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 Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 

 

ʋɼʂ 517.95 

 

ʂʆʈʈɽʂʊʅɸʗ ʈɸɿʈɽʐʀʄʆʉʊʔ ʅɽʃʆʂɸʃʔʅʆʁ ʂʈɸɽɺʆʁ ɿɸɼɸʏʀ ɼʃʗ ʆɼʅʆɻʆ 

ʂʃɸʉʉɸ ʋʈɸɺʅɽʅʀʁ 
 

 
ɻ.ɸ. ɸʙʜʠʢʘʣʠʢʦʚʘ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ  

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ɾʫʙʘʥʦʚʘ, ʂʘʟʘʭʩʪʘʥ 

  

ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʝʪʩʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʄʝʪʦʜʦʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʥʳʝ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦ-

ʚʠʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʚ ʪʝʨʤʠʥʘʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ  

ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʥʝʣʦʢʘʣʴʥʦʝ ʫʩʣʦʚʠʝ, ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ, ʢʦʨʨʝʢʪʥʦʩʪʴ, ʨʘʟʨʝ-

ʠhʤʦʩʪʴ. 

 

ʅʘ ( ){ }Tttxttx ¢¢+¢¢=W 0,:, w , 0>T , 0>w  ʨʘʩʩʤʦʪʨʠʤ ʥʝʣʦʢʘʣʴʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʜʣʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ   
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ʧʨʝʨʳʚʥʳ ʧʦ x  ʠ t  ʥʘ W; ( )nn³ -ʤʘʪʨʠʮʳ ()xB , ()xC  ʠ n -ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ()xd  ʥʝʧʨʝʨʳʚʥʳ ʥʘ [ ]w,0 ; 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʥʳʭ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʢʦʨʨʝʢʪʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ 

ʟʘʜʘʯʠ (1)-(4). 

ɺ ʪʝʦʨʠʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥ-

ʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʜʘʯʠ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʆʪʤʝʪʠʤ ʨʘʙʦʪʳ [3], [5], ʛʜʝ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦʜʨʦʙ-

ʥʳʡ ʦʙʟʦʨ ʠ ʙʠʙʣʠʦʛʨʘʬʠʶ ʧʦ ʵʪʠʤ ʟʘʜʘʯʘʤ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʩʠʩʪʝʤ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝ-

                                                           
É ɸʙʜʠʢʘʣʠʢʦʚʘ ɻ.ɸ. / Abdikalikova G.A., 2014 
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ʥʠʡ ʩʦ ʩʤʝʰʘʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʚ [2] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʦʙʦʙʱʝʥʠʝʤ ʤʝʪʦʜʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ [4], ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʉʣʝʜʫʷ [1] ʚʚʝʜʝʤ ʥʦʚʳʝ ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ ( ) ( )tx
x

u
txv ,,
µ

µ
= , ( ) Dutxw =,  ʠ ʪʦʛʜʘ ʟʘʜʘʯʘ (1)-(4)  

ʩʚʦʜʠʪʩʷ  ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʜʘʯʝ ʜʣʷ ʩʠʩʪʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

 

                                                          ( ) ( ) ( ) ( )WÍ++= txtxfutxSvtxADv ,,,,, ,                                           (5) 

                                                   ()( ) ()( ) () [ ]w,0,,0, Í=++ xxdTTxvxCxvxB ,                                            (6) 

                                                          ( ) () ( ) [ ]Ttdtvttxu

x

t

,0,,, 1 Í+Y= ñ hh ,                                                 (7) 

                                                             ( ) () ( ) [ ]TtdtDvttxw

x

t

,0,,, 2 Í+Y= ñ hh .                                          (8) 

ɽʩʣʠ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ( )txu ,  ʠʟʚʝʩʪʥʘ, ʪʦ ʨʝʰʘʷ ʜʚʫʭʪʦʯʝʯʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ (5)-(6), ʥʘʭʦʜʠʤ 

( )txv , . ɽʩʣʠ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ( )txv ,  ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʡ, ʪʦ ʠʟ (7)-(8) ʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʠ ( )txu ,  ʠ 

( )txw , . 

ɽʩʣʠ ʬʫʥʢʮʠʷ ( )txu ,  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (1)-(4), ʪʦ ʪʨʦʡʢʘ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʠ 

( )( ) ( )( )txwtxutxv ,,,,,  - ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (5)-(8), ʛʜʝ ( )
x

u
txv
µ

µ
=, , ( ) Dutxw =,  ʠ, ʥʘʦʙʦʨʦʪ, ʝʩʣʠ 

( )( ) ( )( )txwtxutxv ,,,,,  - ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (5)-(8), ʪʦ ʠʟ (7) ʩʣʝʜʫʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ ( )txu ,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

(3) ʠ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 
x

u

µ

µ
, 

t

u

µ

µ
 ʠ ù

ú

ø
é
ê

è

µ

µ

x

u
D . ʇʦʜʩʪʘʚʠʚ ( )

x

u
txv
µ

µ
=,  ʚ (5)-(6) ʠ ʫʯʠʪʳʚʘʷ  (7)-

(8), ( ) Dutxw =,  ʠʤʝʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ ( )txu ,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (1) ʠ ʫʩʣʦʚʠʷʤ (2)-(4) ʧʨʠ ʚʩʝʭ 

( ) ,, WÍtx  [ ]w,0Íx , [ ]Tt ,0Í , ʪʦ ʝʩʪʴ ʬʫʥʢʮʠʷ ( )txu ,  ï ʨʝʰʝʥʠʝ ʥʝʣʦʢʘʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1)-(4). 

ʊʨʦʡʢʘ ʥʝʧʨʝʨʳʚʥʳʭ ʥʘ W ʬʫʥʢʮʠʡ ( )( ) ( )( )txwtxutxv ,,,,,  ʥʘʟʳʚʘʝʪʩʷ  ʨʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ (5) ʧʨʠ ʫʩʣʦʚʠʷʭ (6)-(8) ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʧʦ ʌʨʠʜʨʠʭʩʫ [6], ʝʩʣʠ ʬʫʥʢʮʠʷ ( )txv ,  ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ t  ʚʜʦʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʝʤʝʡʩʪʚʫ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʫʩʣʦʚʠʶ (6), ʛʜʝ ʬʫʥʢʮʠʷ ( )txv ,  ʩ ʬʫʥʢʮʠʷʤʠ ( )txu ,  ʠ ( )txw ,  ʩʚʷʟʘʥʘ ʩʦʦʪʥʦʰʝʥʠ-

ʷʤʠ (7)-(8). 

ʅʝʣʦʢʘʣʴʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ (5)-(8) ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩ ʦʜʠʥʘʢʦʚʦʡ ʛʣʘʚʥʦʡ ʯʘʩʪʴʶ ʧʦ ʂʫʨʘʥʪʫ, 

ʩʚʦʜʠʤ ʢ ʩʝʤʝʡʩʪʚʫ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ( ){ }T¢¢¢¢=H twxtx 0,0:, , 

0>T , 0>w : 

                                                     ( ) ( )( ) ( ) [ ],,0,,
~

,~,
~~,

~~
TfuSvA

v
Í++=

µ

µ
ttxtxtxtx

t
                                  (9) 

 

ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ  

                                                      ()( ) ()( ) () [ ]wxxxxxx ,0,
~

,~~
0,~~

Í=+ dTvCvB ,                                           (10) 

 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

                                                       ( ) () ( ) [ ]Tdvu ,0,,~,~
1 Í+Y= ñ

+

tVtVttx
tx

t

,                                             (11) 

                                                     ( ) () ( ) [ ]Td
v

w ,0,,
~

,~
2 Í

µ

µ
+Y= ñ
+

tVtV
t

ttx
tx

t

,                                         (12) 
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 ʛʜʝ ( ) ( )ttxtx ,,~ +=vv , ( ) ( )ttxtx ,,
~

+=AA , ( ) ( )ttxtx ,,
~

+=SS , ( ) ( )ttxtx ,,
~

+=ff , 

( ) ( )ttxtx ,,~ +=ww , ( ) ( )ttxtx ,,~ +=uu ; ( )nn³  ï ʤʘʪʨʠʮʳ ( ),,
~
txA  ( )tx,

~
S  ʠ n  ï ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ 

( )tx,
~
f  ʥʝʧʨʝʨʳʚʥʳ ʧʦ x ʠ t ʥʘ H; ()xB

~
, ()xC

~
 - ( )nn³ ï ʤʘʪʨʠʮʳ ʠ n - ʚʝʢʪʦʨ - ʬʫʥʢʮʠʷ ()xd

~
 ï ʥʝ-

ʧʨʝʨʳʚʥʳ ʥʘ [ ]w,0 ; ʬʫʥʢʮʠʷ ()t1Y  ʥʝʧʨʝʨʳʚʥʘ ʠ ()t2Y  ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʥʘ [ ]T,0 . 

ʏʝʨʝʟ ( )nRHC ,  ʦʙʦʟʥʘʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʧʨʝʨʳʚʥʳʭ ʧʦ x ʠ t ʬʫʥʢʮʠʡ 
nRHv :~

 ʩ ʥʦʨʤʦʡ 

[ ] [ ]
( )txn

twx
,~maxmax~

,0,00
v

TÍÍ
= . 

ʅʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ( )tx,~v  ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (9)-(12) ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʥʝʧʨʝʨʳʚ-

ʥʳʭ ʬʫʥʢʮʠʷʭ ( )tx,~u  ʠ ( )tx,~w , ʝʩʣʠ  ʬʫʥʢʮʠʷ ( ) ( )nRHCv ,,~ Ítx  ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ 

ʧʝʨʝʤʝʥʥʦʡ t ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʝʤʝʡʩʪʚʫ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (9), ʢʨʘʝʚʦʤʫ ʫʩʣʦʚʠʶ 

(10) ʧʨʠ ʚʩʝʭ ( ) [ ]wxtx ,0,, ÍÍH , ʛʜʝ ʬʫʥʢʮʠʠ ( )tx,~u  ʠ ( )tx,~w  ʩʚʷʟʘʥʳ ʩ ʬʫʥʢʮʠʝʡ ( )tx,~v  ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (11)-(12). 

ʅʝʧʨʝʨʳʚʥʘʷ ʥʘ W ʬʫʥʢʮʠʷ ( ) ( )ttxutxu ,~, -=  ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʷ (1) ʩ ʫʩʣʦʚʠʷʤʠ (2)-(4) ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (9)-(12) ʧʨʝʜʣʦʞʝʥ  ʘʣʛʦʨʠʪʤ. 

ʐʘʛ 0: ɺ (9) ʧʨʠʥʠʤʘʷ ( ) ()ttx 1,~ Y=u , ʨʝʰʠʚ ʜʚʫʭʪʦʯʝʯʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ (9)-(10), ʦʧʨʝʜʝʣʠʤ 

ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 
()( )tx,~ 0v . ʀʩʧʦʣʴʟʫʷ ( ) ()( )txtx ,~,~ 0vv = , 

()

tt µ

µ
=

µ

µ 0~~ vv
 ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (11)-(12) 

ʥʘʭʦʜʠʤ 
()( )tx,~ 0u  ʠ 

()( )tx,~ 0w , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʐʘʛ 1: ɺʟʷʚ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (9) ( ) ()( )txtx ,~,~ 0uu = , ʨʝʰʘʷ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ (9)-(10), ʦʧʨʝʜʝʣʠʤ ʧʨʠ-

ʙʣʠʞʝʥʠʝ 
()( )tx,~ 1v . ʇʦʜʩʪʘʚʣʷʷ ʚ (11)-(12) ʥʘʡʜʝʥʥʫʶ ʬʫʥʢʮʠʶ 

()( )tx,~ 1v  ʠ 

()

( )tx
t

,
~ 1

µ

µv
, ʥʘʭʦʜʠʤ 

()( )tx,~ 1u  

ʠ 
()( )tx,~ 1w . ʀ ʪ.ʜ.   

ʇʨʦʜʦʣʞʠʚ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʥʘ k -ʦʤ ʰʘʛʝ ʧʦʣʫʯʠʤ 
()( ) ()( ) ()( )( )txtxtx ,~,,~,,~ kkk wuv . 

ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʤʝʥʷʝʤ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ  ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝ-

ʥʠʷ ʜʚʫʭʪʦʯʝʯʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦʩʪʴ 

ʤʘʪʨʠʮʳ ( ),,hQ xn  TNhh => :0 , ,...,2,1, =nn  ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʩʫʤʤ ʧʦʚʪʦʨʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʧʝʨʝʤʝʥ-

ʥʦʡ t ʜʣʠʥʳ h  ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʥʦʡ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ  ʠ ʤʘʪʨʠʮ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ  

 

( )

() () ( )( )
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=
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~
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xxx
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I ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ n , 
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~
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ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ,:0 TNhh =>  ʠ ( )nNnN³= ,...,2,1,nn  ï ʤʘʪʨʠʮʘ ( )hQ ,xn  

ʦʙʨʘʪʠʤʘ ʧʨʠ ʚʩʝʭ [ ]wx ,0Í  ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘ: 

ʘ) ( )[ ] ();,
1

hhQ nn gx ¢
-

 

ʙ) ( ) () (){ } () ()
()( )

,1
!

...1
~

,1max, <¢ù
ú

ø
é
ê

è
----= s
n

xa
xaxgx

n

xa

nn

h
hChhhq h?  

ʛʜʝ ()
[ ]

( ) constA
T

==
Í

stxxa
t

,,
~

max
,0

. 

ʊʦʛʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ 
()( ) ()( ) ()( )( )txtxtx ,~,,~,,~ kkk wuv  ʨʘʚʥʦʤʝʨʥʦ ʩʭʦʜʷʪʩʷ ʢ 

( ) ( ) ( )( ) ( )nRCwuv ,,~,,~,,~ HÍ*** txtxtx  ï ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ (9)-(12). 

ʇʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʪʝʦʨʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ [4, c.54], [1] ʠ ʫʢʘʟʘʥʥʳʡ ʘʣ-

ʛʦʨʠʪʤ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (9)-(12). 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 1. ʊʦʛʜʘ ʥʝʣʦʢʘʣʴʥʘʷ ʢʨʘʝʚʘʷ  ʟʘʜʘʯʘ (1)-(4) ʠʤʝʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ  ʨʝʰʝʥʠʝ ( ) ( )nRʉtxu ,, WÍ*
. 

ʀʟ ʪʝʦʨʝʤʳ 1 ʚʳʪʝʢʘʝʪ, ʯʪʦ ʟʘʜʘʯʘ (9)-(12) ʦʜʥʦʟʥʘʯʥʦ ʨʘʟʨʝʰʠʤʘ. ʊʘʢ ʢʘʢ ʟʘʜʘʯʘ (9)-(12) ʵʢʚʠʚʘʣʝʥʪʥʘ 

ʟʘʜʘʯʝ (5)-(8), ʘ ʟʘʜʘʯʘ (5)-(8) ʵʢʚʠʚʘʣʝʥʪʥʘ ʟʘʜʘʯʝ (1)-(4), ʪʦ ʧʦʣʫʯʠʤ, ʯʪʦ ʟʘʜʘʯʘ (1)-(4) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ( ) ( )nRʉtxu ,, WÍ*
. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʬʫʥʢʮʠʠ ( )tx,~u  ʟʘʜʘʯʘ (9)-(10) ʷʚʣʷʝʪʩʷ ʩʝʤʝʡʩʪʚʦʤ ʜʚʫʭʪʦʯʝʯʥʳʭ 

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ  

 

                                                                 ( ) ( ) [ ],,0,,
~~,

~~
TGvA

v
Í+=

µ

µ
ttxtx

t
                                                  (13) 

 

ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ (10). 

ʂ ʩʝʤʝʡʩʪʚʫ ʣʠʥʝʡʥʳʭ ʜʚʫʭʪʦʯʝʯʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ (13), (10) ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ. ɼʚʫʭʪʦʯʝʯʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (13), (10) ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦ ʨʘʟʨʝʰʠʤʦʡ, ʝʩʣʠ ʜʣʷ ʣʶ-

ʙʳʭ ( )tx,
~
G  ʠ ()xd

~
 ʦʥʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ  ( ) ( )nRHCv ,,~ Ítx   ʠ ʜʣʷ ʥʝʛʦ ʠʤʝʝʪ ʤʝʩʪʦ ʦʮʝʥʢʘ  

 

[ ]
( ) ()

[ ]
( )ö

÷
õæ

ç
å¢

ÍÍ
txxtx

tt
,

~
max,

~
max,~max

,01,0
GdKv

TT
, 

 

ʛʜʝ ()xK  - ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ [ ]w,0  ʬʫʥʢʮʠʷ ʥʝ ʟʘʚʠʩʷʱʘʷ ʦʪ ( )tx,
~
G , ()xd

~
. 

ʆʧʨʝʜʝʣʝʥʠʝ. ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ (1)-(4) ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦ ʨʘʟʨʝʰʠʤʦʡ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʝʩʣʠ ʜʣʷ 

ʣʶʙʳʭ ( )txf , , ()xd , ()t1Y  ʠ ()t2Y  ʦʥʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ( ) ( )nRʉtxu ,, WÍ*
 ʠ ʜʣʷ ʥʝʛʦ ʩʧʨʘ-

ʚʝʜʣʠʚʘ ʦʮʝʥʢʘ  

 

( )
222110

0
0

,,,max,max YY¢ö
ö
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õ
æ
æ
ç

å

µ

µ
dfK

x

u
u , 

 

ʛʜʝ constK =  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ( )txf , , ()xd , ()t1Y  ʠ ()t2Y . 

ʊʝʦʨʝʤʘ 3. ɽʩʣʠ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ (1)-(4) ʜʣʷ ʣʶʙʳʭ ʬʫʥʢʮʠʡ ( )txf , , ()xd , ()t1Y  ʠ ()t2Y  ʠʤʝʝʪ ʝʜʠʥ-

ʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʪʦ ʦʥʘ   ʢʦʨʨʝʢʪʥʦ ʨʘʟʨʝʰʠʤʘ. 

ɽʩʣʠ ʧʦʩʪʨʦʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦ ʧʦ x  ʠ t, ʪʦ ʬʫʥʢʮʠʷ 

( )txu , , ʦʙʣʘʜʘʶʱʘʷ ʥʝʧʨʝʨʳʚʥʳʤʠ  ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ù
ú

ø
é
ê

è

µ

µ

µ

µ

µ

µ

x

u
D

x

u

t

u
,, , ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʨʘʚʥʝʥʠʶ 

(1) ʧʨʠ ʚʩʝʭ ( )WÍtx,  ʩ ʫʩʣʦʚʠʷʤʠ (2)-(4) ʷʚʣʷʝʪʩʷ ʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1)-(4). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʨʘʥʪʫ ˉ 0113ʈʂ00686  ʄʆʅ ʈʂ. 
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PROPER RESOLVABILITY OF  NONLOCAL BOUNDARY VALUE PROBLEM  

FOR ONE CLASS OF EQUATIONS 
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Abstract. The boundary value problem with nonlocal conditions for partial differential system of the second 

order is investigated. Using the method of parameterization the coefficient sufficient conditions of proper resolvability 

of a considered problem in terms of basic data were defined. The algorithm of determining solutions is offered. 

Keywords: boundary value problem, nonlocal conditions, parameterization method, proper, resolvability. 
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ʋɼʂ 519.6 

 

ʈɽɻʋʃʗʈʀɿɸʎʀʗ ʋʈɸɺʅɽʅʀʗ ɻɽʃʔʌɸʅɼɸ-ʃɽɺʀʊɸʅɸ ʄɽʊʆɼʆʄ ʋʉʊɸʅʆɺʃɽʅʀʗ 
 

 
ɸ.ɸ. ɸʙʝʝʚʘ, ʤʘʛʠʩʪʨ ʤʘʪʝʤʘʪʠʢʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ çʄʘʪʝʤʘʪʠʢʘ ʠ ʧʨʠʢʣʘʜʥʘʷ ʤʝʭʘʥʠʢʘè 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʬʘʥʜʘï

ʃʝʚʠʪʘʥʘ:1.ʄʝʪʦʜ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʡ;2.ʄʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ 

ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʬʘʥʜʘ-ʃʝʚʠʪʘʥʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣ,ʦʧʝʨʘʪʦʨ, ʥʝʢʦʨʨʝʢʪʥʳʡ, ʩʭʦʜʠʤʦʩʪʴ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

 

ɼʘʥʦ ʫʨʘʚʥʝʥʠʝ 
 

                                                                    ,                                                                 (1) 

 

ʛʜʝ   ï ʥʝʧʨʝʨʳʚʥʳʡ ʦʧʝʨʘʪʦʨ;   ï ʛʠʣʴʙʝʨʪʦʚʳ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣ  

 
ɻʨʘʜʠʝʥʪ ʬʫʥʢʮʠʦʥʘʣʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

. 
 

ʊʘʢ ʢʘʢ ʥʘʧʠʩʘʥʦ  ʚʳʰʝ  ʚ ʫʨʘʚʥʝʥʠʠ  ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ . ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʫ ʬʫʥʢʮʠʶ ʧʨʠ-

ʤʝʥʠʤ ʤʝʪʦʜ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʡ:  

 

                                                                                                                                         (2) 

 

ʠ ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ: ʙʝʨʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 

 
ʂʘʢ ʠʟʚʝʩʪʥʦ 

. 

 

ʊʝʧʝʨʴ ʥʘʡʜʝʤ  ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

; 

 
ʀʪʝʨʘʮʠʦʥʥʘʷ ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦ ʠʤʝʶʱʝʡʩʷ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʦ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ , ʚʳʙʨʘʪʴ ʠʟ ʚʩʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʢʦʪʦʨʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʣʠʟʢʦʝ ʢ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ (1). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʣʶʙʦʛʦ ʠʪʝʨʘ-

ʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʨʘʜʠʝʥʪʥʦʛʦ, ʢ ʨʝʰʝʥʠʶ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ ʦʥ ʜʦʣʞʝʥ ʧʦʨʦʞʜʘʪʴ ʨʝʛʫʣʷʨʠʟʠ-

ʨʫʶʱʝʝ ʩʝʤʝʡʩʪʚʦ ʦʧʝʨʘʪʦʨʦʚ, ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʳʤ 

ʜʣʷ ʵʪʦʛʦ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ, ʦʯʝʚʠʜʥʦ, ʩʭʦʜʠʤʦʩʪʴ ʧʨʠ ʪʦʯʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ.  

ʉʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ ʧʨʠ ʪʦʯʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʇʫʩʪʴ ɸ ï ʣʠʥʝʡʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʦʧʝʨʘʪʦʨ ʠ ʫʨʘʚʥʝʥʠʝ (1) ʩʦʚʤʝʩʪʥʦ, ʥʦ, ʚʦʟʤʦʞʥʦ, ʠʤʝʝʪ 

ʥʝʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ʤʥʦʞʝʩʪʚʦʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (1). ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ ʨʝʰʝʥʠʝ 

, ʠʤʝʶʱʝʝ ʥʘʠʤʝʥʰʝʝ ʫʢʣʦʥʝʥʠʝ ʦʪ ʥʝʢʦʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ , ʥʦʨʤʘʣʴʥʳʤ (ʦʪʥʦʩʠʪʝʣʴʥʦ ): 

 ɼʣʷ ʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ ʣʶʙʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʤʠʥʠʤʠʟʠʨʫʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣ 

ʥʝʚʷʟʢʠ, ʙʫʜʝʪ ʩʭʦʜʠʪʴʩʷ ʢ ʨʝʰʝʥʠʶ ʫʨʘʚʥʝʥʠʷ (1). ɼʣʷ ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ ʵʪʦ ʥʝ ʪʘʢ, ʠ ʟʜʝʩʴ ʥʫʞʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʇʝʨʝʡʜʝʤ ʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʩʭʦʜʠʤʦʩʪʠ ʛʨʘʜʠʝʥʪʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʛʜʘ ɸ ʥʝ ʠʤʝʝʪ 

                                                           
É ɸʙʝʝʚʘ ɸ.ɸ. / Abeeva A.A., 2014 
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ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʨʘʪʥʦʛʦ, ʧʨʠ ʪʦʯʥʦʤ ʟʘʜʘʥʠʠ ʦʧʝʨʘʪʦʨʘ ɸ ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ g. ʅʘʯʥʝʤ ʩ ʤʝʪʦʜʘ ʧʨʦʩʪʦʡ 

ʠʪʝʨʘʮʠʠ. 

ʃʝʤʤʘ1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʠʡ (2) ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʘ) 
2

'2
2

'
1

22 2 nnnn qAJqJ aa -=D-D + , 

ʙ) , 

ʚ)  

ʛʜʝ  ï ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1). . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

ʘ)

 
ɸʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʙ). ʆʪʥʦʩʠʪʝʣʴʥʦ ʚ) ʟʘʤʝʪʠʤ, ʯʪʦ  

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, , . 

 

ʊʦʛʜʘ 

 

 

 
 

ʈʝʛʫʣʷʨʠʟʘʮʠʷ ʤʝʪʦʜʘ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʄʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1) ʙʝʨʝʪʩʷ 

ʥʝʢʦʪʦʨʳʝ ʟʥʘʯʝʥʠʝ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  

 

                                                                                                 (3) 

 

ʄʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʭʦʜʠʪʩʷ ʧʨʠ ʪʦʯʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢ ʨʝʰʝʥʠʷʤ ʫʨʘʚʥʝʥʠʷ (1) ʠ ʧʦʨʦʞʜʘʝʪ ʨʝ-

ʛʫʣʷʨʠʟʠʨʫʶʱʝʝ ʩʝʤʝʡʩʪʚʦ ʦʧʝʨʘʪʦʨʦʚ ʩ ʧʘʨʘʤʝʪʨʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ t.  

ʄʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʯʝʥʴ ʙʣʠʟʦʢ ʢ ʤʝʪʦʜʫ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣ̫ʝʪʩʷ ʜʠʩʢʨʝʪ-

ʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʤʝʪʦʜʘ ʫʩʪʘʥʦʚʣʝʥʠʷ.  

ʇʦʵʪʦʤʫ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ, ʯʪʦ ʠ ʜʣʷ ʤʝʪʦʜʘ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ. 

ʀʪʘʢ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʬʘʥʜʘ-ʃʝʚʠʪʘʥʘ 1-ʛʦ ʨʦʜʘ: 

 

 
 

ʛʜʝ  ï ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ,   ï ʷʜʨʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ,  

 ï ʥʝʢʦʪʦʨʘʷ ʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʫʨʘʚʥʝʥʠʷ . 

ɼʣ̫ ʧʨʦʚʝʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ   
 

 
ʥʘ ʦʪʨʝʟʢʝ    ʚʚʦʜʠʣʘʩʴ ʨʘʚʥʦʤʝʨʥʘʷ ʩʝʪʢʘ ʩ ʰʘʛʦʤ . ʀʥʪʝʛʨʘʣ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʧʨʠʙʣʠ-

ʞʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ ʪʨʘʧʝʮʠʡ: 
 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʚʦʜʠʣʦʩʴ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ  

,ʛʜʝ )12()12( +³+- NN   ʤʘʪʨʠʮʘ. 

ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʷʜʨʘ   ʠ ʧʨʦʙʥʘʷ ʨʝʰʝʥʠʷ .  ɿʘʪʝʤ ʧʫʪʝʤ ʨʝʰʝʥʠʷ 

ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʚʳʯʠʩʣʷʣʠʩʴ ʜʘʥʥʳʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ  ʠ .  
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1. ɺʳʙʠʨʘʣʘʩʴ ʧʨʦʙʥʘʷ ʬʫʥʢʮʠʷ  

 

 
 

2. ɼʣʷ ʥʝʸ ʩʯʠʪʘʣʘʩʴ ʧʨʘʚʘʷ ʯʘʩʪʴ (t): 

 
 

ʇʦ ʬʫʥʢʮʠʠ ʩʪʨʦʠʣʘʩʴ ʤʘʪʨʠʮʘ Aʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ  

 ɿʘʪʝʤ ʜʣʷ ʬʫʥʢʮʠʡ ʚʳʯʠʩʣʷʣʘʩʴ ʧʨʘʚʘʷ ʯʘʩʪʴ  . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʪʦʣʴʢʦ 

ʨʝʰʝʥʠʝ ʩʘʤʦʛʦ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʬʘʥʜʘ- ʃʝʚʠʪʘʥʘ. 

3. ɿʘʪʝʤ ʟʘʙʳʚʘʷ ʧʨʦ q(s), ʨʝʰʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʡ:  

 
ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ:  

 
ʠ ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʠʷ. 
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ʄʘʪʝʨʠʘʣ ʧʦʩʪʫʧʠʣ ʚ ʨʝʜʘʢʮʠʶ 27.03.14. 

 
 

REGULARIZATION OF THE EQUATION OF GELFAND -LEVITAN  

BY THE RELAXATION METHOD  
 

A.A. Abeeva, Master of Mathematics, Teacher of Mathematics and Applied Mechanics Department 

Korkyt Ata Kyzylorda State University, Kazakhstan 

 

Abstract. The methods of regularization of the equation of Gelfand-Levitan: 1. Fixed point iteration method; 2. 

Relaxation method are considered in the article. Results of numerical calculations for Gelfand-Levitan integrated equa-

tion of the first kind are given. 

Keywords: functionality, operator, improper, convergence, differential equations. 
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ʋɼʂ 548.52 

 

ʄʆɼɽʃʔ ʆʇʊʀʏɽʉʂʀʍ ʃʆɻʀʏɽʉʂʀʍ ʕʃɽʄɽʅʊʆɺ ʅɸ ʆʉʅʆɺɽ PPLN-

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʀɿ ɻʈɸɼʀɽʅʊʅʆɻʆ ʅʀʆɹɸʊɸ ʃʀʊʀʗ* 
 

 
ɺ.ɺ. ɻʘʣʫʮʢʠʡ

1
, ɺ.ʌ. ʂʫʟʦʨʘ

2
, ɽ.ɺ. ʉʪʨʦʛʘʥʦʚʘ

3
, ʉ.ɸ. ʐʤʘʨʛʠʣʦʚ

4
, ʅ.ɸ. ʗʢʦʚʝʥʢʦ

5
 

1, 3
 ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʦʧʪʦɻ ʣʝʢʪʨʦʥʠʢʠ, 

2, 4
 ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ, 

5
 ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ 

ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʂʨʘʩʥʦʜʘʨ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʦʬʠʣʝʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʛʨʘʜʠʝʥʪʥʳʭ PPLN-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʠʟ ʥʠʦʙʘʪʘ ʣʠʪʠʷ. ʇʦʣʦ-

ʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʛʨʘʜʠʝʥʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠ ʩʥʠʞʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʤ ʥʫʣʝʚʳʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝʤ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʩʪʘʥʦ-

ʚʠʪʩʷ ʰʠʨʝ. ʇʦʣʫʯʝʥʳ ʤʘʢʝʪʳ PPLN-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠʟ ʛʨʘʜʠʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʣʠʪʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʦʧʪʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʥʠʦʙʘʪ ʣʠʪʠʷ.  

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʠʩʢ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʠ ʚʝʜʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʩʦʟʜʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʧʪʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʧʘʩʩʠʚʥʦʛʦ ʠ ʘʢʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʥʦʛʦʫʨʦʚʥʝʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʣʘʟʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʦʧʪʠʯʝʩʢʠʭ ʣʦʛʠʯʝʩʢʠʭ ʚʝʥʪʠʣʝʡ ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ PPLN-ʩʪʨʫʢʪʫʨʳ, ʨʝʘʣʠʟʫʶʱʠʝ 

ʬʫʥʢʮʠʠ ʯʝʪʳʨʝʭʚʦʣʥʦʚʦʛʦ ʩʤʝʰʝʥʠʷ. PPLN-ʩʪʨʫʢʪʫʨʳ ï ʵʪʦ ʩʦʟʜʘʥʥʘʷ ʚ ʥʝʣʠʥʝʡʥʦʤ ʢʨʠʩʪʘʣʣʝ ʥʠʦʙʘʪʘ ʣʠʪʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʜʦʤʝʥʦʚ, ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʦʩʝʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʦʩʝʜʥʠʭ ʦʙʣʘʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʧʦʜ ʫʛʣʦʤ 180
0
.  

ʇʨʠʥʮʠʧ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ PPLN-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʚʦʣʥʦʚʦʜ-

ʥʳʤ ʢʘʥʘʣʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1. ɼʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʘʤʧʣʠʪʫʜʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ɚSA ʠ ɚSB  ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜʳ A ʠ ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʣʝʝ ʦʥʠ ʚʤʝʩʪʝ ʩ ʥʝ-

ʧʨʝʨʳʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʦʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚp ʚʚʦʜʷʪʩʷ ʚ PPLN-ʚʦʣʥʦʚʦʜ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʶʪʩʷ ʥʝʣʠ-

ʥʝʡʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʛʝʥʝʨʘʮʠʠ ʩʫʤʤʘʨʥʦʡ ʠ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪ ʚ ʫʩʣʦʚʠʷʭ ʢʚʘʟʠʩʠʥʭʨʦʥʠʟ-

ʤʘ. ɺʳʭʦʜʳ Y1 ʠ Y2 ï ʵʪʦ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʠʟ PPLN-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ɚSA ʠ ɚSB, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʧʨʦʮʝʩʩʘʭ ʛʝʥʝʨʘʮʠʠ ʩʫʤʤʘʨʥʦʡ ʠ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ (SFG-DFG ʧʨʦʮʝʩʩʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), SFG ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʢʦʥʚʝʨʪʠʨʫʝʪ ʦʜʠʥ ʬʦʪʦʥ ʚʭʦʜʥʦʛʦ ʢʘʥʘʣʘ ɸ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚSA ʠ ʜʨʫʛʦʡ ʬʦʪʦʥ ʚʭʦʜʥʦʛʦ ʢʘʥʘʣʘ ɺ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ ɚSB ʚ ʬʦʪʦʥ ʩʫʤʤʘʨʥʦʡ ʯʘʩʪʦʪʳ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚSF (ɺʳʭʦʜ Y3). ʌʦʪʦʥ ʩʫʤʤʘʨʥʦʡ ʯʘʩʪʦʪʳ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʯʝʨʝʟ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ (DFG) ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʬʦʪʦʥʦʤ ʥʘʢʘʯʢʠ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ ɚp ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʬʦʪʦʥ ʭʦʣʦʩʪʦʡ ʚʦʣʥʳ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚi, ʧʦʩʪʫʧʘʶɦ ʠʡ ʥʘ ʚʳʭʦʜ Y4 (ʨʠʩ.1).  

ʆʜʥʘʢʦ, ʚʝʣʠʯʠʥʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʨʠ SFG-DFG ʧʨʦʮʝʩʩʘʭ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʘ ʧʦʩʪʦʷʥʝʥ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʥʘʤʠ ʤʝʪʦʜʝ ʚʳʨʘʱʠʚʘʥʠʷ 

ʛʨʘʜʠʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [1], ʩ ʧʦʤʦʱʴʶ ʥʘʡʜʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʠʟʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʨʝʣʘʢʩʘ-

ʮʠʠ ʨʘʩʧʣʘʚʘ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʦʩʥʦʚʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʜʣʠʥʝ ʙʫʣʠ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ 

ʜʣʠʥʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʛʨʘʜʠʝʥʪʦʤ. ɻʨʘʜʠʝʥʪ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʜʣʠʥʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʜʠʩʧʝʨʩʠʡ ʦʪ ʜʣʠ-

ʥʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʧʦ ʣʠʥʝʡʥʦʤʫ ʠʣʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. ʉʯʠʪʘʷ ʠʟʚʝʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ LiNbO3, ʦʧʨʝʜʝʣʷʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ ʉʝʣʴʤʝʝʨʘ [2], ʧʦʩʪʘʚʠʤ 

ʮʝʣʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʛʨʘʜʠʝʥʪʘ ʩʦʩʪʘʚʘ ʚ PPLN-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʥʝʤ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ.  

 

                                                           
É ɻʘʣʫʮʢʠʡ ɺ.ɺ., ʂʫʟʦʨʘ ɺ.ʌ., ʉʪʨʦʛʘʥʦʚʘ ɽ.ɺ., ʐʤʘʨʛʠʣʦʚ ʉ.ɸ., ʗʢʦʚʝʥʢʦ ʅ.ɸ. / Galutskiy V.V., Kuzora V.F.,  

Stroganova E.V., Shmargilov S.A., Yakovenko N.A., 2014 
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ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ PPLN ʩʪʨʫʢʪʫʨʝ 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ (ʙʝʟ ʛʨʘʜʠʝʥʪʘ, ʣʠʥʝʡʥʳʡ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ). ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʦʚ ʯʝʨʝʟ 

PPLN ʩʪʨʫʢʪʫʨʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ [3], ʚʳʪʝʢʘʶʱʫʶ ʠʟ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ:  
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ʛʜʝ ASA, ASB, AP, ASF ʠ A i ï ʢʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʩʠʛʥʘʣʦʚ ʥʘ ʜʣʠ-

ʥʘʭ ʚʦʣʥ ɚSA, ɚSB, ɚP, ɚSF, ɚI ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ɸ ʠ ɺ, ʚʭʦʜ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ PPLN, ʚʳʭʦʜʳ Y1, Y2, Y3;  

ɓ1j ï ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʝ ɤj ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʦʚʳʭ ʠʤ-

ʧʫʣʴʩʦʚ kj; kSFG ʠ kDFG ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʚʷʟʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ SFG ʠ DFG; deff ï ʵʬʬʝʢʪʠʚʥʳʡ ʥʝʣʠʥʝʡʥʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ; Aeff ï ʵʬʬʝʢʪʠʚʥʘʷ ʘʧʝʨʪʫʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; nj ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ ɤj; ʧʘʨʘ-

ʤʝʪʨ ɛ0 ï ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ; ȹkSFG ȹkDFG ï ʚʝʣʠʯʠʥʘ ʬʘʟʦʚʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʚ 
SFG ʠ DFG ʧʨʦʮʝʩʩʘʭ; ȿ ï ʧʝʨʠʦʜ ʯʝʨʝʜʦʚʘʥʠʷ ʜʦʤʝʥʦʚ ʚ PPLN. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʠʪ, ʧʦʩʪʫʧʘʶʱʠʝ 

ʥʘ ʚʭʦʜʳ ʢʘʥʘʣʦʚ ɸ ʠ ɺ. ɽʜʠʥʠʯʥʳʡ ʙʠʪ ʚ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʥʘʣʠʯʠʶ ʠʤʧʫʣʴʩʘ, ʣʦʛʠʯʝ-

˻͙ͨͭ;͔ͫ͊͟Ύ 

ͤ͊͊͟;͊͟ PPLN 

ˤͻͦ͒ ˢ 

ˤͻͦ͒ B 

PPLN ·ʕͻͦ͒ Y1 

ˤ·ͻͦ͒ Y2 

ˤ·ͻͦ͒ Y3 

ˤ·ͻͦ͒ Y4 
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ʩʢʠʡ ʥʦʣʴ ï ʝʛʦ ʦʪʩʫʪʩʪʚʠʶ. ʌʦʨʤʘ ʠʤʧʫʣʴʩʦʚ ï ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʩʝʢʘʥʩ, ʰʠʨʠʥʘ ʠʤʧʫʣʩɹʦʚ 5 ʧʩ. ɼʣʠʥʘ PPLN 

ï ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʜʦ 4 ʩʤ, ʵʬʬʝʢʪʠʚʥʘʷ ʘʧʝʨʪʫʨʘ ʚʦʣʥʦʚʦʜʘ 50 ʤʢʤ
2
, ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʜʦʤʝʥʦʚ 18,8 ʤʢʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʣʦʚʠʷ ʢʚʘʟʠ-ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʩʫʤʤʘʨʥʳʭ ʯʘʩʪʦʪ 772 ʥʤ. ʅʝ-

ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ deff = 17,2 ʧʤ/ɺ. ʎʝʥʪʨʘʣʴʥʳʝ ʜʣʠʥʳ ʚʦʣʥ ʢʘʥʘʣʦʚ ɸ ʠ ɺ 1550 ʠ 1538 ʥʤ. ɼʣʠʥʘ ʚʦʣʥʳ 

ʥʘʢʘʯʢʠ 1555 ʥʤ (ʪʨʝʪʴʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʝ ʦʢʥʦ ʧʨʦʟʨʘʯʥʦʩʪʠ), ʜʣʠʥʘ ʭʦʣʦʩʪʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʫ-

ʝʪʩʷ ʧʨʦʮʝʩʩʦʤ DFG, ʩʦʩʪʘʚʣʷʣʘ 1533,2 ʥʤ. ʇʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ɸ ʠ ɺ ʠ ʩʠʛʥʘʣʘ ʥʘʢʘʯʢʠ 

1000, 1000*ɚSA/ɚSB ʠ 100 ʤɺʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʯʝʨʝʟ ʛʨʘ-

ʜʠʝʥʪʥʳʝ PPLN-ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.2. ɺʠʜʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʘʥʘʣʦʚ ɸ ʠ ɺ ʥʘ ʚʳʭʦʜʝ 

ʧʨʠ ʩʦʚʧʘʜʝʥʠʝ ʠʤʧʫʣʴʩʦʚ ʥʘ ʚʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ 

ʣʦʛʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʩʠʛʥʘʣʦʚ.   
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ʈʠʩʫʥʦʢ 2. ɺʨʝʤʝʥʥʦʡ ʚʠʜ ʠʤʧʫʣʴʩʦʚ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣ ̫
 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ ʠʩʪʠʥʥʦʩʪʠ ʨʘʙʦʪʳ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

PPLN-ʩʪʨʫʢʪʫʨʝ. ɺʳʭʦʜ Y1 ï ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚSA (ʪ.ʝ. ʯʘʩʪʦʪʘ ʦʧʪʠʯʝʩʢʦʡ 

ʥʝʩʫʱʝʡ ɤSA), ʚʳʭʦʜ Y2 ï ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚSB (ʥʘ ʯʘʩʪʦʪʝ ʦʧʪʠʯʝʩʢʦʡ ʥʝ-

ʩʫʱʝʡ ɤSB), ʚʳʭʦʜ Y3 ï ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚI (ʥʘ ʯʘʩʪʦʪʝ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ 

ɤI), ʚʳʭʦʜ Y4 ï ʤʦʜʫʣʠʨʦʚʘʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚSF (ʥʘ ʯʘʩʪʦʪʝ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ ɤSF).  

