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ʄʀɻʈɸʅʊʆɺ ɺ ɺʋɿɽ 361 

ʄ.ɸ. ʄʦʨʛʘʡʣʠʢ çɹʖʈʆʄɸʅʀʗè: ʇʆɹɽɼʀʄɸ ʃʀ ɹʆʃɽɿʅʔ?  366 

 

ʉɽʂʎʀʗ ʅɸʋʂʀ ʆ ɿɽʄʃɽ 

 

ʂ.ɸ. ɺʦʣʢʦʚ, ʌ.ʌ. ʏʘʫʩʦʚ ʉʇʆʉʆɹ ʀʅɻʀɹʀʈʆɺɸʅʀʗ ʂʀʉʃʆʈʆɼʅʆʁ 

ʂʆʈʈʆɿʀʀ ʉʊɸʃʔʅʆɻʆ ʅɽʌʊɽʇʈʆʄʓʉʃʆɺʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ ɺ 

ɺʆɼʅʓʍ ʉʈɽɼɸʍ 371 

ʅ.ʖ. ʀʣʴʠʥ, ʈ.ʈ. ʀʩʣʘʤʦʚʘ ɻɽʆʍʀʄʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɽʌʊʀ 

ɹɸʐʂʀʈʉʂʆɻʆ ʀ ʊʋʈʅɽʁʉʂʆɻʆ ʗʈʋʉʆɺ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʅɽʌʊʀ 374 

ʄ.ɸ. ʇʝʪʨʦʚ, ʀ.ʈ. ɻʘʨʠʧʦʚ, ʀ.ɸ. ʌʠʣʠʧʧʦʚʘ ʇʈʆɹʃɽʄɸ ʈɸʉʏʃɽʅɽʅʀʗ 

ʂɸʈɹʆʅɸʊʅʓʍ ʆʊʃʆɾɽʅʀʁ ɹɸʐʂʀʈʉʂʆɻʆ ʗʈʋʉɸ ɺʆʉʊʆʏʅʆɻʆ ɹʆʈʊɸ 

ʄɽʃɽʂɽʉʉʂʆʁ ɺʇɸɼʀʅʓ 380 

ʈ.ʈ. ʉʫʨʤʘʰʝʚ ʇʈʀʈʆɼʅʓɽ ɹʀʊʋʄʓ ʊɸʊɸʈʉʊɸʅɸ ï ɹʋɼʋʑɽɽ ʊʕʂ ʅɸʐɽʁ 

ʈɽʉʇʋɹʃʀʂʀ 386 

 

                ɸʅʅʆʊɸʎʀʀ 392 



 6 

ʉɽʂʎʀʗ ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ɽ.ɺ. ʂʦʣʧʘʢʦʚʘ 
 

ʅʦʚʦʨʦʩʩʠʡʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʫʙʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʈʦʩʩʠʷ, ʅʦʚʦʨʦʩʩʠʡʩʢ 
 

ʆ ʈɸɿʈɽʐʀʄʆʉʊʀ ʄʆɼɽʃʀ ʄɸʈɻɽʈʈɸ-ɺʃɸʉʆɺɸ ɺ ʅɽʆɻʈɸʅʀʏɽʅʅʆʁ 

ʆɹʃɸʉʊʀ 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʦʨʝʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ 

ʦʙʦʙʱʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʤʦʜʝʣʠ ʄʘʨʛʝʨʨʘ-ɺʣʘʩʦʚʘ ʢʦʣʝʙʘʥʠʡ ʧʦʣʦʛʠʭ 

ʦʙʦʣʦʯʝʢ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʥʫʪʨʝʥʥʠʤ ʪʨʝʥʠʝʤ ʧʨʠ ʰʘʨʥʠʨʥʦʤ ʟʘʢʨʝʧʣʝʥʠʠ ʢʨʘʷ ʦʙʦʣʦʯʢʠ, 

ʧʨʦʝʢʪʠʨʫʶʱʝʡʩʷ ʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ. ɺ ʟʘʜʘʯʝ ʪʘʢʞʝ ʫʯʪʝʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ 

ʤʘʣʦʡ ʠʥʝʨʮʠʠ ʧʨʦʜʦʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ.  

ɺʚʝʜʝʥʠʝ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʂ. ʄʘʨʛʝʨʨʦʤ ʠ ɺ.ɿ. ɺʣʘʩʦʚʳʤ ʠ ʧʦʣʫʯʠʣʠ 

ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʚ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʨʘʙʦʪʘʭ ʀ.ʀ. ɺʦʨʦʚʠʯʘ (ʥʘʧʨʠʤʝʨ [1]). ɺ ʥʠʭ ʙʳʣʦ ʜʘʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʤʦʜʝʣʠ ʄʘʨʛʝʨʨʘ-ɺʣʘʩʦʚʘ ʧʨʠ 

ʫʩʣʦʚʠʠ ʞʝʩʪʢʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʢʨʘʷ, ʠ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʙʦʙʱʝʥʥʳʭ 

ʨʝʰʝʥʠʡ ʜʣʷ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ. ʊʝʦʨʝʤʘ ʞʝ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʵʪʦʡ ʪʝʦʨʝʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʧʦʟʜʥʝʝ ɺ.ʀ. ʉʝʜʝʥʢʦ, ʩʤ. [2]. ɺʦʧʨʦʩ ʦ 

ʨʘʟʨʝʰʠʤʦʩʪʠ ʤʦʜʝʣʝʡ ʄʘʨʛʝʨʨʘ-ɺʣʘʩʦʚʘ ʧʨʠ ʫʩʣʦʚʠʠ ʰʘʨʥʠʨʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʢʨʘʷ 

ʠʩʩʣʝʜʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʩʣʫʯʘʷ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [3]-[5]. ɺ ʜʘʥʥʦʤ ʞʝ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʤʦʜʝʣʠ ʄʘʨʛʝʨʨʘ-ɺʣʘʩʦʚʘ ʢʦʣʝʙʘʥʠʡ ʧʦʣʦʛʠʭ ʦʙʦʣʦʯʝʢ ʧʨʠ 

ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧʣʝʥʥʦʤ ʢʨʘʝ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʇʫʩʪʴ ʦʙʦʣʦʯʢʘ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʫʶ ʦʙʣʘʩʪʴ ɋ ʩ ʛʨʘʥʠʮʝʡ 1ʉÍG , ʷʚʣʷʶʱʫʶʩʷ 

ʜʦʧʦʣʥʝʥʠʝʤ ʚ 2R  ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʜʥʦʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ. 

ʇʦʧʝʨʝʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ w ʪʦʯʝʢ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ 

( ) ( ) ( ) ( ) 2211122121

22

1
2

2
2

2
1

1
1

kNkNwNwNwNwNZwwDhw
xxxxxxxxttt --++++=D+D+ dr     (1) 

ʩ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʰʘʨʥʠʨʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ 

0
2

2

=öö
÷

õ
ææ
ç

å
-= GG

dn

dw

dn

wd
w mc , 0| =

¤x
w ,                                             (2) 

ʛʜʝ n ï ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ɻ. ɺ (1) rï ʤʘʩʩʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʦʙʦʣʦʯʢʠ, h ï ʚʳʩʦʪʘ 

ʦʙʦʣʦʯʢʠ, D ï ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʦʙʦʣʦʯʢʠ, ʚʝʣʠʯʠʥʘ tw2Dd  ʧʨʠ 0>d ʦʧʨʝʜʝʣʷʝʪ 

ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʚ ʦʙʦʣʦʯʢʝ, Z ï ʧʦʧʝʨʝʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʩʩʦʚʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʦʙʦʣʦʯʢʫ, N1, N2, N12 ï ʧʨʦʜʦʣʴʥʳʝ ʫʩʠʣʠʷ ʚ ʦʙʦʣʦʯʢʝ, Ů1, Ů2, Ů12 ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʝʬʦʨʤʘʮʠʠ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ, ʧʨʠ ʵʪʦʤ 

( )( )2

12

1 11 meem +-=
-

EhN , ( )( )1

12

2 21 meem +-=
-

EhN ,  ( ) 12

1
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2

1
em

-
+= EhN , 
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11 11 2

1
xx wwku ++=e , 2

22 22 2

1
xx wwkv ++=e , 

211212 xxxx wwvu ++=e .                   (3) 

ʇʨʦʜʦʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ u ʠ v ʪʦʯʝʢ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ 
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0== GG vu ,                                                                   (4) 

ʛʜʝ X, Y ï ʧʨʦʜʦʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʥʝʰʥʠʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʙʦʣʦʯʢʫ, 
21 xx vu +=q . 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

                                       ( ) () ( ) () WÍ== xxwxwxwxw t ,0,,0, 10  .                                       (5) 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʯʠʪʘʝʤ, ʯʪʦ ʠʤʝʶʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʷ 

( )112,1 1 =+= - mrr Eh , 0>d . 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ()W2

2

~
H  

ʈʝʘʣʠʟʫʷ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʩʭʝʤʳ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [1], ʚʚʦʜʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ()W2

2

~
H  ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ ʛʨʘʥʠʮʘ ɻ ʦʙʣʘʜʘʝʪ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

ʯʝʪʚʝʨʪʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ( )m,WA  ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʬʫʥʢʮʠʡ ʠʟ ()W3C  ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʯʝʪʚʝʨʪʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʥʘ ɻ ʫʩʣʦʚʠʷʤʠ (2) ʠ 

ʬʠʥʠʪʥʳʭ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ɻ. ʇʦʧʦʣʥʝʥʠʝ ( )m,WA  ʧʦ ʥʦʨʤʝ 

( ) ()
( )()WWW
D+=

22
2
2

,222

,
~ LLH

wwww
m

 

ʥʘʟʦʚʝʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ()W2

2

~
H . ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ [3] ʠ ʩ ʫʯʝʪʦʤ ʪʝʦʨʝʤ 

ʚʣʦʞʝʥʠʷ ɻʘʣʴʷʨʜʦ-ʅʠʨʝʥʙʝʨʛʘ, ʠʤʝʝʪ ʤʝʩʪʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʣʦʞʝʥʠʝ ()W2

2

~
H  ʚ ()W2

2H .  

ʇʫʩʪʴ mW  ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʪʘʢʠʭ, ʯʪʦ 1+WËW mm , 

W=W
¤

=
m

n
U

1
, ʧʨʠʯʝʤ ʛʨʘʥʠʮʳ mWµ  ʪʘʢʦʚʳ: GG=Wµ 8mm , ʛʜʝ mG  ï ʙʝʩʢʦʥʝʯʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ. ʇʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʦ ()W2

2

~
H  ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ( )mH W2

2

~
. ɺ ʩʠʣʫ ʦʧʨʝʜʝʣʝʥʠʡ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ( )m

n
HU W

¤

=

2

2
1

~
 ʧʣʦʪʥʦ ʚ 

()W2

2

~
H . 

ɿʘʜʘʯʘ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ mW : 

mm lxx =D2 , 0||
2

2

=öö
÷

õ
ææ
ç

å
-= GG

dn

d

dn

d mm
m x

mc
x

x , 0|| == GG mm dn

d m
m x
x .                   (6) 

ʉʦʛʣʘʩʥʦ [4] ʵʪʘ ʟʘʜʘʯʘ ʠʤʝʝʪ ʚʝʱʝʩʪʚʝʥʥʳʡ ʜʠʩʢʨʝʪʥʳʡ ʩʧʝʢʪʨ ʠʟ ʩʯʝʪʥʦʛʦ ʯʠʩʣʘ 

ʩʪʨʝʤʷʱʠʭʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʰʴ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ, 

ʦʙʨʘʟʫʶʱʠʭ ʧʦʣʥʫʶ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʚ ()W2L  ʠ ʧʦʣʥʫʶ ʦʨʪʦʛʦʥʘʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʚ ( )mH W2

2

~
. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʉʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ( )],0[1 ftM ³W  ʠ ( )],0[2 ftM ³W , ʢʘʢ ʧʦʧʦʣʥʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʥʘ ],0[ ft³W  ʬʫʥʢʮʠʡ, ʬʠʥʠʪʥʳʭ ʥʘ ɋ ʧʨʠ 

ʢʘʞʜʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ t, ʧʦ ʥʦʨʤʘʤ ʧʦʨʦʞʜʝʥʥʳʤʠ ʩʣʝʜʫʶʱʠʤʠ ʩʢʘʣʷʨʥʳʤʠ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

( ) ( )() ( ) ()[ ]dtwwwwww

f

f

t

HLtttM ñ WW³W
+=

0

~
2121],0[(21 2

221
,,, , 

( ) ( ) ( ) () ( ) ()[ ]dtwwwwww

f

f

t

HHtttM ñ WW³W
+=

0

~
21

~
21],0[21 2

2
2
22

,,, .   
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ʆʙʦʙʱʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1)ï(5) ʥʘʟʳʚʘʶʪʩʷ ʬʫʥʢʮʠʠ 

( )],0[, 1 ftMvu ³WÍ  ʠ ( )],0[2 ftMw ³WÍ ,  ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʩʣʝʜʫʶʱʝʤʫ ʠʥʪʝʛʨʘʣʴʥʦʤʫ 

ʩʦʦʪʥʦʰʝʥʠʶ 
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( ) dtds
dn

wd

dn

dw

dn

wd

dn

dw
D t

t f

îý

î
ü
û

öö
÷

õ
ææ
ç

å ¡
+
¡

í
ì
ë

++ ññ
G

dcm
0

0

1 () ( )ñ
W

=- 00,/

1 dxxwxw                  (7)  

ʜʣʷ ʣʶʙʳʭ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʧʦ t  ʩ ʧʝʨʠʦʜʦʤ ft  ʬʫʥʢʮʠʡ vuw ¡¡¡ ,, . ɼʘʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʦʙʱʝʥʥʳʭ ʨʝʰʝʥʠʡ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ [1]. 

ʇʨʠʙʣʠʞʝʥʠʷ ɹʫʙʥʦʚʘ-ɻʘʣʝʨʢʠʥʘ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʙʣʠʞʝʥʠʷ ɹʫʙʥʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʥʘ mW  ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

( ) () ()ä
=

=
l

j

m

j

m

j

m

l xtatxw
1

, x , 

ʦʧʨʝʜʝʣʷʷ ʠʭ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ [5]. ɿʘʪʝʤ ʩʦʩʪʘʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣ ʵʥʝʨʛʠʠ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʚʦʜʠʪʩʷ ʩʦʦʪʥʦʰʝʥʠʠ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʠʟ ʥʝʛʦ ʦʮʝʥʢʠ m

lw , ʨʘʚʥʦʤʝʨʥʳʝ ʧʦ m, ʥʘ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ 

ʟʘʜʘʯʠ (1)-(5) ʧʨʠʰʣʦʩʴ ʥʘʢʣʘʜʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤ 

ʩʣʫʯʘʝʤ 0>d  ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ɋ. ʕʪʠ ʫʩʣʦʚʠʷ ʧʝʨʝʯʠʩʣʝʥʳ ʥʠʞʝ ʚ ʪʝʦʨʝʤʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ [6]. ʊʦʛʜʘ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠʡ ɹʫʙʥʦʚʘ-ɻʘʣʝʨʢʠʥʘ 

ʠʟʚʣʝʢʘʶʪʩʷ ʨʘʚʥʦʤʝʨʥʳʝ ʧʦ l  ʠ ʧʦ m ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ 

( ) s¢
WÍ )(

~
],0[

2
2

,max
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tt

twvrai , ( ) ( ) s¢ö
÷
õæ

ç
å +

WWÍ )()(],0[
1
2

1
2

,,max
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H

m

l
H

m

l
tt

tvtuvrai AA , 

ʛʜʝ ʢʦʥʩʪʘʥʪʘ ů ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ  ʪ ʠ l. ʆʪʩʶʜʘ, ʧʝʨʝʭʦʜʷ ʢ 

ʧʨʝʜʝʣʫ ʧʦ ʩʣʘʙʦ ʩʭʦʜʷʱʠʤʩʷ ʧʦʜʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ, ʠ ʧʦʣʫʯʘʝʤ ʦʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ 

ʠʩʭʦʜʥʦʡ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚ ʩʤʳʩʣʝ (7). ʀʪʘʢ, ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ɋ 3CÍG  ʠ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʯʝʪʚʝʨʪʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ. ʇʫʩʪʴ ʧʨʠ 0>d  ( )m,
~ 2

20 WÍHw , ()WÍ 21 Lw , 
21 21 xx XXX += , 

21 21 xx YYY += , ʛʜʝ 

( ) ( ) ( ),0,,0,,0, 121 YXX ( ) ()WÍ 22 0, LY , ( )],0[,,, 1,0

1,22121 ftLYYXX ³WÍ , ( )],0[2 ftLZ ³WÍ . 

ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʦʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ vuw ,, , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ 

( ) ( ) ()( )W³WÍ³WÍ ¤¤

11,0

,2

0,2

,2 ],,0[],0[],0[ rfff HtCtLtLw 11 , 2²r , 

()öö
÷

õ
ææ
ç

å
WÍ ¤

A
1

2],,0[, HtLvu f . 

ʊʝʦʨʝʤʘ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ 

ɺʥʘʯʘʣʝ ʧʨʝʜʧʦʣʦʞʠʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʦʙʦʙʱʝʥʥʳʭ ʨʝʰʝʥʠʡ w
1
, u

1
, v

1
 ʠ w

2
, u

2
, v

2
 

ʠʩʭʦʜʥʦʡ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1)-(5) ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʜʘʥʥʳʤʠ. ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

 w
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2
. ʀʟ (7) ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 
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( ) ( ) ( )) ( )++-+ sxwxwNxwNN xxx ,,, 002

12
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1

12 121
tt ( )( ( )+- t,12
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1

12 1
xwNN x  

( )( ) ( )tt ,, 12
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1
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02

12 21
xwNNxwN xx -++ ( )) ( )] dsddxsxwxwN xx tt ,, 002

2 22
+ .                  (8) 

ʃʝʚʫʶ ʯʘʩʪʴ ʩʦʦʪʥʦʰʝʥʠʷ (8) ʦʙʦʟʥʘʯʠʤ  ()ta , ʚ ʧʨʘʚʦʡ ï ʢʣʘʩʩʠʬʠʮʠʨʫʝʤ ʥʝʣʠʥʝʡʥʳʝ 

ʩʣʘʛʘʝʤʳʝ. 

