ, ʛʜʝ ʨʘʟʛʨʫʟʢʘ ʢʦʚʰʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʫʶ ʟʘʜʘʯʫ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʨʘʟʛʨʫʟʢʠ ʙʳʣʠ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʙʨʘʮʠʶ ʧʝʨʝʜʥʝʡ ʩʪʝʥʢʠ 

ʢʦʚʰʘ, ʥʦ ʧʦʢʘ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝ ʥʘʰʝʣ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟ-ʟʘ ʫʩʣʦʞʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʦʨʛʘʥʘ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʚʠʙʨʘʮʠʠ, ʚ ʮʝʣʦʤ, ʥʘ ʤʘʰʠʥʫ ʠ ʤʘʰʠʥʠʩʪʘ. 

ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʝʣʝʚʦʡ ʩʨʝʜʳ ʠ ʟʘʚʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʩʪʨʘʥʳ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʣʝʦʧʘʩʥʦʡ, 

ʩʝʡʩʤʦʦʧʘʩʥʦʡ ʠ ʧʘʚʦʜʢʦʚʦʡ ʟʦʥʘʭ. ʀʜʝʷ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʈʆ ʵʢʩʢʘʚʘʪʦʨʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪ-

ʢʠ ʪʘʢʦʡ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʫʥʪʦʚʦʛʦ ʬʦʥʘ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʚʘʣʦʚ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʢʘʚʘʪʦʨʦʚ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʦʯʠʩʪʢʝ ʩʝʣʝʭʨʘʥʠʣʠʱ, 

ʦʪʩʪʦʡʥʠʢʦʚ, ʩʝʣʝʩʙʨʦʩʥʳʭ ʪʨʘʢʪʦʚ ʠ ʟʘʚʘʣʦʚ. 
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Abstract. In this research work the issue of creation of new excavating machine actuating elements for devel-

opment of torrential soil ground and rubbles after earthquakes is considered. 
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ʀʅʅʆɺɸʎʀʆʅʅʆɽ ʇʈʆʀɿɺʆɼʉʊɺʆ  

ʂɸʈʊʆʌɽʃʗ ɺ ʋʉʃʆɺʀʗʍ ʈʗɿɸʅʉʂʆʁ ʆɹʃɸʉʊʀ 
 

 ɼ.ɺ. ʂʦʣʦʰʝʠʥ1, ʉ.ʅ. ɹʦʨʳʯʝʚ2, ʀ.ʀ. ʂʘʱʝʝʚ3, ʀ.ʖ. ɹʦʛʜʘʥʯʠʢʦʚ4, ʀ.ʉ. ɺʘʩʶʪʠʥ5 

1, 5 ʘʩʧʠʨʘʥʪ, 2 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʞʝʥʝʨʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʤʝʭʘʥʠʢʘè, 3 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 4 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʇ.ɸ. ʂʦʩʪʳʯʝʚʘè, ʈʦʩʩʠ ̫

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʧʨʠʤʝʥʠʪʝʣʴ-

ʥʦ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʠʤʝʶʱʝʛʦʩʷ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ ʚ ʭʦʟʷʡʩʪʚʘʭ 

ʨʝʛʠʦʥʘ. ʆʪʨʘʞʝʥʘ ʧʨʦʙʣʝʤʘ ʥʝʭʚʘʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱ ʠ ʧʨʝʜʣʦʞʝʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʭʨʘʥʝʥʠʷ ʢʘʨʪʦʬʝʣʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʪʦʬʝʣʴ, ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʡ ʧʘʨʢ, ʫʙʦʨʢʘ, ʧʝʨʠʦʜʳ ʭʨʘʥʝʥʠʷ. 

 

ʂʘʨʪʦʬʝʣʝʚʦʜʩʪʚʦ ï ʵʪʦ ʦʪʨʘʩʣʴ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʚʳʨʘʱʠʚʘʥʠʝʤ ʢʘʨʪʦʬʝʣʷ. ɼʣʷ 

ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ ʠ ʤʥʦʛʠʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ ʢʘʨʪʦʬʝʣʴ, ʥʘʨʷʜʫ ʩ ʭʣʝʙʦʤ, ʦʩʪʘʝʪʩʷ ʦʩʦʙʦ ʮʝʥʥʳʤ ʠ ʥʝʟʘʤʝʥʠ-

ʤʳʤ ʧʨʦʜʫʢʪʦʤ ʧʠʪʘʥʠʷ [1]. ɺ ʈʦʩʩʠʠ ʩʨʝʜʥʷʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 14,1 ʪ/ʛʘ [5].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʨʪʦʬʝʣʴ ʷʚʣʷʝʪʩʷ ʧʨʦʧʘʰʥʦʡ ʢʫʣʴʪʫʨʦʡ, ʠ ʨʘʩʯʝʪ ʥʦʨʤʳ ʧʦʩʘʜʢʠ ʧʦʣʫʯʘʶʪ ʦʪ ʤʘʩʩʳ 

ʩʝʤʝʥʥʦʛʦ ʢʘʨʪʦʬʝʣʷ, ʚʳʩʘʞʠʚʘʝʤʦʛʦ ʥʘ 1 ʛʝʢʪʘʨ. ʂ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʷʤ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʢʘʨʪʦʬʝʣʷ 

ʦʪʥʦʩʷʪ ï ʥʦʨʤʫ ʧʦʩʘʜʢʠ, ʦʥʘ ʜʦʣʞʥʘ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3 ʜʦ 3,5 ʪ/ʛʘ, ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʢʣʠ-

ʤʘʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʠ ʛʨʘʤʦʪʥʦʝ ʢʦʤʧʣʝʢʪʦʚʘʥʠʝ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ (ʨʠʩ. 1-3) ʥʘʯʠʥʘʷ ʩ ʦʩʝʥʥʝʡ ʦʙ-

ʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʟʘʢʘʥʯʠʚʘʷ ʟʘʢʣʘʜʢʦʡ ʢʘʨʪʦʬʝʣʷ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʭʨʘʥʝʥʠʷ.  

