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ʥʳʭ ʯʘʩʪʠʮ ʚ ʘʜʨʦʥ-ʘʜʨʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʧʨʠ ʵʥʝʨʛʠʷʭ >10 ɻʵɺ. ʇʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʦ ʨʘʟʥʳʝ ʛʠʧʦʪʝʟʳ, ʚ 

ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʢʣʶʟʠʚʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʠʝ ʠʭ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʷʭ. ʇʦ ʠʟʫʯʝʥʥʳʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʩʪ <nÑ>ʦʪ ʵʥʝʨʛʠʠ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʌʝʨʤʠïʃʘʥʜʘʫ, 

ʇʦʤʝʨʘʥʯʫʢ) ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʘ ʜʨʫʛʠʝ ʛʠʧʦʪʝʟʳ ʜʘʶʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʩʨʝʜʥʷʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ, ʨʦʞʜʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ, 

ʠʥʢʣʶʟʠʚʥʳʡ ʧʨʦʮʝʩʩ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʦʜʝʣʴ. 

 

ɺʚʝʜʝʥʠʝ.ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʦ-

ʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʨʝʜʥʝʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʩʨʝʜʥʝʡ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʚʪʦʨʠʯʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʚ ʨʦʞʜʝʥʠʠ ʟʘʨʷʞʝʥʥʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʤʥʦʞʝ-

ʩʪʚʝʥʥʦʩʪʠ ʪʝʭ ʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮ ʦʪ ʵʥʝʨʛʠʠ ʠ ʧʨʠʨʦʜʳ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʯʘʩʪʠʮ ʠ ʜʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʦʞʜʝʥʠʷ ʩ ʬʠʢ-

ʩʠʨʦʚʘʥʥʳʤ ʯʠʩʣʦʤ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʠ ɽ0 Ò10 ɻʵɺ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʤʝ-

ʩʪʦ ʚ ʦʪʥʦʰʝʥʠʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ʚʩʝʭ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ. ʇʦʵʪʦʤʫ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʧʳʪʳ, ʩʚʷʟʘʥʳ ʩ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ, ʠʥʢʣʶʟʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʣʠ ʚʩʝʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘ-

ʩʪʠʮ ʠʣʠ ʯʘʩʪʠ ʠʟ ʥʠʭ ʩ ʣʶʙʳʤ ʯʠʩʣʦʤ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ. ʀʤʝʝʪʩʷ ʨʷʜ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪ ʠʥʢʣʶʟʠʚʥʳʝ ʨʝʘʢʮʠʠ ʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʦʩʥʦʚʥʳʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ [1]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ.ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʜʠʥʘʤʠʢʫ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʠʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ.  

ʗʥʛʦʤ ʠ ʝʛʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ ʛʠʧʦʪʝʟʘ. ʀʥʚʘʨʠʘʥʪʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʝ-

ʯʝʥʠʝ  

pd

d
E C
s

=F(S, 
//

P , P̂ ) 

ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʪʨʝʤʠʪʩʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʨʠ SŸÐ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ 
ʣʘʙP

//
. 

 

ʢʦʥʝʯʥʦʝP
s



¤

//

lim F(S, 
//

P , P̂ )=f (
//

P , P̂ )                                                     (1) 

 

ʏʘʩʪʠʮʳ, ʫ ʢʦʪʦʨʳʭ 
ʣʘʙP

//
ʦʩʪʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ SŸÐ ʩʦʛʣʘʩʥʦ ʗʥʛʫ ʠ 

ʜʨ. ʩʯʠʪʘʶʪʩʷ ʬʨʘʛʤʝʥʪʘʤʠ (ʦʩʢʦʣʢʠ) ʤʠʰʝʥʠ. ɻʠʧʦʪʝʟʫ ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʩʣʝʜʫʶʱʝʡ ʥʘʛʣʷʜʥʦʡ ʢʘʨʪʠʥʦʡ.  

ɺ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʯʘʩʪʠʮʫ ï ʤʠʰʝʥʴ ʥʘʣʝʪʘʝʪ ʯʘʩʪʠʮʘ ʠʟ ʧʫʯʢʘ. ʅʘʣʝʪʘʶʱʘʷ ʯʘ-

ʩʪʠʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʃʦʨʝʥʮʦʚʩʢʦʛʦ ʩʦʢʨʘʱʝʥʠ ̫ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ ʧʣʦʩʢʦʛʦ ʜʠʩʢʘ ʩ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ R ʠ 

ʪʦʣʱʠʥʦʡ  

 

21 b-R
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(ɓ=v/c,ʛʜʝ v ï ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮʳ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʠʩʢ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʤʠʰʝʥʴ, ʚʦʟʙʫʞʜʘʝʪ ʝʸ. ɺʦʟʙʫʞʜʸʥʥʘʷ 

ʩʠʩʪʝʤʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʬʨʘʛʤʝʥʪʳ. ɼʘʣʴʥʝʡʝhʝ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʠʠ ʧʘʜʘʶʱʝʡ ʯʘʩʪʠʮʳ ʧʨʠʚʦʜʠʪ ʢ ʝʱʸ ʙʦʣʴ-

ʝhʤʫ ʩʞʘʪʠʶ ʜʠʩʢʘ, ʦʜʥʘʢʦ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʤʦʤʝʥʪʘ ʵʪʦ ʩʞʘʪʠʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʬʨʘʛʤʝʥʪʘʮʠʠ. ɺ 

ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 
//

P ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʧʨʝʜʝʣʘ, ʥʝ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʵʥʝʨʛʠʠ 

ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ. ɸʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʪʘʢʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʧʦʣʥʳʭ ʩʝʯʝʥʠʡ ʚ ˊïʨ, ˊ+ʨ, 

ʂïʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʷʭ [3].ɸʥʘʣʦʛʠʯʥʦʝ ʷʚʣʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʚ ʟʝʨʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ, ʛʜʝ ʧʦʢʦʠʪʩʷ ʧʫʯʢʦʚʘʷ ʯʘʩʪʠʮʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʝʸ ʬʨʘʛʤʝʥʪʘʮʠʝʡ. 

ɻʠʧʦʪʝʟʘ ʌʝʡʥʤʘʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ S ʠʥʚʘʨʠʘʥʪʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʩʝʯʝʥʠʝ 

ɽ*

pd

d
C
s

=F(S, x , P̂ ) ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ P̂ ʠ SPx /2 *

//
= . 

limF(S, x, P̂ ) = f (x, P̂ )                                                                     (2) 

 

ʛʜʝ 
*

//
P - ʧʨʦʜʦʣʴʥʳʡ ʠʤʧʫʣʴʩ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʠʥʝʨʮʠʠ. 

ɻʠʧʦʪʝʟʘ ʌʝʡʥʤʘʥʘ [4] ʧʦʣʥʦʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʥʘ ʛʠʧʦʪʝʟʝ ʧʨʝʜʝʣʴʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʗʥʛʘ ʧʨʠ ʫʩʣʦʚʠʠ  

 

^
>>mP*

//
, 

22

^^
+= Pmm  

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʦʧʝʨʝʯʥʘʷ ʤʘʩʩʘ. ʕʪʦ ʫʩʣʦʚʠʝ ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʫʶ x ʚʳʨʘʞʘʝʪʩʷ Smx /2
^

>> . 

 

ʆʢʨʝʩʪʥʦʩʪʠ Smx /2
^

<<
 
(ʠʣʠ ʭå0) ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʴʶ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʦʙʝʠʤʠ ʛʠʧʦʪʝʟʘʤʠ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʡ ʦʙʣʘʩʪʠ ʌʝʡʥʤʘʥ ʚʳʜʚʠʥʫʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ: 

 

limF(x, P̂ ) = f ( P̂ )                                                                     (3) 

 

ʆʙʳʯʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʫʧʦʪʨʝʙʣʷʶʪ ʧʝʨʝʤʝʥʥʫʶ  

 

ʫ*=
*

//

*

//

*

*
ln

2

1

PE

PE

-

+

 
 

(ʧʨʦʜʦʣʴʥʘʷ ʙʳʩʪʨʦʪʘ).ʇʝʨʝʤʝʥʥʫʶ x ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʫ*ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ʭ=
22

2

//
22

^
+= qm

SS

P
shy*, (

^^
=qP ) 

 

ʆʪʢʫʜʘ ʚʠʜʥʦ, ʯʪʦ ʣʶʙʦʡ ʢʦʥʝʯʥʳʡ ʠʥʪʝʨʚʘʣ ʧʦ ʫ*ʧʝʨʝʭʦʜʠʪ ʚ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʫʶ ʦʢʨʝʩʪʥʦʩʪʴ ʭå0 ʧʨʠ 

SŸÐ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ P̂ .ʇʦʵʪʦʤʫ ʧʝʨʝʤʝʥʥʘʷ ʫ*ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʉʦʛʣʘʩʥʦ ʌʝʡʥʤʘʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʬʫʥʢʮʠʠf( P̂ , y*) ʧʦ ʫ*  ʜʦʣʞʥʦ ʨʘʩʰʠ-

ʨʠʪʴʩʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʭ ʠ SŸÐ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ <nÑ> (ʩʨʝʜʥʘʷ ʚʝʣʠʯʠʥʘ ʟʘʨʷʞʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʯʘ-

ʩʪʠʮ) ʦʪ ʵʥʝʨʛʠʠ, ʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ (ʧʦ ʌʝʡʥʤʘʥʫ) [4] 

 

<nÑ>=ɸ+ɺlnE*                                                                           (4) 

 

ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʝʭ ʠʣʠ ʠʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʯʘʩʪʠʮ, ʨʦʞʜʝʥʥʳʭ ʚ ʘʜʨʦʥ-ʘʜʨʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʧʝʨ-

ʚʳʝ ʙʳʣʘ ʚʳʩʢʘʟʘʥʘ ʕ.ʌʝʨʤʠ. ɺ ʤʦʜʝʣʠ ʌʝʨʤʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʘʜʨʦʥ-ʘʜʨʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʦʙʨʘʟʫʝʪʩʷ 

ʝʜʠʥʘʷ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʘ, ʠʟ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʚʳʣʝʪʘʪʴ, ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ, ʚʩʝ ʢʦʥʝʯʥʳʝ ʯʘʩʪʠʮʳ. ʉ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʵʥʝʨʛʠʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʩʪʝʤʳ ʨʘʩʪʝʪ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʞʘʪʠʝ ʝʸ ʦʙʲʸʤʘ.  

ʅʦʚʘʷ ʤʦʜʝʣʴ ʩʪʘʣʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʥʠʟʢʠʭ ʵʥʝʨ-

ʛʠʷʭ (ɽ0ʣʘʙ å 2õ3 ɻʵɺ) ʢʦʛʜʘ ʨʦʞʜʘʶʪʩʷ ʦʜʥʘ ʠʣʠ ʜʚʘ ʥʦʚʳʝ ʯʘʩʪʠʮʳ. 
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ɿʘʢʣʶʯʝʥʠʝ. ɺ ʥʘʯʘʣʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʣʠ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʌʝʨʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʴʰʠʤ ɽ0ʣʘʙ ʦʙʥʘʨʫʞʠʣʦʩʴ ʥʝʩʦʛʣʘʩʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʵʪʦʡ ʤʦ-

ʜʝʣʴʶ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʫʜʘʨʝʥʠʡ ʦʪʥʶʜʴ ʥʝ ʩʧʨʘʚʝʜ-

ʣʠʚʘ ʦʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʝʜʠʥʘʷ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʘ. ʅʘʣʝʪʘʶʱʘʷ ʯʘʩʪʠʮʘ ʦʙʳʯʥʦ ʧʨʦʩʢʘʢʠʚʘʝʪ ʚʧʝ-

ʨʝʜ, ʦʪʜʘʚʘʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʯʘʩʪʠʮ ʣʠʰʴ ʯʘʩʪʴ ʩʚʦʝʡ ʵʥʝʨʛʠʠ (ñʣʠʜʠʨʫʶʱʘʷ ʯʘʩʪʠʮʘò). ɼʘʣʝʝ ʚʳʷʩʥʠ-

ʣʦʩʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʠʮʳ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʠ ʌʝʨʤʠ ʦʛʨʘʥʠʯʝʥʘ ʩʦʙʳʪʠʷʤʠ ʩ ʙʦʣʴʰʦʡ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʌʝʨʤʠ, ʇʦʤʝʨʘʥʯʫʢ ʠ ʃʘʥʜʘʫ ʚ ʦʜʥʦ ʠ ʪʦʞʝ ʚʨʝʤʷ 

ʧʦʩʪʨʦʠʣʠ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ʇʦ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ 

ʜʚʫʭ ʘʜʨʦʥʦʚ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʘʫʥʜ-ʩʠʩʪʝʤʘ, ʘ ʯʘʩʪʠʮʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝ ʩʪʘʥʝʪ ~ m  ́(m  ́ï ʤʘʩʩʘ ˊ-ʤʝʟʦʥʘ). ʇʨʠ ʵʪʦʤ ʦʙʲʝʤ ʩʠʩʪʝʤʳ ʨʘʩʰʠʨʷʝʪʩʷ, ʘ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ 

ʯʘʩʪʠʮ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʩʪʝʪ.  

ʉʨʝʜʥʷʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦ ʤʦʜʝʣʠ ʌʝʨʤʠ-ʃʘʥʜʘʫ ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝ-

ʥʠʝ 

<nÑ>= 
a

0
2E

  
(Ŭ=1/4)                                                                 (5) 

 

ʛʜʝ ɽ0ï(ʵʥʝʨʛʠʷ ʥʘʣʝʪʘʶʱʝʡ ʯʘʩʪʠʮʳ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ) ʚ ʝʜʠʥʠʮʘʭ ʥʫʢʣʦʥʥʦʡ ʤʘʩʩʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʧʨʝʜʩʢʘʟʘʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʶʪ ˊ-

ʤʝʟʦʥʳ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ˊ-ʤʝʟʦʥʦʚ (ˊ+, ˊ-, ˊ0) ʧʨʦʠʩʭʦʜʠʪ ʩ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ. ʈʦʩʪ <nÑ> ʦʪ ʵʥʝʨʛʠʠ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

(ʌʝʨʤʠïʃʘʥʜʘʫ, ʇʦʤʝʨʘʥʯʫʢ) ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʘ ʜʨʫʛʠʝ ʤʦʜʝʣʠ ʜʘʶʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ.  
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Abstract.The results of the study of the average multiplicity of charged particles in hadron-hadron collisions at 

energies > 10 GeV are presented in the article. Various hypotheses are presented in detail, in which inclusive reactions 

are considered that predict their main characteristics at high energies. It was shown by the studied that the growth of 

<n Ñ> from the energy according to the statistical model (Fermi-Landau, Pomeranchuk) can be related by a power 

law, and other hypotheses give a logarithmic dependence. 

Keywords: high energy physics, average multiplicity, secondary particle production, inclusive process, statisti-

cal model. 
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ʋɼʂ 631.315.592 

 

ɸʅɸʃʀɿ ʂʆʄʅɸʊʅʆʁ ɺʆʃʔʊ-ɸʄʇɽʈʅʆʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ  

p-Si-n-(Si2)1-x(CdS)x (0 ¢x¢ 0.01) ɼʀʆɼʅʓʍ ʉʊʈʋʂʊʋʈ 
 

 ʍ.ʄ. ʄʘʜʘʤʠʥʦʚ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʜʠʞʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʪʦʢʦʧʨʦʭʦʞʜʝʥʠʷ ʜʠʦʜʥʳʭ p-Si-n-(Si2)1-x(CdS)x (0 ¢ x ¢ 0.01) 

ʩʪʨʫʢʪʫʨ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ, ʝʛʦ ʨʦʩʪ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘ ʩʯʝʪ ʧʨʦʩʪʳʭ ʣʦʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʘ ʧʨʠ ʙʦʣʴʰʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ ʦʥʦ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʩʣʦʞʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʤʝʥ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʦʜʚʠʞʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ, ʤʦʜʝʣʴ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʜʨʝʡʬʦʚʳʡ ʤʝʭʘʥʠʟʤ.  

