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ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʂʄ) ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʦʪʜʝʣʢʠ ʩʘʤʦʣʝʪʦʚ, ʚʝʨʪʦʣʝʪʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʩʫʜʦʚ, ʥʦ 

ʠ ʚ ʢʘʯʝʩʪʚʝ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʘʛʨʫʟʢʠ. ʊʘʢʦʝ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤʠ ʫʜʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʂʄ ï 

ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʞʝʩʪʢʦʩʪʴʶ ʧʨʠ ʤʘʣʦʤ ʫʜʝʣʴʥʦʤ ʚʝʩʝ. 

ʄʘʢʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʧʨʦʙʣʝʤʝ ʧʨʦʯʥʦʩʪʠ ʂʄ ʩʦʩʪʦʠʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʂʄ ʢʘʢ ʬʫʥʢʮʠʠ ʦʪ ʫʛʣʦʚ ʤʝʞʜʫ 

ʧʨʠʣʦʞʝʥʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʦʩʷʤʠ ʩʠʤʤʝʪʨʠʠ ʂʄ, ʘ ʪʘʢʞʝ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʢʨʠʪʝʨʠʝʚ 

ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʧʨʦʯʥʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ) ʧʨʠ ʩʣʦʞʥʳʭ ʥʘʧʨʷʞʸʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ (ʅɼʉ). ɼʣʷ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʩʣʦʠʩʪʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʂʄ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʩʣʦʡʥʳʡ ʘʥʘʣʠʟ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ 

ʥʘʧʨʷʞʝʥʥʳʝ ʩʣʦʠ ʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

1. ʂʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʘʥʘʣʠʟʘ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʡ ʠʟ ʩʣʦʠʩʪʳʭ ʂʄ ʧʨʝʜʧʦʣʘʛʘʝʪ,  

ʯʪʦ  ʢʘʞʜʳʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʣʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʣʦʩʢʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ 

ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʤʠ ʢʨʠʪʝʨʠʷʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʢʨʠʪʝʨʠʠ ʎʘʷ-ɺʫ, ʎʘʷ-ʍʠʣʣʘ, ʍʘʰʠʥʘ, ʇʘʢʘ, ʂʫʥʮʘ ʠ ʜʨ. [1]. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ 

ʦʙʱʝʛʦ ʢʨʠʪʝʨʠʷ ʨʘʩʩʤʦʪʨʠʤ ʢʨʠʪʝʨʠʡ ʎʘʷ-ʍʠʣʣʘ (
crTH ): 

2 2 2

1 2 12 1 2 1,crTH
X Y S XY

s s t sså õ å õ å õ
= + + - <æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷  

(1) 

ʛʜʝ X ,  Y  ʠ Sï ʧʨʝʜʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʦʣʦʢʥʘʤ ʠ ʧʨʠ 

ʩʜʚʠʛʝ ʚ ʧʣʦʩʢʦʩʪʠ ʩʣʦʷ; 1s , 2s , 12t  ï ʜʝʡʩʪʚʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʣʘʚʥʳʭ 

ʦʩʝʡ ʫʧʨʫʛʦʩʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ  (ʨʠʩ.1). 
 

 
ʈʠʩ. 1. ɻʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʫʧʨʫʛʦʩʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ 



6   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

 

ɽʩʣʠ 1²crTH , ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʟʨʫʰʝʥʠʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ. ʄʝʭʘʥʠʟʤ 

ʨʘʟʨʫʰʝʥʠʷ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤʦʤ ʪʨʝʭ ʦʪʥʦʰʝʥʠʡ: 

ö
÷

õ
æ
ç

å

SYX

1221 ;;max
tss

. (2) 

ɽʩʣʠ ʚ ʬʦʨʤʫʣʝ 2 ʧʝʨʚʦʝ ʚʳʨʘʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʝ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ 

ʚʦʣʦʢʦʥ, ʝʩʣʠ ʚʪʦʨʦʝ ï ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʨʠʮʳ ʦʪ ʧʦʧʝʨʝʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʝʩʣʠ  ʪʨʝʪʴʝ ï 

ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʨʠʮʳ ʦʪ ʩʜʚʠʛʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʦ ʚʦʣʦʢʥʫ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʩʣʦʡ 

ʩʯʠʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʥʳʤ, ʘ ʚ ʩʣʫʯʘʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʤʘʪʨʠʮʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʣʦʡ ʚʩʝ ʝʱʝ ʩʦʭʨʘʥʷʝʪ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʦʵʪʦʤʫ 

ʨʘʩʯʝʪ ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʥʩʪʘʥʪ ʩʣʦʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʠ ʧʨʠ ʩʜʚʠʛʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʧʨʦʯʥʦʩʪʠ ʟʘʧʘʩ 

ʧʨʦʯʥʦʩʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ (RF) ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

1
1.

cr

RF
TH

= >

 

(3) 

ʇʨʠ 1¢RF  ʧʨʦʯʥʦʩʪʴ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ. ɼʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʠʟ ʜʠʘʧʘʟʦʥʘ 0,25,1 ·=RF . ɼʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʠʣʫ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʝʪʘʣʣʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ RF ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ 2. 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʯʥʦʩʪʠ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʨʘʪʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ: 

1
1crIRF TH

RF
= = <

 
(4) 

ɺʩʣʝʜʩʪʚʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʫʧʨʫʛʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʣʦʢʥʠʩʪʳʭ ʂʄ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʩʠʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʚʦʣʦʢʦʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠ ʪʘʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʘʨʤʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʦʩʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘʧʨʷʞʝʥʠʷ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʠ ʦʙʦʟʥʘʯʘʪʴʩʷ 1s  (ʩʤ. ʨʠʩ. 1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

1

1
1

cr

X
RF

TH
= = >

s
 

(5) 

ɽʩʣʠ 1s>0, ʪʦ ʪʦʛʜʘ tXX = , ʛʜʝ 
tX  ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ 

ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 1. ɽʩʣʠ 1s<0, ʪʦ ʪʦʛʜʘ 
ʩXX = , ʛʜʝ 

ʩX  ï ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʧʨʠ ʩʞʘʪʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 1. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʫʰʝʥʠʝ ʩʣʦʷ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʠʤ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ: 

1e< 1e ʠʣʠ 1

1

1 Ů<
E

s
. (6) 

 

2. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʂʄ ʧʦ ʩʚʦʡʩʪʚʘʤ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠ ʵʣʝʤʝʥʪʦʚ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʠʟ ʂʄ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʨʞʠʚʘʪʴ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʘ 

ʚʝʩ ʢʦʥʩʪʨʫʢʮʠʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ. ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ 1s  ʠ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   7 

 

ʧʨʝʜʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 1s=X . ɼʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʧʦ 

ʜʦʧʫʩʪʠʤʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʟʥʘʪʴ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʂʄ 1E  ʠ ʧʨʝʜʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ 1Ů. 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 1E  ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 
+

1s  ʂʄ ʚ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʢʤɟ ʢʦʤʧʦʟʠʪʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ [2]: 

( )1 ʚ1 ʚ ʤ ʚ1 ,E E ɽ= Öy + Ö -y
 

(7) 

( )ʤ1
1 ʚ1 ʚ ʚ

ʚ1

1 ,
E

ɽ

+ +å õ
s =s y + -yæ ö

ç ÷ 

(8) 

)ɣ(1ɟɣɟɟ ʚʤʚʚʢʤ -+= . (9) 

ɺ ʬʦʨʤʫʣʘʭ (7) ï (9) ʠʥʜʝʢʩʘʤʠ çʚè ʠ çʤè ʦʙʦʟʥʘʯʝʥʳ ʩʚʦʡʩʪʚʘ ʚʦʣʦʢʦʥ ʠ ʤʘʪʨʠʮʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʢʠ ç+è ʠ çīè ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ; ʚɣïʢʦʵʬʬʠʮʠʝʥʪ 

ʘʨʤʠʨʦʚʘʥʠʷ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʣʦʢʦʥ, ʦʧʨʝʜʝʣʷʶʱʠʡʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

ʚ
ʚ

ʢʤ

V

V
y =

, 
(10) 

ʛʜʝ ʚV  ï ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ ʚʦʣʦʢʥʘʤʠ, ʢʤV ï ʦʙʲʝʤ ʚʩʝʛʦ ʢʦʤʧʦʟʠʪʘ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ 
-

1s  ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ: 

( )1 10,67 0,76- +s = · Ös
 

(11) 

 

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʂʄ [3ī5]. 

 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʂʄ 

ɸʨʤʠʨʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʚ1E , ɻʇʘ 
ʚ1

+s , ɻʇʘ ʚr, ʛ/ʩʤ
3 

1 ʋʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ 250õ300 1,75õ4 1,7õ1,8 

2 ʉʪʝʢʣʷʥʥʳʝ ʚʦʣʦʢʥʘ 70õ95 2õ3,5 2,4õ2,6 

3 ʆʨʛʘʥʦʚʦʣʦʢʥʘ 125õ150 2,1õ3,6 1,43õ1,45 

4 ɹʦʨʥʳʝ ʚʦʣʦʢʥʘ 375õ400 3õ3,5 2,5õ2,75 

5 
ʂʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʝ 

ʚʦʣʦʢʥʘ 
450õ480 1,7õ2,5 3,9õ4,05 

6 ʉʪʘʣʴʥʳʝ ʚʦʣʦʢʥʘ 200õ210 0,37õ0,45 7,7õ7,9 

7 ɹʘʟʘʣʴʪʦʚʳʝ ʚʦʣʦʢʥʘ 100õ110 2,2õ2,5 2,52õ2,97 

ʄʘʪʨʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʤE , ɻʇʘ 
ʤs, ʄʇʘ ʤr, ʛ/ʩʤ

3 

1 ʕʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ 2,5õ3,5 60õ90 1,15õ1,25 

2 ʇʦʣʠʧʨʦʧʠʣʣʝʥ 0,9õ1,2 27õ35 0,91õ0,92 

3 ɸʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ 70õ71 180õ250 2,65õ2,75 

4 ʄʘʛʥʠʝʚʳʡ ʩʧʣʘʚ 37õ43 250õ310 1,74õ1,8 

5 ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ 112õ113 360õ1050 4,49õ4,51 

6 
ʇʦʣʠʠʤʠʜʥʦʝ 

ʩʚʷʟʫʶʱʝʝ PMR-15 
3,1õ3,3 50õ60 1,0õ1,1 

7 
ʇʦʣʠʠʤʠʜʥʦʝ 

ʩʚʷʟʫʶʱʝʝ ʉʇ-97 
4,1õ4,3 55õ60 1,0õ1,2 

 
ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣ. 1, ʧʦ ʬʦʨʤʫʣʘʤ (7)ī(9) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 



8   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʦʜʥʦʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. 

3. ʋʯʝʪ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʫʧʨʫʛʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʂʄ 

ʅʘ ʨʠʩ. 2, 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [3ī6]. 
 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʂʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʧʨʦʜʦʣʴʥʦʡ ʫʧʨʫʛʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʂʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ                            

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, 

ʪʘʢ ʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ. ɼʣʷ ʫʥʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʝʜʩʪʘʚʠʤ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʚʠʜʝ ()tfFF Ö=¡ 0 , ʛʜʝ 
0F  ï ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, )(tf  ï ʬʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, t  ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʧʨʝʜʝʣʷʶʱʘʷʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʥ.ʫ.max

ʥ.ʫ.

tt

tt
t

-

-
= , (12) 

ʛʜʝ t ï ʜʝʡʩʪʚʫʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʥ.ʫ.t  ï ʥʦʨʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʧʨʠʥʠʤʘʝʤ  

C20ʥ.ʫ.

A=t ), 
maxt ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʦʟʠʪʘ. 

ʅʘ ʨʠʩ. 4, 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʡ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ sf  

ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ Ef  ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʦʟʠʪʦʚ ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ t. ɼʘʥʥʳʝ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʳ ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ï ʧʦ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʯʥʦʩʪʠ ʠ ʞʸʩʪʢʦʩʪʠ ʂʄ. 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʂʄ ʦʪ 

ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.  4 ï 5: 

- ʬʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʂʄ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʚʳʨʘʞʝʥʠʝʤ 

() 3 20,333 0,038 0,253 0,997f t t t ts =- Ö + Ö - Ö +
; (13) 

- ʬʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʂʄ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʚʳʨʘʞʝʥʠʝʤ 

() 0,283 1,001f t ts =- Ö +
; (14) 

- ʬʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʂʄ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʚʳʨʘʞʝʥʠʝʤ 

() 0,143 0,988Ef t t=- Ö +
. (15) 

 

0,4

0,5

0,6

0,7

0,8

0,9

1

1,1

0 0,2 0,4 0,6 0,8 1

ks

t

ˤ˴ˢ-м ό͋ͦͪ͊͡Ό͙͙͚ͣͤύ

˴ˢ˿-м όͫͭ͊͡Έ-͊͡Ό͙͙͚ͣͤύ

6061-͋ͦͪ ό͋ͦͪ͊͡Ό͙͙͚ͣͤύ

ͭолл-рнл ό͎͔͙ͯͨ͊ͫͭ͟͡͡ύ

ͭолл-ͪͪомо ό͎͔͙ͯͨ͊ͫͭ͟͡͡ύ

͔͍͊ͪ͟͡-49

ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʢʨʠʚʘʷ 

ʜʣʷ ʂʄ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʝʡ 

ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʢʨʠʚʘʷ ʜʣʷ ʂʄ ʩ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ 



10   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʬʫʥʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʂʄ                                     

ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʠ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʂʄ ʚ 

ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

() ()1 1 ,t f t+ +

ss =s Ö
 

() ()1 1 ,t f t- -

ss =s Ö
 

(16) 

() ()1 1 .EE t E f t= Ö
 

(17) 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (16), (17), ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʫʧʨʫʛʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʘʨʤʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʦʣʝʝ ʪʦʯʥʳʡ ʫʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʥʦ, ʜʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʦʧʳʪʥʳʭ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ 

ʫʧʨʫʛʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʠʟ ʂʄ ʩ ʟʘʜʘʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 
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ʂʠʰʘʣʦʚ ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ, ʜʦʮ. ʢʘʬ. ʘʚʠʘʮʠʦʥʥʦʡ 
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ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʢʠ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ, 

ʪʨʭyʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ. 
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ʉʦʣʦʚʴʝʚ ʇʘʚʝʣ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʘʩʧʠʨ. ʢʘʬ. ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʋɻɸʊʋ, ʜʠʧʣ. ʠʥʞ. (ʋɻɸʊʋ, 2009). ʀʩʩʣʝʜʦʚʘʥʠʷ                         
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ʇʦʣʝʞʘʝʚ ʅʠʢʠʪʘ ʀʛʦʨʝʚʠʯ, ʩʪʫʜʝʥʪ ʢʘʬ. ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʧʣʦʪʝʭʥʠʢʠ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʋɻɸʊʋ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ                        

ʚ ʵʣʝʤʝʥʪʘʭ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ. 

 

e-mail: nikita_redkey@mail.ru  

 

 

ʐʘʤʩʫʪʜʠʥʦʚ ɸʡʨʘʪ ɸʣʠʢʦʚʠʯ, ʩʪʫʜʝʥʪ ʢʘʬ. ʘʚʠʘʮʠʦʥʥʦʡ 

ʪʝʧʣʦʪʝʭʥʠʢʠ ʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʋɻɸʊʋ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ 
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ʋɼʂ 621.373 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺɿɸʀʄʆʉɺʗɿʀ ʄɸʉʉʓ ʀ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɸɺʀɸʎʀʆʅʅʓʍ ʉʊɸʊɽʈ-ɻɽʅɽʈɸʊʆʈʆɺ ʆʊ ɸʂʊʀɺʅʀʍ 

ʄɸʊɽʈʀɸʃʆɺ 

 

ʂʫʩʥʘʜʠ ʉ., ɸʬʘʥʘʩʝɹʚ ʖ. ɺ. 

 
ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʥʠʭ ʠ ʪʷʞʝʣʳʭ ʩʘʤʦʣʝʪʘʭ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʙʦʨʪʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʦʩʪʠʛʘʝʪ 500 ï 1450 ʢɺʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ 

ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʤʘʩʩʘ ʛʝʥʝʨʘʪʦʨʦʚ ʚʦʟʨʘʩʪʘʝʪ. ʋʤʝʥʴʰʝʥʠʝ ʠʭ 

ʤʘʩʩʳ  ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠʣʠ ʟʘʧʘʩʦʚ ʪʦʧʣʠʚʘ 

(ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ). ɽʩʣʠ ʟʘʧʘʩʳ ʪʦʧʣʠʚʘ ʠ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ ʥʝ ʫʚʝʣʠʯʠʚʘʪʴ, ʪʦ ʤʦʞʥʦ 

ʜʦʩʪʠʛʥʫʪʴ ʫʣʫʯʰʝʥʠʷ ʪʘʢʠʭ ʣʝʪʥʳʭ ʜʘʥʥʳʭ, ʢʘʢ ʩʢʦʨʦʧʦʜʲʝʤʥʦʩʪʴ, ʤʘʥʝʚʨʝʥʥʦʩʪʴ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ. 

ʇʨʦʙʣʝʤʘ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʤʝʥʴʰʝʡ ʤʘʩʩʳ ʘʚʠʘʮʠʦʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʝʪʘ, ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʩʪʘʨʪʝʨ-

ʛʝʥʝʨʘʪʦʨʦʚ, ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʦ ʚʩʝʤ ʢʦʤʧʣʝʢʩʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʛʝʥʝʨʘʪʦʨʘ ʥʝ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʂʇɼ, ʪ.ʢ. 

ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚʩʣʝʜʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʩʘʤʦʣʝʪʘ. 

ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʩʥʠʞʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʚʝʜʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʬʦʨʤʫʣʳ [1]: 
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ʛʜʝ ai ï ʨʘʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʶʩʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ; 

 kʬ ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʧʦʣʷ; kʦʙ ï ʦʙʤʦʪʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ;  

ɸ ï ʣʠʥʝʡʥʘʷ ʥʘʛʨʫʟʢʘ;  

ɺŭ ï ʠʥʜʫʢʮʠʷ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ;  

ʈʥʦʤ ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ;  

f ï ʯʘʩʪʦʪʘ ʪʦʢʘ;  

ʨ ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ; 

 ɔ ï ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʪʘʪʦʨʝ ʠ ʨʦʪʦʨʝ;  

 kɔ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʣʦʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʟʘʧʦʣʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ 

ʘʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ ʜʣʠʥʝ ʷʢʦʨʷ la;  

Kk ï ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ;  

KD ï ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʥʘʨʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ 

ʩʪʘʪʦʨʘ ʢ ʚʥʫʪʨʝʥʥʝʤʫ;  

kɽ ï ʢʦʵʬʬʠʮʠʝʥʪ ʕɼʉ. 

ʀʟ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ (1) ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʦʮʝʥʠʪʴ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʙʦʯʝʛʦ ʟʥʘʯʝʥʠʷ  ʠʥʜʫʢʮʠʠ. ɺʠʜʥʦ, ʯʪʦ ʤʘʩʩʘ  ʛʝʥʝʨʘʪʦʨʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʟʘʟʦʨʝ. 

ɼʦʩʪʘʪʦʯʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʘʚʠʘʮʠʦʥʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʞʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʩʪʘʣʝʡ [3], ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ 

ʤʘʩʩʫ ʛʝʥʝʨʘʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   13 

 

ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʣʠʩʪʦʚʳʝ ʩʪʘʣʠ 27ʂʍ ʠʣʠ 49ʂ2ʌɸ ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʦʤʷʛʢʠʝ 

ʢʦʤʧʦʟʠʪʳʝ samoloy 700 3ʨ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1.  

 

 
 

ʈʠʩ. 1. ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʪʘʣʝʡ 

ʜʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. 

 

ʉʨʘʚʥʝʥʠʝ ʠʥʜʫʢʮʠʠ ʰʠʭʪʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʢʦʤʧʦʟʠʪʳ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳ, ʥʦ  ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʚ 3ɼ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʝʣʘʝʪ ʠʭ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ. 

ɺʳʚʦʜʳ 

1) ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʠʥʜʫʢʮʠʝʡ ʥʘ 20 % (ʝʩʣʠ ʘʢʪʠʚʥʘʷ ʯʘʩʪʴ 

ʧʦ ʤʘʩʩʝ ʩʩʪʘʚʣʷʝʪ 0,45 ï 0,5 ʚʝʩʘ ʤʘʰʠʥʳ), ʪʦ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ  ʚʝʩʘ ʤʘʰʠʥʳ ʙʫʜʝʪ 

ʧʦʨʷʜʢʘ 10 % (27 ʂʍ ʚʤʝʩʪʦ 2421). 

2) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʣʠ 49ʂ2ʌɸ (ʢʨʠʚʘʷ ʥʝ ʧʨʠʚʝʜʝʥʘ), 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʤʘʛʥʠʪʥʫʶ ʠʥʜʫʢʮʠʶ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʜʦ 15 %. 

3). ɼʦʩʪʦʠʥʩʪʚʦ ʢʦʤʧʦʟʠʪʦʚ samoloy 700 3ʨ ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ           

( ʧʨʝʩʩʦʚʘʥʠʝ ʚ ʧʨʝʩʩʬʦʨʤʘʭ, ʤʠʥʠʤʫʤ ʦʪʭʦʜʦʚ).  
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ʵʥʝʨʛʠʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʣʘʙʠʨʠʥʪʥʦʝ ʠ ʱʝʪʦʯʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ. 

ɺʚʝʜʝʥʠʝ 

ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʣʦʪʥʝʥʠʡ ʣʘʙʠʨʠʥʪʥʦʛʦ ʪʠʧʘ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʣʘʙʠʨʠʥʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʪʝʯʝʢ, 

ʚʦʟʨʘʩʪʘʶʱʠʭ ʠʟ-ʟʘ ʯʨʝʟʤʝʨʥʦʛʦ ʠʟʥʦʩʘ ʨʦʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʦ 

ʩʪʘʪʦʨʦʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʦʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʱʝʪʦʯʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʚ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʝʶ ʧʘʨʘʟʠʪʥʳʭ ʫʪʝʯʝʢ ʠ ʧʦʚʳʰʘʝʪ ʘʜʘʧʪʠʚʥʦʩʪʴ ʫʧʣʦʪʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʧʝʨʝʤʝʱʝʥʠʡ ʨʦʪʦʨʘ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʰʠʥʳ. ʋʤʝʥʴʰʝʥʠʝ ʫʪʝʯʝʢ ʠ ʧʝʨʝʪʝʯʝʢ ʚʦʟʜʫʭʘ (ʛʘʟʘ) ʚ ʛʘʟʦʚʦʟʜʫʰʥʦʤ 

ʪʨʘʢʪʝ ʜʚʠʛʘʪʝʣʷ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʊɼ ʢʘʢ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ. 

ʆʜʥʦʧʨʦʮʝʥʪʥʘʷ ʫʪʝʯʢʘ ʚʦʟʜʫʭʘ ʠʟ-ʟʘ ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʜʚʠʛʘʪʝʣʝ ʇʉ-

90ɸ, ʥʘʧʨʠʤʝʨ, ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 0,72% (ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʪʷʛʠ 

ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʡ), ʘ ʥʘ ʚʟʣʝʪʥʦʤ ʨʝʞʠʤʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ 

ʪʫʨʙʠʥʦʡ ʥʘ 0,72% [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʱʝʪʦʯʥʦʛʦ ʠ 

ʣʘʙʠʨʠʥʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ.  

ʃʘʙʠʨʠʥʪʥʦʝ ʫʧʣʦʪʥʝʥʠʝ, ʣʘʙʠʨʠʥʪʦʚʦʝ ʫʧʣʦʪʥʝʥʠʝ, ʦʜʠʥ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʪʠʧʦʚ ʫʧʣʦʪʥʝʥʠʡ, ʙʝʩʢʦʥʪʘʢʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʝʞʜʫ ʜʚʫʤʷ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʪʘʣʷʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʜʚʠʞʝʥʠʠ ʦʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ. ʉʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʯʝʨʝʜʫʶʱʠʭʩʷ 

ʫʟʢʠʭ ʱʝʣʝʡ (ʠʣʠ ʟʘʟʦʨʦʚ) ʠ ʨʘʩʰʠʨʠʪʝʣʴʥʳʭ ʢʘʤʝʨ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

mailto:Suryasurya_9@yahoo.co.id


ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   15 

 

ʫʧʣʦʪʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʚʨʘʱʘʶʱʠʤʩʷ ʚʘʣʦʤ ʠ ʥʝʧʦʜʚʠʞʥʳʤ ʢʦʨʧʫʩʦʤ. ʃ. ʫ. 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʝʨʝʪʝʢʘʥʠʶ ʞʠʜʢʦʩʪʠ (ʩʤʘʟʢʠ) ʠʣʠ ʛʘʟʘ, ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʙʦʣʴʰʠʝ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʥʘʜʸʞʥʦ ʨʘʙʦʪʘʝʪ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

 
 

ʈʠʩ. 1. ɺʠʜʳ ʣʘʙʠʨʠʥʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ[2] 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʚʳʙʨʘʥʦ ʩʝʤʠʛʨʝʙʝʰʢʦʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʚʪʦʨʦʛʦ ʪʠʧʘ 

(ʨʠʩʫʥʦʢ 1). ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʟʷʪʳ ʧʨʠʤʝʨʥʳʝ ʜʘʚʣʝʥʠʷ ʧʝʨʝʜ ʠ ʧʦʩʣʝ 

ʫʧʣʦʪʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʝʨʝʜ ʫʧʣʦʪʥʝʥʠʝʤ.  ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʣʘʙʠʨʠʥʪʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʪʘʢʦʛʦ ʚʠʜʘ 

[2, ʩ.120]: 

 

M = kf
ὴ0  

2 ὴ1
2

ᾀὙ0Ὕ0
 = 1,15 Ā 3,14 Ā 0,156 Ā 0,0002 Ā 

3502  3002

7 Ͻ8,314 Ͻ423
 = 0,455 ʢʛ, 

 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʠ ʥʝʧʦʣʥʦʪʳ 

ʪʦʨʤʦʞʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʘʭ ʠ ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʣʘʙʠʨʠʥʪʘ; f = ˊDʩʨŭ - 

ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʱʝʣʠ, ʤ
2
, ʛʜʝ Dʩʨ ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʫʧʣʦʪʥʝʥʠʷ, ʤ; p0 ʠ p1 ï ʜʘʚʣʝʥʠʷ 

ʧʝʨʝʜ ʠ ʟʘ ʫʧʣʦʪʥʝʥʠʝʤ, ʇʘ; ʊ0 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʜ ʫʧʣʦʪʥʝʥʠʝʤ, K; R0 ï ʛʘʟʦʚʘ 

ʧʦʩʪʦʷʥʥʘʷ, ɼʞ/ʢʛ Ā ʢ. 

ʑʝʪʦʯʥʦʝ ʫʧʣʦʪʥʝʥʠʝ. ʑʝʪʦʯʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʣʘʙʠʨʠʥʪʥʦï

ʢʦʥʪʘʢʪʥʳʤʠ ʫʧʣʦʪʥʝʥʠʷʤʠ, ʫ ʢʦʪʦʨʳʭ ʛʠʙʢʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʱʝʪʢʠ ʥʝʧʨʝʨʳʚʥʦ 

ʢʘʩʘʶʪʩʷ (ʧʦʜ ʫʛʣʦʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 45
Ü
) ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠ ʫʧʣʦʪʥʝʥʠʷ. ʑʝʪʢʠ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʢʦʙʘʣʴʪʦʚʳʭ (ʢʦʙʘʣʴʪʦʚʳʡ ʩʧʣʘʚ) ʧʨʦʚʦʣʦʯʝʢ ʜʠʘʤʝʪʨʦʤ 0,025é0,1 

ʤʤ, ʧʨʠʯʝʤ ʥʘ 1 ʤʤ ʜʣʠʥʳ ʚ ʦʢʨʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʦ 300 ʱʝʪʠʥʦʢ. ʉʭʝʤʘ 

ʜʚʫʭʨʷʜʥʦʛʦ ʱʝʪʦʯʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʂʘʞʜʳʡ ʨʷʜ ʩʦʩʪʦʠʪ ʠʟ ʱʝʪʦʢ, ʟʘʞʘʪʳʭ ʠ ʟʘʢʨʝʧʣʝʥʥʳʭ ʤʝʞʜʫ ʤʘʣʳʤ ʠ ʙʦʣʴʰʠʤ 

ʧʣʦʩʢʠʤʠ ʢʦʣʴʮʘʤʠ (ʧʣʘʩʪʠʥʘʤʠ). ʄʝʞʜʫ ʙʦʣʴʰʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʠ ʨʦʪʦʨʦʤ ʠʤʝʝʪ ʤʝʩʪʦ 

ʟʘʟʦʨ, ʢʘʢ ʚ ʦʙʳʯʥʦʤ ʣʘʙʠʨʠʥʪʥʦʤ ʫʧʣʦʪʥʝʥʠʠ ʠ, ʚ ʩʣʫʯʘʝ ʦʙʨʳʚʘ ʱʝʪʦʢ, ʫʧʣʦʪʥʝʥʠʝ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʙʳʯʥʦʝ ʣʘʙʠʨʠʥʪʥʦʝ. ʑʝʪʢʠ ʟʘʛʨʦʤʦʞʜʘʶʪ ʚʭʦʜ  ʚ ʟʘʟʦʨ ñŭ ò ʠ ʢʘʞʜʦʡ 

ʩʝʢʮʠʠ (ʨʷʜʘ) ʣʘʙʠʨʠʥʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʠ ʫʤʝʥʴʰʘʶʪ ʫʪʝʯʢʠ ʥʘ 20é40%. 



16   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʜʚʫʭʨʷʜʥʦʛʦ ʱʝʪʦʯʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʱʝʪʦʯʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʦʛʨʝʚ ʟʦʥʳ ʢʦʥʪʘʢʪʘ. ʇʦʵʪʦʤʫ 

ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʧʫʩʢʘʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʨʘʩʭʦʜ ʫʧʣʦʪʥʷʝʤʦʡ ʩʨʝʜʳ, 

ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʘ. ʑʝʪʦʯʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʯʝʨʝʟ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ  ʧʨʠʨʘʙʦʪʢʠ  

ʠʤʝʶʪ ʛʣʷʥʮʝʚʫʶ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʨʘʙʦʪʘʶʱʫʶ ʢʘʢ ʩʘʤʦʛʝʥʝʨʠʨʫʝʤʳʡ ʧʦʜʰʠʧʥʠʢ. 

ʇʨʠ ʵʪʦʤ ʫʪʝʯʢʠ ʯʝʨʝʟ ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʯʝʨʝʟ ʟʦʥʫ ʢʦʥʪʘʢʪʘ. 

ɼʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʢʦʥʪʘʢʪʥʦʡ ʩʠʣʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʩʫʨʩʘ (ʠʟʥʘʰʠʚʘʥʠʷ) 

ʧʦʜʙʠʨʘʝʪʩʷ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʫʙʣʠʢʘʮʠʠ ʦ ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʘ ʱʝʪʦʯʥʳʭ ʫʧʣʦʪʥʝʥʠʡ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʱʝʪʦʯʥʳʭ 

ʫʧʣʦʪʥʝʥʠʡ ʨʦʪʦʨʘ ʪʨʝʙʫʝʪʩʷ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: ʦʪʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʱʝʪʢʠ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʧʣʦʪʥʝʥʠʡ;  

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ; 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʧʨʫʛʦʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʫʧʣʦʪʥʝʥʠʡ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʱʝʪʦʯʥʦʝ 

ʫʧʣʦʪʥʝʥʠʝ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʩʯʝʪʘ ʣʘʙʠʨʠʥʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ, 

ʜʘʚʣʝʥʠʷ ʧʝʨʝʜ ʠ ʟʘ ʫʧʣʦʪʥʝʥʠʝʤ, ʰʠʨʠʥʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʦʡʩʪʚʘ ʚʦʟʜʫʭʘ. 

 

ʊʘʙʣʠʮʘ 1 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

Dʧʨ, ʤ ʇ R R ɿ ɟ ɛ P0 P1 

0,0001 150 0,162 0,15 0,0065 1,25 0,000022 350 300 

 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʱʝʪʦʯʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ[3]:  

 

M = 
2 Ͻ Ὠ̐ ̑

2 3̃Ὂὲ Ͻ ” Ͻὴ

‏̚‘153 ̆(̓1 )̃2  = 0,102 ʢʛ,  

 

ʛʜʝ ʇ ï ʧʣʦʪʥʦʩʪʴ; dʧʨ ï ʜʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢʠ; ɿ̆̚ ̓ɀ ̙̉̑̉̎́ ̆̓̋̉̚Ƞ Fn ɀ ̝̐̌̏́̅̚ 
̜̖̃̏̅̎̏̄̏ ̘̠̒̆̆̎̉ ̆̓̋̉̚Ƞ ʍ ɀ ̝̐̌̏̓̎̏̒̓ ̖̃̏̈̅̔́Ƞ ʈ ɀ ̘̠̅̉̎́̍̉̆̒̋́ ̠̝̃̈̋̏̒̓ 
̖̃̏̈̅̔́Ƞ p ɀ ̐ ̆̑̆̐́̅ ̠̅́̃̌̆̎̉ ̖̃̏̈̅̔́Ȣ 

ɺʝʣʠʯʠʥʫ ʧʣʦʪʥʦʩʪʠ ʱʝʪʢʠ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʱʝʪʦʯʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʚʳʙʠʨʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʛʝʨʤʝʪʠʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. 

ʑʝʪʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦʡ, ʯʪʦʙʳ ʫʪʝʯʢʠ ʙʳʣʠ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ. ʆʜʥʘʢʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʚ ʟʦʥʝ ʪʨʝʥʠʷ ʪʝʧʣʘ ʠ ʫʭʫʜʰʘʝʪʩʷ 

ʪʝʧʣʦʦʪʚʦʜ. ʊ.ʝ., ʧʨʦʚʦʣʦʯʢʠ ʤʦʛʫʪ ʨʘʩʧʣʘʚʠʪʴʩʷ ʠʣʠ ʩʛʦʨʝʪʴ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʜʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ ʱʝʪʦʯʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ 

ʥʝ ʧʨʦʚʦʜʠʣʩʷ, ʪʘʢ ʢʘʢ ʮʝʣʴʶ ʟʘʜʘʯʠ ʷʚʣʷʣʘʩʴ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʫʧʣʦʪʥʝʥʠʷ. 

ɺʳʧʦʣʥʠʚ ʨʘʩʯʝʪʳ ʦʙʦʠʭ ʫʧʣʦʪʥʝʥʠʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   17 

 

ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʱʝʪʦʯʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʚ 4,45 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʫ ʣʘʙʠʨʠʥʪʥʦʛʦ, ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʱʝʪʦʯʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ. 
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ɺɺɽɼɽʅʀɽ 

ʉʦʚʨʝʤʝʥʥʘʷ ʘʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ ʩʪʨʝʤʠʪʩʷ ʧʦʚʳʩʠʪʴ ʫʞʝ ʠʤʝʶʱʠʝʩʷ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʪʦʯʥʳʭ ʩʠʩʪʝʤ ʨʘʩʯʝʪʘ, ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʢʦʤʧʨʝʩʩʦʨʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʚʠʜʦʚ ʩʪʫʧʝʥʝʡ, ʧʨʠʤʝʥʝʥʠʷ 3D CAD/CAE ʩʠʩʪʝʤ, 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʩʠʩʪʝʤ ʨʘʩʯʝʪʘ, ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʏʪʦʙʳ ʫʣʫʯʰʠʪʴ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʢʣʘʜʢʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʣʘʛʘʝʪ ʥʘ ʢʦʥʩʪʨʫʢʪʦʨʘ ʚʳʩʦʢʫʶ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʨʠ ʚʳʙʦʨʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ ʚ ʣʦʧʘʪʦʯʥʳʭ ʤʘʰʠʥʘʭ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ 

ʛʝʦʤʝʪʨʠʠ ʣʦʧʘʪʦʢ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ʦ ʩʪʝʧʝʥʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 3D CAD/CAE-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʚ 

ʣʦʧʘʪʦʯʥʳʭ ʤʘʰʠʥʘʭ ʠ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʪʫʨʙʠʥ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɸʕʈʆɼʀʅɸʄʀʂʀ 

ʈɽʐɽʊʆʂ ʇʈʆʌʀʃɽʁ 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʪʝʢʘʥʠʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʯʝʨʝʟ 
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ʣʦʧʘʪʦʯʥʫʶ ʤʘʰʠʥʫ, ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ, ʦʙ ʦʙʪʝʢʘʥʠʠ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ, ʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʨʳʚʦʚ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ. ʆʧʫʙʣʠʢʦʚʘʥ ʨʷʜ ʨʘʙʦʪ ʦ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʦʜʫʚʢʘʤ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʧʨʦʬʠʣʝʡ. ʈʘʙʦʪʳ ʪʘʢʦʛʦ ʧʣʘʥʘ ʧʦʤʦʛʘʶʪ 

ʦʙʦʙʱʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʚʫʤʝʨʥʳʝ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [1] 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʧʨʦʬʠʣʝʡ ʅɸʉɸ 65-ʦʡ ʩʝʨʠʠ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ 

ʵʪʦʡ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ, ʩʪʝʧʝʥʠ 

ʜʠʬʬʫʟʦʨʥʦʩʪʠ, ʠ ʧʦʪʝʨʴ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ ʫʛʣʘ ʘʪʘʢʠ (ʨʠʩ. ). 

 

 
ʈʠʩ. 1. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʧʨʦʜʫʚʢʘʤ ʨʝʰʝʪʦʢ ʧʨʦʬʠʣʝʡ [1] 

 

ʂʘʢ ʫʢʘʟʘʥʦ, ʠʩʧʳʪʘʥʠʷ ʨʝʰʝʪʦʢ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʝʥʜʝ (ʨʠʩ. 2). ʆʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʠʧʦʚʳʭ ʩʪʝʥʜʦʚ ʜʣʷ ʪʘʢʦʛʦ ʨʦʜʘ ʠʩʧʳʪʘʥʠʡ ʷʚʣʷʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨ, 

ʜʠʬʬʫʟʦʨʥʘʷ ʩʝʢʮʠʷ, ʙʦʣʴʰʘʷ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʘʷ ʢʘʤʝʨʘ ʩ ʩʦʪʦʚʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ, 

ʟʘʩʣʦʥʢʠ ʜʣʷ ʫʜʘʣʝʥʠʷ ʣʶʙʳʭ ʟʘʚʠʭʨʝʥʠʡ ʠ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ, 

ʩʫʞʠʚʘʶʱʠʡʩʷ ʫʯʘʩʪʦʢ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʦʪʦʢʘ, ʠʩʧʳʪʫʝʤʘʷ ʨʝʰʝʪʢʘ ʧʨʦʬʠʣʝʡ ʠ 

ʥʝʢʦʪʦʨʦʛʦ ʨʦʜʘ ʚʳʭʦʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʈʝʰʝʪʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʫʛʦʣ 

ʥʘʙʝʛʘʥʠʷ ʥʘ ʧʨʦʬʠʣʴ ʤʝʥʷʣʩʷ. ʀʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʳʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʧʦʣʫʯʘʶʪʩʷ ʠʟ 

ʪʨʘʚʝʨʩ ʚʜʦʣʴ ʨʝʰʝʪʢʠ ʦʙʳʯʥʦ ʤʝʞʜʫ 0,5 ʠ 1,5 ʜʣʠʥʳ ʭʦʨʜʳ ʦʪ ʟʘʜʥʝʡ ʢʨʦʤʢʠ ʧʨʦʬʠʣʷ ʥʘ 

ʩʝʨʝʜʠʥʝ ʠʥʪʝʨʚʘʣʘ ʣʦʧʘʪʦʢ. 

 

 
ʈʠʩ. 2. ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʧʨʦʜʫʚʦʢ ʧʨʦʬʠʣʝʡ 

 

 ʇʣʦʩʢʘʷ ʨʝʰʝʪʢʘ ʧʨʦʬʠʣʝʡ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʟʚʝʨʪʢʠ 

ʚʳʜʝʣʝʥʥʦʡ ʚʥʫʪʨʠ ʣʦʧʘʪʦʯʥʦʛʦ ʚʝʥʮʘ ʢʦʣʴʮʝʚʦʡ ʨʝʰʝʪʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʩʝʜʥʠʤʠ  ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʩʝʯʝʥʠʷʤʠ ʩ ʨʘʜʠʫʩʘʤʠ r ʠ dr +r. ʇʨʠ ʨʘʟʚʦʨʦʪʝ ʥʘ 

ʧʣʦʩʢʦʩʪʴ ʢʦʣʴʮʝʚʦʡ ʨʝʰʝʪʢʠ ʠ ʫʚʝʣʠʯʝʥʠʠ  ʢʦʣʠʯʝʩʪʚʘ (ʘ ʪʘʢʞʝ ʚʳʩʦʪʳ) ʣʦʧʘʪʦʢ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   19 

 

ʙʝʩʧʨʝʜʝʣʴʥʦ ʧʦʣʫʯʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʘʷ ʧʣʦʩʢʘʷ ʨʝʰʝʪʢʘ ʧʨʦʬʠʣʝʡ (çʵʣʝʤʝʥʪʘʨʥʘʷ 

ʨʝʰʝʪʢʘè).  

 

 
 

ʈʠʩ. 3. ɺʳʜʝʣʝʥʠʝ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ 

 

ʀʩʧʳʪʘʥʠʷ ʪʘʢʦʡ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʠ ʧʦʤʦʛʘʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ. 

ʀʩʧʳʪʫʝʤʘʷ ʨʝʰʝʪʢʘ ʧʦʤʝʱʘʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʩʪʝʥʜ ʠʣʠ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʪʨʫʙʫ. 

ʀʟʤʝʥʷʷ ʫʛʦʣ ʥʘʙʝʛʘʥʠʷ ʧʦʪʦʢʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʧʨʦʬʠʣʷ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ :
 2 1( )fb = b ʠʣʠ 1( )fDb= b. ʇʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ( )f iDb=  , ʛʜʝ i  -ʫʛʦʣ ʘʪʘʢʠ, ʥʦ ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʠʜʝʘʣʴʥʳʤ ʧʨʦʪʝʢʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʙʝʟ 

ʦʪʩʪʘʚʘʥʠʷ ʥʘ ʚʳʭʦʜʝ). 