ʃʝʤʤʘ 1. ɼʣʷ ʚʩʝʭ ],0[ fttÍ  ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʠʟ ʚʠʜʘ ʧʨʘʚʳʭ ʯʘʩʪʝʡ (8). 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʙʫʜʝʤ ʦʮʝʥʠʚʘʪʴ Ak(t) ʠʥʪʝʛʨʘʣʴʥʳʤ 

ʚʳʨʘʞʝʥʠʝʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ a(t). ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʦʢ ʥʦʨʤ 

ʬʫʥʢʮʠʡ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤ ʚʣʦʞʝʥʠʷ ʉʦʙʦʣʝʚʘ ʠ 

ɻʘʣʴʷʨʜʦ-ʅʠʨʝʥʙʝʨʛʘ.   

ʃʝʤʤʘ 2.  ɼʣʷ ʚʩʝʭ ],0[ fttÍ  ʠ ʚʩʝʭ 0>d ʠʤʝʶʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʘ 

() () ()ñ¢+

t

daCtAtA
0

221 tt , 

ʛʜʝ ʢʦʥʩʪʘʥʪʘ  ʉ2 ʥʝ ʟʘʚʠʩʠʪ ʦʪ t . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʉʥʘʯʘʣʘ ʦʮʝʥʠʤ A1(t). ʇʨʠʤʝʥʷʷ ʥʝʨʘʚʝʥʩʪʚʦ ɻʝʣʴʜʝʨʘ ʠ ʂʦʰʠ-

ɹʫʥʷʢʦʚʩʢʦʛʦ ʠ ʫʯʠʪʳʚʘʷ ʦʧʨʝʜʝʣʝʥʠʝ a(t), ʧʦʣʫʯʘʝʤ        
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()
()

()
()

()
( )

2

,
~

0

6

00

2
2

1
2

1
2 mWWW

¢+
HHH

twCtvtu AA ,                                         (9) 
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ʉʣʘʛʘʝʤʳʝ A2(t), ʚ ʢʦʪʦʨʳʭ ʚʤʝʩʪʦ u
0
 ʫʯʘʩʪʚʫʶʪ v

0
 , ʦʮʝʥʠʚʘʝʤ ʘʥʘʣʦʛʠʯʥʦ (10). ʃʝʤʤʘ 1 

ʜʦʢʘʟʘʥʘ.  

ʆʩʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ Ak(t) ʦʮʝʥʝʥʳ ʙʦʣʝʝ ʩʣʦʞʥʦ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʘʥʘʣʦʛʠʯʥʳ 

ʧʨʠʚʝʜʝʥʥʳʤ ʚ [5]. ʀʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʘʷ 

ʃʝʤʤʘ 2. ɼʣʷ ʚʩʝʭ ],0[ fttÍ , 0>e  ʠ 0>d ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘ 
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ʛʜʝ ʢʦʥʩʪʘʥʪʘ 
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C  ʥʝ ʟʘʚʠʩʠʪ ʦʪ t . 

ʊʝʦʨʝʤʘ 2. ɺ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 1 ʦʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ vuw ,,  ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

(1) ï (5) ʝʜʠʥʩʪʚʝʥʥʳ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʟ ʣʝʤʤ 1, 2 ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ 0>e ʩʣʝʜʫʝʪ ʥʝʨʘʚʝʥʩʪʚʦ 

                                                  () ()ñ¢

t

daCta
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12 tt ,                                                        (11)                                      

ʛʜʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ () 0²ta . ʅʦ ʪʦʛʜʘ, ʧʨʠʤʝʥʷʷ ʢ (11) ʦʮʝʥʢʫ ʨʝʰʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚʘ 

ɻʨʦʥʫʦʣʘ, ʧʦʣʫʯʘʝʤ () 0¢ta . ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ () 0¹ta . ʊʦʛʜʘ 00 ¹w , 00¹u , 00 ¹v . ɸ 

ʟʥʘʯʠʪ 21 ww ¹ , 
21 uu ¹ , 

21 vv ¹ . ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʤʦʜʝʣʠ ʄʘʨʛʝʨʨʘ-ɺʣʘʩʦʚʘ ʢʦʣʝʙʘʥʠʡ ʧʦʣʦʛʠʭ 

ʦʙʦʣʦʯʝʢ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʥʫʪʨʝʥʥʠʤ ʪʨʝʥʠʝʤ ʧʨʠ ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧʣʝʥʥʦʤ ʢʨʘʝ ʦʙʦʣʦʯʢʠ  

ʨʘʟʨʝʰʠʤʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʙʦʣʦʯʢʘ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ, ʧʨʠ ʵʪʦʤ 

ʦʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʝʜʠʥʩʪʚʝʥʥʳ. 
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ʉʉʉʈ. ʉʝʨ. ʄʘʪ. 1957. ʊ.21. ˉ6. ʉ. 747ï784. 
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Optimization. V. 39. 1999. 
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ɽʩʪ. ʥʘʫʢʠ. 2005. ʊ. 1. ʉ.28ï32. 
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ɺ.ʃ.ʇʘʨʰʠʥʘ, ɺ.ɺ.ʌʨʦʣʦʚ 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉɽʈʀʁ ʇʈʗʄʆʋɻʆʃʔʅʓʍ ʈɸɼʀʆʏɸʉʊʆʊʅʓʍ 

ʀʄʇʋʃʔʉʆɺ ɼʃʗ ɺʓɼɽʃɽʅʀʗ ʉʃʆʗ ɺ ʗʄʈ-ʊʆʄʆɻʈɸʌʀʀ. 

 

 ʄʝʪʦʜʳ ʩʦʚʨʝʤʝʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʦʣʫʯʝʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʣʦʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ. ɺ ʗʄʈ-ʪʦʤʦʛʨʘʬʠʠ ʩʣʦʡ ʚʳʜʝʣʷʝʪʩʷ 

ʨʘʜʠʦʯʘʩʪʦʪʥʳʤ (ʈʏ) ʠʤʧʫʣʴʩʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʬʦʨʤʳ ʧʨʦʬʠʣʷ ʚʳʜʝʣʷʝʤʦʛʦ ʩʣʦʷ ʚ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʈʏ ʠʤʧʫʣʴʩʦʚ. ʋʣʫʯʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʪʦʤʦʛʨʘʤʤʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʤʠʥʠʪʦʤʦʛʨʘʬʝ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 7mʊ. 

 

ɺʚʝʜʝʥʠʝ. ʊʦʤʦʛʨʘʬʠʷ ʥʘ ʦʩʥʦʚʝ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʠʣʠ ʗʄʈ-ʪʦʤʦʛʨʘʬʠʷ 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʗʄʈ-ʪʦʤʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ, ʯʪʦ ʩʤʳʩʣ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩ ʧʦʤʦʱʴʶ ʥʝʝ ʨʘʟʣʠʯʥʳʝ 

ʟʘʜʘʯʠ: ʧʦʣʫʯʘʪʴ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʲʝʢʪʝ, ʠʩʩʣʝʜʦʚʘʪʴ 

ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʘ ʜʚʠʞʫʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ (ʚ ʤʝʜʠʮʠʥʝ ï ʗʄʈ-ʘʥʛʠʦʛʨʘʬʠʷ), 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʘʪʦʣʦʛʠʠ ʩ ʧʦʤʦʱʴʶ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʘʤ 

ʨʝʣʘʢʩʘʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʘʤʦʜʠʬʬʫʟʠʠ ʠ ʪ.ʧ. ʂʨʦʤʝ ʤʝʜʠʮʠʥʳ, ʗʄʈ-ʪʦʤʦʛʨʘʬʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʗʄʈ-ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʦʢʦʚ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʦʡ ʠ 

ʧʘʨʬʶʤʝʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʥʝʬʪʷʥʦʡ ʛʝʦʬʠʟʠʢʝ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʗʄʈ-ʪʦʤʦʛʨʘʤʤ, ʚ 

ʢʦʪʦʨʳʭ ʦʙʲʝʢʪ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʩʣʦʡʥʦ ʠ ʩʪʨʦʠʪʩʷ ʜʚʫʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʞʜʦʛʦ ʩʣʦʷ. ɼʣʷ 

ʚʳʜʝʣʝʥʠʷ ʩʣʦʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʚ ʭʦʜʝ ʧʦʣʫʯʝʥʠʷ ʗʄʈ-ʪʦʤʦʛʨʘʤʤʳ ʚʢʣʶʯʘʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʠʤʝʶʱʝʝ ʛʨʘʜʠʝʥʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʏʪʦʙʳ ʚʳʜʝʣʠʪʴ ʩʣʦʡ, ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ (ʈʏ) ʠʤʧʫʣʴʩʘ ʚʢʣʶʯʘʝʪʩʷ ʧʦʣʝ ʩ ʛʨʘʜʠʝʥʪʦʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʚʳʜʝʣʷʝʤʦʤʫ ʩʣʦʶ. ʈʏ ʠʤʧʫʣʴʩ ʚʦʟʙʫʞʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʠʛʥʘʣ 

ʷʜʝʨʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʯʘʩʪʦʪʘ ʗʄʈ ʪʦʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ 

ʟʘʧʦʣʥʝʥʠʷ ʈʏ ʠʤʧʫʣʴʩʘ (çʨʝʟʦʥʘʥʩʥʦʡ ʧʣʦʩʢʦʩʪʠè). ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʣʦʩʢʦʩʪʠ 

ʫʩʣʦʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘʨʫʰʘʝʪʩʷ, ʠ ʩʠʛʥʘʣ ʧʦʩʪʝʧʝʥʥʦ ʦʩʣʘʙʝʚʘʝʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ, ʦʪ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʝʪʩʷ ʝʱʝ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʳʡ ʩʠʛʥʘʣ ʷʜʝʨʥʦʡ ʠʥʜʫʢʮʠʠ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʬʦʨʤʘ ʧʨʦʬʠʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʷʜʝʨ ʚ ʚʳʜʝʣʝʥʥʦʤ ʩʣʦʝ ʜʘʣʝʢʘ ʦʪ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ. ʆʥʘ ʙʦʣʴʰʝ ʥʘʧʦʤʠʥʘʝʪ 

ʬʫʥʢʮʠʶ sinʩ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʦʪ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʬʫʥʢʮʠʠ ʠ ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʠʜ ʟʘʪʫʭʘʶʱʠʭ ʦʩʮʠʣʣʷʮʠʡ. ʅʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚʢʣʘʜʦʚ ʦʪ ʧʣʦʩʢʦʩʪʝʡ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʨʝʟʦʥʘʥʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʠʩʢʘʞʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʘʨʪʝʬʘʢʪʘʤ. ʍʦʪʷ 

ʢʦʥʮʝʧʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʥʝʧʨʠʤʝʥʠʤʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦʩʢʦʣʴʢʫ ʦʪʢʣʠʢ ʩʠʩʪʝʤʳ 
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ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ ʥʘ ʈʏ ʚʦʟʙʫʞʜʝʥʠʝ ʥʝ ʣʠʥʝʝʥ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʨʘʟ ʌʫʨʴʝ ʦʛʠʙʘʶʱʝʡ ʈʏ 

ʠʤʧʫʣʴʩʘ ʜʘʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʬʠʣʝ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʣʦʷ. ʇʦʵʪʦʤʫ ʯʘʩʪʦ ʬʦʨʤʫ ʧʨʦʬʠʣʷ 

ʫʣʫʯʰʘʶʪ, ʧʨʠʤʝʥʷʷ ʈʏ ʠʤʧʫʣʴʩʳ ʩ 

ʦʛʠʙʘʶʱʝʡ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ sinʩ, ʛʘʫʩʩʠʘʥʘ 

ʠʣʠ ʧʦʣʦʚʠʥʳ ʛʘʫʩʩʠʘʥʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʬʦʨʤʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʈʏ 

ʠʤʧʫʣʴʩʘ ʧʨʠʤʝʥʷʶʪ ʩʝʨʠʶ ʠʤʧʫʣʴʩʦʚ. 

ʈʘʟʚʠʪʠʝ ʠʤʝʥʥʦ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʇʨʠ ʵʪʦʤ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʝʨʠʡ ʈʏ ʠʤʧʫʣʴʩʦʚ ʩ 

ʧʨ̫ʤʦʫʛʦʣʴʥʦʡ ʦʛʠʙʘʶʱʝʡ [2, 3]. ʕʪʦ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ, ʪʘʢ ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʛʠʙʘʶʱʝʡ 

ʈʏ ʠʤʧʫʣʴʩʘ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ.  

ʆʙʦʩʥʦʚʘʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʙʳʣʘ 

ʠʤʧʫʣʴʩʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠʟʚʝʩʪʥʘʷ 

ʧʦʜ ʘʢʨʦʥʠʤʦʤ çDANTEè (Delays 

Alternating with Nutations for Tailored Excitation), ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 

ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʣʠʥʠʡ [1]. ɽʸ ʜʠʘʛʨʘʤʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1ʘ. 

ʉʫʤʤʘʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʩʝʨʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 90-ʛʨʘʜʫʩʥʦʤʫ ʠʤʧʫʣʴʩʫ. ʅʘ ʨʠʩ. 

1ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʯʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʩʧʘʜʘ ʩʚʦʙʦʜʥʦʡ 

ʠʥʜʫʢʮʠʠ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ) ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʝʨʠʠ ʦʪ 

ʨʘʩʩʪʨʦʡʢʠ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʩʝʨʠʠ ʠʟ 10 ʠʤʧʫʣʴʩʦʚ ʪʦʡ ʞʝ ʘʤʧʣʠʪʫʜʳ. ɼʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʚʳʜʝʣʝʥʠʷ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʧʦʣʫʰʠʨʠʥʘ 

ʚʳʜʝʣʝʥʥʦʛʦ ʩʣʦʷ (W), ʚʳʩʦʪʘ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ (HM1), ʧʦʣʦʞʝʥʠʝ ʝʛʦ 

 

˾͙ͫΦ2 ˾͊ ͫ;͔ͭͤ͊Ύ ͍͙͙͊ͫͣͦͫͭ͘Έ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͣͦ͒ͯ͡Ύ ͔͔ͨͦͨͪ;͚ͤͦ ͎͙ͤ͊ͣ͊ͤ;͔͙ͤͤͦͫͭ ͦͭ ͍͚͍ͫͦͫͭ 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ DANTE.͊ύ ˭͍͙͙͊ͫͣͦͫͭΈ ͨͦͯ͡΄͙͙ͪͤ· ͫͦ͡Ύ ͦͭ ͦ͟͡Φ ͙ͣͨͯ͡Έ͍ͫͦ όkύ ͒͡Ύ ͪ͊ͤ͘·ͻ 
͙͔͍͍ͤͭͪ͊ͦ͡ όtdύΣ ͋ύ͔͙͔ͨͦͦ͗ͤ͡ ͔͍͎ͨͪͦͦ ͙ͣ͊ͫͣͯͣ͊͟ ͙ ͍ύ ͔͎ͦ ͍·ͫͦͭ͊ ͦͭ ͔ͭͻ ͔͗ ͔͍ͨ͊ͪ͊ͣͭͪͦΦ ͎ύΣ ͒ύΣ ͔ύ 
ς ͘ ͍͙͙͙͊ͫͣͦͫͭ ͦͭ ͍͔͙͡;͙ͤ· ͙͔͍ͤͭͪ͊͊͡ ͒͡Ύ ͪ͊ͤ͘·ͻ k. 

 

˾͙ͫΦм a)˨͙͎͊ͪ͊ͣͣ͊ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ 

DANTE, ͋ύ ͪ͊ͫ;͔ͭͤ͊Ύ ͍͙͙͊ͫͣͦͫͭ͘Έ ͣͦ͒ͯ͡Ύ 

͔͔ͨͦͨͪ;͚ͤͦ ͎͙ͤ͊ͣ͊ͤ;͔͙ͤͤͦͫͭ ͦͭ ͚͙ͪ͊ͫͫͭͪͦ͟ 

͒͡Ύ DANTE k=5, td=1,ͦ ͋ͦͤ͊͘;͔͙ͤΎ ͫͣΦ ͍ ͔͔ͭͫͭ͟Φ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʨʝʟʦʥʘʥʩʘ (L1), ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʦʪʚʝʯʘʶʪ ʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʘʨʪʝʬʘʢʪʘ, ʚʥʦʩʠʤʦʛʦ ʚ ʠʟʦʙʨʘʞʝʥʠʝ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ DANTE ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʙʦʨʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʫʤʝʥʴʰʠʪʴ 

ʚʥʦʩʠʤʳʡ ʘʨʪʝʬʘʢʪ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʠʩ.2. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩ.2, ʛʜʝ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʯʠʩʣʘ ʨʘʟʙʠʝʥʠʡ 

ʨ/ʯ ʠʤʧʫʣʴʩʘ k, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ k ʧʦʣʫʰʠʨʠʥʘ ʩʣʦʷ ʫʤʝʥʴʰʘʝʪʩʷ ʨʠʩ.2ʘ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʧʝʨʚʳʡ ʤʘʢʩʠʤʫʤ ʨʠʩ.2ʙ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʨʠʩ.2ʚ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 0,35 ʦʪ ʚʝʣʠʯʠʥʳ ʤʦʜʫʣʷ ʧʦʧʝʨʝʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʫʣʝ ʨʘʩʩʪʨʦʡʢʠ. 

ɺʪʦʨʦʡ ʤʘʢʩʠʤʫʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ k ʧʝʨʝʤʝʱʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ .ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʤʘʥʠʧʫʣʠʨʫʷ ʯʠʩʣʦʤ ʨʘʟʙʠʝʥʠʷ ʈʏ ʠʤʧʫʣʴʩʘ, ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʰʠʨʠʥʫ ʚʳʜʝʣʷʝʤʦʛʦ ʩʣʦʷ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʪʨʫʜʥʦ ʦʪʜʝʣʠʪʴ ʝʛʦ ʦʪ ʘʨʪʝʬʘʢʪʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʩʦʩʝʜʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ, 

ʯʪʦ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʪʦʤʦʛʨʘʬʠʠ. ʂʨʦʤʝ ʯʠʩʣʘ ʨʘʟʙʠʝʥʠʡ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʠʥʪʝʨʚʘʣʳ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ. ʅʦ ʛʨʘʬʠʢʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ.2(ʛ, ʜ, ʝ) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʚʦʟʥʠʢʘʝʪ ʪʘʢʘʷ ʞʝ ʧʨʦʙʣʝʤʘ.  

ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʷ  

ʥʝʨʘʚʥʳʝ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ. ʅʘʠʣʫʯʰʝʝ ʩʛʣʘʞʠʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʠʥʠʤʘʣʴʥʳʡ ʚʢʣʘʜ ʦʪ ʫʜʘʣʝʥʥʳʭ ʩʣʦʝʚ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ 

ʥʝʨʝʛʫʣʷʨʥʦʤ ʠʟʤʝʥʝʥʠʠ ʠʥʪʝʨʚʘʣʦʚ. ʀʥʪʝʨʚʘʣʳ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʡ ʚ 

ʩʨʝʜʝ Mathcad ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʫʝʪ ʧʦʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʈʏ ʠʤʧʫʣʴʩʘ ʠ ʚ ʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʩʚʦʙʦʜʥʦʡ ʧʨʝʮʝʩʩʠʠ 

ʚ ʠʥʪʝʨʚʘʣʘʭ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʩʪʨʦʠʪʩʷ ʧʨʦʬʠʣʴ 

ʚʳʜʝʣʝʥʥʦʛʦ ʩʣʦʷ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʥʘʙʦʨʦʤ ʠʥʪʝʨʚʘʣʦʚ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ 

ʛʝʥʝʨʘʪʦʨʦʤ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ.  

ɼʘʣʝʝ ʧʨʦʛʨʘʤʤʘ ʧʨʦʚʝʨʷʝʪ ʧʨʦʬʠʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʫʤʝʥʴʰʝʥʠʝ ʧʨʠʣʝʛʘʶʱʠʭ ʧʠʢʦʚ ʠ ʫʜʘʣʝʥʠʝ ʠʭ ʦʪ ʮʝʥʪʨʘ ʩʣʦʷ. ʇʨʦʬʠʣʴ ʩʣʦʷ, 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʡ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.3. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʨʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʧʦʧʝʨʝʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʨʘʩʩʪʨʦʡʢʠ ʧʦʢʘʟʳʚʘʝʪ 

ʥʝʢʦʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʧʦʣʫʪʦʣʱʠʥʳ ʚʳʜʝʣʝʥʥʦʛʦ ʩʣʦʷ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʢʣʘʜʘ ʦʪ 

ʩʤʝʞʥʦʡ ʦʙʣʘʩʪʠ. ʉʚʦʡʩʪʚʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ- ʫʣʫʯʰʘʪʴ 

ʢʘʯʝʩʪʚʦ ʚʳʜʝʣʝʥʠʷ ʩʣʦʷ, ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘ ʜʚʫʤʝʨʥʳʭ 

ʧʨʦʝʢʮʠʷʭ ʧʨʦʪʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ.  

ʕʢʩʧʝʨʠʤʝʥʪ. ʅʘ ʤʠʥʠʪʦʤʦʛʨʘʬʝ 

ʩʝʢʪʦʨʘ ʤʝʜʠʮʠʥʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʅʀʀʌ ʠʤ ɺ.ɸ. ʌʦʢʘ ʉʇʙɻʋ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʧʦʣʝ 7 ʤʊʣ (ʙʣʦʢ-

ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.4), ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʙʳʣ ʚʟʷʪ 

ʢʦʥʪʝʡʥʝʨ ʜʠʘʤʝʪʨʦʤ 3,3 ʩʤ, ʚʳʩʦʪʦʡ 6 ʩʤ, ʩ ʜʚʫʤʷ ʘʤʧʫʣʘʤʠ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʨʘʚʝʥ 1,5 ʩʤ 

ʠ 0,8 ʩʤ, ʥʘʧʦʣʥʝʥʥʳʤʠ ʚʦʜʦʡ ʩ ʧʘʨʘʤʘʛʥʝʪʠʢʦʤ (ʨʠʩ.5). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ  

ʘʤʧʫʣʘʤʠ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ 0,5 ʩʤ, ɹʦʣʴʰʘʷ ʘʤʧʫʣʘ ʥʘʧʦʣʥʝʥʘ ʧʦʣʥʦʩʪʴʶ, ʤʝʥʴʰʘʷ ʜʦ ʚʳʩʦʪʳ 

1 ʩʤ. ʇʣʦʩʢʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ Y, ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ï ʥʫʣʴ 

ʨʘʩʩʪʨʦʡʢʠ (ʪʦʯʥʳʡ ʨʝʟʦʥʘʥʩ). ʇʦʣʦʞʝʥʠʝ ʥʫʣʷ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʣʠʪʝʣʴʥʦʩʪʴ 90 ʛʨʘʜʫʩʥʦʛʦ ʠʤʧʫʣʴʩʘ 600 ʤʢʩ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ ʦʪ 15 ʜʦ 200ʤʢʩ.  

 

˾͙ͫΦо ˾ ͊ͫ;͔ͭͤ͊Ύ ͍͙͙͊ͫͣͦͫͭ͘Έ ͣͦ͒ͯ͡Ύ ͔͔ͨͦͨͪ;͚ͤͦ 

͎͙ͤ͊ͣ͊ͤ;͔͙ͤͤͦͫͭ ͦͭ ͚͙ͪ͊ͫͫͭͪͦ͟ ͒͡Ύ ͙ͣͦ͒ͺ͙͊͟ͼ͙͙ ͙ 

͚ͫͭ͊ͤ͒͊ͪͭͤͦ ͔ͨͦͫ͒͡Φ DANTE, k=10 
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ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩ.6ʘ ʧʦʢʘʟʘʥʘ ʧʨʦʝʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʨʘʟʮʝ ʥʘ 

ʧʣʦʩʢʦʩʪʴ XOZ, ʧʦʣʫʯʝʥʥʘʷ ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʩʣʦʷ, ʚʠʜʥʳ ʦʙʝ ʘʤʧʫʣʳ. ʅʘ ʪʦʤʦʛʨʘʤʤʝ 6ʙ 

ʦʪʦʙʨʘʞʝʥʠʝ ʚʳʜʝʣʝʥʥʦʛʦ ʦʜʥʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ ʩʣʦʷ, ʚʝʣʠʯʠʥʘ 

ʩʝʣʝʢʪʠʨʫʶʱʝʛʦ 2mʊ, ʯʘʩʪʦʪʥʦ ʢʦʜʠʨʫʶʱʠʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʬʘʟʦʢʦʜʠʨʫʶʱʠʡ ʛʨʘʜʠʝʥʪ 

1,6 mʊ/ʤ. ʂʘʢ ʚʠʜʥʦ ʘʤʧʫʣʳ ʚʳʜʝʣʠʣʘʩʴ ʩ ʘʨʪʝʬʘʢʪʦʤ, ʚ ʚʠʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʷʪʥʘ. 6ʚ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʜʝʣʝʥʠʝ ʩʣʦʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ DANTE , 

ʩʝʣʝʢʪʠʨʫʶʱʠʡ ʛʨʘʜʠʝʥʪ 1mʊ/ʤ. ʂʘʢ ʚʠʜʥʦ ʘʨʪʝʬʘʢʪ ʫʤʝʥʴʰʝʥ, ʥʦ ʥʝ ʠʩʯʝʟ. 6ʛ ï ʨʝʟʫʣʴʪʘʪ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚʝʣʠʯʠʥʘ ʩʝʣʝʢʪʠʨʫʶʱʝʛʦ ʛʨʘʜʠʝʥʪʘ 

ʪʘʢʞʝ 1 mʊ/ʤ. 

 

Sample Blocking 

temperature, K 

Form factor Coercive force, Oe Saturation magnetization at 

300K, emu/g 4ʂ 300K 

FeSiO2-260 50.8 21 397.6 11.6 2.56 

FeSiO2-350 100.5 38 563.1 28.9 3.63 

FeSiO2-375 89.1 35 665.0 84.4 3.68 

    
ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʝʢʮʠʡ ʦʙʝ ʠʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʭʦʨʦʰʦ ʚʳʜʝʣʷʶʪ 

ʩʣʦʡ, ʦʜʥʘʢʦ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦ ʩʚʦʠʤ ʩʝʣʝʢʪʠʨʫʶʱʠʤ ʩʚʦʡʩʪʚʘʤ ʧʨʝʚʦʩʭʦʜʠʪ DANTE. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
1. G.A.Morris and R.F.Freeman çSelective Excitation in Fourier Transform NMRè Journal of Magnetic Resonance 

N29 p.435-462  

2. ɺ.ʃ.ʇʘʨʰʠʥʘ, ʂ.ɺ.ʊʶʪʶʢʠʥ, ɺ.ɺ.ʌʨʦʣʦʚ çʄʝʪʦʜʳ ʤʘʛʥʠʪʥʦʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠè, ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ, ʉʇʙ, ʠʟʜ-ʚʦ çʉʦʣʦè,2007 ʛ. 
3. V.L. Parshina, V.V. Frolov çExperiments at very low magnetic field on slice selection by multipulse exitationè 

ñBook of abstracts of 4-th International Symposium and Summer School in Saint Petersburg 29 june ï 3 july 

2009ò,p.79 

 

˾͙ͫΦ4 x ͦ͟͡ ςͫ ͻ͔ͣ͊ ͙͙ͣͤ-ͭͦ ͎ͣͦͪ͊ͺ͊   ˾͙ͫΦр ˿ ͻ͔ͣ͊ ͦ͋ͪ͊͘ͼ͊ 

 

˾͙ͫΦ с ͎́ͦͣͦͪ͊ͣͣ· ͍·͔͔͎͒ͤͤͦͦ͡ ͫͦ͡ΎΦ 
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ʉɽʂʎʀʗ ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ɼ.ʄ. ʂʦʟʘʢ, ʄ.ɺ. ʂʦʟʘʢ ʢ.ʤ.ʥ.  

 

ɸʩʪʨʘʭʘʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷ, ʈʦʩʩʠʷ, ɸʩʪʨʘʭʘʥʴ
 

ɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ɸʩʪʨʘʭʘʥʴ 

 

ʇʈʆʊɽʂʊʆʈʅʓʁ ʕʌʌɽʂʊ ɺʆɿɼɽʁʉʊɺʀʗ ɸʃʔʌɸ-ʊʆʂʆʌɽʈʆʃɸ ʀ 

ʊʀʄɸʃʀʅɸ ʇʈʀ ʉʊʈɽʉʉɽ 

 

ʋʩʪʘʥʦʚʣʝʥ ʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ ʘʣʴʬʘ-ʪʦʢʦʬʝʨʦʣʘ ʠ ʪʠʤʘʣʠʥʘ ʧʨʠ ʩʪʨʝʩʩʝ ʫ 

ʩʪʘʨʳʭ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʙʝʣʳʭ ʢʨʳʩ, ʚʳʨʘʟʠʚʰʠʡʩʷ ʚ ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ. ɺʚʝʜʝʥʠʝ ʪʠʤʘʣʠʥʘ ʠʥʪʘʢʪʥʳʤ ʞʠʚʦʪʥʳʤ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ 

ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʧʣʘʟʤʳ ʢʨʦʚʠ. 

 

ɺʳʨʘʙʦʪʢʘ ʢʦʤʧʝʥʩʘʪʦʨʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʩʪʨʝʩʩʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʫʩʪʨʘʥʷʝʪ ʠʣʠ ʫʤʝʥʴʰʘʝʪ 

ʩʪʝʧʝʥʴ ʥʘʨʫʰʝʥʠʷ ʛʦʤʝʦʩʪʘʟʘ, ʥʦ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʯʨʝʟʤʝʨʥʦ ʩʠʣʴʥʦʤ 

ʠʣʠ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩʘ ʘʜʘʧʪʘʮʠʷ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠʣʠ 

ʥʝʜʦʩʪʠʞʠʤʦʡ ʠ ʨʝʘʢʮʠʷ ʥʘ ʩʪʨʝʩʩ ʤʦʞʝʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʟʚʝʥʦ ʧʘʪʦʛʝʥʝʟʘ ʙʦʣʝʟʥʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʟʘʙʦʣʝʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ, ʢ ʧʦʚʨʝʞʜʘʶʱʝʤʫ ʜʝʡʩʪʚʠʶ ʩʪʨʝʩʩʘ ʠ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʘʜʘʧʪʘʮʠʠ 

ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. ʅʝʡʨʦʵʥʜʦʢʨʠʥʥʘʷ 

ʩʠʩʪʝʤʘ ʠʛʨʘʝʪ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʘ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ. ɻʠʧʦʪʘʣʘʤʦ-ʛʠʧʦʬʠʟʘʨʥʦ-ʥʘʜʧʦʯʝʯʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ (ɻɻɸʉ) ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʚʠʪʠʠ 

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʩʠʥʜʨʦʤʘ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʨʝ ʥʘʜʧʦʯʝʯʥʠʢʦʚ. ʋʨʦʚʝʥʴ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ ʚ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʩʪʨʝʩʩ. ʂʦʨʪʠʢʦʩʪʝʨʦʥ - ʦʩʥʦʚʥʦʡ ʠ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʡ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜ ʢʦʨʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʢʨʳʩ (ʧʦʜʦʙʥʦ ʢʦʨʪʠʟʦʣʫ ʯʝʣʦʚʝʢʘ).  

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʚ ʧʣʘʟʤʝ ʢʨʳʩ ʚ ʥʦʨʤʝ, ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ, ʚʚʝʜʝʥʠʠ ʘʣʴʬʘ - ʪʦʢʦʬʝʨʦʣʘ ʠ ʪʠʤʘʣʠʥʘ, ʠʟʫʯʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʵʬʬʝʢʪ 

ʘʣʴʬʘ-ʪʦʢʦʬʝʨʦʣʘ ʠ ʪʠʤʘʣʠʥʘ ʚ ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ ʫ ʞʠʚʦʪʥʳʭ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʧʦʣʘ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ 
ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʘʤʢʠ ʠ ʩʘʤʮʳ ʙʝʣʳʭ ʢʨʳʩ ʣʠʥʠʠ 

çɺʠʩʪʘʨè. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʟʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʵʥʜʦʢʨʠʥʥʦʡ ʩʠʩʪʝʤʝ ʞʠʚʦʪʥʳʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʝʨʠʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ çʛʦʨʤʦʥʘʣʴʥʦʛʦ ʧʦʢʦʷè ʩʘʤʦʢ (ʬʘʟʳ ʜʠʵʩʪʨʫʩʘ ʠ 

ʤʝʪʘʵʩʪʨʫʩʘ). ɾʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20-

22ęC ʚ (ʩʘʤʮʳ ʠ ʩʘʤʢʠ ʨʘʟʜʝʣʴʥʦ), ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʚʦʜʝ ʠ ʧʠʱʝ. ʈʘʟʣʠʯʠʷ ʨʝʘʢʮʠʠ 

ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʳʭ ʮʝʥʪʨʦʚ ʛʠʧʦʪʘʣʘʤʫʩʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠʩʩʣʝʜʦʚʘʣʠ ʫ ʞʠʚʦʪʥʳʭ ʜʚʫʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ.  

1. ɻʨʫʧʧʘ çʤʦʣʦʜʳʭè ʞʠʚʦʪʥʳʭ: ʚʦʟʨʘʩʪ 4 ʤʝʩʷʮʘ, ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʪʝʣʘ ʩʘʤʮʦʚ 250 
ʛ, ʩʘʤʦʢ - 220 ʛ.  

2. ɻʨʫʧʧʘ çʩʪʘʨʳʭè ʞʠʚʦʪʥʳʭ: ʚʦʟʨʘʩʪ 20 ʤʝʩʷʮʝʚ, ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʪʝʣʘ ʩʘʤʮʦʚ 350 
ʛ ʠ ʩʘʤʦʢ - 280 ʛ.  

ɺʳʙʦʨ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʘʚʪʦʨʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʚʦʟʨʘʩʪʥʦʡ ʧʝʨʠʦʜʠʟʘʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʫ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʣʳʭ ʢʨʳʩ 

(ʂʦʥʦʧʣʷ ɽ.ʌ. ʠ ʜʨ., 1991; ɸʥʠʩʠʤʦʚ ɺ.ʅ. ʠ ʜʨ., 1999). 

ʉʭʝʤʘ ʦʧʳʪʦʚ  

ʂʘʞʜʳʡ ʠʟ ʰʝʩʪʠ ʚʘʨʠʘʥʪʦʚ  ʚʢʣʶʯʘʣ ʧʦ 10 ʩʘʤʦʢ ʠ 10 ʩʘʤʮʦʚ ʚ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ 
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ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ (ʚʩʝʛʦ 240 ʞʠʚʦʪʥʳʭ). 

1. ʂʦʥʪʨʦʣʴ ð ʠʥʪʘʢʪʥʳʝ ʞʠʚʦʪʥʳʝ. 

2. ʊʌ (ɽ) ð per os ʚʚʦʜʠʣʠ 10% ʨʘʩʪʚʦʨ Ŭ-ʪʦʢʦʬʝʨʦʣ-ʘʮʝʪʘʪʘ ʚ ʜʦʟʝ 1 ʤʛ ʥʘ 100 ʛ 

ʤʘʩʩʳ ʞʠʚʦʪʥʦʛʦ, ʚ ʪʝʯʝʥʠʝ 14 ʜʥʝʡ ʜʦ ʜʝʢʘʧʠʪʘʮʠʠ ʦʜʠʥ ʨʘʟ ʚ ʩʫʪʢʠ ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ.  

3. ʉʪʨʝʩʩ (ʉ) ð ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 5 ʜʥʝʡ ʧʝʨʝʜ ʟʘʚʝʨʰʝʥʠʝʤ ʦʧʳʪʦʚ, ʝʞʝʜʥʝʚʥʦ ʥʘ 

ʦʜʠʥ ʯʘʩ ʚ 1100 ʜʥʷ ʞʠʚʦʪʥʳʭ ʧʦʤʝʱʘʣʠ ʚ ʧʣʘʩʪʠʢʦʚʳʡ ʧʝʥʘʣ ʧʦ ʨʘʟʤʝʨʫ ʪʝʣʘ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʩʚʦʙʦʜʥʳʝ ʜʚʠʞʝʥʠʷ, ʥʦ ʥʝ ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʦʩʪʫʧʣʝʥʠʶ ʚʦʟʜʫʭʘ.  

4. ʊʌ + ʩʪʨʝʩʩ ð 5 ʜʥʝʚʥʦʤʫ ʩʪʨʝʩʩʫ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʚʫʭʥʝʜʝʣʴʥʳʤ ʚʚʝʜʝʥʠʝʤ ʊʌ.  