 

 
 

ʈʠʩ. 1. ʇʨʝʜʧʦʩʘʜʦʯʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʦʩʘʜʢʘ ʢʘʨʪʦʬʝʣʷ 

 

ʇʣʦʜʦʨʦʜʠʝ ʟʝʤʝʣʴ ʚ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʨʘ-

ʱʠʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ ʝʩʪʴ ʥʝ ʚʝʟʜʝ. ɿʝʤʣʷ, ʙʦʛʘʪʘʷ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʧʦʩʪʝʧʝʥʥʦ ʙʝʜʥʝʝʪ. ʂʘʨʪʦʬʝʣʶ 

ʥʝʦʙʭʦʜʠʤʳ ʧʦʜʢʦʨʤʢʠ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʦʯʚʳ ʧʝʨʝʜ ʧʦʩʘʜʢʦʡ (ʨʠʩ. 1).  

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʫʨʦʞʘʝʚ ʧʦʯʚʫ ʩʣʝʜʫʝʪ ʫʜʦʙʨʷʪʴ, ʚʦʟʚʨʘʱʘʷ ʚ ʥʝʝ ʫʪʨʘʯʠʚʘʝʤʳʝ ʦʨʛʘʥʠ-

ʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ [3].  
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ʈʠʩ. 2. ʋʭʦʜ ʟʘ ʢʘʨʪʦʬʝʣʴʥʳʤ ʧʦʣʝʤ 
 

 
 

ʈʠʩ. 3. ʋʙʦʨʢʘ ʠ ʭʨʘʥʝʥʠʝ ʢʘʨʪʦʬʝʣʷ 
 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʨʥʷʢʠ ʜʝʣʘʶʪ ʫʙʦʨʢʫ ʫʨʦʞʘʷ ʥʘʤʥʦʛʦ ʪʷʞʝʣʝʝ, ʧʦʚʳʰʘʷ ʥʘʛʨʫʟʢʫ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʪʝʭʥʠʢʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʫʙʦʨʢʫ ʫʨʦʞʘʷ [9]. ɹʦʪʚʦʫʙʦʨʦʯʥʘʷ 

ʤʘʰʠʥʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʢʘʰʠʚʘʥʠʝ ʢʘʨʪʦʬʝʣʴʥʦʡ ʙʦʪʚʳ, ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʨʘʟʙʨʘʩʳʚʘʥʠʝ ʧʦ ʧʦʣʶ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʤʧʦʨʪʥʳʝ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʝ ʢʦʤʙʘʡʥʳ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ɿʘʧʘʜʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʳ, ʛʜʝ ʧʦʯʚʳ ʠ ʢʣʠʤʘʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʦʩʩʠʡʩʢʠʭ. ʆʩʥʦʚʥʦʝ ʦʪʣʠ-

ʯʠʝ ʫʩʣʦʚʠʡ ʫʙʦʨʢʠ ʚ ʈʦʩʩʠʠ ï ʩʞʘʪʳʝ ʩʨʦʢʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʩʫʨʦʚʳʤ ʢʣʠʤʘʪʦʤ [8].  

ɺ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʘʶʱʠʝʩʷ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʢʘʨʪʦʬʝʣʝʚʦʜʩʪʚʘ, ʪʦʣʴʢʦ ʥʝʜʘʚʥʦ 

ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʘʤʦʭʦʜʥʳʝ ʜʚʫʭ ʠʣʠ ʯʝʪʳʨʝʭʨʷʜʥʳʝ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʳʝ ʢʦʤ-

ʙʘʡʥʳ, ʩ ʙʦʣʴʰʦʡ ʚʤʝʩʪʠʤʦʩʪʴʶ ʙʫʥʢʝʨʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʫʙʦʨʢʠ ʢʘʨʪʦʬʝʣʷ [7]. ʋʨʦʚʝʥʴ 

ʥʘʜʝʞʥʦʩʪʠ ʢʘʨʪʦʬʝʣʝʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʤʝʭʘʥʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʫʙʦʨʢʠ ʢʘʨʪʦʬʝʣʷ. 

ʅʘʜʝʞʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ ʚ ʮʝʣʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ ʢʘʞʜʦʡ ʜʝʪʘʣʠ ʤʝʭʘʥʠʟʤʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ [2].  

ʊʝʭʥʦʣʦʛʠʷ ʭʨʘʥʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʦʯʝʥʴ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʩʠʩʪʝʤʘʤʠ ʚʝʥʪʠʣʷʮʠʠ 

ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱ. ʂ ʩʠʩʪʝʤʘʤ ʚʝʥʪʠʣʷʮʠʠ (ʨʠʩ. 3) ʭʨʘʥʠʣʠʱʘ ʦʪʥʦʩʷʪ:  

ï ʚʦʟʜʫʭʦʩʤʝʩʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ; 

ï ʧʨʠʪʦʯʥʫʶ ʰʘʭʪʫ ʜʣʷ ʟʘʙʦʨʘ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʘʥʛʘʨʘ; 

ï ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ; 

ï ʬʠʣʴʪʨʳ; 

ï ʚʦʟʜʫʭʦʩʤʝʩʠʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ ʠ ʟʘʩʣʦʥʢʠ; 

ï ʚʝʥʪʠʣʷʪʦʨʳ; 
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ï ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʘʥʘʣ; 

ï ʚʦʟʜʫʭʦʚʦʜʳ; 

ï ʚʦʟʜʫʭʦʥʘʛʨʝʚʘʪʝʣʠ (ʊʵʥʳ); 

ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʢʠ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʘ.  

ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʫʣʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʤʘʩʩʫ ʢʘʨʪʦ-

ʬʝʣʷ, ʧʨʠ ʚʳʩʦʪʝ ʥʘʩʳʧʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʭʨʘʥʠʣʠʱʘ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝ ʪʦʣʴʢʦ ʙʠʦʭʠʤʠʯʝʩʢʠʝ, ʥʦ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ [6].  

ɺ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠʣʠʱʘ ʥʫʞʜʘʶʪʩʷ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʢʘʨʪʦʬʝʣʝʭʨʘʥʠ-

ʣʠʱ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʪʝʧʣʝʥʠʝ ʟʜʘʥʠʷ, ʫʩʪʘʥʦʚʢʫ ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʷ ʠ ʧʦʣʥʫʶ ʟʘʤʝʥʫ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʩ ʨʘʩʯʝ-

ʪʦʤ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʡʦʥʘ. ɺʩʝ ʵʪʠ ʥʦʚʦʚʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʣʝʞʢʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚ ʧʝʨʠʦʜ 

ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ [4]. ʅʘ ʙʘʟʝ ʀʥʞʝʥʝʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʈɻɸʊʋ ʠʤʝʥʠ ʇ.ɸ. ʂʦʩʪʳʯʝʚʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠʥʥʦʚʘ-

ʮʠʦʥʥʘʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʭʨʘʥʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ ʚʦʟʜʫʭʦʚʦʜʘ ʚ 

ʚʠʜʝ ʬʨʦʥʪʘʣʴʥʦʡ ʪʨʝʭʛʨʘʥʥʦʡ ʧʨʠʟʤʳ, ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ. ʊʘʢʞʝ ʫʯʠʪʳʚʘ-

ʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʫʙʥʝʡ ʚ ʧʝʨʠʦʜ ʫʙʦʨʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʟʘʢʣʘʜʢʠ ʥʘ ʭʨʘʥʝʥʠʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʢʘʥʘʣ ʚʳʧʦʣʥʠʪʴ ʩ ʦʢʥʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʩʣʦʥʢʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʠʭ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʚʦʟʜʫʭʦʚʦʜʳ ʧʣʘʥʠʨʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʚ ʚʠʜʝ ʬʨʦʥʪʘʣʴʥʦʡ ʪʨʸʭʛʨʘʥʥʦʡ ʧʨʠʟʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʦʟʜʫʭʦʚʦʜʦʚ ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʤʝʶʱʠʤʠʩʷ ʘʥʘʣʦʛʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʨʪʦʬʝʣʴ ʩ ʤʦʤʝʥʪʘ ʧʦʩʘʜʢʠ ʠ ʜʦ ʦʢʦʥʯʘʥʠʷ ʧʝʨʠʦʜʘ ʭʨʘʥʝʥʠʷ ʧʨʦʭʦʜʠʪ ʦʯʝʥʴ ʜʣʠ-

ʪʝʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʳʡ ʧʘʨʢ ʭʦʟʷʡʩʪʚ. 
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ʄɽʊʆɼʀʂɸ ʉʅʀɾɽʅʀʗ ʆʉʊɸʊʆʏʅʓʍ ʅɸʇʈʗɾɽʅʀʁ  

ɺ ʂʆʈʇʋʉʅʓʍ ʂʆʅʉʊʈʋʂʎʀʗʍ ʆʂʆʃʆ ʆʊɺɽʈʉʊʀʁ 
 

 ɻ.ʅ. ʄʫʨʫ1, ʉ.ʀ. ʂʦʨʷʛʠʥ2, ʅ.ʃ. ɺʝʣʠʢʘʥʦʚ3 
1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ, 

2 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʠʨʝʢʪʦʨ ʠʥʩʪʠʪʫʪʘ, 
3 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʂʘʥʪʘ (ʂʘʣʠʥʠʥʛʨʘʜ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ ʩʥʠʞʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʨʧʫʩʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣʦʚ ʂʦʣʦʩʦʚʘ ï ʄʫʩʭʝʣʠʰʚʠʣʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ 

ʠʥʪʝʛʨʘʣʳ ʂʦʰʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʧʨʷʞʝʥʠʝ, ʩʚʘʨʥʦʡ ʰʦʚ, ʤʦʜʫʣʴ ʩʜʚʠʛʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ.  

 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʨʥʳʭ ʜʝʪʘʣʝʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠʛʨʘʝʪ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʜʝʡʩʪʚʠʶ ʫʩʪʘʣʦʩʪʥʳʭ ʥʘʛʨʫʟʦʢ (ʜʝʡʩʪʚʫʶʱʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠ). 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ: ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʪʘʪʠʯʝʩʢʠʝ ʤʝʪʦ-

ʜʳ, ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ: ʚʘʨʠʘʮʠʦʥʥʳʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʱʠʭ ʨʝʰʝʥʠʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʠʩʧʳʪʘʥʠʡ; ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʘʤʦʨʝʛʫʣʷʮʠʠ, ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʘʤʠ ʥʝʡʪʨʦʥʥʦʡ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʠ ʩʚʘʨʢʝ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʩʪʘʚʠʪʩʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʥʝʩʘʤʦʫʨʘʚʥʦʚʝʰʝʥʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʕʬʬʝʢʪʠʚʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ï ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʚʝʜʝʥʠʝ 

ʢ ʟʘʜʘʯʝ ʦ ʚʩʪʘʚʢʝ ʪʝʣ ʩ ʥʘʪʷʛʦʤ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʨʧʫʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʦʢʦʣʦ ʦʪʚʝʨʩʪʠʡ ʠʣʠ ʜʨʫʛʠʭ ʢʦʥ-

ʮʝʥʪʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʦʞʝʥʠʝ ʨʷʜʦʤ ʩ ʥʠʤʠ ʩʚʘʨʥʳʭ ʰʚʦʚ. ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʠʩʭʦ-

ʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʠ ʫʩʠʣʠʡ, ʚʳʟʚʘʥʥʳʭ ʦʩʪʘʪʦʯʥʳʤʠ ʜʝʬʦʨ-

ʤʘʮʠʷʤʠ ʩʚʘʨʥʳʭ ʰʚʦʚ. ɼʣʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʚʘʨ-

ʥʦʛʦ ʰʚʘ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʨʝʘʢʮʠʝʡ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʢʦʣʦ ʩʚʘʨʥʦʛʦ ʰʚʘ 

(ʨʠʩ. 1), ʩʣʦʞʠʪʴ ʵʪʠ ʜʚʘ ʧʦʣʷ ʩ ʧʦʣʝʤ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮʠʠ. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʣʘʩʪʠʥʝ 

 

ɺ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʩʚʘʨʥʦʡ ʰʦʚ 1 (ʨʠʩ. 1) ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʘ ʪʦʣʱʠʥʦʡ, ʨʘʚʥʦʡ ʪʦʣʱʠʥʝ ʧʣʘ-

ʩʪʠʥʳ, ʚʩʪʘʚʣʝʥʥʦʛʦ ʚ ʥʝʝ ʩ ʧʨʦʜʦʣʴʥʳʤ 2ȹ1 ʠ ʧʦʧʝʨʝʯʥʳʤ 2ȹ2 ʥʘʪʷʛʦʤ. ʇʦʩʣʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʢʦʣʦ 

ʩʚʘʨʥʦʛʦ ʰʚʘ ʚʳʟʚʘʥʦ ʝʛʦ ʧʨʦʜʦʣʴʥʳʤʠ ʠ ʧʦʧʝʨʝʯʥʳʤʠ ʫʩʘʜʢʘʤʠ ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʧʦʪʝʥʮʠʘʣʦʚ ʂʦʣʦʩʦʚʘ ï ʄʫʩʭʝʣʠʰʚʠʣʠ [1]: 
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ʛʜʝ z = x+iy ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʣʘʩʪʠʥʳ; i =  ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ; G ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʳ; 

 ï ʫʧʨʫʛʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ ; t ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʡ ʥʘ ʛʨʘʥʠʮʝ ʰʚʘ; g(t) ï ʩʢʘʯʦʢ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʩʚʘʨʥʦʛʦ ʰʚʘ L. 

ɿʥʘʯʝʥʠʷ ʩʢʘʯʢʘ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʩʚʘʨʥʦʛʦ ʰʚʘ g(t), ʝʛʦ ʩʦʧʨʷʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ  ʠ ʢʦʤʙʠ-

ʥʘʮʠʠ t  ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʫʩʘʜʦʢ ʩʚʘʨʥʦʛʦ ʰʚʘ (ʪʘʙʣ. 1).  
 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʘʯʢʘ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʩʚʘʨʥʦʛʦ ʰʚʘ 
ʉʢʘʯʦʢ ʧʝʨʝʤʝʱʝʥʠʡ ɻʨʘʥʠʮʘ ʰʚʘ 

ʚʝʨʭʥʷʷ ʥʠʞʥʷʷ 

t x + ih x - ih 

g(t) ȹ1x/l + iȹ2 ȹ1x/l - iȹ2 

 
ȹ1x/l - iȹ2 ȹ1x/l + iȹ2 

 ȹ1(x-ih) / l ȹ1(x+ih) / l 

 

ʋʯʠʪʳʚʘʷ ʟʥʘʯʝʥʠʷ ʩʢʘʯʢʘ ʧʝʨʝʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʷ h << l, ʧʦʣʫʯʠʤ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʩʣʝʜʫʶ-

ʱʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ: 
 

;       (2) 

 
 

ʆʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣʳ (2) ʧʦ ʬʦʨʤʫʣʘʤ ʂʦʣʦʩʦʚʘ ï ʄʫʩʭʝʣʠʰʚʠ-

ʣʠ, ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [1]. 

ʅʘʣʠʯʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʚʥʦʩʠʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʚ ʧʦʣʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ɼʣʷ ʦʮʝʥʢʠ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʡ, ʚʳʟʚʘʥʥʳʭ ʦʩʪʘʪʦʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 

ʇʫʩʪʴ ʢʦʥʮʝʥʪʨʘʪʦʨ 2 (ʦʪʚʝʨʩʪʠʝ ʨʘʜʠʫʩʘ R) ʨʘʩʧʦʣʦʞʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʘʨʥʦʛʦ ʰʚʘ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 3. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʜʦ ʩʝʨʝʜʠʥʳ ʩʚʘʨʥʦʛʦ ʰʚʘ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ d. ʇʝʨʝʥʝʩʝʤ 

ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚ ʮʝʥʪʨ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʠ ʚʚʝʜʝʤ ʥʦʚʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʢʦʦʨʜʠʥʘʪʫ z1, ʚʳʨʘʞʝʥʥʫʶ ʯʝʨʝʟ x1 ʠ 

y. ʆʙʦʟʥʘʯʠʤ ʫʩʠʣʠʷ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ f(t1) ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʂʦʣʦʩʦʚʘ ï ʄʫʩʭʝʣʠʰʚʠʣʠ 