ɺ [2] ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʧʨʦʜʫʚʢʝ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʠʟ ʧʣʘʩʪʠʥ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 60ę. ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʚ ʨʝʰʝʪʢʝ ʦʪ 

ʝʸ ʛʫʩʪʦʪʳ ʠ ʫʛʣʘ ʚʳʭʦʜʘ ʧʦʪʦʢʘ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʚ ʨʝʰʝʪʢʝ ʦʪ 

ʢʨʠʚʠʟʥʳ ʠ ʫʛʣʘ ʚʭʦʜʘ ʧʦʪʦʢʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʛʫʩʪʦʪʝ. ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ 

ʚʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʚʝʣʠʯʠʥʫ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ ŭ, ʷʚʣʷʝʪʩʷ ʛʫʩʪʦʪʘ 

ʨʝʰʝʪʢʠ b/t. ɼʘʞʝ ʧʨʠ ʫʛʣʘʭ ʚʭʦʜʘ ʧʦʪʦʢʘ ɓ1, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʫʛʣʘ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʫʩʪʦʪʳ ʨʝʰʝʪʢʠ, ʫʛʦʣ ŭ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʚ ʨʝʰʝʪʢʝ ʦʪ ʝʸ ʛʫʩʪʦʪʳ ʠ ʫʛʣʘ ʚʭʦʜʘ ʧʦʪʦʢʘ [2] 
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ʕʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 3D 

CAD/CAE-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ CAE-ʩʠʩʪʝʤʝ ANSYS CFX. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ : ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʧʨʦʬʠʣʷ - 

60ę ʠ ʛʫʩʪʦʪʳ b/t 1. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ANSYS CFX ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʙʝʛʘʶʱʝʛʦ 

ʧʦʪʦʢʘ 150 ʤ/ʩ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʘʤʠ ʆʣʴʰʪʝʡʥʘ ʃ. ɽ. ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʘʚʪʦʤʦʜʝʣʝʥ ʧʦ 

ʩʢʦʨʦʩʪʠ ʥʘʪʝʢʘʥʠʷ ʥʘ ʨʝʰʝʪʢʫ (ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʧʦʪʦʢʘ ʦʪ ʫʛʣʘ ʘʪʘʢʠ).  

 

 
ʈʠʩ. 5. ʄʦʜʝʣʴ ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ ʚ ANSYS CFX 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ 3D CAD/CAE-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙr ʣʠ ʧʦʣʫʯʝʥʳ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʯʝʨʝʟ 

ʨʝʰʝʪʢʫ ʧʨʦʬʠʣʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʰʝʪʦʢ. ʋʛʦʣ ʚʳʭʦʜʘ ʧʦʪʦʢʘ ɓ2 ʠʟ ʨʝʰʝʪʢʠ 

ʟʘʤʝʨʷʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 12,5 ʤʤ, ʪ.ʢ ʥʘ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʠ ʩʦʚʧʘʣʠ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʠ. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʟʘʤʝʨʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʠ ʠ 

ʜʣʷ ʜʨʫʛʠʭ ʨʝʰʝʪʦʢ, ʪ.ʢ. ʭʦʨʜʘ ʧʣʘʩʪʠʥ ʥʝ ʠʟʤʝʥʷʣʘʩʴ, ʘ ʠʟʤʝʥʷʣʘʩʴ ʪʦʣʴʢʦ ʛʫʩʪʦʪʘ 

ʨʝʰʝʪʢʠ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʠʥʷʪʘ ʨʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʚ 150 ʤ/ʩ, ʪ.ʢ. ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʫʞʝ ʥʝ ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ ʘʚʪʦʤʦʜʝʣʴʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʯʠʥʘʶʪ çʨʘʩʩʣʘʠʚʘʪʴʩʷ ʧʦ 

ʩʢʦʨʦʩʪʠ ʥʘʪʝʢʘʥʠʷ ʥʘ ʨʝʰʝʪʢʫ.  

 

 
 

ʈʠʩ. 6. ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʚ ʨʝʰʝʪʢʝ ʧʨʦʬʠʣʝʡ ʚ ANSYS CFX 
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ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʨʘʩʯʝʪʘ ʚ ʩʨʝʜʝ ANSYS CFX ʜʘʥʥʳʤ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ 
1( )fDb= b ʠ TH tg 1= b ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

 
 

ʈʠʩ. 7. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʯʝʪʘ ʚ ʩʨʝʜʝ ANSYS CFX ʧʨʠ 

ʛʫʩʪʦʪʝ ʨʝʰʝʪʢʠ b/t=1 ʚ ʢʦʦʨʜʠʥʘʪʘʭ 
1( )fDb= b

 
 

 
 

ʈʠʩ. 8. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʘʩʯʝʪʘ ʚ ʩʨʝʜʝ ANSYS CFX                        

ʧʨʠ ʛʫʩʪʦʪʝ ʨʝʰʝʪʢʠ b/t=1 ʚ ʢʦʦʨʜʠʥʘʪʘʭ 
TH tg 1= b

 

 

ɺʓɺʆɼʓ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ, ʥʘʩʢʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʳ 3D CAD/CAE-

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʷ ʚ ʨʝʰʝʪʢʘʭ ʧʨʦʬʠʣʝʡ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʆʧʨʝʜʝʣʝʥʦ, ʥʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʚʳʭʦʜʘ ʠʟ ʨʝʰʝʪʢʠ ʩʣʝʜʫʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʧʦʪʦʢʘ ʠ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʣʘʥʠʨʫʝʪʩʷ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʳʚʝʜʝʥʥʦʡ ʘʚʪʦʨʘʤʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʰʝʪʦʢ ʧʨʦʬʠʣʝʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʜʫʚʦʢ ʨʝʰʝʪʦʢ ʧʨʦʬʠʣʝʡ 

ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ ʜʦʚʦʜʢʠ ʧʨʦʬʠʣʝʡ, ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚ ʮʝʣʦʤ, ʧʦʤʦʛʘʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ, ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʠ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʦʙʪʝʢʘʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CAE-ʧʘʢʝʪʦʚ ʪʠʧʘ ANSYS CFX 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʩ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʪʦʯʥʦʩʪʴʶ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʫʶ ʪʠʧʦʚʫʶ 

ʤʦʜʝʣʴ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʜʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʘʜʝʢʚʘʪʥʫ  ʁʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʫʶ  

ʧʦʛʨʝʰʥʦʩʪʴ ʠ ʚʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ (ʚ ʢʘʢʦʤ ʩʝʯʝʥʠʠ ʬʠʢʩʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʥʘ 

ʚʳʭʦʜʝ), ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ. 
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ɺɺɽɼɽʅʀɽ 

ɼʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʘʤʦʣʝʪʦʚ  ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ  ʢ  ʩʝʨʝʜʠʥʝ 20-ʪʳʭ ʛʦʜʦʚ 

ʥʘʰʝʛʦ ʚʝʢʘ  ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ  ʫʨʦʚʝʥʴ  ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʜʘʥʥʳʤ [2] ʧʨʝʜʧʦʣʘʛʘʝʪ 

60é70 % ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʫʤʝʥʴʰʝʥʠʝ ʥʘ 50 % ʫʨʦʚʥʷ ʵʤʠʩʩʠʠ ʧʦ ʉʆ2 ʠ ʥʘ 

75é80 % ʧʦ  Nʆʭ,  ʩʥʠʞʝʥʠʝ ʚʜʚʦʝ ʫʨʦʚʥʷ ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ ʰʫʤʘ ʠ ʜʨ.  

ɺʳʧʦʣʥʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʟʘʷʚʣʷʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʘʤʦʣʝʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʟʥʦʩʪʦʨʦʥʥʝʛʦ ʧʦʜʭʦʜʘ, 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʩʝʭ ʦʙʣʘʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʠ ʨʘʟʚʠʪʠʝʤ 

ʧʝʨʝʜʦʚʳʭ  ʪʝʭʥʦʣʦʛʠʡ.   

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʊʈɼɼ LEAP-X, ʝʛʦ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʚʠʛʘʪʝʣʷ. 

ɺʳʧʦʣʥʝʥ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ 

ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ. 

ɸʅɸʃʀɿ ʉʍɽʄʓ ʊʈɼɼ LEAP-X 

ʇʦ ʢʦʤʧʦʥʦʚʢʝ LEAP-X (ʨʠʩ. 1) ʚʧʦʣʥʝ ʪʨʘʜʠʮʠʦʥʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʦʜʥʘʢʦ, ʢʦʥʩʪʨʫʢʮʠʷ ʝʛʦ ʫʟʣʦʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʚ ʮʝʣʷʭ 

ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ [4]. ʄʘʩʩʫ ʜʚʠʛʘʪʝʣʷ LEAP-X 

ʥʘʤʝʯʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ (ʧʨʠʤʝʨʥʦ ʥʘ 80 ʢʛ) ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʣʦʧʘʪʦʢ 

ʪʫʨʙʠʥʳ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ 16 (ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ CFMI ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 11). ɼʨʫʛʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ, ʙʝʨʫʱʠʤ ʥʘʯʘʣʦ ʚ 

ʧʨʦʛʨʘʤʤʘʭ ʧʦ GE 90/GEnx ʠ ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʙʣʠʩʢʦʚ ʚ ʢʦʤʧʨʝʩʩʦʨʝ. ʆʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʜʚʠʛʘʪʝʣʷ LEAP-X ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

 
 

ʈʠʩ. 1. ʊʈɼɼ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ LEAP-X 

 

ʄʦʪʦʛʦʥʜʦʣʘ ʜʣʷ ʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʤʧʘʥʠʝʡ Aircelle, 

ʯʣʝʥʦʤ ʛʨʫʧʧʳ SAFRAN, ʙʫʜʝʪ ʙʦʣʝʝ ʣʝʛʢʦʡ ʠ ʦʙʪʝʢʘʝʤʦʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 



24   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʤʝʥʴʰʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʩʥʠʟʠʪʴ ʦʙʱʠʡ ʚʝʩ [4]. ɿʘʧʣʘʥʠʨʦʚʘʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʝʩʘ ʙʫʜʝʪ 

ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ  80% ʛʦʥʜʦʣʳ. ɹʦʣʝʝ 

ʪʦʛʦ, ʥʦʚʳʡ ʜʠʟʘʡʥ ʢʦʨʧʫʩʘ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘ ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ. ɼʨʫʛʠʝ ʧʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʵʣʝʢʪʨʠʬʠʢʘʮʠʶ ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ, ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʟʤʝʨʦʚ ʥʝʢʦʪʦʨʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʠʣʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʧʣʘ ʩ ʠʟʤʝʥʷʝʤʦʡ ʛʝʦʤʝʪʨʠʝʡ. 

LEAP-X [5] ʙʫʜʝʪ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʩʦ ʩʪʝʧʝʥʴʶ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ  

ʧʦʨʷʜʢʘ 10, ʜʠʘʤʝʪʨʦʤ ʚʝʥʪʠʣʷʪʦʨʘ ʦʪ 70 ʜʦ 74 ʜʶʡʤʦʚ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ. ʊʷʛʘ 

ʜʚʠʛʘʪʝʣʷ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 91é159  ʢʅ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʩʪʦʷʱʠʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʦʤʧʦʟʠʪʦʚ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʝʡ, ʘʣʶʤʠʥʠʜʘ ʪʠʪʘʥʘ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (ʪʘʢʠʭ ʢʘʢ 3D-ʧʣʝʪʝʥʳʝ ʜʝʪʘʣʠ ʩ ʧʣʘʩʪʠʢʦʚʳʤ ʧʝʨʝʜʝʣʦʤ). ʕʪʠ ʠʥʥʦʚʘʮʠʠ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʨʧʫʩʘ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʣʦʧʘʪʦʢ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʫʨʙʠʥʳ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʧʝʨʚʳʝ ʙʫʜʝʪ ʦʩʥʘʱʝʥʘ ʣʦʧʘʪʢʘʤʠ ʠʟ 

ʢʦʤʧʦʟʠʪʘ ʩ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ. ʂʦʥʩʪʨʫʢʮʠʷ ʤʦʜʫʣʷ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʪʫʨʙʠʥʳ ʥʠʟʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ 200 ʠ 125 ʢʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʭʥʦʣʦʛʠʝʡ 

CFM56. ʊʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʨʫʛʠʭ ʜʝʪʘʣʝʡ LEAP-X, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʪʨʝʭʤʝʨʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3-ʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 

 

 

ʊʘʙʣʠʮʘ 1 
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ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 
ɺʟʣʝʪʥʳʡ ʨʝʞʠʤ 

(ʅ=0; ʄʧ=0) 

ʂʨʝʡʩʝʨʩʢʠʡ ʨʝʞʠʤ 

(ʅ=10668; ʄʧ=0,85) 

ʊʷʛʘ, ʢʅ  90é159 26,05 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, (ʛ/ʩ)/ʢʅ  8,262 14,86 

ʉʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ   10 

ʇʦʣʥʘʷ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ   43,68 

Dʚ, ʤʤ  1880 

ɹʘʟʦʚʘʷ ʤʘʩʩʘ, ʢʛ  2062 

ʏʠʩʣʦ ʩʪʫʧʝʥʝʡ ʢʦʤʧʨʝʩʩʦʨʘ  1F+(3é4)L, 8H 

ʏʠʩʣʦ ʩʪʫʧʝʥʝʡ ʪʫʨʙʠʥʳ  1H+(4é5)L 

ʇʨʠʤʝʥʝʥʠʝ  Airbus A320neo, Boeing 737 ʄɸʍ, C919 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʘʟʦʚʦʛʦ ʊʈɼɼ LEAP-X [2] ʷʚʣʷʶʪʩʷ (ʨʠʩ. 2): 

¶ ʢʦʨʧʫʩ ʠ ʰʠʨʦʢʦʭʦʨʜʥʳʝ ʣʦʧʘʪʢʠ ʈʂ ʚʝʥʪʠʣʷʪʦʨʘ (zʚ=18) ʩ ʧʝʨʝʤʝʥʥʦʡ ʧʦ 

ʚʳʩʦʪʝ ʩʪʨʝʣʦʚʠʜʥʦʩʪʴʶ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʩʠʣʝʥʥʦʛʦ 

ʚʦʣʦʢʥʘʤʠ ʫʛʣʝʨʦʜʘ; 

¶ 10-ʩʪʫʧʝʥʯʘʪʳʡ ʂɺɼ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ˊ
*
ʢ>22 ʩʦ 

ʩʪʫʧʝʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʙʣʠʩʢ, ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʯʠʩʣʦʤ ʧʨʦʬʠʣʝʡ, ʫʚʝʣʠʯʝʥʥʳʤʠ ʟʘʧʘʩʦʤ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʂʇɼ; 

¶ ʤʘʣʦʵʤʠʩʩʠʦʥʥʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ TAPS II, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʟʘʧʘʩ ʧʦ ʫʨʦʚʥʶ 

ʵʤʠʩʩʠʠ NOx ʚ 60% ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤ ʉɸɽʈ6 ʀʂɸʆ ʠ ʦʙʣʘʜʘʶʱʘʷ ʙʦʣʴʰʠʤ ʨʝʩʫʨʩʦʤ 

(25000 ʧ.ʮ.); 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   25 

 

¶ 2-ʩʪʫʧʝʥʯʘʪʘʷ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʘʷ ʊɺɼ ʩ ʣʦʧʘʪʢʘʤʠ ʉɸ ʠʟ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʈʂ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ATAMS; 

¶ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʊʅɼ ʩ ʣʦʧʘʪʢʘʤʠ ʉɸ ʠ ʈʂ ʠʟ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʤʝʶʱʘʷ ʧʨʦʪʠʚʦʚʨʘʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʪʦʨʘ ɺɼ; 

¶ ʧʨʦʬʠʣʠ ʣʦʧʘʪʠʦʢ ʉɸ ʠ ʈʂ ʊɺɼ ʠ ʊʅɼ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʠʟʢʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʢʘʯʢʦʚ ʫʧʣʦʪʥʝʥʠʷ ʥʘ ʚʳʭʦʜʝ; 

¶ ʜʠʩʢʠ ʊɺɼ ʠ ʊʅɼ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʩʧʣʘʚʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ; 

¶ ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʝ ʩʦʧʣʦ ʢʘʥʘʣʘ ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʘ. 

 

 
ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʊʈɼɼ LEAP-X 

 

ɼʚʠʛʘʪʝʣʴ LEAP ʚʦʙʨʘʣ ʚ ʩʝʙʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʉʦʯʝʪʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʩʚʦʝʛʦ ʚʝʩʘ, ʥʦʚʳʡ ʜʚʠʛʘʪʝʣʴ [5]:  

¶ ʫʣʫʯʰʠʪ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 15%; 

¶ ʩʦʢʨʘʪʠʪ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʥʘ 50% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ 

CAEP/6; 

¶ ʩʥʠʟʠʪ ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘ 15 ʜɹ (EPNdB) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ CFM56 ʚʝʨʩʠʠ Tech Insertion. 

 

ʂʃʖʏɽɺʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʇʈʀʄɽʅʗɽʄʓɽ ʇʈʀ ʉʆɿɼɸʅʀʀ LEAP-X 

ʆʩʥʦʚʥʳʤʠ ʢʣʶʯʝʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʚʠʛʘʪʝʣʷ LEAP-X [1] 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ (ʨʠʩ. 3). 

ɺʝʥʪʠʣʷʪʦʨ.  ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʡ ʚʝʥʪʠʣʷʪʦʨ ʩ ʣʦʧʘʪʢʘʤʠ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʣʝʪʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʪʨʝʭʤʝʨʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3-ʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʆʪʣʘʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʫʚʝʣʠʯʠʪʴ ʞʝʩʪʢʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʣʦʧʘʪʦʢ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʤʘʩʩʳ ʚʝʥʪʠʣʷʪʦʨʘ. 

ɺʝʜʫʪʩʷ ʨʘʙʦʪʳ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ ʤʘʣʦʰʫʤʥʦʛʦ ʰʠʨʦʢʦʭʦʨʜʥʦʛʦ 

ʚʝʥʪʠʣʷʪʦʨʘ ʩʦ ʩʪʨʝʣʦʚʠʜʥʳʤʠ ʣʦʧʘʪʢʘʤʠ ʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ. 

ʇʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʠʤʝʥʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʘ ʩʦ ʩʪʨʝʣʦʚʠʜʥʳʤʠ, 

ʰʠʨʦʢʦʭʦʨʜʥʳʤʠ ʣʦʧʘʪʢʘʤʠ ʧʦʟʚʦʣʠʪ: 

¶ ʫʚʝʣʠʯʠʪʴ ʂʇɼ; 

¶ ʫʚʝʣʠʯʠʪʴ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʧʨʠ ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ; 



26   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

¶ ʫʚʝʣʠʯʠʪʴ ʪʷʛʫ ʜʚʠʛʘʪʝʣʷ, ʧʨʠ ʪʦʤ ʞʝ ʜʠʘʤʝʪʨʝ ʚʝʥʪʠʣʷʪʦʨʘ; 

¶ ʫʤʝʥʴʰʠʪʴ ʫʨʦʚʝʥʴ ʰʫʤʘ. 

ʇʦʜʧʦʨʥʘʷ ʩʪʫʧʝʥʴ ʙʝʟ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʢʣʘʧʘʥʘ ʧʝʨʝʧʫʩʢʘ (Variable Bypass 

Valve, VBV). ʎʝʣʴ ʚʥʝʩʝʥʠʷ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʜʚʠʛʘʪʝʣʷ ï ʧʦʚʳʰʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʧʦʜʧʦʨʥʳʭ ʩʪʫʧʝʥʝʡ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʝʥʳ: 

¶ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʙʝʟ ʢʣʘʧʘʥʘ VBV. 

¶ ʨʘʙʦʪʳ ʧʦ ʥʘʜʨʦʪʦʨʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ; 

¶ ʚʳʙʦʨ ʢʦʥʮʝʧʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʛʨʘʜʘ; 

¶ ʠʩʧʳʪʘʥʠʷ ʥʘʜʨʦʪʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʫʤʝʥʴʰʝʥʥʦʡ ʤʦʜʝʣʠ ʚʝʥʪʠʣʷʪʦʨʘ; 

¶ ʠʩʧʳʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʦʩʥʘʱʝʥʥʦʛʦ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ TAPS ʠ ʫʩʪʨʦʡʩʪʚʦʤ 

ʦʙʥʘʨʫʞʝʥʠʷ ʛʨʘʜʘ. 

¶ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʢʣʘʧʘʥʘ VBV ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʭʫʜʰʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʧʦʨʥʳʭ ʩʪʫʧʝʥʝʡ ʠ ʜʚʠʛʘʪʝʣʷ. 

 

 
 

ʈʠʩ. 3. ʂʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʩʦʟʜʘʥʠʠ LEAP-X 

 

ʋʩʪʨʦʡʩʪʚʦ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʦʢ (Load Reduction Device, LRD). ʆʥʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʜʠʩʙʘʣʘʥʩʘ ʧʨʠ ʦʙʨʳʚʝ ʣʦʧʘʪʢʠ. ʋʩʪʨʦʡʩʪʚʦ LRD 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʦʣʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʨʧʫʩʘ ʠ ʩʨʘʙʘʪʳʚʘʝʪ ʤʛʥʦʚʝʥʥʦ ʚ ʩʣʫʯʘʝ 

ʦʙʨʳʚʘ ʣʦʧʘʪʢʠ ʚʝʥʪʠʣʷʪʦʨʘ, ʨʘʟʲʝʜʠʥʷʷ ʢʘʩʢʘʜ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ 

ʜʚʠʛʘʪʝʣʷ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʜʚʠʛʘʪʝʣʷ ʥʘ 90 ʢʛ ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ 

ʧʨʦʩʪʦʡ ʠ ʣʝʛʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʨʧʫʩʘ ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʧʠʣʦʥʘ. 

ʂʦʤʧʨʝʩʩʦʨ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʅʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʂɺɼ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʥʠʞʝʥʠʝ 

ʩʪʦʠʤʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠ ʫʣʫʯʰʝʥʠʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʢʦʤʧʨʝʩʩʦʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʦʪʦʨʳ ʪʠʧʘ çʙʣʠʩʢè ʩ ʣʦʧʘʪʢʘʤʠ ʦʙʨʘʪʥʦʡ 

ʩʪʨʝʣʦʚʠʜʥʦʩʪʠ ʠ ʩʪʘʪʦʨʳ ʩ ʥʘʢʣʦʥʥʳʤʠ ʩʪʨʝʣʦʚʠʜʥʳʤʠ ʣʦʧʘʪʢʘʤʠ. 

ʂʘʤʝʨʘ ʩʛʦʨʘʥʠʷ TAPS II . ɺ ʜʚʠʛʘʪʝʣʝ LEAP-X ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   27 

 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ TAPS II ʦʪ ʜʚʠʛʘʪʝʣʷ GE 90/GEnx, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʬʠʨʤʦʡ General Electric. ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ TAPS (Twin-Annular Pre-Mixed 

Swirler) ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʤʠʩʩʠʠ. ʂʦʤʧʘʥʠʷ GEAE ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʧʘʪʝʥʪʦʚ ʥʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʩʥʘʱʝʥʳ ʜʚʫʭʲʷʨʫʩʥʳʤʠ ʟʘʚʠʭʨʠʪʝʣʷʤʠ ʩ 

ʟʘʢʨʫʪʢʦʡ ʧʦʪʦʢʘ. ʉʦʟʜʘʚʘʷ ʤʦʱʥʳʝ ʚʠʭʨʝʚʳʝ ʧʦʪʦʢʠ, ʪʘʢʠʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʫʶ ʧʦʜʛʦʪʦʚʢʫ ʦʜʥʦʨʦʜʥʦʡ ʪʦʧʣʠʚʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʉ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʦʧʣʠʚʥʳʝ ʬʦʨʩʫʥʢʠ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ 

ʵʤʠʩʩʠʠ NOx, CO ʠ HC ʙʦʣʝʝ ʯʝʤ ʥʘ 50%. ʊʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ.  

ɺ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ TAPS ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, 

ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʤʠʢʨʦʣʘʤʠʥʠʪʳ. ʄʠʢʨʦʣʘʤʠʥʠʪʳ ʩʦʩʪʘʚʣʷʶʪʩʷ ʠʟ ʪʦʥʢʠʭ ʩʣʦʝʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʢʝʨʘʤʠʯʝʩʢʦʡ ʬʦʣʴʛʠ, ʢʦʪʦʨʳʝ ʩʧʨʝʩʩʦʚʘʥʳ ʚʤʝʩʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʯʫʪʴ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʣʣʘ. ʄʠʢʨʦʣʘʤʠʥʠʪʳ ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ, ʘ 

ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʦʡ ʟʘʤʝʥʳ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʬʦʨʩʫʥʦʢ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ TAPS, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʞʠʤʘ ʧʦʣʝʪʘ ʩʘʤʦʣʝʪʘ, ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ICAO ʧʦ ʚʳʙʨʦʩʫ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʶʣʴ 2001 ʛ., ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʢʘʤʝʨʘ 

ʩʛʦʨʘʥʠʷ TAPS ʧʦʟʚʦʣʷʝʪ ʧʦʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʵʤʠʩʩʠʠ NOx ʥʘ 65%, ʘ ʥʝ ʥʘ 50%, ʢʘʢ 

ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʨʘʥʝʝ. 

ʊʫʨʙʠʥʘ. ʃʦʧʘʪʢʠ ʪʫʨʙʠʥʳ LEAP-X ʥʘʤʝʯʘʶʪ ʠʟʛʦʪʦʚʣʷʪʴ ʠʟ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʪʨʦʝ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʘʣʣʘʤʠ.  

ʆʙʲʝʜʠʥʝʥʠʝ CFMI ʧʨʠʜʘʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʚʘʨʠʘʥʪʦʚ 

ʊɺɼ ʠ ʊʅɼ. ʊʦʣʴʢʦ ʦʥʦ ʦʙʣʘʜʘʝʪ ʩʝʤʝʡʩʪʚʦʤ ʜʚʠʛʘʪʝʣʝʡ ʩ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʊɺɼ ʜʣʷ 

ʩʘʤʦʣʝʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ, ʥʘʨʘʙʦʪʘʚʰʠʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʦʣʝʝ 170 ʤʣʥ. ʯ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʫʨʙʠʥʳ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʊɺɼ ʠ ʊʅɼ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʚʨʘʱʝʥʠʝʤ ʨʦʪʦʨʦʚ. 

1. ʂʦʥʩʪʨʫʢʮʠʷ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʚʨʘʱʝʥʠʝʤ ʨʦʪʦʨʦʚ ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ, ʩʪʦʠʤʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʠ ʟʘʪʨʘʪʳ ʚʦʟʜʫʭʘ ʥʘ 

ʦʭʣʘʞʜʝʥʠʝ. 

2. ʉʧʝʮʠʘʣʠʩʪʳ CFMI ʦʩʪʘʶʪʩʷ ʩʪʦʨʦʥʥʠʢʘʤʠ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʩʪʦʪʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʊɺɼ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʥʠʤʘʶʪ ʩʣʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʂʇɼ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ. 

3. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʪʫʨʙʠʥ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʥʘ: 

4. ʘ) ʜʣʷ ʊɺɼ: 

¶ ʨʘʟʨʘʙʦʪʢʫ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʪʫʨʙʠʥʳ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʥʘ ˊ*
ʪ=4,6 ʩ ɖʪ=0,905; 

¶ ʧʨʠʤʝʥʝʥʠʝ 3D ʘʵʨʦʜʠʥʘʤʠʢʠ ʜʣʷ ʣʦʧʘʪʦʢ ʉɸ ʠ ʈʂ; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʣʦʧʘʪʦʢ ʉɸ ʠ ʈʂ ʥʘ 10%; 

¶ ʧʨʠʤʝʥʝʥʠʝ ʩʭʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʣʦʧʘʪʦʢ ʉɸ ʩ ʥʠʟʢʠʤʠ ʧʦʪʝʨʷʤʠ ʥʘ ʩʤʝʰʝʥʠʝ; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʢʘʯʢʘ ʫʧʣʦʪʥʝʥʠʷ ʥʘ ʟʘʜʥʝʡ ʢʨʦʤʢʝ ʣʦʧʘʪʦʢ ʈʂ ʥʘ 
50%; 

¶ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʥʘ 22%. 

ʙ) ʜʣʷ ʊʅɼ: 

¶ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʜʝʪʘʣʝʡ ʥʘ 35%; 

¶ ʫʣʫʯʰʝʥʠʝ ʦʙʪʝʢʘʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʊɺɼ. 

ʑʝʪʦʯʥʳʝ ʫʧʣʦʪʥʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʟʘʚʝʨʰʝʥʘ ʩʝʨʠʷ ʠʩʧʳʪʘʥʠʡ 

ʱʝʪʦʯʥʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʜʚʠʛʘʪʝʣʝ CFM56-5B. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʱʝʪʦʯʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʣʘʙʠʨʠʥʪʥʳʤʠ ʫʧʣʦʪʥʝʥʠʷʤʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʫʪʝʯʢʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 

40%. 



28   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʊɽʈʄʆɻɸɿʆɼʀʅɸʄʀʏɽʉʂʀʁ ʆɹʃʀʂ ʊʈɼɼ LEAP-X 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʜʚʠʛʘʪʝʣʷ LEAP-X ʚʳʧʦʣʥʝʥ 

ʪʝʨʤʦʛʘʟʦʜʠʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʥʘ ʢʨʝʡʩʝʨʩʢʦʤ ʨʝʞʠʤʝ ʚ ʩʨʝʜʝ GasTurb. ɼʣʷ ʵʪʦʛʦ 

ʚʳʙʠʨʘʝʤ ʩʭʝʤʫ ʜʚʫʭʚʘʣʴʥʦʛʦ ʊʈɼɼ ʙʝʟ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ (ʨʠʩ. 4). 

 
 

ʈʠʩ. 4. ʉʭʝʤʘ ʜʚʫʭʚʘʣʴʥʦʛʦ ʊʈɼɼ ʙʝʟ ʩʤʝʰʝʥʠʷ ʧʦʪʦʢʦʚ 

 ʜʣʷ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʚ ʩʨʝʜʝ GasTurb  

 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʟʣʦʚ ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ 

ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʜʚʠʛʘʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ CFMI, ʘ ʪʘʢʞʝ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ 

ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2, 3. 

 

ʊʘʙʣʠʮʘ 2 

ʆʙʱʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 

ʆʙʦʟʥʘʯʝ-

ʥʠʝ 
ɿʥʘʯʝʥʠʝ 

ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

ʀʩʪʦʯʥʠʢ 

ʊʷʛʘ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʢʨʝʡʩʝʨʩʢʦʤ ʨʝʞʠʤʝ 
ʈʢʨ 26050 ʅ 

--- 

ʈʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 

ʜʚʠʛʘʪʝʣʴ 
Gʚ0 435 ʢʛ/ʩ 

--- 

ʉʪʝʧʝʥʴ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ m 10 --- [4] 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʝʨʝʜ 

ʪʫʨʙʠʥʦʡ 
ʊ

*
ʛ 1730 K 

--- 

ʉʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ 
p

*
ʢS 43,68 --- 

--- 

ʉʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʚʝʥʪʠʣʷʪʦʨʝ 
p

*
ʚ 1,95 --- 

--- 

ʉʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʧʦʨʥʳʭ 

ʩʪʫʧʝʥʷʭ 
p

*
ʧʩ 1,4 --- 

--- 

ʉʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʂɺɼ p
*
ʢʚʜ

 16 --- 
[4] 
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ʊʘʙʣʠʮʘ 3 

ʇʘʨʘʤʝʪʨʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ 

ʇʘʨʘʤʝʪʨ ʆʙʦʟʥʘʯʝʥʠʝ ɿʥʘʯʝʥʠʝ ʀʩʪʦʯʥʠʢ 

ʂʇɼ ʚʝʥʪʠʣʷʪʦʨʘ ʧʦ ʥʠʟʫ h
*
ʚ1 0,92 [2] 

ʂʇɼ ʚʝʥʪʠʣʷʪʦʨʘ ʧʦ ʚʝʨʭʫ h
*
ʚ2 0,92 [2] 

ʂʇɼ ʧʦʜʧʦʨʥʳʭ ʩʪʫʧʝʥʝʡ h
*
ʧʩ 0,890 --- 

ʂʇɼ ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ h
*
ʢʚʜ 0,875 --- 

ʂʇɼ ʪʫʨʙʠʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ h
*
ʪʚʜ 0,915 --- 

ʂʇɼ ʪʫʨʙʠʥʳ ʚʝʥʪʠʣʷʪʦʨʘ h
*
ʪʚ 0,93 --- 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʂʇɼ ʪʫʨʙʠʥʳ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ 
h

*
ʤʝʭ ʚʜ 0,985 

--- 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʢʧʜ ʪʫʨʙʠʥʳ ʚʝʥʪʠʣʷʪʦʨʘ h
*
ʤʝʭ ʚ 0,995 --- 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ ʚ ʂʉ   h
*
ʛ 0,990 [3, ʩ.308] 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ, ʦʪʙʠʨʘʝʤʦʛʦ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ 

ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʊɺɼ ʠ ʉɸ  
 ʪʪɺʦʭʣ

G  
0,08 

[3, ʩ.312] 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ, ʦʪʙʠʨʘʝʤʦʛʦ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ 

ʜʣʷ ʊɺ   
 ʪʪʦʭʣ

G  0 

[3, ʩ.312] 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ  ʥʘ  

ʫʪʝʯʢʠ  ʚ ʤʘʩʣʷʥʫʶ ʠ ʨʘʟʛʨʫʟʦʯʥʫʶ 

ʧʦʣʦʩʪʠ    
óòG  0,008 

[3, ʩ.312] 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʂʉ 
sʢ.ʩ. 0,96 

[3, ʩ.307] 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʟʘ ʚʝʥʪʠʣʷʪʦʨʦʤ ʧʦ ʥʠʟʫ  
sʚʭ.ʧʩ 0,99 

[3, ʩ.311] 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʝ ʧʝʨʝʜ ʢʦʤʧʨʝʩʩʦʨʦʤ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ    
sʚʭ ʢʚʜ 0,98 

[3, ʩ.311] 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʟʘ ʊɺɼ 
sʚʭ ʪʥʜ 0,98 

[3] 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʚ ʩʦʧʣʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ   
jʩ1 0,98 

[3, ʩ.311] 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʢʦʨʦʩʪʠ ʚ ʩʦʧʣʝ 

ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʘ  
jʩ2 0,98 

[3, ʩ.311] 

ɺʳʩʦʪʘ ʧʦʣʝʪʘ, ʤ H 11000 --- 

ʏʠʩʣʦ ʄʘʭʘ ʧʦʣʝʪʘ ʄ 0,8 --- 

 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʜʚʠʛʘʪʝʣʷ LEAP-X ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4. 
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ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʚʠʛʘʪʝʣʷ LEAP-X ʚ ʩʨʝʜʝ GasTurb 9 

Station W T                                                                              P  WRstd FN 26,06 

 amb                 216,65        22,632                                   TSFC   15,0186 

2 160,852           244,44        34,509             435,000         WF   0,39138 

13 146,229           300,38        67,293                                    BPR 10,0000 

21 14,623            332,72        94,210              16,900          s NOx     0,6460 

25 14,623             332,72        93,267              17,071         Core Eff 0,5872 

3 14,550             771,72       1492,28

0           

1,617           Prop Eff 0,7457 

31 13,307             771,72      1492,28

0                                     

   

4 13,698            1730,00     1432,58

8            

2,374           P3/P2     43,2432 

41 14,429             1686,07     1432,58

8            

2,469            P16/P13   0,98000 

43 14,429             1317,43      427,380                                 P16/P6    1,81340 

44 14,868             1302,71      427,380                                 P16/P2    1,91100 

45 14,868             1302,71      418,833             7,648          P6/P5     0,99000 

49 14,868              764,30        36,734                                  A8 0,30774 

5 14,941 762,35    36,734              67,035        A18 0,99036 

8 15,014              762,40        36,366              68,045        P8/Pamb   1,60686 

18 146,229         300,38        65,947              229,395       P18/Pam

b 

2,91386 

P2/P1 1,0000                                                                               CD8          0,94454 

Efficiencies: isentr polytr RNI P/P           CD18 0,9600 

Outer LPC 0,9200       0,9272          0,449       1,950          XM8 0,86 

Inner LPC 0,9200      0,9304          0,449         2,730        XM18 1,00000 

HPCompress

or 

0,8750       0,9119           0,722        16,000       V18/V8,i

d   

0,90123 

Burner 0,9900                                              0,960        Loading 

% 

100,00 

HP Turbine 0,9150       0,9035         0,742             3,352        PWX 0 

LP Turbine 0,9300       0,9068          0,332         11,402       ZWBLD 0,00000 

HP 

Spoolmech 

0,9850          Nominal 

Spd 

15183    WBLD/

W21 

0,00000 

LP 

Spoolmech 

0,9950        Nominal 

Spd   

5380  WHcl/W

25 

0,03000 

     WLcl/W

25 

0,00500 

Fuel FHV humidity    war2    

Generic 43,124        0,0     0,0    

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʜʚʠʛʘʪʝʣʷ LEAP-X ʙʳʣ 

ʚʦʩʩʪʘʥʦʚʣʝʥ ʝʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʦʙʣʠʢ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʚʠʛʘʪʝʣʴ LEAP-X ʧʨʠ ʪʦʡ ʞʝ ʢʨʝʡʩʝʨʩʢʦʡ ʪʷʛʝ ʙʫʜʝʪ 

ʵʢʦʥʦʤʠʯʥʝʝ ʧʦ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʥʘ 12 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʜʚʠʛʘʪʝʣʷʤʠ 

CFM56-5, -7.  

ɺʓɺʆɼ 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʊʈɼɼ LEAP-X ʙʫʜʝʪ ʵʢʦʥʦʤʠʯʥʝʝ ʧʦ 

ʫʜʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʠ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ (ʩ ʫʨʦʚʥʝʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʥʘ  

2015-2020 ʛʛ.), ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʊʈɼɼ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʆʜʥʘʢʦ ʜʣʷ 
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ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ NASA ʠ ACARE (ʩ ʫʨʦʚʥʝʤ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʥʘ  2020-2025 ʛʛ.) ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ ʧʨʦʨʘʙʦʪʢʘ ʨʘʟʣʠʯʥʳʭ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʩʭʝʤ ʜʚʠʛʘʪʝʣʝʡ (çOpen rotorè, ʛʠʙʨʠʜʥʘʷ ʉʋ, ʉʋ ʩ ʚʳʥʦʩʥʳʤ 

ʚʠʥʪʦʚʝʥʪʠʣʷʪʦʨʦʤ ʠ ʜʨ.) ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʘʤʦʣʝʪʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 
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ʉʆʉʊɸɺʃɽʅʅʓʍ ʀɿ ʊʆʅʂʀʍ ʅɽʀɿʆɻʅʋʊʓʍ ʇʃɸʉʊʀʅ 

 

ʂʨʠʚʦʰʝʝʚ ʀ. ɸ., ʈʘʭʤʘʥʢʫʣʦʚ ɼ. ʗ. 

 
ɺʚʝʜʝʥʠʝ 

ʉʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ï ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʦʮʝʩʩ, 

ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ, ʛʦʨʝʥʠʷ ʠ 

ʪʝʧʣʦʦʙʤʝʥʘ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʪʝʦʨʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʙʝʩʧʝʯʝʥʠʶ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʦʤʧʨʝʩʩʦʨʘ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʧʨʦʬʠʣʝʡ. ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʧʦʣʥʦ ʠʟʫʯʝʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʰʝʪʦʢ, ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʟʚʘʥʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʨʘʙʦʪʢʫ, ʦʩʫʱʝʩʪʚʠʪʴ ʤʦʜʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʪʫʨʙʦʤʘʰʠʥ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʟʚʠʪʠʠ ʙʦʣʝʝ ʦʙʱʠʭ ʤʦʜʝʣʝʡ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʣʦʧʘʪʦʯʥʦʡ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ çʵʣʝʤʝʥʪʘʨʥʘʷ ʨʝʰʝʪʢʘ 

ʧʨʦʬʠʣʝʡè, ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʧʣʦʩʢʘʷ ʨʝʰʝʪʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʢʦʣʴʮʝʚʫʶ ʨʝʰʝʪʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ ʠʣʠ ʥʝʧʦʜʚʠʞʥʦʤʫ ʘʧʧʘʨʘʪʫ, 

ʨʘʩʯʣʝʥʠʪʴ ʥʘ ʵʣʝʤʝʥʪʳ ʩ ʜʚʫʤʝʨʥʳʤ ʧʦʪʦʢʦʤ. ʇʣʦʩʢʘʷ ʨʝʰʝʪʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩʫʥʢʝ 1, ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʯʝʥʠʷ ʢʦʣʴʮʝʚʦʡ  ʨʝʰʝʪʢʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʚʝʨʪʢʦʡ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʣʦʩʢʦʩʪʴ[1]:  

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʨʝʰʝʪʢʠ 

 

ʍʘʨʘʢʪʝʨ ʦʙʪʝʢʘʥʠʷ ʧʦʪʦʢʦʤ ʨʝʰʝʪʢʠ ʦʧʨʝʜʝʣʷʶʪ ʫʛʣʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠʣʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ (ʣʦʧʘʪʦʯʥʳʝ): 

ɓ1 ï ʫʛʦʣ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʨʝʰʝʪʢʫ; 

ɓ2 ï ʫʛʦʣ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʰʝʪʢʠ; 

ɓ1ʣ ʠ ɓ2ʣ - ʫʛʣʳ ʤʝʞʜʫ ʢʘʩʘʪʝʣʴʥʳʤʠ ʢ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʠ ʬʨʦʥʪʦʤ ʨʝʰʝʪʢʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʢʨʦʤʢʠ ʧʨʦʬʠʣʷ;  

i ï ʫʛʦʣ ʘʪʘʢʠ; i= ɓ1ʣ - ɓ1;  

ŭ - ʫʛʦʣ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʰʝʪʢʠ;   ŭ = ɓ2ʣ ï ɓ2; 

ɗ ï ʫʛʦʣ ʢʨʠʚʠʟʥʳ ʧʨʦʬʠʣʷ 

ʈʝʰʝʪʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

t ï ʰʘʛ ʨʝʰʝʪʢʠ, ʨʘʚʥʳʡ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʜʚʫʤʷ ʦʜʥʦʠʤʝʥʥʳʤʠ ʪʦʯʢʘʤʠ 
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ʩʦʩʝʜʥʠʭ ʧʨʦʬʠʣʝʡ; 

b/t ï ʛʫʩʪʦʪʘ ʨʝʰʝʪʢʠ (ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʰʘʛʦʤ); 

æɓ ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʧʦʪʦʢʘ ʚ ʨʘʙʦʯʝʡ ʨʝʰʝʪʢʝ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚʝʢʪʦʨʘʤʠ 

ʩʢʦʨʦʩʪʝʡ W1 ʠ W2; 

ʆʧʫʙʣʠʢʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ (ŭ) ʦʪ ʛʫʩʪʦʪʳ 

ʨʝʰʝʪʢʠ ʧʣʘʩʪʠʥʳ (b/t) ʠ ʫʛʣʘ ʚʭʦʜʘ ʧʦʪʦʢʘ (ɓ1) (ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʧʣʘʩʪʠʥ ʩʦʩʪʘʚʣʷʝʪ 

ʚʝʣʠʯʠʥʫ ű = 60Á) [1, ʩʪʨ.154]: 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ ʚ ʨʝʰʝʪʢʝ ʧʣʘʩʪʠʥ ʦʪ ʛʫʩʪʦʪʳ ʨʝʰʝʪʢʠ ʧʣʘʩʪʠʥʳ                  

ʠ ʫʛʣʘ ʚʭʦʜʘ ʧʦʪʦʢʘ 

 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʚʪʦʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʙʳʭ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ, 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʪʦʥʢʠʭ ʥʝʠʩʢʨʠʚʣʝʥʥʳʭ ʧʣʘʩʪʠʥ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʜʦʙʩʪʚʘ ʘʥʘʣʠʟʘ ʠ 

ʨʘʩʯʝʪʘ ʚʚʝʜʝʥ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʦʩʝʚʦʡ 

ʩʢʦʨʦʩʪʠ ʢ ʦʢʨʫʞʥʦʡ [2]: 

ὧὥ=
ὧὥ
ό

= ὸὫ‍1.                                                                                 (1)  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ ὧὥʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʫ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩʢʦʨʦʩʪʝʡ 
ʥʘ ʨʘʩʯʝʪʥʦʤ ʨʘʜʠʫʩʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʦʧʘʪʦʯʥʳʭ ʤʘʰʠʥ. 

ɸʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʭʘʨʘʢʪʝʨʥʦʡ ʩʢʦʨʦʩʪʠ u ʚʚʦʜʷʪ ʙʝʟʨʘʟʤʝʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ, ʜʣʷ ʦʮʝʥʢʠ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʧʝʨʝʜʘʚʘʪʴ ʛʘʟʫ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʠʩʧʦʣʴʟʫʶʪ  ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ [2]: 

Ὄʪ=
Ὄʪ
ό2

= 1
ὸὫ‍1

ὸὫ(‍2̌ (‏
,                                                                 (2) 

ʛʜʝ ʅʪ ï ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ, ʧʦʜʚʝʜʝʥʥʘʷ ʢ ʛʘʟʫ, ʥʘʟʳʚʘʝʤʘʷ  ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʥʘʧʦʨʦʤ. 

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʭʦʜʘ                    

ʜʣʷ ʧʣʦʩʢʠʭ ʧʣʘʩʪʠʥ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʧʨʦʱʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 3) ʜʣʷ 
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ʜʠʘʧʘʟʦʥʘ ʛʫʩʪʦʪ, ʜʘʥʥʳʭ ʥʘ ʨʠʩ. 1, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʭʦʜʘ ʣʠʥʝʡʥʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʠʧʦʪʝʟʦʡ  

ʆʣʴʰʪʝʡʥʘ ʃ. ɽ. [3]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʦʱʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʭʦʪʷ ʙʳ 2 

ʪʦʯʢʠ. ɺʚʝʜʝʤ ʠʭ ʦʙʦʟʥʘʯʝʥʠʝ: Ὄʪʫ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʧʨʠ ʥʫʣʝʚʦʡ 

ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ, ʩʘʭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ ʧʨʠ ʥʫʣʝʚʦʡ ʚʝʣʠʯʠʥʝ ʨʘʙʦʪʳ, ʟʘʪʨʘʯʝʥʥʦʡ 

ʵʣʝʤʝʥʪʦʤ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʥʘ 1 ʢʛ ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʩʪʫʧʝʥʴ ʚʦʟʜʫʭʘ. 

ʇʦʩʢʦʣʴʢʫ ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʧʣʘʩʪʠʥ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ű = 60Á, ʪʦ ʜʣʷ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʡ ʛʫʩʪʦʪ ʟʥʘʯʝʥʠʝ ʩʘʭ ʧʦʩʪʦʷʥʥʦ: 

 ʩʘʭ= ὸὫ‍ʭ=  ὸὫ60Ј= 1,732.                                                       (3) 
ʉʦʛʣʘʩʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʨʘʩʯʝʪʘ ʧʨʦʬʠʣʷ ʨʝʰʝʪʢʠ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ Ὄʪʫ ʨʘʚʝʥ: 

Ὄʪʫ=
ὸὫ‍ʭ

ὸὫ‍ʭ ὸὫ‍1
1

ὸὫ‍1

ὸὫ(‍ὼ (‏
.                                            (4) 

ɼʘʥʥʳʝ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʣʦʩʢʦʡ ʨʝʰʝʪʢʠ ʩ ʫʛʣʦʤ ʫʩʪʘʥʦʚʢʠ 60
ʦ
 

b/t ŭ ‍1 i ‍ʭ Ὄʪʫ Ὄʪ ʩʘ 

0,25 41 10 50 60 0,5432 0,4879 0,1763 

0,25 17,8 30 30 60 0,5449 0,3633 0,5774 

0,25 4,8 50 10 60 0,5505 0,1717 1,1918 

0,25 0 60 0 60 

 

0 1,7321 

b/t ŭ ‍1 i ‍ʭ Ὄʪʫ Ὄʪ ʩʘ 

0,5 30 10 50 60 0,7733 0,6946 0,1763 

0,5 10 30 30 60 0,7733 0,5156 0,5774 

0,5 2,5 50 10 60 0,7718 0,2408 1,1918 

0,5 0 60 0 60 

 

0 1,7321 

b/t ŭ ‍1 i ‍ʭ Ὄʪʫ Ὄʪ ʩʘ 

1 9 10 50 60 0,9544 0,8572 0,1763 

1 2,3 30 30 60 0,95252 0,6350 0,5774 

1 0,5 50 10 60 0,95532 0,2980 1,1918 

1 0 60 0 60 

 

0 1,7321 

b/t ŭ ‍1 i ‍ʭ Ὄʪʫ Ὄʪ ʩʘ 

1,5 3 10 50 60 0,9859 0,8855 0,1763 

1,5 0,8 30 30 60 0,9838 0,6531 0,5774 

1,5 0,2 50 10 60 0,9822 0,3036 1,1918 

1,5 0 60 0 60 

 

0 1,7321 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʫʧʨʦʱʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʣʷ 

ʧʣʦʩʢʠʭ ʧʣʘʩʪʠʥ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʛʫʩʪʦʪ (ʨʠʩ. 2). ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ  Ὄʪʫ ʦʪ ʛʫʩʪʦʪʳ b/t ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʧʣʘʩʪʠʥ ű: 

Ὄʪʫ= 1 Ὡ
ὦ/ὸ

Ὕ .                                                                                                                             (5) 

ʛʜʝ ʊ ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ (ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ʊɸʋ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʫʛʣʫ 

ʫʩʪʘʥʦʚʢʠ ʧʨʦʬʠʣʷ. 

ɿʥʘʷ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ Ὄʪʫ, ʛʫʩʪʦʪʳ b/t ʠ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʧʣʘʩʪʠʥ ű=60Á 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ ʊ ʯʝʨʝʟ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ: 
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Ὕ=

ВὝὦ
ὸ

ὲ
=

В
ὦ/ὸὭ

ln 1
ВὌʪʫὮ

ά

ὲ
;                                                                                                   6  

ʛʜʝ n ï ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʛʫʩʪʦʪ; 

      m ï ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʫʩʪʦʪʝ. 

Ὕ=

0,25

ln (1 0,5462)
+

0,5

ln (1 0,7728)
+

1

ln (1 0,9541)
+

1,5

ln (1 0,9839)

4
= 0,3354 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦ ʬʦʨʤʫʣʝ (5) ʧʦʩʪʨʦʝʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Ὄʪʫ= Ὢ(
ὦ

ὸ
) ʜʣʷ 

ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʧʣʘʩʪʠʥ ű=60Á, ʥʘ ʨʠʩ 2 ʦʥʘ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʨʘʚʥʠʚ ʝʝ ʩ ʬʘʢʪʠʯʝʩʢʦʡ. 

 

 
ʈʠʩ. 4. ʉʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ (ʧʨʠ ʥʫʣʝʚʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʩʭʦʜʘ) ʦʪ ʛʫʩʪʦʪʳ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʜʣʷ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ű=60Á 

 

ʇʦʜʩʪʘʚʠʚ ʬʦʨʤʫʣʫ (4) ʚ (5) ʚʳʯʠʩʣʠʤ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ, ʨʘʚʥʳʤ 

60Á: 

=‏ ‍2̌ ὥὶὧὸὫ
ὸὫ‍1ϽὸὫ‍ὼ

ὸὫ‍ὼ 1 Ὡ
ὦ/ὸ

Ὕ ϽὸὫ‍ὼ ὸὫ‍1

.                             (7) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,5%, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʠʩ. 5 ʠ ʜʦʢʘʟʳʚʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤʫʣʳ (7) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ.  

0
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ʈʠʩ. 5. ʉʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ ʚ ʨʝʰʝʪʢʝ ʧʣʘʩʪʠʥ ʦʪ ʛʫʩʪʦʪʳ ʨʝʰʝʪʢʠ 

ʧʣʘʩʪʠʥʳ ʠ ʫʛʣʘ ʚʭʦʜʘ ʧʦʪʦʢʘ: ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʛʨʘʬʠʢ, ʚʟʷʪʳʡ ʠʟ [1, ʩʪʨ. 154]; 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (7). 

 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʧʣʘʩʪʠʥ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʉʯʠʪʘʷ ʫʛʦʣ ʚʭʦʜʘ ʧʦʪʦʢʘ ʚ ʨʝʰʝʪʢʫ 

ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ ʢʘʞʜʦʡ ʢʨʠʚʦʡ, ʚʘʨʴʠʨʫʝʤ ʛʫʩʪʦʪʫ ʧʣʘʩʪʠʥʳ ʧʦ ʬʦʨʤʫʣʝ (7) ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ ʧʦʪʦʢʘ: 

 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʦʪʩʪʘʚʘʥʠʷ ʚ ʨʝʰʝʪʢʝ ʧʣʘʩʪʠʥ ʦʪ ʛʫʩʪʦʪʳ ʨʝʰʝʪʢʠ ʧʣʘʩʪʠʥʳ ʠ 

ʫʛʣʘ ʚʭʦʜʘ ʧʦʪʦʢʘ ʜʣʷ ʧʣʦʩʢʠʭ ʧʣʘʩʪʠʥ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 60Á 
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ʊʘʢʦʛʦ ʨʦʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʚʳʚʝʜʝʥʥʘʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ 

ʬʦʨʤʫʣʘ ʜʣʷ ʣʶʙʳʭ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʧʣʘʩʪʠʥ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʘʚʪʦʨʳ, ʵʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʘʣʛʦʨʠʪʤʝ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ 

ʠʩʢʨʠʚʣʝʥʥʳʭ ʧʨʦʬʠʣʝʡ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʳ. ʀ ʫʞʝ ʚʩʝ ʵʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʣʛʦʨʠʪʤʘʭ 

ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʴʥʳʭ ʣʦʧʘʪʦʯʥʳʭ ʚʝʥʮʦʚ ʠ ʩʪʫʧʝʥʝʡ (ʚ ʩʦʟʜʘʚʘʝʤʦʡ ʚ ʅʀʃ 

ʉɸʇʈ-ɼ ʩʠʩʪʝʤʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Venec). 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʦʩʢʠʭ ʨʝʰʝʪʦʢ ʠʟ 

ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ ʥʘ ʦʩʥʦʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ.  ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ  Ὄ̓  ̔ʦʪ ʛʫʩʪʦʪ  rb/t ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʨʘʟʥʳʭ ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ ʧʣʘʩʪʠʥ, ʧʨʠʥʷʚ ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʊ ʩ ʚʳʷʚʣʝʥʥʳʤ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʥʘʯʝʥʠʝʤ. ʇʦʜʪʚʝʨʞʜʝʥʘ  ʣʠʥʝʡʥʦʩʪʴ ʫʧʨʦʱʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʚʠʜʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʭʦʜʘ, ʩʦʛʣʘʩʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʆʣʴʰʪʝʡʥʘ ʃ.ɽ.. ɺ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʘɻ ʨʦʜʠʥʘʤʠʢʝ ʧʦʪʦʢʘ ʯʝʨʝʟ ʨʝʰʝʪʢʠ ʧʨʦʬʠʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʜʦʚʦʜʢʝ  

ʢʦʤʧʨʝʩʩʦʨʦʚ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʍʦʣʱʝʚʥʠʢʦʚ ʂ. ɺ., ɽʤʠʥ ʆ. ʅ., ʄʠʪʨʦʭʠʥ ɺ. ʊ., ʊʝʦʨʠʷ ʠ ʨʘʩʯʝʪ ʘʚʠʘʮʠʦʥʥʳʭ 
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ɸʩʣʷʤʦʚ ɸ. ɸ. 

 
ɺʚʝʜʝʥʠʝ 

ɸʚʠʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʨʝʩʩʘ 

ʦʙʱʝʩʪʚʘ, ʩʨʝʜʦʪʦʯʠʝʤ ʥʘʠʚʳʩʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʤʦʱʥʳʤ ʩʪʠʤʫʣʦʤ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɸʚʠʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ 

(ɸɼ)- çʢʣʶʯʝʚʦʝ ʟʚʝʥʦè ʣʶʙʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʚ ʢʦʪʦʨʦʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʨʝʘʣʠʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʥʘʫʯʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʝ ʨʝʰʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠ ʚ ʜʨʫʛʠʭ ʠʟʜʝʣʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ɻʘʟʦʪʫʨʙʠʥʥʦʤʫ 

ʘʚʠʘʮʠʦʥʥʦʤʫ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʶ ʦʢʦʣʦ ʰʝʩʪʠʜʝʩʷʪʠ ʣʝʪ. ɿʘ ʵʪʠ ʛʦʜʳ ʘʚʠʘʮʠʦʥʥʳʡ 

ʜʚʠʛʘʪʝʣʴ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʫʥʠʢʘʣʴʥʦʝ ʠʟʜʝʣʠʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʘʥʘʣʦʛʦʚ ʢʦʪʦʨʦʤʫ ʧʦ 

ʫʨʦʚʥʶ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʧʣʦʚʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. 

ʕʪʠ ʚʧʝʯʘʪʣʷʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʜʦʩʪʠʛʥʫʪʳʤʠ ʦʙʱʠʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʠʚʳʩʰʠʤʠ ʫʨʦʚʥʷʤʠ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

- ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ; 

- ʩʦʚʝʨʰʝʥʩʪʚʘ ʧʦ ʫʥʠʢʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʤʘʩʩʳ ʠ ʦʙʲʝʤʘ; 

- ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚ ʪʫʨʙʠʥʘʭ; 

- ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ ʪʫʨʙʠʥ; 

- ʦʙʲʝʤʥʦʡ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʩʚʘ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ; 

- ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʝʧʣʦʟʘʱʠʪʳ ʛʦʨʷʯʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ; 

- ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʕʪʠ ʜʦʩʪʠʞʝʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ 

ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ, ʛʦʨʝʥʠʷ ʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʪʝʦʨʠʠ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʵʣʝʤʝʥʪʦʚ, ʫʟʣʦʚ ʠ ʜʚʠʛʘʪʝʣʝʡ ʚ ʮʝʣʦʤ ʥʘ ʫʥʠʢʘʣʴʥʳʭ ʩʪʝʥʜʘʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʦʛʨʝʩʩ ʚ ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʪʘʢʞʝ ʥʘ ʧʝʨʝʜʦʚʳʭ 

ʜʦʩʪʠʞʝʥʠʷʭ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʭʠʤʠʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʝʪʦʜʦʣʦʛʠʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʩʝʭ ʩʪʘʜʠʡ ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʝʣʘ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʦʝʥʥʦʡ ʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʤʦʞʥʦ ʫʢʨʫʧʥʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʤʝʥʦʡ ʧʦʢʦʣʝʥʠʷ ʵʪʠʭ 

ʜʚʠʛʘʪʝʣʝʡ. 

ʇʦʥʷʪʠʝ çʧʦʢʦʣʝʥʠʷ ɸɼè ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ (ʧʨʠʦʨʠʪʝʪʥʳʤ) ʥʘʟʥʘʯʝʥʠʝʤ ɸɼ, ʪʠʧʘʞʦʤ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʩʭʝʤʘʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ɸɼ, ʫʨʦʚʥʝʤ ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʘ, ʢʦʥʩʪʨʫʢʪʠʳʚʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʫʟʣʦʚ (ʢʦʤʧʨʝʩʩʦʨʦʚ, ʪʫʨʙʠʥʘ, ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ), ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʤʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ (ʨʠʩ.1). ɺʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ 

ʚʥʝʜʨʝʥʠʷ ʧʦʢʦʣʝʥʠʷ ɸɼ ʨʘʟʤʳʪʳ (ʩ ʫʯʝʪʦʤ ʨʘʟʨʘʙʦʪʦʢ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ), ʥʦ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʧʦʢʦʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ: 1-ʝ ï ʢ 1940-1950-ʤ ʛʦʜʘʤ, 2-ʝ ï ʢ 1950-

ʤ ʛʦʜʘʤ, 3-ʝ ï ʢ 1960-1970-ʤ ʛʦʜʘʤ, 5-ʝ ï ʢ 1990-2000-ʤ ʛʦʜʘʤ.[1] 
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ʈʠʩ. 1. ʇʦʢʦʣʝʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

 

ʈʘʟʚʠʪʠʝ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʈʦʩʩʠʠ 

ʇʦʭʦʞʝ, ʯʪʦ ʥʝ ʚʩʝ ʪʘʢ ʧʣʦʭʦ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ 

ʤʥʦʛʠʝ ʜʫʤʘʶʪ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʡ 

ʜʝʨʞʘʚʳ ʚʩʝʛʜʘ ʙʳʣʦ ʠ ʦʩʪʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʧʦʩʪʨʦʠʪʴ ʩʘʤʦʣʝʪ, ʧʨʠʯʝʤ 

ʧʦʩʪʨʦʠʪʴ ʝʛʦ ʧʦʣʥʦʩʪʴʶ, ʦʪ ʧʣʘʥʝʨʘ ʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʜʦ ʩʝʨʜʮʘ ʩʘʤʦʣʝʪʘ ð 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʶʱʝʛʦ ʚʩʝʤ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʥʘʫʢʦʝʤʢʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʫʶ 

ʩʧʦʩʦʙʥʳ ʨʝʰʠʪʴ ʚʩʝ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʤʠʨʦʚʳʭ ʜʝʨʞʘʚ. 

ʏʝʪʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ ʪʘʢʦʝ ʜʚʠʛʘʪʝʣʴ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ, ʥʝʪ. ʆʙʳʯʥʦ ʧʦʢʦʣʝʥʠʷ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʠʭ ʛʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ - ʫʜʝʣʴʥʦʤʫ ʚʝʩʫ, 

ʪʦ ʝʩʪʴ ʦʪʥʦʰʝʥʠʶ ʚʝʩʘ ʜʚʠʛʘʪʝʣʷ ʢ ʪʷʛʝ. ʋ ʜʚʠʛʘʪʝʣʷ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ - ʵʪʘ ʮʠʬʨʘ 0,1, ʝʩʣʠ 

ʚʟʷʪʴ ʦʙʨʘʪʥʫʶ ʚʝʣʠʯʠʥʫ ï 10, ʪʦ ʝʩʪʴ1 ʢʛ ʚʝʩʘ ʜʚʠʛʘʪʝʣʷ ʩʦʟʜʘʝʪ 10 ʢʛ ʪʷʛʠ. ɼʚʠʛʘʪʝʣʠ 

ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʟʜʘʚʘʣʠ ʪʷʛʫ ʯʫʪʴ ʙʦʣʴʰʝ ʩʚʦʝʛʦ ʚʝʩʘ ï ʥʘ ʦʜʠʥ ʢʠʣʦʛʨʘʤʤ ʚʝʩʘ 

ʧʨʠʭʦʜʠʣʦʩʴ ʥʝ ʙʦʣʝʝ ʧʦʣʫʪʦʨʘ ʢʠʣʦʛʨʘʤʤ ʪʷʛʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʢʦʛʜʘ ʛʦʚʦʨʷʪ ʦ ʜʚʠʛʘʪʝʣʝ 

5-ʛʦ ʧʦʢʦʣʝʥʠʷ, ʥʘʟʳʚʘʶʪ ʠ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʘ ʥʝ ʥʠʞʝ 2000 ʛʨʘʜʫʩʦʚ ʂʝʣʴʚʠʥʘ ʠ ʪ.ʜ., ʥʦ ʵʪʦ ʚʩʝ ï ʧʨʦʠʟʚʦʜʥʦʝ. ɻʣʘʚʥʦʝ - 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʜʝʣʴʥʳʡ ʚʝʩ. ʕʪʦ ʪʝʭʥʠʯʝʩʢʠʡ ʘʩʧʝʢʪ. ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ 

ʜʚʠʛʘʪʝʣʴ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʦ ʟʜʝʩʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ɸ ʚ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʚʭʦʜʠʪ ʚʩʝ ï ʦʪ ʟʘʤʳʩʣʘ, ʦʪ çʦʩʝʚʦʡ ʣʠʥʠʠè, ʢʘʢ ʤʳ ʛʦʚʦʨʠʤ, ʜʦ ʤʦʤʝʥʪʘ ʫʪʠʣʠʟʘʮʠʠ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʜʦʚʦʜʢʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʪʨʘʯʝʥʦ ʢʘʢ 

ʤʦʞʥʦ ʤʝʥʴʰʝ ʩʨʝʜʩʪʚ. ʈʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ ʣʠʰʴ ʨʝʘʣʠʟʦʚʘʚ ʢʦʤʧʣʝʢʩ ʩʣʦʞʥʳʭ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʮʝʥʘ ʜʚʠʛʘʪʝʣʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʚʳʩʦʢʦʡ. ʂʘʢ ʥʠ ʧʘʨʘʜʦʢʩʘʣʴʥʦ, 

ʜʚʠʛʘʪʝʣʴ ʩ ʣʫʯʰʠʤʠ ʫʜʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʣʞʝʥ ʩʪʦʠʪʴ ʤʝʥʴʰʝ, ʯʝʤ ʜʚʠʛʘʪʝʣʴ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʧʨʦʭʦʜʠʪ ʠʩʧʳʪʘʥʠʝ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ  ʜʚʠʛʘʪʝʣʴ (ʇɼ-14), ʘ 

ʪʦʯʥʝʝ ʜʚʠʛʘʪʝʣʴ-ʜʝʤʦʥʩʪʨʘʪʦʨ ʪʝʭʥʦʣʦʛʠʡ (ɼɼʊ), ʢʦʪʦʨʳʡ ʧʦʢʘ ʥʝ ʠʤʝʝʪ ʦʬʠʮʠʘʣʴʥʦʛʦ 



40   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʠʥʜʝʢʩʘ. ɼɼʊ ʜʘʩʪ ʥʘʯʘʣʦ ʮʝʣʦʤʫ ʩʝʤʝʡʩʪʚʫ ʥʦʚʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʪʷʛʦʡ ʥʘ 

ʚʟʣʝʪʝ 8 ð 18 ʪʦʥʥ. ɼʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʛʦʣʦʚʥʳʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ, ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʆɸʆ 

çɸʚʠʘʜʚʠʛʘʪʝʣʴè (ʛ. ʇʝʨʤʴ), ʷʚʣʷʝʪʩʷ ʪʫʨʙʦʚʝʥʪʠʣʷʪʦʨʥʳʤ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʜʚʠʛʘʪʝʣʝʤ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʅʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʈʦʩʩʠʡʩʢʠʝ ʘʚʠʘʣʘʡʥʝʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʄʉ-21, ʘ ʪʘʢ ʞʝ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʨʥʠʟʘʮʠʶ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ, ʥʘʧʨʠʤʝʨ ʀʃ-96-400, ʊʋ-214 ʠ ʜʨ.  

ʉʦʟʜʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʪʨʝʙʦʚʘʣʦ ʧʨʠʚʣʝʯʝʥʠʷ ʚʩʝʛʦ ʠʤʝʶʱʝʛʦʩʷ ʚ 

ʩʪʨʘʥʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚ ʦʙʣʘʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ. ɺ ʧʨʦʛʨʘʤʤʝ ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʫʯʘʩʪʚʫʶʪ: ʆɸʆ çʇʝʨʤʩʢʠʡ 

ʤʦʪʦʨʥʳʡ ʟʘʚʦʜè, ʆɸʆ çʅʇʆ çʉʘʪʫʨʥè, ʆɸʆ çʋʄʇʆè, ʆɸʆ çʅʇʇ çʄʦʪʦʨè, ʆɸʆ 

çʀʥʢʘʨè, ʌɻʋʇ çʅʇʎ ʛʘʟʦʪʫʨʙʦʩʪʨʦʝʥʠʷ çʉʘʣʶʪè, ʘ ʪʘʢ ʞʝ ʠʥʩʪʠʪʫʪʳ ɻʅʎ ʈʌ ʌɻʋʇ 

çʎʀɸʄ ʠʤ. ʇ.ʀ. ɹʘʨʘʥʦʚʘè, ʌɻʋʇ çɺʀɸʄè, ʆɸʆ çɺʀʃʉè, ʆɸʆ çʃʀʀ ʠʤ. ɻʨʦʤʦʚʘè, 

ʌɻʋʇ çʎɸɻʀ ʠʤ. ɾʫʢʦʚʩʢʦʛʦè ʠ ʜʨ.(ʈʠʩ.2) 

  

 
ʈʠʩ. 2. ʋʯʘʩʪʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʩʦʟʜʘʥʠʠ ʇɼ-14 

 

ɺʢʣʘʜʳʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ, ʢʦʪʦʨʳʝ ʠʜʫʪ ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢ ʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʝʢʪʝ. ʇʦ ʟʘʷʚʣʝʥʠʶ ɻʅʎ ʈʌ ʌɻʋʇ çʎʀɸʄ ʠʤ. ʇ.ʀ. 

ɹʘʨʘʥʦʚʘè ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦ ʩʚʦʠʤ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʥʝ ʫʩʪʫʧʘʝʪ ʩʚʦʠʤ ʧʨʷʤʳʤ ʢʦʥʢʫʨʝʥʪʘʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ PW1400G ʠ 

PW1100G (Pratt & Whitney), ʘ ʪʘʢʞʝ Leap-1ɸ ʠ Leap-1ɺ (General Electric ʠ Snecma) (ʈʠʩ.3). 
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ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʚʠʛʘʪʝʣʷ ʇɼ-14 ʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʯʠʪʳʚʘʶʪʩʷ 

ʠʥʪʝʨʝʩʳ ʙʫʜʫʱʠʭ ʟʘʢʘʟʯʠʢʦʚ, ʪʝʭ, ʢʪʦ ʙʫʜʝʪ ʟʘʥʠʤʘʪʴʩʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. 

ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʟʘʪʨʘʪ ʥʘ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ, ʦʙʝʩʧʝʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʳʩʦʢʦʡ 

ʥʘʜʝʞʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʝʛʦ ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ, ʰʫʤʘ ʠ ʵʤʠʩʩʠʠ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʛʘʨʘʥʪʠʨʫʝʪ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʜʚʠʛʘʪʝʣʷ ʨʝʰʘʶʪʩʷ 

ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʠ ʫʜʦʙʥʦʡ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʠʩʪʝʤʳ ʧʦʩʣʝʧʨʦʜʘʞʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ï ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʢʣʠʝʥʪʫ ʨʝʤʦʥʪʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ, 

ʫʜʦʙʥʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʭʝʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʘʠʣʫʯʰʠʭ ʛʘʨʘʥʪʠʡ ʠ ʩʝʨʚʠʩʘ ï ʚʩʝʛʦ ʪʦʛʦ, 

ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʡʩʷ ʩʘʤʦʣʝʪʦʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʚʳʟʳʚʘʝʪ ʩʧʨʘʚʝʜʣʠʚʳʝ ʥʘʨʝʢʘʥʠʷ 

ʘʚʠʘʧʝʨʝʚʦʟʯʠʢʦʚ. 

ɼʦʩʪʠʛʥʫʪʳʝ ʥʘ ʩʝʛʦʜʥʷ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʥʘʤ ʫʚʝʨʝʥʥʦʩʪʴ, ʯʪʦ ʇɼ-14 ʙʫʜʝʪ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʥʝ ʪʦʣʴʢʦ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʦ ʠ ʧʦ ʩʪʦʠʤʦʩʪʠ 

ʣʝʪʥʦʛʦ ʯʘʩʘ 

ɺʝʩʥʦʡ 2013-ʛʦ ʩʦʩʪʦʷʣʦʩʴ ʟʥʘʯʠʤʦʝ ʩʦʙʳʪʠʝ ʜʣʷ ʧʨʦʝʢʪʘ ï ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʚ ɸʈ 

ʄɸʂ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʝʨʪʠʬʠʢʘʪʘ ʪʠʧʘ ʜʚʠʛʘʪʝʣʷ ʇɼ-14, ʘ ʚ ʢʦʥʮʝ ʛʦʜʘ ʧʨʦʝʢʪ ʚʳʡʜʝʪ ʥʘ 

ʵʪʘʧ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ ʚ EɸSɸ. 

ɺ 2014 ʛʦʜʫ ʙʫʜʫʪ ʥʘʯʘʪʳ ʠʩʧʳʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʇɼ-14 ʥʘ ʣʝʪʘʶʱʝʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʀʣ-76 ʚ ʃʀʀ ʠʤʝʥʠ ɻʨʦʤʦʚʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ç ʇɼ-14è ʥʘ ʙʘʟʝ ʰʠʨʦʢʦʡ ʢʦʦʧʝʨʘʮʠʠ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʅʀʀ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʜʝʥʴʛʠ ʚʢʣʘʜʳʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʟʨʘʙʦʪʢʫ 

ʢʦʥʢʨʝʪʥʦʛʦ ʥʘʫʢʦʝʤʢʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʜʚʠʛʘʪʝʣʷ ʇɼ-14, ʥʦ ʠ ʚ ʨʝʘʣʴʥʦʝ 

ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʳʪʘʥʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʦʜʦʣʝʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʪʩʪʘʚʘʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʘʚʠʘʧʨʦʤʘ ʠ ʩʦʟʜʘʪʴ ʙʘʟʫ ʜʣʷ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʝʩʪʴ ʛʘʨʘʥʪʠʷ, ʯʪʦ 

ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʜʚʠʛʘʪʝʣʷ ʇɼ-14. ɺʦ-ʚʪʦʨʳʭ, ʙʶʜʞʝʪʥʳʝ ʜʝʥʴʛʠ 

ʚʢʣʘʜʳʚʘʶʪʩʷ ʚ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʧʨʝʜʧʨʠʷʪʠʡ. ʕʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʠʭ ʨʠʩʢʠ ʦʩʚʦʝʥʠʷ 



42   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʥʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ï ʦʧʠʨʘʷʩʴ ʥʘ ʩʚʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ, ʦʥʠ ʤʦʛʫʪ ʧʨʝʜʫʧʨʝʜʠʪʴ 

ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ ʠ ʥʝʫʜʘʯʠ. ɺ-ʪʨʝʪʴʠʭ, ʧʦʩʢʦʣʴʢʫ ʫʯʘʩʪʠʝ ʚ ʢʦʦʧʝʨʘʮʠʠ çʦʪʚʣʝʢʘʝʪè 

ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʦʭʨʘʥʷʷ ʠʭ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʘʪʴ ʜʦʭʦʜʳ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ, ʥʠ ʜʣʷ ʦʜʥʦʛʦ ʢʦʦʧʝʨʘʥʪʘ ʥʝ ʚʦʟʥʠʢʘʝʪ 

ʫʛʨʦʟʳ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʠ ʧʨʠʙʳʣʠ ʥʘ ʵʪʘʧʝ ʧʝʨʚʠʯʥʳʭ, ʚʩʝʛʜʘ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ 

ʦʙʲʝʤʫ ʧʨʦʜʘʞ ʜʚʠʛʘʪʝʣʝʡ ʠ ʩʘʤʦʣʝʪʦʚ. 

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʠʩʢʦʚ ʤʝʞʜʫ ʯʘʩʪʥʳʤ ʙʠʟʥʝʩʦʤ ʠ ʛʦʩʫʜʘʨʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʦʙʝʠʭ ʩʪʦʨʦʥ. ʀʟʤʝʥʝʥʠʝ ʩʣʦʞʠʚʰʝʡʩʷ ʩʪʨʫʢʪʫʨʳ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʥʝʠʟʙʝʞʥʦ ʫʚʝʣʠʯʠʪ ʨʠʩʢʠ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ 

ʙʝʟʨʝʟʫʣʴʪʘʪʥʦ ʧʦʪʝʨʷʪʴ ʫʞʝ ʚʣʦʞʝʥʥʳʝ ʚ ʧʨʦʝʢʪ ʤʠʣʣʠʘʨʜʥʳʝ ʩʨʝʜʩʪʚʘ. 

ʋʚʝʨʝʥ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʠʷ ʇɼ-14 ʩʪʘʥʝʪ ʧʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʠ ʠʟʦʙʨʝʪʝʥʠʷʭ. 

ʉʦʟʜʘʥʠʝ ʩʝʤʝʡʩʪʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʙʘʟʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ï ʙʣʝʩʪʷʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʈʦʩʩʠʠ ʚʝʨʥʫʪʴ ʦʪʝʯʝʩʪʚʝʥʥʦʝ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʝ ʥʘ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ, ʘ ʜʣʷ ʆʙʲʝʜʠʥʝʥʥʦʡ ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʦʡ 

ʢʦʨʧʦʨʘʮʠʠ ï ʰʘʥʩ ʟʘʢʨʝʧʠʪʴʩʷ ʚ ʯʠʩʣʝ ʢʨʫʧʥʝʡʰʠʭ ʤʠʨʦʚʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʂɸʏɽʉʊɺɸ ʀɿɻʆʊʆɺʃɽʅʀʗ ɼɺʀɻɸʊɽʃʗ                     

ʅɸ ʇɸʈɸʄɽʊʈʓ ʂʆʅʊʈʆʃʀʈʋɽʄʓɽ ɺ ʇʈʆʎɽʉʉɽ                                     

ʉʊɽʅɼʆɺʓʍ ʀʉʇʓʊɸʅʀʁ 

 

ʄʫʩʘʢʘʝʚ ʄ. ʀ. 

 
ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʢʘʯʝʩʪʚʫ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʟʚʘʥ ʪʨʝʙʦʚʘʥʠʷʤʠ  ʨʳʥʢʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʛʣʘʚʥʳʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ  ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʥʦʚʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ: ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʚʳʰʝʥʠʝ ʝʝ ʥʘʜʝʞʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ, 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

 
 

ʆɹ ɸɺʊʆʈɸʍ 

 
ɸʩʣʷʤʦʚ ɸʣʝʢʩʘʥʜʨ ɸʥʜʨʝʝʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ ʢʘʬ. ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʜʠʧʣ. ʙʘʢ. ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʘʚʠʘ- ʠ 

ʨʘʢʝʪʦʩʪʨʦʝʥʠʝ (ʋɻɸʊʋ 2012).   
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ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   43 

 

ʜʚʠʛʘʪʝʣʝʡ ʠʤʝʶʪ ʨʘʟʙʨʦʩ ʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʩʯʝʪʥʳʭ, ʯʘʩʪʦ ʚ ʩʪʦʨʦʥʫ ʫʭʫʜʰʝʥʠʷ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʟʙʨʦʩ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʜʦʣʞʝʥ  ʫʯʠʪʳʚʘʪʴʩʷ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʰʠʥʳ. ɺʣʠʷʥʠʝ ʵʪʦʛʦ ʨʘʟʙʨʦʩʘ ʥʘ ʚʳʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʪʠʚʦʨʝʯʠʚʦ ʠ ʠʤʝʝʪ  ʪʝʥʜʝʥʮʠʶ ʢ  ʠʟʤʝʥʝʥʠʶ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ  ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ. 

ɼʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʧʨʠʭʦʜʠʪʩʷ ʙʝʟ ʜʦʩʪʘʪʦʯʥʳʭ ʦʙʦʩʥʦʚʘʥʠʡ ʧʨʠʥʠʤʘʪʴ ʟʘʧʘʩʳ ʧʦ ʚʩʝʤ  ʧʦʢʘʟʘʪʝʣʷʤ 

ʢʘʯʝʩʪʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʟʘʪʨʘʪʘʤ, ʚʳʟʚʘʥʥʳʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʠʣʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʠ ʥʝʦʙʦʩʥʦʚʘʥʥʦ  ʞʝʩʪʢʠʭ ʜʦʧʫʩʢʘʭ, 

ʘ ʟʘʯʘʩʪʫʶ ʠ ʢ ʥʝʩʦʦʪʚʝʪʩʪʚʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʦʚ. 

ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʘʙʩʦʣʶʪʥʦʡ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ ʚʩʝʭ 

ʚʳʧʫʩʢʘʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʂʘʞʜʘʷ ʧʘʨʪʠʷ ʜʚʠʛʘʪʝʣʝʡ ʠʤʝʝʪ ʩʚʦʶ ʢʦʤʙʠʥʘʮʠʶ ʟʥʘʯʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʧʫʩʢʦʚ. 

ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʘʙʩʦʣʶʪʥʦʡ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ ʚʩʝʭ 

ʚʳʧʫʩʢʘʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʂʘʞʜʘʷ ʧʘʨʪʠʷ ʜʚʠʛʘʪʝʣʝʡ ʠʤʝʝʪ ʩʚʦʶ ʢʦʤʙʠʥʘʮʠʶ ʟʥʘʯʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʧʫʩʢʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʦʮʝʥʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʧʦʚʝʜʝʥʠʷ ʠʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʭʘʨʘʢʪʝʨ ʠ ʚʝʣʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ  

(ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ, ʪʷʛʠ, ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʚʠʙʨʘʮʠʡ) ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʟʘʟʦʨʦʚ, ʧʣʦʱʘʜʝʡ, ʧʦʩʘʜʦʢ) ʠ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʀʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʦʚ ʩʣʫʞʘʪ 

ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʩʙʦʨʢʝ ʠ ʨʝʤʦʥʪʝ, 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʩʥʦʚʥʳʭ ʜʘʥʥʳʭ - ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ 

ʋʨʘʚʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʠʣʠ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, ʜʘʝʪ ʬʦʨʤʫ ʠ 

ʯʠʩʣʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʜʣʷ ʢʘʞʜʦʛʦ 

ʟʥʘʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʚʝʨʦʷʪʥʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʤʦʛʦ 

ʧʝʨʝʤʝʥʥʦʛʦ. 

ɺ ʧʨʠʥʮʠʧʝ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʤʦʞʝʪ ʙʳʪʴ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʤʥʦʛʦʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʝʛʨʝʩʩʠʠ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʜʚʫ- 

ʠ ʪʨʝʭʤʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ 

ʚʳʨʷʞʘʪʴʩʷ ʧʨʷʤʦʡ ʠʣʠ ʧʣʘʚʥʦʡ ʢʨʠʚʦʡ ʣʠʥʠʷʤʠ. ʉʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ 

ʧʨʠʥʷʪʦʡ ʬʦʨʤʳ ʤʦʜʝʣʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢ ʠʩʪʠʥʥʦʡ (ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ - 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ) ʬʦʨʤʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʝʫʯʪʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʵʪʦʤʫ ʧʦʣʫʯʘʝʤʳʝ ʨʘʩʯʝʪʦʤ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʚʩʝʛʜʘ ʥʫʞʜʘʶʪʩʷ ʚ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʅʘʠʙʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʬʦʨʤʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. ʅʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʬʦʨʤʳ 

ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘ ʩʪʝʧʝʥʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʠʥʷʪʦʡ 

ʤʦʜʝʣʠ ʠʩʪʠʥʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɼʣʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʪʨʫʜʥʦ ʚ ʷʚʥʦʡ ʬʦʨʤʝ ʥʘʡʪʠ ʪʘʢʦʡ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʘʨʘʤʝʪʨ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʙʳ ʩʣʝʜʩʪʚʠʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʦʜʥʦʛʦ 

ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ 

ʚʣʠʷʝʪ ʨʷʜ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʩʧʦʣʘʛʘʝʤʳʡ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʡ 

ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʜʚʠʛʘʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʦʚ, ʬʘʢʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʯʥʳʭ 
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ʫʛʣʦʚ ʣʦʧʘʪʦʢ ʠ ʜʨ. 

ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʜʥʠ ʧʘʨʘʤʝʪʨ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʦ ʩʚʦʝʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʘʨʘʤʝʪʨ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʚʝʩʪʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-

ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʩʚʷʟʠ, ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʦʜʥʦʛʦ ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʧʘʨʘʤʝʪʨʘ. ʊʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʫʪʦʯʥʷʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢ ʬʦʨʤʫʣʘʤ ʧʨʠʚʝʜʝʥʠʷ ʧʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʝʩʪʠ ʧʦ ʩʦʚʦʢʫʧʥʦʤʫ ʚʣʠʷʥʠʶ ʥʘ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʘʨʘʤʝʪʨ (ʥʘʧʨʠʤʝʨ, ʪʷʛʫ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʚʣʘʞʥʦʩʪʠ ʥʘʨʫʞʥʦʛʦ 

ʚʦʟʜʫʭʘ. ʇʦʣʫʯʠʪʴ ʩ ʙʦʣʴʰʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚʣʘʞʥʦʩʪʠ ʥʘ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʘʨʘʤʝʪʨ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʇʦʩʢʦʣʴʢʫ ʚʣʘʞʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʠʟʚʝʩʪʥʦʡ ʩʚʷʟʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʪʦ, 

ʙʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʩʧʦʩʦʙʫ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʫʪʦʯʥʷʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢ 

ʬʦʨʤʫʣʘʤ ʧʨʠʚʝʜʝʥʠʷ ʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʣʫʯʠʪʴ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʘʥʘʣʠʟ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʝʩʪʠ ʧʨʦʩʪʝʡʰʠʤ ʧʫʪʝʤ - ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʤʝʨʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʦ-

ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ.  

ɼʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʙʩʦʣʶʪʥʦʡ 

ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ ʦʜʥʦʠʤʝʥʥʳʭ ʜʝʪʘʣʝʡ ʚʩʝʭ ʦʪ ʜʚʠʛʘʪʝʣʷ ʢ ʜʚʠʛʘʪʝʣʶ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. ɺʦʟʥʠʢʘʶʪ ʨʘʟʣʠʯʠʷ ʜʝʪʘʣʝʡ ʨʘʟʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦ ʨʘʟʤʝʨʘʤ, ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʨ. ʇʨʠ ʩʙʦʨʢʝ ʥʝʠʟʙʝʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʦʩʝʚʳʤ ʠ 

ʨʘʜʠʘʣʴʥʳʤ ʟʘʟʦʨʘʤ, ʧʣʦʱʘʜʷʤ ʧʨʦʭʦʜʥʳʭ ʩʝʯʝʥʠʡ ʠ ʜʨʫʛʠʤ ʭʘʨʘʢʪʝʨʥʳʤ ʬʘʢʪʦʨʘʤ. ɺʩʝ 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʦʧʫʩʢʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʨʘʟʙʨʦʩ ʦʩʥʦʚʥʳʭ ʜʘʥʥʳʭ, ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʠʡ ʵʣʝʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʤʝʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩ ʠʭ ʧʦʤʦʱʴʶ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʩʥʦʚʥʳʭ ʜʘʥʥʳʭ, ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʛʘʟʦ-ʚʦʟʜʫʰʥʦʤʫ ʪʨʘʢʪʫ 

ʷʚʣʷʶʪʩʷ; ʚʝʣʠʯʠʥʘ ʧʣʦʱʘʜʠ ʩʦʧʣʦʚʳʭ ʘʧʧʘʨʘʪʦʚ ʪʫʨʙʠʥʳ ʠ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ, 

ʫʩʪʘʥʦʚʦʯʥʳʭ ʫʛʣʦʚ ʣʦʧʘʪʦʢ ʥʘʧʨʘʚʣʷʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʜʨ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʪʣʘʜʢʠ ʜʚʠʛʘʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʜʙʦʨʦʤ ʟʥʘʯʝʥʠʡ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʪʨʘʢʪʫ. ʇʦ ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʚʳʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʦ ʧʦʩʣʝ 

ʧʨʠʚʝʜʝʥʠʷ ʢ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʷʤ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʡ 

(ʩʤ. ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʷʛʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ 
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ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   45 

 

 

ɼʣʷ ʣʶʙʦʛʦ ʪʠʧʘ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʤʥʦʛʦʤʝʨʥʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʥʘʧʨʠʤʝʨ, ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ (ʪʷʛʫ, ʤʦʱʥʦʩʪʴ, ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ), ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ (ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʘ, ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʳ, 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʢʦʨʧʫʩʦʚ ʜʚʠʛʘʪʝʣʷ) ʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʚʝʣʠʯʠʥʘʤʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʚʠʜʝ ʧʣʦʱʘʜʝʡ, ʟʘʟʦʨʦʚ, 

ʧʦʩʘʜʦʢ). ʀʥʦʛʜʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʪʨʫʜʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʝ ʚʳʷʚʣʝʥʠʝ ʚʩʝʭ 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ, ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʩʚʷʟʘʥʥʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʪʝʤ, ʯʪʦ 

ʢʦʥʪʨʦʣʴ ʥʝʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʠʶ ʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʜʦʧʫʩʢʘʤ, ʙʝʟ ʫʢʘʟʘʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʠʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʨʝʘʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʚ ʩʪʦʨʦʥʫ ʫʣʫʯʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʜʚʠʛʘʪʝʣʝʡ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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ʉʤʦʨʦʜʥʠʢʦʚʘ ɸ. ɺ. 