5. ʊʄ ï ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʚʚʦʜʠʣʩʷ ʪʠʤʘʣʠʥ ʚ ʜʦʟʝ 1,7 ʤʛ ʥʘ 100 ʛ ʤʘʩʩʳ ʞʠʚʦʪʥʦʛʦ, ʚ 
ʪʝʯʝʥʠʝ 5 ʜʥʝʡ. ɺʚʝʜʝʥʠʝ ʟʘʢʘʥʯʠʚʘʣʠ ʟʘ ʜʚʘ ʜʥʷ ʜʦ ʦʢʦʥʯʘʥʠʷ ʦʧʳʪʦʚ. ʈʘʩʯʝʪ ʜʦʟʳ 

ʪʠʤʘʣʠʥʘ ʧʨʦʚʝʜʸʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʤʳʰʘʭ (ʄʦʨʦʟʦʚ ɺ. ɻ., 

ʍʘʚʠʥʩʦʥ ɺ. ʍ., 1997).  

6. ʊʄ + ʩʪʨʝʩʩ ð 5 ʜʥʝʚʥʳʡ ʩʪʨʝʩʩ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʚʝʜʝʥʠʝʤ ʪʠʤʘʣʠʥʘ.  

ʂʦʨʪʠʢʦʩʪʝʨʦʥ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʢʨʳʩ ʦʧʨʝʜʝʣʷʣʠ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʩ 

ʧʦʤʦʱʴʶ ʪʝʩʪʦʚ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʠ ʧʣʘʟʤʝ 

ʢʨʦʚʠ: Labor. Diagnostika Nord GmbH & Co. KG, Germany. (Corticosterone EIA). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ (ʨʠʩ. 1 ʠ 2) ʧʦʢʘʟʘʣ, ʯʪʦ ʫʨʦʚʝʥʴ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʧʣʘʟʤʳ 

ʩʪʘʨʳʭ ʞʠʚʦʪʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʫʨʦʚʥʷ ʤʦʣʦʜʳʭ (ʨ > 0,05), ʥʦ ʫ ʠʥʪʘʢʪʥʳʭ 

ʤʦʣʦʜʳʭ ʠ ʩʪʘʨʳʭ ʩʘʤʦʢ ʦʥ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ, ʯʝʤ ʫ ʩʘʤʮʦʚ (ʨ < 0,001).  

ɺʚʝʜʝʥʠʝ ʪʠʤʘʣʠʥʘ ʞʠʚʦʪʥʳʤ ʦʙʦʝʛʦ ʧʦʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ 

ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ (ʨ<0,001).  

ʊʌ ʥʝ ʠʟʤʝʥʷʝʪ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʨ>0,05). ʀʩʭʦʜʥʳʝ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʫʨʦʚʥʷ ʛʦʨʤʦʥʘ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ.  

ʇʦʜ ʚʣʠʷʥʠʝʤ ʩʪʨʝʩʩʘ ʩʦʜʝʨʞʘʥʠʝ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʫ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʫʚʝʣʠʯʠʣʦʩʴ ʙʦʣʝʝ, 

ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʨʘʩʪʘ (ʨ < 0,001). ʇʨʠ ʚʚʝʜʝʥʠʠ ʊʌ ʥʘ ʬʦʥʝ ʩʪʨʝʩʩʘ ʫʨʦʚʝʥʴ 

ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʚ ʧʣʘʟʤʝ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ ʥʝ ʠʟʤʝʥʠʣʩʷ.  

ʋ ʩʪʘʨʳʭ ʞʠʚʦʪʥʳʭ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ 

(ʨ<0,001) ʩ ʥʠʚʝʣʠʨʦʚʢʦʡ ʧʦʣʦʚʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ. ʉʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʚ ʧʣʘʟʤʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ ʦʙʥʘʨʫʞʝʥʦ ʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʞʠʚʦʪʥʳʤ 

ʪʠʤʘʣʠʥʘ ʥʘ ʬʦʥʝ ʩʪʨʝʩʩʘ (ʨ<0,001), ʥʦ ʫ ʩʪʘʨʳʭ ʩʘʤʦʢ ʵʪʦ ʩʥʠʞʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʳʤ, ʯʝʤ ʫ ʤʦʣʦʜʳʭ, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ ʜʦʩʪʦʚʝʨʥʫʶ ʚʦʟʨʘʩʪʥʫʶ ʨʘʟʥʠʮʫ ʫʨʦʚʥʝʡ 

ʛʦʨʤʦʥʘ (ʨ<0,05)..  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʳʭ ʦʧʳʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʠʩʭʦʜʥʳʝ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ 

ʫʨʦʚʥʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʚ ʧʣʘʟʤʝ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʨʦʚʥʷ 

ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʚ ʧʣʘʟʤʝ ʫʩʪʘʥʦʚʣʝʥʦ ʫ ʩʘʤʦʢ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ ʪʘʢʞʝ ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʨʝʩʩʘ. ɺʦʟʨʘʩʪʥʳʭ ʨʘʟʣʠʯʠʡ ʫʨʦʚʥʷ ʛʦʨʤʦʥʘ ʫ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʥʝ 

ʚʳʷʚʣʝʥʦ (ʨʠʩ. 2). .ʇʦʣʦʚʳʝ ʛʦʨʤʦʥʳ ʦʧʨʝʜʝʣʷʶʪ ʠʟʥʘʯʘʣʴʥʳʝ ʩʪʨʝʩʩʦʚʳʝ ʨʘʟʣʠʯʠʷ ʫʨʦʚʥʷ 

ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʚ ʢʨʦʚʠ. ʉʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʬʫʥʢʮʠʶ ɻɻɸʉ ʵʩʪʨʘʜʠʦʣʘ ʠ 

ʪʦʨʤʦʟʷʱʠʡ ʘʥʜʨʦʛʝʥʦʚ ʙʳʣ ʧʦʢʘʟʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʪʨʝʩʩʘ ʥʘʜʧʦʯʝʯʥʠʢʠ ʩʘʤʦʢ ʚʳʜʝʣʷʣʠ ʢʦʨʪʠʢʦʩʪʝʨʦʥ ʚ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʝʤ ʩʘʤʮʳ (Grassman M., Hess D.L., 1992 Handa R.J. et al., 1994). 
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ʈʠʩʫʥʦʢ 1. ʋʨʦʚʝʥʴ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ (ʥʤʦʣʴ/ʣ) ʧʣʘʟʤʳ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʙʝʣʳʭ ʢʨʳʩ 

(ɸ) - ʤʦʣʦʜʳʝ (ʚʚʝʨʭʫ), (ɹ) - ʩʪʘʨʳʝ ʞʠʚʦʪʥʳʝ (ʚʥʠʟʫ) 

ʉʘʤʢʠ ï ʩʚʝʪʣʳʝ ʩʪʦʣʙʮʳ, ʩʘʤʮʳ ï ʪʝʤʥʳʝ. 

ʇʨʠʤʝʯʘʥʠʝ: ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʥʦʩʪʠ ʩ ʢʦʥʪʨʦʣʝʤ:*** ʨ Ò 0,001. ɼʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʧʦʣʘʤʠ: ^^^ ʨ Ò 0,001. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʥʦʩʪʠ ʩ ʚʘʨʠʘʥʪʦʤ ʩʪʨʝʩʩ: $ - ʨ 

Ò 0,05;$$ -  ʨ Ò 0,01;$$$ - ʨ Ò 0,001. 

 

ʕʩʪʨʦʛʝʥʳ ʫʤʝʥʴʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʛʠʧʦʬʠʟʘ ʢ 

ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘʤ. ʀʤʝʝʪ ʟʥʘʯʝʥʠʝ ʠ ʙʦʣʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʛʠʧʦʪʘʣʘʤʫʩʘ ʞʠʚʦʪʥʳʭ 

ʞʝʥʩʢʦʛʦ ʧʦʣʘ ʢ ʩʝʢʨʝʪʠʨʫʝʤʦʤʫ ʧʨʠ ʩʪʨʝʩʩʝ ʘʜʨʝʥʘʣʠʥʫ (Young W.S. et al., 1986; ɸʥʠʱʝʥʢʦ 

ʊ.ɻ. 1991; ɸʥʠʱʝʥʢʦ ʊ.ɻ. ʠ ʜʨ., 1992). 
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ʈʠʩʫʥʦʢ 2. ɺʦʟʨʘʩʪʥʳʝ ʨʘʟʣʠʯʠʷ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʧʣʘʟʤʳ ʩʘʤʦʢ 

(ɸ) ʠ ʩʘʤʮʦʚ (ɹ) ʙʝʣʳʭ ʢʨʳʩ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʪʨʝʩʩʘ ʠ ʪʠʤʘʣʠʥʘ 

ʥʝʧʨʝʨʳʚʥʘʷ ʣʠʥʠʷ ï ʤʦʣʦʜʳʝ, ʧʫʥʢʪʠʨʥʘʷ ï ʩʪʘʨʳʝ ʞʠʚʦʪʥʳʝ 

 

ʇʨʠʤʝʯʘʥʠʝ: ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʥʦʩʪʠ ʩ ʢʦʥʪʨʦʣʝʤ ʫ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ: *** ʨ Ò 0,001; 

ʩʪʘʨʳʭ ʞʠʚʦʪʥʳʭ: &&& - ʨ Ò 0,001. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʚʦʟʨʘʩʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ: # ʨ Ò 0,05; ### ʨ Ò 0,001. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʥʦʩʪʠ ʩ ʚʘʨʠʘʥʪʦʤ ʩʪʨʝʩʩ: $ - ʨ Ò 

0,05;$$ -  ʨ Ò 0,01;$$$ - ʨ Ò 0,001. 

 

ʂʦʨʘ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʤʦʣʦʜʳʭ ʠ ʩʪʘʨʳʭ ʙʝʣʳʭ ʢʨʳʩ ʦʜʠʥʘʢʦʚʦ ʙʫʨʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʩʪʨʝʩʩ, 

ʧʦʵʪʦʤʫ ʜʦʩʪʦʚʝʨʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʨʘʟʣʠʯʠʡ ʫʨʦʚʥʷ ʛʦʨʤʦʥʘ ʫ ʞʠʚʦʪʥʳʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʩʪʨʝʩʩʫ, ʥʝ ʚʳʷʚʣʝʥʦ.ʂʦʨʪʠʢʦʩʪʝʨʦʠʜʳ ʧʨʠ ʩʪʨʝʩʩʝ ʚʳʧʦʣʥʷʶʪ ʟʘʱʠʪʥʫʶ ʨʦʣʴ, ʘʢʪʠʚʠʟʠʨʫʷ 

ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. ɻʣʶʢʦʢʦʨʪʠʢʦʠʜʳ 

ʢʦʨʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʘʢʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʦʙʤʝʥ ʫʛʣʝʚʦʜʦʚ, ʙʝʣʢʦʚ ʠ ʣʠʧʠʜʦʚ. ʏʨʝʟʤʝʨʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʨʦʚʠ ʚʳʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʘʟʦʪʠʩʪʳʡ ʙʘʣʘʥʩ, ʫʛʥʝʪʘʝʪ 

ʩʠʥʪʝʟ ʙʝʣʢʦʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʦʪʤʝʯʘʝʪʩʷ ʧʦʪʝʨʷ ʚ ʤʘʩʩʝ, ʘʪʨʦʬʠʷ ʪʠʤʫʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʢʘʪʘʙʦʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʚ ʧʝʯʝʥʠ ʧʨʝʚʨʘʱʘʶʪʩʷ 

ʚ ʫʛʣʝʚʦʜʳ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ ʟʘʤʝʜʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʢʠʩʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ. ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʳʨʘʞʝʥʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʛʦʤʝʦʩʪʘʟʘ.  
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ɺ ʥʘʰʠʭ ʦʧʳʪʘʭ ʚʳʷʚʣʝʥʦ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʘʣʴʬʘ-ʪʦʢʦʬʝʨʦʣʘ ʠ ʪʠʤʘʣʠʥʘ ʧʨʠ ʩʪʨʝʩʩʝ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʪʠʤʘʣʠʥʘ ʥʘ ʬʦʥʝ ʩʪʨʝʩʩʘ ʠ ʫ ʠʥʪʘʢʪʥʳʭ 

ʢʨʳʩ ʩʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʚ ʧʣʘʟʤʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʦʟʨʘʩʪʘ. ɺʚʝʜʝʥʠʝ 

ʪʠʤʘʣʠʥʘ ʥʘ ʬʦʥʝ ʩʪʨʝʩʩʘ ʥʠʚʝʣʠʨʫʝʪ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʫ 

ʩʪʘʨʳʭ ʞʠʚʦʪʥʳʭ.  

ʈʘʥʝʝ, ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʨʦʧʨʦʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʧʝʧʪʠʜʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʵʧʠʬʠʟʘ ʠ ʪʠʤʫʩʘ ʪʘʢʞʝ ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʧʣʘʟʤʳ ʫ 

ʤʦʣʦʜʳʭ ʠ ʩʪʘʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʚʚʝʜʝʥʠʝ ʵʧʠʪʘʣʘʤʠʥʘ ʠ ʵʢʩʪʨʘʢʪʦʚ 

ʪʠʤʫʩʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʩʚʷʟʳʚʘʶʪ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʩ ʚʣʠʷʥʠʝʤ ʥʘ ʵʧʠʬʠʟ ʠ 

ʘʢʪʠʚʠʟʘʮʠʝʡ ʧʨʦʜʫʢʮʠʠ ʵʥʜʦʛʝʥʥʦʛʦ ʤʝʣʘʪʦʥʠʥʘ (ʍʘʚʠʥʩʦʥ ɺ.X., ʄʦʨʦʟʦʚ ɺ.ɻ. 1991, 2001; 

ɻʦʥʯʘʨʦʚʘ ʅ.ɼ., ʠ ʜʨ., 2001; Khavinson V. et al., 2001). ʄʝʣʘʪʦʥʠʥ ʥʦʨʤʘʣʠʟʫʝʪ ʧʨʦʮʝʩʩ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʩʥʠʞʘʝʪ ʚʳʙʨʦʩ ɸʂʊɻ, ʧʨʦʜʫʢʮʠʶ ʥʦʨʘʜʨʝʥʘʣʠʥʘ, 

ʚʘʟʦʧʨʝʩʩʠʥʘ ʠ ʨʝʥʠʥʘ (ɼʦʣʛʦʚ ɻ.ɺ. ʠ ʜʨ., 2004). 

ɺʚʝʜʝʥʠʝ ʊʌ ʠʥʪʘʢʪʥʳʤ ʠ ʤʦʣʦʜʳʤ ʞʠʚʦʪʥʳʤ ʥʘ ʬʦʥʝ ʩʪʨʝʩʩʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ 

ʫʨʦʚʝʥʴ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʧʣʘʟʤʳ. ʇʦʣʫʯʝʥ ʟʘʤʝʪʥʳʡ ʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ ʊʌ ʧʨʠ ʩʪʨʝʩʩʝ ʫ 

ʩʪʘʨʳʭ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ, ʚʳʨʘʟʠʚʰʠʡʩʷ ʚ ʟʘʤʝʪʥʦʤ ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʛʦʨʤʦʥʘ 

ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʥʘʨʫʞʠʣʠ ʧʨʦʪʝʢʪʦʨʥʳʡ ʵʬʬʝʢʪ ʘʣʴʬʘ-

ʪʦʢʦʬʝʨʦʣʘ ʠ ʪʠʤʘʣʠʥʘ ʧʨʠ ʩʪʨʝʩʩʝ ʫ ʩʪʘʨʳʭ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʙʝʣʳʭ ʢʨʳʩ, ʚʳʨʘʟʠʚʰʠʡʩʷ ʚ 

ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ. ɺʚʝʜʝʥʠʝ ʪʠʤʘʣʠʥʘ ʠʥʪʘʢʪʥʳʤ ʞʠʚʦʪʥʳʤ ʩʥʠʞʘʝʪ 

ʫʨʦʚʝʥʴ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʧʣʘʟʤʳ ʢʨʦʚʠ. 

 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ 
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ɼʀʅɸʄʀʏʅʆʉʊʔ ʇʆʂɸɿɸʊɽʃɽʁ ʇʈʆʍʆɾɼɽʅʀʗ ʋʃʔʊʈɸɿɺʋʂɸ  

ʏɽʈɽɿ ʇʈʗʄʆʋɻʆʃʔʅʓɽ ʆɹʈɸɿʎʓ ɼʈɽɺɽʉʀʅʓ ɽʃʀ ʈɸɿʅʆʁ ɼʃʀʅʓ 

 
ʄʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ ʦʙʨʘʟʮʦʚ ʧʦ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʦʪʦʡ 

60 ʢɻʮ ʚʜʦʣʴ ʚʦʣʦʢʦʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʦʩʪʘʪʢʦʚ ʧʦʩʣʝ ʦʪʧʠʣʠʚʘʥʠʷ 

ʦʪʨʝʟʢʦʚ ʦʪ ʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ 20³20³300 ʤʤ, ʧʦʟʚʦʣʷʝʪ    ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʦʩʦʙʘ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʧʳʪʘʥʠʷ ʜʝʪʘʣʝʡ 

ʜʨʝʚʝʩʥʳʭ ʠʟʜʝʣʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʇʨʠʚʝʜʝʥʳ ʚʦʣʥʦʚʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʩʢʦʨʦʩʪʠ ʋɿʂ, ʘ ʪʘʢʞʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʠ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʝʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʦʟʚʫʯʠʚʘʥʠʷ ʥʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʧʨʠʙʦʨʝ çʇʫʣʴʩʘʨ-1.0è. 

 

ɺ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ ʜʨʝʚʝʩʠʥʳ ʧʨʠʤʝʥʷʶʪ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʚ ʬʦʨʤʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʙʨʫʩʢʘ ʨʘʟʤʝʨʘʤʠ 20³20³300 ʤʤ, ʥʘʧʨʠʤʝʨ ʧʦ [1]. ʆʜʥʘʢʦ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʙʫʝʪʩʷ ʠʩʧʳʪʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʙʨʘʟʮʘʭ 

ʜʨʝʚʝʩʠʥʳ ʤʘʣʦʡ ʜʣʠʥʳ, ʥʘʧʨʠʤʝʨ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ.[3]. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʟʦʥʘʥʩʥʘʷ ʜʨʝʚʝʩʠʥʘ ʝʣʠ, ʧʨʠʯʝʤ 

ʜʝʪʘʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʛʫʪ ʠʤʝʪʴ ʜʣʠʥʫ ʧʦ ʚʦʣʦʢʥʘʤ ʤʝʥʝʝ 300 ʤʤ.    

ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʯʝʪʘ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠ ʣʶʙʦʡ ʜʣʠʥʝ 

ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʥʘʧʨʠʤʝʨ ʠʟ ʜʨʝʚʝʩʠʥʳ ʝʣʠ, ʩʝʯʝʥʠʝʤ 20³20 ʤʤ, ʥʦ ʧʨʠ ʜʣʠʥʝ ʚʜʦʣʴ 

ʚʦʣʦʢʦʥ ʜʨʝʚʝʩʠʥʳ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 300 ʤʤ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʳ ʬʠʟʠʢʦ-

ʘʢʫʩʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʩ ʚʦʣʥʦʚʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʫʣʴʪʨʘʟʚʫʢʘ.   

ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʦʢʘʟʘʪʴ ʚʦʣʥʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʚʳʷʚʠʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʨʝʚʝʩʠʥʳ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ (ʋɿʂ). 

ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʜʥʦʤ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ ʠʟ ʜʨʝʚʝʩʠʥʳ ʝʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʧʨʠʙʦʨʦʤ çʇʫʣʴʩʘʨ-1.0è ʧʨʠ ʧʷʪʠ ʧʦʚʪʦʨʘʭ, ʘ ʟʘʪʝʤ ʦʪʧʠʣʠʚʘʣʩʷ ʦʪʨʝʟʦʢ 

ʜʣʠʥʦʡ ʦʢʦʣʦ 50 ʤʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʪʘʪʦʢ ʜʣʠʥʦʡ 250 ʤʤ ʠ ʦʪʨʝʟʦʢ ʜʣʠʥʦʡ 50 ʤʤ ʩʥʦʚʘ 

ʦʟʚʫʯʠʚʘʣʠ. ʊʘʢ ʧʨʦʜʦʣʞʘʣʠ ʦʪʧʠʣʠʚʘʪʴ ʦʪ ʦʩʪʘʪʢʘ ʦʙʨʘʟʮʘ ʦʪʨʝʟʢʠ ʫʙʳʚʘʶʱʝʡ ʜʣʠʥʳ ʠ 

ʠʟʤʝʨʷʪʴ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʩ ʯʘʩʪʦʪʦʡ 60 ʢɻʮ ʥʘ ʜʘʪʯʠʢʘʭ. ʂʦʥʪʘʢʪ ʜʘʪʯʠʢʦʚ 

(ʠʟʣʫʯʘʪʝʣʴ ʠ ʧʨʠʝʤʥʠʢ) ʧʨʠʙʦʨʘ çʇʫʣʴʩʘʨ-1.0è ʧʨʠ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʨʮʦʚ ʦʩʪʘʪʢʦʚ ʠ ʦʪʨʝʟʢʦʚ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʵʪʦʤʫ, ʧʦ 

ʥʘʰʝʤʫ ʧʘʪʝʥʪʫ [2], ʧʨʠʤʝʥʷʣʠ ʢʦʥʫʩʥʳʝ ʥʘʩʘʜʢʠ ˉ 2 [4].        

ʈʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʦʩʪʘʪʢʘʤ ʠ ʦʪʨʝʟʢʘʤ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ 

ʜʨʝʚʝʩʠʥʳ ʝʣʠ 20³20³300 ʤʤ ʧʨʠʚʝʜʝʥʳ ʚ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʠ ʪʘʙʣʠʮʳ 3.  

ɼʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʳʙʦʨʢʠ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚʤʝʩʪʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ 

ʙʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ, ʬʨʘʛʤʝʥʪʘʨʥʦ ʧʨʠʚʝʜʝʥʘ ʚ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1. 

ʆʙʲʷʩʥʷʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʜʣʠʥʘ L  ʦʩʪʘʪʢʘ ʠʣʠ ʦʪʨʝʟʢʘ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʧʦ ʝʛʦ ʜʣʠʥʝ, ʪʦ ʝʩʪʴ ʚʜʦʣʴ ʚʦʣʦʢʦʥ. ʇʦʢʘʟʘʪʝʣʷʤʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʟʘʚʠʩʠʤʳʭ 

ʬʘʢʪʦʨʦʚ (ʪʘʙʣ. 1): 

1) ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʋɿʂ t  ʯʝʨʝʟ ʢʦʥʫʩʥʳʝ ʥʘʩʘʜʢʠ ʥʘ ʜʘʪʯʠʢʘʭ ʩ ʚʳʯʝʪʦʤ ʥʘ 

ʧʨʝʦʜʦʣʝʥʠʝ ʢʦʥʫʩʥʳʭ ʥʘʩʘʜʦʢ ʚ 15,6 ʤʢʩ, ʪʦ ʝʩʪʴ ʧʨʠ 6,15-¡=tt  ʤʢʩ; 

2) ʩʢʦʨʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʘ ʉ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʫʪʠ L  ʢʦ ʚʨʝʤʝʥʠ ʋɿʂ t  ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ 

ʦʙʨʘʟʮʘ ʜʨʝʚʝʩʠʥʳ ʚʜʦʣʴ ʚʦʣʦʢʦʥ (ʙʝʟ ʢʦʥʫʩʥʳʭ ʥʘʩʘʜʦʢ) ʧʨʠ tLC /= ; 

3) ʘʢʫʩʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ K  ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʋɿʂ C  ʢ ʧʦʩʪʦʷʥʥʦʡ ʜʣʷ 

ʚʩʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʣʦʪʥʦʩʪʠ r ʜʨʝʚʝʩʠʥʳ ʝʣʠ, ʪʦ ʝʩʪʴ r/CK = .   
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ɺ ʪʘʙʣʠʮʝ 1 ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʋɿʂ 

ʚʜʦʣʴ ʚʦʣʦʢʦʥ 

ʜʨʝʚʝʩʠʥʳ ʙʳʣʘ 

ʧʨʠʥʷʪʘ ʩ ʚʳʯʝʪʦʤ 

15,6 ʤʢʩ ʥʘ ʧʦʪʝʨʠ 

ʯʝʨʝʟ ʢʦʥʫʩʥʳʝ 

ʥʘʩʘʜʢʠ.  

ɼʣʷ ʵʪʦʛʦ ʧʦ ʤʝʪʦʜʠʢʝ 

[4] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʩʧʝʮʠʘʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʪʘʨʠʨʦʚʢʝ ʥʘ ʵʪʦʤ ʞʝ 

ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ 

ʧʨʠ ʦʟʚʫʯʠʚʘʥʠʠ 

ʚʜʦʣʴ ʜʣʠʥʳ 300 ʤʤ.  

ɺʨʝʤʷ ʋɿʂ ʩ ʫʯʝʪʦʤ 

ʥʘʩʘʜʦʢ. ɽʩʣʠ 

ʦʙʲʝʜʠʥʠʪʴ ʜʚʝ 

ʚʳʙʦʨʢʠ ʠʟ ʪʘʙʣʠʮʳ 1 

ʚ ʦʜʥʫ, ʪʦ ʧʦʣʫʯʝʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʩʦʜʝʨʞʘʱʘʷ 

ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʚʦ-ʧʝʨʚʳʭ, ʟʘʢʦʥ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʷ; ʚʦ-ʚʪʦʨʳʭ, ʟʘʢʦʥ 

ʩʪʨʝʩʩʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʙʠʦʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʇ.ʄ. ʄʘʟʫʨʢʠʥʘ ʧʦ 

ʬʦʨʤʫʣʝ (ʨʠʩ. 1)  

+= )14135,0exp(45607,6 48740,0Lt  

         )82162,64exp(0,31050777 19107,058657,30 LL -+ .    

  (1) 

ʉʦʚʤʝʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʫʭ ʚʳʙʦʨʦʢ 

ʜʘʝʪ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

0,9993. ɺʳʩʦʢʘʷ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ (1) 

ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʧʦʩʦʙ 

ʧʨʦʠʟʚʦʜʩʪʚʫ. ʇʨʠ ʵʪʦʤ ʧʦʪʨʝʙʫʝʪʩʷ 

ʧʨʦʚʦʜʠʪʴ ʪʘʨʠʨʦʚʢʫ ʢʦʥʫʩʥʳʭ ʥʘʩʘʜʦʢ, ʪʘʢ 

ʢʘʢ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʠ ʷ ʋɿʂ ʯʝʨʝʟ 

ʢʦʥʫʩʥʳʝ ʥʘʩʘʜʢʠ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʚʦʡʩʪʚ ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.   

ʆʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. ʂ ʜʚʫʤ 

ʩʦʩʪʘʚʣʷʶʱʠʤ ʫʨʘʚʥʝʥʠʷ (1) ʫʜʘʣʦʩʴ 

ʜʦʧʦʣʥʠʪʴ ʝʱʝ 14 ʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʷ, 

ʠʤʝʶʱʠʝ ʫʩʪʦʡʯʠʚʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʠʜʘ  

  ä
=

=
m

i

iyy
1

, 

))/(cos()exp( 86531
742

i

a

ii

a

i

a

ii aLaaLLaLay iii -+-= p .    (2) 

ʛʜʝ y  - ʠʟʫʯʘʝʤʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʨʝʤʷ t, ʤʢʩ; i  - ʥʦʤʝʨ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʪʘʙʣ. 

2); m  - ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʤʦʜʝʣʠ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 16=m ; 81...aa  - ʧʘʨʘʤʝʪʨʳ 

ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʪʠʧʘ (2), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʬʠʟʠʢʦ-ʘʢʫʩʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʢʣʝʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʨʝʚʝʩʠʥʳ ʝʣʠ.  

ʊʘʙʣʠʮʘ 1 

ʊʘʙʣʠʯʥʘʷ ʤʦʜʝʣʴ ʩ ʚʳʯʝʪʦʤ ʚʨʝʤʝʥʠ ʥʘ ʢʦʥʫʩʥʳʝ ʥʘʩʘʜʢʠ 15,6 ʤʢʩ,  

ʘʢʫʩʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ r/CK = , 8,418=r  ʢʛ/ʤ
3 

ˉ 

ʧ/ʧ 

ʆʩʪʘʪʢʠ ʧʦʩʣʝ ʦʪʨʝʟʘʥʠʷ 

ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʆʪʨʝʟʢʠ ʧʦʩʣʝ ʦʪʨʝʟʘʥʠʷ 

ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ɼʣʠʥʘ 

ʦʩʪʘʪʢʘ  

L, ʤʤ 

ɺʨʝʤʷ  

ʋɿʂ 

t , 

ʤʢʩ 

ʉʢʦʨʦʩʪʴ  

ʋɿʂ  

C , ʤ/ʩ 

ɸʢʫʩʪʠʯ.  

ʢʦʥʩʪʘʥʪʘ 

K, ʤ4
/(ʢʛ 

ʩ) 

ɼʣʠʥʘ 

ʦʪʨʝʟʢʘ  

L, ʤʤ 

ɺʨʝʤʷ  

ʋɿʂ 

t , 

ʤʢʩ 

ʉʢʦʨʦʩʪʴ  

ʋɿʂ  

C , ʤ/ʩ 

ɸʢʫʩʪʠʯ.  

ʢʦʥʩʪʘʥʪʘ 

K, ʤ4
/(ʢʛ 

ʩ) 

1 300.1 62.7 4786.28 11.43 49.8 17.7 2813.56 6.72 

2 249.2 53.5 4657.94 11.12 49.2 17.4 2827.59 6.75 

3 198.9 45.0 4420.00 10.55 39.1 15.2 2572.37 6.14 

4 159.2 38.7 4113.70 9.82 39.5 15.4 2564.94 6.12 

5 118.9 33.4 3559.88 8.50 19.0 11.6 1637.93 3.91 

é é é é é é é é é 
56 159.2 38.6 4124.35 9.85 18.5 11.7 1581.20 3.78 

57 118.9 33.4 3559.88 8.50 9.6 10.3 932.04 2.23 

58 98.7 30.9 3194.18 7.63 9.1 10.2 892.16 2.13 

59 80.3 27.4 2930.66 7.00 8.4 9.9 848.49 2.03 

60 59.3 18.9 3137.57 7.49 6.0 8.4 714.29 1.71 

61 40.4 14.9 2711.41 6.47     

62 30.0 13.3 2255.64 5.39     

63 20.2 11.7 1726.50 4.12     

64 10.9 10.2 1068.63 2.55     

65 4.3 8.9 483.15 1.15     
 

S = 0.56767849

r = 0.99929037

X Axis (units)

Y
 A

x
is

 (
un

its
)

0.4 55.3 110.2 165.1 219.9 274.8 329.72.96

13.84

24.72

35.60

46.48

57.36

68.24

 
ʈʠʩ. 1. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʨʝʤʝʥʠ ʋɿʂ  

ʦʪ ʜʣʠʥʳ ʦʩʪʘʪʢʦʚ ʠ ʦʪʨʝʟʢʦʚ 
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ʊʘʙʣʠʮʘ 2 

ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʝʤʝʥʠ ʋɿʂ ʩ ʫʯʝʪʦʤ ʥʘʩʘʜʦʢ ʧʦ ʤʦʜʝʣʠ (2) 

ˉ 

i  

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ,  ʇʦʣʫʧʝʨʠʦʜ ʠ ʩʜʚʠʛ ʢʦʣʝʙʘʥʠʷ, ʩʫʪʢʠ ʂʦʵʬʬ. 

ʢʦʨʨʝʣ. ia1  ia2  ia3  ia4  ia5  ia6  ia7  ia8  

1 6.53421 0 -0.14082 0.48666 0 0 0 0 

0.9997 2 22295797 30.58921 64.83384 0.19070 0 0 0 0 

3 1.57733e-5 2.79340 0.0061413 1.17348 56.057812 -0.00022864 1.92455 -1.21729 

4 2.92142e-13 7.97237 0.0027537 1.73494 5.25385 0.0013336 1.69990 -11.83650 0.7385 

5 -2.38479 0.97323 0.70238 0.79380 4.37320 -0.069438 1.044073 -1.17709 0.7063 

6 1.029661e-41 39.17801 1.058775 1.046353 9.33099 0.85633 0 0 0.4058 

7 3.64565e-24 30.028112 2.05200 0.95970 0.39063 0.0044756 1.032066 5.85337 0.8524 

8 1.16129e-75 52.080141 0.24294 1.25255 0 0 0 0 0.3876 

9 1.0255e12 10.0059 0.27650 1 0.14037 -1.88861e-8 0.99999 -2.44301 0.5247 

10 0.011600 0 -0.017841 0.80076 224.066 -0.66052 0.83740 -2.15814 0.2560 

11 -0.0087243 1.57638 0.39164 0.71933 1.012932 0.0066021 0.95836 -0.67983 0.2908 

12 -2.91504e-9 15.73953 1.93126 1.008407 0 0 0 0 0.2274 

13 -2.083647e-11 13.31683 0.90614 1.0000002 0.24516 -4.20375e-8 0 3.0032368 0.2743 

14 -3.56927e-14 16.85901 1.11588 1.015623 12.037233 -0.0022258 1.92291 -1.095352 0.1122 

15 -6.35976e-9 7.18120 0.30971 1.00000 0.53547 5.27676e-9 0 -2.17117 0.1438 

16 1.85304e-10 5.47115 0.071391 0.96795 29.23144 0.057384 1.057384 6.043205 0.1786 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʧʝʨʚʳʭ ʪʨʝʭ ʠ ʧʦʩʣʝʜʥʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ.  
S = 0.39145007

r = 0.99968265

X Axis (units)

Y
 A

xi
s 

(u
ni

ts
)

0.4 55.3 110.2 165.1 219.9 274.8 329.72.96

13.84

24.72

35.60

46.48

57.36

68.24

 

S = 0.05224333

r = 0.17855519

X Axis (units)

Y
 A

xi
s 

(u
ni

ts
)

0.4 55.3 110.2 165.1 219.9 274.8 329.7-0.13

-0.09

-0.04

0.01

0.05

0.10

0.15

 
ʆʙʱʠʡ ʛʨʘʬʠʢ ʧʝʨʚʳʭ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɻʨʘʬʠʢ 16-ʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ 

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʠ ʋɿʂ t  ʦʪ ʜʣʠʥʳ ʦʙʨʘʟʮʘ, ʩ ʚʳʯʝʪʦʤ ʚʨʝʤʝʥʠ ʥʘ ʢʦʥʫʩʥʳʝ ʥʘʩʘʜʢʠ 

 

ʉʢʦʨʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʘ. ʇʝʨʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʪʘʙʣ. 3) ʠʤʝʝʪ ʢʦʥʩʪʨʫʢʮʠʶ (ʨʠʩ. 3) 

    ))048136,0exp(1(333,4991 71131,0LC --= .  (3) 

ʊʘʙʣʠʮʘ 3 

ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʢʦʨʦʩʪʠ ʋɿʂ ʩ ʫʯʝʪʦʤ ʥʘʩʘʜʦʢ ʧʦ ʤʦʜʝʣʠ (2) 

ˉ 

i  

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ,  ʇʦʣʫʧʝʨʠʦʜ ʠ ʩʜʚʠʛ ʢʦʣʝʙʘʥʠʷ, ʩʫʪʢʠ ʂʦʵʬʬ. 