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʘʤʳʤ ʣʫʯʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɺɸʍ) p-n ʧʝʨʝʭʦʜʘ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺʠʜ ʢʨʠʚʳʭ ɺɸʍ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʫʞʜʘʪʴ ʦ ʪʝʭ, ʠʣʠ ʠʥʳʭ ʩʚʦʡʩʪʚʘʭ p-n ʧʝʨʝʭʦʜʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʭʦʜʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʪʝʤʥʦʚʳʝ ʢʦʤʥʘʪʥʳʝ ɺɸʍ ʜʠʦʜ-

ʥʳʭ p-Si-n-(Si2)1-x(CdS)x (0 ¢ x¢ 0.01) ʩʪʨʫʢʪʫʨ. ɺ ʧʨʷʤʦʡ ʚʝʪʚʠ ɺɸʍ (ʨʠʩ. 1), ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʜʦ 3.0 ɺ 

ʥʘʩʳʱʝʥʠʝ ʧʦ ʪʦʢʫ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʀʩʭʦ-

ʜʷʠʟ ʵʪʦʛʦ,ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩ ʨʦʩʪʦʤ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʦʣʝʝ ʷʨʢʦ ʧʨʦ-

ʷʚʣʷʶʪʩʷ ʚʳʧʨʷʤʣʷʶʱʠʝ ʩʚʦʡʩʪʚʘ.  
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ʈʠʩ. 1. ʊʝʤʥʦʚʘʷ ʚʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  

p-Si-n-(Si2)1-x(CdS)x 

(0 ¢ ʭ¢ 0.01) ʩʪʨʫʢʪʫʨ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʈʠʩ. 2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʷʤʦʡ 

ʚʝʪʚʠ ɺɸʍ p-Si-n-(Si2)1-x(CdS)x (0 ¢ ʭ¢ 0.01) ʩʪʨʫʢʪʫʨ 

 

ʅʘ ʨʠʩ 2. ʧʨʠʚʝʜʝʥʘ ʧʨʷʤʘʷ ʚʝʪʚʴ ɺɸʍ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʜʚʦʡʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩ-

ʰʪʘʙʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʍʘʨʘʢʪʝʨʥʳʝ ʫʯʘʩʪʢʠ ɺɸʍ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʢʘ ʠʤʝʶʪ ʩʣʝʜʫʶʱʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʦʪ 0.1 ɺ ʜʦ 0.2 ɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʯʘʩʪʦʢ ʙʣʠʟʢʠʡ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʩ ʧʦʢʘ-

ʟʘʪʝʣʝʤ m = 1.8; ʧʦʩʣʝ ʫʯʘʩʪʢʘ ʙʣʠʟʢʦʡ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪ 0.2 ɺ ʜʦ 0.84 ɺ ʥʘʙʣʶʜʘʝʪʩʷ ʫʯʘʩʪʦʢ ʩ ʧʦʢʘʟʘʪʝʣʝʤ m 

= 3.5 ʠ ʜʘʣʝʝ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʦʪ 0.84 ɺ ʜʦ 4.4 ɺ ʩʣʝʜʫʝʪ ʢʚʘʜʨʘʪʠʯʥʳʡ ʫʯʘʩʪʦʢ ʩ ʧʦʢʘʟʘʪʝʣʝʤ m = 2.0.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʧʨʷʤʦʡ ʚʝʪʚʠ ɺɸʍ (ʨʠʩ. 1) ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʠʩ-

ʭʦʜʷ ʠʟ ʤʦʜʝʣʠ ʨʝʢʦʤʙʠʥʘʮʠʠ [3]. 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʦʜʝʣʠ, ʩʢʦʨʦʩʪʴ ʨʝʢʦʤʙʠʥʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʦ 

ʐʦʢʣʠ-ʈʠʜʘ, ʠ ʠʤʝʝʪ ʚʠʜ [3]: 
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ʟʜʝʩʴ RN  ïʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ; pn,  ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʨrʦʢ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ni ï ʩʦʙʩʪʚʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ; pn cc ,  ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;11, pn  ï ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʐʦʢʣʠ-ʈʠʜʘ; it ï ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚʥʫʪʨʠ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʦʛʜʘ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʤʝʥʘ ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʪ ʚʣʠʷʪʴ, 

ʪ.ʝʢʦʛʜʘ npppcnnc ipn at>+++ )()( 11 , ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ  
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ʦʧʠʩrʚʘʁʱʠʡ ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʪʦʢʘ ʯʝʨʝʟp-n ʧʝʨʝʭʦʜ ʩ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʜʘʝʪ 

 

  
IIMU Ö´ )(

                                                                             
(3) 

 

ʛʜʝ, 
2))/(2(31)( IcCmIM niat+Ö+º , m ʠ C ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, I - ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ. ʉ ʫʯʝʪʦʤ ʫʩʣʦʚʠʷ npppcnnc ipn at>+++ )()( 11 , ʫʯʘʩʪʦʢ ɺɸʍ ʦʪ 0.1 ɺ ʜʦ 0.2 ɺ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴ 
8.1UI ´  ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ (3). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ 

ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ɺɸʍ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʞʠʤ ʙʣʠʟʢʠʡ ʢ ʢʚʘʜʨʘʪʠʯʥʦʤʫ (ʃʘʤʧʝʨʪʦʚʩʢʦʤʫ), ʥʦ ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʦʷʚ-

ʣʝʥʠʝʤ ʤʥʦʞʠʪʝʣʷ ʄ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʢʘ. 

ɼʘʣʝʝ, ʧʨʦʮʝʩʩ ʚʥʫʪʨʠʢʦʤʧʣʝʢʩʥʦʛʦ ʦʙʤʝʥʘ ʥʘʯʠʥʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʪʦʢʦʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ 

ʩʪʨʫʢʪʫʨʫ, ʯʣʝʥ ʚ ʟʥʘʤʝʥʘʪʝʣʝ (1), ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʩ ʨʦʩʪʦʤ ʫʨʦʚʥʷ ʚʦʟʙʫʞʜʝʥʠʷ ï 

)()( 11 ppcnncnp pni +++>at  ʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʜʘʝʪ ʚʠʜ ɺɸʍ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʦʷʚʣʝʥʠʷ ʩʣʝʜʫʶ-

ʱʝʛʦ ʫʯʘʩʪʢʘ 
5.3UI ´  ʚ ʚʠʜʝ 

 

IDIBAU /-Ö+=                                                                  (4) 
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=  ï ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʚʦʡʩʪʚ ʤʘ-

ʪʝʨʠʘʣʘ ʙʘʟʳ p-n ʧʝʨʝʭʦʜʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪ ʩʚʦʡʩʪʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ p-Si-n-(Si2)1-x(CdS)x (0 ¢ ʭ ¢ 0.01).  

ʂʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ npppcnnc ipn at>>+++ )()( 11 , ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʜʘʝʪ  

 

IBU Ö= 0 .                                                                           (5) 

 

ɿʜʝʩʴ 

Dpnp Nq
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tmm9
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0 = ; pp tm , - ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʜʳʨʦʢ, nm - ʧʦʜʚʠʞʥʦʩʪʴ ʵʣʝʢ-

ʪʨʦʥʦʚ, I - ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʤʝʥʫ ʣʘʤʧʝʨʪʦʚʩʢʦʛʦ ʟʘʢʦʥʘ IU ´  ʥʘ 

ʙʦʣʝʝ ʩʠʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (4). ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʥʘ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ 

ɺɸʍ, ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʝʤʳʝ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʘ ʟʘʪʝʤ ʥʘ ʥʦʚʳʡ, ʢʚʘʜʨʘʪʠʯʥʳʡ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʫʯʘ-

ʩʪʦʢ ɺɸʍ 
mUI ´ . ʊʘʢʠʝ ɺɸʍ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʜʠʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʨʠ ʨʘʟ-

ʥʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ [2, 4].  

ʇʦʷʚʣʝʥʠʷ ʥʘʙʣʶʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʧʨʷʤʦʛʦ ʪʦʢʘ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʜʨʝʡʬʦʚʳʤ ʤʝʭʘ-

ʥʠʟʤʦʤ ʪʦʢʦʧʝʨʝʥʦʩʘ ʚ ʫʩʣʦʚʠʷʭ ʦʤʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʩ ʫʯʝʪʦʤ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦ-

ʛʦ ʦʙʤʝʥʘ ʚʥʫʪʨʠ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [1]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ p-Si-n-(Si2)1-x(CdS)x ʩʪʨʫʢʪʫʨʘʭ ʧʨʠ ʤʘʣʳʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘʭ ʝʛʦ ʨʦʩʪ 

ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘ ʩʯʝʪ ʧʨʦʩʪʳʭ ʣʦʢʘʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʘ 

ʧʨʠ ʙʦʣʴʰʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʩʣʦʞʥʳʭ ʢʦʤ-

ʧʣʝʢʩʘʭ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʤʝʥ.  
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Abstract. The article studied the processes of current flow in diode structures p-Si-n-(Si2)1-x(CdS)x (0 ¢ x ¢ 0.01) 
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ʆʊ ɿɸʂʆʅɸ ɸɺʆɻɸɼʈʆ ʂ ʋʈɸɺʅɽʅʀʖ ʂʃɸʇɽʁʈʆʅɸ-ʄɽʅɼɽʃɽɽɺɸ. 

ʆɼʅʆʄʆʃɽʂʋʃʅʓʁ ʀɼɽɸʃʔʅʓʁ ɻɸɿ 
 

 ɸ.ʉ. ʅʝʛʨʘʰ1, ʀ.ɸ. ɻʦʣʦʚʠʥ2, ʊ.ʉ. ʄʫʜʠʥʦʚ3, ɸ.ɽ. ɹʘʪʤʘʥʦʚ4 

1 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʬʠʟʠʢʠ, 
2 ʩʪʫʜʝʥʪ 2-ʦʛʦ ʢʫʨʩʘ, 3 ʩʪʫʜʝʥʪ 1-ʦʛʦ ʢʫʨʩʘ, 4 ʫʯʝʥʠʢ 10 ʢʣʘʩʩʘ 

1 ʏʆʋ ɼʆ ʋʯʝʙʥʳʡ ʮʝʥʪʨ çɸʨʪ-ʉʝʨʚʠʩè ʛ.ʦ. ʃʦʙʥʷ,  
2 ʌɻɹʆʋ ɺʆ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, 

3 ʌɻɸʆʋ ɺʆ ʇʝʨʚʳʡ ʄɻʄʋ ʠʤ. ʉʝʯʝʥʦʚʘ,  
4 ʄɹʆʋ ʣʠʮʝʡ ʛ.ʦ. ʃʦʙʥʷ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʠʟʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝ-

ʘʣʴʥʦʛʦ ʛʘʟʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ñʦʜʥʦʤʦʣʝʢʫʣʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟò. ɺʳʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʦʩʪʦ-

ʷʥʥʦʡ ɹʦʣʴʮʤʘʥʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʳʚʦʜ ʟʘʢʦʥʘ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʨʘʤʢʘʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦ-

ʨʠʠ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʝ, ʜʦʩʪʫʧʥʦʡ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʘʤ. ʆʥʘ ʘʜʨʝʩʦ-

ʚʘʥʘ ʫʯʝʥʠʢʘʤ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ, ʩʪʫʜʝʥʪʘʤ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʬʠʟʠʢʠ, ʤʝʪʦʜʠʩʪʘʤ ʠ ʪʝʤ, ʢʪʦ ʧʨʦʷʚʣʷʝʪ ʠʥ-

ʪʝʨʝʩ ʢ ʬʠʟʠʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʜʝʘʣʴʥʳʡ ʛʘʟ, çʦʜʥʦʤʦʣʝʢʫʣʥʳʡè ʠʜʝʘʣʴʥʳʡ ʛʘʟ, ʩʬʝʨʠʯʝʩʢʠʡ ʩʦʩʫʜ, ʤʦʣʝʢʫʣʷʨʥʦ-

ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ, ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʘʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ. 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ (ʜʘʣʝʝ ï ʄʂʊ 

ʀɻ) ʚ ʫʯʝʙʥʠʢʘʭ ʩʨʝʜʥʝʡ ʠ ʚʳʩʰʝʡ ʰʢʦʣ ʦʩʥʦʚʘʥʦ ʥʘ ʜʦʧʫʱʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʠʜʝʘʣʴʥʳʡ ʛʘʟ ʜʦʣʞʝʥ ʩʦʩʪʦʷʪʴ ʠʟ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ. ʕʪʦ ʜʦʧʫʱʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʄʂʊ ʀɻ, ʘ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ 

ʠʟʫʯʝʥʠʝ ʵʪʦʡ ʪʝʦʨʠʠ ʰʢʦʣʴʥʠʢʘʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʫʢʘʟʘʥʥʦʝ ʜʦʧʫʱʝʥʠʝ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʘ ʚ ʘʣʛʦʨʠʪʤ ʠʟʣʦʞʝʥʠʷ ʄʂʊ ʀɻ ʚʚʝʜʝ-

ʥʦ ʧʦʥʷʪʠʝ ñʦʜʥʦʤʦʣʝʢʫʣʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟò.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʙʦʪ ʧʦ ʄʂʊ ʀɻ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʬʦʨʤʘ ʩʦʩʫʜʘ ʧʨʠʥʷʪʘ ʩʬʝʨʠʯʝ-

ʩʢʦʡ. 

ɼʣʷ ʚʳʚʦʜʘ ʬʦʨʤʫʣ ʟʘʢʦʥʘ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʤʦʣʝʢʫʣʳ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʰʢʦʣʴʥʳʭ ʫʯʝʙʥʠʢʦʚ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʚʦ ʚʩʝʭ ʰʢʦʣʴʥʳʭ ʫʯʝʙʥʠʢʘʭ ʬʦʨʤʫʣʘ 

ʟʘʢʦʥʘ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʚʦʜʠʪʩʷ ʙʝʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ.  

ʇʦʥʷʪʠʝ çʦʜʥʦʤʦʣʝʢʫʣʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟè ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [1]-[3]. 

 

ʉʆʂʈɸʑɽʅʀʗ, ʀʅɼɽʂʉʓ ʀ ʆɹʆɿʅɸʏɽʅʀʗ 

ʄʂʊ ʠ ʊɼʅ ʀɻ ï ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʀ ï ʠʜʝʘʣʴʥʳʡ  

ʀɻ ï ʠʜʝʘʣʴʥʳʡ ʛʘʟ 

ʆɸ ʀɻ ï ʦʜʥʦʘʪʦʤʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟ (i = 3) 

ʆʄ ʀɻ ï ʦʜʥʦʤʦʣʝʢʫʣʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟ (N = 1) 

I ï ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʦʣʝʢʫʣʥʦʤʫ ʀ ɻʘʟʫ (N = 1) 

ʍǋ ï ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʍ ʥʘ ʀɻ, ʧʨʠʤʝʨʳ: Qǋ, Aǋ. 

 ï ʧʦʜʯʝʨʢʠʚʘʥʠʝ ʩʚʝʨʭʫ ʦʙʦʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ï ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʨʝʜʥʸʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʍ. 