(t1 ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʥʘ ʛʨʘʥʠʮʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʝ ʦʪʚʝʨʩʪʠʷ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʢ ʥʝʡ ʫʩʠʣʠʝ, 

ʨʘʚʥʦʝ f(t1) ʠ ʦʙʨʘʪʥʦʝ ʧʦ ʟʥʘʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʪʝʥʮʠʘʣʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʟʤʫʱʝʥʠʝ, ʚʥʝ-

ʩʝʥʥʦʝ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʚ ʧʦʣʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ, ʟʘʢʣʶʯʘ-

ʶʱʝʛʦʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʩʠʣʠʡ ʥʘ ʢʦʥʪʫʨʝ ʦʪʚʝʨʩʪʠʷ-ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 

ɼʣʷ ʢʨʫʛʣʦʛʦ ʦʪʚʝʨʩʪʠʷ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʳʨʘʞʘʝʪʩʷ ʠʥʪʝʛʨʘʣʘʤʠ ʂʦʰʠ, ʚʟʷʪʳʤʠ ʧʦ ʢʦʥʪʫʨʫ ʦʪ-

ʚʝʨʩʪʠʷ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʚʳʯʠʩʣʷʷ ʠʥʪʝʛʨʘʣ ʂʦʰʠ ʦʪ ʬʫʥʢʮʠʠ f(t1), ʧʦʣʫʯʠʤ ʟʥʘ-

ʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʂʦʣʦʩʦʚʘ ï ʄʫʩʭʝʣʠʰʚʠʣʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʯʠʩʣʠʪʴ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʚʦʟ-

ʤʫʱʝʥʠʷ ʦʪ ʥʘʣʠʯʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʚ ʧʦʣʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʢʦʣʦ ʩʚʘʨʥʦʛʦ ʰʚʘ. 

ʇʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʡʦʥʝ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʦʢʦʣʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʧʝʨ-

ʧʦʟʠʮʠʝʡ ʜʚʫʭ ʧʦʣʝʡ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʦʣʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʚʪʦʨʳʤ ï ʧʦʣʝ ʚʦʟ-

ʤʫʱʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʚʘʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ.  

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʥʘʩ ʠʥʪʝʨʝʩʫʶʪ ʣʠʰʴ ʥʘʧʨʷʞʝʥʠʷ ʚʙʣʠʟʠ ʦʪ ʛʨʘʥʠʮʳ ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʩʚʦʙʦʜʥʘ 

ʦʪ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ 
 

      (3) 

 

ʛʜʝ Re ʦʙʦʟʥʘʯʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʬʫʥʢʮʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʣʘʩʪʠʥʝ ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʠ ʩʚʘʨʥʳʤ ʰʚʦʤ, ʨʘʩʪʷʥʫ-

ʪʦʡ ʚʜʦʣʴ ʦʩʠ OX ʥʘʧʨʷʞʝʥʠʷʤʠ p (ʩʤ. ʨʠʩ. 1), Kʪ = 3 + ů1 / p, ʛʜʝ ů1 ʥʘʭʦʜʷʪ ʧʦ ʬʦʨʤʫʣʝ (3). 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʪʘʪʦʯʥʳʝ ʩʚʘʨʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʨʷʜʦʤ ʩ ʦʪʚʝʨʩʪʠʝʤ [1]. ʇʦʵʪʦʤʫ, ʠʟʤʝʥʷʷ ʫʩʘʜʢʫ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠ ʚʘʨʴʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʩʚʘʨʢʠ, ʜʦʙʠʚʘ-

ʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʫ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 



ISSN 2308-4804. Science and world. 2017. ˉ 2 (42). Vol. I. 

 

 

31 

 

ɺ ʧʨʘʢʪʠʢʝ ʩʫʜʦʨʝʤʦʥʪʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ ʚ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʘʭ ʢʦʥ-

ʮʳ ʪʨʝʱʠʥ ʟʘʩʚʝʨʣʠʚʘʶʪ ʠ ʟʘʚʘʨʠʚʘʶʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚʤʝʩʪʝ ʩ ʦʪʚʝʨʩʪʠʷʤʠ. ɺ ʥʦʨʤʘʪʠʚʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʪʨʘʥʩʧʦʨʪʫ ʦʪʩʫʪʩʪʚʫʶʪ ʢʨʠʪʝʨʠʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʚʘʨʢʠ ʪʨʝ-

ʱʠʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ. 

ɺ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʨʘʚʥʦʧʨʦʯʥʦʩʪʠ, ʟʘʩʚʝʨʣʝʥʥʫʶ ʧʦ ʢʦʥʮʘʤ ʪʨʝʱʠʥʫ l ʨʘʜʠʫʩʦʤ r 

ʠ ʜʣʠʥʦʡ l (ʨʠʩ. 2), ʧʨʝʜʩʪʘʚʠʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʫ ʥʘʧʨʷʞʝʥʠʡ ʵʣʣʠʧʩʦʤ (ʧʦʢʘʟʘʥ ʰʪʨʠʭʦʚʦʡ ʣʠ-

ʥʠʝʡ). ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʵʣʣʠʧʩ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʦʣʫʦʩʴ a = R(l + m) ʠ ʤʝʥʴʰʫʶ b = R(1 - m), ʛʜʝ m ʠ R ï ʧʘʨʘ-

ʤʝʪʨʳ ʵʣʣʠʧʩʘ.  