ʢʦʨʨʝʣ. ia1  ia2  ia3  ia4  ia5  ia6  ia7  ia8  

1* 5445.1958 0 0.040585 0.69796 0 0 0 0 
0.9992 

2 -96.85926 0.39638 7.40969e-6 2.51259 59.83265 1.79820e-5 2.41915 -0.99012 

3 -6.57157e-32 24.39622 0.38061 1.0014617 14.80385 6.040138e-5 2.13334 3.21154 0.7561 

4 4.54489e-8 8.87410 0.28669 1.011090 0.94838 0.00023576 1.30817 4.10071 0.6511 

5 -0.44594 0.82021 0 0 66.12885 8.038424e-5 2.0019898 0.35090 0.5255 

6 57110.018 0 4.31982 0.28031 3.83790 -0.44176 0.29359 -0.013770 0.6109 

7 0.00077651 6.014481 0.39135 0 0.25160 -1.023268 0 0 0.4533 

8 -0.28322 35.01571 37.19131 0.33070 0.51378 0.40188 0 0 0.5585 

9 67.32605 11.35348 13.65159 0.31705 1.78119 -0.41751 0.13649 -8.036395 0.5915 

10 -6.71917e-10 5.99998 0.0025782 1.5140 2.014035 1.35871 0 0 0.4534 

11 -2.51050e-19 25.85620 1.59860 1.000001 0.29642 1.88173e-7 0 2.56746 0.5592 

12 2.52703e-5 3.83886 0.048079 0 6.69438 -0.011641 1.0095905 -4.67595 0.2961 

ʇʨʠʤʝʯʘʥʠʝ. * ʇʦ ʩʪʨʫʢʪʫʨʝ ʬʦʨʤʫʣʳ (3). 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ (3) ʪʘʢʦʚʳ, ʯʪʦ ʟʥʘʯʝʥʠʝ 4991,3 ʤ/ʩ ʧʦʢʘʟʳʚʘʝʪ ʧʨʝʜʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʤ ʦʙʨʘʟʮʝ ʠʟ ʜʨʝʚʝʩʠʥʳ ʝʣʠ.  
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S = 170.53039737

r = 0.99089717

X Axis (units)

Y
 A

xi
s 

(u
ni

ts
)

0.4 55.3 110.2 165.1 219.9 274.8 329.746.93

908.63

1770.33

2632.03

3493.73

4355.43

5217.13

 

S = 58.96317958

r = 0.94074942

X Axis (units)

Y
 A

x
is

 (
un

its
)

0.4 55.3 110.2 165.1 219.9 274.8 329.7-461.69

-327.20

-192.71

-58.22

76.27

210.75

345.24

 

ʄʦʜʝʣʴ ʧʦ ʬʦʨʤʫʣʝ (3)  ɺʦʣʥʘ ʧʦ ʦʩʪʘʪʢʘʤ ʦʪ ʤʦʜʝʣʠ (3) 
S = 52.28075591

r = 0.99920385

X Axis (units)

Y
 A

xi
s 

(u
ni

ts
)

0.4 55.3 110.2 165.1 219.9 274.8 329.746.93

908.63

1770.33

2632.03

3493.73

4355.43

5217.13

 

S = 6.97474086

r = 0.29606060

X Axis (units)

Y
 A

xi
s 

(u
ni

ts
)

0.4 55.3 110.2 165.1 219.9 274.8 329.7-18.12

-11.32

-4.53

2.27

9.06

15.86

22.65

 

ʆʙʱʠʡ ʛʨʘʬʠʢ ʧʝʨʚʳʭ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɻʨʘʬʠʢ 12-ʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ 

ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʩʢʦʨʦʩʪʠ ʋɿʂ C  ʦʪ ʜʣʠʥʳ ʦʙʨʘʟʮʘ, ʩ ʚʳʯʝʪʦʤ ʚʨʝʤʝʥʠ ʥʘ ʢʦʥʫʩʥʳʝ ʥʘʩʘʜʢʠ 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʚʠʜʥʦ, ʯʪʦ ʢʘʞʜʘʷ ʚʦʣʥʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʤʝʝʪ ʪʝʩʥʦʪʫ ʩʚʷʟʠ ʚʳʰʝ 

ʩʣʘʙʦʡ, ʪʦ ʙʦʣʴʰʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʢʦʨʨʝʣʷʮʠʠ 0,3 (ʢʨʦʤʝ 12-ʦʡ). 

ɸʢʫʩʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ. ʇʣʦʪʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, 

ʨʘʚʥʦʡ 418,8 ʢʛ/ʤ
3
. ʇʝʨʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʤʝʝʪ ʢʦʥʩʪʨʫʢʮʠʶ (ʨʠʩ. 4), ʢʘʢ ʠ ʫ ʩʢʦʨʦʩʪʠ 

ʫʣʴʪʨʘʟʚʫʢʘ, ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ 

    ))048178,0exp(1(92018,11 71101,0LK --= .    (4) 
S = 0.12480093

r = 0.99920392

X Axis (units)

Y
 A

x
is

 (
u
n
it
s
)

0.4 55.3 110.2 165.1 219.9 274.8 329.70.11

2.17

4.23

6.28

8.34

10.40

12.46

 

S = 0.01635391

r = 0.08896807

X Axis (units)

Y
 A

x
is

 (
u
n
it
s
)

0.4 55.3 110.2 165.1 219.9 274.8 329.7-0.05

-0.03

-0.02

-0.00

0.02

0.03

0.05

 

ʆʙʱʠʡ ʛʨʘʬʠʢ ʧʝʨʚʳʭ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɻʨʘʬʠʢ 16-ʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ 

ʈʠʩ. 4. ɻʨʘʬʠʢʠ ʩʢʦʨʦʩʪʠ ʋɿʂ C  ʦʪ ʜʣʠʥʳ ʦʙʨʘʟʮʘ, ʩ ʚʳʯʝʪʦʤ ʚʨʝʤʝʥʠ ʥʘ ʢʦʥʫʩʥʳʝ ʥʘʩʘʜʢʠ 

 

ʉ ʫʯʝʪʦʤ ʚʦʣʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʧʝʨʚʳʤ ʜʚʫʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ    

21 KKK -= ,            (4)  

)040695,0exp(1(98741,12 69795,0

1 LK --= , )98465,0/cos(2 += pLAK p , 

)1096055,6exp(23667,0 52091,2638753,0 LLA -Ö-= , 41124,251001731,26177,59 Lp -Ö+= . 

ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʜʦʩʪʠʛʣʦ 12,99. ɸ ʵʪʦ ʫʞʝ ʙʣʠʟʢʦ ʢ ʨʝʟʦʥʘʥʩʥʦʡ 

ʜʨʝʚʝʩʠʥʝ ʧʨʠ ʫʩʣʦʚʠʠ []K  = 13 ʤ
4
/(ʢʛ ʩ), ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʠʩʧʳʪʳʚʘʪʴ ʜʝʪʘʣʠ ʤʫʟʳʢʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʢʘʞʜʦʡ ʠʟʛʦʪʦʚʣʷʝʤʦʡ ʧʘʨʪʠʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʠʷ 
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ʜʦʧʫʩʪʠʤʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ.  

ʇʦ ʚʩʝʤ ʪʨʝʤ ʘʢʫʩʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʜʠʥʘʤʠʯʥʦʩʪʴ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʠʥʘʤʠʯʥʦʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʚʦʣʥʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢ ʥʝ ʚʦʣʥʦʚʳʤ. 

ʆʩʪʘʪʢʠ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ ʦʯʝʥʴ ʤʘʣʳ ʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʧʦʛʨʝʰʥʦʩʪʷʤ ʠʟʤʝʨʝʥʠʡ.  

ʇʦʵʪʦʤʫ ʚ ʟʘʚʦʜʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ ʜʨʝʚʝʩʠʥʳ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʜk  ʤʦʞʥʦ ʚʳʯʠʩʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ 

ʪʪʬʜ ʫyyk /)( -= ,           (5) 

ʛʜʝ    ʬʫ  - ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, 

ʪʫ  - ʨʘʩʯʝʪʥʳʝ ʧʦ ʪʨʝʥʜʫ (ʪʝʥʜʝʥʮʠʠ) ʪʠʧʘ ʬʦʨʤʫʣ (1), (3) ʠ (4) ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ. 

ʈʘʩʯʝʪʳ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Excel ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʫʢʘʟʘʥʥʦʤ ʢʨʠʪʝʨʠʶ ʪʨʝʥʜʳ 

(ʪʝʥʜʝʥʮʠʠ) ʚ ʚʠʜʝ ʪʨʝʭ ʥʝʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ (1), (3) ʠ (4) ʠʤʝʶʪ ʤʘʣʫʶ ʜʠʥʘʤʠʯʥʦʩʪʴ, ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 0,08; 0,25 ʠ 0,25. 

ʚʳʩʦʢʘʷ ʘʜʝʢʚʘʪʥʦʩʪʴ, ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʢʦʨʨʝʣʷʮʠʠ ʙʦʣʝʝ 0,99, ʟʘʤʝʪʥʘ ʠ ʧʦ ʛʨʘʬʠʢʘʤ.  

ʇʦʵʪʦʤʫ ʚʦʣʥʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʞʥʦ ʥʝ ʚʳʷʚʣʷʪʴ, ʘ ʩʨʘʟʫ ʞʝ ʦʮʝʥʠʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ D (%) ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 

ʬʪʬ ʫyy /)(100 -=D .          

 (6)  

 ʇʦ ʧʦʢʘʟʘʪʝʣʶ ʚʨʝʤʝʥʠ ʋɿʂ ʜʚʝ ʚʦʣʥʳ ʦʙʨʘʟʫʶʪ ʦʙʱʠʡ ʛʨʘʬʠʢ (ʨʠʩ. 5). 

S = 2.51622944

r = 0.65645157

X Axis (units)

Y 
Ax

is
 (u

ni
ts

)

0.4 55.3 110.2 165.1 219.9 274.8 329.7-9.22

-6.42

-3.62

-0.82

1.98

4.78

7.58

 
ʈʠʩ. 5. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ  ʤʦʜʝʣʠ (1) ʚʨʝʤʝʥʠ ʋɿʂ ʦʪ ʜʣʠʥʳ ʦʩʪʘʪʢʦʚ ʠ ʦʪʨʝʟʢʦʚ 

 

ɿʜʝʩʴ ʟʘʤʝʪʥʦ, ʯʪʦ ʤʘʣʘʷ ʘʤʧʣʠʪʫʜʘ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ °2 % ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʜʣʠʥʳ 

ʦʙʨʘʟʮʘ 120 ʤʤ. ʇʨʠ ʤʝʥʴʰʝʡ ʜʣʠʥʝ ʚʦʟʥʠʢʘʶʪ ʩʠʣʴʥʳʝ ʚʦʣʥʦʚʳʝ ʢʦʣʝʙʘʥʠʷ. ʅʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ °7,5 % ʧʨʠ ʜʣʠʥʘʭ ʦʙʨʘʟʮʦʚ ʤʝʥʝʝ 20 ʤʤ. 

ʇʦ ʩʢʦʨʦʩʪʠ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʝ ʋɿʂ ʛʨʘʬʠʢʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6: 

- ʧʦʛʨʝʰʥʦʩʪʴ ʫʨʘʚʥʝʥʠʷ (3) ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ  

)043319,0)0065993,003987,36/(cos()64490,16exp(1072604,7 65351,1023849,08 -+-Ö=D LLLC p ;(7) 

- ʧʦʛʨʝʰʥʦʩʪʴ ʫʨʘʚʥʝʥʠʷ (4) ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʜʨʝʚʝʩʠʥʳ ʝʣʠ   

  )028499,0)0062436,032220,36/(cos()31145,14exp(0,76192270 65287,1027922,0 -+-=D LLLK p .(8) 
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S = 3.75995708

r = 0.92568654

X Axis (units)

Y
 A

x
is

 (
u
n
it
s
)

0.4 55.3 110.2 165.1 219.9 274.8 329.7-37.00

-28.41

-19.82

-11.23

-2.64

5.95

14.54

 

S = 3.81321836

r = 0.92391825

X Axis (units)

Y
 A

x
is

 (
u
n
it
s
)

0.4 55.3 110.2 165.1 219.9 274.8 329.7-37.19

-28.57

-19.96

-11.35

-2.73

5.88

14.50

 
ʇʦ ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ (3) ʇʦ ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʝ (4) 

ʈʠʩ. 6. ɻʨʘʬʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʋɿʂ 
 

ʄʘʣʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʩ ʜʣʠʥʳ ʦʙʨʘʟʮʘ 160 ʤʤ. ɸ ʧʦ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʝ ʧʨʝʜʝʣ ʩʥʠʞʝʥʠʷ ʜʣʠʥʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʦʤ ʞʝ 

ʫʨʦʚʥʝ. ʊʦʛʜʘ ʧʦʣʫʯʘʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʝʥ ʧʦʢʘʟʘʪʝʣʴ ʚʨʝʤʝʥʠ ʋɿʂ, ʧʦ ʢʦʪʦʨʦʤʫ ʥʘ 

ʨʠʩʫʥʢʝ 7 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʦʩʪʘʪʢʠ ʦʪ ʜʚʫʭ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʚʡʝʚʣʝʪ-ʬʫʥʢʮʠʡ. 

X Axis (units)

Y 
Ax

is
 (u

ni
ts

)

0.4 55.3 110.2 165.1 219.9 274.8 329.7-8.63

-6.11

-3.60

-1.09

1.43

3.94

6.45

 
ʈʠʩ. 7. ɻʨʘʬʠʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠ ʚʨʝʤʝʥʠ ʋɿʂ ʧʦ ʬʦʨʤʫʣʝ (1) 

 

ɺ ʧʨʝʜʝʣʘʭ °1 % ʤʦʞʥʦ ʠʩʧʳʪʳʚʘʪʴ ʦʙʨʘʟʮʳ ʜʨʝʚʝʩʠʥʳ ʜʣʠʥʦʡ ʦʪ 70 ʤʤ ʠ ʙʦʣʝʝ, ʘ ʥʘ 

ʦʙʨʘʟʮʘʭ ʜʣʠʥʦʡ 20-70 ʤʤ ʧʦ ʩʢʦʨʦʩʪʠ ʋɿʂ ʙʫʜʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʜʦ °5 %.. 
 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ  
1. ɻʆʉʊ 16483.31-74. ʈʝʟʦʥʘʥʩʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʠ ʩʜʚʠʛʘ ʠ ʜʝʢʨʝʤʝʥʪʘ ʢʦʣʝʙʘʥʠʡ. ï ʄ.: 

ʀʟʜ-ʚʦ ʩʪʘʥʜʘʨʪʦʚ, 1974. ï 8 ʩ. 

2. ʇʘʪ. 2334984 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ G01N33/46 (2006.01). ʉʧʦʩʦʙ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʧʳʪʘʥʠʷ ʧʦʣʝʥʴʝʚ 

ʨʝʟʦʥʘʥʩʥʦʡ ʜʨʝʚʝʩʠʥʳ / ʄʘʟʫʨʢʠʥ ʇ.ʄ., ʊʝʤʥʦʚʘ ɽ.ɹ. (ʈʌ); ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʄʘʨʠʡʩʢ. ʛʦʩ. ʪʝʭ. ʫʥ-ʪ. 

- ˉ2006126506/12; ʟʘʷʚʣ. 20.07.2006; ʦʧʫʙʣ. 27.09.2008. 

3. ʊʝʤʥʦʚʘ, ɽ.ɹ. ʇʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʟʦʥʘʥʩʥʳʭ ʩʚʦʡʩʪʚ ʜʨʝʚʝʩʠʥʳ ʧʦʣʝʥʴʝʚ / ɽ.ɹ. 

ʊʝʤʥʦʚʘ // ʋʩʧʝʭʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ï 2009. - ˉ 8. ï ʉ. 8-15. 

4. ʊʝʤʥʦʚʘ, ɽ.ɹ. ɺʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʯʝʨʝʟ ʢʦʥʫʩʥʳʝ ʥʘʩʘʜʢʠ ʚ ʵʪʘʣʦʥʥʦʤ 

ʦʙʨʘʟʮʝ ʠʟ ʦʨʛʩʪʝʢʣʘ / ɽ.ɹ. ʊʝʤʥʦʚʘ, ʇ.ʄ. ʄʘʟʫʨʢʠʥ // ʂʘʟʘʥʩʢʘʷ ʥʘʫʢʘ. - ˉ 1. - 2010. ï ʂʘʟʘʥʴ: ʀʟʜ-ʚʦ 

ʂʘʟʘʥʩʢʠʡ ʀʟʜʘʪʝʣʴʩʢʠʡ ɼʦʤ, 2010. ï ʉ.23-28. 
 

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʠ ʦʧʫʙʣʠʢʦʚʘʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 3.2.3/4603 ʄʆʅ ʈʌ 
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ɸ.ʆ. ʇʝʪʨʝʥʢʦ 
 

ʄʘʨʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ, ʁʦʰʢʘʨ-ʆʣʘ 
 

ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʇʈʆʎɽʉʉɸ ɺʃɸɻʆʋɼɽʈɾʀɺɸʅʀʗ  

ʉʈɽɿɸʅʅʓʄʀ ɺɽʊʆʏʂɸʄʀ ɼɽʈɽɺʔɽɺ ɽʃʀ 
 

ɺ ʠʟʚʝʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦ  ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠ 

ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʭʚʦʠ ʝʣʠ, ʘ ʪʘʢʞʝ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ ʦʮʝʥʦʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʦʣʦ ʤʝʩʪʘ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʝʣʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ 

ʧʦʪʝʨʠ ʚʣʘʛʠ ʩʨʝʟʘʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʚʝʪʦʯʝʢ ʜʝʨʝʚʴʝʚ ʝʣʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʚʣʘʛʠ ʚ ʧʨʦʙʘʭ, ʧʦʩʪʦʷʥʥʘʷ ʤʘʩʩʘ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʧʨʦʙʳ, 

ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ-ʧʨʦʙ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʘ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʜʝʨʝʚʴʝʚ ʝʣʠ. 
 

ʈʘʩʪʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʜʨʝʚʝʩʥʳʝ, ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʤʥʦʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʭʥʦʛʝʥʥʳʭ 

ʚʳʙʨʦʩʦʚ [1]. ʇʦʵʪʦʤʫ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʪʝʨʨʠʪʦʨʠʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩʚʦʡʩʪʚʘʤʠ ʭʚʦʠ 

ʜʝʨʝʚʴʝʚ ʝʣʠ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʣʝʩʥʦʡ ʵʢʦʩʠʩʪʝʤʳ  ʦʮʝʥʠʚʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [2]. ʆʜʥʘʢʦ ʚ ʠʟʚʝʩʪʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʫʙʣʠʢʘʮʠʷʭ 

ʥʝʜʦʩʪʘʪʦʯʥʦ  ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʠ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʭʚʦʠ ʜʝʨʝʚʴʝʚ ʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ ʦʮʝʥʦʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʦʣʦ ʤʝʩʪʘ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʝʣʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʧʦʢʘʟʘʪʴ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʧʦʪʝʨʠ ʚʣʘʛʠ 

ʭʚʦʸʡ ʫʯʝʪʥʳʭ ʜʝʨʝʚʴʝʚ ʝʣʠ, ʘ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʠʟʣʦʞʠʪʴ ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʝʣʴ ʩʨʝʜʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʰʘʣʠʩʴ ʟʘʜʘʯʠ: 

1) ʦʧʨʝʜʝʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʧʦʪʝʨʠ ʚʣʘʛʠ ʩʨʝʟʘʥʥʳʤʠ 

ʚʝʪʦʯʢʘʤʠ ʩ ʫʯʝʪʥʳʭ ʜʝʨʝʚʴʝʚ ʝʣʠ; 

2) ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ CurveExpert 

1.3 ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʚʣʘʛʦʫʜʝʨʞʠʚʘʥʠʷ ʭʚʦʸʡ ʝʣʠ [4]; 

3) ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

ʩʨʝʟʘʥʥʳʭ ʝʣʦʚʳʭ ʚʝʪʦʯʝʢ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ 

ʫʯʝʪʥʫʶ ʝʣʴ ʩʨʝʜʳ. 

ɼʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʚʟʷʪʳ ʜʝʨʝʚʴʷ ʝʣʠ ʝʚʨʦʧʝʡʩʢʦʡ, ʠʣʠ 

ʦʙʳʢʥʦʚʝʥʥʦʡ Picea ʘbies [3]. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʪʙʠʨʘʣʠʩʴ ʜʝʨʝʚʮʘ ʝʣʠ ʚ ʚʦʟʨʘʩʪʝ 12-15 

ʣʝʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʯʝʙʥʦ-ʦʧʳʪʥʦʛʦ ʣʝʩʭʦʟʘ ʄʘʨʠʡʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: 46 ʢʚ., 1 ʚʳʜʝʣ (ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʜʦʨʦʛʠ ʙʦʣʝʝ 50 ʤ).   

ʉ ʢʘʞʜʦʛʦ ʜʝʨʝʚʮʘ ʝʣʠ ʩʨʝʟʘʣʠ ʧʦ ʦʜʥʦʡ ʚʝʪʦʯʢʝ ɺ-0 ʩ ʚʝʨʭʫʰʝʢ ʙʦʢʦʚʳʭ ʚʝʪʚʝʡ ʦʪ 

ʯʝʪʚʝʨʪʦʡ ʤʫʪʦʚʢʠ, ʦʪʩʯʠʪʳʚʘʷ ʩʚʝʨʭʫ ʝʣʠ, ʚ ʯʝʪʳʨʝʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʨʠʯʝʤ 

ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʙʠʨʘʣʠʩʴ ʚʝʪʦʯʢʠ ʪʦʣʴʢʦ ʩ ʦʜʥʦʣʝʪʥʝʡ ʭʚʦʝʡ. ɿʘʪʝʤ ʦʢʦʣʦ ʩʪʚʦʣʘ 

ʫʯʝʪʥʦʛʦ ʜʝʨʝʚʘ ʝʣʠ ʩʨʝʟʘʣʘʩʴ ʦʜʥʘ ʙʦʢʦʚʘʷ ʚʝʪʚʴ ʩ ʩʝʚʝʨʥʦʡ ʩʪʦʨʦʥʳ ʩʚʝʪʘ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 2 ʧʨʦʝʢʮʠʠ ʫʯʝʪʥʦʡ ʝʣʠ ɽ-01, ʩ ʢʦʪʦʨʦʡ ʩʦʙʠʨʘʣʠ ʦʧʳʪʥʳʝ 

ʦʙʨʘʟʮʳ (ʚʠʜ ʩʧʝʨʝʜʠ ʠ ʚʠʜ ʩʚʝʨʭʫ). 

ʂʘʢ ʚʠʜʥʦ, ʥʘ ʨʠʩ. 1 ʫ ʜʝʨʝʚʘ ʝʣʠ ʚ ʤʫʪʦʚʢʠ ʩʦʙʨʘʥʳ ʥʝ ʪʦʣʴʢʦ ʚʝʪʚʠ, ʥʦ ʠ ʚʝʪʦʯʢʠ, 

ʢʦʪʦʨʳʭ ʚ ʤʫʪʦʚʢʝ ʚʩʪʨʝʯʘʝʪʩʷ ʦʪ ʜʚʫʭ ʜʦ ʧʷʪʠ. 

ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʘ ʝʣʦʚʘʷ ʚʝʪʢʘ, ʩ ʢʦʪʦʨʦʡ ʩʨʝʟʘʣʠ ʚʝʪʦʯʢʫ ɺ-0 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʭʚʦʠ ʜʝʨʝʚʴʝʚ ʝʣʠ. 
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ʈʠʩ. 1. ɽʣʴ ɽ-01 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʨʝʟʘʣʘʩʴ 

ʪʦʣʴʢʦ ʮʝʥʪʨʘʣʴʥʘʷ ʚʝʪʦʯʢʘ. 

ʆʙʨʘʟʮʳ-ʧʨʦʙʳ ʩʢʣʘʜʳʚʘʣʠ ʚ ʙʫʤʘʞʥʳʝ ʧʘʢʝʪʳ, ʥʘ ʢʦʪʦʨʳʭ 

ʬʠʢʩʠʨʦʚʘʣʠ ʥʦʤʝʨ ʜʝʨʝʚʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʦʨʦʥʳ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ 

ʚʨʝʤʷ ʩʨʝʟʢʠ ʧʨʦʙʳ. 

ɺʝʪʦʯʢʠ ʚʟʚʝʰʠʚʘʣʠ ʯʝʨʝʟ ʯʘʩ ʧʦʩʣʝ ʩʨʝʟʢʠ ʚ ʢʘʤʝʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʚʝʩʘʭ  ʤʘʨʢʠ ELB 600 ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,05 ʛ. ʇʦʩʣʝʜʫʶʱʠʝ ʚʟʚʝʰʠʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 

ʢʘʞʜʳʝ ʪʨʠ ʯʘʩʘ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ï 2-3 ʨʘʟʘ ʜʥʸʤ, ʘ ʟʘʪʝʤ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʥʝʜʝʣʴ - ʦʜʠʥ ʨʘʟ ʜʥʸʤ ʠ ʜʘʣʝʝ ʦʜʠʥ ʨʘʟ ʚ ʥʝʜʝʣʶ.   

ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʪʝʨʠ ʚʣʘʛʠ ʚʝʪʦʯʢʘʤʠ  

ʜʝʨʝʚʘ ʝʣʠ ˉ 1 ʧʦʩʣʝ ʩʨʝʟʢʠ ʧʦ ʯʝʪʳʨʸʤ ʩʪʦʨʦʥʘʤ ʩʚʝʪʘ. 

ʊʘʙʣʠʮʘ 1 

ɼʠʥʘʤʠʢʘ ʧʦʪʝʨʠ ʚʣʘʛʠ ʚʝʨʭʫʰʢʘʤʠ ʤʫʪʦʚʦʢ ʜʝʨʝʚʘ ʝʣʠ ˉ1 

ɺʨʝʤʷ, ʩʫʪʢʠ ʄʘʩʩʘ ʚʝʪʦʯʝʢ, ʛ 

ʖʛ ʉʝʚʝʨ ɿʘʧʘʜ ɺʦʩʪʦʢ 

0,04 1,45 1,00 1,00 1,05 

0,17 1,35 1,00 0,95 1,00 

0,29 1,30 0,95 0,90 0,95 

0,42 1,30 0,95 0,90 0,95 

0,54 1,30 0,95 0,90 0,90 

0,67 1,25 0,95 0,85 0,90 

0,79 1,25 0,90 0,85 0,90 

0,92 1,25 0,90 0,85 0,90 

1,04 1,25 0,90 0,85 0,90 

1,17 1,25 0,90 0,80 0,85 

1,79 1,20 0,85 0,75 0,80 

2,14 1,15 0,80 0,75 0,80 

3,79 1,00 0,70 0,65 0,70 

4,00 1,00 0,70 0,65 0,70 

5,00 0,95 0,65 0,60 0,65 

6,00 0,90 0,60 0,55 0,60 

 

 
ʈʠʩ. 2. ɺʝʪʦʯʢʘ ɺ-0 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1 

8,00 0,80 0,50 0,45 0,50 

9,00 0,75 0,50 0,50 0,50 

11,00 0,70 0,45 0,40 0,50 

12,00 0,70 0,45 0,45 0,50 

13,00 0,65 0,45 0,45 0,45 

14,00 0,65 0,45 0,45 0,45 

15,00 0,65 0,45 0,45 0,45 

15,00 0,65 0,45 0,45 0,45 

18,00 0,65 0,45 0,40 0,45 

20,00 0,65 0,45 0,40 0,45 

22,00 0,65 0,45 0,40 0,45 

25,00 0,65 0,45 0,45 0,45 

27,00 0,65 0,45 0,45 0,45 

29,00 0,60 0,40 0,45 0,45 

35,00 0,65 0,45 0,45 0,45 

36,00 0,65 0,45 0,45 0,45 

43,00 0,65 0,40 0,40 0,45 

55,00 0,60 0,45 0,45 0,45 

63,00 0,65 0,45 0,45 0,45 

 

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʫ ʧʨʦʙʳ, 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʫʰʢʠ. ʉ ʶʞʥʦʡ ʩʪʦʨʦʥʳ ʩʚʝʪʘ ʤʦʜʝʣʴ ʧʦʪʝʨʠ ʚʣʘʛʠ 

ʢʠʩʪʦʯʢʦʡ ʚʝʨʭʫʰʢʠ ʚʝʪʢʠ ʝʣʠ ˉ 1 ʧʦ ʤʝʪʦʜʠʢʝ [5] ʠʤʝʝʪ ʚʠʜ:  

             6313,0)1537,0exp(7304,0 1028,1 +-=+= tʩmʚmm ,                   (1) 

ʛʜʝ m - ʤʘʩʩʘ ʧʨʦʙʳ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʫʰʢʠ, ʛ; 

ʚm  - ʧʝʨʝʤʝʥʥʘʷ ʤʘʩʩʘ ʪʝʨʷʝʤʦʡ ʧʨʦʙʦʡ ʚʣʘʛʠ, ʛ; 

cm  - ʧʦʩʪʦʷʥʥʘʷ ʤʘʩʩʘ ʩʫʭʠʭ ʠʛʦʣʦʢ ʩ ʚʝʪʦʯʢʦʡ (ʩʫʭʦʡ ʢʠʩʪʦʯʢʠ) ʩ ʫʯʝʪʦʤ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʠʭ ʚʣʘʞʥʦʩʪʠ, ʛ; 

t  - ʚʨʝʤʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʫʰʢʠ ʩ ʤʦʤʝʥʪʘ ʩʨʝʟʢʠ ʧʨʦʙʳ, ʩʫʪʢʠ. 

ʌʦʨʤʫʣʘ (1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ  ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʫʰʢʠ ʚʝʪʦʯʝʢ ʝʣʠ ʠʤʝʝʪ ʜʚʝ 

ʩʦʩʪʘʚʣʷʶʱʠʭ.  

ʇʝʨʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚm  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʫʰʢʠ  ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʟʘʢʦʥʫ ʛʠʙʝʣʠ ʚ ʦʙʱʝʡ ʬʦʨʤʝ, ʘ ʚʪʦʨʘʷ ʩm  ï ʯʪʦ ʧʦʪʝʨʷ ʚʣʘʛʠ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʜʦ 

ʥʝʢʦʪʦʨʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʚʣʘʛʠ ʚ ʧʨʦʙʝ.    

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʧʦʪʝʨʠ ʚʣʘʛʠ ʚʝʪʦʯʢʦʡ ʜʝʨʝʚʘ ʝʣʠ ˉ 1.  

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 3 ʚ ʧʨʦʮʝʩʩʝ ʧʦʪʝʨʠ ʚʣʘʛʠ 

ʚʝʪʦʯʢʘʤʠ ʜʝʨʝʚʴʝʚ ʝʣʠ ʧʨʦʠʩʭʦʜʠʪ ʫʙʳʚʘʥʠʝ ʤʘʩʩʳ 

ʚʣʘʛʠ ʚ ʧʨʦʙʘʭ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 

ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʳʚʝʜʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʚʥʘ 6,31 % ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʬʦʨʤʫʣʳ 

ï 93,69 %. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʬʦʨʤʫʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [5].  

ʄʦʜʝʣʠ ʧʦʪʝʨʠ ʚʣʘʛʠ ʚʝʪʦʯʢʘʤʠ ʩ ʩʝʚʝʨʥʦʡ, 

ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥ ʩʚʝʪʘ ʜʝʨʝʚʘ ʝʣʠ ˉ 1, ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʭ ʜʝʨʝʚʴʝʚ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʧʦ ʩʪʦʨʦʥʘʤ ʩʚʝʪʘ ʤʘʩʩʳ ʚʣʘʛʠ 

ʚ ʧʨʦʙʘʭ, ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʦʙ, ʘ 

ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʧʦʩʣʝ ʚʳʩʳʭʘʥʠʷ.   

S = 0.02685241

r = 0.99610597

X Axis (units)

Y
 A

x
is

 (
u
n
it
s
)

0.0 11.5 23.1 34.6 46.2 57.7 69.30.52

0.69

0.85

1.02

1.19

1.36

1.53

 
ʈʠʩ. 3. ɻʨʘʬʠʢ ʧʦʪʝʨʠ ʚʣʘʛʠ ʚʝʪʦʯʢʦʡ 

ʜʝʨʝʚʘ ʝʣʠ ˉ 1 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ (1), ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʨʝʤʝʥʠ  t  ʤʘʩʩʘ ʧʨʦʙʳ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ʊʘʢ ʢʘʢ, ʤʦʜʝʣʴ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ, ʤʦʞʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʘʪʴ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʚʝʪʦʯʝʢ t  ʠ ʥʘʯʘʣʴʥʫʶ ʤʘʩʩʫ ʚʣʘʛʠ ʚ 

ʧʨʦʙʝ 0m . 

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʫʜʝʨʞʠʚʘʥʠʷ ʚʣʘʛʠ ʚʝʪʦʯʢʦʡ ʝʣʠ.  

ʇʣʦʱʘʜʴ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʥʘ 

ʩʭʝʤʝ ʰʪʨʠʭʦʚʢʦʡ, 

ʧʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʢʫ 

ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʚʝʪʦʯʢʠ, ʠ 

ʦʥʘ ʨʘʚʥʘ: 

110 )exp( 2 mtamS a
ʚ +-= , (2) 

ʛʜʝ ʚS  - ʟʥʘʯʝʥʠʝ 

ʚʣʘʛʦʫʜʝʨʞʠʚʘʥʠʷ ʧʨʦʙ, ʠʣʠ 

ʤʘʩʩʘ ʚʣʘʛʠ ʚ ʧʨʦʙʝ, ʛ; 

0m  - ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʚʣʘʛʠ ʚ 

ʧʨʦʙʝ, ʛ; 

1m  - ʧʦʩʪʦʷʥʥʘʷ ʤʘʩʩʘ 

ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ, ʛ; 

1a  - ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʠ (2), 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʘʢʪʠʚʥʦʩʪʴ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʩʳʭʘʥʠʷ 

ʧʨʦʙʳ; 

2a  - ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʩʳʭʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʳ. 

ɼʣʷ ʚʩʝʭ ʧʨʦʙʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 

                                                                 
T

m
V 0= ,                                                            (3) 

ʛʜʝ  V  - ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʛ/ʩʫʪʢʠ; 

T  - ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʥʘʪʥʦʡ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʡ ʤʘʩʩʳ 1m , ʩʫʪʢʠ. 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʢʦʨʦʩʪʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʚʝʪʦʯʝʢ ʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʩʫʰʢʠ ʚʩʝʭ ʚʝʪʦʯʝʢ ʫ ʯʝʪʳʨʝʭ ʜʝʨʝʚʴʝʚ ʝʣʠ. 

ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʅʦʤʝʨ ʜʝʨʝʚʘ 

ʝʣʠ 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ, ʛ/ʩʫʪʢʠ 

ʖʛ ʉʝʚʝʨ ɿʘʧʘʜ ɺʦʩʪʦʢ 

1 0,056 0,0497 0,049 0,044 

2 0,063 0,053 0,054 0,055 

3 0,063 0,050 0,047 0,046 

4 0,076 0,040 0,023 0,033 

ʉʨʝʜʥʝʝ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

0,0645 0,04818 0,04325 0,0445 

 

ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʦʙ ʚʝʪʦʯʝʢ. 

ʇʨʦʮʝʩʩ ʧʦʪʝʨʠ ʚʣʘʛʠ ʚʝʪʦʯʢʘʤʠ ʤʫʪʦʚʦʢ ʝʣʠ ʧʨʦʪʝʢʘʝʪ ʧʦ ʟʘʢʦʥʫ ʩʧʘʜʘ ʜʦ ʧʦʩʪʦʷʥʥʦʡ 

ʤʘʩʩʳ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʥʠʮʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʤʝʩʪʘ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʫ ʜʝʨʝʚʴʝʚ ʝʣʠ. 

 
ʈʠʩ. 5. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ 
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ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʮʝʩʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʫʰʢʠ ʠʤʝʝʪ ʚʦʣʥʦʚʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʅʦʚʠʟʥʦʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ: 

ʚʦ-ʧʝʨʚʳʭ, ʤʝʪʦʜ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʫʰʢʠ ʚʝʪʦʯʝʢ ʜʝʨʝʚʴʝʚ ʝʣʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʙʱʫʶ 

ʪʝʥʜʝʥʮʠʶ ʧʨʦʮʝʩʩʘ ʧʦʪʝʨʠ ʚʣʘʛʠ ʧʦʩʣʝ ʩʨʝʟʢʠ; 

ʚʦ-ʚʪʦʨʳʭ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʤʝʩʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ 

ʪʘʢʠʝ, ʢʘʢ ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʚʣʘʛʠ ʚ ʧʨʦʙʘʭ, ʧʦʩʪʦʷʥʥʘʷ ʤʘʩʩʘ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʧʨʦʙʳ, ʚʨʝʤʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ; 

ʚ-ʪʨʝʪʴʠʭ, ʧʨʠʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʞʠʟʥʝʩʪʦʡʢʦʩʪʴ ʜʝʨʝʚʴʝʚ ʝʣʠ, ʘ ʧʦ ʞʠʟʥʝʩʪʦʡʢʦʩʪʠ ï ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʝʸ ʤʝʩʪʘ ʧʨʦʠʟʨʘʩʪʘʥʠʷ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʪʝʨʠ ʚʣʘʛʠ ʚʝʪʦʯʢʘʤʠ ʜʝʨʝʚʴʝʚ ʝʣʠ ʧʦʟʚʦʣʷʪ ʫʧʨʘʚʣʷʪʴ ʣʝʩʥʳʤʠ 

ʧʣʘʥʪʘʮʠʷʤʠ ʝʣʠ, ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʥʘ 

ʦʙʩʣʝʜʫʝʤʳʭ ʣʝʩʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʊʘʢ ʢʘʢ ʝʣʴ ʭʦʨʦʰʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʳ. ʇʨʦʩʪʦʪʘ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʪʘʢʞʝ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʥʘ 

ʫʯʸʪʥʳʭ ʜʝʨʝʚʴʷʭ, ʥʝ ʧʨʦʚʦʜʷ ʨʫʙʢʠ ʤʦʜʝʣʴʥʳʭ ʜʝʨʝʚʴʝʚ. 
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ʉɽʂʎʀʗ ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʀ.ʉ. ɹʘʨʤʘʥʦʚ 
 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. 