 

ʊʘʙʣʠʮʘ 1 

ʊʘʙʣʠʮʘ ʠʩʪʠʥʥʦʩʪʠ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 
ɺʭʦʜ ɸ ɺʳʭʦʜ Y1 ɺʭʦʜ ɺ ɺʳʭʦʜ Y2 ɺʳʭʦʜ Y3 ɺʳʭʦʜ Y4 

0 0 0 0 0 0 

0 0 1 1 0 0 

1 1 0 0 0 0 

1 0 1 0 1 1 
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ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ Y3 ʠ Y4 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʦʝ ʫʤʥʦʞʝʥʠʝ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʝ ɸ 

ʠ ɺ. ʆʪʣʠʯʠʝ ʚʳʭʦʜʦʚ Y3 ʠ Y4 ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʦʪʘ ʦʧʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ ʚʳʭʦʜʘ Y4 ï ʵʪʦ ʩʫʤʤʘ ʥʝʩʫʱʠʭ 

ʯʘʩʪʦʪ ʚʭʦʜʦʚ A ʠ B. ɸ ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʚʳʭʦʜʘ Y3 ï ʥʘʭʦʜʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʨʘʟʥʦʩʪʥʳʭ ʯʘʩʪʦʪ 
(DFG-ʧʨʦʮʝʩʩ): 

PSFI
www -= , 

 

ʛʜʝ ɤP ï ʯʘʩʪʦʪʘ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ PPLN. 

ʀʟ ʪʘʙʣʠʮʳ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ Y1 ʨʝʘʣʠʟʫʝʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ BAÖ , ʘ ʥʘ ʚʳʭʦʜʝ Y2 
ʨʝʘʣʠʟʫʝʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ABÖ . 

ʊʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʚʝʥʪʠʣʷ ʥʘ ʛʨʘʜʠʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Q-ʬʘʢʪʦʨʘ: 
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ʛʜʝ ɛ1 ʠ ɛ0 ʧʦʨʦʛʦʚʳʝ ʤʦʱʥʦʩʪʠ ʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮʳ ʠ ʥʫʣʷ, ů ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ.  

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷ ʥʘ PPLN-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʧʨʠ ʚʟʘʠʤʥʦʤ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥ 

ʚʦʣʥ ʚʭʦʜʦʚ ɸ ʠ ɺ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʯʘʩʪʦʪʳ ɤSF (ʨʠʩ.3). ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʥʠ-

ʞʝʥʠʠ Q-ʬʘʢʪʦʨʘ ʜʣʷ ʛʨʘʜʠʝʥʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʪʫʘʮʠʝʡ ʥʫʣʝʚʦʛʦ SFG-DFG 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʰʠʨʝ ʥʘ 12% ʧʦ ʫʨʦʚʥʶ 15 ʜɹ.  
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ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ

 
 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ Q-ʬʘʢʪʦʨʘ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʢʘʥʘʣʘ ɸ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʤʦʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʩʣʫʞʠʣʠ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʨʝ-

ʘʣʠʟʘʮʠʠ ʤʘʢʝʪʘ ʠʟ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʩ ʛʨʘʜʠʝʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʀʟ ʢʨʠʩʪʘʣʣʘ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʧʣʘʩʪʠʥʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. 

ʇʣʘʩʪʠʥʳ ʙʳʣʠ ʦʪʧʦʣʠʨʦʚʘʥʳ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʥʘʥʝʩʝʥʠʶ ʩʣʦʷ ʬʦʪʦʨʝʟʠʩʪʘ ʯʝʨʝʟ ʬʦʪʦʰʘʙʣʦʥ. ʊʦʣʱʠʥʘ 

ʩʣʦʷ ʬʦʪʦʨʝʟʠʩʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʃʠʥʥʠʢʘ ʠ ʩʦʩʪʘʚʠʣʘ 1,5 ʤʢʤ.  ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʬʦʪʦʨʝʟʠʩʪʘ 

(ʨʠʩ.4) ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʩʪʦʨʦʥʘʤ ʧʣʘʩʪʠʥʳ ʯʝʨʝʟ ʩʣʦʡ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠʢʣʘʜʳʚʘʣʘʩʴ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

ʦʪ 8 ʜʦ 15 ʢɺ/ʤʤ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ ʩʤʝʩʠ ʘʟʦʪʥʦʡ ʠ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪ. 
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ʈʠʩʫʥʦʢ 4. ɺʠʜ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʨʝʟʠʩʪʘ 

 

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʦʧʪʠʯʝʩʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʝʥʪʠʣʷ ʥʘ ʦʩʥʦʚʝ ʚʦʣʥʦʚʦʜʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠ-

ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʥʠʦʙʘʪʝ ʣʠʪʠʷ ʩ ʛʨʘʜʠʝʥʪʦʤ ʩʦʩʪʘʚʘ (PPLN-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ). ʇʨʦʤʦʜʝʣʠʨʦʚʘʥʳ 

ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ PPLN-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ, ʨʝʘʣʠʟʫʶʱʠʝ ʬʫʥʢʮʠʠ ʣʦʛʠʯʝʩʢʦʛʦ ʫʤʥʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ 

ʚʭʦʜʘʭ ɸ ʠ ɺ, ʬʫʥʢʮʠʠ BAÖ ʠ ABÖ . ʈʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ Y1 ʠ Y2 (Q-

ʬʘʢʪʦʨ) ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ BAÖ ʠ ABÖ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʛʨʘʜʠʝʥʪʘʭ ʩʦʩʪʘʚʘ ʚ PPLN-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʠʟ ʢʨʠʩʪʘʣʣʘ ʥʠʦʙʘʪʘ ʣʠʪʠʷ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʣʠʥʝʡʥʦʛʦ, ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ-

ʛʦ ʛʨʘʜʠʝʥʪʦʚ ʜʠʩʧʝʨʩʠʠ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚʜʦʣʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʤʘʢʩʠʤʫʤ Q-ʬʘʢʪʦʨʘ ʚ ʪʨʝʪʴʝʤ ʪʝʣʝʢʦʤ-

ʤʫʥʠʢʘʮʠʦʥʥʦʤ ʦʢʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʤʝʥʴʰʝ ʥʘ 10 ʜɹ, ʯʝʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʛʨʘʜʠʝʥʪʘ, ʦʜʥʘʢʦ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘ-

ʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦ ʫʨʦʚʥʶ 15 ʜɹ ʩʪʘʥʦʚʠʪʩʷ ʰʠʨʝ ʥʘ 12 % (ʨʠʩ.3). 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʚʝʥʪʠʣʝʡ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʠ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʦʣʣʠʥʛʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʦʧʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʟ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʩ ʛʨʘʜʠʝʥʪʦʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

 

*ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʂʫʙɻʋ 
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Abstract. Modeling researches of influence of profiles of an indicator of refraction are carried out in work on 

efficiency of realization of logic elements on PPLN from gradient lithium niobate. At decrease in efficiency of realiza-

tion of logic functions for PPLN from gradient crystal in comparison with an idealized situation of a zero mismatch of 

group speeds of entrance channels the pass-band of such converter becomes wider. Markets of PPLN-converters from 

gradientôs lithium niobate crystals are experimentally received.  
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ʆɹʈɸʊʅɸʗ ɿɸɼɸʏɸ ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ʉ ʆɹʈɸʊʅʓʄ ɺʈɽʄɽʅɽʄ 

(ʈɽʊʈʆʉʇɽʂʊʀɺʅɸʗ) 
 

 
ʉ.ɸ. ɼʞʘʨʦʚʘ, ʤʘʛʠʩʪʨ-ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ çʄʘʪʝʤʘʪʠʢʘ ʠ ʧʨʠʢʣʘʜʥʘʷ ʤʝʭʘʥʠʢʘè 

ʂʳʟʳʣʦʨʜʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂʦʨʢʳʪ ɸʪʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʂʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩ ʦʙʨʘʪʥʳʤ ʚʨʝʤʝʥʝʤ ʠ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʵʪʦʡ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ ï ʩʚʝʜʝʥʠʝ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʝ ʠ ʢ ʦʧʝʨʘʪʦʨʥʦʤʫ ʚʠʜʫ fAq= . ɼʣʷ ʨʝʰʝʥʠʷ
 
ʧʨʷʤʦʡ ʟʘʜʘʯʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʡ ʤʝʪʦʜ, ʘ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʧʨʦʩʪʦʡ ʠʪʝ-

ʨʘʮʠʠ.
 
ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ ʨʝʛʫʣʷʨʠʟʦʚʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʜʘʯʘ ʂʦʰʠ, ʨʝʛʫʣʷʨʠʟʘʮʠʷ, ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʡ ʤʝʪʦʜ. 

 

ɺʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʪʨʝʙʫʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0=t ʧʦ ʠʟʤʝʨʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ 0=Tt = . ʊʘʢʠʝ ʟʘʜʘʯʠ ʥʘʟʳʚʘʶʪʩʷ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳ-

ʤʠ ʠʣʠ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʦʙʨʘʪʥʳʤ ʚʨʝʤʝʥʝʤ. ɽʩʣʠ ʥʘʧʨʠʤʝʨ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʝʨʞʝʥʴ ʜʣʠʥʦʡ l  ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʥʘ ʢʦʥʮʘʭ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʢʦʥʮʘʭ ʥʫʣʝʚʦʡ), ʪʦ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʨʝʪʨʦʩʧʝʢʪʠʚʥʫʶ ʟʘʜʘʯʫ: 
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             ),,0(,0),(),0( Tlvv Í== ttt                                          (1.1.2) 

                                                     ),,0(),(),( lxxfTxv Í=                                           (1.1.3) 
 

ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ),( txv ʚ ʦʙʣʘʩʪʠ ),0(),0( Tl ³ . 

ɿʘʤʝʥʷʷ (1.1.1)-(1.1.3) ʧʝʨʝʤʝʥʥʫʶ tT-=t  ʠ ʦʙʦʟʥʘʯʘʷ ),(),( txvtxu = ʧʨʠʭʦʜʠʤ ʢ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦʡ ʟʘʜʘʯʝ  
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                                                  ),,0(,0),(),0( Ttluu Í== tt                                       (1.1.5) 

                                                      ),,0(),(),( lxxfTxu Í=                                          (1.1.6) 
 

ʚ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ),( txu ʚ ʦʙʣʘʩʪʠ ),0(),0( Tl ³  

ɿʘʤʝʪʠʤ, ʯʪʦ ʟʘʜʘʯʘ (1.1.4)-(1.1.6) ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʧʨʘʚʦʡ ʯʘʩʪʠ f ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʨʝʰʝʥʠʷ u. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʨʠ 
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22

=  ʨʘʩʪʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʩ ʨʦʩʪʦʤ n, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʘʥʥʳʝ ʟʘʜʘʯʠ )(xf ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʟʘʜʘʯʠ (1.1.4)-(1.1.6). 

 

1.1 ʩʚʝʜʝʥʠʝ ʟʘʜʘʯʠ ʢʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʝ ʠ ʢ ʦʧʝʨʘʪʦʨʥʦʤʫ ʚʠʜʫ 

ʅʝʢʦʨʨʝʢʪʥʘʷ ʟʘʜʘʯʘ ʂʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (1.1.4)-(1.1.6) ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘ-

ʥʘ ʚ ʬʦʨʤʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʢ ʥʝʢʦʪʦʨʦʡ ʧʨʷʤʦʡ (ʢʦʨʨʝʢʪʥʦʡ) ʟʘʜʘʯʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ 

 

                                                                
),0(),,0(,0 Ttlxuu xxt ÍÍ=+                                                             (1.2.1) 

                                                           
É ɼʞʘʨʦʚʘ ʉ.ɸ. / Dzharova S.A., 2014 
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),0(),(),( lxxqTxu Í= ,                                                                 (1.2.2) 

                                                                   
),0(,0),(),0( Tttlutu Í==                                                             (1.2.3) 

 

ʚ ʢʦʪʦʨʦʡ ʧʦ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ )(xq ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ),( txu . 

ɿʘʜʘʯʘ (1.2.1)-(1.2.3) ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦʡ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ (1.1.1)- (1.1.3) ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʦʙʨʘʪ-

ʥʦʡ ʟʘʜʘʯʝ: ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʰʝʥʠʠ ʧʨʷʤʦʡ ʟʘʜʘʯʠ (1.2.1)- (1.2.3) 

 

                                                                       
),0(),()0,( lxxfxu Í=                                                                  (1.2.4) 

 

ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ)(xq . 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʝʨʘʪʦʨ 

),0,(:)(),(:)(: xuxfTxuxqA ==  
 

ʛʜʝ ),( txu  ï  ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1.2.1)-(1.2.3). 

ʊʦʛʜʘ ʚ ʦʧʝʨʘʪʦʨʥʦʤ ʚʠʜʝ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

fAq=  

 

ʛʜʝ )(xf  ï ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ, )(xq -ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ.  

 

1.2. ʄʝʪʦʜ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ ʚ ʟʘʜʘʯʝ ʂʦʰʠ ʜʣʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
ʈʘʩʩʤʦʪʨʠʤ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ (1.2.1)-(1.2.4) ʚ ʦʧʝʨʘʪʦʨʥʦʤ ʚʠʜʝ 

 

fAq=  
 

ɹʫʜʝʤ ʨʝʰʘʪʴ ʵʪʫ ʟʘʜʘʯʫ, ʤʠʥʠʤʠʟʠʨʫʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʦʥʘʣ 
2

)1,0(2

)(
L

fAqqJ -=  ʩ ʧʦʤʦʱʴʶ ʤʝʪʦ-

ʜʘ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ. ʕʪʦʪ ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʳʯʠʩʣʝʥʠʠ ʧʨʠʙʣʠʞʝʥʠʡ  ʧʦ ʩʭʝʤʝ 
 

,...1,0),('1 =-=+ nqJqq nnnn a  

 

ʛʜʝ  ï ʥʝʢʦʪʦʨʦʝ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ,-ʛʨʘʜʠʝʥʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʘ ʧʘʨʘʤʝʪʨ  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ 
 

( )))('(minarg 0 nnn qJqJ aa a -= =  

 

ʇʦʢʘʞʝʤ ʢʘʢ ʚʳʯʠʩʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪ ʬʫʥʢʮʠʦʥʘʣʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʝ. ɺʳʯʠʩʣʠʤ ʧʨʠ-

ʨʘʱʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ)(qJ : 

 

[ ] ( )ñ ñ+-=

=+-=-+=-+

0 0

2

2

)1,0(

2

)1,0(

)0,()0,()()0,(2

,2)()()(
22

l

LL

dxxudxxuxfxu

qAqAfAqfqqAqJqqJ

dd

dddd

 

 

ʛʜʝ ),( txu  ï ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʷʤʦʡ ʟʘʜʘʯ (1.2.1)-(1.2.3), ʘ ),( txud - ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

 

                                                                
),0(),,0(, Ttlxuu xxt ÍÍ-=                                                                (1.3.1) 

                                                                       
),0(),(),( lxxqTxu Í=d                                                               (1.3.2) 

                                                                   
),0(,0),(),0( Tttlutu Í==                                                             (1.3.3)    

 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ),( txy  ï ʨʝʰʝʥʠʝ ʩʦʧʨʷʞʝʥʥʦʡ ʟʘʜʘʯʠ 

 

                                                                                 

,
2

2

xt µ

µ
=

µ

µ yy
                                                                            (1.3.6)      
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),()0,( xx my =                                                                        (1.3.7)       

                                                                          
,0),(),0( == tlt yy                                                                    (1.3.8) 

 

ʋʯʠʪʳʚʘʷ (1.3.1)- (1.3.8), ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1.3.1)- (1.3.5) ʠ (1.3.6)- 

(1.3.8): 

( ) =+=+= ññ ññññ
l T l T

xxt

l T

xxt dxdttxutxdxdttxuTxdxdttxutxutx
0 0 0 00 0

),(),(),(),(),(),(),(0 dydyddy

 

( ) ( )

ññ

ñññ

ñ ñññ ññ

ñ ñññ ññ

-=

=--=--=

=+--=

=-+-=

ll

l T

xxt

l

x

T l T

xx

l

x

T l T

t

T

T l T

xx

l

x

l l T

t

l

dxxuxdxTxuTx

dxdttxutxtxdxxuxTxuTx

dxdttxutxdttxutxdxdttxutxdxtxutx

dxdttxutxdttxutxdxdttxutxdxtxutx

00

0 00

0 0 0

0

0 0 0

0

0 0 0

0

0 0 0

0

)0,()0,(),(),(

),(),(),()0,()0,(),(),(

),(),(),(),(),(),(),(),(

),(),(),(),(),(),(),(),(

dydy

dyydydy

dydydydy

dydydydy

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

ññ =-

ll

dxxuxdxxqTx
00

0)0,()0,()(),( dydy  

 

ʇʦʣʦʞʠʤ, ( ))()0,(2)( xfxux -=m  ʚ ʩʦʧʨʷʞʝʥʥʦʡ ʟʘʜʘʯʝ (1.3.6)-(1.3.8). ʊʦʛʜʘ 

( )

( )

( )ñ

ññ

ññ

+ÖÖ=

=+=

=+=-+

l

ll

ll

dxxuqT

dxxudxxqTx

dxxudxxuxqJqqJ

0

2

0

2

0

0

2

0

)0,()(),,(

)0,()(),(

)0,()0,()0,()()(

ddy

ddy

ddyd

 

ʉʨʘʚʥʠʚ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʠʨʘʱʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ ʬʫʥʢʮʠʦʥʘʣʘ  
 

( ),),(')()( qqqJqJqqJ dodd +=-+  

 

ʟʘʢʣʶʯʘʝʤ, ʯʪʦ ( ) ),(*2)(' TxfAqAqJ y=-@ , ʛʜʝ y ï ʝʩʪʴ ʨʝʰʝʥʠʝ ʩʦʧʨʷʞʝʥʥʦʡ ʟʘʜʘʯʠ (1.3.6)-(1.3.8), ʚ 

ʢʦʪʦʨʦʡ ʢʘʯʝʩʪʚʝ :)(xm  ʚʟʷʪʘ ʬʫʥʢʮʠʷ  ( ))()0,(2)(2 xfxufAq -=-  

 

1.3. ʂʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ 

ʇʫʩʪʴ ʬʫʥʢʮʠʷ  ),( txu - ʨʝʰʝʥʠʝ ʧʨʷʤʦʡ ʟʘʜʘʯʠ  ʂʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  

î
î
í

îî
ì

ë

==

=

ÍÍ-=

==

=

.0

)(

),0(),,0(,

0 Lxx

ʊt

xxt

uu

xqu

TtLxuu

 

ʉʪʨʦʠʣʘʩʴ ʨʘʚʥʦʤʝʨʥʘʷ ʩʝʪʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ),( tx :

____________

,0,,0,, NtkNxiʛʜʝktihx ki ==== t . 

ɿʘʪʝʤ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ )(xq ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  Tt =   ʩʪʨʦʠʣʘʩʴ ʪʘʙʣʠʯʥʘʷ ʬʫʥʢʮʠʷ ),( Txu i
. 

ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: 
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2

1

1

11

1

1 2

h

uuuuu k

i

k

i

k

i

k

i

k

i

+

+

++

-

+ +-
-=

-

t
                                                     (1.3.9) 

                                                                       
.:)( i

Nt

iTt
quxqu ==

=
                                                                 (1.3.10) 

                                                                                 
00 == k

Nx

k uu
                                                                         (1.3.11) 

ʇʫʩʪʴ Nx  ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ ʥʘ ʠʥʪʝʨʚʘʣʝ ),0( L , ʘ Nt  ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʨʘʚ-

ʥʦʤʝʨʥʦʡ ʩʝʪʢʠ ʥʘ ʠʥʪʝʨʚʘʣʝ ),0( T . ʊʦʛʜʘ ʦʧʨʝʜʝʣʠʤ ʰʘʛ ʩʝʪʢʠ:
NtNx

l
h

1
, == t  

ʀʟ ʫʩʣʦʚʠʷ (1.3.11) ʟʘʧʦʣʥʷʝʤ ʥʫʣʝʚʦʡ ʠ Nx  ʩʣʦʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ Lxx == ,0 : 00 == k

Nx

k UU
 
ʠ 

ʟʘʪʝʤ ʠʟ ʫʩʣʦʚʠʷ (1.3.10) ʟʘʧʦʣʥʷʝʤ Nt  ʩʣʦʡ ʧʦ ʚʨʝʤʝʥʠ:i

Nt

i qU = . ʊʦʛʜʘ  
 

                                                             

( ) 11

1

11

12
2 ++

-

++

+ ++-= k

i

k

i

k

i

k

i

k

i uuuu
h

u
t

                                                       (1.3.12) 

 

ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 1
2
<ö
÷

õ
æ
ç

å

h

t
. 

 

  ï ʫʟʣʳ ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ  ʠʟ  ʫʩʣʦʚʠʠ 

(1.3.10),  (1.3.11) 

ï  ʫʟʣʳ ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 

(1.3.12) 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. 

ɺ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝ-

ʰʝʥʠʷ ),( txu
 
ʟʘʜʘʯʠ (1.3.9)-(1.3.11) ʙʳʣʠ  ʚʟʷʪʳ  ʚ 

ʢʘʯʝʩʪʚʝ ö
÷

õ
æ
ç

å
== xxqT

2
sin)(,1
p

, 
100,10 == NtNx .  

ʅʘ ʨʠʩʫʥʢʝ (1) ʧʦʢʘʟʘʥʦ ʧʦʚʝʜʝʥʠʝ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

 

 
 

ʈʠʩʫʥʦʢ 1. ʈʝʰʝʥʠʝ ),( txu
 

 

1.3. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʂʦʰʠ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʟʜʝʣʝ (1.2) ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʬʫʥʢʮʠʠ )(xq  

ʧʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ )()0,( xfxu = . ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʨʝʰʘʝʤ ʧʨʷʤʫʶ ʟʘʜʘʯʫ ʠ, ʟʘʙʳʚʘʷ ʦ )(xq  , 

ʜʦʣʞʥʳ ʧʦʢʘʟʘʪʴ  ʩʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ )(xqn  , ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ, ʢ ʪʦʯʥʦʤʫ ʨʝʰʝʥʠʶ 

)(xq  ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ )(xf
.
 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʦʧʨʷʞʝʥʥʦʡ ʟʘʜʘʯʠ   
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[ ]
0

)()0,(2)(

0
==

-==

-=

== lx

n

x

n

nn

n

xx

n

t

xfxux

yy

my

yy

 
 

ʩʪʨʦʠʤ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ),( tx : 

____________

,0,,0,, NtkNxiʛʜʝktihx ki ==== t  , ʛʜʝ Nx - ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ ʥʘ ʠʥʪʝʨ-

ʚʘʣʝ ),0( L , Nt - ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ ʥʘ ʠʥʪʝʨʚʘʣʝ),0( T ,
NtNx

L
h

1
, == t   - ʰʘʛʠ ʩʝʪʢʠ. 

ɿʘʪʝʤ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ )(xm ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  0=t   ʩʪʨʦʠʪʩʷ  ʪʘʙʣʠʯʥʘʷ ʬʫʥʢʮʠʷ )0,( ixy . 

ʌʫʥʢʮʠʷ  ),( txy - ʨʝʰʝʥʠʝ ʩʦʧʨʷʞʝʥʥʦʡ ʟʘʜʘʯʠ. ɼʠʩʢʨʝʪʠʟʠʨʫʝʤ ʩʦʧʨʷʞʝʥʥʫʶ ʟʘʜʘʯʫ: 

 

                                                                  
2

11

1

h

k

i

k

i

k

i

k

i

k

i +-

+ +-
=

- yyy

t

yy
                                                          (1.3.13) 

                                                                        
.:)( 0

0 iit
x mymy ==

=
                                                              (1.3.14) 

                                                                                 
00 == k

Nx

k yy                                                                         (1.3.15) 

 

ʀʟ ʫʩʣʦʚʠʷ (1.3.15) ʟʘʧʦʣʥʷʝʤ ʥʫʣʝʚʦʡ ʠ Nx  ʩʣʦʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ Nxxx == ,0 : 00 == k

Nx

k yy
 
ʠ 

ʟʘʪʝʤ ʠʟ ʫʩʣʦʚʠʷ (1.3.14) ʟʘʧʦʣʥʷʝʤ Nt  ʩʣʦʡ ʧʦ ʚʨʝʤʝʥʠ:)(0 xi my = . ʊʦʛʜʘ 

                                                          

( ) k

i

k

i

k

i

k

i

k

i
h

yyyy
t

y ++-= -+

+

112

1 2
                                                      (1.3.16) 

 

 

   ï ʫʟʣʳ ʢʦʪʦʨʳʝ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʠ 

(1.3.14), (1.3.15) 

    ï  ʫʟʣʳ ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʠ 

(1.3.16) 

ʌʫʥʢʮʠʦʥʘʣ ʠʤʝʝʪ ʚʠʜ  

                                           

[ ]ñ -=

l

n

n dxxfxuqJ
0

2
)()0,()(

 
ɼʘʣʴʰʝ ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ  

1) ʙʝʨʝʤ ʧʨʠʙʣʠʞʝʥʥʦʝ 00 =iq  

2) ʨʝʰʘʷ 
2

1

1

1

0

1

10

1

0 2

h

UUUUU k

oi

k

i

k

oi

k

i

k

i

+

+

++

-

+ +-
-=

-

t  

ʥʘʭʦʜʠʤ ( ) 11

10

11

120 2 ++

+

++

- -+-= k

oi

k

i

k

oi

k

oi

k

i UUUU
h

U
t

 

3) ʟʘʧʦʣʥʷʝʤ ʩʣʦʡ )(0 xi my = : [ ])()0,(2 0 ifxUi -=m  

4) ʉʯʠʪʘʝʤ 
k

i
y  

5) )(' n

Nt

i qJ=y  

6) 
Nt

iii qq ay-= 01  

e<- Tn qq  

ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʨʝʰʠʣʠ ʩʦʧʨʷʞʝʥʥʫʶ ʟʘʜʘʯʫ ʠ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚʟʷʣʠ 00=q , ʘ 

01,0=a  ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩʭʦʜʠʤʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʠ nq
 
ʢ ʪʦʯʥʦʤʫ ö

÷

õ
æ
ç

å
= xxq

2
sin)(
p

. 
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ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʯʪʦ, ʧʨʠ  

 

8,0=e
 
ʯʠʩʣʦ ʠʪʝʨʘʮʠʠ 9752=k       ʧʨʠ 146714,0 == ke  

 
245071,0 == ke  

 
 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʤʝʪʦʜ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ ʩʭʦʜʠʪʩʷ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʟʘʜʘʥʠʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʰʠʙʦʢ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ. 

 

ʊʘʙʣʠʮʘ 1 
 

fd  qd  

1 01,0  3108,0 -Ö  

2 02,0  3104,1 -Ö  

3 03,0  3102 -Ö  

4 04,0  3103,2 -Ö  

5 05,0  3103,9 -Ö  

6 1,0  3108,3 -Ö  

7 2,0  3101,5 -Ö  

8 3,0  31075,5 -Ö  

9 4,0  3103,6 -Ö  

10 5,0  3103,6 -Ö  
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ʂʘʢ ʚʠʜʠʤ, ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʦʰʠʙʦʢ ʚ ʟʘʜʘʥʠʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʠʟʤʝʥʷʝʪʩʷ  

ʥʝ ʩʠʣʴʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʟʘʜʘʯʠ ʂʦʰʠ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  ʫʩʪʦʡʯʠʚʦ 
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THE INVERSE PROBLE M OF THERMAL CONDUCTIVITY WITH REVERSE TIME 

(RETROSPECTIVE)  
 

S.A. Dzharova, Master-Teacher of Mathematics and Applied Mechanics Department 

Korkyt Ata Kyzylorda State University, Kazakhstan 

 

Abstract.  The Cauchy problem for the thermal conductivity equation with the reverse time and various meth-

ods of regularization of this problem, namely ï reduction of the Cauchy problem for the themal conductivity equation to 

the reverse problem and to an operator type is considered in the article.  For the solution of a direct problem it was 

considered final difference method, and the fixed point iteration method was applied to the solution of the reverse prob-

lem.  Numerical experiments for creation of the solution of the regularizable equation were made.  

Keywords: Cauchy problem, regularization, reverse problem, final difference method. 
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ʉʄɽʐɸʅʅʓɽ ɼʈʆɹʅʓɽ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓɽ ʆʇɽʈɸʊʆʈʓ  

ɺ ʇʈʆʉʊʈɸʅʉʊɺɸʍ ɻɽʃʔɼɽʈɸ 
 

 
ʊ.ʖ. ʄʘʤʘʪʦʚ, ʘʩʩʠʩʪʝʥʪ, ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ çɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳè 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʄʳ ʠʟʫʯʘʝʤ ʩʤʝʰʘʥʥʳʝ ʜʨʦʙʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʬʦʨʤʝ ʄʘʨʰʦ ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ɻʝʣʴʜʝʨʘ. ʀʩʩʣʝʜʫʝʤ ʜʝʡʩʪʚʠʝ ʦʧʝʨʘʪʦʨʦʚ ʩʤʝʰʘʥʥʦʛʦ ʜʨʦʙʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ ɻʝʣʴʜʝʨʘ ʬʫʥʢʮʠʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, ʜʨʦʙʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʄʘʨʰʦ, ʩʤʝʰʘʥʥʳʡ ʜʨʦʙʥʳʡ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣ, ʩʤʝʰʘʥʥʳʝ ʨʘʟʥʦʩʪʴ, ɻʝʣʴʜʝʨʚʩʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
 

1. ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʝʥ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ɻ. ʍʘʨʜʠ ʠ ɼ. ʃʠʪʪʣʚʫʜʘ (1928 ʛ., ʩʤ [3, Ä3]) ʦ ʪʦʤ, ʯʪʦ ʜʨʦʙʥʳʡ ʠʥʪʝ-

ʛʨʘʣ ( )() ()( )() 10,11 <<*G= -

+

-

+
aa aa xftxfI

a
 ʦʪʦʙʨʘʞʘʝʪ ʠʟʦʤʦʨʬʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ( )]1,0[

0

lH  

ʛʝʣʴʜʝʨʦʚʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʨʷʜʢʘ ( )1,0Íl  ʩ ʫʩʣʦʚʠʝʤ () 00 =f  ʥʘ ʘʥʘʣʦʛʠʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʛʦ ʧʦʨʷʜʢʘ al+  ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 1<+al . ɺ ʜʘʣʴʥʝʡʰʠʤ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʦʙʦʙʱʘʣʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ: ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦ ʩʪʝʧʝʥʥʳʤ ʚʝʩʦʤ [1], ʦʙʦʙʱʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ɻʝʣʴʜʝʨʘ [4]-[6], ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʪʠʧʘ ʅʠʢʦʣʴʩʢʦʛʦ [2] ʠ ʜʨ. ʇʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʵʪʠʭ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʙʣʠʟʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [3]. 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ, ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʩʚʦʡʩʪʚʘʭ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ɻʝʣʴʜʝʨʘ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ 

ʜʨʦʙʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʈʠʤʘʥʘ-ʃʠʫʚʠʣʣʷ [7]-[8].  

ʉʤʝʰʘʥʥʳʝ ʜʨʦʙʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʬʦʨʤʝ ʄʘʨʰʦ 
 

                                                 (1) 
 

ʥʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɻʝʣʴʜʝʨʘ. ʄʝʞʜʫ ʪʝʤ, ʪʘʤ ʚʦʟʥʠʢʘʶʪ "ʠʥʪʝʨʝʩʥʳʝ ʪʦʯʢʠ", ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʩʩʣʝʜʦʚʘ-

ʥʠʶ ʩʤʝʰʘʥʥʳʭ ʨʘʟʥʦʩʪʝʡ ʜʨʦʙʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (1). ɼʣʷ ʦʧʝʨʘʪʦʨʘ (1) ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ɻʝʣʴʜʝʨʘ ʩʤʝh ʘʥʥʦʛʦ ʧʦʨʷʜʢʘ 

ʚʦʟʥʠʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʚ ʦʪʥʦʰʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ɻʝʣʴʜʝʨʚʩʢʠʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚ. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ɻʝʣʴʜʝʨʘ ʩʤʝʰʘʥʥʦʛʦ ʧʦʨʷʜʢʘ ʥʝ ʙʳʣʠ ʠʟʫʯʝʥʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʧʝʨʘʪʦʨ (1) ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ  
 

( ){ }dybxyxQ <<<<= 0,0:, . 
 

2. ʆʙʦʟʥʘʯʝʥʠʝ. ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʠ ( )yx,j  ʠʟ 
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ɺʦ ʚʩʝʭ ʨʝʟʫʣʴʪʘʪʘʭ ʯʝʨʝʟ CCC ,,
21

 ʠ ʪ.ʜ. ʦʙʦʟʥʘʯʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʷʭ. 

ɺ ʩʣʝʜʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʚʚʦʜʠʤ ʜʚʘ ʪʠʧʘ ʩʤʝʰʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ɻʝʣʴʜʝʨʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. I. ʇʫʩʪʴ ]1,0(, Ígl . ʉʢʘʞʝʤ, ʯʪʦ ()QH glj ,Í , ʝʩʣʠ 
 

                                 ( ) ( )
gl

jj
2122112211

,, yyCxxCyxyx -+-¢-                                        (3) 

                                                           
 É ʄʘʤʘʪʦʚ ʊ.ʖ. / Mamatov T.Yu., 2014 
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ʜʣʷ ʚʩʝʭ ( )( )Qyxyx Í
2211

,,, . ʋʩʣʦʚʠʝ (3) ʵʢʚʠʚʘʣʝʥʪʥʦ ʜʣʷ ʧʘʨʳ ʧʨʠ ʦʪʜʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
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ʨʘʚʥʦʤʝʨʥʦ ʩ ʦʪʥʦʰʝʥʠʝʤ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ.  

ʏʝʨʝʟ ()QH gl,

0
 ʦʧʨʝʜʝʣʠʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʬʫʥʢʮʠʠ ()QHf gl,

0
Í , ʢʦʪʦʨʘʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʚ 

ʛʨʘʥʠʮʘʭ 0=x ʠ 0=y  ʚ Q . 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ɻʦʚʦʨʠʤ, ʯʪʦ ( ) ()QHyx glj ,~
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, Í , ʝʩʣʠ ( ) ()QHyx glj ,, Í  ʠ ( ) ( ) 00,,0 ¹¹ xy jj . 

ɼʘʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ ɹʘʥʘʭʦʚʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ. ʅʠʞʝ ʩʪʘʥʜʘʨʪʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʦʨʤʳ 
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ʜʣʷ ʥʝʢʦʪʦʨʳʭ ]1,0[Íq , ʛʜʝ 
qq

q

-1

21
2= CCC , 

3. ʆʜʥʦʤʝʨʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ. ʉʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʚ [8], ʪʘʢʞʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [4], ʩʪʨ. 23 ʠ 190.  ʆʜʥʘʢʦ ʚʩʧʦʤʥʠʤ ʩʭʝʤʫ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠʟ [4] ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʦʩʪʘʚʣʝʥʠʷ ʜʦʢʘ-

ʟʘʪʝʣʴʩʪʚ ʜʣʷ ʜʚʫʭʤʝʨʥʦʛʦ ʩʣʫʯʘʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʦʙʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʄʘʨʰʦ ʥʘ ʦʪʨʝʟʢʝ. 
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ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʥʝʨʘʚʝʥʩʪʚʘ, ʧʦʣʫʯʠʤ 

 

( ) () ( ) ( )( ) ( )( ) .
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Abstract.  We study mixed fractional differentiation operators in the form Marchaud of functions variables in 

Hºlder spaces of different orders in each variables. We consider Hºlder spaces defined both by first order differences 

in each variable and also by the mixed second order difference, the main interest being in the evaluation of the latter 

for the fractional differentiation operators in the form Marchaud in both the cases where the density of the integral 

belongs to the Hºlder class defined by usual or mixed differences. The obtained results extend the well known theorem 

of Hardy-Littlewood for one-dimensional fractional differentials to the case of mixed Hºlderness. 
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ʄʆʃɽʂʋʃʗʈʅʆɽ ʉʊʈʆɽʅʀɽ ʄɽʊɸʃʃʆɺ 
 

 
ɸ.ɸ. ʇʦʪʘʧʦʚ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

(ʀʨʢʫʪʩʢ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʧʠʩʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʠʩʭʦʜʷ ʠʟ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʡ ʦ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʪʨʦʝʥʠʠ ʚʝʱʝʩʪʚʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʳʩʪʫʧʘ-

ʶʪ ʥʝ ʠʦʥʳ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʚ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʷʭ, ʘ ʜʚʫʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣ ʚ ʫʟʣʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ɼʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʦʙʲʷʩʥʝʥʠʝ ʩʚʦʡʩʪʚ ʠ ʵʬʬʝʢʪʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʵʢʩ-

ʧʝʨʠʤʝʥʪʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʝʣʴ, ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ, ʤʝʞʤʦʣʝʢʫʣʷʨ-

ʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

ʅʘʙʣʶʜʘʝʤʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʩʦʩʪʘʚʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʘʪʦʤʦʚ ʠ 

ʤʦʣʝʢʫʣ. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʝ 

ʢʫʙʠʯʝʩʢʫʶ ʠʣʠ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʠʩʘʥʠʝ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʡ ɼʨʫʜʝ ʠ ɿʦʤʤʝʨʬʝʣʴ-

ʜʘ, ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʳʭ ʠ ʥʝʟʘʚʠʩʠʤʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʧʦʣʫ-

ʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ ʤʦʜʝʣʠ "ʞʝʣʝ", ʠʦʥʥʳʡ ʢʘʨʢʘʩ ʤʝʪʘʣʣʘ ʧʦʛʨʫʞʝʥ ʚ ʵʣʝʢʪʨʦʥ-ʛʘʟʦʚʫʶ ʩʨʝʜʫ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ 

ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʣʝʛʣʘ ʚ ʦʩʥʦʚʫ ʠ ʟʦʥʥʦʡ ʪʝʦʨʠʠ. ʆʥʘ ʩʤʦʛʣʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʧʠʩʘʪʴ ʦʩʥʦʚʥʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ, ʭʦʪʷ ʥʝʜʦʩʪʘʪʢʠ ʝʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʦʪʨʘʞʘʶʪ ʚʥʫʪʨʝʥʥʶʶ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʤʦʜʝʣʠ ʩʚʦʙʦʜʥʳʭ ʠ ʥʝʟʘʚʠʩʠʤʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʬʠʟʠʯʝʩʢʫʶ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʟʦʥʥʦʡ ʪʝʦ-

ʨʠʠ ʤʝʪʘʣʣʦʚ [1, 11]. 

ɺʦ-ʧʝʨʚʳʭ, ʚ ʤʦʜʝʣʠ "ʞʝʣʝ" ʧʨʠʥʷʪʳ ʥʝʬʠʟʠʯʝʩʢʠʝ ʜʦʧʫʱʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʢʨʠʩʪʘʣʣʳ ʤʝʪʘʣʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʞʝʩʪʢʦʡ ʨʝʰʝʪʢʠ, ʫʟʣʘʤʠ ʢʦʪʦʨʦʡ ʚʳʩʪʫʧʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ ʠ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʚ ʤʝʞʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʝ 

ʯʘʩʪʠʮʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ ʚʩʝʛʜʘ ʩʪʨʝʤʷʪʩʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʩʙʣʠʞʝʥʠʶ. ʀʤʝʥʥʦ 

ʵʪʦʪ ʧʨʠʥʮʠʧ ʟʘʣʦʞʝʥ ʚ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʪʝʦʨʝʤʝ ʀʨʥʦʰʦʫ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʩʠʩʪʝʤʘ ʩʪʘʪʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ. ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʚʨʝʤʷ ʞʠʟʥʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʚ 

ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʯʝʥʴ ʤʘʣʦ ʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʜʚʫʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ, ʪʠʧʘ Li2, Al2, Ag2, Fe2 ʠ 

ʪ.ʧ. ʌʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʠʭ ʠʦʥʠʟʘʮʠʠ ʠʣʠ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ 

ʚʝʱʝʩʪʚʘ ʥʝʪ. ʅʘʜʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʚ ʤʦʣʝʢʫʣʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʩʪʴ. ɺʦ-ʚʪʦʨʳʭ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʠʣ.  

ʅʦ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʂʫʣʦʥʘ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʥʝ ʷʚʣʷʶʪʩʷ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʠ ʥʝ ʦʙʲʷʩʥʷʶʪ ʧʦʣʠʤʦʨʬʠʟʤ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʘʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ ʤʝʪʘʣ-

ʣʦʚ[5]. ɺ-ʪʨʝʪʴʠʭ, ʦʙʲʷʩʥʝʥʠʝ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʚ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʨʠʥʮʠʧʘ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʬʝʨʘʤʠ ʨʘʚʥʦʛʦ ʨʘʟʤʝʨʘ (ʨʘʚʥʦʚʝʣʠʢʠʤʠ ʰʘʨʘʤʠ) [5]. ʅʦ ʨʘʜʠʫʩʳ ʢʘʪʠʦ-

ʥʦʚ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʤʥʦʛʦ ʤʝʥʴʰʝ ʧʦʩʪʦʷʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʧʨʠ ʪʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʠʭ ʨʘʟʤʝ-

ʨʦʚ ʨʝʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʵʪʦʛʦ, ʤʦʜʝʣʴ 

ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʠ ʨʘʚʥʦʚʝʣʠʢʠʤʠ ʰʘʨʘʤʠ ʜʦʧʫʩʢʘʝʪ ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞ-

ʜʫ ʦʜʥʦʠʤʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ ʢʘʪʠʦʥʦʚ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʚ ʤʦʜʝʣʠ "ʞʝʣʝ" ʧʨʠʥʷʪʳ ʧʨʠʙʣʠʞʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʥʝʙʨʝʞʝʥʠʠ ʨʦʣʠ ʠʦʥʦʚ, ʠ ʧʨʠʙʣʠʞʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʦʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʤʘʣʦʩʪʠ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ. ʆʙʘ ʵʪʠ ʧʨʠʙʣʠʞʝʥʠʷ ʬʠʟʠʯʝ-

ʩʢʠ ʥʝ ʦʙʦʩʥʦʚʘʥʳ. ʇʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʤʝʪʘʣʣʦʚ ʵʥʝʨʛʠʷ ʢʫʣʦʥʦʚʩʢʠʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʢʘʪʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʧʦʨʷʜʢʘ (5õ10) ʵɺ, ʯʪʦ ʩʦʠʟʤʝʨʠʤʦ ʩ 

ʵʥʝʨʛʠʝʡ ʠʦʥʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʠ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ ʩʘʤʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʠʤʝʥʥʦ ʵʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʚ. ɺ-ʧʷʪʳʭ, ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʝʬʣʝʢʩʳ ʚ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʤʝʪʘʣʣʦʚ ʦʙʷʟʘʥʳ ʫʧʨʫʛʦʤʫ ʨʘʩʩʝʷʥʠʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʦʣʥ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʢʘʭ 

ʠʦʥʦʚ ʚ ʫʟʣʘʭ ʨʝʰʝʪʢʠ. ʅʦ ʤʝʭʘʥʠʟʤ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʤʠʢʨʦʯʘ-

ʩʪʠʮ [7, 12], ʢʦʪʦʨʘʷ ʫ ʢʘʪʠʦʥʦʚ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʦʯʝʥʴ ʤʘʣʘ ʠ ʥʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʫ ʤʝʪʘʣʣʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ.  