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʧʣʦʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʪʨʝʱʠʥʦʡ 

 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʵʣʣʠʧʩʘ ʚ ʝʛʦ ʚʝʨʰʠʥʘʭ, ʣʝʞʘʱʠʭ ʥʘ ʦʩʠ Qx, ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ 

ʨʘʜʠʫʩʫ r ʦʪʚʝʨʩʪʠʷ ʥʘ ʢʦʥʮʝ ʪʨʝʱʠʥʳ, ʧʦʣʫʯʠʤ 

 

m = l / (l + 4r); R = (l + 2r)(l + 4r)/8r.     (4) 

 

ʇʦʩʣʝ ʟʘʚʘʨʢʠ ʪʨʝʱʠʥʫ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʫʧʨʫʛʦʛʦ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʚʩʪʘʚʣʝʥʥʦʛʦ ʚ ʧʣʘʩʪʠʥʫ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʪʷʛʦʤ g(t), ʛʜʝ t ï ʢʦʤʧʣʝʢʩʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʢʦʥʪʫʨʘ ʵʣʝ-

ʤʝʥʪʘ. ʅʘʪʷʛ ʤʦʜʫʣʠʨʫʝʪ ʫʩʘʜʢʫ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʦʩʣʝ ʟʘʚʘʨʢʠ ʪʨʝʱʠʥʳ ʩ ʦʪʚʝʨʩʪʠʷʤʠ. ʇʘʨʘʤʝʪʨʳ ʵʣʣʠʧʪʠʯʝ-

ʩʢʦʛʦ ʵʣʝʤʝʥʪʘ m ʠ R ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʵʣʣʠʧʩʘ ʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʘʤ 

(4). ʄʘʪʝʨʠʘʣ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪʣʠʯʝʥ ʦʪ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʳ. 

ʋʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ ʧʣʘʩʪʠʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [2] ʦʙʦʟʥʘʯʠʤ Þ2, G2, ʚʩʪʘʚʢʠ ï Þ1, G1. ɿʜʝʩʴ Gi 

ï ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʘ, Þi = (3 ï Õi) / (1 + Õi) ï ʫʧʨʫʛʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ Õi. 

ɺ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʢʦʥʪʫʨʝ ʩʦʧʨʷʞʝʥʠʷ ʧʣʘʩʪʠʥʳ ʠ ʚʩʪʘʚʢʠ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ ű ʠ ḕ ʂʦʣʦʩʦʚʘ-ʄʫʩʭʝʣʠʰʚʠʣʠ ʟʘʧʠʰʝʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

            (5) 

 
 

ʇʝʨʚʦʝ ʨʘʚʝʥʩʪʚʦ ʚ ʬʦʨʤʫʣʝ (5) ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ, ʚʪʦʨʦʝ ï ʚʳʨʘʞʘʝʪ ʪʦ, 

ʟʘʜʘʥʳ ʩʢʘʯʢʠ ʩʤʝʱʝʥʠʡ ʥʘ ʢʦʥʪʫʨʝ ʚʩʪʘʚʢʠ. 

ʇʨʠʤʝʥʠʤ ʢʦʥʬʦʨʤʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʚʥʝʰʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ ʥʘ ʚʥʝʰʥʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʵʣ-

ʣʠʧʩʘ: , ʛʜʝ  ï ʢʦʤʧʣʝʢʩʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʣʘʩʪʠʥʳ;  ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɿʘʜʘʜʠʤ ʥʘʪʷʛ g(ů) ʥʘ ʢʦʥʪʫʨʝ ʩʦʧʨʷʞʝʥʠʷ ʚʩʪʘʚʢʠ ʠ ʧʣʘʩʪʠʥʳ ʚ ʚʠʜʝ ʨʷʜʘ ʧʦ ʩʪʝʧʝʥʷʤ ů: 

, ʛʜʝ ů ï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʢʦʥʪʫʨʘ ʝʜʠʥʠʯʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ,  ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʷʜʘ ʌʫʨʴʝ. 

ʌʫʥʢʮʠʠ  ʠ  ï ʛʦʣʦʤʦʨʬʥʳʝ ʚʥʫʪʨʠ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʚʩʪʘʚʢʠ ʠ ʜʦʣʞʥʳ ʨʘʟʣʘʛʘʪʴʩʷ ʚʥʫʪʨʠ 

ʚʩʪʘʚʢʠ ʚ ʩʪʝʧʝʥʥʳʝ ʨʷʜʳ ʚʠʜʘ: 

 

=       (6) 
 

ʛʜʝ ,  ï ʢʦʤʧʣʝʢʩʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʘ. 
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ʋʯʠʪʳʚʘʷ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʟʘʧʠʩʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʬʦʨʤʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, 

ʚʚʝʜʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ɢ1 ʠ ɢ2. ʌʫʥʢʮʠʷ  ï ʛʦʣʦʤʦʨʬʥʘ 

ʚʦ ʚʥʝʰʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ ʚʠʜʘ 

 

,       (7) 

 

ʛʜʝ  ï ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʷʜʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʬʫʥʢʮʠʷ  ʟʘʧʠʰʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

        (8) 

 

ʛʜʝ  ï ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʷʜʘ. 

ʅʘ ʢʦʥʪʫʨʝ ʩʦʧʨʷʞʝʥʠʷ, ʧʦʩʪʘʚʠʚ ʚ ʚʳʨʘʞʝʥʠʷ (6) z = t = R(ů + m/ů), ʜʣʷ ʬʫʥʢʮʠʠ ű1(ů) ʠ ɢ1(ů) = ű1(t) + 

1ꜞ(t), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ:  , 

ʛʜʝ  ʠ  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʘ ʌʫʨʴʝ. 