ʇʨʠʤʝʨʳ:  

 

     , 

 

 

ʛʜʝ  ï ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ,  

 ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ ʛʘʟʘ, 

ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʩʝʭ ʤʦʣʝʢʫʣ ʀɻ, ɼʞ, 

  ï ʤʘʩʩʘ ʤʦʣʝʢʫʣʳ ʀ ʛʘʟʘ, ʢʛ, 

N ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʀɻ, 

 ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ (ʧʦʩʪʦʷʥʥʘʷ ɸʚʦʛʘʜʨʦ), 1/ʤʦʣʴ. 

                                                           
É ʅʝʛʨʘʰ ɸ.ʉ., ɻʦʣʦʚʠʥ ʀ.ɸ., ʄʫʜʠʥʦʚ ʊ.ʉ., ɹʘʪʤʘʥʦʚ ɸ.ɽ. / Negrash A.S., Golovin I.A., Mudinov T.S., Batmanov A.Ye., 2019 
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 ï ʯʠʩʣʦ ʤʦʣʝʡ ʀɻ (ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ), ʤʦʣʴ 

 ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ, ʢʛ/ʤʦʣʴ, 

R  ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʦʜʥʦʤʦʣʴʥʦʛʦ ( ) ʀɻ,  

 ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, 

ɼʞ/ʂ 

 ï ʤʘʩʩʘ ʀɻ, ʢʛ 

 ï ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʀɻ (ʧʦʣʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʩʝʭ ʤʦʣʝʢʫʣ ʀɻ), ɼʞ 

 ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʍ ʠ ʝʸ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʍ0 

i ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ ʀɻ 

T ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʫʜʘ (ʦʥʘ ʞʝ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ), ʂ 

V ï ʦʙʲʸʤ ʩʦʩʫʜʘ (ʦʥ ʞʝ ï ʦʙʲʸʤ ʛʘʟʘ), ʤ3 

 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʀɻ, 1/ʤ3 

 ï ʧʣʦʪʥʦʩʪʴ ʀɻ, ʢʛ/ʤ3 

 ï ʧʣʦʪʥʦʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʩʝʭ ʤʦʣʝʢʫʣ ʀɻ, ɼʞ/ʤ3 

 ï ʧʣʦʪʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʀɻ, ɼʞ/ʤ3 

ʨ ï ʜʘʚʣʝʥʠʝ ʛʘʟʘ, ʇʘ 

Qǋ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʨʝʜʘʥʥʦʝ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʀ ʛʘʟʫ, ɼʞ 

ɸǋ ï ʨʘʙʦʪʘ ʩʦʩʫʜʘ ʥʘʜ ʀ ʛʘʟʦʤ, ɼʞ 

Q ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʥʥʦʝ ʀ ʛʘʟʦʤ ʚʥʝʰʥʝʡ ʩʨʝʜʝ, ɼʞ 

ɸ ï ʨʘʙʦʪʘ ʀ ʛʘʟʘ ʥʘʜ ʩʦʩʫʜʦʤ, ɼʞ 

 ï ʤʦʜʫʣʴ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʡ ʩʠʣʳ, ʅ 

 ï ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩʦʩʫʜʘ, 

r ï ʨʘʜʠʫʩ ʩʦʩʫʜʘ. 

 

1. ʆʊ ɿɸʂʆʅɸ ɸɺʆɻɸɼʈʆ ʂ ʋʈɸɺʅɽʅʀʖ 

ʂʃɸʇɽʁʈʆʅɸ ï ʄɽʅɼɽʃɽɽɺɸ 

ʇʦʢʘʞʝʤ, ʢʘʢ ʠʟ ʟʘʢʦʥʘ ɸʤʝʜʝʦ ɸʚʦʛʘʜʨʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʣʫʯʠʪʴ ʦʜʥʫ ʠʟ ʬʦʨʤ ʫʨʘʚʥʝʥʠʷ ʂʣʘ-

ʧʝʡʨʦʥʘ ï ʄʝʥʜʝʣʝʝʚʘ. 

ɿʘʢʦʥ ɸʚʦʛʘʜʨʦ, 1811 ʛ. ɺ ʨʘʚʥʳʭ ʦʙʲʸʤʘʭ (V) ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ, ʚʟʷʪʳʭ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʊ) ʠ ʜʘʚʣʝʥʠʷʭ (ʨ), ʩʦʜʝʨʞʠʪʩʷ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ (N) ʤʦʣʝʢʫʣ. 

ɸʚʦʛʘʜʨʦ ʚʳʷʚʠʣ ʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʣʶʙʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʛʘʟʘ ʚ ʩʦʩʫʜʝ: 

ʜʘʚʣʝʥʠʝ, ʦʙʲʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʊʦ ʝʩʪʴ 

 

.                                                                           (1) 

 

ɿʘʢʦʥ ɸʚʦʛʘʜʨʦ ʥʝ ʚʳʨʘʞʝʥ ʬʦʨʤʫʣʦʡ, ʥʦ ʵʪʦ ʤʦʞʥʦ ʙʳʣʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʤ ʨʘʩʩʫʞʜʝʥʠʷʤʠ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʵʪʘ ʬʦʨʤʫʣʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʦʜʝʨʞʠʪ ʩʪʝʧʝʥʥʦʡ ʦʜʥʦʯʣʝʥ ʫʢʘʟʘʥʥʦʡ ʪʨʦʡʢʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʛʘʟʘ, ʫʤʥʦʞʝʥʥʳʡ ʥʘ ʬʠʟʠʯʝʩʢʫʶ ʢʦʥʩʪʘʥʪʫ: 

 

.                                                                           (2) 

 

ʩ ï ʧʦʩʪʦʷʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʪ.ʝ. 

 

.                                                                              (3) 

 

x, y, z ï ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʝʡ, ʧʦʜʣʝʞʘʱʠʝ ʥʘʭʦʞʜʝʥʠʶ. 

ʇʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʝʡ x, y, z ʙʫʜʝʤ ʠʩʢʘʪʴ ʚʦ ʤʥʦʞʝʩʪʚʝ ʮʝʣʳʭ ʯʠʩʝʣ. ʇʦʧʨʦʙʫʝʤ ʧʦʠʩʢʘʪʴ ʵʪʠ ʯʠʩʣʘ ʚ 

ʥʘʠʧʨʦʩʪʝʡʰʝʤ ʜʠʘʧʘʟʦʥʝ: 

 

.                                                                          (4) 

 

ʕʪʠ ʜʦʧʫʱʝʥʠʷ ʚʳʛʣʷʜʝʣʠ ʙʳ ʣʦʛʠʯʥʳʤʠ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʩʪʦʪʳ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʢ 1811 ʛʦʜʫ ʟʘʢʦʥʦʚ ʪʨʝʭ 

ʠʟʦʧʨʦʮʝʩʩʦʚ, ʚ ʬʦʨʤʫʣʘʭ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʝʡ ʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ  ʷʚʣʷʣʠʩʴ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ 

ʠʟ ʜʠʘʧʘʟʦʥʘ (4). 
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ʌʦʨʤʫʣʳ ʵʪʠʭ ʟʘʢʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʯʣʝʥʘ ʫʢʘʟʘʥʥʦʡ ʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ ʠʤʝʶʪ ʚʠʜ: 

1. ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ:  , ʈ. ɹʦʡʣʴ, 1662, ʕ. ʄʘʨʠʦʪʪ, 1676, 

2. ʠʟʦʭʦʨʥʳʡ ʧʨʦʮʝʩʩ:  , ɾ. ʐʘʨʣʴ, 1787, 

3. ʠʟʦʙʘʨʥʳʡ ʧʨʦʮʝʩʩ:  , ɾ. ɻʝʡ-ʃʶʩʩʘʢ, 1802. 

ʕʪʠ ʟʘʢʦʥʳ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʣʶʙʦʛʦ ʛʘʟʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʯʠʩʣʝ ʤʦʣʝʢʫʣ (N) ʚ ʩʦʩʫʜʝ (çʜʣʷ ʜʘʥʥʦʡ 

ʤʘʩʩʳ ʛʘʟʘè).  

ɺ ʦʙʱʝʤ ʞʝ ʩʣʫʯʘʝ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɸʚʦʛʘʜʨʦ ʥʠ ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʝʧʝʥʝʡ (x, y, z) ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʚʝʥ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʚʩʷ ʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ (p, V, T) ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʬʦʨʤʫʣʝ (2). ɿʥʘʯʠʪ, ʧʨʦʠʟʚʝʜʝʥʠʝ 

 ʜʦʣʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʦʙʳʢʥʦʚʝʥʥʫʶ ʜʨʦʙʴ. ɺʳʷʩʥʠʤ, ʢʘʢʠʝ ʚʝʣʠʯʠʥʳ ʠʟ ʵʪʦʡ ʪʨʦʡʢʠ ʜʦʣʞʥʳ 

ʙʳʪʴ ʚ ʯʠʩʣʠʪʝʣʝ, ʘ ʢʘʢʠʝ ʚ ʟʥʘʤʝʥʘʪʝʣʝ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʊ) ʠ ʦʙʲʸʤʘʭ (V), ʙʦʣʴʰʝʤʫ ʯʠʩʣʦʚʦʤʫ ʟʥʘʯʝʥʠʶ ʜʘʚʣʝ-

ʥʠʷ (p) ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ (N), ʪ. ʢ. ʠʤʝʥʥʦ ʥʘʣʠʯʠʝʤ ʤʦʣʝʢʫʣ ʦʙʫʩʣʦʚʣʝʥʦ ʜʘʚ-

ʣʝʥʠʝ ʛʘʟʘ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʦʣʝʢʫʣ ʜʘʚʣʝʥʠʝ ʥʘ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʦʪʩʫʪʩʪʚʫʝʪ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʚʣʝʥʠʝ (ʨ) ʚ ʠʩ-

ʢʦʤʦʡ ʬʦʨʤʫʣʝ (2) ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʯʠʩʣʠʪʝʣʝ. 

ʃʦʛʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʩʫʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʊ) ʠ ʜʘʚʣʝʥʠʷʭ ʛʘʟʘ (ʨ) ʜʣʷ ʩʦ-

ʭʨʘʥʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʜʘʚʣʝʥʠʷ (ʨ) ʚ ʩʦʩʫʜʝ ʙʦʣʴʰʝʛʦ ʦʙʲʸʤʘ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴʩʷ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʝʛʦ ʤʦ-

ʣʝʢʫʣ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ) ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʦʙʲʸʤʘ ʚʦ ʤʥʦʛʦ ʨʘʟ ʚʦ ʩʪʦʣʴʢʦ ʞʝ ʨʘʟ ʫʤʝʥʴʰʠʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʭ ʯʠʩʣʘ), 

ʢʦʪʦʨʫʶ ʚ ʧʨʝʜʝʣʝ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʤʫ ʟʥʘʯʝʥʠʶ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʚʣʝʥʠʝ ʪʦʞʝ ʙʫʜʝʪ ʩʪʨʝ-

ʤʠʪʴʩʷ ʢ ʥʫʣʝʚʦʤʫ ʟʥʘʯʝʥʠʶ (ʪ. ʝ. ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʩʦʭʨʘʥʠʪʴ ʦʜʥʦ ʠ ʪʦ ʞʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ). ɿʥʘʯʠʪ, 

ʦʙʲʸʤ (V) ʜʦʣʞʝʥ ʪʘʢʞʝ ʚʭʦʜʠʪʴ ʚ ʯʠʩʣʠʪʝʣʴ ʠʩʢʦʤʦʡ ʬʦʨʤʫʣʳ (2). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ (2) ʧʨʠʤʝʪ ʚʠʜ: 

 

.                                                                                   (5) 

 

ɿʘʢʦʥ ʠʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ (V = const) ʙʳʣ ʦʪʢʨʳʪ ʨʘʥʴʰʝ ʟʘʢʦʥʘ ɸʚʦʛʘʜʨʦ. ʆʥ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʪʨʦʡʢʦʡ ʬʦʨʤʫʣ: 

 

 
 

 

ʛʜʝ mI ï ʤʘʩʩʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ z = 1, ʪʦʛʜʘ ʠʟ (5) ʩʣʝʜʦʚʘʣʦ ʙʳ: 

 

,                                                                              (9) 

 

ʠʣʠ 

 

                                                                    (10) 

 

ʆʜʥʘʢʦ, ʬʦʨʤʫʣʘ (10) ʧʨʦʪʠʚʦʨʝʯʠʣʘ ʙʳ ʬʦʨʤʫʣʝ (8) ʟʘʢʦʥʘ ʠʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ (6) ï (8).  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, z = -1. 

ʊʦʛʜʘ (5) ʧʨʠʤʝʪ ʚʠʜ: 

 

                                                                (11) 

 

ʌʦʨʤʫʣʘ (11) ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʟʘʢʦʥʫ ʠʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ (6) - (8). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʫʩʣʦʚʠʷʭ ʠʟʦ-

ʭʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ (6) ʠ (7) (ʩ ʫʯʸʪʦʤ N = const) ʠʟ (11) ʩʣʝʜʫʝʪ ʬʦʨʤʫʣʘ (8) ʟʘʢʦʥʘ ʠʟʦʭʦʨʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟ (11) ʧʨʠ N = const ʩʣʝʜʫʶʪ ʬʦʨʤʫʣʳ ʟʘʢʦʥʦʚ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ (ʊ = const), ʠ ʠʟʦʙʘʨʥʦ-

ʛʦ (ʨ = const) ʧʨʦʮʝʩʩʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʫʣʘ (11) ʷʚʣʷʝʪʩʷ ʠʩʢʦʤʦʡ ʬʦʨʤʫʣʦʡ, ʩʚʷʟʳʚʘʶʱʝʡ ʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʘ (p, V, 

T) ʩ ʯʠʩʣʦʤ ʤʦʣʝʢʫʣ (N), ʢʘʢ ʵʪʦ ʠ ʪʨʝʙʫʝʪ ʪʝʢʩʪ ʟʘʢʦʥʘ ɸʚʦʛʘʜʨʦ. 

ʇʦʣʴʟʫʷʩʴ ʘʥʘʣʠʟʦʤ ʨʘʟʤʝʨʥʦʩʪʝʡ, ʚʳʷʚʠʤ ʨʘʟʤʝʨʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ (ʩ). ʀʟ (11) ʩʣʝʜʫʝʪ 

 

                                                                         (12) 
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                                (13) 

 

ʇʦʜʩʪʘʚʣʷʷ (13) ʚ (12), ʧʦʣʫʯʠʤ 

 

                                                                           (14) 

 

ʀʟ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʝʪʳʨʸʭ ʧʘʨʘʤʝʪʨʦʚ (p, V, T, N) ʠʟ (11) ʩʣʝʜʫʝʪ 

 

                                                               (15) 

 

ʇʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ  ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ  ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ɹʦʣʴʮʤʘʥʘ. 

 

                                                                            (16) 

 

ʇʦʜʩʪʘʚʣʷʷ (16) ʚ (11), ʧʦʣʫʯʠʤ: 

 

                                                                  (17) 

 

ʌʦʨʤʫʣʘ (17) ʝʩʪʴ ʬʠʟʠʢʦ ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʪʝʢʩʪʘ ʟʘʢʦʥʘ ɸʚʦʛʘʜʨʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʦʨ-

ʤʫʣʳ (1), ʬʦʨʤʫʣʘ (17) ʥʝ ʪʦʣʴʢʦ ʩʦʜʝʨʞʠʪ ʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ (p, V, T), ʦʧʨʝʜʝʣʷʶʱʠʭ ʯʠʩʣʦ ʤʦʣʝʢʫʣ (N) ʚ 

ʩʦʩʫʜʝ, ʥʦ ʠ ʠʥʬʦʨʤʠʨʫʝʪ ʦ ʪʦʤ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʦʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʫʢʘʟʘʥʥʦʡ ʪʨʦʡʢʠ. 