 
ʉ ʢʘʞʜʳʤ ʥʦʚʳʤ ʧʦʢʦʣʝʥʠʝʤ ʘʚʠʘʮʠʦʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɻʊɼ) 

ʨʘʩʪʫʪ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ, 

ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ 1700é1850ʂ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ 

ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʜʚʠʛʘʪʝʣʷ. 

ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ɻʊɼ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʨʝʩʫʨʩʘ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʪʨʝʙʦʚʘʥʠʷʤ ʨʝʩʫʨʩʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ ʪʫʨʙʠʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʧʦʣʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʦʧʪʠʤʠʟʘʮʠʶ 
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46   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦ ʩʝʯʝʥʠʶ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʩʪʝʥʦʢ ʞʘʨʦʚʳʭ ʪʨʫʙ, ʜʦʚʦʜʦʯʥʳʝ ʨʘʙʦʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ 

ʨʘʜʠʘʣʴʥʦʡ ʠ ʦʢʨʫʞʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʥʦʪʘ ʩʛʦʨʘʥʠʷ, 

ʧʦʪʝʨʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʟʘʧʘʩʳ ʧʦ ʙʝʜʥʦʤʫ ʠ ʙʦʛʘʪʦʤʫ ʩʨʳʚʫ ʧʣʘʤʝʥʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘʧʫʩʢʘ [1]. 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʫʨʙʠʥʳ 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʫʨʙʠʥʳ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʝʪʘʣʠ ʪʫʨʙʠʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʣʦʧʘʪʢʠ, ʚʳʜʝʨʞʠʚʘʣʠ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʞʘʨʦʧʨʦʯʥʳʝ ʠ 

ʞʘʨʦʩʪʦʡʢʠʝ ʩʧʣʘʚʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʭʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. 

ʈʘʙʦʯʠʝ ʠ ʩʦʧʣʦʚʳʝ ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ ʨʘʙʦʪʘʶʪ ʚ ʧʦʩʪʦʷʥʥʦʤ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʘʟʦʤ, ʧʨʠ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʜʦʧʫʩʪʠʤʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʣʘʚʦʚ ʣʦʧʘʪʦʢ ʥʠʞʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʘ ʥʘ 200é500ʉ. ʆʙʝʩʧʝʯʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ, ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦ ʜʦʩʪʠʯʴ ʚ ʪʫʨʙʠʥʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʆʥʠ, ʧʦʤʠʤʦ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ, ʧʦʜʚʝʨʞʝʥʳ ʚʠʙʨʘʮʠʠ, ʛʘʟʦʚʦʡ ʢʦʨʨʦʟʠʠ, ʵʨʦʟʠʠ, 

ʚʦʟʜʝʡʩʪʚʠʶ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. ʉ ʫʯʝʪʦʤ ʚʩʝʛʦ ʵʪʦʛʦ, ʜʣʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʪʘʣʣʘ ʣʦʧʘʪʦʢ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 900é1000ʉ. 

ʇʦʤʠʤʦ ʣʦʧʘʪʦʢ, ʛʘʟʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ: ʢʦʨʧʫʩʘ, ʦʙʦʜʥʘʷ ʯʘʩʪʴ 

ʜʠʩʢʦʚ, ʣʘʙʠʨʠʥʪʳ ʠ ʜʨʫʛʠʝ, ʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʳʝ ʜʝʪʘʣʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʡ 

ʨʘʙʦʪʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʟʘʜʘʥʥʦʛʦ ʨʝʩʫʨʩʘ ʧʨʠʤʝʥʷʶʪʩʷ: 

-ʩʧʝʮʠʘʣʴʥʳʝ ʞʘʨʦʧʨʦʯʥʳʝ, ʞʘʨʦʩʪʦʡʢʠʝ ʠ ʢʦʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʝ ʩʧʣʘʚʳ; 

-ʠʟʛʦʪʦʚʣʝʥʠʝ ʣʦʧʘʪʦʢ ʤʝʪʦʜʦʤ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʣʠ ʠʟ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ; 

-ʧʦʢʨʳʪʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʞʘʨʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ; 

-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʞʘʨʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ; 

-ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʠʟʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʤʝʪʘʣʣ ʣʦʧʘʪʢʠ; 

-ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʭʝʤʘ ʦʪʢʨʳʪʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ɼʣʷ ʦʭʣʘʞʜʝʥʠʷ ʪʫʨʙʠʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʟʜʫʭ, ʦʪʙʠʨʘʝʤʳʡ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʤʧʨʝʩʩʦʨʦʤ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʣʠ ʠʟ-ʟʘ ʚʝʥʪʠʣʷʪʦʨʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʩʧʦʩʦʙʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʨʘʜʠʘʣʴʥʦʡ ʵʧʶʨʳ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʟʘ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ, ʫʤʝʥʴʰʝʥʠʝ ʦʢʨʫʞʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ ʠ ʜʨ. 

ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʜ ʠ ʟʘ ʪʫʨʙʠʥʦʡ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʨʘʜʠʫʩʫ, ʥʦ ʠ ʧʦ 

ʦʢʨʫʞʥʦʩʪʠ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʚʦʟʥʠʢʘʝʪ ʧʦ ʧʨʠʯʠʥʝ: ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʯʝʨʝʟ 

ʬʦʨʩʫʥʢʠ, ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ, ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʛʦʨʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ʆʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʛʘʟʘ, ʪ.ʝ. ʚ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʚʦ 

ʚʨʝʤʝʥʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʧʦʩʪʦʷʥʥʦʡ ʧʦʜʘʯʝʡ 

ʪʦʧʣʠʚʘ ʚ ʜʚʠʛʘʪʝʣʴ ʠ ʙʦʣʴʰʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. 

ʉʥʠʞʝʥʠʝ ʦʢʨʫʞʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʟʥʘʯʝʥʠʝ 

ʩʨʝʜʥʝʤʘʩʩʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ ʤʦʱʥʦʩʪʴ ʠ 

ʂʇɼ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥ ʩ ʫʨʦʚʥʝʤ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʦʧʘʪʢʘʭ ʪʫʨʙʠʥʳ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʣʦʧʘʪʦʢ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʚ ʥʝʢʦʪʦʨʦʤ ʣʦʢʘʣʴʥʦʤ ʨʘʜʠʘʣʴʥʦʤ 

ʩʝʯʝʥʠʠ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ ʚʩʝʛʦ ʥʘ 28 " ʩʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʙʦʯʠʡ ʨʝʩʫʨʩ ʣʦʧʘʪʦʢ ʥʘ 50% 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   47 

 

ʠʣʠ ʧʦʪʨʝʙʦʚʘʪʴ ʧʦʚʳʰʝʥʠʷ ʥʘ 0,5% ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʪʫʨʙʠʥʳ, ʯʪʦʙʳ 

ʨʝʩʫʨʩ ʦʩʪʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫʚʝʣʠʯʝʥʠʝ ʥʘ 1% ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʥʘ 

ʦʭʣʘʞʜʝʥʠʝ ʪʫʨʙʠʥʳ ʩʥʠʞʘʝʪ ʚʟʣʝʪʥʫʶ ʪʷʛʫ ɻʊɼ ʥʘ 2,25%. [1] 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ ð ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʚʦʟʜʫʭʘ ʚ 

ʜʠʬʬʫʟʦʨʝ ʠ ʢʦʣʴʮʝʚʳʭ ʢʘʥʘʣʘʭ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ 

ʟʦʥʳ ʩʤʝʰʝʥʠʷ ʠ ʨʘʟʙʘʚʣʝʥʠʷ, ʛʝʦʤʝʪʨʠʝʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʩʧʳʣʘ 

ʪʦʧʣʠʚʘ, ʨʘʙʦʯʠʤ ʨʝʞʠʤʦʤ ʠ ʧʨ. ʌʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦ-ʚʣʠʷʶʱʠʤʠ, ʘ ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʦʮʝʥʢʫ ʚʢʣʘʜʘ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʚʷʟʘʥʥʦʡ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ. 

ʄʝʪʦʜʠʢʠ ʦʪʣʘʜʢʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ 

ɼʦʩʪʠʛʥʫʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ, ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ ʦʪʣʘʜʢʠ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʤʝʪʦʜʠʢʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʩʫʪʴ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ 

ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. ʕʪʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ 

ʢʘʥʘʣʘʭ ʬʦʨʩʫʥʢʠ ʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʝʝ ʩʦʧʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ɻʊɼ ʚ ʦʩʥʦʚʥʳʭ ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʤʥʦʛʦʬʦʨʩʫʥʦʯʥʳʝ ʩʭʝʤʳ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʜʚʫʭʩʦʧʣʦʚʳʭ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʬʦʨʩʫʥʦʢ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʩʣʝʞʠʚʘʪʴ, ʢʘʢ ʢʘʞʜʘʷ ʬʦʨʩʫʥʢʘ ʚʣʠʷʝʪ ʥʘ 

ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʥʫʞʥʦ ʥʘʡʪʠ ʩʚʷʟʴ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʠʟ ʢʘʞʜʦʡ ʬʦʨʩʫʥʢʠ 

ʩʦ ʩʢʘʯʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʊʝʤ ʩʘʤʳʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝʪ 

ʚʳʨʘʚʥʠʚʘʪʴʩʷ ʢʘʢ ʚ ʩʘʤʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʪʘʢ ʠ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʯʪʦʙʳ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʦʡ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ  ʤʝʪʦʜʠʢʠ, ʥʝʦʙʭʦʜʠʤʘ ʪʦʯʥʘʷ 3D ʤʦʜʝʣʴ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʠ 

ʪʫʨʙʠʥʳ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʦʚʤʝʩʪʥʳʡ ʨʘʩʯʝʪ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ ʠ ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ, ʩ ʟʘʜʘʥʠʝʤ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʚʳʭʦʜʝ ʚ ʜʠʬʬʫʟʦʨ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʧʦʷʚʠʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʘ ʚʭʦʜʝ  ʚ ʪʫʨʙʠʥʫ. 

ʄʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʯʝʥʠʷ ʚʙʣʠʟʠ ʦʭʣʘʞʜʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʨʢʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʟʘʜʘʚʘʪʴ, ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʘʥʘʣʠʟʝ, ʥʘʙʦʨ ʛʘʟʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʦʣʴʢʦ ʥʘʟʚʘʥʠʝʤ, ʥʦ ʥʝ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ ʚʙʣʠʟʠ ʦʭʣʘʞʜʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʝ ʦʧʘʩʘʷʩʴ ʧʦʣʫʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʨʢʠʨʦʚʘʥʠʷ, 

ʨʘʩʰʠʨʷʝʪ ʧʦʥʠʤʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʠ ʛʘʟʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʤʝʪʦʜʠʢʠ ʦʪʣʘʜʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʚʠʛʘʪʝʣʝ, ʥʝʦʙʭʦʜʠʤʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʝʝ 

ʠʟʤʝʨʝʥʠʷ. ʀʟʤʝʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʜʚʠʛʘʪʝʣʝ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ. ɼʣʷ ʝʝ ʠʟʤʝʨʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ. ʂ ʧʨʷʤʳʤ ʤʝʪʦʜʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʦʧʘʨʳ. ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʪʫʨʙʠʥʳ ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʮʝʥʪʨʘʭ 

ʨʘʚʥʦʚʝʣʠʢʠʭ ʧʣʦʱʘʜʝʡ, ʜʦʣʞʥʦ ʚʳʙʠʨʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʨʝʜʥʝʥʠʷ, ʥʝ ʧʨʠʚʦʜʠʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʚʝʨʭ ʫʢʘʟʘʥʥʦʡ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ. 

     ʂʦʩʚʝʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ, ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ. ʅʦ ʪʘʢʦʤʫ ʩʧʦʩʦʙʫ ʩʚʦʡʩʪʚʝʥʥʘ ʜʦʩʪʘʪʦʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʈʘʩʩʯʠʪʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʨʘʜʠʘʣʴʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʟʘ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ 



48   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʤʦʞʥʦ ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʦʤ: 

                              ʃ=
˟ ̄̍ ́̋̒˟ ̄̒ ̑

˟ ̄̒ ̑˟ ̃
Ͻ100%ʃ=

˟̄̍́̋̒˟̄̒̑

˟̄̒̑˟̃
Ͻ100%,                                (1) 

ʛʜʝ ʊʛ ʤʘʢʩ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʟʤʝʨʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʂ;  

ʊʛ ʩʨ ï ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ, ʂ;  

ʊʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʂ.[2] 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʦʥʘ ʚʣʠʷʝʪ ʥʘ ʨʝʩʫʨʩ ʣʦʧʘʪʦʢ 

ʪʫʨʙʠʥʳ ʠ ʝʝ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʧʦʣʦʤʢʘʤ, ʧʨʦʛʘʨʘʤ, 

ʪʝʨʤʦʫʩʪʘʣʦʩʪʥʳʤ ʪʨʝʱʠʥʘʤ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ  ʦʢʠʩʣʝʥʠʶ. ɸ ʪʘʢ ʢʘʢ ʣʦʧʘʪʢʘ 

ʪʫʨʙʠʥʳ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʜʝʪʘʣʴʶ, ʠ ʝʝ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ, ʦʪʧʨʘʚʢʠ ʝʛʦ ʚ ʨʝʤʦʥʪ ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʝʩʫʨʩʘ, ʧʨʦʙʣʝʤʫ 

ʦʪʣʘʜʢʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʥʦʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ. 

ʉʢʘʯʦʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʣʝ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʝʨʴʝʟʥʳʤ 

ʧʦʣʦʤʢʘʤ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ ʧʘʜʝʥʠʶ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʊʘʢ ʧʨʦʠʟʦʰʣʦ ʩ 

ʚʝʨʪʦʣʝʪʦʤ ʄʠ-8ɺ ʄʊɺ-1, ʨʘʟʙʠʚʰʠʤʩʷ 18 ʜʝʢʘʙʨʷ 2007 ʛʦʜʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʦʥʛʦ. 

ʂʦʤʠʩʩʠʷ ʧʦ ʨʘʩʩʣʝʜʦʚʘʥʠʶ ʚʳʷʚʠʣʘ, ʯʪʦ ʧʨʦʠʩʰʝʩʪʚʠʝ ʧʨʦʠʟʦʰʣʦ ʠʟ-ʟʘ ʦʪʢʘʟʘ ʣʝʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ʪʫʨʙʠʥʳ, ʚ ʢʦʪʦʨʫʶ ʧʦʧʘʣʘ ʣʦʧʘʪʢʘ. ʆʪʨʳʚ ʣʦʧʘʪʢʠ 

ʧʨʦʠʟʦʰʝʣ ʧʦ ʧʨʠʯʠʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʜ ʩʦʧʣʦʚʳʤ ʘʧʧʘʨʘʪʦʤ. 

ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢ ʩʝʨʴʝʟʥʦʡ ʧʦʣʦʤʢʝ 

ʜʚʠʛʘʪʝʣʷ, ʥʦ ʠ ʯʝʣʦʚʝʯʝʩʢʠʤ ʞʝʨʪʚʘʤ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 
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ʅʝʦʙʭʦʜʠʤʦ ʣʠ ʨʘʟʚʠʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʚ ʈʦʩʩʠʠ? ʈʝʩʫʨʩʳ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʧʣʘʥʝʪʳ ʦʛʨʘʥʠʯʝʥʳ, ʠʭ ʟʘʧʘʩʦʚ ʥʘ ʥʫʞʜʳ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʭʚʘʪʠʪ ʤʘʢʩʠʤʫʤ 

ʥʘ 100 ʣʝʪ. ʉʧʨʦʩ ʚ ʵʥʝʨʛʦʨʝʩʫʨʩʘʭ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ ʠ ʢ 2020 ʛʦʜʫ, ʦʥ ʚʳʨʘʩʪʝʪ ʥʘ 70 %, 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʢʘʢ ʠʟʙʝʞʘʪʴ ʜʝʬʠʮʠʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ? ʇʦ ʨʘʩʯʝʪʘʤ 

ʄʠʥʵʢʦʥʦʤʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ, 80-85% ʧʨʠʨʦʩʪʘ ʧʦʪʨʝʙʥʦʩʪʠ ʈʦʩʩʠʠ ʚ ʵʥʝʨʛʠʠ ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʦʢʨʳʪʦ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ. ʅʘ ʵʪʠ ʮʝʣʠ 

ʄʠʥʵʥʝʨʛʦ ʧʣʘʥʠʨʫʝʪ ʜʦ 2015 ʛ. ʥʘʧʨʘʚʠʪʴ ʠʟ ʙʶʜʞʝʪʘ ʧʦʨʷʜʢʘ 630 ʤʣʨʜ ʨʫʙ.,  ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʧʨʠʙʣʠʟʠʪʴ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʢ ʝʚʨʦʧʝʡʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ[1]. 

 ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʊʨʘʜʠʮʠʦʥʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʘʥʦʩʠʪ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʚʨʝʜ ʭʠʤʠʯʝʩʢʠʤʠ, ʪʝʧʣʦʚʳʤʠ, ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʟʘʛʨʷʟʥʝʥʠʷʤʠ. ʀʩʧʦʣʴʟʫʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʤʦʞʥʦ ʨʝʰʠʪʴ ʵʪʫ ʵʢʦʣʦʛʠʯʝʩʢʫʶ, ʢʣʠʤʘʪʠʯʝʩʢʫʶ 

ʧʨʦʙʣʝʤʳ. ʊʘʢʞʝ ʚʥʝʜʨʷʷ ʩʪʘʥʮʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʪʦʧʣʠʚʝ, ʤʦʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʮʝʥʪʨʘ,  ʨʘʡʦʥʦʚ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʊʕʉ, ɻʈʕʉ, ɸʕʉ ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʚʳʛʦʜʥʦ, ʪʘʢ ʞʝ 

ʢʘʢ ʠ ʟʘʚʦʟ ʪʦʧʣʠʚʘ ʚ ʨʘʡʦʥʳ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ, ʢ ʧʨʠʤʝʨʫ, ʜʠʟʝʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʪʦʧʣʠʚʘ ʚ ʨʝʩʧʫʙʣʠʢʫ ʉʘʭʘ ʚ 2007 ʛʦʜʫ ʦʙʦʰʣʘʩʴ ʚ 1,2 ʤʣʨʜ ʨʫʙʣʝʡ[1].  

ʅʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ. ɽʱʝ ʦʜʥʠʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ ʚ ʵʥʝʨʛʦʩʝʪʷʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

30%. ʇʝʨʝʭʦʜ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʥʝʨʛʝʪʠʢʝ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʪʦʧʣʠʚʥʳʝ 

ʨʝʩʫʨʩʳ ʩʪʨʘʥʳ.  ʎʝʥʳ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʵʥʝʨʛʠʶ ʩʥʠʞʘʶʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʫʶ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʦʢ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤ ʪʦʧʣʠʚʝ, ʧʦʩʪʦʷʥʥʦ ʩʥʠʞʘʝʪʩʷ ʚʚʠʜʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʩʪʦʠʤʦʩʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʵʥʝʨʛʠʠ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝ ʫʯʠʪʳʚʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ CO2 ,ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʚʳʰʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʠʟ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ ʪʦʧʣʠʚʦ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʥʦʩʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ. 

ɺ ʈʦʩʩʠʠ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ʇʦ ʠʤʝʶʱʠʤʩʷ ʦʮʝʥʢʘʤ, ʧʦʪʝʥʮʠʘʣ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ 

ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4,6 ʤʣʨʜ ʪ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʛʦʜ, ʪʦ ʝʩʪʴ ʚ ʧʷʪʴ ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʦʙʲʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʚʩʝʭ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ. 

ɿʥʘʯʠʤʳʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʜʣʷ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʠʷ 

ʩʦʣʥʮʘ, ʚʝʪʨʘ ʠ ʧʨʠʣʠʚʦʚ, ʘ ʪʘʢʞʝ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʠ ʙʠʦ- ʵʥʝʨʛʠʠ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʈʦʩʩʠʠ [10] 

 

ʕʥʝʨʛʠʷ ʩʦʣʥʮʘ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʛʝʣʠʦ-ʩʪʘʥʮʠʡ ʷʚʣʷʶʪʩʷ: ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ, 

ʙʝʩʰʫʤʥʦʩʪʴ ʠ ʣʝʛʢʘʷ ʟʘʤʝʥʷʝʤʦʩʪʴ ʦʪʨʘʙʦʪʘʥʥʳʭ ʧʣʘʩʪʠʥ, ʥʝʜʦʩʪʘʪʢʘʤʠ - ʥʝʧʦʩʪʦʷʥʥʳʡ 

ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʙʘʪʘʨʝʡ. 

ʉʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ (ʧʣʦʩʢʠʡ, ʚʘʢʫʫʤʥʳʡ, ʚʦʟʜʫʰʥʳʡ, ʢʦʣʣʝʢʪʦʨ-ʢʦʥʮʝʥʪʨʘʪʦʨ ʠ 

ʜʨ.) ð ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʙʦʨʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʉʦʣʥʮʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, 

ʧʨʦʠʟʚʦʜʷʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʩʦʣʥʝʯʥʳʡ ʢʦʣʣʝʢʪʦʨ ʧʨʦʠʟʚʦʜʠʪ ʥʘʛʨʝʚ 

ʤʘʪʝʨʠʘʣʘ ï ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʆʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʥʫʞʜ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ 

ʦʪʦʧʣʝʥʠʷ ʧʦʤʝʱʝʥʠʡ. ɺ ʈʦʩʩʠʠ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ  ʜʣʷ 

ʧʨʦʜʘʞʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʝʪʴ. ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ ʤʦʱʥʦʩʪʴʶ 50 ʢɺʪ ʠ ʘʤʦʨʬʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʪʘʢʦʡ ʞʝ ʤʦʱʥʦʩʪʠ. 

ʈʘʩʯʸʪʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʥʮʠʠ - 133390 ʢɺʪʯ ʚ ʛʦʜ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʗʢʦʚʣʝʚʩʢʠʡ ʨʘʡʦʥ, ʭʫʪʦʨ 

ʂʨʘʧʠʚʝʥʩʢʠʝ ʜʚʦʨʳ)[2].  

ʂʦʤʧʘʥʠʷ  Snow Lizard Products, ʩʦʟʜʘʣʘ ʟʘʱʠʪʥʳʡ ʯʝʭʦʣ SLXtreme 4 ʩ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʥʘ ʟʘʜʥʝʡ ʩʪʦʨʦʥʝ ʪʝʣʝʬʦʥʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʟʘʨʷʞʘʪʴ 

ʘʢʢʫʤʫʣʷʪʦʨ ʪʝʣʝʬʦʥʘ ʦʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ɼʨʫʛʫʶ ʠʥʪʝʨʝʩʥʫʶ ʨʘʟʨʘʙʦʪʢʫ  

ʧʨʝʜʣʦʞʠʣʘ ʢʦʤʧʘʥʠʷ Voltatic Systems. ʕʪʦ ʨʶʢʟʘʢ ʩ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʴʶ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʥʘ ʝʛʦ ʚʥʝʰʥʝʡ ʯʘʩʪʠ. ʉʦʟʜʘʪʝʣʠ ʦʙʝʱʘʶʪ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ ʤʦʞʥʦ ʙʫʜʝʪ ʟʘʨʷʞʘʪʴ 

ʢʘʤʝʨʳ, ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ, ʧʣʘʥʰʝʪʳ ð ʣʶʙʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʤʝʶʱʠʝ USB-ʚʭʦʜ. ʏʘʩ 

ʥʘ ʩʦʣʥʮʝ ʩ ʪʘʢʠʤ ʨʶʢʟʘʢʦʤ ʦʙʝʩʧʝʯʠʪ ʜʦ 75 ʤʠʥʫʪ ʨʘʙʦʪʳ ʪʝʣʝʬʦʥʘ ʚ ʨʘʟʛʦʚʦʨʥʦʤ 

ʨʝʞʠʤʝ. 

ʉʪʦʠʤʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 2,5-3 ʜʦʣʣ/ɺʪ ʧʨʠ ʩʪʦʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 0,25-0,56 ʜʦʣʣ/ʢɺʪ.ʯ. ʉʦʣʥʝʯʥʳʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʟʘʤʝʥʷʶʪ ʢʝʨʦʩʠʥʦʚʳʝ 

ʣʘʤʧʳ, ʩʚʝʯʠ, ʘʢʢʫʤʫʣʷʪʦʨʳ, ʘ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ - ʜʠʟʝʣʴʥʳʝ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʳ ʠ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʫ, ʪʦ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʣʷ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʝʪʨʷʢʦʚ, ʷʚʣʷʶʪʩʷ ʙʝʨʝʛʦʚʳʝ ʣʠʥʠʠ, ʟʜʝʩʴ ʩʠʣʴʥʳʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʫʩʪʦʡʯʠʚʳʡ ʚʝʪʝʨ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʦʙʣʘʜʘʶʪ ʧʨʠʙʨʝʞʥʳʝ ʨʘʡʦʥʳ ʢʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ʧʦʙʝʨʝʞʴʷ ʩʝʚʝʨʥʳʭ ʠ ʚʦʩʪʦʯʥʳʭ ʤʦʨʝʡ 

ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʦʪ ʄʫʨʤʘʥʩʢʘ ʜʦ ʇʨʠʤʦʨʴʷ. ɺ ʊʫʡʤʘʟʠʥʩʢʦʤ ʨʘʡʦʥʝ ʈʝʩʧʫʙʣʠʢʠ 

ɹʘʰʢʦʨʪʦʩʪʘʥ, ʜ.ʊʶʧʢʠʣʴʜʳ, ʩʤʦʥʪʠʨʦʚʘʥʳ 4 ʚʝʪʨʦʪʫʨʙʠʥʳ ʤʦʱʥʦʩʪʴʶ ʧʦ 550 ʢɺʪ ʠ 

ʩʢʨʝʧʣʝʥʳ ʚ 1 ʘʛʨʝʛʘʪ ʩ ʢʨʳʣʴʷʤʠ-ʣʦʧʘʩʪʷʤʠ ʧʦ 19 ʤʝʪʨʦʚ[3].
 

ɻʣʘʚʥʳʤ  ʥʝʜʦʩʪʘʪʢʦʤ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ  ʥʘʨʷʜʫ ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʯʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʚʝʪʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʞʝ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ: ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ, 

ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʝʜʠʥʠʮy ʧʣʦʱʘʜʠ ʚʝʪʨʦʚʦʛʦ ʢʦʣʝʩʘ; ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʠ ʩʝʟʦʥʘ, ʪʨʝʙʫʶʱʠʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʚʝʪʨʦʚʦʡ ʩʪʘʥʮʠʠ 

ʠʣʠ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʵʥʝʨʛʠʠ; ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ 

http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D1%86%D0%B5
http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%B1%D0%B0%D1%82%D0%B0%D1%80%D0%B5%D1%8F
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%BD%D0%BE%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
http://snowlizardproducts.com/productsview.php?catid=1&pid=3
http://www.voltaicsystems.com/converter.shtml
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ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, ʥʘ ʪʝʣʝʚʠʟʠʦʥʥʫʶ ʩʚʷʟʴ ʠ ʧʫʪʠ ʩʝʟʦʥʥʦʡ ʤʠʛʨʘʮʠʠ ʧʪʠʮ.[9] 

ɺʳʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ: ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʥʘ ʪʝʧʣʦʚʦʡ  ʙʘʣʘʥʩ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ, ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʜʨʫʛʠʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʵʥʝʨʛʠʠ (ʤʝʭʘʥʠʯʝʩʢʫʶ, 

ʪʝʧʣʦʚʫʶ, ʵʣʝʢʪʨʠʯʝʩʢʫʶ). 
 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʣʦʧʘʩʪʝʡ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʚʳʧʦʣʥʝʥʳ, ʧʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠ ʧʦ ʰʘʛʫ ʚʠʥʪʘ.  

- ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʣʦʧʘʩʪʝʡ: ʜʚʫʭʣʦʧʘʩʪʥʳʝ,  ʪʨʸʭʣʦʧʘʩʪʥʳʝ ʠ 

ʤʥʦʛʦʣʦʧʘʩʪʥʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ.  ʄʥʦʛʦʣʦʧʘʩʪʥʳʝ ʚʝʪʨʷʢʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʘʯʠʥʘʶʪ 

ʚʨʘʱʘʪʴʩʷ ʥʘ ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʷʭ, ʯʝʤ ʜʚʫʭ- ʠ ʪʨʸʭʣʦʧʘʩʪʥʳʝ, ʥʦ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪʩʷ ʠ  ʚʘʞʝʥ ʥʝ ʩʘʤ ʬʘʢʪ ʚʨʘʱʝʥʠʷ, ʘ ʚʳʭʦʜ  ʥʘ ʥʫʞʥʳʝ ʦʙʦʨʦʪʳ. 

ʂʘʞʜʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʦʧʘʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʪʨʦʢʦʣʝʩʘ, ʘ ʵʪʦ 

ʫʩʣʦʞʥʷʝʪ ʚʳʭʦʜ  ʥʘ ʨʘʙʦʯʠʝ ʦʙʦʨʦʪʳ  ʛʝʥʝʨʘʪʦʨʘ, ʫʚʝʣʠʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʫʶ ʨʘʙʦʯʫʶ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʛʦʣʦʧʘʩʪʥʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʫʜʫʪ 

ʥʘʯʠʥʘʪʴ ʚʨʘʱʘʪʴʩʷ ʧʨʠ ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʷʭ, ʥʦ ʦʥʠ ʙʦʣʴʰʝ ʧʨʠʤʝʥʠʤʳ, ʛʜʝ ʚʘʞʝʥ ʩʘʤ 

ʬʘʢʪ ʚʨʘʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʜʣʷ ʧʝʨʝʢʘʯʢʠ ʚʦʜʳ ʠʣʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʜʝʡʩʪʚʠʡ. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʞʝ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʥʦʛʦʣʦʧʘʩʪʥʳʭ ʚʝʪʨʷʢʦʚ, ʦʥʠ ʩʦʟʜʘʶʪ 

ʣʠʰʴ ʚʠʜʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʞʝ ʨʝʜʫʢʪʦʨʦʚ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ, ʪʘʢ ʢʘʢ, ʚʦ-

ʧʝʨʚʳʭ, ʫʩʣʦʞʥʷʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʜʝʣʘʝʪ ʝʛʦ ʤʝʥʝʝ ʥʘʜʸʞʥʳʤ, ʠ, ʚʦ-

ʚʪʦʨʳʭ, ʨʝʜʫʢʪʦʨ ʙʫʜʝʪ ʟʘʙʠʨʘʪʴ ʤʦʱʥʦʩʪʴ[8]. 

- ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʣʦʧʘʩʪʝʡ: ʞʸʩʪʢʠʝ ʣʦʧʘʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, 

ʧʘʨʫʩʥʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʇʘʨʫʩʥʳʝ ʣʦʧʘʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʪʦʷʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʞʸʩʪʢʠʭ ʩʪʝʢʣʦʧʣʘʩʪʠʢʦʚʳʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʧʨʦʱʝ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʅʦ ʵʪʦ ʜʝʰʝʚʠʟʥʘ 

ʤʦʞʝʪ ʦʙʝʨʥʫʪʴʩʷ ʙʦʣʴʰʠʤʠ ʨʘʩʭʦʜʘʤʠ. ʇʨʠ ʜʠʘʤʝʪʨʝ ʚʝʪʨʦʢʦʣʝʩʘ ʚ 3 ʤʝʪʨʘ ʥʘ ʨʘʙʦʯʠʭ 

ʦʙʦʨʦʪʘʭ ʛʝʥʝʨʘʪʦʨʘ (400-600 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ),  ʢʦʥʝʮ ʣʦʧʘʩʪʠ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 

ʚ 500 ʢʤ/ʯ.ɼʘʞʝ ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦ ʩʝʨʴʸʟʥʦʝ ʠʩʧʳʪʘʥʠʝ, ʘ ʝʩʣʠ ʫʯʝʩʪʴ ʯʪʦ ʚ 

ʚʦʟʜʫʭʝ ʧʦʩʪʦʷʥʥʦ ʝʩʪʴ ʧʳʣʴ ʠ ʧʝʩʦʢ, ʪʦ ʜʘʞʝ ʜʣʷ ʞʸʩʪʢʠʭ ʣʦʧʘʩʪʝʡ ʪʨʝʙʫʶʪʩʷ ʝʞʝʛʦʜʥʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ (ʟʘʤʝʥʘ ʘʥʪʠʢʦʨʨʦʟʠʡʥʦʡ ʧʣʸʥʢʠ ʥʘ ʢʦʥʮʘʭ ʣʦʧʘʩʪʝʡ). ɹʝʟ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʞʸʩʪʢʘʷ ʣʦʧʘʩʪʴ ʧʨʦʜʦʣʞʠʪ ʨʘʙʦʪʘʪʴ, ʯʫʪʴ ʧʦʪʝʨʷʚ ʚ ʩʚʦʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ɼʣʷ 

ʧʘʨʫʩʥʦʡ ʞʝ ʣʦʧʘʩʪʠ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʦʣʥʘʷ ʟʘʤʝʥʘ ʥʝ ʯʝʨʝʟ ʛʦʜ, ʘ ʫʞʝ ʧʦʩʣʝ 

ʧʝʨʚʳʭ ʩʠʣʴʥʳʭ ʚʝʪʨʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʥʘʜʸʞʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʫʩʥʳʭ ʣʦʧʘʩʪʝʡ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ.  

- ʧʦ ʨʘʙʦʯʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ: ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ,ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʶʪ ʧʦʨʳʚʳ, ʥʝ 

ʪʨʝʙʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʧʦ ʚʝʪʨʫ, ʥʦ ʣʶʙʦʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʦʙʣʘʜʘʝʪ 

ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝʡ, ʯʝʤ ʫ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩ ʪʘʢʦʡ ʞʝ ʧʣʦʱʘʜʴʶ ʚʝʪʨʦʢʦʣʝʩʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʘʢʫʶ ʞʝ 

ʤʦʱʥʦʩʪʴ ʧʦʪʨʝʙʫʝʪʩʷ ʚʝʪʨʷʢ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʠʡ. ʂʨʦʤʝ ʪʦʛʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʦʧʘʪʦʢ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʚʝʪʨʦʢʦʣʝʩʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʚʠʞʝʪʩʷ ʧʨʦʪʠʚ ʚʝʪʨʘ. ʕʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʝʪʨʦʢʦʣʝʩʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʙʦʯʫʶ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ. ʉ ʫʯʝʪʦʤ, ʯʪʦ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʜʦʩʪʘʪʦʯʥʦ 

ʬʣʶʛʝʨʘ, ʪʦ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʪʝʨʷʝʪ ʚʩʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ[8]. 

- ʧʦ ʰʘʛʫ ʚʠʥʪʘ: ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʰʘʛ ʚʠʥʪʘ, ʠʟʤʝʥʷʝʤʳʡ ʰʘʛ ʚʠʥʪʘ. ʀʟʤʝʥʷʝʤʳʡ 

ʰʘʛ ʚʠʥʪʘ, ʙʝʟʫʩʣʦʚʥʦ, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʜʠʘʧʘʟʦʥ ʵʬʬʝʢʪʠʚʥʳʭ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʪʳ. ʅʦ 

ʚʥʝʜʨʝʥʠʝ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʝʠʟʙʝʞʥʦ ʚʝʜʸʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʣʦʧʘʩʪʠ, 

ʫʤʝʥʴʰʝʥʠʶ ʦʙʱʝʡ ʥʘʜʸʞʥʦʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʫʪʷʞʝʣʝʥʠʶ ʚʝʪʨʦʢʦʣʝʩʘ, ʘ ʟʥʘʯʠʪ, 

ʙʫʜʫʪ  ʪʨʝʙʦʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʠʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ɺʩʸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʜʦʨʦʞʘʥʠʶ ʚʩʝʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʠ ʧʦʢʫʧʢʝ, ʪʘʢ ʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ[8].
 



52   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʉʪʦʠʤʦʩʪʴ   1 ʢɺʪ/ʯ 'ʚʝʪʨʷʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ' ʩ ʫʯʝʪʦʤ ʨʘʩʭʦʜʦʚ ʥʘ ʧʦʢʫʧʢʫ, 

ʫʩʪʘʥʦʚʢʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6 ʜʦ 

18 ʨʫʙʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʦʚ.  

ʇʨʠʣʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪ ʦʢʝʘʥʩʢʠʝ ʠ ʤʦʨʩʢʠʝ ʧʨʠʣʠʚʳ ʠ ʦʪʣʠʚʳ. 

ɼʦʤʠʥʠʨʫʶʱʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʇʕʉ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʘʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ʉʘʤʳʝ ʙʦʣʴʰʠʝ ʧʨʠʣʠʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʆʭʦʪʩʢʦʤ ʤʦʨʝ - ʚ ʇʝʥʞʠʥʩʢʦʡ ʛʫʙʝ ʜʦ 17 ʤʝʪʨʦʚ, ʚ ɻʠʞʠʛʠʥʩʢʦʡ ʛʫʙʝ ʜʦ 

13 ʤʝʪʨʦʚ. ɺ ʄʝʟʝʥʩʢʦʡ ʛʫʙʝ ɹʝʣʦʛʦ ʤʦʨʷ - ʜʦ 10 ʤʝʪʨʦʚ. ʇʨʠʣʠʚʳ ʚ ɹʘʣʪʠʡʩʢʦʤ ʠ 

ʏʝʨʥʦʤ ʤʦʨʷʭ ʠʟʤʝʨʷʶʪʩʷ ʣʠʰʴ ʩʘʥʪʠʤʝʪʨʘʤʠ, ʧʦʵʪʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʇʕʉ ʟʜʝʩʴ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ[4].  ʇʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʇʕʉ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʝʯʥʳʤʠ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ (ɻʕʉ), ʚ 2,5-3,5 ʨʘʟʘ ʚʳʛʦʜʥʝʝ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʠ ʥʘ 10 

% ɻ ʢʦʥʦʤʠʯʥʝʝ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɸʕʉ). 

ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʘ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʪʝʭ 

ʤʝʩʪʘʭ, ʛʜʝ ʵʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ:
 

- ɿʘʧʘʩʳ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚʝʣʠʢʠ, ʥʦ ʥʝ ʷʚʣʷʶʪʩʷ ʙʝʩʢʦʥʝʯʥʳʤʠ. ɽʸ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ. 

- ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʜʣʷ ʨʘʙʦʪʳ ʥʝ ʪʨʝʙʫʝʪ ʧʦʩʪʘʚʦʢ ʪʦʧʣʠʚʘ ʠʟ 

ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

- ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʚʳʛʦʜʥʦʩʪʴ: ʨʘʙʦʪʘ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʨʝʜʥʳʤʠ ʠʣʠ ʪʦʢʩʠʯʥʳʤʠ ʚʳʙʨʦʩʘʤʠ , ʪʦ ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʡ. 

- ʇʦʤʠʤʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʝʨʚʦʛʦ ʩʪʘʨʪʘ ʥʘʩʦʩʘ (ʥʘʩʦʩʦʚ ʠʣʠ) ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʛʝʦʪʝʨʤʘʣʴʥʳʤ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʚʥʝʰʥʷʷ 

ʵʥʝʨʛʠʷ (ʪʦʧʣʠʚʦ) ʥʝ ʥʫʞʥʘ.  

- ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʥʦʩʪʴ: ʵʢʩʧʣʫʘʪʘʮʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʝ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ, ʢʨʦʤʝ ʨʘʩʭʦʜʦʚ ʥʘ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ 

ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ ʠʣʠ ʨʝʤʦʥʪ. 

- ʆʙʳʯʥʘʷ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʙʝʨʝʛʫ ʤʦʨʷ ʠʣʠ 

ʦʢʝʘʥʘ, ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʜʣʷ ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʧʠʪʴʷ ʠʣʠ ʠʨʨʠʛʘʮʠʠ. ʆʧʨʝʩʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʠʩʪʠʣʣʷʮʠʠ - ʨʘʟʦʛʨʝʚʘ ʚʦʜʳ ʠ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ɹʠʦɻʥʝʨʛʝʪʠʢʘ. ɹʠʦʤʘʩʩʦʡ ʥʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʩʠʥʪʝʟʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʈʦʩʩʠʠ ʧʦʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ 

ʠʟ ʙʠʦʤʘʩʩʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʚ ʏʝʨʥʦʟʝʤʴʝ, ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ, 

ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ ʠ ʥʘ ʶʛʝ ʉʠʙʠʨʠ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ: 

- ʚʩʝʛʜʘ ʝʩʪʴ. 

- ʥʝʪ ʥʫʞʜʳ ʜʦʙʳʚʘʪʴ. 

- ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚʳʜʝʣʷʶʱʠʝʩʷ ʚʝʱʝʩʪʚʘ ʧʦʣʥʦʩʪʴʶ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʣʠʙʦ ʚ 

ʙʝʟʦʙʠʜʥʳʝ (ʥʝ ʦʪʨʘʚʣʷʶʪ ʩʨʝʜʫ),ʣʠʙʦ ʩʛʦʨʘʶʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ. 

- ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

- ʥʠʟʢʘʷ ʮʝʥʘ 

ʅʝʜʦʩʪʘʪʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ.  

- ʫʥʠʯʪʦʞʝʥʠʝ ʣʝʩʦʚ ʥʘʥʝʩʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ.  

- ʝʩʣʠ ʚʳʨʘʱʠʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʪʦ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʪʦʱʝʥʠʶ ʧʣʦʜʦʪʚʦʨʥʦʩʪʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ.  