ʇʦʜʩʪʘʚʠʚ ʧʦʩʣʝʜʥʠʝ ʚʳʨʘʞʝʥʠʷ ʠ ʩʪʝʧʝʥʥʳʝ ʨʷʜʳ ʬʦʨʤʫʣ (7) ʠ (8) ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (5) ʩ ʫʯʝʪʦʤ 

ʧʨʠʤʝʥʝʥʥʦʛʦ ʢʦʥʬʦʨʤʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a0 ʠ c0 ʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, 

ʩʚʷʟʳʚʘʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ak, ck, dk ʠ bk. ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʦʜʝʨʞʠʪ ʥʝʠʟʚʝʩʪʥʳʭ ʙʦʣʴʰʝ, ʯʝʤ 

ʫʨʘʚʥʝʥʠʡ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʨʘʟʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʡ (6) a1k ʠ c1k. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʵʪʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʫʤʝʥʴʰʠʪʩʷ ʠ ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʯʠʩʣʫ ʫʨʘʚʥʝʥʠʡ. 

ʅʘ ʢʦʥʪʫʨʝ ʩʦʧʨʷʞʝʥʠʡ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʧʣʘʩʪʠʥʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

 

ű1(ů) = ű1(t); ű1(t) + ꜞ1(t) = . 

 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʦʝ ʫʩʣʦʚʠʝ, ʘ ʪʘʢʞʝ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʡ ű1(z), ꜞ1(z), ű1(ů), ɢ1(ů) ʠ ʨʘʚʝʥʩʪʚʦ t = R(ů 

+ m/ů) ʠ ʧʨʠʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʝʧʝʥʷʭ ů, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ak, ck, a1k ʠ c1k. 

ʇʨʠʥʠʤʘʷ ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʘʯʢʘ ʩʤʝʱʝʥʠʡ g(t) ʥʘ ʢʦʥʪʫʨʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʦʣʫ-

ʯʠʤ ʜʣʷ ʥʝʛʦ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 

g(t) = ȹ1(t+ ) / [4R(1+m)] + ȹ2(t- ) / [4R(1 ï m)], 

 

ʛʜʝ ȹ1 ʠ ȹ2 ï ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʫʩʘʜʢʘ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʦʩʣʝ ʟʘʚʘʨʢʠ ʪʨʝʱʠʥʳ. 

ɺ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʪʷʛ ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

g(ů) = 0,5[ȹ1(ů + 1/ů) + ȹ2 (ů ï 1/ů)]. 

 

ʉ ʫʯʝʪʦʤ ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʘʯʢʘ ʩʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ak, ck, 

dk, bk, a1k ʠ c1k, ʧʦ ʬʦʨʤʫʣʘʤ ʂʦʣʦʩʦʚʘ ï ʄʫʩʭʝʣʠʰʚʠʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʥʫʪʨʠ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ. 

ʀʟ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʅʘʧʨʷʞʝʥʠʷ ʚ ʧʣʘʩʪʠʥʝ ʥʘʭʦʜʷʪ ʘʥʘʣʦʛʠʯʥʦ ʥʘʧʨʷʞʝʥʠʷʤ ʚʥʫʪʨʠ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʣʝ ʟʘʚʘʨʢʠ ʟʘʩʚʝʨʣʝʥʥʦʡ ʥʘ ʢʦʥʮʘʭ ʪʨʝʱʠʥʳ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʟʘʚʘʨʢʘ ʪʨʝʱʠʥʳ ʚʦʟʤʦʞʥʘ ʠ ʢʦʛʜʘ ʥʝʚʦʟʤʦʞʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʥʝʰʥʠʝ ʫʩʠʣʠʷ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʵʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʤʦʥʪʘ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʯʘʩʪʦ ʚʳʧʦʣʥʷʶʪ ʟʘʜʝʣʢʫ ʢʨʫʛʣʳʭ ʦʪʚʝʨʩʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠʣʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ. ʇʨʠ ʵʪʦʤ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘ-

ʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʧʦʣʝ ʚʥʝʰʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʦʙʱʝʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʠʟʛʠʙʘ ʢʦʨʧʫ-

ʩʘ ʩʫʜʥʘ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʦʣʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʨʝʰʠʚ ʧʣʦʩʢʫʶ ʟʘʜʘʯʫ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʦ ʥʘʧʨʷ-

ʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʣʘʩʪʠʥʳ ʩ ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ ʨʘʜʠʫʩʘ R, ʚ ʢʦʪʦʨʦʝ ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʟʘʜʘʥʥʳʤ ʥʘʪʷʛʦʤ g(z) 

(ʛʜʝ z ï ʧʝʨʝʤʝʥʥʘʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʧʣʘʩʪʠʥʦʡ) ʢʨʫʛʣʘʷ ʧʣʦʩʢʘʷ ʚʩʪʘʚʢʘ. 