ʂʦʨʦʣʸʚʘ, ʈʦʩʩʠʷ, ʉʘʤʘʨʘ 
 

ʆɹɽʉʇɽʏɽʅʀɽ ɾɪʉʊʂʆʉʊʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ  

ʋʇʈʋɻʆɼɽʄʇʌɽʈʅʓʍ ʆʇʆʈ ɸɺʀɸʎʀʆʅʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 
 

ʉʪʨʝʤʣʝʥʠʝ ʩʦʟʜʘʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʵʢʦʥʦʤʠʯʥʳʝ ʠ ʥʘʜʸʞʥʳʝ ʘʚʠʘʜʚʠʛʘʪʝʣʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʠʙʨʘʮʠʦʥʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʥʘ ʚʩʝʭ ʨʘʙʦʯʠʭ ʨʝʞʠʤʘʭ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʫʧʨʫʛʦʜʝʤʧʬʝʨʥʳʭ ʦʧʦʨ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ 

ʞʸʩʪʢʦʩʪʠ ʦʧʦʨʳ ʦʪ ʞʸʩʪʢʦʩʪʝʡ ʚʭʦʜʷʱʠʭ ʚ ʥʝʸ ʵʣʝʤʝʥʪʦʚ. 
 

ɾʸʩʪʢʦʩʪʴ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʚ ʦʧʦʨʘʭ ʦʧʨʝʜʝʣʷʶʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʦʪʦʨʥʦʡ 

ʤʘʰʠʥʳ. ʇʨʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʠʥʘʤʠʢʠ ʨʦʪʦʨʘ ʘʚʠʘʮʠʦʥʥʦʛʦ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ (ɻʊɼ) ʥʝʦʙʭʦʜʠʤʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʟʥʘʪʴ ʞʸʩʪʢʦʩʪʴ ʦʧʦʨ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʯʘʩʪʦʪʫ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ɾʸʩʪʢʦʩʪʴ ʫʧʨʫʛʦʜʝʤʧʬʝʨʥʦʡ ʦʧʦʨʳ (ʋɼʆ) ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʞʸʩʪʢʦʩʪʴʶ ʝʸ 

ʵʣʝʤʝʥʪʦʚ: ʜʝʤʧʬʝʨʘ, ʧʦʜʰʠʧʥʠʢʘ, ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ (ʋʕ) ʠ ʢʦʨʧʫʩʘ. ʇʨʠ ʵʪʦʤ, ʞʸʩʪʢʦʩʪʴ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʭʝʤʳ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦ ʬʦʨʤʫʣʝ [1]: 

- ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ (ʨʠʩ. 1 ʘ)  

 

1 2

1 1 1

C C C
= + ; 

- ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ (ʨʠʩ. 1 ʙ) 

1 2C C C= + . 

ʆʧʦʨʳ ʨʦʪʦʨʦʚ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʜʝʤʧʬʝʨʦʚ, ʢ ʪʦʤʫ ʞʝ, 

ʦʪʣʠʯʘʶʪʩʷ ʠ ʩʭʝʤʳ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʋɼʆ (ʨʠʩ. 

2) ʞʸʩʪʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

( )
( ) ( )
ʂ ʇʂ ɻɼɼ ʋʕ

ʋɼʆ

ʂ ʇʂ ʂ ɻɼɼ ʋʕ ʇʂ ɻɼɼ ʋʕ

C C C C
C

C C C C C C C C

+
=

+ + + +
 

ʛʜʝ Cʂ ï ʞʸʩʪʢʦʩʪʴ ʢʦʨʧʫʩʘ, Cʇʂ ï ʞʸʩʪʢʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘ ʢʘʯʝʥʠʷ, Cɻɼɼ ï ʞʸʩʪʢʦʩʪʴ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʝʤʧʬʝʨʘ (ɻɼɼ), Cʋʕ ï ʞʸʩʪʢʦʩʪʴ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ. 

 

 
ʈʠʩ. 2. ʋʧʨʫʛʦʜʝʤʧʬʝʨʥʘʷ ʦʧʦʨʘ 

ɿʘʯʘʩʪʫʶ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʚ ʨʘʩʯʸʪʘʭ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʋɼʆ ʧʨʠʤʝʥʷʶʪ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʪʘʢʠʝ ʢʘʢ StarCD, Nastran, Ansys, Fluent, CFX ʠ ʜʨ. ʉʣʦʞʥʦʩʪʴ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʩʘʤʠʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʘʭ 

 

͊ύ                                        ͋ύ 

˾͙ͫΦ мΦ ˿ͻ͔ͣ͊ ͔͙͔͙ͫͦ͒ͤͤΎΥ  
͊ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦΤ ͋ύ ͔ͨ͊ͪ͊͡͡͡Έͤͦ 
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ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ ʚʨʝʤʷ, ʯʝʤ ʥʘ ʧʨʦʮʝʩʩ 

ʨʘʩʯʸʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠʤʝʥʝʥʠʝ ʕɺʄ ʦʧʨʘʚʜʘʥʦ, ʢʘʢ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ 

ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʢʨʘʩʦʯʥʳʭ ʠʣʣʶʩʪʨʘʮʠʡ, 

ʛʨʘʬʠʢʦʚ, ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʥʦ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʟʫʘʣʠʟʘʮʠʠ.  

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʋɼʆ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠʥʞʝʥʝʨʥʦ-

ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ. ʂʦʥʩʪʨʫʢʮʠʷ ʦʧʦʨʳ ʫʯʠʪʳʚʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʪʦʨʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ. ʆʜʥʘʢʦ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʜʚʠʛʘʪʝʣʝʡ, ʩʪʨʝʤʷʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʦʨʳ ʧʨʦʚʝʨʝʥʥʳʝ ʚʨʝʤʝʥʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʪʨʘʜʠʮʠʷʭ, ʧʨʘʢʪʠʢʝ ʠ ʦʧʳʪʝ ʣʠʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. ʕʪʠʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝʢʘʷ ʩʭʦʞʝʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʦʨ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʝʙʷ ʦʧʨʘʚʜʳʚʘʝʪ, 

ʦʜʥʘʢʦ ʝʛʦ ʥʝ ʚʩʝʛʜʘ ʫʜʘʸʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ. 

ɺʚʠʜʫ ʥʘʤʝʪʠʚʰʝʡʩʷ ʪʝʥʜʝʥʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ɻɼɼ (ʨʠʩ. 3), ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ 

ʦʧʦʨʳ ʩ ɻɼɼ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ɻɼɼ ʩʚʷʟʘʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʠʭ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʦʪʦʨʘ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ ʚʝʩʴʤʘ ʩʣʦʞʥʳ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʠʤʝʶʪ ʙʦʣʴʰʠʝ 

ʨʘʟʤʝʨʳ: ʜʠʘʤʝʪʨʘʣʴʥʳʝ ʜʦ 2,5-3 ʤ, ʦʩʝʚʳʝ ʜʦ 4-5 ʤ. ɺʚʠʜʫ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʡ ʪʝʭʥʠʢʠ ʪʘʢʠʝ ʨʦʪʦʨʘ ʤʦʛʫʪ ʠʤʝʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʜʠʩʙʘʣʘʥʩ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʠʙʨʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʫʟʣʳ ʜʚʠʛʘʪʝʣʷ. ʆʩʦʙʝʥʥʦ ʦʧʘʩʥʳ ʵʪʠ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʦʙʣʘʩʪʷʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ 

ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ.  
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ɿʄʂɹ "ʇʨʦʛʨʝʩʩ"
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"General Electric"

ɻʦʜ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ

ʇɼ ï ʧʣʘʩʪʠʥʯʘʪʳʡ ʜʝʤʧʬʝʨ, ɻɼɼ ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʝʤʧʬʝʨ. 

ʈʠʩ. 3. ʊʠʧʳ ʜʝʤʧʬʝʨʦʚ ʥʝʢʦʪʦʨʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ 

 

ɹʣʘʛʦʜʘʨʷ ʤʘʣʳʤ ʛʘʙʘʨʠʪʘʤ ʠ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʨʝʜʠ ɻɼɼ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʦʨʦʪʢʠʝ ʥʝʧʨʦʪʦʯʥʳʝ ʜʝʤʧʬʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʪʦʢʠ 

ʩʤʘʟʢʠ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ɻɼɼ 

 

ʇʨʠ ʨʘʙʦʪʝ ʚʠʙʨʘʪʦʨ ʜʝʤʧʬʝʨʘ ʩʦʚʝʨʰʘʝʪ ʩʣʦʞʥʦʝ ʜʚʠʞʝʥʠʝ (ʨʠʩ. 5): ʧʨʝʮʝʩʩʠʶ ʣʠʥʠʠ 

ʮʝʥʪʨʦʚ 1 2O O  ʩ ʯʘʩʪʦʪʦʡ W=F ʠ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʣʠʥʠʠ ʮʝʥʪʨʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ e.  

ʊʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʜʝʤʧʬʝʨʥʦʤ ʟʘʟʦʨʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ 

ʤʘʩʩʳ (ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ) ʠ ʚʪʦʨʦʛʦ 

ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ (ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ) [2]. 

ʈʝʰʘʷ ʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʥʘʭʦʜʷʪʩʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʣʳ. 

ɾʸʩʪʢʦʩʪʴ ʧʨʠ ʧʦʣʥʦʤ ʦʭʚʘʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʨʘʜʠʘʣʴʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ 

ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʚʠʙʨʘʪʦʨʘ [2]: 
3 2
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ʛʜʝ ɛ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʤʘʩʣʘ, R ï ʨʘʜʠʫʩ 

ʚʠʙʨʘʪʦʨʘ, L ï ʜʣʠʥʘ ʜʝʤʧʬʝʨʘ, ŭ0 ï ʜʝʤʧʬʝʨʥʳʡ 

ʟʘʟʦʨ, Ů ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ, W ï 

ʯʘʩʪʦʪʘ ʧʨʝʮʝʩʩʠʠ. 

ʉʨʝʜʠ ʋʕ ʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʫʝʪʩʷ çʙʝʣʠʯʴʝ ʢʦʣʝʩʦè (ʨʠʩ. 6). ʉʦʛʣʘʩʥʦ [2] 

ʞʸʩʪʢʦʩʪʴ çʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘè ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ:  

( )2 2
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ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʦʯʝʢ, E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, b ï 

ʰʠʨʠʥʘ ʙʘʣʦʯʢʠ, h ï ʚʳʩʦʪʘ ʙʘʣʦʯʢʠ, lʙ ï ʜʣʠʥʘ ʙʘʣʦʯʢʠ. 

 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʣʠʥʘ ʙʘʣʦʯʝʢ ʦʛʨʘʥʠʯʝʥʘ ʨʘʟʤʝʨʘʤʠ ʦʧʦʨʳ 

ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʪʦ ʨʘʩʯʸʪ ʧʦ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʬʦʨʤʫʣʝ ʜʘʸʪ 

ʥʝʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʘʟʳ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʦ ʩʢʨʫʛʣʝʥʠʷʤʠ. ʀ ʯʝʤ ʤʝʥʴʰʝ ʜʣʠʥʘ ʙʘʣʦʯʝʢ, ʪʝʤ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʥʠ 

ʦʢʘʟʳʚʘʶʪ. ɺ ʩʨʝʜʝ ANSYS ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 7 ʘ), ʠ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʞʝʩʪʢʦʩʪʠ ʩʩʩ /0=  (c0 ï 

ʞʸʩʪʢʦʩʪʴ ʙʝʟ ʫʯʸʪʘ ʩʢʨʫʛʣʝʥʠʷ, c ï ʞʸʩʪʢʦʩʪʴ ʩ ʫʯʸʪʦʤ ʩʢʨʫʛʣʝʥʠʷ)  

 
ʈʠʩ. 5. ʉʭʝʤʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ 
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ʦʪ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʨʘʜʠʫʩʘ ʩʢʨʫʛʣʝʥʠʷ r r b=  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥʳ ʫʧʨʫʛʠʭ 

ʙʘʣʦʯʝʢ Lʙ=lʙ/h (ʨʠʩ. 7 ʙ). 

 

  
ʘ) ʙ) 

ʈʠʩ. 7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ: 

ʘ) ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ; ʙ) ʟʘʚʠʩʠʤʦʩʪʴ c  ʦʪ r  ʧʨʠ ʨʘʟʣʠʯʥʳʭ Lʙ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʚʚʝʜʸʥ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ: 

1

0,138ln 12 0,555 1ʙl r

h b

k
è øå õ

- - +æ öé ù
ç ÷ê ú

= . 

ɺ ʠʪʦʛʝ, ʬʦʨʤʫʣʘ ʞʸʩʪʢʦʩʪʠ çʙʝʣʠʯʴʝʛʦ ʢʦʣʝʩʘè ʧʨʠʥʷʣʘ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

( )2 2
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ɺ ʦʧʦʨʘʭ ʘʚʠʘʮʠʦʥʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʦʩʝʚʳʭ ʠ ʨʘʜʠʘʣʴʥʳʭ 

ʥʘʛʨʫʟʦʢ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʰʘʨʠʢʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ. ɺʝʣʠʯʠʥʳ ʥʘʛʨʫʟʦʢ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ɺʝʣʠʯʠʥʘ ʨʘʜʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʩʦʤ 

ʨʦʪʦʨʘ ʠ ʚʝʣʠʯʠʥʦʡ ʜʠʩʙʘʣʘʥʩʘ, ʘ ʚʝʣʠʯʠʥʘ ʦʩʝʚʦʡ ï ʨʘʟʥʦʩʪʴʶ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ 

ʢʦʤʧʨʝʩʩʦʨʘ ʠ ʪʫʨʙʠʥʳ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʣʠʷʥʠʝ 

ʥʘʛʨʫʟʦʢ ʥʘ ʞʸʩʪʢʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘ. 

ɾʸʩʪʢʦʩʪʴ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʦʛʦ ʰʘʨʠʢʦʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ Fr ï ʨʘʜʠʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, Sr ï ʨʘʜʠʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʦʢ ʚ ʢʦʥʪʘʢʪʘʭ ʰʘʨʠʢʦʚ ʩ ʞʝʣʦʙʘʤʠ ʢʦʣʝʮ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠ 

ʥʝʦʧʨʝʜʝʣʠʤʦʡ ʟʘʜʘʯʝʡ. ɽʝ ʨʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʫʯʝʪʦʤ 

ʫʩʣʦʚʠʡ ʩʦʚʤʝʩʪʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʜʝʪʘʣʝʡ [2]. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ 

ʧʦʜʰʠʧʥʠʢʘ 126126. ɺʝʣʠʯʠʥʘ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 150 ʤʢʤ, ʘ 

ʧʝʨʝʢʦʩʳ ʥʘʨʫʞʥʦʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʝʮ ʧʨʠʥʠʤʘʣʠʩʴ ʨʘʚʥʳʤʠ ʥʫʣʶ.  

ʅʘ ʨʠʩ. 8 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʦʪ ʦʩʝʚʦʡ ʠ 

ʨʘʜʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʫʯʸʪʦʤ ʠ ʙʝʟ ʫʯʸʪʘ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʰʘʨʠʢʦʚ. ʇʦ ʛʨʘʬʠʢʘʤ ʚʠʜʥʦ, 

ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ ʩ ʨʦʩʪʦʤ ʨʘʜʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠʯʸʤ ʥʝʣʠʥʝʡʥʦ. ʏʸʪʢʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ: ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʜʠʘʣʴʥʳʝ 
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ʜʝʬʦʨʤʘʮʠʠ ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ 

ʧʝʨʝʛʠʙ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʜʝʬʦʨʤʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

 

  
ʘ) ʙ) 

ʈʠʩ. 8. ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ Sr ʚ ʧʦʜʰʠʧʥʠʢʝ  

ʦʪ ʨʘʜʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ Fr ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʠ ʦʩʝʚʳʭ ʥʘʛʨʫʟʢʘʭ: 

ʘ) Fa=150 ʅ; ʙ) Fa=350 ʅ 

 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʝ ʜʦ ʧʝʨʝʛʠʙʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʦʩʠʪ ʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ ʥʝ ʦʢʘʟʳʚʘʶʪ. ʅʘ ʫʯʘʩʪʢʝ ʧʦʩʣʝ 

ʧʝʨʝʛʠʙʘ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʥʝʣʠʥʝʡʥʦ, ʠ ʦʪʯʸʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʜʠʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʜʠʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʵʪʦʤ ʫʯʘʩʪʢʝ, ʪʝʤ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ.  

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ ʥʘʭʦʜʠʪʩʷ ʧʨʠ 

ʦʪʥʦʰʝʥʠʠ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʢ ʨʘʜʠʘʣʴʥʦʡ Fa/Fr=0,64é0,71. ʇʘʨʘʤʝʪʨ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ ʝ=0,68. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʧʝʨʝʛʠʙ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ Fa/Fr=ʝ. 

ʊʘʢ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʩʤʝʱʝʥʠʡ ʦʪ ʥʘʛʨʫʟʢʠ ʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʜʠʘʣʴʥʦʡ ʞʸʩʪʢʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʦʪʥʦʰʝʥʠʷ ʧʨʠʨʘʱʝʥʠʡ: 

. 

ʅʘ ʨʠʩ. 9 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʜʠʘʣʴʥʦʡ ʞʸʩʪʢʦʩʪʠ ʦʪ ʦʩʝʚʦʡ 

ʥʘʛʨʫʟʢʠ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʜʠʘʣʴʥʘʷ ʞʸʩʪʢʦʩʪʴ ʩ ʨʦʩʪʦʤ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʩʥʘʯʘʣʘ 

ʩʥʠʞʘʝʪʩʷ, ʧʨʠʥʠʤʘʷ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʧʦʪʦʤ ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ʇʨʠʯʸʤ ʛʨʘʬʠʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʩʪʨʝʤʷʪʩʷ ʧʨʠʙʣʠʟʠʪʴʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ.  