ʌʦʨʤʫʣʫ (17) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʠ ʪʘʢ: 

 

                                                             (18) 

 

ɽʩʣʠ ʙʳ ɸʤʝʜʝʦ ɸʚʦʛʘʜʨʦ ʫʜʘʣʦʩʴ ʝʸ ʧʦʣʫʯʠʪʴ, ʪʦ ʩʚʦʡ ʟʘʢʦʥ ʦʥ ʩʤʦʛ ʙʳ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: ʜʣʷ ʣʶ-

ʙʦʛʦ ʛʘʟʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʦʙʲʸʤʘ, ʜʝʣʸʥʥʦʝ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʯʠʩʣʘ ʤʦʣʝ-

ʢʫʣ, ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ. 

ʊʦʛʜʘ ʧʦʩʪʦʷʥʥʫʶ  ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʥʘʟʳʚʘʪʴ ʧʦʩʪʦʷʥʥʦʡ ɸʚʦʛʘʜʨʦ (ʘ ʥʝ ʧʦʩʪʦʷʥʥʦʡ ɹʦʣʴʮʤʘʥʘ), ʘ 

ʬʦʨʤʫʣʫ (18) ï ʫʨʘʚʥʝʥʠʝʤ ɸʚʦʛʘʜʨʦ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʬʦʨʤʫʣʘ (17) ï ʵʪʦ ʦʜʥʘ ʠʟ ʬʦʨʤ ʫʨʘʚʥʝʥʠʷ ʂʣʘʧʝʡʨʦʥʘ ï ʄʝʥʜʝʣʝʝʚʘ, ʚʳʷʚʣʝʥʥʘʷ 

ɼʤʠʪʨʠʝʤ ʀʚʘʥʦʚʠʯʝʤ ʄʝʥʜʝʣʝʝʚʳʤ ʚ 1874 ʛʦʜʫ: 

 

                                                                        (19) 

 

ʉ ʫʯʸʪʦʤ ʬʦʨʤʫʣ 

 

                                                                      (20) 

 

                                                                            (21) 

 

ʬʦʨʤʫʣʳ (17) ʠ (19) ʵʢʚʠʚʘʣʝʥʪʥʳ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʀ ʛʘʟʘ (17) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʝʡ. 

 

2. ʋʈɸɺʅɽʅʀɽ ʉʆʉʊʆʗʅʀʗ ʆɼʅʆʄʆʃɽʂʋʃʅʆɻʆ 

ʀɼɽɸʃʔʅʆɻʆ ɻɸɿɸ. ʌʀɿʀʏɽʉʂʀʁ ʉʄʓʉʃ ʇʆʉʊʆʗʅʅʆʁ ɹʆʃʔʎʄɸʅɸ 

ʀʟ ʬʦʨʤʫʣʳ (18) ʩʣʝʜʫʝʪ:  

çʜʣʷ ʣʶʙʦʛʦ ʛʘʟʘ ʩʫʱʝʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ , ʢʦʪʦʨʦʝ ʦʜʠʥʘʢʦʚʦʝ ʜʣʷ ʣʶʙʦʛʦ 

ʛʘʟʘ ʠ ʨʘʚʥʦʝ ʧʦʩʪʦʷʥʥʦʡ è. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (17) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʦ ʤʦʣʝʢʫʣ, 

ʨʘʚʥʦʝ ʝʜʠʥʠʮʝ. ʊ. ʝ. 
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                                                                          (22) 

 

ɻʘʟʘ ʩ ʤʝʥʴʰʠʤ ʯʠʩʣʦʤ ʤʦʣʝʢʫʣ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʀʜʝʘʣʴʥʳʡ ʛʘʟ, ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦ ʝʜʠʥʠʮʝ, ʥʘʟʦʚʸʤ ʦʜʥʦʤʦʣʝʢʫʣʥʳʤ ʠʜʝ-

ʘʣʴʥʳʤ ʛʘʟʦʤ (ʆʄ ʀɻ). 

ʇʦʜʩʪʘʚʣʷʷ (22) ʚ (18), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

 

  ,                                                                        (23) 

 

ʛʜʝ ʨI ï ʜʘʚʣʝʥʠʝ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʛʘʟʘ. 

ʇʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ  ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʛʘʟʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʠʜʝʘʣʴʥʦ-

ʛʦ ʛʘʟʘ. ɺ ʵʪʦʤ ʩʦʩʪʦʠʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʦʩʪʦʷʥʥʦʡ ɹʦʣʴʮʤʘʥʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʊʠʧ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʝʛʦ ʤʦʣʝʢʫʣ: ʦʜʥʦʤʦʣʝʢʫʣʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟ 

(N =1), ʦʜʥʦʤʦʣʴʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟ (N = Nɸ) ʠ ʠʜʝʘʣʴʥʳʡ ʛʘʟ (N ï ʣʶʙʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ).   

ʇʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ (k) ʚ ʨʘʤʢʘʭ ʄʂʊ ʆʄ ʆɸ ʀɻ (N=1) ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʛʘʟʦʚʦʡ 

ʧʦʩʪʦʷʥʥʦʡ (R) ʚ ʨʘʤʢʘʭ ʄʂʊ ʦʜʥʦʤʦʣʴʥʦʛʦ (ɜ=1) ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ʉʦʨʪ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʦʩʪʘʚʦʤ ʝʛʦ ʤʦʣʝʢʫʣʳ: ʩʪʝʧʝʥʴʶ 

ʩʚʦʙʦʜʳ (i) ʤʦʣʝʢʫʣʳ ʠ ʤʘʩʩʦʡ ʤʦʣʝʢʫʣʳ (). 

ʇʨʠʣʘʛʘʪʝʣʴʥʦʝ ñʫʥʠʚʝʨʩʘʣʴʥʘʷò ʧʦʜʯʸʨʢʠʚʘʝʪ, ʯʪʦ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ  ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʨʪʘ ʆʄ ʀ ʛʘʟʘ ï ʩʤ. (23). 

ʇʦʥʷʪʠʝ ñʦʜʥʦʤʦʣʝʢʫʣʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟò ʚʘʞʥʦ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʪ. ʢ. ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʱʝ 

ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʨʘʩʩʤʦʪʨʠʤ ʚʳʚʦʜ ʪʨʝʭ ʬʦʨʤʫʣ, ʚʳʨʘʞʘʶʱʠʭ ʟʘʢʦʥ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʜʥʦ-

ʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʚʳʚʦʜ ʮʝʧʠ ʬʦʨʤʫʣ, ʚʳʨʘʞʘʶʱʝʡ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʄʂʊ ʪʘʢʦʛʦ ʛʘʟʘ. 

 

3. ɿɸʂʆʅ ɸɼʀɸɹɸʊʅʆɻʆ ʇʈʆʎɽʉʉɸ 

ʆɼʅʆʄʆʃɽʂʋʃʅʆɻʆ ʆɼʅʆɸʊʆʄʅʆɻʆ ʀɼɽɸʃʔʅʆɻʆ ɻɸɿɸ 

ɸʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ (ɸʇ): 

 

                                                                         (24) 

 

 ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʝʨʝʜʘʥʥʦʝ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʆʄ ʆɸ ʀ ʛʘʟʫ. 

ʇʦʩʢʦʣʴʢʫ ʪʝʧʣʦʦʙʤʝʥʘ ʀɻ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʥʝʪ, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʚʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘ: ʆʄ ʆɸ ʀɻ ʠ ʩʦʩʫʜ.  

ʅʘʡʜʸʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ (), ʦʙʲʸʤʦʤ (V) ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊ) ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʪ. ʝ. ʟʘ-

ʢʦʥ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɿʘʜʘʯʘ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʤʝʭʘʥʠʢʠ. 

ɺ ʨʘʙʦʪʝ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʤʦʣʝʢʫʣʳ ʚ ʩʦʩʫʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ, ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ ʩʦʩʫʜʘ (ʩʤ. ʨʠʩ. 1 ʪʘʙʣʠʮʳ 2). 

ɺʳʨʘʞʝʥʠʶ ʜʣʷ ʤʦʜʫʣʷ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʡ ʩʠʣʳ () ʧʨʠʜʘʜʠʤ ʚʠʜ 

 

                                                     (25) 

 

                                                                       (26) 

 

                                                                         (27) 

 

ɿʜʝʩʴ  ï ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩʦʩʫʜʘ, 

r ï ʨʘʜʠʫʩ ʩʦʩʫʜʘ, 

 ï ʤʘʩʩʘ ʤʦʣʝʢʫʣʳ ʦʜʥʦʘʪʦʤʥʦʛʦ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʤ ʜʦʧʫʱʝʥʠʝ ʦ 

ʤʘʣʦʡ ʤʘʩʩʝ ʤʦʣʝʢʫʣʳ. ʊ. ʝ. 

 

 << ,                                                                         (28) 

 

 ï ʤʘʩʩʘ ʩʦʩʫʜʘ. 
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ʉʚʷʞʝʤ ʬʦʨʤʫʣʦʡ ʜʘʚʣʝʥʠʝ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʩ ʤʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩʦʩʫʜʘ. ʉ ʫʯʝʪʦʤ (25) ʧʦʣʫʯʠʤ 

 

                                                      (29) 

 

                                                                          (30) 

 

                                                                           (31) 

 

ɺʦʟʚʝʜʸʤ ʦʙʝ ʯʘʩʪʠ (31) ʚ ʩʪʝʧʝʥʴ ʧʷʪʴ ʪʨʝʪʴʠʭ, ʧʦʣʫʯʠʤ 

 

                                                                   (32) 

 

ʇʝʨʝʤʥʦʞʠʚ ʧʦʯʣʝʥʥʦ (29) ʠ (32), ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʡ ʧʦʣʫʯʠʤ 

 

                                                                  (33) 

 

ʊʘʢ ʢʘʢ ʤʦʤʝʥʪ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʡ ʩʠʣʳ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩʦʩʫʜʘ ʨʘʚʝʥ ʥʫʣʶ, ʪʦ 

ʩʧʨʘʚʝʜʣʠʚ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩʦʩʫʜʘ: 

 

               .                                                   (34) 

 

ʉ ʫʯʝʪʦʤ (34) ʠʟ (33) ʩʣʝʜʫʝʪ ʟʘʢʦʥ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ 

ʛʘʟʘ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ: 

 

 
 

ʉ ʫʯʝʪʦʤ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʤʦʣʝʢʫʣʳ ( = ) ʠʟ (34) ʩʣʝʜʫʝʪ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʘ ʟʘʢʦʥʘ ʩʦ-

ʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩʦʩʫʜʘ 

 

 =   .                                                                          (34ǋ) 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʩʧʫʪʥʠʢʦʚ ʣʶʙʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʌʦʨʤʫʣʘ (34ǋ) ï ʵʪʦ ʘʥʘʣʦʛ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʂʝʧʣʝʨʘ. 

ɺʚʝʜʸʤ ʦʙʦʟʥʘʯʝʥʠʝ 

 

                                                                           (37) 

 

 ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʆʄ ʆɸ ʀ ʛʘʟʘ. 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʆʄ ʀ ʛʘʟʘ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

 

                                                                        (38) 

 

i ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ ʆʄ ʀ ʛʘʟʘ. 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (35) ʠ (23) 

 

 
 

ʧʦʣʫʯʠʤ ʝʱʸ ʜʚʝ ʬʦʨʤʫʣʳ ʟʘʢʦʥʘ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʆʄ ʆɸ ʀ ʛʘʟʘ: 
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  ,                               (35ǋǋ) 

 

    .                                   (35ǋǋǋ) 

 

ɺʩʝ ʪʨʠ ʬʦʨʤʫʣʳ ʟʘʢʦʥʘ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʆʄ ʆɸ ʀ ʛʘʟʘ , , (35ǋǋǋ) ʨʘʚʥʦʧʨʘʚʥʳ: ʠʟ ʣʶ-

ʙʦʡ ʠʟ ʥʠʭ ʩʣʝʜʫʝʪ ʣʶʙʘʷ ʜʨʫʛʘʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ (23). 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʘʜʠʘʙʘʪʥʳʡ ʧʨʦʮʝʩʩ ʆʄ ʀ ʛʘʟʘ ʠʟʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [3]. 

 

4. ʆʉʅʆɺʅʆɽ ʋʈɸɺʅɽʅʀɽ ʄʆʃɽʂʋʃʗʈʅʆ-ʂʀʅɽʊʀʏɽʉʂʆʁ 

ʊɽʆʈʀʀ ʆɼʅʆʄʆʃɽʂʋʃʅʆɻʆ ʀɼɽɸʃʔʅʆɻʆ ɻɸɿɸ 

ʇʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʘʚʣʝʥʠ ̫ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ: 

 

  .                                                                  (39) 

 

ʀʟ (30) ʠ (31) ʩʣʝʜʫʝʪ 

 

 .                                                                         (40) 

 

ʇʦʜʩʪʘʚʣʷʷ (40) ʚ (39), ʧʦʣʫʯʠʤ ʮʝʧʴ ʬʦʨʤʫʣ ʜʘʚʣʝʥʠʷ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ 

 

   ,                                    (41) 

 

 ,                                                                        (42) 

 

 ,                                                                          (43) 

 

                                                                        (44) 

 

 .                                                                           (45) 

 

 ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, 

 ï ʧʣʦʪʥʦʩʪʴ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

 ï ʧʣʦʪʥʦʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, 

 ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ʎʝʧʴ ʬʦʨʤʫʣ (41) ʚʳʨʘʞʘʝʪ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ 

ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ. 

ʋʤʥʦʞʘʷ (41) ʥʘ ʦʙʲʝʤ ʩʦʩʫʜʘ (V), ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʮʝʧʴ ʬʦʨʤʫʣ 

 

  .                             (46) 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʮʝʧʠ ʬʦʨʤʫʣ (41) ʠ (46) ʥʝ ʩʦʜʝʨʞʘʪ ʧʦʥʷʪʠʝ çʪʝʤʧʝʨʘʪʫʨʘè. ʉ ʫʯʸʪʦʤ (23), ʮʝʧʴ ʬʦʨʤʫʣ 

(41) ʧʨʠʤʝʪ ʚʠʜ, ʩʦʜʝʨʞʘʱʠʡ ʵʪʦ ʧʦʥʷʪʠʝ. ʊ. ʝ.   

 

                            (47) 

 

ʎʝʧʴ ʬʦʨʤʫʣ (47) ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʣʥʦʡ ʬʦʨʤʦʡ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ʀʟ (47) ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 
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                                            (48) 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʬʦʨʤʫʣʘ (48) ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʜʣʷ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʤʥʦʛʦʘʪʦʤʥʦʛʦ ʀ ʛʘʟʘ. 