ʉʦʟʜʘʣʦʩʴ ʥʝʜʦʧʫʩʪʠʤʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʧʨʠʥʷʪʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʜʝʣʴʶ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢ-

ʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʘʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʜʦʚ ʤʠʢʨʦʯʘʩʪʠʮ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʨʠ-

ʩʪʘʣʣ. ʇʨʦʪʠʚʦʨʝʯʠʝ ʩʥʠʤʘʝʪʩʷ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʘʚʪʦʨʦʤ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʦʚ.  
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ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʦʚ ʣʝʞʠʪ ʛʠʧʦʪʝʟʘ [9], ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʨʝʝhʪʢʘ ʤʝʪʘʣʣʦʚ ʩʦʩʪʦʠʪ ʥʝ ʠʟ ʠʦʥʦʚ (ʢʘʢ ʚ ʤʦʜʝʣʠ "ʞʝʣʝ"), ʘ ʠʟ ʜʚʫʭʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ. ɼʚʫʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫ-

ʣʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ ʢʨʠʩʪʘʣʣʘ, ʪʘʢ ʯʪʦ ʦʥʠ, ʘ ʪʦʯʥʝʝ ï ʠʭ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ ʦʨ-

ʙʠʪʳ, ʬʦʨʤʠʨʫʶʪ ʫʟʣʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʝʪʘʣʣʦʚ. ʆʙʦʩʥʦʚʘʥʠʝʤ ʵʪʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʥʘʭʦʜʷʪʩʷ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʢʦʥʜʝʥʩʘʮʠʠ 

(ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ) ʤʦʣʝʢʫʣʳ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ, ʪ.ʝ. ʥʝ ʜʠʩʩʦʮʠʠ-

ʨʫʶʪ ʠ ʥʝ ʠʦʥʠʟʠʨʫʶʪʩʷ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʤʫ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʫʢʪʫʨ, ʪʠʧʘ ʜʠʤʝʨʦʚ 

Me2, ʪʨʠʤʝʨʦʚ Me3, ʪʝʪʨʘʤʝʨʦʚ Me4 ʠ ʪ.ʧ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʘʪʦʤʦʚ ʚ ʤʥʦ-

ʛʦʯʘʩʪʠʯʥʳʭ ʢʣʘʩʪʝʨʘʭ ʤʝʪʘʣʣʦʚ ʠ ʚ ʚʝʱʝʩʪʚʝ ʦʩʪʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʦʚ[8]. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪ-

ʨʳ[3]. ɼʣʷ ʤʝʪʘʣʣʦʚ ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʢʣʘʜʦʚ 

 

                                                                 ʠ = ʠʝʨ + ʠʢʨ + ʠʨʘʩ + ʠʠʩʧ, ,                                                    (1) 

 

ʛʜʝ ʠʝʨ ï ʵʥʝʨʛʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ (ʟʘʨʷʜ-ʜʠʧʦʣʴʥʳʭ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʠʢʨ ï ʵʥʝʨʛʠʷ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ, ʨʘʚʥʘʷ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ æʅʧʣ ʢʨʠʩʪʘʣʣʘ; ʠʨʘʩ ï ʵʥʝʨʛʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʨʘʩʧʣʘʚʝ ʤʝʪʘʣʣʘ, ʠʠʩʧ ï ʵʥʝʨʛʠʷ ʠʩʧʘʨʝʥʠʷ, ʨʘʚʥʘʷ ʵʥʪʘʣʴʧʠʠ ʠʩʧʘʨʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ. ʉʫʤʤʘ ʚʝ-

ʣʠʯʠʥ (ʠʝʨ + ʠʢʨ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʠʩʚ ʢʨʠʩʪʘʣʣʘ, ʛʜʝ ʠʝʨ = ʧʢʊʧʣ (ʧ ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, ʨʘʚʥʦʝ 

ʯʠʩʣʫ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ, ʊʧʣ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʢʊʧʣ ï ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ); ʠ ʠʢʨ =æʅʧʣ. ʕʥʝʨʛʠʶ 

ʠʨʘʩ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʨʘʩ = ʠʚʷʟ å ʠʩʚ/4, ʛʜʝ ʠʚʷʟ  ʵʥʝʨʛʠʷ ʚʷʟʢʦʩʪʠ 
ʨʘʩʧʣʘʚʘ.  ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʢʣʘʜʦʚ ʚ ʦʙʱʫʶ ʵʥʝʨʛʠʶ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʵʥʝʨʛʠʷ 

ʠʠʩʧ ʯʠʩʣʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʵʥʝʨʛʠʝʡ ʜʠʩʩʦʮʠʘʮʠʠ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʤʦʣʝʢʫʣ, ʪ.ʝ. ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʝʨ-

ʛʠʶ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʵʪʠʭ ʤʦʣʝʢʫʣ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʥʝ ʠʦʥ-

ʥʳʤ, ʘ ʤʦʣʝʢʫʣʷʨʥʳʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚʳʩʪʫʧʘʶʪ ʥʝ ʠʦʥʳ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʧʦʣʘʛʘʪʴ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʦʨʠʷʭ, ʘ ʜʚʫʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ.  

ʀʩʭʦʜʥʳʤ ʧʫʥʢʪʦʤ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʢʦʣʴʮʝ-

ʚʘʷ ʤʦʜʝʣʴ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʦʣʝʢʫʣ ʠ ʠʜʝʷ ʩʚʷʟʝʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [6, 8].  ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʣʴʮʝ-

ʚʦʡ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʧʨʠʤʝʨʝ ʤʦʣʝʢʫʣ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ[8]. 

ɸʪʦʤʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠʤʝʶʪ ʥʘ ʩʚʦʠʭ ʚʥʝʰʥʠʭ ʦʙʦʣʦʯʢʘʭ ʧʦ ʦʜʥʦʤʫ ʚʘʣʝʥʪʥʦʤʫ ʵʣʝʢʪʨʦʥʫ. ʆʥʠ 

ʞʝʩʪʢʦ ʩʚʷʟʘʥʳ ʩ ʦʩʪʦʚʦʤ ʘʪʦʤʘ ʠ ʦʙʨʘʟʫʶʪ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ. ʅʘʣʠʯʠʝ ʫ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ ʜʠʧʦʣʴʥʦʛʦ ʤʦ-

ʤʝʥʪʘ ʦʙʲʷʩʥʷʝʪ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʘʪʦʤʦʚ [10].  ʇʦʵʪʦʤʫ 

ʘʪʦʤʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʷʪʩʷ ʢ ʦʙʲʝʜʠʥʝʥʠʶ ʚ ʤʦʣʝʢʫʣʳ ʠʣʠ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʥʘʩʳʱʝʥʥʳʤʠ ʩʚʷʟʷʤʠ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʠʤʝʨʳ 
2M , ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʷʟʘʥʘ ʢʦʚʘʣʝʥʪʥʦʡ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ M ï M [8]. ʉʦʛʣʘʩʥʦ ʢʦʣʴʮʝʚʦʡ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣ-

ʣʦʚ
2Me  ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʘʨʫ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʪʠʦʥʦʚ Me+ ʘʪʦʤʦʚ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ[8]. 

ʂʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʦʚ ʠ ʠʭ ʦʙʦʙʱʝʩʪʚʣʝʥʠʷ ʥʘ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʡ ʦʨʙʠʪʝ. ʇʣʦʩʢʦʩʪʴ ʦʨʙʠʪʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʤʦʣʝʢʫʣ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʙʘʣʘʥʩʫ ʢʫʣʦʥʦʚ-

ʩʢʠʭ ʩʠʣ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ ʩ ʢʘʞʜʳʤ ʠʟ ʢʘʪʠʦʥʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʥʳ, ʠ ʩʠʣ 

ʚʟʘʠʤʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʢʘʪʠʦʥʦʚ, ï ʩ ʜʨʫʛʦʡ. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʦʣʝʢʫʣ
2Me ʪʘʢʦʡ 

ʞʝ, ʢʘʢ ʠ ʫ ʛʦʤʦʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ (ʪʠʧʘ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ, ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ) [2, 8]. ʕʣʝʢʪʨʦʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʜʝʣʦʢʘʣʠʟʦʚʘʥʳ (ʨʘʜʠʫʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʨʘʜʠʫʩʳ ʢʘʪʠʦʥʦʚ) ʠ, 

ʥʘʭʦʜʷʩʴ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ Me+, ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ  ʤʦʣʝʢʫʣ [8]. ʊʘʢʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ 
2Me  ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤʠ ʝʜʠʥʠʮʘʤʠ ʢʦʪʦʨʳʭ ʚʳʩʪʫ-

ʧʘʶʪ ʜʚʫʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ. 

ɺ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʚʝʱʝʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʝʰʝʪʢʫ, ʫʟʣʳ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʶʪ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ ʦʨʙʠʪʳ ʤʦʣʝʢʫʣ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʷʟʘʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʩʠʣʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ 

ʦʩʪʦʚʦʚ ʘʪʦʤʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʟʘʨʷʜʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ, ï ʩ ʜʨʫʛʦʡ [7, 8].  ɺ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʧʦʜʦʙʥʳ ʤʦʣʝʢʫʣʷʨʥʳʤ ʢʨʠʩʪʘʣʣʘʤ, ʪʠʧʘ ʘʟʦʪʘ, ʢʠʩʣʦʨʦʜʘ, ʛʘʣʦʛʝʥʦʚ ʠ 

ʪ.ʧ., ʫ ʢʦʪʦʨʳʭ ʫʟʣʘʤʠ ʨʝʰʝʪʢʠ ʚʳʩʪʫʧʘʶʪ ʜʚʫʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ N2, O2, Hal2 [2]. ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨ-

ʥʳʤʠ ʪʠʧʘʤʠ ʢʨʠʩʪʘʣʣʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʦʣʝʢʫʣ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʪʝ-

ʧʝʥʴʶ ʧʝʨʝʢʨʳʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪ. ʋ ʤʝʪʘʣʣʦʚ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʳ ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʘ ʫ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʢʨʠʩʪʘʣʣʦʚ  ʥʝʪ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 
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ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ, ʠʤʝʶʱʠʤ   ʥʝʚʘʣʝʥʪʥʫʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ. ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʥʠʤʠ ʯʠʩʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ. ʋ ʤʦʣʝʢʫʣ ʤʝʪʘʣʣʦʚ ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʠ ʵʣʝʢʪʨʦʥʳ 

ʥʘ ʩʚʷʟʷʭ ʜʝʣʦʢʘʣʠʟʦʚʘʥʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʨʳʚʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪ ʠ ʯʪʦ ʦʙʲʷʩʥʷʝʪ 

ʚʳʩʦʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ ʩʚʷʟʷʤ.  ʋ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘʧʨʦʪʠʚ, ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʚʷʟʷʭ. ʇʦʵʪʦʤʫ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʳ ʥʝ ʧʝʨʝʢʨʳ-

ʚʘʶʪʩʷ ʠ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʩʚʷʟʷʤ ʦʢʘʟʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ.  

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʆʎʂ-

ʩʪʨʫʢʪʫʨʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ, ʫʟʣʳ ʨʝʰʝʪʢʠ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʘʥʳ ʤʦʣʝʢʫʣʘʤʠ. ʂʘʞʜʘʷ ʠʟ ʤʦʣʝʢʫʣ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʣʴʮʦ (ʧʦʢʘʟʘʥʳ ʧʫʥʢʪʠʨʦʤ) ʥʘ ʦʩʠ ʤʦʣʝʢʫʣʳ. ʆʩʦʙʝʥʥʦʩʪʴ ʜʚʫʭʘʪʦʤʥʳʭ ʤʦʣʝʢʫʣ 

(ʢʨʫʞʢʘʤʠ ʧʦʢʘʟʘʥʳ ʦʩʪʦʚʳ ʘʪʦʤʦʚ) ʚ ʪʦʤ, ʯʪʦ ʠʭ ʢʨʫʛʦʚʳʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ (ʵʣʝʢʪʨʦʥʳ ʧʦʢʘʟʘʥʳ ʪʦʯʢʘʤʠ) 

ʦʨʙʠʪʳ ʬʦʨʤʠʨʫʶʪ ʦʙʲʝʤʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʝ.  

 
 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʆʎʂ-ʩʪʨʫʢʪʫʨʳ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʚ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ʇʫʥʢʪʠʨʦʤ ʠʟʦʙʨʘʞʝʥʳ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʳ. ʊʦʯʢʘʤʠ ʥʘ ʦʨʙʠʪʘʭ ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʳ. ʉʚʝʪʣʳʤʠ ʢʨʫʞʢʘʤʠ 

ʧʦʢʘʟʘʥʳ ʦʩʪʦʚʳ-ʢʘʪʠʦʥʳ ʘʪʦʤʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

 

ɺ ʤʦʜʝʣʠ ʢʦʣʴʮʘ ʥʘ ʦʩʠ ʤʦʣʝʢʫʣʳ [8] ʜʚʫʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʣʦʢʘʣʴʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʘ-

ʨʷʜʘʤʠ ʢʘʪʠʦʥʦʚ (ʦʩʪʦʚʦʚ ʘʪʦʤʦʚ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʘʨʷʜʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ. ʅʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʦʣʝʢʫʣʳ ʚ ʩʠʣʫ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ. ʅʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʨʘʟʤʝʨʘʤʠ ʘʪʦʤʦʚ, ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʟʥʠʢʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʘʩʠʤʤʝʪʨʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʨʷʜʦʚ ʠ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʟʘʨʷʜ-ʟʘʨʷʜʦʚʳʝ ʠ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʨʘʟʚʝʨʥʫʪʴ ʤʦʣʝʢʫʣʳ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʦʩʠ ʩʪʘʣʠ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ. ʇʨʠ ʪʘ-

ʢʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʩʠʩʪʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ[7]. ʅʘʜʦ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʘʢʘʷ ʚʟʘʠʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʣʦʪʥʦʫʧʘʢʦ-

ʚʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ. ɺ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʪʘʣʣʦʚ ʪʨʘʥʩʣʷʮʠʦʥʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʥʘʨʫʰʘʝʪʩʷ, ʥʦ ʭʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥ-

ʥʳʤʠ.  

ʉ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʠʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʧʘʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ[7]   

 

                                                    ,                                              (2) 

 

ʛʜʝ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʨʷʜʦʚ ʢʘʞʜʦʛʦ ʠʟ ʢʘʪʠʦʥʦʚ 

qʩ ʠ ʵʣʝʢʪʨʦʥʦʚ eq  ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʝ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l1; ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (2) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʵʥʝʨʛʠʶ ʚʟʘʠʤʥʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʨʣ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʤʦʣʝʢʫʣʘʤ ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, l2 ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʜʠʧʦʣʷʤʠ;j ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʠʧʦʣʝʡ, ʧʨʠʥʘʜʣʝ-

ʞʘʱʠʭ ʨʘʟʥʳʤ ʤʦʣʝʢʫʣʘʤ.  
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ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʣʝʢʫʣ ʚ ʤʦʜʝʣʠ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ (2). ʊʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʳ, 

ʩʚʝʪʣʳʤʠ ʢʨʫʞʢʘʤʠ ï ʦʩʪʦʚʳ-ʢʘʪʠʦʥʳ, ʧʫʥʢʪʠʨʦʤ ï ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʳ 

 

ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʧʦ (2). ɿʜʝʩʴ ʪʦʯʢʘʤʠ ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʳ, 

ʩʚʝʪʣʳʤʠ ʢʨʫʞʢʘʤʠ ï ʦʩʪʦʚʳ-ʢʘʪʠʦʥʳ, ʧʫʥʢʪʠʨʦʤ ï ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʳ ʩʚʷʟʠ. ɺ ʨʘʚʥʦ-

ʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʤʠʥʠʤʫʤ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʦʙʷʟʘʥ ʪʦʤʫ ʦʙʩʪʦʷʪʝʣʴʩʪʚʫ, ʯʪʦ 

ʵʥʝʨʛʠʠ ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʦʣʝʢʫʣ ʧʦ (2) ʟʘʚʠʩʷʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʨʘʟʥʳʤ ʩʪʝʧʝʥʥʳʤ 

ʟʘʢʦʥʘʤ. ʅʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʨʷʜ-ʜʠʧʦʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ 

ʫʩʣʦʚʠʝʤ ʜʣʷ   ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.   

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʚ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʦʧʝʨʘʪʠʚʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʦʝ ʚ ʫʨʘʚʥʝʥʠʠ (2) ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʣʘʛʘʝʤʳʤ,  

 

                                                                                                    (3) 

 

ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʨʷʜʦʚ qʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʚʷʟʠ ʩ ʜʠʧʦʣʴʥʳʤʠ ʤʦ-

ʤʝʥʪʘʤʠ ʨ ʦʢʨʫʞʘʶʱʠʭ ʤʦʣʝʢʫʣ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ k ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l3. 

ʕʪʠʤ ʩʣʘʛʘʝʤʳʤ ʨʘʩʢʨʳʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʡ ʦʙʷʟʘʥ 

ʚʳʩʦʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʦʪʢʨʳʪʳʤʠ ʟʘʨʷʜʘʤʠ ʢʘʪʠʦʥʦʚ ʠ ʵʣʝʢ-

ʪʨʦʥʦʚ ʥʘ ʩʚʷʟʠ[7]. ɹʣʘʛʦʜʘʨʷ ʩʦʚʤʝʩʪʥʳʤ ʟʘʨʷʜ-ʜʠʧʦʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʤʦʣʝʢʫʣʳ ʩʪʨʝʤʷʪʩʷ ʨʘʟʚʝʨʥʫʪʴ-

ʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʜʨʫʛʫ ʪʘʢ, ʯʪʦʙʳ ʨʘʩʩʪʦʷʥʠʝ l1 ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ ʤʦʣʝʢʫʣ ʠ ʵʣʝʢʪʨʦʥʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʦʨʙʠʪʳ ʙʳʣʦ ʙʳ ʤʠʥʠʤʘʣʴʥʳʤ, ʠ ʩʠʩʪʝʤʘ ʧʨʠʥʷʣʘ ʙʳ ʩʦʩʪʦʷʥʠʝ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ (ʨʠʩ. 

2). ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʩʚʷʟʠ ʠ ʩʣʫʞʠʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʩʪʘʣʣʘ.  

ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʜʦʚ ʢʘʪʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʚʷʟʠ ʧʨʠʚʦʜʷʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ. ɽʩʣʠ ʫʤʝʥʴʰʝʥʠʝ 

ʵʥʝʨʛʠʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʢʘʞʜʦʡ ʠʟ ʤʦʣʝʢʫʣ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʩʪʷʛʠʚʘʶʱʝʤ ʜʝʡʩʪʚʠʠ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʥʦʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʩ ʦʩʴʶ ʚʳʜʝʣʝʥʥʦʡ ʤʦʣʝʢʫʣʳ, ʪʦ ʥʘ ʵʣʝʢʪʨʦʥʳ ʤʦʣʝʢʫʣʷʨ-

ʥʦʡ ʦʨʙʠʪʳ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʯʝʪʳʨʝ ʢʘʪʠʦʥʘ (ʩʤ. ʨʠʩ.1). ʀʭ ʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ 

ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʚʷʟʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʫʩʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ ʜʦ ʫʨʦʚʥʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʳ ʩʪʘʥʦʚʷʪʩʷ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ. ʀʤʝʥʥʦ ʧʝʨʝʢʨʳʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʩʚʷʟʷʤ.  ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʵʥʝʨʛʠʶ ʠʦʥʠʟʘʮʠʠ 

ʧʦ ʘʥʘʣʦʛʠʠ ʩ (2) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 

                                                                                      (4) 

 

ʛʜʝ ʪʨʝʪʴʝ ʩʣʘʛʘʝʤʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʨʷʜʦʚ qʩ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʚʷʟʠ ʩ ʜʠ-

ʧʦʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʨ ʦʢʨʫʞʘʶʱʠʭ ʤʦʣʝʢʫʣ ʩ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ɖ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ l3(ʨʠʩ. 2). 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʘʪʦʤʳ III ʛʨʫʧʧʳ 

ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ (Al, Ga, In, Tl). ʉʦʛʣʘʩʥʦ ʜʠʧʦʣʴ-ʦʙʦʣʦʯʝʯʥʦʡ ʤʦʜʝʣʠ ʫ ʘʪʦʤʦʚ III ʛʨʫʧʧʳ ʪʨʠ ʚʘʣʝʥʪʥʳʭ 

ʵʣʝʢʪʨʦʥʘ ʦʙʨʘʟʫʶʪ ʪʨʠ ʣʦʢʘʣʴʥʳʭ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʪʦʤʘʤ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ[10]. ʇʦʵʪʦʤʫ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʘʪʦʤʳ ʩʪʨʝʤʷʪʩʷ ʦʙʲʝʜʠʥʠʪʴʩʷ ʚ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʩʪʨʫʢʪʫ-

ʨʳ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʠʤʝʨʳ ʘʪʦʤʦʚ III ʛʨʫʧʧʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʫʭʵʣʝʢʪʨʦʥʥʘʷ 

ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ[8]. ʇʨʠ ʵʪʦʤ ʠʟ ʪʨʝʭ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʠʜʫʪ ʧʦ ʦʜʥʦ-

ʤʫ ʚʘʣʝʥʪʥʦʤʫ ʵʣʝʢʪʨʦʥʫ ʦʪ ʢʘʞʜʦʛʦ ʘʪʦʤʘ. ʆʩʪʘʚʰʠʝʩʷ ʜʚʘ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʘ ʘʪʦʤʘ ʦʙʨʘʟʫʶʪ ʦʪʥʦʩʠʪʝʣʴ-
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ʥʦ ʫʩʪʦʡʯʠʚʫʶ ʧʘʨʫ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪ[10]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʜʚʫʭʵʣʝʢʪʨʦʥʥʫʶ ʦʨʙʠʪʫ ʘʪʦʤʳ ʠʦʥʠʟʠʨʫʶʪʩʷ, ʧʨʠʦʙʨʝʪʘʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʨʷʜʳ; ʦʙʨʘʟʫʝʪʩʷ 

ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʨʷʜʦʚ, ʢʦʪʦʨʳʝ   ʩʦʟʜʘʶʪ ʜʚʫʭʵʣʝʢʪʨʦʥʥʫʶ ʢʦʚʘʣʝʥʪʥʫʶ ʩʚʷʟʴ ʥʘʧʦʜʦʙʠʝ ʩʚʷʟʠ 

ʤʦʣʝʢʫʣ, ʦʙʨʘʟʫʝʤʳʭ ʘʪʦʤʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ [8]. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʨʦʚ ʠ 

ʩʪʨʦʝʥʠʝ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ III ʛʨʫʧʧʳ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʫ ʜʠʤʝʨʦʚ ʘʪʦʤʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʈʘʟʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ ʢʘʪʠʦʥʦʚ ʚ ʩʦʩʪʘʚʝ ʤʦʣʝʢʫʣʳ: ʫ ʘʪʦʤʦʚ I ʛʨʫʧʧʳ ï ʵʪʦ ʦʩʪʦʚʳ ʩ ʟʘʨʷʜʦʤ ʄʝ
+
, ʘ ʫ ʘʪʦʤʦʚ III 

ʛʨʫʧʧʳ ï ʚʘʣʝʥʪʥʘʷ ʦʙʦʣʦʯʢʘ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘ, ʪʘʢʞʝ ʠʤʝʶʱʘʷ ʝʜʠʥʠʯʥʳʡ ʟʘʨʷʜ ʢʘʪʠʦʥʘ (ʪʠʧʘ Al
+
).   

ɼʨʫʛʠʝ ʤʝʪʘʣʣʳ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʄʦʜʝʣʴ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨ-

ʥʦʛʦ ʘʥʘʣʠʟʘ. ʈʝʬʣʝʢʩʳ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʫʤʘʤ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʳʤ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʳ, 

ʷʚʣʷʶʱʠʝʩʷ ʫʟʣʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ.  

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʝʣʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʠ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ ʠʭ 

ʥʘʙʣʶʜʘʝʤʳʝ ʩʚʦʡʩʪʚʘ ʠ ʵʬʬʝʢʪʳ.  

1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣʣʘ ʠ ʥʘʣʠʯʠʝ ʫ ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʍʦʣ-

ʣʘ[1]. ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʥʳ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʩʠʣʳ ʃʦʨʝʥʮʘ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʪʠ ʵʣʝʢʪʨʦʥʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʪʘʢʞʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʨʘʟ-

ʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʪʠʧʘ ʩʠʤʤʝʪʨʠʠ ʢʨʠʩʪʘʣʣʘ, ʧʨʦʝʢʮʠʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 

ʩʠʣ ʃʦʨʝʥʮʘ ʙʫʜʫʪ ʜʘʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʍʦʣʣʘ ʦʜʥʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʟʥʘʢʘ.  

2. ʅʘʨʫʰʝʥʠʝ ʟʘʢʦʥʘ ɺʠʜʝʤʘʥʘ-ʌʨʘʥʮʘ [1], ʢʦʪʦʨʳʡ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ. ɺ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʚʝʱʝ-

ʩʪʚʘ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʘʟʥʳʤ ʢʘʥʘʣʘʤ. ʊʝʧʣʦ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʤʝʞʤʦʣʝ-

ʢʫʣʷʨʥʳʤ ʩʚʷʟʷʤ, ʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ï ʧʦ ʤʦʣʝʢʫʣʷʨʥʳʤ ʦʨʙʠʪʘʤ. ɿʘʢʦʥ ɺʠʜʝʤʘʥʘ-ʌʨʘʥʮʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʩ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ, ʩʪʝʧʝʥʴ ʧʝʨʝʢʨʳʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʵʥʝʨʛʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʥʝʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʥʘʣʳ ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʢʘʟʳʚʘ-

ʶʪʩʷ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ. ɼʣʷ ʩʠʩʪʝʤ ʩ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ, ʧʝʨʝʥʦʩ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʢʦʚʘʣʝʥʪʥʳʤ ʩʚʷʟʷʤ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ. ʅʘʧʨʠʤʝʨ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʫ ʥʝʛʦ ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩʝʪʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʜʘʞʝ ʚʳʰʝ ʯʝʤ ʫ ʤʝʜʠ. ʇʨʠ ʪʦʤ, ʯʪʦ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʙʣʠʟʢʘ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ, ʯʪʦ ʥʘʭʦʜʠʪ ʩʚʦʝ 

ʦʙʲʷʩʥʝʥʠʝ ʚ ʚʳʩʦʢʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʷʭ.   

3. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ [1, 4]. ɺ ʨʘʤʢʘʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦ-

ʜʝʣʠ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʣʦʞʝʥʘ ʚ ʩʘʤʦʤ ʤʝʭʘʥʠʟʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚ-

ʣʷʝʪʩʷ ʘʢʪʠʚʘʮʠʦʥʥʳʤ, ʪ.ʝ. ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʝʦʜʦʣʝʥʠʝʤ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ 
nnu . ʇʨʦʚʦʜʠʤʦʩʪʴ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʝʦʜʦʣʝʚʰʠʭ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ, ʨʘʟʜʝʣʷʶʱʠʡ ʤʦʣʝʢʫ-

ʣʷʨʥʳʝ ʦʨʙʠʪʳ ʙʣʠʟʣʝʞʘʱʠʭ ʤʦʣʝʢʫʣ, 0 exp( )nn

nn n

u
n n

kT
= - , ʛʜʝ 

0nn  ï ʦʙʱʝʝ ʯʠʩʣʦ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʊ 

ï ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʤʝʶʱʠʤʠʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʫʜʝʣʴ-

ʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʠʧʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʪʨʝʤʷʪʩʷ ʢ 

ʥʫʣʶ[4]. 

4. ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [1, 4].  

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘ-

ʥʠʡ ʤʦʣʝʢʫʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʷʚʣʷʷʩʴ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦʛʜʘ ʢʘʢ ʧʦʣʦʞʝʥʠʝ ʣʠʥʠʡ ʥʘ ʩʧʝʢ-

ʪʨʘʣʴʥʦʡ ʰʢʘʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʤʦʣʝʢʫʣ, ʧʦʩʨʝ-

ʜʠʥʝ ʤʝʞʜʫ ʢʘʪʠʦʥʘʤʠ, ʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʪʝʧʣʦʚʳʤ ʢʦʣʝʙʘʥʠʷʤ. ʇʦʵʪʦʤʫ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠ-

ʥʠʤʘʣʴʥʘ. 

5. ʅʝʧʨʝʜʩʢʘʟʫʝʤʦ ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ [1, 4]. ɺ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʵʪʦʪ ʵʬʬʝʢʪ ʦʙʲ-

ʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʧʝʨʝʢʨʳʚʘʶʱʠʤʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʦʨʙʠʪʘʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʙʝʩʩʪʦʣʢ-

ʥʦʚʠʪʝʣʴʥʦʤʫ ʠ ʙʝʟʜʠʩʩʠʧʘʮʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʆʛʨʘʥʠʯʠʚʘʶʱʠʤ ʧʨʦʚʦʜʠʤʦʩʪʴ ʬʘʢʪʦʨʦʤ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 

ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʬʝʢʪʳ, ʧʨʠʩʫʱʠʝ ʨʝʘʣʴʥʳʤ ʢʨʠʩʪʘʣʣʘʤ, ʠ ʵʥʪʨʦʧʠʡʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

6. ɿʘʚʳʰʝʥʥʘʷ ʦʮʝʥʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʣʦʚ. ɺ ʩʚʦʠʭ ʨʘʩʯʝʪʘʭ ʦʙʳʯʥʦ ʠʩʭʦ-

ʜʷʪ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʤʝʪʘʣʣʦʚ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ [3]. ʉʦʛʣʘʩʥʦ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʦʜʝʣʠ ʢʨʠʩʪʘʣʣʦʚ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʨʘʚʥʘ ʵʥʝʨʛʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1), ʪ.ʝ. ʠʝʨ 

+ ʠʢʨ = ʠ ï ʠʨʘʩ ï ʠʠʩʧ. ʕʥʝʨʛʠʷ ʩʚʷʟʠ (ʠʝʨ + ʠʢʨ) ʤʝʪʘʣʣʦʚ ʤʝʥʴʰʝ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʪʨʠ 

ʨʘʟʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʧʨʠʯʠʥʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝ-

ʨʠʘʣʦʚ. 

7. ʇʨʦʟʨʘʯʥʦʩʪʴ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ [1, 4]. ɺ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦ-

ʜʝʣʠ ʤʝʪʘʣʣʦʚ ʧʦʚʝʜʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʚʝʱʝʩʪʚʘ, ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʝʤʳʤ ʤʥʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 
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ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ůᵒ = , ʛʜʝ ů ï ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ, ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ [7]. ʅʘ ʯʘʩʪʦʪʘʭ ʋʌ-ʜʠʘʧʘʟʦʥʘ ʵʣʝʢʪʨʦʥʳ ʚ ʩʠʣʫ ʩʚʦʝʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʥʝ ʫʩʧʝʚʘʶʪ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʚʝʣʠʯʠʥʘ Ůᵒ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʝ ʨʘʩʭʦ-

ʜʫʝʪʩʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ, ʠ ʤʝʪʘʣʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʧʨʦʟʨʘʯʥʳʡ. 

8. ʄʘʛʥʝʪʠʟʤ ʤʝʪʘʣʣʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʩʚʦʜʠʪʩʷ ʢ ʤʘʛʥʝʪʠʟʤʫ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʤʦʣʝʢʫʣ.

   

ɺʳʚʦʜʳ   

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʦ ʩʪʨʦʝʥʠʷ ʣʝʞʠʪ ʛʠʧʦʪʝʟʘ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʚʝʱʝʩʪʚʘ ʚʳʩʪʫʧʘʶʪ 

ʠʩʭʦʜʥʳʝ ʜʚʫʭʘʪʦʤʥʳʝ ʤʦʣʝʢʫʣʳ. ʄʦʣʝʢʫʣʳ ʷʚʣʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʫʟʣʘʤʠ ʨʝʰʝʪʢʠ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʤʦʣʝʢʫʣʷʨʥʳʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ ʦʨʙʠʪʳ.  ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʙʷʟʘʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʩʠʣʘʤ, ʜʝʡʩʪʚʫʶʱʠʤ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʦʩʪʦʚʦʚ ʘʪʦʤʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʤʦʣʝʢʫʣʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʟʘʨʷʜʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʭ,  ʩ ʜʨʫʛʦʡ.  ʅʘʩʪʦ-

ʷʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʢʨʳʚʘʶʪ ʤʝʭʘʥʠʟʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ. ɺ ʨʘʤʢʘʭ ʤʦʣʝʢʫ-

ʣʷʨʥʦʡ ʤʦʜʝʣʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʦʥʷʪʴ ʠ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ çʵʢʟʦʪʠʯʝʩʢʠʝè ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ.  
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MOLECULAR STRUCTURE OF METALS  
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Abstract.  The problem of the description of metal crystals, basing on new ideas of a molecular structure of 

substance according to which structure-forming elements are not ions as it is accepted in known models, and diatomic 

molecules in lattice site is discussed.  Justification of a molecular structure of metals and explanation of properties and 

effects observed in experiment is given.  

Keywords: metal crystals, molecular model, covalent bonds, intermolecular interactions. 
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ɺ ʉʆɺʈɽʄɽʅʅʆʁ ʆɹʑɽʆɹʈɸɿʆɺɸʊɽʃʔʅʆʁ ʐʂʆʃɽ 
 

 
ʃ.ɸ. ʄʘʨʯʠʢ

1
, ʆ.ʉ. ʄʘʨʪʳʥʝʥʢʦ

2
, ɸ.ʐ. ʅʝʚʤʘʪʫʣʣʠʥʘ

3
, ɸ.ɹ. ʊʠʥʶʢʦʚ
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1
 ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʥʘʪʦʤʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʠ ʛʠʛʠʝʥʳ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, 

2, 3
 ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʘʥʘʪʦʤʠʠ ʠ ʬʠʟʠʦʣʦʛʠʠ ʠ ʛʠʛʠʝʥʳ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, 

4
 ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʌʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʨʪʘ 

ɽʩʪʝʩʪʚʝʥʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ ʘʥʘʪʦʤʠʠ, ʬʠʟʠʦʣʦʛʠʠ ʠ ʛʠʛʠʝʥʳ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ, 

ʋʣʴʷʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʘʤ ʟʜʦʨʦʚʴʝʩʙʝʨʝʞʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʰʢʦʣʝ. ʆʙʦʙʱʝʥ ʦʧʳʪ ʠ ʩʦʜʝʨʞʘʥʠʝ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʝʡ ʨʘʙʦʪʳ ʚ ʦʜʥʦʡ ʠʟ ʰʢʦʣ ʛ. ʋʣʴʷʥʦʚʩʢʘ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʝʥʠʝ ʟʜʦʨʦʚʴʷ ʰʢʦʣʴʥʠʢʦʚ ʯʝʨʝʟ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʫʣʴʪʫʨʳ ʟʜʦʨʦʚʴʷ ʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʟʘ 

ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ (ʙʠʦʣʦʛʠʠ, ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʦʩʥʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝ-

ʜʝʷʪʝʣʴʥʦʩʪʠ), ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʘ ʫʨʦʢʘʭ ʠ ʚʥʝʫʨʦʯʥʦʡ ʨʘʙʦʪʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʜʦʨʦʚʴʝ, ʟʜʦʨʦʚʴʝʩʙʝʨʝʞʝʥʠʝ, ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ, ʢʫʣʴʪʫʨʘ ʟʜʦʨʦʚʴʷ, ʟʜʦʨʦ-

ʚʴʝʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ. 

 

ʋʭʫʜʰʝʥʠʝ ʟʜʦʨʦʚʴʷ ʥʘʮʠʠ ï ʛʣʦʙʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ. ʃʠʰʴ 5% ʚʳʧʫʩʢʥʠʢʦʚ ʰʢʦʣ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳ, 80% ʰʢʦʣʴʥʠʢʦʚ ʭʨʦʥʠʯʝʩʢʠ ʙʦʣʴʥʳ, ʩʚʳʰʝ 70% ʩʪʨʘʜʘʶʪ ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡ-

ʩʪʚʘʤʠ. ʇʦʯʪʠ ʧʦʣʦʚʠʥʘ ʶʥʦʰʝʡ ʧʨʠʟʳʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʥʝ ʩʧʦʩʦʙʥʘ ʥʝʩʪʠ ʩʣʫʞʙʫ ʚ ʘʨʤʠʠ.  ʊʨʘʛʝʜʠʷ ʚ ʪʦʤ, ʯʪʦ 

ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʨʘʟ ʚʦʟʥʠʢʥʫʚ, ʚ ʧʦʩʣʝʜʫʶʱʝʡ ʮʝʧʠ ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʧʦʢʦʣʝʥʠʡ ʥʘʯʠʥʘʶʪ ʧʨʦʪʝʢʘʪʴ ʧʦ 

ʟʘʢʦʥʘʤ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ - ʧʦ ʟʘʢʦʥʘʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʦʣʴʥʦʝ, ʭʠʣʦʝ ʧʦʢʦʣʝʥʠʝ ʦʩʪʘʚʠʪ ʧʦʩʣʝ 

ʩʝʙʷ ʝʱʸ ʙʦʣʝʝ ʙʦʣʴʥʦʝ ʠ ʭʠʣʦʝ ʧʦʪʦʤʩʪʚʦ [10].  

ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʚ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʩʨʝʜʥʝʛʦ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʠʤʝʝʪ ʟʜʦʨʦʚʴʝ-ʟʘʪʨʘʪʥʳʡ ʭʘʨʘʢʪʝʨ: ʩʦʟʜʘʝʪ ʫ ʫʯʘʱʠʭʩʷ ʧʦʩʪʦʷʥʥʳʝ ʩʪʨʝʩʩʦʚʳʝ ʧʝʨʝʛʨʫʟʢʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʦʤʢʝ ʤʝʭʘʥʠʟʤʦʚ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʭʨʦʥʠʯʝʩʢʠʭ ʙʦʣʝʟʥʝʡ.  

ʇʦ ʫʙʳʚʘʥʠʶ ʟʥʘʯʠʤʦʩʪʠ ʠ ʩʠʣʳ ʚʣʠʷʥʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʫʯʘʱʠʭʩʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ ʨʠʩʢʘ 

[7]: 

V ʩʪʨʝʩʩʦʚʘʷ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʪʘʢʪʠʢʘ; 

V ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʪʦʜʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʚʦʟʨʘʩʪʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʫʯʘʱʠʭʩʷ; 

V ʥʝʩʦʙʣʶʜʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ 
ʧʨʦʮʝʩʩʘ; 

V ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʛʨʘʤʦʪʥʦʩʪʴ ʨʦʜʠʪʝʣʝʡ ʚ ʚʦʧʨʦʩʘʭ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʜʝʪʝʡ; 

V ʧʨʦʚʘʣʳ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ; 

V ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

V ʥʝʛʨʘʤʦʪʥʦʩʪʴ ʧʝʜʘʛʦʛʘ ʚ ʚʦʧʨʦʩʘʭ ʦʭʨʘʥʳ ʠ ʫʢʨʝʧʣʝʥʠʷ ʟʜʦʨʦʚʴʷ; 

V ʯʘʩʪʠʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩʣʫʞʙ ʰʢʦʣʴʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʢʦʥʪʨʦʣʷ; 

V ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʥʦʡ ʨʘʙʦʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʝʥʥʦʩʪʠ ʟʜʦʨʦʚʴʷ ʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʦ (ʨʠʩ.1), 

ʯʪʦ ʠʟ ʚʩʝʭ ʫʯʘʱʠʭʩʷ (8597 ʯʝʣʦʚʝʢ) ʦʩʥʦʚʥʫʶ ʬʠʟʢʫʣʴʪʫʨʥʫʶ ʛʨʫʧʧʫ ʧʦʩʝʱʘʶʪ 59,4 %, ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʫʶ ï 

26,8 %, ʩʧʝʮʠʘʣʴʥʫʶ ï 5,2 %, ʦʩʚʦʙʦʞʜʝʥʳ ʦʪ ʫʨʦʢʦʚ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ï 8,6 % ʰʢʦʣʴʥʠʢʦʚ. ʊʦʣʴʢʦ 10 % 

ʚʳʧʫʩʢʥʠʢʦʚ ʰʢʦʣ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʟʜʦʨʦʚʳʤʠ, 50 % ʠʤʝʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʧʘʪʦʣʦʛʠʠ, 40 % ʜʝʪʝʡ ʥʘʭʦʜʷʪʩʷ ʚ 

ʛʨʫʧʧʝ ʨʠʩʢʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʰʢʦʣʴʥʠʢʦʚ ʠʤʝʶʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʟʘʙʦʣʝʚʘʥʠʡ.  

 

                                                           
É ʄʘʨʯʠʢ ʃ.ɸ., ʄʘʨʪʳʥʝʥʢʦ ʆ.ʉ., ʅʝʚʤʘʪʫʣʣʠʥʘ ɸ.ʐ., ʊʠʥʶʢʦʚ ɸ.ɹ. / Marchik L.A., Martynenko O.S.,  

Nevmatullina A.Sh., Tinyukov A.B., 2014 
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ʈʠʩ. 1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʫʯʘʱʠʭʩʷ ʰʢʦʣʳ ˉ 6 ʛ. ʋʣʴʷʥʦʚʩʢʘ, ʊʝʨʝʥʴʛʫʣʴʩʢʦʡ ʉʆʐ  

ʠ ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʠ (ʧʦ ʜʘʥʥʳʤ ʅʀʀ ʬʠʟʠʦʣʦʛʠʠ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ) ʟʘ 2012 ʛ 

 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʩʠʩʪʝʤʳ ʟʜʦʨʦʚʴʝʩʙʝʨʝʞʝʥʠʷ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʰʢʦʣʳ, ʢʦʪʦʨʘʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʣʝʪ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʄɹʆʋ ʉʆʐ ˉ 6 ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ ʛ. ʋʣʴʷ-

ʥʦʚʩʢʘ. ʉʫʱʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ ʚ ʩʦʭʨʘʥʝʥʠʠ ʟʜʦʨʦʚʴʷ ʰʢʦʣʴʥʠʢʦʚ ʟʘ ʩʯʸʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʥʠʭ ʢʫʣʴʪʫʨʳ ʟʜʦʨʦ-

ʚʴʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʯʝʨʝʟ ʠʥʪʝʛʨʘʮʠʶ ʩʦʜʝʨʞʘʥʠʷ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ (ʙʠʦʣʦʛʠʠ, ʬʠ-

ʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʦʩʥʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ), ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʘ ʫʨʦʢʘʭ ʠ ʚʥʝʫʨʦʯʥʦʡ 

ʨʘʙʦʪʳ. 