ʏʪʦ ʞʝ ʫʞʝ ʜʦʩʪʠʛʥʫʪʦ ʈʦʩʩʠʝʡ ʚ ʨʘʟʚʠʪʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ? ɺ ʩʬʝʨʝ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʈʦʩʩʠʠ ʨʘʙʦʪʘʶʪ ɺʕʉ ʚ ʧʦʩʝʣʢʝ ʂʫʣʠʢʦʚʦ 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʤʦʱʥʦʩʪʴ 5,1 ʄɺʪ)[5], ɺʕʉ ʆʆʆ çʂʨʘʩʥʦʝè ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ (75 ʢɺʪ), ɺʕʉ ɿɸʆ çɺʝʪʨʦʵʥʝʨʛʦè ʚ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ (200 ʢɺʪ) ʠ ɺʕʉ ʚ 
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ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   53 

 

ʂʦʤʠ çɺʦʨʢʫʪʠʥʩʢʠʭ ʵʣʝʢʪʨʦʩʝʪʝʡè (1,2 ʄɺʪ). ɺ ʮʝʥʪʨʝ ʠ ʥʘ ʶʛʝ ʩʪʨʘʥʳ - ʄʦʨʧʦʩʘʜʩʢʘʷ 

ɺʕʉ ʚ ʏʫʚʘʰʠʠ (200 ʢɺʪ), ʂʘʣʤʳʮʢʘʷ ɺʕʉ (1,0 ʄɺʪ), ʄʘʨʢʠʥʩʢʘʷ ɺʕʉ ʚ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ (300 ʢɺʪ). ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʈʦʩʩʠʠ - ʏʫʢʦʪʩʢʘʷ ɺʕʉ (2,5 ʄɺʪ) ʠ ɺʕʉ çʖʞʥʳʭ 

ʩʝʪʝʡè ʚ ʩʝʣʝ ʅʠʢʦʣʴʩʢʦʝ ʥʘ ʂʘʤʯʘʪʢʝ (500 ʢɺʪ). ʉʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 

ʚʝʪʨʦʚʳʭ  ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʩʪʨʘʥʝ ʥʘ 2009 ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 17-18 ʄɺʪ. 

 ɺ ʩʬʝʨʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʪʨʠ ɻʝʦʕʉ ʨʘʙʦʪʘʶʪ ʥʘ ʂʘʤʯʘʪʢʝ - ʇʘʫʞʝʪʩʢʘʷ 

(ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 12 ʄɺʪ), ʄʫʪʥʦʚʩʢʘʷ ʠ ɺʝʨʭʥʝ-ʄʫʪʥʦʚʩʢʘʷ (ʩʫʤʤʘʨʥʘʷ 

ʤʦʱʥʦʩʪʴ 60 ʄɺʪ).  

ɺ ʩʬʝʨʝ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʂʠʩʣʦʡ ʛʫʙʝ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʨʘʙʦʪʘʝʪ ʂʠʩʣʦʛʫʙʩʢʘʷ ʇʕʉ, ʷʚʣʷʶʱʘʷʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʫʯʥʦʡ ʙʘʟʦʡ 

ʅʀʀ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ (ʅʀʀʕʉ)[6] . ɺ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʫʝʪʩʷ 

ʄʝʟʝʥʩʢʘʷ ʇʕʉ ʤʦʱʥʦʩʪʴʶ 11,4 ɻɺʪ, ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʦʥʘ ʩʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʚ ʟʘʨʫʙʝʞʥʫʶ 

ɽʚʨʦʧʫ. ʂʇɼ ʝʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʪʫʨʙʠʥ (ʵʪʦ ʥʦʚʘʷ ʨʦʩʩʠʡʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ) - 63 %, ʯʪʦ ʚ 

ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ. ʅʘ ʂʘʤʯʘʪʢʝ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʜʚʝ ʤʦʱʥʳʝ 

ʇʕʉ, ʩʧʦʩʦʙʥʳʝ ʧʦʜʝʣʠʪʴʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʩ ʵʥʝʨʛʦʜʝʬʠʮʠʪʥʳʤʠ ʨʘʡʦʥʘʤʠ ʖʛʦ-

ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ. ʄʦʱʥʦʩʪʴ ʊʫʛʫʨʩʢʦʡ ʇʕʉ, ʯʪʦ ʙʣʠʟ ʅʠʢʦʣʘʝʚʩʢʘ-ʥʘ-ɸʤʫʨʝ, ʩʦʩʪʘʚʠʪ 8 

ɻɺʪ, ʘ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʇʝʥʞʠʥʩʢʦʤ ʟʘʣʠʚʝ ʇʝʥʞʠʥʩʢʦʡ ʇʕʉ - 87 ɻɺʪ [7]. 

ɿʘʢʣʶʯʝʥʠʝ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʝ ʪʦʣʴʢʦ ʧʨʠʥʦʩʠʪ ʧʦʣʴʟʫ 

ʣʶʜʷʤ, ʥʦ ʠ ʥʝ ʥʘʥʦʩʠʪ ʫʱʝʨʙʘ ʧʨʠʨʦʜʝ. ʈʘʟʚʠʪʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʝ ʩʪʦʠʪ ʥʘ 

ʤʝʩʪʝ. ʉʝʛʦʜʥʷ ʤʥʦʛʠʝ ʘʚʪʦʢʦʥʮʝʨʥʳ ʟʘʥʠʤʘʶʪʩʷ ʩʦʟʜʘʥʠʝʤ ʛʠʙʨʠʜʦʚ ʠ ʤʘʰʠʥ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ, ʢ ʧʨʠʤʝʨʫ, ʥʘ ʩʦʣʥʝʯʥʦʡ. ʈʝʢʦʨʜ 

ʩʢʦʨʦʩʪʠ ʜʣʷ ʘʚʪʦʤʦʙʠʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ, ð 88 

ʢʤ/ʯ; ʦʥ ʧʨʠʥʘʜʣʝʞʠʪ ʤʦʜʝʣʠ Sunswift ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʅʦʚʦʛʦ ʖʞʥʦʛʦ ʋʵʣʴʩʘ. ɺ 2006 

ʛʦʜʫ ʧʦʷʚʠʣʩʷ ʧʝʨʚʳʡ ʩʝʨʠʡʥʳʡ ʘʚʪʦʤʦʙʠʣʴ, ʧʦʣʫʯʘʶʱʠʡ ʵʥʝʨʛʠʶ ʦʪ ʩʦʣʥʮʘ ð ʝʛʦ 

ʚʳʧʫʩʪʠʣʘ ʬʨʘʥʮʫʟʩʢʘʷ ʬʠʨʤʘ Venturi. ɺʝʩ ʵʢʦʢʦʥʮʝʧʪʘ Venturi Astrolab ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ 

300 ʢʛ, ʦʥ ʙʳʣ ʚʳʧʦʣʥʝʥ ʠʟ ʣʸʛʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɸʚʪʦʥʦʤʥʳʡ ʭʦʜ 

ʘʚʪʦʤʦʙʠʣʷ ʚʝʩʴʤʘ ʥʝʚʳʩʦʢ, ʚʩʝʛʦ 110 ʢʠʣʦʤʝʪʨʦʚ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ð 120 ʢʤ/ʯ. 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʢʦʤʧʘʥʠʷ Toyota ʚʳʧʫʩʪʠʣʘ ʘʚʪʦʤʦʙʠʣʴ ʩ ʙʘʪʘʨʝʷʤʠ ʥʘ ʢʨʳʰʝ, ʢʦʪʦʨʳʡ 

ʜʚʠʛʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 

ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ ʦʢʦʣʦ 25% ʧʦʪʨʝʙʣʷʝʤʳʭ ʚ ʈʦʩʩʠʠ ʧʝʨʚʠʯʥʳʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦ ʟʘʤʝʱʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ (ʥʝ ʚʢʣʶʯʘʷ ʢʨʫʧʥʫʶ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʫ), ʯʪʦ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 270 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʝʞʝʛʦʜʥʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʠ ʧʣʘʥʳ ʨʘʟʚʠʪʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ: ʈʦʩʩʠʡʩʢʠʡ 

ʨʳʥʦʢ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ  ʵʥʝʨʛʝʪʠʢʠ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʠʤʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʨʳ ʧʦ ʨʘʟʚʠʪʠʶ ʵʪʦʛʦ ʚʠʜʘ  ʵʥʝʨʛʝʪʠʢʠ ʠ 

ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ɺ ʪʘʙʣʠʮʝ ʦʪʨʘʞʝʥ ʦʙʲʝʤ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʚ 2007ʛ. ʩ ʧʦʤʦʱʴʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 2003ʛ. ʠ ʩʜʝʣʘʥʳ ʧʨʦʛʥʦʟʳ ʜʦ 2017ʛ. 

ɺ 2010 ʛʦʜʫ ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʧʦ ʢʦʪʦʨʦʡ ʜʦʣʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʢ 2020 ʛʦʜʫ 

ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ: 2010 ʛʦʜ ð 1,5%, 2015 ʛʦʜ ð 2,5%, 2020 ʛʦʜ ð 4,5%. 

 

ʊʘʙʣʠʮʘ 1.  

ʆʙʲʝʤ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ʀʩʪʦʯʥʠʢ ð Clean Edge) 

  2003 2007 2017 

ʉʦʣʥʝʯʥʳʝ 

ʫʩʪʘʥʦʚʢʠ 
620 ʄɺʪ 2821 ʄɺʪ 22760 ʄɺʪ 

ɺʝʪʨʷʥʳʝ ʫʩʪʘʥʦʚʢʠ 8000 ʄɺʪ 20060 ʄɺʪ 75781 ʄɺʪ 

ɹʠʦʪʦʧʣʠʚʦ 7 ʤʣʜ.ʛʘʣʣʦʥʦʚ 15,6 ʤʣʜ.ʛʘʣʣʦʥʦʚ 45,9 ʤʣʜ.ʛʘʣʣʦʥʦʚ 



54   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

 

ʆʜʥʘʢʦ ʥʘ 2010 ʛʦʜ ʩʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʥʘ ʙʘʟʝ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ɺʀʕ ʩʦʩʪʘʚʣʷʣʘ ʣʠʰʴ 2,25 ɻɺʪ, ʠʣʠ ʦʢʦʣʦ 1% ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʈʦʩʩʠʠ. ʅʘʠʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ ɹʠʦʊʕʉ ï 1400 ʄɺʪ, ʤʘʣʳʝ ɻʕʉ ï 750 ʄɺʪ ʠ ɻʝʦʊʕʉ ï 85 ʄɺʪ. ʇʨʠ ʵʪʦʤ, 

ʪʘʢʠʝ ʧʦʧʫʣʷʨʥʳʝ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʤʠʨʝ ʥʘʧʨʘʚʣʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʢʘʢ ʚʝʪʨʷʥʘʷ ʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʈʦʩʩʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʩʪʘʶʪ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ. ɺ ʈʦʩʩʠʠ ʝʱʸ ʥʝʪ ʪʘʢʠʭ ʟʘʢʦʥʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʨʝʛʫʣʠʨʦʚʘʣʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʫʶ ʵʥʝʨʛʝʪʠʢʫ ʠ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʝʝ ʨʘʟʚʠʪʠʝ. ʊʘʢʞʝ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ, 

ʪʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʳʧʫʩʢʘʶʪ ʫʩʪʘʥʦʚʢʠ ʧʘʨʪʠʷʤʠ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ. 

 

 
ʈʠʩ. 2. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ɺʀʕ ʚ ʈʦʩʩʠʠ ʥʘ 2010 ʛ.                    

ʠ ʮʝʣʝʚʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʥʘ 2020 ʛ., ʄɺʪ [10]. 

 

ɺʳʚʦʜ  

ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ-ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ, 

ʧʝʨʝʜʘʯʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ ʨʘʟʚʠʪʠʠ ʠʟ-ʟʘ 

ʚʳʛʦʜʥʦʩʪʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʨʘʟʚʠʪʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʦʧʨʷʞʝʥʦ ʩ ʪʱʘʪʝʣʴʥʳʤ ʘʥʘʣʠʟʦʤ 

ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʮʝʣʷʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʝʛʦ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʵʥʝʨʛʦʨʝʩʫʨʩʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʝʟ ʦʙʱʝʩʪʚʝʥʥʦʡ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ, ʨʘʟʚʠʪʦʛʦ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʙʘʟʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʥʘʫʯʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ, ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʙʫʜʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ, ʚ ʨʘʟʳ ʧʨʝʚʳʰʘʶʱʝʡ ʝʝ ʧʦ 

ʤʦʱʥʦʩʪʷʤ. 
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ʀʜʝʷ ʩʦʟʜʘʥʠʷ ʠʩʪʨʝʙʠʪʝʣʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʦʷʚʠʣʘʩʴ ʚ ʉʉʉʈ ʠ ʉʐɸ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʦʥʮʝ 80-ʭ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʦʙʟʦʨʥʳʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ 

ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʥʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʉʘʤʦʣʝʪ ʜʦʣʞʝʥ ʙʳʣ ʠʤʝʪʴ ʢʨʝʡʩʝʨʩʢʫʶ ʩʚʝʨʭʟʚʫʢʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʤʘʣʦʟʘʤʝʪʥʦʩʪʴ, 

ʤʦʱʥʫʶ ʨʘʜʘʨʥʫʶ ʩʠʩʪʝʤʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʩʝʨʘʢʫʨʩʥʳʡ ʦʙʟʦʨ, ʢʦʤʧʴʶʪʝʨʥʳʡ 

"ʤʦʟʛ", ʫʧʨʘʚʣʷʶʱʠʡ ʧʦʣʝʪʦʤ ʠ ʚʝʜʝʥʠʝʤ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ "ʧʨʦʱʘʶʱʠʡ" 

ʣʝʪʯʠʢʫ ʚʩʝ ʦʰʠʙʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʷʪ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʪʦʣʴʢʦ ʘʤʝʨʠʢʘʥʩʢʠʡ F-22 Raptor. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ F-22A ʚʦʙʨʘʣ ʚ ʩʝʙʷ ʥʘʠʙʦʣʝʝ ʧʝʨʝʜʦʚʳʝ ʯʝʨʪʳ 

ʠʩʪʨʝʙʠʪʝʣʝʡ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʕʪʦ ʠʥʪʝʛʨʘʣʴʥʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʢʦʤʧʦʥʦʚʢʘ - ʧʣʘʚʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʢʨʳʣʘ ʠ 

ʬʶʟʝʣʷʞʘ, ʧʦʚʳʰʘʶʱʘʷ ʥʝʩʫʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʦʙʲʝʤʳ (F-16, ʉʫ-27, ʄʠɻ-29). 

ʇʨʠʤʝʥʝʥʠʝ ʈʃʉ ʩ ʬʘʟʠʨʦʚʘʥʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʦʡ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʩʪʨʝʣʠʚʘʪʴ ʨʘʢʝʪʘʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʮʝʣʝʡ (ʄʠɻ-31). 

ʋʚʝʣʠʯʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʟʘʧʘʩʝ ʪʦʧʣʠʚʘ 

 

ʌʦʪʦ 

 

 

ʌʦʪʦ 

 

 

ʌʦʪʦ 

http://www.rushydro.ru/industry/res/windpower/history
http://www.niies.rushydro.ru/company/general
http://memoid.ru/
http://www.vevivi.ru/best/Vetrovaya-yenergetika-ref228060.html
http://www.avanturist.org/forum/topic/113/offset/860
mailto:vika_zherebilo@mail.ru
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ʙʝʟ ʜʦʟʘʧʨʘʚʢʠ (ʉʫ-27). 

 
ʈʠʩ.1. ʀʩʪʨʝʙʠʪʝʣʴ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ F-22 Raptor ʥʘ ʚʟʣʝʪʝ 

 

ʇʦʚʳʰʝʥʠʝ ʤʘʥʝʚʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʳʣʦ, ʨʦʩʪʘ 

ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʜʠʩʪʘʥʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (F-15, F-16, 

ʉʫ-27 ʠ ʜʨʫʛʠʝ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ F-22 ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʘʥʥʳʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʦʣʴʢʦ ʯʪʦ ʤʘʰʠʥ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʩʚʝʨʭʟʚʫʢʦʚʘʷ ʢʨʝʡʩʝʨʩʢʘʷ 

ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ, ʜʦʩʪʠʛʘʝʤʘʷ ʥʘ ʙʝʩʬʦʨʩʘʞʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ , ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʝʥʥʘʷ ʟʘʤʝʪʥʦʩʪʴ ʜʣʷ ʈʃʉ ʧʨʦʪʠʚʥʠʢʘ. ɼʘʣʝʝ - ʚʳʩʦʢʘʷ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʜʦʟʚʫʢʦʚʳʭ, ʥʦ ʠ ʥʘ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ. ʅʘʢʦʥʝʮ, ʵʪʦ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʨʘʞʝʥʠʷ ʮʝʣʠ ʙʝʟ ʚʭʦʜʘ ʚ ʟʦʥʫ ʙʦʝʚʦʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʦʪʣʠʯʠʡ ʠ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʩʯʠʪʘʪʴ F-22A ʩʘʤʦʣʝʪʦʤ ʧʷʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʦʢʘʟʘʣʠʩʴ ʚʦ ʤʥʦʛʦʤ ʧʨʦʪʠʚʦʨʝʯʘʱʠʤʠ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦ 

ʚʳʥʫʜʠʣʦ ʘʤʝʨʠʢʘʥʩʢʠʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʧʦʡʪʠ ʥʘ ʨʷʜ ʢʦʤʧʨʦʤʠʩʩʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʢʦʪʦʨʳʭ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʣʠʩʴ ʥʘ ʙʦʝʚʳʭ ʢʘʯʝʩʪʚʘʭ ʠʩʪʨʝʙʠʪʝʣʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʪʠʚʦʨʝʯʠʷ ʘʤʝʨʠʢʘʥʮʘʤ ʫʜʘʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʷʪʦʤʫ 

ʧʦʢʦʣʝʥʠʶ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ. ʉʪʦʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʦʙʦʰʣʘʩʴ ʚʦʝʥʥʦʤʫ ʙʶʜʞʝʪʫ ʉʐɸ ʚ 65 

ʤʣʨʜ ʜʦʣʣ. ʉʝʛʦʜʥʷ ʚʳʧʫʩʢ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʩʘʤʦʣʝʪʘ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ F-22 Raptor ʚʨʝʤʝʥʥʦ 

ʧʨʠʦʩʪʘʥʦʚʣʝʥ. 

ɿʘʪʦ ʚ ʈʦʩʩʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʥʘʯʘʣʘʩʴ ʩʙʦʨʢʘ ʠʩʪʨʝʙʠʪʝʣʝʡ ʧʷʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʨʝʤʝʥʥʦ ʧʨʦʭʦʜʷʪ ʧʦʜ ʦʙʦʟʥʘʯʝʥʠʝʤ ʊ-50. ʇʝʨʚʳʡ ʧʦʣʝʪ ʩʘʤʦʣʝʪʘ 

ʩʦʩʪʦʷʣʩʷ 29 ʷʥʚʘʨʷ 2010 ʛʦʜʘ ʚ ʂʦʤʩʦʤʦʣʴʩʢʝ-ʥʘ-ɸʤʫʨʝ. 

 

 
ʈʠʩ. 2. ʊ-50 ʚ ʧʦʣʝʪʝ 

 

ɼʚʠʛʘʪʝʣʠ ʩ ʦʪʢʣʦʥʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ ʧʦʟʚʦʣʷʶʪ ʣʝʪʯʠʢʫ ʧʨʠʤʝʥʷʪʴ ʨʷʜ 

ʧʨʦʪʠʚʦʨʘʢʝʪʥʳʭ ʤʘʥʝʚʨʦʚ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʥʝ ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ ʥʠ ʦʜʠʥ ʠʩʪʨʝʙʠʪʝʣʴ.  

ʕʪʦʪ ʩʘʤʦʣʝʪ ʜʦʩʪʠʛʘʝʪ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ. ɼʚʠʛʘʪʝʣʴ 

ʥʘ ʊ-50 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʬʨʦʚʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʣʘʟʤʝʥʥʫʶ ʩʠʩʪʝʤʫ 

ʟʘʞʠʛʘʥʠʷ. ɺʤʝʩʪʝ ʩ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʣʘʥʝʨʘ ʵʪʦʪ ʜʚʠʛʘʪʝʣʴ ʧʨʠʜʘʝʪ 

ʠʩʪʨʝʙʠʪʝʣʶ ʩʚʝʨʭʤʘʥʝʚʨʝʥʥʦʩʪʴ. ʉʧʝʮʠʘʣʠʩʪʳ ʨʘʙʦʪʘʶʪ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʜʚʠʛʘʪʝʣʷ 

ʚʪʦʨʦʛʦ ʵʪʘʧʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʣʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʣʝʪʘ. 
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ʈʠʩ. 3. ʇʦʩʘʜʢʘ ʇɸʂ ʌɸ 

 

ʄʘʣʦʟʘʤʝʪʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʦʤ ʩʘʤʦʣʝʪʘ ʧʷʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʚ ʊ-50 ʨʝʘʣʠʟʫʝʪʩʷ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʚʩʝʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʚ ʈʌ ʚʦʝʥʥʳʭ ʩʘʤʦʣʝʪʦʚ ʦʥ ʥʘʠʙʦʣʝʝ ʟʘʱʠʱʝʥ ʦʪ ʨʘʜʘʨʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. ʆʜʥʘʢʦ, ʢ 

ʧʨʠʤʝʨʫ, ʘʤʝʨʠʢʘʥʮʘʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʩʪʨʝʙʠʪʝʣʷ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ F-22 Raptor ʧʨʠʰʣʦʩʴ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʚ ʧʦʣʴʟʫ ʙʦʣʴʰʝʡ ʩʢʨʳʪʥʦʩʪʠ. ʂʘʢ ʩʯʠʪʘʶʪ 

ʵʢʩʧʝʨʪʳ, ʨʦʩʩʠʡʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʩʢʦʨʝʝ ʧʨʝʜʧʦʯʪʫʪ ʠʟ ʵʪʠʭ ʜʚʫʭ ʢʘʯʝʩʪʚ 

ʤʘʥʝʚʨʝʥʥʦʩʪʴ. ʇɸʂ ʌɸ ʦʩʥʘʱʝʥ ʥʦʚʝʡʰʝʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩ ʘʢʪʠʚʥʦʡ 

ʬʘʟʠʨʦʚʘʥʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʀʀ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ. ʕʪʦʪ ʨʘʜʘʨ 

ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʚʩʝʩʪʦʨʦʥʥʠʡ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʦʙʩʪʨʝʣ ʮʝʣʝʡ, ʯʪʦ ʪʦʞʝ ʷʚʣʷʝʪʩʷ 

ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʩʘʤʦʣʝʪʫ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʆʮʝʥʢʘ ʉʝʨʛʝʷ ɹʦʛʜʘʥʘ, ʣʝʪʯʠʢʘ-ʠʩʧʳʪʘʪʝʣʷ, ʚʧʝʨʚʳʝ ʧʦʜʥʷʚʰʝʛʦ ʊ-50 ʚ ʚʦʟʜʫʭ ʠ 

ʩʦʚʝʨʰʠʚʰʝʛʦ ʥʘ ʥʝʤ 47-ʤʠʥʫʪʥʳʡ ʧʦʣʝʪ: 

- ɺ ʭʦʜʝ ʧʦʣʝʪʘ ʤʳ ʧʨʦʚʝʣʠ ʧʝʨʚʠʯʥʫʶ ʦʮʝʥʢʫ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʘʤʦʣʝʪʘ, ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ ʠ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ. ʉʘʤʦʣʝʪ ʭʦʨʦʰʦ ʧʦʢʘʟʘʣ ʩʝʙʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʣʝʪʥʦʡ 

ʧʨʦʛʨʘʤʤʳ. ʀʤ ʢʦʤʬʦʨʪʥʦ ʫʧʨʘʚʣʷʪʴ. 

ʅʘʩʪʦʷʱʠʡ ʞʝ ʧʨʦʨʳʚ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ, ʢʦʛʜʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʥʘʯʥʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʨʦʩʩʠʡʩʢʦ-ʠʥʜʠʡʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 

ʦʙʣʠʢʘ ʠʩʪʨʝʙʠʪʝʣʷ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʙʘʟʝ ʦʧʳʪʥʦʛʦ ʊ-50. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʷʚʠʣʩʷ ʉʫ-

30ʄʂʀ - ʣʫʯʰʠʡ ʥʘ ʩʝʛʦʜʥʷ ʪʷʞʝʣʳʡ ʠʩʪʨʝʙʠʪʝʣʴ. ɹʫʜʝʤ ʥʘʜʝʷʪʴʩʷ, ʩʦʚʤʝʩʪʥʳʤʠ 

ʫʩʠʣʠʷʤʠ ʨʦʩʩʠʡʩʢʠʝ ʠ ʠʥʜʠʡʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʥʘʩʳʪʷʪ ʇɸʂ ʌɸ ʩʦʚʨʝʤʝʥʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʦʩʥʘʩʪʷʪ ʣʫʯʰʠʤ ʦʨʫʞʠʝʤ. ɻʣʘʚʥʦʝ - ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠ ʘʢʪʠʚʠʟʘʮʠʷ 

ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʊ-50. ʀ ʪʦʛʜʘ ʯʝʨʝʟ ʪʨʠ ʛʦʜʘ ʥʘʰʠ ɺɺʉ ʧʦʣʫʯʘʪ ʧʝʨʚʫʶ ʧʘʨʪʠʶ ʪʘʢʠʭ 

ʩʘʤʦʣʝʪʦʚ ʜʣʷ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʚʦʡʩʢʘʭ. ɸ ʩ 2015 ʛʦʜʘ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʪʷʞʝʣʳʭ 

ʠʩʪʨʝʙʠʪʝʣʝʡ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ ʙʫʜʝʪ ʥʘʩʳʱʘʪʴʩʷ ʪʦʣʴʢʦ ʨʦʩʩʠʡʩʢʦ-ʠʥʜʠʡʩʢʠʤʠ 

ʩʘʤʦʣʝʪʘʤʠ. 

ɺ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʰʠʥ ʥʝ ʦʪʩʪʘʶʪ ʠ ʜʨʫʛʠʝ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʇʝʢʠʥ ʩʜʝʣʘʣ ʧʝʨʚʳʡ ʭʦʜ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ ʧʷʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʇʨʦʛʨʝʩʩ ʘʚʠʘʩʪʨʦʝʥʠʷ ʂʅʈ ʚʧʝʯʘʪʣʷʝʪ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʞʠʟʥʴ ʢʠʪʘʡʩʢʠʤ 

ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ ʮʝʣʳʡ ʨʷʜ ʩʠʩʪʝʤʥʳʭ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ.  

 

  
ʈʠʩ. 4. ʂʠʪʘʡʩʢʠʡ J-20 

http://army-news.ru/2011/01/kitajskij-j-20/j_20/


58   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

 

ʏʵʥʜʫ J-20 (JiǕn-20, J-20, ʙʫʢʚʘʣʴʥʦ ʀʩʪʨʝʙʠʪʝʣʴ ʤʦʜʝʣʴ 20, ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ 

"ʏʸʨʥʳʡ ʦʨʸʣ") - ʢʠʪʘʡʩʢʠʡ ʠʩʪʨʝʙʠʪʝʣʴ. ʈʘʟʨʘʙʦʪʘʥ ɸʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʢʦʨʧʦʨʘʮʠʝʡ Chengdu Aircraft Industry Corporation ʚ ʛ. ʏʵʥʜʫ. 

J-20 ʚʳʧʦʣʥʝʥ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʝ "ʫʪʢʘ" ʩ ʚʳʩʦʢʦʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʪʨʝʫʛʦʣʴʥʳʤ ʚ ʧʣʘʥʝ ʢʨʳʣʦʤ, ʩʦʧʨʷʞʝʥʥʳʤ ʩ ʬʶʟʝʣʷʞʝʤ. ʎʝʣʴʥʦʧʦʚʦʨʦʪʥʳʝ ʢʠʣʠ 

ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʫʛʦʣ ʨʘʟʚʘʣʘ ʦʪ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. ʄʦʪʦʛʦʥʜʦʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʙʦʢʘʤ 

ʬʶʟʝʣʷʞʘ ʧʦʜ ʢʨʳʣʴʷʤʠ. ʀʩʪʨʝʙʠʪʝʣʴ ʠʤʝʝʪ ʚ ʜʣʠʥʫ 21,3 ʤʝʪʨʘ, ʚ ʚʳʩʦʪʫ 4,5 ʤʝʪʨʘ ʠ 

ʨʘʟʤʘʭ ʢʨʳʣʴʝʚ - 12,9 ʤʝʪʨʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ J-20 

ʟʘʩʝʢʨʝʯʝʥʳ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʤʘʩʩʘ ʧʫʩʪʦʛʦ ʩʘʤʦʣʝʪʘ ʩʦʩʪʘʚʣʷʝʪ 17 ʪʦʥʥ. J-20 ʤʦʞʝʪ 

ʨʘʟʚʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʜʦ 2,5 ʯʠʩʣʘ ʄʘʭʘ (2,9 ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ), ʘ ʢʨʝʡʩʝʨʩʢʘʷ 

ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʦʣʝʪʘ ʩʦʩʪʘʚʣʷʝʪ 1,83 ʯʠʩʣʘ ʤʘʭʘ. ɹʦʝʚʦʡ ʨʘʜʠʫʩ J-20 ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʜʚʝ 

ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʘʣʴʥʦʩʪʠ ʚ ʧʷʪʴ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ. ɿʘʜʘʯʠ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴ ʩʘʤʦʣʝʪ J-20, ʦʬʠʮʠʘʣʴʥʦ ʥʝ ʨʘʩʢʨʳʚʘʶʪʩʷ. 

ɺʝʨʦʷʪʥʦ, ʩʘʤʦʣʝʪ ʙʫʜʝʪ ʦʩʥʘʱʝʥ ʧʨʦʪʠʚʦʢʦʨʘʙʝʣʴʥʳʤʠ ʨʘʢʝʪʘʤʠ ʠ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʜʣʷ ʙʦʨʴʙʳ ʩ ʥʘʜʚʦʜʥʳʤʠ ʢʦʨʘʙʣʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʚʠʘʥʦʩʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ɺ ʷʥʚʘʨʝ 2011 ʛʦʜʘ ʚ ʂʠʪʘʝ ʧʨʦʰʣʘ ʧʝʨʚʘʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʚ ʧʦʣʝʪʝ ʧʨʦʪʦʪʠʧʘ 

ʠʩʪʨʝʙʠʪʝʣʷ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ. ʆʙʩʫʞʜʘʷ ʧʝʨʚʳʡ ʧʦʣʝʪ, ʤʥʦʛʠʝ ʟʥʘʪʦʢʠ ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ 

ʜʘʥʥʳʡ ʩʘʤʦʣʝʪ - J-20 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʝʛʦ ʣʠʰʴ ʥʝ ʦʯʝʥʴ ʫʜʘʯʥʳʡ "ʢʦʣʣʘʞ" ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʩʘʤʦʣʝʪʦʚ ʉʫ-47 ʠ 

ʄʀɻ 1.44, ʘ ʪʘʢʞʝ ʘʤʝʨʠʢʘʥʩʢʠʭ ʠʩʪʨʝʙʠʪʝʣʝʡ 5-ʛʦ ʧʦʢʦʣʝʥʠʷ F-22 Raptor ʠ F-35. 

ɺ ʤʘʝ 2006 ʛʦʜʘ ʤʠʥʠʩʪʝʨʩʪʚʦ ʦʙʦʨʦʥʳ ʗʧʦʥʠʠ ʦʧʫʙʣʠʢʦʚʘʣʦ ʬʦʪʦ 

ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʪʝʩʪʦʚʳʭ ʤʦʜʝʣʝʡ ʧʣʘʥʝʨʘ ATD-X, ʧʦʩʣʝ ʯʝʛʦ ʟʘʷʚʠʚ, ʯʪʦ ʥʘ ʙʘʟʝ ʵʪʦʛʦ 

ʧʣʘʥʝʨʘ ʙʫʜʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʷʧʦʥʩʢʠʡ ʩʘʤʦʣʝʪ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʉʠʥʩʠʥ. ɺ 2007 ʛʦʜʫ 

ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 40 ʚʳʣʝʪʦʚ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʧʣʘʥʝʨ ʧʦʢʘʟʘʣ 

ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ 

ʤʠʥʠʩʪʝʨʩʪʚʦ ʦʙʦʨʦʥʳ ʦʙʲʝʜʠʥʠʣʦ ʨʘʥʝʝ ʨʘʟʨʦʟʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʜʥʫ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʥʘʯʘʣʘ ʨʘʙʦʪʘʪʴ ʚ 2010 ʛʦʜʫ, ʧʨʦʙʥʳʡ ʧʦʣʝʪ ʙʳʣ 

ʟʘʧʣʘʥʠʨʦʚʘʥ ʥʘ 2011 ʛʦʜ. 

ʈʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʚʠʛʘʪʝʣʷ ʥʘʯʘʣʠʩʴ ʝʱʝ ʚ 2009 ʛʦʜʫ. 

ʇʝʨʚʦʩʪʝʧʝʥʥʘʷ ʟʘʜʘʯʘ ʷʧʦʥʩʢʦʛʦ ATD-X - ʵʪʦ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ ʪʘʢʠʤ ʥʝʚʠʜʠʤʳʤ 

ʩʘʤʦʣʝʪʘʤ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʤʫ ʨʦʩʩʠʡʩʢʠʤ ʆʂɹ "ʉʫʭʦʡ" 

ʊ-50. ɼʣʠʥʥʘ ATD-X ʩʦʩʪʘʚʣʷʝʪ 14 ʤʝʪʨʦʚ, ʨʘʟʤʘʭʦʤ ʢʨʳʣʴʝʚ - 9 ʤʝʪʨʦʚ, ʚʟʣʝʪʥʳʡ ʚʝʩ - 8 

ʪʦʥʥ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʗʧʦʥʠʷ ʦʙʣʘʜʘʝʪ ʜʚʫʤʷ ʧʨʦʪʦʪʠʧʘʤʠ ʩʘʤʦʣʝʪʦʚ ʧʷʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʦʜʥʘʢʦ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʝʱʝ ʥʝ ʙʳʣʦ, ʧʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ ʦʥʠ ʙʫʜʫʪ 

ʧʨʦʚʝʜʝʥʳ ʚ 2014 ʛʦʜʫ. 

 

 
ʈʠʩ. 5. ʇʣʘʥʠʨʫʝʤʳʡ ʦʙʣʠʢ ʷʧʦʥʩʢʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ ATD-X 

 

ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʝʚʨʦʧʝʡʩʢʠʡ ʪʘʡʬʫʥ. ʆʥ, ʢʘʢ ʠ F-22 ʠʟʥʘʯʘʣʴʥʦ 

ʟʘʜʫʤʳʚʘʣʩʷ ʢʘʢ ʧʝʨʝʭʚʘʪʯʠʢ, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʝʛʦ ʚʦʦʨʫʞʝʥʠʷ ï 

ʙʦʣʝʝ ʩʣʘʙʦʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʚʦʝʛʦ ʧʦʢʦʣʝʥʠʷ ʫʜʘʨʥʦʝ 

ʚʦʦʨʫʞʝʥʠʝ. ʇʨʠ ʵʪʦʤ EF-2000 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʤʘʥʝʚʨʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ 

ʩʚʝʨʭʟʚʫʢʝ, ʭʦʪʴ ʠ ʚʳʭʦʜʠʪ ʥʘ ʥʝʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʨʩʘʞʘ. 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   59 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʪʨʝʙʠʪʝʣʷ ʦʪʨʘʞʘʶʪ ʩʪʨʝʤʣʝʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʣʝʜʥʠʝ ʤʠʨʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʘʤʦʣʝʪʦʩʪʨʦʝʥʠʷ ʠ ʵʣʝʢʪʨʦʥʠʢʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʤʘʥʝʚʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʩʦʙʝʥʥʦ ʥʘ ʙʦʣʴʰʠʭ 

ʫʛʣʘʭ ʘʪʘʢʠ, ʩʘʤʦʣʝʪ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʧʦ ʩʭʝʤʝ ʩ ʥʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʤ ʪʨʝʫʛʦʣʴʥʳʤ 

ʢʨʳʣʦʤ (ʫʛʦʣ ʩʪʨʝʣʦʚʠʜʥʦʩʪʠ 53 ʛʨʘʜʫʩʘ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʧʘʩʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʜʚʫʭʩʝʢʮʠʦʥʥʳʤʠ ʟʘʢʨʳʣʢʘʤʠ ʠ ʧʨʝʜʢʨʳʣʢʘʤʠ, ʧʦʚʦʨʦʪʥʳʤ ʧʝʨʝʜʥʠʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʦʧʝʨʝʥʠʝʤ (ʇɻʆ), ʚʝʨʪʠʢʘʣʴʥʳʤ ʢʠʣʝʤ ʩ ʨʫʣʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʙʝʟ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʊʘʢʘʷ 

ʩʭʝʤʘ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʩʥʦʚʥʦʝ ʠʟ ʢʦʪʦʨʳʭ ð ʩʥʠʞʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʘʤʦʣʝʪʘ ʥʘ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʷʭ. ɿʘʧʘʩ ʪʦʧʣʠʚʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʬʶʟʝʣʷʞʥʳʭ ʠ 

ʢʨʳʣʴʝʚʳʭ ʪʦʧʣʠʚʥʳʭ ʙʘʢʘʭ, ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʶʱʠʭ ʢʝʩʩʦʥʳ ʢʦʥʩʦʣʝʡ ʢʨʳʣʘ. 

ʅʘ çʊʘʡʬʫʥʝè ʧʨʠʤʝʥʝʥʘ ʯʝʪʳʨʸʭʢʨʘʪʥʦ ʨʝʟʝʨʚʠʨʦʚʘʥʥʘʷ ʮʠʬʨʦʚʘʷ 

ʵʣʝʢʪʨʦʜʠʩʪʘʥʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ, ʦʙʲʝʜʠʥʝʥʥʘʷ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʷʤʠ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʦʪʢʣʦʥʝʥʠʝ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʠ ʚʳʩʦʪ ʧʦʣʝʪʘ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʥʝʦʬʠʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʫʧʦʤʠʥʘʝʪʩʷ, ʯʪʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʫʯʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʠʶʥʝ 2012 ʛʦʜʘ ʥʘ ɸʣʷʩʢʝ, ʚʢʣʶʯʘʚʰʠʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʚʦʟʜʫʰʥʳʝ ʙʦʠ ʠʩʪʨʝʙʠʪʝʣʝʡ F-22 ʩ ʊʘʡʬʫʥʘʤʠ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ 

ʥʝʤʝʮʢʠʭ ʧʠʣʦʪʦʚ, ʧʨʦʪʠʚʥʠʢʠ ʩʨʘʞʘʣʠʩʴ ʥʘ ʨʘʚʥʳʭ, ʥʘ ʙʦʣʴʰʠʭ ʨʘʩcʪʦʷʥʠʷʭ F-22 ʠʤʝʣ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘ ʩʯʸʪ ʥʦʚʝʡʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʥʘ ʙʣʠʟʢʦʡ ʜʠʩʪʘʥʮʠʠ ʙʦʣʝʝ 

ʣʸʛʢʠʡ ʊʘʡʬʫʥ ʦʢʘʟʳʚʘʣʩʷ ʚ ʚʳʛʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʊʦ ʝʩʪʴ, ʬʘʢʪʠʯʝʩʢʠ ʧʨʠʟʥʘʥʦ ʪʦ, ʯʪʦ 

F-22 ʠʤʝʝʪ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʥʘʜ EF-2000 ʚ ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʈʃʉ ʩ ɸʌɸʈ, ʘ 

ʧʦʷʚʣʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʘʥʮʠʠ ʥʘ ʙʦʨʪʫ ʝʚʨʦʧʝʡʩʢʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ ʚʦʧʨʦʩ ʚʨʝʤʝʥʠ 

 

  
ʈʠʩ. 6. Eurofighter Typhoon F2, ʦʜʥʦʤʝʩʪʥʳʡ ʠʩʪʨʝʙʠʪʝʣʴ 

 

ʉʨʘʚʥʠʚʘʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʨʝʙʠʪʝʣʝʡ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʪʘʙʣʠʮʫ (ʨʠʩ 7). 

 

 
ʈʠʩ. 7. ʉʨʘʚʥʝʥʠʝ ʠʩʪʨʝʙʠʪʝʣʝʡ 



60   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

 

ʀʟʫʯʠʚ ʝʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʰ ʠʩʪʨʝʙʠʪʝʣʴ ʧʨʝʚʦʩʭʦʜʠʪ ʩʚʦʠʭ ʧʨʦʪʦʪʠʧʦʚ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ, ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ, ʩʢʦʨʦʧʦʜʲʝʤʥʦʩʪʠ, 

ʚʝʣʠʯʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʟʫʝʤʦʡ ʧʝʨʝʛʨʫʟʢʠ, ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʝ ʨʘʟʙʝʛʘ ʠ ʧʨʦʙʝʛʘ. ʅʦ, 

ʯʪʦʙ ʚʳʷʚʠʪʴ ʷʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠʣʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʘʤʦʣʝʪʳ ʥʫʞʥʦ ʩʚʝʩʪʠ ʚ ʙʦʶ, ʠ ʪʘʤ 

ʫʞʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʩʷ ʣʫʯʰʠʡ ʠʟ ʣʫʯʰʠʭ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɺʠʨʪʫʘʣʴʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ. http://pro-samolet.ru 

2. ʅʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʡ ʞʫʨʥʘʣ ɺɺʉ çɸʚʠʘʮʠʷ ʠ ʢʦʩʤʦʥʘʚʪʠʢʘè, ˉ2 2011. 

3. ʉʚʦʙʦʜʥʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ʚʠʢʠʧʝʜʠʷ. http://ru.wikipedia.org. 
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ʊɽʇʃʆɺʆʁ ʅɸʉʆʉ ʂɸʂ ʕʃɽʄɽʅʊ ʊʕʎ. ɺʆɿʄʆɾʅʆʉʊʀ                                               

ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

 

ɻʘʥʝʝʚ ʈ. ʐ., ʈʷʟʘʥʦʚʘ ɸ. ʉ. 

 
ʊʝʧʣʦʚʦʡ ʥʘʩʦʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʰʠʥʫ, ʚ ʢʦʪʦʨʦʡ ʧʦʜʚʦʜʠʤʘʷ 

ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦʪʫ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʣʫʯʘʝʤʦʡ ʵʥʝʨʛʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʶ 

ʪʦʧʣʠʚʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʋʪʠʣʠʟʠʨʫʝʤʘʷ ʩ 

ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʧʨʠʨʦʜʥʘʷ ʪʝʧʣʦʪʘ ʠʣʠ ʪʝʧʣʦʪʘ ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʦʙʦʩʪʨʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʠʜʝʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʜʣʷ ʮʝʣʝʡ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʨʠʚʣʝʢʘʝʪ ʢ ʩʝʙʝ 

ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ.  ʀʭ ʚʦʚʣʝʯʝʥʠʝ ʚ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ 

ʧʝʨʚʠʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʟʜʦʨʦʚʣʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʘʷ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ. 

ʉʠʣʴʥʳʡ ʪʦʣʯʦʢ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ ʜʘʣ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʥʘʯʘʣʘ 70 ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʣʠʩʴ ʮʝʥʳ ʥʘ ʪʦʧʣʠʚʦ [1].  