 

5. ɸʃɻʆʈʀʊʄ ʇɽʈɽʍʆɼɸ ʆʊ ʌʆʈʄʋʃ ʄʂʊ ʆɼʅʆʄʆʃɽʂʋʃʅʆɻʆ ʆɼʅʆɸʊʆʄʅʆɻʆ 

ʀɼɽɸʃʔʅʆɻʆ ɻɸɿɸ ʂ ʌʆʈʄʋʃɸʄ ʄʂʊ ʄʅʆɻʆʄʆʃɽʂʋʃʅʆɻʆ ʆɼʅʆɸʊʆʄʅʆɻʆ ʀɼɽɸʃʔ-

ʅʆɻʆ ɻɸɿɸ 

ɸʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʘ ʦʪ ʬʦʨʤʫʣ ʄʂʊ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ (N=1) ʦʜʥʦʘʪʦʤʥʦʛʦ (i=3) ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʢ 

ʬʦʨʤʫʣʘʤ ʤʥʦʛʦʤʦʣʝʢʫʣʥʦʛʦ (N ï ʣʶʙʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ) ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʦʙʲʸʤʘʭ (V) ʠ ʦʜʠʥʘʢʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (T) ʩʦʩʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʝʡ ʪʨʦʡʢʦʡ ʬʦʨʤʫʣ: 

 

                                             ,                                                                   (49) 

 

                                             ,                                                                    (50) 

 

                                               .                                                                    (51) 

 

ʌʦʨʤʫʣʘ (51) ʚʳʨʘʞʘʝʪ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʦʚ ʦʙʦʠʭ ʪʠʧʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚʤʝʩʪʦ ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʙʫʢʚʦʡ ʍ, ʚ ʬʦʨʤʫʣʝ ʧʝʨʝ-

ʭʦʜʘ (49), ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʇɸʈɸʄɽʊʈʓ ʀɼɽɸʃʔʅʆɻʆ ɻɸɿɸ ɺ ʌʆʈʄʋʃɽ ʇɽʈɽʍʆɼɸ (49) 

ʆʙʦʙʱʸʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʇʘʨʘʤʝʪʨʳ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚ ʬʦʨʤʫʣʝ (49) 

ʍ N, m, ɜ, n, p, E, , U, . 

 

ʀʥʜʝʢʩ çIè ʚ ʬʦʨʤʫʣʝ (49) ʦʪʥʦʩʠʪʩʷ ʢ ʧʘʨʘʤʝʪʨʫ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ (N=1) ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʆʪʩʫʪʩʪʚʠʝ 

ʠʥʜʝʢʩʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʘʨʘʤʝʪʨ ʦʪʥʦʩʠʪʩʷ ʢ ʤʥʦʛʦʤʦʣʝʢʫʣʥʦʤʫ (N ï ʣʶʙʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ) ʠʜʝʘʣʴʥʦʤʫ 

ʛʘʟʫ. 

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (49) ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʧʘʨʘʤʝʪʨʘ ʆʄ ʆɸ ʀɻ ʢ ʧʘʨʘʤʝʪʨʫ ʆɸ ʀɻ ʜʦʩʪʘʪʦʯʥʦ ʚ ʬʦʨʤʫ-

ʣʝ ʜʣʷ ʆʄ ʆɸ ʀɻ ʠʥʜʝʢʩ çIè ʦʧʫʩʪʠʪʴ.  

ʌʦʨʤʫʣʘ (49) ʜʣʷ ʜʘʚʣʝʥʠʷ (ʨ) ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ ʬʦʨʤʫʣ (17) ʠ (23): ʧʨʠ ʜʝʣʝʥʠʠ (17) ʥʘ (23) ʧʨʠ ʥʝʠʟ-

ʤʝʥʥʳʭ ʦʙʲʝʤʝ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʫʜʘ ʛʘʟʦʚ ʦʙʦʠʭ ʪʠʧʦʚ ʧʦʣʫʯʠʤ 

 

  .                                                                              (51) 

 

ʇʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʦʡ ʧʝʨʝʭʦʜʘ (49) ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ m, p, , ʠʟ ʬʦʨʤʫʣ (35) ʠ (36) ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʳ ʟʘ-

ʢʦʥʘ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʤʥʦʛʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ: 

 

 
 

ɸʥʘʣʦʛʠʯʥʳʤ ʧʫʪʝʤ ʤʦʞʥʦ ʠʟ (35'') ʠ (35''') ʧʦʣʫʯʠʪʴ ʜʚʝ ʦʩʪʘʣʴʥʳʝ ʬʦʨʤʫʣʳ ʟʘʢʦʥʘ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʤʥʦʛʦʤʦʣʝʢʫʣʥʦʛʦ ʆɸ ʀ ʛʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʬʦʨʤʫʣ ʄʂʊ ʆʄ ʆɸ ʀɻ ʢ ʬʦʨʤʫʣʘʤ ʄʂʊ ʆɸ ʀɻ (ʦʯʝʚʠʜ-

ʥʦ, ʯʪʦ ʦʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʪʦʡ ʞʝ ʪʨʦʡʢʦʡ ʬʦʨʤʫʣ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ ʬʦʨʤʫʣ ʄʂʊ ʆʄ ʆɸ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʦʣʫʯʘʶʪʩʷ ʬʦʨʤʫʣʳ ʄʂʊ 

çʤʥʦʛʦʤʦʣʝʢʫʣʥʦʛʦè ʆɸ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʘ ʦʪ ʬʦʨʤʫʣ ʄʂʊ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʀ ʛʘʟʘ ʢ ʬʦʨʤʫʣʘʤ ʤʥʦʛʦ-

ʤʦʣʝʢʫʣʥʦʛʦ ʀ ʛʘʟʘ ʪʘʢʞʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʬʦʨʤʫʣʘʤʠ (49) ï (51).  

ʈʝʟʫʣʴʪʘʪʳ ʄʂʊ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 

ʈɽɿʋʃʔʊɸʊʓ ʄʆʃɽʂʋʃʗʈʅʆ-ʂʀʅɽʊʀʏɽʉʂʆʁ 

ʊɽʆʈʀʀ ʆɼʅʆɸʊʆʄʅʆɻʆ ʀɼɽɸʃʔʅʆɻʆ ɻɸɿɸ 

ˉ 0 1 2 ʇʨʠʤʝʯʘʥʠʷ 

  ʊʀʇ ʀɼɽɸʃʔʅʆɻʆ ɻɸɿɸ ʊʠʧ ʛʘʟʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʠʩʣʦʤ ʝʛʦ 

ʤʦʣʝʢʫʣ  

(N = 1,  ).    

0 ʉʦʢʨʘʱʝʥʥʦʝ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʪʠʧʘ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʆʄ ʆɸ ʀɻ ʆɸ ʀɻ ʂʘʞʜʳʡ ʪʠʧ ʛʘʟʘ 

ʠʤʝʝʪ ʩʚʦʡ ʩʦʨʪ. 

ʉʦʨʪ ʛʘʟʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʘʨʦʡ 

ʧʘʨʘʤʝʪʨʦʚ (i . 

 ). 

1 ʇʦʣʥʦʝ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʪʠʧʘ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ 

ʆʜʥʦʤʦʣʝʢʫʣʥʳʡ ʦʜʥʦʘʪʦʤʥʳʡ 

ʀɻ 

ʆʜʥʦʘʪʦʤʥʳʡ ʀɻ 

 

ʍʠʤʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ 

ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪ ʩʦʨʪ 

ʛʘʟʘ. 

2 ʀʥʜʝʢʩʳ   ʆʪʩʫʪʩʪʚʫʝʪ ʀʥʜʝʢʩ ʫ 

ʧʘʨʘʤʝʪʨʘ ʀɻ 

ʦʪʩʫʪʩʪʚʫʝʪ. 

3 ʏʠʩʣʦ ʤʦʣʝʢʫʣ ʚ 

ʩʦʩʫʜʝ (, 1 
   

4 ʈʠʩʫʥʦʢ: 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʀɻ ʩ 

ʩʦʩʫʜʦʤ  

 

 
 

ʈʠʩ. 1. ʆʜʥʦʤʦʣʝʢʫʣʥʳʡ 

ʦʜʥʦʘʪʦʤʥʳʡ ʀɻ 

 

 
 

ʈʠʩ. 2. ʆʜʥʦʘʪʦʤʥʳʡ ʀɻ 
 

ʆʙʲʸʤ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʦʩʫʜʘ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ 

ʦʜʠʥʘʢʦʚʳʝ. 

5 ʆʙʲʸʤ ʩʦʩʫʜʘ (),    ʆʥ ʞʝ ï ʦʙʲʸʤ 

ʛʘʟʘ. 

6 ʊʝʤʧʝʨʘʪʫʨʘ ʩʦʩʫʜʘ 

(ʊ), ʂ 

ʊ ʊ ʆʥʘ ʞʝ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʀɻ. 

7 ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ 

ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ 

ʀɻ (), ʤ/ʩ 

 

=  

 

 

ɺ ʬʦʨʤʫʣʘʭ ʜʣʷ 

ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ 

ʀɻ ʚʩʝ ʠʥʜʝʢʩʳ 

ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ 

ʦʧʫʩʪʠʪʴ. 

8 ʇɽʈɽʍʆɼ Ÿ N   ʌʆʈʄʋʃɸ ʇɽʈɽʍʆɼɸŸ N 

 

 
 

ɼʣʷ ʪʘʢʦʛʦ 

ʧʝʨʝʭʦʜʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚ 

ʬʦʨʤʫʣʝ ʆʄ ʆɸ 

ʀɻ ʠʥʜʝʢʩ I 

ʦʧʫʩʪʠʪʴ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ ʆɸ ʀ 

ʛʘʟʘ. 

 

 

 

 

 

 



ISSN 2308-4804. Science and world. 2019. ˉ 12 (76). Vol. II.  

 

 

23 

 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2 

ˉ 0 1 2 ʇʨʠʤʝʯʘʥʠʷ 

9 ʄʘʩʩʘ ʀɻ ʚ ʩʦʩʫʜʝ 

(m), ʢʛ 
  ʉʦʨʪ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʘʩʩʦʡ ʝʛʦ ʤʦʣʝʢʫʣʳ ʠ 

ʝʝ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ  

(   

10 ʏʠʩʣʦ ʤʦʣʝʡ ʀɻ ʚ 

ʩʦʩʫʜʝ (, 1 
   

11 ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʤʦʣʝʢʫʣ ʚ ʩʦʩʫʜʝ 

(n), 1/ʤ3 
 

  

12 ʋʨʘʚʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʀɻ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʚʣʝʥʠʷ (ʨ), 

ʢʦʥʮʝʥʪʨʘʮʠʠ (n) 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʊ) 

 

 

 

 

ʃʶʙʘʷ ʬʦʨʤʘ 

ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʀɻ ʥʝ ʩʦʜʝʨʞʠʪ 

ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ 

ʤʦʣʝʢʫʣʳ (i) ʠ 

ʩʧʨʘʚʝʜʣʠʚʘ  ʜʣʷ  

ʣʶʙʦʛʦ ʩʦʨʪʘ ʀ ʛʘʟʘ. 

 

ʂʦʥʩʪʘʥʪʳ  ʠ  ʦʪ 

ʩʦʨʪʘ ʛʘʟʘ ʥʝ ʟʘʚʠʩʷʪ. 

 

ʊʦʞʜʝʩʪʚʦ 

   . 

13 ʋʨʘʚʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʀɻ 

(ʙʝʟʜʨʦʙʥʳʡ 

ʚʘʨʠʘʥʪ) 

 

 

 

 
 

ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʀɻ 

ʂʣʘʧʝʡʨʦʥʘ ï ʄʝʥʜʝʣʝʝʚʘ 

 

14 ʋʨʘʚʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʀɻ  

 

 

 

 

 

15 ʋʥʠʚʝʨʩʘʣʴʥʘʷ 

ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ 

 
(ʜʣʷ ʆʄ ʀ ʛʘʟʘ) 

 
(ʜʣʷ ʦʜʥʦʤʦʣʴʥʦʛʦ ʀɻ) 

 

 

ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʳʝ ʬʦʨʤʫʣʳ ʥʝ ʩʦʜʝʨʞʘʪ  ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ (i) ʠ ʨʘʙʦʪʘʶʪ ʜʣʷ ʣʶʙʦʛʦ ʩʦʨʪʘ ʀɻʘʟʘ. 

16 ɺʥʫʪʨʝʥʥʷʷ 

ʵʥʝʨʛʠʷ (U) ʀɻ 

(i=3 Ÿ U=ɽ), ɼʞ 
 

 

 

ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʆʄ 

ʀɻ  ï ʵʪʦ ʩʫʤʤʘ ʢʠʥʝʪ-

ʢʠʭ ʵʥʝʨʛʠʡ ʚʩʝʭ ʤʦʣʝʢʫʣ 

ʀɻ ï ʵʥʝʨʛʠʷ ʀɻ. 

17 ʇʝʨʚʳʡ ʟʘʢʦʥ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʀɻ, ɼʞ 

 
=  

 
) 

= 

 

 

 

 
( ) 

 

ʏʘʩʪʦ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ 

ʨʘʙʦʪʘ (ɸ) ʀ ʛʘʟʘ.   

ɺʩʝ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ ʚʳʪʝʢʘʶʪ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʠ ʧʨʠʚʦʜʷʪʩʷ ʜʣʷ ʩʧʨʘʚʢʠ. 

18 ʄʦʜʫʣʴ 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴ

ʥʦʡ ʩʠʣʳ ʀɻ ( ), 

ʅ 

= ĀS = 

= ĀS= 

= ĀS 

 

19 ɼʘʚʣʝʥʠʝ ʀɻ ʚ 

ʩʦʩʫʜʝ  

 (p), ʇʘ 

   = 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 2 

ˉ 0 1 2 ʇʨʠʤʝʯʘʥʠʷ 

20 ʆʩʥʦʚʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʄʂʊ 

ʀɻ: ʜʘʚʣʝʥʠʝ 

ʯʝʨʝʟ ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʩʝʭ 

ʤʦʣʝʢʫʣ ʀɻ (), 

ʇʘ 

 

 

 

 

 

ʇʨʠʤʝʯʘʥʠʝ. 

ʇʦʥʷʪʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʜʝʩʴ 

ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʦ. 

21 ʇʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʩʝʭ 

ʤʦʣʝʢʫʣ ʀɻ ʚ 

ʩʦʩʫʜʝ (), ʇʘ 

 
 

 

 

 

22 ʇʣʦʪʥʦʩʪʴ 

ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʀɻ ʚ 

ʩʦʩʫʜʝ 

(

), ʇʘ 

 

 

 

 

 

23 ɺʥʫʪʨʝʥʥʷʷ 

ʵʥʝʨʛʠʷ ʀɻ 

ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʊ 

(U=E), ɼʞ 

 = 

 

 

ʅʝʢʦʪʦʨʳʝ 

ʪʦʞʜʝʩʪʚʘ 
  

  

24 ʉʫʤʤʘʨʥʘʷ 

ʵʥʝʨʛʠʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʩʝʭ 

ʤʦʣʝʢʫʣ ʀɻ 

(E=U= ), ɼʞ 

= = 

=  
 

=  

 =  

 

 

 

25 ʕʥʝʨʛʠʷ ʀɻ (E = 

U), ɼʞ 
  ɼʣʷ ʆʄ ʆɸ ʀ ʛʘʟʘ  

 
26 ɺʥʫʪʨʝʥʥʷʷ 

ʵʥʝʨʛʠʷ ʀɻ 

(U=E), ɼʞ 

=  =E ɼʣʷ ʆʄ ʆɸ ʀ ʛʘʟʘ  

 

27 ʉʨʝʜʥʝʢʚʘʜʨʘʪʠ

ʯʥʘʷ ʩʢʦʨʦʩʪʴ 

ʤʦʣʝʢʫʣ ʀɻ (), 

ʤ/ʩ 
 

 

 

 =  

 

28 ʊʝʤʧʝʨʘʪʫʨʘ (T) 

ʀɻ ʯʝʨʝʟ , ʂ 
 

 

 

 

ʅʝʢʦʪʦʨʳʝ 

ʪʦʞʜʝʩʪʚʘ 

  

=  

  

 

ʅʝʢʦʪʦʨʳʝ ʪʦʞʜʝʩʪʚʘ 

29                      =      - ʜʣʷ i = 3  . 