ɺ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ 3 ʧʦʥʷʪʠʷ: 

 

 

 

 

 

ɸʥʘʣʠʟ ʧʦʥʷʪʠʡʥʦ ï ʩʦʜʝʨʞʘʪʝʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʪʝʛʦʨʠʠ çʟʜʦʨʦʚʴʝè, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʝ [3-5] ʧʦʟʚʦʣʠʣ ʥʘʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʜʦʨʦʚʴʝ ʢʘʢ ʩʠʩʪʝʤʥʳʡ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʜʘʧʪʠʚʥʳʭ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʩʠʭʠʯʝʩʢʠʡ ʠ ʩʦʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʮʝʣʦʩʪʥʦʡ ʣʠʯʥʦʩʪʠ,  

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʥʦʮʝʥʥʦʝ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʤʝʥʥʦʛʦ ʠ ʜʫʭʦʚʥʦʛʦ ʫʨʦʚʥʝʡ ʞʠʟʥʠ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʦʙʨʘʟʦʤ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʝʤ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʥʷʪʠʠ çʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠè 

[1,2,9]. ʆʙʨʘʟ ʞʠʟʥʠ ï ʙʠʦʩʦʮʠʘʣʴʥʘʷ ʢʘʪʝʛʦʨʠʷ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʠʧʝ 

ʜʝʪ̫ʝʣʴʥʦʩʪʠ ʠ ʧʦʚʝʜʝʥʠʠ ʯʝʣʦʚʝʢʘ. ɿʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʧʦʣʥʝʥʠʶ 

ʯʝʣʦʚʝʢʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʬʫʥʢʮʠʡ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʫʩʣʦʚʠʷʭ ʠ 

ʚʳʨʘʞʘʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʠʯʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʦʭʨʘʥʝʥʠʷ ʠ ʫʢʨʝʧʣʝʥʠʷ 

ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ, ʪʘʢ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʦʨʦʚʴʷ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʯʝʣʦʚʝʢ ʚʸʣ ʟʜʦʨʦʚʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʠ ʦʩʦʟʥʘʚʘʣ ʟʥʘʯʠʤʦʩʪʴ ʝʛʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʟʜʦʨʦʚʴʷ ʥʝʦʙʭʦʜʠʤʦ ʩ ʜʝʪʩʢʠʭ ʣʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʢʫʣʴʪʫʨʫ ʟʜʦʨʦʚʴʷ. ʂʫʣʴʪʫʨʘ ï ʵʪʦ ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʪʚʦʨʯʝʩʢʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʙʳʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʦʩʦʟʥʘʥʠʝ ʠ ʦʚʣʘʜʝʥʠʝ ʢʫʣʴʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ 

ʯʝʣʦʚʝʯʝʩʪʚʘ, ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʝʛʦ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʙʦʛʘʪʩʪʚʦ ʣʠʯʥʦʩʪʠ. ʂʫʣʴʪʫʨʘ ʟʜʦʨʦʚʴʷ, ʚ ʵʪʦʤ ʢʣʶʯʝ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʤʠ ʢʘʢ ʥʘʮʝʣʝʥʥʦʩʪʴ ʩʫʙʲʝʢʪʘ ʥʘ ʘʢʪʠʚʥʦʝ, ʪʚʦʨʯʝʩʢʦʝ ʧʦʟʥʘʥʠʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʥʦʰʝʥʠʡ, 

ʮʝʥʥʦʩʪʥʳʭ ʦʨʠʝʥʪʘʮʠʡ, ʫʩʪʦʡʯʠʚʳʭ ʤʦʪʠʚʦʚ ʧʦʚʝʜʝʥʠʷ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʜʦʨʦʚʴʷ ʠ ʟʜʦʨʦʚʴʷ ʦʢʨʫʞʘʶʱʠʭ ʩ ʫʯʝʪʦʤ ʘʜʝʢʚʘʪʥʦʡ ʦʮʝʥʢʠ ʩʫʙʲʝʢʪʦʤ ʫʩʣʦʚʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʠʨʦʜʦʡ, ʦʙʱʝʩʪʚʦʤ ʠ ʦʪʜʝʣʴʥʳʤʠ ʣʠʯʥʦʩʪʷʤʠ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʟʜʦʨʦʚʴʷ ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʥʝʦʙʭʦʜʠʤʦ: 

˭͍͒ͦͪͦΈ͔ 
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ü ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʜʝʪʝʡ ʟʥʘʥʠʡ ʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ; 

ü ʯʝʪʢʦʝ ʦʩʦʟʥʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʪʘʢʦʝ ʟʜʦʨʦʚʴʝ ʠ ʢʘʢʦʚʳ ʬʘʢʪʦʨʳ, ʝʛʦ ʦʧʨʝʜʝʣʷʶʱʠʝ (ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴ, 
ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʚʦʩʧʠʪʘʥʠʝ); 

ü ʟʥʘʥʠʝ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʠ ʩʘʤʦʢʦʥʪʨʦʣʷ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʬʠʟʠʯʝʩʢʦʡ ʠ ʫʤʩʪʚʝʥʥʦʡ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʚʠʪʠʷ 

ʨʝʙʝʥʢʘ ʚʦʟʨʘʩʪʥʦ-ʧʦʣʦʚʳʤ ʥʦʨʤʘʤ, ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʫʯʝʙʥʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠ ʚʳʷʚʠʪʴ ʜʦʟʦʥʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ (ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʙʦʣʝʟʥʠ); 

ü ʟʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʯʝʥʠʷ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʠ ʥʝʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʠʭ ʧʨʦʬʠʣʘʢʪʠʢʠ; 

ü ʩʦʟʜʘʥʠʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʰʢʦʣʳ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ɿʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭ ʧʨʠʥʮʠʧʦʚ, ʧʨʠʝʤʦʚ, ʤʝʪʦʜʦʚ ʧʝʜʘʛʦʛʠʯʝ-

ʩʢʦʡ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʷʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ, ʚʦʩʧʠʪʘʥʠʷ, ʨʘʟʚʠʪʠʷ ʟʘʜʘʯʘʤʠ ʟʜʦʨʦ-

ʚʴʝʩʙʝʨʝʞʝʥʠʷ [6,7].  ɺ ʩʚʝʪʝ ʩʦʟʜʘʥʥʦʡ ʥʘʤʠ ʢʦʥʮʝʧʮʠʠ ʨʝʘʣʠʟʘʮʠʷ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʰʣʘ 

ʩʣʝʜʫʶʱʝʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʦʧʣʦʱʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʰʢʦʣʳ ˉ 6 ʛ. ʋʣʴʷʥʦʚʩʢʘ: 

ʄʝʜʠʢʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ï ʦʨʛʘʥʠʟʦʚʘʥʦ ʛʦʨʷʯʝʝ ʧʠʪʘʥʠʝ (ʟʘʚʪʨʘʢ, ʦʙʝʜ, ʧʦʣʜʥʠʢ) ʜʣʷ ʫʯʘʱʠʭʩʷ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʝ ʩ ʛʠʛʠʝʥʠʯʝʩʢʠʤʠ ʥʦʨʤʘʤʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ;  

ï ʩʦʟʜʘʥʦ 2 ʤʝʜʠʮʠʥʩʢʠʭ ʢʘʙʠʥʝʪʘ ï ʩʤʦʪʨʦʚʦʡ ʠ ʧʨʠʚʠʚʦʯʥʳʡ, ʛʜʝ ʫʯʘʱʠʝʩʷ ʨʝʛʫʣʷʨʥʦ ʧʨʦʭʦʜʷʪ ʤʝ-

ʜʠʮʠʥʩʢʠʡ ʦʩʤʦʪʨ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʫʟʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʦʣʫʯʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʤʝʜʠʮʠʥʩʢʫʶ ʧʦʤʦʱʴ; ʦʩʫ-

ʝɦʩʪʚʣʷʝʪʩʷ ʧʣʘʥʦʚʘʷ ʠ ʩʝʟʦʥʥʘʷ ʚʘʢʮʠʥʘʮʠʷ;  

ï ʤʝʜʠʮʠʥʩʢʠʡ ʨʘʙʦʪʥʠʢ ʚʝʜʝʪ ʇʘʩʧʦʨʪ ʟʜʦʨʦʚʴʷ ʫʯʘʱʠʭʩʷ, ʫʯʠʪʳʚʘʶʱʠʡ ʭʨʦʥʠʯʝʩʢʠʝ ʠ ʦʩʪʨʳʝ ʟʘʙʦ-

ʣʝʚʘʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʦʩʪʦʷʥʠʝ ʦʩʘʥʢʠ, ʛʨʫʧʧʫ ʟʜʦʨʦʚʴʷ. 

ɿʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ï ʨʘʩʧʠʩʘʥʠʝ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʩʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʩ ʫʯʸʪʦʤ 

ʩʫʪʦʯʥʦʡ ʠ ʥʝʜʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʯʘʱʠʭʩʷ; 

ï ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʟʘʥʷʪʠʡ ʧʨʦʚʦʜʠʪʩʷ ʦʙʱʝʰʢʦʣʴʥʘʷ ʟʘʨʷʜʢʘ, ï ʥʘ ʢʘʞʜʦʤ ʫʨʦʢʝ ʧʨʦʭʦʜʷʪ ʬʠʟʢʫʣʴʪʤʠ-

ʥʫʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ çʆʞʠʚʣʷʣʦʢè;  

ï ʫʯʝʙʥʘʷ ʥʘʛʨʫʟʢʘ ʠ ʦʙʲʝʤ ʜʦʤʘʰʥʠʭ ʟʘʜʘʥʠʡ ʥʦʨʤʠʨʫʶʪʩʷ ʩ ʫʯʝʪʦʤ ʰʢʦʣʴʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʠ 

ʚʦʟʨʘʩʪʘ ʫʯʘʱʠʭʩʷ; 

ï ʩ ʮʝʣʴʶ ʨʘʟʚʠʪʠʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʯʝʙʥʦʡ ʤʦʪʠʚʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʚʠʚʘʶʱʝʝ ʠ 

ʧʨʦʙʣʝʤʥʦʝ ʦʙʫʯʝʥʠʝ; 

ï ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʫʯʝʙʥʦʡ ʠ ʚʦ ʚʥʝʫʨʦʯʥʦʡ ʨʘʙʦʪʝ: 

ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʣʝʢʩʳ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʧʨʝʟʝʥʪʘʮʠʡ ʧʦ ʢʫʨʩʘʤ çɹʠʦʣʦʛʠʷ ʯʝʣʦʚʝʢʘè, çɹʝʟʦʧʘʩʥʦʩʪʴ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠè, ʦʨʛʘʥʠʟʦʚʘʥʦ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʜʝʪʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʦʙʫʯʝʥʠʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ; 

ï ʨʘʙʦʪʘʝʪ ʩʘʡʪ ʰʢʦʣʳ, ʛʜʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʩʧʝʚʘʝ-

ʤʦʩʪʠ ʢʘʞʜʦʛʦ ʫʯʝʥʠʢʘ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʰʢʦʣʝ ʤʝʨʦʧʨʠʷʪʠʷʭ. 

ʇʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ï ʰʢʦʣʴʥʳʡ ʧʩʠʭʦʣʦʛ ʩʦʚʤʝʩʪʥʦ ʩ ʆʙʣʘʩʪʥʳʤ ʎʝʥʪʨʦʤ ʩʦʮʠʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʩʝʤʴʝ ʠ 

ʜʝʪʷʤ çʉʝʤʴʷè ʠ ʎʝʥʪʨʦʤ çʈʦʩʪʦʢè ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ ʛʨʫʧʧʦʚʳʝ ʟʘʥʷʪʠʷ ʠ ʪʨʝʥʠʥʛʠ ʩ 

ʫʯʘʱʠʤʠʩʷ; ʦʢʘʟʳʚʘʝʪ ʢʦʥʩʫʣʴʪʘʪʠʚʥʫʶ ʧʦʤʦʱʴ ʨʦʜʠʪʝʣʷʤ, ʢʣʘʩʩʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠ 

ʧʨʦʚʝʜʝʥʠʠ ʢʣʘʩʩʥʳʭ ʯʘʩʦʚ, ʫʯʠʪʝʣʷʤ - ʧʨʝʜʤʝʪʥʠʢʘʤ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʫʨʦʢʘʤ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʥʘ ʫʨʦʢʘʭ, ʩʥʷʪʠʷ  ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʛʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

ï ʧʨʦʚʦʜʷʪʩʷ ʦʙʱʝʰʢʦʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʥʝʜʝʣʠ ʟʜʦʨʦʚʴʷ ʧʦ ʧʨʦʧʘʛʘʥʜʝ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ, 

ʙʦʨʴʙʝ ʩ ʚʨʝʜʥʳʤʠ ʧʨʠʚʳʯʢʘʤʠ.  

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʛʘʶʪ ʚʦʩʧʠʪʳʚʘʪʴ ʫ ʫʯʘʱʠʭʩʷ ʣʶʙʦʚʴ ʢ ʧʨʠʨʦ-

ʜʝ, ʩʪʨʝʤʣʝʥʠʝ ʟʘʙʦʪʠʪʴʩʷ ʦ ʥʝʡ: 

ï ʫʯʘʱʠʝʩʷ ʰʢʦʣʳ ï ʫʯʘʩʪʥʠʢʠ ʠ ʧʨʠʟʝʨʳ ʦʣʠʤʧʠʘʜ, ʚʠʢʪʦʨʠʥ ʠ ʢʦʥʢʫʨʩʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʧʦ ʙʠʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʠ; 

ï ʰʢʦʣʘ ï ʨʝʛʫʣʷʨʥʳʡ ʫʯʘʩʪʥʠʢ ʛʦʨʦʜʩʢʦʡ ʘʢʮʠʠ çʗ ʣʶʙʣʶ ʩʚʦʡ ʛʦʨʦʜ!è: ʫʭʘʞʠʚʘʝʪ ʟʘ ʪʝʨʨʠʪʦʨʠʝʡ 

ʩʢʚʝʨʘ ʠʤ. ʀ.ʗ. ʗʢʦʚʣʝʚʘ ʠ ʧʘʨʢʘ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘ; 

ï ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʰʢʦʣʳ ʨʘʟʙʠʪʳ ʜʚʘ ʮʚʝʪʥʠʢʘ, ʟʘ ʢʦʪʦʨʳʤʠ ʫʭʘʞʠʚʘʶʪ ʫʯʘʱʠʝʩʷ; 

ï ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʙʠʥʝʪʘ ʧʦʜʦʙʨʘʥʘ ʢʦʣʣʝʢʮʠʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ, ʩ ʫʯʝʪʦʤ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ 

ʫʯʝʙʥʳʭ ʢʘʙʠʥʝʪʦʚ ʠ ʢʘʙʠʥʝʪʦʚ ï ʣʘʙʦʨʘʪʦʨʠʡ (ʭʠʤʠʠ, ʬʠʟʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ); ʩʦʩʪʘʚʣʝʥʳ ʬʣʦʨʠʩʪʠʯʝʩʢʠʝ 

ʩʧʠʩʢʠ, ʧʘʩʧʦʨʪ ʢʘʞʜʦʛʦ ʨʘʩʪʝʥʠʷ (ʝʛʦ ʦʧʠʩʘʥʠʝ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ); ʩʨʝʜʠ ʰʢʦʣʴʥʠʢʦʚ 

ʦʨʛʘʥʠʟʦʚʘʥʦ ʜʝʞʫʨʩʪʚʦ ʧʦ ʫʭʦʜʫ ʟʘ ʨʘʩʪʝʥʠʷʤʠ; 
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ï ʥʘ ʫʨʦʢʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ (ʚ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʝ) ʠ ʙʠʦʣʦʛʠʠ (ʚ ʩʨʝʜʥʝʤ ʠ ʩʪʘʨʰʝʤ ʟʚʝʥʝ) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʢʫʨʩʠʠ ʚ ʟʠʤʥʠʡ ʩʘʜ ʠ ʤʫʟʝʠ ʋʣʴʷʥʦʚʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʇʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ; 

ï ʰʢʦʣʴʥʘʷ ʢʦʤʘʥʜʘ ï ʫʯʘʩʪʥʠʢ ʧʨʦʝʢʪʘ çɻʣʦʙʘʣʴʥʘʷ ʐʢʦʣʴʥʘʷ ʃʘʙʦʨʘʪʦʨʠʷè, ʩʦʚʤʝʩʪʥʦ ʩ ʋʣʴʷʥʦʚ-

ʩʢʠʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʇʝʜʘʛʦʛʠʯʝʩʢʠʤ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʫʯʘʩʪʚʫʝʪ ʚ ʣʝʪʥʠʭ ʚʳʝʟʜʥʳʭ ʧʨʘʢʪʠʢʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʊʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʟʘʥʷʪʠʷʭ ʆɹɾ ʠ ʚʦ ʚʥʝ-

ʫʨʦʯʥʦʝ ʚʨʝʤʷ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʧʨʠʯʠʥ, ʧʦʩʣʝʜʩʪʚʠʡ, ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: 

ï ʚ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʝ ʨʘʙʦʪʘʝʪ ʢʨʫʞʦʢ çʖʥʳʝ ʠʥʩʧʝʢʪʦʨʘ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷè;  

ï ʫʯʝʥʠʢʠ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ ï ʫʯʘʩʪʥʠʢʠ ʠ ʧʨʠʟʝʨʳ ʛʦʨʦʜʩʢʠʭ ʢʦʥʢʫʨʩʦʚ çɹʝʟʦʧʘʩʥʦʝ ʢʦʣʝʩʦè ʠ çʖʥʳʝ 

ʠʥʩʧʝʢʪʦʨʘ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷè. 

ʌʠʟʢʫʣʴʪʫʨʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʚ ʨʘʙʦʪʝ 

ʩʧʦʨʪʠʚʥʳʭ ʩʝʢʮʠʡ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʫʯʘʱʠʭʩʷ, ʪʨʝʥʠʨʦʚʢʫ ʩʠʣʳ, ʚʳ-

ʥʦʩʣʠʚʦʩʪʠ, ʙʳʩʪʨʦʪʳ, ʛʠʙʢʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ:  

ï ʦʨʛʘʥʠʟʦʚʘʥʦ ʦʙʫʯʝʥʠʝ ʫʯʠʪʝʣʝʡ ʠ ʫʯʘʱʠʭʩʷ ʢʦʥʪʨʦʣʶ ʠ ʩʘʤʦʢʦʥʪʨʦʣʶ ʟʘ ʬʠʟʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ, 

ʩʦʩʪʦʷʥʠʝʤ ʦʩʘʥʢʠ, ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴʶ, ʬʠʟʠʯʝʩʢʦʡ ʠ ʫʤʩʪʚʝʥʥʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ; 

ï ʚ ʰʢʦʣʝ ʨʘʙʦʪʘʶʪ ʩʝʢʮʠʠ : çʈʠʪʤʠʢʘè, çɸʵʨʦʙʠʢʘè, çɺʦʣʝʡʙʦʣè, çʄʠʥʠ-ʬʫʪʙʦʣè, çʈʫʩʩʢʘʷ ʙʫʟʘè, 

çʇʣʘʚʘʥʠʝè; 

ï ʧʨʦʚʦʜʷʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʨʪʠʚʥʳʝ ʩʦʨʝʚʥʦʚʘʥʠʷ: çʄʦʣʦʜʝʮʢʠʝ ʀʛʨʳè, çɼʝʥʴ ɿʜʦʨʦʚʴʷè, 

çʇʨʝʟʠʜʝʥʪʩʢʠʝ ʩʦʩʪʷʟʘʥʠʷè; 

ï ʰʢʦʣʘ ï ʘʢʪʠʚʥʳʡ ʫʯʘʩʪʥʠʢ ʛʦʨʦʜʩʢʠʭ ʩʧʦʨʪʘʢʠʘʜ, ʩʦʨʝʚʥʦʚʘʥʠʡ, ʤʘʨʘʬʦʥʦʚ. 

ɺ ʫʩʣʦʚʠʷʭ ʚʩʸ ʚʦʟʨʘʩʪʘʶʱʝʡ ʛʠʧʦʜʠʥʘʤʠʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʘʚʠʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫʯʘʱʠʭʩʷ, ʢʘʢ ʥʘ ʟʘʥʷʪʠʷʭ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʛʨʫʟʦʯʥʳʭ 

ʬʠʟʢʫʣʴʪʤʠʥʫʪʦʢ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʫʟ ʠ ʧʝʨʝʤʝʥ [6,8]. ʅʘʤʠ ʧʦʜʦʙʨʘʥʳ ʢʦʤʧʣʝʢʩʳ ʫʧʨʘʞʥʝʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ï ñʆʞʠʚʣʷʣʢʠò, ʢʦʪʦʨʳʝ 

ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʢʘʞʜʳʡ ʫʯʠʪʝʣʴ ʚ ʪʝʯʝʥʠʝ ʫʨʦʢʘ: 

1. ʉʣʦʞʠʪʝ ʣʘʜʦʥʠ ʧʝʨʝʜ ʛʨʫʜʴʶ ʧʘʣʴʮʘʤʠ ʚʚʝʨʭ, ʟʘʜʝʨʞʠʪʝ ʜʳʭʘʥʠʝ. ʉʜʘʚʠʪʝ ʠʟʦ ʚʩʝʭ ʩʠʣ ʦʩʥʦʚʘʥʠʷ 

ʣʘʜʦʥʝʡ, ʯʪʦʙʳ ʥʘʧʨʷʛʣʠʩʴ ʤʳʰʮʳ ʨʫʢ ʠ ʛʨʫʜʠ. ɺʪʷʥʠʪʝ ʞʠʚʦʪ ʠ ʧʦʪʷʥʠʪʝʩʴ ʚʚʝʨʭ, ʢʘʢ ʙʫʜʪʦ ʙʳ, ʦʧʠʨʘʷʩʴ ʦ 

ʨʫʢʠ, ʚʳʛʣʷʜʳʚʘʝʪʝ ʠʟ ʦʢʥʘ. ʇʦʚʪʦʨʠʪʝ 3 ʨʘʟʘ.  

2. ʉʣʦʞʠʪʝ ʨʫʢʠ ʚ ʟʘʤʦʢ ʠ ʦʙʭʚʘʪʠʪʝ ʠʤʠ ʟʘʪʳʣʦʢ, ʥʘʧʨʘʚʴʪʝ ʣʦʢʪʠ ʚʧʝʨʝʜ. ʇʦʜʪʷʥʠʪʝ ʛʦʣʦʚʫ ʢ 

ʣʦʢʪʷʤ, ʨʘʩʪʷʥʠʪʝ ʰʝʡʥʳʡ ʦʪʜʝʣ ʧʦʟʚʦʥʦʯʥʠʢʘ ʪʘʢ, ʯʪʦʙʳ ʙʳʣʦ ʧʨʠʷʪʥʦ (ʚ ʪʝʯʝʥʠʝ 10-15 ʩʝʢʫʥʜ). ʇʦʚʪʦʨʠʪʝ 3 

ʨʘʟʘ. 

3. ʈʘʟʦʪʨʠʪʝ ʭʦʨʦʰʝʥʴʢʦ ʫʰʠ ʣʘʜʦʥʷʤʠ - ʚʥʘʯʘʣʝ ʤʦʯʢʠ, ʘ ʧʦʪʦʤ ʮʝʣʠʢʦʤ: ʚʚʝʨʭ - ʚʥʠʟ, ʚʧʝʨʝʜ - 

ʥʘʟʘʜ, ʧʨʠ ʵʪʦʤ ʧʦʮʦʢʘʡʪʝ ʷʟʳʢʦʤ (15 - 20 ʩʝʢʫʥʜ). 

4. ʋʧʨʘʞʥʝʥʠʝ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʦʩʪʫʜʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘʥʛʠʥʳ. ɹʝʟʟʚʫʯʥʦ, ʩ ʟʘʢʨʳʪʳʤ ʨʪʦʤ 

ʧʨʦʠʟʥʦʩʠʪʝ ʧʨʦʪʷʞʥʦ ʢʘʢ ʢʨʠʢ ʚʦʨʦʥʳ ñʂʘ-ʘ-ʘʘʘ-ʨ.ò ï 5-6 ʨʘʟ. ʇʦʩʪʘʨʘʡʪʝʩʴ ʧʨʠ ʵʪʦʤ ʢʘʢ ʤʦʞʥʦ ʚʳʰʝ 

ʧʦʜʥʷʪʴ ʤʷʛʢʦʝ ʥʸʙʦ ʠ ʤʘʣʝʥʴʢʠʡ ʷʟʳʯʦʢ. 

5. ʋʧʨʘʞʥʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʨʦʬʠʣʘʢʪʠʢʫ ʟʘʙʦʣʝʚʘʥʠʡ ʛʦʨʣʘ ʠ ʫʣʫʯʰʝʥʠʝ ʘʨʪʠʢʫʣʷʮʠʠ ʨʝʯʠ. 

ʋʧʨʘʞʥʝʥʠʝ ʜʝʣʘʝʪʩʷ ʙʝʟʟʚʫʯʥʦ ʩ ʟʘʢʨʳʪʳʤ ʨʪʦʤ ʠ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʘ. ʉ ʫʩʠʣʠʝʤ, ʩʢʦʣʴʟʷ 

ʢʦʥʯʠʢʦʤ ʷʟʳʢʘ ʥʘʟʘʜ ʧʦ ʚʝʨʭʥʝʤʫ ʥʸʙʫ, ʧʦʩʪʘʨʘʡʪʝʩʴ ʜʦʪʨʦʥʫʪʴʩʷ ʷʟʳʢʦʤ ʜʦ ʤʘʣʝʥʴʢʦʛʦ ʷʟʳʯʢʘ (ʩʜʝʣʘʡʪʝ 

çʢʦʣʝʯʢʦè).  

6. çʃʝʚè - ʇʦʩʪʘʨʘʡʪʝʩʴ ʷʟʳʢʦʤ ʜʦʪʷʥʫʪʴʩʷ ʜʦ ʧʦʜʙʦʨʦʜʢʘ, ʧʨʠ ʵʪʦʤ ʢʘʢ ʤʦʞʥʦ ʰʠʨʝ ʨʘʩʢʨʦʡʪʝ ʛʣʘʟʘ. 
ʉʧʠʥʘ ʧʨʷʤʘʷ. ʇʣʝʯʠ ʦʧʫʱʝʥʳ. 

7. ʋʣʳʙʥʠʪʝʩʴ ʩʘʤʠ ʠ ʨʘʟʨʝʰʠʪʝ ʜʝʪʷʤ ʧʦʩʤʝʷʪʴʩʷ. ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ çʩ -r -r -rʨè, ʘ ʧʦʪʦʤ 

ʥʘʜʘʚʠʪʴ ʥʘ ʪʦʯʢʫ ʥʘ ʢʦʥʯʠʢʝ ʥʦʩʘ ʠ ʧʨʦʠʟʥʝʩʪʠ ʟʚʫʢʠ: ʭʘ-ʭʘ. ʉʥʘʯʘʣʘ ʤʝʜʣʝʥʥʦ, ʧʦʪʦʤ ʙʳʩʪʨʝʝ, ʙʳʩʪʨʝʝ.... 

8. ʋʧʨʘʞʥʝʥʠʝ ʣʫʯʰʝ ʚʳʧʦʣʥʷʪʴ ʧʝʨʝʜ ʩʣʦʞʥʦʡ ʨʘʙʦʪʦʡ. ʋʯʘʱʠʝʩʷ ʙʳʩʪʨʦ ʩʞʠʤʘʶʪ ʠ ʨʘʟʞʠʤʘʶʪ 

ʧʘʣʴʮʳ ʨʫʢ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʘʢʞʝ ʙʳʩʪʨʦ ʤʦʨʛʘʶʪ. ɿʘʪʝʤ ʢʨʝʧʢʦ ʟʘʞʤʫʨʠʚʘʶʪ ʛʣʘʟʘ, ʩʞʠʤʘʶʪ ʢʫʣʘʢʠ ʠ ʧʨʦ 

ʩʝʙʷ ʛʦʚʦʨʷʪ: ñʗ ʩʧʨʘʚʣʶʩʴ, ʷ ʤʦʛʫ! ʏʝʣʦʚʝʢ ʚʩʸ ʤʦʞʝʪ! ʗ ʥʠʯʝʛʦ ʥʝ ʙʦʶʩʴ!...ò 

9.  ɿʘʢʠʥʴʪʝ ʛʦʣʦʚʫ ʥʘʟʘʜ, ʚʳʜʚʠʥʴʪʝ ʚʧʝʨʝʜ ʧʦʜʙʦʨʦʜʦʢ ʪʘʢ, ʯʪʦʙʳ ʢʦʞʘ ʥʘ ʰʝʝ ʥʘʪʷʥʫʣʘʩʴ. ɿʘʪʘʠʪʝ 

ʜʳʭʘʥʠʝ ï ʜʳʰʠʪʝ ʪʠʭʦ, ʪʠʭʦ, ʢʘʢ ʪʦʣʴʢʦ ʤʦʞʥʦ. ʇʦʩʠʜʠʪʝ ʪʘʢ ʦʢʦʣʦ ʤʠʥʫʪʳ. ʏʫʪʴ-ʯʫʪʴ ʥʘʧʨʷʛʠʪʝ ʧʣʝʯʠ, 

ʨʫʢʠ, ʧʦʪʷʥʠʪʝʩʴ ʠ ï ʟʘ ʨʘʙʦʪʫ. 

ʇʨʦʚʝʜʸʥʥʘʷ ʥʘʤʠ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʝʡ ʩʨʝʜʳ ʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʰʢʦʣʝ ʧʦ-

ʢʘʟʘʣʘ, ʯʪʦ ʮʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʮʠʢʣʠʯʝʩʢʦʡ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʝʡ 

ʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʟʜʦʨʦʚʴʝʩʙʝʨʝʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʭʘʨʘʢʪʝʨʫ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʶ ʩʬʝʨ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ: ʜʦʤ (ʨʦʜʠʪʝʣʠ) Ÿ ʫʨʦʢ (ʫʯʠʪʝʣʴ) Ÿ ʢʣʘʩʩ (ʫʯʠʪʝʣʴ ïʧʨʝʜʤʝʪʥʠʢ, ʢʣʘʩʩʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ, ʦʜʥʦʢʣʘʩʩʥʠʢʠ) Ÿ ʰʢʦʣʘ (ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʢʦʣʣʝʢʪʠʚ ʚʦ ʛʣʘʚʝ ʩ ʜʠʨʝʢʪʦʨʦʤ ʰʢʦʣʳ) Ÿ ʫʯʝʥʠʢ 

Ÿ ʜʦʤ. ɺ ʟʜʦʨʦʚʴʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʥʘʯʘʣʘ: ʧʨʠʨʦʜʥʦʝ, ʢʦʪʦʨʦʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪʩ ̫ʩʪʠʭʠʡʥʦ, ʠ ʢʫʣʴʪʫʨʥʦʝ, 

ʢʦʪʦʨʦʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʩʦʟʥʘʥʠʝʤ ʯʝʣʦʚʝʢʘ [10]. ʈʘʟʚʠʪʠʝ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʯʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʠ ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʚʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ ʟʜʦʨʦʚʴʷ. 
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Abstract. The article is devoted to health protection problems at modern comprehensive school. The experi-

ence and the content of health protection work in one of schools of Ulyanovsk, on the basis of which health preservation 

of school students through formation of culture of health and a healthy lifestyle due to integration of the content of sub-

jects (biology, physical training, life safety), educational work at lessons and after-hour work is generalized.  
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ʋɼʂ 615.89 

 

ʌʋʅʂʎʀʆʅɸʃʔʅɸʗ ʂʆʅʉʊʀʊʋʎʀʗ ʂɸʂ ʌʋʅɼɸʄɽʅʊ  

ɾʀɿʅɽɼɽʗʊɽʃʔʅʆʉʊʀ ʏɽʃʆɺɽʂɸ 
 

 
ɸ.ʂ. ʄʦʩʢʘʪʦʚʘ, ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʩʧʦʨʪʘ, 

ʤʦʣʦʜʸʞʠ ʠ ʪʫʨʠʟʤʘ (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʩʠʩʪʝʤʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʠʪʫʮʠʠ ʯʝʣʦʚʝʢʘ, 

ʧʨʝʜʦʧʨʝʜʝʣʸʥʥʦʡ ɸʙʩʦʣʶʪʥʳʤ ʉʦʟʥʘʥʠʝʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʝʛʦ ʜʫʭʦʚʥʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʩ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʦʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʢʦʥʳ ɺʳʩʰʝʛʦ ʊʚʦʨʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʟʥʘʯʝʥʠʝ ʩʪʨʫʢʪʫʨ 

ʢʦʥʩʪʠʪʫʮʠʠ. ʆʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʩʠʩʪʝʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʩʘʤʦʩʦʟʥʘʥʠʷ ʥʘ ʧʨʦ-

ʛʨʝʩʩʠʚʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʢʦʥʩʪʠʪʫʮʠʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʦʨʯʝʩʢʠʡ ʟʘʤʳʩʝʣ ʢʦʥʩʪʠʪʫʮʠʠ; ʤʥʦʛʦʤʝʨʥʦʩʪʴ ʢʦʥʩʪʠʪʫʮʠʠ; ʝʜʠʥʩʪʚʦ ʢʦʤ-

ʧʣʝʢʩʘ ʪʝʣʝʩʥʦʩʪʠ; ʩʠʩʪʝʤʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ; ʢʘʨʤʠʯʝʩʢʘʷ ʧʨʠʯʠʥʥʦʩʪʴ; ʧʨʦʝʢʮʠʷ ʞʠʟʥʝʥʥʦʡ ʩʠʣʳ; 

ʩʦʟʥʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥʩʪʠʪʫʮʠʠ.  

 

çʏʪʦʙʳ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ, ʥʘʤ ʥʫʞʝʥ ʧʝʨʝʭʦʜ 

ʦʪ ʧʘʨʘʜʠʛʤʳ ʯʘʩʪʝʡ ʢ ʧʘʨʘʜʠʛʤʝ ʧʨʦʮʝʩʩʘ. 

ʕʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʳ ʩʤʦʛʣʠ 

ʧʦʥʷʪʴ ʦʪʜʝʣʴʥʳʝ ʤʦʤʝʥʪʳ, ʯʘʩʪʠ ʠ ʪʦʣʴʢʦ 

ʧʦʪʦʤ, ʧʨʦʨʘʙʦʪʘʚ ʜʝʪʘʣʠ, ʚʳʭʦʜʠʪʴ ʟʘ ʠʭ 

ʧʨʝʜʝʣʳè 

ɸʨʥʦʣʴʜ ʄʠʥʜʝʣʣ ï çʂʘʢ ɺʩʝʣʝʥʥʘʷ ʨʝʰʘʝʪ 

ʣʠʯʥʳʝ ʠ ʤʠʨʦʚʳʝ ʧʨʦʙʣʝʤʳè [6]. 

 

ɺɺɽɼɽʅʀɽ. ʂʦʤʧʝʪʝʥʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʫʩʢʥʠʢʘ ʚʳʩʰʝʡ ʰʢʦʣʳ ï ʩʧʝʮʠʘʣʠʩʪʘ, ʧʨʠʟʚʘʥʥʦʛʦ 

ʥʘʧʨʘʚʣʷʪʴ ʨʘʟʚʠʪʠʝ ʜʝʪʝʡ ʠ ʤʦʣʦʜʸʞʠ ʢ ʵʬʬʝʢʪʠʚʥʦʡ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʩʠʭʦʬʠʟʠʯʝʩʢʦʝ 

ʟʜʦʨʦʚʴʝ ʠ  ʧʨʦʜʫʢʪʠʚʥʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʪʠʥʛʝʥʪʘ ʚʟʨʦʩʣʳʭ, ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝ-

ʥʠʷ  ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ,  ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʦʣʞʥʳ ʦʧʠʨʘʪʴʩʷ ʥʘ ʟʥʘʥʠʝ  ʬʝʥʦʤʝʥʦʣʦʛʠʠ ʜʫʭʦʚʥʳʭ ʠ ʬʠʟʠʯʝ-

ʩʢʠʭ ʘʩʧʝʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʣʫʙʠʥʥʳʭ ʩʚʷʟʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʠʪʫʮʠʠ ʯʝʣʦʚʝʢʘ ʩ ʧʨʠʯʠʥʥʳʤʠ 

ʧʣʘʥʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠ ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʦʟʥʘʥʠʷ.   

ʆʯʝʚʠʜʥʦ, ʩʧʝʮʠʘʣʠʩʪ, ʷʚʣʷʷʩʴ ʧʦʟʥʘʶʱʠʤ ʩʫʙʲʝʢʪʦʤ, ʥʘʜʝʣʸʥʥʳʤ ʩʚʳʰʝ ʤʥʦʛʦʛʨʘʥʥʳʤʠ ʚʦʟʤʦʞʥʦ-

ʩʪʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʦʝʛʦ ʩʦʟʥʘʥʠʷ ʠ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʩʚʦʸʤ 

ʤʠʨʦʚʦʟʟʨʝʥʠʠ ʜʦʣʞʝʥ ʦʧʠʨʘʪʴʩʷ ʥʘ ʧʨʠʟʥʘʥʠʝ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʇʨʠʨʦʜʘ ï ʦʪ ʛʨʝʯ. Physis ï ʵʪʦ ʥʝ ʪʦ, ʯʪʦ ʦʥ 

ʞʝʣʘʝʪ ʠʣʠ ʤʦʞʝʪ ʚʠʜʝʪʴ, ʦʱʫʱʘʪʴ ʠ ʠʩʧʳʪʳʚʘʪʴ, ʥʦ ʥʝʦʙʦʟʨʠʤʘʷ ʃʆɻʀʂɸ ɾʀɿʅʀ, ʛʣʦʙʘʣʴʥʘʷ ʇɽʈɺʆʈʆɼʅɸʗ 

ʀɼɽʗ ɽɼʀʅʉʊɺɸ ʜʫʭʦʚʥʦ-ʤʘʪʝʨʠʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ʯʝʣʦʚʝʢʘ ʩ ʧʨʠʨʦʜʦʡ ʢʦʩʤʦʩʘ ï ʨʝʘʣʠʟʘʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʧʨʠʥʮʠʧʘ çʂɸʂ ɺɺɽʈʍʋ, ʊɸʂ ʀ ɺʅʀɿʋ, ʂɸʂ ɺ ʄɸʂʈʆʂʆʉʄɽ, ʊɸʂ ʀ ɺ ʄʀʂʈʆʂʆʉʄɽè.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʧʝʮʠʘʣʠʩʪʫ, ʧʨʠʥʠʤʘʶʱʝʤʫ ʥʘ ʩʝʙʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʠ ʥʨʘʚʩʪʚʝʥʥʫʶ ʦʪʚʝʪʩʪʚʝʥ-

ʥʦʩʪʴ ʟʘ ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ,  ʛʘʨʤʦʥʠʯʥʦʝ ʚʦʩʧʠʪʘʥʠʝ ʠ ʫʢʨʝʧʣʝʥʠʝ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʜʦʚʝʨʝʥʥʳʭ ʝʤʫ 

ʣʶʜʝʡ, ʚ ʮʝʣʷʭ ʧʣʦʜʦʪʚʦʨʥʦʛʦ ʩʚʝʨʰʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʝʤʫ ʤʠʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦ: 1) ʥʘʫʯʠʪʴʩʷ ʫʧʨʘʚʣʷʪʴ 

ʚʩʝʤʠ ʧʣʘʥʘʤʠ ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʠʪʫʮʠʠ ʠ ʩʦʟʥʘʥʠʷ; 2) ʥʘʣʘʜʠʪʴ ʛʘʨʤʦʥʠʯʥʳʝ ʚʟʘʠʤʦʦʪʥʦ-

ʰʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʜʫʭʦʚʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ; 3) ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʪʚʦʨʷʪʴ ʚ ʞʠʟʥʴ 

ʧʦʟʥʘʚʘʝʤʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ; 4) ʦʩʦʟʥʘʪʴ ʩʦʧʦʜʯʠʥʸʥʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʫʨʦʚʥʝʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʬʦʨʤʳ ʋʥʠʚʝʨʩʘʣʴʥʳʤ ɿʘʢʦʥʘʤ ʄʠʨʦʟʜʘʥʠʷ. ʈʝʰʝʥʠʶ ʥʘʟʚʘʥʥʳʭ ʠ ʨʘʥʝʝ ʦʙ-

ʩʫʞʜʘʚʰʠʭʩʷ ʧʨʦʙʣʝʤ ʠʟʫʯʝʥʠʷ ɾʀɿʅɽɼɽʗʊɽʃʔʅʆʉʊʀ [7; 8; 9] ʧʦʩʚʷʱʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʦʜʥʦʠʤʸʥʥʦʛʦ ʘʚʪʦʨʩʢʦʛʦ 

ʩʧʝʮʢʫʨʩʘ ʚ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ. 

ʋʅʀɺɽʈʉɸʃʔʅʓɽ ɿɸʂʆʅʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʌʋʅʂʎʀʆʅɸʃʔʅʆʁ ʂʆʅʉʊʀʊʋʎʀʀ. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝ-

ʩʢʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ çʢʦʥʩʪʠʪʫʮʠʷè (ʣʘʪ. Constitutio ï ʫʩʪʘʥʦʚʣʝʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʷ) ï ʢʦʤʧʣʝʢʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʩʠʭʠʯʝʩʢʠʭ) ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʟ-

ʤʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʜʣʠʪʝʣʴʥʳʤʠ ʠ ʠʥʪʝʥʩʠʚʥʳʤʠ ʚʣʠʷʥʠʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

[14]. 