ʂʘʢ ʠʩʪʦʯʥʠʢ ʪʝʧʣʦʪʳ ʜʣʷ ʨʘʙʦʪʳ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʥʘ ʊʕʎ ʤʦʛʫʪ ʙʳʪʴ 

 

 

ʌʦʪʦ 

 

 

ʌʦʪʦ 

http://pro-samolet.ru/
http://ru.wikipedia.org/
mailto:aviastar-ufa@mail.ru
mailto:%20irinasalim6@mail.ru


ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   61 

 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʪʝʧʣʦʚʳʭ ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ [2]: 

- ʪʝʧʣʦʪʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ ʪʝʧʣʦʚʳʭ ʠ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ; 

- ʪʝʧʣʦʪʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʢʦʪʝʣʴʥʳʭ; 

- ʪʝʧʣʦʪʘ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʛʘʟʦʧʦʨʰʥʝʚʳʭ 

ʘʛʨʝʛʘʪʘʭ; 

- ʪʝʧʣʦʪʘ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ ʘʪʤʦʩʬʝʨʫ (ʚʳʧʘʨ); 

- ʩʙʨʦʩʥʦʝ ʪʝʧʣʦ ʛʨʘʜʠʨʝʥ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʚ ʢʦʥʪʫʨʝ ʊʕʎ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʪʣʘ [3]. 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʢʦʪʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʨʝʩʦʨʙʮʠʦʥʥʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ:                         

ɼ - ʜʝʛʘʟʘʪʦʨ; ʈ - ʨʝʩʦʨʙʝʨ; ʂ - ʢʦʤʧʨʝʩʩʦʨ; ɼʈ - ʜʨʦʩʩʝʣʴ; ʅ - ʥʘʩʦʩ; ʊʆ ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ 

 

ʇʨʠʤʝʥʝʥʠʝ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʨʠʩʫʥʦʢ 2) 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʢʘʢ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʫʭʦʜʷʱʠʭ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ (ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʪʝʧʣʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʪʣʘʭ-

ʫʪʠʣʠʟʘʪʦʨʘʭ ʠʣʠ ʨʝʢʫʧʝʨʘʪʠʚʥʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ), ʪʘʢ ʠ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩʪʫʧʝʥʝʡ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʩʪʫʧʝʥʝʡ ʢʦʤʧʨʝʩʩʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪ ʂʇɼ ʛʘʟʦʪʫʨʙʠʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʚʳʙʨʦʩ ʚ ʘʪʤʦʩʬʝʨʫ ʦʢʠʩʣʦʚ ʘʟʦʪʘ. ʉʘʤʘ 

ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ [2]. 

 
ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʘʨʦʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (ʇʅʊ) ʩ 

ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ: 

ʂ - ʢʦʤʧʨʝʩʩʦʨ; ʊ - ʛʘʟʦʚʘʷ ʪʫʨʙʠʥʘ; ʂʉ - ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ 
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ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʦʛʦ ʥʘʩʦʩʘ (ʂɺʊʅ) [3]. 

ʉʝʪʝʚʘʷ ʚʦʜʘ ʦʪ ʊʕʎ (ʚ ʚʠʜʝ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʧʣʘ) ʧʦʩʪʫʧʘʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴ 

1, ʛʜʝ ʠʩʧʘʨʷʝʪʩʷ ʨʘʙʦʯʝʝ ʪʝʣʦ (ʥʘʧʨʠʤʝʨ, ʬʨʝʦʥ). ɽʛʦ ʧʘʨʳ ʧʦʩʪʫʧʘʶʪ ʚ ʢʦʤʧʨʝʩʩʦʨ 7, 

ʛʜʝ ʧʨʠ ʩʞʘʪʠʠ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ 80...90Áʉ ʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 4, ʚ ʢʦʪʦʨʳʡ 

ʧʦʜʘʝʪʩʷ ʚʦʜʘ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 6. ʏʘʩʪʴ ʪʝʧʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ 

3 ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ɾʠʜʢʦʝ ʨʘʙʦʯʝʝ ʪʝʣʦ ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʜʨʦʩʩʝʣʴ 2 ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʩʥʦʚʘ ʚ ʠʩʧʘʨʠʪʝʣʴ. 

 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (ʂɺʊʅ): 

1 - ʠʩʧʘʨʠʪʝʣʴ; 2 - ʜʨʦʩʩʝʣʴ; 3 - ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 4 - ʢʦʥʜʝʥʩʘʪʦʨ; 5,6 - ʣʠʥʠʠ 

ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʦʡ ʩʝʪʝʚʦʡ ʚʦʜʳ (5 - ʧʨʷʤʦʡ, 6 - ʦʙʨʘʪʥʦʡ); 7 - ʢʦʤʧʨʝʩʩʦʨ; 8 - ʧʦʜʚʦʜ 

ʩʝʪʝʚʦʡ ʚʦʜʳ ʦʪ ʊʕʎ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʙʨʦʤʠʩʪʦ-ʣʠʪʠʝʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ [3]. ɺ 

ʠʩʧʘʨʠʪʝʣʝ 1 ʥʘʩʦʩʘ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʝʪʝʚʦʡ 

ʚʦʜʳ 2 ʦʪ ʊʕʎ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʤ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʤ) ʠʩʧʘʨʷʝʪʩʷ ʚʦʜʘ. 

ɽʝ ʧʘʨʳ ʧʦʩʪʫʧʘʶʪ ʚ ʘʙʩʦʨʙʝʨ 3, ʛʜʝ ʧʦʛʣʦʱʘʶʪʩʷ ʨʘʩʪʚʦʨʦʤ ʙʨʦʤʠʩʪʦʛʦ ʣʠʪʠʷ. 

ʇʨʦʠʩʭʦʜʠʪ ʨʘʟʦʛʨʝʚ ʨʘʩʪʚʦʨʘ ʟʘ ʩʯʝʪ ʪʝʧʣʦʪʳ ʵʪʦʡ ʨʝʘʢʮʠʠ. ʕʪʦ ʪʝʧʣʦ ʧʝʨʝʜʘʝʪʩʷ 

ʩʝʪʝʚʦʡ ʚʦʜʝ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 6. ʉʣʘʙʳʡ ʨʘʩʪʚʦʨ (ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʙʨʦʤʠʩʪʦʛʦ 

ʣʠʪʠʷ) ʧʦʜʚʦʜʠʪʩʷ ʚ ʛʝʥʝʨʘʪʦʨ 4, ʦʙʦʛʨʝʚʘʝʤʳʡ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʠʟ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 8. 

ɺ ʛʝʥʝʨʘʪʦʨʝ ʚʦʜʘ ʠʟ ʨʘʩʪʚʦʨʘ ʚʳʧʘʨʠʚʘʝʪʩʷ. ʇʘʨʳ ʧʦʩʪʫʧʘʶʪ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 5, ʛʜʝ 

ʢʦʥʜʝʥʩʠʨʫʷʩʴ, ʦʪʜʘʶʪ ʪʝʧʣʦ ʩʝʪʝʚʦʡ ʚʦʜʝ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ. ʂʦʥʜʝʥʩʘʪ ʠʟ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʛʝʥʝʨʘʪʦʨʝ ʢʨʝʧʢʠʡ ʨʘʩʪʚʦʨ 

ʙʨʦʤʠʩʪʦʛʦ ʣʠʪʠʷ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʘʙʩʦʨʙʝʨ ʠ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. 

 
ʈʠʩ. 4 ʉʭʝʤʘ ɺʊʅ: 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   63 

 

1 - ʠʩʧʘʨʠʪʝʣʴ; 2 - ʧʦʜʚʦʜ ʩʝʪʝʚʦʡ ʚʦʜʳ ʦʪ ʊʕʎ; 3 - ʘʙʩʦʨʙʝʨ; 4 - ʛʝʥʝʨʘʪʦʨ;                                  

5 - ʢʦʥʜʝʥʩʘʪʦʨ; 6 - ʩʝʪʝʚʘʷ ʚʦʜʘ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ; 7 - ʧʘʨ; 8 - ʢʘʤʝʨʘ ʩʛʦʨʘʥʠʷ;              

9 - ʙʨʦʤʠʩʪʦ-ʣʠʪʠʝʚʳʡ ʢʦʥʪʫʨ; ɻ - ʧʨʠʨʦʜʥʳʡ ʛʘʟ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʘ ʪʝʧʣʦʚʘʷ ʩʭʝʤʘ ʊʕʎ ʩ ʪʝʧʣʦʥʘʩʦʩʥʳʤʠ 

ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʳʤʠ ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʳʤʠ ʩʭʝʤʘʤʠ [3]. 

 
ʈʠʩ. 5 ʊʝʧʣʦʚʘʷ ʩʭʝʤʘ ʊʕʎ ʩ ʪʝʧʣʦʥʘʩʦʩʥʳʤʠ ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ:                   

N, Q - ʧʦʪʨʝʙʠʪʝʣʠ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʫ, ʛ - ʧʳʣʝʫʛʦʣʴʥʦʝ ʠ ʛʘʟʦʚʦʝ 

ʪʦʧʣʠʚʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 1 - ʛʝʥʝʨʘʪʦʨ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʦʛʦ ʧʠʢʦʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʙʨʦʤʠʩʪʦ-ʣʠʪʠʝʚʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (ɺʊʅ); 2, 3, 4 - ʠʩʧʘʨʠʪʝʣʴ, 

ʘʙʩʦʨʙʝʨ, ʪʝʧʣʦʦʙʤʝʥʥʠʢ ɺʊʅ; 5 - ʙʨʦʤʠʩʪʦʣʠʪʠʝʚʳʡ ʢʦʥʪʫʨ; 6 - ʪʝʧʣʦʬʠʢʘʮʠʦʥʥʳʡ 

ʢʦʥʪʫʨ; 7 - ʣʠʥʠʷ ʜʦʙʘʚʦʯʥʦʡ ʚʦʜʳ; 8,9 - ʣʠʥʠʠ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʩʝʪʝʚʦʡ ʚʦʜʳ ʦʪ ʊʕʎ; 

10, 11 - ʪʝʧʣʦʚʳʝ ʩʝʪʠ ʧʦʜʢʣʶʯʝʥʠʡ ɺʊʅ ʢ ʩʝʪʝʚʦʡ ʚʦʜʝ; 12 - ʞʘʣʶʟʠʡʥʘʷ ʨʝʰʝʪʢʘ;                       

13 - ʢʦʥʜʝʥʩʘʪʦʨ ɺʊʅ 

 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ 

ʪʝʧʣʦʪʳ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʚʦʜʳ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʫʨʙʠʥʳ [4]. 

 
ʈʠʩ. 6 ʉʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ: 

1 ï ʧʘʨʦʚʘʷ ʪʫʨʙʠʥʘ; 2 ï ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ; 3 ï ʢʦʥʜʝʥʩʘʪʦʨ ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʳ;                                

4, 6 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʠʩʧʘʨʠʪʝʣʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ; 5 ï ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ;                                     

7 ï ʢʦʥʜʝʥʩʘʪʥʳʡ ʥʘʩʦʩ; 8 ï ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʳ;                                 

9 ï ʪʨʫʙʦʧʨʦʚʦʜ ʧʦʩʣʝʜʥʝʛʦ ʦʪʙʦʨʘ ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʳ. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʥʳʭ ʩʭʝʤ ʜʦʩʪʠʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʵʬʬʝʢʪʳ: 

-ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʧʣʦʪʳ ʊʅʋ ʥʝ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʦʧʣʠʚʦ; 

-ʫʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ; 

-ʟʘ ʩʯʝʪ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʪʫʨʙʠʥ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪʩʷ ʚʘʢʫʫʤ ʠ ʧʦʚʳʰʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʳʨʘʙʦʪʢʘ ʩ ʪʫʨʙʠʥ; 
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-ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʚʦʜʳ ʠ ʟʘʪʨʘʪ ʥʘ ʝʝ ʧʝʨʝʢʘʯʢʫ; 

-ʫʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʩ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ʢʦʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ɻʊʋ. 
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ʉʝʨʴʝʟʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʦʢʠʩʣʳ ʘʟʦʪʘ ʢʘʢ ʥʘ ʪʦʢʩʠʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʊʕʉ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʣʠʰʴ ʚ ʢʦʥʮʝ ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʝʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʚʦʟʜʫʭʘ 

ʚʦʟʥʠʢʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʯʝʥʴ ʢʨʫʧʥʳʭ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʪʦʧʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʢʠʩʣʳ ʘʟʦʪʘ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʚʨʝʜʥʦʡ ʧʨʠʤʝʩʴʶ, ʜʘʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʜʦʟʘʭ ʚ 

ʚʦʟʜʫʭʝ ʦʥʠ ʨʘʟʜʨʘʞʘʶʱʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʨʛʘʥʳ ʜʳʭʘʥʠʷ, ʨʘʟʨʫʰʘʶʪ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʤʘʪʝʨʠʘʣʳ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʦʛʦʚ ʠ ʫʭʫʜʰʝʥʠʶ ʚʠʜʠʤʦʩʪʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʚʩʝʭ ʚʠʜʦʚ ʪʦʧʣʠʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʥʝʨʛʝʪʠʢʝ ï ʫʛʣʝʡ, ʤʘʟʫʪʦʚ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ.  

ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʧʫʪʝʡ ʠ ʤʝʪʦʜʦʚ ʧʦ ʩʥʠʞʝʥʠʶ ʵʪʠʭ ʚʳʙʨʦʩʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʯʝʪʢʦ ʧʦʥʠʤʘʪʴ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ, ʫʩʣʦʚʠʡ ʠ ʨʝʞʠʤʦʚ ʝʛʦ ʩʞʠʛʘʥʠʷ ʥʘ ʠʭ ʫʨʦʚʝʥʴ. 

ʀʩʪʦʯʥʠʢʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠ ʛʦʨʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ 
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ʢʦʤʧʦʥʝʥʪʳ ʪʦʧʣʠʚʘ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʢʠʩʣʠʪʝʣʷ ʜʣʷ ʛʦʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʵʪʠ ʦʢʩʠʜʳ ʘʟʦʪʘ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʪʦʧʣʠʚʥʳʝ ʠ 

ʚʦʟʜʫʰʥʳʝ. ɺʦʟʜʫʰʥʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʝʨʤʠʯʝʩʢʠʝ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʘʪʦʤʘʨʥʳʤ 

ʢʠʩʣʦʨʦʜʦʤ (ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʠʟʫʯʝʥ ʠ ʧʨʝʜʣʦʞʝʥ ʘʢʘʜʝʤʠʢʦʤ ʖ.ɹ. ɿʝʣʴʜʦʚʠʯʝʤ) ʠ 

çʙʳʩʪʨʳʝè ï ʚ ʟʦʥʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩ ʤʦʣʝʢʫʣʦʡ ʘʟʦʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʪʦʤʘʨʥʦʛʦ ʘʟʦʪʘ ʩ ʛʠʜʨʦʢʩʠʜʦʤ ï ʆʅ. çɹʳʩʪʨʳʤʠè ʦʥʠ ʥʘʟʚʘʥʳ ʧʦʪʦʤʫ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʣʠʢʘ ʚ ʫʟʢʦʡ ʟʦʥʝ ʧʣʘʤʝʥʠ. ʊʦʧʣʠʚʥʳʝ ʦʢʩʠʜʳ ʘʟʦʪʘ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʙʘʟʝ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʦʧʣʠʚʘ.  

ʇʨʠ ʩʞʠʛʘʥʠʠ ʛʘʟʘ ʦʢʦʣʦ 25%  ʩʦʩʪʘʚʣʷʶʪ ʞʠʜʢʠʝ ʦʢʠʩʣʳ ʘʟʦʪʘ, ʘ ʦʩʪʘʣʴʥʳʝ 75% - 

ʪʝʨʤʠʯʝʩʢʠʝ. ʇʨʠ ʩʞʠʛʘʥʠʠ ʤʘʟʫʪʘ ʦʢʦʣʦ 45% ʩʦʩʪʘʚʣʷʶʪ ʪʦʧʣʠʚʥʳʝ ʦʢʠʩʣʳ, 50% - 

ʪʝʨʤʠʯʝʩʢʠʝ, ʦʢʦʣʦ 5% - çʙʳʩʪʨʳʝè. 

ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʟʦʪʘ ʚ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʝ ʚʣʠʷʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʚʘʞʥʝʡʰʠʤ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʫʨʦʚʝʥʴ ʚ ʷʜʨʝ ʛʦʨʝʥʠʷ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʜʦʩʪʠʛʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ 1750 ʉ̄. ʇʨʠ 

ʵʪʦʤ, ʥʘʠʙʦʣʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʤʝʝʪ ʥʠʟʰʠʡ ʦʢʠʩʝʣ NO, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ 

ʚʳʩʰʠʭ ʦʢʠʩʣʦʚ NO2 ʠ N2O4 ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. ʆʢʠʩʣʝʥʠʝ ʘʟʦʪʘ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1]: 

N2 + O = NO + N 

N + O2 = NO + O 

ʇʝʨʚʘʷ ʨʝʘʢʮʠʷ ʠʜʝʪ ʩ ʘʪʦʤʘʨʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʠʟ ʤʦʣʝʢʫʣ ʆ2 ʧʨʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʪʦʨʘʷ ʨʝʘʢʮʠʷ ʜʣʷ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʘʪʦʤʘʨʥʦʛʦ ʘʟʦʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʚʦʡ ʨʝʘʢʮʠʠ. ɼʣʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʠ 

ʤʘʟʫʪʘ ʚʪʦʨʘʷ ʨʝʘʢʮʠʷ ʤʦʞʝʪ ʠʜʪʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʝʨʚʦʡ ʩ ʘʟʦʪʦʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ 

ʪʦʧʣʠʚʝ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʵʪʦʤʫ ʣʝʛʢʦ ʨʝʘʛʠʨʫʝʪ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʢʠʩʣʦʨʦʜʘ. 

ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʷʜʨʝ ʛʦʨʝʥʠʷ ʪʦʧʦʯʥʦʡ ʢʘʤʝʨʳ NO ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʢʠʩʣʝʥ ʢʠʩʣʦʨʦʜʦʤ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʟʘ ʪʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʠʟʤʝʨʷʝʤʦʝ ʩʝʢʫʥʜʘʤʠ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʛʘʟʳ ʜʚʠʞʫʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʚʥʝʰʥʠʭ ʛʘʟʦʭʦʜʦʚ ʠ 

ʜʳʤʦʚʦʡ ʪʨʫʙʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʢʠʩʝʣ NO, 

ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʤʦʞʝʪ ʦʢʠʩʣʷʪʴʩʷ ʜʦ NO2 ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʀʩʭʦʜʷ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠ ʛʦʨʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʪʦʧʣʠʚʘ ʚʳʙʠʨʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʧʫʪʠ ʩʥʠʞʝʥʠʷ ʵʪʠʭ ʚʳʙʨʦʩʦʚ [2]: 

- ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʣʠ ʦʢʠʩʣʠʪʝʣʷ (ʥʠʞʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ) ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ 

ʬʘʢʝʣʘ ʚʳʙʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʥʘ ʛʦʨʝʣʢʠ (ʩ ʫʯʝʪʦʤ ʫʨʦʚʥʝʡ 

ʛʘʟʠʬʠʢʘʮʠʠ, ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʠ ʛʘʟʦʚʦʡ ʢʦʨʨʦʟʠʠ); 

- ʩʚʝʜʝʥʠʝ ʜʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʛʦ ʤʠʥʠʤʫʤʘ ʜʦʣʠ ʧʝʨʚʠʯʥʦʛʦ ʚʦʟʜʫʭʘ; 

- ʚʚʦʜ ʚ ʧʝʨʚʠʯʥʳʡ ʚʦʟʜʫʭ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʧʦ ʫʩʣʦʚʠʷʤ ʫʩʪʦʡʯʠʚʦʛʦ 

ʛʦʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʨʝʮʠʨʢʫʣʠʨʫʶʱʠʭ ʛʘʟʦʚ; 

- ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʧʦ ʫʩʣʦʚʠʷʤ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʛʦʨʝʥʠʷ ʠ 

ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʟʦʥʳ ʘʢʪʠʚʥʦʛʦ ʛʦʨʝʥʠʷ; 

- ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʛʦʨʝʥʠʷ ʠ ʰʣʘʢʦʚʘʥʠʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʪʦʨʠʯʥʦʛʦ ʠ ʧʝʨʚʠʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʛʦʨʝʣʦʯʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

ʉʣʦʞʥʦʩʪʴ ʚ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦ ʫʢʘʟʘʥʥʳʤ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʦʟʥʠʢʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ: ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʫʩʣʦʚʠʷʤ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʞʠʛʘʥʠʷ ʧʨʠʚʦʜʠʪ ʠ ʢ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʳʙʨʦʩʘʤ NOx. ʀ, 

ʥʘʦʙʦʨʦʪ, ʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʳʙʨʦʩʘʤ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʨʝʞʠʤʳ ʩ ʥʘʠʭʫʜʰʝʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʪʠʤʫʤ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʩ ʫʯʝʪʦʤ 



66   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʚʩʝʭ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʣʘʜʢʝ ʪʦʧʦʯʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʦʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʝ ʨʝʮʠʨʢʫʣʷʮʠʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʩʥʠʞʝʥʠʝ 

ʚʳʙʨʦʩʦʚ NOx ʦʩʥʦʚʘʥʦ ʥʘ ʩʥʠʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʢʝʣʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʚʦʜʫ ʜʳʤʦʚʳʭ ʛʘʟʦʚ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʚ ʪʦʧʢʫ ʙʳʣ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʢ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʪʣʘʭ, ʪʘʢ ʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ [3]. ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʪʣʘʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 120 ʜʦ 3950 ʪ/ʯ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʚʚʦʜʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ NOx ʜʘʝʪ ʚʚʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ ʛʦʨʝʣʦʢ. ʆʜʥʘʢʦ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝ 

ʥʘʰʝʣ, ʪʘʢ ʢʘʢ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʪʘʙʠʣʴʥʦʛʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʬʘʢʝʣʘ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʷʞʝʣʳʭ ʩʦʨʪʦʚ ʤʘʟʫʪʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʚʚʦʜ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ ʚ ʩʤʝʩʠ 

ʩ ʜʫʪʴʝʚʳʤ ʚʦʟʜʫʭʦʤ, ʘ ʪʘʢʞʝ ʧʦ ʩʨʝʜʥʝʤʫ ʠʣʠ ʧʝʨʠʬʝʨʠʡʥʦʤʫ ʢʘʥʘʣʘʤ ʛʦʨʝʣʦʢ. ʇʨʠʯʝʤ, 

ʝʩʣʠ ʨʘʥʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ, ʚʚʦʜʠʤʳʭ ʚ ʪʦʧʢʫ, ʩʦʩʪʘʚʣʷʣʦ ʚ 

ʩʨʝʜʥʝʤ ʦʢʦʣʦ 15%, ʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʜʦ 30%. 

ɼʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʨʝʮʠʨʢʫʣʷʮʠʷ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʦʩʥʦʚʥʦʤ ʣʠʰʴ ʢʘʢ ʩʨʝʜʩʪʚʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘ. ʇʨʠ ʵʪʦʤ ʢʦʪʝʣ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ 

ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʩʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʦʡ ʜʳʤʦʩʦʩʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ, ʘ ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʥʘʛʨʫʟʢʠ ʢʦʣʠʯʝʩʪʚʦ ʨʝʮʠʨʢʫʣʠʨʫʶʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʙʳ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʞʝ ʚʳʙʨʦʩʦʚ NOx ʩʣʝʜʫʝʪ ʧʦʜʘʚʘʪʴ ʚ ʪʦʧʢʫ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʮʠʨʢʫʣʠʨʫʶʱʠʭ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ. ʇʦ ʫʩʣʦʚʠʷʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʚʠʯʥʦʛʦ ʧʘʨʘ ʥʘ ʙʘʨʘʙʘʥʥʳʭ ʢʦʪʣʘʭ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʘ ʧʨʦʤʧʝʨʝʛʨʝʚʘ ʥʘ ʧʨʷʤʦʪʦʯʥʳʭ, ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʢʦʪʣʦʚ 

ʦʢʘʟʘʣʦʩʴ ʥʝʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ. ɼʣʷ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʦʡ ʜʦʣʝ ʨʝʮʠʨʢʫʣʷʮʠʠ, ʪʨʝʙʫʝʪʩʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʛʨʝʚʘ ʧʘʨʘ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʙʘʡʧʘʩʠʨʦʚʘʥʠʷ ʧʘʨʦ-ʧʘʨʦʚʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʫʚʝʣʠʯʝʥʠʷ ʚʧʨʳʩʢʦʚ ʠ ʪ.ʧ. 

ɼʣʷ ʢʦʪʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʥʘ ʛʘʟʦʦʙʨʘʟʥʦʤ ʪʦʧʣʠʚʝ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ ʩ ʧʦʜʘʯʝʡ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ ʠʟ ʢʦʥʚʝʢʪʠʚʥʦʡ ʰʘʭʪʳ ʥʘ 

ʚʩʘʩ ʜʫʪʴʝʚʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʦʡʪʠʩʴ ʙʝʟ ʫʩʪʘʥʦʚʢʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʜʳʤʦʩʦʩʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ. 

ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʚʝʥʪʠʣʷʪʦʨ, ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ ʚʦʟʜʫʭʦʧʦʜʦʛʨʝʚʘʪʝʣʴ ʠ ʩʠʩʪʝʤʫ 

ʚʦʟʜʫʭʦʚʦʜʦʚ, ʜʳʤʦʚʳʝ ʛʘʟʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʩ ʚʦʟʜʫʭʦʤ ʠ, 

ʧʦʧʘʜʘʷ ʯʝʨʝʟ ʛʦʨʝʣʢʫ ʚ ʪʦʧʢʫ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʨʘʩʩʤʦʪʨʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʨʝʮʠʨʢʫʣʷʮʠʠ ʛʘʟʦʚ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʠʤʝʨʘʭ. 

ʅʘ ʧʘʨʦʚʳʭ ʢʦʪʣʘʭ ʊʇ-150  ʠ ɹʂɿ-75  ʉʚʝʨʜʣʦʚʩʢʦʡ ʊʕʎ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ ʧʦ ʧʨʦʝʢʪʫ ʋʨʘʣʪʝʭʵʥʝʨʛʦ ʫʩʪʘʥʦʚʣʝʥʳ ʜʳʤʦʩʦʩʳ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʛʘʟʦʚ (ɼʈɻ), ʧʦʜʘʶʱʠʝ ʜʳʤʦʚʳʝ ʛʘʟʳ ʧʦʩʣʝ ʵʢʦʥʦʤʘʡʟʝʨʘ II ʩʪʫʧʝʥʠ ʚ ʥʘʧʦʨʥʳʝ ʢʦʨʦʙʘ 

ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʧʝʨʝʜ ʛʦʨʝʣʢʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʩʭʝʤʳ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʜʦʣʝ 

ʨʝʮʠʨʢʫʣʷʮʠʠ ʛʘʟʦʚ 20 % ʫʤʝʥʴʰʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 50              

ʠ 65 %. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ                                      

ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʵʢʦʥʦʤʠʯʥʦʩʪʠ 

ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ [4]. 

ʅʘ ʢʦʪʣʝ ɼʂɺʈ-4/13, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʚ ʢʦʪʝʣʴʥʦʡ ʄʦʩʢʦʚʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ, ʙʳʣʘ ʩʤʦʥʪʠʨʦʚʘʥʘ ʩʭʝʤʘ ʨʝʮʠʨʢʫʣʷʮʠʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠʟ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   67 

 

ʛʘʟʦʭʦʜʘ ʧʝʨʝʜ ʵʢʦʥʦʤʘʡʟʝʨʦʤ ʥʘ ʚʩʘʩ ʜʫʪʴʝʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʭʝʤʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ ʨʘʟʥʦʡ ʜʦʣʝʡ ʨʝʮʠʨʢʫʣʷʮʠʠ (r, %). ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʥʘʛʨʫʟʢʝ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʠʟʙʳʪʢʝ ʚʦʟʜʫʭʘ ʠʟʤʝʥʷʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʟʘʩʣʦʥʢʠ ʥʘ 

ʚʩʘʩʳʚʘʶʱʝʤ ʢʦʨʦʙʝ ʧʝʨʝʜ ʜʫʪʴʝʚʳʤ ʚʝʥʪʠʣʷʪʦʨʦʤ ʠ/ʠʣʠ ʰʠʙʝʨʘ ʥʘ ʣʠʥʠʠ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʛʘʟʦʚ. ʉʪʝʧʝʥʴ ʨʝʮʠʨʢʫʣʷʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʠʩʣʦʨʦʜʘ ʥʘ ʚʩʘʩʝ 

ʚʝʥʪʠʣʷʪʦʨʘ ʠ ʚ ʛʘʟʘʭ ʨʝʮʠʨʢʫʣʷʮʠʠ, ʪ.ʝ. ʟʘ ʢʦʪʣʦʤ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ (ɼ=5 ʪ/ʯ) 

ʠ ʧʨʠʦʪʢʨʳʪʦʤ ʰʠʙʝʨʝ ʥʘ ʣʠʥʠʠ ʨʝʮʠʨʢʫʣʷʮʠʠ (r=4 %) ʢʦʥʮʝʥʪʨʘʮʠʷ NOx ʨʘʚʥʘ 231 ʤʛ/ʤ
3
 

(6 % ʆ2). ʇʦ ʤʝʨʝ ʦʪʢʨʳʪʠʷ ʰʠʙʝʨʘ ʩʦʜʝʨʞʘʥʠʝ NOx ʩʥʠʞʘʝʪʩʷ ʠ ʧʨʠ r=27,5 % ʩʦʩʪʘʚʣʷʝʪ 

ʚʩʝʛʦ ʣʠʰʴ 39 ʤʛ/ʤ
3
, ʪ.ʝ. ʧʨʠʤʝʨʥʦ ʚ 6 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ r=0. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʧʝʨʝʜ ʛʦʨʝʣʢʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 88,5 ʉ̄, ʘ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʉʆ ʟʘ ʢʦʪʣʦʤ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʥʦ ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʫʭʦʜʷʱʠʭ ʛʘʟʦʚ ʟʘ ʢʦʪʣʦʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʮʠʨʢʫʣʷʮʠʠ ʧʦʚʳʰʘʝʪʩʷ ʩ 

240 ʜʦ 249 ʉ̄. ʇʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʠ ʩʥʠʞʝʥʥʦʡ ʥʘʛʨʫʟʢʘʭ (ɼ=4 ʠ 2,9 ʪ/ʯ) ʨʝʮʠʨʢʫʣʷʮʠʷ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʪʘʢʞʝ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʝ r ʦʪ 0 ʜʦ 20 

%  ʫʤʝʥʴʰʠʣʦ ʢʦʥʮʝʥʪʨʘʮʠʶ NOx ʩ 260 ʜʦ 70 ʤʛ/ʤ3, ʘ ʚʦ ʚʪʦʨʦʤ ʫʞʝ ʧʨʠ r=7- 8 % 

ʢʦʥʮʝʥʪʨʘʮʠʷ NOx ʩʥʠʟʠʣʘʩʴ ʩ 280 ʜʦ 152-164 ʤʛ/ʤ
3
. ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚʦ ʚʩʝʭ 

ʦʧʳʪʘʭ ʦʩʪʘʚʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʤ (ʤʝʥʝʝ 100 ʤʛ/ʤ3 ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 6 % ʆ2) [5]. 

ɺʣʠʷʥʠʝ ʨʝʮʠʨʢʫʣʷʮʠʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠ ʚʚʦʜʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ 

ʚʦʟʜʫʭʦʚʦʜʳ ʧʝʨʝʜ ʛʦʨʝʣʢʘʤʠ, ʢʦʛʜʘ ʦʥʠ ʚ ʩʤʝʩʠ  ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ ʧʦʩʪʫʧʘʶʪ ʚ ʪʦʧʢʫ. 

ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ NOx  ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʜʦʣʝ ʨʝʮʠʨʢʫʣʷʮʠʠ 

rʨʮ=0,2-0,3. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ rʨʮ ʧʨʠ ʩʞʠʛʘʥʠʠ ʛʘʟʘ ʠ ʤʘʟʫʪʘ ʚʝʜʝʪ ʢ ʟʘʪʷʛʠʚʘʥʠʶ 

ʛʦʨʝʥʠʷ ʠ ʧʦʷʚʣʝʥʠʶ ʥʝʜʦʞʦʛʘ ʪʦʧʣʠʚʘ. ʂ ʪʦʤʫ ʞʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʜʘʚʣʝʥʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ NOX ʪʨʝʙʫʝʪʩʷ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʥʝʡ ʥʘʛʨʫʟʢʝ, ʢʦʛʜʘ ʚʚʦʜ 

ʟʘʤʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʚ ʨʝʮʠʨʢʫʣʷʮʠʠ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʛʘʟʦʚ ʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʘʟʦʚʦʛʦ ʪʨʘʢʪʘ.  
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ʋɼʂ 004 

 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ʈɸɿʄɽʑɽʅʀʗ ʆɹʒʗɺʃɽʅʀʁ 

ʅɸ ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʆʄ ʉɸʁʊɽ 

 

 ɼʨʦʥʴ ɽ. ɸ., ʄʫʭʘʤʝʪʦʚ ʈ. ʈ.  

 
ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʩʘʡʪʦʚ: ʵʣʝʢʪʨʦʥʥʳʝ ʜʦʩʢʠ 

ʦʙʲʷʚʣʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʠʟ ʨʫʢ ʚ ʨʫʢʠ, ʘʚʠʪʦ.ʨʫ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʤʝʥʥʦʛʦ ʠʤʝʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʘʟʚʘʥʠʝ ʢʫʧʠʪʴ-ʧʨʦʜʘʪʴ.ʨʬ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʘʡʪʦʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ ʧʦʣʥʦʤ ʦʙʲʸʤʝ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ. ʉʘʡʪ ʦʙʲʷʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʫʶʱʠʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʝʱʘʝʤʦʩʪʴ ʩʘʡʪʘ ʙʦʣʝʝ 500 ʯʝʣʦʚʝʢ ʚ ʜʝʥʴ, ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʲʷʚʣʝʥʠʡ 2500 ʪʳʩʷʯʠ, ʢʘʞʜʳʡ ʜʝʥʴ ʚ ʩʨʝʜʥʝʤ ʜʦʙʘʚʣʷʶʪ ʙʦʣʝʝ 10 ʦʙʲʷʚʣʝʥʠʡ. ɺ ʙʘʟʝ 

ʫʯʪʝʥʦ ʙʦʣʝʝ 4000-ʭ ʪʳʩʷʯ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʙʘʚʣʝʥʳ 

ʦʙʲʷʚʣʝʥʠʷ ʚʦ ʚʩʝʭ ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ ʈʦʩʩʠʠ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ɺ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʚʭʦʜʷʪ:  

- ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ ʠ 

ʥʘʟʥʘʯʘʝʪ ʤʦʜʝʨʘʪʦʨʦʚ;  

- ʤʦʜʝʨʘʪʦʨʳ, ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʨʝʧʣʸʥ ʩʚʦʡ ʤʦʜʝʨʘʪʦʨ ʩ 

ʫʥʠʢʘʣʴʥʳʤʠ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ ʢ ʤʦʜʫʣʷʤ ʩʘʡʪʘ;  

- ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʧʨʦʰʝʜʰʠʝ ʨʝʛʠʩʪʨʘʮʠʶ ʥʘ ʩʘʡʪʝ ʠ 

ʧʦʜʪʚʝʨʜʠʚʰʠʝ ʩʚʦʡ ʵʣʝʢʪʨʦʥʥʳʡ ʷʱʠʢ;  

- ʧʦʩʝʪʠʪʝʣʠ ʩʘʡʪʘ. 

 

 
 

ʈʠʩ. 1. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʘʡʪʘ çʢʫʧʠʪʴ-ʧʨʦʜʘʪʴ.ʨʬè 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʝʤʦʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʷʚʣʝʥʠʡ. ʆʩʥʦʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ: 

- ʜʦʙʘʚʣʝʥʠʝ ʦʙʲʷʚʣʝʥʠʡ; 

- ʨʘʟʤʝʱʝʥʠʝ ʙʘʥʥʝʨʥʦʡ ʨʝʢʣʘʤʳ; 

- ʜʣʷ ʢʦʤʧʘʥʠʡ ʨʘʟʤʝʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʘʪʘʣʦʛʝ ʦʨʛʘʥʠʟʘʮʠʡ. 
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ʈʠʩ. 2. ʄʥʝʤʦʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʷʚʣʝʥʠʡ 

  

ʉʪʨʫʢʪʫʨʘ ʩʘʡʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. ʆʩʥʦʚʥʦʝ ʤʝʥʶ ʩʘʡʪʘ: 

- ʧʦʠʩʢ ʦʙʲʷʚʣʝʥʠʡ ʧʦ ʨʫʙʨʠʢʘʤ; 

- ʢʘʪʘʣʦʛ ʢʦʤʧʘʥʠʡ; 

- ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʦʙʲʷʚʣʝʥʠʷ; 

- ʚʭʦʜ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

 
 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʩʘʡʪʘ çʢʫʧʠʪʴ-ʧʨʦʜʘʪʴ.ʨʬè 



70   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʥʘʙʦʨ 

ʩʫʱʥʦʩʪʝʡ ʠ ʘʪʨʠʙʫʪʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʧʦʩʪʨʦʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 4. 

 

 
 

ʈʠʩ. 4. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʘʡʪʘ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʢʘʞʜʦʡ ʚʳʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʩʪʨʘʥʠʮ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʩʘʡʪʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. 

 

 
 

ʈʠʩ. 5. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʟʤʝʱʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʘʡʪʝ 

 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   71 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ. ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ, ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PHP, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ MySQL. ɺʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʵʪʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʧʦʨʪʘʣ, ʜʦʩʪʫʧ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ ʩʘʡʪʘ, ʤʦʜʝʨʘʪʦʨʦʚ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

ʩʠʩʪʝʤʳ. 

ɼʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʷʚʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʥʘʟʚʘʥʠʝ/ 

ʦʧʠʩʘʥʠʝ ʦʙʲʷʚʣʝʥʠʷ, ʩʚʦʸ ʠʤʷ ʣʠʙʦ ʥʘʟʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʳ: ʘʜʨʝʩ 

ʣɻʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʧʦʯʪʦʚʳʡ ʘʜʨʝʩ, ʪʝʣʝʬʦʥ. ʊʘʢ ʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʙʘʚʣʷʝʪ 

ʬʦʪʦʛʨʘʬʠʠ, ʫʢʘʟʳʚʘʝʪ ʦʙʲʝʢʪ ʧʨʦʜʘʞʠ ʥʘ ʗʥʜʝʢʩ-ʢʘʨʪʝ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʘʚʣʷʝʪ 

ʨʦʣʠʢ youtube ʠ ʦʪʧʨʘʚʣʷʝʪ ʥʘ ʤʦʜʝʨʘʮʠʶ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʜʦʙʘʚʣʝʥʠʷ ʦʙʲʷʚʣʝʥʠʷ 

ʥʘ ʩʘʡʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6. 

 

 
 

ʈʠʩ. 6. ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʜʦʙʘʚʣʝʥʠʷ ʦʙʲʷʚʣʝʥʠʷ ʥʘ ʩʘʡʪ 

 

ʅʘ ʨʠʩ. 7  10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʢʨʘʥʥʳʝ ʬʦʨʤʳ ʩʘʡʪʘ:  

- ʛʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ; 

- ʧʦʠʩʢ ʦʙʲʷʚʣʝʥʠʡ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ï ʨʘʩʰʠʨʝʥʥʳʡ ʧʦʠʩʢ; 

- ʚʳʚʦʜ ʛʦʪʦʚʦʛʦ ʦʙʲʷʚʣʝʥʠʷ; 

- ʣʠʩʪʠʥʛ ʦʙʲʷʚʣʝʥʠʡ ʧʦ ʨʘʟʜʝʣʘʤ ʢʫʧʣʝ/ʧʨʦʜʘʞʠ. 
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ʈʠʩ. 7. ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ çʢʫʧʠʪʴ-ʧʨʦʜʘʪʴ.ʨʬè 
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ʋɼʂ 004 

 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ʄʆʅʀʊʆʈʀʅɻɸ ʇʈʆɻʈɸʄʄʅʆ-

ɸʇʇɸʈɸʊʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʇʈɽɼʇʈʀʗʊʀʗ ʕʅɽʈɻɽʊʀʂʀ 

 

ɼʨʦʥʴ ɽ. ɸ., ʄʝʜʚʝʜʢʦʚ ɺ. ʖ. 

 
ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʦʜʘ ʋʬʳ ʷʚʣʷʝʪʩʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʷʚʣʝʥʠʶ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʙʦʝʚ ʚ 

ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʦʧʦʚʝʱʘʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʧʝʨʩʦʥʘʣ ʦʙ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʝʧʦʣʘʜʢʘʭ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʟʘʜʘʯ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ: 

- ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʤʦʥʠʪʦʨʠʥʛʘ (ʪʘʢʠʭ ʢʘʢ 

InternetControlMessageProtocol (ICMP), SimpleNetworkManagementProtocol (SNMP)) ʠʣʠ 

ʧʨʠ ʧʦʤʦʱʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ); 

- ʚʳʷʚʣʝʥʠʝ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ 

ʧʨʠ ʚʳʭʦʜʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʝʜʝʣʳ 

(ʠ ʧʨʠʩʚʦʝʥʠʝ ʢʘʪʝʛʦʨʠʡ ʢʨʠʪʠʯʥʦʩʪʠ); 

- ʦʧʦʚʝʱʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʷʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʚʘʞʥʦʩʪʠ ʩʦʙʳʪʠʡ. ʄʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ; 

- ʚʠʟʫʘʣʠʟʘʮʠʷ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚ ʚʠʜʝ ʢʘʨʪʳ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʷʚʣʝʥʠʷ ʩʙʦʡʥʦʛʦ ʫʟʣʘ, ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʥʘʛʣʷʜʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʩʙʦʡ ʦʜʥʦʛʦ ʫʟʣʘ ʚʳʟʳʚʘʝʪ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʙʦʠ ʚ ʜʨʫʛʠʭ ʫʟʣʘʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʝʧʦʣʘʜʢʘʭ ʚ ʨʘʙʦʪʝ ʩʝʪʝʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; 

mailto:rafael@muhametov.com
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- ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ ʦ ʚʳʷʚʣʝʥʥʳʭ ʩʦʙʳʪʠʷʭ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʀʊ-

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. ʆʪʯʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʠʣʠ ʪʝʢʩʪʦʚ, ʪʘʢ ʠ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʇɸʂ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʦʜʘ ʋʬʳ ʧʦʟʚʦʣʠʪ: 

- ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʀʊ-ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʟʘ ʩʯʝʪ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʳʭ ʤʝʨ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʥʝʰʪʘʪʥʦʡ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢ ʞʝ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʠʟʙʳʪʦʯʥʳʭ ʟʘʜʘʯ, ʚʳʧʦʣʥʷʝʤʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʀʊ-ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʧʫʪʝʤ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ; 

- ʫʤʝʥʴʰʠʪʴ ʫʧʫʱʝʥʥʫʶ ʧʨʝʜʧʨʠʷʪʠʝʤ ʧʨʠʙʳʣʴ ʠʟ-ʟʘ ʧʨʦʩʪʦʝʚ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʀʊ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 

- ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʩʠʩʪʝʤ. 

ʄʥʝʤʦʩʭʝʤʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 

 
 

ʈʠʩ. 1. ʄʥʝʤʦʩʭʝʤʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʦʜʘ ʋʬʳ 

 

ʄʥʝʤʦʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʦʜʘ ʋʬʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 
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ʈʠʩ. 2. ʄʥʝʤʦʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʦʜʘ ʋʬʳ 

 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʨʦʮʝʩʩʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʦʧʦʣʥʠʪʴ ʩʠʩʪʝʤʫ ʦʧʦʚʝʱʝʥʠʷ 

ʩʦʪʨʫʜʥʠʢʦʚ ʦʪʜʝʣʘ ʜʝʞʫʨʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘʩʩʳʣʢʠ ʦʧʦʚʝʱʝʥʠʡ ʦ ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʥʝʧʦʣʘʜʢʘʭ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʧʨʘʚʢʠ SMS-ʩʦʦʙʱʝʥʠʡ, ʘ ʪʘʢ ʞʝ ʩʦʟʜʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʙʨʘʙʦʪʯʠʢʦʚ ʩʦʙʳʪʠʡ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ʇʨʝʜʣʦʞʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʦʧʦʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʪʚʝʪʩʪʚʝʥʥʳʡ 

ʧʝʨʩʦʥʘʣ ʙʫʜʝʪ ʠʥʬʦʨʤʠʨʦʚʘʥ ʦ ʥʘʣʠʯʠʠ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʦ ʠ ʚ ʪʦʞʝ 

ʚʨʝʤʷ ʜʘʥʥʳʡ ʚʠʜ ʦʧʦʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʤʦʙʠʣʴʥʳʤ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʘʜʨʝʩʘʪʳ 

ʙʫʜʝʪ ʦʧʦʚʝʱʝʥʳ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ, ʯʪʦ ʙʳʣʦ ʥʝʜʦʩʪʫʧʥʳʤ ʧʨʠ ʨʘʥʝʝ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚʠʜʘʭ ʦʧʦʚʝʱʝʥʠʷ. ʉʦʟʜʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʙʦʪʯʠʢʠ ʩʦʙʳʪʠʡ ʜʘʩʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʨʘʥʷʪʴ ʦʧʨʝʜʝʣʸʥʥʫʶ ʯʘʩʪʴ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʥʘ ʦʩʥʦʚʝ ʰʘʙʣʦʥʦʚ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. ʆʙʨʘʙʦʪʯʠʢ ʩʦʙʳʪʠʡ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʝʨʚʠʩʘ ʧʫʪʸʤ ʚʳʧʦʣʥʝʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʩʢʨʠʧʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʧʝʨʝʟʘʧʫʩʢʘ ʦʪʢʘʟʘʚʰʝʛʦ ʩʝʨʚʠʩʘ, ʟʘʧʫʩʢʘʪʴ ʚʥʝʰʥʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʧʝʨʝʜʘʚʘʷ ʠʤ 

ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ ʧʨʦʚʝʨʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʯʘʩʪʠ  ʦʩʫʱʝʩʪʚʣʝʥʘ ʠʤʠʪʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʤʠʪʘʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʧʨʠʷʪʠʷ ʵʥʝʨʛʝʪʠʢʠ 
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ʈʠʩ. 3. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʧʨʠʷʪʠʷ 

 

ʈʝʘʣʠʟʘʮʠʠ SMS ʦʧʦʚʝʱʝʥʠʷ ʫʩʣʦʚʥʦʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʵʪʘʧʘ: 

- ʫʩʪʘʥʦʚʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʝʤʦʥʘ 
SMSTool; 

- ʠʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩ GSM-ʤʦʜʝʤʦʤ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʥʝʛʦ SIM-

ʢʘʨʪʦʡ; 

- ʥʘʩʪʨʦʡʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʡʣʦʚ ʩʘʤʦʡ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ Nagios. 

ʉʦʟʜʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʙʦʪʯʠʢʠ ʩʦʙʳʪʠʡ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʨʘʥʷʪʴ 

ʦʧʨʝʜʝʣʸʥʥʫʶ ʯʘʩʪʴ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʦʙʣʝʤ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʥʘ 

ʦʩʥʦʚʝ ʰʘʙʣʦʥʦʚ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. ʆʙʨʘʙʦʪʯʠʢ ʩʦʙʳʪʠʡ ʧʦʟʚʦʣʷʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʝʨʚʠʩʘ ʧʫʪʸʤ ʚʳʧʦʣʥʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʩʢʨʠʧʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʝʟʘʧʫʩʢʘ ʦʪʢʘʟʘʚʰʝʛʦ 

ʩʝʨʚʠʩʘ, ʟʘʧʫʩʢʘʪʴ ʚʥʝʰʥʠʝ ʧʨʠʣʦʞʝʥʠʷ, ʧʝʨʝʜʘʚʘʷ ʠʤ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʩʣʝʜʥʠʭ ʧʨʦʚʝʨʦʢ. 

ʈʝʘʣʠʟʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʙʦʪʯʠʢʦʚ ʩʦʙʳʪʠʡ ʪʘʢ ʞʝ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʘ ʥʘ 

ʪʨʠ ʵʪʘʧʘ: 

- ʩʦʟʜʘʥʠʝ ʢʦʤʘʥʜ ʠ ʫʩʪʘʥʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʦʙʨʘʙʦʪʯʠʢʦʚ ʩʦʙʳʪʠʡ; 

- ʥʘʧʠʩʘʥʠʝ ʩʘʤʠʭ ʩʢʨʠʧʪʦʚ; 

- ʫʩʪʘʥʦʚʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʘʛʝʥʪʘ NSClient++ ʥʘ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ. 
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ʈʠʩ. 5. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ SMS-ʦʧʦʚʝʱʝʥʠʷ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʙʨʘʙʦʪʯʠʢʦʚ 

ʩʦʙʳʪʠʡ 

 

ʆʞʠʜʘʝʤʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʥʝʜʨʝʥʠʷ ʀʉ ʷʚʣʷʶʪʩʷ: 

- ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʨʦʮʝʩʩ ʦʧʦʚʝʱʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ 
ʧʝʨʩʦʥʘʣʘ ʦ ʥʘʣʠʯʠʠ ʥʝʰʪʘʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʥʝʰʪʘʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʌʘʢʪʦʨʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʛʦʨʦʜʘ ʋʬʳ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʀʉ: 

- ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʘ; 

- ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʥʘ ʥʝʛʘʪʠʚʥʳʝ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʦ ʚʨʝʤʷ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ; 

- ʫʤʝʥʴʰʝʥʠʝ ʨʠʩʢʘ ʧʨʦʩʪʦʷ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʫʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʦʪʨʫʜʥʠʢʦʚ ʀʊ-ʦʪʜʝʣʘ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ɻʦʚʦʨʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʪʦ ʧʦ ʠʪʦʛʘʤ 

ʨʘʩʯʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʦʚ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʰʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʟʘʜʘʯʠ, ʯʪʦ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   79 

 

ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʦʜʦʚʳʭ ʪʝʢʫʱʠʭ ʟʘʪʨʘʪ ʩ 103 259,06 ʨʫʙ. ʜʦ 24 088,33 ʨʫʙ. ʏʪʦ 

ʜʘʝʪ ʧʨʘʚʦ ʛʦʚʦʨʠʪʴ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʣʘʥʝ. 
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ʈɸɿɺʀʊʀɽ ɸɺʀɸʎʀʆʅʅʓʍ ɼɺʀɻɸʊɽʃɽʁ ɺ ʆɹʃɸʉʊʀ ʆɹɽʉʇɽʏɽʅʀʗ 

ʋʄɽʅʔʐɽʅʀʗ ʋɼɽʃʔʅʆʁ ʄɸʉʉʓ 

 

ʅʠʛʤʘʪʫʣʣʠʥ ʈ. ʈ. 

 
ʅʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʉʋ ʃɸ) ʜʚʠʛʘʪʝʣʝʡ, ʚʳʟʚʘʥʥʦʝ 

ʨʘʟʣʠʯʥʳʤʠ ʩʬʝʨʘʤʠ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʨʘʟʤʝʨʥʦʩʪʴʶ ʃɸ ʠ 

ʧʨʦʯʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʚʠʛʘʪʝʣʠ ʦʙʲʝʜʠʥʷʝʪ ʪʨʝʙʦʚʘʥʠʝ ʩʦʟʜʘʥʠʷ ʪʷʛʠ P 

(ʜʚʠʛʘʪʝʣʠ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ) ʠʣʠ ʤʦʱʥʦʩʪʠ ʥʘ ʚʘʣʫ Nʝ (ʜʚʠʛʘʪʝʣʠ ʥʝʧʨʷʤʦʡ ʨʝʘʢʮʠʠ). 

ʊʘʢʞʝ ʜʚʠʛʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʭʦʡ ʤʘʩʩʦʡ Mʜʚ, ʢʘʢ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʕʪʦ ʚʳʟʚʘʥʦ ʭʦʪʷ ʙʳ ʪʘʢʠʤ ʬʘʢʪʦʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʜʚʠʛʘʪʝʣʷ ʥʘ 1 ʢʛ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʧʣʘʥʝʨʘ ʥʘ 3é5 ʢʛ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʘʩʩʳ ʜʚʠʛʘʪʝʣʷ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ, ʘ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʞʝʩʪʢʦ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʜʦʚʦʜʢʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɸɼ). 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʪʝʭʥʠʯʝʩʢʦʛʦ (ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ) ʩʦʚʝʨʰʝʥʩʪʚʘ ɸɼ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʨʘʟʤʝʨʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʢ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʠʪʩʷ ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ɔ ï ʦʪʥʦʰʝʥʠʝ ʩʫʭʦʡ ʤʘʩʩʳ ʢ 

ʪʷʛʝ ʠʣʠ ʤʦʱʥʦʩʪʠ (ʜʣʷ ʦʜʥʦ- ʠ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʊʈɼ ʠ 

ʊʈɼɼ) ɔ=Mʜʚ/P, ʜʣʷ ʪʫʨʙʦʚʠʥʪʦʚʳʭ ʠ ʪʫʨʙʦʚʘʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʊɺɼ ʠ ʊɺʘɼ) ɔ=Mʜʚ/Nʝ), ʚ 

ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪʩʷ ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ ï ʦʪʥʦʰʝʥʠʝ ʪʷʛʠ ʠʣʠ 

ʤʦʱʥʦʩʪʠ ʢ ʤʘʩʩʝ. ɺʘʞʥʦʩʪʴ ʚʦʧʨʦʩʘ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʥʘ 

ʧʨʠʤʝʨʝ ʪʦʛʦ, ʯʪʦ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʨʘʢʪʠʢʫʝʪʩʷ ʟʘʢʣʘʜʢʘ ʦʧʝʨʝʞʘʶʱʝʡ ʪʝʢʫʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʨʤʳ ɔ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʘʞʜʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

 

 

ʌʦʪʦ 
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80   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ɸɼ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ ʟʘ ʚʩʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʘʚʠʘʮʠʠ. 

ʅʘ ʧʫʪʠ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ɸɼ ʧʨʦʰʝʣ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʯʝʣʦʚʝʢ ʧʳʪʘʣʩʷ ʧʦʜʥʷʪʴʩʷ ʚ ʚʦʟʜʫʭ, ʧʦʜʨʘʞʘʷ ʧʦʣʝʪʫ ʧʪʠʮʳ, 

ʠʩʧʦʣʴʟʫʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʘʰʫʱʠʝ ʢʨʳʣʴʷ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʜʚʠʞʝʥʠʝ ʤʫʩʢʫʣʴʥʦʡ ʩʠʣʦʡ 

ʣʝʪʯʠʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʦʜʦʙʥʳʭ ʧʨʦʝʢʪʦʚ, ʜʦʢʘʟʘʥʥʫʶ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ, ʦʥʠ ʦʩʪʘʚʠʣʠ ʩʚʦʡ ʦʪʧʝʯʘʪʦʢ ʚ ʠʩʪʦʨʠʠ ʘʚʠʘʮʠʠ. 

ʇʦʟʜʥʝʝ, ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʘʨʝʥʠʝʤ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʧʪʠʮ, ʧʨʝʜʣʦʞʝʥʳ 

ʚʘʨʠʘʥʪʳ ʩʘʤʦʣʝʪʘ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʢʨʳʣʦʤ ʠ ʧʨʦʧʝʣʣʝʨʦʤ (ʍ. ɻʶʡʛʝʥʩ, 1689 ʛ.), ʦʜʥʘʢʦ 

ʵʥʝʨʛʝʪʠʢʘ ʪʦʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʦʟʚʦʣʷʣʘ ʨʝʘʣʠʟʦʚʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʩʭʝʤʫ, ʢʘʢ ʠ ʧʨʦʝʢʪ 

ʚʝʨʪʦʣʝʪʘ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ. 

ʇʝʨʚʳʡ ʧʨʦʝʢʪ ʩʘʤʦʣʝʪʘ ʩ ʪʝʧʣʦʚʳʤ (ʧʘʨʦʚʳʤ) ʜʚʠʛʘʪʝʣʝʤ ʧʨʝʜʣʦʞʝʥ ʚ 1835 ʛ. ʌ. 

ʄʘʪʪʠʩʦʤ. ɸ.ʌ. ʄʦʞʘʡʩʢʠʡ ʚ 1883 ʛ. ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣ ʧʘʨʦʚʦʡ ʜʚʠʛʘʪʝʣʴ, ʠʩʧʳʪʳʚʘʷ 

ʧʝʨʚʳʡ ʚ ʈʦʩʩʠʠ ʩʘʤʦʣʝʪ. ɺ 1890 ʛ. ʉʘʤʦʣʝʪ ʂ. ɸʜʝʨʘ ʚʧʝʨʚʳʝ ʦʪʦʨʚʘʣʩʷ ʦʪ ʟʝʤʣʠ. 

ʇʝʨʚʳʝ ʧʨʦʝʢʪʳ ʨʝʘʢʪʠʚʥʳʭ ʩʘʤʦʣʝʪʦʚ ʥʘ ʧʫʣʴʩʠʨʫʶʱʝʤ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʦʤ 

ʜʚʠʛʘʪʝʣʝ (ʇʫɺʈɼ) ʩʦʟʜʘʣʠ ʚ 1865 ʛ. ʇ. ʄʘʬʬʠʦʪʪʠ ʠ ʐ.ʜʝ ʃʫʚʨʠʝ. ɺ ʟʘʧʠʩʷʭ ʉ.ʉ. 

ʅʝʞʜʘʥʦʚʩʢʦʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠʜʝʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʩʞʘʪʦʤ ʛʘʟʝ, ʚʦʜʷʥʦʤ ʧʘʨʝ, ʩʤʝʩʠ ʩʧʠʨʪʘ ʩ ʚʦʟʜʫʭʦʤ (1882-89 ʛʛ.). ʀʜʝʠ ʅʝʞʜʘʥʦʚʩʢʦʛʦ ʦ 

ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʩʦʧʣʝ ʵʞʝʢʪʦʨʥʳʭ ʥʘʩʘʜʦʢ ʜʣʷ ʧʦʜʩʦʩʘ ʚʦʟʜʫʭʘ ʢ ʚʳʭʣʦʧʥʦʡ ʩʪʨʫʝ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʡ ʪʷʛʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʰʣʘ ʚʦʧʣʦʱʝʥʠʝ ʚ ʜʚʫʭʢʦʥʪʫʨʥʦʤ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʦʤ ʜʚʠʛʘʪʝʣʝ (ʊʈɼɼ). ɺʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʠ XX ʚ. ʧʨʝʜʣʘʛʘʣʠʩʴ ʧʨʦʝʢʪʳ 

ʧʨʷʤʦʪʦʯʥʦʛʦ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʇɺʈɼ), ʚʳʟʚʘʥʥʳʝ ʩʪʨʝʤʣʝʥʠʝʤ ʣʝʪʘʪʴ 

ʙr ʩʪʨʝʝ ʠ ʚʳʰʝ. ʅʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʧʨʦʝʢʪ ɸ. ʂʦʘʥʜʵ 1910 ʛ. ï ʧʝʨʚʳʡ ʩʘʤʦʣʝʪ ʩ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ (ʦʜʥʘʢʦ ʚ ʢʘʯʝʩʪʚʝ ʪʫʨʙʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʨʰʥʝʚʦʡ 

ʜʚʠʛʘʪʝʣʴ; ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ ʚʦʟʜʫʭ ʧʦʜʦʛʨʝʚʘʣʩʷ ʪʝʧʣʦʪʦʡ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ɼɺʉ ʠ ʨʘʩʰʠʨʷʣʩʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ). 

ʅ.ɸ. ʐʠʰʢʦʚ ʠ ɺ.ɸ. ʊʘʪʘʨʠʥʦʚ ʷʚʣʷʶʪʩʷ ʘʚʪʦʨʘʤʠ ʧʨʦʝʢʪʦʚ ʩʘʤʦʣʝʪʦʚ ʩ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʚ ʢʘʯʝʩʪʚʝ ʉʋ. ʇʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʘʩʩʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʠ ʨʝʰʘʣʘʩʴ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʘʪʷʥʫʪʦʡ ʚʜʦʣʴ ʤʘʨʰʨʫʪʘ ʧʨʦʚʦʣʦʢʦʡ. ʊʦʣʴʢʦ ʩʝʡʯʘʩ, ʙʣʘʛʦʜʘʨʷ ʩʦʣʥʝʯʥʳʤ ʙʘʪʘʨʝʷʤ, 

ʧʦʷʚʠʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʧʦʣʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʃɸ. 

ʇʝʨʚʳʡ ʩʘʤʦʣʝʪ ʩ ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ 1899 ʛ. 

ʉʘʤʦʣʝʪ ʙʨʘʪʴʝʚ ʈʘʡʪ ʚ 1903 ʛ. ʚʧʝʨʚʳʝ ʧʨʦʠʟʚʝʣ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʧʦʣʝʪ. 

ɺʦʧʣʦʱʝʥʠʶ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʞʠʟʥʴ ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʙʦʣʴʰʦʡ ʚʝʩ 

ʜʚʠʛʘʪʝʣʝʡ, ʚʝʨʥʝʝ, ʟʘʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʦʙʨʝʪʘʪʝʣʷʤʠ ʧʦʪʨʝʙʥʦʡ ʤʦʱʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʚʦʝʥʥʦ-ʤʦʨʩʢʦʛʦ ʬʣʦʪʘ ʚʝʜʫʱʠʭ ʤʦʨʩʢʠʭ ʜʝʨʞʘʚ ʧʦʪʨʝʙʦʚʘʣʦ 

ʫʚʝʣʠʯʝʥʠʷ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʩʫʜʦʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʘʩʴ ʩ 

ʧʘʨʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʘʨʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʪʘʢʠʝ 

ʥʦʚʦʚʚʝʜʝʥʠʷ, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʘʨʘ ʚ ʮʠʣʠʥʜʨʘʭ, ʟʘʤʝʥʘ ʯʫʛʫʥʥʳʭ 

ʦʪʣʠʚʦʢ ʧʫʩʪʦʪʝʣʳʤʠ ʩʪʘʣʴʥʳʤʠ, ʧʦʚʳʰʝʥʠʝ ʂʇɼ ʢʦʪʣʦʚ ʩ ʙʳʩʪʨʳʤ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʩʦʟʜʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʛʨʝʚʘ ʧʘʨʘ, 

ʟʘʤʝʥʘ ʫʛʣʷ ʥʝʬʪʴʶ ʠ ʩʧʠʨʪʦʤ. 

ʈʘʟʚʠʪʠʝ ɼɺʉ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʣʦ ʦʪʜʝʣʴʥʦ ʦʪ ʘʚʠʘʮʠʠ. ʇʦʩʨʝʜʩʪʚʦʤ 

ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʷ ɼɺʉ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʣʩʷ: ʚʦʜʷʥʦʝ ʦʭʣʘʞʜʝʥʠʝ, 4-ʪʘʢʪʥʳʡ ʨʘʙʦʯʠʡ 

ʮʠʢʣ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʩʞʘʪʠʝʤ ʪʦʧʣʠʚʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʟʘʤʝʥʘ ʩʚʝʪʠʣʴʥʦʛʦ ʛʘʟʘ 

ʙʝʥʟʠʥʦʤ, ʩʦʟʜʘʥʠʝ ʧʦʧʣʘʚʢʦʚʦʛʦ ʢʘʨʙʶʨʘʪʦʨʘ, ʫʣʫʯʰʝʥʠʝ ʩʠʩʪʝʤʳ ʟʘʞʠʛʘʥʠʷ ʠ ʜʨʫʛʠʝ 

ʥʦʚʦʚʚʝʜʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. ʍʦʪʷ ʧʝʨʚʳʝ ɼɺʉ ʙʳʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳ, ʘ ʧʦ ʫʜʝʣʴʥʦʡ ʤʘʩʩʝ ʫʩʪʫʧʘʣʠ ʣʫʯʰʠʤ ʧʘʨʦʚʳʤ ʤʘʰʠʥʘʤ ʩʚʦʝʛʦ 

ʚʨʝʤʝʥʠ (ʈʠʩ. 1), ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ï ʦʪʩʫʪʩʪʚʠʝ ʢʦʪʣʘ ʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʢʦʤʧʘʢʪʥʦʩʪʴ, ʠ ʣʝʛʢʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ï ʧʦʟʚʦʣʠʣʠ ʢ ʢʦʥʮʫ XIX  ʚ. ʛʦʚʦʨʠʪʴ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɼɺʉ ʚ ʘʚʠʘʮʠʠ. ʇʦʩʣʝ ʧʝʨʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʣʝʪʦʚ 

ʙʨʘʪʴʝʚ ʈʘʡʪ ʩʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   81 

 

ʜʚʠʛʘʪʝʣʠ. ɺ ʥʘʯʘʣʝ XX ʚ. ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʚʦʟʨʘʩʪʘʣʘ ʚ ʜʚʘ ʨʘʟʘ, ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʮʠʣʠʥʜʨʦʚ, ʧʨʠ ʵʪʦʤ ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʫʤʝʥʴʰʘʣʘʩʴ ʧʨʠʤʝʨʥʦ ʚ 1,5 

ʨʘʟʘ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʠʨʦʚʦʛʦ ʘʚʠʘʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʧʦʰʣʦ ʧʦ ʜʚʫʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: ʨʦʪʘʪʠʚʥʳʝ ɼɺʉ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʦʪʣʠʯʘʣʠʩʴ ʣʝʛʢʦʩʪʴʶ ʠ 

ʢʦʤʧʘʢʪʥʦʩʪʴʶ, ʚʨʘʱʝʥʠʝ ʮʠʣʠʥʜʨʦʚ ʦʙʝʩʧʝʯʠʚʘʣʦ ʥʦʨʤʘʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʥʘ ʚʩʝʭ 

ʩʢʦʨʦʩʪʷʭ) ʠ ɼɺʉ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʠʧʘ ʩ ʚʦʜʷʥʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ (ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ 

ʠ ʵʢʦʥʦʤʠʯʥʳʝ, ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʣʘ ʜʦʩʪʠʯʴ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ, ʚ ʧʦʣʝʪʝ ʥʝ 

ʩʢʘʟʳʚʘʣʩʷ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʨʘʱʘʶʱʠʭʩʷ ʮʠʣʠʥʜʨʦʚ). ʆʧʳʪ ʧʝʨʚʦʡ ʤʠʨʦʚʦʡ 

ʚʦʡʥʳ ʧʦʢʘʟʘʣ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʜʚʠʛʘʪʝʣʝʡ ʚʪʦʨʦʛʦ ʪʠʧʘ. ʂ ʢʦʥʮʫ ʚʦʡʥʳ ʧʦʷʚʠʣʩʷ 

ʥʘʛʥʝʪʘʪʝʣʴ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʪʫʨʙʠʥʥʳʤ ʧʨʠʚʦʜʦʤ, ʧʦʟʚʦʣʠʚʰʠʡ ʧʦʚʳʩʠʪʴ ʤʦʱʥʦʩʪʴ ʠ 

ʚʳʩʦʪʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʫʤʝʥʴʰʠʪʴ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʮʠʣʠʥʜʨʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʩʩʫ; 

ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʛʦʣʦʚʦʢ ʮʠʣʠʥʜʨʦʚ ʩʪʘʣ ʘʣʶʤʠʥʠʡ. ʉ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʧʨʦʷʚʠʣʘʩʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʥʠʞʘʪʴ ʣʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ; ʥʘʨʷʜʫ ʩ 

ʦʙʪʝʢʘʝʤʳʤ ʢʦʢʦʤ ʚʠʥʪʘ, ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʧʦʪʠʨʦʚʘʥʠʝʤ ʜʚʠʛʘʪʝʣʷ ʠ ʪʦʥʥʝʣʴʥʳʤ 

ʨʘʜʠʘʪʦʨʦʤ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʤʠʜʝʣʝʚʦʛʦ ʩʝʯʝʥʠʷ ʜʚʠʛʘʪʝʣʷ: ʧʦʣʫʯʠʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʚʠʛʘʪʝʣʠ çʜʚʦʡʥʘʷ ʟʚʝʟʜʘè. ʇʦʚʳʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ɼɺʉ ʚ 1930-ʭ ʛʛ. 

ʧʨʦʠʩʭʦʜʠʣʦ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ (ʯʪʦ ʚʳʥʫʜʠʣʦ 

ʚʚʝʩʪʠ ʚ ʩʦʩʪʘʚ ʉʋ ʨʝʜʫʢʪʦʨʘ ʠ ʪʨʝʭʣʦʧʘʩʪʥʦʛʦ ʧʨʦʧʝʣʣʝʨʘ ʚʤʝʩʪʦ ʜʚʫʭʣʦʧʘʩʪʥʦʛʦ), 

ʤʘʩʩʳ ʥʘʛʥʝʪʘʝʤʦʛʦ ʚʦʟʜʫʭʘ, ʝʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʚ 

ʥʘʛʥʝʪʘʪʝʣʝ ʠ ʮʠʣʠʥʜʨʘʭ. ʇʦʩʣʝʜʥʝʝ ʧʦʪʨʝʙʦʚʘʣʦ ʧʦʚʳʰʝʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʙʝʥʟʠʥʘ (ʢ 1936 ʛ. ʪʨʝʙʫʝʤʦʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʙʝʥʟʠʥʘ ʩʪʘʣʦ 73-100 ʚʤʝʩʪʦ 50). 

ʇʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʣʝʪʳ ʩʘʤʦʣʝʪʦʚ ʩ ʜʠʟʝʣʴʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʦʜʥʘʢʦ, 

ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʚ 1,5 ʨʘʟʘ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ, ʚ ʩʝʨʠʶ ʜʚʠʛʘʪʝʣʠ ʥʝ ʧʦʰʣʠ. ɺ ʠʩʪʨʝʙʠʪʝʣʴʥʦʡ 

ʘʚʠʘʮʠʠ ʚʦʶʶʱʠʭ ʩʪʨʘʥ ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʬʦʨʩʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ 

ʧʝʨʝʛʨʫʟʢʫ ʤʦʪʦʨʘ ʧʦ ʦʙʦʨʦʪʘʤ ʠ (ʠʣʠ) ʥʘʜʜʫʚʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʥʘ 30-50%; 

ʚʧʨʳʩʢ ʚ ʥʘʛʥʝʪʘʪʝʣʴ ʟʘʢʠʩʠ ʘʟʦʪʘ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʠʣʠ ʚʦʜʦ-ʤʝʪʘʥʦʣʦʚʦʡ ʩʤʝʩʠ ï ʥʘ 

ʤʘʣʳʭ. 

 

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʜʚʠʛʘʪʝʣʝʡ ʚ 1790-1945 ʛʛ.                               

(ʧʦ ʜʘʥʥʳʤ [5, 6]) 
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ɺ ʦʙʩʪʘʥʦʚʢʝ ʩʪʨʝʤʠʪʝʣʴʥʦʡ ʛʦʥʢʠ ʚʦʦʨʫʞʝʥʠʡ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʚʪʦʨʦʡ ʤʠʨʦʚʦʡ 

ʚʦʡʥʳ ʪʨʝʙʦʚʘʣʦʩʴ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʣʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʣʝʪʦʚ, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʠʥʪʦʤʦʪʦʨʥʦʛʦ ʩʘʤʦʣʝʪʘ ʚʦ ʤʥʦʛʦʤ ʙʳʣʠ ʫʞʝ ʠʩʯʝʨʧʘʥʳ ʠ ʧʨʠʨʦʩʪ 

ʩʢʦʨʦʩʪʠ ʠ ʚʳʩʦʪʳ ʜʘʚʘʣʩʷ ʩ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ. ɺʝʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ 

ʧʘʨʦʪʫʨʙʠʥʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʉʋ, ʧʦʟʚʦʣʷʚʰʝʡ ʜʦʩʪʠʛʥʫʪʴ ʤʦʱʥʦʩʪʠ ʜʦ 10000 ʣ.ʩ., ʥʦ 

ʧʝʨʚʳʝ ʦʧʳʪʥʳʝ ʪʫʨʙʠʥʳ ʠʤʝʣʠ ʥʝʜʦʧʫʩʪʠʤʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ. ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʦʧʳʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ ʨʘʢʝʪʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʘʭ, ʪʦ ʦʥʠ ʥʝ ʦʧʨʘʚʜʘʣʠ ʚʦʟʣʘʛʘʝʤʳʭ ʥʘʜʝʞʜ ʠʟ-ʟʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʠ ʨʝʘʢʪʠʚʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʦʥʠ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʉʋ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ 

ʚʟʣʝʪʘ ʩʘʤʦʣʝʪʘ. ɾʠʜʢʦʩʪʥʳʡ ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʥʦʮʝʥʥʦʡ ʉʋ ʧʦʷʚʠʣʩʷ ʚ 

1939 ʛ., ʦʜʥʘʢʦ ʪʘʢ ʞʝ ʥʝ ʤʦʛ ʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ, ʥʘ ʙʦʨʪʫ ʪʨʝʙʦʚʘʣʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʧʘʩ ʦʢʠʩʣʠʪʝʣʷ (ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʘ), ʠʩʧʳʪʘʥʠʷ ʟʘʯʘʩʪʫʶ ʟʘʢʘʥʯʠʚʘʣʠʩʴ 

ʢʘʪʘʩʪʨʦʬʦʡ. ʊʦʣʴʢʦ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʤʦʛ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʪʷʛʫ ʚ 

ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʟʘʢʣʶʯʘʣʠʩʴ ʚ 

ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʥʝʪ ʧʨʦʧʝʣʣʝʨʘ, ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʨʰʥʝʚʘʷ ʛʨʫʧʧʘ ʠ ʪ. ʜ.) ʠ ʚ ʪʦʤ, ʯʪʦ 

ʨʘʟʚʠʚʘʝʤʘʷ ʠʤ ʩʠʣʘ ʪʷʛʠ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʧʦʣʝʪʘ. ʋʣʫʯʰʝʥʥʳʝ ʫʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ɻʊɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇɼ 

ʩʚʷʟʘʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ɽʩʣʠ ʚ ʇɼ ʚʝʩʴ ʮʠʢʣ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʮʠʣʠʥʜʨʝ, ʘ ʦʧʝʨʘʮʠʠ ʩʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʪʦ ʚ ɻʊɼ ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʩʭʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʝʧʨʝʨʳʚʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʫʟʣʘʭ ʜʚʠʛʘʪʝʣʷ, ʧʦʵʪʦʤʫ ʤʘʩʩʦʚʳʡ 

ʨʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ 50é100 ʨʘʟ ʚʳʰʝ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʢʦʤʧʘʢʪʥʦʤ ʦʙʲʝʤʝ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʤʦʱʥʦʩʪʠ. ʅʘʯʘʣʘʩʴ ʵʨʘ ʨʝʘʢʪʠʚʥʦʡ ʘʚʠʘʮʠʠ. 

ʇʝʨʚʳʝ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʊʈɼ ʠ ʊɺɼ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʠʤ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ ʧʦʢʘʟʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʟʘʧʘʩʦʚ ʪʷʛʠ ʠ ʤʦʱʥʦʩʪʠ, ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʫʩʧʝʭʝ ʨʘʙʦʪ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʉʋ. 

ɿʘʜʘʯʘ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ: ʚʦ-ʧʝʨʚʳʭ, ʩʪʨʝʤʷʪʩʷ 

ʫʚʝʣʠʯʠʪʴ ʪʷʛʫ (ʤʦʱʥʦʩʪʴ), ʚʦ-ʚʪʦʨʳʭ ï ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʜʚʠʛʘʪʝʣʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʨʘʥʥʠʭ ʊʈɼ ʠ ʊɺɼ ʙʳʣʦ ʧʦʚʳʰʝʥʠʝ ʪʷʛʠ ʠ ʤʦʱʥʦʩʪʠ. ʇʦʚʳʰʝʥʠʝ ʪʷʛʠ 

(ʤʦʱʥʦʩʪʠ) ʜʦ 10% ʚʦʟʤʦʞʥʦ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʷ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʢʘʤʝʨʦʡ ʩʛʦʨʘʥʠʷ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ ʜʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʦʧʳʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ, 

ʜʘʚʣʝʥʠʡ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʦʚ, 

ʥʘʧʦʨʥʦʩʪʠ ʩʪʫʧʝʥʝʡ ʠʣʠ ʜʦʙʘʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ ʢʦʤʧʨʝʩʩʦʨʘ, 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʠ ʞʘʨʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʪʷʛʠ (ʤʦʱʥʦʩʪʠ) ʜʦ 20% ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʦʚ. ʇʦʚʳʰʝʥʠʝ ʙʦʣʝʝ 20% 

ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʚʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ɻʊɼ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʘʙʘʨʠʪʦʚ ʠ ʤʘʩʩʳ.  

ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ: 

- ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʟʣʦʚ ʠ ʜʚʠʛʘʪʝʣʷ ʚ 

ʮʝʣʦʤ ï ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʘʷ ʩʠʣʦʚʘʷ ʩʭʝʤʘ, ʧʨʠʤʝʥʝʥʠʝ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʢʘʩʢʘʜʘ, 

ʧʦʚʳʰʝʥʠʝ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʩʪʫʧʝʥʝʡ ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʪʫʨʙʠʥʳ ʫʤʝʥʴʰʘʶʪ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʫʧʝʥʝʡ; 

- ʧʦʚʳʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚ ʦʪʜʝʣʴʥʳʭ ʘʛʨʝʛʘʪʘʭ ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ɻʊɼ ʠ 

ʨʘʟʤʝʨʥʦʩʪʴ, 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ï 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʩʚʘʨʢʠ, ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʚʳʩʦʢʦʪʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʪ.ʜ. 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʧʦʚʳʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ; 

- ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ, ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʫʜʝʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʞʝʩʪʢʦʩʪʠ ʠ ʫʧʨʫʛʦʩʪʠ, ʜʣʠʪʝʣʴʥʦʡ ʠ ʮʠʢʣʦʚʦʡ 

ʧʨʦʯʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʥʘʟʥʘʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʦʧʨʝʜʝʣʷʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʟʝʨʚʳ ʧʦʥʠʞʝʥʠʷ 

ʤʘʩʩʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʦʥʠʞʝʥʠʠ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ ʜʦʩʪʠʛʘʶʪʩʷ 

ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʬʦʨʩʠʨʦʚʘʥʠʠ ʜʚʠʛʘʪʝʣʷ ʠ ʢʦʤʧʣʝʢʩʥʦʤ ʩʥʠʞʝʥʠʠ ʤʘʩʩʳ ʫʟʣʦʚ 

ʜʚʠʛʘʪʝʣʷ. 

ʆʜʥʘʢʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʪʘʢʦʡ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ, ʢʘʢ ɻʊɼ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʩʦʚʤʝʱʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ 

ʨʝʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʧʦʚʳʰʘʝʪ ʂʇɼ ʮʠʢʣʘ, ʥʦ ʥʝʧʨʠʝʤʣʝʤʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʤʘʩʩʳ ï ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʶʪ ʤʘʩʩʫ ʠ ʛʘʙʘʨʠʪʳ ʉʋ, ʪʨʝʙʫʶʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ. ʇʦʚʳʰʝʥʠʝ 

ʣʦʙʦʚʦʡ ʪʷʛʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʝʩʦʚʦʡ ʦʪʜʘʯʝ ʜʚʠʛʘʪʝʣʷ, ʪ.ʢ. ʫʤʝʥʴʰʘʶʪʩʷ ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ ʜʚʠʛʘʪʝʣʷ. ɺ 

ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʨʘʟʨʘʙʦʪʯʠʢʠ ʜʦʣʞʥʳ ʥʘʡʪʠ ʢʦʤʧʨʦʤʠʩʩʥʦʝ ʨʝʰʝʥʠʝ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʷʛʝ 

ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʨʘʬʠʢʘ ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʚ 

ʧʝʨʚʳʝ ʛʦʜʳ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʤʘʩʩʦʚʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʠʤʝʣʠ ʊʈɼ ʩ 

ʮʝʥʪʨʦʙʝʞʥʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ (ʊʈɼʮ), ʪ.ʢ. ʦʜʥʘ ʩʪʫʧʝʥʴ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʠʤʝʣʘ ʤʝʥʴʰʫʶ ʤʘʩʩʫ, ʯʝʤ ʥʝʩʢʦʣʴʢʦ ʩʪʫʧʝʥʝʡ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ 

ʩʪʝʧʝʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ; ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʭ ʚʳʪʝʩʥʠʣʠ ʊʈɼ ʩ ʦʩʝʚʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ 

(ʊʈɼʦ), ʚʚʠʜʫ ʧʦʩʪʝʧʝʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ ʣʦʙʦʚʦʡ ʪʷʛʠ 

ʧʦʩʣʝʜʥʠʭ. ʇʨʠʤʝʥʝʥʠʝ ʬʦʨʩʘʞʥʦʡ ʢʘʤʝʨʳ ʚ ʊʈɼ (ʊʈɼʌ) ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʣʦʙʦʚʫʶ 

ʪʷʛʫ ʜʚʠʛʘʪʝʣʷ, ʠ ʫʤʝʥʴʰʠʪʴ ʫʜʝʣʴʥʫʶ ʤʘʩʩʫ; ʪʝʤ ʥʝ ʤʝʥʝʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʧʣʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʊʈɼ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʜʚʫʭʢʦʥʪʫʨʥʳʝ ʊʈɼ (ʊʈɼɼ), ʢʘʢ ʠ ʊʈɼʌ ʥʘ 

ʊʈɼɼʌ. 

 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ  ʚ 1940-2000 ʛʛ.                                     

(ʧʦ ʜʘʥʥʳʤ [1, 3, 4]) 

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ɔ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 
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ʧʨʠʚʦʜʘ ʤʦʱʥʦʩʪʠ ʥʘ ʚʠʥʪ ʚʝʨʪʦʣʝʪʦʚ ʠ ʩʘʤʦʣʝʪʦʚ ʩ ʧʨʦʧʝʣʣʝʨʦʤ. ʇʦʨʰʥʝʚʳʝ ʜʚʠʛʘʪʝʣʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʜʠʟʝʣʴʥʳʝ, ʧʨʦʜʦʣʞʘʶʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ ʧʦ ʤʘʩʩʝ, ʵʢʦʥʦʤʠʯʥʦʩʪʠ, 

ʥʘʜʝʞʥʦʩʪʠ, ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʘʣʦʡ ʘʚʠʘʮʠʠ; ʪʫʨʙʦʚʘʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ 

(ʊɺʘɼ), ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʉʋ ʚʝʨʪʦʣʝʪʦʚ, ʠʤʝʶʪ ʣʫʯʰʠʝ ʫʜʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʝʤ ʊɺɼ, ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʩʚʦʙʦʜʥʦʡ ʪʫʨʙʠʥʳ; ʨʘʟʣʠʯʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ 

ʊɺɼ ʧʦʢʘʟʳʚʘʶʪ ʫʣʫʯʰʝʥʠʝ ʤʘʩʩʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦ ʚʨʝʤʝʥʝʤ; ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʨʝʜʫʢʪʦʨ ʊɺɼ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʩʪʝʧʝʥʴ ʨʝʜʫʢʮʠʠ, ʯʝʤ ʨʝʜʫʢʪʦʨ ʊɺʘɼ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ 

ʤʝʥʴʰʫʶ ʤʘʩʩʫ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʢʣʘʩʩʝ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ. 

ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʜʚʠʛʘʪʝʣʷ (ʧʨʠʤʝʤ ʧʨʦʩʪʝʡʰʠʡ ʚʘʨʠʘʥʪ ï 

ʊʈɼ) ʟʘʚʠʩʠʪ ʦʪ ʜʠʘʤʝʪʨʘ ʠ ʪʷʛʠ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʩʩʘ ʜʚʠʛʘʪʝʣʷ ʚ ʟʘʚʠʩʠʪ ʦʢʨʫʛʣʝʥʥʦ ʦʪ 

ʢʫʙʘ ʜʠʘʤʝʪʨʘ D. ʆʜʥʘʢʦ, ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʜʦʣʷ ʜʝʪʘʣʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʣʠʩʪʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʚ ʫʟʣʘʭ ʚʭʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʨʝʘʢʪʠʚʥʦʛʦ ʩʦʧʣʘ), ʚ ʢʦʪʦʨʳʭ 

ʪʦʣʱʠʥʘ ʣʠʩʪʘ ʧʦʯʪʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʝʥ ʢʚʘʜʨʘʪʠʯʥʳʡ ʟʘʢʦʥ ʫʚʝʣʠʯʝʥʠʷ 

ʤʘʩʩʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʘ ʜʚʠʛʘʪʝʣʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʠʘʤʝʪʨʫ D ʚ ʩʪʝʧʝʥʠ n, 

ʣʝʞʘʱʝʡ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 2 ʠ 3: 

mʜʚ = C1D
n
,      (1) 

ʛʜʝ C1 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ (ʤʘʩʩʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ D=1,0). 

ʊʷʛʘ ʜʚʠʛʘʪʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʫ ʜʠʘʤʝʪʨʘ 

ʥʘ ʚʭʦʜʝ ʚ ʢʦʤʧʨʝʩʩʦʨ: 

P = C2D
2
,      (2) 

ʛʜʝ C2 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ (ʪʷʛʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ D=1,0). 

 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʧʨʠʚʦʜʦʤ ʥʘ ʚʠʥʪ                         

ʚ 1940-2000 ʛʛ. (ʧʦ ʜʘʥʥʳʤ [1, 3, 4]) 
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ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ n>2 ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʜʚʠʛʘʪʝʣʷ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʷʛʠ, ʧʦʵʪʦʤʫ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʜʚʠʛʘʪʝʣʷ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʥʝʣʴʟʷ ʜʦʙʠʪʴʩʷ ʧʦʥʠʞʝʥʠʷ ʝʛʦ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ. ʆʜʥʘʢʦ ʠ ʫʤʝʥʴʰʝʥʠʝ ʪʷʛʠ 

ʜʚʠʛʘʪʝʣʷ ʜʦ ʚʝʣʠʯʠʥʳ ʤʝʥʝʝ 1000 ʜʘʥ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʡ ʤʘʩʩʳ 

ʚʚʠʜʫ ʦʛʨʘʥʠʯʝʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʜʚʠʛʘʪʝʣʝʡ ʜʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚʝʣʠʩʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʫʩʧʝʭʦʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʠʚʘʶʱʝʤʫʩʷ ʦʙʲʝʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʟʘʜʘʯʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʤʘʩʩʳ ʚʥʦʚʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʧʦʣʫʯʠʣʘ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 
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ʆɹ ɸɺʊʆʈɸʍ  

 

ʅʠʛʤʘʪʫʣʣʠʥ ʈʫʩʣʘʥ ʈʘʜʠʢʦʚʠʯ, ʤʘʛʠʩʪʨʘʥʪ ʢʘʬ. ʘʚʠʘʮ. ʜʚʠʛʘʪʝʣʝʡ 

ʋɻɸʊʋ, ʜʠʧʣ. ʙʘʢʘʣʘʚʨʘ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

çɸʚʠʘʨʘʢʝʪʦʩʪʨʦʝʥʠʝè (ʋɻɸʊʋ, 2012). ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ 
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ʋʇʈɸɺʃɽʅʀɽ ʈɸɼʀɸʃʔʅʓʄʀ ɿɸɿʆʈɸʄʀ 

 

ʂʘʤʘʣʪʜʠʥʦʚ ʀ. ʀ., ɿʳʨʷʥʦʚ ɸ. ɺ. 