                        

 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʚʘʨʠʘʥʪ ʠʟʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴ-

ʥʦʛʦ ʛʘʟʘ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʦʩʪʝʡʰʠʡ ʝʸ ʚʘʨʠʘʥʪ ï ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʦʜʥʦʤʦʣʝ-

ʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʚʳʷʚʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʦʩʪʦʷʥʥʦʡ ɹʦʣʴʮʤʘʥʘ, ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʚʦʜ 
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ʪʨʝʭ ʬʦʨʤʫʣ ʟʘʢʦʥʘ ʘʜʠʘʙʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʧʝʨʝʭʦʜʘ ʦʪ ʬʦʨʤʫʣ ʤʦʣʝʢʫʣʷʨʥʦ-

ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʦʜʥʦʤʦʣʝʢʫʣʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʢ ʬʦʨʤʫʣʘʤ ʤʥʦʛʦʤʦʣʝʢʫʣʴʥʦʛʦ ʦʜʥʦ-

ʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʠʟʣʦʞʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠʥʮʠʧ ñʦʪ ʧʨʦʩʪʦʛʦ ʢ ʙʦʣʝʝ ʩʣʦʞʥʦʤʫò. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʙʦʪʝ ʩʦʩʫʜʘ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦʟʚʦʣʠʣ ʦʙʝʩʧʝʯʠʪʴ ʚʳʚʦʜ ʬʦʨʤʫʣ ʤʦʣʝʢʫʣʷʨʥʦ-

ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʙʝʟ ʜʦʧʫʱʝʥʠʷ ʦ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʦʣʝʢʫʣ ʪʘʢʦʛʦ ʛʘʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʯʠʩʣʘ ʤʦʣʝ-

ʢʫʣ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 
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Abstract. A variant of the molecular kinetic theory of a monatomic perfect gas is proposed. The concept of 

ñsingle-molecule perfect gasò is used. The physical meaning of the Boltzmann constant is revealed. The derivation of 

the law of adiabatic process in the framework of the molecular kinetic theory of a monatomic perfect gas is proposed. 

The work is presented in a form accessible to high school students. It is addressed to high school students, students, 

physics teachers, Methodists and those who have an interest in physics. 
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ʋɼʂ 67.02 

 

ʄʆʉʊ ʅɸ ʉɸʍɸʃʀʅ ʏɽʈɽɿ ʇʈʆʃʀɺ ʅɽɺɽʃʔʉʂʆɻʆ 
 

  ɸ.ɸ. ɸʥʠʤʠʮʘ1, ɺ.ɸ. ʍʦʜʦʰ2 

1 ʠʥʞʝʥʝʨ, 2 ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʣʘʫʨʝʘʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ, ʧʦʯʝʪʥʳʡ ʩʪʨʦʠʪʝʣʴ ʈʦʩʩʠʠ 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʩʪʘ ʥʘ ʉʘʭʘʣʠʥ ʯʝʨʝʟ ʧʨʦʣʠʚ ʅʝʚʝʣʴʩʢʦʛʦ 

ʤʝʞʜʫ ʤʳʩʦʤ ʃʘʟʘʨʝʚʘ ʠ ʤʳʩʦʤ ʇʦʛʠʙʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ LOW, ʩʦʢʨʘʱʘʶʱʝʡ ʚʨʝʤʷ ʠ ʩʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʩʪ, ʉʘʭʘʣʠʥ, ʪʝʭʥʦʣʦʛʠʷ LOW, ʧʨʦʣʠʚ ʅʝʚʝʣʴʩʢʦʛʦ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʚʷʟʥʦʩʪʴ 

ʩʪʨʘʥʳ. 

 

ʆʧʠʩʳʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʩʪʘ ʥʘ ʉʘʭʘʣʠʥ ʯʝʨʝʟ ʧʨʦʣʠʚ ʅʝʚʝʣʴʩʢʦʛʦ. 

ʂʦʥʮʝʧʮʠʷ ʦʪʯʘʩʪʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʤʘʪʝʨʠʘʣʳ ʥʝ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ, ʚ ʩʚʦʝ ʚʨʝʤʷ, ʧʨʦʝʢʪʘ ʪʦʥʥʝʣʷ ʯʝʨʝʟ 

ʧʨʦʣʠʚ ʅʝʚʝʣʴʩʢʦʛʦ [5]  

ʕʪʦʪ ʪʦʥʥʝʣʴ ʜʦʣʞʝʥ ʙʳʣ ʥʘʜʝʞʥʦ ʩʚʷʟʘʪʴ ʩ ʤʘʪʝʨʠʢʦʤ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʙʦʛʘʪʳʭ ʠ, ʚʦ ʤʥʦʛʠʭ ʩʤʳʩʣʘʭ, 

ʫʥʠʢʘʣʴʥʳʡ ʨʘʡʦʥ ʉʉʉʈ ï ʦʩʪʨʦʚ ʉʘʭʘʣʠʥ. 

ʇʦ ʚʦʩʧʦʤʠʥʘʥʠʷʤ ʦʜʥʦʛʦ ʠʟ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ ʠ ʫʯʘʩʪʥʠʢʘ ʧʨʦʝʢʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʦʥʥʝʣʷ ɺ.ɸ. ʍʦʜʦʰʘ, 

ʪʦʛʜʘ ʙʳʣʘ ʨʝʰʝʥʘ ʩʣʦʞʥʘʷ ʠʥʞʝʥʝʨʥʘʷ ʟʘʜʘʯʘ. ɼʣʷ ʧʨʦʭʦʜʢʠ ʪʦʥʥʝʣʷ ʥʘ ʦʩʪʨʦʚ ʉʘʭʘʣʠʥ ʚ 1950 ʛ. ʙʳʣʦ ʧʨʠʥʷ-

ʪʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʭʦʜʯʝʩʢʦʛʦ ʱʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʦʜʚʦʜʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʛʣʫ-

ʙʠʥʝ ʙʦʣʝʝ 80 ʤʝʪʨʦʚ, ʪ.ʝ. ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʦ 8.5 ʘʪʤ. ɹʳʣ ʦʙʲʷʚʣʝʥ ʢʦʥʢʫʨʩ ʜʣʷ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʤʧʣʝʢʩʘ. ʇʦʩʪʫʧʠʣʦ 3 ʚʘʨʠʘʥʪʘ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʛʝʨʤʝʪʠʯʝʩʢʦʛʦ ʱʠʪʘ ʩ ʧʨʠʟʘʙʦʡʥʦʡ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʦʡ, ʧʨʠʛʨʫʟʦʯʥʦʡ ʢʘʤʝʨʦʡ ʠ ʛʠʜʨʦʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʚʳʜʘʯʝʡ ʧʫʣʴʧʳ ʠʟ ʧʨʠʟʘʙʦʡʥʦʡ ʢʘʤʝʨʳ. ɺ ʧʝʨʝʜ-

ʥʝʡ ʧʝʨʝʛʦʨʦʜʢʝ ʢʘʤʝʨʳ ʠʤʝʣʠʩʴ ʦʢʥʘ, ʟʘʢʨʳʚʘʝʤʳʝ ʢʦʥʫʩʥʳʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ.  

ʆʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʙʳʣ ʥʘʯʘʣʴʥʠʢ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʅʠʢʦʣʘʡ ɽʨʤʦʣʘʝʚ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʦʨʦʜʳ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʜʚʠʞʝʥʠʝʤ ʱʠʪʘ, ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʧʨʝʚʳʰʘʣʦ ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʠ ʦʢʥʘ ʚ ʧʝʨʝ-

ʛʦʨʦʜʢʝ ʦʪʢʨʳʚʘʣʠʩʴ, ʠ ʧʫʣʴʧʘ ʧʦʩʪʫʧʘʣʘ ʚ ʢʘʤʝʨʫ, ʠʟ ʢʦʪʦʨʦʡ ʫʜʘʣʷʣʘʩʴ.  

ʂ 1952 ʛʦʜʫ ʧʨʦʝʢʪ ʱʠʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʦ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʥʘ ʂʠʨʦʚʩʢʠʡ 

ʟʘʚʦʜ ʚ ʃʝʥʠʥʛʨʘʜ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʇʦʩʣʝ ʩʤʝʨʪʠ ʉʪʘʣʠʥʘ ʚʩʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʱʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʧʨʝʢʨʘʱʝʥʳ. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʵʪʦ ʙʳʣʘ ʧʝʨʚʘʷ ʧʦʧʳʪʢʘ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʪʦʥʥʝʣʝʩʪʨʦʝʥʠʷ ʩʦʟʜʘʥʠʷ ʛʝʨʤʝʪʠʯʝʩʢʦʛʦ ʱʠʪʘ ʩ ʛʠʜ-

ʨʘʚʣʠʯʝʩʢʠʤ ʧʨʠʛʨʫʟʦʤ ʜʣʷ ʧʦʜʚʦʜʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʦʥʥʝʣʷ. 

ʉʝʛʦʜʥʷ, ʦʙʩʫʞʜʘʷ ʚʳʛʦʜʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ çʪʦʥʥʝʣʴ ʠʣʠ ʚʩʝ-ʪʘʢʠ ʤʦʩʪè, ʘʚʪʦʨʳ ʩʪʘʪʴʠ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʠʜʝʶ ʩʦʟʜʘʥʠʷ ʦʧʦʨ ʤʦʩʪʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ LOW [1], ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʠʥʞ. ɸ.ɸ. ɸʥʠʤʠʮʝ (Land on 

the Water ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ ʚʦʟʚʝʜʝʥʠʷ ʧʨʦʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʦʥʢʦʩʪʝʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦ-

ʣʦʯʝʢ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʠ ʟʘʧʦʣʥʷʶʱʝʛʦ ʛʨʫʥʪʘ ʩʦ ʜʥʘ ʤʦʨʷ ʠʣʠ ʠʥʦʛʦ ʚʦʜʦʝʤʘ).  

LOW ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʡ ʛʨʫʥʪ ʚ ʩʚʦʝʤ ʦʙʲʝʤʝ, ʧʨʠʦʙʨʝʪʘʶʪ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʩʢʘʣʴʥʦʡ ʧʦʨʦʜʳ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜ ʩʞʠʤʘʶʱʠʤʠ ʥʘʛʨʫʟʢʘʤʠ) [1], ʯʪʦ ʜʝʣʘʝʪ ʤʦʩʪ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʝʰʠʪʴ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʩʪ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʦʣʦʞʠʪʴ ʥʘ ʦʩʪʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʜʚʫʭʧʫʪʥʫʶ ʞʝʣʝʟʥʫʶ ʜʦʨʦʛʫ, ʠ ʯʝʪʳʨʝʭʧʦʣʦʩʥʦʝ ʘʚʪʦʤʦʙʠʣʴʥʦʝ 

ʰʦʩʩʝ, ʠ ʜʘʞʝ ʧʝʰʝʭʦʜʥʳʡ ʧʝʨʝʭʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʩʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ.  

ʄʦʩʪ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʧʨʠʤʝʨʥʦ ʚ ʪʦʤ ʞʝ ʤʝʩʪʝ ʧʨʦʣʠʚʘ ʅʝʚʝʣʴʩʢʦʛʦ, ʛʜʝ ʜʦʣʞʝʥ ʙʳʣ ʨʘʩʧʦ-

ʣʘʛʘʪʴʩʷ ʪʦʥʥʝʣʴ (ʈʠʩ. 1, 2, 3.)  

ɼʣʠʥʘ ʤʦʩʪʘ ï ʦʢʦʣʦ 10 ʢʠʣʦʤʝʪʨʦʚ. ɻʣʫʙʠʥʳ ʚ ʧʨʦʣʠʚʝ ʅʝʚʝʣʴʩʢʦʛʦ ï ʜʦ 25 ʤ, ʚ ʦʩʥʦʚʥʦʤ ï ʤʝʥʝʝ  

10 ʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʙʩʪʚʝʥʥʦ ʜʦʥʥʳʡ ʛʨʫʥʪ ʧʨʦʣʠʚʘ ʧʦ ʪʝʭʥʦʣʦ-

ʛʠʶ LOW ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʦʨ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʜʘʤʙ ʧʦʜʭʦʜʘ ʢ ʤʦʩʪʫ, ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ çʜʘʤʙʘ-

ʤʦʩʪ-ʜʘʤʙʘè. 

                                                           
É ɸʥʠʤʠʮʘ ɸ.ɸ., ʍʦʜʦʰ ɺ.ɸ. / Animitsa A.A., Khodosh V.A., 2019 
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ʈʠʩ. 1. ʉʭʝʤʘ ʪʦʥʥʝʣʷ ʯʝʨʝʟ ʧʨʦʣʠʚ ʅʝʚʝʣʴʩʢʦʛʦ ʠ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ ʢ ʪʦʥʥʝʣʶ (ʠʟ https://ru.wikipedia.org/wiki/ʉʘʭʘʣʠʥʩʢʠʡ_ʪʦʥʥʝʣʴ) 
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ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʢʦʥʮʝʧʮʠʠ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʛʨʫʧʧʳ ʮʠʣʠʥʜʨʳ LOW ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʤʙ ʦʪ 

ʙʝʨʝʛʦʚ ʠ ʦʧʦʨ ʤʦʩʪʘ.  

ʎʠʣʠʥʜʨʳ LOW ï ʥʘʩʪʦʣʴʢʦ ʜʝʰʝʚʦʝ ʠ ʧʨʦʯʥʦʝ, ʥʝʟʳʙʣʝʤʦʝ, ʩʦʦʨʫʞʝʥʠʝ, ʯʪʦ ʤʦʞʥʦ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʦʩʪʨʦʠʪʴ ʥʘ ʦʩʥʦʚʝ ʛʨʫʧʧ ʪʘʢʠʭ ʮʠʣʠʥʜʨʦʚ ʜʚʫʭʧʫʪʥʳʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʤʦʩʪ ʠ ʘʚʪʦʤʦʙʠʣʴʥʫʶ ʜʦʨʦʛʫ ʩ 

ʯʝʪʳʨʝʭʨʷʜʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩ ʦʙʱʝʡ ʰʠʨʠʥʦʡ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ 50 ʤʝʪʨʦʚ, ʠ ʧʝʰʝʭʦʜʥʳʤ ʧʝʨʝʭʦʜʦʤ ʩ ʚʝ-

ʣʦʜʦʨʦʞʢʦʡ, ʤʦʞʥʦ ʟʘʢʨʳʪʳʤ. ʈʘʟʛʨʘʥʠʯʝʥʠʝ ʞʝʣʝʟʥʦʡ, ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ʧʝʰʝʭʦʜʥʦ-ʚʝʣʦʩʠʧʝʜʥʦʡ ʜʦʨʦʛʠ 

ʥʝʚʳʩʦʢʠʤʠ ʧʨʦʟʨʘʯʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʩʝʪʯʘʪʳʤʠ, ʩʪʝʥʘʤʠ, ʩʦʟʜʘʩʪ ʞʠʚʦʧʠʩʥʳʝ ʚʠʜʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʜʦʚʘʪʴ 

ʛʣʘʟ ʧʘʩʩʘʞʠʨʦʚ ʧʦʝʟʜʦʚ, ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʠ ʧʝʰʝʭʦʜʦʚ.  