ʆʙʱʝʧʨʠʥʷʪʦ ʩʚʷʟʳʚʘʪʴ ʵʪʦ ʧʦʥʷʪʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʝʪʝʨʤʠʥʘʮʠʝʡ ʬʦʨʤʳ ʪʝʣʦ-

ʩʣʦʞʝʥʠʷ ï ʩʦʤʘʪʠʯʝʩʢʦʡ ʢʦʥʩʪʠʪʫʮʠʝʡ.  ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʝʜʠʥʩʪʚʘ ʬʝʥʦʤʝʥʦʚ ʵʚʦ-

ʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ɺʩʝʣʝʥʥʦʡ ʂʚʘʥʪʦʚʦʛʦ ɺʨʝʤʝʥʠ-ʉʦʟʥʘʥʠʷ ʠ ʦʙʠʪʘʶʱʠʭ ʚ ʥʝʡ ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʩʦʙʝʡ, ʩʦ-

ʟʠʜʘʥʠʝ ʠ ʧʨʝʦʙʨʘʞʝʥʠʝ ʠʭ ʞʠʟʥʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʚ ʠʭ ʬʦʨʤʝ ʂʆʅʉʊʀʊʋʎʀʆ-

ʅɸʃʔʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ʊɽʃɽʉʅʆʉʊʀ. ɺ ʝʛʦ ʤʘʪʨʠʮʝ ʟʘʣʦʞʝʥʘ ʥʝʨʘʟʨʳʚʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʚʷʟʴ ʬʫʥʢʮʠʡ ʄʦʟ-

ʛʘ ʠ ʊʝʣʘ ʢʘʢ ʚʳʨʘʞʝʥʠʷ ʕʅɽʈɻʀʀ ʉʆɿʅɸʅʀʗ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʦʩʦʙʳʤ ʩʧʦʩʦʙʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʥʜʠʚʠʜʫ-
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ʫʤʫ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʦʧʳʪ ʩʘʤʦʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʣʦʪʥʳʭ ʤʠʨʘʭ ɺʥʝʰʥʝʛʦ ʊʚʦʨʝʥʠʷ, ʧʦʟʥʘʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʣʝʩʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʪʨʘʞʝʥʦ ʩʦʟʥʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ï ɺʳʩʰʝʛʦ çʗè ʜʫʰʠ ï 

ʦʪʢʨʳʚʘʶʱʝʛʦ ʧʦʨʪʘʣʳ ʜʣʷ ʨʘʟʚʠʪʠʷ, ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʦʩʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʨʘʩʰʠʨʝʥʠʷ ʩʦʟʥʘʥʠʷ, ʦʩʚʦʝʥʠʷ 

ʥʦʚʳʭ ʩʬʝʨ ʤʠʨʦʟʜʘʥʠʷ.  

ɺ ʩʦʦʚʝʪʩʪʚʠʠ ʩ ʋʥʠʚʝʨʩʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ ɺʳʩʰʝʛʦ ʊʚʦʨʝʥʠʷ, ʩʠʩʪʝʤʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʟʝʤʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ, ʧʨʠʜʘʸʪ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʩʤʳʩʣ ʢʘʞʜʦʡ ʝʸ ʬʫʥʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʡ ʨʦʣʠ, ʢʦʪʦʨʫʶ ʦʥʘ ʚʳʧʦʣʥʷʝʪ  ʚ ʥʝʧʨʝʨʳʚʥʦʤ 

ʧʦʪʦʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩʦʟʥʘʥʠʷ ʩʦ ʚʩʝʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʠʩʪʝʤʳ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʠʪʫʮʠʠ ʥʘ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʨʦʚʥʷʭ ʠ 

ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʪʝʨʧʝʚʘʶʪ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ: 1/ 

ʢʚʘʥʪʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʢʣʝʪʦʯʥʳʭ ʩʫʙʩʪʘʥʮʠʡ, ʥʘʜʝʣʸʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʛʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʤʥʦʛʦʤʝʨʥʦʡ ɼʅʂ; 

2/ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʢʚʘʥʪʦʚʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʵʥʝʨʛʠʡ ʇʉʀʍʀʏɽʉʂʀʍ 

ʇʈʆʎɽʉʉʆɺ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʦʩʦʙʠ ï  ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʚ ʧʦʜʩʦʟʥʘʥʠʠ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ, ʚ 

ʢʣʝʪʦʯʥʦʡ ʧʘʤʷʪʠ, ʚ ʯʫʚʩʪʚʝʥʥʦʤ ʚʦʩʧʨʠʷʪʠʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ ʵʤʦʮʠʦʥʘʣʴʥʳʤ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ 

ʦʪʨʘʞʝʥʠʝʤ ʩʦʩʪʦʷʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʦʨʛʘʥʠʟʤʘ;  3/ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʘʨʤʠʯʝʩʢʠʭ ʩʣʝʜʦʚ, 

ʦʩʪʘʚʣʝʥʥʳʭ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʣʝ ʢʘʞʜʦʡ ʜʫʰʠ, ʩʫʤʤʠʨʫʶʱʠʭ ʚʩʝ ʦʪʧʝʯʘʪʢʠ ʜʝʡʩʪʚʠʡ ʠ ʩʦʙʳʪʠʡ ʞʠʟʥʠ, 

ʧʦʟʠʪʠʚʥʦʛʦ ʠ ʥʝʛʘʪʠʚʥʦʛʦ ʦʧʳʪʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʚ  ʝʸ ʧʨʝʜʳʜʫʱʠʭ ʚʦʧʣʦʱʝʥʠʷʭ;  4/ ʘʢʪʠʚʠʟʘʮʠʝʡ ʩʧʝʮʠʘʣʴʥʳʭ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʝʨʚʠʯʥʳʡ ʧʨʦʝʢʪ ʠ ʠʟʥʘʯʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʦʥʩʪʠʪʫʮʠʠ ʩʦ 

ʩʪʦʨʦʥʳ  ʀʩʪʦʯʥʠʢʘ ʊʚʦʨʝʥʠʷ ʚ ʮʝʣʷʭ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ,  ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ  ʠʩʧʨʘʚʣʝʥʠʷ 

ʧʨʦʙʣʝʤ ʘʜʘʧʪʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʭ  ʥʘ ʵʪʘʧʘʭ ʢʚʘʥʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ɿʝʤʣʠ ʢ ʥʦʚʳʤ 

ʛʘʣʘʢʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʬʠʟʠʯʝʩʢʦʛʦ, ʧʩʠʭʠʯʝʩʢʦʛʦ ʠ ʜʫʭʦʚʥʦʛʦ ʨʘʟʚʠʪʠʷ [ 10]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ  ʩʤʳʩʣʦʚʦʤʫ ʚʳʨʘʞʝʥʠʶ ʢʘʨʤʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ï çʏʪʦ ʧʦʩʝʝʰʴ, ʪʦ ʠ ʧʦʞʥʸʰʴè ï 

ʧʨʠʟʥʘʸʪʩʷ, ʯʪʦ ʠʥʜʠʚʠʜʫʫʤ ʧʦʣʫʯʘʝʪ ʪʘʢʦʝ ʪʝʣʦ ʠ ʪʘʢʫʶ ʢʦʥʩʪʠʪʫʮʠʶ, ʢʘʢʠʝ ʦʥ çʟʘʩʣʫʞʠʣè ʩʚʦʠʤʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʞʠʟʥʷʤʠ, ʜʝʷʥʠʷʤʠ, ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʩʘʤʦʨʘʟʚʠʪʠʠ. ʌʠʟʠʯʝʩʢʦʝ ʪʝʣʦ ï ʦʜʥʘ ʠʟ ʬʦʨʤ 

ʧʨʦʷʚʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʚʦʧʣʦʱʝʥʥʦʡ ʜʫʰʠ. ʄʘʪʨʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʟʫʤʥʦʡ ʜʫʰʦʡ ʠʟʙʨʘʥʥʦʡ ʟʝʤʥʦʡ ʤʠʩʩʠʠ, ʧʨʦʭʦʞʜʝʥʠʷ ʥʦʚʳʭ ʠʩʧʳʪʘʥʠʡ, ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʨʘʟʚʠʪʠʷ, ʥʘʤʝʯʝʥʥʳʭ ʧʝʨʝʜ ʚʦʧʣʦʱʝʥʠʝʤ [2]. 

ʇʨʦʛʨʘʤʤʘ-ʤʘʪʨʠʮʘ ʪʝʣʝʩʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʩʪʳʚʰʝʡ ʩʭʝʤʦʡ, ʥʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʮʝʣʦʝ ʧʦʣʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʩʘʤʦʨʘʟʚʠʪʠʷ, ʦʩʦʙʝʥʥʦ ʣʠʯʥʦʩʪʷʤ, ʫʩʪʨʝʤʣʸʥʥʳʤ ʢ ʧʦʟʥʘʥʠʶ ʚʩʝʭ ʛʨʘʥʝʡ ʩʚʦʝʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ, ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʟʝʤʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʫʰʠ, ʦʩʚʦʙʦʞʜʝʥʠʶ ʦʪ ʦʛʨʘʥʠʯʝʥʠʡ ʤʘʪʝʨʠʘʣʠʟʤʘ, 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʙʦʞʝʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ ʛʘʨʤʦʥʠʯʥʦʛʦ, ʪʚʦʨʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʫʭʘ ʠ 

ʩʦʟʥʘʥʠʷ ʢʘʞʜʦʡ ʣʠʯʥʦʩʪʠ, ʚʝʜʫʱʝʛʦ ʢ ʠʩʪʠʥʥʦʤʫ  ʧʨʦʛʨʝʩʩʫ ʚʩʝʛʦ ʟʝʤʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʧʨʦʛʨʘʤʤ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʟʥʘʥʠʷ ʠ ʤʳʰʣʝʥʠʷ, 

ʦʪʢʨʳʚʘʶʪʩʷ ʜʫʭʦʚʥʳʝ ʧʦʨʪʘʣʳ ʨʘʩʰʠʨʝʥʠʷ ʧʩʠʭʦʬʠʟʠʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ. ʂʚʘʥʪʦʚʳʝ 

ʥɻʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʣʷ ʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʣʘ ʠ ʥʝʦʪʜʝʣʠʤʳʝ ʦʪ ʥʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʠʪʫʮʠʠ 

ʠʩʧʳʪʳʚʘʶʪ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʩʚʝʪʦʚʦʣʥʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ ʥʦʚʳʭ ʬʦʨʤ ʤʘʛʥʝʪʠʟʤʘ ï 

ʜʚʠʞʫʱʠʭ ʩʠʣ ʠ ʵʥʝʨʛʠʡ ɼʫʭʘ ʧʨʝʦʙʨʘʞʘʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ. 

ʇʨʦʷʚʣʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʦʭʚʘʪʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ  ʋʈʆɺʅʀ 

ʂʆʅʉʊʀʊʋʎʀʀ:  <> ʕʃɽʂʊʈʆʅʅʓʁ ï ʩʫʙʘʪʦʤʥʳʝ, ʢʚʘʥʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ; <>ɻɽʅɽʊʀʏɽʉʂʀʁ ï ʪʨʘʥʩʣʷʪʦʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʣʝʪʦʯʥʦʤʫ 

ʩʦʟʥʘʥʠʶ ʜʣʷ ʝʸ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʪʨʦʝʥʠʠ ʪʝʣʘ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʪʘʭ; <>ʇʉʀʍʀʏɽʉʂʀʁ ï 

ʦʨʛʘʥʠʟʘʪʦʨ ʤʝʥʪʘʣʴʥʳʭ ʠ ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʟʥʘʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥʥʳʤʠ 

ʩʪʨʘʪʝʛʠʷʤʠ; <>ʅɽʁʈʆɼʀʅɸʄʀʏɽʉʂʀʁ ï ʧʦʩʨʝʜʥʠʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʨʚʥʳʭ 

ʩʝʪʷʭ ʠ ʮʝʥʪʨʘʭ ʤʦʟʛʘ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʩʝʥʩʦʤʦʪʦʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦʚʝʜʝʥʠʷ; <>  ɹʀʆʍʀʄʀʏɽʉʂʀʁ ï 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʫʙʩʪʨʘʪʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ, ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ; <> ʌʋʅʂʎʀʆʅɸʃʔʅʓʁ ï ʤʦʜʫʣʷʪʦʨ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʜʠʚʠʜʫʫʤʘ; <>  ʉʆʄɸʊʀʏɽʉʂʀʁ ï ʦʛʨʘʥʠʯʠʪʝʣʴ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʨʸʭʤʝʨʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʘʜʘʧʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʅʆɻʆʋʈʆɺʅɽɺɸʗ ʂʆʅʉʊʀʊʋʎʀʗ ʯʝʣʦʚʝʢʘ ʦʙʫʩʣʦʚʣʝʥʘ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ, ʥʦ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʦʙʤʝʥʫ ʵʥʝʨʛʠʝʡ, ʩʫʙʩʪʨʘʪʘʤʠ ʠ ʠʥʬʦʨʤʘʮʠʝʡ ʩʦ ʚʩʝʤʠ ʧʣʘʥʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʢʦʩʤʠʯʝʩʢʦʡ  

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ ʩ ʙʠʦʩʬʝʨʦʡ ɿʝʤʣʠ ï ʤʠʥʝʨʘʣʴʥʦʡ, ʨʘʩʪʠʪʝʣʴʥʦʡ ʠ ʞʠʚʦʪʥʦʡ ʬʦʨʤʘʤʠ ʞʠʟʥʠ. ɺʩʝ ʫʨʦʚʥʠ 

ʢʦʥʩʪʠʪʫʮʠʠ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʳ, ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʚ ʮʝʣʦʩʪʥʳʭ ʧʨʦʮʝʩʩʘʭ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʦʙʱʘʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ çʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤ ʷʟʳʢʝè ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʢʚʘʥʪʦʚʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ  ʨʝʟʦʥʠʨʫʶʪ ʠ ʧʝʨʝʜʘʶʪ 

ʚʦʣʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʙʠʦʧʦʣʷ ʪʝʣʝʩʥʦʩʪʠ, ʧʦʜʯʠʥʷʷʩʴ ʫʥʠʚʝʨʩʘʣʴʥʦʤʫ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʤʫ 

ʧʨʠʥʮʠʧʫ ï çɺʩʸ-ʦʪʨʘʞʘʝʪʩʷ-ʚʦ ʚʩʸʤè [ 4 ]. 

ɿɸʂʆʅ ɺʓʉʐɽɻʆ ʊɺʆʈɽʅʀʗ.  ɺʘʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʠʪʫʮʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘ-

ʥʠʟʤʘ ʚʦʧʣʦʱʝʥʳ ʋʅʀɺɽʈʉɸʃʔʅʓɽ  ʇʈʀʅʎʀʇʓ  ɾʀɿʅʀ ʄʀʈʆɿɼɸʅʀʗ: 1) ʆʪʨʘʞʝʥʠʝ ʜʝʡʩʪʚʠʷ ʇʆʈʆɾɼɸʖʑɽɻʆ 

ʅɸʏɸʃɸ ï  ɾʀɺʆʊɺʆʈʅʆʁ ʉʀʃʓ, ʪʦʥʢʦʡ ʜʫʭʦʚʥʦʡ ʚʠʙʨʘʮʠʠ ɸɹʉʆʃʖʊʅʆɻʆ ʉʆɿʅɸʅʀʗ ï ʝʜʠʥʩʪʚʝʥʥʦʡ ʚʝʯʥʦ ʩʫ-

ʱʝʩʪʚʫʶʱʝʡ ʈɽɸʃʔʅʆʉʊʀ, ʢʦʪʦʨʘʷ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʅɸɿʅɸʏɽʅʀɽ ʠ ʉʄʓʉʃ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʬʦʨʤʳ ʞʠʟʥʠ, ʥʘʯʠʥʘʷ ʦʪ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʘʪʦʤʦʚ, ʵʣʝʤʝʥʪʦʚ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ  ʠ ʢʦʥʯʘʷ ʩʣʦʞʥʳʤʠ, 
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ʨʘʟʫʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘʙʣʶʜʘʝʤʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ɺʩʝʣʝʥʥʦʡ ʠ ʝʸ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ .  

2) ɺʩʝʚʝʜʫʱʝʝ ʠ ʚʩʝʤʦʛʫʱʝʝ ʉʆɿʅɸʅʀɽ ɺʓʉʐɽʁ ɼʋʍʆɺʅʆʁ ʉʋɹʉʊɸʅʎʀʀ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʣʠʚʘʝʪ ʩʦ-

ʟʠʜʘʪʝʣʴʥʳʝ ʕʅɽʈɻʀʀ ɼʋʍʆɺʅʆɻʆ ʉɺɽʊɸ ʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʠʭ ʚ ʤʠʨʝ ʷʚʣʝʥʠʡ, ʚ ʩʫʙʩʪʘʥʮʠʷʭ, ʩʪʨʫʢʪʫʨʘʭ ʠ 

ʬʫʥʢʮʠʷʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʩʪʫʧʘʶʪ ʧʨʦʚʦʜʥʠʢʘʤʠ ʠ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʫʭʦʚʥʳʭ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʩʤʝʰʘʥʥʳʭ ʵʥʝʨʛʠʡ ʠ ʧʨʝʦʙʨʘʟʫʶʪ ʧʦʪʦʢʠ ʤʥʦʛʦ-

ʤʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜʜʝʨʞʠʚʘʷ ɽɼʀʅʉʊɺʆ ɾʀɿʅʀ ʄʀʈʆɿɼɸʅʀʗ.  

3) ʇʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ ʉʆɿʀɼɸʅʀʗ ʣʶʙʦʛʦ ʤʘʩʰʪʘʙʘ ʠ ʣʶʙʳʭ ʬʦʨʤ ɾʠʟʥʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ʧʦʨʦʞʜʝʥʠʷ ʠʜʝʡ, ʤʳʩʣʝʦʙʨʘʟʦʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʭ 

ʫʩʣʦʚʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʬʦʨʤ ï ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʳʭ, ʪʘʢ ʠ ʤʘʩʰʪʘʙʥʳʭ. 

ʄʘʪʝʨʠʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʬʦʨʤ ʞʠʟʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʛʫʱʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʩʫʱʥʦʩʪʠ ʚʩʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʢʚʘʥʪʦʚʦʛʦ ʧʦʣʷ, ʚ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʫʧʣʦʪʥʝʥʠʝ, çʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʘʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʤʠʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ï ʩʚʝʨʭʬʠʟʠʯʝʩʢʦʛʦ ʏʀʉʊʆɻʆ ʉɺɽʊɸ, ʪ.ʝ. ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ɼʋʍʆɺʅʆʁ ʕʅɽʈɻʀɽʁ ɸɹʉʆʃʖʊʅʆɻʆ ʉʆɿʅɸʅʀʗ [12]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʚʝʱʠ, ʚʩʝ ʬʦʨʤʳ ɾʠʟʥʠ ï ʦʪ ʠʜʝʠ ʜʦ ʤʘʥʠʬʝʩʪʘʮʠʠ ï ʦʙʲʝʢʪʠʚʥʦ ʩʫʱʝʩʪʚʫʶʪ 

ʚʥʫʪʨʠ ʧʨʠʫʤʥʦʞʘʶʱʝʛʦʩʷ ʠʟʦʙʠʣʠʷ ʩʦʢʨʦʚʝʥʥʦʡ ʪʚʦʨʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ɸʙʩʦʣʶʪʥʦʛʦ ʉʦʟʥʘʥʠʷ. ʀʟ ʵʪʦʛʦ ʩʣʝ-

ʜʫʝʪ, ʯʪʦ ʪʝʣʝʩʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚʢʣʶʯʘʝʪ ʩʦʩʪʘʚʥʳʝ, ʢʦʥʩʪʠʪʫʠʨʫʶʱʠʝ ʩʫʙʩʪʘʥʮʠʠ ʠ ʵʣʝʤʝʥʪʳ ʚʝʱʝʩʪʚʘ, ʧʨʦ-

ʷʚʣʷʶʱʠʝ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʜʚʠʞʫʱʝʡ ʜʫʭʦʚʥʦʡ ʩʠʣʳ ʉʦʟʥʘʥʠʷ.  ɿʘʜʘʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʩʪʠʪʫʮʠ-

ʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʫʶ, ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʦʩʦʙʠ ʚ ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʟʝʤʥʦʡ ʩʨʝʜʝ.  ʇʨʦʚʦʟʛʣʘʰʝʥʠʝ çʙʦʨʴʙʳ ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝè ʢʘʢ ʧʨʠʥʮʠʧʘ 

ʞʠʟʥʠ ï ʩʫʪʴ ʧʦʨʦʞʜʝʥʠʝ ʥʝʚʝʞʝʩʪʚʝʥʥʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʫʤʦʟʨʝʥʠʷ, ʦʤʨʘʯʸʥʥʦʛʦ ʩʪʨʘʭʦʤ ʩʤʝʨʪʥʦʡ ʧʣʦʪʠ, 

ʧʦʜʘʚʣʝʥʥʦʛʦ ʝʸ ʥʝʥʘʩʳʪʥʳʤ ʵʛʦʠʟʤʦʤ ʠ ʦʪʨʝʰʝʥʥʦʛʦ ʦʪ ʧʨʠʟʥʘʥʠʷ ʥʝʧʨʝʦʙʦʨʠʤʦʡ ʜʫʭʦʚʥʦʡ ʩʠʣʳ ʩʦʙʩʪʚʝʥ-

ʥʦʡ ʜʫʰʠ ʠ ʋʅʀɺɽʈʉɸʃʔʅʆɻʆ ʉʆɿʅɸʅʀʗ ï ʉʀʅʆʅʀʄɸ ɺɽʏʅʆʉʊʀ. 

ɿɸʂʆʅ ʎɽʅʊʈɸʃʀɿʆɺɸʅʅʆʁ ʉʀʃʓ. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʜʦʤʠʥʠʨʫʶʱʘʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʵʣʝʤʝʥʪʘʨ-

ʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʠ ʩʣʦʞʥʳʭ ʬʦʨʤ ʤʘʪʝʨʠʠ, ʘ ʪʘʢʞʝ ʧʠʪʘʶʱʘʷ, ʨʝʛʝʥʝʨʠʨʫʶʱʘʷ, ʨʝʛʫʣʠʨʫʶʱʘʷ, ʟʘʱʠʱʘʶʱʘʷ ʠ 

ʘʢʪʠʚʠʟʠʨʫʶʱʘʷ ʚʩʝ ʧʩʠʭʦʬʠʟʠʯʝʩʢʠʝ ʠ ʚʠʪʘʣʴʥʳʝ, ʞʠʟʥʝʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʧʨʦʮʝʩʩʳ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ 

ʧʦʣʫʯʠʣʘ ʩʪʘʪʫʩ çʇʈɸʈʆɼʀʊɽʃʔʅʀʎʓè ʄɸʊɽʈʀɸʃʔʅʆɻʆ ʄʀʈɸ ʀ ɼʋʍʆɺʅʆʁ ɾʀɿʅɽʅʅʆʁ ʉʀʃʓ ʇʈʀʈʆɼʓ.  ɺ ʨʘʟʥʳʭ 

ʢʫʣʴʪʫʨʘʭ, ʤʠʨʦʚʳʭ ʜʫʭʦʚʥʳʭ ʪʨʘʜʠʮʠʷʭ ʠ ʧʨʘʢʪʠʢʘʭ ʝʸ ʪʦʥʢʠʝ ʘʩʧʝʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʦʟʥʘʯʥʳʤʠ ʧʦʥʷʪʠ-

ʷʤʠ:  <> çʧʨʘʥʘè  ï /ʚ ʩʘʥʩʢʨʠʪʩʢʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ/ ï ʦʙʦʟʥʘʯʘʝʪ  çɸɹʉʆʃʖʊʅʋʖ ʕʅɽʈɻʀʖè,  ʫʥʠʚʝʨʩʘʣʴʥʦʝ, 

ʤʦʛʫʱʝʩʪʚʝʥʥʦʝ  ʅɸʏɸʃʆ ʣʶʙʦʡ ʵʥʝʨʛʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ, ʠʩʪʦʯʥʠʢ ʣʶʙʦʛʦ ʜʚʠʞʝʥʠʷ, ʣʶʙʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʧʨʦʷʚʣʝʥʠʷ, ʘʢʪʠʚʥʦʛʦ ʥʘʯʘʣʘ ɾʠʟʥʠ;  ʧʨʘʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʞʠʟʥʠ, ʥʦ ʚ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʬʦʨʤʝ ʯʝʣʦʚʝʢʘ ʜʣʷ ʝʸ ʘʢʢʫʤʫʣʷʮʠʠ  ʧʨʝʜʥʘʟʥʘʯʝʥʳ  ʧʩʠʭʠʯʝʩʢʠʝ  ʮʝʥʪʨʳ ï çʯʘʢʨʳè  ʵʬʠʨʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʪʝʣʝʩʥʦʡ ʢʦʥʩʪʠʪʫʮʠʠ [1; 3; 5]; ʞʠʟʥʝʥʥʘʷ ʵʥʝʨʛʠʷ  ʫʩʚʘʠʚʘʝʪʩʷ  ʥʝʡʨʦʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʤʦʟʛʘ ʙʣʘʛʦʜʘʨʷ 

ʩʦʚʤʝʱʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʬʠʟʠʯʝʩʢʦʛʦ ʜʳʭʘʥʠʷ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʧʨʘʥʳ ï  çʜʫʭʘ ʞʠʟʥʠè ʠʟ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ ʚʦʟʜʫʭʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʞʠʟʥʝʥʥʦʩʪʴ, ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʡ ʪʝʣʝʩʥʦʡ ʘʢʪʠʚʥʦʩʪʠ;  ʚ ʙʦʣʝʝ ʪʦʥʢʦʡ ʬʦʨʤʝ  

ʧʩʠʭʠʯʝʩʢʘʷ  ʧʨʘʥʘ ï ʧʠʪʘʝʪ ʪʦʥʢʠʝ ʧʣʘʥʳ ʜʫʰʝʚʥʦʡ ʠ ʤʝʥʪʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [11;12];  <> çʢʫʥʜʘ-

ʣʠʥʠè ï ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʟʘʧʘʩ ʥʝʦʙʳʢʥʦʚʝʥʥʦ ʤʦʛʫʱʝʩʪʚʝʥʥʦʡ, ʩʢʨʳʪʦʡ ʩʠʣʳ, ʩʧʦʩʦʙʥʦʡ ʦʞʠʚʠʪʴ ʫʥʠ-

ʢʘʣʴʥʳʝ ʩʬʝʨʳ ʧʩʠʭʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʦʟʚʳʩʠʪʴ ʞʠʟʥʝʥʥʳʝ ʧʦʪʝʥʮʠʠ ʜʦ ʩʚʝʨʭʯʝʣʦʚʝʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʥʦ 

ʧʨʠ ʫʩʣʦʚʠʠ ʩʦʟʠʜʘʪʝʣʴʥʦʡ ʮʝʣʠ ʝʸ ʦʚʣʘʜʝʥʠʷ; <> çh ʘʢʪʠè ï  ʧʨʠʟʥʘʸʪʩʷ ʚʩʝʦʙʱʝʡ ʵʥʝʨʛʠʝʡ ɺʦʣʠ ʠ ʉʠʣʳ 

ɺʣʘʩʪʠʪʝʣʷ ʇʨʠʨʦʜʳ,  ɼʫʰʠ ʇʨʠʨʦʜʳ; <> çʮʠè ʠʣʠ  çʢʠè ï ʵʤʘʥʘʮʠʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ɼʫʭʦʚʥʦʛʦ ʉʦʣʥʮʘ, ʧʦʣʷʨʠ-

ʟʦʚʘʥʥʘʷ ʚ ʜʚʫʭ ʞʠʟʥʝʥʥʳʭ ʥʘʯʘʣʘʭ ï ʗʥ-ʮʠ ï ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʡ, ʤʘʛʥʝʪʠʟʠʨʫʶʱʝʡ ʵʥʝʨʛʠʠ ʠ ʀʥʴ-ʮʠ ï 

ʮʝʥʪʨʦʙʝʞʥʦʡ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ;  <> çʧʩʠʭʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷè, ʧʨʦʷʚʣʷʶʱʘʷ ʩʝʙʷ ʚ ʩʧʦʩʦʙʥʦʩʪʷʭ ʯʝʣʦʚʝʯʝ-

ʩʢʦʡ ʜʫʰʠ ï ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʪʚʦʨʯʝʩʪʚʝ, ʷʩʥʦʚʠʜʝʥʠʠ, ʷʩʥʦʧʦʥʠʤʘʥʠʠ, ʵʢʩʪʨʘʩʝʥʩʦʨʥʦʤ ʚʦʩʧʨʠʷʪʠʠ, ʩʚʝʨʭ-

ʪʦʥʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʇʨʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʯʠʪʘʝʪʩʷ ʩʘʤʦʩʫʱʝʩʪʚʫʶʱʝʡ, ʘʙʩʦʣʶʪʥʦ ʥʝʟʘʚʠʩʠʤʦʡ, ʩʘʤʦʧʦʟʥʘʶʱʝʡ, ʩʘʤʦ-

ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ, ʙʦʞʝʩʪʚʝʥʥʦʡ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ, çʤʘʪʝʨʠʥʩʢʦʡè ʉʠʣʦʡ ʊʚʦʨʝʥʠʷ. ɸʙʩʦʣʶʪʥʦʝ ʉʦʟʥʘʥʠʝ 

ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ, ʩʚʦʡ ɿʘʤʳʩʝʣ ʊʚʦʨʝʥʠʷ ʇʨʠʨʦʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʵʪʦʡ ʚʩʝʦʙʲʝʤʣʶʱʝʡ ʕʥʝʨʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʪʧʨʘʚʣʝʥʠʡ ʢʘʞʜʦʡ ʝʸ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʬʦʨʤʳ. ʀʤʝʥʥʦ ʵʪʘ ʬʦʨʤʠʨʫ-

ʶʱʘʷ, ʊɺʆʈʏɽʉʂɸʗ ʉʀʃɸ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʦʟʥʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʚʩʝʭ ʩʬʝʨ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʚʦ 

ʚʩʝʣʝʥʩʢʦʡ ʦʙʠʪʝʣʠ. 

ʋʅʀɺɽʈʉɸʃʔʅʓʁ ɿɸʂʆʅ ʇʈʀʏʀʅ ʀ ʉʃɽɼʉʊɺʀʁ.  ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʩʣʝʜʳ ʚ ʧʦʜʩʦʟʥʘʥʠʠ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶ-

ʱʠʭ ʚʦʧʣʦʱʝʥʠʡ ʜʫʰʠ ï ʧʨʠʚʳʯʢʠ, ʩʢʣʦʥʥʦʩʪʠ, ʧʨʠʚʷʟʘʥʥʦʩʪʠ, ʫʢʦʨʝʥʠʚʰʠʝʩʷ ʧʨʠʩʪʨʘʩʪʠʷ, ʦʰʠʙʦʯʥʳʝ, 

ʥʝʛʘʪʠʚʥʳʝ ʠʣʠ ʙʣʘʛʦʥʘʤʝʨʝʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʤʘʛʥʝʪʠʯʝʩʢʠʝ ʵʥʝʨʛʠʠ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʝ ʜʫʰʫ ʚ ʚʦʧʣʦʱʝʥʠʷʭ, 

ʩʦʟʜʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʘʨʤʠʯʝʩʢʠʝ ʩʣʝʜʩʪʚʠʷ ʚ ʪʝʢʫʱʝʡ ʞʠʟʥʠ.  ʂʘʨʤʠʯʝʩʢʘʷ ʧʨʠʯʠʥʥʦʩʪʴ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʪʨʘʞʘʷ ʠʩʪʠʥʥʫʶ ʣʦʛʠʢʫ ʞʠʟʥʠ ʠʥʜʠʚʠʜʫʫʤʘ, ʘ ʥʝ ʝʸ 

ʚʥʝʰʥʠʝ ʘʩʧʝʢʪʳ, ʜʦʩʪʫʧʥʳʝ ʩʘʤʦʥʘʙʣʶʜʝʥʠʶ ʠ ʦʱʫʱʝʥʠʶ. ʅʘ ʢʘʯʝʩʪʚʝ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʦʪʨʘʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʦʩʦʟʥʘʥʠʷ ʠʤ ʚʳʩʰʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʞʠʟʥʝʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ 

ʧʦʣʥʦʮʝʥʥʫʶ ʩʘʤʦʨʝʘʣʠʟʘʮʠʶ ʚʦ ʚʩʝʭ ʘʩʧʝʢʪʘʭ ʩʚʦʝʛʦ ʟʝʤʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʅʠʢʪʦ ʥʝ ʤʦʞʝʪ ʧʨʦʞʠʪʴ ʞʠʟʥʴ ʟʘ 

ʜʨʫʛʦʛʦ ʯʝʣʦʚʝʢʘ, ʟʘʤʝʥʠʪʴ ʠʣʠ ʠʩʧʨʘʚʠʪʴ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʝ ʩʦʟʥʘʪʝʣʴʥʳʝ ʫʩʠʣʠʷ ʠ ʜʝʡʩʪʚʠʷ ʚ ʩʬʝʨʘʭ ʬʠʟʠʯʝ-

ʩʢʦʛʦ, ʫʤʩʪʚʝʥʥʦʛʦ, ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ï ʤʥʦʛʦʤʝʨʥʦʛʦ çʉʆɿʅɸʊɽʃʔʅʆɻʆ ʊɽʃɸè, 
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ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʦʥʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʝʛʦ ʀʅɼʀɺʀɼʋɸʃʀɿʀʈʆɺɸʅʅʓʄ ɹʆɾɽʉʊɺɽʅʅʓʄ ʉʆɿʅɸʅʀɽʄ - ɺʓʉʐʀʄ çʗè ɼʋ-

ʐʀ. 

ʀʥʜʠʚʠʜʫʫʤʫ, ʥʘʮʝʣʝʥʥʦʤʫ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʦʪʝʥʮʠʡ ʩʚʦʝʡ ʤʥʦʛʦʤʝʨʥʦʡ ʢʦʥʩʪʠʪʫʮʠʠ, ʩʣʝʜʫʝʪ ʚʥʠʤʘ-

ʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʕʌʌɽʂʊʓ ɼɽʁʉʊɺʀʗ ɿɸʂʆʅɸ ʂɸʈʄʓ ï ʝʜʠʥʦʛʦ, ɺʩʝʣʝʥʩʢʦʛʦ, ʙʝʟʣʠʯʥʦʛʦ ɿʘʢʦʥʘ ʵʪʠʯʝʩʢʦʡ ʧʨʠ-

ʯʠʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ ʩʣʝʜʩʪʚʠʷ, ʚʦʟʜʘʷʥʠʷ, çʧʣʦʜʳè ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʜʝʡʩʪʚʠʷʤʠ ʠ ʫʤʩʪʚʝʥʥʳʤʠ ʥʘʤʝ-

ʨʝʥʠʷʤʠ, ʧʦʤʳʩʣʘʤʠ ï çʧʦʩʝʚʦʤè ʪʦʛʦ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʠʭ ʧʨʦʠʟʚʦʜʠʣ ʚ ʪʝʯʝʥʠʝ ʥʘʩʪʦʷʱʝʡ ʠ ʤʥʦʛʠʭ ʧʨʦ-

ʰʣʳʭ ʞʠʟʥʝʡ. ɺ  ʚʳʩʰʝʤ ɿʘʤʳʩʣʝ ʦʥ ʧʨʠʥʠʤʘʝʪ ʥʘ ʩʝʙʷ ʬʫʥʢʮʠʠ ɿɸʂʆʅɸ ʃʖɹɺʀ:   1/  ʦʩʫʱʝʩʪʚʣʷʝʪ ʆɹʋʏɽʅʀɽ  

ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ, ʙʝʨʝʞʥʦʤʫ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʤʫ ʦʪʥʦʰʝʥʠʶ  ʢ ʦʪʧʫʱʝʥʥʳʤ ʢʘʞʜʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ ʩʫʙ-

ʩʪʨʘʪʥʳʤ ʞʠʟʥʝʥʥʳʤ ʨʝʩʫʨʩʘʤ, ʢ ʩʦʙʩʪʚʝʥʥʦʤʫ ʦʨʛʘʥʠʟʤʫ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ; 2/ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ  ʇʆɿʅɸʅʀʖ ʠʥʜʠʚʠʜʫʫʤʦʤ ʧʨʠʨʦʜʳ ʨʘʟʫʤʘ ʠ ʩʦʟʥʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʜʫʰʠ, ʟʘʢʦʥʦʚ ɾʠʟʥʠ ʠ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʞʠʟʥʝʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʘʤʦʜʠʩʮʠʧʣʠʥʝ; 3/ ʋɹɽɾɼɸɽʊ, ʯʪʦ ʙʝʩʧʦʣʝʟʥʘʷ,  ʙʝʩʧʣʦʜʥʘʷ ʨʘʩʪʨʘʪʘ ʫʥʠʢʘʣʴʥʳʭ 

ʞʠʟʥʝʥʥʳʭ ʩʠʣ, ʵʥʝʨʛʠʡ ʠ ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʟʘʩʣʫʞʝʥʥʦʤʫ ʚʦʟʜʘʷʥʠʶ; ʨʘʩʧʣʘʪʦʡ ʟʘ ʣʝʛʢʦʤʳʩʣʝʥʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʢ ʙʝʩʮʝʥʥʦʤʫ ʜʘʨʫ ʞʠʟʥʠ ʷʚʣʷʶʪʩʷ: ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʟʜʦʨʦʚʴʷ, ʩʪʨʘʜʘʥʠʷ ʠʟ-ʟʘ ʙʦʣʝʟʥʝʥʥʳʭ ʩʦ-

ʩʪʦʷʥʠʡ, ʪʷʞʝʣʳʝ ʜʫʰʝʚʥʳʝ ʧʝʨʝʞʠʚʘʥʠʷ, ʨʘʩʩʪʨʦʡʩʪʚʦ ʞʠʟʥʝʥʥʳʭ ʧʣʘʥʦʚ, ʫʛʥʝʪʘʶʱʘʷ ʜʝʧʨʝʩʩʠʷ, ʨʘʟʨʫʰʠ-

ʪʝʣʴʥʳʡ ʭʨʦʥʠʯʝʩʢʠʡ ʩʪʨʝʩʩ; 4/ ʇʆʆʑʈʗɽʊ  ʘʢʪʠʚʥʦʝ ʩʘʤʦʧʦʟʥʘʥʠʝ, ʧʦʟʠʪʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʞʠʟʥʝʥʥʦʡ ʩʘʤʦ-

ʜʠʩʮʠʧʣʠʥʝ, ʥʘʮʝʣʝʥʥʦʡ ʥʘ ʧʨʠʫʤʥʦʞʝʥʠʝ ʧʩʠʭʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʧʨʦʷʚʣʝʥʠʝ ʜʫʰʝʚʥʳʭ 

ʢʘʯʝʩʪʚ ʚʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ ʩʦ ʚʩʝʤʠ ʬʦʨʤʘʤʠ ʞʠʟʥʠ, ʦʙʦʛʘʱʝʥʠʝ ʩʚʦʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ. 

ɿɸʂʃʖʏɽʅʀɽ. 1) ʇʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʧʣʘʥʦʚ ʩʦʟʥʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʠʪʫʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʦʩʥʦʚʫ ʧʘʨʘʜʠʛʤʳ ʎɽʃʆʉʊʅʆʉʊʀ ʧʨʠʨʦʜʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.  ɹʣʘ-

ʛʦʜʘʨʷ ʠʤ ʜʦʩʪʠʛʘʝʪʩʷ ʞʠʟʥʝʫʪʚʝʨʞʜʘʶʱʝʝ ʌʋʅʂʎʀʆʅɸʃʔʅʆɽ ɽɼʀʅʉʊɺʆ ʚʩʝʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʠ ʚʟʘʠʤʦʜʦ-

ʧʦʣʥʷʶʱʠʭ ʋʈʆɺʅɽʁ ʂʆʅʉʊʀʊʋʎʀʀ.   

2) ʂʦʥʩʪʠʪʫʮʠʷ ʯʝʣʦʚʝʢʘ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ, ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʦʙʤʝʥʫ ʵʥʝʨʛʠʝʡ, ʠʥʬʦʨʤʘ-

ʮʠʝʡ ʠ ʩʫʙʩʪʨʘʪʘʤʠ ʩʦ ʚʩʝʤʠ ʧʣʘʥʘʤʠ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʩʪʦʯ-

ʥʠʢʦʤ ʕʥʝʨʛʠʠ ɾʠʟʥʠ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʦʥʩʪʠʪʫʮʠʷ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʤʝʨʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ï ʚ ʥʝʡ 

ʦʪʨʘʞʝʥʳ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʚʩʝʦʙʱʝʡ ʚʟʘʠʤʦʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʣʶʙʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ, 

ʘʜʘʧʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʷʚʣʝʥʠʷ ʦʩʦʟʥʘʥʥʦʛʦ ʠʣʠ 

ʧʦʜʩʦʟʥʘʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʝʛʦ ʨʝʘʢʮʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʇʈʀʏʀʅʋ, ʩʢʨʳʪʫʶ ʥʘ ʧʩʠʭʠʯʝʩʢʦʤ ʧʣʘʥʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʟʥʘʥʠʷ, ʚ ʛʣʫʙʠʥʘʭ ʧʦʜʩʦʟʥʘʪʝʣʴʥʦʡ ʧʘʤʷʪʠ ʣʠʯʥʦʩʪʠ ʠʣʠ ʥʘ ʚʳʩʰʠʭ ʧʣʘʥʘʭ ʩʚʝʨʭʩʦʟʥʘ-

ʪʝʣʴʥʦʡ ʩʫʱʥʦʩʪʠ ʝʛʦ ʜʫʰʠ. ɺʥʝ ʧʦʠʩʢʘ ʧʨʠʯʠʥ ʧʨʦʠʩʭʦʜʷʱʠʭ ʠʟʤʝʥʝʥʠʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʧʨʠ ʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʝ ʩʫʙʲʝʢʪʠʚʥʳʝ ʩʫʞʜʝʥʠʷ ʠʤʝʶʪ ʢʨʘʡʥʝ ʥʠʟʢʫʶ ʜʦʩʪʦʚʝʨ-

ʥʦʩʪɹ.  

 3) ʇʦʧʳʪʢʠ çʫʣʫʯʰʘʪʴè ʟʜʦʨʦʚʴʝ ʠ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʪʦʣʴʢʦ ʥʘ ʬʠʟʠʯʝʩʢʦʤ, ʪʝʣʝʩʥʦʤ ʫʨʦʚʥʝ ʢʦʥʩʪʠ-

ʪʫʮʠʠ ʜʘʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʦʱʨʸʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʫʧʨʘʞʥʝʥʠʡ, ʪʨʝʥʘʞʸʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʯʝʩʢʦʡ 

çʥʘʢʘʯʢʠè ʤʳʰʮ ï ʥʝ ʜʦʩʪʠʛʘʶʪ ʞʝʣʘʝʤʦʛʦ ʫʩʧʝʭʘ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʘ ʢʘʨʜʠʥʘʣʴʥʘʷ, ʧʦʟʠʪʠʚʥʘʷ 

ʊʈɸʅʉʌʆʈʄɸʎʀʗ ʉɸʄʆʆʉʆɿʅɸʅʀʗ ï ʘʜʝʢʚʘʪʥʦʛʦ, ʥʝʠʩʢʘʞʝʥʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʢʘʢ ʛʘʨʤʦ-

ʥʠʯʥʦʛʦ ʝʜʠʥʩʪʚʘ ʜʫʭʦʚʥʦʡ ʜʫʰʠ, ʠʥʪʝʣʣʝʢʪʘ ʠ ʪʝʣʝʩʥʳʭ ʬʫʥʢʮʠʡ.    