 
ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʮʠʢʣʘ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ, ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, 

ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ, ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ, 

ʂʇɼ ʫʟʣʦʚ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ɻʊɼ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ Ὕ̄ᶻ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʠ ʩʪʝʧʝʥʴ 



86   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ “ὑ
ᶻ. ʆʜʥʘʢʦ ʧʦʚʳʰʝʥʠʝ Ὕ̄ᶻʠ “ὑ

ᶻ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʘʜʝʥʠʝʤ ʂʇɼ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʥʘ ʥʝʪ ʚʝʩʴ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʚʳʠʛʨʳʰ.   ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʝʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʭ ʥʘʣʠʯʠʝʤ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʚ 

ʢʦʤʧʨʝʩʩʦʨʝ ʠ ʪʫʨʙʠʥʝ. 

ʆʜʥʦʡ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ  ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʝʛʦ ʚʝʣʠʯʠʥʘ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ, ʥʦ 

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʨʝʟʘʥʠʷ ʪʦʨʮʘ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʚ ʜʝʪʘʣʠ ʩʪʘʪʦʨʘ. 

ɺ ʪʘʙʣ.1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʚʣʠʷʥʠʶ 1 ʤʤ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʂɺɼ ʠ ʊɺɼ ʥʘ 

ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ[1]. 

 

ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ 1ʤʤ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ 

ʇʘʨʘʤʝʪʨʳ ɻʊɼ ʥʘ ʚʟʣʝʪʥʦʤ 

ʨʝʞʠʤʝ H=0,M=0 

ʉp 

ʂɺɼ ʊɺɼ 

ɻʊɼ ˉ1 (“Ὧ*=12 Ὕ̄*=1300ʂ, 
m=1.3) 

+0.68 +0.7 

ɻʊɼ ˉ2 (“Ὧ*=27 Ὕ̄*=1620ʂ, 

m=1.3) 

+1 +1.5 

ɻʊɼ ˉ3 (“Ὧ*=40 Ὕ̄*=1650ʂ, m=15) +1.3 +2.9 

 

ʅʘ ʨʠʩ. 1ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʟʘʟʦʨʦʚ ʥʘ ʂʇɼ ʪʫʨʙʠʥʳ. ɺʠʜʥʦ, ʯʪʦ 1% 

ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʧʦ ʢʦʥʮʘʤ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ ɺɼ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʂʇɼ ʧʨʠʤʝʨʥʦ ʥʘ 1,5 -2,8%[1]. 
 

 

 
ʈʠʩ. 1. ɺʣʠʷʥʠʝ  ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʟʦʨʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʂʇɼ ʪʫʨʙʠʥʳ 

 

ʎʝʣʷʤʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʟʘʟʦʨʘʤʠ ʪʫʨʙʠʥʳ ʷʚʣʷʶʪʩʷ: 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ ʥʘ ʦʩʥʦʚʥʦʤ ʨʘʙʦʯʝʤ 

ʨʝʞʠʤʝ (ʨʝʞʠʤʝ ʢʨʝʡʩʝʨʩʢʦʛʦ ʧʦʣʝʪʘ) ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʳʡʢ.ʧ.ʜ. ʪʫʨʙʠʥʳ;ʠʩʢʣʶʯʝʥʠʝ ʥʝʧʨʠʝʤʣʝʤʦʛʦ ʠʟʥʦʩʘ 

ʢʦʨʧʫʩʘ ʠ ʦʩʦʙʝʥʥʦ ʨʦʪʦʨʘ ʧʨʠ ʚʦʟʤʦʞʥʦʤ ʢʦʥʪʘʢʪʝ ʥʘ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ, ʢʦʪʦʨʦʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʘʣʴʥʳʭ ʟʘʟʦʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ ʥʘ ʚʩʝʭ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʘʙʦʯʠʭ ʨʝʞʠʤʘʭ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʘʜʠʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ: 

-ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʨʘʜʠʘʣʴʥʳʭ ʟʘʟʦʨʦʚ  ï  ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʧʘʩʩʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʟʘʟʦʨʦʚ; 

-ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʨʦʪʦʨʘ (ʣʦʧʘʪʦʢ ʠ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   87 

 

ʣʘʙʠʨʠʥʪʦʚ) ʠ ʩʪʘʪʦʨʘ (ʢʦʨʧʫʩʘ ʠ ʫʧʣʦʪʥʝʥʠʡ) ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

-ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ (ʉɸʋʈɿ) ʚʦ 

ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʜʚʠʛʘʪʝʣʷ [2]. 

ʇʘʩʩʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʟʘʟʦʨʦʚ. 
ʇʘʩʩʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʘʜʠʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ ʦʩʥʦʚʘʥʦ ʥʘ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ ʪʫʨʙʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʘʚʠʘʮʠʦʥʥʳʭ ʪʫʨʙʠʥ, ʩʦʟʜʘʥʥʳʭ ʜʦ ʥʘʯʘʣʘ 1980-ʭ ʛʦʜʦʚ ʠ ʜʦ ʩʠʭ 

ʧʦʨ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠʤʝʥʷʣʦʩʴ ʪʦʣʴʢʦ ʧʘʩʩʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʨʘʜʠʘʣʴʥʳʭ ʟʘʟʦʨʦʚ. ʅʘʨʫʞʥʳʝ ʢʦʨʧʫʩʘ ʪʫʨʙʠʥʳ ʩʥʘʨʫʞʠ ʥʝ ʦʭʣʘʞʜʘʣʠʩʴ ʠʣʠ 

ʦʭʣʘʞʜʘʣʠʩʴ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʳʤ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ ʥʘʨʫʞʥʦʛʦ ʢʦʥʪʫʨʘ (ʚ ʜʚʫʭʢʦʥʪʫʨ-ʥʳʭ 

ʜʚʠʛʘʪʝʣʷʭ). 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʘʜʠʘʣʴʥʳʤʠ ʟʘʟʦʨʘʤʠ ʪʫʨʙʠʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʢʦʨʧʫʩʘ ʪʫʨʙʠʥʳ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, 

ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʦʪʦʨʘ ʠ ʝʛʦ ʤʘʪʝʨʠʘʣʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦ 

ʫʩʣʦʚʠʷʤ ʧʨʦʯʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʨʝʩʫʨʩʘ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʧʫʩʘ ʊɺɼ PW6000, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ 

ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʢʦʨʧʫʩʘ: 

ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʣʦʡʥʦʛʦ ʢʦʨʧʫʩʘ (ʢʦʣʴʮʝʚʦʛʦ ʥʘʨʫʞʥʦʛʦ, ʫʜʘʣʝʥʥʦʛʦ ʦʪ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠ ʚʥʫʪʨʝʥʥʝʛʦ - ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʧʨʦʪʦʯʥʫʶ 

ʯʘʩʪʴ); ʧʨʠ ʵʪʦʤ ʭʦʣʦʜʥʳʡ ʥʘʨʫʞʥʳʡ ʢʦʨʧʫʩ ʦʧʨʝʜʝʣʷʝʪ ʨʘʜʠʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʩʪʘʪʦʨʘ; 

ʚʚʝʜʝʥʠʝ ʜʚʫʭ ʦʙʣʘʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʩʩʳ (ʬʣʘʥʮʝʚ) ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʠʭ 

ʦʭʣʘʞʜʝʥʠʝʤ ʥʘ ʥʘʨʫʞʥʦʤ ʢʦʨʧʫʩʝ; 

ʩʪʨʫʡʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʩʪʘʚʦʢ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠ ʠʭ ʪʝʨʤʦʙʘʨʴʝʨʥʦʝ 

ʧʦʢʨʳʪʠʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʢʦʨʧʫʩ [2]. 

 
ʈʠʩ. 2. ʈʦʪʦʨ ʊɺɼ PW 6600 1-ʜʠʩʢ; 2- ʚʘʣ ʊɺɼ; 3-ʰʣʠʮʳ; 4-ʬʣʘʥʝʮ ʜʠʩʢʘ; 5-ʛʘʡʢʘ;                

6-ʬʣʘʥʮʝʚʝ ʩʦʝʜʠʥʝʥʠʝ; 7-ʧʝʨʝʜʥʠʡ ʜʝʬʣʝʢʪʦʨ; 8-ʧʦʣʦʩʪʴ ʟʘ ʘʧʧʘʨʘʪʦʤ ʟʘʢʨʫʪʢʠ;                        

9-ʘʧʧʘʨʘʪ ʟʘʢʨʫʪʢʠ; 10-ʦʪʚʝʨʩʪʠʝ ʚ ʜʝʬʣʝʢʪʦʨʝ 7; 11-ʧʦʣʦʩʪʴ ʧʦʜ ʟʘʤʢʦʤ ʣʦʧʘʪʢʠ;                     

12- ʟʘʤʦʢ ʣʦʧʘʪʢʠ; 13-ʨʘʙʦʯʘʷ ʣʦʧʘʪʢʘ ʊɺɼ;14-ʟʘʜʥʡ ʜʝʬʣʝʢʪʦʨ; 15-ʤʝʞʚʘʣʴʥʘʷ ʧʦʣʦʩʪʴ; 

16- ʚʘʣ ʊʅɼ; 17-ʧʦʣʦʩʪʴ ʨʦʪʦʨʘ ʊʅɼ; 18-ʚʪʦʨʠʯʥʘʷ ʟʦʥʘ ʂʉ; 19-ʧʦʣʦʩʪʴ ʥʘʜ 1ʉɸ;                    

20-ʧʦʣʦʩʪʴ ʥʘʜ ʈʃ; 21-ʪʚʝʨʩʪʠʷ; 22-ʚʩʪʘʚʢʘ ʥʘʜ ʈʃ;                                                                      

23-ʢʦʣʴʮʝʚʘʷ ʧʦʣʦʩʪʴ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʢʦʨʧʫʩʘ; 24-ʬʣʘʥʮʳ ʢʦʨʧʫʩʘ 



88   ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ        ̄  4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ. 

 

 

ɸʢʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʟʘʟʦʨʦʚ. 
ɸʢʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʟʘʟʦʨʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʪʝʤʧʦʚ ʧʨʦʛʨʝʚʘ ʨʦʪʦʨʥʳʭ ʠ ʩʪʘʪʦʨʥʳʭ ʯʘʩʪʝʡ ʪʫʨʙʠʥʳ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʊɺɼ ʚ ʧʦʣʝʪʥʦʤ ʮʠʢʣʝ ʜʚʠʛʘʪʝʣʷ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʉɸʋʈɿ. ʉɸʋʈɿ ʫʧʨʘʚʣʷʝʪ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʩʪʘʪʦʨʘ ʩ 

ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʝʤʦʛʦ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ (ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ ʥʘ ʢʦʨʧʫʩ)[2]. 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʜʣʷ 1ʈʃʪʚʜ ʥʘ ʨʝʞʠʤʘʭ ʟʘʧʫʩʢʘ, ʚʟʣʝʪʘ, ʥʘʙʦʨʘ 

ʚʳʩʦʪʳ ʠ ʢʨʝʡʩʝʨʩʢʦʛʦ ʧʦʣʝʪʘ (ʙʝʟ ʚʢʣʶʯʝʥʠʷ ʠ ʩ ʚʢʣʶʯʝʥʠʝʤ ʉɸʋʈɿ) 

 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤʳ ʥʘʨʫʞʥʦʛʦ ʦʙʜʫʚʘ ʢʦʨʧʫʩʦʚ ʊɺɼ ʠ ʊʅɼ 

PW6000. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʘʢʮʠʠ ʢʦʨʧʫʩʘ ʥʘ ʥʝʤ ʚʳʧʦʣʥʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʙʨʘ, ʢ 

ʢʦʪʦʨʳʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʙʣʠʞʝʥʘ ʩʠʩʪʝʤʘ ʦʙʜʫʚʘ [2]. 

 

 
 

ʈʠʩ. 2. ʈʦʪʦʨ ʊʅɼ ʜʚʠʛʘʪʝʣʷ PW 6600 1-ʜʠʩʢʠ; 2- ʬʣʘʥʝʮ ʜʠʩʢʘ; 3-ʙʦʣʪʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ; 

4-ʫʜʣʠʥʠʪʝʣʴ ʬʣʘʥʮʘ ʜʠʩʢʘ; 5-ʰʣʠʮʳ; 6-ʚʘʣ ʊʅɼ; 7- ʜʝʬʣʝʢʪʦʨ; 8-ʟʘʤʢʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ; 

9-ʧʣʦʪʥʦʩʪʴ ʨʦʪʦʨʘ ʊʅɼ; 10-ɺʘʣ ʊɺɼ; 11-ʦʩʝʚʦʡ ʟʘʟʦʨ; 12- ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʝ ʛʨʫʟʳ;                   

13 ïʨʘʟʛʨʫʟʦʯʥʘʷ ʧʦʣʦʩʪʴ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   89 

 

 

ɺʣʠʷʥʠʝ ʉɸʋʈɿ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʫʨʙʠʥʳ ʟʘʚʠʩʠʪ ʦʪ: 

-ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʢʦʨʧʫʩʦʚ; 

-ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʙʳʪʴ: 

-ʜʚʫʭʧʦʟʠʮʠʦʥʥʳʤ (ʚʢʣʶʯʝʥʦ-ʚʳʢʣʶʯʝʥʦ); 

-ʫʧʨʘʚʣʷʶʱʠʤ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʦʙʜʫʚʘ ʧʦ ʟʘʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʜʝʣʠ (ʦʪʢʘʣʠʙʨʦʚʘʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʜʦʚʦʜʢʠ); 

-ʠʩʧʦʣʴʟʫʶʱʠʤ ʩʠʩʪʝʤʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʫʧʨʘʚʣʷʶʱʠʡ ʨʘʩʭʦʜʦʤ ʚʦʟʜʫʭʘ ʚ 

ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʨʧʫʩʘ ʠ ʩʨʘʚʥʝʥʠʠ ʝʝ ʩ 

ʜʘʥʥʳʤʠ ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ). ʀʜʝʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʝʣʠʯʠʥʝ ʟʘʟʦʨʘ, ʥʦ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʣʫʯʠʪʴ ʪʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʧʦʢʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʈʘʩʯʝʪ ʚ ʩʨʝʜʝ ANSYS ʜʝʬʦʨʤʘʮʠʠ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘ ʩʪʘʪʦʨʘ (ʧʨʦʩʪʦʡ 

ʧʣʘʩʪʠʥʳ) ʧʨʠ ʝʛʦ ʦʭʣʘʞʜʝʥʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ 

ʚʝʣʠʯʠʥʳ  ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʜʣʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʙʦʪʳ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʚ ʩʨʝʜʝ ANSYS ʯʘʩʪʠ ʩʪʘʪʦʨʘ 

ʊɺɼ,ʦʭʣʘʞʜʘʷ ʝʛʦ ʚʦʟʜʫʭʦʤ.  

ʆʧʨʝʜʝʣʠʤ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʩʯʝʪʘ.ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʧʨʠʤʝʤ, ʯʪʦ ʩʪʘʪʦʨʦʭʣʘʞʜʘʝʪʩʷʠʟ-ʟʘ ʂɺɼ, ʇʨʠʥʠʤʘʝʤ ʯʪʦ 

ʩʪʘʪʦʨ ʪʫʙʠʥʳ ʠʟʛʦʪʦʚʣʝʥ ʠʟ  ʞʘʨʦʧʨʦʯʥʦʛʦ ʣʠʪʝʡʥʦʛʦ ʠʥʪʝʨʤʝʪʘʣʠʜʥʦʛʦ ʩʧʣʘʚʘ ɺʂʅɸ-

1ɺ, ʝʛʦ ʧʣʦʪʥʦʩʪʴ: ”̒ =̓7938 ʢʛ/ʤ3
. 

ʉʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʝ: =‫ 262 ̍ / .̒ 

ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʥʘʜ ʩʪʘʪʦʨʦʤ: =‫ 175,74 ̍ / .̒ 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʩʪʘʪʦʨʘ ʊɺɼ: Ὕ̖̏=̌ 423ὑ= 150ᴈ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʚ ʊɺɼ: Ὕ̄= 1535ὑ= 1262ᴈ. 

ɼʘʚʣʝʥʠʝ ʦʭʣʘʞʜʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʜʣʷ ʩʪʘʪʦʨʘ ʊɺɼ: ὴ̏ ̖=̌ 0,322ʄʇʘ. 
ɼʘʚʣʝʥʠʝ ʊɺɼ: ὴ̄= 1,977466 ʄʇʘ. 

ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʚʦʟʜʫʭʘ ʢ ʩʪʘʪʦʨʫ  Ŭ ʟʘʚʠʩʠʪ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʪʫʨʙʠʥʳ. ʆʧʨʝʜʝʣʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʙʪʝʢʘʥʠʷ 

ʩʪʘʪʦʨʘ ʥʘʜ ʣʦʧʘʪʢʦʡ. ʇʨʦʮʝʩʩ ʦʙʪʝʢʘʥʠʷ ʩʪʘʪʦʨʘ ʦʭʣʘʞʜʘʶʱʠʤ ʚʦʟʜʫʭʦʤ ʤʦʞʥʦ 

ʫʧʨʦʱʸʥʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʳʥʫʞʜʝʥʥʦʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʚʦʟʜʫʭʦʤ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ. 

ɼʣʷ ʚʦʟʜʫʭʘ Ὕ̖̏=̌ 423ὑ= 150ᴈ: 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ: 

‘= 2,41Ͻ10 6ὖὥϽὧ; 
ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ: 

Pr= 0,6834; 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʟʜʫʭʘ: 

‗= 3,565
ˏ̓

̍Ͻᴈ
; 

ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ  ὴ̏ ̖=̌ 0,322ʄʇʘ:  

‎=
ὴ̏ ̖̌

ὙϽὝ̏ ̖̌
=

0,322Ͻ106

287Ͻ423
= 2,652 

˗ː
3̇
; 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ: 

’=
‘ϽὫ

‎
=

2,41Ͻ10 6Ͻ9,81

2,652
= 8,913Ͻ10 6

̍2

̒
; 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʫʯʘʩʪʢʘ ʩʪʘʪʦʨʘ ʥʘʜ ʣʦʧʘʪʢʦʡ: 

ὙὩ=
̏‫ ̖Ͻ̌ὰ̒̓

’
=

175,74Ͻ0,021

8,913Ͻ10 6 = 4,14Ͻ10 5. 

ὙὩ< 5Ͻ10 5- ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʣʘʤʠʥʘʨʥʳʡ. ʉʨʝʜʥʷʷ ʧʦ ʜʣʠʥʝ 

ʪʝʧʣʦʦʪʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʠʟ ʢʨʠʪʝʨʠʷ ʅʫʩʩʝʣʴʪʘ: 
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ὔόὼ= 0,33Ͻ
ὼ

ὰ

0,5

ὙὩ0,5Ͻὖὶ
1

3 = 0,33Ͻ4,14Ͻ105Ͻ0,021 0,5Ͻ0,6830,33 =
8,569

Ѝὼ
. 

ʊʘʢʞʝ 

ὔόὼ=
ὼϽ‌ὼ
ὰ

= > ‌ὼ=
ὔόὼϽ‗

ὼ
, 

‌ὼ=
ὔόὼϽ‗

ὼ
. 

‌ὼ=
8,569Ͻ3,565

ὼϽЍὼ
=

30,55

ὼϽЍὼ
= 30,55Ͻὼ1,5. 

 

ʊʦʛʜʘ ʦʧʨʝʜʝʣʠʤ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ: 

‌ὼ= ᷿ ‌ὼὨὼ
ὰ̒̓

0
= ᷿ 30,55Ͻὼ1,5 Ὠὼ

0,021

0
=

30,55

0,5
Ͻὼ0,5 |0

0,021 =
61,098

0,0210,5 = 421,616 
ˏ̓
2̍Ͻὑ

. 

 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʙʪʝʢʘʥʠʷ ʩʪʘʪʦʨʘ 

ʛʘʟʦʤ ʚ ʊɺɼ ʜʣʷ Ὕ̄= 1535ὑ= 1262ᴈ: 
ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ: 

‘= 5,4426Ͻ10 6ὖὥϽὧ; 
ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ: 

Pr= 0,5538; 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʟʜʫʭʘ: 

‗= 13,159Ͻ10 2
ˏ̓

̍Ͻᴈ
; 

ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠ  ὴ̏ ̖=̌ 1977466ʇʘ:  

‎=
ὴ̏ ̖̌

ὙϽὝ̏ ̖̌
=

1,977466Ͻ106

287Ͻ1535
= 5,46 

˗ː
3̇; 

ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ: 

’=
‘ϽὫ

‎
=

5,4426Ͻ10 6Ͻ9,81

5,46
= 9,779Ͻ10 6

̍2

̒
; 

ʈʝʡʥʦʣʴʜʩ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʫʯʘʩʪʢʘ ʩʪʘʪʦʨʘ ʥʘʜ ʣʦʧʘʪʢʦʡ: 

ὙὩ=
̏‫ ̖Ͻ̌ὰ̒̓

’
=

262 Ͻ0,036

9,779Ͻ10 6 = 9,672Ͻ105. 

ὙὩ< 5Ͻ105- ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʪʫʨʙʫʣʝʥʪʥʳʡ. ʉʨʝʜʥʷʷ ʧʦ ʜʣʠʥʝ 

ʪʝʧʣʦʦʪʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʠʟ ʢʨʠʪʝʨʠʷ ʅʫʩʩʝʣʴʪʘ: 

ὔό = 0,032ϽὙὩ0,8 = 0,032Ͻ9,672Ͻ105 0,8 = 1965,851. 
ʊʘʢʞʝ 

ὔό=
‌Ͻὰ̒̓

‗
= > ‌=

ὔόϽ‗

ὰ̒̓
; 

ʊʦʛʜʘ ʦʧʨʝʜʝʣʠʤ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ: 

‌=
ὔόϽ‗

ὰ̒̓
=

1965,851Ͻ0,13159

0,0361
= 716,604 

ˏ̓
2̍Ͻὑ

. 

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʯʘʩʪʠ ʩʪʫʧʝʥʠ; ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚʳʧʦʣʥʠʤ 2 ʚʘʨʠʘʥʪʳ ʨʘʩʯʝʪʘ  

ʟʘʜʘʯ ʩ ʦʭʣʘʞʜʝʥʠʝʤ  ʠ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ ʯʘʩʪʠ ʩʪʘʪʦʨʘ ʊɺɼ. ɼʣʷ ʨʘʩʯʝʪʘ ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴʫʥʠʚʝʨʩʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ANSYS 

14,5. ʏʘʩʪʴ ʩʪʘʪʦʨʘ ʙʫʜʝʪ ʥʘʨʠʩʦʚʘʥʘ ʚ CAD/CAM/CAE/CSE ʩʠʩʪʝʤʝ Unigraphics NX 7,0 ʠ 

ʵʢʩʧʦʨʪʠʨʦʚʘʥʘ ʚ ANSYS 14,5. ʅʘ  ʨʠʩ. 5 ʧʨʠʚʝʜʝʥ ʵʩʢʠʟ  ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʯʘʩʪʠ 

ʩʪʘʪʦʨʘ ʊɺɼ. 
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ʈʠʩ. 5. ʕʩʢʠʟ ʯʘʩʪʠ ʩʪʘʪʦʨʘ ʊɺɼ 

 

ʉʦʟʜʘʸʤ ʧʨʦʝʢʪ ʚ ANSYSWorkbench: 2 ʷʯʝʡʢʠ ʜʣʷ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʪʝʧʣʦʙʤʝʥʘ ʠ 2 

ʷʯʝʡʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ  . ɼʝʨʝʚʦ ʧʨʦʝʢʪʘ ʚ 

ANSYSWorkbench ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʠʩ. 6. 

 

 
 

ʈʠʩ. 6. ɼʝʨʝʚʦ ʧʨʦʝʢʪʘ ANSYS 

 

ʋʢʘʟʘʚ ʚʩʝ ʩʚʘʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʟʙʠʚ ʛʝʤʝʪʨʠʶ ʥʘ ʩʪʨʫʢʪʫʨʠʨʚʘʥʥʫʶ ʩʝʪʢʫ 

ʚʳʧʦʣʥʠʤ ʨʘʩʯʝʪ . ʅʘ ʨʠʩ. 7 ʠ 8 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʜʘʯ ʩ ʦʭʣʘʞʜʝʥʠʝʤ  ʠ ʙʝʟ 

ʦʭʣʘʞʜʝʥʠʷ ʯʘʩʪʠ ʩʪʘʪʦʨʘ ʊɺɼ. 
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ʈʠʩ. 7. ɼʝʬʦʨʤʘʮʠʷ ʯʘʩʪʠ ʩʪʘʪʦʨʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʦʟʜʫʭʦʤ ʠ ʂɺɼ 

 

 
 

ʈʠʩ. 8. ɼʝʬʦʨʤʘʮʠʷ ʯʘʩʪʠ ʩʪʘʪʦʨʘ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ 

 

ɿʘʢʣʶʯʝʥʠʝ 
ɹʳʣ ʧʨʠʚʝʜʸʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʥʘ ʂʇɼ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ɻʊɼ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ (ʧʘʩʩʠʚʥʳʝ ʠ ʘʢʪʠʚʥʳʝ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʪʦʨʘ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʝʪ ʚ 

ʩʨʝʜʝ ANSYSʯʘʩʪʠ ʵʣʝʤʝʥʪʘ ʧʨʦʩʪʦʡ ʧʣʘʩʪʠʥʳ ʧʨʠ ʝʛʦ ʦʭʣʘʞʜʝʥʠʠ. ʉʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ 

ʧʦʢʘʟʘʣʘ ʯʪʦ ʧʨʠ ʦʙʜʫʚʝ ʩʪʘʪʦʨʘ ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ ʧʨʠʤʝʨʥʦ ʥʘ 1,3 ʤʤ  ʤʝʥʴʰʝ ʦʙʳʯʥʦʡ 

ʩʭʝʤʳ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʢʘʢʫʶ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʘʚʠʘʩʪʨʦʝʥʠʝ ɻʊɼ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ 

ʉɸʋʈɿ. 
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ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʆʉɽɺʓʍ ʂʆʄʇʈɽʉʉʆʈʆɺ 

 

ʄʠʭʘʡʣʦʚʘ ɸ. ɹ., ɸʡʤʫʨʟʠʥ ɺ. ɸ., ɺʘʨʘʢʫʪʘ ʆ. ɸ. 

 
ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢ ʠʭ ʢʘʯʝʩʪʚʫ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʚʠʛʘʪʝʣʷʤ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ (ʚʨʝʤʝʥʠ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ) ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʨʝʥʥʦʡ ʧʝʨʝʩʤʦʪʨ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʤʢʘʭ CALS ï ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʦʜʜʝʨʞʢʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʧʨʦʜʫʢʮʠʠ, ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʠ ʦʙʲʝʢʪʥʦʛʦ ʧʦʜʭʦʜʦʚ, ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʜʚʠʛʘʪʝʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠʜʘʶʱʠʭ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ 

ʣʝʪʘʪʝʣʴʥʦʤʫ ʘʧʧʘʨʘʪʫ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʩʪʫʧʝʥʝʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʩʫʤʤʘʨʥʦʡ ʩʪʝʧʝʥʠ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʂʇɼ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʂʇɼ 

ʦʪʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʫʟʣʘ. 

ʇʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʚ ɻʊɼ ʦʟʥʘʯʘʝʪ ʧʦʚʳʰʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʝʛʦ ʵʣʝʤʝʥʪʳ, 

ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʣʦʧʘʪʢʘ ʢʦʤʧʨʝʩʩʦʨʘ. ʈʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʦʧʘʪʦʢ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʠ ʩʘʤʠʭ ʜʚʠʛʘʪʝʣʝʡ ʚ 

ʮʝʣʦʤ. ʂʦʤʧʨʝʩʩʦʨʥʳʝ ʣʦʧʘʪʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ï ʨʘʙʦʯʠʝ 

ʣʦʧʘʪʢʠ ʢʦʣʝʩ ʠ ʩʪʘʪʦʨʥʳʝ ʣʦʧʘʪʢʠ. ʈʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʨʘʙʦʪʘʶʪ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ 
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ʧʦʵʪʦʤʫ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ɼʣʷ ʩʪʘʪʦʨʥʳʭ ʣʦʧʘʪʦʢ ʤʥʦʛʠʝ 

ʧʨʦʙʣʝʤʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʝʥʝʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʂ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ: 

- ʩʦʚʝʨʰʝʥʥʳʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʢʦʤʧʨʝʩʩʦʨʘ; 

- ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ; 

- ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ; 

- ʞʠʚʫʯʝʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ï ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ, ʟʘʨʘʥʝʝ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʧʦʩʪʦʨʦʥʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ. 

ʃʦʧʘʪʢʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ: 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʣʦʧʘʪʢʠ ʠ ʧʦʧʝʨʝʯʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ. ʎʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʚʳʟʳʚʘʶʪ ʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʨʘʩʪʷʞʝʥʠʷ, ʘ ʧʦʧʝʨʝʯʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ ʚʳʟʳʚʘʶʪ ʠʟʛʠʙ ʣʦʧʘʪʢʠ. 

ʎʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʙʘʥʜʘʞʥʳʭ ʧʦʣʦʢ, ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʠʟʛʠʙ ʣʦʧʘʪʢʠ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ. 

ʆʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʣʦʧʘʪʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʩʠʣʦʚʳʭ 

ʬʘʢʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʣʦʧʘʪʢʠ ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʨʝʞʠʤʳ: 

- ʩʪʝʥʜʦʚʳʡ ʨʝʞʠʤ; 

- ʨʝʞʠʤ ʧʦʣʝʪʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʫ ʟʝʤʣʠ; 

- ʨʝʞʠʤ ʧʦʣʝʪʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʧʨʦʯʥʦʩʪʠ ʣʦʧʘʪʦʢ. ʀʭ ʩʦʯʝʪʘʥʠʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʨʘʥʥʠʭ ʩʪʘʜʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʛʠʙʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʭʤʝʨʥʳʭ ʤʦʜʝʣʷʭ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʪʨʫʜʦⱪʤʢʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʦʚʦʜʢʠ ʠʟʜʝʣʠʷ. 

ɺ ʅʀʃ ʉɸʇʈ-ɼ ʢʘʬʝʜʨʳ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʋɻɸʊʋ ʨʘʟʨʘʙʦʪʘʥʘ ʉʀʄ 

ʢʦʤʧʨʝʩʩʦʨʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ COMPRESSOR. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʉʀʄ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʨʘʩʯʝʪ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʧʦ ʩʨʝʜʥʝʤʫ 

ʜʠʘʤʝʪʨʫ, ʨʘʩʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦ ʚʳʩʦʪʝ ʧʝʨʘ ʣʦʧʘʪʢʠ ʚ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ, 

ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʣʦʧʘʪʦʢ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʷʭ ʧʦ ʚʳʩʦʪʝ 

ʧʝʨʘ ʣʦʧʘʪʢʠ. ɺ ʉʀʄ COMPRESSOR ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʦʩʝʚʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʊʘʢʞʝ ʚ ʉʀʄ COMPRESSOR ʨʝʘʣʠʟʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʤʦʜʝʣʴ ʢʦʤʧʨʝʩʩʦʨʘ ʩʦʝʜʠʥʷʶʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʚʟʘʠʤʦʩʚʷʟʷʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʝʜʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʤʝʞʜʫ 

ʵʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʵʪʦ çʄʝʭʘʥʠʯʝʩʢʠʡ ʧʦʪʦʢè (ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ), 

çʇʦʪʦʢ ʛʘʟʘè (ʩʠʥʝʛʦ ʮʚʝʪʘ) ʠ çʇʨʦʬʠʣʠʨʦʚʘʥʠʝè (ʞʝʣʪʦʛʦ ʮʚʝʪʘ). 

ʉʀʄ COMPRESSOR ʧʦʟʚʦʣʷʝʪ ʧʨʦʬʠʣʠʨʦʚʘʪʴ ʣʦʧʘʪʢʠ ɻʊɼ ʧʦ ʩʝʯʝʥʠʷʤ ʥʘ 

ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ. 

ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʣʦʧʘʪʦʢ ʥʘ ʧʨʦʯʥʦʩʪʴ ʚ ʧʨʦʛʨʘʤʤʝ COMPRESSOR ʩ 

ʧʦʤʦʱʴʶ ʉɸʄʉʊʆ ʩʦʟʜʘʥ ʤʦʜʫʣʴ çʧʨʦʯʥʦʩʪʴè. ɺ ʥʝʤ ʨʝʘʣʠʟʦʚʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʨʘʩʯʝʪʘ ʠ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ, ʪʘʢ ʢʘʢ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ 



ˉ 4 (9). ʆʢʪʷʙʨʴ, 2013 ʛ.      ȸɚɗɚɐɑɒəɧɕ Ȯɑɝɞəɔɖ ȿȯȬȾȿ       ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ   95 

 

ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ.  

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ ʟʘʜʘʯʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʦʧʘʪʦʢ ʢʦʤʧʨʝʩʩʦʨʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ ʚ ʨʘʩʯʝʪʘʭ, ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ. 

ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʝʨʦ ʣʦʧʘʪʢʠ ʧʦ ʧʷʪʠ (ʢʘʢ ʤʠʥʠʤʫʤ) 

ʩʝʯʝʥʠʷʤ, ʧʦʩʪʨʦʠʪʴ ʵʧʶʨʫ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʥʘʛʣʷʜʥʦʤ ʚʠʜʝ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ çʧʨʦʯʥʦʩʪʴè ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʣʦʧʘʪʦʢ ʥʘ 

ʧʨʦʯʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ [1]. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ.1. 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ çʧʨʦʯʥʦʩʪʴè 
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ɸʭʤʘʜʝʝʚ ʈ. ʊ. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʛʣʠʩʩʠʨʫʶʱʠʭ ʢʘʪʝʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʭʝʤʳ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: 

- ʠʥʪʝʥʩʠʚʥʦʝ ʦʙʨʘʩʪʘʥʠʝ ʧʨʦʪʦʯʥʳʭ ʧʦʣʦʩʪʝʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ; 

- ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʜʝʪʘʣʝʡ ʦʭʣʘʞʜʘʶʱʝʡ ʩʠʩʪʝʤʳ; 

- ʚʤʝʩʪʝ  ʩ ʚʦʜʦʡ ʚ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ ʚʥʦʩʷʪʩʷ ʧʨʠʤʝʩʠ. 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʟʘʤʢʥʫʪʦʡ ʩʭʝʤʳ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʣʦʚʢʠ ʮʠʣʠʥʜʨʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʣʫʯʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ; ʦʪʩʫʪʩʪʚʫʝʪ ʢʦʨʨʦʟʠʷ ʤʝʪʘʣʣʘ ʠ 

ʟʘʩʦʨʝʥʠʷ ʦʩʘʜʢʘʤʠ ʠ ʥʘʢʠʧʴʶ ʦʯʝʥʴ ʪʦʥʢʠʭ ʢʘʥʘʣʦʚ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ; ʦʭʣʘʞʜʘʶʱʘʷ 

ʞʠʜʢʦʩʪʴ ʥʝ ʟʘʤʝʨʟʘʝʪ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [1]. 

 

 

ʌʦʪʦ 
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ʇʨʠ ʚʳʙʦʨʝ ʩʭʝʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢʘʢ ʙʦʣʴʰʘʷ 

ʧʣʦʱʘʜʴ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ.  

1 ʇʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 

ʇʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2]: 

                                     
2

2ru
Öö
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l
p ,                                 (1.1) 

ʛʜʝ l ï ʜʣʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ; d ï ʜʠʘʤʝʪʨ ʪʨʫʙ; Ɇɝ  ï ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; v ï ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

ʅʝʦʙʭʦʜʠʤʘʷ ʧʣʦʱʘʜʴ ʪʝʧʣʦʦʙʤʝʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [3]: 
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=  ,       (1.2) 

ʛʜʝ k ī ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ; ʣʦʛcʨt .D  ī ʩʨʝʜʥʝʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨ; Q ī ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʦʪʚʦʜʠʤʦʝ ʚ ʦʭʣʘʞʜʘʶʱʫʶ ʞʠʜʢʦʩʪʴ; 

( ) ( ) 33304759836204''

1

'

1 =-ÖÖ=-Ö= ttCGQ p  ɺʪ,    (1.3) 

ʛʜʝ G ï ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ; Cp ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ;
'
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1t ī ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʡ 
ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ; 
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2t  - ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʙʦʨʪʥʦʡ ʚʦʜʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

ʧʦʪʨʝʙʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʄʇʘʇʘp 9,576,57884 ==D ; 

ʧʦʪʨʝʙʥʘʷ ʧʣʦʱʘʜʴ ʪʝʧʣʦʦʙʤʝʥʘ 261,0 ʤF = . 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʠ ʧʨʦʚʝʩʪʠ ʪʨʝʭʤʝʨʥʳʡ ʨʘʩʯʝʪ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

2 ʊʨʝʭʤʝʨʥʳʝ ʨʘʩʯʝʪʳ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩ ʪʝʧʣʦʦʙʤʝʥʦʤ 

ʊʨʝʭʤʝʨʥʳʝ (3D) ʨʘʩʯʝʪʳ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʧʨʦʚʦʜʷʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS CFX. 

ʇʨʦʮʝʩʩ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

1) ʩʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ; 

2) ʨʘʟʙʠʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʶ ʩʝʪʢʫ; 

3) ʟʘʜʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʚʦʡʩʪʚ ʨʘʙʦʯʝʡ ʩʨʝʜʳ; 

4) ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ; 

5) ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

3 ʈʘʟʨʘʙʦʪʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʦʩʪʦʷʪ ʠʟ ʧʣʘʩʪʠʥ, ʚʥʫʪʨʠ 

ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʢʘʥʘʣʳ, ʧʦ ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʧʨʦʪʝʢʘʪʴ ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ. 

ʈʘʟʣʠʯʠʝ ʤʦʜʝʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʰʠʨʠʥʝ ʢʘʥʘʣʦʚ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʥʫʪʨʠ ʧʣʘʩʪʠʥʳ 

(ʧʨʦʜʦʣʴʥʦ ʠʣʠ ʧʦʧʝʨʝʯʥʦ). 
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ʘ) 

 
ʙ) 

ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ: 

ʘ ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʦʧʝʨʝʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ;                                                                

ʙ ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʨʦʜʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʪʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ (ʨʠʩ. 2): 

- ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʨʝʙʨʘ ʷʯʝʡʢʠ ï 2,5 ʤʤ; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʨʝʙʨʘ ʦʙʲʝʤʥʦʡ ʷʯʝʡʢʠ ï 10 ʤʤ; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʨʝʙʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʷʯʝʡʢʠ ï 10 ʤʤ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʚ ʩʝʪʢʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʢʘʥʘʣʘʤʠ ï 

433786, ʘ ʚ ʩʝʪʢʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʩ ʧʨʦʜʦʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ ï 323549. 

ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3.  

ʅʘ ʚʭʦʜʝ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʟʘʜʘʥ ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ m = 2,25 ʢʛ/ʩ ʠ ʪʝʤʧʝʨʘʪʫʨʘ  

ʊ = 371,15 ʂ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚʳʙʨʘʥʘ ʚʦʜʘ, ʘ ʤʘʪʝʨʠʘʣ ʧʣʘʩʪʠʥ ī 

ʘʣʶʤʠʥʠʡ. 

 

 
ʘ) 
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ʙ) 

ʈʠʩ. 2. ʉʝʪʦʯʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ: 

ʘ ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʦʧʝʨʝʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ;  

ʙ ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʨʦʜʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 3. ʀʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ: 

ʘ ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʦʧʝʨʝʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ;  

ʙ ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʨʦʜʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ 

 

4 ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʂʨʠʪʝʨʠʝʤ ʩʭʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ 

ʥʝʚʷʟʢʘʤ ʜʦ 10
-4
, ʪ.ʝ. ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʢʘʞʜʦʛʦ ʠʟ 

ʧʘʨʘʤʝʪʨʦʚ (ʩʢʦʨʦʩʪʴ, ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨ.) ʥʘ ʧʦʩʣʝʜʫʶʱʝʡ ʠ ʧʨʝʜʳʜʫʱʝʡ 

ʠʪʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 0,01%. ʋʢʘʟʘʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ 300 ʠʪʝʨʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʚ ʚʠʜʝ 

ʠʣʣʶʩʪʨʘʮʠʡ. 

4.1 ʊʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʦʧʝʨʝʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʊ1 = 98ᴈ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʦʣʫʯʠʣʘʩʴ ʊ2 = 78ᴈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 
ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ æT = 20 

0
C. ʅʘ (ʨʠʩ. 4) ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚ 
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ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʥʘʣʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ: 

ʘ ï ʚʠʜ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ; 

ʙ ï ʚʠʜ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

 

 ʅʘ (ʨʠʩ. 5, 6) ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʠʠ ʪʦʢʘ ʩʢʦʨʦʩʪʠ ʠ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʘʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. 

 
ʈʠʩ. 5. ɺʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 
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ʘ) 

 
ʙ) 

ʈʠʩ. 6. ʃʠʥʠʠ ʪʦʢʘ ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ: 

ʘ ï ʚʠʜ ʩʚʝʨʭʫ; ʙ ï ʚʠʜ ʩʙʦʢʫ 

 

4.2 ʊʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʨʦʜʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʊ1 = 98ᴈ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʧʦʣʫʯʠʣʘʩʴ ʊ2 = 89ᴈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 
ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ æT = 9 

0
C. ʅʘ (ʨʠʩ. 7) ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ: 

 

 
ʘ) 
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ʙ) 

ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʥʘʣʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ: 

ʘ ï ʚʠʜ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ;                                                                         

ʙ ï ʚʠʜ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

 

ʅʘ (ʨʠʩ. 8, 9) ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʠʠ ʪʦʢʘ ʩʢʦʨʦʩʪʠ ʠ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʘʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ: 

 
ʈʠʩ. 8. ɺʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ 

 
ʘ) 
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ʙ) 

ʈʠʩ. 9. ʃʠʥʠʠ ʪʦʢʘ ʩʢʦʨʦʩʪʠ ʚ ʢʘʥʘʣʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ: 

ʘ ï ʚʠʜ ʩʚʝʨʭʫ; ʙ ï ʚʠʜ ʩʙʦʢʫ 

 

5 ɿʘʢʣʶʯʝʥʠʝ 

ʀʟ ʧʨʦʜʝʣʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʦʧʝʨʝʯʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʦʙʣʘʜʘʝʪ ʣʫʯʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʣʫʯʰʝʝ ʦʭʣʘʞʜʝʥʠʝ 

ʞʠʜʢʦʩʪʠ, ʤʝʥʴʰʝ ʟʘʩʪʦʡʥʳʭ ʟʦʥ), ʯʝʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʩ ʧʨʦʜʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʢʘʥʘʣʘʤʠ.  

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ 

ʧʦʣʫʯʠʣʠʩʴ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ æp = 570,9ʢʇʘ ʚʦ-ʚʪʦʨʦʤ ʩʣʫʯʘʝ æp = 277ʢʇʘ. ʇʦʪʝʨʠ 

ʜʘʚʣʝʥʠʷ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ ʠ ʥʘʧʦʨʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʥʘʩʦʩʘ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʝʨʝʧʘʜʳ 

ʪʝʤʧʝʨʘʪʫʨ: æT = 20 
0
C ʠ æT = 9 

0
C. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʫʝʤʦʤʫ ï æT = 25 
0
C. 

 ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʩʭʝʤʳ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʥʝ ʛʦʜʷʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʢʘʪʝʨʝ ʚ ʩʚʷʟʠ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʚ ʥʠʭ 

ʥʝʜʦʩʪʘʪʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʜʨʫʛʘʷ ʩʭʝʤʘ. 
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