ʋʯʠʪʳʚʘʷ ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ ʫ ʧʦʜʭʦʜʦʚ ʢ ʤʦʩʪʫ, ʜʦ 30 ʤʝʪʨʦʚ ʥʘ ʤ. ʃʘʟʘʨʝʚʘ ʠ ʜʦ 25ʤ. ʥʘ ʤ. ʇʦʛʠʙʠ, 

ʧʨʠ ʚʳʩʦʪʝ ʩʫʜʦʭʦʜʥʦʛʦ ʧʨʦʣʝʪʘ ʚ ʩʚʝʪʫ 50 ʤ ʠ ʜʣʠʥʘʭ ʦʩʪʨʦʚʥʦʡ ʠ ʤʘʪʝʨʠʢʦʚʦʡ ʜʘʤʙ ʢ ʩʫʜʦʭʦʜʥʦʤʫ ʧʨʦʣʝʪʫ 

ʤʦʩʪʘ 3600ʤ, ʧʦʣʫʯʠʤ ʧʨʦʝʢʪʥʳʝ ʫʢʣʦʥʳ (50-30)/3600=6:1000 ʇʨʠ ʞʝʣʘʥʠʠ ʫʢʣʦʥʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠ ʤʝʥʴʰʝ, 

ʜʘʞʝ ʥʫʣʝʚʳʤʠ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʛʦ-ʥʘʚʩʝʛʦ ʧʨʦʜʣʠʪʴ ʤʦʩʪ ʚʛʣʫʙʴ ʤʘʪʝʨʠʢʘ ʠ ʦʩʪʨʦʚʘ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʩʦʪʝʥ ʤʝʪʨʦʚ, ʛʜʝ ʚʳʩʦʪʘ ʨʝʣʴʝʬʘ ʩʪʘʥʝʪ ʨʘʚʥʦʡ ʟʘʷʚʣʝʥʥʳʤ 50 ʤʝʪʨʘʤ. 

ʎʠʣʠʥʜʨʳ LOW, ʠʟ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪʩʷ ʜʘʤʙʳ ʠ ʦʧʦʨʳ ʤʦʩʪʘ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʚʳʝʤʢʠ ʥʘ ʜʥʝ, ʧʦʜʛʦ-

ʪʦʚʣʝʥʥʳʝ ʟʝʤʩʥʘʨʷʜʦʤ. ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʮʠʣʠʥʜʨʦʚ ï 10 ʤ, ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ ï 0.1 ʤ, ʚʳʩʦʪʘ ʚʝʨʭʥʝʛʦ ʩʨʝʟʘ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʣʠʚʘ ï ʦʪ 5 ʜʦ 10 ʤ (ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʟʝʤʩʥʘʨʷʜʘ, 

ʧʦʜʘʶʱʝʛʦ ʧʫʣʴʧʫ ʚ ʦʙʦʣʦʯʢʠ). ʇʨʦʠʟʚʦʜʠʪʴ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʮʠʣʠʥʜʨʳ LOW ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʦʨ-

ʪʫ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʫʜʥʘ-ʢʘʪʘʤʘʨʘʥʘ. ʅʘ ʩʫʜʥʝ ʙʘʟʠʨʫʝʪʩʷ ʩʝʨʦʙʝʪʦʥʥʳʡ ʠʣʠ ʩʝʨʦʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʡ ʟʘʚʦʜ ʠ ʟʘ-

ʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʮʠʣʠʥʜʨʦʚ LOW ʠʟ ʙʝʪʦʥʘ ʠ ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, ʩʪʝʢʣʦʞʛʫʪʘ. ʎʠʣʠʥʜʨ 

ʩʦʟʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʤʝʩʪʦʤ ʙʫʜʫʱʝʡ ʫʩʪʘʥʦʚʢʠ ʧʨʷʤʦ ʩ ʙʦʨʪʘ, ʥʘʜʝʞʥʦ ʨʘʩʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʷʢʦʨʷʭ 

ʩʫʜʥʘ-ʩʪʨʦʠʪʝʣʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʦʥʥʦʡ ʯʘʩʪʠ, ʥʝʧʨʝʨʳʚʥʦ ʧʦʜʘʚʘʝ-

ʤʳʤ ʚʨʘʱʘʶʱʝʡʩʷ ʪʨʘʚʝʨʩʦʡ ʩʪʝʢʣʦʞʛʫʪʦʤ, ʠ ʟʘʣʠʚʢʦʡ ʵʪʦʛʦ ʞʛʫʪʘ ʤʘʩʩʦʡ ʩʝʨʦʙʝʪʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 130-

135 Áʉ, ʧʨʠ ʵʪʦʤ ʟʘʣʠʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ ʤʝʪʨʦʚ 10 ʥʘʜ ʚʦʜʦʡ, ʘ ʫʞʝ ʩʬʦʨʤʦʚʘʥʥʳʡ ʮʠʣʠʥʜʨ ʧʦʩʪʝ-

ʧʝʥʥʦ ʦʧʫʩʢʘʝʪʩʷ ʤʝʭʘʥʠʟʤʘʤʠ ʩʫʜʥʘ-ʩʪʨʦʠʪʝʣʷ, ʪʦ ʝʩʪʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʢʩʪʨʫʟʠʷ ʘʨʤʠʨʦʚʘʥʥʦʡ ʦʙʦʣʦʯʢʠ. ʎʠ-

ʣʠʥʜʨ ʧʦʩʪʝʧʝʥʥʦ ʦʧʫʩʢʘʝʪʩʷ ʠ ʦʭʣʘʞʜʘʝʪʩʷ, ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʫʞʝ ʦʢʦʣʦ 60-80 Áʉ ʝʛʦ ʤʦʞʥʦ ʧʦʛʨʫʞʘʪʴ ʚ 

ʚʦʜʫ, ʧʨʠ ʵʪʦʤ ʩʝʨʦʙʝʪʦʥ, ʦʭʣʘʞʜʘʷʩʴ ʚ ʚʦʜʝ, ʩʨʘʟʫ ʧʨʠʦʙʨʝʪʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ ʠ ʧʦʯʪʠ ʧʨʦʝʢʪʥʫʶ 

ʧʨʦʯʥʦʩʪʴ. ʇʨʦʯʥʦʩʪʴ ʦʙʦʣʦʯʢʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʪʝʢʣʦʞʛʫʪʦʤ, ʢʦʪʦʨʳʡ ʧʦʩʪʝ-

ʧʝʥʥʦ ʥʘʤʘʪʳʚʘʝʪʩʷ ʩʚʝʨʭʫ ʬʦʨʤʫʝʤʦʛʦ ʮʠʣʠʥʜʨʘ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʥʘ ʩʞʘ-

ʪʠʝ ʧʦʪʨʝʙʫʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʝʩʦʢ ʚ ʰʠʭʪʫ, ʦʯʝʚʠʜʥʦ, ʪʘʢʦʡ ʧʝʩʦʢ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʨʘʡʦʥʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʜʦʩʪʘʚʠʪʴ ʝʛʦ ʤʦʨʝʤ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʛʨʫʧʧʳ ʮʠʣʠʥʜʨʦʚ LOW ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʠ ʩʦʝʜʠʥʝʥʠʷ ʠʭ ʞʝʩʪʢʠʤʠ ʩʚʷʟʷʤʠ ʜʣʷ ʫʜʝʨ-

ʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʬʦʨʤʳ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʘʯʘ ʟʝʤʩʥʘʨʷʜʘʤʠ ʛʨʫʥʪʦʚʦʜʷʥʦʡ ʧʫʣʴʧʳ ʠʟ ʜʦʥʥʦʛʦ ʛʨʫʥʪʘ ʚʦ 

ʚʥʫʪʨʝʥʥʠʝ ʦʙʲʝʤʳ ʮʠʣʠʥʜʨʦʚ. ʇʫʣʴʧʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʠʙʦ ʩʦʙʩʪʚʝʥʥʳʤ ʟʝʤʩʥʘʨʷʜʦʤ, ʫʩʪʨʦʝʥʥʳʤ ʥʘ ʙʦʨʪʫ 

ʩʫʜʥʘ-ʩʪʨʦʠʪʝʣʷ, ʬʨʝʟʦʡ-ʥʘʩʦʩʦʤ ʩ ʙʦʨʪʘ ʩʫʜʥʘ, ʣʠʙʦ ʧʦʜʘʝʪʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʜʨʫʛʠʤʠ ʟʝʤʩʥʘʨʷʜʘʤʠ, ʨʘʟ-

ʨʘʙʘʪʳʚʘʶʱʠʤʠ ʙʦʣʝʝ ʦʙʰʠʨʥʳʡ ʫʯʘʩʪʦʢ ʜʥʘ.  

ʇʨʠ ʩʫʤʤʘʨʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʛʨʫʧʧʠʨʦʚʢʠ ʟʝʤʩʥʘʨʷʜʦʚ ʧʦ ʩʫʭʦʤʫ ʛʨʫʥʪʫ 10000 ʤ3/ʯʘʩ ʚʝʩʴ 

ʦʙʲʝʤ ʜʘʤʙ ʠ ʦʧʦʨ ʤʦʩʪʘ, 10-15 ʤʠʣʣʠʦʥʦʚ ʢʫʙʦʤʝʪʨʦʚ, ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʟʘʣʠʪʴ ʟʘ 1000-1500 ʨʘʙʦʯʠʭ ʯʘʩʦʚ, 

ʪʦ ʝʩʪʴ ʟʘ 2-3 ʣʝʪʥʠʭ ʤʝʩʷʮʘ.  
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ʐʠʨʠʥʳ ʩʫʜʦʭʦʜʥʳʭ ʧʨʦʣʝʪʦʚ ʚʳʙʠʨʘʶʪʩʷ ʦʪ 120 ʜʦ 180 ʤʝʪʨʦʚ, ʯʝʛʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʝʦʛʨʘ-

ʥʠʯʝʥʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ. ɺ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 

ī ʜʘʤʙʘ 3600*50*40 ʦʪ ʤ. ʃʘʟʘʨʝʚʘ (ʜʣʠʥʘ*ʰʠʨʠʥʘ*ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʩʦ ʜʥʘ ʤʦʨʷ),  

ī ʤʦʩʪ 2800*50*50, 

ī ʜʘʤʙʘ 3600*50*40 ʢ ʤ. ʇʦʛʠʙʠ. 

ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʦʚ LOW ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 3.14159*10*(360*5*40 + 100*5*40 

+ 360*5*40) = 5.15 ʤʣʥ.ʤ2, ʘ ʦʙʲʝʤ ʦʙʦʣʦʯʝʢ ʧʨʠ ʪʦʣʱʠʥʝ 0.1 ʤ 515000 ʤ3.  

ʊʦ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʩʦʦʨʫʞʝʥʠʷ 15 ʤʣʥ.ʤ3 ʢ ʦʙʲʝʤʫ ʦʙʦʣʦʯʝʢ 515000 ʤ3 ʨʘʚʥʦ 

ʧʨʠʤʝʨʥʦ 30. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʝʱʝ ʨʘʟ ʨʝʢʦʨʜʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ LOW ï 97 ʧʨʦʮʝʥʪʦʚ ʦʙʲ-

ʝʤʘ ʩʦʦʨʫʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʜʦʥʥʳʡ ʛʨʫʥʪ, ʘ ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʩʝʨʫ ʠ ʩʪʝʢʣʦʞʛʫʪ, ʪʦ ʠ ʚʩʝ 99 % ʦʙʲʝʤʘ 

ʩʦʩʪʘʚʠʪ ʤʘʪʝʨʠʘʣ, ʜʦʙʳʚʘʝʤʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ, ʠ ʪʦʣʴʢʦ 1 % ʥʫʞʥʦ ʧʦʜʚʦʟʠʪʴ. 

ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʜʝʰʝʚʠʪ ʤʦʩʪ ʨʘʟ ʚ 10, ʥʝ ʤʝʥʴʰʝ. ʀ ʩʦʟʜʘʩʪ ʘʙʩʦʣʶʪʥʦ ʥʘʜʝʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ɸ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʜʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʣʝʛʢʦ ʜʦʢʘʟʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚ ʠʟʚʝʩʪʥʳʭ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʄʦʩʪ ʥʘ ʉʘʭʘʣʠʥ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʮʝʣʴʶ. ʎʝʣʴ ï ʦʨʛʘʥʠʟʦʚʘʪʴ ʥʘʜʝʞʥʦʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʝ ʠ ʘʚʪʦʤʦ-

ʙʠʣʴʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦʪ ʩʝʚʝʨʥʦʡ ʜʦ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʦʩʪʨʦʚʘ, ʘ ʵʪʦ ï ʦʢʦʣʦ 900 ʢʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʠ 

ʩʪʦʣʴʢʦ ʞʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʤʘʛʠʩʪʨʘʣʠ, ʥʝ ʩʯʠʪʘʷ ʦʪʚʝʪʚʣʝʥʠʡ. 

ʊʝʭʥʦʣʦʛʠʷ LOW ʧʦʟʚʦʣʠʪ ʠ ʟʜʝʩʴ ʨʝʟʢʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʧʨʷʤʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʜʦ-

ʨʦʛ, ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʤʥʦʛʦʢʨʘʪʥʦ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʫʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʚʷʟʥʦʩʪʴ ʪʝʨʨʠ-

ʪʦʨʠʠ ʦʩʪʨʦʚʘ ʠ ʝʛʦ ʩʚʷʟʴ ʩ ʤʘʪʝʨʠʢʦʤ. 
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Abstract. The concept of building a bridge to Sakhalin through the Nevelskoy Strait between Cape Lazarev 

and Cape Pogibi using LOW technology, which reduces the time and cost of construction in several times. 
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ʂʆʅʎɽʇʎʀʗ ʇʆʃʗʈʅʆʁ ɾɽʃɽɿʅʆʁ ɼʆʈʆɻʀ (ʇɾɼ)*  
 

 ɺ.ɻ. ɻʣʘʟʫʥʦʚ1, ɸ.ɸ. ɸʥʠʤʠʮʘ2 

1 ʢʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʢɻʦʣʦʛʠʠ, 2 ʠʥʞʝʥʝʨ 
1 ʄʳʪʠɦʠʥʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɹʦʣʝʝ 100 ʣʝʪ ʧʦʧʳʪʦʢ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʥʘ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʝ ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʫʩʪʘʥʦʚʢʠ ʧʦʣʦʪʥʘ ʜʦʨʦʛʠ ʧʦʜ ʞ/ʜ ʧʫʪʠ ʦʰʠʙʦʯʥʘ ʜʣʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʠ ʥʘʨʫʰʘʣʘ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʠ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʚ ʤʝʩʪʝ ʧʨʦʢʣʘʜʢʠ ʜʦʨʦʛʠ, ʧʨʠʚʦʜʠʣʦ ʢ ʦʪʪʘʠʚʘʥʠʶ ʤʝʨʟʣʦʪʳ, ʧʝʨʝʢʦʩʘʤ 

ʧʫʪʠ ʠ ʨʘʟʨʫʰʝʥʠʶ ʪʨʘʩʩʳ. ʇʦ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜ ʜʦ-

ʨʦʛʦʡ ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ ʥʝʪʨʦʥʫʪʦʡ, ʘ ʩʝʪʯʘʪʦʝ ʤʝʪʘʣʣʠʯʝʩʢʦʝ "ʧʦʣʦʪʥʦ" ʜʦʨʦʛʠ ʜʦʣʞʥʦ ʙʳʪʴ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦ-ʧʨʠʧʦʜʥʷʪʳʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʩʪʦʷʪʴ ʥʘ ʩʚʘʷʭ, ʟʘʛʣʫʙʣʸʥʥʳʭ ʚ ʩʘʤʫ ʤʝʨʟʣʦʪʫ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʙʫʜʝʪ ʥʘʜʸʞʥʦʡ, ʠ ʩʪʘʙʠʣʴʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʭʨʘʥʥʦʩʪʴ ʤʝʨʟʣʦʪʳ, ʧʨʠʧʦʜʥʷʪʦʝ ʧʦʣʦʪʥʦ, ʩʚʘʠ ʦʪ ʧʦʣʦʪʥʘ ʚ ʤʝʨʟʣʦʪʫ. 