4) ɺʩʝ ʦʪʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʮʝʣʦʩʪʥʦʡ ʢʦʥʩʪʠʪʫʮʠʠ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʧʦʜ 

ʥʝʫʩʪʘʥʥʳʤ, ʩʦʟʥʘʪʝʣʴʥʳʤ, ʙʜʠʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʠ ʣʠʯʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ. ʅʠʢʪʦ ʥʝ ʩʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ 

ʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʚʝʜʝʥʦ ʢʘʞʜʦʡ ʫʥʠʢʘʣʴʥʦʡ ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ, ʥʘʜʝʣʸʥʥʦʡ ʦʩʦʙʳʤ ʜʫʭʦʚʥʳʤ, 

ʧʩʠʭʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʡ, ʦʙʱʝʩʪʚʝʥʥʦ ʧʦʣʝʟʥʦʡ ʞʠʟʥʝʜʝʷ-

ʪʝʣʴʥʦʩʪʠ.  

5) çɺʘʞʥʘʷ ʚʝʱʴ ï ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʠʩʢ ʥʝʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤ. ʃʶʙʦʟʥʘʪʝʣʴʥʦʩʪʴ ʦʙʣʘʜʘʝʪ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʆʥʘ ʥʝ ʤʦʞʝʪ ʧʦʤʦʯʴ ʥʘʧʨʷʤʫʶ, ʦʜʥʘʢʦ ʟʘʩʪʘʚʣʷʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦ-

ʩʪʦʷʥʠʠ ʙʣʘʛʦʛʦʚʝʥʠʷ ʧʨʠ ʩʦʟʝʨʮʘʥʠʠ, ʦʙʜʫʤʳʚʘʥʠʠ ʪʘʡʥ ɺʝʯʥʦʩʪʠ, ɾʠʟʥʠ, ʠʟʫʤʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʈʝʘʣʴ-

ʥʦʩʪʠ. ɼʦʩʪʘʪʦʯʥʦ, ʝʩʣʠ ʣʶʙʦʟʥʘʪʝʣʴʥʦʝ ʩʫʱʝʩʪʚʦ ʝʞʝʜʥʝʚʥʦ ʧʳʪʘʝʪʩʷ ʧʦʩʪʠʛʘʪʴ ʧʦʥʝʤʥʦʛʫ ʵʪʠ ʪʘʡʥʳ.  

ʅʠʢʦʛʜʘ ʥʝ ʪʝʨʷʡʪʝ ʩʚʷʪʫʶ ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʴ!è ï ɸʣʴʙʝʨʪ ʕʡʥʰʪʝʡʥ [15]. 
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FUNCTIONAL CONSTITUTION AS A BASIS OF HUMAN LIFE ACTIVITY  
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Abstract. The principles of the system organization of the functional constitution of the person predetermined 

by Absolute Consciousness for realization of evolutionary relations of his spiritual and physical nature with the space 

environment are discussed. The laws of the Divine Creation defining appointment of structures of the constitution are 

considered. Influence of system of energy, information factors and consciousness on progressive transformation of the 

constitution is noted.   

Keywords: creative plan of the constitution; multidimensionality of the constitution; unity of a complex of a 

corporality; systemacity of activity; karmic causality; projection of vital power; conscious control of the constitution 

integrity. 
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PSEUDOMONAS SYRINGAE ɺ ɸɻʈʆʌʀʊʆʎɽʅʆɿɽ ʇʐɽʅʀʎʓ 
 

 
ʃ.ɸ.

 
ʇʘʩʠʯʥʠʢ

1
, ɽ.ɸ.

 
ʉʘʚʝʥʢʦ

2
, ʃ.ʅ.

 
ɹʫʮʝʥʢʦ

3
, ɺ.ʌ. ʇʘʪʳʢʘ

4
, ɸ.ɺ. ʂʘʣʠʥʠʯʝʥʢʦ

5
 

1
 ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

2
 ʠʥʞʝʥʝʨ 1 ʢʘʪʝʛʦʨʠʠ, 

3
 ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 

4
 ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʅɸɸʅ ʋʢʨʘʠʥʳ, ʟʘʚʝʜʫʶʱʠʡ ʦʪʜʝʣʦʤ, 

5
 ʜʦʢʪʦʨ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʠʥʞʝʥʝʨʠʠ ʧʨʦʮʝʩʩʦʚ 
1, 2, 3, 4 

ʀʥʩʪʠʪʫʪ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʠ ʚʠʨʫʩʦʣʦʛʠʠ ʅɸʅ ʋʢʨʘʠʥʳ (ʂʠʝʚ), ʋʢʨʘʠʥʘ, 
5 
ʆʧʦʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʆʧʦʣʝ), ʇʦʣʴʰʘ, 
5 
ʇʦʣʪʘʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʛʨʘʨʥʘʷ ʘʢʘʜʝʤʠʷ (ʇʦʣʪʘʚʘ), ʋʢʨʘʠʥʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʚʦʟʙʫʜʠʪʝʣʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʦʣʝʟʥʝʡ ʧʰʝʥʠʮʳ ʠ ʩʦʧʫʪ-

ʩʪʚʫʶʱʠʭ ʩʦʨʥʷʢʦʚ ʚ ʘʛʨʦʬʠʪʦʮʝʥʦʟʝ ʧʰʝʥʠʮʳ ʷʚʣʷʝʪʩʷ Pseudomonas syringae. ɺʳʷʚʣʝʥʦ ʩʝʨʦʣʦʛʠʯʝʩʢʦʝ ʨʦʜ-

ʩʪʚʦ ʰʪʘʤʤʦʚ P. syringae, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ ï ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ. ʐʪʘʤʤʳ P. 

syringae ʠʟ ʩʦʨʥʷʢʦʚ ʧʦ ʘʥʪʠʛʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʤ ʞʝ ʩʝʨʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ, ʯʪʦ ʠ ʚʳʜʝʣʝʥ-

ʥʳʝ ʠʟ ʧʰʝʥʠʮʳ ʠ ʜʨʫʛʠʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʘʢʪʝʨʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ P. syringae. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Pseudomonas syringae, ʩʝʨʦʛʨʫʧʧʳ, ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʧʰʝʥʠʮʘ, ʩʦʨʥʷʢʠ. 
 

ɺʦʟʙʫʜʠʪʝʣʠ ʙʦʣʝʟʥʝʡ, ʚʨʝʜʠʪʝʣʠ ʠ ʩʦʨʥʷʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʤʠ ʬʦʨ-

ʤʠʨʦʚʘʪʴ ʚʳʩʦʢʠʝ ʫʨʦʞʘʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʟʝʤʣʝʜʝʣʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʟʚʠʪʠʷ ʘʛʨʦʵʢʦʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʠ ʩʝʛʝʪʘʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ [5]. ɺʨʝʜ ʩʦʨʥʷʢʦʚ ʩʦʩʪʦʠʪ ʠʟ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʨʝʩʫʨʩʳ ʨʘʟʚʠ-

ʪʠʷ ʠ ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʦʛʦ ʫʛʥʝʪʝʥʠʝ ʩʦʨʥʷʢʘʤʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ɺʦʟʙʫʜʠʪʝʣʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʦʣʝʟʥʝʡ ʧʦʨʘ-

ʞʘʶʪ ʩʝʤʝʥʘ ʠ ʚʩʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʠ, ʚʳʟʳʚʘʶʪ ʯʘʩʪʠʯʥʫʶ ʠʣʠ ʧʦʣʥʫʶ ʠʭ ʛʠʙʝʣʴ, ʧʨʠʚʦʜʷʪ 

ʢ ʥʝʜʦʩʦʟʨʝʚʘʥʠʶ ʫʨʦʞʘʷ ʠ ʧʘʜʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ, ʫʭʫʜʰʘʶʪ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 

ɿʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʰʝʥʠʮʫ, ʧʦʨʘʞʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʦʣʝʟʥʝʡ: ʯʝʨ-

ʥʳʡ ʙʘʢʪʝʨʠʦʟ, ʙʘʟʘʣʴʥʳʡ ʙʘʢʪʝʨʠʦʟ, ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʦʞʦʛ, ʞʝʣʪʳʡ ʩʣʠʟʠʩʪʳʡ ʙʘʢʪʝʨʠʦʟ, ʙʝʣʘʷ ʧʷʪʥʠʩʪʦʩʪʴ, ʙʘʢ-

ʪʝʨʠʘʣʴʥʘʷ ʤʦʟʘʠʢʘ, ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʧʷʪʥʠʩʪʦʩʪʴ, ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʛʥʠʣʴ, ʧʷʪʥʠʩʪʳʡ ʙʘʢʪʝʨʠʦʟ, ʩʪʝʙʣʝʚʦʡ ʤʝʣʘʥʦʟ, 

ʙʘʢʪʝʨʠʘʣʴʥʘʷ ʛʥʠʣʴ ʚʣʘʛʘʣʠʱ ʣʠʩʪʘ, ʨʦʟʦʚʳʡ ʙʘʢʪʝʨʠʦʟ [1]. ɻʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʠʥʬʝʢʮʠʠ ʷʚʣʷ-

ʝʪʩʷ ʟʝʨʥʦ, ʚ ʢʦʪʦʨʦʤ ʚʦʟʙʫʜʠʪʝʣʠ ʙʦʣʝʟʥʝʡ ʩʦʭʨʘʥʷʶʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʦʪ 15 ʤʝʩʷʮʝʚ ʜʦ 5 -ʪʠ ʣʝʪ). ɺ ʧʦʯʚʝ 

ʙʘʢʪʝʨʠʠ ʙʳʩʪʨʦ ʧʦʛʠʙʘʶʪ, ʚʳʞʠʚʘʶʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʩʪʝʨʥʝ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ ʠ ʜʠʢʠʭ ʚʠʜʘʭ ʟʣʘʢʦʚ. 

ʀʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʦʣʝʟʥʝʡ ʦʩʥʦʚʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʢʘʢ ʚ ʋʢʨʘ-

ʠʥʝ, ʪʘʢ ʠ ʚ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʙʘʟʘʣʴʥʳʡ ʙʘʢʪʝʨʠʦʟ (ʠʣʠ ʙʘʟʘʣʴʥʘʷ ʛʥʠʣʴ ʯʝʰʫʝʢ, ʙʘʟʘʣʴʥʘʷ ʧʷʪʥʠʩʪʦʩʪʴ ʯʝʰʫʝʢ, ʧʷʪ-

ʥʠʩʪʦʩʪʴ), ʧʦʨʘʞʘʶʱʠʡ ʧʰʝʥʠʮʫ, ʨʦʞʴ ʠ ʷʯʤʝʥʴ [1, 4]. ɺʦʟʙʫʜʠʪʝʣʴ ʙʦʣʝʟʥʠ ï Pseudomonas syringae pv. 

atrofaciens (McCulloch 1920) Young, Dye & Wilkie 1978.  

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʬʠʪʦʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʙʠʦʪʳ ʧʰʝʥʠʮʳ ʠ ʩʦʧʫʪʩʪʚʫ-

ʶʱʠʭ ʩʦʨʥʷʢʦʚ, ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʘʢʪʝʨʠʦʟʦʚ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʉʢʨʠʥʠʥʛ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʧʰʝʥʠʮʳ ʠ ʩʝʛʝʪʘʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʩʝʚʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ ʠ ʙʝʟ ʚʥʝʩʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʫʜʦʙʨʝ-

ʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʧʝʩʪʠʮʠʜʘʤʠ ʚ ʂʠʝʚʩʢʦʡ (ʩʦʨʪ ʉʪʦʣʠʯʥʘʷ) ʠ ʇʦʣʪʘʚʩʢʦʡ (ʩʦʨʪʘ ʃʝʚʘʜʘ, ʇʦʜʦʣʷʥʢʘ, ʂʦʩʘʯ, 

ʉʢʘʡʛʝʥ) ʦʙʣʘʩʪʷʭ. ɼʣʷ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ ʦʙʨʘʟʮʳ ʨʘʩʪʝʥʠʡ ʩ ʧʷʪʥʘʤʠ ʨʘʟʥʦʛʦ ʮʚʝʪʘ - ʦʪ 

ʙʫʨʦʛʦ ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ ʩ ʪʝʤʥʦʡ ʢʘʡʤʦʡ, ʩ ʧʨʦʜʦʣʛʦʚʘʪʳʤʠ ʙʫʨʳʤʠ ʠʣʠ ʙʫʨʦ - ʢʦʨʠʯʥʝʚʳʤʠ ʰʪʨʠʭʘʤʠ, ʠʥʦʛʜʘ 

ʩ ʭʣʦʨʦʟʥʳʤ ʦʨʝʦʣʦʤ ʥʘ ʣʠʩʪʴʷʭ ʠ ʩʪʝʙʣʷʭ. ʋ ʚʳʜʝʣʝʥʥʳʭ ʠʟʦʣʷʪʦʚ ʙʘʢʪʝʨʠʡ ʦʧʨʝʜʝʣʷʣʠ ʧʘʪʦʛʝʥʥʳʝ, ʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʠʝ, ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ [2, 12]. ɹʘʢʪʝʨʠʠ ʠʜʝʥʪʠ-

ʬʠʮʠʨʦʚʘʣʠ, ʩʨʘʚʥʠʚʘʷ ʠʭ ʩʚʦʡʩʪʚʘ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʪʠʧʦʚʦʛʦ ʰʪʘʤʤʘ P. syringae pv. syringae NCPPB 281, ʥʝʦʧʘ-

ʪʦʪʠʧʦʚʦʛʦ ï P. syringae pv. atrofaciens PDDCC 4394 ʠ ʆʧʨʝʜʝʣʠʪʝʣʝʤ ʙʘʢʪʝʨʠʡ ɹʝʨʛʠ [10].  

ʉʝʨʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʦʣʷʪʦʚ ʙʘʢʪʝʨʠʡ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥ-

ʪʠʩʳʚʦʨʦʪʦʢ ʢ ʰʪʘʤʤʘʤ Pseudomonas syringae ʧʷʪʠ ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨʘʭ [6, 7]. ɸʥʪʠʩʳʚʦʨʦʪʢʠ ʧʦʣʫʯʘʣʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ [8] ʢ ʰʪʘʤʤʘʤ P. syringae pv. atrofaciens ʋʂʄ B-

1013 ï ʩʝʨʦʛʨʫʧʧʘ I; P. syringae pv. atrofaciens ʂ-1025 ï ʩʝʨʦʛʨʫʧʧʘ II; P. syringae pv. atrofaciens PDDCC 4394 ï ʩʝ-

ʨʦʛʨʫʧʧʘ IV; P. syringae pv. atrofaciens 948 ï ʩʝʨʦʛʨʫʧʧʘ V; P. syringae pv. atrofaciens ʋʂʄ ɺ-1115 ï ʩʝʨʦʛʨʫʧʧʘ VI.  

ʉʦʩʪʘʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʦʙʱʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʧʠʜʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ Brian [11]. ʈʘʟʜʝʣʝʥʠʝ ʤʝʪʠ-

ʣʦʚʳʭ ʵʬʠʨʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʨʦʚʦʜʠʣʠ ʥʘ ʭʨʦʤʘʪʦ-ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ Agilent 6890N/5973 inert.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʉ ʮʝʣʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʙʘʢʪʝʨʠʦʟʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʚʳʷʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʘʢʪʝʨʠʦʟʦʚ ʧʨʦʚʝʣʠ ʙʘʢʪʝ-

ʨʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʨʘʞʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ, ʢʦʪʦʨʳʝ ʨʦʩʣʠ ʚ ʧʦʩʝʚʘʭ ï ʭʚʦʱʘ ʧʦʣʝʚʦʛʦ, ʧʦʜ-
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ʤʘʨʝʥʥʠʢʘ ʮʝʧʢʦʛʦ, ʦʩʦʪʘ ʧʦʣʝʚʦʛʦ, ʚʴʶʥʢʘ ʧʦʣʝʚʦʛʦ, ʤʘʨʠ ʙʝʣʦʡ, ʧʳʨʝʷ ʧʦʣʟʫʯʝʛʦ, ʨʝʜʴʢʠ ʜʠʢʦʡ, ʝʞʦʚʥʠʢʘ ʦʙʳʢ-

ʥʦʚʝʥʥʦʛʦ. ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʣʠ ʤʝʥʴʰʫʶ ʧʦʨʘʞʝʥʥʦʩʪʴ ʧʰʝʥʠʮʳ ʚ ʩʠʩʪʝʤʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝ-

ʜʝʣʠʷ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʨ-

ʥʷʢʦʚ ʦʢʩʠʜʘʟʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʢʦʣʦʥʠʠ ʩʝʨʦʡ ʦʢʨʘʩʢʠ, ʧʣʦʩʢʠʝ, ʧʨʦʟʨʘʯʥʳʝ, ʩ ʚʦʣʥʠ-

ʩʪʳʤʠ ʢʨʘʷʤʠ. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʪʦʙʨʘʥʳ 26 ʠʟʦʣʷʪʦʚ ʦʢʩʠʜʘʟʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ. 

ʀʟʦʣʷʪʳ ʙʘʢʪʝʨʠʡ ʜʘʚʘʣʠ ʨʝʘʢʮʠʶ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʣʠʩʪʴʷʭ ʪʘʙʘʢʘ ʠ ʧʨʠ ʠʭ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʥʦʢʫʣʷʮʠʠ 

ʚʳʟʳʚʘʣʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʩʪʝʥʠʷ - ʭʦʟʷʠʥʘ. ʇʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʟʘʨʘʞʝʥʠʠ ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ ʨʘʟʚʠʚʘ-

ʣʠʩʴ ʧʦʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʤʧʪʦʤʘʤ (ʨʠʩ. 1).  
 

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʷʚʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʘʨʘʞʝʥʠʷ Pseudomonas syringae: ʘ ï ʥʘ ʧʰʝʥʠʮʝ, ʙ ï ʥʘ ʚʴʶʥʢʝ ʧʦʣʝʚʦʤ 

 

ɺʳʜʝʣʝʥʥʳʝ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ ʠʟʦʣʷʪʳ ʙʘʢʪʝʨʠʡ ʧʦ ʦʩʥʦʚʥʳʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ, ʢʫʣʴʪʫʨʘʣʴ-

ʥʳʤ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ (ʪʘʙʣ. 1) ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʠʧʦʚʦʛʦ ʰʪʘʤʤʘ P. syringae pv. syringae NCPPB 

281 ʠ ʥʝʦʧʘʪʦʪʠʧʦʚʦʛʦ P. syringae pv. atrofaciens PDDCC 4394. 

ʀʟʦʣʷʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʧʦʜʚʠʞʥʳʝ ʧʘʣʦʯʢʠ. ɹʘʢʪʝʨʠʠ ʥʝ ʨʝʜʫʮʠʨʦʚʘʣʠ ʥʠʪʨʘʪʳ, 

ʚʘʨʠʘʙʝʣʴʥʦ ʨʘʟʞʠʞʘʣʠ ʞʝʣʘʪʠʥ, ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʠ ʠʥʜʦʣ ʠ ʩʝʨʦʚʦʜʦʨʦʜ. ʂʘʢ ʠ ʢʦʣʣʝʢʮʠʦʥʥʳʝ, ʚʩʝ ʚʳʜʝʣʝʥʥʳʝ ʥʘʤʠ 

ʠʟʦʣʷʪʳ ʙʘʢʪʝʨʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʛʣʶʢʦʟʫ, ʘʨʘʙʠʥʦʟʫ, ʬʨʫʢʪʦʟʫ, ʛʘʣʘʢʪʦʟʫ, ʢʩʠʣʦʟʫ, 

ʠʥʦʟʠʪʦʣ, ʤʘʥʥʠʪʦʣ, ʩʦʨʙʠʪʦʣ, ʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʢʪʦʟʫ, ʨʘʤʥʦʟʫ, ʜʫʣʴʮʠʪʦʣ, ʠʥʫʣʠʥ, ʩʘʣʠʮʠʥ. ɺʳʷʚʣʝʥʘ ʚʘʨʠʘʙʝʣʴ-

ʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʣʝʢʮʠʦʥʥʳʤʠ ʰʪʘʤʤʘʤʠ, ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʘʭʘʨʦʟʳ ʠ ʨʘʬʬʠʥʦʟʳ (ʠʟʦʣʷʪʳ ʠʟ ʩʦʨʥʷʢʦʚ) ʠ 

ʤʘʣʴʪʦʟʳ, ʯʪʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʘ ʩʯʝʪ ʰʪʘʤʤʦʚʳʭ ʨʘʟʣʠʯʠʡ. ɺʳʜʝʣʝʥʥʳʝ ʠʟʦʣʷʪʳ ʙʘʢʪʝʨʠʡ ʟʘ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʧʨʠ-

ʟʥʘʢʘʤʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʩʚʦʡʩʪʚ ʚʠʜʘ Pseudomonas syringae, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʆʧʨʝʜʝʣʠʪʝʣʝ ʙʘʢʪʝʨʠʡ ɹʝʨʛʠ [10], ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʳʜʝʣʝʥʥʳʝ ʙʘʢʪʝʨʠʠ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ ʢʘʢ Pseudomonas syringae. 
 

ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʙʘʢʪʝʨʠʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ 

ʊʝʩʪʳ 

ʠʟʦʣʷʪʳ ʙʘʢʪʝʨʠʡ ʠʟ P. syringae pv. 

ʧʰʝʥʠʮʳ ʩʦʨʥʷʢʦʚ 
atrofaciens 

PDDCC 4394 

syringae 

NCPPB 281 

ʆʢʨʘʩʢʘ ʧʦ ɻʨʘʤʤʫ ï ï ï ï 

ʇʦʜʚʠʞʥʦʩʪʴ + + + + 

ʆʢʩʠʜʘʟʘ ï ï ï ï 

ʈʝʜʫʢʮʠʷ ʥʠʪʨʘʪʦʚ ï ï ï ï 

ɻʠʜʨʦʣʠʟ ʞʝʣʘʪʠʥʳ + +/ï + + 

ʆʙʨʘʟʦʚʘʥʠʝ:  

 ʩʝʨʦʚʦʜʦʨʦʜʘ, ʠʥʜʦʣʘ 

ï ï ï ï 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ: 

 ʛʣʶʢʦʟʳ, ʬʨʫʢʪʦʟʳ,  

 ʛʘʣʘʢʪʦʟʳ, ʤʘʥʥʠʪʦʣʘ,  

 ʩʦʨʙʠʪʦʣʘ, ʘʨʘʙʠʥʦʟʳ,  

 ʢʩʠʣʦʟʳ, ʠʥʦʟʠʪʦʣʘ 

 

 

 

 

ʂ 

 

 

 

 

ʂ 

 

 

 

 

ʂ 

 

 

 

 

ʂ 

 ʣʘʢʪʦʟʳ, ʨʘʤʥʦʟʳ,  

 ʜʫʣʴʮʠʪʦʣʘ, ʠʥʫʣʠʥʘ,  

 ʩʘʣʠʮʠʥʘ  

 

 

ï 

 

 

ï 

 

 

ï 

 

 

ï 

 ʩʘʭʘʨʦʟʳ ʂ ʂ/ï ʂ ʂ 

 ʤʘʣʴʪʦʟʳ ʂʩʣ. ʂʩʣ/ï ï ï 

 ʨʘʬʬʠʥʦʟʳ ʂ ï/ʂ ʂ ʂ 
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ʇʨʠʤʝʯʘʥʠʝ: "ʂ" ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʪʳ, "ʂʩʣ." ï ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ, "ï " ï 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, "+" ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, "+/ï " ï ʚʘʨʠʘʙʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. 
 

ʀʟʦʣʠʨʦʚʘʥʥʳʝ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʦʨʥʷʢʦʚ (ʭʚʦʱʘ ʧʦʣʝʚʦʛʦ, ʧʦʜʤʘʨʝʥʥʠʢʘ ʮʝʧʢʦʛʦ, ʦʩʦʪʘ 

ʧʦʣʝʚʦʛʦ, ʚʴʶʥʢʘ ʧʦʣʝʚʦʛʦ, ʤʘʨʠ ʙʝʣʦʡ, ʧʳʨʝʷ ʧʦʣʟʫʯʝʛʦ, ʨʝʜʴʢʠ ʜʠʢʦʡ, ʝʞʦʚʥʠʢʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ) ʧʘʪʦʛʝʥʥʳʝ 

ʰʪʘʤʤʳ P. syringae ʚʳʷʚʠʣʠ ʩʝʨʦʣʦʛʠʯʝʩʢʫʶ ʨʦʜʩʪʚʦ ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʘʤʠ ʢ ʰʪʘʤʤʘʤ ʧʷʪʠ ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ 

P. syringae, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨʘʭ (ʪʘʙʣ. 2). ɺʩʝ ʰʪʘʤʤʳ, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʟ ʧʰʝʥʠʮʳ ʜʘʚʘ-

ʣʠ ʨʝʘʢʮʠʶ ʘʛʛʣʶʪʠʥʘʮʠʠ ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʘʤʠ ʢ ʰʪʘʤʤʘʤ ʧʷʪʠ ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ P. syringae. ʅʦ ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʰʪʘʤʤʦʚ ʚ ʚʳʩʦʢʠʭ ʪʠʪʨʘʭ (12800-25600) ʨʝʘʛʠʨʦʚʘʣʘ ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʘʤʠ ʢ ʰʪʘʤʤʘʤ ʩʝʨʦʛʨʫʧʧ II, IV ʠ VI. 

ʇʨʠʯʝʤ, 22 % ʰʪʘʤʤʦʚ ʜʘʚʘʣʠ ʨʝʘʢʮʠʶ ʘʛʛʣʶʪʠʥʘʮʠʠ (ʪʠʪʨ 12800-25600) ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʘʤʠ ʢ ʰʪʘʤʤʘʤ P. 

syringae ʪʨʝʭ ʩʝʨʦʛʨʫʧʧ (II, IV ʠ VI) , 33% ï ʜʚʫʭ ʩʝʨʦʛʨʫʧʧ ( II ʠ IV) , 22% ï ʦʜʥʦʡ ( ʩʝʨʦʛʨʫʧʧʳ II ʠʣʠ IV). 
 

ʊʘʙʣʠʮʘ 2 

ʈʝʘʢʮʠʷ ʘʛʛʣʶʪʠʥʘʮʠʠ ʰʪʘʤʤʦʚ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ 

ʐʪʘʤ-ʤ  r

ʊʠʪʨʳ ʨʝʘʢʮʠʠ ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʘʤʠ ʢ ʰʪʘʤʤʘʤ Pseudomonas syringae, ʩʝʨʦʛʨʫʧʧ (ʩ.ʛ.) 

ʈʘʩʪʝʥʠʝ-ʭʦʟʷʠʥ ʋʂʄ ɺ-1013 

I ʩ.ʛ. 

ʂ-1025 

II ʩ.ʛ. 

PDDCC4394 

IV c.ʛ. 

948 

V ʩ.ʛ. 

ʋʂʄ ɺ-1115 

VI ʩ.ʛ. 

9447 3200 25600 12800 3200 12800 

ʇʰʝʥʠʮʘ 

9748 6400 12800 6400 3200 1600 

9752 3200 25600 12800 3200 3200 

9771 3200 12800 25600 3200 3200 

9775 1600 25600 12800 3200 1600 

9776 1600 3200 12800 3200 800 

9780 1600 25600 12800 3200 25600 

9785 3200 800 400 6400 3200 

9819 12800 3200 1600 25600 1600 

516 ʘ 800 1600 25600 800 100 

ʍʚʦʱ ʧʦʣʝʚʦʡ 
688 ʚ 1600 25600 3200 3200 25600 

689 ʙ 3200 6400 25600 1600 50 

690 ʙ 3200 3200 25600 3200 800 

536 ʘ 400 400 6400 800 800 ʈʝʜʴʢʘ ʜʠʢʘʷ 

560 ʘ 400 6400 12800 1600 1600 

ɺʴʶʥʦʢ ʧʦʣʝʚʦʡ 

560 ʚ 800 6400 12800 1600 400 

562 400 1600 25600 1600 3200 

563 ʙ 400 6400 1600 1600 6400 

564 ʘ 800 3200 6400 1600 25600 

566 ʙ 400 1600 25600 400 100 
ʄʘʨʴ ʙʝʣʘʷ 

570 ʘ 400 3200 1600 400 6400 

645 ʟ 200 6400 12800 6400 25600 ʇʳʨʝʡ  

ʧʦʣʟʫʯʠʡ 646 ʘ 800 25600 6400 3200 12800 

650 ʙ 6400 1600 400 100 6400 ɽʞʦʚʥʠʢ ʦʙʳʢʥʦʚʝʥ-

ʥʳʡ 
650 ʚ 1600 3200 400 12800 400 

662 ʛ 6400 50 1600 50 50 ʆʩʦʪ ʧʦʣʝʚʦʡ 

684 ʙ 400 6400 800 1600 12800 ʇʦʜʤʘʨʝʥʥʠʢ ʮʝʧʢʠʡ 

 

ʊʦʣʴʢʦ ʦʜʠʥ ʰʪʘʤʤ (9819) ʚ ʚʳʩʦʢʠʭ ʪʠʪʨʘʭ ʨʝʘʛʠʨʦʚʘʣ ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʘʤʠ ʢ ʰʪʘʤʤʘʤ P. syringae ʩʝ-

ʨʦʛʨʫʧʧ I ʠ V. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʠʣʠ ʚ ʨʝʘʢʮʠʠ ʘʛʛʣʶʪʠʥʘʮʠʠ ʩʦ ʰʪʘʤʤʘʤʠ ʙʘʢʪʝʨʠʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʠʟ ʩʦʨʥʷʢʦʚ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʪʠʭ ʰʪʘʤʤʦʚ (67%) ʚ ʚʳʩʦʢʠʭ ʪʠʪʨʘʭ (12800-25600) ʨʝʘʛʠʨʦʚʘʣʠ ʩ ʘʥʪʠʩʳʚʦʨʦʪ-

ʢʘʤʠ ʢ ʰʪʘʤʤʘʤ P. syringae ʩʝʨʦʛʨʫʧʧ II , IV ʠ VI, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʰʪʘʤʤʦʚ ï ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʦʡ ʢ P. syringae 

PDDCC 4394 - ʩʝʨʦʛʨʫʧʧʳ IV. ʇʦʯʪʠ ʚʩʝ ʰʪʘʤʤʳ ʜʘʚʘʣʠ ʨʝʘʢʮʠʶ ʘʛʛʣʶʪʠʥʘʮʠʠ ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʘʤʠ ʢ ʰʪʘʤ-

ʤʘʤ P. syringae ʩʝʨʦʛʨʫʧʧʳ I, ʥʦ ʥʠ ʦʜʠʥ ʰʪʘʤʤ ʥʝ ʨʝʘʛʠʨʦʚʘʣ ʚ ʚʳʩʦʢʠʭ ʪʠʪʨʘʭ. ʆʜʠʥ ʰʪʘʤʤ ʧʨʦʷʚʠʣ ʚʳʩʦʢʦʝ 

ʩʝʨʦʣʦʛʠʯʝʩʢʦʝ ʨʦʜʩʪʚʦ (ʪʠʪʨ ʨʝʘʢʮʠʠ 12800) ʩ ʘʥʪʠʩʳʚʦʨʦʪʢʦʡ ʢ P. syringae 948 (ʩʝʨʦʛʨʫʧʧʘ V). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʝʨʦʣʦʛʠʯʝʩʢʦʤ ʨʦʜʩʪʚʝ ʰʪʘʤʤʦʚ P. 

syringae, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ ï ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʨʘʟʥʠ-

ʮʳ ʧʦ ʨʝʘʢʮʠʠ ʘʛʛʣʶʪʠʥʘʮʠʠ ʰʪʘʤʤʦʚ ʠʟ ʨʘʟʥʳʭ ʩʦʨʥʷʢʦʚ ʥʝ ʚʳʷʚʣʝʥʦ. ʐʪʘʤʤʳ P. syringae, ʠʟʦʣʠʨʦʚʘʥʥʳʝ 
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ʠʟ ʧʦʨʘʞʝʥʥʳʭ ʩʦʨʥʷʢʦʚ, ʧʦ ʘʥʪʠʛʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʤ ʞʝ ʩʝʨʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ, ʯʪʦ ʠ ʚʳʜʝ-

ʣʝʥʥʳʝ ʠʟ ʧʰʝʥʠʮʳ ʠ ʜʨʫʛʠʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ [6, 7]. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʣʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥ-

ʪʠʛʝʥʥʳʭ ʩʚʦʡʩʪʚ ʰʪʘʤʤʦʚ P. syringae, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʝʰʥʝ ʟʜʦʨʦʚʳʭ ʩʦʨʥʷʢʦʚ ʘʛʨʦʬʠʪʦʮʝ-

ʥʦʟʦʚ ʦʚʩʘ [8]. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʙʘʢʪʝʨʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ, ʢ ʚʠʜʫ P. syringae ʧʦʜʪʚʝʨʞʜʝ-

ʥʦ ʞʠʨʥʦʢʠʩʣʦʪʥʳʤ ʩʦʩʪʘʚʦʤ ʦʙʱʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʧʠʜʦʚ (ʪʘʙʣ. 3).  

ʋ ʚʳʜʝʣʝʥʥʳʭ ʰʪʘʤʤʦʚ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʥʘʩʳʱʝʥʥʳʝ (ʉ12:0 ï ʜʦʜʝʢʘʥʦʚʘʷ, ʉ16:0 ï ʛʝʢʩʘʜʝ-

ʢʘʥʦʚʘʷ, ʉ18:0 ï ʦʢʪʘʜʝʢʘʥʦʚʘʷ), ʥʝʥʘʩʳʱʝʥʥʳʝ (ʉ16:19 ï ʛʝʢʩʘʜʝʮʝʥʦʚʘʷ, ʉ18:1 ï 9ï ʦʢʪʘʜʝʮʝʥʦʚʘʷ), ʮʠʢʣʦ-

ʧʨʦʧʘʥʦʚʳʝ (ʉ17:0cyclo ï 9,10 ï ʤʝʪʠʣʝʥʛʝʢʩʘʜʝʢʘʥʦʚʘʷ, ʉ19:0 cyclo ï 2 ï ʦʢʪʠʣʮʠʢʣʦʧʨʦʧʘʥʝʦʢʪʘʥʦʚʘʷ) ʠ ʦʢ-

ʩʠʟʘʤʝʱʝʥʥʳʝ (ʉ10:0 3-ʆʅ ï 3 ï ʛʠʜʨʦʢʩʠʜʝʢʘʥʦʚʘʷ, ʉ12:0 2-ʆʅ ï 2 ï ʛʠʜʨʦʢʩʠʜʦʜʝʢʘʥʦʚʘʷ, ʉ12:0 3-ʆʅ ï 3 ï 

ʛʠʜʨʦʢʩʠʜʦʜʝʢʘʥʦʚʘʷ) ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ. ʈʘʟʥʠʮʳ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʝʞʜʫ ʰʪʘʤʤʘʤʠ, 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʨʥʷʢʦʚ ʥʝ ʚʳʷʚʣʝʥʦ. ʈʘʟʥʠʮʫ ʥʘʙʣʶʜʘʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʢʘʢ ʫ ʰʪʘʤʤʦʚ ʠʟ ʧʰʝʥʠʮʳ, ʪʘʢ ʠ ʩʦʨʥʷʢʦʚ. ʏʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʰʪʘʤʤʦʚʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ 

ʚ ʞʠʨʥʦʢʠʩʣʦʪʥʦʤ ʩʧʝʢʪʨʝ ʢʣʝʪʦʯʥʳʭ ʣʠʧʠʜʦʚ. 
 

ʊʘʙʣʠʮʘ 3 

ɾʠʨʥʦʢʠʩʣʦʪʥʳʡ ʩʦʩʪʘʚ ʦʙʱʠʭ ʢʣʝʪʦʯʥʳʭ ʣʠʧʠʜʦʚ (ʚ % ʢ ʚʳʩʦʪʝ ʧʠʢʦʚ) 

ʂʠʩʣʦʪʘ 
ʋʩʣʦʚʥʦʝ  

ʦʙʦʟʥʘʯʝʥʠʝ 

ʐʪʘʤʤʳ ʠʟʦʣʠʨʦʚʘʥʳ ʠʟ: 

ʧʰʝʥʠʮʳ ʩʦʨʥʷʢʦʚ 

3-ʛʠʜʨʦʢʩʠʜʝʢʘʥʦʚʘʷ  C10:0 3-0ʅ 0,29-0,43 1,04 -2,57 

ʜʦʜʝʢʘʥʦʚʘʷ  C12:0 3,27-4,83 6,38 - 10,93 

2-ʛʠʜʨʦʢʩʠʜʦʜʝʢʘʥʦʚʘʷ  ʉ12:0 2-0ʅ 0,98-1,99 0,89-2,39 

3-ʛʠʜʨʦʢʩʠʜʦʜʝʢʘʥʦʚʘʷ  ʉ12:0 3-ʆʅ <0,2 0,18-0,35 

9-ʛʝʢʩʘʜʝʮʝʥʦʚʘʷ  ʉ16:1 38,86-44,44 37,14-48,33 

ʛʝʢʩʘʜʝʢʘʥʦʚʘʷ  ʉ16:0 27,56-31,70 25,51-27,61 

9,10-ʤʝʪʠʣʝʥʛʝʢʩʘʜʝʢʘʥʦʚʘʷ  ʉ17: 0 cyclo 0,29-0,85 0,18-0,95 

9-ʦʢʪʘʜʝʮʝʥʦʚʘʷ  ʉ18:1 18,30-25,43 12,21-21,35 

ʦʢʪʘʜʝʢʘʥʦʚʘʷ ʉ18:0 0,65-1,43 0,16-0,41 

2-ʦʢʪʠʣʮʠʢʣʦʧʨʦʧʘʥʝ-ʦʢʪʘʥʦʚʘʷ  ʉ19:0 cyclo <0,2 0,18-1,09 
 

ɺ ʢʣʝʪʦʯʥʳʭ ʣʠʧʠʜʘʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʩ ʯʝʪʥʳʤ ʯʠʩʣʦʤ ʫʛʣʝ-

ʨʦʜʥʳʭ ʘʪʦʤʦʚ ï ʛʝʢʩʘʜʝʮʝʥʦʚʘʷ (38,86-44,44% ï ʰʪʘʤʤʳ ʠʟ ʧʰʝʥʠʮʳ, 37,14-48,33% ï ʰʪʘʤʤʳ ʠʟ ʩʦʨʥʷʢʦʚ), 

ʛʝʢʩʘʜʝʢʘʥʦʚʘʷ (27,56 -31,70% - ʚ ʰʪʘʤʤʘʭ ʠʟ ʧʰʝʥʠʮʳ, 25,51-27,61% ï ʚ ʰʪʘʤʤʘʭ ʠʟ ʩʦʨʥʷʢʦʚ) ʠ ʦʢʪʘʜʝʮʝʥʦ-

ʚʘʷ (18,30-25,43% ï ʚ ʰʪʘʤʤʘʭ ʠʟ ʧʰʝʥʠʮʳ, 12,21-21,35% ï ʚ ʰʪʘʤʤʘʭ ʠʟ ʩʦʨʥʷʢʦʚ). ʀʭ ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 80% ʦʪ ʚʩʝʭ ʚʳʷʚʣʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 49-70% ʩʦʩʪʘʚʣʷʶʪ ʥʝʥʘʩʳʱʝʥʥʳʝ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ (ʉ16:1, C18:1). ɺ ʢʘʯʝʩʪʚʝ ʤʠʥʦʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (0,18-1,43%) ʚʳʷʚʣʷʣʠ ʦʢʪʘʜʝʢʘʥʦʚʫʶ 

(ʉ18:0) ʠ cyclo -2 ï ʦʢʪʠʣʮʠʢʣʦʧʨʦʧʘʥʝʦʢʪʘʥʦʚʫʶ (ʉ19:0) ʢʠʩʣʦʪʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʠʩʪʝʤʘʪʠʢʠ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Pseudomonas ʠʤʝʶʪ ʦʢʩʠʢʠʩʣʦʪʳ. 

ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʰʪʘʤʤʦʚ ʢʘʢ ʠʟ ʧʰʝʥʠʮʳ, ʪʘʢ ʠ ʩʦʨʥʷʢʦʚ ʚʳʷʚʣʝʥʦ 3 ï ʛʠʜʨʦʢʩʠʜʝʢʘʥʦʚʫʶ, 2 ï ʛʠʜʨʦʢ-

ʩʠʜʦʜʝʢʘʥʦʚʫʶ ʠ 3 0ʎ ʛʠʜʨʦʢʩʠʜʦʜʝʢʘʥʦʚʫʶ ʢʠʩʣʦʪʳ (ʪʘʙʣ. 3). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʩʦʜʝʨʞʘʥʠʠ ʦʢʩʠ-

ʢʠʩʣʦʪ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ. ʇʦ ʜʘʥʥʳʤ D. Stead [14] ʫ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʨʦʜʘ 

Pseudomonas ʦʙʥʘʨʫʞʝʥʳ ʥʘʩʳʱʝʥʥʳʝ, ʥʝʥʘʩʳʱʝʥʥʳʝ ʠ ʦʢʩʠʢʠʩʣʦʪʳ. ʅʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʦʢʩʠʢʠʩʣʦʪ, 

ʥʘʟʚʘʥʥʳʭ ʩʝʨʜʮʝʚʠʥʥʳʤʠ (2 - ʛʠʜʨʦʢʩʠ, 3-ʛʠʜʨʦʢʩʠ ʠ ʠʟʦʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ï 3- ʛʠʜʨʦʢʩʠʢʠʩʣʦʪʳ) ʠʩʩʣʝʜʦʚʘʥ-

ʥʳʝ ʰʪʘʤʤʳ D. Stead ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʰʝʩʪʴ ʛʨʫʧʧ. ʇʘʪʦʚʘʨʳ P. syringae ʚʭʦʜʷʪ ʚ ʛʨʫʧʧʫ 1 ʧʦʜʛʨʫʧʧʳ 1a, ʚʩʝ 

ʯʣʝʥʳ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪ 10:0 3-OH, 12:0 2-OH ʠ 12:0 3-OH ʦʢʩʠʢʠʩʣʦʪʳ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʤʝʥʴʰʠʭ 5-6 %. ɺ ʠʩ-

ʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʰʪʘʤʤʘʭ P. syringae ʩʦʜʝʨʞʘʥʠʝ 3-ʛʠʜʨʦʢʩʠʜʝʢʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʣʷʣʦ 0,29-0,43% 

(ʰʪʘʤʤʳ ʠʟ ʧʰʝʥʠʮʳ, 1,04-2,57% (ʰʪʘʤʤʳ ʠʟ ʩʦʨʥʷʢʦʚ), 2 ï ʛʠʜʨʦʢʩʠʜʦʜʝʢʘʥʦʚʦʡ ï 0,98-1,99% (ʰʪʘʤʤʳ ʠʟ 

ʧʰʝʥʠʮʳ), 0,89-2,39% (ʰʪʘʤʤʳ ʠʟ ʩʦʨʥʷʢʦʚ) ʠ 3- ʛʠʜʨʦʢʩʠʜʦʜʝʢʘʥʦʚʦʡ ï 0,18-0,35% (ʰʪʘʤʤʳ ʠʟ ʩʦʨʥʷʢʦʚ). 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ï 12:0 2-OH < 3%; 16:1 +18:1 > 52 % , ʩʦʦʪʥʦʰʝʥʠʝ 

16:0 ʜʦ 16:1 < 0,9 ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ [13] . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʙʘʢ-

ʪʝʨʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ P. syringae. ʉʦʩʪʘʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʢʣʝʪʦʯ-

ʥʳʭ ʣʠʧʠʜʦʚ ʙʘʢʪʝʨʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʠʜʘ P. syringae. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʪ ʨʘʥʝʝ ʩʜʝʣʘʥʥʦʤʫ ʚʳʚʦʜʫ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʙʘʢʪʝʨʠʡ ʥʘ ʚʠʜʦʚʦʤ ʫʨʦʚʥʝ, ʘ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ, ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʬʠ-

ʪʦʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʥʘ ʧʘʪʦʚʘʨʳ ʠ ʙʠʦʚʘʨʳ [14]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ, ʷʚʣʷʶʪʩʷ ʣʠ ʚʳʜʝʣʝʥʥʳʝ ʙʘʢʪʝʨʠʠ ʠʟ ʧʰʝʥʠʮʳ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʦʨ-

ʥʷʢʦʚ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʘʨʘʞʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʘʪʦʛʝʥ-

ʥʳʝ ʰʪʘʤʤʳ ʙʘʢʪʝʨʠʡ P. syringae, ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʟ ʧʰʝʥʠʮʳ, ʢʨʦʤʝ ʧʰʝʥʠʮʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʨʘʞʘʶʪ ʠʩ-

ʩʣʝʜʦʚʘʥʥʳʝ ʩʦʨʥʷʢʠ - ʧʳʨʝʡ ʧʦʣʟʫʯʠʡ, ʭʚʦʱ ʧʦʣʝʚʦʡ ʠ ʦʩʦʪ ʧʦʣʝʚʦʡ. ʅʦ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʥʘ ʩʦʨʥʷʢʘʭ 

ʦʪʣʠʯʘʣʘʩʴ, ʦʪ ʠʭ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʧʨʠ ʠʥʦʢʫʣʷʮʠʠ ʨʘʩʪʝʥʠʷ -ʭʦʟʷʠʥʘ. ʅʝʢʦʪʦʨʳʝ ʰʪʘʤʤʳ ʙʳʣʠ ʚʳʩʦʢʦʘʛʨʝʩʩʠʚ-
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ʥʳʤʠ ʢʘʢ ʜʣʷ ʧʰʝʥʠʮʳ, ʪʘʢ ʠ ʩʦʨʥʷʢʦʚ, ʜʨʫʛʠʝ - ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʥʘ ʩʦʨʥʷʢʘʭ. ʆʙʥʘʨʫʞʝʥʳ ʰʪʘʤ-

ʤʳ ʙʘʢʪʝʨʠʡ, ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʥʦʢʫʣʷʮʠʠ ʢʦʪʦʨʳʭ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʚʳʰʝ ʥʘ ʩʦʨʥʷʢʘʭ, ʯʝʤ ʥʘ ʧʰʝʥʠʮʝ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʪʘʤʤʳ P. syringae, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʦʨʥʷʢʦʚ, ʢʨʦʤʝ ʩʦʨʥʷʢʦʚ, 

ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʥʦʢʫʣʷʮʠʠ ʚʳʟʳʚʘʶʪ ʧʦʨʘʞʝʥʠʷ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ - ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ. 

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʟʘʨʘʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʙʘʢʪʝʨʠʦʟʦʚ ʩʦʨʥʷʢʦʚ ʠ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʤʥʦʛʦʣʝʪʥʠʝ ʩʦʨʥʷʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ 

ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʳʞʠʚʘʥʠʷ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʘʢʪʝʨʠʦʟʦʚ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʣʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ. ʄʥʦʛʦʣʝʪʥʠʝ ʩʦʨʥʷʢʠ ʥʝ ʪʦʣʴʢʦ ʟʘʩʦʨʷʶʪ ʧʦʩʝʚʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʥʦ ʧʨʠ ʙʣʘ-

ʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʠʭ ʨʘʟʚʠʪʠʷ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʷʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʛʨʦʟʦʡ ʚʩʧʳʰʢʠ ʙʘʢʪʝʨʠʦʟʦʚ. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʰʝʥʠʮʫ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʩʦʨʥʷʢʠ - ʭʚʦʱ ʧʦʣʝʚʦʡ, ʧʦʜʤʘʨʝʥʥʠʢ ʮʝʧʢʠʡ, 

ʦʩʦʪ ʧʦʣʝʚʦʡ, ʚʴʶʥʦʢ ʧʦʣʝʚʦʡ, ʤʘʨʴ ʙʝʣʘʷ, ʧʳʨʝʡ ʧʦʣʟʫʯʠʡ, ʨʝʜʴʢʘ ʜʠʢʘʷ ʠ ʝʞʦʚʥʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ ʧʦʨʘʞʘʶʪ 

ʙʘʢʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʜʝʥʪʠʬʠʮʠʨʦ-

ʚʘʥʳ ʢʘʢ Pseudomonas syringae. P. syringae ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʦʟʙʫʜʠʪʝʣʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʦʣʝʟʥʝʡ ʧʰʝʥʠʮʳ 

ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʨʥʷʢʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ ʩʝʨʦʣʦʛʠʯʝʩʢʦʝ ʨʦʜʩʪʚʦ ʙʘʢʪʝʨʠʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʩʦʨʥʷʢʦʚ, ʩ ʚʦʟ-

ʙʫʜʠʪʝʣʝʤ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʦʣʝʟʥʝʡ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ P. syringae pv. atrofaciens. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨʘʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʦʨʥʷʢʘʭ ʧʘʨʘʟʠʪʠʨʫʶʪ ʦʜʠʥʘ-

ʢʦʚʳʝ ʚʦʟʙʫʜʠʪʝʣʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʙʦʣʝʟʥʝʡ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦ ʪʦʤ, ʯʪʦ ʬʠʪʦʧʘ-

ʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ ʛʨʫʧʧʳ P. syringae ʩʧʦʩʦʙʥʳ ʧʦʨʘʞʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʨʘʩʪʝʥʠʡ-ʭʦʟʷʝʚ [3, 9] . 
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Abstract. It is established that the main anticrop agent of wheat and accompanying weeds in agrophytocenosis 

wheat is Pseudomonas syringae. The serological identity of strains of P. syringae isolated from different ecological 

niches ï wheat and weeds is revealed. P. syringae strains of weeds on anti-gene properties belong to the same serologi-

cal groups, as allocated of wheat and other grain crops. Qualitative structure and quantitative ratio of fatty acids of the 

studied bacteria allocated of various ecological niches, specified for P. syringae. 
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ʕʄɹʈʀʆʊʆʂʉʀʏɽʉʂʆɽ ɺʃʀʗʅʀɽ ʉɺʀʅʎɸ  

ʅɸ ʈɽʇʈʆɼʋʂʊʀɺʅʋʖ ʌʋʅʂʎʀʖ ɾʀɺʆʊʅʓʍ 
 

 
ʆ.ɸ. ʍʣʫʱʝʚʩʢʘʷ

1
, ɻ.ɿ. ʍʠʤʠʯ

2
 

1
 ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 

2
 ʧʨʦʬʝʩʩʦʨ, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ɽʚʨʘʟʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʇʘʚʣʦʜʘʨ), ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ʕʢʩʧʦʟʠʮʠʷ ʩʚʠʥʮʘ ʚ ʤʘʣʳʭ ʜʦʟʘʭ ʩʘʤʢʘʤ ʢʨʳʩ ʚ ʧʝʨʠʦʜ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʣʘʢʪʘʮʠʠ 

ʦʢʘʟʳʚʘʝʪ ʪʷʞʝʣʦʝ ʵʤʙʨʠʦʪʦʢʩʠʯʝʩʢʦʝ ʠ ʪʝʨʘʪʦʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʠʭ ʧʦʪʦʤʩʪʚʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʠʥʝʮ, ʨʝʧʨʦʜʫʢʪʠʚʥʘʷ ʬʫʥʢʮʠʷ, ʪʝʨʘʪʦʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ, ʧʨʠʧʦʜʥʷʪʳʡ 

ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ ʣʘʙʠʨʠʥʪ (ʇʂʃ), ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

 

ɺ ʫʩʣʦʚʠʷʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʯʝʣʦʚʝʢʘ ʦʢʘʟʳʚʘʶʪ ʧʘʛʫʙʥʦʝ ʚʣʠʷʥʠʝ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʚʠʥʝʮ. 

ʉʚʠʥʝʮ ʠʟʚʝʩʪʝʥ ʢʘʢ ʷʜ ʥʝ ʤʝʥʝʝ ʪʳʩʷʯʠ ʣʝʪ, ʘ ʝʛʦ ʪʦʢʩʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʜʝʪʝʡ - ʙʦʣʝʝ ʩʪʘ ʣʝʪ. ʆʜʥʘʢʦ 

ʤʝʭʘʥʠʟʤʳ ʝʛʦ ʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʦʩʪʨʦʡ ʠ ʭʨʦʥʠʯʝʩʢʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʩʚʠʥʮʦʤ ʦʩʪʘʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ 

ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʠ ʩʪʨʘʥ ʪʨʝʪʴʝʛʦ ʤʠʨʘ [22]. ʊʘʢ ʠʣʠ 

ʠʥʘʯʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʩʚʠʥʮʘ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʧʨʦʜʦʣʞʘʶʪʩʷ, ʘ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʦʢʘʟʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʧʣʦʜʦʪʚʦʨʥʳʤʠ ʚ ʩʤʳʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʚʣʠʷʥʠʷʭ ʥʘ ʦʨʛʘʥʠʟʤ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʠ ʤʝʭʘʥʠʟʤʘʭ ʵʪʦʛʦ ʚʣʠʷʥʠʷ. 

ʇʨʷʤʦʝ ʥʝʡʨʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʨʘʟʥʦʦʙʨʘʟʥʦ. ʆʥʦ ʚʢʣʶʯʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ 

ʚʦʟʙʫʜʠʤʦʩʪʠ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ, ʥʘ ʧʨʦʮʝʩʩʳ ʭʨʘʥʝʥʠʷ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ, ʥʘ ʤʠʪʦʭʦʥʜʨʠʠ, 

ʚʪʦʨʳʝ ʤʝʩʩʝʥʜʞʝʨʳ ʠ ʧʨʦʪʝʠʥ ʢʠʥʘʟʫ ʉ, ʥʘ ʮʝʨʝʙʨʦʚʘʩʢʫʣʷʨʥʳʝ ʵʥʜʦʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ, ʢʣʝʪʢʠ ʘʩʪʨʦʛʣʠʠ ʠ 

ʦʣʠʛʦ ʜʝʥʜʨʦʛʣʠʠ, ʥʘ ʘʧʦʧʪʦʟ [19]. ɺʩʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʩʚʠʥʮʘ ʪʨʫʜʥʦ ʩʚʝʩʪʠ ʢ ʝʜʠʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ, ʦʜʥʘʢʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʚʠʥʮʘ ʟʘʤʝʱʘʪʴ ʢʘʣʴʮʠʡ - ʵʪʦ ʬʘʢʪʦʨ, ʦʙʱʠʡ ʜʣʷ ʤʥʦʛʠʭ ʧʨʦʷʚʣʝʥʠʡ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʩʚʠʥʮʘ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʪʦʞʝ 

ʯʘʩʪʠʯʥʦ ʦʙʫʩʣʦʚʣʝʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʘʤʝʱʘʪʴ ʠʦʥʳ ʉʘ++. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʥʛʠʙʠʪʦʨʘʤʠ ʤʝʪʘʙʦʣʠʟʤʘ 

ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʨʘʪʥʳʡ ʪʨʘʥʩʧʦʨʪ ʩʚʠʥʮʘ ʧʦʩʨʝʜʩʪʚʦʤ ʉʘ-ɸʊʌ-ʘʟʥʦʛʦ ʥʘʩʦʩʘ ʠʛʨʘʝʪ ʦʯʝʥʴ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ [14]. ɽʱʝ ʙʦʣʝʝ ʧʨʷʤʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʨʦʣʠ ʉʘ-ɸʊʌ- ʘʟʥʦʡ ʧʦʤʧʳ ʚ ʪʨʘʥʩʧʦʨʪʝ 

ʩʚʠʥʮʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vitro ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʤʦʟʛʦʚʳʭ ʢʘʧʠʣʣʷʨʦʚ, ʧʝʨʚʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ [15,16]. ʇʦʛʣʦʱʝʥʠʝ ʩʚʠʥʮʘ ʚʦʟʙʫʜʠʤʳʤʠ ʢʣʝʪʢʘʤʠ ʪʘʢʞʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʢʣʝʪʦʯʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʳʧʦʣʥʷʶʱʠʤʠ ʬʫʥʢʮʠʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʠʦʥʘʤʠ ʉʘ++. ʇʦʛʣʦʱʝʥʠʝ ʩʚʠʥʮʘ ʧʠʪʫʠʪʘʨʥʳʤʠ ʠ ʛʣʠʘʣʴʥʳʤʠ 

ʢʣʝʪʢʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʠʩʪʦʱʝʥʠʠ ʟʘʧʘʩʦʚ ʢʘʣʴʮʠʷ [15]. ʉʚʠʥʝʮ ʚʭʦʜʠʪ ʚ ʢʣʝʪʢʠ ʘʩʪʨʦʛʣʠʠ ʠ ʥʝʡʨʦʥʳ 

ʯʝʨʝʟ ʚʦʣʴʪʘʞ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʘʣʴʮʠʝʚʳʝ ʢʘʥʘʣʳ [16, 18]. 

ʊʦʢʩʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʩʚʠʥʮʘ ʦʩʦʙʝʥʥʦ ʧʦʜʚʝʨʞʝʥʳ ʜʝʪʠ, ʧʨʦʞʠʚʘʶʱʠʝ ʚ ʛʦʨʦʜʘʭ. ɸʤʝʨʠʢʘʥʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʢʨʘʩʢʘʭ ʜʣʷ ʩʪʝʥ ʠ ʧʦʣʘ ʚ ʜʦʤʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʜʦ 

1972 ʛʦʜʘ, ʩʦʜʝʨʞʘʣʩʷ ʩʚʠʥʝʮ ʚ ʜʦʟʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʜʦʧʫʩʪʠʤʳʝ. ʇʳʣʴ ʚ ʪʘʢʠʭ ʜʦʤʘʭ ʙʳʣʘ, ʘ ʧʦʜʯʘʩ ʠ 

ʦʩʪʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʚ ʙʝʜʥʳʭ ʨʘʡʦʥʘʭ, ʠʩʪʦʯʥʠʢʦʤ ʩʚʠʥʮʦʚʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʛʦʨʦʜʩʢʠʭ ʜʝʪʝʡ [12,17]. 

ʀʩʪʦʯʥʠʢʦʤ ʩʚʠʥʮʘ ʤʦʞʝʪ ʙʳʪʴ ʠ ʧʠʪʴʝʚʘʷ ʚʦʜʘ. ʅʘʧʨʠʤʝʨ, ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ɸʥʛʣʠʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ 

ʚʦʜʦʧʨʦʚʦʜ. ʆʢʦʣʦ 45% ʯʘʩʪʥʳʭ ʜʦʤʦʚ ʧʦʣʫʯʘʶʪ ʚʦʜʫ ʧʦ ʩʚʠʥʮʦʚʳʤ ʪʨʫʙʘʤ, ʭʦʪʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʪʨʫʙ 

ʪʘʤ ʙʳʣʦ ʟʘʧʨʝʱʝʥʦ ʩ 1976 ʛʦʜʘ [12]. 

ɺ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʂʘʟʘʭʩʪʘʥʘ, ʢʘʢ ʠ ʚʩʝʛʦ ʧʦʩʪʩʦʚʝʪʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʠʥʮʘ 

ʷʚʣʷʶʪʩʷ ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʜʘʚʥʦ ʫʞʝ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʩʠʣʦ ʜʦʧʫʩʪʠʤʳʝ 

ʥʦʨʤʳ, ʥʦ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʦʧʘʩʥʦ ʜʣʷ ʪʘʢʠʭ ʛʦʨʦʜʦʚ, ʢʘʢ ɸʣʤʘʪʳ, ʩ ʝʛʦ ʯʨʝʟʚʳʯʘʡʥʦ 

ʥʠʟʢʦʡ ʧʨʦʚʝʪʨʠʚʘʝʤʦʩʪʴʶ; ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ ʨʝʩʧʫʙʣʠʢʠ, ʪʘʢʠʭ, ʢʘʢ ʇʘʚʣʦʜʘʨ, ʋʩʪʴ-

ʂʘʤʝʥʦʛʦʨʩʢ, ɸʢʪʶʙʠʥʩʢ, ʐʳʤʢʝʥʪ, ʛʜʝ, ʢʨʦʤʝ ʩʚʠʥʮʘ, ʚ ʚʦʟʜʫʭʝ, ʚʦʜʝ ʠ ʧʦʯʚʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʟʘʧʨʝʜʝʣʴʥʳʝ 

ʜʦʟʳ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [2, 5]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʂʘʟʘʭʩʪʘʥʝ ʜʝʡʩʪʚʫʝʪ ʩʚʠʥʮʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

(ʩʚʠʥʮʦʚʳʝ ʟʘʚʦʜʳ ʐʳʤʢʝʥʪʘ ʠ ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘ) ï ʠʩʪʦʯʥʠʢ ʠʥʪʦʢʩʠʢʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʦ ʠ ʜʣʷ ʠʭ ʩʝʤʝʡ ʠ ʚʩʝʛʦ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʚʦʢʨʫʛ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʡ [8]. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʜʦʟʳ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʥʘʤʥʦʛʦ ʚʳʰʝ ʤʠʨʦʚʳʭ, ʥʦ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ʚʦʚʩʝ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʚʠʥʝʮ ʚ ʂʘʟʘʭʩʪʘʥʝ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʩʣʘʙʳʤ ʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ʂ ʪʦʤʫ ʞʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʯʘʩʪʫʶ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʝʚʳʰʘʝʪ ʜʘʞʝ ʥʘʰʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ [2, 5]. ʆ ʥʝʩʥʠʞʘʶʱʝʡʩʷ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʚʠʥʮʘ ʠ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʟʘʱʠʱʝʥʳ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ 

ʢʘʥʜʠʜʘʪʩʢʠʝ ʠ ʜʦʢʪʦʨʩʢʠʝ ʜʠʩʩʝʨʪʘʮʠʠ. 
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ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʤʙʨʠʦʪʦʢʩʠʯʥʦʩʪʠ ʩʚʠʥʮʘ, 

ʦʢʘʟʳʚʘʶʱʝʛʦ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʬʫʥʢʮʠʶ ʞʝʥʱʠʥʳ, ʧʨʠʚʦʜʷ ʢ ʨʘʟʣʠʯʥʳʤ 

ʥʘʨʫʰʝʥʠʷʤ ʚ ʨʘʟʚʠʪʠʠ ʧʣʦʜʘ [13, 3]. ʀʟ ʚʩʝʭ ʬʦʨʤ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʣʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʩʧʦʥʪʘʥʥʳʝ ʘʙʦʨʪʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʝʢʦʪʦʨʳʤʠ ʘʚʪʦʨʘʤʠ ʢʘʢ ʫʥʠʢʘʣʴʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʨʠʨʦʜʳ ʢ 

ʠʩʧʨʘʚʣʝʥʠʶ ʩʦʙʩʪʚʝʥʥʳʭ çʦʰʠʙʦʢè, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʚʨʝʜʥʳʭ ʤʫʪʘʮʠʡ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʯʘʱʝ ʚʩʝʛʦ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ [6, 1, 9]. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʢʣʠʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʠ 

ʥʘ ʦʜʥʦʡ ʠʟ ʩʪʘʜʠʡ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʵʤʙʨʠʦʥ ʠ ʧʣʦʜ ʧʦʣʥʦʩʪʴʶ ʥʝ ʟʘʱʠʱʝʥʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʢʩʠʢʘʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʥʘʨʫʰʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘʨʘʩʪʘʝʪ ʫʛʨʦʟʘ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʠ 

ʞʝʥʱʠʥʳ ʠ ʟʜʦʨʦʚʴʶ ʧʦʪʦʤʩʪʚʘ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʯʘʩʪʦʪʘ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʙʝʨʝʤʝʥʥʦʩʪʠ, 

ʧʝʨʠʥʘʪʘʣʴʥʦʡ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʩʤʝʨʪʥʦʩʪʠ, ʜʦʣʷ ʚʨʦʞʜʸʥʥʳʭ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. ʉ ʤʦʤʝʥʪʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʘʪʴ-ʧʣʦʜ ʞʝʥʱʠʥʳ ʩʪʘʥʦʚʷʪʩʷ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ ʜʣʷ ʜʨʫʛʦʛʦ 

ʦʨʛʘʥʠʟʤʘ, ʪ.ʝ. ʵʢʦʩʠʩʪʝʤʦʡ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʦʣʦʛʠʠ ʩʠʩʪʝʤʳ ʤʘʪʴ-ʧʣʦʜ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʥʫ ʠʟ ʚʘʞʥʳʭ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʠʤʝʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʪʦʨʦʥ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ 

ʈʝʯʴ ʠʜʸʪ ʦ ʩʣʦʞʥʦʤ ʪʠʧʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ-ʙʝʨʝʤʝʥʥʘʷ ʞʝʥʱʠʥʘ - ʧʣʦʜ - ʥʦʚʦʨʦʞʜʝʥʥʳʡ. 

ʈʝʘʢʮʠʷ ʵʤʙʨʠʦʥʘ ʠ ʧʣʦʜʘ ʯʝʣʦʚʝʢʘ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʵʢʟʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʜʠʝʡ ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʨʘʥʥʠʝ ʧʝʨʠʦʜʳ ʦʥʪʦʛʝʥʝʟʘ ʫ ʵʤʙʨʠʦʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʦʪʚʝʪ ʥʘ ʜʝʡʩʪʚʠʝ ʧʘʪʦʛʝʥʥʳʭ 

ʘʛʝʥʪʦʚ. ʃʠʰʴ ʧʦ ʤʝʨʝ ʩʦʟʨʝʚʘʥʠʷ ʚʘʞʥʝʡʰʠʭ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ ʧʣʦʜʘ, ʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʢʮʠʡ ʚʦʟʥʠʢʘʶʪ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʚʝʪʥʳʭ ʨʝʘʢʮʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʦʨʛʘʥʠʟʤʘ ʥʦʚʦʨʦʞʜʝʥʥʳʭ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʣʘʮʝʥʪʘʨʥʳʡ ʙʘʨʴʝʨ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʭʦʞʜʝʥʠʶ 

ʩʚʠʥʮʘ ʠʟ ʢʨʦʚʠ ʤʘʪʝʨʠ ʢ ʧʣʦʜʫ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʫ ʙʝʨʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʨʘʚʣʝʥʥʳʭ 

ʩʚʠʥʮʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʚ ʢʨʦʚʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʪʦʢʩʠʯʝʩʢʠ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʙʫʜʫʱʝʝ ʧʦʪʦʤʩʪʚʦ ʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʝʛʦ ʦʙʱʝʤ ʨʘʟʚʠʪʠʠ (ʩʥʠʞʝʥʠʝ ʨʦʩʪʦ-ʚʝʩʦʚʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʫʭʫʜʰʝʥʠʝ ʧʩʠʭʦʤʦʪʦʨʥʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, 

ʚʨʦʞʜʸʥʥʳʭ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ, ʥʘʨʫʰʝʥʠʝ ʧʦʚʝʜʝʥʠʷ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʩʚʠʥʮʦʚʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʦʨʘʞʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʥʢʠʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʤʦʟʛʘ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʷʚʣʝʥʳ ʥʠʢʘʢʠʤʠ ʦʨʛʘʥʦʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʪʝʩʪʘʤʠ. ʕʪʠ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʪʨʫʢʪʫʨ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʩʥʠʞʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʢ ʧʣʘʩʪʠʯʝʩʢʠʤ ʧʝʨʝʩʪʨʦʡʢʘʤ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ, 

ʪʝʤ ʩʘʤʳʤ, ʩʥʠʞʘʶʪ ʝʛʦ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʸ ʯʘʱʝ ʩʪʘʣʠ ʚʳʷʚʣʷʪʴʩʷ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʭʩʷ ʙʝʟʦʧʘʩʥʳʤʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʤʦʞʥʦʛʦ ʧʦʨʘʞʝʥʠʷ 

ʧʣʦʜʘ ʠ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʚʠʥʮʘ ʧʨʦʠʩʭʦʜʷʪ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʦʚʳʭ ʦʨʛʘʥʘʭ, ʦʪʤʝʯʘʶʪʩʷ ʤʝʨʪʚʦʨʦʞʜʝʥʠʷ, ʚʳʢʠʜʳʰʠ, ʨʦʞʜʝʥʠʝ ʤʘʣʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ 

ʜʝʪʸʥʳʰʝʡ. 

ʊʘʢ, ʛʨʫʧʧʦʡ ʩʚʝʨʜʣʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʨʘʚʣʝʥʠʝ ʩʚʠʥʮʦʤ ʙʝʨʝʤʝʥʥʳʭ ʩʘʤʦʢ 

(ʢʨʦʣʠʢʠ) ʧʨʠʚʝʣʦ ʢ ʚʳʢʠʜʳʰʫ ʫ 60% ʠʟ ʥʠʭ, ʘ ʫ 30% ʨʦʜʠʣʠʩʴ ʤʸʨʪʚʳʝ ʜʝʪʸʥʳʰʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʥʘ ʤʦʨʩʢʠʭ ʙʝʨʝʤʝʥʥʳʭ ʩʚʠʥʢʘʭ. Sandler D. [20] ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʫ ʢʨʳʩʷʪ, ʧʦʣʫʯʘʚʰʠʭ 

ʩʚʠʥʝʮ ʚ ʪʝʯʝʥʠʝ ʧʨʝ- ʠ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ (ʥʘ 52%) ʠ ʤʘʩʩʳ ʤʦʟʛʘ 

(ʥʘ 27%). ʃ.ʀ. ʅʦʩʦʚʘ [10] ʧʦʣʘʛʘʝʪ, ʯʪʦ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʢʨʠʪʠʯʝʩʢʠʝ ʬʘʟʳ 

ʵʤʙʨʠʦʛʝʥʝʟʘ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʪʝʨʘʪʦʣʦʛʠʠ ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ ʠʟʫʯʝʥʠʝ ʧʝʨʠʦʜʦʚ ʠʤʧʣʘʥʪʘʮʠʠ ʠ ʦʨʛʘʥʦʛʝʥʝʟʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦ ʠ ʧʦʩʣʝ ʧʝʨʠʦʜʘ ʨʘʥʥʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʫ ʵʤʙʨʠʦʥʘ ʥʘʨʫʰʘʣʦʩʴ ʦʙʳʯʥʦʝ ʨʘʟʚʠʪʠʝ 

ʦʨʛʘʥʦʚ. ʕʪʠ ʧʝʨʠʦʜʳ ʵʤʙʨʠʦʛʝʥʝʟʘ ʠʟʚʝʩʪʥʳ ʪʝʧʝʨʴ ʢʘʢ ʢʨʠʪʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ ʦʨʛʘʥʦʛʝʥʝʟʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʨʘʟʚʠʪʠʶ ʥʘʨʫʰʝʥʠʡ [7]. ɺ ʧʦʩʣʝʜʫʶʱʝʤ 

ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚ ʵʪʠ ʧʝʨʠʦʜʳ ʵʤʙʨʠʦʛʝʥʝʟʘ ʜʝʬʝʢʪʳ ʨʘʟʚʠʪʠʷ ʚ ʙʦʣʴʰʝʤ ʧʨʦʮʝʥʪʝ 

ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʘʶʪ ʚ ʚʠʜʝ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʚʠʜʳ 

ʥʘʨʫʰʝʥʠʡ ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʠʧʦʚ ʥʘʨʫʰʝʥʠʡ, ʠ ʜʨʫʛʠʝ ʪʠʧʳ 

ʘʥʦʤʘʣʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʨʦʮʝʥʪʝ ʩʣʫʯʘʝʚ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʪʝʭ ʞʝ ʩʘʤʳʭ ʦʨʛʘʥʘʭ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚ 

ʜʨʫʛʠʝ (ʥʝʢʨʠʪʠʯʝʩʢʠʝ) ʧʝʨʠʦʜʳ.  

ɺ ʧʨʦʙʣʝʤʝ ʠʟʫʯʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨ ʥʘʨʫʰʝʥʠʡ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ, ʦʬʠʮʠʘʣʴʥʦ ʫʪʚʝʨʞʜʸʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʟʫʯʝʥʠʷ ʥʘʨʫʰʝʥʠʷ 

ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʈʝʢʦʤʝʥʜʘʮʠʠ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʠʟʫʯʝʥʠʷ ʵʤʙʨʠʦʪʦʢʩʠʯʝʩʢʦʛʦ ʠ 

ʪʝʨʘʪʦʛʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʨʘʟʥʦʨʝʯʠʚʳ, ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʩʭʝʤʘ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʝʜʠʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʫʨʦʚʥʷʤ ʠ ʧʝʨʠʦʜʘʤ ʚʦʟʜʝʡʩʪʚʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʠ ʪ.ʧ. 

ʆʪʩʫʪʩʪʚʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʟʘʪʨʫʜʥʷʝʪ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʘʚʪʦʨʦʚ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʘ ʦʙ ʵʤʙʨʠʦʪʦʢʩʠʯʝʩʢʦʤ ʠ ʪʝʨʘʪʦʛʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʵʢʩʧʦʟʠʮʠʠ ʩʚʠʥʮʘ ʤʳ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʣʝʜʫʶʱʝʝ: 

1.  ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʙʝʨʝʤʝʥʥʦʩʪʠ ʢʨʳʩʘʤ ʝʞʝʜʥʝʚʥʦ per os ʯʝʨʝʟ ʟʦʥʜ ʚʚʦʜʠʣʠ ʥʠʪʨʘʪ ʩʚʠʥʮʘ ʚ 
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ʜʦʟʘʭ, ʧʨʠʙʣʠʞʘʶʱʠʤʩʷ ʢ ʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʚ ʦʨʛʘʥʠʟʤ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

2.  ɺʩʝʤ ʞʠʚʦʪʥʳʤ ʙʳʣ ʦʙʝʩʧʝʯʝʥ ʧʦʣʥʦʮʝʥʥʳʡ ʧʠʱʝʚʦʡ ʨʘʮʠʦʥ, ʩʚʝʞʘʷ ʚʦʜʘ ʜʣʷ ʧʠʪʴʷ, ʧʦʩʪʦʷʥʥʳʡ 

ʪʱʘʪʝʣʴʥʳʡ ʫʭʦʜ [2]; 

3.  ɺʚʝʜʝʥʠʝ ʪʦʢʩʠʢʘʥʪʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʝʨʚʦʛʦ ʜʥʷ ʙʝʨʝʤʝʥʥʦʩʪʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʩʧʝʨʤʘʪʦʟʦʠʜʦʚ ʚʦ ʚʣʘʛʘʣʠʱʥʦʤ ʤʘʟʢʝ; 

4.  ɺʚʝʜʝʥʠʝ ʪʦʢʩʠʢʘʥʪʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʪʦʢ; 

5.  ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʝʣʳʭ ʙʝʩʧʦʨʦʜʥʳʭ ʢʨʳʩʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʟʥʘʥʳ ʫʜʘʯʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ 

ʪʘʢʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʳʙʦʨ ʙʝʩʧʦʨʦʜʥʳʭ ʢʨʳʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʩʣʝʜʫʶʱʠʤ: 

ʘ) ʋ ʢʨʳʩ ʦʜʠʥʘʢʦʚʳʡ ʩ ʯʝʣʦʚʝʢʦʤ ʛʝʤʦʭʦʨʠʘʣʴʥʳʡ ʪʠʧ ʧʣʘʮʝʥʪʳ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʵʢʩʪʨʘʧʦʣʷʮʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʯʝʣʦʚʝʢʘ; 

ʙ) ʋ ʠʥʪʘʢʪʥʳʭ ʢʨʳʩ ʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʩʧʦʥʪʘʥʥʳʝ ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ; 

ʚ) ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʴ ʧʝʨʠʦʜʘ ʙʝʨʝʤʝʥʥʦʩʪʠ ʫ ʢʨʳʩ; 

ʛ) ʃʝʛʢʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʘ ʩʧʘʨʠʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʛʦ ʜʥʷ 

ʙʝʨʝʤʝʥʥʦʩʪʠ ʫ ʢʨʳʩ. 

6.  ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟ ʧʦʪʦʤʩʪʚʘ ʙʝʣʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʨʳʩ; 

7.  ʆʙ ʵʤʙʨʠʦʪʦʢʩʥʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʩʚʠʥʮʘ ʩʫʜʠʣʠ ʧʦ ʯʠʩʣʫ ʤʝʨʪʚʦʨʦʞʜʝʥʥʳʭ ʠ ʧʦʛʠʙʰʠʭ ʚ 

ʧʝʨʚʳʝ ʜʥʠ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ, ʩʨʝʜʥʝʤʫ ʯʠʩʣʫ ʦʩʦʙʝʡ ʚ ʧʦʤʝʪʝ, ʚʝʩʫ ʠ ʨʘʟʤʝʨʘʤ ʦʜʥʦʛʦ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ [7]; 

8.  ʆ ʪʝʨʘʪʦʛʝʥʥʦʤ ʜʝʡʩʪʚʠʠ ʪʦʢʩʠʢʘʥʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ: ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ [7]; 

9.  ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʪʦʤʩʪʚʦʤ ʦʜʥʦʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʫ ʞʠʚʦʪʥʳʭ ʢʦʥʪʨʦʣʴʥʦʡ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧ ʦʧʨʝʜʝʣʷʣʠ ʠʥʪʝʛʨʘʣʴʥʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʠʧʦʜʥʷʪʦʤ ʢʨʝʩʪʦʦʙʨʘʟʥʦʤ 

ʣʘʙʠʨʠʥʪʝ (ʇʂʃ); 

ʉ ʧʝʨʚʦʛʦ ʜʥʷ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʜʦ ʢʦʥʮʘ ʧʝʨʠʦʜʘ ʣʘʢʪʘʮʠʠ, ʩʘʤʢʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ 

ʝʞʝʜʥʝʚʥʦ peros ʯʝʨʝʟ ʟʦʥʜ ʚʚʦʜʠʣʠ ʥʠʪʨʘʪ ʩʚʠʥʮʘ ʚ ʜʦʟʝ 0,0015 ʤʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ. 

ʅʘʙʣʁʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʤʦʤʝʥʪʘ ʨʦʞʜʝʥʠʷ ʢʨʳʩʷʪ ʦʙʝʠʭ ʛʨʫʧʧ (ʠʥʪʘʢʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ). 

ʋʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʩʧʝʮʠʬʠʯʝʩʢʠʝ - ʜʝʥʴ ʦʪʢʨʳʪʠʷ ʛʣʘʟʥʦʡ ʱʝʣʠ, ʜʝʥʴ ʦʪʣʠʧʘʥʠʷ ʫʰʥʦʡ 

ʨʘʢʦʚʠʥʳ, ʜʝʥʴ ʧʦʷʚʣʝʥʠʷ ʰʝʨʩʪʥʦʛʦ ʧʦʢʨʦʚʘ, ʯʠʩʣʦ ʦʩʦʙʝʡ ʚ ʧʦʤʸʪʝ, ʚʳʞʠʚʘʝʤʦʩʪʴ; ʠʥʪʝʛʨʘʣʴʥʳʝ- ʜʠʥʘʤʠʢʘ 

ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʪʝʣʘ, ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʠʧʦʜʥʷʪʦʤ ʢʨʝʩʪʦʦʙʨʘʟʥʦʤ ʣʘʙʠʨʠʥʪʝ (ʇʂʃ). 

ɻʨʫʧʧʘ ʠʥʪʘʢʪʥʳʭ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʦʪ 5 ʩʘʤʦʢ ʩʦʩʪʘʚʠʣʘ 55 ʢʨʳʩʷʪ (ʩʘʤʮʦʚ ï 25; ʩʘʤʦʢ ï 30). ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʦʪ 15 ʩʘʤʦʢ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʚ ʧʝʨʠʦʜ ʙʝʨʝʤʝʥʥʦʩʪʠ ʵʢʩʧʦʟʠʮʠʠ ʤʘʣʳʤʠ ʜʦʟʘʤʠ 

ʩʚʠʥʮʘ, ʚʳʞʠʣ ʪʦʣʴʢʦ 41 ʜʝʪʸʥʳʰ (ʩʘʤʮʦʚ ï 16; ʩʘʤʦʢ ï 25), 49 ʦʩʪʘʣʴʥʳʭ ʧʦʛʠʙʣʠ ʚ ʧʝʨʠʦʜ ʨʦʞʜʝʥʠʷ, ʯʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ, ʣʠʙʦ ʩʧʫʩʪʷ 1-2 ʜʥʷ. ʇʨʠ ʵʪʦʤ ʫ 40% ʧʦʛʠʙʰʠʭ ʦʩʦʙʝʡ ʦʪʤʝʯʝʥʳ ʚʳʨʘʞʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ: ʜʠʩʧʣʘʟʠʷ ʚʩʝʭ ʢʦʥʝʯʥʦʩʪʝʡ, ʦʪʩʫʪʩʪʚʠʝ (ʧʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ) ʛʣʘʟʥʳʭ ʱʝʣʝʡ ʠ ʫʰʥʳʭ ʨʘʢʦʚʠʥ. 

ɺʩʢʨʳʪʠʝ ʚʳʷʚʠʣʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʫ ʧʦʛʠʙʰʠʭ ʢʨʳʩʷʪ. ʋ ʚʩʝʭ ʦʪʤʝʯʝʥʘ 

ʛʠʧʦʧʣʘʟʠʷ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʦʩʦʙʝʥʥʦ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ, ʧʦʯʝʢ. ʅʘʙʣʶʜʘʣʠʩʴ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʚ 

ʤʦʟʛʦʚʫʶ ʦʙʦʣʦʯʢʫ ʠ ʛʠʧʦʧʣʘʟʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʘ ʫ 20,4% ʢʨʳʩʷʪ ʦʙʥʘʨʫʞʝʥʘ ʛʠʧʦʧʣʘʟʠʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʠ ʜʳʭʘʪʝʣʴʥʦʡ, ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʦʮʝʥʢʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʫ ʧʦʪʦʤʩʪʚʘ ʩʘʤʦʢ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʠʥʪʦʢʩʠʢʘʮʠʠ ʚ ʧʝʨʠʦʜ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʜʦ ʢʦʥʮʘ 

ʣʘʢʪʘʮʠʠ, ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʚʫʭ ʛʨʫʧʧʘʭ ʞʠʚʦʪʥʳʭ: ʠʥʪʘʢʪʥʳʭ ï 55 ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ï 41. 

ɼʠʥʘʤʠʢʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫ ʧʦʪʦʤʩʪʚʘ ʠʥʪʘʢʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʢʨʳʩ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʤʘʩʩʘ ʪʝʣʘ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʩʦʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 2,5 ʛ, ʘ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ 

ʦʥʘ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 102,36 ʛ., ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ ʥʦʨʤʘʪʠʚʥʳʭ ʜʘʥʥʳʭ (ʚʝʩ ʥʦʚʦʨʦʞʜʸʥʥʦʛʦ ʚ ʩʨʝʜʥʝʤ - 

2,5ʛ, ʘ ʢ ʢʦʥʮʫ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʞʠʟʥʠ ï 100 ʛ. (E. Witshi, 1956) [7]. ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʦʪʢʨʳʪʠʝ 

ʛʣʘʟʥʳʭ ʱʝʣʝʡ, ʦʪʣʠʧʘʥʠʝ ʫʰʥʦʡ ʨʘʢʦʚʠʥʳ ʠ ʧʦʷʚʣʝʥʠʝ ʰʝʨʩʪʥʦʛʦ ʧʦʢʨʦʚʘ) ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʦʨʤʝ: ʦʥʠ 

ʦʪʤʝʯʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 16-ʡ, 13-ʡ ʠ 5-ʡ ʜʝʥʴ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ. 

ʊʘʢ, ʚʝʩ ʥʦʚʦʨʦʞʜʝʥʥʦʛʦ ʧʦʪʦʤʩʪʚʘ, ʧʦʣʫʯʠʚʰʠʭ ʩʚʠʥʮʦʚʫʶ ʠʥʪʦʢʩʠʢʘʮʠʶ, ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ (2,05 Ñ 0,02ʛ, ʨ < 

0.001), ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʥʦʨʤʘʪʠʚʥʳʭ. ʆʪʢʨʳʪʠʝ ʛʣʘʟʥʳʭ ʱʝʣʝʡ, 

ʦʪʣʠʧʘʥʠʝ ʫʰʥʳʭ ʨʘʢʦʚʠʥ ʥ ʧʦʷʚʣʝʥʠʝ ʰʝʨʩʪʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʦʠʟʦʰʣʦ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʩʨʦʢʠ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʥʘ 21-ʡ, 20-ʡ ʠ 10- ʡ ʜʥʠ).  