ʉʢʘʯʦʢ ʩʤʝʱʝʥʠʡ, ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʪʦʯʥʦʩʪʴʶ ʦʪʨʘʞʘʶʱʠʡ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʣʝ ʟʘʜʝʣʢʠ ʦʪʚʝʨʩʪʠʷ, ʚʳʨʘʟʠʤ ʬʦʨʤʫʣʦʡ [1, 2]: 

 

, 
 

ʛʜʝ ɗ ï ʧʦʣʷʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʢʦʥʪʫʨʘ ʝʜʠʥʠʯʥʦʛʦ ʢʨʫʛʘ; ȹ1, ȹ2 ï ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʫʩʘʜʢʠ ʩʚʘʨʥʦʛʦ 
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ʰʚʘ ʠʣʠ ʩʤʝʱʝʥʠʝ ʢʨʦʤʦʢ ʚʩʪʘʚʢʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʢʣʝʷ (ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʣʠ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʤʝʪʦʜʠʢʘʤ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʫʜʦʨʝʤʦʥʪʝ. 
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Abstract. The article provides a method of reducing of the residual stresses in the hull structures with Kolosov-

Muskhelishvili potentials. The Cauchy integrals are used in determining the stresses.  
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ESOTERIC PROGRAMMING LANGUAGES  
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Abstract. Esoteric programming languages ï is it a joke or a useful thing? Who and why is designing them? 

Are they actual today? Answers for this and other interesting questions you can find in this article: history, aims and 

demonstrative examples of esolangs, which help even non-specialist readers make their opinion about it. Also, we as-

sess prevalence and popularity of esolangs and demonstrate some results of the survey. 

Keywords: esolang, programming language, IT. 

 

Introduction  

ð Speak YOUR mind! You are as bad as Hamlet!  

Do you think that is a quote from one of the Shakespeare's works? And what would you say, if you find out, 

that this is a piece of code on esoteric programming language? Well, it is!  

What is it?  

Esoteric programming language (sometimes shortened to esolang) is a computer programming language creat-

ed to experiment with weird ideas or as a joke, rather than for practical use.  

There are many different reasons for designing an esoteric programming language. Possibly the most signifi-

cant feature of an esolang is that the language is not designed for serious functionality. Esolangs can be divided into a 

few broad categories:  

¶ Minimalism 

First principle of designing esoteric programming languages is to have as few instructions as possible. 

Brainf**k, OISC, and Lazy K are examples of such languages. These kinds of languages, when they are Turing-

complete, are often referred to as Turing tarpits.  

¶ New concepts  

The exploration of alternative ways to design programming languages is quite popular among esoteric pro-

grammers. Good examples include Befunge, Thue and Unlambda.  

¶ Weirdness  

Some languages are created mainly for the purpose of being weird and difficult to program in. INTERCAL's 

main purpose was to be as different as possible compared to normal languages (although there are still many similarities 

with conventional programming languages), and Malbolge was designed with the goal of being next to impossible to 

use.  

¶ Themed  

Some languages are based on a theme that is not computer related. For instance, var'aq is based on the fictional 

Klingon language. Shakespeare programs are modeled like Shakespearean plays, while Chef programs appear to be 

cooking recipes.  

¶ Brevity  

Many esoteric languages are designed to be as short as possible. These languages are known as ñGolfing lan-

guagesò, and frequently used for ñCode golfò, a competition to solve programming tasks in as few characters or bytes as 

possible. Examples include CJam, Pyth, and GolfScript, as well as many others.  

¶ Jokes  

Many esoteric languages are created purely as a joke. Some of them are nevertheless usable for programming, 

like l33t and Ook!, while others, like HQ9+ and Bitxtreme, are not.  

 

History  

The earliest known esolang is INTERCAL, designed in 1972 by Donald R. Woods and James M. Lyon. Now, 

the most popular esoteric languages are Brainf**k and Befunge, both created in 1993. Most of the newer esoteric lan-

guages are heavily influenced by these two.  

The term esoteric was firstly used in programming context to refer to what is now called esoteric programming 

languages on Chris Presseyôs site Esoteric Topics in Computer Programming.  

 

Examples 

Now we want to give some examples of esolangs. In order to illustrate how these languages look, we also show 

program on each of them, which displays the phrase ñHello, world!ò 
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1. Brainf**k  

The most famous esoteric programming language is Brainf**k. It was created in 1993 by Urban M¿ller, and is 

notable for its extreme minimalism. This language uses only 8 simple commands ('<';'>';'.';',';'[';']';'+';'-') and an instruc-

tion pointer, however it is fully Turing-complete.  

 

 
 

Fig. 1. 

 

2. Whitespace  

Whitespace was created by Edwin Brady and Chris Morris in 2002.  

Commands in it are composed of sequences of spaces, tab stops and linefeeds, so code looks like empty list. 

Data represented in binary using spaces (0) and tabs (1), followed by a linefeed.  

And here is an example of code with backlight of special characters, because otherwise we see nothing:  

 

 
 

Fig. 2. 

 

3. Shakespeare  

It is designed by Jon ¡slund and Karl Hasselstrºm. The main point of creation was to make programs appear to 

be something other than programs; in this case, Shakespearean plays.  
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Fig. 3. 
 

4. Piet  

Designed by David Morgan-Mar. Programs are bitmaps that look like abstract art.  

There are 20 colours for which behaviour is specified: 18 ñcolourfulò colours, which are ordered by a 6-step 

hue cycle and a 3-step brightness cycle (RGB); and black and white which are not ordered. When exiting a ñcolourfulò 

colour and entering another one, the performed procedure is determined by the number of steps of change in hue and 

brightness. Black cannot be entered; when the pointer tries to enter a black region, the rules of choosing the next block 

are changed instead. Piet was named after the Dutch painter Piet Mondrian.  
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Fig. 4. 

 

5. Velato  

Velato is a ñmusicò esolang. Programs in Velato are defined by the pitch and order of notes. Velato is intended 

to allow for flexibility in composition, so functional programs will not necessarily sound like random notes. There is a 

tendency for Velato programs to have jazz-like harmonies.  

 

 
 

Fig. 5. 

 

Conclusion 

We thought a lot about the vitality of the esoteric programming languages. In order to understand how many 

people know about esolangs and use them, we conducted a survey and here are its results.  

 