 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʢʦʥʮʝʧʮʠʶ ʇʦʣʷʨʥʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ (ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʤ ʧʨʦʝʢʪʝ ʈʦʩʩʠʠ çʉʝʚʝʨʥʳʡ ʰʠʨʦʪʥʳʡ ʭʦʜè, ʜʘʣʝʝ ï ʇɾɼ). ʇʨʝʜʣʦʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʥʠʤʘʥʠʝʤ 

ʥʝʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʨʦʝʢʪʘ ʥʠʢʘʢʠʤ ʠʥʳʤ ʩʧʦʩʦʙʦʤ, ʦ ʯʤy ʛʦʚʦʨʷʪ ʚʩʝ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʧʨʝʞʥʠʝ ʥʝʫʜʘʯʥʳʝ ʧʦ-

ʧʳʪʢʠ ʧʦʩʪʨʦʠʪʴ ʞʝʣʝʟʥʫʶ ʜʦʨʦʛʫ ʥʘ ʤʥʦʛʦʣʝʪʥʠʭ ʧʦʩʪʦʷʥʥʦ ʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ. 

ɺʩʝ ʦʰʠʙʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʇɾɼ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ, ʧʨʠʚʦʜʠʚʰʠʝ ʢ ʠʭ ʩʘʤʦʨʘʟʨʫʰʝʥʠʶ ʠ ʢ ʜʝʬʦʨ-

ʤʘʮʠʷʤ ʧʫʪʠ, ʙʳʣʠ ʚʳʟʚʘʥʳ ʪʝʤ, ʯʪʦ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʛʣʘʚʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʚʝʨʭʥʠʭ ʩʣʦʸʚ ʧʦʯʚʳ ʠ ʛʨʫʥʪʦʚ. ʅʘʨʫʰʝʥʠʝ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʪʪʘʠʚʘʥʠʶ ʩʣʦʸʚ ʤʝʨʟʣʦʪʳ, ʢ ʨʝʟʢʦʡ ʧʦʪʝʨʝ ʠʭ ʧʨʦʯʥʦʩʪʠ ʠ ʨʘʟʨʫʰʝʥʠʶ ʧʫʪʠ. ʕʪʠ ʧʨʠʥʮʠʧʳ (ʩʤ. ɸ ʠ ɹ ʜʘʣʝʝ) 

ʥʝʦʙʭʦʜʠʤʦ ʉʊʈʆɻʆ ʩʦʙʣʶʜʘʪʴ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʯʥʳʭ, ʠʣʠ "ʦʧʦʨʥʳʭ" ʩʣʦʸʚ ʧʦʩʪʦʷʥʥʦʡ ʤʝʨʟʣʦʪʳ, ʩʦʩʪʦʷ-

ʱʠʝ ʚ ʩʣʝʜʫʶʱʝʤ:  

ʇʨʠʥʮʠʧ ɸ. ʇʨʠʥʮʠʧ ʩʦʭʨʘʥʝʥʠʷ ʩʥʝʛʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  
ʆʩʦʙʳʝ ʩʚʦʡʩʪʚʘ ʩʥʝʛʘ ʩʦʩʪʦʷʪ ʚ ʦʯʝʥʴ ʚʳʩʦʢʦʤ ʘʣʴʙʝʜʦ (ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʚʠʜʠʤʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ) ï ʙʣʠʟʢʦʡ ʢ 90 %, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʥʝʛʘ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ 

ʙʣʠʟʢʘ ʢ ʘʙʩʦʣʶʪʥʦ ʯʸʨʥʦʤʫ ʪʝʣʫ. ʇʦʵʪʦʤʫ ʥʘʛʨʝʚ ʩʥʝʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʝʯʥʳʤʠ ʣʫʯʘʤʠ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ ʤʠʥʠʤʘʣʝʥ, ʘ ʠʟʣʫʯʝʥʠʝ ʩʥʝʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ (ʠ ʧʦʪʝʨʠ ʪʝʧʣʘ) ʚ ʪʸʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʷʚ-

ʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ!  

ɺ ʩʫʤʤʝ ʟʘ ʛʦʜ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʠ ʪʝʧʣʦʚʦʤʫ ʙʘʣʘʥʩʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʥʝʛʘ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʫʛʣʦʛʦʜʠʯʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʤʦʨʦʞʝʥʥʳʭ ʩʣʦʸʚ ʚ ʧʦʯʚʝ ʠ ʛʨʫʥʪʝ. 

ʇʦʵʪʦʤʫ ʣʶʙʘʷ "ʚʳʢʣʘʜʢʘ" ʛʨʫʥʪʦʚ (ʠʣʠ ʧʦʣʦʪʥʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʤʝʩʪʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪ 

ʙʘʣʘʥʩ ʧʦʪʦʢʦʚ ʨʘʜʠʘʮʠʠ ʠ ʟʘʧʘʩʦʚ ʪʝʧʣʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʧʦʵʪʦʤʫ ʤʝʨʟʣʳʝ ʩʣʦʠ ʥʘʯʠʥʘʶʪ ʦʪʪʘʠʚʘʪʴ, 

ʪʝʨʷʪʴ ʧʨʦʯʥʦʩʪʴ, ʠʩʢʨʠʚʣʷʪʴʩʷ ʠ ʪ.ʧ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʝʟʘʤʝʨʟʘʶʱʠʝ ʩʣʦʠ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚ ʅɽ ʄʆɻʋʊ ʷʚ-

ʣʷʪʴʩʷ "ʦʧʦʨʥʳʤʠ" ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʠʤʠ ʤʦʛʫʪ ʙʳʪʴ ʊʆʃʔʂʆ ʧʦʩʪʦʷʥʥʦ ʟʘʤʸʨʟʰʠʝ 

ʩʣʦʠ!  

ʇʨʠʥʮʠʧ ɹ ʉʦʟʜʘʥʠʝ ʧʨʠʧʦʜʥʷʪʦʛʦ ʧʦʣʦʪʥʘ.  
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ ɸ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʞ/ʜ ʧʦʣʦʪʥʦ ʥʝ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʠ 

ʛʨʫʥʪʦʚ ʠ ʦʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʇʈʀʇʆɼʅʗʊʆ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʫʥʪʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʞ\ʜ 

ʧʦʣʦʪʥʦʤ ʚʩʝʛʜʘ ʜʦʣʞʥʦ ʙʳʪʴ ʩʚʦʙʦʜʥʦʝ *ʧʨʦʚʝʪʨʠʚʘʝʤʦʝ" ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩ ʚʳʩʦʪʦʡ ʥʝ ʤʝʥʝʝ ʤʝʪʨʘ ʥʘʜ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʦʡ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ. ʊʘʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʥʘʜʸʞʥʦ ʦʙʝʩʧʝʯʠʪ ʩʦʭʨʘʥʥʦʩʪʴ ʟʘʤʦ-

ʨʦʞʝʥʥʳʭ ʩʣʦʸʚ ʠ ʫʩʪʦʡʯʠʚʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʩʦʭʨʘʥʥʦʩʪʴ ʪʘʢʦʛʦ ñʥʠʟʢʦ-ʵʩʪʘʢʘʜʥʦʛʦ" ʧʦʣʦʪʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʇɾɼ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʦʩʪʨʦʝʥʘ ʠ ʫʩʪʦʡʯʠʚʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʊʆʃʔʂʆ ʧʨʠ ʫʩʣʦʚʠʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʥʠʟʢʦ ï ʵʩʪʘʢʘʜʥʦʛʦ ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ (ʜʘʣʝʝ ʕʈʇ), ʥʘ ʚʩʝʭ ʙʝʟ ʠʩ-

ʢʣʶʯʝʥʠʷ ʫʯʘʩʪʢʘʭ, ʧʨʦʭʦʜʷʱʠʭ ʥʘʜ ʧʦʩʪʦʷʥʥʦ ʤʝʨʟʣʳʤʠ ʛʨʫʥʪʘʤʠ, ʪʦ ʝʩʪʴ ʚʝʟʜʝ, ʢʨʦʤʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʯʘʩʪ-

ʢʦʚ ʜʦʨʦʛʠ ʥʘ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʘʭ, ʚ ʙʦʣʦʪʘʭ ʠ ʧʨʦʯʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʤʝʩʪʘʭ. 

ɺ ʩʪʘʪʴʶ ʚʢʣʶʯʝʥʳ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʩʪʨʫʢʪʫʨʥʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ 

ʩ ʧʨʠʥʮʠʧʦʤ ʩʦʟʜʘʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʢʘʢ ʵʩʪʘʢʘʜʳ,  
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ʈʠʩ. 1. ʋʩʣʦʚʥʘʷ ʪʨʘʩʩʘ ʇʦʣʷʨʥʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʥʘ ʫʯʘʩʪʢʝ ʃʘʙʳʪʥʘʥʛʠ-ʉʘʣʝʭʘʨʜ-ʅʘʜʳʤ (ʩʢʨʠʥʰʦʪ Google Earth) 

 

ɺ ʩʠʣʫ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʠʟʣʦʞʝʥʠʷ ʚ ʜʘʥʥʦʡ ʟʘʧʠʩʢʝ ʤʳ ʥʝ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʩʚʦʶ 

ʢʦʥʮʝʧʮʠʶ ʜʦ ʤʝʣʢʠʭ ʯʘʩʪʥʦʩʪʝʡ, ʧʦʵʪʦʤʫ ʦʪʢʘʟʳʚʘʝʤʩʷ ʦʪ ʥʠʭ ʚ ʧʦʣʴʟʫ ʢʨʘʪʢʦʩʪʠ ʠ ʷʩʥʦʩʪʠ ʠʟʣʦʞʝʥʠʷ ʦʙʱʝ-

ʛʦ ʧʦʜʭʦʜʘ. 

1. ʇʨʝʜʣʘʛʘʝʤ ʧʦʣʥʳʡ ʦʪʢʘʟ ʦʪ ʥʘʩʳʧʥʦʛʦ ʥʠʞʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʫʪʠ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʘʛʘ-
ʶʱʠʭʩʷ ʥʘʜ ʣʴʜʠʩʪʳʤʠ ʧʦʩʪʦʷʥʥʦ ʤʝʨʟʣʳʤʠ ʛʨʫʥʪʘʤʠ.  

ʅʠʞʥʝʝ ʩʪʨʦʝʥʠʝ ʧʫʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʚʠʜʘ, ʛʨʘʚʠʡʥʦʝ, ʧʝʩʯʘʥʦʝ, ʛʨʫʥʪʦʚʦʝ ʠ ʜʨ. ʠʟ-ʟʘ ʚʦʟʥʠʢʘʶʱʝʛʦ 

ʥʘʨʫʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʦʜ ʧʦʣʦʪʥʦʤ ʠ ʦʪʪʘʠʚʘʥʠʷ ʤʝʨʟʣʦʪʳ, ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ ʠ ʧʦʪʝʨʠ ʝʛʦ ʧʨʦʯʥʦʩʪʠ, 

ʟʘʙʦʣʘʯʠʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʧʨʦʬʠʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʫʪʠ ʚ ʟʦʥʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʥʝʧʨʠ-

ʛʦʜʥʦ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʕʩʪʘʢʘʜʥʳʡ ʞʝ ʧʫʪʴ ʩʦʭʨʘʥʷʝʪ ʥʝʪʨʦʥʫʪʳʤ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʩ ʝʛʦ ʫʥʠʢʘʣʴʥʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʚʳʩʦʢʠʤ ʘʣʴʙʝʜʦ, ʪʦ ʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ ʩʚʦʡʩʪʚʦʤ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʪʦ ʝʩʪʴ ʥʘʠʚʳʩʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʛʨʫʥ-

ʪʘ. ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʩ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʦʣʠʨʫʝʪ ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʩ ʣʝʪʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʠʞʝʣʝʞʘ-

ʱʠʡ ʚʝʯʥʦʤʝʨʟʣʳʡ ʛʨʫʥʪ, ʘ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʣʫʯʝʥʠʝ ʪʝʧ-

ʣʦʪʳ ʦʪ ʩʣʦʝʚ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ.  

ʊʘʢʦʡ ʦʪʢʘʟ ʧʦʟʚʦʣʠʪ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʠʪʴ ʥʝʠʟʤʝʥʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʠ ʣʫʯʰʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʢʦʪʦʨʳʝ ʨʝʰʘʶʱʠʤ ʦʙʨʘʟʦʤ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʭʨʘʥʝʥʠʶ ʧʦʩʪʦʷʥʥʦʡ ʤʝʨʟʣʦʪʳ ʠ ʧʨʦʯʥʦʩʪʠ ʣʴʜʠʩʪʳʭ ʛʨʫʥʪʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʯʠʩʪʳʡ ʩʥʝʛ ʠʤʝʝʪ ʥʘʠʚʳʩʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ, ʠʣʠ ʘʣʴʙʝʜʦ, ʜʦʩʪʠʛʘʶʱʝʝ ʚ ɸʨʢʪʠʢʝ ʠ 

ɸʥʪʘʨʢʪʠʢʝ 0.95 ʠ ʜʘʞʝ 0.98, ʪʦ ʝʩʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʧʦʛʣʦʱʘʝʪ ʚʩʝʛʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʣʫʯʠʩʪʦʡ 

ʵʥʝʨʛʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʉʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʠʣʠ ʦʙʣʘʢʦʚ ʘʪʤʦʩʬʝʨʳ, ʠʣʠ ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʟʝʤʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʪʦʤʫ ʟʠʤʥʝʤʫ ʩʥʝʛʫ, ʥʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʨʝʜʝ ʵʪʦ ʘʣʴʙʝʜʦ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʠ ʣʝʪʥʠʡ ʩʝʨʳʡ 

ʥʦʟʜʨʝʚʘʪʳʡ ʩʥʝʛ ʧʦʛʣʦʱʘʝʪ ʫʞʝ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ ʧʘʜʘʶʱʝʡ ʥʘ ʥʝʛʦ ʣʫʯʠʩʪʦʡ ʵʥʝʨʛʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʯʠ-

ʩʪʳʡ ʟʠʤʥʠʡ ʩʥʝʛ ʠʟʣʫʯʘʝʪ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʪʝʧʣʦ ʟʝʤʣʠ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʝ ʪʝʣʦ, ʘ ʧʦ ʤʝʨʝ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝ-

ʛʘ, ʝʛʦ ʪʘʷʥʠʷ ʠ ʫʢʨʫʧʥʝʥʠʷ ʧʦʨ ʠʟʣʫʯʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʜʘʝʪ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ.  

ʄʳ ʦʧʠʩʘʣʠ ʟʜʝʩʴ ʤʝʭʘʥʠʟʤ, ʨʘʟʨʫʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʝʣʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʚ ʩʣʫʯʘʝ ʨʘʟʨʫʰʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʛʦʜʠʯʥʦʛʦ ʮʠʢʣʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʀ ʵʪʫ ʧʨʦʙʣʝʤʫ ʥʝʣʴʟʷ ʨʝʰʠʪʴ ʜʘʞʝ ʧʫʪʝʤ ʥʘʢʨʳʪʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʟʝʨʢʘʣʴʥʦʡ ʧʣʝʥʢʦʡ ʠʣʠ ʜʨʫʛʠʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʚʳʩʦʢʠʤ ʘʣʴʙʝʜʦ ï ʧʦ ʪʦʡ ʧʨʦʩʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʧʣʝʥʢʘ ʩʦʟʜʘʸʪ ʵʬʬʝʢʪ ʪʝʨʤʦʩʘ ʠ ʵʢʨʘʥʠʨʫʝʪ 