ʂ ʪʨʸʤ ʤʝʩʷʮʘʤ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʞʠʚʦʪʥʳʝ ʧʦ ʚʝʩʫ ʠ ʨʘʟʤʝʨʘʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʥʥʪʘʢʪʥʳʭ ʢʨʳʩ ʦʜʥʦʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ɺ ʜʘʣʴʥʝʡʰʝʤ, ʜʦ ʛʦʜʘ, ʜʦʩʪʦʚʝʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʞʠʚʦʪʥʳʭ ʢ ʛʦʜʦʚʘʣʦʤʫ ʚʦʟʨʘʩʪʫ ʧʦʛʠʙʣʦ. ɼʦ 

ʧʦʣʫʪʦʨʘʛʦʜʦʚʘʣʦʛʦ ʚʦʟʨʘʩʪʘ ʜʦʞʠʣʠ ʪʦʣʴʢʦ ʜʚʝ ʩʘʤʢʠ. ʋ ʚʩʝʭ ʞʠʚʦʪʥʳʭ ʢ ʢʦʥʮʫ ʞʠʟʥʠ ʧʦʷʚʠʣʦʩʴ ʥʦʩʦʚʦʝ 

ʢʨʦʚʦʪʝʯʝʥʠʝ, ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʦʧʫʭʦʣʠ ʚ ʦʙʣʘʩʪʠ ʱʸʢ ʠ ʧʘʨʝʟ ʩʥʘʯʘʣʘ ʧʨʘʚʦʡ ʟʘʜʥʝʡ, ʘ ʧʦʟʞʝ ʣʝʚʦʡ ʟʘʜʥʝʡ 

ʢʦʥʝʯʥʦʩʪʝʡ. 

ɺʩʝ ʧʦʛʠʙʰʠʝ ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʚʩʢʨʳʪʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥʳ ʠʭ ʛʠʙʝʣʠ. ʇʨʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʢʨʦʧʨʝʧʘʨʘʪʦʚ, ʩʜʝʣʘʥʥʳʭ ʠʟ ʪʢʘʥʝʡ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʢʘʨʪʠʥʘ. 

ɻʦʣʦʚʥʦʡ ʤʦʟʛ. ʃʦʙʥʳʝ ʜʦʣʠ. ɺ ʪʢʘʥʠ ʦʪʤʝʯʘʶʪʩʷ ʩʢʦʧʣʝʥʠʷ ʵʨʠʪʨʦʮʠʪʦʚ ʩ ʜʦʚʦʣʴʥʦ ʯʝʪʢʠʤʠ 

ʢʦʥʪʫʨʘʤʠ. ɺ ʦʢʨʫʞʥʦʩʪʠ ʩʢʦʧʣʝʥʠʝ ʧʦʣʠʤʦʨʬʥʳʭ ʢʣʝʪʦʢ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʣʝʪʦʢ ʪʠʧʘ çʟʝʨʥʠʩʪʳʡ ʰʘʨè. ʇʦ 
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ʧʝʨʠʬʝʨʠʠ ʦʙʥʘʨʫʞʝʥʦ ʚʳʧʘʜʝʥʠʝ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ. ʉʦʭʨʘʥʠʚʰʠʝʩʷ ʢʣʝʪʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʪʷʞʸʣʦʡ 

ʜʠʩʪʨʦʬʠʠ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʛʣʳʙʯʘʪʦʩʪʠ ʚ ʮʠʪʦʧʣʦʜʠʠ. ʗʜʨʘ ʨʘʟʣʠʯʥʳ ʧʦ ʬʦʨʤʝ. ɺ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʢʘʭ ʦʥʠ 

ʨʘʟʤʳʪʳʝ, ʛʠʧʦʭʨʦʤʥʳʝ. ɺ ʜʨʫʛʠʭ ʢʣʝʪʢʘʭ ï ʧʠʢʥʦʪʠʯʝʩʢʠʝ, ʛʥʧʝʨʭʨʦʤʥʳʝ. ɺʦʢʨʫʛ ʢʣʝʪʦʢ ʠ ʩʦʩʫʜʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚʠʜʥʳ ʥʝʦʢʨʘʰʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʆʪʸʢ ʧʝʨʠʮʝʣʣʶʣʷʨʥʳʡ, ʧʝʨʠʚʘʩʢʫʣʷʨʥʳʡ. ʉʪʝʥʢʘ 

ʩʦʩʫʜʦʚ ï ʩ ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʚʦʣʦʢʥʝʥʠʷ. ɺ ʧʨʦʩʚʝʪʝ ï ʥʘʣʠʯʠʝ ʩʪʘʟʦʚ ʠ ʩʣʘʜʞʝʡ. ʊʝʤʝʥʥʳʝ ʜʦʣʠ. ɺ ʪʢʘʥʠ 

ʚʳʨʘʞʝʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʢʨʦʚʝʥʘʧʦʣʥʝʥʠʝ ʩʦʩʫʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʘʨʝʟʘ ʅʝʨʚʥʳʝ ʢʣʝʪʢʠ - ʩ 

ʥʝʯʸʪʢʠʤʠ ʢʦʥʪʫʨʘʤʠ ʮʠʪʦʧʣʘʟʤʳ. ʗʜʨʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʤʳʪʳ, ʛʠʧʦʭʨʦʤʥʳʝ. ɺʳʨʘʞʝʥʥʳʡ 

ʧʝʨʠʚʘʩʢʫʣʷʨʥʳʡ ʠ ʧʝʨʠʮʝʣʣʶʣʷʨʥʳʡ ʦʪʸʢ. ʃʸʛʢʠʝ. ɺ ʪʢʘʥʠ - ʚʳʨʘʞʝʥʥʦʝ ʧʦʣʥʦʢʨʦʚʠʝ ʩ ʧʘʨʝʪʠʯʝʩʢʠ 

ʨʘʩʰʠʨʝʥʥʳʤʠ ʩʦʩʫʜʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʢʘʣʠʙʨʘ. ɺ ʤʝʞʘʣʴʚʝʦʣʷʨʥʳʭ ʢʘʧʠʣʣʷʨʘʭ ʠʤʝʶʪʩʷ ʵʨʠʪʨʦʮʠʪʳ. ɺ 

ʧʨʦʩʚʝʪʝ ʦʪʜʝʣʴʥʳʭ ʘʣʴʚʝʦʣ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʨʦʟʦʚʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʜ ʧʣʝʚʨʦʡ ï ʦʯʘʛʠ ʵʤʬʠʤʘʪʦʟʥʦ 

ʠʟʤʝʥʸʥʥʳʭ ʘʣʴʚʝʦʣ ʩ ʥʘʨʫʰʝʥʠʝʤ ʮʝʣʦʩʪʥʦʩʪʠ. ʆʯʘʛʠ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ï ʤʝʣʢʠʝ ʢʘʢ ʧʦʜ ʧʣʝʚʨʦʡ, ʪʘʢ ʠ ʚ 

ʠʥʪʝʨʩʪʠʮʠʠ. ʉʝʨʜʮʝ. ʊʷʞʸʣʘʷ ʜʠʩʪʨʦʬʠʷ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ, ʩ ʨʘʟʤʳʪʦʡ ʧʦʧʝʨʝʯʥʦʡ ʠʩʯʝʨʯʝʥʥʦʩʪʴʶ. ʆʪʸʢ 

ʠʥʪʝʨʩʪʠʮʠʠ ʠ ʚʦʢʨʫʛ ʩʦʩʫʜʦʚ, ʧʘʨʝʟ ʩʦʩʫʜʦʚ ʩ ʢʘʨʪʠʥʦʡ ʩʣʘʜʞʠʨʦʚʘʥʠʷ. ʇʦʯʢʠ. ʉʪʨʫʢʪʫʨʘ ʪʢʘʥʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʦʪʤʝʯʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʣʥʦʢʨʦʚʠʝ ʩ ʥʝʢʦʪʦʨʦʡ ʠʰʝʤʠʟʘʮʠʝʡ ʢʦʨʳ ʠ ʙʦʣʝʝ 

ʧʦʣʥʦʢʨʦʚʥʳʤ ʤʦʟʛʦʚʳʤ ʩʣʦʝʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʣʫʙʦʯʢʦʚ ï ʦʜʠʥʘʢʦʚʳʭ ʨʘʟʤʝʨʦʚ, ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʧʨʦʩʚʝʪʘʤʠ 

ʢʘʧʩʫʣ, ʚ ʢʘʧʠʣʣʷʨʥʳʭ ʧʝʪʣʷʭ - ʧʘʨʝʪʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠ ʩʣʘʜʞʠʨʦʚʘʥʥʝ. ʆʪʸʢ ʢʘʧʩʫʣʳ. ʇʝʯʝʥʴ. ʉʪʨʫʢʪʫʨʘ 

ʪʢʘʥʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʛʝʧʘʪʦʮʠʪʳ ï ʩ ʥʘʣʠʯʠʝʤ ʚ ʮʠʪʦʧʣʘʟʤʝ ʚʘʢʫʦʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʤʝʩʪʘʤʠ ʦʥʠ 

ʩʣʠʚʘʶʪʩʷ. ʗʜʨʘ ʦʪʪʝʩʥʝʥʳ ʥʘ ʧʝʨʠʬʝʨʠʶ, ʨʘʟʤʳʪʳʝ, ʩ ʮʝʥʪʨʘʤʠ ʧʨʦʩʚʝʪʣʝʥʠʷ. ʇʦʨʪʘʣʴʥʳʝ ʪʨʘʢʪʳ 

ʥʝʨʘʚʥʦʤʝʨʥʳʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝ ʚʳʨʘʞʝʥʥʳʝ. ʕʥʜʦʪʝʣʠʡ ʢʘʧʠʣʣʷʨʦʚ ʥʘʙʫʭʰʠʡ. ʇʣʘʮʝʥʪʘ. ɺʦʨʩʠʥʳ 

ʥʝʟʨʝʣʳʝ, ʜʠʩʪʨʦʬʠʷ ʢʣʝʪʦʢ ʩʠʥʮʠʪʠʷ. ɺ ʤʝʣʢʠʭ ʚʦʨʩʠʥʘʭ ʩʦʩʫʜʳ ʧʘʨʝʪʠʯʝʩʢʠ ʨʘʩʰʠʨʝʥʳ, ʧʨʦʩʚʝʪ ʧʫʩʪ. ɺ 

ʩʦʩʫʜʘʭ ʩʨʝʜʥʝʛʦ ʠ ʢʨʫʧʥʦʛʦ ʢʘʣʠʙʨʘ ʨʘʟʥʦʚʦʣʦʢʥʝʥʠʝ ʩʪʝʥʢʠ ʠ ʥʘʣʠʯʠʝ ʩʣʘʜʞʝʡ ʠ ʩʪʘʟʦʚ. ʆʪʤʝʯʘʶʪʩʷ 

ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ ʚ ʤʝʞʚʦʨʩʠʥʯʘʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʜ ʙʘʟʘʣʴʥʦʡ, ʩʣʝʛʢʘ ʫʪʦʣʱʝʥʥʦʡ, 

ʧʣʘʩʪʠʥʢʦʡ. ɺʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʢʨʫʛʣʦʢʣʝʪʦʯʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ. 

ʇʦ ʧʦʚʦʜʫ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʠʤʝʶʪʩʷ ʨʘʟʥʳʝ ʤʥʝʥʠʷ. H. Sourgens et al [21] ʚʳʩʢʘʟʘʣ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʷʤʦʤ ʪʦʢʩʠʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ ʩʚʠʥʮʘ, ʧʨʠ ʭʨʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʥʘ 

ʛʝʨʤʠʥʘʪʠʚʥʳʡ ʵʧʠʪʝʣʠʡ ʠ ʥʘʨʫʰʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʛʠʧʦʪʘʣʘʤʫʩʦʤ, ʛʠʧʦʬʠʟʦʤ ʠ ʛʦʥʘʜʘʤʠ. ɹʝʨʣʠʥʛʝʨ 

ɽ.ɻ. ʠ ɼʘʥʠʣʦʚʘ ʆ.ɸ. [4] ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʚʠʥʮʘ ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʝʛʦ 

ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʴʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʡʨʦʤʝʜʠʘʪʦʨʥʳʝ ʩʠʩʪʝʤʳ ʤʦʟʛʘ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ 

ʩʠʥʪʝʟʘ ʠ ʦʙʤʝʥʘ ʢʘʪʝʭʦʣʘʤʠʥʦʚ ʚ ʤʦʟʛʫ ï ʦʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʥʘʨʫʰʝʥʠʷ ʧʦʣʦʚʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʩʚʠʥʮʦʚʦʡ 

ʠʥʪʦʢʩʠʢʘʮʠʠ. ʈʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʦʨʘʜʨʝʥʘʣʠʥʘ ʠ ʜʦʬʘʤʠʥʘ ʚ ʛʠʧʦʪʘʣʘʤʫʩʝ ʦʥʠ ʦʙʲʷʩʥʷʶʪ ʪʝʤ, 

ʯʪʦ ʩʚʠʥʝʮ, ʧʨʦʥʠʢʘʷ ʯʝʨʝʟ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʫʛʥʝʪʘʝʪ ʠʭ ʩʠʥʪʝʟ ʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʢʘʪʝʭʦʣʘʤʠʥʝʨʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʙʣʦʢʘʜʳ ʦʚʫʣʷʮʠʠ ʧʨʠ ʩʚʠʥʮʦʚʦʡ 

ʠʥʪʦʢʩʠʢʘʮʠʠ. ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʩʚʠʥʝʮ, ʚʳʟʳʚʘʷ ʧʦʚʳʰʝʥʫʶ ʚʦʟʙʫʜʠʤʦʩʪʴ ʤʫʩʢʫʣʘʪʫʨʳ ʤʘʪʢʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʙʦʨʪʘ ʠ ʚʥʫʪʨʠʫʪʨʦʙʥʦʡ ʩʤʝʨʪʠ ʧʣʦʜʘ [11]. 

ʀʟʫʯʝʥʠʝ ʫʨʦʚʥʷ ʦʙʱʝʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʪʦʤʩʪʚʘ ʢʨʳʩ (ʢʦʥʪʨʦʣʴʥʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʛʨʫʧʧʳ) ʧʨʦʚʦʜʠʣʠ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʠʤʠ ʦʜʥʦʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʧʨʠʧʦʜʥʷʪʦʤ ʢʨʝʩʪʦʦʙʨʘʟʥʦʤ ʣʘʙʠʨʠʥʪʝ 

(ʇʂʃ). ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʫʶ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʝʨʘʤʝʪʨʦʚ ʫʨʦʚʥʷ 

ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʨʫʢʘʚʘʭ ʫ ʢʨʳʩʷʪ-ʩʘʤʮʦʚ ʢʦʣʝʙʘʣʦʩʴ ʫ ʨʘʟʥʳʭ ʦʩʦʙʝʡ 

ʦʪ 29 ʜʦ 97 ʩʝʢ.; ʯʠʩʣʦ ʩʚʝʰʠʚʘʥʠʡ ʩ ʦʪʢʨʳʪʳʭ ʨʫʢʘʚʦʚ ï 2-16 (ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʳʩʷʪ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʚʦʦʙʱʝ 

ʦʪʩʫʪʩʪʚʦʚʘʣ); ʯʠʩʣʦ ʟʘʭʦʜʦʚ ʚ ʟʘʢʨʳʪʳʝ ʨʫʢʘʚʘ ï 6-32; ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʦʝʢ ï 0-29, ʘ ʨʝʘʢʮʠʡ ʛʨʫʤʤʠʥʛʘ ï 4-40. 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʢʨʳʩʷʪ-ʩʘʤʦʢ. ʆʜʥʘʢʦ ʩʨʝʜʠ ʥʠʭ ʙʦʣʴʰʝ ʦʩʦʙʝʡ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʧʨʝʙʳʚʘʚʰʠʭ ʚ ʟʘʢʨʳʪʳʭ ʨʫʢʘʚʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦʩʪʠ ʚʩʸ ʠʥʪʘʢʪʥʦʝ ʧʦʪʦʤʩʪʚʦ ʨʘʟʜʝʣʠʣʦʩʴ 

ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ, ʩʨʝʜʥʝʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ. ʇʨʠʯʸʤ ʫ ʢʨʳʩʷʪ-ʩʘʤʮʦʚ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʜʚʠʛʘʪʝʣʴʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʤʝʣʠ ʜʚʝ ʦʩʦʙʠ (15%), ʩʨʝʜʥʠʡ ï 34%. ʀʥʪʝʛʨʘʣʴʥʘʷ ʜʚʠʛʘʪʝʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʪʦʤʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʨʝʟʢʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʴʥʦʡ 

ʛʨʫʧʧʳ, ʫ ʢʨʳʩʷʪ-ʩʘʤʮʦʚ ʨʝʟʢʦ ʩʥʠʞʝʥʦ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʨʫʢʘʚʘʭ (10-29 ʩʝʢ), ʧʦʟʠʮʠʷ 

ʩʚʝʰʠʚʘʥʠʷ ʩ ʦʪʢʨʳʪʳʭ ʨʫʢʘʚʦʚ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʯʠʩʣʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʦʝʢ ʠ ʨʝʘʢʮʠʡ ʛʨʫʤʤʠʥʛʘ ʙʳʣʦ 

ʤʠʥʠʤʘʣʴʥʳʤ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʦʥʠ ʩʪʨʝʤʠʣʠʩʴ ʧʨʦʚʦʜʠʪʴ ʚ ʟʘʢʨʳʪʳʭ ʨʫʢʘʚʘʭ. ʇʨʠ ʵʪʦʤ ʨʝʟʢʦ 

ʚʳʨʘʞʝʥʘ ʙʳʣʘ ʨʝʘʢʮʠʷ ʧʨʠʥʶʭʠʚʘʥʠʷ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʤʫʞʩʢʠʝ 

ʦʩʦʙʠ ʧʦʪʦʤʩʪʚʘ ʞʠʚʦʪʥʳʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʚ ʧʝʨʠʦʜ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʣʘʢʪʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʶ ʪʦʢʩʠʢʘʥʪʘ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ, ʙʳʣʠ ʘʙʩʦʣʶʪʥʦ ʧʘʩʩʠʚʥʳ (100%). 

ɼʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʜʥʦʤʝʩʷʯʥʳʭ ʩʘʤʦʢ ʪʘʢʞʝ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. ɼʝʚʷʥʦʩʪʦ ʜʚʘ ʧʨʦʮʝʥʪʘ 

ʢʨʳʩʷʪ ʚ ʇʂʃ ʚʝʣʠ ʩʝʙʷ ʧʘʩʩʠʚʥʦ. ɺʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʨʫʢʘʚʘʭ ʢʦʣʝʙʘʣʦʩʴ ʫ ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ ʦʪ 8 

ʜʦ 22 ʩʝʢ. ʈʝʘʢʮʠʷ ʩʚʝʰʠʚʘʥʠʷ ʩ ʦʪʢʨʳʪʳʭ ʨʫʢʘʚʦʚ, ʢʘʢ ʠ ʫ ʩʘʤʮʦʚ, ʫ ʥʠʭ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ɸʥʘʣʦʛʠʯʥʘʷ 

ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʨʝʘʢʮʠʷʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʦʝʢ ʠ ʛʨʫʤʤʠʥʛʘ ʈʝʘʢʮʠʷ ʧʨʠʥʶʭʠʚʘʥʠʷ ʪʘʢʞʝ ʨʝʟʢʦ 

ʚʳʨʘʞʝʥʘ. ʆʜʥʘʢʦ ʫ ʜʚʫʭ ʩʘʤʦʢ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʨʳʩʷʪ-ʩʘʤʮʦʚ, ʧʦʚʝʜʝʥʠʝ ʚ ʇʂʃ ʙʳʣʦ ʠʥʳʤ. ʆʥʠ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʧʨʦʚʦʜʠʣʠ ʚ ʦʪʢʨʳʪʳʭ ʨʫʢʘʚʘʭ (62-71 ʩʝʢ). ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦʝ ʧʦʩʝʱʝʥʠʝ ʠʤʠ ʠ ʟʘʢʨʳʪʳʭ 

ʨʫʢʘʚʦʚ (36 ʠ 30). ɿʘʪʦ ʯʠʩʣʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʦʝʢ ʥ ʨʝʘʢʮʠʡ ʛʨʫʤʤʠʥʛʘ ʙʳʣʦ ʚʳʩʦʢʠʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʭ 

ʘʢʪʠʚʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʇʂʃ ʧʦʟʚʦʣʷʝʪ 

ʠʭ ʦʪʥʝʩʪʠ ʧʦ ʫʨʦʚʥʶ ʠʥʪʝʛʨʘʣʴʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢ ʩʨʝʜʥʝʘʢʪʠʚʥʳʤ. ʄʝʞʜʫ ʪʝʤ, ʩʨʘʚʥʠʚʘʷ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʪʦʤʩʪʚʘ ʦʙʦʠʭ ʧʦʣʦʚ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, 
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ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʫ ʚʩʝʛʦ ʧʦʪʦʤʩʪʚʘ ʞʠʚʦʪʥʳʭ, ʟʘʪʨʘʚʣʠʚʘʝʤʳʭ ʚ ʧʝʨʠʦʜ ʙʝʨʝʤʝʥʥʦʩʪʠ ʠ ʣʘʢʪʘʮʠʠ ʩʚʠʥʮʦʤ, 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʝʟʢʦ ʩʥʠʞʝʥʘ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʫ ʧʦʪʦʤʩʪʚʘ ʞʠʚʦʪʥʳʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʚ ʧʝʨʠʦʜ 

ʙʝʨʝʤʝʥʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʶ ʤʘʣʳʤʠ ʜʦʟʘʤʠ ʩʚʠʥʮʘ, ʧʨʦʠʩʭʦʜʷʪ ʥʘʨʫʰʝʥʠʷ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʵʤʙʨʠʦʪʦʢʩʥʯʝʩʢʦʤ ʠ ʪʝʨʘʪʦʛʝʥʥʦʤ ʜʝʡʩʪʚʠʠ. ʕʪʦ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ (54%) ʛʠʙʝʣʠ 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ, ʤʘʣʳʡ ʚʝʩ ʪʝʣʘ ʧʨʠ ʨʦʞʜʝʥʠʠ, ʩʥʠʞʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʧʝʨʠʦʜʝ, 

ʥʘʣʠʯʠʝ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʘʥʦʤʘʣʠʡ ʨʘʟʚʠʪʠʷ. 
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Studying intermolecular oscillations for ice and water gave unexpected results:  three bands for water are simi-

lar to the corresponding bands for ice [1, p 232, 233, 246]. Really, in area from 60 cm
-1
 to 900 cm

-1
 inelastic neutron 

scattering spectra of ice at--3
0
 ʉ and water at +2

0
 ʉ are actually identical.  Narrow bands å 60 cm

 -1 
completely coincide 

with a maximum, and frequency shift of maxima is insignificant in the range of temperatures 2-92
0
 ʉ. Bands å å 200 

and å800 cm
-1
 for ice and water also differ slightly.  

The band with a maximum of 60 cm
-1
 is referred to oscillations (the slowed-down translations) tetrahedral 

fragment of structure of ice out of 5 molecules as whole, and the fifth molecule is in the tetrahedron center. Bands of 

å200 and å800 cm
-1
 are referred respectively to oscillations and movements of the molecules which are the part of this 

fragment [4]. As we have bands with maxima, instead of a line spectrum, it is necessary to believe that there has to be a 

distribution of oscillations of the chosen molecule as a part of various complex by structure oscillatory units, and the 

given values of maxima are the main modes in these distributions. Therefore, each molecule executes the majority of 

motions as a part of this oscillatory unit ï as a part of a tetrahedron out of 5 molecules. 

The hypothesis explaining the similarity of spectral pattern of ice and water is offered in this article. The as-

sumption is made that in water an oscillating motion and movements represent a single process. As spectral bands å 60 

cm
-1
 for ice and water coincide, osculation frequencies have to coincide as a structure of oscillatory units in ice and in 

water. However, in water the molecules of oscillatory unit at the end of oscillation do not come back to initial positions 

as it occurs at oscillation in ice. It also leads to that in water oscillatory unit is at the same time kinetic unit, and its os-

cillation at the same time is the elementary act of self-diffusion. We will emphasize that the molecules, which are the 

part of kinetic unit in water, have the same oscillations and librations (motions), as molecules in oscillatory unit in ice. 

Proximity of bands 200 cm
-1

 (oscillations) and 800 cm
-1
 (librations) points to this. 

In work [3] when developing model of collective motion of the water molecules in water, the probability dis-

tributions (gn) of translations (movements) of a tagged molecule as a part of various kinetic units is received. The num-

ber of molecules (n) in kinetic unit in this work is taken from 1 to 9. Small kinetic units had the structures from 1 to a 

tetrahedron out of 5 molecules (the fifth molecule is in the tetrahedron center), the structure of more complex is from a 

tetrahedron with the joined molecules. Kinetic units with n>9 are improbable. We will note that by means of model of 

collective motion of water molecules in water [3] it was succeeded to explain low viscosity and surprising flow ability 

of water at stable in comparison with other fluids hydrogen bonds between its molecules. The values of (gn) received in 

[3] are given in the table, where n ï is the number of molecules in kinetic unit. Really, from the table it is possible to see 

that from 0
0
ʉ and up to 100

0
ʉ the greatest share of motions of a tagged molecule falls on a tetrahedron out of 5 mole-

cules and subnetwork consisting of 4 molecules. It will be coordinated with that frequency shift of maxima of a narrow 

band of 60 cm
-1
 for ice and water in an interval of temperatures from 2 up to 92

0
ʉ is insignificant. 

To validate a hypothesis, on its basis in this work, the estimated coefficient of self-diffusion D and energy of 

activation of self-diffusion of Eʘ for water is received. For calculation of D the Pollisar equation is used: 
 

                                                                               D = jĀL
2
/6 ,                                                                                 (1) 

 

where j the frequency of molecule motions, and L is average shift of molecules at the single act of self-

diffusion. Having assumed that self-diffusion in water is carried out by only kinetic unit of one structure, namely a tet-

rahedron out of 5 molecules, we have to receive the conservative value of coefficient of self-diffusion as the tagged 

molecule moves not only as a part of a tetrahedron, but also as a part of others different by structure and composition of 

kinetic units. To calculate, equating the oscillation frequency of a tetrahedron out of 5 molecules to the frequency of its 

motions in water, we accept j = 60 cm
-1
= 60Ā3Ā10

10
 = 1,8Ā10

12
 sec

-1.
. Substituting in (1) this value j and L = 0,62Ā10

-8
 cm 

[3], we will receive D = 1,15Ā10
-5
 cm

2
/sec. Experimental estimates of D are given in [1, p. 220]. They are in interval 

from 2,13Ā10
-5
  up to 2,66Ā10

-5
 cm

2
/sec. Really, this calculation (D = 1,15 Ā 10

-5
) gives D which is approximately  half as 

much than these values. The value of D, almost coinciding with experimental values, is received in this work when us-

ing probabilities gn given in the table. 

                                                           
É  Yashkichev V.I. / ʗʰʢʠʯʝʚ ɺ.ʀ., 2014 
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                                                                                                  Table 1 
n\T 273 293 313 333 353 373 Çn 

1 0,0041 0,0110 0,0305 0,0756 0,1200 0,1898 1 

2 0,0016 0,0046 0,0131 0,0317 0,0525  0,0783 3 

3 0,0417 0,0673 0,1087 0,1588 0,1822 0,2017 3 

4 0,2037 0,2490 0,2898 0,3153 0,2965 0,2617 3 

5 0,4435 0,4324 0,3949 0,3126 0,2646 0,2126 3 

6 0,0248 0,0270 0,0262 0,0252 0,0227 0,0192 5 

7 0,0637 0,0550 0,0459 0,0339 0,0260 0,0189 5 

8 0,0771 0,0746 0,0495 0,0283 0,0187 0,0118 5 

9 0,1197 0,0789 0,0415 0,0187 0,0107 0,0060 5 

 

In the table it is possible to see that the share of motions of a tagged molecule as a part of a tetrahedron out of 5 

molecules at 0
0
ʉ amounted to 0,4435. The value of D =1.15Ā10

-5
 cm

2
/sec corresponds to this share. The general move-

ment frequency (total frequency of translations of a tagged molecule as a part of various by structure kinetic units) jʦʙ 

corresponds to the share of movements equal to 1. Having made a proportion and solving it, we receive jʦʙ = 4.06Ā10
12

 

sec
-1
. Calculation by (1) gives D=2.60Ā10

-5
 cm

2
/sec. It is possible to see that now the calculated value of coefficient of a 

self-diffusion for water according to spectroscopy (60 cm
-1
) using the results of model of collective motion of water 

molecules in water (gn ) coincides with values D received experimentally. It is important argument for suggested hy-

pothesis. 

We will offer one more calculation, aimed at supporting a hypothesis. In water the motions of kinetic units is 

accompanied by breaking of a certain number of bonds of molecules of kinetic unit with environing molecules. Values 

of this structural coefficient (ɓn) for kinetic units of the different structure, taken of [3], are also given in the table. Con-

sidering gn and Çn values, in this work the estimated energy of activation of self-diffusion in water of ɽʘ by the equation 

taken from [3]: 

 

                                                                          ɽʘ=ɽwĀ×n gnĀÇn/n                                                                             (2) 

 

Here ɽw energy of bond breaking between the next molecules in water. The value of ɽw = 5,62 cal/mol bonds at 

0
0
ʉ is received in [2]. In this work for calculation of ɽw Hess's law is used according to which if the system passes into 

other state by different ways, summary heats on these ways are equal. Ice can pass into water when melting, and can be-

come water, sublimating in steam with the subsequent vapor condensation. Based on Hess's law in [2] the equation by 

which ɽw value was calculated is received. The sum ɆngnĀɓn/n, referring to (2), is equal to average of breaking bonds per 

one transliterate molecule. The sum is calculated for 0
0
ʉ according to the table and is equal to 0,65. It follows herefrom 

ɽʘ=5,62Ā0,65=3,65 cal/mol molecules. This value ɽʘ calculated by (2) is about 17% lower than values of ɽʘ calculated by 

the equation of Arrhenius from data of coefficients of self-diffusion D [1, p. 219, 220] and being in interval from 4 to 4.8 

cal/mol molecules. Considering that, estimates are made by different techniques, such result can be considered accepted 

for validation of a hypothesis on identity of oscillatory and kinetic units in water. 

In the real work the proximity of data of oscillatory spectroscopy of ice and water is explained, and also estab-

lished and the identical equation of oscillatory and kinetic units in water is used for calculation of D and ɽʘ. We will note 

that for estimates the results of model of collective motion of water molecules in water were used. The contribution to un-

derstanding of the mechanism of ice melting is thus made: melting is the process going after reaching a certain temperature 

at which the weakened bonds between molecules start being broken, and after some time began to restore. Thus, each in-

termolecular bond in any time exists and any time is broken off. It is the reason of that oscillatory units of ice, keeping the 

whole structure and the oscillatory function, become at the same time kinetic units. Movement frequencies of molecules in 

this regard increases by 5 orders and ice turns into water. 
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ʆ ʄɽʍɸʅʀɿʄɽ ʇʃɸɺʃɽʅʀʗ ʃʔɼɸ 
 

ɺ.ʀ. ʗʰʢʠʯʝʚ 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɸ. ʐʦʣʦʭʦʚʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʧʘʜʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʣʦʩ ʣʴʜʘ ʠ ʚʦʜʳ ʦʙʲʷʩʥʝʥʦ ʩʭʦʜʩʪʚʦʤ ʩʪʨʦʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴ-

ʥʳʭ ʝʜʠʥʠʮ ʚʦ ʣʴʜʫ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʚ ʚʦʜʝ. ʀʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫ-

ʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʚʦʜʝ, ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʩʘʤʦʜʠʬʬʫʟʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʚʝʣʠʯʠʥʘʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚ: ʩʧʝʢʪʨʳ, ʪʨʘʥʩʣʷʮʠʠ, ʧʣʘʚʣʝʥʠʝ, ʤʦʣʝʢʫʣʳ, ʚʝʨʦʷʪʥʦʩʪʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʘʤʦʜʠʬʬʫʟʠʷ. 
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ʅʆɺɸʗ ʄʆɼɽʃʔ ʅɽɼʆʉʊɸʖʑɽɻʆ ɿɺɽʅɸ ɺ ʊɽʆʈʀʀ  

ʉʆʂʈɸʑɽʅʀʗ ʇʆʇɽʈɽʏʅʆ-ʇʆʃʆʉɸʊʓʍ ʄʓʐʎ 
 

 
ɺ.ʀ. ʗʰʢʠʯʝʚ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɸ. ʐʦʣʦʭʦʚʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʀʜʝʷ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʥʳ ʙʝʣʢʦʚʦʡ ʤʦʣʝʢʫʣʳ ʦʪ ʩʪʝʧʝʥʠ ʝʝ ʩʚʷʟʘʥʥʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʯʘ-

ʩʪʠʮʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʝʝ ʛʠʜʨʘʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʧʦʥʷʪʴ ʧʨʝʚʨʘʱʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʠ ʦʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʧʫʣʴʩʘʮʠʡ ʢʣʝʪʦʢ [4], ʧʨʠʤʝʥʝʥʘ ʢ ʨʘʙʦʪʝ ʧʦʧʝʨʝʯʥʦ-ʧʦʣʦʩʘʪʳʭ ʤʳʰʮ. 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʦʨʠʶ ʍʘʢʩʣʠ [5] ʠ ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʦʩʥʦʚʥʳʭ ʤʦʤʝʥʪʦʚ ʩʦ-

ʢʨʘʱʝʥʠʷ: ʤʝʭʘʥʠʟʤʘ çʩʢʦʣʴʞʝʥʠʷè ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʛʠʜʨʦʣʠʟʘ ɸʊʌ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʩʦʢʨʘʱʝʥʠʷ ʩʘʨʢʦʤʝʨʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʪʠʥ, ʤʠʦʟʠʥ, ʘʢʪʠʥʦʤʠʦʟʠʥ, ʛʠʜʨʦʣʠʟ, ʧʦʧʝʨʝʯʥʳʝ çʤʦʩʪʠʢʠè. 

 

ʄʦʜʝʣʴ ʩʢʦʣʴʟʷʱʠʭ ʥʠʪʝʡ ʍʘʢʩʣʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʦʚʝʨʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  ʕʣʝʢʪʨʦʥ-

ʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʣʠʥʘ ʢʘʢ ʤʠʦʟʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʪʦʣʩʪʳʝ ʬʠʣʘʤʝʥʪʳ), ʪʘʢ ʠ ʥʠʪʝʡ ʠʟ ʘʢʪʠʥʘ 

(ʪʦʥʢʠʝ ʬʠʣʘʤʝʥʪʳ) ʧʨʠ ʫʢʦʨʦʯʝʥʠʷ ʩʘʨʢʦʤʝʨʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ [1, 3]. ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʫʧʘʢʦʚʢʠ ʩʫʙʲʝʜʠʥʠʮ, ʦʙʨʘʟʫʶʱʠʭ ʬʠʣʘʤʝʥʪʳ, ʪʦʞʝ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ [1, 2]. ʀ ʚʩʝ-ʪʘʢʠ ʢ ʨʘʙʦʪʝ ʧʦʧʝʨʝʯʥʦ-ʧʦʣʦʩʘʪʳʭ ʤʳʰʮ ʧʨʠʭʦʜʠʪʩʷ ʚʦʟʚʨʘʱʘʪʴʩʷ, ʪʘʢ ʢʘʢ ʥʝ ʨʝʰʝʥ 

ʚʘʞʥʝʡʰʠʡ ʚʦʧʨʦʩ, ʘ ʠʤʝʥʥʦ ï ʥʘ ʯʪʦ ʪʨʘʪʠʪʩʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʛʠʜʨʦʣʠʟʘ ɸʊʌ ʠ ʢʘʢ ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ, ʩʦʢʨʘ-

ʱʘʶʱʠʝ ʩʘʨʢʦʤʝʨ. 

 

 
ʈʠʩ. 1. 

 

ʅʘ ʨʠʩ 1 ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʩʘʨʢʦʤʝʨʘ ʜʦ ʧʨʠʭʦʜʘ ʠʦʥʦʚ ʉʘ
2+

.  F-ʘʢʪʠʥ ʟʘʢʨʝʧʣʝʥ ʚ 

ʩʪʝʥʢʠ ʩʘʨʢʨʦʤʝʨʘ (ʣʠʥʠʷ Z1). ɽʛʦ ʛʣʦʙʫʣʳ ʧʨʦʥʫʤʝʨʦʚʘʥʳ. çʄʦʩʪʠʢʦʚè ʤʝʞʜʫ ʘʢʪʠʥʦʤ ʠ ʤʠʦʟʠʥʦʤ ʥʝʪ. 

ʍʦʨʦʰʦ ʠʟʫʯʝʥʘ ʨʦʣʴ ʠʦʥʦʚ ʉʘ
2+
. ʇʦʪʝʥʮʠʘʣ ʜʝʡʩʪʚʠʷ ï ʣʘʚʠʥʘ ʠʦʥʦʚ ʥʘʪʨʠʷ ï ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ 

ʩʠʩʪʝʤʘʤ ʊ-ʪʨʫʙʦʯʝʢ, ʥʝʡʪʨʘʣʠʟʫʝʪ, ʘ ʚʦʟʤʦʞʥʦ ʠ ʟʘʨʷʞʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ çʮʠʩʪʝʨʥʳè ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ, ʠʟ ʢʦʪʦʨʳʭ ʠʦʥʳ ʉʘ
2+

 ʚʳʭʦʜʷʪ ʚ ʮʠʪʦʟʦʣʴ [1, 3]. ʕʪʦʪ ʧʦʜʲʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʮʠʪʦ-

ʟʦʣʝ ʚ ʠʪʦʛʝ ʚʳʟʳʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʩʘʨʢʦʤʝʨʘ.  ʀʦʥʳ ʢʘʣʴʮʠʷ, ʩʥʘʯʘʣʘ ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʪʨʦʧʦʤʠʦʟʠʥ, ʩʥʠʤʘʶʪ 

ʙʣʦʢʘʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʥʦʤʠʦʟʠʥʘ (ʜʣʷ ʵʪʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʉʘ
2+

 ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʉ1 ʩʤ. ʨʠʩ 2 ʠ 3), ʘ ʟʘʪʝʤ, ʨʝʘʛʠʨʫʷ ʩ ʪʨʦʧʦʥʠʥʦʤ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ çʛʦʣʦʚʢʘʤè ʤʠʦʟʠʥʘ ʧʨʦʷʚʣʷʪʴ ʩʚʦʶ 

ɸʊʌ-ʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ï ʦʪʢʨʳʚʘʶʪ ʧʫʪʴ ʢ ʛʠʜʨʦʣʠʟʫ ɸʊʌ (ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʉʘ
2+ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ ʉ2 ʩʤ. ʨʠʩ. 2). ʆʙʱʝʧʨʠʥʷʪʦ [1, 2, 3,], ʯʪʦ ʠʤʝʥʥʦ ʪʝʧʣʦʪʘ ʛʠʜʨʦʣʠʟʘ ɸʊʌ ʜʚʠʛʘʝʪ ʥʠʪʠ 

ʘʢʪʠʥʘ ʚʜʦʣʴ ʤʠʦʟʠʥʘ. ʇʦʥʷʪʴ ʤʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʝʥʠʷ ʪʝʧʣʦʪʳ ʛʠʜʨʦʣʠʟʘ ɸʊʌ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʩʦʢʨʘ-

ʱʝʥʠʷ ʩʘʨʢʦʤʝʨʘ ï ʚʘʞʥʝʡʰʘʷ ʟʘʜʘʯʘ ʙʠʦʣʦʛʠʠ.  

ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʩʦʢʨʘʱʝʥʠʷ ʩʘʨʢʦʤʝʨʘ ʧʦʷʚʣʷʶʪʩʷ, ʝʩʣʠ ʢ ʪʝʦʨʠʠ 

ʩʢʦʣʴʞʝʥʠʷ ʧʨʠʤʝʥʠʪʴ ʠʜʝʶ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʛʣʦʙʫʣ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ ʚʩʝʛʦ ʘʢʪʠ-

ʥʦʚʦʛʦ ʬʠʣʘʤʝʥʪʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ çʛʦʣʦʚʢʘʤʠè ʤʠʦʟʠʥʘ ʠ G-ʘʢʪʠʥʦʤ. ʇʦʜʦʙʥʘʷ ʠʜʝʷ, ʥʦ ʧʨʠ-

ʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʞʚʠʪʢʦʚʦʡ ʛʠʜʨʘʪʘʮʠʠ ʮʠʪʦʩʢʝʣʝʪʘ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʫʣʴʩʘʮʠʡ 

ʢʣʝʪʦʢ, ʠ ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʝʚʨʘʱʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʛʠʜʨʦʣʠʟʘ ɸʊʌ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ [4]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʫʯʠʪʳʚʘʝʪʩʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʛʠʜʨʘʪʘʮʠʠ G-ʘʢʪʠʥʘ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ɸʊʌ (ʚʝʜʫ-

ʱʝʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʛʣʦʙʫʣ) ʠ ʫʚʝʣʠʯʝʥʠʝ ʛʣʦʙʫʣ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʝʡ ʤʠʦʟʠʥ ï ʘʢʪʠʥ.  ʉʚʷʟʠ çʛʦ-

ʣʦʚʦʢè ʤʠʦʟʠʥʘ ʩ ʛʣʦʙʫʣʘʤʠ G-ʘʢʪʠʥʘ ʧʨʠʚʦʜʷʪ ʢ ʫʜʣʠʥʝʥʠʶ ʥʠʪʝʡ F-ʘʢʪʠʥʘ, ʪʘʢ ʢʘʢ çʛʦʣʦʚʢʠè, ʚʥʝʜʨʷʷʩʴ ʚ 

ʛʣʦʙʫʣʳ ʚ ʧʦʠʩʢʘʭ ʤʝʞʚʠʪʢʦʚʳʭ ʩʚʷʟʝʡ (ʩʚʷʟʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʯʥʳʤʠ), ʨʘʩʪʷʛʠʚʘʶʪ ʠʭ, ʫʚʝʣʠʯʠʚʘʷ ʠʭ ʦʙʲʝʤ. 

ʉʦʚʝʨʰʝʥʥʦ ʠʥʦʡ ʨʝʟʫʣʴʪʘʪ ʜʘʝʪ ʛʠʜʨʦʣʠʟ ɸʊʌ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʢʘʞʜʘʷ ʛʣʦʙʫʣʘ ʘʢʪʠʥʘ çʩʥʘʙʞʝʥʘè ʤʦʣʝʢʫ-

ʣʦʡ ɸʊʌ [1, ʩ. 258]. ʊʝʧʣʦʪʘ ʛʠʜʨʦʣʠʟʘ ɸʊʌ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʳʚʘʝʪ ʩʚʷʟʠ ʘʢʪʠʥ ï ʤʠʦʟʠʥ, ʥʦ ʠ ʚʳʟʳʚʘʝʪ ʜʝʛʠʜʨʘ-

ʪʘʮʠʶ ʙʝʣʢʦʚʦʡ ʩʧʠʨʘʣʠ, ʩʚʝʨʥʫʪʫʶ ʚ ʛʣʦʙʫʣʫ. ɺ ʩʫʤʤʝ ʨʘʟʨʳʚ ʩʚʷʟʠ ʠ ʜʝʛʠʜʨʘʪʘʮʠʷ ʚʝʜʫʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲ-
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